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10 Abdullaeva Z. Sh.

NON-LINEAR EFFECTS IN THE EVOLUTION PROCESS THERMAL
STRUCTURES

Abdullaeva Z. Sh.

Tashkent University of Information Technologies, Tashkent, Uzbekistan,

zamira85.05@mail.ru

In recent years, a number of important results have been obtained in the theory of
nonlinear transport processes, taking into account the nonlinear properties of media. For
example, in the theory of energy transfer, unusual inertial nonlinear effects that have no
analogs in the linear theory of heat transfer are found. This includes effects of finite velocity
of propagation and spatial localization of thermal perturbations, thermal self-isolation of
structures, finite time of the existence of perturbations in nonlinear media with absorption,
etc. [1] - [5].

The mathematical description of nonstationary heat conduction processes in such a
nonlinear medium in the general case reduces to solving problems for the following quasilinear

parabolic equation.

0 - :
8—1; =V <‘Vuk’p 2Vuk) — div(c(t)u) — v’

u(0,7) = up(x) >0, v € RN (1)

where N > 1,p > 2,0 < 5 < 1, the function ¢(t) is a speed of convective transfer. Physically, this
form of the minor term of equation (1) corresponds to the presence in the nonlinear medium of
the convective transfer with time depended speed ¢(t), volumetric absorption of thermal energy,
the specific power of which depends on the temperature, and is power-law explicitly on time. In
the work [1] when wu(x,0) = d(x),z € RN, 3= (2—m)/(p— 1) author construct exact solution

which have a new nonlinear effects.

In the present work, these effects are studied when considering the process of heat transfer
in an incompressible medium, the coefficient of thermal conductivity of which depends on the
temperature under action of the convective transfer with time depended speed c(t).We construct
an exact solution of the problem (1). In particular we showed that the influence of speed of

a convective transfer to evolution of nonlinear heat conductivity process. It is established the
¢

following condition [ ¢(y)dy < oo for a spatial localization of solution of the problem (1) when
0

u(x,0) = 6(z),x € RN, 8= (2—m)/(p—1). Using comparison principle the estimate of solution

to the problem (1) and effect of finite speed of perturbation is established. Results of Numerical

experiments are discussed.
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REMOVED SINGULARITIES OF m — SUBHARMONIC FUNCTIONS.
Abdullaev B. I.!, Sharipov R. A.?

YUrgench State University, Urgench, Uzbekistan, abakhrom1968@mail.ru
2Urgench State University, Urgench, Uzbekistan, sharipovr80@mail.ru

We consider closed (weakly) positive differential form ¢ of bidegree (m —1,m — 1), 1 <
m < n in complex space C".
Definition 1. Function u(z) € L} (D) defined in domain D C C" is called ¢—

subharmonic function in D if:

1) it is upper semi-continuous in D, i.e. lim u(z) = lim sup u(z) < u(z°);
z—20 e—0 B(20.¢)

2) the current dd“u A ¢ is positive in D, i.e.

ddu A ¢ (w) = / ug A dd°w0,Yw € Fr=mn=m)

Let’s consider a case ¢ = (dd|z|*)™ L. In this case second condition dd°u A ¢0 of
definition 1 is equivalent that restrictions to a complex planes u|; € sh (IIN D) VdimIl = m,
ie ¢ = (ddC |z|2)m_1 — subharmonic functions are characterized by their subharmonicity on

m—dimensional complex planes of C”. this class we denote by m —sh(D).
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This work is devoted to investigating singular sets of functions m —sh.

Let D € C"— be a domain and F' C D— its’ closed subset. Let M Cm —sh (D\F) — is a
subclass, for example the class of bounded above by unit functions of the class m —sh (D\F).
If M cm —sh (D), the set F is called removable for the class M.

In recent works of A.Sadullaev and B.Abdullaev (see [3], [4]) there are studied removable
singularities of bounded above m — wsh functions and m — wsh functions from the class Lip,

The main results of the research are the following

Theorem 1. The compact subset in Fof the domain G C C", n2, is removable for
functions u(z) €ém —sh (G\F) LE 10e(G) if and only if Cy o 1 (F) =0,k >0, ;=57 <p <
+oo, ¢ = 5.

In last theorem it is required that 2 —k > 0. [t means that smoothness can be 0 < k < m.
In case k = m it holds k& > 0,

Theorem 2. The compact subset Fof a domain G C C" is removable for functions
u(z) em —sh (G\F)ﬂLf,’lOC(G), pl, if and only if it is the set of zero Lebesque measure
my,(F) = 0.
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POSSIBILITIES OF MATHEMATICAL MODELING OF THE
REGULATORYCS OF THE IMMUNE SYSTEM IN CARCINOGENESIS

Abduvaliev A. A.!, Gildieva M. S.?, Saidalieva M.?, Hidirova M.?

Y Tashkent Medical Academy, Tashkent, Uzbekistan,
2 National Cancer Research Center, Tashkent, Uzbekistan,
3Scientific and Innovation Center of Information and Communication Technologies, Tashkent,

Uzbekistan, regulatorika@yahoo.com

Mathematical and computer modeling of the regulatorics of thyroid follicular allows to
investigate the quantitative patterns of functioning of the cellular communities of follicular
system during the synthesis of its main hormones and the mechanisms of disorders, leading
to the emergence of various types of malignant neoplasms, to predict changes in proliferative
activity of follicle cells in norm and pathology, and also to predict of proliferative behavior of
the tissue depending on the quantitative vapor introduced meters. In this paper we present the
results of computational experiments on the study of the dynamics of the proliferation of thyroid
follicle cells in normal and in malignant neoplasm. A quantitative study of the regulatorics of
the number of thyroid follicle cells was carried out on the basis of the mathematical modeling
of the regulatory mechanisms of living systems and the regulator equations of the cellular
communities of multicellular organisms using the concept of the functional unit of cellular
communities - FUCC. It allows you to analyze the dynamics of the number of cells combined
in the course of performing a general function in a holistic structural and functional formation
consisting of groups of cells performing multiplication functions - M (the cells are in the fission
phase), growth - B1, specialization - D, performing specific functions - S1, S2, ..., Sn and aging
- B2.

The results of the analysis of the characteristic behavior of the computer model, obtained
on the basis of a series of purposeful computational experiments, show the presence of a variety
of regulator regimes of the number of thyroid follicle cells: rest («), steady state (), periodic
(v) and irregular oscillations (¢), and the existence of a sharp disruption of the vibrational
solutions -the "black hole"effect (u). Irregular oscillations and the "black hole"are identified by
uncontrolled reproduction and a sharp destructive change in the number of cells of the thyroid
follicle. Purposeful computational experiments with the computer model have shown that the
successive increase in the multiplication parameter, observed with the growth of the load on
the simulated system, leads to successive transitions § — v — 0 — u , resulting in a sharp
destructive disruption of the homeostasis of the thyroid gland cell system.

Conclusion. Existing medical and biological experimental data and theoretical statements
on the structural and functional organization of the thyroid gland at the cellular level allow

the construction of mathematical models for the quantitative analysis of the regulatorics of
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the number of the thyroid follicular cell community in norm and in pathologies based on the
method of modeling the regulatory mechanisms of living systems and the regulatorics of cellular
communities. Model studies show that the chronic increase in the value of the multiplication
parameter leads to an abnormal behavior of the number of the thyroid follicular cell community:
a stationary state is disrupted, self-oscillations occur with transition to irregular oscillations
with unpredictable multiplication of thyroid follicle cells and then to the effect of the "black
hole".
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USE OF THE COMPUTER MODEL IN THE STUDY OF THE DYNAMICS
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Methods of qualitative and quantitative research on the basis of mathematical and
computer modeling are becoming increasingly important, becoming one of the main methods
of analyzing living systems, since new technologies and experimental techniques have led to a
huge increase in the amount of information about living objects.

In this article we consider the principles of mathematical modeling of regulatorics of
immune system.Currently, the regulatory role in the differentiation of immunocompetent cells
is assigned to nuclear and cytoplasmic enzymes (taking into account the action of pre-micro-
RNA and micro-RNA, respectively) serving competing metabolic pathways. The genes of the
microRNAs are typically transcribed by RNA polymerase II. The precursors of micro-RNA -
pre-microRNAs undergo nuclear RNA editing. Mature pre-microRNAs to micro-RNA in the
cytoplasm under the action of the enzyme Dicer (RNAase III).
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On the way of gene expression from DNA to protein they interfere with the translation
procedure, affect the reading of information with i-RNA. Also, the polymorphism of pre-
microRNA can be the reason for the onset of the tumor process. Aberrant expression of
microRNA is detected both in the pre-tumor state and in cancers. Mutations in micro-RNA can

be the cause of many immune diseases, so: they can lead to the activation of proto-oncogenes.

Here we have two levels of regulation:: nuclear and cytoplasmic. At the nuclear level
synthesized pre-micro-RNA K, and K, act on the rate of synthesis of i-RNA repressor. The
cytoplasmic level includes the synthesis of enzymes and the synthesis of enzyme activity
products. Recent feedback affects the rate of synthesis of i-RNA. The mathematical model
of cell differentiation, built on the basis of the above biological model, looks like this:

d(]l(t) o a1+a2P1(t—h) 1 2Vv(tO"i_TJ .
dt 1+ b K (t)byK(t) - T_Cl o ( V(to) : ) Gilt)

dCy(t)  az+asPa(t —h) 1 1 (2V(t0+T02))02(t)_

dt 110K (DaEa(t) To, V (to)
A, (1) 1 (2V (ty + Tk, .
dt = a5C’1(t) — TKI hl < V(to) ) K1<t>,

dK,(t) 1 2V (to + Tk,) .
0t = a602<t) - TK2 In ( V(to) ) KQ(t>7

dPl( ) . CL7SlE1
dt - 1+bsEy(t

—1In Pi(t);

to + TP1 )

Tpl

dCQ( ) B (I6SQE2
dt 1+ bsEy(t) Tp2
TE1

dE (t)
dt

In Ei(t);

== CLgCl(t —

(¥
R <2v to + Tp,) >P2(t)§
(4

2V (to +TE1 )

dEs(t) 1 2V (to + Tg,)
% = a19Co(t — h) — T, In ( V(o) ) Es(t).

Conclusion. The proposed biological and mathematical models can describe the course of
the choice of an alternative pathway for the development of immune cells under the action of
nuclear (pre-micro RNA) or cytoplasmic (micro-RNA) regulators important in triggering the
mechanism of carcinogenesis and can be used in modeling the functioning of the immune system

in a tumor process.
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MATHEMATICS OF A HYBRID TYPE TOMOGRAPHY

Agranovsky M.

Bar-llan University, Ramat Gan, Israel, agranovsky.mark@gmail.com

Hybrid type tomography is a newly being developed direction in medical imaging, which
is based on combination of different physical modalities.

Exploiting strong features of each counterpart leads to an effective reconstruction.
Examples of such kind imaging techniques are thermo-acoustic and photo-acoustic tomography
- relatively novel and successful medical diagnostics methods. The problem of the reconstruction
of the image of the object from the collection of measurements delivers a variety of challenging

and beautiful mathematical problems which will be the subject of the talk.

ON ALGEBRAICALLY INTEGRABLE DOMAINS

Agranovsky M.

Bar-Ilan University, Ramat Gan, Israel, agranovsky.mark@gmail.com

In connection with problems in celestial mechanics, Newton (Principia, 1788, Lemma 28)
proved that (infinitely smooth) ovals in the plane are never algebraically integrable, meaning
that the area cut off from an oval by a straight line never depends algebraically on the line.
In 1988, Arnold suggested to find all infinitely smooth algebraically integrable domains in
Euclidean spaces of arbitrary dimensions and conjectured that odd-dimensional ellipsoids are
the only such domains. The talk will be devoted to recent progress in proving the ArnoldVs

conjecture.
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THE DISCRETE ANALOGUE OF THE DIFFERENTIAL OPERATOR

d2m 2 d2m 2 4 d2m74
dax2m - 2 dx2m—2 + dx2m—4

Ahmadaliev G. N.!, Hayotov A. R.?

YTashkent Institute of Railway Engineers, Tashkent, Uzbekistan,
2 Institute of Mathematics, Uzbek Academy of Sciences, Tashkent, Uzbekistan,

hayotov@mail.ru

The optimization problem of approximate integration formulas in the modern sense
appears as the problem of finding the minimum of the norm of a error functional ¢ given
on some set of functions. In [3,4], The minimization problem of the norm of the error functional
by coefficients was reduced to the system of difference equations of Wiener-Hopf type in the

space L™, where L™

is the space of functions with square integrable m—th generalized
derivative. Existence and uniqueness of the solution of this system was proved by S.L. Sobolev.
In the works [3,4] the description of some analytic algorithm for finding the coefficients of
optimal cubature formulas is given. For this S.L..Sobolev defined and investigated the discrete
analogue D (hﬁ) of the polyharmonic operator A™. The problem of construction of the
discrete operator Dh H (hﬂ) for n— dimensional case was Very hard. In one dimensional case the
discrete analogue D (hﬁ) of the differential operator -2 —-=w was constructed by Z.Zh. Zhamalov
[5] and Kh.M. Shadimetov [2]. IToceanue pe3ynbraTsl 10 HOCTPOCHNSAM JIUCKPETHBIX AHAIOIOB
muddepeHImantbHbIX 0IlepaTopoB IIPUBE/IEHBI, HAIpUMep, B pabote [1].

The main aim of the present paper is to find a discrete function D,,(hf3) that satisfies the

following equation

Dr(hf) % Gin(hf3) = 6a(h), (1)

where

(m —k = D(hwp)™™
(2k —1)!

sign ()
4 2m

m— 2
2 [hwp3 - ch(hwB) — @m—3)ﬂﬂmﬁ+ﬂ§:

=1

Gm(hB) = I, (2)

m > 2, w >0, d4(hf) is equal to 1 when § = 0 and is equal to 0 when [ # 0.

It should be noted that equation (1) is the discrete analogue for the following equation

dem dl.2m—2 dl.2m—4

2m d2m72 d2m74
( = _ 2 ———— + w4—) Gm(x) = 0(z), (3)

where

(m—k —1)(wz)*
(2k —1)!

sign(z)
4p2m—1

Gm(z) = L 4

m2
[wz - ch(wx) — (2m — 3) - sh(wzx +22
=1

and ¢ is Dirac’s delta function.
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. . . 2m 2m—2 2m—4
Theorem 1. The discrete analogue for the differential operator dim —2w? dizm,Q +w? d‘izm,4

satisfying equation (1) has the form

( m—1
> AN 18> 2
k=1
2w2m71 m—1
D,,(hp) = ey § Lt Ae, |8l =1,
2m—2 kiil
C + ﬂ? 5 - Oa
\ k=1 "*
(124 (A2 —20 g chhw+1)2p5 o B B pEm=2
where Ay, = NPl 20w , C =4 — 4chhw — 2m RUGar

m—2 _
P = (2m — 3)shhw — hw chhw + 2 ;;1 et

Pom—2(A) is the known polynomial of degree 2m — 2, péi?_f),pgizn_?) are the coefficients and \j

are the roots of the polynomial Pay_2(N), [Ae| < 1.

Theorem 2. The discrete analogue D,,(h5) of the differential operator % —2w2%+

w4% satisfies the following equalities
1) Dy (hp) * sh(hwp) = 0, 2) Dy, (hB) * ch(hwp) = 0,
3) Din(hp) * (hwB)sh(hwp) = 0, 4) Din(h3)  (hwp)ch(hwp) = 0,

5) Dyu(hB) % (hB)* =0, a = 0,1,...,2m — 5.
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AN ISOMETRIC EXTENSION PROBLEM IN IDEALS OF COMPACT
OPERATORS

Aminov B. R.!, Chilin V. 1.2

! National University of Uzbekistan, Tashkent, Uzbekistan, aminovbehzod@gmail . com

2 National University of Uzbekistan, Tashkent, Uzbekistan, vladimirchil@gmail.com

Let (X, - |lx) and (Y| - [[y) be real normed spaces. A mapping V : X — Y is called
an isometry if |V (z) — V(y)|ly = ||l — y||x for any z,y € X. The relationship between the
linear and metric structures of normed spaces has been widely discussed. In [7], Mazur and Ulam
showed that any surjective isometry between two real normed spaces must be an invertible affine
map. Therefore, two normed spaces are congruent if and only if the two spaces are (metrically)
isometric; and the metric structure determines the linear structure. In [6], Mankiewicz proved
that any surjective isometry between convex bodies (or open connected subsets) of two normed
spaces can be extended to a surjective affine map between the two spaces. In particular, two
normed spaces are congruent if and only if their unit balls are isometric. In [8], Tingley proposed
the following problem: Let (X,|| - ||x) and (Y;]|| - ||y) be real normed spaces with the unit
spheres S(X) and S(Y), respectively. Suppose T : S(X) — S(Y) is a surjective isometry.
Is T necessarily the restriction to S(X) of a linear, or affine, isometry V : X — Y7 It is
rather difficult to answer this question in this general setting, even in the two-dimensional case.
Tingley showed in [8] that isometries between the unit spheres of finite-dimensional Banach
spaces necessarily map antipodal points to antipodal points. Affirmative results have been
obtained for some classical Banach spaces; see, for example, [2,3]. Note also the paper [4],
where Theorem 2.6 gives a positive solution of the Tingley problem for strictly convex real
normed spaces.

It should be noted that in the case of complex normed spaces, the answer is negative.
For example, if X =Y = C is the field of complex numbers and T'(z) = z, z € S(X), then
T:S(X) — S(Y) is a surjective isometry, but there is not a C-linear, or C-affine, isometry
V : X — Y such that V(2) = T(z) for any z € S(X).

We investigate self-adjoint bijective isometries 7' : S(Cg) — S(Cr) in Banach symmetric
ideals of compact operators acting in a complex separable infinite-dimensional Hilbert space
H. A positive solution of the Tingley problem in the case when E and F' are strictly convex
symmetric sequence spaces is given.

Let ¢y be a Banach lattice of all converging to zero sequences z = {£,}° ; of real numbers
and let * = {£!} be the non-increasing rearrangement of z. A non-zero linear subspace £ C ¢
with a Banach norm || - ||g is called symmetric sequence space if the conditions y € F, x €
co, ©* < y*, imply that = € E and ||z||g < [|y|| &

Let H be a complex separable infinite-dimensional Hilbert space, and let B(H) (K(H))
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be the #-algebra of all bounded (respectively, compact) linear operators in H. If (E, ||-||g) C co

is a symmetric sequence space, then the set
Cep:={x e K(H): {sn(x)};2, € E}

is a proper two-sided ideal in B(#), where {s,(z)}>°, are the singular values of z (the

172 in the decreasing order). In addition, (Cg, || - |lc,) is a Banach space

eigenvalues of (z*x)
with respect to the norm ||z(lc, = [[{sn(z)}:2]|r [5]. In this case we say that (Cg, || - ||c,) is a
Banach symmetric ideal.

Important examples of Banach symmetric ideals are the Schatten ideals C, := C;,, where

= o= (&b < o el = (S lel) <0l
n=1

It known that
Ci CCp CK(H) and ||lz(lc, < zlle;s [[Ylloo < Ylles

for all x € Cy, y € Cp.

Recall that a Banach space (X, || - ||x) is called strictly convez if for any z, y € X with
|lz|]lx = |lyllx = 1 such that ||z + y||x = 2 we have x = y, that is, every element of the unit
sphere of (X, | - ||x) is an extreme point of the unit ball. The Banach spaces [, are examples

of strictly convex Banach spaces for any p € (1,00) (see, for example, [1, Chapter 11, Problem
11.3)).

Theorem 1. Let (E,||-||g) be a symmetric sequence space. The following conditions are
equivalent:

(1) (E,| - ||g) is a strictly convex Banach space;

(17) (Cg, || - |lcg) @s a strictly convexr Banach space.

Since the Banach space [,, p € (1,00), is a strictly convex Banach space, we have the
following.

Corollary 1. The Banach symmetric ideal (Cp, |- |c,) is a strictly convexr Banach space
for any p € (1,00).

Let (E, ||||g) be a symmetric sequence space, and let (Cg, ||-||c,) be the Banach symmetric
ideal corresponding to (E, || - ||g). Let K be a x-subset in Cg, that is, K = K* = {a* : v € K}
(for example, Ch = {z € Cp : = 2*} and S(Cg) are *-subsets in Cg). A mapping U : K — K
is said to be self-adjoint if U(z*) = (U(x))* for all z € K.

We say that Banach symmetric ideals (Cg, || - ||cy) and (Cr, | - ||c,) satisfy the Tingley
property (witting (Cg, Cr) € (T'P)) if for any surjective self-adjoint isometry T': S(Cg) — S(Cr)
there is a linear, or an affine, isometry V' : Cg — Cp such that V(z) = T'(z) for any = € S(Cg).
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The following theorem gives a solution of the Tingley problem for Banach symmetric
ideals (Cg, || - |ley) and (Cpg, || - |lcy) in the case when E and F' are strictly convex symmetric
sequence spaces and T : S(Cg) — S(Cr) is a surjective self-adjoint isometry.

Theorem 2. If (E,||-||g) and (F,||-||r) are strictly convex symmetric sequence spaces,
then (Cg, Cr) € (T'P).

Theorem 2 and Corollary 1 yield the following.

Corollary 2. (C,, C,) € (T'P) for any p, q € (1,00).

In conclusion, we note that Theorem 2 does not hold without the assumption of self-
adjointness of the isometry 7' : S(Cg) — S(Cr). Indeed, if £ = F, T(z) = z*, z € S(Cg),
then T : S(Cg) — S(Cg) is a surjective not self-adjoint isometry, but there is not a C-linear, or
C-affine, isometry V : Cg — Cg such that V(y) = T'(y) for any y € Cg.
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CRITICAL EXPONENTS IN NONLINEAR DEGENERATE PARABOLIC
EQUATIONS AND SYSTEMS

Aripov M.

National University of Uzbekistan, Tashkent, Uzbekistan, mirsaidaripov@mail.ru

In this talk, various extensions of an result of Fujita [1] for the initial value problem to

the reaction-diffusion equation

ou _
— = V(u™|Vul[""*Vu) + u?

ot

in Q= (t >0,z € RY) with ¢ > 1 and such type nonlinear degenerate parabolic system is

considered.

Considered problem are a base for modeling of the many physical processes [1-6].
For example, this system describes the processes of reaction - diffusion, heat conductivity,
polytrophic filtration of gas and liquid in one and two componential nonlinear medium with

source.

First Fujita showed that if m = 0, p = 2, 1 < ¢ < 14 2/N, then the initial value
problem had no nontrivial global solutions while if ¢ > 1 4+ 2/N, there were nontrivial global
solutions. Samarskii A.A. and etc. [1] showed that condition of the global solvability when
p=2isq>m-+1+2/N after V. Galaktionov establish the following condition of the global
solvability ¢ > p—1+p/N [3] when m = 0 (p-Laplasian equation). This paper discusses similar
results and secondary critical exponents for double nonlinear degenerate equations and systems.
The algorithm establishing both critical exponents using self-similar analysis of solutions is
suggested. Based on an invariant group (self-similar) analysis the method of establishing of
a value of the Fujita type critical exponents for single degenerate type parabolic equation is
given. The Fujita type condition of a global solvability to the problem Cauchy for a nonlinear
system with source and variable density are obtained. It is shown that a value of the second
critical exponent for degenerate type double nonlinear parabolic system is the roots of the linear
algebraic system equations. The estimates of solutions, asymptotic of the compactly supported,
quenching solutions of self-similar system are established. Blow up analysis of the self-similar
solutions is made. Depending on value of numerical parameters, the problem of an appropriate
initial approximation solution for an iterative process, leading to the fast convergence with

necessary accuracy is solved.

The results of numerical computations are discussed.
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EQUATIONS WITH VARIABLE COEFFICIENTS IN THE SECOND
CRITICAL EXPONENT CASE
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In the domain Q = {(¢,z) : t > 0,7 € R} the following Cauchy problem

B . .
8—1: = 9 (Jal w9 Vu) + eu? (1)

w (0, ) = ug (2)0, € RN (2)

where n,k, p, m, 5, e = £ given numerical parameters, V(.) — grad,(.) is studied. Equation
(1-2) has been suggested as a mathematical model for a variety of physical problems (see
[1-7]). For instance, it appears in the non-Newtonian fluids and is a nonlinear form of heat
equation. One of the particular features of problem (1-2) is that the equation is degenerate
at points where u, Vu = 0 . Hence, there is no classical solution in general and we introduce

the definition of weak solution in tense of distribution (see [3, 4]).In the work [2] a value of
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secondary critical exponent a = a, = p/[5 — (k(p — 2) + m)| was established. The aim of this
paper is to study the asymptotical behavior of the quenching solution of the self-similar solution
to the problem (1), (2) in the secondary critical exponent case when an initial data has slow
decay as M|z|™*, a > 0, near |z| — oo.

We consider the following a self-similar solution

u(t, ) = a(Ow(r() 2),w(r(0).2) = £(€).1(0) = (T + (5~ D77,
€= 20 o(x) = Zofa|F p >, 7 (1) = EEEDL TN

Where function f(§) satisfy to the self-similar equation

dfk

dg

=0,S=pN/(p—n)b=m+k(p—2). (3)

de d¢ ) "pds " B—b

d P72 d +eff
61—3_ <§s—lfm—1 )"‘g_f‘i‘ (f {:Tf )
Theorem 1. Let in (1) e =15 > max (k(p—2)+m), [(k(p —2)+m)S]/(S—p), p<
S Then the reqular solutions of the equation (3) wvanishes at infinity has an asymptotic

representation

p—1
B—(k(p—2)+m)

£(€) = clm.p. k. 5.0)(a+ € (14 o(1), 7y = ~Fgom = =

where

c(m,p,k,S, ) = (|k%|p2(p —1) (S—p)B—(k(p—2)+m) S)

B—(kp—2)+m)
Theorem 2. Letin (1),e = -1 ,(k(p—2)+m) < <[(k(p—2)+m)S|/(S—p),p < S

Then quenching solution of the equation (3) as & — oo have asymptotical presentation

_ N __r p—1
J(&) =clat &) T+ o)y = = g gy @

where

c:(4kmw%%4¢5—M5—%@—zwmmS)“W*““_
B—(k(p—2)+m)

We notice that in particular value of the numerical parameters when p =2,k =1, n =1
m < B <m/(N—2), 2< N asymptotic formula (4) was obtained in [3] we have condition
without value of constant c. In particular in the second critical exponent case a = a, Theorem

2 solved open problem from [7].

References

1. Kalashnikov S. Some problems of the qualitative theory of nonlinear degenerate parabolic

equations of second order. Russian Mathematical Surveys, 1987, vol. 42, pp. 169-222.



Aripov M., Rakhmonova M. Y. 25

2. Pan Zheng, Chunlai Mu, Dengming Liu, Xianzhong Yao, Shouming Zhou
The Blow-Up Analysis for a Quasilinear Degenerate Parabolic Equation with Strongly
Nonlinear Source. Abstract and Applied Analysis, 2012, Volume, Article ID 109546, 19
pages doi:10.1155/2012/109546.

3. Samarskii A. A., Galaktionov V. A., Kurdyomov S. P., Mikhailov A. P. Some
problems of the qualitative theory of nonlinear degenerate parabolic equations of second

order. Blow-up in quasilinear parabolic equations, Berlin, 4, Walter de Grueter, 535 p
(1995).

4. Cianci P., Martynenko A. V., Tedeev A. F. The blow-up phenomenon for degenerate
parabolic equations with variable coefficients and nonlinear source. Nonlinear Analysis:
Theory, Methods and Applications A, vol. 73, no. 7, pp. 2310-2323, 2010.

5. Martynenko A. V., Tedeev A. F. On the behavior of solutions to the Cauchy problem
for a degenerate parabolic equation with inhomogeneous density and a source. Comput.
Math. Math. Phys. 48, 7, pp. 1145-1160 (2008).

6. Du W., Li Zh. Critical exponents for heat conduction equation with a nonlinear boundary
condition. Int. Jour. of Math. Anal. vol. 7, 11, pp. 517-524 (2013).

7. Aripov M., Sadullaeva Sh. A. To properties of solutions to reaction-diffusion equation
with double nonlinearity and distributed parameters. J. Sib. Fed. Univ. Math. Phys., 2013,
6:2, pp. 157-167.

SOLUTION THE SECOND ORDER DEGENERATE TYPE NONLINEAR
PARABOLIC EQUATION USING THE HAMILTON-JACOBY EQUATION
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In this paper, in the domain Qr = (t,z):0<t < T,z € Ry we study the qualitative
properties of solutions on the basis of a self-similar analysis to the following problem for the

heat equation with double nonlinearity.

L(u) = 3 +v (um_1 ‘Vuk‘p_z \V4 u) =0 (1)
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where £ > 0,m,p € R are numerical parameters characterizing the property of a nonlinear

medium in radial symmetric presentation u(t, z) = u(t,r),r = |z| = (327 22)"/2 have the form

du 0 ok "% ou
L) = 2% L N9 No1 et duUY _ o
() ot r or (r “ or or
U Js—o=uo(x) =2 0,u |y—o= (T = )", 0 <t < T,a > 0,u |,—y=0 (2)

The first boundary condition is called the blow-up regime. In the series work [1-2] shoved
possibility to study properties of the solutions to the problem (1) when k = 1,p =2, N = 1.
Instead of the problem (1), (2) we consider the following problem to the Hamilton-Jacoby

equation (the first order double nonlinear equation).

—2
== o

ouk 9
(E) )

ar

ou

e

m—2

U |4=0= uo(x) 2 0,u |,—o= (T£t)"*,0<t <T,a > 0,u |,—u=0,

U ’t:OZ Uo(ﬂf) P O,U |7":0: (T + t)_aa 0< t,a > O,U |r=l(t): 0 (3)
T+ ¢ 1—a(m—1+k(p—2))
T(t) = ( )

l—a(m—1+k(p—2))
T(t)=xtin(Txt)ifa(m—1+k(p—2)=17()=(T+1t),ifalm—1+k(p—2))=0

+c,l—am—1+k(p—2))>0

u(t,r) = (T 1) f(£),& = rlr(t)) 77

Then the function f(§) satisfy to the self-similar equation

df*
E3

f=0

dg

1N @ [ N1 me " daf gdf -
¢ <5 / d§>+pd§i1—a(m—1—l—k(p—2))

The self-similar solution Hamilton Jacoby Equationhave
ult,r) = (T ) fi(€),€ = rlr(t)] 77

A" e S a
dg dg pdé  1—alm—1+k(p—2))

Using comparison theorem the estimate of solution, the space localization of combustion

m—2
1

) + fi=0 (4)

processes, behavior of free boundary, asymptotic the self-similar solutions established [1|.The
following problems have been solved. Suggested "good"approximation to each type of solution;
construct an iterative method, which always converges to the desired solution (corresponding

to the initial approximation) converges quickly, provides sufficient accuracy; to automatist
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the process of calculations so that to quickly find all of the different solutions for the
given parameters of the problem. At the numerical solution of a problem the equation was
approximated on a grid under the in a combination to the method of balance. Iterative
processes were constructed based on the method Picard and Newton. Results of computational
experiments shows, that all both iterative methods are effective for the solution of considered
nonlinear problems and leads to the nonlinear effects if we will use as initial approximation the

solutions of Hamilton Jacoby with combination the method of standard equation [3].
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THE GEOMETRY OF HALF-EUCLIDIAN SPACE AS SUBSPACE OF
PSEUDO-EUCLIDIAN SPACE AND IN SENCE OF FOLIATIONS

Artikbayev A.

Tashkent Institute of Railway Engineers, Tashkent, Uzbekistan

Usually the half-euclidian space R]" is defined as affine space with scalar product given

as following for vectors with coordinates X{x1, zs,...,x,} and Y{y1, 42, ..., yn} :
(X, Y )1 = z1y1 + Zoya + - + TonYm,s (1)
when (X,Y); =0 we put

(X, Y)Q = Tmt1Ym+1 T Tm42Ym+2 + oo + Tnln. (1/)
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Proposition 1. The half-euclidian space R]" is the subspace of the pseudo-euclidian space

'Rynio1 with non-positive scalar product, given as
(X7 Y) = T1l1 + X2 + Y2 + ...+ TmYm + Tm+1Ym+1 + ...

vt ToiYml — Tl Ymtl b1 — o — T2 Ymr2 (2)

For the proof of the Proposition 1 we consider the subspace M €' R,,. 9, consisting of the

points with coordinates

{1‘1, Loy ooesy Ty b1y +oos Lontls Tomt1y o o5 xm-i—l}

as satisfying the condition x,,.;1; = i, ¢ = 1,..,1. Calculating the scalar product of the
vectors from the space M €' R,, o via (2) we have, naturally, the form (1). If the scalar
product is equal to zero then x; = const, (3) where i = 1,...,m. In this case in subspace M

define the basis vectors as following:

Cmti = §(ém+i + Cmtiti)

In this basis the form (1’) becomes the usual euclidian scalar product.

Proposition 2. The half-euclidian space R is the trivial m—dimensional foliation of the
manifold M, = R,.

The scalar product (1) becomes zero for condition (3). So we have the foliation given with

x; =const,i=1,...m [2].
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APPLICATION OF METHODOLOGY OF BASIC PROBLEM AT LEARNING
OF MATHEMATICS AND SOFTWARE DISCIPLINES

Ashurova D.!, Raimova M.2?, Yuldasheva M.3
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In system of pre-university education the methodology of learning and upbringing is paid
a special attention. However at the higher education school, except for the specific examples
related with the works of outstanding teachers and scientists, quite often it is natural to apply
the approach in assessment of suitability of a teacher on the basis of, as a rule, unilateral
criterion: he/she is a recognized scientist and expert in the field, "a good companion and
students much as they would like will understand him /her. Thereby the axiom comes into
force: "application of a specific methodology and pedagogical technologies for teachers of the
higher educational establishments is a voluntary business ". Obviously, such approach not only
forms the point of view about minor importance of a technique in system of the higher education
and thereby blocks the road to pedagogical initiatives, special methodology, specific ways of
stirring up of trainees [1,2|. Let’s give an example of one approach called by us "methodology of
basic supporting problems"which from our point of view can be new confirmation of importance

and significance of conceptual approach, as in the general, and private pedagogics.

Principles of methodology of basic problems: 1. Training in constant development
of new knowledge and skills, on the basis of a paradigm "Education through all life". 2.
Selection for each new subject a basic problem allowing to establish internal and external stable
subject relations. 3. Maximum individualization of performed tasks. 4. Selection of several basic
problems uniting theoretical prerequisites and ways (algorithms) of the solution of integrated
problems. 5. Constant control over the solution of the problems reflecting both complication
of a basic problem and evolution of methods of this subject. In general this methodology can
be considered also as a private technique. For example, application of this methodology in
linguistics, specifically, at studying basics of some living language, the methodology of basic
problems can be expressed by the following chain of problems: to think out a predicate —
to think out a subject — to think out two or three adjectives — to think out a verbal
adverb phrase — to make a complex sentence. At the training in programming a permanent
transition from binary operation to data and methods of some class can be created as an
element of object focused program. At the same time each pupil thinks out own versions,
they are discussed, pupils who find it difficult get help. The authors of this work regularly use
in practice the specified methodology which often yields highly positive results. Methodical

recommendations about application of this methodology for a number of processes in learning



30 Atamuratov A., Kamolov Kh.

mathematic, humanitarian and software disciplines including at teaching disabled children
having problems with understanding of standard material [3] are provided in the corresponding
didactic developments.

Conclusion. 1. The solution of problem of concept choice at training in many respects
defines success of the training process. Success also depends on a rational combination of
both private and general methodologies. 2. The methodology of basic problem approved in
some cases is provided. 3. If the known or new paradigms define strategy in education, then
private techniques define tactics of training. 4. The methodology of basic problems is the way

of permanent concentration of attention and activation of trainees.
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POLYNOMIALS ON PARABOLIC MANIFOLDS DEFINED AS A
COMPLEMENT OF ALGEBRAIC SETS

Atamuratov A.!, Kamolov Kh.?

YUrgench State University, Urgench, Uzbekistan, alimardon01@mail.ru

2Urgench State University, Urgench, Uzbekistan, xkamolov@mail .ru

Notion of “parabolicity” were introduced by P. Griffiths and J.King [1] in their joint work
dedicated to the Nevanlinna’s value distribution theory in higher dimensions. Their research
concentrated on affine algebraic sub varieties of complex spaces and affine-algebraic character
provided existence special exhaustion function which after called parabolic exhaustion.

Explaining in more details if A C C" is affine-algebraic sub variety of pure dimension m , then
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there exist special exhaustion function p : A — [—00, +00) which satisfies 1) {p(z) < ¢} CC A
(exhaustive); 2) dd°p0 (plurisubharmonicity) 3) (ddp)™ = 0 (maximality)

In further researches (see for example V.Stoll [2]) these properties had been taken for
the definition of parabolicity of complex analytic spaces and Stein manifolds. Parabolic Stein
manifolds well studied in works of authors A.Zariahi [3], A.Sadullaev and A.Aytuna [4,5], where
besides of general properties there are considered different examples of parabolic manifolds.

One of the important questions of recent research statements is establishing parabolicity
of analytic subvarieties and their complements. As it was shown in [1| by Griffiths an King
each algebraic sub variety is parabolic manifold. Parabolicity of complements of algebraic
sets established in [4]. In this work we investigate regularity of complements of algebraic sets.
Principally our research is concentrated on constructions of polynomials on such manifolds.

Let X be a Parabolic Stein manifold and p is special exhaustion function.

Definition 1 [3]. If for a function f(z) € O(X) there exist positive numbers ¢y and d
such that for each z € X it holds inequality

()] < ep(1+ )1, (1)

then the function f(z) is called p—polynomial on X. If f(z) is a p—polynomial on X, then
integer part of a minimal value of d in (1) is called degree of the polynomial.

Definition 2 [5]. S—parabolic manifold X is called regular in case if the space of all p—
polynomials P,(X) is dense in O(X).

Let there given an algebraic set

A={z€eC": P(z) =0},

where P(z) is polynomial of degree m on complex space C". We consider manifold X =

C™\A. Then as a special exhaustion we take the function

2
+ ..+

2

1
p(z)==In ||z + Zn +

2

1 1
P(z) P(z)
The main result of the work are the next
Theorem 1. A function f € O(X) is p- polynomial of degree d if and only if it admits

expansion

1) = f:jAk. (+%)k (m pL))kn

with constant coefficients A, € C .
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Theorem 2. If f(z) € O(X), then on the arbitrary compact set E C X function f(z)

can be approximated by p —polynomials, i.e. parabolic manifolds X is reqular.
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The present paper is devoted to 2-local Lie derivations. In 1997, P. Semrl [7] introduced
the notion of 2-local derivations and described 2-local derivations on the algebra B(H) of all
bounded linear operators on the infinite-dimensional separable Hilbert space H. After a number
of paper were devoted to 2-local maps on different types of rings, algebras, Banach algebras
and Banach spaces.

In the present paper 2-local derivations on the Lie ring of skew-adjoint matrices over
commutative ring are described. First 2-local Lie derivations are studied by L. Chen, F. Lu
and T. Wang in [3|. Later in [2] Sh. Ayupov, K. Kudaybergenov and I. Rakhimov give total
description of 2-local Lie derivations for the case of finite dimensional Lie algebras. They

prove that every 2-local derivation on a finite-dimensional semi-simple Lie algebra £ over an



Ayupov Sh., Arzikulov F. 33

algebraically closed field of characteristic zero is a derivation. They also show that a finite-
dimensional nilpotent Lie algebra £ with dim £ > 2 admits a 2-local derivation which is not a
derivation.

At the same time, in [5] X. Lai and Z.X. Chen give description of 2-local Lie derivations
for the case of finite dimensional simple Lie algebras. Recently, L. Liu [6] characterizes 2-local
Lie derivations on a semi-finite factor von Neumann algebra with dimension greater then 4.
Finally, in [4] on the algebras including factor von Neumann algebras, UHF algebras and the
Jiang-Su algebra, the authors prove that every 2-local Lie derivation is a Lie derivation.

In the present paper we develop an algebraic approach to investigation of inner derivations
and 2-local inner derivations on Lie algebras.

Let M be a Lie algebra with Lie multiplication [z, y].

Recall that a linear map D : M — M is called a derivation, if D([z,y]) = [D(z),y] +
[z, D(y)] for every two elements z, y € M.

A map A : M — M is called a 2-local derivation, if for every two elements x, y € M
there exists a derivation D, , : M — M such that A(z) = D, ,(x), A(y) = Dy y(y).

A derivation D on a Lie algebra M is called an inner derivation, if there exists an element
a € M such that
D(z) = [a,x] — [z,a],x € M.

A map A : M — M is called a 2-local inner derivation, if for every two elements z, y € M
there exists an element a € M such that A(z) = [a, 2] — [z, a], Aly) = [a,y] — [y, a].

Let throughout the paper n be an arbitrary infinite cardinal number, = be a set of indices
of the cardinality n. Let {e;;} be a set of matrix units such that e;; is a n x n-dimensional
matrix, i.e. ;; = (a®?)apez, the (i,7)-th component of which is 1, i.e. a;; = 1, and the rest
components are zeros.

Let {m¢} be a set of n x n-dimensional matrixes and mg = (m?ﬁ )apez for every &. Then
by Zg me we denote the matrix whose components are sums of the corresponding components

of matrixes of the set {mg}, i.e.
2_me = mE ases.
£ 3

B

Here, the maximal quantity of nonzero summands of the sum Zg m? is countable.

Let throughout the paper

MH(F> = {Z )\ijez’j : for all indices 1, j, PCA= R,

ije=

and there exists such number K € R, that for all n € N



34 Ayupov Sh., Arzikulov F.

and {ex oy € {eg | Y Mewl| < K},
ki=1

where || >7_; Mey|| the norm of the matrix >_y,_, A¥ey; in the finite dimensional C*-algebra,
generated by {ex}_;- It is easy to see that M, (R) is a vector space over R.
In M, (R) we introduce an associative multiplication as follows: if
T = Z /\ijeijuy = Z Mijez‘j
ijE€E ijE€E

are elements of M, (R) then

Ty = Z [Z NuSie).

ijEE €€E

With respect to this operation M, (R) becomes an associative algebra and M, (R) = B(ly(Z)),
where I5(Z) is a Hilbert space over F' with elements {x;}icz, ; € F for all i € =, B(l3(2)) is
the associative algebra of all bounded linear operators on the Hilbert space l3(Z). Then M, (R)
is a real von Neumann algebra of infinite n x n-dimensional matrices over R [1].

Let K, (R) be the vector space of all skew-adjoint matrices in M, (R), i.e.
K,(R)={a€ M,(R):a" = —a}.
Then with respect to Lie multiplication
la,b] = ab—ba,a,b € K,(R)

K,(R) is a Lie algebra.
Let Q be an arbitrary set, M (Q, K,(R)) be the Lie algebra of all mappings of 2 to K, (R).

ey = ) Nleg,

{meEE
where for all £, n, if £ =14, n = j then A7 = 1, else A" = 0, 1 is unit of the algebra F'(Q) of all
real number-valued functions on Q. Let s; j = e; ; — e;,; for all distinct ¢, j € =.
Lemma 1. Let Q) be an arbitrary set, M (9, K, (R)) be the Lie algebra of all mappings of
Q to K,(R). Let L be a Lie subalgebra of M (2, K,,(R)) containing the family {s;;}ijez and
N\ be a 2-local inmer derivation on L and DL, DE be inner derivations on L, generated by a,
b € L such that

Put

A(sij) = DE(si;) = Dy (s:)
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for an arbitrary pair of different indices i, j. Then
akz — bkz7 ak] — bk], azk — bzk’ ajk — b]k

for all k distinct from i and j.
Lemma 2. Let Q be an arbitrary set, M (2, K,,(R)) be the Lie algebra of all mappings of
Q to K,,(R). Let L be a Lie subalgebra of M (), K,(R)) containing the family {s; ;}ije= and A

be a 2-local inner derivation on L. Then there exist a € L such that
A(sij) = DY (si5)

for every pair of different indices i, j.

The following theorem is the key result of this paper.

Theorem 3. Let Q) be an arbitrary set, M (2, K,,(R)) be the Lie algebra of all mappings
of Q to K,(R). Let L be a Lie subalgebra of M(Q), K,,(R)) containing the family {s;;}i je=.
Then any 2-local inner derivation on the Lie algebra L is an inner derivation.

In particular, theorem 3 contains the following theorem.

Theorem 4. Let Q) be an arbitrary set, M (2, K,(R)) be the Lie algebra of all mappings
of Q to K,,(R). Then any 2-local inner derivation on the Lie algebra M (2, K,,(R)) is an inner
derivation.

Let K(l2(Z)) the C*-algebra of all compact operators on the Hilbert space [5(Z) over R,
Kk (I12(Z)) be the Lie algebra of all skew-adjoint compact operators on the Hilbert space l2(Z).
Let @ be a topological space such that supp(Q) = Q. Then the vector space C(Q, Kk (l2(Z)))
of all continuous mappings of @ to Kk (l2(Z)) is a Lie subalgebra of M(Q, K,(R)) containing
the family {s; ;}:je=. Therefore by theorem 3 we have the following result.

Theorem 5. Every 2-local inner derivation on the Lie algebra C(Q,Kk(I2(Z))) is an
inner deriation.
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In recent years the non-associative analogues of classical constructions become of interest
in connection with their applications in many branches of mathematics and physics. Leibniz
algebras present a “non-commutative"analogue of Lie algebras and they were introduced by

Loday [5] as algebras satisfying the (right) Leibniz identity:

[z, [y, 2]] = [lz, 9], 2] = [l 2], ).

Leibniz algebras preserve an important property of Lie algebras: the operator of right
multiplication is a derivation.

During the last decades the theory of Leibniz algebras has been actively investigated.
Some (co)gomology and deformation properties; results on various types of decompositions;
structure of solvable and nilpotent Leibniz algebras; classifications of some classes of graded
nilpotent Leibniz algebras were obtained in numerous papers devoted to Leibniz algebras, see,
for example, [1-8] and reference therein. In fact, many results on Lie algebras have been extended
to the Leibniz algebra case.

From the classical theory of finite-dimensional Lie algebras it is known that an arbitrary
semisimple Lie algebra is decomposed into a direct sum of simple ideals, which are completely

classified. In the paper [8] an example of semisimple Leibniz algebra, which can not be
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decomposed into a direct sum of simple ideals, is presented. This shows that the structure
of semisimple Leibniz algebras is much more complicated than structure of semisimple Lie
algebras. Thus, the natural problem arises - to describe semisimple Leibniz algebras. In fact,
the structure depends on relations between semisimple Lie algebras and their modules. Due to
Barnes’ result [4] an arbitrary semisimple Leibniz algebra £ is represented as £ = S+Z, where
S is a semisimple Lie algebra and Z is the ideal generated by squares of elements of the algebra
L. This means that the problem is focused to investigation of the relation between the ideal Z

and the semisimple Lie algebra S.
The aim of this note is the description of finite-dimensional semisimple Leibniz algebras
over complex numbers, their derivations and automorphisms.

For a Leibniz algebra L, a subspace generated by its squares Z = span{[z,z]:z € L}
due to Leibniz identity becomes an ideal, and the quotient G, = £/Z is a Lie algebra called
liezation of L. Moreover, [£,Z] = 0. In general, [Z, L] # 0. Since we are interested in Leibniz
algebras which are not Lie algebras, we will always assume that Z # 0.

A Leibniz algebra L is called simple if its liezation is a simple Lie algebra and the ideal Z
is a simple ideal. Equivalently, £ is simple iff Z is the only non-trivial ideal of L.

A Leibniz algebra L is called semisimple if its liezation G is a semisimple Lie algebra.

We say that a semisimple Leibniz algebra £ = S+Z is decomposable, if £ = (SquIl) P
(824-12) , where S;+Z; and S,+Z, are non-trivial semisimple Leibniz algebras. Otherwise, we
say that L is indecomposable.

Suppose L is an indecomposable semisimple Leibniz algebra with a given Levi
decomposition £ = S+Z. We may assume that S = ®&,S; and Z = @7 ,Z; where each
S, is a simple Lie algebra and each Z; is an irreducible S-module. We say that S; and S; are
adjacent if there exists 7 such that [Zy, S;| = [Z, S;| = ). We say that S; and S; are connected
if there exist Sy, = &;, Sg,, -+, Sk, = §; such that S, and Sy, are adjacent.

Theorem 1. Let L = S+Z be an indecomposable semisimple Leibniz algebra with T # {0}.
Then

(a). §=@",S; where each S; is a simple Lie algebra;
(b). T =@} ,I; where each I; is an irreducible S-module with [Z;, S| = Z;;
(¢). L=SXTI;

(d). for any 1 <i <m and 1 < j < n there is an wrreducible S;-module T;; such that I; =

®;'n:1 ij;‘
(e). any S; and S; are connected.

We will use Der(L£) to denote the Lie algebra of derivations of a Leibniz algebra L. For
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any x € S we have the inner derivation
R.,:L—= L, y—lyx|,VyeL
Let Rs = {R, : x € S8} be the inner derivations of £, and

Der(L)sz = {d € Der(L) : d(S) C Z,d(Z) = 0},
Der(L)zz = {d € Dex(£) : d(Z) C Z,d(S) = 0}.

Theorem 2. Let L = S+T be a semisimple Leibniz algebra. Then

Der(L) = Rs+Der(L)sz+Der(L)zz.

We define the following subgroups of Aut(L):

Aut(L)r ={p € Aut(L) : ¢|s = ids},
Aut(L)s ={p € Aut(L) : p(S) = S},
Aut(L)o ={p € Aut(L) : p|z =idz}.
Note that Aut(£)z and Aut(L)y are normal subgroups of Aut(£)s and Aut(L), respectively.
Theorem 3. Let L = S+ZI be a semisimple Leibniz algebra. Then

Aut(L) = Aut(L)g x Aut(L)o.
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1. Introduction and preliminaries

Let (£2,.A, 1) be a measurable space with o-finite measure, let Ly = Lo(€2, A, 1) be the
algebra of equivalence classes of almost everywhere finite real-valued measurable functions on
(Q, A, ) and let L, = L,(Q2, A, 1) be a classical Banach function space equipped with the
norm || - ||, 1 < p < oo. Let T : Ly + Low = L; + Lo be a Dunford-Schwartz operator
(writing T € DS), i.e. T is a linear operator such that | T°(f)||; < ||f]1 for all f € L; and
IT(llee < Iflle forall f e Lu.

According to the Dunford-Schwartz individual ergodic theorem |2, Chapter VIII, Theorem
VIIL.6.6] for any 7" € DS and f € L, there exists a function ]? € L, such that the averages
A(T)(f) = 23707, T*(f) converge almost everywhere (a.e.) to 7.

By the Egorov’s theorem, in the case p(f2) < oo, a.e.-convergence coincides with an
almost uniform convergence (a.u.). If p(£2) = oo, then the a.u.-convergence is stronger than
a.e.-convergence.

In this note we obtain a version of individual ergodic theorem for a.u.-convergence.

A non-increasing rearrangement of a function f € Lj 4+ Lo, is defined as pu,(f) = inf{\ >
0: wp(lf] > <t}, t>0, (see [3, Chapter II, §2]).

A Banach space (E, || - ||g) C L1+ Lo is called symmetric (respectively, fully symmetric)

t t

if conditions f € E, g € Ly + Leo, pu(g9) < pue(f) (vespectively, [ us(g)ds < [ pi(s)dt) for all
0 0
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t > 0 imply that g € E and ||g||lg < ||f||g. It is clear that every fully symmetric space is a

symmetric space.

The examples of fully symmetric spaces are L; N Lo, with the norm || f||z,nz.. =
max {||fll1, | fllc} , and Ly + Lo, with the norm

1|zt ze = E{{lglls + [Pl - f=9g+h, gely, he Lo}
(see |3, Chapter II, §4|). Define
Ry={f€Li+Loc:u(f) >0 as t — oo}

By |2, Chapter II, §4, Lemma 4.4] we have that (R, || - ||z,+r..) is a fully symmetric space.

Since a fully symmetric space (E, || - ||g) is an exact interpolation space for the Banach
couple (L, L) [3, Chapter II, §3], it follows that T'(E) C E for every T' € DS, in addition,
||| g~ < 1 (see [3, Chapter II, §4, section 2|). In particular, T(R,) C R,, and the restriction
of T'on R, is a linear contraction (also denoted by T').

A sequence {f,}>°, C Ly is said to converge to f € Lo almost uniformly (a.u.) if for
every € > 0 there exists A € A such that u(A) < e and nh_g)lo H(f— frn)xalloo = 0, where y 4 is
the characteristic function of the measurable set A € A.

It is clear that almost uniformly convergence f, <= f implies almost everywhere
convergence f, —% f, in addition, (a.u.)-convergence and (a.e.)-convergence coincide if and
only if 1(£2) < oo. In the case u(Q2) = oo, generally speaking, the (a.u.)-convergence is stronger
than (a.e.)-convergence. For example, if = N is the set of all natural numbers, A = 2" is the
o-algebra of all subsets A C N and p({n}) = 1 for any n € N, then (a.u.)-convergence is the
convergence with respect to the uniform norm || - ||, but (a.e.)-convergence is the coordinate-
wise convergence.

2. Main results

Let (2,.A, 1) be a measurable space with o-finite measure, let T € DS and let A,(T) =
1S s T*. The following Theorem is the (a.u.)-version of an individual ergodic theorem for
the space R,,.

Theorem 1. Let (2, A, 1) be a measurable space with o-finite measure. If T € DS then
for every f € R, there exists a function J/C\E R, such that A,(T)(f) == f.

In the case Q@ =N, A =2 y({n}) =1 for any n € N, we get the following.

Corollary 1. If T € DS then for every f € co={{&}:2, CR: &, — 0} there exists
an element f € co such that |AL(T)(f) — flloc = O.

Let (E, || |lg) C L1+ L be a fully symmetric space. We say that E satisfies the uniform
indiwvidual ergodic theorem (writing £ € (UIET)) if for any T' € DS and f € E there is a
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function f € E such that A (T)(f) 2 f.
By Theorem 1 we have that R, € (UIET). The following theorem gives a criterion for

the validity of the uniform individual ergodic theorem for a fully symmetric space (E, || - ||z) C
L+ L.
Theorem 2. Let (2, A, 1) be a measurable space with o-finite measure and let (E, || - || g)

be a fully symmetric space on (2, A, ). The following conditions are equivalent:

(0). (E.1- 1) € (VIET);

(17). E C R,.

It should be noted that in the case f € (L + L) \ R, there exists T' € DS such that
the averages A, (T)(f) do not a.e.-converge [1, Theorem 3.4].

Using Theorem 2 we get the following (a.u.)-version of Dunford-Schwartz individual
ergodic theorem in L,-spaces.

Corollary 2 Let (2, A, 1) be a measurable space with o-finite measure, (€2) = oo, and
let1 <p<oo.If T € DS then for every f € L, there exists a function J?E L, such that

A(T)(f) = f.
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Digital health is an exciting multidisciplinary domain, involving science, technology
and medicine - the convergence of digital and genomic technologies with healthcare, living, and
society - to enhance the efficiency of healthcare delivery and make clinical treatments more
personalized and precise. It involves the use of information and communication technologies

(both hardware and software) to help address the health challenges faced by patients.
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Digital health involves many stakeholders, including clinicians, researchers and scientists
with a wide range of expertise in healthcare, engineering, social sciences, public health, health

economics and management.
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The development of the theory of Baer x-algebras and C*-algebras possible to describe
the class of AW *-algebras, which are similar to von Neumann algebras in their algebraic and
order properties (see review [1]). The important examples of Baer *-algebras are the algebras
S(M) and LS(M) of all measurable and locally measurable operators, affiliated with von
Neumann algebras and AW *-algebras. If M is an AW*-algebra and Q) = Q(V) is the Stone
compact corresponding to the Boolean algebra V of all central projectors in M, then the
center Z(LS(M)) of x-algebra LS(M) is a complexification C,(C, Q) of an extended f-algebra
Cs(Q) of all continuous functions on @ taking values in [—oo, +00] and assuming the values
+00 possibly on a nowhere-dense subset of @ [1|. The algebras A = C(C, Q) (A = C(Q)))
are examples of commutative regular (in the sense of von Neumann) algebras over field of
complex numbers C (respectively, real numbers R). In addition, these algebras A have the
following important laterally complete property: the Boolean algebra of all idempotents in A
is complete and for any set {a;};c; of pairwise disjoint elements in A there exists an element
a € A such that as(a;) = a; for all i € I, where s(a) is the support of element a € A.

The main purpose of this note is to describe the order properties of laterally complete
commutative regular algebras over arbitrary topological field.

Let A be a commutative algebra over the field K with the unity 1 and V= {e € A: e? =
e} be a set of all idempotents in A. For all e, f € V we write e < f if ef = e. It is well known
(see, for example [3. Proposition 1.6]) that (V, <) is a Boolean algebra. The algebra A is called
regular (in the sense of von Neumann) if for any a € A there exists e € V such that a A = eA
[4, §2, item 4]|. In this case for any a € A there exists an unique element i(a) € A, which is
an unique solution of the system: a?z = a, ax? = . The map i : A — A is a bijective and a
multiplicative map. In addition, i(i(a)) = a, ai(a) € V and i(g) =g for alla € A, g € V.

Idempotent s(a) € V is called the support of an element a € A if s(a)a = a and ga = a,
g € V imply s(a) < g. It is clear that s(a) = ai(a) = s(i(a)). In particular, s(e) = e for any
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e € V. It is obvious that s(ab) = s(a)s(b), in particular, ab = 0 < s(a)s(b) = 0.

Two elements a and b in an algebra A are called disjoint elements, if ab = 0. A commutative
regular algebra A is called laterally complete if the Boolean algebra V of its idempotents is
complete and for any set {a;};c; of pairwise disjoint elements in A there exists an element
a € A such that as(a;) = a; for all i € I. The element a € A such that as(a;) = a;, @ € I, in
general, is not uniquely determined. But always true the equality a sup;c; s(a;) = bsup,¢; s(a;),
if a, b € A and as(a;) = bs(a;) = a; for all i € I.

If @ is the Stone compact corresponding to complete Boolean algebra V then C..(Q)
(respectively, Coo(C, @Q)) is an example of laterally complete commutative algebra over the field
R (respectively, C).

Let K be an arbitrary field and let ¢ be the Hausdorff topology on K. If operations
a— (—a),a—=al (a,8) = a+ B, (a,8) = af, a, 3 € K, are continuous with respect to
the topology ¢, then the pair (K, t) is called a topological field.

Let (K,t) be a topological field, let (X,7) be a topological space and let V(X) be a
Boolean algebra of all clopen subsets in (X, 7). We say that a map f: (X,7) — (K, ) is almost
continuous if there exists a dense open set U C (X, 7) such that the restriction f|y : U — (K, t)

of the map f on the subset U is continuous in U. The set of all almost continuous maps we

denote by AC(X, K).
Define (f+g)(t) = g(t)+9(t), (a-f)(t) = a-f(t), (f-9)(t) = f(£)-9(t), [, g € AC(X,K),

a € K, t € X. Since an intersection of two dense open sets is a dense open set, it follows that
f+g,af, f-ge AC(X,K) forany f, g € AC(X,K),« € K. Thus AC(X, K) is a commutative
algebra over field K with the unit element 1(¢) = 1k, t € X, where 1k is the K-unit.

Consider the following ideal in the algebra AC(X,K):
Ih(X,K) = {f € AC(X,K) : interior of the set f~*(0) is dense in (X,7)}.

By Cw (X, K) denote the quotient algebra AC(X,K)/Io(X, K).

The following theorem give examples of laterally complete commutative algebras that are
versions of algebras C(Q) and C(C, Q) for any topological fields, in particular, for the field
Q, of p-adic numbers.

Theorem 1. The quotient algebra C (X, K) is a commutative unital regular algebra over
the field K. Moreover, if (X,T) is a Stone compact, corresponding to the complete Boolean
algebra ¥V, then algebra Cy(X,K) is laterally complete, and the Boolean algebra of all its
idempotents is isomorphic to the Boolean algebra V = V(X).

Let A be a commutative regular algebra and V be a Boolean algebra of all idempotents
in A. We define a partial order in A by setting a < b < ai(b) = ai(a) = s(a), a,b € A. It is

clear that on the Boolean algebra V this partial order coincides with the natural partial order:
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e< feef =e wheree, f € V.

Let I be an arbitrary directed set of indexes and let {a;};c; be an increasing net from
(A, <), that is a; < a; if i < j. The notation a; T a means that the net {a;};es is increasing
and s‘u%) a; =a € A.

Ze’I‘heorem 2. A commutative regular algebra A is laterally complete if and only if for
every increasing net {a;}ier there exists an element a € A such that a; 1 a.

Let A be a commutative regular algebra over the field K and let V be the Boolean algebra
of all idempotents in A. An element a € A is called step element if a = Y, _, Apeg, where ), € K
and e, €V, k=1,...,n, n € N. The set K(V) of all step elements is the least subalgebra of
A containing V.

For a nonempty subset ' C A denote by F~ the set of all elements a of A, for which

there exists an increasing net {a;};e; C F, such that a; 1 a.

Theorem 3. Let A be a laterally complete commutative algebra over the field K and let V
be a Boolean algebra of all idempotents in A. Then WOC is also a laterally complete algebra
and WOC = K(V) if and only if V is a finite Boolean algebra.

An element a € A is called simple, if there exists family {e;}ic; C V of nonzero pairwise
disjoint elements, such that s(a) = sup,.; e; and ae; = \e; for some \; € K, i € I. It is clear
that every step-element is a simple element.

Theorem 4. If A is a laterally complete commutative algebra, then an element a € A 1is
simple if and only if a € WOC.

The classical example of a laterally complete commutative algebra A such that WOC =+
A is the algebra A = Lg|0, 1] of all real measurable functions on an interval [0, 1].

Recall, that a complete Boolean algebra V is called multinormed if the set of all finite
completely additive measures on V separates its points. In the case when the Boolean algebra
V is a multinormed, we have the following.

Theorem 5. If V is a multinormed Boolean algebra, then the following conditions are

equivalent:
(i). C(C,Q(V)) =C(V)";
(73). The Boolean algebra V is atomic;

(i27). Cs(Q(V)) = R(V)
A complete Boolean algebra V is called o-distributive |5, Chapter 11, §19], if for every

oC

double sequence {€pm tnmen C V one of the following equivalent conditions holds:

VAem= A Veemi AVem=\V Aeupm

neN meN peNN neN neN meN peNN neN
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Proposition 1. (i). Every a complete atomic Boolean algebra is o-distributive;

(13). If V is a multinormed o-distributive Boolean algebra, then V is an atomic Boolean
algebra.

Let (K, t) be a topological field. If the topology ¢ is not discrete, then the topological field
(K, t) is said to be nondiscrete. An example of topological fields is a normed field, that is a field
K equipped with a norm |- | : K — R satisfying the following conditions:

(i). |a| >0 for every a € K and |a|=0< a=0;

(id). la+ Bl < af +[6], o~ 8] = |el|8] for all o, 5 €K

Every norm |-| on a field K defines a metric K by setting p(«, 5) = |a— ], a, f € K. If (K, p) is
a complete metric space, then a normed field (K, |-|) is called complete normed field. Examples
of nondiscrete complete normed field are fields R, C and a field Q,, of p-adic numbers equipped
with natural norms [2].

The following theorem describes the class of Stone compacts (X, 7) and fields K, such
that the equality Cso (X, K) = K(V)™ holds, where V is the Boolean algebra of all idempotents
in the algebra Co (X, K).

Theorem 6. Let K be a nondiscrete complete normed field, and let (X,7) be a Stone
compact, corresponding to the complete Boolean algebra V. The following conditions are

equivalent:
oC

(1) Co(X.K) =K(V)

(17). The Boolean algebra ¥ of all clopen subsets in X is o-distributive.

Remark 1. The implication (ii) = (i) in Theorem 6 holds for any normed field K.

As an application of Theorem 6, in case of the algebra S(M) of all measurable operators
affiliated with a commutative AW™*-algebra M, we give a description of commutative algebras
S(M) and Sp(M) = {z € S(M) : © = 2*} using the algebra C (X, K).

Theorem 7. Let M be a commutative AW*-algebra and let (X, T) be a Stone compact
corresponding to the complete Boolean algebra V of all projectors in M. Then the commutative
algebra S(M) (respectively, Sp(M)) is isomorphic to the algebra Coo (X, C) (respectively, to the
algebra C (X, R) ).

