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INVESTIGATION OF THE THERMOMECHANICAL STATE OF
THE ROD UNDER THE INFLUENCE OF LATERAL HEAT
EXCHANGE AND LOCAL TEMPERATURES AT THE ENDS
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Abstract. This article deals with the problems of numerical study of the
thermomechanical state of rods. On the basis of the fundamental law on the change in the
amount of heat, an equation of the established thermal conductivity for a horizontal rod of
limited length and a constant cross section is constructed through a fixed cross-section in
a time Ot. In this case, different temperatures are set at the two ends of the investigated
rod, and heat exchange with the surrounding medium takes place through the lateral
surface. In addition, the investigated rod is made of thermal protective material ANV-300.
The determining law of the distribution of temperature, of all the corresponding
deformations and stresses, and also of the displacement along the length of the investigated
rod. The values of the thermal elongation and the resulting axial force are calculated.

In a complex thermal zone, bearing components of reactive and hydrogen engines,
nuclear and thermal power stations, processing lines of processing industries, as well as
internal combustion engines operate. The reliable operation of these structures will
depend on the conditions of the thermoelectric power of the bearing components.
Therefore, this study is devoted to a numerical study of the state of the thermoelectric
power of the structural components in the form of rods of limited length, bounded at both
ends.

The proposed computational algorithm is based on the principle of energy
conservation. In this case, all types of integrals in the functional energy formulas are
integrated analytically. In this case, the numerical solutions obtained will have high
accuracy.

Keywords: the temperature, the rod, the thermal energy, the algorithm.

Statement of the problem

We consider a horizontal rod of limited length and a constant crossed section whose
area F(cm?). He axis ox of the rod is directed from the left to the right which coincides
with the axis of the rod. At the left end of the rod, the temperatureT; [c°], is given, and the
direction T,[c®]. In this case T; > T,. Through the lateral surface of the rod, heat exchange
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takes place with its surrounding medium. In this case, the heat transfer
coefficient h [ Witto
cme-C

process is shown in Fig. 1

], and the ambient temperature T,.[c°]. The calculation scheme of the

3000000390300 x
CTT555555555

Ta

Picture 1. The calculation scheme of the problem

It 1s required to determine:

1) The law of temperature distribution along the length of the investigated rod.

2) Determine the amount of thermal elongation of the test rod.

In case of pinching the two ends of the rod, it is necessary to determine:

3) The arising axial forces.

4) The field of distribution of the components of deformations and stresses.

5) The field of distribution of displacement.

The physical and mechanical properties of the material of the rod under investigation

watt ], thermal

are characterized by the coefficients of thermal conductivity K., e

. . k . . .
expansion a Lio] and elastic modulus E [cm_gz] If we take into account that the investigated

process of the rod material is much larger than the cross-sectional area, then it is possible
to neglect the temperature gradients in the directions perpendicular to the axis of the rod
without significant error, and take the temperature constant at each point of the cross
section perpendicular to the axis. With this assumption, a temperature with a function of
only one independent variable x, and the field of temperature distribution along the length
of the rod can be described by an ordinary differential equation.

According to the fundamental law of thermophysics, the amount of heat passing
through the time dt through the cross sections of the rod at a distance of x [cm] from its
left end will be

dT
—KF < dr (1)

where T (x) — is the temperature distribution field, which is still unknown.
At that time, the amount of heat passing through the time dt through the cross
section, located at a distance x + dx[cM]| from the left end of the rod, will be equal to
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dr | d*T
_KxxF (; + IxZ dx) dt (2)

In addition, the portion of the rod enclosed between the sections spaced from the left
end of the rod at a distance of x and x + dx[cm], due to the thermal conductivity process,
acquires during the time dt the amount of heat equal to the difference of the indicated
quantities (1) and (2) e.

In addition, the portion of the rod enclosed between the sections spaced from the left
end of the rod at a distance of x and x + dx[cm], following the heat conduction process,
acquires in the time dt the amount of heat equal to the difference of the indicated amounts
(1) and (2),
dzr
dx?

K. F<ldr 3)

It should also be noted that during this same time, a heat loss equal to
hPdx(T — T,.)dz 4)

where P[cm] is the cross sectional.
But since the process we are investigating is steady-state, i.e. stationary, then from
(3-4) we have

KoF S dxdt = hPdx(T — T,)dt (5)

From this, for the problem under consideration, we determine the equation for the
steady-state heat conductivity

d?T _ hP(T—Ty)

dx? KyxF (6)
For convenience, we introduce the notation
2 _ hP
a“ = KoF (7)
considering that the ambient temperature T,. = const,0 < x < [, then we have
d(T—Toc) — E (8)
dx dx
hence we also obtain
dz dz —loc
aT _ &’ 0<x<lI )

dx? dx?
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Taking (7) and (9) into account, we rewrite (6)

20 _
L0 Toe) _ g2(T —T,) = 0 (10)

dx?

This equation is an ordinary differential equation with constant coefficients. Then its
general integral will be

T—T, =Ce™+Ce ™ 0<x<I (11)

where C; and C, are constants of integration. Their values are determined from the
boundary conditions at the ends of the rod.

T(x =0) =Ty[c°;T(x = 1) = T,[c°]; (12)
T,-T,,=C,+C
1 oc all 2 _al} (13)
TZ - TOC = Cle + Cze
From these systems, the values C; and C,.
C, = (TZ - Toc) - (Tl - oc)e_al\l
L=
Zshl(al) ¥ (14)
C, = (Tl - oc)ea - (TZ - Toc) |
z 2sh(al)

Substituting (14) into (11), we determine the field of temperature distribution along
the length of the rod under consideration, taking into account the operating conditions [2]

)sh(ax)+(Ty—

Toc)Sha(l—x)
g 0<x<l (15)

T(x, h, Ky, P, F, Ty.) = T, + 2T

On the basis of the fundamental theory of thermal physics, it is possible to determine
the elongation of the rod under consideration if it is pinched by one end and the other is
free

Al = [oT (x)dx = o[ T(x)dx = a{T, 1 +[(T, - T, Neh(al)-1)/ a— (T, =T,.)(1 - ch(al)/ a))/ sh(al)} (16)

In the event that both ends of the rod are clamped, an axial compressive force R is
produced in it, which will be directed along its axis ox. Its value is determined by the
corresponding Hooke law [3]

AILEF _ aEF
! !

R=

{10+ [(1,-T,.)(ch(al) 1)/ a~ (T, =T, )1~ ch(al) | @) |/ sh(al)} (17)

10
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In this case, according to the length of the investigated rod, the distribution law of
the thermoelastic component of the voltage t can be determined according to the
generalized Hooke's law

R aF
o =f=—0‘7{Twz +[(L~T,.)(ch(al)=1)/ a=(T, =T, )1~ ch(al) / @) |/ sh(aD)} (18)

Then the distribution law of the corresponding thermo-elastic component of the
deformation is also determined according to Hooke's law

o
£E=—

- —%{Twz +[(1,-T,)(ch(al)-1)/ a— (T, T, )1 —ch(az)/a)]/sh(al)} (19)

Further, according to the theory of thermal physics, the law of distribution of the
temperature component of deformation

T, —Toc)sh(ax)+ (T, -T,.)sha(l —x)
sh(al)

8T(x):—aT(x):—a{Toc+( },Oﬁxgl (20)

Then the temperature component of the voltage is already determined according to
Hooke's law

T, - T, )sh(ax) + (T, = T, )sha(l - x)
sh(al)

O'T(x):EgT(x):—aE{ch+( },Oﬁxﬁl (21)

After this, according to the theory of thermo elasticity, it is possible to determine the
law of distribution of the elastic component of deformation

e (V)=¢ _gr(x)z_%{TMH[(Tz -1, )(ch(al)-1)/a—(T; —Tlu,)(l—ch(al)/a)}/sh(al)}+ (22)

N {T . (T, - T,.)sh(ax) + (T, - T, )sha(l - x)

oc ,nggl
sh(al)

Then, according to Hooke's law, we can determine the law of distribution of the
elastic component of the voltage

o (x)=Ee,(x) =0 —0,(x) = —%{Twl +[(5,~7,.)(ch(al)=1)/ a= (5, ~T,)(1~ch(al) /@) |/ sh(aD)} + (23)

(T, - T, )sh(ax)+ (T, - T, )sha(l — x)
sh(al)

aE{TOC+ },0<x<l

11
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Finally, we can determine the law of distribution of the displacement of the cross-
section of the rod. It is determined from the Cauchy relations

gx(x):a—u;:Uzjgx(x)derC (24)
ox

Here the value of the constant C is determined from the pinning conditions
U(x=0)=0. Then we have

U= —o{Tac Ll g, —2Tm.>}x+ | T+ ——[(T, T, )ehax— (T - Ta»]}
alshal ashal (25)
+——[(, - T, )chal~ (T, ~T,,)]
ashal
Bt Bt 71
Then we have [=100cMm, K, = 100CM o h=10m; T,. = 20°C; a=125-10 7C—0;

E=2-102%: T/=600°C; T>=100°C; r=Icm.

Then we get the results shown in Figure-2. In Figure-2, a) the law of the distribution
of temperature along the length of the rod is given. The resulting law of distribution of
deformation components is given in Figure-2, b). It can be seen from the figure that the
thermo-elastic component of the deformation €-is constant along the entire length of the
rod.

At that time, the elastic component of the deformation &x(x), on stretches near the
jamming, has a stretching character. In the middle section of the rod, &(x), has a
compressive character. The temperature component of the deformation £7(x) along the
entire length has a compressive character. Its maximum value corresponds to the highest
temperature.

The nature of the component stresses is similar to the corresponding deformations.
This is clearly seen from Figure-2, c). In Figure-2, d) the distribution field for the
displacement of the cross-sections of the rod is given. It can be seen from the figure that
the cross-sections of the rod in section 0 < x <6,9 are moving in the direction of the x
axis. At that time, the largest displacement Umax1 = 0.0043092 cm corresponds to the
coordinate cross-section of which x = 8 cm;

The cross sections of the rod located in the section 70 <x <l = 100 cm move against
the direction of the axis ox. Here, the largest displacement Upax2=-0,0016472 cm
corresponds to a cross section whose coordinate is x = 94 cm. Moreover, |Unqxil/]
Unax21=2,61639;

12
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Figure - 2. The laws of distribution of temperatures, strains, stresses and displacements

CONCLUSION

On the basis of the fundamental laws of changing the amount of heat, a resolving
differential equation of the second order with constant coefficients is constructed which
describes the steady-state temperature distribution in a rod of limited length and constant

14
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cross section in the presence of lateral heat exchange and point heat sources in the form of
temperature at the ends of the rod. The field of temperature distribution, the magnitude of
the elongation of the rod, the magnitude of the resulting axial force, the laws of distribution
of all the components of the strain and stress, the distribution field of the elastic component
of the displacement are determined.
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REDUCTION OF MODERN PROBLEMS OF MATHEMATICS TO
THE CLASSICAL RIEMANN-POINCARE-HILBERT PROBLEM

Durmagambetov A.A.

aset.durmagambet@gmail.com

Abstract. Using the example of such a complicated problem as the Cauchy problem
for the Navier-Stokes equation, we show how the Poincaré-Riemann-Hilbert boundary
value problem enables us to construct effective estimates of solutions for this case. The
apparatus of the three-dimensional inverse problem of quantum scattering theory is
developing for this. In which it is shown that the unitary scattering operator can be studied
as a solution of the Poincaré-Riemann-Hilbert boundary-value problem. This allows us to
go on to study the potential in the Schrodinger equation, which we consider as a velocity
component in the Navier-Stokes equation. The same scheme of reduction of Riemann
integral equations for the zeta-function to the Poincaré-Riemann-Hilbert boundary-value
problem allows us to construct effective estimates that describe the behavior of the zeros
of the zeta function very well.
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uniqueness of the Cauchy problem,the loss of smoothness, The Millennium Prize Problems,
Euler product, Dirichlet, Riemann, Hilbert, Poincaré, Riemann hypothesis, zeta function,
Hadamard, Landau, Walvis, Estarmann, Chernoff [2010] 11M26 AMS 11

1 INTRODUCTION

Using the example of such a complicated problem as the Cauchy problem for the
Navier-Stokes equation, we show how the Poincaré-Riemann-Hilbert boundary value
problem enables us to construct effective estimates of solutions for this case. The apparatus
of the three-dimensional inverse problem of quantum scattering theory is developing for
this. In which it is shown that the unitary scattering operator can be studied as a solution
of'the Poincaré-Riemann-Hilbert boundary-value problem. This allows us to go on to study
the potential in the Schrodinger equation, which we consider as a velocity component in
the Navier-Stokes equation. The same scheme of reduction of Riemann integral equations
for the zeta-function to the Poincaré-Riemann-Hilbert boundary-value problem allows us
to construct effective estimates that describe the behavior of the zeros of the zeta function
very well.

2 Results for the one-dimensional case

Let us consider one-dimensional function f and its Fourier transformation f. Using
notions of module and phase, we write Fourier transformation in the following form f =
| flexp(i¥) , where W is phase. To cite Plancherel equality: fllL, = Const||f||L2. Here
we can see that a phase is not contributed to determination of X norm. To estimate a
maximum we have a simple estimate as max|f|* < 2||f]|,||Vf]|.,-Now we have an
estimate of the function maximum in which a phase is not involved. Let us consider a
behavior of a progressing wave running with a constant velocity of v = a described by
function F (x,t) = f(x + at). For its Fourier transformation along x variable we have F' =
fexp(iatk). Again in this case we can see that when we will be studying a module of the
Fourier transformation, we will not obtain major physical information about the wave, such
as its velocity and location of the wave crest because of |F| = |f| . These two examples
show w eaknesses of studying Fourier transformation. On the other hand, many researchers
focus on the study of functions using embedding theorem, but in the embedding theorems
main object of the study is module of function. But as we have seen in given examples, a
phase is a main physical characteristic of a process, and as we can see in the mathematical
studies, which use embedding theorems with energy estimates, the phase disappears.
Along with phase, all reasonable information about physical process disappears, as
demonstrated by Terence Tao [1] and other research considerations. In fact, he built
progressing waves that are not followed energy estimates. Let us proceed with more
essential analysis of influence of the phase on behavior of functions.
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Theorem 1 There are functions of W3 (R) with a constant rate of the norm for a
gradient catastrophe of which a phase change of its Fourier transformation is sufficient.

Proof: To prove this, we consider a sequence of testing functions f, = A/(1 +
k?),A=(i—k)"/({+k)™ it is obvious that |f,]=1/(1+k?). max|f,|* <
2|1 full, IV fallL, < Const.. Calculating the Fourier transformation of these testing
functions, we obtain:

fu(x) = x(=1) "V 2mexp(—x) L,y 2x)if x>0,  fr(x)=0 if x<0 (1)

where L%n_l) (2x) is a Laguerre polynomial.
Now we see that the functions are equibounded and derivatives of these functions
will grow with the growth of n. Thus, we have built an example of a sequence of the

bounded functions of W, (R) which have a constant norm W, (R) and this sequence
converges to a discontinuous function.

3 Results for the three-dimensional case
Consider Schrodinger’sequation:

—AY+q¥ =k?W keC )

Let W, (k, 6, x) be a solution of ( 2 )with the following asympotic behavior:

ik|x| 1

o AGK,',6) +0 (H) x| > oo, 3)

where A(k, 6',0) is the scattering amplitude and 6’ = Iz_l’ 6 €S?forkeCt={Imk>
0} W,y (k, 6, x) = etk(:x)

1 ot
A(k,6',0) = _Ejs g0, (k,0,x)e k0 xdx,
R

LIJ_l_(k, 9,x) = Lpo(k, 9, x) +

Solutions ( 2 )- ( 3 ) are obtained by solving the integral equation

e.+lk|x—y|

LP+(k'9'x) = LIJO(k' Q,X) +] q(y)mqj + (k' H,y)dy = G(qlp+)

R3

which is called the Lippman-Schwinger equation.
Let inroduce

0,0' € S%,Df = kj Ak, 0',0)f (k,6")do’,
SZ
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Let us also define the solution W_(k, 8, x) for k € C™ = {Imk < 0} as

Y_(k,60,x) = ¥.(—k,—0,x).
As is well known[8] :

k
W, (k,0,6) — W_(,0,2) = =1 | AG,0',0)¥_(k,0",x)d0' k €R.  (4)
SZ

This equation is the key to solving the inverse scattering problem, and was first used
by Newton [8,9] and Somersalo et al. [10].
Definition 1 7he set of measurable functions R with the norm, defined by

q(x)qa(y)
= | ———5dxdy<
lalle = | £ vy < oo

is recognized as being of Rollnik class.
Equation (4) is equivalent to the following:

Y, =SV,

where S is a scattering operator with the kernel S(k, 1),

Stk,h) = | W.(k,x)¥:({, x)dx.

R3

The following theorem was stated in [9]:

Theorem 2 (The energy and momentum conservation laws) Let q € R. Then,
S§* =1,5"S = I, where I is a unitary operator.

Corollary 1 SS* =1,5*S = I, yeild

ik
Ak, 6',0) — A(k, 6,0")" = ;—n Ak, 6,0 Ak, 0',0")*d6"
SZ

Theorem 3 (Birmann—Schwinger estimation). Let q € R. Then, the number of
discrete eigenvalues can be estimated as:

1 a(x)a)
N(q) < Wf;gs fRs |2 dxdy.

|x
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Lemma 1 Let (|q|L1(R3) + 4n|q|L2(R3)) < a<1/2. Then,

(lal,, ) + 4mlal L, ge) P

Wil <
1= (1qlL, &) + 47lql, @) 1—«a

191, r3) + 47191, 5% @
Lo 1-— (|Q|L1(R3) + 4”|Q|L2(R3)) l-a

”6(11J - %)

Let us introduce the following notations:

Q(k,8,0") = j q(x)e*©@=00xgy K(s) = s,X(x) = x.

R3

+ 0o + 0o ’9’91
T+Q = Q( )d T_ Q %ds

—oos_t — 0

Lemma 2 Letq € RN L(R®),lIqll,, + 47mlql,, g3 < @ < 1/2. Then,
a
1AM, <a+—
|5
ok

We define the operators Ty, T for f € W5 (R) as follows:

a
<a-+

1—-a

ds Imz <0,

dsImz>OTf—2—mI j
mz-0

T+f - 2_m1m2—> _I
1
Tf =5 T +T)f.

Consider the Riemann problem of finding a function @, that is analytic in the
complex plane with a cut along the real axis.Values of @ on the sides of the cut are denoted
as @, ®_.The following presents the results of [12]:

Lemma 3
TT—llTT—lT TT_ = 1T T_T+1IT—T 1]TT— T
_4’ +_2 + - = 2 - + = 2! - - 2; -1 = -
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Denote

@, (k,0,%) = W, (k, 0,x) — Wy (k,0,%), D_(k 0,%)=W_(k —8,x) —¥(k, 6,x),
gk, 0,x) =d,(k,0,x)—P_(k,0,x)

Lemmad4 Letq €ER, N(q) <1g, =g(k,0,x),9- = g(k,—06,x).. Then,

O, (k,0,x) =T, g, +e*%*,  &_(k,0,x) =T_g, + e*o*,
Lemma 5 Let

e}

pA(p,6',0) j
de < 1/2
e j4n(p—k+i0) pl<e ] adb<l/
Then
o k;A(k;, 05,0k,
LI dk.|de, <27
Lemma 6
Let

1 1
sup | IT_QK|d8 <a<—<1, sup| IT_GK|ld8 <a<-—<1,

1
sup | IT_QgdK?ldo <a<—<1

k Jg2 2C
Then

C . IT_QK|d6
T_AK|d6 < 2 ,
sup | IT-AK1d6 < 7= Jo2 IT_AGK?[d6
k

C|T- [, QGK?d6)|

<
1—|T_ [, gKde|

sup
k

j T_AGK?do
SZ

To simplify the writing of the following calculations, we introduce the set defined

1
M, (k) = (S|£ <Is|+ |k —s| < E)

and function of Heavisid given by

O(x)={1, if x>0, 1/2 if x=0, —1 if x<0 }.
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Lemma 7 Let q,Vq €N Ly(R3). Then,

elﬂxh4

j 0(A)e*I*lAg(x)dx = lirnj j q(x)ds
R® =0 Jsenm k) Jr3 K — S

is|x|A
j 0(A)kekXlag(x)dx = lim j j s q(x)dxds
R3 SEM¢(k) YR3 k

£-0 —S

Proof. The lemma can be proved by conditions of Lemma and Lemma of Jordan.
Lemma 8
Let
l= 2, 10 = l'I',O(x' k)|r=r0
Then

+co
f f j G(k(6 — 01, k?*dkdodo’
—00 SZ SZ

1
< suplq(x)| + Co(a +1o)llqlly, z3

XER3

+00 1
| js |, QTKOQIJ?d8"d8'dk| < Co + ) lal

sup
fes?
Lemma 9
Let
|IT_QOK| < <1<1 IT_gK| < <1<1
sup QK| =« oc <L supll-gkl=sa<gm<1
1
sup|T_QgK?|<a<—<1, 1=0,1,2
k 2C
Then

<

+00 +0oo
j j j Ak, 0", 0)k'dkdd'do j j j q(k(e—e’))kldkde’d9‘+
—0o0 SZ SZ —0o0 SZ SZ

Csup
PeS?

+00
j j QTKAkldH”dH’dk‘
—0o0 SZ SZ

<

+ 0o
j j j A(k,0',0)k*dkd0'do
—0o0 SZ SZ

< suplql + Collqllwz rsllallz, ) (UzTKAdQH‘ ¥ 1)
S

XER3
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Lemma 10 Let

supj j pA(p,G’,e? dp|d6 < a <1/2, sup|pA(p,6',0)| <a<1/2
k Jg2 4nt(p — k +i0) X
Then
T_DWy| < ——, |T,DW,| < — DW,| < —
=Pl 1-a IT.D%ol 1-a ID%ol 1-«a
Tg-=(-T.D)"'T.D¥,  W.=(-TD) 'T.D¥+W¥,

q satisfies the following inequalities:

Co (IquIfZ(Rs) + 1) + Collglly, z3)

j TKQd®
SZ

sup |q(x)| <
XER3

4 Conclusions for the three-dimensional inverse scattering problem

This study has shown once again the outstanding properties of the scattering
operator, which , in combination with the analytical properties of the wave function,allow
to obtain an almost- explicit formulas for the potential to be obtained from the scattering
amplitude. Furthermore, this appro. The estimations follow from this reach overcomes the
problem of over-determination, resulting from the fact that the potential is a function of
three variables, whereas the amplitude is a function of five variables. We have shown that
it is sufficient to average the scattering amplitude to eliminate the two extra variables.

5 Cauchy problem for the Navier—Stokes equation

Numerous studies of the Navier-Stokes equations have been devoted to the problem
of the smoothness of its solutions. A good overview of these studies is given in [13]-[17].
The spatial differentiability of the solutions is an important factor, this controls their
evolution. Obviously, differentiable solutions do not provide an effective description of
turbulence. Nevertheless, the global solvability and differentiability of the solutions has
not been proven, and therefore the problem of describing turbulence remains open. It is
interesting to study the properties of the Fourier transform of solutions of the Navier-
Stokes equations. Of particular interest is how they can be used in the description of
turbulence, and whether they are differentiable. The differentiability of such Fourier
transforms appears to be related to the appearance or disappearance of resonance, as this
implies the absence of large energy flows from small to large harmonics, which in turn
precludes the appearance of turbulence. Thus, obtaining uniform global estimations of the
Fourier transform of solutions of the Navier-Stokes equations means that the principle
modeling of complex flows and related calculations will be based on the Fourier transform

23



Ceknus 1. CoBpeMeHHbIe P06JeMbl IPUKIAJHON MaTeMaTUKH,
MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

method. The authors are continuing to research these issues in relation to a numerical
weather prediction model; this paper provides a theoretical justification for this approach.
Consider the Cauchy problem for the Navier-Stokes equations:

01_5 - - - g .o
P VAU + (U,V0) = =Vp + f(x, t),divv = 0, (5

Vle=o = Uo(x) (6)
in the domain Q; = R3 X (0,T),where :
div B, = 0. %

The problem defined by (5), (6), (7) has at least one weak solution (¥, p) in the so-
called Leray—Hopf class [16]. The following results have been proved [15]:

Theorem 4 If
v € Wy (R?), f(x,t) € L2(Qr),

there is a single generalized solution of (5), (6), (7) in the domain Qr,, T; € 0, T], satisfying
the following conditions:
U,V20, Vp € Ly(Qr).
Note that T; depends on ¥, and f (x,t).

Lemma 11 Let ¥, € W/ (R3),]? € L,(Qr), Then the solution of (5), (6), (7) satisfies
the following inequalities:

t
sup 13117, s, + v j VB2, oy dT < 11Fol12, oy + 11 FllLacon:
o 0

t
Os<1t1£)T||Vv||fz(R3) +vj ||H013||i2(R3)dT <
T 0

t
VDol17, r2y + 11 |Lacor) +j (@, VO, r2) 1 Ho VL, %)
0

t
1 t
=112 - > 2
g R Ay RCA
0
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Lemma 12 Let B, € WZ(R?), B, € W2(R®), f € L,(Qy), Then the solution of (5),
(6), (7) satisfies the following inequalities.

[N
[N

t
o+ j e ~VKIE=D ([(5,V)F] + F)dx,
0

where F = —Vp +f.

Proof. This follows from the definition of the Fourier transform and the theory of
linear differential equations.

Let us introduce operators Fy, Fyy,, as

Bof = | 9 fGdn, Fuof = [ 07 f(xydx
R3

R3

500 = Fub, Pk k') = Fob = j NIRRT N

R3

Lemma 13 Let ¥y € WE(R3), f € L,(Qr).ITKV| + ITKV,| + |TK2V, 5| <
C.Then, the solution of (5), (6), (7) in Theorem 4 satisfies the following inequalities:

[v(l)| < C,

- Cot
ITKD(k)| < COllv”LZ(R3) + W ||Vv||L2(R3)”v”L2(R3).

Lemma 14  Let By € WZ(R®),f € L,y(Qr).ITKV,| + ITKV,| + |TK2Vy | +
.Then, the solution of (5), (6), (7) in Theorem 4 satisfies the following inequalities:

VKD <C — kIV(k k)| <

C
J(A - cos(G))’

Cot

* \/v(l —cos(0))

ITVK| < COllv”Lz(R3) ||Vv||L2(R3)”v”L2(R3)

Theorem 5 Let By € WE(R?),f € Ly(Qr), f € W2H(Qr),ITKV,| + ITKV,| +
|TK2V01270| < C, .Then, the solution of (5), (6), (7) in Theorem 4 satisfies the following
inequalities:

sup [[¥(x)]| < C

XER3
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||V13||L2(R3) +vj j |Ho¥|?dxdt < const
0 R3

Theorem 5 asserts the global solvability and uniqueness of the Cauchy problem for
the Navier-Stokes equations.

6 Discussion

As noted in the introduction, the key method of investigating the Cauchy problem
for the Navier-Stokes equations is its reduction to the Poincaré-Riemann-Hilbert problem.
Really studying the wave functions for the Schrodinger equation by the generated velocity
components, we obtain unique estimates for the maximum velocity. Uniform global
estimations of the Fourier transform of solutions of the Navier—Stokes equations indicate
that the principle modeling of complex flows and related calculations can be based on the
Fourier transform method. In terms of the Fourier transform, under both smooth initial
conditions and right-hand sides, no appear exacerbations appear in the speed and pressure
modes.A loss of smoothness in terms of the Fourier transform can only be expected in the
case of singular initial conditions, or of unlimited forces in L, (Qr). The theory developed
by us is supported by numerical calculations carried out in the works [18-20] Where the
dependence of the smoothness of the solution on the oscillations of the system is clearly
deduced.

7 Reduction of the Riemann hypothesis to the Poincaré-Riemann-Hilbert
problem

This study is concerned with the properties of modified zeta functions. Riemann’s
zeta function is defined by the Dirichlet series

{(s) =Zni s =0 +it, (8)

which is absolutely and uniformly convergent in any finite region of the complex s-plane
for whicho > 1+ ¢,¢ > 0.1f 0 > 1, then { is represented by the following Euler product

formula
1

((s)=1_[ [1—p—15]_ , 9)

p

where p runs over all prime numbers. {(s) was first introduced by Euler in 1737 [21], who
also obtained formula (22). Dirichlet and Chebyshev considered this function in their study
on the distribution of prime numbers [22]. However, the most profound properties of {(z)
were only discovered later, when it was extended to the complex plane. In 1876, Riemann
[23] proved that {(s) allows analytical continuation to the entire z-plane as follows:
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+00
S _ (S 1 sy _1+s
2 — =
T F(Z)((s) SG-D +j (xZ +x 2 )H(X)dx, (10)
1
where I'(z) is the gamma function and

e}

0(x) = Z exp(—mn?x).

n=1

{(s) is aregular function for all values of s, except s = 1, where it has a simple pole
with residue 1; moreover, it satisfies the following functional equation:

1-—s
2

N S 1-s
o (3)4(s) = n‘Tr( )((1 —9) 1)

This equation is called Riemann’s functional equation.

Riemann’s zeta function is an important subject of study and has numerous
interesting generalizations. The role of the zeta function is highly significant in number
theory, where it is connected with various fundamental functions, such as the Mobius
function, the Liouville function, the number of divisors, and the number of prime divisors.
The detailed theory of zeta functions is presented in [24]. The zeta function has found
application in various other fields, notably in quantum statistical mechanics and quantum
field theory [25-27]. Riemann’s zeta function is often introduced in quantum statistics
formulas. A well-known example is the Stefan-Boltzman law of a black body’s radiation.
Its ubiquitous use in seemingly unrelated areas demonstrates the necessity for further
investigation.

The present study is concerned with the analytical properties of the following
generalized zeta functions:

1
P(s) =Z JRe(s) > 146,56 >0

j=z1 -/

where {p;:j = 1} is an increasing enumeration of all prime numbers. The form of P(s)
suggests that it possesses the same properties as the zeta function; however, this is not quite
obvious and can be seen by considering

In(¢(s)) = w,f@ =1n(¢(s)) — P(s),
Re(s) >1+6,6 > 0. (12)
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Hadamard was the first to apply P(s) in the study of the zeta function [28]. Chernoff
made significant progress in the Riemann hypothesis using P (s) [29]. In the present study,
modifications of Chernoff’s results are obtained. Specifically, his study on the pseudo zeta
function is completed. Chernoff obtained an equivalent formulation of the Riemann
hypothesis in terms of a pseudo zeta function as follows.

THEOREM. (Chernoff) Let

C(s)=g [1-@]_.

Then, C(s) continues analytically into the critical strip and has no zeros there.

The significance of this theorem is that if the primes were distributed more regularly
(i.e., if p, = nlogn), then the Riemann hypothesis would be trivially true. In an effort to
further develop the work of Chernoff and Hadamard, the following question naturally
arises: Does the pseudo zeta function P(s) continues analytically into the critical strip? It
should be noted that analytic extensions of P(s) were first studied by E. Landau and A.
Walvis [30] and T. Estarmann [31], [32]; however, no satisfactory estimates for P(s) were
obtained, and the present study is concerned with this question.

THEOREM. ( E. Landau, A. Walvis, T. Estarmann)
Let u(n) — functionMobius . Then,

l
P(@:ZM as Re(s)>1+6, 6>0,
n=1
l
Z w — meromorphic function as Re(s) > 6, 6> 0.

nz1

The paper is organized as follows. Intermediate estimates are first obtained for the
In{(s). Subsequently, the sets where the logarithm of the zeta function is uniquely
determined are defined. These sets are composed of rectangles in which the zeta function
has no roots, and they cover the entire critical strip except for the rectangular regions in
which the zeros of the zeta functions are located. In the rectangles in which there are no
zeros of the zeta function, the real value of its logarithm can be defined, and in these sets,
the mirror-symmetric equation that arises by taking the logarithm on both sides of the
Riemann functional equation is investigated. Then, the Fourier transform is applied to it,
and it is multiplied by a regulating factor. Thus, a Riemann—Hilbert boundary value
problem is obtained for the In{(s) The properties of the solution to the Riemann—Hilbert
boundary value problem are expressed in terms of the Hilbert integral transform. In the
rectangles in which the zeta function has no roots, the Hilbert transform can be used to
obtain exact lower bounds for the zeta function in the critical strip.
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8 RESULTS for Riemann’s zeta function

As mentioned in Introduction, certain simple intermediate estimates are first
obtained.

The rectangles in which the zeta function has zeros are first introduced as follows:

D(n) = (s]0.1 < Re(s) < 0.9,Im(s,) — d,, < Im(s) < Im(s,) +d,

D(n) = (s]0.1 < Re(s) < 0.9, —Im(s,) — d, < Im(s) < —Im(s,) + d,,,

where

{(Sn+1) = 0,4(sp) = 0,{(1 =5,) = 0,{(1 = 541) =0,  {(1—s5,) =0,
dp = (Im(Sp41) — Im(sp))/2
The sets of D(n), is shown in the figure below.
Im(s) o
1/2—¢ L/24e€ 1 —¢ Re(s)
D(n)

Theorem 6 Let s € D, UD(n) ,

F(s) = In(m) — In(I'(s/2)) — == In(r) +
In(I'(1 = s)/2)). Then,

) dF (Tt + ia)
sup |F(t+ia)|+ sup |———|<CC,
SED,UD (M) SED,UD (1) dt
Proof. As 0.1 < 7 < 0.9 implies that F - is holomorphic which completes the proof.
As mentioned in Introduction, a Riemann—Hilbert boundary value problem should
be obtained. To this end, an equation should be derived that determines the difference

between the boundary values of the analytic functions in the upper plane and the lower
plane. Denote

Q(s) = Re(In({(s))) = In(|¢(s)D)-
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Theorem 7 Let s € D(n) ors € D(n) and

F(s) = %ln(n) _In(T(s/2)) — ? In(n) + In(T(1 — 5)/2)).

Then,
Q(s) = Q(1 —s) + Re(F(s))

Proof. The Riemann equation (3) can be logarithmized for s € D(n) or s € D(n),
and an equation for Q (s) may be obtained as an equation for the real part.

As the resulting equation is not suitable for the formulation of a Riemann—Hilbert
boundary value problem, a number of transformations should be performed. Certain
preliminary arguments suggest that the Fourier transform is an appropriate choice. In
Riemann—Hilbert boundary value problems, the asymptotic behavior of the unknown
functions is highly important. To ensure this behavior, it is necessary to have estimates for
the derivatives. The evaluation of the derivatives is usually carried out by integration by
parts. Thus, the following functions are introduced:

(ve(s) =0, Re(s) < 2¢;

ve(s) =1, e <Re(s) <1/2-2¢;

Ve(s) =0, 1/2—2e < Re(s) <1/2+ 2¢;
ve(s) =1, 1/24+2e < Re(s) <1-2¢,
v.(s) =0, Re(s) >1-2¢;

) 1 1 c1
Y(t) = oet?-1, t?< 1;; = j et?-1dt

Y(t) =0, t2>1;
@) = [ wis/om - dtse = [ we - /e

The graph of v, is shown in the figure below.

Ve

( 1/2—e  1/2+4e 1 —e S
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As the equation is multiplied by p,, it should be verified that the symmetry of the
equation for Q is not affected.

Lemma 15 For v, and u,, we have v.(x) = v.(1 — x), ps(x) = (1 — x).

Lemma 16 Let 1/2 + 3¢ < x < 1 — 3¢. Then, u.(x) = 1.

Proof.

J¥(E)vG=9ds L7 (F)vlx ~)ds

& &

s (x) = = j Y(s/e)ds/e = 1.

To compute the Fourier transform of the equation for Q, the functions R(k), Q.(s),
Q:(1 —5), Re(F.(s)), the Fourier transform of Q. (s), the Fourier transform of Q. (1 — s),
the Fourier transform of F(s), are introduced as follows:

Qe(s) = Q()ue(Re(s)), Qe(1—5) =Q(1 —s)ue(1— Re(s))

R(k) = ke_”l.(a —1,F(s) = Re(F(s))u:(Re(s));
0.9 ' —ik 0.9 '
7). Q.(1 —1—ia)e *?dr = o) U (1 — Re(s5))Q.(t — ia)e**dr;
— 1 (% .
Q:.(k,a) = A Q: (7 + ia)e *dr,
~ 1 (% .
F.(k,a) = ) Re(F.(t + ia)e *%)ds.
1 (% .
Je(k, o) = 7). Q:(r — id)e™dr ,I.(k,a) =
0.9 .
= . Q. (7 + ia)e *dT. (13)

To obtain the Riemann-Hilbert boundary value problem , the following lemma is
required.

Lemma 17 Leta > 2 thenind(R) =0

To obtain the necessary asymptotics, the following lemma is required.
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Lemma 18 Let
a>?2

then In(R(k)) is single-valued analitical fuction in lower half plane.
Denote U(s) = Re(s — s,,), w(s) = (s —s,)(s — 1+ s,) To obtain the necessary
asymptotics, the following lemma is required.
Lemma 19 Lety = 1/4 and |2(1/2)| =€, > 0, d,, = (Im(Sy41) — Im(s,))/2
Then, we have the following estimate as € = 0.1¢,,:

0.9
sup j 1Q:(7 + ia)|* + |1Q. (7 + ia)|dT < C,C, C, .
0

Imsp—dp<asimsp+dy, Jo.1

0.9
sup j 1Q:(t — ia)|* + |1Q. (7 — ia)|dT < C,C, C,.
0

—Imsp—dp<as—Imsp+dy Jo.1

0.9
sup j |F.(t + ia)|* + |F (7 + i) |dT < C,C, C,.
0

Imsp—dp<asimsp+dy, Jo.1

0.9
sup j |F.(t — ia)|* + |F. (7 — i) |dt < C,C, C,.
0

—Imsp—dp<as—-Imsp+dn Jo.1

The previous constructions allow the calculation of the asymptotics as follows.
Lemma 20 Let (3/4 + ia) € D(n).Then

and as Im(k)=0
Re%}(r)n I.(k,a) =0, g{r)n Je(k,a) = 0. (15

For f € Wi (R) = {f € L,(R): (1 + |w|?)Y?f (w) € L,)}., the operators Ty and T
are defined as follows:

T.f= Z_mlmz—> j ds Imz > 0,T_f _2_m1m2—> j ds Imz < 0.

1
Tf =5 T +T)f.

These operators are closely related to the Hilbert transform, whose isometric
properties were studied by Poincaré. The following result is from [33].
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Lemma 21
TT 1ITT 1T TT. 1T T —T+11T =T 1I
_4 ) +_2 + - = 2 - + = 2 y - = 2 )

where [ is the identity operator If = f.
The reduction to a Riemann—Hilbert boundary value problem can now be formulated
as follows.

Theorem 8 Let

(Z + ia) € D(n),a > 2 (16)
1 (~In(R@®)adt

L (k) = _zmj_w t—k—i0 a7

N “In(R(t)) dt 18
‘()__Znij_oot—k+i0 (18)

X, (k) =e™®, x_ (k) =e™®,  R(k) = %’Gg(k’ a) = J.(k, @).(19)

Then, i
(k) = X)) (TGt e _ X007 G,

2mi X_(6) t—k—i0 X

— 00

(ko) FE(ka) — X_(k) [ “G(ta) dt _ G,
k—ia k—ia  2mi X_(0) f— k0%t = X-0OT- 3~

— 0o

9 DISCUSSION

Our computations led to a new definition of the functions I.(k),J.(k), which we
obtained from the Poincaré-Riemann-Hilbert problem. boundary-value problem. From the
uniqueness of the solution of the Riemann-Hilbert boundary value problem - functions
I.(k),]:(k), defined earlier in (21) and obtained from the Hilbert formula are equal!

To obtain the final estimates for the zeta function, the isometric properties of the
integral Hilbert transform will be used.

Theorem 9 Let (3/4 + i) € D(n) and a > 2. Then,
Cl<lX_(l<cC Ccr<|X, (D) <C.

Willz, = Cer IP-]l1, = Ce
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Theorem 10 Let s € D(n)UD(n) and a > 2, with 1/2+ 3¢ < Re(s) < 1— 3e¢.
Then,

|Q(s)| < CrCe.

As mentioned in Introduction, the values of the zeta function in adjacent rectangles
should be compared. This will be carried out in the following theorem.

Theorem 11 The Riemann’s function has nontrivial zeros only on the line Re(s) =
1/2.

10 Conclusions

As can be seen from the results obtained, the genius of such Poincaré scholars,
Riemann and Hilbert, still illuminates the path of modern scholars. An example of such a
complicated problem as the Cauchy problem for the Navier-Stokes equation shows how
the Poincaré-Riemann-Hilbert boundary value problem allows us to construct effective
estimates of solutions for this case. For this, the apparatus of the three-dimensional inverse
problem of the theory of quantum scattering develops. It is shown that the unitary
scattering operator can be investigated as a solution of the Poincaré-Riemann-Hilbert
boundary-value problem. This allows us to continue studying the potential in the
Schrodinger equation, which we consider as a velocity component in the Navier-Stokes
equation. The same scheme of reduction of Riemann integral equations for the zeta
function to the Poincaré-Riemann-Hilbert boundary value problem enables us to construct
effective estimates that describe the behavior of the zeros of the zeta function well.
Summarizing it is possible to tell these outstanding scientists the problems have been
formulated and all modern methods of their decision are put in pawn.
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COMPUTATIONAL METHODS FOR SOLVING OF
PROBLEMS WITH PARAMETER FOR SYSTEM OF
INTEGRO-DIFFERENTIAL EQUATIONS

Assanova A.T., Bakirova E.A., Kadirbayeva Z.M.

Institute of Mathematics and Mathematical Modeling CS MES RK, Kazakhstan,
Institute of Information and Computational Technologies CS MES RK,
Kazakhstan
e-mail: assanova@math.kz

Annotation. A linear two-point problem with parameter for the system of Fredholm
integro-differential equations with degenerate kernel is investigated. Considered problem
is reduced to an equivalent problem consisting of a special Cauchy problem for a system
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of Fredholm integro-differential equations with parameters and boundary and continuity
conditions by the parametrization method. Conditions for the unique solvability of the
investigated problem are established in the terms of the solvability of a system of algebraic
equations with respect to parameters. Computational method for solving of equivalent
problem is proposed. The results are illustrated by computational examples.

Consider the linear two-point boundary value problem with parameter for system of
Fredholm integro-differential equations of following form

& _ A(t)x+zp:

- 0 (W ()x(s)ds +B(Du+ f(1), xeR".ueR", 1c0,T), (1)

S

Bu+Bx(0)+Bx(T) =x’, x* e R™", (2)

where the (nx ) - matrices A(1), @O, W (5), k=Lp, the (nxm)-matrix B(s), and
the #- vector function f(s) are continuous on [0,7], the ((n+m)x m)-matrix B,, the

((n + m)x n) -matrices B, B, are constants, [x] = max |x,|

i=l,n
A solution to problem with parameter (1), (2) is a pair (X (¢),44), where the #-
vector function X*(l‘) is continuous on [0, T'] and continuously differentiable on (0,7),

satisfies to integro-differential equation (1) for MU= ,Ll*, ,Ll* eR", and boundary
condition (2).

For solving of problem with parameter (1), (2) we use of the approach proposed in
[1]. This method is based on the algorithms of the parametrization method [2, 3] and
numerical methods for solving of Cauchy problems.

The computational method for solving of problem with parameter (1), (2) includes a
combination of the fourth-order Runge-Kutta method, Simpson's formula and the methods
for finding the solution to systems of algebraic equations.
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Abstract. The importance of interdisciplinary and collaborative learning and
research has long been recognised as a valuable strategy for learning. The opportunities
for global networking have become much more accessible through relatively recent
advances in technology and transport.

We live in a transnational community where engagement with colleagues across
continents is a regular occurrence. However, interdisciplinary and inter cultural
collaborations often present challenges in terms of finding a common set of understandings
and language to progress discovery and innovation. This paper discusses the importance
of Information and Imaging Technologies for designing learning environments for brain
functions

Introduction

The importance of interdisciplinary and collaborative learning and research has long
been recognized as a valuable strategy for learning. We propose to consider the following
research issues for the platform, to build the skeleton of the paper: Information and
Imaging technologies for learning brain functions. This research has a strong connection
to theory and its applications to Brain Complex Networks.

The strategies are drawn from experiences working on “brain data analysis” where
complex mathematical processes of “optimization” and “data mining” are being applied to
large datasets. The paper also illustrates how the strategies devised to design these optimal
learning environments align with the recent neurological findings on how the brain
functions. This is the most interesting problem, and it is still a very new area of research
despite of too many researchers concerned with the problem of the function of the brain.
Various models designed for understanding of this unique element of the human body that
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controls the rest of the functions of body systems. We consider brain network as the most
powerful information processing system. Using modern Imaging technologies, we can
extract and design large scale brain data sets.

Functional Magnetic Resonance Imaging (FMRI) technique is the most advanced
source for collection of brain data sets. Development and evaluation of advanced machine
learning techniques for these data sets is a very special area of research, which connects to
Neuroscience.

Brain Complex Networks

Brain networks are collections of brain regions and interregional anatomical or
functional connections. Anatomical connections typically correspond to interregional
white matter tracts, while functional connections correspond to temporal correlations in
activity, and may occur between pairs of anatomically unconnected regions. Depending on
the measure, functional connections may represent linear or nonlinear interactions between
regions, as well as interactions at different time scales.

Figure 1- microscale (C.elegans) microscale (H.sapiens)

Functional MRI has allowed an unprecedented capacity for studying brain activity
in living humans. Most recently, the technological sophistication of functional MRI
acquisitions has allowed the generation of increasingly accurate and robust high-resolution
functional brain networks during a no-task condition (in the “resting state”). A small
number of targeted statistical network measures applied to such networks provide a
remarkable amount of information about the global and local properties of these networks.
Early characterizations of these resting-state functional network topologies showed that
functional network properties are heritable, change with ageing and with administration of
neuropharmacological agents, and are altered in several neurological and psychiatric
disorders.
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Brain networks as information processing systems

From a conceptual perspective, there is converging evidence that information
processing in the brain occurs in networks of brain regions and interregional interactions.

We are considering brain networks as information processing systems, therefore a
network analysis is essential for Brain Modeling, and for development of theoretical and
methodological frameworks for understanding of brain complex systems.

Analysis of large scale datasets is fundamental for network analysis, and
computational methods have become an important tool in the analysis of large biomedical
data sets.

The use of linear and logistic regression is fundamentally limited due to their
inability to deal with brain networks complex relationships. Therefore, optimization-based
methods have the potential to be more effective analysis tools for brain complex systems.

It has been proved by the results of applications of some of these methods (clustering
and classification algorithms in particular) to a given "brain data set".

Types of Brain Imaging Techniques

Brain imaging techniques allow doctors and researchers to view activity or problems
within the human brain, without invasive neurosurgery. There are a number of accepted,
safe imaging techniques in use today in research facilities and hospitals throughout the
world.
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Functional magnetic resonance imaging, or fMRI, is a technique for measuring brain
activity. It works by detecting the changes in blood oxygenation and flow that occur in
response to neural activity — when a brain area is more active it consumes more oxygen
and to meet this increased demand blood flow increases to the active area. fMRI can be
used to produce activation maps showing which parts of the brain are involved in a
particular mental process.

Computed tomography (CT) scanning builds up a picture of the brain based on the
differential absorption of X-rays. During a CT scan the subject lies on a table that slides in
and out of a hollow, cylindrical apparatus. An x-ray source rides on a ring around the inside
of the tube, with its beam aimed at the subjects head. After passing through the head, the
beam is sampled by one of the many detectors that line the machine’s circumference.
Images made using x-rays depend on the absorption of the beam by the tissue it passes
through. Bone and hard tissue absorb x-rays well, air and water absorb very little and soft
tissue is somewhere in between. Thus, CT scans reveal the gross features of the brain but
do not resolve its structure well.

Positron Emission Tomography (PET) uses trace amounts of short-lived radioactive
material to map functional processes in the brain. When the material undergoes radioactive
decay a positron is emitted, which can be picked up be the detector. Areas of high
radioactivity are associated with brain activity.

Electroencephalography (EEG) is the measurement of the electrical activity of the
brain by recording from electrodes placed on the scalp. The resulting traces are known as
an electroencephalogram (EEG) and represent an electrical signal from a large number of
neurons. EEGs are frequently used in experimentation because the process is non-invasive
to the research subject. The EEG is capable of detecting changes in electrical activity in
the brain on a millisecond-level. It is one of the few techniques available that has such high
temporal resolution.

Magnetoencephalography (MEG) is an imaging technique used to measure the
magnetic fields produced by electrical activity in the brain via extremely sensitive devices
known as SQUIDs. These measurements are commonly used in both research and clinical
settings. There are many uses for the MEG, including assisting surgeons in localizing a
pathology, assisting researchers in determining the function of various parts of the brain,
neurofeedback, and others.

Near infra red spectroscopy (NIRS) is an optical technique for measuring blood
oxygenation in the brain. It works by shining light in the near infrared part of the spectrum
(700-900nm) through the skull and detecting how much the remerging light is attenuated.
How much the light is attenuated depends on blood oxygenation and thus NIRS can
provide an indirect measure of brain activity.

What is Functional Magnetic Resonance Imaging (fMRI)

Functional magnetic resonance imaging, or fMRI, is a technique for measuring brain
activity. It works by detecting the changes in blood oxygenation and flow that occur in
response to neural activity — when a brain area is more active it consumes more oxygen
and to meet this increased demand blood flow increases to the active area. fMRI can be
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used to produce activation maps showing which parts of the brain are involved in a
particular mental process. The attractions of FMRI have made it a popular tool for imaging
normal brain function — especially for psychologists. Over the last decade it has provided
new insight to the investigation of how memories are formed, language, pain, learning and
emotion to name but a few areas of research. FMRI is also being applied in clinical and
commercial settings.

How Does an fMRI work?

Oxygen is delivered to neurons by hemoglobin in capillary red blood cells. When
neuronal activity increases there is an increased demand for oxygen and the local response
is an increase in blood flow to regions of increased neural activity.

=

Haemoghobin

Resting Activated

What does an fMRI Scan Look Like?

The image shown is the result of the simplest kind of fMRI
experiment. In brain areas responding to the visual stimulus you
would expect the signal to go up and down as the stimulus is
turned on and off, depending on the delay in the blood flow
response.

A recent brain imaging study helps explain how we learn to
copy actions through observation. Functional magnetic resonance
imaging (fMRI) of participants’ brains, while they watched
someone else perform a task, suggests that areas of the brain are
used in a similar way to when the person is actually moving. One
of the most recently developed forms of neuroimaging, fMRI
allows the observation of neural activity in the brain by tracking changes in the blood flow
to neurons.

Functional Connectomes Project

http://www.nitrc.org/projects/fcon 1000

The 1000 Functional Connectomes Project is an international open-access
database
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Figure 3- FCP Classic Collection

The era of discovery science for human brain function was inaugurated by the
collaborative launch of the 1000 Functional Connectomes Project (FCP) on December 11,
2009. FCP entailed the aggregation and public release (via www.nitrc.org) of over 1200
resting state fMRI (R-fMRI) datasets collected from 33 sites around the world. In just over
6 months, the release generated over 9000 downloads and ~32,000 page-views from 1,223
cities in 78 countries.

1,000 Functional Connectomes Project is a collection of fMRI data sets donated by
researchers from 35 centres around the world. This freely available resource includes data
from more than 1,400 healthy subjects who underwent fMRI scans that assessed their brain
activity when their minds were at rest (Proc. Natl. Acad. Sci. USA 107, 4734-4739, 2010).
The study showed that resting-state fMRI data— long thought of as nothing more than
random, background noise—can be reliably pooled across scanners to unveil a universal
architecture of activity connections within the brain.

Unlike task-based fMRI, which can be highly specific to the study site, the 1,000
Functional Connectomes resource allows for systematic explorations of healthy and
diseased brains to discover hitherto unknown underlying differences. The effort takes its
name from the Human Connectome Project, a $30 million initiative launched by the US
National Institutes of Health last year to map the entire physical circuitry of the healthy
adult human brain. But functional connectivity and structural connectivity is not the same
thing. Functional connections, for example, can span more than one synapse and can be
modulated by emotion or sleep, whereas anatomical circuits are more or less fixed over the
short term

Since having been posted online, the data set has been downloaded more than 4,500
times from researchers across 54 countries.

Resting state FMRI data sets

Functional MRI has allowed an unprecedented capacity for studying brain activity
in living humans. Most recently, the technological sophistication of functional MRI
acquisitions has allowed the generation of increasingly accurate and robust high-resolution
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functional brain networks during a no-task condition (in the “resting state”). A small
number of targeted statistical network measures applied to such networks provide a
remarkable amount of information about the global and local properties of these networks.
Early characterizations of these resting-state functional network topologies showed that
functional network properties are heritable, change with ageing and with administration of
neuropharmacological agents, and are altered in several neurological and psychiatric
disorders.

Methods for analysis of FMRI data sets

This is a new era of discovery science for human brain function through active data-
sharing by the neuroimaging community.

It 1s a great successful widespread involvement of the broader scientific community

(e.g., statisticians, engineers, computer scientists, and mathematicians), for the
development and application of analytic techniques to brain data for understanding of brain
function.

We suggest the following algorithms for brain data analysis

Feature (gene) selection algorithms:

1. Feature selection on the use of clustering algorithms. This algorithm computes
centres of classes and delete features which are close each other in the values of centres.

2. Feature (gene) selection based on overlapping. This algorithm uses hyper-boxes
to approximate classes and ranks of features depending on the value overlaps between
hyper-boxes.

Classification algorithms:

1. Algorithms based on clustering on classes. It computes clusters for each classes
and then cluster centres to classify new observations.

2. Max-min separability algorithm. This algorithm computes piecewise linear
functions separating classes and uses them to classify new observations.

Clustering algorithms:

1. Global k-means algorithm. It computes clusters incrementally.

2. Modified k-means algorithm. It computes clusters incrementally and computes
as many clusters as a data set contains with respect to a given tolerance.

3. Optimization based clustering algorithm. It computes clusters incrementally
and computes as many clusters as a data set contains with respect to a given tolerance. This
algorithm is best in the sense of accuracy and most time-consuming among three
algorithms.

Central is the concept of modeling: we should build the bridge from data analysis to
brain modeling. For the prediction of survivability of brain networks, we should consider
optimization models, such as dynamical reconfiguration, in the case of network failure and
lifetime measure of the network.

From large scale brain data sets, we are moving to big scale brain data sets.
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Considering human brain as high priority information processing system, these
informatics, information technology and data analysis challenges are compounded by the
complexity of problems. Our future success in bio data mining will depend critically on
our ability to embrace and confront both the scale and the complexity of big data
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Abstract. The article about computer-aided design systems that implement
information technology for the performance of design functions, as well as an overview of
modern information approaches for modeling buildings.

Keywords: Computer aided design, modeling, solid automation, design, objects,
construction, model, arhicad revit, operation.

The computer-aided design system is an organizational and technical system for the
design and production of project documentation, which in turn implements the information
technology of design, automates the design process, and consists of a set of technical,
software tools for designing involved in the automation process.

Solid modeling means a closed area of space filled with a "material". This is the
creation of bodies that have all the attributes of a real physical body. A solid body is
characterized by a multifaceted view and history of its creation. Also, solid-state models
contribute to a better visual perception of the parts in comparison with wireframe or surface
objects. Geometric models of solids are always mathematically accurate. The display of
these models on the monitor screen is performed with the specified accuracy and depends
on the size of the working area selected by the designer at the beginning of the session.
Figure 1 shows an example of displaying a body on the monitor screen with a different
degree of polygonize.

All solids are divided into basic and composite. Basic bodies or solid-state primitives
are a parallelepiped, a cylinder, a sphere, a cone, etc. They are constructed with the
indication of the formative lines and contours or by setting the values of the parameters.
Conscious bodies are formed as a result of topological operations (Boolean functions of
addition, subtraction, intersection) over basic bodies. In this case, the base bodies are called
constructive elements of a complex body.
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Figure 1 - display on the monitor screen of a cylinder with various coefficients
of accuracy of the polyhedral representation:
Rough (a), medium (b) and high (c) polygonization

Solid modeling operations allow you to create complex shapes by performing
operations of union, intersection, and difference on constructive elements. The result is
associative in the sense that if you change the location or details of the elements
participating in the operation, the resulting elements will be updated automatically.

Note: There are a number of instructions for performing operations on volume
morphs (morphs-bodies). Unlike conventional solid modeling operations, in which the
element joins are created, operations on volume morphs are not associative, that is, the
result of the operation is fixed (unchanged). [1]

Operations on volume morphs. Solid modeling operations can be performed in any
model window. They are initiated by the commands:

Construction> operations of solid-state modeling to connect> solid modeling
operations in the context menu of the selected element, see Figure 2.

Opened the Edit Goals and Operators panel. For detailed information on these
control elements, see Objective and Operator Edit Panel (solid modeling operations).

In solid modeling operations, the elements of the following two roles are
distinguished:

B napamerpe eebpaeoii kpoun CtrbAR+Shift+T
Bo6paTS 1 AKTHEHMPOBATS HMCTRYMENT
¥ espesars Cl+Ak+Shit+X
By crommposams CtrAk+Shift+C
B scrsenm Qri+Ak+ShitsV
K vaamme
MsmermTs pacnonoxerse:
Mlopraok socnporaeeaerst
Cnon
B8 commems

Pas6ims Ha OAHOCKaTHE. KpbLL

& Noxasats eeopry/Beryiuyio paecy & 30 L |- TR ———
& Moxasatesce 830 CrisFs

3 33n0meims sanomerenyio sxopry/Geryuyio pacy 8 30

@ Vsmersms cornaco seiparsiono Ctrkshift+ak+"

OTmersTs BoibopKy

Figure 2 - construction of the operation of solid-state modeling in archicad
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The operation has no effect on the element - operator. You can hide the layers of the
operator elements after the operation. At the same time, the changed figure will remain the
same. You can also specify that the operator layer is displayed in a wireframe that allows
you to see the outlines of the operator elements.

In the example below, see Figure 3, the target wall shape was changed by subtracting
the roof operator element from it. On the left, both elements are shown, in the middle part
the roof layer is hidden, the skeleton mode of visualization is selected for the roof layer on
the right.

Figure 3 - change the shape of the wall by subtracting from it an element
(roof operator)

The operator can influence many targets and the target can be affected by many
operators. Any of the elements can act as a target and an operator, which allows you to
invest in solid modeling operations. The operation is valid as long as the elements
participating in it are present. If you want to give the created figure a permanent status,
save it as a “gdl” object while in the 3d window.

Operations on solid figures do not affect the result of automatic intersection if the
elements are located in layers with the same intersection number. Before performing
operations on such elements, change the intersection number of the layers of one of these
elements.

If you expect to perform an operation between the beams, then the operator must
have at least the same priority number of the 3d intersection as the target. If the goal priority
number is higher, the operation will lead to nothing. If the desired figure can only be
obtained as a result of several nested operations, pay attention to the order of their
execution. For example, an operator element can affect the target element, which in turn
acts as an operator acting on another target element, and so on. [2]

Previously, to build models, designers used elements of geometry with known
coordinate values. Their manual editing was a laborious process and often led to errors.
Technical documentation was created by extracting the coordinates of the model elements
and creating 2d drawings on their basis. As the methods of computer processing improve,
it became possible to combine individual graphic elements, forming more complex
components (walls, openings, etc.) from them. Models became more intelligent, and their
editing was simplified. It was possible to create elements of models of complex shapes on
the basis of surfaces and bodies.

However, the result was still a model with explicit coordinates of the elements, which
was difficult to edit. The model had practically no connection with the drawings created
on its basis: when changing the model, they had to be re-created. Then came the systems
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that support parametric modeling, the essence of which is in the parameterization of the
model elements. The parameters determine the behavior of each element of the model and
its relationship to other elements. Let's consider two examples: "the diameter of this hole
is always 2.5 cm" and "the center of this hole is located halfway between these edges,"
which means that design criteria and intentions determined on the basis of parameters are
maintained throughout the work process. This approach greatly simplifies the editing of
models and reduces the number of errors.

To model buildings, you need a parametric system that can automatically coordinate
any changes. The arhicad revit platform was developed, specifically for this purpose see
Figure 4.
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Figure 4 - the system of information modeling of buildings in arhicad, which supports
parametric modeling, is able to coordinate all the changes made to the model, including
those made in the documentation. 3D views and sheets of drawings, specifications and
facades, sections and floor plans are corrected

This approach is justified when working with building models, which are always
created sequentially from individual elements. The propagation of changes in models is
selective and affects the minimum number of elements, increasing the speed of the
program.

In fact, designing is the process of creating dependencies and manipulating them.
Parametric modeling provides direct access to dependencies. Therefore, it is parametric
modeling systems that allow designing buildings as easily as working with text in a text
editor or performing calculations in a spreadsheet.

However, not all building information modeling systems really support parametric
modeling. Below are the criteria that will help show the differences between parametric
modeling and other technologies. These criteria allow you to check whether “sapr”
supports your parametric modeling in full. In traditional arhicad, the user must define the
elements of the model to which the changes are propagated. For example, he can select
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these elements using a frame. If the model element is invisible or unavailable, the user will
have to find and update it manually. In the parametric modeling system, like arhicad revit,
the user can, for example, simply select and move the wall on the ground floor plan.

Allrelated items will be updated automatically. The roof moves, preserving the given
dependence of the eaves. External walls are automatically extended, as they must always
be adjacent to the wall being moved. Support for the associativity of model elements is
very important for building information modeling systems. Some programs contain
command libraries or utilities that create / update drawings and specifications based on
changes made to the building model. However, this is a one-way operation, and the users
of arhicad must ensure that all changes have been made. In traditional arhicad, as a rule,
explanatory elements are not included in the model. Meanwhile, it is known that the
relationship between the documentation and the model directly depends on the degree of
integration of the explanatory elements and the model of the building. In traditional
arhicad, for example, the dimensions are plain text. At best, they are updated when the
model elements change. In modern systems that support the coordination of changes, the
reverse 1is also possible: editing a dimensional number leads to a corresponding change in
the model element, to which the size refers.

The need for dependencies between all elements of the building is now felt most
acutely. The strength of parametric modeling is the automatic control of dependencies for
every change in the model.

A characteristic feature of information modeling of buildings is the creation and use
of coordinated, internally agreed, system-calculated information about the projected
building. Obtaining reliable information about the building is an important advantage of
information modeling. Support for parametric modeling in arhicad, intended for building
information modeling, improves the reliability, quality and internal consistency of the
models and construction documentation created.

The use of specialized arhicad revit is designed specifically for building information
modeling by a platform that fully supports parametric modeling. Traditional arhicad also
allow you to create blueprints and tinted images. However, the models used in them do not
differ in the high level of coordination, internal consistency and reliability characteristic
of parametric modeling, see Figure 5. Rarely used for building information modeling due
to the need to spend a lot of effort on entering and coordinating such construction-relevant
information as specifications, estimates, work schedule, operational parameters, etc.

More advanced arhicad support work with elements of 3d models as with separate
objects and their attributes. Users of such arhicad can create 2d drawings based on 3d
models. Attributes of objects are used to create construction documentation. But even such
systems allow creating only a graphic model of a building. To coordinate the modification
of the model and its attributes stored in the database, you have to use additional tools. One
such tool is the “solibri model checker”, which identifies inconsistencies and errors in the
data. The larger the project, the more effort it takes to align the data, and the higher the
probability of errors.

The parametric model of the building unites the actual 3d model and external data.
The model is correctly updated when its individual elements are changed. On its basis all
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working documentation is formed. All elements of the model are related by dependencies,
when the model is changed, the documentation is updated automatically.
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Figure 5 - Revit models can be directly imported into ArchiCAD using
the Graphisoft Direct Connect plug-ins that they developed

The coordinated change of the model resembles the change in the cells of the
spreadsheet, the values of which are given by formulas. Changes in any cell are
automatically reflected in the entire table. In the same way, the system of parametric
modeling of buildings provides a coordinated change of the building model and
construction documentation in real time.

Arhicad revit provides optimization of the design process, allowing the architect to
choose the most effective design solution, all possible versions of which are stored in one
model, see Figure 3.12. The user can enable or disable visualization, preparation of
specifications and calculations for various project options. The system maintains
relationships within each project variant and performs an automatically coordinated
change of the model elements.

Performing calculations. To date, most models do not contain enough information to
calculate the performance of buildings. This applies to models developed in traditional
arhicad. Users of such arhicad are forced to make calculations manually, spending a lot of
time and money.

The parametric building model facilitates the task, since it contains all the data
necessary to perform calculations. A detailed and reliable model allows them to be
implemented already in the early stages of design. Designers can calculate the energy
consumption themselves, changing the construction of the building in accordance with the
results obtained. [3]
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Abstract. In the paper we consider a coefficient inverse problem for the heat
equation in a degenerating angular domain. It has been shown that the inverse problem
for the homogeneous heat equation with homogeneous boundary conditions has a
nontrivial solution up to a constant factor consistent with the integral condition. Moreover,
the solution of the considered inverse problem is found in explicit form.

Key woirds: Coefficient inverse problem Heat equation Degenerating domain.

