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UDC 519.984+512.64

Akhtyamov A.M., Mouftakhov A.V.
IDENTIFICATION OF BOUNDARY CONDITION ON ONE OF
THE ENDS OF A SEGMENT

We prove the duality of solution for the problem of identification of
boundary condition on one of the ends of a segment.
Key words: nonseparated boundary conditions, spectral problem.

Consider the following two-point boundary value problem:

y@ =2y =s*y(x), xel0,1], (1)
Uj(y)= éa W D=0 j=12 @
Us(V)=y@ =0, Uu(y)=y'Q=1 3)

The problem of determining a boundary condition (2) has been con-
sidered in this paper. Similar inverse problems were considered in [1]-[3].
We denote the matrix, consisting of the coeffcients aj, of the forms

Ui(y) and U, (y) by A and its minors by Agpp:
a1 A2 3 ap am Ay
dp; Ay aAx3z Ay dom  Aop

In addition to the boundary conditions (2), we consider also the
boundary conditions

- ISR _
Uj(y)zglajky (0)=0, 1=12, (4)
-~ 4 _

Uj)= X b y&Doy=0, j=12 )

and boundary conditions

We denote the matrix of the boundary conditions (4) by A and its
minors by A, and the matrix of the boundary conditions (5) by B and
its minors by B,

Definition (adjacent boundary conditions). The boundary conditions
(4) and (5) are adjacent, if there is a number k = 0such that Ay, =kB,,

© Akhtyamov A.M., Mouftakhov A.V., 2017
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Aus =KBi3, Aoy =KBos, Ags =kBay, As =kByg, Agg =kBys.
Theorem (on the duality of the solution of the inverse problem).
If the eigenvalues of boundary value problems (1), (2), (3) and (1),

(4), (3) are identical: 4 =7, and rank A=rank A=2, then either the
boundary conditions (2) are equivalent to the boundary conditions (4), or
the boundary conditions (2) are equivalent to the adjacent boundary condi-
tions (5). l.e. the matrices A and A are row equivalent or A and B are
row equivalent.
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IDENTIFICATION OF BOUNDARY CONDITIONS
COEFFICIENTS FOR INFINITE STAR GRAPH
The work is devoted to the solution of the inverse spectral problem
for Sturm-Lioville differential operators on the star graphs with three edg-
es. Two of three edges are finite, and one edge is infinite. It is shown that
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two coefficients of boundary conditions for finite edges can be found by
two eigenvalues.

Key words. Eigenvalues, star graph, inverse problems, Kirchhoff
boundary conditions, Jost solution.

The main results on inverse spectral problems for Sturm-Liouville
operators on an interval are presented in the monographs [7], [8] and other
works. Differential operators on graphs (networks, trees) often appear in
natural sciences and engineering (see [4], [5], [6], [11], [12], [13] and the
references therein). Most of the results in this direction are devoted to di-
rect problems of studying properties of the spectrum and the root functions
for operators on graphs. Inverse spectral problems, because of their nonlin-
earity, are more difficult to investigate, and nowadays there exists only a
small number of papers in this area. In particular, inverse spectral prob-
lems of recovering the coefficients of differential operators on trees (i.e on
graphs without cycles) were solved in [2], [3]. Inverse problems for Sturm-
Liouville operators on graphs with a cycle were studied in [1], [9], [10],
[14], [15], [16], [17].

Let I'=y,xy,xy, be a star-shaped graph which consists of two

finite rays y, ={x;€(,1)},j=1,2 and one semi-infinite rays
7s =R, ={X; € (0,0)}, with the origin of each ray identified with the

single vertex of the graph . We consider on T" the equation
2

dvy,
Ly; =2+ a0y, =s7y,(0. % €7, 1)
i

defined for functions Y satisfying the natural Kirchhoff boundary
conditions on the vertex:

¥1(0) = ¥,(0) = y;(0),  y1(0)+y,(0)+y;(0) =0,

and the boundary conditions

y/()+H,y,1)=0, H;=h-m;s’ j=1.2

2)

@)
Let s;(x,8), ¢;(x,5), j=1,2,3, be the solution of (1) which satisfies

the initial condition s;(0,s) =1-c;(0,s) =0, 1-5,(0,s)=c, (0,5) =0
(j:11213)'



Let e(x,s) be the Jost solution of (1) which satisfies the asymptotic

condition e(x,4) > €™ (xey,, x > o).
General solution on every interval can be represented as
yj (XIS) = 6lj (S)Cj (XIS)+181 (S)SJ (X1 S), J :1!2’

Y5(X,8) = A(S)S;(x,S) +o(s)e(x,s) .

We look for a general solution of (1)-(4) for JIs>0. It has to satisfy
the Kirchchoff condition (2): ¢ (S) = &, (s) = o(s)e(0, s).

We denote a(s) =, (s) = a,(s) and suppose that e(0,s) =0, i.e.

a(s)
o(s) = .

The second Kirchhoff condition 2 requires
B.(8)+ B,(s)+A(s) +o(s)e’(0,5) =0, i.e.

A+ A9+ a6 +at) S-S =0

Boundary conditions on the ends of finite intervals (3) put the
following conditions on a(s), S3,(s), 3, (S)

a(s)[cj'(l,s)+ Hjcj(l,s)}ﬁj (s)[sj'(l,s)+ Hjsj(1,s)J =0, j=102
As result

isx

c'(1,5)+Hcc.(1,9)
Bi(s) = —a(s)— —
s; (L,s)+H;s;(L,s)

It follows from this that
¢'(1,8)+H,c(L,s) . c, (1,5)+H,c,(Ls) €(0,5s) .
s (1,5)+H,s,(1,5) s, (1,8)+H,s,(1,s) €0.s)

It follows from representation for Y,(X,S), that all eigenvalues
visible at in infinity have to be such that 3s >0, and A(s) =0.

If we know eigenvalues of problem (1)-(3) we can find boundary
conditions (3). Let 312 and 322 be the eigenvalues of boundary value prob-

A(S) = a(s)

lem (1)—(3). Substituting these two values S; and S, in A(s) =0, we ob-
tain system of two equations A(S;) =0, A(S,) = Ow.r.t unknowns m,



and m, . This system has two nonsymmetric solutions. Note, if we find h;
and h,, then we have two symmetric solutions (see [17]). So, our case find-
ing M, and M, differs from [17].

Example. Let s* =—1.7479%, s; =—4.7467° be the eigenvalues of

boundary value problem (1)—~(3) and h =-7, h, =—-2 be coefficients of
boundary conditions (3). Then the system of two equations
A(s;) =0, A(S,) =0w.rt unknowns m, and m,has two solutions:

m, =0.01, m, =0.07 and m, =1.7040, m, =-0.1219.

This work was supported by the Russian Foundation for Basic
Research (project 15-01-01095 a), by the Academy of Sciences of the
Republic of Bashkortostan (project 17-41-020230-r_bashkortostan_a).
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UDC 519.245:678.7
Ala V., Mamedov Kh. R.

ON BASIC PROPERTY OF EIGENFUNCTIONS OF ONE CLASS
DISCONTINOUS STURM-LIOUVILLE OPERATOR

In this work, we study the completeness, the minimality and the basis
properties of the eigenfunction system for a boundary value-problem.

For a different boundary value problem, the same results are
investigated in [1] and asymptotic formulas are obtained in [2].

Key words: Discontinous Sturm-Liouville operator, basic property,
spectral parameter in boundary conditions,transmission conditions,

We consider the discontinous Sturm-Liouville equation with bounda-
ry conditions depending eigenparameter and transmission conditions

ly :==y"(x) +a(x)y(x) = Ap(x)y(x), xe[-1,0)w(0,1],
L(y) = y(-Dcosa+ y'(-1)sina =0,
LAY =2AYQ) - AY D) +(BYD - £y D) =0,
Ly(y) =1Y(-0)—4,y(+0) =0,
L=y, y'(-0) -0, y'(+0) =0,
where 4 is a complex parameter, q(x) is real-valued continous function
on the intervals [-1,0) and (0,1 has finite limits, p(x)>0 is a
discontinuous weight function such that

) 1012' xe€[-1,0)
X) =
P e xe 0

and 3,6, 7,(i=12) are real numbers.
For a different boundary value problem, the same results are
investigated in [1] and asymptotic formulas are obtained in [2].
References
1. Mamedov Kh. R., “On a basic problem for a second order
differential equation with a discontinuous coefficient and a spectral
parameter in the boundary condition”, Geometry,Integrability and
Quantization, Sofia, 218-225, 2005.
2. Akdogan Z., Demirci M., Mukhtarov O. Sh., “Discontinuous
Sturm-Liouville problems with eigenparameter-dependent boundary and
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UDC 519.245:678.7
Auken V.M.

UNIVERSITY PERFORMANCE MEASUREMENT IN QUALITY
ASSURANCE

Based on the outcomes of the research on the holistic system for
measuring the performance of teachers and students, the purpose of the
current study is to integrate this system in a university’s quality assurance
system. Quality assurance using indicators defined by universities for as-
sessing mainly cognitive skills of teachers and students like KPI and GPA
is still about quality control. In addition to these indicators, the pro-posed
system is rested upon new indicators like Intellectual Capital Indicator
(ICI) for teachers and Employability Readiness Indicator (ERI) for stu-
dents which are connected with the external environment for assessing
non-cognitive skills as well.

Key words: higher education, quality assurance, performance meas-
urement, competence development, employability readiness.

As for any enterprise, the competitiveness of a university depends on
its efficiency. Universities function efficient if efforts of academic staff
result in better employment of graduates. Productivity of teachers defines
productivity of students and both affect efficiency of a university. Thus, to
increase the efficiency of a higher education institution (HEI), there is a
need to establish a close correlation between the system for the measure-
ment of the teacher’s performance and the system for the evaluation of the
student’s knowledge.

Due to importance of measuring the efforts of academic staff for moni-
toring their productivity, the system of performance indicators has been

© Auken V.M., 2017
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adopted in a plenty of universities worldwide. Typically, such system is a
set of internally defined indicators hardly having any connection to the
external environment. To make it worse, there are some attempts to estab-
lish a positive correlation between the teacher’s productivity measured by
performance indicators and the student’s productivity measured by grades.
That can lead to grade inflation. A grading system and an assessment poli-
cy of students’ success is an internal creature of each university as well.

In our opinion, measuring the performance of teachers and students us-
ing an assessment system based solely on self-perception of universities is
a stumbling block for increasing the efficiency of HEI. Considering effi-
ciency as a ratio of total input in form of teachers’ efforts to useful output
in form of students’ competencies, one should check both in terms of their
external values to increase an overall efficiency of the HEI. Therefore,
both traditional indicators such as Key Performance Indicators (KPI) for
teachers and a Grade Point Average (GPA) for students are not sufficient
to create a holistic system for measuring the efficiency of the HEI.

External tools signaling universities about competitiveness of aca-
demic staff and graduates in the labor market are seen as especially useful
for developing internal tools for the performance measurement. Internal
assessment should be in compliance with external assessment. Without
bringing internal tools in a relationship with respective external tools, it
makes no sense to establish a correlation between KPI of teachers and
GPA of students. To overcome this, the performance of teachers and stu-
dents should be measured using new indicators such as Intellectual Capital
Indicator (ICI) and Employability Readiness Indicator (ERI). ICI is a set of
academic staff qualifications; ERI is a set of graduates’ competences de-
manded in the labor market.

A coherent combination of traditional indicators like KPI and GPA
with new introduced indicators like ICI and ERI can provide the general
public with a fair assessment of efficiency of HEI in terms of developing
graduates’ competencies. Moreover, a new approach differentiates be-
tween cognitive, job-specific and non-cognitive, general competencies.
General competencies such as creative thinking, decision making, problem
solving etc. are highly valued because they can be easily transferred from
one to another field of occupation enabling graduates to become independ-
ent from fluctuations in the labor market. A mutual complementation of all
four indicators contributes to clarifying a question of what qualifications
academic staff has to possess (ICI) for implementing teaching and research
activities (KPI) aimed at developing graduates’ cognitive, job-specific

13



competencies (GPA) as well as their non-cognitive, general competencies
(ERI).

This is applied, empirical research aimed at testing relationships be-
tween four indicators for performance measurement and, thereby, for qual-
ity assessment such as traditional GPA and KPI as well as new introduced
ICI and ERI. While ICI measures the qualification level of teachers in-
volved in the development of competencies enabling students to success-
fully compete in the labor market, ERI evaluates the level of these compe-
tencies. An action research is curried out studying the case of undergradu-
ate programs taught in English at one economic university.

A simple model describes the relationship among ICI that aggregates
qualification characteristics of academic staff, KPI that measures teaching
and research performance, GPA that aggregates grades of students and ERI
that assesses the level of the student’s employability readiness:

Y = o*ICI + B*KPI + y*GPA + §*ERI + {a*ICI/KPI + b*KPI(GPA)+
c*GPA/ERI + d*ICI(ERI)+ e*ICI(GPA) + f*KPI/ICI + g*KPI(ERI) +
h*GPA(ICI) + i*GPA(KPI) + j*ERI(ICI) + k*ERI(KPI) + I*ERI/GPA} + &, (1)

where 0 <a, B, v, 6,a,b,¢,d, f, e, f, g h 1 j,k, 1, €and rational numbers.

Ratio Comment
a*ICI/KPI How hired staff is satisfied to current education process,
where ICI is more cognitive and KPI is more non-
cognitive

b*KPI(GPA) | How education process relates to studying process or
teaching to learning, where KPI is more non-cognitive
and GPA is more cognitive

Cc*GPAJ/ERI | The studying process is effectively satisfied to employa-
bility, where GPA is more cognitive and ERI is more
non-cognitive

d*ICI(ERI) How hired staff effects employability, where ICI is more
cognitive and ERI is more non-cognitive

e*ICI(GPA) | How hired staff uses effectively assessment system and
influences the students’ motivation in studying, where
both ICI and GPA more cognitive

f*KPI/ICI How teaching evaluation helps administration to improve
next recruiting, where KPI is more non-cognitive and IClI
is more cognitive

g*KPI(ERI) | How current education process satisfies to employability,
where both KPI and ERI are non-cognitive
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h*GPA(ICI) | How studying process influences hiring process, where
both GPA and ICI are more cognitive

i*GPA(KPI) | How studying process influences education process, e.g.
student feedback, where GPA is more cognitive and KPI
iS more non-cognitive

J*ERI/ICI How employability affects hiring process, where ERI is
more non-cognitive and ICI is more cognitive

k*ERI(KPI) | How employability is considered in education process,
where both ERI and KPI are more non-cognitive

I*ERI/GPA | How employability effects studying process, where ERI

is more non-cognitive and GPA is more cognitive

Figure 2: Ratios and comments
In this research, we consider the initial choice between ICI and KPI,
KPI and GPA, GPA and ERI, ICI and ERI only. Therefore, the first equa-
tion becomes as:
Y = a*ICI + B*KPI + y*GPA + 6*ERI + {a*ICI/KPI + b*KPI(GPA) +

C*GPA/ERI + d*ICI(ERI)} + &, )

where 0 <a, B,v,9,a,b,c,d, f,e, f, g h L jk | &and rational numbers.
For the purpose of this research, we consider the ratios and correlations in
the bracket (Figure) 3:

Ratio Description Comment

ICI/KPI The relationship If ICI/KPI > 1, than we can say that
between qualifica- 1. There is some problemin a
tions of hired aca- hiring process where expec-
demic staff and tations from the beginning
their implementa- do not meet actual work.
tion of teaching 2. There is some problemin a
and research activ- current administration, non-
ities effective administrative in-

ternal policy.

If 1 > ICI/KPI > 0, than we can say
that
1. There is some case of under-
estimated qualification.
2. More proved training is re-
quired.
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If ICI/KPI = 1, then qualifications of
hired academic staff meet required
implementation of their teaching and
research activities.

KPI(GPA) | The correlation KPI and GPA with positive correla-
between the im- tion show the teaching effectiveness
plementation of on the development of competencies.
teaching and re- If correlation is positive, the strong
search activities positive correlation shows effective
and competencies | using of teaching for developing stu-
developed during | dents’ skills. A weak positive correla-
the education pro- | tion shows non-effectiveness of the
cess education process.

Negative correlation is less effective

due to less effective application of

teaching for competency develop-
ment.

GPA/ERI Relationship be- If 1 > GPA/ERI > 0, than we can say
tween competen- that
cies developed 1. Competencies demanded in the
during the educa- labor market were not developed
tion process and after completing the study pro-
competencies de- gram.
manded in the 2. There is a case of a non-effective
labor market education process.

If GPA/ERI > 1, than we can say that

1. There is a grade inflation prob-
lem or the assessment system is
not efficient.

2. It shows outstanding student
achievements and a big potential
for continuing education.

If GPA/ERI = 1, then the education

process meets labor market require-

ments.

ICI(ERI) The correlation ICI and ERI with positive correlation

between teachers’

show the teaching effectiveness on
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recruitment and development of competencies.

the education If correlation is positive, the strong
quality with fur- positive correlation shows effective
ther student’ job using of teaching for developing stu-
placement dents’ skills. A weak positive correla-

tion shows non-effectiveness of the
education process.

Negative correlation is less effective
due to less effective application of
teaching for competence develop-
ment.

Figure 3: Ratios and correlation

From Equation 2, we can gain information about what qualifications
academic staff possesses (ICI) for implementing certain activities (KPI)
aimed at developing students’ cognitive skills (GPA) as well as their non-
cognitive skills (ERI). Equations 3-6 describe the composition of each per-
formance indicator:

ICI(m * A (cognitive value) + p * B (non-cognitive value)), 3)
where A > B, and n,p> 0, constants.
KPI(¢ * A+ * B), 4)
where A < B, and ¢, ¢ > 0, constants.
GPA(t * A+v *B), (5)
where A > B, and 1, v > 0, constants.
ERI(p * A+ * B), (6)

where A <B, and ¢, x> 0, constants.

Based on empirical data from the economic university, calculated ratios
and correlations (tables 1 and 2 in Appendixes), our model presents the
following research hypothesis:

H;, ICI consists of cognitive and non-cognitive skills such as (Figure 4):

Cognitive skills Non-cognitive skills
Education Networking
Research & Innovation Communication skills
Professional development Organizational skills
Work experience Team work

Figure 4: The structure of ICI

The impact of ICI of hired academic staff will be assessed through
variables coded as 0 when there is a case of underestimated qualification
and 1 if there is some problem in hiring process. The next hypothesis pos-
its that:

17



H, KPI consists of cognitive and non-cognitive skills such as (Fig-
ure 5):

Cognitive skills Non-cognitive skills
Teaching activity (education, | Teaching activity (communication
work experience) skills, organizational skills)
Research activity (education, | Research activity (networking, team
research and innovation) work)

Operational activities (education, | Operational activities (organiza-

work experience) tional skills, team work)

Facilitator (work experience) Facilitator (networking, communi-
cation skills, organizational skills,
team work)

Figure 5: The structure of KPI

The impact of implementation of teaching and research activities will
be coded as 0 when there is effective using of teaching for developing stu-
dents’ skills and as 1 if it is non-effective. It is acknowledged that educa-
tion process effectiveness in public universities in Kazakhstan depends on
identified indicators in correlation of number of students and number of
teachers (Auken 2009). Hence, it can be postulated that:

Hs GPA consists of cognitive and non-cognitive skills developed
during a study program (Learning and Teaching, curricular activities).

The impact of competencies developed in the education process is
coded as 0 when there is a case of non-effective education process and as 1
if it shows outstanding student achievements. It can, thus, be posited that:

H, ERI consists of cognitive and non-cognitive skills after complet-
ing a study program (Learning and Teaching, curricular and extra-
curricular activities).

The impact of the development of competencies demanded in the la-
bor market is coded as 0 if they are not sufficiently developed in the educa-
tion process and as 1 if they are fully satisfied to the labor market.

The preliminary results have shown that for developing an efficient
and comprehensive quality assurance system, cognitive oriented indicators
like KPI and GPA should be complimented by ICI and ERI which assess
both cognitive and non-cognitive competencies. The minimum efficiency
in terms of quality assurance is reached if KPI tends to ICI and GPA tends
to ERI. The correlation between KPI and GPA has to be checked by simi-
lar relations between ICI and ERI. The closer correlation between ICI and
ERI, the more efficient is a quality assurance system.
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For integrating the performance measurement system into the quality
assurance system, internally defined indicators should be framed by indica-
tors having a close connection with the external environment. Reciprocal
relationships between those indicators within the quality assurance system
can uncover shortages in the design of the educational program and in the
organization of the education process. Being permanently aware of trends
in the labor market via new introduced indicators, this system can assure
quality enhancement in the long run.
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Cerci G., Cetinkaya F. A., Mamedov Kh. R.

ON A DISCONTINUOUS BOUNDARY VALUE PROBLEM FOR A
STURM-LIOUVILLE OPERATOR WITH RETARDED
ARGUMENT

The paper deals with a boundary value problem, on a finite interval,
which is generated by a discontinuous differential equation with a retarded
argument. The interval, in which this boundary value problem is defined,
also has two discontinuity. The spectral properties of this problem is stud-

© Cerci G., Cetinkaya F.A., Mamedov Kh. R., 2017
21



ied and the asymptotic formulas for the eigenvalues and eigenfunctions are
obtained.

Key words: retarded argument, boundary value problems, asymptot-
ics of eigenvalues and eigenfunctions.

The literature for the boundary value problems for differential equa-
tions of the second order with retarded arguments begins with [1-9]. Dif-
ferential equations with retarded argument, describe processes with afteref-
fect; they find many applications, particularly in the theory of automatic
control, in the theory of self-oscillatory systems, in the study of problems
connected with combustion in rocket engines, in a number of problems in
economics, biophysics, and many other fields.

The presence of retardations in the system studied often proves to be

a result of a phenomenon which essentially influences the course of the
process. For example, in automatic control systems the retardation is the
time interval which the system requires to react to an input impulse. Vari-
ous physical applications of such problems can be found in [8].
We can emphasize the differences between the boundary value problem we
considered and the boundary value problem in [8] as the double disconti-
nuities in both coefficient of the differential equation and on the interval in
which we investigate the boundary value problem.

These differences affect is the expression of the equivalent integral
expression of the solution of the boundary value problem which yields
another difference in the expression of the characteristic equation. The
characteristic equation of the boundary value problem plays a very im-
portant role while examining the properties of the eigenvalues and eigen-
functions.

In [10], [12] it can also be seen that how such differences in the dif-
ferential equation and in the boundary and transmission conditions affects
the asymptotic behaviour of the eigenvalues and eigenfunctions. Studies
about the boundary value problems which is generated with a differential
equation with retarded argument can not be restricted only to the investiga-
tion of the properties of eigenvalues and eigenfunctions. In [12], for exam-
ple, inverse Sturm-Liouville problem with a delay on finite interval is ex-
amined.

In this paper we considered the boundary value problem

u”(x) +qQu(x — A(X)) + AW()u(x) =0, x [0, 8,) (6,6, ) (8, 7] (1)
u(0)cosa+u’(0)sina =0, 2
u(z)cos B+u'(z)sin B =0, 3)
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u(s,-0)=06u(s, +0), 4

u'(6,-0)=6u’(s,+0), (5)
u(s,—0)=6,u(s,+0), (6)
(8,-0) = 0,0(8, +0), )

where the real valued functions g(x) and A(x)>0Oare continuous on the
interval [0,6,)u(6,,6,)u(6,, 7], A is a real parameter, «,f,6,,5, are
arbitrary real numbers and W(x) is a piecewise continuous weight func-

tion. We examined the spectral properties of (1)-(7) and obtained the as-
ymptotic formulas for the eigenvalues and eigenfunctions.
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ON THE p-ADIC GAMMA FUNCTION, CHANGHEE NUMBERS
AND POLYNOMIALS

In the paper, we obtain fermionic Volkenborn integral of p-adic
gamma function and give some results.

Key words: p-adic number, p-adic gamma function, the fermionic p-
adic integral, Mahler coefficients, p-adic Euler constant, Changhee
numbers and polynomials

The p-adic gamma function is considered to obtain its derivative
and to evaluate its the fermionic p-adic integral. Furthermore the
relationship between the p-adic gamma function and Changhee
polynomials and also between the Changhee polynomials and p-adic Euler
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constants is obtained. In addition, the p-adic Euler constants are expressed
in term of Mahler coefficients of the p-adic gamma function.
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Gandarilla-Pérez C.A., Reinaldo Rodriguez-Ramos R.,
Lau-Alfonso L., Sabina F.
MAXWELL METHOD APPLIED TO ELASTIC COMPOSITES

In the present work the elastic properties of composite materials are
predicted by the Maxwell scheme. This method consist of reducing the
problem to calculating elastic fields in a finite volume composite where the
inclusions are embedded in an homogeneous finite medium (matrix) and
subjected to constants external strain and stress fields. The inclusions are
spheroidals and all of them present the same shape, size and are uniformly
distributed. Analytical explicit equations for effective properties, and nu-
merical solutions for materials in which the matrix and the inclusions have
transversely isotropic properties are given taking into account the geome-
try of the inclusions. The present approach results are compared with the
Effective Field Method (EFM) and the Effective Medium Method (EMM).

Key words: Maxwell scheme, homogenization, composites.
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Introduction

In his book "A Treatise on Electricity and Magnetism" (1873), James
Clerk Maxwell proposed a method for calculation of effective resistivity of
a homogeneous medium with an array of spherical inclusions. In order to
solve the problem, Maxwell neglected the interactions between inclusions.
Simplicity of the Maxwell scheme seemed to be attractive for many au-
thors, the method was applied to calculation of effective elastic properties
of composites with ellipsoidal inclusions and even hybrid composites con-
taining different families of ellipsoidal inclusions [3].

In this work, the problem of overall elastic properties for a composite
where spheroidal inclusions are embedded into a matrix along one specific
direction is solved based on Maxwell scheme. In the present approach the
derivation of the method given in [3] is followed. Explicit tensorial expres-
sions are developed for both, Green's functions and integral equations as
they are shown in the Appendix, for composites with transversally iso-
tropic properties. Different geometrical forms of the inclusions are consid-
ered. The numerical predictions of the present implementation are com-
pared with the Effective Field Method (EFM), the Effective Medium
Method (EMM), the semi-analytic finite element method (SAM) and an-
other Maxwell method.

The Maxwell homogenization scheme
Elastic composite that consists of a solid matrix with stiffness tensor

CO(ijkI) , in which are embedded N types of inclusions with random dis-
tribution is considered. An inclusion of type I has stiffness tensor
Cr(ijk,), r=12,...,n. The inclusion of type r has the same shape, size
and orientation. The elastic properties dependence with the position in the

composite X can be represent as: Cy, (X) =C, g, when XeV', and

Cij (X) = Cyjay When x ¢ V" V" is the volume of the r — th inclusion.
The stress op (X) within the composite satisfy the equilibrium equa-

tion oy

oy (X) is related with the strain T, (X) through the constitutive relations

(X)+ f,(X) =0, where f;(X) is the external force. The stress

oy (X) = Cjjy (XT3, (X). The system of differential equations for the stress
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0 (X) and strain &;(X) tensors may also be formulated in term of an
integral equation for the strain field in the medium with the inclusion [4]
8"- (X) + -[V Kijkl (X —X ) ’ Clilmn (X ) “Emn (X )V (X)dx = gi(j) (X), (01)

Kiu (X)) = -V,V,G, (x) |(ij)(kl) - 0.2)

Here gi(j) (X) is the external strain field applied to the medium, (-)
represents convolutions of tensors over two nearest indices, the subscripts
in parentheses mean symmetrization, and G, (X) is the Green's function
of the operator VjCi?k,V, for the unbounded homogeneous background
medium (see Appendix).

As in [3,5], a large sphere V A of the radius R” of a composite ma-
terial containing N small ellipsoidal inclusions V' subjected to a con-
stant external field gi(j) applied to the heterogeneous medium is considered.

If this field acts on every inclusion (inclusions don't interact!), the field
inside the inclusions is defined by the expressions

(n _ 0 _ 1 \1
&' = Afjkl @)eq A;m (@)= ( Iijkl + Ajmn (@ )Ch ) . (0.3)
Here Iijkl =5i(k5l)j
(r=212,...,N) is the constant tensor that is represented as integral over
the unit sphere Q in the 3D-space

1 .
A @)= EJ‘Q Kija (a,'k)dQ. (0.4)

is the unit rank four tensor, A, (@,)

In these equations, Ky, (K) =k;k G (K) |(ij)(kl) is the Fourier trans-
form of the function K, (x), Kk is the Fourier transform parameter, and

a, =a;, is a linear transformation that converts an ellipsoidal domain

V' into a unit sphere and depends on the shape and orientation of the
I —th ellipsoidal inclusion. Explicit tensorial expressions for Ay, (a,)
are given in Appendix.
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The strain field 8if inside the homogeneous sphere V * with the ef-

fective stiffness tensor C;k, of the composite is
A=A ED Ay = * 5
Gij = Njabu i = |Jk| +Ajmr‘| moid )+ (0:5)

0
CmnkI ’

=C,

transformation @;; is a unit tensor (&; = J;).

where C¥

mnkl — ~mnkl

and Ay, is defined by (0.4), in which

Far from the center of the large sphere, the disturbances of the strain

field induced by N small inclusions and by the homogeneous large
sphere can be equated. Obtaining the equation

* \—1
epijkl = Cl::mn ( Imnkl + AnnrsCrlskl ) . (0'6)

Here @ is the volume fraction of the inclusions, and it is denoted

1 _ _ N
I:)ijkl V <ijn ( mnkl + Annrs (a )Crskl) Vr >’ V = Zvr (0'7)

r=1

where average is performed over the ensemble distribution of the ellipsoid
semi-axes and orientations.
The solution of equation (0.6) with respect to the effective moduli

tensor C;kl yields
-1
CIJkI - Cljkl + p umn( mnkl pAﬂnrs Prskl) ' (0'8)

Consider now, that the large sphere V A of composite material con-
tain N different small ellipsoidal inclusions V' aligned in the same direc-
tion. In this case, tensor PijkI given by (0.7) take the form

N -1
Ijk| = \7 ZV ngrz ( I mnkl + Annrs (ar)C:s(I:I) ) ’ (0'9)
r=1
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) _
where Ciyi’ = C, iy — Cogijay-

sites in which are embedded multiple aligned inclusions are given by(0.8),
as was mentioned above.

The overall elastic properties of compo-

Numerical results
In this section, the numerical results of the elastic effective properties
derived by the Maxwell scheme (present model) for different composites
with transversally isotropic symmetry are presented. The effective moduli

are denoted by o Composites with one type of inclusions and two dif-
ferent types of inclusions embedded in the matrix phase are considered.
The spheroidal geometry of the reinforcement is governed by the parame-
ter O . Different types of inclusion's aspect ratio O are considered. The
elastic properties of the materials that made the composites are shown in
the Table 1. The material PZT-4 and PZT-5 represents the elastic coeffi-
cients of these ceramics with transversely isotropic piezoelectric proper-
ties. These values are taken from [1,2,9].

Tabla 1: Elastic properties of Al 6061, SiC and “Matrix” materials. The

units of the elastic constants is 10°GPa .

IVIIZItSer Cll C12 C13 C33 C44 C66
Al 1105 0571 0571 1105 0267  0.267
6061

SiC 4.742 0.980 0.980 4.742 1.881 1.881
“Matr  2.653 0.837 0.837 2.653 0.908 0.908
iX”
PZT-  1.390 0.778 0.743 1.150 0.256 0.306
4
PzT-  1.210 0.754 0.752 1.110 0.211 0.228
5

The goal of this work is primarily to validate the Maxwell method for
one type of inclusions and two different types of inclusions embedded in
the matrix. The present model are compared with an effective medium
self-consistent method (EMM) derived by [9], an effective field self-
consistent method (EFM) and a Maxwell scheme presented by [3], and
with the semi-analytic method.
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Tabla 2: Comparison of static effective elastic coefficients (102GPa)

calculated by the Maxwell scheme (present model) and the semi-analytic
method (SAM) for a composite formed by inclusions of Al 6061 and
“Matrix” embedded in SiC with different aspect ratio and volume frac-
tion.

SAM | Max [ SAM | Max | SAM | Max | SAM | Max
Oy 0.666 0.666 0.666 0.666
0, 0.023 0.029 0.036 0.048
5, 1 1 1 1
0, 0.035 0.043 0.055 0.072
Cii 4492 | 4.481 | 4.436 | 4.422 | 4.360 | 4.339 | 4.253 | 4.219
Cyo| 0.978 | 0.968 | 0.978 | 0.965 | 0.978 | 0.960 | 0.978 | 0.953
Cis| 0.965 | 0.968 | 0.962 | 0.965 | 0.957 | 0.961 | 0.950 | 0.954
Casl 4.496 | 4.473 | 4.438 | 4.413 | 4.358 | 4.320 | 4.243 | 4.206
Cul 1748 | 1754 | 1.719 | 1.726 | 1.678 | 1.686 | 1.620 | 1.629
Ceol 1.765 | 1.756 | 1.741 | 1.729 | 1.709 | 1.690 | 1.665 | 1.633

(SAM) reported in [6,7,8]. The closed-form expressions for the effec-
tive elastic properties obtained by [3], consider isotropic properties for the
inclusions and matrix.

Comparisons between the present model with the semi-analytic
method (SAM) is provided in Table 2 for a composite in which “Matrix”
(first inclusion) and Al 6061 (second inclusion) are embedded in SiC ma-

trix, where change the aspect ratio 8 and volume fraction @ of both inclu-

sions. The parameters 51, 91 are referred to the “Matrix” and 52, 92 to Al

Max SAM SAM
6061. Note that the normalized difference ((C -CcT)/c ) for

-2
each elastic property is 107 order.
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— present model
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Fig. 1: Comparison between the present model, EFM and EMM for the
variation of effective relative kK™ /k, and 1"/ A, coefficients against

inclusions aspect ratio ¢ for a fixed volume fraction &, =0.2 of PZT-4
inclusions embedded in PZT-5 matrix. Different geometrical forms of

PZT-4 inclusions are considered.
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In Fig.1 the dependencies of normalized effective coefficients
k" /k, and A"/ A, with respect to the aspect ratio & (using a logarithm
scale) of PZT-4 inclusions embedded in a PZT-5 matrix are given. The
inclusion volume fraction is fixed at €@ =0.2. The effective coefficients
k"= (C1*1+C1*2)/2, m’ :C;6 A :C;, y* =C:4 and N =C;3
are taken into consideration. The materials PZT-4 and PZT-5 exhibit a
transversally isotropic symmetry. The EMM and EFM results are indistin-

guishable. The numerical predictions given by the present method are very
similar with EMM and EFM, the differences between these methods are in

the order of 10™. The inclusion's aspect ratio O affects the elastic moduli

for & >10, and for approximately ¢ >100 these moduli do not show a
significant increasing (became saturated). The present approach gives dif-
ferent results in the saturated region (the reinforcement can be considered
as long fibers in this region), but the three models given nearly the same

results for the peak in 0 =1.
Considering a composite in which is embedded two types of inclu-

sions, spherical 6, =1 and prolate spheroids ¢, =2, both inclusion ma-
terials are harder than the matrix material (E/E, =100, v=0.3 and
Vv, =0.25). The volume fraction of spheres 6, and spheroids 6, are re-
lated by &, =0.966,. Fig. 2 shows the comparison between the present
model with EMM and the Maxwell scheme developed in [3] for the de-
pendence of normalized effective coefficients 4 / M, and n/ N, with
the total volume fraction €. The total volume fraction & =6, + 6, is con-

sidered up to a maximal value of & =0.5. The numerical results of the
present scheme are computed by (0.8) but taking account the tensor Pijkl

given by(0.9). The present model predictions are in agreement with [3] for
the whole @ range of variations.
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Fig. 2: Comparison between the present model, EMM and the Maxwell
approaches in [3] for the dependence of coefficients ,u*/,uo and

n/ N, with the total volume fraction 0 of spherical and prolate spheroid
harder inclusions.
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Conclusions

Effective elastic moduli of composite materials in which spheroidal
inclusions are embedded in a matrix are obtained by the Maxwell method
[3,5]. Explicit expressions for the Green’s functions and the tensor Ajkl
are presented in Appendix for a reference medium with transversally iso-
tropic properties. The influence of inclusion’s geometrical form on the
effective properties are described. The present scheme numerical predic-
tions are compared with other theoretical methods like SAM, EMM, EFM
and another Maxwell approach. In the case of elastic composites with
spherical inclusions, the Maxwell scheme yields the same equations for the
effective elastic constants as other homogenization methods that apparent-
ly take into account interactions between inclusions. In the case of two
different types of inclusions, the present model results are in accordance
with SAM, EFM and EMM. The results of the Maxwell scheme can be
extended to the region of not small volume fractions of inclusions.

Apendix

The Green's function qu (X) is the fundamental solution of the operator

\% jCi?HVl and satisfy the equation
NG (€% =6,6Cx%), i) =Ci¢ s 020

where C° is referred as the elastic properties in the reference medium and
£ = (singcos@,sin ¢sin ¢, CoS @) is an unit vector in spherical coor-
dinates with {, =C0S@=U. The azimuth ¢ take values between

(0,27) and the latitude ¢ take values between (—7z/2,77/2). The
solutions of (0.10) can be written in the form

qa)——IOT@)%@xmmo 0.11)

Taking account the Green's function (0.11), the components of the tensor
Ay (a,) defined in (0.4), takes the form

Au@) = s 1,000,400 64 (F.©) 5 ). 012
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where §-x=E&-y and & =a;'C;. If V, represents spheroids, and the
coordinate transformation X :a”flyj, convert the spheroids V,

(X la+xi/a+x/c<1) into the unit sphere  Q
(V7 + ¥ +Ys =1).

a 0 o0
=0 a 0|, (0.13)
0 0 oJa

with aand C the spheroid's minor and major semi-axis and by changing
O =a/ C can be obtained oblate or prolate spheroids.
The integral over the unit sphere Q in (0.12), is equal to the area of inter-

section of the plane Z =%-y withQ ; that is 77(d* —z%) if | z|< d and
zero if |Z| >d . Therefore the tensor A, (@,)

Au@) =] 005 (RE) 6 01
and taking into account the dependence with ¢ and U, the only non zero
components  of Ajkl are A =Aun A =Aons Auas
Aizs = = Aosgs = Aggii = Aggn

Avsrs = Pozzy = Py = Apzo = Az = Ay =
= Az = Ayg and Ay, = A.I.221 A1z = Ay - Then

Au(a,) = (4 )sj du

|r° I (r°(r°+3r) r2)2),

Anzz( ) _(4 ) _[ d ((F ngrg)’

jld ui-u’ re (re, -re -3r?),

A1133( ) = |1_

(47)°

35



Aus(@) = (4r )3I 0 ((FO) —(2,)? +6r0r0+(ro))
Ausl@) =500 [0 o (0 (T + 62T+ (r3)7) +
b 2o N (s ar) +

(4r)° | i
2 [, O(r°+1%) - (r%)?)

(4r)* )1 |F ’
A1212( ) _(4 ) J.ld |ro (r0(31—~0+1—~0 b)_z(rgc)z)'

where T'2(&), TR (8), T2(8), T'% (&) and T2, (&) are given by

0,,2 0 0
@ =~ coa-uny+ S8 | @) =Sutle ey,
a o° 2a’

0 0 0,,2
Fgc(é _C13+C44 f u2 Fo(é) iz[cg(s(l u )+C§ J’

r

CO 2
reE) = &mr)+§er|=ﬁw ’r).
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Goktas S., Maris E.A.
ON THE SPECTRAL EXPANSIONS OF A BOUNDARY VALUE

PROBLEM WITH A SPECTRAL PARAMETER DEPENDING ON
QUADRATICALLY IN ONE BOUNDARY CONDITION

In this paper, we consider the spectral problem with differential
equation which is included with real valued and continuous potantial func-
tion on the interval [0,1] and a spectral parameter depending on quadrati-
cally in one boundary condition. We investigate the uniform convergence
of the spectral expansions in terms of root functions of this problem.

Key words: Differential Operator, eigenvalue, root functions, uniform
convergence of spectral expansion.

In spectral theory of differential operators, Proving existence of ei-
genvalues, obtaining oscillation of eigenfunctions, giving asymptotic for-
mulae of eigenvalues and eigenfunctions, investigating the basis properties
of the system of root functions in different functional spaces and the con-
vergence of the spectral expansions in terms of root functions in some lin-
ear spaces are important the goals.

We research the uniform convergence of the Fourier Series expan-
sions in terms of eigenfunctions for the boundary value problem

—y"+q(x)y=2y,0<x<1,
y'(0)sin 8=y (0)cos B,0< B< 7
y'(1)=(a4® +bi+c)y(1),a=0
where 4 is the spectral parameter, q(x) is a real valued and continuous

function on the interval [0,1], and a,b,c are real.

In [1], it has been investigated that basisness of root functions of this
problem. It has been determined that the explicit form of the biorthogonal
system. Using this, it was proved that the system of root functions, with

© Goktas S., MarisE. A., 2017
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arbitrary two functions removed, form a minimal system in L,(0,1), ex-
cept some cases where this system is neither complete nor minimal. For
the basicity in L, (0,1), it was proved that the system of eigenfunctions is
quadratically close to corresponding sine or cosine systems which are or-
thonormal bases in L, (0,1).

It is important to notice the paper [2] which the basis property for the
system of eigenfunctions of the boundary value problem

-y"+q(x)y =1y, 0<x<1,
y(0)=0, y'(0)-dAy(1) =0

is studied in L, (0,1) (1< p<oo). Itis also verified that the system of root
functions of this problem with one function deleted, is a basis in the space
L,(0,1) (1< p <o0); this basis is unconditional for p = 2. Moreover, the
conditions of the uniform convergence of spectral expansions of continu-
ous functions in the system of eigenfunctions of this problem are estab-
lished.

In [3], the sharpened asymptotic formulae for eigenvalues and eigen-
functions of a spectral problem with a boundary condition rationally de-
pending on the eigenparameter are obtained and the uniform convergence
of the spectral expansions of the continuous functions in terms of eigen-
functions is presented.

The uniform convergence of the Fourier series expansions in terms of
eigenfunctions of the problem the boundary value problem

-y"+q(xX)y=1y, 0<x<1
by y(0) = d,y'(0),
(a2+b)y®) =(c2+d,)y'®,
where q(x) is a real-valued continuous function on [0,1] and
|by|+|dq| 0, ad, —bc, >0, was researched in [4].
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UDC 517.5
Kopezhanova A.N., Nursultanov E.D., Persson L.-E.

ON THE TWO-SIDED INEQUALITY FOR THE FOURIER
TRANSFORM
In this work the sufficient condition is derived so that the Fourier

transform f belongs to L -space (1< p<oo). Also the conditions are

obtained so that the norm of the Fourier transform f in L, -space
(1< p <) has both upper and lower estimates.

Key words: Fourier transform, the Hausdorff-Young inequality, the
total variation.

Let

f(t) = ——— [ f(x)e ™ dx, xeR,

N2 =

be the Fourier transform of a function f < L (R).

© Kopezhanova A.N., Nursultanov E.D., Persson L.-E., 2017
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Let 1< p<2, p':i1 and 0<qg<oco. Then we have the following

inequalities
“ f < Cl” f "Lp(R)’ (1)

|f )

where L (R) is the classical Lorentz space. These inequalities are called

the Hausdorff-Young inequality and the Hardy-Littlewood-Stein inequali-
ty, respectively, (see e.g. [4]).

Note that these inequalities (1) and (2) hold with equality for
p=g=2 (Plancherel’s theorem) but do not hold in general for

2<p<oo.

Let 0< p,q<o, M be the set of the segments [a,b] in R and
|lel=b—a.

The net space N (M) is defined as the set of all measurable func-

Lp'(R)

<ci[f]

Lpg(R) Lpq(®’

tions f such that the quasinorm
1 4 é
i dt
"f"Np',q(M) :L'g(tp f(t,M)] T} <

L
[0, o0 =sSUPE" (1, M) <0

for g<oo, and

[ f(x)dx

€|
e

These spaces were introduced in [2] (see also [3]). In particular, the
following result was proved:
Theorem A. Let 2< p<oo, 0<g<oo. Then

I..... ®

The inequality (3) complements the Hardy-Littlewood-Stein inequali-
ty. Similar results for the Fourier transform in the periodic case were ob-
tained in [3] and [1].

for g =o0, where f(t,M):zsupﬁ
et [ €
eM

) < C3|| f ||prq(R)'
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The total variation of the function f , defined on an interval
[a,b]= R is the quantity

Vo(f) = supzn;;| f(x.,)—f(x)]

3 =

where the supremum is taken over all partitions of [a,b]:
J: a=X, <X <..<X,=b, nezZ,.
We say that the measurable function f(x) eV ([a,b]) if V."(f)<x.

The main results read as follows.
Theorem 1. Let 1< p<ow and f el (R). If f satisfies the condi-

(z[zz'vzk (f)J J <o,

then f eL (R) and the inequality

sc{z(zpvk(f)j ]
Lp(R) kez 2

holds. Here the constant ¢, does not depend on f.
Theorem 2. Let 1< p <oo. Assume that the function f satisfy that
there exists ¢, >0 such that

tion

A

1
p

f

Vzk(f)ﬁc5 sup|—1| , keZ.
lej>2¥
eeM

[ f(x)dx

Then ” f

) <o ifand only if
|

Conventions. The letter ¢(c,,c,,etc.) means a constant not dependent

on the involved functions and it can be different in different occurrences.
Moreover, for A,B >0 the notation A~ B means that there exists posi-

tive constants a, and a, suchthat g A<B <a,A

|f||Np,p <o and, moreover,

Lp(R

o L N
Lp(R) Np',p(M)
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MA Bin
NEW SILK ROAD ECONOMIC BELT AND SINO-RUSSIAN
RELATIONS IN CENTRAL ASIA*
(Center for Russia and Central Asia Studies, Fudan University, China)

New Silk Road Economic Belt initiative is the new factor which could
impact on Sino-Russian relations in the area of Central Asia. The result-
oriented discussions exaggerate the possibility of this initiative and its
influence to Central Asia affairs. At least there are two kinds of obstacles
which could constrain some optimistic or pessimistic prediction coming

© MA Bin, 2017
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true. The first is the inherent problems of the Silk Road Economic Belt ini-
tiative; The second is the weak institution basis of the integration of Silk
Road Economic Belt and Eurasian Economic Union. The influence of the
Silk Road Economic Belt to Sino-Russian relations is much more on the
interaction between two countries, it will promote Sino-Russian relations
into a new stage which need a more flexible perspective to study it, but not
bring a fundamental change. A process-oriented analysis structure is
probable to understand the relationship between China and Russia under
the background of Silk Road Economic Belt.

Keywords: Silk Road Economic Belt, Eurasian Economic Union, Si-
no-Russian relations, Central Asia.

Introduction. The impact on Sino-Russia relations became a very hot
topic when China declared its Silk Road Economic Belt Initiative(SREB),
especially Russia announced an integration project in Eurasia area, the
Eurasian Economic Union(EEU). Many observers widely believed that it’s
just a matter of time before clashes occur between the two integration pro-
jects.! On the contrary, there also are lots of analysis show an optimistic
future of two countries relationship in this region. If we put this question in
an interaction perspective, both of these two result-oriented opinions focus
too much on the imaginary end, as two of the key actors in the internation-
al community, Russia and China regulate their relationship depend on a
comprehensive background. In other words, it will be a constructive way
to interpret Sino-Russia relations in an interactive process perspective
based on their policy. This article will focus on influences of the Silk Road
Economic Belt to China and Russia relations in Central Asia area, and it
argued that, the result-oriented opinions exaggerated the impact of Silk
Road Economic Belt and regarded it as a successful reality. Actually, the
Silk Road Economic Belt faces many obstacles and its impact on Sino-
Russia relations depends very much on the interactions related with them
between two countries.

SREB as China’s New Central Asia Policy. New Silk Road Eco-
nomic Belt was recognized as China’s latest strategy toward Central Asia
by many scholars and observers after it was proposed on 2013. Although
One Belt One Road Initiative covers lots of areas, the Central Asia area

1 Alexander Gabuev, Eurasian Silk Road Union: Towards a Russia-China Consensus? The
Diplomat, June 5, 2015.
(http://thediplomat.com/2015/06/eurasian%ADsilk%ADroad%ADunion%ADtowards%ADa
%ADrussia%ADchina%ADconsensus/1/2)
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was put into a special place. This is not only because of the fact that Cen-
tral Asia had played an apparent role in world well-known Silk Road in
history, its importance of Central Asia to Sino-Russian relations also make
this kind of opinions seem reasonable. For some of the observers, there are
at last three reasons which make China pursue a particular role in Central
Asia through the New Silk Road Economic Belt initiative.

The first is about the energy cooperation between Central Asia and
China. As we know, Central Asia has become a more and more important
energy supplier to China, their cooperation included energy explorations,
exploitations and transportations. Both China and Central Asian states,
such as Kazakhstan, Uzbekistan and Turkmenistan hope to keep this kind
of energy cooperation as a stable relationship. According to lots of fore-
casting, China should import more oil and gas in order to keep the growing
of its economy in the future. For China, cooperating with Central Asia
states is a relative rational choice for its energy security. On the one hand,
this kind of cooperation will partly meet China’s energy consumption. On
the other hand, China seems like at a much stronger place because of it
have more tools to effect Central Asian counterparts. The New Silk Road
Economic Belt, especially this initiative’s investment projects, such as in-
vesting in infrastructure attracted Central Asia’s attention and interest suc-
cessfully, and some projects are being carrying out. These investments and
some other economic cooperation will have positive influence to China’s
role in Central Asia’s energy field.

The second is related with China’s foreign policy structure. China’s
new government has made efforts to redesign its foreign policy. In the past
several years, the role of neighbor countries and area has been become
more and more important in China’s foreign policy. And in the eyes of
many analysts and strategists, the region of Central Asia is not only the
China’s strategic rear, but also the China’s experimental area, the success
in this region is crucial. On the one hand, China could have more time and
resources to deal with challenges come from the east part. On the other
hand, some new policy design in Central Asia are good example for China’
foreign policy and strategy, for instance, the creation and operation of
Shanghai Cooperation Organization. For China, Central Asia is one of the
few regions where China could transfer its economic power into foreign
policy influence in a relatively easy way.

The third is about the grassroots of international cooperation. In the
past 20 years, especially in the latest decade, the economic cooperation
between Central Asian states and China grew fast. For example, China has
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become the main trade partner of Central Asian states, and the number of
China’s investment in the region increased a lot. The political and foreign
relations between China and Central Asian countries keep in a stable level
in the past years. There are no upheaval and tumultuous changes. On the
contrary, some of these countries often supported each other when faced
with challenges especially when those challenges and critics come from
the Western countries. There are some obstacles, however, SCO is a good
platform for China and Central Asian states’ cooperation.

However, the New Silk Road Economic Belt will be the new stage of
China’s policy toward Central Asia. In the past decades, China pursued its
interests though bilateral and multilateral ways in Central Asia area, and
have been the economic great power in the region. Its economic coopera-
tion has been established in many sections of this region economy, espe-
cially in the energy and trade area. The New Silk Road Economic Belt
policy should have some new features.

Effect to Sino-Russian relations. As we know, the contents of Sino-
Russian relations are very complicate, it’s hard to make two countries rela-
tionship plunge off the basic tracks. This is the starting point of under-
standing the effect of New Silk Road Economic Belt to Sino-Russian rela-
tions. The New Silk Road Economic Belt is not an all-or-nothing game
between China and Russia. It is a new stimulation for Sino-Russian rela-
tions’ evolution.

For the optimistic opinion, China’s Silk Road Initiative will improve
cooperation between China and Russia, particularly in the economic areas,
for instance, trade, investment and infrastructure connection between Chi-
na and Russia could be accelerated. There are some agreements seem to
prove this kind of idea after China put forward the One Belt One Road
initiative. According to Chinese government’s statistic, the investment and
trade cooperation with countries along One Belt One Road grew fast in the
past two years. Meanwhile, China and Russia government signed numbers
of agreements and contracts about economic cooperation.

The opposite idea about the effect of Silk Road Economic Belt to Si-
no-Russian relations tells a different story. This kind of thinking emphasiz-
es the competition between China and Russia. For their understanding, the
struggle or competition is the principle feature of international relations,
and the nature of structure for conflict determined the negative result of
Silk Road Economic Belt. If China try to or achieve their special goals
successfully in Central Asia by the New Silk Road Economic Belt initia-
tive, this region’s strategical structure will be changed. China’s influence
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will grow and get more power. That means the other countries’ effect, such
as Russia, U.S., will be undermined. So, their reaction to rebalance China
will be a rational choice. And Sino-Russian relations will lead to a pessi-
mistic track. Russia as a traditional dominator in regional affairs, its inter-
est or influence will be weakened by China’s activity, or the progress of
SRI. This kind of zero-sum logic is popular among observers.

Although the debates are going on, China and Russia have done many
things relating with Silk Road Economic Belt. The most remarkable one is
the joint statement of the connection between Silk Road Economic Belt
and Eurasian Economic Union on 2015. Not only the optimistic opinions
which think the integration of SRl and EEU will make Sino-Russian rela-
tions make a big step forward, but also the pessimistic ideas which empha-
sized the conflict between China and Russia in the affairs of regional co-
operation, account this kind of connection as a determine factor for Sino-
Russian relationship. At least, there are three reasons why two initiative’s
connection are so important.

On the international level, both China and Russia are under the pres-
sure from the west world, especially from the U.S., the economic sanctions
on Russia because of the annexation of Crimea, pivot-to-Asia policy were
the main challenges which Russia and China are facing. In other words,
two countries status in international community forced them getting closer,
there are a lot of way to pursue this goal, and the connection between Silk
Road Economic Belt and Eurasian Economic Union is the new example of
two countries strategical cooperation.

On the regional level, both China and Russia are main actors in Cen-
tral Asia affairs. None of them could expel the other. They have built a
relative stable regional structure in this area, and develop their relations
with Central Asian states. This is not only because both of them have their
own advantages which are non-substitutable, but also because Central
Asian states do not have this kind of wishes. As we know, the diversifica-
tion diplomacy is the strategy of Central Asian states. The knocking down
of any great power will ruin the balance of regional structure. Central Asia
states will try their best to keep the balance of power in order to maximize
benefit. The connection between Silk Road Economic Belt and Eurasian
Economic Union could be a good opportunity to meet different needs of
balance.

On the level of bilateral relationship, the statement of two initiatives’
connection means China and Russia reached sort of concession in Central
Asia. No matter how fruitful in the future, the scale of regional markets
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and the potential in the short or middle term will be more sensitive in the
current policy decision process. Simply speaking, the market potential of
Central Asia is not huge enough to support Chinese and Russian economy.
Competition or conflict is inevitable between China and Russia. When
China proposed One Belt One Road initiative, Russia launched its Eura-
sian Economic Union plan, both of them think highly of Central Asia area.
That made China and Russia looks like going to the conflict. Actually, this
kind of recognition were not rare in the early stage of Silk Road Economic
Belt. But the statement of connection lead the two initiative into a coopera-
tion way in spite of many obstacles are there.

In brief, the New Silk Road Economic Belt has become a very im-
portant new stimulation of Sino-Russian relations since it was proposed,
but it’s hard to say the effect is positive or negative. The feature of effect
depends much on the progress of the connection between Silk Road Eco-
nomic Belt and Eurasian Economic Union.

Obstacles of Cooperation between SREB and EEU. For improving
the cooperation between Silk Road Economic Belt and Eurasian Economic
Union, the way of handling difficulties or obstacles should be settled. One
premise should be figure out at first, that is what obstacles two initiative’s
connection facing. The obstacles usually mentioned are lack of mutual-
trust, absence of resources, challenge from third parties and so on. Those
analyses are partly true, instead of draw the whole picture, this article will
focus on the problems of Silk Road Economic Belt and argue that the con-
nection will not be an easy task. Meanwhile, this part will make a further
study on the effect of Silk Road Economic Belt, and argue that its influ-
ence to Sino-Russian relations and Central Asia was exaggerated, some
evaluation of these effect is not as real as imagined. Main Problems of Silk
Road Economic Belt Initiative

China’s New Silk Road Economic Belt has attracted numerous of at-
tentions of scholars and officials, however, there are four fundamental
questions still not be answered. And most of these unsolved questions will
reduce the shock of Silk Road Economic Belt. In other words, think the
Silk Road Economic Belt as a well-designed geo-political or economic
strategy was too optimistic. To some extent, the Silk Road Economic Belt
much more like a learning-by-doing policy. This means Russia and Central
Asia countries which take part in the projects have opportunities to form
the way of Silk Road Economic Belt development. It will limit the impact
of Silk Road Economic Belt to the Sino-Russian relations. There are some
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evidences that could prove the learning-by-doing feature of Silk Road
Economic Belt.

The first is local government’s role. Many analyses regard the New
Silk Road Economic Belt is China’s latest strategy toward Central Asia and
some other areas, but at the beginning of this policy designing, some local
governments played a very important role, especially Chongging. Because
of the well-known international railroad from Chongqing to Germany is
crucial to its economy development. Chongging government tried hard to
solve the transport cost problem. It lobbied China’s central government to
give some help. Its idea got lots of support from Xinjiang, Gansu and so
on. After President Xi stated this policy, these local governments became
much more energetic, but according to China’s foreign policy design pro-
cess, there are few rooms left to the local government. If China’s Central
government wants to put the New Silk Road Economic Belt to the strategic
place, local government’s flexibility could be narrowed. So how to get a
balance between Central government’s strategic design and local govern-
ment’s convenience will be a big problem for the progress of New Silk
Road Economic Belt policy in the future.

The second is the programs it concluding. However, there are few
specific programs have been issued in the structure of New Silk Road Eco-
nomic Belt. Most of the discussions covered the importance and ideas.
Some local governments and scholars have proposed many plan and opin-
ions, but no one have been accepted by the Central government. There is
an obvious phenomenon, some local governments and scholars considered
the New Silk Road Economic Belt will be an opportunity for their province
or China’s economic, they seem like it could cover everything. But as we
know, the New Silk Road Economic Belt will not be a basket which could
contain any kind of policy. Although the idea of New Silk Road Economic
Belt is popular, it still on the stage of discussion, there are no specific pro-
grams will be a tough nut to crack.

The third is the boundary of New Silk Road Economic Belt. This
problem includes two levels. In the domestic level, more and more local
governments are interested in the New Silk Road Economic Belt, they
think this policy will get central government’s financial or policy support,
then they issued numbers of ideas in order to board the new policy. In the
international level, the New Silk Road Economic Belt policy is not China’s
Marshall Plan. Seem like the internal level, some countries think this new
silk road policy would be China’s aiding strategy. Although the policy
meaning is not very clear, many countries have expressed their enthusiasm.
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If we review China’s foreign policy in recently years, we can imagine that
the neighbor countries will be the focus of China’s new Silk Road econom-
ic belt policy. This will make some countries fell disappointment. And
there is the other key factor which will hold the New Silk Road Economic
Belt policy back from “Marshall Plan”. China New Silk Road Economic
Belt policy is not a pure foreign policy, in my opinion, the domestic devel-
opment is this policy’s main object. When we pay more attention to the
local government plan, we can get this conclusion. Their plans are focus on
how to develop their own economy, not about foreign affairs.

Weak Institution Basis of two initiatives’ connection. On the May
2015, China and Russia signed the joint statement of the connection of
SREB and EEU. It seems made a more positive future for the regional co-
operation in Central Asia. Indeed, this joint declaration relieved stress be-
tween two countries in a certain extent, but did not make concrete institu-
tion basis to the integration. For the integration of Silk Road Economic
Belt and EEU, an obvious obstacle is the lack of institution platform which
could support the integration. Although China and Russia signed a joint
statement about their cooperation in the future, however, whether from the
perspective of the independent framework of Eurasian Economic Union, or
Silk Road Economic Belt, or from the perspective of their interaction, the
institution construction is an urgent issue, especially most of the regional
organizations in Central Asia are relatively weak.

Among the existing multilateral cooperation systems in the Eurasian
region, the SCO has included the key countries of the Silk Road Economic
Belt such as China, Russia and Kazakhstan, and it is regarded as the main
platform for the interconnection between Silk Road Economic Belt and
EEU to expand the space for pragmatic bilateral cooperation, expedite the
process of Eurasian economic integration, and maintain regional peace and
development.! For many observers, using the SCO platform to promote the
integration became a very attractive choice. It is rational to make SCO
serving as the platform because of its potential. But the experience of SCO
on economic field seems like predict a complicated or pessimistic scenario
to us.

During the past decade, the SCO put forward many proposals about
regional economic cooperation among its member states, and economic

1 Coopetition and Cooperation: the Silk Road Economic Belt is connecting up with the Eura-
sian Economic Union, Russian Central Asian & East European Market, Ne 5, 2016, p.128.
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cooperation is regarded as one of the basic pillar.! Since its establishment,
observers have argued that the SCO would wind up being the NATO of
Asia. Specifically, the argument holds that the SCO will in the future be-
come a politico-military organization dominated by China and Russia to
oppose and deter the United States and other Western powers. Contrary
opinions hold that the purpose of the SCO is to strengthen mutual trust,
friendship and good neighborhood among its member-States, to consoli-
date multi-disciplinary cooperation in the maintenance and strengthening
of peace, security and stability, to counteract new challenges and threats
and to facilitate comprehensive and balanced economic growth, social and
cultural development.? Although both arguments are persuasive to a certain
extent, none attributes a viable political personality to the SCO.

Despite the consensus according to which the SCO shall play a more
important role in economic, security, energy and cultural cooperation, little
discussion is devoted to detailed policy design. As a result, the role of the
SCO in regional integration is constrained. The limited influence exerted
by SCO is manifest in the development of Central Asian politics as well as
in security and economic cooperation among member-states. On the whole,
in the decade after its foundation, the Organization barely alters the behav-
ior of its member-states. China, Russia and other Central Asian states have
been relying upon bilateral approaches to develop their relations. Accord-
ing to this, SCO is not a very efficiency platform for the connection be-
tween Silk Road Economic Belt and Eurasian Economic Union.

Compared with SCO, the conditions of the other institutions exit in
this region are similar or worse, in other words, their ability of serving the
connection between Silk Road Economic Belt and Eurasian Economic
Union is weaker than SCO. In terms of the limitations and obstacles of the
connection between Silk Road Economic Belt and Eurasian Economic
Union, the impact caused by the Silk Road Economic Belt on China and
Russia relations would not as huge as some discussions said, because most
of these discussions see the connection of two initiatives as the certain fact,
they ignored the possibility of failure and difficulty of success. Then, it’s

1 In 2001, the Declaration on the Establishment of SCO had stated the cooperation in the area
of trade and economy, and said a negotiation process will be launched on the issues related to
establishing favorable conditions for trade and investment, and for the long-term program of
multilateral trade and economic cooperation. See Declaration on the Establishment of SCO.
(file://Users/bin/Downloads/Declaration_on_the_establishment_of the SCO.pdf)

2 The Charter of the Shanghai Cooperation Organization, see on the web:
http://www.sectsco.org/CN/show.asp?id=103
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necessary to use a more flexible framework of observation to study the
effect of New Silk Road Economic Belt to Sino-Russian relations on the
back ground of both countries launched their own regional economic co-
operation plan.

New Scenario of Sino-Russian Relations. According to the obsta-
cles of New Silk Road Economic Belt and its connectivity with Eurasian
Economic Union are obvious, a prudent analysis about the scenario which
the Silk Road Economic Belt might lead to is proper, however, Sino-
Russian relations should be put into a more basic level compared with the
connection between Silk Road Economic Belt and Eurasian Economic
Union. Generally speaking, the connection of two initiatives could add
new contents to Sino-Russian relations, but will not change the basis of it.
This is the most probable situation of two countries relations in the fore-
seeable future on the background of Silk Road Economic Belt, the com-
plexity and stability of Sino-Russian relations also are certain in this sce-
nario.

First of all, the development of Sino-Russian cooperation is the result
of many factors. External strategic pressure is an important stimulating
factor in the development of Sino-Russian relations, but the complex polit-
ical and economic demands within the two countries have a more funda-
mental guiding role. Second, the development of Sino-Russian relations
depends to a large extent on whether the two sides can grasp the rhythm of
their political and economic cooperation. The development of Sino-
Russian political relations is a good supplement to the promotion of eco-
nomic and trade relations. The economic relations between the two coun-
tries is inseparable from the political coordination. The expansion of Sino-
Russian economic and trade cooperation is an important thrust of sound
development of bilateral relations, but economic factor cannot support the
long-term, sound development of Sino-Russian relations by its own. Third,
competition is the normal part of bilateral relations. It is the normality of
bilateral relations to promote the common interests through cooperation
and realize the unique interests of the two countries through competition.

This scenario makes the process-oriented model becoming more im-
portant and useful in the process of exploring Sino-Russian relations on the
background of Silk Road Economic Belt. This model argues that the effect
of Silk Road Economic Belt and its connection with Eurasian Economic
Union towards Sino-Russian relations is not from its imagined conse-
quences, but mainly come from the interactions among China, Russia, and
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Central Asian states, and the process of interacting will play a more im-
portant role in the development of Sino-Russian relations.

In the past 3 years, the progress of Silk Road Economic Belt hap-
pened in bilateral and multilateral level, the cooperation in bilateral level
played the main part, not the other around. China had developed numerous
of bilateral programs with different Central Asian states and Russia under
the framework of Silk Road Economic Belt, they are very critical for the
progress of Silk Road Economic Belt. The multilateral cooperation in this
region happened among China, Russia and Central Asian states now is
under the framework of two initiatives’ connection. All consequences from
different level will determine the future of Silk Road Economic Belt to-
gether. For China, a rational choice is exploring a relative independent
relationship with Central Asian states when she keeping Sino-Russian rela-
tions at a high level.

Conclusion. Silk Road Economic Belt as the new initiative of Chi-
na’s economic cooperation with Central Asian states is the new back-
ground of Sino-Russian relations facing in Central Asia area, so to some
extent two countries’ comprehensive relationship is entering into a new
stage. The connection between Silk Road Economic Belt and Eurasian
Economic Union provides new contents to two countries’ relation, and this
kind of multilateral interaction is one part of effect which Sino-Russian
relations facing, the other part is bilateral interactions involved in Silk
Road Economic Belt between China and this region’s countries. Although
many efforts were made in order to keep the Silk Road Economic Belt and
its connection with Eurasian Economic Union in the positive track of im-
proving Sino-Russian relations, obstacles are still obvious and will influ-
ence the scenario of Sino-Russian relations. In conclusion, the interaction
of different countries of this region will determine the effect of Silk Road
Economic Belt to Sino-Russian relations, and this kind of effect would be
limited because of the complexity and stability of two countries’ relation-
ship.
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In the present work, we consider the fermionic p-adic g-integral of p-
adic gamma function and of derivative of p-adic gamma function by using
their Mahler expansion. Relationship between the p-adic gamma function
and g-Changhee numbers is obtained. It is given a new representative for
the p-adic Euler constant. Also, we study relationship between g-Changhee
polynomials and p-adic Euler constant using the fermionic p-adic g-
integral techniques the idea that the g-Changhee polynomials.
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BASES OF EXPONENTS WITH A PIECEWISE LINEAR PHASE
IN GENERALIZED WEIGHTED LEBESGUE SPACE

The perturbed system of exponents with a piecewise linear phase is
considered in this work. Under certain conditions on the weight function of
the form of power function, sufficient conditions for basicity of this system
are obtained in generalized weighted Lebesgue space.

Key words: system of exponents, weighted space, variable exponent,
basicity.

Consider the following system of exponents
etz - (1)
where e, (t)= expi(nt+y(t)signn), y(t) =at+ gsignt; «,f R are real
parameters. In the study of basis properties of the system (1) in L, ,,

we will apply the method of boundary value problems, namely, we will
consider the following Riemann problem

[Fer gt
FleHy, FreHy,,
where g(-) is some Holder function on dew . We will solve this problem

by the method developed in monograph [1]. Here we need some auxiliary
functions.
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Statement 1. Let peWL, p(t)>0,vte[-7,7]; {o ;] <R. The
m

weight function /)(t)=|t|“‘)1_[|t—ri|“i , belongs to the space L), if the
i=1

following inequalities

st vicom:

a.
' p(z;)
are satisfied, where -7 =7, <7, <..<7, =7, 79 =0,
Ti ES 0, Yi =1,_m

def
WL = {p:p(=7) = p(x);3C >0, Vi ,t, e[-m, 7], 1, s%:

. |plt)- plty) < L}

—Int; —t,]
The following fact plays an important role in obtaining the main re-
sults.
Property B [2]. If p(t):1<p <p* <+, then the class
Cy (— T, 71') (class of finite and indefinitely differentiable functions) is eve-
rywhere dense in L.

By S we denote the singular integral

Sf =ij‘wdr, tel,

27 d 7t
r

where I'c C  is some piecewise Holder curve on C. Define weight class
def
Looe(): Lo(hel) E{f cpfe Lp(_)}, furnished with a norm

def
” f ” ) =|of ||p(A). The validity of the following statement is established
p(-).o(:
in [15].
Statement 2 [3]. Let peWL, 1< p~. Then, singular operator S
is acting boundedly from Lp(‘)’p(_) to Lp(_)’p(,) if and only if

1 <o, < 1
pr) ¢ Talr)

k=0,m.
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Define the generalized weighted Hardy classes H ﬁ(,)y »,-By H ;O we
denote the usual Hardy class, where p, e [L+o0) is some number. Define
Hoop = {f eHf :f'e Lp(,),p(aa))}, where w=1{zeC |7 <1} and

f * — are non-tangential boundary values on dw of f . The following is
proved in [4].

So, we have proved

Theorem 1. Let peWL, p~ >1 and the following inequalities be

satisfied

1 ! i—om

1 1 1
——=<0ytVs <—F=, ——F—~ <0+ <——,;
p©) ~ T2 40) ) " ()

—L<a +y <i-7, :2[0:+£)'7 =——
plx) " ) z) " '

Then the system {e, |, forms a basis for L) ,.

nez
Let us consider some special cases of this theorem.

Corollary 1. Let peWL p  >1and ¢, =0,k=2,m-1,3=0. If
the following inequalities

1 1 1 _ 1
—w<a0 <®, —m<{0[1,am}<rﬂ_),
1 11 1
—@<a1+2a<m, —Tﬂ_)«zm +2a<m,
hold, then the system of exponents {ei(”*“ig””)t }neZ forms a basis for
Lot

Consider a more complicated case.
Corollary 2. Let peWL, p~ >1 and ¢, =0,k=2,m-La=0. If
the inequalities

SR L S T DI
p0) ° "q0)" plz) V™ q(z)’
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are fulfilled, then the system of exponents {ei(””ﬁ“g“signh}nez forms a
basis for L),
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EQUATIONS

Characteristic properties of the scattering data for the Schrodinger
equation on the line are investigated.

Key words: Schrodinger equation, Jost solution, integral representa-
tion.

In this paper we consider the differential equation on the line
—00 < X <+
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—y"+a(x)y =2"p(x)y @
where 1 is a complex parameter, q(x) is a real-valued function defined
on the real line such that

T(1+x)|q(x)|dx<+oo. )

—0

In the case p(x) =1 the direct and inverse problem for equation (1)

was completely solved in [1-7]. In the present work we investigate the
characteristic properties of the scattering data by using the new integral
representations of Jost solutions of equation (1) (see [8]).
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ON STABILITY OF INVERSE SCATTERING PROBLEM ON A
LASSO-SHAPED GRAPH

We investigate a conditional stability of inverse scattering problem
on a lasso-shaped graph.
Key words: inverse scattering problem, lasso-shaped graph.

Let T" be a graph which consists of a half line y ={x|0<x <0} and
aloop kx={z|0<z<2x}, joint at the point {x=0}={z=0}={z=2x}.
We consider on I" the following spectral problem describing one-
dimensional scattering of a quantum particle:

—u"+{q(X)- =0, XeT, (1)
u(x=0)=u(z=0)=u(z =2x), 2)
uU(x=0+0)+U'(z=0+0)-u'(z=27r-0) =0. 3)

Here differentiation with respect to the variable X is understood as
differentiation with respect to x, when X ey, and as differentiation with

respectto z, when X e «. Differentiation is not defined at the vertex. The
potential q(X) is real-valued, and is required to satisfy
L+x)q(x) e Ll(y) . Parameter A is a complex number such that ImA >0.
For any real 4 =0 there exists a solution ®(X, 1) of problem ((1) —
(3)) which is represented on y uniquely as follows:
D(x, A) = e(x,—1) — S(A)e(x, 4); 4
Here e(x, 1) are so called Jost functions, which behave on the closed
upper half-plane of spectral parameter A as
e(x, 4) = e{1+o(L)}. (5)
The function S(A) is called the scattering function for the boundary

value problem ((1) — (3)).

Eigenvalues of the problem ((1) — (3)) are called "visible at infinity"
if there exist corresponding eigenfunctions which are not identically van-
ishing on . The problem ((1) — (3)) posses at most a finite number of

© Mochizuki Kiyoshi, Trooshin Igor, 2017
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"visible at infinity" eigenvalues —/ﬁ, 0< Xy <Ay <...<A4,, which are all

negative and simple.
We call

m; = PE(X'7i/1j)PI__2(F), i=1...n (6)

the "weight numbers" of problem ((1) — (3)). Here E(X,i4;) is an eigen-
function of operator L, corresponding to the eigenvalue "visible at infini-
ty" — 12]- , Which is normalized as E(x,i;) = e(x,i1;j) for xey.

We consider two problem of the type ((1) — (3)) with potentials
ql(X), qZ(X). Theorem of Stability. Let

a. qk(x) € Cl[O, o), k=1,2;

b. Fa(x) e C(J0, ©)) NL([0, ©)), @(X) — non-increasing and s.t.
[Fa*@dt < a(x), k =1,2;

c. & =25, m=mf, and S'(1) =S'(2),2e(-AA), j=1n,

-1
d. AGA) = [ "a(x)dx <172
then for vh >1/A

G100 — 42(%) [< 22 5(x, h) + LEAANL+ e (x))

9h%(1-2A(A))

d
where §(x,h) = maxy =1 » SUPy<y<xs |d—qu |

It is well known (see [1]) that the solution e(x, 1) of equation (1) in
y can be represented as

e(x,4) = e+ ["K (x,t)e"dt, ©)
where the kernel K(x,t) is continuous on 0< X<t <oo and satisfies the
equation

K (X, X) = % [Zadt, x>0. ®)
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We have proved (see [2] — [4]), that for any fixed x ey the kernel
K(x,t) of transformation operator (4) satisfies the equation

F(x+t)+ K ) +[K(X Y)F(t+y)dy=0, 0<x<t<ow, (9
where

F() = SmEe X 4 F(x), (10)
k=1
Fs (9 = - [, (So(4) - S(A)e a1 (11)

Function Sg(A) is the scattering function of ((1) — (3)) in the case
q(X)=0, X eT" and function Fg(x) is understood as the Fourier trans-

form of the function from L?(—o0,0) .

To prove the theorem of conditional stability, we repeat the argu-
ments ([1], pp. 364-380).
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UDC 5175
Nursultanov E.D., Tleukhanova N.T.
INEQUALITIES OF HARDY-LITTLEWOOD TYPE IN
ANISOTROPIC SPACE

The Hardy-Littlewood type inequalities in anisotropic space are ob-
tained.

Keywords and phrases: the Hardy-Littlewood inequalities, the
anisotropic space, Fourier coefficients.

Letl = p = oo and ¢ = {w}f_; be the orthonormal system bounded
in total, & L,[0,1], f = ZiZ; ax @i (x). In a case of 1 < p < 2 the task
about properties of summability of Fourier coefficients {a;}i=; can be
solved by classical Hardy;LittIewood—PaIey inequality [1]

D k2layl? < il

k=1
For the case when orthonormal system & = {w}i_, is regular and
2 = p = oo, the corresponding inequality proved by E.D. Nursultanov in

[2]: i
> krtlal <clfil?
k=1 ¢

where & = £|55._, gy

These inequalities are also valid in the multidimensional case (see

e.g. [3]). For function from anisotropic spaces with a vector parameter

= (py....Py ), it is necessary to consider a problem of summability of

Fourier coefficients when some parameters # more than 2, and others less

or equal to 2. This work is devoted to the problem.
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Quliyeva A.A.

BASICITY OF THE PERTURBED SYSTEM OF EXPONENTS
IN MORRY-LEBESGUE SPACE

This work considers the Riemann boundary value problem with the
piecewise continuous coefficient in Morrey-Hardy classes. The obtained
results are applied to the study of basis properties of the system of expo-
nents with a piecewise linear phase in Morry-Lebesgue space.

Keywords and phrases: Morrey-Hardy classes, Riemann problem,
bases, double system of exponent.

Let’s consider the following homogeneous Riemann problem in clas-
ses (Hf*“; mHP"‘):
{F*(T)—G(T)F_(r)zo,rey, "
F'(z)eHP* ; F(z)e HP,
where
G(e“)z ‘G(e“]eie(t), o(t)=arg G(e”)t el-77).
Consider the non-homogeneous Riemann boundary value problem
F*(r)-G(r)F (¢)= f(arg 7).z € o, 2)
in Morrey-Hardy classes HP“x HP“ ae(0,1), 1<p<+w, where

f e LP* is some given function.
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In this work proved the following

Theorem 1. Let the coefficient G(-) of the problem (2) satisfy the
conditions

h =0(s, +0)-6(s, ~0) k=L,
be the jumps of the function (t)=arg G( ) at the points of discontinuity
fsch =(-7.7); by =6(-7)-0(x).
Assume that the following inequalities are fulfilled
e e @5y
qa 27 p

Then the following assertions are true with regard to the solvability of
non-homogeneous problem (2) in the class HP* x . HP“:

@) when m>—1, the problem (2) has a general solution F(-) of the

form

F(2)=2(z)Pn(2)+ Ri(2),
where Z() is a canonical solution of the homogeneous problem (1),
P.(-) is an arbitrary polynomial of degree k <m, F,(-) is a particular

”:§?i;%37&“ﬁ“

solution of the form
K,(-) isa Cauchy kernel, and f e L"“ is an arbitrary function;

B) when m<—1, the problem (2) is solvable if and only if the or-
thogonality conditions

J%Et—)'ktdt 0 k=1-m-1,
e

are true, and F(z)=F,(z) is a unique solution of this problem.
Consider the following dual system of exponents
{A(t)ei " B(t)e_i & }neZ,r,keN ,
with complex coefficients
Alt)=|At)e'“"); B(t)=|B(t)e"",
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onaninterval [-z,7], where Z, = {0} N . We will require the fulfill-
ment of the following conditions

a) AF;B el = Lw(—ﬂ,ﬂ');
B) 0(t)=p(t)-alt) is a piecewise continuous function on
[~ 7, 7] with the points of discontinuity {s}i :-7<s, <...<s, <z, and
h, =6(s, +0)—6(s, —0), k=1r - are the jumps of this function at the
points S, , and let hy =6(-7z)-6(r).
More details on Morrey and Morrey-Hardy spaces can be found
in [1-12].
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Xiyan Yang, Xiaohua Lin.
EFFECTS OF OUTWARD MIGRATION ON INWARD FDI: FROM
SOCIAL NETWORKS TO HUMAN CAPITAL

We examine the link from outward migration to inward FDI in China
by building a human capital component to the prevailing perspective of
social networks. Several hypotheses are testing using several complemen-
tary datasets. According to our findings, there is a positive relationship
between outward migration and inward FDI, but the relationship exists
only for skilled migrants. Further investigations suggest that the effect of
skilled migration is contemporaneous but not lagged and that the overall
positive migration effects have been weakened over time.

Keywords: Foreign direct investment, Migration, human capital ver-
sus social network, China

Introduction

Two facts that have characterized globalization during the past dec-
ades are the massive movements of capital and people (Tung, 2007).
Economists, who anchored their theoretical tenets on both capital and labor
early at their discipline’s formative stage and have long been keen on the
possible impact of migration on international exchanges, are lately caught
up with this paralleled surge in FDI and migration and have gradually ac-
cumulated empirical evidence on the migration-FDI relationships. By and
large, this emerging literature support the consensus that migrant networks
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promote FDI, an idea originated from studies of international trade (Gould,
1994) but running in counter to the proposition derived from the classic
static trade theory that the relationship between out-migration and FDI
should be substitute (Mundell, 1957). In spite of these seemingly con-
sistent results, however, several questions remain unanswered in regards to
the network effects. Since migrants tend to be diverse in composition, it is
not clear how exactly they serve to facilitate FDI in their origin countries
(Kugler & Rapoport, 2005). In essence, the network effects are largely
conceptualized from a social capital perspective, but research in other con-
texts has shown a human capital effect of labor mobility (Corredoira &
Rosenkopf, 2010). Although there is evidence that skilled migration exerts
greater impact on FDI, satisfactory explanations have been elusive. The
exploratory nature of this economic literature is also reflected in the omis-
sion of temporal effects in most of the studies or ambiguous findings in
this regard (Singer, 2006).

The most remarkable aspect in this important discourse, however, is
the non-presence of IB scholars. We have identified several studies that are
centered around the network idea on subjects such as venture capital inter-
nationalization (Madhavan & Iriyama, 2009) and remittance-venture envi-
ronment in developing countries (Vaaler, 2011), but no research has exam-
ined FDI from this conjecture. It is thus a serious omission in the IB litera-
ture since, if migration stimulates FDI, current FDI theories could be un-
derspecified. In our view, it is at the intersection of migration and capital
that there is potential for IB research to advance understanding in the do-
main of FDI and globalization (Madhavan & Iriyama, 2009).

The purpose of the current study is to examine the outward migration
— inward FDI using several databases on China, currently the number one
destination country for FDI and the largest source of emigration in the
world. We build upon prior research, but add a human capital spin to the
popular view that migrants help reduce transaction costs of foreign inves-
tors by serving as informal, social networks. In our views, migrants are an
important source of human resources necessary for multinational compa-
nies (MNCs) to operate in newly established foreign markets, especially in
the initial phase of entrance. While recognizing the informational-barriers-
reduction effect of migration, we argue that it is human capital out of edu-
cation and skills that help facilitate FDI in the origin countries. Largely
confirming this human capital perspective and in the context of China, we
find that the positive relationship between outward migration and inward
FDI is significant only for skilled migrants, that the positive effect of
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skilled migration is contemporaneous rather than lagged, and that the
above effect has been diminished over time. Our findings contribute to a
human capital theorizing of the relationship between outward migration
and inward FDI and document support for the possibilities of brain circula-
tion of benefits to the developing world. For MNEs and migrant communi-
ties, these findings offer important implications as we have entered an era
when countries are increasingly connected through human and capital mo-
bility, often hand-in-hand (Tung, 2007).

In the rest of the paper, we explain our research context in terms of
migration and FDI in China, review background literature and subsequent-
ly develop our hypotheses. We then introduce our data sources and analyt-
ical approach, followed by a presentation of our empirical results. Finally,
we discuss theoretical and practical implications of our findings and con-
clude with directions for future research.

Literature Review

The classic international trade theory, in consistence to the factor
mobility paradigm, describe a substitutive (i.e., negative) relationship be-
tween emigration and inward FDI, assuming that the outflow of emigrants
will lead to the decline of a country’s labor volume, which led to the rise of
capital-labor ratio, and the fall of the return rate of capital, resulting in FDI
outflows (Mundell, 1957). Substitution between emigration and inward
FDI may be also predicted from the perspective of technological externali-
ty that the proportion of skilled people in the total labor of the host country
had a direct impact on the absorption capacity of FDI technology, impact-
ing FDI spillover effects (Klenow and Rodriguez, 2005). In contrast, a new
wave of research has emerged since the early 1990s around the idea that
migration also generates network effects that positively impact on FDI in
sending countries (Lucas, 2005). The idea was originated in the literature
on international trade and is now well recognized in economics. However,
IB scholars have been less attentive to the role of migration and contribut-
ed little to the understanding of the relationship between migration and
FDI so far.

Focusing on the relationship between migration and international
trade, Gould (1994) and others (e.g., Head & Ries, 1998; Rauch & Casella,
2003) find that migrant networks promote bilateral international trade by
reducing transaction costs as well as by bringing a taste preference for cer-
tain products. In terms of transaction costs reduction, migrants may serve
to overcome contractual barriers through their individual connections
and/or informational barriers by providing information about home country
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markets and institutions (Lucas, 2005). Since international investment in-
volves greater complexities and uncertainties than trade, it is speculated
that migrant network should play an even greater role in facilitating
(Simone & Manchin, 2010).

At a first glance, the small but growing numbers of empirical investi-
gations seem to support the consensus on a positive impact of migration on
inward FDI, which economists have attributed to as network effects, that
is, immigrants provide information about their home countries, thus reduc-
ing transaction costs by the foreign investors (Nijkamp et al., 2011). Par-
ticularly, Aroca and Maloney (2005) were able to show that the outflows
of FDI from the U.S. from a specific sector to a specific country are trig-
gered by the existing share of laborers in that sector from that country. A
closer look at the economic quandaries, however, raises two questions
concerning migration’s composition and temporal dynamics, which are
somehow interrelated. Kugler and Rapoport (2007) expected that the ef-
fects of migration are both substitutive and complementary and that the
substitutive effect should be contemporaneous (“static”’) because out-
migration drains labor pool whereas the complementary effect should be
lagged (“dynamic”) because migrants inform multinational companies
about host country investment opportunities. Although overall both skilled
and unskilled migrations were found positively associated with FDI in-
flows over the subsequent period, the findings became difficult to explain
when taking into account the sector effect. In the manufacturing sector, for
example, while migration with tertiary education had a positive impact on
future inward FDI, those with secondary education was negatively associ-
ated with FDI over the same period. To date, the limited research has yet to
establish unambiguously the role of skill/education level either empirically
(Simone & Manchin, 2010). Conceptually, while most researchers assume
that the information from skilled and unskilled migration should be differ-
ent, they have yet to specify the types of information from the two groups.
Only Kugler and Rapoport (2007) made a distinction: unskilled migrants
are able to reveal information about labor force quality of origin country
whereas skilled migrants “liaise between potential investors and partners
(both private and public) in various aspects of setting up a production facil-
ity in the origin country of the migrant” (p. 156), that is, “take part into
business networks” (Simone & Manchin, 2010: 601). Again, this raises the
question concerning temporal implications of such differentiated effects
(Kugler & Rapoport, 2007).
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Despite an early call by Gillespie et al. (1999), FDI researchers have
surprisingly contributed little to the discourse on the relationship between
migration and FDI. However, the effects of migrant networks have been
the focus of several studies in closely related contexts. Madhavan and Iri-
yama (2009) took the social embeddedness perspective (Granovetter,
1985) and considered globalization of venture capital industry as a process
driven by both economic opportunities and network which is carried out by
“transnational technical communities” embodied in professional and tech-
nical immigrants. Vaaler (2011) has taken the network effect notion to the
effect of remittances on venture financing environment in developing
countries and provided convincing evidence for the positive role of immi-
grant informal network in venture funding and founding in their origin
place. Finally, since immigrants might opt for returning and setting up
business ventures at origin, instead of merely sending money home, by
taking advantage of their personal and professional ties across origin and
destination countries as well as emerging market opportunities at origin
(Saxenian, 2003; Lin, 2010).

Perhaps no country is more prominent than China in regards to the
prevalence and importance of ethnic networks (Hamilton, 1996) and the
migrant— motherland business linkage (Kao, 1993). Since China adopted
the open-door policy in late 1970s, overseas Chinese have not only con-
tributed a large proportion of FDI inflows, but also facilitated FDI by “oth-
er” foreign investors in China (Wang, 2001). Two studies have formally
tested the widely speculated proposition that ethnic Chinese networks
should help the formation of FDI in contemporary China. Controlling for
traditional determinants of FDI and using population data of ethnic Chi-
nese in investing countries, Gao (2003) found a significant positive role of
“ethnic Chinese networks” in inward FDI over the period of 1984-1997.
Singer (2006) emphasized the role social networks as a substitute for for-
mal market institutions in the promotion of international investment and
focused on how the positive role of ethnic Chinese networks sustain over
time. According to the author, the positive effect of ethnic Chinese net-
works increased for the entire period of 1984-2003, but decreased for the
more recent years between 1992 and 2003.

Hypothesis Development
From Ethnic Network to Human Capital

It is largely accepted that migrants serve as informal networks to help
mitigate informational and transactional difficulties, thus facilitating the
inflow of FDI (Kugler & Rapoport, 2007). Studies have shown that mi-
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grant networks may promote international business transactions such as
trade and investment by the following two mechanisms. First, migrant
network can promote FDI by providing foreign investors important infor-
mation that may otherwise be difficult or costly obtained. This kind of in-
formation includes critical information related to the domestic market, lo-
cal policies and regulations, and potential business partners (Gould, 1994;
Rauch & Casella, 2003). Second, in a weak international legal environ-
ment, the migrant network can prevent the breach of contract occurs
through the implementation of community sanctions (Greif, 1993). Ethnic
networks, including those in border-crossing setting, draw their strengths
from common ethnic identity and community-sanctioned trust mechanisms
(Portes et al., 2002. The contributions of Chinese migrants on promoting
FDI in their country of origin dated centuries back (Kao, 1993) and have
achieved eminence in China’s ongoing growth process with prominent
examples from the Silicon Valley where U.S. educated Chinese profes-
sionals played an active role in the process of foreign investment in China
either through informal personal contact or a formal Association of over-
seas Chinese (Saxenian, 2003). Using large and complementary data
sources on China, we test the following baseline hypothesis:

Hypothesis 1. There is a positive relationship between outward mi-
gration and inward FDI.

The notion of network effects needs to be further refined to ascertain
how exactly ethnic networks work in promoting FDI in migrants’ origin
countries. Particularly, since recent evidence emphasized the greater im-
pact of skilled migration, there could be different mechanisms through
which out-migrants exert impact on FDI inflows. As reviewed earlier, only
Kugler and Rapoport (2007) and Simone and Manchin (2010) spelled out a
distinction: unskilled migrants afford information about labor force where-
as skilled migrants take part in the business networks. Building upon these
authors’ contention, we argue for an explicit human capital view to be
added on the general ideal of social networks. Specifically, we believe that
skilled migrants could positively impact on inward FDI, above and beyond
information brought in by all migrants, through their human capital en-
dowments in the forms of education, technical skills, and relevant work
experience in China. Given China’s peculiar FDI environment, such con-
tributions come through two major mechanisms that have some immediate
effects on foreign investors’ operations. First, the skilled migrants could
provide foreign investors with information of technical nature, which is
operationally necessary in light of China’s mandate for FDI to carry “ad-
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vanced” technologies and the relative concentration of FDI in the manufac-
turing sectors. Second, the skilled migrants could help identify suitable
partners for foreign investors, which is administratively necessary given
international joint ventures (1JVs) as the dominant form of FDI, especially
when China first opened its doors (Luo, 2001). If migrants are able to ab-
sorb information about the destination country through employment at a
MNE, they would become useful in facilitating technology transfer to Chi-
na, e.g., helping install new assembling lines (Federici & Giannetti, 2006).
According to Rangan (2000), in pursuing international business opportuni-
ties, MNEs tend to engage in a process “search” and “deliberation” con-
cerning reliable and capable partners. Given the challenging cultural and
institutional environments in China, foreign investors would need to en-
gage skilled migrants to become insightful and effective in managing this
process. In order for skilled migrants to play such a liaison role (Kugler &
Rapoport, 2007), the foreign investor might decide to employ them, often
sending them to China as part of their expatriate team. Previous literature
has identified “learning by hiring” as a way to effectively access the mi-
grants’ prior firm (Oetti & Agrawal, 2008).

It is important to note that the human capital-based contributions
would not be the only ones from skilled migrants, but contributions above
and beyond the network-derived contributions (such as information about
labor force quality) which would be made by all migrants including the
unskilled. Thus summarizing the above discussions, we predict that skilled
Chinese migrants should have a greater positive impact than unskilled
Chinese migrants in facilitating FDI inflows in China. State formally, we
put forward the following hypothesis for testing:

Hypothesis 2. The positive relationship between outward migration
and inward FDI is stronger for skilled than unskilled Chinese migrants.
Temporal Effects of Migration

If the often-assumed “network effects” could be disentangled into
two categories — social network and human capital based, respectively, it
then follows that the positive effects of migration should be of either long-
run or immediate. Intimate “local” knowledge in areas such as labor quali-
ty and regulatory regime should have a longer-term effect as MNESs strate-
gize and configure their Chinese entry (Luo, 1999). And with their net-
work with and in China, all Chinese migrants should be able to provide
such information. In contrast, human capital derived effects, such as in-
formation about a particular joint venture partner or employment as a front
line engineer in a MNE’s assembly plant in China, are project specific and
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immediate. As discussed in the previous section, all Chinese migrants
should be responsible for the long term effects, but only skilled migrants
are able to supply the latter type of information or service with immediate
effects. We use the words lagged for long-term and contemporaneous for
immediate to label the relationships between outward migration and in-
ward FDI the following hypothesis:

Hypothesis 3. The positive relationship between inward migration
and inward FDI are both contemporaneous and lagged.

Finally, we propose that the positive effects of Chinese migrants on
inward FDI, both contemporaneous and lagged, should be weakening over
time in China. Migrants as informal network exist to substitute formal in-
stitutions (Vaaler, 2011) and the exact reasons for the usefulness of Chi-
nese migrants in promoting FDI has been the imperfection of China’s mar-
ket and regulatory institutions (Gao, 2003). Since, slowly but clearly, Chi-
na has endeavored to improve and enhance a market-based institutional
environment, the need for informal channels, such as those enabled by
migrant networks, should be weakened (Singer, 2006). We emphasized the
role of skilled migrants in regards to 1JVs. However, since the Chinese
government has legitimized wholly foreign owned enterprises over time,
so has the role for managing the process of identifying and dealing with
joint venture partners. As foreign investors have built up their presence, a
MNE would be increasingly more able to practice “learning by hiring”
beyond employing the newly landed migrants in their China operations, for
instance, through personnel mobility within and between MNEs networks.
We test the following hypothesis:

Hypothesis 4. The positive relationship between outward migration
on inward FDI should be weakening over time.

Methodology

Models

While our focus is outward migration, we recognize other relevant
and important variables in predicting inward FDI. We build upon the
knowledge-capital model, an analytical formalization of the OLI frame-
work (Dunning, 1977, 1981) which is proposed by Markusen (1997, 2002)
and empirically specified by Carr, et al. (2001). Our basic empirical speci-
fication is represented by Model(15).

InFDI, ; = a +éMigration, ; + 4, InGDPSum, ; + 3, In GDPDifference, (15)
+ B, In Distance, ; + B,SkillDifference, ; +¢ ;

Where i denotes the host countries of migrants, j denotes the origin

country of migrants (i.e., China for current paper); ¢ denotes the error term.
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FDI represents FDI inflows to China; and In indicates the log form. Con-
sistent with Singer (2006), we measure FDI inflows using the average in-
flow during the period, which avoids the problem of volatility of FDI.
GDPSum represents the sum of GDP of China and FDI source countries,
and is estimated on the actual GDP (2000 figures in US$). According to
the horizontal FDI theory, FDI is positively correlated with the market size
of the two countries (xxxx); so the expected sign is positive. GDPDiffer-
ence denotes the difference of GDP between FDI source country and Chi-
na, and is estimated on the actual GDP (2000 figures in US$). According
to the horizontal FDI theory, its sign should be negative. Distance repre-
sents the geographical distance between the FDI source countries and Chi-
na, and is estimated with the geographical distance between Beijing and
the capital of the FDI source countries. Following Gao (2003), the distance
is used as a proxy for trade costs. However, the predictions of vertical FDI
theory and horizontal FDI theory differ with regards to the effect of cost of
trade: trade cost is negatively correlated with vertical FDI, but is positively
correlated horizontal FDI. Besides, the cost of trade cooperation generally
will increase along with increased geographical distance. The sign of dis-
tance is thus ambiguous.

SkillDifference denotes the difference of skilled labor ration between
FDI source country and China, is estimated with the difference of the
skilled labor ratio, i.e. the ratio of people with tertiary education to its total
population in one country. Horizontal FDI and vertical FDI theory on this
variable sign predict exactly the opposite. When the greater similarity of
labor skill level between the two countries, horizontal FDI theory predict
that more FDI inflow, but vertical FDI theory predict that less FDI inflow.
The related empirical studies get different results (Carr et al., 2001). There-
fore, its sign is ambiguous. In addition, for the measurement of SkillDif-
ference, our method is different from that of Gao (2003) and Singer
(2006). Singer (2006) uses GDP per capita as a proxy of labor skill differ-
ences between the two countries, and Gao (2003) use skilled labor ratio of
FDI source country, instead of the difference of the skilled labor ratio be-
tween FDI source countries and China.

Migration, is the core variable vector that we interested in. Given our

research needs and data availability, this variable is constructed and meas-
ured in three different ways.

First, in order to examine the relationship between total migrants and
FDI with the WB and DM dataset, we set the variable MigrantNetwork, to
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proxy China’s aggregate migrant network in FDI source country, measured
by the proportion of migrants from China to the host country's population,
which is consistent with the existing literature on migration (Gao, 2003;
Singer, 2006), with the assumption that the greater the migrants proportion
of the population in host country, the greater the influence of this group
network. To test the same relationship with the OC dataset, we set the var-
iable OverseasChineseNetwork; ; t0 proxy the total migrant network in

FDI source country, measured by the proportion of overseas Chinese to the
host country's population. To account for potential effects of cultural simi-
larity, we also add a dummy variable vector, including one for Southeast
Asia and the other for Language. The former is used to distinguish South-
east Asian countries (regions), which are known exposed to the influence
of the Chinese culture due to large numbers of Chinese decedents. The
latter is used to distinguish the countries whose official language is Chi-
nese. For both dummies, the value of 1 represents yes and 0, otherwise.
Sample countries distinguished by the two dummy variables are indicated
in tablel.

Second, to examine the differential effects of immigrants on FDI due

to their skill levels with the DM dataset, we use MigrantNetwork ™™,
L)

MigrantNetworkff“’”da"/, and MigrantNetwork P"™" to proxy China’s mi-

grant network in FDI source country, measured by the proportion of mi-
grants with tertiary, secondary, and primary education, respectively, to
each segment of the FDI source population with corresponding education
level.

Model (16), the basis for testing P3 and P4 as well as P2 concerning
the temporal effect of migration on FDI, is originated from Model(15) and
informed by Kugler and Rapoport (2005):

InFDI}; = &+ 7, In MigrantStock™ + , In MigrantFlow; + 3, In GDPSum, | (16)

+ /3, InGDPDifference; ; + 4, In Distance, ; + 3, SkillDifference] ; + &/,

Here the meanings of i, j, &, Distance, | remain the same as with
Model (1). FDIi"j denotes the FDI inflows from country i to China for the
period t ; GDPSumit‘j denotes the sum of GDP of country i and China for
the period t; GDPDifferencei‘YJ. denotes the difference of GDP of country i
and China for the period t; SkiIIDifferencei‘vj denotes the difference of
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skilled labor ratio between country i and China for the period t. The meas-
urement methods and expected sign of the variables are consistent with
Model (1). To investigate the temporal effect of migration on FDI, we con-

struct MigrantStock, ™ denoting migration stock from China in the FDI
source country for the period t-1 and MigrantFlow! denoting migration

flow from China to the FDI source country for the period t.

Addressing endogeneity concern

Prior to estimating our models with OLS, we want to address the po-
tential problem of endogeneity, since FDI inflows may also influence mi-
gration. For example, FDI inflows could have negative influence on out-
ward migration as they bring capital, new technologies and knowledge
spillover to host countries (Alfaro et al., 2004) and multinationals may
provide better paid jobs and more career development opportunity in mi-
grant source countries (Lipsey & Sjoholm, 2004). Alternatively, the pres-
ence of FDI may positively impact migration. For instance, people of ex-
perience with multinational companies tend to have higher chance of being
sent to the FDI source country (Javorcik, 2011).

We use the instrumental variable approach to address this concern.
From a list of candidate instruments in the first-stage migration equation
(Beine et al., 2008), we select life expectancy at birth and use the differ-
ence between FDI source country and China as the instrumental variable
for total migration. Since life expectancy is indicative of a country's gen-
eral standard of living, people are likely to migrate to countries with higher
life expectancy at birth. As such, there should be a positive correlation
between migration and the difference in life expectancy at birth between
FDI source country and China. On the other hand, there is no reason to
expect a direct relationship between the difference of life expectancy and
FDI inflow. As reported in Appendix A, our test verifies that the difference
in life expectancy at birth is a good instrumental variable.

Databases

Constrained by data availability and also consistent with Singer
(2006), we adopted a cross-sectional approach. We consider the time span
of 1984-2010 which represents three distinct phases of FDI inflows in
China: 1984-1991, 1992-2001 and 2002-2010. Up to 1984, FDI was large-
ly no-existent in China as the economy had opened up only of late. The
period 1984-1991 is considered the start-up phase when the country wit-
nessed first wave of large FDI inflows. Particularly, the volume of inward
FDI in 1984 alone, the year seeing flagship Sino-Foreign joint ventures

77



such as Beijing Jeep being signed, was almost equal to the sum of the pre-
vious four years. 1992-2001 is the steady growth phase, as foreign inves-
tors re-established their confidence in China after the turmoil of 1989
Tiananmen event. Finally, the WTO admission in 2001 led China to the
leapfrog development stage when FDI inflows gathered steam and started
dramatic growth. The evolution of FDI inflows in China can be seen from
Figure 1.

Figure 1 goes about here

There exist two types of “migration” data concerning China: one on
overseas ethnic Chinese and the other on ongoing migration. Each data-
base has its own advantages and disadvantages. In regards to compatibility
and consistency, the ethnic Chinese databases are inferior to migration data
since the definition of overseas Chinese is often vague and inconsistent. In
contrast, migration databases contain census data on foreign-born popula-
tion, which is consistent with the definition by the United Nations. Unfor-
tunately, the Chinese migration data is available only for OECD countries.
The migration data is divided into two categories: stock data and flow data.
The migration flow dataset only include aggregate data, without layered
data by education level. Given our focus on the skilled versus non-skilled
migration, we use the migration stock data.

Migration stock data is from two sources: one is from the table "Bi-
lateral Migration Database 1960-2000" of World Bank at http://
go.worldbank.org/092X1CHHDO. It is referred to as the WB dataset in the
current study. The WB dataset provides total Chinese migration stock data
in 1980, 1990, 2000, covering 29 OECD countries. The other source is the
dataset “International migration by educational attainment (1990-2000)-
Release 1.17 at http://perso.uclouvain.be/frederic.docquier/oxlight.htm.
This dataset, labeled the DM dataset in the current study, has been the
mostly used data source in the migration literature. It provides layered
Chinese migration data corresponding to education in 1990 and 2000, and
covers the same 29 OECD countries as the WB dataset. The coverage of
each database is detailed in Table 1.

Table 1 goes about here

Compared with the migration databases, the range of available over-
seas Chinese datasets is broader, covering all major source countries of
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FDI and thus will serve as good complements to the migration databases.
The overseas Chinese database used in the current study, labeled OC da-
taset, covers 65 countries (see Table 1) with the 1980 data being compiled
from Poston and Mei (1990) and the 1990 data from Gao (2003).

Variables

Migrants in the two migration databases are foreign born, 25-year or
older, long-term legal migrants in the OECD countries. Students and other
short-term foreign individuals are largely excluded. Skills of migrants are
measured by education levels (Docquier & Marfouk, 2006) in accordance
with the International Standard Classification of Education by the United
Nations: Low-skilled migrants are those with primary education (i.e., 0 to
8 years of schooling); medium-skilled migrants are those with secondary
education (i.e., 9 to 12 years of schooling completed); and high-skilled
migrants are those with tertiary education (i.e., 13 years and above).

Although there are skilled emigrants from China to non-OECD coun-
tries, such as Malaysia, the Middle East, South Africa, 90% of skilled emi-
grants of China live in OECD (Docquier & Marfouk, 2006).

Data on annual FDI inflows into China by source country are taken
from Gao (2003) for the years 1984-1991 and from the National Bureau of
Statistics of China (NBSC) for the years 1992-2010. To keep consistent
with the GDP data, the FDI data are deflated by 2000 US dollar. We do not
distinguish between vertical FDI and horizontal FDI, which is consistent
with the convention in the existing literature and is allowed for by our em-
pirical model (Singer, 2006).

GDP data is compiled from the World Bank through its World De-
velopment Indicators online as well as from NBSC which provides GDP
data on Taiwan, Hong Kong, and Macao. The World Development Indica-
tors also provides data on total population and population with tertiary
education for all countries, except for China for which the data comes from
NBSC. Based on the above data, we calculated skill differences between
the countries in terms of SkillDifference. Data on distance between China
and source countries of FDI and language of each country are available
from Macalester University’s website on international trade information at
(http://www.macalester.edu/research/economics/PAGE/HAVEMAN/Trade
.Resources/TradeData.html).

Results and Discussions

Model(15) is applied to DM and WB database, respectively to test H1
that out-migration positively predicts inward FDI. As shown in Table 2,
OLS results largely support H1. Particularly, results from the two data-
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bases are essentially similar. Except for the period 1984-1991, the migrant
network (see MigrantNetwork in rows 2-4 of table 2) is positive and signif-
icant at the 1% level. For the aggregate migrants, from 1992 to 2001, every
1% increase in the proportion of the migrant population in the host country
will lead to 2.6% (4.6% corresponding to WB dataset) rise in FDI inflow;
from 2002 to 2010, every 1% increase in the proportion of migrant popula-
tion in the host country will result in the 1.7% (2.4% corresponding to WB
dataset) rise in FDI inflow. Consistent with the knowledge-capital model
(Markusen 1997, 2002), most of the other variables have the expected
signs and are significant at the 1% level.

Table 2 goes about here

H2 that positive relationship between outward migration and inward
FDI is stronger for skill than unskilled migrants is tested by applying Mod-
el(15) to DM dataset, the only available migration dataset by education
level. The results, reported in Table 3, support H2. During both time peri-
ods, migrant network with tertiary education is positively and significantly
associated with inward FDI at the 1% level. For the period 1992-2001,
each 1% rise in the proportion of the Chinese immigrant population with
tertiary education in FDI home country will lead to 1.9% rise in FDI in-
flow; and for the period 2002-2010, every 1% rise in the tertiary migrant
network in FDI home country will lead to 1.2% rise in FDI inflow. The
effects of migration with secondary and primary education are statistically
insignificant, and this is true for the two periods (see MigrantNetwork in
rows 4-5 and 7-8 of table 3). We conducted F-test with the null hypothesis
that the coefficient for is zero, and the null hypothesis can’t be rejected
(the two F statistics corresponding to two research stage equal to 0.37 and
0.97 respectively).

Table 3 goes about here

H3 suggests that the positive relationships between outward migra-
tion and inward FDI are both contemporaneous and lagged. To test this
hypothesis, we apply Model(16) to WB database. Results, as shown in the
columns 2-4 of Table 5, lent support for H3. Except for contemporaneous
emigration for the period 2002-2010, there do exist positive relationships
for the contemporary and past emigration for all periods (period 84-91: for
past emigration, b=0.184, n.s., for contemporary emigration, b=0.514, n.s,;
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period 92-01: for past emigration, b=0.347, p<0.05, for contemporary emi-
gration, b=0.36, p<0.05, period 02-10: for past emigration, b=0.816,
p<0.01.)