Theorems 6 and 7 imply the following

Corollary 1. Let M be a commutative AW*-algebra and let V be a Boolean algebra V

of all projectors in M. Then the following conditions are equivalent:

(1). The Boolean algebra is o-distributive;

(i) SpM) =R(V) ;
(iii). S(M) = C(V)"
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A.V. Ivanov defined the space NX of complete linked systems (CLS) of a space X in a

following way:

Definition 1 [2|. A linked system M of closed subsets of a compact X is called a complete

linked system (a CLS) if for any closed set of X, the condition
“Any neighborhood OF of the set F' consists of a set ® € M”
implies F' € M.

A set NX of all complete linked systems of a compact X is called the space NX of CLS
of X. This space is equipped with the topology, the open basis of which is formed by sets in
the form of £ = O(Uy,Us, ..., Up)(Vi, Vo, ..., V) = {M € NX : for any i = 1,2,...,n there
exists F; € M such that F; C U;, and for any j = 1,2,...,s, FNV; # @& for any F € M},
where Uy, Us, ..., U,, V1, Vs, ..., Vy are nonempty open in X sets [2].
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Definition 2. Let X be a compact space, ¢ be a cardinal function and T be an arbitrary

cardinal number. We call an N¥ - kernel of a topological space X the space
N X ={MeNX:IJF e M: p(F) <71}

Theorem 1. Let X be an infinity T\ —space, then

1) mw(N*X) = mw(N§ X) = mw(X);

2) d(N*X) = d(NgoX) = d(X).

Theorem 2. Let X be an infinity 11— space, then

1) mw(N*X) <Ny < Ww(NgOX) <Ny & Tw(X) < Vy;
2) d(N*X) <Ny & d(N;fOX) <Ny < d(X) < No.
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OPTIMAL QUADRATURE FORMULAS FOR APPROXIMATE
CALCULATION OF FOURIER COEFFICIENTS IN A HILBERT SPACE

Boltaev N. D.

Institute of Mathematics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan

Numerical calculation of integrals of highly oscillating functions is one of the more
important problems of numerical analysis, because such integrals are encountered in
applications in many branches of mathematics as well as in other science. Standard methods
of numerical integration frequently require more computational works and they cannot be
successfully applied.

The earliest formulas for numerical integration of highly oscillatory functions were given

by Filon [1] in 1928. The Filon’s approach for Fourier integrals

b

il = [ e fla)da

a
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is based on piecewise approximation of f(x) by arcs of the parabola on the integration interval.

Then finite integrals on the subintervals are exactly integrated.

Afterwards for integrals with different type highly oscillating functions many special
effective methods such as Filon-type method, Clenshaw-Curtis-Filon type method, Levin
type methods, modified Clenshaw-Curtis method, generalized quadrature rule, Gauss-Laguerre

quadrature are worked out.

The present work is devoted to construction of optimal quadrature formulas for
approximate calculation of Fourier integrals in the Hilbert space of non-periodic functions

which are square integrable with th order derivative.

We consider the following quadrature formula

1 N
[ emeratants =y Caplhp) 1)
0 p=0
with the error functional

N

((x) = ™ ey (x) = Y Cud(x — hB), (2)
B=0

where Cj are the coefficients of formula (1), h = 1/N, N € N, i* = —1, w € Z and w # 0,
€p,1]() is the characteristic function of the interval [0,1] and d(x) is the Dirac delta-function.

Functions ¢ belong to the space K,(FP,,), where

Ky(P,) = {¢:[0,1] — R |¢™~1 is absolutely continuous
and o™ € Ly(0,1)},

is the Hilbert space of complex valued functions and in this space the inner product is defined

by the equality

{0, 9) = / (¢ () + "D (2)) (P (2) + W™D (x))da, (3)

where 1 is the conjugate function to the function ¢ and the norm of the function ¢

| = (e and [ () +

is correspondingly defined by the formula H<,0|Lgm)(0,1)

wom=2(2))( ™ (2) + w2 (z))dr < oo.
We note that the coefficients Cz depend on w, N and m, i.e. Cg = Cs(w, N, m).
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The difference between the integral and the quadrature sum

(t.) = [ @monplayin = 3 Coplas) = [ ahpla)da @)
0 p=0 “x0

is called the error of the quadrature formula (1).

The error of the formula is a linear functional in K3 (P,,), where K} (P,,) is the conjugate
space to the space Ky(Pp,).

According to the Cauchy-Schwarz inequality we have (£, )| < ||| Ky( Bl - 141 K5 (P -
Therefore, the error (4) of the formula (1) is estimated by the norm

[ (Ba)ll = sup — [(€, )|

||l K5 (Pm) || =1

of the error functional (2).

Thus, to estimate of the error of the quadrature formula (1) over the functions of the
space K,(P,,) we must find the norm of the error functional ¢ in the conjugate space K3 (P,,).

It is clear that the norm of the error functional ¢ depends on the coefficients C'z. The
problem of finding the minimum of the norm of the error functional ¢ by coefficients Cz when
the nodes are fixed (in our case distances between neighbor nodes of the formula (1) are equal,
le.xg =hp, (=0,1,..,N, h =1/N) is called Sard’s problem. And the obtained formula is
called the optimal quadrature formula in the sense of Sard. This problem, for the quadrature
formulas of the form (1) with w = 0, was first investigated by Sard in the space Lgm) for some
m.

The main objective of the present paper is to solve the Sard problem for quadrature
formulas (1) in the space K,(F,,) when w # 0 using the S.L.Sobolev’s method with N +1 > m,

o

i.e. to find such coefficients (' g that satisfy the following equality
e ERn AT (5)
Therefore, for constructing the Sard optimal quadrature formula of the form (1) in the
space K,(P,,), we need to solve the following problems.

Problem 1. Find the norm of the error functional ¢ of the quadrature formula (1) in the
space Kj(Pp,).

Problem 2. Find the coefficients Cs that satisfy the equality (5).

Here we solve Problems 1 and 2 for the cases w € Z and w # 0. The main result of the

paper is the following.
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Theorem. The coefficients of optimal quadrature formulas in the sense of Sard of the form
(1) in the space Ky(P,,) have the following form

)\g"'l sin (wh—w)—Ag sin(w h)+AY sinw

kTt sinw(1+>\i—2)\k cos(w h)) bk>+

( m—1 . N41 . 2 .
Ak sin(wh—w)—A sin(w h)+A7 sinw

= sinw(1+A2 —2Xg, cos(w h))

+K €2k sin (wh—w)—e2™ P sin(wh)+-e* PP sin w 4 w—weos w—2mipsin w
sin w(1+e4miph —227iph cos(wh)) sinw((2mip) 2 +w?)
Cy = Ke™P1 g\ 4y AN 7 B=1,N—1

Cn — mz—l )\é\url sin(wh—w)—Ag sin (wh)+AY sinw + Ak sin(wh—w)—)\g+1 sin(w h)+A2 sinw b )+
N = sin w(1+A7 —2X cos(w h)) Ak sin w(1+A —2X, cos(w h)) k

k=1
+K 2™ sin (wh—w)—e2 P sin(w h)4-sin w w—cos w+2mip sinw
L sinw(1+4e4miPh —2e2miph cos (wh)) sin w((2mip)?+w?)

where K, A\, ar. and by, k=1,2,...,m — 1 are known.
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ABOUT THE APPROACH OF APPLICATION OF MATHEMATICAL
APPARATUS FOR MORPHOLOGICAL ANALYSIS OF ANALYTICAL
LANGUAGES

Boltaev T. B.

Bukhara State University, Bukhara, Uzbekistan, tbbmail@mail .ru

The object of the study of this work is a morphological analysis of natural languages
of analytical type [1], including Uzbek and Tajik languages. In particular, the nominal parts
of speech in these languages are considered: noun and adjective. Due to the fact that word
formations and word combinations in the field of nominal parts of speech are very developed
for analytical languages, the morphological analysis of these parts of speech requires a deep
knowledge of the methods of analysis.

It is possible consider the task of automation (ie computer processing) of such an analysis.
In this case, the methods (algorithms) of analysis must satisfy such conditions as correctness,
stability, efficiency (in time, energy and space), etc.

One of the approaches to solving this problem is the use of mathematical apparatus
for analyzing formal languages [2] in the process of designing a language processor. Such

mechanisms are very developed in connection with the development of formal languages, in
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particular programming languages and are widely used in constructing language handlers
(compilers, analyzers, specifiers, etc.) [3| for high-level programming languages.

The work is the result of the author’s research together with students and undergraduates
in modeling the process of automatic (computer) analysis of the nominal parts of speech in
analytical languages. The study covers a large general problem: the application of methods
of the theory of formal languages in the analysis of text. Since there is already experience of
such application for other languages, for example, for English [4], Russian [5], etc., such an

investigation makes sense.
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SUB-ANALYSIS OF THE RATIONS OF PATIENTS WITH MANDIBULAR
FRACTURES

Boymuradov Sh. A., Bobamuratova D. T., Akramova N. T.

Tashkent Medical Academy, Department of otolaryngology and stomatology, Tashkent,
Uzbekistan

For patients with jaw fracture -nutrition plays an essential role in both oral and systemic
health, including wound healing and immune response .
Objective: To study and evaluate the home ration of patients with the mandible fractures

during the treatment.
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Materials and methods: To investigate the actual power 37 men and 11 women aged 18-
59 years with a fractured mandible in II clinics of the Tashkent Medical Academy. All patients
had a similar severity of the general condition (fair, rarely - moderate) are given appropriate
surgery (reposition and immobilization of bone fragments of jaws, osteosynthesis) and drug
(anti-inflammatory, antibacterial, desensitizing therapy) treatment. Collection of material was
carried out 13-20 days after splinting, through interviews and questionnaires, which used
specially designed questionnaires, allowing for in-depth study. The chemical composition of
foods and dishes were calculated taking into account the preservation of nutrients with some
form of heat treatment . The results were compared with the average daily rational consumption
of food for the population of Uzbekistan (SanPiN-0105-01; SanPiN-0250-08;). The received data
were processed statistically at Microsoft office Excell 2010.

Results and discussion: Intermaxillar fixation jaws blocks chewing process, as they
are forced to take liquid and semiliquid food. A liquid diet can help patients feel full and
hydrated, but it may lack the necessary protein and nutrients to support repair growth and
tissue maintenance. According to the data we obtained, the range of the daily diet products
appeared poor, consumption of some products did not reach the standards for healthy persons.
In this cases, the diet requirements for patients with jaw fracture must be higher than the
recommended daily allowance due to their growth needs. As a result of the survey it was found
that calorific value of rations patients was within minimal 1080 kcal/day, maximal energetic
value was 3300 kcal / day(p> 0.01) and an average of 1870 £ 35 kcal / day, had no statistically
significant differences (p> 0.05). The energy value of the daily diet of most respondents (77%,
p> 0.05) was lower than the average daily energy expenditure even of a healthy person. 8%
of patients with jaw fracture consumed diet greater than 3000 Kcal / day, the roughly 15%
(p <0.044) patients intake was within recommended standards. According to the data of the
European and the American Association of parenteral and enteral nutrition (ESPEN, ASPEN) -
daily energy value of a healthy person should consist of 25-30 kcal per 1 kg of actual body weight
and protein content of the calculation of 1.3-2 g / kg per day; For injuries and inflammations
(Cuthbertson et al). 20-25% increased performance of energy metabolism, which depend on
the severity of the injury. The patients’ diet was poor to animals’ proteins, so deficit of meat
products were (-46%). Patients going through the healing phase need to also consume enough
protein to promote tissue repair. Foods containing proteins increase salivary excretion, thus
improving oral clearance of food debris and decreasing the incidence of dental caries and other
complications this period (Johansson et all). The protein intake was on average 63,8 ¢ 1,3 (p>
0.05) was the diet of women, 74,4 ¢ 1,8 of men. If considering that in severe injuries protein loss
up to 25 (Traumatology 2008), the power completely dissatisfied patients expenditure. A low
level of consumption of dairy products (less than 290 grams per day), vegetables and fruits (less

than 300 grams per day) was noted, including significant lack in potato consumption (-25%),
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vegetables (- 45%) of fruits (-35%), milk and dairy products (-31%). Such a diet is the cause
of protein-energy, vitamin and mineral deficiency, which reflects the general (fatigue, weight
loss, decreased working ability, low immunity) and the local state (prolonged wound healing,
inflammation and other complication) of the patient. Rapid weight loss of 5% or more in one
month is considered significant and needs to be immediately evaluated by a physician.

By the analysis of data in the questionnaires patiens’ diet is related also from
socioeconomic status, as people with low income tend to consume high-fat foods and few
vegetables and fruits, whereas individuals with greater disposable income consume more whole
grains and fresh fruits and vegetables.

Conclusions: Based on these data we can conclude that the diet of patients with fractures
of the jaw has insufficient nutritional value, do not correspond on hygiene standards in almost
all respects, but also the biological inferiority. It is the need to correct the diet of patients
to recommend the inclusion in foods rich in complete protein, unsaturated fats and complex
carbohydrates, enriched with vitamins and minerals. It is necessary to conduct studies of
patients and care person to proper nutrition. Clinicians should be mindful of patients’ current

food intake and their nutritional needs to provide effective education on nutrition.

HARMONIC MAPPINGS VIA REAL AND COMPLEX ANALYSIS: 30 YEARS
LATER

Bshouti D.

Technion - Israel Institute of Technology, Haifa, Israel, daoud@technion.ac.il

I shall present four different directions in the study of harmonic mappings and leave few

open problems in each.

ISOMORPHIC CLASSIFICATION OF (. (Q)-MODULES [,(Q)
Chilin V. L.}, Karimov J. A.2

! National University of Uzbekistan, Tashkent, Uzbekistan, vladimirchil@gmail.com
2 Institute of Mathematics, Uzbekistan Academy of Science, Tashkent, Uzbekistan

karimovja@mail.ru

Let V be a complete Boolean algebra with the unit 1, let @ = Q(V) be a Stone compact
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corresponding to V and let C,,(Q)) be an algebra of all continuous functions f : Q — [—o0, +o0],
taking the values +00 only on nowhere dense sets in @) (see, for example, |2, Chapter 1, §1.4]).

Let X be an C,(Q)-module with algebraic operations =z + y and az, x,y € X, a €
Coo(Q). A set {z;}ier in an Cop(Q)-module X is called Coo(Q)-linearly independent, if for any

ag, ..., an € Co(Q), n €N, the equality > agpx;, =0, {z;, }i_; C {w;}icr, implies equalities
k=1
ar =0, k=1,...,n, where N is the seat of all natural numbers.

Cx(@)-module X is called n-homogeneous, if there exists an C'.(Q)-linearly independent
set {x1,...,2,} in X such that X = {d°1" | auz;: oy € C(Q)}. Coo(Q)-module X is called
finitely-dimensional, if there exist a finite or countable partition {e;}*_,, k € N or k = oo, of
unity 1 (e; # 0,4 = 1,...,k) and a finite or a countable set ny < ny < ... < ny (respectively,
ny < ng < ... < ng < ... ) of natural numbers such that e; - X is an m;-homogeneous
e; - Co(@)-module for all i = 1,..., k. Co(Q)-module X is called infinitely-dimensional if X is
not finitely-dimensional.

Let X be Co(Q)-module. A map || - || : X — Cx(Q) is called a C(Q)-norm if the
following properties hold

L. |jz]| 2 0 for any € X and [|z|]| =0« x = 0;
2. ||Ax|| = |\ - ||z]| for all z € X, A € Coo(Q);
3. |z +yll < =l + llyll for any =,y € X.

Pair (X, ||-]|) is called normed Cy (Q)-module. It is always assumed that for each nonzero e € V
there exists € X such that e||z|| # 0 & ex # 0 (in this case Co(Q)-module X is called a
faithful module).

We say a net {zy}aca C (X, || -||) (bo)-converges to element € X (notion: x, o), T)
if ||za — x| % 0. The net {Za}aca is called (bo)-Cauchy net if (sup |z —x5||> 1 0. A
a,fzy

normed Cy(Q)-module is called a Banach module if any (bo)-Cauchy net (bo)-converges to

some element of this module.
Below we assume that the Boolean algebra V has a countable type, that is every nonfinite

b
family of nonzero pairwise disjoint elements in V is a countable set. In this case for any x,, g x

. (bo)
there exists a sequence oy < ... < a, < ..., such that z,, — =

Example 1. Let 1 < p < oo. Consider the Cy(Q)-module

Q) = {2} € Co(@), [an s = (Z |xn|p) ")

Then (1,(Q), | - ||,) is infinitely-dimensional Banach Cy (Q)-module.
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Cw(@Q)-linearly independent sequence {z,} in infinitely-dimensional Banach C.(Q)-

module X is called basis, if for any x € X there exists a unique sequence {a,}>°, C C(Q),
00 k
such that > apz, = (bo) — lim > a,x, = .
n=1 k—oo 21
For example, a sequence e, = {0,...,0,1,0,...}, where 1 stays on “n”-th place, is a basis
in ,(Q) for any 1 < p < oo.

Theorem 1. The sequence {z,} in Banach Cx(Q)-module X is basis if and only if there
exists 0 < K € Coo(Q) such that

<K
X

m
E QT
k=1

for any {ai}i_; C Co(@Q), m < n.

A sequence {z,} C X is called a basic sequence, if {x,} is basis in (bo)-closure [z,] of
Coo(@)-linear hull Lin({z, }, Cx(Q)) = {Z a;z; oy € Cro(Q),i=1,...,n,n € N}.
i=1

Example 2. For any subsequence n; < ny < ... of natural numbers from N a sequence

n
E ATk
k=1

X

{en, 1321 € {en}2, is a basic sequence in 1,(Q)), where 1 < p < 0o .
Two basic sequences {x,} and {y,} in the respective Banach C..(Q)-modules X and Y

are equivalent (writing {z,,} ~ {y,}) if whenever we take sequence {a, }22, C C5(Q), then the

series Y ay,x, (bo)-converges in (X, || - ||x) if and only if the series »_ a,y, (bo)-converges in
n=1 n=1
Y- 1ly) -

Theorem 2. Let {x,} and {y,} be two basic sequences in Banach Cy(Q)-modules X and
Y respectively. The following conditions are equivalent:

() {on} ~ {yn};

(13) There exists an isomorphism T : [x,] = [yn], such that T (x,) =y, for any n € N.

The following theorem is the C.,(Q)-version of Proposition 2.1.3 from [1].

Theorem 3. Let x,, = {azgm)};’il € 1L,(Q), lemll, =1, me N, 1 < p < oo and let

xgm) ©h 0 when m — oo, for any i € N. Then there exists subsequence {x,,,} such that

{zm, oly ~ {entnis-
By using theorems 2 and 3 we obtain the following isomorphic classification of C(Q)-
modules [,(Q).

Theorem 4. Let 1 < p,q < oco. The following conditions are equivalent:
(1) ,(Q) = 14(Q);
(it) p=q.
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LOCAL ERGODIC THEOREMS IN SYMMETRIC SPACES OF
MEASURABLE OPERATORS

Chilin V. L.}, Litvinov S. N.2

L National University of Uzbekistan, Tashkent, Uzbekistan, vladimirchil@gmail.com

2Pennsylvania State University, Hazleton, USA, sn12@psu.edu

Let M be a semifinite von Neumann algebra equipped with a faithful normal semifinite
trace 7. Let P(M) be the lattice of projections in M. If 1 is the identity of M and e € P(M),
we write et = 1 — e. Denote by L°(M, 1) the *-algebra of T-measurable operators affiliated
with M, and let LP(M, 1), 1 < p < oo, L®(M,7) = M, be the noncommutative LP-space
(see, for example, [4]).

A linear map T : L*(M,7) + M — L'(M, 1) + M is called a Dunford-Schwartz operator
if |T(2)|1 < ||zll1, x € LY(M, 1), and ||T(z)|m < ||2||m, * € M. Denote by DST(M, 1) the
set of positive Dunford-Schwartz operators.

Given z € L'(M, 1) + M, define

||IHL1(M,7)+M = inf{HyHLl(/\/l,'r) + HZHM T =Y+z x€E LI(M7T>’ KAS M}

Let {Ti};>0 C DST(M,7) be a semigroup strongly continuous on L'(M,7) + M, that is,
limy_s | Tyx — Tox||pimrem = 0 for all s > 0 and z € L'(M,7) + M. Assume also that
Tyo(x) = z for each x € L'(M, 1) + M and put
1 t
Ay(x) = 2/ T.(x)ds, © € L'(M,7)+ M, t>0.
0
A net {xy}aca C L°(M, 1) is said to converge to 7 € L°(M, 1) almost uniformly (a.u.)
(bilaterally almost uniformly (b.a.u.)) if for every ¢ > 0 there exists e € P(M) such that
+)

T(e~) < € and lirg]\(fv\— za)ellm = 0 (respectively, lir%]\e(f— zq)ellm = 0). Note that a.u.
ae ac

convergence is generally stronger than b.a.u. convergence.
It was proved in [1, Theorem 3.1] that A;(z) — x b.a.u. as t — 0 for every z € L'(M, 1),

a local ergodic theorem for L'(M, 7). In [2, Theorem 6.8], this result was established for every
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x € LP(M,T), 1 < p < oo; in addition, it was shown that if p > 2, the averages A;(z) converge

a.u.

We show a.u. convergence of the averages A;(x) in the setting when z belongs to an
arbitrary fully symmetric space (E, || - ||g) € L' (M, 1) + M.

The non-increasing rearrangement of x € L°(M, 7) is defined as
() =inf{A > 0: r{|z| > A} <}, t>0, |z = (z"2)2.

A Banach space (E, | - ||g) C L°(M, 1) is called fully symmetric if conditions

r€E, yeL'(M,T1), /,ut(y)dt < /ut(:v)dt for all s > 0
0 0
imply that y € F and ||y||g < ||z| &
It is known that a fully symmetric space (F, || - ||z) is an exact interpolation space for the

Banach couple (L'(M, 1), M) [3, Chapter II, §3]. Therefore T(E) C E and ||T||gg < 1 for
every fully symmetric space F and any T € DS*(M, 7).
Define
R,={zx e L'M,7)+ M : w(x) =0 as t — oo}.

In is known that (R,,|| - ||r13m) is a fully symmetric space. Besides, a fully symmetric space
E is contained in R, if and only if 1 ¢ E. Note that if 7(1) < oo, then M C L'(M, 1) and
R, = LY (M, 7).

The following theorem provides a maximal ergodic inequality for the ergodic averages
Ay(x) in LP(M, 7).

Theorem 1. Let {T;}>0 € DST(M,7) be as above. Then for every x € LP(M,T),
1 <p<oo, and e > 0 there exists e € P(M) such that

P
r(et) <8 <||x||p) and sup |[eAq(x)e||pm < 12e.
€ t>0

Using Theorem 1 we prove an a.u.-version of the local ergodic theorem for L'(M,T) (cf.
|1, Theorem 3.1|).

Theorem 2. Let {T;}i>0 C DST(M,7) be as above. Then for every x € L*(M, 1) the
averages Ay(x) converge a.u. to x ast — 0.

Here is an extension of Theorem 2 to R.,.

Theorem 3. If {T;};>0 C DST(M, 1) is as above, then for every x € R, the averages

Ai(z) converge a.u. to x ast — 0.
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An application of Theorem 3 to a fully symmetric space yields the following.

Theorem 4. Let E C L°(M,7) be a fully symmetric space such that 1 ¢ E, and let
{T;}+>0 € DST(M,T) be as above. Then, given x € E(M,T), the averages Ai(x) converge a.u.
to x as t—0.

Now we give application of Theorem 4 to a noncommutative Orlicz space. Let ® be an
Orlicz function, that is, ® : [0,00) — [0,00) is a convex continuous at 0 function such that
®(0) =0 and ®(u) > 0 if u # 0. Let

L*(M,T) = {x cL'M,7): T <d> <%)) < oo for some a > 0}

be the corresponding noncommutative Orlicz space, and let

[ Zinf{a >0:7 <<1> ('%')) < 1}

be the Luxemburg norm in L*(M, 7). If 7(1) = oo, then 7 (® (1)) = oo for all a > 0, hence
1 ¢ L®(M, ). Therefore, by Theorem 4, we have that, given x € L*(M, 1), the averages A;(x)

converge a.u. to xr as t— 0.
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MEAN ERGODIC THEOREM IN SYMMETRIC SPACES ON INFINITE
MEASURE SPACE
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Let (€2, A, 1) be a measurable space with o-finite measure and let L, = L,(Q, A, u) be a
classical Banach function space equipped with the norm || -||,, 1 <p <oo.Let T: L1 + Lo —
L1 + L be a Dunford-Schwartz operator (writing 7' € DS), i.e. T is a linear operator such
that || T(H)|lh < Ifllh, f € L1 and [|[T(f)]lco < [ flloos f € Loo. Due to Riesz convexity
theorem given 1 < p < oo, any T" € DS contracts L.

According to the Dunford-Schwartz mean ergodic theorem [1, Chapter VIII, Theorem
VIIL5.9] for any T € DS and f € L,, 1 < p < oo, the Cesaro averages S,(T)(f) =

L3 o T*(f) converge in the space L, with respect to the norm || - ||,, when n — oo. The
version of the Dunford-Schwartz mean ergodic theorem for any separable symmetric spaces of
measurable functions on (2, A, u) is established in the paper [3] in the case u(£2) < co.

In this note, we investigate the convergence of Cesaro averages S, (T)(f) in the setting
when f belongs to a function symmetric space (E, || - ||g) on any measurable space (€2, .4, 1)

with a o-finite measure.

A non-increasing rearrangement of a function f € L; + L. is defined as
pe(f) = nf{A >0 p(lf[>A) <t} £20,

(see [2, Chapter II, §2|).

A Banach space (E, || -||g) C L1+ Lo is called a function symmetric (respectively, a fully
symmetric) space on (2, A, ), if conditions f € E, g € L1 + Lo, :(g9) < pe(f) (respectively,
t
[ us(g)d f,ut )dt ) for all ¢ > 0 imply that g € F and ||g||g < ||f]|z- It is clear that every

?ully symmetrlc space is a function symmetric space.

It is known that a fully symmetric space (E, || - ||g) is an exact interpolation space for the
Banach couple (Ly, L) |2, Chapter II, §3]. Thus T'(E) C E for any fully symmetric space £
and T" € DS, in addition, ||T||g—r <1 (see [2, Chapter II, §4, section 2]).

A function symmetric space (E, ||-||g) is said to to have order continuous normif ||z,| g 4 0
whenever z,, € F and z,, | 0. It is known that L,-spaces, 1 < p < oo, have an order continuous
norm.

The examples of fully symmetric spaces are L; N Ly, with the norm || f||z,rr.. =
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max {|| fll1, [ fllc}. and Ly + Lo with the norm

1|z 420 = nf{llglls + [Pl = f=g+h, g€ Ly, he Lo}

(see [2, Chapter II, §4]). The spaces L,, 1 < p < 0o, Orlicz, Lorentz and Marcinkiewicz function
spaces are also fully symmetric spaces.

Let (E,| - ||g) be a fully symmetric space on (2,4, ). We say that F satisfies the mean
ergodic theorem (witting E € (MET)) if for any T' € DS and f € E there exists a function
¥ € E such that ||S,(T)(f) — ||z — 0.

Theorem 1. Let (2, A, 1) be a measurable space with o-finite measure, u(2) = oo, and
let (E,|-||r) be a fully symmetric space on (Q, A, ). If the norm || - ||g is not order continuous
or E C Ly, then E ¢ (MET).

In the paper [4] is established that every non separable function symmetric spaces (E, || -
|g) on [0, 1] is not satisfies the mean ergodic theorem, i.e. £ ¢ (MET).

Let Q = (0,00) and v be Lebesgue measure on the o-algebra A, of all Lebesgue subsets
A C (0,00). Let (£(0,00), || - [[£(0,00)) be a function symmetric space on ((0,00), A,,v). The
fundamental function of a space (E(0,00), || - || 5(0,00)) is defined as ¢g(t) = || x4 £0,5), t >0,
where x (o4 is a characteristic function of a set (0,%). It is clear that ¢g(t) > 0 for each ¢ > 0
and @g(t) is increasing function. In addition, “OEt(t) is decreasing function (see |2, Chapter II,
§4, Theorem 4.7]). In particular, there exists tEeroo ‘pET(t) = «a(E). Note that a(L;(0,00)) =1
and «(L,(0,00)) =0, 1 <p < 0.

Define

EQ)=FEQ,Ap) ={f € Li(Q2) 4+ Lo() : w(z) € E(0,00)}

and set
£z = ll1e(@) || E0,00), [ € E(R).

It is shown in (2] that (E(Q), || - [|gw)) is a function symmetric space on (€2, .4, ;1). In this case
we say that space (E(Q), || - ||z@)) is generated by the space (E(0,00), || - || £(0,00))-

The following Proposition gives a necessary and sufficient condition for the imbedding of
a function symmetric space E(€2) into space L1(f).

Proposition 1. E(Q2) C L1(Q) if and only if o(F) > 0.

Now we give the necessary and sufficient conditions for the inclusion (E(Q), | - ||pw)) €
(MET).

Theorem 2. Let (2, A, 1) be a measurable space with o-finite measure, u(2) = oo, and
let (E(Q), || |z@)) be a fully symmetric space on (€2, A, i) generated by a fully symmetric space

(E(0,00), [ - [|E(0,00))- The following conditions are equivalent:
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(@). (EQ), [ ls@) € (MET);

(i1). The space (E(0,00), || - [|£©0,)) s a separable space and E(0,00) is not contained in
the space L1(0,00);

(¢13). The space L1(0,00) N Ly (0, 00) is dense in (E(0,00), || - ||Bo,00)), ©E(+0) =0 and
a(E) = 0.

Let ¢ be an increasing concave non-zero function on [0, co) with ¢(0) = 0, and let

Ay = Ay(Q A, p) = {f €L+ La@: I, = [ maste) < oo} ,

be the corresponding Lorentz space.

It is well-known that (Ay, |- ||a,) is a fully symmetric space; in addition, the norm || - [|s,
is order continuous if and only if ¥ (+0) =0 and (+00) = +oo [2, Chapter II, §5, Lemma
5.1]. In addition, @u,(0,00)(t) = ¥ (t). The application of Theorem 2 yields the following.

Theorem 3. Let (2, A, 1) be a measurable space with o-finite measure, j1(€2) = 0o, and let
Y be an increasing concave non-zero function on [0,00) with 1¥(0) = 0. The following conditions

are equivalent:
(1). (Mg, || lla,) € (MET);
(i1). Y(+0) = 0, ¥(+00) = 400 and lim 2 =0.

t——+o0 t
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HOLOMORPHIC SEMICOCYCLES IN BANACH SPACES
Elin M.

ORT Braude College, Karmiel, Israel, mark_elin@braude.ac.il

Semicocycles appear naturally in the study of the asymptotic behavior of non-autonomous
differential equations in Banach spaces. They play an important role in the theory of dynamical
systems and are closely connected to semigroups of weighed composition operators. In this talk,
we consider semicocycles holomorphic in the open unit ball in a complex Banach space and

taking values in a Banach algebra.

We study semicocycle properties employing, in particular, their link with semigroups. On

the other hand, we discover a dissimilarity of these two classes.

Simplest semicocycles are those independent of the space-variable. So, the problem (called
the linearization problem) is to establish whether a semicocycle is cohomologous to such

independent one.

Focusing on the linearization problem, we provide some criteria for a semicocycle to be
linearizable as well as several easily verifiable sufficient conditions. These conditions are essential

even for semicocycles over linear semigroups.

The talk is based on joint work with F. Jacobzon and G. Katriel.

THE DIRICHLET PROBLEM FOR A MIXED TYPE
PSEUDO-DIFFERENTIAL EQUATION

Fayazova Z. K.

Tashkent State Technical University, Tashkent, Uzbekistan, z.fayazova@yahoo.com

We consider the Dirichlet problem for a mixed type pseudo- differential equation in two

dimensional space. Consider the equation
signaty (2, 1) = Uggsr (T, 1) + Upe (2, 1) (1)

on the domain Q = {(z,t)| - 1<z <l,2#0,0<t<aol,a>0,a € R}}.

Problem. Find a function u(x,t) satisfying (1) in 2, the boundary conditions
u(—=1,t) = p1(t),u(l,t) = @a(t),0 <t < aT

u(z,0) = p3(x),u(z,aT) = py(x), -1 <2 <1,
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©1(0) = p3(=1), p1(aT) = pa(1), p2(0) = p3(1),

and the gluing conditions
w(=0,t) = u(+0,t),u,(—0,t) = u(+0,t),0 < t < aT.

The Dirichlet problem for wave equation in rectangular region were considered by Bourgin
D.G. and Duffin R.[1], they remark that not for any rectangular region the solution of
investigating tasks exits and unique. B.I.Ptashnik [2| try to find conditions to estimate value
of "small dominators". Sh.Alimov [3.,4] investigate the existence problem for the wave equation
subject to the Dirichlet boundary condition in a rectangle with irrational ratio of the sides. For
an arbitrary right-hand side from some anisotropic Nikol?7ski? space he establish the existence of
an L2 -solution which satisfies the equation in a distribution sense and vanishes on the boundary
in an integral sense. One can prove by the way as in [5| the considering by as problem has not
unique solution for any rectangular region and not continuously depend of givens. We find
conditions to the sides of rectangular region when the unique solution exists and stable with
the respect to variation of givens. In proofing this results we use Integral Energy Method,
General spectral Method, Number-theoretic Method and others.
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SPEEDUP OF LEXICOGRAPHIC OPTIMIZATION BY SUPERIORIZATION
AND ITS APPLICATIONS TO CANCER RADIOTHERAPY TREATMENT

Gibali A.

Mathematical Center of University of Haifa €/ ORT Braude College, Israel,

avivg@braude.ac.il

Multicriteria optimization problems occur in many real life applications, for example
in cancer radiotherapy treatment and in particular in intensity modulated radiation therapy
(IMRT). In this talk we focus on optimization problems with multiple objectives that are ranked
according to their importance. We solve these problems numerically by combining lexicographic
optimization with our recently proposed level set scheme, which yields a sequence of auxiliary
convex feasibility problems; solved here via projection methods. The projection enables us
to combine the newly introduced superiorization methodology with multicriteria optimization
methods to speed up computation while guaranteeing convergence of the optimization.

This is a joint work with Esther Bonacker, Karl-Heinz Kiufer and Philipp Siuss
(Fraunhofer ITWM).

STRENGTHENED BOUNDS OF TEICHMULLER-WITTICH-BELISKIJI
THEOREMS IN HIGHER DIMENSIONS

Golberg A.

Holon Institute of Technology, Holon, Israel, golberga@hit.ac.il

The conformality of a mapping in a domain is a strongly rigid property even on the plane.
In higher dimensions this property holds, in view of the classical Liouville theorem, only for a
poor set of mappings (which only consists of the Mébius transformations). On the other hand, a
natural extension of conformality is given by quasiconformal mappings, and the differentiability
almost everywhere closely relates to local weak conformality.

In the talk, we provide the local sufficient conditions for homeomorphisms in Rn to be
real differentiable at a point, weakly conformal at a point, Holder continuous, preserving angles,
etc. in the connection with the classical Teichmiiller-Wittich-Beliskii theorem. This involves
some new dilatations (directional dilatations) that are more flexible. Such dilatations and their

distortion are related to Mechanics and Physics.
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COMPUTER MODELING INTERACTION OF THYROID GLAND FOLLICLE
CELLS

Hasanov A. A.

Scientific and Innovation Center of Information and Communication Technologies, Tashkent,

Uzbekistan, adhamjon-05@mail . ru

World statistics of thyroid disease are found in almost 30 percent of the world’s population.
In this case, according to statistics from the increase in the incidence of thyroid cancer in the
world is 5 percent per year [1].

Currently, mathematical and computer modeling is an effective method for modeling living
systems.

The main structural and functional unit of the thyroid gland is the follicle. It consists
of epithelial cells that take an active part in the formation of the main hormones of the
thyroid gland. During the life of the cell follicular phase are dividing, growth, differentiation,
perform specific functions associated with the formation of hormones, as well as aging. We are
modeling at the level of cellular communities. This approach was developed by D.Sc., head
of the laboratory "Regulatorika"of the Scientific and Innovation Center of Information and
Communication Technologies at Tashkent university of information technologies named after
Muhammad al-Khwarizmi M. Saidalieva [2].

In this case we use Goodwin type equations for mathematical modeling of regulatory
mechanisms functioning (regulatorika) of the follicle cells of the thyroid gland.

Consider one of the possible quantitative studies of the mechanisms of regulation of the
size of the follicle cells of the thyroid gland in the individual phases of their life, using modeling
techniques of regulatory functional units of cellular communities. Generally the regulatorika of
number of a follicle thyroid gland cells can be described by the following functional-difference

equations in the following form |3]:

dX1(t) _ a1X1(t5—1)X4(t—1) + leg(t — 1) — a2X1(t);
dt 14+d [T X;(t—1)
j=1

2 — X (¢ — 1) — (b1 + a3) Xo(1);
el — a3 X5 (t — 1) + baX5(t) — (as + ) X5(1); N
dXa(t) _ as X3(t — 1) — (a5 + b) X4(t);

(t=1)

X5 () — g Xy (t— 1) — (bs + ¢) X5(0).

Here Xi, X, ..., X5 are the quantities characterizing the number of fissionable growing,
differentiating, performing a specific function and aging of cells in the follicle at a time ¢ .
The system of differential-delay equations (1) is a closed system and its solution can be

constructed by the Bellman-Cooks method of successive integration [4].
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On the basis of the equations of mathematical models of cellular communities regulatorika
the number of cells of thyroid follicles we created a computer model of control regulatory
cells number of thyroid follicles at norm and at malignant tumor using of object-oriented
programming language Delphi-XE3.

Thus, computer modeling of the regulatory of the number of cells of the follicle of
the thyroid gland allows one to investigate the functioning of the interaction of the cellular
communities of the follicular system during the synthesis of its main hormones of the thyroid

gland.
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INTERVAL GAUSS-SEIDEL METHOD FOR CALCULATION OF THE SET
MODES OF ELECTRIC SYSTEMS

Ibragimov A. A.!, Tokhirov F. J.?

! Navoi State Pedagogical Institute, Navoi, Uzbekistan, alim-ibragimov@mail.ru

2Navoi State Pedagogical Institute, Navoi, Uzbekistan, toxirovferuz@mail.ru

Problems of calculation of electric chains are quite often characterized by presence of
nondeterministic parameters which accounting, at limitation of their fluctuation, can be carried
out by interval methods [1]. In difference from probabilistic methods or methods of the theory
of fuzzy sets, interval methods keep informational content as for required parameters at this
approach we receive the top and lower estimates, namely intervals which are guaranteed
containing unknown characteristics of process or the phenomenon. In turn the task of interval
values of parameters of elements of an electric chain and operating modes, is caused by their
natural dispersion, a variation in the course of functioning, errors of measurements of the modes

or other factors.
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Below we will use designations from the draft of the informal international standard for
interval values [2|. In particular, interval values are highlighted in the text in bold type, and
not interval are not selected in any way.

In this work the problem of calculation of electric circuits with interval parameters which
comes down to the solution of interval system of the non-linear algebraic equations connecting
currents and tension in clusters of an electrical network at an interval non-determination of

input datas is considered:

Za”wj:,——azoxg, i=1,2,...,n, (1)

’L

or

jciZaijxj:si, i:1,2,...,n, (2)

Designating the left-hand part of the last system through F(a,z, &) we can write down it
in a short look as F'(a,z,&) = s for a € a, s € s. For system (2) the united set of solutions call
a set

E(F,a,s) ={x €C| (Ja€a)Tses)(Fa,z,%) =3)}

below we will consider a problem of its external interval estimation [3].

Thus, ours I aim stay, whenever possible, the best (i.e. the least on inclusion) the interval

vector limiting a set of solutions is Z(F, a, s).

At the solution of system (2) there are particular difficulties in realization of calculations
as it is necessary to deal with complex interval matrixes of a high order and with the larger
systems of the non-linear equations. It is natural to apply iterative methods of solution to
non-linear sets of equations. At the same time the structure of a repetitive process, namely an
algorithm as the speed of convergence and quality of the interval solution, namely its width

depends on it is significantly important.

(k+1) (k+1) (k)

Let’s look for x; on ng), believe x; =x; N (xgk) + 5*X§k)), where 5*X£k) are from

the equations

5% (k Zaw k)+x(k) (Zaw 5% k)+ Z aj; 0°x k 1)) _X Zaw k)) (3)

j=i+1

i:1,2,...,n, 5*X§71):O

These formulas allow to find sequentially 5*x§k), e 5*x P Actually formulas (3) give

one cycle of the interval Gauss-Seidel method of the solution of system (1).
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Let again e ng) — X;, then 5*X£k) = glFt _ 55’“). Let’s substitute in a formula

559(‘k) Zaij Xj(k) + ng) Zaij 5Xj(k) =8; — ng) Zaij Xj(k), i=1,2,...,n, (4)
=0 =1 =0

instead of (SXEk) and 5X§k71) the corresponding expressions, and instead of x; — its representation
(k)

on (4), having replaced in it x; on x* — % Let’s receive system

égk—H) Z a;j X;-k) + ng) Z a;; égk—’—l) =
j=0 j=1

n n n
— —2>'<§k) Z a;; ag-k) + ng) Z a; 8§-k_1) o égk) Zaij 5§-k), i=1,2,...,n, (5)
j=it1 j=it1 j=1

Here we have the ratios connecting errors not of two successive approximations as it was 3|
earlier, and three: (k—1), k and (k+1). Besides, these ratios are non-linear. As their research is
bound to quite unwieldy calculations, here we will not give the corresponding estimates similar
estimates from [4].

Numerical experiments showed that when calculating for the interval Gauss-Seidel method
(5) the number of iterations is significantly reduced and it gives more narrow external estimates
of sets of solutions unlike the interval Krawczyk method [3]. Besides, it was experimentally
established that the interval Gauss-Seidel method (5) allows to receive the answer in those

tasks to which the interval Krawczyk method is inapplicable.
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BOUNDEDNESS OF MAXIMAL OPERATORS ASSOCIATED TO
HYPERSURFACES

Ikromov I. A.

Samarkand State University, Samarkand, Uzbekistan, ikromovi@rambler.ru

Let S be a smooth hypersurface in R" and let p € C3°(S) be a smooth non-negative

function with compact support. Consider the associated averaging operators A;,t > 0, given by

Af(z) = /3 f(x — ty)ply) do(y),

where do denotes the surface measure on S. The associated maximal operator is given by

M) = swp A @), (o € B )
>

We remark that by testing M on the characteristic function of the unit ball in R", it is easy to

see that a necessary condition for M to be bounded on LP(R™) is that p > n/(n — 1), provided

the transversality assumption below is satisfied.

In 1976, E. M. Stein [3] proved that, conversely, if S is the Euclidean unit sphere in
R™, n3, then the corresponding spherical maximal operator is bounded on LP(R"™) for every
p > n/(n—1). The analogous result in dimension n = 2 was later proven by J. Bourgain [1]. The
key property of spheres which allows to prove such results is the non-vanishing of the Gaussian
curvature on spheres. These results became the starting point for intensive studies of various
classes of maximal operators associated to subvarieties. Stein’s monography [3] is an excellent
reference to many of these developments.

In the joint work [4] of our paper, maximal functions M associated to smooth
hypersurfaces of finite type in R® had been studied under the following transversality
assumption on S.

Transversality Assumption: The affine tangent plane x4+ 7,5 to S through x does not
pass through the origin in R? for every x € S. Equivalently, ¢ TS for every x € S, so that
0 ¢ S and x is transversal to S for every point z € S.

Let us fix a point 2° € S. We recall that the transversality assumption allows us to find a
linear change of coordinates in R? so that in the new coordinates S can locally be represented
as the graph of a function ¢, and that the norm of M when acting on LP(R?) is invariant under
such a linear change of coordinates. More precisely, after applying a suitable linear change of
coordinates to R? we may assume that 2° = (0,0, 1), and that within the neighborhood U, S

is given as the graph

Uns = {(331,372, 1 +¢($1,I2) : (1’1,‘%2) € Q}
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of a smooth function 1 + ¢ defined on an open neighborhood € of 0 € R? and satisfying the
conditions

»(0,0) =0, V¢(0,0) = 0.

The measure p = pdo is then explicitly given by

[ ran= [ e+ o) d.

with a smooth, non-negative bump function n € C§°(Q2), and we may write for (y,y3) € R*x R

Acf(y,ys) = fxm(y,y3) = /RZ fly —tz,ys — t(1+ ¢(x)))n(x) dx,

where 4i; denotes the norm preserving scaling of the measure p given by [ fdu = [ f(tz, t(1+
¢(z))n(x) dz.

Recall also from [4] that the height of S at the point z° is defined by h(x°,S) := h(¢),
where h(¢) is the height of ¢ in the sense of Varchenko (which can be computed by means
of Newton polyhedra attached to ¢). The height is invariant under affine linear changes of

coordinates in the ambient space R3.

In [4] the authors had given an essentially complete answer to the problem of LP-
boundedness of M when h(z° S) or p are greater or equal to 2. More precisely, if h(z?,S)2,
and if the density p is supported in a sufficiently small neighborhood of 2°, then the condition
p > h(2°,S) is sufficient for M to be LP-bounded, and this result is sharp (with the possible
exception of the endpoint p. = h(z%, S), when S is non-analytic).

The main result of the talk is the following:

Theorem. Assume at the point ° € S both principal curvatures of the smooth hyper-
surface S wvanish then there exists a neighborhood U of the point 2° such that for any non-
negative function p € C5°(U) the associated maximal operator (1) is bounded on LP(R?) provided
p > h(z°, S). Moreover, under the transversality assumption and the condition p(z®) > 0 for
p < h="h(2"S) the mazimal operator is unbounded on LP(R?).

Remark. The case when h(z°,5)2 the theorem has been proved in [4], the result for the

case when h(z°,S) < 2 is contained in our joint paper [5].
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ANALOGUE OF THE WEIERSTRASS THEOREM FOR A(z)-ANALYTICAL
FUNCTIONS
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The present work is devoted to the theory of analytic solutions of the Beltrami equation

fz(2) = A(2) [- (2), (1)

which is directly related to the quasi-conformal mappings. The function A (z) is, in general,
assumed to be measurable with |A (z)] < C < 1 almost everywhere in the domain D C C.
under consideration. Solutions of equation (1) are often referred to as A— analytic functions in

the literature.

The solutions of equation (1), as well as quasi-conformal homeomorphisms in the complex
plane C have been studied in sufficient details. Here we confine ourselves by giving the references
(1], [4-5], [s-10]).

The aim of this report is to investigate analytic functions in one particular case, when the
function is an anti-analytic function in the considered domain. We prove an analogue of the
Weierstrass theorem for a function series in analytic functions and the expansion of analytic

functions in the functional series.

Let A is anti-analytic, A = 0 in D C C such that |A(2)] < C <1, Vz € D. We put

o - 0 _ 0 0
Dy=——A()=—, Dpj=——-A(2) =—.
1= g AR gz Da=gz—AG g
Then according to (1) the class of A—analytic functions f € O4 (D)characterized by the fact
that D4 f = 0. Since, anti-analytic function is infinitely smooth, then from theorem 3 implies

that Oy (D) Cc O™ (D)
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Now we assume that the domain D C C is convex and £ € D its fixed point. We consider

the function

1 1
K = —. —_—
(2,5) 27i L 5 it f A(T) dT’ (2>
v(€,2)

where v (&, z) is a smooth curve which connects the points £, z € D. Since the domain is simply

connected and the function A (z) is holomorphic, then the integral I (2) = [ A(7)dr does
v(£:2)

not depend on a path of integration; it coincides with a primitive, i.e. I’ (z) = A(2).

The function ¢ (z,£) € O (D) carries out an internal mapping. In particular, the set

L r)=z€D: |¢(z,§)|:z—§+/fl(7')d7' <r
v(§:2)

is open in D. For sufficiently small » > 0 it compactly belongs to D and contains the point ¢ .
This set is called A—lemniscate with center £ and denoted by L (&, 7). It is a simply connected
domain(see. [13]).

Theorem. (Analogue of Weierstrass theorem). If a series of A (z)-analytic functions in
the domain D

f(2)=) fa(2) . ful(2) €04(D), (11)

converges uniformly on any compact subset of this domain, then
1. f(2) € O4(D);
2. the series (11) can be differentiated term by term.:

8f<z> = Zafn (Z)v 5f(2) :Zéfn (2)7 DAf(’Z) :Z DAfn ('Z) (12>
n=1 n=1 n=1
3. the series (12) converge uniformly on any compact subset D.
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REGULARITY OF A VOLTERRA CUBIC STOCHASTIC OPERATOR
Jamilov U. U.

Institute of Mathematics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan,

jamilovu@yandex.ru

Let

Sm_lz{X:<J,’1,$2,...,I‘m) ERm T 207 fOI' anyi a’nd Z'xl:l}

=1
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be the (m — 1)-dimensional simplex.

A cubic stochastic operator (CSO) is a mapping V': S™1 — S™~1 of the form
Vi = Z Pijk LT T l=1,...,m, (1)
ij,k=1
where p;;; are the coefficients of heredity such that
m
Dijk, > 07 Zpijk,l = 17 i7j7 k7l: 17"'7m7 (2>
=1

and the coefficients p;;,; do not change for any permutation of 4, j and k.

For a given x(© € S the trajectory x™,n =0,1,2,..., of an initial point x(©) under
the action of the CSO (1) is defined by x"*V) = V(x(™), where n =0, 1,2, . ..

One of the main problems in mathematical biology consists in the study of the

asymptotical behaviour of the trajectories.

The following notations will be used in the below. Let £ = {1,2,...,m}.

Let the set 9S™ 1 = {x € S™1 : z; = 0 for at least one ¢ € E} be the boundary of the

simplex S™~1;

theset Iy = {x € S™ ! 2, >0, i€ aC FE} aface of the simplex S™;

the set intS™ ! = {x € S™ ' : zyxy- -2, > 0} the interior of S™1;

C is the center of the simplex S™ ! and C'(«a) = (c1,¢2, .., ), Where

IEII’ 1€ Q,

0, otherwise,

is the center of the face T',. Note that || denotes the number of elements of a set;
Let w(x?) be the set of limit points of the trajectory {V"(x%) € S™~1}o .

In general, the main problem of the study of the asymptotic behaviour of any CSO is also

a difficult problem, which remains open, even in the two-dimensional simplex case.

Consider a family of the following CSOs

Vg:xgle(xf—i-?)@xl Z z; +3(1 —0) Z x? + 2 Z xixj), leFE. (3)

i€BE\{1} i€B\{l} i,jeg\{l}
i<j

Note that in [1] we considered the case § = 1. Besides, if § = %, then it is the identity
operator in the CSO (3). We consider the case 6 € [0,1), 6 # 2.
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Denote I(x) = {i: a; = nax xi}. The following theorem gives full description of the set
of limit points of the trajectory.

Theorem 1.

i) If 0 > 2 then lim x™ = C(Tjx0y) for any x© € Sm~1;

n—oo

and x© € intS™ ', then lim x™ = C';

n—o0

and x© € T, then lim x™ = C(T,).

n—oo

wirn

i) If 0 <

win

iii) If 6 <

wiN

A CSO V is called regular if the limit lim V" (x) exists for an initial point x € S™!.

n—oo
From Theorem 1 we get

Corollary 2. For any parameter 0 the operator Vi defined in (3) is a reqular operator.
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SECOND HARMONIC GENERATION IN A TIME-DEPENDENT OPTICAL
TRAP
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Nonlinear phenomena in quantum optics have attracted much attention recently [1-3].
Such phenomena play important role in many functional nanoscale materials and devices of
photonics and opto-electronics. Optical harmonic generation in quantum optical system is one of
such effects. Recently harmonic generation in optically driven quantum dots have been studied
by some authors using density matrix based approach. In this work we study second harmonic
generation in a quantum box with moving boundaries. It is assumed that the boundary is
provided by optical trap. Solving Liouville-von Neumann equation by the iteration method
we find density matrix up to third order approximation. Using the obtained results for density

matrix we compute nonlinear susceptibility in different approximations and optical rectification.
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FINITE SPEED PERTURBATION DISTRIBUTION AND SPATTAL
LOCALIZATION FOR THE DOUBLE NONLINEAR PARABOLIC EQUATION
WITH SOURCE OR ABSORPTION

Khojimurodova M.
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In this talk, we will consider qualitative properties solutions to the following problem
Cauchy in the domain @ = {(t,z) : ¢ > 0, € R"} to the double nonlinear degenerate

parabolic equation with source or absorption

Lu= 2—1‘ = V(k(t, 2)u” |Vul"'Vu) + ey(t, 2)u’ = 0, & = +1, (1)

uwji=o = uo(z)0,x € RY, (2)

where o > 0, > 0 are given numerical parameters, V(.) = grad,(.), functions (¢, z)0, k(t, z)0
in () is considered.

The problem (1) describes the processes of a mnonlinear diffusion reaction, heat
conductivity, a filtration in liquid and a gas in a heterogenic media at a presence of an absorption
(e = —1) or a source (¢ = +1) that power is equal to v(t, z)u”.

Investigation of the qualitative properties of various type solutions of the problem (1),
(2) when k(t,z) = cons, y(t,z) = 1 had established by many authors and were received lot of
nonlinear effects ([1-3] and references).

The properties of the different type solutions of considered problem is studied. It is proved,
that if the coefficient of heat conductivity includes time-dependent function that occurs spatial
localization of the solution even an absence of an absorption and presence of a source. It

was suggested method of choosing of appropriate initial approximation for a given value of
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parameters for the considered nonlinear problem and initial data. Results of the computational
experiments were given in visualization and animation forms based on the studied of qualitative
properties. Visualization of process of nonlinear heat conductivity with absorption, described
by nonlinear parabolic equation is considered.

The aim of this paper is to establish the conditions of a global solvability, including the
case of strong absorption (0 < 5 < 1), the estimates of solutions for the having physical tense
weak solutions and a free boundaries, based on the method of nonlinear splitting standard
equations. It was suggested methods of choosing of appropriate initial approximation for a
given value of parameters of the equation (1) and initial data. Results of the computational
experiments were given in visualization and animation forms based on the studied of qualitative

properties.
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STRING THEORY: MOTIVATION, CONSEQUENCES AND CHALLENGES
Kroyter M.
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We give a brief presentation of the physics and the mathematics of quantum mechanics,
special relativity, quantum field theory, and general relativity in order to motivate the
introduction of string theory. We then dwell on the results of the developed formalism.
In particular, we discuss extra dimensions, supersymmetry, T-duality and non-geometric

backgrounds. Some current research directions, such as string field theory, are also introduced.
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TUNGSTEN DISULFIDE NANOPARTICLES AS A MEDIUM FOR
HYDROGEN STORAGE: COMPARISON OF HYDROGENATION METHODS
AND DETERMINATION OF CHEMICAL CONFIGURATION

Laikhtman A.!, Makrinich G.!, Sezen M.?, Martinez J. 1.3, Alonso J. A.%,
Enachescu M.°, Zak A.!

YHolon Institute of Technology, Holon, Israel, alex1@hit.ac.il
2Sabanci University, Istanbul, Turkey
3 Instituto de Ciencia de Materiales de Madrid, Madrid, Spain
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® University Politehnica of Bucharest, Bucharest, Romania

The chemical configuration and interaction mechanism of hydrogen adsorbed in inorganic
nanoparticles of WS2 are investigated. Our recent approaches of using hydrogen activated by
either microwave or radiofrequency plasma dramatically increased the efficiency of its adsorption
on the nanoparticles surface.l In the current work we made an emphasis on elucidation
of the chemical configuration of the adsorbed hydrogen.2 This configuration is of primary
importance as it affects its adsorption stability and possibility of release. To get insight on
the chemical configuration, we combined the experimental analysis methods with theoretical
modeling based on the density functional theory (DFT). Micro-Raman spectroscopy was used
as a primary tool to elucidate chemical bonding of hydrogen and to distinguish between chemi-
and physisorption. Hydrogen adsorbed in molecular form (H2) was clearly identified in all the
plasma-hydrogenated WS2 nanoparticles samples. It was shown that the adsorbed hydrogen is
generally stable under high vacuum conditions at room temperature, which implies its stability
at the ambient atmosphere. A DFT model was developed to simulate the adsorption of hydrogen
in the WS2 nanoparticles. This model considers various adsorption sites and identifies the
preferential locations of the adsorbed hydrogen in several WS2 structures, demonstrating good
concordance between theory and experiment and providing tools for optimizing of hydrogen

exposure conditions and the type of substrate materials.
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Figure 1: Illustration of hydrogen absorption sites and structure modification in

hydrogenated WS2 nanoparticles.
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ASYMPTOTIC RELATIONS FOR THE FOURIER TRANSFORM OF A
FUNCTION OF BOUNDED VARIATION

Lifyand E.

Bar-Ilan University, Ramat Gan, Israel, 11f1lyand@gmail.com

Earlier and recent one-dimensional estimates and asymptotic relations for the cosine and
sine Fourier transform of a function of bounded variation are refined in such a way that become
applicable for obtaining multidimensional asymptotic relations for the Fourier transform of a
function with bounded Hardy variation.
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ON THE NOTION OF CONFORMALITY IN THE FOUR DIMENSIONAL
SPACE BASED ON BICOMPLEX NUMBERS

Luna-Elizarraras M. E.

Holon Institute of Technology, Holon, Israel, eluna_10@hotmail.com

One of the basic properties of holomorphic functions in one complex variable is that they
realize conformal mappings. The theoretical importance of this property as well as the big
amount of applications are well known. In this work there are presented the necessary tools in
order to give an analogue of conformality for bicomplex holomorphic functions.

For this, a positive hyperbolic—valued norm defined on the algebra of bicomplex numbers
is presented . As a second step it is presented the trigonometric representation of bicomplex
numbers in hyperbolic terms, this means that not only the norm of the bicomplex number is
positive hyperboliclIvalued, but also the argument of it is hyperbolic—valued. The geometry
that arises from these facts is analyzed, in particular the notions of hyperbolic lines and curves,
and that of the hyperbolic angle between these objects. It is also presented a theorem that
asserts that bicomplex holomorphic functions are bi complex conformal at those points where

the derivative is neither zero nor zero — divisor.

More about all this one can find in [1] and [2].
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SPLINE METHOD BIOMEDICAL SIGNAL PROCESSING
Makhmudjanov S.

In the field of biomedical signals processing, one often encounters a problem in which,

according to the experimental data, it is necessary to restore the general character of the
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phenomenon or process. One of the ways to solve this problem is to use spline methods for the
approximation of experimental data.

The wide popularity of spline methods is explained by the fact that they serve as a
universal tool for the approximation of functions and, in comparison with other mathematical
methods, while the information and hardware equals them provide greater accuracy.

Any spline S,,(z) of level m of defect 1, that interpolates the given function f(x) may be
represented by an only way by B-splines as :

m+1

f@) = Sm(z) =) bi-Bi(x), a<z <,

i=—1

where b; - coefficients, and m - level of Spline.

The computational problems are greatly alleviated by turning to a local spline
approximation in which the values of the approximating spline function at each cut depend only
on the values of the function being calibrated from some locality of this separation. Another
feature of these methods is that they do not require solutions of systems of algebraic equations
when the parameters of the spline are nested. The required amount of computing work does
not depend on the number of grid nodes, but is determined only by the degree of the spline.
The advantages of spline methods are the simplicity of description and greater proximity to
the practical requirements of computing mathematics. Mainly, the following two reasons made
it possible for rapid development of the one variable spline-functions theory as a tool of digital
analysis:

- Good convergence of splines with the approximation objects;

- Simplicity in implementation of algorithms of constructing splines on computers.

- Reliable and fast computation on real time systems

As opposed to polynomials, no particular difficulties occur with the issue of existence
and uniqueness of solution in interpolation of functions of many variables for splines. A spline-
method of analysis, processing and determination of signals of biomedical structures, based
upon the use of basic signals are developing. The developed method allows assessing the fatigue
and prognosticating the stability and strength of biomedical signals.

The results will be described in digital processing of one dimensional and two dimensional

biomedical signals based on Spline methods.
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NETWORK OF QUANTUM HARMONIC OSCILLATORS
Matrasulov D. M., Yusupov J. R.
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Quantum particle dynamics in networks is of importance for broad variety of problems in
condensed matter physics, polymers, optics and biophysics. In case of submicron scales wave
dynamics in networks can be described in terms of so-called quantum graphs. The latter is
a set of bonds connected to each other at the vertices according to a rule which is called
topology of a graph. Recently quantum graphs has attracted much attention in the context
of microwave optical fibers [1|, quantum hall effect [2|, condensed matter physics [1,3] and
quantum chaos theory [4,5]. Quantum mechanical description of particle transport in networks
dates back to the Refs.[6,7] which consider electron motion in organic molecules. Later the
Ref.[8] considered transport in quantum wire networks according to Kirchhoff rules. However,
strict mathematical formulation was presented by Kostrykin and Schrader in [9]. Formulation
of the wave equations on metric graphs requires imposing the boundary conditions at the
graph vertices that provide “gluing"of graph bonds the vertices. The main constraint for such
conditions is the self-adjointness of the problem, i.e. boundary conditions should keep self-
adjointness of the Schrodinger equation on a graph. General conditions providing such constraint
were presented in [10]. In this work we address the problem of a network of quantum harmonic
oscillators by solving the stationary Schrodinger equation on metric graphs in the presence of
harmonic oscillator potential with bond-dependent frequency. Network of quantum harmonic
oscillators can be used for modeling of vibrations in discrete or branched systems, such as crystal
lattices, molecular chains, polymers, etc. Our approach for the study of quantum harmonic
oscillator network is based on considering it as a set of confined harmonic oscillators connected
at vertices. Confined, or bounded harmonic oscillator presents parabolic potential given at finite

interval. Quantum mechanical bounded oscillator was studied earlier in detail in Refs.[11,12].

In this work we study quantum particle dynamics in a network of harmonic oscillators
by considering the simplest case, three harmonic oscillators on a metric star graph with three
bonds. In the absence of external time-dependent forces, such system can be described by the
stationary Schrodinger equation on metric graphs that includes harmonic oscillator potential.
In order to solve Schrodinger equation on a network of harmonic oscillators we impose vertex
boundary conditions providing continuity of the wave function and Kirchhoff rule at the vertex.
Such boundary conditions lead to spectral equations in the form of transcendental algebraic
equation. By solving this equation we find corresponding eigenfunctions and eigenvalues. Using
such eigenfunctions and igenvalues we analyze particle transport in it by considering wave

packet dynamics and also different properties of the system.
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ESTIMATES AND ASYMPTOTIC SOLUTIONS FOR A NONLINEAR
PARABOLIC SYSTEM NOT IN DIVERGENCE FORM WITH VARIABLE
DENSITY

Matyakubov A.

National University of Uzbekistan, Tashkent, Uzbekistan, almasa@list.ru
In this talk we consider the following Cauchy problem to a nonlinear parabolic system
not in divergence form:

|$|Saul
ot

A (|wﬂp‘2wy) >0, z€ R, (1)

ui|t=0 = U0 ($) 07 T e RN7 1= 17 27 (2>

where p, my, mo, k, n, s - are constants, N1.

This system can be used to describe the development of multiple groups in the dynamics
of biological groups, where u, v are the densities of the different groups (see [1], and references
therein). In paper [1], Gao et al. considered parabolic systems not in divergence form in the case
n =1,s =0 and p = 2, with source and null Dirichlet boundary conditions. The local existence
and uniqueness of classical solution were proved. It’s constructed the Zeldovich-Barenblatt type
solution.

In this paper, an asymptotic behavior of self-similar solutions in the slow and fast diffusion
cases are established. The condition of global solvability of the Cauchy problem, depending on

value of the numerical parameters and an initial value are proved.
We introduce the notations:

o =D (k(pp-2)+n—1-my)

hi: y J1 —
l—ai(k(p—2)+n—1)—ag_ymy (k(p—2)+n—1)"—mmy

’

o — Bi(l+ Bs—i(k(p—2)+n—1—my))
0+ Bk(p—2)+n—1)1+ Bo(k(p—2) +n—1)) —mimaBi B’
_ N+s Vi
= w s M

i=1,2.
Let have the equality
ap(k(p=2)+n—-1)4+am =ay(k(p—2)+n—1)+ayms.