1. Introduction

The inverse problems of this kind were investigated in the papers [1], [2] (see also
literature from these works). In that papers it is assumed that the movable boundaries move
according to the law obeying Holder class and the domain does not degenerate and the
time interval is limited. There uniqueness and existence of the solution of the inverse
problem where the required coefficient is a continuous function are established and
numerical solutions are obtained.
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The peculiarity of our study is that we consider the inverse problem for the heat
equation in the degenerating angular domain. For the sake of simplicity and for the purpose
of showing the effect of the degeneration of the domain, we consider the problem, where,
firstly, the moving part of the boundary changes linearly; secondly, the boundary value
problem is completely homogeneous; thirdly, the time interval is semi-bounded. It is
known that when a domain degenerates at some points, the methods of separation of
variables and integral transformations are generally not applicable to this type of problems.
In this paper, to prove the existence of a non-trivial solution for the original problem we
use the methods and results of our earlier works [3]-[6] where solutions are found with
help of theory of thermal potentials and the Volterra integral equation of the second kind.

We also note works [7] and [8] devoted to the study of the existence of nontrivial
solutions for partial differential equations, including for degenerating equations. In the
paper [10] a theorem on the unique solvability of the non-homogeneous boundary value
problem in weighted Holder spaces was obtained. We also note publications [11]-[15] of
other authors that are close by category of this item of work.

The paper is divided as follows. In Section 2, we give statement of the problem. In
Section 3, we give auxiliary inverse problem in infinite domain. In Section 4, we present
equivalent form of auxiliary problem. Section 5 is devoted to existence of the nontrivial
solution (up to a constant factor). Nontrivial solution of equivalent form of auxiliary
inverse problem is described in Sections 5 and 6. Sections 7 and 8 are devoted to the
mathematical justification of the solution of the auxiliary inverse problem obtained in
sections 5 and 6. In Section 9 we establish the order of singularity of the solution of the
original inverse problem for small values of independent variable¢.

Finally, conclusions are made in Section 10.

2. Statement of the problem
In the domain G, ={(x,?)|0<x<¢, 0<¢<T,},T <400, we consider an inverse

problem of finding a coefficient A(¢) and a function u(x,?) for following heat equation:
, (5,1) = 1, (5,0) = AOu (5, 0), (1)
with homogeneous boundary conditions
u(x,t)| ,=0, u(x,t)|_,=0,0<t<T, (2)
suspect to the overspecification

jo’u(x,t)dx —E@®), E()>6>0,0<¢<T, 3)

where E(¢t)e L, (0,T) is a given function.
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3. The auxiliary problem
In accordance to the problem (1)—(3) we will set an auxiliary inverse problem in the

domain G, ={(x,1)|0<x<t, t>0}:

ut(xat):uxx(xat)_j‘(t)u(xat)a (4)
with homogeneous boundary conditions
u(x,t)| =0, u(x,t)|_=0,¢>0, (%)

suspect to the overspecification

jo’u(x,t)dxzi(t), >0, (6)
B E(t), 0<t<T, .
= E(t), T<t<w, )

where E,(£)=6 >0 -- an arbitrary bounded function.
Remark 1. Solving in G, the problem (4)—(7) and restricting down its solution to the

domain G,, we can find a solution {u(x,?),A(?);(x,t)€G,} of the original inverse
problem (1)—(3).

4. Equivalent problem
In the problem (4)-(6) we replace the required function by the following
transformation

[ ‘A(s)ds )
0 u(x,t) = A(t)u(x,t). (8)

w(x,t)=e

Then the inverse problem (4)—(6) reduces to a problem for a homogeneous heat
equation:

w,(x,t)=w_(x,1), {x,t} G, 9)

with homogeneous boundary conditions

w(x,t)] =0, w(x,t)|_=0,£>0, (10)
subject to the overspecification

jo’w(x,z)dx = AOE(@), E()>6>0,¢>0. (11)
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5. On a nontrivial solution of the homogeneous boundary value problem (9)-
10)

It follows from our previous results [3]-[6] that a homogeneous boundary value
problem (9)—(10) along with a trivial solution has a nontrivial solution up to a constant
factor defined by formulas:

1 ¢ x 3 x’
w(x,t)= 4\/;]() 0" exp{ 4(t—r)}v(T)dT+

(x—17)
4f L= { 4~ )} (e (2

I ST 3 T’
V=11 [ — exp{ 4(I_T)}g0(’[)d’[, (13)

where function ¢(¢) is defined according to the formula:

o(t)=Co,(t), C=const #0, (14)

?y() =%exp{—£}+g{l+erf (gﬂ (15)

moreover, the function ¢(¢) belongs to the following class:

O(N)pt) € L (R,), (16)
where
t .
() = \/?exp{z}, if 0<t<T, (17)
1, if T <t<+oo.
Substituting v(¢) (13) in (12), we obtain
wx,t)=w, (x,t)+w (x,1), (18)
where
X+T B (x+7)°
w50 = \/_ j . { o) }go(r)dr, (19)
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(x-7)’
w_(x,1)= 4fj(t {4( )}co()r (20)

6. The solution of the inverse problem (9)—(11)
From (14) and (18)—(20) we obtain for the solution w(x,t)=Cw,(x,t) of the

homogeneous boundary value problem (9)—(10) the following representation:

W,y (x,8) = wy, (x, 1) +w,_(x,1), (21)
where
X+7T (x+7)°
() = f [ { P }coo (0)dr., (22)
W, (x,1) = j { (x=7)° }go (r)dr. (23)
m 4f (=0 "7 A=) )"

Further using the representation (21)—(23) for the integral condition (11), we get:
jo’wo(x, £)dx = jo'w0+(x,z)dx + jo'wo_(x,z)dx Y0 (24)

By a commutativity property in the integrals of the formula (24), in the sense of the
Dirichlet formula, we have:

Jypoe Gea0)ex =——— f Joode] o {(4’“0 TT))} . (25)

Let's calculate the interior integrals from (25). We get

x+71 (xi’l')2 _ Z(Xi’[)2 _
e =

4t —-1) 4t —1)
I(t t7)’
ﬁ_ A(tr-7) expi- yjdy =
2 e 4(t—1)
_ 1 B 7’ B (t +7)°
= —2 pr (exp{ 20 —1)} exp{ —40 —1)})' (26)
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Then from (11), (24)—(26) we obtain
t 1o 1 7’
wy(x,t)dx =——| —[2expy— ¢ —
[owy(e.0) N;JO — p{ 40_1)}
t—7 T A ~
- exp{— T}(exp{— :} + D], (t)dt = 4,(t) E(2). (27)
From ratios (8), (11), (27) and w(x,t) = Cw,(x,¢) we find the required coefficient

_din(A(0) _ (A _
dt At

(1) Ao (1), (28)

where we have used the equality

Jt.w(x, t)dx Jt.w(x,t)d X Jt.wo (x,t)dx Jt.wo (x,t)dx

E®) | E® E@®) | E@®

Thus, the following Theorem 1 is proved.
Theorem 1. The inverse problem (1)—(3) has the following solution {u(x,t), A(t)}:

the coefficient A(t) = A,(t) is determined uniquely by the formula (28) by restricting it
down to a finite interval (0,T) and the solution u(x,t) is found by means of the restriction
of the function:

u(x, ) = Cug(x,1) = CLA, (O] wy (x.0), (29)

on the bounded triangle G; where w,(x,t) is defined by formulas (21)—(23).

Remark 2. Sections 7 and 8 are devoted to the mathematical justification and
identification of the features of the solution of the boundary value problem (9)—(10). It will

be shown that this solution has a singularity of order ' at small values of 7. Since the
domain G, is determined by the relations 0<x<?,0<t<T, the small value of the
variable ¢ provides a small value of the variable x .

According to formulas (21)—(23), (15) the solution w,(x,f) is a nonnegative
function. It should be noted that the function £ (¢) from (11) also is a nonnegative function,

since the integral (24) is nonnegative and the coefficient ﬂ:o (t) (8) 1s nonnegative function.
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7. Estimate of the integral from (27)

In this section, we will establish boundedness of the integral from (27), considering
that function ¢, () (15) belongs to the class (16)—(17). The following theorem is true.

Theorem 2. The integral in (27) is bounded function on semi-axis R, .

The proof of Theorem 2 will follow from the statements of the following Lemmas
1-4.

Lemma 1. Let 0<¢t<T and C = ||9(t)q00(t)||L (0<¢<T): Then the following estimate
holds

Fhis GX{ . )}coo(r)dr<cf 60)

Proof. We obtain

I 1
\/;IO\/T(Z—T) exp{ 20— T)—Z}\/_exp{ }goo(r)drﬁ

1 1 7’ T
<C N L \/T(Z‘—’[) exp{— 2—7) —Z}dr <

Vz.

| - 1
<C dr=C
\/;J.O NT(E—T)
Lemma 1 is proved.

Lemma 2. Let T<t<owo and C=||9(t)q00(t)||L (T<t<o0): Then the following

estimate is true

1 ¢ 1 T’
ﬁ.[o — GXP{—4(I_T)}%(T)“1752C- (1)

Proof- We have

2

I ¢ 1 T
N L —:exp{—m}%(f )t <
11 T’
< C\/;JAO N exp{— 4(t—1)}dT =Hz = W_TH =
Vi z* :
Ea e
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2C t) = 2
< ﬁexp{g}[) CXP{—?—E}CZZ =

2
:Eexp{z}iﬂexp I LU PV
Jroo 2] 2 \F 4 4
4

Here we used a well-known equality ([9], formula 3.325):

0

Jm exp{_ L’ —%}dx = %% exp{— ZM} (32)

Lemma 2 is proved.
Lemma 3. Let 0<¢t<T and C = ||9(t)q00(t)||L (0<¢<T): Then the following estimate

take place

1 " | t—1T po.
W L Ji—z exp{‘ 4 }(exp{—:}+l)¢o(f)dr <Cyr. (33)

Proof. We have

I ¢ 1 t—71 T
mj" — exp{—T}(exp{—t_—T}+1)(p0(r)dr <

T:C\/;.

< C J~t 1 J
VR \T(E—T)
Lemma 3 is proved.

Lemma 4. Let T<t<owo and C=||9(t)q00(t)||L (T<t<o0): Then the following

estimate is correct

1 t 1 (-1 i
NS L Ji—z exp{— 4 }(exp{—t_—r}ﬂ)(po(r)dr <2C. (34)

Proof- We have

! exp{— i}(exp{— t—T} +1)o,(r)dr <
4 -7

;I'
2r O i-1

IA

C ¢ 1 t—71 dr =
ﬁ.[o ,—I_TeXp ——4 T=|z
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Ji

= %Iozexp{— z2 }dz = 2C-erf(§] <2C.

Lemma 4 is proved.
From estimates (30)—(34) established in Lemmas 1-4 we obtain the assertion of
Theorem 2. Theorem 2 is proved.

8. Estimate of the solution (21)—(23)
In this section, we establish boundedness of the solution (21)—(23) of the boundary

value problem (9)—(10), considering that function ¢,(¢) (15) belongs to the class (16)—
(17). The following theorem is true.

Theorem 3. The solution (21)—(23) of the problem (9)—(10) is limited, excluding the
set {x,t:0<x<t,0<t<g,&>0-small number, near the point {x=0,t=0}, where
the solution has a singularity of order t*

The proof of Theorem 3 will follow from statements of the following Lemmas 5-6.

Lemma . Let 0<t<T and C = ||9(t)q00(t)||Lw (0<¢<T)" Then the following estimate

holds

Jr

}goo(r)dr < CT. (35)

xtr (x+7)’
0" { )

Proof.

xtr { (x£7)’

() = f [ — 40_1)}%@)&3

xz] (x0)? 7], _
S4\/;JA\/_(I < xp{ 4—1) 4}611’[ CI. (x,0).

We transform the kernel in the last integral. Using the ratios:

xd7| _|xde|+(t-1)_  |xse 1

\/;(t—z')m_ \/;(1—1)3/2 \/_(t 1)3/2 /T(t—‘[')’

_(xir)2 :_[xil‘i(l‘—r)]2 :_(xit)2 +i2x+t+£
4(t—1) 4t —1) 4(t—r1) 4 4

1 +2x+t |xtt| _(xit)2
I]+(x,t)S4\/;exp{ 1 } \/_(t 1)3/26 p{ 4(t—r)}d1+

b

we have
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(x£7)’ _E}d»[ =+1,(x,0)+ 1. (x,t).  (36)

1 g 1
e JO\/T(I—T) GXP{ At-1) 4

Firstly, we show boundedness of the first integral (36). For this we introduce the
following substitutions 2z, =|x*¢|(t—7) ",z =z} —(x+¢)*(4t)"". Then we obtain

2 2

X

2expi——— eXpi———
xp{ } xp{ 4t}

A Z,faz, = ———F—.
T eetalidn = —

L (x,0)= (37)

For the second integral I’ (x,t) in formula (36) we have:

1 1 (xx7)° 1
4\/;J;’\/T(I—T) GXP{ Mi—1) 4}dTS

3

= 4\/;J° \/T(Z‘—T) dr= 4

Ilzir(xat)z

Lemma 5 is proved.
Lemma 6. Let T<t<owo and C=||9(t)q00(t)||L (T<t<o0): Then the following

estimate is correct

X*T { (xx7)

Wou (X,8) = 4\/__[ (-7 3/2 41— )}%(T)d’KC (38)

Proof. As i proof of Lemma 5, using similar transformations of independent

variables, we obtain
|x+T| _(x£7)” 7)?
L(x,t
Wo. (X,1) < 4\/—_[ 3/2 A(t _T)
+1) ¢ |xt +1)? -
_C exp{x_t}J |x_t3!2 eXp_(x_t) it drt
4\ 2 JO(t-1) 4¢t-7) 4

C xtt|p 1 _(xit)2 -7 _
+4\/;exp{ 5 }J"\/t—r exp{ si—1) 4 }dr

=l o+ () (39)
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Using the substitution 2z, =|x+¢|(t—7)"?, for the first integral we get:

xtt xxt)’
L, (x,t)= \/_exp{ }Jﬁﬂexp{—zz—(ng }dzs
Ji

\/_ exp{x * I}J exp{— z" = ();:th) }a’z = %, (40)

here we used a well-known equality (32).
For the second integral /;, we have

2 1 xtt (xit)z_t—_r _
12+(x,t)—4\/;exp{ }J\/_ { si-1) 4 }dr

. = 2Nt—7T _

T | xxt]

Vi 2

|xtt| xtit) (xxt)- , 1

= ex +rlexpy————z, —— ¢dz, <
Wz T2 T 22

| x+t| x*t] = (xxt)> , 1 1
< ex expy — L ——dz, =—, 41
wr P2 J, exp 16 22 1)

where in (41) the known equality (32) was used.

Lemma 6 is proved.

From estimates (35) and (38) established in Lemmas 5-6 we obtain assertion of
theorem 3. The peculiarity of the solution at the point {x=0,f=0} follows from the
estimate (37) from the proof of Lemma 5. Theorem 3 is proved.

9. Asymptotic of the integral in (27) for small values of the independent
variable ¢
In Theorem 2 we have established boundedness of the integral in the left-hand side

of formula (27) at e R,. In this section, we want to answer the question: what is

asymptotic behavior of this integral for small values of the independent variable ¢ ? This
asymptotic is important for determining the classes of functions for the required solutions

{u(x,t),(x,t) € G;; A1)t €(0,7)} in the inverse problem (1)—(3).
The following theorem holds.
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Theorem 4. For small values of the variable t, the solution of the inverse problem
(1)—(3) {u(x,t),A(t)} has the order of singularity equal to t”".
To prove Theorem 4 we will first show the justice of the following lemma.

Lemma 7. The integral in formula (27) for small values of the variable t decreases

with the order equal to '

Proof. For this purpose, we will consider each summand in the integral in (27)
separately. For the first term we have:

2

S LS N I A
HO=1- [, mexp{ 40_1)}%(1)511. (42)

We divide the integral (42) into three integrals taking into account the formula (15):

1 1 3 T’ T
J”(t)_\/;‘[)\/’[(l‘—’[) exp{ Mi-7) 4}0179 (43)
11 7
Le0=5 7= exp{ 40_1)}&[, (44)

e 1 7’ Jr
Ja (=7 Lﬁexp{— T _T)}erf(Tjdr. (45)

Let's calculate the integral (43).

I 1 1T
Tul)= \/;L Jet-1) eXp{ 4(t—r)}dr’

where, after replacing the variable z = , we have:

t
2\t—1

il
Jy (@)= e ! {—Zz}dz

Joo O«
2ZZ—Z
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4exp{t} 2
° 2t
4) oo z 4 2
= Ji ( - )exp\—z dz =
G B
t
4exp{}
4) (o 2
= Vi exp\—z” jdz—
@ et
4

t
4exp{} z
4 4 exp{— Zz}dZ =J,',(t)—J,2, (1).

ool (=g

Jlll(t):\/%_ﬁ? 1
2 \/22 -

4
t
In integral J;,(¢¥) we introduce a substitution in the following way z, = z° e
then:
Ji(@) = \/_ J. exp z }dzl = \/_ J. exp z }dzl
4
Jt e 1 : 2 n { } f
—— | ——exp\—z (dz, =—— ex erfc
J. - 1 p{ 1 } 1 \/; \/; p fc
where in the last integral we used a well-known equality from ([9], formula 3.466)
2} (46)

J.:“;{%lﬁ dx = erfc(ﬂ,u)% exp{ﬂ

Thus, for the integral (43) we have
(47)

J, ()= */\/; exp{ }erfc(\/_]
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For the integrals (44) and (45), using a substitute z =2/t —7, we get:

RTAR 7 _
J, ()= 2J;’\/t—r exp{ 4(t—r)}dT

o Z2 t2
expy———— rdz, 48
2 Jo p{ 16 22} ()

exp{ l‘} . 22
_ 2] 2t 2 F 4
-— jo exp{————z}erf dz. (49)
The second therm in the integral (27) has the form:
1 ¢ 1 (t+71)°
J,(t)=—=| —=cexp— @, (7)d. (50)
’ 2\/;JA°«/I—T { 4(r—r)} ’

We divide the integral (50) into three integrals taking into account the formula (15):

_ 1 1 _(Z‘+T)2_1
In0=77, W_T)exp{ o) 4}a’r, (51)
11 _(@+o)
T2 (0=}, Hexp{ 40_1)}011, (52)
it e’ ] VT
(1) 4fo¢t_—TeXp{ 4(z—r)}erf( 2 ]df’ (53)

65



Ceknus 1. CoBpeMeHHbIe P06JeMbl IPUKIAJHON MaTeMaTUKH,
MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

Using the replacement z = L, we compute the integral (51). We get
t—7

ex {ﬁ}
P 4

_ ’ 1 <ol — t?
20= 2\ J;)qlr(t—r)ep{ t—r}dT

3t
Z‘ _
B fexp{4} o 1

- \/; Vi Z\/22 -1 eXp{— g }dZ )
3t
exp{4} o 2
= I J‘ﬁ \/Zz - exp{—z }dz_

3t
exp{} 2 _
_ 4 J.OO z t exp{— 22 }dZ = '];1 (t) - J221 (t)’

N

() #ﬁoem{— (-l )- #_

For the second integral after replacing z, =+/z°> —¢ we obtain

exp{— t} 5 exp{— t}
J3(t)= 4 I = exp{— z} }a’z1 -4 I ) exp{— 2z }a’z1 -

NEaa Jm b

3
R BV & R D

Here we have used the equality (46).
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Thus, finally for (51) we get

ol

T (0= —— arfelVr) (54)

By replacing z =+/t —7 for the integrals (52) and (53) respectively, we have:

4 0t—1 © -7 :
_ exg{t j Lf exp{—%z —i—z}dz, (55)
I () = %{t} jf exp{—%z —:—z}erf[ ! . z ]dz. (56)
The third term in the integral in (27) has the form:
Jy(t) = ﬁ Igﬁexp{— I_TT}% (r)dr. (57)

We divide the integral (57) into the following three integrals taking into account the
formula (15):

J (z)=exp v L (58)
! yNL3 0 JT(t—71) ’
Ja=— 4 [ tl_T exp{%}d’[, (59)
exp{_} |
Tyt =—, [ \/tl_rexp{%}erf{g]dr. (60)
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After changing the variable 7 =¢sin*0 in (58) we get:

() =gexp{—i}. (61)

4

By replacing z =+t —7 for (59) and (60) we obtain:

J(0)= jf exp{— é}d(g) = g erf(g} (62)
i Jiiar
T =[2 exp L2 }erf[%]dz. (63)

Now we set asymptotic of the integral in (27) for small values of the variable #>0.
For the integrals J,,(¢) (43), J,,(#) (51) and J,,(¢) (58) and their values (47), (54) and
(61) respectively, we obtain the following asymptotic:

Ty =T exp{ }(l—ﬁ
szzg { }(1—35 Jg,(r>—fexp{—§}.

Hence we obtain

J ()= J (1) - J3,(t)~s1nh{ H\/_ Jr exp{ }+2f }t” (64)

Further, for the integrals J,,(¢) (44), J,,(¢) (52) and J,,(¢) (59) and their values
(48), (55) and (62) respectively we obtain the following asymptotic (recall that for small
values of the variable ¢):
Viexplt) Vi

t
J, (1)~ \/;exp{g}, Jy(t) = T’ Jp(t) = 7
From these formulas we have
t 1
T =T () =T, () =t (exp{g} —explr} =) =t (65)
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For the integrals J,;(¢) (45), J,;(¢) (53) and J;(¢) (60) and their values (49), (56)
and (63) respectively we get the following asymptotic:

Jls(f)z\/;exp{é}’ st(f)z@’ I3 (1) zg

Taking these formulas into account, we obtain

S ()= J 5 ()= J (1) zﬁ(exp{g}—%{f}—ﬁ At (66)

From the formulas (64), (65) and (66) it follows that for small values of the variable

t >0 the integral in (27) has a decreasing order, equal to Vi
Lemma 7 is proved.

To the proof of Theorem 4. According to a property of the given function E (¢) from
the overspecification (7) and also from the statement of Lemma 7 and equality (27) we

obtain that the function i(t) should decrease at small values of the variable ¢ with order

12

equals to ¢ . It follows that the order of singularity of the required coefficient A(z) at

small values of the variable ¢ equals ¢~'. According to the ratio

w(x,t)
A1)

u(x,t)=

the solution of the boundary value problem (1)—(2) has the order of singularity equal ",

Indeed, it follows from the statement of the Theorem 3 that at small values of the variable

t the solution w(x,¢) of the boundary value problem (9)-(10) has not a singularity.
Theorem 4 is completely proved.

10. Conclusion

In the paper we consider an inverse problem for the heat equation in a degenerating
angular domain. We have shown that the inverse problem for the homogeneous heat
equation with homogeneous boundary conditions has a nontrivial solution {u(x,?),A(¢)}
consistent with the integral condition. It was also proved that the found nontrivial solution
has a singularity at the point {x =0, = 0}, which order equals to —1.
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A GREEDY ALGORITHM FOR ALLOCATING
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’Institute of Computational Mathematics and Mathematical Geophysics
SB RAS, Russia
e-mail: hab@dus.nsc.ru, bred@nsc.ru

Abstract. We study the problem of distribution a multiprocessor system computing
capacity over a fixed time period between jobs. Processors differ by speed; jobs differ by
processing time and cost. Assuming that jobs are indivisible (preemptions are prohibited),
the problem of maximizing the total cost of allocated jobs is equivalent to the multiple
knapsack problem. In the report, a greedy allocation algorithm is proposed. The relative
performance guarantee of the algorithm is (0.5, and its running-time is O(mn), where m is
the number of jobs and n is the number of processors.

1. Introduction. Assume that a system consisting of n processors provides paid
services. There are m jobs, each of them can be included in a schedule for the planning
period of duration 7. Let I = {1, 2, ..., m} be the set of jobs’ numbers and J = {1, 2, ..., n}
be the set of processors’ numbers.

Each job can be assigned to any processor. Processor j has the speed s; (cycles per
unit time) and capability O; = T'- s; within the planning period. Job i requires g; processor
cycles and has the cost ¢;. If the job i is included in the schedule and will be, therefore,
executed during the planning period, then the system obtains the payment c;.

Jobs are indivisible in two senses: (a) in the planning period, either no part of a job
is performed or this job terminates; (b) during the planning period, a job can use no more
than one processor (scheduling without preemption). It follows from the jobs’ indivisibility
that any schedule can be identified with some partition/ =1l U I1 U ... U I,, where i € [;
with j € J iff the job i is allocated to the processor j, and the jobs with numbers in /o are
not included in the schedule.
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A schedule is feasible if the total labor intensity of all jobs allocated to each processor
1s not greater than its capability. The more the total cost of all jobs included in the schedule,
the more preferable it is for the system.

Let x;; be the fraction of the job i allocated to the processorj, and x = (x; | i € 1, j €
J). The problem of choosing the optimal schedule is formalized as follows:

maximize Clx) = lch;x"f (1)
subject to Zqixéi <0 J e, (2)
Zx <1, iel, (3)
x; € {0, 1}, ieljel (4)

Formally, this is the multiple knapsack problem (MKP), see, e. g. [4, section 10], [6,
section 6]. Here processors correspond to knapsacks, size of the knapsack j equals to O,
jobs correspond to items, the item i’s size and value are equal, respectively, to the
laboriousness and cost of the job i.

There exists one-to-one correspondence between feasible schedules and feasible
solutions to the problem (1)-(4): ifj € J, theni € [; iff x;; =1, and i € Ip iff x;; = 0 for all j
eJ.

2. Related results and our contribution

The problem (1)-(4) is NP-hard [4, p. 298], so the approximate algorithms for solving
MKP are of interest. Let us formulate the necessary definitions (see [4, p. 33-40]).

Let P be some parametric optimization problem. Assume that an algorithm A
generates a feasible solution A(P) for any instance P of P. The relative performance
guarantees or approximation ratio of the algorithm A for P is the greatest € such that A(P)
> ¢Opt(P) for all instances P of P (here Opt(P) is the optimal value of the objective
function in the problem P). An algorithm with relative performance guarantee € will be
called an g-approximate algorithm.

A dependent on ¢ algorithm A4 is an approximation scheme for the problem P if it is
(1 — g)-approximate algorithm for any € € (0, 1). An approximation scheme 4 is a
polynomial time approximation scheme (PTAS) if its running time is polynomial in the
parameters of the problem P. An approximation scheme A4 is a fully polynomial time
approximation scheme (FPTAS) if its running time is polynomial in the parameters of the
problem P and in 1/ &.

In [1], it was proved that if P # NP then there is no FPTAS for MKP even with m =
2. A PTAS for MKP was also constructed there, which allows to obtain a (1 — ¢)-
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approximate solution with the running time of O(n™(/®)/=") (this estimate of the running
time was given in [3]).

Looking through the pairs (i, j) € I x J in some order and placing the item i in the
knapsack j if the item has not yet been placed and there is enough space in the knapsack,
it is possible to construct a feasible solution of MKP. Different orderings of pairs generate
a family of greedy algorithms for MKP; we call them packing. The definition of packing
can be easily modified for problems with divisible items (for example, the linear relaxation
of MKP). Namely, if (i; j) is the next in turn pair, the size of the item i’s unplaced part
equals g;,and the size of free space in the knapsack j equals O/, then let us pack into this

knapsack the item i’s portion of size min{g;,0’}.

MKP with m =1 is the knapsack problem (KP). Assuming that the size of every item
is not larger than the knapsack’s size, an optimal solution zkp for the linear relaxation of
KP can be obtained by packing with the numbering of items according to non-increase of
the efficiency (the ratio of value to size) [2]. Let zkp = (z;j| i € 1,j € J ). One can construct
two feasible solutions to KP, xkp=(x;j|i € I,j € J)and yxkp = (y;j| i € I,j € J ), as follows:
xij=11fz;; =1, otherwise x;; = 0; y;; = 1 if 0 <z;; < 1, otherwise z;; = 0. Algorithm KP; that
chooses the best of these solutions is 0.5-approximate one for KP [6].

For MKP, the analogous approach was described in [4, p. 299]. Here the linear
relaxation of MKP is considered with an additional condition: it is forbidden to place a
nonzero part of an item 7 in a knapsack j if O; < g; (we call this problem LMKP). If the
items are numbered by non-increasing the efficiency and the knapsacks are numbered by
non-decreasing the size, then the packing that uses only the pairs (i, j) such that ¢; <-Q; (in
a lexicographical order) creates an optimal solution to LMKP (a more general result is
proved in [5, Theorem 1]). Let zmxp = (zi7 | i € 1, j € J ) be the optimal solution of LMKP
constructed by the method described above. This vector creates two feasible solutions of
MKP,x=(xjliel,jeJ)andy=(yj|i € L, j e J), as follows: x;=1 ifz;; = 1, otherwise
xij=0;y;=11f0 <z; <1 and zy = 0 for all £ <}, otherwise y;; = 0. Algorithm MKP1 that
chooses the best of these solutions is 0.5-approximate one for MKP [4, Theorem 10.4.2].
Running time of this algorithm (without sorting) is O(mn).

In [7], the authors suggest to improve the algorithm KP; as follows: to establish the
items' numbering according to non-increasing the value and use the result of the
corresponding packing instead of ykp. In other words, the improved algorithm KP:
performs the packing with the item’ numbering by non-increasing the efficiency and one
more packing — with numbering of items by non-increasing the value, then chooses the
best from the received solutions. Estimates of the running time and approximation ratio for
KP> coincide with the corresponding characteristics of the algorithm KP;.

We will apply the idea of the algorithm KP> to construct a new 0.5-approximate
algorithm for MKP, having the running time of O(mn). This may be useful because, for a
particular instance of MKP, different algorithms give, as a rule, different solutions from
which one can choose the best.
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3. The proposed algorithm. Before description of the proposed algorithm (MKP:
below), let us first formulate a greedy algorithm (packing) G for distributing the indivisible
jobs between processors using given numberings of the jobs and processors.

Algorithm G

Input: the sets 1, J, {qi|i € I}, {Q;|j € J}.
Step 1.Put ly=1and [;=J for allj € J.
For each j from 1 to n execute the step 2.

Step 2. Put Ry = Q; — Zielb q;

For each i from 1 to m

(ifi € Io and ¢g; < R; then relocate i from /o into 7).

Output: the partition p = (lo, 11, ... I,) of the set 1.

The proposed 0.5-effective algorithm MKP> consists in double execution of the
packing. In the both cases the processors are numbered according to non-decreasing the
size. The jobs are numbered according to non-increasing the efficiency in the first case and
according to non-increasing the cost in the second case.

Algorithm MKP>

Input: the sets I, J, {gi|i € I}, {ci|i e l},and {Q;|j € J}, where j < k implies O, <
Ok.

Step 1. Establish a numbering of the set / such that d; > dj for i <*k.

Performing the algorithm G, find a partition p1 = (11,0, 11,1, ... [1,,) of the set 1.

PutV1=Z c,.

igl o 1
Step 2. Establish a numbering of the set / such that ¢; > ¢x for i < k.
Performing the algorithm G, find a partition p2 = (L0, 12,1, ... I>,») of the set .

Put 1, = Z c,.

iglyy !

Step 3. Put p=p1 if V1 > V2 and p = p; otherwise.

Output: the partition p of the set /.

Obviously, the algorithm MKP; has the running time of O(mn) (without sorting).
Using the resulting partition p = (o, 11, ... 1), it is possible to construct a feasible solution
x=(x;|iel,jeJ)ofthe MKP as follows: x;; =1 ifi € [, else x;; = 0. Therefore, MKP>
is an approximate algorithm for the MKP. In [5], it is proved (Theorem 3) that 0.5 is a
lower bound for the approximation ratio of this algorithm. In other words, for arbitrary
input parameters, the algorithm includes in the schedule the jobs of total cost not less than
half of the cost of jobs in the optimal schedule.

The next example shows that this estimate is tight even withn = 1.

Example. Let us define an instance of MKP as follows: m =3, n =1, Q1 =2a, ¢» =
@p==c=c=a,e€(0,a/2),q1=a+2¢,ci=a+e. Thend=ds=1,d; > 1. The optimal
schedule corresponds to the partition p* = (I3, 1), where I = {1}, I} = {2, 3}, the total
cost of the scheduled jobs is ¥ * = 2a. The steps 1 and 2 of the algorithm MKP; create the
same partition p = (lo, /1), where Ip = {2, 3}, I = {1} with the total cost of the scheduled
jobs equal to V(g) = a + 2¢. So, lgiir(}(V(s)/V*) =0.5.
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Abstract. The modern aspects of finite automata include different measures of
application varying to the pattern matching in regular expressions. In this perspective the
structure of automata problems arises like the conversion of non-deterministic finite
automata (NFA) into the deterministic (DFA) within the full stack of states which is, in
common, a magnitude exponential. The main results are presented within the automata
overriding during the subset construction which is a transformation from NFA to DFA.
The other concept is implementation of additional and augmented entities in NFA, during
conversion or simulation, like extended operators: complement, subtraction and
intersection
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INTRODUCTION

First of all, let’s study the structure of regular expression to be clear further. For this
purpose, we will describe in BNF form the regular expressions with some assumptions:

1) The regular expression describes language (finite or infinite set of words)
specified by the following grammar;

2) Let’s define R and R; as a regular expression, and A as a set of alphabetic symbols
fromatoz (4 ={aq,..,z}).

Let’s define L(R) as a language of a regular expression R.

The regular expression then can be defined recursively as (in order of precedence
from highest to lowest):

*R = £ (an empty word, L(R) = {€});

eR = A (asingle symbol from alphabet A, L(R) = {a:a € A});

eR = R* (an infinite language L(R), L(R) = L(R) UL(RR) U ...U
L(RRR ...));

eR = R* = ¢|R* (an infinite language L(R) or Kleene closure, L(R) =
(e} UL(RY));

eR =R? (a setof words L(R), L(R) ={e} U L(R));

*R = R.R, (asetof words L(R), L(R) = {ab:Va € L(R,), Vb € L(R,)});

*R = R,|R, (aset of words L(R), L(R) = L(R,) UL(R,)).

The extended regular expression is a regular expression supporting one more
operation on languages (AND-operator). The AND-operator can be described in regular
expression grammar with an additional definition:

R = R &R, (aset of words L(R), L(R) = L(R,) N L(R,))

This operation is an intersection of languages produced by sub-expressions
(conjunction operator). It has the lowest precedence in regular expression.

Extended regular expressions also include subtraction and complement or negation
operator which are equal in technical sense, because negation is a subtraction of a closed
language and an operand:

~R =A*—R.
The subtraction operator can be defined as follows:
R=R[1]-R[2].
The language of the subtraction can be also described:

L(R) = {w: we L(R[1]) & w € L(R[2])}).

The finite automata are defined as follows:
The automata theory consists of the definition like tuple, formally defined as:
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Non-deterministic finite automata, or NFA for short, can be defined by a tuple as
it was described before for automata in common. Particularly, NFA is a tuple like the
following:

<Alphabet A, S, S(initial), S(final), Transitions>.

Where alphabet 4 is a set of characters by which the transitions can be marked; the
set of states S and its sub-sets S(initial) and S(final) — the last is also called as a set of
accepting states, where string matching terminates with positive results. When word 1is
matched against automaton recognizing (or representing) some language L the other sub-
tasks can be also performed like, for instance, when the sub-matches (or grouped items in
regular expression) are to be extracted.

The set of transitions is a production of three dimensions:

Transitions = S x Marks M x S,

where M is a set of labels on the edges connecting starting and finishing state in automaton
graph. Usually set M includes alphabet 4. For NFA which describe language the set M is
extended and includes the empty transition € which doesn’t match the character from the
input stream and thus are not skipping the current character while the edge marked by a
letter or even string perform position change if the stream prefix and edge label are
matching (or simply, are equal).

Deterministic finite automata DFA can be characterized as a subset of NFA and
described by a tuple as follows:

<Alphabet A, S, s(initial), S(final), Transitions>,

where A is an alphabet, S is a set of states, s(initial) is an initial single state, S(final) is a
set of final or accepting states. The transitions in DFA cannot include empty word or
character (previously denoted by e-symbol). The following rule holds true for these
transitions: there could be no more than one outgoing transition by the same label
(character) for any state in automaton. Thus the transition set can be defined by a
deterministic function:

f(s(starting), a) = s(ending),

where s(starting) 1s a current state, a is a symbol mark on the edge (from alphabet 4) and
s(ending) is a destination state. The transition rule, thus, can be represented even by a
quadratic matrix with rows from set of states and columns from the set of symbols, on the
values of this matrix the destination states are defined.

ALGORITHMS FOR NFA CONSTRUCTION

Pre-historically the first implementations of finite-automata within the additional
features like extended operators were presented by Berry-Sethi [1] based on the derivative
construction from the algebraic regular expression. This is, in common, basically an
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algorithm consisting of operations over the set of regular expressions within the
differential-derivative operator.

The derivative is computed with respect to the function g(R), which equals 1 if the
language described by the regular expression R contains empty string. This function can
be defined as follows:

Table 1. Definition of the function g(R)

Regular Expression g(R)
€ 1
aini 0
R[] [ R[2] 2(R[1]) | 2(R[2])
R[1] - R[2] g(R[1]) * g(R[2])
R* 1

The derivative rules can be computed as follows (with respect to the character a):

Table 2. Definition of derivative

Derivative
a'=0
al0=0
ala=1
a'b=0ifal=b
a' (R[1]|R[2]) =a'R[I] | a'R[2]
a' (R[1]-R[2]) =a' R[I] -R[2] | gR[1]) - a'R[2]
a' R*) =a’R-R*

The above listed derivative rules also include extended operations like intersection
and subtraction.

The other known algorithm for NFA-construction is authored by Kenneth
Thompson. In [2] there is a description of algorithm to construct automaton for the regular
expression in order to match the word. For each of the element of regular expression
starting and final states are recursively created. The algorithm can be illustrated by the
diagrams in Table 3. The result of this algorithm is NFA for the input regular expression
(an argument).
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Table 3. Thompson diagrams

Operator Regulz.lr Thompson construction
name expression

language

wome [ | (o)
language

Concatenation 2 [1]-R[2] N s—b@R[ 1 ]*@784@/?[28*@
e—» : —R[1]%{ : F—¢
Alteration 2[1]|R[2] - @

54>@—R[2£
€
star closure R=R* r— —S@R%ft:@

* f(N) is an arbitrary function

The different follow automata construction differs from Thompson’s: the empty-
transitions are removed and for each state the set of all the states reached by the empty
transitions is computed. Further the set of all states reachable by non-empty edges (labeled,
for example, by character marks) is attached to the current state. Thus, the automaton is
compressed.

Let’s calculate the memory and P-magnitude of the methods assuming that N is a
length of pattern and M is a length of string to be matched:

Table 4. Summary for the NFA-construction algorithms

Method Memory P-magnitude
Thompson O (N) O (N-M)
Follow automaton O (N°) O (N'™-pp)
Berry-Sethi O (f(N)) O (f(N))

DETERMINISTIC FINITE AUTOMATA

In [3] there is a description of converting NFA to DFA. This conversion is called
subset construction. The naming of algorithm is based on fact that algorithm utilizes
Kleene closure result for a set of reachable states in corresponding NFA. These sets are
thus divided by the DFA-states, which in turn are subsets of NFA states, by the non-empty
transitions in NFA. These facts together form a subset paradigm.
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To produce DFA for intersection-operator, the subset construction will be
parametrized with a modified NFA. This NFA is extended as it has counters for each of
the state. The counter is a positive integer number representing minimal number of input
transitions to the state required to make it active. When the state is active it can be used to
compute the next states reachable by empty transitions in function € — closure.

Let us consider the NFA construction for the expression:

R = R,&R,.

Each state in the final NFA has default counter of value one, this means that the only
transition is required to make it active. The construction of the NFA for this expression is
same as for alternation operator:

R = R4|R,.

The difference is that the final state of this construction has a counter of value two.
Additional new final state is added. This additional state is required to create an output
state to follow the subset construction from NFA with counters of value two.

This can be better illustrated by the following diagram:

Figure 1. NFA construction for the expression “R1&R2”
(counter values after “/”-sign)

Let us write the definition of the typical NFA as a tuple —

<S§, s(initial), F, E, A>,

where: S 1s a set of states,

s(initial) is an initial state (s(initial) is an element of S),

F is a set of final (accepting) states,

E is a set of edges in NFA:

(e€E:e€SXSX(AU{e})), and

A 1s a set of alphabet.

The edge thus is a triple (s(a), s(b), c) where c is a symbol mark on the edge accepting

the alphabet element and s(a) and s(b) are initial and final states of the corresponding edge.
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The definition of the extended NFA is same except that there is additional set C (a
set of counter values for each of the state in the non-extended NFA):

C={ceC:ceSx{1,2} VseS}

Please note, this NFA construction could be applied to two automata by replacing
the R/1] and R/2] on Figure 1 with the corresponding graphs.

This algorithm to produce DFA for extended NFA is the same as for a typical NFA
with respect to the counter value of the reached state:

1) At each step of computing the closure the counters are reinitialized to their
default values;

2) Each time the state is reached its counter value is decreased by one;

3) The state can be considered active if its counter value equals zero.

ADVANCED PROBLEMS IN PATTERN MATCHING

For the present time the modern linear algorithm is developed for pattern matching
with the extended regular expression based upon the studied methodology [4]. Clearly
NFA is more effective rather than using the subset construction of magnitude 2" when
converting NFA into deterministic finite automaton DFA. This is so-called P-NP
complexity problem which can be solved by implementing extended NFA within the
constraints, thus:

P = NP x Constraints.

It’s clear that the use of activators, traversal flags as states within the depth-first
search DFS is more effective than the previously developed methods of pattern matching
[5]. In [6] the definition of different types of extended NFA overriding is presented.

The algorithm in overall can be represented as a cross-product of NFA and control
vector which forms a hierarchy. The hierarchy can be defined as a set of semantic rules
due to which the complexity expands. This hierarchy is bounded by &-operator counters.
The hierarchies (a, b) and (a, b, c) are equivalent over step of subset construction if in
parameterized NFA the states @ and b are met earlier than state c. These states are assigned
the counter of value two, as they are states for the AND-operator construction.

Let’s not that, however, the modified subset construction can be realized — still the
magnitude of 2" cannot be avoided [7].

The other problem to be solved is the definition of back-reference within the
exponential or NP space according to the algorithmic or common definition like pattern
matching. The back-references are still defined of NP-magnitude without the specific case
proof.

CONCLUSION

Basically the NP problem can be approximated to the P-class within the modified
subset construction. The problems of NP-complexity like back-referencing still remain
open.
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Abstract. Nowadays to control and measure the different magnitudes the most
perspective are considered the fiber-optical sensors based on the Bragg fiber gratings.
Such sensors are applied for measuring the deformations, shifts, strain, liquid level,
temperature, speed up, vibration.

In the article herein there considered the fiber-optical sensors based on the
temperature measuring. Temperature influence at fiber Bragg gratings spectral
characteristics has been experimentally checked. The principal spectral characteristics of
the fiber Bragg grating are: reflection and transmission spectra. By means of bound modes
theory the reflection and transmission spectra have been mathematically described. Based
on the obtained experiment results there might be drawn a conclusion: fiber Bragg grating,
used as a temperature sensor, provides the linear characteristic of the magnitude being
measured for the central grating wavelength shift.

In the work herein we study the influence of the temperature at the fiber Bragg
gratings’ spectral characteristics. Based on experimental measurements there have been
constructed the spectral characteristics and obtained the Bragg wavelength values for
each temperature magnitude.

Key words: fiber Bragg grating, spectral characteristics, temperature, analyzer,
fiber-optic sensor.

Introduction

Nowadays the fiber Bragg grating (FBG) is considered as one of the most
challenging sensing element of fiber optic sensors of physical, chemical and other values.
Its primary advantages are: high sensitivity, protection from electromagnetic field impact,
reliability, recovery rate and a wide dynamic measurement range, high corrosion and
radiation resistance, small size and weight.

FBG consists in cyclic variation of the refraction index in the core of a single-mode
optical fiber. In this case the zones with a high refraction index are parallel to the fiber
cross-section plane. Such structure has an ability to reflect light with clearly defined
wavelength and simultaneous transparence for the light with different wavelengths. The
light wavelength shall meet the Bragg condition:

A=2neg A\, (1)

here: A — reflected light wavelength;

ner— efficient refraction index of the optical fiber core;

A - Bragg grating period.

Figure 1 shows schematic structure of the refraction index changes in the fiber core
on the Bragg grating area.
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Figure 1 — Diagram of optical fiber with Bragg grating and diagram
of core refraction index changes

The light, reflected from subsequent bands will be subject to practical perturbation,
creating the beam propagating in the direction opposite to the incident wave. The most
important parameters of FBG are the spectral characteristics: transmission and reflection
spectra.

Mathematical modeling of FBG spectral characteristics

Computation of Bragg gratings characteristics is usually fulfilled applying the bound
modes theory. By means of the bound modes theory the reflection and transmission spectra
might be described as follows:

~ k?*sinh?(y,L) (2)
r(ﬂ,) o2 sinhz(yBL)+ Y5 coshz(yBL)
2 3
() v 3)

stinhz(yBL)+ Y3 coshz(yBL)
y _{\/kz—az k? > a2,
? Vo?—k? k?<o?

Spectral offset from strict resonance ¢ is defined by difference of the main mode =
2mnesy /A diffusion constants:

where
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Reflection spectrum represents the optical power peak around the wavelength ABG,
which characterizes the light, reflected from the grating. Apart from the optical fiber and
coupling element losses the sum of the reflection and transmission spectra reflects the light
source spectrum.
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Figure2 — FBG reflection spectrum

Figure 2 shows FBG reflection spectrum with 1547 Nm central wavelength.

Central wavelength optical radiation, reflected from Bragg grating depends on the
efficient refraction index and on the grating period.

The light, being transmitted through the optical fiber core is spread by each grating
plane.

Grating plane is the object of temperature and mechanical perturbation. As the glass
is subject to temperature and mechanical impact, then the gratings, recorded on it are as
well subject to. Upon changing the environment their changes phase syncronism condition,
which brings to rearranging the reflection wavelength. Thus, tracing the length of the wave,
on which Bragg reflection occurs, we might obtain the external perturbation magnitude.
This functionality meets the aims of fiber-optic sensors: i.e., to have structure on the fiber
core, which provides profound reading mechanism

Experimental research of temperature influence at FBG spectral
characteristics

Resonant wavelength Ags depends on the glass fiber temperature and on the attached
to them mechanical tensile or compressive strain. This circumstance underlines using FBG
as sensors sensitive elements of physical, chemical and other values. FBG resonance,
which is defined with the wave central length of backward reflected radiation from Bragg
grating, depends on the effective reflection index of the core and the grating period.
Effective reflection index, like the regular distance between the gratings planes, will be
susceptible to the influence of mechanical and temperature changes. This influence, in its
turn, is the base for using the fiber Bragg gratings for measuring the strain and temperature.
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Using the condition of the Bragg first order we obtain the wave resonance wave length
shift due to mechanical and temperature changes:

0 P 1
Adyg =2 Aﬂ‘*‘l’leﬂr@—AAl—f-Q néﬂ_}-neﬂ@_A AT, (1)

The first member in the formula (1) describes the tensile deformation impact at
optical fiber. It is responsible for the space change between Bragg gratings planes and for
mechanical-optical change of the refraction index. This additive component may be
expressed as follows:

2 (2)
A;LBG:;LBG 1- ;ﬁ(plz_v(pn"'plz)) €.,

The second member in the expression (1) describes the temperature influence at
optical fiber. The Bragg wavelength shifts due to the Bragg condition change under the
influence of two factors: first, thermal expansion changes the distance between the grating
planes, second, under the temperature influence there changes an effective refraction index
and, subsequently, there is changed the optical light wave. Main contribution into the
Bragg wavelength shift makes the second factor. This fragmentary contribution into the
wave resonance length shift might be expressed as follows:

Ay, =dyola, +a, AT, 3)
Whence it is easy to obtain our grating’s temperature sensitivity:

4)

AL
A;G = 2“30(05/\ ta, )’

where aa— thermal expansion factor, a,, — thermal optic coefficient.

Standard values of these parameters for optic fiber [3]: aa = 0,55-10 for quartz
glass, a, = 8,6- 10 for optic fiber with doped germanium.

Let’s consider the temperature influence at the fiber Bragg grating spectral
characteristic. Temperature influence at the optic fiber is described with the formula (3).

To fulfill the set task, we assembled the installation, which shows the temperature
influence in different ranges at the fiber Bragg grating spectral characteristics. Figure 1
shows the diagram of the test stand.
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Fig.1. Diagram of test stand

Photo 2 shows the test stand.

Fig.2. Structural photo of test stand

The stand consists of the following components:

— optical analyzer for the spectrum;

—source SLED;

— temperature rating;

— temperature control device;

— fiber Bragg grating.

Measurements have been conducted in two stages: at uniform heating of the whole
grating and of a certain grating point.

Temperature meter error does not exceed & 0,5 °C at temperatures in the range from
18°C to 135°C, as well, the stand herein can carry out the tests at low temperatures. It can
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be implemented by means of liquid nitrogen gas and heating element influence. The grating
is heated by resistible hot plate. Heating Surface Square constitutes 47cmx19cm.
Temperature control is fulfilled by an auto-type transformer. Environment:

— working temperature: from +5 to +40 ° C;

— storage temperature: from -5 to +40 °C;

— maximum humidity is 70% of relative humidity.

Upon researching there also has been used the analyzer of AQ-6315B spectrum of
the company ANDO, which is considered to be a key element at measuring grating spectral
characteristics under different temperatures. Below there are selected technical
characteristics:

— range of measured wavelengths: 350 — 1750Nm;

— wavelength measuring accuracy: £ 0,05 Nm (25 £+ 5°C, 10/125 SM), = 0.05 Nm
(1510 — 1570 Nm, 10/125SM);

— measurement reproducibility A:+ 0,005 N Nm (1 minute)

—resolution A: 0.05 - 10 Nm.

Research has been conducted on three Bragg gratings, which differ from one another
for Asg. Grating parameters are below:

— Bragg waves 1531; 1554,4; 1566,5 Nm;

— grating length: 10 mm;

— grating type: apodized;

— maximum strain: +/-1000pg;

— reflecting spectrum: <0,25 Nm in 3 dB;

— reflection: 70- 90%;

— capacity (reflection) -0.5 dB: <0,12 Nm;

— capacity (reflection) -25 dB: 0,5 Nm;

— spectrum capacity: <0,25 Nm in 3 dB.

Each FBG spectral characteristic has been defined at 1000 points. Based on the
obtained measurements there have been constructed spectral characteristics and obtained
the Bragg wave lengths values for every temperature magnitude. Proceeding from that,
from the temperature outcomes there has been got a diagram of Bragg wavelength.
Diagram analysis shows, that the Bragg wavelength value increases along with
temperature rise, which is proved with the measurements results in the table 1.

Table 1. Bragg wave length dependent on the preset temperature

Ag[nm] T [°C]
1527,83 18
1528,022 30
1528,022 35
1528,117 40
1528,143 45
1528,242 50
1528,243 55
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1528,3 60
1528,369 65
1528,42 70
1528,49 75
1528,527 80
1528,582 85
1528,608 90
1528,675 95
1528,733 100
1528,778 105
1528,82 110
1528,877 115
1528,955 120
1529,005 125
1529,093 130
1529,097 135

Figure 3 illustrates dependence of Bragg wavelength on the temperature. Research
shows, that an average Bragg wavelength change constitutes 0, 01075 Nm/1°C.

]LB=f(T) - heating
i i A B A B e e /7
s s e i i e £ / T
= /
£ 152806

B s

15218

1527.,6
o 20 40 co a0 100 120 140

—— Actual measurements T [°Cl
—— theoretically

Fig 3. Dependence of Bragg wavelength on the temperature
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Diagram on the figure 3 shows the dependence of Bragg wavelength on the values
of definite temperatures at which the measurements have been executed. The diagram
shows, that the Bragg wavelength linearity shifts to the longer waves at the temperature
rise. Based on stored in such a way dependence there has been defined the grating’s
temperature sensitivity. Along the diagram, containing the actual measurements, there has
been introduced a trend line, which proves the linearity of the Bragg wavelength change.

Further the figures 4-11 show measurement results obtained in consequence of the
experiment. By virtue of a big amount of obtained results under laboratory conditions we
deduce several measurement diagrams at different temperatures.

Spectral characteristics for [= 18“(:
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Fig.4. Spectral characteristics of FBG at 18 ° C

Spectral characteristics for T=30°C
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Fig.5. Spectral characteristics of FBG at 30 ° C
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Spectral characteristics for T=50°C
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Fig.6. Spectral characteristics of FBG at T 50 ° C

Spectral characteristics for T=70°C
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Fig.7. Spectral characteristics of FBG at T 70 ° C
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Spectral characteristics for T=120°C
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Fig.8. Spectral characteristics of FBG at T 120 ° C

Spectral characteristics for T=135°C
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Fig.9. Spectral characteristics of FBG at T 135° C
Conclusions

Spectral characteristics, obtained by the experiment can both trace the obtained
characteristics sensitivity and the peak behavior during the experiment that is, allow
carrying out the peaks spectra comparative analysis of the sizes and forms change.

Fiber Bragg grating, being used as a temperature sensor secures the linear
characteristic of the magnitude being measured for the grating central wavelength.

Having analyzed the spectra, it might be confirmed, that the peaks form and size do
not change or change insufficiently.
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As a consequence of that we might conclude, that FBG spectral characteristics are
persistent to temperature change, which allows using FBG as a sensitive element upon
manufacturing fiber optic sensors and temperature control systems, as well in fiber-optical
measuring systems under extreme operation conditions.

Experimental researches of the environment impact at FBG spectral characteristics
have been carried out in the laboratories of optoelectronics faculty of electric engineering
and computer sciences of Lublin technical university. This work is supported by grant from
the Ministry of Education and Science of the Republic of Kazakhstan within the framework
of the Project Noe AP05132778 «Research and development of signals interrogation system
with fiber-optic refractometer in telecommunication networksy.
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Annomauun. byn swcymvic dcogapel pemmi aHbIKMAIMAEAH YAKbIMbl KeUlIKKeH
CbI3bIKMbBIK emec Jcylienepoi Kepi b6aunansic Kyii OOUbIHUA Kel ayKblMObl NPAKMUKATbIK
bakwlnay macenecine apHanean. Yaxeim kewlicyi 6ap oscyiie Col3blKCbl30bIRbIHbIH HCYMCAK
AHCAROAUNAPLIHOA MACUMadmMay apKvlivl pemmeiemin Oipmekmi Kyui OoublHuia Kepi
batinanvic kKonmpoanepin Kypamwvi3. bipmexmi Jlanynos-Kpacosckuii ¢hyHKyuoHanvlHuly
KomeziMeH Oipmexmi ocy Hcae0aublMeH weKmeneeH YaKkblm Keutieyi 6ap cbl3blKCbl30bIKKA
ycmemoik emy yuiin macumaomay Kosgguyuenmi pemmeneodi Hcane MYHbIH ApKACbIHOA
AHCAOLIK-MYUBIK HCYUEHIH OapiblK KYUiepi uekmeyii x#caz0aublHoa 0akwliay Kamenici
asaumy MymKinoiei myaobwi.

1. Kipicne

CoHFBI OHXXBULIBIKTAPJA CHI3BIKTHIK €MeC JKYHUENEeP/IiH IIBIFBIC MOJIIMETTEPIH KEeH
ayKpIMJIBI TIPAKTUKAIBIK OakplIlay Moceliecl KONTereH FhUIbIMH eHOekTepme [1-11]
3epTTEIIHII, HOTUXKENEp allblHyAa. ATan alTKaHa, KeH ayKbIMbl PAaKTUKAJIbIK OaKbLIay
MaceJieci HHTETpaTop JOPEekKeciH Kocy ofici [3,4] apKpUIbl )KoHE omMOebar 6ackapy HaesiChl
[1,2] kemeriMeH CBI3BIKTBIK EMEC JKYiienep YIIH Kepi OaiaaHbIc Kyl apKbUIbl IS

JlereameH, JKOFapbla aTaJFaH HOTWKENEPJIe YaKbIT KEIIryiHeH OOJaThIH dcep
KapacTblpblIMaraH. KeHICTIKTer1 )Kyienep YIIIH YakbIT KeIliryi AereHiMi3 CUrHaIapIbIH
TYHKI KbUIIaMJBIKTa TapallybIMEH OHE KAIBIKTBIKTBl €HCEPY YIIIH YaKbIT KaKeT
eKeHJIriMeH anbIKTanazpl [12]. Curnanra peakuusHbIH KEITr'yl )kKoHE KeIIIKTIPUIreH Kepi
Oaitmanpic  kenTereH Qusukanbik [13], xumusaneik [14], kimumarteik [15] >xoHe
Oouonorusiblk [16] HbICaHZap MEH IpouecTepre ToH. Mblcalibl, YakplT Kelliryi
KYOBbUIBICTApbl AJEKTP KYHeNIepiHae, MHUKPOTOJKBIHABI OCLHMUISTOPABIH >KYMBICHIHAA,
TUAPOTEXHUKAIBIK KYyHenep/ie koHe T.0. CoJl CUSKThI KONTEreH NpakTUKAJIBIK XKyilenepae
Ke3/1ece/Il )KoHE OYJI yaKbIT KelIry KYObUIbICHI KYHEHIH *KYMbIChIHA aliTapibIKTail acep
ereni. Con cebenTi, yakbIT Kemiryi Oap CBI3BIKTBIK €MeC >KyHelepal TYpaKTaHIbIpy
Macesecl KoHE OJapJblH HIBIFBIC MAIIMETTEpiH Oakpliay Macesenepl NPaKTUKAIBIK
MaHBI3Fa M€ KOHE COHFBI KbUIIAPhI OYJI MOCeNere YIKeH KOHUT 0oy Ie.
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Conrbl xbU1apbl JIsmyHoB-KpacoBckuil of1iciH KOJAAHY HOTHXKECIHIE YaKbITh
KEIIIKKEH CBI3BIKTBIK €MeC JKyielepal TypaKTaHIplpy HpoOiieManapbl XOHE YaKbIThl
KEIIKKEH CBI3BIKTBIK €MEC JKYyHesepieri i31He Tycy Macenenepi OONbIHIIA alTapIbIKTal
KETUIIIPUITeH KOHE O3bIK 9/IICTEP KYPBUIIbI skoHE 01 [17-21] enOekrepae kapusiiaHbl.
VYakpIThl KEIIIKKEH CBI3BIKTBIK €MeC KYHenepal TypakTaHAbIPY MIcelleciHe KaparaHJa
YaKbIThl KELIIKKEH CBI3BIKTBIK €MeC KYHENIep/iH IIbIFbIC MAIIMETTEpiH Oakpuiay Oasy
namyaa. ChI3bIKCHI3NIBIKTA YaKbIT KeIiryi 6ap OoJiFaH jKarmaii/ia, MIBIFbIC MOJIIMETTEPIH
OakplIay MoceneNepinie KelOip KbI3bIKTHI HOTHXKeNep anblHbl [22-24]. lereamen, Oy
[22-24] >xyMbICTapAa CBI3BIKTBIK €MeC JKYHEeHIH TeK Oip JIOKanAbl KarJIaibl
KapacTblpbliaabl. Kapanbin oTblpraH yile TaOUFaTbIHAH YaKbIThl KEUIIKKEH ChI3BIKTHIK
eMec OOJbI TaObUIFAHIA, MOceNie Kypaeni opi KublH memrieni. Ockl Mocenmenepi
3epenelt keye 613re MaJliM OOJIFaHbl YaKbIThl KEIIIKKEH ChI3BIKTBIK €MEC XKyilenep yIiH
LIBIFBIC MAITIMETTEPIH OaKbLIay MACENEeCiHIH KONTEreH KbI3bIKThI €CcenTepl il MenIiMiH
tanmnarad. Ocbl Makanajaa 013 kepi OailylaHbpIc KYil YCTEMIIK €TeTiH dfic [25,26] apKbLibl
131HE TYCy MOceJeNiepiH KapacThIPaThiH 00JIaMBbI3.

Keneci Typheri aHbIKTaqIMaraH yakbITbl KEIIIKKEH CBI3BIKTBIK €MeC >KYHeHl
KapacThIPANBIK:

%,(0) = x,()" +o, (¢, x(2), x(t = d,), u(?)),

X, (O =x,O)"" +,,(t, x(0), x(1 =d, ), u(1)), (1)
x,(O)=u+o,(t, x@),x(t—d)),u)),
(1) = X (#),

mynjarsl  x(¢) = (x,(¢),...,x,(t))' €R", ueR, xone y(t)eR - xyillenin Kyii,

OackapylblH KIpiC MOJIMET! >KOHE UIBIFBIC MAJIMeETi coiikeciHme. TypaxkTel canHzap
d>0(G{=1,..n) KYHJIepAiH YaKbIT Keliryiiepi AKOHE MYH/1aFbl
x(0)=¢,(0), 0<[-d,0], d=>max {dl , ...a’n} KYHeHIH aiFaiiksl mapTel. MyHnars! ¢, (-)
Genricis y3aikcis GpyHkuusiap 60mbin TabbLIALL p; € R, ={p/q €[0,©): p xoue ¢
OyTiH caHmap, p=q}, (i=1,...,n—1)XyleHIH *XoFapbl PeTTUIriH KepceTeni. bi3ain
MAaKCaTBhIMBI3 )KyHeneplie d; yakbIT KeIliryiaepi OOJFaH »Karaiia ja IeKTi yaKbITTaH COH
OapIBbIK KYHJIEp MIEKTENTeH aifMaKTa 00JIaThIHIai KOHE KYUCHIH MIBIFBIC MOJTIMET1 ) (z‘) -

Il KO3/IETEeH TIPEK CUTHAJIIBIH 131HE TYCIpeTiH 6acKapyasl Ta0y OOJIBITT TaObLIA b,

2. MareMaTHKAJBIK AJFbIIIAPTTAP
byn xymbicta keneci OipTekTi (yHKIMS aHBIKTaMachlH KOHE OipHelle Maiaassl
JeMManapabl KoJiJaHaMbl3.

AnbIKTama ([27]). x= (x],...,xn) € R" xoopauMHATTAP JKUBIHBI KOHE N-OJIIEM/II

r=(n,...,r,) OH HAaKThl CaHJApBI YIIIH 013 KeJleCl aHbIKTaMaIapbl EHI13eMi3:
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(1) A, (x) myprenoipyi A:(x)=(sr‘x1,---,sr”xn), Vx=(x,...,x,) €R",

Vs >0 apkbUIbl aHBIKTAJIFaH CAJBICTBIPY OOJBINT TaOBLIAIAbI, MYHIAFBl 7

1

KOOpOuHam caimakmapul Jen atanansl. HycKayabH KapanaibIMABLUIBIFE YITIH MyHIai
TYpJIEHIIPY calMarblH A = (7,...,7,) apKbUIbI OeIruIeimis.

(11) Ve C(R",R) byHKIUACH T Oapediceci OoublHWwa Oipmexmi NeT aTanapbl,

erep MYH/IaFbl, T € R HaKTbI CaHbl KeJeci Typae 6oca
V(AL(x))=sV(x,,x,), VxeR" —{0} .

(ii1) feC(R",R") BekTOpIBIK OpiCl T Oapedxceci OouviHwia Oipmexmi JEN

aranazpl, erep f, KOMIIOHEHTI opOip i YWIH T +7, Oapedxceci Oouvinwa Oipmekmi
S[ALx)) =" fi(x),-++,x,), VxeR", Vs>0, i=1,...,n yuiH.

n

(iv) bipmexmi p -nopma ||x||A’p = (Zil

p/r\YP
xl,| ) ,VxeR", p>1  TypiHOe
anbiKranazpl. Kapanaiibiv Typae kenecime xasambis x|, yuin [|x|), | -

Opi Kapaii, 613 6acKapyIbIH COHFBI HYCKACBIH/IA KU1 KOJIAHBLIATHIH KOHE MaHBI3/IbI
PO aTKapaThiH OipHeIIe TEXHUKAIIBIK JIeMMaJlapAbl YCHIHAMBI3.

Jlemma 1 [27]. A =(r,...,7,)-HbI TYpJIECHAIPY CaJIMaFrbl [T OeNruIeiiK, COHBIMEH
Oipre V,(x) xoHe V,(x) mopexenepl COMKECIHIIE T, )KOHE 7, TEH OIPTEKT1 QyHKIMsIIap
oonceiH. OHpa, V(x)V,(x) ae A TypieHAipylHE KaTbICTBI JOPEXeECl 7, + 7, TeH OIPTEKTI
GyHKIMS 00JIbIT TaObLIABL.

Jlemma 2 [27]. V:R" — R nopexeci t OonatblH A  TypJeHIIpYy cajaMarblHa
KaTbICThI OIpTeKT1 QyHKIMS O60s1chiH. OHMa Kkeneci (1) xoHe (i1) opbIHAaNaabL:

(i) Conpait ak OV /Ox, mopexeci T —r, GoiblHIIA GIPTEKTI, MYH/IAFbI 7, IIAMACHI X, -
JiH O1pPTEKT1 CaJMarkbl.

(11) Mynnarsl o >0 TypakThichl coHaal on V(x) <o ||x||TA KaHAFaTTaHIbIPAJIbI.
ConbIMeH KaTap, erep V' (x) OH aHbIKTajca, oHJa p >0 TYpaKTbIChl Oap MoHE OJI Kelecl
TYpae p”x”TA <V (x).