In order to find whether there are special relationships for the past
and contemporary skilled migrants on FDI, we also apply Model(16) to
DM dataset, we identify a significant and contemporaneous effect from
skilled migration, but no significant effect from unskilled migration — nei-
ther contemporaneous nor lagged. As shown in Table 4, the contempora-
neous emigration of skilled is significant at the level from 1% to 10% (To-
tal migrants with different skill levels classified by past and contemporary
emigration: b=0.395, p<0.1; Contemporary migrants: b=0.460, p<0.01;
Tertiary Contemporary migrants: b=0.546, p<0.01). The effect of past em-
igration, including both skilled and the unskilled, are not statistically sig-
nificant (MigrantStock_tertiary: b=0.0705, n.s.; MigrantStock_unskilled:
b=-0.000942, n.s.). Besides, the contemporaneous emigration of unskilled
is also not significant (Total migrants with different skill levels classified
by past and contemporary emigration: b=0.165, n.s.; Contemporary mi-
grants: b=0.157, n.s.).

Table 4 goes about here

H4 assumes that the positive relationship between outward migration
on inward FDI should be weakening over time. Our results, reported in
table 3, 4 and 5, support H4. According to table 5, the effect of contem-
porary emigration has weakened over the three periods (see columns 2- 4
in table 5, b=0.514 for period 84-91; b=0.36 for period 92-01; b=-0.114 for
period 02-10.). This confirms the temporary pattern concerning skilled
migration in the 1990s (see table 3, b=1.88 for period 92-01, b=1.22 for
period 02-01.). Importantly, our results strongly prove that the effect of
total emigration on the whole, without classified by contemporary or past
emigration, or by skilled or unskilled emigration, has weaken over three
periods (see columns 5-7 in table 5, period 84-91: b=0.704, p<0.05; peri-
od 92-01: b=0.705, p<0.01; period 02-10: b=0.595, p<0.01) .

Table 5 goes about here
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Implications and Conclusion

Theoretical Implications

In the context of People’s Republic of China, our findings suggest
that (1) outward migration is positively associated with inward FDI; (2) the
positive effect is mainly due to skilled migration; (3) the effects of skilled
migration is largely immediate; and finally (4) the immediate effects have
decreased over time. These findings contribute to a refined understanding
of role of migration on FDI formation by adding a human capital compo-
nent to the acknowledged network effects and highlight opportunities for
theory development in the IB field, including but not limited to theory of
FDI. Important practical implications can also be drawn.

The emerging literature on the outward migration — outward FDI rela-
tionship, though still in its infancy, has largely supported a consensus on
the positive effect of migration. Thus, our finding confirming H1 may ap-
pear to be less interesting. The significance of this finding, however, lies in
our research context: no theory of migration — FDI linkage can be fully
established without taking into account China as the top destination of FDI
and largest source of out-migrants in the recent decade. The network ef-
fects, either through providing difficult-to-obtain information or socially-
sanctioned contract fulfillment/enforcement, should only accrue in mi-
grants-sending countries where there exist significant informal barriers to
foreign investors, and this has exactly been the case in China which has
challenged foreign investors with its weak legal infrastructure, lack of
transparency, and overt reliance on personal network for business dealings
(Wang, 2001; Gao, 2003; Singer, 2006). Taking advantage of two mutually
validating databases, we confirm a complementary link between migration
and capital flows in contemporary China, a confirmation that centuries-old
overseas Chinese — motherland connection has been extended or renewed
in the modern days.

Our major contribution comes with H2 and our finding that only skill
migration has a significantly positive relationship with FDI inflows in Chi-
na. Coming from a human capital perspective, we have disentangled the
widely assumed “network effects” into two broad categories, one that is
consistent with the prevailing view of social network and contributed by
all migrants, and the other that requires education endowment, skills, and
relevant work experience at origin. Grounded in the context of China’s
contemporary FDI regime — e.g., China’s mandates for technology transfer
and 1JVs, this enhanced view of migrant networks enables us to explain
unambiguously why skilled migration has often showed greater impact on
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FDI (Nijkamp et al., 2011). Note that the immigration policies in Western
countries such as Canada have long maintained a focus on skilled mi-
grants. While being targeted for enhancing national technological capabil-
ity, these skilled immigrants have been also employed by MNEs to facili-
tate their international operations (Hume, 2012). We believed that the hu-
man capital endowments would add “weights” to skilled migrants so that
their effects on inward FDI would be greater than those from unskilled
Chinese migrants. However, our results show that the effects of unskilled
are insignificant. While this is consistent with some of recent empirical
work, we particularly wonder about the value of information provided by
unskilled migrants, such as information about labor force quality in send-
ing countries (Kugler & Rapoport, 2007), to foreign investors in fast-
changing markets like China?

Add a human capital view to the role of migrant network also allows
for theorizing the temporal relationships between out-migration and FDI
inflows in China. We hypothesized that all migrants, acting through con-
nections with and in China, would contribute general-nature information
that would influence foreign investors’ entry decision in longer term. Ac-
cording to our findings, not only the effects of unskilled migration are in-
significant, but the positive effects of skilled migration are immediate and
do not have a bearing on future FDI inflows. In our view, it is so because
of the peculiar contributions of skilled migrants to foreign investors, that
is, providing project specific information and facilitating 13V formation
and operation. When migrants’ “skills” are attached to particular FDI pro-
jects, their impact would cease as soon as the projects are set up, especially
in markets such as China where technologies have changed in accelerated
pace and become obsolete overnight (Yoshida, 2005).

The positive effect of skilled migration may be explained by the no-
tion of liability of foreignness, which will reduce over time as foreign in-
vestors have accumulated local experience (Lu & Beamish, 2004). It is
thus no surprise that the value of skilled migrants shall decrease over
years. Not only a particular foreign firm can reduce its reliance on skilled
migrants but its improved China-specific capability should also spill over
to all investors from the same destination country. In other words, as more
and more investors are settled in China, the informational advantages of
Chinese nationals will be diminishing, and the skills and knowledge in
dealing with China-specific challenges (e.g., Guanxi) will be enhancing
among investors from a particular destination country.
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Our findings point to a direction for expanding theories of FDI. We
echo the growing evidence about a positive relationship between skilled
migration and FDI, a human-capital logic which to a certain degree con-
tradicts the static trade theorizing of labor-capital mobility. If this finding
could be generalized across countries at different FDI trajectories, the need
for a new theory of FDI will surface. In our view, this newly found rela-
tionship is largely derived from the nature of contemporary migration,
which is qualitatively different from “labor” merely as a production factor.
For this reason, 1B scholars will have to explicate the role of migrant net-
works to fully specify the mechanisms of FDI formation.

Based on our findings, 1B scholars could make an impact on the on-
going discourse over so-called brain drain/gain phenomenon. Recent re-
search has largely focused on returning or transnational entrepreneurs
emerging from the immigrant communities (e.g., Saxenian, 2003). And
these individual agents are often contrasted to MNEs for their propensity
and capabilities with MNEs in regards to contributions to technological
capacity building (Lin, 2010). However, if skilled migrants have made a
significant impact on FDI inflows and particularly if such FDI serves as a
vehicle for technology transfer, we can conclude with confidence that a
brain gain has occurred. In a way, the current study has helped substantiat-
ed the claim that China is one of the few countries that have effectively
turned brain drain into a situation of brain gain or brain circulation (Wang
etal., 2011).

Practical Implications

To the Chinese government, which has long been concerned about
“brain drain” to Western advanced economies, the positive impact of
skilled emigration on FDI inflows are largely unexpected. While the coun-
try’s success in attracting foreign investment has mostly been attributed to
its abundant supplies of low-cost labor, contributions have also come from
the country’s human capital endowments by way of skilled emigration. In
this sense, the loss of the “brains” is at least partially compensated by a
gain in burgeoning inward FDI.

Western countries have targeted skilled immigration for enhancing
their national innovation performance. However, Western firms should
also be aware of the potential of migration networks for facilitating their
investment in the migrants’ origin countries. In China’s case, although the
value of skilled migration as informal networks may not be for the long
haul and will decrease over time, Western investors that are new to China
can still take advantage of skilled immigration in mitigating environmental
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uncertainties and operational difficulties in light of the country’s unfin-
ished endeavor toward perfecting a rational-legal infrastructure and ever-
lasting culture of Guanxi (Wang, 2001).

A human capital perspective of migration effects also brings about
implications for skilled Chinese migrants. When China just opened its door
some three decades ago, Western firms had hard time to collect reliable
information about China and to overcome strategic and operational obsta-
cles in their China operations. Therefore, it was almost universal for these
firms to hire some Chinese professionals, often from among new immi-
grants, as part of their “Chinese team”. These skilled immigrants are per-
ceived more current than settled overseas Chinese in terms of knowledge
about China and more reliable than local Chinese in terms of identification
because of their newly acquired residence/citizenship status in the destina-
tion country. However, the value of their “skills” appears to be short-lived
given the fast pace of technological and institutional changes in China.
And as China has accumulated FDI stocks from a destination country, the
need for fresh skilled migrants will be diminished altogether. With this
realization, the migrants could opt for a “home alone” strategy, setting up
new ventures by themselves in China. Combined with acquired new skills
and connections in destination countries, returning migrants could be ad-
vantaged even over MNEs who remain suffering from the liability of for-
eignness (Lin, 2010). Evidence from Beijing’s Zhongguancun Science
Park shows that foreign investors are already faced with competition from
Western-returned entrepreneurs as a legitimate force in innovation and
economic internationalization (Wang et al., 2011).

Limitations and Future Research

While contributing to a new perspective on the migration-FDI link-
age, the current study has also pointed to areas for future research, which
are not fully addressed here. First, we find that the positive impact of mi-
gration is limited to the skilled ones, but this finding could be context spe-
cific. In a different but related research stream, Vaaler (2011) disputed the
notion that only educated immigrants would contribute to a developing
country’s venture financing environment. To a large extent, this touches
upon our distinction between social network versus human capital based
effects of migration. We wonder to what extent our findings are China-
bound as inward FDI may have been scrutinized on technological ad-
vancement more consciously in China than in other developing countries.
If that is the case, social capital-centered network effects could be more
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prominent such that unskilled migrants might be able to contribute to FDI
inflows significantly.

Second, our findings on the temporal pattern of the migration-FDI re-
lationship should be received with caution because we did not have true
longitudinal data to work with. For example, some scholars proposed a
positive link between migration and FDI due to an “incentive effect” that
high return prospects of emigrants possibly promote more home-country
nationals to invest in higher education and therefore lead to more substan-
tial increase in the level of human capital of the home country, which in
turn help attract more FDI (Beine et al., 2008). Given the data needs, test-
ing such an interesting proposition in China posts a challenge for future
research.

Appendix

A. Detecting endogeneity

We employ the instrumental variable approach to address the concern
about potential endogeneity of the migration variable. Table 6 presents the
F test results using the WB dataset. According to Staiger and Stock (1997),
where there are only one endogenous variable and one instrumental varia-
ble, the F test value of first-stage regression of greater than 10 indicates
that problem of weak instrumental variables is non-existent.

Table 6 goes about here

We then use the Hausman test to compare the estimation results from
the instrumental variable approach and OLS. According to the P-values in
Table 6, the results from the two methods are not significantly different.

B. Robustness Check

Although sample countries in the WB dataset and DM dataset, which
cover 29 OECD countries (see Table 1), should be appropriate for address-
ing our research questions, we replicate our tests using OC dataset, which
covers a larger number of FDI source countries, to ensure that our results
are robust. As shown in Table 7, the test of Model (1) with the OC dataset
(overseas Chinese dataset) reveals a similar positive effect of total mi-
grants on FDI inflows (referring to Table 2).

Table 7 goes about here

As expected, the coefficient sign of overseas Chinese network is posi-
tive, after adding dummy variables. For the period 1992-2001, the variable
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OverseasChineseNetwork is significant at the 1% level. Comparing the
time periods, we can see that the positive effect of the overseas Chinese
network on FDI inflows rise from 1980s to 1990s. This result is consistent
with those from table 2 using the same measurement. The signs for control
variables, including GDPSum, GDPDifference, Distance, and SkillDiffer-
ence, are all in line with expectations. In short, the robust tests suggest that
our conclusion that migration is positively associated with FDI inflows is
not subject to measurement errors due to sample size.
Figures

Figure 1. FDI inflows to China (1983-2010)
FDI in Billion USD
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Country name 65 29 countries Southeast Asia
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Table 2. OLS specification: total migration, using DM dataset and
WB dataset.
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MigrantNetwork80 2.7
(4.44)

89



MigrantNetwork90 | 2.631*** 4.56***
(0.825) (1.4)
MigrantNetwork00 1.7%%* 2.36***
(.346) (.403)
Ln GDPSum 3.210%** | 3.26*** 3.07** 3.22%%* | 3, 15***
(0.421) (.433) (1.25) (.437) (.438)
Ln GDPDifference |-0.912*** | - 865*** -.495 -.996*** | -.815***
(0.303) (.259) (.677) (:319) (.251)
Ln Distance -1.766*** | -1.47*** -.662 -1.9%** | -1 44%**
(0.337) (.44) (.704) (.368) (.466)
SkillDifference90 -.789
(.843)
SkillDifference95 -0.857*** -.903***
(0.0971) (@)
SkillDifference05 -.64%** -.615%**
(.137) (.136)
constant -15.84** | -24.1%*** -30.5* -13.1*%* | -23.2**
(5.907) (7.85) (15.8) (6.23) (8.39)
N 29 29 21 29 29
R? .846 .78 .566 .845 .788
Adjusted R? .813 732 421 .812 743
F statistics 36.8 17.5 7.99 36.6 17.7

Note: *** ** and * denote significant at 1%, 5% and 10% levels;
numbers in brackets is robust standard error. 2. GDPDifference first taking
the absolute value, before taking log. 3. SkillDifference90 denotes Skill-
Difference in 1990, MigrantNetwork80 denotes MigrantNetwork in 1980;
the figures beside other independent variables following similar logic. 4.
The year of SkillDifference is accordance with the mid-value of each peri-
od and data availability. 5. The sample size reduced due to none data of
some small countries.
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Table 3. OLS specification: migration with different skill levels, us-

ing DM dataset.

Dependent variable InFDI

Period 1992-2001

Period 2002-2010

Different Tertiary | Different Tertiary
skill levels | level skill levels | level
MigrantNetwork_tertiary90 1.75%** 1.88***
(.416) (.259)
MigrantNetwork_secondary90 -.464
(3.16)
MigrantNetwork_primary90 227
(.315)
MigrantNetwork_tertiary00 .851 1.22%**
(.639) (.262)
MigrantNetwork_secondary00 435
(1.27)
MigrantNetwork_primary00 A71
(.105)
Ln GDPSum 3.24%** 3.28%** | 3.26%** 3.35%**
(.461) (.441) (.469) (.45)
Ln GDPDifference S021%* | - 948*** | - 87*** | - B4BFF*
(:34) (.324) (.287) (.265)
Ln Distance SL76FFx | S 74%RE | S AR | J1 4%
(-389) (.376) (.464) (.472)
SkillDifference95 -.855*** | - 85q***
(.101) (.0981)
SkillDifference05 -.644*** | - G54***
(.145) (.139)
constant -16.2** -16.8** -24%* -26.7***
(6.68) (6.48) (8.66) (8.2)
N 29 29 29 29
R 847 846 782 778
Adjusted R? 796 812 71 73
F statistics 29.3 411 16.1 16.8
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Note: the selected year of MigrantNetwork is in accordance with the
practice of the existing literature. Other notes see Table 2.

Table 4. OLS specification: migration with different skill levels in the
different period, using DM dataset.

period 1992-2001
) Total migrants with
Depended variable| gifferent skill Contemporar Tertiary
Ln FDI Levels, classified by emporary Contemporary
migrants )
past and contempo- migrants
rary emigration
Ln
MigrantStock_terti 0.0705
ary90
(0.151)
Ln
MigrantStock_uns -0.000942
killed90
(0.152)
Ln
MigrantFlow_terti 0.395* 0.460*** 0.546***
ary
(0.206) (0.154) (0.136)
Ln
MigrantFlow_unsk 0.165 0.157
illed
(0.123) (0.118)
Ln GDPSum 1.505%** 1.581*** 1.765%**
(0.402) (0.344) (0.263)
Ln GDPDifference -0.566*** -0.590*** -0.664***
(0.183) (0.158) (0.126)
Ln Distance -1.554%*** -1.571%** -1.541%**
(0.144) (0.119) (0.138)
SkillDifference90 -0.706*** -0.740*** -0.807***
(0.112) (0.0849) (0.0827)
SkillDifference95 -0.706*** -0.740*** -0.807***
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(0.112) (0.0849) (0.0827)
constant 3.019 2.390 0.870
(4.697) (4.817) (4.830)
N 29 29 29
R? 0.915 0.914 0.910

Note: ***, ** and * denote significant at 1%, 5% and 10% levels.

Table 5. OLS specification: total migration in the different period, us-

ing WB dataset.

total migration, classified by
Dependent past and contemporary emi- | total migration on the whole
variable LnFDI gration

1984- 1992- | 2002- | 1984- | 1992- 2002-

1991 2001 2010 1991 2001 2010
Ln MigrantStock
in 1980 184

(.314)
Ln MigrantFlow
in 19805 o4

(.372)
Ln MigrantStock
in 1990 347** 104**

(.154) (.329)
Ln MigrantFlow 36%*
in 1990s '
(.131)
:_nnzolé)/lolgrantStock 816%w 205%x
(177) (.158)
Ln MigrantFlow
in 2000 ~114
(.136)
:_nnzol\l/lolgrantStock 5Q5***
(.112)

Ln GDPsum 1.22 1.05 .406 1.16* 1.14*%* | 1.02***

(2.06) | (623) | (522) |(589) |(515) |(.353)




gll_)Pdifference -.224 -.39 -.154 -.216 -.435 -.327**
(1.24) | (.307) (.221) (.333) | (.266) | (.119)
Ln distance -1.08 S14%Rx |1 11| S1.23 0 -1.43%** | -.883**
(.864) | (.221) (.289) (.851) | (.218) | (.179)
il;lglalodlfference in| a3 -.0869
(.769) (.788)
:sllslélsdlﬁerence in - §11xe 71
(.12) (.102)
;Ig(l)lsdlfference in L 4167 37
(.146) (.149)
constant -7.89 5.19 8.41 -5.75 4.43 -1.85
(18) (6.58) (8.52) (12) (6.21) | (5.8)
N 19 28 27 21 29 29
R? .682 918 .898 .686 917 .861
Adjusted R? 524 .894 .867 .581 .899 .831
F statistics 8.94 57 29.3 18 52.6 51.7

Note: *** ** and * denote significant at 1%, 5% and 10% levels.
Table 6. Results of testing IV

stage 1 dependent variable Ln . ) . . . i
MigrantStock period 84-91 | period92-01 | period 02-10
Number of observations 21 29 29

F test 72.6 10.53 11.09
P-value 0 0 0

R? 0.821 0.6370 0.649
Adjusted R? 0.7613 0.5765 0.590
chi2 of hausman test between IV

and OLS method 0.46 0.03 0.91
P-value of hausman test between

IV and OLS method 0.994 1 0.969

Table 7. OLS specification: total migration, using OC dataset.
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OC dataset 1984-1991 | OC dataset 1992-2001

Depended variable InFDI No Adding No Adding
dummy dummy dummy dummy

2.967**%* | 3.162*** | 2.978*** | 2.766***

Ln GDPSum (0574) | (0.605) | (0307) | (0.324)
. -0.0801 | -0.142 -0.537** | -0.542**

Ln GDPDifference (0337) | (0.379) | (0.246) | (0.252)

-0.00719 | 0.315 -0.913* | -0.214

Ln Distance (0.590) (0.799) (0.414) (0.457)

- o _ —
SkillDifference90 1.140 1.047

(0.310) | (0.293)

- *k*k | *kk
SkillDifference00 o S

(0.0983) | (0.0848)

OverseasChineseNetwork80 | 0.0430** | 0.0192

(0.0172) | (0.0306)

0.0717*** | 0.0989***

OverseasChineseNetwork90 (0.0164) (0.0150)

. 0.930 1.812**
SoutheastAsiaDummy (1.492) (0.863)
languagedummy L7057 3,853

(2.346) (0.660)
constant F39.70*** -45.89%** | 27, 42*%** | 20 31***
(1227) | (12.83) (5.990) (6.532)
N 59 59 65 65
R? 0.542 0.600 0.782 0.828
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UDC 517.57
Yusuf Zeren, Seyma Cetin
SOME PROPERTIES OF THE MAXIMAL VALUES OF
HARMONIC FUNCTIONS IN MORREY TYPE SPACES
Weighted Morrey-type classes of functions that are harmonic in the
unit disk and in the upper half plane are defined in this work. Estimation of
the maximum values of harmonic functions for a nontangential angle
through the Hardy-Littlewood maximal function are generalized to more
common case

Key words: Morrey-type classes, harmonic functions, Hardy-
Littlewood operator.

Let ' be some rectifiable Jordan curve on the complex plane C . By
\M ‘r we denote the linear Lebesgue measure of the set M <T". All the

constants throughout this paper (can be different in different places) will
be denoted by c.

The expression f(x)~ g(x), xe M , means
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f(x)
9(x)

Similar meaning is intended by the expression f(x)~ g(x), x> a.

36>0:6< <51 vxeM.

By Morrey-Lebesgue space LP*(I'), 0<a <1, p>1, we mean the
normed space of all measurable functions f(-) on T' with the finite norm

J%<+w

ey = B 116)° e
B BNI'

LP%(r) is a Banach space with LP}(I")=L,(r), LP°

I)=L,(I).
“(r) with

Similarly we define the weighted Morrey-Lebesgue space f,
the weight function x(-) on T' equipped with the norm

HfHLf;“(r):Hf“HLF"“(r)’ fely*(r).
The inclusion LP*(r)c L”?2(r) is valid for O<ay <ap <1.
Thus, LP*(N)c (1), Yae(0,1], Vp=1. For I'=[-z,z] we will use

the notation LP%*(~ 7, z)=LP%.

More details on Morrey-type spaces can be found in [1-7].

Consider the arbitrary nontangential internal angle 6, with a vertex
at the point z=e" ey, te[-, x|. Denote by M, f(t) the Hardy-

Littlewood type maximal function (or Hardy-Littlewood operator) of the
function f(-):

M f) st 1)),

15X
where sup is taken over all intervals | [, 7] which contain x, and

w(-) is a Borel measure on [, z], which satisfies the condition
u(1)>0, for VI :[1|>0.
By M we denote the usual Hardy-Littlewood operator, i.e.

i ()=sup L g ot

|3XH
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where |I| is a Lebesgue measure of the interval | =[-7, z].

We have proved the following.
Theorem 1. Let

u(x,y)= Fj{Py(x—t)f(t)d'[ ,y>0,

be a Poisson integral. If f € L% then uehP“ and
bl <c|f] ,1<p<+o,0<a<l.
pa pa

Note that the methods of proving previous theorems are applicable to
the case of unit circle, too. In this case, the spaces LP%(du) and

hP%(d) are defined by the norms

W
Hpr o, du = sup l-a Hf(t)‘ d’u(t) !
" |C[—7T,7[ M |
and
o) = S9P )y g
respectively, where
ur(e)zu(reig), Oel-n,x].

Similarly we can prove the validity of the following
Theorem 2. Assume that the measure u(-) on Borel subsets of

[~ 7, 7] satisfies the conditions
u(l)~ Mae’ vl cl-zx],
and

sup [P (6)d(6) < +o0

O<rd -7
where & >0 is some number. Let

uy(rei9)= _7IT P (0—0)f (p)dulp),
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be a Poisson integral of the function f e LP#(du). Then, for an arbitrary
nontangential internal angle 74, (t) with 6, € (0,) and a vertex at the

point & = et there exists Cg, >0 such that

uy,(t)=sup ‘u#(z)‘SCQOM#f(t), vtel-z, x],
267,90 t

where M P is a maximal operator

M, f(t)=sll;[t3y:(L|) Iy\f(x)\dy(x).

Moreover, if &=1 and 0<1-a <1, then u,()e LP*(dx) and

D I |

p,o;du
The following analog of Theorem 2 is also true.
Theorem 3. Let

ulre'? )= TR (0-0)1 (p)p .

—T
be a Poisson integral. If f € L% then uehP? 1<p<+40, 0<a<1,
and

W 56l g ¥ L8
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YK 621.1:50(07)
Aonpyuinna P.H.

TEMIIEPATYPHOE ITIOJIE UCTOYHUKOB TEILIA ITIPU
3AKAYKE )KHJIKOCTH B AHU3OTPOITHbIN
HEOJIHOPO/IHBIM IJIACT

Paccmompena 3aoaua o memnepamyprom noae, coz0asaemom uc-
MOYHUKAMU, NOJONCEHUe KOMOPBIX He 3dUCUN OM 8ePMUKALbHOU KOOD-
OuHamsl U KOMopwvle COCPeOONOUeHbl 8 20PUSOHMALLHOM NPOHUYAEMOM
cloe, OKPYIHCEHHOM Menionposoosujell cpeooll, Npu CMAyuOHAPHOM O8U-
JHCEHUU HCUOKOCU 8 PAOUATIbHOM HANPAGTIeHUU.

Kniouesvie cnosa: mennonposodsiwas cpeda, cmayuoHapHvlil pe-
Jlcum, urempayus, memnepamypa, “@ cpeoHem mouHulUL~ ACUMRIMOMU-
yeckuti Memoo.

Abdullina R.1.

TEMPERATURE FIELD OF SOURCES OF HEAT AT
PURIFICATION OF LIQUID IN ANISOTROPIC
INHOMOGENEOUS PLAST

The problem of the temperature field created by sources whose posi-
tion is independent of the vertical coordinate and which are concentrated
in a horizontal permeable layer surrounded by a heat-conducting medium
is considered when the fluid moves in a radial direction.

Keywords: heat-conducting medium, stationary regime, filtration,
temperature, "on the average exact" asymptotic method.

WNuTepec k GUIABTPAIIMOHHBIM 3aJadaM OOBSCHIECTCS IPEXIE BCETO
CBOEM MPaKTUYECKON 3HAUUMOCTbhIO. [Ipu 3TOM Ba)KHYIO pOJIb UTPAET HC-
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ClIeIOBaHUE TEIUIO()U3NYECKUX TIPOIECCOB, KOTOPBIE HCIOJIB3YIOTCS B
HedTera3oBoi TEXHOJIOTUH IIPH U3YUYSCHUH METOJIOB YBEIHYCHUsS HEPTEOT-
Jla4u TJIACTOB, TEMIIEPATYPHBIX IOJIEH, MOSBIAIOIIMUXCA NPU 3aKadke B
HE(TAHON TIACT XUMHIECKUX PEAreHTOB — ITOJIMMEPOB, KHCIOTHI, BOIHBIX
pactBopoB ITAB u T.m. Mcrounnkamu Temna Qg sBISIOTCS, K IpHMEpY,
XMMHYECKHE PEaKLMU, BO3SHUKAIOLINE NPHU BO3JACHCTBUUM XMMUYECKU aK-
TUBHBIX BEILIECTB (HAaIpUMep, KUCIOTHI), PEaKIIUU PaJUOaKTUBHOIO pacia-
Ja, TIPOUCXOASAIINE NPH (QUIBTPAMK PAJHOaKTUBHBIX PacTBOPOB, Oapo-
TepMuueckuid 3¢ ekt u T.1. TemnepaTypHble BO3MYILEHUST OOBSCHSIIOTCS
TaKKe pa3HUIEH TeMIlepaTypbl 3aKayMBacMoro (IOMIa U eCTECTBEHHOU
TeMIepaTypsl IIacToB. Jlanee npexanosnaraercs, 4To ABHKEHUE KUAKOCTH
(punbTpanmsa B MOPHUCTOI cpese) MPOUCXOONUT paJuaIbHO B HAIPaBICHUU
OT CKB@XHUHBI K Iepudeprn M 3aada MMEET OCEBYI0 CHMMETpHio. s
ynpormieHus OyneM cuuTaTh, 4TO (YHKIHS HCTOYHHKOB HE 3aBHUCHT OT
BEPTUKAIBHOI KoopauHatsl Zy, T. e. Qq =Qy (Iy,1).

B nmnuHIpuueckoi cucteMe KOOpAMHAT Cpella COCTOUT U3 Tpex 00-
nacTell ¢ IIIOCKMMH TPaHMLAaMK pasiena Zy =+h, neprnenaukyispHbIME

ocu Zy (puc.l). B obnmactu | cpenia iMeeT MIOTHOCTL O, , YAETBHYIO Tel-
JIOEMKOCTb C; , TEILIONPOBOAHOCTH Ay, A5, TeMIepaTyponpoBOLAHOCTH
a4, 8,1, cpena B obnactu |l xapakrepusyercs mapamerpamu A,,, A.,,
a5, 8,5, Py, Cy,cpena B obmactu I (cpennsist obnacts Tonmusoii 2h)
HMeeT crefyroume napamerpsl: A,, A,, a,, a,, p, c. Cpena cuuraer-
€Sl CWIBHO aHM30TPONHOM, modToMy A, << A,, Ay << A, Ap << A,,.

3TO TO3BOJISIET MPH 3aIMCH YPABHEHUS TEIUIONPOBOAHOCTH JUIS BCEX 00-
JacTed mpeHeOpeub ciaraeMbIM, COJIEpKalliM pPaJHaIbHYIO TEIUIONpO-
BOJHOCTb. B cmry akcuanpHOW CHMMETpHH 3aJadyl ciaraeMble, CoaepiKa-
M€ YIIIOBYIO KOOPAMHATY (), B YPaBHEHHUSX TAKXKe OITYIICHBI.
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II C2, P2

Puc. 1. l'eomempus 3adauu: [ — nacmunarowuti niacm,
Il — noocmunarowuii nracm, Il — nponuyaemoiii nracm

MaremaTHdeckas IOCTAaHOBKA 3aJaud IS IMOKPBIBAOIIETO W IOMO-
CTHJIAIOIICTO MAaCCUBOB BKIIHOYACT YPABHCHUS TCINIOIIPOBOAHOCTH

o0 0%,
—t=a,—,23>h, 1, >0,t>0,
ot 0z4
1)
o0 2%0.
_Zzazz—zz, zg<-h, r;>0,t>0
ot 074
nu ypaBHeHHe KOHBeKTHBHOﬁ TeHHOHpOBOI[HOCTI/I B IIJIaCTC
o0 o0 o%0
ot ory oz}
(2
ry>0,t>0,
rne 6, 6,, 6, — Temneparypa IPOHMLAEMOTrO, HACTUJIAIOLIETO H MO~

CTHJIAIOIIETO MIacToB cooTBeTcTBeHHO, U(F) — (QYHKIMA CKOPOCTH KOH-

BEKTHBHOTO IIEPEHOCA TETLIA.
Ha rpanumax paszgena 3aJaHbl yCIOBHSI PaBEHCTBA TEMIEPaTyp M
TEIUIOBBIX ITOTOKOB
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0 |zd h=0 |zd =h > elzd =6 |zd =—h"
©)
Lo, ea ae|  _, eo
0z 2y=h oLy, _, 0z 2= 0z, 2y=h

B HavanbHBIH MOMEHT BpPEMEHM TEMIIEpaTypa CJIOEB paBHA €cTe-
CTBEHHOH Temmeparype 3emin, KOTopasl ONpeneNnsercsl peleHHeM COOT-
BETCTBYIOIIEH CTallMOHAPHOM 3aauu IPU OTCYTCTBUU UCTOUHHKOB

O, =0 1%z, 6| _ =6 —Th—T(z4—h),
(4)
Oy|_y =6+ Th—T5(z4 +h),
me I'=0q,/4,, I''=q9,/4,, I',=0,/4,,, 0, —Z — cocraBustomas
€CTECTBEHHOIO TEIUIOBOIO MOTOKA 3emun, 6 — TemmepaTypa 3akaunBa-

€MOM KHUIKOCTH.
IIpenmonoxuM, 9TO B CKBaXXHHE C HYJIEBBIM PaHyCcoOM TeMIIepaTypa
3aKa4YMBaEMOM KUIKOCTH M3MEHSETCS 10 3aJaHHOM 3aBUCHUMOCTH

0,5 =0(1). (5)

Pemienne npeamnoiaraeTcsi OrpaHHYCHHBIM BO BeeX Toukax Iy >0,
dynkums ucrounnkos Q(ry,t) ne 3aucut or Temmeparypsl. B paccmar-

puBaemoii 3agade ucrounuku temia Q(ry,t) sokammsoBambl B orpanu-

YEeHHOU O6.]'IaCTI/I, MO3TOMY HA4YaJIbHOC PACHPEACIICHUC TEMIICpaTypbl CO-
XpaHAC€TCsA B TCYCHUC 11000r0 KOHEYHOI'O IIPOMCIKYTKa BpEMCHU B NOCTA-
TOYHO YAAJICHHBIX OT UCTOYHUKA obacTax:

Gy —Th—T1(z4 —h)—01|Z o —0,
(6)
Oy +Th—T,(z4 +h)—6?2|Z .., —0.

Takum o6pazom, 3agada (1)—(6) mpuBoIUTCS K Oe3pa3MepHOMY BUY.
[Ipumenenne “B cpegHEeM TOYHOTO’ ACHMITOTHYECKOTO METOJa INPH pe-
IICHWH 3a7laqdl O TeMIEepaTypHOM IIO0Je, CO3/1aBaeMOM HMCTOYHHKAMHU MpHU
3aKayke JKUIKOCTH B IUIACT, MO3BOJIIET MOCTPOUTH AOCTATOYHO IPOCTHIE
AQHAINTHYECKNE BBIPAKCHUS JUIS HYJIEBOI'O M MNEPBOro KO3 (HUIMECHTOB
pasznoxenus. C HMCHONB30BAHUEM 3THUX BBIPAKEHHH MOXKHO BBIYHCIHTH
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OCpeIHEHHbIC 3HAYCHUSI TEMIIEPATYPhl U JETAJIBHO UCCIEN0BaTh COOTBET-
CTBYIOIIEE pacIpeesieHle TeMIepaTyphl.
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YIK 517.95
AxumMoB A.A., AradoHoBa A.A.
O CYHIECTBOBAHUH PEIIEHUSI HAYAJIBHO-TPAHUYHOM
3AJTAYM JUIS1 HEJTMHEMHOT'O YPABHEHUS BAJIKA

B pabome paccmompena nauanvHo-epaHudHAas 3a0a4a 015 HeluHel-
HO20 ypasHeHus Koaebauuti 6amku Oast Cy4ds WAPHUPHO 3AKPENIeHHbIX
Kkouyos. I[locmaenennasn 3a0aua ceooumcs K peutenuro 3aoayu Kowwu Oec-
KOHEUHOU cucmembvl 00bIKHOBEHHBIX Ougdhepenyuanvuslx ypasuenui. Me-
MoOOM NOCAe008AMENbHBIX NPUOIUIICEHUL OOKA3AHA MeopeMd CYuecmeo-
6AHUS PEULEHUs PACCMAMPUBAEMOT 3A0aYU.

Knrouegvie cnoea: Henuneiinoe ypasHenue xonebauuil 6aniku, 3a0aia
Kowu, psao @ypve.
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Akimov A.A., Agafonova A A.

ON A EXISTENCE OF THE SOLUTION BOUNDARY-VALUE
PROBLEM FOR NONLINEAR EQUATION OF OSCILLATION
BEAM

The initial boundary value problem for the nonlinear equation of
beam oscillations for the case of hinged ends is considered. The problem is
reduced to solving the Cauchy problem of an infinite system of ordinary
differential equations. By the method of successive approximations, the
existence theorem for the solution of the problem is proved.

Keywords: nonlinear equation of beam oscillations, Cauchy problem,
Fourier series.

MHorue 3aauu 0 KOJCOaHUIX CTepP)KHEH, 0ajoK U IUIACTUH, KOTOPhIC
HMEIOT OOJIBIIIOE 3HAYCHHE B CTPOUTEIHLHOM MEXaHHUKe, MPUBOIAT K mudde-
PCHIMATBHBIM YPaBHEHHUSIM 00Jiee BHICOKOTO MOPSIIKA, YeM YPaBHEHHE CTPY-
Hbl. B maHHO# paboTe paccCMOTPHM HEJHMHEHHOE YpaBHEHHE IMOMEPEUHBIX
KOJIeOaHMI YIIPYyTol OallKu, pacCMOTPEHHOE B Oostee o0mieM Brae 4eM [1].

z 2
LU=Uy + g —[/3 + 4(%@} df]uxx +ou =0 (1)
0
B mwmHapmaeckoii  obmactu  Q=1x(0,0), we 1=(0,7) wu
a>0,£>0,7>20,62>0, 4a+4p >62 u nocraBum CIEYIONIYIO 3a1a9y:
HavaneHo-rpannyHas 3agada. Haiitu ¢yrkumro U(X,t) ymoBnetso-
PSIFOIILYIO CISAYIOLINM YCIOBUSIM
u(x,t) e CiZ2(Q); Lu(x,t)=0,(x,t) Q; (2)
u(z,t)=u(0,t)=u, (7,t) = uy(0,t)=0, t>0; (3)
u(x,0)=p(x), u,(x,0)=w(x), xel0,7], (4)
rae ¢(X), w(X)— 3anaHHble GyHKIUH.
OTMeTHM, YTO B JIMHEHHOM cily4ae, To ecTh korqa [ =y =6=0, 3a-

nava (2) — (4) 6suta uccnenosana B [1] — [3].
Pemenne 3anaun (2) — (4) OyneM uckaTh B BUE CYMMBI psia

u(x,t):\/%iun(t)sinnx,
n=1

rae U, (t) ymoBieTBOpseT cucteMe ypaBHEHUI
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t
Uy ©) = 20 R 0 +170Kn (0= [ Ko (- IN (U, (9,
0

@, 1 ¥, — Ko3dbUINEeHTs! paznoxkeHus B psax Oypbe GyHKIMHA @ U W

2 .
0 CUCTEME {J—smnx ,
T

V4 &
a, =an* + % N(U) = 7 [U2(€.00E K, (1) — L e 2 sin(o),
,
0

n

&)nKn(t)"’K;](t) w V4an_§2 .

n
w, 2

lZn (t) =

MeTtozi0M mocine[oBaTeNNbHBIX TPHOIIMKEHNH JOKa3aHa CIIeyoIas

Teopema. Ecin dyuxmn o(X) € C°[0,7] , w(X) e C3[0,7] u BbI-
MIOJTHEHBI YCIIOBUS

9(0) = p(7) = ¢"(0) = ¢"(7) = ¢""(0) = ¢""(7) = 0,
y(0) =y () =y"(0) =y"(7) =0,
TO CYIIECTBYET €MHCTBEHHOE perieHue 3anaau (2) — (4).
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YIAK 51-7
Auanexcanapos I1L.H., Bapnazapsan H.I'., Cyaeiimanos P.B.,
Cunuunkasn E.B.
AKTYAJIBHOCTb MOJEJIN PUYAPJICOHA
B COBPEMEHHBIX YCJIOBUAX

Paccmampusaemca mamemamuueckas mooenv 20HKU 800PYHCEHUL
JI.®. Puuapocona u e€é akmyaibHOCMb 6 C653U C NOSAGICHUEM S0EPHO20
opyoicusi. Imo 06CMoAmMenbCcmseo npueoOUMm K 8bl800Y, YMO 8 COBPEMEH-
HbIX YCAOBUAX 9MA MOOENb NPUMEHUMA MOAbKO O GHAIU3A JOKATbHbIX
KoHpaukmos. OOHUM U3 MAKUX JTOKATbHBIX KOHQIUKIMOS AGNAEMCSl HA20D-
HOKapabaxckuii KoHgaukm medxncoy Azepbauiosncanom u Apmenuen. Ha
9MOM npuMepe paccmampugaromes MemoooI02uiecKie OCHO8bL NPUMeHe-
HUS MAMeMAMUYecKux mMemooos 0/ KOIUYeCMBEeHHO20 AHAIU3A NOTAUMU-
YecKux, 8 MoM qucie MexicOyHApOOHbIX, NPOYECCO8.

Kniouesvie crosa: moodenv PuuapOcona, 20HKA 80OpYJiceHut, mame-
MamuyecKkas mMooeib, NOIUMu4ecKue npoyeccyl, MedCOYHapoOHvle OMHO-
WieHUsL.

Alexandrov P.N., Vardazaryan N.G.,
Sinitskaya E.V., Suleymanov R.V.
THE RELEVANCE OF THE RICHARDSON’S MODEL
IN THE TODAY’S CONDITIONS
This work considers the mathematical model of arms race by Lewis
Fry Richardson and its suitability in the wake of the nuclear weapons
emergence. That means that the Richardson’s model is applicable only for
local conflicts. The Nagorno-Karabakh conflict between Azerbaijan and
Armenia is an example of such kind of conflict. The methodological fun-
damentals of the mathematical methods application for the quantitative
analysis of the political as well as international processes are exemplified
through the abovementioned conflict.
Keywords: Richardson’s model, arms race, mathematical model, po-
litical processes, international relations.

B nepBoii nonosuHe XX Beka aMEepUKaHCKUM MaTeMaTHKoM JIbrow-
coM Pruuapnconom (1881-1953) Gbuta paspaborana MoJeNb AJIsl ONMHCAHUS
TOHKH BOOPY)KEHHH Mexnay nByms ctpaHamu [1,2,3]. Puuapacon ocrano-

© Aunexcannpos I1.H., Bapmazapsia H.I'., Cyneiimanos P.B., Cunnnkas E.B., 2017
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BUJICA HAa OTHOCHUTEJIBHO NMPOCTON MOJIENH, YUUTHIBAIOLIEH AeliCTBUE BCEro
b Tpex (akropos. [lepBbli U3 HUX COCTOUT B TOM, YTO TOCYIapCTBO
X, OUIYIIAET HAJIMYHE BOEHHOH yrpo3bl CO CTOPOHBI IPOTUBHUKA — IOCY-
mapcTea X, . Yem GONBIIMM KOIHYECTBOM BOOPYKEHHH Pacronaraer X, ,
TeM OoJiblIe BOOPY)KEHUH 3aX04YET MPHOOPECTH X, B OTBET Ha BOCIPUHM-
MaeMyto UM yrposy. OfHaKo B TO e caMOe BPEMs TOCYIapcTBO X, BBI-

HY’KIEHO pellaTh U HACYIIHBIE COLMAIBHBIE 3a1a4M, U HE MOXET MepeBe-
CTH BCIO CBOIO DKOHOMHKY Ha PENIbChl BOEHHOTO NPOM3BOJACTBA. Ta ke
camas JIOTUKa, KOTOpas IPUMEHUMA K TOCYAApCTBY X, , IEUCTBYET U B OT-
HOIIEHUH rocyaapctsa X, . C GopManbHOH TOuKkM 3peHMs, 5TO 03HAYaET,

9TO B MOMCHT BpeMeHH t + At (At — HHTepBal BpEeMEHH MEXIY TIPUHATH-
€M BOCHHBIX OIOJKETOB), TO €CTh B MOMEHT IPHHATHS BOEGHHOTO OrO/KETa
B HacTosIlee BpeMs, OH OyJeT JMHEHHO 3aBUCETh OT BOGHHOI'O OOKETa
CTpaHBl B MOMEHT BpeMeHH | M oT BoeHHOTO GrojKeTa ApYroif CTpaHbl B
TOT K€ MOMEHT BpeMeHH [. AHaNOrM4HOE paccyKAeHHE CIpPaBeIIHBO K
Ui apyroi ctpaHbl. C MaTeMaTH4ecKoil TOUKM 3peHHUs, BCE 3TH Paccyx-
JICHUS CBOJATCA K IBYM YPaBHEHUSIM

X, (t+At) = a8, Atx, (t) + a,At, (t)

X, (t+ At) = a,,Atx, (t) + a,Atx, (t)
IIpencraBuM JaHHYIO CUCTEMY YPABHEHUN B BEKTOPHOM BHUJE:
X(t+At) = AAEX(t) , Toe
X, (t+At) L X() = X, (t) A ay &,
X, (t+At) X, (t) 8y Ay

Berutem u3 nosydennoil cucremsl ypasHenuii X(t) u mogenum ma

X(t+At) =

At. Tlpu ctpemieHuH At K HYyJIIO MOJYYUM CHUCTEMY OOBIKHOBEHHBIX
nuddepeHInaNbHEIX YPaBHEHUH ITEPBOTO IOPSIKA!

fim X(+HAD = X(1) _ dX
At—0 At dt

&y &, 10 by, by,
B=A-[1]= - =
8 8y 01 by by
Takum o00pa3zoMm, MaTeMaTHYECKOW MOJENBI0O TOHKH BOOPYKEHUH
ABISIETCS CHUCTeMa OOBIKHOBEHHBIX JIMHEHHBIX IU((epeHIHaIbHbIX

YPaBHEHM NIEPBOrO MOPSIAKA.

= (A-[DX() = BX(t)
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B ciydae TOHKM BOOpYXKEHUS JeHCTBHUTENbHbIE COOCTBEHHBIE
3HAYeHUs MaTpullbl B  ABNAIOTCS TMONOKUTENBHBIMH BEIMYHHAMHU H,
CJIeIOBATENIFHO, PEIICHIE JaHHON CHCTEMBI HeyCTOHINBO (110 JIAIIyHOBY).
HNHaye roBopsi, TOHKa BOOPYKEHHH €CTb HEYCTOMUYMBBIN mpouecc. B
MIPOTUBHOM CITy4ae, B KOH(DINKTE CHIKAETCSl yPOBEHb HANPSKEHHOCTH.

OCHOBHOW LIENBI0 KOJMYECTBCHHOTO aHAIW3a TOHKH BOOPYKEHHH
SBIIIETCA BONPOC: TPHUBENET 1M TOHKA BOOPYKEHHMH K BOEHHOMY
KOH(JIMKTY Win HeT?

Hanuuue spepHOro opyxXus HCKIIOUAeT MpsIMOE BOOPYKEHHOE
CTOJIKHOBEHHE MEXy CTpaHaMH, BEAYIIUMHU FOHKY BOOPYXEHHUH, TaK Kak
9TO TapaHTHPOBAHO MPUBEAET K MX B3aMMHOMY YHHUYTOXEHHIO. Takum
oOpazom, Moziesb PuuapacoHa Juist sS;AEpHBIX JepiKaB SBISETCS HEaKTyasb-
HO#. OHAKO M3 UCTOPUH BTOPOI MoJOBUHBI XX Beka OTYETIUBO BHUJIHO,
YTO B3aMEH NPSIMOMY BOOPYKEHHOMY CTOJKHOBEHUIO MEXKIY BEIHKHMU
JepkaBaMHd B MHPE YBEIMYMBACTCS YHCIIO JOKAJIBHBIX KOH(INKTOB. B
9TOM ClTy4ae MOJeNb PudapicoHa coxpaHsaeT CBOIO aKTyalbHOCTb.

B cinydae Onm3kux COOCTBEHHBIX 3HAaYeHMH MaTpuubl B, kak
MOKa3bIBaeT aHaiuu3 71 KOH(JIMKTA, BOCHHBIE JCHCTBUS HE HACTymaioT. B
TOM Cjy4ae, €Cli¥ COOCTBEHHbIE 3HAYeHUs MaTpuibl B HauuHaroT
OTJIIMYAThCS, TO BOCHHBIE KOHQUIMKTHI NEPEXOAAT B OTKPHITYIO (azy. C
(OpManbHOil TOUKH 3peHus, HeoOX0oqUMO HaiTu Matpuly B u nposectn
ee aHanm3. [ 3Toro HE0oOXOAMMO 3HATH BOCHHBIE PAcXObl YYaCTHHKOB
KOH(JIMKTA 33 IPeIbIAYIINI HHTEPBAI BPEMEHH.

OmHUM ¥3 TakuX JIOKAIBHBIX KOH(UIMKTOB SBISETCS KOH(IMKT
Mexny Apmenneit u AzepOaiimkanoM. [locie 3aKkITIOYeHUST COTIANICHAS O
npekpameHun orast B 1994 romy (BHIDKEKCKHI TPOTOKON) MEXKIY
AzepOaiixanom, ApMmeHued U  camompoBo3riaménHoit  Haropho-
Kapabaxckoii pecnyOmuku B 30He Kapabaxckoro KoOH(UIMKTa TIO-
MIPEeXHEMY BO3HHKAIOT OYard HaNpsKEHHOCTH, MpPSIMbIE BOOPYXEHHBIE
CTOJIKHOBEHUS M Jake 00eBbIe JeHCTBUS.

Boennsle coro3HUKE ApMEHHH — 3TO cTpaHbl-uwieHsl 6ioka OJIKB,
takne kak Poccus u benopyccus (B yctase OJIKB ecTp myHKT 0 TOM, 9TO
"HamaJeHue Ha OAHY M3 CTpaH, Bxoasmux B OpraHuszaiuioo, 0o3HadaeT
HarazeHne Ha Bcex'"). BoeHHsle coroznuku Asepbaiikana — ato Typrms
(MeXIy IByMsl CTpaHaMH CYIIECTBYET psii BOCHHBIX COIJIAIICHHH M CO-
IJIallleHne O CTpaTerndeckoM mnapTHEpcTBe; B KapabaxckoMm KOHGIIMKTE
Typuus noguepxxuBaer AsepOaiimkan) u [lakuctan (Mexay Ilakucranom
n AzepOaiipkaHOM CYIIECTBYET DS JOrOBOPEHHOCTEHl O BOEHHOM CO-
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TpyaaudectBe; B Kapabaxckom koH(umkre [lakucTan moamepKUBacT
AszepOaiimxan).
Taxum 06pa3om, BEKTOp X OyIeT coCTOATh N3 6 KOMIOHEHT:
X =[Aszepb6aiimkan Typuus ITakucran Apmenns Poccus Benapycns]'
JIyist monydeHus MaTPUIIBI OBUIM UCTIONB30BaHbI MPOIICHTHBIC TTOKa3a-
TENH BOCHHBIX OrokeToB mo ortHomieHuto k BBII ¢ 2000 roma mo
2015r.[4], koTOpbIe H300pakeHbI Ha puc. 1.

Tpesxnae Beero, Haiizem MaTpuly A, KoTOpas HeoOXoAuMa s IIpo-
THO3a Pa3BUTHUS TOHKH BOOPYKEHHH MEXKAY yKa3aHHBIMH cTpaHamu. Jlis
3TOTO BBE/IEM COCTaBHBIC MATPUIIBL:

Y =[X(2001), X(2002), ..., X(2015)]
U MaTpuIy
X =[X(2000), X(2001),..., X(2014)] -
DTO NO3BOJISIET MEPEUTH OT BEKTOPHOM CUCTEMBI YPaBHEHHMH K MaT-
pU4HOIT Y = AX , OTKyza Haiizem matpuiy A=((XXT)™"XY")", xoTopas
HWMEET CIeaYIOIINI BU;

HA;(ZII){(Saﬁ- Typuust |[lakuctan |Apmenust |Poccus pB;:;-m
AzepGaiimxan  |0.0649 -0.6081 |0.1493 0.2208 |0.3497 2.0305
Typums -0.0793  |0.3055 |-0.8728 |0.3166 |0.7738 0.8284
INaxucran 0.2049 0.3953 ]0.4346 0.3821 |-0.1884 0.4387
ApMeHHst 0.1135 -0.1588 |-0.2056 |0.6538 |0.2289 0.7477
Poccnst 0.3328 -0.0713 |-0.9346 |-0.1230 |1.2151 1.5176
Benopyccus 0.0593 -0.1626 |-0.1497 |0.1343 |0.1917 0.5972

Iy - AX]

100—* =10.6718%

C TOYHOCTBIO Il , KOTOpas XapakTepu3yeT aJIeKBaT-

HOCTh MaT€MaTHIEeCKON MOJIEIN PEHAIBHBIM IMTOJTUTHYECKUM TIPOIIECCAM.
Marpuiia A JIeMOHCTPHPYIOT B3aMMOBJIHAHHE BOEHHBIX OIOJKETOB

B MPOIIEHTax 6 BBINICYNOMSHYTBIX CTpaH. J[MaroHambHBIE JJEMEHTHI —

COOCTBEHHBIE PAcXOJbl CTpaH, HEAWMArOHAIbHBIE — B3aUMOCBSI3U MEXKIY

BOCHHBIMH OFOJKETaMH YKa3aHHBIX CTpaH. Hampumep, ecim paccMmarpu-

BaTh BIHsAHUC Typuuu Ha BOCHHBIN OroKeT A3epOaiikaHa, TO 3TO BIIHsI-
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Hue orpuuarensHoe (-0.6081). Oro o3nawaer, uro Typuus crocoGCTByeT
CHIDKCHUIO BOGHHOTo Orojpkera AsepOaiiikaHa. YBenndeHHE BOCHHOTO
Oromxera AsepOaiimkana Oomee Bcero ctumynupyioT Poccus (0.3497),
Apmenus (0.2208) u benopyccus (2.0305). Ecau oOpatuThest K Heguaro-
HaJIbHBIM MOKa3aTesIM APMEHHUH, TO 00HAPYKHUTCS, YTO HA YBEJIMUCHHE €&
BOCHHOTO OOIKeTa, B pa3HOil ctereHu, BiusioT Poccus (0.2289), Beno-
pyccus (0.7477) u Azepbaiimkan (0.1135).

Ha ocHoBe monydeHHOH MaTpunbl A mpoBejeM HPOrHO3 pasBUTUS

TOHKHU Boopy>keHui Ha 2016 rox
X(2016) = AX(2015), At=1Iron
nHa 2017 rox:
X(2017) = AX(2016) = AAX(2015) .

OTH TPOTHO3HBIC 3HAYEHHS BOCHHBIX PAcCXOJO0B H300pa)KCHBl Ha
puc. 1, KOTopble yKa3bIBalOT Ha CTAOWIM3ALMIO TOHKH BOOPYKEHHUI U OT-
CYTCTBHE ONACHOCTH BO300OHOBJICHHE BOCHHBIX ACHCTBHUH Ha IMPOTHO3UPY-
€MBIid CPOK.

1995 2000 2002 2004 2006 2008 2014 2016 2018

— —AzepbaiigmaH  —-—-Typuus ——=-TlaKMCTEH —X - APMEHUR —e—POCCMA —e - BENOPyCCUA
Puc.1. Boennvie pacxoovl y4acmHuKo8 KOHQIUKMA 8 HA2OPHOM
Kapabaxe 6 npoyenmnom omuouteHuy K HympeHHemy 8ai080My HPOOYKMY
cmpan. Kupnvimu mapkepamu ommeyen npoeHo3 Ha Oaudcaiiuiue 2006l

Ha puc.2. oTnenbHO NOKa3zaHbl CKOPOCTH U3MEHEHHs BOCHHBIX pac-
x070B ApMeHnH U AzepOaimkaHa.
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—e—ADWEHHA — &~ AsepBaiimman

Puc. 2. I'papuru ckopocmu usmenenus 8oenHvix 61002cemos

OTH JaHHbIE NMO3BOJISIOT YCTAaHOBHTh MHHIMAaTopa KoH(uukra. s
9TOr0 HaiifieM (PYHKIIUIO B3aMMHOW KOPPEJSIIUU, KOTOpas NpejcTaBicHa
Ha puc. 3.

Puc. 3. @ynkyus 63aumnou koppensiyuu cKOpoCcmu U3MeHeHus,
B0EHHBIX PACX0008 Apmenuu u Azepbatioxcana

Koppenstmonnas QyHKIHS He SBISIETCS CHMMETPUYHOHN (YCIOBHBII
MaKCHMYM CABHHYT BIIEBO OT Hadajla KOOPAWHAT), 9TO YKa3bIBaeT HA MPH-
YHHHO-CJIEJICTBEHHYIO CBSI3b MEXIY BOCHHBIMH pacxomaMu. CHeKTpaib-
HBI aHAJTU3 3TOH (PYHKIUU ITOKA3EIBAET, YTO B HAa4aJe KOH(IMKTA WHUIIH-
aTOpOM TOHKH BOOpYXEHUsI Oblta ApMEHUsI, B TIOCIEIHIE T'O/lbl MHHIHA-
THBa Iepenuia Kk AzepOaikany.
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HerpynHo nosy4uTh AeHCTBUTENBHBIE YAaCTH COOCTBEHHBIX 3HAYEHHUN
marpuusl B = A—[1], xoropsie pasusr:

[-1.2833, -0.9310, -0.4475, -0.0330, -0.0330, -0.0009].

Bce coOcTBeHHBIE 3HAYECHUS OTPUIIATENBHBI, BCIEJICTBUE YETO B KOH-
(ymKTE CHIKAETCS YPOBEHb HANPSDKEHHOCTH, TO €CTh HMPOUCXOIMT JIEC-
Kayanust KOH(JIMKTA.

Buoigoowt

Mopnens PuuapacoHa TepsieT akTyalbHOCTh B OTHOUICHHH BOSHHBIX
pacxoIoB KpyIHBIX MHPOBBIX (SAEPHBIX) AepKaB B HAIIK JHH, IIOCKOIBKY
OHa HE OTpakaeT HOBBIC (haKTOPHI, BIUSIONINEC HA BOSHUKHOBCHUE BOOPY-
YKCHHBIX KOH()JIMKTOB MEXIY TEMH WM WHBIMHU KPYITHEIMHA CTPaHAMHU.

Monens PudgapacoHa mo-mpeskHeMy OCTa&TCs aKTyalbHOU IS PeTH-
OHAJIBHBIX KOH(MJIMKTOB, T/I¢ HaJMYHE TOHKHA BOOPYKCHHH IO-TIpE)KHEMY
CHOCOOCTBYET dCKajanuu KOH(IMKTa, 4TO U OBUIO MOKa3aHO Ha IpHMeEpe
apMsHO-a3ep0aiiPKAaHCKOT0 HaropHOKapabaxcKoro KOH(IIMKTA, Tae ObLIo
YCTaHOBIIEHO, YTO MEXAy ApMeHueid U AszepOaiipkaHOM HaOJIIOAAeTCs
CTaOMIM3alusl TOHKH BOOpYKeHHs. B Ommkaiinme rogpl oTkpbiTas dasa
IIPOTUBOCTOSIHUSL HE NPOTHO3UPYETCS TP HEU3MEHHOCTH CYILLECTBYIOIIECH
I'eOIOJIMTUIECKON 00CTAHOBKE B PETHOHE.

Mopnens PuuapncoHa Kak TOHKH BOOPYKCHHH MEXAY SICPHBIMU
CTpaHaMH HYX/IaeTcs B CYyIIECTBEHHOM COBEPIIICHCTBOBAHUH U JJOPaOOTKE.
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AnueB A.P., ab6a6am A.JL.

O KOPPEKTHOM PA3PEIIUMOCTHU KPAEBBIX 3AJIAY JJISI
OJJHOT' O KJIACCA ONNEPATOPHO-IU®PEPEHIIUAJIBHBIX
YPABHEHUM TPETBEI'O ITOPSIJIKA

B pabome na nonyocu uzyuaromes xoppekmuovie Kpaegvie 3a0auu 0as
00H020 Klacca onepamopHo-ouppepeHyuanbHblx YPAGHEeHUN Mpembe2o
nopsaoKa, UMewWux KpamHyio 0ellcmeumenvHylo xapakmepucmuxy. oka-
3aHO CYWecmeo8anue U eOUHCMBEHHOCMb peuleHUs U3 NPOCMpAHCmed

3 . o
muna Co6onesa W, (R, ;H) ons kascooi usz mpex paccmampusaemvix

Kpaeswvix 3a0a.

Kniouesvie cnosa: kpaesas 3adaua, onepamopro-ougpgepernyuanrvroe
ypasHenue, Kpamuas Xapakmepucmuka, CAMOCORPANCEHHbI Onepamop,
peaynapHoe peuenue.

Aliev A.R., Elbably A.L.

ON THE CORRECT SOLVABILITY OF BOUNDARY VALUE
PROBLEMS FOR ONE CLASS OF OPERATOR-DIFFERENTIAL
EQUATIONS OF THE THIRD ORDER

In this paper, we study correct boundary value problems for a class of
third-order operator-differential equations that have a multiple real char-
acteristics. The existence and uniqueness of a solution from the Sobolev

type space W, (R, ;H) for each of the three considered boundary-value
problems are proved.

Keywords: boundary value problem, operator-differential equation,
multiple characteristics, self-adjoint operator, regular solution.

Hacrosmas pa®orta mocBsiieHa MMOCTAHOBKE M MCCIIEIOBAHHIO KOP-
PEKTHBIX  KpaeBbIX 3aJad JAAsf  OJHOrO  Kjacca  ONEepaTopHO-
i epeHnnanbHbIX YpaBHEHUI TPEThETo MOPsAKa C AeHCTBUTEIEHBIME 1

© Amues A.P., Dnp6abmu A.JI., 2017
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JCUCTBUTENLHBIMU KPaTHBIMHM XapakTepucTukamu. Cleayer OTMETHTb,
4yro nuddepeHranbHble YpaBHEHHS, XapaKTEPHUCTHYECKUE YPaBHEHHUS
KOTOPBIX UMEIOT ICHCTBUTENBHBIC PA3IMYHbIC WM ACHCTBUTEIBHBIC KpaT-
HbIE KOPHH, HaXOAAT IIUPOKOE NMPUMEHEHHE IPU MOJCIUPOBAHUM 3a1ad
MEXaHHKH ¥ TEXHHKH, B YaCTHOCTH, B 3aJadax TeIUIOMacCOOOMEHa M
¢mrpTpanun [3], B 3amadax JTMHAMAKH apOK U KoJrell [5] u T.4.

Ilycte H - cemapabensHOE THIBOEPTOBO MPOCTPAHCTBO CO CKAILIpP-
HBIM TIpou3BeneHueM (X,Y), X,yeH, A — caMoCOnmpsHKeHHBIN MTOIOKH-

TenbHO-onpesienennbiit oneparop B H,a H, (7 >0) - mkana runs6ep-
TOBBIX MPOCTPAHCTB, MOpOX/eHHas omeparopom A, T.e. H, =D(A"),
(x,y), =(A'X,AY), Xye D(Ay). IIpu y=0 >ke cuuraem, YTO
Ho=H, (x,y) =(xy), x,yeH

O603HaunM uepes LQ(R+;H) IUI60epPTOBO MPOCTPAHCTBO BCEX BEK-

TOp-PYHKIHI u(t), omnpezieeHHbIX Ha R, = (O,+oo) €O 3HaueHusiMu B H

U HOpMOi1

Vel
I"u(tﬂ| dt| <+oo.

Jul.

Omnpenenum ciieyromiee MpoCTPaHCTBO:

d? u(t)

L(R,;H)

WS(R.;H) = u(t): e LR ;H),A%u(t) e L,(R.;H)

(mogpo6uee cM. B [4, Ti. 1]). 3mecy U B nanpHeWeM, TPOU3BOJAHbBIE TTO-
HUMAIOTCS B CMBICIe Teopuu pacnpeneneHuit (cm. [4]). IIpoctpaHcTBO

W23(R+;H) CTaHOBUTCA THIHOEPTOBBIM IPOCTPAHCTBOM OTHOCHUTEIBHO
HOPMBI

%

Ju

w; (R, H)_

+
diult 2
L ICH
0 dt H

Tenepb nepefmeM K ITIOCTAHOBKEC I/ICCJ'IGIlyeMLIX KpaeBLIX 3ajgay.

B nmpocrpanctee H  paccmorpum  cnenmyromee  onepatopHo-
i depeHnnanbHoe ypaBHEHNE TPETHEro IOpsIKa, MMEIollee KpaTHYIo
XapaKTePUCTHKY:
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dt dt

rie f(t)eL,(R;H), A — ToT camblii, ykasaHHbIi B HAYalNe CTATBH, MO~

(_L A)(L Ajzu(t)= (), teR,

JIOXKUTEIBHO-OIPEAETICHHBINH caMoconpsbkeHHbIH onepatop B H . Ilonaras
u(t)eW23(R+;H), MIPUCOETUHUM K ypaBHeHMIO (1) KpaeBble yclOBHS B
HyJe BUza
d'u(_0)= d’u(_O)zo’ @)
dt' dt!
rae | ¥ | — (DUKCHPOBAHHBIC [EJIbIC YUCIA, IIPUYEM | < j U MOTYT IIpH-

HUMAaTh OJTHO M3 ClleAyronmx 3Hauenuii: i=01; j=12.
Onpenenenue. Eciu ¢@yukyus u(t) eW23(R+ ; H) yooenemsopsiem

ypasnenuio (1) noumu sciody ¢ R, , a kpaesvie ycnosus (2) svinoansiomes
6 cmblcae

k
A% d U(t)

S =0, k=i ],

H

lim
t—0

mo U(t) 0yO0em HA3bI6aAMb PeYIAPHLIM PeuleHuemM Kpaesol 3a0auu euod
. 3.

B HacTosimieit paboTe noka3aHa pa3peliuMOCTh KaXIOH U3 KpaeBBIX
3amad Buaa (1), (2).

CrpaBemnBa clieqyromas TeopeMa, J0Ka3aTelIbcTBO KOTOPOH NpH-
BeJleM BKpartiie.

Teopema. Kpaesass 3adaua euoa (1), (2) npu mobom
f(t)el, (R+ ; H) uMeem eOUHCMBEHHOe Pe2yNsPHOe PeuleHue.

Jloka3aTejbCTBO TEOPEMBbI BBITEKAET U3 TOTO, YTO PEryJSIpHOE pe-
IIeHUe KpaeBoii 3am1aquu suna (1), (2) 3agaercs
npu i=0, j=1 dpopmynoit

+o0

1(E + 2'[A)Ie’(”s)’*(A’2 f(s ))ds ,

)= folt-)f(sks

opu i =0, j=2 dopmymoi

u(t) = ICG(t ~s)f (s)ds - ﬂce%“ (A 1(s)s,
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opu i=1, j=2 dopmymnoit
u(t) = IG(t —s)f(s)ds + %(3E + 2tA)Je’(”S‘)A(A’2 f(s))s,
0 0

rae E - enunnunsii onepatops H , a

E+2(t—s)Ae A2 t—
G(t-s):l (E+2(t-s)Ake ,t—s>0,
4 etsAa2 t_s<0.
Cnenyet ormetnth, uto ipu | =0, | =1 kpaesas 3anaqa suma (1),

(2) uccnenorana B pabotax [1, 2].
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Apandaesa A.P., KapamoBa A.W., Mycrapuna C.A.

IMPOTPAMMHBII KOMILJIEKC JIJII MATEMATHYECKOT'O
MOJEJMPOBAHMUSA ITPOLECCOB B KACKAJIE PEAKTOPOB

B pabote mocTpoeHa MareMaTHUecKas MOJEIb XUMHYECKOTO IIPO-
Iecca ¢ IepeMEeHHBIM peakInOHHBIM 00BbeMoM. CopMmynupoBaHa 3agada
MOJIETIMPOBAHMS B Kackaze peakTopos. [IpuBeieH BEIYNCIUTENBHBIHN aro-
PHUTM H TIporpaMMa Uil pacdeTa OCHOBHBIX [TOKa3aTelIel mporecca.

KiroueBble cioBa: MaTeMaTHYeCKOE MOJEIMPOBAHME, KACKaJ pEak-
TOPOB, EPEMEHHBIN PEaKIIMOHHBIH 00BEM.

Aralbaeva A.R., Karamova A.l., Mustafina S.A.
PROGRAM COMPLEX FOR MATHEMATICAL MODELING OF
PROCESSES IN THE CASCADE OF REACTORS

A mathematical model of a chemical process with a variable reaction
volume is constructed. The modeling problem in the cascade of reactors is
formulated. A computational algorithm and a program for calculating the
main indicators of the process.

Key words: mathematical modeling, cascade of reactors, variable re-
action volume.

CoBpeMeHHOE XMMHUKO-TEXHOJIOTHYECKOE MPOM3BOJCTBO IPEJICTAB-
JseT coboit crucTeMy B3aMMOCBSI3aHHBIX allllapaToB, TaK HA3bIBAEMBIH Kac-
KaJ peakTopoB. IIpexne yeM mepexoAnuTs K ONTUMH3AIMU BCEH XUMHKO-
TEXHOJIOTHYECKOM CHCTEMBI, HE0OXO0IUMO 00ECIeYnTh aJeKBATHOCTh Ma-
TeMaTH4YeCKON MOIETH paboThl CaMOW CHCTEMBI.

Maremarnueckass MOJENb XHMHKO-TEXHOJIOTHYECKOH CHCTEMBI CO-
CTOUT M3 JIByX 4YacTeli — COBOKYITHOCTH MaTeMaTHYEeCKHUX MOJeNeH OT-
JETbHBIX OJIOKOB M MaTeMaTHYECKOW MOMAENH CTPYKTYphl CHCTeMBI. [lys
OTIpEJIeTICHUS BBIXOIHBIX IIEPEMEHHBIX 110 MaTeMaTHIECKONH MOJIETH peaK-
TOpa C HETOJBM)XHBIM CJIOEM KaTaJln3aTropa, HEOOXOAMMO PELINTh 3a1ady
Komm mis cuctemsl 0OBIKHOBEHHBIX AU (DepeHITHaNbHBIX YPaBHEHNUH, a B
ciydae ydeTa npoaoiabHou nuddysun — kpaeByto 3agady. [lpu aTom, yau-
ThIBas, 9TO CHCTEMa YpaBHEHHH XMMHYECKOW KWHETHKH SBISETCS JKECT-
KOH, HEOOXOAMMBI aJTOPUTMBI JJISI PEIICHUS KECTKUX CHCTEM OOBIKHO-
BEHHBIX TU(epeHInanbHbIX ypaBHeHHH [1].

© Apanbaesa A.P., Kapamosa A.U., Mycrapuna C.A.., 2017
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BonpmIMHCTBO XMMHUKO-TEXHOJOTHYECKUX MPOIIECCOB COMPOBOXKAa-
€TCsl 3HAYUTEJIbHBIM M3MEHEHUEM TeMIlepaTypsl B peakTope. Ilpu mpose-
JEHUN SK30TCPMHUUECKUX PEaKIHi TETI0 PEakMd MOKHO OTBOIHUTH C IO-
MOIIBI0 BHYTPEHHHUX WM BBIHOCHBIX XOJOAWIHHHUKOB. Iyt mepexona Ha
HETPEPHIBHBII MPOoIecC B IEJIX ero MHTEHCH(HKAIWN M YIY4IICHHS CO-
CTaBa pEakIMOHHOH Macchl, NPH HEOOPATHMBIX MOCIEIOBATEIHHO-
MapajuIebHBIX PEaKIusAX, BBHITOJAHEE MPHUMEHSATh Kackal peakTopoB [2].
Hcnonp3oBaHue KacKala pPEakTOPOB MOXKET CYIICCTBEHHO YMEHBIIHUTH
CTOMMOCTH POU3BOCTBA.

MateMaTH4ecKyl0 MOJIENb MPOIECCOB C MEPEMEHHBIM PEeaKIIMOHHBIM
00BEMOM MOXHO MPEICTABUTH B BUJC YpaBHEHHIA [2]:

dﬁ:—Fi_xiF”, i=1m, 1)

dt N

dN

— =F,(x,T 2

e OLD) @
C HaYaJIbHBIMH YCJIOBUSMMU:

x;(0)=x°, i=Lm, N©)=1. ©)

Oynkuun F,, F; BBIIUCHIBAIOTCS C Y4ETOM MAaTpPUIIBI CTEXHOMETPH-

YeCcKuX KO (HUIMCHTOB.

Jli1s MaTeMaTHuecKoro OIMcaHus Mpolecca B peakTope HeoOX0IuMo
cUCTeMy ypaBHEHHiII MarepuanbHoro Oananca (1)-(3) gomonHUTH ypaBHe-
HUSIMHU TEIIOBOTO OanaHca:

dr Q2
CpCOE: ZQJ-W]- + oy Sy(Ty —T), 4)
=
dT
CFJXGX dtx =aySy(T-Ty), (5)

C HAYaJIbHBIMH YCIOBHSIMH
TO)=T% Tx(0)=T,. (6)
Takum 00pa3om, B Cilydae pacCMOTPEHHs KacKala peakTOpOB, BbI-
xomubie manHble (i —1) -ro peakropa SBISIFOTCS BXOJHBIMH UISL CIIEIYTO-
mero i-ro peaxkropa, a B ypaBHeHus (1)-(6) BBOAMTCS NOMOJNHHUTEIbHAS
HyMepalys 10 HOMEpY peakTopa.

Jnst pacyeTa Takoii MHOrOMEpHOil MOJEIH B Cpeie MPOrpaMMUpOBa-
uus Borland Delphi cosmana mporpammuas o6omouka. BxogHas dopma
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000109YKH COACPIKUT TpHU BKJIAJAKH, HAa KOTOPBIX MNO3TAITHO 3aJar0TCsA BCC
COCTaBJISIOIINE MATEMATHYCCKONH MOJICIIH.

& T HEE
Mexamwom  Knnetka Mapametpe: Peaktop Mogere Ontimmsauma Crpasxa Boooa.

e a3« 0 2]

Napamerpes | Peaxop |

MexaHusH peakuuu Buipaxenme

el (|
© Broruempswear
21X
44 aanms © Hepes napuusriaie aenetes

2%15%4

o KuHeTuueckas Monens npouecca

25%4 Toroeo

X35%4

X125
K14K35K5

X145

Cropoctu

< >

[ar 1. BBomsaTcs Bce peakny, COCTABISIFOIINE TIPOLIECC, KOA(DPHUIIH-
€HThl aBTOMATHUYCCKH 3aHOCATCS B CTCXHOMETPHUYECKYIO Mmarpuity. Jlis
KaXJI0¥ peakI[ii Ha OCHOBAHUU 3aKOHA JICHCTBYIOIUX MACC COCTABIISICTCS
KHHETHYCCKOe ypaBHEHHE. [Ipyu HEOOXOAMMOCTH MOJIETb MOXKET OBITh W3-
MEHCHA BPYYHYIO C IMOMOIIBIO HA00Pa TOCTYMHBIX APAMETPOB MM BHOBb

CO3JaHHBIX IPH HeO6XOJlI/IMOCTI/I.
7" Bron peaxuwuu S [=1 B3

I 0K
ool Bt 0 R

| %2 4memun2 dausermnenten (Aaumep)

X3 Amerun-2 d-pudermnnenten2 (B-aumep) LI
| o | o | c |

Peakuwms:

L [

Hlar 2. Bogsarcs TepMOAMHAMHYECKHe W Terutodu3nyeckue napa-
METPBHI TIpoliecca, co3aaercs Gpails Mmojeny. Beioupaercs cxema peakTopoB
JUId Impoliecca.
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Mexassian | Mapamerpei  Peaxrop |

KonuyecTeo peakTopos:
B3

Hauansan Temneparypa cvecu (C) [130

PeakTopa: |1 r

F 2 peaxtop

Tunpeaxrops [T <]

BbibpaTe

L
UB r

Pi

Hawrewn xaTOx  [17

H_cremst [0,005 Kasorennonep alx [531
zka [0
ok

ar 3. [ns mepexoa K dTamy pacdera MOCTPOSHHOH MOJIENH BEIOH-
paeTcst METOA pEUICHUs NPSIMON KHMHETHYECKOW 3aJadd M3 MMEIOLTHXCS
OnbIMoTeK.

Meroa pacuera

ABHble MeToab! HesgHble MeToae!
roi MeT
@ 3iinepa  3Jiinepa M
" 3rinepa MoaUPUUMPOBAHHEIN " 3ninepa MoAUPUUMPOBAHHEIN
" 3iinepa-Kowu " MunHa [HeaBHBIA)
" Pynre Kyrra " DupPepeHurpoBaHUA Hasan
" [peackazaHua U KOPPeKLUW " Pynre Kyrra
Bemoa Danee

Ha6op MeTo10B MOXKHO TIOTIONHATH MPH COOTBETCTBYIOMIEM O(POpM-
JICHUHM HOBBIX YHMCIIEHHBIX anroputmoB B Buje dll-oubianorex.

[Tar 4. Ha ocHOBe cO3JaHHOM MOJETH MPOBOASTCS pacyeTa OCHOB-
HBIX TIOKa3aTeliel mporiecca B 3aBUCUMOCTH OT BBHIOPAaHHBIX 3HAYCHHH Ta-
pameTpoB. Pe3ynbTaThl pacdera BBIBOISITCS TaOIHMYHO U TpadUIeCcKH.

HccnenoBatento MpeaoCcTaBisIeTcss BOZMOXKHOCTh aHATM3UPOBATh Ha
COOTBETCTBUE PE3YyJIbTATOB pacueTa ¢ IKCIEPHUMEHTaIbHBIMU JTaHHBIMH,
MyTeM BHECCHHS DJKCIEPUMEHTANBHBIX TOYEK W 10 HHUM BBIYUCIICHHS
OMMMOKHA BBIYUCIUTEIILHOTO JKCIEPUMEHTa METOJIaMU KOJIMYECTBEHHOTO
aHaJIn3a.
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Apcaanosa P.P., AoaromeBa C.P.

CTATUCTUYECKHI AHAJIN3 3ABOJIEBAEMOCTH
HACEJIEHUSA C YYETOM PA3JIMYHBIX ®AKTOPOB

B cmamve npedcmaeﬂeﬂbl pe3yibmamabl UCCNIe008AHUSL 3A6UCUMOCTNU
sabonesaemocmu om Pas3iudHblx qbaKmopoe Ha npumepe OHKOJN0OcUYECKUX
sabonesanui. Ha ocrnose OanHbIX Memooamu Cmamucmuiyecko20 aHaiusd
nocmpoenvl adexeammuvle Mamemamuieckue Mooenu u paccdumanvl npo-
CHO3HbLe 3HAUEHUS 30001e6aeMOCU HA nomeéymu;ue BpeMEHHblE nepuodbl.

© Apcnanosa P.P., A6aromesa C.P., 2017
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Knroueswvie cnosa: cmamucmuueckuii ananus, 3abo01e6aemMocmoy Hace-
JIeHUA, Mamemamudeckas MO()e]Zb, d)aKmprl pucka, Kiaccol bonesneil.

Arslanova R. R., Abdiusheva S. R.

STATISTICAL ANALYSIS OF MORBIDITY OF THE
POPULATION TAKING INTO ACCOUNT VARIOUS FACTORS

Abstract: the article presents the results of the study based on the inci-
dence of various factors on the example of cancer. On the basis of data
methods of statistical analysis is an adequate mathematical model and cal-
culated the predicted values of the morbidity in subsequent time periods.

Key words: statistical analysis, morbidity, mathematical model, risk
factors, classes of diseases.

3aboeBaeMOCTh — 3TO BaKHEHIIAs COCTaBIISIOIIAS KOMIUIEKCHOM
OIIGHKU 3/I0pOBbsl HaceneHus. IIpoOieMbl 370pOBbS HaceleHHs CIEeTyeT
OTHECTH K TJIOOAJIbHBIM, CBS3aHHBIM C HAIlMOHAJILHON 0€30MacHOCTHIO
rocymapctBa. OcTphlii memorpadudeckuii kpu3uc B Poccum, compoBox-
JAIOMINICS OTPHLATEIbHBIM BIMSHHEM HA COCTOSIHHE 3JI0POBBSI Hacele-
HUSI, OTIpEAeisieT 0co00e BHUMAaHUE IOCYAapCTBa K COCTOSIHUIO 3/10POBBS
TpakAaH.

310poBbE HACENEHUS OOYCIIOBICHO KOMIUIEKCHBIM BO3ACHCTBHEM
(axkTOpOB, ONpEeAEIAIOMNX 00pa3 JKM3HM YEIOBEKa W COCTOSIHHUE CPEbl
ero oburanus. PakTopsl, HIOTCHIUAIBHO OIACHBIE JUIA 3I0POBBS YEIOBEKa
U CIIOCOOCTBYIOIIME BOSHUKHOBEHHIO 3a00JI€BaHUi, HA3bIBAIOT (haKTOpaMu
pHCKa.

[MonsiTue «pakTop prcKa» NPUMEHSETCS K JI0OOMY SIBICHHIO, BIIUS-
HHE KOTOPOTO IIOBHIMIACT BEPOSTHOCTh BO3HHUKHOBEHMS 3a00JIeBaHMM.
Hapsiny ¢ HemocpeacTBeHHBIMH ITpUYMHAMU 3a00J1€BaHUH, (aKTOPHI pHC-
Ka, JeHCTBYs ONOCPEIOBaHHO, CO3JAIOT YCIIOBHS /ISl BO3HUKHOBEHUS M
pasBuTus 3abosieBaHuil. BuisBneHne (akTopoB prcka M HpodHIaKTHKA
XPOHMYECKHX 3a00JIeBaHUH CIIOCOOCTBYIOT COXPAaHEHHUIO 3JI0POBBS U II0-
BBIIICHUIO KaueCTBA JKU3HU HACEJIeHUs CTpaHbl. M3 3Toro cienyer, 4To
0JIHa N3 BOKHEWIINX 33124 FOCYAapCTBEHHON BJIACTU COCTOMT B pa3padoT-
K€ KOMIUIEKCHBIX Mep, HAIpaBICHHBIX HE TOJIBKO HA NPEAYNPEKICHHE
3a0oneBaHnii, HO, B TMEPBYIO O4Yepenb, U HAa KOPPEKUHUI0 W YCTpaHECHHE
(haKTOPOB PHUCKA MX BOSHUKHOBEHHS.

OCHOBHBIMHU (haKTOpaMHU pUCKa SIBISIOTCS 5 TPynn (hakTOpOB: COIH-
TbHO-?)KOHOMHYECKHE, COIMAIbHO-OMOJIOTHYECKHEe, COIMaIbHO-TUTHEHH-
YecKHe, dKOJIOTO-TUTHEHNYECKHE, MEINKO-oprann3annonssie [1]. I'pymnma
9KOJIOTO-TMT'MEHUYECKNX (PAKTOPOB BKIIOYAET IIOKAa3aTeNIM COJCpIKaHH
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OTACHBIX COCAMHCHHI B aTMOC(EPHOM BO3IyXE, B BOJIC, B TIOYBE, B MHUIIIC-
BBIX MPOJYKTAX, a TAKIKE HEOJIArONPHUSATHBIC KIUMATUICCKHUE YCIOBHS.

Lenpro maHHOTO HCCIENOBAHUS SIBISETCS NPOBEACHUE CTATUCTHYE-
CKOTO aHaJIM3a CpeaHEH MPOTOIDKUTENFHOCTH KU3HHU U 3I0POBbs Hacee-
HUS Ha IPUIMEpe OHKOJIOTHYECKUX 3a00JIeBaHnil. B COOTBETCTBHUH C IENBIO
TIOCTAaBJICHBI CIEAYIOIINE 3a0a4H:

— TIPOAHANIM3UPOBATh OCOOCHHOCTH 3IOPOBBSI HACEleHHE Kak
CTaTHCTHYECKOTO O0BEKTA UCCIICTOBAHHUS;

— UCCJICIOBATh 3aBHCHUMOCTh 3a00JICBAEMOCTH OHKOJOTHYCCKUMHU
00JIC3HAMH OT pa3IMIHBIX (PAaKTOPOB;

— IPOAHANM3UPOBATh JIUHAMHKY 3a00JICBAEMOCTH M COCTaBHUTH
MIPOTrHO3 Ha OJMKANIIYIO IEPCTICKTURY;

— paccMoTpeTh (bakTopsI BITUSIIOLIUE Ha CPEIHION0
MIPOJIOJIKUTEINFHOCTD XKU3HHU.

Panee B Hammx pabotax [2], [3] u3marancs momxom, MO3BOJSIOMIHN
aHATU3UPOBATh U MPOTHO3UPOBATH IMMOKAa3aTeNH 3a00JIeBacMOCTH HaceJe-
HUS II0 OCHOBHBIM KJlaccaM Oolie3Hel. BimsHue pa3nmudHbeix pakTopoB Ha
BO3HHUKHOBEHHUE M pa3BHUTHE 3a00JIEBAHIS TaK)Ke MPEACTABISIET HECOMHCH-
HBI MHTEpeC KaK C TOYKH 3pEHHS OOIIETO 30pOBBS HACEICHUS, TaK U C
TOYKH 3PCHUS TOCTPOCHUS MAaTEeMaTHIECKUX MOJIENel M UX MCCIIeJOBaHUS.
PaccMoTpuM 3TOT Bompoc moapoOHee Ha MpUMepe OHKOJIOTUYECKUX 3a00-
JIEBaHUM.

[TocTaBuMm 3aauy BBIABUTH HAMMYUE (MJIH OTCYTCTBHE) B3aUMOCBSI3H
OHKOJIOTUYECKUX 3a00sIeBaHuil (HOBOOOPa30BaHUs) OT BHIOPOCOB B aTMO-
chepy 3arpsA3HAIOMIMX BEUIECTB, OTXOSIINX OT CTAIMOHAPHBIX UCTOYHU-
KOB (KOpPETSAIMOHHBIA aHaJH3), a TAKXKE YCTAHOBUTP SBIIACTCS JIH JTUHEH-
Has (popMa B3aMMOCBSI3U COOTBETCTBYIOIICH JaHHBIM CTATHCTHKH (perpec-
CHOHHBIN aHanm3). Y HAC MMEIOTCS JaHHBIC 10 YUCITY (THIC. YENOBEK) 3a-
PETUCTPUPOBAHHBIX 3a00JIeBaHUN Y OOJBHBIX C JMATHO30M, YCTaHOBIICH-
HBIM BIICPBBIE OTHOCHTEIIFHO OHKOJIOTHUECKUX 3a00JICBaHUIA U TAHHEIEC TIO
KOJIMYECTBY (TBIC. TOHH) BEIOPOCOB B aTMOc(epy 3arps3HIIONINX BEIICCTB,
OTXOJSIIUX OT CTAMOHAPHBIX UCTOYHUKOB 2005 mo 2014 rox mo Pecry6-
nuke Bamkoprocrad (tabiura 1).

B namewm citydae, y — 3a001eBaeMOCTh HOBOOOPA30BAHUSMH, X1 — T'O-
I6I HaOIONIEHUS, X, — BBIOPOCHI B aTMOC(epy 3arpsA3HSIONINX BEIIECTB,
OTXOJSIIUX OT CTAIIMOHAPHBIX UCTOYHHUKOB.

ITony4yaem ypaBHEHHE MHOKECTBEHHOU PETPECCUM:

y =1513347 +2,6050 * X; +0,2821* X .
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IIporHo3upoBaHue MO YpaBHEHUIO MHOXECTBEHHOU perpeccuu
(ctomber; y ) mONy4aeTcsi OYCHb ONU3KMM K CTATUCTHYCCKHM JaHHBIM.

KauecTBo MoOpenu, UCXO/s U3 OTHOCHTENBHBIX OTKJIOHCHHUH 10 KaXKIOMY
HAOJIOICHUIO, MMPU3HAETCS. XOPOIINM, T.K. CPEIHSS OIIHOKA armmpOKCHMa-
uuu cocrasisteT 1,67% .
Tabuumna 1
B3anMOoCBsI3b OHKOJIOTHYECKUX 3a00JIEBaHUI OT BEIOPOCOB B aTMOChEpy
3arpsI3HSIONINX BEIICCTB

BriOpockr B aTMochepy
SATPASHAOUMX BE™ Iy poo6pasosans, V.
TIECTR, OTXO/IATIHX. OT Ha 100 ThIC. Yen., y
CTalluOHAapHBIX UCTOY-
HHUKOB, THIC.TOHH, X
2005 410,6700 270,5000 280,9931
2006 395,0000 272,7000 273,3792
2007 406,6100 271,9000 279,0204
2008 417,4000 277,7000 284,2632
2009 397,9000 275,4000 274,7883
2010 387,5900 279,5000 269,7787
2011 406,4400 278,5000 278,9378
2012 402,8270 287,8000 277,1823
2013 448,9420 287,8000 299,5893
Cymma 3673,3790 2501,8000 2517,9321
Cpen.3Hau 408,1532 2779778 279,7702

CraHgapTu3upOBaHHOE ypaBHEHHE fxl =Pty + P *ty, +& pe-
rpeccur OyZeT BHITIISAETH CIEAYIONIMM 00pa3oM: .
fxl =05379*t, +04424 =ty
Tak Kak CTaHAAPTHU3MPOBAHHBIE KOI(POHUIHEHTH PErpecCHr MOXKHO
CpaBHUBATbh MEXIy COOOH, TO MOXKHO CKa3aTb, 4TO (JaKTOP X OKa3bIBAET
Oomnbllice BIMAHUE Ha Y, 4eM X, . KoadduimeHT MHOKeCTBEHHOIT Koppe-

mimn Ryy o =08763 ykasbiBaeT Ha BeCbMa CHJIbHYIO CBsi3b BCEIO Hab0-

pa ¢axropos ¢ pesynbraroM. C nmomomrsio F-xkputepus Pumepa noxrsep-
KJIAETCSl CTATHCTHYECKash 3HAUYMMOCTh BCETO YpaBHEHUsS M IIOKa3aTelis

TECHOTHI CBSI3H R,y .
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Jst mpoBepkH BO3MOXHOCTH NPOTHO3UPOBaHUs HUCKIouuMm 2014
roj. YpaBHeHHEe perpeccuu nmpumer Buja y =2124116+0,1606*x . BeI-

6pocer B atmocdepy B 2014: 458,365. Tloncrasisast B ypaBHEHHE, IMOIyda-
€M TIporHO3 3abojeBaeMocTu: 286,0425. DTo MOBOJIBHO CHIBHO pa3iuda-
eTcs ¢ peabHBIM cTatucTrdecknM 3HaderneM: 320,3 (10,7%). Omnako mo
pucynky 1 BumgHO, uyto 3HadeHme 2014 roma (10-w1i ronm HaOMIOHEHUS)
CUIIbHO «BBIOMBAETCS» M3 0OLIeH TeHAeHIMU. Bo3MOKHO, Ha BBISBICHHE
BIIEPBBIC 3a00JIEBIINX B 3TOM I'OAY MOBIMSIM KaKHe-TO JOMOJHUTEIbHbIC
¢axtopsl. Tak, 3T0 MOIJIM OBITH PE3YJILTATHI BCEOOILEH AMCIaHCEPH3ALIUH.

3aBHCHMOCTD HOBOOOpa30BaHHMIT OT o108 HAOMIOMEHHA
322,0000

312,0000
302,0000
292,0000
282,0000
272,0000

262,0000
1 3 5 7 9 11
—&— CraTHCTHYECKOe 3HaYeHHE
TIporHO3HEIE 3HAUESHHS
Jlunetinas (IIporHo3Hble 3HAYEHHE)

Puc.1. 3asucumocmo xonuvecmea 3a001e6UUX HOBOOOPA308AHUMU OM
200a HAOMOOeHUsL

st mosrydenust 60Jiee TOUHBIX IPOTHO30B HEOOXOIMMO HUCCIIEI0BATh
JIOTIOJIHUTENbHBIE (DAKTOPBI, KOTOPBIE MOTYT BIHSATH Ha 3a00JIEBaEMOCTh
HACEJICHHUSI.

Ternepb MOCTABUM 33/1a4y BbISBUTH Hajdudue (MM OTCYTCTBHE) B3aH-
MOCBSI3H CPEIHEU MPOJODKUTEIFHOCTH JKH3HH M PAacXOIOB Ha 3IpaBo-
oxpanenue (B % ot BBII). ¥ Hac uMeroTcs naHHBIE CpelHel MPOI0KH-
TENBHOCTH JKMU3HU (TOMBI) M TaHHBIE PAcXO0JO0B Ha 3/paBooxpaHeHue (B %
ot BBIT) 1995 no 2014 rox mo Poccuu (Tabnwmma 2).
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Tabnuma 2
B3anMocCBsI3b cpeiHel MPOAOKUTEIBHOCTY KU3HU OT PACXOJIOB
Ha 3/[paBOOXPaHCHHUE

Cpenusist mpo- Pacxoxp! Ha 31pa- A
nomxutenbHOCTh| ['onbl, X1 |Booxpanerue (B % Vs
JKU3HH, JIET, Y ot BBII), x2
1995 65,22 1 5,36 64,3828
1996 66,19 2 5,55 64,8235
1997 66,95 3 7,1 67,0386
1998 66,78 4 6,62 66,6051
1999 66,04 5 5,8 65,7281
2000 65,34 6 5,42 65,4251
2001 65,49 7 5,67 65,9440
2002 65,09 8 5,99 66,5544
2003 65,01 9 5,61 66,2514
2004 65,42 10 5,19 65,8962
2005 65,47 11 521 66,1151
2006 66,64 12 5,3 66,4253
2007 67,5 13 5,38 66,7225
2008 67,85 14 6,22 68,0112
2009 68,6 15 7,44 69,7958
2010 68,86 16 6,83 69,1927
2011 69,66 17 6,61 69,0985
2012 70,24 18 6,88 69,6435
2013 70,76 19 7,09 70,1103
Cymma 70,93 20 7,07 70,2770
Cpen.3Hau 1344,0400 210 122,3400 1344,0410

ITycts y — cpenHsas NPOAOIKUTENBHOCTD XKU3HM, X1 — TOJbl HAaOMO-
JCHUsI, X9 — pacXoAbl Ha 3apaBooxpaneHue (B % ot BBII).
[Tomyuaem ypaBHEHHE MHOXKECTBEHHOM PErPECCHHU:
y =571968+ 01928 * x; +13047 * x5 .
IIporHo3upoBaHue MO YpPaBHEHUIO MHOXKECTBEHHOW perpeccuu
(cronGen; y) maer 3HaueHwUs, OIM3KUE K CTATUCTUYECKUM JaHHbIM. Kaue-

CTBO MOJCIHU, HUCXOAd U3 OTHOCHUTCIBbHBIX OTKJIOHEHHH 1O KaXJaoMy
HAOJIIOICHUIO, MPU3HAETCS XOPOIIMM, T.K. CPEIHSSI OIIHOKA alpOKCHMa-
uuu cocrasiser 2,2% .
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Koadpunment mMHOkecTBeHHON Koppemsiuun R V4% =0,9247 yxa-

3bIBAET Ha BECbMa CHIIBHYIO CBSI3b BCEro Habopa (haKTOpOB C Pe3yJIbTaTOM.
C nomomsio F-kpurepus ®uiepa noarsepkracTcs craTUCTHYECKAs

3HAYMMOCTb BCETO YPAaBHCHUS U MOKA3aTCJIsA TCCHOTHI CBA3U R}’xlxz .

Ilo nanueiM BcemupHON OpraHuzanuy 3ApaBOOXpPAaHEHUs] MOATBEP-
KIACTCsl TpsAMas 3aBHCHMOCTh MEKAY OOIIMMH pacxoJaMH Ha 3[paBo-
OXpaHEeHHe M cpegHer (0XKHUIaeMOol) IPOAOIIKUTEIBHOCTBIO )KU3HU.
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YK 532.546
AxmertoBa O.B., I'aiueB @.D.

YUCJIEHHOE UCCJIEAOBAHME ITOJISA JABJIEHUS B
MNJIACTE IOKHO-IOTAHCKOI'O MECTOPOXKIEHUWSA ITPU
3AKAYKE BO/JbI

B pabome npeocmasnensi pacuemul 803mMyujeHus 0agieHUsi Had OCHO-
8e «8 CpeOHeM MOUHO20» ACUMNIMOMUYECKO20 peuleHus 3a0a4l Conpsice-
HUS 0 nose 0asileHus 8 MpexciotHOM AHUZOMPONHOM NAACHe.

Krouesvie cnosa: none oasnenus, negpmecodepicawuti niacm, aHu-
30MPONHAsL Cpeda, ACUMRINOMUYECKUE PEUUEHUSL.

Akhmetova O.V., Galiev F.F.
NUMERICAL INVESTIGATION OF PRESSURE FIELD IN
SOUTH-YUGAN DEPOSIT FACILITY AT WATER PUMPING

The paper presents calculations of pressure perturbations based on
the "on the average exact" asymptotic solution of the conjugation problem
on the pressure field in a three-layer anisotropic layer.

Key words: pressure field, oil reservoir, anisotropic medium, asymp-
totic solutions.

Jnst OCTpOSHMST MOJIENM TUIACTa HEOOXOAMM OOJBIION CIEKTp WH-
(dbopmanuu 0 HeM, a BO3MOXHOCTH €€ MOJIy4eHHs HHPOPMAIMK OrpaHuye-
HBl [3]. OCHOBHOH IIENIBI0 PAcUETOB SABISAETCA HE TOUHOE OMpeeiieHHE
BCEX XapaKTEpPHUCTHUK MPOIECca, a PaCIIMPEHUE CBEACHHH O 3aKOHOMEPHO-
cTsX (OPMHUPOBAHUS TOJSA JaBJICHHUS, KOTOpble HEOOXOIMMBI MU pa3pa-
Ootke MecTopoxaeHusa. MccrnenoBaHue (QUIBTPALMOHHBIX IIPOLECCOB
MIPUBOAUT K HEOOXOAUMOCTH y4deTa HeOJHOPOAHOCTH U aHU30TPOIIHH IIa-
CTa, 3aBUCHMOCTH OT HPOCTPAHCTBEHHBIX KOOPJIMHAT NMPOHHIAEMOCTH U
ITLE30IPOBOTHOCTH, YTO YCIIOXKHSET PEIICHHE 3a/1ad.

B pabotax [1, 2] paccmarpuBaeTcsi aACHMIOTOTHYSCKUA METO]| pere-
HUSI 33/1a41 COTIPSDKEHUSI O T10JIe JaBJIEHUs TP 3akauke (ironaa B pexu-
M€ MOCTOSHHOW JENpPEecCUU B TPEXCIOWHOW CHUCTEME, coAepKallel ypaB-
HEHHs MbE30IPOBOJHOCTH, YUUTHIBAIONIUE OPTOTPONHUIO Mmiactos. Ha rpa-
HHUIAX paszieia Cpejl 3a1aHbl yCIOBHUS PAaBEHCTBA JIaBJICHUIN U TIOTOKOB.

DopMyITBI I HyJIEBOTO aCUMIITOTHYECKOTO TPUOIIKEHISI HalACHBI
B pabore [1].

© AxwmeroBa O.B., I'amues ©.D., 2017
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RN

\/_je p{——}y(\/_x t—z+1)CD t—z+1)dt+

J{(kl—kz Xz) +%(k1+k2 Xz)z}ix

8X7M 4/t

x‘fexp(__] (M- Hl)(#;l)_l]m_m)dt,

0
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PO — —E (ks + ko5 )~ ks — ko2 )}

P
N

x Iexp(— %}y(\/ﬁx 122 +]4)®(r 122 +]4)dr +

[(k—kz\/_) (+k2\/_)2}
x eXp(——J (\/_XT JZP”J)(

0

JZ\ZH\

8Xn M\/_

\/Z|z +1| —1Jdr.

HapaMeTpLI, HCIOJIb30BAHHBIC B paciucTax, NpCACTABICHBI B Ta6J'II/H_le 1.

Tabmuua 1
PacueTHble napaMeTpsl

0. IOranckoe MecTopo:xaenune

BC10-1 BCl1-la
k (%) A (M%/c) k (n°) 1 (M%/c)
Hazncrunarommii | 3.158*10™ 0.128 3.158*10"* | 0.128
Uenrpamsueiii | 9.74%107%° 1.898 1.194*10™ | 0.335
Moxcrunarommii | 9.87*10™° 0.041 9.869*10™ | 0.034

Ha puc. 1 npencraBneHs! TpaguKy JUHAMUKA BOSMYILICHUS 1aBICHHUS
st BCyog (a) u BCyy1 (6). PacueTHble mapamerpsbl, He BOLIEINE B Ta0-
quny: Xg=1wm, h=1wm, mis kpuBoit 1 — 2 =0.2 ™, 2— =2 M, 3 — 4=
—2 M. B mpencraBieHHbIX HUXKE Tpadukax BO3MYIICHUE JaBICHHUS H3Me-
psercs B 1075X OT Py.

"0 10° 2:10° 3-10'4- 10"

T.C

P, PP :
0.97 . _)-*Jll-lﬂlﬂll‘lﬁu.m
0.8 "}\,
N,
0.7% -
0.6r
05

0

1 1
0 10° 2-10° 3-10°'4-10°

T,C

Puc. 1. Junamura sozmywenus oagrenus onsi bC10-1 (a) u 5C11-1 (6)
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Ha rpadukax BO3MYIICHHUS NaBICHUS OT BPEMEHH HAOIIOAAaeTCS
OBICTPBIN POCT KPHUBBIX MpHU 3HaUeHUH T OT 0 110 5-10% ¢ u craGummsanus
npotecca ot 10 ¢. BbIsicHEHO, uTO GoJee BHICOKHE 3HAYCHUS M3MCHEHMUS
JIaBJICHUSI B CPETHEM MPOIUIACTKE COOTBETCTBYIOT Cpejie ¢ OOMbIIMMU 3Ha-
YeHUSIMU TPOHHUIIAEMOCTH U Mbe30MpoBoAHOCTH. Tak ke U3 aHaiu3a rpa-
(DMKOB HBOJIOLUK BO3MYIICHUSI IABJICHHS CIIEAYET, YTO Y€M MEHBIE IpO-
HHUIIAEMOCTbh IIACTOB, TEM IMO3KE MPOUCXOIUT CTAOHIN3AIUS BO3M YIIICHHS
JIABJICHUSI, & C YBEIIMYCHHEM MNPOHUIIAEMOCTH IUIACTA YBEIMYMBACTCS H
aAMIUTUTY/Ia BO3MYIIICHUS IaBJICHUS.

Ha puc. 2 wutocTpupyeTcs 3aTyXaHHEe BO3MYINCHHH NaBICHUS MPU
yIAJICHUN OT CKBAXKUHBI JIJIS Pa3HBIX PACCTOSHHIA OT MJIOCKOCTU Zg=0, Tak
xe it BCioq (a) u BCyyq (6). PacueTHble mapaMeTphl, HE BOIIEAIINE B
tabmuiy: h=1wm, 1=43200c, kpuBas 1 — 23=02m, 2 — Z3=2wm,
3—-24=-2Mm.

P,Bl P
0.8
0.6

0.4
0.2

|
20 40 60 80 100

0 100 200
X4 M X M
a o
Puc. 2. 3amyxanue so3mywenuii 0agnrenus npu yoaienuu om cK8aNCUHbl
ona bCip1 (@) u BCi14 (6)

W3 rpadukoB 3aBUCUMOCTH BO3MYILEHHS OT TOPH30HTAJIBHON KOOP-
JUHATBI BUHO, YTO 3aTyXaHHE B OJHOM IUIACTE JJIS BCEX MOPO.I MPOUCXO-
AT Ha OJHOM WM TOM ke pacctosHud. OTCIOfa CIeAYyeT, YTO 3aTyXaHHe
BO3MYIICHUS JABJICHUS 3aBUCUT OT MPOHHIIAEMOCTH [EHTPAIBHOTO ILIa-
CTa, T.€. 4YeM OOJIbIlle MIPOHUIIAEMOCTh IIEHTPAIBFHOTO IIJIacTa, TeM OOJIbIIe
rIyOrMHa MPOHUKHOBEHUS BO3MYIIEHUs. Tak jke u3 rpaMKOB CIEAYET, YTO
aAMIUTUTYla BO3MYILIEHUsS OOJBIIEC 3aBUCHT OT IBE30IPOBOIHOCTH, YTO
COOTBETCTBYET OINPEACICHHUIO, MbE30MPOBOIHOCTh MMOKA3BIBAET CKOPOCTH
JIBIDKEHUSI 1300apPHBIX TIOBEPXHOCTEH.

Ha puc. 3 npeacraBiieHbl 3aBUCUMOCTH BO3MYILICHHS JTaBJICHUS OT Zg
(a = BCyg.1, 6 — BCyy.1,). Pacuetnble mapamerpsl: Xq = 1 M, h = 1 m, kpuBas
1 -1=43200c, 2- 1=86400c, 3 — t=172800 c, rpadukn Ha Bpe3Kax
BBITNIOJIHEHBI B IIpenienax Zq oT —3 A0 3, u P — B npegenax ot 0.9 no 1.
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PLEL P P,P.LP

o 7

0.8- N 7 l- 3 0.8

3\ 0.6
0.6 \/: .,.\.\
04r 73 | 17\, S 0.4
0.2t/ 27N " N 0.2

100 0 100 200 -100
Zy M Zy M
a o

Puc. 3. 3asucumocmu 6o3mywenus oasnenus npu UsMeHeHuu
sepmuxanvroll koopounamol (a - 5Cig.q, 6 - BC11.1,)

U3 rpaduyeckux 3aBHCUMOCTEH BO3MYIIEHHS IABJICHUS 10 BEPTH-
KaJbHOM KOOpAMHATE BUAHO, YTO PA3IMYMEe HAKJIOHA JIEBBIX M MPaBbIX
KPUBBIX, U KPUBOH COOTBETCTBYIOLIEH LIEHTPAIbHOMY IUIACTY 3aBUCHUT OT
XapaKTepUCTUK TOJACTHJIAIOIIEI0 M HACTUJIAIOLIETO IIACTOB, IJIABHBIM
00pa3oM OT MPOHHUIIAEMOCTH OKPYXKAOIIei MOposl. MakCUMyM aMILIu-
TyJbl BO3MYIIICHUS AaBJICHH CMEIIAETCSI B CTOPOHY C MEHBINECH NMPOHMIIA-
€MOCTBIO.

Urak, pacdersl, ocymiecTBiIeHHBIE 10 (opmynam u3 pabot [1, 2],
TIO3BOJISTIOT OIIPEAEINTD BIMSHUE (PUIBTPAIOHHBIX XapaKTEPUCTHUK 3aje-
KM Ha 0COOCHHOCTH ()OPMHUPOBAHUS TOJISI AABICHUSL.

Paboma evinonnena npu gunarncosot noodepacke PODU ¢ pamkax
npoexmog Ne 16-08-00548 A, Ne 16-08-00728 A.
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KOHCTPYUPOBAHHUE TOMOJECMHYECKNX PEAKIIUI
HA ITIPUMEPE HUKJIOTIEHTEHA

B nacmosuweii pabome npusedena meopemuxo-epaghosas unmep-
npemayust YUKIUYeCKUx XUMU4eCcKux cOeOuHeHUll, ONUCaH ai2opumm KoH-
cmpyupoganus 6a3uca 20MOO0eCMUYECKUX PeaKyull, KOMOpPblil NO36015em
Peanuzo8ams 20Mo0ecMuieckutl nooxo0 0Jis paciema Cmanoapmuou dH-
manvnuy 06pazoeanus. st HA2ASOHOCMU ANOPUMMA NPUBEOEH npumep
BLINUCLIBANUSL DA3UCA 20MOOECMUYECKUX Pearyull O MOAEKYAbl YUKIO-
nexmena.

Knrouesvie cnosa: 6asuc comodecmuueckux peaxyuti, MoIeKyIapHblil
2pagh, snmanvnus 06paA308aHUsl, MEPMOXUMULECKAsL 2DYANA.