We restrict only the following theorem:

Theorem. Let k(p—2) + n > m + 1, m = max{my,ma}, v > mYs_,

_%W—Fhi < 0, up(r) < wy(0,2), i = 1,2, x € RN. Then
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the problem (1)-(2) has a global solution with estimate w;(t,z) <  wy (t,x),

~ 1 1 pts i
_ —a h, P laP ! z|p=T k(p—2)4n—1 qmi  _
where Ui+ (tax) = Ai<T+t) a — T—o;(k(p—2)Fn—1)—ag_;m; ;A A3—z‘ -
=1
(T+t) P +

p—1
(p+s)?n(vi—mivy3—i)

o
| =12 @) = max(0,0).
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ABOUT COMMON SOLUTION OF THE DIFFERENTIAL EQUATION
SECOND ORDER WITH INVOLUTION

Muminov G. M. Xasanova M. M.
Andijan State University, Andijan, Uzbekistan

In the papers [1,2] is constructed the Green’s function of the second order differential

equation with involution
—(~1) — Mu(z) = f(x) (1)

and studied the boundary condition problems of Dirichlet and Neumann type, where \ is
positive number, f(z)— continuous function. In both papers is absent common solution of the

equation (1). We found a common solution of the equation (1) which has form:

w(z) = AcosvV Az + Bshv/\x + g(z,t, ), (2)
where

glx, t,\) = % /x [cosﬁxsin\/xt + sh\/chh\/Xt] f(t)dt
+%[gﬂ[ — sinV AzcosvV/\t — ch\/Xxsh\/Xt] f(t)dt} +

+ﬁ/l [— cosV AzsinV/ At — sh\/chh\/Xt] f(t)dt]

By using (2) we found the solution of the boundary value problem Dirichlet and Neumann type

—u"(—z) — du(z) = f(x), u(-1) =u(1) =0
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—u"(—z) — du(x) = f(z), v'(-1) =4'(1) =0

which are

u(z) = shVALF(t) + g(z,t, \)

sinvAcosv/ / chv/Ashv/A\x /
> cos _[(:05\/th(t)—|——2\/Xsh\/X J

and )
shv/Ashv/ \x
Qﬂch\/x )

1
cosv/ cosv/ \x
Qﬁsin\/x ]

u(z) = cosVALf(t) + shVALF(t) 4 gz, t, \)

respectively. These solutions is absent in [1,2].
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Let H be a complex Hilbert space and B(H) be the algebra of all bounded linear operators
on H. A complex *-subalgebra M C B(H) with the identity T is called a W*-algebra, if it is
weakly closed. A real *-subalgebra R C B(H) with 1 is called a real W*-algebra, if it is weakly
closed and RNiR = {0} (see [1]). In this paper we prove the real analogue Ge-Kadison’s
splitting theorem for finite case (see [2-4]).

Let’s formulate auxiliary results.

Lemma 1. Let R be a real W*-algebra and F, QQ be a real W*-subalgebras of R, such
that F C Q. If E is a conditional expectation from R onto Q (i.e. it is positive, linear mapping
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with E(abc) = aFE(b)e, for allb € R, a,c € Q), then E induces a conditional expectation from
F'OR onto F'N Q.

Lemma 2. Let F; (i = 1,2) be a real W*-algebra, acting on a complex Hilbert space H; and
let S; be a real W*-subalgebra of F;. Let F' be a real W*-algebra such that S1®Sy C F C F1QF;.
If there is a conditional expectation E : F1\®QFy — F, then E induces a conditional expectation
from (S} N F1)®F, onto (S] N F)@F, N F.

Lemma 3. Assume the conditions of Lemma 2 and S; N Fy = R1. Let Ly := {x € Fy :
I®x € F}. Then E induces a conditional expectation from Fy onto L.

Using Lemma’s 1-3 can be proved the real analogue of Ge-Kadison’s splitting theorem for
finite real W*-algebras.

Theorem. If R, is a finite real factor and Ry is a finite real W*-algebra, and R is a

real W*-subalgebra of Ri®Ry which contains Ri@RI, then R = Ri®Q, for some Qs, a real
W*-subalgebra of Rs.
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Let be G ={(x,t): 0 <z <t¥, 0 <t < 4oo0}. A homogeneous boundary value problem

is solved:

ou ,0%u

E—CL @?0, {l’,t}EG, (1)
Oul = du(?) N du _0
oz|,_, ~dt or|,_p

where u(t) = u(t“,t), w > 1/2.
This kind of boundary value problem (1) arises in the study of the Stefan problem [1].

Using the thermal potentials of a double and a simple layer:

3132

o(a,t) = 4a3f/ o ex p{—m}y(f)cm

2af / 7z € {_%}QO(TWT,

we reduce the problem (1) to solving the pseudo-volterra integral equation:

t
where the kernel K, (¢,7) has the property lim; o, [ K, (t,7)dr = 1.
0

Singular integral equations of this kind are investigated in [2]-[4].

Theorem 1. When w > 1/2 integral equation (2) has the nonzero solution C - py(t),
C = const, and t27 - p(t) € Luo(0,00).
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Let be Gpr = {z,t : 0 <x <t¥, 0<t<T < 400} and using weighting functions:

s -1
<$ + tE_w) ’ {.T,t} € GT7
O(z,t) = 9 w
exp{— vt } (2.t} € G\Gr,

4q?

—1
e ) (a1} € Gr,

Oc(x,1) = 20 + 1 20 + 1
exp {— 12 +e- 12 } , {z,t} € G\Gr,

a >0, e > 0, we introduce the following functional classes:
Lo (G,0(x,t)), Lo (G,0.(x,t)).

Theorem 2. Boundary value problem (1) along with the trivial solution, has a nontrivial
solution u(x,t) = C - ug(x,t), where ug(x,t) € Lo (G, 0(x,t)) and C = const.

Theorem 3. In the class of functions Lo (G, 0.(x,t)) boundary value problem (1) has
only the trivial solution u(x,t) = 0.

This publication is supported by the grant project 1164 / GF 4 from the Ministry of
Science and Education of the Republic of Kazakhstan.
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TECHNOLOGY TRANSFER INSIGHTS IN ACADEMIC RESEARCH AND
PERSONALIZED MEDICINE
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The genomic era led to the development of personalized medicine, which was originally
based on genomic approaches, but gradually become multidisciplinary encompassing different
fields of science including mathematics, physics and engineering. This led to the generation of
large amounts of scientific data without an organized means of interpretation and distribution.
In this regard, vast data availability necessitates proper and comprehensive transfer of this
knowledge to the scientific and medical community. Technology transfer (TT) is process of
transferring scientific findings for the purpose of further development and commercialization.
In this respect, TT is found to increase academic research activities, whereas in personalized
medicine, application of technologies effects individualized treatment approaches. Thus,
technology transfer development along with scientific and academic research represents a
core for the progress and sustainability of personalized medicine and is an essential tool for

translational research and development.

INORGANIC NANOTUBES OF MOS, AND WS,: THEIR SYNTHESIS,
PROPERTIES AND APPLICATIONS

Pallellappa Ch.!, Grinberg O.!, Biro R. P.2, Bruiser V.3, Zussman E.%, Livneh T.?,
Zak A.!
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The discovery of inorganic nanotubes (INT) of layered transition metal dichalcogenides
(MoS; and WS,) more than two decades ago opened the new research field in a solid state
chemistry and in nanomaterials science. However, wide investigation of their properties and
applications require the preparation of pure phase powders and in significant amounts.

Careful study of the growth mechanism of WS, multiwall nanotubes (MWINT) resulted

in pure phase INTs production and suggested their simple scaling up. The obtained nanotubes
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are of 30-170 nm in diameter and 5-25 micron in length, of perfect crystallinity and needle-like

morphology.
In addition, we have demonstrated that single- to triple-wall WS, nanotubes (SWINT), of

3-7 nm in diameter and 20-200 nm in length, can be produced by high-power plasma irradiation
of big multiwall WS, nanotubes. Being of single to few-layers wall width these nanotubes

promise to be of unusual electro-optical characteristics, which are under study nowadays.

Very similar in their properties, the MoS, and WS, compounds demonstrate significantly
different behavior during their synthesis from corresponding oxides through gas-phase high
temperature reaction. Instability of precursor MoOx against reduction in high temperature
processes makes INT-MoS, production very challenging and become an obstacle in the way of
their reproducible preparation during these years. Finally, we can report on the reproducible,
catalyst free and aspect ratio controlled synthesis of MoS, inorganic nanotubes (INT) from
molybdenum oxide. The obtained nanotubes are of 10-20nm, 40-80 nm or 100-300 nm in
diameter and lengths - up to tens of microns, depends on reaction parameters. INT of MoS, are
both 40% lighter and 40% stronger compared to the analogous WS, nanoparticles and hence
more beneficial for tribological and composite applications. Being semiconductors, both MoSs

and WS, nanotubes are good candidates for photovoltaics and optoelectronics.
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Let Fy,E; be Banach spaces FE; C F; C H with dense embeddings, H be a Hilbert
space and B € L(FE4, Es) be closed linear operator. Let Ay € R - be n-multiple Fredholmian
point of the following E. Schmidt unperturbed spectral problem, analytically dependent on E.
Schmidt spectral parameter A € R, with relevant E. Schmidt eigenelements (o wio)T

By = A(Ao)f/]z‘o (1)
B i = A" (Xo)pio (2)

Here it is considered the following perturbed E.Schmidt’s spectral problem:

By = A(X ), (3)
B*p = A*(\ e)p, (4)
where = \— M\, € € R, |e| < po -small parameter, and A\, )y = > Ay ju‘elp.
i+5>0
Let Ag be n-multiple Fredholm point of E. Schmidt’s spectrum of the operator-function
(B — A(Xo,0)), with the zero-subspace N(B — A(Xo,0)) = span{P} = span {(gpko,ka)T}T,
and the defect subspace N*(B — A(\g, 0)) = span{ ¥y, }} = span { (@, @ZkO)T}?
Relativly to the zeros @Eé) = (i ¥io)"  of the direct Schmidt eigenvalue problem (1),
_\T
so the zeros \IIZ%) = (@0 wio) of the conjugate problem it is suppored that there exist the

T T
biortogonal systems —jg = <7,(€10) z,i?) €eH and Z,= (22,(1)) 75,(1))) € H,ie.

< Y, Tho = b <€ Z40, U0 >= 4.

Introduce also the Schmidt operator

-1

B — A(X,0) +Z < Tho > Zyo

k=1

F:[B—AOm®T4:

This means the fulfilment of the following relations
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- . Pi 0 A L
where s = 2,p;,i = 1,n, moreover < > ( A 60 ) <I>§pz+l 2 ‘If,(:) > 0 at least for of
Jj=1 50

one ke {l,n} and < <I>l(1), % ( AO* A(;O > ‘Ifgp"ﬂ_j) > ( at least for of one [ € {1,n}.
Jj=1 50
According to reductional method for the resolving of our problem (2) for every i=1,n
the regularizators
[B—AN )] =B-A\e)+ > < Tj> Zj (1)
1#]
are introduced. For these regularuzators the following result is true [1,2].
Theorem 1. Let the DR condition be satisfied. Then a eigenvalues X\;(¢)  of the
problem (3),(4) with relevant eigen- ®i(e) = (o) wi(s))T, and defect-elements W;(e) =

- T
<¢(5) gﬁi(a)) , are the simple eigenvalues of the regularized operators (5) with corresponding

eigenelement and defect functional of the form

Di(2) = 0i(e) + > ciu®ile), Wile) = Ti(e) + > ciuVs(e).

Ss#£1 s#i
Theorem 2. If dimN (B— A(X,0)) = dimN (B*—A*(X,0)) = n and <
Ai10®io, Uio ># 0,4 = 1,n, fotall i=1,n, then for suffiriently small ¢ there exist exactly

n  geometrically simple eigenvalues A\;(g), Ai(0) = Ao, with corresponding eigenelements

®;(e) and defect functionals ®;(c) analytically dependent on e.
pi
Theorem 3. Let at the GJChs presence < >, Akfbggﬁl*k),\lfio >£ 0, for all,
k=1

i=1,n.If Ly =0,j=1,00 and Ly # 0 then there exist K simple eigenvalues with
relevant to them eigenelements presenting in the form of series by 5ﬁ. If Lo; =0,j5 =
1,¢;— 1, Loy, # 0,Ly; # 0 then there exist evactly K eigenvalues n  of which with the
relevant eigenelements representary by integer degrees of €, according to the first nonzero

coefficient from the sequence {Li;}.
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Atoms and molecules confined nanoscale domains have physical properties which are
completely different than those of free atoms. Such difference is caused by the modification
of boundary conditions imposed for quantum mechanical wave equations (e.g., Schrédinger,
Dirac equations) as well as by high pressure induced by the domain boundaries. For free atoms
the boundary conditions are imposed in whole space, while for confined atoms one should
solve the wave equations with the boundary conditions imposed in finite domain. Due to such
modification, properties of the atoms, molecules and matter depend on the shape and size of a
confining domain. Spatially confined atoms and molecules appear in many branches of physics,
such as ultracold atoms, BEC, atom optic billiards, metallic hydrogen and different topics of
nanoscale physics. Moreover, such practically important problems as atom cooling in nanoscale
optical traps [1] , fabrication of low dimensional nanomaterials [2] , manipulation by atoms
in optical billiards [3| and creation of a matter under high pressure [4,5,6,7,8 9] deal with the
problem of confined atoms and molecules. A key issue in the study of such systems is the
reaction of the electronic structure of an atom on the confining potential [5] . A convenient
model for the study of atoms under spatial confinement is the atom-in-box system. Pioneering
studies of atom in a box with impenetrable walls date back to the Ref. [9,10] , where effect
of the pressure on an atom was explored. Later the problem was studied within the quantum

mechanical approach in different contexts (see, e.g., [9-19] .

Experimentally, atom-in-box system can be realized in co-called atom optic billiards which

represent a rapidly scanning and tightly focused laser beam creating a time-averaged quasi-
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static potential for atoms [20-24] . By controlling the deflection angles of the laser beam, one
can create various box (billiard) shapes.

Usually, the studies of atom optic billiards are mainly focused on the dynamics of atom

and cooling problem without taking into account the effect of the electronic structure of an
atom to the confining force. However, the response of the electronic structure of atom to the
shape and geometry of the confinement boundaries plays important role in atom cooling, highly
compressed matter and fabrication of nanoscale devices using confined atoms. We note that
most of the studies on atom-in-box system available in the literature, deal with the static box
walls. However, in many cases, including atom optic billiards [20,21] and metallic hydrogen
formation [7,8] the boundary of the confinement may fluctuate, or can be time-varying. In this
case the dynamics of atomic electron is completely different than that for fixed boundaries.
In this paper we study quantum dynamics of one electron atom confined in a spherical box with
time dependent radius by focusing on the response of atomic electron to the effect of moving
walls of the box. The time-dependence of the wall’s position is considered as non-adiabatic, i.e.
we consider the cases of rapidly shrinking, expanding and breathing boxes.

In this work we study quantum dynamics of one-electron atom confined in a spherical
impenetrable box with time-dependent radius. The behavior of the atomic electron interacting
with the moving walls of the box is analyzed by computing average total energy, average force
and pressure. Linearly extending, contracting and harmonically breathing boxes are considered
in the non-adiabatic regime i.e. when the wall of the box moves with high velocities. It is shown
that linearly extending box leads to de-excitation of the atom, while the rapidly contracting
box causes the creation of very high pressure on the atom and transition of the atomic electron
into the unbound state. In harmonically breathing box diffusive excitation of atomic electron

may occur in analogy with that for atom in a microwave field.
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NUMERICAL INVESTIGATION OF A FOURTH-ORDER EQUATION FROM
THIN FILM FLOW
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In this thesis, we study the asymptotic of the self-similar solution of the fourth-order thin

film equation in one dimension
e = —(|u|"ugas),, TER, t>0, (1)

where m > 0.

Equation (1) arises in some physical models such as thin film, lubrication theory, and in
several other hydrodynamic-type problems (see [1]).

In recent years, many authors have studied the global in time similarity solutions and the
first mass-preserving self-similar solutions (with zero contact angles) that blow-up in finite time

to Cauchy problem for (1) [2-4].

In the paper, using the asymptotic of the following global in time self-similar solution
Us = t_ﬁf (SO) y Y= Zl?t_ﬁ, (2>

we will construct numerically solution for (1). On substitution of (2) into (1) one obtains a

divergent fourth-order ordinary differential equation

m e/ 1 ! _
(" + g (e D =0 3)

On the basis of qualitative studies of an asymptotic of solution of (3) numerical calculations
have been carried out. It was constructed the iterative process for numerical modeling, in the

inner steps of iteration the node values are calculated by the Thomas algorithm. Results of
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numerical experiments show the quick convergence of the iterative process at the expense of

the successful choice the initial approximation.
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TO SOLVING THE SINGULAR VOLTERRA INTEGRAL EQUATION
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In the study of the boundary value problem of heat conduction:

ou(z,t) 0%z, t)

5 —GWZO, (x,t) e G={(x,t): 0 <z < +o0, t >0}
ou(zx,t) o, ou(z,t) du(t) o, (1)
ot =0 ot =t dt =t
where @(t) = wu(t,t), whose solution is useful in the study of certain problems with free

boundaries [1], there arises the need to solve the singular Volterra integral equation:

QG\/_/\/? :_Jr: {_élc(;’(t—i)j)} \/;gpmdﬂr 2a?:/E0/t T _17); X
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X exp {—t;lj} \/;go(mh— af/%/t ; _17)% exp {—4;(?—?;} R (o)

The corresponding homogeneous integral equation was investigated In [2], where it was

shown that it has a nonzero solution. The aim of this paper is to solve the nonhomogeneous

integral equation (2), i.e. the construction of the resolvent for this equation.

We seek the solution of the integral equation (2) in the class of functions:

¢3@m{ﬁ§}#ﬁ)€LdG%

\/Z-exp{é} () € Lo(G). (1)

The Volterra integral equations of this kind have been studied in [3-5].
Theorem. Integral equation (2) for all

V- f(t) € Lao(0,0)

has a general solution p(t):

t

ﬂﬂ:ﬂﬂ+/3@ﬂﬂﬂw+0wmm

0

where C' = const, t27% - p(t) € Lo(0,00), and for the resolvent R(t, ) the following estimate

holds:
e [ ool i) el oo
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FRICTION AND WEAR OF SOLID LUBRICANT NANOPARTICLES.
THEORY AND APPLICATIONS

Rapoport L.

Holon Institute of Technology, Holon, Israel, rapoport@hit.ac.il

Inorganic fullerene-like WSy and MoSs nanoparticles (IF) with structures closely related
to (nested) carbon fullerenes and nanotubes have been synthesized in Weizmann Institute of
Science by Prof. Tenne’s team. Friction experiments with IF added to oil showed lubricating
properties superior to those of layered commercially available WS, and MoS, solid lubricant
powders in a definite range of operating conditions. Henceforth, a short description of the

tribological behavior of such nanoparticles under different contact conditions is undertaken.

To elucidate the tribological mechanisms involved, a careful analysis of the mating surfaces
and the lubricating medium by a number of modern experimental techniques was carried out.
In the present work primary attention has been devoted to the study of friction and wear

mechanisms of the IF-WS, and MoS, and some applications of these nanoparticles.

The analysis of the IF nanoparticles showed that most, if not all pristine nanoparticles were
closed and hollow, having nearly spherical shape. The average size of the IF-WS, particles was
close to 120 nm, while it was about 50 nm for IF-MoSs. It was found that these nanoparticles
are capable of withstanding a severe hydrostatic pressure, caused by compression. Detailed
structural studies revealed a deformation of the IF nanoparticles and breakage of their outer
shells under compression. Friction and wear of steel and ceramic pairs lubricated with oil+4
IF lubricant have been studied. The similarity in the behavior of steel and ceramic pairs was
found to be due to the filling of the valleys, grooves and gaps of rubbed surfaces with the IF

nanoparticles and their layers. High contact pressure under friction with oil+IF lubricant leads
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to squeezing out of the oil and tight sticking of broken shells of destroyed IF nanoparticles on
the rubbed surfaces. On the base of AFM, SEM, TEM and XPS analysis it was concluded that
the islands of destroyed IF nanoparticles could provide improved tribological properties of the
contact under severe contact conditions. Different applications of IF-WS, /MoS, nanoparticles

is discussed.

MONTE CARLO METHOD FOR CALCULATION THE PRICE OF
MULTI-ASSET OPTIONS

Rasulov A. S.!, Raimova G. M.2, Bakoyev M. T.?, Rahmatov M. Y.*

Y University of World Economics and Diplomacy, Tashkent, Uzbekistan, asrasulov@gmail.com
2University of World Economics and Diplomacy, Tashkent, Uzbekistan, raimova27@gmail.com
3 University of World Economics and Diplomacy, Tashkent, Uzbekistan, mbakoyev@uwed . uz

4 University of World Economics and Diplomacy, Tashkent, Uzbekistan, mrakhmatov@uwed.uz

Let ¢; be dividend rate of asset X;, and a;; = > ;- owoji (i,j =1,...,m) i.e. A= [a;;] =
090l , where ol is the transpose of matrix og. Let r is risk free interest rate. From the Ito
formula for the multivariate stochastic process, it is easy to get Black-Scholes equation for

multi-asset options:

Vol >’V - %
o +2m21a” Z "6’Xi6‘Xj+iZ(T WXige —rV =0, (1)
V(Xl’ ’Xmat) = f(Xh ...,Xm)a x € R:-na t="1T. (2)

Let V(z,t) = E[V(Xy(T), T)Ye11(T)] = E[f (X0t (T))Yer1(T)] where X, 4(s), Yiiy(s), st, is

the solution of problem Cauchy for the following system of stochastic differential equations:

{ dX = (X, t)ds + o(X, t)dw(s), X(t) =u, (3)

dY = —rYds, Y(t) =y,

where (z,t) € @, @ = {0<z;<o0, 1=1,.,m; 0<t<T} In (1) w(s) =
(wh(s),w?(s), ...,w™(s))" - m- dimensional standard Wiener process, Y - being scalar processes,
¢(x,t) - m- dimensional column vector, compounded from the coefficients ¢;(z,t) = (r — ¢;) X,
o(z,s) - matrix with dimensions m x m, where o(x,s)o’ (x,s) = a(z,s), and a(x,s) =
{ai; X; X}, 6,7 =1,....,m.

For the numerical solution of (3) we suppose the following new proposed algorithm. Let

us consider the discrete time T' =ty > ty_1 > ... > tg with the steps h = T%tl Let (xg,t0) €
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Q, yo = 1, £ is a uniformly distributed point on the open surface 95;(0) C R™ with the
unit radius with the center point of origin, py = v/m - h. We introduce spheroid S (xo, to, p),
which is obtained with the help of linear transformation p - o(xo,to) ball S1(0) with the shift
T+ %c(xo, to). Let p = po. If S(xo,t0, p) ¢ R we will find p < pg such S(zo, ¢, p) which touch
the boundary RY'. Let t; =ty + h, 1 = zo + c(xo,to)g + po(zo,to) - € and y1 = o <1 — Tfn—2>.
It is clear that the point x; will lay on the surface of spheroid S(zo,%o,p). Next points are
simulated analogously. Let zx 1, = zp and 3y - o-algebra, filtrated by (&, &, ..., &) isotropic
vectors Sy = (&1, &s, ..., &). It is possible to prove that constructed sequence of coordinate
{x}, is martingale. The below assertions is proved [see.1,2].

Lemma. Let 3 - o-algebra, filtrated by (&1, &,...,k) isotropic wectors Sy =
o(&1,&2, ..., &k). The sequence of coordinate vector process {xy}, - is martingale relatively y.
The next theorem gives to us the order of accuracy one step approximation of (3).

Theorem 1. Let V be restricted solution in P problem (1)-(2), with continuous derivatives
DTDiu, 0 <m+2k <4, k =0,1. Let Xyy40(8), Yoo (S) - a solution of (3) at the points
(xo,t0) € Q, T - be a hitting time of the process (Xuy1,(s),s) on the boundary P (the point
(Xaoto(T), T) belong upper side surface of cylinder P). Than the order of accuracy (error) of
restricted solution for one step (xg,ty) — (x1,t1) € P will be

E[V (21, t)yn = V(Xag o (7). 7) (Yoo (7), 7)] = O(h?).

2 2
Let ty1 =ty + h, g1 = p + c(2p, t1) 25 + pro (@, t) - ks Yrr1 = Uk <1 - T%), Yo = 1.
Here &1, ..., &, ... the sequence of independent isotropic vectors in R™.
Theorem 2. Let V' be a solution in given domain @ problem (1)-(2), with continuous
derivatives D™DFu, 0 < m + 2k < 4, k = 0,1. The following estimated error of the solution

method based on one step approzimation will be

Elf (Xau(T))Yaua(T) = V(z, )] = O(h).

The complexity of a Monte Carlo method is typically polynomial in the dimension, whereas
the deterministic method is typically exponential. In the context of PDEs, a useful feature of
Monte Carlo methods is that they allow the solution to be found at just one point, if required
(with associated saving in computation), whereas deterministic methods necessarily find the
solution at large number of points simultaneously. This property of Monte Carlo methods can be
particularly useful in problems such as option pricing, where the value of an option is required

only at the time of striking, and for the state of the market at that time.

The proposed above method has two type (approximation and usual classic Monte Carlo)
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of errors. We suppose in our further work will do several numerical experiments, compare with

the results which were obtained before and will give the results of error analysis.
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TO THE NUMERICAL AND ASYMPTOTICAL INVESTIGATION OF
SYSTEM REACTION DIFFUSION WITH DOUBLE NONLINEARITY

Sadullaeva Sh. A.

Tashkent University of Information Technology, Tashkent, Uzbekistan, orif_sh@list.ru

Consider the following Cauchy problem in the domain Q = {(t,x) : t > 0,x € RN} for

the double nonlinear degenerate parabolic systems

Li(u,v) = —% + div (vm1’1|Vu|p72Vu) — div(c(t)u) + 0% = 0,
Ly(u,v) = —% + div (um2_1|Vv|p_2Vv) — div(c(t)v) +u® =0,

(1)

uw(0,2) =uy ()0, v(0,z) =vy(2)0, =x¢&RY, (2)

where (5;, p, m; (i = 1,2) - are the given numerical parameters, V(.) = grad(.), 0 <
ug (z), vo(x) € C(RY), 0 < ~(t) € C(0,00) are given functions.

The system (1) is a base for modeling of the many physical processes [1-4], for example this
system describe the processes of reaction - diffusion, heat conductivity, polytrophic filtration
of gas and liquid (p = 2) in the nonlinear media with source power of which is equal to
y(t)u®, i =1,2. A specifically property of this equation is it degenerating.

In this talk we discuss very important for computational goal qualitative analysis of a
solution of nonlinear problem such us global solvability, non-solvability, a condition of arising
blow up solution, estimate, asymptotic of solution, an exact solution depending on value of
numerical parameters of considered problems. An influence of parameters of the reaction-
diffusion systems to an evolution of the process is investigated. Asymptotic behavior of a

self-similar solution established. It is proved that there exist some values of parameters when
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the effect of finite velocity of perturbations, localization of solution, blow up have place. The

results of numerical experiments are discussed.
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REGULATORIKA OF BIOLOGICAL EXCITABLE MEDIA
Saidalieva M., Hidirova M.

Scientific and Innovation Center of Information and Communication Technologies, Tashkent,

Uzbekistan, regulatorika@yahoo.com

Regulatorika is the science that involves the study of interconnected activity of regulatory
mechanisms based on the ORASTA concept which consists of the operator-regulator OR
(capable to accept, recycle and transfer signals) and ASTA (active system with time average,
carrying out a feedback loop in system for finite time). Using ORASTA the functional-
differential equations of biological excitable media taking into account stimulating and
inhibiting interactions, temporal relations, combined feedback and cooperativity in considered

processes are developed [1-2]:

dXi(t)
dt

with

N ,
AN(X(t—h)) = aio + Z Z Qiky ... k; H Tk, (E = N, )
j=1 \k

Lyeeskj=1 m=1
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and with initial conditions
Xl(t) = QDZ(t) at to — h <t <ty (to > O), i,j,kﬁj =1,2,...,N.

Here X;(t) are the sizes characterizing quantity of a signals, developed by i-th OR at the
time moment ¢; h;, are a time intervals necessary for i-th OR activity changing under the
k-th OR activity influence; a;o, b; are parameters of formation and disintegration speeds of
i-th signal, accordingly; ¢; (t) are continuous, positive initial functions. It is entered the vector
e (C1, ..., Cy), describing mutual relations between biological systems and external medium.

Here
[e.e] o0 N
C; = /.../AfV(S) exp (—Zaij5j> dS;...dSy — b;.
0 0 =1

Results of the qualitative study for the considered equations (1) and their model systems have
shown presence the following regimes: rest, stable stationary state, Pouncare type limit cycles,
dynamic chaos and "black hole"effect. Origin and development of irregular oscillations were
valued by the calculation of Lyapunov’s number near strange attractor. Analysis of chaos region
has shown that in chaos area there are "r-windows regions with regular solutions. Regularities
of location, sizes and number of the "r-windows"are calculated. As possible applications we
consider excitations of cardiac tissue and identification of chaos with an arrhythmia, "black
hole"with sudden cardiac death has allowed studying regularities of cardiac activity at the
norm and anomalies, condition determination for local correction in the chaos area for leaving

in the norm area (in the area of Pouncare type limit cycles or "r-windows").
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QUATERNIONIC CAUCHY INTEGRAL FORMULA FOR
ao-HUPERHOLOMORPHIC FUNCTIONS

Sattorov E. N., Ermamatova Z. E.

Samarkand State University, Samarkand, Uzbekistan, sattorov-e@rambler.ru

The Cauchy integral formula plays a significant role in the theory of one-dimensional
complex analysis with the Cauchy kernel and its numerous application. In this paper, we present

a Cauchy integral formula for a— hyperholomorphic function.

Let H(C') be the set of complex quaternions, it means that each quaternion is represented
3
in the form of a = ) ayiy, with the standard basis i := 1,11, 12,13, where a;, C C', ij is the

k=0
unit and 4|k = 1,2, 3 are the quaternionic imaginary units: i2 = iqg = —i3; igiy = ixlo = iy, k =
1,2,3;1'12.2 = —igil = i3;i2i3 = —igig = il;i3i1 = —7:11'3 = iQ. The complex imaginary unit ¢
3
commutes with ig, k = 0, 3. We use the Euclidean norm |a| in H(C'), defined by |a| := 4/ >_ |al?.

k=0
We shall consider continuously differentiable H(C') - valued functions depending on three

real variables © = (x1, z2,x3). On this set the well known (see, [1],[2],[3]) Moisil-Theodoresco
3

operator is defined by the expression D := > ix0y , where 0y = 0)/d(x1). The action of the
k=1
operator D on an H(C') -valued function f can be written in a vector form:

Df = —div? + gradfy + rot?. (1)

That is, Sc¢(Df) = —dz‘v? and Vec(Df) = gradfy + rot?. In a good number of physical
applications (see [1] and [2]) the operators D, = D + M* and D_, = D — M are needed,
where « is a complex quaternion and M® denotes the operator of multiplication by « from the
right-hand side: M f = fa.

Let A € H(C)\{0}, and let « be its complex- quaternionic square root:a € H(C),a? = A.
The function f: Q C R? — H(C) is called left — a — hyperholomorphic if

0 0 0
D.f = 1 — o — 3—f =0. 1
af f()é+218x1f+228x2f+238x3 0 ( )
Let a € H(C) and let
1 .
Do(z;\) = ———ell 2 € R*\ {0}, Rear > 0 (3)

 dnlz]

be the fundamental solution of the Helmholtz operator Ay := A+ I\ = —D,D_,, where
3
AREDY % and I is the identity operator.
k=0 "k
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Define the function ®(y,z, A) for s > 0, v > 1 by the equality
1 e’ ch(du) ,
Oy, z,\) = Im| ] du, w=1ivVu?®+s-+y. (4)
w
0

Then the fundamental solution of the operator D,, K,, is given by the formula(see [3|)

Koe(x> = _Doc@(yax; )‘)7

and its explicit form can be seen.

For a— hyperholomorphic function the quaternionic left Cauchy integral formula is defined

(see [3, Subsection 4.15]):

Theorem. Let Q is a bounded simply connected domain in R® with boundary 0Q composed

of a compact connected part T of the plane y3 = 0 and a smooth Lyapunov surface S lying in

the half-space y3 > 0, with Q = QUID, Q0 = SUT.. Let f € CP(Q, H(C)). Then

K2f)(x) = / Ren, f(r)] = f(a),z € Q.
o0

where
(1) If o = ap € C, then
KZ[f)(r) = Kay(x = 7) f(7).

(2) If a € R, @2 # 0, then

RiN0) = s

(3) Ifa € R, @2 =0, then
RELA7) = Kan(0)f () + g (Ko@) (1)
(4) If « € R, a9 # 0, then
RENNT) = gy Kans(2) (7)o + 5 (K (0) (DT

(5) If « € R, g = 0, then

KZ[f1(7) = Ko(@) f(7) + @o(x) f (7).

Ke (o) f(r)Va?+d + Ke (2)f(r)Va? - 4.

(5)

(10)
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THRESHOLD THEOREMS FOR GENERALIZED EPIDEMIC SIZE IN A
NEW MARKOVIAN EPIDEMIC MODEL WITH IMMUNIZATION

Sedov S. S.

Branch of Russian State University of Oil and Gas in Tashkent, Tashkent, Uzbekistan,

kadabrasss@mail.ru

As the epidemic model we consider a continucus-time Markov procecc &(t) = (R(t), S(t))

with transition probalilities given by

P+ At)=(r—1,s+1)/&(t) = (r,5)) = Mr¥sAt + o(At),
P(t+ At) = (r,s — 1)/€(t) = (1, 5)) = usAt + o(At), (1)
PE(t+ At) = (r—1,s)/&(t) = (1, s)) = 0sAt + o(At),

and initial condition £(0) = (n,m), where 0 £ s <n+m —r, 0 < r < n, p; and ps are the
relative infection and remuval rate respectively. The components of £(t) represent respectively
the number of susceptibles and infectives at time t. If a=1 and p, = 0 we obtain the classical
general stochastic epidemic in closed, homogeneously mixing population. If 0 < a < 1, then
model takes into accound a non-homogeneous mixing in a population.

The third transition of the model (1) reflects a possibility of susceptibles immunization
in some sense.

If this probability has the form porsAt+o0(At), then that model is well-known as Downton
model [1] or Nagaev-Rakhmanina model with natural immunization [2].



Sedov S. S. 109

Note that states of the form (k,0) are absorbing.

Absorption at (n — k,0) means that epidemic size is equal to k for genaral stochastic
epidemic or generalized epidemic size v = 1, + 15 is equal to k, where v5 is the immunization
size and v is equal to initial susceptibles that are ultimately infected. Much of the work on the
standard epidemic process has been directed toward finding the distribution of epidemic size, v.
However, explicit expressions are, in general, very cumbersome. In connection with this in the
wok of Nagaev and Startsev [3]. Was proposed a metod of asumptotical analysis, as n — oo in
that the problem of epidemic size reduce to boundary crossing problem for sums of independent

random variables.

This report is devoted to obtaining of the limit distributions for the generalized epidemic
size in the model (1). We suppose that m — oo as n — oo and parameters of the model are
changed together with n ("series scheme"). The parameter 6, (n) = p;/n® plays a regulating role
and similar to the parameter p; /n in the general stochastic epidemic. The threshold theorems
are concerned of the case when 6 (n) — 1, m(1—0;(n)) = O(1) and m® = O(n). In this case limit
boundary ¢(¢) (in corresponding boundary problem) is a continuous function of parabolic form.
In other cases this boundary is degenerate, namely, it is infinite at ¢ € (0, 1), and consequently
the normal distribution appears as a limit law.

Theorem. If 0, — 1, = m(l —01) = Bo,™ — 7 < 00, |fo] < 0o, then for ¥ fived
x>0

p (o> 0o

213/2
P <w(t) < % + iﬁot . (010 + 920)0470(2)

?.0<t<l1
1+ 59 4(1 4 090 )5/2 - = )
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UNIVERSAL TEICHMULLER SPACE AS A NON-TRIVIAL EXAMPLE OF
INFINITE-DIMENSIONAL COMPLEX MANIFOLDS

Sergeev A. G.

Steklov Mathematical Institute, Moscow, Russia, sergeev@mi.ras.ru

At the moment we cannot say that there is a well-developed theory of infinite-dimensional
complex manifolds. So it is important to have different examples of such manifolds. One of such
examples is provided by the universal Teichmiiller space and we shall present in our talk main
complex geometric features of this remarkable infinite-dimensional manifold. The universal
Teichmiiller space T is the space of normalized quasisymmetric homeomorphisms of the unit
circle S!, i.e. orientation-preserving homeomorphisms of S!, extending to quasiconformal maps
of the unit disk A and fixing three points on S!. It is a complex Banach manifold with the
complex structure provided from Bers embedding of 7 into the complex Banach space of
holomorphic quadratic differentials in a disk. The name of T is motivated by the fact that all
classical Teichmiiller spaces T'(G), associated with compact Riemann surfaces, are contained in
T as complex subspaces. Another important subspace of T is given by the space S of normalized
orientation-preserving diffeomorphisms of S. The space S is a Kihler Frechet manifold provided
with a symplectic structure compatible with the complex structure of §. We construct a
Grassmann realization of 7 by embedding it into the Grassmann manifold of a Hilbert space
which coincides with the Sobolev space V = H, / ?(S1,R) of half-differentiable functions on the
circle. This embedding realizes the group QS(S') of quasisymmetric homeomorphisms of S?
as a subgroup of symplectic group Sp(V). It also defines an embedding of 7 into the space
of complex structures on V' compatible with symplectic structure. The latter space may be

considered as an infinite-dimensional Siegel disk.

COMPUTER MODELING OF SKIN EPIDERMIS ACTIVITY
Shakarov A. R.

Scientific and Innovation Center of Information and Communication Technologies, Tashkent,

Uzbekistan, shakarovalisher@mail.ru

The purpose of this work is to develop mathematical and computer models for analyzing
regulatory mechanism of skin epidermis dynamics at norm and at skin diseases. The system
of functional-differential equations for analyzing regulatory mechanisms of interconnected
functioning "melanocyte-keratinocyte" system, based on modeling technique of cellular

communities regulatorika [1] is developed. The results of quantitative and qualitative analysis
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of developed functional-differential equations show that number dynamics of the skin epidermis
cellular communities have the following regimes: rest, stable stationary state, regular oscillations
which can be identified as normal condition of the epidermis activity and irregular fluctuations
with destructive changes conform to pathological condition of the skin. The developed models
allow to research mechanisms of occurrence, development and consequences of concrete skin
diseases (for example, psoriasis and acquired leukoderma), and also the analysis of possible
ways of its diagnostics, forecasting and treatment by means of mathematical and computer
modeling. The paper provides a new mathematical and computer models able to describe
regulatory mechanisms in the skin epidermis at the norm and anomalies taking into account

spatial and temporal relations.
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ON AN APPROACH TO THE THEORY OF BICOMPLEX HOLOMORPHIC
FUNCTIONS

Shapiro M.

Holon Institute of Technology, Holon, Israel, shapiro1945@outlook.com

In classic multidimensional complex analysis, a holomorphic mapping in C? is just a pair
of holomorphic functions of two complex variables with no relations between the functions
themselves. It turns out that it is possible to introduce a CauchylIRiemannlItype relation in
such a way that the arising subclass of holomorphic mappings possesses a rich theory quite
similar to that of functions in one variable. It will be shown that a right way of treating it is via
the sollcalled bicomplex analysis, that is, a study of derivable bicomplex functions. The main

peculiarities of this approach will be presented.
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OLD AND NEW IN COMPLEX DYNAMICAL SYSTEMS
Shoikhet D.

Holon Institute of Technology € The Galilee Research Center for Applied Mathematics,
Holon, Israel, davidsho®@hit.ac.il

There is a long history associated with the problem on iterating holomorphic mappings
and their fixed points, the work of G. Julia, J. Wolff and C. Carathéodory being among the
most important.

In this talk we give a brief description of the classical statements which combine celebrated
Julia’s Theorem in 1920 , Carathéodory’s contribution in 1929 and Wolff’s boundary version
of the Schwarz Lemma in 1926 and their modern interpretations.

One of the first applicative models of the complex dynamical systems on the unit disk arose
more than hundred years ago in investigations of dynamics of stochastic branching processes.

In 1874 F. Galton and H. W. Watson, in treating the problem of the extinction probability
of family names formulated a mathematical model in terms of the probability generating
function: F(z) = Y52 prz", |z2| < 1 where z is a complex variable, pg,pi,..., Dk, ... are
nonnegative numbers (probabilities) such that Y - pr = 1, and its iterations: F(O(z) =
z, FOt(z) = FM(F(2)).

The first complete and correct determination of the extinction probability for the Galton—
Watson process as the limit points of the iteration sequence was given by J.F. Steffensen in 1930.
Since that the interest in this model has increased because of connections with chemical and
nuclear chain reactions, the study of the multiplication of electrons in the electron multiplier,

the theory of cosmic radiation and many other biological and physical problems.

Note that if the original Galton—Watson process related to discrete-time branching process
(i.e., it is described by iteration process of a single probability generating function) the further
development involved also the consideration of continuous time branching processes based on
one-parameter semigroups (flow) of analytic self-mappings of the unit disk. A classical problem
in analysis is: given a function F(z) , to find a function F(z,t), with F(z,1) = F(z) satisfying
the semigroup property: F(z,t + s) = F(F(t,2),s),t,s > 0, where z is a complex variable.
Since this formula expresses the characteristic property of iteration when ¢ and s are integers
we may consider F'(z,t) as a fractional iterate of F, when ¢ is not an integer.

Keenigs (1884) showed how this problem may be solved, if F' is analytic self mapping on
the unit disk with an interior fixed point zy = F'(z), such that 0 < |F"(z)| < 1, by using the
convergence of the sequence F'™(z) to zy, as n — oo in a neighborhood of the point 2.

These and other problems led to the so called Denjoy—Wolff Theory which since 1926
has been developed in many directions in terms of classical dynamics in finite and infinite

complex spaces as well as in terms of the hyperbolic geometry.
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In this talk we also consider the asymptotic behavior of semigroups generated by
holomorphic functions by using infinitesimal versions of the Schwarz—Wolff Lemma and

the Julia—Carathéodory Theorem.

These enable us to describe the class of univalent functions which are starlike and spirallike
with respect to a boundary point as well as functions convex in one-direction.

In addition, we discuss conditions which ensure the existence of backward flow invariant
sets for semigroups of holomorphic self-mappings of a domain D. More precisely, the problem
is the following.

Given a one-parameter semigroup S = F'(z,t) on D, find a simply connected subset €2 in
D (if it exists) such that each element of S is an automorphism of €2, in other words, such that
S forms a one-parameter group on.

Furthermore, we mention a deep relationship between complex dynamics and the theory

of composition operators on Hardy and Bergman spaces.

ON A GENERALISED LAPLACE OPERATOR

Shopulatov Sh. Sh.

National University of Uzbekistan, Tashkent, Uzbekistan, shomurod_shopulatov@mail.ru

The classical theory of potential is connected with such kind of classes as harmonic and
subharmonic functions. Their definitions can be founded, for example in [1]. One of the notable
theorems in the theory of subharmonic functions is Privalov theorem [2]. In this paper, we give
some properties of generalised Laplace operator and show the importance of conditions in the
Privalov theorem by an example. First of all, let’s give the construction of the upper and the

lower generalised Laplace operators.

Let u(z) be an upper semi-continuous function in the domain D € R" and u(z) # —oc.
Then this function is measurable and bounded above in every ball B(x°,r) € D. In the case of
summability of a function u(z) on the ball B(z",r), we define M,u(x°) as the mean u over the
ball B(2°,7), otherwise we assume M,u(2°) := —occ.

Remark 1. Above conditions can be changed to one u € L], (D) condition.

For the point 2° € D\ u™!(—o0) we define upper Au(z") and lower Au(z°) generalised
Laplace operators of a function u at the point 2°, constructed by the mean of balls with following

equalities:
_ — Myu(z®) — u(2®
Au(2%) :=2(n+2) - lim u( )2 u@)
r—+0 r

b
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M. 0\ _ 0
Au(e®) = 2(n +2) - lim ) )
r—+0 r

Here, u™!(—o0) := {z € D : u(z) = —o0}.

Remark 2. Note that this kind of construction can also be implemented by the mean of

a function v on the surface of the sphere with a center at the point 2° and a radius r.
Some properties of generalised Laplace operators:
(a) If the function u(x) is twice continuously differentiable in some neighbourhood of the
point z°, then
Bu(z) = Au(z®) =5 u(z?), 1)
where A is a Laplace operator.

(b) If the function u(x) € C(D) satisfies following inequality at every point of its domain
Au(z) <0 < Fu(), @)

then u(x) will be harmonic in D.

(c) If the function u(x) is subharmonic in the domain D, then at any point 2° € D holds
following inequalities:
Au(z?) > Au(a®) > 0. (3)

Theorem (Privalov). If the function u(x), u(z) #Z —oo and upper semi-continuous in the

domain D € R™, holds following conditions
Au(r) >0 Vo' e D\{EUu '(—c0)}, mes(E) =0 (4)

Au(z) > —oo Va® e D\ ut(—o0) (5)

then the function will be subharmonic in D.
Example. Let E = {|z| < 1}, D =R3 and

u(z) =
0, if |z| < 1.

u(x) is not subharmonic in R3 but Au(xr) > —oo in R3. The example shows that how’s

important Au(z) > 0 inequality almost everwhere in D.
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STRUCTURE OF ESSENTIAL AND DISCRETE SPECTRUM OF THE
ENERGY OPERATOR OF THREE-ELECTRON SYSTEMS IN THE
IMPURITY HUBBARD MODEL

Tashpulatov S. M.

Institute of Nuclear Physics, Uzbekistan Academy of Sciences, Tashkent, Uzbekistan,
toshpul@mail.ru, sadullatashpulatov@yandex.ru, toshpul@inp.uz

The Hubbard model is currently one of the most extensively studied multielectron models
of metals. But little is known about exact results for the spectrum and wave functions of the
crystal described by the Hubbard model. The spectrum and wave functions of the system of
three electrons in a crystal described by the Hubbard Hamiltonian were studied in [1].

We consider the energy operator of three-electron systems in the Impurity Hubbard model
and describe the structure of the essential and discrete spectrum of the system for second

doublet state. The Hamiltonian of the chosen model has the form

H= AZamvamw%—B Z amvamw,y +UZamTam¢am¢am¢+ (Ao — Z@Mao,y—l—

m,y m,T,Y

+(By = B) > (ag,ary + afa0,) + Uy — U)agraorag, ao,.- (1)
Ty

Here, A (Ap) is the electron energy at a regular (impurity) lattice site, B (By) is the transfer
integral between electrons (between electron and impurities) neighboring sites (we assume that
B > 0 (Bj > 0) for convenience), and the summation over 7 ranges the nearest neighbors, U (Uy)
is the parameter of the on-site Coulomb interaction of two electrons in the regular (impurity)
sites, 7y is the spin index,y =1 or v =/, and a:,iw and a,,. are the respective electron creation
and annihilation operators at a site m € Z¥. Let e = Ag — A, 69 = By — B, and ¢3 = Uy — U.
The three electron systems has a quartet state, and two doublet state [1]. The Hamiltonian H
acts in the antisymmetric Fock space H,s. Let ¢y be the vacuum vector in the antisymmetric
Fock space H,s. The second doublet state has the basis functions Qd%?nm = a;ﬁa:ﬁa; 1%o- The

subspace ’;flg, corresponding to the second doublet state is the set of all vectors of the form
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V=2 ez (m n p)2d%i,p, ]?G 15%, where [§° is the subspace of antisymmetric functions

in the space l3((Z")%). In the quasimomentum representation, the operator ﬁ;’ acts in the
Hilbert space L*((T")?3) as

(Hgf)(Aa K, ’7) = 3A}‘v()‘> M, 7) + 2B Z[COS )‘2 + cos g + cos ’71]]7()\’ 1y 7)+

=1

+U f(87M7A+7_S)dS+U f<)\757N+7—5)d5+51 J?(Saﬂﬁ)ds"‘

TV v v
v

f()\, s,7y)ds + &1 f()\, i, S)ds + 29 / Z[cos s; + cos )\i]f(s, w,y)ds+

TV TV v i=1

v v

+2¢9 / Z[cos si 4 cos ] f(N, s,7)ds + 2e5 / Z[cos si 4 cos v f(\, 1, s)ds+

v

+e3] / V Vf(s,t,fy)dsdtJr / V Vf(/\,t,r)dtdr], (3)

where L5® is the subspace of antisymmetric functions in Lo((T%)?).

We verify that the operator ﬁg can be represented in the form ﬁ d =
HiQL + L®H,, where (Hif)(\) = {A + ZBZlecosAi}f( + & fTV s)ds +
%0 S0 fe0s s+ cos A F(s)ds, (F31) (M) = {24 + 2BY [eos A, + cosm]}f(A W+
€1 [ F(A D) dt+ & fTV s, p)ds+2es [, >0 1[008)\ +cos sz]f(s pyds+es [, [ f(s,t)dsdt+
229 [ Doiy[COS pi; + cost;] f ()\ t)dt + €5 [ [ [(t,€)dtdE. Therefore, we must investigate the
spectrum of the operators H 1, and H 5

The continuous spectrum of operator ?[1 coincides with the segment Ucont(ﬁl) =[A -

2Bv, A 4+ 2Bv|, where v is lattice dimensionality.

Theorem 1. 1. Ifv =1,0< e; < 2B, and —B—,/B? — %le <&y < —B+4/B?% — %le,

then the essential spectrum of the system second doublet-state with impurity operator H$ consists
of the union of not smaller than sixz and no more than seven segments Jess(ﬁg) =2+ A-
2B,221+A+2B|U [21+2A—4B, 21 +2A4+4B|U[z1+ 20+ A—2B, 21+ 20+ A+ 2B]U 220+ A —
2B,220+A+2BJU [3A—6B,3A+6B|U[20+2A—4B, 20+ A+4B|U[23+A—2B, 23+ A+2B],
and the relation 4 < N < 6 holds for the number of three-electron impurity states N. Here and
hereafter, zy < A — 2B, and zo > A+ 2B is an eigenvalue of the operator I:fl, and z3 18 an
eigenvalue of the operator f];

2.Ifv=1,0<¢g <2B, and —B—W/BQ+%B»51 <g < —B-— ,/BQ—%le, then the

essential spectrum of the operator ﬁg consists of the union of not smaller than three and no
more than four segments oess(HY) = [221 + A — 2B,22 + A+ 2B|U [z 4 24 — 4B, 2, + 2A +
4BJU[3A—6B,3A+6B]U |23+ A—2B, 23+ A+ BJ, and the relation 1 < N < 2 holds for the
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number of three-electron impurity states N.

3. Ifr=10<¢e <2B, and —B+@/BQ—%B€1 <egg < —B+,/BQ+%B&, then the

essential spectrum of the operator ﬁg consists of the uniton of not smaller than three and no
more than four segments aess(flq) =22+ A—2B,220+ A+ 2BJU [20 + 2A — 4B, 25 + 2A +
AB]U[3A —6B,3A+6B|U |23+ A —2B, 23+ A+ 2B], and the relation 1 < N < 2 holds for

the number of three-electron impurity states N.

4. Ifv=1,0<e <2B, andey < =B+ /B?>+1Bey ore; > —B+ /B> + 1 Bey, then

the essential spectrum of the operator }N[g consists of the union of not smaller than one and no
more than two segments oess(HY) = [3A—6B,3A+6B]U |23+ A —2B, 23+ A+ B], and discrete

spectrum of the operator ﬁg 18 empty.
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COMPUTER MODELING OF REGULATORY MECHANISMS OF LIVER
CELLS AND HEPATITIS B VIRUSES

Turgunov A. M.

Scientific and Innovation Center of Information and Communication Technologies, Tashkent,

Uzbekistan, abrorjon-20170mail.ru

Hepatitis B is a viral infection that affects the liver cells. According to WHO estimates,
approximately 686,000 people die annually from hepatitis B infection, including cirrhosis and
liver cancer [1]. Currently, infectious diseases have a high prevalence and for a long time occupy
the third place [2|. Therefore, one of the most important tasks in medicine, including the field
of virology, is to study the patterns of functioning of the interrelated activity of liver cells and
hepatitis B viruses using methods of mathematical and computer modeling.

Currently, many scientific papers have been proposed numerous mathematical models
describing the dynamics of viral hepatitis B in the liver cell. In these studies, the study focuses
on the dynamics of the hepatitis B virus by using mathematical modeling at the cellular level
on different approaches.

In the modeling regulatory of liver cell and hepatitis B virus, functional-differential

equations were used. A mathematical model for the functioning of the regulatory of the liver
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cell (hepatocyte) and HBV at the molecular-genetic level has been developed by B.N. Hidirov

[3], and can be presented in the following form [4]:

ax(t) aX?(t—1) .

dt T 1+X2(t—1)+cY2(t—1) X(®); (1)
dy() _  bX(t-1)Y(t-1) Y (t);

dt — 1+dX2(t—1)+Y2(t—1) ’

X(t)=p1(t);Y(t) = @a(t) at to <t <to+1,

where X (¢),Y (t) - the values characterizing the activity of molecular-genetic systems of liver
cells and hepatitis B viruses, respectively; €1, &3 - parameters of the regulatory (e, = 72, g3 =

) 7., T, - parameters characterizing the "lifespan"of products of molecular genetic systems

h
of hepatocyte and hepatitis B viruses - hepatocyte-hepatitis B viruses; h - time required for
feedback in the system under consideration; a, b - constant rates of formation of products and
¢, d - parameters of the degree of interspersion of molecular genetic systems of hepatocyte and
hepatitis B viruses; 1(t), p2(t) - continuous functions on [tg, to + 1]; to - the beginning of the
research; all parameters are positive.

In modeling, the functioning of the interconnected activity of the molecular genetic
systems of the liver cell and hepatitis B viruses takes into account the time delay and biological

feedback.

This model describes the dynamics of the interrelated activity of liver cells and hepatitis
B viruses at the molecular-genetic level. The system of functional-differential equations (1) is a
nonlinear system and is a closed system. Therefore, we qualitatively investigate the equilibrium
position of the equation (1). A computer model for the analysis of liver function and hepatitis
B viruses was developed using the Runge-Kutta method [5]. Computational experiments on the
quantitative analysis of the regulatory of the hepatocyte and HBV show the presence of "black

hole"effects regime (Figure).

Regulatory of the activity of Virus
molecular-genetic svstems of
liver cells and hepatitis B viruses

resource availability parameters

a=4 b=3
L]

mulual repression level paramelers

c=2725 d= 0758

parameters of the regulatory

el=pz el =004 L e | Cell

initial state 0

Xo=139 Yo=6

Figure. The regime of the "black hole"regulatory of liver cells and hepatitis B viruses
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The resulted results in the figure show that the functioning of the molecular genetic
systems of the liver cell and HBV tends to zero and destroys the body.

Thus, the developed mathematical and computer models for studying the functioning
of regulatory mechanisms of liver cells and hepatitis B viruses allow to assess the state
of functioning of molecular-genetic systems of liver cells and hepatitis B viruses; establish
the molecular genetic basis of infectious processes; to assess and predict the onset of the

characteristic stages of the course of the disease with viral hepatitis B.
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ABOUT DOMAINS OF CONVERGENCE OF HARTOGS AND
JACOBI-HARTOGS LACUNARY SERIES

Tuychiyev T. T.

National University of Uzbekistan, Tashkent, Uzbekistan, tahir1955@mail.ru

This article is devoted to research domains of convergence of Hartogs, Jacobi-Hartogs
lacunary series of and multidimensional analogue theorems of Fabri and Polya on lacunary

series.
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We know that many problems of multidimensional complex analysis, especially problems
which are connected with holomorphic extension of functions, are solved via Hartogs and Jacobi-
Hartogs series. Hence the research of domains convergence series and finding the holomorphic

envelopes of such series generates big interest (see [1,2] and others).

Let the formal lacunary Hartogs series be

Few) =S e, (2) w0 1)
k=0
with holomorphic coefficients ¢, (2) € O (D),k = 0,1,2,..., where D C C" some domain. At
the same time we will demand natural condition, that radius of convergent R (z) series (1)
positive for each fixed point z € D.
Let’s begin with the next result, which is multidimensional analogue of Fabri theorem |[3]

about lacunas.

Theorem 1. Let the series (1) be such that:

1) cn, (2) €0(D), k=0,1,2,... and for each fized z € D equality nEE’C"’“ (z)|é =1;

2) E% =0.

Then there is nowhere dense closed set S C D such that f(z,w) holomorphic in the
domain (D\S) x { |w| < 1} and each point of the set (D\S) x {|w| =1} is a singular point of
the function f(z,w).

We note that if in theorem 1 we will demand that series (1) converges equally in some
polydisk D x {jw| <r} CCI xC,, 0 <r <1, then S = 2.

If we remove the condition in theorem 1 g‘cnk (z)]i = 1 and replace this condition by

a weaker condition such that the series (1) converges for every fixed z € D in the disc |w| < R (z)
(naturally, here it is assumed that the radius of convergence R (z) series (1) affirmative for each
fixed point z € D), then the following more general theorem holds.

Theorem 2. Let the series (1) satisfies following conditions:

1) cn, (2) € O(D), k=0,1,2,... and for every fized point z € D converges in the disc
w] < R(2),

2) E% =0.

Then there exist a closet nowhere dense set S C D such that it is f(z,w) holomorphic in
the set of variables in {z € D\S,|w| < R, (2)} and each point of the set {z € D\S, |w| = R, (2)}
is the singular point of the function f(z,w), where R, (z) = lim R (w) - the lowest regularization

w—z
of the radius of the function R(z).

For the series (1) there is next multidimensional analogue of Polya theorem [4] about

lacunas holds.
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Theorem 3. Let the series (1) satisfy the following conditions:
1) ¢, (2)€0O(D), k=0,1,2,...
2) for each fized z € D converges in the disc |lw| < R(z), R(z) > r > 0;
3) lim £ = 0.
k—oo "
Then there exist closed nowhere dense set S C D such that the series (1) defines a single-

valued holomorphic function with a univalent domain of existence

f(z,w) € O((D\S) x {[w] < R (2)}),

where R, (z) = lim R (w) - is the lower reqularization of the radius of the function R (z).
w—rz

Analogous problems for Jakobi-Hartogs series also discuss in this report.
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THE BELTRAMI EQUATION AND RELATED CLASSES OF MAPPINGS
Yakubov E.

Holon Institute of Technology, Holon, Israel, yakubov@hit.ac.il

We will consider different classes of the Beltrami equation (classical, relaxed classical and
alternating cases).
We will focus on existence, uniqueness and representation properties of solutions as well

as mapping properties.
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SMOOTH PARAMETRIZATIONS, THEIR OLD AND NEW APPLICATIONS,
AND CONNECTIONS TO SINGULARITY THEORY

Yomdin Y.

Weizmann Institute of Science, Rehovot, Israel, yosef .yomdin@weizmann.ac.il

Smooth parametrization consists in a subdivision of a mathematical object under
consideration into simple pieces, and then parametric representation of each piece, while keeping
control of high order derivatives. Main examples for this talk are C* or analytic parametrizations
of semi-algebraic and o-minimal sets.

We provide an overview of some results and open problems on smooth parametrizations
and their applications in several apparently rather separated domains: Smooth Dynamics,
Diophantine Geometry, and Analysis. The structure of the results, open problems, and
conjectures in each of these domains shows in many cases a remarkable similarity, which we
plan to stress.

We plan to discuss an application of Resolution of Singularities in construction of
analytic parametrizations, as well as some other apparent connections to Singularity Theory

(in particular, to the topology and geometry of vanishing cycles).

MATHEMATICAL MODEL OF PLANNING OF LANDS AND
DISTRIBUTION OF AGRICULTURAL RESOURCES ON THEM

Yuldashev Z.!, Ibragimov A.2, Kalkhanov P.3, Fayzullaev M.*

! National University of Uzbekistan, Tashkent, Uzbekistan, ziyaut@mail.ru
2Navoi State Pedagogical Institute, Navoi, Uzbekistan, alim-ibragimov@mail.ru
3 Nukus State Pedagogical Institute, Nukus, Uzbekistan, kalkhanov@mail.ru
4 National University of Uzbekistan, Tashkent, Uzbekistan m.fayz@mail.ru

It is well known that efficiency of the agricultural industry (AI) in many respects depends
nowadays on the fullest complying with science based recommendations and also application
of information technologies, including methods of mathematical modeling.

Each subject of agricultural industry (SAI), namely, individual farmer or community of
producers, often called as agricultural firm, both at an initial stage, and in the course of
a production cycle arises the problem of rational distribution and use of resources: experts,
financial sources, acreage planted, water, fertilizers, equipment. The mathematical models of

the industry are always multicomponent, and their purposes have multiple criteria [1].
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The state policy in regards of Al, irrespective of form of ownership of production assets,
steadily declares the strategic purpose: the fullest satisfaction of needs of the population for
agricultural production, availability, and highest possible level of independence from foreign
producers. The achievement of these strategic objectives is in the first place promoted
by development and deployment of the high-tech production technologies in AI promoting
minimization of influence of destabilizing factors and stability of growth in general in set of
industries. In Al the need of stable growth is dictated by the increasing demographic indicators,
migration to mainly developed countries and urbanization.

In this work, for an abstract SAI, the optimizing mathematical model is developed for
determination of sizes of acreage and distribution of irrigation resources, namely, irrigation
water which in the Central Asian region, along with fertilizers, is considered to be a resource of
primary importance in Al. At the same time for the analysis of influence of nondeterministic
parameters on dynamics of process methods of the interval analysis are used [2]. The results
presented on work of expert system on the basis of the developed algorithm. At that the expert
system working in real and interval versions, in the second case, namely at entering of initial
interval data provides the upper and lower boundaries of acreage sizes, usage of resources or

productivity of a specific agriculture crop.
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QUALITATIVE ANALYSIS OF THE MATHEMATICAL MODEL OF
CARDIAC REGULATORIKA

Yusupova Z. Dj.
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Careful study of cardiac activity is a topical issue and a requirement of the present time.
Because, the mortality from heart disease is a big problem all over the world. The investigation
and study of the cause of arrhythmia in the heart and sudden cardiac death, the search for a

pathway to treatment are also continuing. It is known that the possibilities for studying the
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regulatory mechanisms of the heart by using physical model are limited, and in such cases,
mathematical models are considered as a powerful tool. In the system equations of the model,
taking into account biological feedback and delay time in the propagation of electrical impulses
in cardiac muscle fibers ensures the adequacy of the model [1-3]. With the laws of regulatorika
of the living systems "OrAsta proposed by the Uzbek scientist B.N.Khidirov [1], we consider

following systems of equations of the mathematical model of the heart regulatorika:

dx(t) a19(t — h)n(t — h)

o m) e
dzil_gf) — agx(t — h) — byy(t)
EO 1) - et W
%ﬁ’f) — awy(t — h) — bO(t)
dz_? = asz(t — h) — bsn(t)

If the solutions of these systems of equations in the range t = [0, h] are given as initial functions
wi(t), i =1,...,5, then solutions of the systems of equations (1) can be found in ¢ > h by using
the Bellman-Cook sequential integration method.

Solutions in the range [0, h] are considered as the initial function in ¢t = (h, 2h|. Hence, in

the range t = (h, 2h] system equations (1) can be written as follows:

e
dz_y) = g1 (t — h) — byy(t)
dzit) = agpi(t — h) — bsz(t) @)
%it) — agpa(t — h) — bO(t)
dZ_St) — asps(t — h) — byn(t)

Consistently integrate with the introduction of the following notation:

z(t) = Qu(t)e ™", y(t) = Qa(t)e™™", 2(t) = Qs(t)e™™", O(t) = Qu(t)e ™", n(t) = Qs(t)e ™"
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Using (3), we integrate to find solutions in the range t = (h, 2h].

— ! bis
At = Qi+ [ e

Qa(t)
Qs(t)
Qa(t)

@5(1)

The found Q;(t), i =1, ...,

z(t) = e " (

= Q2(h) +
= Q3(h) +
= Qu(h) +

=Qs(h) +

b1h+/
h

arpa(s — h)ps(s — h)

t

"% ayp1 (s — h)ds

t
e asp (s — h)ds

t

e’ ayp09(s — h)ds

t

e asps(s — h)ds

S— T T

5 are rearranged by the expression with (3).

a1ps(s — h)ps(s — h)

R))(1 + 092052 (s —

h))ds

1 + 01 Q04 (S — h))(l + 022@5

t

e <902 " + €b28 agp1(s — h)ds)
t
t

obat <904 ehih 4 eb (s — )

0= e ((alhe + / e (s = s
(

Thus, (4) is a solution of the systems of equations (1) in the range ¢t = (h, 2h| and is considered

s h))ds)

as an initial function for the following range (2h, 3h]. It is clear that the solutions of the systems

of equations (1) exist and are continuous. This method of sequential integration can be used

in cases where the initial condition is specified as a function. Conclusion. It is possible to find

solutions of the systems of equations (1). But to obtain solutions of these equations by analytical

way, calculations are cumbersome. Therefore, it is efficient to apply numerical methods, such as

Runge-Kutta. In this case, the development of computer models makes it easier to work. Such

simulators provide an opportunity to deeply explore, understand the heart’s regulatorika and

analyze the states of cardiac activity [1-4].
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HAAR-WAVELET MULTIDIMENSIONAL SIGNAL PROCESSING METHOD

Yusupov I.