Jlemma 3 [25]. bapnbIK x,y € R KoHE TYpakThl p>1 YUIIH Kejecl TeHCI3AIKTEp
OPBIHIATIA]IBI:

@ ey <2 ] () <] <20 (o )

Erep pe R, , ouna

(11) |x—yp < 2p_l ‘xp —yp‘ KoHE ‘xl/l’ _yl/P‘ < 2(17—1)/17 |x_y|1/17 )

Jlemma 4 [26]. a,b oH TypakThl cannap 6oJsicbiH. OHJia, Ke3 KeIreH HAKThl (PYHKITHS
y(x,y) >0 yIIiH KeJecl TEHCI3/11K OPbIHAIa/Ibl:
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a+b

a b — a—+
K |y|bsa“Tby<x,y>|x +—— " o) "

byn makanana (1) Typaeri yakpIThl KEIIIKKEH >KOFapbl JOpeXkelll ChI3BIKTHIK eMec
KyHenep yUIiH Kepi 6aiaaHbIc KYH1 apKbUIbI HIBIFBIC MOTIMETTEPIH IPAKTUKANIBIK OaKbLIaY
Macereci KapacThlpbliaabl. MyHAa 613 0Chl MOCEJIEHIH /191 aHBIKTaMachlH OepeMis.

Kepi 6atinanvic xyiii apkvlivl Key ayKbimobl npakmukanwlk oaxwiiay maceneci: (1)

TYpIETi XKyHeHi KapacThIpaMbI3 )KIHE Y, (f) TIpEK CUTHAJIBI yaKbIT OOMbIHIIA o3repeTin C'
-mekrenred ¢yHkuus [0,00). Ke3 kenren Oepinren & >0 ymiH kyii OoifblHIIA Kepi
OaiiaHbIC KOHTPOJLIEP JKO0OACHIH KeJleCl TYP/IE alaMbl3:

u(t) = g(x(2),y,(0)), )
MyH/1a
(1) Ty#tpixTanras (1) xyieHiH 0apibIK Kyl (2) Typaeri KOHTposuiep KyHiMeH »KaKChl
aHbIKTaJIFaH *koHe [0, 00) apaJIbIFbIHAA [JI00a bl IIEKTENTeH.
(11) Kes kenren 6acrankel sxarmait yurin 7' > 0 COHFBI yakpIT 0ap, Oyi1

(1) -y, (0)|<e, Vi>T>0. (3)

[b1FbIc MOTIMETTEPIH KE€H ayKbIM/IbI TPAKTUKAIBIK OaKbLIay MOCEJIECIH MIenTy YIIiH
013 Kezeci ekl 00JKaM KacaliMbl3:
Bosxam 1. Mynnars! Typaktsutap C,, C, xoHe 72=0

(i+0)/1;

‘ng (t,x(t),f(t—dl.),u(t))‘ < C] (|x] (t) (r+7)/1 +|X2 (f) (r;+7)/n, n -~-+|xl.(t)

+|x](t_d])(ri+‘l')/r1 +|x2(t_d2)(ri+‘r)/rz +.“+|xi(t_di)(ri+‘r)/r,')+C2

MYH/IaFbI )?(t—dl.) =x(t—a']),x(t—a’z),...x(t—dn),

n=1 r,p=r+t>0, i=1,...,n xome p, =1.

4)

Bosxam 2. y (¢) Tipek curHaisl y3aikci3 mudpdepennuanaanansl. ConsIMeH 0ipre,

oenruti D > 0 TypakThICHl COHIAM, OJ1 KEJIECIH1 KaHaFaTTaHAbIPAIbI:

», (0| +]7,(0| <D, Vie[0,00) )

3. Kepi Oaitsianbic Kyiii 0olbIHIIA i3iHe TyCy 0aKbLIaybIH jK00a1ay.

byn xymeicta 613 boikam 1-2 apkpbuibl (1) Typreri yakpIT Kemiryi 0ap >Korapsl
PETT1 CBI3BIKTBIK €MEC JKYHelep YIIIH yaKbITKa Toyesci3 Kepl OalaHbIC KYWi apKbLibl
IIBIFBIC MOJIIMETTEPIH OakbuIay MOcelieciH KapacTbipambid. O YIIIH aiIbIMEH Kemeci
KOOpJUHATa TYPJEHAIPYIH EHI13eMI13:
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Z=x—-Y, Z=—, i=2,..,n, V=

(6)
myHzuarsl k, =0, k, =(k,, +1)/p,,, i=2,...,n xoHe L>1 macmrabray KoaduimeHti
00bIN TAObLIABI JKOHE ecenTey OapbIChIHIBI aHBIKTANAThIH Oonanel. Onail Oosica (1)

’KYHEHI z, )KaHa KOOPAMHATACBIH/IA KeJleCl TYpAe CHIIaTTayra Oonapl:

z, =Lzl vy, (t,z(1), z(t=d,),v), i=1,...,n—1,
z=Lv+y (t,z(t), z(t—d,), v), (7)
y=2

MYH/IaFbl

l//](Ztaz(lt)a Z(t_d])’ V) =0 (t,Z(f), Z(t_d])’ V)_yra

. (8)
w,(t,2(0), z(t—d,),v) = (£, 2(1), 2(t =d,), V) [L, i=2,....n.

Opi kapait bommkam 1 xxone Jlemma 3 naiinanansin, L =1, y, )KoHe ), IIEKTEYIUIIrl
bommkam 2 OGoibiHIIA KeniiaeHaipiiren exenamri amelk, C,,C,,7,k, XoHe L
TypakThUTapbiHal Toyemti C., i=1,2 TypakTHICEIHBIH 6ap GOJybIH KaMTaMachl3 eTeli,
ocblJiaH Keuin (4) keneci Type cUrarTanabl

~ (+2)/n
(6,20, 2(t=d), )| < C |2, ™" + |z =)
l. - )
—~ rl-v; (r‘»+7:)/rl» (r,+r)/rj C .
v, (¢ 2(0), 2t~ d)), V)| < C.L ‘Z(‘zj(t)‘ +z,(1-d,) )+_2 .

J=1

(q+7)/5 )+ 52

MYH/JIaFbl 51 >0, 52 >0 KoHev, = min{l—zc/(ri +r)/r/ +K, 2<j<i, 1<i< n} >0
KaChIOIp TypaKThLIap.

Opi Kapail, (7) xyie yuiH Kyii OoiibIHIIa Kepl OaillaHbIc KOHTPOJLIEp Xkobanayaa
OIPTEKTI YCTEMIIK SAICIH KOJIJaHAMBI3.

3.1 TypakmoiivlKkmol manoay
Anpeiven 013 (7) xyienert w,(-), i=1,...,n—1 CBI3BIKCBI3JBIKTBI €CENKE aJMaii
HOMMHAJIJIbl CBI3BIKTBIK €MeC >Kyile yIIiH KyWi OolblHIIA OIpTeKTi Kepi OaiiymaHbic
KOHTPOJUIEPIH KYpambl3, SIFHHU,
S pi ;— 5 — —
z, =Lz, i=lL..,n-1, Z=Lv, y=z (10)
[19,25,26] enbekTepaeri Tocuiaepil maianana OTbIpbII, (8) YUIH OIpTEKTi Kyill
OolibIHIIIa Kepl OaillaHbIC TYpaKTaHABIPFBIIIBIH KYpPacThlpa alaMbl3 >KOHE OHBI Kellecl
Teopemana kepceremis

99



Ceknus 1. CoBpeMeHHbIe P06JeMbl IPUKIAJHON MaTeMaTUKH,
MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

Teopema 1. beputren HakThl can 7 > 0 yiIiH coOHIal 7 A9pexeni O1pTeKTi Kyhaeri
Kepl OaillaHbIC KOHTposuiepl Oap, *oHE COHJIBIKTaH CHI3BIKTHIK eMmec xyienep (10)
r7100aabl aCUMITOTAJIBIK TYPAKThI.

Jonenoey. Hotwxeni nonenaey yuin (10) xyiiere 61pTeKTI TypaKTaHIbIPFBILITHI
HAKThI KYpY YILIIH HHAYKTUBTI apryMEHTT1 (PEKYPCUBTIK TU3aliH SICIH) KOJaHaMBI3.

Anzawger  kaoam 1. & =z"—zM"  Gomewm, myHmarel z =0 KoHe

o 2 max,.,., {1, T+ ’3—} oH canaap. JIsamyHoB PyHKIMSACHIH TaHIaMMBI3

(20-1—4)/o

V== (s""=z") ds (11)
(10) popmynanaH keneciHi agambi3
Vi <—nL&} +LEPTTV (20 =25 ) (12)

MYHarbl Z; BUPTYaJIAbl KOHTPOJJICP KIHC OJ1 Keleci TYPAC TaHAaJ1aabl
Z; — _n]/Pl Z](’l“’)/!’l = _ﬁ]rZ/Uﬁer/U; ﬁ] — n“/(’zl’l) (13)

Kaoam k(k=2,---,n). k-1 xamampinma C' TaObLIamel, OH JKOHE AaWKbBIH

JlamynoBtelH  QyHKumsce  V, | Gap KoHe z,,...,z, AHBIKTAafTBIH BHPTYaJIbl

R
KOHTPOJIICPJICP KUBIHTBIFbI KeJieci TYPAC aHBbIKTAaJ1a/Ibl

* _ _ o/ _ *ofn
z, =0, & =1z Z

* _ nlo gnlo _ So/n ol 4 _
z; ==, &=z =7 i=2,k

-1 i-1 2 i i

(14)

B, >0, 1<i<k-1 Oipre TypakTbuIap COHJAW, OJ KeJecl TEHCI3IIKTI
KaHaFaTTaH IbIPaJIbI

k-1
Vi S=(n—k+2)LY &+ LEET™ )7 (zpr - 7). (15)
=1

(15) te k xamambplHIAa OPBIHAATNATHIHJBIFBIH KOPEMI3, COHbIMEH KaTap, OH
anpikTanrad C' JIamyHoB QYHKIUACKH 6ap jKoHE OJ1 KEJIECT TYp/Ie aHBIKTAIIAIbI

(20-1—1, )/O‘

ME)= @G MG, W@ =] (s -2™) s (16)
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'}wl/o_

)KOHE  BHUPTYaABl  KOHTPOJUIEP zl = —PBi7EMT  commait, om  kemecimi
KaHaraTTaHAbIpaJdbl

X k
Ve S—(n—k+DLY & +LECT7 (20—t ). (17)
j=1

(17) rerci3aikTi nanennaey [7,8,22] nonenaeynepMeH oTe yKcac OOJFaHABIKTaH 013
OHBI OYJT dKYMBICTa KapacThIpMaiMbI3.

Xorappiga KeNTIpUIreH MHAYKTUBTI apryMEHTT1 KOJIaHa OTBIPBIN M-Il Kagamja
KeJiecl Typ/ieri Kyii OOMbIHIIIAa Kepi OailyIaHbIC KOHTPOJUIEpi O0ap JAeTreH MIeHIiMIe KeaeMi3

n Tail /O-
=B = —[Z Bz j (18)
i=l1
C' Gipre oH aHbIKTanFaH JIAIYHOB (QyHKIHACHI

V=3[ (s =) ds (19)

KEJIECIH1 aJlaMBI3

V,<-LY &, (20)

/n _ *o/n

myHnarsl & =z —z 7" xoHe ﬂ_l =p,---B, i=1,...,n oH TypakTbulap. Onaii Ooica

(10) xone (18) >xa0bIK TYHBIK >kyieci ri100anibl aCUMITOTANIBIK TYPAKTHI.

3.2 (1) mypoeci yakvim Kewiticyi 0ap Cobl3bIKMbIK emec MHCYUeHiH i3ihne mycy
oaxplaayvin ycooanay

Enpi 613 (1) xyiiere keH ayKbIMJAbl Kajaranayllbl KOHTPOJUIEp/l jkobayay YIIiH
OIpPTEeKT! YCTeMJIK OMICIH KOJJIaHyFa JalbIHOBI3, SFHU OChl MaKajiajaa Keleci Herisri
HOTWIKEHI aTamn eTyre 00Jaibl.

Teopema 2. (1) Typaeri yakpIT Keuliryi Oap ChI3BIKTBIK eMec Kyhe yirH 1-2
Bomxampapnan KeWiH HIBIFBIC MOIIMETTEPIH KEH AayKbIMJIIbI MPaKTUKAIBIK OaKpliay
maceneci (7) xome (18) TyxbIpeiMmapaarsl u = L'y kyiii GolibiHIIa Kepi Gaiinanbic
KOHTPOJUIEP] apKbUIbI MIEIIUIE .

Ilonenoey. (18) neH kenecini anaMbI3

n rr1+l/o-
V:_ﬂ:wl/o_g:wl/o_ :_[Zﬂizlff/rfj (21)
i=1
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Enni 613 skuHaKb! Oenriiep/1i aHbIKTaliMBbI3

z=(z,..02,) E(z):(zf‘,...,zf"",v)T wone F(2)=(p, 0, /L% ..., 0, /L" )T (22)

bipneit 6enrinepai (7) sxone (22) maitganany apKbUIbl XKaOBIK MUKIABIK Kyite (7) -
(18) kernect bIKILIAMIBI TYPAE JKa3bLITYbl MYMKIH:

z=LE(z)+ F(2) (23)

ConbiMeH Kartap, AHbIKTama 1-nmeri A=(7,...,7,) TYpJIEHAIPY CaJMarblH €HIi3¢
OTBIPBIII, OHBI KeJecile KOPCeTyiMi3 MYMKIH, siFHH, V, OIpTeKTi gapekeci 20 — T-AbIH A
KaparaH/a.

Hemexk con (19) JlsamynoB ¢ynkumsaceiH sxoHe Jlemma 2, Jlemma 3 KosmaHsl,
KeJleciiel KOPBITHIHIBI JKacayra 00J1a bl

ov,

o n aV
ARG C NEDY

lla

: oV
Viz)=L 24
,(2) 27 (24)
MyHAarbl m, >0 TYpakThl IIamMa.

(9), bomxam 1 xone L > 1 nien, 613 6, > 0 xoHe 0 <y, <1 TypaKTbUIapbIH Keleciaen
TabaMbI3

s EERG) )+52/L"" (25)

e

Jlemma 2 GoiibIHIIA KaHe i =1,...,n YIIIH Kelecifel Oenruiey apkbuiel, OV, / Oz,

OIpTEeKTI opexeci 20 — T — 7, KopeMi3

al/n 20-t-1;
‘ <" |21, my>0 (26)
CoHpIKTaH
Ly P wZU/(Hr,-)
=V <my(1+8)L7 2|7 +m, ||} +T’ (27)
— 20-1- T+7 (1=
MyHzarsl @ = m,C,, Sl ~-<1 xoHe 26(—1?/1)—(1—}/1,)21+Ki.
20 20 T+

102



[II MexxnyHapogHast Hay4YHast KOHepeHLus
«MHpopMaTHKa ¥ NpUKJIaJHAS MaTEMaTUKa»,
26-29 cenTs6ps 2018 r., Anmarsl, Kazaxcran

(27)-H1 (24)-Ke KOO apKbUIbI KEJIECIH1 alaMbl3

20/(t+7;)

KT 0
' ]+2 T (28)

i=1

2(t~d)

0= Iy -em 3 e -m 3
= =l
Jlemma 3 OolibiHIIA 7, > (0 TYpaKTBICHI Oap *OHE 01 KeJIeCiH1 KaHaFraTTaH IbIPabl

S =l (29)

20-1,-7
<],

z(t—d,)

byn keneci HoTHKEH1 Oepenl

20/(t+r;)

V()< —L(ml 7 —@em s SN L [ = S L |t -d [ j > o)
i=1 i=1

i=1

JIsnyHoB-KpacoBckuil pyHKIIMOHAJIBIH KeJecl TYpAe KYpaMbl3:
t 20
VEo) =V, @)+ @ nds, (31)

MYH/IaFbl 1] OH TYPAKThl. 7] = m3z; L™ 6oncwin, (29) xoue (30) nan

. n . 20 p
V<=L (m-Qem1+8)+m)Y L7 |- + o2 (32)
Hemexk, L-ni kemecizmerinedi  YJIKEH MOJIIEPIH  TaHgay  apKbUIbI
L> max{l, (((2+m2(1+5)+m3)/m1))"y} , MYH/1a y=min,__, {71-} HKOHE

n

_ 20/(z+71;)

P = 2 :06 :
i1

Ouaii 6osica conpait p, >0 TypakTsichl 6ap 6osazbl, (30) keneci Typre keneai
5 20
v (z0)<=p; |20 +2p. (33)

ConbiMen Oipre, V,(z) xoHe J td||z(s)||ig nds OipTeKTi gopexeni 20 — 17 koHe 20
t_

TypiieHaipy A -ra KatbicTbl. CoHIBIKTaH 1a Jlemma 2-re KaTeICThl cOHmal A, 4,, 4;,4,
TYpaKThUIaphl 6ap 60Iaabl

MO <V, ) <4, |20
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L0 <[ Iz nds < A= (34)

Ocsian kemin (33) sxone (34) GipiecyiHeH KeleciHl ajJamMbl3
V (2(0) <=p; V() + P, (35)

mynna p, =(4, +(26 —1)/20) xoue p, :z'}uz(’_z")/’/(20p2L(2"")/T)+p1 /L7

(35)-ten T >0 conpaii meTki yakpIT 0ap €KeHJITH KOpCceTy KUbIH eMeC, OJ1
V(z2)<3p, V=T (36)

OHJIa z, JKETKUIIKTI yJKeH L OoJIaThIH K€3 KEIreH OH aybITKYLIBbUIBIKKA KaparaH/Ia
Kilipek 0071ybl MYMKIH €K€H1 aHBIK.

4. KopbITHIHIbI

Bbyn xymbicTa 613 OIpTEKT! MIAPT *KarJaidarbl aHBIKTAJIMaraH YaKbIThl KEIIIKKEH
CBI3BIKTHIK €MEeC KYHEJIEepIH IIBIFBIC MOJIMETTEPIH MPAKTUKAIBIK OaKbljIay MOCENeCiH
miemyai 3eprreAik. bipinminen, 613 6ipTekTi Kyiil O0bIHILIA Kepl OailylaHbIC KOHTPOJLIEP
K00aChIH peTTeneyre 60JaThiH MacmTadTay KoddduueHTrepiMeH KypacTeipasiK. Coman
kelin Oiprexti JlsnyHoB-KpacoBckuil (QyHKIMOHAIBIHBIH KOMEriMEH MaclutadTay
nalgachblH perTey YIIiH OIpTEeKTI yCTeMJIK 9JiciH KaiTa KypaslK. Kipic mamimerrepin
IYpbIC TaHJAy AapKbLIbl IIEKTI YyakKbpIT OIpJIriHAE aHbIKTAJIMaraH ChI3BIKTBIK €MeC
KYHenepIiH KIachlH KEH ayKbIMbl OaKbljlay MYMKIH €KE€HII'H KOPCETTIK.
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Annomayun. Paccmampueaemcs menunetinoe ougghepenyuanvroe ypasneuue, ¢
YACMHBLIMU NPOUZBOOHBIMU NEPBO2O NOPSAOKA DPA3PEUleHHOe OMHOCUMENbHO OOHOU U3
NPoU3BOOHLIX.  YCcmanoeieHvl — OyeHKU  ceéepXy U CHU3y Ol HeIUHeUHO20
ougpepenyuanbroco ypagueHus ¢ YACMHLIMU NPOUZBOOHLIMU NEPBO2O NOPAOKA.
Hcnonv3zoeanuem ougpgepenyuanivbHulx HepageHcme OOKA3AHO, UYMO  HelUuHelHoe
ougpepenyuanvnoe ypasHweHue, ¢ UYACMHLIMU NPOU3BOOHLIMU NEPBO2O NOPAOKA
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paspeuieHnoe OMHOCUMENbHO OOHOU U3 NPOU3BOOHLIX UMeenm peuleHue CmpeMaueics K
HYJII0 NpU CMpeMaeHUul Ha NIoC 6€CKOHEeYHOCMb 00OHOU U3 He3A8UCUMOT NePEeMEeHHOLL.

Paccmorpum  HenuueliHoe — auddepeHIMaIbHOe  ypaBHEHHE C  YaCTHBIMU
IIPOM3BOIHBIMU MIEPBOTO MOPsJIKa ¢ N + 1 HE3aBUCHUMBIMU MEPEMEHHBIMU pa3peLIeHHOE
OTHOCHTEIILHO OJTHOW W3 MPOU3BOTHBIX

du N H( . du Ou) _ 0 )
at ur Iyli-.-;ynrayl,-..,ayn = ( )
raec
H( t Ou 6”) _
UL, Y1, e Yo ayl,...,ayn =

1 zn: Oy + f ( . ou du ) du N
= ~ u’ ) ) ") ) )
2k=1p1k yk yl yTl ayl ayn ayl

= ) = )
+ (Z m(t)yk)i oot (Z pnku)yk) 5
k=1 n

k=1

U(O,y1, ""yn) = q)(ylf "-'yn) (2)

Msr1 ucnonibdyem padotsl [1], [2], [3], KOTOpbIe HIMEIOT HEKOTOPBIE ONTUcaHue B [4],
[5]. Kpome, Toro ucnosnn3yem [6].
Onpenensercs (t,y) MHOXKeCTBO B cienyromum o0pazoM

B={(t,y):0<t<+4omo,¢c, — Lyt <y, <dp+ Lyt k=1,..,n}

rie Ly >0, ¢, <0<d ®ynkuusa H(u,t,y,q) € C? onpenenena B obnactu E C
R?*2" ipoekuus koTopoii Ha (t,y)-npoctpanctso conepxut B. (¢(0),0,0,¢,(0)) € E
u @(y) € C?. 3anaua (1), (2) npu mansix |t], ||y||, umeeT enuncreennoe pemenue u(t, y)
knacca C? [4, 173]. Bo3bMeM B IOCTATOYHO MaJoif OKPECTHOCTH HyJIs TouKy (tg, Vo) € B,
rae t, > 0 u npeanonaraem pemienue u(t, y) yaoBIETBOPSIOIIEE YCIOBHIO (2) IPOXOIUT
uepes ToUKy (to, Vo) € B u npogoinkaemo npu t > t,. JUisd onpeneneHHoCcTH 0003HaunuM
s10 pewmenue tak u(t, y; to, Vo)-

Teopema. Ilycts Ha MmHOXecTBe E C R?*2" mpoekmus kotoporo Ha  (x,y)-
HPOCTPAHCTBO COAEPIKUT B, BBITIOIHSAIOTCS CIIEIYIOLIME YCIOBHUS:

Ju Ju Ju Ju
A) |H(u’t’3’1; '-"ynra_}Tlr rﬁ) - H(urtrylr ---;Yn;a_ﬁ; pﬁ) <
n n
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Su-5
57 aﬁ

B) Umeet mecTo HEpaBeHCTBO

Ju
f(ur trylr ---;Yn;ay ayn) Zzplk(t)yk

rae pi(t) € C2(I),t €1 = [0,40),i =1,...,n; k = 1, ..., N. ¥ BBINOJHAIOTCS YCIOBHUS:
a;)  —Pr-1x-1) +Drx () = ayp(t),t €Lk =2,..,n;a; >0,

rie () € YD) > 0, [ 7 p(e)dt = +oo

P ®] _
li = =12,..,n. k=12, ..
b;) Jim = =0,i#k,i LNk 2, .,

C1) f ( Pk (s)ds =By, k=12,..,n

t + oo V(1) "X
rae v(t) = ftz Y(s)ds T + u umeer mecto HepaBeHcTBo By < 0,

M) HNmeer mecTta HEpaBEeHCTBa
Puc(£) = by (), by () € C2(D,i=1,..,m;;k=1,..,n
fwty,q) =2 h(u,t,y)
rne h(u,t,y) € C3(D), D c E, |h(6,t,y)| < 8@®Iyll, npraem

s <. i 850

Y BBITOJIHSIOTCS YCIOBHS
az) b1 k-1(t) = b (t) = ap(t), t€Lk=2,..,na, >0,

. |bik (9] . .
lim —= = =12,..,n. k=1.2,..,n
b,) Jim = 0, i#k, i 2, .o k 2, .,

cy) f b (8)ds =y, k=1,2,..,n; tme p; <0

t +oo v(t)
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Torma
tligfn u(t,y; to,vo) =0

JokaszarensctBo. Ha muoxkectBe E € R?*2" mpoekuuss kotoporo Ha  (x,y)-

MIPOCTPAHCTBO COJIEPKUT B, paccmarpuBaeM ypaBHEHUE

0y ( : 619)_0 3
5 fverg) = 3)

f (19 Ly, ) = (Z P1k(t)}’k>_ + (Z ka(t)yk>
k=1

Jlst ypaBHeHust (3) xapakTepuctudeckas cucrema nudepeHnanbHbIX ypaBHEHUH
MMEET BH/]I

rac

dy .
- = Zplk(t)yk, I = Zplk(t)yk, i=2..,n(4)

XapakTepucTU4ecKyto cucremMy (4) paccmMarpuBaeM IMpH HaYaJIbHBIX 3HAYEHUSX
| =y k=1,..,n
Yk t=ty Yi» IRLLN]
Pemenne xapakTepucTHUIECKO CUCTEMBI (4) CYIIIECTBYET
Yk =§0k(t't0'y1" 'yn) k = 1 (5)

IpU MPOU3BOJBHBIX HAYAJIbHBIX JAHHBIX ye, (k=1,..,n). (5) paszpemumsl
OTHOCHTENBHO VY, ...,V u uMeer MecTa

e = @r(to, t, V1 v, V) k=1, .., (6)

(6) oOpasyeT uHTErpaibHbIi 0a3zuc ypaBHeHUs (3).
B cuny B) umeer mecto HepaBeHCTBO

9 > H(u, t,y, 19y) (7)
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B camomM neie

H(u LYy, y) = Qk= 1P1k(t)3’k) + QR= 1sz(t)yk)—+ -+

0y
(Z pnk(t)yk> ( Z P (O yi + f(v LYy, y)>_ -
- 99 = 99
- (kzzl ka(t)yk> 6_312 - (kzzl pnk(t)yk> G_yn =
1w 99
k=1

BoseMmeM  w;(y) € C? Takoe, uto w,(y) > @ (y).
IIycte 9(ty, t,y) = @i (to, t,y1 .., Vo), k € {1, ...,n} pemenne ypasuenus (3)
(¥,t,y,9y) € E ynoBIeTBOPAIOIIEE YCIOBUIO

ﬁ(tO' tO' y) = (U1(y)
Paccmotpum ypaBHEHHE

% (003 2) =0 .
t f2 "y'ay - ()

£(6ers) - (Z bu(O)yic + h(0,t, y))
(Z bZk(t)yk>_ +ot (Z by (03’k>§%

Jlist ypaBHeHusI (8) XapaKTepUCTHUECKasi CUCTEMa HMEET BUJT

dy,
= (Zb1k<t>yk+h(ety>> Zblku)yk, i=2,m

OO6ee perieHne XapaKTePUCTUUECKON CHCTEMBI

rac

yi = 0;(t, to, ¥, .., y0),i =1,..,n; t € (tg, +).

paspelIuMbl OTHOCHTENLHO VY, ..., ¥, o3TOMY
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0,(to, t,y) = 0;(to, t,y1 e, V)i =1, ...,n.

oOpazyeT HWHTErpaibHbBIA 0Oa3uc ypaBHeHHs (8), IUIT KOTOpPOro BO Bcel oOmactu
(GYHKIIMOHATIBHBIN ONIPEeNIUTEND

(64, ., 6,)

>0
(Y1, s Vi)

B cuny ycnosus M) nmeer MecTo HEPaBEHCTBO

0, <H(6,t,7,6,) (9)
B camowm nene,

n
06
0, — H(e, t,y, ey) = (Z by ()i + h(6, t,y))a— +
k=1 Y1
n n
06 06
+ (Z b,y (U}hc) 3. + -t (Z bnk(t)yk> v
k=1 Y2 k=1 Yn
n
ou
- (Z plk (t):)’k + f(er tr 9; 9y)> a_ -
k=1 Y1

- 00 - 00
(kzzl ka(t)yk> 6_3/2 — e (kzzl pnk(t)yk> a_yn =

n 00
- (Z(blk(t) —pu(®)y +h(6,t,y) — £(6,t,86, 9y)>6_yl +

k=1
N a6 - 06
+ (Z (b2 (©)—pax (0)3’k> 3y, + -+ (Z (buk (t) = Dk (t))Yk> oy, <0
k=1 k=1 n

BoseMeM w5, (y) € C? Takoe, uto w,(y) < ¢ (y).
Iycte 6(ty, t,y) = 6;(ty,t,y),i € {1...,n} pemenue ypauenns (8) (6,t,y,6,) €
E yaoBieTBOpsIONIEe YCIOBUIO

0(to, to,y) = wo(¥).
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B cuny yenosus A) v tak Kak uarerpaisl 9 (ty, t,y), 0(ty, t,y) ypasuenwii (3), (8)
¢ HavyanbHbIMK 3HaYeHusIMA (L, to, ¥) = w1 (y), 0(ty, to, V) = w,(y) npuHamiexar Ha
B xnaccy C! u ynoBIETBOPSIOT YCIOBUSM:

) 0,ty9,)€EE, (0,t,y,0,)€E,;
2)Y, > Hu,t,y,Yy), 0, <H(O,t,y,0,)BE;

3w (y) > o(y) > w(y)

CJ'IC)IOB&TCJ'H)HO, BCrOAYy Ha B nMmeet mecrta HCpaBCHCTBaA

I(to, t,y) > ult,y; to, yo) > 0(to, t,y) (10)

B cuny ycnmoBus aq,b;,c; B B) xapakrepucrtmueckas cuctema (4) umeer
0000IIeHHBI BEpXHUH LEHTPAIBHBINA TOKa3aTenb paBHbIA [; < 0 ¥ aCUMITOTHYECKH
ycroiuuBa 1o JlsmyHoBy nipu t — +00. OTKyzna BbITEKAET, UTO

lim 9(ty,t,y) =0 (11)

0—)00

Jluneitnas ogHOpoiHAs cucteMa quddepeHnaIbHbIX YpaBHEHHH

dy ,
l_ Zblk(t)yk' [ ,...,n.

B CHJTy YCIIOBHSA Ay, by, ¢, B M) uMeeT 0000IIeHHBI BEpXHHUN [ICHTPAIBHBIHN MTOKa3aTellb
paBHbIN [y < 0 ¥ IMHEHHAs CHCTEMAa aCUMIITOTUYECKN YCTONYMBA 110 JIAmyHOBY 1Tpu ¢ —
+00. CrnenoBaTenbHO, XapaKTepUCTHIECKask cucTeMa ypaBHEeHHs (§)

dy, ;
= (Zb1k<t>yk+h(ety>> Zblk(oyk, i=2,.m

B cuy yciaosus Ha h(6,t,y) MMeeT aCHMITOTHYECKH YCTOMYMBOE HYJIEBOE DPEILEHHE.
OTtcroga BBITEKET, YTO

lim 6(ty,t,y) =0 (12)
to—+
[Tonyuaem, uro Bbemoausitores (10), (11), (12) mpu t > t,, OTKyJa BbITEKaeT

lim u(tr Y tOr YO) = 0.
t—+oo
Teopema nokasana.
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K BOITPOCY O IOCTAHOBKE 3AJIAYY BBISIBJIEHUS
®EUKOBBIX HOBOCTEMN U AJITOPUTMAX UX
MOHUTOPHHTI A

Bapaxuun B.B.!, Kyyun SI.1.2, Myxameaues P.1.2

' Unemumym eviuuciumenvuvix mexnonozuii CO PAH, Poccus,
2Unemumym un@opMayuoHHbIX U bIYUCTUMETbHBIX MEXHOLO2ULL
KH MOH PK, Kazaxcman
e-mail: bar@ict.nsc.ru, vkuchin@mail.ru, ravil. muhamedyev(@gmail.com

Annomauyusn. B pabome paccmompen gheHomer petikosvix HOBOCMelU, d MAK*Ce UX
gozmooicHvle  npusHaku.  Cpopmynupoeanvl — OCHOBHbIE — NPUSHAKU — HOBOCHEL,
NpeoCmasiAwWux uHmepec ¢ MOYKU 3PeHUsi MeOUAMOHUMOPUHed 6 UHMepPecax
COXpaHenus. COYUANbHOU CMAOUTLHOCMU U YCMOUYU8020 pa3sumus cocyoapcmed. Mx
npeocmasieHue 8 ude 080UUHO20 Oepeda npediazaenm ajicopumm NPUHAMUS PeueHUl
npu 8vlasieHUU elikogblx Hosocmel. B 3aknouenuu npueooamces 08a 0OWUPHBIX Klacca
AN2OPUMMO8, HANPABTIEHHbIX HA BblAENIeHUE (DelKOBbIX HOBOCHIEIL.

®enomeH (EHKOBBIX HOBOCTEH MOJAPOOHO MpoaHAIW3UpOBaH B pabote [1]: «...B
COBpeMEHHO cdepe moTpediieHust cPopMUPOBATIOCH MHOE HAIIPaBICHUE MUCTU(DUKAINH,
HampaBJiecHHOE Ha OOMaH ajpecara, KOTOPhIH MOXKET BOOOIIE HE OCO3HABAThCS
MoJTyJaTesieM COOOIIEeHHS.

deHOMEHOM COBPEMEHHOTO MEANAPOCTPAHCTBA CTAJIM TaK Ha3bIBaeMble (PEHKOBbIE
HOBOCTH. OT CEroJHANIHEr0 NOTPEeOUTEIs] HOBOCTHOTO KOHTEHTA TPEOYEeTCs HE TOJIBKO
yMEHHE 4YUTaTh, HO U YMEHHE aHAJIM3UPOBATh HOBOCTH: JOBOJBHO YacTO COOOIIEHUS,
onyoimkoBaHHbIe B CeTH, 1a)ke Ha caliTaX CephE3HBIX MENa, SBIISIOTCS HEPABJIOH. . .
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I'moGanpHast ceTh A COBPEMEHHOIO JKypHAJUCTa SIBISETCS HCTOYHHUKOM
uH(popMaluY, TOCTOBEPHOCTh KOTOPOH J1aJieKo He BCerja yaaercsi ycraHoBUTh. C 0JIHOM
cTopoHbl, MHTepHeT mnojicka3biBaeT MHGOPMALUMOHHBIE MOBOJBI M IOMOTAeT HAWTU
HY)KHBbIE ()aKThl, 0JIHAKO HEPEJIKO 10 BUJIOM ceHcaluii B CeTu npeaaraercs sBHasi J10XKb.
MucTtudukanus, MOCTpOE€HHasi Ha BBEACHUU B 3a0IyXKJCHHUE, MOXKET OKPYXKaTb Haxke
BrojiHEe OObIAeHHBIE cOoOBITHS. HoBoctm o moumckax kota Jmutpuss MenBenesa,
MUJUIMApAHOM HITpade Samsung, BHIIIAUEHHOM MATULIEHTOBBIMM MOHETaMHU, O TUIATHBIX
TyajleTax B I0e3/lax Ha YKpauHE — TOJBKO CaMbleé HM3BECTHbIE M3 IOCIEIHUX
MenradeiKoB, CBSI3aHHBIX ¢ COOBITUSAMH B POCCHU M COCETHUX CTpaHaX.

B Hacrosimee Bpemsi Bc€ OoJblliee paclpoCTpaHEHHME IOJIYHaloT MPOTrpamMMHbIE
CpEeICTBa, MpeHa3HAYEHHbIE JIUIsl MOHUTOPUHIA CPEJCTB MaccOBOM MHGpOpMaIiu, 0JI0r0B
U T.OI. C LEJIbIO BBIICHEHHUS OOIIECTBEHHOI'O MHEHMSI OTHOCUTEJIBHO Ppa3JIMYHbIX
HMHCTUTYTOB rOCYapCTBEHHOM BJIACTH, JOJDKHOCTHBIX JIUL, KOMMEPYECKHX OpraHU3aluii,
MEIUUHBIX IEPCOH | T.1. OHOM 13 HanboJIee BaXKHBIX MPOOJIEM B ITPOIIECCE MOHUTOPUHTA
SIBJISIETCS] BBISIBJICHHUE JIOJKHOM, Tak Ha3bpIBaeMoi (eiikoBoii (0T anri. fake — danpmmBka)
uH(pOopMaLUY, paCIPOCTPaHIEMO € LEIbI0 UCKaKEHUS KaPTUHBI OOLIECTBEHHOIO MHEHHUSI
U JUCKPEIUTALIMH TE€X WM UHBIX YUPEKJICHUN, OpraHu3aliii U OTAEIbHbBIX JIULL.

Kak ’xe co3marh aJropuTMbl, KOTOpble aBTOMATHYECKH BBISBIISIM Obl (heliku B
MIOTOKE HOBOCTEN?

O0630p METO/I0B BBISIBJICHHS JDKM B IMMMCBMEHHOM TEKCTE JaH B [2], OJHAKO B HEM
peub HAET, B OCHOBHOM, O <OKHMBOM IHMCBMEHHOW» pEYH, BKIIOYas HHTEPHET-
KOMMYyHHKaIu, Ho He 0 CMU. B ogHOM M3 paccMOTpeHHBIX B 0030pe HCCleA0BaHUN
OTMEUYEHO, YTO «DKEIbl MPOIyUUPYIOT Oo0Jjiee UIMHHBIE TEKCThI, UCHOJb3YIOT OO0JbIle
CJIOB, CBSI3aHHBIX C KaHajlaMM BOCIPUATUS (BUIETb, CIBIINIATH), UCIOJIb3YIOT MEHbIIIE
MECTOMMEHHU I caMope(epeHIuii, O0IbIe — I HAUMEHOBAHUS JIPYTUX JIFOACH.
Kpome TOro, MoTHBUpOBaHHBIE JIKEIbl K30eraau Kay3anui, a HEMOTUBUpPOBAHHbIE
YHOTPEOISIM MHOTO OTPUIIAHUI.

B cratee [1] oTMeueHn anamorwuHbIi mnpu3HAK (QeitkoB: «C mocTaToOYHON
YBEPEHHOCTHIO MOXKHO Ha3BaTh JIEKCUYECKHE MapKepbl (heHKoB, 001IMe A peKyiaMbl U
CMU: «BBI Oynere MOpa)keHbD», MO YrPO30W MCUE3HOBEHHUS», «KMHUPOBOE OTKPBITHEY,
«HEYTO CTPAIIHOE», «OYJOPaKUT YMbD» — BOT TOJbKO HEKOTOPHIE 3ar0JI0BKU TU3EPOB U3
Martketgidy.

Hakonen, mpu paboTre ¢ KOpPIYCOM pPYCCKHMX IMCBMEHHBIX TEKCTOB [3, 4],
CHeIHaIbHO IPEeIHA3HAYEHHOM JUIsl UCCIIEIOBAHUS SI3bIKOBBIX OCOOCHHOCTEH TEKCTOB Ha
PYCCKOM SI3bIKE, COJIEPKALUM HAMEPEHHO HMCKAKEHHYIO MH(GOPMALIMIO, BBISBIEHO, YTO
MOJEeNU OOHApY)KEHUS JDKM B TEKCTE€ MOTYT OBbITh 3HAUMTEIBHO YIYULIEHBI ITyTEM
paccMOTpEHUS IMYHOCTHBIX XapaKTEPUCTHK UX aBTOPOB (I10J1, BO3PACT, ICUXOJIOTHUECKUN
npoQuib).

Opnako mnpodeccruoHanbHO co3JaHHble (eliku, umutupyromue crtwib CMU,
COBEPUICHHO JINIIEHBI 3MOIMOHAIIBHBIX, TUYHOCTHBIX U T.I. XapakTepucTHUkK. [Ipumepom
atoro siisiercs noptan «MA «Ilanopaman» [5], cnenuanu3upyromuiics Ha (EeHKOBBIX
HOBOCTSX. XOTsI IOPTaJl HE CKPhIBAET TaKOW ClielMaIn3aluu, HO HEPEAKH Cilydau, Korja
nocie 1-2  mepemneuyaTok  (eHKOBbIE HOBOCTH, HoOpoxieHHble «[laHopamoii»,
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pacnpocTpaHsauch BrojHe cepbe3nbiMu CMU. [Iprunna 3akitoyaeTcst B ToM, 4To (helku
«[TaHOpaMb1» aOCOIIOTHO TOYHO UMUTHPYIOT CTUJIL HOBOCTHBIX areHTCTB. Hanpumep:

«llenmpooank evinycmum Kyniopul ¢ u300pasxceHuem uzpokoes coopnoii Poccuu
Hiwons 16, 2018

PykoBonctBo llenTpoOanka pemmio mojjaepx’aTh UTpokoB cOopHoit Poccum mo
¢byroomy, TpuyMdanbHO CTapTOBABIIECH Ha YeMIMoHaTe Mupa. Jluna gyrdoauctoB OyayT
3amedariieHbl Ha OaHKHOTaxXx pa3HOro HoMmuHana, a TpeHep CranucinaB Yepuecor
YIOCTOMJICS YECTU MOSBUTHCS Ha ISTUTHICSYHON KyIIOpe — coOOIIaeT mpecc-ciryxxoa
BEJIOMCTBA.

«Xouercs caenath npusTHOE pedsitam. OOpagoBalIv TaKe MEHs, XOTS 51 He OOJIbIIas
MoKJIOHHUIIA (yrdosia, HO 3a AepxkaBy paaoctHO. OueHb pPEIKO y HAc YTO-HUOYIb
xoporree noiydaercs. Hamo O pesaT moomputs. Hareyaraem ux mopTpeTs Ha JeHbrax,
Y OHHU YBHJIAT, KaK IMH BCE TOPATCS U TIOCJIE 3TOTO emé Koraa-uuoyas nobdemar. Kpome
TOro, pedsiTa XOTh Ha PYOJIH TOCMOTPST, & TO HEKOTOPBIE YAMBISIOTCS, YTO €CTh TaKas
kymtopa 200 pyoneit», — 3asBwia rinasa L|b DneBupa Habuymuna...»

@DeilKoBOCTh 3TOM HOBOCTH OYEBHJHA JHOOOMY CKOJIBKO-HHOY/Ib HCKYIIEHHOMY
YHUTATEII0, HO JTaKe TOAPOOHBI CEMaHTHUECKUI aHATIN3 BPSI TN BBISIBUII €€ (DeHKOBOCTD,
MOCKOJIBKY JISI 3TOTO TpeOyeTcsi, YTOOBI COOTBETCTBYIOUINE aJTOPUTMBI ONUPAIUCH HA
MOJIPOOHEHIITYI0 OHTOJIOTHIO, YYHTHIBAIOIIYI0 MHOXXECTBO POCCHICKHX OOIIECTBEHHO-
MOJIMTHYECKUX PEATNi, 9TO PAKTUIECKH HE (POPMATH3YEMO.

[Ipu sTom B [2] noguepkuBaercs: «IIpu BbIOOpe XapaKTepUCTUK TEKCTA, CIOCOOHBIX
OBITh MapKepamMH JKU, HEOOXOIMMO B TIEPBYIO OYEPE.lb OMUPATHCS HA T€, KOTOPHIE MOTYT
OBITh U3BJICUCHBI U3 TEKCTA aBTOMATHUYECKH. Ha HaCTOSAIMIT MOMEHT CaMbIMU HAJICKHBIMU
SIBIISTFOTCSL MOP(OJIOTHYECKHE TTApCEPBI, OTPEACTICHHYI0O TOYHOCTD JTAI0T CHHTAaKCHYECKUE
napcepbl. CeMaHTHYEeCKHE aHAIM3AaTOPhl K HACTOSIIEMY BPEMEHH NIAlOT OY€Hb MHOTO
omuOOK U OB UCKITFOUEHBI U3 UCCIEIOBAHUSY.

Kak e cienyer MOAXOIWTH K PEIICHUIO 33/1a4d aBTOMATHYECKOTO BBISBICHHS
¢eiikoBbIX HOBOCTEH? [l KOHCTPYKTHBHOIO OTBE€Ta Ha 3TOT BOMNPOC HEOOXOIUMO,
MpeXae BCEro, yTOYHHUTH OIpesesieHrue (HEeHKOBOW HOBOCTH HACTOJBKO (HOpMAIIBHO,
HACKOJIBKO 3TO HEOOXOIMMO Ul aITOPUTMU3ALNN ITOTO Tporecca. KoHedHo, Bps m
CYIIECTBYET HeKasl «aOCOJIOTHas» TOYKa 3PEHUs, ¢ KOTOPOW MOXHO ObUIO OBI JaTh
CKOJIbKO-HUOY/Ib YHUBEpcallbHOE olipeneieHne (elkoBol (JI0KHOM) HOBOCTH, HOO
CYIIECTBOBAHHME HEKOM TOYKH 3peHUsS (PaKTHUECKH O3HAYAI0 HAJIMYNE YHUBEPCAIBHOTO
KPUTEPHsI MCTUHHOCTH/JOKHOCTH wH(popMarwu. [losToMy menp NpUBEIEHHOTO HIDKE
aHaIM3a — YTOYHHUTH MOHATHE (EHKOBON HOBOCTH NMPUMEHUTEIHHO K 3aJa4aM CO3/IaHUS
MH(POPMAIIMOHHBIX CHCTEM MEIMaMOHUTOPHHTA B MHTEPECaX COXPAaHEHHS COIHMAIbHOU
CTaOMIIBHOCTH M YCTOMYMBOTO Pa3BUTHSI TOCYIapCTRA.

B [1] ormedeHo: «...HOBBIE 3amaud co3AaHUs (EHKOBBIX HOBOCTEH CBS3aHBI C
COLMANBHOW pEeKIaMoil — TpHBIEYh BHHMAaHHE K OIPEACICHHOMY COOBITHIO,
BO3/ICICTBOBaTh Ha OOIIECTBEHHOE MHEHHWE». OTH 1T HEePEAKO MPecieayroT
HETNPOBEPEHHBIE HOBOCTH, KOTOpPHIC TPH3BAHBI JAUCKPEIUTHPOBATh TEX WM HMHBIX
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MOJINTUYECKUX JesTeNIel, roCylapCTBEHHbIE UM OOLIECTBEHHbIE MHCTUTYTHI U T.N. B
YaCTHOCTH, Tak Kak corjacHo cratbe 77 Koncturymuu PecnyOnuku Kazaxcran «imiio
CUMUTAETCS HEBUHOBHBIM B COBEPLICHUU MPECTYIUICHUS, [TI0KAa €r0 BUHOBHOCTh HE OyneT
MPU3HAHA BCTYNUBUIMM B 3aKOHHYIO CUJIy IPUTOBOPOM CYZa», TO K (PEHMKOBBIM HOBOCTSAM
MOTYT OBITh OTHECEHBI BCE€ HOBOCTH, COJEpIallhe HE IMOJKPEIICHHbIE BCTYIHUBIINM B
CHILY IIPUTOBOPOM CyJ1a OOBUHEHHUS T€X WUJIM UHBIX JIUI] B COBEPILIEHUH MPECTYIIICHUH.

[Ipy BSTOM Ba)XXHO OTMETUTH CleAylIMHA MoOMeHT. B PexoMenmamusax mno
pacrno3HaBaHulO (elkoBbIX HOBOcTell MexnayHapoanoit @exnepanuu OHOIMOTEUHBIX
accormanuii u yupexxkaennit (International Federation of Library Associations; UDJIA) [6]
CaTUPUYECKUE HOBOCTH OTHEISIOT OT (PEMKOBBIX HOBOCTEW. B npyrux myOnukanusx,
Harmpumep, [7], caTupy U MapoJiuio, XOTh U BKJIIOUAIOT B YUCIIO (PEHKOBBIX HOBOCTEH, HO
BBIJICIISIIOT B 0COOBIN Kilacc. B pamkax pelieHusl MOCTaBJIEHHOM 3a7auu Tak MOCTYNaTh
HelenecooOpa3Ho: eclu HEKW cailT, Hampumep, ynomsinyras Bamie «l[lanopamay,
reHepupyeT 3aBe0MO NapoAUiHbIE HOBOCTH WJIM JK€ HA CEPhE3HOM CaliTe TEKCT BKIIOUEH
B pazgen «Carupay, TO TaKM€ HOBOCTU HEpPEAKO (IO IIYMOCTH WJIM 3JIOHAMEPEHHO)
LUTUPYIOTCS Kak Hactosue. [Ipu 3ToM mocie nmoBTOPHOTO IIUTUPOBAHMSI HEBO3MOMXKHO
OBICTPO YCTAaHOBUTH MIEPBOMCTOYHUK, UTO €llle Oosiee 3aTpyJHSIET MPOLECC YCTAHOBIICHUS
¢etikoBocTH. [Ipu 3TOM mpenogHeceHNEe MApOAUMHON WM CAaTUPUYECKON HOBOCTH Kak
CepbE3HOM JOCTUTaeT IVIaBHYIO LIEJb: JUCKPEAUTALMIO TeX WJIM HHBIX MOJUTHYECKUX
nesiTeniel, ToCyJapCTBEHHbIX WIIM 00IIeCTBEHHbBIE HHCTUTYTOB.

OnumieM npU3HAKU HOBOCTEH, MPEACTABISIOUIMX HHTEPEC C TOYKH 3pEHUs
nosib3oBareneil  MHQOPMALMOHHBIX CHCTEMBl MEIUAMOHUTOPUHIAa B  HHTEpecax
COXPAHEHHUS COIMAJIbHOM CTaOMIIBHOCTH U YCTOMYMBOTO Pa3BUTHUS TOCYIapCTBA.

Bo-nepBbix, cpa3y oTOpOCHM HOBOCTU Hepe30HAHCHBIE, KOTOPbIE MMyOJIMKYIOTCS Ha
pecypcax ¢ MajbIM MEIHAa-0XBATOM WJIM K€ HMMEIOLIUE 3a ONpEIeNICHHBbIM HHTepBall
BPEMEHHU MaJlo€ KOJIMYECTBO penocToB. O4EeBUIHO, TaKu€ HOBOCTHM HE MOTYT OKa3aTb
CepbE3HOE BIUSHUE HA COLIMANIbHYIO CTA0MIIBHOCTD.

Bo-BTOpBIX, pe3oHaHCHBIE HOBOCTH IIPOBEPSEM Ha COLMAJIBHYI0 3HAYMMOCTbD,
OpUEHTHUPYSChb, TPEXAEC BCEro, Ha TEMAaTHUKy HOBOCTH, IIOCKOJbKY HOBOCTU C
MaJO3HAUUTEIbHON TEMATUKON TakKe cjlab0 BIMSAIOT HA COLMAJIbHYIO CTAaOUIIBHOCTD,
HE3aBHCHMO OT UX IIPOUYUX XapaKTEPUCTHK.

B-Tperbux, eciii HOBOCTh COLMATBHO 3HAYMMAS, TO IPOBEPSIEM €€ JOCTOBEPHOCTH
(bakTHuecku ompenensieM, SIBISETCA U HOBOCTh (PeiKoBOM). IT0 — HanboJiee CIoKHas
4yacTh Ipolecca MPUSATHS pelleHuid, KOoTopblil m3o0paxeH Ha puc.l. Ecaum HoBoOCTh
HelocToBepHas ((elikoBasi), TO Mbl OTHOCUM €€ K KJlaccy MpeACTaBISIOUIUX HHTEPEC C
TOYKM 3pEHUs TOJb30BaTeNeld MHQPOPMAIMOHHBIX CHCTEMbl MEIUAMOHMTOPHUHIA B
MHTEpECax COXPaHEHUS COLMATIbHON CTaOMIIBHOCTH.

Hakonen, B-ueTBepThIX, Jaxe (OpPMAIbHO AOCTOBEPHAsi HOBOCTb, HO HECYIIas
MPU3HAKH HeO0ObeKTHBHOCTH (HEONpPAaBJAaHHO BBICOKAs CTENEHb I'€HEpaIMU3alUH,
W3JIUIIHSS SMOLIMOHATIBHOCTD, MOJIMTU3UPOBAHHOCTD U T.IL.) TaK:Ke OydeT OTHeceHa K
KJIaccy NMpeacTABJISIOIIUX UHTEPEC C TOUKHU 3pEHUs M0Jb30BaTeNel HHPOPMAIMOHHBIX
CUCTEMbI MEMaMOHUTOPHUHTA.
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Puc.1. Anroputm npouecca npuHATHS pellleHUl

Wrak, BwIsBIeHHE (DEHKOBBIX HOBOCTEH SIBISETCS C TOYKH 3PCHHS OOCCIICUCHUS
MHTEPECOB HAIMOHAJIBLHON 0e30MacHOCTH Haubosiee BaXHOU 3amadeit. st ee pemieHus
MO>KHO pacCMOTPETH 2 Kilacca aJlrOPUTMOB:

1. ANTOpWTMBI, TPU3BAaHHBIC BBIABIATH (DEHKOBBIE HOBOCTH Ha CTaJuu
3apoxkaeHus. s 3Toro TpedyeTcsi CeMaHTHYECKMH aHallu3 TEKCTOB Ha MpPEeAMET
BBISIBIICHUST (EHKOBBIX «(paKTOB», TPH OTOM ISl OINHWCAHHWS TakuX «(pakToB B
COOTBETCTBUU C [8] TpeOyeTcsi co3maHne OHTOJIOTHH, COJAEpXKAIIei, ¢ OJTHONH CTOPOHHI,
CHUCOK JuI[ (IEePCOHANbHBIA M JOJHDKHOCTHOM) M TOCYJapCTBEHHBIX MHCTUTYTOB,
Qg damarisi KOTOPBIX MPEACTABISIET YTPO3y HAIMOHAIBHON 0€30MacHOCTH, a, C JPYroW,
- MepedyeHb JesHUM (TIPECTYIUICHHH, TpaBOHAPYIIIEHNUH, HEITUYHBIX TOCTYIIKOB U T.IIL.),
MPUMKUCHIBAHUEM KOTOPBIX MOTYT ObITh AU(PPaMUPOBAHbl YyKa3aHHbIE JIMLIA U
roCy/lapCTBEHHbIE MHCTHUTYTBHI.

2.  AJTOpUTMBI, PU3BAHHBIC BBIABISITH pacrpocTpaHeHne (EHKOBBIX HOBOCTEH.
Ora 3a/1a4a HECKOJIBKO MPOIIIE MPEAbIAYIIEH, TaK KaK COOTBETCTBYIOIAsl OHTOJIOTUSI OyieT
colepKaTh KOHKpPETHble (elKoBhIe (DaKThI, 3alylHIeHHbIE B WH(MOPMAIIMOHHOE
IpoCcTpaHcTBO 1 Muddamaniiy Ha3BaHHBIE BhIILIE JIMLA U TOCYJAPCTBEHHbBIE UHCTUTYTHI.

[IpakTnueckass peaiu3anusi YKa3aHHbIX QJITOPUTMOB BO3MOXKHAa B paMKax
pa3paboTaHHBIX HAMH MOJEJTCH JOKyMEHTATBbHOTO H (haKTOrpaduyeckoro IMOMCKa

(cM.[8]).

baarogapuocru

Paboma  ¢unancupyemcs  epawmom  Ne  BR05236839  «Paspabomka
UHPOPMAYUOHHBIX MEXHONIO2UL U CUCEM Ol CIMUMYIUPOBAHUS YCIMOUYUBO2O PA3EMUS
JUYHOCMU KAK 00HA U3 0CHO8 pazsumusi yugposoeo Kazaxcmanay.
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Annomayua. B nacmoawee epems cywecmeyem MHOMICECME0 MEXHUUECKUX
ycmpoticme, OmKa3 KOMOPbLIX Modcem Oblmb C843aH He MOAbKO C O02POMHbIMU
QunancosviMu nomepamu, HO U ¢ y2po3ou OKpydcarowel npupoonot cpeoe. llosmomy
8ANCHOU NPOOIEeMOU A61AemCs IPPeKmusHas OUACHOCMUKA COCMOSIHUSA, 8 MOM YUcie
9/1eKMPOHHBIX KOMNOHEHMO8 U NPOBEPKU UX ycaoeuil pabomsl. Pannee svisgnenue owubku
no36oisem 6gecmu NPoQuIaKmudecKue mMepol U U30eHcams CepbesHblX NOCIe0CMBUl.

Bonokonno-onmuueckue oamuuxu (BO) umerom psao npeumywecms, naubolee
8AJCHBLE U3 KOMOPBIX BKIIOYAIOM 8 Ce0sl UMMYHUMEM K 2JIeKMPOMASHUMHBIM NOMEXAM,
MAnvlil 8ec U BO3MOJNCHOCMb UX BKIIOYEHUs 6 usmepsemyro cmpykmypy. Haubonee
nepcnexkmusnvimu BOJ] aenaiomces 0amuuku Ha 0CHO8e 80JI0KOHHbIX peuiemkax bpseea
(BPE). BPE umeem psio ocobvix npeumywecms, Hanpumep, OHu NO380IAI0M CO30A8aMb
pacnpeoeneHnvle UsMepumenbHble MacCugsbl, KOmopule co0epiHcam HeCcKOIbKO OamyUKos.
A maxoice OHU Heuy8CMEUmMENbHbl K KONEOAHUAM ONMUYEeCK020 UCMOYHUKA NUMAHUS.
Pasnoobpasue npumenenus 6on0koHHbIX Oamuuxkos Ha ochose BPb npusenu «
uzeomoenenuto BPb ¢ paznuunvimu cnekmpanvuolmu xapakmepucmuxamu. OOHOpoOHble
BPE umerom cnekmpul ¢ cunoubiMu OOKOBbIMU I@NECMKAMU, KOMOpble MO2YM 81UsAMb HA
xapaxkmepucmuku ob6pabomku memnepamypHo2o oamuuxa. /[nsa cenaxcueanusi 60K08vix
JIenecmKo8 UCHONb3VIOM Memoo anoou3ayuu, KOmopbulil A611emcs 0OHUM U3 Cnocobos
8030eticmaus Ha CHEKMPAbHYIO popmy.

B cmamve paccmompenvi eonpocet mamemamuueckoco U KOMNbIOMEPHO20
mooenuposanus BPE ¢ ucnonvzosanuem memooa mampuy nepenoca. Memoo mampuy
nepeHoca nNo360.Aem Onpeoeiums CHeKMpPAalbHyl0 XApaKmepucmuKy OnmudecKux
KOMNOHEHMO8 HA OCHO8E MEOPUU CEA3AHHLIX MO0 U MAMPUYHO20 ONUCAHUS
NEeKMPOMACHUMHOTU 80.IHbI, npoxoosiueti yepes onmuyeckoe  B0JIOKHO.
Ilpoananusuposanvt BPB ¢ paznuunoii OIUHOU 8 COOMEEmMCmEUU co CNeKmpaibHbIMU
Xapakmepucmukamu maxkux, Kaxk CHeKmp NponycKawus u ompadcenus. A maxoice
npoBedeH SKCNEpUMEHM C GIUSHUEM pA3IUYHbIX — NApaAMempos HA CHeKmpaibHbule
xapaxmepucmuxu BPB. Hccrneoosanwvl cnekmpanvhvie xapakmepucmuku BPB u evibpanbi
OnmMuManbHble napamempuvl peuiemku Onsl  pa3pabomKu  80IOKOHHO-ONMUYECKUX
damuukoe Ha ocHose BPP.

Knrouesvie cnoea: eonokonnvie pewemku bpseea, 6010KOHHO-OnNmMuUYecKue
oamuukuy, memnepamypa, Mamemamuieckoe MooeIuposanue, anoou3ayusl.

BBenenue

B Hacrosimee BpeMmsi CyIIeCTBYeT MHOKECTBO TEXHHUYECKHX YCTPOMCTB, OTKa3
KOTOPBIX MOKET OBITh CBSI3aH HE TOJILKO C OTPOMHBIMU (PMHAHCOBBIMH MOTEPSIMH, HO U C
YIpo30i OKpyxKaromieil mpupomnoi cpene. Ilosromy BaxkHOW mpoOIEeMON SIBIsSETCS
¢ dexTuBHAS TUArHOCTHKA COCTOSHUSA, B TOM YHCJIEC 3JEKTPOHHBIX KOMIIOHEHTOB M
MPOBEPKH WX YCIOBUM paboTel. PaHHEe BBIsIBICHHE OMMOKH TIO3BOJIIET BBECTH
npodUIaKTUYECKHE MEPHI U N30€KaTh CEPhE3HBIX MOCIICACTBUM.

N3meputenbHbie CUCTEMBI Ha OCHOBE OITOMICKTPOHHBIX CHCTEM HaXOJAT
MIPUMEHEHHE B IMATHOCTUKE MaIlIuH H mpoiieccoB [1]. Ocoboe MecTo 3aHMMArOT AATYUKH
OTNTHYECKOTO BOJIOKHA, KOTOPBIE XapaKTEPHU3YIOTCS PSAIOM MPEUMYIIECTB, CPEIU KOTOPHIX
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Ceknus 1. CoBpeMeHHbIe P06JeMbl IPUKIAJHON MaTeMaTUKH,
MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

Han0oJiee BaKHBIMHU SBIISIOTCS IMMYHHUTET K 2JICKTPOMAarHUTHBIM IIOMeXaM, HU3Kasi Macca
1 BO3MOXHOCTh UX BCTPAaWBaHUS B M3MEPSEMYIO CTPYKTYpY [2]. B ciydae ceHcopHBIX
CHCTEM Ha OCHOBE BOJIOKOHHBIX PEIIETOK bparra BayKHBIMU MPEUMYIIECTBAMU SIBIISIOTCS
HE3aBUCUMOCTh TOUHOCTH U3MEPEHUs OT (IYKTYallMl UCTOYHUKA CBETa M BO3MOXKHOCTh
co3fanus 00Jiee CIIOKHBIX H3MEPHUTEIBHBIX CHCTEM ITyTeM pa3MENIeHUsS HECKOJIBKUX
JAaTYMKOB HA OJTHOM OITHYECKOM BOJIOKHE. Bosokonusie pemerku bparra B
YyBCTBUTEIBHBIX MPHIOKEHUAX MOTB3YIOTCS HEOCTa0eBaIOIIUM HHTEPECOM CO CTOPOHBI
YYEHBIX BO BCEM MHUpPE B TE€UEHHE MHOTUX JIeT. X OCHOBHBIM CBOWCTBOM SIBJISIETCS
CIOCOOHOCTh OTpakaThb CBETOBOE M3JYYEHHME C YETKO OMNPEJCIIEHHOMN JJIMHON BOJHBI, C
OJTHOBPEMEHHOM MTPO3PAYHOCTHIO JIJIsl CBETA C Pa3HBIMU JUIMHAMH BOJHH [3], [4].

OCHOBBIBasICh Ha OTPEIEICHUN CMEIIEHUS OTHOCHTEIIBHOW LEHTPATbHOW JIMHBI
BOJIHBI, (PIIYKTyallid ONTHYECKON MOIIHOCTH HCTOYHHMKA CBETAa HE BIUSAIOT HA €ro
ToyHOCTh. CylllecTByeT MHOTO METOJOB OMpEIeNICHUs JJIMHBI BOJHBI bparra, Takxke
MTO3BOJIAIOIIEE €€ ONPECIICHNE Ha OCHOBE CIIEKTPOB, COJCPIKAINX CUIIBHBIN 1myM [ 5], [6].
Jluneitnas 06paboTKa M3MEPEHHON BEIMUMHBI [IPH [Iepeiade CABUTa XapaKTePHOU JUINHBI
BOJIHBI, Ha3bIBAEMOW ILIEHTPAJIbHON MJIMHON BOJHBI bparra, nemaer Mx €CTeCTBEHHBIMHU
npeobOpazoBaTesiMi (PU3NUECKUX BEIMYMH TaKUX, Kak cwia [7-9], Temmeparypa win
nedopmaruu [10], [11].

[TapameTp, KOTOpPBIN OKa3bIBACT OMpPENCICHHOE BIUSHUE HA (OPMY PEIIETOYHOTO
criektpa bpoarra, saBnsercs anomuszanmsa. B mpocreimiem ciydae Mbl  pa3iidyaeM
OJIHOPOJIHBIE PEIIETKH, B KOTOPBHIX TIyOMHAa MOAYISIIUU KOX(hGUIIMEHTa pa3pylIeHUs
MHTEP(EPEHIIMOHHBIX TOJIOC OJIMHAKOBAa IO BCEW MJWHE CTPYKTYphl. MHOKECTBO
KOHKPETHBIX MPUMEHEHHM BOJOKOHHO-ONTHYECKUX OJHOPOJHBIX CTPYKTYP BBIHYKIAJIO
BHEJIPEHHUE alOJN3UPOBAHHON (YHKIIMK B MX METOJbI MIPOU3BOACTBA, YTO MPHUBOJUIIO K
MePEMEHHOM TIIyOMHE MOIYJIAINH TIOKA3aTeNs MPEIOMIICHUS PEIIETOYHBIX MOJIOC.

OpnuM u3 Hambosee 4acTo MCIOJIb3YEMBIX METOJOB OMpoca TEMIEPAaTypHOTO
JaTYMKa HA OCHOBE BOJIOKOHHBIX pemieToK bparra siBisercss QuibTpanusi ¢ MOMOIIBIO
BTOPOM PEIIETKH C TOW k€ IEHTPAJIbHOM JJIMHOW BOJIHBI, CO3JAHHOW B HMJACHTUYHBIX
HayaJbHbIX ycnoBusx [12]. B Takoii cucreMe BaKHBIM MapaMeTpoM, 00yCIOBIMBAIOIINM
MOJIC3HOCTh JIAaHHOW TEPUOJUYECKON CTPYKTYphI, SBJISICTCS MHUHUMHU3AIMS TaK
Ha3bIBa€MBIX OOKOBBIX JienecTKOB [ 13]. Ogaum u3 crnoco0oB JoCTIKEHHS 3TOTO YhdexTa
SIBJISIETCSl armoIM3aIysl MyTeM U3MEHEHUs TJyOMHBI MOIYJIAINN U3MEHEHUN MOoKa3aTess
MpEeJIOMIIEHUS B SJpe ONTUYECKOro BOJIOKHA BJAOJNb €ro ocu. IIpousBoacTBo
MEPUOANYECKUX CTPYKTYp C JIIOObIMH (YHKIUSIMHU aMoAW3allud YacTO CBS3aHO C
HEOOXOTUMOCTBIO TIEPECTPOUTH CHUCTEMY, M IO3TOMY BO3MOXKHOCTH HCIOJIb30BaHUS
MAaTeMaTHYEeCKUX MOJIEICH JJIi UMUTALMU CIIEKTpa PEIICTKH C YKa3aHHOMW amoau3aruen
OIpaBJiaHa.