Ahmetyanova A. |, Ismagilova A.S., Khursan S.L.
CONSTRUCTION OF HOMODESMIC REACTIONS ON THE
EXAMPLE OF CYCLOPENTONE

Abstract: This paper presents a graphical interpretation of cyclic
chemical compounds, describes the algorithm for constructing a basis for
homodesmic reactions, which makes it possible to realize a homodesmic
approach for calculating the standard enthalpy of formation. For clarity of
the algorithm, an example is given of writing out the basis of homodesmic
reactions for a cyclopentene molecule.

Key words: homodesmic reaction basis, molecular graph, formation
enthalpy, thermochemical group

MornexynsipHast SHEpreTuKa JaeT BaKHyI0 MH(popMauuio st 000CHO-
BaHHOW pPa3pabOTKM TEXHOJOTMYECKUX IIPOIIECCOB TIOJNy4EHHs] OpraHHuye-

© AxwmerbsiHoBa A.U., Mcmarunosa A.C., Xypcan C.J1., 2017
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CKHUX TPOAyKTOB. MH(pOpMarust 00 sHEprocoaepKaHuu XUMUYECKHX COE/IU-
HEHUH, KaK NPaBUJIO, HETIOJHAA M 3a4acTyl0 HeTouHas. J[JIs perieHus 3Toi
MpOOIEMBI aKTyallbHBI TEOPETHIECKHE METOJIbI OIIEHKH SHTANIBINI 00pa3o-
BaHusA. Ho 11 OoNbIIMHCTBA XMMHYECKUX COSIMHEHHWH KOMIIO3UTHBIC Me-
TOApI pacdueTa TPeOYIOT OONBIIMX 3aTpaT KOMIBIOTEPHBIX M BPEMEHHBIX
pecypcoB. OnmuH u3 Hanboliee pandoOHATBHBIX CIOCO0OOB — HCIOIB30BAHUE
KOHLIENIIUU M30A€CMUYHOCTH. AHAIM3 METOAOB ONPENEIECHHU TEPMOXUMHU-
YECKMX XapaKTePUCTHUK XMMHYECKHX COSIAMHEHMH IOKa3al, 4To Haubosee
HaJIe)KHBIM SIBIISIETCSI METOJ CPaBHUTEJILHOTO pacdyeTa, OCHOBAaHHBIH Ha HC-
nonp3oBaHuK romoaecmudeckux peakiuii (I'IP) [1]-[3].

Hacrosimas paboTa siBisieTcs: POAOJDKEHHEM HCCIIeI0BaHUM, Hava-
ThIX aBTopamu B [3]-[4]. Lensto sBisercs onucanue 6asuca ['/IP nnst mo-
JIEKYJIbl IIMKJIONEHTEHA, KOTOPBIM MO3BONIAET peaan30BaTh TOMOJECMHYE-
CKHMI1 MOAXO JJIsl pacyera CTaHAAPTHON SHTAIBITNH 00pa30BaHMUS.

Anroput™M KoHCTpyupoBaHus Oasuca ['/IP mius OHUKIHMYECKOTO CO-
€IMHEHNS BKIIIOYaeT B ce0s clieIyIoIne OCHOBHBIE dTarsbl [4]:

1. IIpencTaBUTh BCEBO3MOKHBIE BAPHAHTBI «Pa3BEPHYTOW» MOJEKY-
JIBI, KOTOpasi MOJy4YeHa M3 MCXOJHOM «pPa3pblBOM» LHUKIUYECKON CBS3H.
BbIIBHTE BCe BO3MOXHBIE KOMOMHAIMK BHYTPEHHUX TPYII, 00pa3yromux
XMMHYECKOE COETUHEHHE.

2. JIns Kaxaoro ciaraeMoro mojgo0paTh KOHIIEBBIE TPYIIIBI U3 TeX,
YTO HPUCYTCTBYIOT B HCXOJHOM XHUMHUYECKOM coenuHeHunu. Cdopmupo-
BaTh npasble yactu I'JIP.

Ecnu B cocTaBe coeaMHEHHsS HET KOHIIEBBIX WM HET MOIXOMSAIINX
Cpeay HMMEIOLINXCSl, CKOHCTPYMPOBAaTh «HOBYIO», MPUCOCAMHEHHEM Ba-
JICHTHO-CBSI3aHHBIX AaTOMOB.

3. [ns onpeseneHus peareHTa (peareHToB) HCXOHOTO XUMHYIECKOTO
COEIMHEHUSl Y4ecTb IpYIIOBOI cocTaB MpoAyKTOB mpaBoil yactu ['JIP.
PeareHTBI COCTAaBIAIOTCS U3 KOHLEBBIX TPYII, BXOISIINUX B IPOAYKTHI.

4. IIpocraButh crexuomeTpuieckue ko3dduruents: B I'JIP cormacHo
IpyNIOBOMY OanaHCy — COXpaHEHHE Yuciia rpymnn (BHYTPEHHUX M KOHIE-
BBIX) K&XKIOT'O THUTIA.

[IponmmrocTpupyeM paboTy alropuT™Ma Ha NMpHMepe KOHCTPYHpPOBa-
Hus 6asuca ['JIP ayis Mmostekynbl nukionenTeHa. Ha puc. 1 npuBeneH mone-
KyJApHBIH Tpad muknonenTeHa. CTpoeHne COeANHEHHS TIPEACTaBIIETCS B
BHJIe KOMOWHAIIMK BHYTPEHHUX TepMOXUMHYECKUX — B, B, Bs. B mome-
KyJie IUKJIONEHTEeHa MPUCYTCTBYIOT YETHIPE THIIA XUMHUYECKHX CBszer: C—

C, C-H, (C=C)-C, (C=C)-H.
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Kpatneie pebpa mexny BepimHamu-aromamMud C u C ykasbIBaeT Ha
NBOIHYI0 cBsi3b. [lo TepmuHonoruu beHcoHa, aTOMBI, COeIMHEHHBIE APYT
C APYTOM KPAaTHBIMHU CBS3SMH BXOISAT B COCTaB TEPMOXUMHYECKUX TPYIII
(xaKx BHYTpEHHHX, TaK ¥ KOHIIEBBIX) B BHIIC OJHOTO «CIIOKHOTO)» aTOMa.

s 3anmcn peareHToB W npoaykroB I'/[P Taxke ObUIH HCIIONB30Ba-
HBI 0003HaueHns KoHNeBbIX rpynn Ky, K;, K3, mpencrasnennsie Ha puc. 1.

Monexyna  yukio-  Buympenuue epynnoi: Konyesvie epynnoi:
newmena B;: K;:
© ®, @ O
(O=C] (]
@y ) @ ©=9
B,: Ko:
@ © @ O
() (]
® ©O= @ ©
Ba: Ks:
© @) ©
2 ® (O=]
@ ®

Puc. 1. Monexynapuwiti epagh yuxioneHmena u e2o 2pynnogotl Cocmas

CornacHo aaropurMy, s pa3pylIeHHs [UKJIA MHHAMAJIBHOE YHCIIO
Pa3phIBOB paBHO 1, a MakcMManbHOe — 4 (1I0 KOJIMYECTBY CBS3EH MEXIy
TpyIIaMH), T.. JUIl OUKJIONEHTaHa CYIIECTBYeT JeBsTh OasucHbIx ['JIP.
[Tpn anann3e BO3MOKHBIX KOMOMHAIMN yYUTBIBAJIM, YTO BCe CBs3H B1—By,
B,—B3 011HaKOBEL, 9TO yMEHBIIAET YKUCIIO BAPUAHTOB pa3pbiBa. B Tabnmie
1 mpescTaBiieHBI Bce BO3MOXKHBIE BapHAHTHI Pa3phiBa CBA3EH MEXIY IPyT-
namu. Mecra pa3pbiBa IIOKa3aHbl IIYHKTHUPHOW JIMHHUEH, COXpaHUBIIMECS
CBSI3U — CIUIOLIHOM.
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Tabuuma 1
Bce Bo3MOKHBIE pa3phIBHI CBS3€H MEX Ty TPYIIIaMH B MOJICKYJISIPHOM
rpade NUKIONeHTeHa

Pa3peiB 1 cBs3n

N
2) \:] + K]_Kg—) K1B1B2B3B2K3

O 1) \/’:}; + Ky)K; = K;B3B,B1B/K,

PasprIB 2 cBszeit

1) \/ + 2K,K, — K,B,B1B,K; + K;B3K,

2) \/:7 + 2K, K3 — K3B,B3B)K;3 + K BK;

3) \/:?+K1K3 +K2K2—) K2B2B1K1+
+K,B4B,K;

4) \_JHK, K3 +KoKy—> KoBsB,B1K +
+K,B,K;3

S

-

a3phIB. 3 cBsi3eit

l) \_/? + 2K1K3 + K2K2 i d K2B3B2K3+
KiB:Ki+ K;BoKj3

2) \/:}? + K]_Ka + 2K2K2 i d KszBlKl‘l'
K,B3K,+ K,B,K;

o
‘09‘0

In=

a3phIB 4 cBsizeit

1) s 2K K3+ 2K,K,—> KiB K+
K,B3K, + 2K,B,K;

P P SIEIIICH OO
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B Hacrosmiee BpeMsi aBTOphI paboTaroT Haj pa3pabOTKOM mporpaMmm-
HOTO KOMIUIeKca Jyisi onpeneneHus 6azuca I'JIP nukinmyeckux opraHuve-
CKMX COEIMHEHUH M pacueTa 3HTAIBNNI 00pa3oBaHUs, UMEIOTCS NpeBa-
PHUTENBHBIE PE3YIIBTATHI.
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VK 517.984
AxTamoB A.M.

K PEHIEHHIO O/THOM 3AJTAYM JKOHA JJOKKEPA

s OugppepenyuanvHbix ypasHeHuil YemHbiX NOPIOKO8 U36ECHIHbI
cnekmpa’ibHble 3a0auu ¢ Kpaeevimu yCcioeusimu, Cnekmp Komopblx
3anojinsient 6CI0 KOMNJIEKCHYI0 NJIOCKOCNb. le/llw/l/l, smu 3a0ayu He
cooepoicam CneKmpaibHulil NApamMemp 6 Kpaeevlx YCI08usix. J{ocoHom
Jlokkepom nocmasnena credyrowas —npobaema:  Cywecmeyrom - Ju
nodobHbie 3a0auu 01 OuPOepeHyuaibHbIX YPAGHeHUll HeuyemHO20
nopsoka? B nacmoswen pabome Oaemcs nonosxcumenvuviil omeem Hd
amom eonpoc. [na ougpgepenyuanvioco ypagueHus 100020 HeYemHo20
NOpsiOKa HAUOeHbl NpUMepbl COOMEEMCMEYIOWUX CNEeKMPATbHbIX 3a0a.
Tlpumepnvl HatioeHbl ¢ NOMOWBIO ABMOPCKUX MeMO008 UOeHMUGUKayuu
Kpaeguvlx yCl08Ulli CNeKmpaibHvlX 3a0a4 no Ux CHeKmpy.

Kniouesvie cnosa: cnexmpanvuvie 3adauu, 00biKHOGeHHble Oupde-
PEeHYUAIbHblE YPABHEHUS HEYEMHO20 nopﬂdxa, cnekmp, cobcmeennvle 3Ha-
YEeHUA, xapaxmepucmuuecxuﬁ onpe()e/zumeﬂb, Gblpoofcéeﬂl-lble Kpaeeble
ycnosust.

Akhtyamov A.M.

TO THE SOLUTION OF A PROBLEM OF JOHN LOCKER

For differential equations of even order, we know spectral problems
with boundary conditions whose spectrum fills the entire complex plane.
Moreover, these problems do not contain a spectral parameter in the
boundary conditions. John Locker posed the following problem: are there
similar problems for odd-order differential equations? In this paper we
give a positive answer to this question. Examples of the corresponding
spectral problems are found for a differential equation of any odd order.
Examples are found using author's methods for identifying boundary con-
ditions of spectral problems from their spectrum.

Keywords: spectral problems, ordinary differential equations of odd
order, spectrum, eigenvalues, characteristic determinant, degenerate
boundary conditions.

B [1] moxka3aHo, d9ro ecimu KOI(pOHUIMEHTH OOBIKHOBEHHOTO
i depeHnnanbHOro ypaBHeHus1 HenpepbiBHBI Ha [0,1], To mis criektpa
COOTBETCTBYIOLIEH KpaeBOH 3ajjaud UMEIOTCA TOJIBKO CIEAYIOUINe JBe
BO3MOXKHOCTH: 1) cymiecTByeT He Oojiee CUETHOro 4Hcia cOOCTBEHHBIX

© Axtamos A.M., 2017
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3HAYCHHH, HE UMEIOMIMX MpeaenbHoi Toukn B C; 2) Kaxaoe 3HaUYCHHE
A € C sBnsiercsi cOOCTBEHHBIM 3HAUCHHEM.

[Ipsamble n oOpaTHbIe 3agauu Uil ciaydas 1) JOCTaTOYHO XOPOIIO
n3ydeHsl (cM., Hampumep, [2, 3, 4]). BeipoxkneHHslil ciaydait 2) usyden
Mano  (KpaeBble  ycnoBus  HasbIBAalOTCS  BBIPOXKICHHBIMH,  €CJIH
XapaKTEPUCTUYECKHH OIPENEUTENb COOTBETCTBYIOLIEH CHEKTPaIbHON
3aaud TOKAECTBEHHO paBeH KocTaHTe [5]). XopoImmo U3BECTeH, MOXKAITyH,
TONBKO TpuMep IudQepeHnnansHOr0  omepaTopa JOO0TO  YeTHOTO
MOPSIIKA, AT KOTOPOTO CHEKTP 3aMOJHACT BCIO KOMIUIEKCHYIO TIOCKOCTB
[6] (see also [7, 8]). KpaeBbie ycinoBusi B 3TOM MpHMEPE HMEIOT
CIEeIYIOUINI BUIL:

U =yIP 0+ y0P @ =0 j=1234

B [7,8] dxon Jlokkep (John Locker) cdopmymupoBam HECKONBKO

HEpEIICHHBIX MPOOJEM CIEKTPAIBFHOTO aHaIH3a JIBYXTOUCUHBIX KpPAeBbBIX

3aga4. OHa U3 HUX TPEICTABISAET COOOH CIIeMyIONIHi BOMPOC: MOXKET JIH
OBITh HaiileHa CIIeKTpaibHas 3a1a4a ¢ AupHepeHIIHATBLHBIM YPaBHCHHEM

iy = Ay(x),  xe[0,1] (1)

HCYCTHOI'O HOpHI[Ka n N KpaeBbIMI/I yCHOBI/I}IMI/I
_ (k) n (k) ‘§ _
U(y) = kgoajky (0)+k§00!jk+n yQ), J=1...n (2)

U CIIEKTPOM, 3aIOJHSIOIUM BCIO KOMILIEKCHYIO TIOCKOCTh?

B pabore naH NOJOXWUTENBHBIM OTBET Ha 3TOT Bompoc. Jlis
nuddepeHnaIbHOro onepaTopa Jrd0ro HEYSTHOTO MOPsIKa N HaIeHBI
JBe crieKTpanbHble 3a1aun (1)-(2), CIeKTp KOTOPBIX MOTHOCTHIO 3aMOIHSET
BCIO KOMILJIEKCHYO TIOCKOCTb.

Jns muddepenumansHoro ypasuenus (1) nopsaka n =3

—iy"(x) = Ay(x), x€[0,1]
KpaeBble YCJIOBHS (2) UIMEIOT CIEAYIOMINI BHI:
1+ uf .,

|\/7

yo+ 3y =0, yo-y@=0 y©@+"3yw=0
)Z0)0%1
yO) + “'( y1)=0, y(O)-y'1)=0, y'©)+" '\r Y1) =0,
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OTH KpaeBble YCIOBHs ObUTM HaiilieHBl ciefyromuM obpazom. Jlis
cnekrpaipHoid 3amaun (1), (2) ObUI MOCTPOEH XapaKTepUCTUUECKHN
ompenenurens.  Jlanee  XapakTEPUCTHYECKHH — ONPEAETHMTENh  OBUI
MPUpPaBHEH K HYJIO, IOCJIE YEro, MCHONb3Yysl JHHEHHYI0 3aBUCHMOCTD U
HE3aBHCHUMOCTh COOTBETCTBYIOIINX (YHKIMH OT S, OBUIM IIOMydEHBI
ypaBHEHMs MJII MHHOPOB MATpPHIBI KpaeBbix ycioBuit (2). K atum
ypaBHEHHSIM ObLIM J0OABJIEHBI TaK Ha3bIBaeMble COOTHOLIECHUS [lmtokkepa,
OCHOBaHHbIE Ha TOM, YTO HE Ka)XJ[0€ YHUCIO MOXET OBITh MHHOPOM
MaTpuIsl. V3 TOTydeHHOW CHCTEMBI YpaBHEHHH OBLIM HaWZECHB MUHOPHI
MaTpHIB! KPaeBbIX ycrnoBuil. HekoTopble n3 MUHOPOB OOpATHIINCh B HYJIb,
a JuIs ApyTruX ObUTH HAiICHBI 3aBUCHMOCTH MEXIY HHUMH, IO KOTOPHIM C
MTOMOIIBI0 MeTOHOB paboTsl [10] ObUIM HalIEHBI CHEKTpPANbHEIC 3a1aud
(1), (2) ¢ xapaKTepUCTHYECKUM OIPEACINUTEIEM, TOXKICCTBEHHO PaBHBIM
HYJIIO.

Paboma svinonnena npu gunancosoti noooepoicke epanmos Beoyuue
Hayunvie wkonsl PO (npoexm HILI-7461.2016.1) u PO DU (npoekr 15-01-
01095 _a) u Munobprayxu P® ¢ pamkax npoexma Ne 5753, svinonnsemozo
6 Kauecmee 6a30801 HaCMU 20CYOapCmMEeHHO20 3A0aHUA.
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9KOHOMUYECKHUE 3AKOHBI KAK MATEMATUYECKHUE
YTBEPXJAEHUSA. TEOPEMBI, IPUMEPBI 1 KOHTPIIPUMEPBI

B pabome nocmpoenvl npumepvt 3KOHOMUYECKUX 3AKOHO8 8 YACHIHO-
cmu napaookcos ¢ NoMowblo mamemamuyeckux meopem. IlIpusedervi
npumepul, KOHMPHRPUMEPDL.

Kniouesvie cnosa: napaookc, sgppexm croba, mosapwl Ipugghena,
s¢dexT nprcoenHeHNs K OOJIBIINHCTBY, KOHTPIIPUMED.

Akhtyamov A.M, Garipova L.Kh.
ECONOMIC LAWS AS MATHEMATICAL STATEMENTS.

THEOREMS, EXAMPLES AND COUNTEREXAMPLES.

In the work examples of economic laws, in particular paradoxes, are
constructed using mathematical theorems. Examples are given, counterex-
amples.

Keywords: paradox, snob effect, Griffen products, the effect of joining
the majority, counterexample.

C y4éroM TOTO, YTO HAyYHOE 3HAHWE HEMPEPHIBHO pa3BUBAETCS, BO3-
HUKAaeT MOTPEOHOCTh B M3MEHEHUH TEOPUH, OMPEACIAIONAsAcS TeM, YTO

© AxtamoB A.M., I'apunosa JI1.X., 2017
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BcE yYalle M YaIie MPOTrHO3bI, BHIMOIHICMBIC C MOMOIIBI0 MOI00HON Teo-
UM, OKa3bIBAIOTCS HE TOYHBIMHU, BOHUKAIOT PA3JIMYHBIC MAPaJOKChI, KOTIa
TEOpHUs YTBEP)KIAeT ONHO, a Ha MPAKTHKE IPOHCXOIUT COBCEM Ipyroe.
Pazbepem Gostee moapoOHO.

Teopema. Ecnu TOBap HeE SBISAETCS TOBApOM (TMPOIYKTOM) IEPBOU
HEOOXOIMMOCTH, TO TIOBBIIICHHWE IICHHI HAa HETO BHI3BIBACT IIOHIDKCHHE
cmpoca.

Venosue npu komopwix mepema evinonusemca: TOBap HE ABIACTCA
TOBapOM MEPBO He0OX0AMMOCTH. [IpUBEIEM COOTBETCTBYIOIIHIA TPUMED .

COOTHOIIICHUE [IEHBI ¥ KOJHUYECTRA MTPOJIAHHOTO TOBapa A Ha PHIHKE

Llena (Price) 3a eauuuiy TO- Copoc (Quantity) — xosm-

Bapa A B ICHE)KHOM BBIPKCHHUH YEeCTBO MPOJAAHHOTO TOBapa A
MMOCTPOUM KPHBYIO CTipoca, 1o ocu OX OTIIOKEHBI 00BEMBI MPOJaK HEKO-
Toporo ToBapa X, mo ocu O. KpuBas cmpoca mokas3plBaeT, YTO MEXAY Iie-
HOW TOBapa W €ro KOJMYECTBOM YCTAHABIHMBACTCS OOPATHO HPOIOPLHO-
HaJIbHas1 3aBUCUMOCTbH

NpaduK cnpoc/npeanoxeHmne

LieHa
B
S

=== cripoc

== penoMeHo

0 T T T T T d
0 100 200 300 400 500 600

MpepnoxeHo

Puc.1. I'pagpux cnpoca u npednosicenus Ha poirke.

JaHHast TeopeMa He BBINOJIHAETCS B Cilydae:

Kourpmpumep 1. Ilapamoxc ['mbdena: mpu MOBBIIICHHMH [EH Ha
omnpenenéHHbIe BUIBI TOBapa (B OCHOBHOM TOBAaphl IEPBOIl HEOOXOIUMO-
CTH) UX TOTpeOIeHNE MOBBIIIAeTCS 3a CUET YKOHOMHUH Ha JIPYTHUX TOBapax.

Venosus evinonnenus napaookca:

MarnoneHHbIE TOBaphl, 3aHUMAIOIUE B TMOTPEOUTEIHCKOM OIOHKETe
3HAYNTENTFHOE MECTO M JJIsI KOTOPBIX OTCYTCTBYeT PaBHO3HAYHBIN TOBap-
3aMEHUTEb.
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Ipumepbr uz ucmopuu:

Tonon B Upnananm 1845-1849. Kaprodens ObUT OCHOBHBIM MPOIYK-
ToM nMTaHus B Upmannny, n3-3a HeypoXkas IIEHBI Ha KapTo(dens HermoMep-
HO BO3POCIIH, €r0 NOTPeOICHUE TTOBBICHIOCH.

Kontpnpumep 2. [Tapagokc Bebnena — curyanus, Koraa MOKyIaTenn
BOCIIPUHMMAIOT CHM)KEHHE IIEHBI TOBAapa KaK CUTHAJ O CHIDKCHHH €ro Ka-
YeCcTBa WJIM INPECTIXHOCTH, a IOBBHIIICHHE IEHBI, JAENacT ToBap Ooiee
MIPUBJICKATEIbHBIM.

Yenosusa evinonnenus napadoxca: TOBapbl, CBUIECTENIBCTBYIOIIHE O
BBICOKOM CTaTyce, IpeAMEThl POCKOIIH.

Ipumep uz ucmopuu.

IIpousBeneHuss COBPEMEHHOT'O HCKYCCTBa, C POCTOM IIEH Ha IpOU3Be-
JeHus, 00bEMBI UX NPUOOpETEHHsT pacTeT. Tak ke MPECTHKHBIE MapKu
aBTO, MapKH OJAEXK/bI JOPOTHX OPEHIOB.

Konrpmpumep 3. DOddexr cHobGa oTpaxkaeT NPOTHBOIOIOKHO
HalpaBJICHHOE U3MEHEHNE BEJIMYUHBI CIIpoca Ha Oiara oJHUM IoTpedunTe-
JIeM, B OTBET Ha N3MEHEHHE BEJIMYMHBI CTIPOca APYTUX MOTPeOnTEIeH.

Yenosus evinoanenus napadoxca: o6beM NMOTPEOICHUSI TaHHOTO TO-
Bapa 3aBHCHUT OT pa3MEpOB MOTPEOIICHHUS.

Ipumepwr uz ucmopuu.

W3BecTHble OpeHabl YyacoB (MIPH HAJIMYUKM Y BCEX MOOWIIBHBIX Telie-
(hOHOB), MITa3MEHHBIE TEJIEBU30PBI OONBIINX (HOPMATOB (2 KOMHATKH CTaH-
JapTHBIE), TPOMO3/IKHX U MOIIHBIX MAIIUH (JIKUIIOB), ¥ 3TO B TOPOAAX.

KonTtpnpumep 4. Dddexr npucoennHeHus: Kk OOIBIIMHCTBY Cly4ai,
KOTJIa OTAEIBHBIN MOKYyIaTeNb NPeIbsIBIAET OONBIINNA CIIPOC HAa TOBAP W3-
3a TOTO, YTO HEKOTOPBIE MIIM BCE OCTAJILHBIE MMOKYIIATENIN HAa PHIHKE TaKKe
TIPEABSBISIOT OOJIBIINIT CIIPOC HA 3TOT TOBAP.

Yenosus evinonnenus napadokca: ToBapbl MacCOBOTO MOTPEOICHUS.

Ipumep uz ucmopuu:

O¢dext npucoenuHeHNs K OOJIBITMHCTBY BOZHHUKAET B TOJIOCOBAHUH!
HEKOTOPbIE JIIOJM TOJOCYIOT 3a TeX KaHIUJIATOB WJIM MapTHH, Y KOTOPHIX
00JIbIIIe MAHCOB BRIMTPATH (WM €CJIH O TAKHUX IIAHCAX y HUX YTBEPKIAIOT
cpezcTBa MacCOBOW MH(POPMAITUH).
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BJUSHUE YIIPYTUX 3AKPEILIEHUM ITOJIOM TPYBHI HA
YACTOTHI EE ACHUMMETPAYHBIX KOJIEBAHUM

Hccnedosano enusnue 3akpenieHutl noaoll y3kou mpyovl Ha 3HAYEHUs
yacmom ee acummempuunvlx Konebanutl. Ilokazano, umo ygeiuuenue Ko-
appuyuenmos OMHOCUMENbHOU HCeCMKOCMU YIPYSUX onop mpyowl eedem
K Y8eIUYEHUIO YaACmon ee KONeOanul.

Kniouesvie ciosa: uacmomnoe ypasuenue, cob6Cmeennble 3HAYeHUs. U
yacmomvl, ynpyaue 3aKpenienus, 3a6UCUMOCmU 4acmom.

Akhtyamov A.M., Safina G.F.

THE EFFECT OF ELASTIC FIXING OF HOLLOW TUBE AT THE
FREQUENCY OF THE ASYMMETRIC VIBRATIONS

The influence of fixing the hollow narrow pipe on the frequencies of
its asymmetric oscillations. It is shown that increase of the coefficients of
relative stiffness of elastic supports of the pipe increases the frequency of
its vibrations.

Key words: frequency equation, eigenvalues and frequencies of the
elastic fixing, according to frequencies.
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PaboTa, npencraBieHHast B CTaTbe, SIBISETCS MIPOJIOJDKEHUEM HCCIIe-
JIOBaHUH 110 aCUMMETPHYHBIM KOJICOAHHSIM TIOJIBIX TPYO, KaK KPYroBBIX
mumHApUYeckux obonouek [1] — [3]. Llenpro paboThl SBIsETCS UCCICIO-
BaHHE BIUSHHUSA KOI()(PHUINEHTOB OTHOCUTEIHLHOH >KECTKOCTH YHPYTHX
3aKpeTUIeHUH 110JION TPYObl Ha YaCTOTHI €€ ACUMMETPHYHBIX KOJIEOaHHUH.

[IpuBenemM KpaTKue CBEACHUsS IO MPSAMOH 3aj1aue, HEOOXOAUMBIE JUIs
JnanpHelniero m3nokeHns. CBOOOMHBIE aCHMMETPHYHBIC KOJIeOaHUS MO-
JIoW TpyOBI ONMCHIBAIOTCS KpaeBoH 3amaueii ¢ auddepeHnnansHeIM ypas-
HEHHUEM

4 2. 4
y@ )+ 202y (x) + riy(x) =0 1
C TPAaHUYHBIMHU YCJIOBUSAMH [1]
y'(0)=0, y(1)=0,
y"(0)+ 2%y (0)+ Byl °y(0)=0,  y"(1)+2v%y (1)+ Bl ®y(1)=0.
Koadpduumentsr ypaBaenus (1) mMeroT BUX
2,2
w22 P a_n*(n?+1)°Dy o n(n" +1)pn
B 6 B 2
Eihy EihR E;hR

1 BBIpA)KAIOTCS depe3 CIeAYIOHe mapaMeTpsl Tpyos: R, h, D— pa-

AUycC, TOTMIIUHA ¥ IHIMHAPUYECKas )KeCTKOCTb, E , p — MOAY/Ib yIPYTOCTH

)

U IJIOTHOCTh Marepuaja, () — 4acToTa CBOOOHBIX KojeOaHHid, N— TOH
Kosnebanus, | — nauHa, By u B — KO3 HUITMEHTHI OTHOCUTEIHLHOU KECT-

KOCTH YIPYTHX 3aKpeIUIeHUi TpyObl COOTBETCTBEHHO B ceueHIsIX X =0 u
x =1 (uHIeKC «1» MMEIOT BEIMYMHBI, XapaKTepu3yomie TpyOy B 0CeBOM
HaTpaBJICHUH, HHACKC «2» — B KOJIBLIEBOM HAIlPaBJICHUH).

B pabote [3] moay4eHO 4aCTOTHOE ypaBHEHHE CBOOOIHBIX aCHMMET-
PHUYHBIX KOJeOaHUN TPYOBI B BUJIE:

ByB [(az +ﬂ2)sinasinﬂf 203(1—cos aCOS,B)Jf

~(Bo+ By )(a? = % ) a” Bsinaicos 5 - (3)
7,82asin[a’oosa)fa2ﬂ2(a2 7[32 )2 sinasing=0.

3nece a=al u f=Dbl — Ge3spasmepHsie mapameTpsl, B KOTOPBIX

a?=vZ—vi-r4, b% =vZ vt —r4, nprYeM 4acToTa

2, 4
o = (NL"+a)B o neGannit BBIpakaeTcs uepes yjnnenue L u tou-

T (L+a?)ph 12

koctenrocts N Tpy6w1 [1] kak
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LY 2, 2 D, (n2-1)
L:[—jn(n +1)» N=—2_|—=|" ®)
R EhR? | n?+1
W3 ypaBrenus (3) ¢ yueToM U3NUECKUX MMapaMeTPOB U paBeHCTB (5)
IPY HU3BECTHBIX 3HAYCHUSAX KOA()(HULIMEHTOB OTHOCHUTENBHOH KECTKOCTH
By m B; ympyrux sakpemneHmit TpyOBI MOXKHO OIpENEHATh COOTBET-
CTBYIOIIIME YaCTOTHI €€ aCHMMETPHYHBIX KOJICOAHHH.
PaccmoTpuMm Tenepp BiIHMAHHE KOI(PQUIMEHTOB OTHOCHTEIBHOM
KECTKOCTH YNPYTHX 3aKPEIUICHUH 1MOJI0H TpyObl Ha 3Ha4YeHHs COOCTBEH-
HBIX YaCTOT e¢ aCHMMETPUYHBIX Kosiebanuid. [lycTh ¢pusndeckne napamer-

pBl TpYOBI TaKOBHI, gqro BN 1, L=10%, N=1073, IIPU 3TOM HMEEM

phi?
CBA3b MCKAY IMapaMeTpaMHd YaCTOTHOI'O YpPaBHCHUA (3) B BHIC:
2 _10-100a°
T

Pemenne mpsMoil 3ajadu mpu 3aJaHHBIX (U3MYECKUX IMapamerpax
MIOKAa3bIBACT, YTO yBEINYEHHE KOI(PHUIHUEHTOB OTHOCHTEIBHOM KECTKOCTH
By M B, YNpyrux 3aKkperuleHuid TpyObl BeJeT K yBEIMYEHHIO KaK co0-

CTBEHHBIX 3HAYEHHH ¢;, TAK U COOCTBEHHBIX YacTOT ) .

Ha puc. 1(a) npuBeneH rpaduk 3aBUCUMOCTH COOCTBEHHOTO 3Haue-
HHUA @ OT Ko3()(HULIUEeHTa OTHOCUTENBbHOH XecTKocT B mmanroyra, c
KOTOPO# 3aKpeIyIeH MpaBblil KoHel TPYObI (IIpH 3TOM KO3 HUIHEHT OTHO-
CHTEJIBHOM KECTKOCTH By ImaHroyra, ¢ KOTOpO 3aKpEILICH JIEBBI KO-

Hel 0001049KH, QUKCHpOBaH U paBeH By =1).

3,5 ’ 1,19
3,45 /
234 o §14
35 4 /
?3 3 iOQ
§2 z /
B2 £04
327 5 /
%315 . . . . 899 T T
° o0 5 10 15 20 25 0 10 20
KoadpmumenT xectkoctu Bl KoadpmumenT xectkoctn Bl
a) 6)

Puc. 1. 3asucumocmo cobcmeenno2o suavenus a, (a), coocmeennot
yacmomul o, (6) om Koaghpuyuenma scecmxocmu B, ynpy2oti onopbl

mpyo6wl
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Ha puc. 1(6) paccmoTrpeH rpaduk 3aBUCHMOCTH COOCTBEHHOM 4acTo-
Tl @ OT KO3(Q(QHIMEHTAa OTHOCHTENBHOHM JKECTKOCTH B, INMAHroyTa, C
KOTOPOH 3aKpEIVICH NPaBbIi KoHel TpyOsL, npu By =1.

Takue M3MEHEHUs KacaroTcsi He TOJIKO MEePBOro cOOCTBEHHOTO 3Ha-
YEeHUsI U TIepBOi COOCTBEHHOM YaCTOTHI, HO U BCEX YaCTOT KOJIEOaHUH TPY-
Obl. DTO MOATBEPIKAAIOT, HAPUMED, TaOIMIBI 1 ¥ 2, B KOTOPBIX IPHUBEE-
HBI COOTBETCTBEHHO MEPBBIE MATh COOCTBEHHBIX 3HAUCHUH M COOCTBEHHBIX
gactot 3a1add (1), (2), COOTBETCTBYIOIINE YBEINIHBAIONIAMCS 3HAYCHUSM

B| xoaddunuenTa kecTKOCTH.
Tabmuua 1
3aBUCHMOCTL COOCTBEHHBIX 3HAYEHUM ¢; OT Kod(duImenta
JKECTKOCTH B; IpaBoif ONOPHI IPH (PUKCHPOBAHHOM K03 (HUIIUEHTE By
JKECTKOCTH JICBOH ONOPHI TPYOBI

B, B, a, a, a, a, o

1 1 3,175 6,287 9,426 12,566 15,707
1 3 3,208 6,292 9,427 12,567 15,708
1 5 3,241 6,297 9,429 12,568 15,709
1 10 3,324 6,309 9,433 12,570 15,710

Tabmuua 2
3aBHCHMOCTb COOCTBEHHBIX YaCTOT @; OT KO3((ULUEHTA JKECTKOCTH

B, npaBoii onopsl npu GrkcupoBaHHOM ko3 duHenTe B, KECTKOCTH

JICBOU OITOPHI TPYOBI
B | B | (Y | @, | @™ | @) | o5
1 1 | 1,006 3,357 6,469 9,835 13,251
1 3 | 1,025 3,362 6,471 9,836 13,252
1 5 | 1,043 3,366 6,473 9,837 13,253
1 10 | 1,090 3,377 6,477 9,839 13,254

HccnenoBaHo Tak)Ke BIMSHHUE HA COOCTBEHHBIE YacTOTHI ACHMMET-
PHYHBIX KoJieOaHHui TPpyObl 000HMX KO(P(PHUIMEHTOB OTHOCUTEILHON KecT-
KOCTH €€ yNpyrux 3akperuieHud. [Ipy 3ToM 1mokasaHo, 4To ¢ yBeIHMdeHHUEM
00onx k03 PUIMEHTOB )KECTKOCTEH YacTOThI KOJIEOaHUH TaKKe yBEITHIH-
BatoTcsl. [losydeHHbIe BBIBOJIBI TIOATBEPIKIAIOT, HAIPUMED, Ta0IHIb! 3 1 4,
COCTaBJICHHBIE TI0 PEIIeHUsAM IpsaMoi 3amaum (1), (2) mpu mpUBEIEHHBIX
BBIIIIE TTapaMeTpax TPYOBbI.
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Tabmuma 3
3aBUCHMOCTH COOCTBEHHBIX 3HAYEHUH ¢; OT KO3 PULHEHTOB

OTHOCHUTEJILHOH JKECTKOCTH By, B, YHPYTHX ONOP TPYOHI

B, B, o, a, a, a, o

1 1 3,175 6,287 9,426 12,567 | 15,708
1 3 3,238 6,297 9,429 12,568 | 15,709
1 5 3,299 6,306 9,432 12,570 | 15,709
1 10 3,438 6,330 9,440 12,573 | 15,711

Tabmnuua 4
3aBUCHMOCTH COOCTBEHHBIX YACTOT ¢o; OT K03 dunuenTos
OTHOCHUTEJILHOH JKECTKOCTH By, B ympyrux omop TpyOs!
o | B o) | o) | @) | @) | @5
1 ]1,006 3,357 6,469 9,835 13,252
3 11,042 3,366 6,473 9,837 13,253

5 1,076 3,374 6,476 9,838 13,253
10 | 1,157 3,396 6,484 9,842 13,256

L

3ameTnMm, 4To 000HbIE 3aBUCHMOCTH yCTaHOBIICHBI IPH Pa3IMUHBIX
¢du3nYecKuX napaMeTpax Mmoo Tpyosl.

IIpoBeeHHBIE UCCIEAOBAaHNSA 110 BIMSAHUIO HA YaCTOTHl aCHMMETPHY-
HBIX KOJIeOaHHUH MOJIOH TPYOBI )KECTKOCTEH ee yNpyrux 3aKpemeHUd Hr-
paroT BaXKHYIO POJIb MPHU HCCIIETOBAaHUU MPOOIEMBI COXpaHeHHs Oe3omac-
HBIX YacTOT KoJieOaHuil TpyObl IPH N3MEHEHHSX €€ (PU3UUECKHUX TTapaMeT-
POB 1K K03 (HUINEHTOB )KECTKOCTEH 3aKpeTUICHHH.
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VIIK 534.1
AxtsamoB A.M., Xycuyraunosa I'.A.
OIIPEJAEJEHUE BUJIA U IIAPAMETPOB JE®EKTA CTEPKHSI
IO IISITU COBCTBEHHBIM YACTOTAM EI'O U3I'MBHbBIX
KOJEBAHUI

Paboma noceawena uoenmugurkayuu euoa u napamempos oeghex-
mo8 cmepiCcHell No COOCMBEHHbIM YACMOMAM U32UOHBIX UX KoJebanull. B
Kauecmee 6uU008 Oepekma paccCMampusamcs mpewjuHsl, NoJI0CMU,
Haaunanue uHopooHwix macc. Iloxkazarno, umo 0OuH u3 makux oegexmos u
e20 napamempuvl MOACHO ONpedeumsb no NAMU COOCMEEHHBIM YACTNOMAM
U32UOHBIX KOJIeOAHUL CIMEPIICHSL.

Knrouesvie crnosa: cobcmeenmvie 3Hauenus, YCI08UsL CONPANCEHUS,
obpamuas 3a0aua, cmepicerv, Oepekm, mpeujuna, noio0CHb.

Akhtyamov A.M., Khusnutdinova G.A.
DETERMINING THE TYPE AND PARAMETERS OF A BEAM
DEFECT BY ITS FIVE NATURAL FREQUENCIES OF
FLEXURAL VIBRATIONS

The work is dedicated to the identification of the type and parameters
of beam defects by the natural frequencies of flexural vibrations. As the
kinds of defect addresses cracks, cavities, sticking of foreign mass, sudden-
ly arising support . It has been shown that one of the four types of defects
and its parameters can be determined from the five natural frequencies of
the flexural oscillations of the beam.

Key words: eigenvalues, coupling conditions, inverse problems,
beams, defect, cracks, cavities.

3amaun UICHTUDHUKALMN NePEKTOB MEXaHHYECKHX CHUCTeM (TpEIIUH
H TIOJIOCTEH) UCCIIeIOBAITICH BO MHOTHX paborax (cM. 0630pst [7], [11]).

© AxtamoB A.M., Xycuyraunosa [".A., 2017
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B paborax, NOCBSIIECHHBIX HIACHTH()UKAIMN mpewun, Haubomnee TH-
MUYHBIM sIBIsieTCst Toaxo bonresapa u ap. [10], npemnaratormuii moaenu-
pOBaTh Malyl PacKpbITYIO TPEUIMHY Kak BpalaTeNbHYIO MpyXuHy. B
COBpEMEHHBIX paboTax (cM., Hampumep, [5], [6], [9]) Ha ocHOBe ecTe-
CTBEHHBIX JIOMYIICHUH TEOPHH YIPYIOCTH M ACHMIITOTHYECKOH Teopuu
MPEATIOKEHBI TAKKE JPYrHe YCIOBHUSI CONPSDKEHHS, MO3BOJISIOIINE OIle-
HHUThH HE TOJILKO MECTOIOJIOKEHHE, HO M apaMeTphl TIOBPEXICHU (Hape-
3a). [Ipu HOMOIIIM 3TUX YCIIOBHIA CONMPSIKEHHS MOIY4CHBI HOBBIE Pe3yibTa-
ThI 00 UICHTU(PHUKAIUH MECTOIOIOKEHUS U TTAPaMETPOB Hajpe3a B Oajke
M0 COOCTBEHHBIM YaCTOTAM M3THOHBIX KOJCOAHUIA.

B pab6orax AxtsamoBa A.M. u Aronosoii A.P. [2], [3] 6110 mpemio-
YKEHO MOJIETMPOBATh MAJIBIE HOIOCMU YCAOBUSIMHU CONPSHKEHHS IS COCpe-
JIOTOYEHHBIX Macc, CUMTash Maccy OTPUIATENIbHON (HEZOCTaTOK Macchl).
Ha ocHoBe 3Toli Mozieny ObUIM pelieHbl 33a4K BBIYUCICHHS MECTOIIOJNO-
KEHUss 1 00beMa OJHON M JIBYX IMOJOCTEH B CTEPIKHE MO COOCTBEHHBIM
4acTOTaM M3rHOHBIX KoJjebanuil. UMCIeHHbIE HCCIEIOBaHUS, MPOBEICH-
HBIE JJISI KOHCOJNIbHOW OAajJKK C OJHOU MOJOCTHIO, B TOYHOCTH COBIAIH C
pe3ynbratamu paboThl [8], UTO MOATBEPIKAAET MPABHUILHOCTH METO/AA U
XOpOIIIee COrIacoBaHKUE C U3BECTHBIMH PE3yJIbTATAMH.

Bo Bcex OMUCaHHBIX BbIlIEe paboTax BOCCTAHABIUBAIOTCS MAPaMETPhI
YCJIOBHIA COMNPSIKEHHUsST W3BECTHOrO BHaa. Hacrosimas craThs MOCBsIIEHA
UAeHTH(HUKALUK HE TOJBKO MapaMeTPOB YCIOBHIA COIMPSKEHUS, HO U ca-
MOTO BHJA YCIIOBHH compspkeHus. Ha MpakTHKe 5TO O3HA4aeT, YTO MBI
MOY€EM OJIHO3HAYHO HAEHTH(HUIIMPOBATH HE TOJBKO MapaMeTPhl, HO U BHUJI
nedexra — TpEIuHy, MOJI0CTh, HHOPOIHYIO MacCy H T.I1.

Io cyTH, MoJyYeHHbIE PEe3yJIbTAThl HEPEHOCAT METOJIbI, CO3JaHHBIE
JUIsl 337134 uaeHTU(UKAINK BUAOB KpaeBbix ycioBuii [1], [2] na 3amaun
UACHTU(GHUKALINK YCIOBHUIA CONPSIKEHHUS.

CriekTpasibHas 3aj1a4a Jis U3rHOHBIX KOJIeOaHui cTepxkHs ¢ aedek-
TOM TOCEPEMHE CTEPXKHS M CBOOOIHO ONEPTHIMU KOHI[AMU MMEET CIICIy-
rowuii Bup [8], [11]:

y ==2ty, (1)

¥y (0)=0,y(0)=0, )

Y @=0y"Q®=0, 3)

y =y yT =y, mpu x=1/2, 4)
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N O SNTI [ L

=y Lyt 4+ ——yT
y y EJ y = y 5
Ci Mo?
+ua +u 1 +
= H————— |y, npu x=1/2
d =

3nece y=yp(X) — OQYHKIHSA, XapakTepH3yIOIas BEPTHKAIBHOE
CMELIeHHEe  CTEpPXKHSI  IIpH xe(0,), y  =y(X) -  QyHkmu,

XapakTepu3yrolas BepTHKaNsHOe cMemenne crepxus npu X € (0,1/2),

vyt =y(X) — Qynxmms, xapakTepmsyromas BepTHKANEHOE CMEIICHHE
crepxus mpu X € (1/2,1), C; —k0addHUIMEHT KECTKOCTH NPy UHBI, Mpe-
ISITCTBYIOIIEH BEPTHKAIBHOMY CMelleHuio B Touke X=1/2, Co — xoad-
(ULIMEHT >KECTKOCTH MPY)KUHBI, NPEMSTCTBYIONIEH MOBOPOTY B TOYKE
Xx=1/2, M —macca coCcpenoTOUCHHOTO HHEPIIHOHHOTO 3JIEMEHTa B TOYKE
x=1/2 anst monoctu yucno M oTpunartenpHo), M — MOMEHT HHEPIHUU
COCPEIOTOUEHHOTO HHEPIIUOHHOTO 3JIeMeHTa B Touke X=1/2, 4 — crek-
TpaJbHBI MapaMeTp, @ — YacCTOTHBIM MapaMeTp, CBS3aHHBIM CO CIEK-

4
. . EJA
TpPalbHBIM TIApaMEeTpoM clexylomeil  Qopmysoii: w?=""" rue

oF

F — mmomans momepevHoro CeveHusi CTEPXKHS, O — INIOTHOCTh CTEPIKHS,
E — monyns ynpyroctu FOHra, J — MOMEHT HHEPIHH.

O6patHas 3agaua. 1o co6¢cmeennvim snavenusm Ay 3aoaqu (1)-(5)
Hatumuy euo ycaosuti conpsidxcenus (4) u (5), a makoice ux napamempoi:
Ci,Co, M, I.

Pemenue 3710t 06paTHOM 3aau OCHOBAaHO HA TOM, YaCTOTHOE ypaB-
HEHHE TOJyYarT ¢ TMOMOIIBI0 KpaeBwiX ycimoBuil (2), (3) u ycioBwuii co-
npsokerust (4), (5). IMoxcranoBka B kpaeBbie yciosust (2), (3) u ycioBust
conpsokenus (4), (5) oOIHX peIeHHIA:

Yy =Cry1+Coy, +C3y3+Cqyy
v =Cy1+C3y, +C3y3 +Cqhyy,
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rac

Y= %(Shﬂx + 008 AX)
1 .
yp = g(sh/lx +sinAx)

y3 = %(ch/lx — 00 AX)
21

1 .
V4 =~ (shAx —sin 2x)
24
MIPUBOJNAT K OJHOPONHOW CHCTEME YpaBHCHHH OTHOCHTEIHHO ITOCTOSH-
HBIX, BXOISIINX B 3T PEHICHHUA. YCIOBHS CYIISCTBOBAHUS HEHYIEBOTO
pelieHus UIsi MOCTOSTHHBIX
¢;,C;,C3,Cq,Cf,C5,C3,Cq

JAeT ypaBHEHHE YacTOT:

A(2)=0 (6)

Ecnm u3BecTHBI m1Th coOcTBeHHBIX 3HaueHni A (k=1,2,3,4,5) 3ana-

yu (1)—(5), To moacraBuB ux B (6) BMecTo A, HOJIYYUM CUCTEMY ISITH He-
JMHEHHBIX —anre0panvyecKuX YpaBHEHUH OT 4YETHIPEX HEU3BECTHBIX
C1,Cy, M, |. Dra cuctema MMeeT eIMHCTBEHHOE PEILCHUE.

IIpumep. IlycTs nepBbie IATH COOCTBEHHBIX 3HAYCHUH 3a1a4H TAKOBBI:
A =4,730041, A, =7,917797, A3 =10,99561, 1, =14,17175, A5 =17,27876.

IoxacraBuB ux B (6), HOMYYUM CHCTEMY HATH YpaBHEHHH, KOTOpas
umeet equHcTBeHHoe pemenue: C; =1,C, =0, M =0, | =0.
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YIK 338.27
Bbapanosa ML.A., I'anuackaposa I'.P.

NPUMEHEHUE HEMPOHHBIX CETEM U151
IMPOTHO3UPOBAHUS KYPCA BAJIIOTHI

B pabome paccmampusaemca memoo npocHo3upO8aHUs BATIOMHO20
xypca EUR/USD, ocnoganmuwiii Ha UCNOAb308AHUL MHO2OCIOUHOU HEUPOH-
Hou cemu. Mcnonv3osanue 0aHHO20 MemMooa peairu308ano 68 NpoepamMMHOU
cpede npunooicenus Deductor Studio.

Kniouesvie cnosa. Heviponnas cemv, npoznosuposanue, KOmMuposxa,
sanoma.

Baranova M.A., Galiaskarova G.R.

APPLICATION OF NEURAL NETWORKS FOR FORECASTING
OF EXCHANGE RATE
In work the method of forecasting of an exchange rate EUR/USD
based on use of multilayered neural network is considered. Use of this
method is realized in the program environment of the Deductor Studio ap-
pendix.
Keywords. Neural network, forecasting, quotation, currency.

Ha cerogusimramii 1eHb 11 poccuiickoro On3Heca BecbMa akTyaslbHa
mpo6ieMa BBIOOpa METOOB U MHCTPYMEHTOB 3KOHOMUYECKOTO MPOTHO3H-
posanus. [IporaosupoBanne HeoOXOAUMO BO Bcex cepax yNmpaBieHHS U
Ha JIFOOBIX YPOBHAX JIEATEIBHOCTH.

HecMoTps Ha onpeneséHHOe KOIMYECTBO CYIIECTBYIOUIUX METOLOB
MIPOTHO3UPOBAHUS, AHATUTUYECKUH MHCTPYMEHTApUH U pa3iaH4HbIE MPO-
rpaMMHBIE TTPOJYKTHI, HEMHOTHE M3 HHUX CIIOCOOHBI IPEOCTaBUTh HCCIIe-
JIOBAaTEJIIO aJIeKBaTHOE perieHne mpooiemsr [1].

B nocnennee BpeMsi, y pUHAHCOBBIX aHAINTHKOB OOJBIION MHTEpEC
BBI3BIBAIOT TAK HA3bIBAEMBIE UCKYCCTBEHHBIE HEHPOHHBIE CETU — 3TO MaTe-
MaTU4ecKhe MOJENH, a TaKXKe UX MPOrpaMMHBIE WM allapaTHbIEe peau-
3ali¥, TIOCTPOEHHBIE M0 MPHHIUIY OPTaHW3aluu U (QYHKIMOHUPOBAHUS
OMONOTHYECKUX HEHPOHHBIX CETeH — CeTe HEepBHBIX KIIETOK JKHBOTO Op-
raamsma [2].

Anantupyemsle 1 o0y4daeMble, HEHPOHHBIE CETH NPEACTABISIOT CO-
0011 pacmapajuieleHHbIE CHCTEMBI, CIIOCOOHBIE K 00YYEHHUIO ITyTeM aHaJH-
32 MOJIOKUTEIBHBIX U OTPULATENIBHBIX BO3IEHCTBUI. DNeMEHTapHbIM IIpe-
oOpazoBaTeneM B JaHHBIX CETSX SIBISETCS HMCKYCCTBEHHBIH HEWPOH WM

© bapanoBa M.A., T"anmnackaposa I'.P., 2017
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MPOCTO HEHPOH, HA3BAHHBIM TaK MO AHAJOTHUHU C OMOIIOTHYECKUAM MPOTOTH-
nom [3]. Ha cerogusmHuii eHb CYHIECTBYET MHOXECTBO MPUMEPOB, Je-
MOHCTPHPYIOIINX BIICYATIISIONIAE BOSMOKHOCTH MCKYCCTBEHHBIX HEHpOH-
HBIX ceTei. BOJBIIMHCTBO W3 HHUX HCHONB3YIOT CeTh 0OpaTHOTO pacIipo-
CTpaHCHHA OIIMOKH, KOTOpas SBISIETCS HAauWOoliee YCIICIIHOM W3 COBpe-
MEHHBIX alTOPHUTMOB.

Ha ocHoBe HEMPOHHBIX ceTel MPOBeIeM MPOTrHO3UPOBAHUE BATFOTHOTO
kypca EURUSD metomom oOpaTHOTO pactpocTpaHeHus OomuOKu. J[ist 3To-
T'O BOCIIOJIB3yeMCsl IPOrpaMMHBIM obectiedyenneM Deductor Studio, kotopoe
BKJIIOYaeT B ceOst nHeTpyMeHT "[IporHosupoBanue". [Ipu mocrpoenun mo-
JeTM MPOTHO3a HEOOXOTUMO YUYHTHIBATH MHOXECTBO (DaKTOPOB (3aBHCH-
MOCTh Pe3yJibTaTa OT JaHHBIX Ha JICHb, /[BA, TPH, YCThIPE HA3Al U T.1.).

B kauecTBe BXOAHBIX MapaMETPOB MOJEIH OyJeM HCIOIb30BaTh daH-
ueie kotupoBok EURUSD B mepuon ¢ 1.10.2016 no 31.03.2017. [anusie
B3sTHI ¢ caiira http://www.finam.ru/. OcHoBBIBasICh Ha UCXOMHBIX TaHHBIX,
npoBesieM mporHo3 kotupoBok EURUSD nHa nHememnio Bnepea. B tabmure 1
YaCTUYHO IPEICTABICHBI HCIIOJIB3yeMbIC BXOAHBIC NaHHBIC 33 HCCIEIye-
MBIl IEpUO.

Tabmuma 1
HWcxonnpie narnsie kKotrupoBok EURUSD ¢ 1.10.2016 mo 31.03.2017
Hara BasoTHas KOTUpOBKa
1.10.16 1.1240300
2.10.16 1.1227000
3.10.16 1.1210400
4.10.16 1.1201400
5.10.16 1.1204400
26.03.17 1.0836200
27.03.17 1.0863200
28.03.17 1.0810300
29.03.17 1.0764000
30.03.17 1.0673700
31.03.17 1.0651500

Jnst Gomee Jrydmieidl HarJsAHOCTH, TPENCTaBUM HM3MEHEHHs Kypca
BaJIOTHI Ha Tpaduke (pUCyHOK 1).
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Puc. 1. I'pagux usmenenus omuoutenust e8po K 00a1apy

Iocne 06paGoTku UCXomHBIX AaHHBIX B nporpamme Deductor Studio,
ObUIa ITOCTPOCHA HEHpOHHAs CeTh, oOydaromascs Ha OCHOBE MeTonma 00-
PaTHOTO pacHpOCTPaHEHHUS OIMIHOKH.

B xome moctpoeHus HEHpPOHHOW CETH, UCXOIHOE MHOXECTBO OBLIO
pa3duro cirydaiiHRIM 00pa3oM Ha JBa TOAMHOXECTBA, OOydaromeecs H
TECTOBOE, T/e O0ydarolee MHOKECTBO COCTAaBIIO 85% OT MCXOMHOTO, a
TECTOBOE MHOXECTBO — 15% OT cxomHOTO. AKTHBAIMOHHOW (DyHKIHSA —
curmonga B KkadecTBe mapaMeTpoB OOy4eHHs BbIOpaHa CKOPOCTh
o0y4enus — 0.1, u momeHT 00yuerHus — 0.9. B kauecTBe ocTaHOBKH 00yde-
HUSI HEHUPOHHON CETH HCIOIb30BAIOCh YCIOBHE pAaClO3HAHUS IMpuMepa
(ecnu omm6ka mensmie 0.1) mo goctrxenuto 3moxu 10000 [1].

ITocne mocTpoeHuss HEUPOHHON CeTH, OBIIM IOJyYEHBI MTPOTHO3HBIE
sHaueHust kKotupoBok EURUSD 8 nepuoxa ¢ 01.04.17 mo 07.04.17. Cpas-
HUM II0JTyYCHHBIC 3HAUCHIS, IPEACTABICHHBIC B TAOIHUIIE 2.

Tabmuma 2

Onenka nporao3Heix 3HaueHnit EURUSD ¢ 01.04.17 o 07.04.17

Hara [IporHo3Hoe 3HayeHue PeanpHOE 3HAUCHHE

xotupoBkrn EURUSD xotupoBkrn EURUSD
01.04.17 1.0660200 1.0663000
02.04.17 1.0669100 1.0660500
03.04.17 1.0667800 1.0668900
04.04.17 1.0655000 1.0672900
05.04.17 1.0659900 1.0662100
06.04.17 1.0645000 1.0643600
07.04.17 1.0602350 1.0589500

IIpoananmu3upoBaB MOMYYCHHBIC PE3YJIBTAThl, MOYKHO CJIEIaTh BBIBOJ,
YTO YTO IOJyYeHHBIC IPOTHO3HEIC 3HaYeHUs1 koTupoBok EURUSD Bechma
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NpuONMKEHbl K MX pealbHbIM 3HadeHus M. CTOMT OTMETHTh 4TO
MaKCUMaJIbHble —pacxXokaeHus peaibHblx 3Hauennd EURUSD ot
MIPOTHO3HBIX 3HAUEHUA, 3aMeTHBI JuIb 3a 04.04.17 n 07.04.17.
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YIK 517.5
Bbammakos P.A., Jlo6osa 10.10., Xpamos A.E.

JUCKPETHO-TAPMOHUYECKHUE ®YHKIIUU U
X MPUJIOKEHUA

B pabome 6s00samcs Oouckpemmno-eapmonuueckue QyHKyuu u pac-
CMAmMpuaomes HeKOMopbvle Ux CeolUcmad.

Knrouesvie crosa: ouckpemrno-eapmonuyeckue QyHKyuu, meueHue
HCUOKOCTU, NPUHYUTL MAKCUMYMA.

Bashmakov R.A., Lobova Y.Y., Khramov A.E.
DISCRETE-HARMONIC FUNCTIONS AND
THEIR APPLICATIONS
In the paper introduces a discrete-harmonic functions and discuss
some their properties.
Key words: discrete-harmonic function, fluid flow, maximum principle.

HpI/I MOJACIMPOBAHNH 3aJla4d B ABMIKCHHUU IMOTOKOB XHUIAKOCTHU B O1-
HOPOJAHOM IUIACTC MNPH 3aBUCUMOCTH JIMIOIbL OT JABYX KOOpAWHAT

© bammakos P.A., Jlo6osa 10.10., Xpamos A.E., 2017
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X,y € R? MBI pa36umm BCIO TIIOCKOCTh HA KBAJAPAThI CO CTOpOHOiT 1. Kask-

Z[OI\/'I KJIETKE Ha IIJIOCKOCTHU COOTBETCTBYIOT ABE LCIOYHUCIICHHBIE KOOPpANHA-
ThI (m, n) . TaKy}o IINIOCKOCTh 6y/:[eM Ha3bIBaTh ﬂHCerTHOﬁ. 3neMeHTap-
HBIM OTpe3KoM OyaeM Ha3blBaTh MHOXKECTBO Touek Buma {(m,n),
(m+1n), (m+2,n), ..., (m+p,n)}wm {(Mmn), (mn+1), (mn+2),
e, (MNn+p)},tme mn,peZ, p=>0.

JlBa a1eMeHTapHBIX OTpe3Ka, MMEIONIHE POBHO OJHY OOIIYI0 TOUKY
COIMPUKOCHOBCHUA OAlOT HpOCTeﬁIlIyTO AUCKPETHYIO KPHUBYIO. Hpe,ur[ono—
KUM, YTO B HCKOTOPLIX (bI/IKCI/IpOBaHHLIX TOYKax INJIOCKOCTHU U HAa HEKOTO-
PBIX 3aJaHHBIX AJUCKPCTHBIX KPHUBLIX MOAACPIKHMBACTCA 3aJ1aHHOC AaBJiC-
Hue. CucreMa CTPCMUTCS HepCﬁTI/I B PAaBHOBCCHOC COCTOSHHC, KOIda B
Ka)KIION TOYKE (m, n) JUCKPETHOH IUIOCKOCTH, HE MONaJarolleld Ha 3a/1aH-

HBIE KPHBBIE M TOYKH, YCTaHABIMBACTCS IABICHHE, PABHOE CpEIHEMY
apu(pMETHYECKOMY JaBICHHH B YETHIPEX COCETHMX KIIETKAaX, MMEIOIIUX
0OIIYIO CTOPOHY T.€.

P(m.n) = P(m-Ln)+P(m+Ln)+P(mn-1)+P(mn+1) )

4

Takum 00pa3om, BO3HUKAET 3aja4a 00 W3y4eHuH (YHKIHA, onpene-
NEHHBIX B JUCKpETHOI oOmact D , orpaHNMYeHHON OJHON M3 HECKOIBKHU-
MU JIMCKPETHBIMU KPHUBBIMH, YIOBJIETBOPSIOIIMMU B OOJACTH COOTHOIIE-
Huto (1).

Hamu moxazano, uro cootHoureHue (1) st nuckpeTHOW GyHKIMH

o’u o

P(m,n) ects anasor ypaBuenus Jlammaca Au=0, v +W =AU.

2

I[eﬁCTBHTCHLHO, Opu HAXOXKACHHUU BTOPBIX YAaCTHBIX IMPOU3BOAHBIX
2 2
o°u o°u

— " — NpUOIMKEHHBIME  METOJAMH  TOJIY4alOT BBIPKEHUS

OX oy

u(x+h,y)+u(x=h,y)—2u(x,y) u(x,y+h)+u(x,y—h)—2u(x,y) o
h? ’ h? )

oTBeTCTBeHHO. B Hamem ciydae h =1 u s anamora ypaBHenus Jlaraca
AU =0 nonyuum

P(m-Ln)+P(m+1n)+P(mn-1)+P(mn+1)=0 (2
— IMCKPETHBIN aHajor ypaBHeHus Jlamaca.

Bripaxenns (1) u (2) ects oxHO U TO ke. Takum o6pa3oM, MbI IIPH-
XOIMM K HOHSATHIO TUCKPETHO-TAPMOHMYECKUX (PYHKIIHH.
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Jdnst  MTUCKPETHO-TApMOHMYECKHX (DYHKIMHA HAMH JIOKa3bIBaeTCsI
TPUHIHAIT MAKCUMYMa!

Teopema 1. Juckpemuo-zapmonuueckas QyHKyus, RPUHUMAIOWASL
Haubonbulee 3HAYEHUe 80 GHYMPEHHEeU MOuKe O00NACMU eCMb GelUYUHA
HOCMOSHHAS.

U3 sTOrO Criemyer, 4TO €CiaM Ha TPaHULe OOJacTH 3HAYCHHE OBYX
JUCKPETHO-TAPMOHUYECKHX (YHKIMH COBIANAIOT, TO 3TH (DYHKIUH TOX-
IECTBEHHO PaBHBI B 00JIACTH.

[ycts najnee Ajs MPOCTOTHI BHYTPEHHOCTh oOnmact D mpeacTasis-
er u3 cebs mpsamoyrompHuk {(M,N), 1<m<M, 1<n<N, mneZ},

rpanuia 1ol obmactu cocrout U3 2M +2N Touek: sIeMEHTapHBIX OT-
peskoB {(M,0):1<m<M}, {(mn+D):1<m<M}, {(0,n):1<n<N},
{(m+1,n):1<n<N}.

Hamu noxaswiBaeTcs:

Teopema 2. Muoowcecmso gcex OUCKPEmMHO-2APMOHULECKUX PYHKYULL

Ha npamoyzonvhuxe D obpazyiom eexmoproe npocmpancmeo pasmepHo-
cmu 2(M +N).

Takum 00pa3zom, ecii MBI 3HaeM 0a3HCHBIC PEIICHHS, TO JIF000e Apy-
roe pelIeHne ecTh UX JHHEHHas KoMOWHawi. B kauecTBe Oa3MCHBIX pe-
IICHUH ynoOHO OpaTh pEIIeHHUs, KOTOphIe MPHHAMAIOT 3HaYeHHe | B O1-
HOM rapMOHUYECKON TOUKE.
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YIK 517.5
bammakos P.A., MaxoTta A.A., lunuciamona I'.U.

MPOBJEMA NIOMIIEMIO U UHTETPAJIBHBIE
MMPEOBPA30OBAHUSA PATUAJTIBHBIX ®YHKITANA

B pabome snemenmapno Ooxasvieaemcs, umo Kpye He obradaem
ceoticmeom Ilomnetito, ycmaHagiu8aomes Ccea3u Mexcoy Ceoucmeamu
xapaxmepucmuueckou ynkyuu muoxcecmsa E u éonpocom, obradaem nu
9mo MHOdHCecmeo ceoticmeom Ilomnetiro.

Knioueswie cnosa: ceoticmeo Ilomnetiro, pynxkyua Beccens, paouans-
Has ynkyus, npeobpaszosanue Oypue.

Bashmakov R.A., Makhota A.A., Dinislamova G.I.
THE POMPEIU PROBLEM AND INTEGRAL
TRANSFORMATIONS OF RADIAL FUNCTIONS

In the paper it is elementary to prove that the circle does not possess
the Pompeiu property, relations between the properties of the characteris-
tic function of the set E and the question, whether this set has the Pompeiu
property.

Key words: Pompeiu property, Bessel function, radial function, Fou-
rier transform.

[Tycts G —rpynmna <«KeCTKHX» IBHWKEHHH B IJIOCKOCTH R? (t.e.
KOMIO3HULHIA TTOBOPOTA M MAPAILIEIFHOrO IIEPEHOCA).
['0BOPSAT, YTO OTHOCHTENILHO KOMIAKTHOE M3MEPUMOE Ha IJIOCKOCTH

MHO)ecTBO E = R?  obnamaer cpoiictBoM ITommeiio, ecin st J1060it

HETPEPBIBHOM KOMITJIEKCHO3HAYHOH QyHKumu f : R »C
f(x)dx =0
100 ®
gE

s Bcex g € G Bneuer, uto f =0, 3mecy unTerpan Gepercs nmo mepe

JleGera Ha rutockocTH.
Eme B 1929 rony pymeiackuit Mmaremaruk Jumuntpue Iommeiito (D.

Pompeiu) (cm. [1], [2]) mokazai, uto kpyr {X = (X1, X,): X12 + X§ < r2} HE
obnamaer cBoiictBoM [Tommeiiro.

© Bammakos P.A., Maxota A.A., lunucnamosa 1., 2017
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Mo>xHO I10Ka3aTh, 4TO AJIA (l)yHKIII/II/I CoSs aXl , IIpYA ONIPECACIICHHBIX a ,

Oynert BoITTONMHATHCA (1).

JlokaszaTenbcTBO IPOBOAMTCS cBeeHHeM K (yHKumuu beccens. Mer B
CBOCH paboTe MPUBOINM JIEMEHTAPHOE TOKAa3aTeIhCTBO 3TOTO (pakTa, HE
HCTOJB3YIOIIee CBOUCTB QyHKIM beccens.

Vreepxkaenue. Kpyr B ={x=(X,Xy): x12 + xg <1} me oGnamaer
cBorictBoM [lommneiito.

B mamnOM CJIyqa€ TIOBOPOTBI HE HMMEIOT 3HAYCHHUSA, U MBI MOXEM
OIrpaHUYIUTHCA TOJIBKO IMApAJIJICIBHBIMHU MEPEHOCAMU IINIOCKOCTH. HyCTL

t=(,t,) e R?, B+t — mapajulenbHbI IEpeHOC Kpyra Ha BEKTOP t .
[ycts f(x;,%x,)=cosax,aeR. PaccmoTpum HHTErpa
I cos ax;dx = I cos a(x; —t; )dx = cos atlj.cos ax,dx.
B+t B B

[ycts dpynkius w(a) = ICOS ax,dx, 3ama4ya cBegach K BONIPOCY CY-
B

mecTBoBanus Hyjed GpyHkuun y(a). OTo nenaercs oueHKaMH (DYHKIIUH
(@) : npu pasIMYHBIX @ W HAaXOXKICHUEM TEX 3HAYECHUM, IPH KOTOPHIX

(@) MONOXKUTEIBHO U IPH KOTOPBIX OTPHIEATEIbHO. [locneqHee He mpe-

3
CTaBJISIET TPyIa: y/(?ﬁ) <0, (a) > 0. YrBepxaeHue J0Ka3aHo.

Bgenem B paccMoTpeHue (dbyHKIIHIO

D, (x)= 1 J.e‘”(x-‘”)dw, x e R?.
JwiL

3nech W = (Wy, Wy ), X = (Xg, X ), (X, W) = XgWy + Xo W, W] =/ Wf +w3.
WHTerpupoBanue BeAeTCs 110 €AUHUYHON OKPYKHOCTH.

3ametum, uTo 3Ta QyHKIMS pu JT000M (ukcupoBanHoM A €C sB-

JSIeTCs paaiIbHOM, T.€. et ||X|| = ”X ,T0 D, (X) =D, (x).

Ha MHOXecTBe pamuaibHBIX HEMPEePHIBHBIX OecKOHEYHO nuddepeH-
UpYeMBIX (DYHKUMI ¢ KOMIAKTHBIM HocutedeM CJ° (RZ),ad oTIpeIeIuM
HHTETpaNbHOE TpeodpazoBaHue
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W (1) = J’ e @) (x)dx, 2 = (24, 2,) €C ?
RZ
TleiictBurensuo, Wf (1) = f(1,0),1eC, f e CZ(R?) aq-

Mycre  1g(zy,2,) = Ie_'(tlzl+t222)dt, (z4,2,) €C —ipeobpazoBanue
E
®Dypbe xapakTepucTHIecKor QyHKIMH MHOKecTBa E .
B pabore ycraHaBIMBAIOTCSA CBS3UM MEXKIY CBOWCTBAMH (YHKUUH

I:(z;,2,) u Bompocom, obiamaer nmu MHOXkecTBO E cBoiictBoM Ilom-

neito. CBs3pb yCTaHABIMBACTCS Yepe3 OIMCAHHE CONPSDKCHHBIX MPO-
CTPAHCTB K NPOCTPAHCTBAM pAAMAIbHBIX (YHKIHMH Yepe3 MHTETPaIbHOE
npeobpaszoBanue (2).
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VIK 517.5
Bbammakos P.A., Maxora A.A., UOparumoBa A.A.
O MNOJIHOTE CUCTEM AKCIIOHEHT B
BBINYKJION OBJIACTH
B pabome paccmampusaemcs pedykyus 3a0adu 0 ROIHOME CUCHEM
9KCNOHEHM 8 GbINYKIOU obaacmu K coomeemcmeayroujell 3adaue 6 kpyee. B
Kawecmee npumepa paccMomper Ciyuail 8bINYKION 001acmu 6 8ude JLIUNCA.
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Kntouegvie cnosa: nonnoma cucmem d3KCnoHeHm, GblnyKids 001acmo,
yenvle ynxyuu, npeobpasosanue Pypve-Jlannaca.

Bashmakov R.A., Makhota A.A., Ibragimova A.A.
ON THE COMPLETENESS OF SYSTEMS OF EXPONENTIALS
IN A CONVEX DOMAIN

In this paper we consider the reduction of the problem of the com-
pleteness of systems of exponentials in a convex domain to the correspond-
ing problem in the disk. As an example, we consider the case of a convex
domain in the form of an ellipse.

Key words: completeness of exponential systems, convex region, en-
tire functions, Fourier-Laplace transform.

[Tycts D — orpaHnyeHHas BBITYKIas 00JaCTh KOMIUICKCHOHM TLIOCKO-
crtu, H(D) — npocrpancto ananuruueckux B D QyHKumii ¢ Tomomoruei
PaBHOMEPHOM CXOAUMOCTH Ha Komiakrax. C KaXkIbIM MHOKECTBOM KOM-
miekcHbIX uncen A = {4}, B xoTopsle uncna A; MOTYT BXOAHUTh C HEKOTO-
poit kpaTHOCTBIO Ny, € MU {0}, k = 1,2, ..., cBA3BIBAacTCS CHCTEMA DKCIIO-
HCHIIMAaJIbHBIX MOHOMOB

expA={Ver' k=12,..,j=0,..,n.}

Kparnocts 1, = 0 o3Hauaert, 4to 4yncio A; BXogut B /A pOBHO OJMH
pa3. 3aja4a 0 MOJHOTE TakoW cucTeMbl B mpoctpanctse H (D) spnsercs
KJIAaCCHYECKOH 3a/1adel u 6bu1a 00BEKTOM MCCIIEJOBAHUI MHOTHX aBTOPOB.
B pabote mokasaHo, 4TO ecid rpaHuua oonactu D gocratouHo riaaxas,
TO 3a/1a4a O MOIHOTE cUCTeMBI eXp A B mpoctpanctse H (D) sksuBaneHTHA
3aj1aue O TIOJNHOTE HEKOTOpoi cucteMbl eXp A’ B mpoctpanctee H(K), rue
K — kpyr, paguyc KOTOPOro 3aBUCUT OT CBOWCTB 00nactu 2.

s m000ro JIMHEWHOro HENpepLIBHOIO (GYHKIMOHaNa S Ha Mpo-
crpanctee  H(D) uepes S(A) =S(e™®) oBosmaunm mnpeobpasoanne
Oypbe-Jlanmaca  otoro  QyHkuuonama. Kak H3BECTHO, OTOOpakeHHE
L:5 — § ycraHaBIMBaeT B3aWMMHO OJHO3HAUYHBIE COOTBETCTBUE MEKIY
conpskeHHbIM npoctpadcTBoM H ™ (D) 1 nmpoCcTpaHCTBOM LENbIX (GyHKIUH
F, ynosneTBopsromux s Hekotoporo £ = £(F) = 0 ouenke

|F(re'®)| < € -e@)=ar reiv e C (1)
31ecs
h(¢) = maxRe(e'’z)
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— onopHas dynkius obmactu D. U3secTHO, 4TO SW(2) = 5(z* e*). Ta-
KuM o0pa3oM, 1o TeopeMme banaxa o mosHOTe cucteM, €Xp A He monHA B
npocrpanctee H (D) Torma n TonbKO TOra, KOTIa HalimeTcs uenas QyHk-
s, Kotopast npu Hekotopom € = 0 ynosnerBopsier yciosuio (1) u umeer
HyJIH KpPaTHOCTH MyB Toukax Ay, k = 1,2,...

B pabote MBI paccMaTpuBaeM OOJIACTH C JBa)KIBl HEMIPEPHIBHO A (-
(epenmmpyeMoii onopHoi ¢pynkunei. [Tomoxmm

M= max (h"(¢)+h(p)) @

@e[0:2m]

W3 reomerpuyeckoil MHTEPHpPETAMA OMOPHBIX (YHKIUH Clexyer,
yro M — 3TO MaKCHMAaIbHBIN PaJnyC KPUBH3HBI B TOUKAX IPAHHUIIBI 001a-
ctu D [1].

Cymmoit & + A" neyx maGopos A = {(Ay,n,)} n A = {(AL.my)}
OyJeM Has3blBaTh OOBbEAMHEHUE MHOXKeECTB Ay, Ay, kK = 1,2,.., ¢ xparHo-
CTBIO Tl WU 1y, €CJIM TOYKA MONAAaeT TOJBKO OJUH pa3 U3 HaOOpOB, H C
CyMMapHO# KpaTHOCTBIO, €CJIM Kakasi-TO TOYKa IomajaeT B 00a MHOXKe-
CTBa.

Ecnu uncno M ompeneneno no gpopmysie (2), To GyHKIus

u(re'®) = Mr— h(@)r 3)
cyOrapMoOHMYHa Ha BCEH IIOCKOCTH.

B nanbheiimem uepes L Oymem 0003HaYaTh Kakyo-HHOYIb HUKCUPO-
BaHHYIO LIEJYI0 (YHKIHIO, yIOBJIETBOPSIOUIYIO YCIOBHAM Teopembl HOm-
myxameroBa P.C. ¢ ¢yHkiwmeit U, onpenenensoit B (3) (nmpu p = 1). Uepes
Ag 0003HaYMM MHOXKeECTBO HyJIel GyHKuMM L ¢ yaeToM KpaTHOCTH.

Teopema. Cucmema sxcnonenm €XpA ne nonma 6 npocmpamncmee
H(D) mozda u monvko mozda, kozda cucmema exp(A+ Ay) ne noana 6
npocmpancmee H(Kyy), 20e Ky — xpye paouyca M ¢ yenmpom 6 uyne.

PaccmoTpuM B KadecTBe BIYKIJI0# obnactu D smunc (puc. 1)
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.1

Puc. 1. Dnnunc

OmnopHast GYHKIHUS B 3TOM CITydae UMEET BH/I:
r f
h{@) =/ a’cos?¢@ + bZsin? ¢.
A MakcUMaIbHBIH paanyC KpUBHU3HBI B TOYKAaX Ha I'paHUIIC o0acTu
2
D pagen M =27/,
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YIK 517.5
bammaxkoB P.A., Maxora A.A., UciamasnoBa H.A.

O ®YHKIUAX TUITA CUHYCA U TIOJIHOTE CUCTEM
SKCIHOHEHT

B pabome paccmampusaemcs cunvbepmoeo npocmpancmeo yuKyuti
Ha eujecmeenHOU 0CU, CYMMUPYEMbIX C K8AOPAMOM C 8€COM, Onpeoesle-
MbIM HEKOMOpoU unykIou yukyuet. [aemcs onpedenenue QyHKyuu
muna cunyca. Ilonyuen kpumepuii noaHOmMuvl CUCMEMbl IKCHOHEHmM, No-
CMPOEHHOU N0 HYISIM Yenol (QYHKyuu muna cumycda 6 YKA3aHHOM Npo-
cmpancmae.

Knroueevie cnosa: svinyxnvie yukyuu, QYHKyuYu muna cunyca, no-
Homa, npeobpazosanue Jlannaca.

Bashmakov R.A., Makhota A.A., Islamalova N.A.
ABOUT FUNCTIONS OF TYPE OF SINUS AND COMPLETE
SYSTEMS EXPONENT

In this paper we consider the Hilbert space of functions on the real
axis that are square summable with weight defined by some convex func-
tion. The definition of a function of the sine type is given. A criterion is
obtained for the completeness of a system of exponentials constructed from
the zeros of an entire function of the sine type in this space.

Keywords: convex functions, sine type functions, completeness, La-
place transform.

Beenem xapakrepuctuky 7(U,Z, P) st BBIIyKIbIX (yHKouid. [Tycts
Z — (UKCHpOBaHHAsI TOYKA HA IUIOCKOCTH. JIJIst TF060TO MOIOKUTEIHHOTO
gucna >0 uepes B(z,r)  o6osnaunm Kpyr {WZ|W—Z| < r} U s
HernpepsiBHOM B B(Z,r) ¢yukipn f momoxnm
[l = max [f(w).
we B(z,r)
Iycre d(f,z,r) — paccrosaue ot Gpynkuuu f 1o mommpocrpascTsa rap-

Monuueckux B B(z,r) ¢ynkumii:

d(f,z,r)= inf{“f - H”r}, H — rapmonnuna B B(z,r).

© Bammaxos P.A., Maxota A.A., Ucnamanosa H.A., 2017
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Ecmu u(X) — Bbimykias GpyHKIMS HA MHTepBaie | BelIECTBEHHOM
och, 1o (ymkrmsa U(W) =U(ReWw) sBisieTcst HEMPEpHIBHONW (YHKIHEH B
BepTukansHo nonoce | + iR Ha mwiockoctu. [IJist MONOKUTEIBHOTO YHC-
Jqa P MOJNOKHM

7(u,z, p) :sup{r :d(u,z,p) < p}.
Scuo, uro 7(U,Z, p) 3aBucHT TOJdbKO OT Rez. Kpome Toro, mockombky
(GYHKIOHIO U TpH HEOOXOAMMOCTU MBI JOOIpEAEIsieM, Hojaras paBHOU
+ oo BHe untepsaia |, to 7(U,z, p) He MOXET MPEBOCXOMUTH PACCTOS-
HUSI OT Y JI0 TPaHMIIBl HHTEPBAJA ONpeeeHUs QYHKIHMH U.

Omnpeaeiienue. [Iycmy U nenpepvignas cybeapmMoHuieckds GyHKyus
6 nonoce | +iR. @yuxyueir muna cunyca ons gynkyuu U 6yoem Hazwi-
samw 2onomopuyio ¢ nonoce | +iR. @yuxyuio L, yooeremeopsiowyio
Yerosusam:

1. ece nynu z,, (N=123...) ¢yuxyuu L npocmeie u npu nexomopom
& >0 xpyeu B(z,,er(u,z,,1)), (n=1,2,3...)nonapno ne nepecexaromcs;,
2. npu 060M >0 eHe MHOJCECMBA Kpy2os

B(z,, er(u, z,,1)), (N =1,2,3...) svinoanaemes coomnouenue
IL(2)] - u(2)| < AGe).

Knacc Bcex ¢yHkuuii tumna cunyca aias GyHkiuun U Oyaem 0003Ha-
gaTh uepes S(U).

Jlemma 1. Eciu L € S(u), mo
1. Ons 6cex KOMNIEKCHBIX 3HAUEHUTl I 6bINONHACMCA OYEHKA
|L(z) <Ce"®;
2. ecu Z,— nynu pynxyuu L w xkpyeu B, = B(u,z,,er(u,z,,1)) ne nepe-
cexaromes, mo 6 kpyee B evinoansemcs oyenxa
L@, @ e
—_ i)
‘z -z, t(u,z,,0)

20e koncmanma C(&) ne zasucum om n.
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Ecnu Z,— mynu ¢pynkyuu L, mo ona 106020 N u npu écex 7 6bINONHA-

omcsa COONMHOUerUus

L@, e e
z2-2,| t(u,z,0)+(z-2,)

Cl(s), C, (&) ne 3asucam om n.
IIycte A — HEKOTOpPOE MHOXKECTBO TOUYEK Ha IUIOCKOCTH. CHcTeMy

SKCIIOHEHT e/lz,ﬂ, e A Oymem o6Gosnauath uepes E(A). Jns rosomopd-

Hoit pynkiuu L depes A, 00o3HauMM MHOkeCTBO Hynell (yHkimu L
(Oe3 yuera kpaTHOCTEI).

Mgl Gynem paccMaTpuBaTh BONPOCHI MOJHOTE M MHHHMAJILHOCTH B
2
npoctpancteax L (l,exph)  cucrem oskcmoment E(A[).  3zecsk

L — ¢yHKUMSA THITA CHHYCA U1 HEKOTOPOH BBITYyKIIOH (GyHKIMU U. Bymem
CYMUTaTh UHTEpBAJI | OrpaHUYEHHBIM.

Jlemma 2. Ilycmo h — evinyknas gynxkyus na ozpanuvuenrHom unmep-
sane | =(a,b), oanee h(x)=sup(xt —h(t)) @pyuxyus conpsocennan no
tel
fOney ¢ pynxyueir h. Toeoa

1. @pynxyus ﬁ(x) onpeoenena npu 8cex 6eujeCmeeHHbIX 3HAYeHUsX X U
A () —R(x)| < J;f:‘ﬁ]|‘||xz — x|, ¥, %,
Idﬁ"(x) <b-a,
R

20e (') - osnauaem npouszsoonasi;

- h(x) - h(x)
2. umerom mecmo pasencmea lim ——==-a, lim —==
X—>—00 |x| X—>+00 |x|

b.

Teopema 1. Ilycms h — suinyxnas ¢ynkyus na oepanuuennom um-

2xt-2h(t) 3¢

mepsane | eewecmeennou ocu, K(X) = I e BLINYKAASL (DYHK-

I
yua na R . Iycme L € S(u). Cucmema sxcnonenm E(A| ). nonna 6 npo-
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cmpauncmee L2(I ,exph) moeda u moavko mozoa, Ko2oa ne cywecmeyem
nenuneunou ewinykaon @ynkyuu V(X) eewecmeennoi nepemennou X,
xomopas yoosnemeopsem yciosuoV(X) +U(X) <h(X), npu ecex eewe-
CMBEHHBIX 3HAUEHUAX X.

Jlemma 3. Ilycmo V(X) — nexomopas evinyknas Qynkyus na ecell

sewecmeennoll ocu. Toeoa cyujecmeyiom KOHeuHble WU PAGHble + o0 npe-
oenbl
- v(X)
lim —,
X—>to0 |X|
npuvem, CymMma mux npeodenog Heompuyamenvha. Bonee moezo, eciu
@ynryus V(X) nenumnetina, mo cymma 3mux npedenos noI0NCUMenvid.

Teopema 2. ITycmo h — euinyknas yuKyus Ha 02paHuyeHHOM UH-
mepeare | =(a,b), U — swemykias Qynkyus na eewecmeennol ocu.

Iycmo Oanee L e S(U). Cucmema sxcnonenm E(A) noana 6 npo-

2
cmpancmese L (1,exph) mozoa u moavko mozoa, koeoa

lim m+ lim mz
X—>—00 |X| X—>+00 |X|

b-a.
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AHAJIN3 U ITPOTHO3UPOBAHUE ®UUHAHCOBbBIX
MOTOKOB IPEJIPUSTUN HA OCHOBE UMUTAIIMOHHBIX
MOJEJIEA

B pabome npodemoncmpuposan komniekcHwili no0xo0 K paspabomke
meopemu4decKkux u npaxkmu4decKkux peKOMeH()aL;uﬁ, HAanpaejleHHsvlX Ha Nno-
evluileHue 3qbqbel<mueﬁocmu ynpaejiernus OCHENHCHBIMU NOMOKAMU opeaHu-
361141412 C UCnojlb3oearuem wwumauuomtoﬁ Mooenu ¢ 3anazobléanuem u on-
mumusayuu 4ucmozco 0EHEINHCHO20 NOMOKA HA OCHOBE MO()M¢UL;UPO6QHHOZZ
mooenu Munnepa-Oppa.

Knioueevie cnosa: umumayuonnoe modenuposanue, AnylLogic, oe-
HEJICHblE NOMOKU, IKOHOMUYeCKUe npoyeccol.

Belyaeva M.B
ANALYSIS AND FORECASTING OF FINANCIAL FLOWS OF

ENTERPRISES ON THE BASIS OF IMITATION MODELS

In this paper, a comprehensive approach to the development of theo-
retical and practical recommendations aimed at improving the efficiency of
cash management of organizations using a delayed simulation model and
optimizing the net cash flow based on the modified Miller-Orr model.

Keywords: Imitation modeling, AnyLogic, cash flow, economic pro-
Cesses.

OI{I/IH M3 aACICKTOB YCHCHIHOIO CYIIECTBOBAHUA (bl/IpMI)I Ha PbIHKE —
9TO pAalHMOHAJIBbHOC YHPABJICHUC NCHCKHBIMU IMOTOKAMMU. JIro6oi1 cboii B
OCYIICCTBJICHUN JCHCKHBIX IUIaTEeXXEH OTPpHULATCIIBHO CKa3bIBACTCA Ha
(hopMHUPOBaHNY TIPOU3BOICTBEHHBIX 3aIIACOB CHIPhSI M MATEPHAIIOB, YPOBHE

© bensesa M.B., 2017
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MIPOM3BOJUTENIILHOCTH TPYJa, peali3alii TOTOBOH MpOXyKUMH U T.1. Bee
9TO BEJET HE TOJIBKO K CHIDKCHHUIO YIPABIISIEMOCTH, HO U CO3IAeT YCIIOBHS
HEONPENENCHHOCTH ISl IPUHATHS YIPABICHYCCKUX PELICHHUH, TOBBIIIACT
YPOBEHb NPENIPHHNMATENBCKOTO PHCKA, W, COOTBETCTBEHHO, OKAa3bIBACT
OTPHIATENIFHOE BIMSHNAE Ha (PMHAHCOBYIO YCTOMYMBOCTD OPTaHU3aINH, €€
IUTaTEeKECIOCOOHOCT M PEHTA0ETHHOCTD.

B mpou3BOACTBEHHOM CEKTOpE aHAIN3 W IIAHUPOBAHHE JICHEKHBIX
MIOTOKOB 3aTPyAHECHO 10 NMPUYMHE BIMSHUSA CIIydalHbIX (hakTopoB. B Takmx
YCIIOBHSIX JTOCTAaTOYHO S(P(PEKTUBHBIM MHCTPYMEHTApUEM SIBISCTCS HUMU-
TAI[MOHHOE MOJICIIUPOBaHHE.

B obmem ciydae, Aisi CIIOXKHBIX ITpoOJieM, Tlie BpeMsi U JTUHaMHKa
Ba)KHbBI, IMUTALMOHHOE MOJICIIMPOBAHHUE MPECTaBIIsIET OO0 OoJee MoII-
HOE CPEJCTBO aHaJIN3a.

HiMuTallMOHHOE MOJIETMPOBAHUE SIBJSIETCSl JKCIIEPUMEHTAIBHON U
MIPUKIAIHON METOOJIOTUEN, UMEIOILIEH 1IEIIBIO:

— ONHCaTh MOBEJCHNE CHCTEMBI;

— TIOCTPOWUTH TEOPHUH ¥ THUIOTE3bI, KOTOPHIE MOTYT OOBSCHHTH
Ha0Ir01aeMoe MOBEICHUE;

— HCIOJIB30BaTh 3TH TEOPHHM JUIA IpelCcKa3aHus OyIyIero moBesie-
HUSI M OLICHKH (B paMKax OrpaHUuYeHUH, HAKJIaJAbIBAEMbIX HEKOTOPBIM KpH-
TEpUEeM WIIM COBOKYITHOCTBIO KPUTEPHEB) Pa3IMYHBIX CTpaTerui, obdecre-
YHUBAIOIMX (YHKIIMOHUPOBAHUE AaHHOM cucTeMbi» [1].

C TOYKM 3peHHs] KOMIIBIOTEPHOH peayiM3aluid UMHUTAIMOHHOE MOJe-
JIMPOBAHUE — ATO KOMILJICKCHBII METOJI HCCIIEIOBAHHS CIIOYKHBIX CHCTEM Ha
OBM, BKIIOYAIOUIMH MOCTPOCHUE KOHLENTYaAIbHBIX, MaTeMaTHUYECKUX M
MIPOTPaMMHBIX MOJEJIel, BBINOJIHEHNE IIMPOKOTO CHEKTpa IelieHanpaB-
JICHHBIX MMHTAIIMOHHBIX 3KCHEPHMEHTOB, 00pab0TKy M HMHTEPIIPETAIHIO
Pe3yIAbTaTOB ATUX 3KCHEPHMEHTOB.

HMuTanoHHOE MOJIEIMPOBAHUE HAXOANUT NMPUMEHEHHE B MOJEIHPO-
BaHWU MPOM3BOJCTBEHHBIX CHCTEM M JIOTHCTHUYECKHX MPOILECCOB, MapKe-
THHTE, MOJAEINPOBAHNH OM3HEC-TIPOLIECCOB, IKOHOMUUECKUX pedopM, pe-
THOHAJIBHBIX TPOLECCOB, COLHOJIOTMHA M TOJUTOJIOIMH, MOJEIUPOBAHHN
TPAHCIOPTHBIX, WHPOPMAIMOHHBIX W TEJICKOMMYHHKAI[HOHHBIX CHCTEM,
HaKOHel], NI00ATbHOM MOJICITMPOBAHIH MHPOBBIX IPOLIECCOB.

Metoa UMHTAIMOHHOTO MOJIEIIUPOBAHHS TTO3BOJISIET PELIaTh 3a1auu
HMCKJIFOYNTENIHHOM CIIOKHOCTH, 00€CIIEYMBAET UMHUTAIIMIO JIFOOBIX CIIOMKHBIX
U MHOTOOOPa3HBIX IPOIECCOB, ¢ OONBIIMM KOJMYECTBOM 3JIEMEHTOB, OT-
JeTbHbIe (PYHKIMOHAIBHBIC 3aBUCUMOCTH B TaKMX MOJEJISIX MOTYT OIHCHI-
BaTbCsl BeChbMa T'DOMO3JKMMH MaTeMaTHYECKHMMHU COOTHOIICHUSIMH [2].
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[TosTOMy MMHTanMOHHOE MoJeaHpoBaHUE IP(PEKTUBHO HUCIIOIB3YETCS B
3aj1a4ax MCCIIE0BAHUSI CUCTEM CO CIIOKHON CTPYKTYPOH C LIENBIO PeIleHHs
KOHKPETHBIX TIpo0IIeM.

KonnenryanbpHass Mozelb, MOKa3bIBAOIIAs IBHKCHHE OCHOBHBIX Je-
HE)XHBIX TIOTOKOB TIpeCcTaBleHa Ha puc. 1 [3].

TTomo=HTeTEHET + ucTeiii OTpHuaTeTBHEIE
AeHEEHBIH I0TOK JeHEEHBIH JEHEKHEIR IOTOK
TOTOK

KpeanTopckaa
3210 CKEHBOCTE

Bripyuxa

TeGuropexas
3a70/EReRHOCTE

AJMEEECTPATHEHBIE
PacXoasl

Puc. 1. Konyenmyanohas cxema mooenu 0eHEeHCHbIX NOMOKOS.
PacueT eHe)HbIX TOTOKOB B MOJICITU MPOBOTUTCS 110 (hopMyJiam:
Tabmuma 1
JleHexxHbIe TTOTOKU

No | OGo3HaueHue | Dopmyna

1 UuCThI ACHEKHBIN MIOTOK 10 ONEPALMOHHON NEATENbHOCTU B IIE-
puoj BpeMeHu t

CHDP(t) | CHDRP(t) = PDP(t) —ODP(t)

2 Bemnunaa momoXuTeIbHBIX JACHCKHBIX IMOTOKOB B IICPHUOJ t

PDP(t) = (L= KI (1)) xVR() + (1— KI (1) = Kl (t + D) <VR(t 1) +
PDP(t) L= KI ()= KI (t+1)— KI (t+ 2)) xVR(t + 2),

3 Bemnunna OTpHUHATCIIBHOI'O ICHCKHOT'O MMOTOKA B IIEPUOJ t

ODP(t) |ODP(t) =KIKZ(t)- AR(t) + KIKZ (t +1) - AR(t +1) + RP + PZ

V3meHeHne CyMMBI IIOCTYNJICGHHH MM PACXOAOBAHUS JICHEKHBIX
CPEICTB BHIPAXKEHO CIIEAYIOMNUME K03 durmenramu (Tadin.2):
Tabnuia 2
KoadduipeHTs
No | O6Go3HadueHme | Dopmyma
1 Koadpdunment nakaccaum JeOUTOPCKON 3a0KEHHOCTH B TEKY-
IIEM MepUosie

KI (t) | KI(t) = DDZ(t) / PDP(t)
2 Koaddunuent nakaccaum KpeIuTOpCKoi 3aJ07KEHHOCTH B Te€-
) KyIlIeM IIEpHoae
KIKZ(t) | KIKZ (t) = DKZ (t) / ODP(t)
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Tabmnuua 3

KyIIIEM TIEPUOJIE

IIepemensble
No [Tokazarenb O06o03HaucHKE
1 Koaddurment nnkaccarmu 1e0UTOPCKON 33101~ KI (t+1)
" | ’KEHHOCTH ¢ 3ama3JplBaHieM Ha | nepuog

Koa¢ddumment makaccarmm 1e0UTOpCKOi 3a10I1- KI (t+2)
JKeHHOCTH C 3ara3pIBaHieM Ha 2 rmepuoja
Bripyuka Tekymero nepuona VR
Beipyuka ¢ 3amasasiBanieM Ha | epuos VR(t+1)
Bripyuka ¢ 3ama3apiBaHreM Ha 2 meproja VR(t+2)
Koa¢ddumment makaccamm KpeTuTopcKon 3a- KIKZ(t+1)
JTIOJDKEHHOCTH C 3ama3IbIBaHueM Ha | mepuon
AJIMUHUCTpATHBHBIC PACXOIBI HA OPTaHU3AIHIO AR
PO B TEKYIIEM IEpHOAC
AIMUHUCTpATHBHBIC PACXOIBI HA OPTaHU3AIHIO AR(t+1)
TIPOJIaXK C 3amaspIBaHieM Ha | mepuon
Pacxonpl Ha mproOpeTeHNE MaTEepPHUAIOB 1 KOH- RP
CTPYKIHHA
ITocTostHHBIC 3aTpaThl TEKYIIETO MEPHOAa Pz
N3MeHeHne 1e0UTOPCKO 3a10KEHHOCTH B Te- DDZ(t)
KyLIEM Ieproje
H3meHeHne KpenquTopcKoi 3a/I0JDKEHHOCTH B Te- DKZ(t)

W3meHeHne neOUTOPCKOM M KPEAUTOPCKOM 3aJ0MKEHHOCTH 337aeTCs
HopManeHbIM pacnpenenennem N(u,0). Ha puc. 2 npejacraBieHa umuTa-
LMOHHAsI MOJIEJNb, CO3Z[AHHAs TP MOMOIIN OCHOBHBIX 0OBEKTOB CHCTEMHO-
JUHAMUYECKOTO MOJICITHPOBAHHUS.
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Puc. 2. Umumayuonnas mooenb 0eHedlicHbIX NOMOKOB.

Tabnuua 4
JIONOMHUTENBHBIE TIEMEHTHI IMUTAL{UOHHON MOAEIH
Ne | Omnemenr Obo3HaueHNnE
1 | flow IToTok cucTeMBl, B KOTOPOH NMPOUCXOAWUT BBIYHUCIIE-
HUE TOJ0XKUTEIbHOIO JEHEKHOIO II0TOKA
2 | flowl Ilotox cucrempl, B KOTOPOM IPOMUCXOIUT BBIYUCIE-
HUE OTPULIATENBHOIO IEHEKHOI0 OTOKA
3 | VRt DUKCUPOBaHHBIM MapaMETP MOEINU, IPEICTaBIIAO-
- M co60# BRIPYUKY TEKYIIETO Mepruoja
4 |VR 1 DUKCUPOBaHHBIM MAapaMETP MOEIH, IPEICTaBIIAIO-
- M co60 BRIPYUKY € 3ama3/ibIBaHueM Ha | mepuon
5 | VR 2 DUKCUPOBaHHBIM MapaMETP MOEIH, IPEICTaBIIAO-
- M co60# BRIPYUKY € 3ama3/ibIBAaHHEM Ha 2 Teproja
6 | PZ ITocTosHHBIE 3aTpaTh
7 RP Pacxonp! Ha nponaxy
8 | AR t AMUHHCTpPaTUBHBIE PacXo/bl HA OPraHU3ALHUIO MPO-
- JIaX B TEKYIIEM NIEPUOLE
9 | AR 11 AJMUHUCTpPATHBHBIE PACXOBI HA OPTaHMU3AINIO TIPO-
- JIaXK C 3ama3jplBaHueM Ha | mepuon
10 | p1 ITapameTp, B KOTOPOM XpaHUTCSI HauaJdbHOE 3HaYe-
HUE ]ISl NONOKUTEIbHOIO JEHEKHOI0 MOTOKA
11 | p2 [TapameTp, B KOTOPOM XpaHUTCSI HauyaJdbHOE 3Haye-
HUE Ul OTPULATEIBHOIO JEHEXKHOIO MOTOKA
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BcnomorarenbHbie TMCPEMCHHBIC

12 | IDZ t W3mMeHeHne JeOUTOPCKON 3a0/DKCHHOCTH B TEKY-
- ieM Ieproze
13 | IDZ 11 M3MmeHeHne NEeOMTOPCKON 3aJ0JDKCHHOCTH C 3arias-
— JbIBaHUEM Ha 1 nepuon
14 | IDZ ©2 M3MmeHeHne NEeOUTOPCKON 3a0JDKCHHOCTH C 3arias-
— JBIBAHUEM Ha 2 nepuona
15 | KIDZ t KosthdummeHT m3mMeHeHus: 1eOUTOPCKOM 3a10MKeH-
- HOCTH B TEKYIIIEM IIepPHOJIe
16 | KIDZ 11 KoadpdunueHT u3MeHeHHsT TeOUTOPCKON 3aT0KeH-
- HOCTH C 3ala3IbIBaHAeM Ha | mepuoj
17 | KIDZ ©2 KoadpdunueHT u3MeHeHHs TeOUTOPCKOM 3a10KeH-
- HOCTH C 3ala3IbIBaHAEM Ha 2 Mepruoaa
18 | IKZ t W3MeHeHne KpeauTOpPCKOH 3aI0DKEHHOCTH B TEKY-
- 1[eM TIEPUOJIC
19 | 1Kz 11 H3MeHeHnEe KPeTUTOPCKON 3aJ0JDKCHHOCTH C 3aras-
— JpIBaHMEM Ha | mepuon
20 | KIKZ t KospduumeHT wu3MeHeHHsT KpeIUTOPCKOW 3amo0ii-
- JKCHHOCTH TEKYIIIETO Meproia
21 | KIKZ 11 KospduimeHT H3MEHeHHsI KpPeIUTOPCKOW 3a10i1-
- JKE€HHOCTHU C 3aIlla3/IbIBAHHEM Ha 1 TNCpuoJ
IDZ_t, ITapameTpsl, sBIAIONIMECS HOPMAIBHO pacIpene-
IDZ_t1, JICHHBIMHU CJ1y4ailHBIMU BEJIMUMHAMU
22 | IDZ_t2,
IKZ_t,
IKZ_t1
23 | Slider [o3BosieT yrpaBmATh TapaMeTpaMu, U3MEHSIA 3aKOH
pacrpeeNieHusl B PoIlecce BHIOIHEHHS MOICIIH

IMocTpoeHHas UMUTAMOHHAS MOJENb ObLIa anmpoOMpoBaHa Ha (ax-
TUYECKHX IT0Ka3aTesiX (PUHAHCOBOM OTYETHOCTH MPEANPUATHI «XXX»
r. Crepnutamaka 3a nepuon 2014-2016 rr. (Tabm. 5).
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Tabmuna 5
OCHOBHBIC TOKA3aTeIH YKOHOMUYECKON JICATEIILHOCTH IPEIPUITUS

AOconmoTHOE Usmenenue, %
M3MEHEHue, ThIC. | (TeMn pocTa)
ITokaza- pY6. (+,7)
TEJIN (TbIC‘ 2014 2015 2016 2015 2016 1 2015 2016 -
py6.) K K K K
2014r. | 2015 2014r. | 2015t
Beipyuka 2432355 | 2136023 | 3221385 |(-296332 |1085362 | 87,8 150,8
Cebecto- 1722859 | 1663115 | 2093835 | -59744 | 430720 | 96,5 125,9
HUMOCTh
TIPOJIaXK
Banoas 709496 472908 1127550 | -236588 | 654642 | 66,7 238,4
puObLIb
TIpu6suTH 159600 26428 427225 -133172 | 400797 | 16,6 1616,6
oT  mpo-
JTaXK
Komm. 390870 301961 500654 -88909 | 198693 | 77,3 165,8
pacxozbl
Vmpas. 159026 144519 199671 -14507 | 55152 90,9 138,2
pacxozbl
% x mo- | 8840 1301 1497 -7539 196 14,7 1151
JIy4EHUIO
% k ymma- | 285708 181969 82120 -103739 | -99849 | 63,7 45,1
TS
IIpoune 193364 188119 128670 -5245 -59449 | 97,3 68,4
JTOXOJTBI
IIpoune 695888 187580 242941 -508308 55361 26,9 1295
pacxozbt
Yucrast -652376 -109766 162701 -542610 | 272467 | 16,8 148,2
TIPHOBITH

Pesynbratel paboThl MpeANpUSATUS JEMOHCTPUPYIOT, YTO OOIIECTBO
MPOIOIDKAaeT JWHAMHIYHO Pa3BUBATHCS M OCHOBHBEIC IMokaszarenu 3a 2016
rojl HAMHOTO [IPEBBIIAIOT aHAJIOTMYHbIE ToKa3areau 3a 2014-2015 roasl.

IIpoananmu3upoBaB Mmoka3arelid JUKBUIHOCTH, IDIATEKECIOCOOHOCTH,
(UHAHCOBOH HE3aBHCUMOCTH W YCTOWYHBOCTH, CTAHOBUTCS OYCBUIHBIM,
9T0 BCe KOI(DDUIMEHTH! TUKBUIHOCTH, KOA(DOUIIMEHT MOKPHITUS TEKYIITHX
00513aTeTIbCTB MEHbBIIIE HOPMATHBHBIX 3HAYCHUH, TO €CTh IPEANIPHUATHE HE
MOXKET 00eCIeunTh TEeKyIIHe 00s3aTeThcTBa 000pOTHRIMU akTuBaMu. Ko-
¢ punmeHT PuHAHCOBOW yCTOMUMBOCTH TaKKe HE JOCTHTAeT HOPMATHB-
HOTO 3HAYEHWsI, CJeIOBaTeIbHO, MPEANpUATHE HE SBISETCS (PUHAHCOBO

YCTOWYUBBIM MIPENIPUSITHEM.
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ITo utoram ananm3a JeHEKHBIX cpencTB 3a 2016 r. oOmmii ocTaTok
JIEHEX)KHBIX MOTOKOB MO BCEM BHJIAM JEATEIbHOCTU paBeH -8§9927 Twicsad
pyOTIeii, TO ecTh YHCTHIA JIEHE)KHBIH MOTOK SIBISETCS OTPULATEIHHON Be-
JUYUHON, 9TO TIPUBOAMT K HEXBATKE CBOOOMHBIX IEHEIKHBIX CPEICTB.

ITo pe3ympraTtam pacdeToB OeOUTOPCKOW M KPEAUTOPCKOH 3aJ0TKEeH-
HOCTH OBUIO BBISBIICHO, YTO A0S AEOMTOPCKOH 3a/I0DKEHHOCTH HE BEIH-
Ka. B To Bpems Kak IO KPEAUTOPCKOH 3aJOJDKCHHOCTH WMEET OOINbIIHe
3aadeHus: B 2015rogy — 129,93 % u B 2016 — 81%. Omgnaxo B 2016 romy
1o cpaBHeHUIO ¢ 2015 rogom umeeTcst TEHIEHIUS K CHIDKEHUIO KPEAUTOP-
CKOM 3aJ0JDKCHHOCTHU, YTO SABJIICTCA IIOJOXKUTCIBHBIM MOMCHTOM JJISA
NIPEATIPUATHSL.

Ha puc. 3 mpencraBiena JuHUs TpeHa, IO KOTOPOU OyAeT mocTpoe-
Ha MOJIEJIb BBIPYYKU.

y=93,52x¢- 2180,5x + 155502 - 33660x + 274100~ 'T

R*=0,6773 ——MonnHomuanbHas (Yt)
340000
320000
300000
280000 AN
260000 — e \ /
240000 \-“<3§\§:;7¢¢5/
220000
200000 \ \ | | |

1 2 3 4 5 6 7 8 9 10 11 12
Puc. 3. llocmpoenue mpenoa
Pesysbrar npoBEepKHU MOTyYSHHON MOJICITH Ha aJCKBAaTHOCTDH MOKA3bI-
BaeT, YTO MOJICJIb BBIPYUYKHU SIBIISICTCS aJCKBAaTHONH M Ha OCHOBAHUHU ITOMU
MOJICJTH MOYKHO CTPOHTBH MPOTHO3. [IPOrHO3HBIC 3HAYECHUS] BHIPYYKH Ha 2
MepHro/ia MPeCTaBICHbI B Ta0I. 6.