Wavelets are used to analyze piece-wise signals. Wavelet coefficients can efficiently
represent a signal which has led to data compression algorithms using wavelets. Wavelet
analysis is extended for multidimensional signal processing as well. Haar wavelet is a sequence
of rescaled "square-shaped'"functions which together form a wavelet family or basis. It allows a
target function over an interval to be represented in terms of an orthonormal basis. The Haar
sequence is now recognised as the first known wavelet basis and extensively used. The technique
of construction of multidimensional integrated bilinear basic functions of Haar can be based on
idea of integration of piecewise-plane orthogonal basic functions. It shows that how algorithms
of fast transformations in bases of orthogonal piecewise-constant functions can be adapted for
calculation of factors in piecewise-linear bases. It can be clearly seen that the advantages of

Haar is existing methods of fast transformation and compression factors.

Here the compression factor K. is defined under the formula:
K.=N/(N — N1)

Where: N - quantity of function readouts N1- quantity of the zero factors received as a result
of Haar and transformations in piecewise - parabolic bases. It allows to receive quantity of
zero factors and means receiving high speed in Haar basis and the big compression factor.
Also as a result of it is revealed, that with increase of quantity in function readouts N value
of factors decreases on exponential law. Digital processing of signals it is important that
mathematical operations are performed fast, and the time required for completion of commands
must be exactly known beforehand. In digital signal processors the most important mathematic

operations and the core of all algorithms of digital processing of signals is multiplication followed



Zaynidinov H., Yusupov I. 127

by summation. Fast performance of the multiplication operation followed by summation is very
important for implementation of digital real time filters, recovery of signals, multiplication of
matrixes, manipulation with graphical images etc. Thus, the offered method is hardware-focused
and allows using existing algorithms of fast transformations in bases of orthogonal piecewise-
constant functions for calculation of factors for both piecewise-linear and piecewise-quadratic

bases.

PIECEWISE-POLYNOMIAL BASIS FUNCTIONS FOR COMPUTING
PROBLEMS IN BIOMEDICAL SIGNAL PROCESSING

Zaynidinov H., Yusupov I.

The construction of models for real time-signals can be easily represented in Fourier
analysis. Building models for real-time signals has been easy for representation in Fourier
analysis. In recent years, the introduction of new algorithms developed specifically for parallel
processing architectures, which distribute various tasks to multiple processors, has facilitated
fast computation for a variety of research applications. The piecewise-constant basis function
has utilized the piecewise-polynomial method with a limited number of values. Orthogonal
piecewise-Harmuth basic functions are not suitable for week convergence of approximation and
other DSP applications. Indeed, the existing Cooley-Tukey algorithm has been successfully used

to calculate coefficients, but these are restricted to piecewise-constant basis.

Therefore, in this paper, we have proposed a novel scheme of calculating the coefficients
in the piecewise-quadratic basis. This fact does not allow the use of piecewise quadratic basis
in solving practical problems. The spectral theory of the discrete orthogonal function can be
applied to the decomposition of the Fourier series. A simple and effective hardware piecewise-
polynomial and piecewise-rational methods are suitable to support a limited number of
processors. These studies have also shown that many signals received from actual objects can be
easily presented by a set of sine and cosine wave fluctuations. Hence, piecewise-polynomial basis
functions are the result of a transformation from time to frequency domain of Fourier analysis.
This work analyses the deficiencies of known systems of orthogonal piecewise-polynomial basis
functions, which are applied to compute fast spectral transformations. Namely, these deficiencies
include weak convergence approximation and discontinuity. The integration features of the
systems of Haar, Shauder, and Harmuth functions have been used. The convergence speed of

interpolated numbers and their basis have the potential to be applied to fast spectral processing
(FSP) algorithms.

The major FSP problem is finding out the thin structure of signals, quickly identifying
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local features, forecasting the development of processes, and also, during time aspiration, using
a limited number of processing processors in a parallel convey or computing systems, for the
purpose of reducing the cost of studies. The signals received from actual objects, traditional
harmonious functions, are widely applied to the reconstruction of patterns that explain many
signals received from actual objects. These signals could be easily presented by a set of sine
wave and cosine fluctuations used by Fourier analysis. The result is transitioning from time to
frequency functions, where sine and cosine functions have not been fully represented . The fully
functional system of orthogonal functions can be applied to the decomposition in numbers,
which correspond to the Fourier series. The elementary functions, which are decisions of the
simple differential equations, have very wide application in the field of practical engineering
problems. Usually in engineering, this terminology is basically understood as simple functions
of one or two variables, with a limited quantity of continuous extremes, and limited steepness
within the given change of argument. The function serves as a construct of mathematical models
of the signals received from a real-object. In the first case, frequency is defined by the period
of transmitted signals, where, particularly in gravimetric prospecting, they lie within the range

of a few seconds to about several seconds.

Consequently Fourier transform, the Haar basis gained the attention of experts for two

reasons:

e The number of factors necessary for approximation (for a given level of accuracy), in
relation to the general number of binary pieces, is reduced, where the absence means
long operations in the Haar F'T, and only the addition, subtraction, and displacement

operations are used.

e The limitation of the Haar basis is the weak convergence of the numbers to constant
functions i.e. the necessity of storing several hundreds of factors for many functions, in

order to maintain an error level of approximately 0.1

This paper discusses the piece-wise polynomial basis, and analyses the systems of
piecewise-constant, piecewise-linear, and piecewise-quadratic basis, and also presents their
limitations. To obviate these limitations, we have proposed an algorithm for fast transformations
that implement the piecewise-quadratic basis. The proposed algorithm makes it possible to save
on the derivative of the memory, which is necessary for the storage of derivative spectral factors
during processing. Thus, the processing of any real experimental file saves from 5% to 24% of
memory size while during the processing of any elementary function (or function consisting of

their combinations) memory saved is the range if 11% to 70%.
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HINOPJIAII AJITOPUTMJIAPU YUYH MAKCUMAJI TAPKATUIII
XYCYCUSATUTA OTA BVJITAH AKCJIAHTUPUIIIJIAPHU UIIJIAB
YUKUIII

AonypaxumoB B. @., Carrapos A. B.

Vabexucmon Muaruti ynusepcumemu, Towkenm, Yabexucmon, asb2602@mail.ru

Mabaymku, 3aMOHaBHI OJIOKIM CUMMETPUK IHPJIAIT aJITOPUTMIAPU TapKUOU1a UKKU

aCcoCHUil XyCyCUATHA TAbMUHIOBYMN: apaJIallITUPHII Ba TAPKATHII aKCJIaHTUPUNILIapuIaH ¢oiiia-

JaruIan. Axcapuar mudpiiat aaropuTMIapuIa “‘apaaniTUPUIT’ XyCYCUSITUHU OaykapyBUun
aKCJIAHTUPUII cudaTuia S-0JI0K Ka BajIapuad, “TaApKATUI XYCYCUSITHUHH OayKapyBUd aK-
CTAHTUPHUII cudaThHIa 3ca IMUKIK CYPUI, YPUH AJIMAIITAPUII, (DUKCPIAHTAH MaTpHuIara Ky-
nafiTupuin Kabu akcJIaHTHPUILIAPIaH (O IaTaHIuITaH.

Ommb6  GopmyraH  TAAKUKOTIAD — HATHXKACHA  AHUKJIAHJIUKH,  OUpOp  UeK-
o maiionga  (macaman  Tamya  waionn, GF(2F)) MDS (Maximum Distance

Separable) TYPHUJIArd KBaJIpaT MaTpulara KymaiTupuin OUTIapHl MaKCUMaJl TAPKATHIIL

Xycycusarura sra 6yaasu [3].

Duementiiapu 1 Gaiitman mbopar Oyiaranm 4x4 éxkm 8x8 Jauamsm MaTpUIAJIap peasiu-
zarusd yuayn Kysiaigup. lymwargek, 8x8 yagaman MDS marpunanwar OuTiapHu TapkKa-
tum kKyaamu 4x4 yoaamaun MDS marpuriara HucOataH UKKH Kappa KaTTa XaMia KpPHI-
rTobapponumnry xaM Hucbatan toxkopu. [y Gowe, mmudpiramnt ajaropurmiapu TapKuOuIa

MDS(8,8) marpunacuian oiijasanuin Makcaara MyBoUK.

Tabkugmam gosuMkm, SP TapMormra acocjaHraH —AJTOPUTMJIAPHUHT A PJIAIIT
Ba Jemudpiiant kapacuaapujaa  (oilalaHuIyBIl  aKCJIAHTUPUIILIADHUHAT  OUp  XUJLIU-
'l aJTOPUTMHHUHI KyJail peajmsaiusicn ydayH xusMmar kKwiaad. [lludpaam xapad-

nmya MDS(8,8), sgemmdpaam  kapaéumpa MDST!(8)8), abHE Teckapu MaTpHIaaH
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doiinamanmramu.  Osanb Oopwiaran Tax/IMJI  HATHXKAJAPU — IIYHA  KYypCaTaJuKu, y3u-
ra ¥3um meckapu Ofsiran wmarpunajgap (Mueosromuse) wmaBxkyxa. Jlemak, saparuiyBun

MDS(8,8) mMarpuiia MHBOIOTUB GY/IUIIN Makcajra MyBOQUK.

Nmnab ankmmysan marpunann MDS rondacumarn MmaTpuna OYIAMIIAIAHA aHAKJIAIIIA
Kyfingarn reopemasian GoitgagsaHun MyMKIH [2].

Teopema. T(k,k) marpuna MDS(k,k) marpuma xucobmanaan, dakar Ba daxar T(kk)
MaTPHUIAHIHT 6apya KICM MaTpHUIajIapu MaxcycMac (non-singular, HeBbIPOXK I€HHAs) MATPUIIA
(sibHU leTepMuHAHTH HOJLIAH (apk/m) 6§ica.

Jlemak, MaTpuiia Kauail €H1aInyB acocuia naiad InKNIMaCcHH, arap y TeopeMa MapTUHA
ka"oaraaaTupca MDS marpuna xucobmanaau. bupox, omb 60puran TaaKuKOT HATHKACHIA
AHUKJIAHMKY, MHBOJIIOTUB MaTpuila Oy unuimruan TabMutian yaya “Axampap” (Hadamard)
[1] maTpuracugan doiigaranun Kyaail XucobgaHau.

Ajamap Marpucacu acocu/ia UHBOIIOTUE MaTPULIAHA UILIa0 YUKUIILLA Kydujarnda 6 ia-
AT MYMKHH.

Ajiraituk ymywmuit xona kyitmgarn H(4,4) — Anamap marpuriacu 6epuiira:

a,b,c,d
b,a,d,c
c,d,a,b
d,c,b,a

H (4,4) = (0)

Yuiby 6esrunamnira mysoduk, H(4,4) H(4,4) marpuna kuitmaru 6upop GF(29)/¢(x) maii-

JIOHJIa, Ky aarnda Xocua ohiau:

e DA Dd?0,0,0
0,a>®b? ®c*dd%0,0
0,0,a2p > DD d%0
0,0,0,a’> > D P d?

H (4,4) o H (4,4) = (0)

Arap (1) renrmuknaru “d” snement Kuiimatu yayn d = a @ b @ ¢ @ 16yica, yxomnia
H(4,4) H(4,4)=E(4,4) Tenrnuk ypunaun 6ynamu, sbuu H (4,4)Marpuiia HHBOJIOTHB XUCOO/Ia-
Hau. Maskyp XycycuaT uxTuépuii yraamuary AjamMap MaTpuIacu yayH Oaxkapuiaaau. Jemax,
caTp SJeMEeHTIapu COHU k Ta Oyaran AjgaMap MaTpUIACHHU OMPOP JIEMEHTHHU KOJITAH IJIe-
MeHTJIap OpKajn uojaiall OpKaJIu HHBOJIOTUB MATPUIlA KyPUIIT MyMKHH.

Marpunara KynaiTupuil akCJaHTUPUIITHIHD T€3KOP OY/IMIIINIMHA TabMUHIAL YIYH,
KYIaifiTupUII JKapaéHuarn aMaJjiup conn SHr KaM 6yran MDS(8,8) marpuriannu makjianTi-
pur jto3uM xucobmanauu. Oxataa, GF(29)/¢(x) MaiioHngarn seMeHTIapHN Ky Tal THPUIITA

yHIaru amasuiap conn tanad srmwrysan “XOR” amasapu conn 6uian Jirdanain (Xucobrana i)
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Ba maptiau pasuiiga “ XORaap conu” nebd 10puTuaaim.

Tabpud [4]. Bupop GF(27)/p(z) maiigonga anukjanran a sementaunar XORaap co-
Hu J1ed, yHu YOy MaiiJoH/ia aHUKJAHTaH UXTHCpUil b 3/1eMeHTra KymaidTupuin yayH Tajad
stunbysan XOR amanapu (2 Moy 6hiinda Kymuin) conura aiTuiaim.

Maskyp Tabpud acocujia MATPUIIAHUHT K Ta JIEMEHTJIaH nbopar Oy/Iran Oupop caTpura
KYTalTHIHUIT HATUZKACK 18 OUTTa SJIEMEHTHU XUCoOIaI yayH Taaad stuaysan XORiap connnn

(XORpatriz OpKaIN GeruiaiiMms) aHuK/IAIT (DOPMYJIACH Kyin/Ia KeJITHPIITaH:

XORMatrzx:(71+72+73++7k)+<n_1>.q (O)

Oy epaa: 7,~ carpjaru ¢-dnemenTHHHT XORuap conn, n — carpparun Hosl Oyamaran sJje-
MEHTJIap COHU, ¢ — YEKJIU MANJIOH YIIOBU.

Onatna XORpsaprie KuiiMaTn kKuauk 6¥ran marpuranapan ¢ Ereua” (Lightweight) mar-
puria j1e6 xam ropuruiaam [4].

Hemax, max/uiaHTupuiIy BUn MDS(8,8) marpuna errwi 6hymimu jgo3um 65ub, XOR /a4
napamerp KuiiMarn Kapaigaarran GF(27)/p(z) Maiiaon Kynxaura y3Buii OOFIUKIUD.

FOxopuaa ownaupuiran dukpaap Ba MDS marpunara kyiiniarad TagabgapiaH Keauo
YUKUO, SKCIEPUMEHTA TaJIKUKOT HATUKACUIA MHBOJIIOTUB Ba KOJITaH MaTpHUIajIapra HucoaTaHn
sur enru (Teskop) 6ymran MDS(8,8) marpunanap GF(28) /28 @ 2" @ 25 @z & 1 — maiinona
unurab aukuay. Yoy unuiab aukusran sur earut MDS(8,8) marpunanap Kyiinmga Kearupu-

siran 6yym0, ynap yayn XOR et =102 ypumim.

1,2,3,4,5,112, 145, 225 1,2,4,8,14,112, 145, 225
2,1,4,3,112,5, 225, 145 2,1,8,4,112, 14,225, 145
3,4,1,2,145,225,5,112 4,8,1,2, 145,225, 14, 112
) 4,3,2,1,225,145,112, 5 2 8,4,2,1,225,145,112, 14
5,112, 145,225,1,2, 3,4 14,112, 145,225,1,2,4, 8
112,5,225,145,2,1,4, 3 112,14, 225, 145,2, 1,8, 4
145,225,5,112,3,4,1,2 145,225,14,112,4,8, 1,2

| 225,145,112,5,4,3,2,1 | | 225,145,112,14,8,4,2,1 |

[MMudpaam kapaéuua KaiiTa HILIaHAETIaH MabJIyMOTJIApHHU 3JeMeHTIapu 1 OaiTiaH
O6yran Marpuiia Mmakanaa udogasad, ymbdy MaTpunanu oKopuaa kearupuaran MDS marpn-
nara Kynairupuin HaTmKacuaa 64 6UT MabIyMOTHIHI MaKCHMAJ TAPKAJINIINA Ba, ¥3apo apaJia-

IIyBU TabMUHJIAHAIN.
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BETABOJIBTAMYECKUI NCTOYHUK IMNTAHUNSA JJI4
IIENCMENKEPOB

Axumuenko A. A.!, T'ypckasa A. B.!, Joarononos M. B.%, Kysuenos O. B.!

L Camapexuti ynusepcumem, Camapa, Poccus, electron97@rambler.ru
2 Hayumo-mexnonozuneckuti napx «Aeuamexnoxons, Camaperuti ynusepcumem, Camapa,

Poccus, mikhaildolgopolov68@gmail . com

HepBbeI n e,[[‘I/IHCTBeHHbHU/I OIIBIT MCIIOJIb30BaHUA KOMMEDPYECKHN YCIICITHOI'O KapAnOCTHUMY-
JsgTopa ¢ beraBosibTandeckoit 6arapeeit orHocurcst K 1970-m rogam B CIIA. Jlappu Ouicen c
KoJuteraMu cosnan Betacel — KapamocTuMyasaTop ¢ MCTOYHWUKOM muTanus Ha Pm-147 c me-
puosiom nostypactasia 2.6 roga [2]. K 1973 roay 6b110 uMIiaHTHpOBaHO 0KOJI0 60 Takmx Kap-
JUOCTUMYJIATOPOB. OJIHAKO U3-3a HEFATHUBHOI'O OTHOIIIEHUs OOIECTBEHHOCTH K PaINOAKTUBHBIM
MU30TOIIAM U CKOPOT'O TOsIBJICHUS JINTUH-UOHHBIX OaTapeii, KOTOpbIe TOKA3BIBAJIN 00JIee BHICOKYIO

9 HEKTUBHOCTD U MOTJIH JIOJIBIIE MUTATH KapInOoCTUMY/IsTOP, Betacel morepsiia oy isipHOCTb.

Ha ceropusrmiauii jeHb akTyaJbHBIMU SBJISIOTCS OETABOJIbTANYCCKIE UCTOYHUKU HA TPU-
THHM ¥ Ha HEUKeJe-63, OJHAKO TPUTHEBbIe DaTrapen He MOJOWIYT /I KapAHOCTUMYJIATOPA, TAK
KaK WX KU3HEHHBIN IUKJI COITOCTABUM C YKU3HEHHBIM ITUKJIOM JINTUH-UOHHBIX OaTtapeii. Takum
0bpaszoM, I KapJIMOCTUMYJIATOpa MO0l Iy T Obatapen Ha Hukese-63 (mosypacmam 100 jer) u
yruieposie-14 (mosypacmas 5700 Jier).

KapamoctumynaTop cOCTONT M3 MCTOYHUKA MUTAHWUS, T€HEPATOpa MMITYJIbCOB, KOHTYDA
BBIBO/Ia, MATEPUHCKOM IIJIATHI, Ha KOTOPOI HAXO0IATCA MUKPOIIPOIIECCOD U Pa3/IMYHbIE CEHCOPHI,
7 3aIUTHOTO Kopiryca. VcTOYHNK nuTanns KapAuoCTUMYISITOPa TUTaeT MUKPOIIPOIIECCOD, CEH-
COPBI, 1 KOHTYP BBIBOJIA, KOTOPBIl CO3/IaeT 3IeKTPUIECKIE UMITYJIbChI, CTUMYIUPYIOIINE CePIIIE.
CurnaJj mojady UMITYJIbCA TPUXOIUT OT MUKPOIIPOIECCOPA, KOTOPDI ITOCTOSHHO OTCJIEZKUBAET
nndopMarmio o paboTe cepiia Mpy MOMOIIU ceHcopoB. Ecu cepiie ObeTcs CIUNIKOM ObICTPO,

CJIMIIIKOM M€EJIJIEHHO WJIX HEPETr'YJIAPDHO, '€eHEPAaTOP UMITYJIbCOB CO34a€T SIIGKTpI/ILIeCKI/Ifl HUMITYJIBC,
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KOTOPBIH UJET TI0 9JIEKTPOIaM B CEepJIIle. DJIEKTPOIbI TIOMEIAIOTCs B cep/re depe3 Beny. CoBpe-
MEHHBIE KAP/IMOCTUMYJIATOPBI TAKZKE MOTYT YBEJIUUIUBATH PUTM CEP/IA BO BpeMs (DU3UIECKIX
Harpy3ok. /s 9Toro mpuMeHdAIOTCS Mbe303JIeKTPUYecKne JaTYNKN, KOTOPble PearupyioT Ha
BHOpAITUIO MBI, WK akcejgepoMeTpbl. Ha pucynke, Kak npumep, mpeJcTaB/iena yIpoIreHHas

OCHOBHAsl CXeMa KOHTYpa KapMOCTUMYJISITOPa C YHUIOJAPHBIM BBIXOIOM [3].

Vvdd
+ ) 3 Zener8.2V
—33uF 33kz :
33 kz . 2 Output
15kz Q2 3(.(3:)}.”: to heart

Micro- (A) "
processo ‘@1 33kz

Vcrounnk nutanus B KapINOCTUMYJISITOPE JOJIZKEH YIOBIETBOPATD CJIELYIONTIM TpeOoBa-
HUAM: Hanpskenue 2.8 B, Munnmaibnoe HanpsgkeHue MaTepuHCKO miaThl 2.2 B, Heo6xomMbIit

TOK JIJIl MATEPUHCKON 1iarhl 10 MKA, MuUHUMaIbHAST eMKOCTb 2 A-q [4].

BeraBosibrantieckne UCTOYHUKH MMUTAHUS TOJHOCTHIO OTBEYAIOT 9TUM TPEOOBAHUAM, HO
IIPA 9TOM HUMEIOT HAMHOTO OOJIBIIYIO YIEJbHYIO dHepruio. Takxke oHE abCOTIOTHO OE30MACHBI
JUI OpraHu3Ma, Tak Kak 06eTa-3/1eKTPOHbI UMEIOT OYeHb MAJIYIO TVIYOUHY TPOHUKHOBEHUS U HE

MOI'yT BBLJIETETH 3a IIpe/Je/Ibl KOPIIyCa CTUMYJIATOPA.

CymecTByeT psJi criocob0B MpUMeEHeHNs OeTABOJIbTANIECKIX UCTOYHIKOB MUTAHUS B Kap-
jroctumysiaTopax. [lepBolit crocod 3ak/ouaeTed B 3aMeHe JIMTUNR-UOHHONW OaTapen B Kap.iHo-
CTUMYJIATOpE Ha OeraBosbTandeckuilt ncrounuk. [lrocom manHOrO Criocoba siB/IeTCst KOMITAKT-
HOCTB, ITOCKOJIbKY OeTaBOIbTandeCKUil NCTOYHUK UMeeT HeOOJIbIIe Pa3Mephbl, I ero JIETKO yMe-
CTUTH B KOPITYC KapAMOCTUMYJIATOpa 0e3 m3MeHeHus: KOHCTPyKIuu. O IHAKO B 3TOM CIIOCObe
UMEIOTCsI HEKOTOPbIe TPY/IHOCTU: COBPEMEHHbIE OeTaBOIbTanvYeCcKe NCTOYHUKHI He MOTYT 00ec-
MEYUTH JIOCTATOYHON MOIITHOCTH U CTAOMIBHOTO TTOCTOSTHHOT'O TOKA /1151 OJTHOBPEMEHHO 3apsi/IKI
KOHJICHCATOPA W MUTAHUA YIPABJIAIONIEH CXeMbl KapIUOCTUMYIATOPA.

Bropoit criocob 3akirovuaeTcss B OJJHOBPEMEHHOM MCIIOJIb30BaHUN JIMTUI-MOHHOM OaTapen u
OeTaBOILTANIECKOT0 UCTOUHUKA. JIuTnii-uonnas 6arapes OyieT TUTATH YIPABJISIONIYIO CXEMY
U 3apsKaTh KOHJEHCATOPHI B TeHepaToOpe MMITYJIbCOB, & O0eTaBOJIbTANIeCKUil NCTOYHUK OyJIeT
MOJIKJTIOYEH K JIMTHI-MOHHON GaTapee 4depe3 KOHTPOJIED 3apsdia, U OyJeT OCYIIECTBIISIThH Ka-
HeJbHYI0 ToA3apsaaKy Oatapen. KamesnbHas — mogzapsijika aKKyMyJIsgTOpa MaJbIM TOKOM JIJTs

KOMITEHCAITNY CaMOpa3pPs/ia WU Pa3ps KN Ha MaJIyi0 BHEITHIO HAarpy3Ky. OOBITHO 3TOT METO/I
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3apAJIKA UCIOJIb3YeTCA JJIsT CBUHIIOBO-KUCJIOTHBIX aKKYMYJISATOPOB JJIs MPOJJIEHUS UX CPOKa
CJIy2KOBI, OJTHAKO MOKET OBITh MCIIOJIb30BAH W JJIs JTUTUNH-UOHHBIX aKKyMyaaTopoB. [lockosib-
Ky JINTUH-MOHHBIE aKKYMYJIATOPBI TyBCTBUTEIbHBI K Iepe3apsiJiKe, HeOOXOIMMO OCYIIECTBIATD
KaIleIbHYIO TI0/I3aPAJIKY Yepe3 KOHTPOJLIED 3apdjia. B KapJIMOCTUMYJISTOpe MOCTOdHHASA Ka-
nejbHas MOJ3apsa/IKa JUTUH-NOHHOIO aKKyMYJ/IATOpa 3HAYUTE/BLHO IOBBICUT €r0 YKU3HEHHBIN
k1. [LmrocoMm manHOro criocoba gBIsIETCS OTCYTCTBHE HEOOXOIUMOCTH U3MEHEHHUS KOHCTPYK-
UM Kap/IMOCTUMYJIATOPA - HEOOXOJMMO TOJBKO HEMHOI'O YBEJMYUTH KOPIIYC, YTOOBI B HEro
[IOMECTUJIUCH J[Be Oaraper u KOHTPOJLIED 3apsja. Munycom sBjsgercsd yBeIudeHUe pa3sMepoB
KapHOCTUMYJISATOPA, ITO MOXKET YCJIOXKHUTH ero uMmintanTaruio. OHaKO, yIUThIBas pa3Mep
OeTaBoJIbTAMYECKUX MCTOYHUKOB NTUTAHUs U KOHTPOJIJIEPA 3apsja, YBeJIudeHne Kopiryca OyJier
He3HAYNTEIbHBIM. Heobxoaumo uiib ¢jie/1aTh HeOOIBINOoN KOHTPOJLIED 3aps/ia.

Takum obpazom, OTMETUM B 3aK/IIOYEHUE, UTO OJHOBPEMEHHOE WCIOJIb30BAHUE JIUTUN-
MOHHO# OaTapen n OETABOJILTAMYECKOI'O UCTOYHHUKA B IeficMeliKepax KapIuOCTUMYJIATOPOB SB-

Jigercd HamboJjiee MepCerneKTUBHBIM BApUAHTOM.
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JNPUXJIE L- ®YHKIINICUHNHT KOMIIJIEKC HOJIJIAPU TYFPUCUIA

AnnakoB U., Cobupos A.

Tepmusz dasram ynusepcumemu, Tepmus, Yabexucmon, iallakov@mail .ru

Makonaaa x(mod ¢) — komiuteke xapaktep Oyiranga Jupuxite L — dbyaxmumscn L(s, x)
TpuBHaJl OYIMaran HOJUIAPUA MAaBKyJ OVIMaran COXaHUHI derapachia KaTHANIYBYU JIOUMUIi-

HIHI' COH K‘I/IIU/IIVIaTI/I AHUKJIAIITUPUJITaH.
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Qapas sTailiuk, n— HATypaJ COH, § = O -+ it KOMpJIEKC cOH, chi — q Moy Oyiinda

Hupuxiie xapakrepu 6hsicun. Mabiymku, lupuxie L— dyukuusicu L(s, x) , Res > 1 6yirania

L(s,x) =) Xg)

TEHIJINK OWJIaH aHuKJIaHa 1. By GyHKIUgHIHT 6apya KOMILIEKC HOJIAPU 0 = % TYFPU YU3UKIA
éTa/iu JIeral ruioTe3a MaBxKy/l 6ysimb y xo3upya TyaukucoorianMaran. JIekun conyiap nazapu-

SICHHUHD X03Mprava Xajl STUIMaral KyImJuminK Macasajapy 1y rumnoresa ouian 60rauk|1].

Aggaio, L(s,x) dyukiusiauar 6apya KoMiieke Hosutapuauar 0 < o < 1 ifjuiakia Koii-

1
2

Keiiunuanuk Oy aHUKIAMITUPUIIO

JIAIITAHU Ba yJIap 0 = 5 I'a Ba XaKUKUil YKKa HuCOATaH CUMMETPHUK KOMIaIraH nCOOTIaHTaH.

o>1 g >3, t — uxXTHEpMit XaKUKUii Con (1)

c
~ log(Jt] +3)
coxasa Jupuxie L— DyHKIMICHHUHT HOJLTAPDU MaBKyl dMac sKarauru ucooraanmn [2|. 1Ly-
uur yayH Jlupuxie L— QyHKIIUICHHIAT KOMILIEKC HOJLIAPU TYFPUCHIATT U3TAHUIILIAD MYXUM
xucobstanasu. (1)-naruxka Ileiik Ba Knanosckuitiapra rerumim 6y1mb, yHIarn §3rapMacHUHT
con kuitmarn 1. Asutakos [3| ToMoHnan anuKIaHram.

Yoy umr y(mod ¢) Komruieke xapakrep 6yaranma (1) maru ¢ y3rapMacHUHT COH KUiiMa-
TUHM aHUKJIAIra Oarunyianran 6yimd, yHIa aBBaJIO ¢ HUHD OOIIKA Iapamerpsap Omian O0r-

JKdopMmytacu

1 1 1 4,1209
=c(ty) = 241 4 1) ot
¢ = c(to) { +<%+2t1+12t%+2 + P ) 1 }

V(o b, a0 ] 2
2 T o, T 12 T 2 2 2 Int,

keaTupub unkapuiarad. By epua t =t + 3, £1 = In(ty + 3) Ba ty = 2tg + 3, Lo = In(2ty + 3),

t > tg, Yo— Ditnep JouMuUiicu.

Bynnan doiinananubd Kyitngaru TeopemMa nCOOTIAHTAH:
Teopema. Azap y(mod q) xomnaexc xapaxmep 6ijaca, y Koada ynea moc Jupuzase L—

dynryuacu L(s, x)
0,0119126 X o
o — """ q>3, t— urmuépu,
- Ing(|t| + 3) g P

coxada Hoarapu masacyd smac. By Teopema [3| jaru HATHKAHWHT AHUKJIAITTHPILITAHIAD.
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Qapa3z sTaitimk P ertapanda KaTTa HaTypaJ coH Ba ¢ < P 6yyicun. Y xomia
—Re— (s, x) ZA n)n~ 7 cos(tlnn — w(n))

6ynann. Teopemanu ncborania [2| qarn cuHrapu iya TyTuaaam Ba

L L L
3 {—f(a, Xo)} +4 {—Ref(0+it,x)} + {—Ref(a + 2it,x2)} >0

MyHOcabaTIaH XaMa KyHAnaarn UKKA TacAuKIan ¢oiigaaaHuiaim.
1. Arap g < 0 < 1,03 6§.1ca,
¢’ 1 1

= 0,1856352(c — 1
H(0) < =+ 018563520 — 1) < ——

baxkapunaau. Bynma vo = 0, 57721566...— Ditnep moumuiicu.
2. x > 1 6yuca,

Zl <zttt
n o 20 1222

n<x

TEHI'CU3JIUK YPUHIIN.
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NCCJIEJOBAHUE YCTOMYNBOCTU PASHOCTHBIX CXEM JIS
JIMHEMHBIX TNIIEPBOJINYECKIX CUCTEM

Anoes P. /1., XynoiibepranoB M. V., Munroaesa A., Bomyposos I11.

Havuonarvrod ynusepcumem Yabexucmana, Tawxenm, Yabexucman, aloev@mail . ru

PaCCI\lanHBaIOTCH I‘I/IHep60.HI/I‘-IeCKI/Ie CHUCTEMBI JINHENHBIX 3aKOHOB COXpaHeHUd B pPUMaHO-

BbIX MHBapHUaHTaXx:

R, + AR, =0,t € [0,+00),z € [0, L], (1)
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rae R : [0, +00) x [0, L] = R". A— auaroHajbHasi MATPHIA U OLMPEIEIACTCS CIE YoM 00pa-

30M
AT 0 At = diag{\1, ..., A
AL ¢ A W) 2)
0 A~ A =diag{\ms1, -5 M}y
R1 Rm+1
BBesieM B paccMoTpeHHe ciefyionme obozHauenna R = : nR =
R, R,
+
Takue 9T0 R = R
R-
Torya cucremy (1) MOXKHO Iepenucarb B BUje
R* AT 0 Rt
al o |+ &| | =0. (3)
R 0 A R

Harmra 3alada 3aKJ/II09aeTCd B UCCJICIOBaHNU YCTOﬁqHBOCTH Pa3HOCTHBLIX CXEeM JIJIdA 9TOU CUCTEMBI

C JIUHEMHBIMHA I'PaHUYIHBIMUA YCJIOBUAMU B KaHOHNYECKOM (bopMe

R*(t,0 R*(t, L Ky Ko
7(’ ) =K 3 ’ cK2 ,tE[O,—i—oo), (4)
R7(t,L) R (¢,0) K0 K
U C HAYAJLHBIM yCJIOBUEM
R(0,2) = Ro(z),z € (0, L). (5)

KoppekrHocts cMmeranHoii 3a1aan (1-5), a Takzke eé ycToiiauBocTH JoKa3aHbl B paborax [1,2].

B HacCcToOd1iee BpeMd BCe 0oJIbIIIe NPUMEHAIOT MEeTOAblI MaTeMaTUI€CKOI'O MOJICJINPOBaHUA

JJId OIIMCaHWA Pa3/INIHBIX PeaJIbHbIX (bI/I3I/I‘{eCKI/IX ABJICHUI.

Bynem nonuMarh 1101 MareMaTHIeCKUM MOJIEJIMPOBAHUEM CJIEIYIONIYIO IEIOYKY 0TOOpa-
JKeHnit: pusndecKasi MOJIeIb sIBJIEHUSI — MaTeMaTHIecKas MOJIe/Ib SBJIEHUs] — BbIUUC/IUTeIbHA
MOJIeJIb siBJIeHusT — rporpamma, SBM.

Ha nam B3ruIsj1, mpaBuibHOE IIPUMEHEHHE METOJI0B MaTeMaTUYeCKOI'0 MOJICINPOBAHMUSI,
HEBO3MOXKHO 0€3 JIeTaJIbHOI0 aHAJIM3a COOTHOIIEHUS MKy MaTeMaTUIeCKON 1 BbITUCIUTE b
HOW MOJIEJIIMA ABJICHUNA.

[Toutn Bce dusznveckue 3aja4 TpexXMepHbIe U OYeHb 3aTPYAHUTEIbHBI B PEIEHUH M3-3a,
nx HeymHelHOCTHU. [0 CcyIecTBY K pereHnio KaxKa0# 3a/1a4uu MoJIX0IdT WHUBUIyaJbHO, KPYT
ee pelieHuit CyKaloT U YIIPOIIAIOT WK JeJal0T 00Jiee JacTHBIN OJIX0/] K PENIeHNI0 KOHKPETHOI

3a,Ta4N.

B nacrosmeit paboTe HAMU HCCJIEIYIOTCH YCTONYINBOCTD PAJIa KJIACCUYECKIX U COBPEMEH-
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HBIX Pa3HOCTHBIX CX€M, KOTOPbI€ IIPUMEHAIOTCA JdJid IYUCJICHHOI'O pelICHnuA CMeIIaHHOoM’ 3a/a491
(1-5).

Cnenyer ckazaTb, 9T0 B Teopuu Aud @ epeHnajlbHbIX YPaBHEHUN yKe JAaBHO CYIIECT-
BYeT IIOJXOJ OJHOBPEMEHHOI'O WM3YYEeHHI HMCXOJHON MaTeMaTUIecKOH 3a/ladu M ee KOHETHO-
PA3HOCTHOTO aHAJIOTA. 3/1eCh YMECTHO BCIIOMHUTHL OCHOBOIOTaraorIyo padory Kypant P., ®pu-
apuxc K., Jlesu I O pasHocTHBIX ypaBHeHHSIX MaTeMaTHdeckoil dusuku //Ycrnexu marema-
THIEeCKNX HayK., a Takxke moHorpadun l'ogyno C.K. YpaBHeHns mMareMaTudecKoil (pU3NKH,
Jlageikenckass O.A. Kpaesbie 3aja4un maremarudeckoit dusuku, baoxun A.M. Unrerpasst
SHEPIUM W WX NPHUJIOKEHUs] K 3ajadaM ra30BOil JUHAMUKH, B KOTOPBIX 9TO ITOIXOJ HAXOIUT
CBOE BOILIOIIECHHE. B 0OCHOBY KOHCTPYHUPOBaHUS U MCCJICIOBAHNS BHIYUCIATETBHBIX MOJIEIEH MbI
ITOJIO’KUM TpeboBaHUe aJIeKBATHOCTH BBIYUCIUTETBHON MOJIEIN UCXOAHON auddepeHuaIbHOMR
zajade. [loJ1 a/leKBaTHOCTBIO MBI OyJ/IeM TOHUMATh CJIE/LYIOINIee: BHIUUC/IUTEIbHAS MOJIE/Ib CTPO-
UTCA Tak, LITO6I)I C ee IIOMOIIbI0O MOZKHO 6bIJ'IO 61)1 JA0Ka3aThb TEOPEMY CyHIeCTBOBaHUA DEIICHUA
ncxomHoi nuddepenimaabaoil 3amadu. [lociaemHee 06CTOITEIBECTBO MPEACTABISIETCS IPE3BbI-
JaifiHO BaXKHBIM (DAKTOM, ITOCKOJIBKY MPU TUCJECHHBIX pacdeTax Mbl JOJXKHBI ObITH YBEPEHBI B
TOM, 4TO HpI/I6J'H/I}KeHHOG penienue ﬂeﬁCTBI/ITeﬂbHO CTpeMUTCd B IIpeJejie K PEHICHUIO I/ICXO,ZLHOfI

nuddepeHIuaibHON 3a/1a4u.
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CXEMBI ITOBBIIIIEHHO TOYHOCTH AJId OTHO OBPATHOMN
3AJTAYYN HECTAIIMOHAPHOW TEIILJIOIIPOBOJHOCTU

Apunos M.!, Yre6aes .2

! Hayuonanvrod ynusepcumem Yabexucmana, Tawxenm, Yabexucman,
mirsaidaripov@mail.ru
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Mruorune IIPpUKJIaJHbIE 3aJa9d MEXaHUKN CILJIOIITHOM Cp€Abl CBA3aHBI C HeO6XO,ZLI/IMOCTI>IO

IIOCTAHOBKHU W YHCJIEHHOTO peIleHusI OOpaTHBIX 3ajad. UucjaeHHOe pellleHre OOPaTHBIX 3a/1ad
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B OCHOBHOM CB#3aHbI C BO3MYIIECHUEM HCXOJHON 3a/ia4i C IIEPeXO0J0M K HOBOI KOPPEKTHON
za1ade. OJIMH U3 TAKUX METOJOB sIBJII€TCS MATO KBazuobpaieHus. B pabore paccmarpuBaercs

cJIeJIyIonas peTpociieKTUBHasA oOpaTHas 3a/iada HeCTAIMOHAPHON TEeIJIOITPOBOIHOCTH:

( >%_LUZO, mEQ:{x’x:(l'l;l'Z)a O<xa<la7 &:1’2} <1)

C HEKOTOPbIMHU Kpa€eBbIMH N HaYaJIbHBIMU YCJIOBUAMMU.

st pemenust obpatHoii 3agaun (1) paccMoTpuBaeTcsi OJMH BapUAHT METOJA KBa3uOO-
pallleHnsl, CBA3aHHAsl C TIEPEXOJIOM K IICEBI0NapaboIMIecKOMy yPaBHEHHIO, T.€. IPUOIUKEHHOE
perierne obpaTHoit 3ajaqn (1) onpegessiercs u3 ypaBHEHUsI
Ouyg, ou

()E—Lau%—aLW—O e, 0<t<T, (2)

€ COOTBETCTBYIONNMI HAYAJBHBIMU U KPAEBBIMI YCIOBUSMU. 37eCh o > 0— mapamMerp perysis-
pusanuu. AIIPOKCHMUPYs TPOCTPAHCTBEHHbIE IIepeMEeHHBIE B (2) HA OCHOBE METO/a, KOHEUHBIX
9JIEMEHTOB WJIM METO/a KOHEUHBIX PA3HOCTEH MOJIyInM CUCTeMYy OOBIKHOBEHHBIX JuddepeHIiu-

aJIbHBIX ypaBHEHUN

duy (t
DT 4 Aunt) = 0, un(0) = woy. Q
rae vp(t)— 9JeMeHT KOHEeYHOMepHOro mpocrpancrsa, Hy, Vi; D = b(z)E + aA, A = —A—

o1repaTopbl U3 Hh B Hh (B METO/IE KOHEYIHBIX 9JIEMEHTOB UM COOTBETCTBYIOT MaTPUIIbI MaCCbhbl 1
P

skectkocetn). 3ech b(x) = ¢(x), x € w— cerka mo npocrpancTBy, A = > A, A, =A% > 0.
a=1

s perrerns 3aga4qu (3) MpUMEHSIETCsT MHOTOApAMETPHIECKAst JIBYXCIOHAS PA3HOCT-

Had CXeMa ME€TOa KOHEYHbIX 9JIEMEHTOB 9€TBEPTOI'O IIOPAJKa TOYHOCTU II0 BPEMEHU!

2

~ 2 ORI A~ ~ T .
At R ek N LA B (-t St YL PN )
T 12 T 2 T 2
n+1 n+1
rjae Y1 = f fl)ydt, ps = f f(t (3 v2 —I—s 2)2 >dt s1 = 157 — 35c/3, s9 = 140y —
3500/3, v(l)—t—(t +7/2), > = 7(E3—3€2/2+£/2), €= (t—t,)/T.

[TocTpoennas cxema (4) IO/ TYMHSIOTCS YCJAOBUIO Y€TBEPTOIO MOPSIJIKA, AIIIIPOKCUMAIIHU 110
Bpementt « + 3 = v, a, 3,7 = O(7?). B pabore 1o/yuenbl allpUOpPHbIC OIEHKH B Pa3JIddHbIX
HOpMax. Kpome Toro, JloKa3aHbl CXOAUMOCTE CXeMbI (8) IPH CHJIBHBIX U CIaOBIX MPEJIOIoKe-

HUSAX O TVIQJIKOCTU PEIIeHnit NCXOHON TnddepeHIna bHoi 3a,1auu.
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OT'PAHNYEHHOCTD CEKL[I/IOHHOﬂ KPUBUU3HBI MHOT'OOBPA3UN
S3x R

Acinonos 2K. O.

Hayuoranrvrol ynusepcumem Yabexucmana, Tawxenm, Ysbexucman, jasurbek05@mail . ru

B reopun muoroobpasuii riajkne puMaHOBbI MHOT0OOpa3un JIeIdTCd Ha JIBa KJIacca: CeK-
nuonnas Kpususua KoTopbix K, < 0 u, K,0 coorBercTBenno. VccemoBanust 3Tux MHOT000-
paswuiit yIpoImaeTcs, ecjii yIecTbh n30MOpGHOCTH R W MHOTOOOpa3uili HyJIeBOil KpUBU3HBI, S
U MHOrooOpasuii MOJIOYKUTE/IbHONW KpUBU3HBI, S 1 MHOrooOpasuii OTpUIATE/IbHON KPUBU3HBL.
Takum obOpa3oM, CEeKIIMOHHAA KPUBU3HA UT'DAET BAaXKHYIO POJIb IPU HUCCIEIOBAHUU MeOMETPUN
MHOT'000pa3uii.

PumanoBa mMeTpuKka, gBJIAIONIAACA OJITHOBPEMEHHO W JIEBO- U NPABOMHBAPUAHTHOM, HA3bI-
BaeTcsd OumuHBapuanTHoil. Takue MeTPUKH CYIIECTBYIOT He Ha Bcex rpynmnax Jlu. meer mecto
CJIeTyIomast

Teopema. Ha kax10it koMmmakTHO# rpymre JIu cymecTByer XoTs Obl 0/1Ha ONMHBAPpUAHT-
Hasg PUMAHOBA METPUKA.

Hasee npusenem cBoiicTBa OHMHBAPUAHTHBIX METPUK B BUJE Te€OpeM .

Teopema 1. /I1g 6bunaBapuanTHOit MeTpukn Ha rpyitie JIu G u Jiro0bIX JIeBOMHBAPUAHT-
HbIX BeKTOpHBIX noJieil X, Y, Z na rpynne Jlu G (X, [Y, Z]) = ([X,Y], Z) .

Teopema 2. /I jieBouHBapUAHTHBIX BEeKTOPHBLIX mojieit X, Y cBasnocts JleBu-Yusura
OUMHBapPUAHTHOI PUMAHOBOI MeTpuky Ha rpyuie JIu G umeer Bug VY = % [X,Y].

Teopema 3. [lyis1 OunuaBapuanTHON MeTpuKu Ha rpyime JIu G ceKImonHas KPUBU3HA B

Touke p € G B nanpasienun o = X, A Y, Belpazkaerca hopMyJIoil

KAy = L VLX)
(X X)(V,Y) - (X.)

riae X, Y- JieBOMHBapUaHTHBIE BEKTOPHBIE IT0JI.

W3zBecTHO, 9TO MHOXKECTBO BCEX TVIAJIKUX BEKTOPHBIX IMOJIEH Ha IVIAJKOM MHOTO0Opasnn
co ckobOkoii JIu obpaszyror anredpy JIu u jura kaxaoro muddeomopdusma ¢ : M — M BepHO
[dpX,dpY] =dp[X,Y].

Pacemorpum Tereps SO(n)- rpymia BEIECTBEHHBIX OPTOTOHABHBIX (1 X 1) MATPHIL C

yenouem det A # 0. Ceknmonnasi Kpususaa rpymnbl JIn SO(n) BbIpazkaeTcsi CJIeIyOIImM
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obpaszom |3]:
2
)y (E wihyki — 3 yikxkzj>
I i \% k
K, =- :

4 2
> (29)* Y (y'9)° — (Z x"jy"j)
i<j i<j i<j

B uacrrocru, miug SO(3), nanpumep, K, = }l.

Beesiem na kacaresbHoit mpocrpanctse 1S0(3) 6aszuc cieayomum 06pa3om

00 O 0 01 0 -1 0
Xi=100 —-1],Xe=10 0O0|,Xz=|1 0 0
01 0 -1 10 0 0 0

1o ba3uc ABJIdeTCA OPTOHOPMUPOBAaHHBIM U cKOOKa JI1 6a3UCHBIX 3J16MEHTOB OolrpeJesisdaeM

TabJIIIEeiH
[XlaXQ] :X37 [X27X3] :X17 [X37X1] :X2'

Ecau comocrasuts 6asucy X, Xo, X3 6asucusie Bekropsr {1,0,0}, {0,1,0}, {0,0,1} B
R3, o mmneiinblit nzomopdusm mexiy TrSO(3) n R? okasbiBaeTcs nuzoMeTpueii.

PaccmorpuM Tpexmepnyio cdepy S° pajnyca 2 co cTaHJapTHONH PUMAaHOBOI METPUKOI.
Bekropsr X1, Xo, X3 B crangapTHOi MeTpuKe cdepbl S? 06pasyeT opTOHOPMIPOBAHHLIH Gasnc
B 1,53, a Kak JleBOMHBApUAHTHBIC II0JIs - OPTOHOPMUPOBAHHLIN Gazuc Jyis j1060it Touku S°.
IIpu sTOM cKassipHoe npomsseenne < X, Y >, = Ay + Ao + A3pus, s mobbix X, Y € 1,53
TaKUX, 9TO

X =MX1+M0Xo+ 3X3, YV =11 Xy + p2Xo + 3 Xs.

Beenem na S? HOBYIO METPHUKY <&, > CJIeIYIONIUM 00pa3oM

1
< XY >= g/\l,ul + Aapig + Azpis.

Ornmane MeTpukn <, > OT CTAHIAPTHON COCTOUT B TOM, UTO KaryKJ0€ KacaTe/bHOe MPOCTPAH-
ctBo "cKuMaercsd'B HanpaBeHnn BeKTopa X;.

Paccmorpum rpymny JIu G = S? x R ¢ MeTpukoii npsiMoro mpoussejieHus chepbl 1 IIps-
Moit. DTa MeTpuka bunaBapranTHa. Ayredbpa JIu rpynmer G oydaercs u3 agredbpa Jlu rpyimss
S3 nobasenneM K 6azucy X1, Xo, X3 KacareabHoro K R e IMHIYIHOTO BeKTOpa X4, /I KOTOPOTO
1pu Beex i BoinosHgercsa paserctsa [X;, Xy| = 0. Tosyuennbit 6a3uc siBjisieTcsi OpTOHOPMUPO-
BaHHBIM.

Ha rpynmne G paccMoTpuM BEKTOPHBIE TIONISA £ = \%Xl + %X4, Loy = —%Xl + \/LngL-

[Mycrs m : G — S x {0} upoekTupoBaHue BJIOJIb UHTErPAIBHBIX KPUBBIX BEKTOPHOIO
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nost Zy. Cepy S x {0} ¢ merpuxoit <,>> obosnaunm uepes M . IIpu sTom oToGpaskenue
m : G — M gBidgercs PUMaHOBOI cyOMepcHeil, rje moJjie Zi- TOPU30HAJIbHOE, a IoJe Ly -
BEPTUKAJIBHOE, TaK ITO

ldnZ,| = |Z1| = 1, |dnZs| = 0.

Hocxombiy X; = £7; - \/gzz to |dnXy| = 4.

C nomornpbio popmysisl O’Heitta BoraucimMm ceKImonnyo kpususny K, maoroobpasus M.
IMycrs X, Y € T, M npumem

X = V3MX, + Xy + A Xy, V= V3 Xy 4 poXo + p3Xs,

Tak 19To |X/\Y|?\J = <<X7X>> <<Y7Y>> - <<X’Y>>2 = V12+V22+V§7 rne vy = A2ﬂ3_/\3ﬂ27 by =
Aty — A3, V3 = Aifle — Agfly.

lopuzonTambHBIME TTOTBEMaMU BeKTOPHBIX moJieil X, Y B (G sIBJISIOTCST BEKTOPHBIE TOJIS

X = M2+ hoXo + XXy = TN+ 00X + X Xs + /20X,
Y =2 + XaXo + A3X3 = \/Lg,ule + Ao Xo + A3 X5 + \/§M1X4

Nx ckobka JIu [7, 7} =X+ \%UQXQ + \/igl/ng " BEPTUKAJIBLHOE COCTABJIAIONIA [7, 7] V_

—\/gylZg.

Ceknuonnasi kpusnusna K, muoroodpaszus M nng o = X A'Y pasHa

KX,Y) kX Y),+3([X. Y]

TTIXAYE, X AYE, -
11 —2 3/ —V\2
(44 0) (Z X%+ 2 (X7) )G) _

2 2
(1 + 3(\/%) ) vi (JA?:) (v +3) 9vf + (v3 + v3)

4 (v? 4+ v2 +02) 12 (v v 4 v3)’

Orciofa BUIHO, 9YTO CEKIMOHHAA KpUBU3HA K, YIOBIETBOPsieT HEPABEHCTBO 1—12 <K, <

= o
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CIIJIAVMTH-®YHKIINA EPIAMUIA MHTETPAJI TEHTJIAMAHU
TAKPUBUI EYNIILI

Baxpomos C. A.

Vaobexucmon Muanruti ynusepcumemu, Towkenm, Ysbexucmon

MaremMaTuk pU3MKaHUHT KYTI71a0 Macajgaj apu YU3UK/IM UHTerpasl TeHIIaMaiapra KeJITu-
puwiraju. VHTErpas TeHriaMagapHu Xap JOUM XaM OepujraH Tajgad/iap acocuia aHUKEIUMUHN
tonub OYnaBepMmaiiiu. [Ilynunr yayn xaM wHTerpaJs TeHIJIaMaJapHu TaKpuOuii edurn ¢paH Ba
TeXHUKAHUHT PUBOKJIAHUIINIA XaM aMaJiiii XaM Ha3apuil KuxaTaaH 10/3ap0 MacasiaiapiaH
XHICOOIAHAIN.

Kyiinga unrerpas TeHrjiaManu Oupop KBajapaTyp (opMmysia €épgaMuia TaKpUOUil equimra

ACOCJIAHTAH YCYJIUHU KYPUO TUKAMMS3.

b

/mmmz§ijM+Rw> 1)

a

Oynaa ; € [a,b] Kecma HyKramapu abpccanapn, A; KkBaaparyp dbopMyIaHIHHT COHM K0hbu-
rentiaapu, R(F) - kBaaparyp GopMyTaHuHD KOJITHKXA/TH.

uTerpas TeHraaMaiy Takpuonii xucob tamia BoiliaJanuiaJural TyryH HyKTaaap TeHr
Y30KJIMKa, »KOiIallral Xo/Lap/ia NHTEPIOJISIMOH KBaapaTyp hopMyraiap, SbHI TYpToypda-
KJ1ap, Tpanenus Ba CUMIICOH KBaapaTyp (popMy/IalapiHA KyJLIAMI MyMKIH.

Yy uina acocan ciiaiH-QpyHKILIap acOCHIa KypUIral KBaaparyp dpopmyiauap ep-

JaMuia Kynuaaru .
)=\ [ Klzo)y(s)ds = (@) (2

UKKUHYU Typjaru OpejroibM HHTErpaJsl TeHIVIAMACH TaKPUOUI eduIl yCyJIUHI KapaiMus.

Busra 2-uu typ ®pearoabm uHTerpas renriamacu (2) 6epusran 6§iacun. 6y epaa K(x,t)
Ba f(z) dyHKIMIAD KepakJn TapTuOrada XOCHIAJapu y3iaykcen3. A— Gepusran coH. VHre-
rpasuIalll Opauru = € [a, b] -au n Ta 6yaakka 6yub h— Kagamunu h = b_T“ Torub ogamus. h—
KaJaM éplaMua TYyTYH HyKTaJdapHn aHuKIaiMus ¥; = a-+i-h, i = 1, n. By Tyryn mykTagapian
doiimanannd KyiingarniapHn aHIKIaiMu3

y(z;) = vi, K(zi,xj) = K j, f(xi) = f; (i,j=1,n,) ddopmynara acocam
yi—)\ZAj'Kz’,j'yj:fi‘i‘Ri (3)
j=1

sra Gysnamus, (3) cucremaga R; vy Tamiab 06opub y(r) equmuunr x; (i = 0,n) TyryH HyKra-
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JlapJaru y; TaKpuOuii KuiiMaTiap yayH YU3UK/IA ajarebpank TeHriaMaJjap CUCTEMACUHU XOCHT

KUJIaMI3

yi—AY A; Kijy; = fi (i=0,n) (4)
=1

0, 7 # 7,
1, i=j.

ymoy cucTeManu Takpubuii eqnin yayH Kpornkkepaunr ymoy d; j = OerucuHI

unutatub (4) cucremacnHn Kyiumarnda €3aMus3

n

> (615 — AiKi)y; = fi(i = 0,n); (5)

j=1

Arap (5) ma A(X) = det(0; ; — AA; K j) # 0, y xonza (5) cucrema sirona ednmra sra. Cucremanu
eun6 y; (i = 1,n) sapuu Tonu6 y(x) euum yuyn (2) TeHriamajian TaKpubuii aHaIUTUK eUMHE
0JIAMU3 .
y(@) = f@)+ XY AK (@i, )y, (6)
j=1
Ymuiby wunra Kapamaérrad 2 - Typ PeparosibM WHTErpaJj TeHIVIaMaHW HWHTEPIOJISINOH
KyOuK ciuiaiin (pyHKIUs IpjaMuia TaKpuouii edamMu3 Ba OYHUHI HaTHUXKACHUIA OJIUHIAH HATH-
JKajap TYrpu TYprOypUakiap Ba Tpalenusiap Ksajaparyp dhopMmysaiapyu épJaMuia OJIMHIaH

HaTH>KaJlapJaH AXIITN dKaHJIUT'N Kpr&TI/LHa,ZLI/I.

OBOBIIIEHHOE TOIIOJIOTNYECKOE ITPOCTPAHCTBO

Bemmumos I'. P.

Tawxenmexut 20cydapecmeennvili sxoHoMUYeCKUT Yyhusepcumem, Tawrxenm, Yabexucman,

gayrat.920mail.ru

B pabore [1], [2] BBemennl mnoHsTHA O0GOGIIEHHOIO TOMNOJOIMYECKOTO MTPOCTPAHCTBA
(generalized topological space — GTS). [Iycrs X — HerycTroe MHOKECTBO 1 MHOYKECTBO BCEX IOJI-
muOoKecTB X obosnaunm depes p(X). Cemelictso p nojmuozkectBo p(X ) Haz0BEM 0000IIEHHOM
tonostorueit Ha X, ecam () € p 1 NPON3BONBLHOE OOBEMHEHNE 3JIEMEHTOB [ CHOBA MTPUHAJIJICIKHAT
w. Torma mapa (X, i) HasbIBaeTCST OOOOIEHHBIM TOMOJIOTHIECKIM ITPOCTPAHCTBOM. DJIEMEHTHI
{4 HA30BEM [1-OTKPBITBIM MHOKECTBOM.

SlcHO, UTO BCAKOE TOIOJIOTUIECKOe MpocTpancTBo apisgerca GTS npocrpancTBom, HO 00-
paTHOe He BCerjia BEPHO.

ITpumep. 1) Ilycre X = {a,b,c}. Yepes p 0603HATNM OJIMHOKECTBA MHOXKeCTBa X, T.€.



Bbewumos P. B., Mamadarues H. K. 145

p =140, a, b, {a,b}}. dcuo, aro (X, u) ecrb GTS npocTpaHCTBOM, HO HE ABJISIETCS] TOIOJIOIH-
YECKUM MPOCTPAHCTBOM, Tak Kak X ¢ .

2) Ilycrp X = R — umcyoBas npsiMas. PaccMOTpuM CjIeJyIomue MOJAMHOXKECTBa [l =
{0, (—00,b), (a,0), R}, rme a < b, a,b € R. dcuo, uro (R, ) ecrs GTS npocrpancTso, HO He
SIBJISIETCST TOITOJIOTUIECKIM TIPOCTPAHCTBOM, TaK Kak 1epecedenue (—oo, b)N (a, 00) = (a,b) & p.

Teopema. [Iycmv X — GTS npocmpancmeo. Tozda npoussedenue X™ maxotce asasemcs

GTS npocmparcmeonm.

JIuteparypa
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2. Csaszar A. Modification of generalized topologies via hereditary classes. Acta Math.
Hungar., 2007, 115: 29-36.
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OYHKTOP PA/TOHOBBIX ®YHKIIMOHAJIOB OSj

Bemmmos P. B.!, Mamagamues H. K.2

! Havuonanvrodi ynusepcumem Ysbexucmana, Tawwenm, Ysbexucman, rbeshimov@mail . ru

2 Mnemumym mamemamuru AH PY3, Tawxenm, Yszbexucman, nodir_88@bk.ru

B pabotre BBOommTCs (byrkTop OSR MOMyaINTUBHBIX PAIOHOBBIX (DYHKIIMOHAJIOB B KaTe-
rOPUI0 TUXOHOBCKUX TpocTpaHcTB 1'ych, KoTopsrit npojgoskut dyukrop OS: Comp — Comp
Oy I TUBHBIX (byHKIHonasoB. JlokaswBaercs, uro dyukrop OSg: Tych — Tych nopma-

JIEH B KaTE€ropuu TUXOHOBCKHX IpocTpancts 1T'ych.

Hamomunm, aro koBapuantabeiilt dyakrop F: Comp — C'omp Ha3biBaeTcss HOPMAJIbHBIM,
€CJT OH HeIIPEpPbIBEH, COXPaHsIeT Bec, Iepecedenns: U mpoodpasbl, MOHOMOPMdEH, anuMopdeH u
[IEPEBOJIUT OJTHOTOYEUHOE TIPOCTPAHCTBO B OJJHOTOYEYHOE, a IyCTOe MHOXKECTBO — B Iycroe [1].

Hamomunm omnpejiesienie HopMaabHOTO (DYHKTOPA, JEHCTBYIONIETO B KATETOPHUIO THXOHOB-
CKUX TTPOCTPAHCTB.

Onpenenenne 1. Kosapuantusiit pyukrop F': Tych — Tych, neficTByromuit B KaTero-
PUIO TUXOHOBCKUX ITPOCTPAHCTB HA3bIBAETCS HOPMAJIBLHBIM, €CJIN OH:

1) ImepeBoauT OJHOTOYECHYHOE IIPOCTPAaHCTBO B OJHOTOYEYHOE, a IIyCTO€ MHOXKECTBO — B

IIyCTOE;



146 Bewumos P. B., Mamadarues H. K.

2) coxpaHsleT MepeceveHnst 3aMKHY ThIX MOJMHOXKECTB THXOHOBCKOTO ITPOCTPAHCTBA,
3) coxpaHsieT mpoodpaskbl;
4) moHOMOpdeH (coXpaHsieT BJIOKEHNU);

5) suumopdeH (IepeBOIUT CIOPEKTUBHOE OTOOpasKeHHe B OTOOParKEHUe C BCIOLY ILJIOT-
HBIM 00pa3oM);

6) coxpaHsieT BeC TUXOHOBCKUX IPOCTPAHCTB;

7) HeNpepbIBEH B CMbICJIE OOPATHBIX CIEKTPOB.

[Tycrs X — xommakt. Yepes C' (X) 0603HAUUM TPOCTPAHCTBO BCEX HENPEPHIBHBIX (DYHK-
mait f: X — R ¢ oObr9HbIMI ([IOTOYETHBIMI) OMEPAIMsIMUA W SUP-HOPMOM, T.e. ¢ HOPMOii
IfIl = sup {|f (x)| : x € X}. Ja xaxmoro ¢ € R depe3 cx 0603HAYNM MOCTOSHHYIO (DyHK-
o, onpejesseMyio mo dopmyne cx (x) = ¢, x € X. Ilyers ¢, v € C(X). HepaBencrso
¢ < @ ozmauaer, uro ¢ (r) < ¢ (x) s Beex x € X.

Oyukrmonan v: C (X) — R nassiBaercs:

1. cmabo amauTuBHBIM, ecam st Bcex ¢ € R um ¢ € C(X) BblmosHseTCS PaBEeHCTBO
v(p tex)=v (@) +e v (Ix);

2. COXPAHSIOIINM TIOPSAIOK, ecan Jyist yuknuii ¢, 1 € C (X)uz ¢ < 1 Boirekaer v (p) <
v (¥);
3. HopmupoBaHHBIM, ecyin v (1x) = 1;

4. TOJIOKUTETLHO-OMHOPOAHBIM, ecit V (A @) = A v (p) ana Beex ¢ € C(X), A € Ry,
rae Ry = [0, +00);

5. moayajumrusaeiM, ecan V(f + g) < v(f) + v(g) asa Beex f,g € C(X).

Hepes OS(X) obosnauaercs |2| MHOXKECTBO BCEX MOJIOKUTEILHO-0HOPOIHBIX IIOJLya [JI-
tuBHBIX dyrknnonanos u3 O (X). Muoxecrso OS(X) cnab:kaercss TONOJIOrHEH MOTOYEIHOI

CXOJIMIMOCTH.

[Tycts reneppr X — tuxoHOBCKOE mpocTpancTBO U Cy(X) — HPOCTPAHCTBO BCEX Herpe-
PBIBHBIX orpanudeHHbiX Gyuknuii f: X — R ¢ o6brdabIME (IIOTOYEUHBIME) OlEpAIUsIMU 1
sup-HopMmoii, T.e. ¢ mopmoit ||f|| = sup {|f (x)| : x € X}.