MartemaTHyeckasi MoJeJib ANMPOKCHMHPOBAHHBIX pelieTok bparra

OpHMM U3 METOJIOB MOJIENIMPOBAHUS SABJISETCSI MeTo 1 MaTpullsl nepenoca (TMM),
HazbiBaeMblit  Transfer Matrix Method [14], xoTopblii 1O3BOJISIET ONPENEATH
CHEKTPAJIbHBIE XapaKTEPUCTUKU ONTUYECKUX JIEMEHTOB Ha OCHOBE TEOPUU CBSI3aHHBIX
MOJ, U MaTPUYHOTO OINMCAHUSA BJIEKTPOMAarHUTHON BOJIHBI, KOTOpas IMPOXOJUT 4Yepes
MOCJIEAYIONINE TIEPUO/IBI ONITHYECKOTO BOJIOKHA [15].
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B sTOoM moaxoze Mbl mpemnoiaraeM, 4To BCs JUIMHA PEIIeTKH L nenuTcs Ha TOYHO
OTIPEIETICHHOE YUCIIO CEeKIHM N, TaK YTO KaXKIbIi OTPE30K, CO3JaHHBIM TAKUM 00pa3oM C
mmHOM Az= L/N, MOXHO paccmaTpuBaTh Kak OJHOPOAHBIA. Martpuia mnepexona,
OTIMCBIBAIOIIAS 1-1 pa3zen, Oyner onpeaensatbes [16]:

cosh(y@z)—zsinh(y@)z) —iksin(y@)z)
T, = P r (1
i—sin(y ® z) cosh(y ® z) ——sinh(y ® z)
/4 /4

JlJig yKa3aHHOTO BBIIIE ONPEENICHUs] TakKe MPEroaraercs, 4Yro K- nepeMeHHas
COCTaBJISIIONIAs KOA(PPUIIMEHTA CBA3U JUIsl KOHTPACTHOCTHU II0KA3aTells IIPeoMIIeHUs V=1,
aHaJIM3UpyeMast JUIMHA BOJHBI A U Ipeanojaraemas QyHKIuUs anoau3anuu g (z):

IT N
sz-v-aeﬁ.(z) (2)
S,(2)=0,5-8(2) 3)

Bo Bpemsi MopenupoBanus pemierku bparra 3HaueHue KOMIIOHEHTa [IEPEMEHHOTO
ko3¢ ¢uLmeHTa CBSA3M K 3aBUCUT OT BbIOOpa orubaromeid (yHKIMM TOKa3aTess
npenomwiienus (2). Ilomueiii ko3dduumeHT cBs3u omnpeaensercss ypaBHEHUEM (4).

M3BecTHO TaKKe, 4TO A - JUlMHA BOJHBI bporra, a M., - 3pexkTHBHBIA MOKa3aTesb

TIPEIIOMIICHUS.

6=0+0 _Lldg (4)

2 dz

1 1
o =211 —— 5
neﬂ[l /13] (5
o=2k (6)

v

[TapameTp y U1 MaTpHUIBI IIEPEX0/1a ONPENEIIAETCS CIEIYIOIUM 00pa3oMm:

y=vk*+6° (7)
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Ceknus 1. CoBpeMeHHbIe P06JeMbl IPUKIAJHON MaTeMaTUKH,
MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

XapaKTEepUCTUKU BCEH PELIETKH MOKHO OMKCATh
sl =7 5
So Sn (8)

r=[1 1 BT HE] ©

3HaueHusT MaTpUYHbIX NapaMerpoB T MOryT HMCIOIB30BaTHCS Ul ONpEAETICHUS
XapakTepUCTUK Kak oTpakeHHo (10), Ttak u mnepemannodt (11) BonH. 3artem
MHJIEKCUPOBAHHBIE 31eMEHTHI T1j yKa3bIBalOT 3HaYEHUSI JIEMEHTOB 10/ I-M CTOJIOIIOM H J-
1 CTPOKHM MaTpPHUIIbI IIEPEXO/IA.

T,

R=-2 (10)
T,
1

S=— (11)
T,

MopenupoBaHue CHEKTPAJIbHBIX XapPaKTePUCTHMK C  HCIOJb30BaHHEM
OPUTHHAJIBLHOI0 NPHJIOKEHUS] MOJAeTHPOBAHUSA

[TonumaHue xapakTeprUCTUK U OCHOBHBIX [TapaMETPOB BOJIOKOHHBIX pelieTok bparra
BO3MOXHO 0€3 HEOOXOJMMOCTH UX M3roToBiieHUs. OJHAKO IJii 3TOro HEoOXOIMMbI
MHCTPYMEHTBI MoJenupoBaHus. Mcnonb3ys uX, MOXHO CBECTHU K MHUHUMYMY DPHCK
CO3JaHMsI aHOMaJIbHOW PEIIETKH, a TaKXKe CKOPPEKTUPOBAThH €€ Ha 1IeJIEBOE MPUIIOKEHNE
J0cTaTouHO paHo. [IpaBuiibHBIN BEIOOp PYHKLMH arioqU3alUH IO3BOJIAET IOTIOTHUTEIHHO
ONTUMU3UPOBATH XaPAKTEPUCTUKU PELIETKU C YUETOM €€ IIeJIEBOTO cailiTa MpHUIIOKEHNUS,
HampuMep, B KaUeCTBE ONTHYECKOTo (pUiIbTpa WIM U3MEPUTENILHOTO Aatyuka [17].

CoOCTBEHHBIN MHCTPYMEHT MOJCIHUPOBAHUS, OCHOBAHHBIA HAa MaTEMaTUYECKOH
Mozenu TMM, ucrnonp3oBaics uisi MOJEIUPOBAHUS U3MEHEHHS CIIEKTpa nepefadu ist
pa3HbIX JJIMH peweTku bparra.

C aT0#i 1enblo ObUIa MCHOJB30BaHA peUIeTKa JAJUHOW BoiHbI bparra 1550 M ¢
a¢dexTuBHBIM MOKa3areraemM npenomieHus 1,447. PesynbTaThl  MOJETMPOBAHHS
IIpe/ICTaBJIeHbl HA pUCYHKE 1.

JleranbHOCTH HCIIOJIB3YEMOTO WHCTPYMEHTa ObL1a IIOATBEPIKJICHA
JOTIOTHUTEIbHBIMU CUMYJISILIUAMHU JUI Pa3HbIX OpATTOBCKUX JUIMH BOJH (1546 uwm, 1550
HM). Pe3ynbrarel HaOmioneHuidl ObUIM TMOMENIEHBI Ha TOCJEeN0BaTENbHbIE TI'paduKH,
PUCYHOK 2.

[IpencraBieHHbIE BO3MOKHOCTH SIBJISIFOTCSI JIMILIDb YaCThIO JOCTYIHBIX I1apaMeTPOB
MOJENupoBaHus. MOXXHO ONpeAenuTh (QYHKIUIO arnogU3UpOBaHus, UCHOJIb3YEMYIO MpU
3anucu pemetok bparra. OgHako 3Ta TeMa 0yaeT 00Cyx)1aThcs 0oJiee MoAPOOHO B OTHOM
U3 CIEAYIOIINX TOIPa3/iesioB ITON CTaThH.
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(1 mm, 2 MM, 4 MM, 8 MM)

—

R
o
[T

—

=
@

Reflectivity
1=
4

Mﬁﬁ
|

o
(¥]

il
T L

54 1544 1548 1552 1556 1.56 1.54 1544 1548 1552 1586 1.56
Wavelength (um) Wavelength (um)

Puc. 2. CnekTp nponyckaHue JJisi pa3HbIX AJUH BoJH Bparra
(1546 um, 1550 um)

H3mepenus peajibHbIX XapaKTePUCTHK

W3mepenns: (pakTHYECKHX TEMIIEPaTypHBIX NAaTYNKOB Ha OCHOBE BOJOKOHHBIX
peuierok bparra mpoBoAMIIMCH € MCIOJIB30BAHUEM KIMMATUYECKOW KamMepbl U PEHIeTKU
Bbparra, mpou3BoauMBIX B CTPOro ompeneieHHbIX ycnoBusx. Ha pucynke 3 mokasana
CXeMaTU4ecKasi cucTeMa JUisi M3TOTOBJIEHHS MEPUOJUYECKHX BOJOKOHHO-ONTHYECKUX
CTPYKTYp C HCHOJb30BaHUEM (a30BOM MacKu. B 3TOM TuIle CHUCTEMBI CHJIBHBINA JTyd
W3IYYCHUST B YAbTPAdHUOIETOBOM 00JacTH HANpaBiIeH Ha OJJUIMNTHYECKYIO JIHMH3Y,
(OKYCHPYIOIIYIO CBET B OJTHOW IIOCKOCTH. [IydOK YIIIOTHEHHOTO M3IIy4eHHs TPOXOIUT
gyepe3 (a3oByr0 Macky, B KOTOPOW CO3MaeTCs CTPYKTypa HHTEpPEpEHINH, KOTOpas
obecrieunBaeT 0OpazoBaHue UHTEP(HEPEHIIMOHHBIX MOJIOC HA TIOBEPXHOCTH 00Jy4aeMOoro
ONTUYECKOTO BOJIOKHA.
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MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

Soczewka
cylindryczna

Laser | OSA
ekscymerowy

Swiatlowodowa
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Zwierciadia
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Swiatla
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jednomodowy

Puc. 3. Cxema ycTaHOBKH AJ1 M3rOTOBJIEHUS EPHOAMYECKHUX CTPYKTYP
B ONITHYECKHX BOJOKHAX C HCI0JIb30BaHUEM MeTo1a ()a30Boii MacKu

WNuTepdepeHinoHHbIe CTPYHBI, KOTOpPbIE NONAJalOT B OTAENbHbIE (ParMeHTh
ONTUYECKOTO BOJIOKHA, MPHUBOJAT K IEPUOJUYECKOMY HM3MEHEHHUIO IOKa3aTess
MIPEIOMIIEHUS BHYTPU ]Ipa, KOTOPbIN co3/1aeT Oparrosckoe 3epkano. Ciaeayer OTMETHUTh,
YTO Y€M BbIII€ KOHIEHTPALKUs S3HEPTUHU B OJTHOM 10JI0Ce, CO3/1aHHOM MHTep(hEepeHIIMOHHOM
KapTUHOM (a30BOM MacKH, TEM TIy0Ke MOy SIS T0OKa3aTes IPEIOMIICHNU S, BbI3BaHHAS
00JTydeHHEM OITUYECKOTO BOJIOKHA B MEPHOJIUYECKON CTpyKType. B cimydae cosmanus
pemierok bparra ¢ ucnosib30BaHHEM IEpUOAMYECKOM (Da30BOM Macku peuieToyHas
anoJu3alusl ONpPENeNseTcs paclpeieieHUEM HHTEHCUBHOCTH IIydKa, T€HEpPHUPYEMbIM
SKCUMEPHBIM JIa3€pOM B IIPOJOIbHON OCH OTHOCUTEIBHO OCU CEPALIEBUHBI ONITUYECKOTO
BOJIOKHA, B KOTOPOM M3rOTOBJIEHA PELIETKA.

I'paduk Ha pucyHke 4 WUTIOCTPUPYET NPOPUIb MONEPEYHOIO CEUEHHUS JTa3ePHOTO
Jy4a, UCIOJIb3YeMOro Juisd co3anus peuietku bparra. [Ipodunomerp, ucnonszyemslit 1
U3MEpEHUs] MHTEHCUBHOCTH M3JIy4€HHUs BJIOJIb BBIOpAaHHOM ocu C marom 1 MKM.
[Ipenmomnaras, 4yTo J1a3epHBI JTyd UMEET LIMPUHY 8 MM, €ro npoduis OblI ONpeseieH B
8000 Touek n3MepeHus.

Ha ocHoBe wu3MepeHHOro mnpoduias Ja3epHOro Jiyya amnmpoOKCHUMUPYIOLIYIO
(GYHKIHMIO OIPENENsId ¢ UCIOJIb30BAaHUEM HHCTpyMeHTOB maketa MatLab. B nmpouecce
aHayin3a ObLIO PELICHO, YTO PerylnpoBKa (PYHKIIMHU IaycCOBOM KPUBOM B BUJIE:

x-bY
f=a-exp —| — (12)
c

roe: a=0,9787; b=-551,7; ¢ = 1960.
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PaccToAHHE 0T BePTHEANEHOH OCH CEMMeTPHE NpodEToMeTpa [
Puc. 5. IIpoduisb JazepHoro Jiyya ¢ npudIM:KeHUEM rayccoBoii KpuBoii

PerynupoBka xpuBoii ['aycca ¢ yka3aHHBIMU BbllIe KO3QQPUIIMEHTAMU [103BOJIMIIA
MOJIYYUTh XOpOIIHE CTAaTHUCTHYECKHE napamerpbl (koddduuueHT omnpeaeneHus R2 =
0,9964 u snement ommOku kBaapaTHoro kopHs RMSE, pasusiit 0,0204). Ha pucynke 5
nokazaH (haKTUYECKUil XOJ MpoQuiis JIa3epHOro Jydya M KpUBas amnmpoKCUMalUu C
rapaMeTpamu, BbIpaKeHHbIMU Qopmynoi (12).

MartemaTudeckasi M pu3nvecKass MoJie/Ib ONTHYECKON CHCTeMbI

MonenpoBaHue ONTHUYECKUX CHCTEM C HCIOJIb30BAHMEM KOMIIbIOTEPHBIX
MHCTPYMEHTOB, OCHOBAHHBIX Ha MAaTEMAaTUYECKUX MOJEISAX, MOKET OKa3aTbCi OYEHb
MOJIE3HBIM, HO CTOMT OCO3HATh, YTO MAIIMHHBIN $3bIK HE B COCTOSIHMM IOJHOCTBIO
OTpa3uTh (PU3NYECKYI0 ONTHYECKYID CHCTEMY M Bce MpeolOiajaromue (u3nueckue
gBJIeHUA. B 3TOM wyacTu cTaTbu CpPaBHUBAIOTCS MOJEIUPYEMbIE XapaKTEPUCTHUKU C
peaIbHBIM CHEKTPOM OTpa)k€HUs. BbUIO BBISICHEHO, HACKOJIbKO MMUTHPYEMBIH OOBEKT
MOXKET OTINYATHCS OT PAKTUUECKON CUCTEMBI.

B pamkax skcniepumenTa pemerka bparra Obuia co3ziana B cucteme, o 100HO ToH,
YTO [OKa3aHa Ha pHUCyHKe 3. bbula ucnosib3oBaHa oAHOpoAHas ¢a3zoBas Macka C
MIOCTOSIHHBIM TIEpHUOJIOM M0 Bcel ee juHe. Jlazep ¢ mpoduiieM Iydka, BBOISIIUM
arnou3auuio ¢ GpyHKUMen, onpeaensieMoit popmynoii (12), ucnonabp3zoBancs Ui CKUTaHUS
MEPUOANYECKON CTPYKTYPHI B siipe ONMTHUYECKOTO BOJIOKHA. Ha pucyHke 6 oTpa’kKeHHBIN
CIEKTP U3MEPSUIH C UCIIOJIB30BAHNEM aHAIM3AaTOpa cnekrpa ¢ paspemennem 0,02 HM.

B ciyyae maTemaTrueckoi MoJieH B Ka4eCTBE BXOIHBIX JIaHHBIX /111 HHCTPYMEHTA
MOJENTMpPOBaHNUs OBl BBEJCHBI aHAJIOTMYHbIE TapaMeTpbl peleTky (Obu1a yuTeHa paHee
3a/laHHas QYHKILIMS anoAu3upoBaHus). Pe3ynpTaTsl 3TOro MoA€IMpPOBAHUS MIPEICTABICHbBI
Ha PUCYHKE 7.

CpaBHeHHE CHEKTpa, II0OKa3aHHOIO Ha pHUCYHKE 6, U  XapaKTEepUCTUK
MOJENUPOBAHUS, TOKA3aHHBIX HA PUCYHKE 7, ICHO IIOKA3bIBAET COBMECTUMOCTh XapaKTepa
pemietku bparra ¢ mojenpro, ucnoib3yemMon B mpuiiokeHun. O0e XapaKTepUCTHKU
COTJIACYIOTCSI C T€M, YTO MCIIOJIb30BaHHUE alogu3aluu ¢ MPOQUiIeM, COrIacyroIMMcs ¢
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KpuBoil ['aycca ¢ cooTBeTCTBYIOIIMM 00pa3oM BbIOpaHHBIMU IapaMeTpaMu, MPUBOAUT K
HCYE3HOBEHHUIO OOKOBBIX JIETIECTKOB, XapaKTEPHBIX Ul OAHOPOIHBIX BPb.

© o o
s [+2] [+ =
:

Koo prpent oTpmKera

o
%)
L

o

1546.5 1547 1547.5 1548

OnuHa BonHbI [HM]

Puc. 6. CnekTp oTpa:keHUusI peajibHOI ONTHYECKOI CHCTEMbI

0.6

Rellectivity

04 .

0.2 T

1.5465 1.5468 1,547 1.5474 1.5477 1,548
\Wavelength (um)

Puc. 7. IMUTHUPOBAHHBIN CHIEKTP OTPAKEHUA PelIeTKH ANOAU3AIUU
B COOTBETCTBUM € MPOduieM JI1a3epHOro Jjgy4a

XapakTepucTUKH 00pPa00TKH TeMIIEPATYPHOI'O JATYMKA

N3mepenust uisi ompeAesieHUs: TeMIEpaTypHOW YYBCTBUTEIBHOCTH JAaT4YMKa HaA
ocHoBe BPb oCHOBaHBI Ha ONpeIesIeHNH ITIMHBI BOJIHBI bparra Ha OCHOBE CIIEKTPAJIBHBIX
XapaKTepUCTUK, M3MEPEHHbIX B JMaNa3oHe pa3HbIX Temieparyp. Haubonee wacto
KCIMOJIb3YEMbIN METOJ ONIPEIAEIEHUS HEHTPATBHOM JJIMHBI BOJIHBI - 3TO MIOUCK SKCTPEMYMaA
(MUHUMYM 117151 CIEKTpa MPOITYCKAHUS WM MAaKCUMYM JIJIS CIIEKTpa oTpaxkeHus ). PucyHok
8. TIOKa3bIBAE€T CXEMY HM3MEPUTEIBbHOM CHCTEMBI, B KOTOPOW KIMMaTHYECKas Kamepa
HCIIOJb30BANIACH Il YCTAHOBKM Temueparypbl. Bo BpeMs M3MepeHUH OTHOCHUTENBbHAS
BJIQYKHOCTH TIOJIJIEP’)KUBAIach NOCTOSAHHON Ha ypoBHE 30%.
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Komora OSA
Zrédio | kilmatyczna /

swiatta |
- B

Komputer
Swiattowodowa Wﬁ PC

siatka Bragga

Puc. 8. Cucremuas nuarpaMmma JUIsl onpeaeieHusi XapaKTepUCTUK 00padoTKu

Ha pucynke 9 rpaduk moka3pBaeT XapakTepUCTUKU 0OpabOTKH TECTHPYEMOTO
TEMIIEPATYPHOTO JaTYMKA BMECTE C IMHUEHN JIMHEHHOM PErPECCHH, TIOJyYEHHON Ha OCHOBE
TOYEK U3MEPEHUSL.

Koaddunment nuHeiiHON KOppesIiy, MOTYY€HHbIN A1 TOUeK XapaKTEPUCTHKHU B
M3MEPEHHOM JIaIla3oHe TeMieparyp, paBeH r = 0,9997 u craHgapTHOE OTKIOHEHHE S =
0,473. DT napaMeTpbl IOKA3bIBAIOT, UTO XapaKTep U3MEHEHUS TEMIIEPATypbl U3MEHSAETCS
Ha U3MEHEHUE JUIMHBI BOJHBI bparra, sBisiercs muHeHbIM. YyBCTBUTEIBHOCTh CUCTEMBI,
MOHMMaeMasl Kak BEJIMYMHA CMEIEHUs UEHTPalIbHOM UIMHBI BOJHBI J0 1 Trpagyca
[enbcust, MOKeT ObITH BbIpaXK€Ha KaK OTHOLIECHHE Pa3HUIIbl B JUIMHE BOJHBI bparra mpu
M3MEpPEHHBIX TeMIIepaTypax Ha pa3HOCTh ATUX TEMIIEpPaTyp:

®/IB _ /ITI _/ITZ
®T  T,-T,

(13)

UyBCTBUTENBHOCTD S UCHBITYEMOI'O JaTUMKA OIPEEIIeTCss TaKUM 00pa3omM

1547.7 T T T T

1547.6 -

15475 -

1547.4 -

15473 1

1547.2 1

HmvHa BonHel Eparra [nm]

1547.1 1

1547 Lo \ . \ .
20 30 40 50 60 70 80

Temmepatypa [*C]

Puc. 9. Xapakrepuctuku 00padoTKH TeMIIepPaTyPHOT0 AaTYMKA

127



Ceknus 1. CoBpeMeHHbIe P06JeMbl IPUKIAJHON MaTeMaTUKH,
MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

3aki0ueHue

BosnokoHHO-onTHYECKHE AATYMKU (PU3NYECKUX BEJIUYUH 3aHUMAIOT BAXKHOE MECTO
B 00J1aCTH JaTYMKOB U3-3a Psijia MPEUMYLIECTB, KOTOPbIE OTJIMYAIOT UX OT 3JIEKTPOHHBIX
aHasioroB. OCOOBIM TUIIOM SIBJISIETCS ITaTYMK HA OCHOBE BOJIOKOHHO-ONITUYECKUX PELIETOK
Bbparra, koTopblii MOMUMO CTaHAAPTHBIX QYHKLUN, XapaKTEPU3YIOIIKUX ONTOBOJIOKOHHbBIE
NATYUKH, TaKKe IO03BOJISIET MYJIbTUIIEKCUPOBATh, YTO CO3JA€T IIUPOKYIO CETb,
COCTOSIIIYIO U3 JECSITKOB AATYUKOB, pa3MELIEHHBIX B OJTHOM ONTUYECKOM BOJIOKHE.

MHuosxectBo mnpuioxeHuil st BPB BblHyXk7ano HE0OOXOAMMOCTh BIIMATH Ha
MPUPOAY OINTUYECKOTO CIeKTpa peuieTku. lIpu u3mMepeHusix TemmepaTypbl KpUTepuit
0oTOOpa YacTo 3aKiroyaeTcss B HamOoJsiee 3(PPEeKTHBHOM COKpAIEHUH TaK HA3bIBAEMOTO
OOKOBBIE JIENIECTKH, MPUCYTCTBHE KOTOPBIX MOXKET CHJIbHO BIHMSATH HAa XapaKTEPUCTUKHU
JaTyuKa, 0COOEHHO MPU HCHOJB30BaHUU (PUIbTpyIOIIEed cucteMbl omnpoca. OJHUM U3
CHOCOOOB YCTpaHEHUs1 HEOIAronpUsATHBIX OCOOEHHOCTEHN CIIEeKTpa SBJSETCS anou3alus,
OOBIYHO BKJIIOYAOIIAs MOJYJSLMIO TIyOMHBI HM3MEHEHHH IoKa3aTenas IpeIoMJICHUs
BIOJIb  CTPYKTYpbl. VICHoJIb30BaHWME MAaTEeMaTUYECKOW MOJENH, YYWTHIBAIOIIECH
aroIM3UPYIOLIYI0 (PYHKIHIO M CO3/1aHuE COOCTBEHHOI'O CUMYJISIIMOHHOTO MPUJIOKEHUS,
MO3BOJISIET MPEJCKA3aTh BIMSHUE W3MEHEHUH MapamMeTpoB amnoiu3alld Ha BBIXOJHOU
cuektp. Ilpumepsl NOKa3bIBAIOT BIMSHHUE BBIOPAaHHBIX BXOJHBIX IapaMeTPOB
MOJENUPOBaHUs Ha (OPMY BBIXOJHON XapaKTEPUCTUKH.

KauectBo Mopenu, HUCHONIB3yeMOW B CHUMYJSLHUSAX, OBLJIO IPOBEPEHO IyTEM
CPAaBHEHUs XapaKTEPUCTHK, U3MEPEHHBIX I pPeaJIbHOM pemeTku bparra, ¢ anoausanuei,
neperaBaeMoil  MpoQuiieM JIa3epHOTO  Jiyda, B  PE3YJAbTUPYIOLIUN  pe3ysbTar
MOJENUPOBAaHUS ISl  BBEJIEHHOM  (YHKUMM  amnoJu3alud, COOTBETCTBYIOLIEH
pacnpeieNieHuI0 PHepruu JiazepHoro jyda. O0e XapaKTepUCTHKH MOKa3bIBAIOT SIBHOE
1ojaByieHue OOKOBBIX JIEIECTKOB, 100aBJIsAsl FayCCOBCKUN XapaKTep CIEKTpa OCHOBHOIO
MUKa.

BonokonHas pemierka bparra, ucnosnpszyemast B kauecTBe TEMIEPATYPHOTO JIaTUHKa,
ofOecrieurBaeT JIMHEWHYIO XapaKTePUCTHKY HW3MEpsSeMOM BEIMYMHBI Uil CJBMra
LEHTPAJIBLHOM JUTMHBI BOJHBI CETKH. DKCIIEPUMEHT, BBIIIOJHEHHBIN /11 CPOPMUPOBAHHON
pELIETKH, TMO3BOJWI ONPECIUTh €ro TEMIIEPaTypHYI0 YYBCTBUTEIBHOCTb, KOTOPBII
cocrtasisier 10,374/°C. bput noaTBepKAeH IMHEWHBIN XapakTep 00paboTKU TeMIIepaTypbl
JUIs CMEILIEHUs JUIMHBI BOJHBI bparra, o uem CBUIETENbCTBYIOT OTMEUEHHbIE
XapaKTEPUCTUKHU CTATUCTUYECKUX MTapaMETPOB.

Oxcnepumenmanvhule uccnedosanus NPOBOOUNUCD 6  J1abopamopusx
OnmosnekmpoHuku  ¢akyiomema  d1eKMPOMEXHUKU U KOMNBbIOMEPHBIX — HAYK
Jlobaunckoeo mexnuueckoeo ynusepcumema 6 pamxax npoekma 1'®@ NeAP05132778
«Hccnedosanue u pazpabomka cucmemvl UHMEPPOLAYUU CUSHANO8 C ONMOBOTOKOHHBIM
pedpakmomempom ¢ UCNOAb308AHUEM MeNeKOMMYHUKayuonuvlx cemeuy HUBT KH
MOH PK.
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ABCOJIIOTHASL YCTOMYNUBOCTH MIPOTPAMMHOI'O
MHOTI'OOBPA3USI OCHOBHOM CUCTEMBI YIIPABJIEHUSA C
PA3PBIBHBIMHA HEJIUHEHHOCTSIMHU

Kymaros C.C.

Hncmumym mamemamuxu u Mamemamuyecko2o MOOeIUpOBaHUs
KH MOH PK, Kazaxcman
e-mail: sailau.math@mail.ru

Annomavusn. Hccneoyromes ycnogusi abcoatomHotl yemoudugocmuy npoepammHo20o
MHO2000pa3us cucmem nNpsIMo20 YNPAasieHus ¢ paspuléHuiMu Heaunetunocmamu. C
nomowiblo nocmpoenus Gyukyuu JIanynosa nonyueHvl 0ocmamoumvie  YCI08Us
abCcoNOMHOU  YCMOUYUBOCMU  NPOCPAMMHO20 MHO2000pa3Us  OCHOBHOU  CUCHEMbl
VIPABNeHUss OMHOCUMENbHO 3A0aHHOU 6ekmop-@yukyuu. Ilonyuennvie pe3yromamsi OvLIU
UCNONb3068aHbL Ol peulenus  3a0a4  CuHme3da, m.e. YCMAHOBIEHbl  VCI08US
OvbIcmpoOelicmaus pe2yiamopa CUCmem ¢ pa3pblHbIMU HeTUHEeHOCMAMU.

PaccmoTpuM 3amayy MOCTPOEHHS  YCTOWYMBBIX CHUCTEM  aBTOMATHYECKOIO
yIpaBieHUs MO 33/laHHOMY IIPOIrPaMMHOMY MHOT000Opa3uio Q(t) = a)(t,x) =0 [1]:

x=f(t,x)-BE E=9(c), c=P'w, tel=[0,0), (1)

rae x € R" - BekTop cocrosHus 00bekTa, f € R" - BeKTOp-QYHKIMSA, YAOBIETBOPSIOIIAS
YCIOBUSAM  CYIIECTBOBAHHS  PEIICHHS x=x(t), BeR"", PeR" mnocrosuusie

MaTpHIbl, € R’ (s < n) - BekTop, £ € R" - paspeiBHas BEKTOP-QYHKIHS YIIPABJICHHUS 110

OTKJIOHCHUIO OT 3aJaHHOI'0 MHOF006paSI/I$[ HMCIOIIAasA JIMIIb H30JIMPOBAHHBIC TOYKH
paspbiBa, JJIs1 KOTOPBIX CYIICCTBYIOT KOHCYHEBIC BerHI/Iﬁ ¥ HWOKHHAN mpeaciibl
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limp(0)=p,(00).  lim glo)= g, (o) (2)
1 BBITIOJIHAIOTCA YCIIOBUA
o_lo(t)] < glo(t)] < 9, [o(0)], 3)

rae
ki :CD—(O'O):iI}fﬁD_(O'io)’ k2:€0+(0'0)251}P§0+(0'i0) i=1...,r.

1
Onpenenenue 1. Abcorromuas Henpepvl8HAs eKMOpP-QYHKYUsL x(t) HA3b18A€MCsL
pewenuem cucmemvl (1), (2), eciu cywecmsyem cymmupyemas Ha KaiCOOM unmepeaie
dyukyus gD[O'(t)] makas, 4mo noeciody 8vinoaHenvl coomuouenus (1) u (3).

[IpyHuMmas BO BHUMaHHE, 4TO MHOrooOpasue Q(t)ﬂBnﬂeTcsi WHTErPAIBHBIM IS

cuctembl (1), coctaBUM HEOOXOJMMOE W JIOCTATOYHOE YCIOBUE €€ HHTErPajbHOCTHU ,
npoaug-pepeHurpoBaB MHOroodpazue 1o BpeMeHH ¢ B cuily cucreMsl (1) u

npennosnarasi, uro ¢yukuus Epyruna [2} F=-Aw, —A(sxs) - TypBHULIEBA MaTpHIIa,
MOJIy4YUM

o=-Ao-HBE, E=9(c), oc=P o, H =g—‘”. (4)
X
HEJIMHEHHAsT BEKTOP-()yHKIHS gD(O') YIOBJIETBOPSIET YCIOBUSAM
0 0lc-K"p)>0, 0=diag|,....0,, K=K">0.K=k,~k. (5

31ech CIIeayeT OTMETHTD, uTo GyHKIMsS Epyruna oonamaer coiicteom F(4,x,0) =0

W3BectHo [2 3. 4], 3agaya MOCTPOEHHUSI CUCTEM IO 33JaHHOMY MHOT00Opa3uio
pemiaercss HEOAHO3HAUHO. [10ATOMY HEOOXOIUMO HAJNOXKHUTH JONOJHUTENBHbBIE YCIOBUS
Ha mapaMeTpbl cuctembl. OJHUM W3 TakUX SIBISIETCS YCIOBHS YCTOWYHMBOCTH. Torma
3a/laya MOCTPOEHUS] CHCTEM YypaBHEHUH, JJIsl KOTOPbIX HMHTErpajbHOE€ MHOrooOpasue,
o0JasaeT cBOWCTBOM YCTOMYMBOCTH, CBOJUTCS K BbIOOpY Takux ¢yHkuuil Epyruna, ans
KOTOPBIX PEIICHUS CHUCTEMBI SBISIETCS YCTOWYHMBBIM OTHOCHTEIBHO HEKOTOPBIX
II0Ka3aTeseil epexoJHOro mpouecca.

IlocranoBka 3amaum 1. Ilomyuuts ycioBue abCONMIOTHOW YCTOMYHMBOCTH
IIPOrPaMMHOTO MHOTr000pa3us Q(t) OCHOBHOM CHCTEMBI YIPABJICHHS C DPA3PHIBHBIMU
HEJINHEHHOCTSIMH OTHOCUTENIBHO BEKTOP-(QYHKLIUU @ .

Ecimn G(t)E O, Ha MHTEpPBAje [tl, tz], rle O, - TOYKa pa3pbiBa QyHKIUH gD(O'), TO
TOBOPAT, YTO Ha [tl, tz] MMEET MECTO CKOJIB3SIIIUN PEKUM.

[TocTpoenuto cucteM ypaBHEHHUH IO 3aJJaHHOMY MHOT0OOpa3uio, 00JaAarolux
CBOWCTBAMHM YCTOMYMBOCTH, ONTHUMAJIHHOCTH U YCTAHOBJICHHIO OIICGHOK KauecTBa
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MoKasaresei nepexo Horo npouecca B OKPECTHOCTH NPOrpaMMHOIO MHOT0OOpas3usi, mpu
S < N TOCBSAIIEHB MHOXECTBO padoT [1 -17]. O630p 3Tux padot npuBenéH B [4, 5, 15,
16].

Bormpoce! ycToiunBOCTH, HEYCTOMYMBOCTH U aBTOKOJIEOATETbHOCTH OTHOCUTEIBHO
HYJIEBOTO U HEEJMHCTBEHHO! MOJIOXKEHUSI paBHOBECHUS HCCIeI0BaHbl B padoTax [6 - 9]. B
JaHHOW paboTe C MOMOIIBI0 MOCTpoeHUsT (PyHKUH JISyHOBAa HMCCIEAYIOTCS YCIOBUS
a0COIIOTHON YCTOMYMBOCTH  CHUCTEM YIPABJICHHUH C pa3pbIBHBIMU HEJIMHEHHOCTSAMU B
OKPECTHOCTH 3a/IaHHOTO MHOT000pa3us.

[IpuBeneM HEOOXOTUMBIE OTIPEICTICHHUSI.

Onpenenenue 1. Ilpoepammnoe mmuozoobpaszue CQ(t) Haszvieaemcs adOCONOMHO

VCMOUYUBLIM, eClU OHO YCMOUYUBO 6 yenoM Ha peuieHusx ypasvenus (1) npu nwoboii
a)(to,xo) U paspvieHou hyukyuu , yoosiemeopsarowe yciosusim (2 - 5).

Onpenenenune 2 [7]. /Jonoanennvim epaghuxom paspwléHou Gyukyuu (p(a)
HA3bIBAEMC S 3AMKHYIMOE MHONCECMB0 HA NIOCKOCMU {0',5}, cocmoswee u3 mouex
[0', gD(O')], 20e O - MOYKA HenpepvieHOCMU DYHKYUU gD(O') U U3 6cex 8epmMUKAIbHBIX
Ompe3K08 ¢ KOHYAMU [00, o (00 )] [00, o, (00 )] 20e O - MOoYKuU paspwléa PyHKyuu gD(O')
. Ecnu npoepammnoe mnozoobpasue asnsemcs unmespanvHou OJisi CUCHeEMbl Ha ltl’ IZJ,
mo mouxa [O'(t), é‘(t)] npu t; <t <t, npunaonesicum OONONHEHHOMY pAPUKY GYHKYUU
¢lo).

O6o3naunm uepe3 S[k;, k, ]| 3aMKHYTBII CEKTOP Ha IIOCKOCTH {0', é‘} cocmosiuyuil

U3 moyex [0', gD(O')].
Cucrema nmeeT eAMHCTBEHHOE TOJIOKEHUE paBHOBecHE X = ¢ = (0 TOraa U TOJIBKO
TOrIa, KOrjaa

det] 4+ HBRP" | #0 Y he (0, K],

AOCOJIIOTHAsI YCTOWYHUBOCTH TNPOrPaMMHOI0O MHOIro00pa3usi OCHOBHOI
cucTeMbl ynpaBJjieHusi. Bosbpmem aBe chepsl

”Z(fo )”2 = ||a)(t0 )”2 + ”5(% )”2 = R?,

| ) =l ) + <)

Jlist cuctemsl (4), (5) Vz, Ha chepe R CyIIECTBYET MOMEHT BPEMEHH ¢ = f;, IPHU

2 2
=", R>>¢.

KOTOPOM CITPaBCAJIUBEI COOTHOLICHUA

Hz(t{;,to,zo)u =& |z(to.t0.20)| <& VE>1q.
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[TycTe BeIONIHSIETCS \
r =supr-

Oyukiusa JlsnynoBa st cuctemsl (4). (5) CTpouTcs B CIEIYIOIIEM BHUIC
«KBaJpaTU4Has popma IUT0C UHTErpal OT HETUHEHHOCTU:

V=o'Lo+[¢ Bdo; L=L">0; B=diag|p,.....5]- (6)
0

[Tpu 3amene go(O'):hO'; h <K Bropoe ciaraemoe mpeoOpasyercsi K ClIeayromIei

T
bopme J = g zﬂd .

[TpousBomnas Gynkuuu (6) mociie IPUMEHEHHS S - TPOLIETYPhI, TPUMET BU

—V=0"Go+20"Cop+¢"Cp+S >0, (7)
raec
G=A"L+LA,C=LN-T,C, =BP'N+60K',

r= %(P@ —ATPB) S=¢"0lc-Kp) N=HB.

ITycts [, (h), [ (h), V1> Vgsp - ACHCTBHTEIBbHBIE HAMMEHBINIUE M HAHOOJIBIINE KOPHU

XapaKTEPUCTUYECKUX YPAaBHEHHUU

T
|L(h)-1E| =0, L(h):L+Ph§P ,
o-rl=0. 07 ¢
Q 7/ — Y Q_ CT Cl'

CootHomenne (7) chnpaBenauBO, €CIU BBITIOJHSIOTCS OOOOIIEHHBIE YCIOBHS
CunbBecTpa:

Torna B cunmy cootHomienuii (6), (7) umeem

G C
ch ¢

L(R? <V <1, (WR*, R =’

: (®)
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rllof +lol’)<"0z < . fof +lol )= 7). ®
N3 cBoiicTBa (5) BEITEKaET HEPABEHCTBO
Brof <ol <2 jo (10)
cs cl

3nece B, B,, ¢, ¢, - NCUCTBUTEIIbHBIE HAUMEHBIINE M HauOOJbIINE KOPHU

XapaKTEPUCTUYECKUX YPAaBHEHHUU

|B, — BE| =0, B, = PhOP;

C,—cE|=0,C, =0K".
[Ipunumas Bo BHUMaHue, HepaBeHcTBa (9), (10), noayunm

,Llle S_VSﬂSRzﬂ (11)

Tae py = y{l + b j;us = m{H&}ﬂs-

cs cl

N3 cootnomenuii (8) u (11) umeem

Hrgr< 4V Bs gy (14)
! 2

N

IIpounTerpuposas HepaBeHCTBa (14) OT £ 10 ¢ ¥ C yueTOM COOTHOIIEHUS (8), MBI
MIOJIyYUM CJIEIYIOIIYIO OLICHKY

Hyexpa (1-0) <R S Vewa (=), 09

rae V, :a’T(to)L(h)a’(to)é oy =—p/l; ay =—m/l.

Tak xak HepaBeHCTBa (&) cripaBeTUBHI IS a)(to ), V, m3 (15) nomyuum Ha cdepe
R cnenyromue OLEeHKH

||a)||2 < R? expa, (t—t,) (16)

mpu t =1y, |, )|’ = R%.
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CrpaBeanuBa cieyrolas Teopema:
Teopema 1. Ilycmo ¢pynxyusa Epyeuna aensiemcs iuHetiHou OMHOCUMENbHO 6eKMOp-

Qyukyuu @, OONOAHeHHbIL 2papuk GyHKYUU gD(O') nexcum 6 cexkmope S|k, k,],
cucmema (4), (5) acumnmomuuecku ycmouuuea npu @(0)=ho ‘v’he[kl,kzl u
cywecmeyiom onpedenenHo-nonoxcumensivie mampuyvl L, [ =diag(p,,....p,) npu
8Ccex paspuléHbIX QYHKYUL (D(G) yooenemegopsowux ycrosuim (2 -5). Toeoa ons

aAbCONOMHOU  YCMOUMUBOCIIU  NPOSPAMMHO2O MHO2000pazus Q(t) 00CcmMamoyHo
8binoaHeHus 000o6wennvix ycrosuti Cunbeecmpa

0>0. (17)

Ilpu ewvinoanenuu ycaosuii (16) npoepammmnoe  muHocoobpaszue Q(t) A815emcs
IKCNOHEHYUATILHO AOCOIIOMHO YCIMOUYUBLIM.

3agaua o ObICTPOAEICTBUU peryJsiTopa. B pa6ote [18] chopmynupoBanbl
3aga4u CHHTE3a aACHUMIITOTHYCCKU YCTOﬁqHBBIX CHCTEM, 06J1a21a10m1/1x 3a1aHHBIM
KaueCTBOM M TPHUBEICH METOJ CHHTE3a 3aKOHOB oOpaTHOU cBsi3u. B paborte [18] stu
3aJ]aud PeIaIMCh U CHCTEM aBTOMAaTHYECKOTO YIpPaBICHHS. 37eCh pelraeTcs 3ajada
CHHTE3a CHCTEM, OOJNaJAaloONIMX Harepe] 3aJaHHBIMHA CBOWCHMBAMH B BHJE 3aJaHHOTO
MHOT000pa3usl.

PaccmoTpuM ynpasisieMmyro cuctemy

)'sz(t,x,u),teI:[O,oo[, (18)

I/I€ X—1 -BEKTOP COCTOSIHUSI OOBEKTA; U—7 -BEKTOP YIPABICHUS, [ —n -BEKTOP-PyHKIUS,

KoTopas obnanaer (n - S)-MepHBIM MHTErpajibHbIM MHOI000pazuem

Q=o0(t,x)=0, (19)
rie w— S-BEKTOP.
B cuiy Toro, uro MmHOrooGpasue (2 sBiseTcs MHTErpajibHbIM JJs cuctemsl (19)
HUMEET MECTO

Jo Ow
J=—— . =F 20
@ ey + N f(t,xu)=F(t,o,u), (20)

rne F (Z,O,u) =0 - HekoTopas s -BeKTOp-GYyHKIMs; pu I = F' (t,a),é‘(a), t)) cucrema (18)
Ha3bIBACTCS 3aMKHYTOMH; & = é‘(a),t) - MHOKECTBO 3aKOHOB 00paTHO# cBsi3u [18].

[Iycte cucrema (18) umeer crpykrypy (1), Torga Mbel MOXKEM BOCHOJIB30BATHCS
pe3ysibTaTaMu MOJy4EHHbBIE BBIIIIE.
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PaccmoTpuM Bce MHOXKECTBO pelieHui ypaBHeHU (4), HAaUMHAIOIMXCA Ha cdepe R,
Ha3bIBAEMBIX R - pEIICHUSIMHU.

%
Onpenenenune 3. Benuuuna t —t, Hazvleaemcs 6pemMeHeM pe2yluposanus 6

~ £ £
3aMKHymou cucmeme, ecau noboe R -pewenue evixooum na & cepy npu ty <t u

*
ocmaemcs 6Hympu Hee npu t >t .
3agauya 2. /laHo MHOecTBO M 3akOHOB 0OpaTHOM cBsi3U. TpedyeTcs: onpeaenuThb

ero MOJMHOXeCTBO M, Ha KOTOPOM BBINOJHSIETCS YCJIOBUE t*(R,g,é)Stg, ly -
3aJIaHHOE BPEMSL.
33)13‘13 pemactca i1 aCUMITOTUYCCKU YCTOﬁqHBBIX CHUCTEM aBTOMATHYECKOI'O

YIIPABJICHHS C Pa3PHIBHBIMU HETMHEHHOCTSIMH OTHOCHTEIILHO BEKTOP-(QYHKIHH @ .
JlonionnHeHHBIH rpaduk QyHKIMHA gD(O') nexurt B cekrope S[k, k, ],

Ecmm t = t; , To u3 (16) Oynem umetsb

R? expaz(tg —to)z g% (.22)
Otcrona HaliieM
P 2
R

(23)

to — 1ty = —a;' In

Bpemst perymupoBanus =t"—t, B cmiy coorHomeHuii (23) ompexesnsercs
CJIEIYIOLIUM 00pa3oM :
¢ ——a; supln’- 4)
p =0, Sup nR -

@

Takum 00pa3zoMm, 3ajaua 0 CHHTE3€ OBICTPOAECHUCTBYIOIIMX PETYIATOPOB pelIaeTcs

HEPABEHCTBOM
2

—a;" sup ln% <t,. (25)

@

DneMeHTbl MaTpulibl P BEIOUPaIOTCS U3 HEPABEHCTBA

Bi g’
yi|1+— |tg supln—<1/ . (26)
Cs oN R

-1
B gactaocth, ecmu C =0, To P HaxoaWTCs KaK pelicHHe ypaBHeHus PO —

—A"P=LNB™" ¢ yuerom Hepasencrsa (26).
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3agaua o mepepery;iupoBaHUU NMepexoHOro npouecca. Paccmorpum mrodoe R -
perieHue 3aMKHYTOW cucteMbl (20), onpeneneHHoe Al KaKoro-aubo 3aKkoHa 0O0paTHOM

cBsi3u & = é‘(a),t), Y MIPOU3BOJIbHYIO MOJOKUTEIBHYIO (DYHKIIHIO CD(a))
OTtHoleHue

o =sup %,S >0 27)
t

Ha3bIBaeTCs mepeperynmupoBanueMm [18], S =a)(oo)- YCTaHOBHUBILIEECS 3HAYCHUE

perynupyeMoi BeTHYHHBI OCIIE 3aBEPIICHHS IEPEX0JHOTO MpoIiecca.
3agaya 3. /laHo MHOecTBO M 3akOHOB 0OpaTHOM cBsi3U. TpebyeTcs onpenenuTh

TaKO€ ero TOoAMHOXecTBO M,, Ha KOTOpDOM  BBINOJHSETCS  HEPABEHCTBO
o= O'(R,S,f.f)ﬁ Oy » Oy - 3a[JaHHOE YHCJIO.
[Tpenmosoxum, uro [1] (ID(a)) = a)TL(h)a) , TJIe L(h) > 0 - marpuma JlsnyHnosa u3 (6),

ITOJTy4EeHHAas ITOCIIE JIMHEApU3aluu gD(O') . Torga Ha ocHoBanuu (16), (27) umeem

R? expaz(t —to)—S
< :

o =sup
t

B cuny Toro, uTo L(h) > 0,0 >0, a taxxe ¢ yuetom ycinoswus (5) monyanm o, <0,

u u3 (27) BbITEKaeT
2

S

o =sup >0 epll R>\/§.
t

HpI/IHle BO BHUMAaHHEC, 4YTO

< o0,, HOJIy9uM

R*<S(o +1). (28)

Takum obOpazom, 3a7aua 3 UMeEET PEIICHHE, €CIIM BBITIOJIHICTCS HEPaBEHCTBO (28)
MIPH yYCIIOBUU ,u(P) >0nI (P) >0.
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MOIEJUPOBAHUE IMHAMUKHU KPYITHOMACIHITABHOI'O
TEPMUKA METOJIOM LBM

Kuzoaes A.IlL., Kap:xkay6aes K.K., ’Kakeodaes /I.b.

Kaszaxckuii nayuonanvuulii ynusepcumem umenu anv-Papabu, Anmamol,
Kazaxcman
e-mail: assylzhan.kizbayev(@gmail.com, kairzhan.k@gmail.com,
dauren.zhakebayev@gmail.com

Annomauus. B OdauHoU pabome  paccmampusaemcs OUHAMUKA
KPYNHOMACUIMAOHBIX  MEePMUKO8 NOO0  OeliCmeueM CUuibl Nideyiecmu, ¢ YYyemom
mypOyienmHo2o nepemewusanus U aouabamuieckoco pacuwiupenus. Huciennoe
MOOeNUpoBaHue OCyujecCmensaemcss Ha OCHO8e DeuleHUss peuemounblx VpPaeHeHUll
bonvymana 6 oeymepnou nocmanosxke ¢ npumenenuem D2Q9 mooenu. Ilpouzsedena
YUCIeHHas eanudayus Ha npumepe mecmosol 3aoayu meuenus Ilyazetins. Ilonyyena
3a8UCUMOCMb  GbICOMBL  NOObeMa  001aKa — 63pbl8d  paKemvl-HOCUMens  Oom
MEPMOOUHAMUYECKUX NAPAMEMPOS.

1. Beenenue

ABapuiinble nanenus paker-Hocurened (PH) vacto compoBoxaaroTcs Ha3eMHBIM
B3PBIBOM, NpU KOTOPOM oOOpa3yercsi KpymHOMacuTaOHble TepMHUKH. HeBO3MOXKHOCTH
MIPOBEJICHUSI SKCIIEPUMEHTAIbHBIX 3aMEPOB MEXaHWYECKOTO U XHMHUYECKOTO COCTaBa
TEpMHUKa, €r0 TEMIIEpaTypbl, B3aMMOJECHCTBHS C OKpPYKArOUIEHd Cpelod, B CBS3H CO
CKOPOTEYHOCTBIO Mpoliecca 00pa30BaHUs U PaclpoOCTpaHEHUS! TEPMUKA, O0yCIaBIMBAIOT
HE0OX0IMMOCTh MPUMEHEHHSI METO/I0B MaTEMaTHUECKOTO MOJICIIUPOBAHMUSL.

N3ydenue npoiecca NoJHATHS KPYITHOMACIITAOHOT'O TEPMUKA 101 IEHCTBUEM CUIIbI
Apxumena, ¢ yueToM TypOyJIE€HTHOTO MepeMEIINBAHNS U aJ1abaTHYECKOro pacIiupeHus,
HECMOTps Ha OOJbIIOE KOJMYECTBO MyONMKAlMi Ha JaHHYI0 TEMaTUKY, OCTaercs
aKTyaJIbHOM 3a/1aueid 1 UCCIIeI0BaTENEH.

Bnepsrie mpoGiema mogbéma obiiaka aTOMHOTO B3pbiBa OblIa PAcCMOTPEHA B
paborax [1, 2] Carrona u Meura (1950), rae mpeamnosiaraercsi, 9YTO MOABEM TEPMHKA
BBI3BIBAETCS CWIOW ApxuMmena, a OXJaXJIEHUE [MPOUCXOJUT B  pe3yibTare
anuabaTUYecKOro paclIUpeHus] M MEpPEeMEIIMBAaHUS C OKPYXAIOUIMM  BO3IYXOM.
[Mupkymsanust B o0nake W BIUSHUE WHEPIWH HE YYUTBHIBAIOTCS, a TAKXKE IMPUBOJUTCS
AHAJIMTUYECKUI METOJ| OTPE/ENICHUsI BEIMUMH MaKCUMaJIbHOM BBICOTHI MOJAbEMA o0JaKa
B3pPbIBA PAKETHI-HOCUTEJSL.

JIBUKEHHUs] BUXPEBOIO KOJIblla, 00pa30BaBIIErocs MOcje B3pbIBa, MO JEHCTBUEM
CUJIBI TSDKECTH ObLlIa TEOPETUYECKH HccienoBaHa B padore (1967) [3], roe paccmoTpeH
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cillydail Majioil pa3HOCTU IIJIOTHOCTEM BHYTpU M BHE OOJlaka, a TakkKe ciydail, kornua
pa3HOCTh IJIOTHOCTEN Bennka. OOpa3oBaBLIMiiCs MOCIIE B3pbIBA OT YAapHOU BOJIHBI 00BEM
ropsiyero BO3/Jyxa, oOOJlaka B3pblBa PAKETHI-HOCUTEISA, IIOCJIE YBEJIUYEHHS JI0
OTIPEJINIEHHOTO pa3Mepa CTPEMUTCS BBEpX, 00pa3ys BUXpeBoe KOJbI0. B ciaydae, korna
00J1aKk0 00pa30BaHO y MOBEPXHOCTH 3€MJIH, €TO MOIHATHE COMPOBOXKIACTCS TOIHATHEM
MBUICBOTO CTOJ0A WM TEpPMHUKa, MpHUAAroniero rpubooOpasnyro ¢opmy. OcHOBHas
JefcTByIOLIas CUila Juisl MOJHATUS TEPMHUKaA - 3TO cuiia Apxumesna, KOTopas BO3HUKAET
IIPY pa3HOIl MIIOTHOCTH BO3/yXa, KaKk BHYTpU TEPMHKA, TAK U BHE TEPMHKA, B aTMOCeEpE.
Ho, nomumo cuibl Apxumena, n3-3a CyleCTBOBAaHUSI BUXPEBOTO KOJIbLIa HUPKYIISAINH, HA
TepMHUK AeiicTByeT cuia JKykoBCKOTo, HalpaBJieHHAs EPIEHAUKYISIPHO K HAIIPABJICHUIO
CKOPOCTH JBW)KEHMSI 3J€MEHTa KoJiblia. ['OpH30HTanbHasi COCTaBISIOLIAs ATOW CHJIbI
pacTsIruBaeT BUXPEBOE KOJIBLIO B CTOPOHBI, @ BEPTHKAIbHAS - HECKOJbKO TOPMO3UT
noabeM Kouiblia. TemmepaTypa Bo3[yxa B Hadaje MOJbeMa BEJIUKa, 3aTeM MaJaeT u3-3a
agnabaTuyeckoro pacmmupeHus. B pesynbprare wuccienoBaHus OBLINM  MOJTYYCHBI
3aBUCHUMOCTHU BEPTUKAJIbHOW M TOPU30HTAIBHOM COCTABISAIOIIUX CKOPOCTH ABUKEHUS OT
BpEMEHH, a TaKXe I'€OMETpUYECKHE pa3Mepbl TEPMHKA B 3aBUCUMOCTH OT MOIIHOCTH
B3pbIBa.

B nanHoli pabore paccmarpuBaeTcsi nojaHsATHE TepMmuka npu B3pbiBe PH mon
NEHUCTBUEM CHJIBI ApXWMena C Y4eTOM aauadaTH4YecKoro pacimpeHus. TemrmepaTtypa
BO3/lyXa B Ha4aJIbHbII MOMEHT BUXPEBOTO KOJIbIa OUEHb BEJIMKA, CO BpEMEHEM OHa IajjaeT
3a cyeT ainabdaTUYeCcKOro PacIiupeHHs], T.€. YMEHbIICHHS IaBJICHUS C BBICOTOM U 3a CYET
TypOYJEHTHOTO NIEPEMELLIMBAaHNUs HArPETOT0 U X0JI01HOTO Bo3ayxa. [loa neiicTBrem cuiibl
Apxumezna obnaka B3pblBa HarpeToro Bo3ayxa OyJeT MOJAHUMAThCA B arMocdepy I0
MOMEHTA BbIPABHUBAHUS TEMIIEPATYpPbl, IUIOTHOCTU T'a30BbIX KOMIIOHEHTOB BHEIIHETO U
BHYTPEHHET 0 HarpeToro U X0JIOJHOTO BO3/1yXa 3a CYeT KOHBEKTUBHOTO U TU((HYy3UOHHOTO
NepeMelBaHHUS.

UYucneHHOe  MOJAETUPOBAHWE  JAMHAMUKM  KPYMHOMAcCIITaOHOTO  TepMHUKa
OCYILIECTBJISIETCS HA OCHOBE pElIeHMs] pelieTouHbIX ypaBHeHud bonbimana (LBE) c
npumeHenrneM D2Q9 monenn. Metonsl pemierounbix ypaBHeHui bosbumvana (LBM)
pazpabatsiBatoTcsi 6oJiee IBAIATH JIET U JOCTUIVIM MHOTMX 3HAUUTEIbHBIX yCIIEX0B [4].
B LBM noctpoeHs! yIpOIIEHHbIE KHHETUYECKHUE MOJIEIH, BKIIFOYAIOIINE CYIIECTBEHHYIO
(GU3MKYy MHUKPOCKOIHMYECKUX MpoleccoB. TedeHue OTCISKUBAETCS IIyTEM 3BOJIOLUU
OJIHOYACTUYHBIX (PYHKUUN pacripeneneHus (a30BOro NpoCTPaHCTBA U CBSI3aHHBIX C HUMU
MAaKpOCKOIMYECKUX YCPEIHEHHBIX CBOMCTB. LBM oTin4aercs ot Apyrux TpaauMOHHBIX
MeTO/I0B BbluncauTeNbHOW ruapoguHamMuku (CFD), koTopble aHaIW3UPYIOT MOJIA
TEUYEeHMs], peliasi MaKpOCKOTIMUeCKHe repeMeHHble B ypaBHeHUsIX HaBre-CTokca. MHorue
cioxHble npodaemsl B TpaauunoHHoM CFD moryt ObiTh pemiensl B LBM, nanpumep,
TypOynenTHbie TedeHus [4-6], mHorodasueie Teuenus [7, 8], temmoodmen [9, 10],
Mukpodmronasl [11], Tedyenus dyepe3 mnopuctyio cpeay [12, 13] u dpakranbHyro
reomeTpuio [14].

[IpencraBiaeHsl  pe3ynbTaThl  YHMCIEHHOTO  MOJEIMPOBAHUS  JUHAMUKU
KpynHoMacTaOHOro TepMuka rnpu HazeMHoM B3pbiBe PH «IIpotoH-M» 2-ro utons 2013
r. B no3unmonHom paitone kocmoapoma «baiikonyp». [loka3ana 3aBUCHMOCTbh BBICOTBI
noabeMa objaka B arMocdepe OT TepMOJAWHAMUYECKHX MapaMmerpoB. llomydyeHHbie
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pe3ynbTaThl MOJACIUPOBAHMUSI, OTPECIISIONTNE BBICOTY MOTHATHSA 00JaKa, COOTBETCTBYET
pesynbTaTamu padbotel Onydpuea [3] mpu MaIbIX MOITHOCTSIX B3PhIBA.

2. IlocTranoBKa 3a1a4n

B nannoii crarbe paccmarpuBaetcs B3pbiB PH «IIpoton-M» 2-ro utons 2013 rona B
nBymepHoi moctaHoBke. PH «IIpoTon-M» Obuia 3amyiena ¢ kocmoapoma «bailkoHyp B
08 y 38 MuH. 22 cek. no BpemeHu Actanbl. JIo 10 cekyHabI TOJIET OCYLIECTBISUICA IITATHO.
Bo Bropoii monoBuHe 10 cekyHAbl MojieTa MPOU3OILIA HEIITaTHAs CUTyallUs - pakeTra
Hayajla CUJIbHO OTKJIOHSTHCS OT Tpaekropuu. Ha 18 cexyHie nmosnera pakera pa3BepHyJiach
B CTOpPOHY 3eMJiM, CTajla pa3BajiuBaThCsl Ha dYacTh U 3aropenacb. Ha 30 cexynne

MIPOUCXOIUT CTOJIKHOBEHUE C 3€MJICH, B3PBIB M 00pa30BaHKe B3PhIBHOTO 00JIaKa (PUCYHOK
la) [15].

0)
a)

Puc. 1. a) B3pbiB Ha mecTe aBapuiinoro nagenus (30 cexkynaa);
0) MakcumajbHas BbicoTa o0Jiaka (depe3 1 MUHYTY mocJjie B3pbIBa)

[IycTh B HauanbHBIH MOMEHT BPEMEHH Y MOBEPXHOCTH 3€MJIM HAXOJIUTCS TEPMUK,
obpasoBagsmierocs ot B3pbiBa PH, oOo3nauaemserii obmacteio - G, paguycom - R,
HayaJIbHOW TeMIIepaTypoil obnaka - 7, 1 Ha4aJbHOM IJIOTHOCTBIO ra30BbIX (ha3 CyXoro

BO3J/lyXa - 0, H BJIQ)KHOTO BO3/yXa - p,, , TEMIIEpaTypa OKpy:Karomel cpeapl - 1; (pHCyHOK
2). HayanbHble ¥ rpaHu4HbIE YCIOBUS 3a/1aHbl B Tabnuue 1.

Y

1

!L=2R—» X

Puc.2. CxemaTuuHas HITIOCTPAlUA MOCTAHOBKHU 3aa9Iu

141



Ceknus 1. CoBpeMeHHbIe P06JeMbl IPUKIAJHON MaTeMaTUKH,
MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

Ta6auua 1. HauajabHble M TPaHUYHbBIE YCJI0BUS

HauanpHele ycioBus I'paHnuHBbIe yCiI0BUS
u;(x,t= O)|x€G =uy(x), Ou| =0,i=12
u (x,0 =0 =0, onls,
T(x,t:O)|x€G:T07 a_T 207
only,
T(x,t=0)|,6 =T as,,
Sa(x,t:()):pa/pm, OCZl,...,Na, an 207 azla'"aNa
Sﬁ(x,t:()):pﬁ/pm, ﬂ:l,,Nﬁ aSﬂ e
— =0, =L..,N
on p £
Xp

Jls perieHus paccMaTpuBaeMoH 3a1a41 UCIIOJIb3YIOTCS CIEAYIOIINE YPABHEHUS:
YpaBHEHHE HEPA3PBIBHOCTH

op,,

+V-(p,u,)=0
y (p,,)

rje u,, —CKOPOCTb CMECH ra3oBoi ¢assl, p,, = p,, + P, —IIOTHOCTb BO3YXA, u, =i, /p,,

— JMHAMHY€ECKas BA3KOCTb, U, = U, (T/ T)W , U, — 3HAYCHHE TMHAMUYECKOW BS3KOCTHU

Na Na
npu temmepatype T, p, =D S,pq: »,S, =1 — MIOTHOCTH ra3oBoit dassl CyXoro

a=l1 a=l1
Np Np
BO3dyXa, p, = ﬂZS BPB > ﬂZS p =1 — IUIOTHOCTH Ta3’oBOW (assl BOMSHOIO Iapa,
= =1
Po =P 1=y(T-T)),a=1...N,, pg=p.g(l=y(T-T,),p=1..,Ngz, TaxKe
P> Pxp — TUIOTHOCTH Ta30BBIX KOMIIOHECHTOB CYXOrO BO3JyXa M BII&XHOIO BO3/yXa

cooTBeTcTBeHHO, TipH T, =20°C.

M: v(pmumSOt) = 0’“ - 1""’Na
ot

6(pmSﬂ)

PV u S :0, :1,...,N
o (pm m ,3) ﬁ B
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YpaBHEHUE IBUKEHUS:

)

3 +V(p,u,®u, +p,T.)=-Vp+VT+p,g
t

I€ g — YCKOpPEHHE IIOJ ACUCTBUEM CHJIbI TSDKECTH, 1 — TEH30p HAIpPsLKEHWH Ta30BOM
daswl, ¢+ — BpeMsl, p — TaBJICHUE.
YpaBHEHUE SHTAIBIINU:

Pl w)
ot

_p 2K

+V. h +V.(qg-T-
(Pmhttty) (g—T-uy) ™ v

rae h, — SHTaIbNHUs CMECH TrasoBoi, g =-—k,AT — TEIIOBOW MOTOK B ra3oBoi (ase,
N, 1 5

ky = z %k, k; — mpoBOAMMOCTS i-r0 KOMIOHeHTa, T — Temneparypa, K, :E[u’"] -
i=1

KHUHETUYECKasl SHEPTUsl Ha €IMHUILYy MacChl ra30BOH (a3bl.
YpaBHEHHE TEeMIIEPATYPHI:

h

m

1 < 1 <
i C +— R.
o ;pl 2 ;pl l

riae C,; - TeIIOEMKOCTh ra30Boii (ha3bl IIPU MMOCTOSHHOM 00BEME.
YpaBHEHUE 1aBICHUA.

Bremoansercs YPaBHCHHUE COCTOAHUA UACAIBHOTO ra3a:

P=

R R
* p,T+——p T =RT Pa_ Pw_
M, M M

w rd w

Ny Np
rie R, =83144598,M,, =Y S,M,, M, =D S;M,; .
o 3

3. AIropuTtMm onpeaejeHusi HA4aJlAbHOI'0 3HAYEeHHUS TeMIepaTyphbl 00/1aKa
VYpaBHEHHE IOJHOW HHEPrUM COCTOWT U3 YJEIbHONM BHYTPEHHEW HHEPrUH U

KMHETUYECKOW dHeprui. IIpenrnonoxum B 5ToM 3a1a4e KMHETHYECKas sHeprus £, =0:
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EeU (3.1)

rae £=0.25-q-t - sHeprus B3pbIBA; [, — BPEMS B3PbIBA; ¢ — MOLIHOCTb B3PbIBA.