Tabnmna 6
ITporHo3 BBIPYIKH
. JIOBEPHUTEIIbHBIN HHTEPBAJ
T TOYCYHBII MPOTHO3
HWKHSIS TPaHUIA BEPXHsA TPaHUIA
17 344819,22 344113,12 345525,31
18 459906,32 459175,59 460637,05

IIporuo3 BeIpy4YKH MOKA3bIBAET, YTO B CIETYIOLIUE J[BA IEPUOAA OXKU-
JlaeTcsl yBeIMUYeHHE 00beMa MPHOBLIH.

Ha puc. 4 npencraBneHa JUHHAS TPEH[IA, IT0 KOTOPOH OyJeT MOCTpoe-
Ha MOJICJIb a/IMUHUCTPATUBHBIX PACXOI0B.
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160 000,00 R¥=0,8428

155000,00
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Puc. 4. [locmpoenue mpenoa.

Pesynprar mpoBepKH MONYYEHHON MOJIENH Ha aJIeKBaTHOCTH MOKAa3bl-
BaeT, YTO MOJENb aJMUHUCTPATUBHBIX PACXOIOB MO BCEM KPHUTEPHIM SB-
JseTcs aleKBaTHOM M Ha OCHOBAaHHH 3TOW MOIENH MOXKHO CTPOUTH MPO-
rHO3. [IpoTrHO3HEIEC 3HAYCHHS Ha 2 TIePHO/Ia IPEICTaBICHBI B Ta0II. 7.

Tabmmma 7
[TporHo3 aIMMHUCTPATUBHBIX PACXOJIOB
t TOYEUHBIH JIOBEPUTENILHBIA HHTCPBAJ
MPOTHO3 HWDKHSIS TPaHMIIA BEPXHsIsI TPaHUIIA
17 176912,40 176727,23 177097,56
18 174530,29 174338,67 174721,92

Ha puc. 5 nmpencrasieHsl rpaguKH HONTOXKUTEIHFHOTO, OTPULIATEIbHO-
IO M YHCTOTO JICHE)KHOTO IMTOTOKA COOTBETCTBEHHO.

920000 1200000
900000

880000 ‘l 1000000
860000 800000
240000 600000
820000 400000

800000
780000

200000

41
46
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a1
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o
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Puc. 5. [enescnvie nomoxu: a — nonodxcumensbHulil, 6 — ompuyamenbHulil,

6 — YyucCmaolil.
PC3yHBTaTBI UMUTALITUOHHOI'O 3KCHepI/IMeHTa HpeHCTaBHCHBI B Ta6J'I. 8
Tabmmma 8
CTaTI/ICTI/IKa peSyﬂI)TaTOB UMHUTALIUOHHOT'O MOZ[CHI/IpOBaHI/Iﬂ

Craru- .

¢TI | KIDZ | KIDZ | KIDZ | KIKZ | KIKZ o

JCHEK-

cae | U ) | @) | | @y | AT ORI T
TIOKa-

IIOTOK
3aTCIn
Cpen-

3::;- 0,069 | 0,151 | 0,081 | 0,533 | 1,151 | 849386,5 | 3535456 | 489747,3
HUC
Cran-
JiapT-

HOE 0,007 0,008 | 0,016 0,023 | 0,451 | 17216,45 | 106499,2 | 1324394
OTKJIO-
HCHUC
Koao-
humm-

EHT 0,104 0,058 | 0,196 0,437 | 0,392 0,020 0,301 0,270
Bapua-
IUu

Mu- 1035 | 0,069 | 0,044 | 0,091 | 0,169 | 8210220 | 1001786 | -48544,6
HIUMYM

Mak- | 6085 | 0,156 | 0112 | 1,867 | 3.656 | 9788691 | 9510304 | 8672056
CHMYM

B pesynbrare, npoaHaIn3upoBaB JaHHBIE, MOJKHO CJIEIaTh BBIBOJI:

— JUIA IPEANpPHUATHS B TEKYIIEM MEPUOJE B CPEIHEM MHKACCUPYETCS
7% OT BBIPYYKH, B TO BpPeMs KaK IUIATeXH KPEIUTOpaM COCTaBIAOT 53%
OT PacxoJoB.
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— B TeKyIIeM IepHoJe Yy NpEeNnpusThs HaOIroaaeTcs IeQUIUT 1e-
HEXHBIX CPEICTB Ha cymMMmy 74271,28 Thic. pyOiel, KOTOpBI MOXET OBITh
TTOKPHIT 32 CYET CYMMBI OCTaTKa JICHEKHBIX CPEACTB Ha cueTax B OaHKe.

— HIKHHAW TpEefell OcTaTKa IEHEeKHBIX cperncTB cocraBmsieT 10917,
86 TeIC. pyOyeii. 3HaUCHNE STOTO IMOKA3aTelsl CBUACTEIBCTBYET O TOM, Ka-
KYIO CTCTIEHb PHCKa HEXBAaTKH ICHEKHBIX CPEICTB IPEANPHUATHE CIUTAET
JIOITyCTUMBIM.

— BEpXHHUI Ipenen ocTaTka JEHEKHBIX CPEICTB MOXKET COCTaBIATH
43349,44 teiC. pyOneii. B aToM ciydae, nocturas MakCUMalbHOTO o0beMa
ocTaTKa, NPEIPHIATHE MOXET JOMYCTUTh OTHOCHUTENBHO O0€3pHCKOBOE
U3BATHE JEHEKHBIX CpeAcTB Ha cymmy 21621,05 (43349,44-21728,39)
TBIC. pyOneil myTeM IMOKYNKH Ha (DOHIOBOM PBIHKE JIETKO Peaiu3yeMbIX
LIEHHBIX OyMar, WJIM MHBECTHPOBATh 3TH CPEACTBA B aJbTEPHATUBHBIC NPO-
€KTBI, TEM CaMbIM, CHIDKasI IEHEKHOE Calb/I0 JI0 BEJIMYUHBI ONITUMAILHOTO
pexoMeHnyemoro octatka — 21728,39 teic. pyOmnei.

Takum oOpaszom, paspaboranHas B cpexe AnylLogic mMHUTaIMOHHAS
MOJIENTb TIO3BOJISICT BHIOpPATh HaWOONee palfioHaJbHBIC METOIBI YIpaBie-
HUS JCHE)XHBIMH IIOTOKAMH M CO3AaeT OCHOBY JUIA MX ONTHUMH3AIHA U
OTIpeNIeNIeHUs] ONTHMAaJIbHOTO OCTAaTKa JCHEKHBIX CPEICTB Ha cUeTe Ipe-
MIPUATHSL.
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bukkynosa H.H., Akmanosa I'.P., Hurmaryjuuna I'.P.,
Kypo6anryaos A.P., Bukky.josa JI.B.
KPUCTAJVLIMYECKASI CTPYKTYPA
U YJIEKTPO®U3NYECKHUE CBOMCTBA CYIIEPUOHHOI'O
MPOBOJHUKA CU,gTE

Hacmoswas cmamusi noceésiuyena ucciedo8anulo KpUCmaLiuyeckou
CMPYKmypbl U 21eKMpOoPU3ULUecKUX CEO0UCME CYNEPUOHHO20 NPOBOOHUKA
Hecmexuomempuyeckoeo cocmasa Cul,85Te 6 3asucumocmu om memne-
pamypul. Pacuemvl Kpucmaniuyeckou cmpykmypul GbINOIHEHbl HA OCHOBE
npoepammnoco obecneuenusi Fullprof Suite.

Knrouesvie crnosa: mennypuo meou, 21eKmponposoOHOCHb, MepMo-
90C, CYNEPUOHHAS NPOBOOUMOCMb, CIMPYKMYPA, KYIOHOMEMPUHecKoe
mumposanue.

Bikkulova N.N., Akmanova G.R., Nigmatullina G.R.,
Kurbangulov A.R., Bikkulova L.V.
CRISTAL STRUCTURE AND ELECTROPHYSICAL
PROPERTIES OF THE SUPERIONIC CONDUCTOR CU1,85TE
The present article is devoted to the investigation of the crystal struc-
ture and electrophysical properties of the superionic conductor of the non-
stoichiometric composition of Cul.85Te as a function of temperature. Cal-
culations of the crystal structure are based on the Fullprof Suite software.
Key words: copper telluride, electrical conductivity, thermoelectric
power, superionic conductivity, structure, coulometric titration

Tennmypun menu HectexuoMeTpuueckoro cocraBa CujgsTe mpu KoM-
HaTHOH TemIepaType MHAWIHUPYETCS B TeKCArOHAJIbHONH CHHTOHHUH C TIPO-
cTpaHcTBeHHOU Tpymmoit P3m1 u mapamerpamu permerkn a=8.38, c= 21.73
A (puc. 1). JlaHHbIE pacueThl KPUCTAITHYECKOH CTPYKTYPBI, BHIOTHEHHBIE
Ha OCHOBe mporpammuoro obecneuenus Fullprof Suite, xoporo cornacy-
I0TCSI C IUTEPaTypPHBIMHU JITAHHBIMHU.

Ha mudpakrorpamMmax, CHATBIX Ipu Temmeparype 298—658 K, npu mo-
BBIIICHUH TEMIIEpaTypbl HaOJIIOaeTCss W3MEHEHHE OTHOCHTEIbHBIX HHTE-
TpaJIbHBIX MHTEHCHBHOCTEH M MpH TemrepaType Bbime 598 K HexoTopbie
JIMHUM MCYE3al0T, YTO CBUJIETENILCTBYET O CTPYKTYPHOM (ha30BOM HeEpexo/ie.

© bukkynosa H.H., Akmanosa I'.P., Hurmarymmna I'.P., Kyp6anrynos A.P., Bukkyimo-
Ba JLB., 2017
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YcraHoBNeHO, uTo (ha30BbBIN Mepexoy mpu TeMmeparype 598 K mpen-
cTaBiseT coboi ¢as3oBeiii nepexox |l poma, mpu koTopom HabmHOmacTCS
W3MCHEHHE CTEICHU YIOPSIOYCHHOCTH AaTOMOB B KPUCTaJLTHYECKOU
CTPYKTYpE MO THIY «IOPSI0K-OECHOPSIOK», CBSI3aHHOE C YBEIHMYCHHUEM

TapaMeTPOB PEIISTKH B TeKCarOHAJIIFHOW CHHTOHHH (pHC. 2).

Puc. 1. Kpucmannuueckas cmpyxmypa coeounenus Cul.85Te

MeTomoM KyJTOHOMETPHYECKOTO THTPOBAaHHS IPOBEICHO HCCIIEIOBa-
Hue (azoBoii nuarpammel Temtypuaa meau Cu, sTe€ B MHTepBase TeMIiiepa-
Typ ot 613 nmo 673 K mus cocraBoB ¢ 6=0+1.00. Jns temmypumoB menu
AMEIOTCS HECKOJIBKO JOCTATOYHO Y3KHX 00NacTel TOMOTEHHOCTH, CIIOKHO
PACIIOJIOKECHHBIX Ha JUarpaMMe, Mepexoibl MEXIY KOTOPBIMH OCYIIECTB-
JSFIOTCSL 4epe3 JByx¢asHbie obmactu. OO 3TOM CBUIETEIBCTBYIOT MOJY-
YeHHbIE HAMH OJKCIIEPUMEHTAJIFHBIC KPUBBIE THTPOBAaHHUS B JHAIlla30HE
temreparyp 613-673 K, mpencrasnennsie Ha (puc. 3). [Ipu Temneparype
633K obHapyxeHBI TpH OmHO(A3HBIC 00JACTH, COOTBETCTBYIOIINE COCTA-
BaMm: Cu,sTe (5:0_011), CuygsTe — Cuy75Te, Cu;s.sTe (6:008) Tlpu
temreparype 673K oOnapyxeHb! onHO(a3HBIE 00NACTH, COOTBETCTBYIO-
mme cocraBam: Cu,sTe (6=0+0.07), CupoTe — CupgsTe, CupzgTe —
Cuys;Te. Ilpu Temneparypax 613, 653, 673K Tarke 3KCrepUMEHTaIbHO
BBISIBJIEHB! TPH 00JaCTH TOMOT€HHOCTH, HO YK€ CMEIICHHbIE TI0 COCTaBaM
[7]. B psine pabGoT mpuBOAATCS Pe3yAbTaThl HCCIIETOBAHHMS 3aBUCHMOCTH
MEKTPOPU3NUECKUX CBOWCTB TEIUTypHIa MEIH CTEXHOMETPHYECKOTO CO-
craBa Cu,Te ot Temmeparypsl [1-6]. B cBsi3u ¢ Tem, YTO MPAKTHYCCKU HE
M3y4YeHO BIHMSHHUE OTKJIOHEHHS OT CTEXHOMETPHH Ha AIEKTPO(pU3NIECKHe
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CBOHCTBa, B JIaHHOW paboTe NMPOBENCHBI MCCIEIOBAHHS TEPMOAJIEKTpHYE-
CKHMX CBOMCTB TeJUTypH/ia MEN HECTEXHOMeTpruecKoro cocraa CU; gsTe u
Cuy gs Te: ynenmpHOM 3MEeKTPOIIPOBOIHOCTH M NEKTPOHHON TEPMO3IC CTaH-
JApTHBIM YETBIPEX30HAOBBIM METONOM B MHTepBaie Temieparyp or 300K
1o 750K (puc. 4, 5).

v, & a, A c, A
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1344 | A 8,55
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/./~/""/. 3 7 #
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120] /‘/
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A
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o
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—
......... 1 8,40 -

1272 1 1 1 1 1
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Puc. 2. 3asucumocmo napamempog snemenmapnoul avetiku a (1), ¢ (2) u

oovema Vauy (3) om memnepamypuwt ons Cul,85Te
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Puc. 3. 3asucumocme 3J]C anexmpoxumuueckou a4eKu
om cocmaea npu memnepamypax 613—-673K
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Puc. 5. Temnepamypuvie 3a8Ucumocmu 371eKmponpoeooOHOCmU OJisl

cocmaeoe CUy gsTe u Cuq ggTe.

Kak BuaHO U3 pUCYHKOB, st coctaBa CuUj ggTe kod¢GurmeHT repmo-
9MIC BO BCEM HHTEPBAJEC TEMIIEPATyp MMEET IOJIOKUTEIbHBIN 3HAK, KOTO-
PBIA CBHETEIECTBYET O TOM, YTO OCHOBHBIMHU HOCHTEIIIMHU 3apsiia B HC-
CIeyeMOM COCIOMHEHWH SIBISIOTCS JAbIpkA. C pOCTOM TeMIeparypsl
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yZenbHas 3JEeKTPONpPOBOAHOCTL coennHenust Cu; gsT€ yObIBaeT. DTH naH-
HBIE XOPOILO COIIacyIoTCsl ¢ pesynbraramu pabdotsl [Cu2Te]. Merannuye-
CKHH THI IPOBOJMMOCTH B UCCIIEAYEMOM HMHTEPBAJIC TEMIICPATyp, B OTIH-
YHe OT MOJIYHNPOBOJHUKOBOTO XapaKTepa 3MEKTPONPOBOAHOCTH B CYIb(H-
Jlax W CeNeHUJaxX MeIN, MO)KHO OOBSICHUTH 3aMETHBIM OCITa0OIeHUEM HOH-
HO-KOBAJICHTHOTO THIIA XUMUYECKOH CBSI3H B TEIIYPUAAX MEIIH.

B rtemnypume memm CujgsTe BemmumHa ko3dduimenta Tepmosac
YMEHbIIIAeTCsI, IPUTOM HaOIIOAAaeTCs CMEHa 3HaKa IIPU TEMIIEpaType OKOJIOo
620 K ¢ oTpumnarensHOro Ha MOJIOKHUTEIbHbBIN. MOXHO yTBepXkKIaTh, YTO
IIpU 3TOM TeMIlepaType NPOUCXOAUT CMEHa THIa HOCHUTEIeH 3apsaa ¢
3NIEKTPOHHOTO Ha ABIpOouHBIH. C pOCTOM TeMIlepaTyphl yAeIbHas 3JIEKTPO-
MIPOBOJHOCTh B 3TOM COEAMHEHUM Takke yObiBaeT. MOXXHO YyTBEp:KAATh,
YTO C POCTOM TeMIepaTyphl CTAaHOBHUTCS 0Oojiee BBIPAKCHHBIM BKJIaJl Me-
TAJNIMYECKON XUMUYECKON CBSI3UM B 3JIEKTPONPOBOAHOCTh. IIpeanonaraer-
Csl, 9YTO M3MEHECHHUE BEJIMYUHBI IPOBOJMMOCTH TIPH OTKJIIOHCHHUHU OT CTeTIe-
HHU CTEXHOMETPHYHOCTH CBSI3aHO C N3MEHEHHEM IOJIOXKEHUsS ypoBHs Dep-
MU U YBEITHYECHNEM KOHIIEHTPAIUH JBIPOK MIPH YBEIMUCHUHN BakaHCHiL [7].
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CTATUCTHUYECKASA CXOAUMOCTbD, EE OBOBIIEHNSI,
HEIPEPBIBHBIN BAPUAHT U IPMJIOKEHUS K ®YPBE
MINPEOBPA3OBAHUSAM

Paboma noceswena cmamucmuyeckol cxoouMoCmu 8 paziuyHbix mo-
NOJN02UHEeCKUX CMPYKIMYPax, ee 0000WeHUIM U HPUTONCEHUIM K DIOAM
@ypve. Ona cocmoum u3 08yx yacmeti. B nepeoii uacmu paccmampusarom-
csl OUCKpemHble 8aPUAHMbL CIAMUCIUYECKOU CXOOUMOCIU U UX pA3Hble
0000WenUs, 8600MCA NOHAMUA CIMAMUCIMUYECKUX DYHOAMEeHMAaTbHOCHel],
NOPOJHCOEHHble YMUMU BUOAMU CXOOUMOCTEU, U OOKA3bIBAIOMCA  IKBUBA-
JCHMHOCIU NOHSAMULL CIMAMUCIUYECKUX CXOOUMOCHEN U CIAMUCMUYECKUX
@yHoamenmanerocmeil. Bmopas uacms noceswena HenpepuleHvbM AHAILO-
2am cmamucmudeckou cxooumocmu. Muoeue pe3yromamuvl OUCKPEMHO20
8APUAHMA NEPEHOCAMCST K 9MoMy cayyaio. Hcxoos u3z amozo nousmus
onpeoensiemcsi NPOCMpPAHCMBE0 CMAMUCIMUYECKU HENPEPbIGHLIX HA Ompe3Ke
Qynryutl, uzyuaromes Hekomopwvie e2o ceovicmea. Paccmampueaiomes ne-
Komopuwle npunodicerus k Pypve-Cmuimovec npeoopa’08aHusim.

Knrouesvle cnosa: cmamucmuueckas cxoOumocmns, CMamucmuyecKkas
¢ynoamenmanvHocmo, npeobpasosanue Pypwve-Cmunrmveca.

Bilalov B.T.

STATISTICAL CONVERGENCE, ITS GENERALIZATIONS,
CONTINUOUS VARIANT AND APPLICATIONS TO FOURIER
TRANSFORMATIONS

The paper is devoted to statistical convergence in various topological
structures, its generalizations and applications to Fourier series. It con-
sists of two parts. In the first part, discrete variants of statistical conver-
gence and their various generalizations are considered, the concepts of
statistical fundamentality generated by these kinds of convergences are
introduced, and equivalences of the concepts of statistical convergence
and statistical fundamentality are proved. The second part is devoted to
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190



continuous analogues of statistical convergence. Many results of the dis-
crete variant are carried over to this case. Using this concept, the space of
statistically continuous functions on a segment is determined, some of its
properties are studied. Some applications to Fourier-Stieltjes transfor-
mations are considered.

Keywords: statistical convergence, statistical fundamentality, Fouri-
er-Stieltjes transformations.

Teopust TpuroHomerpudeckux psanoB Oypbe SBIAETCS BAXXKHBIM 3Be-
HOM amnmnpoOKCUMAallMK U CIYXKHUT OCHOBOH JUIsi COBPEMEHHOI'O rapMOHHYe-
CKOTO aHanmu3a. Bo Bcex aTamax pa3sBUTHS 3TOH TEOPHU OJHHM M3 KIIOYe-
BBIX BOIIPOCOB SIBJISLJIACH CyMMHPYEMOCTh B TOM HJIM MHOM CMBICIIE PSIIOB
®dypbe. DTO HaMpPaBJICHUE XOPOIIO OCBEIICHO B MOHOTPA(UsIX H3BECTHBIX
MaTeMaTukoB kak A. 3urmyHsp [1]-[2], P. OaBapc [3]-[4], H.K. bapu [5],
C. Kaumax, I'. llIteitarays [6] u ap. B Teopun TpuroHoMeTpudeckux ps-
noB @ypee ewe Xapau u Jlurmasynom Obu1 npuMeHeH H, — memoo cym-

MHUpoBaHHUA. OTHOCHTEIBHO HTOTO TMOHATHS MOXKHO TIOCMOTPETh MOHOTpa-
¢uro A. 3urmynn [2]. Yrobbl xapakrepuszoBath H,— cymmupyemocme,

OBLTO BBEACHO IMOHATHE TOYTH CXOAWMOCTH. B mociemyromeM 3To MOHS-
THe OBLIO HAa3BaHO CTATHCTHYECKOW cXOAMMOCTHIO. CleqyeT OTMETHUTh,
YTO TEPMUH CTAaTUCTHUYECKON CXOJMMOCTH BIIEPBBIE OBLIT MPUHAT B paboTte
H.Fast [7] u H.Steinhaus [8]. TTonsiTHe craTHCTHYECKON (yHIAMEHTATb-
HocTH ObuTo BBeseHO J.A. Fridy [9] oTHOCHTEembHO MOCTEN0BATEIBHOCTEH
13 JeHCTBUTENBHBIX 4Hceld. MM moKka3aHO, YTO CTaTHCTHYECKas CXOAU-
MOCTb 3KBHBAJICHTHA CTATUCTUYECKOH (pyHIaMEHTaIbHOCTH.

Crnenyer OTMETHTB, YTO METOJBI HE CXOMSIIUXCS MOCIEI0BaTEIbHO-
CTeH TaBHO M3BECTHHI, K HUIM MOXXHO OTHECTH, Hampumep, Meto Deiiepa,
Meton Yezapo, merox Abens, Mmetoy Pucca, u T.11. DTH METOABI IPUMEHS-
FOTCSI B Pa3HBIX 00JIACTSIX MaTeMAaTUKHU. J[J1 MPIMEHUMOCTH 3THX METOIOB
OYeHb Ba)KHO, YTOOBI pacCMaTpHBaeMOE MPOCTPAHCTBO MMEJIO JTHHEHHYIO
cTpykTypy. IloaTOMy HM3ydeHue CXOAMMOCTEH CTAaTHCTUYECKOro THUMA B
TOIIOJIOTUYECKUAX TPOCTPAHCTBAX, HE CHAOKCHHBIX JIMHEHHBIMU OICpallu-
SIMU, IIPEICTABIISIET OTAEIIbHBIN HaydHbI UHTEpeC. Pa3HbIM acriekraM 3To-
r'0 BOMpPOCa B METPHUYECKUX IMPOCTPAHCTBAX MOCBAILICHBI pabOTHI aBTOPOB
[10]-[11]. CraTucTHyeckasi CXOAUMOCTb B JIMHEWHBIX TOMOJOIHMYECKUX
MIPOCTPAHCTBAX paccMOTpeHa B padore [12].

OTMeTHM, 9TO BO BCEX JITalax Pa3BUTHS TEOPUH TPHUTOHOMETpHUe-
ckux psaaoB DPypbe OAHUM M3 KIIOUYEBBIX BOIPOCOB SIBISIETCS CYMMHUpYe-
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MOCTb psitoB Pypbe B TOM WM MHOM CMBICNIE. DTO HAlpaBieHUE JI0CTa-
TOYHO XOPOLIO OCBEIIEHO B MOHOTpaUsX M3BECTHBIX MaTEMaTHKOB Kak
A. 3urmynn, P. Onsapac, H.K. bapu, C. Kaumax u I'. HlTeitaray3 u map.
OcobOeHHO TpPYOHOW 3amadeil SBIANACH TOYEUHAS CXOAWMOCTH PSIOB
®ypoe. B cBa3u ¢ atim eme B 1913 . JIy3uHBIM mOCTaBICHA IpoOIIeMa o
TOYEHHOH cxommMocTh pianoB Dypre HempepsBHBIX QyHKIHI. B 1926 T.
A.H. KonmMOTropoBEIM TIOCTPOEH TIPUMEP CYMMHUpPYEMOH (QYHKIIUH, PSIX
®Dypbe KOTOpOH pacxomuTcs B Kaxkaoi touke. [Ipobmema Jly3una pemeHa
mumb B 1965 r. JL.KapnecoHoM B o0miem ciy4ae, T.€. MM JJOKa3aHO, YTO
psan @ypee L, — ¢pyHKIMM I.B. cXOMUTCS. DTOT pe3ynbTaT MEPEeHECeH Ha

L, 1< p <+ — dynkuun Hant-Xanrom. Mexay Tem Obun CO3aHbI UK

K€ PacCMOTPEHBI METOAbI CyMMHUPOBAHUS, OTHOCHTEIHFHO KOTOPBIX PSIIIBI
@ypse ToueyHO cXOaUTCs. B 3TOM HampaBiIeHUN OYEHb Ba)KHBIM SIBIISICTCS
BOIIPOC O PETYISIPHOCTH MeToza cyMmupyemoctu. O0mmpHyo nHdpopma-
LU0 O PETYIAPHBIX METOAAX CYMMHPOBAaHWH MOKHO ITOJNYYHTh U3 MOHO-
rpapun C.M.Petersen. l3BecTHble METOABI CYMMHPOBAHHUS KaK METOJ
Yezapo, metoxn Pucca, meron Abesns U TOMY MOJOOHBIE, SIBISIFOTCS pery-
JIApHBIMU. B cBsi3u ¢ uzyuennem H q — CYMMHUPYEMOCTH psZI0B ®Dypee ele

Xapmu u JIUTTAByIOM GBUTO BBEICHO MOHATHE MOYTH cxomumocth (almost
convergence) 4uciIOBO# MOCIeNoBaTeNLHOCTH. B mocneayromeM 3To mo-
HATHE OBLIO Ha3BaHO CTaTHCTUYECKOH CXOANMOCTHIO.

EcrecTBeHHO BO3HHMKAaeT BOIPOC O CYIIECTBOBAHWH HENPEPHIBHOTO
aHajiora WM e OOOOLICHHUS MOHSATHS CTaTUCTHUECKOH cxoammocTu. Bu-
JIMMO TakKasi TIOCTaHOBKa BIiepBbie Obla paccMotpena F.Moricz [13]. Own
BBEJI MIOHSTHS CTaTHCTHYECKOTO Ipeziea n3MepumMoii o Jlebery ¢pyHKmn
B TOUKe, ucxofs u3 Mepsl Jlebera. Ho cienyer oTMeTHTh, UTO BBEJICHHOE
UM TIOHSTHE HE SBJISIETCS 0000LIEHHEeM CTaTHMCTHYECKOW CXOJMUMOCTH IO-
CJIeIOBAaTEJIFHOCTEH, TaK KaK M3 HEr0 HEBO3MOKHO MOJIYYHTh aHAJIOTHYHOE
MOHATHE U TTOCIIEI0BATEIbHOCTEH. 3aTeM 3THM K€ aBTOPOM OBIJIO BBe-
JICHO TIOHSTUE g — CHIIBHO CyMMHPYEMOCTH, IOPOXKIEHHOE Mepoii Jlebera

/,l(), 1 U3yYc€Ha CBA3b 3TOI'O MOHATHA CO CTaTUCTUYCCKOU CXOJHUMOCTBIO.

PaccMoTpens! HekoTOpbIe MpUIIoKeHUs K DPypbe npeoOpa3oBaHUsIM.
HemnocpenctBeHHoe 006001IeHNE HA HETIPEPBIBHBIN clydail ObLIO clie-

nano B pabore B.T. Bilalov, S.R. Sadigova [14]. B Heit BBeneHO TOHATHE

4 — CTaTHCTUYECKOTO Ipejiesia Ha OeCKOHEYHOCTH n3Mepumoit (o bope-

J'IIO) (I)yHKIII/II/I, OTHOCHTCIILHO O — KOHEYHOM MEphbL /,l() . OHpC)ICJ'ISICTCH

IOHATHUC 1 — CTaTHUCTUYECKOM q)yH,Z[aMCHTaJIBHOCTI/I U CBOWMCTBA CTaTH-
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CTHYCCKH CXOIOAIIUXCA HOCHCI{OBaTeHLHOCTeﬁ. AHaNoruyHele MOHATHS
OIpeACICHbI OTHOCHUTCIIBHO KOHEUYHOM TOYKHU. OHpeL[eJ'ISIeTCH IIOHATHE
4 — CHUIBHO CyMMHPYEMOCTHU (M B KOHEYHOM TOUKE TOXKE), yCTaHaBIUBa-
€TCs €€ CBA3b C " - CTaTUCTUYCCKOMN CXOAUMOCTBIO, u - CHWJIBHO CYMMH-
PYEMOCTb MPUMEHSACTCA K CDpre-CTI/IJ'ITLeca HpeOGpa30BaHI/I${M.
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OBOBIIEHHBIA KPUTEPU KAYECTBA HEMPOCETEBBIX
MOJIEJIEM 111 HEKOPPEKTHO ITOCTABJIEHHBIX
OIIEPATOPHBIX 3AIAY ITO METOY
PEI'YJISAIPU3AIIMU TUXOHOBA

Paboma nocsawena sonpocam pezynapusayuu u oyenke adek8amuo-
cmu Hetipocemesvix Mooenel QUHAHCO8020 KOHMPOIs, KOMOopbvle Xapak-
MEepU3VIOMCA CLONCHLIMU YCAOGUAMY MOOETUPOBAHUSL (CUNbHOE 3aUYMILe-
HUe OAHHbIX, OmAcYeHHOe deuyumom Habaroerull).

Kniouesvie cnosa: netipocemesvie mooeru (HCM), npunyun peyns-
pusayuu A.H. Tuxonosa, ancopumm, baiiecosckas pe2yiapusayus, oyeHKU
xavecmea HCM.

Biryukov A. N., Alexeeva N. G.
THE GENERALIZED CRITERION OF THE QUALITY OF
NEURAL NETWORK MODELS FOR ILL-POSED OPERATOR
TASKS BY THE METHOD OF TIKHONOV REGULARIZATION

The work is devoted to the regularization and evaluation of the ade-
quacy of neural network models of financial control, which are character-
ized by complex modelling conditions (strong noise data, aggravated by
the scarcity of observations).

Key words: neural network model (NSM), the principle of regulariza-
tion A. N. Tikhonov algorithm, Bayesian regularization, evaluation of the
quality of NSM.

HpeIIMeTOM HUCCIICOAOBAHUS B CTATHE ABJISICTCSI METOHAOJIOTUS HAJIOTO-
BOIro u (anchosoro KOHTPOJIA, OCHOBaHHAA Ha IMOCTPOCHUHN DKOHOMECTPHU-
YECKUX HEUPOCETEBBIX MOZEINEH, KOTOPHIE CBS3bIBAIOT arperupOoBaHHBIN
BBIXOJTHOW TOKa3aTellb YKOHOMUYECKOTO O00beKTa Y C PSAIOM «IIPOU3BOJI-
CTBEHHBIX (DaKTOPOB» {X i }, o0vexTuBHO (opmupyrommx Y. Kpyr taknx

© buprokos A.H., Anexceesa H.I', 2017
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3a[a4 BeCcbMa MUPOK. YacTHBIM CilyyaeM ABILIIOTCA 3aJa4l PaHKHUPOBAHUS
HKOHOMHYECKUX OOBEKTOB IPU INPUHSATHH YIIPaBICHUECKUX pemeHni. Tak,
HalpuMep, B MPOIEAypax HAJIOTOBOTO KOHTPOJSI Ha CTaAMU KaMepaJlbHBIX
MIPOBEPOK HAJIOTOIIATEIBIINKNA PAHKUPYIOTCS 10 YPOBHIO OXKHAAEMbIX
noHauucneHnid. [Ipm pacrpeneneHunr CyOBEHIIMH Ha MYHHIHIAIEHOM
YPOBHE MyHHUIMIAIBHBIE yupexaeHus (MY) paHXupyroTcs 0 arperupo-
BaHHBIM ITOKa3aTesisiM 3((EeKTHBHOCTH MX pabOTHI B IPEIIIECTBYIOIIHA
nepuon . [Ipu pemennn Bormpoca O MPErOCTaBICHHN OAHKOBCKHUX KpEIH-
TOB KOPIOPATUBHBIM 3aéMIMUKaM, a TaKXKe MPU PacHpeaeeHUn aHTUKPU-
3UCHBIX KPEJUTOB Ha PETMOHAJIBHOM YPOBHE, 3aéMIUKH PAHXUPYIOTCS O
arpernpoBaHHBIM TOKa3aTesIM KpeanTocrnocoOHocTH. Croga MOXKHO Tak-
K€ OTHECTH BHYTPEHHHH KOHTPOJUIMHT ()MHAHCOBOTO COCTOSIHUSI OpTraHU-
3anuii u apyrue 3agaqu [1].

Jlnist yka3zaHHOTO Kpyra 3ajiad HajJoroBOro M ()MHaHCOBOTO KOHTPOJIS
OCHOBHOE Ha3HaueHHe HeripocereBoit Momenu (HCM) — 3To BoccTaHOBIIE-
HUE MHOTOMEpPHOW HEJIMHEHHOU (1)YHKI_II/II/I1 Y (X4, X5,...,.X,,) , XapakTepH-
3yIOlIedl IKOHOMHUYECKYIO 3aKOHOMEPHOCTh (aHAJIOT «IPOU3BOJICTBEHHOM
(GYHKIMUY), «3aIIUTOH» B SKCIEPUMEHTANBHBIX NaHHbIX D. Jlanueie D
>, i=1LN, e i — HOMEp

MIpeACTaBICHE MapaMu (KOpTeKaMu) <yi, X;

Habmogenns, N — xonnuecTBO HaOIIOeHMM. B JaHHBIX MaHEIHHOIO THIIA
HaOJIIO/IEHNUs] YIIOPSIIOUYEHbI KaK M0 BpeMeHH f, Tak U 110 HOMepy SKOHOMHU-
4ecKoro oOBEKTa, YTO MO3BOJISIET BOCCTAHABJIMBATH TMHAMHYECKHE 3aKO-
nomeproctu Y (X (t), t).

C MaTeMaTuyuecKoi TOUKHU 3pEHHUs 3a]1a4l BOCCTAHOBJICHUSI OTHOCSTCS
K KJIACCY HEKOPPEKTHBIX 3aaad 1o Anamapy [3]. [IpuumHaMu HEKOPpeKT-
HOCTH MOT'YT OBITB!

1) oTcyTCTBHE pemIeHNsT B NICKOMOM KJIacce PeIIeHHH;

2) HeeIMHCTBEHHOCTh PEIICHNs; B HEHPOCETEBBIX MOJEISAX 3TO CBS-
3aHO C «3aCTpPEBAaHHEM» aJITOpPUTMa OOYYeHHS CETH B JIOKAIBHBIX MUHH-
MyMax;

3) HeyCTOMYHMBOCTH PEIICHHS 110 BapHaldy BXOJHBIX JTaHHBIX D.

Ectp emé uerBépras nmpuunHa, KOTOpasl Ha MPAKTHKE BBI3BIBACT €IIE
OoIbIIME 3aTPYHEHUsI, YeM TIePBbIC TPH, IIPH PELICHUH OOPaTHBIX 3a1a4 —
3TO CYIIECTBOBAHHE IIMPOKOTO MHTEpBAlia HEONPEASIEHHOCTH ISl UCXO/I-

1 3neck n nanee 6onbuIMMH OykBaMu Y, X 0003HAYAIOTCS CAMH CIIyYaiHbIe BETMYMHBI BHIXO-
na u Bxoga HCM, a ManbiMu 6yKBaMH Y, X — UX KOHKPETHBIE UHCIIOBBIE 3HAUCHHUSL.
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HbIX AaHHBIX D, Te. Y u X U3MEPSIOTCSA C CYHIECTBEHHOU MOTPEIIHO-
CThIO.

Jlpyrumu croBaMu 3ajia4¥ HAaJIOTOBOTO U (DMHAHCOBOTO KOHTPOJIS Xa-
PaKTepHU3YIOTCs CHJIBHBIM 3alllyMJICHUEM JTaHHBIX (BIUIOTH 10 CO3HATEIb-
HOTO WX HUCKaXeHHA!), a Takke AeHUIUTOM HAOIIOICHUHN, YTO OTAr4aeT
MOJIyYCHHUE PEIICHIs 00paTHOM 3a/1a4u.

B nanHO# cTaThe aHANMM3NUpPYETCS KOHIENIUS pa3padOTKH METOIOB H
ANTOPUTMOB  O0ECTIEUCHHSI COCTOATEIIFHOCTH PETY/ISIPU30BAaHHBIX IO
A.H. TuxonoBy [3] oOpaTHBIX 3a7a4 BOCCTAHOBJICHHS MHOTOMEPHBIX He-
TUHEeWHBIX QyHKIHH B HelipoceTeBoM Oaszmce. COITaCHO ATOH KOHIICIIHH
YMEHBIIICHHE YHCIIOBBIX MEpP OMIMOOK IKCIIEPUMEHTA O U OIIHOOK almpoK-
cumanuu B HCM p MOMKHO IPOM3BOANTCS B3aHMOCBSI3aHO C HCIIOB30Ba-
HHUEM CYIICCTBYOIICH 00BEKTUBHO 3aKOHOMEPHOCTH O0YUYCHHUS CETH:

p=0(9), 1)
rne ¢(-) — HeusBecTHas (YHKIHUs, 3aBUCAIIAS OT APXUTEKTYpPhbI CETH,

BU/Ia aKTHBAI[MOHHBIX (DYHKIMH B CKPBITHIX CJIOSX, MapaMeTpoOB O0yueHHs
M UCKOMBIX TapaMeTpOB MOJENH (MaTpHIbl cUHONTHYeCKHX BecoB W).
[Mpuuém ynpasieHne YUCIOBON MepOH 8, B OTIMYHE OT U3BECTHBIX MOAXO-
JOB K CTPYKTYpHPOBAaHHWIO, IPEOOPa3OBaHUIO W (HUIBTPANNU JaHHBIX
JOJDKHO OBITH IOIYMHEHO NPOLENype YNpaBIECHHs KauyecTBOM OyyIuero
oOyuenus cetu. [lociennee o3HauaeT BBHINOJIHEHHE YCIIOBHS KBa3UMHHU-
MU3alHH, KOTOPOE YAOBIETBOpsAET NpuHuuny perymsipusannu A.H. Tuxo-
HoBa [3]:

Z(;'pl](AZ,H)Sé‘,ZEZ*,Z§€Z§,G€U, (2)
rae U — 3amymiéHHble HaOMOnaeMble XapaKTepUCTHKU (JIaHHbIe) 00beK-
Ta; Z — KCKOMBIE B Ipoleaype o0ydeHus cetr napameTpsl mozaenu W (Tou-
HOe pemeHne oOparHoi 3agaun); U — MpocTpaHCTBO 3alTyMIIEHHBIX JaH-
HbIX; A() — omeparop peleHus oOpaTHOH 3a1a4l BOCCTAHOBIICHUS (yHK-

un Y ( X W) (tpu 00yuenun ceTu — 3T0, HAIPUMED ONEPATOp alropuTMa
obparroro pacnipoctpanenus (Back Propagation (BP); pj — paccrosnue
MeKIy dnieMeHTamu B nipoctpanctee U ; Z5 — pemenue oOpaTHON 3a/a-
9y, TPUHAJIEKAIIEE MHOXKECTBY NPAKTUYECKOH SKBHBAJICHTHOCTH Zgj |

Z" — KOMIIaKT.
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Maremaruueckuil aHainu3, OCHOBaHHBIA Ha Teopeme A.H. Tuxonosa
Ax=u [3] NpUBOIUT K BHIBOAY, 4TO BHIOOp (2) pelleHus Z; U3 MHOXKECTBA

npaKTqucxoﬁ 9KBHBAJICHTHOCTH 25 MOHO rapaHTHpPOBaTh, €CJIN MMOTPC-

0oBarb MPUHAJICIKHOCTHU PCIICHUA 2(5 , K TOMY K€ KOMIIaKTYy Z* , UTO U

TOYHOE pelIeHUE ONepaTOpHOro ypaBHEHUS AZ = U.

Jis mpakTUdeckod peanu3allid YKa3aHHBIX BBIIIE KOHIENIUN U3
HEeoOX0MMO pa3padoTarh /iBa ajJropuT™a:

— anroput™ | mocTpoeHHs MOAXOIAIIEH YUCIOBOW MEpPhI OLIEHKH I10-
TPEIIHOCTH O U AaHHBIX D 1 HHCTpyMEHTa ynpaBieHUs 3TOH MOTPEIIHO-
CTBIO;

— amroput™m |l mocTtpoeHnss 4YMCIOBOW MeEpHl OIEHKM KadecTBa
HEWPOCETH M HHCTPYMEHTA YIPABICHUS STHM KadeCTBOM.

Jus anroputma | B [2] npennokeH, pa3paboTaH B ACTAISAX U IPOBe-
PEH Ha cepusAX BBIYMCIMTEIBHBIX 3KCIHEPHUMEHTOB METO[ BIOKCHHBIX Ma-
Temaruueckux Mmopeneit (BMM), KOTOpBIN CBOAUTCA K HUTEPAIOHHOMY
nporeccy, noctpoenust BcromorarensHeix HCM (cyOMmozeneit) mist kia-
cTepu3aliy, GUIbTpauny U pEeMOHTA JIAaHHBIX.

Jeramuszarms anroputMa |l Ha ocHOBe OaiiecoBckoro moaxona [2] u
SIBIISICTCA LIEJIBIO JAHHOU CTaThU.

Aneopumm batiecoscxou peeyrapuzayuu HCM. B xauecTBe 4ncioBoi
mepsl o5 (A, 5) kadectsa anmpokcumauuu AanHbix B HCM mpumem

MYJIBTUIIMKATUBHBIA KPUTEPUH, aHAJIOIMYHBIM HCIOJIb3YEMOMY B ajro-
put™e | [2], HO TONmBKO OmpenenéHHBIN He Ha OOydarolleM MHOXXECTBE
Q" annpix D, a Ha TecToBOM MHOXKecTBe QS :

DY (X,W))=E-S-R, (X,Y)eQ™", (3)
rae E — ommbka 0606menns HCM, koTopast IMeeT CMBICIT OTHOCHTEIIEHOM
HOPMBI allIpOKCUMAIMK HAa TECTOBOM MHOXXECTBE TOUYEK, KOTOPHIE CETh HE
3HaJa Tpu o0y4eHnu; S — Mepa cxxumaronux ceoiicteB HCM (ananor koH-
cTaHThl Jlummuna cBsi3M «BXOZ — BBIXOI» CeTH); R — Mepa OTKIOHCHHS
K03 PUIMEHTA JeTEPMUHAIIH OT €T0 UACaTLHOTO 3HAUYSHHS, paBHOTO 1.

YactHeie kputepun oreHKH kadectBa HCM E, S, R ompenensirorcs
o gopmynam:

/\

e bl A BTl B TR T
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rae “Yi VY “ — DKCIepUMeHTaNbHOe U paccuutanHoe B HCM 3HaueHue BbI-

- test
X0Za B I-OM TOYKE TAHHBIX; N — KOJIMYECTBO TOYCK B TCCTOBOM MHO-
weerse Q' S =, = §,/|%, = X4, (5)

rae X, U Xg 1Ba OIM3KHX MO €BKIMI0BOM HOPME B R" BekTOpa HE3aBUCH-

MBIX TNMEPEMCHHBIX M3 TECTOBOI'O MHOXKECTBA, ||>?a||R =
n

HOMEp HE3aBHCHMOIi TIEPEMEHHOM; Y, U Y5 — PacuéTHbIC 3HAYCHHS Bbi-

XOMHOW BEJIHYMHBI B TOYKaX O M [} HAa TECTOBOM MHOKECTBE QtESt;

2
R:].—FY’YA,

rne 1, 5\? — K03 GUIMEHT JCTePMUHAIIMA MEKIY pacuét-
HBIMH U 9KCIIEPUMEHTAIIbHBIMH 3Ha4eHHAMH Bbixona HCM.
Omubka 0606menus E xapakTepusyeT MPOrHOCTHYECKHE CBOMCTBa

cetu: yeM MeHbIne E, Tem Onmke pacuéTHbIe 3HAUCHUS ¥ K OKCIICPHMCH-

TaIbHBIM Y HAa HOBBIX TOYKax. YacTHBIM KpuTepHi S XapakTrepusyeT

ycroiiunBocth HCM Kk Bapualii HE3aBUCHMBIX MMepeMEHHbIX X @ uem
MeHbIIe S, TeM MeHbIle «pa3beranue» TpaekTopuii V(X) Ha HOBBIX TOU-

Kax mocie o0y4eHus CeTH.
O}:[HaKO 3aME€THUM, YTO IIPU MAJIBIX S, T.C. IPHU CUJIBHBIX CKUMAKOIUX

CBOWCTBAaX HEHPOCETEBOTO OTOOpaeHUs A, =U, B pexuMe OOydeHUs
ceTH, T.e. B 00paTHoOii 3ajade noucka mapamerpoB W HelipoceTeBoii - ore-
parop A(-) Bemér cebst Kak «BIIOJHE HENPEPHIBHBIA (KOMIIAKTHBIH) orepa-

Top» [3], 9TO SIBISIETCS MHIMKATOPOM HEKOPPEKTHOCTH OOpaTHOW 3a1adui.
Kpurepwnii R xapakTepusyer kauecTBO almpOKCHMAINU «3aIIUTON» B JIaH-

Hbix D mctunHO#N 3aBucuMoctH Y (X), T.e. THIEPIOBEPXHOCTH C TIOMO-

b0 HelipoceTeBoro orobpaxkenust Y (X) .

Taxum obpa3om, 0000mEHHEIN KpuTepuii kadectBa HCM @ onenu-
BaeT Kak TOYHbIE M IPOTHOCTHYECKHE CBOMCTBA HeHpoceTH, Tak U €€
YCTOHYMBOCTH MO BapHallMK AaHHBIX D.
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YIPABJEHUE OBOBIIEHHBIM KPUTEPUEM KAYECTBA
HEWPOCETEBOM MOJEJHA HA OCHOBE BAUECOBCKOI'O
HOAXOJA

Pe3ynomam pabomvl 3axniouaemcsi @ 6vl08UHymou udee, odracmu
HezZpOMamemamuku, OOHOGPQMeHHOZO UCNONL306AHUSL OALLECOBCKO20 AH-
Camonsl anpuUoPHLIX 2UNOmMe3 U COOMBEMCMEYIOWUX emy Heupocemell, pas3-
JUYATOWUXCS. apXUMeEKmypou U 6UOOM AKMUBAYUOHHBIX DYHKYUL, K 08YM
CO2NACOBAHHBIM NPOYEOYPAM — CMPYKMYPUPOBAHUIO OAHHBIX U NOBblule-
HUIO NPOCHOCMU4YeCKUx ceolicme Heﬁpocemu,

Knrouegvie cnosa: meiipocemu, anpuopnas zunomesa, bauiecoeckuii
NnoOX00, pPAHICUPOBAHUE VUPEHCOeHUll, CUSMOUOHAS AKMUBAYUOHHAS
dyuryus.

Biryukov A.N., Alexeeva N.G.

MANAGEMENT OF GENERALIZED CRITERION OF THE
QUALITY OF NEURAL NETWORK MODELS BASED ON
BAYESIAN APPROACH

The result of the work is to put forward the idea of neuromathematics,
the simultaneous use of Bayesian ensemble of a priori hypotheses and the
corresponding neural networks of differing architecture and activation
functions, the two agreed procedures — to organize the data and improve
the predictive properties of neural networks.

Key words: neural networks, a priori hypothesis, Bayesian approach,
ranking institutions, sigmoidal activation function.

© buprokos A.H., Anexceesa H.I', 2017
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WutynTHBHO, 3amayell oOydeHHs sBIsieTcss 00OOIEHHE SMIUpUYe-
CKMX JaHHBIX, IPEAINOJaraipniee BO3MOXKHOCTh IIPEICKa3bIBaTh HOBBIC
COOBITHS, OCHOBBIBAsICh Ha M3BECTHOM OITBITE MpoLuIoro. Takue mpencka-
3aHMS B Hambojee oOmeM ciydae HMEIOT BEpPOSTHOCTHBIH XapakTep.

O0o00meHneM HWMEIoIIero Habopa JaHHBIX D:{al,...,aN} CIIY’)KUT HeKas

runore3a h BepOATHOCTHOTO MPOUCXOKICHUS TAHHBIX Ph(a): P(d/h).

Takas runoresa o0nafaeT mpeacKa3areibHON CHUIIOH, MOCKOIBKY 1M03-
BOJSIET HE TOJBKO OIEHUTH MEpPY MPaBAOMOAO0MS HUMEIOUIUXCS JaHHBIX
P(D/h)), Ho 1 npeacka3aTh BEpOATHOCTD JIFOOOT0 HOBOrO HabOpa JaHHbBIX

P(D’/h). Pacuér momo6HOr0 poia BEpOATHOCTEH PA3IMYHBIX HCXOJIOB

9KCIIEPUMEHTOB TPH 3aJaHHOM crocobe TopokaeHus maHubix P(d /h)

SABJIACTCA MPCAMETOM TCOPHUU BEPOATHOCTH.

OOyucH#He mpennosaraeT peieHuss 00paTHON 3a1auu: MO UMECHOIIIM-
CA JaHHBIM CJICAYCT BbBIACHUTH BEPOATHOCTL PA3IMYHBIX T'MIIOTE3 O CIIOCO-
6e nmopoxaenus >Tux nanusix P(h/D).

OOBIYHO 3Ty aIOCTEPHOPHYIO (POSterior) BepoSTHOCTh HCIIONB3YIOT
1uisi BeIOOpa Hanbosiee BEpOATHOI T'MITOTE3BI B KauecTBE KaHAWJaTa JUIs

npeackazanuii Gyaymux cobbiTrii Takoro poma: hyp = ard max P(h|D).
h

B TpaguumoHHOH cTaTMCTHKE, paccMaTpPHUBAIOIIEH, 1O CyTH, WICH-
THUYHBIN KpPYT 3a/a4d BHIOOpa HAMIYYIIeH ammpoKCHMALUK SMIIMPUIECKUX
JIaHHBIX, 0a30BBIM SIBJISIETCS IPYTOi KPUTEPUil ONITUMAIbHOCTH — TIPHHITHIT

MakcuMyMma mpasponomobus: hy =ard max P(D|h), HE TIPEATONararoumi
h

peteHust 00paTHOM 3a/1auy, T.e. morcka runotessl h. Takoe npubImKeHUe
JNEHCTBUTEIHFHO OINPABIAaHO B PaMKaxX OOBIYHBIX IMPEIIONIOKCHUN Tpamau-
LIMOHHOM CTaTUCTHKH, a MMEHHO, KOIZla KOJMYECTBO JAHHBIX HAaMHOIO
npessbiiaeT 3QGEKTUBHOE YHCIO MapaMeTpoB Mojean. Mexay Tem, mpu
OTHOCHUTEILHO HEOOJBIIOM KOJIUYECTBE JaHHBIX MPUHIIAIT MAKCUMAJIBHOTO
MIPaBIONOA00HUS MOXKET MIPUBOAMTH K Mapanokcam. Hanpumep, npu 6poca-
HUHM MOHETHI HanboJee MpaBaonoJ00HOH OIEHKON €€ KPUBH3HBI SBISIETCS
SMITUPUYECKAsl YaCcTOTa BBINMAACHUs «peuiek». W ecnu B cepuun u3 5 ucxo-
J10B CquaﬁHO HE BBIINNIAACT HU O}IHOﬁ «PEUIKN», TO MbI BBIHYXJICHBI 6y)1eM
CUUTATh MOHETY «OECKOHEYHO KPHBOI», TOTa KaK Ha CaMOM JieJie BEpPOsIT-
HOCTb TaKOTO COOBITHS Ja)Ke AJIsl ACANbHONH MOHETHI HE CIIMIIKOM Masa.
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BaiiecoBckuii moaxo/ K 00y4eHHIO, OCHOBAaHHBINH Ha pEIIeHUH o0pat-
HOM 3aja4u, Oosee MocjeaoBarelieH U, COOTBETCTBEHHO, IPUMEHUM K 00-
Jiee IIMPOKOMY KJIaccy MOJENEH ¢ OONBIIMMH BO3MOXKHOCTSIMU MOAEINPO-
BaHMSA CIOXKHBIX sABIeHHHA. Tem Oonee, uTo B 00IIEeM BHIE 3Ta 3aj1ada pe-
maeTcs «B OJHY CTPOKY» M €€ peIleHHe CliefyeT M3 OOIMX MPHUHIMIOB
TEOPUH BEpOATHOCTEH. J[eHCTBUTENBHO, €CITH TPAKTOBAaTh KaK BHIOOp TH-
MOTE3Bl, TaK U HAOIIOZCHUE JAaHHBIX B BEPOSITHOCTHOM CMBICIIE M 3aIHCaTh
COIIACHO OTIPENEIICHUIO YCIIOBHBIX BEPOSTHOCTEH
P(D,h)=P(h/D)P(D)=P(D/H)P(h) , momyuum Teopemy balieca:

P(DIh)P(h)  P(D|h)P(h)
P(D)  X,P(Dh)P(h)’

P(h|D) = 1)

31ech P(D|h) — aroCTepUOpHAs BEPOATHOCTh KOHKPETHOM THUIIOTE3bI

h o mopoxnenun mamueix D, T.e. mepa mpasmonomoGust (Likelihood)
Habmonenns nanubix D B cootBerctBum ¢ runotesoit h; P(h) — anpuop-

Has BepositHocTh (Prior) runoressr h; P(D) =3, P(D|h)-P(h) — dakru-
Yeckd HaGTIONaeMasi CyMMapHas 10 BCEM THTOTe3aM {h;} BeposTHOCTH

(Evidence) nannbix D.

IIpumep wucnonp3oBaHUs OalleCOBCKOrO MOAXOAAa K IPOTHO3HBIM
OLICHKAM.

PaccmoTtpum 3amady paHXKMpOBaHMS MYHHUIMIAIBHBIX 00pa30BaTeilb-
HBIX yupexiaeHnit (MVY) npu ruiaHupoBaHUM (OHIIA MAaTepHAIBHOTO pas-
BuTHsA U3 [2]. [locTanoBKa 3a1auM: BXOJbI ONHCHIBAIOTCS N-MEPHBIM BEKTO-

pom X , a BBIXOJ — CKaJISIPHBIM arperupoBaHHbIM mokasareneM (X ,W),

xapakrepmyromuM 3ddexkruBHOCTS padorsr MY. W — uckomast B oOpat-
HOI1 3a/1a4e 00yYeHHS MaTPUILa CHHONITHYECKUX BECOB.

B kagecTBe mpoctpaHcTBa rumnore3 Beiopano W — mapamerpudeckoe
cemeiicTBo Qynkimii h @y = h(X,w) ¢ 3alaHHBIMU OTPAHUYCHUSMH HA 3HA-
yeHus e€ mapamerpoB W. Hampumep, B ciydae HepOCETeBOH ammpoKCH-
Mar W eCTh MHOXECTBO BCEX HACTPOCYHBIX CHHONITHIECKUX BECOB (SyN-
aptic weights). Ha sty dyakuumio HakmageBaercs mym Y=h(X,w) + 5(f).

— B kauectBe Mera-Tunore3sl H npuHATa mapagurma ceta — MLP
(MHOTOCTIOWHBIN IEPCENTPOH C aNTOPUTMOM OOydeHUsI 0OpaTHOTO pacIpo-
crpanenust omubku (Back Propagation) (BP)). B mpoctpancte rumores
{hi} BapbUPOBAIUCH BUJ aKTHBALIMOHHON (YHKLHH B CKPBITHIX CJIOSIX H

apXHUTEKTypa CeTH:
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— rumote3a Nyj— OMH CKPBITHIN CIIOM CETH ¢ CUTMOUIHOM aKTHBAIIM-
onHoH QyHkumer (mlpl sigm);

— rtunore3a h, — 7Ba CKPBITEIX CJIOSA ¢ CHIMOWIHBIMU aKTHBAIMOH-
HBIMA QyHKIHAIMHA B HEX (MIp2_sigm);

— rtunore3a hy — 7Ba CKPBITBIX CJIOSA ¢ CHIMOWIHBIMU aKTHBAIHMOH-
HBIMH (DYHKIUSMH B TIEPBOM CJIO€ U THIIEPOOIHISCKUM TaHT€HCOM BO BTO-
pom cioe (Mlp2_sigm_th);

— rtunore3a hy — OJMH CKPBITHINA CIIOM C aKTHBAIIMOHHOW (yHKITHEH
THNA «runepooandeckuii Tanrence» (mlpl_th);

— rumore3a Ns — JBa CKPBITBHIX CJIOS C aKTUBALMOHHOM (YHKIMEH
runepbonuyeckuit Tanrenc B Hux (MIp2_th);

— rumore3a hg — JBa CKPBITBHIX CJIOS C aKTUBALMOHHOM (YHKIMEH
TUNEePOOTMUECKOTO TAaHT€HCa B MIEPBOM CJIO€ U CUTMOHJIa BO BTOPOM CIIO€
(mlp2_th_sigm).

IIporro3usle 3Ha4YeHUS MoKa3atens @ mius oobekra Ne 2 B aHcambOie
HCM runotes {hi} cocTaBuIIM cooTBeTcTBeHHO: 0,02654 0,0235; 0,0238,;

0,0272; 0,0245; 0,0223. nns OUEHKH OMMOKH MPOTHO3a BRIOpaHA TOYKA
ropuzoHTa nporHo3a (t = 21 mecsn), rae ObUTH W3BEeCTHH AaHHBIE. OTHO-
CUTENbHAsI OIINOKA aNMpOKCUMAIINH JJIS IIECTH CeTel B aHcaMOlie cocTa-
Bryia st oobekta Ne 2 B mpouenTax: 11; 2; 1; 13; 2; 7; 3. MakcumanbHas
ommnbka mo ancamOmio paBHa 13 %, cpenusas ommoOka paBHa 6,5 %, 4TO
BITOJTHE TPHEMJIEMO TPH OTPAHMYCHHOM YHUCIE HaONIONECHUI B BBHIOOPKE
(N=180) u cumbHOM 3alIyMIICHHH JaHHBIX. B3aWMHas COITACOBAHHOCTH
TUTIOTE3 {hi} B aHcaMOJie HArMsAJHO BHJHA W3 JAMHAMUYECKHUX KPHUBBIX

@, (1), :]}) Ha puc.] it o6bexTa Ne 2,

Takum 06pa3oM, peaBapUTENbHBIE BEIYUCITUTEIbHBIE YKCIIEPUMEHTHI
Ha pealbHBIX JAaHHBIX [2] moka3amu paboTOCIOCOOHOCTh MPEeIIaracMoro
moaxoxaa k perymsipuzanud HCM Ha ocHOBe 0aiieCOBCKOTO TTOAXO0/A.
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I'PA®BL, TNIIEPTPA®BI, METAT'PA®DBI,
ACCOIIMUPOBAHHBIE C 2D-CHCTEMAMM

Beeoenvl accoyuuposannvie ¢ 2D-cucmemamu epagul, eunepepagul,
memazpaghvl u ux mMampuysl, YCMAHOBIEHA UX C653b C C NEPexo0OM Onl
basosvix K accoyuuposanuvim modenam 2D-cucmenm.

Knioueswvie cnosa: 2D-cucmempl, epaghel, cunepepagol, memazpagor.

Blyumin S.L.
GRAPHS, HYPERGRAPHS, METAGRAPHS,
ASSOCIATED WITH 2D-SYSTEMS
Graphs, hypergraphs, metagraphs, associated with 2D-systems, and
their matrices are introduced; their connection with transition from base
to associated models of 2D-systems is established.
Key words: 2D-systems, graphs, hypergraphs, metagraphs.

KnroueBbM m1arom B pa3paboTKe TEOPUH AHUCKPETHO-apryMEHTHBIX
CHCTEM SIBJISIETCS Tepexo] K accoruupoBaHHoi mMozenu [1]. 2D-cucremsl
SIBIIAIOTCS] TIPOCTEHITMMH XapaKTePHBIMHU IPEICTaBUTEIIMU JUCKPETHO-
apryMEHTHBIX cucTeM [2].

Lenp nanHoOl paboThl — BBECTH acconuupoBaHHble ¢ 2D-cucremamu
00BEKTHI TPaOCTPYKTYpHOTO MOJENMpOBaHus — rpadsbl, runeprpads [5]
n merarpadsr [4,3], MX MaTpHUIBl MHIMJICHTHOCTH, CMEXHOCTH, BaJIEHTHO-
CTH, JIAIJIACHAHBl U YCTAaHOBHUTBH MX CBS3b C IEPEXO0JIOM K acCOLMHPOBaH-
HOW MOJenu.

© Baromun C.J1., 2017
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BbazoBas moznenb 2D-cuctemMbl onKCHIBacTCS ypaBHEHHEM
x[t,s] = Ax[t-1,s]+ Aox[t,s-1] +Bu[t,s],t,se N={0]12,...},
Xx[0,0] = xg.x[t,s] =0,u[t,s] =0 npu t<O nm s<O0.

Huckpernas tmockas pemerka NxN — mepBelid  KBagpaHT
JMCKPETHOM IUIOCKOCTH — pa30uMBaeTcsi Ha «ypOBHHM», HOMEpa
"t"e N koToppIX, wuIymue B CEBEPO-BOCTOYHOM HANpaBJICHUH Ha
IUTOCKOCTH, OTIPEJIEIISIIOT «aCCOLIMUPOBAHHOE BPEMs). Y POBEHb C HOMEPOM
"t"comepxkur "t"+1 ecrecTBeHHBIM 00pa3OM YHOPSAIOYEHHBIX TOYEK
[t,s],t+s="t":

[1] fl — L[ll tjl ] — {[ll tll ’0] , [II tjl_ll] , ['It"—2,2] been [ 2’II t"—2]’[1,"t"—1]’[0’" tll ]}
AcconnupoBaHHasi MOJIEJIb OIMCHIBACTCS] YPaBHEHHEM:!
X[l'fl ] — A[lltll ]X[Iltll_l] + B[Iltll ]u[lltll ],X["O' ] — Xo ,

X["t"] =] x[t,s] Uttt ] =(uft,s]

trs="t" © st

A

A

A[Iltll ] — 2 ﬁ ,
A
Lt
B
B

B["t"] =l ®B = 5 ,

e (lltll+1)><(lltll+1)
TaK YTO MATpPHUIBl ACCOI[MMPOBAHHOW MOJENIN HMEIOT OJOYHYIO

CTPYKTYpY (HyJIeBBIE OJOKH OIYIICHBI).
Oprpad G(2D), acconmupoBanHblii ¢ 6a3oBoii Mojensro 2D-

CUCTEMBI, IIPEICTABJICH CBOUM (bpaFMCHTOMZ
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[03] — [13] — [23]
Tovg t v 1
[02] — [12] — 1[22]
tovz 1t ove 1
[01] - [11] — [21]
Tovr vz 1
[00] — [10] — 1[20]
Ero w™artpumpl WHOWACHTHOCTH

- [33]
ve 1
- [32]
va 1
- [31]
ve 1
- [30]
IG(2D),

cmexxnoctn  AG(2D),

BajientHocTH DG(2D) 1 namnacuan LG(2D) cBsi3aHbI COOTHOIIEHHEM
IG(2D)- IG(2D)" = LG(2D)= DG(2D) — «A»G(2D),

MaTpuIiia

CMCXKHOCTH

COOTBETCTBYIOLICTO

HEOPUEHTUPOBAaHHOTO rpada, a AG(2D) — ee mopauaroHansHast 4acTh; Tak,

rie  «A»G(2D)
s =2

LG(2D)=

[00]]-1 -1

[10]] 1

[01] 1

[20]

[11]

[0.2]]

2

3
B 3
B 1

11
1 -1 -1
1 -1 -1
1 ' -1
11
1_ L
T ]
11
11
-1, ,
11
1 | 1 ]

Tem cambiM CTPYKTypa mnoAAuaroHaJbHbBIX 6J'IOKOB, O6p33yIOIIII/IX

AG(2D),

COOTBETCTBYIOT

CTPYKTYpe

MaTpHIl

AT A2

acCOILMMPOBAHHOMN MOJEIH; 3TO BEPHO U B OOLIEM CIIydae.

C 2D-cucremoit, momumo rpada G(2D), acconunpytorcs rumeprpad
H(2D) u merarpad M(2D), npruem rumneppedpa runeprpada CoOBIamaroT ¢
MeTaBepIiIMHamMu MeTarpada, a uX yrnopsiIoueHHBIC Mapbl — METAIyTH Me-
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tarpada — sIBISIOTCS AyraMu BcroMoratenbHoro oprpada G*(2D) [5]; mpu
9TOM MEXAY UX MaTpULaMU MHIMJICHTHOCTH CIIPAaBE/JINBa CBSI3b

IM(2D)= IH(2D)- IG*(2D).

[pencraBnsieTcs €CTECTBCHHBIM CUHMTATh METaBEpPIIMHAMHU OIIpeie-
JICHHBIC BBIIIE «YPOBHMY; B 3TOM ciaydae s "'t"="2"

[0,0] 1 -1 ]
[1,0] 1 1 1 -1
01 1 1 -1
I"M(2D)= [0.4] 41 -1)= .
[2,0] 1 1 1
[11] 1 1
[0,2]] 1] L 1
Ho npu Takoii TpakToBKE
L*M(2D)=
1 T [ 11 10 1
2 1 1 2
2 1 1 2
- +
1 11 11
1 11 1 1
L 1] | 11 1 L 11

(TpeThst MaTpuIla ONpeeseT CMEXHOCTh BEPIIMH B METaBEPIINHAX)
HIDKHMH OJIOK BTOPOM MAaTpPHUIBI HE COOTBETCTBYET CTPYKTYpE MaTpH-
el A'2"] accoumupoBaHHON MOJIENH.

JlokaneHas ctpykTypa oprpada G(2D) mojackassiBaeT omnpejeiicHue
JIBYX THUIIOB METABEPINHH, OJHO3JIEMEHTHBIX [t,S] W IBYXdIIeMEHTHBIX

{[t+15s][t,s+1]}, MeTaryr Kak YIOPSIOYEHHBIX nap
([t,s],{[t +1,s],[t,s+1]}), Tak 4TO0 «ypPOBHM» MOIYyT pacCMaTPHBAThLCS

KakK O6’I)CHI/IH€HI/I$I COOTBETCTBYIOIIUX METABCPIINH. HpI/I TaKoOU TPAKTOBKE,
s g _non ’
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[001[1
[L0]| 1

[01] 1

[2,0] 1

[11] 1 1
[02] 1

IM(2D)=

1
= . , LM(2D)= -

11 11
I 1 1

9TO COOTBETCTBYET CTpykType Matpuiy A['l'], A['2"] accormuposanHO#i

Mozenu. bomee TOro: 3TO COOTBETCTBHE HAOIIOJAETCS M B dJeMEHTax |
Mmarpuisl IM(2D) u, 10 TOro, B MOCIAEOHHX TPEX CTOJIONAX MATPHII
IH(2D) npu mocneqHeit TpakTOBKEe MeTaBepuinH Metarpada — rumeppebep
runeprpada.

VCTaHOBJIEHHBIE CBS3M PacpocTpaHsioTcs Ha dD-cuctemsl u, mpH
HaJUIeKAIMUX YTOYHEHHSIX, Ha HEKOTOPhIE JPYrHe KIAcChl JUCKPETHO-
apryMeHTHbIX cucteM [1]. DTuM ompenesnsieTcsl MoJe3HOCTh UCIOJIb30Ba-
HUS rpadOCTPYKTYPHOTO MOJICITUPOBAHUS B TCOPUU TAKHX CUCTEM.
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Bopucos I.H.

O MAJIOM NEPUOJUYECKOM BO3MYIIEHUU
OJHOI'O KBAAPATUYHOI' O PT-CUMMETPUYHOI' O
ONEPATOPHOI'O ITYYKA

B pabome paccmampueaemcs K6aopamuunviti ONepamopHblil HYYOK C
manvim  nepuoouneckum PT-cummempuunvim  6ozmywenuem. [emanvho
uccnedyemcs cmpykmypa cnekmpa. B uacmuocmu noxasano, umo 6 cyuje-
CMBEHHOM CheKmpe ecnb HeoObluHble NAKVHbL, PACHOLOJNCEHHbIE MENCOY
ManblMu napaboramu 8 KOMNJIEKCHOU NIOCKOCMU, U 8 YMUX J1AKYHAX MO-
2Ym 8O3HUKAMb U30IUPOSAHNbLE COOCMBEHHbLE 3HAYUEHUSL.

Knmouesvie cnosa: PT-cummempuynviii  onepamop, 603myujenue,
CneKmp, 603HUKAIOWUE COOCMBEHHbIE SHAYEHUS, ACUMNIMOMUKA

Borisov D.I.
ON A SMALL PERIODIC PERTURBATION OF A QUADRATIC
PT-SYMMETRIC OPERATOR PENCIL
In the work we consider a quadratic operator pencil with a small pe-
riodic PT-symmetric perturbation. We study in details the structure of the
spectrum. In particular, we show that the essential spectrum contains unu-

© Bopucos JI.1., 2017
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sual gaps located between small parabolas in the complex plane and iso-
lated eigenvalues can emerge in these gaps.

Keywords: PT-symmetric operator, perturbation, spectrum, emerging
eigenvalues, asymptotics.

B pabore paccmaTpuBaeTcsi KBaIpaTUYHBIA OIMEPaTOPHBIN IMydOK Ha
ocH ¢ MalbIM PT-CHMMETpUYIHBIM BO3MYIIICHHEM:
H. (1) = d +V(X) + K +iety (X) — A2
& A 74
3necy V(X) — HekoTOpas HempepblBHAs (GYHKIUS, SKCIOHESHIIHAIBHO
yOblaBarolass Ha OECKOHEYHOCTH, k — BELIECTBEHHOE YHCIIO, & — MaJblid
MOJIOKUTEIbHBI TapameTp, y(X) — BEIIECTBEHHAs HENpephiBHAS 27-
nepuoanYecKas GyHKIHMs, A — CHEKTpaJbHbIH NapaMeTp. JlaHHBIA My4oK
paccMmaTpuBaercs B mpoctpaHcTBe L(R) Ha oOnactu ompeneneHus

W22(R). [enpto uccnenoBaHUN SABNAETCS M3Y4YEHUE CTPYKTYPHI CIEKTpa

JAHHOT'O ITy4YKa MPH MaJIBIX &.

B paboTe mokazaHO, 9TO MPH MANBIX & CIIEKTP JAHHOTO IMy4Ka CXO-
JUTCSI KAK MHOYKECTBO K CIIEKTPY MPEAEIbHOTO IyYKa, COOTBETCTBYIOIIETO
£=0. CrieKkTp NpeAeiIbHOT0 IIy4YKa COCTOUT TOJIBKO U3 CYIIECTBEHHOH KOM-
MOHEHTHl M W30JUPOBAaHHBIX COOCTBEHHBIX 3HaueHHH. CylecTBeHHAS
4acTh CIIEKTPA MPEACTABIACT cO00i 00bETUHEHNE MBYX MM YETBIPEX Y-
yel, pacroi0OKEHHBIX Ha BELIECTBEHHOM M MHUMOM OCSX B KOMIUIEKCHOM
MI0cKOCTH. [Ipy MpOU3BOJILHO MaJIBIX MOJIOKUTEIBHBIX € B CYILIECTBEHHOM
CIIEKTPE BO3MYIIEHHOTO Iy4Ka BO3HUKAIOT Majble JakyHbl. KOHIBI 3TUX
JIAKyH YCTPOCHBI TOCTATOYHO HEOOBYHO. OIMH W3 KOHIIOB — ATO TOYKA
BEIIECTBEHHOH M MHUMOM OCH, ¢ IPYTro# CTOPOHBI — 3TO Majas mapabo-
Jla B KOMIUIEKCHOM IIockocTH. [lonydeHO acMMNTOTHYECKOE ONHUCAHHE
¢dopmbl maHHBIX mapabon. [TokazaHo, 9TO B OKPECTHOCTH ITUX mapaboi
MOTYT ONEPATOPHBIN MYyYOK MOXET UMETh JAONOIHUTENbHbIE U30JMPOBAH-
HBI€ COOCTBEHHBIC 3HAUEHHS, MCUE3AIONIME B TIpeAee CYIECTBEHHOM
criekTpe. BeIBeIeHBI HE0OOXO0IMMBbIE M JJOCTATOYHBIC YCIIOBHSI CYIIECTBOBA-
HUS ¥ OTCYTCTBHSI TAaKUX COOCTBEHHBIX 3HAUYCHUH, BRIYUCIECHO MX KOJHIE-
CTBO U KPaTHOCTH, MOCTPOEHBI MEPBBIX UJIEHBI UX aCUMITOTHUYECKUX Pas3-
JIOKCHHUW. AHAIIOTUYHBIC PE3YNIbTAThl OTYYCHBI U JUIs COOCTBEHHBIX 3HA-
YeHUH, CXOASIIMXCS K H30JIMPOBAHHBIM COOCTBCHHBIM 3HAYEHHUSAM IIpe-
JIEIBHOTO ITy4Ka.
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PA3PABOTKA CETEBOI'O PECYPCA ITPOT'PAMMHOM
HOAJEP)KKHW YYEBHOI'O MIPOLIECCA ®AKYJBTETA
MUUT CO® BALIT'Y

B pabome peanuszoean cemesoii pecypc npocpamMmHoOU NOOOEPI’CKU
yuebroeo npoyecca gpaxyromema MulT C® bawl'y.
Knioueswie crosa: cemesoit pecype, html, css, JavaScript, noodeporcka.

Bulanov AS, Hasanova S.L.

DEVELOPMENT OF THE NETWORK RESOURCE OF THE
PROGRAM SUPPORT OF THE TRAINING PROCESS OF THE
MIIT FACULTY SF BASHGU

The network resource of the program support of the educational pro-
cess of the faculty of the MIIT SF BashSU is realized in the work.
Keywords: network resource, html, css, JavaScript, support.

Ha cerogusmiamii 1eHb CyIiecTByeT 0OBEKTHBHAS IIpobiIeMa OpraHu-
3auu y4eOHOTo mporiecca. Y4eOHbIH MPOIECcC M0 HampaBICHHsIM HHPOP-
MaTHKa Hu HH(bOpMaL[PIOHHLIe TCXHOJIOTUH HAIPpAMYI 3aBUCUT OT IIpPO-
TpaMMHOTIO 06ecnequI/I;1 YCTaHOBJICHHOTO B KOMIIBIOTCPHBIX KJIacCax.

Juis monpep>kaHus y4eOHOTO Tporecca HeoOXOAUMO COBPEMEHHOE
IporpaMMHOE 00ecTiedeHre, KOTOpOe K COKAICHUIO HelemeBo. B cBsa3m ¢
STHM MPHUXOIUTCS TOJIB30BATHCS INO0 "TeM 4To ecTh” 1moka, Moo Portable
BEPCHsIMH, JTHOO MMUPATCKAMHU BEPCHSAMH, UTO KpaifHe He jkenaTtenbHo. [la-
e JUICH3NPOBaHHOE MMPOrpaMMHOE 00ECIIeYeHUe, €CII OHO €CTh, yCTa-
HOBJICHO HE BO BCEX KOMITHIOTEPHBIX KJIaccaxX — 3TO BTOpas mpoliemMa mpu
MIPOBEICHIH YYeOHBIX 3aHATHH. B CBs3M ¢ 3TMM OBUIO pemeHo co3arh
CETEeBOH pecypc C IMOMOIIBI0 KOTOPOTO PEIarTCst 3TH 00e mpodiemer. U
pabora B KOMIIBIOTEPHBIX Kjaccax CTaHET Ooiee KOM(OPTHON Kak Iuis
neaarora, Tak v 1jid CTYACHTOB.

© bynanoB A.C., Xacanosa C.JI., 2017
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J1 peanusanuy ceTeBOro pecypca cHadaua HOCTPOUM MOJEIb €ro Co-
JIepyKaHusl, 3aTeM IpOaHAIU3UPYEM CPEACTBa peannsalmu. [IpoaHanusuposas
yueOHBIA IUTaH BCeX CIeNUalIbHOCTEN (haKylbTeTa MaTeMaTHKA U MH(pOopMa-
LIMOHHBIX TEXHOJOTHIL. BBUI cocTaBieH MepedeHp MCIOIb3yeMOro IIporpaMM-
HOro obecriedeHHsT Ha yaeOHBIX 3aHATHAX. CuuTaeM 1eecoo0pa3sHbIM CTpyTI-
NIMPOBATh JAHHBIH IIepedeHb 10 OCHOBHBIM pa3ienaM HH()OPMAaTHKH.

IIpennaraemasi CTpyKTypa

Tabmuma 1

HasBanue paznena

[epeuens 110

Paznen 1 IlporpammupoBanue

Pascal ABC.NET

Turbo Pascal

Visual Basic

C#

Dev-C++

Delphi

Paznen 2. I'paduyeckue makeTbr

Corel Draw

Photoshop

Macromedia Flash

3Ds Max

Pasnen 3. ba3el maHHBIX

Oracle

SQL Server

Paznen 4. CereBrle mporpaMMHBIE
cpencraa

Perl

Java

Paznen 5. Helipoundopmarika

Visual Prolog

NeuroPro

Brain Maker

Deductor

NeuroSolutions

Pa3znen 6. Maremarndeckue makeThl

Maple

Matchcad

Matlab

Paznen 7. Metonuka oOydeHuUsT UH-
dhopmatuku

MamoTka

Mammuna Heiimana

Kymup

Kykapaua

Paznmen 8. Teoperndeckue OCHOBBI
MHPOPMATHKH

Kymup

Mamuna Teropusra
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Mammuna Ilocrta

Pasmen 9. OducHsiit maker mpuno- | Microsoft Word

SKEHUH Microsoft Excel

Microsoft Outlook

Microsoft PowerPoint

Microsoft Access

Microsoft InfoPath

Microsoft OneNote

Microsoft Visio

Microsoft Project

Jnst co3naHusi ceTeBoro pecypca ObLIM MCIOJNIB30BaHBI CIIEAYIOIINE
nporpammusie cpenctea: HTML, CSS, JavaScript, Notepad++.

Pa3pabatbiBaeMblil ceTeBON pecypc AOJDKEH UMETh JIOTHUECKYIO pas-
METKYy M (PU3UYECKYIO CBSI3KY CTPaHUI] CaiiTa, a TaK )€ PacIOJIOKEHHE
BU/IMMBIX 3JIEMEHTOB JH3aiiHa, 00yCIIOBICHHYIO BO-TIEPBBIX: CTaHAAPTAMH
pa3paboTKy caiiTa; BO-BTOPBIX IJISI MPEAOCTABICHHUS MH(OpPMAINH, a Tak-
e OBICTPOTO M JIETKOTO €€ ITONCKA.

OO0pa30BaTeNbHBIN pecypc SBISETCS MPOTPAMMHOM METOIMYCCKOMN
MOAJEPKKOH peann3any y4eOHOro mporiecca, 1o HarpaBIeHuIM HHPOp-
Maruka ¥ MH(QOpPMAaIMOHHbIE TEXHOJIOTUH. B paMkax mpezcraBieHHOW pa-
0O0TBI, PeaaM30BaHbl JCBITH Pa3/eiOB MPOrPaMMHOrO obecneyeHus (Tad-
quna 1), KOTOpbIe MOJHOCTBIO OXBATHIBAIOT BCE HAIPaBJIEHHUs WHpOpMaIH-

OHHBIX TEXHOJIOTHH.

MporpaMMupoBaH1e >
rpacpuueckue Makets! N
Basbl OaHHbIX N

CeTeskle MNporpammusie >
CpeacTea

HelipouHgopmaTtika N
MaTemaTnyeckue NakeTkl >

MeToauka OGyueHus s
WHcpopraTukn

TeopeTuyeckue OCHOBbI N
WrcbopmaTukm

Microsoft Office 5

Puc 1. Meniwo caiima
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IIpu pa3paboTke am3aiiHa pecypca OBUIO PENICHO B3STh OCHOBY -
3aiiHa caiita CO baml'V. C nenpro0 maanpHEHIIET0 COBMEIICHHUS C HUM B
paznene O®MullT.

BAIKWUPCKHWMN < . = CETEBOW PECYPC

¥ % * NPOrPAMMHON NOAAEPXKH
CTEPNUTAMAKCKHA GHINHAN % # & YYEBHOINO NPOUECCA

MMaswas crpanmya COBaY P HHC SATHR  Ownain N0 BupTy:

JHEDYTE G RO ITE ST =y
[

(" TaBowes Mebaropa’);
Nporpasmuposakie Tor var 5141 18 3 do
begin

for ver §i41 to 5 do

rpaguueckie Naxersi i,

e coed e Orxpoitre \Web-cpeay paspaboriu

oo S ; U 3anycTure
nporpamMmmy Ha

PascalABC.NET

HeApoundopmaTiea

Maremaruvecke Naxers)

MeToauKa OByvenn
nepopuarim

TeopeTwueckie OcHomw!
[T

Microsoft Office

Puc. 2. I'nasuas cmpanuya
IIpuBenem npumep pabOTHI MOIH30BATENS C KOHKPETHBIM IIPOrpaMM-
HeIM obOecrnieuerneM Dev-C++. B okne 1 BBOAWMTCS KOJ MPOTPaMMbI U C
TTOMOIIBI0 KHOTTKA RUN KOMITHIIHPYETCS KO,

C++ shell |

<= 0OkHo 1

Short URL: cpp.sh/ Knonka Run I:Dlﬁl

options || compilation || execution

Standard Marnings Optinization level Standard Input
4238 ¥inany (-kall; " None
2] ®lnteractive
Llel Text:

= Shell. 2014-2015

Puc. 3. Oxno komnunsmopa Dev-C++
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[locne BeINOTHEHUS KOMITWJIALIUY, B JUAJIOTOBOM OKHE MporpaMmma
MPOCUT BBECTU UCXOAHBIC TaHHBIC 3a0a4YU:

aptions | compilation | execution | options || compilation | execution
lihat is your name? Alexandr
Hello, Alexandr!

Wihat is your name?

Puc. 4. Paboma c npoepammoii

C NOMOIIBIO CO3aHHOTO pecypca CTYAEHTY NPEAOCTABIAETCS BO3-
MOXXHOCTh HCIIONIB30BaHMSI NTPOTPAMMHOTO OOeCIedeHHsT OQHIHAIbHBIX
pa3paboTunkoB. be3 3akynku IMIICH3MOHHOTO MpOrpaMMHOrO obecrede-
HUSI, 9TO TMOBBIMAET 3()(EKTUBHOCTD YICOHbIX 3aHATHH.
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OT'PAHUYEHHOCTB HEKOTOPBIX KJIACCHYECKHUX
OIIEPATOPOB B IPOCTPAHCTBAX TUIIA MOPPU
B pabome ooxasana ocpanuuennocmv pucco8CKuUx NOMEHYUAIos u
CUHZYTIAPHBIX ONEePamopos 8 npocmparcmeaax muna Moppu.
Knioueswie cnosa: npocmpancmea muna Moppu, onepamop Pucca,
CUH2YTIAPHBLL ONepamop.

Burenkov V.l., Chigambayeva D.K., Nursultanov E.D.
BOUNDEDNESS OF SOME CLASSICAL OPERATORS ON
MORREY-TYPE SPACES

In this paper we prove the boundedness in the introduced Morrey-
type spaces of the Riesz potential and singular integral operator.
Key words: Morrey-type spaces, Riesz operator, singular operator.

Kitaccuyeckne npoctpancTBa Moppu ¥ X 000OLICHUS] BOHUKIN B
CBSI3U C HEKOTOPBIMH BOIIPOCaMH TeopuH I depeHnnanbHbIX ypaBHEHUH
U TEOpHH BapHaluHu. B pampHeHmeM mpocTpaHcTBa Moppu HaILIH
IIMPOKOE TIIpUMEHEHWe B Teopun ypaBHeHui HaBpe-Crokca w
péauarepa. ImMeercss MHOXECTBO KHHUT W 0030poB  crareid,
MOCBSIIEHHBIX MTPOCTpaHCcTBaM MoppH U X npuiiokeHusm. Cu. [2].

Mycts 0 =p=wpu0=l= E. IIpocrpanctea Moppu M;} ObLTH
onpenenenbl Yapnezom Moppu [4] B 1938 1. u ompenemsumch Kak
npoctpancTsa Beex Gynxuuit f € LE(R™), 11s koTopsIx

— -1
A = SUp su ey 00
”f”,xfp xeﬂg.)”rbgr ”f”Lp[B(.x,r”

rae B(x,7) — oTkpeITEIM map paguyca T = 0 ¢ mentpom B Touke X € R™,

n

n n
Ecn A =0, To My = L,(R"), a eciu 4 = O M, = L,(R™). Ecom
A<0 wm A= E, TO M;} =@, tne ® — MHOXeCTBO BCcex (YHKIHit

SKBUBAJIEHTHBIX HyIo Ha R,
’]
Onpenennm 0006umennbIe NpocTpancTBa THna Moppu My . (1)) kak

~ loc n ~ o
TIIPOCTPaHCTBA BCEX (1)yHKIII/II/I f = Lp (R ) C KOHEYHOU KBasu-HOpMOU

© bypenkos B.1., Hypcynranos E. /., Yuram6aesa /1.K., 2017
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=)

. adt
gz = | | (¢750pl1F s m00) T | -

0
n
ecrm 0 < p <o, 0<q=co,0 i)li;. 3ameTum, 4TO B ciydae P = 03

HPOCTPAHCTBO M;}Jq () =©. Takxe OTMETHM, 4YTO BBEJCHHbIE
HPOCTPAHCTBA COBHANAIOT € KIACCHYECKUMHU IPOCTpAaHCTBaMH MoppH B
coyyae g = cop L = R", Te.
Mi  (®R™) = M2,
Ecm 0 = {x}— onHOToqeque MHO)KGCTBO, TO
[ﬂ) = LMp,q,.v

rae LMp q.x — JIOKaJbHBIC npOCTpaHCTBa tuna Moppu [3].

Mycts f € L'¥°. B janHoil paboTe MBI HM3y4aeM OIEHKH HOPMBI
omnepaTopa Pucca, KoTopsIit onpeaessieTcs CleAyIIUM 00pa3oM

Fiydy
Lf(x)= f[ﬁ‘.” i=? O<y<n
Xopouo H3BECTHO KIACCUYECKOe HEpaBeHCTBO Xapau-JIutinsyn-

Cobonena. [Tycts

l<p<qg<omn y=--12
P=q ¥ > 2

Torja omneparop I, orpaHudeH u3 L, B L.

OrpaHnyeHHOCTh oneparopa Pucca B KJIacCHYECKUX MPOCTPAHCTBAX
Moppu u ux 0600meHnid OblIa moydeHa B pabore Amamca [1] u ap. B
JaHHOW paboTe MBI TAKXKE HCCIIeyeM OIpaHHYeHHOCTh ornieparopa Pucca B
NPOCTPaHCTBax THIIa MoppH.

Teopema 1. Ilycte QCR", l<p<g<o, 0<1=<oo

n

O{vil{g " j!=;—§+)l—v}0. Ecmu f € M}, (Q), To

ILfeM &l;r (1) 1 BepHO cieayIolIEe HEPABEHCTBO
”I}rf”,&fé,r(m = C”f”bf;ﬁ[ﬂj-

B nanHo# paboTe MBI TaKkKe MCCIEAYEM OrpaHMYEHHOCTh ONepaTropa
Kanpnepona-3urmynna. Pe3ynbraT OrpaHUY4EHHOCTH Pa3lIUYHBIX KIIACCOB
JIAHHOTO Omepatopa u3 npoctpanctsa Jlebera L, B L, npu 1 << p << 00 Opin
ycraHoBJieH B padore CteliHa [5] u np.

Omnpenenenne 1. Ilycts 1 = a < b =< o, Jluneiinsii omepatop T
HazoBeM (@, ) — CHHTYJIApHBIM, €ciu

1) onepatop T orpanuuen u3 L,(R™) B L, (R™) as Beex @ < p < b;

217



2) cymectByer nsMmepumas Gynknus £ B R", Takas uto s mro6bix
xvER"

K(x,v
K < 5

U U1 IPOM3BOJIBHON (PMHUTHOM, JTOKAJILHO HHTETpHpyeMoil GyHkmn | ¢
KOMITaKTHBIM HOCHTENIEM UMEET MECTO IPEICTABICHHE

Tf(x)= [ . K(x,y)f(y)dy nouru scrony na R™\suppf.

Teopema 2. ITycte L C R™, 1 < a < b = oo u oneparop T — (@, b) -
cunrynapueiif. Torma ana p € (a,b),0 <v < E,O <7< w oneparop T
orpanudeH u3s My (1) B My ().
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KPUTEPUM EJAHCTBEHHOCTHY PEIIEHUS 3AJIAYM
JUPUXIJIE NJI51 YPABHEHUS CMEIIAHHOI'O THUIIA C
JABYMS JIMHUAMU BBIPOXKJIEHUSA B IIOJYIIOJIOCE

na ypasHenus 311unmuxo-2unepooIudecKko20 muna ¢ 08yms nep-
nendukyﬂﬂpnbmu JAUHRUAMU CMENEHHO20 6blp03f€()€Hu}1 Memooom Chek-
MPATLHBIX PA3N0JICEHULl YCIMAHOGNeH Kpumepull eOUHCIMEEHHOCU peule-
HUsL NepPEoUl SPAHUYHOU 3A0ayU.

Kniouesvie cnosa: ypasHernue cmeulaHHoco muna ¢ 06)/.7[/1}2 JUHUAMU
8bipodicOenuss, 3aoaya /lupuxie, Kpumepuii eOUHCMEEHHOCMU peuleHus,
noJjqynoJjoca.

Vagapov V.Z.

CRITERION OF UNIQUENESS OF THE SOLUTION OF THE
DIRICHLET PROBLEM FOR THE EQUATION OF THE MIXED
TYPE WITH TWO LINES OF DEGENERATION
IN THE SEMI-STRIP

For the equation of elliptiko-hyperbolic type with two perpendicular
lines of sedate degeneration the method of spectral decomposition has
established criterion of uniqueness of the solution of the first boundary
task.

Keywords: the equation of the mixed type with two lines of degenera-
tion, Dirichlet problem, criterion of uniqueness of the decision, a semi-
strip.

PaCCMOTpI/IM YpaBHCHUC CMCIIAHHOT'O TUIIA

Lu(x,t) = K(t)u, + x™uy —b?x™K(tu=0 (1)
B GeckoneuHol mpsmoyromsHol obmactn D ={(x,t)|0<x <1, t >—a},

rae K(t)=(sgnt)[t]",n>0,b>0, a>0 u b>0 — sanannble jeji-
CTBUTCJIBHBIC YHCJIA.

3agaya Jupuxiae. Haiitu B obmactu D orpanmdeHHy0 (GyHKIUIO
u(x,t), yIOBIETBOPSIONIYIO YCIOBHSM:

u(x,t) eC(d)nc?(D, UD_); @)
Lu(x,t)=0, (x,t)eD,uD_; (3)
u@,t)=u@,t)=0, —a<t<+wo; 4
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u(x,—a) =w(x), 0<x<1, (5)
rme  w(X) — 3agaHHas JOCTaTOYHO TNAAKas QYHKIUS, TPUIEM
v(0)=wy(@) =0, D, =Dn{t >0}, D_=Dn{t <0}.

Panee 3amaua Tpuxomu st ypauenus (1) mpu b =0 m3yuanace B
pabotax [1, 2] B m3BeCTHON KJIACCHYECKON 00TAaCTH, T€ METOIOM IKCTpe-
MyMa JI0Ka3aHa €IMHCTBEHHOCTh PEIICHHMS, a CyLIECTBOBAaHHE IPOBEACHO
METOJIOM HMHTErpajibHbIX ypaBHEHHH mpu Bcex M=n>0. O630p padot,
MTOCBANICHHBIX JAHHOMY HAIPaBJICHUIO MCCIEJOBAaHUI, IIPUBEIEH B MOHO-
rpadun [3].

B pabotax [4, 5] uccnenoBana 3amava (2) — (5) msa ypaBHenus (1)
mpu M=0 B OpsIMOYTOJIEHOW OONACTH M TIOYIIONIOCE U METOAAMH CIICK-
TPabHOTO AaHajJHM3a YCTAHOBICH KPUTEPHH EAMHCTBCHHOCTH, pEIICHHE
3a[1auu IIOCTPOCHO B BUIE CYMMEI psina Dypre.

B nmanHO# cTaTbe HA OCHOBAaHHHW ATHX PaOOT YCTAaHOBICH KPHUTEpUi
€IMHCTBEHHOCTH petienus 3axauu (2) — (5) mpu Bcex N, m >0, ue o0bs3a-
TEJILHO PaBHBIX.

Paccmotpum dyHKIMH

1
uk(t)=ju(x,t)xmxk(x)dx, k=12.., (6
0

rne X, (X)=J, (d X! ) SIBIBIFOTCSL PEIICHUSIMH CIIEKTPAILHON 3a/1a4H:
20
X"(X)+ g X(X)x™ =0, 0<x<1, @)
X(©0)=X@»=0, (8)
75 =(dk|)2, k=12,..., 2l=m+2, dy, — k - ii kopens ypaBHe-
Hust J g (d)=0.

2
Ha ocHoBanmu (6) BBeieM GyHKINU

1-¢
U, (t) = ju(x,t)xmxk(x)dx, k=12,... , ©)
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rae € >0 — nocrarouno manoe uucno. Iockonbky pynkunn Xy (X) yuo-

BIICTBOPSIIOT YpaBHEHHIO N, TO oTcioga BEIpa3uM
X" X, (X) = S X (X) unoncrasum B (9):
Hy
1 l-¢ p
Uy, (1) == Ju(xHX} (x)dx. (10)
k &

Wnterpupys no gactsam uaTerpai (10) aBa pasa M HCHOIB3ysS ypaBHCHHE
(1) npu t # 0, nonyunm

Ue ©- 0%+ KU O - KOLE-2,DX, @-2)-u( ) X, () -
—u, (L-&,t) X, (1-&)+u, (5,1)X, (£)]=0. (11)
Iepexonst B (11) x mpeneny npu & — 0 ¢ yderom ycnosuit (4) u (8), mo-

ay4anm, 9To U, (t) ymoeierBopsier mudhepeHIHanTbHOMY YPaBHCHUIO

U () =02 + 21 JKOU 1) =0, te[-a, +od],
pelieHre KOTOPOTo, YAOBIETBOPSIONICE YCIOBHAM 3amaud  Jlupuxie,
ormpeaesseTcs mo Gopmysie

bk\/fKi(pktq), t>0,

2q
uy (t) = _ (12)
b v—t 7, (pe(-1)7) t<o,
2q
rae by — npousBoNbHBIE OCTOSHHEIE,
- Vs
Vi (P = o3 (0743 4 (pi0)9),
?q ZSIn(ﬂ/ 2q) 5 *?q
J,(z) — ¢ynkums Beccenst mepsoro poma, K, (z) — momuduumpo-
2 2q

BanHas QyHKwst beccens TpeTsero poxaa.
21_]'[5[ HaAXO0XJICHHUA ITIOCTOAHHBIX bk BOCIIOJIB3YEMCS T'PaHUYHBIM YCJIOBUEM

(5) u popmynoii (6):
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1 1
U (—a) = Iu(x,—a)xmxk (x)dx =Il/l(X)Xka ()dX =y . (13)
0 0

Torma u3 (12) u (13) npu ycroBun

S (@)=Y (pa®) =0 (14)
2q
nMeemM
Yk
by =——m—. (15)
Oy (a)\/;
Moncrasisist (15) B (12), Halinem okonuarenbHbid Bun Gyskuumid U, (t) :
Ki<pktq)
Yk l ?T, t> O,
a a
U (1) = AN (16)
Y, (pk (-1) )
—t 29
_—— t<0.
"Wa 5@

IMycts Teneps w(X) =0 u BeImonHEHO ycnosue (14). Torma U3 paBeHCTB
(13) u (16) crenyer, uto U, (t) =0 npu Bcex k € N . YuureiBas 310, 110-
JIYy4UM

1
ju(x,t)xmxk (X)dx=0, k=12,...
0

Orcroa, B CHITy MOJHOTHI cuCTeMbl X (X)=J (dkxI ) B IPOCTPAHCTBE
20

L,[01] c Becom X", cnenyer, uto U(X,t) =0 mouru ms Beex X €[01] u
npu iro6oM t € [—a,+0) . Tlockonbky U(X,t) € C(B), 10 U(X,t)=0 B D .

Ilycts Teneps mpu HekoTOopeix @ M K=& N Hapymeno yciosue
(14), r.e. J,(a)=0. Torma omHopoanas 3amaua (2) — (5) (rae w(x)=0)
UMEET HETPUBHUAIILHOE PEILEHHE
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K (pt Ko, >0,

s(x1)= #
(0 V7 (ps (09X (0, t<0,

2q

Takum 00pa3oM, yCTaHOBIICH CIEIYIOUINA KPUTEPHH €INHCTBEHHO-
CTH.

Teopema. Eciu cywecmeyem pewenue U(X,t) sadauu (2) — (5), mo

OHO eOUHCMEEHHO Mo20a u moavko mozda, ko2da Oy () #0 npu ecex

keN.
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METO/ NAPAJIVIEJIBHOI'O BBIYUCJIEHUSA 3AJIAYU O ITOJIE
MNOCTOSAHHOI'O JIEKTPUYECKOI'O TOKA B
OCECUMMETPUYHOM CPEJE

B pabome paccmampusaemcs memoo 0na pewienus 3aday mamema-
muueckoll QU3UKU ¢ YPAGHEHUAMU SIIUNMUYECKO20 MUNA, ONUCHIBAIOUU-
MU cmayuoHapHvle nekmpuyeckue nois. Ilpeonoscennulii aneopumm nos-
8oJIslem YCKOpUMb NOUCK peuleHUs 3a0ay 31eKmpopaseeoku 8 KyCouHO-
00HOPOOHBIX Cpedax, AHATUMUYECKoe peuleHue KOmopvix OmMCymcmesyem.

Knouesvie cnosa: npamas 3adaua 31ekmpopazéeoku, KOMOUHUPO-
BAHHBIL MEMOO UHMESPATbHBIX NPeoOPA308AHUIL U UHMESPATLHBIX YPAEHe-
HU, KYCOYHO-00HOPOOHAsL CPeod.

Viktorov S.V.
METHOD OF PARALLEL CALCULATION OF THE TASK
ABOUT THE FIELD DIRECT ELECTRIC CURRENT IN
TO THE AXISYMMETRIC ENVIRONMENT

In work the method for the solution of problems of mathematical
physics with the equations of elliptic type describing stationary electric
fields is considered. The offered algorithm allows to accelerate search of
the solution of problems of electroinvestigation in piecewise homogeneous
environments which analytical solution is absent.

Keywords: a direct problem of electroinvestigation, the combined
method of integrated transformations and the integrated equations, a
piecewise homogeneous environment.

[IpsiMble 3afa4M TEOIEKTPHUKH, ONUCHIBAIOLINE paclpeiieIeHUe Io-
CTOSIHHBIX JIEKTPUYECKHX IOJIEH, IPUBOIAT K CTALlMOHAPHOM MOJENH Io-
TEHLIUAIBHOTO 3JIEKTpH4YecKkoro mnossi. OHa MpencTaBiseT coOOi BHeI-
HIOIO KpaeBylo 3aaauy s JuddepeHnnansHbX ypaBHEHHH BTOPOTO IO-
psaka. Ilpu YUCTIEHHOM pelIeHNH TaKUX 3a/1a4 TPeOYIOTCS 3HAYNTEIbHEIC
BBIYHCIIATENbHBIE pecypchl DBM. BrrunciurensHble IporpaMMsl, IIOCTpoO-
SHHBIC Ha OCHOBE KJIACCHYECKHX IOCIIE0BATEIbHBIX AITOPUTMOB, B TAKOW
CUTYallMM CTaHOBSATCS Majod()(EKTUBHBIMU H3-32 OOJBLIMX BPEMEHHBIX
3aTpaT Ha BBIYMCICHMS. I10TpeOHOCTE B OBICTPBHIX MapajuIeNbHBIX alro-

© Buxropos C.B., 2017

224



pUTMax A CYIIECTBYIOIIMX METOJOB pELIeHUs 3ajad oOyclaBIMBaeT
aKTyaJIbHOCTB BOIIPOCA UX Pa3pabOTKH.

Cpenu OCHOBHBIX T'PYIIT METOZOB PELICHUS MPSAMBIX 3a/1ad 3JIEKTPO-
pa3BeIKH IINPOKOE PACHPOCTPAHEHHE TOMYIHIN KOMOWHHPOBAaHHBIE Me-
TOJIbI, OCHOBaHHBIE HA COYETAHUH MHTETPAIBHBIX NMpeodpazoanuii Dypobe
U UHTETPANBHBIX YPaBHEHUH Teopur noTeHiuana. OHU NPUMEHSIOTCS JUTS
pemIeHUs] KPaeBbIX 3ajad dJICKTPOPA3BEAKH B CIydae MOJENEH ocecHuM-
METPHYHBIX CpEJl, ONMHCAHHBIX B COOTBETCTBYIONINX KPHUBOJIMHEIHBIX CH-
cremax koopauHar. IlpumeHsist uHTerpanpHoe mnpeoOpasoBanue Dypbe
MOJy4YeHbI SIBHbIE (DOPMYIIBI pacueTa MapameTpOB CTALMOHAPHOIO 3JIEK-
TPUUYECKOT0 MOJIS B BUJE psifa [1], BeIUMCIEHHE KOTOPOrO XOPOIIO MO a-
eTcsl pacnapalieiBaHUIO.

Paccmotpum nmomyckaroiuii pacnapaieiMBaHUe BBIUUCICHUN ajro-
PUTM pacucTa NMOTCHIUAJIBHOI'O MOJII TOYCYHOTO UCTOYHHUKA IMOCTOAHHOTO
NIEKTPUUECKOTO TOKa B OCECUMMETPHUYHOI KyCOYHO-OIXHOPOAHOHN Cpeze ¢
NPOBOJSIIINM BKITIOYEHHEM Ha OCHOBE KOMOMHHPOBAHHOTO MeToza [2].

Ydyer B MaTeMaTHUECKHX MOJAEIAX OCECHMMETPHUYHBIX cpen 00y-
CJIOBJICH TEM, YTO OOJBIIMHCTBO MCCIEAYEMbIX BKIIIOUEHHH, ¢ HEKOTOPOH
CTETICHBIO IOCTOBEPHOCTH, MOTYT OBITh MPEICTABICHBI TEIAMH BPAIICHNUS,
U B KaU4€CTBE BMEIIAIOIMINX IIPOCTPAHCTB B ATOM CiIydae ylo0Hee paccMaT-
puBaTb OCECUMMETPUYHBIE CPEAbI, OCh BpAIICHHUA KOTOPBLIX COBMAJAcCT C
OCBIO0 BpallleHHs BKJIIOUEHHS. B 3TOM cityyae K 3ajade NpUMEHHMbI HHTE-
rpajibHBIC METOJIBI PENICHHS, KOTOPHIC HOMYCKAIOT napamieansm [3].

ITycte ) — KyCOYHO-OHOPOTHOE U M30TPOITHOE 1O YJENBHON JJIeK-
TPUUYECKON MPOBOJUMOCTH TOJIYIIPOCTPAHCTBO, COCTOSAIIEE U3 KOHEYHOIO
yucna cinoe (,Q,,... Q C yICTbHBIMH 3JICKTPHUECKHMH IPOBOIUMO-

CTSIMH  Oy,...,O) , 00JIaJjaeT 0ceBOl CUMMETpHEH MoJIsl, BO30YK1aeMoro B
TOYKE A(XO,O, Zo) TOYEYHBIM UCTOYHUKOM IIOCTOSIHHOIO JIEKTPUUYECKOTO
ToKa MHTeHCUBHOCTH | . B k-oM ciioe BMemiaromiero mojynpocTpaHcTBa
) comepKHTCSl OCECHMMETPUYHOE IPOBOJSIEE BKIIOUeHHE ), C
YAEIBHOH JJIEKTPUYECKON NMPOBOAUMOCTBIO Oy . JJaHHOE BKIIIOYEHHE MO-

KET alnpOKCUMUPOBATh PYAHBIE JalKi WM HETSHBIC JIMH3bI, IIPUHAMA-
IOIIe HepenKo (YIUThIBas OCAIOYHBIE OTIOKEHHS Mopox) dopmy Oim3-
KyI0 K TesiaM BpamieHus (puc. 1).

Marematuueckasi MOJeIb, ONUCHIBAIONIAs MOTEHIMAILHOE I0JIe TO-
YEeYHOTO HCTOYHHKA, Pa3MEIIeHHOro B cioe (), O] NpencTaBisercs B

BUAC CHGHyIOIlICﬁ KpaeBOfI 3aJa4yM SJIIUMIITHYCCKOI'O TUIIA:
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_Lg(x_x0)5(y)5(z—zo),i=I;
ol

Auy(P)= ) @
0,i=l, i=1,N,

) =0 @)

L R I

w(Pls =u(Pg: oy a“gff)ls o L) X @

u(P) >0, P>, i=LN, (5)
rie A — oneparop Jlannaca, Uj(P) — nckomas dyskums notenmuana mo-
as B i-oit obmactu (P(X,y,z) € Q;, i =1,N), Z=17; — HWKHAS TPAHUIA

cmost Q; (i=1,N-1), mnockocts z=0 ompenensieT «IHEBHYIO» MOBEPX-
HOCTh, O(P—A) — onuceiBaromas ucrouHuk Qynkuus Jupaka, N — enu-
HUYHBIA BEKTOP BHEIIHEH HOPMAK K MOBEPXHOCTH S (TpaHHMIle BKIIOUE-
HUS).

B cnydae crnoxHOH (opMbl BKIIOUeHHST (), €ro MOBEPXHOCTh S
aNMpOKCUMHUPYETCS TAPAMETPHUYECKUM CILIAIHOM.