Onpepenenne 2. Oynknmonan p € OS(SX) HasbiBaeTCst pajoHOBBIM, ecau (i(p,) — 0
Jtst 10601t Hanpasiennoctu {@, } C C(SX), paBHOMEPHO cTpeMsIIeiicst K HyJTI0 Ha KOMIIAKTax

n3 X u cocrodieir nu3 QpyHKIHi, OrpaHUIEHHBIX B COBOKYITHOCTH.

s tuxonoBckoro npoctpancrBa X depes OSg(X) 0603HAYINM MHOXKECTBO BCEX PaJIOHO-
BoIX dyukmonanos u € OS(SX). B OSg(X) pacemarpusaercs ungyimposanaas uz OS(SX)
Tonosiorus. 3amerum, 4o KoHCTpyKimsa OSg(X) nmopoxkgaer KoBapuaHTHbINH (hYyHKTOD B KaTe-

ropuu T'ych TUXOHOBCKUX ITPOCTPAHCTB.
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Teopema 1. Qynxmop OSg: Tych — Tych nopmanen.
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N CIIOJIb3OBAHUE KOMIIBIOTEPHOII ITPOI'PAMMEI "PiPO"
JJ1d TIPOTHO3UPOBAHUE U ITPO®PUJIAKTUKN OCJIOXKHEHUN VY
BOJIBHBIX C COYETAHHO TPABMOU KOCTEN JIMIIEBOI'O CKEJIETA

Boiimypasos I11I. A., FOcynos III. I11.

Tawrernmcexas meduyurckas axademus, Tawrenm, Y3bexucman, shoha 03@mail.ru

B coBpeMeHHBIX yCIOBUSIX pa3BUTHsS ODOINECTBA IOBBIIICHUE KAYeCTBa OKA3aHUS Me/IU-
IIUHCKOMN ITOMOIIU UMeeT UCKIIOUUTE/ILHO BayKHOe coluasibHoe 3nadenne. Hayano-rexanaecknii
IIPOTPECC U BCS COBOKYIMHOCTH COBPEMEHHBIX OOIMECTBEHHBIX OTHOIIEHU MPEIbABIISIOT Bee 00-
Jiee BBICOKUE TeXHUIECKUE, MPO(reCCUOHATBHBIC, MOPAJIBLHO - STUYECKHUE U ITPABOBBIE TPEOOBAHUS
K creruagucram B cepe 3ipasooxpanenusi|1]. HecmoTpst Ha 3HAUMTEILHBIH TIPOrPECC B pa3Bu-
TUW 9eJIFOCTHO-JTUIEBOM XUPYPIUU BOIIPOCHI MTPOTHO3UPOBAHUS U MPOMUIAKTUKI OCTOKHEHU
y OOJIBHBIX C COYETaHHOW TPaBMOIl KOCTEl JINIEBOTO CKeJIeTa He TEePSIOT CBOell aKTyaJbHOCTH.
CoBepllieHCTBOBaHNE METOJIOB JINATHOCTUKU U IPOIHO3UPOBAHUS B YEJTIOCTHO - JINIIEBON XUPYP-
run TpedyeT BHEJIPEHUsI B MPAKTUKY 0ojiee MH(MOPMATUBHBIX U PTOHOMUIHBIX METOJIUK, 9TO
CTaJI0 BO3MOXKHBIM 0JIarojiapst KOMIIBIOTEPHBIM TEXHOJIOTHAM|2].

Hamu paszpaborannas nporpamma “PiPO” | koTopas mnpennazuadera Jjist MpOrHO3UPOBa-
HUS U TPOMUIAKTUKU OCJIOXKHEHHUH y OOJIbHBIX ¢ COYeTaHHOI TpaBMOil KOCTEH JIUIa U Hero-
CPEJICTBEHHO MOYKET OBITH UCIIO/Ih30BAHA CJIETYFOIIMME CIIEIINATHCTAMI: I€TIOCTHO-JIUTIEBOI X1~
PYPI, TPABMATOJIOT, HEHPOXUPYPT U CHEIUAIUCT SKCTPEHHON MeUITMHCKO# momoru. Takzke oHa
[peJjiHa3HAYeHa Jist 06c/Ie10BaHus DOJIbHBIX C JIAHHOMW maroJiorueii|3).

[Iporpamma “PiPO” pazpaborana c¢ ucrnois3opanneMm sizbika VISUAL BASIC 6.0 B cu-
creme MS OFFIS ACCESS 2010. I[Iporpamma dyuxknuonupyior B cpege WINDOWS XP,
WINDOWS 7 u WINDOWS 8 na xomibiorepax Jiroboit kouduryparuu. [Iporpamva saBiis-

€TCA IIPOorpaMMHBIM KOMIIJIEKCOM, COCTOAIIIUM U3 HECKOJIbKUX LIaCTeI'?I7 0003HaYCHHBIX CTpOKaMu
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riaaBHOTO MeHo. IlepBast crpoka ryraBHOro MeHio "Perucrpariust namueHToB" T03BOISIET BHI3BATD
dopmy "Kapra" 115 3aHecenns JaHHBIX CyObEKTUBHOTO UCCJIEIOBaHUs 1 OObEKTUBHOIO OCMOT-
pa. [lamabie GepyTcss B OCHOBHOM W3 CIPABOYHUKOB M IPU HEOOXOJUMOCTU 3aHOCATCH BPYU-
Hyto. IIpocMoTpers Bce cpaBOYHUKN MOXKHO € IOMOIBI0 KHONKN "Crupasounukn"s [maBHOM
Mmerro. B cupaBounnkax "Aprepuanbaoe nasienne "Taxunnos "Kposomnorepsi"sagatorces rpa-
HUYIHBbIC 3HAYCHUS JIJIT KaXKJIOTO U3 BHJOB AJITOPUTMOB OKa3aHMsA MTOMOIIH, TOITOMY B (Gopme
"Kapra'"sru 3navenuns 3aHocaTcsa BpyaHyo. CIIpaBOYHUKN MOXKHO JIONOJIHATE U U3MEHATh. [Ipn
naxkatuu knonku "Bwibopka 1o 3asannbiv napamerpam's dopme [taBHoe MEHIO OTKPBHIBAET-
ca dpopma "Kapral BEIOOD JaHHBIX MOKHO mpon3BoauTh 1Mo "Homepy kaptoi o "@amumn mo
" Jlaram u nipeaBapuresibHoMy jguaraosy'. @opma Kapra cogep:xut kuonky "Anaropurv okasza-
HUSI TTIOMOIIIN [TOCJI€ HAXKATUsT KOTOPOIl BBIJIACTCS AJITOPUTM OJIUH U3 TPEX, JAHHBIX B IPUIOXKE-
Hun, 370: "AJITOPUTM OKa3aHMS MOMOIIU B MPOBEICHUH JI€IeOHO-TMATHOCTUIECKIX MEPOIIPH-
ST OOJILHBIM C COYETAHUSIMU TPaBM JIMIIEBOIO CKeJIeTa ¢ KOMIEHCHPOBAHHBIM OOIIMM COCTO-
stareM " AJITOPUTM OKa3aHUsi TIOMOIIU B MPOBEICHUH JIEICOHO-TUATHOCTUICCKUX MEPOIPUATHI
OOJIBHBIM € COYETAHUSIMU TPABM JIUIEBOTO CKejleTa ¢ CyOKOMITIEHCHPOBAHHBIM OOIIUM COCTOSI-
HueM "AJITOPUTM OKa3aHUsT TOMOIIU B MPOBEJIEHUE JI€IeOHO- THATHOCTUIECKUX MEPOIPUSITU
OOJIBHBIM C COYETAHUSIME TPaBM JIMIEBOTO CKeJIeTa C JeKOMIIEHCHPOBAHHBIM OOIIUM COCTOSTHU-
em". TIporpamMmma nCIob3yeT JIUaOrOBBI pe:kuM pabOThI C MOJTB30BATEIEM, HAUMHAS C TJIAaB-
HOT'O MEHIO, COIIPOBOXKIasi paboTy MOJIL30BATE/Isl MOJICKA3KAME U IPOMEXKYTOUYHBIMU ITPOCTHIMU
MEHIO JIJIsI TTO/ITBEPKJICHIS PENICHIs TOIb30BATE/IS.

Taxkum obpazom, npumenerne mporpamMmbl “PiPO” n1adr Bo3MOXKHOCTE MPOBEIEHUST M€/~
[IUHCKON peabu/InTaIiuu B 3aBUCUMOCTH OT TS2KECTU ODIIEro COCTOSHUST OOTBHBIX U JIOKATUBAIIAN

mepejioMa KOCTelt JIMIIEBOI'O CKeJIeTa AJIdA BbI60pa KOMILJICKCHOT'O JICYEeHUs OOJIbHDIX.
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JIeKTyaJIbHOI cobcTBennocTn Pecrybimku Y3b6ekucran: CBuaeTebcTBO 00 0DUITUATLHON

PErUCTPAIMK TTPOTPAMMBI JIJTsT 9JIEKTPOHHO-BbrancanTe babix Mamua No DGU 04023 -



Baucosa M. JI. 149

2016.04/10.

EMKOCTH B KJIACCE a— CYBTAPMOHNYECKINX ®VHKIIN
Baucosa M. /I.

Vpeenuckutl 2ocydapcmeernnniil yrnusepcumem, Vpeenu, Vsbexucman, v_mohira@mail .ru

[Iycts a— crporo mosiokuTe/bHasg, 3aMKHyTas juddepennuaibiasg dopma Oucterenn
(n—1,n—1), ¢ beckoreudro riagkuMu Kosddurmentamu, Toraa ddu A o SBIISETCST SJTANTH-
YECKUM OIIEPATOPOM BTOPOIO HMOPSIKA ¢ OECKOHEUHBIMU TIAJKUMU KO3 hUImeHTaMu.

Onpenenenne 1. Jlcascov, 2radkan 6 obracmu D C C* dynxuyua u(z) € C*(D)

HA3BIBAEMCA L — 2apMOHUYeckotl, ecau ddu Na =0 6 D.

1

Loe (D) 3adarnasn 6 obaacmu D C C" nasweaemca

Onpegenenne 2. Qynxyus u(z) € L

o — sh pynxyuets 6 D ecau:

1) ona noaynenpepwvisna ceepry 6 D, m.e.

lim u(z) = lim sup u(z) < u(2°);
z—20 £=0 B(20 ¢)

2) obobwennan dynrkyus (nomok)
(ddu A o] (w) = /u Ao Addw, Y e F (D),

noaoostcumenvua, m.e. [ddu A of (w)0, Yw0. 3deco F (D) — npocmpancmeo ochosHux

Purummvr Gynryud.

Kiace a—rapMoHHYeCKHX U av—CybrapMoHnIecKux (pyHKIM 0603HAUAIOTCS, COOTBETCTBEHHO,
aepes a—h(D), a—sh(D). 3amerum, uro g o = (dd° |z[2)n_1 MBI Oy/1eM NMeTh TapMOHUYe-
ckue u cybrapmorndeckue dbyskimu (cM.[1]). VI3 reopun simmnTHaecKuX OnepaTopoB CIe/Iyer,
aro B npocrpanctee C" ~ R*" cymectsyer dyngamenranbuoe pemenne K, (2, w) oTHOCHTE H-
HO ukcnpoBanHoit Toukn w € C" : dd°K, N o = 0, (2), r1ie 0, (2) —mepa lupaka B Touke w
u npuideM K, (2, w) sBisgercs 6eCKOHEIHO IIakuM BHe 2z = w (cM. [2,3]).

Onpenenenune 3. Oyukims

Uéi(Z):/Ka(Z—w)du (w)

HA3BIBAETCH (X—NOMeHUUaA0M Mepvi (1. HekoTopble cBolicTBa av—CcyObrapMOHUYIECKUX PYHKIIN

I Q—IOTEHINAJIOB U3yUueHsl B pabore [4].

C,—eMKOCTb
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Omnpenenenne 4. [Iycte K C C"-kommakTHOE ToaMHOXKeCTBO. Crieytomnias BeTuanHa

Co(K) =sup{p(K) :suppp C K, UZ(2)[x —1}

Ha3bIBAETCA (x—EMKOCTBIO KOMIakTa /.

st mpoussosibHOro MuOXkecTBa 2 C C" onpenenum BayTpenuion emkoctb C' (E) dop-

MYJION

C(F) = sup Cy(K), K-—Kommakr,

KCE

Q

u BHem IO eMKocTh Co(E) dbopmyitoit

Cu(E) = énfE C,(G), G—O0TKpBITOE MHOKECTBO.
D

Ecrm O (E) = C,(E), To muoxectso E 6yaem HasbibaTh C-U3MePUMBIM (H3MEPHMbIM TIO
emkoctn) 1 ucats C,(E) Bvecto Co(E) u C (E).

OCHOBHBIMHI pe3y/IbTaTaMI JIAHHON PabOTHI SIBJISIOTCS CJIE/LyIOIIne

Teopema 1. IIycmv E C C" npoussoavroe mrooicecmso. Co(E) = 0 mozda u moavko
mozda, kozda cyuecmeyem u(z) € a—sh(C") dynryua makas, wmo u(z) # —oo, uly = —o0.

Teopema 2. Jlasa 11066l cmpozo NOAOHCUMENLHBIT, 3AMEHRYMBL Juddeperyuaivros
dopm a; u g bucmenenu (n — 1,n — 1), ¢ beckoneuno 2aadkumu KoIPPHuuyuenmamy, emrocmu

Co, u Cy, odHospemento obpawaromes 6 nyav, m.e. Co, (F) =04 C,,(E) = 0.
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KAPTA HEIIOJABUXKHBIX TOUEK HEJIMHEMHBIX OTOBPAYKEHUI
CUMIIJIEKCA HA CEB4

lanuxamxkaes P. H.!, Tagxxuesa M. A.2, Smumberos M. P.3

! Howuonanvrod ynusepcumem Ysbexucmana, Tawwenm, Ysbexucmann,
rganikhodzhaev@gmail . com
2 Havyuonanrvruti yrusepcumem Yabexucmana, Tawwernm, Ysbexucman, mohbonut@mail.ru
3 Tawmenmexuti yrusepcumem ungdopmayuonmvir mexnosozuti, Tawxenm, Yabexucman,

eshimbetov1989@mail.ru

m
I[Iycrs Ha cumiuiekce S™ 1 = {x = (1, ooy Tp) 2 DT =1, x,-()} C R™ zagano orobpa-

i=1
KeHue

o'y =wp (L4 fix (), k=T,m (1)

rie fr (x) menpepsiBHO auddepenimpyeMbe GyHKIUMH YI0BJIETBOPSAIOIINE YCIOBUSIM:

Lo fi(z) = fr (1, oy g1, Thg 1y ooy Tin)

2. fu(x) —1 gys Beex x € S™ L, npuuem, ecin x> 0, To fi () > —1
3. > xp - fy(z) =0, upn z € S™L.
k=1

Orobpazkenne (1) npu BeiONHeHNN yesoBuii 1) - 3) aBisercss 0600IeHIeM TUCKPETHOM

Mozeu JIorku—Boabreppor.
/ / /
[Iycrs V (2) = (21, 2/, oy @)
Vreepxkaenue 1. V (S™ 1) = 8™ m.e. V8™ 1 — S qeasemea cropsexmuechvim
)

omobpastceruem.

ycrs [ = {1,2,...m},a Cl,a# @ ul, ={zeS™!: 2,=0,Yi ¢ a} — rpanb
cumiuierca S™ L. Jlerko 3aMeTHTh, 4TO J0basd TpaHb CHMILICKCA BIOJIHE HHBAPHAHTHA, T.C.

V([,) = I'y. B gacrHOCTH BCE BEPIIMHBI CUMILIEKCA SBJISIIOTCST HETIOJBUXKHBIMU TOYKAMU JIJIST

V.

Teopema 1. P = {x e S™ 1 fi(x)0,i= I,_m} + .

CaencrBue. Mruoswcecmeo P cocmoum u3 HEnodsusCHOLT MOoex.

JpoiicTeennbiM obpasom @ = {z € S™': fi(z) <0,i=1,m} # @ Takxke cocro-
UT U3 HemoABWKHBIX Touek. llycrs F(x) = (fi(x), fo(z), ..., fm(z)) m suppF (x)

{i€l: fi(z)# 0} mocuress F B rouke x. OueBuano, ecin x € FizV, vo suppx (| suppF (z) =
J.

Teopema 2. Ecau x € FixV u

suppx ﬂ suppF(x) =@ =1, (2)
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MO T U30NUPOSAHHAA HENOOBUNCHAA MOYKA 2UNEPOONUMECKO20 MUNA.

CaencrBue. Ecau 6unosnaemcs yciosue (2), mo MHOMCECEO HeNOJSUNCHBIT MOUeK
FixV xoneuno.

ITycrs I, rpans cumvintekca S™ 1, Vo-cyxkenne V na Iy, P, 1 (), COOTBETCTBYIOIINE HEIIO-
JIBU2KHBIE TOYKH.

[IpeamnonoxkuB, 9To ycaoue (2) BBITOTHEHO OTMETHM BCe HETOIBIZKHbIE TOUKK V' B BHje
TOYEK Ha IJIOCKOCTH, 3aTeM omupeaenus Bce P, um (), coeauHnM UX CTPeIKoil miayiieit or P, K
Qa-

Onpepenenune. [lonyuennblii OpueHTUPOBEHHBIH Ipad Ha3bIBACTCA KApPTOH HEIOIBHK-
HBIX TOUYeK oTobpazkeHust V u obosHadaercsa depes (. Kapra HEOABMIKHBIX TOYEK AAUT JO-

CTATOYHYIO WHMOPMAIINIO 00 aCHMITOTUYECKOM TIOBEJIEHUN TPACKTOpUil oTobpazkeHus V .

Teopema 3. Ecau Vi u Vo omobpasicenus éuda (1) u monosoeuvecku conpasfcenvl, mo

UT Kapmol U30MOPPHDL.
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IIOTEHIIMAJI XUTTCA B HEMUHUMAJIBHON
CYINEPCUMMETPUYHON MOJAEJIN IIPY1 TEMIIEPATYPE ®A30BOT'O
ITEPEXO/IA

l'osienes E. A., I'ypckass A. B., HoaromosioB M. B., PrikoBa 9. H.

Jlabopamopus mamemamuueckol gusuru, Camapcruis ynusepcumem, Camapa, Poccus,

mikhaildolgopolov68@gmail . com

Pabora mocssiena uccieoBanuio haszoBOro Iepexojia B paMKaX CyNepCUMMETPUYHBIX
pacmpennii crasgapraoit mogean (MCCM, HMCCM u OMCCM) npu 100/ HUTETEHBIX YCIIO-
BUAX HAPYIIEHUs] CUMMETPUI 1 TeMIepaTypHBIX mompaBkax. Kiraccnueckas KapTumra dapuore-
He3uca B Teopusx Bemmkoro obbeguHeHMs mpeTepresia CUIbHbIE U3MEHEHUS ¢ YTOUYHEHUEM U
pazsutuem reopun Crangapraoit Mojgesu (CM), dasoBoii auarpammoii sjekTpocaaboro B3au-

MOJIEHCTBHSI U 9KCIIEPIMEHTATBHBIMU JAaHHBIMEU TI0 (usuke 6030Ha Xurrca [1]. B cBsasu ¢ stum
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00CyX)KIaI0TCst 0coOeHHOCTH Oapuorenesnca u (a30BOro IMepexojia, B TOM YUC/IE, B MOJIE/IAX C
PaCIIuPEHHbBIM CKaJIAPHBIM CEKTOPOM IIPU KOHEYHbIX TeMIIEpaTypax. HO,ZL‘{epKI/IBaeTCﬂ 3Ha4Y€HUE
deHoMeHOJIOrun pacimpennii ckaisipaoro cekropa CM s sekTpociaboro daszoBoro mnepe-
XOo1a. B JOKJIaJde IIPUBOJUTCA KPaTKOE€ OIIMCaHUEe MCTOPUYICCKOI'O Pa3BUTHA COOTBETCTBYIOIINUX
BOIIPOCOB, MIEPEUYUC/IEHBI OCHOBHbBIE CIIEHAPUN DAPUOTEHE3UCA U ITEPCIEKTUBBI UX MCCJIEIOBAHUS.
PaccmaTrpuBaiorcst OCHOBHBIE KPUTHYIECKUE MIPEICKA3AHNSA JIJIsi NCCIEOBAHNsT CBOMCTB CEKTOPa

Xwurreca.

B npeamectBytonux paborax aBTOpPbI pacCMaTPUBAJIN OOIUI CKAJIIPHDBINA CEKTOP XUTTCa
[2-7], B Tom umcre, ¢ napymennem CP-WHBAPDUMAHTHOCTU U TEMIIEPATYPHBIMHU OIPABKAMHU.
Takske GBI Pa3BUTHI METOJBI pacdeTa TeMIepaTypPHBIX MHTerpaJsoB [6] s ympasisrormmx
apaMeTpoB IMOTeHIaga Xurrca. B Hacrosimee Bpemsi (0COOEHHO IOCJIE OTKPBITUST 9aCTHIIbI-
KaH/[ujaTa Ha pojib 06030Ha XUITCA) y MHUHUMAJBHOTO PACIIUPEHHs CKAJISIPHOIO CEKTOpa BCE
MEHBIIIE TTAHCOB PeaN30BAThCs, MOITOMY BayKHYIO POJIb UTI'PAIOT UCCIETOBAHUS HEMUHUMAJ b
HbIX pacmiupennit. Oupejesnensr yeaoBus it 3 dexrunoro norennuasia mojaesu HMCCM,
KOTODBIE TIPUBOJIAT K CUJILHOMY (DA30BOMY IE€peXO/y IePBOrO POja, HEOOXOJNMOMY I Te-
Heparuu HabJomaeMoit 6apuonHnoit acumMerpun. [Ipu 3ToM JonoHUTEIbHOE KUPAJIbHOE TI0JIe
urpaer poJib cTabuaIn3upylorei menbl s ¢gazoBoro mnepexoja. lIpomomkeno ucciieoBanme

CKaJISIPHOTO CEKTOPa METOJIaMU Teopun Karactpod |3, §].

OcobeHHOCTD TIPEJICTOSIINX UCCIIETOBAHUI 3aK/TI0TaeTCs B TOM, YTO UMEIOITHECS HapyIIe-
HUsI CHMMETPUU U TeMIIepaTypHbIe BKJIAJIbl B YaCTU CAaMOJCHCTBUS IMOTEHITNAa XUITCa OKa3bI-
BAIOT BJIMSTHUE HA TEMHBII CEKTOP CyNEPCUMMETPUIHBIX MOJIEJIEN, YTO MOXKET UMETh CJIEJICTBUS
JUTsT KOCMOJIOTAU, TO €CTh CYIIEeCTBEHHO MEHATh MAacCChl YACTHI[ XOJIOTHONH TeMHON MaTepuu,
MHTEHCUBHOCTH €€ B3aUMOJICHCTBUSA C JPYTUMU YACTUIIAMU U CIIOCOOHOCTH K YYaCTUIO B JIEKC-
TPOCJIabbIX paclajax, B TOM YuCje, U B pacnajax 0o3ona Xurrca. Pe3yiabrarsl uccieoBannii
MOTEeHITHA/IA TToJId Xurrca B ciaydae CP-HAPYIEHUs U TEMIIEPATYPHBIX TTOMPABOK ILJIAHUDPYETCs
HMPUMEHUTD JIJI PACIETOB (PUBUIECKUX TAPAMETPOB TEMHOTO ceKTopa. Takxke, OyIeT paccMoT-
peHa aHHUTUJIAINS HEHTPAJIMHO B PAMKaX KBAHTOBOI TEOPHUH T0JIsI COBMECTHO C (heffHMAaHOB-
CKUM JIMarPaMMHBIM TTOIXOJ0M C YYETOM OJIHOIET/IEBBIX MTONPaBOK. IIpoBeiena onenka BO3MOK-
HOCTH CYIIECTBOBAHUS YK30TUIECKUX (TEMHBIX) 3B€3JI, PEKOHCTPYKIIUS YUCIEHHBIMU METO[AMU
cucreM udepeHINaTbLHbIX YPABHEHN I MOJIEJIMPOBAHIS BHYTPEHHEI'O CTPOEHUs 3BE3JIbI
U3 BBIPOXKJIEHHOTO (PEPMUOHHOIO rasa.

[TocTpoen oanomnerieBoit apdexTuBHbIl TeMepaTypHbiil morennnas HMCCM, Brioga-
IOIHUi [ONPAaBKKA THUIA COOCTBEHHON 3Heprum (T.e. MOIMPaBKH K MaCCOBBIM IapaMerpaM pas-
MEPHOCTH 2 JIByX/yOJI€THOTO XUITCOBCKOrO HoTeHrmasa). OnpeiesieHbl MacCOBbIE COCTOSTHUS
U OJIHOIIETJIEBBIE TIONPABKU B Oe3pasMepHble mapaMeTrpbl 3(PpHEKTUBHOTO MOTEHIINAIa B PaM-
KaX HeMUHUMaJIbHOM cytepcummerpuanoit mojesnn (HMCCM). UccegoBan obuiwii corydait jiist

pacdeToB OJHOIICTJIEBLIX JUarpaMM C pa3/JIMIYHbIMA MaCCaMU B TCOPUH I10JIA ITPU KOHCIHBIX TEM-
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repaTypax, peJI0yKeHbl pa3/IndHbIe TTPEJICTABICHUS B BUJIE OCCKOHEYHBIX PAJIOB U OOOOIICHHOM
dyukuu ['ypeura. [lonydensr anamnTueckne BbIPAXKEHUs JjIsT OJIHOIETIEBBIX aMILIUTY T TUIIA
CODCTBEHHOI HEPIrUM B MPEJIEIbHBIX CAydasX BBICOKUX W HU3KHX Temueparyp. Vcciemyrorcs
[TOBEPXHOCTHU CTAIMOHAPHBIX TOYEK B IPOCTPAHCTBE (DOHOBBIX IOJIEHl W MaTPHIA YCTONINBO-
cru 9], B Tom wmcse npu oramunu gusndeckoro Oasuca or upegena CM. B mokmaze 6yayr
IIpeJcTaB/eHbl IepBasg U Bropas anddepennuaibabie GOpMbL A1 3P HEKTUBHOIO ITOTEHITNA~
JIa. By,ZLYT IIOKa3aHbl CICHAPUHU CTalMOHAPHBIX TOYEK, S9KCTPEMaJIbHBIX KPUBbBIX 1 HOBerHOCTefI

Ha ocHOBe onpejienenus 6asucos ['pebuepa [3].
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QOPEKTUBHO PABHOMEPHAYA OTAEJINMMOCTDb BBIYNCJINMBIX
CEYEHUN HETATUBHBIX IIJIOTHBIX JIMHENHBIX ITOPSIJIKOB

Hanaxkanos P. H.!, Kaceimos H. X.2

! Hayuonanvrodi ynusepcumem Ysbexucmana, Tawwenm, Ysbexucman,
dadajonovrn@mail.ru
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C HeomnpeesieMbIMU TIOHATUSIMU MOYKHO O3HakoMuThbest B [1-4]. Iox cioBom cevenme
HMOHUMAETCS JISJIEKUHIOBO CeUeHUe JTIMHEHHOTO MOPSIJIKA.

Teopema 1. Jlaa 4106020 He2amueH020 NAOMK020 AUHETH020 NOPAJKA cyulecmayem -
pexmusras npouedypa, cONOCMABAAIOULGA GCAKOT NAPE PASNUYHHLE INEMEHMOE IMO20 NOPATKA
BHYUCAUMYIO ULAD, OMOCAANOUYIO IMU INEMEHTLDL.

Takmm 06pa3oM, B HEFATUBHBIX IJIOTHBIX JIMHEIHBIX MTOPSIIKAX IS JTI000i Taphl pas/ind-
HBIX 9JIEMEHTOB OTJEJIAIONAs UX BBIYUCIUMAsI MEb HEe MPOCTO CYIIECTBYET, HO, OoJjiee TOro,
paszpernamnuii aJIrOpuT™M COOTBETCTBYIOIIEH e/ JTaeTCsi PABHOMEPHO 3(DPEKTUBHOI 1IpoIie-
Aypoil IO JaHHON ITape 3JIEMEHTOB.

HaimM ToMHOE orpeie/ieHne BBIMUCINMOTO CeMeCTBa BBITUCIUMBIX CEUCHUIT HEraTUBHOTO
JIMHEHHOIO MOPAIKA.

[Tycts x — dukcupoBaHHas BBIYUC/IUMas HyMEpAIlds CeMelCTBa BCEX OHOMECTHBIX da-
CTHUYHO BBIYUCIUMBIX pynknmit. Hanpumep, ecim k — Ounapnas KauHueBcKas (pYHKIUS, YHU-
BepcasibHast JIJIs KJIaCCa YHAPHBIX YaCTUIHO BBIYUCIUMbIX (QYHKIWH (T.€. CeMeHCTBO OJJHOMECT-
HBIX YaCTUYHO BBIYUCIUMbIX (DYHKIUI €CTh MHOKECTBO 00beKTOB { Az.k(z,n)|n € w}), T0 MOK-
HO TOJIOKUTh X (n) = A\x.k(x,n).

Omnpenenenne 1. Hymepauus v cemeticmsea svuucaumovr cevenut N neeamuenozo au-
HEUH020 NOPAIKA HA3DIGAECTNCA BHHUCAUMOT, ECAU CYULLCTNEYEM, MAKAA GOIYUCIUMAA PYHKUUA
f, wmo v = xf (m.e. no abomy y-nomepy cevenus afdexmueno onpedeasemes HEKOMOPvIL
€20 X -HOMeD, ABAAOUWUTCA UHIEKCOM TAPAKMEPUCTNUMEKOT HYHKUUU HUHCHEZO KAQCCA 0GHHO20
cevenu,).

CeMeiicTBO BBIMUCIUMBIX CEUCHUN HEraTUBHOTO JTMHEHHOTO MOPsIIKa HA3BIBACTCS BBHIUUC-

JIMMbIM, €CJIM CyHIeCTBYET €I'O BbIYUC/IUMasd HyMepaliudd.
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Hedopmabio, BBIYUCIUMOCTL CEMENHCTBa BBIMUCIUMBIX CEUYECHUN O3HAYAET TEPEUYUCIU-

MOCTb aJI'OPUTMOB pa3penieHud JJisl CeYeHU JaHHOTrO CeMeHCTBA.

HazoBem ceMeiicTBO BBIMUCIUMBIX ITIE/Iei HEraTUBHOTO JIMHEHHOT'O TIOPS/IKA OTHOCUTE/IHHO
ITOJTHBIM, €CJIM JIo0asd Iapa pa3judHbIX JIEMEHTOB 9TOTO IMOPSIKA OTIEISAETCH ITOIXOIAIIeH
IIeJIbIO U3 JAHHOI'O ceMeilcTBa.

CranenctBue 1. /Jlasa 6caxo20 He2amusH020 NAOMHO20 AUNETHO020 NOPAJKG Cyuwecmsyem,
BUMUCAUMASA (Qadice He2aMmUBHAA) HYMEPAUUA OTHOCUMEALHO NOAHO20 CEMETUCTNGA BbIMUCAU-
MBLT ULenet.

MHuo2kecTBO BCeX Tap pa3InydHbIX 110 MOJIY/IIO HETraTUBHOM SKBUBAJIEHTHOCTU HATYPAJIHHBIX
quces repedncanMo. ComocTaBiiss KarxKI0W Takoil mape MHICKC XapaKTepUCTHIECKON (yHK-
MW HUKHErO KJIACCa OTIEJIAIONENR UX eI TOJIyINM UCKOMYIO BBIYUC/IIMYIO HyMepaluio. B
JICCTBUTE/ILHOCTH, BCAKasd TaKasd BBIYUC/IMMA HyMepalus OyJIeT HeraTUBHOW, T.K. JIJIA JIBYX
Pa3JIMYHbLIX CEYECHUN rapaHTUPOBAHHO HAMJIETCA 3JEMEHT, HIPUHAJICKAINNNT BEPpXHEMY KJIACCY
JIJIS OJTHOTO M3 3TUX CEUYEeHUN W HUKHEMY KJaccy — Jijisd Japyroro. Jleranm Mbl ommycKaeM.

Onpepenenue 2. Boiuuciumvim NONOAHEHUEM HE2AMUBHO20 NAOMH020 AUHETHO020 NO-
PAJKG HA3BIBAELTNCA MHONACECTNBO BCET BHIHUCAUMBLEL ULEAET (UHOEKCO8 BUYUCIUMBLT TAPAKME-
PUCTNUMECKUT GYHKUUT UL HUNCHUT KAACCOS8) danH020 NOPAJKG.

YrnomsnyTas B CJI€JICTBUN 1 OTHOCUTEJILHO TIOJIHAS CUCTEMa, OTJIEISIONINX BhIYUCTUMbBIX
1eJsieit HeraTUBHOTO TIJIOTHOTO JTMHEHHOTO TIOPSIJIKA JIAJICKO He NCUYEPITBIBACT BCEI'O PA3HOOOPA3HS
BBIYUCIUMBIX CEYEHUI, YTO OOOCHOBBIBAET BBEJICHUE JTAHHOTO OIPEICTICHUS.

B cBasu ¢ Teopemoii 1, coryiacHO KOTOPOil CyIIECTBYET OTHOCUTEIHLHO IMOJHAA CHUCTEMA
OTJIEJIIONINX BBIYUCIUMBIX IEJIel, 3ajlaBaeMasd paBHOMEPHO 3(MEKTUBHOM TPOIEIypoil, BO3-
HUKAET €CTECTBEHHDIN U IIPUHITUITHAILHBIN BOITPOC 00 aJrOPUTMIYECKON ITPUPOJIE COBOKYITHOCTH
BCEX BBIYMCJIMMBIX CEYCHUI HEraTUBHOI'O IJIOTHOI'O JIMHEHHOrO HOPAIKA.

Onpeneaenne 3. Cemeticmeo N oHUCAUMDIT ceueHUT HYMEPOBAHHO020 NUHETHO20 NO-
PAJKA HA3BIBALMCA NPOOYKMUBHDIM, ECAU CYULLCMBYEM IPPeKMUSHAA NPouedypa, No360AM10-
was no KaHcdomy eviuciumomy nodcemeticmey Ry C R cmpoums svivucsumoe cevenue u3
R~ §R0.

Caremyrtoree yTBepKIeHne TOCTYIUPYeT 3PDEKTUBHYIO HENCIEPITaeMOCTh CEMeCTBa, BbI-
YUCJIMMBIX CEYeHUI IPOU3BOJILHOIO IIJIOTHOI'O HEraTUBHOIO JIUHEHHOIO IOPAIKA.

Teopema 2. Cemeticmeo 8CET BHMUCAIUMDBLL CEMEHUT HE2aMUBHO20 NAOMHO20 NMUIHETHO20
nopAdKa ABAAENCA NPOOYKMUBHDIM.

CrnencrBue 2. MHOXKECTBO BCEX BBIUUC/IUMBIX CEUYCHUN TPOU3BOJILHOINO HETATHBHOTO

IJIOTHOT'O JIMHEMHOI'O IopAdKa HE dBJIA€TCA BHIYIMCJIMMBIM.
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NCCJIEJOBAHUE ITAPAMETPOB AJITOPUTMA OIITUMMU3AIINN HA
OCHOBE KJIETOUYHOI'O ABTOMATA C IIEJIEBOV ®YHKIIVEI
Escrotun. O. 0.!, Ka6ynos A. B.2, Memepsikos P. B.!

Y Tomeruii 20cydapemeenmniti yrusepcumem cucmem ynpasierus U paouossekmponuk,
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B nannoii pabote 1npejicTaBieHbl PE3yJIbTAThI UCCIEI0BAHNS aJITOPUTMa HEITPEPBIBHOI OI1-
TUMU3AIUN, OCHOBAHHOTO Ha MATEMATUIEeCKON MOJEIN KJIETOYHOIO aBTOMAaTa C 1eIeBOil (DyHK-
meit [1]. JlaHHBIH aaropuT™ OTHOCHTCS K KJIACCY METAIBPHCTHK, MPEJICTABUTEISIMI KOTOPO-
ro SIBJISIIOTCSI TAKKe METOJbl M aJIFOPUTMbI, KAK TeHeTHYECKUH aJropuT™ [2|, Meroj pos da-
crur 3], muddepennnanbrast sostonus [4] u T.1. OcHOBHAsST 0COGEHHOCTD MCCJIEYEMOTO aJIro-
pUTMAa 3aKJIIOYAETCS B UCIOJIb30BAHUN JUHAMUKNA KJIETOYHOTO aBTOMATA JIJI ITOMCKA OITHMY-
Ma IPOCTPaHCTBe pernenuii. [jist 9T0ro B MOje/Ib KJI€TOYHOI'0 aBTOMAaTa BKJIIOYAETCs IesIeBas
dyHKIHM, r100aIBbHBII ONTUMYM KOTOPO# HeobxoauMmo Haiitu. MoaudunupoBannas KJIeTOIHO-
aBTOMATHAs MOJIE/Ib TOJIyYu/Ia Ha3BaHue KJIETOYHOTO aBTOMAaTa C Ie/IeBOil (DyHKITHeil.

Omnpenenenne 1. HazoBeM KJIETOYHBIM aBTOMATOM C I€JIEBOI (PYHKIINEN COBOKYITHOCTD
komnonerTo (Z" L, A Y, 0, U ®) , rme Z™ - 970 OPOCTPAHCTBO IEJOUUCTEHHBIX KOOPIHHAT
kierok pemerku; L = (£y,....0,),0;>0,i = 1,n - BekTOp, 3aa0muii pa3Mepbl PeIeTKH;

DD PEKTUBHOCTD ONTUMHU3AIUH C TIOMOIIHIO BBEJIEHHONH KJI€TOYHO-aBTOMATHON MOJIETN 3aBUCUT
oT BBIOGOpaA IIpaBu/ia pa3BuTus. B aqropurme, mpejcraBieHHOM B [1], HCIOIB3yeTCss KOMIIO3HUIINST
JIBYX IIPABUJI PA3BUTHUs: B COOTBETCTBUU C MEPBBIM IIPABUJIOM HOBOE COCTOSTHUE KarKION KJIETKH
aBTOMATa PACCUUTBLIBAETCS C TIOMOIIBIO YCPETHEHU COCTOAHNI KXOPOIIUXEh KJIETOK OKPECTHO-

CTH; B COOTBETCTBHMN CO BTOPBLIM - 3JIEMEHTDLI BEKTOPa, COAEPzKalllerocd B KJIETKE, U3MEHAIOTCA
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Tabauna 2: Pesysibrarsl 9KCIIEPUMEHTOB

Ha HEKOTOPYIO BEJIMYMHY, PACCUMUTBIBAEMYIO Ha OCHOBE 3HAUEHUII COOTBETCTBYIOIIUX 3JIEMEH-
TOB COCETHUX KJIETOK. JIaHHBIN aJropuT™ olepupyeT CJICAYIOMIMA OCHOBHBIMU ITapaMeTPAMM:
pasmepsl JaByMmeproil pemmerku L=(lj, l5), mabion cocencrea Y, mapamerp npasiia pa3mer-
KI X, IapaMeTp npaBmiia pa3putusg . B crarbe 1] mpencraBiieHbl pe3yIbTaThl 9KCIEPIMEHTOB
110 HAXOXKJIEHUIO IVIO0AIBHBIX OITUMYMOB CTaHJIAPTHBIX TECTOBBIX (DYHKITUI C UCIIOIb30BAHIEM
O/IMHAKOBBIX MapaMeTpPOB AJTOPUTMa ONTHUMHU3AINNN JId PasHbiX (GyHKImit. OTHAKO JTydIITero
pe3y/bTaTa MOYKHO JOOUTHCS, €C/I BAPhUPOBATH AapaMeTpPhI /s pa3ubiX ¢dyuknuii. CooTBeT-
CTBYIOIINE 3KCIEPUMEHTHI OBLIN IIPOBEIEHBI B paMKaX HACTOSIINEro ncciaegoBanus. VIx pesyiib-
TaThl TPEJCTAB/IEHBl B Tab/mIe HimzKe. Bo Bcex cirydasiX MCIOIB30BaJICA MAOOH COCENICTBA,

COOTBETCTBYIONINI OKpecTHOCTH Mypa pazMepoM 3X 3 KJIETKH.

[leneBas Pasmep permeTkn Suauenne | 3uadenue | CpejiHee KOJIUIECTBO
dbyukiws [1] | kaeTodHOro aBroMara " w OTIEHOK (PYHKITUT
01 12x12 0,20 1,00 281 372
o) 10x10 0,15 0,75 183 765
03 10x10 0,50 0,70 329 812
04 9x9 0,40 0,55 298 439
o5 10x10 0,10 0,95 357 300
O 10x10 0,10 1,00 366 726
o7 10x10 0,90 0,95 354 832
0s 9x9 0,30 0,80 190 310
09 10x10 0,30 0,80 149 658
®10 9%9 0,50 0,80 125 689

B rabiniie Takke MPUBEIEHO YCPEJIHEHHOE KOJIUIECTBO OIEHOK IesieBoil (hyHKmuu (j11st
30 3amyckoB), moTpeboBaBIeecss Ha HAXOXKJEHHE ONTHMYyMa WJIM 3HAYEHUsl, OGJM3KOrO K OIl-
TuMyMy. MOXKHO YBUJIETh, UTO JIJIsI PA3JINIHBIX (PYHKIIUI KXOPOIINEH apaMeTPhl aJropuTMa
ONTUMUBAIIHI PASHATCH, [IO9TOMY ONTUMU3AINA [IeJIEBbIX (DYHKIIH, BOSHUKAIOIINX B PeabHBIX

NPUKJIIHBIX 33/1a49aX, TpeOyeT MpeIBapUTEIbHON HACTPONKN aJI'OPUTMa OTITUMUBAIIIH.
JImteparypa

1. Evsutin O., Shelupanov A., Meshcheryakov R., Bondarenko D.,
Rashchupkina A. The algorithm of continuous optimization based on the modified
cellular automaton.. Symmetry, 2016, 8 (9), 1-18.

2. TmaakoB JI. A., Kypeitunk B. B., Kypeitunuk B. M. [enemuueckue arzopummot:

Yueonoe nocobue. Mockpa: @usmatiut, 2006, 320.



Kypaes T. D., Typcyrosa 3. O., 2Kysoros K. P. 159

3. Kennedy J., Ebenhart R. Particle Swarm Optimization.. Proceedings of the 1995 IEEE
International Conference on Neural Networks. 1995, 1942-1948.

4. Storn R., Price K. Differential Evolution - a simple and efficient heuristic for global

optimization over continuous spaces.. Journal of Global Optimization, 1997, 11, 341-359.

O HEKOTOPBLIX CBOUCTBAX IMOJA®YHKTOPA P; ®YHKTOPA P
BEPOSITHOCTHBIX MEP UMEIOIIIBIX KOHEYHBIE HOCUTEJIU HE
OBJIAJAIOIIINIT KOHEYHOII CTEIIEHU

KypaeB T. ®@., Typcynona 3. O., 2Kysonos K. P.

Tawrenmcexut 2ocydapemeernnviti nedazozudeckut ynusepcumem, Tawxenm, Ysbexucman,

tursunzhuraev@mail .ru

B manmHoit 3aMeTKe paccMaTpUBaeTCsl HEKOTOPBIE T€OMETPUIECKIE U TOIOJIOTTIECKIEe CBOIi-
cTBa nonadynkTopa P dynkropa P BepodTHOCTHBIX Mep B Kareropuun C'omp KOMIAKTOB H
HeIpephLIBHBIX oToOpazkenuil B cebs. [lokasbiBaeTcs, uTo hyHKTOp Pp coxXpaHdeT c1abocueTHO-

MepHbIC KOMIIaKTBbI 1 OTKPBITO-IIOPOXKJACHHBIE KOMITaAKThI.

[Tycts Xkommakt u P : Comp — Comp GYHKTOP BEepOATHOCTHBIX Mep. Basy okpecTHO-

creif Ha komnakTe P (X)) o6pasyior BCEBO3ZMOXKHBIE MHOYKECTBA BH/JIA

O, 1,92, -y o1, 6) = {p' € P(X) + |u(s) — (i) < e,i=1,k,e0,¢; € C(X)}

Hnsgn € N gepes P, (X) obosuauaercs noanpocrpanctso {pu € P (X) : |suppp| < n}, roe
P (X) =6 (X)- mpocrpancTtso mep lupaka.

E.B.Ienun onpeust oJun HHTepecHbli nondynxkrop Py dynkropa P, obsanaomuil cie-
JyronM cBoiictBoM [1]:

€CJIM HOCUTEJIb MEPLI 4 COCTOUT U3 N TOYEK X1, L2, ..., Tn, TO MePa 110 KpalHell Mepe OJHONI

13 9TUX TOYEK He MeHbIe 1 — %_’_1

OueBnHo, uTo JIst KoMuakra X npocrpanctso Py (X) ecrb cuerHoe 00be/[MHEHIE KOM-
naktoB Buga Py, (X), tae Pr, (X) = {p € Py (X) : |suppp| < n}re. Pr(X) = U~ Prn (X)),
P, (X)C P, (X)u Ppy (X) =0 (X).

®yukTOp P; MHTEpECeH TeM, UTO sIBJIAETCS HOPMAJIBHBIM (DYHKTOPOM ¢ KOHEIHBIMHU HO-

CUTEJIAMU HE MMEIOIMMI KOHEYHOII CTEleHMN.

B pabote |2] 66110 onpesiesieHo, Y4To CyIIeCTBYET OTKPhITas KJIeTOYHO-I0100Hast (Bce cjion

crsiruBaeMble) JeopMannoHHAsT PETPAKITH fr])f : Pr(X) — 0 (X).
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Heocrarorue omnpeenienns n hakThl BCTPEIAIOMINXCA B 9TOH 3aMeTKe MOKHO HalTH B
paborax [1-2].

[ostyuensre cieyromnme pe3yabTaThl:

Teopema 1. Ipocmparcmeo Py (X) koneunomepro, mozda u moavko mozda, kozda X
KOHEUHOE MHOHCECTNEO.

Teopema 2.IIpocmpancmeo Py (X) caabocuemrnomepro, mozda u moavko mozda, xozda
X caabocuemmomepHo.

Teopema 3. Ecau Pry (X) ~ Q u S (rf,
X ~ Q.

rie Q- rwisbepros ky6, me. @ = [[2,[—1,1],, [~1,1],- orpesok B R u S(r}fn) =
{ne )™ (¥ W) £ 1}

[Iycts 7- HGeckonevuHoe KapaumHaIbHOE dnco. HampapienHoe MHOXKeCTBO A Ha3bIBAeTCsI

) ecmv Zs, mmoorcecmso 6 P, (X), mozda

T- TOJTHBIM, €CJIH JII00asl IEelb ero 3JEeMEHTOB, cojep:Kallas He 06ojiee 4eM T— TJI€HOB, UMeeT
B A TOYHYIO BEpXHYIO I'PaHb. HelpepbIBHBIA CIIEKTD, 3aJaHHBIi Ha T- IOJHBIM HAIIPABJIEHHBIM
MHO2KECTBOM, Ha3bIBa€TCA T7- ITOJIHBIM. O6paTHbIﬁ CIIEKTDP Ha3bIBa€TCA T- CIIEKTPOM , €CJIM OH
T- IIOJIOH U B€Ca BCEX BXO/LAIMUX B HEI'O IIPOCTPaHCTB HE IIEPEBOCXOAUT T.

Jlnst xo - CIEKTpa M Yo IOJHOTBI MbI OyaeM yIOTpeO/saTh Ha3BaHUsl CUIMa CIEKTPa U
CUT'Ma, TIOJTHOTHI.

KommnaxT, romeoMopdHBI TIpeaelbHOMY ITPOCTPAHCTBY HEKOTOPOI'O CUI'Ma CIIEKTPa ¢ OT-
KPBITBIMHU IIPOCKIUAMMA HA3bIBACTCA OTKPBITO-IIOPOXKJICHHBIM.

Teopema 4. Ilycmv X u'Y beckoneurvie 0mrpumo-nopostcoeHtvie KOMNaxmot bes movex
CUEMHO020 TAPAKMEPQ.

Kommakter X um Y roMeoMOpdHBI TOrjla W TOJBKO TOIJA, KOIJA IIPOCTPAHCTBA

Ppp (X)\0(X) u Py, (Y)\6 (Y) romeomopodHsL.
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OIIEHKA JTVUHAMUKMN IIPOTPECCUPOBAHIS CTABUJIBHOI

CTEHOKAP/IN B SABUCUMOCTU OT IITPUBEP>XKEHHOCTU K

TEPAIINU BOJIbHBIX B KJIMHUYECKOI ITIPAKTUKE: OTBOP
ITPNSHAKOB B MOJAEJIb ITPOTTHO3A

Nkpamos A. A.', Azumoa H. A.%2, Tamken6aesa H. ®@.?, Tpurymnosa P. X.?

L nemumym mamemamuru AH PY3, Tawxenm, Yabexucmar
2A0 Pecnybaurancruti cneyuaiusduposarnvit yenmp xapouosozuu M3 PYs, Tawxenm,

Ysbexucman, raisa_trigulova@mail.ru

BBenenue. B nacrosiiiee Bpemd peasibHBIN ITPOTHO3 KU3HU TAIMEHTOB CO CTAOMJILHOIM
CTEeHOKap/IMell ABJISIeTCS OCHOBOI BHIOOpA ONTUMAJILHON TAKTHKY JIEY€HUS, C €0 “yHUPUKAIIH-
eit”, T. e. MpuUMeHeHneM “yCpeIHeHHOro  ajroputrMa Jiedenud. [Ipu obcyKiennu BOIpocoB MMpo-
THOCTHYECKO TIEHHOCTU Pa3IUIHBIX IIPEIUKTOPOB HeOIaronpusTHoro Tevenus u ucxoga NBC,
CJIeyeT OTMETUTH, YTO IPOTHOCTUYIECKAs IEHHOCTD TapaMETPOB CYIIECTBEHHO MOBBIIIAETCS IPU
UCIIOJIb30BAaHUN MHOIO(MAKTOPHOTO IOJIX0/Ia K OIIEHKE PUCKA M METOJ0B MAaTEMaTHIECKOI'O MO-
JeimpoBanust 1], KOTopbie MOTYT OKa3aTh peajbHYI0 MPAKTHIECKYO MOJIb3Y Jist 00JIerdeH st
Iporiecca MPUHATUS KINHUYIeCKUX pernteHuil. [Ipu nianupoBanuy m cO3JaHUM TaKUX MOJeJIei
cJlelyeT yUYUTHIBATH JIBA OCHOBHBIX aCIEKTa: MEJUIMHCKUN (aHajm3upyeMble NPU3HAKH KJIN
KOMOWHAITMY [TPU3HAKOB 0a3bl MEMIINHCKUX JAHHBIX) U MaTeMaTuIecKuil (crocod Mojeupo-

BAHUs).

B pamrax maHOBarmonnoro mnpoekta MCC-2014-5 Bermosasemoro mo 3agaamio ['KHT u
M3 P¥3 B AO PCIIK coszmanbl 1 3aperucTpupoBaHbl: 3JIEKTPOHHAs 0a3a JaHHbIX ‘AHaINTH-
YecKasi CUCTeMa MOHUTOPUPOBAHUS U MPOTHO3UPOBAHMS PA3JINIHBIX KINHUIECKUX BAPUAHTOB
UBC “CHD DM2”” NeBGU 00314 (Tarmkent, 2015 r.), coBMelieHHast ¢ TIPOIPAMMHBIM ITPOJTYK-
tom “IBS -15” DGU 01035. Cucrema tpejicraBiisieT co00i KOMILIEKC IPOIPAMMHBIX [TPOJIYKTOB,
[pe/IHA3HAYEHHBIX JIJIs BBITOJTHEHIS 33191 ABTOMATHU3AIIUH [TPOIECCOB MOHUTOPHUHIa KJIMHAYE-
CKOit 0COBEHHOCTH U JIeYeH sl TIalMeHTOB ¢ caxapHbiM guaberom 2 tuma (C/I 2) u pasmuaubivm
kananaeckumu popmamu UBC B aMOy1aTOpHBIX yCIOBUSAX, HA OCHOBAHUU OINEHKW JIMHAMUKN
TedYeHnst 3a00JIeBaHtsl, OIEHKA MOJTHOTHI Ha3HAYEHUsI PEKOMEH IyeMbIX JIEKAPCTBEHHbBIX Ipera-
paToB y TAIMEHTOB C COOTBETCTBYIOIIMMHE [TOKA3aHUSMU, & TaKrKe OINEHKH MPUBEPKEHHOCTH

HOBBIM ME2KJAYHapPO/JIHBIM PYKOBOJICTBaM.

Henasn. [IpoanammsupoBaTh 9acToTy pa3BUTHA HEOJIATONPUSITHBIX COOBITHI, CBI3aHHYIO
C TPUBEPXKEHHOCTBIO K MPUEMY CTaHJIAPTHOW Teparmy y OOJbHBIX C HUIEMUIECKON OOJIE3HBIO
cep/ilia B HAYAJIE UCCJIEIOBAHNS U [IPU CJIEIYIONIEM BU3UTE, COIIOCTABUTD C IIPEITECTOBOI BEPO-
saraocrbio (IITB [2]), dpaximeii Boibpoca (OB [3]), u Uumekcom dproka [4].

Martepuas u Mmetoibi. 13 309 narmmentos ¢ UBC orobpan 141 60/1bHOI KOMILTACHTHBIH

(K) k repanuu (mo mkaine Mopucku-I'puna [5] KoMiiaeHTHBIME cIUTAIOTCs OOJIbHBIE, HAOPAB-
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mue 4 6amta). Ocranbabie 168 - HekomiutaenTabie (HK). Cpemauit Bospact cocrasui 62,8¢7,3

Jser, nokyMentupoBantbiit OVIM y 74 (52,5 %), caxapusiit quaber y 53 (37,6 %)., aprepuaibHast

runeprorust y 134 (95 %).

Bce manumentsl ObLM pacipejie/ieHbl Ha 3 Tpynnbl: 1 — He ObLI0 HeOOXOIUMOCTH B TIO-
BTOPHOI rocrurajn3anuu 3a nociegnne 12 mecsnes j10 2 Busuta (KomiiaeHTHBIX 1-83 u He
KOMILJIA@HTHBIX N-61 COOTBETCTBEHHO), 2 — MOBTOPHAsI TOCHUTAJU3AIMS 3a MOCIe Hne 12 Me-
canes (K n- 47 u HK n-88 coorsercrenno), 3 — ¢ geranpubiv ucxogom (K n- 11 n HK n-18
COOTBETCTBEHHO). VCIOIb30BAINCH CTAHAPTHBIE CTATHCTUIECKIE METO/[bl BBITHCICHHsT CPE/T-
HEro 3HAYEHUs, CPeJIHero OTKIOHeHus n Kodddumument Koppeasanun [lupcona. Pesymabrars u

obcyxkienne. B tabymre 1 BbIBEEHBI OCHOBHBIE ITapaMEeTPhl UCIIOIb3YEeMbIe B CTPATU(DUKAIIII

PHCKa pa3BUTHS HEXKeJaTeJbHBIX coObITHil y K G0JIbHBIX.

Tabmuma 1.

[Tokazaresnb 1 rpynma n- 83 | 2 rpynna n- 47 | 3 rpynma n- 11
ITepenecennblit nHMapKT MHOKapIa 34 (41 %) 33 (70 %) 7 (64 %)
Nucynsr 9 (11 %) 7 (15 %) 2 (18 %)
Omnenka I1TB 57,6 £ 19 52,54+ 12 63,9 424
Opaxims BbIOpoOca 63,3 £5 51,8 £9 52 £ 10
Nunexe /Ipioka 4,6+ 2 3,6 1,2 44+1,6
YacroTa cep/ieIHbIX COKPaIeHuit 73,5+ 8,6 7T+ 11,7 784+6,9
CBIBOPOTOUHBIN KpEeATHHUH 894+ 14,8 106 4 25,8 126 4+ 44,6
Xonecrepun JIITHII 121 £ 32 117 £ 38 124 £ 34
[Topazkenue crosa JIKA > 50 % 5 (6 %) 10 (21 %) 1(9%)

B Tabsmmne 2 mpejctaBiieH MPONEHT MPUBEPKEHHOCTH K COOJIIOJICHUIO PEXKUMa ITpUeMa

OCHOBHBIX T'DYIIII PEKOMEHAOBaHHBIX IIPpEIlapaTOB Yy KOMIIJIACHTHDBIX OOJILHBIX.

Tabauma 2.
HammenoBanme nmpenapara | 1 rpynma n- 83 | 2 rpynmna n- 47 | 3 rpynma n- 11
Nnruburopsr AIID 44 (53 %) 26 (55 %) 5 (45 %)
Bera-610kaTopbI 82 (98,8 %) 44 (93,6 %) 10 (91 %)
[TereBble quypeTHKY 24 (29 %) 27 (57 %) 6 (54,5 %)
AHTHArTperanThHI 79 (95 %) 37 (78,7 %) 9 (82 %)
AntugenpeccanTst 9 (10,8 %) 3 (6 %) 1 (9 %)
CraTunbl 73 (88 %) 39 (83 %) 9 (82 %)
JuruiponupuinHOBbIE 46 (55 %) 21 (44,7 %) 4 (36 %)
AHTATOHUCTHI KaJIbIIUS
Amuongapon 5 (6 %) 13 (27,7 %) 1(9%)
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HauboJstee vacTo u peryasgapHo UCIOIB3YyEeMbIM SIB/IgeTCd OeTa-aIpeHob/I0KaTOPhI, aHTHAIT-
peraHTbl, CTATHHBI HE3ABUCUMO OT IPOTHO3a TedeHus 3abosieBanus. Jlaiee 1o peryiasgprocTu
CTEYIOT JUYPETUKH, aHTArOHUCTHI KaJibIusl, nHruouTopbl AITD.

BriBoapbi.

1. Cpeu HEKOMILTACHTHBIX OOJIBHBIX JIeTaIbHOCTD BbIle B 1,6 pa3a, a 9acTora rocruTa-
Jm3anuit B Tevennn 12 mecdanes B 1,8 pa3a B cpaBHEHUU ¢ KOMILTA€HTHOM T'PYNIION MAIMeHTOB.

2. B rpyrire koMintaeHTHBIX TanueHToB 1ejiesbie yposaun YCC He JT0CTUTAIOTCS, HECMOTPSI
na 91-98% ciyuaes peryagpHocTH npuema 6eTa-6JI0KaTOPOB HE3aBUCUMO OT IIPOIHO3a TEUEHMUsT
O0J1e3HN.

3. Buepsrie B Y36ekucrane nokasana 82-88% npuBepKEHHOCTb K CTATHHOTEPAIIMH, 9TO
SIBJISIETCS] BAXKHBIM IIOKA3aTeIeM i TPOMUIAKTUKI Pa3BUTHS HEXKeJIaTeIbHbIX coObITuil. B
TO Ke BpeMs TpebyeT JIOMOJHUTEIHHOr0 aHa n3a (hakT PeryIsapHOCTH preMa B 1 u 3 rpymnax

(KﬂaCCbI CTaTHUHOB 1M CYTOYHBIC ILOSBI).
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IMPUHYAUTEJIBHOE ITPOOJOJIZKEHUE TOHKO-AHAJINMTUNYECKUX
®YHKIINN MHOTUX KOMIIJIEKCHBEIX ITIEPEMEHHEIX

Nmomkynos C. A.!, A6aukamupos C. M.?2

! Hasoutickuii 20cydapemesenmmiti nedazozuneckuti uncmumym, Hasou, Ysbexucman,
sevdiyor_i@mail.ru

2 Kapaxannaxcruti 2ocydapemeernwti ynusepcumem, Hyxyc, Yabexucman

Tonkoit Tonosorueit Ha npocrpancrse C" HasbiBaeTcs ciabeiilias U3 TOIOJIOIHI, OCTaB-
JIAIOMUX IUTopucybrapmonmdecknx (yHkimu zHernpepbBEbIME (cM. [1]). Tonkas Tomosorus mo-
poxkgaercs MHO)KecTBaMu Buza {u(z) < A}, {u(z) > A}, u € Psh(C").

0

Tonkoit OKPECTHOCTBIO TOYKHU 2~ Ha3bIBaA€TCA OTKPBLITOEC B TOHKOM TONOJIOIUUA MHOXKECTBO

V c C", 2% € V, ana xoroporo ponosnenne C* \ V' mmopupaspeskeno B Touke 2%, T.e. cyre-
creyer kpyr U = U(2°,r) u wmopucy6rapmonnyeckas B U dbyukiua u € Psh(C"):
lim  u(z) < u(zY).
2—20, 2€V

KommnakTHON TOHKOH OKPECTHOCTBIO TOUYKH OyJeM HasbiBaTh KommakT Buia U(z20,r) \ G, rue
G C U(2",r) - oTKpbITOE, pasperkKeHHoe MHOXKECTBO B Touke 2V,

Ounpenenienne 1. Qynryus f(2) naswsaemes monko-anarumuyveckot 6 obaacmu D C
C", ecau

1) ona onpedeaena nowmu ectody no emkocmu 6 obaacmu D, m. e. 6ne HeKomopozo nato-

PUNONAPHO20 MHOHCECTNEA E C D ona npurHuUMaem KoOHEYHOE 3HAYEHUE,

2) daa xaoicdoti mouxu 2° € D\ E, cywecmeyem komnaxmnas monxaa oxpecmuocmy K
mouku 2°, wmo flx € R(K), m.e. cyscenue f|x pasnomepro na K npubsusicaemca payuo-

HAAOHOMU PYHKUUAMU.

Onpepenenne 2 ([2], ctp.223). Obracms G C C", n > 1 codeporcawasn obaacmov D C C™,
HA3DIBAEMCA 20A0MOPPHBIM PAcCUUPEHUEM NOCAEONET, ecau A100a: 20nomopdnan 6 D dynryua
npodoastcaemcea do pynrkyuu 20a0mopprot 6 G.

fcHo, aTo 9TO OIpEsIeNIeHNe COJIEPIKATE/IBHO JIUIL B IPOCTPaHcTBeHHOM ciy4ae. Crrery-
foIasi TeopeMa, yrBep:K1aer, 9To 3 MEeKT MPUHYINTETBHOTO MIPOJIOJIXKEHIE CBOWCTBEHHO U B
KJIaCCe TOHKO-QHAJIUTHIECKUX (DyHKITHIA.

Teopema. Ecau obracmo G C C", n > 1 asasemca 2000MOpPHbM paciuupenuem o0oaa-
cmu D C C", mo ecakxas monko-anarumuveckas 6 D dynkyus npodosscaemcs do dynryuu

momnko-anasumuyeckot 6 G.

B ciyaae mepomopdHbIx bYHKIHI aHAJIOTHYHAS TeopeMa CJIeLyeT u3 pesysbrara [3] o

npejicTaBjaeHne MepoMopdHoit (DyHKIINKM B BUJI€ OTHOIIEHHE JIBYX IOJJOMOPMHBIX (DYHKITNIA.
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AHAJINTUYECKOE ITPOJOJI2>KEHUE ®YHKIINN BI0JIb
ITAPAJIJIEJIBHBIX AJITEBPANYECKUX KPUBBIX

NmomkysioB C. A.!, Xyxkamos 2K. V.2

L Hasoutickuii 20cydapemeenmmiti nedazozuqeckuti uncmumym, Hasou, Ysbexucman,
sevdiyor_i@mail.ru
2 Vpeernuckudi 20cydapemeenmniti ynusepcumem, Ypeewu, Yabexucman,

jumanazar-1971@mail.ru

Knaccnaeckas temma Xaprorca (cm.[1]) o rosmomopdroM mpomoKeHun BIoJib (HUKCH-
POBAHHOI'O HAIIPABJICHUS yTBEp:KjaeT, 910 ecau dbyHkuus f(z,w) omnpejeneHa B IOJUKPYyre
UxA{w : |w| < R} C C? x C,, romomopdua B U x {w : |w| < r}, 0 <r < R, n npn Kax-
oM dbukcupoBanHoM z € Urosomopdna o w B Kpyre {w : |w| < R}, To oHa rosomopdHa
noskpyre U X {w : |w| < R} COBOKYITHOCTH IEPEMEHHBIX.

Jlemma Xaprorca mmMeer MHOXKECTBa PA3JIMYHBIX 110 XapakTepy OOOOIIEHHN U HElocpe -
CTBEHHO IPUMBIKAET K TEMATHUKE, CBA3AHHON ¢ TOJOMOPMHBIME IPOJIOJZKEHUAME 110 (PUKCUPO-
BAHHOMY HAIIPABJICHUIO.

JlasibHeiie pe3ysibraThl B 9TOM HAIIPaBJIEHUH COJEPXKHUTC B paborax Pormreitna (2],
M.B. Kazapsmna [3|. A.C. Cagymraesa u E.M. Ynpku [4], T.T. Tyitunesa [5], C.A.JImomkynosa
u 2K. V. Xyzxxamosa [6], C.A.lImomkymnosa [7| n ap.