Onna TpeTh BCEHl BBIICTUBIIEHCS TPU B3PHIBE DHEPTUM HCIYCKAETCS B BHUJC
m3iydenus [3]. B utore sHeprus, 3akitoueHHas B 00Jjake B3phIBa K HAYATy €ro MOIbeMa,
COCTAaBJISIET MPUMEPHO OJIHY YE€TBEPTh OT BCEH SHEPTHH B3PHIBA.

VY aenbHas BHYTPEHHSSI SHEPTUS NPU aIHa0aTHIECKOM MPOIECCe BEIPAKACTCS:

U=C, (T, -T)) (3.2)

3aeck C, - TEIMJIOEMKOCTb ra3a B IIPOLECCax ¢ MOCTOSHHBIM 00beMoM, 1| - TeMIepaTypa
OKPY KaroIlEe! CPebl, IPU pa3aMYHbIX 3HAYCHUH HAYaJIbHOM TemMIepaTypsl 7, TEpMUKa.

[ToncraBnsis ypaBuenus (3.2) B ypaBHeHue (3.1), mosydnuM HadaabHOE 3HAYCHUE
TeMIieparypsl o0naka:

4. UncneHHblil MmeTox

Jljig MozienupoBaHusl TMHAMUKUA TEPMUKOB Mbl paccMaTpuBaeMm Mojaeinb D2Q9 nns
peuienus ypaBHeHusi bonbimana. Pemerounsie ypaBHenus bonsimana (LBE) sBnsercs
OJIHMM H3 INEPCHEKTUBHBIX TEXHOJOTUN IOCIEIHETO AECATWIECTHS JUIsl MOJECIUPOBAHUS
¢usznueckux U aTMoc@epHbIX mpoueccoB. OYHKIMU paCHpEesIeHUs f; BBIYUCISIOTCS
MyTeM pEIIEHUsl PELIeTOYHOro ypaBHeHUs boibliMaHa, KoTopoe SBisieTcss 0co0oM
JHMCKpeTH3alKe KuueTnueckoro ypasuenus bonpimana. [locne BBeaeHust npubnmxeHus
bxarnarapa—I'pocca—Kpyka (BGK) moxno chopmynupoBats ypaBHenue bonbimana st
ITOTOKA KUJAKOCTH Y SJHEPTUU B CIEIYIOLIEM BHJIE

Flxredtt+A)— f(xt)= 21 ()~ £ (x.0)] @.1)
T

A
gi(x+eiAt’t+At)_gi(x’t): _T_t[gi(x’f)_gieq(x’t)l 4.2)
0

/1€ X — paJuyCc-BEKTOp y3Jia pemeTky, Az - 0003HauaeT peuIeTOYHbI BPEMEHHOM 1Iar, 7 —
pElIeTOYHOE BpeMsl pellaKcallid, Ty — TEIJIOBOE BpeMs pelaKkcallM, e; — TUCKPETHas
pelIeToYHasi CKOPOCTb B HANIPABJICHUH i, f; — QYHKIIUS paclpeaeeHus INIOTHOCTHU B y3Jie
i, f? — paBHOBecHass (PyHKLHUS paclpeieseHusi, 3aBUCsIIas OT MaKpOCKOIHMYECKHX
rapaMeTpoB B y3iie i, g — QyHKIUS pacripeneneHus: SJHEpruu B y3ie i, g/ — paBHOBeCHas
(GyHKIMS pacnpeieneHus], 3aBUcsIIasi OT MaKpOCKOIIUYECKUX MTapaMeTPOB B Yy3JI€ i.
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BexTopsl ckopoctu ey, ..., es Mogenu D2Q9 nokaszansl Ha pucyHke 3. [{is kaxaoro
BEKTOpa CKOPOCTH XpaHUTCS 3HaueHue QyHKuuu pacnpenenenus fi. Ckopoctu
BBIYUCIISIOTCA 110 (hOpMysiam

(0,0)c i=0
e, =4(1,0)c,(0,1)c,(=1,0)c,(0,-1)c  i=1,2,3,4
(LDe,(-1,1)e,(-1,-1)e,(1,=1)c i=5,6,7,8

rae ¢ = AX/At — peneToyHasi CKOPOCTb U i - HaPaBJICHUE PEIIETOYHON CKOPOCTH.

¥
3 e >1T—>X

Y

4

Puc. 3. CxemaTtuyHass niaoctpauus pemerku D2Q9

PemerouHoe Bpemsi penakcanuu t onpeaensercs no Gpopmysie

1
T=3v——.

PaBHOBecHbIE (QYHKIMM paclpeaeseHusl IUIOTHOCTM M JHEepruM Makcsensa
BBIYUCIISIOTCA 110 (OpMyIie

S =wp| 145

gl=wT|1+
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rzie p — INIOTHOCTb Cpefbl, I — TeMiepaTypa Cpefpl, ¢, = 1/ V3o - pelieTo4Has CKOpOCTh
3ByKa U 3HAYCHUS BECOBBIX KOI(DPHUIIMEHTOB W; TAKOBBI:

49 =0
w,={1/9 i=1,2,34
1/36 i=5,6,7,8

VYpaBuenne (4.1) MOXHO pa3neauTh Ha JIBa JTama, CTOJKHOBEHHE U
pacnpocTpaHeHue:

L Jit)= £ o) =2 )= 17 )
2. filx+eAtt+At)= fi(x,1)

3nech fl-(x,t) 0003Ha4YaeT Maccy 4acTHull, MPUIIEANINX B y3€J1 [0 HANPaBJICHUIO i,

CTOJIKHYBIIIMXCSI C OCTAJIbHBIMM YacTUlaMu. Ha BTOpOM 3Tame CTOJNKHYBIIMECS YaCTHUIbI
IIEPEHOCATCS B COCEQHUE Y3JIbl IO HampasieHWsaM i. JlaHHas npouenypa SBISETCA
aQHAJIOTMYHBIM JUIsl QYHKLIUU PACIIPEAETICHUS SHEPTUH gi.

[Tocne BTOporo stana HEOOXOIUMO NEPECUYUTATh MAKPOCKOIIUYECKUE NTEPEMEHHbBIE
IUIOTHOCTH, CKOPOCTH U TEMIEPATYphl JKUJKOCTH KaK IEpBbIE JBa MOMEHTa (QYHKUUN
pacpeneneHus Ui KaxKJI0To y3Jia:

8 8
PZZﬁa pu:zeifi’ T:zgi'
i=0 i=0

i=0
Bripaxkenue i SHTANbIMK OnpenesseTcs mo Gopmysie:

h=pC,T,

rae C, — TeMJI0EMKOCTh TIPH MOCTOSTHHOM JIaBJICHHH.

5. YucsieHHas1 Bajauaanus

PaccmotpuMm TecToByro 3amauy o teueHusax Ilyaszeins Ui BaMaanuy YUCIEHHOTO
anroput™ma. PaccmarpuBaeTcss JlaMHHapHOE€ TEYeHHE B JABYMEpHOW oOjactu ¢
HCIIOABMKHBIMHU ITapaJJICIbHBIMU CTCHKAMH. B HCIMOABMIKHBIX CTCHKAX IMPUMCHCHA CXEMa
mid-link bounce back (BB) B kauectBe rpannyHbIx yciaoBuil. CorjiacHo cxeme, rpaHuiia
CTEHKH PacCIOJIOKEHA Ha TOJI mIare OT TpaHuI] y3J0B xuakocTu (boundary fluid nodes).
Q@yHKIMN pacHpeleieHus, HalpaBJICHHbBIE BHYTPb OT TPaHULBL, ONPEIEISIOTCA 110
bopmyre

ff(xB»t"'AZ): Z‘(xB»t)

rac Xp - KOOPAWHATBI TOUCK B I'PaHUIIC.
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B tabnume 2 3amaHbl mapaMeTpsl pacdeToOB TECTOBOW 3amaun. Breicota kanama H
paBeH 32/. MoaenvpoBaHue MPOU3BEACHA ITPHU PA3TUYHBIX pa3Mepax pacyeTHOM 00IacTu:
Ny x N, =322, 642, 96 u 1282, MakcumanbHas CKOPOCTh B KaHAJe M CKOPOCTh 3BYKA Cs

y ’ )
pasubl 0.1 u 0.5773, cooTBeTcTBeHHO. KMHeMaTHJackas BS3KOCTh vV paBeH K 9.021x107,
Uucno Peitnonbaca paBeH k Re = Viyax - H/ v = 30. IlapameTps! penakcanuu 7 paBeH 1.2.

Ta6auua 2. [lapamerpbl MOAEJIHMPOBAHUS

[Tapamerpsl

®akrop MacmTabupoBanus, scale scale=1+3
KonmuuecTBo TOYeK 1Mo ocH x, Ny N, =32-scale
KonmuecTBo Toduek 1o ocu y, Ny, Ny =32.scale
[Mapamerp penakcaiyu, r=4/3/16 +0.5
MakcumasbHast CKOPOCTh B KaHAJE, Vg Voax = 0.1/scale
Kunematnueckast BSI3KOCTb, V V= (21- _ 1) / 6
Yucno Peiinonbaca, Re Re=V_ ..H / 14
JlaBiieHre Ha BBIXOJI€ KaHANA, Pous Pow = 1

Bnoisb ocu X noanepkuBaeTcsi HOCTOSIHHASL pA3HOCTh JTABJIICHUM:

Ap 8V,

max

2 b
Xour = Xin (y top — Vbot )

rae Ap — pa3Hula B NABICHUAX, AD = Pour — Pin, Pour X Pin — JABJIECHUE HA BBIXOJIE U BXOJE
KaHaJIa, COOTBETCTBEHHO. /] — AUHAMHUYECKAs BSA3KOCTb, Vyax — MaKCUMallbHasl CKOPOCTh
TE€UEHUsI B KAHAIE, Xour U Xin — TPAHULBI BBIXOJA U BXOJA COOTBETCTBEHHO, Viop U Vior —
T'PAHMIIBI BEPXHEN U HUOKHEN CTEHKU COOTBETCTBEHHO.

AHaTUTHYECKOE PEIICHHE 3a]a49H BBIUYUCIISIOTCS U3 CIeAyIoel GopMyIIb:

1A
u(y)= —Zﬁ(y = V1o V=Yg ) Vbt SV < Vi

Ha pucynke 4 mpeacTaBlieHO CpaBHEHHE YHCICHHOTO PEIICHUS ¢ aHATHUTHYSCKUM
pemennem B ceuenuu x / H = 0.5. TeueHne ycranapnusaercs npu ¢ - v/ H? = 0.4875. Kak
BUJIHO U3 PUCYHKA YHCIEHHBIE DPE3YJIbTAaThl XOPOLIO COIJIAcyeTcsl C aHaJIUTHYECKUM
peleHueM.

147
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ViU,

YH

Puc. 4. CpaBHeHHe YHCJIEHHOT0 Pe3yJbTATA ¢ AHAJTUTHYECKHM pellleHreM
NPHU pa3jMYHbIX MOMEHTAX BPeMeHU

Ha pucynkax 5a u 506 mpencraBiensl npoduin HOpmbl omnbku L/ u L2 npu
paznIuuHBIX pazMmepax ceTku. Ommoku Hopmbl L1 1 L2 ObITH BEIYUCIICHBI TIO CJICTYIOIICH

bopmyre

> g, (e y.1) g, (x,.1) g, (. y.t) =g, (. p.t)
X,y

e, (t)==2 , £,,(t)=
Ll( ) Zy|qb (x,y,t)| L2( ) Z|qb (x’ y,t)|2
X, X,y

32x32 — 32x32 ——

64x64 4 6464

96x96 5 96x96 - - -
128x128 — - — | — 128x128 — - —

log10(11)
.
log;o(€r2)

wH? w/H?

a) 0)
Puc. 5. Ilpopunu ommdxu HopMbI a) L1 n 0) L2 npu pa3iudHbBIX MOMEHTAX BpeMeHH

Kak BHIHO W3 pPHUCYHKOB YBEJIMUYEHHE pa3pellieHuss CETKH CIOCOOCTBYET K
YMEHBIIEHUIO HOpM omuOoK. Ecnu npeamnonoxkuTh, 9YTo U3BECTHA HOpMa OIMIMOOK MPH
pa3IMYHBIX pa3Mepax CETKM M YTO KX COOTHOLIEHHE pPAa3MEpPOB KaXKIOW CETKH K
HayaJbHOMY DaBE€H M, TO MOXHO OIPENENIUTh MOPSAAOK TOYHOCTH IO CIIEAYIOIIEH

bopmyre
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n(t) = logm(j"(t) j

B TecToBoif 3a1a4€ OMTMOKKM HOPMBI OBUTH BBIYMCIICHBI B MOMEHT BPEMEHU  * v / H

= 1.

MpeACTaBJICHBI HA TabuIe 3.

Taonauua 3. Iopsigok TouHocTu L7 u L2 B 3aBUCHUMOCTH OT pa3Mepa CeTKU nmpu - v/

[lopsiaky TOYHOCTM YHCIEHHOTO QIrOpUTMa B 3aBHCHUMOCTH pa3Mepa CETKH

H =1
Pasmep ceTku u(Ll) [Topsinox (n) u(Ll) [Topsinox (n)
32 x32 3.3738 x 10™ - 5.8084 x 107 | -
64 x 64 2.3047x 10 3.8716 1.5181 x 107 1.9358
96 x 96 4.6600 x 10* 3.8978 6.8264 x 10~ 1.9489
128 x 128 1.6972 x 10* 3.8175 4.1198 x 10° | 1.9087

6. PesyabTarsl MoaeIHPOBAHUSA

[IpencraBneHsl pe3yabTaThl YHCICHHOTO MOJICIUPOBAHUS OSBOJIONHMH OO0JaKa
B3pbIBA PAKETHI-HOCUTEIISI HA OCHOBE MeToa LBM. bblu ucnoib30BaHbl yCJIOBUS aBapUHU
PH «IIpotou-M» 2-ro utomns 2013 r. OnpeneneHa tuHaMUKa U3MEHEHHUS BBICOTHI ITOIbeMa
obmaka B3pbIBa B aTMocdepe 3aBUCUMOCTH OT TEPMOJMHAMUYECKHX IapaMeTpOB.
[Tony4yeHHsie pe3yabTaThl MOACIUPOBAHUS, OMPEACISIIONINNA BBICOTY MOTHATHS OO0JIaKa
COOTBETCTBYET pe3ysbraram pabotel OHydpueBa [3], mpu ManabIX MOITHOCTSX B3PHIBA.
Taxke mnokazaHa IWHAMHMKAa HW3MEHEHHUS cocTaBa oOjaka Mpu MOIIHOCTH B3PHIBA,
paccYrTaHHOM OT pa3MepOB BOPOHKHU.

UucnenHoe MoaenpoBanre Tana (opMUPOBaHUSI TA30IBUICBOTO 00IaKa B TIEPBHIC
MUHYTbl aBapuu MPOBEACHO B JBYMEpPHOU obnactu ¢ ¢usnyeckum pazmepom 300 m
BBICOTHI ¥ 120 M TMHBI ¥ pacueTHOM ceTkoi 128 X 256. MeTeoposaornyeckue T1aHHbIC B
MOMEHT B3pbIBa i (PU3HKO-XUMHUUECKHE TTApaMETPhl B3phIBAa PAKETHI-HOCHUTEISI YKA3aHbI B
Tadmiax 4-6.

Taoauna 4. PusnKo-xuMH4YeCKHe CBOMCTBA ra3oB 00J1aKa

HasBanue Monspnas | [TnotHocts | Kunematuueckas | Junamuueckast | JJuamerp Jons
Macca, 0°C, BSI3KOCTb, BSI3KOCTb, MOJIEKYI, (%)
/MOTIb Kr/Mm> M2/c ITa-c 0°C M

Oxcun 28.01 1.25 1329.6-108 1662-10°% 0.32:10° 15

yriepoaa

Huokeny 44.01 1.9768 693.039-10° 1370-10°8 0.33-10° 1.95

yriepoaa

A3zoTr 28.01456 | 1.251 2.053-10® 1660-10°8 0.3-10° 78

Oxkcun azora 30.0061 1.3402 1343.08-10°8 1780-10°% 0.3-10° 2.5

Juokcun azora | 46.0055 2.0527 829.72-108 1112-10°8 0.28-10° 2.5

BonsHoii map 18.01528 | 998.2 101.2-10°® 101000-10°8 0.29-10° 0.05
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Ta6auua S. [TapameTpsl B3pbIBa pakeTbl-HOCHTEJIS

[Tapamerpsl

Howmep crynenu PH 1+2+43
OcTaToK pakeTHOT0 TOIUIMBa Ha MOMEHT B3phiBa (HIMI + AT), T 0.703
[Toka3zaTens gelcTBUS B3pbIBa (n) 2
MoutHocTh B3phIBa, T 0.878
I'myOuHa BOPOHKH, M 5
Pannyc BopoHKH, M 10
JnaMeTp BOPOHKH, M 20
OOBbeM BOPOHKH, M 785.4
Macca BBIOpOIICHHON M3 BOPOHKH MOYBBI, T 1178.2
Bricora Bana (OpycTBepa) BOPOHKH, M 1.3
Panuyc obnaka B3pbiBa, M 2.6
O06beM obsaka B3pbIBa, M 74.05
Dueprus B3pbiBa, 10° Ik 3.67
Bricora mogusTus ob1aka, M 288

Tabauua 6. Mereopooruyeckue napaMeTphbl, MJIOMAAKA 92 (BLICOTA PACHOI0KEHU S
oko0J10 100 m)

Bricora, M | Temnepatypa | Bmaxxnocts | ATMOchepHOE Hamnpasnenue | CkopocTb
Bo3nyxa, C BO31yxa, % | maBieHUE, BETpa, Ipaj BeTpa, M/c
MM.PT.CT
10 18.6 45 738.5 10 6-8
40 - - - 20 7-8

HazemHbIll B3pbIB CONpOBOXAAETCS 0O0pa3oBaHHEM BOpPOHKHU. Pa3mepbl BOpoHOK
3aBUCST OT MOILHOCTH B3pbIBAa M THUIIA MOYBO-TPYHTOB. MOIIHOCTH B3pbIBa U IIIyOMHA
BOPOHKH CBSI3aHBI COOTHOIICHUEM [ 16, 17]:

q=KgW>(0.4+0.6n°) (14)
IJIe ¢ — MOIITHOCTS B3phiBa; K , =1,35 — pacueTHpIii yuenbHbIil pacxon BB, ke/m’ W =5
M — [TyOMHA BOPOHKH, M, 11 = 2 [OKa3aTeib JAEUCTBUS B3pPbIBA.

®opmyna (14) mo3BosseT BBIYUCIUTH MOIIHOCTH B3pbIBA 10 U3BECTHOW IIyOHHE
BOPOHKH, noJryamiach g =0.878 m.

MakcumanbHasi BeIcOTa MoabEMa (kM) obOaka B3pbIBa ONpeAeseTcs mo Gopmyse
Corrona [1]:

H =0.665¢"%"°.
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200
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Puc. 6. U3menenue a) rTeMnepaTypsl 4 0) BLICOTHI 00pa3oBaBuIerocs o0JaKa npu
MouHocTH B3pbiBa q=0.878T.

Ha pucynke 6a nzobpaxena HadaibHas ¢opma 00Jaka B3phIBA PAKEThI-HOCUTEIIS.
Kak BuaHO u3 pricyHka 60, B iepBble CEKYH/Ibl aBapuu 00JaK0 MPUHUMAET IPUOOBUIHYIO
¢dbopmy, riae Ha BepxHel yacTu HabmogaeTcsa oOpazoBaHue BUxpeBoro kosbla [16, 18]. B
HavyaJbHBII MOMEHT BPEMEHU TEMIIEpaTypa BUXPEBOTO KOJbLa Besnka U paBHseTcsa 1800
K, B Tewenum 5,5 cexkynn temmeparypa cymectBeHHO mamaer a0 400 K 3a cuer
a711abaTUYeCKOro paclIMpeHusl U 3a CYeT TypOYJEHTHOro MEepeMEIIMBAHUSI HAarpeToro
BO3JlyXa 00Jlaka M XOJIOJHOIO BO3/AyXa OKpykarwmed cpeabl. [lagenue TemmepaTypbl
oOnaka mocie 5,5 ceKyH/Abl IPOUCXOIUT C MEHBIIEH CKOPOCTbIO, OCKOJbKY B JaHHbBIE
MOMEHTBI BPEMEHU HW3MEHEHHE TeMIIepaTypbl OCYILECTBISETCS 3a CUET TypOYJIEHTHOIrO
nepememnBanus. Ilox neiictBueM cuibl IUlaBydecTd oOjgaka Harperoro BO3jayXa
MoJAHUMaeTcss B arMocdepy A0 MOMEHTa BbIPaBHHUBAHUS TEMIIEPATypbl, IUIOTHOCTU
ra3oBbIX KOMIIOHEHTOB BHEUTHETO ¥ BHYTPEHHETO HArpeToro U XoJoAHOTO Bo3ayxa. [lpu
MIPOBEJIEHUU YUCIEHHOTO MOIETUPOBaHUs 3(P(PEKT TEMIOBOT0 N3TyYEHUSI HE YUUTHIBAJICS.

Ha pucynkax 6a — 66 npeacrapiieHbl rpadyKky ©3MEHEHHS BBICOTHI TOJHATHS 00IaKa
1 MakCUMAaJbHON TeMIlepaTypbl B 00Jlake B 3aBUCMMOCTH OT BPEMEHM MPU MOLIHOCTHU
B3pbIBa ¢ = 0.878T.

JluHamuKa U3MEHEHUs! KOHLIEHTpAaIUK B 00JIaKe Mpe/ICTaBlIeHa Ha PUCYHKE 7a.

151



Ceknus 1. CoBpeMeHHbIe P06JeMbl IPUKIAJHON MaTeMaTUKH,
MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

3.1e+02

[ 8.5e-02

L oo — 304

— 302

— o004 ©
_ 300

[ 298
3.0e+02

— 0.02

l 0.0e+00

a) 0)

Puc. 7. luHaMuka pacnpocTpaHeHHs 1M0Jisl KOHIIEHTPALUM CMECH NMPH HAYATbHOM
3HAYEHHH dHepruH B3peiBa E =3.67-10° e B cedenun x=60 m:
a)t=5¢;0)t=35c.

6. 3akr04eHue

B nmanno# paboTte OBLIO pacCMOTpeHa AMHAMHUKA KPYIMHOMACHITAOHBIX TEPMHKOB
B3pbIBa TMOJ JCHCTBHEM CHJIBI IUIABY4EeCTH, C Y4eTOM 3(P(HEeKTOB TypOyJIEHTHOTO
NepeMelnBaHnusi U aauadaTHuecKkoro pacimupeHus. HaganbHble MeTeoposioruueckue
YCIIOBHS, a TAK)KE IMapaMeTpbl B3pbIBa, COOTBETCTBYIOT peaibHbIM apamerpam aBapuu PH
«IIpoToH-M», mpousomemmieit 2-ro uronst 2013 r. B TO3UIIMOHHOM pailoHE KOCMOJIpoMa
«baiikoHyp».

UucneHHbld anrOpUTM OCHOBAH HA PEUICHUM PEUIETOYHBIX ypaBHEHH bonbinMana
B CKMMAaeMOW NOCTaHOBKE. VCIOJIb30BaHHBIM YWCICHHBIM aJIrOPUTM HMEET BTOPOM
MOPSIOK TOYHOCTU MO BPEMEHHU M IO MPOCTPaHCTBY. [1OpsIOK TOYHOCTH YHMCIEHHOIO
aJITOPUTMAa OLIEHEHA C MIOMOIIBIO TECTOBON 3aJJauH.

[Tomnyuensl pe3yNbTaThl YHCIIEHHOTO MO/IETTUPOBAHUS TUHAMUKHI
KpyIIHOMAacITaOHbIX TEepMUKOB. OnpeleneHbl T'e€OMETPUUYECKHUE XapaKTEPUCTHKU
TEPMHKA TOTHATOTO B pE3yJabTaTe BCIUIBITHS: BBICOTA, (POPMBI BHXPEBOTO KOJbBIA B
TepMHuKe. MOITHOCTh B3pbIBa pacCUUTaHa OT Pa3MEPOB BOPOHKH.

[TonyueHHble pe3ynbTaThl MOJEIMPOBAHMS, ONPEACNISIOMIUNA BBICOTY MOJIHATHUS
o0Jlaka COOTBETCTBYET pe3ysbraram paboTel OHydpueBa [5], mpu MalbIX MOITHOCTSIX
B3pbIBa.

B 3akimioueHur OTMETUM, YTO pe3yjibTaTbl JAHHOTO HCCIIEAOBAHUS IMO3BOJISIOT
OLICHUTh I'€OMETPUUECKUE XapaKTEPUCTUKHU MOJHATOrO0 TEPMHUKA, KOHIIEHTPALIUIO CMECU
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ra3oBbIX KOMIIOHEHTOB B pa3Hble MOMEHTbl BpeMeHH. [logoOGHas BO3MOMXHOCTH
HEOIIEHMMa IpU OTCYTCTBUU JKCIEPUMEHTAJbHBIX JaHHBIX 00 oOpa3oBaBiIeMcs
KpyITHOMAacHITaOHbIX TEPMUKOB B pe3yapTaTe aBapuu. [loydyeHHBbIE pe3ynbTaThbl
ITO3BOJIAT ITPOBECTU NIEPBUYHYIO OLICHKY BIIMSHUS aBapUU Ha OKPYXKAIOLIYIO CpEay.
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OINITUMAJIBHASI CTABMJIN3ALINSA OJHOMW HEJIMHEMHOM
CHUCTEMBI DKOHOMHUYECKOMW MOJIEJIN KJIACTEPA

Myp3aoexoB 3.H., Mup3zaxmenona I'.A.

Dakynomem unpopmayuonuvix mexnonocuti Kazaxckoeo Hayuonaibhoco
VHUsepcumema um. anb-Papabu, Armamel, Kazaxcman
E-mail: murzabekov-zein@mail.ru, gulbanu.myrzahmedova@gmail.com

Annomauwun. Paccmampusaemcs 3adava onmumanvbHoOU cmaduiuzayuu 0
00H020 KIACCA HeNUHEUHbIX cucmem ¢ Kodpguyuenmamu, 3a8UcIuuUMU 0M COCMOSIHUS
obvekma ynpaesnenus. Hatideno uenunetinoe ynpaeienue, OCHO8AHHOe HA NPUHYUNE
00pamuoOU C8s3U C Y4emom O02pPaAHUYeHull HA YNpasieHue, KOMopoe 3asucum om
COCMOSIHUSL cCUCmeMbl U meKywe20 Momenma epemenu. Ilonyuennvie pe3yiomamsl O
HENIUHEUHbIX CUCTEeM, UCHOIb3VIOMCS NPU KOHCMPYUPOBAHUU YAPABIIOWUX NAPAMEMPOs
OJis1 MPexXceKMopHO20 IKOHOMUUECKO20 KIACMepad HA OeCKOHEUHOM UHMePBaie BPEMEHU.

Beenenue. B Teopum ympaBieHuss OoJibllioe BHUMaHHUE yJenserca mpodseme
UCCIIEIOBAaHUSl YCTOMUMBOCTM B HEJIMHEHHBIX CHUCTEMax WU 3ajaye CcTadWIn3alnuu
HEJIMHEWHBIX CHCTEM YIpPAaBJIEHUS. 3a IMOCIIEHEE BPEMS MOSIBUINCH HOBBIE alITOPUTMBI
yIOpaBieHUs HEIMHEHMHBIMU CHUCTEMaMH, OCHOBAHHbIE Ha HCIOJIb30BAHWU YpPaBHEHUU
Pukkatu ¢ koapdunueHTamu, 3aBUCAIIMMU OT COCTOSIHUS cucTeMbl. HeoaHO3HaYHOCTh
IIPEACTABICHUS] HEJIMHEWHONW CHCTEMBl B BHJE CHCTEMBl JIMHEWHOM CTPYKTYpHl M
OTCYTCTBHE JIOCTAaTOYHO YHUBEPCAJIbHBIX AJITOPUTMOB pELICHUS ypaBHEHMsI Pukkarw,
rapaMeTpbl KOTOPOTO TAKKE 3aBUCAT OT COCTOSIHUSL, TOPOKIAI0T MHOKECTBO BO3ZMOKHbBIX
cyOONnTUMalbHBIX peuieHuil. B cBs3u ¢ TeM, 4TO B TEXHMYECKUX U IKOHOMHYECKHX
CUCTEMAaxX CYIIECTBYET MHOXECTBO pa3jMYHbIX THUIIOB HEIMHEWHOCTEH, MO3TOMY
BO3HUKAIOT Pa3IMYHblE MOJIXOJAbl K IMOCTPOCHHUIO 3aKOHOB YIPaBJIEHHA C OOpaTHOU
CBSI3bI0, pAallMOHAIBHBIC OTHOCUTENIHO 33a/IaHHOTO KpUTepus kadectna [1]-[4].

Ha npakTtuke BcTpeyaeTcst 00J1bl10€ KOJUYECTBO 337a4 ONTUMAJIbHOTO YIPaBJICHUS
JUIE SKOHOMHYECKHMX CHCTEM, KOTOpbIE SBISIOTCS HEIMHEHMHBIMH CHUCTEMaMH C
K03 duLmeHTaMu, 3aBUCSIIIUMU OT COCTOSIHUS 00BbEeKTa yrpasieHus [5,6].
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B nacTosimieit paboTe paccmaTpuBaeTcs 3ajadya ONTUMAIBHON CTAOMIM3AIAN TS
OJIHOTO KJIacCa HEJIMHEMHBIX CHUCTEM C KO3(pPUIMEHTaMHU, 3aBUCSIIUMU OT COCTOSHUS
oObekTa ympaBieHus. llpemiaraercss ucCHoOAb30BaTh IMOJIXOJ, OCHOBaHHBIM Ha
JOCTaTOYHBIX YCIOBHUSX ONTHUMAaJIbHOCTHU, KOTOPBIA IMO3BOJISIET IMPEICTaBUTh HCKOMOE
yIOpaBieHUE B BHJAE CTAOMIM3HUPYIOLIErO YIPABJICHUS, 3aBHUCSILErO0 OT COCTOSHHS
HEJIMHEMHOW CHUCTEMBI M TEKYIIEro MOMEHTa BpemeHu. Kpome Toro, 3ToT meTon AaeT
BO3MOXHOCTb Y4€CTh UMEIOIIUECS OTPAaHUUEHUS Ha 3HaueHus ynpasieHui. [lomyuennsie
pe3ynbTaThl Ui HEJIMHEWHBIX CHCTEM, HCIOJB3YIOTCS MpU KOHCTPYHPOBAHUH
VIOPaBISAIOUX [apaMeTpoOB Uil TPEXCEKTOPHOIO HKOHOMUYECKOro KiacTepa Ha
OECKOHEYHOM MHTEpBaJIe BPEMEHH.

1. TpexcekTopHas 3KOHOMHUYECKass MoOJelb Kiactepa. PaccMoTpum 3amauy
ONTUMAJIBHOTO YIPABJICHUS JJI SKOHOMUYECKOW MOJENN KIIAacTepa, COCTOSIIEN U3 Tpex
cektopoB: =0 (maTepuanbHbli cekTOp), [ =1 (poHmOCO3MAIOMUN CEKTOp), =2
(morpebutennckuii cektop). [Ipenonaraercs, 9To B KaKI0M CEKTOPE MPOU3BOIUTCS CBOM
arperupoBaHHBIA MPOJYKT: B MaTepUalIbHOM CEKTOpE — IpeaMeThl TpyAa (TOIUIMBO,
AJIEKTPOIHEPI U, CHIPbE U JPYrue MaTepualsl); B (POHI0CO3IAIONIEM CEKTOPE — CPEJICTBA
Tpyna (MamuHbl, 000pyJOBaHKE, MPOW3BOJICTBEHHBIC 3JIaHUSA, COOPYXEHUS U T.I.); B
MOTPEOUTENLCKOM CEKTOPE — IIPEIMETHI MOTPEOIICHNUS.

PaccmarpuBaemasi MaremaTuueckasi MOJIETb COCTOUT M3 [S]:

a) Tpex (QyHKIMI ynenbHoro Beimycka tuna Ko66a — lyrnaca:

X, =04k, A4>0, 0<a, <1, (i=0,1,2), (1)

06) Tpex muddepeHIMATBHBIX  ypaBHCHHWH,  OMUCHIBAIOIIUX  JIHHAMHKY
(OHI0BOOPYKEHHOCTEH:

k, =—Ak,+(s,/6)x, k(0)=k', 1,>0, (i=0,1,2), )
B) TpeX 0ajJaHCOBBIX COOTHOIIIECHUH:

So+s,+s,=1 5,20, 520, 5,20, 3)
0,+6,+6,=1, 6,20, 6,20, 6,=>0, 4)
(I1-By)x, = pBx, +B,x,, B,20, B, =0, B,=0. (5)

3/1ech COCTOSTHHE IKOHOMUYECKOU cUCTEMBI ((hOHI0BOOPYKEHHOCTD) OMHUCHIBAETCS
sektopoMm (k. k., k,), a (54, 5,,5,,0,,0,,0,)— Bekrop ynpasneunii (s,,s,,s,) — g0au
CEKTOPOB B paclpeie/ieHUH WHBECTULHOHHBIX pecypcoB, (6,,0,,0,)— nonu cexropos B

pacrpesielieHu  TPYIOBBIX pECYpCcoB); X, — YAEIbHBIM BBIIYCK (KOJIMYECTBO

1
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BBIIIYCKAEMOU NPOJYKIMH B [-M CEKTOPE B pacdyeTe Ha OJHOro paborawoiiero); [, —
IIpsIMBIE MAaTEpUAJIBHBIE 3aTPaThl IIPU BBITYCKE NMPOAYKIUHU B 1-M cekrope; i = 0,1,2.
0 0 0 0
HauanbHoe —coctosmume —cuctembl  pasio (k.. k', k), rtme k' =k(0) —
donmoBoOpYKEHHOCTE i -TO cektopa (i =0,1,2) npu 1 =0.
2. TloctaHoBka 3amauM ONTUMAJIbHOW cTa0wnmm3anun. Paccmorpum 3amady

OIITUMAJIBHOT'O ynpaBneHI/m JUIs1 OAHOI'O KJj1acca HeJ'II/IHel\/’IHBIX CUCTEM C KOS(i)(i)I/IHI/IeHTaMI/I,
3aBUCAIIMMU OT COCTOSIHMSI 00beKkTa. PaccMmarpuBaercst 3amava mepeBoia HETWHEHHOM

CHCTEMBI W3 3aJaHHOTO HadanbHOTO cocTosuus (kg, k’,ky)B KelnaemMoe COCTOSHHE
(ky,k ,k;) 3a Geckomeunbiii wnTepBan Bpemenn [0,00). B kauecTBe Kemaemoro

KOHe4HOro coctostHus (k,, k;', k, ) BbIOMpaeTcs COCTOSIHUE PaBHOBECHUS CUCTEMBI:

I
S'_A' e k= 50,4, (k)™

_ 5,04, (k)™
A C 100, .

ki =
>\’292

N
. ks

3uauenus (onmoBoopyxkennocreii k; (i=0,1,2) B cocrosmun pasHOBeCHs
3aBUCAT OT ynpasienuit (S,,s,,5,,0,,0,,0,), mis koropeix B pabore [7] onpeneneHsi
3HaueHus (s,,s,,55,0;,0;,0).

Marematuueckyro MoJelb 00beKTa ymnpaBieHHUs (2), 3amuuieM B BHJIE CHUCTEMbI
g depeHnraibHbIX YpaBHEHUI B BEKTOPHOU popme:

V(1) = Ay(t) + BD(»)u(t) + B(D(y) = D(k" )", y(ty) = vy, 1E€[ty,®). (6)
UCIIOJIB3YS CIIEAYIONHE 0003HAYEHUS:
=k -k, v,=k,—k5, y,=k,—k;,
u =s-v,, u,=8,6/6,-v,, u,=s,6,/6,—v;,

S N S NS S __ 4,8 SNS s __ s
v =5y, $,0,/0;=v,, s5,6]/6,=v;,

L= +k)", L) =0, +k5)“, f:(r3) = (5 +kp)™,

% 0 0 4 0 0
A=| 0 =%, O |, B=|0 4 0],
0 0 -, 0 0 4
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(7 +k)” 0 0
D(y): 0 (yl"'kls)al 0
0 0 (y, +4)"
k)* 00

DKY=| 0 (&) 0
0 0 (k)"

Ak* +BD(k* ) =0.

3mecs  y=(),,),,V;) O3HAYaeT BEKTOP COCTOSHUS OOBeKTa, U = (U, Uy, U;)

O3Ha4aeT BEKTOp yrpaBicHUs. KOMIOHEHTHI BEKTOpa YIpaBICHHUS u = (u,,U,, U;)"
YAOBJIETBOPSIOT IBYCTOPOHHUM OI'PAHMYECHMSM CIIEIYIOLIErO BUAA:

u(t) eU0)=1{uly,(t) Su(t) <y, ().t €[ty,); 7,, 7, € Clty, )} (7)

bynem mnpenmonarare, uro cucrema (6) ympaBimsema. Matpunslt A, B
YIOBJIETBOPSIOT  YCIOBHIO  YINPaBISEMOCTH, T. €.  BBINOJHSETCS  yCJIOBHE
ranq[B, AB, ..A"'B]l=n.  CueayeT OTMETHTb, YTO KPUTEPUM YHPABIAEMOCTH s
HETMHEHWHBIX cucTeM Obut mosiydeHbl B pabore k. Kmamke [8]. HccnemoBanus
YCTOMYMBOCTH HEJIMHEHHBIC cucTeM Obuth BhimosiHEeHbI A.Il. AdanacbeBbiM u ap. [1] u
C.M. Jlo6anoBoMm u ap. [2]. M.I'. [ImutpueB u np. [3] uccienyioT ONTHUMAaJbHYIO
CTaOWIM3alUI0 JJIs OJIHOTO KJlacca HEIMHEMHBIX CHCTEM C KO3(PQPUIIMEHTaAMH,
3aBUCSIIMMU OT COCTOSIHMSI OOBEKTa YIpaBlieHUss Ha OECKOHEYHOM BPEMEHHOM
unrepBane. B.H. AdanaceeB u I1.B. OpnoB [4] paccMaTpuBarOT KjacC HEIMHEHHBIX
CUCTEM, JUIsl KOTOPBIX CYIIECTBYET KOOpAMHAaTHOE mpezctasiieHue (aupdeomopdusm),
npeoOpasyroiiee UCXOTHYI0 CHCTEMY B CHUCTEMY C JIMHEWHOW YacThI0 M HEIMHEHHOU
oOpatHol cBsi3bt0. B paborax [9,10] paccMOTpeHsI 3ajauy ONTUMAIBHOTO YIIPABJICHUS C
NpUMEHEHHEeM MHOXHTeel Jlarpamka s TeXHHYECKHX CHCTEM W JIMHEeapH30BaHHOU
CUCTEMbI PKOHOMHUYECKOTO KJIacTepa.

OGo3naunm  yepe3 A(f,) MHOXECTBO BCeX JONMYCTHMBIX YIPaBICHHH,
yIOBJIETBOPSIOIIHX yciaoBuio u(t) € U(t), t €[1,,90), 1 COOTBETCTBYIOIIMX TPAECKTOPHIA
y(t,u) cucremsl (6).

[Tycts Ha muOkectBe A(f,) 3amaH QYHKIIMOHAJ, KOTOPBIH 3aBHCHUT OT YIPABICHHS

U COCTOSIHUS O0BEKTA:
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©

J(u) = %J[y*(t)Q(y)y(tH(u(tH(E =D (VDK"Y Rw(®)+(E~D™ (DK )v)ldr, (8)

[

rne Q(y)=KBD(y)R'D*(y)B'K — KBD(k*)R™'D"(k*)B"K + Q, — NOJIOXHTEILHO
MOJTyOTIpeIeTICHHAsI MaTpUIla, a R, D (y)— NOJOXHUTEIHHO ONPECIICHHBIE MAaTPHUIIBL.

CraButrcs 3anmadya. TpeOyercs HalTu craOunusupytouiee ymnpasieHue u(y,t),
KOTOPOE€ YJOBJIETBOPSIET ABYCTOPOHHUM OrpaHuyeHUsM (7) U nepeBoauT cuctemy (6) us
3aJ]AHHOTO HayaibHOro cocrostaus Y(f,) =), B JKelaeMoe COCTOSIHHE pPaBHOBECHS
¥(o0) = 0 3a uHTEpBaI BPEMEHH [, 00) , MUHUMU3HUPYS IIPH 3TOM QyHKIHOHAI (8).

Jlig 3a7auu OoNTUMAaNbHOTO yrpaBieHus (6)—(8) ocyllecTBIsSeTCs] MOUCK TaKOIro
ynpasieHuss u(y,t), 4ToObl IOJOXKEHHE PaBHOBECUS B 3aMKHYTOH cucTeMe ObLIo

ACHUMNTOTUYECKH YCTOMYMBO MO JIAMYHOBY M CKOHCTPYMpPOBAaTh MPH 3TOM TaKOM
KpUTEpUH, IO KOTOPOMY IIOCTPOEHHOE  ympaBieHue o0JajaeT  HEKOTOpOu
ONTUMAJIBHOCTHIO. {11 3TOrO0 MCHOJIb30BaH METOJI, OCHOBAHHBII Ha MPUMEHEHUHU MHO-
xuteneit Jlarpamxka cnenmanpHoro Buaa [9].

3. PemeHue 3amaun onTUManbHOM cTaOunmzanuu. s pelieHus MOCTaBICHHON
3ajaud puOaBUM K BhIpakeHHIO Uit (yHKIMOHana (8) cucremy auddepeHInanIbHbIX
ypaBHeHu#t (6) ¢ muoxwurenem A = K(¢)y, a Takxe cieayroliee BhIpaKeHUE

A Oy, —u®)]+ O ~7,],

rae A,(t)=0, A4,(¢) >0. B pe3ynbrare mosydnM Cieayronmi GyHKIMOHAT:

L) = [{5° 000y + - w(®) + (B = D (DK W) RO +

+(E =D (»DKWV') +(K(0)y) (4y + BD(»)u(t) + B(D(y) = D(k))V' =)+ (9)
+ 4Oy, —u®]+ L Ou@) -y, 1} dt,

rae K(¢) — cuMmerpuyeckas IOJI0KUTEIbHO ONPEIeICHHAas MaTpUlLia.
Beenem B paccmoTpenue crneayomue GyHKIUH:

1 .
V)= 'Ky, Z—Z=K(r>y, (10)

M) =25 Q)+ KW+ (o) + (E = D7 (1)DK W) Rau(t) +
H(E-D ' (DE W) +(K (1)) (Ay+ BDpu(t)+ BID() - DE )+ (11)
YR O, O]+ 4O - 7,].
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Torna cripaBeIMBO clieayroliee npeacTapienue Gynkmrnonana (9)

L(y,u)=V(y0,t0)+TM(y,u,t)a’t. (12)

ly
HckoMoe ynpaBlieHUE ONPENETISIETCA U3 COOTHOIIEHUS

Ru(t)+(E =D (»)D(k" )W) = =D (0BK(O)y + (% — 1), (13)

rae martpuna K(f) ymoBieTBOpsieT B wuHTepBane ! €[f,,0] auddepeHranibHbM

YpaBHEHUSAM:
K +KA+ A'K —KBD(k*)R™'D* (k" )B'K + 0, =0, K(t,) = K,, (14)
3/1eCh UCIOJIb30BAHBI CIIEAYIOUINE 0003HAYCHHUS:
A(0)=A-BDWR'D'(MB'K®),  ¢(.))=RTA».0-L(10],

A (y,1) = Rmax {0; 7, - o(y, 1)} 20,
A (y,t)=Rmax {0; o(y, 1) —y,} =0, (15)
o(y,t)=—(E-D"'(y)D,)v,—R"'D"(y)B'K(2)y.

Ormerum, uto BeIOOp MuOXHTeneh A, (1) >0, A,(t) 20 Buma (15) obecreunBaroT
BBITNOJIHEHUE YCIIOBUM JOMOJIHSIONIEN HEKECTKOCTH

A Oy, —u®)]=0, LO[u@)~7,1=0.

Ilycte cymectByer pemienue ypaBHeHus (14), torma nuddepenmanbuoe
ypaBHEHUE, ONPEENAIolIee 3aKOH IBUKEHUSI CUCTEMBI, [TPEICTAaBUM B CJIEIYIOLIEM BUJE:

¥ =40y +BD)e(y.0), () =Yy (16)

Pesynbrarhl, ycTaHOBJICHHBIC /I 3a7a4d ONTHUMAIBHOTO YyrpaBieHus (6)-(8),
chopmMyIupyeM B BUJIE CICIYIOMIETO YTBEPKICHHUS.
Teopema. Tlycts (O()) — nonoxurensHo MOyonpenaeieHHas Matpuna, a R(f),

D(y) — MOJIOXKHUTEIBHO ONpPEEeIICHHBIE MATPUIIBI B UHTEpBaJE [f,,90). [Ipeanonoxum,

4yro cuctema (6) sABIsAETCA BIOJHE YIPaBIseMONM B MOMEHT BpemeHu f,. Torma mns
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onTUManbHOCTU napsl (y(¢),u(t)) B 3anaue (6)-(8), 10CTATOYHO, BHIIOJHEHUS CIIEYIOIINUX
YCJIOBHIA:
1) Tpackropus V() ynoiersopseT mupdepeHIHaTbHOMY yPaBHEHUIO

y=A4 WOy +BDe(y:1), ()=, ; (17)
2) ynpasnenue U(t) onpenensercs cleaylomKuM 06pasoM:

u(y,t)=a(y,t)+¢(y,0). (18)

Matpuua K(¢) ynosinerBopser auddepeHuuanbHOMy ypaBHeHuUio (14), Bekrop-
byukuus ¢(y(¢),t) onpexaensercs mno ¢popmyne (15) rakum o6pa3om, yToObl 00ECIECUUTH

BBITIOJTHEHUE OTPaHUYCHHI Ha yrpasieHue (7).
4. Anroput™m pemieHus 3aJa4d ONTUMAJIbHON cTaOmimu3anuu. OnuineM ymaoOHBII
JUTSI peau3aiii Ha KOMIIBIOTEPE aJTOPUTM PEIICHUS 3a7a4i ONTUMAIIBHOTO yIIPaBICHUS

(6)-(8).

1. TlpounrterpupoBarh cucremy auddepeHIHanbHbIX ypaBHeHud (14) s
onpenenenns marpun, K(¢) B unrepsane [¢,,0) ¢ ycnosusamu K(t,) =K.

2. IlpounTerpupoBath cuctemy nuddepeHanbabIX ypasHenuit (17) B unteppaie
[£,,90) npu HawanbHBIX yenoBusix J(f,) = ¥,, . B mporecce uaTerprpoBans cucrems (17)
Ha re4aTh HeOOXOMMO BBIATh TPAQHK ONTHMAIEHOW TPACKTOPHH Y(f) ¥ ONTHMAaIBHOTO
ynpaBieHUs u(t).

3. Ilyctb HailieHO COCTOSIHUE CUCTEMBI y(¢) U ONTUMAJIbHOE yIIpaBiieHue u(t) , Toraa

fi(yi):(yi +kis)ai ,

v= ﬁ]Alfl(yl)"'ﬁzAzfz(yz)(l_“]_Vls)/(uz"'vg)
(U= Bo) Ao f (YUt =V )ty +V3) + oy f ()=t =) )y +v3) (19)

o0OecneunBaroT BBINOJIHEHUE yCIoBUS (5);
sp=u +vy, s, =(1=v)(1-u; =), so=v(l-u;—v) (20)

o0OecnieunBaroT BbINOJIHEHUE yCioBUs (3);

_ 1 0. — (1-v)1-s,)6, 0 - v(l-s5,)6,
L4y /s +v3) 45, Huy +v3) 7 (1, +13) (v

(16)

o0ecreunBarOT BBIIIOJIHEHUE YCIOBUS (4).
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[Ipumep. belny MpoBeAEHBI YHCIEHHBIE PACYEThl HA KOMITBIOTEPE MIPHU CIEAYIOIINX
3HAYCHMSIX MapaMeTpoB (Tabmuma 1):

Ta6auua 1. 3HayeHns TApaMeTPOB /151 TPEXCEKTOPHOH IKOHOMUYECKOI MoaeTu

£

£

£

I [¢%] ﬁi /11' Ai S. 6 k

0 0.46 0.39 0.05 6.19 0.2763 0.3944 966.4430
1 0.68 0.29 0.05 1.35 0.4476 0.2562 2410.1455
2 0.49 0.52 0.05 2.71 0.2761 0.3494 1090.1238

PeIHaeTCfI 3a1a4a OIITUMAJIbHOTO praBJ'IeHI/IH JJIA 3Ha‘leHHI71 HA4YaJIbHOT'O COCTOSHUA
cucrembl )(Z,), KOTOpbIE 3a/IaHbBI B CIICIYIOIIEM BHJIE:

¥(t,) = (~700, —300, 300)", (29)

a marpuisl R, O, K, wumeror Bu:

10 0 O 16-107* 0 0
R=10 10 0], Q= 0 8-107* 0 ,
0 0 10 0 0 8-107*
0.2033%107° 0 0
K, = 0 0.1094 107 0
0 0 0.1090 %107

Pe3ynbTaThl pacueToB COCTOSHUSI CUCTEMBI IpejAcTaBieHbl Ha pucyHke l(a). U3
pucyska 1(0) BUIHO, YTO ONITHUMAJIbHBIE YITPABJICHUS HE BBIXOAT 3a Mpeesibl oomactu U
, OmpenensieMoil orpaHuueHusMu. [[1s paccmMaTpuBaeMoro nmpuMepa 3TU OTpaHHYEHUs
HUMEIOT BUJI:

—041<u, <0.4524, —0.41<u, <049, —0.41<u, <0.49. (38)

31ech KOMIIOHEHTBI yripaBieHust u,(t)u u;(f) nexur Ha rpanune obmactu U B

untepBaie Bpemenn [0,7,] u [0,7,] cooTBercTBeHHO, 3aTeM mpu ¢ € (1, 0], t €(Z,, 0]
3aX0JAT BO BHYTPh oOmactu U . IlepexmoueHue ynpaplIeHHH IPOMCXOAUT B MOMEHT
Bpemenn #, =0.91 mis kommnonenta u, (¢), a wis u;(f) npu t, =2.18.

161



Ceknus 1. CoBpeMeHHbIe P06JeMbl IPUKIAJHON MaTeMaTUKH,
MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

Chimisansime mpasxmopuiiy | £ Cmmiiaamsyne prpasnenia| £
2001 0.4
|:| T T T 1 I:I3 i
03’ 4 50
f 0.2
- 2001
0.1
.FJJ.FEJ.FS _4[":'_
n T r .
20 30 40
-0 1 $
0.1
| vl 72 v3 | | ul uZ u3 |

Puc. 1. 'paduku TpaexTopuii y(f) M ONTHMAJIBLHOIO yNpaBjaeHus u(f)

Ucnonb3ys dopmynsl  (19)-(21) omnpeneneHsl ontuMmanbHOE pacrpesesieHue
TPYHOBBIX (6,(?), 0,(?), 6,(t)) ¥ WMHBECTMUMOHHBIX PeCypcoB (s,(?), s,(?), s,(¢)). Ha
pUCYHKE 2 TOKa3aHbl W3MEHEHHS PECYpCOB, KOTOPbIE YIOBIIETBOPSIIOT OalaHCOBBIM
cootHoreHusM (3)-(5).

Tpapux8(t)
Tpapuxs(t)

024

Puc. 2. 'padpuku onTUMAIBLHOTO pacnpeaeleHnsi HHBECTUIHOHHBIX
U TPYAOBBIX pecypcoB AJisl 6anaHcoBbIX cooTHOmenuii (3)-(5)

BoiBoabl. PazpaboTan anropuT™m pemieHus 3aadd ONTUMAIbHON CTaOUIU3aK U
HalJIeHO HEJIMHEWHOE YITpaBJIeHUE, OCHOBAHHOE TI0 IPUHITUITY 0OpaTHOM CBSI3U HA OCHOBE
ypaBHeHUN Pukkatn. OCOOEHHOCTBIO MPEUIOKEHHOTO TOIX0/1a SBIACTCA JOCTaTOYHAS
THOKOCTh, 00yCIIOBIIEHHAs CIOCOO0OM TTPeoOpa3oBaHUs UCXOHONW HEIMHEHHON CHCTEMBI
K BUJY JJUHEHHOMY IO YNPABICHUIO U ¢ KOAPPUIIMEHTAMH, 3aBUCSIIUMHI OT COCTOSTHUS
CHUCTEMBI. A TaK)ke BEBIOOPOM KpUTEPHS, IO KOTOPOMY IIOCTPOEHHOE yIpaBlieHHe 00IagaeT
HEKOTOPOW ONTHMAJIBHOCTBIO, W TIOJIOKEHHWE pPABHOBECHS B 3aMKHYTOHW CHCTEME
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aCUMITOTUYECKHU ycTounBO 1o JlsmyHoBy. VYnpasistomue napamerpsl (19)-(21) BeiOu-
paroTcsi TakuM 00pa3oM, 4TOObI ObUIM BBIMOJHEHbl OIPAaHUYEHMSI HA YIPABICHUS U
OanancoBsie cooTHOmeHuE (3)-(5). [lomyueHnnbie pe3yabTaThl A1 HETUHEWHBIX CHCTEM,
HCIOJIb3YIOTCS ITPU KOHCTPYMPOBAHUU YIIPABIISIFOIIMX TApaMETPOB JJIsi MaTeMaTHUYECKON
MOJIENIU TPEXCEKTOPHOTO 3KOHOMMUYECKOTO Kiactepa. [[isi paccMaTpuBaeMoro npumepa
OTpe/iesieHbl ONTUMAJIbHOE PAaCIHpEelesIeHUe TPYIOBbIX W HMHBECTHIIMOHHBIX PECYpPCOB,
KOTOPBIC yJIOBJIETBOPSIOT OamaHCOBBIM cooTHomieHUs M. Ha pucynkax 1 u 2 moka3aHsl
ONTHUMAJIbHBIE TPAEKTOPHUH U YIIPABIICHUS, YOBJIECTBOPSIOIINE 3alaHHBIM OTPaHUYEHUSM.
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O ITIOCTPOEHNU MHOKECTBA ®YHKIIM CPABHEHUSA
MMPOI'PAMMHOI'O IBUKEHUSI B BEPOSITHOCTHOM
IHOCTAHOBKE

Taeyoeprenos M.U., Bacuauna I'.K.

Hucmumym mamemamuxu u mamemamuieckozo mooenuposanusi, Kazaxcman
Anmamunckuti Ynusepcumem snepeemuxu u césazu, Kazaxcman
e-mail: marat207@mail.ru, v_gulmira@mail.ru

Annomauusn. Cmpoumcs MHONCECMBO CMOXACMUYECKUX Oup@epeHyuanbHuix
ypasHenui MUmo nepeozo nopsoka u MHOMCeCmEo (YHKYUll CpaeHeHus, OMHOCUMENIbHO
KOMOPbIX UMeem MeCmo YCMOUYUBOCMb NO BEPOAMHOCMU 3A0AHHO20 NPOCPAMMHO2O
O0BUNCEHUSL.

BBenenne. B Hacrosiiee BpeMs HM3BECTHBI BO3MOJKHBIE IOCTAHOBKH OOpPaTHBIX
3amau qudPepeHInanbHbIX CUCTEM M JOCTAaTOYHO TIOJHO pa3pabOoTaHbl OOIIHE METOIbI
pelIeHUs ATUX 33/1a4 B KJlacce OOBIKHOBEHHBIX MU (epeHIaNbHbIX ypaBHeHU [1-14 u
ap.].

BaxxupiM TpeboBaHuEM B TEOpHHM OOpaTHBIX 3afay AU(QPepeHIUaNbHBIX CHUCTEM,
KOTOpOE CBSI3aHO C pabOTOCHOCOOHOCTHIO CHCTEMBI U €€ HENOJATIMBOCTBIO K
BO3MYILIEHUSM, SBJISETCS TpeOOBaHUE YCTOMUMBOCTH 33/laHHBIX CBOMCTB ABMXKEHUS [5],
[O3TOMY  pELIeHWE 3a/Ja4d  yCTOMYMBOCTHM MPOTPaMMHOIO  JIBIJKEHUS  HMEET
CYLIECTBEHHOE 3Hau€HUe Ui JAJIbHEUIIEro pa3BUTHs KaU€CTBEHHON TEOPHH OOpaTHBIX
3amau U depeHInaIbHbIX CHUCTEM W TEOPUHM IOCTPOEHMSI CHUCTEM IPOTPaMMHOIO
JIBUKCHUS.

B Teopum ycTOMYMBOCTH BO3MOKHBIE BO3MYILEHHBIE JBWKECHHS MaTEpUAIBHON
CUCTEMbl CPAaBHUBAIOTCS C HEBO3MYUICHHBIM JBHKEHHEM IO OTHOLICHHIO K
COOTBETCTBYIOILIMM 3HAYEHMSIM 3aJaHHBIX KHUHEMaTHYECKHX IOKa3aTeliell IBUKEHUS B
KKJIbII MOMEHT BpeMeHu t = t,. Ilpu 3TOM mnpeamonaraercs, 4To KHHEMATHUYECKHE
[OKa3aTesy JIBIKEHHsS MOTYT OBbITh ONMCaHbl Bekrop-Gynkuumei Q(y,t), HazbiBaeMoii
GbyHKIMEH CpaBHEHUS W 33aJaHHON B HEKOTOpO#l oOmactu mpoctpanctBa G (Vi ..., Vn)
u3MeHeHus: (a30BbIX KOOpPAMHAT paccMaTpuBaeMoil  cucremsbl. VccnepoBanue
YCTOMYMBOCTH HEBO3MYIIEHHOIO JBH)KEHUS CBOJUTCS K YCTAHOBJICHUIO ITOBEICHUS
pPa3HOCTH 3HAUYE€HUM OJTOM BEKTOP-QYHKIMHM COOTBETCTBEHHO Ha  BO3MOXHBIX
BO3MYILIEHHBIX U HAa HEBO3MYIIIEHHBIX IBUKEHUSAX CUCTEMBI

X = QB/;{ - QH/;{ (01)

mpu Bcex t = ty. B 3amagax moCTpOEHMsI YyCTOMYMBBIX CHUCTEM HCKOMBIE MapaMeTphl
CUCTEMBI U JOIOJIHUTENBHBIC YIPABIIAIONINE CHIIBI TAK)KE OINPEACISIOTCS U3 YCIOBUH,
HAaJIO’)KEHHBIX HA 3Ty Pa3HOCTh. B yCTaHOBMBIIMXCSA ITOCTAaHOBKAX 3aJa4 YCTOMYMBOCTHU
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(YHKIIUM CpaBHEHUS SIBISIOTCS 33JaHHBIMH, TaK e, KaK 1 HEBO3MYIIIEHHOE TBUKCHUE U
YpaBHEHUs [IBIXKCHHS PAacCMAaTPUBAEMOM MaTepuadbHON CHCTEMBL. Takum o0pa3om,
penieHue 3a1adu yCTOMYMBOCTU CBOJUTCS K OIPEIEICHUIO YCIOBUH YCTOMYMBOCTH
3aJJaHHOTO JBM)KEHUSI pacCMaTpUBAeMON CHCTEMbl [0 OTHOLIEHUIO K 3aJaHHBIM
¢byakuusM cpaBHeHUs. OAHAKO BO MHOTHX 33/adaX TEOPHH YCTOWYHMBOCTH SIBJISICTCS
MOJIE3HBIM 3aj]a4a MOCTPOCHMS caMuX (PYHKIIUNA CPaBHEHHUSI, IO OTHOIICHHUIO K KOTOPHIM
HMMEETCSl YCTOMYMBOCTh 33JJaHHBIX CBOMCTB JIBI)KCHHSI MEXaHHUYECKOW CHCTEMBI.

A.C. TamymapiM OblJIa TIOCTAaBJICHA CIEAYIOIIAas OJHA W3 OOpaTHBIX 3a/1a4y
JMHAMHKH, @ UMEHHO, 3ajlauya MOCTPOEHHS MHOXKECTBA (DYHKIUN CpaBHEHHS B Kiacce
00bIKHOBEHHBIX Ju(depernuansabix ypaBuenuii (OY) [1-3]. IlpuBegem mocTaHOBKY
aTOM 3amaun u ee pemeHue B kiacce OV [1]. I1o 3amanHOMY 3aKOHY JBUXKEHHUS

A:y=¢(t), yeR", peClit>1y}. 0.2)

IIOCTPOUTh COOTBETCTBYIOIEE MHOYKECTBO YPAaBHEHUW JBWKEHUS MaTEepUaJIbHOU
CHCTEMBI

y=Y(y1), (0.3)
B KJacCe€ YpPaBHEHHUMH, IOIYCKAIOIMUX JJ8 HAYAIBHBIX YCJIOBHU J t:t0:¢(t0)’

{ty,0(ty)} cymecrBoBanne exuncTBeHHOTO pentenus (0.3) 1 MHOKECTBO II-MEPHBIX
Bekrtop-Qpynkumnii  (Q(y), ronOMOpdHBIX B  HEKOTOPOH £ -OKPECTHOCTHU

A, = {Hy - ¢(t)H < &} unrerpanpHoro muoroo6pasust A(f) (0.2) mpu Beex =1,

[0 OTHOILIEHUIO K COCTaBJISIOIIMM KOTOPBIX HMEETCS YCTOWYMBOCTH B CMBICIIE
JlsamyHoBa.

[locTaBneHHas 3aada MOCTPOEHUS MHOKECTBA (YHKIIMI CpaBHEHUSI pelIaeTcs B
[1-3] MeTonoM XxapakTepucTUUHBIX uucen JlsmyHoBa. Pemenue ykazanHo#M 3amauu
omnpenesnseT COBOKYNMHOCTh KHUHEMAaTHYECKUX IoKa3aTened JBHKeHUs (ycioBus,
HaJIO)KEHHbIE Ha HUX), [10 OTHOIIEHUIO K KOTOPBIM 3a/laHHbIE CBOMCTBA JIBUKEHUS
paccMaTpuBaeMOM CUCTEMBI YCTOMYHUBBI.

MHOX€eCTBO ypaBHEHUMN [BHKECHHsI CUCTEMBI, JJII KOTOPOM 3aJaHHOE JBHUKECHHE
(0.2) siBnsieTcst OJTHUM U3 BO3MOKHBIX, CTPOUTCS B BUJIE

y=¢@) +2(,0), (0.4)

rne ®(y,t) — HekoTopas rosomMopHas B o0iactd A, mpu t = t, BEKTOP-(QYHKIHA,
ynosneropsromas  ycnouio  ®(y, t)|y=4) = 0. [anee cocraBnsercs ypaBHEHHE
BO3MYIIIEHHOTO JIBHKEHHUS TIEPBOTO IIPUOIMKEHHS OTHOCUTENBHO BeKTOp-hyHKIMu Q ().
C NOMOIIBI HEKOTOPOro JIMHEHHOTO IPeoOpa3OBaHUs yYpaBHEHHE BO3MYIIEHHOTO
IBIKEHHMS TIPUBOJUTCH K CHCTEME JIHMHEHHBIX Ju((EpEeHIUATIbHBIX yPABHEHUIA.
Tpebyercss uToOBI TmMOMy4YeHHass cuUcTeMa ObUla TMPABWIBHOW, W 4YTOOBI €€

165



Ceknus 1. CoBpeMeHHbIe P06JeMbl IPUKIAJHON MaTeMaTUKH,
MHPOPMATHUKU U TEOPUH yIIPABJIEHUS

XapaKTepUCTUYHBIE YHCIIa ObLUTH MOJOXKUTEIbHBIME. TOrIa, eciii MPUMEHEHHOe IMHEHHOE
npeoOpa3oBaHue SBIISICTCS JISIMIYHOBCKHM, TO HWMEETCS YCTOWYMBOCTH 3aJlaHHOTO
neuwkenust  (0.2) ortHocuTenbHO  BeKTOP-(QyHKIMH Q(y). MHOXECTBO HMCKOMBIX
cocrapisomux Bekrop-pynkuuii Q(y), cuemys [3], ompemensercs W3 CIeLYHOLIMX
YCJIOBHIA:
L, L OTpaHUYEHBI,
det L' # 0 npu Bcex t = t,

20;(y)
Wy Ay—goy

roe L= ||y Lbv=1,..,n

n ,
oW =

N3BectHbii yuensli Puuapn bemnvan B [IpenucnoBum kaurn Jx. AnomumaHa
«Croxactuueckue cucteMb» (M.: Mup, 1987) nomguepkuBaet: «OueHb Ba)KHO PELIMTD,
KaKyIo MOJEIb CTPOUTD: JE€TEPMUHUPOBAHHYIO WIH CTOXAaCTUYECKYIO.
JleTepMUHUPOBAHHBIE MOJIEIHM BEChbMa IOJIE3HbI, OJHAKO CTOXaCTUYECKUE MOJenu Ooiee
peasiicTu4Hbl. TpPyIHOCTH 3aKIOYaeTcsd B TOM, YTO aHAJIU3 CTOXaCTHMYECKUX MOJener
MaTeMaTU4YECKUMH CPEACTBAMU OUYEHb CIIOKEH.