Pemenne 3amaun (1) — (5) mocTponM KOMOMHHPOBAHHBEIM METO/OM,

OCHOBaHHOM Ha COYCTaHUHU METOO0B HUHTCTPAJIbHBIX (Dypbe-

npeoOpa3oBaHUil U HHTErPabHBIX YPAaBHEHHH TEOPHH MOTEHIMANA [4].
(0] X
SN

5 Q,,0,

e A(x,,0,2,) £,0,

LN 0,0,
Q.0
Q

'N-1> JA\'fl

Q.0

z

Puc. 1. OCQCMMMempM’leOQ BKJIIOYECHUE 6 CI0UCMOM nojiynpocmpancmee
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Jlis paccMaTpuBaeMoro ciiydas OCECUMMETPHUYHON CpeJbl pelieHHe
3amaun (1) — (5) ynoOHee MCKaTh B IMIMHAPHYCCKON CHCTEME KOOPIUHAT
(r,@,2) c nonymiockocteio @ =0, coneprKaliei HCTOYHHK TOKa.

KomMOuHUpOBaHHEI METO]] TIO3BOJISIET HAWTH pEIIeHNe B JBa dTara.
Ha nepBom srame Tpexmephyto 3amaqy (1) — (5) mepeBemeM B HHTHHAPH-
YECKYyI0 CHCTEMY KOOPAMHAT 1, IPUMEHSSI KOHEYHOE KOCHHYC Ipeolpaso-
BaHneM Dypbe 10 MEPEMEHHON ¢ C 1IEIbIM HapaMeTpoM M, IPeJICTaBUM B

BHUJIE CEMEWCTBA ABYMEPHBIX 3a/ay4:
a
u(r.2) = [u;(r,p, 2)cosme d, i =1,
0
Jlnsi BOCCTaHOBJIGHUS PElICHHE B TPEXMEPHOM BHJIE NMPUMEHSETCS
¢dopmyna 06paTHOr0 mpeoOpa3oBaHus:

u; (r, (p,z)=—u (r, z)+—2u (r,z)cos mg, i=1N. (6)

[Tapametpuueckoe cemeiictBo (rmo uenomy mapamerpy m=0,1,2,...)
JBYMEPHBIX KpaeBbIX 3aJa4 OTHOCHUTEIbHO Kod(pduuueHtoB Dypobe
u™(r,z) pasznoxenus uckomoii ¢pynkuun U(r,¢,2) B pax (6) onpenens-
eTCsl CIEIYIOIIUM 00pa3oM:

62 m 1au-m o m? o —

L[ i ]_ - I + ; "=

o a?  r?

[
=2

! —5(r-1)) 8(z-12), i=1,P(r.2) ey;

(=1 40 o
0,i=l, P(r z)gQ,
ol oum )
Uim - uiT—l - y Oj ar'] Z_Z :0i+1a—:1+12_z , |:1,N _1’ (8)
oul oum
m .M v _ K .
uV§ Uk‘~, oy 8n3~ kan §, (g)
u" —0, 5—)00, i=1LN , (10)
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rae obmactu ); W rpaHULAa S COOTBETCTBEHHO MOIYYEHBI CEUYCHHUEM 00-
mactei ) W rpaHULBI S IUIOCKOCTBIO ¢ = CONSt , Ha KOTOPOIl MPHEMHHK

ompenensiercst Toukoit P(r,z).

Bropoii 3Tan, ocHOBaHHBIN Ha Teopuu moTeHIMana mpocroro (V) u
nsoitaoro (W) cioeB, MO3BOJISIET CBECTU pEIICHUE IBYMEPHBIX 3a1a4 (8)—

(10) pacuera kosddurmentos U™ (r,z) K pElIeHHIO HHTErPaTbHEIX ypaB-

HeHull @pearosbMa BTOPOTO poAa OTHOCUTEIBHO ILIOTHOCTH «BTOpPUY-
HBIX» 3aps70B ( 4 ), KOTOPbIE BBIIENAIOTCS HAa TPaHUIE BKIIOUEHHS:

u"(P)=W™(P)+V™(P), i=LN, P(r,2) 2 Qy;

u&”(ﬁ)=j—k(\Nm(5)+vm<5», P(r,2)eQy,
\Y%

~ | - ~ - - m/o A
pre VP (B) = G" (B, AY W () = [ 4" @rp 0 Das
20-| 3 Q
3nech ,um(é) — HEW3BECTHAS TUIOTHOCTB JBOMHOTO CJI0st Ha 00pasy-

omeid S, ompejenseMas M3 HHTErPAILHOrO ypaBHeHus Dpearonbma
BTOPOTO poja:

u"F)-2 2 Ok [ @)1= aGa(P Q)dSQ Len@.h), @
nQ O'k+0'v O'|

rae I5(r,z), Q(rQ,zQ) eS;

DYHKIUN TOYEYHOTO UCTOUHHUKA G"™(P,Q) omnpenaensercs QyHKIN-

el ['puHa ropu3oHTaIBHO-CIONCTON Cpe/bl, KOTOpas MOJydYeHa METOJIOM
«(QUKTUBHBIX TpaHUI [1].

Takum 06pasoM, HaiiieHHble uepes 4" U Gm(ls,é) byHKIMN

W™(P) u V™(P) nossomstor Haiitu kosdduumentsr u™(P) craraembix

pana (6). Otu Ko3PPUIMEHTH! SBISIFOTCS HE3aBUCUMBIMH ISl Pa3IMuHbBIX
3HAUEHHMH IapameTpa M, U CIIEA0BAaTENbHO MOTYT OBITh BBIYMCIICHBI Ha-
pasenbHO. B utore nckomoe perieHue peayuupyercsi popmynoii (6). Mu-
TerpaibHble ypaBHeHMs (11) paspemiaroTcss 4MCIIEHHO METOAOM KBajpa-
Typ, IYTeM CBEICHHUS PELICHUs K MapajuIeIbHOMY BBIYHCICHUIO CHCTEMBI
JMHEHHBIX anrebpamdecKkux ypaBHEHHH. Takum oOpa3oM, paccMOTpeHHas
3ajjaqa penraeTcs Ha OCHOBE JEKOMIIO3HLHUH CYLIECTBYIOIINX MOCIEN0Ba-
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TENMbHBIX aNropuT™MoB. Panee B paborax [5, 6] mpuBOAMIKCE PE3ybTATHI
BBIYHMCIIUTEIbHBIX AKCIIEPUMEHTOB Ha OCHOBE NPUMEHEHHS KOMOMHHUPO-
BaHHOT'O METOJa PEIICHHS, PEATU30BAHHOTO HAa HMCIOJIB30BAHUH MOCIIEN0-
BaTEIbHBIX AITOPUTMOB.
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MATEMATHYECKAS MOJEJIb ITOJISA TOYEYHOT'O
HUCTOYHHMKA B U30TPOIMHOM CPEJE C
IUWJINHAPUYECKHUM BKJIIOYEHUEM

B pabome paccmampusaemcs mamemamuyeckas Mooenb U peuieHue
00pamHou 3a0ayu NOUCKA 0ephOPMUPOBAHHBIX VUACIKO8 NPAMO20 YUNUH-
opa 8 mpexciotHoOM NOLYNPOCMPAHCIEE MEMOOaMU INeKMPOPa36e0KU.

Kniouegvie cnosa: npsmas u obpamuas 3a0ava 31eKmpopazeeoxu,
MemoO UHMESPANbHLIX NPeOCMAasieHuil, Memoo Konguaypayuu, GyHKyus
I'puna, kpaesas 3adaua.

Viktorov S.V., Ibragimova A.R.
MATHEMATICAL MODEL OF THE FIELD OF THE DOT
SOURCE IN THE ISOTROPIC ENVIRONMENT WITH
CYLINDRICAL INCLUSION

In work the mathematical model and the solution of the return prob-
lem of search of the deformed sites of the direct cylinder in a three-layer
half-space is considered by electroinvestigation methods.

Keywords: direct and return problem of electroinvestigation, method
of integrated representations, configuration method, Green's function, re-
gional task.

3a;[aq1/1 QJICKTPOpPAa3BCAKA TMOTCHHUAJIbHBIMA IIOJSIMU  [OCTOSAHHOTO
QJICKTPHUYICCKOI'O TOKaA ABJIANOTCA aKTyaJIbHbIMU B paSBCZ[O‘IHOfI FGO(I)I/ISI/IKC.
BonepmmHaCcTBO HCCICAYEMbBIX TMPOTAKCHHBIX HeO)IHOpO)IHOCTGI\/‘I B Cpeae
HpOBOIlSIIIIeﬁ TOK, C HeKOTOpOfI CTCIICHBIO TOCTOBEPHOCTHU, MOTYT OBITH
MIPEJCTABICHBl OSCKOHEYHBIMH IIMIIMHAPaMH. [ €0dNIeKTpUYecKuid paspes,
y‘II/ITBIBaIOH_II/Iﬁ OCAaTOYHBIC OTIIOKCHUA TIOPOJd, OCJIOXKHCH HCOAHOPOIHO-
CTSIMH, B TOM YHCJIe, MPUHAMAIONIIMHU (popMy OIM3KYIO K OECKOHEYHO TPO-
TAXKCHHBIM MUJTIMHAPUICCKUM TEIIaM.

© Buxtopos C.B., 6parumosa A.P., 2017
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B toMm ciyuae, ecnu B kadecTBE BMEILAIOIIMX MPOCTPAHCTB paccMar-
pHUBaTh INIOCKOCTHO-CUMMETPUYHBIE CPE/Ibl, B KOTOPBIX UCTOYHUK IOCTOSH-
HOTO 3JIEKTPUYECKOTO TOKAa HE MPHUHAIIIEKHUT OOIIEH IIIOCKOCTH CHMMET-
pHH, TO 3a/a4a CTAHOBHUTCS KBa3UTPEXMEPHOH (KOTja B CHMMETPHIHOH cpe-
Jic BO3HUKAET aCHMMETPHYHOE OTHOCHTENHHO OCH BPAILCHUS NMOTCHIHANb-
HOE TIOJIC TOKA).

PaccmoTtpuM 3aady 0 mosie€ TOYEUHOTO UCTOYHMKA B OIHOPOJHOM H30-
TPOIIHOU cpene, CoAepkKallel MPOTSHKEHHOE BKJIIOUEHHE LIWIMHIPUYECKON
¢dopwmsl (puc.1).

0

gl].G]

Puc.1. ununopuueckoe exniouenue 8 00HOPOOHOM NPOCMPAHCIGE

IlycTh B OMHOPOJHOM H30TPOIHOM MpOCTpaHcTBe (21 C yaAeNbHOM
ANIEKTPUYECKOH MPOBOJUMOCTBIO O mnapaiensHo ock Oy pacriosokKeHo
HPOTSHKEHHOE BKITIOUEHHE LITMHAPUYECKOi hopmbl (2g ¢ yaelbHON JIieK-

Tpnqecxoﬁ OpOBOAUMOCTBIO O . MaremaTudeckas MOACIb 3aJa4u, OIIU-

ChIBAaromias IOTCHIMAJIBHOC I10JIE TOYCYHOT'O HCTOYHHKA ITIOCTOSHHOI'O TOKa
UHTeHCHBHOCTH I, Bo30yxqaemoro B Touke A(Xqg,0,zg) cpemsr €, mpexn-
CTaBISIET COOOH KPaeByIo 3aJa4y SJUIUITHYCCKOrO THIIA:

Ay (P) = —ZLGla(x X)) —20), P(%,y,2) € O 1)

Aug(P) =0, P(x,y,2) € Qq; 2

owP)  _o P 551 @)
oz z=0 , 6y y=0 , h
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oug(P)| o (P)|

Ug(P)l. =u1(P)l.; o =0 ; 4

ol )|5 1 ( )|s 0 |s 1 B 4
uP)>0, Pow (5)
3mece A — omeparop Jlamtaca, ycnoBust (3) clemyroT W3 CHMMETPHH

TOJISL OTHOCHUTENBHO TiockocTe Z =0 u y =0, ycnosus (4) onpenenstor

Uy (P)

HempepbiBHOCTh (yHKIuH U(P) — moTeHumana u o — IUIOTHOCTH

TOKa Ha TpaHMIE S paszjerna IByX cpel, ycioBue (5) — yCIoBUE peryisipHO-
CTH pelIeHHs Ha 6ECKOHEYHOCTH.
I'panuiyy BKmIOYeHHs S 3aJaiuM B TapaMETPUYECKOM BHIE:

S= S(§(§,t), y), te[0,27), y €[0,0), tme £(S,t) — ceuenme oOpasy-

OEH  LUIMHIPUYECKOTO  Tela S. KoHeuHOMEpHBIII  BEKTOp
S=(Sg.S1,-+-5L) c OrpaHUYCHHBIMU ko3 duireHTaMU
m; <sj £M;, i=0,L onpezmenser KyOuueckuil CIUIaiiH, 3aJaHHBIA B Mapa-

METPUYECKOM BHJE, 1€ Sij — PACCTOSIHHE OT OCH LIIIMHAPHIECKOTO Temna JI0
kpuBoil ¢ Ha myde t=t; (cm. puc. 1). CnaiiH ¢ GUKCHUPOBaHHBIMH Ipa-
HUYHBIMH YCJIOBHSMH OJHO3HA4YHO OIpPEAENIIeTCS BEKTOPOM 3HAYCHHH
{SO,Sl,...,SL} B y3JIaX CETKH {to,tl,...,tL}. IIpy TakoM ONMCAHUM TPAHULIBI
S 3amanHOro BKIFOUCHHS ), NEKAPTOBBIC KOOPAMHATHL B IUI0cKocTH XOZ
T000M ee TOUKH ONIPEe/eIIOTCS B IApaMeTPUIECKOM BHUJIE:
X =¢(5,t)-cost
_ . , Tle Z, — 3HAYCHHE alIUIMKaThl OCH LJIMH-
z=-¢(5,t)-sint+z,

JPUYECKOTO Tena (TITyOrHa 3aIeraHus BKITIOYCHUS).

Pemrenne npsimoit 3amaun (1) — (5) ocymiecTBisiiock KOMOMHUPOBAaH-
HBIM METOJIOM HHTETpalibHbIX MPEOOpa30BaHUN U MHTErPaIbHBIX ypaBHE-
HUIA, B COOTBETCTBHH C KOTOPBIM CTPOHTCS CEMEIHCTBO JIBYMEPHBIX 3aad B
pe3yibTare MPUMEHEHHsT HHTETPATbHOTO TpeoOpazoBanus Dypee U perie-
HHUE 33Ja4Y¥l MPEJCTABIICTCA B BUJAC CYMMBbI IMOTEHIMAIA UCTOYHHMKA U TIO-
TeHIMasa qBoiHoro cios [1, 2]:

U (B) =W (B) +VA(P), B <Oy, uf (B)=c-W(F)+VA()) B <y,
P(x,2), é(xQ,zQ) es, ,Z\(xo,zo) .
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3nmeck A e€[0,00) — mapamerp ®Dypbe-ipeoOpa3oBaHus;  00IACTH

ﬁo, le U rpaHdiia S =¢ IOMydeHbI cedeHHeM obmacteil Qg, Q) U rpaHu-

ubl Sy miockocTeio Y = const; C=07/0y ; V’l(ls):%G/l(IS,,&) -
o1

1

- ~ - AP Oy ~
MOTEHIMAJ HCTOYHUKA TOKa B Qg ; W4 (P) = J.yﬂ(Q) w ds
. A~

S Q
MOTEHIMAJ JBOMHOTO 3MEKTPUYECKOTO CJIOsl Ha KPUBOH S TpaHMIIE BKIIIO-

A A o
qycHus, U (Q) — HCHU3BCCTHAA INNIOTHOCTH IOTCHIIMAJIa JBOMHOI'O CJIOA Ha

S, KOoTopasi OIpeneNsieTcs] PelIeHHeM HHTErpajbHOro ypaBHeHus Dpen-
rosibMa BToporo poaa [3]:
1= =
15 G (P.Q) =
@B
o1+0g g 8n6 o1+oy 201

01—-0g _0'1—00 | ingiing

u*(P)-2 G*(P,A),

rae A€[0,00), IS(X, 2), 6(XQ, Q) e S. OyHkIHMN G’i(lg,é) — koa(hduLu-
entsl pynkuun ['puna G(P,Q) — GyHKIMu UCTOUHKMKA B OJHOPOIHOM Cpe-

ae (g, KoTopas onpezeisercs 4epe3 GyHKIM0 MakIoHanbaa U JUis Ciry-
Yas TIOJTHOTO TPOCTPAHCTBA IMEET BUI:

G’l(x,z,xé,z@) =$Ko(l\/(x—x6)2 +(Z_25)2)'

H3nosxeHHbINR METO/] TO3BOJIACT MOJJYUYUTh YUCJICHHBIC PACYCThI JJICK-
TPUUYECKOTO TIOJISI BO BCEM MPOCTPAHCTBE IMPH JFOOBIX MOJOKEHHUSIX UCTOU-
HUKa TOKa, KaK BHYTPU OMUCAHHOTO BKJIIOUEHUS, TaK U BHe ero. Kpome To-
ro, YTO MPeNJIOKEHHBI METOJ] O0JiajiaeT OMpeNeIeHHONW YHHUBEPCaIbHO-
CTBbIO, OH JOITYCKA€T HMCIOJIb30BAHUEC MapaUICJIbHBIX BBIYHUCIUTCIIBHBIX all-
roputmoB [4, 5].

Jlis moucka pemieHus OOpaTHOHM 3ajauyd W NPOBEICHHE BBIYHCIH-
TEJILHOTO 3KCIeprMeHTa B paboTe [6] ObUIO peanu3oBaHO MPOrpaMMHOE
CPEACTBO AJIs Cllydast OAHOPOIHOIO MOJYyIPOCTPAHCTBA.
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HUHTEPAKTUBHBINA SJIEKTPOHHBIN YUYEBHUK KAK
CPEJICTBO NOBBIIIEHUS Y®®EKTUBHOCTUA OBYUYEHUS
MATEMATHKE YYAIIIUXCS 9-X KJIACCOB

B pabome npusedeno onucanue uHmepakmusHo2o NEKMPOHHO2O
VueOHUKa no mMamemamuxe, UCHONb308AHUE KOMOPO2O NO3BOISAEM NOGbl-
cumv 3¢hexmueHocmy 00yueHUs MamemMamure Cpeou Yuaujuxcst 0e6smolx
Kaccog cpednell 0bueobpazo8ameibHOU WKOJbL.

Kniouesvie cnosa: unmepaxumenvie cpedcmea obOyueHus, d1eKmpoH-
HbLIL YYeOHUK, NPUMEHEHUe INEeKNMPOHHBIX 00PA308AMENbHbIX PECYPCO8 8
npoyecce 06yueHuss MameMamuxke.

Viktorova Yu.V., Viktorov S.V.

INTERACTIVE ELECTRONIC TEXTBOOK AS
MEANS OF INCREASE IN LEARNING EFFICIENCY TO
MATHEMATICS OF PUPILS OF THE 9TH CLASSES

The description of the interactive electronic textbook on mathematics
which use allows to increase learning efficiency to mathematics among
pupils of the ninth classes of high comprehensive school is provided in
work.

Keywords: interakitvny tutorials, the electronic textbook, application
of electronic educational resources in the course of training in mathematics.

YBenuueHne o0beMa MaTeMaTHYeCKOr0 MaTepHaja, MOBBIIIEHHE €ro
a0CTPaKTHOCTH, HCIIOJBb30BAHHE PA3IMYHON CHMBOJIMKH, YCIO)KHEHHUE JIO-
TMYECKOM CTPYKTYpBI COAEpKaHUs 0OOCHOBBIBAIOT HEOOXOIUMOCTE IpHUMeE-
HEeHHUS B IIpoIiecce 00ydeHHsT MaTeMaTHKe B paMKax OCHOBHOTO 00Iiero oo-
pa3oBaHMsl MHTEPAKTHBHBIX JIEKTPOHHBIX CPEACTB yIEOHOTO Ha3HAUCHUSL.

Pa3paboTaHHBII B HACTOAIIEM HCCIICOBAHUH MHTEPAKTHBHBIN 3JIEK-
TPOHHBIN y4eOHHK TO mpeaMeTy «Auredpa 9 kilace» mpeacrasisier cooon
COBPEMEHHBIN 3JIEKTPOHHBIH 00pa30BaTENILHbBIN Pecype, CO3AaHHbINH C I10-
MOIIBI0 MHCTPYMEHTAJIBHOIO INporpaMMHoro obecrnedenuss Embarcadero
RAD Studio Delphi XE. Jlansslii snekTpoHHBIH yueOHUK (DY) sBisiercs
CPEACTBOM MOBBILIIEHUS 3()EKTUBHOCTH 00yUYEHHS ydaluxcs 9-X KjlaccoB B
nporecce 00y4eHUs] MaTeMaTHKe.

© Buxroposa 10.B., Buktopos C.B., 2017
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Bei6op B kadecTBe cpeAcTBa MOBBIICHHS 3()EKTHBHOCTH OOy4YEHUs
MaremaTtuke DY 00ycioBlieH WH(QOPMALMOHHBIM XapaKTepOM COBpPEMEH-
HBIX CPEACTB OOy4YEeHMS] M WX HANpaBICHHOCTHIO Ha HH(OPMAIOHHO-
KOMMYHHKAIIHOHHBIC TEXHOJIOTHH.

CyImecTByIOT pa3IHIHBIE COBPEMEHHBIE TTOAX0BI K pa3paboTKe JeK-
TPOHHBIX CPEACTB 00pa30BaTEIHLHOTO HA3HAYCHUS, K KOTOPHIM MOXKHO OT-
Hectu DVY. B HacTosimee BpeMs CIOXWINCH TP OCHOBHBIX MOAXOAA K CO-
sparmto DY. Kak ytBepxkmaer U. B. PoGept [1], mepBsIit moaAXon OCHOBAaH
Ha UCIIOJIb30BAaHUN YHHBEPCAIBHBIX MPHUKIIAJHBIX HPOIPAMMHBIX CPEJIICTB,
BTOPO# MOJAXOJ MpeArosaraeT HalmucaHUue NMPOrpaMM C IOMOIIBIO A3BIKOB
IIPOrpaMMUPOBAHKS, @ TPETHH MOXOJ OCHOBAH HA HCIONb30BAaHUU CIEIH-
aNM3MPOBAaHHBIX MHCTPYMEHTAJBHBIX CHUCTEM JJIS CO3JAaHUS IeJarormye-
CKHX IpUIoKeHUH. B HacTosmeM mcciaeqoBaHUM ObUI HCIIOIB30BAaH BTO-
PO IOAXO, pACCMOTPHUM €ro MoJIpoOHee.

ITo muenuto Y. B. Pobept [1], B HacTosImee BpeMs B CBSI3H C IOSIBIIC-
HHEM TaKHX MOIIHBIX O0ObEKTHO-OPHEHTHPOBAHHBIX CPEICTB pa3pabOTKH,
kak IDE Borland Delphi u C++ Builder, Microsoft Visual Studio u np.,
MIPOLECC CO3AaHMsI OOy4aloUIMX MpPOrpaMM CYHIECTBEHHO YIPOIIAETCH.
Kak cunraer aBTrop, mporpaMMHpOBaHHE C TIOMOIIBIO YKa3aHHBIX CPEICTB
CBOANTCS K pa3pabOTKe ONPENENCHHBIX IMPOTPAMMHBIX OOBEKTOB U HX
JATbHEWIIIEMY MHOTOPa30BOMY HCTONBb30BaHUIO. Takue OOBEKTHI MOTYT
OCYIIECTBIIATH BHIBOJ I'PaMKOB M BEKTOPHBIX JHarpaMm, BBOJ U MPOBEp-
Ky OTBETOB 00y4aeMOro, B TOM 4YHMCJIE BBOJ M MPOBEPKY GOpMyI B 001IeM
BHUJIE, MOJICIIMPOBATh pealibHble 00BEKTHI U MPOLECChl, IMUTHPOBATH JIa00-
paTopHBIE CTEHABI U T.Il. ABTOP OTMEYAET, YTO 3TH BHICOKOYPOBHEBBIE S3bBI-
KA TIPOrPaMMHPOBAHUS IO3BOJITIOT OCYHIECTBISITH Pa3pabOTKy MHOTO-
OKOHHBIX IIOJIb30BAaTEJILCKUX IPUIIOKEHUH; CO3/1aBaTh MHOTO(YHKIIHO-
HaJlbHBIE CHUCTEMbI OOIIEro Ha3Ha4YeHUs; NPOCKTHPOBATh 0a3bl JaHHBIX
TM000H CIIOKHOCTH M CPEACTB YNpaBJIeHUs 0a3aMH aHHBIX; pa3paboTKy
cucteM 00pabOTKH TEKCTOBOM, rpadudeckol, BUACONH(pOpMAINK U 3BYKA;
co3naBarh rpaduyeckue ornepanuoHHbIE O0OJIOYKH; CO3/1aBaTh OJHO- H
MHOTOMOJIF30BaTeIbCKIE HHTEP(ENHCH; pa3pabaTsiBaTh CETEBBIE MPHIIOXKE-
HUS; CO37aBaTh MYJIBTUMEIUIHbBIE MPUIOKEHUS, CPEICTBA UX pa3pabOTKU
1 MHOTO€ JIPYyTOE.

QY, kak u J1000€ MPOrpaMMHOE CPEACTBO y4eOHOTO Ha3zHAuYSHHUS,
JIOJDKEH OTBeuaTh ompeneieHHbIM TpeboBaHusM. M.B. Pobept [1] B kaue-
CTBE OCHOBHBIX TPEOOBAaHHH K 3JIEKTPOHHBIM CPEICTBAM 00pa30BaTEIBEHO-
rO Ha3HAYCHUS] PACCMATPUBACT CIIEYIOUINE: MCHXOJIOTrO-TIe/larorniecKue,
32l H-9)PrOHOMHUYECKHE, TEXHUYECKHE, SCTETHIECKHE.
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VYueT nepeurciIeHHbIX TpeOoBaHMH K pa3paboTke DY 00yClIOBIEH ero
00pazoBaTeIbHON HANPaBICHHOCTHIO. B CBS3M ¢ 3TUM Bce IepednciiCHHbIC
TpeOOBaHHUS IOIOKEHBI B OCHOBY IIPOSKTHPOBAaHUA DY B paMKax HacCTOs-
el paboTHI.

OmnwceIBaeMblii B HacTosei padore DY mo anredpe amst 9-X KiraccoB
001eo0pa3oBaTeIbHbIX  YUPSKACHUN IpefHa3Ha4YeH MU MOBBILCHUS
3¢ eKTHBHOCTH O0ydeHH MaTeMaTuke ydammuxcs. OH peann3oBaH B BUJE
MHOTOOKOHHOTO TIPHJIOKEHHs, IIaBHAs (opMa KOTOPOTO HMEET ClIeHyo-

i Bua (puc. 1).
@ Anrebpa. 9 xracc. =

Oraaeaenne

Puc. 1. Iasnas npoepammuas popma Y

DV mo anredpe 18 yyammxcs 9-X KJIacCoB JaeT BO3MOXKHOCTh O3Ha-
KOMUTBCS ¢ TEOpHUEH 10 BEIOpaHHOW TeMe mpeamera. Ero conepikanue mo-
CTPOSHO Ha OCHOBE Y4eOHOTO Marepuaia Ie4aTHOTO ydeOHWKa Ui yda-
mmxcest 00Ieo0pa3oBaTeNbHBIX YUIPSKICHUN «Anredpa. 9 Kilacc» aBTOpPOB
A.T. Mopaxosuua, I1.B. Cemenona [2].

Jlist ymoOcTBa MCIoNb30BaHUs DY, €ro BHENIHUN BHJ U 0(OpPMIICHHE
MaKCHMAaJbHO TPUOIIDKCHBI K [EYaTHOMY W3laHuto. [Ipu 3TOM OH mMmeer
ynoOHbIi rpaduueckuit uaTEpdeiic. OY cHaOkeH ynoOHON HaBUTalUEH 0
CBOEMY COZEpKaHMIO. YUeOHBIH MaTepuall COPMHUPOBAH B BHJIE OTIENb-
HBIX 3JIEKTPOHHBIX CTPAHMII, COACPIKANTUX BCE HEOOXOAMMbIE HHTEPAKTHB-
HbIE JJIEMEHTHI YNPAaBIEHUS B COOTBETCTBHH C MPEIBSIBIIEMBIMH K HX
odopMIIeHHIO TpeOOBaHUAMU. B JIeBO# M TpaBOil 4acTAX CTPaHUIBI UMeE-
FOTCS «BCIDIBIBAIOIINEY KHOIKH JJIs UX MEePeNUCThIBaHus (puc. 2). YueHu-
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Ky IIpu paboTe ¢ yueOHMKOM IMOCTOSIHHO AOCTYITHA BO3MOXKHOCTH BOCIIOJb-
30BaTbCs ODIJIABIEHUEM, KOTOpPOE HUMEET MepapXUdecKylo CTPYKTYpy

(puc.3).

(@ Asrebpa. 9 race. = | B )

TIABA Yncropsie dysxnun

I11. Onpezenenne Tuc1080i dyHKTII
Oraasnenne

CTABA YHCJJIOBBIE ®YHKIIHH

§1. Onpedenetiue Yucnoeol GyHKULIL.
O6nacme onpedenequs, 0bnacme 3HaYeHuUs
yHIUD.

§2. Criocobs! 3a0aHuA QyHKYUL.

§3. Ceolicmea ghyHruyuL.

§4. YemHsle U HeYeITHsle (hyHKUULL

§5. Oymkuuu ¥ =x"(ne N) ux ceolicmea u 2pachurl.

§6. QyHKuLL
§7. Qymukyua y= ix . ee ceolicmea u 2paghuKu.
OCHOBHbIE PE3yNbMAMbI

TP(neN) w ceollcmea U spachUKLL

§1. OPEAEJIEHHE YAC/IOBOM & VHKIHH,
OBJIACTh ONPEIEJIEHHA.
OBJIACTB 3HAUEHHHA ®VHKIHH.

3a 182 ToRA M3YCHILE IMKOMBHOrO KYPCA WITebpBI BbI Yrke MPHBBIKIN
K TOMY, HTO TepIMInE «YHILIINE» HCTIOTE3YeTCH PAKTINECK TIOCTOAHO. 0~

Puc. 2. Buewnuti 6uo snekmponHou cmpanuysl y4eOHuKa

(3 AnreBpa. 9 knace oo | s |

Ornaenenne

4-Tnaea 3. YICJIOBBIE ®VHKITHHA
{IL1. Onpenencaue TucIOE O HyHIIIIH
i-I12. Crocober sanarma dynwarmit

3. Ceolictea GyHKII

- IL4. YeTHsle 1 HedeTHBIE GYHELIMM
5. Ocnoenrle dyuranm. Hx ceofictea u rpadux
i OCHOEHEIE PesyIETATE]

Puc. 3. Hepapxuuecxoe oenasnenue

Wnrepodeiic DY nmeer myasruMenuiiabie 3¢ dexrs 00padoTku coObI-
TU: aHUMAIWIO (BCTUIBIBAIOIIIE MEHIO, BU3YaJIbHBIN 3()(EeKT mepenucTsi-
BaHMs CTPAHUII) M 3BYKOBYIO ITOJICPXKKY.

B cozmepxanun y4eOHOTO MarTepHaiga UMEIOTCs IMPUMEpHI ISl Teope-
TUYECKOTO OCMBICIICHUS] U3y4aeMbIX MOHSATHUI, a TaKKe PEIIeHUs TEKCTO-
BBIX 33ja4. Bce OHM peasm30BaHbl B BUJAE OTAENbHBIX HMHTEPAKTHBHBIX
MIPUI0KEHUH, KOTOpBIE 3aIlyCKAarOTCsS Ha BBINOIHEHUE MOCPEACTBOM IpU-
MEHEHHS THIIEPTEKCTOBBIX CChUIOK. HampumMep, Ha pHCyHKe 4 TeMOHCTpH-
pyeTcst HHTEpaKTUBHOE MPIJIOKEHNE, KOTOpOe HAIYISIIHO B BUAEC aHUMHUPO-
BaHHBIX WJUTIOCTPAIMHA ONpeneiseT MOHATHE (PYHKIMM KaKk MaTeMaTHhde-
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ckoii Mozienu Y = f (X). 371ech BaXKHBIM SBISIETCSI TOMONHUTENbHOE (HOpPMY-
JIMPOBaHHE YUCIOBOTO MHOXECTBA, U3 KOTOPOro OepyTcsl 3HAYECHHS JUIs
HE3aBUCUMOMN IEPEMEHHOM X.

¥ Cpansenne rpacpuxon 2-x pynxuii [ [ jwiif| [y Cpannenue rpacpinon 2-x rynruuii ===

49 1 2 3 4 5 & 40 1 2z 3 4 5 8 40 1 2 3 4 5 6 40 1 2 3 4 5 8

Pic. 6)

Tpagpux dynjun y=Yx. 20e x npusadnexeum [0:4] 3mo dge pamse gyuxyuu!

Puc. 4. [Jlemoncmpayus paznuuuii 6 onpedenenuu
OOHOUMEHHBIX YHKYULL

AHanorn4HeIM 00pa3oM, BBOAUTCS APYTHE OIPEACICHHUS H3ydacMbIX
noHsTHi [3], [4].

[loHuMaHue yvamumucs y4eOHOro Marepuana MpH HCIOJIb30BaHUH
ANIEKTPOHHBIX CPEJICTB JIOCTUTAETCS 33 CUET MHTEIPUPOBAHHOTO MPE/ICTaB-
JIeHUs] MH(OPMAIIKK, MOBBILICHUs] HHTEpEca K MaTeMaTUKe Ha OCHOBE aB-
TOMATH3allMKM PELICHUH 3a/1ad pa3sIMuHbIX BHJOB, HaINISIHOrO olecrieye-
HUsSI CBSI3M MAaTEMaTHKH C NMPaKTHYECKOW KHU3HENESITeNbHOCThIO, yCTpaHe-
HUSI CPEACTBAMH CIIPABOYHONW CHCTEMBI BO3MOXKHBIX HETaTHBHBIX CHTYya-
LM, BO3HUKAIOIINX Ha HEKOTOPBIX dTanax pereHuns 3aad.

Bubnuozpaguueckuii cnucox

1. PoGepr 1. B. UndopmanuoHHsle ¥ KOMMYHHKal[HOHHBIE TEXHO-
joruu B 00pa3oBaHHMU: ydeOHO-MeToamueckoe mocobue / M.B. Pobepr,
C.B. ITanoxkoBa, A.A. Ky3uenos, A.}O. Kpasnosa; mox pea. 1.B. PoGepr.
— M.: Ipoda, 2008. — 312 c.

2. Mopaxosuu A.I. Anrebpa. 9 xinacc. B 2 u. Y. 1. YueOuuk nJs
yuamuxcs oOmeoOpa3zoBaTenbHbIX  yupexnaenuin /  A. I. Mopakouy,
I1. B. Cemenos. — 13-e u3n. — M.: Muemo3susa, 2011. — 226 c.

3. Bukroposa }0.B. DnexkrpoHHBIH y4eOHO-METOAMYECKHH KOM-
Iiekc kKak cpeactBo (opmupoBanns KT — kommeTeHTHOCTH ydamuxcs
9-x kiaccoB B mporecce oOyuenuss maremaruke / 1O.B. Buxroposa,
C.B. BukropoB // CoBpemeHHBIe Haykoemkme TexHonoruu. — 2015, —
Ne12. - Y. 4. - C. 634-639.

239



4. Bukroposa 0. B. DnextpoHHSIi pecypc «INEeKTPOHHBIN yueOHHK
«KBaznparueie ypaBueHus»» / FO.B. Bukroposa, C.B. BukropoB. — M.:
OI'HY MHUIIN PAO, OD®OPHuO Ne 16404 ot 17.11.2010 .

Ceeoenusn 06 asmopax

Bukroposa lOnus BnaguMmupoBHa, npenopaBaTenb MaTeMaTUKU U
unpopmaruku koswiemka CO Baml'V. E-mail: viktorovayv@mail.ru.

Bukropos Cepreit Biagumuposuy, KaHAUaaT ¢usuxo-
MareMaTH4ecKuX Hayk, jgoueHt, goneHt C@® BamlV. E-mail:
viktorov@rambler.ru.

YIK 51(072):371
Buxkroposa 10.B., Buxropos C.B.

JIEKTPOHHBIN YYEBHO-METOJUYECKNWA KOMILIJIEKC
KAK CPEACTBO OBYUYEHUSA MATEMATHKE B 9-OM KJIACCE

B pabome  npusedemo  onucamue  21eKMpoHHOZO  Y4eOHO-
Memoouuecko2o Komniekca Ok 0OyYeHust Mamemamuke yyawuxcs 9-x
Kaccoe cpedHeti 001 eobpazo8amenbHoU UKObL.

Kniouegvie cnosa: unmepakumeanvie cpedcmea 0b6yueHusl, 1eKmpoH-
HbLIL YYeOHO-MEeMOoOUYecKUll KOMIIEKC, NPUMEHEHUE dNEeKMPOHHBIX 06pa30-
6AMENLHBIX PECYPCO8 8 Npoyecce 00yUeHUs MamemMamuxe.

Viktorova Yu.V., Viktorov S.V.

ELECTRONIC EDUCATIONAL AND METHODICAL COMPLEX
AS THE TUTORIAL TO MATHEMATICS IN THE 9TH CLASS

The description of an electronic educational and methodical complex
for training in mathematics of pupils of the 9th classes of high comprehen-
sive school is provided in work.

Keywords: interakitvny tutorials, an electronic educational and me-
thodical complex, application of electronic educational resources in the
course of training in mathematics.

Ha cerognennuii 1eHbp BOIIPOC HEOOXOAMMOCTH MPUMEHEHHS B 00pa-
30BaTeJIbHOM MPOIECCE DIICKTPOHHBIX CPEACTB Y4eOHOrO HAa3HAYCHUS HE
BEI3BIBaCT COMCHHU. B mporecce oOydeHHs pa3iMYHBIM AWCHUILIHHAM, B
TOM YHWCJI€ W MaTeMaTWKe B paMKaX OCHOBHOTO oOIIero oOpa3oBaHUs,
CJIIO)KHO OOOHTHCH 0€3 HCIIONB30BaHUS WH(POPMAITMOHHBIX TEXHOJOTHIA,

© Buxroposa 10.B., Bukropos C.B., 2017
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MTO3BOJITIONINX YIPOCTHTH TpoLecc 00ydeHns Ha (OHE YBEIUYCHUS 00be-
Ma MaTeMaTH4YeCKOro MaTepHaia, IOBBIIICHHE ero aOCTPaKTHOCTH, HC-
MOJTb30BAHUE PA3IMIHON CHMBOJHKH, YCIOKHEHUE JIOTHUECKOH CTPYKTY-
PBI ConlepIKaHMs.

B pabore paccmarpuBaeTcs 3NEKTPOHHBIH ydeOHO-METOIMIECKIHA
komruieke (OYMK), ¢ moMoIpl0 KOTOPOTo y4aniuMcsl IpeiaraeTcs Bbl-
MIOJHATH Pa3INYHBIC BUIBI YI€OHO-TI03HABATEIBHON NESATEIBHOCTH, CBsI3a-
HBIE C BEIOOPOM MHIMBUAYaJIbHOW 00pa30BaTebHOM TPAGKTOPHU U pelle-
HHEM HH(OPMAIMOHHO-TI03HABATENbHBIX 3a/1a4, BOCHPHUITHE CONCPIKaHUSA
KOTODBIX OIIPEEISIETCSI B COOTBETCTBHU C BBIOPAHHOW TPAaeKTOpHEH.

Paspabotannsit DOYMK mo mpenmery «Anredpa 9 ximaccy mpencras-
JIsIeT CO0O COBPEMEHHBIN 3JIEKTPOHHBINA 00pa30BaTeIbHBIH pecypc, Co-
3IaHHBII C TIOMOIIBI0 MHCTPYMEHTAJIHHOTO HMPOIPaMMHOTO OOECTIedeHHs
Embarcadero RAD Studio Delphi XE. DYMK sBnsiercst cpencrsom uis
oOydJeHns: MaTeMaTike B 9-M Kiacce.

CylecTBYIOT pa3IUYHbIe COBPEMEHHBIE MOIXOBI K pa3paboTKe 3JIeK-
TPOHHBIX cpencTB oOpaszoBarenbHOro HaszHaueHus (DCOH), k KoTopbM
MoxkHO oTHecTH DYMK. B Hacrodiiee Bpems CIOXMIINCh TPH OCHOBHBIX
noaxona k co3manuio DYMK. Kak yreepxmaer U. B. Pobepr [1, c. 117],
MIepBBIH MOJIX0Jl OCHOBAH Ha UCIIOJIb30BAHUH YHUBEPCAIBHBIX MTPUKIIATHBIX
MPOTrPaMMHBIX CPEICTB, BTOPOW IMOAXOJ HpEIIoyaracT HalucaHue Mpo-
rpaMM C HOMOIIBIO SI3BIKOB MPOTPAMMHUPOBAHUS, & TPETUH IOIXO0X OCHO-
BaH Ha MCIOJIb30BAaHHUH CIIEIMAIN3UPOBAHHBIX HHCTPYMEHTAIBHBIX CHCTEM
JUISL CO3JIaHMS TIeIarOTHYECKHUX MPUIIOKEHUH. B HacTosmem nccnenoBannm
OBbLT UCIIOJIL30BAH BTOPOI MMOX0, PACCMOTPHUM €ro HoApoOHee.

DOVYMK, kak u moboe MporpaMMHOE CPEICTBO YIeOHOTO Ha3HAYCHUS
JOJDKEH OTBEYATh OMPE/IEICHHBIM TPeOOBaHHSAM.

N.B. PoGepr [1, c. 132] B xauecTBe 0cHOBHEIX TpeboBanmii k JCOH
paccMaTpuBaeT CIEAYIOIIHE:

— TICHXOJIOTO-TIeIarOTHYeCKHe TPeOOBaHMUS, KOTOPBIE MPEATOIaraoT
YUUTBIBaTh CHEeUMGUKy Ipeamera (MOHATHHHBINA ammapaTr, 0COOCHHOCTH
METOJIOB HCCIJIEIOBAaHHUS 3aKOHOMEPHOCTEH), 000CHOBaHNE BHIOOpa TeMa-
THKH, HEOOXOAMMOCTH pEaM3allid COBPEMEHHBIX METOMO0B 00paboTKH
nHpopmaruy;

— IM3aiH-3PTOHOMUYECKHE TPeOOBAaHUS K COAEP)KAaHUIO B odopmite-
HUIO, KOTOPBIE TPE/IIOIaraoT: YUUThIBaTh BO3pACTHBIE OCOOCHHOCTH y4a-
mmxes (paboTocrnocoOHOCTD, PAa3TUYHBIE THITBI MBIIUICHUS M THIBI Opra-
HHU3alUM HEPBHOH JEATENIbHOCTH), MOBBIIIATh YPOBEHb MX MOTHBALMH K
mporeccy o0ydeHus (depes BKIIOUEHHE HTPOBBIX CHUTyallMid, MHOTOKpAT-
HOTO OOpallleHus] K NMporpaMMe B Cllydae HEYJa4HOW IOIIBITKH M APYTUX
MOJIOKUTENBHBIX CTHUMYIIOB IPH B3aUMOJEHCTBHM YYalIErocsi ¢ mporpam-
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MOIf), YIUTHIBATh TPEOOBAHUS K H300pakeHIIO HH(POPMAITIH (pacIioioxe-
HHUIO TEKCTa Ha 3KpaHe, IIBETOBOH raMMe, YeTKOCTH N300pakeHHs) U pe-
KIMaM paboTEHI;

— TEXHHWYECKHe TpeOOBaHMS, KOTOpBIE MPENNONaralT obecredyeHue
YCTOIYNBOW pabOTHI CHCTEMBI;

— 3CTEeTHYECKHE TPeOOBaHMSI YCTAHABIMBAIOT COOTBETCTBHE ICTETH-
YeCKOTo 0OpMIICHUS (QYHKIIMOHATEHOMY HA3HAYCHHUIO YIeOHOU Cpepl.

VYdeT nepeyrcieHHbIX TpeOoBaHMil k pazpadborke DYMK o0yciosieH
ero 00pa30BaTENbHON HAIIPABIEHHOCTHIO.

[loHuMaHue ywammMmucs y4eOHOro mMarepuana INpH HCIOJIb30BaHUH
9MEKTPOHHBIX CPENICTB JOCTUTAETCS 3a CUST MHTETPHPOBAHHOTO MPEACTAB-
JICHUA I/IH(I)OpMaHI/II/I, TMOBBIIICHUA MHTEpPECAa K MaTCMaTUKE Ha OCHOBE aB-
TOMATH3aLUK PEIICHUH 3a/1ad pa3INyHbIX BHIOB, HaIMSIAHOTO obecrede-
HUSI CBSI3M MaTEMaTHKH C NMPaKTHYSCKOW KHU3HENESTeNbHOCThIO, YCTpaHe-
HUSI CPEICTBAMH CIIPABOYHOM CHCTEMBI BO3MOXKHBIX HETaTHBHBIX CUTYaIHH
Yy ydaluxcs, BO3SHUKAIOIMX Ha HEKOTOPBIX dTarax peuicHus 3aaad.

Paspabotannsrii B HacTosameM uccienoBannu OYMK mo anrebpe mis
9-x kiaccoB 00II€00Pa30BaTEIbHBIX YUPEKACHUH MpeaHA3HAYCH IS
¢dopmuposanuss MKT — xommereHTHOCTH ydammxcs. OH peann3oBaH B
BHJ/Ie MHOTOOKOHHOTO NPHJIOXKEHHS, TIaBHasi popMa KOTOPOTO MMeEET Clie-
ayrouumit Bun (puc. 1).

& 3nexTponHbIil yueBHO-METOAMHECKIR KOMMNEKT =3 Ecn |

9YMK "Anre6pa 9 knacc"
1 3

S N = N o o 8 S R

\ VueGHas mporpaMma I0 IpeaMeTy l?
| B S TR e TS

- DIeKTPOHHBII! y4eGHHK
)

< B~
[ TIPAKTHKYM pelleHHs 3a1ad
A1 Zo™\ N LRI

\{ MeTonudeckoe OCOGUe A yIHTens

NS N

e R U AaE
[quﬁmﬂe TIaKeThI MPHKIAIHBIX IPOTPaMM
LY

# | CucreMa IMarHOCTHKH H KOHTpOIA 3HaHUH
1y ST T —

1 %>\ 7 HR

Puc. 1. I'taguas popma DYMK
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Io cBoeii crpykrype DYMK Britouaer pa3paboTaHHBIE B COOTBET-
ctBur ¢ ®I'OC OOO u npeaHa3HaueHHbIE I ydaluxcs 9-X KJ1accoB
CIIEYIOIIHE Pa3/IeIIbI:

— ydeOHast mporpamMma 1o MpeaMeTy;

— DIICKTPOHHBIN YICOHUIK;

— MIPAKTUKYM PELICHUs 3a1ad;

— METOIMUECKOE MOCOOHE TSI YUUTEIIS;

— cOOpHHUK KOHTPOJIBHEIX padoT;

— cOOpPHUK CaMOCTOSITENBHBIX PadoT;

— y4eOHbIe TaKeThl IPUKIATHBIX IPOTPaMM;

— TECTHI;

— cUcTeMa JUarHOCTUKU U KOHTPOJIS 3HaAHUH.

Hoctyn x nepeuncieHHbIM pazaenam DYMK ocyiiecTBisercs ¢ mo-
MOIIBIO OJJHOMMEHHBIX ITPOTPAMMHBIX CCBUIOK, PAcIONIOXKEHHBIX Ha (hopme
B BHJe ciucka. [Ipu BeiOOpe mr000# M3 HUX, TOJIB30BATENI0 OTKPHIBACTCS
cootBeTcTBYOIUH pa3aen DYMK B Buae otaenbHoro npuioxenus. Kax-
Il U3 IPOrPaMMHBIX 3JIEMEHTOB, onpenerstomux coctaB QY MK, moxer
OBITH OTKPBIT U MCIONB30BATHCS HE3aBUCHMO OT JIPYTHX.

Pasmen «YueOHas mporpamma mo mpeaMeTy». JlaHHBIA pa3men
mpefocTaBisieT nomb3oBarenio DYMK BO3MOXHOCTE H3YyYUTH PabOdyIo
IporpamMMmy Ui ydanmxcs 9-x kmaccoB mo ydeOHuky A.I. Mopakosuda,
I1.B. CemenoBa, pa3pabOTaHHYI0 B COOTBETCTBHHM C OCHOBHBIMH TOJIOXE-
nusimu @I'OC u tpeboBanusimu «IIprmMepHO 00pa3zoBaTeNbHON Mporpam-
MBI OCHOBHOTO 0011ero o6pazoBanusi». [IporpamMmma comepKuT pa3BepHY-
TO€ KaJICeHJapHO-TeMaTHYECKOe TNITAHUPOBAHUE CUCTEMBI YUE€OHBIX 3aHATHH
(YpOKOB) ¥ IeIarorM4ecKUX CPEICTB, C TOMOIIBIO KOTOPHIX (OPMHUPYIOTCS
YY1, muianupyemsble pe3ylbTaTbl 0CBOSHHSI 00pa30BaTeIbHON IPOTPaMMBIL:
JMYHOCTHBIE, MeETalpeIMeTHble, TpeIMETHble, a Takke y4deOHO-
METOJHYECKOe 00eceyeHueE.

Paznmen «OmexTpoHHBIH Y9eOHUKY. DISKTPOHHBIA YUeOHUK 110 anre0-
pe s ydamuxcst 9-X KIaccoB AaeT BO3MOXKHOCTb O3HAKOMUTHCS C TEOpU-
el mo BeIOpaHHON Teme mpeamera. CopepikaHue DIIEKTPOHHOTO y4eOHHKa
IIOCTPOGHO HAa OCHOBE Y4YeOHOTO MaTephajia IEeYaTHOTO Y4YeOHWKa IUIs
yJamuxcs 00meo0pa3oBaTeNIbHbIX YApexKIeHUH «Anrebpa. 9 kmaccy aB-
topoB A.I. Mopakosuya, I1.B. Cemenona [2]. [l ymoGcTBa MCIOIB30Ba-
HUS DJICKTPOHHOTO y4eOHWKA €ro BHENIHWH BUA W O(QOPMIICHHE MaKCH-
MaJIbHO TIPHOIMKEHBI K Me9aTHOMY M31aHuio. [Ipu 3TOM OH mMmeeT ymoo-
HBII rpaduyeckuil uHTEpderc.
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Paznen «[IpakTukym perienus 3agad». [Ipencrasiser coboi mpuio-
KEHUE JUIsl pellieHHs TeKCTOBBIX 3ajiad, [e yUSCHHUKY TpeaIaraeTcs pelmTh
UX B BHIE TPEHHPOBOYHBIX YNPAXHEHUH. 3a7auil KIACCUPHUIIUPYIOTCS MO
YPOBHIO CIIOXXHOCTH W BOCIpPHATHIO ydeOHoro marepuana. Ilomp3oBareis
MIPWIOKEHHUS B 3aBUCHMOCTH OT HPEO0OIaaoNIero y Hero KOTHUTHBHOTO
CTHISI KOAUPOBAaHUS MH(OPMALMK MMEET BO3MOMKHOCTH BBIOOpA pa3ind-
HBIX BapHaHTOB TEKCTOBBIX 3ahad, ()OPMHUPYS MPH 3TOM CBOH HHIWBHAY-
ANBHBIA 00pa30BaTENbHBIA MAPIIPYT OOyISHHS.

Paznen «Meroauueckoe nmocodue aist yuutens». JlaHHoe mpuiioxe-
HHUE TIPENOCTABISET BO3MOXHOCTh YUMTENIO O3HAKOMHUTBCS C METOIUYE-
CKHUMH PEKOMEHIAUAMH JUIS IPOBEICHHS YPOKOB.

Paznensr «COOpHUK KOHTPONBHBIX 3amad» U «COOpHHK CaMOCTOs-
TEJILHBIX 3aJa4» COAepKaT y4eOHbII MaTepuai Jjis IPOBENeHHsT CaMOCTO-
STENBHBIX U KOHTPOJBHBIX paboT 1o kaxaod Teme. OHM MOTYT OBITH HC-
MIOJTb30BAHBl YUUTENEM Ul OCYHIECTBICHHS TEKYIIETO KOHTPOJIS 3HaHHH,
YMEHHH 1 HaBBIKOB YYaIUXCs, a TAK)Ke yICHUKaMH MPU WHIMBHAYaAIbHOM
pabore.

Paznen «Y4eOHbIe MakeThl IPUKIAAHBIX TporpaMm». Copeprkamuecs
B maHHOM pazzerne DYMK mporpaMMbl MO3BOJISIOT MIEPEBOIUTH YICOHYIO
JEATEbHOCTh IIKOJbHUKOB B HWHTEPAKTHUBHBINH PEXUM HCIOJIB30BAHUS
CHELHUabHBIX KOMITBIOTEPHBIX HHCTPYMEHTOB JUIsl rpa)uuecKux MocTpoe-
Huil. OcHOBHas (DYyHKIHS JaHHBIX MPOTPaMM 3aKII0YaeTCS B TOM, YTOOBI
c(hopMHUPOBATh Y yUAIIUXCS YETKOE IPEACTABICHHE 00 M3ydyaeMOM OObEK-
Te. MHCTpyMeHTaJdbHbIE BO3MOXKHOCTH MJAHHBIX HPOTPAMM TO3BOJISIOT
czienath 3TO B HAIIAJHOH (opme.

Paznen «Tectb». Hannbiil paznen DYMK conepxur nporpammsl ¢
0GaHKOM TECTOBBIX 3aJaHUH JJIs1 KOMITBIOTEPHOTO TECTHPOBAHMS.

Paznen «Cucrema KOHTpOJISL 3HAHUI». {1 pOBEpKHU 3HAHUN U yMe-
HUMH, TOJXY4YCHHBIX IIpH paboTe ¢ yueOHBIM MaTepuaioM, B DYMK peanu-
30BaHa CHCTEMa JMarHOCTUKU W KOHTPOJISI 3HAHWH, OCHOBY KOTOpPOW co-
CTaBJISIOT TECTOBBIE 3aJaHMUS.

Hapsny ¢ TpagummonasiMu B pamkax O YMK HeoOxoamMo Mcrons30-
BaThb 0COOBIE TeXHHMUYECKHE TpPeOOBaHUS, OOYyCIOBIEHHBIE CHENH(HUKON
KOMIIBIOTEPHBIX TexHoJorui. ABTOphl A.B. CnemyxuH, b.E. Crapndenko
BBIJICNIAIOT PSIJl TEXHUUECKUX TPEOOBaHMIH K TECTOBBIM 33IaHUSM C YIETOM
crenn(UKA KOMITBIOTEPHBIX CPEICTB TECTUPOBAHMUS:

— KOMITUIEKCHOCTH (MHOTO(QYHKITHOHAJIFHOCTD TTaKeTa);

— IIPOU3BOIUTENILHOCTH (BPEMS IOCTYIIA, OXBAT);

— HaJIeXXHOCTH (Oe3aBapuiiHas paboTa, BOCCTaHOBIIEHHE HoOcie c0os);
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— MacITabHpyeMoCTh (CETEeBbIe BEPCHHU NPOTPaMM TECTHPOBAHUS);

— 3AIIUIICHHOCTDH (MCIOIb30BaHUE KPUIITOrpahuIecKux METOO0B JUIs
KOANPOBAHUSI COAEPKAHMUS TECTOBBIX 3a/laHUH);

— IIPOCTOTA UCTIONB30BAHMUS (Pa3BEPTHIBAEMOCTD, IPYKEIMIOOHOCTE).

[lepeuncienHble TEXHMYECKHE TPEOOBAHUS OBLIM YUTEHBI IPU pazpa-
00TKe TeCTOBBIX 3amannii DY MK.

IIpennaraemas B HacTOAIIEM HCCIEIOBAHUHM TUATHOCTHKA, IPOBOJU-
Masi ¢ TIOMOIIBIO TECTOB, HANIPABIIEHA HAa BBICTPAWBAaHUE WHAWBUAYAIbHON
00pazoBaTeIbHONW TPAEKTOPUHU YYalllMXCs, OCHOBY KOTOPOH COCTaBIISIIOT
BbIieieHHbIe M.A. X00HO! KOTHUTHUBHBIC CTHIIM KOTUPOBaHUS UHGOP-
Manuy. Co3naHue MHAWBUIYaIbHONH 00pa3oBaTeNbHON TPACKTOPHU SBIIS-
€TCsl HeOOXOUMBIM YCIIOBHEM JUI pealn3alliil WHAWBUIYAIbHOTO MOIXO0-
Jla ¥ OpTaHU3allM{ WHAUBUIYATbHOW CaMOCTOSTEIbHON PabOThl yuaIuxcs
B mpolecce oOyueHHsi MaTteMaruke. VIMEHHO MHAMBUIyanu3anus oOyue-
HUSI TIO3BOJIUT 00ECTICUUTh yJaIlIuMcs BHIOOp MHAMBHIYaIbHOTO MapIIpy-
Ta CBOEH AEATENbHOCTH.

B pab6ote B ocHOBY BeIcTpanBaHus OT ygamierocs mojioeHbl TUTTBI
OPHUEHTUPOBOYHOM OCHOBBI AeWcTBUM, BhlAeneHHbIE [1.51. ["anpnepunpvM u
H.®. TanezuHo#. OHM OBUIH TOJIOKEHEI B OCHOBY (POPMHUPOBAHHUS CIIEITY-
IOIINX MHAMBHAYAIHHBIX 00pa30BaTEIbHBIX TPACKTOPHUIL.

Tpaexropust 1. YueHHKY B MHTEPAKTHBHOM PEXHME IpeIaraercs
MIOCTPOUTH XOJ] PELICHHUS 3a/1a4ul Ha OCHOBE HABOISIINX BOIPOCOB C TOTO-
BBIMM BapHaHTaMHU OTBETOB (B BUJE TECTOB).

Tpaexropus 2. PemieHue 3amad OCyIIECTBISIETCS MOCPEICTBOM BO-
MPOCHO-OTBETHOM cHUcTeMbl. MH(popManuoHHas cHCTeMa CTaBHUT IepeN
TIOJTb30BATEIEM HABOJSIINH BOIIPOC, OTBET Ha KOTOPBIH JIMOO e€CTh perie-
HHeE, TH00 MO3BOJISIET €r0 JOCTHYb.

Tpaexropus 3. YueHUK penraer 3ajady MyTeM OCYILECTBIECHUS CaMo-
CTOSITEJIFHOTO TTONCKA TEOPETHYECKOH MH(OPMAIU C TOMOIILIO HABOIS-
X IPOTPaMMHBIX CCBUIOK Ha MH(popManroHHble IHTEpHET-pecypChl.

Brlaenensle BUIB! AEATENBHOCTH, KOTOPBIMH OBIIAJEBAIOT ydalIuecs
B Tporecce OOydeHHWs MaTeMaTHKe IPH peIeHHH HWH(OPMAIMOHHO-
ITO3HABATENBHBIX 3aJa9, PACKPBIBAIOT BOZMOXXHOCTH omrcanHoro DY MK.

bubnuozpaguueckuii cnucox

1. PoGept U.B. NnpopmaunoHHble 1 KOMMYHHKAIMOHHBIE TEXHOJIO-
run B o00pa3oBaHuM: ydeOHO-Meroamueckoe mocobue / U.B. Pobepr,
C.B. [TantokoBa, A.A. Ky3nenos, A.lO. Kpasnosa; nox pen. 11.B. PoGepr.
— M.: ipoca, 2008. — 312 c.

245



2. Mopakosuu A.I. Anrebpa. 9 ximacc. B 2 4. Y. 1. YuyeOuuk mis
ydammxcsi  o0meoOpasoBarenbHbIX  yupexaenuid /AL Mopakosud,
I1.B. Cemenos. — 13-e u3a. — M.: Muemosuna, 2011. — 226 c.

3. Bukroposa FO.B. DnexTpoHHBIH y4eOHO-METOAMICCKUA KOM-
Ieke Kak cpenctBo GopmupoBanus MKT — KOMIIETEHTHOCTH ydJaIuxcs
9-x kmaccoB B mporecce oOydeHuss marematnke / FO.B. BukTopona,
C.B. BuxtopoB // CoBpeMmeHHbIe HaykoeMkue TtexHomorum. — 2015. —
Ne12. -Y. 4. - C. 634-639.

4. Buxkroposa }0.B. DiekrponHsIil pecypc «NEKTPOHHBIN yU4eOHHUK
«KBaznparueie ypaBueHus»» / FO.B. Bukropora, C.B. BukropoB. — M.:
OI'HY MHUIIN PAO, O®3PHuO Ne 16404 ot 17.11.20101.

Ceeodenus 06 asmopax

BukropoBa lOmms BraguMupoBHa, mpemnogaBaTenb MaTeMaTHKH U
uHpopmaruku komwtemra CO baml'y. E-mail: viktorovayv@mail.ru.

Buxropos Cepreii Bnagumuposuy, KaHIuJar (uznko-
MareMaTH4eckux Hayk, jgoueHt, goueHt C@® Bamly. E-mail:
viktorov@rambler.ru.

YIK 330.43+51-77
I'agpaposa E.A., Mumenes A.H1.
9KOHOMETPUYECKOE MOJAEJIMPOBAHHUE J1OXOJ10B
JTOMOXO351CTB

B pabome npeocmagnenvl pezynvmamsl 3KOHOMEMPUUECKO20 MOOe-
UPOBAHUS O0X0008 OOMAUIHUX XO3AUCME HA OCHO8E YDAGHEHUS MUHYEPO 8-
ckoeo muna ons oannvix PMO3 HUY BIIID.

Kniouesvie cnosa: sxonomempuueckoe moodenupoganue, 00x00bl 00-
Mmoxosavicmea, ypasuenue Munyepa.

Gafarova E.A., Mishenev A.l.
ECONOMETRIC MODELING OF HOUSEHOLD INCOME
The paper presents the results of econometric modeling of household
incomes derived from the Mincer wage Equation for the RLMS-HSE data.
Key words: econometric modeling, household income, Mincer wage
Equation.

© Tl'agapoa E.A., Mumenes A.1., 2017

246



VYxyauieHue oOriel s3koHOMHYecKol cutyanuu B Poccun conpoBox-
JlaeTCsl pOCTOM HEPaBEHCTBA 10 YPOBHIO JJOXOIOB HaceneHus. Kak moka-
3BIBAIOT HICCIIEJOBAHMS B 001acTH AuddepeHnnaniu 10xonos, B Poccnn ¢
2001 roma muddepeHIanus 0cTaeTcs caMoil BEICOKOH U3 BCEX SKOHOMH-
YEeCKH Pa3BUTHIX cTpaH Mmupa [4]. Ha puc. | mpencraBnena AuHaAMHKa B
2000-2016 rr. xo3¢dummenta JHKUHU, XapaKTEPU3YIOIIETO CTETEHb OT-
KJIOHEHUSI JJMHUU (PaKTHIeCKOTO pacmpeneseHus: o0mero oobemMa JOX0I0B
HaCeJICHUSI OT JIMHUH WX PAaBHOMEPHOTO pacIIpeIeIICHHS.

Kak BUIHO U3 pUCyHKa, HaNOOJBLINK Pa3pbiB B PACHpENENICHUN J10-
XOJIOB 32 aHanM3upyeMmblil nepuoa Habmogancs B 2007-2010 rr. B 2013-
2015 rr. HaMeTHIIaCh TCHICHIIUS CHIDKCHHS Kod(duuueHta J[kuuu mes-
neHHbiMEA TemmaMu. OqHako B 2016 T omsats Habmomaics pocT HEpaBeH-
CTBa JI0XOJIOB.
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Puc. 1. Jfunamuxa xosgppuyuenma icunu ¢ Poccuu ¢ 2000-2016 ze.

Ha muddepennmanmro 10x0q0B HaceIEHUS W, B YaCTHOCTH, JOMAIII-
HUX XO3SIMCTB BIMSIOT BHEIIHHE (AKTOPHI (TeppUTOpHAIBHEIC, JAeMOTrpa-
(udeckne, oTpacieBble, MOPaTbHO-3THUSCKUE), a TAKXKE BHYTpEeHHHE (ak-
TOpHI (TUI CEMBU W JIMIYHOCTHBIC XaPAKTEPHCTUKU WICHOB JOMOXO3SH-
cTBa). B manHO# paboTe mpeAcTaBICHBI PE3YIBTATHl UCCICIOBAHUS BIIHSI-
HUS XapaKTePUCTUK JOMOXO3SHCTBA HAa YPOBEHb €r0 OJIarOCOCTOSHUS C
MIOMOIIIBI0 METO0B 3KOHOMETPUKH. [T0CKOIbKY 0OBIYHO 1MO]] IIaBOH JOMO-
XO31ICTBa TTIOHMMAETCSl WIEH JOMOXO3SHCTBA ¢ HAUOOIBIIUM WHIUBHIY-
aJbHBIM J0X010M [ 1], To Oyaem mpeamnonararh, YTo Ha JTOXOIBI JOMOXO3sTH-
CTBa BIIMSIOT WHIWBHUIYaJbHBIC XapaKTEPUCTHUKU TJIABHI JOMAITHETO XO-
3sICTBA.

JIJis MOCTpOCHHS KOHOMETPHUYESCKON MOJENH OBUIH 3aJeHCTBOBAHBI
JAHHBIE TOJNHOW BBIOOpKH 23 BoHBEI (2014 rom) exerogHoro oOciemIoBa-
HUSI IOMOXO3SIHCTB cyObekToB Poccuiickoit denepanmu «Poccuiickuii Mo-
HUTOPUHI HKOHOMHMYECKOTO TMOJIOXKEHHsSI U 370poBbsi HaceneHuss HUY -
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BIID» [3]. IMonnas BeiOopka maHHBIX cocTaBmwia 1000 ompolneHHbIX 10-
MalIHUX XO3SMCTB MO clenyromuM cyobekram P®d: Jlenunrpasickas o6-
JacTe, YnMmyprckas pecmyoOmnmka, Ilepmckuii kpait, Kamyxkckas oGmacts,
TamboBckast obmacts, Bonrorpaackas o6macts, OpeHOyprckas o0nacTsp,
Uysamckast pecmyonuka. 3 paccMOTpeHHs OBUIM HCKIIOYEHBI TOMOXO-
3STACTBA, IS KOTOPBIX HE OBUIH yKa3aHBI 3HAUEHHSI UX JJOXOJOB.

B kauecTBe 3aBUCHMOI1 TIepeMEHHOM OBUTH B3STHI JaHHBIC O TOXOIaX
JIOMOXO3SIICTB, a B KaueCTBE HE3aBHUCHMBIX IIE€PEMEHHBIX: KOJIHMYECTBO
YJIEHOB JJOMOXO3SIIICTB, KOJTMYECTBO IEHCHOHEPOB B IOMOXO035HCTBE, KOIH-
YeCTBO WXAMBEHIIEB 710 15 JeT, a Takke rpynna OWHapHBIX NEePEeMEHHbIX,
XapaKkTepU3yIOUIMX HalW4he Yy IJIaBbl JIOMOXO3SHCTBa MY)KCKOIO IIOjIa,
BBICIIIETO MPO(ECCHOHATEHOTO 00pa30BaHUs, CPeIHEro MpodhecCHOHAIb-
HOTO 00pa3oBaHHUs, NPOKUBAHUE B F'OPOJICKOH MECTHOCTH, HAJIUYHE y J1O-
MOXO3SHCTBA GE3BO3ME3HBIX BBIIAT . B COCTAB 10XOIOB JOMOXO3SICTB
peCHOHACHTaMH OBUTH BKIIFOUCHBI 3apa00THas IUIaTa, CONUAIBHBIC TPaHC-
(bepThI, UMEroINecs ACHEKHBIC TOCTYIUICHUI, B TOM YHCJEC M B BAaJIOTE.
Janee TOXOABI JOMOXO3SMCTB OBUTH BBIPAXKEHBI B MPOKUTOUYHBIX MHHAMY-
Max cyowsekTa PO. [Ipu 3TOM HCHONB30BANNCH YCTAHOBICHHBIE B CyOBEK-
tax P® B IV kBaprane 2014 rox BeIHYNHBI IPOKUTOYHOTO MHHAMYMA JIJIS
BCEro HacelleHus (B CpeHEM Ha AyIIy HaceleHus) [5].

3a ocHOBY cnenu(pUKaIi ObUIO BEIOPAHO ypaBHEHHE MUHIIEPOBCKO-
rO THIA, ONUCHIBAIOIIETO0 3aBUCHUMOCTh Jiorapupma 3apab0TKOB MHAMBU/A
OT XapaKTepUCTHUK €ro TPYAOBOTO M YEIOBEUECKOTO KalHTaja, OpraHu3a-
LIUN U BHJA JESATEIBHOCTH. MOJENb OIEHKH YPOBHS JIOXOIOB JOMOXO-
3STCTB 3aIMIIeM B O0IIEM BHJE:

In(y;) = a+ EfL bix; + £,
I7ie ¥ — YPOBEHb JI0XOJ0B JOMOXO3IHCTB (BBIPAXXCHHBIH B MPOKUTOYHBIX
ypoBHsX cyObekta PD), x; — dakTopsl, OKa3bIBaKOLIME BIUSIHUAE HA U3Me-
HEHUE YPOBHS JOXOJIOB, M1 — KOJIMYECTBO (PaKTOPOB, & — CBOOOIHBIN UJICH
MOJIENH, & — CIydaiHbIe OMMOKKM MOJIENH, B; — orleHrBaeMbie mapamMeTphl
MOJIEIIH.

Pe3ynbTaThl SKOHOMETPHUUECKOTO MOJCIHUPOBAHUS JTOXOI0OB JOMAIII-
HUX XO34HCTB B 3aBUCHMOCTH OT XapaKTEPHCTHUK CAMOTO IOMOXO035ICTBA U
€ro TJIaBbI IPUBEACHBI B Ta0OMIIE 1.

ITockonbky pa3Mmepsl 0e3BO3ME3IHBIX BBHIIUIAT OBUIM yKa3aHBl HE BCEMH OIPAIIMBACMBIMU
JIOMOXO3SIHCTBAMH, TO JUISl COXPaHEHHs] HAOIIOAEHUS B BHIOOPKE pelieHo OBUIO BBECTH OH-
HapHYIO IIEPEMEHHYIO, XapaKTePHU3YIOI[YI0 HaIUIUE BBIIIAT.
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Tabuumna 1
Pe3ynbTaThl 5KOHOMETPUYECKOTO MOJICITUPOBAHHS JOXOO0B JOMOXO3SHCTB

DaKTOpHI, BIUSIONINE HA YPOBCHD 3HaueHus p-
JIOXOZIOB KOX(QPHUIIEHTOB | YpOBEHb

KomnuecTBO WiIeHOB JOMOXO03SHCTBA 0,1854 0,000
My»XCKOH TOJ TJIaBBI JOMOXO3SHCTBA 0,2521 0,000
Hannawe Briciero o0pa3oBaHUsI TJIABEI 0,2682 0,000
JIOMOXO3SIIICTBA

Hanmame cpearero o0pa3oBaHus TIIaBBI 0,0607 0,049
JIOMOXO3SIICTBA

KonngecTBo nmeHCHOHEPOB 0,0924 0,001
[IpoxxuBaHue B TOpoe 0,1087 0,001
Hannune 6e3B03Me3HBIX BBIIIIIAT 0,2403 0,002
KomnuecTBo mxauBenIes 10 15 ger 0,1377 0,000
Koncranra 0,2663 0,000

AHanmm3 aIeKBaTHOCTH MOCTPOCHHOTO YPaBHEHHS ITOKA3all: COOTBET-
CTBHE BHIOpaHHOW MaTeMaTHYecKOH (pOpPMBI UCXOTHBIM JTaHHBIM Ha OCHO-
Be kputepus Owuiepa; CTaTUCTHICCKYIO0 3HAYUMOCTH BCeX (PaKTOPOB; He-
KOPPEIUPOBAHHOCTh M TOMOCKEIACTHYHOCTh OCTAaTKOB MOJENH;, OTCYT-
CTBHE MYJIBTHKOJUIMHEAPHOCTH. CrabbIM MECTOM MOJIENU OCTaJloCh HHU3-
KO€ 3Ha4YeHHe CKOPPEKTHPOBAHHOTO KO3 (HIIMEHTa JAeTepMHUHALINY, PaB-
Hoe 0,42. DTO MOXET OBITh CIEACTBHEM Henoydera (akTOpOB, MOITOMY
JanpHelas paboTa Mo yIyqIIeHUIO MOJIeNN OyAeT MPOJOKAThCS.

Kak BuAHO W3 TaONuUIBl, 3HAYUMBIMU (aKTOpaMu JJIsl TOXOJAOB JI0O-
MAaIIHUX X03HCTB OKA3aIHCh: THII MECTHOCTH, ITOJI TJTaBBI TOMOXO3SHCTBA,
HAJIMYHE CPEIHETO MPOPECCHOHATBHOTO U BBICIIETO 00pa30BaHMUs, COCTAB
JIOMOXO3sicTBa (YUCIIO WICHOB JTIOMOXO3SICTBA, MIEHCHOHEPOB H IDKIU-
BEHIICB), HAJIIMYHE OCE3BO3ME3JHBIX BBIILIAT. YCTAHOBJICHO, YTO pa3Mep
JIOMOXO3SICTBA (YHCIIO WICHOB JJOMOXO3SICTBA, YACIO VKIUBCHIICB, YHC-
JIO TICHCHOHEPOB) IOJIOKUTEIBHO BIMSACT Ha €ro Joxonubl. [IpubarieHue
YJICHOB JIOMOXO3SIMCTB YBEJIWYMBAECT OOIIMA YPOBEHb JOXOJOB JOMOXO-
3s1iicTB Ha 0,18 yCIOBHBIX €IMHHII C KaXXIbIM HOBBIM WICHOM JIOMAIITHETO
X035iCTBa. YBENWYCHHUE WKIUBEHIICB 0 15 €T B JOMOXO3SICTBAax CIO-
COOCTBYIOT IOMOJHHUTENBHBIM BBIIUIATaM, CYOCHINSAM, WM TIOCOOHSM,
KOTOpPBIE HETOCPEACTBEHHO YBENIWYMBAIOT oOmmii moxoxa. Kpome toro, B
pabore [2] sMmupuyYeckH IOKa3aHO, YTO BCTYIJICHHE B OpaKk M OTBET-
CTBEHHOCTb 3a CEMBIO OKAa3bIBAIOT BJMSHHE HA MYXXYHHY M BBI3BIBAIOT
pOCT €ro MpOM3BOAUTENBHOCTH U JACHEKHBIX N10X0A0B. Ilo aHamoruum c
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CYIpPYKECKOW IpeMueil, MO)KHO TOBOPUTh O «CeMEWHON» npemuu. Hanu-
YKe WKIAUBEHICB U MCHCHOHEPOB B JIOMOXO3SICTBE CHOCOOCTBYIOT (hop-
MHpPOBAaHHUIO OTBETCTBEHHOCTH 332 HHUX M CIIOCOOCTBYIOT POCTY IOXOZOB
TJIaBBI U OCTAJIBHBIX WICHOB IOMOXO03sicTBa. OOMmIMA YpOBEHb IOXOJOB
JIOMOXO03s1icTB yBenmmunBaeTcs Ha 0,13 yCIOBHBIX eIMHUI] C KaXKIBIM pe-
6erkoM. Taxke yBemMUeHHE KOJIMYECTBA IICHCHOHEPOB CIIOCOOCTBYET
OoNbIIeMy KOJIMYECTBY HAKOIUICHWH JAEHEKHBIX CPEJICTB, a TAKKE JIOTIOJ-
HUTEJBHBIX BBIIUIAT, NEHCUOHHBIX CTPAXOBaHUM WM T.A., YTO HEHOCPEN-
CTBCHHO YBEJIMYMBACT OOIIMI YpPOBEHH OXOJOB JOMOXO3SIMCTB. B mo-
CTPOEHHOW MOJENH, NMPUOABIICHNE KOJIUYECTBA IEHCUOHEPOB, YBEITUYUBA-
eT o01uii ypoBeHb 10x010B Ha 0,09 yCIIOBHBIX €AMHMUII.

YpOoBEHb N0XOAOB JIOMOXO3SUCTB, IPOXKHUBAKOLIMX B TOPOJCKOI
MECTHOCTH, 0OJIbIIIC YeM Y CebCKHX xuTeseh. [To pe3ynbraTtam uccieno-
BaHMUSA, JOXOJIbI JOMOXO3SHUCTBA, IPOKUBAIOIIETO B TOPOJIE, YBETUUUBAIOT-
cs Ha 0,10 ycoBHYIO €UHUILY.

Ilo pe3ynbraram uccieqoBaHUs, JOMOXO3IUCTBO, INIABOM B KOTOPBIX
SIBIISICTCA MY)KYMHA, UMEIOT OoJiee BBHICOKHHA YpOBEHb a0xoaoB Ha 0,69
YCIIOBHBIX €IUHMII. Hamndme BBICIIETO W MOCIEBY30BCKOTO 00pa3OBaHHSA
TJIaBBI JIOMOXO3AHCTBa (OakajmaBpuaT, Marucrparypa, acmupaHTypa) Io-
BEIIIIACT KOHKYPEHTOCIIOCOOHOCTD TJIaBHI IOMOXO3SICTBa HA PBIHKE TPYAA,
BCIIEICTBHE YETO €T0 3apaboTHasl miaTa U o0Imuid ypoBeHb JJ0X0/1a BO3pac-
TaeT Ha 0,25 yCIOBHBIX €JMHHII.

Be3Bo3Me3Hble BBIILUIATHI yYaCTHHKAM JIOMOXO3SHCTBa OT 0OIIe-
CTBEHHBIX OpraHW3alluii, YaCTHBIX JIML, LEpPKBEi, MeueTel UM CUHAror,
POJICTBEHHUKOB, 0€3YCIOBHO, YBEIMUMBAIOT OOLTUI TOXO/ JJOMOXO3SICTB
Ha 0,24 yCIOBHBIX €IMHUL COOTBETCTBEHHO.

[locTpoeHHass SKOHOMETpUYECKas: MOJENb I103BOJIMIIA OINPEAETUTh
BIIMSIHUE XapaKTEPUCTUK JIOMOXO3SICTBA M €ro IiaBbl JOMOXO3SMCTBA Ha
0JIarocOCTOSTHIE CaMOro JOMOXO3sicTBa. TakuM 00pa3oM, perpeccuoH-
HBI aHaJIN3 TOKa3ajl, YTO OCHOBHBIMH (DaKTOpaMH, BIHMSIOIMMH Ha ypo-
BEHb JOXOJI0B IOMOXO3SIICTBA, SBISIOTCS: MPOXKUBAHUE JOMOXO3SICTBA B
TOPOJICKOH MECTHOCTH; MYXKCKOH TIOJ TJaBbl JOMOXO3SIMCTBA;, HATUYHE
cpemHero npodeccuoHaIbHOTO WX BBICIIETO 00pa30BaHUs Y TIaBbI I0MO-
X035HCTBa; OOJNBIIONW pa3Mep JAOMOXO3AWCTBA; HAIMYHE O€3BO3ME3IHBIX
BBITUIAT.
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O MOJEJIA KOHBEPCUN MOHOMEPA B TIPOHECCAX
PAJIUKAJIBHOU ITIOJIMMEPU3AIIMU TMEHOB

B pabome dana obwas cxema nocmpoenus Mamemamuyeckot Mo-
denu mpoyecca paouKkaibHOU ROAUMEPU3AYUU OUEHO8. YKA3aHO, YUMo
npoyecc Xapakmepuszyemcs: UIMEHeHUeM 3HAYeHUll KOHCMAHM CKOpO-
cmetl K8adpamuyHblx 06pbl608, YUMo GIUsLeN HA NOBEOEHUE KOHBEPCUO H-
HOU Kpugou, 8 KOMOPOU OMMEeYAIOMcst Y4acmKu NOCMOSIHCIEA KOHYeH-
mpayuu axmusHvlx yenmpos. llpusedenvi popmynvl 0ns pacuema 3nave-
HULl KOHCMAHM CKOpocmell.

Kniouesvle cnosa: padukanibhas ROIUMEPU3AYUS, KUHEMUYECKas
cxema, Mmamemamuieckas Mooe.
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Gizzatova E.R., Spivak S.I.
ABOUT MODEL OF MONOMER CONVERSION IN RADICAL
POLYMERIZATION PROCESSES OF DIENE.

This paper is consists a scheme for constructing a mathematical
model of the process of radical polymerization of dienes. Provided that the
process is characterized by the values of the rate constants of the quadrat-
ic breaks that affect the behavior of the conversion curve, which highlights
areas of the constancy of the concentration of active centers. The formulas
for calculating the values of the rate constants.

Keywords: radical polymerization, the kinetic scheme, mathematical
model.

OmnucaHue KHHETHYECKUX OCOOCHHOCTEH TOJUMEPU3AIIMOHHOTO
mpolecca MOXET BECTHUCh METOJaMH U CPEACTBAMHU MaTeMaTHYEeCKOTO
MozaenupoBanus. llenecooOpa3HocTh moxxoga oOyciaBIUBaeTCs HEOO-
XOJMMOCTBIO ONUCAHUS MOJUMEPU3ALUOHHBIX MPOLECCOB U BBIACICHUS
BCEX KUHETUYECKUX 3aKOHOMEPHOCTEN, KOTOPBIMHU CBSI3aHbI KOMITIOHEHTHI
Ipyr ¢ apyrom. B muteparype [1] mpuHATO BBIAENATH ABa MOAXOAA K
MOJENMPOBAHUIO NOJMMEPU3ALMOHHBIX IPOLECCOB — CTATUCTUUECKUN U
kuHeTH4ecKuid. OCHOBHOM COCTaBJISIOLIEH IMEPBOrO0 W3 HUX SBISETCS
BEpPOSTHOCTH, MIOHUMaeMasi KaKk KOJWYECTBEHHAss BO3MOXKHOCTh HACTYI-
JICHUS! OTJEJIbHON peakluu Kaxa0¥ aneMenTapHoi ctaauu. Jpyroit moa-
XOJl - KUHETUYECKUNA — TO3BOJISIET OIICHHBATh MOBEJEHHWE PEareéHTOB B
X0Jle Tpoliecca: M3MEHEHHE WX KOHIICHTPAIWid; W3MEHEHUE CKOPOCTEH
mpoiiecca; BIUsSHUE TeMIIepaTyphl Ha MpoIecc.

IMomydenHass kuHETHYECKas mojaenb [1], mpeacrasiser coboil Ma-
TeMaTUUYECKUH aHaJIOr PeajbHOT0 XMMHUYECKOro Mpouecca. 3aKOHbl XHU-
MHYECKOW KMHETHKHU OIKCHIBAIOT MMOBEJIEHUE PEAreHTOB BO BPEMEHH I10-
cpenctBoM nudpepeHImanbHBIX YPaBHEHHUH CISIYIOMIETO BU/IA!

dXx
—=f(t,X,K
ralt )

rae t — Bpems moiauMmepusanuu, X — BEKTOp KOHIIEHTpalMi BceX BO3-
MOXHBIX PEareHTOB CHCTeMbl; K — BEKTOp KOHCTAaHT CKOpOCTeH Bcex
JJeMEHTapHbIX CTaIUil mpouecca.

Jns moctpoeHHOW cucTeMbl Au(QepeHITHaIbHbIX YPAaBHECHUH BEI-
MMMCBHIBAIOT HAYAIbHBIE YCIOBHS M CTAaBAT HpPSIMBIE U OOpaTHBIE KUHETH-
YecKHe 3aJauu.

CornacHO M3TI0)KEHHOMY BBIIIE, TSI KHHETHYeCKOH cxemsl (1):
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| — 2R,

k

p
Rl +M—)Rl+l

&+&J§HH+% (1)

R +R, M ,p
ithRm— F4m

k
td
Ri+Rn——F + Ry
cucteMa IU(QepeHINANBHBIX YPAaBHCHHH, BBIIHMCAHHAS COTJIACHO
3aKOHaM XMMHUYECKOH KMHETHKH, OyAeT UMETh BHI:

ﬂ:—ki I
dt

dd% =21k | —ktr(ca)2 —kig (Ca)z

dM

o~ KeMCa )
ds

E = —ks SCa

d
ditl: 2fk; | —k MR, +KksS(Cy Ry )~kirRy Ca —kgR; Ca

dP,

EszSRl +kth1Ca

dR; .
TzkpM(Rl—l_Rl )_kSSRI _ktrRi Ca_kthl Ca ,|22
dPi i1 .

E:kSSRI +ktr ZRZRI—Z+k[dCaRI ,IZZ

z=1
HauanpHble ycnoBus sl CUCTEMBI CIIEAYIOIINE:
1 ©=1(0), MO=Mm(0),5° = 5(0), C."=C, (0), R ¥=P;?=0, i>1 3)
IIpu 3amaHHBIX 3HAYEHUAX KOHCTAHT CKOPOCTEH BCEX dJIeMEHTap-
HBIX CTaJuil Tpollecca W HadaldbHBIX YCIOBUU (3), TOJydarOT penieHue
npsMON KMHETHYeCKOW 3amaun. OJHAKO BIAJAETh YUCIOBBIMHM 3HAUYECHU -
MH BC€X KOHCTaHT CKOPOCTEH MPaKTHUYECKH HEBO3MOXKHO B CHIIY CJIOX-
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HOCTH WX IOJyYEHHs B pe3yJibTaTe HaTYPHOTO JKCIIEPHUMEHTa. Takum
00pa3oM, BO3HHKAaeT oOpaTHasi KMHETHYecKas 3ajada MOWCKa 3HAYEHUH
KOHCTaHT CKOPOCTEH, C KOTOPBIMH OBI YAOBICTBOPUTEIHHO OMUCHIBAJIICH
9KCIIEPIMEHTAIBHO ITOJIydaeMble KPUBBIE IT0 KOHBEPCHUH, CPEIHUM MOJIe-
KYJSIPHBIM MaccaM U MOJIEKYIISIPHO-MacCOBOMY PacIpelelICHHUIO.

Hano 3aMeruTh, 9TO TpOIECCH paAWKAIBEHON MOTUMEPHU3AIHA OT-
JUYAI0TCA OT APYTUX MPOIECCOB IMOIMMEPHU3aIUil TeM, 9TO HaOIF0aeTcs
MaJIcHUE CKOPOCTEH KBaIpPaTHYHBIX OOPHIBOB, BEI3BIBAEMOE YMEHBIIICHH-
€M 3HA4YeHH COOTBETCTBYIOIIMX KOHCTAaHT CKOpocTeil peakuuit [2,3].
Haubonee spko BBIpaKEHO Takoe MOBEACHUE KOHCTAHT B XapakTepe H3-
MEHEHHUsI KOHBEPCUH MOHOMeEpa, Tie HosBisercs 3¢ (e, Ha3bIBaeMblil
aBTOKATAJIM30M U IPOSIBISEMBII KaK PE3KUH CKayOK pacxoja MOHOMepa
[2,3] (puc. 1).

CornacHo [3], 3aKOH U3MEHEHHUsI KOHCTAaHT MOXET ObITh MOJAYHWHEH
3aBHUCHMOCTH:

I<*=k-exp(—01U—02U2—c3U3) (4)

B pabote O6butn momydeHs! (GYHKIHMOHAIBHBIE 3aKOHOMEPHOCTH H3-
MEHEHHUSI KOHCTAHT CKOPOCTEH KBaJpaTHYHBIX OOPBIBOB AN Hpoliecca
mormMepu3anuu MeTmiMerakpmwiara (MMA) Ha MHUNHHPYIOMIEH crucTe-
Me azouzo0ytuponutpun (AUBH). [lanbHeinie BRIYUCICHUS TTOKA3alH,
410 (4) MOXHO JOIOJHUThH YTOUHSIOUIMM KOA(P(UIEHTOM, YBEIUUUBAIO-
KM KO3(GHULIMEHT KOPPEISUY MEXAY 3KCIIEPUMEHTAJIbHBIMU M TEOpe-
TUYECKUMU JTaHHBIMH [2]:

k*=k~exp(—co—c1U—02U2—03U3) (5)
Kaxnpiii ko3 dunueHt kpuBoit (5) sBisercss JTUHEHHO He3aBUCH-

MBIM MapaMETPOM OT TEMIIEPATYPEI:
Ci=a;+ bi T (6)

/bnax

Puc. 1. Paznuunvie 6uobi KOHBEPCUOHHBIX KPUBBIX MOHOMeEpPA
epaaukaﬂbnozl noaumepuzayuu, COOnmHeceHHvle K a6COJlIOmHOMy epemenu
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IIpumensis npu pemeHun cucTeMbl Buja (2) ¢ HauaJdbHBIMHU YCIOBH-
smu (3), BelpaxkeHue (5), X0 mpouecca NOIMMEPU3aLUU TO3BOJSAET BHI-
JETUTh ABa PEXHUMa pabOTHI, OCIEIOBATENBHO MEHSIONMINX APYT ApYyra:
CTaI[MOHAPHBIN M HECTAI[MOHAPHBIH, YTO OTMEYEHO Ha pHC.2.

b?'

cTaumo

Vv HapHbI#
- pexumy
min

Puc. 2. Cmena pabomer cmayuonapro2o u HecmayuoHapHo20 pedicumos
Ha KOHBEPCUOHHOU KpUBoU 8 paoukanbHou noaumepusayuu MMA npu
T=323K na unuyuupyroweii cucmeme AUEH (15 = 0,003 monv/n)

MaremaTHuecky, CTallMOHAPHOCTh PEXUMa O3HAYAET MOCTOSIHCTBO
KOHIICHTPAI[MA AKTHBHBIX IIEHTPOB, TO eCTh mpu JroboMm te[ ty, tmax ],
C.(t)=const, HecTanmoHapHOCTH — 0OpATHOE.

Takum oOpa3zom, B paboTe NpencTaBIcHa MOJETb IOBEICHHUS KOH-
BEPCUOHHON KpUBOHM AJi paJuKalbHOIO IMpoliecca MONMMEpPU3aLUU, Xa-
paKTepHU3yIoIIasics NOSBIEHUEM CTAallMOHAPHOI'O M HECTALlMOHAPHBIX pe-
JKIMOB pabOTEHI Ipolecca.
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KPAEBAS 3AJAYA JJISA YPABHEHUSA C ONEPATOPOM
JJABPEHTBEBA-BUIAA3E C IBYMA JIMHUAMU
W3MEHEHUS TUIIA B IPSIMOYT'OJIbHOM OBJIACTH

B pabome ona ypasnenus ¢ 08ymsa TUHUAMU USMEHEHUS MUNA U3yYeHa
Kpaeeas 3a0aya ¢ yCI08UAMU NEPEO20 U 8MOPO20 podd HA paHuye npsi-
MOY201bHOU obnacmu. Ycmanoeien Kpumepuil eOUHCIMEeHHOCIU U peude-
HUe NOCMPOEHO 8 8ude CYMMbl OUOPMOOHATLHO2O PAOA.

Knouesvie cnosa: ypasnenue cmewannozo muna, kpaesas 3a0ayd,
cywecmeoganue u eOUHCMEEeHHOCHb PeueHUs.

Gimaltdinova A.A.

THE BOUNDARY VALUE PROBLEM FOR THE EQUATION
WITH THE OPERATOR OF LAVRENTIEV-BICADZE WITH
TWO LINES OF TYPE CHANGE IN THE RECTANGULAR AREA

For the equation with two lines of type change was studied the
boundary value problem with conditions of the first or second kind on the
boundary of a rectangular domain. A uniqueness criterion was established
and the solution was constructed as the sum of a biorthogonal series.

Keywords: mixed type equation, boundary value problem, existence
and uniqueness of the solution.

PaccmorpuM ypaBHeHHe

Lu = (sgnx)u,, +(sgny)u,, +bu=0, beR, Q)

B obmactu D ={(x, y)|| X<, -a<y<}f}, a,peR.. Ilycts
D,=Dn{x>0,y>0}, D,=Dn{x>0,y<0}, D,=Dn{x<0,y<0},
D,=Dn{x<0,y>0}.

© I'mmanrounosa A.A., 2017
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3agaua. Haiitu Qyuxuuio U(X, Y), YAOBICTBOPSIOIIYIO YCIOBHSIM:

u(x,y) eC*(D)nC?*(D,uD, UD, UD,), )
Lu(x,y)=0, (x,y)e D,uD,uD,UD,, 3)
u(x,y)|,, =ux.y)|_,=0yel-apl, (4)

u, (), =00 u,(xy)| _ =p).xeC1), (5)
TZIe @ W | — 3aJaHHbIC TOCTATOYHO TIIAAKUe ()YHKITHH.

KpaeBbie 3anaun 1711 ypaBHEHUIH CMEIIAHHOTO THIA C OHOW WU He-
CKOJIbKMMHU JINHUSIMH M3MEHEHUS! TUIIA U3YYaIHCh MHOTMMH aBTOPaMH.

Pa6ora [1] mama HOBBIM TOMYOK K M3YyYEHMIO KPAaeBbIX 3a4ad I
ypaBHEHH CMEIIAaHHOTO THIIA B TIPSIMOYTOJIBHBIX 00JIaCTsIX.

B nacrosimeii pabore anst ypaBHeHus (1) ¢ qByMsl BHYTPEHHUMHU JIU-
HUSIMH U3MCHCHUS TUIA M3ydeHa KpaeBas 3ajada ¢ YCIOBHAMU IIEPBOTO U
BTOPOTO poJia Ha TPaHHUIIE MPAMOYTONbHOH obmactn D. YcTtaHOBNIEH Kpu-
TepUil €JMHCTBEHHOCTH, U pelleHue 3aaa4yu (2) — (5) mocTpoeHo B BUe
CYMMBI psiia IO OHOPTOrOHAJIBHOW CHUCTEME JIByX B3aWMHO-COTPSKEHHBIX
CIICKTPAJIbHBIX 3a]a4 [T OOBIKHOBEHHOT'O TU(PEPEHIMATBHOTO OMEpaTo-
pa BTOPOTO MOpsAKA C Pa3pBIBHEIM KOA(PGHUIIMESHTOM IIPH CTAPIIEH IpOu3-
BOJHOW. ENMHCTBEHHOCTh pEIICHHS IMOCTABICHHOW 3alladyd JOKa3aHa Ha
OCHOBaHHU TIIOJIHOTHI OHOPTOTOHANBHOW CHCTEMBI B IPOCTPAHCTBE
L,[-11]. Tpu noka3arenscTBe CyliecTBOBaHMs peieHns 3axaqu (2) — (5)

BO3HHUKJIA TaK Ha3blBaeMas «IpobiieMa MaJibiX 3HAMEHATENei», KOTopas
CO3JIaeT TPYAHOCTH NPH 0OOCHOBAHHH CXOAMMOCTH IIOCTPOSHHOTO psijia B
knacce Gynkmmii (2). [Ipu ompeneneHHbIX OrpaHUYCHHUSIX Ha MapaMeTphl
@, 3 0Ka3aHbl IEMMBI 00 OTJEIMMOCTH MaJIbIX 3HAMEHATEJIEH OT HyJIs.

Tocne pasnmenenus mepemenubx U(X,Y) = X(X)Y(Y) B ypaBHeHHH

(1) mosryumnm:
sgnx- X"+dX =0, xe (-1,0) v (0,1, (6)
X(0+0)=X(0-0),X'(0+0)=X"'(0-0),X(-) =X (@) =0, (7
sgny-Y"+(b-d)Y =0,y e(-«,0)U(0, 3), 8)
Y(0+0)=Y(0-0),Y'(0+0)=Y"'(0-0), 9

rae d = 4> € C — noctosuHas paszenenus. CrekTpanbHas 3a1a4da (6), (7)
HE SBIISETCA KIACCHYECKOH M3-3a HE3HAKOOIIPEISeHHOCTH KodhpUIIeHTa
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IIpU cTapliel Mpou3BOIHON. DTa 3aada Takxke MolydeHa B [2] npu pere-
HuH 3a1aun Jupuxite i ypasuenus (1) mpu b =0.
Pemennsmu 3anaun (6), (7) OynyT QyHKINH

sin[, (x-1)] shlx, (x~1)]

,X>0, , X>0,

XP)=] Ok X@(y=]
shiza (<401 g sinfu (X+D] . _ 4
ch u, ' cosy,

Vg
rae Y, = —Z+7zk , ke N, - monoxurensHble KOPHU TPAHCIEHAECHTHOTO

ypaBuenus tgu=—thpu B paGore [2] oTMeueHo, 4YTO cUCTeMa
XO(x), XP(x)} ue oproromamsna B L[-11] u nokasaxo, 4to B
L[-11] smasercs nomHoit 6uoproronansuas cuctema {Z(x), Z? (x)},
rae Z(x) =sgnx- X (x). Tpu naitnennbix 4, w npu |b|< 47 waiizem
pemenue ypaBHeHus (8) ¢ ycnosusimu (9):

YO(y) = af? ch(yy/ st —b) +b sh(yy[ss; ~b), y >0, 10)
“ | cos(yyif —b) + b sin(y\[i —b), y <O,

k k k k
YOy aﬁz’cos(wa,ukﬁb +bk(2)sin(wayk2+b),y>0, a1
K \Y)=

a® ch(yy/s4 +b)+b® sh(y\/s +b), y <0,

rae a,b,i =1,2, — HeusBecTHBIE MOKa KOS(BPHUIMEHTHL.
MokHO y6enuThCs, 9To QyHKIHH
N 1 N
u®(y) = Lu(x, V)ZO (x)dx, k =1,2,3,... (12)

YAOBJIECTBOPSIIOT ypaBHEHHUIO (8), moatomy mpencraBumsl B Bume (10) u
(11). Torma u3 paBeHcTB (12) M rpaHUYHBIX YCIOBHH (5) nMeeM:

(u?) (B)=[ ', (x BZO(Wdx = [ p(9Z8 (X)ox =, (13)
(u0) ) = [ u', (-2 (k= [ y(ZO(dx =y, (14)
k=12,3,.... Yuursisas (10), (11), (13) u (14), noayuum

a sh(By a5 —b) +bY ch(By i ~0) = o I i —b (15)
a® Sln(m;y b) +b® COS(a,Wz b) =y ® /«f,uk
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_aIEZ) Sin(ﬁ\éﬂkz b)+ b(Z) COS(ﬂ\) /uk2 b)=¢ (2) /\/ /ulf +b, (16)
—a{? sh(ay/ 1 +b) +b{ ch(af i +b) =y 1 ui +b.

Ecnu mpu Becex k € N onpenenutenu cucteM (15) u (16) OTAHYHBI OT
HYJIS:

AL =sh(By 1 —b)cos(an] 1 —b) —sin(ay/ 1 —b)ch(By i —b) =0,

AP =sin(ﬂa/yk2 +b)ch(a i +Db) —Sh(ocaf,uk2 +b)cos(By/ 14 +b) =0,

TO CUCTEMBI OJHO3HAYHO pa3pe].HI/IMBI'
N J:[ o cos(a[u —b)~y? ch(p\[iE —b) |,
)7

aHAJIOTUYHO JJI aéz) bk(l) b(z) . Ioncrasnss Haiinenusie 3HaueHus B (10),

(11), moyunm Tem cambiM nipeictapienue s Ul ().

Teopema. Ecnu cywecmseyem pewenue sadauu (2) — (5), mo ono
eouncmeenno, moavko ecau 0na écex KeN  ewinoansiomes ycrnosus
A (e, B)#0, 1=12.

st 000CcHOBaHUS CYIIECTBOBAaHUS pelieHus 3amaqn (2) — (5) HeoO-
XOJIMMO TIOKa3aTh CYHIECTBOBAHME YUCEN « W [ TaKuX, 4TO NPHU OOJb-
umx K seipaxenns A (a, ) otjenensi ot HyJis.

MokHO noKaszath, yTo ecnu « € N — moboe, KpoMe 4Yucesl BHIA
4p-1, peN, wm a=p/qeQ, p,geN, (p,q)=1 npuyem umcIO
q— p He kpaTHO 4, TO cymectByIOT nocrosinHas M, >0 u Homep k €N
Takue, uto 1 Beex K >k cnpasenyusa onenka | AP (a, B) > M,e™”.

Pemenne 3amaun (2) — (5) umercs B BUAE CyMMBI OHOPTOTOHAIIEHOTO
psna
uxy) =3 (U NXL0+uP (YNXD (). )
k=L
IIpu HEKOTOPBIX OrPaHUUEHHSX HA TPAHUYHBIE DYHKIMH @ U ¥ J0-

Ka3aHa paBHOMEpPHAas CXOIUMOCTh psna (17) u ero mpou3BOIHBIX IO BTO-
pOTO MOpsIKa BKIFOYUTEIHFHO B COOTBETCTBYIOIIUX 00JACTAX, YTO O3HAUYa-
€T BBIIIOJIHEHHE yCIOBHUA (2).
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OCOBEHHOCTHU MOJEJIMPOBAHUS TEYEHUS
3ATOILIEHHOM CTPYHU C YYETOM
OBPA30OBAHUA T'NJAPATA

B pabome paccmampueaemcs meuenue 3amonjieHHoU Cmpyu 6 ycio-
suUsAxX cmabuibHo2o cywecmeosanus euopama. Ilpoyecc Gopmuposarus
eudpama ejusent Ha makue menzzoqbuwueczcue napamempuvl cmpyu, Kak.
memnepamypa, cKkopocmy, NIOMHOCIb, PAOUYC.

Kniouesvie crnosa: eudpamoodbpaszosanue, 3amonyientas cmpys, pasiue
Heghmu.

Gimaltdinov I.K., Kildibaeva S.R., Kildibaeva G.R.
FEATURES OF FLOW SIMULATION IN A SUBMERGED JET
SUBJECT TO CONDENSATION

In the paper, for a submerged jet in conditions of stable existence of
hydrate. The process of formation of hydrate affects such important param-
eters of the jet: temperature, speed, density, radius.

Keywords: hydrate formation, submerged jet, oil spill.

Teuenne MHOTO(a3HBIX 3aTOIUICHHBIX CTPYH MOXKET UMETh KaK ecTe-
CTBEHHBIH, TaK M TEXHOT€HHBIH Xapakrep. boibme o0beMbl BHIOPOCOB
He)TH M Tra3za B OKeaH, Yallle BCEro, CBS3aHbI C MTOBPEXKICHHEM TPYOOTIpO-
BOJa MJIM CKBAXXHHBI. PaCCMOTpI/IM cnyqaﬁ, Korjja TC4€HUE CTPYH BbBI3BAHO
aBapueil Ha He(hTeJoObIBarOIIEH KOHCTPYKITHH.
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[TycTh B HauaJIbHBIA MOMEHT BPEMEHU M3BECTHBI OOBEMHBIE PACXO/IbI
HedTH M rasa, NOCTYNAaIOMKX U3 TpyOonpoBoaa. Takke N3BECTHA HAYaJb-
Hasl TEMIIepaTypa yrJIeBOJOPOIOB U OKpyXKaromiel cpensl. st Moxenupo-
BaHMA MOBEACHUSA CTPYU HEOOXOAMMO OMPEACIUTH PaIyC CTPYH, TpackK-
TOPHIO, CKOPOCTb, IIIOTHOCTh U TeMIepaTypy. [lomydeHHbIe 3aBUCHMOCTH
JAHHBIX ITAPAMETPOB OT BPEMEHH MO3BOJISAT CIIPOTHO3MPOBATh AajbHEHIIee
pacupocTtpanerue cTpyH [1, 2] u cMonenupoBats paboTy YCTPOMCTB IS
YCTpaHEHHUS HeXelaTeIbHBIX TeXHOTeHHBIX yTeuek [3]. Cumraem, 4to ra3
pacrpocTpaHsieTcst B BUJIE My3bIPHKOB U 3aHUMAET LEHTPAIbHOE SIpO ce-
YEeHUsI CTPYH, & TepMOOAapUUYECKUE YCIIOBUS HA JIHE BOJOEMa COOTBETCTBY-
0T YCJIOBUSIM CTa0HMJIBHOTO CYILECTBOBAaHHS I'HApATa.

B ocHOBe MaTemMaTHYeCKON MOJENU JIEKUT UHTErpalbHbIA JlarpaH-
JKEBBIH METOJ KOHTPOJILHOTO 00BheMa, mpeyioskeHHbIN B pabdore [4]. Co-
[JIACHO ATOMY METOJly CUUTaeM, YTo cTpys (puc. la) cOCTOUT U3 mocieno-
BaTCJIbHBIX JJIEMEHTOB — LWJIMHAPOB, UMEIONIMX BEICOTY h M pamuyc b
(puc. 16).

Kaxnplii 3MeMeHT CcTpyH — KOHTPOJIBHBIH OOBEM XapaKTEepH3YeTCs
CBOUM II0JIOXKEHHEM B IIPOCTPAHCTBE, CPEAHEH CKOPOCTHIO, TEMIIEPATYPOH,
IUTIOTHOCTBIO M OOBEMHBIM COJICpKaHHEM BELIECTB, BXOIIINX B CTPYIO.
TypOyneHTHOE BOBIECUEHNE OKPY)KAIOIIEH BOABI B KOHTPOJIBHBIA 0OBEM
YUUTBIBAETCSl MPU pacueTax Ha KakAOoM Imiare 1o BpemeHu. Heobxoanmo
onpenenutsh Bee xapaktepuctuku KO ¢ TeueHnem BpeMeHH. 3Has xapakx-
TEPUCTHKU KOHTPOJIHLHOTO 00beMa, MOKHO TIOJTYYHUTh MapaMeTPhl CTPYH.

(x: vz

h

¥

Puc.1. Cxema 3amonnennoi cmpyu (a), Konmpoavhwlii 00vem (6)
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ypaBHeHI/Iﬂ COXpaHCHMA MacC IJid BOJbI, Ir'a3a, He(l)TI/I uruapara B KO:
dm dm dm dm
wo_ _Jh’ g:_Jh_ , 0:0, h:J_ , 1
dt prw w dt g ngg dt dt h thh ( )

rae m,, p, (i=w,9,0,h) — Macca KOMIIOHEHTOB B KOHTPOJILHOM 00BEME U

UX IUIOTHOCTB; Q,, — OOBEMHBIIl MOTOK, BOBJICUCHHON B CTPYIO OKPYXKalo-

el BOJBI; Qg , Q, — OOBEMHBIH ITOTOK Ta3a M THUIpATa, «BBIXOMAIIHI» U3

h
w !

KO B cBsi3u ¢ uckpuBieHuem cTpyu; J J; — COOTBETCTBEHHO HHTEH-

CHUBHOCTHU pacxoda BOJbI U ra3a mnpu O6paSOBaHI/II/I ruapara, Jh — UHTCH-

CHUBHOCTh 00pa30BaHuUs ra3orujpara. 37ech U Jajnee HIDKHUEC WHACKCHI W,
g, 0, h oTHOCATCA K MapameTpam BOJBI, ra3a, He)TH U THUApPATA COOTBET-
CTBEHHO.

VIHTEeHCUBHOCTH PacX0I0B CBA3aHbI CICAYIOIIUMHU COOTHOIICHUSIMHU:

— — _ —_ 2
Jg—G~Jh,JW—(1 G)J,, J, =N4zraj,, 2

rae G — rumpatHoe yuciio, N — KOJIMYEeCTBO My3bIPHKOB B KOHTPOJHEHOM
obbeme, @y, — PajaMyc KOMIO3UTHBIX My3BIPHKOB, J, — HHTEHCHBHOCTH
00pa30BaHus TUIPaTa, OTHECCHHAS K IUIOIIAAM TOBEPXHOCTH My3bIPhKa.