B pa6ore M.B. Kasapsina nsydena curyarmsi, Korja Gyaknus f(z,w) romomopdHas B
nosmkpyre U x {w : |w| < R}, npu kaxjaom durcupoBanHoMm z € U mpojosizKaercss Ha BCIO
IJIOCKOCTH TIEPEMEHHOT0 W JI0 TOJJOMOPQHOI (DYHKIUU ¢ €IUHCTBEHHON 0coboit Toukoit. [lo-
Ka3aHo, 4TO B 9TOM ciydae f(z,w) romomopduo mpogoskaercs B obiaacts (U x C)\S, rae

S—HGKOTOpOG aHaJIMTHUYIEeCKOEC MHO2KECTBO.

B pa6ore A.C. Canymraesa u E.M. Hupku usydennbl hyHKIUT ¢ 60J1€e OOIUMHI, TOJIAPHbI-

MU OCOOCHHOCTSIMU IIpru MUHUMAJIbHBIX YCJIOBUAX Ha MHOZKECTBO CequI/Iﬁ, BIOJIb KOTOPBLIX €CTh
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takoe npojoszkerne. Jlokaszano uro, ecau f(z, w) romomopdnas B nomukpyre U x{w : |w| < R},
[IpU KaxKJI0M (PUKCHPOBAHHOM 2 M3 HEKOTOPOI'O HEILTIOPUIOJIsspHOTro MHOXKecTBa ' C U dbyHK-
U TIEPEMEHHOT'O W TTPOJIOJIZKAETCs 70 PYHKITNH, HA BCE IIJIOCKOCTH, 38 UCKJIIOUYeHHEM HEKOTO-
POTO TOJISIPHOIO MHOYKeCTBa 0cobeHHOCTel, TO f(2, W) roJoMOpdHO HPOJ0IIZKAETCsT B 061aCTh
(U x C)\S, rue S-3aMkHyTOE ILTIOPHUIIOJIspHOE mogMHOKecTBO U X C.

B sroit pabore Mbl m3ydaem 3aj1ady 00 aHAJTUTUIECKOM MPOJIOIKEHUN (DYHKIIUU BJIOJIb
HapaJuIeIbHBIX aJredpaniecKnx KPUBbBIX.

Anrebpameckas kpusag A C C? onpesensgeTcss KaK MHOXKECTBO HyJIelf HEeKOTOPOTO MOJIN-

A={(n) eC®: P(n) =0}

MHozkecTBo perysipabix Touek AY anreGpamveckoil Kpupoit A, oTKpbITO Ha A, a MHOXKECTBO
kputudecknx touek A¢ = A\ A’senserca muckpernnivm muozkectsom (cm. [1],]8],]9]). Anrebpa-
MY€CKOe MHOYKECTBO HA3BIBAETCS HEIPUBOIUMBIM, €CJIH €r0 HEeJIb3sl PEJCTABUTh B BUJE 00b-

cIMHCHNA OTJIMYIHBIX OT HETO aﬂre6pa1/1quK1/IX MHOZKECTB.

Teopema. [Tycmo D C C" obaacmo u A-nexomopas Henpusodumas, an2eopauieckas Kpu-
sas. Ecau gynruua f(z,w) eonomoppra 6 obaacmu D xV C C? x A u npu xasicdom durcupo-
sarnom 2° € D dynxyua f(2° w) nepemennoti w npodossicaemes do dynryuu, 20a0Mmopdroti
na ecetli A, 3a uckmouenuem koneurnozo mnoscecmea ocobennocmet (us A°), mo f(z,w) eo-

aomopdro npodosscaemesn ¢ (D x A)\S, ade S-nexomopoe anasumuueckoe nooMHoHCECME0
D x A.
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OB OJTHOW 3AJIAYE JIJId OTHOMEPHOI HEJIOKAJIBHOM CUCTEMBHI,
BO3HUKAIOIIIEN ITPU PA3PVIIIEHUU I'OPHBIX ITOPO/T

NmMmomuazapos B.!, Imomuasapos X.2

L Hosocubupcruti nayuonasvrod uccaedosamenverut 2ocydapemeennmiti ynusepcumem
Hosocubupck, Poccus
2 Unemumym ebuciumensnoti mamemamuky u mamemamuseckoti eecousuru Cubupcroeo

omdenenus PAH, Hosocubupck, Poccus, imomQ@omzg.sscc.ru

Texnorennoe nedopMupoBaHne MOPHOTO MACCUBA BBI3BIBACT CAMOIIPOU3BOJIbHOE (DOPMU-
poBaHUE BBICOKOHAI'DPYKEHHBIX 30H BOKPYT CO3jaBaeMbIX mojiocteil. [lepBuanoe paspyiirenue
IIPOBO/IUTCS, TeJIeHAIIPaBJIECHHO, C IPUMEHEHNEM CIIeIUaIbHbIX CPEJICTB, U KaK CJIeJICTBUE, B pe-
3yJIbTaTe PE3KOI0 BO3PACTAHUSA HAIPSAKEHU HA KOHTYPe OOHAXKeHUs TOPOIHOTO MacCuBa, Mpo-
1ecc JIe3MHTETPAIuN, OJTHOBPEMEHHO, PAa3BUBAETCS CAMOIIPOM3BOJIBHO BO BCE CTOPOHBI C pa3-
JIMIHOW CTeIeHbI0 MHTeHCUBHOCTU. Ilpm sTOM B TuiyOmHE MaccuBa (hopMUpPYeTCsi 30HAIbHASI

CTPYKTypa HalpszkeHHO-j1edopmupoBantoro cocrosiaust (HJIC) BMmeratomux mopoj.

DKCIEePUMEHTAIBHOE HCCIC0OBAHNE MOKA3BIBAET, 9TO BOKPYT TOPHBIX BBHIPAOOTOK BO3HH-
KaeT 30HaJIbHas IePUOJInIecKas CTPYKTYpPa B BUJE UePeJIYIONUXcA obacTeil pa3pyIlieHHon u
OTHOCUTEJILHO Hepas3pylieHHol moposisl [1]. SIBaeHue npoTuBOpednT npeIcTaBIeHusIM KIacCu-
YeCKOIl MEeXaHWKM MOPHBIX TIOPOJ] 1 MACCUBOB |2], cOrIacHO KOTOPBIM JIBIKeHIe (DPOHTA 3aIpe-
JieJIbHOTO JiechbopMupoBanus (paspylleHus, Je3NHTEIPAIINN) Peajiu3yercs OT KOHTYpa BbIpaboT-
KN BIVIyOb MaccuBa ¢ 0Opa3oBaHWeM 30H ILIACTUYECKOTO, YIIPYTO-IIACTUYECKOTO M YIPYTOro

COCTOAHUI I'OPHBIX IIOPO/I,.
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Bepositro, Briepsbie addexT HabMONaIC B 30J0TOpYAHOI maxTe B FOxHuOi Adpuke (3],
[4], 3arem on 6pu1 HEe3aBUcHMO OTKpLIT 1 omcan B CCCP [1], [5], [6]. CymectByer 6osbImoe Ko-
JITIECTBO HAYYIHBIX PADOT PA3JIMYHBIX aBTOPOB, B KOTOPBIX IIPEJICTABJIEHBI PA3JIMIHbBIE ACIIEKThI
siBjieHnst. VI3BeCTHO, 9TO B MOJIEJIAX YIIPYTO# CPEJIbI METPUIECKUI TEH30D YIPYTUX JedOopMAariuii
XapaKTepu3yeT SHePIruio jgeOPMAIUU U ABJISIETCS [TaPAMETPOM COCTOSIHUS cpefibl. B mporiecce
HEYIpyToil JedopMalinm, TeH30p KPUBU3HBI, TOPOKIAIONTUICT METPUIECKUM TEH30POM Jj1ehop-
MAIlI¥, CTAHOBUTCS HEHyJeBbIM. B [7], OBLIO MpeiorKeHo paccMOTpeTh TEH30D KPUBHU3HBI B
KaJdecTBe JIONOJHUTETHLHOTO TTapaMeTpa COCTOSHUS CPEJIbl, BJIUAIONIEr0O Ha €ro SHEPruio (BHYT-
PEHHIOIO SHEPIUIO CPe/Ibl 3aBUCUT OT MHBAPHAHTOB T€H30pa KPUBU3HBI) 1, CJIEJI0BATEIHHO, BCIO
JIMHAMUKY J1ehOopMAaIum.

B [8, 9] mosmyuensl ypaBHEHHUsI, ONUCHIBAIOIINE HEYIPYyrHe JeOpPMAIUi ¢ yIeTOM BHYT-
PEHHEl 9HEPTeTUIeCKOl 3aBUCUMOCTUH OT KPUBU3HBI, KAK BBIYUCICHHON € MOMOIIBIO METPH-
qecKoro Texzopa yupyrux jgedopmannit. CkangpHasg KPUBU3HA, XapaKTepU3yomas HeCOBMe-
CTUMOCTBIO JiechopMaIiuii Ha3bIBAETCS TaM B KadecTBe HapaMeTpa paspylineHusi. ABTODBI pe-
AR 33J1a9y CTAIMOHAPHOM jiehOpMAIUU BOKPYT PaIUAIbHON MTOJOCTH U TOKA3AIN, YTO Ha-
IPSZKEHHOE COCTOSTHUE SIBJISIETCsT PAMAIBHO HeproamaeckuM. B [10] moydena u uccrenoBana
POCTPAHCTBEHHO-HEIOKATbHAS MOJIEh JJId HEYIPYToit Jedbopmaru TBepabix Tes. Hemokaab-
HOCTB JIepOPMAITIH YIUTHIBACTCS € TIOMOIIBIO JOMOJTHUATETLHOTO TApAMETPa COCTOSHUS TIOMUMO
KJIACCHIECKUX [APAMETPOB, TAKUX KAK TEH30DbI HAIPsSKeHWH u gedopManuii. ITOT JT0M0-
HUTEJIbHBII [TapaMeTp sIBJISIeTCs TeH30D KPUBU3HbBI, BBIPAKEHHBI B TEPMUHAX METPUIECKOTO
Tenzopa jedopMalun, U OH HA3bIBAETCI MapamMeTpoM paspyiienus. B ciaydae masoit jgedop-
MAITIH, 5TO SKBUBAJEHTHO TeH3o0py HecoBMmectumocTu Cen-Benana. M3ydenbr TepmomnHamu-
JecKue CBoiicTBa Mojen u cOpMyIUPOBaHbl (HecTalmoHapHble) nuddepeHnuaibHble ypas-
HEHUA JIJIsi TPOCTPAHCTBEHHO-HEJIOKAIBHON MOJE/N, KOTOpas COCTABJICHA W3 yDABHEHUI JTH-
HAMIYECKOIl TeOpUn yrnpyrocTu u mapaboMIecKOro YPaBHEHMs I [TapaMeTpa Pa3pyIIeHusl.
[Tocrpoennast MoJieTb MOYKET OBITH NMPUMEHEHa K U3YUEHUIO MPOOJIeMbl Pa3pyHICHH TOPHBIX
mopoJi. B kadecTBe nmpumepa paccMoTpeHa OJHOMepHas 3ajada J1eopMaliy MOy ILIOCKOCTH,
HAIPYKEHHON HOPMAJIbHBIM HallpsizKeHHeM. PaccMoTpeHa HecTalMoHapHAsi TOCTAHOBKA 3a1a-
YU, U MOJIy9eHO KadeCTBEHHOE COIJIache ¢ MMEIOMUMUCT HaOIIOICHUSIMU SKCIIEPUMEHTATbHBIX

JaHHBIX.

Pa6ora Beinosnena npu dbuHarcoBoil oaepkke rpanta POOU (rpant 16-01-00729).
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OB O/THO1 CUCTEME TUIIA BIOPTEPCA BO3HUKAIOIIIEIT B
NBYXKMIKOCTHOW CPEJE

NMmomuaszapos X. X.!, Mamacoaues B. 2K.?

L Hnemumym svivucaumenvroti mamemamuru u mamemamuueckoti eopusuru Cubupcrozo
omdeaenus PAH, Hosocubupck, Poccus, imom@omzg.sscc.ru

2 Hayuonanvmuiti yrusepcumem Yabexucmana, Tawwkenm, Yabexucman

B nocnemnne pecartuieTus, MaTeMaTUKNA CTAHOBATCA Bce O0Jiee 3aMHTEPECOBAHbI B ITPO-
Os1eMax, CBA3aHHBIX C IIOBEJICHWEM PEIEeHUl CUCTEM yPABHEHUN B YACTHLIX MPOU3BOIHBIX, C
MaJIbIM [IapaMeTpPOM IIPU CTAPIIUX IMPOU3BOIHBIX U C YI€TOM KMHETUYECKUX IapaMeTpoB. DTH
IpoOJIeMbl BO3HUKJ/IN U3 (PU3MIECKUX MPUIOKEHUN, B OCHOBHOM M3 COBPEMEHHOW T'HJIPOJIMHA-
MUKHU (CKUMAEMbBIX MHOIOMA3HBIX KUJKOCTEH ¢ MaJIbIMU BA3KOCTSMHU ). AHAJIOTUS YPABHEHUIO
Broprepca BozHukaer, HapuMep, IIpu UCCJIEIOBAHNN CJIa00OHEIMHETHOM OJTHOMEPHON aKyCcTHuIe-
CKOI BOJIHBI, JIBUKYIIEHCA ¢ JTUHEHHON CKOPOCTBHIO 3ByKa. B 9TOM ciiydae HeJIMHEHHbIE 110 CKO-
pPOCTIM HJIEHBI B CUCTEME YpaBHEHUI THa Broprepca mpoucxoidaT 3 3aBUCUMOCTH CKOPOCTEH
3BYKa OT aMILIMTY/Ibl 3BYKOBOY BOJIHBI, & YJIEHBI CO BTOPOIl HPOU3BOJHON U PA3HOCTU CKOPOCTENl
[IPEJICTAB/IAIOT 3aTyXaHhe 3BYKOBBIX BOJIH, CBA3AHHOE C JIUCCUIIaIUell sueprun. JIpyrumu cjio-
BaM®, 9TH YJIEHBI, 00ECIEUNBAIOT HEIIPEPHIBHOCTH PEIIeHU U IPEJCTABIAIOT JUCCUIATHBHBIE
IIPOTIECCHI, CBSI3aHHBIE C TPOU3BOJICTBOM SHTPOINN. DTU UJIEHBI, B CBOIO OYepe b, 00eCIIeInBaioT
HEOIPOKHU IbIBaHue BOJH [1].

B paborax [2,3|, Ha OCHOBe 3aKOHOB COXpaHEHWsi, HHBAPDHAHTHOCTU yDPABHEHUIT OTHOCH-
TeJIbHO TpeobpasoBannii ['amuies u ycjaoBus TepMOINHAMUYIECKON COTJIACOBAHHOCTH, TIOCTPOEHA,
HeJIMHeHas JIBYXCKOPOCTHAS MOJIEIb JIBUKEHUS XKUJIKOCTH depe3 JepOPMUPYEMYIO TOPUCTYIO
cpefy. JIByXcKopocTHAas ABYXKUJIKOCTHAS THIPOJIMHAMIYECKAs TEOPUS C YCJIOBUEM PABHOBECHS
HOJICUCTEM II0 JIABJIEHNIO, ObLIa TI0CTpoeHa B paboTe [4]. YpasHeHust qBUzKeHUsT JBYXCKOPOCTHOI
CpeJIbl, KOTJIa JIABJICHUS SBJIAIOTCA (DYHKIMAMU BPEMEHU U JIMCCUIIAIAA SHEPIUU ITPOUCKOUT
3a CUeT BA3KOCTU IIOJICUCTEM, a TaKyKe MEeK(MA3HOT0 TPEHUs, B U30TEPMUIECKOM CJIyIae UMEIOT
Buz [4, 5]

w+ (0, Viu=vAu—b(u—v), (1)

vi+ (v,V)v=0Av+b(u—v), (2)

[Je U U V — CKOPOCTH MOJICUCTEM, COCTABJISIONINX JIBYXCKOPOCTHON KOHTUHYYM C COOTBETCTBY-
IOIIMMU [TAPIUATBHBIMUA JIOTHOCTAME (Bsi3kocTaME) p (V) u p(V), p = p+ p - obIiast mIOTHOCTD
KOHTHUHYYM, b= %’, b —koadpdurnmenT Tpenus, KOTOPBI sABIIETCd aHAJIOrOM KOoddDuimenTa
Japcu jist IOpuCTBIX Cpejl, ¢ - BpeMsi, X - IPOCTPAHCTBEHHAs HepeMeHHast, V - omepartop [a-

muasrona ("Habaa).

B nannoit pabore mnosydena (gpopMmysia Jid perreHus 3aa9u Ko s 0JITHOMEPHOi CH-
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crembl ypasHeruii Tuia Broprepea (1), (2) B cirydae, Korjja Bo3pacTaHie SHTPOINUH TPOUCKOAT
3a cYeT BaA3KocTel nojcucreM u Tpenus. [lokazano, uro npu ncuesnopennn koddduiimenta Tpe-
Hust b (B OTCYTCTBUU JINCCUTIAIMN SHEPIHUU, OOYCIOBIEHHON KODMUIMEHTOM TPeHsi) PelleHne
3ataan Kot 71t 0/THOMEPHOI crcTeMbl ypaBHeHn Tuiia Broprepca mepexoinT K m3BeCTHOMY

perennto 3a1aun Kommn i ypasaenus Broprepea [6].

Pa6ora Bbinosinena nipu dpuHancoBoii moiepxkke rpanta PODU (rpant 16-01-00729).
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OB OTHOM YACTHOM PEIIEHIN CUCTEMbBI YPABHEHUN
BO3HUKAIOIIIEN B JIBYX>KIMJIKOCTHOM CPEJIE

NMmomuazapos X. X.!, Mamacoaues B. 2K.?

L Mnemumym svivucaumensnoti mamemamuru u mamemamuyeckoti 2eofpusuru Cubupcrozo
omdenenus PAH, Hosocubupck, Poccus, imom@omzg.sscc.ru

2 Havyuonanrvnuti yrnusepcumem Ysbexucmana, Tawxenm, Ysbexucman

B kiaccudeckoit MexaHUKe CILIONIHONW CPeJIbl, COCTOSINER TOJIbKO W3 €IMHCTBEHHONR KOM-
IIOHEHTBI, B IIpUHIUIIEC HEJIb3d MOAEJINPOBATH ITPOIECCHI Cl)I/I.HpraHI/H/I, TO €CTb ABHU>KEHHE Ha-
CBHIMAIONINX YKUJKOCTEH, OTHOCHTEILHO CKeJieTa, 06pa3yIoniero MopucToe TBEPIOe TeJ0, HJIH
porecchl cefuMenTanun (ocaxkaerns) u dpJoranun (BCIIBIBAHUS), TO €CTh JBUZKEHHE TBep-
JIBIX YaCTHI] BO BMeIIaoNeil »KuiKkocTu. [[puaunna 3akiodaeTcs B TOM, UTO B 9TUX U MHOTHX
JIPYTHUX [IPOIECCAaX TBEpJble M YKUJKHE KOMIIOHEHTBI JIBHZKYTCS [O-PA3HOMY. DTO HPUBOJIUT K

H€O6XOJII/IMOCTI/I paccMaTpuBaTb MEXaHUKY U TEPMOAMHAMUKY I'€TEPOI'€HHBIX CPEJI.

Ypasuenns Haspe-Crokca mnosmydennoe A. Hasbe (1822) ma ocHOBe MOJIEKYJISIPHO-
KUHETUYIECKOrO IIPeJICTaB/IeHns O ABUKeHNH ogHoMa3Hoi kuakoctu. B padore /Ixk.I'. Crokca
(1845) monsTHE BA3KOM (CzKMMAaeMOil/HECKIMAEMON ) KUKOCTH ObLIO ¢OPMYIHPOBAHO C T10-
MOIIIBIO IIOCTYJIATOB, KOTOPBIE OTPAKAIOT €CTECTBEHHDbIE CBOWCTBA CHMMETPHU IIPOCTPAHCTBA-
BpPEMEHH U JIBIKYIIeiics B HeM Kujkoctu. [losromy ne yausurenbHo, 4ro ypasHenus: Hasbe-
Crokca 06/1a1a10T G0raThIMI TPYIIIOBBIME CBOMicTBaMU [1|. DTH CBOficTBA MMEIOT pa3JIMIHbIC
HPOSIBJICHUS, HO HanboJsiee BayKHOE M3 HUX - BO3MOXKHOCTD IIOCTPOEHUS TOUHBIX PEIICHNN yKa-

3aHHOIl cUCTeMbl ypaBHEHUI.

NsBecTHO, uTO MEXK Ty nosiByienneM ypapuennii Hapbe-Crokca u myO/inkaiiieil iepBbix pe-
3y/JIbTATOB O PA3pPENINMOCTU HAIaIbHO-KPAEBbIX 3a/1a4 JJI 9TUX yPaBHEHHI MpOILIo H60jee cTa
jter. EIre moske mogBUINCH METOIBI U CPEJACTBA YUCACHHOTO PelleHus 3TuX 3ajad. [loaromy
Ha HAYaJIbHOM dTalle Pa3BUTHS TEOPUU POJIb TOUHBIX pemrennii ypapuenuit Hasbe-Ctokca ObLita
0CODEHHO BeJIKa. TOYHbBIE PelleHnsT He3aMeHUMBbI IIPY TeCTUPOBAHNK YUCIEHHBIX METOI0B, aHa-
JIN3€ CUHTYJIAPHOCTEH B pelreHusx auddepeHIuabHbIX YPaBHEHNH B 9aCTHBIX ITPOU3BOIHBIX.
OHM MMEIOT U TPUKJIaIHOEe 3HAYEHNE — JIOCTATOYHO BCIOMHUTHL popmyny Ilyaseitis, Bucko3u-
Merp KysTra mam Teopuio IuCKOBOTO 3jeKTpoia JleBuda.

B mamnoit pabore mosydena cucrema ypapHeruii Tuna Hapbe-Crokca st aByxXdasHbIX
HECZKUMAEMbIX CDeJl B CJIydae MOCTOSHCTBa HachimenHoctu a3 |2, 3|. Tloyuena sisaast dhop-
MyJIa JIJI OJTHOTO KJIaCcCa JacTHBIX perneHuil cucrembl Tua HaBbe-CToOKca B IJIOCKOM CITydae.
[TokazaHo, 9TO pelreHnsT UCXOIHON CUCTEMBI B IIOCKOM CJIydae YIOBIETBOPAIOT HEJIMHEITHOMY

unrerpoinddepeHImaTbLHOMY YPaBHEHUIO TEILIOITPOBOTHOCTH.

Pa6ora Beinosirena npu dbunancoBoit omaepkke rpanta PODU (rpant 16-01-00729).
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OBPATHA{YA JIMHAMNYECKAS{4 3ATAYA [1JId CUCTEMBI
IIOPOVIIPYT'OCTU

Nmomuazapos X. X.!, Tyiiunesa C. T.?
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B [1] mocrpoena HenuHeliHAs MaTeMaTHUECKast MOJEb JBUKEHUs KUJIKOCTH depe3 Jie-
dopmupyemyio opuctyio cpey. [lokazana ruepboJmIHOCTD JTMHEAPU30BAHHON OTHOCHTEILHO
POU3BOJILHOTO (pOHA CHCTEMBI B 00OPATHMOM TUAPOIUHAMUIECKOM IIPUOIzKeHnn. B 310t Mo/1e-
JIM CYIIECTBYIOT YeThIpe TUIIa 3BYKOBBIX KOJIeOaHuUil: JBa MONEPEIHBbIX (B H30TPOIHOM cpejie nX
CBOMCTBA COBIAJIAIOT) CO CKOPOCTBIO ¢4 M JIBA MPOJOJIBHBIX CO CKOPOCTSIMU Cy,, Cf,. Leopernde-
CKOMY HMCCJIEJIOBAHIIO OOPATHBIX 38184 JIJIs JUHAMUYECKOH CCTEeMBl ypaBHEHHH TIOPOYIIPYTOCTH
HOCBSAIIEHDI pabOTE [2-6].

IIycrs nomyupocrpancreo RS = {x : (z1, x2) € R* x5 > 0} 3aI0JHEHO U30TPOLHOM
IIOPUCTOM CpEJIOIt.

Bajaua A. Tpebyercst 110 pexkumy KojiebaHuit ¢cBOOOIHON TTOBEPXHOCTH

U |py—0= uo(t,xl), t>0 2= (z1, 72) € R? (1)

onpeiesiuTh BekTop yukiwo f(x) B cucreme ypaBHEHHIA TOPOYIIPYTOCTH

Li(u,v)=0lu—ciAu+ (¢ —a))VV-u+a, VV-v =gt -f(z), (2)



174 HUmomnaszapos X. X., Tytivuesa C. T.

Ly(u,v) =0V +a3VV-u—a,VV-v =gt f(z)

C Ha4YaJIbHbIMU U I'PaAHUIHBIMUA YCJIOBUAMU

Ui<0=V |t<o=0 (3)
_ _ _ _ Po, =
hlgzhggzo, h33+P:0, —PZO, 1'3:0, (4)
Po
_ - ou ou
P:<K_POPO,sa)V'u_pOPO,laV'V> hk3:_ﬂ<a_k+_3)v :1a27
rs 01y

7 ) ) 2
has = =2 — (A== g ) Vout+ 2 KkV.v, K=X+2p
Oz Po Po 3

Baecy dyuknua ¢(t) ussecrna, u(t, x) = (uy(t, x), us(t, x, 2), us(t, x)) u v(t,x) = (v1(t, x),

vo(t, x),v3(t,x)) — CKOPOCTH JBUZKEHUI yIPYTOii TIOPUCTON CPeJIbl U YKUJIKOCTH, 3aI0THSIIOIIEH
HOPUCTYIO CPeJly COOTBETCTBEHHO, pg s U Po; — IAPIHAJIbHbIE IVIOTHOCTU IIOPUCTOIO TeJIa U KHU/I-
KOCTH COOTBETCTBEHHO, \, [t — TapaMeTphl Jlame, p3-ai3 — BTOPOIt MOyl BCECTOPOHHETO CIKATHSI,
A, V, V- u Vx — oneparopsl Jlamiaca, rpaJienra, IMBepreHnn 1 potopa no x = (rq, Tz, I3)
COOTBETCTBEHHO, v = po a3 + K/pt, p = po.s + po,, B3AUMHO-OTHOZHAYHAS CBA3b MEXKJLy Mapa-

MeTpaMu A, [i, (¢3 U CKOPOCTSIMHU Ct, €y, €, yeTaHOBJIeHbI B [18-20] u matores dopmyiamu

4 S s ~
:@(121+ 2)+_Po, C?+P0, Pol -

a )
' £o 2 3 po Po
Po,l 2 2 .4 Po,s 2 2 .4
CZQZE (cll—l—cb—zz—gct), as = P (cll—l—cb—zz—gct),
Po,s 2 s 4, Po,s — PO, ~
ay = c . —=c | ———7Z
! Po (l1+ 3 t> Po ’

1/, 5 8 1 8 Po.1po,s
i= (Cl1+cl2_§ . c ) —l—\/z(cl?l—l—ci)?—gp—gcf.

B janHOil pabore ucnob3yst Meroj paboTsl [7], periena B sIBHOM BUje 3aJada OIpeJIeJIeHUs

s

o

»
SN

npaBoil YacTu (PacIpesieIeHHOr0 MCTOYHUKA) W3 JMHAMHYIECKONH CHCTEMBI YDaBHEHH TOpPO-
YIPYTOCTHU IO CJIeJIy PeIlleHusi Ha CBOOO/HO MOBEPXHOCTH.

Pa6ora Beinosirena npu dpunancoBoit mopaepxkke rpanta PODU (rpant 16-01-00729).
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T'EOMETPUS IIPEOBPA3OBAHUN, COXPAHSIOIINX ILJIOIIA b NJIN
OB'bEM

Ucmounsios 1I1., Tunnaes ., FOcynosa 3.

HYYV3, Tawxernm, mazucmparmaot.

B s7oit pabore mbl paccmarpubaem adduHHOE IIpeodpa3oBaHne, UCKIIOUYUB TOXK IECTBEH-
HOEe U 3epKaJibHOe OTOoOpazKeHue, KOTOpPble MOXKHO PacCMOTPETh KaK YacTHbI ciydait. [los
reoMeTpueil MoHNMaeM MHBApUaHT Ipyribl. M3BectHo, uTro EBK/IMI0BBI TpocTpancTBa R, sgB-

JISIIOTCsT MHBAPUAHTOM TPYIIIBL abPUHHBIX TPeoOpa30BAHMIL:
X'=AX + B, (1)

rje — CUMMeTPHYHAS MATPUIIA, SJIEMEHTBI KOTOPOi yJIOBIETBOPSIET YCJIOBUIO OPTOTOHATIBHOCTH
u DetA =1,(2) a — BeKTOp mepeHoca.
N3yvaem moarpymst mpeobpasoBanuii (1), Korja Marpuiia — He CHMMETPUYIHA, U €€ dJIe-

MEHTDBI HE YJIOBJIETBOPAIOT YCJIOBUIO OPTOIOHAJIBHOCTH. (j“H/ITaeTCSI7 49TO yCJioBUe (2) BBITIOJIHCHO.
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Jlerko J1OKa3bIBaTh, MPH BBIIOJIHEHUN YCIOBHs (2) 00beM N-MepHOTo TapaJiiesielure/a coXpa-
ugercs |Koran|. OkasbiBaeTcs, Ipu BBINOJHEHUH BBIIIE YKA3aHHBIX IPe0OPA30BaHUil 1OCDPEI-
crBoM (1) mopoxkiaroTesi pa3indHble HEeBKIUIOBBI TeoMeTprun. OHU 3aBUCAT OT PA3MEPHOCTH
paccmaTpuBaeMoro adGUHHOTO TPOCTPAHCTBA, TAKXKE OT HAPYIIEHNH CUMMETPUN HA MATPHUIIE .
Cuavajia U3y4nM JIByMepHbIE U TPEXMEPHBIE CIydan, U 10 WHYKINY TepefigeM Ha 1—MepHbIi
BapHUaHT.

[Iycts Ay — nBymepHas addurHas mmockocth, Ory — cucrema adOUHHBIX KOOPITHAT
Ha twtockoctr. Ha ocu  ormernm touku (0,1), (0, —1). Ilycrs A(x,y)— npousBosbHast TOUKa
IJIOCKOCTH 9. Yepe3 S obo3znaumm 1uioma s Tpeyroyibiuuka . [Ipun nmamnom Beibope S = x. He

TPYJHO JOKa3aTh, 9T0 peobpazosanue (1), ¢ maTpureit

10

n 1

A:

COXpaHsIeT TLIOMAIb S.

. 4
Onpegenenne 1. Hopwmoit BekTopa OA Ha3BIBAETCA YNCI0, paBHOE S-ILIOMAIA TPe-

YTOJIbHUKA, .

2
Caenosarespio: |OA| = S = x. Korjia BeKTOp KOJUIHHEAPEH OCH , 38 HOPMY IIPHHUMAEM

OOBIUHYIO 38 HOPMY BEKTODa, T0O ecTh |OA| =y
Onpepenenne 2. Paccrosiaue mexx ity nBymst toukamu M (21, y1), N (22, yo) canraem pas-
HOII HOPMY BEKTOpPa VMN.
Torna
MN = |MN| = |25 — 1 (3)

—
Ecomun M N xommHeapeH ocu , TOrZIa UMeeM
—
MN = |[MN| = |y2 = 31/(4).

Merpuka onpegenentnas dopmynamu (3),(4) JaeT BBIPOXKIEHHYIO METPHUKY TIaJIUIeeBOi
mwiockoct RY [1]. CieoBaTesibHo, COOTBETCTBYIONAA T€OMETPHs ABJISETCA TaJlIeeBoil reo-
MeTpUei.

Tenepb pacemorpum TpexmepHbiil ciydait. Touku (0,0,1) u (0,0, —1) BeiGepem HO ocu
0OZ addunnoit cucremnr koopjaunatr OXY Z. Koopaunarnyio miockoctb OXY- cuuraem es-
KJXIOBOH ILJTOCKOCTBIO.

1 A

Torya mtoma e Tpeyronbanka S = 5 BCoxyOA, 1e oxy- JmHa npoekiun sekropa O A

Ha 1tockocTh X Y. CreroBaresbHo,

§ =t +y?



Hemounos ., Tunnaes JI., FOcynosa 3. 177

SHauuT HOpMa BEKTOpa —
|OA| = /22 4 y2
Korma ekrop OA rommaeapen ocu OZ,
o
OA| =7

—
Paccrosgane mex ity Toukamu (1, 1, 21) 1 N (2, 2, 22)- onpeesnm Kak Hopmy Bektopa M N. Torma

IIOJIy4YUM BbIPDO2KACHHYIO METPUKY

dy = \/($2 —21)2 + (y2 — y1)?)da = |22 — 21].

Dra MeTpuKa ONpeJIeNgeT MeTPUKY U30TPOITHOro npocTpancTsa 13 [1]. Marpuria coxpansionias

HOPMY BEKTOpa UMeECT BUI:

cosa —sina 0
A= | sina cosa 0 (5)

a b 1

[Ipeobpazosanug (1) ¢ marpuueit (5) JaeT JBUKEHUIO U30TPOIMHOrO HpocTpancrsa R3 . Ouno
COCTOUT U3 BparieHns BOKPYr O 7, ciioxKeHne u napaJjjiebHoro nepenoca. Tenepsb B TpeXMepHOM
cilydae pacCMOTPUM IIpeobpaszoBaHuio coxpanstormuii oobem. Ilyers B 3 {O, XY, Z} cucrema
abPUHHBIX KOOP/IMHAT.

[Lnockocrs {O,Y, Z} canraem EBK/nioBoii 10cKOCTHIO U paceMoTpuM obsacts D comep-
JKalreil Hagaao KOOP/IMHAT U IEHTPAIbHO CUMMETPUIHON OTHOCUTEHHO HadaJly KoopJauHat. B
YACTHOCTHU 9TO MOXKET OBbITh OKpYy:KHOCTBIO. [Liomans obmactu D pasua 3. Touka AX,Y, Z
[IPOU3BOJIbHAS TOYEK IMPOCTPAHCTBA 3. TOUKY oTpe3kamu coejuasgeM Toukamu 0D obmactu D.
[omyunm mekoropsiit Kouyc . Obozuadnm depe3 V' obbem Komyca .

H
Hopmy BekTopa OA- cumraem paBHOit 00beMy KOoHyca . Korma Todka — HMpPUHAIERKUT
%
wockoctu 0,Y, Z, o6beM KOHyca paBeH HyJ0, a HopMy BekTopa OA— cumraem paBHOI 0ObIY-
HOMY eBKJIHI0BY HOpMy. [Ipum jamHOM BBIOOpE CHCTeMy KOOpJMHAT HOpMa BeKTopa Az, y, z,
OA = Korma =0, OA = VY + 22

Vcnonb3yst BBEJEHHYIO HOPMY BBIUHCIMM DPACCTOSHUIO MeXKJIy TodYkamu (Tq,Yi,21) 1

(T2, Y2, 22). Unmeem O_1>4 = |zy —x1| KOTIA 9 — 1 =0 O_1>4 = \/(yg —y1)?+ (20 — 21)2.

1
DT0 BBIPOXKJIEHHAS METPHKa TajmjeeBa npocrpancrsa Ry [2].

Addunnbie npeobpazoBanmne COXpaHSIONAas BBEIEHHYIO HOPMY, UMEET BUJ] MATPHUIIBI
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1 a b
A= 0 cosax sino

0 —sina cosa

[To anajorum Tu onpeseeHns: MOXKHO OOBEICHUTD It N-MEePHBIX aD@MUHHBIX TPOCTPAHCTB.
Korja nopmy BekTOpa cYuTaeM paBHO# 0ObEMy N-MEpPHOTO KOHyCa OCHOBAHUE KOTOPOTO Ha
(n — 1)—wmepHoii mockocTn u (n — 1) —MepHbIi 06beM KOTOPOTO PABEH N, MOy IUM T€OMETPHIO
N-MEpHOrO rajimjeeBa IpocTpancTsa 1Y .

['eomeTpuio 10JIyeBK/IN/I0BA IPOCTPAHCTBA R’ MOXKHO PacCMaTpUBATh KaK HHBAPUAHT

addunrOro npeobpasoanus (1) coxpaHsomuii M—MepHbIH 00beM B n—MePHOM IIPOCTPAH-

@11 ...A1m C1,m+1 Cin
Am1 - Gmm Cnym+1 Cm+41,n
CTBeE. Tor;;a MaTpHUia HpeO6pa30BaHI/IH nmMeeT BUJI: A=
0 .0 bm+1,m+1 berl,n
0 .0 bumir b

[TpocTpancrBo R]' nMeer BBIPOXKIEHHYIO METPHUKY
ds] = da? + ...+ da?,,
korga ds; = 0, To
dss = dxm +1)* + ... + dz?.
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KPUTEPUI BBIUYNCJANMOCTU ITOJKOJIBIIA ITOJIS PAITMOHAJIbBHBIX
YN CEJI

Kaceivos H. X.!, I6parumos ®. H.2
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C HeompeeIsieMbIMI TOHATUSIMI MOYKHO O3HAKOMHUThCsE B paborax [1-4]. Ilox ciioBom

KOJIBIIO Oy/IeM ITOHUMATh KOJIBIO C €IUHUIIEH.

Hanmomuum, 4To Berojly onpejiesieHHast (QyHKIUS U3 MHOMXKECTBA HATYPAJILHBIX UHUCET W
B W Ha3bIBAETCS BBIUUCIUMOIL, €CIIN CYNIEeCTBYET BRIUHUCIAIONNN ee aaroputM. lloavmaoXKecTBO
a C w Ha3BIBAETCS BBIYUCIUMBIM (II€PEUIUCTUMBIM, COOTBETCTBEHHO KOIICPEUUCIUMBIM), €CIIH
BBIYUCIMMA €r0 Xapakrepucruieckas pyHKIus (v, COOTBETCTBEHHO W \ (v, — 00JIACTh 3HAYCHUI
HEKOTOPOI BBIYUCINMOT (DYHKIINK). DTU OIpeIeIeHNsT €CTeCTBEHHBIM 00pa30M IIePEHOCATCS Ha

MHOI'OMECTHBIE beHKHI/H/I 1 OTHOIICHUMA.

OynpaMenTajibHbie aaredpandecKue MOHATH IO/ U ero 00600IIenns — 001aCTU LEI0CTHO-
CTH, ABJIIOTCH KJIACCUICCKUMI 00bEKTAMI UCCIeJI0BAHUS B MATEMaTUIECKOI JIOTMKe, KOTOPasd,
B YACTHOCTH, 3aHUMACTCS OIUCAHUEM AJrOPUTMHUYECKUX CBOMCTB KOJIell, 3aJaHHBIX TEMH WJIN
uHbIMU TIpejcTasaenusmu ([1]). Baxkuelmumu cpegn ajropuTMUdeCKuX MpeICTaBIeHIH 3TUX
0OBEKTOB SBJISIIOTCsI BEIYUCIMMbIE, HA3bIBABIIMECs TIPEXKie KOHCTPYKTuBHBbIME (|2, 3]), T.e. Ta-
K€, KOTOpPbIe H30MOPMhHBI KOJIBIIAM, HOCUTEJISIMUA KOTOPBIX SIBJISIOTCS BBIIUCIUMBIE (aJTOpUT-
MUYECKH PA3PEIIUMbIe) MOJMHOKECTBA MHOXKECTBA HATYPAJIbHBIX YUCEI, & OLEPAIUHU CJIOKEHUS
U yMHOYKEHHsI [IPEICTABJICHBI IIOIXOISAIINMI BBIYUCIUMBIMI OIEPAIIUSIMI.

Bosee Touno, ecin (R;+, X) — Ipon3BoJbHOE He GoJiee YeM CUeTHOe KOJIBIO U ¢ — 0TOD-
pazkeHue u3 w Ha R, 1j1g KOTOPOro CyIIEeCTBYIOT TaKUe BLIYUCIUMbIC OMHAPHBIC OIepalyn 4, ®
(IIpejicTaBIAIoNe COOTBETCTBYIONIIE ONEPAIlMU KOJIbIIa HA HOMepax/KoJaxX ero 3JIEMEHTOB B
npejicTaBieHnn @), 9to Vi, y € wlpr + oy = p(x B y)| n Va,y € wlpr X gy = p(z @ y)] (re. ¢
siBJIsieTCst 9P PEKTUBHBIM TOMOMOP(U3MOM ), TO ( HA3BIBACTCS HyMepaliueii (aJIropuTMuIecKuM
npejicTaBieHneM ) KoJbiia R. Xopolio u3BecTHo, 9To Jiobas He 6ojiee YeM cueTHasl yHUBepCalb-
Has aiarebpa 3bGEeKTUBHON CUTHATYPHI (B T.9 KOJIBIO) MMeeT aJrOPUTMUIECKOe TIPe/ICTaBIeHIe
(FO.JI. Epmos, [2], r71.6, §1, Teopema 1).

Anpom npesicraBienus ¢ KoJiblla R HasbiBaeTcs sKkBuBajeHTHOCTH { (T, Y)|px = ¢y}.

Onpepesierne 1. Koavyo R Ha3vi6aemes uuuciumo (no3umueHho, He2amueHo) npeo-
CABUMBIM, ECAU CYULLCTNEYEM €20 NPEICTNABACHUE C SHHUCAUMBM (NEPEYUCAUMBLM, KONEPE-
YUCAUMDIL) ADPOM.

Heprﬂ‘HO 3aME€TUTb, 9TO BbIYUC/JIUMOCTD IIPCACTaBJ/ICHUA KOJIbIIa PaBHOCHUJIbHa OJHOBPE-
MEHHOI MO3UTUBHOCTH U HEraTUBHOCTH 3TOrO IpejcTasienus. Hauboee n3ydeHHbIMI 00bEK-

TaMU B TEOPUHU aOCTPAKTHON BBIYUCIUMOCTH ABJISIOTCA 11071, T.K. J11000e 1oJj1e aBIdgeTcs Mmpo-
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cToit anrebpoit (T.e. B HEM OTCYTCTBYIOT COOCTBEHHbIE WJIEAJIBI), TO BCAKOE MO3UTHBHOE IPE]I-
CTaBJIEHUE 10JIsl SBJIAETC BbIYUCUMbIM. C JIPYTrOit CTOPOHBI, BCsIKOE GECKOHEUHOE BBIUMCIIUMO
[peJICTaBUMOe ToJie 0671a/1aeT HEraTHBHBIME HEBBIYUCIMMBIME TIpe/icTaBiernamu (|5]), mosro-
My TaKOBBI Ke U OeCKOHeUHble 00JacTH IesocTHOCTH. [IpocTeiimmm GecKOHeYHBIM TI0JIEM Xa-
PaKTEPUCTUKK HYyJIb $IBJISETCS 0JIe PAIMOHAJIBHBIX dnces (Q;+, X), He UMeroIee He TOJIbKO
COOCTBEHHBIX HJIEAJIOB, HO M COOCTBEHHBLIX MOAMNOJeH. B CBA3M ¢ BbIIeCKa3aHHBIM BO3HUKA-
eT eCTeCTBEHHBIIl BOIIPOC O BBIYMCJUMOCTH MO3UTUBHBIX TIOKOJIEN] MOJIsi PAIIMOHATBHBIX THUCE]T
(Q;+, xX) (aBroMaTHYECKH SIBJISIONIUXCS O0OJIACTAME [EJIOCTHOCTH) B €0 €CTECTBEHHOM IIPEJi-
crapyierny. [Ipu 9TOM, B Ka9ecTBe BBIYUCIMMOTO Ipe/cTaBiIeHns 3GQEKTHBHOTO YHIBEPCYMa
1oJist () MOYKHO B3$ITh CAMU DAIMOHAJIBHBIE YHUCJIA, T.K. OUEBU/IHO, UTO BCIKOE UHTYUTUBHO pe-
ryJsipHOe 0TOOparkeHue 3 w Ha () HOJJIePKUBAECTC Ha HOMEPAX BBIYUCIUMBIMU (DYHKIUSIMI.

[Iyctb (w; 4, X) — BBIYUCIUMOE [PEJICTABICHUE [OJIs PAIMOHAIBHBIX YHCET (), T — IPO-
M3BOJIbHOE TOJIMHOXKECTBO MHOXKeCTBa MpocThix vuces [ Cw,n=14---+1 (n pa3) u R(r)
— TIOJIKOJIBIIO TOJIs (), TIOPOXKIEHHOE MHOXKECTBOM palmoHaJIbHBIX apobeit {1/njn € 7}. fcno,
9TO BCsAKas 10J00sacTh nejgocrHoctn R mons () mveer Buyx R(m) gy mopxopsmiero m C 11,

KOTOpOe OyjieM HasblBaTh 6a3ucoM Kosbia R(m).

Teopema 1. Jlaa npoussosvrozo nodkorvua R noss Q) caedyrowgue ycao8us IK6USANCHM -

M.

(1) scaroe nosumueroe npedcmasaerue KoAbya R AGAAEMCA BOMUCAUMBIM,

(2) basuc T kosvya R nepevucium 6 Q = (w;+, X);

(8) R — svnucaumoe nodkoavyo noas Q = (w;+, X).

CaencrBue 1. Kaace nezamusroz npedcmasaenutl #106020 noodkoabya nois payuoHaib-
HOLET YUCEA CYULCTNEENHO WUDPE KAACCH €20 NOSUMUBHBIT NPEICMABACHUT.

[IpescraBieHne KoJblia HA30BEM JIOKAJILHO BBIYUCIUMBIM, €CJIM XOTsI Obl OJ[MH CMEZKHbIH
KJIACC ero siJIePHON 9KBUBAJIEHTHOCTH BBIUUCIIAM.

Teopema 2. Beakoe A0KAADHO 6bMUCAUMOE NO3UMUBHOE Npedcmasierue 00aacmu ye-
AOCTVHOCTIU ABAAECMNCA BOUUCAUMDBLM.

Bameuanne 1. OTmeTnM, 9TO B OTIMYHE OT MOJICH, BCE HMO3UTUBHLIC IIPE/ICTABICHUS
KOTOPBIX BBIYUCJUMBI, I0O3UTUBHBIE O0JIACTU HEJOCTHOCTU He 00A3aHbI ObITH BBIYUCIUMBIMU

(He oIy6IMKOBAHO).
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XAPAKTEPU3AIINSA HETATUBHO ITPEJCTABUMBIX JIMHENHBIX
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Co BceMu HeoIpe/Ie/ITeMbIMU TOHATUSMEI MOYKHO O3HAKOMUThCs B paborax [1-4, 6.
Yepes w 0003HaYAETCA MHOXKECTBO HATYPAJIbHBIX TUCE.

Kax 06bran0, Borancanmoit pynkiueit u3 w” (n > 1) B w Ha3bIBAeTCs BCIOJLY OIpe/Ie/IeHHast
dbyHKIWA, 171 KOTOPO# CyIecTByeT BhIMUCIANWMI ee agroputM. OrHomenne Ha w” (n > 1)
HA3bIBAETCs BBIYUCIUMBIM (TIEPEUUCIUMBIM, HEMATUBHBIM), €CJIM BBIYUCIUMA €r0 XapaKTepu-
crudeckast (byHKIWHsE (CyIEeCTBYeT aJrOPUTM TOPOXKIEHs 9JIEMEHTOB JIAHHOTO OTHOIIEHUS, CY-

IIEeCTBYET aJI'OPUTM ITOPO2KACHUA IJIEMEHTOB AOIIOJIHEHUA JaHHOI'O OTHOIIIEHUA )

Cnenys akamemukam C.C. I'onwaposy, 10.JI. Epmosy u A.J1. Mansuesy (|1, 2, 3|) npu-
BeJIeM PsiJl OCHOBHBIX ompeiesiennii. Eciau M — npoussosibHasi He 6oJiee YeM CYeTHas CHCTEMa
(T.e. MHOXKECTBO BMecTe ¢ (DUKCHPOBAHHBIM Ha HEM HaDOPOM omeparuil ¥ OTHOIICHUI) 1 [1 —
oToOpazkeHne MHOXKECTBA HATYPAJbHBIX dnces w Ha M, to mapa (M, ;1) Ha3bIBaeTcss HyMepo-
BAHHOM CUCTEMOIl, ecyin Bce onepanuu, jpeiicreyoriye va M, peicTaBIeHbl COOTBETCTBY IOIIMU
BLIYMCIUMBIMU (DYHKIMAMU B HyMEpAaIuu [, T.e. JJid JI000i n-MecTHOl oneparun F', Hazpan-
HOIl B curHarype M u jeficTByIOmeil Ha OCHOBHOM MHOYKECTBE TOW CUCTEMbI, HaiijleTcs TaKas
BhIUHCIMMAst (p-Tipeicrasisiomnast) dyHkius [ Toi e MecTHOCTH, 9To VT € W" (FuZT = pfT).
Eciu nansr e mymepoBanubie cucteMbl (M, ) u (N, v), To romomopdusm ¢ uz M B N Ha-
3bIBaeTC MOPMU3MOM, eci OH 3(PPEKTUBEH Ha HOMepax, T.e. CYNIECTBYeT TaKas BbIYUCTMAst
dbyukus g, aro pp = vg. Ecin pannbii Mmopdusm ¢ spisercs uzomopduzmom us (M, 1)
ua (N, v), To 6ynem ropoputh, arto (M, p) sabderrusro cBogumo K (N, v). 3amernm, IT0 XOTS
obpaTHoe oTobpazkeHne K n30Mopdu3My eCcTh TaKKe I30MOPGU3M, OH He 00s13aH OBITH MOPU3-

MOM, T.K. 0OpaTHOe 0TOOparKeHue, BOOOIIEe TOBOPs, MOXKET U He TOJJIEPKUBATHCS BHIUUCIIMOI
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Ha HOMepax dyHKImeil. HymepannoHHoil SKBUBAJIEHTHOCTHIO HyMepoBaHHOi cucrembr (M, (1)
HA3bIBAETCH /IpO oToOpazkenust p, T.e. {(z,y) | pr = py}.

HywmepoBamnnast cucrema, B KOTOPOIT BCe OCHOBHBIC OTHOIICHUS (BKJIIOUast PABEHCTBO) BbI-
YUCJIUMBI HA HOMepax (T.e. CYIIECTBYET CEMEHCTBO aJlOPHMOB, HMO3BOJIMIONINX DPACIO3HABATD
npobJieMy TIPHHAIE’KHOCTH JIFOOOTO KOPTeXKa, HOMEPOB COOTBETCTBYIOINIEMY OTHOIIEHUIO) Ha-
3BIBAECTCA BBITUCIMMOIL. [0BOPAT, ITO MOJIE/Ib BBIMHCINMO IIPEJICTABAMA (MMEET BBIYHUCIUMYIO
KOIIMIO ), €CJIM OHA MMEET BBIYMCIMMYIO HyMeparmio. AHAJOMMYIHO, €CIM CHCTEeMa NMeeT Hera-
TUBHYTO (C KOIEPEUNCIUMON POOIEMOi PACIIO3HABAHIS TPUHAJIEZKHOCTH OCHOBHBIM OTHOIITE-
HUSIM) NI HO3UTHUBHYIO (C HEPEYUCIMMBIM PACIO3HABAHIEM) HYyMEpAIUio, TO OHA HA3bIBAETCS
HEraTuBHO (COOTBETCTBEHHO, TIO3UTUBHO) MPEICTABIMOI.

DKBUBAJEHTHOCTD 1) Ha MHOYKECTBE HATYDAJIbHBIX YHCE] W HA3BIBAETCA HETaTUBHOW (Imo-
3UTUBHOI ), ecyin MHOKecTBO {(x,y)|z # y (mod n)} sBisieTcs nmepedncauMbiM (KOEPETHCIr-
MBIM ).

Jluneitabiit mopsiok (L; <) Ha3bIBaeTCs HEIATUBHO (IIO3UTUBHO) IIPEICTABIMBIM HAJL IIPO-
M3BOJIBHOM SKBHBAJIEHTHOCTBIO 1), €CJIN CYIECTBYET TaKasi ero HyMepalus I C sipOM COBIIaJIa-
IOIIM C 7], 9TO MHO)KeCTBO {(z,y)|ver < vy} KonepedncanmMo (Iepeanciinmo).

IIpensioxkenue 1. Jlaa 6carozo neeamuehozo aunetinozo nopadka cyuiecmeyem spper-

MUBHO C80AUMDITL K HEMY SOIHUCAUMDIT NUHETHVIT NOPAJOK.
Sameuanwue 1. [Ij1s1 HO3UTUBHBIX JIMHEHHBIX MOPsaKoB [Ipeioxkenne 1 He nMeeT MecTa.
O6ozHaunm depes 7)(a) sxBuBaseHTHOCTH { (X, y)|z,y € a} Uid w.
B [5] nokaszama cieyrommas TeopeMa.

[Iyctb v — KomepedncanMoe, HO HEeBBIUUCINMOe MHOXKeCTBO U (L; <) — MpOM3BOJIBHBIN

JIMHEHHDI TTopstoK. Toraa ciepyomye yCaoBIsa PABHOCUIBHDL:

(1) (L; <) merarusHO npejcraBuM HaJ 71)(a);

(2) (L; <) — BBIUUCIMMO NPEJCTABUMBIH JIMHEHHDIH TTOPSAIOK, UMEIOIIUii X0Tsd Obl OJUH
OpeaeTbHBIA 3JIEMEHT.

B nacrosimeit 3aMeTKe aHOHCUPYETCs cyeaytoriee 0600Ienne 3Toi TeopeMbl.

Teopema 1. ITycmv 1 — NpouseosvHas KEUBAAEHMHOCTID HA W, COOEPHCAUWASL POSHO
N HEMPUBUANLHHT 1)-KAACCO8, KAACOOT U3 KOMOPOIT ABAACTNCA KONEPEHUCAUMBM HEEOIUUCAU-
motm mrosrcecmeom u (L; <) — npoudsosvhuiti sunetinod nopadox. Tozda caedyrougue ycaosus
IKBUBANEHIMHDL:

(1) {(L; <) nezamueno npedcmasum wad 1;

(2) (L; <) sviuucaumo npedcmasumvili Aunetinsil nopadok, umernwut xoms 6ve n npe-
deNbHBIT MOYER.

Bameuanue 2. Hecmorps Ha cxoxkecTh (OPMYITMPOBOK BBIMIEYIIOMSHYTONH TEOPEMBI N3

[5] u Teopembr 1, siBiisttoreiicst ee 0600IIEHIEM, TOKA3ATEIBCTBO MOCIEIHENH MOTPEGOBAJIO MTPH-
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BJIeHCHUA PAJa HOBBIX HETPHUBUAJIbHBIX HOHSATHUA.

Teopema 1 umeer psj1 BazKHBIX CJIeJICTBUI. B 4acTHOCTH, U3 Hee BhITEKaeT m3oMopdHas
BJIOXKUMOCTB TIOPSIKOBOTO THIa 1 + w* (re w* — Hopsi/IKOBbIi THIT YIIOPSI0YEHUsT OTPUIATE b

HBIX IEJIbIX ‘{I/ICGJI) B CTPYKTYDPY CTelleHell HeraTUuBHOI npeacTaBuUMOCTU JUHENHBIX IIOPAJIKOB.
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kobsam@yandex.ru
2 Camaprandexuti 2ocydapemeennod ynusepcumem, Camaprano, Ysbexucman,

ilyos.rabbimov@mail.ru

OpHOM M3 aKTyaJIbHBIX U MHTEPECHBIX 3a/1a9 KOMIIbIOTEPHON JIMHIBUCTUKU SIBJISETCS aJl-
FOPUTMU3AIINA, T.€. CO3/[aHUE aJTOPUTMOB U pa3paboTKa IIPOrPaMMHOTO 00ECIIeYeHHs JIJIsd Pas3-
HOOOPA3HBIX 3aJ1a49 JUHIBUCTUKNA. AKTYaJIbHOCTH PEIIeHUsT 3TUX 3a/a4 YCHUJIUBAETCS TEM, 9TO
MHOTHE ITPOOJIEMBbI AJITOPUTMUAZAINN Y30EKCKO KOMITBIOTEPHON JIMHTBUCTUKY 1TOKA HE PEIeHbI.
[TosTomy B nanHOl paboTe 06CYKIAIOTCA BOIPOCHI TPOECKTUPOBAHUSA ITPOIPAMMHOIO KOMILIEKCA
JIJISI pellleHrsI HEKOTOPBIX MHTEPECHBIX 3aJ1ad 3Toil obsactu. Hamu nipeiaraercs u 000CHOBBI-
BaeTCsd CO3JIaHUe MPOrPAMMHOI cpebl pelieHns TakuxX 3ajad. CTpyKTYpHO U (DYyHKIIMOHA -

HO TaKasl CpeJla - 9TO aHaJOl aBToMaTH3npoBaHHOro pabodero mecra (APM - Work station)
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JIMHIBHCTA, T. €. COBOKYIMHOCTH ammaparaoro (hardware), mporpammuoro (software) m srwmir-
Buctuueckoro (lingware) obecrieuenusi. 3jeck nog lingware mozgpasymeBaercsi pasHoOOpasHbIe
JIMHTBUCTUYECKUE KOMIIBIOTEPHBIE PECYPChI, KACAIONIHecst POJHOIO (y30eKCKOro) U, BO3MOXKHO,
M3ydaeMblX HHOCTPAHHBIX A3bIKOB. Cpejia - 9T0 IporpaMMHBII KOMILIEKC ¢ HAOOPOM KOMITOHEHT.
KowmroHenThI: KapKac - OCHOBHOe pabodee OKHO, 6a3a JAHHBIX, MOJCACTEMbI U ITPOTPAMMHbBIE
morysux|1].

I'maBuoe menro (Paiin, logcucremsr, Basa gannbix, Momyin). ['iaBHoe MeHIO (OCHOB-
HOe pabotvee OKHO) COJEPZKHUT OTJIaBJICHNE JIOMOJHUTETBHBIX MEHIO, KazK/blil 13 KOTOPBIX MO-
)KeT uMerh cBou omrumu (nox ommuu). Hampumep, mento omrum Daitn peayn3oBBIBAIOT 001Ie-
M3BECTHBIE U Clelraan3npoBannble dbyukimn Ha daitravu. Iloncucremsr (Jlekcukorpadus,
Awnayms rekcra, MamunHnblii iepeBo, ...). IlojgcucreMbl - 9T0 mepapxusi MPUKJIATHBIX 33189
(paziesioB) KoMibiorepHoit smarsuctuku. Hanpumep, CinoBapu (Asdasurubiii, HacToTHbIi,
O6partHbiii, ...). Baza JaHHBIX COXpaHUT JEKJIapaTUBHbBIE CPEJCTBA KOMIIBLIOTEPHON JIMHTBU-
CTUKH, TaKie KaK CIPABOYHUKHU, CJIOBAPH, SHIMKJIONEIUHU, IpaBuia U (GopMaIbHOE OIMMCAHIEe
IPAMMATHKH SI3bIKA, CMBICJIOBBIE €JUHUIIBI A3bIKa U T. 1. MOJIyan - MporelypHbe CPEICTBA
KOMITBIOTEPHOI IMHIBUCTUKH. DTU CPEJICTBA PEAJN30BBIBAIOTCS Ha Oa3e COBPEMEHHBIX TEXHOJIO-
ruif IporpaMMUpPOBAHUsI B BHJIe HAOOpa aJIrOPUTMOB U IIOJIITPOTPAMM, COITPOIPAMM U IIPOTPAMM-
HBIX 11poyKToB. Hampumep, Moy coprupoBku jgaHubix; Mogyan TpaHCIUTepai TEeKCTa;
Moytyin mepeBojia 9acTu CJI0Ba ¢ OJIHON CTPOKM Ha, JAPYyTyIo; [[porpaMMbl cTaTHCTHIECKOTO aHa-
J3a Jimreparypuoro rekcra; [Iporpammer nposepku opdorpadun (Spellchecker); TIporpammbr
CHHTAKCUIECKOTO U CEMAHTHIECKOTO KOHTPOJIS TeKCTOB; [IporpaMmbr, BBIIEIAIONHE CTPYKTYPbI

snanuit u3 rekcroB B u npyrue.

JImreparypa

1. Kobuaos C., PaboumoB WU. [Ipoexmuposanue cneuuasusuposanozo mexkcmosozo pe-
daxmopa. Tesucwl nokaam0B MekyHapogaHoil KoHpepeHnun "AKTyajabHbIE TPOOIEMBI

MPUKJ/IQTHON MaTeMaTHuKN U WHMOPMAIMOHHBIX TexHojornit - Ajb-Xopesamu 2016 Tar-
kent: HYV, 2016 1, 17 c.
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OKCIIOHEHIIMAJIBHO-AJITEBPANYECKA A MHTEPITOJIAIIVOHHA A
DPOPMVJIA

Kynmonier X. M.

Vabexckuti 20cydapecmeertviti YHusepcumem Muposux A3vkos, Tawkenm, Ysbexcuman

JL1st Toro 9T0o0bI HAWTH TPUOIMKEHHOE TIPEJICTaB/IeHne (PYHKITUHU ¢ € TIOMOIIBIO 3JIEMEHTOB
KOHKPETHOI'O KOHEUHOMEPHOI'O ITPOCTPAHCTBA BO3MOYKHO HCIIOJIb30BAHUN 3HAYCHUS ITON (DYHK-
UM Ha KaKOM TO KOHEYHOM MHOXKecTBe Todek g, 3 = 0,1,..., N. CoorBercrByIomasa 3a/1a4a

Ha3bIBacTCA Baﬂ‘a‘{ef/l VMHTEPIIOJINPOBaHNA 1 TOIKN X' HA3BIBAIOTCA y3/JaMU MHTEPHOJIAIINN.

CYH_LGCTByIOT HOJIMHOMHAAJbHAA U CILIAUH NHTEPIIOJIAIINN. B HacCcToOdAIee BpeMA TEeOpud

CILIaliH NHTEPIIOJIAIINN 6bICTpO pa3BeBarOIIaACd.

B HaCTOHHLeﬁ pa60Te TaK2KeE HUCCJIEJIYETCA 3a/ia"da ITOCTPOCHNUA MHTEPIIOJIAIIMOHHDBIX (bOp—

Mys1. B ¢Bgasu ¢ 3TuMm 371ech paccMoTpuM ['MIb0epTOBO MTPOCTPAHCTBO
Ka(Py) = {: [0,1] = Rlp" — abe. nenpep. ¢ € Lu(0, 1)},

cHaOXKEeHHBIIT HOPMOIA
1/2

ol o)l = { [ (n(2) ¢)2dx} )

rie Ps (%) = %3 — 2% + % u fol (P3 (%) gp)de < 00. PaccmoTpuM c1e 1y ronty o MHTEPITOIs-
IIUOHHYIO 33/1a9y:
Bagada 1. Haiitu dyskuuio S3(x) € Ky(P3), KoTopas gaer MunuMyM Hopme (1) u yio-

BJIETBOPAIOIICIO CJICYIOIIEEe NHTEPIIOJIAIMOHHDBbIC YCJIOBUA

Sg(]}g) = gO(l’g), 5:0,1, ey N (2)

qtst 1060it ¢ € Ky(Ps), e x5 € [0, 1] y3/Ibl HHTepIOJISIHN.

Anajmrndeckoe mpeJcTaBIeHIe HHTEPIOJIAIMOHHOIO cItaiina Sy ()

N
Ss(x) = C,Gs(z — ) + die™ + doze™ + Ay (3)

=0

rae Cy,v=0,1,2,...,N,dy,da, \y AeficTBUTEIBHBIC YHCITIA,

Gs(z) = sgn(z) (x—l (e$($—3)+e_$($+3))> (4)

2 4
dynamMenTaibHOe peleHne oneparopa % — 2% + %. Pemenne S3(z) suma (3) 3amaun 1
cyImecTByeT, eauHCcTBeHHO Korma N = 2,3,... u koaddunuenter Cy,v = 0,1,2,..., N, d,d;
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dbyukiwm S;3(z) onpenensrorest cieytoreit cucremoit N + 3 JInHEHHbIX ypaBHEHWI

N
> C,Gs(xg — xy) + die™™8 + dyzge™8 + N\g = p(x5), f=0,1,...,N,
v=0

N

Y. Cie ™ =0,

v=0

N

> Cixye ™ =0,

v=0

N

>, ¢y =0,

v=0

e @ € KQ(Pg)
OCHOBHOI TI€/IBI0 HACTOMAIIEH PabOTHI SBJISIETCS PENNTh 3aJ1a9y 1, T.e., PEIUTh MOCIeI-
HIOIO CHCTEMY IS PAaBHO PACIOJIOXKEHHBIX y3/10B 3 = hf, f = 0, 1, ..., N, h =1/N, N =

1,2, ... n naiiTn aHasmTHdeckue npejcrasienns koaddurmentos C.,v = 0,1,2,..., N, dy,dy n

Ao byukmm Sz(z).