Croxactuueckue muddepeHuanpbabie  ypaBHeHUss THna HWMTO ONMCHIBAaIOT
MHOTOYMCIIEHHbIE W BaXKHbIE€ B MPUIOKEHUM MOJEIN MEXAaHUYECKUX CHUCTEM,
YUWTBHIBAIOUIME BO3JIEHCTBUE BHEIIHUX CIIy4alHbIX CHJI, B YacCTHOCTH, JBUKEHHE
HCKYCCTBEHHOTO CITyTHUKA 3€MJIU IO JEHCTBUEM CHJI TATOTEHHUS U a3pOJIMHAMUYECKHX
cuin [ 15], nnu GuryKTyallmOHHBIHN Ipeiid TsHKEIoro TMpoCcKona B Kap1aHOBOM mojiBece [16]
Y MHOTHE JIpyTHe.

B kaudecTBe npuMepa, NOKa3bIBAIOIIMM BaKHOCTh y4eTa CIIy4alHbIX BO3MYLIECHUN,
MOXXHO TIPUBECTH, B YaCTHOCTH, OOpaTHyIO 3aJauy AUHAMHKHU I0JE€Ta KOCMHUYECKOTO
annapara. Hanpumep, aspoamHamuueckue MOMEHTbl KOCMHYECKOIrO armapara Beeraa
UMEIOT CiydailHble KOMIIOHEHThI [15], mopokneHHble (QIyKTyalMs MU IUJIOTHOCTH
atMocdepnl miuaHeThl. Kpome Toro, ciydaiiHple HM3MEHEHHSI MOMEHTOB HWHEPLUU
BBI3BIBAIOT TEPMOYIPYTHE KoJeOaHusi CTaOWIM3UPYIOMIUX CTEpKHEH, KOoJIeOaHUS
KUAKOCTEN B OaHKaX, aHTEHH U MaHesell conHeunblx OaTapeid. U uccienoBanue BIMSHUS
ClIydalfHbIX BO3MYILIEHUHN HAa JUHAMHMKY KOCMHYECKOIO afrapara HacTOJIbKO Ba)XKHO, YTO
UTHOPUPOBAHUE ITUX BO3MYIIEHUN MOXKET CYIIECTBEHHO COKPAaTUTh CPOK KCILTyaTalluu
KocMHu4eckoro ammapara [17].

PaccmoTpuM nanee, nocTaBieHHYIO B Kiacce OOBIKHOBEHHBIX TU((epeHIIaTbHbBIX
ypaBHeHUH 3a7a4dy [1-3] B BEpOATHOCTHOM MOCTAHOBKE, a HMEHHO TIPH JIOTIOJTHUTEIIEHOM
MIPEANOJIOKEHUHN O HATMYUH CIIyYalHBIX BO3MYIICHUMN.

1. 3amaya mnocTpoeHusi MHOXecTBa (YHKUMII CpaBHeHHMsI B KJacce
croxacTudyeckux IMpdepeHunanbHbiX ypaBHeHuil. [lo 3amaHHON mnporpamme
JBAKECHHUS

A:d=y—p()=0,yeR", peC',

o<1, (1.1)
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HOCTpOI/ITB COOTBGTCTBYIOHIGG MHOXECTBO ypaBHeHI/II\/’I IBUXXCHUA MaTepHaHBHOﬁ CUCTCMBI
. : k
y=Y(,)+o(y,t)s, £ eR", (1.2)

B KJIacCe YpaBHEHWH, IOMYCKAIOMIMX JUIi HA4YaJbHBIX YCIOBUH y‘t_t = (1))
=lo
CYIIECTBOBAaHHE EJMHCTBEHHOTO [0 CTOXaCTUYECKOH HKBHUBAJICHTHOCTH PEIICHUS
ypasHenusi (1.2) m MHOXeCTBO n-mepHbIX BekTop-QyHkumii (), romomopdHbx B
HEKOTOpoii & -okpectHocTn A, = my —go(t)” < 8} MHTErpanbHOro MHOroobpasus A

(1.1) mpu Bcex ¢ 2 £y, 10 OTHOLIEHHUIO K COCTABIAIONIUM KOTOPBIX UMEETCS yCTOMUMBOCTD

10 BEPOSITHOCTH.

YpaBHEHHE BO3MYIIEHHOIO JBIKEHUS MAaTEPUATBHON CHCTEMBI, UIsI KOTOPOH
3alaHHoOe ABMKeHuE (2.1) sBIseTCS BOBMOXKHBIM, MOXET OBITh, clieys [3], mpeacTaBieHo
B BUJIE

A=A y,0+B(A; p,0E, (1.3)

rne  A(A;y,t)- Bexrop-pynkuus, B(A;y,t)- nxk wmarpuna Ttuna Epyruna,
ynoenersopsitomue ycaosusm A(0; y,¢) =0, B(0;y,t)=0.

Onpenenenne 1. Oyuxims g(r)HaspiBaercs Gpynknueit knacca Xauna, a(r) € K,
ecili OHa — HelPepbIBHA, CTPOro Bospacraromast i yrosiersopser yenosuio @(0) =0.

Onpenenenne 2 [18]. Iporpammuoe muoroo6pasue A (1.1) ypasuenms (1.2)
Ha3bIBA€TCs O -yCTOWYUBBIM II0 BEPOSATHOCTH, ECIIH

lim Py {sup p(»7 %0 (1), A(1) > €} = 0.
p(yo,A(tg))—0 >0

Teopema. Ecin B OKpeCTHOCTH HHTErpaibHOro MHoroobpasust A cymecrsyer

dyukuus Jlanynosa V(A; y,t) co cBolictBamn

a(JA) =¥ s r.n <b(2]

), a,bek, (1.4)

LVS—c(||/1

),cek, (1.5)
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t0 nporpammuoe mBuwkenne A=y —@(t) =0 cucremsr (1.3) acumnroTnyecku P -
YCTOHYMBO MO BEPOSITHOCTH OTHOCHUTEIBHO MPOU3BOILHOM § - MEPHON BEKTOP-(ByHKIIMH
O(y), nenpepsisroii B okpectoct A, 1< s <n.

NokaszareanbcTso. [To onpenenenno Q - yeroiuusoct [ 1] paccMOTpuM pasHOCTh

x=0(y)—0(p(t)). Tlo ycnosuo TeopeMbl cymecTByeT (QyHKmus JlamyHosa
V(A;y,t) co ceoiicteamu (1.4), (1.5), uT0 0GECTIEYMBAET ACHMITOTHYECKYIO IO

BEPOSITHOCTH O - YCTOMYMBOCTH IIPOIrPAMMHOIO JIBHKEHUS A =0 [17], To ectp

lim P, ilim sup p(y70 (1), A(t)) = 0}: 1, (1.6)
Py A1) =0~ b0

u u3 HenpepbiBHOCTH BekTop-Gynkmun (V) u yenosus (1.6) cnenyer

oo SO 00) - Qo .

YTO 03HAYAET ACHMIITOTHYECKYIO YCTONUMBOCTH aBrkenust A =y —@(t) = 0 cucremsl

(1.3) otnocutenbHo Bektop-Gynkimu O()) .
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Annomayua. B pabome paccmomper npuHyun pabomol u C80UCMEA 80JIOKOHHO-
onmuueckux pewemok bpseca ¢ awarumuueckum onucamuem OMpAaANCAMENbHOU
CNocooOHOCmMU CemKU 8 8uoe YHKYULL Om OJIUHbL U CemKU OIUH 80aH. B cmamve maxoice
0ano 060CHOBaHUE MeMOoOd MaAmMpuybl Nepexo0a Meopul C8A3AHHbIX MOO C 88e0eHUe 08YX
CUemyUKO8 NOJIOC CemKU 05l PACHPOCMPAHEHUS. BOIHbL 8 I0Ope ONMUUECKO20 BONOKHA OISl
MOOeNUPOBaHUs. B0JIOKOHHO-ONMuyueckou pewemku bpseea. Ilpusedena mampuya
nepexooa T 2x2 Ona onucamus OMHOWEHULU MedHCOy IIeKMPU4ecKumM noaem
PACNpOCMpansaoweics amniumyovl OJsl PAGHOMEPHOU peulemKu ¢ NepuooudecKuMu
Konebanusimu 800ab OnuHvl L, sA61si0masncs mooenvio Op32208CKUX peuenmox 6 cpeoe
paspabomku MATLAB. C nomowwio memooda mampuysvt nepexooa Transfer Matrix
Method  (TMM)  noxazana  3a8ucumocmsv  Xapakmepucmux  CNeKmpaibHOlU
OMpaNCamenbHol CHOCOOHOCMU OPI20BCKUX peulemoK Om ONUHbL peuemKu U om
JIOKANIbHBIX UBMEHEHUL NOKA3aMmes NPeloMAeHUs. CepOYEeBUHbL BOOKHA.

Knrouesvie cnosa: opsecosckue peuiemku, onmuueckoe 80J10KHO, XPOMAMUYECKAsl
oucnepcust, npelomieHue cepoyesutsvl, MOOVIAYUS, MOOEIUPOBAHUE.

BBenenue. BonokoHHBIE OpIrTOBCKHME pEIIETKH 00JIAJAl0T  YHUKATHHBIMHU
CBOMCTBAMHM M TMPOCTHIMH (PUIBTPYIOIIMMHU 3JIEMEHTaMH TPAKTOB IEpeJadyd BOJIOKOH
CBSI3M, IIO3TOMY HAalUIM MHOXXECTBO IPUMEHEHUNH M CTaHOBATCA Bce OoJiee
pacnpoCTpaHEHHbIMM B TEXHOJOruMM mnepeaadyd. OHM MOTyT OBbITh HCIOJIB30BaHbI B
KayecTBE Y3KOIOJOCHOTO ONTHYECKOT0 pe3epByapa M0J0COBOro GUIbTPa, HApUMeEp, Kak
IpU KOH(MUTYPUPOBAHUU ONTHYECKUX OTBETBIUTENCH, WIM HUPKYISITOPAMH [10JIOCOBOIO
(bunpTpa, UCIOIL3YEMOTO, B YaCTHOCTH, B TexHuke Wavelength Division Multiplexing
(WDM-cniekTpanbHO€  YIUIOTHEHHWE  KaHAJOB) Ul  MYJbTUIUIEKCUPOBAaHUS U
JIEeMYIbTUTUICKCUPOBaHus 10 JymHEe BoJHBL M3menenue pemerku Chirped Fiber Bragg
Grating (CFBG) B pacnonoXeHuH ONTUYECKUX IUPKYISITOPOB HCIOJIb3YETCS B
ONTUYECKUX CETAX JJI1 KOMIIEHCALUU XPOMATHYECKON IUCIEPCUH, TaK 4YTO CIEIyeT
paccMOTpeTh NPUHLMI HMX paboThl M UCCIEAOBaTh BIMSHHE PEXUMOB Iepeaadn
ONTUYECKOTO CUTHaa Ha yJIy4llIeHUE CBOMCTB OTpaykeHUs U komneHcauuu [ 1].

[Ipu n3mMeHeHusax B OpATTOBCKUX PELIETKAaX NEPUO PACIIPEIETICHUS BJIOJIb PELLETKN
CTaHOBUTCA (YHKIMEH, TO €CTh INIyOMHA PACIIPOCTPAaHEHMsI CBETa B PELIETKE CTAHOBUTCS
¢dbyHKIMed anuHBl BoJIHBI cBeTa (pucyHok 1) [2], [3]. DTO mpuBOAUT K YBEITUYECHUIO
CHEKTPAJIBbHON peakluy, TaKk KaK pa3jMyHble JJIUHBI BOJIH OTPa)KalOTCA Ha Pa3IMyYHBIX
rTyOMHaX B CETH.
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R e A -

jednorodna jednerodna zmiennookresowa
apodyzowana apodyzowana

| A N I U S W

Puc. 1. Pazanynblie BUABI OPITTOBCKHUX PElIeTOK, B 3aBUCUMOCTH OT pacnpeaeaeHust
noKasareJisi NpeJIOMJIeHHs cepAlleBUHbI (BBEPXY) U COOTBETCTBYIOLIUE CIIEKTPAJIbHbIE
oTpaKaTe/bHble CIIOCOOHOCTU (BHU3Y)

zmiennookresowa

A/lchrip = 2neff(/llong - Ashort) = zneffAAchrip- (1)
[upuna cetku ms umHbl L Oyaet BeirasaeTs Tak (puc.2) [4]:

Lg
I—Shoﬂ LO /’ Lk)ng

AA chirp A long ™ A ghot
Puc. 2. U3menenne pemerox bparra

Zmiennokoresowa siatka Bragga
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Puc. 3. I[IpuMepsbl crieKTPa OTPaKEHUsI IePeMEHHOI OPIrTOBCKUX PeleToK
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Zmiennokoresowa siatka Bragga
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Puc. 4. le/lMepLI HIHPOKOBEIIATEJIBbHOI'O CIIEKTPa rlepeMemloi/i 6p3FFOBCKI/IX PEIIECTOK

Jluneitnas wacrtotHas moaynsauus (JIYM), meperon packojia CBETOBOTO IydKa,
YYHTBIBAET MAKCUMANbHYIO 3al€PKKY 2L /V;, B 3aBUCHMOCTH OT JUIMHBI BOJHBI. OTOT
3¢deKkT Hucrnonb3yeTcss B  BOJOKOHHO-ONTHYECKMX CHUCTEMaxX Uil KOMIIEHCaluu
XpOMaTHUECKON TUCHEepCUuu. XpoMaTUYecKasl JAUCIEPCHs] OCYILECTBISETCS JIOKAJTbHBIM
M3MEHEHHMEM I10Ka3aTesl MPEeJIOMIIEHHsI B CEp/ILIEBUHE BOJIOKHA B 3aBUCUMOCTH OT JJIMHBI
BOJIHBI. Tak Kak MUMIYJIbC PACUIUPSETCS IPH PA3IUYHbIX JJIMHAX BOJIH, KOMIIOHEHT OyeT
HCIBITBIBATh 33EPAKKY, JaKe €CIIH MPEO0JI0JIEBAET TOT K€ MyTh (AJIMHA BOJIHBI 3aBUCHUT OT
TPYIIIIOBOM 3aJIEPKKH KaXJI0TO pekuMa). M3MeHEeHHs Op3rrOBCKOM PEMICTKH TaKKe
nosiesHsl B KauectBe cucreM DWDM, rae HeoOX0oAMMO KOHTPOJIUPOBATH (OPMBI
KOPOTKHMX UMIIYJIbCOB B BOJIOKOHHBIX JIa3€pax.

Mertoabsl MoaeaMpoBaHMA cHeKTpoB. EcTb 1Ba cTaHmapTHBIX MeToJa
MOJENUPOBAHUS U3MEHEHUS CIIEKTPOB IIPOIYCKaHUs U OTPaKeHUsI 1l BOJIOKHA. [1epBriii
U3 HUX UCHOJIb3YET TEOPHUIO CBSI3aHHBIX MO/, HO 3TO TIOBOJIBHO CJIOHO U MPOOIeMaTUYHO
B peallm3alliy cpelbl pazpadoTku. BTopoii crmocod mpeacrasiser co0oi crmocod TOHKUX
cioeB [5]. B aTom merone mpeamonaraercsi, YTO BOJIOKOHHAsh OpAITOBCKas pelieTka
COCTOMT U3 TOHKHUX JMAJIEKTPUUECKUX IIOBEPXHOCTEH pa3IMYHBIX ONTHYECKUX
apaMeTpoB. 3aTeM pacyeT BBINOJHIETCS JUISl KaKJIOTO U3 CJIOEB. DTO MO3BOJISIET
paccuuTaTh JJIs NEpelaud BOJIOKOHHBIX OpPAITOBCKUX PEIHIETOK MPAKTUYECKH JII0ObIe
pacnpesesieHus oKa3aTesl PeJIOMIICHHsI CEPILIEBUHBI, KPOME TOT0, JIErYe OCYLIECTBUM.

Pacnipoctpanenue cBera uepe3 KaxAbld U3 CJIOEB MPEACTABICHO CIEAYIOIIeH
Marpuiiei [6]:

172



[II MexxnyHapogHast Hay4YHast KOHepeHLus
«MHpopMaTHKa ¥ NpUKJIaJHAS MaTEMaTUKa»,
26-29 cenTs6ps 2018 r., Anmarsl, Kazaxcran

cos hygAz — i —sin h(yzAz) —i—sin h(ypAz)
FB _ YB YB 3
i LK. .G . (3)
i-sin h(ygAz) cos h(ygAz) +i _—sin h(ygzh)
B B

rae: 0 - cymmapubiii kodddumment cps3u (Common DC- coupling self-diffusion
coefficient);

K-COCTaBHas CBsI3b IlepeMeHHoM oopaTHoro dakrtopa (AC- coupling coefficient),
KOTOpast IMoKa SIBIISIETCS [UTMHOM;

i - CeKIIUM PEIEeTKH, U KOTOPO IMmapaMeTp BBIYUCISETCS U3 00pasia:

vp = VK? =62, 4)

a K03((UIMEHTH 0 W K TaK)Ke COOTBETCTBYIOT (PparMeHTy i —0il OpPIrTOBCKON pElIeTKA

K = 2 V8Tery, (5)
rjae:
v - KoHTpacT (visibility) mosiocs! pemeTku (MHACKC KOHTPACTHOCTH MPEIOMIICHHS)
ONepr - W3MECHEHHE IIOCTOSHHOM COCTABISIONIEH IIOKa3aTeNs HPENTOMJIECHUS,

YCPEIHEHHOE TI0 TIJI0Aau mepruoaoB pemeTku (change in the index DC spatially averaged
over the period of the grating)
u:

06 =0+8—-— (6)
T7Ie (@ TPEACTaBISIET CO00M mapameTp, onuchiBaromuii JIUM pemrerky.
B cBoro ouepenn, mapamerp HacTpoiiku O (aHr.: detuning) ¥ MOCTOSTHHOE OTHOIIIEHUE

CBSI3M, YCPEAHCHHOE TI0 TIEPHOAY PEIICTKH, PACCUUTBHIBACTCS C HCIOJIb30BaHUEM
cnenyromux ¢opmyn (an averaged coetficient of over the period of a DC):

6 = 2mngsf G - i), (7)

2
o= %Sneff, ®)

rae: Ap = 2Ny pp /A - OPAIT JIMHA BOIHBL, N f 5 - 2Q(OEKTUBHBINA MOKA3aTEIb IPEITOMIICHHUS.
Korga pemierka paBHOMEpHa 1O BCEH UIMHE MapaMeTpoB, K, 0, 0 SBISIOTCA

d . .
(buKCUpPOBaHHBIMU U d—(f = 0. CexTpabHbIA OTKIMK PEIIETKU Ny GUKCUPOBAH 11O BCEH

JJIAHE JIOKAJIbHBIX MAKCHUMYMOB C obenx CTOPOH. OcrTaBimecs 1ocjae OOKOBEIX II0JIOC
OTpaXXCHUA MOTYT OBITH  CIJIAXKCHBI anoz[mauneﬁ, T.C. IINIaBHBIM HU3MCHCHHUEM
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AMIUIMTYAbl MOOYJIALOWHW HABCACHHOI'O ITOKAa3aTejisad IMPCIOMIICHHUSA B PCIICTKE IIO €€

JJIMHE.

0.9F

08

0.7F

06F

05F

04

Funkcja apodyzacji

03 tanh2x

sinc
e blackman
raisedsine

+

0.2

0.1

Gauss

| N N N |
0 01 02 03 04 05 06 07 08 09 1
Dlugosc znormalizowana

Puc. 5. Ilpumepsl GyHKIUIA anoau3anuu 3TAJTOHHOMN JJIMHBI
- 'aycc

f(z) = exp< —In2 FWHM )

0<z<L,FWHM =1/3;
— IloansAThI CHUHYC:

f(2) = sin? (%)

— Cunyc
f(z) = sinc () ,0<z<L;
— Tanrenc
2az L
f(z) = tanh(T),O Sz<7;
— bmakman

1+ 1.19cos(x) + 0.19 cos(2x)
2.38

f(2) =
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Jist anou3MpoBaHHON (PUKCUPOBAHHBIM 3HAYEHUEM Mofp PEIIETKH 3 z—f =0,u
0 =0kak 6nyer > 0 m: k = f(2), 6 = f(2), véness = f(2).

B penierke MoaeNnMpoBaHus NEPEMEHHAs U3MEHEHHS 3HAYEHUS Mg p TAKIKE MOKET
OBbITh IPUHATA BO BHUMaHHE m = f(2).

Bonoxonno-pemerku CFBG yacTto co3faroTcsi ¢ IOMOIIBIO TayccoBa JIa3€pHOIO
Jy4ya ¢ raycCOBCKHUM npoduiieM (puc 6), KOTOPbIA MOKET ObITh MpECTaBIIEH [6]:

L 2
2(z=3)| | ”

Onerp(z) = Ongpp - expy —In2 FWHM

[TonyBpicoTa paBHa mMOMymIMpUHE MPOGUIS PEHIeTKA €, KaK MpaBujo, IpHU
aroIM3aluy IpeoJiaraeTces, 4Yro JAJIMHa CETKU B TPU pa3a 00JIbllie NOJYBbICOTHL. TeM He
MEHee, YUCIEHHBIM MOJIEJIMPOBAHUEM B Cllydae rayccoBa npouis arnoau3aiiu, MOXKHO
MOJIYYUTh JIydlline pe3yiabTarsl myrem npunatus FWHM = 0.4-L [6].

Zmiennockresowa apodyzowana siatka Bragga
08 ! ! ! ! ' '
: : : H raised sine

(=]
~
1
1
1
1
1
[l
w
=
w
@

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Reflektancja
= o = =
[¥5] E=N o (2]
I I I

=
ra
1

0.1 ; A SN { N S— AW T S -

0 A RN
1549 1550 1551 1562 1553 1554 1555 1556
Diudosc fali w nm

Puc.6. Ilpumeps! ciekTpa oTpaskeHusi OPIrTOBCKUX PelIeTOK, al0AU3UPOBAHHBIX
BbIOpAHHBIMH NPOQUIAMH (Pe3yJIbTATHI OCHOBAHBI HA MOJIeJIN, BHINOJIHEHHOH
B cpene MATLAB)

OyHKIMA anoAW3allud W TPAaBWIBHBIA TOI0Op €€ TMapaMeTpoB OKa3bIBaeT
CYIIIECTBEHHOE BIUSHUE HA OTPa)KaTeJIbHBIE CBOWCTBA M KOMIICHCAIIMM OpPATTOBCKUX
pemeToK. AmnoamM3anus HCIOJB3YeTCS ISl CIIIQXXKWBAHUS OOKOBBIX IIOJIOC CIIEKTpa
OTPaKaTEIBHOUN CIIOCOOHOCTH, YTO MPUBOJAUT K YMEHBIICHHUIO TUCIIEPCUU, HO 3TO MECHEE
Ba)XHO, YEM aMIUIMTYyAAa CUTHajla, OTPAXKEHHOTO OT anoJu3HUpOBAHHBIX pelIeToK bparra.
[TosToMy onTUMaNBHBIN PO AMOAU3ANMHA JOJKEH UMETh TI0IX0IAIee OTHOIIEHUE
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MaKCUMaJbHOW aMIUTUTY/IbI, CIJIQXKUBAIONIMK OOKOBBIE TIOJOCHI W MAaKCHMaJIbHOM
oTpaxkatenpHO# crmocobHoctu. To ecTh, BBIOOp TOAXOASIMIEH (DYHKIIMH armoau3aiuu
MOXET CYIIECTBEHHO HW3MEHHTh XapaKTePUCTUKH OTPAXEHHOTO CBETOBOTO CHUTHAJIA.
BnmsHue koMmeHCHpyeT AUCIIEPCHIO B CHIKAST CTOMMOCTD ITPOM3BOJICTBA PelIeTKH. Yem
oonpmie pemerka JIYM, kak mpaBuio, OOJbIle €€ BIUSHHUE, U, CIEA0BATEIbHO, Oojee
TPYAHO pealM30BaTh, YTO IOBBIIIACT IIEHY TAaKOro pemieHus. Ha mpakTuke permrerka
COCTaBJISIET OT HECKOJIBKUX MM JI0 HECKOJbKHX cM. [losTomMy pasymMHO 0OmyMbIBaHHE
MEXIy BBIOOPOM amoAW3allid U BBHIOOPOM COOTBETCTBYIOIIUX TMApaMeTpoB IS
YIpaBICHUS ATOW PYHKITUEH IS TIOTyIeHUs ONTUMAIbHBIX PE3YJIbTaTOB.

[IpencraBnennsie lllepmun A. Illep-Xana m Moapuera. C. Wcaam [7] mpodunu
anoau3auuy OblIM IpPOaHAJIM3UPOBAaHbl IyTEM BblOOpa (QYHKUMM amnogu3aluud U
MMapaMeTPOB OTHUX DJJIEMCHTOB YIPABJICHUS JUIS TOTO, YTOOBI YIYYIINTH KadyeCTBO
OTPaKaTEIBHOM CIIOCOOHOCTH OPATTOBCKUX pemieTOK. DYHKITUHU aroIu3aIiui MPUHUMAIOT
cnenyromui Buf [7]:

— Tanrenc
T(z) = 1 + tanh [T (1 _2 (;) )] (15)
g
—  XsPMMHHTA
24z
1+ Hcos (T)
T(z) = TTH (16)
— Taycc
2
T(z) = exp [—G (é) ]; (17)
— Kocunyc
T(z) = cos® (le); (18)
- K
OIIHN L
- (z)
T(z) = T Bl (19)
1-(%)
—  Cunyc
(l2(-4)')
2 (z — 7‘9)
T(z) = sinc¥ I\ — /I (20)
g
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[TapameTpsr a, H,G,A, B, X Y OblIn HCTIOJIB30BAHBI JIIS TTOJACPKAHUS HA3BaHUS
npoduIs anoau3aIu, 4ToObl MOJYUYUTh JTYYIIyI0 y3HABAEMOCTb, a JUANa30H BBITIISIUT
cnenyromuM obpasom: a,T € [1,4], H €[0.1,09], G € [2,15], A€[0.15,2], B €
[0.2,0.95], X,Y € [1,4]. AHanu3 ¢ NOMOLILIO MOJEIMPOBAHUS MOSBJICHUS CIEKTPOB
OTpaXEHUS TOKa3an Jydmue kodpdunuentel otpaxenus pemetku CFBG,
anmoJN3UPOBAHHBIE TayCCOBCKUMHU H CHHYCHbIMH Tmpodwiasimu [7]. B [7] He
aHAIM3UPOBAIUCH cBoicTBa KoMreHcaruu CFBG, anoau3npoBaHHbIe STUMH PO UMY,
HO B OCTQJbHOM YacTW paboThl ObUIM TPEACTABICHBI PE3YJIbTAThl MOJICITUPOBAHUS
OpATTOBCKUX PEIIETOK, aloIU3UPOBAHHBIC TAYCCOBCKUMHU U CHUHYCHBIMH TIPO(DHIAMU, 1
WX BJIMSHUE HA OTPa)KaTEIbHBIC CIIOCOOHOCTH, TUCTIEPCHH U TPYIIIOBBIC 3aICPKKH.

Jlist MOIenMpoBaHMWS M aHajdu3a CHEKTPAIbHOTO KOY(PPHUIIMEHTa OTPAKEHUS U
JHCIIepCUH ObLIA MOCTPOEHA UX MaTeMaThyecKasi MoJieib B cpee pazpadotku MATLAB
Ha OCHOBE BBIOPAHHOTO BBIIIE METO/1a MOACIUPOBAHUS TOHKUX CJIOEB.

YucsieHHOE MO THPOBAaHUE BOJIOKOHHOM Oparrosckoii pemerku bparra (B6P)
B cpeae MatLab

Huxe mpencraBieHsl pe3yabTaThl MOJEIUPOBAHUS PEIIETKH C (DPUKCUPOBAHHBIM
MEePUOJAOM U JUTMHOU 2 cM 03 armou3aiuy i1 y3KOTO Juana3oHa JUIMH BOJH oT 1549 Hm
1o 1556 um (Ap = 1550 um, nepp = 1,45, uncno cexunii cetku M = 200, v = 1), KoTopbIe
IIpEACTABIIEHBI HA puUC. 7, 8.

Widmo odbiciowe
1 : : : : : : : : :

09

0.8

07

086

0.4

Reflektancja

04

03

0.2

01

0 i |
1549 15492 15494 15496 1549.8 1550 1550.2 1550.4 1550.6 1550.8 1551
Diudosé fali, nm

Puc. 7. BBP criekTp oTpaxkeHust pemeTku ¢ JNIMHOM 2 cM, Ngpp= 1,45)
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Dyspersja
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Puc. 8. lucnepcust BBP bparra uimHa BoHbI BOJIM3H CETKH € NIMHOM 2 cM, Nep = 1,45

Brnusiane amogm3anuu CMOJETUPOBAHHOW OpITTOBCKOW PEIIETKH COCTABIISET
100%, mno3TOMYy PpEImIETKH MOXKHO Ha3BaTh CHIbHbIMU. KoMmeHcanuu aucrepcuu
MIPOM30LUIN B HENOCPEACTBEHHOM OJIM30CTH OT JJIMH BOJH bparra.

Jlnst Tex ke mapameTpoB pemeTky, Ho ¢ BeeaeHneM JIUM, (8n,rr=2e-4, $p=0.3¢e-7)
MOSIBJICHUE CTICKTPAIIBHOM OTPaKaTeIbHOW CIIOCOOHOCTH U TUCTIEPCUU TPEJCTABICHBI Ha
puc.9 u 10.

Widmo odbiciowe

Reflektancja

0
1549 1550 1551 1552 15563 1554 1555 1556
Diudosé fali, nm

Puc. 9. Cnexrtp orpaxkenuss CFBG naunoii 2 cm, on_eff = 2e-4, ¢ = 0.3e-7
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Dyspersja
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Puc. 10. Jucnepcust CFBG pimuoii 2 cm, on_eff = 2e-4, ¢ = 0.7e-7

Jlst ykazaHHBIX TapaMEeTPOB pelIeTKH, HO ¢ 6obmuM JIUM (6n,fr=2e-4, $p=0.7e-
7) mosIBIIEHWE CHEKTPaIbHON OTpakaTeIbHOW CIHOCOOHOCTH M JTUCIEPCHUU TOKA3bIBAIOT
puc.11 n 12.

Widmo odbiciowe
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Puc. 11. CFBG cnekTp oTpa:keHus JuHoi 2 cM, on_eff = 2e-4, ¢ = 0.7e-7
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Puc. 12. Jucnepcust CFBG 2 cm, on_eff =2e-4, ¢ = 0.7e-7

BBenenue 0osbliel pemeTky BbI3Bajl MOBBIILIEHHBIH 00b€M OTPaKEHHBIX BOJIH Ha
peuierkax bparra. B To jke BpeMsi OH yMEHbBIINI YUCTYIO OTPAXKATEIbHYIO CIIOCOOHOCTb.

Jlnst Tex ke mapamerpoB pemietkd JIYM, HO ¢ 6OJIBIITUM H3MEHEHHEM TTOCTOSTHHON
COCTaBJISAIOLIEH MOKa3aTeNsl MPEeIOMIIEHMs, YCPEJHEHHOro IO IepuojaM B o0iactu
pemerkn  (6ngpp=5e-4, ¢$=0.7e-7), mnOsABIEHUE CIEKTPATLHOH  OTpaXkKaTelbHOM
CIIOCOOHOCTH U TMCIIEPCUU MOKa3bIBatoT puc.13 u 14.

3akio4enue

B pesynbrare nmpoBEAEHHBIX HMCCIECAOBAHUN C MCIOJIB30BAHUEM MOJIEIUPOBAHUS
MOJIyu€Ha 3aBUCUMOCTb XapaKTEPUCTUK CIEKTPaJbHOM OTpakaTeIbHOW CIOCOOHOCTH
OpATTOBCKUX PEIIETOK OT JJIMHBI PElIeTKH M OT JIOKAJIbHBIX M3MEHEHUH IoKa3aTess
IIPEJIOMJICHNsT CEpJALEBUHBI BOJIOKHA, a TakKe, YTO YKa3aHHAs CIEKTpajbHas
oTpaxkaTelibHasi CIOCOOHOCTb BO3PACTAET MPHU YBEIUUYECHUHU JUIUHBI PEIIETKHU.

Pesynprarer Maremarndeckoro MoaenupoBanus B cpene MATLAB u npoBeneHHOTO
aHaJli3a PAcIpOCTPAaHEHMsI CBETa B CTPYKTYpPE BOJOKHA OpPATTOBCKUX PEIHIETOK YETKO
YKa3bIBalOT HAa BO3MOKHOCTb PACIIUPEHNs KOHTPOJIbHBIX 3HAYEHUI UMITYJIbCOB BPEMEHH.
Pe3ynbTarhl moka3biBaoT, YTO MOYKHO TOYHO KOHTPOJIMPOBATH IUCIIEPCUOHHBIE 000JI0UKH
B BOJIOKOHHO-ONTUYECKOM JIMHUM IIyTEM COOTBETCTBYIOILEIO BbIOOpAa MapaMeTpoB
aro/IM3aluy BOJIOKOHHBIX OP3rTOBCKUX PELETOK.

Uccnedosanus nposedenvt 6 pamkax npoexma 1@ NeAP05132778 «Hccnedosanue u

paspabomka cucmemvl UHMEPPO2AYUU CUCHALO8 C ONMOBOIOKOHHLIM PephpaKmomempom ¢
ucnonvzosanuem menexommynuxayuonnvix cemeiy UUBT KH MOH PK.
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Annomayun. B pabome paccmompena 3adaua «cucmemamuzayuuy YacmMuyHo-
YNOpPAO0UeHHO20 MHOodcecmea, npedocmasiennozo epagom G (Z, W). Ilpeonacaemcs
cxema memooa pasdoueHus epagha Ha MHO2OCIOUHYIO uepapxuro. Beudy nanpaeiennoco
YROpAOOUeHHO20 nepebopa moyeKk NPOCMpPAHCMEa peweHull 3a0a4du, npediazaemas cxema
pewenuss  dhgpekmusHee  U3BECMHBIX — OUCKPEMHbLIX  Memoodos, 8  YACMHOCMU
OUHAMUYECKO20 NPOSPAMMUPOBAHUSL.
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PaccmaTpuBaercs 3amaya «paspe3aHusd» 4aCTUYHO-YIOPsIOUeHHOro rpada G (Z,
W). Ota Moienb BO3HUKAET MPU CTPYKTYPHOM YIPABIIEHUHU U CBOJISATCS K PEILICHHUIO 3ajad,
CBSI3aHHBIX ¢ ITpeoOpazoBanueM G B uepapxuto [1-10].

Hamnpuwmep, mycts rpad G(Z, W) 3amaeT mpoeKT: MOCIe0BaTEIHHOCTD BHITTOTHEHUS
HEKOTOPOT0 KoMIuiekca padboT. [TycTh KoMIuIeKe paboT pa3OuT Ha ITaIlbl UX BHIMTOJTHEHUS.
[ToapsaurKy MPUCTYNAIOT K BBIIOJIHEHUIO paboT, MOCIEI0BaTENbHO HAUNHAS U 3aBepIIast
onpeseneHHbl 3Tan. D¢PQGEeKTUBHOCTh MPUBJICYEHUS] HCIOJHUTENIEH Ha BBINOJHEHUE
pabot 3amana. HeoOxomuMo ompenenuts Haunbosiee 3pdexTuBHOE pazOueHne paboT Ha
3Tarbl U MOCIEe10BaTEIbHOCTh NPUBJICUEHUS MOIPSAYUKOB K BBIIIOJHEHUIO paloT.

K paccmarpuBaemoil MoOJenw OTHOCATCA 3aJa4ydl  KOMIIOHOBKH OOBEKTa
(TEXHUYECKOr0o M3Jeusl, MpPOrpamMMbl, HPUPOJHOM cpenbl), 3aJaBaeMOro YaCTUYHO
YIIOPSIIOYEHHBIM TpadoM 10 CTaHAAPTH3UPOBAHHBIM MOTYJISIM.

PaccmarpuBaemasi MoJelib CBOAMTCA K ONPEIEIICHUI0O MHOTOCIONHONW HepapXuu
R=(Z,,2,,...,Z; ) muoxectBa Bepimud rpada G(Z, W), upu 3T0M MaKCUMH3HPYETCS

cienyromui yHKIIMOHAT:
L

Dy (R)= D, 2P0 (1)

A=l C_,EZ}L

rae P, ({) - BennumHa XapakTepH3yIOLIasi CBA3b 3JIEMEHTa CETH (BEPIIMHBI JTH0O0 IyrH
rpada) § ¢ A- M ypOBHEM HEpapXuu.

Ecnu He yuuThIBaTh CIOKUBIIYIOCA CTPYKTYPY CBsI3€H, 3aaaBaemyto rpagom G, TO
OYEBMJIHO, YTO MakcumyM ¢yHkuoHana (1) JOCTUTaeTcs Ha pa30ueHuu

R* = (Z 1* ,Z ;, vy Z z ), KOTOPOE OIpeIesieTCs CIASAYIONIIM 00pa3oM:

Zi = {c €eZ:R()= m;x&(@)},
ZZ-H = CEZ]: :Pk+l(C):T3?PX(C) > A k=1,2,...,L—1,

=t % %
rac Zk =Z\Zl \"'\Zk'

Pa3Ouenune Z Ha MHOTrOCIOWHYIO HEpapXulo, HE HapyIIAloIlYl0 OTHOILIEHUE
nopsiaka, 3anaBaemMoe rpagoM G, CYIIECTBEHHO YCIIOKHSAET DEIICHUE IOCTaBJICHHON
3aJauu.

[ycts 1" (G)- MHOXeCTBO BeexX pasbuenuii rpada G Ha MHOTOCIIOHHYIO HEPAPXHUIO
Buaa R, Torma 0003Ha4nM

fr(Z)= max @ (R).
RE[L(G)
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Herpyano Buzaerb, uto f7(Z) ylnOBAETBOpSET (PYHKIMOHAILHOMY YPaBHEHHIO
bemnmana:

f1(2)= max PO+ fr1(Z\N X)),
XcZ;0(X)=X CeX

rae O(X) s mpou3BOJIBHOTO MOJIMHOXKeCTBa X C Z ecTh MHOXECTBO BepuIinH rpada G,
IUTs1 KOTOPBIX CYIIECTBYET MyTh U3 X.

[Tpu pemreHnn peanbHBIX 3a7a4 OTPEACICHUS CTPYKTYpP YIpPaBICHHS, pa3MEPHOCTD
rpapa G MoxeT ObITh OOJBIION, TOTJAa MpoLEAypa peHIeHHs 3aJadyd METOJ0M
TMHAMUYECKOTO TPOTPaMMHUPOBAHHUS CTAHOBUTCA HE TOJILKO HEIPPEKTHBHOH, HO W
HEBO3MOXXKHOU. TakuM 00pa3oM, BO3HHMKAeT HEOOXOAMMOCTh pa3pabOTKU METOJ0B
YIIOPSITIOYEHHOTO TIepedopa MOIMHOKECTB X C Z , TO3BOJISIONIMX COKPATUTH KOJIMYECTBO
BBIUMCIIATENBHBIX ONEPAIUi IO AOMYCTUMBIX ISl IPAKTUIECKOHN pealn3aiuy MpeesioB.

[Ipennaraercst cxemMa MeTo/a pa3OMEHUsT OPUEHTUPOBAHHOTO rpada 0e3 KOHTYpoB

Ha MHOTOCJOWHYI0 uepapxuto. [lycte [ L (G) - MHOXeCTBO Bcex Hepapxuii rpada G,
o *
coctosimux u3 L ypoBHeW. PaccmarpuBaercs 3amada HaxoXKACHHsS uepapxuu R,

MakcuMmusupyoomas ¢ysakuuonan (1). Benmem Ha MHOXkecTBe [ LG) ornomenue

1 2
nopsiika: OymeM cuutath, 410 R <R (R1 "He Bbime " R? ), ecmm st k=1,2, ..., L-1
MMEET MECTO CJICYIOIIee COOTHOIICHUE:

1 _ 52 7
Z,cZ,,rne Zk=Z\Z1 \“‘\Zk‘

Muosxkectso 7© (G) ABIISIETCS PEMIETKOM: JTI000€E ero MOIMHOKECTBO / UMEET TOUHYIO

, .
HwkHiolo - R =min/ u tounyro Bepxmioro - R”=max /rpanuusl B cMbIcie
BBEJICHHOTO OTHOILEHHUA nopsiaka. [lefictButenbHo R'M R" onmpenensitoTcsl CleyomuM
obpazom:

Z' = M Zk,f”: O Zk'
Rcl Rcl

Herpynno mokaszate, 4To ajisi JIFOOBIX Rl,R2 e It (G) wuMeeT MeCTO CIIEAYIOIIEee
COOTHOLIEHUE:!

D(R) + D(R?) = d(min{R', R?}) + d(max{R', R?}).
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L
0603uaunm (' (G) - MHOXeCTBO BceX ONTHMANBHBIX B cMbIcite kputepus (1)

o 1 p2 L
pasomennit, Torma, ectu R ,R°e€ly(G), 1O ¢ yderoM ONTUMANBEHOCTH
paccMaTpHBAeMBIX HEpapXHil IMeeT MECTO CIIETYIOIIEe:

d(min{R',R?}) = ®(max{R', R*}) = D(R') = D(R>))).

[To mHAYKIIMY TOSTydaeM, YTO HUXKHSAS U BEPXHSSA FPAHULIBI JIFOOOTO TOIMHOKECTBA
1 OL (G) TaxKe ABJIAIOTCS ONTUMAJILHBIMU UEPAPXUSAMU, @ 3HAUUT, MHOXKECTBO / OL (G) Takxe

SBJIIETCA PEIIETKOM B CMBICIE BBEIEHHOIO MNOpPSAAKA. DTO MO3BOJISIET MCIOJIb30BATh
CJIEIYIOILYIO0 CXEMY IOMCKA ONTUMAaJIbHOM, uepapxuu. bynem nckath HUKHIOK TPaHUILY

o *
MHO>KECTBA BCEX ONTUMAJIbHBIX HepapXuii, 0003HaUUM ee R .
[IIar 1. B xagecTBe HAYAILHOTO MPUOIIKCHUS BRIOUpPAEM HEpapXHUto RO=1 L(G) ,
TaKylo, 4To

R* <R =11(G)

[ITar 2. Ecnu nmocTpoeHa uepapxus , TO TIepexo]1 K OCYILIECTBIIAETCS C

nomokio onepatopa A : R = A(Rk) , TAKOTO UTO
R* < A(R*)< RF,

npuaem, ecmn R* < RY, 1o R < RF.

b

k+1 k
Iar 3. Ecniu o6Hapyxwutcs, uto R = R", 10 3ayaua pericHa.
Jlns peann3anyy IPUBEACHHON aITOPUTMHUYECKON CXEMBbI pACCMATPUBAETCS METOT

*
MHUHUMAJIBHBIX Bapyuallui YCJIOBHO-OIITHMAJIbHBIX UCPAPXHUU R (Zl), OINITUMU3HPYIOIIHUX

¢yukuuonan (1) mpu (UKCHPOBAHHOM CllO€ Zl- PaccmoTrprM OCHOBHBIE CBOWCTBA
%G
mHoxectBa [~ (G), ucrnons3yemele B tanHOM MeToje. IIpex ie Bcero, MOKHO MOKa3aTh,

YTO JUIsl TOTO, YTOOBI R" ocrasamack "He mhime" YCJIIOBHO-ONITUMAIIBHON HEpPAPXUU:
R* <R*(Z,), weobxomumo 1 noctatouo, ato6sr Zj CZ) . IT0 MO3BONSET CTPOUTH
BapuallMy JUIS HAPAIIMBAHUS CJIOSI Z, OCTaBasiCh «HE BBIIIC» ONTUMAIbHBIX HEPAPXHIA.
JleiicTBuTensHO, cpemy MHOKecTBa V (Z,) NOMycTMMBIX Bapualuii clos Z; HepapXuu

R*(Z;), 1o ectb Takux X €V(Z,), uro R"<R*(Z;UX)<R*(Z,), 6yneMm BbIOMpaTh
Bapuaruio X', uist kotopoid ¢pyHKIHoHaN (1) Bo3pacraer:
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®(R(Z; U X"))> CD(R*(Zl))

[pUYeM, HE Ha OJHOM IOJMHOXECTBE X' 3TO COOTHOUIEHHE HE BBIMOJHSETCS (B 3TOM
cMmbIcie Bapuanusi X' Ha3plBaeTcs MUHUMAaibHOM). C yd4eToM BBEIECHHBIX MOHATUN
oneparop A MOKHO ONPEAEIUTh CIEAYIOIUM 00pa3oM:

AR k) R¥ , €CITN V(Z{() He coiepKuT X'
R (ZF X' e X' ev(zk)

Od4eBUIHO, YTO BBHUIY HAMPABJICHHOTO YIOPSIOYECHHOTO TMmepedopa TOYEK
MIPOCTPAHCTBA PEIICHUM 3a/1a4H, IpeyIaraeMasi cxema perieHus 3 HeKTHBHEE N3BECTHBIX
AUCKPCTHBIX METOAO0B, B HACTHOCTHU, AMHAMHWYCCKOI'O IIPpOrpaMMUPOBaAHUA.
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BIG DATA NETWORK ANALYSIS USING COLLECTIVELY
CLUSTER METHOD
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Ministry of Science and Education of the Republic of Kazakhstan
e-mail: bbaituma@gmail.com

Abstract. Data analysis is the process of inspecting, cleaning, transforming, and
modeling data with the goal of discovering useful information, suggesting conclusions,
and supporting decision making.

Every large company is struggling to find ways to make this data useful. However,
this is not an easy task. The amount of data produced makes it very difficult to store,
manage, analyze and utilize it.

Keywords: Data mining, analysis, network, multidimensional, link, cluster,
channels, hypothesis, exploratory.

1. Data mining tasks

Data mining takes two forms. Verification-driven data mining extracts information
in the process of validating a hypothesis postulated by a user. Discovery driven data mining
uses tools such as symbolic and neural clustering, association discovery, and supervised
induction to automatically extract information.

- Once a data warehouse has been developed, the data mining process falls into four
basic steps: data selection, data transformation, data mining, and result interpretation.

- Seven operations are associated with data mining: three with verification driven
data mining and four with discovery-driven data mining.

- Verification-driven data mining operations. These include query and reporting,
multidimensional analysis, and statistical analysis.

- Discovery-driven data mining operations. These include predictive modeling, link
analysis, database segmentation, and deviation detection.

- Data mining adopted its techniques from many research areas, including statistics,
machine learning, database systems, neural networks, rough sets, and visualization.

Cchallenges and opportunities:

Growth of communication channels: e-mails (10-20 times/day), messenger (3-4
hours/day), social media (80% of a day) and considering that obtained information is
important in its processing [1]. The power of social media is that it is an integrated portal
to interact with. Changes on human behavior are information-sharing, experience
crowdsourcing, and knowledge cultivation.

187



CEKLHA 2. UHpopMaLMOHHO-TEJIeKOMMYHHUKALLUOHHbIE TEXHOJIOTUU. CUCTEMBI U CETU
nepesayu JaHHbIX. UHTepHeT-TexHooruu. O6JauHble TeXHoJI0r M. [lapasienbHble
BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

2. Research objectives

How to keep the data network running smoothly and qualitatively? How to decide
whether to spend resources on launching an innovation or simply a new project? This is a
problem, faced by any network administrator and designer. Predicting the outcomes of
these decisions is crucial, because right or wrong predictions make the difference between
successful and unsuccessful projects. The objective of this research is to explain how to
use data flow and channel loading to make these predictions. This is an important
opportunity due to the wide availability of information data flow for managerial decisions,
which occurred due to the digital revolution. There are a lot of graphical-analytical tools
which can ensure a correct operation of a data network. However, they are inefficient in
terms of detecting a heavy load on a network in advance. They only indicate the problem
when it has already occurred. Therefore, we aim to ensure that we can determine a
possibility of a heavy workload in advance and finally provide a continuous network
operation.

The paper explains how to frame the problem, and how to formulate hypotheses to
predict the outcome of these decisions. It then provides the tools to analyze and interpret
the data to support or contradict these predictions, which helps to make better decisions.
An important part is where participants use and analyze real data to address concrete
managerial problems.

This kind of way of data analysis will never replace entirely the intuition of
managers, nevertheless frameworks for making these decisions support and complement
good results.

3. Target of the work

The customers for the research are network administrators and managers in medium
and large- sized firms, as well as entrepreneurs and managers in data network with a new
good design or small firms working in this area. The research is equally valuable to
managers in non-profit organizations, governmental institutions, or any similar type of
institution or organization. The research requires background in mathematics, particularly
in collective clustering analyses. All relevant notions or methods will be explained from
very strictly k-mean concepts. The research results will improve the ability of any decision-
maker, including those who have limited knowledge of data analysis, to make informed
decisions using data.

4. Basic contents

How can data network managers make good decisions? Biases and fallacies are most
common pitfalls in managerial decisions. In this case how we can make the single true
solution?

Right and simple representation of the decision-making process for innovation can
become a leader in contemporary projects. Study of data flow is based on scientific method
of collective clustering for using in managerial and innovation decisions.

Not expected rising managerial approaches to decision-making under uncertainty.
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In this work, design of network - it’s establishment on optimum level of the
information exchange channel was considered. Real options, the current level of the
application in the data stream without blocking the capabilities of the equipment and
network software. Entrepreneurial experimentation to act expeditiously and achieving the
expected results.

k-means clustering basic tools for analyzing and interpreting managerial and
innovation data, further in the study can be considered of X-means.

In this research work, we’ll demonstrate how organizations have been able to support
growing data volumes and expanding data breadth for service companies, advanced
network data administrators and scientists. Growing changes in data use, distribution and
sharing within today’s companies. Common data use dimensions and your optimal data
transission. Managing the tidal wave of new external source content data. Wide Beploying
multiple reporting and analytical network application environments.

5. Random variables, probabilities, distributions

The proposed escaping false positives and false negatives in managerial and
innovation decisions in the computer networks of data transmission.

Causality in data analysis correlation vs causality in managerial and innovation
decisions.

Difference-in-difference analyses using regression analysis to interpret managerial
and innovation data.

Verification-driven data-mining operations: These include query and reporting,
multidimensional analysis, and statistical analysis. Query and reporting. This operation
constitutes the most basic form of decision support and data mining. Its goal is to validate
a hypothesis expressed by the user, such as “sales of four-wheel-drive vehicles increase
during the winter.” Validating a hypothesis through a query-and-reporting operation entails
creating a query, or set of queries, that best expresses the stated hypothesis, posing the
query to the database, and analyzing the returned data to establish whether it supports or
refutes the hypothesis. Each data interpretation or analysis step might lead to additional
queries, either new ones or refinements of the initial one. Reports subsequently compiled
for distribution throughout an organization contain selected analysis results, presented in
graphical, tabular, and textual form, and include a subset of the queries. Because these
reports include the queries, analyses can be automatically repeated at predefined times,
such as once a month.

Multidimensional analysis. While traditional query and reporting suffices for several
types of verification-driven data mining, effective data mining in certain domains requires
the creation of very complex queries. These often contain an embedded temporal
dimension and may also express change between two stated events. For example, the
regional manager of the department store chain might say “Show me weekly sales during
the first quarter of 1994 and 1995, for Midwestern stores, broken down by department.”
Multidimensional databases, often implemented as multidimensional arrays, organize data
along predefined dimensions (time or department, for example), have facilities for taking
advantage of sparsely populated portions of the multidimensional structure, and provide
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specialized languages that facilitate querying long dimensions while expediting query-
processing performance. These databases also allow hierarchical organizations of the data
along each dimension, with summaries on the higher levels of the hierarchy and the actual
data at the lower levels. Quarterly sales might take one level of summarization and monthly
sales a second level, with the actual daily sales taking the lowest level of the hierarchy.

Statistical analysis. Simple statistical analysis operations usually execute during both
query and reporting, as well as during multidimensional analysis. Verifying more complex
hypothesis, however, requires statistical operations (such as principal component analysis
regression modeling) coupled with data visualization tools. Several statistical analysis
tools (SAS, SPSS, S+) incorporate components that can be used for discovery-driven
modeling (such as CHAID in SPSS and S+). To be effective statistical analysis must rest
on a methodology, such as exploratory data analysis. A methodology might need to be
business or domain dependent, so statistics tools such as SAS and SPS are open ended,
providing function libraries that can be organized into larger analysis software systems [2].

Discovery-driven data mining operations: These include predictive modeling, link
analysis, database segmentation, and deviation detection. Predictive modeling. This is the
most commonly used of the discovery-driven data mining operations, primarily because of
the proliferation of automatic model development techniques. (These include symbolic-
induction techniques such as CART or C4.5, and neural network techniques such as back
propagation.) This operation uses the database records that reflect historical data
information about past behavior — to automatically generate a model that can predict the
future behavior. For example, an insurance underwriter might want to predict the
likelihood that a customer will let her policy lapse. A marketing executive might want to
predict whether a particular customer would switch brands for a specific product. The value
of discovery-driven modeling techniques, especially symbolic induction techniques, is that
the models are expressed as sets of if-then rules, and are therefore comprehensible and
explainable.

Database segmentation. It is often necessary to automatically partition a database
into collection of related records. Such collections enable users to summarize each
database or select a smaller portion of the database on which to apply a different data
mining operation such as model creation or link analysis. For example, by segmenting a
department stores point off scale data, a user can automatically create segments containing
transactions from specific periods, such as back to school days or after Christmas sales.

Link analysis. While the modeling and segmentation operations aim to create the
generalized description that characterizes database’s contents, link analysis seeks to
establish relations between the records in the database. For example, a merchandise buyer
must determine what items sell together men’s shirts sell together with ties and men’s
fragrances — so that he can decide what items to buy for a store (shirts, ties, and fragrances),
as well as where to place these items in relation to each other (ties and fragrances must be
displayed close to the store’s men’s shirts section). Certain algorithms that fall in this
category can also trace connections between records overtime.
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Deviation detection. This operation attempts to identify points that cannot be fitted
into the segment and then explain whether each such point is noise or should be examined
in more detail. This operation usually operates in conjunction with database segmentation
and, because “outliers” express deviation from expected norms, often leads to true
discovery.

6. Practical session

Big data, artificial intelligence and machine learning for managerial and innovation
decisions for data networks and storages. Correct methods for the dynamic management
of critical loading leading to disruptions in the network.

What big data, artificial intelligence and machine learning can do for managerial
decision-makings.

As the result examples of the use of big data, collective analysis artificial intelligence
and machine learning (pattern recognition, predictions). Dataflow analysis techniques play
an important role in tools for performance optimization, program understanding and
maintenance, software testing, and verification of program properties. Unfortunately, the
use of interprocedural dataflow analysis in real-world software tools is hindered by several
serious challenges. One of the central problems is the underlying analysis model implicit
in most of the work in this area. The key feature of this model is the assumption of a whole-
program analysis for a homogeneous program. Interprocedural wholeprogram analysis
takes as input an entire program and produces information about the behavior of that
program. This classical dataflow analysis model assumes that the source code for the whole
program is available for analysis.

7. Area of Practical using

Concluding observations for predicting data network collision’s depending on
different applications of it. Depending on their level of participation in the common
channel and in the interconnection.

Understanding what data (big or small) can or cannot do for managerial decision-
making:

Can do: operational efficiency (exploiting data and information to understand how
the world is).

Modern software presents serious challenges for this traditional model. For example,
systems often contain reusable components. Whole-program analysis assumes that it is
appropriate to analyze the source code of the entire program as a single unit. However, for
software built with reusable components,

— Some program components may be available only in binary form, without source
code, which makes whole-program analysis impossible.

— It is necessary to re-analyze a component every time this component is used as part
of a new system. For example, a library may be used in many applications, and whole-
program analysis requires re-analysis of this library from scratch in the context of each
such application.
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— Code changes in one component typically require complete re-analysis of the entire
application.

— The cost of whole-program analysis is often dominated by the analysis of the
underlying large library components (e.g., standard libraries, middleware, frameworks,
etc.). To achieve practical cost, analysis designers are often forced to use semantic
approximations that reduce the precision and usefulness of the analysis solution.

Conclusion

Big Data is a great boon to various companies and organizations, as it is helping them
to take better decisions, thus profiting the company. The use of this data to the best of its
abilities, however, at the current state, remains not fully possible. The target of the work is
to explore the main reasons why it’s important to optimally and manage data on the
computational network for its optimal and uninterrupted work [3].
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CREDIT RISK ASSESSMENT AND MODELING METHODS
USING RECOGNITION ALGORITHMS BASED ON
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The work is devoted to the study of the problems of determining the credit risk in

lending to individuals and the development of a rating model of assessing borrowers based
on the precedent approach.
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Timely detection of possible bankruptcy signs allows management of credit
institutions (hereinafter banks) to take prompt measures to remedy the financial condition
and reduce the risk of bankruptcy.

A risk is the probability of a loss that could affect the performance of an economic
entity or an economic transaction. Moreover, since the purpose of the bank's activities is
to maximize profits, it must pay great attention to the implementation of its operations with
the minimum possible risks. To avoid bankruptcy, banks need to seek and apply effective
methods and tools to manage these risks in order to achieve and maintain a stable position
in the banking services market.

Numerous models for calculating credit risk evaluation of the borrower indicate the
existence of problems in determining credit risk. In modern banking practice, the problem
of developing a system that would allow a credit manager, having set current parameters,
to obtain an estimate the repayment of the loan and interest, is topical. A computational
system based on the ideas of the pattern recognition theory is proposed. It allows
determining the borrower's risk class. Such a system can also be used in making various
decisions in the course of monitoring real contracts - whether to conclude a contract, what
measures to take in case of violations of the repayment schedule or interest payments,
whether to prolong the contract, how to react to depreciation of collateral, etc.

Management of banking operations is essentially the management of risks associated
with the bank portfolio, with a set of assets that provide the bank with income from its
activities. The main part of the bank portfolio is loans to businesses and individuals, which
is connected with a risk of full or partial loss of the bank's resources.

When developing the system, the following risk management algorithm was used:

1. Qualitative analysis - identification of the full range ofrisks, description ofrisks,
analysis of initial assumptions, classification and grouping.

2. Quantitative analysis - formalization of uncertainty; calculation, assessment and
accounting of risks.

3.  Minimizing risks by designing risk management strategies, selecting the optimal
strategy and implementing it.

4. Risk control - monitoring risks, reassessing and adjusting risks, as well as
making operational decisions on deviations.

Risk management of the loan product is carried out at all stages of the life cycle of
the risk evaluation system through monitoring and control actions in cases of deviation
from the specified project parameters. Thus, the special nature of risk management as a
stage of system design is to monitor continuously in dynamics and with adjustments in
order to avoid deviations from the parameters specified by the bank because of exposure
to risks in the process of participating in the system design cycle.

The main types of risk are liquidity risk, interest rate risk, risk of default on a loan.

The latter type of risk is especially important, since the non-return of borrowed funds
brings large losses to banks and can serve as one of the reasons for bankruptcy.

The form, the amount of lending, the method of repaying the loan and the collateral
requirements depend on the lending risk.
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In this regard, the task of prompt and objective evaluation of the lending risk is
urgent.

The degree of risk of lending transactions is expressed in the highest interest rate for
transactions that are of a credit nature (loans, guarantees) in comparison with other assets.
Loan rates should compensate the bank for the value of the funds provided for the term,
the risk of changing the value of collateral and the risk of the borrower failing to fulfill its
obligations.

The risk of non-fulfillment of obligations by the borrower is determined by a large
number of factors integrated in the concept of the client's creditworthiness.

The creditworthiness of a bank customer is its ability to fully and timely pay off on
its obligations. Evaluation of the borrower’s creditworthiness, as the task of determining
the financial stability of the borrower. It is important both at the stage of selection of
potential borrowers, and at the stage of control over the course of the loan repayment.

When assessing creditworthiness, risk factors are taken into account:

1) The nature of the transaction being negotiated;

2) Customer credit history;

3) The state of the industry and the region;

4) Position of the client in the specified industry;

5) The financial condition of the client;

6) The ability of the client to provide the property as collateral;

7) The social status of the client.

Analysis of credit risks is a complex task, including: developing methodological
approaches to the analysis of a potential borrower; monitoring and analysis of changes in
financial stability of a potential borrower, identification of unfavorable trends and their
causes at the earliest possible stage.

To determine and analyze the risk, there are indicators for assessing the risk of
lending. Given the multiplicity of risk indicators, the difference in the level of their critical
assessments there is the need to evaluate existing techniques and determine how effective
they are.

Traditional models of risk evaluation. Analysis of traditional models and methods of
evaluating banking risks (such as the financial condition of the borrower, including the
model of the borrower's classification by the point system, a two-factor model for assessing
the probability of the bankruptcy of the borrower, assessing the probability of the
borrower's bankruptcy based on the Altman Z-account, the model of Roman Lis for
determining the financial state, the assessment of the borrower's financial position by
U.Biver's indicators, the R-model of forecasting the risk of bankruptcy, etc.) makes it
possible to identify the main shortcomings of such evaluation approaches.

The reasons for this are in the following. First, these models provide an incomplete,
one-sided evaluation of the financial condition of the borrower, and therefore too large
deviations of the forecast from reality are possible. Secondly, the models were developed
for certain economic and political conditions. Thirdly, existing models of classification by
the point system are usually developed conditionally and appropriate refinements are
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needed to apply them. Therefore, in order to obtain a more objective evaluation of the
financial and economic state of the borrower, there is a need to create a more effective
evaluation methodology.

None of the decision rules can be recognized as universal and free of shortcomings
that limit the scope of their application. Moreover, the creation of universal decision rules,
apparently, is impossible in principle. This is due to the fact that, depending on the
purposes, the system of preferences and the possibilities of obtaining information on
preferences, various decision rules can be created [1].

The proposed model of risk evaluation. We propose a formalized approach that
makes it possible to implement the decision-making process on the appropriateness of
issuing a loan using pattern recognition techniques. The task of evaluating the financial
condition is reduced to the classification of borrowers on the basis of sufficiently weak
requirements for the initial data. Borrowers classified as belonging to the same class of
patterns will have common properties, i.e. will have approximately the same level of
financial stability, creditworthiness, and be equal.

When solving the task of classifying a borrower, the expert determines the classes of
risk evaluation, characterized as a class of borrowers with a very high risk probability, a
class of borrowers with an average risk probability, a class of borrowers with a very low
risk probability. Borrowers who wish to take out a loan are referred to one of the previously
defined classes, based on the level of their financial condition. Depending on the chosen
risk class, the system determines which credit policy the manager should select.

Substantial statement of the problem. State classes are defined, each of which
contains borrowers with the same risk evaluation. Each borrower is described by a set of
features that characterize its state. It is required to put the defined borrower to one of the
risk classes.

In the language of the mathematical theory of pattern recognition, this problem is
defined as follows.

Formal setting of the problem. Input information is a set of vectors

X=1{x|j=LM}cR" tre x, = (x",...x").

J?

Here M — is the number of vectors n — is the number of characteristics, x; - j-th is

the vector (j-th observation).
The task of training with the teacher. Suppose that unknown q classes of objects

X, X,,...X,, that in a given set X (the training set) are represented by finite subsets

q
XXX, X={JX.,, X,NX, =0 Viz,
i=1
It is necessary to create a rule by means of which it is possible to classify with a
sufficient degree of reliability objects belonging to classes X, X, ,..., X, but not contained

in the training set X . The criterion for the quality of the sought-for decision rule is the
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percentage of correctly recognized objects with a priori known classification, but not
participating in training. A set of such objects is called a check or validation sample.
Forming a validation sample from the set of all the objects presented for training is also a
very important task.

The recognition of an object is based on a previously conducted training - a stage
that precedes the recognition phase. The aim of the training is to select such thresholds,
which result in a minimum number of errors on the training set of objects with the known
membership of classes (training). The next stage after the training is the stage of training
control. It consists in checking the training, calculating the error in recognizing objects of
the examination set of objects that belong to known classes (the exam). In addition, the last
stage is the recognition of an unknown object.

At present, a large number of algorithms for object recognition have been developed
and extensive experience in solving applied problems in various fields of science and
technology has been accumulated. The most developed and well-known model of
recognition is the model of algorithms for calculating assessments. An algebraic theory of
pattern recognition is created [2]. Multiparametric algorithms of this model were used as
the basis for the decision support system for determining the size of the loan.

The class of algorithms based on the calculation of assessments is given by
describing the six elements defining it:

1. A system of reference sets,

Proximity function,

Calculation of estimates for the rows of a fixed reference set,
Calculation of the estimate for the class from the reference set,
An estimate for a class in the system of reference sets,

. The decision rule.

Any recognition algorithm, the task of which consists of these six elements, will be
an algorithm for calculating assessments, which are a set of all possible recognition
algorithms that can be specified by the six elements under consideration.

Thus, we can say that by choosing a particular system of reference sets, defining the
proximity function, specifying the rules for calculating assessments for the rows of a fixed
reference set, for a class over a reference set and for a system of reference sets, also
assigning a decision rule, we get some specific algorithm for computing evaluations. The
class of recognition algorithms based on the calculation of assessments includes all
possible algorithms that can be created from the six elements considered.

Advantages of this model are as follows.

Controllable model parameters;

Availability of training;

The analysis models are parametric;

Possibility of finding significant objects of classes;
Presence of weights of objects, signs;

Joint accounting of heterogeneous information;
Ability to select significant signs;
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8. Evaluation of expert breakdown of objects into classes;

Using this approach allows us to obtain a more accurate and objective result. This
helps to reduce the risk of loss and make a profit, as well as to give reasons for the decisions
made when working with lenders and partners.