VYpasuenue (1) ¢ yaerom (2) mpumeT BUA:

dm

T:prw _pcome' pzzaipi ’ Zai =1, (3)

f .
3neck M — macca KO; Q' — 00beMHBIN MMOTOK ra3a M THIpara, «IOKHa-
formuity KO B cBsi3u ¢ UCcKpuBIeHHEM cTpyH, ¢; (i=0, g, h, W) — oObeMHBIE
coJlepKaHusl COOTBETCTBYIOIIUX KOoMIoHeHToB B KO, p.. — INIOTHOCTh

KOMITO3UTHOTO ITy3BIPbKa ¢ THApaTHON 0007109K0i. [Ty3bIpex MoxeT OBITh
ra30BbIM, KOMIIO3UTHBIM, COCTOSIIIMM M3 Ta30BOTO SApa U THAPATHOH 000-
JIOYKH WJIH MTOTHOCTHIO THAPATHBIM.

VYpaBHeHUs coxpaHeHus nMiyiabcoB st KO umerot Bua:

d
—(Mu) =0,
5 (MU

d
—(Mv) =0,
5 (M)
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d
a[(MW+MO)W+(Mg +Mh)-(w+wb)J=
(pu—p )70 (e, + )0 +(pw—pwm)7rb2h(ag +ah)g,

rae U, v, W KoMHoHeHTsl ckopoctu KO \7=uT+UT+WIZ (puc. 1a),

(4)

g — MOAYNb YCKOPEHHUsS CHIBI TSIKECTH, O =« p, +Q,p0, — IIOTHOCTh
. o _ (43 0 3 3\ 0 3
xugkol cocrapmsromer 8 KO, p . = (ag Py +(agh -8, ) Pn ) / 8y, — IUIOT-

HOCTb KOMITO3UTHOTO Iy3BIpbKa C TuiapatHoi obomouxod, M, (i=o, g, h,

W) — macca kommoneHnTt KO.
YpaBuenue coxpanenus suepruu KO:

%(CMT) =¢,T,0.Q, + I L—3,C, T (5)

roe ¢, T, C,, T, COOTBETCTBEHHO TEIIOEMKOCTh U Temmeparypa KO u

OKpYXKaromIel JKUAKOCTH, L — cKpbITast Teruora (pa3oBbIX IIEPEX0I0B.
IIponecc ¢dopmupoBanust ruapara Oonee MOAPOOHO PACCMOTPEH B
pab6ore [5]. Ypasuenus (1), (3)-(5) peiraem 4ucieHHo.
Pacyersr OpUM TpOBenmEHBI IS MapaMeTpoB cucTeMbl: R=0.05 w,

Q=0.35m%c u rasa Q;=0.15 M/c, TeMmmepaTypa OKpYKaroLieidl BOIbI
T,=4°C, Temneparypa ucreuenns cmecu Hedtu u rasa T°=80°C, nas-
nenue P=15 MIla, mnotHocTh OKpy»xkatowmei Bogsr p,, =1030 kr/m°, HedyTH
p, =650 kr/M°, rasa (MeraHa) p,=0.7 Kr/m’,

B pesynbTaTe uncIeHHBIX PACUETOB MOJYyUYEHBI: 3aBUCUMOCTh TEMIIEe-
patypsl (puc. 2a) U 00beMHBIX cojepkaHuil komnoHeHT (puc. 26) KO ot
BEpTUKaIbHON KoopauHaThl. Ha pucynke 2 a nuaMs 1| COOTBETCTBYET CIly-
4aro, Korjga oOpa3oBaHWE THAPATHOW 00OJIOYKU HA TIOBEPXHOCTH ITy3BIPh-
KOB JIMMHTHPYETCS TEIIOOOMEHOM C OKpYKAalomel cpemou, JIuHUS 2 —
1 Qy3nOHHBIM MEPEHOCOM ra3a 4epe3 THAPATHYI KOpKy. Temmeparypa
KO mnonmxaercs 3a cyeT BOBJIEYEHMS OKPY’KAIOLIEH BOJBI C MEHBIIEH
TemnepaTypoil. B ciydae, korga B crpye oOpa3oBaHHe THAPATHBIX 000JIO-
YeK Ha MOBEPXHOCTH ITy3BIPHKOB JIMMUTUPYETCS IPOLIECCOM TEIIOOOMEHa
C OKpYXKalolIeH cpefon, TEMI YMEHBIIICHHS TEMIIepaTypbl CTPYH 3aMe s~
€TCsI, YTO CBSI3aHO C MHTCHCHBHBIM BBIJICJICHHEM TEIUIa MPU 00pa30BaHUN
ruapata. Ha pucynke 2 6 obo3nauenue Oil otHOcHTCs K HedTH, Jas — K
rasy, hydrate — k ruapary, water — k Bojge. OObeMHBIE COIEPKAHUS HEPTH
U ra3a yOBIBAIOT B CBSI3M C BOBJICUCHHEM OKPY)KAOIIEH BOJBI, 0OBEMHOE
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cojJiepkaHue BoJbl BozpacTaeT. OObEeMHOE CofiepyKaHue Ta30BOro ruapara
HAYMHACT YBEIUYUBATHCS C BBICOTHI 1.62 M (HayMHAETCsS TUIPaTooOpa3o-
BaHHUE) U MMOCTENICHHO YOBIBaeT ¢ 6.2 M (HECMOTpPS HAa TO, YTO THAPAT BCE
emé oOpazyercs, Boga BosiekaeTcsa B KO HHTEHCHBHEE).
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MOUCK ONTUMAJIbLHOI TEMIEPATYPbI XJIAJOATEHTA
B PEAKTOPE WJIEAJTBHOT'O CMEIIEHMS
MEPHOJIUYECKOTO JEVCTBUS

Paccmompena mamemamuueckas mooenb peakmopa UOeaibHO20
cMewenusi nepUOOUYECcKo20 Oelicmeusl ¢ MenioCbeMom OJisk NPoyecca Oau-
eomepusayuu  o-memuiacmupona. Ilocmaenena 3adaua oOnMuUMAaibHO20
VAPAGICHUSL MEXHOJIO2ULECKUM NPOYECCOM ¢ NOMOWbIO MeMNepamypsi
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xaaooazenma. 3adava pewaemcs Memooom npunyuna maxcumyma Ilonm-
pAcuHa.

Knrouesvie cnosa: onuzomepusazayus, 3a0aia OnmumMaibHo20 ynpas-
JeHus, npuHyun maxcumyma Ilonmpseuna, peakmop ¢ MenioCcbemom,
08yXmoueuHas Kpaesds 3a0ayd.

Gnatenko Y.A., Myrzabaev T.R.

THE SEARCH FOR THE OPTIMAL COOLANT TEMPERATURE
IN THE REACTOR OF IDEAL MIXING OF PERIODIC ACTION

The mathematical model of ideal mixing reactor of periodic action
with the heat removal process for the oligomerization of a-methylsterol. A
problem of optimal process control using the coolant temperature. The
task is solved by the method of the Pontryagin maximum principle.

Key words: oligomerizate, the optimal control problem, Pontryagin
maximum principle, reactor heat removal, two-point boundary value prob-
lem.

PaHee craBmiach 3a7a4a HAXOXKACHHUSI TEOPETUIECKOTO ONTUMATBHO-
TO TEMIIEPATYPHOTO PEKUMA PEaKINU OJIMTOMEPU3AINU O-METHIICTHPOIA.
Ota 3aga4a OblIa penieHa ¢ IOMOIIBIO MPHHIMIA MakcuMyMa [ToHTpsriHa
[1]. Ha puc.l nmoka3zaHbl M3BMEHEHUSI KOHLIEHTpALU MPOJYKTOB pEeaKLUU
(MONBHBIE 10JIN) C TEYCHHEM BPEMEHH, KOTOPBIE COOTBETCTBYIOT HAWICH-
HOMY ONTHMAalbHOMY ympaieHuto (puc.2). Ilpu HalijeHHOM ONTHMAallb-
HOM TEMIEpaTypPHOM PEXHMeE JTOCTUTaeTCcs MaKCUMANbHBIH BBIXOJ JIMHEH-
HBIX AUMEPOB ( Xy U X3).

Ha ocHoBe skcmeprMeHTa, MPOBEACHHOTO B ajnabaTHYecKUX ycio-
BUSIX, BBIICHWIIOCH, YTO PEakIMs 00JIafaeT BBHICOKOH 3K30TEPMHUYHOCTHIO,

1 pasorpes B peakrtope npesbimaer 300° C . TToCKOIbKY OCHOBHOI LEIbIO
rpoLecca SIBJISIETCA IIOJyYEHUE JIMHEHHBIX JUMEPOB, TAKOW DPa30rpeB B
peakTope HeIOMyCTHM He TOJIBKO M3-3a MOTEpH YHPaBJIIEeMOCTH TIpoliecca,
HO ¥ BCJICICTBHE NPEUMYIIECTBEHHOTO 00pa30BaHMs LIUKIMYECKUX AUMeE-
poB. [ToaToMy naHHBIH IpoLecC HEOOXOIMMO OCYIIECTBIATh B PEAKTOPE €
TEMJIOCHEMOM [2].

PaccmoTpuM peakTop MAeanbHOro CMEHIEHUs] NEPUOAUUYECKOro Jeii-
crBust (PUC-IT), B KOTOPOM TEIIOCHEM MOXHO OCYIIECTBHUTH JBYMS ITy-
TSAMH: C TIOMOIIBI0 BHYTPEHHETO 3MEEBHKA W/MIIM BHEIIHETO KOXyXa, MC-
MIOJIB3YsI B KAYECTBE XJIaJJ0areHTa BOAY.
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MaremMaTHyeckoe ONUCAHHE HEM30TEPMUYECKOro Ipolecca Ipes-
CTaBJIIETCSI CUCTEMOM ypaBHEHUH TEIIOBOTO U MaTEPUAIbHOTO OaJlaHCOB.

[Ipn cocraBneHNN ypaBHEHHS TEIUIOBOTO OanaHca cIelaeM JOMyIe-
HHUE: TEIUIONPHUXOA MOXKET MMETh MECTO JIHIIb BCIEICTBHC BBIICICHUS
TEIUIOTHl B XOZ€ PEaKINH, a TEIUIOPACXOJ — BCJIEACTBHE OTBOAA TEILIOTHI
xnagoareHToM. Toraa ypaBHEHHE TEMIIOBOTO OanaHca MPUMET BHUIL

9

dT /dt=1/Cp S QW (X, T)+aSy / CpColTc~T) (1)
j=1

rac Cp — MOJIbHAA TCILNIOECMKOCTDb peaKHHOHHOﬁ CMCCH,

KKCIJZ/(KMO]lb'K ); T u T, — TeMuepaTypa peakIHOHHON CpeIbl U XJaJ0-
areuta, K; Q i j=19 — TemnoBbie 3ddexTr peakiuu, xxarl Mo |

W j X T), ] :E — MpPUBEACHHBIC CKOPOCTH XHMHUUYECKHX PEaKIHi,
1/4; X — BEKTOpP MOJIBHBIX JOJEH KOHIIEHTPAIUH KOMIIOHEHTOB PEaKIIHy;
o, — KO3(hOUIMEHT TeIUIonepenay, KI(‘CUZ/(MZ «q~K); S, — ynenbHas
MOBEPXHOCTh TEIMIOChEMa, M C, — HauaJbHOE 3HAYCHHE MOJIBHOIL
TUTOTHOCTH PEAKIIMOHHON cMecH, KMOosb/ Mt - BpeMsI TIPOBEIICHHS pe-
aKIuy, y .

B kauecTtBe ypaBHEHMH MaTepHalbHOro OajgaHca OyAeM HCIOIb30-
BaTh KHHETHYECKYIO MOJAETH peaknuu [3]:

dx; /dt = (F; (x, T)=x;F, (x, T))/N, i=1,5;
dN /dt = F,(x, T),

rne F(x T), i =15, F,(X, T) — dyHKuIK, COCTaBICHHBIE C YYETOM

O]

MaTpuLbl crexuomerpuueckux koddguuuenros [3]; N=C/Cy — orHO-
CUTEIIbHOE U3MEHEHHEe 4Hclla MoJied peaknuoHHOW cmecw; C — MoibHas

. 3
IUIOTHOCTh PEaKIMOHHOM cMecH, Kmobl m” .
Juns cuctemsr auddepernnansHeix ypaBaHeHuil (1), (2) 3amagum
HadJaJbHbIEC YCIOBHS:

TO)=T% x(0)=x°,i=15 N(0)=1. ©)
B cucreme (1), (2) nepemennsie T, X, N SABISIOTCS TIepeMEHHBIMH

COCTOSIHMSA, a TEeMIIepaTypa XJaJoareHTa I, — ynpasidiomas lepeMeHHas,
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3HAYEHHE KOTOPOH MOXKHO M3MEHSATH 110 XOJIy PEAKIMH TaK, YTOObI JOCTH-
rajcsi MaKCUMaJIbHBIN BBIXOJ] TPOAYKTOB PEaKLUH (JIMHEHHBIX TUMEPOB):
R =X, + X3 — max. 4

Takum o0pazoMm, IS CHCTEMBl HEIWHEHHBIX IU(QepeHIraIbHbIX
ypaBreHuii (1), (2) ¢ HayanbHBIMH yCIOBUSIMH (3), CTaBUTCS CIEIYIOIIAs
3aJja4a ONTHMAJIBFHOTO YIPABJICHUS: ONPENENIUTh ONTHMAIBHYIO TeMIepa-
Typy xmagoarenta T,(t), IpH KOTOPOM BBIMOJHSETCS KPHUTEPHil ONTH-
MaJabHOCTH (4).

3amady onTHManIbHOTO yripasieHus (1) — (4) mpemmaraercs pemars ¢
MIOMOIIBIO MpHUHIMIIA MakcuMyMa [loHTpsruna. [ sToro cBenem Kpute-
puii (4) K MEHUMI3aNAA GYHKINOHANA!

t
3= [o(XT,THt, 0o(xT,T,)=—(dx, /dt+dxs /dt) (5)
0

Jns enuHcTBa 0003HaueHHi monokuM Xg = N, X; =T . Bpems peak-

uun t, ussectHo. CocraBum dynkumio [lontpsruna H (ramunsronuan):

5. F-xF 18
H:le/li—' Xel Lt ARy + A, C_ZQJWJ(X)+

aXSX
cc =x) | (6)
p j=1 p~0
3mecy Gyrkumn A (t) DOBIETBOPSIOT CHCTEME COMPSKEHHBIX ypaB-
HEHWH:
di; /dt=—0oH/dx, i=17. @)
HenocraTtok rpaHMYHBIX YCIOBHII BOCIIOJHAETCSA YCIOBUAMM TpPaHC-
BEPCAIBHOCTH, YMCIO KOTOPBIX PABHAETCSA YMCIY HEJNOCTAIOIIUX IPAHUY-
HBIX YCJIOBMH JJISI OCHOBHOH M COIPSKEHHOH CHUCTEMBI ypaBHEHHH (i
3a71a4M CO CBOOOJHBIM MPaBBIM KOHIIOM):
A (t )+ 40R /0% =0, i=17. (8)
Taxkum o6Opa3oM, HoiydyeHa JByXTOueuHas KpaeBas 3ajada JJsl CHU-
crem (1), (2) u (7) ¢ 3agaHBIMH TpaHWYHBIMH ycnoBusMu (3) u (8) B
HavabHON M KOHe4HOH Touke t=0 m t=1, cooTBeTcTBeHHO. AHAaNINTH-
4ecKH MOJ00HYI0 3aJady PEeLINTb CIO0XKHO, I0ITOMY HEOOXOIUMO paspa-
60TaTh TMPOrpaMMHBII KOMIUIEKC, HMCHOJIB3YIOIINH YUCICHHBIE METOJIbI
pelLIeHHs JBYXTOUEYHbIX KPAeBbIX 3a/1a4.
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HNPUMEHEHHUE UTEPO-ATIITPOKCUMATHUBHOI'O METOJA
B 9KOHOMUYECKHUX U 9KOJOTMYECKUX CUCTEMAX

Hccnedyemes nayunas eunomesa 0 603MONCHOCU NPUMEHEHUST OpUU-
HAIbHO20 UMepO-annpoKCUMAMUBHO20 Memood OJis MOOeIUPOBAHUsL OUHAMU-
YECKUX PENCUMO8 C 000CHPEHUEM 8 IKOHOMUKE U IKOJO2UU, ONUCHIBACMbIX
HeUHEIHbIMU NAPAOOIUHECKUMU YPAGHEHUSIMU 8 YACTHBIX HPOU3E0OHDIX.

Kmiouesvie cnosa: cunepeemuxa, neiunelinble OUHAMUYECKUE PENCUMbL C
obocmpenuem, pocm KOmupo8oK axkyull, pacnpoCHpaneruss NONYIsyuY, an-
NPOKCUMAMUBHDBIL MEMOO UMEPAYUOHHOU JIUHeAPU3AYUY, VDAGHEHUs Mame-
MAmMuyecKol usuKu.
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Gorbatkov S.A., Polupanov D.V.

APPLICATION OF ITERA-APPROXIMATION METHOD IN
ECONOMIC AND ECOLOGICAL SYSTEMS

The scientific hypothesis about the possibility of using the original it-
ero-approximative method for modeling dynamic regimes with exacerba-
tion in economics and ecology, described by nonlinear parabolic partial
differential equations are investigated.

Key words: synergetic, nonlinear dynamic regimes with peaking,
growth of stock quotes, population distribution, approximate method of
iterative linearization, equations of mathematical physics.

PaboTa mocesmena mpodieMe co3faanus dHOEKTUBHBIX aHATUTHYC-
CKAX METOIOB MaTeMaTHYECKOTO MOJESIMNPOBAHHUS COLIHATEHO-YKOHOMHU-
YECKHX ¥ OSKOJIOTO-OHMOJOTHYECKUX CHHEPTeTHICCKUX pedICKCHBHBIX
mporeccoB audy3uu, OMUCHIBACMBIX HEIMHEHHBIMH MapaOoIMIeCKUMU
ypaBHeHIsIMHA. OCHOBOTIOJIATAIOIINE HUICH MPOOIIEMBI TEOPHH CaMOOPTaHU3a-
LIMU ¥ CHHEPTeTHKH M3j10keHb! B padotax I'.I". Mamunenxkoro [1] u C.II. Kyp-
momoBa [2]. TIpuMepoM S5KOHOMHYECKOTO aHajlora HelHeiHo# quddy3un
SIBJISIETCSI IPOLIECC POCTa KOTHPOBOK IIEHHBIX OyMar Ha (hOH0BOM PBIHKE C
yueToM 3¢dekra pedaeKCHBHOTO IOBEJCHUSI YYaCTHUKOB pbIHKA [3].
[TpumepoM u3 5KOJIOTHH MOXKET CIY)XUTh PAacIPOCTPaHEHHE MOMYJISINHU B
3aMKHYTOM o0Bbeme [4].

ABTOpBI BBIABUTAIOT HAYYHYIO THUIIOTE3y O BO3MOXKHOCTH IIpPHMEHE-
HUS U YKa3aHHOTO KpyTra HEIMHEHHBIX TUHAMHYECKUX 3amad auddys3un
paHee pa3pabOTaHHOTO OPUTHHAIBEHOTO (aBTOPCKOTO) aHAIUTHYECKOTO
amNMpOKCHMATHBHOTO METOJla WTeparoHHON nuHeapm3amun (AMUII) [5],
a TaKk)Ke BO3MOXKHOCTH Pa3BUTHA U 00OOIIECHHS ATOT0 METO/IA.

O0o0cHYyeM MPUHIMIHAIBHYI0 HOBH3HY MIPEAJIaraeMoro K pa3BUTHIO U
0006mennto AMUJI npumeHuTtesnsHO K AnG(GY3MOHHBIM HEJMHEHHBIM
npolieccaM B 9KOHOMUKE U 3Kosoruu. [ist atoro 3anuiem GopMyIupoBKY
HEJTMHEWHON HadallbHO-KpaeBOH 3a1adu TerIo(QHU3UKH, AT KOTOPOH ObLT
panee pazpaboran AMIJIL

Ilycte 3amaH HETMHEHHBIN omepaTop MapadOoIMYEecKOTO THMA IS
YpaBHEHHS TETUIOTIPOBOJHOCTH:

AQ) =§(C(Q)P(Q)Q(X,t)) -V-(MQVQ(x.1)) =F(xt); (1)
X=(X,%,%)eQ, te[0,t'], @ =Qx[0,t"]

C HEJTUHCHHBIMHA Kpa€BbIMU YCJIOBHUAMU BHUJIA
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QT =a@Q-Q)+ X6, @0@Q -Q; @

oQ
xedQ, t=[0,t"]
Y HaYaJbHBIMH YCIOBHAMHU
QX 1), =Qu(x), xeQ. @)
3nece Q — wmckomas Qyskims (temmeparypa); C(Q) — ymembHas
TEMI0EMKOCTE TP MOCTOSIHHOM JaBienun; A(Q) — kosdduimenHt Termmo-

nposogHocTH; P(Q) — mroTHOCTE; A(Q) — KO3 PHUIHEHT TemIo0OMEHa 3a

CUET TEIUIONPOBOJHOCTH M KOHBEKIMH HA TPAHHYHON ToBepXHOCTH O
narpesaemoro tena; (2 — o0béM Tena; Q. =Q,(X,t) — Temmeparypa

OKpYXaloLIeil cpelnpl; & j (Q) — ko3 duIMeHT B3auMHON 06Iy4EHHOCTH
aneMeHTapHOH Mmomann dF € Q) ¢ 3IEMEHTOM KOHEYHOW ILTOIIaan
dF;,
HHUMAOUIeH JTYyYUCThIM MOTOK; G — MOocTOosiHHAsA bonblMana; N — BHEIIH:AA
HOpPMaJIb K MOBEPXHOCTH O); t — Tekyiee BpeMmsi; t" — xoHeuHoe BpeMsl
Habmonenust mporecca; Qo(X) — 3amaHHOE HaYaJbHOE PACTIPEICICHUE
temmeparypsl; F(X,t) — 3agannast npaBas gacte ypaBuenus (1), kotopas B
3aJia4ax ONTHMAJIBLHOTO YIPABJICHHsSI UIPAET POJIb YIPABJISIOUIEro BO3/EH-
cTBUs Ha mporecc. CuutaeM, 9T0 QYHKIMH TEIUIOGU3NIECKUX MapaMeT-
poB C(Q), MQ), p(Q), xo3ddunuents Temioodmena o(Q) u B3auMHOM
00yu€HHOCTH €,,(Q) MONOKUTEIBHBI M HEMPEPBIBHBI 1O aprymeHty Q.
@dyHkus HadanbHOTrO pachpesenenus Qo(X) HempepbiBHO auddepeHiu-
pyemMa 1o X BMecTe co CBOei BTOpoil npou3BoaHOM. [IpaBas yacte — uzMe-

j=1M , BbIZeNCHHON Ha MOBEPXHOCTH BHEITHEH Cpeibl, BOCIPH-

pumas dymxmms: F(x,t)eL,(Q). B oTHOmeHMn ucKoMO# (yHKIuHK
Q(X,t) mnonokuM, 4TO CymIeCTBYeT OOOOLIEHHOE pEIIEHHE HAYaAIbHO-

kpaeBoi 3agaun (1)-(3) B mpocTpaHCTBE Vzl’0 Q) c HOpMOH
1/2

1/2
Jul =max{j uZdX} +| [Vu-vudxdt | 4)
X J

o<t<t

[TycTs nckomast pyHKIUSI HAXOUTCS ITyTeM 00pallieHus orepaTopa A:

Q = A [F(x, 1), A(Q), p(Q), x,t] (5)
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U BBIp@XKaeTCS B KOHEYHOM HTOTE B BHUJIE Pa3IoKeHHs (TPOWHBIX psi-
JIOB) MO COOCTBEHHBIM (YHKIMSIM crekTpanbHoil 3amaun Lltypma-
JnyBuns:

000 =YY Y IDOK A X, N=12,..  (6)

roe K(A,,n, X) — cobctBennbie dyuakimu 3agaqu LTypma-JlnyBumis

uis uHeitHOTO omepatopa B; T

(t) — pemenne OOBIKHOBEHHOTO M-
depenumansHoro ypasHennst st tpancdopmantsel KMIT, A, . — co6-
CTBEHHBIE YHC/Ia; N — HOMEP UTEPALHH.

OrmetuM, uto B (6) ocymectsien nepexoq or Q(X,t) k GyHkimu
u(x,t) ¢ momompo mpeobpazoBanus Kupxroda, KOTOpoe «CTATHBACT)

tpu memuueiinoctd A(Q), ¢(Q), g(Q) B omuy a(Q) — xosdduiment
TEMIIEPATYPOIPOBOIHOCTH:

Q
u=2g [A(E)de. 7
QO

Hosemmu mpuznakamu AMMIL sBistroTes:
A) CBeieHHe UCXOIHOTO HETMHEWHOTO MapaboIMIecKoro oneparopa
Ak BUAY HECTALITMOHAPHOI'O, T.C. UBMCHACMOTO OT MIara K mary HTepaHHﬁ,

omeparopa A" =B+R™  rze B — nuHeiinas yacth napaGoiuuecKoro

omepatopa; R™,(N=12,...) — urepupyemas HenmHeiiHas MOMpPaBKa.

3 82
3nece B=h, (8Q/ 8t)— LQ; L= 5 ? — muddepeHIManbHBIA OMepaTop
i=1 i
Jlamtaca 1o mpOCTPaHCTBEHHBIM MepeMeHHbIM, 0y > 0.
[Tpyu3HaK MO3BOJSET UCIOJIL30BATh CKMMAIOIINE CBOMCTBA 0OpaTHO-

ro onepatopa A~', KOTOpbIE TIPOSBIAIOTCSA B ONMEPAIUAX HHTEIPUPOBAHHS
110 IPOCTPAaHCTBEHHBIM IepeMeHHbIM B cxeMe KUII npu nocrpoeHuu pe-

wenns (6), e MCmomp3yercs HenuHeitnas monpaska R™ (0™ (x,t)),

uTepupyemMas M anmnpoxkCumMupyemass AOCTATOYHO TIJIaJIKUMHU (I)yHKIII/ISIMI/I
13 KOHEYHOMEPHOI'O KJjiacca. YHOMHHyTLIC CXXUMaroIme CBOIiCTBa onepa-

topa A™' oGecreurnBaioT GBICTPYIO CXOUMOCTh HTEPALIMIA: B IPHKIATHBIX
3a/ma4ax 3a 5..7 1MaroB npu HeBsi3Ke pereHus mopsiaka 1%. AHanorudHas
npolieaypa UTEPAHOHHON JIMHEapH3alui HPOBEACHA TaKKe JJisi HeJu-
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HEWHBIX TPAaHUYHBIX YCIOBHH, i€ TEIJIOBOH MOTOK 3aBUCHT OT 4-i cTere-
HU UCKOMOH (pyHKIMM (TeMueparypsbl).

JlaHHBIN OpUTHMHAIbHBINA MPU3HAK B HEIMHEWHBIX HauyalbHO-KPaeBbIX
3a7adax i MapaOoINIecKUX ypaBHEHUH paHee He BCTpedacs.

B) Amnmpokcmmanms pemieHHs Ha KaXIOM N-OM IIare WTepamnuu
HavaJbHO-KPAeBOH 3a7add Il HENMHEWHOTO IapabosIMdecKoro ypaBHe-
HUSI C HEJIMHEHHBIMU TPAHWYHBIMH YCIOBUSIMH PSIIaMH 1O COOCTBEHHBIM
(GYHKOMAM JNHHEHHOTO omepaTtopa B, B KOTOPBIX KOd(pQHIHEHTaMHU pas3-
JIOKEHHS CITy’>KaT PELIeHUs Ui TpaHC(HOPMAHT KOHEYHOTO HHTETPaJbHOTO
npeobpazoBanus (KUIT) mo o6bemy () mpocTpaHCTBa, I/ie aHATU3UPYETCS

nponecc mubdysuu. IIpu stom Tpamchopmantsr 0.1 (t) Haxomares mo-
BOJIHO IIPOCTO B BUAE pEIICHHH OOBIKHOBEHHBIX nHdepeHIranbHbIX
ypaBHEHHH, BBIPaXKa€MbIX 3KCIIOHECHIIMAIbHBIMU (DYHKLIUAMHU. 371€Ch HUXK-
HHe MHIEKCH K,N,M COOTBETCTBYIOT HOMEpPaM COOCTBEHHBIX YMCEN, BXO-
kom» X) KU

[MpusHak «b» 11 HeNMMHEWHBIX MapaboJIMYECKUX HaYaTbHO-KPAEBBIX
3ama4 He ObUT W3BecTeH, T.e. B cxemy KMII He BXoamma urepupyemas u

IAmux B Beipaxkenue sapa K(L

anmpoKcuMupyeMas riaakumu Gpyrkmusvu nonpaska R™ (U™ (x,1)) .

B) B3aumoneiicTBue mpusHakoB «A» u «b». C 0lHOW CTOPOHBI, IPH-
3HaK «A» B CHIIy CKMMAIOIIUX CBOMCTB 0GpaTHOro omepatopa A~ oGuer-
4aeT annpoKcHMaIiio HemuueitHoi nompaskun R™ (U™ (x,1)) , Bxoasmeit

B cxemy KMII, u, xak cneiacTBue, yaydmIaeT CXOJUMOCTH PAIoB B (6).
[IpakTH4yeckn MOCTAaTOYHO YAEP>KHUBATh 6.7 WICHOB psija MO KaXaoH me-
pemenHol. C Ipyroil CTOPOHBI, XOpOIIasi CXOJUMOCTh PSIOB MO3BOJISET
OTPaHWYMTHCS B NPUKIAAHBIX 3aJadax MajlblM YHCIOM HTEparui

(n=5..7) B moctpoenun HecranmonapHoro omeparopa A™ =B+R™ .

Hdpyrumu cinoBamu, npusHaku «A» u «b» ycuimBarT Ipyr apyra. 9To U
€CTh MPOSIBJICHWE CHCTEMHOTO TMoaxoaa mpu paspabotke AMIWJI, t.e.
YMEHBIICHNE SHTPONUH (B HAIIEM Cllydae HEBSI3KH HCKOMOTO DPELICHHS

™ (x,1)) npu 0ObeMHEHHH.

Takum obpazom, B (6) nHGOPMALUIO O NPOCTPAHCTBEHHOM H3MEHe-
HuU uckoMoit ¢yskmuu U(X,Y,Z,t) HecyT psiibl 0 COOCTBEHHBIM (yHK-

UM KOHEYHBIX MHTETPAJBHBIX NMPEeoOpa30oBaHUI MO MPOCTPAHCTBEHHBIM
MIEpEeMEHHBIM a WHPOPMALHI0 O BPEMEHHOM H3MEHEHUH HCKOMOW (yHK-

M — KO3(GHUIUEHTH Pa3JIOKESHUS LTk(:%(X,t). OOmmuii 3MepIKEeHTHBII
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sppext AMIIJI — obecrieueHne aHATUTUYHOCTH peleHus (6) mpu coxpa-
HEHUW NPUOIMKEHHOH WH(OpMaUM O HEIMHEHHOCTAX HMCXOAHOU
HavyaJIbHO-KpaeBOH 3a7auu.
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MUMATbHO20 NO Obicmpodeticmseulo ynpasienus: ogudicenuem. Ilocmpoena
UHDOPMAYUOHHO-BLIYUCTUMENbHASL CXeMa Ol onmumanvHot no Kammany
OYEHKU COCMOAHUA pobOma.

Kniouesvie cnosa: ounamuxa, ynpasnenue, Hasueayus, OYeHKA CO-
CMOAHUSA, MOYHOCMb

Gribova O.V., Labakhua L.R., Merkuryev I.V.
DEVELOPMENT OF INTEGRATED NAVIGATION AND
MOTION CONTROL OF A MOBILE ROBOT

The problem navigation and control system of a mobile robot intend-
ed for automatic performance of technological operations in the remote
and constrained conditions is discussed. The received nonholonomic equa-
tions of the mobile robot movement are used for optimal control. The in-
formation scheme of navigation and motion control system of the robot is
constructed.

Key words: dynamics, control, navigation, state estimation, precision

OOBEKTOM ~ HCCIENOBAaHMW  sIBIsETCS ~ MOOWIBHBIA  poOOT—
Manunyssatop KUKA, ocHamEHHBIN pOMMKOHECYIIUMH KOJIeCaMH M MHO-
ro3BeHHbIM MaHumyisiTopoM (puc.l). Ha ympaBmsemom kosece pobora
YCTAQHOBJICHBI CBOOO/IHO BpalaroIIUecs] POJMKH, OCH KOTOPBIX Pacroiio-
JKCHBI IO YTIIoM 45 TpaIycoB K IDIOCKOCTH Koyieca. YTIIOBOE U JIMHEHWHOE
IBIDKEHHE KOpIyca poOOTa OIpenenseTcs COTIACOBAHHBIM BpallleHHEM
YeThIpeX BEAYIIUX KOJIEC, P 3TOM IIOJIOKEHHE OCel BpAIeHHUS BEIYIITIX
KOJIEC HE M3MEHIETCS OTHOCHTENBHO Kopiryca. PoOoT mpenHa3zHaueH Uit
ABTOMATH3alWN CJIOXHBIX TEXHOJOTHYESCKUX IIPOILECCOB M OIepaInii.
Hanuune ponMkoHeCcymux Kojiec MO3BOJISET MePEeMeIIaThCsl B CTECHEHHbIX
YCIIOBHSAX B JJIOOOM HAaIPaBICHUHU HA IUIOCKOCTH.

AHanu3 CyIIECTBYIOIIMX HMPOTPAMMHBIX PEIIEHUH YIpaBiIeHHS MO-
OMIBHBIM POOOTOM IOKA3bIBAET, UTO VISl YIIPABJICHUs JBHKEHHEM podoTa
HCIOJIb3YETCSl KACKaJHBIA MOAXO0J, OCHOBAaHHBIM Ha KMHEMAaTU4YECKOH MO-
JIeTi MaHUITYJIATOpa U MOOWIIBHOH MaThopMbl. YIIpaBiIeHHE NIPHUBOIOM
poboTa peannzyeT NporpaMMHOE KHHEMaTHYECKOE JIBHXKEHHUE TTOJIBIKHBIX
9JIEMEHTOB po0OTa C HCIOJIb30BaHMEM IIPONOPLUOHAIBHO HHTETpPO-
i depeHInanbHOTO0 peryisiTopa B KaHane obpatHol cBsizu. Hemocrat-
KaMH YKa3aHHOTO TOAXOJAa SIBISETCS INpeHeOpe)xeHHe AMHAMHUYECKUMHU
a¢dexTamMu pu IBMKEHUU poboTa. KuHemarmyeckuil crocod opraHu3a-
LUK JABWXEHUs HE MO3BOJIIET pelarh 3aJladyd ONTUMAJIBHOTO MO OBICTpO-
JEHCTBUIO U 10 YHEPro3aTpaTaM yIpaBJIeHHUs JBIDKEHUEM, YTO IIPUBOIHT K
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YMEHBIICHUIO CPOKAa aBTOHOMHOI'O (pyHKIII/IOHI/IPOBaHI/IH p060Ta, K yBCJIHU-
YCHUIO BPCMCHU NEPEXOAHBIX MPOLECCOB U HOFpeHIHOCTeﬁ IIpHU BBITIOJIHC-
HHUH OCJICBBIX 3a1a4.

Puc. 1. Mobunvnuuii pooom — manunynsimop KUKA

B nemnsix moBbIIIeHHsT TOYHOCTH POOOTA MOCTABJICHA 3a/1a4a ONTHMAalb-
HOTO TIO OBICTPOJEHCTBHIO COTJIACOBAHHOTO YIPABICHUS IBIKCHHEM MO-
OWJIbHOM KOJIECHOH M1aTdopMbl MpU ydeTe orpaHMYeHHi Ha CHJIOBBIE Xa-
PaKTEepPUCTHUKHU MpHUBOJA. TakxKe MOCTAaBIEHBI 3a/1aull MOBBIIICHUS TOYHOCTH
HaBUTAlMM ¥ YIPABICHHUS [BIDKEHHEM aBTOMATHYECKHM TPAaHCIIOPTHBIM
CPEACTBOM Ha OCHOBE KOMIUIEKCHOM 0OpabOTKH JaTYMKOB BHEIIHEH H3Me-
puTenbHON nH(OpMaIKK, yCTaHOBJICHHBIX Ha 60pTy poboTa.

AKTyanbHOCTb IPOBOAMMBIX UCCIIENOBAHHUI CBS3aHA C MOATOTOBKON
CHELHUAINCTOB 110 HalpaBieHno «MexaTpoHHKa U POOOTOTEXHHKa» U C
BBINOJIHEHHEM Hay4YHBIX MCCIEI0BAHNI MO NMPHUOPUTETHBIM HAIIPABICHHUAM
Pa3BUTHA HAYKH, TEXHOJIOTUHN U TeXHUKHU B Poccuiickoit denepauuu.

1. YpaBHeHus1 ABU:KeHUS

s monydeHus: ypaBHEHUH ABMXKEHUsI poOOTa HCIIOJIB30BaHBI METO-
II6I HETOJIOHOMHOI MeXaHWKH B (hopMe ypaBHeHUH Mamxku [1-4]. YpaBHe-
HUS JBIDKEHHUSI MOOWMIBHOHM IIaT(OPMBI JTOTIOTHEHBI YPaBHEHUSAMH JJIEK-
TPONPUBOJA BEAYIIMX KOJIEC. YIIPABISIOIUMMYU BO3JIEHCTBUSMU B CUCTEME
ABJISIIOTCS HAIIPSDKEHUS, TT0/1aBaeMble Ha 3JIEKTPOIBUTATENN POOOTa.

Ilony4yeHHble ypaBHEHHUSI HETOJOHOMHOM 3JIEKTPOMEXaHUYECKON CH-
CTEMBI HCIIONB3YIOTCS JUIsl pacyera JIBIKeHHs ruiatdopmbl. Hammane us-
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OBITOYHOTO 4YHCIIa HJIEKTPOJBHUrarTeseii podoTa MO3BONSET ONTHMHU3UPO-
BaTh JABIKEHHUE C YUSTOM OTPAaHMYEHHH Ha XapaKTEePUCTUKH MIPUBOA.

2. CucreMa aBTOMATHYECKOT0 yIpPaBJaeHUs

VYupaBieHue TPaeKTOPHBIM JIBIDKCHHEM po0OTa M KOMIUICKCHas 00-
paboTKa MEPBUYHBIX M3MEPHUTEIBHBIX CUTHAIOB JAaTYMKOB M CHUCTEM MO-
OupHOTO POOOTa BemeTcss B OOPTOBOM KoMITbIOTepe poboTa. J{ist perre-
HUA 3a/1a4 YIPaBICHUS IBIKCHHSA pOOOTa 3aluIleM ypaBHEHHS MOOWIIb-
HOW TIaT(GOpMBI C POJMKOHECYIIMMH KojlecaMH B (GopMe KOHEYHOPA3-
HOCTHBIX YpaBHEHHH

kD) _ (x(k),u(k)), k=0,1..,N (17)

rae X(k) — BEKTOP COCTOAHHA CUCTEMbI B MOMCHT BPEMECHU tk , U3-

MEHSIOIMHCS TOJ ACUCTBUEM YNPABICHUS u®  u cpoiicts JMHAMHYE-
cKkoil cucremnl F (X(k),u(k)) . YIpaBisiolmyUMH BO3IEUCTBUSMU B CUCTE-

Me SIBIISIIOTCSL HANPSDKEHMST Ha 3JICKTPOJIBUTATENSIX poOoTa, OrpaHuueHHbIC
MAaKCHUMAaJIbHO JOIyCTUMOM BEIUYMHON. YUUTBIBAS M3MEHAIOLIYIOCS I0-
MEX0-CHI'HAJIbHYI0 00CTaHOBKY MOOMJIBHOTO po0oTa, TpedyeTcs NpoBecTH
pacyer CTpaTeryH yNpaBjieHHs Ha KOoHeyHoe yucio N miaroB mo Bpeme-
HU. [Ipm TpaeKTOpHOM IBIKEHHH MOOMIBHOTO poOoTa HEOOXOAUMO IO-
CTPOUTH CIEAALIYI0 CHCTEMY ympaBieHus B (opMe OOpaTHOW CBS3HM MO
OIIEHKE COCTOSHUS.

g pemieHus 3aa4d ONTUMAIBHOTO YIIPABICHHUS NMPUMEHEH METOJ
JUHAMHYECKOro IporpaMMupoBaHus bemnmana [5], koTopsli mo3BonseT
OIPEENsITh ONITUMAJIbHOE yIpaBieHue B (hopmMe oOpaTHOIl CBSI3H 110 KOM-
IIOHEHTAM BEKTOpa COCTOSTHHUS.

KauecTBo mporecca ynpasiieHust olieHuUBaeTcst (QyHKuuoHamoMm J ,
XapaKTepU3yIOIUM OBICTPOIEHCTBHE 1 TOUHOCTH BBIIIOJTHEHUS 3a/1a4H:

J= ’gh(x(k),u(k))Jr Sy (x(k>), (18)

rae h — ckamspHas QyHKIMS OT KOMIIOHEHTOB BEKTOpa COCTOSIHUS U
yIpaBlIeHUs, HApUMep, IS 331a41 ONTHMaNbHOTO ObicTpoaelicTBus h=1;
JUIsL 3a]1a4K ONTHMAIIBHOTO MO 9Hepro3arpaTraM ynpaeieHus h xapakrepu-

3yeT KBaJIpaT HOPMBI YIPABICHUS; Sy (X(N)) — cKaysipHast QYHKIHSA, Xa-

pakTepusyromas CTOUMMOCTb KOHCEYHOT'O COCTOAHUS. HpI/I OIITUMAJIbHOM
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nporecce ynpaeienus ¢pyHkuuonan (18) npuHHMaeT MUHHMabHOE (IKC-
TpeMajbHOE) 3HAUCHHE.

B cooTBeTCTBMY C MPUHIMIOM ONTHMAIbHOCTH bennMaHa JBHKECHUE
ONTHMAJIBHON CHUCTEMBI HE 3aBHCHT OT NPEIBICTOPHH, & ONPEEISIETCS Te-
KYIIMM COCTOSTHHEM CHCTEMBI U IIeNbI0 ynpasieHus. Ha mpenmocnensaem

mare N —1 onTuManbpHOE yIpaBicHHE ulN sapucnr or TEKYIIEeTo CO-

crostams cuctempr X(N7D | ypaBHeHuit cucreMs! (17) u ompenessiercst u3

YCJIOBUSI MUHAMYMa YacTUYHOH CyMMBI h(X(N_l),u(N_l))+SN (X(N)) B

byukunonane (18):
(N-D) _ mi (N-1) |\ (N-D) (N)
SN,l(x )_rJllS[h<x ,u )+SN (x )J (19)
Takum 00pa3oM, ONpeenseTcs W 3aMOMUHAETCS ONTHMABHOE

yIpaBicHUE uiN-D (X(N_l)) B BHUJIe 00paTHOIl CBS3U OT BEKTOpa COCTOSI-

mrs XN | Hanmenbmee smauenne wactuanoit CyMMBI Sy _g (X(Nfl)),

KoTopoe Obwio ompexneneHo Ha mare N —1, mcnomesyercst i pacuera
onTUManbHOTO ynpasienus Ha mare N —2. B aTom ciydae B peKyppeHT-
HOM ypaBHenun bemmana (19) smecto N 3anmceiBaetess N —1.

Takum 00pa3oM, BEIYHCICHHOE B OOpaTHOM BPEMEHH ONTHMAJIbHOE

yIpaBJiieHHE uf (X(k) ) UCTIONIB3YeTCS B KOHTYpPE YHpaBJIeHHs pOOOTOM.

B oTnrume ot mporpaMMHOTO yIpaBIeHUs, CTpaTerus yrnpasieHus B Gpop-
Me 0OpaTHOH CBSI3M IO3BOJISIET MApUPOBATh OIIMOKH H3-32 BO3MYILICHHH,
JIEACTBYIOIIMX HA CUCTEMY.

3. Pa3pa6oTka nmporpaMMHoOro odecnedeHust

MoOGunsHBIH po0OT yIpaBisieTcs OOPTOBEIM KOMIIBIOTEPOM C OTepa-
[UOHHOM cuctemoii cemeiictBa Linux. [IporpammHoe obecrniedenue 60pTo-
BOTO KOMIIBIOTEpa poOOTa BKIIIOYAET B ce0s1 HU3KOYPOBHEBHIE YIIPABIISAIO-
e TPOTpaMMBl I CEHCOPOB W JIBUTATENIe, a TakXe MpOrpaMMHEIC
000J104KH JUI pa3pabOTKM NPWIOKEHUH ISl yrpaBieHUss poOOTOM Ha
s3pikax C++ u Python.

B memsix yyacTusi B HaydHO-TEXHHUYECKOM (EecTHBAJEC MOJIOJIEKH
«MobunibHbIe poOoTEDy UM. mpodeccopa E.A. Jlepsnuna [1-2], B copeBHO-
BaHUSX B 00JIaCTH POOOTOTEXHMYECKHX CUCTEM IO IporpamMmam Eurobot u
WorldSkills tpebyeTcs pa3paboTka MOOHIBHBIX POOOTOB M IPOrPAMMHOIO
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obecrieueH s, TTO3BOJISIIOLIETO BBIIOJIHUTH JIOCTATOYHO CIIOXKHBIH peria-
MEHT COPEBHOBaHUIl.

OnmHUM W3 YNpaXHEHWH COPEBHOBAaHMH SIBISIETCS. MaKCHMalbHO
OBICTpOE ABIDKEHHE MO KOHTPACTHOM IOJIOCE B 3aJaHHOW JOPOXKHOM pas-
MeTKe. JIJI BBINOJHEHHS YNPaKHEHHS HCIONB3YETCS aBTOMATHYECKOE
pacIio3HaBaHHE JOPOXKHOH pa3METKH M MaKCHMaJbHOE IO OBICTpOACH-
CTBUIO YIPABJICHUE IBHKCHUEM.

Ha Gopty mMoOuimpHOTO poOOTa yCTaHOBIICHA CTEpEO BHIEOKaMepa,
CUTHAJIBI KOTOPOi 00padarhiBaloTCsi B OOPTOBOM BBIYMCIIUTENE B LIENSX
BBIJICJICHUSI KOHTPACTHOM IIOJIOCH! JOPOKHOM pa3MeTku. B mpocreiiem
cilydae 3TO JeNaeTcs MyTeM YCpeIHEHHUs MO3UIUN BCeX HalJIEHHbIX KOH-
TPACTHBIX NIEPEX0JI0B B CTPOKAX BUICOCUTHAIIOB.

Crpaterusi ympaBjieHHsI MpeAcTaBiseT coOOl 3apaHee CO3/IaHHBIC
MacCHBBI C KOJIOBBIMH 3HAUEHUSAMH YHPABILIONIUX CHUTHANOB, K KOTOPHIM
oOparmmaercss 60PTOBOM BBIYMCINTEND MO pPe3yIbTaTaM KOMIUIEKCHOH 00-
pabOTKH U3MEPUTEIBHBIX JaHHBIX.

4. KommiekcHasi 00pa0oTka NepBHYHOIl H3MepHUTEIbHOH WH-
¢popmanuu

B cocTtaBe MHTErpupoBaHHOI CHCTEMBI aBTOMATHYECKOIO yIpaBie-
HUSI IBIDKCHHEM M HaBHTALMM MOOMIBHOTO poO0Ta MMeeTcss Habop JaT4yu-
KOB JJIs1 I3MEPEHHS YTIIOB MTOBOPOTA BEAYIIUX KOJIEC, KOMIUIEKT OITHKO-
3JIEKTPOHHBIX U JAJIbHOMEPHBIX YCTPOUCTB. JlaJIbHOMEPHOE YCTPOMCTBO
CKaHUPYET MPOCTPAHCTBO M ONpenenseT HalpaBlIeHUS U JaJbHOCTH 0
3aJaHHBIX OPHEHTHUPOB — MasKkoB. [0 M3BECTHBIM KOOpIMHATAM MasKOB
oIpeJessieTcsl TeKyIee MOoJI0KEHne pod0Ta Ha UCTIBITATEILHOM MTOJIMIOHE.
J171st HOBBILIEHHSI TOYHOCTH ONpPEeNICHNs] KOOPIMHAT W CKOPOCTH podoTa
IIOCTPOEHA OLIEHKA BEKTOPA COCTOSIHUS CUCTEMBI C UCTIONB30BaHHEM METO-
Ja onTUMaikHOM ¢ubTpanun Kanmana [6].

BoruncnenHas B IpsiMOM BpEMEHH, OT Ha4aJIbHOW METKH BPEMEHHU K
TIOCIIEYIONIEH, OIIEHKa COCTOSIHUS UCTIONBb3YEeT BCIO MMEIOIIyIocsl Ha Oop-
Ty M3MEPUTEIbHYI0O HH(POPMAIMIO C YYETOM YPOBHSI CHCTEMATHYECKHX H
CITyJaiHBIX ITOMEX B MEPBHYHON MH(popManuu. B oTnndme oT M3BECTHBIX
(YHKIMH BBIYUCICHHUS TPAGKTOPHUH M CKOPOCTH POOOTa, MPUMEHEHHE W3-
OBITOYHOTO YHCTIa JATYUKOB U (QIIIBTPAIMS CIIydaiHBIX MTOMEX B M3Mepe-
HUSX TI03BOJIIET MOBBICHTH TOYHOCTh PEHICHHS IIOCTABICHHBIX 3a1ad
HaBUTAIlMHN U ympaBiieHUs. [IpoBe/IeHHbIE CTEHIOBBIE HCTBITAHUS H3Me-
PHUTETBHBIX TaTYINKOB MOOMIIEHOTO po0OO0Ta, MO3BOJSIOT HAa OCHOBE pa3pa-
00TaHHOM MaTeMaTHYECKOH MOJENN JaTYNKOB OLCHUTHh HapaMeTphl MaTe-
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MaTHYECKONH MOJENN U KOMIIEHCHUPOBATh CUCTEMAaTUYEeCKHE MOTPEIIHOCTU
B U3MEPEHUSIX.

3akaoyeHnue

PaccmaTpuBaeMblii MOOWIIBHEIH pOOOT HCTIONB3YETCS IUIS PEIICHHUS
MIPUKIIAJHBIX 33a7ad B Pa3IMYHBIX cepax AesSTEITBHOCTH, B TOM YHCIE IS
BBIIIOJIHEHUS ONEpaluil B ONACHOW WM TPYJHOIOCTYIHOW IJIsl 4eJIOBEKA
cpere.

Pa3paboTka mporpaMMHOTO KOMILIEKCa YIpaBICHNAS MOOMIBHOTO Po-
00TOM Ha OCHOBE METOJOB HETOJOHOMHOW MEXaHUKH, MaTeMaTHYeCKOTO
MOJICIMPOBAHMS U aBTOMATHYECKOTO YIPABJICHUS IMO3BOJISET CYIIECTBEH-
HO TIOBBICUTH TOYHOCTH BBIIIOJTHEHHS LIENEBBIX 3a/a4 32 CYET KOMILIEKC-
HOW 00pabOTKH TIEPBUYHBIX H3MEPUTEIBHBIX CUTHAJIOB JATYUKOB POOOTA U
MOCTPOEHHSI ONTUMAJILHOTO MO OBICTPOJCHCTBUIO YNpPABICHHS B BHUAE 00-
paTHOM CBA3M.

B orimume oT KMHEMAaTHYEeCKOH CXEMBI YIpPAaBJICHUS, y4eT AUHAMHU-
YECKHX CBOMCTB YIPaBIAEMOr0 po0OTa IO3BOJIAET MOBBICHTH TOYHOCTH
peIIeHNs 3aaud yIpaBlIeHUS IBIDKCHUEM W YBEIHMIUTHh OBICTPOJICHCTBHE
CHCTEMBL.

IpemnoxxenHas WHOOPMAIIMOHHO-BRIYUCIUTEIBHAS CXeMa MOOMIb-
HOTO po0OTa UCHOIB3YeTCsI B YUEOHBIX IENAX IS IOATOTOBKH OakaliaB-
POB U MarucTpoB IO HampaBieHHI0 «MeXaTpoHHKa U pOOOTOTEXHHKAY, a
TaKXke I Yy4acTHs B MEXKIYHApOIHBIX POOOTOTEXHHYECKHUX COPEBHOBA-
HUSX.

Paboma evinonnena npu nooodepacke Poccutickoco ¢onoa ¢ynoa-
Menmanvhvix uccieoosanuil (npoexm 15-08-07939).
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MOJIEJMPOBAHMUE ITPOIECCA COIIOJIMMEPU3ALIUN
A-METHJICTUPOJIA C MAJIEMHOBBIM AHI'HAPHIOM

Hcenedosan mexanuzm Cononumepusayuu o-memuicmupond ¢ maie-
UHOBLIM AHeUOPUOOM 8 cemepozenHol cpede. Ha ocnose mexanuzma paou-
KAIbHOU CONONUMEPUIAYUY O-MEMUICIMUPONA ¢ MATEUHOBLIM AHSUOPUOOM
nocmpoena mamemamuyeckas mooens. Ilodobpanwi yciosus npoyecca
CONONUMEPU3AYUU O-MEeMUILCIMUPONA ¢ MALEUHO8bIM aneudpuoom. Pacue-
mbl RO MOOeNU NOKA3AU YOOGLEMBOPUMENbHOE CO2NACOBAHUE C IKCREPU-
MEHMATbHLIMU OAHHBIMU.

Kniouesvie cnosa: kunemuueckas cxema, mMemoo MOMEHMO8; CONONU-
Mepuzayusl; CPeOHEeUUCTEeHHAsL MONIEKYIAPHASL MACCA, CPeOHEMACCO8Asl MO-
JEKVISIPHASL MACCAL.

Grigoriev L.V., Mustafina S.A.

MODELING OF THE PROCESS OF CO-POLYMERIZATION OF
A-METHYLSTYRENE WITH MALEIC ANHYDRIDE
Studied the mechanism of copolymerization of a-methylstyrene with
maleic anhydride in a heterogeneous environment. Based on the mecha-
nism of the radical copolymerization of a-methylstyrene with maleic anhy-
dride mathematical model is constructed. Selected process conditions of

© I'puropseB U.B., Mycraduna C.A., 2017

281


mailto:MerkuryevIV@mpei.ru

copolymerization of a-methylstyrene with maleic anhydride. The model
calculations showed satisfactory agreement with experimental data.

Keywords: kinetic scheme; method of moments; copolymerization;
average molecular weight; weight average molecular weight.

ComonuMep 0O-METHJICTHPOJA C MAaJCWHOBBIM aHTHAPUAOM (o-
METHJICTHPOMAIb) MOXKET HalTH MIMPOKOE NPUMEHCHUE B Pa3IMYHBIX OT-
pacisixX NMPOMBINUICHHOCTH: TEKCTWIBHOM — IS 3aIUTHl TEKCTHIBHOTO
Marepuaia oT OuooOpacraHusi, B IepeBO0OpadaThIBAIOLICH — JUIS 3alUThI
JIPEBECHOTO MaTepyaja OT BO3JICHCTBHS OKpYXKAIOIIeH cpelibl, B HeTSIHOU
— BXOJIUT B cOCTaB OypOBBIX pacTBOPOB, B pOJIM cTabWiIM3aTopa MpH IMpo-
W3BOJICTBE IOJUMEPOB, B KauecTBe (PJIOKYJSHTA MMPU OYUCTKE MPOMBIII-
JICHHBIX U CTOYHBIX Bog 1 T.1 [1]-[5].

Kunernueckas cxema MoJMMEpU3aldU 0.-METHICTHPOJIA C MaJenHO-
BBIM aHTHJPHIOM BKIIIOYACT CICAYIOLINE IIEMCHTAPHBIC CTAINU:

WunnmupoBaHue CBOOOIHBIX PalfKaIoB

| j—) 2R,
Poct nenn
k.
R+M—Llsp,
[Iponomxenue nenu
k k

p p
P1 +M —)P2,~--, Pi +M —)Pi i1
OOpBIB 1IeTH B PE3yJIbTATE B3aUMOICUCTBUS C PaTUKaIOM
k
P +R—I>Q,,
PexoMOWHAIINSA aKTUBHBIX LIETIEH
k
rec N
Pn + Pm Qn +m’
JIucponopIMoOHNPOBaHNE AaKTUBHBIX IETei
P +P i)Q +Q
n m n m’

rie M — moHomep, R — cBoGonubIii pamukan, | — wHEIMATOD,
Pn,Qn — aKTHBHBIC («PACTYIINE») M HEAKTHBHBIC («MEPTBBIE») IETIH CO-

nojumepa ,HJ'II/IHOfI N, COOTBETCTBCHHO, COAEPKAIIKE N 3BCHLEB M wmo-
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HOMeEpa, k kll’kp k krec’kdis

WHUIAAPOBAHMSL, POCTA U CTAANN OOpBIBA eI COOTBETCTBEHHO [6].

CocTaBmsis MaTPHUIy CTEXHOMETPHUYECKUX KOA(PPHUIMEHTOB M yMHO-
XKasi ee Ha BEKTOP-CTOJOEL] CKOPOCTEH peakLyH, MOIyYnM OCCKOHCUHYIO
cUcTeMy OOBIKHOBEHHBIX HEIMHEHHBIX IU(QEepeHIMaNIbHBIX YPaBHEHUH,
OIMCHIBAIOLIYIO IPOIECC MOJIMMEPHU3ALNU O-METHICTUPOIA C MAJICHHO-
BBIM aHTUApHIOM. Jlanee UCrob3yss METOJ MOMEHTOB, OECKOHEUHYIO CH-
cremy nuddepeHnnanbHbIX ypaBHEHHH CBEJeM K KOHEYHOH cUCTEeMe OT-
HOCHUTEJIEHO MOMEHTOB DPAacHpe/iesIeHHs], MPUMEHSEMbIX B CTAaTHCTHKE U
TEOPUU BEPOSTHOCTEH Ul OLEHKU PACHPENEICHUsS CIIy4alHbIX BEJIMYUH.
MoOMeHTHI | — Topsiika aKTHBHBIX W HEAKTHMBHBIX IleNed HoyimMepa, pac-
CUUTBIBAIOTCS 1O hopmyam:

u= £ 1] ®

- 3 illg] @
i=2

— KOHCTAHTBI JJIEMEHTAPHBIX CTa,I[I/Iﬁ

Jnst pacyera cpeHUX MOJEKYJSIPHBIX Macc CONOJMMepa HEOoOXOoau-
MO 3HaHHWE MOMEHTOB JI0 BTOPOT'O MOPSI/IKA BKJIIOYUTENbHO. Toraa cucrema
muddepeHInaNbHBIX YPaBHEHHH OTHOCUTEIHHO MOMEeHTOB MMP comnosu-
Mepa ¢ momomipo Gopmyn (1)-(2) mpumer Bu:

e
d[R] =2k [1]-kiy [M]R]- k[ IR]

dt
dg\tﬂ] =Mk pHo~ M [R]

d[P|

T_kll[M]R] k [P] k [R[ ] ( +kdISI ]/‘O’
dE?tlj R][Pl] Krec [PllR +kd|s[P1]2”0’

d;lo k [M][Pl] R]f’o (rec+kdislpll”§'
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dg:l =k [M ][P1]+ kp[M ][Plluo —ky [R]y - (krec +Kais Ipl]r“l”O' (3)

d:Z ky[M] [PllL/2+2k Pl],ui+k M]Plluo

p[M ]'”2 - r[R]”z _( rec kdislpl]r"Z”O’
d
%: Ky [R]/‘O +Krec [Pl]zﬂg +Kyis [Pl]r“g’

d’71 2
ot Ky [R]/’l +Krec [Pl] Mg +Kyis [Pllulﬂo’
dn
th =k [Rluy +k o0 [Pl]z(ﬂgﬂo o )* Kais [Pl]f"Z'”O'
rae [...] - xomuenrpauuu coorsercryiomux semects ([M] ~ mo-
nomepa, [R] — cBoboanoro pamixana, [1] — unmumaropa, an“QnJ N

aKTHBHBIX («PacTYIINX») U HEAKTHBHBIX («MEPTBBIX») LENEH COMoIMepa
JUIMHOM N , COOTBETCTBEHHO, COepKalnie N 3BeHbeB M MoHOMepa), f—
3G HEKTHBHOCTh HHUIIMUPOBAHHSL.

HavanbHele yCJ'IOBI/ISI JUISL CI/ICTCMLI (3) umetot BHI:

1)< l1)) MO )= ()} [O)]=0, [R |0 [0,® =0, @

4 (0)=0,7,(0)=0,k=012.
HaiineHHble 3HAYCHHUS MOMEHTOB HCHOJB3YIOTCS IS HAXOXKICHUS
CPe/IHUX MOJEKYIApHBIX Macc M, M [71.

Bennunna M p OTPEC/SCT CPEIHIOK IMHY MaKPOMOICKYI MOIH-

Mepa ¥ Ha3bIBACTCSl CPEJHEUUCICHHON MOJIEKYJIsIpHOH Maccoil. OHa pac-
CUUTBIBAETCS 110 cienytomeit hopmyie:

() +m(t)
M,(t)=m-—=22 & =5, (5)
#o (1) +1(t)
re M — MOJIEKYJISIpHAs Macca MOHOMEpa.
Ecin mapamerp M xapakTepusyer, Kak NPaBuiIo, HU3KOMOJCKY-

JspHyto yacte MMP, To mapamerp M W OTPEJIETAET CPEIHION HacTh pac-

TIpe/IeNIeHHsT MOJIEKYJISIPHOM Macchl M pacCUnThIBaeTCs 10 Gpopmyie:
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AQRZI0)
My(D)=m==:5 28
() +my ()
Ha puc.1 — puc.2 npexncraBieHsl pacdeTHBIC 3HAUCHUS CPEIHEUHC-
JICHHBIX M CPETHEMACCOBBIX MOJIEKYJISIPHBIX Macc B 3aBUCUMOCTH OT Bpe-
MEHH MOJMMEPHU3aLUN0-METHICTUPOJIa ¢ MaJEUHOBBIM AaHTHAPUAOM, MO-
Jy4eHHbIC HA OCHOBE MareMmaTuueckoit mogenu (3)-(4) u dopmyn (5)-(6)
JUIS1 BRIYMCIICHUS Mn Hu MW

M,

250000

(6)

150000

50000

t,q
Puc. 1. 3asucumocms pacuemmvix 3HaueHUll CPEOHEUUCTEHHBIX
MONEKVISAPHBIX MACC OM BPEMEHU

M,
350000

250000

150000

50000

Puc. 2. 3asucumocms pacuemnuix 3HaueHUll CpeOHeMAaACCOo8bIX
MONEKVISIPHBIX MACC O BPEMEHU

Takum 06pa3oM, B paboTe OMMCaH MPOIECC MONTyUYEHHs COTOINMEpa
0-METHJICTHPOJIA ¥ MAICHHOBOTO aHTHIPHIA B CPEIC HEAPOMATHIECCKOTO
pacTBOpHTENs ¢ PUMEHEHUEeM a30uHUIaTopa. [10100panbl yCIoBHs 1M0-
nuMepu3aiuid. Ha OCHOBE MaTeMaTHuecKod MOJIENH MOCTPOCHA 3aBHCHU-
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MOCTb 3HAUCHHI KOHIICHTPAIMiI MOHOMEpa OT BPEMCHH MMOJIMMEPU3AIIUH, a
TaK)Ke HalJeHbI 3HAYCHUS CPETHEUHMCIICHHBIX U CPETHEMACCOBBIX MOJICKY-
JISIPHBIX MACC.

Hccnedosanue evinonneno npu Gurancosoii noddepoicke PODU 6
pamkax — Hayynoco  npoexma  Ne  17-47-020068 u  mpoexma
Ne3.5143.2017/F4, evinoansemo2o 8y30M 8 pamKax 20Cy0apCmeeHH020
3a0anus Munoopnayxu P®.
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®YHKIIMOHAJIBHOE NIPOCTPAHCTBO L, "

CUHTYJISIPHBII UHTEI'PAJI KOLIIHA

Bsooumcs ¢ynkyuonanonoe npocmpancmso L Komopoe Henpe-

pir
puisHo 610diceno 6 L, . Mcxo0s us Hopmel 9mo2o npocmpancmea onpeoe-

JAIOMCA  cOomeemcmsyiowue Kiaccol Xapou, u3yuaiomcs HeKomopble
ceoticmaa QyHKYull IMuUx Kiaccos, 0600Warmces 0CHogHble KIACCUUecKue
Gaxmol.  [Jokasvieaemcs 02paHuteHHOCMb CUHZYTIAPHO2O0 Onepamopa 6
9MoOM npocmpancmee.

Kniouesgvie cnosa: ghynkyuonarvnoe npocmpancmeo, kaaccol Xapou,
CUHSYNAPHBLIL UHMESPA.

Huseynli A.A., Selim Yavuz
FUNCTIONAL SPACES L,, AND CAUCHY

SINGULAR INTEGRAL
The space L, of functions which is continuously embedded into

L, space is introduced. Corresponding Hardy classes are defined, some

properties of functions from these classes are studied, and main classical
theorems are proved in the framework of these spaces.
Keywords: functional spaces, Hardy classes, singular integrals.

B cBs3U ¢ OOHMIMPHBIMU MPHIIOKEHHUSIMUA B PA3IHYHBIX 00JACTIX Ma-
TEMaTHKH M MEXaHHUKH B MMOCJIEIHEE BPEMs CHIIBHO BO3POC MHTEPEC K U3Y-
YEHWIO OOIIMPHBIX 3a7a4 MaTeMaTHYecKOTO aHanmm3a U teopun audde-
PEHIMAIBHBIX YPABHCHHN B HECTAHAAPTHBIX ()YHKIIMOHAIBHBIX MPOCTPAH-
CTBax.

BBoauTess QyHKIMOHANBHOE NPOCTPAaHCTBO L KOTOpOE Hempe-

p;r?
PBIBHO BJIOKCHO B Lp .
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PaccMorpum  00bIYHOE  71€0ErOBO  MPOCTPAHCTBO  (PYHKUME

L, =L, (—7T,7Z'),1S p <+ . Uepes f= {fn}nez Oynem o6o3Hauate Dypre
06pa3 dpynkunn f el :

f (t)efimdt,n el.

=7
IIycts

=l S <o}

n=—o
TTonoxxum
L. E{f el, :fel,},

rae e [l,+00]— HEKOTOPOE YHCJIO0 ¥ IPUMEM HOPMY " . ”r;p B L

o 1/r )
(3| el =[], <1l

pir*°

rae

I, =(i|f(t]”dtJl/p .

Bcrony B manpHelieM yepe3 @ Oynem 0003HAYaTh SAMHUYIHEIA map
= {z eC :|z| <1} Ha KOMIUIEKCHOM IIockocTd C U IycTh ¥ =0® enu-
HUYHAsS OKPYXKHOCTD. [Iycts f € Ll()/) HekoTopas QyHkIms. Paccmorpum
uHTerpan tuna Komm
1 ¢ flz
F(z)z—_jﬁdr, 2¢y,
2m< -1
¥
U COOTBETCTBYIOIIUN eMy CHHrmepHLIﬁ HHTETpai
d
(sf Xo)= f f(¢) feds o
-1

Xopouro ussectHo, uro Sf cymecrsyer m.s Ha 5 [1]-[2]. TTomosxim

fr (t) = f (re“ ) IMycts

Hy., = {f : i <+oo},

289



re |1

How :OS<LrI£)1|| fr(.mLp:v .
Iycrs f e H;;V, l<p<+o,1<v<+0 u f(re”):i frhe™, ee
n=0

pasnoxenne Teitmopa B Hyne. O6o3HaunM yepes f*(z) HeKacaTelIbHbIC

rpaHHYHbIC 3HaueHus f () Ha y .

CnpaseiiBa

Teopema 1. @yuxyus f () npunaonexcum knaccy H ;;V 1< p<+o0,

N
1<v <400, M0O20A U MOJLKO M020a, K020 f™)el,. ; ApU 3MoM umeem
pv

mecmo ¢opmyna Kowu
f(z):i_.[L(r)dz,VZ cw.
27 -1

Crnenyromas TeopeMa JOKa3blBa€T OTPaHMUYCHHOCTh CHHTYIISIPHOTO
omeparopa B IpocTpaHcTse L. .

Teopema 2. Cuneynsapuwiii onepamop S 02PAHUYEHHO Oelicmayem 8
L l<p<+o, 1<v<+o.

pv?

CrpaBe/IMB CIEAYIOLIUI aHATIOT KJIacCHYecKoi TeopeMbl CMHUPHOBA.

+ +
Teopema 3. [lycmo fe le:rz’ u f e Lpz:rl’ 20e

N
1< p, <p, <+, 1<r <1, <40 Tozoa fGsz;rl.
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BOCCTAHOBJIEHHUE OIIEPATOPA IITYPMA-JINYBUWJLJIA C
YCJIOBUSMMI PA3PBIBA ITIO CIIEKTPAJIbBHBIM JTAHHBIM
B pabome usyueno soccmanosnenue onepamopa LlImypma-Jluysunna
C YCIOBUAMU PA3PbIBA NO CHEKMPANLHLIM OAHHBIM.
Kniouegvie cnoea: onepamopwr Llmypma-Jluysunns, obpamnule
CheKmpanbHbie 3a0a4l, YCi08Us pa3puléd.

Huseynov H.M., Dostuyev F.Z.
RECOVERY OF STURM-LIOUVILLE OPERATOR WITH
DISCONTINUITY ONDITIONS WITH RESPECT
TO SPECTRAL DATA

In the paper studied the recovery of Sturm-Liouville operator with
discontinuity conditions with respect to spectral data.

Keywords: Sturm-Liouville operators,inverse spectral problems, dis-
continuity conditions.

1. PaccmoTpuM auddepeHnuanbHoe ypaBHeHHE

-y"+q(X)y =Ay,0< x< 7, (@)
C YCJIIOBHUAMU pa3pbiBa B TOUYKE ae (O, 72')
y@@+0)=ay@@a-0),y'@+0)=a ty(a-0) (2

rae  ((X)— medicTBuTeNbHas (YHKIHS, NPUHAIJIEKAIIAS MPOCTPAHCTBY

L2 (O,;r),ﬂ— KOMIUIEKCHBIN MapameTp, & U « — BEIIeCTBEHHbIC YHCIA,
T

pu4eM ae(a,ﬂj,a>0,a¢1. Mpucoenuuum k (1)-(2) rpanuvnbie

YCITOBHSI

y(0) = y(7) =0 ®)

y(0) = y'(7) =0. (4)
3amauy (1)-(3) 6ynem obo3nauats 4yepe3 P, a 3amauy (1), (2), (4) —
uepe3 Py . B Hacrosimeit pabore pewatoTces clelyroume o0paTHeie 3a/1a-

© I'yceitnoB U.M., Jloctyes @.3., 2017
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un: (I) mo crekTpy M HOPMHPOBOYHOMY YMCIY KpaeBod 3ajaum Pp mo-
crponts Qpynkumio ¢(X); (1) no cnextpam 3anau P, u P, BOCCTaHOBHTH

byukiuio (X). OTMeTHM, YTO KpaeBble 3a/laud C YCIOBUSIMU pa3pbiBa

BHYTPH MHTEpBaja CBS3aHBI C Pa3pbIBHBIMU WM HETJIAJAKUMHU CBOMCTBaMH
cpemst [1,2]. TIpu oTCYTCTBHH YCIOBHI pa3pbiBa (T.e. KOTa B YCIOBHAX
(2) a=1) obparHsie 3aa4l TOCTATOYHO MOJIHO U3YUEHBI B MOHOTpa(usIx

[3]-[6] u np.
2. O6o3naunm uepe3 S(X,A) peureHue ypaBHenus (1), yaoBieTBoO-

pstroriiee HavansHbM yenoBusM S(0, 4) =0,5'(0, 4) =1 u ycnoBusiM paspbl-
Ba (2). Xapakrepuctuueckumu GyHKUMAMH KpaeBblX 3a1a4 Pp n Py, Hy-

JIM KOTOPBIX COBITAAIOT COOCTBEHHBIMH 3HAYCHUSIMU TUX 3a]1a4, SIBILIIOT-
cst uensie pynkuun Aq(4) =s(z, ) n Ay(4)=s'(7, 1) COOTBETCTBEHHO.

CoO6cTBeHHbIE 3HAUEHMS {in }, {yn} KpaeBbIX 3aja4 P; u Pp, coorser-

CTBCHHO 1 HOPMHUPOBOYHOC YHCIIO
T2
an = IS (X, ﬂ,n )dX
0

3ajaun Pj 061aaoT cresyromumy CBOHCTBaMu [15].
a) Kpaessbie 3aaun Pj u Py nMe0T cueTHOE MHOKECTBO COOCTBEH-

HBIX 3HaUeHUil. Bece coOCTBeHHbIE 3HAUCHHUS BEILIECTBEHHEI M IPOCTEHIE.
6) Yucna A 1 y) , IEPEMEKAOTCS B CIICAYIOLIEM CMBICIIE:

—0 <y <A <y <Ay <yg<Ag<.<yp <A <. (5)
B) Ay M Y| YIOBIETBOPSIOT NpH K — oo acummrornueckum dop-

i = ‘/>+T+ e = \/EJFTJr b Bic et 6)

rae /lk u 7k HyJIM XapakrepucTuaeckux ¢pynkumid P u Ponpu q(x) =0.
r) HopmupoBoUHBIC 4nCIa () YAOBIETBOPSET ACHMITOTHYCCKYIO
bopmymy

(0]
ak :alg—i-Tk,a)k €|2, (7)
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rue al? — HOPMHMPOBOYHbIE YHCIIA KpaeBoi 3aaun P} mpu ¢(X) = 0:

0 ”2( o)j
akz(I)so x,/lk X,

sin px

O<x<a,
(%, 4) = P -
at smpx+a_ sin p( a_x),a<x<7r,(/1:p2)
P P

rae 0:i zl(aii)
2 a

n) Cucrema ¢QyHKIMIA {SO(X, An )}nzl MOJTHA B MPOCTPAHCTBE

3. B atom IIYHKTEC IPUBOJATCA HCKOTOPBIC IPEIACTABICHUA IJIA pe-
IICHUA S(X, ﬂ,) 1 OCHOBHOC ypaBHCHHC 06paTH01>‘I 3amaun. Kax yCTaHaBJIH-

Baercs B [9], pemenne S(X, A) mpemcraBuMo B BHIE:
sin At

s(x,A) =sq(x, 1) + :j)(A(x,t) dt, (8)

rae oyukmuust A(X,1) ymoBIEeTBOPSET HHTETPATFHOMY YPaBHEHHIO
1 X t+x-u
AX,t) =Ag(x,t) +=Jq(u) [A(u,&)dddu0<x<a, 9)
20 t—x+u

CrpaBeyIiBO U 00paTHOE YTBEPKACHUE.
Teopema 1. Ecau ¢ynxyus A(X,t) yooeremeopsiem ypasnenusm (9),

mo @ynxyus S(X, 1), onpedenennan popmynoi (8), sensemes pewenuem

ypasuenusi (1), ¢ koagguyuenmom

EA(x, X),0< x < a,
2
ax) =1 ", (10)

[24
—A(X,X),a< x <,

yoosnemeopsiowee yciosusm paspviéa (2) u  HauanbHeIM  YCIOBUAM

5(0,1) =0,5'(0, A) =1.

293



IIpencranennro (8) MOXKHO JaTh «TPEYTOJIBHBINY» BHUI:

s(x, 2) = 5g (X, 2) + zlx(x,t)so(t, A)dt, (11)

Crnenmyromasi TeopeMa I03BOJISIET CBECTH IIEPBYIO OOpaTHYIO 3a/1ady
(1), T.e. ompenmenenus ((X) MO CIIEKTPATHHBIM JaHHBIM {ln ,an , K pete-
HHUIO JIMHEHHOTO MHTETPaIbHOTO YPABHEHHUSL.

Teopema 2. [Ipu xasicoom puxcuposannom X € (0, 7r) 20po ;\(X,t)

npeocmasnenus (11) yooeremeopsiem nuneiinomy unmezpaibHomy ypaghe-
HUIo

A(x, 1) + F(x,t)+g/1(x,§)F(§,t)d§=o,0<t< X, (12)
20e
Foyo 2 [ S0 An)so(An) _sotx ,19,)30 t,49) )
n=1 an an

HNmeer mecto cieaymoomas TeopeMa O Pa3pEelIMMOCTH OCHOBHOTO
YpaBHEHUS.

Teopema 3. [lpu xadgxcoom @ukcupogannom X € (0, 7r) OCHOBHOE
ypasnenue (12) umeem eduncmeennoe pewenue A(X,") € L2 (0, 7).

Cuencreue. Koagppuyuenm (X) ypasnenus (1) oonosnauno onpe-
oensemcsi N0 CNeKMpaibHbiM OaHHbIM {ﬂn ,an} sao0auu Py .

4. TlpuBenem Teneph OCHOBHbIE TeopeMbl 00patHbix 3aaa4 (1) u (1I).
Teopema |. [ns mozo, umobul 6ewyecmeennvie yucia {/ln,an} oviu

CNEKmMpAnbHbIMu OAHHbIMU O/l HEKOMOpoU Kpaesot 3adauu euda Py c¢
q(x,) e L2 (0, ) , Heobx0OUMO U docmamouro, ymobdbL GLINOIHAIUCHL Clle-

oyrowue ycious:
11) A #Am npu K#Mu ona Ay cnpasediusa acumnmomuxa us

(6);

I5) ay >0 ucnpaseorusa acumnmomuxa (7);

13) pewenue ocnosnozo ypasnenus (12) yoosremeopsiem ycrosuio
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IIpu smom ¢ynxyus (X) eoccmanasausaemes 0OHOZHAYHO NO {lk}

u ey |

Teopema Il. /[us moco umobvl 06e nocnedosamenvHocmu eeuje-
CIMBEHHBIX YUceil {Ak} u {ak} oLy cnekmpamu Kpaeevix 3adau éuoa Py

H P2 COOMBEMCMEEHHO, HeoOX00UMO U OOCMAMOYHO, YMoObl GbINONHS-

JIUCH CedyIouje YCAOBUSL:
I11) cnpaseoruswi nepasencmea (5);

I15) wumerom mecmo acumnmomuueckue gpopmyna (6);
l13) pewenue ,Z\(X,t) ocnosnozo ypasvenus (12) yoosremeopsiem

VCIO08UIO :&(X, X) |a+0= :&(X, X)|a_0, 20e 6 (13) nocneoosamenvrocmo

{an} umeem 6uo:

an =A1(An)As (An) (14)
6 KOmopom
© A A
M) =(zat+(2a-7)a”) TT ~5—
k=1 /1k
" (15)
== 11 5
Fk=1 7

IIpu smom Gynxyus Q(X) eoccmanasiusaemcst 0OHO3HAUHO NO {/Ik}

u k-
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I'ymuna B.A.

CYHIECTBOBAHMUME PEIIEHUA 3AJJAYN AE3UHA IJIA
BBIPOXKJAIOINETOCHA YPABHEHUA CMEITAHHOI'O TUITA

s ypasnenus cmewannozo dAUNMUKO-eUnepooaIudecKo2o0 muna co
CMeneHHbIM 6bIPOJICOeHUEM HA TUHUU Nepexo0d 6 NPpAMOYeOolbHOU 00aa-
cmu npusedeno 0060CHOBANUE CYIEeCMBOBAHUS PEUEHUs KPAesoll 3a0aii ¢
HENIOKAbHbIM SPAHUYHbIM YeaogueM. Pewenue nocmpoeno 6 eude cymmol
paoa. Ilpu obocuosanuu cxooumocmu paoda 603HUKAem Npoodiema MAaiblx
3HaMeHamenelu.

Kniouegvie cnosa: ypasnenue muna Yannvieuna, 3adaua /Jesuna, cy-
wecmeosanue, pso, CXoOOUMOCMb, MAJlble 3SHAMEHAMENU.

Gushchina V.A.

EXISTENCE OF THE SOLUTION OF THE PROBLEM OF DESIN
FOR THE DEGENERACY EQUATION OF THE MIXED TYPE

For an equation of mixed elliptic-hyperbolic type with power degen-
eracy on the transition line in a rectangular region, the existence of a solu-
tion of a boundary value problem with a nonlocal boundary condition is
proved. The solution is constructed as a sum of a series. In justifying the
convergence of the series, the problem of small denominators arises.

Keywords: Chaplygin type equation, Desin problem, existence, se-
ries, convergence, small denominators.
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PaccMOTpUM BBIPOXKIAIONIETOCS YPAaBHEHUE CMEIIAHHOTO TUTIA

Lu=(sgny)|y[" u, +u,, —b*(sgny) | y[" u=F(x,y) @

B NpSMOYroJbHOW  oOJylacTh D={(x,y)|0<x<I|,—a<y< S},

rre m>0, b>0, >0, >0, | >0 —3aganHple neiicTBUTEIBHBIE IIO-

crosiuubie. Jlist ypaBuenusi (1) B obmactu D u mocraBuM 3amauy

A.A. lle3una [1].

3aoaua /lesuna. Hatimu gynxyuio U(X,Y), y0061emeopstowyto YCio8UsM.

u(x,y) e C{(D) ~C?(D, UD.);

Lu=F(xy), (xy)eD,ub;

u@y)=ul,9).u0.y)=uy), -a<y<p (4)
u(x, ) =(x),0<x<I; (5)
u,(X—a)—Au(x,0)=w(x), 0<x<I, (6)

20e F(x,Y), o(x), w(x) —3adaunvie pynkyuu, D, = D n{y >0},
D =Dn{y<0}, 4 — 3amgaHHBI{ YUCIOBOI MapameTp.

B pabote [1] moka3zaHO, 9TO METOJX MOWCKA Pa3pelIMMBIX PACIIHpe-
HUH a1 U depeHManbHbIX ONepaTopoOB MOXET OBITh aJanTHPOBAaH K
oneparopy JlaBpeHTheBa—buransze ¢ ycloBHAMH NepHOAHMYHOCTH (4) u
oxHOpOoAHBIMH yeoBusimH (5) u (6) (tae ¢o(X) =y (x)=0).

JanHas paboTa sBIsETCS MPOJODKEHHEM padoT [2 — 6], roe Obuia
n3ydyeHa 3amava (2) — (6) i ypasaenusa (1) mpu F(X,y)=0, m=0u
F(x,y)#0, m=0,b=0.

B nannolt pabote pemenue 3amauun (2) — (6) mpu F(X,y)=0 mo-
CTPOEHO B BHJE CYMMBI psizia, KO3()(DHUIHNEHTbI KOTOPOTO ONPENEIISIOTCS
OJTHO3HAYHO TIPH

EM =1, (p,A)Eu(m) =0,
2q
rae
Ki (pnﬂq )

T 2q

E,(n) = M — 3, (pne),

2sin| = ' Ii(pmﬂq) ?lcfl
2q

2q
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1
2q
ﬂ'qn #]( 2 J q%! ap, = \/(27[“)2+b21

1 (-1\\p, ]
o 2
2 (Zq P.da
M, = lelq(pnaq)—\];ql(pnaqﬁ Ags 20 =M+2,

J,(2), 1,(z2) u K, (2) — byskmmu beccens, I'(z) — ramma-¢yHKIms.
Ipu nocratouto GompmInx N BeIpaxkeHue E(N)Moxer crate gocTa-

TOYHO MAJbIM, B CBS3M C 3TUM BO3HHKAeT IPOOIeMa «MajbIX 3HAMEHaTe-
neit». IloaToMy, Anst 0OOCHOBAaHHS CYIIECTBOBAHUS PELICHUS 3aJadd
HEeo0X0JMMO MOKa3aTh, YTO BhIpaxkeHue E,(n) mpu Oonpmux N otnene-

HO OT HYJIS C COOTBETCTBYIOLIECH aCUMITOTUKOM.

a
Jlemma 1. Ecim b>0,8>0 n o = Tq :Tp — palroHalIbHOE YHC-

o, tie  p,te N,(p,t):l,(t,4)=1, TO CYIIECTBYIOT IMOJIOKUTEIIbHBIE T0-
cTosiHHbIe ypaBHeHHe N, € N u C,, Takue, 4To A MOOBIX N >N, cIpa-
BE/IJIMBA OlICHKA

VrE )= C, > 0.

a
Jlemma 2. Bcin b>0,8>0 n o, = Tq :Tp — palHOHANBHOE YHC-

no, tne  p,teN, (p,t) =1 (t,4) >1, TO CyIIECTBYIOT MOJIOXKUTEIbHbIE

IIOCTOSIHHBIC CO’ no < N , TaKMe€, 4TO IpHA BCEX N > no CIIpaBejyIMBa

OIICHKa
1

1+—
n *E,(n)|>C, >0.

Ha ocHoBaHmu »>THX JIeMM IIpA HCKOTOPBIX YCJIOBUAX Ha T'paHUYHBIC
(byHKIII/II/I JOKa3aHbl CJICAYIOMNUE YTBCPIKICHUA.

Teopema 1. Ecnm
p(x)eC?o,1]w(x)eCc®[o,1], % <d<1,
?'()=¢'0), w()=y(0), v'()=y"(0), E(n)=0
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mpu N =1, Ny, 1+ /A +#0 ¥ BBHIIOJHEHE YCIOBMA JIEMMBI 1, TO 3amada

(2) — (6) mpu F(x,y) =0 0JHO3HAYHO pa3peliiMa M 3TO PEIICHUE Ompe-
IeISIETCS PSIOM

0

=) 25 u, s 2 (2]

Teopema 2. Eciu o(x)eC™?[0,1] w(x)eC®*?[0,1],
P()=¢'0), ¢"()=9"(0), w(1)=y(0), v"()=y"(0)
u E (n)=0npu n :L—no, 1+ A #0 U BBIIONHEHB] YCIOBUS JIEMMBI 2, TO

3ama4a (2) — (6) npu F(x,y) =0 0JHO3HAYHO paspelinMa M 3TO PEIICHHE
onpenensercs psagoMm (7), 31ech

un(y)=$[¢nﬂ% A +¥, Y B, ()Y >0,

U, (y) = ﬁn)[—wﬂﬂ'z\ﬁcn(— Y)+v=y Dy(=y)],y <0,

AW =CM, 1, (p,y*)-3, (p®)K, (py?),
2q 2q 2q

Bn(y>=RnKzi(pny“)—anzi(pny‘*),
Co(-y) = chngl(pn(—qy)f*)+ J211<p:a‘*)v? (P (=9,
D, (-y) = NHJ;(pn (-y)")+ Rjallv_l (p: ).
Kl(pnﬂ“3 ll(pnﬁ“;q ’
N =2 R =2 Cc =—7"

" " o1 4 )
p,aa 2 25in( ]

Y:(pn(—y)q)ch Ji(Pn(—Y)q)H i(pn(— y)q)}.

pga 2

2q 2q 2q

Kosdppuuument U, (y) npu b>0 nomywaercs u3 ¢yHkuuu U, (Yy) npu
n=0.Ilpu b=0 QyHKuus UmeeT BUI
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/1y+1+% y-# 1+ A #0,
1+ pA 1+

v,(y) = %{WW A +¥y B, (y),y >0,

Uo(Y) =,

vn<y)=$[—<7)nﬂw—_ycn(—y)+&n =Y D,(-Y)l, y<0,
Q.= \E! @(X) cos 2;z|n X dx, y, = \/lz'[y/(x)sin 27z|n X dx,
0 = \E!gp(x)sin Z”I” X dx, v, = \Elw(x) cos Z”I” X dx.

Paboma evinonnena npu noodepycxke PODU (npoexm Ne 16-31-
00421).
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HdeBunpin A.O., Kapamosa A.H.

PA3PABOTKA ITPUJIOKEHMSI HA MOBUJIBHOM
IHJIAT®OPME 1C: IPEAIIPUATHE 8.3

B pabome paccmampusaiomesi nooxodel k pazpabomre MOOUTbHBIX
NPUROACEHUL, UHCMPYMEHMATbHble CPEeOCM8d peanu3ayu, cpeou Komo-
pbIX 6 Kauecmse cpeodvl paspabomiu evibpana niamgopmer 1C: I[Ipeonpu-
amue 8.3. IIpednooicena xouzypayus 0na opeanuzayuu MoOUIbHOU pabo-
mol Kypbepa.

Kniouesvie crnosa: mobunvhvie npunodxcenus:, Moounvras niamgopma,
MOOUNBHYLIL KYpbep.

Devitsyn A.O., Karamova A.l.
DEVELOPMENT OF AN APPLICATION ON MOBILE
PLATFORM 1C: ENTERPRISE 8.3

Approaches to the development of mobile applications are considered
in the work, implementation tools, among which, as the development envi-
ronment, 1C: Enterprise 8.3 was chosen. A configuration is proposed for
organizing the mobile work of the courier.

Key words: Mobile applications, mobile platform, mobile messenger.

B nacrosiee Bpemst Bce Goubilie U OONbIIE MOIB30BaTeNeii OTKA3hI-
BaKOTCA OT HACTOJIBHBIX KOMITIBIOTCPOB, BI)I6I/Ipa${ B3aMC€H TIE€PCOHAJILHBIC
MOOMJIbHBIE CpeAcTBa. VIMEHHO OHM Jal0T BO3MOXKHOCTH I10JIb30BATEIIO
ObITh Ha CBSI3U B JII00OE BpeMsl CYTOK M B JoOoM Mmecre. MoOHIIbHBIE
yCTpoiicTBa UMEIOT elle OAMH MPUOPUTET: OHU SIBJISIIOTCS OO0Jiee JINYHOCT-
HBIMH ycTpoiicTBaMu. B HuX XpansTcs ¢ororpaduu mojp3oBareins, akka-
YHTBI COLMAIBHBIX CETeH, HOMEpa €ro KpeIUTHBIX KapT, C KOTOPHIX BbI-
TIOJHSIOTCS TUIaTeXu. HekoTopble NPUIOKEHHs JTAF0T BO3MOXKHOCTD IIa-
HUPOBAaTh CBOHM JI€Hb, PALIOHAJIBHO PAcCUMTHIBATH BpeMs MPUOBITHS Ha
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BR)XHYIO BCTpedy, IO3BOJISIOT HAlOMHMHATh O KaKHUX-TMOO COOBITHSX B
JKU3HU, OPUEHTHPOBATHCSL B HE3HAKOMOM MecTe U mpouee. [1]

Pa3paboTka MpHUIIOKEHUS] COCTOUT M3 HECKOJIBKUX 3TaroB. B mepsyro
odepens HopMupyeTCst OCHOBHASI UAES, U BBIPAOATHIBAIOTCS IETH, KOTOPBIX
MPWIOKEHUE JOJDKHO NOCTHYb. Llenn MOryT ObITh KaK MapKETHHIOBBIC,
Tak ¥ TexHW4Ieckue. Hampumep: mpuBIedYb HOBBIX M ITOBBICHTH MHTEPEC
Cpean UMEIOIINXCS TTO0NIB30BaTeNel, YIPOCTHTh MPOLECC BEJCHUS KINCHTA
OT MEPBOTO 3HAKOMCTBA /10 MOKYIKH M T.J., ONTHMH3HPOBAaTh MHTEPGEHc
JUIS. MOOWJIBHBIX YCTPOMCTB, BBISIBUTH OCHOBHBIE LIEJIM KJIMEHTOB, YBEJH-
YHUTH OXBAT MMOTCHIUAIBHON ayIUTOPHUH.

B nanHO#1 paboTe Ha OCHOBE aHaIU3a JIUTEPaTyphl, MPOBEAEH 0030p U
CpaBHEHHE CYLIECTBYIOIIUX CPEICTB pa3paboTku. V3ydeHbl pazinudHbIe
WHCTPYMEHTHI peajn3alii MOOWIbHBIX npuinoxeHni. Hanpumep, Eclipse
— 3TO MPOEKT C OTKPBITHIM KOJIOM. B KkadecTBe MHCTpyMEHTa COOpPKH Mpo-
exta BeicTynaet Ant. Ant (Another Neat Tool) — yrunura pis aBromarusa-
oUU Tporecca cOopku mporpammHoro mpoxaykra. lamnoe IDE ierkxo
HACTPauBAETCsI, HHTETPUPYETCS C HEOOXOAUMBIMH JUTS pa3pabOTKH KOMITO-
Henramu, TakuMHd kak SDK Android, NDK u Java-mammnoii. SDK — xom-
IUIEKT CPEICTB Pa3padOTKH, KOTOPBIH MO3BOJSAET CIEHHUATINCTaM II0 MpO-
IrpaMMHOMY OOECHEUYECHHUIO CO3/aBaTh IPWIOKCHUS UIS OIPEACIEHHOTO
IakeTa Mporpamm, IporpaMMHOTO obecredeHus: 6a30BBIX CPEICTB paspa-
0O0TKH, annapaTHOW IIaT(OPMbI, KOMIBIOTEPHON CUCTEMBI, UTPOBBIX KOH-
COJIel, OTepannoHHbIX cucteM U npounx miarpopm. Android NDK — ato
Ha0Op WMHCTPYMEHTOB, KOTOPbHIE MO3BOJSIIOT pEasM30BaTh 4acTh Balllero
MIPUIIOKEHUsI MCTIONb3ysl Takue si3biku kak C/C++ [2]. Bonee cepbe3HbiM
nHcTpyMeHToM sBisietcs Intellij IDEA. Tlo3BonseT co3maBath mHTEpdeiic
nyteM Drug-and-Drop, HaMHOro ynporaer 3aady H YCKOPSET €€ BBIINOJI-
HeHue. Pe3ynprar MOXHO cpa3y yBHJIETh Ha SMYIHUPYeMOM YCTpoicTBe. B
3aKITIOUCHUH CIIeyeT YHOMSHYTh cpeny pa3padotku Android Studio. 3to
pesynbTar corpygHmdecTBa JetBrains m Google, opHeHTHPOBaHHBEIA Ha
pa3pabotky npuinokeruid Android. [To GonpmioMy cuery, 3T0 Ta e camas
IDEA, 3a WCKJIIOYEHHEM TOTO, YTO B Ka4eCTBE COOPIIMKA HCIOIB3yeTCS
Gradle, a He Ant. Bce n3menenus, kotopsie BHocsaTcsl B Android Studio
yepe3 HekoTopoe Bpems mosiBisiorcss B IDEA, u Hao6opot [3]. Google
pexomennyeT nmeHHO Android Studio s pa3paOoTKu TPHITOKEHUH.

B paboTe HaMHU pacCMOTPEHbI W MPOAHAIU3UPOBAHBI BO3MOXKHOCTH
MoOunpHOW mardopmsl "1C: Ilpenmpusarue 8.3". Ilomumo o0ObIgHOMN
(YHKIIMOHAIBHOCTH, KOTOpas ecTh Ha IuiaTrdopMme Uil NMEepCOHAIBHOTO
KOMIIbIOTEpa, MoOMIbHast atdopma obecrieynBaeT padoTy co crerudu-
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YECKUMH BO3MOXKHOCTSIMH, TPHCYIIHE TOJILKO MOOMJIBHBIM YCTPOHMCTBAM:
paboTa co 3BOHKaMHM M YpHAJIOM 3BOHKOB; pad0Ta ¢ KOPOTKMMH COO0IIIe-
HusME (SMS) U UX CIUCKOM; KOHTAaKTHI; KaJlCHIAPH; TeOO3UIIMOHIPOBA-
Hue (0e3 MPOKIIaAKH MapIIPYTOB); MO3BOJISET IeNaTh (POTOCHUMKH, a TaK-
XK€ OCYLIECTBIIITH BHACO- M AyAHO3AIlNCh; PEarupoBaTb Ha H3MCHEHHE
OpHEHTAlUH dKpaHa; paboTaTs ¢ yBeIOMIICHISIMHA (JIokambHBIME 1 PUSH,
Kak HampsIMyIo, TaK M 4epe3 CICIHATIbHBIN CEPBUC-TIOCPETHHK); CKAaHUPO-
BaTh MTpHX- ¥ QR-KOIBI ¢ MOMOMIBIO KaMEPhl; MOHETU3AIMS MOOMIIBHBIX
MIPUWIIOKEHUH (T.€. crocod naTh pa3paboTYNKy MOOWIBHBIX HPHIIOKEHHN
BO3MOYKHOCTH JUIS JIOTIOJTHUTENLHOTO 3apadoTKa).

ITpu paszpaboTke ocHOBHOTO mnpuiioxkeHHs «Kypbep» He craBuiach
3aja4a co3JaTh KOH(UIypauuio, MOJHOCThIO OXBAaTHIBAIOLIYIO BCE Peajib-
HbIE IOTPEOHOCTH M HIOAHCHI, BO3HUKAoLINe B padore. B ocHOBHOM mpu-
JIOKEHUU PEaNTU3YIOTCs TOJNBKO Te (YHKIHMH, KOTOpble HEOOXOAMMBI JUIs
COBMECTHOH paboThI Kypbepa 1 opuca. B oduce cozmarorcs 3axkas3bl ToBa-
POB 1 OTHPABISIOTCSA Kyphepy Ha IUIaHmIeT. [lociie BBIMONHEHMS 3aKa30B
KypbepOM M JOCTaBKH, HA OCHOBAaHMH 3aKa30B CO3/AIOTCS TOKYMEHTHI O
npojakax. B 0CHOBHOM MpHIIOKEHUH AOCTYITHBI CIeAyIomue QyHKINN:

— paborta c 3aka3zaMu (BpeMs 3aKa3a, CTOMMOCTb, aapec, 3BOHOK MOITY-
YaTeIo, 0TOOpaKeHNE Ha KapTe, 3BOHOK B O(HC, BpeMsI 3aBEPIICHNS 3asBKH);

—  y4eT IIPOJIaXK TOBApOB;

— (opMupOBaHKE OTYETOB HA OCHOBE JIAHHBIX PETMCTPOB HAKOILIe-
HUSL.
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XAPAKTEPUCTHUKA COCTOSAHUS SJIEKTPOHHOI'O
OBPA30BAHUS B PECITYBJIMKE BAIIKOPTOCTAH

B cmamve npusooumcsa obwas xapaxmepucmuxa cOCMOAHUA IeK-
mponHno2o obpaszosanus 6 Pecnyonuke bawkopmocman, cocmasnennas na
0CHOBe U3y4eHUs OPUYUATLHBIX OOKYMEHMOS8 U AHAIU3A WKOTLHBIX Catimos.

Kniouesvie cnosa: snexkmponnoe obpasoeanue, Pecnyonuka bawkop-
Mmocma.

Dmitriev VL, Karimov R.Kh., Salavatova S.S.

CHARACTERISTIC OF THE STATE OF ELECTRONIC
EDUCATION IN THE REPUBLIC OF BASHKORTOSTAN
The article gives an overview of the state of electronic education in
the Republic of Bashkortostan, based on the study of official documents
and the analysis of school websites.
Keywords: e-education, Republic of Bashkortostan.

OO1mas XxapakTepUCTHKa COCTOSIHUS AJIEKTPOHHOTO 0OpazoBaHus (n1a-
nee — D0) B Pecnybnuke bamkoprocran (manee — PB) cocraBiena Hamu
Ha OCHOBE IU(POBHIX JITAaHHBIX, IPUBEICHHBIX B O(PUIMATIBHBIX JOKyMECH-
Tax IO pecryOiIruKe, Ha OCHOBE O3HAKOMIICHHUS C JOCTYITHBIMU OTYETHBIMU
JOKYMEHTaMH OTHETBbHBIX IIKOJ, a TaKkke CYyMeCTByOmMX WHTepHeT-
PECYPCOB U LIKOJIbHBIX CAaUTOB.

B nocnennue rogs! B cucrteme obpasoBanHus Pb oTmewarorcs mosto-
KHUTeNIbHbIe M3MeHeHHs: B oOnactu paszsutus DO. Ilo HaHHBIM CHCTEMBI
monuTopunra D0 pecryomuku (http://portal.wptt.su/), ypoBens BHenpeHus
aneKTpoHHOTO 00pa3oBanus B Pb cocrasmser 36%, konudecTBO opraHusa-
LM, MCTIONB3YIONINX JIEKTPOHHOE oOpa3oBanue — 78%. CrarucTtuka mo-
JMydeHa Ha OCHOBE MOHHTOpHHTa 1574 00pa3oBaTelbHBIX OpraHU3aIUH,
4TO cocTaBisieT 57% OT 00IIero KoJIMIecTBa TAKUX OPTraHU3aIIH.

B "KoHuenuuu pa3BuTHs 3JIEKTPOHHOTO 00pa3oBanus B Pb Ha nepu-
on 2015-2020 romoB" (manee — Konmemnmus) NpUBEACHBI JOCTATOYHO TIO-
npoOHbIe naHHBIe 00 00meM coctosHun D0 B pecnybnuke. OCcTaHOBHMCS
Ha HEKOTOPBIX U3 HUX:
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— ¢ 2010 roma neiictByer PecnyOnukaHCKUI IEHTP AUCTAHIIMOHHO-
ro o0pa3oBaHusl JeTei-MHBAIUIOB Ha JIOMY (CTPYKTYPHOE IOJpa3aeieHue
I'BOY VYumckas cnenuansHas (KOppeKIHOHHas) odmieodpa3zoBaTenbHas
mkona-uHTepHaT Ne 13 VI Buma) ¢ ¢ummamamu B ropomax bemnopenk,
Hedrexamck, Cubaii, Ctepnuramak, Tylimassl 1 B JIlyBaHCKOM paifoHe;

— JIACTaHIMOHHBIE oOpa3zoBaTenbHble TexHOoNornu (AOT) mpume-
HSIOTCS B cepe CpeaHero npodeccHoHAIEHOTO 00pa30BaHMS;

— Ha koHeny 2013-2014 yuebnoro ronma 185 mkox (12 %) Benu uH-
HOBAIIMOHHYIO JIESITEIBHOCT B KAKOM-JIN00 13 HanpasieHuid D0;

— COIJIaCHO JaHHBIM peiiTuHra oO0IIe00pa3oBaTENIbHBIX OpraHMu3a-
muii B o6mactu D0, nposenenHoro B 2014 roxy, 33454 yuutens (94 %)
00J1a1a10T KOMITBIOTEPHON I'PaMOTHOCTBIO, KYpPChI MOBBILICHUS KBAJIU(U-
Kauu B cdepe MHPOPMAMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJOTUI — HE
Menee 72 yacoB — nponuty 13190 nmegaroros (33 %), He menee 108 yacos
—3997 (10 %), u3 Hux B qucTaHiuoHHOM hopme — 6795 (17 %);

— Ha Havano 2014-2015 yge6HOTrO Toma B 00meoOpa3oBaTEIHHBIX
OpraHu3alusax HCIoJb30BaiCsA 56721 mepcoHaldbHBIA KOMIIBIOTEP, B TOM
grciue 26298 HOyTOYKOB (Ha OCHOBE ITHX JAaHHBIX KOHIIETIIINH JIETKO OIle-
HUTH CpeHEe KOJMIECTBO KOMITBIOTEPOB, MPUXOIAMIAXCS Ha OAHY IIKOIY
Hamre#t PecrryOmuku: 56721 : 1463 = 38,7 (mrt.));

— ¢ 2013 roma exeromHo NPOBOAUTCS pecIyOIUKaHCKHH (opym
"DnexTpoHHas IIKona", 0 UTOraM KOTOporo ompenensior 20 rydmux
IKOJI, IPU3BaHHBIX cTaTh "Toukamu pocta" B chepe J0;

— cozgaaue 20 suaBaps 2014 roma Acconmanuu o0pa3oBaTeIbHBIX
opranu3aiuii "DnekTpoHHOe oOpasoBanue PecnyOsmuku Bamkoprocran”
(http://elearningrb.ru/), npusBanHOi 006eCIEUUTh BBHIMOIHEHUE MEPOIPHSI-
THH O CO3IAHWIO MHAYCTPHH B chepe MHPOPMAIMOHHBIX TEXHOJIOTHH
pEeTHoHa, B COCTaB KOTOPOH BOIIUTH BY3BI M Psiji KOJUIEDKEH 1 oOmeooOpa-
30BaTEIBHBIX MIKOJI HAIICH PECITyOIUKH.

IIpoweammit 2016 rox Takxke OTMEUEH PSIOM MEPOIPHUIATHH, O3HA-
MEHOBAHHBIX BBICOKHMH OIIEHKAMHU CO CTOPOHBI aBTOPUTETHBIX COOOIIECTB
U OpraHu3aluii: 3TO MONydYeHHe YIpaBiieHHeM oOpazoBaHus I. Y QeI Mega-
JIM TI0 UTOraM paboTbl MOCKOBCKOTO MEXIyHapOAHOIO cajoHa o0pa3oBa-
must (13.04.16-16.04.16 1) (http://mmco-expo.ru/2016/04/17/mmso-2016-
itogi/), KoTopeIe OBITM BpYUYEHBI JIMIIL IATH pernoHaM P®; 3To n BrItode-
Hue ropoaa Yda B [mobanbHyio ceTh obydatomuxcs: ropogos FOHECKO
(I'COI"), ato n mposenenne | Pecnybmmkanckoro ¢opyma «O6pa3zoBanne
oynymero» (http://forum.amk.ag/#) u OTKpBITOH MOJOAEKHONH POOOTOTEX-
HuYecko romanku «Pododect-2016» u mp.
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Accorpanueii  MHHOBAal[MOHHBIX — pernoHoB  Poccum  (http://i-
regions.org/), ABakabl B roji MPOBOAUTCS PEHTHHI WHHOBALIMOHHBIX PErH-
OHOB JJISl LieJIEl MOHUTOPUHIA U yHpaBieHUs. PEHTUHI MHHOBAaLMOHHBIX
PETHOHOB MPEACTABISIET AKTyalIbHBIE PE3yIbTaThl HHHOBALIMOHHOTO Pa3BHU-
THS Bcex cyOpekToB Poccmiickoit @enepannu. B peittuar 2016 roga Bxo-
AT 29 MHIAKATOPOB.

Pucynok 1 moka3siBacT CpaBHEHHE OTHOCHTENBHBIX 3HAYCHUH IOKa-
3areneii Pb B peifruarax 2016 1. (kupHas muHHA — mokasarenu mo PB,
TOHKasl IMHUS — cpeHue mokasatenu no PD) u 2015 1. (3akparieHHas 00-
JIacTh), TJIe OTMEYEHBI CIeyrolle Mokasarenu pedTtuHra: I — Hayunsie
uccienoBanus U paspaborku; 11 — MHHOBaIMoHHas AesrenbHOCTD; 111 —
ConmanbHO-3KOHOMUYECKHE YCIOBUS MHHOBALIMOHHOHN NesTenbHOCTH; [V
— lHHOBaLMOHHAs aKTUBHOCTh peruoHa. Ilo pesynsraraM peldTuHra, Hama

PecnyOnuka 3aHuMaet 7 Mecro.
(7 MECTO, +8 NO3uLuii)

8 7 R

B 2016 2015 O cpeanve 3nauenus no PO

Puc. 1. Cpasnenue ommnocumenvuwix 3navenuii noxazameneti Pb
6 petimuneax 2016 2. u 2015 2.