ACUMMETPUK AJITOPUTMJIAPHU AMAJIMETIA KVYJIJIAIIL BUJIAH
BOTJINK MYAMMOJIAP BA VYJIAP EYVMJIAPUA

Kypbazos 1. M.

TATY xowudazu Paduosaexmpon mudumaap 6a arbopom merHOA0UANPY MAPKA3U,

Towxenm, Ysbexucmon, kuryazovdm@mail . ru

Byrynru Kynga kpurnrorpaduK TU3UM KaHIAJTUK MypakKKad Ba UIMOHYUIN aJITOPUTMIa aco-
cJIaHTaH OYIMacCHH, YHUHT aMaJuil KYJJIaHUIIIIa KeJIU0 YUK Ural MyXuM Macajia, Oy Kpuil-
ToTu3uM oiiTanaHyBIMIapra KaJUTIaPHI TaAKCUMJIAII MacaJacu Xucobaanaan. 1yHK ax0o-
poTiap TU3UMKIA MaXduii aJJOKAHN TabMUHJIOBYH KPUITOIPaduK TU3UM (DoiigaanyBIrIapy
y3apo aJoKacu YIyH KaJuT yJapHUHD OUPHU OPKAJIU dpaTujiraH 0yimbd, MKKHHINCHTa MaXduii
XOJIJIa eTKa3uIuinm jio3uM. Harnkaia KajimTHu eTkasuii (y3aTuIi) yIyH XaM sHa OOIIKa KPUII-
ToTu3uMIaH oiiantaHuin kepak. Maskyp MacajaHu €4uin yayH, KJACCUK XaM/la 3aMOHaBHI
dan Ba TeXHHKA IOTYK/IapUTa, XyCycaH, COHJIAp HAa3apUACH, OJINi ajredpa, MaTeMaTuK Tax I
Ba AHAJIMTHK TeoMeTpus paHaapu ITYKIapura acoCJIanral X0JIa OUUKKAJIUTIIN (ACUMMETPUK )
KPHUIITOTU3UMJIAD sAPATHII HYHAJUIIN BYKYJIT'a KEJITaH.

Acummverpuk Kpunrorpadus yCyJIapuHUHT a0 OYImuimm 9ca KpUITOrpapUusTHIHT Ha-
dakaT Maxcyc xusMaTiap Joupacuia, 0ajakn Oup KaTop Ba3UPJ/INK Ba ujgopaJiap ax00poT TH3UM-
JIapU JIEKTPOH XY?K>KaT aJIMalluHyBHU/Ia KEHT UILIATUIAIINATA UMKOH SIpATIN. DJIEKTPOH XY K-

JKaT aJIMAIMHYBUHUHT MYXHM aXKpaJiMac KUCMH 3Ca 3JIEKTPOH paKaMJ/In uM30 OViub, macras-
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BaJl y TYpJIX SJIEKTPOH XyKKAT aJIMAINHYBU/Ia XyKKATHUHT IOPUJINK MaKOMUHU AHWUKJ1a0,
9JIEKTPOH Xy2KrKaTra KyHuaraln pakaMJIi UM30HUHT MYaLIUINK XYKYKHHE KadoaaTaai .

Mycrakmiiuk #fumapuia peciyoankaia ax00poT-KOMMYHUKAIS TEeXHOJIOTUIIApPU Ba
XU3MAaT/IAPUHNA PUBOKJIAHTUPHINTA HYHAJITUPHUITAH OUP KATOP MYXUM XYKYKHUH-MebEPUil Xy K-
JKaTyap XaMja KOHYHJIap unniad aukuian. MacasiaH, JeKTpoH pakaMJim UM30jiaH (oiitasia-
HUII Ba JIEKTPOH XYXKXKaT aJIMaIllUHyBUHU XYKYKHI acoCIapUHU SPATHUII YIyH «DJIEKTPOH
pPaKaM/IM UM30 TYFPUCHIA», «DJEKTPOH XyKKaT aJIMAIUHYBU TYFPUCHIA», «DJIEKTPOH TH-
JKOpaT TYFpucHIa> Y36eKHCToH PecybimKrac KOHyHIApY Kbyl KUIHHTAH. Y6y KOHYHIap
TajabagapuiaH Kejand 9uKub, CUMMETPHUK I pJIalil, X3-(QyHKINs Ba 9JIEKTPOH PAKAMJIH TM-
30 MUJLIMIM CTaH/IAPT AJTOPUTM/IAPU UNLIA0 IUKUJIIN XaMIa yaap axO0poTHH KPUITorpaduk
Myxodasza KIJIUIT MAJLIHA KypUIMaJIapd KPUITOMOIY/Iapuia KeHr (hoiigatannd KeJTnHMOK,IA
[4-6].

Tabkuamam J03UMKN peciiyb/inKaia MUJIANR CTaHIapT Jdapaykacujia acUMMETPHK aJl-
roputM KaOyn1 KuaumaMmaraH. [IIyHuHT ydayH sHrm 3aMOHABUIl acUMMETPUK ITHQpPJIAIT aJro-
puTMIIap SPATUI HhHHAJIUIIIIA WIMANR-TaIKAKOT HILIApUHE 0au0 Oopuin axbopor xaBdcus-
Juru coxacujia aosmaT omd GopaéTraH MyTaxacCHUcIap y4yH J1013ap0d MaB3ysiapjaH Oupu
xucobrana (3.

Xosupaa Kpurnrorpadust COXaChu1a KJIaCCUK aCUMMETPHUK aJIrOPUTMIAD KATOPHUIa KIHPraH
Ba KYIMIUINK PUBOXKJIAHTAH JIaBjaTjap/a, KyMJIaJaH PecIyOInKaj a XaM CUMMETPHUK mudp-
JIalll aJITOPUTMHU CEaHC KAJUTHHU ajmamuiia RSA acuvverpuk mudpiiann ajaropuTMuIaH
KeHr oiitaranmiaau. Yoy aJropuTM KaTTa pas3pd//id COHJapHU TyO KynaiTyBumaapra
aKpaTuIll MacaJacu Mypakkaburura acocaanran [1-2, 7-8].

Maxkosia/1a 3aMOHABUN aCUMMETPHUK MM PJ/IAIT AJTOPUTMIAPUHA aMaJImdTIa KyJLIall Ou-
JIaH OOFJIMKMyaMMOJIap, YHUHD e9uMIapH iYHATUIIIIATT XOPIK Taxkpudaaapu [1-3,8] raxmm
KIJIMHTAH Ba SJIIAITHK SUPU YU3UKACOCUIA STHI'U OINTHMAJ AaCUMMETPHUK I pJIall aaropuTMu

TaKJIMG STUJITAH.

JImteparypa
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PEIIIEHUE ITOJIMHOMMAJIbHBIX YPABHEHUN AJITOPUTMOM
ELIMLIN

MamaToBa X. X.

Havuonanrvrwi ynusepcumem Yabexucmana, Tawxenm, Y3oexucman, hmx19910mail.ru

CyIecTByIOT pas/IiaHble METO/IbI B KPUIITOAHAJIN3E CHMMETPHIHBIX 1idpoB. Hekoropsre
BKJIIOYAIOT CTATUCTUYIECKUl aHAIN3, & HEKOTOPBIE YNCTO JeTePMUHNPOBAHLL. JI10060e asrebpa-
HYeCcKOe HalaJIeHue COCTOUT U3 JIBYX Pa3JIHIHBIX ITAIOB:

- Hammcanue mmdpa Kak cucreMa MHOTOUJIEHHBIX YDaBHEHUIT HU3KOIO 3BAHUs 9aCTO 110
GF (2) wim GF (2k), KoTopsiit BeiosHuM Jijist Jo6oro mmdpa [1].

- Boccranosienue cekpeTHoro Kioda, perasi Takylo OOJIBIIYIO CHCTEMY MHOTOUJIEHHBIX
YPaBHEHUN.

Aurebpanieckue HamaieHust OB YCIEIIHbI B JIOMKe HeCKOJIbKUX IMubPOB MOTOKa (Ha-
upumep: [2]) n HeckosbKo Gounbx mmdpos, Takux kak Keeloq [3] u T'OCT, #o onn e Tak
JKe YCIIEIIHBI KaK craTucrudeckue Hanaenusd. C Ipyroil CTOPOHBI, OHE YacTO TPeOYIOT JAHHBIX
HU3KOIO YPOBHS CJIOKHOCTH. A JIJIs CTATHCTUYECKIX HAIAJeHUil J1e710 OOCTOUT He Tak.

B nacrosiee Bpems, g CIydaiiHoOll CHCTEMBI, B KOTOPOW KOJIMYECTBO YPABHEHUN PABHO
KOJIMIECTBY HEU3BECTHBIX, TAM HE CYIIECTBYET TEXHUKN OBICTpEE, 9eM HCUEPIILIBAIONINI KITIote-
BOII IIOMCK, KOTOPBIN MOYKET PEInTh Takne cucreMbl. Ha apyrast pyka, ypaBHEHNUS, I0JIy IeHHbIE
U3 CHMMETPUYHBIX MH(POB, OKA3BIBAECTCS CBEPXOIPE/ICJICHHBIN U PeJKuil Jijist OOJIBITIHHCTBA
mudpos. Tak, UX MOXKHO Jierde permnTh.

TpauIonHbIil MEeTOI /sl PEIeHns] CBEPXOIIPE/IEJIEHHO I MHOTOWIEHHOM CHCTEMBI yPaB-

HEHUII OIpeJie/IeH pa3IndHbIMU Oa3UCHBIMU ajropuT™MaMu ['poudHEp, TAKMMU KaK aJrOPUTM
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Byuobepee F4 nu F5 nu XL. Camblit KpuTndeckuii He0CTATOK Oa3UCHOTO moaxoma ['poudHep -
ar yCTpaHeHus CTeleHn CUCTeMHBIX yBejndenuit. Ha jpyrom pyka, onu ObicTpee, deMm Japyrue

MEeTO/IbI JIJIsi CBEPXOIIPEJIEJIEHHbBII TJIOTHBIX cucTeM uim Korja ypasaenust no GF (q) e q>2.

Mpbr uzyuaem asiroputm ycrpanenuss ElimLin, xoTopsrit HaxomuTces B Ipejenax cgepbl
KOMIIeTeHIINH Ba3ucubie aaropuTMbl ['poddbHEp, XOTd 3TO KOHIENTYAJIbHO HAMHOTO OoJjiee Mmpo-
CTO W OCHOBAHO Ha COEJIUHEHUM IPOCTOM JuHeHHOi ayjreOpnl u 3amMenbl. ElimLin cocrout us

JABYX IIOCJIEOBATEJIbHBIX OTJIMIHBIX 3TallOB, & UMEHHO:

- ['ayccoBckoe Ycrpanenne: Bee mHeltHbIe ypaBHEHNs B JTMHEITHOM ITPOMEXKYTKE HATAb-
HBIX ypaBHeHUN HafigeHHbit. OHU - TEPEKPECTOK MEXK/Ty JIBYMsI BEKTOPHBIME ITPOCTPAHCTBAMU:
BEKTOPHOE IIPOCTPAHCTBO 3AII0JTHEHO BCEMU OJHOYJIEHBI CTelleHU 1 1 BEKTOPHOE IIPOCTPAHCTBO

3allOJIHEHbI BCEMU YPAaBHECHUAMMU.

- Bamena: [lepemennble MHOTOKPATHO YCTPAHEHBI B IEJION CHCTEMe Ha OCHOBE JIMHEIHBIX
yPaBHEHUT, [T0Ka HET HUKAKOIO JIMHEHHOTO OCTaB/IeHHOTO ypaBHeHus. Cjie/0BaTe/ibHO, ¥ OCTa-

IOIEHCsT CHCTeMBI €CTh MEHbIIIe TIepeMeHHbBIX.
[Ipumep ElimLin
[IpemooKuM, 9TO y HAC €CTh CJIEIYIOIIasi CBEPXOIPE I/ IEHHBIN CICTeMa MHOTOMEPHBIX

ypasaenwuii mo GF (2) ¢ 6 mepemenubivu x1..., X6 u 7 ypaBHeHwHi,

(
T4To + T5Tg

Tokg + T3Tg
To + T3+ Ty + Tg + T3y
T1+ T3+ 24
123+ x104 + 1
ToX3 + Toks + T1Xg
L T3Tg + T3 + 1
Mpub1 pacemarpuBaeM JinHeiHOe ypaBuenue x1 +x3 +x4 g 3amensl X3 = x1 +x4, U MbI

[IOJTy daeM
( TaTe + T5Tg
Towe + (1 + x4)Te = ToZe + T1T6 + 4T
To + (X1 + x4) + 75 + 26 + (11 + 24)Ty = 2o + 1 + T4 + T5 + 26 + X174 + T4y
1+ (r1+24) + 24 =0
r1(r1 +x4) + 21204 + 1 = 29221 + 1
To(T1 + Ty) + XToky + X1 = T1To + TyTo + Tols + T1Tg
\ (1 + xg)we + (1 + 24) + 1 = 2126 + 2416 + 71 + 24 + 1

C Tex nop x? = x; MBI IOJyYaeM HOBOe JinHeiiHoe ypasHenue x1 = 1.
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T4ZTe + T5Tg
ToTg + L1 + Tylg = Tokg + T + TyTg
To+T1+ 24+ 25+ Te+ 2104 + 4Ty = T2+ 1+ 24 + 25 + 26 + Ty + 1474
0
r1z1+1=0
T1T2 + TyXo + XTox5 + T1Tg = T2 + T4T2 + ToX5 + Tg
\ T1%g +Tuxg+ 211 +Ta+ 1=+ 2406+ 14+ 24+ 1
DTO JaeT HAM HOBOE JiMHeiHoe ypaBHenue X2 + 1 + x4 + x5 + x6. Mbr npegBapuTebHO

dopmupyem 3ameny x2 = 1+x4 +x5 +x6.
( T4Te + T5Tg
ToZg + T + Tyl = T5Tg + Tg
To+ 14+ x4+ 25+ 26+ 24 + 24104 = 0
0
0
To + TyTo + Toks + Tg = 1 4+ x4 + T5 + TaTe + T5Xe

Tg + T4 + Ty = Tg + TyTg + T4

\
MpbI BbIYUC/IIEM JTUHEHHBIN ITPOMEXKYTOK 3TOI CUCTEMBbI, U MbI TIOJIyYaeM JIMHEIHOe ypaB-

wenne Eq2 +Eq6 + Eq7 = (x5x6 +x6) + (1+x4 +x5 +x4x6 +x5x6) + (x6 +x4x6 +x4) =
1+x5.
( Ty + TsTe
5T + xg = 0

0

0

0

1+ZE4+JZ5+ZL‘4$6+IL‘5JZ6:ZE4+1‘4ZE6+$6

\ Tg + T4l + Ty = Ty + T4Tg + Tg

MpbI BbIAmC/IIEM JTUHERHDBINA TPOMEZKYTOK 9TOI CUCTEMBI, U ITOJIyYaeM JUHEeHOe YpaBHEHNE
Eql +Eq2 +Eq7 = (x4x6 +x5x6) + (x5x6+x6) + (x4 +x4x6 +x6) = x4. 9TO B KOHETHOM Ja€T
HaMm x4 = 0 u BuocjaejacTun X6 = 0. B Hamem npumepe Mbl He HCIOJIB30BAJIA IIEPBOE ypaBHE-
nne x4x6-+x5x6 no camoro koura ElimLin. Bes sroro ypasuenus ElimLin mecriocoben naiitu
perierre. OHAKO pelleHre MOXKET OBbITh HaiiieHo X1 ajaropurMaMi, eCii Obl Mbl BBITHC/IAEM

x6Eq7 = x4x6 + x4x6x6 + x6x6 = X6 u 1m0ocJIe 3aMeHbl, Mbl HoJTyunn o061 x4 = 0.
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TFEOMETPUA MHOKECTBA JOCTUN2KNMOCTU

Hapmanos A. 4., Caurosa C.?

! Hayuonanrvrwd yrnusepcumem Ysbexucmana, Tawxenm, Ysbexucman, narmanov@yandex.ru

2 Havyuonarvmviti yrusepcumem Ysbexucmana, Tawxernm, Ysbexucman

MSy‘{eHI/HO reoMeTpun MHOXKeCTBa JOCTU2KMMOCTH U1 Op6I/ITbI ceMencTBa TVIaJIKNX BEKTOP-
HBIX IIOJIEH IIOCBAIIEHBI UCCJIEJ0OBAHUA MHOI'MX MaTEMAaTUKOB B CBA3U C €€ BaXKHOCTBIO B IIPU-
JIO?KEHUAX, B TCOPUN ONTUMAJBLHOTO YIPABJICHUA, TUHAMAYECKAX CUCTEMaX, B T€OMETPUHA U B
Teopun cyoenuit [1-9).

B kadecTBeHHOII TeopuM yIpaBjeHUS MHOXKECTBO YIIPABIIEMOCTU (I/I.HI/I MHO2KECTBO J10-
CTHZKHMOCTHU ) CHCTEMBbI YIIPABJIEHUs Ha TJIAJIKOM MHOr0OOpa3nu B KJIACCE KYCOTHO-TTOCTOSTHHBIX
yIpaBJIeHuil COBIAJAET ¢ OTPUIATETHHON (TIOJOKUTENLHOI) OpOUTON ceMeiicTBa BEKTOPHBIX
noJjieil, KOTopoe ONpeJIesisieTCsl CUCTEMON YIIPaBJIeHUs OJIHO3HAYHO. B cilyvdae CUMMETPUIHBIX
CHUCTEM MHOXKECTBO YIPABJISIEMOCTU (M TaK:Ke MHOXKECTBO JIOCTUZKUMOCTH) COBIIQJIAET ¢ OpOu-
TOW.

C apyroit cTOpoHBI, JIF0O0E CeMeHCTBO BEKTOPHBIX MO OnpeiesseT HEeKOTOPYIO JMHAMU-
JeCKyIo IMoJTUCUcTeMY. TakuM 00pa3oM, U3ydeHne CTPYKTYPbl MHOXKECTBA YIIPaBIIEeMOCTH TECHO
CBA3aHO C U3YUYEHUEM CTPYKTYPhI OPOUTHI CEMECTBa BEKTOPHBIX I0JIEil. XOPOIIIO U3BECTHO, ITO
MHO2KECTBO YIIPpAaBJIAEMOCTU ABJIAETCA OJHUM N3 OCHOBHBIX O673€KTOB KadeCcTBEHHOI Teopuu OII-
TUMAJIBHOI'O YIIPABJICHUS.

[Ipu n3yveHnn KauecTBEHHBIX CBOMCTB CUCTEMBbI YIIPABJICHUS Ha TJIAJIKOM MHOIOOOPA3UH,
TaKUX KaK BOIPOCHI 00 yIPaBJIAEMOCTH, BO3HUKAET BO3MOYKHOCTL IpUMeHeHus juddepeHIu-
aJIbHO - reoMeTputdeckux MeTosioB. O muddepeHnuaibHo - TeOMETPUIECKUX METOJIaX B TEOPUU
OITHMAJILHOIO YIIPABJIEHHUsI MOXKHO YUTaTh B padbore [1].

Pacemorpum muoxkectso D C V/(M), KoTropoe MOXKeT Cojiep:KaTh KOHEUHOe 1 GECKOHETHOe

YUCJIO TVIaJKNX BEKTOPHBIX HoJIE.
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Host touku © € M uepes t — X'(z) 0603HaAYIMM MHTErPATBHYIO KPUBYIO BEKTOPHOI'O MOJIsI
X, npoxoagntyio 4epe3 Touky x 1pu t = 0. Orobpazkenne t — X'(x) onpeseneno B HeKOTOPOIi
obnacru I(z) C R, koropas B 00IeM cjlydae 3aBUCHT OT 1OJisi X, U OT HAYAJILHON TOYKH .

B panbmeiimeM, Bcrogy B dopmynax suga X'(z) Gyzem caurarh, uro t € I(x). Ecim
JUIs Beex Tovek = € M obaacts onpenenenus I(x) xpusoit t — X'(x) coBuazaer ¢ 4mucsaoBoii
OCbI0, TO BEKTOPHOEe Tojie X Ha3bIBaeTCsl MMOJTHBIM BEKTOPHBIM I0JIeM. B 9TOM ciiydae MmoToK
BEKTOPHOI'O TIOJI TOPOXKIAET JTUHAMUIECKYIO CUCTEMY.

Onpepenenne 1. Op6ura L(z) cemeiictBa D BEKTOPHBIX MOJIEH, TPOXOJISIIAS Yepe3 TOU-
KY Z, OIIPeJIeIgeTcsd KaK MHOYKECTBO TaKUX To4eK y u3 M, jijig KOTOPBIX CYIIECTBYIOT JI€HCTBU-
TeJIbHBIE YUCa ty, to, , g 1 BekTOpHbIE ToJist X1 X5, , X u3 D (rue k— 1pon3BoJibHOE HATYPaJIb-

HOe YUCJI0) TaKWe, ITO
y = X (X0 (X (@)-)).
Onpenenenune 2. Touka
y =X (G5 (X (@))€ L(z)

HazbiBaeTcst T'— jocTmkuMoit u3 Touku x € M, ecom y t; =T.
i

O6oznaanm depes A, (1) MHOXKECTBO TOUYEK, KOTOpbIe T'— JTOCTUAKUMBI U3 TOYKH .

Hamomuuwm, aro nmogmuoroobpaszue N C M nHazbiBaeTcd HOrpyzKeHHbIM B M, ecjin KaHOHU-
Jeckast HHbeKIWA ¢ : N — M saBisierca nuddepeHnupyeMbM 0TOOpazkeHneM MaKCHMAaJILHOTO
pamHra.

Tomonorust opobuter L(z) (Tonomorust Cycemana) BBOAUTCS KaK CHJIbHEHINAs TOMOIOTHS,

JIJIs KOTOPOU BCe OTOOparKeHUsT BUJIA:
(t1, g, ..rty) € RF — XIF(XPH(L(X P (2)).)),

SIBJISTIOTCSI HEIIPEPBIBHBIMU, T t1, Lo, ..., Iy - JeficTBUTEIbHBIE Yncaa, X1, X, , Xpy— BEKTOPHBIE
roJist u3 ceMmeiicrea D.

CobcTBeHHasT TOMOJIOTHsT OPOUTHI,KaK MOTPYKEHHOTO OIMHOT000pa3us siBJIsieTcsi 0oJtee
CUJIbHOM, YeM TOIOJIOTHS, UHIyIupoBanuas u3 M.

Hamnpumep, aj1s uppaimoHaibHO OOMOTKH TOpa I BCEX TPACKTOPHUI 3TU TOIIOJOTHH
pPa3IUIHBI.

Ucnonbsyst uipeto paborsr [13] Cyccmanna, rje oH J10Ka3a/1,9T0 OpOUTa SIBJISIETCS TJIaJl-
KM MHOroobpasueM, B pabote [4] qokazana cieyromas TeopemMa 0 TeOMeTpUr MHOXKecTBa T'—
JIOCTH?KUMBIX TOYEK.

Teopema 1. Mnoowcecmso A,(T) dan xaoscdozo x € M npu mobom T asaaemea noepy-

HCEHHBIM NOOMH02000pasuem opbumo, L(x) Kopasmeprocmu eOUHUUbL UAU HOAD.
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Eme omamm cymecrBenbiM BkagoM [.CyccManHa B M3yYeHUU TeOMETPUU MHOYKECTBa

JOCTUKUMOCTH SIBJISIETCS CIIEJIyIOIas TeopeMa, Kotopas Jokazana coBmecTHo N.Levitt [10].

Teopema 2. ITycmv M - 2aadkoe cesaznoe mnozoobpasue pasmeprocmu n. Cyuiecmsyem
cucmema D, cocmoswan uz deyxr eexmoprvir noset makas,umo LT (x) = M daa xaorcdot
mouxu r € M.

Ucnomnb3yst Teopemy-2 B pabore [4] mokazana cieyiomas TeopeMa.

Teopema 3. Ilycmv M - 2aadkoe ceasnoe mHozoobpasue pasmeprocmu n > 2. Cywe-
cmeyem cucmema D, cocmoawan u3 mpexr eexkmopnuix noaet maxas,wmo A,(0) = M das
Kaorcdoti mouxu x € M.

s MHOrOOOpa3Mii ¢ HEHYJIEBOI SMIEPOBOil XapaKTEPUCTUKON MOJIYyYeH CJICIYIONINil pe-
3yabTar [4].

Teopema 4. I[Iycmv M— 2aa0k0e KomMnaxmmHoe C6A3HOE MHO02000pA3UE PAZMEDPHOCTU
n > 2, 2UAepo8a TAPAKMEPUCTIUKG KOMOPO20 omaudHa om wyas. Cyuecmeyem cucmema D,
cocmoauan uz 08yxr eexkmopnux noset maras,wmo A, (0) = M daa waosrcdot mowku x € M.

Caemyromnmuii mpuMep MOKa3bIBAET, 9TO HA KOMIAKTHOM CBA3HOM MHOrooopasum M ¢ Hy-
JIEBOIT 3i1/1epOBOil XapaKTEePUCTUKON TaKzKe MOXKeT CyIIeCTBOBaTh cucreMa [), cocTosInas u3
JBYX BEKTOPHBIX moJteil Takast,ato A,(0) = M st kaxoii Touku x € M.

[Iycrs Tpexmepnas cdepa S° C R* sagana ypasmenmem z2 + 9% + 22 + w? = 1, tue
x,Y, 2, W— JIEeKapTOBBl KOOPIUHATH B 1%,

Pacmorpum cucreMy Ha S3, COCTOSILYIO UX JBYX BEKTOPHBIX II0JIEii:

- 9 9 _,,0 9 — _,90 9
X = y8w+$6y w8z+zaz’y_ Z@m+xaz

Herpy/tHo poBepuTh, 9TO 3TH BEKTOPHBIE OJIsI ABJIAIOTCS MOoJIsMu KuiinHra, T.e. JIOKaIbHbIe
b deomopdusmbr z — Xi(x), v — Y(z) npu kaxaom ¢ gapstioTes nzomerpusamu cdepbl S°
CkobOka JIu [X, Y] BekropHbIX mosieit X, Y mmeer crieayonuii Bu;:

[X,Y]=-wl - Za% +yd + ol

Bekropubie nosist X, Y, [X, Y] npunasyexar noganredpe Jlu V(D), koropast siBJsieTcss MUHU-
MaJIbHOM osasrebpoit JIn anrebpsr JTu V(M), comeprkarmeit MuozkecTBo D.

B rouke p(1,0,0,0) € S Bekroput X (p),Y (p), [X,Y](p) muneiino nezaBucumMbl T.e. MOJI-
npocrpanctBo V,(D) = {X(p) : X € V(D)} tpexmepno. Ilosromy opbura L(p) sBisercs
TpexmMepHoil. B cuity Toro,uaro X, Y smisitorcs BekropHbiMu nosisivu Kusumuara, opburta L(p)
ABJIIETCA 3aMKHYTHIM HojMHONKecTBoM R (cnenosarennno,s S) [?]. C apyroii cTtoponsl, Kak
BBITEKAET U3 JIOKA3ATEIbCTBA TEOPEMbI-1, B CHJIy MAKCUMAJIbHOCTH pa3MepHocTu,opouta L(p)

ABJIFETCA OTKPBLITBIM moaMHozKecTBoM S°. CireoBaTesbHo, opbuTa comaaaer ¢ S°.

Tenepsr paccmorpum MuozkectBa A,(0) mia ¢ € S Ecim muokectsa A, sBasioTcs
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TOIMHOT000pa3UAMU KOPa3MEPHOCTH OJIMH, B CUJIy TOT'O,9TO BEKTOPHBIC 1MoJd X, Y ABJIAIOT-
cs BEKTOPHBIMH T10JiIMH KHJIIMHTa, OHNM HOPOKJIAIOT JBYMEPHOE PUMAHOBO CJIOeHHe Ha S°
[3]. Kax coietyT u3 pesynbraroB paboTsl |5],Ha TpexMepHOii cdepe HECYIECTBYIOT JIBYMEPHBIX
pumanoBbIxX cioenmit. Crenosaresnsho, maoxkectso A,(0) conamaer ¢ S? s Beex g € S3.

Jl1st cHMMETPUYHBIX CHCTeMa UMeeT MeCTO CJIeflytorasi Teopema [4].

Teopema 5. IIycmv cucmema D cummempuyuna w codepicum nosnoe 6eKMOpHOe Noje.
Tozda dan xascdozo T € R u daa xascdot mouru x € M umeem mecmo pasercmeo A,(T) =
L(z).

3aMeTHM,YTO CHCTeMa BEKTOPHBIX MoJjeil D HasbiBaeTcsi CUMMeTpHYHOi, ecim u3 X € D
BBhITeKaeT,uTo —X € D.

B creayromenm npumepe muoxkectBa A, (0) sBiisorcs moamMuoroodbpasusmu opoutst L(p)

KOPa3MEPHOCTH OJINH.

[Iycts M = R, D cocTONT U3 CJIeIyIOIMIX BEKTOPHBIX MOJIeit

X:—y%qua%,Y:%.

B sToM ciryuae aia Kaxkioit Touku p(z,y, z) € M, taxoit,uro x2+1y* > 0 opbuta L(p) aBiasgercs
mumHEApoM, a MuOKecTBO A, (0) mis Kaxkaoit Toukn ¢ € L(p), sBisieTcss BUHTOBOI JIMHUEI,
0

KacaTeJIbHBIM T10JIeM KOTOPOIl ABJIAETCA BEKTOPHOE TI0JIe / = —y% + xa% — 5.+ st Touek ocn

OZ opburst L(p) u muoxkecrsa A,4(0) coBragaer ¢ ocbio OZ.
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AJITEBPA JIN T'PYIIIIEI CUMMETPUI1 YPABHEHU S
TEIIJIOITPOBOJHOCTU

HapmanoB O. A.

Tawxenmexut ynusepcumem ungopmayuonnux mexnoroeuts (HUI UKT), Tawwenm,

Vsbexucman, otabek.narmanov@mail . ru

B nociiesinee BpeMs anrebpadeckue U reOMETPUIECKHE METO/bI IITUMPOKO MTPUMEHSIIOTCS B
Pa3IMIHBIX 001aCTAX MaTEeMATUKU, B TOM YHCJIE P UCCJIEI0BAaHNN ypaBHEHN MaTeMaTHICKO
dbusukn [1], [4], [5].

['pynmbr cumMerpuii cucreMm auddepeHnuaibHbIX YPaBHEHUN B YaCTHBIX MPOU3BOIHBIX
MOKHO HCIIOJIb30BATh JIjIsi TOI'0,9TOOBI HAWTU YACTHBIC THUIIbI PEIICHUil, KOTOPbIE SBJISIOTCS
MHBAPUAHTHBIMU OTHOCHTE/ILHO I'PYIIIBI CAMMETPUN ypPaBHEHUsI. DTH WHBAPUAHTHBIE PEIeHMs
HaXOJIATCA PEIIeHreM PeJIyIUpPOBaHHO cucTeMbl juddepeHImaIbHbIX YpaBHEHU, CoepKa-
el MeHbIllee YMUCJI0 HE3aBUCHUMBIX IIEPEMEHHBIX, UeM HMCXOJIHas cucreMa ypaBHeHnwuili. Hampu-
Mep, peleHne ypaBHeHne ¢ YaCTHBIMI TTPOU3BOIHBIMU OT JIBYX HE3aBUCUMBIX II€PEMEHHBIX, UH-
BapUaHTHBIE OTHOCHUTEIHHO 3a/IaHHOI OJTHOITapaAMETPUIECKON TPYIIIbI CUMMETPUA, HAXOIATCS
peleHneM CUCTeMbI OOBIKHOBEHHBIX M DepeHInaaIbHbIX yPaBHEHMIA.

Kacc nHBapuaHTHBIX OTHOCHUTEJIBHO TPYIIILI PEIIEHUi BKJIIOYAET B ce0s KJIaCCUIECKHe
aBTOMOJIC/IbHBIE PEIIEeHUs, TPOUCXOJISIINE U3 I'PYIIT CUMMETPHUil pacTsKeHuit, Oeryiiue BOJI-
HBI, OTPazKaoIue HEKOTOPYI0 MHBAPUAHTHOCTb CHUCTEMbI OTHOCUTEJIHLHO CJIBUTA, & TaKXKe MHO-
rue JIpyrue TOYHbIE pelleHne, UMEIOIIne HEIOCPEICTBEHHOE MaTeMaTuIecKoe I (pU3ndecKoe
3nadenue. /11 MHOTUX HEJIMHEHHBIX CUCTEM OHU ABJISIOTS €/IMHCTBEHHBIMU SIBHBIMU TOYHBIMU
peIIeHUSIMH.

Nuduanresnmanbable 00pa3yole Ipyiibl cuMMeTpuii (rpymist JIu)saBasoTcs BeKTop-
M nostaMu. Muozxkectso V(M) Beex rrajkux BEKTOPHBIX ToJieit Ha MHOrOoOpasuu M siBisi-

€TCs JIMHENHBIM IIPOCTPAHCTBOM Ha/l IIOJIEM ILGIU/ICTBI/ITGJIBHBIX quceJl 1 ABJIAeTCA aﬂre6poﬁ JIn
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orHocuTesibHO ckoOKu JIu [ X, Y] Bekropubix moseit X, Y. s nommuoxkectsa D C V(M) Bex-
TOPHBIX 10J1eil uepe3 A(D) 0603HaIMM HAMMEHBIIYO oA re6py J1u, comepKaiyo MHOKECTBO

D.

[Iycts HaMm mano mpuddepeHimaabHoe ypaBHEHHE TOPSIKa 1M

m
Az, u™) =0 (1)
OT N HE3ABHCUMBIX OT T = (X1, T3, ...,T,) U ¢ 3aBHCHMBIX HEPEMEHHBIX U = (Uq, Uz, ..., Uq),
cojiepzKaliiee TIPOU3BOJHBIE OT w4 MO X JIO Hopsiika m, tjae © = (xq,%s,..,2,) € X = R",

u = (u1,ug,...,uy) € R

Onpegesienne. I'pynna G npeobpasoBanuii, JeficTBYONAdA Ha OTKPBITOM IIOIMHOKECTBE
M 1mpocTpaHCTBa HE3aBUCUMBIX U 3aBHCHMBIX IIEPEMEHHBIX X X RY, Ha3bIBaeTCA TPYIIION CHM-
Merpuit ypasHenus (1), ecam s Kaxkoro pemienust v = f(x) ypasuenus (1) u mist g € G

TAKOTr0, 4TO ompeiesieHo g o G, To dyHknus 1 = g o G TaKyKe SBJISIETCS PEeleHneM YpaBHEHMS.

OHUM W3 MPEUMYIECTB 3HAHUS I'PYIIIBI CUMMeTpHuil JuddepeHualibHbIX ypaBHeHMi
COCTOHUT B TOM, 9TO €CJIM HAM MU3BECTHO pelenne u = f(z), ToO B COOTBETCTBUY C OIPEIeTeHIEM
dbyHKIMSA U = g 0 f TaK¥XKe SBJISETCs PEIIeHueM JIJIsl JIF000ro 3jieMeHTa g rpymibl (G, Tak 910 y
HAC €CTh BO3MOYKHOCTH IOCTPOUTH IEJI0€ CEMEHCTBO PeIleHni, MoaBepras N3BeCTHOE peIleHre
JIEICTBUIO BCEBOSMOYKHBIX 3JIEMEHTOB I'PYIIIIHI.

JL1st HaXOXKIeHUsT TPYIIBI CUMMeTPHi "TIpo10/KuM " OCHOBHOE TTPOCTPAHCTBO, MPEICTAB-
JISTIOIee He3aBUCHUMBbIE M 3aBHCHUMbIE IIEpEMEHHBIE, JI0 IPOCTPAHCTBA, IIPEICTABIISIONIErO TaKKe
BCe Pa3/InIHbIe 9aCTHBIE MPOU3BOIHBIE, BCTPEUAIONINECT B yPABHEHNMN.

Hng nannoit rinagkoit dynkunu v = f(z), uMeercss uHpaynupoBanHas QyHKIMA u™ =
pr’ f(x), HaspIBaeMas m— npojoszKeHneM YHKIWN f(x), KoTopast Onpe/IesiseTcst ypaBHeH sI-
mu uf = 0; f*(x), rie 0;f%(x) npoussonnas nopgaika o Gynxium u = f(r) .

Teneps MBI MOzkeM 3aMeHHTh auddepenmuansioe ypasuenue Az, u™) = 0 anrebpan-
YeCKUM ypaBHEHUEM, KOTOPOE OIpeJIesisieTcss oOpallleHneM B Hy/Ib (DYHKIUMH, KOTOpasi sIBJISIeT-
ca npaBoit wacTeio ypasuenna A(x, u™) = 0, onpenenennoit ma X x U™. Tiajkoe permenue
muddepenmuansioro ypasuenus A(z,u™) = 0 - rmagkas dynkmua u = f(z) Takas, 91O
A(z, pr™u) = 0. 10 o3Hauaer, uro dbynkuus u = f(x) 1 ee IPOU3BOIHBIC u§ = 0; f noMKHbI

YJIOBJIETBOPSATD aIre0PantiecKkoMy ypPaBHEHUIO
Fa,t,pr™u(z)) =0 (2)

[Iporenypa HaXOXKIeHUST MHOUHATEINMATBLHBIX 00Pa3yIOIMNUX IPYIIIbl cuMMeTpuit uddepen-
UAJLHBIX ypaBHeHuii onucana B pabore [5]. Dro mporepypa UCIOIB3YeT TPOIOJIKEHUsT JIefi-
CTBUS TPYIIILI CHMMETPHUI Ha pacIImpeHHoe MpocTpancTBo. Undunnresnmabubie 00pasyloniue

IPOIOOJIZKEHU A ,ZLeﬁCTBHﬂ I'PYIIIIbL CI/IMMeTpI/Iﬁ ABJIAIOTCA ITPOAOJIZKECHUAMA I/IH(bI/IHI/ITGSI/IMaJIbeIX
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00pas3yIoIuX I'PYIIbl CAMMETPHUI OCHOBHOTO IPOCTPAHTCBA. DTy CXEMY HCIOJIB3YeM I Ha-
XOZK/JIeHUd I'PYIIIbl CAMMETPHUIT OJJTHOMEPHOI'O ypaBHEHUs TEeILJIOIPOIHOCTH.

PaccmoTpuM KBaszwimHeliHoe ypaBHEHUE TEILIONPOBOIHOCTH ¢ KO3 MUIIMEHTOM HeJIUHEH-
HOCTH k(1), KOTOPOE ONMUCHIBAET TIPOIECC [IEPEHOca TeIlIa B TPEJIINOJIOKEHNH, YTO CPeJla sBJIs-

CeTCA HGHO,ZLBI/I)KHOI'?'I n JOIIOJTHUTEJIbHBIC NCTOYHUKU MJIM CTOKH S9HEPTUU B CpeJe OTCYTCTBYIOT!:

up = (k(u)us)e (3)

HaunbGosbimnit naTEpec mpejcTaBiigeT coboil cirydaii,Korjia KodM@UIIMEHT TeILIOImPOBOIHOCTH
k(u) siBasiercst HemHeiiHON (byHKImed TemiepaTypbl u. Kak MOKa3bIBaIOT MCCJIEJI0BAHUSI, KO-
9D OUIMEHT TENIONPOBOAHOCTH B JOCTATOYHO IIMPOKOM JHalia30He W3MEHEHHs! [apaMeTpOB
MOKeT ObITh OmmcaH crenenHoil dbyukimeit remmeparypst ( [1]-[6]), T. e. umeer Bux k = u?, vae
o> 0.

MpbI pacecMOTpUM CJielyTolee OJJHOMEPHOE ypaBHEHUE TeIIONPOBOJHOCTH, KOTOPOE SIBJIs-

eTCs YaCTHBIM cIydaeM ypasHenns (3) mist k(u) = u :

up = (utty), (4)

Bekropnoe nosie X, KoTopoe sABjseTcsd NHMOUHATEZUMAIHHBIM 00Pa3YIOMIUM JIJI TPYIITHI CUM-

MeTpuu ypaBHeHuu (4) uirneM B BujIe

0 0 0
X=7T—+E—+tp=— )
ot 58:1: (pau (5)
Bropoe npojosnkeHne X BEKTOPHOro mosisi X Ha PACHIMPEHHOE IIPOCTPAHCTBO IIEPEMEHHBIX
(t, z,u, Us, Uy, Uy, ) OYIET UMETH BUL:

~ 0 0 0
X = X t_ 7 x T
=Ate Ouy T Oy T OUyy (6)

B npocrpanctse (t, x,u, Uy, Uy, Uy, ) ypaBHenue (4) uMeer BU:
F(taxauautvuxauxaz) =0 (7)

riae F' = uy — u2 — Ully,, YuuTsiBag, 4ro js GyHknun F, crogimeil B IpaBoil 4acTh ypaBHEHUst

(7) mueer mecto X (F) = 0 Mbr nomy<mm
—Uaatp + 0" = 2uap” —ug™ =0 (8)

ILHH KOMIIOHEHT BTOPOI'O IIPOJOJIZKCHUNA X BEKTOPHOI'O IIOJILA X HCIIOJIb3YEM HX BbIDazKC€HUA,

HaiigeHsle B pabore [5|:

gpx = ¥z + (Spu - gx)ux — TpUy — guui — Ty Uz U,
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0" = o1 — &ty + (pu — T — EuUpuy — T,

O = Oap + (2020 — Eon)Ue — Taals + (Puu — 3au) U2 — 2Toulgtly — —Euu U3 — Tuu Uiy +
(Pu = 280 U — 2Tplpy — 3EuUalpe — TulapUsy — 2TyUsUgt,

HO,ILCT&BJIHH 9THU BbIpazKe€HU:Ad B (8) N YyIUTbIBad PaBEHCTBa Uy = UUgy + Ui MbI IIOJIY9IUM
MHOTIOUJIEH B JIEBOI 9acTh ypaBHeHUs! (8) OTHOCHTEIBHO MEPEMEHHBIX U, Uy, Uggy, Ugt:

—Uge P+ 01 — §ip + (P — 7o) (U2 + Uty ) — Eua (U2 + Ullpe) — Tyt — 2y [0+ (Pu — &)Uy —
T (U2 + Uty ) — Eu U2 — Tyl (U2 + Ul )| = U[Paz+ (2020 — Ena ) Ue — oo (U2 + Uy ) + (Puu— 202 ) U2 —
2T U (U2 + Ul ) — Eu3 — T2 (U2 + Utpe ) + (00 — 260 ) Uge — 2TpUgs — 3EuUp Uy — 2Ty Ug Uyt = 0.

[IpupaBuuBas Ko3hMUIMEHTHI TPU PA3JIMIHBIX OJHOUICHAX HYJIIO, TOJYIUM CJICTYIOIIHIe

OIIpeAe/IAI0INeE YpaBHECHUA JIJId I'PYIIIIbI CI/IMMeTpI/Iﬁ YpaBHEHUSA TEILJIOIIPOBOJIHOCTHA.

I/H | OJHOYJIEH | OUPEETAIONIe yPABHEHsT
1 1 =10
2 U Pez =0
3 Uy =& — 29, =0
4 Uy =& — 20, =0
5) Uy —p =0
6 Ul oz — 2000 =0
7 Ug Uy —Put+ 26+, —1 =0
8 u?, —Ty + Ty =0
9 Uy —Put2L+ 0 -1 =0
10 Uy Uy 3, +27,=0
11 Ulh gt 27, =0
12 Uy Ut —27,=0
13 U U2 Ty =0

U3 onpeenstomero ypaBHeHus (5) TabJIUIIBI TTOJIYYUM, 9TO UMeeT MecTO paBeHCTBO ¢ = 0. U3
onpezessionux ypasaenuit (11) u (12) noayuum, uro 7, = 0, 7, = 0, T.e. DYHKIMS T 3aBUCUT
TosIbKO OT t, 7 = 7(t). VI3 ypasuenns (10) momayunm, aro &, = 0. VI3 ypasuennit (9) mosytmnm,
aro 7, = 2€,. U3 ypasuenust (3) mosyunMm, 9to (yHKIUs  HE 3aBUCHT OT MEPEMEHHOI ¢, T.e.
& = 0. CueoBaresibho, & = £(z). Ypasuenue (6) mokasbiBaer, uto &, = 0 T.e £ JUHEHHOl
dyukmmeit ot z : £ = ax + b. [lockonbKy mmeer MecTo T = 2&,, OIydaeM, 9TO T; = 2a T.e.
T = 7(t) = 2at + d. Takum obpazom & = ax + b, 7 = 2at + d, vue a,b,d— Upou3BoOJILHBIE

[OCTOSIHHBIC ¥ B PE3YJIBTATe MOJIY UM, 9TO
X =(az+b)2+ (2at+d)2.

Orcroza cestyer,9To aiarebpa JIn napuHITE3NMATBHBIX 00PA3YOIIIX I'PYIIITHI CHMMET P
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YpaBHEHUSA IIOPO2KIACTCA CJIIEAYIOIUMU BEKTOPHBIMUA IIOJIAMUA

Xlzﬁ 0 0 0

ot’ o ot ' oz

X2 = —,Xg = Qt— + r—.

(9)

O6o3naanM gepe3 D MHOYKECTBO,COCTOsINEE U3 TpeX BeKTOPHbIX mosieit (9). Jlerko mposeputsb,

910 Jist cKOGOK JIu 9Tmx BeKTOpHBIX ToJielt umeror Mecrta [Xi, Xo| = 0, [Xp, Xo] = 2%,

[Xo, X3] = a%' Tem caMbIM J0Ka3aHa, CJIELYIONAs

Teopema. Aneebpa JIu un@urumeszumasvroix 06pa3y0OWUT 2PYNNvl CUMMEMPUL Ypas-

newus (4) asasemces mpexrmepnoti areebpoti Jlu.
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CUCTEMA OBECIIEYEHN{ NEJIOCTHOCTN ANIC PABOTAIOIIINX HA

OCHOBE CYB/I

Hewbmatosa 1. 3.

B mnacrogmieii pabore NPpUMEHSIOTC MaTEMATUYECKHE MOJIEIN TEOPUH KOMITHIOTEPHOI

Oe3omacHOCTH JJI0 000CHOBAHUSI BO3MOXKHOCTH CO3JaHud CHUCTEMbI obecrreueHnd OeJIOCTHOCTU

(COII) ayist 3amuThl aBTOMATU3UPOBAHHBIX HHPOpManuoHHbIX cucteM (AVIC) Tunosoii apxu-

TEKTYypPbl OT aTakK CO CTOPOHBI HAPYIIUTEJsS, COOTBETCTBYIONIEro COPMYJIUPOBAHHON MOJIe/IH
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Hapymmresisi. TakxKe ONMpeIessiioTces HeoOXOMMbIe CBONCTBA PE3UIEHTHONO KOMIIOHEHTa 0Oe3-
onacuoctu Kak gapa COILl. OmHoit 13 Hambojiee 4acTO MCIOJIb3YEeMbIX MOJIeJIell 3alliThl NH-
dbopmarn B AVIC sBisiercsi cybbekTHO-OprenHTrpoBantas Mojeb (CO-Mojienb) u cBA3aHHAs
C Hell KOHIIEMIINsT n30JIupoBanHoii mporpammMuoii cpespl (UIIC). Mzosmposantast mporpamMMHast

cpejia 3TO COBOKYITHOCTH (MHOXKECTBO) IIPOIPAMM, B KOTOPOi:

e Hukakasa AKTUBU3UPOBaHHaA IIPOT'PaMMa HE BJIMAET Ha APYTYIO aKTUBU3UPOBAHHYIO IIPO-

rpamMMmy;

o Huxaxast AKTHBU3UPOBaHHad IIpOIrpaMMa HE BJIMAET Ha JaHHbIE, KOTOPbIEC HCIIOJIL3YIOTCHA

Tt (AKTUBU3AINE ) CO3IAHMS JIPYTON TPOrPAMMBIL;

o Kazxas mporpamma MOXKET HCIIOJIb30BaTh TOJILKO T€ JIaHHDbIE, KOTOPBIE €if pa3perieHo

HCII0JI30BaTh MTOJIUTUKON 6€3011acHOCTH;

o Kazxmas nmporpamma MOXKeT aKTUBHU3UPOBATH TOJIBKO T€ MPOrPAMMBI, IEJIOCTHOCTH KOTO-

PbIX YCTaHOBJIEHA U aKTHUBU3allUd KOTOPBIX en pa3peinieHa HOJINTUKOMN 6630H&CHOCTI/I;

B cuny apxurektypsr pacemarpubaemoit AVIC u cchopMyinpoBaHHON MOJIEN HAPYIITHTE-
JIsT TIOJTHOE BBITIOJTHeHIe TpeboBanmit 6a30B0it TeopeMbl 0 rerepariun UIIC sBisteTcs HeBO3MOXK-
HBIM, TTOCKOJIbKY B poJin "mporpaMMbl' MOYXKeT BBICTYIIATH JTUOO UCIOJIB3YEMBbIH HAPYIITUTE/IeM
[IPOrPAMMHBII TPOJIYKT, He sBJsttomuiicsa dactbio AVC, b0 MoauduiimpoBaHHbIii HAPYITHTE-
sem KommorenT AVC.

Pemenne 3amaan mcciemoBanust MoKeT OBITH jgocTurayTo pacmmpennem NIIC mo mose-
pennoit BeraucurenbHoit cpent (JIBC). JIBC npunasyexur kiaccy CO-momeeit u mo3Bossier
BBITIOJIHUTE OoJtee TounbIil yaar ocobennocteil AVIC TuoBoit apXuTeKTypbl U MOJIC/IN HAPYIITH-
TeJIs.

JIBC npeacrasisier coboit pparmeHT cpeabl B3anmo,ieitcteust komrmoneHToB AVC, 1ys kKo-
TOPOr0 YCTAHOBJIEHA U TOJJIEPXKUBAETCS B T€UEHUE 33/ JaHHOTO HHTEPBAJIa BPEMEHH TeJIOCTHOCTD

00'bEKTOB, IEJIOCTHOCTH B3AUMOCBSI3€l MEK Iy HUMU BBITIOJTHAEMbIX (DYHKITHIH .
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O I'OJIOMOP®HOM IMPOJOJI2>KEHUN ®YHKIINN BJ0JIb KOHEUHBIX
CEMEIMCTB KOMILJIEKCHBIX ITPSIMBIX B n-KPYT'OBOM OBJIACTU

OremyparoB B. II.

Kapaxaanaxcrut 2ocydapemeennoitl ynusepcumem, Hyxkyc, Yabexucman,

bayram_utemurato@mail.ru

[Tpumep [oberrnka |1] mokaseiBaet, 4To st GyHKINIT HEIPEPHIBHBIX Ha TPAHUIIE TIapa 1
TOYEK He JIOCTATOYHO JiIst roioMopdHOro mpososizkenust. B pabore [2] paccmorpens! cemeiicTa
KOMIIJIEKCHBIX TIPAMBIX, MPOXOJAIINX dYepe3 KoHedHoe (n + 1) 9mucjio Touek, JiexKaliux B n-
kpyrosoit obstactu D B C" u f HenpepwIBHBIX Ha rpanuiie. B jganHOil padore Mbl 0600ITAaEM

9TOT PE3YJILTAT JIJIsi HHTEIPUPYEMbIX (DYHKITHIA.

[Iycts D — nosinasi cTporo BhIIyKJas orpanundertas oosiacts B C" ¢ ryiajikoii rpanurieit u

C IIEHTPOM B HyJIe, T.e. BMecTe ¢ Kax ol Toukoit 20 = (20, ..., 2%) € D ona conep:xkut nommkpyr

{z€C": |z <2, k=1,...,n}.
O6osnaunm DT = {(|z1],...,|zn|) : 2z € D} obpas obractu D B aGCOTIOTHOM OKTAHTE
R ={(z1,...,2n): |2| =0, k=1,...,n}.

[Iycte 0D = {(|z1], .., |2n]) 1 2 € OD}.

Paccemorpum koneunyio mepy p Ha ODT. Mepa u aBisiercs maccusHoi Ha rpanuie [1Tu-
noBa [3, §11], ecom jyist io6oro Muoxkecrsa F C 0D HyJsieBoit Mepbl [i BBIIIOJIHSIETCS YCJIOBHE
0D+ \ E D S(D7T), tne S(D*) — o6pas rpamums: 1lmmosa S(D) B abcomorrom okTanTe. B
narmem ciaydae S(DT) = 0D*. U3 reopemsr 3.1 [4] cremyer, aro mepa Jlebera p Ha rpamuie
TaKoll 00JIACTU ABJIsIeTCST MAacCUBHOM. B nasibueiiiem GyemM Bcer ia mpeoiararb, YTo Mepa fi

MaCCHUBHAa.

Omnpenenum sapo Cere obsactu D

rJe
1 1
Qa = =
e f |C‘2adﬂ f |§1’2a1 . ’CnPand,u
aD+ aD+
aa={a,...,q,} — Myabruusgekc Takoi, uro a = 0 (re. ap, = 0, k = 1,...,n) u 2¢ =
220 o] = a4 .

Hamomunm onpesestenne kinacca dynkiuit HP (D).



202 Omemypamos B. II.

Tosmomopduas dbyukius f € HP(D) (p > 0), ecan

sup / (¢ — ev(Q))Pdor < +o0,

e>0

rjae do — snaemenT nosepxHoctu 0D, a v(() — eJMHUYHBI BEKTOP BHEIIHEH HOPMAJHM K I10-
BepxHocTH 0D B TouKe (. XOPOIIO N3BECTHO, YTO HOPMAJIbHbIE IPAHIYHbIE 3HAUCHUs (DYHKIUH
[ € HP(D) upunagrexar kiaaccy LP(0D) (mo mepe do).

CymecrBoBanue siiep Cere B n-KpyroBbIX 00JIaCTAX JTACTCs CJIC/IYIONIE TeopeMoii :

Teopema 1. IIycmv na 0DV 3adana xoneuwnas mepa (. Jasa mozo wmobv. das o060t

Pynruuu f € HP (D), (p > 1), cywecmsosano unmeepasvnoe npedcmasaenue Ceze

h(¢,rz) z €D, (-3)

f(z) =

r~>1
oD+ ANYY

2de

Ag=A{C: a=1ale™,....G=Gle”, 0< 0 <2m, k=1,...,n, (| € 9D},

d_do, d
¢ G G

a adpo Ceze h((,2) = h(Ciz1, ..., Cuzn) npu durcuposanmom z € D exoduso no ¢ ¢ O(D), a

npu gurcuposarrom ¢ € 0D exoduao no z 6 O(D), neobxodumo u docmamouro, wmobv, Mepa

W 0vLAa MACCUBHOTU.
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OB OIHOM KAHOHMNYECKOM ITPE/ICTABJIEHUN TAPMOHUNYECKUX
OYHKIINN

IlpenoB B. B.

Hyxycexuii 2ocydapcmesennniii nedazozuveckut uncmumym, Hyxyc, Ysbexucman,

prenov@mail.ru

PacemarpuBaercs 3agada Jlupuxiie — HaxoXKaeHHE TapMOHUYIECKO# (pyHKIMH B 00/IaCTH
¢ 3aJIaHHBIMU TIPEJIC/IbHBIME 3HaYeHUuAMU Ha rpanuiie. [loydeno KaHOHMYECKOE IpejcTaB/Ie-
HII€ TapMOHUYIECKON (PYHKIMU B 00JIACTH, PABHBIX HYJIIO Ha IpaHUIE, 38 MCKJIIOUYEHUEM €I1H-

crBeHHON TOYKH. OHO MOKET CJIY2KUTDb aHaJIOI'OM pPa3JIozKeHHne ﬂopaHa JJId TapMOHUYCECKUX

dyHKIHI.

O JEJIBTA-3AJTAYAX JJIsSI OBOBIIIEHHOI'O YPABHEHUN
SMJIEPA-IAPBY

PoaunonoBa U. H., loaronosos B. M., [oaromosos M. B.

Jlabopamopus mamemamuueckot gusuru, Camapcruis ynusepcumem, Camapa, Poccus,

mikhaildolgopolov68@gmail.com

Breipozk maroruecst ruriepboInviecknue ypaBHEeHNsT BCTPEYIAIOTCsI IIPU PEIIeHN MHOTUX BazK-
HBIX 330249 JUHAMAYECKAX CUCTEMaX W BOIIPOCOB ITPUKJIATHOTO XapaKTepa (Teoppm OECKOHETHO
MaJIbIX M3TMOaHUil IMOBEpPXHOCTEl BpalleHusd, 6e3MOMEHTHON Teopuu 000JI04Y€K, B MarHUTHOM
I'UJIPOJINHAMIKE, B ra30Boil juHamuke). [Ipun BceM pasnooOpasnu BbIPOXKIAIOIINXCST Y PABHEHUIT
U KpaeBbIX YCJOBHUI, yJIadHO TOJ00PaHHBIX K 3aJIJaHHOMY i depeHImajbHOMY yPaBHEHUIO,
ocjIeJHee B XapaKTEePUCTHIECKUX KOOPJANHATAX PEAYyIUPYeTcs K ypaBHeHuio ditmepa—/lap0y.

Hekoropsie kpaeBble 3aja4u (B qacTHOCTH, 33 1a4a Kolrm) j1j1st yKazaHHOIO ypaBHEHUS 110-
TpeboBaJIN BBEJIEHNs CIIeINaIbHBIX KJIaCCOB, B KOTOPBIX (hopMyJia perneHus mpuodbperaer boee
IIPOCTOM BUJI I MOYKET OBITH UCITOJIH30BAHA JIJIsI PEIIeHNs HOBBIX 3a/1a9, B TOM UHCJIE, ,I_LeJIbTa(A)—
3aJa9 B KBaJpaTax, COAEep:KaIluX JUHUIO CUHIYISPHOCTH KO3((D(DUIMEHTOB yYpaBHEHHS C JIaH-
HBIMHU Ha CMEXKHBIX, WJIN ITapaJJIeJbHBIX CTOPOHAX KBaJIpaTa (HOCTaHOBKa A.M. HaxymeBa).

B nacrosimeit pabore paccmMoTpeHno 0b6001eHHOe ypaBHeHue ditnepa—/lap0y ¢ orpurareib-

HBIMU ITapaMeTpaMu

P
n —sgnn - §

P
sgnn -1 —§&

Uey — Ue + U, —sgnnAU = 0, (1)

0<p< %, || < oo B npsamMoyrosbHON obaactu D, OrpaHUYeHHON XapaKTePUCTUKAMHA ypaB-

werusi (1) € = 0, = h,n = h, n = —h (h > 0), comepxkaireil BHyTpu cebsi J(Be JUHUH
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cunryssipaoct Koadduimentos ypasaerus n = & u n = —¢. g ypasuenus (1) B obnactu
D wuccreoBana MOCTAHOBKA KPAEBBIX 3a/1ad Ay ¢ 33/IaHHBIMU 3HAYEHUSIMEI UCKOMOI'O PEIIeHUsT
Ha TapaJlIeIbHBIX CTOPOHAX MPAMOYTOJbHIKA, C YCJIOBUSIMU COMPAZKEHUS OTHOCUTEIHHO pele-
HUSA U €r0 HOPMAaJIbHBIX ITPOU3BOJIHBIX KaK Ha JUHUAX CUHTYJIAPHOCTH KOI(P(DUIIMEHTOB, TaK U
Ha BHYTPEHHEN XapaKTepUCTU4ecKoil Juauu. MeTogoM MHTerpaJibHbIX ypaBHEHUN HCCJIeI0Ba-
Ha Pa3PEIIMMOCTD MOCTABICHHDIX 33/1a4. 3a/Ia9di PEIIAIOTC B CIIEIINATLHOM KJIACCe, BBEICHHOM

aBTOPaMMU.
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IMPOJIOJI2>KEHNE ®YHKIINI N3 KJIACCA TOHYAPA HA BCIO
IIJIOCKOCTDb

Canyninaes A. C.', U6parumos 3. I11.?

L Havyuonanvrodi yrusepcumem Ysbexucmana, Tawxenm, Ysbexucman, sadullaev@mail.ru

2 Vpeenuckuii 20cydapemeenmond yrueepcumem, Ypeewu, Yabexucman, z.ibragimOgmail.com

Kiracc R 6blL1 BBeJleH U WMCCIe0OBaH B cepun yHIaMeHTaJIbHBIX pador A. A. T'omuapa
[1]-[3]: 6yaem roBoputh, uto poctok f anammrudeckoit dyukiwm B Touke 0 € C npunayeRuT
kraccy R, f € R°, ecim B mekoTopoit okpectoctn myns B = B(0,7), r > 0 oHa momyckaer
OBICTPYIO PAIMOHAIBLHYO AITPOKCUMAIINIO. TouHee,

lim pl/m (f, B) =0,

m
m—r0o0

rJe Py, — OTKJOHeHWe f OT Kjacca paruoHaJbHBIX GyHKuuit {r,, : degr,, < m} . Bepxunii un-
nexce "Y"31ech yKas3bIBaeT, B KaKoil TOUKe paccMaTpuBacTcsa pocTok. OIHIM U3 3aMedaTebHbIX
cBoiicTB dyuknmit n3 R, mokazamnoro A. A. I'oHuapom sBJsieTcs WX OJHO3HAYHOCTH B IIPO-

crpanctse C : ecrecTBennasn obmacts cymecrsosanng Wy C C. Kiace R n ero cBoiicTa HaImm
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P IPUJIOYKEHUI B caMOil TEOPHUHU alllIPOKCUMAIUH, B BOIIPOCAX aHAJIUTUICCKOTO IIPOIOIZKEHIS
dbyukImit ¢ TorkuMu ocobeHrOCTAME (CM. [5]), B Teopuu munopunoTeHnuaa (M. Hapumep [4],
u Jp.

B s1oit pabore MBI JJOKaXKeM CJIeIYIONIEe TEOPEMbI

Teopema 1. Ecau f € R® umeem xoneunviti nopadox t < 00, Mo OHG TMOHKO - AHAAU-
muuecku npodoascaemcs na 6cto naockocms C, m.e. cyuecmeyem monko-aHAAUMUNECKGA Ha
sceti naockocmu C dynryus f(2) : flu = f.

Teopema 2. B ycarosuax meopemvi 1 nocaedosamesvHocms pauuoHasbHbLL GyHKuu
{rm(2)} scr0dy na naockocmu C no emxocmu 6vicmpo cxodumces K mMoHKO - GHAAUMUYECKOT
Pynryuu f
lim O{z € B(0,R): |rm(2)— f ()™ >e} —0, Ve >0, R>0.

m—o0

JIutepartypa

1. Toruap A. A. Jlokaavroe ycaosue odrnosnaunocmuy anasumuveckux gynryutd. Mat. ¢o.,

1972, T.89(131), 148-164.
2. Tonuap A. A. O cxodumocmu annpoxcumayut Iade. Mar. ¢6., 1973, T. 92 (134), 152-164.

3. Tongap A. A. Jlokanrvroe ycrosue 00HOZHAUHOCNU GHAAUMUYECKUT GYHKUUT HECKONb-
xux nepemennwr. Mar. ¢6., 1974, T. 93 (135), 296-313.

4. CapgynmaeB A. [Iwopucybeapmornuveckue ¢ynrxyuu. KosekTuBHasi moHorpadus,
M., BUHUTU, CoBpemennbie mpobsiembr MmaTtemaTuku, 1985, T.8, 65-111.

5. CanynnaeB A., UmomkynoB C. A. [Ipodossicerue 2000MOPPHOIT U NAIOPULAPMOHUYE-
CcRUT PYHKUUT ¢ MOHKUMU 0CODEHHOCTAMY HA Napastesnvix cevenusx. Tpyabsr Marema-
tuaeckoro Mucturyra nm. B.A. Creknosa, 2006, T.253, 158-174.
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®OPMVYJIA KAPJIEMAHA J1JIsI PEIIIEHUN OBOBIIIEHHO CUCTEMBI
KOIIIN-PIMAHA B MHOTOMEPHON ITPOCTPAHCTBEHHO OBJIACTU

CarTopoB 3. H., 9pmamarosa ®. 3.

Camaprandexuti 2ocydapecmeennoiti yrusepcumem, Camaprand, Ysbexucman,

sattorov-e@rambler.ru

[Iycts R"™ — BelmecTBEHHOE N-MEPHOE €BKJINIOBO ITPOCTPAHCTBO,{) — OrpaHuvIeHHAas OJTHO-
cBsi3HAsT 001aCTh B R™ ¢ KyCOYHO-TVIaJIKON rpanuteir 02, coCcTosIell n3 KOMITAKTHOM CBSI3HOM
yactu 1" miockoctn ¥, = 0 1 ryaikoit moBepxuoctu S JIdmyHosa, jgexKaieil B oIy IIpOCTPaHCTBE
yn >0, Q=0Q0Q, 002 =TUS, Fi(z), F(x) = (Fi(x), Fy(x),..., F,(x))— Bekrop-dyHKImH,
KOTODPBIE€ UMEIOT B 9TOW 00JIACTH HEIPEPLIBHBIE TPOU3BO/IHBIE IEPBOIO TOPSIJIKA.