The ultimate goal of the work is the construction of an experimental computer system
for determining the risk of lending based on the borrower’s condition. For this purpose,
the information system "Risk evaluation in retail lending" (hereinafter referred to as the
"RISK" system) was developed, on the input of which the borrower's descriptions
submitted by the vector-descriptions and divided by the expert into classes on risks are
submitted. For a recognizable borrower, the system determines the class of its credit risk.

Integrated software environment [3-5]. The "RISK" system includes the following
modules: a characteristic normalization module, a training module, an examination
module, a recognition module. In addition, the system includes a module for analyzing the
borrower's risk based on a dynamic set of characteristics, a module for selecting significant
characteristics, a module for selecting financially stable borrowers, a module for selecting
the standards for each risk class, and a module for integrating dissimilar remote systems.

Conclusion. In this work, we touched on the issues of credit risks in banking
operations and showed the possibility of using recognition algorithms based on the
calculation of evaluations in them. There are also other approaches to the definition of
bank risks in the issuance of loans. We note that a lot of research has been devoted to the
theoretical foundations of risk in multicriterion and gaming problems.
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The article deals with optimization problems in non-stationary networks (networks
with mobile nodes). Examples of these networks are transport networks in which
communication is carried out between moving objects, or between moving objects and
stationary roadside equipment. The main characteristics of the elements in this network are
the capacity of road sections, the intensity of ows, and the range of monitoring devices.

Many publications about VANET problems are devoted to the analysis of algorithms
for the communication of receiving-transmitting devices located on moving objects. One
of the actual problems in this area is the task of the message transmission from monitoring
devices located in stationary nodes to all participants of the movement in a given area. The
transmission of instant messages is usually made by a broadcast method.

This article provides a technique for solving the problem of an alerting the moving
objects using of a genetic algorithm and simulation. As a result, authors found an optimal
placement of devices in the nodes of the transport network, maximizing the number of cars
that will receive a message about the event no later than the time limit. As a transport
network model, an undirected graph is considered, in which it is possible to place N
noti_cation devices in some nodes.

To nd the optimal placement, a genetic algorithm is used. Each chromosome is a
solution, i.e. it shows some placement of transmitting devices in nodes of the network. The
_tness-function is calculated using the simulation.

The proposed technique with using the genetic algorithm and simulation allows to
obtain an optimal placement of devices according to the maximum number of noti ed
vehicles. Research results can be used to solve applied problems: improving the provision
of drivers with information on the state of the road, monitoring tra c ows and so on.

This research was supported by RFBR grant 17-47-540977.
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ECENTEY KEINEHJEPIHIH TYWIHJIEPIHE KOJIJIAHBAJIBI
/KOHE NEPEKTEP BA3ACBIH YJIECTIPYIIH
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Annomayusn. Aknapammuix scytienepoiy Oepekmep 0Oa3aCblHbIY MACCUBI, ecenmey
Jceninepi  myuinOepindeci  6a20apramanvly  Mooyaboep Maccusi, 0a20apiamanslk
MOOYIbOepOi  yriecmipy, wekmenzen 0a3anap wapmvlHoa H#obanapovbl maxoayovl
ouckpemmi  6azdapiramanayovly — muimMOi  Jcana — ecenmep  KiACbl—OUCKpemmi
bazoapramanayoviy OJIOKMbl-CUMMEMPUSIbL MOOeTbOePi peminoe KapacmuipoulLiobl.

Kinmmik ce3oep: ynecmipineen Oepekmepdi 6HOeY, OJOKMbl-CUMMEMPUIIbL
Mooenvoep, OucKkpemmi 6a20apramanay.

Ecenrey xyiienepi MeH KelIeHIEPIHIH YJIECTIPUITeH ASPEKTEP/Il OHACY MPOIIECIHAC
KOJITaHOAJTBI JKOHE JIepeKTep 0a3achlH capajiayMeH OailIaHbICThI €CeNTeP TYBIHIANIbI.

bepuiren KyppuibiM OOMBIHIIA KYMBIC ICTEHTIH €cenTey >Kelicl KoHE AepeKTep
0a3achIHBIH MaCCUBTEP1 KOJAAHATHIH OCPUITeH €CeNTePIIH KOJITaHOambl OaFqapiiaManapbl
OPBIHIANTBIH COMKEC KOJJaHOANbl ecenTep JKenl TyHiHaepiaae  Oenrini OOJICHIH.
XKiGepinerin maccuBTep 0a3achIHBIH JKAJIIbl CAHBIH MUHUMAJbIbl €Ty VIIIH, €CenTey
KYyHeciHIH TyHiHaepl OolblHIIA AepekTep O0a3achlHBIH MAaCCUBTEPIH YIIECTIPY KaKer.
Jepexrepai eHAEyAIH KOJIaHOAIBI €CENTep >KUBIHTHIFBI OEpUIreH ecemnTey >KYHeciHiH
TYHIHIEPIHAC IepeKTep 0a3achIHBIH MAaCCUBTEPIH YIASCTIPY/IH eceOiH KapacThIpaMbi3.[1-
5]

Ecen keneci Typzie Kypbuiasl.

1 ecen. Jlemex, A=\a, i=1,1 } - JlepeKTep/i eHeY/IiH KOIIaHbasl eceOiHin

KUBIHBI, B = {b/,, j=1LJ }- KOJIIaHOAIbl €CENTEPl IIENyre KaKETTi JEPEKTEp

0a3achbIHBIH MACCHBTEPIHIH IKUBIHBI. W = Hwij MaTpUIIACHl JIEPEKTEPAl OHACYIIH

KOJIIaHOaIbl €CENTEPi MEH MAaCCUBTEPIHIH apachlHIarbl Oainanbic (W = 1, erep i —uwi
€CEeNTIH MICMIMI YIITIH j — Wi aepeKkTep 0a3achIHBIH MAcCHBI KOJITAaHBLIICA, KEP1 JKaFaai1a

Wy = 0).
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,mn=1,M

Ecenrey kyifemepi MeH kemeHaep KypbuibiMbl G = Hgmn
MaTpHUIlaCbIMEH OepuireH, MyHJarbl, erep /7 U N TyiliHAEpIHIH apackiHAa ACPEKTEPIiH
anmacy apHacel Oosca, g =1 Gomamel, an erep M U N rTyiinaepiHiH apachiHaa

NepeKTepIiH anmacy apHackl 6onmaca g =0
Ecenrey »xenminepiniy TyHiHaepi OOWBIHINIA JepeKkTep Oa3achbIHBIH MAaCCHBTEPIH

MaTpuIuara KeTipemis, mynaaa S, =1, erep [ — i xonman6ans

ynectipyai S = HSmi

Garnapiama M — Wi skeni Tyiininge wemince, S, =0 kepi xarnaiizna.

Kenige xibepineTin aepekTep 0a3achIHBIH MAaCCHUBTEPIHIH KaIMbl CaHBIH
MUHUMAaJbJbl €Ty YVIIIH, €CeNTey XKeNICIHIH TYHIHIepiHaeri aepekTep Oa3achIHbIH
MacCCHUBTEPIH YJIECTIPY KaXKeT

Ecenmiy  kotibiiimer  EcenTiH MaTeMaTHUKAIBIK KOWBUIBIMBI  VIIIH — KeJeci
alfHBIMAJIBIHBI CHT13EMI3.

ecep j-wii Oepexmep 0a3acvl Maccugi n-wii xceni

Yy = " myiiininde ynecmipince 1)
J . o

0, Kepi acagoatioa.
HOC,,U- MATPULACHIH aHBIKTAHMBI3, MYH/A

1, ecep 3. S o 21
am/ — r]:l 2
0,ecep > § o =0 @)
Marpuiia snemeHTTepi keeci Typae Tycinaipineni: &, = 1, erep j—wi nepexrep

Gaszackl MaccuBi M1 — WAL sxeni TyHiHiHzE yiecTipince, Qa,; = 0, Kepi )Karmana.

byn xarnmaiina ecen keneci Typre KenaTipiiei:

> Y

m=1 n=m+1 j=1

M-

a,,;y;, — min (3)

~
Il

KeJieci meKkTeysiep OoMbIHIIA:

Y, =1 j=1J (4)

n

M=

=
1l
—_

- eCenTey XKenuiepl TYHIHACpIHIe AepeKTep 0a3achIHBIH KalTalIaHybl
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>Y, =K, m=1M

jn

. — )

j=1

- €cemTey >KeNuIepiHiH opOip TYHIHAEpIHIE OHJAENETIH AepeKTep O0a3achIHBIH
MaCCHUBTEPIHIH KaJIbl CaHbl

i irmjyjn Stm’ m:L_M (6)

n=m+1 j=I

- OepiIreH xenijeri Aepekrep 0a3achbIHbIH MAaCCUBTEPIH JKETKI3Y/IIH JKaJIIIbl YaKbIThI

>

n=1

qmjyjn SVm’ mzl’M (7)

M-

1

~.
1l

- OepuIreH TYHiHIe MAaCCUBKE OCPIIETIH KabIHBIH Kbl KOJEMI.

bepinren ecenm Oip alHBIMAIBIMEH >XKOHE OIp OJIOKNEH IIEKTENTeH OJIOKTHI-
CUMMETPHUSIIBIK €CENTIH Keke ecedl peTiHae TyKbIpbiMaanrad. EcenTey xylenepi MeH
KEIIeHIepl HEeT131HAE NEepeKTepAl OHACY/IH ko0anay MPOIECiHAe eCenTey KeIUIepiHiH
TYHIHJEPIHAE AepeKTep 0a3achlHBIH MACCHBTEPIH OpPHANACTHIPY OEpUIreH Karmanja
nepexTep 0a3achlHa CypaHBIC HEMEce KOJIaHOabl OaraapiiaMaliblK KaMTaMachl3 €TYAIH
Kepi eceO1 TybIHAANIbI.

2 ecem. J[lemek, npepextepal OHACYAIH KOJaaHOAIbl OargapiiaMackl HEMece

JepeKTepAl OHJAEY JKYHEeCIHE CYpaHBbIC A=ya;, i=1,1{ xusmeven OepuireH,

B :{bj, j=LJ }- KOJITaHOAIbI €CenTep/i IMICHIyre KaKeTTi JAepeKTep 0a3achIHbIH

MAacCHBTepiHiH kubHbL. W = HCOZ-,- H matpunacst (@; =1, erep i —wi ecenrin memimi

YUIH j —wi nepekrep 0a3achIHBIH MacCCUBl KOJIIAHBUICA, Kepi karmainma O =0)

JEPEeKTEP/I1 OHACY/IIH KOJJaHOAIbI ecenTepl MEH MACCUBTEPIHIH apachIHIaFbl OaliIaHbIC.

, m,n =1, M KypbUILIMbI MEH €CEITEY

ConbMeH KaTap, ecentey xkemnici G = Hg o

KEJUIepIHiH TYHiHep1 OoibIHIIA IepeKTep Oa3achblHbIH MAaCCUBTEPIH OPHATIACTHLITY H B.,

MaTpHIIachl OENT L.

Kyitenin TtyHingepinaeri yiectipuly OepuireH ecentey kyienepl TyHiHaepi
apachIH/IaFrbl JK1I0epIeTIH MacCUBTEP 0Aa3aChIHbIH JKaJIbl CAHBIH MUHUMAJIb/IbI €TY YIIIH,
ecenTey KENICIHIH TYHIHIAepiHAe KoaaaHOamsl Oarmapiamanapasl (ecentepai) yaecTipy
KaXKeT

Ecenmiy  kotiviioimer  EcenTiH ~ MaTeMaTUKAIBIK KOWBUIBIMBI - YIIIH — KeJeci
alHBIMAJBLIAP/IBI )KOHE OeNTiIeyIep/l SHT13eMi3.
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X = 1, ezep i—wi ynecmipy ecebi m—uii myiinoe

mi

®)

0, kepi xcazoatioa

Ecenrey keminmepiniy TyHiHAepi OoWbIHIIA OaFmapiiaMaliblK — MOJYJbIEPAl
yraecTipyaiH ecei keneci Typae 6omapl:

i i Xi By —> min )

1
m=1 n=m+1i=1

KeJieci meKkTeysiep OoMbIHIIA:
— (10)
x =1, i=11

mi

Mk

3
I

- ecenTey XKenuiepi TYHIHACPIHIe €CenTiH MENIIMIHIH KalTalaHybl

!
Z‘xmi < Clm’ m =
i=1

_ 11
M (11)

—

- ecemTey IKYHWeNIepiHIH TYHIHACpIHAEC OpHalTackaH KojjganOanel Oarmapia-
MaJlapAbIH KaJIlbl CaHbL

' _— (12)
>t x,<T,, m=1,M
i=l1
- OepinreH ecenrey *yieneri KoaaanOansl OaraapiaaManap/isl OHAEY YaKbIThl
! -
Zvi xmi SI/m’ mzl’M (13)

i=l1

- OepuireH ecemnTey >XKyhe TYWIHIHAE KOJAaHOAIbl OargapiiaMaiapiblH — alaThIH
HKAJIIbI KOJIEMI.

Bepinren ecen 6J0KTHI-CUMMETPHSIIBIK €CETITIH JKeKe ece01 00JIbIN TaObLIA bl KOHE
OHBIH IIENIIM1 YIIIH THUIM/II aJITOPUTM YCHIHBLIFaH.

Ecentey xylienepi MeH KelleHJepl HEri3iHAe AepeKTepal eHJACYAIH xobaiay
MPOIIECIHAE KYyie TyHiHIAepiHe OargapiiaMaliblK KoHE AaKMapaTThIK pPeCcypCTapibl
YJIECTIpYIH THUIMI1 *KOJIBIH TaO0AThIH KYPbUIBIM/IbI aHBIKTAUTHIH KaXKETTUIIK TYbIHIal/Ibl.
MyHali ecenTiH KOMBUIBIMBI MEH IIEMIIMI €cenTey KEUIeHIH KYpPYAbIH IIbIFbIHBIH
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azaiiTajibl, €CENTey KeICHIHIH TYHIHIAEPIHJET1 pecypcTapabl YIECTIpyAl peTTey, )KyHeHiH
TYHIHJEp apachlHJaFbl aKIapaTThl KETKI3Yy YaKbIThIH KbICKapTaibl. MblcanFa, KypblUIFaH
KOPIHOPAaTHUBTI JKENUIepJie €cenTey KeIIeHJEpiHIH TYHIHAepiHae OarjapiamMallblK >KoHE
aKnaparThIK pecypcTapbl THIMII YAECTIpY OOBEKTIHIH YKBIMJIBIK KYPbUIBIMBIH, €CENTEY
KELIEHIH/IET1 MOJIIMETTEP/I1 AIMaCTBIPYIbIH CEHIMAUIIrT MEH THIMUIITH, TYTaC OObEKTIHI
JKOHE ecerTey KellleH1H OyTIHAe! )KaHapTy MYMKIH/III'H aHbIKTal bl

Kyitenin TyHinaepi Oo¥bIHIIAa OaraapiiaMalblK KOHE aKMapaTThIK pPecypcTap.ibl
YJIECTIPY KOJIBIMEH €CenTey KEHIEHJEPIHIH TUIMJI KYPbUIBIMBIH aHBIKTayAbIH eceOiH
KapacTblpaMbl3.

3 ecen. bargapnamMansik xKoHE aKIapaTThIK pecypcTap TYpiHAe AepeKTepl OHIACY/T1H
KYHECl JKOHE OJIapJblH apachIHAarbl OaljaHbIC OEpUICIH: JEpeKTepAl OHACYIIH

KoJiaHOabl OaraapiaamManapbl A= {Cl p» 1=1,1 } KUBIHBIMEH, aJl JEPEKTEp Oa3acChIHBIH

maccusrepi B = {b s J = LJ })KI/IBIHBIMGH 6epinren. W = ley H matpuuacel (@W; = 1,
erep i —uwi €CEeNTIH MMM YIIIiH j —wi AepeKkTep O a3achIHBIH MACCHBI1 KOJIJIaHBLICA,

KepiKarganna @y = 0 ) nepeKTep/ii OHACYAIH KOJIIaHOaIbl €CenTepl MEH MACCUBTEPIHIH

apachIHIaFbl OalIaHBbIC.

barnapnamanslK jkoHE akKMapaTThIK pecypcTap/ibl OHJEY YIUIH apHaJlfaH ecenTey
KemeHinig P =\p,,» M =1M | Tyitingep usias1 Gepinren.

Kyiteneri TyHiHAepaiH apachlHAarbl OaillaHbIC apHACBIHBIH KYHBIH HEMeEce
JEPEKTEP/Il KETKI3y apHaJapblH KOOaayFa KETETIH Kbl CAaHIbl MUHUMAJBILI €Ty
YILIiH, €cernTey >KeJICIHIH TYHiHep1 OoibIHIIa KoJiAaHOanb! Oariapjiamanap MEeH IepeKTep
0a3acbIHbIH MaCCUBTEPIH YJIECTIPY KaXKET

Ecenmiy  kotiviioimer  EcenTiH — MaTeMaTUKAIBIK KOWBUIBIMBI  YIIIH — KeJeci
alHBIMAJIBLIAP/IBI )KOHE OeNTiIeyep/l eHTr13eMi3:

AVHBIMaNBUIAP/Ibl €HI13EMI3:

1,ecep i-wi Kondanbanvl bazdaprama m —uli
Xopi = mytliHOe ynecmipiice, (12)
0,xepi acagoatioa.

1,ecep j—wi oepekmep 6a3aCbIHbIY MACCUBL N 13
Vi = —wi myuinde, yrecmipince (13)
0,xepi acagoatioa.
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CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

CoHBIMEH KaTap TYbIH/bl alHBIMAJIBIHBI €HI13EM13!

1
1, ecep mei o, 21
i=1

Oy = : (14)
0, ecep meia)i/ =0

i=l1

Qi alHBIMAJIBICHI M — Wl ecenTey KelIEHIHIH el TYHiHiH j— W nepekTtep

0a3aChIHBIH MAaCCUBIH OKBUTY KQXKETTUIIIH aHBIKTANIBI.

J
1, ecep Za)y V21
j=1
By = ) (15)
0, ecep Za)ijyjn =0
j=1

. alHBIMANIBICH! [ — WAl KONgaHOansl OaraapiaMa yIIiH KaxeTTi 7 — Wil Tyiinze
OpHaJIaCKaH MACCHBTI KOJIIaHY KQXKETTUTITTH aHBIKTAIbI.

Z,, 13ICIIHIN OTBHIPFAaH AaWHBIMAJIBICBl MAJIIMETTEPAl Ki0epyal OeiiHenenTiH

ecenTey KelleHjaepinjaeri M —uil xoHe N —WAl TyHiHAEepAiH apachlHIarbl Kejeci
’Karjaina aHbIKTaliMEI3.

1, ecep Z Z a,o B =1
. - - (10
0,ecep > w P =0

j=1 =l

Ecenrey kemenaepinmeri TYWIHAEPAIH  apachlHAAFbl  KaXeTTI  OalslaHBIC
apHAJIAPBIHBIH JKAJIIbI CAHBIH KeJIeC1 TYp/Ie aHBIKTaiMBbI3

M
zzmn’

M=

P =
m=l n=m+] (17)
M M
S = z_] _z](jmnzmn (18)
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Erep ecentey kemieHiHiy TyiiHaepi apacbiHaarbl Cy, OaillaHbIC apHACBIHBIH TapTy
KYHBI Oenruii 00FaH jxaraiiia, AepeKTepil )KeTKI3y apHachIH K00aiay/IbIH >KaJIbl KYHbI
(2.50) Typne aHbIKTaIAdbI.

Ecenrey kemenaepinmeri O6armapiiaMalbIK )KOHE aKIMapaTThIK pecypcTapibl Ky3ere
achIpy YILUIH MAITIMETTEP/1 KETKI3Y apHACBIHBIH JKaJIIbl CAHbIH THUIM/I1 aHBIKTay IbIH ece0l
KeJeci Typ/ae 0oJiasst:

M
Z szn — min (19)
m=l  n=m+1
KeJieci meKkTeysiep OoMbIHIIA:
M _
Z‘xmi = 1’ = 1’ (20)
m=1

- ecenTey enuiepi TYHiHaepiHaeri KojaaanOanbl OaraapiiaMaibl OpHaIac-ThIPY/IbIH
KalTaJIaHyBbI

!
Z‘xmi < Rm’ m= 17
P (21)

- ecemTey IKYHWeNIepiHIH TYHIHACpIHAEC OpHalTackaH KojjganOanel Oarmapia-
MaJiapabiH (€CenTep/aiH) Kajlbl CaHbI

!

X, +x,, <1, i#i

(22)
- JKeKe KoJiiaHOabl Oarmapiamanap/sl Oip TYHIHIE OpHAIacy
M . .
2Yn=Lj=1 (23)

n=1

- ecemnTey KeIIeHIHIH TYHIHAEpIHAeri  jJepekrep 0a3achlHbIH MAaCCUBTEPIH
OpHaJACThIPYIbIH KalTalaHybl

J N
Zan <P, n=1, (24)
i=1

- eCeNnTey KeIIeHIHIH TYHIHIEpIHAeT1 OHJICTITEH JepeKTep 0a3achIHBIH

MAaCCHUBTEPIHIH CaHbI

. of
Y, +Y, <1, j#] (25)
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cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

- ecenTey KeUIeHIHIH TYHIHAEpIHIE JKEKe JepeKTep 0a3achlHbIH MAaCCUBTEPIH
OpHaNacThIpy

M M
Z,l n:Zm:+]C3ngmn <C, (26)

- ecenTey KeUIeHIHIH JepeKTep/l )KEeTKI3y apHaJIapblH 00anayablH >KaJlbl KYHbI

X, +Y, 21, m=1,M @7)

- OarjapiamaliblK JKOHE aKHapaTThIK pecypcTapibl ecenTey KeUIeHIHIH opOip
TYHIHIHE OpHAJACTBIPY.

Ecentey kemennepinaeri AepekTepil *KETKI3y apHajapblH jkoOajlayra KEeTEeTIH
Kbl KYHJIBI TOMEHJIETY KaxeTTulirinae (2.40) typinaeri MakcaT (yHKIHS pETIHIe
(GYHKIMS KOJITaHbLIA/bI.

KypacTeipputFran ecentep IUCKpeTT1 OarmapriamaiayblH OJOKTHI-CHMMETPHUSIIBIK
KJ1achlHa >kaTajbl. OHBIH IIENIMI YIIIH ejIIeMIepl YIKEH KeJeMl ecenTepal IIenyre
apHaJFaH TUIMJ1 aITOPUTM KYPacThIPbUIFaH.
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AHAJIN3 USMEHYUBOCTHU BPEMEHHU C UCITIOJIB3OBAHUEM
BOJIBIINX JTAHHBIX MEI'AIIOJINCA

Axmenusiposa A.T., Kacbimosa /1. T.
Hncmumym unghopmayuonnvix u evruucaumenvuwvix mexronoeuti KH MOH PK,

Kasaxcman, 2. Aimamor
e-mail: dika.cat@mail.ru

Annomauusn. B cmamve paccmampusaemcs ananu3 uccie008aHuu UsMeH4u80Cmu
8peMeHU ¢ UCNONb308AHUEM OONLUUX OAHHLIX Me2anoauca pasHvlx cmpawu. Bce smu
uccnedosanusi none3nvl ONisi  NOGblueHUst dhekmusHocmu  cucmem  YnpasieHus
UHYUOEHMAaMU U NIAHUPOBAHUSL Nepeso30K. Paznuunvie memoodvl ObLIU UCNOIL308AHbL OIS
peutenust npoobiem, CEA3AHHLIX C Nepezpy3Kol U NOGLIULEHHOU NPOOOINCUMETLHOCHIBIO
noe3oKu.

BBenenue. Psan ¢akTopoB BiuseT Ha BpeMs MOE3JKA M €€ M3MEHUYMBOCTb. BrIme
CpPEIHEro BpEeMEHUM B IIyTM U H3MEHUMBOCTHM BPEMEHM B IIYTH SBJISIOTCS JBa
HENOCPE/ICTBEHHBIX IOCIEICTBUS NEPErpyKEHHOCTH. Takoe CKOIJIEeHHE MOKET ObITh
KJIaCCU(UIMPOBAHO KaK peKyppeHTHOe uiau Henepuoanyeckoe [1]. Ilepuoanueckas
neperpyska BbI3BaHa €XKeJIHEBHBIMU 3a/Iep’KKaMH MMUKOBBIX 4aCcOB, KOTOPbIE BO3ZHUKAIOT,
KOIJIa CHpOC IPEBBIIIAET MPOMYCKHYI0 CIOCOOHOCTh IIOCCE, B TO BpeMs Kak
€IMHOBPEMEHHbIE M3-32 HETUIIMYHBIX HPUYUH, TaKUX KaKk MHIMJAEHTHI [2.3],
OTKJIIOUEHHbIE  TPAHCIOPTHbIE  CpeACTBa, paboune U  CTPOUTEIbHBIE  30HBI,
HEOJIaronpusATHBIE TOTOJHBIC sIBICHUS [4,5] U crneruanbHbie coObITHA [6], O0a THMa
Meperpy30K HajararoT U3MEHYUBOCTh BO BPEMEHU U HEOIPEAEICHHOCTD JUIsl BOAUTENCH,
[IOCKOJIbKY OHM TOYHO HE 3HAIOT, KOTJa OHU MNpUOYyAyT B IYHKT Ha3HaueHus. B
Coenunennbix llltarax enuHOBpeMeHHasl Ieperpys3Ka, BbI3BAHHAs MHLUJCHTAMH,
coctaBisier npuMmepHo 25% or oOmel 3arpyxeHHocTH [7]. JIByMsS OCHOBHBIMH
MPUYMHAMU y4yeTa €IMHOBPEMEHHBIX MEPErpy30K SABISAIOTCS TOPOKHbBIE IPOUCIIECTBUS U
norojaa. Kpatkocpounoe nporso3upoBanue Tpaduka UrpaeT BaKHYIO pOJib B YIIPABJICHUN
IBUKEHHEM [8] B CilydasiX HHIUACHTOB U HEOJIaronpusTHHIX IOTOIHBIX YCIOBHIA.

XKu3zHeHHO Ba)kHasi POjb CHUCTEMbl aBTOMOOWJIBHBIX MEPEBO30K B MOBCEAHEBHOMN
KU3HU JIETIAeT €€ KII0UOM K JIOCTHXKEHHIO JI0JIT0OCPOYHOro mianupoBanus [9-11] . Onnum
U3 TPOLECCOB IUIAHUPOBAHUS B Cllydyae WHIUICHTOB Ha aBTOMAaruCTpajsaX SBISETCS
ynpasnenue tpadpuxkom (TIM), cocrosiuee U3 yeTblpex pa3aMuHbIX (a3, Kak MoKa3aHo Ha
pucyake 1 [12]. Kaxnas u3 3tux a3 Obuia MpeaMeTOM HECKOJIBKHX HCCIICTOBAHUM,
HaIpaBJICHHbIX Ha ympasiieHue umHuuAeHtamu [13]. Bpems npoxoxaeHus 3a3opa - 3T0O
MepHOJ MEX Ay COOOIIeHHEM 00 MHLIUJCHTE U yIaIeHHEM BCEX TPAHCIIOPTHBIX CPEJICTB CO
CIIEHBI, KaK MOKa3aHO Ha JTamax 1-3 Ha pucyHke 1. OnHako B OOJBIIMHCTBE CIy4acB
MOTOK TpaduKa OCTaeTCsl 3aTPOHYTHIM HHIMAEHTOM Ja)Ke IOCJE €ro OYUCTKU. Bpems
OYUCMKU wocce- BpPeMsl MeXJIy OOHapy)KeHHEM HHIUICHTOB U BO300HOBJIEHHEM
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CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

OOBIYHBIX OIEpalyii TBUKEHHS; 3TOT OO Iepro BpEMEHH, IOKa3aHHbII Ha PUCYHKE
1. Bpemss npoBeneHust paccTpena MOXKET ObITh OLIGHEHO B OCHOBHOM B Cllydae
uHUUAEHTOB. TeMm He MeHee, BpeMs ITpoOera B IMyTH CJI0KHEE pacCUUTaTh, OTYACTH U3-3a
CJI0O)KHOCTU OIPEJENICHUs] BPEMEHHU, KOrja Tpa(uK BOCCTAaHABJIMBAET CBOE COCTOSIHUE
nepesl MHIHUJIEHTOM. B TO BpeMs Kak BO MHOTHX HCCIIEJOBaHHUSX ObUIO HCCIEI0BAHO
BpEMsI IPOXOKICHHSI MHIUIECHTA, MaJIO KTO, €CJIM TAKOBOW MMEETCSI, COCPEOTOUNII CBOE
BHHMAHHE HA MOJCIUPOBAHUY 6PEMEHU PASMUHUPOBAHUS ULOCCE.

2. Response

1. Detection 4. Recovery

* Time * Time + Time * Time
between start between between between
and detection notification TespOnse clearance and
and response team traffic
team arrival arrival and recovery into
last evidence normal
15 removed condition

Puc 1. ®a3p1 npoxo:kaenns Tpadguka 4 BpeMeHHbIe PAMKH

[Tomumo THHAa W TSHKECTH WHIUACHTOB, HECKOJIBKO AK30TEHHBIX NEPEMEHHBIX
BIMSIOT Ha BpeMs pasMHHHPOBAaHUS MIOCCe, BKIOYAs TIOTOJHBIE  YCIOBHA,
reoMeTpruecKkre 0coOEHHOCTH 1Iocce U Tonorpaduto. HeGnaronpusarHas noroaa BiusieT
Ha MOTOK TpaduKa IMOcie HWHIUAEHTa No-pasHoMy. CHCTEMBI Marucrpaieil, KOHEYHO,
paznuyaloTcs [0 JJMHE,  KOJIMYECTBY  MOJIOC  JBMXKEHHS U 00beMy
Tpaduka. CiaenoBaTesibHO, TPYAHO CHOPMHPOBATH OOOOIIEHHYIO MOJENb U OLICHKH
BPEMEHHU MHIIUJICHTA.

B xauecTBe nepBoro mara B pellieHuH CyLIECTBYIOIIEH 3a7jaun 3TOT TIOKYMEHT Oy1eT
BKIIIOYAaTh JAaHHBIE O TIOTOJIe, TEOMETPUYECKHX | HHIOHACeHTaX. Llempio 3TOoTO
WCCIICIOBAaHUS SIBIISIETCS OOBEMHEHUE JTUX HCTOYHHKOB C IIENIBI0 OIICHKH BPEMEHU
Pa3sMUHHPOBAHUSL MIOCCE TOCPEICTBOM OOMEHa JaHHBIMA B PEXHME peabHOTO
BpemeHHu. Kpome Toro, 3ta MeTo0J10rusi CKOHQUrypupoBaHa /i paboThl C JaHHBIMU B
pearbHOM BPEMEHH, YTOOBI IPEJOCTABUTh ONepaTopaM U3MEHEHHS BPEMEHH JIBIKCHHS B
paMKax TEKyIIero MHIUICHTA. XOTs BpeMs B IyTH 0oJiee OUIYTHMO Uil BOJAWTENEH 10
CPaBHEHHUIO C 33JI€PKKOH, IIOTHOCTHIO, CKOPOCTBHIO M TEYEHUEM, CYILIECTBYIOLINE MOJEIN
HE MOTYT IPOCTO JIOCTaBUTh M3MEHYMBOCTh OHJIAWH-ITYTEIIECTBUN MyTEIIECTBEHHUKAM,
YTO SBJISETCS 1E€JIbI0 3TOM CTPYKTypbl. OTCYTCTBHE MOJENU, KOTOpas HCIOJIb3yeT
WHTETPUPOBAHHBIC JAHHBIE O TIPOUCHIECTBUSAX H TIOTOJE, a TaKKe BaKHOCTh
MPEOCTABICHUS BOJUTEISIM H3MEHEHUH B PEKMME peallbHOTO BPEMEHN B U3MEHYHUBOCTH
BPEMEHH B CITydae WHIMICHTA, MOTUBAPOBAIIN 3TO HCCIECIOBAHNUE.
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B sTOM HccnenoBaHuM KCIONIB3YeTCsl HAJIEKHAsE MOJIENb PEryiasTopa, crnocoOHas
MHTErpUpOBaTh BIIMSHUE BBIOPOCOB Ui YIydIlIeHHs IporHo3a. Mojens paspaboTraHa ¢
UCIO0JIb30BaHUEM HH(OPMALMU T€OMETPUM JOpPOTH, MOAPOOHBIX NAHHBIX O IOTOJE,
JAHHBIX O CKOPOCTHU JBMXKEHHUS B 5 MUHYT M OOLIMPHOM 0a3bl JaHHBIX UHBEHTAPU3ALIUU
MHIUJCHTOB, coOpaHHOW ¢ ywactka miocce B Kamudopuuu. [[BymMs OCHOBHBIMU
MCTOYHUKAMHU JaHHBIX JJISl 3TOT0 MCCIIEA0BAHUS ABJISIOTCS MporpaMmHoe peuieHue PeMS
B Jlemapramenre Tpancnopra Kanudopuuu nu HaumonansHOM yrpaBieHUN OKEaHUYECKUX
u atMocdepHbix ucciaeaoBanuii (NOAA).

OO0beM JOCTYNHBIX JaHHBIX O Tpaduke U He-TpaduKe pacTeT, YTO YBEIUUUBACT
HEOOXOJMMOCTh ~ HMHTErPAallUd  HCTOYHUKOB JaHHBIX IS  MOJIyYEHHUS  JIy4IIHX
pe3ynbraToB. DyHIaMEHTAIbHBIA ~ BKJIaJ 3TOIO  MCCIENOBAaHUSA  3aKJIO4yaercs B
00BbeAMHEHUH HECKOJIBKUX HAaOOPOB JAAHHBIX U ONpPE/IEICHUH B3aUMOJEHCTBUM, KOTOpbIE
MOTYT BO3HHMKHYThH i yayumienuss TUM. Heinemnss ctpykrypa MoxeT 3((eKTHUBHO
JOCTaBJISATh ITyTEHIECTBEHHUKAM BpEMs B IIyTH, UCIIOJIb3YsI PACHIUPSIEMYIO MOJIeNb. Takum
o0pa3oM, 3TO UCCIIEJOBAHME MOKET B 3HAUUTEIBHOM CTENEHU CHOcoOCTBOBAThH
BHEJIPEHUIO MHTEJUIEKTyaJIbHbIX TpaHcnopTHbiX cucteM (ITS) ¢ wucnonb3oBanuem
porpaMM Juisi TpaHCHOPTHBIX cpeactB (V2V) u  TpaHCHOPTHBIX CPEACTB IS
uHdpactpykrypel (V2I), BriIo4as HaBUTAIMOHHBIE CHCTEMBl JUIsI aBTOMOOWIIEH,
3HAKOBBIE 3HAKH COOOIIEHUH, pPaJUOBEIIAHHUE 10 I0CCE U MHTEIJIEKTyalbHbIE TEIE(POHBI.

CyuiecTBytomiasi jguTepaTypa IO MPEAMETY OTHOCHUTCS K JIBYyM OCHOBHBIM
KaTeropusiM: OLIEHKa U OleHKa. PaznuuHble METOJIbl B TNEpBOM KaTeropuu ObLIN
UCIIOJIb30BAaHbl JUIsl pelleHus NpoOJieM, CBSI3aHHBIX C NEPEerpy3Kod M IMOBBIILIEHHON
MPOJIOJDKUTENIBHOCTRIO  Toe3nku. B kadectBe mpumepa, Skabardonis et al. B
UCCIIEIOBAaHUAX ObUIM OIICHEHBbl TMOBTOPSIOIIMECS M HEperyjspHble 3aJepKKU Ha
TOPOJICKUX JOPOTax C UCIOJb30BAHUEM JIaHHBIX METIEBOTO JIETEKTOPUS, B KOTOPHIX ObUIH
paccuuTaHbl pacnpe/esieHue BEpPOSITHOCTEH 3aepiKeK MJs JBYX peallbHbIX KOPUAOPOB
kopujaopa B Jloc-Anmpkenece u pailoHe 3anuBa. KuM U3J10KHI MOJIENb HETOYUCIEHHOTO
MIPOrpaMMUPOBAHMS, YTOOBI MUHHUMU3MPOBATh OOLIME HWHUUACHTHI C HMCIOJIb30BaHHEM
JAHHBIX WHUUAEHTa B Mbpuienge. XoTs 3TH METOJOJIOTUM IPUHOCIT MOJIb3Y
IUTAHUPOBIIMKAM, OHU HE MOTYT KOJIMYECTBEHHO OLIEHUTH MOCIIEACTBUS UHIUICHTOB JJIs
nyremecTBeHHUKOB. Wright et al. [Ipoananu3upoBaHbsl BO3ACHCTBHE Pa3IMYHBIX THIIOB
aBapHil Ha HaJle)KHOCTh BPEMEHU B IIyTH C HCIOJb30BAHHWEM JIAaHHBIX 00 MHIIMJIEHTAX,
coOpaHHBIX Ha JIByX aBTOMarucTpajisix Mexnay mratamu B Cudtie, mrar BamuHrron, u
0OHapy)KeHHbIE UHIUJACHTHI MOTYT 3HAUUTEIbHO CHU3UTDH HAJC)KHOCTh BPEMEHU B IIyTH.

Bo BTOpOIi Kareropuu ncciaenoBaTeNd U3 MMUPOKOro KPyra AUCLUHUILINH OLIEHUBAIIU
U OLECHUBAJIM 3aJlepKKM MHUMJIEHTOB. Bcecroponnee wuccnenoBanue Chunkg wu
Recker onpenenuio, kak BpeMeHHbIE, TaK U MPOCTPAHCTBEHHBIE ACIEKThl 3aJIEPKKH,
BBI3BAHHOM  HMHIMJAEHTOM, C  MHCIOJIb30BAaHMEM  JIBOUYHOIO  LEJIOYHCIEHHOTO
nporpammupoBanus (BIP). Pan et al. CmoxenupoBaHsl mpoCTpaHCTBEHHO-BPEMEHHOE
BO3JICHICTBUE HHIIMJIEHTOB C TOYKHM 3pEHUS 3aJEepXKK{, NPOaHAIU3UPOBAB apXHUBHBIC
JaHHbIE O IBKEHUH B Jloc-Anmxkenece. B eme oqHoM HejaBHEM HccienoBaHuu Yu et al
OLICHUBAJIM 3aJIEP’KKY, BbI3BAHHYI0 HHIUACHTOM, C MCIOJIb30BAaHHEM KOMOWHAIUU
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MOIM(UIMPOBAHHON CXEMBI OuYepeneld W METOAOB MPOTHO3UPOBAHHS KPAaTKOCPOYHOTO
Tpaduka.

[TomMHrMO KCTIONTE30BaHUS PA3HBIX MOJIX0I0B MOJICIIUPOBAHUS JIJISl OLIEHKH 33ICPIKKH,
BBI3BaHHOW MHIIUJICHTOM BO BTOPOW KAaTE€rOpHH, B JPYIHX HCCICJOBAHUAX OCHOBHOE
BHUMAaHHE yJEISUIOCH OLIEHKE MPOIOJDKUTEBHOCTH pa3anuHbIX (a3 naimneHTa. Ozbay u
Noyan ucnonb3oBanu Bayesian Networks 171st O1ieHKH MPOA0HKUTEIIBHOCTH HHITUICHTOB,
IUTS KOTOPBIX TaHHBIE MOTYT OBITH YacTUYHO NOCTymHBI B CeBepHOW Bupmxkuaun. Ly u
Op. HUccleoBamd (AKTOPBI, BIHUSIONINE HA BpeMs, HEOOXOIMMOE ISl YCTpaHEHHS
WHIIMICHTOB C WCIIOJIb30BaHUEM MoJieield Ha OCHOBE OIAaCHOCTH, paccMaTpuBas
skcrioHeHanbHele, Weibull, Log-logistic u norHopmanbHble pacrpeaenacHus s
MPOJOJDKUTENFHOCTH MHIMACHTOB. Hou et al mpemmoxusi oCHOBaHHBIM Ha MeXaHU3MeE
MOJX0J K MOJICIIMPOBAHHUIO IPOIECCa PearnpoBaHUsl HAa WHIMICHTHL BpeMs oTkimka
BKIIIOYAaeT KaK 3aJep)KKy TIOATOTOBKHM, TaK M BpeMs Tpoe3ga K  MeCTy
WHIHCHTA. PaccMOTpeHO  HECKOJIbKO  (DaKTOpOB,  KACAIOMIUXCS  CIYYalHBIX H
MPOCTPAaHCTBEHHO-BPEMEHHBIX TIEPEMEHHBIX. Moiennb Morjia OBITh WCIOJIB30BaHA IS
ONTUMAJILHOTO BpeMeHH oTkinka. Kpome toro, uccnenosanue Ghosh et al uccnenosanu
(hakTophl, CIMOCOOCTBYIOIHME BPEMEHHOMY OCBOOOXKICHHIO OT HHIIUIACHTOB B IOTO-
BOCTOYHOW MMUYUTaHCKOM aBTOCTPAJE, HCHOJB3YS pPAX MOJEIEH IapameTpU4eCcKOu
onacHocTH. Li et al ucmonp30Ban CpaBHUTENIBHYIO MOJIENb KOHKYPUPYIOIIHUX PHUCKOB,
OCHOBAHHYIO Ha ONIACHOCTSIX, JUIS aHAJIM3a BIUSHHUS METOJIOB PA3MHUHHPOBAHUS Ha BPEMs
paspelieHns HHIUACHTOB. Xie et al mokas3aiu, YTo HHIIUACHTHI BO BPEMS U TIOCIIE yparana
Conpu, kak oxunaercs, oynyt Ha 116,3% u Ha 79,8% 060:1b11I€ TPOAOTDKUTEIIBHOCTH, YEM
T€, KOTOPBIE MPOU30IILIX B Jt000e BpeMs. Ding et al ucmosnb3oBaia 3HI0TEHHYIO MO/IETh
MEPEKIIIOUYCHUST IS W3YYCHHsI BIMATENBHBIX (DAKTOPOB B BPEMEHH IPOXOKIACHUS
WHIMICHTOB, YYUTHIBAs BIMSHUE OTKIOHEHHS caMOOTOOpa Ha MPOIECC pearupoBaHus Ha
WHIMIEHTHl B ImTare BammeartoH. Zou et al. mcciemoBany BAMSHUE PAa3TUYHBIX
OOBSICHIIONMUX IEPEMEHHBIX Ha BPEMsI TIPOXOKACHUS 3a30pa M OOHAPYKUIIH, YTO MOJIEITh
KOHEYHOW CMECH MOJXKET JIydlle OIICHHTh BEPOSTHOCTh BBDKMBAHUS W BEPOSITHOCTH
BPEMEHH ITAJafOIIETo 3a30pa. XOTs 3T HMCCIEIOBAHUS BHOCST 3HAUYMTENBHBIA BKIAI B
HayKy 00 yIpaBJICHWW WHIUACHTAMH, OOJBIIMHCTBO W3 HUX HWTHOPUPYIOT BpEMS
Pa3sMUHUPOBAHUS.

UYtoObI yCTpaHHUTB TOT MPOOEIT, B HECKOJIBKUX UCCIETOBAHUIX OBLIO TPEATIPHHSTO
MOTIBITKY COKPaTUTh BPEMs Pa3MUHHPOBAHUS W OIICHUTh BPEMs BOCCTAHOBIICHUS
Tpaduka. Masctp u MyHbpop uccienoBaii BpeMsi BOCCTAHOBIICHUS U YTBEPKIaJH, UTO
HE CYIIECTBYET MAaTeMaTHYECKOH MOJENH, KOTOopas MOXET TOYHO IMpeacKa3aTh BpeMs
BOCCTAHOBJICHHS B PEKHME PEATBHOTO BPEMEHH, TIOCKOJIbKY BpEMS pa3pemieHus mocce
TPYAHO MOJENUpoBaTh. Yxoy u TsHB MpHIIEN K BBIBOAY, YTO BPeMs pa3MHUHHPOBAHUS U
BpeMsi pa3MHUHHUPOBAHUS B ITyTH MU3y4aJOCh OTJCIBHO, HO CBSI3b MEKIY STUMH JIByMS €IIIe
He u3yyanach. YtoObl uccnenoBarh 310, Yxoy u Tuan npoussenu 300 MHLIKUICHTOB B
VISSIM Ha ocHOBe pa3HbIX 3a0JIOKMPOBaHHBIX I0JOC W BPEMEHH IPOXOKIACHUS
WHIMJIEHTOB W 0o0beMOB  Tpaduka. PesympTaTel  MOJETMPOBAHUS  CIEHApPHUS
MPOJEMOHCTPHPOBATN BBICOKYIO KOPPEJSIIMI0O MEXKIy BPEMEHEM BOCCTAHOBJICHHS U
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BpeMeHeM ouucTKu. K coxkaneHuro, B 3TOM HCCIIEIOBAaHUN HE HMCIIOJIb30BAINCH JJAaHHBIE
peaJibHOro MHpa, YTO JIelNaeT HUX AaHaJIu3 Ha OCHOBE MOJEIHUPOBAHMS BeCbMa
COMHUTENBHBIM. B npyrom HenaBHem uccienoBanuu Tavassoli Hojati et al mpumenun
OCHOBAHHBIM Ha OMACHOCTAX MOAXOJ K MOJECIUPOBAHUIO JUIMTEIBHOCTU MHIUJEHTOB B
3aBUCHUMOCTHU OT MHOKECTBA BIMSIONINX [IEPEMEHHBIX HAa aBTOCTpaiaXx B ABCTpaliuu. ITOT
METOJI HCHOJB30BaJl HCTOPUYECKUE JIaHHBIE U1 HCCIIEJOBAaHUS MOTEHIHUAIbHbIX
HE3aBHCHMBIX IEPEMEHHBIX, BKJIOYas CBEACHHUS OO0 HWHIUACHTAX, XapaKTepUCTUKU
Tpaduka, UHPPACTPYKTypy U BpeMeHHble 3PPexThl. OAHAKO 3TOT METOJ HE MOXKET
UCIIOJIb30BAaThCS  JUISl  OHJIANH-NIPOTHO3MPOBAHMUS, M PE3yJbTaThl  OCTAKOTCSA
HEYTBEPKIECHHBIMHU.

Bce st wuccnenoBaHusl 1OJIE3HBI JUISI MOBBIIEHUS 3()()EKTUBHOCTH CHCTEM
yIOpaBieHUs HWHUUIACHTAMU U IUJIAaHUPOBAHUS 1epeBO30K. [IoCKOIbKYy BBIXOJ ATHX
MoJenel ABISeTCs 3aJA€pKKON C TOUKU 3pEHUs] KOJIMYECTBA 4acOB, OHU HE MOTYT OBITh
HenocpeacTBeHHO ucnoiib3oBanbl B UTC, utoObl npocTo nHpOpMUpPOBATH BOJUTENEH O
JOTIOJTHUTEIHOM BPEMEHH B MYTH. DTH aHaJIM3bl UCTOPUUECKUX 3alUCed WHIUICHTOB
ObUIM BBIIIOJIHEHBI 10 TEPEMEHHBIM, KOTOPbIE CTAHOBSITCS JAOCTYHNHBIMH TOJIBKO IOCIIE
TOr0, KaK MHLIMJEHT OBl yJaJdeH U, CIeA0BaTeIbHO, MPAKTUYECKH HE HUMEET
MIPAKTUYECKOTO0 3HAYEHUs JUI OHJIAMH-IIPOTHO3a. MeToMA, MpEUIOKEHHBIH B 3TOM
UCCIIEIOBAaHUH, IIPEOJOJIEBAET BBILIECYOMSHYTbIE MPOOJEMbI, OLEHUBAs BpeMs
Pa3MUHUPOBAHUS IOCCE U 00ecreunBas OHIaiH-U3MEHYUBOCTh BO BPEMsI ITyTELIECTBUSI.

Tenepb paccCMOTPUM MCTOYHUKH JTAHHBIX.

PeMS - aTo nporpaMMHoOe€ pelieHne, KoTopoe coOUpaeT JaHHbIE O TPAHCIIOPTHUPOBKE
no aBromaructpaimsaMm Kamudopuuu. OH obecnieunBaeT AOCTYN K JAHHBIM O peaJbHOM
BpEMEHU B PEKUME pEAIbHOTO BpPEMEHUM U MCTOPHUYECKUM JAaHHBIM O JO0porax,
coOpanubiMu  [lemapramentoM TtpaHcnopta Kamudopuum (Caltrans), a Takxke
MapTHEPCKUMHU areHTcTBamH, Bkmoudas Kamudopuuiickuit nopoxusiit natpynas (CHP),
cucTeMy HaONIO/IeHHs U aHaju3a aBMalMOHHBIX npoucuiectBuil Caltrans (TASAS) u
cucTeMa 3aKkpbiBaHUs Joposkek Caltrans.

PeMS npenocrapisieT Noab30BaTENSIM JaHHbIE O MPOU3BOAUTEIBLHOCTH, TAKHE KaK
00BEM, CKOPOCTb, 3aJACPKKY, 3aHATOCTh, BPEMS B IyTH, CPEAHECYTOUHBINH €KEIHEBHBIN
tpaduk (AADT) u ypoenp obOcmyxuBanus (LOS). JlanHple DOCTYmHBI Ha Pa3HBIX
ypoBHsX arperaiui. OH MOXET UCHOJb30BaThCA Ul pacyeTa PasIMYHBIX MOKa3aresei
3¢ deKTUBHOCTH, KaTUOPOBKU MOJIENEH, TPOBEPKU PE3YIbTATOB HCCIEA0BAHUN U OLIEHKH
o0LIMX YCIOBUM TpaduKa s NPUHATUS PELICHUH, HE 3aMEHSS KaKuX-JIM00 TEXHUUECKUX
pemenuii. B atom wuccnegoBanuu PeMS wucnonp3yeTrcss uisi MOCTPOSHUST Mojemei
[IPOrHO3UPOBAHUS B PEAIbHOM BPEMEHU Ha OCHOBE pealibHbIX JaHHbIX. [IpenmyiiecTBo
3TOro Habopa JaHHBIX 3aKJIIOYAeTCsl B TOM, YTO OH oOecreyuBaeT Kak Tpapuk, TaKk U
JaHHbIE 00 MHIMIEHTaX B TOUHBIX BPEMEHHBIX MaclITabax MUHYT.

Br160op paHHbIX

BriOpaHHbIe MECTOIOJIOKEHUS ISl ATOTO MCCIEAO0BAHUS JIOJKHBI YIOBIETBOPSTH
CIENYIOIMM KPUTEPHUSM TeorpapuuecKoro MOJOKEeHHS U JPPEKTUBHOCTH, YTOOBI
o0ecneynTh eIMHCTBEHHOE BIUSHUE HHLIUJCHTOB U N30€KaTh BKIIFOUEHUS JIIOOBIX JPYTrUX
(GakTopoB, KOTOpbIE MOTYT TPHUBECTHM K CHIKEHHIO  CcKopocTd. Mcnomp3ys
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CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

OTQWIBTPOBAHHBIE JAHHbBIE, PE3YJIbTAThl 3TOr0 HMCCIEAOBAHMS MPUMEHUMBI K JIHOOBIM
JIPYrUM MOA0OHBIM clieHapusiM. Kpurepun:

» Hukakux n3MeHeHUil B KOJIMUYECTBE MOJIOC ABIKCHHS

* He B oOsacTu kauecTBa

* Het monocs! nBukenust Beicokoro kiacca (HOV)

* Het kpyroro ckioHa

* Her 3akpbITHs 1010CH B T€YEHHE BHIOPAHHOTO MEPHO/Ia BPEMEHU

* Hayimume npsAMO¥ CEKIIMM IJIaBHOM MOJIOCHI

* Hanuuue 6onee 90% HabmogaeMbIX TaHHBIX 32 BpEMst

» Hannare ncTopuuecKnx JaHHBIX CKOPOCTH 32 BEIOPAHHBIN MTEPHUOT BPEMEHHU

* Hannuwue aByx cranuuii Ha pacctostHuu 1.61 kM (o1Ha MuUIIst), 4TOOBI BKIIOUHUTH
BOCXO/ISIIIIEE U aBapUIHOE MECTOIOJIOKEHNE
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Annomauyusn. B nacmosuwee 8pems 6axiCHO NOHUMAMb, YO UHHOBAYUS He SABTIAeMCs
GakyremamusHot, ona HeooxXo0uMa OJisi OesIMeNIbHOCMU 8 KOHKYPEHMHOU Ompaciu uiu
Ha puinke ycaye. C enobanuzayueil yCuiusaemcs KOHKYpeHyus - 4moovl NOOHAMbCA UU
0CMamuvCsl Ha epuiune OMpaciu, KOMRAHUY OOJIHCHBL OUeHb DLICPO BbIBOOUMb HA PLIHOK
ougpepenyuposannvie npodykmol u ycayeu. HuHosayuu HeobOXoOumvl makxdce 6
20CY0apCMBEHHOM CeKmope He MONbKO 8 OMPAaciax U 6 Komnauwusax. bonvuwum evizosam
Hauie2o 8peMeHlU HYJHCHbL DoNbluUe UHHOBAYUU, KOMOpble, 8eposimHo, 6yoym Oonee uiu
MeHee CUCTeMHbIMU NO ceoell npupoode. I nobanvHoe uzmenenue Kiumama, npeocmosuyuti
B0OHbBLU KpU3UC, NpoOIeMbl ¢ OeOHOCmbIO, Npodiembl 300p08bs U NPOOOBOJILCMBUS,
npoobremvl KOMMYHUKAYUU U YCMOUYUBOCMb HAuwell NiaHembl nompebyom akmueHo2o
pazeumus CUCMeMHbIX UHHosayull. MHHOsayuu, Komopvle 8 KOHeUHOM cueme Gble00HbL,
npeocmasnaom unmepec Oas Komnawuii u obwecmea 6 yenom. Ecau npobnem c
KauyecmeoM U CUCMEMHbIX c00e8 CIUUKOM MHO20, UHHO8AYUU He 0YOym 6bl200Hbl O/
Gupmel. Komnanuu onuceisaiom unHO8AUUU KAK KIHOY K YEEIUYEHUIO YCMOUYUBOLU
npubsiiy u 0oau puiHka. llonumuku u MHO2Ue 20CYOApPCMEEHHble VUPeHCOeHUs
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VMEepAHcOarom, Ymo KOHKYPEHmMHOe NPeumMyuecmeo 8 Hacmosujee 8pems 0CHOBbIBAeMC sl
Ha ycnewHou uHHosayuu. Opeanuzayuu, He CHOCOOHble 6HeOPAMmb UHHOBAYUU,
npeocmasiaom coooll 8udbl, Hax00AUWUECs NOO YePO30Ll UCHE3HOBEHUS, I8ONIOYUOHHbLE
MYRUKU 8 2100anbHOU npomvluLienHol 3xocucmeme. C 9moil MOYKU 3PEHUS 8AIHCHO
paspabomamse 61a2ONpUAMHbIE NPEONOCHIIKU YCHEWHbIX UHHosayutl [1].

Knwoueevie cnosa: unnosayuu, ynpasienue KauecmeoM, CUCMEMHAS UHHOBAYUS,
OMKPBIMAsL U 3aKPbIMAs UHHOBAYUSL, CUCTEMA MEHeOHCMEeHma

BBenenue

B HeKoTOpBIX MNPOrpeccCHBHBIX CIy4asX HMHHOBALIMM PpPELIAIOT MpoOIeMbl
yIpaBieHUs KaueCTBOM. B HEKOTOPBIX HETPOTPECCUBHBIX CITy4asiX MHHOBALMY BbI3bIBAIOT
HOBBIE IIPOOJIEMBI C YIIPABJIEHHEM KadecTBOM. TakuM 00pa3oM, MOXKEM 3aKIHOUUTh, YTO
9KCHEPTHl M 3aWHTEPECOBAHHBIE CTOPOHBI JOJDKHBI UMETh pellarollee 3HaueHue s
HOBBIX COLUAIBbHBIX U TEXHOJIOIMUYECKUX MHHOBALMN. DYHKIMOHAIbHAS JIOTUKA ENOYKU
MIOCTaBOK MPOAYKTOB / yciyr (IOCTaBUIMKOB, MPOU3BOJUTENEH, AUCTPUOBIOTOPOB,
MHCTAJJIITOPOB U NOTpedUTesei ¢ 100aBIeHHON CTOUMOCTBIO) MOKET U3MEHUTHCS U3-3a
HOBBIX MHHOBalMN. Kak M3BeCTHO, MaTEHTHl PEJOCTABISAIOTCS 32 U300pETEHMs], a HE 3a
nHHOBaMK. KiMEeHThl MOKyNaroT MHHOBAIMOHHBIE MPOAYKTHI, a HE M300peTaTebHbIe
MPOJYKTHI WM UAeu. TakuM o0pa3oM, KOIr/la opraHu3aluuu pazpadaThIBalOT YCIEIIHbIE
yCIOBUSA JUIsl WAEH, M300peTeHuil M HMHHOBAlUH, OHM JOJDKHBI 3apaHee aAymarb O
npoOieMax YOpaBJIeHHWsS KayeCTBOM [JO BO3HUKHOBEHHS CEpbE3HBIX MpoOieM Hu
CUCTEMHBIX C0O€B. 3/1eCh Mbl JOJDKHBI MOJYEPKHYTh, YTO Mbl HE MOXEM YCTPaHUTh
CYLIECTBOBaHHUE pa3pyILIMTEIbHbIX HTHHOBALIUM.

[Tapagurma 3akpbITbIX MHHOBALUN TJIACUT, YTO YCIELIHbIE MHHOBALIUU TPEOYIOT
KOHTpPOJISI B OpPraHM3alUsAX M HWHCTUTYTax. B 3aKkpbITOM WHHOBAalMOHHOW MOJEIHN
OpraHu3aluy J0KHBI CO37aBaTh CBOM COOCTBEHHbIE UJIEH, @ 3aTEM pa3BUBaTh, CTPOUTD,
[IPOJIaBaTh, PaCIPOCTPAHATH U HNOACP)KUBATH UX CAMOCTOSITENILHO.

AJNBTEpHATUBHON  KJIKOYEBOM  KOHUEMIMEH COBPEMEHHBIX HWHHOBAIMOHHBIX
UCCIIEIOBAaHUM SIBJISETCS KOHLEMLMUS OTKpPBITHIX MHHOBauuii. Open in-novation - 3TO
rapajurma MHHOBAIIMOHHBIX UCCIIEI0BAHUM, KOTOpas MPEANoaraer, uto GupMbl MOTYT U
JOJKHBI HMCIIOJIb30BaTh BHEUIHHE WJEH, a TAaKK€ BHYTPEHHUE HJI€U M BHYTPEHHHE U
BHEIIHUE MYTH BBIXOJA HA PBIHOK, MOCKOJIbKY (PUPMBI CTPEMSTCS IMPOJBUraTh CBOU
TexHoJoruu. TakuM o0pa3oM, OTKPBITbIE MHHOBALMU ObUIM MPEUIOKEHBI B KAayecTBE
HOBOM TapaJWrMbl yrpaBiieHus wHHoBarusMu [2]. KoHIenmuss OTKpBITEIX WHHOBAIHI
TECHO CBSI3aHA C:

1) nHHOBAIMSAMU, OCHOBAaHHBIMU Ha MOTPEOUTENAX UM NOTPEOUTEISIX,

2) KyMyJISTUBHBIMU MHHOBALIUSIMU,

3) Toprosiuei HOy-Xay,

4) ynpaBieHHEM 3HAHUSMU,

5) MHHOBAIIMOHHOM IEMOKpaTUEH,

6) MacCOBBIMH MHHOBAITUSIMU

7) pactipeeneHHble UHHOBAIWH [3].
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Wnest coBMecTHOro co3faHMsl TakKe TECHO CBA3aHA C OTKPBITOM mapagurmoi
uHHOBaMH. [IpUHIMI COBMECTHOTO CO3JJaHMsI COCTOUT U3 YETHIPEX KOMIIOHEHTOB:

1) OnBIT MBILIUIEHHUS;

2) KOHTEKCT B3aMMOJICHCTBUS;

3) matdopmbl B3aUMOCHCTBUS,

4) ceteBbie OTHOIICHHUS [4].

Bce aTu snemeHTBI CrOCOOCTBYIOT OTKPBITOCTH B HOBHMHKaX. CerojHss MHoOrue
KOMIMaHuH, Takue kak Apple, Starbucks u Nike, mpuHsIM Takoil moaxo K yrpaBiIeHUIO
MHHOBAIUsAMHU. MHoroo0emamomue pe3ynbTatbl yxke ObUIM JOCTUTHYTBI IIyTEM
COBMECTHOT'O CO3/IaHUS.

OTKpBIThIE MHHOBALIUKM OIPENEISIFOTCS KaK - «UCIOJIb30BaHUE 1IeJIEHAIPABIEHHBIX
MIPUTOKOB U OTTOKOB 3HAHUM JJIsl YCKOPEHMs] BHYTPEHHHUX MHHOBALMNA W pacUIMpPEHUS
PBIHKOB ISl BHEIITHETO MCIIOJIB30BaHMsS MHHOBam» [5]. [IlpuoOpeTenue TexHonoruit u
UCIOJIb30BAHUE  TEXHOJOTMM  SIBIISIFOTCSI  KJIIOYEBBIMU ~ JJIEMEHTaMU  OTKPBITOrO
WHHOBAIIMOHHOTO  MBIIUICHUS [6]. OKCIulyaTanus TEXHOJIOTHH  TOJpa3yMeBaeT
L[eJIeHaNpaBJIeHHbIe OTTOKU 3HaHUM. [lepBUYHBIN NPUTOK OTHOCHUTCA K HCCIEIOBAHUIO
TEeXHOJIOTUuM. TexXHOJIOrMueckoe HCCIEAOBAHUE OTHOCHUTCS K JESTeNbHOCTH, KOTOpas
MI03BOJISIET OpraHU3aluy NpUoOpeTaTh HOBbIE 3HAHUS U TEXHOJIOTMH U3BHE.

B monHOCTBIO OTKPBHITOM MHHOBALIMOHHOW MOJAEIM (GUPMbl WIM OpraHu3aluu
COUETAIOT B ce0e KaK TEXHOJIOTHUIO 3KCIUTyaTalluu, TaKk U pa3BeAKy, YTOObl MaKCHMaJIbHO
HCI0JIb30BaTh UX TEXHOJOTUYECKUE U IPYrHUe BO3MOKHOCTU. OTKPBIThIE UHHOBALMH - 3TO
npoOieMa ynpaBieHUs UId MajlblX, CPEJHUX W KPYIHBIX KOPIOPALMN, HO 3TO TAKXKE
ABJIAEeTCA MpoOieMoN i 00pa3oBaTENbHBIX W HAy4yHBIX OpraHu3auuil. 3akpeiTas
MHHOBAI[MOHHAs  MOJENb  TNPEAroJlaraeT  pa3iuyHbIi  CUCTEMHBIH MOAX0A K
MHHOBAI[MOHHOMY IIPOIIECCY, YEM OTKpbITasi HHHOBAIIMOHHAS MOJEIb. DTO MHTEpECHas
pasHHLa MEXAY JTUMH JIByMsl QJIbT€PHATHUBHBIMH HHHOBAIMOHHBIMM MoJensMu. B
3aKpBITOW MOJENIM CTUMYJbl U OIPAaHMYEHHs] HE CIOCOOCTBYIOT OOMEHy 3HaHUsMU. B
OTKpPBITOM HMHHOBAalMOHHOM MOJI€IM HHHOBALIMOHHASI CHCTEMa CIIOCOOCTBYET OOMEHY
3HaHMSIMH. Takum 00pazoM, MOXKHO 3aKIIOYMTh, YTO KOHKPETHAasT WHHOBAI[MOHHAs
cucTeMa OoIpeenser, padoTaeT I 3aKpbITasi WIK OTKPHITasi MHHOBALIMOHHAS. MOJIEIb.

B rtabmuue 1 mpencraBieHa pasHHMIIA MEXKIY OTKPBITBIM UM 3aKPbITHIM
MHHOBAI[MOHHBIM MBIIIJIEHUEM U OIpeeNieHbl KJIYeBble NPOOJIEMbl YIpaBiIEHUS
kadectBoM (QM).

[Ipo3payHOCTh 110 CPAaBHEHUIO C 3aMKHYTHIM CUCTEMHBIM I10X0/10M TpeOyeT HOBOT'O
MOAX0/1a K MHHOBALIMSIM U JPYroro MyTH BHEpPEd, KOrAa WACH MPUXOAIT U HAUYHWHAIOT
JI€MOHCTPUPOBATh CBOE OOEILIaHHE.

BaxxHo moHUMaTh, 4TO OTKPHIThIE MHHOBALIMU U OTKPBITHIE CUCTEMHbBIE MOIXOJIbI
SBJIIIOTCSL YE€M-TO JIpYTMM IIO CpPAaBHEHHUIO CO CTapbIMU «OJIOKaMM MPEIOKEHUID.
Xopomme U 3PPEKTUBHbIE HHCTPYMEHTHI AI0T OOJIbIINE TPEUMYILECTBA:

1) PykoBoauTenu oTAeIOB MOTYT OTOMpaTh 00beM HJieH, OCHOBAHHBIX Ha TOJIIE,
B3BELIMBATh U allPHOPHO, TJI€ MPOBOJAUTH BpeMs / IEHbI'M OpraHU3aluii;

2) pa3paboTUYMKU UJIeH XOTST 3HAaTh, YTO ITO UX UJEH;

3) HoBaTOpaM HEOOXOAUMO 3HATh, KTO U IJIe HAXOJATCS APYrue HOBATOPbI;
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4) ¢ MOMONIBIO TIPABUIIHHBIX MHCTPYMEHTOB, UJICH B CTHJIE COITUAIILHBIX CETE MOTYT
OBbIThH OIYOJIMKOBAHBI, YTOOBI PEIINTh OOJIee HACYIIHbIE TPOOIEMBI [7].