Hwxe Ha puc. 2 mokazaHsl CHJIbHBIE W clla0ble CTOPOHBI MHHOBALIH-
onHoro passutus Pb, cocraBnennsie Accouuanyeil MHHOBALIMOHHBIX pe-
riuoHoB Poccun. Kak BUIHO M3 3TOrO pHCyHKa, KOIMYECTBO MOKa3aresei
"CHIILHOM CTOPOHBI" TIpeBBIIIAaET "c1adble CTOPOHBI".
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CWJIbHBIE CTOPOHbI

CNABbIE CTOPOHbI

1-5 YMCro NaTEHTHBIX 3aRBOK Ha N30BPETEHNS, MOAaHHBIX B Po-
CMNaTEeHT HaUWOHaNbHBIMU 3afABUTENAMU, B pacHETe Ha MUITMOH
YENI0BEK 3KOHOMUYECKM aKTUBHOIO HaceneHus

1-3 YNCNIEHHOCTB 3aHATBIX C BBICIINM MPOhECCHOHaNbHEIM 06- |
pasoBaHieM Ha 100 YENOBEK HaceneHus B TPYAOCMOCOBHOM |
Bozpacte

1-6 Yncno crateit, ony6aMKoBaHHLIX B XypHanax, MHAeKCUpye-
MbIx B Web of Science, B pacueTe Ha 100 uccnenosateneit

II-8 Yucno paspaboTaHHbIX MEpPefoBbIX NPON3BOACTBEHHBIX
TEXHOMOMWI B pacyeTe Ha MWAMMOH YENoBEK SKOHOMUMECKM |

AKTMBHOrO Hacenerus

1-9 YAenbHbIit BEC CPEACTB OpraH13aLmii MpeanpuHIMaTEeNbeKo-
ro cekTopa B o6LueM oBbeMe BHYTPEHHMX 3aTpaT Ha 1ccneaosa-
HUs 1 paspabotku, %

II-7 O6beM MoCTynneHuil OT 3KCMopTa TEXHONOTUA B pacyeTe
Ha 1 Teic. py6. BPM

III-5 YAenbHbIil BEC OpraHM3aLnii, MConb30BaBLLUMX VIKTEPHET,
B 06LeM uncne obcnenoBarHsIX oprakusaumii, %

1V 610K «/HHOBaLIMOHHaA aKTUBHOCTb PErvioHa»

Puc. 2. Cunvnvie u crabvie cmoporsl uHHOBAYUOHHO20 pazsumus P

[IpuBeneHHBIC BBIIE JAaHHBIC, IPUBEICHHBIC B Pa3JIMYHBIX TOKYMEH-
TaX, OTMEUYEHHbIE NOCTHXXEHUS M MPOBOJUMBIC Ha ypoBHE PecryOnmuku u
MYHULIUTIIAIMTETOB MEPOIIPHUATHS MOKa3bIBalOT, uTo B Pb mmeercs nocra-
TOYHO OOTaThIi MOTEHIMAT B 00macT pa3sutus J0.

OnHako, HECMOTPSI Ha JOCTUTHYTBIC YCIIEXH, MPOOIEMBI B Pa3BUTHH
30 ocTaloTcs aKkTyalbHBIMU. Psii 3TUX TpoOieM, Kacaroluxcs Hauien
PecnyOmuku, npuseneH B Konnenumu:
cTepeoTuIiHOe MoHuMaHue DO Kak 4ero-To yCTyNarolero mno Ka-
YeCTBY TPaJHLMOHHBIM I10JIX0/1aM B 00pa30BaHHH;

HEJ0CTaTOYHOE MOHMMAaHUE TOrO, YTO BJIOXKCHHUS JOJDKHBI OBITH
C/IeNaHbl, PEXKIE BCEro, B IOJrOTOBKY CHELHAINCTOB, Pa3pabOTKy TeX-
HOJIOTHH M CO3/IaHHE BUPTYAJILHOTO MPOCTPAHCTBA B3aUMOJCHCTBUS B 00-
nactu 30, a He B pealbHbIC aKTUBHI;

OTCYTCTBHE 3aUacTyl0 YIpaBJIEHYECKOIl BoiM ((HOpPMYyTHPOBAHMS
Liesieid, IIOCTaHOBKH 33Jjay ¥ KOHIIEHTPALUU PECYPCOB HA MX JAOCTHIKEHHU
BCEX 3aMHTEPECOBAHHBIX YYaCTHUKOB 00pa30BaTEIHLHOTO MpoIiecca: Tocy-
JapcTBa, 00pa30BaTENbHBIX OPTaHU3AIIHA, OOIIIECTBEHHOCTH).

Kpome Toro ormetum, uro m3yuuB okoio 600 caiiToB o6mieodpaso-
BaTeJbHBIX ydpexaeHuit Pb, Mbl 0OHapyXuiM, 9TO 4acTb M3 HUX Haxo-
JUTCSI B HEYJOBJIETBOPUTEIHHOM COCTOSHMM. K OCHOBHBIM 3aMe4aHHIM
MBI OTHECJIH CIIEAYIOIIHE:

HECOOTBETCTBUE YKA3aHHOW Ha caiTe MH(POPMAIMN JIeHCTBUTEIb-
HOCTH (ycTapeBiuas HHpopMalys, Hepabouue CChUIKHU U T.11.);
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— odopMieHHe caiiTa He COOTBETCTBYET COBPEMEHHBIM CTaHIapTaM,
MPaKTHYECKH TOJHOE OTCYTCTBHE JAM3aifHa, MCIIOJIb30BaHbI JAaBHO YCTa-
peBIINE TEXHOJIOTHH CO3AaHUS CAUTOB;

— OTCYTCTBHE NOKa3areield MoHuTOpuHTa BHenpeHus J0;

— Ha caifTaX OTIENBHBIX 00IIe00pa30BaTENbHBIX YIPSKACHNHN MPH-
CYTCTBYET peKiIaMa.

Heobxonnmo npuHATE BO BHUMaHKE, 9T0 DO mMoapa3yMeBacT aKTHB-
HOE HCTIoNb30BaHne MHTEepHET-pecypcoB, a 3HAUNT, HeoOXxoanmMo obectie-
YUTh KA4ECTBEHHYIO MHTEpHET-CBs3b. OpHaKo, K mpumepy, nokian d.X.
MunazoBa «Pa3BuTHe 3J€KTpOHHOrO 00pa3oBaHHs B 00pa3oBaTENbHBIX
opranm3anusix Pb» (Bcepoccuiickuii cemuHap-coBemanne «Peanuzanus
(enepabHBIX I'OCYIAapCTBEHHBIX 00pa30BaTEIbHBIX CTaHIAPTOB OOIIEro
0o0pa3oBaHus: YNPaBICHYECKUI aCHEeKT € y4YeTOM OTHOKYJIBTYPHBIX H
HalMOHAIIBHBIX 0cOOeHHOCTEi», 27-28 okTs10ps 2016 r., . Yha) Beigemnsier
OTIpe/IeIICHHBIE MTPOOJIEMEI, CBSI3aHHBIC CO CKOPOCTHIO IOCTYyTa K cetn MH-
TEepHET B MmKoJax. Tak, 14 % mkonm BooOIIe HE WMEIOT JOCTyNa K CETH
Wnrepner, 18% uUMEIOT CKOPOCTh MoKMoYeHUst MeHee 1 Mout/c, 38 % —
MeHee 2 Mout/c, u b 30% — 6oee 2 Mout/c.

CornacHo pe3ynpTaraM onpoca «Y JOBICTBOPCHHOCTh HACEIICHHS Ka-
YeCTBOM TEJICKOMMYHHKAIIMOHHBIX ycIyT B PBy, mpoBexgenHOrO B paMkax
mpoekta «l"omoc Pby (https://golos.openrepublic.ru/polls/33/), mpu otBeTe
Ha Bompoc «Kak Bbl olleHMBaeTe KauecTBO MHTEPHET-CBSI3U (IIOKPHITHE,
CTaOUIBHOCTH paboThI, CKOpOCTh) Ha Tepputopun PE?» 30% pecnonneH-
TOB BBIOpaM BapuaHT «mioxo», 20 % — BapuaHT «HeWTpansHO» U 50 %
BBIOpAJIN BapUAHTBI «XOPOILO» U «OTINYHO». B onpoce npuHsim ydactue
900 uenoBexk.

Taxum 00pa3om, MpodIeMa KauecTBa U JOCTYITHOCTH HHTEPHET-CBS3H
B pecnyOJrKe B HACTOAIICE BPEMS CTOUT JIOCTATOYHO OCTPO, U ee HeoOXo-
MO peIIaTh.

CymecTBeHHOW TPOOIeMON pealn3aniil U MPersITCTBIEM pPa3BHTHUS
D0 sBiseTCsT HECOIIACOBAHHOCTD 3ajlay, pelaeMbIX 00meo0pazoBaTeib-
HOW OpraHu3aIfel U 3aJad, pernIaeMbIX B IEKTPOHHON 00pa3oBaTeNbHON
cpene (mmardopme). Bee cymecTByromue TaTGoOpMbl IS peaTH3aIiuH
ANIEKTPOHHOTO O0YyUeHHsI Ha JAHHBI MOMEHT MOYKHO paccMarpuBarh TOJb-
KO KaKk BO3MOXXHOCTb OpraHH3alliH JOMOJIHUTENLHOro 00pa3oBaHHs B
ANIEKTPOHHOM (hopMaTe WM e MCIIONB30BaTh B Ka4eCTBE HEKOTOPOTO J10-
MIOJIHEHUST TIporiecca OOydeHws (aTTecTaluy) B TPagUIMOHHOW (opme
(cymecTBytoIIME IEKTPOHHBIE MH(HOPMAIIMOHHO-00pa30BaTeIbHbIE CPEJIbI
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HE aJanTUPOBAHBI MMOJ| CYIICCTBYIOIIUI y4eOHBIH MpOIECC B IIKOJE, U
TOJIBKO JIUIIIb YaCTHYHO PELIAt0T Ipodiemy).

Nwmerotcst 1 mpoOIeMbl, CBS3aHHBIE C AJIEKTPOHHBIM 00pa3oBaTelb-
HBIM KOHTEHTOM:

— o0pa3oBaTenbHBIN KOHTEHT HE CIOCOOEH HAJOoNro yAep)kaTh MH-
Tepec Y4allluXcs, & 3a4acTyr0 JIaXKe BBI3bIBAET OTTOPXKEHUE C MEPBOTO 3HA-
KOMCTBA;

— 0IHOOOPa3HOCTh (HOPM TPEACTABISIEMBIX YICOHBIX MaTepHAIOB,
OCTHOCTh BH3YAJIILHOTO PsJia, MOBTOPSIONIUECS 33aJaHusi, OTCYTCTBUE WUT-
POBBIX MEXaHHK, MPUBOAAT K HEOCTATOYHON MOTHUBAIIUH O0YUAIOIINXCS;

— B OOJBLIMHCTBE CIIy4aeB HCIOJB3YyeTCsl OecryiaTHas 3apyOexHas
cUcTeMa IMOJICPIKKH AMCTaHIMOHHOTO oOy4yeHus «Moodle», kotopas He
o0nasaeT JOCTaTOYHOW TMOKOCTBIO ISl CO3/IaHMsl IEHCTBUTEIBHO MHTEp-
AKTUBHBIX U 3()(HEKTUBHBIX HICKTPOHHBIX KYPCOB.

Paboma nooecomoenena 6 pamkax evinonnenus npoexkma "Paspabomxka u pe-
anusayus mMooenu 2euMupuyuposaHHol obpazosamenvHol niamgpopmel «Inek-
mpouHas uepogas wxona» — ePlaySchool". Ilpoexm 06-5 om 15.12. 2016 2.
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Dmitriev A.N., Shtennikov D.G.

MODERN METHODS AND ALGORITHMS FOR FORMING
SPEECH FOR CHATTERBOTS
In this work viewed methods and algorithms of speech formation for
chatbots, positive and negative aspects of the viewed methods, and pro-
posed a plan for further researchs.
Key words: chatbot, artificial intelligence markup language, AIML,
neural networks.

B coBpemeHHOM oO1iecTBe Bce Oouiblle M OOJbIEe MPUOETratoT K uc-
MTOJIb30BaHUIO YaT-00TOB B 0OONACTIX, I[e paHee TPeOOBAIOCHh YelOBEUE-
ckoe obmieHne. BupTtyanbHbeie coOSCeTHUKHN yKe cefdac HCTIONB3YIOTCS BO
MHOTHX 00JIacTAX COBpeMEHHOTo oOrectBa. YaT-00TH MPUMEHSIOTCS KakK
B o0yacTH pasBiedyeHUH, Tak U B OmzHece. Hambomee 9acTto WX MOXKHO
BCTPETUTh B TaKUX OONACTSIX, KaK MPOAaxkd, oOy4eHHE, IEIOBBIE KOMMY-
HUKAINX, TEXHUIeCKasl TOAAepKKa U B 00macTi pa3BiedeHnid. Takum 06-
Pa3oM, HCIOJIb30BaHUE YaT-00TOB IMO3BOJISAET HE TOJIBKO COKPATHTh PAcXo-
AbI, KOTOpI:Ie 6])1 6I)IJ'II/I 3ana'-IeHbI Ha 4YCJIOBCKA, BBINOJHAKIICIO TC XKC
JCUCTBHUS, HO ¥ IOBBICUTH Y(()EKTUBHOCTH BHINIOJHEHUSI ITHX ACHCTBUIL.

CyIecTBYIOT HECKOJIKO OCHOBHBIX METO/IOB /I (JOPMHUPOBAHUS pe-
4K Juis 4at-00ToB. B x0me maHHO# cTaThu OyAyT pacCMOTpEHbI Hauboee
moryJsipHbe U3 HEX [1]. BeiOop kKakoro-to ompeneneHHOro METoNa 3aBH-
CHUT OT IIeNieH, KOTOphIe CTaBATCS Tepel CO3MaHieM Jar-00Ta, TaK Kak pas-
HBIE METOJIBI PACCUYUTAHBI HA KAKUE-TO OTIPECIICHHEIC 3a1a4dH.

Mo:KHO Ha3BaTh TPU OCHOBHBIX MeTOAa (POPMUPOBAHUS PEUH [T YaT
60oToB. Hambonee mpocTeIM M NMPUMHUTHBHEIM SIBJISIETCS. METOZ, OCHOBAH-
HeId Ha mabnoHax [2]. JaHHBIA MeTON MOIpa3yMeBaeT HWCIIONE30BAHHE
11a0JIOHOB OTBETOB, KOTOPBIC MPEAOCTABIISIOTCS MO OMPEIACICHHBIM KITIO-
YEeBBIM CJIOBaM, COJACPIKAIIUMCS B TEKCTe Bompoca. Tak ke CYIIeCTBYIOT
00y4yaeMbie 4aT-00ThI, UCTIOJB3YONIKE 1a0I0HBI. BupTyansHbie codece-
HUKH, HCIOJB3YIONINE TAaKOH MeETOj| paboTaloT aHaJOTHMYHO daT-00Tam,
HCTIONB3YIONINX IIa0JIOHBI, HO CIHOCOOHBI O0y9aThCs W JaXKe CO37aBaTh
HOBBIE 11a0IOHBI OTBETOB. OTHAKO TakWe 4aT-00Thl OTPaHUYEHBI ATOPHUT-
MaMH, ONKCHIBAOIUX 00ydeHune Oota. 11 Hamboee HHTEPECHBIH 13 BUAOB
BHPTYaJbHBIX COOECETHUKOB — YaT-00T HAa HEHPOHHOH CETH.

B naHHOU cTaThe peds MOMIET MPEUMYIIECTBEHHO PO 4aT-00TOB Ha
OCHOBE IA0JIOHOB ¥ Ha HEWPOHHBIX CETSIX.

Jiist onrcaHust abIOHOB BOIPOCOB U OTBETOB JJIS IPOCTEiIIero 0o-
Ta 3a4aCTyH0) HCHOJNB3YeTCS S3bIK Pa3sMETKHA MCKYCCTBEHHOTO HHTEIUICKTa
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AIML. CrpykTypa si3blka MOXXHO MPOJEMOHCTPHPOBaTh Ha CleAyIoIIen

CTPYKTYpPE sI3bIKA:
<aiml>

<categoryv>
<pattern>Bonpoc</pattern>
<templatel
<random>
<liz0reer 1</1i>
<li>OreBeT 2</1i>
</ random
</templater
</categoryy>
</faiml>
Puc. 1. llpocmeiiwasn cmpyxmypa AIML

Ha puc. 1 mpemocTaBieH mpocTeHmInii mpuMep pa3MeTKH [I1adlloHa
Ha s3pike AIML. Tlox Terom category HaXxoIsTcs TerH pattern u template, B
KOTOPBIX M XpaHUTCS IIA0JIOH BONpOCa M OTBETOB K HeMy. Ter random
MIO3BOJISIET yKa3aTh HECKOIBKO BapHAHTOB OTBETOB K 3aJJaHHOMY BOIPOCY,
KOTOPBIE MHTEPIPETATOp BHIOMpaeT ciiydaiiHeIM oOpa3om. Terom pattern
MOXET OBITh HECKOJIKO — TaKUM 00pa3oM o(opMIISIOTCSI pa3Hble BapuaH-
ThI BOIIPOCOB, Ha KOTOPbIE JJA€TCS OUH U TOT K€ OTBET.

JlaHHBIA S3BIK NPEIOCTaBISIET TaK K€ BO3MOXHOCTh XPAaHUTh HH-
¢dbopmManuo 00 MCTOPUM JHAajora, MPeIeCTBYIOIEMY JaHHOMY BOIPOCY.
310 ocymiecTBisercst yepe3 ter <history>. A Tak jxe MO3BOJSET XPaHHUTh
uH(MOPMAIIHIO 0 TeMe pasroBopa yepes ter <theme>. J[aHHbIE TETH MO3BO-
JISIFOT YIYYIIUTh KAY€CTBO MMHUTAIIMN OOLIEHUS 4aT-00TOM.

OnHako BHPTyaJIbHBIN coOeceqHUK OyAeT orpaHnYeH MMeroleics y
Hero 06a30if 3HaHWH U OIICHIBATh €€, €CII B HEE€ BXOJUT OOJIBIIOE KOIHUYe-
CTBO BOIIPOCOB SIBJISIE€TCS HAMOOIBIIEH Tpo0IeMoil IpH co3naHny Jyar-60Ta
Takoro Buzaa. Pazmep Ga3bl 3HaHMH OyneT cka3bIBaThCsS HA BPEMEHH peak-
MY 4aT-00Ta, 4TO TaK e SBISETCS MpoOIeMON JAHHOTO METO/IA.

ITocennee Bpems Bce Oomnbie U OOJBIIE MOTYYalOT PACHpPOCTpaHe-
HHUe o0yJaeMble CHCTeMbI Ha HEHPOHHBIX CeTsAX. BBy TOTO, 4TO CHCTEMBI
Ha HEHPOHHBIX CETAX CIIOCOOHBI K 00y4YeHHIO, IPeACKa3aHuIo, Kiaccupu-
Kalliil W PacIO3HaBaHMIO, TO MOXKHO 3aKIIOYHUTh, YTO HX NPHMEHEHHE B
001acTH BUPTYyaJIbHBIX COOECETHUKOB OUEHb MIEPCIEKTHBHO.

B nanHoi#i cTathe OyneT paccMOTPEH BUPTYaJbHBIH COOECEIHUK C HC-
MOJIb30BAaHUEM PEKYPPEHTHON HEHPOHHOHM CETH, TaK Kak JaHHAs MOJENb
croco0Ha XpaHUTh, 0000IaTh ¥ IPOrHO3UPOBATH PA3IMYHBIE ITOCIIEI0Ba-
TENBbHOCTH AUATIOTOB.
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OUTPUT

HIDDEN

CONTEXT INPUT

Puc. 2. Obwguii 6u0 cmpyxkmypsl peKyppeHmHOU HellpOHHOU cemu

B nmanHOM ciydae Bxofsfmiee COOOIIEHHE IOCTyHaeT Ha TPYHILy
neiiponoB INPUT. Ha rpynmne nelipornoB CONTEXT u3HayanbHO HyseBoOH
curHai. [lanee curHas mepexoguT B CKpHITHINA cioif Heifpono HIDDEN,
OTKyZa NPEOOPaKEHHBIN CUTHAJI NIEPEXOIUT Ha HEHPOHBI BHIXOAHOTO CIIOS
Out. Konust curnanoB u3 OUT BosBpamaercs Ha rpynny CONTEXT u
Jajiee PUCOEINHACTCS K HOBBIM BXoAsmnM curHanam IN.

OpHako s oOydeHUs: HeUpOHHOH ceTn TpedyeTrcs: OONBIION 00BeM
JIMAJIOTOB, YTOOBI HEWPOHHAS CETh MOIVIa MPOTHO3MPOBATh OTBETHI Ha BO-
IIPOCHI, KOTOPBIE OTCYTCTBYIOT B Oa3e 3HaHUIA.

Taknm 006pa3oM, MOXKHO CAENATh BBIBOJ, YTO OTJIENILHBIE BUIBI OOTOB
XOPOIIO MOAXOISAT TOJBKO JUIS KAKUX-TO ONpPENEJICHHBIX THUIOB 3ajad. 1
eme HeT Takux OOTOB, KOTOphIe OBl CIPaBIISUIMCH C OOJBIIMHCTBOM 3aJ]1a4y
0e3 Kakux-TO J0pabOTOK M yJIydlIeHHWH, B CBOeM uucToM Bujae. OTcroma
MOYKHO TPEIIOI0KNTh, YTO HAHOOJee YHUBEPCATbHBIM METOIOM Oymer
MeTO/I, KOTOPbIH OBl KOMOMHUPOBAJ KakK MAOIOHBI, TAK U HEHPOHHBIE CETH,
KOTOpbIE Obl Ha OCHOBE IIA0JIOHOB U Ha XOJIe AMAJIOra MOIIH Obl 00Y4HTh-
csl OTBEYaTh Ha BOMNPOCHI, BBIXOMSIIME 3a T'PAHUIBI OTPAHWYECHUH Oa3bl
3HaHMH 1a0noHOB. Tak e MOXHO peann30BaTh O0y4eHHE HEKOTOPOMY
METOJy BbIOOpa BapHaHTa OTBETa U3 Ia0JI0OHA, KOTOPBIH OBl JIydIle MoaXo-
JIMJT KOHTEKCTY JTajIoTa, KOTOPBIi ObI COKpaTHiI BpeMsl paboThI

Ha ocHoBe 3TOr0 yTBEpsK/AEHHI M OyAeT CTPOMThCA JAajbHEHIIee uc-
clleloBaHNe, a MMEHHO, IOCTPOCHHE HEKOero KOMOWHHPOBAHHOTO alro-
pHUTMa, COBMENIAIOIIETO KaK paboTy ¢ mabloHaMHu, TaK U HEUPOHHYIO CETh,
C TIOMOIIBI0 KOTOPOTO MOXHO OYyZIET COBMECTHUTH BO3MOXHOCTH W H30a-
BUTBCSI OT OTPHUIATENILHBIX CTOPOH OTAEIBHBIX METOA0B
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YK 539.3
Hyiimenanues T.b., Xpomartos B.E.

MOJIEJITMPOBAHUE KOHEYHBIX TE®OPMAIIAIA
JUHEMHBIM TEH30POM KOIIIH

B oepopmayuonrnom osuoicenuu, m.e. 6 0gudsiceHuu yacmuy meida om-
HOCUMENbHO Opye Opyed, COOMHOUIEHUsL MENCOY MEH30PaAMU HANPANCEHUS.
u Oeghopmayuu A6AOMCA ONPESEAOUWUMU MAKOE 08UIICEHUE 3AKOHAMUL.
B pabome Ookasvisaemcs, umo komnoneHmsl Oegpopmayuu TUHEUHO 8bi-
paosicaromes yepes epaoueHmyl nepemelyeHull npu Jo0bIX Ux GeIUYUHAX.

Knrouegvie cnosa: meepdoe meno, ynpyeocms, oegpopmayuu, nepe-
Mmewjenus, mensop Kowu.

Duishenaliev T.B., KhromatovV.E.
MODELING OF FINITE DEFORMATIONS
BY A LINEAR CAUCHY TENSOR

In deformation motion, i.e. in the motion of body particles relative to
each other, the relationship between the strain and deformation tensors is
the determining laws for such motions. In this work it is proved that the
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deformation components are linearly expressed through the displacement
gradients at any their values.

Keywords: solid body, elasticity, deformation, displacement, Cauchy
tensor.

[Tycte B obmactu V (puc. 2) 3agan tenzop Komm (%) - OyHKIMH

gij ()() 1 UX YaCTHBIC IPOU3BOAHBIC 10 BTOPOI'O MOPsAJAKa HEIPCPLIBHEI.

du, :ui'jdxj =(€ij +a)”-)dxj, 1)
1 1
Tae &, :E(ui,j +U;;), @; :E(ui,j —u;):

[IycTb n,- HanpasAOIIKE KOCHHYChI HAIPABIECHUS BEKTOpa dX,
dx = (dx,dx;)*° - Moays storo Bekrtopa. Ilpoekums du, Ha HanpabieHHE
dx.

du;n, = &;ndx; = edx, @)

e &=gnn, - nedpopmaiys yIJIMHEHHS B HANPABJICHUN BEKTOPA dX, -

IpencraBum Bextop (1) B BUIE
du, =edx; + (g — ;) dx; + o, dx; 3)

Puc. 1. Paznoocenue 6EeKmMopa OMHOCUMeNIbHO20 nepemeuierusl

Kak mokaszano Ha puc.l, BelpaxkeHue (3) paszmaraet BEKTOpP OTHOCH-
TEJIBHOTO MTEPEMEIICHHUS Ha BEKTOPHI:

° YAJMHCHHS B HANIPABICHUH BEKTOpa dx, - & dxi ,
i casura - (gij —g5ij)dxj,
(] BpalieHus - @ de )

KBanpaT JJIMHBI BEKTOpPA CABUTA
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(65 — €6 ) ey —€84)dx dX; = (g4 &3 M Ny —&2)dx? =% dx? 4)
e y = (g, ggnn; — £?)® - oTHOCUTENbHAS AehopMaIus CIBUTA.
Bekropel z, =x, —u,(X), X, eV H z, =X —U,(X), X, €S Tpeobdpasyror
0071acTh V U ee MOBEPXHOCTh S B 00MACTE \/, , OTPAHMYEHHYO IOBEPXHO-
crero S (puc. 2).
OnemenTapHblii BeKTOp X, 0Omactu V  mpeoOpasyercst B dJEMEH-
TapHbIil BEKTOp dz; obnactu V, (puc. 2).
dz, =dx, —du,(x) ®)

BOSBO,I[I/IM 00¢e yacTu 3TOro YpaBHCHUA B KBaJApaT U NpEeACTABUM peC-
3yJbTaT B BUAC

dx® —dz? = (2 —Uy; U, ;)dxdx; - (6)
DTO BBIpaKEHHE HAIHIIIEM B BHJIE
dx® —dz? =2e — (2 = ?) — (2w, & + @4 wy)n; N, ) dx*. ()

Puc.2. Ilpeobpasosanue obracmu N 6 001aCmb Vv,

BBons Tenzop

a; =¢j _%uk,i Ui 8)

BEIpa)keHHe (6) HAIUIIIEM eIlle B BUIC
dx? —dz? =2a, n, n, dx* )
Tenzop AnbMancu (8) BBed B MEXaHUKY Ae(OPMUPYEMOTO Tela clie-

AYIOUICEC  BO33PCHUC. Ecim  Benwumna MPOU3BEACHUA TPAAHUCHTOB
U, ; Uy ijeH€6pe>KI/IMO Maja 1o CpaBHEHUIO C BEJIMYHHOMI TrpagvuceHTa gij y

TO 1e(OPMHUPOBAHHOE COCTOSHHE MOYKHO XapaKTepH30BaTh 3JIEMEHTaMU
teH3opa Komm. B mpotuBHOM ciywae, paedopmaruy JOJDKHBI MPEICTaB-
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JIATBbCS ANEMEHTaMU TeH30pa AJbMaHCH. B COOTBETCTBHM € 3THM, CTajH
HA3bIBATh g, TCH30POM MalbiX H OECKOHEYHO MaJIbIX JAeopMarnii,

a; — TCH30POM KOHEUHBIX nedopmanuii. [TossBUANCH MOHATHA O TEOMET-

pPHYECKOH JHHEHHOCTH M HEJIMHEHHOCTH NpeoOpa3oBaHuUil, KOTOpPHIE CO-
37a7M JIMHEHHYIO ¥ HENMHEeWHYI0 MeXaHuKy Jedopmupyemoro Tena. He-
JIMHEIHAsi MeXaHUKa CIIOXKHa, ee MPOo0JIeMbl HE MMEIOT CTPOTOro aHaJUTH-
YECKOro peIleHHs. A NHWHEHHass MEXaHHWKa J0JDKHA OTOBapHBaTh, UYTO BCE
€€ peIIeHns BEPHBI TOJIBKO B 0071aCTH MaJbIX Ae(opmMariiii.

OJHAKO 3TO BO33pEHHE HEKOPPEKTHO. PasHocTh KBagpaToB dx? — dz?
TpH JOOBIX BEIMYHHAX NPOU3BEICHHS TPaJHCHTOB U, | U, ; ompenenseTcs

TOJIBKO J3JIEMEHTAaMH TCH30pa Komm gij . Ilokaxxem 3TO CHadama JJIA HE

HUMCIOIICTO BUXPSA MOJIA HepeMeHleHI/Iﬁ

@;(X)=0, X, eV - (10)
[Ipu TakoM moJie pa3HOCTH KBaapaToB (7)
dx? —dz? = (2 — (£ — %) ) dx?, (11)

siBIsieTes (DYHKIMEH TONBKO 3yieMeHTOB TeH3opa Komru. B BeIpaxkeHuUsx
(2) u (4) HeT OTpaHWYCHNH HA BEINIHHBI &

Paznocte dx? —dz?, KaKk Hekas JaHHas BETMYMHA, HE PA3JIMYAET BH-
a6l neopmupoBanus. [yt Hee 6€3pa3IMIHO TO, YTO €€ 00YCIIOBMIIO - JIU-
HeWHOe YAJIMHEHHWE WIH CIBHT, WIN U TO, U APYyroe. ITo 00CTOSTEIHCTBO
BBIHYJMJIO JIOTIOJHUTH ypaBHeHHe (9) MOHATHEM OTHOCHTENBHOH aedop-
MalUH YIJIUHEHUS

dx —dz
A=—— (12)
dx
wm dz=(1-A)dx.
BosBenem 00e yacTy 3TOro paBeHCTBa B KBA/IpaT W HAITUILIEM B BHZE
dx? —dz? = (24— A?) dx?. (13)
[IpupaBuuBas npassie yactu (8) u (13), u pemas OTHOCUTENIBHO A,
HaXOJIuM
— 0.5
A=1-(@1-2a;nn,) (14)
3meck Hajmo OOpaTHTh BHUMAaHHE Ha CIEAYyIOIIee O0OCTOSTEIHCTBO.
CkamstpHoe paBeHCTBO (12) nmomyckaeT TOJIKOBAaHHE, KOTOPOE IMPHUBEICHO
Ha puc. 3. Bexrop dx; AIMECT Ty JXC OPMEHTHPOBKY, YTO M BEKTOD dz .
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dx

I dz |W|

Puc. 3. I'pagpuueckoe npedcmasnenue ckansipro2o npouzseoerus (7)

OHH cBsI3aHBI BEKTOPHBIM PABEHCTBOM:
dz, = (1—A)dx, - (15)
Bo3Boas B kBagpar 00e yactu, npuxoauM K ypasuernuto (13). C apy-
rOil CTOPOHBI, ATY € Pa3HOCTh MOXKHO BBIPA3UTh B AJIEMEHTaxX TEH30pa
Komm. Kak cnenyer u3 pasenctsa (15), Hanpasnenue BEKTopa dx, sBISET-
Csl IJIaBHBIM HampaBiieHHeM. [l 5Toro HampapieHHs y =0, M Pa3sHOCTh
kBanparos (11) mpumeT BuJ
dx? —dz? = (2 —&?) dx?. (16)
IIpupaBHuBas mpapele yactu ypaBHeHui (13) u (16), mpuxomum K
PaBEHCTBY
20— =2e-¢5%. 7
Crenyiomiee OTCI0/Ia PABEHCTBO 1 = g;1;N; HE HYKIACTCs B OTOBOPKE
Ha BEIUYHMHBI & .

Tenzop Komn siBisieTcsi MOJHONW XapaKTEPUCTHUKOH NeOpMUpPOBaH-
HOTO COCTOSIHHS TP JIIOOBIX YPOBHSX AedopManyMy ¥ B oOLIeM ciydae
BHUXPEBOTO TOJS.

IpounTerpupyem Buipakenue (1) no kakoit-ro mummu | nexameii B
0051acTy V ¥ COeMHSIIONIEH HaYaIbHy0 TOUKY X° C IEPEMEHHOM TOUKOH X .

[du, = [, (0 + oy (y)ay; - (18)

HurerpupoBanue, B KOTOPOM HCIOJIb30BAHO JIETKO BBIBOAMMOE CO-
OTHOIICHHE ¢, =&, ; — &, PHBOTHUT

0,(%) = U, () + 2, ()0 =X+ [ (e () + (% = ¥;) (6, (V) — 6, (vl (29)

B Brpaxkernn (18) cieBa crout monHbi auddepenuuan. B Bumy
9TOTO, MOJBIHTETPATHHOE BHIPAKECHNUE WHTETpaja B MPABOW YaCTH TaKXkKe
JIOJDKHO OBITh TMONHBIM JuddepernuanoM. He3aBUCUMOCTh 3TOTO HHTE-
rpaia oT IyTH HHTETPUPOBAHUS MPUBOANUT K COOTHOMIECHHMIO [ 1]

Eij T Euwii —€i.it ~€jii =0 (20)
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Takum 00pa3oMm, eciaum 3JIeMEHTH TeH3opa Kolim ymaoBIETBOPSIOT
ycnosuto (20), To Beipaxenue (19) MOKHO HamKCaTh B BUJIC

0,0 = 0, 0C) + 0, ()0 = X3+ [ (63 (Y) + (% = ¥,) (e, (V) — £, ¥y, - B

3pech QyHKUMM y(xX) ONPEAENAOTCA TOJIBKO KOMIIOHEHTAMH TEH30pa

Komm. Ha BenW4mHBI 37IEMEHTOB 3TOTO TEH30pa HE CJHENIAHBI OTpaHHYC-
Hus. CrenoBaTeNbHO, pa3HOCTH KBAApaToB (6) onpenersieTcss TOIBKO KOM-
moHeHTaMHu TeH3opa Komm mpu mro0bIx ypoBHAX nedopmanuii. Kommo-
HEHTBl TEH30pa JAeOpMalMy JIMHEHHO BBIPAXKAIOTCA Uepe3 T'PaauCHTHI
MIepeMeIIeHUH TIPH JIFOOBIX MX BEIMYMHAX. DTO MO3BOJISICT CAETATh BBHIBOJ,
4yro TeH3op Koum sBnsieTcsi NoiMHOW XapaKTEpUCTUKOW 1eOpPMUPOBAHHO-
I'O COCTOSIHHS Ha JII00BIX YPOBHSX JedopManui.
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OINPEJEJEHUE ONITUMAJIbHBIX YCJIOBUM MPOBEJIEHU S
KATAJIMTUYECKOM PEAKIIUM B3AUMO/JIENCTBUS
CIIUPTOB C JUMETUJIKAPEOHATOM

B pabome paccmampusaemcs npumeHnenue npuHyuna Maxcumyma
Tommpsicuna x 3a0aue onpedeneHuss ONMUMATLHBIX YCIO0GUL NPOBEOECHUs.
CHLOJICHOU peakyuu U ee peuieHue ¢ ucnoavzosanuem cpedcmes Wolfram
Mathematica.
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K/ZIOLleGble croea: onmumaibHoe ynpaesieHue, KUHemu4ecKkas M()ae]lb,
peaxkyus cnupmos ¢ Ooumemuaxapoonamom, 3enenas xumus, Wolfram
Mathematica.

Efimov A.M., Koledina K.F., Koledin S.N.

DETERMINATION OF OPTIMUM CONDITIONS OF
CONDUCTING THE CATALYTIC REACTION OF
INTERACTION OF ALCOHOLS WITH DIMETHYL CIRCONATE

The paper considers the application of the Pontryagin maximum
principle to the problem of determining the optimal conditions for carrying
out a complex reaction and its solution using Wolfram Mathematica.

Keywords: optimal control, kinetic model, reaction of alcohols with
dimethyl carbonate, green chemistry, Wolfram Mathematica.

OCHOBOW aHanmM3a XMMHYECKHX PEaKIUH SBISIETCS KHHETHUYEeCKas
MOJIETb, cofeprkamas B cede GpyHIaMEeHTaIbHbIC 3HAHHUI O PEaKkIHuu — Jie-
TaJbHBII MEXaHU3M XHMHYECKUX MpPEeBpallleHuH, KHHETHYeCKUe mapameT-
PBI, HEKOTOpPbIE (PU3NKO-XMMUYECKUE BBHIBOABI 10 peakiuu [3]. Kuneruye-
cKasi MOJIeNb JIEKHUT B OCHOBE MOCIEAYIOIIeH ONMTUMHU3AIIMOHHON 3a7a4H,
KOTOpasi MPEICTaBIseT COO0H HEKOTOPYIO TEOPETHYECKYIO ONTUMH3ALHIO,
OTIpe/ieNleHNe CaMbIX JYYIINX B HEKOTOPOM CMBIC/IE YCIOBHH, HE NMPHHH-
Masi BO BHUMAaHHE BO3MOXHOCTh MX peann3alnnu [4]. AKTyalbHBIM CTaHO-
BUTCS PUMEHEHNE MaTeMaTHYECKIX METO/I0B TEOPHH YIPaBICHUS B 3a/1a-
Yax ONTUMHU3AIMHN CIIOKHBIX PEAKIIHH.

B pabore paccmarpuBaeTcs NpPHUMEHEHHE NPHHIUIA MaKCHMyMa
[NonTpsirnHa K 3a7ade ONpeNeNICHNs] ONTHMANBHBIX YCJIOBHH NPOBEACHHS
CIIOXHOM peaknny. OOBEKTOM HCCIIENOBAHUS SIBISETCS Peakiys JUMETHII-
kapoonara (JIMK) co cniupramu B MPHCYTCTBUU OKTaKapOOHWITHKOOATb-
Ta. Peakiius OTHOCHUTCS K KiIacCy «3eleHoi» xumuu. IIpomykramu peax-
LUK SIBJISIOTCS. METHJIOBBIE 3()UPBI CIUPTOB M METUIIKAPOOHATHI, IIPUM EHsI-
eMBle B KaueCTBE PACTBOpHTENEH, MHTEPMEANATOB CHHTE3a JIEKapCTBEH-
HBIX TIPENaparoB, TepOMIHIOB, aHTUPPHU30B U T.A. Cxema mpeBpameHun
peakI MW COOTBETCTBYIOIINE KHHETHYECKHE ypPaBHEHUS IPUBENEHBI B
tabnuue 1.
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Tabmuua 1
Cxema npeBpalieHuii 1 KHHETHYECKHE YPAaBHEHUS PEaKLUK JHMe-
THIKapOOHATA CO CIUPTAMU B IPHCYTCTBUH OKTaKapOOHMITUKOOAIbTA

N Cragun Kunermaeckue ypaBHEHHS
1 | X3+ X1 — X9+ X12+4 X8 wl=k1*x3*x1

2 | X12+ X2— X13 + X6 + X11 W2=K2*x2*x12;

3 | X12+ X2 & X14+ X11 w3=k3*x2*x12-k8*x11*x14
4 | X14+ X1 — X10+ X6 + X4 wé= k4*x1*x14

5 | X14+ X1 — X5+ X10 wh=k5*x1*x14

6 | X13+ X1 — X4 +X10 w6=k6*x1*x13

7 | X10+ X11 — X7 + X12 w7=K7*x10*x11

3nece X1 — ROH, X2 - (MeO)2CO, X3 — C02(CO)8 — ucxoaHbie pearcH-
161, X4 — ROMe, X5- ROCO2Me, X6 — CO2, X7 — MeOH — npoaykrsr
peaknun (X4 u X5 — menessie); X8 — CO , X9 — Co2+(ROH), X10 —
HCo(CO)4, X11 — MeO, X12 — Co(CO)4 — npoMexyTOUHbIe TPOAYKTHI;
X13 — Me+[Co(CO)4-], X14 — Co(CO)4CO2Me.

JleTanpHasi KHHETHYECKAs MOJICIb PEAKIIMU Onkucana B padbote [6]. Ha
OCHOBE KHHETHYECKOW MOJENH HEOOXOAUMO OMpPENCIHTh ONTUMAIbHYIO
temneparypy peakuuu JIMK co cnupramu.

PaccMoTpuM 3a/1ady HAXOXKCHUS ONTUMAJBHOW TeMIeparyphbl pac-
CMaTpUBaeMOi peakilny KaK 3a/1ady ONTHMAILHOTO YIPaBICHHS.

3aja4ya MmoxeT ObITh (hOpMaTU30BaHa CIEAYIONUM 00pa3oM

Blx()w) = [i fle.x(8),0) dt — min, )
#(8) = @lt, x(t), w) vt € [0, tMax], u € U, x(0) = x°, 2)
rnie (hazoBas nepeMeHHas

x(t) = {xl':ﬂ,x:':tl ,.rm':t]}! g PC ([0, tMax]); BexTop-dyHKIMs
q;l{t:] =({—wl—-—wd—-—wd—wh —w2 —w3, —wlwbt+wdwdiwl+

wd w7 4wl wdi+wbh—wiw2 +wid —wiwl —w2—-w3+

wiwi —wiwd —wd —wd) :
wl = kyxy (£)xg(t), wi = kgxg(E)xy, (),
w3 = kg y (£)a 5 () — kg gy ()14 (2), wd = kyxy (E)x44(2),
wa = .R:E,.r,__{.tjxm{tj, wb = kgxy (E)xy5(2), w7 = kpxyp(t)xyy (t),

_Zio
ki = kjpe AT Wj=1,..,8 (R - yHuBepcaibHas rasopas MOCTOSHHAs,

1

T — Temneparypa (K)); noa ynpasienueM U Oyaem NMOHUMATh u = — =,
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. L L
obmacTe HU3MEHeHHs KOoTopoil — [ = [——,——]; noauHTerpaibHas
T2’ Th
¢yHKImA B meneBoM ¢(yakmmonHane (1) mpemcrtaBiser coOoW KpuTepuit
PpeHTa0eTFHOCTH Tporiecca [5] u uMeeT BuL

— 01454 X, (1) —0LBOZS X5 (1)
f{t.l-r{t:].ll{:] = il - 1] |:|= '
00004 2x; +0.00007E4x; +0.051 425 +0.0001 BL +0.01

CornacHo npuHIUIY MakcumyMa [loHTparuHa (B narpamkeBoit Gop-
me) [1, 2], ecom (£(-), i) — onTuManbHBII ynpaBIsemslil polece B 3aade
(1)-(2), TO BBITIOMHSAECTCS YCIOBHE OMTUMAIBHOCTH 110 U

Fle. 208w — pB ot #(t).w) = fl.200).4) — p(D (e, £t).d) vt €

[0, tMax], vu e I, (3)
rac p — CAMHCTBCHHOC PCIICHUC ,I[I/I(b(l)epeHL[I/IaHBHOFO YpaBHCHUA
ple) = f(6,208).4) — p(e) o, (&, £(8).4) vt e [0, tMax] (4)
C KpacBbIM YCIIOBUEM
pltMax) = 0. (5)

VYkazaHHYI0 3a7ady OyZeM pemarh 4ucieHHO. OCHOBHBIM OTIMYHEM
YHUCJIEHHBIX METOAOB PEIICHHs CHUCTeM IU(QepeHINANbHBIX YpaBHEHUEM
SIBJISIETCSI TO, YTO pEIleHHne — 3TO TaOiuuHas (QyHKUUS, JUIl HAXOKACHUS
KOTOPO# HEOOXOJMMO MapamMeTpaM CUCTEMbI IIPUIaBaTh KaKUE-TO YHCIICH-
HbIe 3HaYeHUs. B cucteme kommbroTepHOit Maremaruku Wolfram Mathe-
matica nauunas ¢ Bepcun 9.0 Hapsgy ¢ dyukiuein NDSolve, ucnons3syro-
LIeHCs U HAaXOXKICHUS YUCIICHHBIX pelleHni AnddepeHnanbHbIX ypas-
HeHui, ObuTa BBemeHa ¢yHkius ParametricNDSolve ([8]), mo3sossitoras
HaXOJUTh YNCIICHHBIE PEIICHMS, KOTOPhIE 3aBUCAT OT mapamerpa. Pesyib-
TaT pabotel pyHkmMu ParametricNDSolve — 310 HaboOp YMCIICHHBIX IaH-
HBIX ¥ METOZIOB MX 00pabOTKH — YTO MO3BOJISIET HAXOIUTh YUCICHHOE pe-
LIIEHHE, 3aBHCSIIIEE OT Mapamerpa.

3amauay (1)-(2) OymeMm periaTh MpH CIEIYIOIIAX MUCXOMHBIX NaHHBIX:
BEKTOP x" = (2.16,8.66,0.065,0,....0)"; thMax = 100,
Ta = 130°C, T = 220°C; a snavenus ki, u E ¥j = 1..... 8 npusenens! B
paborte [6].

VYuuTeiBas BO3MOXHYIO JKeCTKOCTh cucTeM (2) u (4)-(5), cBoiCTBeH-
HYIO 337]ayaM XMMHUYeCKOH KMHeTHKH (cM. Harmpumep [3]), B mapamerpax
COOTBETCTBYIOIIHUX byHKIII ParametricNDSolve YKaXeM:
Method — {«StiffnessSwitchings, «NonstiffTests — False}.  Vuurbisas
(hu3HKO-XUMUYECKHE CBOMCTBA pemeHui cucteM (2) u (4)-(5), onmucanHbie
B pabore [6], pH MOCTPOCHUHU PEIICHUST YKA3aHHBIX CHCTEM OTPaHUIHMCS
TPETHUM TMOPSIKOM UHTepHossiuuy. J{si HaxoxIeHus yrpasieHus U, yao-
BJIETBOPSIONIETO MPHUHIUITY ONTUMAIBHOCTH (3), IIOCTPOMM COOTBETCTBY-
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oM (QYHKIMOHAJ, MOJCTABUM B HEro pemieHus cucteM (2) u (4)-(5), u
Bocnonb3yemes ¢ynkuueir NMinimize. B mapamerpax NMinimize yxa-
xem: Method — «DifferentialEvolutions, sTor MeTon mokasam Hawmyd-
e pe3yiabTaThl HA TECTOBBIX 3a/ladax, IJIs1 KOTOPHIX OBLIO M3BECTHO pe-
menHne cucteM (2) u (4)-(5) B s;lBHOM BHUAC.

Pesynsrar pacueros: i = —0.0020277803941397143, 4ro coot-
BerctByer TomTt = 220°C. TMomy4eHHBIH pe3ysbTaT COTTIACYETCS C IKCIIe-
PUMCEHTANBHBIMA JaHHBIMU (CM. [7]).

Ha puc. 1 u puc. 2 mpOWUIIOCTPUPOBAHO TIOBeneHHE (GyHKIHN
Flt.2(2), w) (xpurepmii perTaGenbHOCTH Mpolecca) M LETEBOTO (YHKIH-
onmama B(#(),u) = J‘:MEI fle. #(t), u) dt, oTkyma Takke crlemyer, 4TO

ONTUMYM JOCTHUTaeTCs MPU MaKCUMaIbHOU Temmeparype.

-0.0024 0023 -0.0022 -0.0021
-1000

-2000

-3000

-4000

-5000

0.0024 -6000

Puc. 1. I'papux (b&HKL[HH Puc. 2. I'padpux
£, 208), 20, BGOwW = [} fe. 2, dt
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Zhapsarbayeva L.K., Kanguzhin B.E., Konyrkulzhayeva M.N.

THE CONVOLUTION REPRESENTATION OF THE RESOLVENT
OF DIFFERENTIAL OPERATORS ON THE GRAPHS
In this paper we study the resolvents of linear differential operators
on graphs. A convolution formula generated by the boundary value prob-
lem for a second-order differential equation on a graph is derived.
Key words: oriented graph, maximal operator, correct restriction of
the operator, boundary forms, convolution representation of the resolvent.

1. Beenenne

Pabora mocesitieHa nuHeWHBIM T depeHInalbHBIM onepaTopaM Ha
rpadax ¥ CBEPTOYHOMY MPEACTABICHUIO HX pe30ibBeHT. Juddepeniu-
aNbHBIE ONEPAaTOPhl HA MHOTOOOPa3UsAX THIA CETH U3YYalUch B paboTax
I0.B. Iokoproro u ero ydeHukoB [7-12]. M3 mocneqHux MyOIUKAIHA,
MOCBSIIEHHBIX TEOPUU 0OPATHBIX 3a/1a4 Ha rpadax, oTMeTHM padoTsi [2, 3,
6, 14].

B nmaHHO#l craThe NPHBOJMTCS IMOCTAHOBKA KPAeBOW 3aja4yd JUist
i depeHInanbHOr0 YpaBHEH!sST BTOPOTo Mopsiika Ha rpade, AoKa3biBa-
€TCsl KOPPEKTHOCTh IOCTaHOBKM paccMarpuBaeMoil 3anaud. BriBenena
dbopmyna CBEpTKH, MOPOKIaeMOH KpaeBoi 3a7auent TSt
i depeHnnanTb,HOr0 ypaBHeHUsI BTOporo mnopsiaka Ha rpade. [lokaszano,
YTO PEe30JIbBEHTa OIEepaTopa, COOTBETCTBYIOIIErO KpaeBOW 3ajade Juis
IubGepeHInaIbHOTO YpaBHEHHST BTOPOTO Topsiika Ha rpade, HMeer
CBEPTOYHOE MPE/ICTABICHHUE.

[epeurciieHHbIe pPe3yabTaThl SBISIOTCS HOBBIMH, paHee MOJIOOHBIC
BBIBOJIBI M TIOJIOXKEHHsI OBLIIM U3BECTHBI JJIS ONEPaTOpPOB HA OTPE3KE WIIH
ocu.

2. OcHOBHBIE IOHATHSA

Ilycte 3aman opuentupoBauubiii rpad I =4{V,&}, rae V — MHOKe-
CTBO BEpILIMH U & —MHOXecTBO nyr. KonndecTBo BepumnH rpagda V  o6o-
3HaumM 4yepe3 N, a camu BepmumHbl Oynem Hymeposath 1,...,N.I'pannu-

HBIC BEpIIHHBI 0003Ha4YMM uepe3 [, BepumH u3 MHOkectBa | =V \I[
HasblBaeM BHyTpeHHuMU Toukamu. Jlyra € =[i, j] coemuuser Bepummnmb i

U j, HampaBieHa OT | K j. MHOXKECTBO BXOISAINMX JAYT K BEPLIMHE |
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0003HauUM depe3 Vi+, a MHOXECTBO BBIXO[SIIUX IYyr M3 BEPIIUHBI |

o0o3HaunM gepe3 Vi . Cumraem, 4To rpad HE MMEET NETENb U HE ACTHUT

IUTOCKOCTh Ha HECBSI3aHHBIE 00JIACTH, T.€. KOJMYECTBO I'PaHEil paBHsETCS
1. J1ns1 Takux rpados uzBectHa Gopmyna Jitnepa [13]:

Ne|+1 (1)

Ha xaxnoii nyre e n3 E onpeneneno auddepennnansHoe BeIpake-

HUE:
d 2
Agpe(Xe) = _dizll/e +Ug (Xe)we (Xe) = fo(Xe), 0 < xe <1. 2)
Xe
[MoTpebyeM, uTo6bl BO BHYTpeHHEN BepiuvHe i€ | BBITOIHSINCH
YCIIOBHUSI HENPEPHIBHOCTH:

v(i,j1(0) = fi, mpu jeV;"
Yk = B, upu k eVi,

rac ﬂi — HEKOTOPBIC HCU3BCCTHBIC KOHCTAHTHI.

@)

Tak >xe moTpedyem, 4ToObl BO BHYTpEHHEH BepiuuHe i € | BbIMOJIHS-

JIOCh YCIIOBHUE COXpaHeHI/IH 0ajaHca moToKa:
z V/[l J](O) = Z W[k i] @. (4)
jevi*

3ameTHM, 9TO 3aKOHHI (3), (4) W3BECTHHI B DIIEKTPOTEXHHUKE KaK 3aK0-
uel Kupxroda [1].

Iycts y= Y (VF(s)|+|V (S)|). B rpanuuHbIX BepIIMHAX TIOTpE-

sel’

OyeM BBITIOJIHEHHE KPAeBbIX ycloBuu pu =1,..., ¥

U (W(X)) = z.{ > (”w[ks](1>+b(k Wis D)+
sel’ | keV = (s)

. (()'/’[su](o)+d.s s, .](0))}
ieV*(s)

O b0 0 g0

sk ! Sk ’ |S ’
Teopema 1. Eciu na6op {U;,t=1....x} xpaeBbix ¢op™m JHHe#HHO

rge a HEKOTOpBIC YHCJIa.

HE3aBUCHM, TO KpaeBas 3amada (2), (3), (4) KOppeKTHO MOCTaBJIeHa B MPO-
crpanctee Ly (3) .
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3. Pe3onbBeHTa KOpPPEKTHOro cy:keHusi audepennnaibHOro
onepartopa Ha rpade c riIaaKkoi 00,1acThI0 onpeeeHust
PaccmoTpum mpoctpanctBo L, (3) = ® L (e) c anemenramu
ecE

[we(Xe). €€ g]T =W(X),tme X =(Xo,€ €¢&) n ®— 1eKapTOBO MPOU3BE-
JIEHUE TIO/IIPOCTPAHCTB.
Onepatrop B ¢ o6macteio ompenenennss  D(B) = L, (J)

3a7aBacMbli  JIMHEHHBIMH  JU(QQEpEeHINANBHBIMI  BBIDAKCHUSIMU |

YCJIOBHSAMH BO BHYTPEHHUX TOYKAX
2

d .
BY(X) =[Aewe(Xe) = _d7‘//e(xe) +Ug(Xe)ye(Xe) e € Ejiel:
e

vi,j)0) =B v @ =Bi. jeVit keVi,
' ' T
X vigO= X yui@l
j EViJr k EVF

HA30BEM MaKCHMAIbHBIM OMIEPATOPOM.

3amerum, uto sapo KerB ={¥(X) e D(B): B¥Y(X) =0}, u oo
uMeeT KoHeuHyro pasmeprocts dimKerB = y.

Omneparop A, cooTBeTcTBYIOIINIT KpaeBoii 3anaue (2), (3), (4), sBus-
eTCsl KOPPEKTHBIM CY)KeHHEM MaKCHMaIbHOTO onepartopa B .

HaGop nuneiinbix rpannanbix Gopm {Ui,t=1,...,.x} mpencraeiser
JMHEWHO HE3aBUCUMYKO CHCTEMY (YHKIMOHAJIOB B MOJNPOCTPAHCTBE
KerB pasmepuoctu y. Tornma B npoctpanctee KerB naiinercs [5] ennn-
CTBEHHAs cucTeMa (QYHKIMU {‘Pt (X),t=1,..., ;(}, MOJYMHCHHAS YCIIOBUSIM

0,r=t
Ur (P (X)) =6y, tae 6y =
Lr=t

Cucrema dyukrmmu {W¥t(X)} HasbiBaeTcs GHOPTOTOHANBHOM B 1O~
npoctpanctBe KerB k cucreme JHHEHHBIX QYHKIIMOHATIOB {U r }

OG6o3HauuM uepe3 A CyKeHHE MaKCHMajJbHOro omeparopa B c
00J1aCTBI0 ONpeIeIICHHS

D(Ag) ={¥(X) W7 (I):U % (¥(X)) =0,r =1,... 7},
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rae Habop rpaHuuHBIX (opM {Uot,t:l,...,;(} nojydaercsi u3 Habopa

{U;,t=1....x}, eciu Bce Ci(sr) , di(sr) PaBHBI HYIIIO.

Teneps chopMyupyeM OCHOBHOM pe3ybTar.
Teopema 2. CrpaBe[TMBO CIEAYIOIIEE MPEICTABICHHE OOPaTHOTO
omeparopa A

ALF(X) = AZF(X) - $ W (X) U (AGF)
t=1

i VFE(X)ely(3), rtme cucrema oynkuun {¥¢(X)} sBasercs
OouoproroHasbHOW B momnpoctpanctBe KerB k cucreme smHEHHBIX
(bYyHKIIOHATIOB {Ur}.

Teopema 3. Ilpy KOMIUICKCHBIX 3HAUEHUSIX f CHPaBEAJIUBO
cleyrolee peICTaBIeHHe Pe30JIbBEHTHI onepatopa A

(A=) HF(X) = (Ao —d ) TR (X) -
- S (A=) W0 Url(ng ) )

[anee, moBTOpsis paccyxaenust pabotsl [4], n3 Teopemsl 3 moirydaemMm

CBEPTOYHOE TPEJICTABICHHE PE30JIbBEHTHI onepaTopa A .
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XAPAKTEPUCTUYECKHUE KOJIBLA JIU THIIEPBOJIMYECKUX
CUCTEM YPABHEHMM, TOPOXKJIEHHBIX YPABHEHUEM
MNEHJIEBE |1

B pabome natioenvl pazmeprocmu X Y — xapaxmepucmuueckux xo-
ney Jlu eunepbonuueckux cucmem ypasHeHutl, NOPONCOCHHbIX YPAGHEHUEM
Iennese ll.
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Zhiber A.V., Toshmurodova D.R.

CHARACTERISTIC LIE RINGS OF HYPERBOLIC SYSTEMS OF
EQUATIONS GENERATED BY THE PAINLEVE II EQUATION
We have found the dimensions X, Y of characteristic Lie rings of hy-
perbolic systems of equations generated by the Painlevé Il equation .
Key words: characteristic Lie ring, dimension, Painlevé II equation,
basis, commutators.

VYpaBuenus [lenneBe — oOliee Ha3BaHUE TPYIIBI U3 MIECTH OOBIKHO-
BeHHBIX quddepeHnnanbHbpIX ypaBHeHU. Y paBHeHus [IeHieBe BO3HUKIN
B pabotax II. IleHsieBe n €ro y4eHHKOB KaK pEIICHHE MPOOIEMBI KIacCH-
¢ukany 0OPIKHOBEHHBIX AU (QepeHINATBHBIX YpaBHCHUN

u = R(y,u,u'..u(“‘l)),
rze mpaeas 4acth R romomop¢Ha mo Yy B HekoTopoii obigactu D C u
paluoHanbpHa 1O u,u'..u(nfl). 31ech apryMeHT Y ¥ HCKOMasl (YHKIUS
u(y) NPUHAMAIOT KOMILUICKCHBIE 3HaYeHus. Eciun u(y) €CTh pelleHHUE, TO

OHO KakK ()YHKIHMS KOMILUIEKCHOTO NEPEMEHHOI0 MOXET MMETh KaK OJIHO-
3HaYHbIE 0COOBIE TOYKH, TAKHE KaK IIONI0CA, CYIIECTBEHHO 0CcOObIe, TaK U
MHOT'03Ha4YHbIe 0COObIE TOUKH, WJIM KPUTHYECKHE TOUKH BETBJICHHS, JIOKa-
JM3alusA KOTOPBIX Ha KOMIUIEKCHOH INIOCKOCTH B OOLIEM Cilydae OIpexe-
JISIETCSl HAYQJIbHBIMH YCJIOBHSIMHU.

Pemienus ypaBuenuii IlenneBe oGnanator cBoiictBoMm [lenieBe: He
UMEIOT JIPYTUX TOIBIKHBIX OCOOCHHOCTEH, KpoMme mointocoB. Tak, penre-
Hus ypaBHeHuit [lennese |-V He mMeroT BooOIe HUKAKHX O0COOCHHOCTEH
KpOMe TIOJIFOCOB; pelleHus ypaBHeHHs [leHneBe V MMEIOT HENOJBIKHBIC
norapudmudeckue TOuku BeTBiIeHHs nmpu Y =0 U y=o00 , a penieHus

ypaBuenus Ilennese Vinpu y=0, y=1u y=o0.
YpaBHenus llenneBe NpuUHATO 3aNKUCHIBATH B CIEAYIOIIEM BUJIE:

1. uV =6u?+y

2. uV=2+w+a

\2
s gV :%+(au2+b)ey+[cu3+%jezy: |bf-+[d[ 0
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2 {u u-1 u-y y y-1 u-y
—1)u- 1 -1
+U(u2 Ju 2y) aip iy It sulu 2)
y?(y-1) ut -1 (u-y)

VYpasHeHus IleHneBe MMEIOT MPHJIOKEHHUS B BaKHBIX MaTeMaTHde-
ckux mpoOiemax: mpsiMas ¥ oOparHas 3anaua Pumana, nedopmanus -
HEeWHBIX AU PepeHIUaTbHBIX CUCTEM, T€OMETPHS IIOBEPXHOCTEH, OPTOro-
HaJIbHBIE IOJIMHOMBI U Ap. YpaBHeHus lleHeBe MIMPOKO HCHOIB3YIOTCS B
TOYHO PEIIAEMbIX MOAEJISX CTaTUCTHYECKOH (PU3NKU U KBAaHTOBOIl Teopun
noJisi. YpaBHeHus [leHneBe urparot pemaromyo pojb B aCHMITOTHIECKOM
aHaIM3€e CBSA3AaHHBIX C HUM 3BOJIOIMOHHBIX YPAaBHEHUH B YaCTHBIX HPOU3-
BOJIHBIX.

B nanHOll paboTe paccMaTpuBarOTCSl THIEPOOINYECKHE CHCTEMBI
YpaBHEHUH

Uy =V,
Vy =6u?u, +yu,’ @
Xy X X

A @

3
Vi =2U5 + WUy +a

3
nopoxzaeHHble ypapHennem [lennese Il Uy, =20 +yu+a .

s runep6onmgeckoit cuctems! (1) paccMoTpensl X u Y — xapakre-
pucriyeckne konbia JIn. /lokazano, 4ro Y — XapakTepUCTUIECKOE KOJIbLO
Jlu cucremsl ypaBHeHHH (1) KOHEUHOMEPHO U €TI0 Pa3MEPHOCTh paBHA 4.
Omnepatopstr Y1,Y5,Y;3,Yy3 00Opasytor 6asuc Y — XapaKTepUCTHIECKOTO

0 0

konpua Ju, roe Y, =—, Y, =—,
TR Y
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Y5 = 6%+(6u2 + y)a\li1+(6u2 + y)avi2+(12uﬁl +1)6vi1+(12uﬁ1 +1)avis+

+(12Ul2 +12uu, +6u2(6u2 + y)+ y(6u2 + y))aviJr )
3
Yos :i+i+(6u2 + y)i+(6u2 + y)iJr(24uUl +2)i+---
ov oV oV, OV, Vg
X — xapakTepucTHieckoe Koublo Jlu cucremsl ypaBHeHHd (1) — KOIbLO
MEIJIEHHOTO pOoCTa .
dimlL, =3, dimL, =1, dimL; =2, dimL, =2, dimL; =3, roe
L = |—1(X1: Xz, Xs): L, = L2(X1, X2, X3, Xla)v
Ly = LS(Xl' X2, X3, X13, X113, X313):
Ly = |—4(X1, X2, X3, X13, X113, X313, X1313, X3313):

I-5 = I-5 (xl’ XZ’ XS’ Xl3' X113’ X313! X1313’ X3313, x13313’ X31313' x33313)'

Jus runepbonmdeckoit cucTemsl (2) H0Ka3aHo, 9TO X — XapaKTepH-
CTHYECKOE KOJIBIIO JIM KOHEYHOMEPHO M ero pasMepHOCTh paBHa 3. Orme-

paropsl Xy, X5, X5 00pa3ytoT 6asuc X — XapakTepucTuueckoro konsna Jlu,

rmue Xlza%, X?_:%l

0 0 3 0 0 2 0
Xg=—+V; —+\2U7 +YU; +a)]—+Vy, — +|6U; Uy + YUy |—+---
375 16u1 ( 1 1 05)51 26u2 ( 1 Uz 2)52

Y — xapaktepucTHueckoe KoJybllo JIu cucteMsbl (2) MOpPOKIAETCS ONepaTo-

pamu Y, =i,Y2 :i,
ouy oV,
Y3 :£+U1£+V1£+(P1+“')i+(|32 +...)i+...+ P4nfli+
OX ou opy op, op3 OPan
0 0 0
+ Py ——+Pang ——+Punp2 a—+"'n
4n+l 4n+2 4n+3

rae P, - monuHoM cTeneHu N+2 nepemeHHbIX Uy, V; . O603HaumM yepes L,

MIPOCTPAHCTBO KOMMYTaTOpoB AnuHbl N . CrpaBeanuBo cleayroliee
YTBEPKJICHHUE!
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Teopema. Pa3mepHOCTh JIMHEHHOT0 HPOCTPAHCTBA KOMMYTAaTOpPOB
dimL,=n, n=23..., a 6a3uc NOPOXKAACTCSI BEKTOPHBIMH IOJSIMH

L1113 Lo1 a30--o0 Lao 23 ns TCOPEMBI CIENyeT, 410
n

2n<dim» (L)< 2+3+-+n.
i=2
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Zainullin R.R

ON ONE SPECTRAL PROBLEM FOR THE FOURTH ORDER
DIFFERENTIAL OPERATOR

In this paper, we investigate the spectral problem that arose when
solving the initial boundary value problem for the beam oscillation equa-
tion, one end of which is tightly fixed and the other end is free. The system
of eigenfunctions is constructed in an explicit form and is shown to be
complete and orthonormal in the space of quadratically-summable func-
tions.

Keywords: differential operator of the fourth order, spectral problem,
eigenvalues, eigenfunctions, completeness.

PaccMOTpHM CIIEKTPaIbHYIO 33134y
XV (x)+AX(x)=0, 0<x<I, (1)
X(0)=X"(0)=x"(1)=X"(1)=0, )
KOTOpasi TOJIy4aeTCst TP pasieleHHd MEPEMEHHBIX u(x,t): X(X)T(t) B
YpaBHEHUH
Lu=Uy +a%Uyy =0 3
C TPaHUYHBIMHU YCIOBUSIMHU
u(0,t)=u, (0,t)=uy (I,t)=u,, (1,t)=0, 0<t<T, 4)
OMHKCHIBAOIICe M3THOHBIC KOJeOaHus Oajikd, OAUH KOHel[ koTtopoi X =0
HArJIyX0 3aKpervieH, a Apyroit X =1 cBoOojeH.
K nanHOMy ypaBHEHHIO IPUXOAAT MPU pacueTe CTaOUIBHOCTH KpY-

TSAIIAXCSI BAJIOB, a TAKXKE MPU U3YUIEeHUN BUOpanuu kopaodeii [1],[2].
Ecin BBezem mubdepennmanbheii omeparop L, ompeneneHmbrit

npoussonnoii X "V wa muoxecrse ¢ymxumii C*(0,1)nC3[0,1], ynosue-

TBOPSAOMIUM I'PaAaHUYHBIM YCJIOBUSIM (2), TO OH CHOBaA ABJIACTCA CaMOCO-
TMPSKCHHBIM U TOJIOKUTCIIbHBIM. OTCIO,Ha CJICAYyET, 4YTO BCE COOCTBEHHEIE
3HAYCHUSA SABJIIIOTCS HECOTPULATCIbHBIMU U COOCTBEHHEIE (1)yHKIII/II/I, CO0T-
BETCTBYIOIIUE Pa3JIMYHBIM COOCTBEHHBIM 3HAYCHUAM, OPTOrOHAJIbHBIMU.
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IIpu sToM cucrema coOCTBEHHBIX (YHKIMI IOJHA B INPOCTPAHCTBE
L,[o.1](31.
CobctBennbie ¢pyHkIwH 3a1a49u (1) u (2) onpenenstorest o Gpopmyie:

Xn(n)zw(ch d,x—cosd,x)+shd,x—sind,x =

1-cosd,l
2¢ch| — do! shdn(x—l] 2sin| —— Ao cosd ( Ij
~ 2 2) 2 2)
- 1+chd,| 1—cosd,| -
| [ ®)
=a, shdn(x—aj—bn cosdn[x—ij,

re d, Haxo/ATCs Kak KOPHU ypaBHEHHUs
chd,lcosd,l=-1, n=12,...,
JUIS KOTOPBIX UMEET MECTO aCUMITOTHYECKas hopmyIia
dol =2 Z (2n-1).
Hopwma || X, (x)] co6ctBenmbix dymxmmii (5):

X0 (x j X 2 (x)dx i ©)

Iict

Ha ocnoBanmu (5) u (6) OpTOHOPMHUPYEM CHCTEMY:

W, (x)= X (X)

[Xa ()

KOTOPYIO B JajbHEHIIEM Ha OCHOBaHMHU paboT [3—7] OyaeM HCHOIB30BaTh
IIPU TIOCTPOEHHUH perieHus 3agaun Komm s ypaBHeHus (3) ¢ rpaHUYHBI-
MH YCIOBHUSMH (4).
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Zaynullov A.R.

INVERSE PROBLEM OF FINDING THE TIME-DEPENDENDING
FACTORS OF THE RIGHT PART OF THE TELEGRAPH
EQUATION

In this paper we study the initial-boundary value problem and on its
basis the inverse problem about the determination of the factor of the
right-hand side of the telegraph equation that depends on time. The
solution of these problems is constructed in the form of a sum of a series.
The uniqueness and existence theorems for the solution of problems are
proved.

Key words: telegraph equation, initial-boundary value problem,
inverse problem, series, integral equation, uniqueness, existence.

Paccmotpum ypaBHeHHe
Lu=Uy, —Uyg —b%u=F(xt) @
B IIPSIMOYTOJIbHO# 00acTu
Q={(xHl0<x<1,0<t<T},
rne b>0, >0, T >0 — 3anannbie AeiicTBUTEILHBIE YUCIIA.
[TocTaBum cnenyrolue 3aaun.
3amaua 1. Haiimu ¢pynxyuio U(X,t), yoosremeopsiowyio credyowum

ycaoeusim.:
u(xt) e CHQ) NC*(Q); )
Lu(x,t) = F(x,t), (x,t) €Q; 3)
u@©,t) =u(l,t)=0,t<[0,T]; 4)
u(x,0) = g(x), x€[0,1], u,(x,0) = w(x), x [0,1], (5)

rme F(X,t), ¢(X) u w(X) — 3amaHHBIe DOCTATOYHO TIAJKHE (YHKIHH,
npu stom @(0) = (1) = (0) = (1) =0.
IMycts F(x,t) = f(X)g(t).
Zapmaua 2. Haumu ¢ynxkyuu U(X,t) u g(t), yooeremeopsiowue
yenosuam (2) — (5) u
g(t) eC[O,T]; (6)
U(X, ) =h(t), 0<t <T, 0< %, <, @)
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specs f(X), h(t), @(X) u w(X) — 3aganHble QyHKIMH, X, — 3aAaHHAs
touka u3 (0,1).

OtMeTnM, 4YTO aHaJlorW4Has oOpaTHas 3ajaya H3ydeHa Juis
ypaBHEHUs TeruonpoBoaHOCTH [1] — [3] ¥ 1y ypaBHEHUH CMEIIaHHOTO
napabono—runepbonuueckoro tuna B padorax [4] — [7].

Pewenne npsimoii 3anaun 1 onpenensieTcst B BUAE CyMMBI pslia

() = S OX, () ®
rae
_ V. . 1 .
u, (t) = @, cos At +/1—:smﬂ,kt +/I_k-LFk (s)sin[A, (t - s)]ds, 9)

P = ()X ()ax, i = [l () X (), By (©) = [F (3,8 X (), t e[0,T],

2 . 7K
Xk(x):xﬁsmﬂkx, A :x/b2 +yf,yk :T,keN.

Cnemys paboram [8], [9], HeTpymHO [OKa3aTh CIEAyIOIIEe
YTBEPKACHUE.

Teopema 1. Ecau »(x) eC3[0,1], w(x) eC?[0,1],

FDeC@QNC(Q. u ¢0=p0)=0,¢'0)=¢'M)=0, ¥ =y =0,
FO,t)=F(@©0,1)=0,te[0,T],m0  cywecmgeyem eOUHCMBEHHOE  peuieHue
npamou 3aoayu I, u ono onpedensiemcs 8 @ude cymmuvl psaoa (8) c
K03 uyuenmamu (9).

Tenepr Ha ocHOBaHWMM (GopMyNbl (8) pemieHHs TpsMon 3amadd 1
u3yunM obpartHyto 3amxauy 2. B cumy Teopemsr 1 dyukmuu f(X) u g(t)
JIOJKHBI yJIOBJIETBOPSTH CIACAYIOIIUM YCIOBHSIM:!

f(x)eC?[0,1], f(0)= f(1)=0; g(t) eC[0,T].
[Tpu sToM pynkunu (9) IpUHUMAIOT BU:

u, (t) = ¢, cos A,t +%sinﬂkt + .0, (1), (10)
k

F®=9Mf, f, = Ijf(x)xk(x)dx,

rae
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1 .
9,(t) = ZLg(s)sm(zk (t-s))ds.
VY noBnerBopuM QyHKIHIO (8) TpaHUIHOMY YCIOBHIO (7):
U(Xp,t) = D Uy ()X, (%) = h(), 0<t<T. (11)
k=1

Moncrasnss (10) B (11), momydnm uHTErpanbHOE ypaBHeHHE Bonbreppa
MIEPBOTO poja

j.g(s)K(t,s)ds =h(t), 0<t<T,

rac
e

K(t.5) = 3 Esinl, (- 9K, (), (12)

h(t) = h(t) —Z[% c0s 4, t —%sinﬂktJXk (X,).

k=1
Huddepenunpys ypaBHeHI/Ie (12) mo 1, umeem
Kt + J 9(6) e = o (13)

W3 (12) Bugum, 49TO K(t,t)=0. Torma eme pas auddepeHmpys
ypasHenue (13) mo t r[onquM

K1 9+ jg(s) RO g = v o) (14)

Teneps u3 (12) Beraucium
oK(t,s o
B | =3, 000) = 103,)
ot =)
Orcrona BuaHo, uto ecian f(X,)#0, To ypaBHenne (14) mpescrapiser

co0oil  uWHTerpasbHOE YypaBHeHHWe Bonbreppa BTOporo poma ¢
HENpEepPLIBHBIM JIPOM M HENPEPLIBHON MpaBOM YacTbiO MPH YCIOBHU

g(t) eC?[0,T]. CrnemoaTensHo, MHTerpanbHoe ypaBHeHue (14) mmeem

emuncteennoe pemenne ((t) B wmacce C[0,T] wm mpuxommm x
CIIEYIOMIEMY YTBEPIKICHHIO.
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Teopema 2. Ilycmo ¢ynkyuu ¢(X) u w(X) ydoeremsopsiom
yenosusm meopemol 1, gynxyus T (X) yooeremesopsem ycnosusm (10),
g(t) eC?[0,T1, h(0) = p(%,), h'(0) =w(X,) . Tozoa, ectu f(x,)#0, mo
3a0aua 2 umeem eOUHCMBEHHOe peuieHue, KOMopoe onpeoeisiemcs no
Gopmyne (8), ¢ xomopoi gynxyus Q(t) maxooumcs uz unmezpanvho2o

ypasHerusi (14).
Tenepb BBISICHAM HACKOJBKO cymiectBeHHO ycioBue f(X,)#0 B

teopeme 2. [TycTh uist HEKOTOPBIX K =m:
sinA,x, =0.
Torpa wust pyskuun T (X) =Sin A, X mpu mo6oit dpyukumu g(t) e C[0,T]
CYILIECTBYET HeHyeBoe perenue 3anaun 2 (rae @(X) =w(x)=0)
sinA, X
A

u(x,t) = jg(s)sin[,zm (t—s)]ds.

m
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Zaitseva N.V.

KELDYSH TYPE PROBLEM FOR B- HYPERBOLIC EQUATION
WITH INTEGRAL BOUNDARY VALUE CONDITION OF THE
SECOND KIND

We consider a boundary value problem for a hyperbolic equation
with Bessel differential operator in a rectangular domain with integral
nonlocal boundary value condition of the second kind. The solution of the
problem is obtained in explicit form. The solution is obtained in the form of
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the Fourier-Bessel series. Its convergence is proved in the class of regular
solutions.

Key words: hyperbolic equation, Bessel differential operator, non-
local boundary value condition, Fourier-Bessel series.

PaccmoTpuM B mpsMOYyTOIBHOM 06MacTu
D={(x,t) |0<x<I,0<t<T},
rae |,T > 0 — 3agannsie AeHCTBUTEIBHBIC YUCTa, TUIIEPOOINIECKOE YPaB-
HeHue ¢ onepaTtopoM beccens, kotopoe no Tepmunonorun M. A. Kunpus-
HoBa [1] Oynem Ha3biBaTh B-runepbosinyeckum ypaBHEHHEM

TBu(x,t)sutt—x‘k%(xkux)zo, )

rae Kk >1 — 3ajanHOE OEHCTBUTENBHOE YHCIIO.
IMocranoBka 3anaun. Haiitn dynakuuio U(X,t), yIOBIETBOPSIOIIYIO
YCIIOBUSIM

u(xt)eC'(D)nc?(D), @)
Tgu(xt)=0, (x,t)eD 3)
u(x0)=p(x), u(x0)=yw(x) 0<x<I, 4)
+Iu xtxdx 0, 0<t<T. (5)

B cuny pesynpraTom pa60T M.B. Kennpuua [2], C.II. [Tynpkuna [3]
st B-snnmuntrdeckoro ypaBHeHUS

Uy + XK %(Xkux)zo

opu Kk >1 orpesok X=0 ocBoGOXAAETCSA OT TPAHMYHOrO ycuoBust u-
puxie. B padorax C.II. [Tynekuna [3], K.b. CabutoBa [4, C.68] mokasaHo,
YTO CIPaBEUIMBO YCIOBHE

u,(0,t)=0, 0<t<T. (6)
3TO K€ YCIIOBHE CIPaBeJINBO M I ypaBHEeHHUs (1), 4TO HETPyIHO MOKa-
3aTh, pa3zessisa MepeMeHHbIE.

WNuTerpansaoe ycnoBue (5) OyaeM Ha3bIBaTh, COTJIACHO TEPMHHOJIO-
run JI.C. IlynpkuHOM [5], MHTErpaabHBIM yCIOBHEM BTOPOro poia. Panee
HaMu Obuta WcciezoBaHa [6] mpu 3HavueHun mapamerpa K >1 HavampHO-
rpaHudHas 3a1a4a (2) — (4) ¢ HHTETrpaIbHBIM YCIOBHEM IIEPBOTO POAa
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[
Iu (x,t)x“dx=A=const, 0<t<T.
0

Pemenne 3amaun (2) — (5) moctpoeHo B BHAE psna

o0

u(xt)= Zun ()X, (), (7)
Xy (x) = = X, (),
%

Lo.p(01)

371ech JV(Z) — ¢ynkuus beccens mepBoro poxa nopsaka V= T_ , c00-

CTBCHHBIC 3HAUYCHUA [, ONPCACIIAIOTCA KaK HYJIN YPaBHCHUA

JE(,u):O, u=A,
2

2

L2.pf02)

‘ X

n

[ pbR2M o)

u,(t)= e, cos /Int+%sin At +

n
20 5
+ 123, (ﬂnx(cos\/l_kt—cosﬂn}

2 k -
a2 -1 .

k

v 5 2 cin Ik L
+ 123 (A4, x) 1 2sinyI*t——sin 2, |,
22 -1 > A
n 2 n

n =J.¢(X)kan(x)dx, Wn =fl//(X)X"Xn(X)dx.

MCTO)IOM HWHTETPAJIBHBIX TOXKACCTB JJOKa3aHa
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Teopema 1. Eciu cywecmeyem pewenue 3adauu (2) — (5), mo ono
eOUHCINBEHHO.

MeTtonom criekTpaibHOTO aHanm3a [7] — [9] mokasaHBI cieayromIie
YTBEPIKACHHUS:

Jlemma 1. Ecau ¢pynxyua @(X)ECZ[O, I] U cywecmeyem npousgoo-

Has (p"'(x), umMerwas KoHeuHoe U3MeHeHUue Ha [0, |], Pynryua

w(x)e CH0,1] u cywecmeyem npoussoonan y''(x), umerowasn xomneunoe
usmenenue na [0,1] u

#(0)=¢"0)

MmO 8bINOJIHAIOMCS OUEHKU

[
<
S
N
I
)
—_
=
[
<
—_—
SN
I
o

Iwnl< s vl <=5

20e C; - nonoscumenvuvie nOCMOAHHbIE.

Teopema 2. Eciu pynxyuu (p(x),y/(x) VO0871emBOpAIOM YCI08UAM
nemmbl 1, mo cywecmeyem eouncmeennoe pewenue 3adauu (2) — (5),
onpeoensemoe psaoom (7), npu 9mom cymma psaoa u(x, t) eC? (5)

Teopema 3. /s pewenus 3a0auu (2) — (5) cnpageonusa oyenxa

1l on =C5(I0,, o * W e )

20e
|
1912, on = j p(X)|F(x)Pdx,  p(x)=x*.
0
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Zaripov D.M.
NONLINEAR OSCILLATIONS OF PIPELINES

A nonlinear bending of the span of a horizontal pipeline on two sup-
ports is considered under the influence of impact pressure in the internal
fluid, taking into account the effect of the longitudinal force on the bend-
ing. The solution of the nonlinear equation of the problem is obtained by a
numerical method. Comparison of results in linear and non-linear state-
ments is given. It is shown that in the nonlinear case, the oscillatory re-
gime of the pipeline movement arises, in contrast to the linear case when
the exponential growth of the deflection amplitude of the pipeline occurs.

Keywords: pipeline, impact pressure, oscillations.

Beenenue. Borpocs! ctaTuky M JUHAMUKH TPYOOIIPOBOJIOB PaccMOT-
peHbl Bo MHOTHX m3naHusx. Hanpumep, B [1-3] onpeneneHo BAMSHUE BHYT-
PEHHEro nepemnaja JaBleHUs B TpyOe Ha ee CTaTHIECKHH M TMHAMUYCCKHI
M3ru0, HKCIEPUMEHTAIFHOE H3Y4eHHe KOToporo aaHo B [3]. CaMoB030YX-
JIeHHE TIEPUOJMYECKUX M XaOTHYECKUX KOJIeOaHUi MPU CTOSYMX U Oerymumx
BOJIHAX JABJICHUS B TPAHCHOPTUPYEMOH >KUAKOCTH PacCMOTPeHO B [4, 5] u
nocneayromux padorax. s u3ydeHus 3TUX PEXUMOB KoJieOaHUH HYKHO
UCXOJUTh W3 HEJIMHEWHBIX COOTHOIICHWH. B wacTtHocTH, B padore [5]
HaWJEHO KPUTHYECKOE 3HAYCHHE BHYTPEHHETO JABJICHUS P, IPH IPEBBIIIE-
HUM KOTOPOTO TPOHMCXOJUT IMOTEPs] YCTOWYMBOCTH CTATHYECKOTO ITOJI0XKE-
HUS paBHOBECHs TPYOOIIPOBOJia M TPH MEPHOIUIECKOM BO30YKIEHHH BOJIH
JIaBJICHHS] MOTYT BO3HHMKATh CJIOJKHBIE KosieOaHWs, B TOM YHCIIEe M XaoTH4e-
CKHE.

OKIIepUMEHTAJIbHOE HCCIIE0OBAaHWE YIApHOM BOJIHBI B JKHJKOCTH
MIPOBOIMIIOCE B paboTe [6]. DyHKIMS NaBIeHUS p B BoAe Oepercs u3 3Ton
paboThI.

HccnenoBanne  IUHAMHYECKOH — peakMM M HalpsKeHHO-
JeOpMHUPOBAHHOT'O COCTOSIHUSI TPYOOIIPOBO/IA MPH AEHCTBUU BHYTPEHHEH
yJapHOU BOJHBI IPUBENIEHO B padote [7].

Iensio uccnenoBanus B padote [8] SABISETCS MOJASIUPOBAHHUE THI-
POIMHAMUYECKOTO yZapa B TpyOONpoBojAe BA3KOYIPYTHMH ONOpPaMH B
OCEBOM HaIlpaBJIeHHH. Bsskoynpyrue matepuaibl onop ObUIM OIHCAaHBI C
ucronbp3oBaHueM o0o0menHold Mojenu KensBuna-doiirra. YpaBHeHHS
JBIDKCHUS! JKUJIKOCTH OBUIM pEIIeHbl METOJIOM XapaKTEPHUCTHK, a ypaBHe-
HHUE KoyleOaHWH TpyOB! OBLIO PENIEHO ¢ WCIIOJIb30BaHUEM METOAa KOHed-
HBIX IEMEHTOB. Mcronb30Banuch pa3nuyHble TPaHUYHBIE YCIOBUS B OCE-
BOM HallpaBJICHUH: TTOJHOCTHIO CBOOOIHBIE KOHIIBI; )KECTKAas O1opa; ynpy-
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THe U BA3KOYNpYyrue onopsl. Pe3ynbTaTsl KOJIMYECTBEHHO MOATBEPKAAOT,
YTO UCIIOJIb30BaHUE OTOP C BSI3KOYNPYTUM TOBEACHUEM B OCEBOM HaIpaB-
JICHAW TPYOOIIPOBOIa MOKET 3HAYUTEIEHO YMEHBIINUTH KOJIEOaHUs TPYOBI
(cMereHns 1 HANPSDKCHNA ).

B crartbe [9] mpencTaBieH aHaIN3 MOJIENH, OMMCHBAIONICH MOeped-
HBIE KoJIeOaHUs TPyOBl, BBI3BAaHHBIC ONUIMIISIINEH CKOPOCTH TTOTOKA JKU -
KocTH. JIBM)KEHHE OIMCHIBETCS ABYMsI HEMMHEHHBIMH An(p(epeHINaIb-
HBIMHM YPaBHEHHMH B YAaCTHBIX MPOU3BOJHBIX C MEPHUOANIECKH M3MEHSIO-
mumucs koddunuentamu. Jlns pemieHns 3aadd UCTONB3YeTCs METO.
ByOnoro-I'ajepkiHa ¢ HCMOJB30BAaHHEM OPTOTOHAIBHBIX COOCTBEHHBIX
¢bynkumid. J{ns onpenenenus obnacreil HEYCTOHYMBOCTH ObliIa IPUMEHEHA
Teopusi ®noke. BpIsABIEHB! yCIOBHUS BO3HHKHOBEHHUS MapaMEeTPHUECKOIO
pe3oHaHca M 00JacTH BBICOKOAMIUIUTY/AHBIX Kojiebanuid. beutn uccneno-
BaHbl XapakTep M (opMa KojeOaHWil, yKa3bIBalolIMe Ha BO3MOXKHOCTb
BO30YyKIEHHUS CyOTapMOHHYECKHX M KBa3HIICPHOAWYECKUX KoJcOaHWH B
o0acTy mapaMeTpuIecKoro pe3oHaHca.

B pabore [10] mpencrasieH oOMMpHBIN 0030p JIUTEPATyPHI, OTHOCS-
meics K JUHaMUIEeCKOMY aHaIN3y TPYOOIPOBOIHBIX CHCTEM C 3aIOJIHEH-
HOHN JXKMIKOCTBIO. [IpOBOAUTCS CpaBHEHHE PA3IMYHBIX THIIOB MOZEIEH M
AJITOPUTMOB MOJEIMPOBAHUS PA3IHYHBIX YPOBHEH CIIOKHOCTH U 0OCYX-
naercs ux oOnacte npumeneHus. ComocraBisitorcsi 3(dexTsl BIusSHUS
IapaMeTPOB KUAKOCTH, MEXaHHUECKUX CBOMCTB M IT'PAaHUYHBIX YCIOBHH Ha
JMHAMHUYECKUI XapakTep IOBEJIeHUs] TPYO, TPAHCIOPTHPYIOIINX KUI-
KOCTb.

ITocranoBka 3agaun. PaccmarpuBaercst m3rud mposiera ropu30HTalb-
HOTo TpyOONpoBOAa Ha JABYX ONOpax IOJ BO3IECHCTBHEM YIApHOTO JaBile-
HUS BO BHYTpeHHEH »xuakoctd. [Ipeanonaraercs, 4To TpyOONPOBOA HCIbI-
TBIBAET TOJILKO YNpyrHue Jedopmarmy, paccTosHie Mexay onopamu L Ha
TOPSIIOK OOoJIBIIIE pamuyca TpyOompoBoaa R, KOTOpEI Ha TOPSAOK OOJbBIIe
TomuuHbl cTeHkH h. [IpuHMMaeTcs Takxke, 4To NMPH HM3rube MoIepeyHoe
CeyeHHe COXpaHseT KpyroBylo (opMmy, ocTaeTcsi IUIOCKHM M IEPIICH IUKY-
JISIPHBIM K M30THYTOH OCEBOM JTMHMH. BimsHue TeueHns )KUAKOCTH B TPYOO-
MIPOBOZIE HE YUUTHIBAETCA. JKUIKOCTh IPUHIMAETCS HICalIbHOM 1 HEeCKIMa-
€MOi1, TOATOMY JaBJICHHE B XKHIKOCTH II0 JUTMHE TPyOOIIPOBOJa yCTaHABIIH-
BAETCsl MTHOBEHHO U COCTOUT U3 IOCTOSIHHOM U NIEPEMEHHOM 4yacTeil P = Py
+ p(t) (t — Bpems). PacueTHast cxema mpezcTaBjieHa Ha puc. 1.
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75T
Puc. 1
OyHKIMS TepeMeHHOH YacTH AaBJICHUS, IPUHUMAETCS B BUIE [6]
p=6.75p,7(1—1)*. (1)

3necy Oe3pasmepHoe Bpems T = t/t,, rae t, — WIMTENFHOCTh yOapHOU BOJI-
HBI. MakcuManbsHOE 3Ha4eHUE p = p, gocturaercs mpu T = 1/3. Byzner pac-
CMOTpEH U Cllydail, KOTAa JaBJEHUE IOCIE JOCTHKECHUS MaKCUMAaIbHOTO
3HAYECHUS OCTAETCSI MOCTOSHHBIM (Po+Pe — IITpUXOBas NUHUS). DyHKIUN
JIaBJICHUS MIPEACTABIICHBI HA PUC. 2.

p,aad

150]

100

50

Puc. 2
YpaBHeHHE JBHKSHHUS] TPYOONPOBOIA OTHOCUTEIBHO MPOruba 3arichiBacT-

cs B Buze [4]

4 2
SRALI VAL nRZ(l——ZV )(p0+ p)-
1+A

ox* ot?
)
EF  Slow. ) | |d%w,
—_— J dx |—-=Mg
2L(L+2) 5\ ox OX
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3necs D = nERh — u3rubHas xectrocts Tpybomposoaa, M = nR(2hp+Rpy)
— Macca TpyOONMpoBOAa eMMHUYHON IUTHHBI C BHYTPEHHHM paanycoM R,
TONIIUHON CTEHKH h, MIOTHOCTAMH Marepuana TPYObl p M KHUIKOCTH r.
IMpu 3anmcu D u M npenebperaem BenuumHoit h/R mo cpaBHEHHIO ¢ eMUHE-
neit. IlomoxwuTenbHOE HampaBieHHE TIPABUTALMOHHOTO YCKOpPEHHS ( M
nporuba npuHATO BHU3, vV — Koaddunument Ilyaccona. Koapduunenr mu-
HelHo-ympyro#t momatauBocTr onop A =CL/(2rRhE), rne C — sxecTKOCTH
OIOPHI B IPOJOTEHOM HAIpaBJICHHH.

Tporu6 W.=wy(X)+W(X,t) cocTOUT U3 CTATHYECKON YacTH Wo(x), BBI-
3bIBa€MOU COOCTBEHHBIM BecOM UM M HaBIeHHEM pg, U AWHAMHYECKON
gacTu W(x,t), BEI3bIBACMOI TaBIICHHEM p.

IlepBbIif uneH ypaBHeHHUs (2) XapakTepu3yeT YIpyTHe CHIIbI, BTOPOi
— WHEPUHOHHBIC CHIbL. M3ri6 TpyObl ¢ BHYTPEHHHM JABICHHEM pg + p U
KpHBH3HOH O°W,/OX® TPHBOIUT K 0GPA30BAHMIO PACTIPENENEHHOH GOKO-
BOI1 cuisl [2]

0% (W, + W)
ox?

2v
2
nR%| 1—-——|(p, + P) ,
1+A
HaTpaBJICHHOW B CTOPOHY BBITYKJIIOCTH OCEBOH JMHUH. [Ipu m3rude Tpy-
6OHpOBO,I[a BO3HUKACT HpO,E[OJ'IBHa?I cuJjia B CJIICACTBUEC yz[J'II/IHGHI/Iﬂ €ro oce-
BOI71 JIMHUU, KOTOpa?I paBHa
2
EF  (ow,
N=——— j dx
2L(L+A) 2 ox

0

rne EF — npomonmpHast skectkocTs TpyOompoBona. [IpomonprHas cuma N
B3jTa CO 3HAKOM MHHYC, IMOCKOJIBKY IMPOTHBOACWCTBYET W3rHOy TpyOoO-
mpoBona [5]. Hactosmias pabora oTimyaeTcss OT HCCIICAOBAHHS, MPHUBE-
JIEHHOTO B [7] yuyeToM 3TOH NpOAOIbHON CHIIBI.
I'panmyHBIE yCIOBUS OTHOCHTEIHFHO (PYHKITHH MPOTHOa 3aIMCHIBAIOT-
csl B BUJIE:
2
w=%_0 x=oL ?)
oX

Pemenue HeJIMHEHOTO ypaBHEHHMsI BUKeHMsI TpyGompoBoaa.
[MpubsamKeHHbIe BBIpAXKEHUsI Wo U W JJIsl cliydass CBOOOIHOIO ONUpaHMUs
KOHIIOB (3) NpUHUMAIOTCS B BUJIE

w, =W, sinpx,  w=Wsinfx (B=r/L). 4

348



Craruueckast COCTaBJISIIOLIasl Iporuda TpyOonpoBoa 1Mo AeHCTBUEM
COOCTBEHHOTO BeCa U JIaBJICHHS po ONUCHIBAETCS CIEAYIOIINM YpaBHEHHEM
(B TMHEHHOM CITydae)

o'w, 2v o’w,
D—L2+nR*|1-———  =gM, 5
x ( 1+xj oo 9 ®
pelIeHrne KOTOPOTo OTHOCHTEIBHO aMIUTATY B Iporuoa (4) nMeeT Bu

ngM p . D p*

e T e e welC
Mo Po (1_ )TCRZ
1+

3nech P,— KpUTHYECKOE 3HAUEHUE NABJIECHHA pg, KOrza JIMHEHHoe pele-
HME Bo3pacTaeT HeorpanuueHHo. [Ipennonaraercs, uro m, <1.
HenwuneitHoe ypaBHEHHE CTATUKHA MMECT CIICIYIOIINI BHI:

4 L 2 2
Daax"ffl {nRz(l— 2v jpo— EF j(%) dx}a Yo _gm (1)

1+A 2L(1+1) 9 ox x>

Pemenue ypaBHeHus (7) ¢ yuetoM (4) CBOAUTCS K PEIICHHUIO CIENy-
OIIETro aredpanveckoro ypaBHeHus [5]:

Wo3+a1Wo+ao:0’ (8)

TJIe BBEACHBI CICAYIOIIE 0003HAUCHUS

C2gtM@+2) A, (o 2v
B T ERR [D ™ p‘)(l 1+xﬂ'

MosxHO BbIIHCATh (HOPMYINy JUIi KPUTHYECKOTO 3HA4eHHsA [, HpH

MPEBBIIICHUN KOTOPOI'O MOABAIOTCSA BTOPOC U TPETHE CTATUYCCKUC OO0~
JKCHHUA PABHOBCCUSA:

13
- 3 (EF(gLM)?
pcr - pO |:1+ 4DB2 ( 1+}\’ j ] (9)

Ilpumem cnenyrome ucxomusie manubie: L= 4wm, R = 0.05m,
h=0.002 M, £ =2-10° Gap = 210" kr/m-¢?, po =30 6ap, p, = 150 6ap, p = 7800
kr/m-¢%, pr= 1000 kr/m-c?, t,=0.001 ¢, v=0.3.
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3HaueHHE CTAaTHMYECKOTOo Mpornda B JIMHEHHOM Cllydae pPaBHO
W, = 2.95.10° (p'= 308,4 Gap), a memumeitnom ciaysae Wo = 4.62:10°
(p., =384,3 6ap).

PerieHre UCXOMHO 3a1a4n CTPOUTCS AJIsl yPABHEHHSI OTHOCUTEIBHO
AMIUTUTYAbl TUHAMHYECKOTO MPOruda, KOTOPOe MOJy4aeTcsi BEIYUTAHHEM
u3 (2) ypasaenus (7), ¢ yueToM BeIpaskeHHs 1 nasieHus (1) u mpubnu-
xennit (4). [lomygaeTcs ypaBHEHHE OTHOCHTEIBHO aMIUIATYIBI THHAMM-
YEeCKOTo Imporuda

W +[0)2 —pnir(l-1)? —yZVVZ]W =p’t(1-1)°W,,

d7’
27(1—13)&%9[3%5
W= -~ Lo =2 1-m)), (10)
qp DB . mEF
M AL(L+2)M

rae O 1 o — cOOCTBEHHBIE YacTOTHI KojeOaHHi TpyOOoIpoBoaa Mpu HyJe-
BOM IIepenajie AaBJIeHU U BHYTpPEHHEM Iepenasie pg, YMHOKEHHBIE Ha t,.

Jns pemenus ypaBHeHus (10) ucronssyercs METOAUKA, TOAPOOHO
omnucaHHas B pabote [5].

Pe3yabraTsl MogesnpoBaHus. [ TeCTUPOBaHMS NMPOTPAMMBI HC-
MIOJIF30BATINCH AHATUTUYECKUE PEIICHUs IS JTMHEWHOI0 ypaBHEHUs, IO-
my4deHHble B padote [7]. Kak BUIHO W3 pHCYHKOB 3, 4 U 5 4HCICHHOE WH-
TErpUpOBaHNE XOPOIIO COTJIACYETCS ¢ AaHATMTHYECKUMH PELICHUSIMHU, KaK
U1 QYHKIMH ymapHOTO AaBlieHHus mo ¢opmyne (1), Tak u s ciydas
YCTAQHOBJICHHS B CHCTEME MOCTOSIHHOT'O BHYTPEHHET0 AaBIEHUS Po+ e TO-
CJle JIOCTIKEHHS MaKCUMAIILHOIO 3HAYEHHs yjapHoro jasnemms (1>1/3,

pucC. 2 WTPUXOBas JHHKA). B mepBoM ciaydae B CHCTEME YCTaHABIUBACTCS
koJebaTenbHbIN pexuM (puc. 3, 4). Bo BTOpoM ciydae BMECTO OCIHJUIH-
PYIOIIEr0 pelIeHUs] MMEETCsl SKCHOHEHIMANbHBI POCT JHHAMHYECKOTO
nporuba B paMKax JUHEHHOH Teopuu u3rnda (puc. 5).
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£|=

W,

1540 - E 0.05)

10”4 E

5l B ~0.05

goé\é

-0.01

-0.02

Puc. 5 Puc. 6.

Y4eT BIUSHHAS 0CEBOI CHIIBI Ha KOJIeOATENbHBIN MpoIiece, KOraa aB-
JICHWE B CHCTEMe NPHHHMAeTcs IepeMeHHoe HaBiieHue mo (opmymne (1)
MIPUBOIMT K YMEHBIICHHUIO aMIUINTYABI KOJIeOaHNi PH 3TOM HPOUCXOINUT
POCT 4acToTHI (pHc. 6, CIUTONIHAS JIMHHUA 0€3 ydeTa OCEBOM CHIIBI, ITPUXO-
Basi — C y4ETOM OCEBOI1 CHJIBI).

[IpoBenem aHaymM3 MOBEAEHHS CHCTEMBI, KOT/Ia B CHCTEME yCTaHaB-
JIMBAETCS TIOCTOSIHHOE JIaBJICHUS paBHOE Py + Pe (T > 1/3). B aTOM ciryuae B
ypaBtenuu (10) Heo6xoaumo nonoxkuts p=_0.

Ha puc. 7 nana 3aBUCUMOCTh TUHAMHUYECKOTO MPOTHOa B PaMKax JIH-
HeifHO# Teopuu n3ruda (IITPUXOBAst JUHUSA) U C YIETOM MIPOJOJIBEHON CHIIBI
(crmomrHas KpuBas) I 3HaYSHUH K03 (duIMeHTa THHEHHO-YIPyron mo-
JaTINBOCTH onop paBHbIX: A =0 — HemoaBmxHblie omopsl 1 A =1. Kak
BUJIHO M3 PUCYHKA B CJIy4yae y4yeTa HeJIMHEHHOM MpOo10IbHON CUIIbl BOZHHU-
KaeT KoJieOaTeNbHBIN PeXKHM, T.€. PEIIeHHEe OTPAaHWICHO, U HE IIPOUCXOANUT
9KCIOHCHIIMAIBHOTO POCTa AWHaAMHu4ecKoro mporuba. Jas A =1 ammiu-
TyJia U 4acToTa KoyiebaHuii Bo3pacTaer.
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Ha puc. 8 mokaszan cimyuait HenmoaBmwxkHbIX orop (A =0), naBneHue
OpUHSATO Po + Pe < Per (Po= 30 6ap, pe=150 6ap, p,; = 384,3 6ap) — crutoi-
Hast TMHUS U ITPUXOBAS 1S Pg + Pe > Per ( Po= 100 6ap, pe=290 6ap). Kak
BHUJIHO, C yYBEJIMUCHHEM BHYTPEHHErO JAaBJICHUS PacTeT aMIUIUTyAa W 4a-
cToTa KoJeOaHHH.

Takum oOpa3om, B cTaThe MPOU3BEJCH CPABHUTEIbHBIM aHAIU3 JU-
HAMHYECKOW peakIMi W HaNpsHKCHHO-IC(HOPMUPOBAHHOTO COCTOSIHHUS
TpyOOnpoBoJa MpH ACHCTBUM BHYTPEHHEH yIapHON BOJHBI B JIMHEHHOH
[7] n HenuueitHOM mocTaHOBKax. [loka3aHo, YTO y4ueT BIMSHUS HEJIWHEH-
HOH NpOAONBHON CUIIBI IPUBOJIUT K YMEHBIICHHUIO aMIUIUTYIbl U yBEJINYe-
HUIO YacTOTbl. Y CTAHOBJIEHO, YTO NPU YBEJIMYEHUHU BHYTPEHHETO JIaBJje-
HUS IIPOUCXOUT POCT AMIDTUTYIBI U 9aCTOTHI KOJICOaHMIA.

Paboma evinonnena npu ¢unancogou noodepacke Poccuiickozo
¢onoa pynoamenmanvruix uccredoganuti (npoexm 17-41-020400).
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Zakharov 1.V., Mustafina S.A.

APPLICATION OF A NEUROET NETWORK APPROACH
AT THE SIMULATION OF CHEMICAL PROCESSES
In the work, the models of neural networks were used to describe and
study chemical reactions.
Key words: neural networks, statistics, computational experiment,
perceptron.

Jns paboTel ¢ HEWpOCETSIMH €CTh MOIIHBIE HHCTPYMEHTAJIbHBIC
cpenctB. K  uymceny Takmx maketoB  otHocutcs  STATISTICA
NeuralNetworks (HefipoHHO-ceTeBol makeT Qupmbl StatSoft), B KoTopom
TIPE/ICTABIICH ITOJMHBIA CIEKTP HEHPOCETEBBIX METOIOB AHAJIN3a JAHHBIX.
Hunsa Bu3yanmzanuu naHHbX B makere STATISTICA NeuralNetworks pea-
JIM30BaHbl TUAarpaMMbl PaccesHHs W TPEXMEpHbBIE MOBEPXHOCTH OTKIIMKA,
IIOMOTAOIINE T0JH30BaTEN0 MOHATH "moBeneHue" cetu [1]. B mannbri
MOMEHT HEHpPOCETH HAIJIM CBOE NPHMEHEHHE B XMMHYECKUX HCCIIEN0Ba-
HUSX, ¥ 3HAUUMOCTh JAHHBIX METOMOB MCCIIEIOBAaHHS PacTeT € KaKIbIM
JTHEM.

Llenb naHHOM pabOTHI — HA OCHOBE aHAJIN3a SKCIEPUMEHTAIBHBIX HC-
CIeZIOBaHUM NPOBEICHHBIX B MPOTOYHOM H30TEPMHUECKOM pEaKkTope ¢
HCTIONB30BaHUEM Kartanu3aTopa K-24, KoTopeIi SKCIUTyaTHpyeTCs B HACTO-
siee BpeMsl B MPOMBILUIEHHBIX peakrtopax neruapupoBanus 3AO0 «Kay-
gyk» (. Ctepnuramak) [2], TOCTPOUTh HEHWpOCETeByl0 Monenb. B xoxme
KHHETUYECKUX 3KCIEPHUMEHTOB OBUIO MCCIIEJOBAHO BIMSHUE TEMIIEpaTy-
pBl, OOBEMHOW CKOPOCTH TIOJa4M CHIPhSl M pa30aBiICHUS METHIOYTEHOB
BOJISIHBIM IapOM HA COCTaB NPOXYKTOB PEAKIMH, KOHBEPCHIO METHIOyTe-
HOB M BBIXOA m3ompeHa [3]. Temneparypy NeTrHIpHUPOBAHUS W3MEHSIIH OT
600°C 0 640°C, oGbemHyr0 ckopocTs oT 0,6 4™ 10 2,0 u™, MonBbHOE pas-
OaByieHHe ChIPbs BOJSHBIM Tapom ot 1:10 g0 1:30.