PacemarpuBaercst Kputepuii pa3permMoCTy PelieHns: cucreMbl ypasaeruit (e |1],[2])

" F.

E (8 ’+HiFZ-) =0,

i=1 Oz

8Fj orF; )

- = HF+HF.=0(kj=1,.. 1
8$k 81:]- k j+ itk 7( »J ) 7n)7 ( )

KOTOpad ABJIdeTCd N- MEPHbIM aHaJIOI'OM O606HL€HHOI>'I CHUCTEMBI I(OIHI/I—PI/IMaHa7 II0 U3BE€CTHDbLIM

narabM Kormn #Ha moBepxHOCTH S

Fy) = fy),y €5, (2)
rie f(y) = (fily), -+, fu(y))— 3samanmas nma S HenpepbiBHasg BeKTOp-pyHkIwms, H =
(Hy, Hy, -+, H,)— 3aJaHHBIN OCTOSTHHBINA BEKTOD.

U3 paborsr 4] cormacuo Teopeme 1 MOXKHO cHOPMYTHPOBATH KPUTEPUIl Pa3permmMocTi

zajaan Kormmu. [Ipn sTom paccmoTpuMm MaTpuiry

My (y, @5 H) = || L (e 0)V*], (3)
rie VFE = (vl, -+ vF) onpenensiercst pasencrsom
| 0, | o i 0,
U,i(y“’}j‘) = (axk - Hk’(I)U) ’ SZgTL(]{? - Z)al 7& kavi(yal‘) = ( O + Hiq)a)v (4)

a dyrkuus O, (y,z; \) upu s > 0,v > 1 onpe/esiseTcst CIeLyomnM PaBeHCTBOM:

o ot e | p(du ‘
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rie

() =

udo(Au), n=2m,m>1,
cos(Au), n=2m+1,m>1

Jo(Au)— dbyuruus Beccesist HyeBoro mopsiaka.

Teopema 1. ITycmv S C C?, f(y) € C(Sp) N L(S), 2de So— mnoorcecmeo enympennus
mouex S (S— 6e3 xkpas). Toeda dasn cywecmeosarus pewenus cucmemuv, (1), ydosaemeops-
rwut yeaosuwro (2) neobrodumo u docmamouwno, wmobv, das kaicdoeo x € R™ ¢ yciosuem

0 < m, < 2a, croduaca (pasromepro npu § < z, < 2a — 6,0 < & < a) mecobemeernviil

unmEe2pan .
| / I(0, 2)do]| < oo, (6)
1

2de d

I(o,x) = %(x) = /Ng(y —x; H) f(y)dS,, (7)

S
3deco dM.
Ny(y —z;H) = “(y —a; H).

do
Ecau ycaosue (2) 66inoanerno, mo aHAANUMUYECKOE NPOOOAHCEHUE OCYULECTNEAAEMCHA IKEUBA-

AEHMHBMU POPMYAAMU

[e.9]

F(z) = /I(a, z)do + E(z) —{—/Mo(r; H)f(y)dS,, (8)
Pa) = lim F,(a) =l [ Mo (v, H)F(2)dS, 9)

2de pynxyus E(x)— peeysaproe pewerue cucmemos (1) 6 R™.

JIuteparypa

1. O6onamBuiau E. Y. Oboouwennan cucmema Kowu-Pumana 6 mMHo20MEPHOM €8KAUIOEOM

npocmpancmee. CoopaEK TPya0B Koudepenrmn "Kowmmiekcusrit anammus"T/IP, Tase, 1976.

2. ObomamuBuiiu E. WU. Bsedenue 6 2apmonuveckusl anaiusd Mo €8KAUIOBHLT MPOCMPAH-

cmeax. Tpynbl Toumucckoro Maremarudeckoro nncruryrta, 1978, 58, 168-173.

3. Creitn U., Beiic I'. Bsedenue 6 2apmonuveckuti anaisud ma e6KAUIOBHLT NPOCMPAHCMBAL.
M., 1974.
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4. CarropoB 3. H., DpmamaroBa ®. . O soccmanosaenuu pewerut 0bobue-
not cucmemv, Kowu-Pumana 6 mmozomeprot npocmparncmeennoti obaacmu,/ Tpynsr V-
MeKIyHAPO/IHOM KOHMepeHnn AKTyasabHbIe TPOOJIEMbI TPUKJIATHON MaTeMaTUKN U UH-
dopMarmoHHbIX TexHO0THI -AJb-Xopasmuii, Byxapa, Ys0ekucran, 9-10 nosiopst 2016,
398-401.

O BUOJIOTNYECKUNX MOIEJIAX C TAKCNCOM
TaxupoB 2K., ¥YMmupxanos M.

Huemumym mamemamuru AH PY3, Tawxenm, Ysbexucman, prof .takhirov@yahoo.com

XapakTepHOil 0COOEHHOCTBIO YKIUBBIX CUCTEM SIBJISETCS JIBUYKEHIE 0COOEH 110 HAIIPABICHUTO
K BHeIIHeMY CTUMYJIy (M OT Hero), Ha3bIBaeMOe TaKCUCOM.

[Ipr mocTpoennn MareMaTHIeCKUX Mojeseil MHOIUX OMOMDU3NIECKNX U 9KOJOTHIECKUX
POIECCOB (paSBI/ITMe TKaHu, (GOPMUPOBAHUS KOJIOHUI OaKTepuil, pacipocTpaHeHns SN IEeMU
U T.IL.) TPUJIETCS YIUThIBATEH Takcuca (em.Hamp. [1,2]).

XeMOTaKCHC, P KOTOPOM IIPOUCXOJINT JABUKEHHE 0Cco0eil 10 HaIpaBJIeHUIO K BEIIECTBY
(aTTpakTaHT), KOTOPOE MPOLYIUPYETCs CAMUME OCOOSIMU TIOITYJISITIAH, SIBJISIETCST OJTHUM U3 OCHO-
BBIX MEXaHU3MOB, IPUBOJISIINM K 0OPA30BAHUIO YCTONIUBBIX IPOCTPAHCTBEHHO HEOTHOPOTHBIX
pacnpeenenuii B Buje "narrepHoB" mim "mgTeH mI0THOCTH " IOy IS,

[Ipr umcciemoBaHUM IMIPOIECCOB C TAKCHCOM BO3HHKAIOT MOJEIN THIA 'peaxIus-Kpocc-
nnddysnd"c cymecTBeHHON HeJNHEHTHOCTHIO.

B Hacrostiieit paboTe nccseyeM Mojiesib, IpeioxKeHHas B paborax [1,2] B Buje cucremb

napaboIMIeCKNX yPaBHEHUI

Uy = A1Ugy + b1u (1 — %) — 1 f(u,v),
U = AUgq + (VW)y — bov + cof (u, v), (1)
W = A3Wgy + b3y,
Baech u(t, r) - MIOTHOCTD XKepTB, v(t, T) - IWIOTHOCTh XUIIHUKOB, W (t, L) - CKOPOCTH XHITI-
HUKOB, a; - Kosddumments! muddysun, i = 1,3, b; - CKOPOCTb Pa3MHOXKEHNS KepTB, k -

MaKCHUMAJIbHOE KOJTMIECTBO YKEPTB, by - CKOPOCTH PA3MHOYKEHUs XUIIHUKOB, b3 - KO3 PUImeHT

TAKCUCa XUIMHUKOB, f(u,v) - DYHKIMS OTKIIUKA.

Host cucrenmsr (1) B obnact D = {(t,x) : 0 <t < T,0 < o < I} paccmarpuBaercst 3aj1a4a

u(O,a:) = Spl(x)v U(O,l‘) = 902(x)> w(O,:c) = (p3(x)7 0<z<lI, (2>
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Uz (t,0) = ug(t,1) = v (¢,0) = v (¢, 1) = w(t,0) =w(t,l) =0, 0<t<T. (3)

B pa6orax [1,2] mra 3agaaun (1)-(3) n3ydeHsl BOJHOBBIE aBTOMOJIEIbHBIE PenteHns U da-

30Bbl€ KpPpHUBbIEC, IIPOBEJACHBI HEKOTOPbIC YHUC/ICHHBIC 9KCIICPUMEHTDI.

Hamu uccsreioBana npobJieMa 0JfHO3HAYTHON IobasbHON paspermmoctn 3agaan (1)-(3).
YcTaHOBIIEHBI AIIPUOPHDIE OIeHKH HOPM l'esibiepa. JlokasaHbl TeOpeMbl €IMHCTBEHHOCTH U CY-

IIECTBOBAHUSI.

JImteparypa

1. Chakraboty A. et al. Predator-prey model with prey-taxis and diffusion. Math. and
comp.model., 2007, 46, 482-498.

2. Sapoukhina N. et al. The Role of Prey Taxis in Biological Control: A Spatial Theoretical
Model. The American Naturalist, 2003, 162 (1), 61-76.

MHBAPMAHTHBIE METPUKUN B MATPNMYHBIX OBJIACTAX
Tumabaes 2K. K.

Havuonanrvrntd ynusepcumem Yabexucmana, Tawxenm, Ysbexucman, jura63@rambler.ru

Bajiata HaXO0XK/IeHUsT YCJIOBU OUro/loMOophHON SKBUBAIEHTHOCTH 00JIACTel B MHOTOMED-
HOM KOMILJIEKCHOM IIPOCTPAHCTBE SIBJISE€TCS OJIHOM M3 BaXKHBIX 3a/1a4. OJIUH U3 IMOIX0JIOB pelle-
HUS 9THUX 3aJ[a" OCHOBaH Ha M3YyYeHNN MHBAPUAHTHBIX METPUK TaKuX oOsacTeiil. Pabora mocss-
MEeHA HAXOYXKJIEHUIO YCJIOBUI J1j1d OUTr0/1I0MOPMHOI SKBUBAJIEHTHOCTH 001aCcTeil K MaTPUIHOMY

rapy, MaTpUuIHOMY IIOJIMKPYTY U KJIaCCUIECKUM 0bJ1aCTAM.

ELCUT JACTYPUHUHT ®AH BA TABJIMMIATY YPHU

Toxxkubo0eB A., KyukopoB X., YmapoB A.

Hamanean dasaram ynusepcumemu, Hamanean, Yabexucmon

Xo03up BaKT/Ja COHJIU MOJICJUTAIITHPHUIIT MYXUM aXaMHUATra 3ra, IYYHKU TazkKpuda iyam Ou-
JIaH YPraHuIn Kyjga Mypakkad Ba KUMMAaT, KU WJIOKHU OyIMaiiural MCCUKJIUK SHepreTHKa-

CH, aBualligd Ba aTOM 3HEPreTUKaCHhu O6’b€KTJI&pH Y49YH HUCCHUKJIMK 2Kapa4dHJ/JIapDHUHIT UIITOHYJIN
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bamopatu kyjga 3apyp Oynamu. [y Kuxatman Mojgajapau (PU3MK XOccaJapuHu, XyCyCaH,
HNCCUKJIUK yTKa?)yB‘{aH.HI/IK 2KapadHJ/JIapyuHU COHJIM MOAEJIJIAIITHUPUIIL TYPJIX HﬂMHfI—Ta,Z[KHKOT,
JIOMMXa-KOHCTPYKTOPJINK Ba UILIA0 IMKAPHIN TAIIKUJIOTIap HWILIaHMAJapu aMaJIudTHa TO-

6opa myBaddakusaTin Kymannb keamoraa [1].

Mopetamtupuiiga KyIIaHuIaIurad yeyaaapaad Oupn derapaBuil SJeMeHTIap yCyIn
(UDV) 6§10, y AX/IAT MyXUT MEXAaHUKACHHIHT, HCCUKJINK- Ba MAacCa aJIMAIIIMHY BUHIHT, 9JIEKTP-
Ba MAIHUTOCTATHMKAHUHT KEHI' KAMPOBJIN Maca/jaJapuHd, Ba (aH-TeXHUKAHUHT Ky1aadb 60-
KA MacaJajJapuHi yHEBepcas ednin ycystapugan 6upu xucobmanaan [1]. ELCUT tusumu
[3] U9V HuHI TeKuCIMKIATH Ba CAMMETPUs YKUTA 3ra (MKKU YIYOBJN) KyHHJIArd MacaJia-
JIADHU XUCOOJIAIT YIYH MY/IKaIaHral: Yu3uK/ M Ba HOYM3UKJIN MATHUTOCTATHKA; Y3rapyBUaH
TOKJIADHUHT MArHUT MaiioHU (YIOpMaJIl TOKJIAPHU XUCOOTa OJITaH XOJIJIA); SJIEKTPOCTATHKA;
JTKa3yBYaH MyXWUT/Ia TOKJIAPHUHT YHUIUIIN; IU3UKJIN Ba HOYUBUKJIM UCCUKJIUK YTKA3YBUaH-
JIMK; KY9JIaHTaHIAK-1eOPMAINOH XOJATHUHT YU3UK I TAX NI, OOFTaHraH (KYIT iy HATUIILIN )
vacasaiap Ba x.K. ELCUT nacrypununar 6up karop adza/umkiapu: cojja oiiiaaanyBan
uuTepdeiicn, MOIeIApHU TYITYHTUPUIUINIAHAHT OJIMAINTH, KOMILUIEKCHUHT KEHT aHAJUTHK
UMKOHUAT/IapU Ba 6apqa aMaJlJIapHHU IOKOPHU JapazKa/Jal'l aBTOMaT/JIallITUPUJITaHJIUTU Cl)aH Ba

TabJIAUMIA KEJIJI&LH MMKOHUATHNHI 6epa,)11/1.

Mogennap Taxpup/IoBYRCH A T3/ Ypranmiadqrral 00beKTIIaAPDHUHT MOJIEJIUHU TY3UIITa,
uMKoH Oepajin. Hactypia doiiiaranyBan TOMOHUIaH OepuraH YU3UKIap/ia, CUpTiapia i
XaKMJIap/ia TYPJIM UHTerpaj Karrtajukiaapan Kucobsamt Ba AutoCAD vku Oomika joinxaJiart
TU3UMJIAPUJIAH MOJIE/IIApHA UMIOPT Kyt mymkua. FOTykaap 6unan 6up karopga ELCUT
JacTypuja OMp KATOp KaMYWUIUKJIAPH KaM MaByKyJ: UKKH YI9aMId T€OMeTPHK MOJesb, ‘e-
rapaBuil 3/leMeHTHUHT Oup KypuHuin (dakar yadypuax Typu)ad doiijajianuiajim Kaduiap
KUDAJIH.

Xo3upru MKTUCOINN-UKTUMOUN Ba TEXHUK-MAaUIINI TagadIapHu KOHUKTUPAIUTAH HYK-
coHJITapcu3 OyIOM Ba MaxCyJIoTaap ojuil Kymaa myxumaup. [y kuxatmaH, 10KOpuma KeaITH-
pUWIraH MOJE/UIAIITHPYBYU jacTypuil tabmunotiapian oupu, sban KLCUT opkanmu BakTHH
TEXKOBYH, ap30H Ba TABJIUM KapavyHuIa KyJIall MyMKIH OVJIran Taxkpudasiap YTKa3UIl UMKO-

Huan Oepaiu. By sca dan Ba TabJIUMHU PUBOXKJIAHUIIIIA CAMapaId OMUJ XUCOOIaHAIN.

A nabuyrnap

1. Hoppm ., 2K. ne ®pus. Bseden. 6 memod koneu. Iaem. Mocksa : Mup, 1981, - 304 c.

2. 2KykoB H. II., MaitnukoBa H. ®., Hukysuu C. C., AaronoB O. A. Pew. 3a0.
MENAONPOS. MeMO0D. KoHeuH. remer.. y4. noc. Tambos : za-Bo PI'BOY BIIO “TTTY?,
2014. - 80 c.

3. ELCUT: Modeaup. deymepn. noseti memod. xouey. srem-mos. Bep. 5.1. Pykos. moss3.



Tyxmacuwnos M. T. 211

- C.-I16. : TOP, 2003, - 249 c. http://www.elcut.ru/demo/manual.pdf.

e — IIOBUIINOHHBIE CTPATEI'IN B IIEPBOM ITPAMOM METO/IE
IIOHTPATMHA B JIMHENHBIX JUO®PEPEHIINAJIBHBIX UTPAX

TyxtacunoB M. T.

Havuonanvrol ynusepcumem Yabexucmana, Tawxenm, Yabexucmar, muminb1@mail.ru

PaccmarpuBaercs ymmHeiinast guddepeHnnaibHas UIpa IIPecje0BaHisd, OINUChIBaeMasi
ypaBHEHUEM
z=C0z—u+w, (1)

rie z € R™ — daszosbrit BekTop; u € P, v € () — mapamerps! yupasienus; C' — MOCTOSHHAS
MaTpuIia mopsijka n X n; P, () — HemycTble KOMITAKTHBIE ITOJIMHOXKECTBa MpocTpaHcTBa R

TepPMUHAJIbHBIM ABJISIETCS HEIycToe NmojaMuoxKkecTBO M mpoctpancTa R”.

,HBI/I}KGHI/IG TOYKHU 2 HAYNHACTCA IIPpU t = 0 u3 HAYaJIHLHOI'O ITOJIOXKEHU A 20 §é Mn IIPOTEKaEeT
110 COOTBETCTBYIOIECH TPAaCKTOPUU ypaBHEHUA (1), 110/, BO3/ICACTBUEM U3MEPUMBIX yIIPABJICHUN
u(t) e Puwv(t) € Q uput > 0.

JIlemma. I1ycmo {Ti}fzo — NOCAEAOBAMENBHOCTNG MOMEHMNOE BPEMEHU, 3UAHYMEDPOSAHHLT

6 nopadke sozpacmarus, maxux, wmo Ty = 0, 7, = 7. Tozda eepro caedyrousee rar0ueHUe

T L 7 7
/(escP X e’SCQ> ds C ; (T/ e *“Pds = / e*0Q ds) (2)

0

i—1 Ti—1

l[OKaBaTeJH)CTBO ITOM JIEMMbI cjleayeT u3 a/IJ/IMTUBHOCTU NHTEI'PaJla U CJIEAYIONIETO BK/IIIOYEHU A

/@mwww»@cjmg@ijmg@

CIIPaBE/JIMBOCTh KOTOPOI'O, B CBOIO OY€pE/ib, CJEIyeT W3 CJeAyIomux paccyzkjaenuii. Ilyctnb

b
he [ (F (s) = G (s)) ds. Torma 110 onpeiesIeHIIO NHTErPaJia CYIIEeCTBYeT HHTerPUpyeMast OJTHO-
a

*

sHadHast BeTBb h(s), a < s < b mHOro3HavyHoro orobpazxkenus F(s) = G(s), Takas, 9T0 MMeeT

MECTO paBEHCTBO

h= /bh(s) ds. (3)
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[To ompesieseHnIo oeparyn reoMeTpruIeckoii pasuoctu, umeeM h(s) + G(s) C F(s), a < s <b.

[IpounTerpupyem obe dacTu 3TOro BKJIIOUYEeHUs B mpejesnax or a jio b. Torma momydaem

/b h(s)ds + /b G(s)ds C /b F(s)ds

i
b b b

/h(s) ds € /F(s) ds i/G(s) ds.
Orcroa n u3 (3) nosyunm tpebyemoe Brioderue (2). [lycts € > 0, W C R"™. Yepes L(e, W)
0603HAYNM COBOKYITHOCTH BCEX M3MepuMbIX dbyukuuii w(-) : [0,¢] — W [2].

Onpepenenune 1. € — MO3UIMOHHON cTpaTerueil mpecsaeaoBaTessi Ha30BeM 0TOOparKeHHe
P.:R"xR" = L(e, P).
OnpeaeneHue 2. ¢ — MO3UIMOHHON cTpaTerueil yoeraromero Ha30BeM 0ToOpaskeHne
Q. R L(e,Q).

Ycaosme. [Ing npousBosbubix 0 < a < b, t > 0 uMeeT MeCTO BKJIIOUEHUE

b b

/e_SCPds C /e_(HS)CPds.

a a

Onpesenenne 3. ByieM roBOpUTE, 9TO U3 HaYaIbHOM TOUKH 2°

MOZKHO 3aBEPIIUTD UIDPY
Ipecsie/IOBaHust K MOMEHTY BPEMEHHU T, €CJIN JIs JIH000r0 IIOJI0KUTEILHOIO YUC/Ia (v CYIIeCTBY-
for uncsio € = 7/k, k € N u ¢ — nosunuonnast crparerus mnpecienosareis P.(-,-) Tak, 910
IpH JII000H € — MO3UIHOHHOI cTparerun (). (-) yberamoIero, 1jsi COOTBETCTBYIONIETO PEIIeHHs
2(t), 0 <t < 7 cucrems! (1) umeer Mecto Britodenue z(7) € M,, tae M, — & OKPeCTHOCTD
MHOzKecTBa M.

PaCCMOTpI/IM cjaeayroniee ruiroreTu4eCkoe BKJAIYEeHUe

T

ez € M+ /(e(T_s)CP = e(T_S)CQ) ds. (4)
0

Teopema. ITycmv das danrozo nauaavrozo nososcenus z2° & M u nexkomopozo momen-

ma BPEMEHU T BbINONHEHDL BKATOYEHUE (4) U Ycaoeue. Toz0a u3 Hauasbrot MouKY ZO MONHCHO

3asepwums uepy TLPGCJLG&OSCLHU,H, K MOMEHMY BPEMEHU T.
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ITpumep. Ilycts C = AE, A <0, P=pK, Q =0cK, M = K, p > o, tne K sBisercs
eJIMHUYIHBIM KyOOM € IEHTpOM B HyJsie npoctpancrBa R™; F— enuHuvHas MATPUIA MOPIKA
n X n. Toraa BBITOJHEHBI BCEe YCJIOBUS TEOPEMBI, TaK YTO U3 JIOOOTO HAYAJIHLHOTO IMOJIOKEHUS

20 € R™ MOYKHO 3aKOHYNTEL HPECIeI0BAHIE.
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METO/bI I AJITOPUTMEI TEOPUU ITIPEOBPA3OBAHUN B
NMH>XKEHEPUN N A3bIKAX ITPOI'PAMMUWPOBAHNA

Xoaues 111. 1.

Havuonarvrod ynusepcumem Yabexucmana, Tawxenm, Ysbexucman, ilchl@rambler.ru

Metompl hopMaJIbHBIX TPE0OPA30BAHUN 3aK/II0IAIOTCA B aBTOMATUYIECKOM ITOCTPOECHUN
IporpaMMbl Ha OCHOBe ee (pbopMmaJibHOroO omnmucaHusi. IIpeobpaszoBaHusi MO3BOJISIOT MaTeMaTH-
JeCKH KOPPEKTHO TPaHC(POPMHUPOBATH UCXOAHbIE CHEIUMUKAIINNA B KO, IeJeBO IIporpaMMHOI
cucrembl. HecMoTpst Ha TO, 9TO K HACTOSIIEMY BpEMEHHU Pa3spabOTaHbl ThICAYIN PA3INIHBIX A3bI-
KOB M MX KOMIIMJISITOPOB, IIPOIECC CO3IaHUsI HOBBIX IIPUJIOXKEHUI B 9TOI 00JIacTU He IpeKpa-
AETCA. DTO CBA3HO C PA3BUTHEM TEXHOJIOTHH IIPOU3BOICTBA BITUCIUTE/ILHBIX CUCTEM, ¢ HEOO-
XOJIMMOCTBIO pelleHns Bce 0oJjiee CJIOKHBIX 3a/1a4. [IpojioKaeTcs BbIIOJTHEHNE TTPOTPAMMHDBIX

MIPOEKTOB Pa3JIMIHOIO HA3HAYEHUS 110 aKTYaJbHBIM ITPpOOIeMaM IIPOrpaMMIPOBAHM.

Pazpaborka CJIOKHBIX ITPOTPAMMHBIX CUCTEM HCIIOJIB3YyeT 00Jiee OHOTO sI3bIKa, IIPOrpaM-
MHPOBAHHU - Jlake B paMKaxX OJHOro aiiia ¢ NCXOMHBIM KOJA0M. Kak npumepbl, OTMETHM pas-
paboTKy aJropuTMOB JIjI PEIIeHus 3a/1a9 Y30eKCKON KOMITbIOTEPHON JIMHIBUCTUKH, WU UC-
CJIeTOBAHUS 110 MOPOIIOITIECKOMY aHAJN3Y €CTECTBEHHBIX A3BIKOB aHAJIUTHIECKOro Turma [1],
B UHCJIO KOTOPBIX BXOJWUT y30E€KCKUil U TA/KUKCKHE SI3bIKM C 3ajladaMi aBroMaru3anun (T.e.
KOMIIbIOTEpHOI 00paboTku) Takoro anaausa. Onu npoojgarcsa B CamapkaHICKOM 1 Byxapckom
rOCYJIapCTBEHHOM YHHBepcHUTeTaX. KOppEeKTHOCTh ODeCIIeurBal0T MaTeMaTUIeCKUe aliapaThbl
aHan3a (GOPMAJILHBIX S3BIKOB, IMUPOKO HCIOJB3YEeMbIX HE TOJBKO B ITPOIECCE TPOEKTUPOBaA-

HUA ASBIKOBBLIX ITPOIECCOPOB MJIN A3bIKOBBIX O6pa6OT‘{I/IKOB, HO 1 IIPpU aHaJIn3€ TEKCTa, B TOM
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qucJie JJjid pa3JIMIHbIX HE TOJIBKO UCKYCCTBEHHbBIX, HO U €CTECCTBCHHBIX A3BIKOB. OTMeanOT, 9TO

TaKHe UCCJIEJOBaHUA UMeeT CMbBICJI IIPOAOJIZKATD.

SHavueHne IpUMEHEHUI METOIOB TEOPUN OIIPeIessIeTcs TaKxKe TeM, ITO (pbopMajbHbIE Me-
TOBI 3aHIMAIOTC TPUIOKEHNEM JOBOJIBHO IMUPOKOIO Kjacca (PyHIaMEeHTATbHBIX JUCIIATLINH
TeOpeTUIECKON MHPOPMATHKHI: pa3Hble UCUYUCICHUS JIOTUKHU, (DOPMAJIBLHBIX A3BIKOB, TEOPUHU aB-
TOMAaTOB, (POPMAJILHOI CEMaHTHKHU, CUCTEM THUIIOB U ajredpamdecKux TUIIOB JAHHBIX. TakiKe,
OHM C HEOOXOIMMOCTBIO UCIOJIb3YIOTCSI IIPU BBIOOPE MATEPHUAJIOB JJIsI CAMOCTOATETLHOM MO0~
TOBKH CTYJEHTOB (MArucTpoB ¥ OaKaaaBPOB) K BBIIOJHEHUIO JIUILIOMHBIX, KYPCOBBIX, paboT, B
TOM YHCJIe HE TOJIBKO 110 pa3paboTKe KOMIMIATOPOB. OHU MIMPOKO UCIOJIB3YIOTCA B 00YIeHUH
CTY/IEHTOB TPOIPAMMHON WHYKEHEPHUH, si3bIKaM MTPOrPaMMHUPOBaHUsI BCeX ypoBHeil. Paboune n
y4ueOHbIe TTPOrpaMMbl COOTBETCTBEHHBIX KypcoB Harmmonanbuoro yamsepcuteTa ¥Y30eKucTana
n TamkeHTCcKOro yHuBepcuTeTa NHAMOPMAIMOHHBIX TEXHOJIOTHI BK/IIOYAIOT, B 9aCTHOCTH, Pa3-
pa6OTKy u 1IIporpaMMmpoBaHre aJI'OPUTMOB JIEKCHUYIECKOI'O, CHHTaKCU1I€CKOI'0O 1 CEMaHTUI€CKO-
o0 aHAJIM30B, MMOCTPOEHUs AHAJIU3ATOPOB, MOCTPOEHUE T'e€HEepaTOpPa JIEKCHIECKOIO aHAJIM3aTO-
pa, aJrOpuTMbl U COIOCTABJIEHUE JIMHEHHOM ITOC/IeI0BATEILHOCTH JIEKCEM €CTECTBEHHOIO MJIN
dopMabHOro A3bIKa ¢ ero (popMaabHOI I'paMMaTUKO. Tak:Ke, IOCTpOeHre ONTUMHU3UPYIOIIE-
ro KOMIIIJIATOPA IMOJIydeHusi 60j1ee ONTUMAIbHOINO IMPOrPaMMHOIO KOJa IIPU COXPAHEHUH €ro
dyHKIIMOHAIBHBIX BO3MOXKHOCTEH: Peephole- onrumuzaruio, JJOKaJIbLHYIO ONTHMUBAINIO, MEXK-
IPONESYPHYIO W BHYTPUIIPONEAYPHYIO ONTHMA3AINN, OIITUMU3AUIO IUKJIOB, KONOTCHEPAIHNIO,
KOHBEPTUPOBAHIE KOPPEKTHOM IIPOrpaMMbl B IIOC/IEI0BATEIbHOCTh HHCTPYKITU, BBITIOJHIEMbIE

Ha MalllMHeEe.
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OB OITHOM MHOXKECTBE B IIPOCTPAHCTBE ITPAMOYTOJIbHBIX
MATPUI],

Xynaitbepranosn I'.

Havyuonanrvroi ynusepcumem Ysbexucmana, Tawrenm, Yzbexucman, gkhudaiberg@mail . ru

1. MuoxkecTBO
Bum x k| ={Z € C"[m x k] : I"™ —(Z,Z) > 0}

Oy/1eM Ha3bIBATh «000OIIEHHBIM MATPUIHBIM MIAPOM» B IPOCTPAHCTBE MPAMOYTOJIHHBIX MATPHIL
C'"mxk|.Bnecv (Z,Z) = Z1 Z{+Zo Z5+- - -+ 2,27, Z; € Clmxk] — MaTpuibl pasMepHOCTH 11X
k|, Z;* = ZJ’- - COTP#AZKeHHBIE U TPAHCIOHUPOBAHHbIE MaTpuIlbl K Z;, 1™ - enunmanas [m x m]
- marpuna, 1™ — (Z, Z) > 0 osmauaer, uro spmurtosa Marpuna ™ — (Z, Z) — nonoxunrensno

olpeJjesieHa, T.e. BCe ee COOCTBEHHDIE 3HAUCHUSA MOJOKUTEILHEI.

B uacraoctu: npu m = k, B,[m X m] — marpuunbiit map B npocrpancree C"[m x m]| =
2

cmy

upu m =k =1, B,[1 x 1] — oberanstii map B npocrparctse C";

upun =m =k =1, By[1 X 1] — equHUIHBI KPYyT B KOMIUIEKCHOM 110cKocTH C;

upu n = 1, By[m x k] — knaccudeckas obmacts Kaprana mepsoro Tuia,;

mpu n = 1,m =k, Biim x mlc = {Z, € Cim xm] : I'™ — 2,7, >0, 7'y = Z;, -
CUMMeTPHYHbIE MATPUIIbI} — KjaccuuecKasi obiaactb Kaprana Broporo tuna, B,[m X m|ec =
{ZeC'mxm]:I™ —(Z,Z) >0, Z'; = Z;} — marpuumsiit map sroporo Tura [4];

mpu n = 1,m =k, Bifm x mlge = {Z, € Cim xm] : I"™ + Z2,Z, > 0, 7', = —Z,
— KOCOCHUMMETPHUYHBIE MAaTPUIbl} — Kjaccudeckast obacth Kaprana tperbero tuta, By,[m X
mlke = {Z € C*[mxm]: ["™ +(Z,Z) >0, Z'; = —Z;} — marpuunbiii map TpeTnero Tuma [4].

2. 3aia9n.

1) Beraucautsb romomopdubie aBTOMOpGU3MBI MHOXKeCTBa, B, [m X k.

2) Borancaurs siipo Beprmana—Xya Jlo-kena jqyist By, [m X k.

3) Momyunts uaTerpanbabie dopmysbl Komn—Cere—Xya Jlo-kena mist By, [m X k.

JIuteparypa
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Ob MHTEI'PAJIBHBIX ®OPMVYJIAX B ITPOCTPAHCTBE
IMPAMOVYI'OJIbBHBIX MATPULL

Xynaiibepranos I'., Kypbanos B. T.

Hayuonarvrud ynusepcumem Ysbexucmana, Tawxkenm, Ysbexucman, gkhudaiberg@mail . ru

'HOBOJIBHO JaCTO 3a/ia49u, IIOCTaBJICHHbIE AJId € IUHUYIHOI'O KpyTa Ha IIJIOCKOCTH, IIEPEHO-

CATCSA Ha BEPXHIOIO MOJIYTIJIOCKOCTD IIPYU IIOMOIIHN Tpeodpa3oBanusa Kaau

B i(l—i—z).

1—12

B 3T0i1 cBA3M fABIAETCA AKTYAJbHBIM HAXOXKJIEHUe MHOIOMEPHBIX aHAJOIOB (POPMYJIbI
JUTS peasiu3aliui TUMa e UHUIHBIN KPYT - BEPXHsis MOJIYILIOCKOCTh". B crarhe paccmorpena
peasu3als KJIacCUYeCKoil 00JIaCTH 1I€PBOTO TUIA B BUJE 00JIACTH 3UTesIs BTOPOTO Poja U

BBIIIUCAHBI HEKOTOPhIE NHTErPAIbHBIE (POPMYIIBI.

[Iycts D - mosiHasg BBIMYKJIasg OrpaHUYeHHas KPYyroBas O0JACTh C IIEHTPOM B HadaJe
koopauHat, rpanuna [nosa (ocToB) R KOTOpOIl siBjIsieTcsi TJIaJIKMM MHOrOOOpasmeM, 6o

HeOI'paHUY€HHaA OJHOPO/IHAA 06/1aCTh 3Uress BTOPOIr'o poJla ¢ OCTOBOM R.

Oyukrua f npunajexur kiaaccy LP(R), ¢ 3amanHoit Ha nem mepoii Jlebera dp, ecin

OHAa MHTEIpUpyeMa CO CTEleHbIo p 1Mo Mepe du Ha R, T.e. ecn

[ s

KOHEYCH.

Kuace Xapan HP(D)(0 < p < 00) cocrout u3 Beex pyHKIwmiA f, romoMopdHBIX B 061aCTH

D 5yt KOTOPBIX PABHOMEPHO OIPAHUYEHbI MHTErPaJIbl

/ )Py < C,
R

st Beex 0 < r < 1.

Yepes O%(D) 0603Ha9MM TPOCTPAHCTBO, COCTOAIIEE U3 TOJOMOPQHLIX pyHKImit B D,

MHTErpUPYeMbIX ¢ KBaJIpaToM 110 06bruHoil Mepe Jlebera dv, T.e. f € O*(D), eciu f ronomopdua
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/ FOPdu(E) < +oo.
R

UsBectHO, uTO JI0bast orpaHWYeHHAsI OJHOPOJHAsT (110 OTHOIIEHUIO K TOJIOMODPMHBIM
apromMopdusmanm) obnacts B CV umeer peanusaiio B Bujie 06/1acTu 3uUreis BTOPOTro poJia.
B wacrrocTH, obsracte Ry 6uromoMmopdHO S5KBUBaJECHTHA HEKOTOPOIl 001acTH 3UTejIsl BTOPOro

poJia, KOTOpasi CTPOUTCsI ¢ TIOMOIIbIO cyiefytomieil koncrpykimu (e. [6]).
[Iycts U; — KBajgpaTHas MaTpuiia nopsjiaka p X p, a Uy — maTpuria nopgiaka p X ¢ — p. B

npocrpanctee nap marputl (Uy, Uy) KomiuiekcHoit pasmeproctn N = pg paccMoTpuM 00J1aCTh
D = {U = (Ul,UQ) S C[p X q] ImU, — []2[];< > 0),

rae ImU, = o-(Uy — Uy).

OctoB 3T0i1 0bTacTH 0003HATUM
G ={U = (U1,U;) € Clp x q| : ImU; — UU; = 0).
Criestyst 9T0i KOHCTPYKIH, 00,1acTh [21 MOXKHO 3aJ1aTh U B CJIeIyIolieil ¢popme:
Ry ={Z=(Z,2,) €eClpxyq|:I1—-{(Z,Z)>0).

snech (Z,7) = Z1 75 + ZyZ, a Zy u Zs MATPHIILI OPSJKA P X P U P X ¢ — P COOTBETCTBEHHO.
O6oznaunMm depe3 du n dy — HOpMuUpoBaHHBIE Mepbl Jlebera B D u G a yepes dv u do —
HOpMUpOBaHHBIE Mephl Jlebera B R n S] COOTBETCTBEHHO.

Teopema 1. Omobpascenue @ : C, — C,, onpedessemoe coomeememeuimu
Uy=i(l —Z) "I+ 2.),Uy = (I — Z,) ' Z, (-3)

buzoromopgpro omobpascaem obaacmov Ry na D, npu amom S1 nepexodum 6 G.

Kaxk m3BectHO, si/1po Beprmana B Ry umeer Buj (em. |1, rrd|):

1

KelUV) = Gad =z

Jlemma 1. ITpu omobpasiceruu (1) adpo Bepemana K (U, V') npeobpasyemcs caedyrouyum 06-
PA3OM:
1
K(®(2),2(W)) = 55 Kg,(Z,W)(det[(I — Z,)(I — W7)])P*.

= 22p2

Teopema 2. /s ecaxoti pynxyuu f € O*(D) cnpasedausa dopmyaa

f(U) = /D FO)VE(U.V)du(V).U € D,



218 Hladumemos X. M., Hyparues @. A.

Hrmeepan 6 amoti gopmyae 3adaem opmozonasvhuwii npoexmop us npocmparcmea L*(D) 6

npocmpancmeo O*(D).
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KO®PPUIINEHTDLI OIITUMAJIBHBIX NMHTEPITIOJIAIIMMOHHBIX
®OPMVYJI IIATOM CTEIIEHA

IHIagumeroB X. M., Hypaiue ®@. A.

Hnuemumym mamemamuxu AH PYs, Tawxenm, Yabexucman

3/1ecb MBI PACCMOTPUM HUHTEPIIOJSIIMOHHYIO (DOPMYJIY BHIA

N

p(2) = P,(2) = Y Ca(2)p(hB) + A(2)¢(0) + B(2)¢ (1) (1)
5=0

¢ (pYHKIIMOHAJIOM ITOI'PEITHOCTHI

Ux,2)=0(r—2)— Z Cs(2)0(x — hpB) + A(2)d' (x) + B(2)d'(x — 1). (2)
3=0
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rae Cp(z2), A(2), B(z) - xkosdbdbummentsr, a h = 1/N,N € N, § - nenvra dyuknusa lupaka,
p e LYM(0,1).

Pasnocrs ¢(z) — P,(r) Ha3bIBAETCA NM02PeUHOCbI0 HHTEPLOJIAIMOHHON (opmyibt (1).
3HaveHne ITO MOrPENHOCTH Ha HEKOTOPO! TOUKE Z SIBJSCTCH JUHEHHBIM (DYHKIMOHAIOM HaJl

dyHKIIUAMUI (P, T.€.
oo

(4, ) = / lpdr = ¢(2) — Py(2).
S
B pabore [1] st uarepnossimuonHoit dopmyiiet (1) ¢ dyHKImonamoM norpemuoctu (2) Haii-
JIeHa 9KCTpeMaJibHast (DYHKIUS B IIPOCTPAHCTBE U Lgm) (0, 1), BBIYMCIIEH KBAJPAT HOPMbI (DYHK-
[IMOHAJIA, TIOIPEIIHOCTH, MUHUMUZUPYSA HOpMY (DYHKIIMOHAJIA TOTPEITHOCTH 110 KO3 duImentam
Cs(2), A(2), B(z) moaydena cieiyiomasi CUCTeMa JIMHEHHBIX areOpandecKix ypaBHEHUI Jist

HAXOXKJIEHUsI ONTHMATBHBIX KO3 MUINEHTOB HHTEPIOIAIMOHHBIX (hopMmyst Buaa (1):

N 5 4
Sl ) W iy BO— L) +ZA gy = EZI0L 55w,

~ 2.5 2. 4l 2.4 2.5
N
> Oy (2) ()t = 2" —4AB(z) + 2 4l\y,
=
N
ch — 2 —3B(2) + 41\, + 41\,

7=

Y Cy(2)(h)* = 2 = 2B(2),

=0

SOy () = 2 — A=) — B(2),

Z Cy(z) =

=0
B nacrosmeit paboTe HaM1 pellleHa IOC/Ie/IHsAs CUCTeMa U JJOKa3aHa cJelylomast

Teopema. Onmumanvhvie KoaPPuuuenmvs, UHMEPNOAAYUOHHBT Popmya suda (1) ¢

Pynryuonasom nozpewrocmu (2) 6 npocmparcmaee Lg)’)(O, 1) umerom 6uo:

Co(z) = [—322° + |z — h> + (2 + h)> — 10AR* + 240(\; + 2)\o) R+

215

2 N
A
+Zq_: <ZQk7’Z—h’Y|5+Mk+QéVNk>] ;

k=1 v=0
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1
Cs(2) = g=llz = h(B = D =820z = hB" + |2 — h(8 + 1)+
2 A N
+Zq—: (quﬂ—”'lz—hw|5+q£Mk+q,iV‘ﬁNk>], B=TN—1,
k=1 ~y=0

On(z) = 3201 —2)° + |z = h(N =D+ (h+1—2)° + 10Bh* — 240\ h>+

2 N
A
+ E —qk <§ " Nz +q Mk+Nk>
k
k=1 v=0

A(z) u B(z) onpedeasromes uz cucmemol

A(2) {—% fj Dy(hy + hﬁ)ﬂ + B(2) [3—4 S D3(h(N +7) — hﬁ)v”‘] -

7=1

T

+Xi(2) {’ﬁ - Ds(hy + hB)y? — I? Z Ds(h(N +7) — hﬁ)ﬂ +

v=1 v=

+2>\2()[h22D3(h7+h6) } o Z D3(hff — hy)|z — hy|°

"/7—00

npuﬁ =—1,=-2uf=N+1, = N+2. 3decv D3(hp) - duckpemnwuiti ananroz onepamopa
dzﬁ /2]
CrestyeT OTMETHTH, 9TO IMOCTPOEHHAST MHTEPIIOJISIINOHHAST (DOPMYJIa SIBJISAETCS CILTAHOM

[SITOII CTEelleH! U TOYHA JIjIsi MHOI'OYJIEHOB cTelleHn < 3.
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JMHAMUKA KBAJPATUYHBIX OTOBPAXKEHUI SJIJINIITUYECKOI'O
TUITA

Qmuumberos M. P.!, Tagxuesa M. A.?

Y Tawkenmeruii YHUBEPCUMEM, UHPOPMAUUOHHLT mexHoaozul, Tawkxenm, Yabexucman,
eshimbetov1989@mail.ru

2 Hayuonarvroiti ynusepcumem Ysbexucmana, Tawwenm, Ysbexucmarn, mohbonut@mail .ru

Kax uzBectno [1], qunamuka orobpazkenus komiuiekcHoi miockoctu C B cebs onpeesisie-

MOTO KaK Z 5 22 -+ ¢ ABJIAeTca JOBOMBHO CJIOXKHOM. V3ydenne 9Toro oTob6paskeHns MOCBSIICHA

MHOT'OYHCJICHHAs JIUTepaTypa HadnHas ¢ Kjaaccudeckux pabor Pary n 2Kiosma. [Ipu sTrom cy-

MIECTBEHHO UCIOJIB3YIOTCHA TUIYOOKHE Pe3yJIbTaThl U3 KOMILJIEKCHOrO aHajm3a. C Apyroit CTOpoHbI

FCHO, UTO JIAHHOE OTOOPasKeHIe MOYKHO PACCMATPLIBATL KaK AuHaMuKy byakmmn F : R? — R2
rje

(z;9) = (2% — ¥* + c1, 22y + ). (1)

cxons U3 9TOr0 pacCMOTPUM CeMeiIlcTBO KBaJpaTWUIHBIX oToOpakenmit [ : R? — R?
BHUJIA
F(x,y) = (a12° + 2bizy + 192, apx® + 2bowy + coy?).

Ouemano, ecim f : R? — R ymmeituwiit bynkuuonan, to f(F(x,y)) asigercs Kpajpa-
TUIHON HOPMOIi JIBYX MMEPEMEHHBIX T U Y.

Onpenesnienne. Kpanparnanoe otobpakenne F : R? — R? nasbiBaeTcd SJIAITHIC-
CKHUM, €CJIH I HEKOTOpOoro JmHeitHoro dyukinnonana f kBagparnanas dopma f(F(z,y))-
HOJIOXKUTEILHO OlIPeJIeIeHa, TUIepOOJInIecKM, ecyin i jaoboro [ # 0 kBajparudnas gpopMa
f(F(x,y))-3naxkonepemenna. Coryacuo storo onpeienenus F(x,y) = (22 — y?, 2zy) asiserca
runep6osmyeckum, a F(z,y) = (22 + y?, 22y)-3/UIMITHYECKIM KB IPATUIHBIM OTOOPAZKEHUEM.

B nanmHoit paboTe n3yualoTca JUHAMIYECKHE CBOHCTBA KBAIPATHIHBIX OTOOpakenmii R>

QJIJINIITUYECKOI'O THUIIa. B JaCTHOCTHU, paCCI\IOTpeHO ceMemncTBO OTO6pa}K€HI/Iﬁ
. 2 2
F(z,y,c) = (z°+y~ + c1, 22y + ¢2).

[Tycrs (2°,9°) € R? npousso/ibhas HavaibHasg Touka. TpaekTopusa F HaumHAIOmAACS U3

toukn (2°,9°) onpesensercs peKKypeHTHBIMI PABEHCTBAMMU:

x(n+1) — (x(n))Q + <y(n))2 + Cla

(2)

deno uro, (M j:y(l) = (r+y)?+c1tcy. Orciona ecm, t = x4y u ¢ = ¢y & ¢y, TO OTOOPaAKEHHE

MOKHO TipuBecTH K Bujy f(t) = t? + ¢,c € R. CHavana Mbl U3y4UM JMHAMUYECKHE CBOCTBA
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orobpaxkenus f: R — R.

1 1++/1—4c
47 2

s bosee mozo, mo1vka i1 AGAAEINCA ommaﬂnuea}oweﬁ; eCAlY —% <c< %, mo movka

Teopewma 1. a. Ecau c <
1—/T—4c
2

moeda [ umeem dee HenodeusCHbIE MOUKY T1 = u

To —
To ABAAECMCA NPUMALUBUIOWET; eCcAl ¢ < —%, Mo MOYKa To AGAAEMCA OMMANKUBAOWEY; b.
i, mo f umeem eQUHCMBEHHYIO HETUMPANLHYIO HENODBUNCHYIO MOYUKY T = % u boaee

11 n 1 ) 5 3
moeo, ecau T € [—3,3], mo [ — 5 npun — oo; ¢) e —35 < ¢ < —3, moeda f umeem
dea npumazusmoOwur yurasa, {qi, g}, 20e ¢ = i V;LC*B U (g = B V;4H)"

5
;ecau ¢ < —7,
mozda [ umeem dea ommankusarowur vyuksa {qi,q2}; €) ecau ¢ =

ecCAU C =

3

-4, mo [ umeem dee

HENOJBUIICHBIE TNOYKU: T1 = 3 OMMAAKUGAIOWYI0 U Ty = —3 nelimpavnyio, boiee mozo, ecau
3 3 n 1
r € [—35,35], mo f" = —5 npun — oo.

Teopema 2. Ecau ¢ € (—oo, —2) U (i, +00), mo f" — 00 npu n — oo.

1

Teopema 3. a)Ecau c; £ ¢ < 4,

mozda [ umeem dee HenodsusceHHble MOYKY T + 1y =

14++/1—4(c1xco 1—4/1-4(c1£c2 14++/1—4(c1xco
# u xr Yy = %, boaee moeo, mo4Yru T + Yy = # AGAA-
3 1 1—4/1—4(c1tca)
romcs ommanrKusarowumMu, eCcAl —z < C + Cy < 1 mo mowku T + Yy = - 5 A6~
3 1—4/1—4(c1£c2)
AAOMCA NPUMALUBAIOWUMU, ECAU C1 + Cy < e mo mouwku T * Yy = T E— AGAA-

1
4
u boaee mozo ecau, v £y € |

mo [ umeem eduncmeennyro HetmpaivHyIo

1 11 1
3 —5,5), mo f" — 5 npu

n — 00; ¢lecau —% <cpte < —%, mo {q1, @2} Asasemca npumALuSaIOUUM 2- YUKAOM, 20€

@ = —1—+4/—4(c1£c2)—3 u gy = —1+\/—4(Clﬂ:62)—3'
1= 2 2 — 2 )

KusaIOWUM 2- yuKAoM, s [ e)ecau cp £y = —2 mo f umeem dee nenodsusiCHIE MOUKL:

49
Tty = % OMMAAKUBAOUYI U T T Y = —% Hetmpanonyro, boaee mozo, ecau xr £y € [—%, %],
1

mozda f" — —5 npu n — 0.

romea ommanrusarowumu; blecau ¢ + ey =

HenodeustcHyto mouky x £y =

ecau c1 ey < =2, mo {q1, 2} Acanemes omman-
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O ITOHATNN TPAHCBEPCAJIBHOCTU KBAJIPATUTYHBIX
CTOXACTUYECKUMX OITEPATOPOB BOJIBTEPPOBCKOI'O TUIIA

SQmimamarosa . B.!, Tanuxoaxaes P. H.2

L Tawwenmexuti uncmumym unoicenepos stcenesrnodopostchozo mpancnopma, Tawwerm,
Vabexucman, 24dil@mail . ru
2 Havyuonanrvruiti yrusepcumem Ysbexucmana, Tawwernm, Ysbexucman,
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Teopust IUHAMUYECKUX CUCTEM SIBJISETCS OJHUM U3 HauboJiee Pa3BUBAIOIIUXCS Pa3IeI0B
MaTeMAaTUKH JIesKaIleil Ha CThIKe MaTeMaTHIeCKOTO aHaIn3a, M depeHnna bHbIX YPaBHEHNI,
TOIIOJIOrn, TeoOpuun BepOHTHOCTeﬁ. Pa3BI/ITI/Ie Teopun AUMHAMHUYICCKUX CUCTEeM CTHUMYJ/IMPYETCA
3aIIPOCAMU PsIJia TEOPETHIECKUX U IIPHUKJIATHBIX 3a/1a49 (PU3UKU, OMOJIOTHH, CONAIbHBIX HAYK.
Ksagparununsrit croxactudeckuii oieparop V' : R"™ — R™ onpejensercs 3alaHueM KyOndecKoit

MAaTPHUITHI {Pim}i%k:l’—m, ¢ KoapdunmentamMmu, ya0BICTBOPAIONIMMHI YCIOBHUIM:

m
Pijr = Pji 0, E Pijr=1
k=1
U JefiCTByeT 110 3aKOHY:

m m m
m
Vo= E Pij,lxixja E Piﬂxixj, cee E Pij7mmixj , ne xr = (xl, ,$m) € R™.

1,j=1 2,j=1 1,j=1
He cnoxno 3aMeTUuTb, 9TO KBaleaTI/I‘{HbeI CTOXACTUYECKUIA orrepaTop OCTaBJIdeT MHBapHUaHT-

m
HBIM TUIEPIIOCKOCTh H = qx € R™: ) x; = 1}, a Takke 0A3UCHBIMH CHMILIEKC S™ 1
=1

1=
m
reR™:x,0,> i =1,.
i=1
Onpepesenne [1]. KBajparuauslii croxacTuaeckuii oneparop (J1asee K.c.0.) Ha3bIBAeTCs
BOJIBTEPPOBCKUM, ecn Py, = 0 pu k # ¢ i j.
ssectno |1], BonbreppoBekuii K.c.o. Ha cumiiekce S™™1 Beeryia MoKeT GBITH IIpeJIcTaB-

JIeH B BUJIE:

2’ :xk(l—l—Zakixi), k=1m, (1)
i1
e

Ay = —Qik, |ak:i| <1 (2)

Takum obpazoM, cyliecTByeT B3aMMHO OJIHO3HAYHOE COOTBETCTBHUE MEXKJIy BOJIBTEPPOB-
CKHMHM K.C.0. ¥ KococuMMmeTrpudeckuMmu marputamu A = (ai), ,_15; ¢ Kodddunmenramu, ay;

YIOBJIETBOPSIIOIIAME YCJIOBUAM (2).
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OmHuM U3 BaykKHEHINX MOHSITHI B TEOPUU JMHAMUYECKHX CHCTEM SIBJISETCS ITOHSITHE
TpaHCBepcaJibHOCTH oToOpaxKenuii. K coxkasienuio, B 00IeM cjydae yC/JIOBHE TPaHCBEPCAJIb-
HOCTH SIBJISIETCSI TPY/IHOIIPOBepsieMbIM ycsioBueM. OCHOBHasI IeJTb COCTOUT B TOJIYIEHUU HEO0-
XOJIMMOTO W JIOCTATOYHOIO KPUTEPUs JUIT TPaHBEPCAJIbHOCTH KBaJIPATHIHBIX CTOXACTUIECKIX

OIepaTopoOB BOJIBTEPPOBCKOI'O THUIIA.

Omnpenenenne 1. Kococummempuueckas mampuya A Ha3vi6aemcesa mpanceepcanvHotl,

ecau 210000 2Aa8HbIL MUHOP HYEMHO20 nopﬂ(%ca NONOHCUINENEH.

Onpenenenue 2. Boavmepposckut onepamop V makoice na3veaemcs mpanceepcans-
HOLM, ecau e2o mampuya A Asasemces mpanceepcasvHod.

Onpenenenue 3. Omrpuimoe u 6¢100y NAOMMHOE NOOMHONCECTBO MONOA0LULECKO20 NPO-
CMPAHCMEA HA3BIBAETNCA MACCUBHBIM NOOMHOHCECTEOM.

Teopema 1. Mnootcecmso 6cex MpanceeEPCALbHBLT ONEPAMOPOS BOALMEPPOBCKO20 TUNG
0bpasyrom omrEpvimoe U 8CrdY NAOMHOE NOOMHOHCECTNEO, M.E. ABAACMCA MACCUSHHM NOO-

MHOHCCINEBOM, MHONCECTNEBA BCET ONEPATNOPOE BOADIMEPPOSCKOZ0 TMUNG.
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NCCJIEJOBAHUE I'NIOBAJIbBHOM YCTOMYNBOCTU MHTEPBAJIBHOT'O
BAPUAHTA IIATUTOYEYHO ITPOTOHKN
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B [1] ommcanbr n 060CHOBAHBI HEKOTOPBIE MHTEPBAJbHBIE BADHAHTHI METOJIA MTPOTOHKH.
[Ipu sToM pacueTnbie hopMyIIbl 6epyTcs B (hOpME €CTECTBEHHBIX HHTEPBAILHBIX PACIIUPEHNUIL, a
000OCHOBAHWE TIPEJIIIOIAraeT MOy YeHre JOCTATOYHBIX YCJIOBIAN PeaTn3yeMOCTH U yCTOWINBOCTH
MEeTO/Ia.

[Ton peanu3yemMoCTbIO B MHTEPBAILHON apudMeTHKe TOHIMAETCA OTCYTCTBUE JIeIeHUS Ha,

HMHTEPBaJI cogepmanmﬁ HYJIb, a IO yCTOﬁ‘IHBOCTbIO — OrpaHUYCeHHOC BJIMAHNE OINUOKNI JOITY-

H_[eHHOIU/I IIPU BBIMUCJICHUN PEIICHUA Ha HEKOTOPOM 3dTalle Ha KOHEYHBI pe3yJibTart.



FOndawes 3. X., Ubpazumos A. A., Xodocabaes @. JI. 225

B nanbHeiimeM U3JI02KEHIH MBI TTOJIb3yeMcsd 0003HAUEHUSIME U3 TTPOEKTa HepopMaIbHOTO
MEZKJlyHApPOJIHOTO cTaHaapTa |2|. B wacTHoCTH, MHTEpBAIBHBIE BEJIMYUHBI BBIIEISIIOTCA B TEKCTE

JKUPHBIM MIPpUMTOM, & HEMHTEPBAJIbLHbIE HUKAK HE BbIJIEIAIOTCS.

Nrak, paccMaTpuBaeM MHTEPBAIbHYIO CHCTEMY JIMHEHHBIX aJireOpanvdecKux ypaBHEHU

Su="f (1)

n+1)

re S € IR+ _ gy maronanbras untepsasibhas marpuna, £ € IR — WHTEPBAJIb-

HBI BEKTOP IIpaBOil 4acTH.

B kadecTBe MHOXKeCTBO pertiennii Jyisi cucteMbr (1), 6ygem paccMaTpuBaTh Tak Ha3blBae-

MOe 06660’&H6HHO€ MHOHCECITNEO pewenuﬁ:
Euni(S,f) =t = {a e R"V | (35 € 8)3f € f)(Su=f)}.

B orHomennn Z,,,;(S, f) craBurca 3amava 6HewHe20 UHMEPEANLHO20 OUEHUBAHUA
naiiru 6pyc U € IR™Y | raxoit aro Z,,,(S, f) C U.

B nannoit 3as1aue nHac narepecyer U, B KOTOPOM OIEHUBAET Z,,; W3BHE HambO/Iee TOUHO
nm HanboJiee OJIN30K K Zyp,; B HEKOTOPOM CMbICIE. 371eCh OPYcoM Mbl Ha3bIBaeM IOIMHOZKECTBO

R™! koropoe sBJseTCH JeKapTOBLIM IIPOU3BeieHneM n + 1 HHTepBaJIoB.

[Toraras, 9T0o @; € W;, MBI MOYKEM 3aluCchiBaTh cucteMy (1) B HamboJiee OIpeeIeHHOM

BHJIE:
C0”L~L0 + dOﬁl + eoﬂg = fo )
b1ty + ciuy + dyug + etz = £
aisz;z + biﬂ,z;l + Ciﬂ,i + di’l]prl + eiﬂiJrQ = fz 1= 2, n — 2,
a, 1U,_3+ bn—lﬁ'n—2 + Cp1lp—1 + dn—lﬁ'n = In-1
a,lp 2 + bnan—l + cpt, = fn )
rie

a;, (i=2n); by (i=1n); ¢, (i=0n); d; (i=0,n-1); e, (i=0,n-2)

— COOTBETCTBYIOIIME JUalrOHaJIbHbIC 3JICMEHTBI I/IHTepBaHbHOﬁ MaTpPHUIIbI S.

[To dbopmynaM IATHTOUETHON IPOrOHKH [1]| BBIYHCIISIOTCS HHTEPBAJIBL U;, Takue 910 U; C
w;, ¢=0,1,...,n. 37ech U; HEKOTOPOE MHOXKECTBO, U; UHTEPBAJIbI IIOJyIE€HHbIE TIEPEXOTOM
B COOTBETCTBYIOIIMX BENIECTBEHHBIX PACUYETHBIX (POPMYJIaX K €CTECTBEHHBIM HHTEPBAJIbLHBIM

PaCIIUPEHUSIM.
g peanm3yeMOCTH M YCTONYMBOCTH IIPEJJIAra€MOro BapUaHTa METO/A IMATUTOYEHHON
[POrOHKH JIOCTATOYHBIME SIBJIAIOTCS yCaoBust meopemvr 9 u3 |1, crp. 46] , KoTopble B HAIIUX

PaCcCMOTPEHULAX IIPpEeAIIoJIaraoTCda BbIIIOJTHCHHBIMUA.
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CdopmymupoBana n JoKa3aHa CJIeIyoIast

Teopema. [Tycmv koagduyuernmor cucmemor (1) ydosaemeoparom ycaosuam

Od¢a;, i=2,n; 0¢&b; i=1n
0¢d;, i=0,n—1; 0¢e; i=0,n—2;
0¢ci, 1=0,n;

(co) = |do + |eo| + o,

(c1) = [bi| +[di| + [e1] + &1,

(cn) = |an| + [bn| + €n,

(€n-1) = |an_1| + [bp_1| + [dn_1] + €n1,
(c;) = |a;| + |bi| + |d;| + |ei| + i, i =2,n—2.

Toz0a memod namumoueyunodi npoecoHKUu MONMCEMM ) peaau3soeaH 6 pamkKaxr MAWUHHOT UH-

mepeanbroll apudmemury [3], a das coomeememayouuT nozpewnocmets UMeem MeCmo oueH-

KU
0x;| <&7,
02| <&,
6v;] < &7,

00, | < &7 + 5667
00, 1] < &E6T? + &7
6, < (1-2) 0@,
ede T = max{[r;, Ti]} — unmepsas, eosnurarowul 3a cuem owubok OkpyeAeHUl U KOPPEKMU-
po6ox K enewnum unmepsanam, m = {|a;|, |by|, [ci|, |dil, |es], [fi|}, a & xwoncmarmo, ne sasucsa-

UUECA Om 1 U T.
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O IPOBHOM MHTEI'PUPOBAHUUN AJIAMAPA B
KYCOYHO-CTEIIEHHBIX BECOBHBIX ITPOCTPAHCTBAX
CYMMMUPYEMBIX ®YHKIIUI

Axmuboes M. V.

Camaprandcexud puruan Tawrkenmcerozo ynusepcumema Ur@oOPMaUUOHHBLE METHOA02U,

Camaprand, Vsbexucman, yahshiboev@rambler.ru
d\&
Beenennoe 2K. Ajamapom [1] apo6uoe unrerpoauddepernupoBanme Tuia (x@) , —00 <

a < 00, ABJIFETCAd WHBAPUAHTHBIMU OTHOCHUTE/ILHO OIlepaTopa PACTIAKCHUS (H P f> (x) =
f(pz),p> 0,2 > 0. Pax coiicts gpobHOrO muTerpoddeperupoBanus mo Ajamapy MOKHO
Haiiti B Kuure [2|, §18.

Ha meficTBuTeIbHOI OIyOCH paccMaTpUBAeTCsl MHTErPaIbHbIE OllepaTopbl Amamapa

i [ ey [ (o2) s

B IIPOCTPAHCTBE

1 00
d d
xp,={os [le@r S [Tatlo@P L <o 1000, 155 < o0}
0 1

! _dx > _pdx >
Hsouxguz{/ el [Ce@ra )
’ 0 € 1 xr

a >0, I'(a)- ramma yHKIHS.

C HOpMO

B namnnoit pabore paccMaTpuBaeTCs OPAHMIEHHOCTb A TaMapoBCKOe JIPOOHOE MHTEIPUPO-

BaHne (PyHKIUI OJJHOTO MIEPEeMEHHOr0 B IIpocTpancTsa XP .

BBG,ILGM MO,ILI/ICbI/IKaHI/IIO ,ILpO6HI)IX HHTErpaJjioB ¢ 4ApoM, yJIydIIEeHHbIM Ha OECKOHEYHOCTH:

st @ = [ ag (g )0 g, 3

0
o 1 1 dt
o @ = [ ag (g e () &)
0 T t

a—1
Al 1 _1 1 U u >0
rie 7€ Ry, AS (y,€) = <A5k‘;j> W), ks (¥) = syt L >a>0uf = ’
0, u<0O.
OueBwn/HO, Jilego = AL J%¢ na mocrarouno xopommx dyHKIuax ¢ (z), T.e. omeparopsr ()-
() mosyuaioTcst IpUMEHEHHeM Pa3sHOCTHBIX olepaTopoB Al ¢ KMyJILTHILIMKATHBHLIMIL MATOM
K omneparopy J$¢. OHE UMEIOT TO HPEUMYIIECTBO 0 cpaBHEHUIO ¢ J¢¢, uro npu | > «a > 0,

OHM OrpaHW'eHbl B npocrpancree XP, upn Beex 1 < p < oo, 70, 10 (T.e. BKJIIOYAS B CJIydait

v
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v =0, v=0). Umeer MecTo ciieyromast

Teopema 1. Onepamopw. J¢, o > 0 ozpanuuernvie 6 npocmparcmee XP,npul <p<
oo, v>0,v>0

HJigoHX% <6 H%OHXQ,V ;

ede ¢, = (%)a das onepamopa J$, ¢, = (%)au das onepamopa J*, m = min (v, v) M =
max (7, v).

I
Teopema 2. Onepamopo. Ji:T ozpanunenvl 6 npocmparcmee XP  npu ecer 1 < p <

o0, 70, 0

1
Il Se@lel, .
v,V

ede0<c(t)<1l,l>a>0.
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