[IpenBapurensHo Obun mpoananmusupoBanbl 100 ceTeil u BeIOpaH
NEPCIEKTUBHBIA TUI CETU U BAapUAHT APXUTEKTYPbl — 3TO TPEXCIOWUHBII
MIEPCENTPOH C IIECThIO CKPBITHIMK HeWpoHamu. CpaBHEHHE IpelcKa3aH-
HBIX U JKCIEPUMEHTAJbHBIX 3HAYCHWH KOHIEHTPAIMH KOMIIOHEHTOB NpHU
Pas3IMYHOM CKOPOCTH II0Ja4H, NpuBeaeHO B Ta0u. 1. JlanHas HelipoceTeBas
MOJZIeIb ONTHMaJIbHA. B nanbHelnieM MOXKHO NPUMEHHTh K HOBBIM Ha0o-
paM JJaHHBIX, HAIPUMED, AT IPOrHO3UPOBAHHUS.
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Tabuumna 1

OnbIT Hatmo- Tpencia- OcraTtku
JlaeMbIe 3aHHbIC

Temnepa- | 600 | 600 | 600 | 620 640 639,98 0,26445
Typa, oC
CkopocTb 1 1 0,6 1 1 1,2645 0,50803
MoJauH,
g-1
Pa30as- 1:10| 1:15| 1:15| 1:20 1:20 0,5636 0,27977
JIEHUE
mapoM
H2 1,71 158 1,7 | 1,94 2,79 3,0698 0,19481
CH4 1,22 093] 1,02| 1,3 1,96 2,1548 -1,77599
CO2 589 | 6,7 | 694 | 8,56 9 7,224 -1,32447
i-C5H12 3 1,36| 2,75 2,35 3,69 2,3655 0,11966
a-i- 3,18| 3,28| 3,01| 2,86 2,44 2,5597 -0,21582
C5H10
n-C5H12 514| 4,67| 453| 4,7 4,53 4,3142 -0,215
n-C5H10 3,01 1,95| 1,93| 2,32 1,25 2,823 1,2481
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IHOCTPOEHMUS IT'PADA

B pa60me peanu3zoeano npujlodfCeHue URmepaKkmueHo2co nocmpoeHus
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lvanov E.Yu., Hasanova S.L.

DEVELOPMENT OF AN APPENDIX OF INTERACTIVE
CONSTRUCTION OF A TABLE

In the work, an interactive graph application is implemented.
Keywords: graph, edge, vertex.

B nHacrosmee Bpems Teopus rpadoB 1 0COOCHHO alNrOpUTMBI Ha I'pa-
(¢ax HaxomAT HamOoliee MIMPOKOE NPUMEHEHHE B MPOTPAMMHUPOBAHUU.
Teopus rpadoB npenocTapiseT yIOOHBINA S3BIK ISl OIHCAHUS TIPOTPaMM-
HBIX Mozenei. CTpoifHas cucTema clienualbHBIX TEPMHHOB M 00O3Haye-
HUH Teopuu rpadoB MO3BOJISAIOT MIPOCTO M JOCTYITHO OIHCHIBAThH CIIOXKHBIE
W TOHKHE BEUIN peasibHOH JeHCcTBUTENFHOCTH. Teopus rpad)oB UMeeT NIu-
POKHE NPWIOKEHHS, U BaXKHBIM SBJIAETCS HaJIM4YME HAMISAHOW rpadude-
CKOIl MHTepIIpeTaluy cocTossHus rpada. Busyamusauus rpadoB 1 ux airo-
PUTMOB TIO3BOJISIFOT JIYYIIIE TIOHSTH COCTOSIHAE CUCTeMBbl. B paborax [2,3]

© Usanos E.10., Xacanosa C.JI., 2017
356


http://elibrary.ru/item.asp?id=17111553
http://elibrary.ru/item.asp?id=17111553
http://elibrary.ru/contents.asp?issueid=979830
http://elibrary.ru/contents.asp?issueid=979830
http://elibrary.ru/contents.asp?issueid=979830&selid=17111553

OBUTH CJICNIaHBI MOTBITKH BH3yalU3alis Ipa)oB U UX AITOPUTMOB CpE/-
creamu Macromedia Flash.

[IpencraBneHHOE TPUIIOKECHUE BU3YATN3AIMH ITIOCTPOCHHA Trpada pe-
amM30BaHoO B cpezie paspabotku Embarcadero RAD Studio 10.1 Berlin.
Hannas cpena pa3paboTku Oblia BEIOpaHa B CBA3H C TE€M, YTO OHA ITO3BO-
nser HamboJee ymoOHO peajn30BaTh CTPYKTYpPYy AaHHBIX Trpada. B kaue-
CTBE CTPYKTYp IAHHBIX I OMHCAHUS rpada ObUIN NCTIONTB30BAHBI 3aITUCH,
CITUCKH, KJIacChl.

type

TEdge = record
istart :integer; //rne istart - HHIEKC IEPBON BEPIIUHBI pe-
opa B TVertexList
ifinish:integer; // ifinish - Bropoit
value:integer;
end;
TVertexList = TList<TPoint>;
TEdgeList = TList<TEdge>;
TGraph = class
Vertex:TVertexList;
Edges : TEdgeList;
constructor Create;
destructor Destroy; override;
procedure Draw( Canvas:TCanvas );
function FindVertexIndex( const mouse:TPoint; out in-
dex:integer ):Boolean;
procedure DeleteVertex( index:integer );
end;

IIpu 3anmycke NpuIIOKEHUsI MOJNB30BATENIO NpeJIaraeTcsi IycTas
¢dopma st moctpoerus rpada (puc. 1).

@ Nocrpoenne rpada — O ®

Puc. 1. I[lycmas ¢popma
Juns Hadana moctpoeHus rpada Moib30BaTeNi0 He0o0X0IMMO HaXaTbh
Ha (OpMy JIEBOH KHOIIKOW MBIIIH, MOCJIE YEero Ha HEeW MOSIBUTCS IepBas
BepurHa rpada (puc 2). UTo peanr3oBaHO CIEayOMUM 00pa3oM:
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if Shift = [ssLeft] then
begin
if Graph.FindVertexIndex( StartPt, i ) then
IndexPt := i
else
IndexPt := Graph.Vertex.Add( StartPt );
IsStartPt := true;
InvalidateRect( Handle, nil, false );
exit;
end;
i=1;
Canvas.Brush.Color := cISkyBlue;
for p in Vertex do
begin
Canvas.Ellipse( p.X-R, p.Y-R, p.X+R, p.Y+R);
Canvas.TextOut(p.X - (Length(IntToStr(i))*3), p.Y - 6, IntToStr(i));
inc(i);
end;
AHAJIOTHYHBIM 00Pa30M CO3JAOTCS BCE MOCICAYIOIINE BEPIIIUHBL.

@ Mocrpoenne rpadia - o x

Puc. 2. I[locmpoenue sepuiun

VYjianeHue BepUIMHBI PEaln30BaHO HAXKATHEM Ha BEPLIMHE MPaBoOii
KHOITKOM MBIIH, OCTABIIMECS BEPUIMHBI OyIyT NEPEHHACKCUPOBAHbI.

Ha cnenyromem srame crpoutcs pedpo rpada. s sToro, 3axkas
kiaBunty «Clrl» u 1eByro KHOIKY MBIIIH, POTSHEM pedpO OT HaYaIbHOI
JI0 KOHEYHOH BepmMHBL. [Ipy 3TOM NMpPOMCXOIUT MHTEpaKTHBHAs MPOPH-
coBka rpaca (puc. 3).
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Y T —— — O X | @ Nocrpoemerpage o x

Puc. 3. [locmpoenue pebpa
Jliist mocTpoeHus pedpa ObLI peau30BaH CICAYIOIIAN KO
if ssCtrl in Shift then
begin
if not Graph.FindVertexIndex( StartPt, i ) then
exit;
IndexPt :=i;
StartPt := Graph.Vertex[i];
FinishPt := StartPt;
InvalidateRect( Handle, nil, false );
exit;
end;
if IsStartLn then
begin
FinishPt := Point(X,Y);
IsFinishLn := Graph.FindVertexIndex( FinishPt, i );
if IsFinishLn then
begin
IndexFinish :=i;
FinishPt := Graph.Vertex([i];
end;
InvalidateRect( Handle, nil, false );
end;
OTIyCTHB 3a)KaThle KIABHUINHW, IIOJNB30BATENI0 OYAET MPEIIOKEHO
BBECTH BeC peOpa, IOCPEICTBOM JUAIOTOBOTO OKHA (puc. 4).
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@ BeeguTe sec pefipa X

Bec: |10

Cancel

Puc. 4. [Tuanozosoe oxno evibopa éeca pebpa

OCOOCHHOCTBIO PEaTM30BAHHOTO TIPUIIOKCHHS SIBIICTCS BO3MOXK-
HOCTH TIepeIBUraTh BEPUIMHEI B 0ojice YAOOHYIO MO3HINIO, UCIIONB30BaB
texaonoruto “Drag-Draw. [[ist 3Toro monp30BaTeNio Hao 3aKaTh JICBYIO
KHOTIKY MBI HA BEPIIUHE, KOTOPYIO HEOOXOIUMO MEPEeaBUHYTH (pHC 5).
[Ipu sTOoM Oyner mepeprcoBaHa KakK caMa BEepIIWHA, TaK M UCXOSIINE U3
Hee pedpa.

Ha (puc. 5) npuBeaeH npuMep «repeTacKuBaHUs) BEPIINHEI 2.

© Mecrpormse rpade O X | @ Nocpoemmerpaga - o x

=] T
e i

Puc. 5. Ilepemewyenue eepuun

I'padbl UMEIOT MHOXKECTBO TPHUIIOKESHUIL: JJIsI OMTUCAHUS AJITOPUTMOB
aBTOMATHYECKOTO IIPOEKTHPOBAHUS, IIPH YCTAHOBJICHUH PAa3HOTO PoOja Co-
OTBETCTBHM, NPU PELIEHHH TPAHCHOPTHBIX 337ad, B NMPOTPaMMHPOBaHUH,
Teopun urp U T.1. JIrobast cucrema, mpeamnonararomas Haaudue AUCKPeT-
HBIX COCTOSHUM WM HalW4He y3JI0B U MEPEXON0B MEXAY HHUMU MOXKET
ObITh onrcana rpadom. Teopus rpadoB, Ha TaHHBIH MOMEHT, IPUMEHSIETCS
U B TaKMX 00OJIACTAX, KaK SKOHOMHUKA, Iicuxosorust u ouornorus [1]. I'pads
MIPEICTaBISIIOT CO00i Hambonee abCTPaKTHYIO CTPYKTYPY, C KOTOPOH MpH-
XOIUTCS CTAJIKUBATHCS B TEOPUH CTPYKTYP NAHHBIX, I03TOMY UX aJTOPHUT-
MBI CIIOKHBI JIJIs1 IOHUMAaHUS U TPeOyIoT BU3yaIH3alnH.
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USING CAPACITOR-RESISTANCE MODEL IN AUTOMATED
INTERWELL CONNECTIVITY PROBLEM
In this work the application of method based on capacitor-resistance
model for interwell connectivity analysis was reviewed.
Key words: self-induced fracturing effect, source of waterflooding,
low-permeability reservoirs, maintenance of reservoir pressure, capacitor-
resistance model.
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CoBpeMeHHBIE KYCTOBBIE HACOCHBIE CTAHIIMU IIO3BOJIIIOT Pa3BUBATh
BBICOKHE YCTHEBBIC JIaBJICHUS IIPH 3aKauKe JKUIKOCTH B ILIACT.

[Ipy BEICOKOM IaBJICHHMH 3aKayKH M €ro IPEBBILCHUH Haja JTaBICHHU-
eM pa3pyLICHUs IOPOIbl HAOIIONASTCs] CAMOIPOU3BOJIEHOE Pa3BUTHE TEX-
HOreHHBIX TpemunH — 3¢ dext aBTol PIT (I'PIT — runpopa3psB miacta).

JaaHbnii 3¢ ¢GeKT NPUBOANT K PE3KOMY OOBOIHEHHUIO JTOOBIBAFOIIMX
CKBaXXMH. B HacrosIee BpeMsi HOMCK HCTOYHUKOB OOBOIHEHHS BBIIIOJIHS-
eTCsl BPYYHYIO M B PsDKE CIydaeB 3aHHMAeT MPOJOJDKUTENBHOE BpeMs
(oxom0 14 cyTOoK ¢ y4€TOM B35THSI KOHTPOJIBHBIX P00 M 3aMEPOB).

B HacTodAIIEC BpEMs Jid PEIICHHUA TaKOr'o poJa 3ajayd MpUMCEHACTCA
METOJl Ha OCHOBE MOJIENN «EMKOCTh-CONPOTHBIICHUEY», ITOCTPOCHHON Ha
AHAJIOTUH MOTOKAa JIEKTPOHOB B IMPOBOJHHMKE M MOTOKA )KUAKOCTU B ILIa-
CTC. HpeI/IMyHleCTBOM ABJIACTCA TO, UYTO OHA NNOCTPOCHA HA MaTCPUAJIbHOM
OanaHce, UIMEET aHATUTUYECKOE PEIICHHE U YYUTHIBACT U3MEHEHHE JaBJe-
HUA Ha 3200¢ TOOBIBAIOIINX CKBAKHH.

BriOpaHHas HaMU MOJIeNb HE HY)XKIaeTcsi B HHOOPMAIMK O Paclolio-
KEHHHU CKBaXXHH, MMapaMeTpax IUIacTa, HalpaBJIeHHH TPELIMHbI, a HE00XO-
JIMMBI JIAIOb JaHHBIC HCTOPHH MO NOOBIYE, 3aKayKe M JABJICHUIO Ha 3a00¢
noObIBaromier ckBakuHbl (Puc. 1).

12(6)

Puc. 1: Cxema 63aumooericmeusi CKEANCUH 6 MOOeU

INomy4nM OCHOBHOE YpaBHEHUE MOJEIH CJIEAYIOLUIUM 00pa3oM:
3amnuiieM ypaBHEHUE MaTepHaIbHOTO OanaHca:

N
e Yy = w(D) — q(0), (1)

C; — TOJIHAsE CKUMAEMOCTh, V,, — IIOPOBBIM 00BEM, P — CpeIHEE TIaCTOBOE

r
napienue, W(t) — u3MeHeHHE 3aKAYKH BO BpPEMCHHU, q(t) — m3meHeHne

Je0nTa BO BpEMEHH.
[Hanee, 3anuiieM ypaBHEHUE IPOLYKTUBHOCTH
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J= ()
[p pwf)
] — uHeKC TIPOIYKTUBHOCTH, § — NEOUT KUIKOCTH, Py — JABICHHE HA
3aboe JoObIBaIOIIEH CKBAaKUHBI.
W3 ypaBHeHus (2) BbIpakaeTcs CpeHee TUIACTOBOE JaBJICHUE U MTOJI-
cTaBiisieTcs B ypaBHeHue (1), momydaem:

20440 = w() - 17721 3)

ce W, o
T= f—jﬂ — BPEMEHHOM mapameTp.
3amucaB TOJy4eHHOE ypaBHeHHe (3) JUlsl Kaaoi maphl HarHeTa-

TesbHas ckBakKHa (1) — J0OBIBaIONIas CKBaXKKHA (J) U BKIIOYUB [IAPaMETP
B3aUMOCBA3HM [;; /U1 yuéTa 3p(HEeKTUBHOCTH HArHETAHHs, HOIYYHM OZ[Y'

d
7y 2O g0 = e~ @)

AHaJINTHYECKOE PELICHHE KOTOPOTrO MOIYYEHO HCXOAd W3 npez[no-
JIO)KEHHUH, YTO MPUEMHUCTOCTh M3MEHSETCS CTYIEHYaThIM 00pa3oM, a JaB-
JIeHWe Ha 3a00oe MEHSETCs JIMHEWHO B KaXIbli JHCKPETHBIH WHTEpBa
BpPEMCHH, UMECT CJ'Ie}IyIOHlI/Iﬁ BUA:

ﬁ _E ‘M: pk—pk_l
_ = = ] i —Pj
QE{(JZQEJ; le fit|ll—e f;’jwik_ 1—e”© .irz_J EJT’(E)

k — Bpemennoli mar.
Penienne Npe/CTaBIeHo B BUJIE CYNEPIO3UIIME TPEX (AKTOPOB:

at
nepBoHavaNbHas 100ba: g5 te ;

at
. T ok
HAarHeTaHue Xuakoctu: | 1—e ™ | f.wf;
M3MCHCHUE JJaBIICHUS Ha 3a00¢ JOOBIBAIONIEIT CKBAYKHHBI:
Ar k_ k-1
1— e T P, TP .
IU ij At ’

VICKOMBIMH  BEJIMYMHAMH  SIBJISIOTCS: MapaMeTp B3auMocBsizu T,
OomnpeNeNsIiomuil  00BEMHYIO  JTONIO0  3aKa4YEeHHOHW  JKUAKOCTH B
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HarHeTaTelbHYI0 CKBaXHUHY, KoTopas QuibTpyercs K JoObIBaromien
CKBa)XMHE; BPEMEHHOW MmapaMeTp 7, SBJIOLIEHCS MEPOH BpPEMEHH,
HEOOX0ANMOTr0, YTOOBI BOJIHA JIaBJICHMS], BEI3BAHHASI N3MEHEHHEM 3aKa4KH,
JIOIILIa TI0 IOPOBOMY MPOCTPAHCTBY JI0 JOOBIBAIONIEH CKBayKMHBI; MHIECKC
MIPOXYKTUBHOCTH J, MOKAa3bIBAIOIINII BIMSHWC M3MEHECHUS NABJICHHUS HA
3a00€ MOOBIBAOIIEl CKBAXKUHEI HA U3MEHEHNE eOnTa.

Jns ompeneneHuss HCKOMBIX MapaMeTPOB PEIIACTCS  CIEAYIOmast
3a7a4a ONTHMH3AIMM C OrPAaHWYCHUSIMH, CBSI3aHHBIMH C (pu3mkoi
mporuecca:

d
P?’D _ Ei-'k
min z(x) = E Z < -
q;
a*x=h,
aeq *x = beq,
Ib =x = ub.
X — BEKTOp HapaMeTpOB[f: T f], qj-‘ — TPOMBICIIOBBIE  JIeOUTBHI,
E‘,"f — CMOJICTUPOBaHHBIC JIeOUTHI, N; — KOJHUYECTBO BPEMEHHBIX IIAroB,

Ny roq — KONHYECTBO T0OBIBAIOIIMX CKBAKUH;

A, Aeq — matpuusr; b, beq — Bextopa s NMHEHHBIX OrpaHUYEHHI
uckomMoro Bektopa X; Ib, ub — Bexrtopa, ompemensroIe HHUKHIOW M
BEPXHIOI0 TPAaHHIIBI HCKOMOTO BEKTOpPa X, COOTBETCTBEHHO.

ITo pesynbraTam pabOThl MOAYJSL CTPOSTCS rpadUK CreHepupoBaH-
HBIX J1eOMTOB B CPaBHEHHH C MPOMBICIOBBIMHU, KapTa B3aMMOBIIUSHHS H
TabnMIa 3HaUeHUH HCKOMBIX rapameTpos (Puc. 2).
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OoGkiBatowas cksaxuHa 23050 Kapra B3aumoBnusiHus
84/

N

'y

S
=

~-CreHepvpoBaHHbI 4ebuT

20 MpombicroBbIn 4e6UT 14
5200 835
3 180 23166
&
g 1% 83 23050 %
2
140 > 4
g F-V»\ ~ o2
3 120 %e h 1 825
H I8 yw VLA
2100 A i 1 Rl N 9770 *
(= (A% 4 % 82
8o i\ \ &
i - ¥ \.7
« R® = 0.836718 o o
40 01/15 01720 605 61 615 62 625 63 635 64
mecau/roa X 10
N2 CKBaXMHbI Habop napamerpos
614 / T ]
| 23050 016435 59.832 0.27968
T Bl 0 el | odhim
9770 0 27823 | 0
9742 / v AL /
1 23050 0.036512 190.29 0
23166 0.00026639 0.082657 21259
9770 0 2067 0
1780 i T | ]
23050 0 1196 0.023387
_____ g [ N | S p— 1 _——
L 23166 0.08708 72,596 00053183 |
9770 0.020431 11438 022199

Puc. 2. Pesynomam pabomwl mooyns

Taxum 06pa30M, nporpaMMHas peajin3annsda MeToda Ha OCHOBE MOJC-
JI1 ((éMKOCTB-COl'IpOTI/IBJ'IeHI/Ie» B 3aJa4€ aHallu3a B3aWMMOBJIIMAHHA CKBa-
JKUH MO3BOJIUT HAM HC TOJIBKO dBTOMATHU3HUPOBATh NPOLICCC MMONCKA UCTOY-
HHUKa O6BOI[H6HI/I5[, OIpPCACIATh HU3MCHCHUC B3aUMOBJIHWAHUS CKBAXXHUH,
CTPOUTHL KapThl B3aUMOBJIUSAHHA, HO W HCIOJIB30BATH IMOJYYECHHYIO HWH-
(bOpMaLII/IIO B T€OMEXAaHUYCCKUX U TUAPOJUHAMUYCCKUX MOACIIAX, IPEAY-
MIPEXIaTh O BO3MOXKHBIX pUCKaX MpU OypeHHH.
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CTATUCTUYECKHI MOJAXO0/ K OIPEJAEJEHUIO
IMPOHUIMAEMOCTU NOPUCTBIX CPEJl HA OCHOBE
HEPUOJUYECKHUX CTPYKTYP

B pabome npeonoosicen cmamucmuueckuii nooxoo K onpeoeneHuro
NPOHUYAEMOCU NOPOO KOIEKMOPO8 HA OCHOBE paHee HAUOEHHbIX 3HAYe-
HUU 0151 NEPUOOUHECKUX CIPYKIYD NO Pe3YIbmamam YUcIeHHO20 peueHus
cucmemsl ypasnenuti Hagve-Cmoxkca. Peszynomam nonyuen ¢ yuemom no-
PpUCmocmu u 2panyioMempuiecko2o cocmagd KepHOBbIX OAHHBIX.

Kniouegvie cnosa: nopucmas cpeoa, nopucmocms, npoHUYAEMOCHb,
KepH, epanyIoMempuiecKuil cocmas, Qpaxyus, nepuooudeckas Cmpykmy-
pa, cmamucmuxa.

Igoshin D.Ye., Mostovoy P.Ya., Belozerov B.V., Khromova N.A.
STATISTICAL APPROACH TO THE PERMEABILITY D
ETERMINATION OF POROUS MEDIA ON THE BASIS
OF PERIODICAL STRUCTURES

In the paper statistical approach to the permeability determination of
reservoir rocks was proposed on the basis of the previously found values
for periodic structures based on the results of a numerical solution of the
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Navier-Stokes system of equations. The result was obtained taking into
account the porosity and the granulometric composition of core data.

Key words: porous medium, porosity, permeability, core, granulo-
metric composition, fraction, periodic structure, statistics.

[IpoHNIIaeMoCTh TOPHBIX TOPOA SBIACTCS CIOKHOW (DyHKIHEH,
OTIpenesIeMO pa3MepoM, YIAKOBKOH, (OpPMOIl, OKaTaHHOCTBIO 3EpEH,
cnaratomux ee. OCHOBHBIMU M3MEPSIEMBIMHU BEJIMIMHAMH KPOME IIPOHMUIIA-
€MOCTH SIBIIIOTCS TIOPUCTOCTh U TpaHylIoMeTpuueckuil cocras. Kak mpa-
BWJIO, KEPHOBBIE JaHHBIE MPEICTABIAIOT COO0N «00IaKo» TOUEK, Xapakre-
pU3yEMOE€ BBIPAKCHHOW IIOJIOKUTEIIBHOM KOPpEIAUUE IOPUCTOCTh—
npoHunaemMocts. Ha puc. 1 nmpuBeaeHa NpoHUIIaeMOCTh B 3aBUCUMOCTH OT
nopuctoctu st N = 138 obpasnoB kepHa ¢ mectopoxnenus 1. Ilopu-
CTOCTh 00pa31oB NexuT B nuanaszone (1,5+15,1)%. B cBs3u ¢ 3tum akry-
albHO MPOTHO3MPOBaHHE MPOHUIAEMOCTH MOPOXABI M0 M3BECTHBIM 3HAYE-
HUSIM MTOPUCTOCTH U TPaHYIOMETPUYECKOTO cocTaBa. i 3TOM Lenu Boc-
MOJIb3YEMCSI CBOMCTBAMH NEPUOAMYECKUX MOPUCTBIX CTPYKTYp, PacCMOT-
pernbix B [5; 6]. [Toxoxue neproguyeckue cpepl paccMoTpenst B [4; 9].
B Tabmuue 1 mpuBeaeHs! 3aBHCHMOCTb M = M (o), IpeAENbHOE 3HAYCHUE
6e3pa3MepHOro MOJEIBHOTO MapaMeTpa o = o= U MOpHCTOCTh pu o = Om ot
= a». JIng yKka3aHHBIX THUIOB CTPYKTYp MPHHSATHI cileayronire o0o3Hade-
nust: KIT — xyOudeckast pocrast cTpykrypa, I'Tl — rexcaroHanbHasi mpo-
cras cTpykrypa, KOILl — xybnueckass 00bEMHO-IEHTPUPOBaHHAS CTPYKTY-
pa, KI'T] - xyOudeckass rpaHelleHTpUPOBaHHAs CTPYKTypa. M3 Tabmuirs!
BHHO, YTO JAJISI IPOTHO3MPOBAHUS MIPOHULIAEMOCTH MOPOJ C MECTOPOXKE-
Hus 1l nmonxonut KOLL cTpykTypa, MHOXXKECTBO 3HAYEHU KOTOpOH mepe-
KpBIBAa€T AMAIAa30H KEPHOBBIX JaHHBIX. B paboTe OEeHKHM MPOHHIIAEMOCTH
JUISL IPUBEICHHBIX JAHHBIX BBIIOIHEHBI 110 3TOU CTPYKTYpeE.

Tabmuma 1
[ToprcTOCTh KyOHYECKUX CTPYKTYP
Ctpykrypa | Ilopuctocts, m =m (o) m{0) . mia,)
(2 —3a%(3 —a))
KIT 1- 0.4764 | 0,2929 | 00349
12(1 — &)?
nll - 2a"(3 — al]
Il - — 0,3954 | 0,134 0.1649
330 — a)?
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31— 2203 — 33l
Ko p_ = (1-2a°G - ) 13036 559 | 00053
8(1 — a)® T6(1 d a)?
(1 —3a%(3 —a))
KT 1-— — 0,2505 | 0,134 | 0.0350
34201 — m)?

Ha OCHOBE YHMCIEHHOTO pEIIeHHs CHCTeMbl ypaBHeHHH HaBbe—
Croxca u 3axoHa Jlapcu B [3; 7] 1u1st 3THX CTPYKTYp OIpeJiesieHa MpOHUIa-
€MOCTh B 3aBUCUMOCTH OT Oe3pa3meproro mapametpa o: K = k (L, &) u mo-
pucrocta m: k = k (L, m) npu L=10° M — MOJeNBHBIH apaMeTp, CTOPOHaA
Ky0a. CoracHo m—TeopeMe MPOHHULIAEMOCTh MOXKHO MPEACTABHUTH B BHIE
[POM3BENCHHS MacIITaGHOTO IapaMerpa u 6e3pa3MepHoil HYHKIHH

k=dk (1)

[puBeieHHAS IPOHMIAEMOCTh K 3aBHCHT TOJBKO OT THIA MEPHOMIH-

Y4eCKOU CTPYKTYpPHI M HE 3aBHCHT OT XapaKTEpHOro pasmepa 3epeH. s

KOLI ctpyktypsl

T @

I'panynoMeTprdeckuii cocTaB KepHOBOTO 00pa3lia MpeACTaBIIeT Co-
00lf TUCTOrpaMMy TIPOIICHTHOTO cozaepskaHus 3epeH misd N ¢pakuwmit. s
MpUBEACHHBIX KepHOBBIX HaHHBIX N = 11. U3 cuctemsr (1)-(2) BBIpa3mm
MOJIETIbHOE 3HA4YeHUe MpoHUIaeMocTH i-oi ¢pakiuu no KOII crpykrype
4yepe3 3HaueHue Knyy, OnpeaeneHHoe YicaeHHo B [ 3]

31k .

kﬂum = m, k[ = d[‘E,
rae d; — cpeauuii tuaMeTp i-oit Gppakuuu, OTKyAa NPOTHO3UPYEMOe 3HAYE-

HHUEC IPOHUIIACMOCTHU
al1-gd? .
k[ - ki’!ui’i’. 272 |'-7!3[' (3)
Ecmu ¢pakmum B mopoze pacroiokKeHbI MapaliebHO, TO €€ MPOHH-
HaeMOCTb MaKCUMaJIbHAa U ONPEACIACTCSA B3BCHICHHBIM CPECIHUM apHQ)Me-
TUYECCKUM

- I wiky . 41— B wpd? 4l1-g1*
- — tmum g2 by

N w; 3 i, wi = Knum 3r? g, 4)
rie W; — 1011 i-oi (paximu B 0011eM 00beMe KepHa (BeC HpaKium).
[Ipu cioy4aifHOM B3aUMHOM DAaCIOJIOXKECHHH (paKkiuid NpOHHUIlae-
MOCTB OIIPEEIIeTCS B3BEIICHHBIM CPETHIM IT'€OMETPHYECKUM
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1

E, = W(WEL_M Ink; ). ©)
N

[Ipu mocnenoBaTensHOM (CIOMCTOM) PACHOJIOKEHUH (DpaKIuidi mpo-

HUIIAEMOCTBH OIIPEIACIIACTCA B3BEHICHHBIM CPEIHUM FrapMOHUYCCKUM
T' Wi
=1 Wi

k;.: = ?‘.t' ¥y (6)

‘-|.=i k-
T

Ha puc. 1 npuBeneHs! B3BemIeHHbIE apu(pMeTHIECKasl, TeOMETpHuIe-
CKasl ¥ TaApMOHMYECKAas OLECHKH MPOHUIIAEMOCTH C YIETOM I'PaHyIOMETPH-
YECKOTO COCTaBa. BMaHO, UTO OIEHKA NMPOHUIIAEMOCTH, PACCYUTAHHAS TIO
(6), cymecTBeHHO ONMke K KEPHOBBIM JTaHHBIM, YeM OIeHKH 10 (4) u (5),
KoTOpBIe Ha 1-3 mopsaka BhIIIE. DTO CBA3aHO C TEM, YTO B IOPOIE KPyI-
HBIC 3€pHA, KaK IPaBUIIO, OKPY>KEHBI 00Jiee METIKUMHE U IO KPYITHBIX TTOP
He3HauuTedbHa, DUIBTPAIUS MPOUCXOMUT MPEUMYIICCTBEHHO IO CETH
KaHAJIOB BHYTPU MEIKUX (QPaKIHi.

DddekTuBHOE 3HAYCHUE MPOHUIIACMOCTH IPEACTABUM B BHJC B3BE-
IIEHHOTO CPEJHETO TEOMETPUUYECKOTO 3HAYCHHUS MEX Ay olleHKaMu (5) u (6)

opr = RIR, 0
IIe 0 — «BEC» CIy4ailHOH yKNaiku, o £ [0:1]. MuHMMH3HPYS LIEAEBYIO

(GyHKIHIO
max (ko k)
—_ n F i
F=n, el

=1 in Ul'eff_j-il': ¥ (8)

Haiinem o. Jlns mpuBEACHHBIX KepHOBBIX AaHHbIX 0 = 0, Fni, = 1065. Oto
3HAYMT, YTO B I[EJIOM CPEIHEEC FAPMOHUYECKOE JIYUIlle BCETO MOAXOIMUT IS
MIPOTHO3UPOBaHUSA IMpoHHIaeMocTH. OaHaKo, uMeercst 19 obpasios ¢ npo-
HuLaeMocTbio Beime 1074 M2 = 10 M/l 1 mopuctocTsio BoImie 9,5% (B npa-
BOI BepXHEH YacTH TUarpaMMbl), IPOHUIIAEMOCTh KOTOPBIX IUIOXO Tpe-

CKa3bIBACTCA CPCAHUM I'apMOHUYCCKUM.
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Puc. 1. B3gewennvie no hpaxyusm oyenKu npoHuyaemocmu
(o — apugpmemuueckas, A — ceomempuyeckas, X — 2apMOHUUECKAsL)
6 CPAGHEHUU ¢ KEPHOBLIMU OAHHBIMU (¥)

Crioco0 yknaaku (pakiuu OyaeT ONpeaessiTh IOPUCTOCTh, MTOITOMY
(bopmanbHO OH OT Hee 3aBUCHT. [IpeacTaBuM ¢ B BHJE JHHEHHON QYHKIMA
OT HOPUCTOCTH

g=4Am+BE, 9)
rae A u B — HeoTpularensHble napaMeTpsl, ONpeaesieMble U3 YCIOBHS
MUHHMYMa 1ienieBod pyHkuuu (8). [yt nprBeAeHHBIX KEPHOBBIX AaHHBIX
A =1,93791, B =0, Frin = 536. D10 nipuBoauT kK Tomy, uto 6 (M=0) =0, ¢
(m = 0,151) = 0,2926. BuaHo, 4TO Jake MPU MAKCHUMAIbHOM 3HAYCHUHU
MOPHUCTOCTH «BEC» OLIGHKHU 10 CPEJHEMY rapMOHHYECKOMY, COOTBETCTBY-
I0IIEMY TIOCJIEIOBATENILHOMY (CJIOUCTOMY) PACIONIOKEHHUIO (pakiuil, He
menee 0,7.

Ha puc. 2 npuBeneHa olieHKa NMPOHHUIAEMOCTH, MOJIY4YEHHAs 1O pe-
3yabpTaTaM ONTUMU3AIMOHHOHN 3ana4n (7)-(9). BugHo, 4To TOUKH, COOTBET-
CTBYIOLIME MPOTHO3Y MOJEINH, JIeKaT B CpelHEel 4acTH olliaka KepHOBBIX
JAHHBIX. B OymymemM WHTepeCHBIM MPEACTABISICTC CPAaBHCHUE MPHUBEICH-
HOTO ITIPOTHO3a INPOHMIAEMOCTH C OIIEHKaMH MO 00OOIIEHHOMY METOIy
Ko3zenu [1] ¢ yuetom usBmimctocty kaHanos [8)]. [TocranoBka 3amaun (7)-
(9) nomyckaer o0oOUIeHHE Ha Cilydall TpeXHmapaMeTpUYecKOH MOpHCTOi
crpykrypsl [10]. IpanynomMeTpudeckuii cCOCTaB pacCMOTPEHHBIX 00pa3IoB
KepHa, OTPaKEHHbIH B anroput™e [2], MO3BOJUT MONYYUTh €IIe OJIHY
OLIEHKY MPOHMIAEMOCTH MO pe3yJbTaraM HPSMOro T'MAPOIANHAMHYECKOTO
MOJICTIMPOBAHHUSL.
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Puc. 2. Oyenxa nponuyaemocmu uz onmumuszayuonHou 3aoadu (0)
6 CPAGHEHUU ¢ KEPHOBLIMU OAHHBIMU (¥)
Hcenedosanue 6binonneHo npu 4acmuyHol QUHAHCOB0U NOOOePICKe
PO®U ¢ pamkax nayunozo npoexma Ne 16-29-151109.
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YHUCJEHHOE UCCJEIOBAHUE TETEPOTEHHOM
KOJIEBATEJIBHOM PEAKIIUA OKUCJIEHUS
MOJIEKYJIAPHOT'O BOAOPOJA HA TIOBEPXHOCTH
KATAJIN3ATOPA

B pabome paccmampueaemcs peaxyusi OKUCHEHUs MOJEKVIAPHOLO
6000pP00A HA NOBEPXHOCMU HUKENIEB020 ULU NIAMUHOB020 KAMANUIAMOPA.
Tlpusooumca mamemamuueckas mooenb OAHHOU peakyuu — mooeasb Yyma-
roga-Cnunvko. [Ipugooumcs uucieHnoe ucciedosanue OAHHOU MOOenu U
pesyabmamal.

Knouesvie cnosa: modens Yymaxosa-Ciunvko, OCYUIIAYUY, Pearyus
OKUCAeHUs 8000P00A, KOebamenvivle peaKyuil.

Ikramov R.D., Mustafina S.A.

NUMERICAL INVESTIGATION OF THE HETEROGENEOUS
OSCILLATING REACTION OF OXIDATION OF MOLECULAR
HYDROGEN ON THE SURFACE OF THE CATALYST

In the article reaction of oxidation of molecular hydrogen on the sur-
face of the catalyst is considered. There is the mathematical model — Chu-
makov-Slinko model, is considered and numerical investigated.

Key words: Chumakov-Slinko model, oscillations, reaction of oxida-
tion of molecular hydrogen, oscillating reactions.

OnHUM U3 BaXXHEUIIUX MPUMEPOB CIOKHOM HETMHEHHON AUHAMHKH
B XHMHUYECKOM KHMHETHKE SIBJISIETCSl CYILECTBOBAaHUE KOHIIEHTPAIIMOHHBIX
KoJIeOaHUH B XUMUYECKHX peakiusax. KomebaHus MOryT HaOIOIaThCs Kak
B TOMOI'CHHBIX peaknusx (peakius beroycosa-YKaOOTHHCKOTO), Tak U B
TFeTepOreHHbIX, HA MOBEPXHOCTAX KaTajau3aTopoB. OAHUM U3 SPKHUX MpH-
MEpOB KOJIe0aTeNbHOM TeTePOTeHHON PeaKIUu SBISCTCS PEaKIHsi OKHCIIe-

©MHxkpamos P.J1., Mycraduna C.A., 2017
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HUSI MOJIEKYJIIPHOTO BOJOPOZA Ha MOBEPXHOCTH HHUKEJIEBOTO WM IUIATH-
HOBOTO Katanu3atopa [1]:
Hi+2M < 2HM,
0, +2M = 20M,
2HM +0M — 3M + 2H,0,
H, +0M —- M+ H,0,
M, + OM < (M,0) + M.

[lepBrIe ABe cTagny 0OpaTHMBIEC W MPEICTABIIIOT cO00M amcopOunio
MOJICKYJT BOZOPOAA M KUCIOPOAa, TPEThsl OCHOBHASI HEOOpaTHMask CTaIust —
OKHCIICHHE BOJIOPOJa IO PEeKOMOMHALMOHHOMY MeXaHH3My JIsHrmropa —
XWHIIeNbBY 1A, YeTBepTas HeoOpaTuMasi CTaJusi — OKHCICHHE BOAOPOAA
no yxapHomy Mexanusmy Wmu-Punmuna. Ilaras oOparumas cTagust — pac-
TBOPEHHE KHCIOpOJa B MPHUIIOBEPXHOCTHOM clloe KaTanu3atopa (Oydep-
Hasi cTajausl). B NpHUIIOBEPXHOCTHOM CIIO€ MPOMCXOIUT HAKOIICHUE W3-
JIMIIKA aJICOPOMPOBAHHOTO KHCIIOPO/a, B IPOTHBHOM Cilyyae, HaeT 0OMeH
TOBEPXHOCTHBIMU W MPUIIOBEPXHOCTHBIMH LCHTpaMn aI[COp6HI/II/I qepes
okucieHue. Peakuus MporcXonT B MPOTOYHOM PEAKTOpe, B HEM IOJIEP-
JKHMBAIOTCS MOCTOSTHHBIMHU KOHIIEHTpanud Monekyn 07 u H,, mpoucxoaut
oteox H; 0, Temmeparypa mocTosHHa.

MexaHu3My peakiud COOTBETCTBYET CIEAYIOIas MareMaThuecKas
MOJIeNIb, MIpeAcTaBlieHHas Au(pdepeHInaIbHBIMU yPaBHEHUAMH (OTKPBITAs
reTeporeHHast CHCTEMA):

dey ., . 5
I k(l—cy—cy) —k_yef — 2y 05,
E:.Ea:..{l—.:' — e, —k_jcl —kacic; — Ky
dt df; 1 : -2t 3f1 6 4 g (D)
PR ksea(1—e3) —k_s(1 — ey — 3]
rae €3 = [HM], ¢, = [OM], 5 = [M, 0], k; — xoHCTAaHTBI CKOPOCTE# cTa-

T,

JI1s BOBHWKHOBEHHMsI aBTOKOJeOaHUH HEO0OXOIUMO Hamudme oOpat-
HOW cBsi3u B cucteme. OOpaTHasi CBSI3b OCYIIECTBIIICTCS 4Yepe3 BO3JCH-
CTBUE PEarupymoIlux BEeUIECTB HA aKTUBHOCTh U CBOMCTBA KaTallu3aTopa U
BEIPA)KACTCSI B 3aBUCHMOCTH JHEPTHH aKTHUBAIMN CTaAWid ancopOnuu u
peakluy OT KOHLEHTPAUU BOAOPOJa U KHCIOPO/ia Ha MOBEPXHOCTH KaTa-
nmu3aTopa. B mpocreiimem ciydae, KOHIIEHTpAIHs aJcOPOUPOBAaHHBIX Be-
IIECTB BIUSET TOJHKO Ha CKOPOCTh MOBEPXHOCTHOTO B3aWMOJCHUCTBUS
pearupymoImux BEeNIecTB, MPUIEM YHEPTHsI aKTUBAIIUU ITON CTaIWH JIMHEH-
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HO 3aBHCHUT OT CTENEHeH MOKPBITHS IIOBEPXHOCTH KHCIOPOJIOM M BOAOPO-

oM. B 3TOM ciydae KOHCTaHTBHI cKopocTel ctaguii 3 u 4 cXeMbl dKCIOo-

HEHIMAJTHHO 3aBHUCAT OT KOHIIEHTPAIHNH OBEPXHOCTHBIX KOMITIOHEHT [2]:
ky = kgng-.ﬂzf:, ky = king-.ﬂnf:-.ﬂsfz

Torma cucrema (1) npuHUMaET CIEIYIONTII BU;

dey . . 7
dar k(1 -y —c2)" — k_y01 — Zhape™ %01y,
deg . . _ . I
Fri k(1 — ey —63)" —k_g07 — kg 13520 0 — kypem et ieta gy 2)
% =ec;(1 —eg) —aeg(1l — ey — £4).

. ke
rae € = ks — Manbii mapamerp, @ = 5/ ks Cucrema (2) HasbIBaeTCs

cucremoint YymakoBa-Ciaunbko [3].

Pe3ynbTaThl MHTETPUPOBAHUS CHCTEMBI TIPH CICAYIOMNAX 3HAUCHISIX
mapaMeTpoB (BCce MapaMeTpbl U YCIOBUS CUHTAIOT Oe3pa3MEpHBIMH, Tak
KaKk OHHM XapaKTepU3YyIOT CKOPOCTb W CTENEHb MOKPBITHS MOBEPXHOCTH
Karamu3aTopa):

k, =1.5,k_, =0.008, &k, =20, k_; = 0.02,
kop = 100, k, = 20, = 0.0024, & = 7.88,
Wy = 2,0, = 7.0y = —12.320463.
Hauaneubsie ycious ¢y = 01,6 = 0.3, £ = 0. Illar uHTerpupoBaHus
h=10"%,

51— | : —
0 200 400 600 800 1000
t, Bpems

Puc. 1. 3asucumocmos cmenenu nokpvimus peazeHmom 1 NOBEPXHOCMU
Kamanuzamopa om epemenu 6 mooeiu (2)
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'3 T " T T T T T [ T ‘
0 200 400 600 800 1000
t, Bpems

Puc. 2. 3asucumocmov cmenenu noKpblmus peazeHmom €3 HO8EPXHOCMU
Kamanuzamopa om epemenu 8 mooeiu (2)

0

-16 T
L B T
0 200 400 600 800 1000
t, Bpema

Puc. 3. 3asucumocmov cmenenu nokpvlmus peazeHmom €3 HO8EPXHOCHU
Kamanuzamopa om epemenu 8 mooeiu (2)

U3 puc.l — puc. 3 crenyer, 94To cuCTeMa SBISETCS aBTOKOIEOATEIbHOH ¢

nieprosioM konebanuii T ~ 76 cek. Puc. 1 u puc. 2 1eMOHCTPUPYIOT peliak-
CaIlOHHBIE KOJIe0aHus, puc. 3 — KBa3UCHHYCOMAAIBHBIN THI KOJIeOaHHH.
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Topmeenv Maprosuya noszeonsiem cHU3UMb CUCMEMAMUYECKUE PUCKU 3d
cuem KOMOUHAYUYU PATUYHBIX AKINUBOS.

Kniouesvie cnosa: uneecmuyuonuviii. nopmgensb, KOIUUECMEEHHAs
OYeHKa PUCKA, KONeOLIeMOCmb, OUCNEPCUsl, AHANU3 YYECMEUMETbHOCMU,
Memoo Mapkosuya.

Imangulova G.S., Karamova A.l.
APPLICATION DEVELOPMENT FOR SOLVING
OPTIMIZATION PROBLEM BASED ON THE MODEL
OF MARKOWITZ

The standard tasks of forming the investment portfolio by the method
of G. Markowitz are considered and two classical tasks are solved: to max-
imize the portfolio yield under the minimum market and to minimize the
risk for a given profitability. The Markowitz method allows reducing sys-
tematic risks through a combination of different assets.

Key words: investment portfolio, quantitative risk assessment, varia-
bility, variance, sensitivity analysis, method of Markowitz.

ITon WHBECTUIMOHHBIM TOPTdETeM MOHUMACTCS HEKas COBOKYII-
HOCTB IICHHBIX OyMar, MpUHAICKAIIUX (PU3HICCKOMY HITH IOPUIHTUCCKOMY
JIUIY, THOO FOPUINYECKHM WK (DHU3UUCCKUM JIMIAM, BBICTYMAIOIIAs Kak
LIEJIOCTHBIN 00BEKT YIIPaBICHHUS.

I'maBHas nens GopMupoBaHus MOPTQENsT HHBECTHIIMU 3TO €CTh 00ec-
MIeUeHNE Pean3alii HHBECTUIIMOHHON CTpaTeTHH MPEATPUSTUS C Kade-
CTBEHHBIM 0TOOpOM Oosee 3((PEKTHBHBIX TaK ke 0e30MMacHBIX HHBECTHUITH-
OHHBIX TIPOEKTOB W MHCTPYMEHTOB. OCHOBHBIMU MOHATHSAMH [UTS aHAIIN3a
WHBECTHIIMOHHOTO TOPTQEIIS ABISIOTCS: KOJMYSCTBCHHAS OI[CHKAa PHUCKA —
9TO €CTh YUCIICHHOE OIpEelieHHe Pa3MepPOB OTIACIBHBIX PHUCKOB U PHCKa
MIPOEKTA B IEJIOM, U KOJICOJIEMOCTh — 3TO €CTh CTEICHb OTKJIOHCHHS OXKH-
JTAEMOTO 3HAYCHHS OT cpemHero. JIJisl OIEHKH KOJIeOJeMOCTH Ha MPAKTHKE
yarie IPUMEHSIOT J[Ba OJIM3KO CBI3aHHBIX KPUTEPHUS — AUCIICPCHUIO U CPEI-
HEe KBaIPAaTHYHOE OTKJIOHCHHE.

PaccMOTpHM HEKOTOPBIE METOBI KOJIMYECTBEHHOM OICHKH PUCKA.

1. BeposrHocTHast oneHKa. BeposTHOCTH 03Ha4aeT BOZMOXKHOCTE ITO-
JMy4eHUsT ONPEACICHHOTO pe3ynbTarta. MOXXHO NMPUMEHUTh K 3a1adaM WH-
BECTHUPOBAHUS METOJBI TECOPHH BEPOSITHOCTH, CBOASAIINECS K OIPEACICHUIO
BEPOSTHOCTH HACTYIUICHHS ONPEACICHHBIX COOBITHA W BBIOOpY W3 He-
CKOJIBKMX BO3MOXKHBIX COOBITHI CaMOTO BEPOSTHOTO, COOTBETCTBYIOIIETO
HanOOJIbIIIEE YUCICHHOE 3HAYEHHE MATEMATHUECKOIO OXKHIaHMS.
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Jlucniepcuss o2 9TO ecTh CpeiHee apH(METHYECKoe M3 KBaDATOB

OTKJIOHCHUI Xj OT MX CPEAHEro apu(pMETUIECKOro X :

o :%é(xi X, (1)

- X+ X, +...+X
rae X:(l 2 n)7
n

CpenHee KBaIpaTUIHOE OTKJIOHEHHE O BBIPAYKACTCS IO (POpMYyIIe:

)

2. KonuyecTBeHHBI PHUCK WHBECTOpPA OMNPEACTACTCS OICHKOM
BEPOSITHOCTHBIX 3HAYEHUHl MaKCHMMaJlbHOTO W MHMHHUMAJBHOTO J0XOJa.
CreneHp  pucKa  BBICOKas, Korja OONBIOION  Jama3oH — MEXIY

2
JKCTpeMalIbHBIMU 3HadueHUsIMH. Pacder nqucnepcuu o, cpeHero KBajapa-
TUYHOTO OTKJIIOHEHHsI O U K03 (HLNEeHTa BapHallid V MOXHO BBIPa3UTh
clenyronM o0pa3oM:

0'=\/0'2, 4
v = %100, ®)
X

rae pmax n pmin — COOTBETCTBEHHO BEPOATHOCTH MOJJYYCHUS MAKCUMaAJIb-
HOT'O U MUHUMAJIBHOI'O UICKOMOI'O 3HAYCHHA UCKOMOTO MTOKa3aTeyid MPOCK-

Ta (MpUOBLIN, PEHTAOEIBHOCTH U TaK NPOYME); X .. H X, — MAKCUMAallb-

X
HOE€ ¥ MUHMMaJIbHOE 3HAYEHHE HMCKOMOTO MOKazaTenss 3((GEeKTHBHOCTH
mpoekTa (IpUOBLTH, PeHTA0EeTHFHOCTH U TaK Jalee).

B 1952 r. I'. MapkoBurieM Obl1a ommy0inkoBaHa paboTa, SBIISIOIAsCS
OCHOBHOH JJIsl TI0/1X0/1a K WHBECTHLMSM C TOYKH 3PEHHS COBPEMEHHOU
teopun (opmupoBanus noprgens. CorylacHo Mozxenn MapKoBHIIa, 0XKH-

Jaemas ToxoaHocTh E(r) moprdens neHHBIX Oymar paBHa CyMMe OKHaae-
MBIX JIOXOJHOCTEH Ka)KIOro €ro akThBa I, yMHO)XXEHHOH Ha JIOJIO 3TOro

aKTHBa B TIOpTdene:

E(I’) = g Wi * I‘i , (6)
i=1
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Puck noprdens o p2 paBeH:

nn
e[S i o

Ilepas 3agada OyneT UMETH CICTYIONTIA BA;

iglwi *rp = max,
nn
Jiél HiCTW T TP = ey ®)
w; > 0,
2 W; =1.
Bropas 3agaga Oynet UMeTh CIICAYIOMIHI BUII:
\/él nglwi "o TWj T T pij > min
n
iélwi = E(r)req' 9)
w; 2 0,
2 W =1

Ha ocHoBanmm »3Tux QopMyn HHBECTOp MHOIDKEH OIPENEIUTh
¢ dekTuBHbIe TOPT(ENnn ¢ TOMONIBI0O HAXOXKAEHHWS  HAWIYUIINX

KOMOMHaNMi okuraeMoit joxoaHocTh noprdens E(r) u ero pucka o, npu
3a/IaHHBIX OKMJIAEMBIX JOXOAHOCTAX akTHBOB E(Ij) m koaddurmenton
JIMHEHHON KOppensiuu Pj; .

PaccmorpuMm mpumeHeHHe Teopun MapkoBuia Ui pOpMHUPOBAHMUS
ONTUMAJIBHOTO TOPTQENs MEHHBIX OyMar, M IIPOBEIEM PacueThl Ha OCHOBE
€ro MeTo/a. BeIUNCIUTENbHBIA SKCIIEPUMEHT 110 JAHHOMY METOLY IIPOU3-
BOOMUJICA HA OCHOBEC JJAHHBIX, Hpe]lCTaBJ'[eHHBIX B Ta6JTI/I[Ie 1

MHaeKChI IEeHHBIX OyMar pacCYUTHIBAIACH TTO (popmyram:

_8i8ia *100% =

| mexyujee 3HaueHue— npeovlOyWeesHaveHue
j=
aj_1 npeovioyweesnavenue

*100%,
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Tabmuma 1
WHaekchl HeHHBIX Oymar

COepbaHk Aspodnot  |FasnpomHedTs| PocHedts MeragoH EeponnaH
07.12.15 103,45 57,06 145,8 252,2 919 587
14,1215 97,6 58,15 148,05 242,55 928 571
21,1215 98,94 56,95 150,9 250,45 859 539,5
21.11.16 150,93 130,94 186,85 339 540 745
28.11.16 160,1 130,36 157 341,25 5439,9 729

Jlanee ObUIM MONyYCHBI 3HAYCHHUS NOXOIHOCTH M PUCKA MO KaXKIOU
LIEHHO# OyMare, pacCUMTaHHBIC IO (HOPMyIIam:

n n i

> xj X

=) =)
Hoxoonocme = I} = ——— ="——, (11)

n n
1 n - 1 D
Puck =0j= |— X *(Xj—X)2: — (I'j—ri)?'. (12)
n-1 j=l n-1 J:]_

Pe3ynbpTaThl BEIYMCIIEHUI TPeICTaBICHHI B Ta0I. 2.
Tabmuma 2
Puck u oxxugaeMast JOXOJZHOCTh IICHHBIX OyMar
CbepbaHk Aspodnor  |lasnpomHedre| PocHedte | Meradod EsponnaH
Puck LB, | 23,01407107 | 29,80204546 | 18,20842946 | 39,20107296 | 107,7082662 | 56,57055989
Ommgaeman
[oXopHoCTe | 126,8126923 | B87,81807692 | 163,3278846 | 3154596134 | 722,5634615 | 631,0365385
LLE.
3areM Ha OCHOBaHHMH HCXOJHBIX JaHHBIX ObLa MOCTPOEHA KOppes-
nuonHast marpunia (tabn. 3). Koadduimentsr koppensiiuu BBIUKCICHBI
COOTBETCTBEHHO 110 (popMymam:

g ak —rkyal — ¢l
P = =1 ) (13)

* o K
nO'kO'I

TTociie TOro Kak MOCTPOEHA KOPPEIAIIMOHHAS MaTPHIlA COCTABIISACTCS
KOBapHaI[MOHHass MAaTPHIA, MCIIOJIb3YSl 3HAYCHUS KOPPESIMOHHON Mat-
PHIIBI ¥ 3HAYEHHUS] PUCKOB IIEHHBIX OyMar.

COVkl = pkl *O'k *Gi, (14)

ITocite Bcex MNpOE/IAaHHBIX BBIYMACICHUH MPHUCTYNMAEM K PELICHUIO
nepBoi 3amaund mo Mmetoxy MapkoBuna uinn cucteMbl (3.3). CocraBum
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JAHHYIO CHCTEMY Ha OCHOBE 3HAU€HHI MOJyuyeHHBIX Ha MPEIbIIYIINX 3Ta-
nax. LleneBast pyHKINS MMeeT BUI:

f(X) =126812*wy +87.818%wy +163327* w3 +315459* w, +
+722563* wg +63l036*w6 — max,

AHANOTHYHO ¥ U1 BTOPOH 3aJa4d COCTaBIIEM IENIEeBYI0 (DYHKIHIO,
TOJIBKO TaM yXe OyAeT CTPEMHUTHCS K MUHUMAIIbHOMY 3HAYCHHIO.

Teopus MapkoBulla TO3BOJISIET UHBECTOPAM OIPENETUTh U HCKIIFO-
4uTh He3()PEKTUBHBIC KOMOMHAIIMH aKTUBOB. TakuM 00pa3oM, pe3ylbTaThl
JTAHHOM MOJICITH MOTYT OBITh MPUMEHUMBI TOJILKO B YCJIOBHUAX CTAOMIIBHOTO
(OHIOBOTO PHIHKA, KOTIA JOXOAHOCTh AKTUBOB JICHCTBUTEIILHO 3aBUCUT OT
MPONLIbIX 3HAYECHUH.

(15)

Bubnuozpagpuueckuii cnucox
1. MaxoBukoBa, I'.A. PrrHOK meHHBIX Oymar / I'.A. MaxoBukoBa,
A.C. Cenume.— M.: FOpaiit, 2013. —432 c.
2. Huxonaera W.II. PeiHOK 1eHHBIX Oymar: Y4yeOHUK i1 OakaiaB-

poB. — Mocksa: Usnarenbcko-ToproBas koprmoparus «/lamkos u K».—
2015. -256 c.

Ceeodenus 06 asmopax
WNmanrynoBa I'ynpHa3 CanaBaroBHa, cryneHtka C®  bamly,
E-mail: gulnaz.imangulova.96@mail.ru.
Kapamona AnpOuna Wnerusosna, KaHIAOaT (uzuKo-
MareMaTnieckux Hayk, goueHt C® Baml'V, E-mail: alb_bai@rambler.ru.

YIAK 517.5
Hcaes K.I1., Jlyuenko A.B., FOamyxameros P.C.

O BABUCAX PUCCA U3 HOPMUPOBAHHBIX OKCITOHEHT
B CJIABOBECOBBIX TIPOCTPAHCTBAX HA OTPE3KE

IHokazano, yumo cywecmeosanue 0asucos Pucca uz HopmuposanHwix
9KCHOHEHM 6 8eCOBOM NPOCMPAHCMEE He ONpedeisiencs poCmoGbIMU Xd-
paxkmepucmuxkamu 6ecosoui yukyuu. /[na 3moeo nocmpoenvl npumepbl
BLINYKILIX 8ECO8 CKONb Y20OHO MEONeHHO020 pocma 60uU3U panuybl ma-
Kue, ymo 6azucos Pucca uz 3KCnoHeHm 8 cOOmMaemcmayiouem npocmpan-
cmee He cywecmayen.

© Ucaes K.I1., Jlyuenko A.B., FOnmmyxameros P.C., 2017
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Kniouegvie cnosa: eunbbepmosvl npocmpancmea, yenvie QYHKyuu,
be3ycnogHnuvle basucyl uz skcnonenm, basucwl Pucca.

Isaev K.P., Lutsenko A.V., Yulmukhametov R.S.

ON RIESZ BASES OF NORMALIZED EXPONENTIALS IN WEAK
WEIGHTED SPACES ON SEGMENT

We show that the existence of Riesz bases of normalized exponentials
is not determined by the growth characteristics of weight function. In order
to do this, we construct examples of convex weights with arbitrarily slow
growth near the boundary such that Riesz bases of normalized exponen-
tials do not exist in the corresponding space.

Key words: Hilbert spaces, entire functions, unconditional exponen-
tial bases, Riesz bases.

B mannoit paboTe MBI paccMaTpuBaeM THIIBOCPTOBHI MPOCTPAHCTBA
BHOA

1
L) =1 f € Loe(-10: I = [IFOPW2(0de < oo,
21

rae W — momoxwrenbHas HENpEphIBHAs WHTETpHpyeMas (QyHKOWS Ha
(-1, 1). B kiaccuueckom ciydae, korma W(t) = 1, cucrema ®Dypse
{e™T}t= | 06pasyeT OpTOHOPMHPOBaHHBIH 6asuc. OUeBHIHO, YTO B
JIPYTUX CIy4dasx OPTOHOPMUPOBAaHHBIX Oa3MCOB M3 3KCIIOHEHT B TIPO-
crpanctBax Ly(W) ne Mosker ObiTh. [TonsiTre Gasuca Pucca BBeneHo B [1]
00o03HauaeT 00pa3 OpPTOHOPMHUPOBAHHOrO 0Oa3Kca MpPU OrPAaHUYEHHOM 00-
parumom omeparope. basuc {ey, k =1, 2, ...} B rump6epTOBOM MPOCTPaH-
CTBE Ha3bIBACTCsl OE3yCIOBHBIM 0a3ncoM [2], eciin AJst HEKOTOPBIX ITOCTO-
suubIX C,C > 0 M A JIF06OT0 SIEMEHTa X = XjeqXy€y, BBIIOJIHAETCS

COOTHOLICHUEC
=]

co
e ) belllegll? < llxll? < € ) Iy Pl
k=1 k=1
BesycnoBHblii 6azuc {ey, k=1, 2, ...} cranoButcs 6azucom Pucca Torzaa u
ToJIbKO TOT1a, Koraa 0 < inf ||ley]| < sup ||ey/| < . 3agaua o GasucHOCTH 110
Puccy IaHHON CHCTEMBI 9KCIIOHEHT {e™¥} B KiaccuueckoM IpocTpaHcTBe
L, moapo6bHo m3ydanacek. B padore [3] mosydeH KpuTEpHid, COCTOSIINA B
TOM, YTO MOPOXKAAIOIIas GYHKIMS JaHHON CHCTEMbI JOJDKHA YIOBIETBO-
pATH ycnoBuio MakeHxoynra. B BECOBBIX MPOCTPaHCTBaX C HEOTPaHUYCH-
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HOW BecoBOW (yHKIMel 0a3ncoB Pucca M3 9KCIOHEHT HE MOXET Cylie-
CTBOBaTh. DTOT (haKT J0Ka3aH B padbote [4].

besycnoBHbIe 0a3UChl PacCMaTPUBAIINCH M B THIBOCPTOBBIX HMOAIIPO-
crpanctBax npocrpanctBa H(D) aHamuTHuecknx B OTpaHUYEHHOMN BBITYK-
Joi o0acTH KOMIUIEKCHOH miockoctn D ¢dyrxumii. J{ns mpoctpaHCcTBa
CwmupHoBa Ey(D) Ha BBIIyKJIOM MHOTOyTONBHHKE D OBIIM TIOCTPOCHBI
6e3ycioBHBIE 0a3uCH U3 3KCIOHEHT [5]. B pabore [6] paccMoTper Bompoc
0 CyIIeCTBOBAHMHU 6a3KCOB U3 3KCTOHEHT B E»(D) Ha BBIMyKITO# 0GMact D
¢ rnaakoi rpanuneil. B [7] nokaszano, uto B mpoctpaHcTBax CMUpPHOBA Ha
BBIITYKJIBIX 00JIACTSX, COAEPIKAIIMX HAa TPAHUIIE IVIAJAKYIO AyTY, 0e3yclioB-
HbIX 0a3MCOB W3 KCIIOHEHT He cymiecTByeT. B [8] mokaszano, 4to B mpo-
ctpancTBax beprmana B,(D) Ha BeIMyKibIX 00nacTsX, Ha IpaHuIle KOTO-
PBIX €CTh TOYKa C HEHYJIEBOW KPHBHU3HOM, O€3yCIIOBHBIX 0a3MCOB M3 JKC-
MIOHEHT He cylecTByeT. B pabote [9] n0Ka3aH aHANOT 3TOTO pe3ylbTaTa B
BECOBBIX MPOCTpaHCTBax L,(e 0y ¢ BBIMYKJION GyHKIMeH h: npu onpene-
JICHHBIX YCJIOBHUSX PEryJsipHOCTH pocTta BecoBod (ynkimu h(t), eciam mis
TF000TO HaTypasibHOTO K

e"E(1— |th)¥ s oo, [t] = 1,
TO B mpocTpancTse L,(e ) 0e3yCIIOBHBIX 0a3MCOB M3 SKCIIOHEHT HE CY-
IIECTBYET.

Bce ynomsiHyTHIE BBIIIE 33/a4d MOTYT OBITH CPOPMYIHPOBAHBI Ha
OZ[HOﬁ MOJEJIM BECOBBIX MPOCTPAHCTB IECIIbIX (byHKHHﬁ, €CJI1 C TOMOIIBIO
npeobpasoBanust Dypee-Jlammaca mepeiiT K 3KBHUBAJICHTHOH 3amade o
0e3ycJIoBHBIX 0a3ucax W3 BOCHPOM3BOISIIMUX sIAE€P B THILOEPTOBBIX HPO-
cTpancTBax uenblx QyHkuuid. I[lycth X — HekoTOpoe THiIbOepTOBO MpO-
CTPAHCTBO (YHKIIMH, B KOTOPOM COBOKYITHOCTh BCEX SKCIOHEHT €7, AEC,
noiHa. Torma mpeoOpasoBanne Pypre-Jlamuraca, KOTopoe KaxIoMy JH-
HEHHOMY HETIPEepHIBHOMY (QYHKIHMOHATY S € X* CTaBUT B COOTBETCTBHE
dyuxumio S(A) =S (e%),4 € C, B3aumHO 07HO3HAUHO OTOGPAkKAET CO-

NPsHKEHHOE MPOCTPAHCTBO X* HAa HEKOTOPOE MPOCTPAHCTBO (GyHKIMA X.
Ilpu eCTECTBEHHBIX YCIOBHSX Ha HCXOJHOE NMPOCTPAHCTBO X NPOCTPaH-
cTB0 X OKa3bIBAETCS THIBOSPTOBBIM MPOCTPAHCTBOM IIENBIX (YHKIHIA C
HaBeIEHHOH M3 X* CTPYKTypoH, B KOTOPOM TOYEYHbIE (DYHKIIMOHAIIBI
F — F(2) okassiBatoTcst orpanuueHasiMu yist Bcex Z € C. Tem cambim, B
CHITy CaMOCOMPSHKEHHOCTH THIILOEPTOBBIX MPOCTPAHCTB BO3ZHHKAET BOC-
npousBosmiee apo (eum. [10])
K(4,2): (F(1).K(L2)), = F(z), VFEX.
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W3 mpocThiX (yHKIIMOHATBHO-aHATUTHIECKUX COOOPaKEHHIA CIIEAyeET, U4TO
CHCTeMa KCTIOHeHT e, k € Z, Oyner 6e3ycnoBHBIM Oa3ucoM B X TOrza
¥ TOJIBKO TOT/1a, KOT/la CHCTEMa K(4, &), k € Z, 6yzer Ge3ycmoBHBIM 6a3u-
coM B X.

3amada o Ge3yCIOBHBIX 0a3ucax M3 BOCIPOM3BOISIINX SIIEp B BECO-
BBIX NPOCTPAHCTBAX LENbIX (YHKIUI m3ydamace B pabdorax [11]-[14], B
KOTOPBIX PACCMaTPUBAJIMCH BECOBBIC POCTPAHCTBA LEIBIX (QYHKIMN

H(p) =+F€e€H(C): |IFII?= f|F(z}|ze-2¢°fz?'dm(z) <oy,
C
rae ¢ — HekoTopas cyOrapMoHHMYecKkas (YHKUOUS Ha Iuiockoctd, dm(z) —
mwrockas Mepa Jlebera. B pabore [14] B mpeanonokeHUN HEKOTOPOH pery-
nsprocty pocta dynkuun ¢(z) = @ (|z]) noxasano, uto ecnmn
m2(t) = o(@(t)),t = oo,

t0 B npoctpancTBe H{¢) Ge3yclnoBHBIX 6a3MCOB M3 BOCIPOU3BOJIAIINX
snep ~ He  CyIecTByeT, a B  IIPOCTPaHCTBAX C  BECOM
go[t} =% (t),l1=a=2, - CYIIIECTBYIOT.

B pa6ore [15] mokazaHo obmiee ycnoBue Ha ¢pyHKInio beprmana Be-
COBOTO TPOCTPAHCTBA HENbIX (DYHKIWMH, TP BBHINOJHEHUH KOTOPOTro 0e3-
YCIIOBHOTO 0a3uca M3 BOCHPOW3BO/IINX SIEpP B 3TOM IPOCTPAHCTBE HE
CYIIECTBYET.

PesynbraTer paboTs! [14] HABOAAT Ha MBICIE O HEKOTOPOH yCTOWIH-
BOCTH CYIIECTBOBAaHHs O€3yCIOBHBIX 0a3MCOB B BECOBBIX MPOCTPAHCTBAX
NP «BO3MYIIEHMAX» Beca. Jleno B Tom, uto npoctpancTea H (@), xorna
@(4) = O(In |4|), A—o0, cTaHOBATCS KOHEYHOMEPHBIMH U, TEM CaMbIM, B
HUX CYIIECTBYIOT 0e3yCIOBHBIE 0a3MChl U3 BOCIPOM3BOISAIUX sijiep. Mbl
CTPOMM MPHMeEpHl BBINYKIBIX (yHKImA h Ha waTepBane (—1; 1) ckomb
YrOJIHO MEUIEHHOTO pOCTa Ha KOHIAX MHTEpBajia TaKuX, YTO B MPOCTpaH-
ctBe Ly(h) 6e3ycoBHBIX 6a31COB U3 IKCIIOHEHT He cymiecTByeT. JlokasaHna
clenyromas Teopema.

Teopema 1. [ns nro6oii HempepsIBHOW WHTETPUPYEMOH IOIO0XKH-
tesibHOM QyHKkimu W Ha unTepBane (—1; 1), crpemsiueiics k 0, npu [tj—1,

cylecTByeT BRITyKnas GyHkuus h, Takas uro e™(® < W
]

-h
npoctpadcTie Lo(e (t)) 6a3ucoB Prcca W3 HOPMUPOBAHHBIX SKCIIOHEHT HE
CYIIECTBYET.

mpu [t <1 us
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PASPABOTKA UHCTPYMEHTOB 1 METOJ0B JJIAA
IMPOEKTUPOBAHUA TIPOI'PAMMHOI'O OBECIIEYEHUSA B
3AJAYAX MATEMATHYECKOI'O MOAEJIUPOBAHUA
XUMHUYECKUX MPOLECCOB

B nacmosuyeii pabome onucan npoyecc npoeKmupoSanus CUucmembl
ABMOMAMU3AYUY AHATUZA UHGOPMAMUGHOCIIU KUHEMUYECKUX UMepeHUTl
npu pewenuy 00pamHbIX 3a0a4 XUMUYECKOU KUHEMUKU.

Knouesvie cnosa: obpamnas 3aoaua, ungopmamusHocmv, napa-
Mempbl MOOeU, OA3UC HETUHEIIHBIX NAPAMEMPUILECKUX DYHKYULL.

Ismagilova A.S., Pyzhyanova L.R., Spivak S.1.
DEVELOPMENT OF TOOLS AND METHODS FOR DESIGNING
SOFTWARE IN PROBLEMS OF MATHEMATICAL MODELING

OF CHEMICAL PROCESSES
In this paper we describe the design process of system automation the
analysis of information the kinetic measurements in the solution of inverse
problems of chemical kinetics.
Keywords: inverse problem, informativeness, model parameters, ba-
sis of nonlinear parametric functions.
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Pa3paboTka MHCTPYMEHTOB M METOJOB Ul IPOSKTHPOBAHHUS IPO-
IrpaMMHOTO O0ECIHEYEHUs TO3BOJSET OCYIIECTBISATh KOMIUIEKCHOE Mare-
MaTH4ECKOe MOJAEIMPOBAHNE MHOTOCTAANHHBIX XHMHUYECKUX IPOLECCOB,
Ha4YMHAS OT 3Tarna IIOATOTOBKH JaHHBIX, OLEHKH 3HAYMMOCTH 3KCIEPHMEH-
TAJIBHBIX JAHHBIX, PEIICHHUs OOPaTHBIX 3a4ad, WACHTU(HUKAINN MEXaHHU3-
MOB PEaKIMi, ¥ JO OLEHKH KAadeCTBA MOIYYECHHBIX MAaTEMAaTHIECKUX MO-
Jenei.

Marematnaeckoe MOAEINPOBAHNE XUMHUIECKUX TPOIIECCOB MO3BOJISI-
€T TMOBBIIATh 3()(PEKTUBHOCTh XUMHYECKUX MPOu3BoACTB. [Ipu ncnons3o-
BaHMM METOJIOB MaTeMaTHYECKOr0 MOJAEIMPOBAHUS B XUMHU U HE(PTEXU-
MHUH BO3HUKAIOT TPYJHbIC 3a7a4M, CBSA3aHHbBIC C PEIICHHEM OOpaTHBIX 3a-
Jla4 KUHETHKH. Perenne oOpaTHBIX 3a/1au MOCTPOCHHS KUHETHYECKUX MO-
JieJieldl UrpaeT pellarollyl0 poiib Kak B 3ajadax HICHTH(GHKAIMHA CXEM
CJIO’KHBIX XMMHYECKUX PEaKIMH, Tak M B 3a/layax pacueTa ONTHMalbHBIX
PEKUMOB MPOTEKaHMS KaTATUTHYECKNX nporieccoB. OcHOBHas mpobiema —
aHanu3 MH(POPMATHBHOCTH KHHETHYECKHX H3MEPEHHH C TOYKH 3pEHUS
HaJIS)KHOCTH PEIICHUS 0OpaTHBIX 3a/ad XUMUYECKOH KMHETHKU M OLCHKH
3HAYMMOCTH MMEIOIINXCSI SKCTIEPUMEHTAIBHBIX JaHHBIX [1].

BaxHBIM MOMEHTOM B OOpaTHOW 3ajade SBISACTCS IPEACTAaBICHUE
KHHETUYECKOH MOJENN B BUAE, COAEPIKAIIEM HE3aBHCHUMbIC KOMOMHAIMN
napameTpoB. Eciu uncio Takux KoMOMHAIMA MeHblIe O0IIero 4ucia ma-
paMeTpoB, TO B TEXHOJOTHYECKUX IENAX YIOOHO UMETh AEJ0 C MOJEIISAMH,
COJIepKaIllIMH MEHbIIIee YHUCcIo mapameTrpoB. OCHOBHAsI TPYIHOCTh — H3-
MEPEHHUIO JOCTYIHA TOJHKO YacTh YYACTBYIOIIMX B PEAKIMH BEIIECTB.
CrencTBueM SBIILETCS HEEAUHCTBEHHOCTD PELICHUS 0OpaTHOH 3a1a4H.

[on madopMaTHBHOCTRIO OyAeM NMOHMMAaTh 0a3vc HEIMHEHWHBIX ITa-
pamerprdecknx QyHknuii (HII®) xuHEeTHYeCKHX KOHCTAHT, IOITyCKaro-
X OJJHO3HAYHOE OLICHWBAHME IIPH 3aJlaHHOW CTPYKTYpe KHMHETHYECKOTO
9KCTIEPUMEHTA.

[Ipumenenne oOmieit Teopun aHanm3a MHOOPMATUBHOCTH, OCHOBAaH-
HOW Ha HMccieoBaHUU Marpul] SIkoOu, 3aTpyAHEHO OOJIBIIONW pa3MepHO-
CTBIO HCCIIEIyEMbIX CHUCTEM Io KoHCTaHTaM. Omnpenenenue 6azuca HIID B
AHAJTUTHYIECKOM BHJE JJIS PEATIbHBIX CXeM OOJBIION pa3sMepHOCTH — 3aja-
4ya TpyHoemKas. Peus mmeT 00 aHaNMTHYECKHX BBIYHCICHUSAX C HENWHEH-
HBIMH BBIp@KEHISIMH. TakuM 00pa3oM, MPOEKTUPOBAHKE HPOTPAMMHOIO
obecrnieueHns [2] CTaHOBHUTCS CaMOCTOSATEIHFHON MPOOIEMON MpH aHAIIN3e
nHPOPMATUBHOCTH.
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OnuiieM peanu3zanuio airopurma omnpenenenus 6asuca HIID kune-
THUYECKHX KOHCTaHT B cpesie MathWorks MATLAB Ha si3bIke nporpamMmu-
posanust Matlab.

HuTepdeiic mporpaMMel TpeacTaBiseT co00i OKHO ¢ TIOJIIMHU U Ta0-
JHIAaMH VIS BBOJA M BBIBOJA, C KHONKAMM JJIS BBIIOJHEHHS PAacyeTOB U
COXpaHEHMsl pe3yJIbTaTOB. BXOIHBIMH NaHHBIMH, BBOJHMBIMHU I10Jb30Ba-
TeneM, SIBIAIOTCS BBOAMMBIA MEXaHM3M DPEakLUid, XUMUYecKUue (HOPMYIIbI
YYaCTHUKOB PEaKIHH.

[Tocne BBOja MexaHM3Ma pPEaKLUM MPOUCXOAMUT paclpenesieHHe Be-
LIECTB ¥ 3HAKOB B Tabuuiie Ha (opme, U pacno3naBanue X; (1<i<n;) — u3-
MepseMBIX (MCXOIHBIX BEWIECTB M NPOAYKTOB peakimu), Yj (1<j<ny) —
MPOMEXXYTOYHBIX BellecTB. Ha OCHOBaHMM 3THX NaHHBIX (opMHUpPYIOTCS
JIBa MaccuBa ¢ 0003HAUYEHHMSMHU YYAaCTHHUKOB XMMHYECKOH peakuuu. Bme-
CT€ C 3TUM, IPOUCXOIMT 3aIIOMMHAHUE MO3ULUH U BHJ 3HaKa 00paTHMO-
CTH CTaJIMU PEAKLIUH.

Hanee hopmupyercs Bektop W ckopocTeid S 3JIeMEHTapHBIX CTaIuii,
KOTOpBIE BBIMUCHIBAIOTCS B COOTBETCTBHU C 3aKOHOM JICHCTBYIOIINX Macc.
Kaxmoii aneMeHTapHON cTaguu cooTBeTcTBYeT mapamerp K, (1<I<s). Ila-
paMeTphl 3aIUCHIBAIOTCS] B MACCHB.

st moctpoenust MaTpuipl [T mporpaMMa onpesenser CTeXuoMeTpH-
yeckre Ko3()(GHUIUEHTHl yYaCTHHKOB (CHa4yaja M3MEpseMBIX, 3aTeM Ipo-
MEXYTOYHBIX BEIIECTB) B JJIEMEHTAPHBIX CTaausaX. KoimdyecTBo cTpok
Marpulpl [ creXxuoMeTpuyeckux Kod(QQUIHEHTOB PaBHO YUCIY 3JIEMEH-
TapHBIX CTAJUH, KOJIMYECTBO CTOJIOLIOB — YHCITYy YYACTHUKOB XHMHUYECKOH
peakimu. Ecnu BeriecTBO pacxoqyercs B CTaJUH, TO €r0 CTEXHOMETPHYE-
CKHI KO3()(HUIUEHT 3aIUCHIBACTCS CO 3HAKOM «-», €CIIH 00pa3yeTcs — Co
3HAKOM «t».

[TocTpoeHre KHHETHUECKOH MOJENM OpraHU30BaHO 10 (opmyre
c=I""W. Bekrop-cronber; C COCTOUT U3 MoxBeKTopoB Fy m Fyp, Hecymime
nH(pOpMAIINIO 0 CKOPOCTH M3MEHEHHs KOHIIEHTPALUI U3MEPsIEeMbIX U TPO-
MEXYTOYHBIX BEIIECTB COOTBETCTBEHHO.

TToCKOJIbKY IKCIIEPUMEHT HEH30EKHO COINPSDKEH C MOrPELIHOCTHIO,
TO (GOpPMHUpYETCS BEKTOP €, KOJUYECTBO KOMIIOHEHTOB KOTOPOTO PaBHO
YHCITy MCXOJHBIX BEIECTB M NPOAYKTOB peakuuu. [lapamerp € BXomut B
BeKkTOp ompeneseMbix mapamerpos K'=(Ky,....Kye)".

3atem ¢opmupyrorcss wmarpuusl  (0F,/0K’), (OFi/dy), (OF /oK),
(OF,/0y) — nuddepenuupoBanue Beipaxkenuii cucrem F; u F, mo K’, nanee
Fl n Fz mnoy.
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Z[anee OpraHn3oBaH AHAJINTUYECKUN CUET MaTpulbl

U {a&j(aaj{aajl(ae)
ok’ oy )\ oy ok’
1 TIPUBEJICHNUE e K TPEYToIbHOMY BHIY IpH Tomont MeToza ["aycca.

Yucno HII® ompemensercs Kak YWCIO HE3aBUCHUMBIX CTOJOIIOB B
Matpuiie U. Dto umcino OyaeT MeHbIe 00IIEero Yuciia OnpeAesieMbIX ma-
paMeTpoB, SCITH CYIIECTBYET HeHYJIeBasi MaTpuila A, 3aBHUCSAIIAS TOJIBKO OT
Kk u ¢ takas, uro UA(K,&)=0.

Cronbuam skoOMaHa COOTBETCTBYIOT KHHETHYECKHE IapaMeTphl
CXEMBI CJI0KHON XMMHUYECKON peakiuu — Ky, Kio,..., Ks, Kso, €1,..., €q1. CH-
CcTeMa BEKTOPOB-CTOJIOIOB JIMHEHHO 3aBUCHMA, €CIIM CYLIECTBYIOT Iapa-
MeTpbl U3 MHOKeCTBA {0,Kq, Kig,..., Ks, Kso, (1F€1),..., (1+€n1)}, HE BCE paB-
HbIE HYJIO, TAaKWe, YTO JUHEWHAs X KOMOWHAIMS paBHa HYJIEBOMY BEKTO-
py-cTonbiy. CucTemMa BEKTOPOB-CTOJIOIIOB JHHEHHO HE3aBHCHMA, €CIH
Juist 100bix mapametpoB (13 {0,Ky, Ki,..., Ks Kso, (11€1),..., (1+en)}) u3
PaBHOH HYJIEBOMY BEKTOPY-CTOJIOIY X JIMHCHHON KOMOWHAIINH, CIICOYET,
9T0 Bce mapameTpsl paBHB 0. CorjacHO 3TOMY OpraHH30BaH mepedop,
MTO3BOJIAIOIIN MPOAHATN3UPOBATh TAKUE JIMHSHHBIC KOMOMHAITIH.

Dopmupyercst maccuB {0,+K,=(1+€;)} BapuaHTOB 3HAuUCHHIT dTIEMEH-
TOB OTBEYAIOIIUX 32 MAcCHB OMpeEeNsieMbIX MapamMeTpoB JJIsI CTOJIOIOB
matpuibl A. Takum 006pazoM, YUCIIO BO3MOXKHBIX KOMOMHAIIMN paBHO 3N,
rae N=s+n; — konmuuecTBO cTosboB Marpuisl U. g nepebopa BceBo3-
MOJKHBIX KOMOHMHAIIMII TOMECTMM BapHaHTHl 3HAYCHHH B OJHOMEPHBIN
MacCHUB, MOJICTABIISS KOTOPHI B YMHOXXeHHe MaTpuibl U, OyaeM 0Xuaath
(dopMHupOBaHUS HYJIEBOTO BeKTOpa-cTonoua. UtoObl mepeOpars Bce BO3-
MOJKHBIC BapHaHTHl OJHOMEPHOTO MACCHBA, OyZeM BBHI3BIBATH JICMEHTHI
0 WHICKCY B TPOWKe BapuaHTOB. J[Js mepBoii KOMOWHAIIMN MTOTyINM MH-
JIEKCHI paBHBIC HYIIO, YTO JTACT TPUBHAILHOE pemreHue. J[as BTopoi KoM-
OWHAITMH MBI ITOJTyYUM TIOCIIEIOBATEIFHOCTh HHICKCOB C SAMHUIICH B KOH-
e, 9TO JacT HEeHyNeBylo komOuHammio. [IpoBepuB 3Ty KOMOWHAIMIO Ha
Matpure U mepeiinem k creayromeil komOuHanmy u T.1. MHIEKCH Beeraa
OynyT GopMHpOBaTh YHCIO B TPOMYHOW CHCTEME CUHMCIEHHUS ATUHBI N.
ITepeBonist HOMEp KOMOMHAIIUY B TPOUYHYIO CUCTEMY CUHCIICHHUS, TIOTYIHM
IMyTh Tepebopa BceX BO3MOXKHBIX KOMOWHAIMK M3 TPOeK 3HaueHHWH. Tak
Oymet mocTpoeHa Marpuiia A, Uit KOTOPOii BeimosiHeHo ycinosue UA=0.

Torma 6a3uc HII® ompenensrcs kak cUCcTeMa HE3aBHCUMBIX YaCTHBIX
pemreHui cucteMbl auM(OEPSHIUATBHBIX YPaBHCHUH IIEPBOTO MOPSIKa
(0p/0k*)A=0, te p(k,e) — cucrema HITD.
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Pesynprarom paboTHl TpOrpaMMbl SIBISETCS HaxoXJeHue Oasuca
HII® xuHEeTHYECKUX KOHCTAHT.

Teoperndeckn mporpaMma criocoOHa KOPpPEeKTHO paboTaTh ¢ MacCH-
BaMH, COCTOSIIIMMH M3 HECKOJIBKUX JICCSITKOB KHHETHUECKHUX MapaMeTpoB,
00pa3yrommXx MaTeMaTHIECKYI0 MOJETb CIOKHOW XMMHUYECKON PEaKIHH.
OnHako Hal0 OTMETHTh, YTO YBEIWICHHE KOJIUIECTBA MAPAMETPOB MOXKET
MOTpeOOBaTh YPE3MEPHBIX 3aTpaT KOMITBIOTEPHBIX W BPEMEHHBIX PEcyp-
coB. B 3TOM ciyuae cTaHOBHUTCSI aKTyaldbHBIM NPUMEHEHHE METOAA Je-
KOMITO3UIUH [3] ISl CXeM CIIOKHBIX XMMHUYECKUX peakuud Ha psj Oosee
MIPOCTBIX COCTABJIOIIUX, KaXKAas U3 KOTOPBIX MMEET CaMOCTOSATENIBHOE
(U3UKO-XMMHUYECKOE CONlepKaHHE.
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AHAJIOT TEOPEMBI AMBAPILIYMSIHA JJISI
HECAMOCOIIPSIKEHHOI'O AHTAPMOHUYECKOTI'O
OCLMJLISITOPA

sl HecamoconpadiceHHo20 an2aApMOHUHECK020 OCYULIAMOPA NOKd-
3an0, umo eciu sosmyujenue N He nopoosicoaem OONOIHUMENbHBIX CePUll
COOCMBEHHBIX YUCeN, TOKATUZOBAHHBIX OKOLO JYUell, OMIUYHBIX OM OCHO6-
nozo, mo V=0.

Kniouesvie cnosa: mecamoconpsiceHHvlil aQHeAPMOHUYECKUL OCYUT-
AsMop, meopema AmbapyymMana, TOKAIU3AYUS CNEKMPA.

Ishkin Kh.K.

THE ANALOGUE OF AMBARZUMIAN THEOREM
FOR NON-SELFADJOINT ANHARMONIC OSCILLATOR
For non-selfadjoint anharmonic oscillator it is shown that if the per-
turbation V does not generate additional series of eigenvalues that are
localized around the rays than the primary, then V=0.
Key words: non-selfadjoint anharmonic oscillator, Ambarzumian
theorem, localization of the spectrum.

Teopema AmOapuymsina [1] yTBep)KIaeT, 4TO eclu COOCTBEHHBIE

3HAYEHMS KPAaeBOH 3aJauu
—y'+ay=4y, y'0)=y'(r)=0,

Ie TOTEHIHWal  BEIIECTBEHEH U CYMMHpPYEM, HMEIOT BHJ
Aq :nz, n=0%..., To q(xX)=0 m.B. Ha (0,7). Brnocnencreuu BbIsiC-
HWIOCK [2, 5, 6], 4TO 3TOT Cily4ail SBJIAETCS UCKIIOYUTEIbHBIM U OJHOIO
CHEKTpa, BOOOIIIE TOBOPSI, HEOCTATOYHO AJIsl OJHO3HAYHOTO ONpENeIICHU S
noreHiuana. OHAKO B HECAMOCOIIPSHKEHHOM ClIydae TEOPeMbl THUIa AM-
OapiyMsiHa CKOpee 3aKOHOMEPHBIH, HeXeNn cilydaiiHelid ¢akt, 4to 00y-
CJIOBJIGHO CIIEKTPaJIbHOW HEYCTOMYMBOCTBIO OIEPATOPOB, HE ONM3KHX K
HOpPMAaJIbHBIM. A MMEHHO, aCHMIITOTHKA CIIEKTpa TaKUX ONEPaTOpOB MO-
KET COXPAHATHCA NMPHU BEChbMa KECTKUX OTPAHWYCHUSAX HA BO3MYILIECHHE,
MIO3TOMY TpeOOBaHUE COBIAJCHHS CIIEKTPOB BO3MYIIEHHOTO M HEBO3MY-
IIEHHOTO ONepaTopoB (WM JAaXKe TOJNBKO MX aCHMITOTHK) MOXKET TOBJICYb
TpUBHABLHOCTh BO3MymieHHs. Tak, B pabore [4] s omeparopa

© Nmkuna XK., 2017
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H (c, 6), nopoxnensoro B L?(0,00), mubdepeHunatbHbpIM BEPaKSHHEM
-y’ +e'xe y, (0< |9| <7, o > 0) u kpaeBbiM yciouem Y(0) =0, Obuin

JIOKa3aHbI CIICAYIONIHE YTBEP)KICHUS:

1) lycmov V — onepamop ymnodicenus Ha GUHUMHYIO, K8AOPAMUYHO
cymmupyemyio Ha ceoem nocumene[0;b] gyuxyuro V(?), komopaa ¢ ne-
Komopot  holyokpecmuocmu mouku b Odonyckaem npedocmasnenue
V(X)=(b-x)"W(X), 20em>0,W(b—-0) cywecmeyem, roneuern u ne
pasen 0. Toeoa cnexmp onepamopa T =H(«,0)+V pacnadaemcs na 2
cepuu {,ulsl) }f u {,uigz) }w, umerowue acuMnmomuKy

2
7K
u® =4, ﬂ§2)~(Fj (k —0),

20e {/‘tk };O — cobcmeennvie uucna onepamopa H(a, 8), komopule nexcam
Ha ayue arg z =260 /(2+ a) u umerom acumnmomuxy
/Ik - CeZiH/(2+a)k2a/(2+a)’ (k —)OO)

2) Ecnu supV <[0,b] u V e L}[0,b] u cnexmp onepamopa T co-
cmoum — MONbKO U3 OOHOU  cepuu,  uMewOwel  ACUMARIMOMUKY
My~ A +0(/1}<_1/a), (k—>wo), mo V=0 ne u credosamenvio,
My = Ay

Henp HacTosmiell 3ameTkn — 0000mICHHE yTBepxKaeHUH 1) u 2) Ha

HEKOTOPBIN KJTacC HEPUHUTHBIX BO3MYIIICHHUA.
Omnpenesienue 1. byoem zosopums, umo cnexkmpT, Jn0Kanuzoean

okono aywa AYA=qy mocda U MOAKO  Mo20d,  Ko20d
Ve>0 N(Ty,r)~N(Ty, ¢ —&, g +&,1), T —>+0, 20e N(T,7n,6,T)
u N(T,r)— uucno cobcmeennvix 3nauenuii onepamopa T coomeemcmeen-
Ho 6 cekmope{n <arg 1 <g¢, |/1| <r} u kpyee |ﬂ| <r}.

Beeaem o6o3nauenusi. Ilycte [ — KpuBasg ¢ mapameTpusanueit
z=Xx+iy(x), xe[0]1], rune byukuus y HenpepbBHO AnubPepeHIUpy-
ema, Beimykna BBepx u 0> y'(0)>y'() =>-tg ﬁ . Ecmm

0=Xg <Xy << Xy <X, =1 1o z, =2(Xy), I, — oyra kpusoit I', ¢
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KOHLAMHU Z,_4 U Z,, €, — obnacTe, orpaHuyeHHas ayroi [, u oTpes-
KOM [Z, 4,2, ] Hdanee mycts V — omeparop yMHOKCHHS Ha (QYHKIHIO
Vo= [ 0%
r t—x

rae Ve L (") npu mexotopom p >1.IIpu cleNaHHBIX MPeAIONOKEHUIX
(cMm., Hanpumep, 3, §6) dyukuus V ronomopdua BHe [, MOUTH B KaXKIOU
Touke ¢ € I mMeer yrioBbie rpannuHble 3HaveHns V, (¢) u V_(g) (cneBa
u cripaBa cootserctBenno) u V, e LP(I).

IIycte T =H(a,6)+V, toe V — omnepatop yMHOXeHHs Ha (DyHK-
o V().

Teopema 1. Cnpageonusst credyroujue ymeepicoeHus.:

1) 3a uckmiouenuem KoneuHo20 uucia 6ecb cnekmp onepamopa T
neocum 6 yene U,y ={-arctg(y'(0) <arg 1 <20/(2+ )} u rokanuzyemcs

6 cmulcnie onpedenenusi 1 okono ayua arg A =201(12+ «);

2) Eciu V' yoosnemeopsiem OONOIHUMENbHOMY YCI08UID. CYUeCmBy-
em pasbuenue 0=Xg <X, <---<X,4 <X, =1 maxoe, umo @ynxyus
V) —cyacenue V nal', —

(v1) nenpepwisna na I'y u Vi () # Vi1 (z) (K :m);

(V2) donyckaem anarumuueckoe npodondxcenue 6 0O1ACMb ﬁk, He-

npepuvignoe na €, ,mo cnexmp onepamopa T pasbusaemcs na N+1 ce-

puio {,urﬂk) }:11 (kzﬁ), KOmopble umeiom acuMnmomuKu ,ur(,o)~/1n,

(k) ~

m
My (#], n— o, 20e{l,} - cobcmsennvle uucna onepamo-
k ~Zk4

pa H(a,0);
3) Ecnu v — npouseonsuasn gyuxyus uz LP (I') u cnexmp onepamopa

T cocmoum monvko u3 00HoU cepuu, umerowel ACUMNMOMUKY
1

g~ A +0 A, @ |, (kK > ),
mo v=0 n.e. na I' u, cnedosamenvro, hy =74 .
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Paboma evinonnena npu nodoepoicke POOU (epawm Ne 15-01-
01095) u Munucmepcmea obpazoeanus u uayku P® (epanm Ne
01201456408).
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Ishkin Kh.K., Ishnazarova V.T.

EIGENVALUE ASYMPTOTICS FOR
THE STURM-LIOUVILLE OPERATOR WITH A
COMPLEX-VALUED RAPIDLY INCREASING POTENTIAL

We have obtained the eigenvalue asymptotics for the Sturm-Liouville
operator on the half-line with complex-valued exponentially growing po-
tential.

Key words: non-selfadjoint Sturm-Lioville, localization of the spec-
trum.

Ilycte L — omepartop, MOpOKIECHHBIN B L2 (0,00) muddepennunans-
HbIM BelpakeHueM |y =-y"+qy u kpaeseim ycioBuem Y(0)=0, rue
g(x) = p(xX) +ir(x), p(x) u r(x)—BemecTBeHHble (QYHKIMH, CyMMHpPYe-
meie Ha kaxaom (0,b), b > 0.

[Iycte P(X) —> 40 mpu X —> +oo. Torma [1] cmekrp omepartopa L
muckpeten. O6o03Haunm uepes {4, v, cobcreHHble 3Hauenus L, mpo-
HYMEPOBaHHBIC B TIOpSIKe HEYOBIBAHHUS MOIYJICH ¢ y4eTOM UX anredpau-
YECKHX KPaTHOCTEH.

IIycts Ly — omepatop, koTopslii momydaercst u3 L mpu q=p, R
oreparop ymMmHOXeH#ust Ha pyHkumo . Torma L =L +iR.

Ecimm r(x) =o(p(X), X — 400, TO omeparop R OGeckoHeYHO Mai OT-
HOCHUTEIbHO omnepartopa Ly B cMbicie popm [2, § X.2]:

07151 1100020 NONOHCUMENLHOLO € CYWECBYem NONONCUTNENbHOE YUCTIO
M, maxoe, umo

IRE T I<allo f, 1)+ M, 1T 1R,9F € QL) &)
rae Q(Ly)— obmacts ompeneneHus KBaApaTHYHOW (OPMBI, ACCOLHMHPO-
BaHHOH ¢ omepatopoM L,. Otcioma, corsmacHo Teopeme Kennpima [3],
CIIEKTp omeparopa L JOkamu3yeTcsi OKOJO TOJMOXKUTENBHOI BELIECTBEH-
HOM MONMynpsMON B ciiemyromem cMbicne: ecmd {4, by — COOCTBEHHBIE

yucna L, npoHyMepoBaHHEIE B TIOPSIKE HEyOBIBAHHS MOJYJIEH, TO
Ve >03K(e) e N:|arg gy < evk = K(e).

396



- X
Ecmun  lim ﬁ >0, To ouenka (1), BooOuie roBopsi, HeBepHa, cie-
x—+0 P(X)
JIOBaTeNbHO, oneparop L Hemp3st paccMaTpuBaTh Kak Majoe BO3MYIIECHHE
(camocompspkeHHOTO) ormeparopa L. B Takoit curyammm teopema Ken-

Jplla He paboTaet, modToMy 0e3 JOIMOIHUTENBHBIX YCIOBUH Ha (YHKIMN
P ¥ I HHUYEro ompeneseHHOro o0 acCHMITOTHKE CIIeKTpa omepartopa L

CKa3aTh Henb3s. Vcrmomp3ys MeTol KOMIDIEKCHOTO ckdimmara [4, i XlI,
§10], nerxo mokasate [5], 9To cmekTp omeparopa L Jokamm3yeTcst OKOJIO
dyya arg A = ecnu QyHKUMs § JAOMYCKACT aHAIMTUYIECKOE MPOMOIDKE-

uue B yronU , ={-f/2 <arg z < 0} rax, uro

A) npu xaxgom R>0  mpunamiexuT npocrpanctsy CMHpHOBa
[6, . 11, §7] E; (U 4(R)), tne Uz (R)=U ;4 N{|z|<R};

B) ¢yuakums () — yrioBoe rpanndHoe 3Hauenue [6, . |, §5]
Ha nyue {argz=-p12}- YIOBIETBOPSET YCITOBUSM:

| a(xe ') | +oo0, arg(q(xe '2)) — B, x —> +o0;

B) q(xe®)=0(q(xe #'?)), x = 40, PaBHOMEDPHO 1o
_B12<5<0.
DTUM YCIOBUAM Y/IOBIETBOPSIOT, HANpUMEP, GYHKIHH BH/1a
a(x) =aox”, )

rae «a>0,|arg a, |< 7. B pabore [7] mokasaHo, 4To criektp omepatopa L
C NOTEHIMAIOM (2) HMEET aCUMITOTHKY
/}ik (a) - COeZIH/(2+a)k2a/(2+a) , K — o0,

rae @ =arg ay,C>0. 13 3roit popMys! BUAHO, YTO COOCTBEHHBIE 3HAUE-

HUs L JOKanmM3yroTcs OKOJIO OJHOTO Jdy4a arg A = , M 3TOT JIy4 MPH

Gonpux « npubamkaercs k nydy lo ={arg A =0}. Dror npumep noka-
3BIBAET, YTO CIIEKTP Omeparopa L MOXeT CHIbHO «IPHKMMATLCS» K JIydy
|, maxe B ciydae, Korja BEIIECTBEHHas W MHHMas 4acTH IOTEHIHAa

HUMEIOT OIMHAKOBBIA pocT. C Apyroii CTOPOHBI, IPH KaKA0M (PUKCHPOBaH-
HOM « coOcTBeHHbIe uncia Ay () ¢ pocrom K ymanstores ot |y mpu-

4eM PacCTOSTHHUE CPaBHUMO ¢ | A, |. B CBsI3H ¢ 3THM BO3HHKAET BOIIPOC:
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KaKoe nopsaook 3mozo paccmosnus, eciu 6 (2) emecmo X e3amo Qynk-

% X X
yuio ¢ bonbuieii ckopocmuio pocma (nanpumep, €, €% um.0.)?
CraTbsl MOCBsIIIIeHa 3TOMY Bompocy. Oka3anoch, 4To eciiu

q(x) = ae”, @)
rie a,=pe'?, p>0, 0<f<z, 10 arg/ik~%,k—>oo, a MMEHHO,
n

CIpaBeJIuBa CIeIyoIas TeopeMa.
Teopema 1.  Cobcmeennvie uucna onepamopa L ¢ nomenyuanom
(3) umerom acumnmomuxy

ﬂk:( 7K j1+2|n|nk+b+'9+0 Inlnk Koo
2In 7k Ink Ink In? k

rme b=2+Inp.
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ITYPMA-JIUYBUJLJIA C PETYJISPHOH OCOBEHHOCTBIO
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ACUMNMOMUKA CNeKmpa, pe2yiapHas 0cooas mouxa.

Ishkin Kh.K., Semenikhina M.

ON THE SPECTRAL ASYMPTOTICS OF THE OPERATOR
STURM-LIOUVILLE OPERATOR WITH REGULAR REGULAR
SINGULAR POINT

We have obtaine the spectral asymptotics for the Sturm-Liouville op-
erator on a curve with a potential having a regular singular point out of
this curve.

Key words: Sturm-Liouville operator on a curve, spectral asymtotics,
regular singular point.

IlycTh ¥ — HEKOTOpasi KpUBas HA KOMILJIEKCHON IJIOCKOCTH C Tapa-
MeTpHu3anuei
z=x+iy(x), xe[0]],
rae pynakuus y(X) — xycouno-rinajakas Ha [0,1] (To ects cymecTByer
pasouenne 0=ag <a; <...<a, =1 Takoe, yTo y HempepbIBHO Iupde-
penuupyema Ha [Xj_1,Xj]) 1 7(0)=y@) =0. Iyctp dyHkuus y abco-

JIIOTHO HETIpephIBHA HA KPUBOH ¥ (OTHOCHTEIHLHO MEPHI |dZ| ). @yHKUIHIO

© Nmkun X K., Cemenuxuna M., 2017
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. —-Yy(z
Y, (2) = lim y(e)-y@)

¢ -1
ONpE/ICNICHHYI0O IOYTH BCIOLY Ha ¥ OyIeM Has3bIBaTh HPOU3EOOHOI
60016 y . AHanorudHo onpenenseM Yy, (Z) u T.1. (B IPEANONOKEHHH, UTO
9TH 00BEKTHI CYIIECTBYIOT). Berony nasee, eciii He BO3HHKAET ITyTaHHIIBI,
3HAYOK ¥ B y}(,n) OyJeM OImycKarth.

O06o03HaunM uepes T}, orepaTop ¢ 00NacThIO ONpeIeIeHHs

D(T,) ={y € L2 ()10, y € AC(1).-02 € L2 (7). ¥(0) = @) = O]
¥ JeHcTByromuii no npasuny T, = —6}2, 3necs AC(y) u LP (y)— muOMNe-

cTBa (YHKUHH, abCONIOTHO HENPEPHIBHBIX (COOTBETCTBEHHO CYMMHUPYeE-
MBIX C P-if cTemeHpto (1Mo mMepe |l+i }/’|dX )) Ha y ¢ynkmmit [1] . Omeparop

L, =T, +V, rme V —oneparop ymuoxenus Ha ¢ynkumio V(z) u3

Lt (), B mampHeiimem Oynem HasbiBaTh omnepatopoM LlItypma-JInyBumis
Ha KpuBOH y . CIEKTP HEBO3MYILEHHOTO Omeparopa T, , Kak M B KIacCH-
YEeCKOM clydae y = [0,1] COCTOMT M3 TMPOCTHIX COOCTBEHHBIX YH-
cen =(7zn)2,n=l,2,....

Oneparop T, creKTpaibHO HEYCTOHYHB: CYIIECTBYIOT CKOJIb YTOAHO
Mansle u OeckoHeuHo aubdepeniupyembie GyHkimua V(z), d9to cob-
CTBEHHBIE 4HCIa BO3MylIeHHOro onepatopa M, =T, +V ¢ Gonbmmnmu

HOMEpaMH MOTYT JIOKATH30BaThCA OKOJIO KOHEYHOTO WJIM CUYETHOTO YHCIIa
nyde# (cM. Hampumep, [2,3]). OpmHako Aake A TaKUX HEYCTOWYHMBBIX
OIepaTopoB CYIIECTBYET KJIACC BO3MYILICHHI, COXPAHSIONIIX ACHMIITOTH-
Ky criektpa. Takum o0Opaszom, o0nanarT, Hanpumep, GyHkiun V , gomyc-
Kalol[he aHaJUTHYeCKOe MPONOKeHHe B obiacth (), OrpaHHYCHHYIO
KPHBOH ¥ W OTPE3KOM [O,l], HeNpepbIBHbIC BIOJb 10 TpaHunbl . [lei-
CTBUTENBHO, B 3TOM cCiydae perierne ¢(z, 1) ypaBHEHHS M},(p:ﬂ(z),
ynosnersopsiomne  yenosusm  ¢(0,4) =0,0,9(0,4) =1, ananurtuuno

B2, a HempepbiBHO B (). CnenoBaTebHO, COOCTBEHHbIC YUCIa OIepaTo-
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paM, , conanaromue ¢ xoprsaimu QyHkumn @(1, A), He MEHAOTCA NpH

nedopmanuy KpUBOH 7 B OTPE30K [O,l], TO €CTh COBIAJAIOT CO CIIEKTPOM

Kkiaccudeckoro omepatopa lltypma-JInyBumis M[O,l] C HENpepBIBHBIM

noteHImanom ¢ =V |[O,1] , @ IOTOMY UMEIOT aCUMIITOTUKY

An~(m)2,n > 1)

Ecnu ¢yHkums g moctaTouHo riagkas, To ¢opmyny (1) MoxHO

YTOYHHTH (CM. HampuMmep, [4]). B wactHOCTH, eciii (] HempephIBHO Iwd-
(bepeHImpyema, To

1
A~ () +%J‘q(x)dx+0(n_2), N — oo, 2

0
B cBsi3u €O cka3aHHBIM BO3HUKAET BOIIPOC: KAKOU 6U0 Oyoem umens
Gopmyna (1), ecru omkazamvcsi om YCio8us HeNnPepbiGHOCU (HYHKYUU

q, kakoil exaao enecym 6 popmyny (2) usonupoganmvie ocobennocmu (| ?
B crarbe u3ywaercs ciydail, korga GyHKIMsS (| UMEET BUA peryJsp-

HyI0 ocobenHocTh B naTepBane (0,1):

——Z,ke CL,0e¢(0)).
(z-0)

Okasaiock, 9To B ciIydae Helbix K mompaBka OT yKa3aHHOM 0COOCH-
HOCTH MMeeT mopsgok N . Ecin k ¢ Z, To acHMITOTHKA OIpeNeNseTcs
koHcTaHTOH O: ecmu @ € T, TO CeKTp MOXHO Pa3OUTh Ha KOHEYHOE
YHCIIO CEPHH C W3BECTHON acMMOTOTHKOH, ecim ke 6 ¢ [, To MoxHO
TG YKa3aTh MOJYIOJOCY, BHE KOTOPOW CIEKTp KOHEUYEH, MPU ITOM
ACHMITTOTHKH HET.

Tak kak k(k—1) =(—k)(=k +1), to mpuk € £ MOKHO cumTaTh, YTO

k>0, T1oects k=0 nmk e M. B cnyqae k=0 cnexrp M, cosnanaer
co cnektpoM T[pq], MOITOMY MHTEPEC NPEACTABISCT TONBKO CIIy-

qaitk € M.
Teopema 1. Eciuk € M, mo cnexmp onepamopa M},(O) umeem

acumnmomuk
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k(k-1)
7(l-6)6
Teopema 2. [lycmb K ¢ E. Toeoa cnpaseonusul ciedyioujue ymeep-
JHcOenuUs:

YA (0)~7mn— nt+o(n™),n—>w,

1. Eciu 49:3, 20e p,q e M, mo cnexmp onepamopa M, (0) co-
q

Lmbe
cmoum u3 20 cepuil Yy, he1: M =1,2q, umerowux acumMnmomuxy
A ~[(2n—ilnsy, Ja]? +O@),n — oo,

20e {Sm }12q — pasiuyHble KOPHU YPABHEHUs s24_2 sin(k;r)sz P_i=0,

6emeb joeapupma eviopana max, umolInz >0 npuz >1.
2. Ecnu @ uppayuonansro, mo co6cmeeHHbie 3HAUEHUs. Onepamopa

M, (0) 3a uckmouenuem KoneuHo20 HUCIA NEHCAM 8 HEKOMOPOU NOIYNO-

Joce ﬂlm /1| <a,Red> 0} U He UMEIOm ACUMNIMOMUKY.
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