Ta6auua 1. 3akpbITas cucTeMa, OTKPbITAs CUCTEMA U CUCTeMHbIE MpodaeMbl QM

Cucrembl IIpo6JieMBbl yripaBJjeHHs1 KA4eCTBOM
3aKpbIThIE CHCTEMBI [Ipobnemsr ¢ oOMeHOM uHQOpMaUel, He
CIIMIIKOM MHOTO WH(pOpManmud W 3HAHHU.
OtcyrcTBre MHQOPMAIMM MOXKET TPUBECTH K
MHOTOYHCIICEHHBIM  MpOoOJieMaM  yIpaBIICHUS
Ka4yeCTBOM M CHCTEMHBIM COOSIM.

OCHOBHO# BOMPOC: KaK MOMYYUTh JOCTATOYHYIO
nH(OpMAIUI0 BHYTPU 4YTOOBI H30€KATh 3THX
npobiem?

OTKpBITBIE CHCTEMBI MaxkcumanbHoe HCIIOJIb30BaHUE
TEXHOJIOTUYECKUX U JIPYTMX BO3MOXKHOCTEH
opraHuzanuii:  WHPOPMAIMOHHAsE  Harpy3ka
MOXET  BBI3BaTh MHOXECTBO npobiem
YIOpaBieHUs] Kad4eCTBOM, €CIIM HET XOpOIIO
(YHKIIMOHUPYIOMIETO CHCTEMHOTO MeEXaHHU3Ma
KOOpAWHAIINY.

OcHOBHOI ~ BOIpOC:  Kak  OpraHM30BaTh
sddekTuBHbIE  oOMeH  uH(Dopmammelr  6e3
Mpo0JieM YIIPaBJICHUS KaYeCTBOM?

OTKpbIThIE THHOBALIMU MOATBEPKAIOT TOT (aKT, 4TO LIEHHbIE UJIEH MOTYT MPUITH
Jake M3HYTpU 3a MpeiesaMyd KOMIAHUM WM KOPIOpauuu. ODTH HJAEU MOTYT Takke
MOCTYNaTh U3HYTPHU WK 3a Ipelesbl KOMIaHUHM Ha pbIHOK. Takum 006pazoMm, KOMIaHUU
MOTYT BOCIOJIb30BaThCSl OTKPBITHIMU MHHOBAUMSIMU. OJHO U3 TJIaBHBIX MPEUMYILIECTB
3aKJIIOYAeTCsl B TOM, 4YTO OpPraHu3allid MOTYT BOCIIOJIb30BAThCS IPEUMYIIECTBAMU
LIMPOKOTO Kpyra skcnepToB. Komnanuu uim oTAenpHble JHla U3BHE OpraHU3allid MOTYT
cO3/aBaTh MHHOBAI[MOHHBIE UJIEU /711 KOMIIaHHUH.

BaxxHbIMU IPUIIOKEHUSMU [TapaIUTMbl OTKPBITBIX HHHOBAIUH SBISAIOTCS LU(POBBIE
CEeTeBbIE NMPUIIOKEHHUSI U HOBBIE NMPUIOKEHUS U1 COLUaNbHbIX ceredl. braromaps stum
HOBBIM UHCTPYMEHTaM BPEMsI BbIXOJa Ha PHIHOK MOJKET ObITh YMEHbIIIEH [4].

Bo-nepBbix, co3gaHue U pa3BUTUE MHHOBAaUMN TpeOyeT WHHOBAIIMOHHBIX
cnocoOHocTel. Ha puc. 1 onpenenens! KitoueBbie MHHOBAIIMOHHBIE ATBSHCHI [§]. MoXHO
c/ieNaTh HEKOTOPbIE BaXKHbIE 3aMEUYaHUsI Ha OCHOBE PUCYHKa 1:

* VlHHOBaUMOHHBIA mpolecc TpeOyeT HE TOJBKO HOBATOPOB, HO M pemiaresneit
npo0sieM, UMUTATOPOB (MCHOJHUTENEN) U MPOOIEMHBIX (POPMYIUPOBOK.
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* CiocoOHOCTh HAXOIUTh CXOJICTBA U HAXOJUTh PA3IUYMS - 3TO PyHIAMEHTAJIbHBIN
CTUMYJI JUIsl MHHOBALIUH.

* B UHHOBALMOHHBIX IIpolieccax TpPeOylOTCs KaK HU3KUE, TaKk M BBICOKHE
CIOCOOHOCTH.

* B MHHOBAIMOHHBIX Mpoleccax TpedyeTcss MHOrooopasue pyHKUUN, CTPYKTYp U
IIPOLIECCOB.

BosumosHeSTE HATTH B IIPORTEMHEIE HOBATOPEL
CXOOCTED MexTy ofs EETAMHE, bicokoe EE]'L[EHI'IH
N TMNIAT ATOPRI TTPOBTEMHEBIE

SOPMYIATOPEL

EOTOPRIE HAEYTC A D83 hIMH HuzkDe

Huzkoe Buicokoe

CroocofHOCTE HAXOOHTE
FRITHYHA MRy o0BeKTAMH,
EOT O RIS EEYTC A MOK0EH

Pucynoxk 1. UnHHOBanMOHHBIE CIOCOOHOCTH

Bce »5Tu  npumeuaHuss BaKHbI JUISL  CO3JAaHUS CHCTEMHBIX HMHHOBALIUM.
MHO0keCTBEHHOCTb ()YHKIIMH, CTPYKTYPBI U IIpOLIECcCa JIEKUT B OCHOBE CUCTEMHOU TEOPUH
pa3ButHsi. KauecTBO MHHOBALIMI OCHOBAHO Ha COBMECTHBIX IEUCTBUSIX. Eciu cymecTByer
0oJpIlioe pa3zHOOOpa3ue MACUCTBUM, BEPOATHO, OyAET pa3BUBATHCS 00JI€€ BBICOKHIA
ypoBeHb KauyecTBa. (OueHb BaXHO TOHATH, YTO CHayajla HEOOXOJUMO CO31aTh
MIpe/IBAPUTEIIbHBIE YCIIOBUS JJIi BBICOKOIO KayecTBa, W KOIJa 3T0 OyJIeT BO3MOKHO,
MO)XHO HayaTh OLEHMBATh AacCHEeKThl KadyecTBa YCIYyr, HPOAYKTOB M CHCTEMHBIX
uHHOBanMi. YacTto JIOAM OXKHIOAIOT, YTO HOBBIE WHHOBAIIMKM CO3JAI0OTCI 03 3THUX
NIPEABAPUTENIBHBIX  YCIOBUM W JEWCTBUM HMHHOBauui. Takoe HenpaBWIbHOE
MPENIOJI0KEHUE aBTOMaTHUECKH MPUBOIUT K IJIOXOMY KauecTBY MHHOBaIMHA. Cuctemsl
MOTYT UMETh HECKOJIbKO CTPYKTYP U HECKOJIbKO (DYHKLIMH, U OHU MOTYT YHPaBIATHCA
HECKOJIBKUMU ITPOLIECCAMM.

B nanHO# cTaThe paccCMOTPEHBI MHCTPYMEHTHI JJIs yIipaBiieHus npobdiaemamu QM B
KOHTEKCTE MHHOBAIIMOHHBIX IpoueccoB. Kak mpaBuio, npobnemsl QM 3akioyaroTcs B
CJIEIYIOLIEM:

1) B mepenaye TEXHOJIOTUN NHHOBALIUM;

2) B pa3paboTKe TEXHOJIOTHI TEXHUYECKOTO 00CITYKMBAaHUS HOBBIX HHHOBAIIUII;

3) B UCHOJIb30BAaHUU METOJOB HCCJIENIOBAaHUS KadecTBa MU JOJTOBEYHOCTH (WU
YCTOWYMBOCTH) HOBbIE HUHHOBALINU;

4) B aHanM3€e MPOIKOJOTUYECKUX ACTIEKTOB HOBBIX MHHOBAIUH (CHCTEMHBIE JKO-
MHHOBAIMM U SKO-MHHOBALIUN);

5) B UCHOJI30BAHUU UHCTPYMEHTOB TECTUPOBAHUS KaueCTBA HHHOBAIIHI.

B Tex cayuasx, korja TeCTUpOBaHUE MTPOBOIUTCS, MHHOBALIMOHHBIN TECT KauecTBa
Haner [9] sBnsieTcs noaxoas1uM HHCTPYMEHTOM.
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KadectBo nHHOBaIMIT JOHKHO OIEHUBATHCS B TPEX 0OJIACTAX:

1) ypoBHe npoayKTa / yCiayr;

2) ypoBHE TIpolecca;

3) ypOBHE NPEIIPUITHSL.

[ToTrenumansHbIe MEPHI I OTACIBHBIX obOnacTeit [10]:

A. Mepbl, CBsI3aHHBIE C MPOAYKTOM / YCIIyraMu:

* 1o0aByIeHHAs! CTOUMOCTD ISl KIIMEHTA;

* 3aTpaThl HA LEJH;

* CTAOMIILHOCTD AU3alHA;

* BO3BpAT IPOJYKTa HA UHBECTHUIINH;

* YPOBEHb ITPOU3BOUTEIBHOCTH IPOIYKTA;

B. Mepsl, CBsI3aHHBIE C TPOLECCOM:

* BpeMs BbIXOJa Ha PHIHOK;

* NOBbIIIEHUE YPPEKTUBHOCTH U IPOU3BOIUTEIBHOCTH;

* 3()(heKTUBHOCTH KaJIpOBOTO YPOBHS B pa3pabOTKe MPOJIYKTa;

* 3()()eKTUBHOCTD yIpaBJICHUS POEKTaAMU;

* YBETTMYCHUE THOKOCTH;

C. Meppbl, cBsi3aHHBIE C IPETPUHUMATEIHCTBOM:

* k03(pULIMEHT NPUHATHS pellleHui 10 Bcel paboueil cuiie;

* IOHUMaHUE MOTPEOHOCTEN KIIMEHTOB;

* 000pOT, NOJYYEHHBIN C UCTIOIb30BAHUEM HHHOBALMOHHBIX ITPOIyKTOB;

* K03 UIMEHT 3amaca;

* CKOpPOCTb YCIIEUTHBIX MONBITOK UHHOBAIUI.

N3mepenust kauecTBa MHHOBALUMI NPEJICTABISIIOT COOOM MHCTPYMEHT YIpPaBJICHUS
U1 PYKOBOAMTENEH U MEHEKEPOB B KOMIIAHUU. MOKHO Ha3BaTh 3Ty CUCTEMY MAKETOM
MHCTPYMEHTOB MEHEI)KMEHTa KauecTBa. [lakeT MHCTpYMEHTOB MEHEPKMEHTa KauecTBa
MOAXOIUT JUISl MHIMBUTyaIbHBIX HHHOBAIH, Oy TO COLIMANIbHBIE HJIM TEXHOJIOIMUECKHE
MHHOBAIMH. 3/IECh BaXXHO OTMETHUTb, UTO B yIpaBjeHUH kayecTBoM Kak Hard, tak u Soft
Ss-marepuu. Hard Ss - 310 cTparerus, crpykrypa u cucteMbl. Soft Ss - 310 cTHIIB, 001IIHE
LIEHHOCTH, HaBbIKM M TnepcoHan. B tpaauumonnom ynpasiaenun CIIA xopormio
ynpasistores Hard Ss, HO B AOHCKOM MeHEKMEHTE JTydie yrnpaisitoTces Soft Ss [11].
Takum oOpazoMm, HeoOxomaumo couerarh ctuiau ynpasieHus B CIIA u Anonwm nns
yIpaBiIeHUs! CUCTEMHBIMU MHHOBALIUSAMH.

CylecTBYIOT pa3jInyHble pe3yJabTaThl KauecTBa MHHOBaIMH. Jlydmine koMmaHuu
MMEIOT BBICOKOE KauyeCTBO WHHOBAIMKA TPOIYKTOB / yCIyr (MEHEIKMEHT KauecTBa),
CWJIbHBI MEHE)KMEHT KauecTBa IpOLEecca M CHWIbHBIA KOPHOPATHUBHBIA MEHEIKMEHT
kauyecTBa. Kak mpaBmiio, y koMnaHuil ecTb MpoOsieMbl B HEKOTOPbIX obsacTsax. Toabko B
HCKITFOUHUTEIIBHBIX CIIydasiX BCe 00JaCTH MEHEDKMEHTA KaueCTBa CUIIBbHEI [4].

TakuM 006pa3oM, [OUTH BCE KOMITAHWHU CTAJIKUBAIOTCSA C HEKOTOPBIMU IIpobiieMaMu
B CBOMX CUCTEMaXx yIpaBJeHUS MEHEI)KMEHTOM KadecTBa U nHHOBaIMsAMHU. COCpej0TOUrB
BHMMAaHHE Ha 3THUX IMpoOiemMax U pa3paboTKe HOBBIX CIIOCOOOB UX 0OPaOOTKH, MOMXHO
NOOUTHCS JIyULINX PE3yJIbTaTOB.
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3akiioueHue

B naHHO# cTathe MOXKHO OTMETHTH, YTO HYXHO HA4aTh TOBOPUTH O MOJIEIH OT
KBapTeTa IIOCKOJBbKY TIOTPEOUTENN TEmeph SBIAIOTCS UYETBEPTHIM  AJIEMEHTOM
HallMOHAJIHLHOMW CUCTEMbI HHHOBAIUMN. OTHUM U3 KITIOYEBBIX 3aMEUaHUM SIBISIETCS TO, YTO
KIIIOUEBBIE WTPOKM  CHUCTEMHBIX HMHHOBAIMA COCTOST W3  YETHIPEX  YacTe:
MIPOMBIIIJICHHOCTH, TPaBUTEILCTBA, aKageMUUu (YHUBEPCUTETOB) M MOTpeOUTENEH.
NHHOBammu B HaCTOsIIIIEE BpeMsi OCHOBAHBI Ha MPOTHO3aX, TPEOYIOMINX COTPYIHUYECTBA
B 00J1aCTH MPOM3BOJICTBA U MoTpedsienus. Kpome Toro, n3-3a ceTeBOTO B3aUMOICHCTBHS
Y r00anu3ainy, 3aKphIThie HAllMOHAIBHBIC MHHOBAITMOHHBIE CHCTEMBI, CTAHOBATCS BCE
0oJiee HAIMOHATBHBIMH OTKPBITHIMH WHHOBAIIMOHHBIMHA CHCTEMaMH. TakuMm o0pazowm,
nosisutcs mapagurma NOIS [12].

Llenb 3TOM cTaThu COCTOSJIa B aHAJIM3€ COBPEMEHHBIX CHUCTEMHBIX MHHOBALUWA U
MMOCTUHYCTPUATHHBIX MHHOBAIIMOHHBIX CHCTeM. IHHOBAIIMU COCTABIISIIOT BAYKHYIO 9acTh
TEXHOJIOTUYECKON ¥ TPOMBINIICHHON CUCTEMHOM IuHaMHKHA. OHU TakKe OKa3bIBAIOT
OTpE/IeNIEHHOE BIIUsHUE Ha MPOOIeMbl OOCITYyKUBaHUS U YCTOMYUBOCTH.
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NLP AS SAAS

Epranues E., KaiipoexoB A., Kyunn f1., Myxamenues P.,
CobiMaryJios A.

Hncmumym ungopmayuonnvix u 8b1uucaiumenbHblx mexHoa02utl
KH MOH PK, Kazaxcman
e-mail: asmogulove0O@gmail.com

Annomayuna: B Oaumnoul cmamve npusooumcsi onucauue Ccepeucos, KOmopwvle
noszeonsaom evinoaname 3aoauu NLP (natural language processing, OEAl - obpabomka
ecmecmeenH020 A3bIKa) O/ PYCCKO20 A3bIKA, MAK JHce NPUBOOUMCs ONUCAHUe KOpnyca
MEeKCmMo8 01 NpoGedeHus aHaIu3a Xapakmepucmux cepgucos. Ilposeden ananus
XapakmepucmuKk cepeucos no mpem Napamempam. YacmepeyHas pasmemKd, aHAnu3
MOHANLHOCMU U  PACNO3HABAHUE UMEHOBAHHLIX cywHocmel 6 mekcme. Coenamo
CpasHeHue cepeucos medxncoy coboli no napamempy “pacno3Ha8aHue UMeHOBAHHBIX
cywynocmeti”. [Ipusedena mabauya Xxapaxmepucmux cepsucos.

Knrwoueevie cnoea: NLP, SaaS, OEfl, obraumvie cepgucvl, mopgonocuueckas
Pazmemxda, aHaiu3 MoHAIbHOCHU, PACNO3HABAHUE UMEHOBAHHBIX CYUWHOCHEII.

BBenenue

SaaS - software as a service ¢ aHITIMHCKOT0O MPOrpaMMHOE 00ecreueHne KaK yciyra,
SBJIIETCS MPEAOCTaBICHUEM KaKOro JIMOO rOTOBOIO M MOJHOCThIO HacTpoeHHoro [10
(mporpammHOro oOecnedeHus) A BBIIOJIHEHUS olpeneieHHblx 3amad. Coznmartenu
takoro 1O, pa3BopaunBarOT €ro Ha CBOEH CTOPOHE, YTO MO3BOJSET UM HMETh IMOJIHBIN
KOHTpPOJIb HaJl MPUJIOKEHHEM. [ TaBHBIM IIIOCOM SaaS Juisl KIMEHTOB SIBJISIETCS MOJIHOE
OTCYTCTBHE  HEOOXOAMMOCTM  mojanepxkuBath paboty [IO, Bblgenars  cBou
BBIYHMCIIUTENbHBIE MOIIHOCTH, XpaHUJIUIIA, 000pyA0oBaHHE. MOXXHO cKa3aTh, YTO KJIMEHTHI
apenaytot 110 u Bce comyTCcTByIOIIKME TEXHOJIOTHUH JUIsl peleHusl cBoux 3aiad. Hanuuue

220



[II MexxnyHapogHast Hay4YHast KOHepeHLus
«MHpopMaTHKa ¥ NpUKJIaJHAS MaTEMaTUKa»,
26-29 cenTs6ps 2018 r., Anmarsl, Kazaxcran

MECSYHBIX MOANMMCOK U OMPEJIEICHHBIX [IEHOBBIX MOJMTUK MO3BOJIAET NoJab30BaThes [10
TOTJ1a, KOT'/1a HY’KHO U OTUIaYMBaTh TOJBKO TO, YTO HCMOJb30Bal. Co3aTensiM TakoTo poja
IO He HyXHO omacaTbCsi NUPATCKOTO MCIOJIb30BAHUS HUX MPOJAYKTa, MOTOMY 4YTO
HCXOJHBIE KOJbI MIPOJYKTA XPAHATCS TOJIBKO y €ro pa3pabOTYMKOB M HE OTHPABISIOTCS
KIJIMEHTaM.

Onucanne nmeronuxcs cepsruco OES Heo0XoauMo 1715 MOHUMaHUS TOTO, YTO OHU
crocoOHbI nenath, kakue 3amaun OES cmocoOHBI pemaTh, B 4eM 3aKIIIOYACTCA HUX
YHUKQJIbHOCTh 0 CpPaBHEHUIO C JPYTMMM, a TakXKe /s IOHUMaHUS TOJUTUKU
UCIIOJIb30BAHUS 3TUX CEpBUCOB. s mpoBeleHMs] aHAlM3a XapaKTEPUCTUK CEPBHUCOB
HEOOXOJIMMO HCIIOJIb30BaHHE COOTBETCTBYIOIIE pPa3MEUYEHHBIX KOPIIYCOB TEKCTOB.
Heo0OxouMm nojacyeT pe3ynbTaToB CPaBHEHUSI CEPBUCOB, C LIEJIBIO BBISBICHUS JIHIEpa 1O
KaKOMY-JTM00 mapaMeTpy, 0COOCHHO ISl PyCCKOTO SI3BIKA.

Ha nannbpiii MOMEHT cymiecTBoBaHHe obOiadHbIX cepBucoB s OES, mo3BossieT
HCCIIEIOBATENIIM COCPEOTOUUTLCSA Ha MCCIEA0BaTeIbCKO padoTre, 0e3 HyX/Ibl TPaTUTh
JparolieHHOEe BPEeMs U CHJIbI Ha CO3/IaHUE, pa3BepThIBAaHUE U MOJIECPKKY HEOOXOIUMBIX
TexHoJIoTu# g uccnenopanuii B oonactu OES. Takum oOpaszom, Gmaromapsi HaTUIHIO
obnaunbix cepBucoB OESl, ckopocTh U MPOAYKTHUBHOCTH HMCCIEAOBAHUN 3HAUYUTEIHHO
YBEJIMYATCS, YTO MO3UTUBHO CKa)XETCsl Ha pa3BUTUU Hayku B obmnactu OES. Obnaunbie
cepucbl OESl mpennaraioT Takue BO3MOXHOCTH, KaK pacro3HaBaHHUE MMEHOBAaHHBIX
CYIIHOCTEH, yacTepeyHasl pa3MeTKa, aHaJIM3 TOHaJIbHOCTH, CTEMMUHI, JIEMMaTU3alus,
KOTOpBIE SIBJISIFOTCSI OJJHUMU U3 OCHOBHBIX 3a1a4y OES].

TextRazor

TextRazor coueraer B cebe coBpemeHnHble TexHoioruu OES ¢ oGmupHoi 0a3zoit
3HaHUHN O peaybHBIX (PaKTax, YTOOBI MOUb OBICTPO WM3BJIEKATH 3HAYCHHS U3 JIOKYMEHTOB,
TBUTOB WJIM BEO-CTpaHUII.

0630p 6az06020 hynkyuonaia

Jlst pyccKoTo si3bIKa CHOCOOEH BBIICTSATH KATETOPHM, a TAaKXKe TOMHMKH TEKCTa,
MPOU3BOJIUTh TOKEHU3AIMIO W CTEMMUHT, OTPENEIATh MMEHOBAaHHBIE CymHOCTH. He
crocoOeH TPOU3BOJAWTH YACTEPEUHYIO pa3METKy TeKCcTa U JieMMaru3anuio. Jlis
AQHTJIMCKOTO s3BIKA €CTh BO3MOXKHOCTH TMPOM3BOJAUTH YaCTEPEUHYIO Pa3METKY,
JIEMMAaTH3aIMI0, OTIPE/ICIICHINE UMEHOBAHHBIX CYITHOCTEH, CBSI3EH CIIOB, MPEOJIOKEHUS
O 3HAYEHUHW CJIOB B KOHTEKCTE W JACPEBbsl 3aBHUCHUMOCTEH. OTCYTCTBYeT TOHAJIbHAs
pa3MeTKa TeKCTa.

Tonumuka ucnonvzosanus

BecrutatHplii m1aH KCTIOIB30BaHUS MIpeANoNaraeT Bech pyHkimoHan u S00 3ampocos
B JIeHb. boJbIliee KOJWYECTBO 3aMPOCOB B J€Hb MOKHO TOJIYYUTh IyTeM MPHUOOPETEHUS
OJTHOM M3 MECSYHBIX TMOANUCOK. J[ar0TCsl CKUJIKHU JIJIsl UCCIE0BATEIICH.

Yuukanonocms cepsuca

YuukaneHOCTh TextRazor 3akitoyaercss B TOM, 4TO ONpPEAEICHHbIE NMEHOBAHHBIE
CYIITHOCTH MMEIOT CChUIKY Ha COOTBETCTBYIOIINE CTPaHUIIBI B 0a3ax maHHbIX FreeBase n
Wikipedia, a Taxxe B 1oApOOHOM BBIJICIIEHUN KATETOPUIl U TOIIMKOB TEKCTA.
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Ob630p API

CepBuc nmeet noipoOHOE PyKOBOACTBO 10 McnoyibzoBaHuio API. [Ipenocrasnsercs
BO3MOXHOCTh ucnojs3oBaHuss REST API, a taxxe APl wmou qis uneHTudukanuu
roJib3oBarens [ 1].

Rosette Text Analytics

Rosette Text Analytics mpuBHocuT cuny MM B aHanu3 TekcTa B MOUCKE, OM3HEC-
aHAJINTUKE, COLMAJIbHBIX CeTSX, (PUHAHCOBOM OOECHEUEHUH U HPEIIPUITHUSIX.
[Ipenna3znauenue Rosette Text Analytics 3akmtodaercss B TOM, 4YTOOBI 1aTh BO3MOXKHOCTh
MPHIOKEHUSIM MaHUITYJIUPOBATh TEKCTAMU KaK YUCJIaMU.

0630p 6az08020 hynkyuonania

Rosette Text Analytics uMeer B HaaM4MM YacCTEPEUHYIO PAa3METKy TEKCTa,
JIEeMMaTH3alll0, TOKEHU3AlWI0, OIpEIEICHNEe HWMEHOBAaHHBIX cymHocter. [ns
aHTJIMHCKOTO $3bIKa MMEET BO3MOKHOCTb MPOU3BOAMTH KAaTETOPU3ALMIO U TOHAIbHYIO
pa3MeTky TekcTa. OTCYyTCTBYET CTEMMHUHT.

Ionumuka ucnonvzosanus

OO6nauHble TIaHbl UCIIOJIB30BAHUSI BKIJIIOUYAIOT B ce0si OECIUIaTHBIN IJ1aH, KOTOPbII
no3BoJisieT mpon3BoAuTh 10 10 000 API 3ampocoB B mecsii, 1000 3anpocos B neHb. [1nanb
ot 40 000 3ampocoB Oe3 OrpaHUYEeHUS MECALY/AeHb UMEIOT IIeHbI 0T 100$ B MecsIl 1 BbIIe
10 yBenm4yeHuro kosmuectsa API 3anpocos.

Yuuxanonocmo cepsuca

YHUKaIbHOCTh 3aK/II0YaeTCs B HAJWYMU B CBOOOJHOM JOCTYIE YacTepeuHOMH
pa3MeTKU U JIeMMaTH3allK TeKCTa JJIsl PYCCKOTO S3bIKA.

Ob630p API

CepBuc umeet npumepsl ucnoiab3oBanus APl mis pa3ubix s3pikoB. [Ipenocrasiser
API xmrou ans uaeHTUUKaLMK 0JIb30BaTeNsl, a Takxke npeaHactpoennbie APl npussizku
U1 pa3HbIX S3bIKOB IPOrpaMMUpOBaHus [2].

Eureka Engine

Eureka Engine - 310 poccuiickas cucrema JUis TEKCTOBOI'O aHajiu3a, KOTopas
CrocoOHa U3BJIEKaTh 3HAU€HUs U (GaKThl U3 BXOJHBIX JAHHBIX.

0630p 6az08020 hynkyuonaia

B nHanmuuum omnpeneneHue TONMMKOB TEKCTa, TOHAJbHAs pa3METKa, BBISBICHUE
MMEHOBAHHBIX CYyIIHOCTEeH. OrpaHuyeHHas JIEeMO BEpCHEH YacTepedHas pa3MeTKa,
JeMMaTH3alus U CTEMMHUHT - 00pabaThIBaeT ToJIbKO nepsbie 10 coB TekcTa.

Ionumuka ucnonvzosanus

Bo3MOXHO wHcCIONb30BaHKE AEMO BEPCHM, IPU HEOOXOJIMMOCTH HCHOJIb30BaHUS
IJIATHOM BepcuHu TIaTuTh HykHO Oynet 800 eBpo 3a 50 000 moxymeHToB B Mecsl, 2400
eBpo 3a 300 000 TOKyMEHTOB B MECSII] U JJaJiee N0 BO3PACTAHHUIO KOJIMYECTBA IOKYMEHTOB
OyJIeT pacTH U CTOUMOCT.
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Vuuxanvnocmos cepsuca

YHUKaIBHOCTh 3aKII0YAeTCd B HAJIWMYAA TOHAIBHOH pa3METKH TEKCTa, I10
cpaBuenuto ¢ TextRazor u Rosette Text Analytics.

Ob630p API

Hoctyn k API Tonpko nocie ornatsl [3].

Cloud Natural Language

Cloud Natural Language ot Google - sto RESTful API (RESTful API - sto
apXUTEeKTypa Ijsl TOCTPOEHUS BeO CEpBHCOB, KOTOpas SIBJISETCS KIHUEHT-CEpBEPHOE
B3aUMOJICHCTBUE. JTa apXUTEKTypa IOCTpoeHa Ha http 3ampocax ¢ pa3IMYHBIMU
meronamu - GET, POST, PUT, DELETE u T.1. Apxutekrypa 6yzner sBnsatbess RESTful
€CJIM OHA pealin3yeT Bce MeTo bl http 3ampocoB.) Maromuii BO3MOXKHOCTH I 00pad0oTKH
Y aHaJIM3a TEeKCTa C UCIOJIb30BaHMEM FOTOBBIX MOJIENIEH, a TAaKXkKe CO3/JaHle COOCTBEHHBIX
MOJIEJIeH, MOCTPOCHHBIX uepe3 apyroit google cepuc AutoML.

C noMouIbI0 JAHHOTO CEpBHCA BO3MOYKHO U3BJICYEHHE CYIIHOCTEHN U3 TEKCTa, TAKUX
KaK JIIOJM, OpraHu3aluy, JoKalud. BO3MOKHOCTh CHHTAKCHMYECKOIO aHalu3a - 3TO
oIpe/iesieHue YacTeil peuu (raaroi, CylecTBUTENbHOE, MECTOUMEHHE U T.]T) CO CBA3SIMU U
3aBUCHUMOCTAMU Mexay HuMU. Hmeercs Ttaxke (QYHKIMOHAN IO ONPEIEIICHUIO
TOHAJIBHOCTH TEKCTa (TI03UTHUBHBIN, HEraTUBHbBIN, HEUTPAJIbHBI), @ TAKXKE KaTEropu3aius
CIIOB Ha 3apaHee 3aJ[aHHble, IOIYJIPHbIE KAaTErOpUM, TaKM€ KaK HOBOCTH, MHTEPHET,
nH(OPMaLlMOHHBIE TEXHOJIOTUU, UTPbl U T.J. Takke BO3MOXKEH CUHTAKCUYECKUI aHAIU3
TEKCTa, CI0JIa OTHOCSTCS TOKeHU3a1us, Mopdosiornyeckuil pazoop, onpeaesieHue yacTeu
peudu, JeMMaTu3alus U 3aBUCUMOCTb CJIOB Jpyr OT npyra. Emie onHa BO3MOXKHOCTb
JAHHOTO CEpBHCA - ATO OIpe/eleHHe TOHAJIBHOCTU TeKCTa, O6e3 npenodyudenus. Ha Bxon
OH I0JIy4aeT TEKCT, a Ha BBIXOJE Pe3y/IbTaT B BUJE 3HAUEHUs OT -1 110 1, r/ie HauMeHblee
3HauYeHue -1 yka3bIBaeT Ha MAaKCUMaJIbHYIO0 HETaTUBHOCTh HOBOCTH, a | Ha MaKCUMaJIbHYIO
MOo3UTUBHOCTh. CpeJHee 3HAa4YeHHE T.€. HOJIb OOBIYHO Oepercss Kak HeWTpaibHoe. B
nononHenue ko Bcemy B Google Cloud NLP ectb ¢yHkus, koTopas BbIAA€T KaT€rOpuH,
KOTOpble Hauboyiee peleBaHTHBI Juis Tekcta. B cnucke umeercs yxke okoio 750
KaTeropui.

Cloud Natural Language - ouenp mpoctoit B ucnons3oBanun RESTful API c
MOJJIEP)KKOM  HECKOJIbKUX TOIMYJSPHBIX SI3bIKOB BO BCTPOEHHOM KiueHrte. g
MCII0JIb30BAaHUS JAHHOTO CEpPBUCA, KaK U BCEX Z0ogle-OBCKUX CEpBUCOB, HY)KHO CO3/1aTh
IIPOEKT Ha caiiTe W Ha)kaThb KHONKY akThBalMu. 3areM nosyuuB API kitod, ncnosib3oBath
ero B kineHTckux HTTP 3ampocax. CtouMocTs kaxaoro GyHKIuoHana orandaercs +- 1
JOJUTap, LI€Ha BapbUPYETCA OT 2 I0JUIapOB J0 25 UEHTOB B 3aBUCUMOCTH OT KOJUYECTB
CUMBOJIOB B TeKCTe. AHanu3 Tekcta 10 5000 cuMBOJIOB OecriaTHBIM. Y 3TOTO CepBHCa
€CTh ONpEICNICHHBI HA0Op S3BIKOB, KOTOPBIM OH MOXET oOpabarwiBaTh. sl S3BIKOB,
KOTOpbIE HE MOJAJEPKUBAIOTCS, BO3MOKHO HCIOJIb30BaHUE IPYroro o0JauHOro cepBHca
ot ryri - Translate API ans nepeBona tekcra. Cloud NLP umeer xopoiio onucaHHyo
TOKYMEHTAIUIO ¥ MIPUMEPHI CIIOJIb30BAaHMS Ha PA3IMUHBIX SI3BIKAX MPOTPaMMHPOBAHHS.

Cloud Natural Language - moBOJIBRHO MPOCTOM B MCIOJIB30BAaHWHU, 00padaThIBacT
TeKCThI pazmepoM B 2000 cHMBOJIOB 3a Mapy CeKyH], OrpaHUYeHHO-0ectuiaTHbIi 10 5000
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CHUMBOJIOB, OBICTPBI B HCIIOJb30BAaHUM, OCHOBHOE BpEMs IMPUXOIUTCS Ha Iepenady
TAHHBIX, B3aUMOJIEUCTBYET C APYrUMHU cepBucamu oT google, Takue kak Translate API,
Speech API, nemeBsbriit a1t 06pabOTKK OOJIBIIIOTO KOJIMYECTBA TEKCTa [4].

Meton ucciaenoBaHus

Jlist cpaBHEHHsI CEPBHUCOB MEXKIY COOOW OBUI MOATOTOBJIEH HEOOJBIION KOPITYC
TeKCcTOB. JIJIs ompeneieHnsl Ka4ecTBa BBISIBJICHUS MMECHOBAHHBIX CYIITHOCTEH 32 OCHOBY
ObL10 B35ATO MATH TeKCTOB (37, 208, 95, 137, 94 croB) ¢ pa3MeueHHBIMU UMEHOBAaHHBIMH
cymHuoctssmu ¢ copeBHoBanus factRuEval 2016 [5]. Ha Bxox cepBHCOB moaBajivcCh
TEKCTBI, 3aTeM OIIPEICIICHHBIE CePBHUCAMU CYIIHOCTH, CPAaBHUBAIUCH IO TapaMeTpam
TOYHOCTh U false positive C CyIHOCTSIMH, KOTOpbIe ObUIM OTPEICICHBI B PE3YJIbTaTe
copesHoBanuii factRuEval. IlogpoOHoe ommcanue MeToga TPHUBEACHO B pasjeie
[Toyuennsie pe3ynbTaThl. JlJ1s onpeIeseHus KauecTBa YacTePEUHON Pa3METKH 32 OCHOBY
66110 B3sTO TpH Tekcta (157, 188, 180 cioB) u3z xosekuun FakeNews, npunaanexaneit
kopnycy “Taiira”, Mopdosoruyeckass pa3Merka KOTOPOro IpPOU3BOJIMIACH C
ucnions3oBanneM mnakera UDPipe [6]. Ha Bxom cepBuca monmaBajics TEKCT CO CHSTOM
Pa3METKOI, 3aTeM ITPOBOINIOCH CPABHEHUE YACTEPEYHOHN Pa3METKH, KOTOPYIO J1ajl CEPBUC
C UCXOJHOM YaCTEPEYHON pa3METKOM TEKCTa.

Jlyis ompeenieHUsl KadyecTBa TOHATBHOW Pa3METKH TEKCTa 32 OCHOBY OBUIH B3SITHI
TeKCTHI (11 HEraTUBHBIX CpeHEE KOJIMYECTBO CJIOB B OAHOM TeKcTe 238, 10 Mo3UTUBHBIX,
CpelHee KOJIMYECTBO CJIOB B 0JTHOM TekcTe - 313) u3 kopnyca AlemResearch [7]. Ha Bxoxg
CepBHCA MOJABAIHCH OTACIHHO TO3WTUBHBIC U HETaTUBHBIC TEKCTHI, 3aTEM ITPOBOIMIICS
aHaJIN3 PE3yJIbTATOB C IIEJIBIO BBISBIICHHS KOJUYECTBA OMIMOOK CepBHUCa.

Cchllka Ha UCIOJIb30BAHHBIC TEKCTHI:

https://drive.google.com/open?id=1Y WaFOiGBXT_ c9ueH3JOBhI2G3PcZXb39

IMonyyenHble pe3yJabTaThI

Pezynomamer pacnosnasanus umenosanHvix cywHocmel

Panmu sxoHoMuMM MecTa MBI NPUBOAUM TOJBKO MEPBBIM TEKCT KOpITyca, BCE
OCTaJIbHbIE TEKCThl, HCIOJb30BaHHbIE JJIS aHalIM3a, MOXKHO CKayaThb II0 CCBLIKE,
NpUBEACHHON BbllIe. Pacno3HaBaHue OOJbIIEr0 KOJMYECTBA CYIIHOCTEH, ueM
IIPEJICTABICHO FTOBOPHUT O TOM, YTO CEPBUCHI HAIILIM OOJIbIIIE CYIIHOCTEH, 4eM ObLIO JaHO
B KOpIyCe.

Ilepeswiu mexcm

Bcempeua ¢ nocnom Umanuu 6 MH/[e [pysuu. [lo unuyuamuse umanbsHcKou
CMOPOHbL UPEe38bIUALIHLIL U NOJHOMOUHBIU nocon Umanuu 6 I py3uu Bumopuo Canoanu
gCmMpemuiics ¢ 3amecmumenem MUHUCPA UHOCMpauHulx Oen I py3uu Anexcanopom
Hanbanoosvim. Ilpeomemom obcyxcoenuss cmaiu B0NPOCHl  COMPYOHUYECMBA 8
MeNCOVHAPOOHBIX OP2AHUAYUSIX.

B namnom Tekcre m3 kopmyca factRuEval m3 5 oTMedeHHBIX HMMEHOBaHHBIX
cymHocter (Mramusa, MW Tpysum, I'pysus, Buropuo Canpanu, Anexkcaniup
Han6annos):
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TextRazor npaBuibHO ompeenua 3 CYIIHOCTH, BCETO ONpeneiua 4 CyIIHOCTH
(Uranus, ['py3us, [locon, Butopuo Cannanu), nponycrus ase (MU I'py3uu, Anexcanap
HanGanmoB.).

Rosette Text Analytics mpaBwibHO ompenenua 4 CyITHOCTH, BCETO OMPEneat §
cymuocrert (ITocon, Uranus, I'pysus, Utanssuckoit, [lomHomounsiii mocos, Butopuo
Canpanu, 3amecTHTENb MMHUCTpPa HMHOCTpaHHbIX Jed, Ausekcannp HanbGannos),
npomnyctus oguy (MU I'py3un).

Eureka Engine npaBuibHO omnpenenuii 3 CylIHOCTH, BCETo onpeenui 4 CyIHOCTH
(Uranus, MUJ] I'py3un, Butopuo Cannanu, Anexcannp Hanbannos), nponycTUB OAHY
(I'pysms).

Jlis cpaBHEHHsI CEPBUCOB MeEXAy COOOH ObUIM MCHOJb30BaHbl CIEIYIONINE
[OKa3aTesu:

Bo-nepBbIx, noka3arens KauecTBa paBHbIA OTHOUIEHHUIO IIPABUIIBHO PACIIO3HAHHBIX
CyliHocTel t k oOuiemy unciny cymHocteil B tekcre N (popmyna 1)

A=~ (1)

[ToxazaTenp MO3BOJISET OLEHUTH, HACKOJIBKO IOJIHO CEPBUC BBIJEINAET CYILHOCTH,
OTMEUYEHHbBIE FIKCIIEPTOM.

Bo-BTOpbIX, MOKa3aTellb TOUHOCTU PaBHBI OTHOIIEHHUIO MTPAaBUIIBHO PACIIO3HAHHBIX
CyLIHOCTEH K OOLIeMy 4YMCIy BBIJEJIEHHBIX CYIIHOCTeW (CymMMa HIpaBWIbHBIX (t) U
HenpaBwiIbHbIX cyniHoctel () (popmyna 2).

t
P @)

Bropoii noka3arenb Mo3BoIsIET OLEHUTb, HACKOJIBKO YacTO CEpBHC OIIMOAeTcs 110
CPABHEHHUIO C 3KCIEPTHOU OLEHKOM.

B nepBom Tekcre:

TextRazor - A =3/5=0,6; FP = 3/(3+1) =0,75.

Rosette Text Analytics - A = 4/5 =0,8; FP = 4/(4+4) = 0,5.

Eureka Engine - A =3/5=0,6; FP = 3/(3+1) = 0,75.

Bo BTOpPOM TeKCTE U3 5 OTMEUEHHBIX CYIIIHOCTEN:

TextRazor npaBunpHO ompenenuin 4 CyIIHOCTH, BCErO ONpPENeNus 6 CyIIHOCTEH,
npomyctua oaHy. Rosette Text Analytics mpaBWIbHO OTMpenenawyi 5 CyIIHOCTEH, BCETO
ompenenun 6 cymiHocTel, 6e3 mpomyckoB. Eureka Engine mpaBunmpHO ompenenwn 5
CYIITHOCTEM, BCETO OMpPEACIN 6 CYIIIHOCTEH, 0€3 MPOIyCKOB.

TextRazor - A =0,8; FP = 0,66.

Rosette Text Analytics - A = 1; FP =0,83.

Eureka Engine - A = 1; FP = 0,83.
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B Tperbem TekcTe U3 3 OTMEUEHHBIX CYILIHOCTEH:

TextRazor mpaBuibHO Ompenenua 2 CyIIHOCTH, BCEr0 OMpENeNus 6 CyIIHOCTEH,
npomyctun onHy. Rosette Text Analytics mpaBunbHO ompeaenuna 3 CYIIHOCTH, BCETO
onpenenun 4 cymHocTH, 0e3 mpomyckoB. Eureka Engine mpaBunmpHO ompepenun 3
CYLTHOCTH BCETO ONpeenui 3 CyIIHOCTH, 0€3 MPOITYCKOB.

TextRazor - A =0,66; FP = 0,33.

Rosette Text Analytics - A= 1; FP =0,75.

Eureka Engine - A=1; FP = 1.

B yerBepTOM TekcTe U3 13 cymHocTei:

TextRazor mpaBuinbpHO onpeaenuin 12 cymHocTel, Bcero onpeaenui 12 cylmHocTen,
npomyctun onaHy. Rosette Text Analytics mpaBunbHO ompeaenuin 12 CyniHOCTEH, BCEro
onpenenuin 12 cymnocrel, npomyctui oany. Eureka Engine npaBunbHO onpenenun 13
CYIITHOCTEH, Bcero omnpeaenui 13 cymHocrtei, 6€3 mpoIyCcKoB.

Rosette Text Analytics cmor mpaBwiIbHO pacmo3HaTh Peifran kak Ha3BaHUE
a’poropTa, KaK 1 ObIJIO B KOHTEKCTE, B OTJIMYHE OT OCTAIBHBIX CEPBUCOB, B CBSI3U C 3TUM
noJiyyaeT OOHyC 3a TOYHOCTH (Tabnuua 2).

TextRazor - A=0,92; FP = 1.

Rosette Text Analytics - A =0,92; FP = 1.

Eureka Engine - A=1; FP = 1.

B nsaTom Tekcre u3 11 cymnHocTei:

TextRazor mpaBunbsHO onpenenuin 10 cymHoCTe, Bcero onpeaenui 16 cylHocTel,
npomnyctui oaHy. Rosette Text Analytics npaBuibHO ompenenus 11 cymHocTell, Bcero
onpenenun 14 cymuoctel, 6e3 mpomyckoB. Eureka Engine mpaBwibHO ompeaenun 11
CYyIITHOCTEH, Bcero omnpeaenun 11 cymnocrei, 6€3 mpoIycKoB.

TextRazor - A=0,9; FP = 0,62.

Rosette Text Analytics - A= 1; FP =0,78.

Eureka Engine - A=1; FP = 1.

Pe3yabTaThl yacTepe4yHoil pa3MeTKH

[IpousBoauics aHaIU3 KauecTBa YacTepPEYHOW pa3MeTKH OJHOro cepuca Rosette
Text Analytics, B cBs3u ¢ TeM, uto B TextRazor Takas pazmeTka Ijisi pyCCKOTO SI3bIKa
oTcyrcTBYyeT, a B Eureka Engine ona orpannyena nemo Bepcueil, a Takke HecTaOMIbHON
paboToii yacTepedHor pa3MeTKu (pa3MeTka b0 He paboTaeT, MO0 TOJIBKO IS IEPBBIX
10 cnoB Tekcra).

B nepBom Tekcre u3 157 cnoB ommOku B JeMmaru3aluu Obuld B 5 cJOBax,
yacTepeuHas pa3MeTka umena owmuOku B 5 cioBax. Bo Bropom Tekcre u3 188 cioB
JeMMaTH3alus uMesa omuoOKu B 6 cloBax, yacTepeyHas pa3MeTka uMesa OomuOKku B 9
cinoBax. B Tperbem Tekcte m3 180 ciioB ynemMmarm3anus uMmesa OMIMOKH B 4 CIIOBax,
yacTepeuHas pa3MeTKa uMesia omrOku B 7 cioBax. Tak ke BBISICHWIOCH, YTO CEPBUC HE
BOCHpUHHMMAET OYKBY E.

226



[II MexxnyHapogHast Hay4YHast KOHepeHLus
«MHpopMaTHKa ¥ NpUKJIaJHAS MaTEMaTUKa»,
26-29 cenTs6ps 2018 r., Anmarsl, Kazaxcran

Pe3yabTaThl TOHAJBLHOM pa3MeTKH

bb1 mpou3BenieH aHanM3 KayecTBa TOHAJIBHOM pa3MeTku ojHoro cepsuca Eureka
Engine, B cBsi3u ¢ TeMm, uto B TextRazor ToHanpHas pazmeTka OTCYTCTBYET, a B Rosette
Text Analytics oHa €CTh TOJIBKO ISl @aHTJIMHACKOTO SI3bIKa U TPEJICTABIACT COOON CHIpOM
MPOJYKT, 3TO OOOCHOBBIBAETCSA TEM, YTO CEPBHUC HE JAaeT TOHAJIBHOCTb TEKCTa, a JaeT
HETMPaBWIbHYIO TOHAJIBHOCTH MO0 OTHOIIEHUIO K KAKOW-JTMOO CYITHOCTH (PUCYHOK 1).

ROSETTE Product ~  Programs ~  Knowledge Center ~  Contact ~  Log

TEXT ANALYTICS

9 9 9 9 9
ASTANA. KAZINFORM. The average indicator of bicycle trips in Astana was 5.97, in Moscow - 5.7, in Paris - 3.2, and in San Francisco - 3. According
a Q
to the city bike rental Smoove, on average, users of the system in Astana pass about 6 km per day. 64% of men and 36% of women use the system in

Astana. The main time is from 7 to 9 am, at lunch time and from 5 pm to 10 pm in the evening. "Many users, thanks to the use of bike rental, refused to

a :
drive cars on weekdays," says SUllGNbDek SY2aykov, project manager of Astanabike. Since the beginning of the season, astannachines have traveled

more than 250 thousand km, which is over 2 million minutes, which is more than 100 thousand rolled. Currently, the system has registered more than
3,500 users. Today, the bicycle is used as a component of the transport infrastructure. Activity is tracked in the morning mainly from the right bank to
the left (house-work) and in the evening - from the left to the right bank (work-house). Under favorable weather conditions, the use of rental as a leisure

Q Q
and walking element is also high. The project plans to arrange rental in Shymkent and Almaty. At the first stage of the project in 2014, 40 bicycles for

Key: [l Positive Neutral Bl Negative
‘ Person E Organization
L] Smoove L] Samruk-Kazyna JSC
B Sultanbek Syzdykov B sus

Puc. 1. Tonanbnasa pa3merka Rosette Text Analytics

Ha neraruBnbix Tekcrax (10mT) Eureka Engine okasaincs npas B 9 u3 10 ciaydaes.

Ha nosutusHsbix Tekcrax (10mt) Eureka Engine oka3zancs npas B 10 u3 10 ciryuyaes.

Pe3yabTaThl OLIEHKH TOKEHU3alUU

TokeHu3zalus olleHUBAJIACh C MOMOLIBI0 OJHOTO TEKCTa, cocTosiero u3 20 cios,
KOTOPBIH SIBJISIETCS IECTHIM TEKCTOM U3 MO3UTUBHBIX TeKCTOB Alem Research.

TextRazor u Rosette Text Analytics u3 20 cnos npaBunsHO BoiAenmim 20. CepBuc
Eureka Engine B cBsi3u ¢ HECTaOMILHOCTHIO YaCTEPEUHOU Pa3METKH aHAIM3UPOBATH HE
ynanock. TextRazor u Rosette Text Analytics - 20/20, Eureka Engine - 0.

Pe3yabTaThbl cCpaBHEeHHSI KATErOPU3allMM U BbIeJIeHUsI TONMKOB

Jyist ananv3a u cpaBHEHHUS KaueCTBa BBIJICIICHHUS TOIUKOB M KAaTETOPU3alIUHA TEKCTOB
WCIIOJIb30BAJIMCH 5 TEKCTOB, KOTOPbIE OBLIH MCIIOJIB30BAHBI JIJISl aHAJIM3a PACTIO3HABAHMS
MMEHOBAHHBIX CYIIIHOCTEH.
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Ha nepBom tekcre TextRazor u Eureka Engine ykazanu xaTeropuro - MNOJUTHKA,
Rosette Text Analytics mociie mepeBojia TEKCTa Ha aHTJIMHUCKUN SI3bIK, B CBSI3H C TEM, UTO
CepBHUC HE MOJJIEP)KUBACT PYCCKUW SI3bIK U JAHHOW 3aJayd, yKaszaj KaTeropuio -
texHuka. Ha Bropom Tekcte TextRazor ykazan kareroputo - oTAbIX U BbIXOJHbIE, Eureka
Engine yka3zan - moyousnec u pazieuenus, Rosette Text Analytics ykazan - cnopt. Ha
TpeTbeM TekcTe TextRazor ykazan KaTeropuro - BHIYMCIUTENbHbIE U UHPOPMAIIMOHHBIE
texHosoruu, Eureka Engine ykasain - sxoHoMuka u 6usnec, Rosette Text Analytics ykazan
- 3akoH. Ha yetBepTom Tekcte TextRazor ykaszan kaTeropuro - TpaHCIIOPT ¥ aBUALIUOHHbBIE
aBapuu U uHIUAEHTHL, Eureka Engine ykazan - Typusm u nyremectBusi, Rosette Text
Analytics ykazan - myremectsus. Ha mstom tekcre TextRazor ykazan kareropuio -
nonutuka, Eureka Engine yka3zan - nonutuka, Rosette Text Analytics ykazam -
MyTEeUIECTBUSI.

B pesynbprate TextRazor umeer Tounocts 5 u3 5, Eureka Engine 3 u3 5, Rosette
Text Analytics O u3 5.

IMoacuer pe3yJbTATOB CpPaBHEHHSI MO PACNO3HABAHHI0O WMEHOBAHHBIX
CyLIHOCTel

Pe3ynbTarhl aHaiM3a CEpPBUCOB 10 PACIO3HABAHWIO MMEHOBAHHBIX CYNTHOCTEH
MpeACTaBICHBI HAa Tabmwe 1.

Ta6nauua 1. Pe3yabTaThl paco3HABAHMSI HMEHOBAHHBIX CYyIIHOCTeET

Texcr 1 Texcr 2 Texkcr 3 Texct 4 Tekcr 5 Cpennee

TextRazor A=0,6 A=0,8 A=0,66 A=0,92 A=0,9 A=0,77
exXtRazor 1 pp=075 |FP=0,66 |FP=033 |FP=1 FP=0,62 | FP=0,67
Rosette Text | A=0,8 A=1 A=1 A =092 A=1 A =0,94
Analytics FP=0,5 FP = 0,83 FP=10,75 FP=1 FP=10,78 FP=0,77
Eureka A=0,6 A=1 A=1 A=1 A=1 A=10,92
Engine FP=10,75 FP = 0,83 FP=1 FP=1 FP=1 FP = 0,91

B pesynbrare 1o pacrno3HaBaHHIO HMEHOBAHHBIX CYIIHOCTEW B CPEIHEM H3 M3 5
TekcToB: TextRazor mMmeer mokasarenb kauectsa - 0,77 U mokasareib TOYHOCTH - 0,67;
Rosette Text Analytics mmeeT nokazarens kadectna - 0,94 u nmokazarens TouHocTH - 0,77;
Eureka Engine umeer mokazarens kadectBa - 0,92 u mokasarens Toudoctu - 0,91.

JIOTIOHSISL BBIMIECKA3aHHOE MOYKHO COCTaBUTH TaOJHUIly XapaKTEPUCTHK CEPBHCOB
TextRazor, Rosette Text Analytics u Eureka Engine (tabnuma 2).
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Tabauua 2. XapakTepucTHKH CEPBHCOB

TextRazor Rosette Text Eureka Engine
Analytics
st pyc. 513 Bepno pasmerun -

OTCYTCTBYET, IJIs

CJIOB B 3 TEKCTax:

KaTeropmauuﬂ/Buz(eneHHe
TOIIUKOB

OTCYTCTBYET, AJIs
alri. 13- 0u3 5

YactepeuHasi pa3MeTKa aHTJIL. 513 €CTh 152 u3 157
179 u3 188
173 u3 180
TokeHN3aUUA Ectb Ectb Ectb
CTeMMHHT Ectp - -
st pyc. 513 Bepno -
OTCYTCTBYET, ISl | IEMMAaTU3UPOBA
JlemMaTH3anusa aHrJI. 13 €CTh 152 u3 157
182 u3 188
176 u3 180
Pacno3HaBanue HMEHOBAHHBIX A=0,77 A=0,94 A =092
cymmocTei FP=0,67 FP=0,77 FP=0,91
+00HYyC
AHAIH3 TOHATEHOCTH OTtcyTcTBYET OTtcyTcTBYET Herartus 9/10
ITosutus 10/10
5u3s st pyc. 513 3uzs

IleHoBas moIMTHKA

Hemo, 6000 API
3ampocos - 2008 B
MeCSIT

Hemo, 40 000 API
3ampocos - 1008 B
MeCSIT

Hemo, 50 000
JIOKYMEHTOB -
800 eBpo B MecsII]

Hanuuue nemo Ectb Ectb Ectb
11 20 ams pacrosH. Pycckuii
KonunuecrBo HMMEHOB. CYIIH., 32
NOJ/IePKUBAEMBIX SI3bIKOB JUISL YacTepedHon
pasMETKu
CymHocTH co CrabunbHas Hannuue
CChbIJIKAMH Ha qacTepcuHas TOHAJILHOU
YHukanbHOCTh FreeBase u pa3MeTKa u pa3MeTKH TeKcTa
Wikipedia JIeMMaTH3aIUs 15
PYCCKOTO SI3BIKa
3akiro4eHue

biaromaps onucannto cepucoB OESl, craHOBUTCS MOHSATHO, HA YTO CIIOCOOHBI U
KaKHe 3a7[aud MOTYT BBIIOJIHITH ONMCAaHHbIE CEPBUCHI, PACKPHIBACTCS 1IEHOBAs OJUTUKA
U MOJINTHKA UCMOJIb30BaHUs cepBUCOB. OnucaHue MCIOJIb30BAHHBIX KOPIYCOB TEKCTOB
JaeT odlee MOHUMaHKUe TOTo, KaKoW J0JKHA ObITh pa3MeTKa, a TaKkKe JaeT HHPOPMAIUIO
0 KOJIMYECTBE JAHHBIX, UCII0JIb30BAHHBIX JJI CPABHUTEILHOTO M KaU€CTBEHHOTO aHalln3a

CEPBHCOB.

UYacTtepeuHnass pa3MeTKa SBISETCA OJHOM H3 IEPBBIX W OCHOBOIOJIATAFOIINX
cryneHeil OESl. AHanu3 TOHaJIbHOCTH TEKCTOB MO3BOJIUT IPEJCKA3bIBATH PEAKIUIO
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YUTATENs, BBIABIATH I[OJ03PUTENbHbIE (ONAcHbIe, PE30HAHCHBIE M T.II.) TEKCTHI.
Pacrio3HaBaHre MMEHOBAHHBIX CYUIHOCTEH JAae€T BO3MOXKHOCTH IOJYYHUTh U3 TEKCTa
BayKHbIE (DaKThI (JIFOJEH, Ha3BaHUs OpraHu3aluii, MecTa, COOBITUS, AAThl) Ui TOTO YTOOBI
U3BJIEYb MH(OPMAIMIO U3 TEKCTa B OYEHb CKATOM BHUJE, YTO B CBOIO OYEPEIb MOMKHO
HCI0JIb30BAaTh Ul KJIacCU(UKALUN TEKCTOB.

[IpoBenennslil ananu3 xapakrepuctuk cepsrcoB OES mo3BoisieT caenaTh BIBOJ O
TOM, YTO B Pacli0O3HaBaHWU UMEHOBAHHBIX CYIIHOCTEH Cpeau TPeX CEPBHUCOB JIUJEPOM C
HeOOoJBIIMM OTPBIBOM OKa3aiics Rosette Text Analytics, B yacTepedHoii pa3MeTKe TEKCTOB
Rosette Text Analytics mokazan Xopommuid pe3yiabTaT, B aHaJu3e¢ TOHAJTLHOCTH TEKCTOB
Eureka Engine nan xopoumii pesynbrar (Tabnuua 2). Tak xe, 6marogaps HarJsiiHOMY
[IPEJICTABICHHUIO aHAJIN3a, CTAHOBUTCS SICHO HA KaKU€ Pe3yJbTaThl MOXKHO PAaCCUUTHIBATD,
UCIO0JIb3YS IIPUBE/IEHHBIE CEPBUCHI.

TakuM 006pazoM, CTAaHOBUTCA MOHATHO, YTO Npu peweHuu 3agad OES Ha pycckom
SI3bIKE JJIs pAaclO3HABaHMSI MMEHOBAHHBIX CYIIHOCTEH M YacTEpPEYHOU pa3METKH TEeKCTa
nydie wucmoiib3oBaTh Rosette Text Analytics, KoTopslii BI0OaBOK HMEET CaMmylo
MPUATHYIO HEHOBYIO MOJUTUKY CPEIU BCEX PACCMOTPEHHBIX CEPBUCOB. {11 TOHANBHOU
pa3MeTKHU TeKcTa Jiydine ucnonib3oBath Eureka Engine (Tabnuma 2).
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APXUTEKTYPA OTKA30YCTOMYNUBOI' O XPAHWIHIIIA
TEKCTOBBIX JTAHHBIX
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e-mail: yermekovzhantemir@gmail.com

Annomauusn. Ce200Hs 8aHCHOCMb O€30NACHO20 U 8bICOKOIDDEKMUBHO20 XPAHEHUS
OaHHBIX 8bICOKA KaK Huxoeoa. B oOannoil pabome onucama apxumexkmypa XpaHeHus
OOIBLUIO20 00BEMA MEKCTNOBLIX OAHHBIX C UCHOIb308AHUEM COBPEMEHHBIX MEXHOI02UU OIS
CO30aHUsL OMKA3Z0YCMOUYUBOU cucmembl. XpaHunuwe OaHHbIX 8 YeloM NO3UYUOHUPYem
cebsl He NPOCMo KaK Cmamu4tas cucmema coopa, a Kak Mexanuzm, KOmopbulil 6Ka0yaem
8 cebsl He MOIbKO HU3KOYPOBHEB0E XPAHEHUe, HO U 8bICOKOYDOBHEBYIO 00PaADOMKY OaHHbIX.
Ha Oanmuwiii momenm peanuzo6aHo HU3KOYpo6HeBoe XpaHeHue OAHHbIX U CO30aH
unmepghetic - 01 63aUMOOEUCMBUsL €  OAHHBIMU,  UCKIIOYAs  HEe0OX0OUMOCHb
KOHMAKmuposams Hanpsamyio ¢ 6azou Ooanuwix. Ilpaxmuka nokasana, ymo noOooOHbll
n00X00 ynpowjaem 3aumooelicmaue ¢ Xpanuiuuem, a MooyibHOCHb CUCeMbl Oeldem
eé 2ubKou.

BBenenue. OOmacth xpaHeHHss U OOpaOOTKU OOJIBIIOTO KOJMYECTBA JaHHBIX
AKTUBHO pa3BHUBACTCd, TaK KaK B COBPECMCHHOM MHUPEC IMPHHATO OINTUMHU3UPOBATH
MPUOPUTETHO TIPOTPaMMHOE OOECIICYCHHE, BEIb HE BCErJa YBEIMUYCHUE MOIIHOCTH
000pyI0BaHUS TIPUBOJUT K YBEJIMUYCHHUIO MPOU3BOIUTEILHOCTH. AKTYAIBHOCTh PaOOTHI
KpailiHE BBICOKA, TaK KaK B COBPEMEHHOM MHpE BCE OOJIbIIE€ JaHHBIX B CBSI3U C
nomnysspusanueii nHGOpMaIMOHHBIX TexHOJoruid. Henmb3st mcnosib30BaTh CTaHIAAPTHHIC
MCTOJbI XpaHCHUA W aHaJIn3a OAaHHBIX IJId TOTO 4TOOBI BSaHMOﬂeﬁCTBOBaTB ¢ OOJIBIIINM
00bEMOM JTaHHBIX.

00630p JutTepatypbl. PaGoTta [1] mocBsmieHa W3ydeHHIO BOIMpOCa XpaHEHUS M
aHanu3a OOJILIIOT0 O0beMa JaHHBIX. ABTOP YTBEPKAAET, YTO MOXKHO BBIIACIUTH TPHU
00J1aCTH KacarolIuecs: yrpaBJIeHUs TaHHBIMU:

e HuzkoypoBHEBOE XpaHEHHE U B3aUMOJICUCTBHUE C TAHHBIMU

» BricokoypoBHeBast 00paboTKa JTaHHBIX

e AHajIMTHKa JAHHBIX

3a HU3KOYPOBHEBOE XPAHEHHE MAHHBIX KaK MPABWJIO OTBEYAIOT OOBIYHBIC Oa3bl
JTaHHBIX. 3a BBICOKOYPOBHEBYIO 00paOOTKY JaHHBIX OTBEYAIOT CHCTEMBI YIIPABIICHHS
6azamu nanubIX (CYB/]). CYB/] nyxHa mis 3¢ (HeKTHBHOTO B3aUMOACHCTBUS C IAaHHBIMH,
TaK Kak 0OBIYHO 0a3bl JAHHBIX HE MOTYT MPEIOKUTHh BHICOKYIO TIPOU3BOAUTEIIBHOCTD B
pabote Cc OONBITUM KOJWYECTBOM JaHHBIX. AHAJUTHUKA JaHHBIX BKJIIOYAeT B ceOs
COBOKYITHOCTh BBICOKOYPOBHEBOM OOpaOOTKM IaHHBIX C IEJIbI0 HAWTH OTBETHI Ha
WHTEPECYIOIINE HAC BOTIPOCHI.
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B paGote yrBeprk1aeTcs, 4TO CyIIeCTBYET MHOKECTBO HHCTPYMEHTOB 110 00paboTke
0O0JIBIIIOTO KOJMYECTBA JAHHBIX U BEIOOP KAXKJIOTO U3 HUX 3aBUCUT OT KOHKPETHOH 3a/1auH.
B mamem ke ciydae moapaszymeBaeTcsi paboTa ¢ OOJBIIMM KOJWYECTBOM TEKCTOBBIX
TaHHBIX ¢ MeTanHpopmanuei. [Ipuopurerom e B paboTe ¢ 00JIBIIUM 00HEMOM JaHHBIX
SBIISICTCS ~ MAaCIITa0MPYyeMOCTh, BBICOKAash CKOPOCTh JOCTyla K JaHHBIM W
OTKa30yCTOMYUBOCTh. MacmTabupyeMoCTh — CIOCOOHOCTh CHCTEMbI CIpPABISATHCS C
YBEIMYCHUEM HATrpy3KH ITyTeM JOOaBJICHUS allllapaTHBIX PECYPCOB. DTO 3HAYHT, YTO €CIIH
npu 100aBJICHUHU JOTIOJTHHUTEIBHBIX CEPBEPOB IO 0a3bl NAHHBIX B CHUCTEMY, KOTOpas
paboTaeT MeJIEHHO, CUCTEMAa CTaHET paboTaTh ObICTpee MPOMOPLUUOHAIBHO KOJIHUYECTBY
N00aBJICHHBIX CEPBEPOB, TO CHCTEMA XOPOIIO MacIITadupyema.

B crartee [2] omuchIBaeTCS apXHWTEKTypa CHUCTEMBl XpaHEHHS JaHHBIX IS
HaIIMOHAJILHOTO Kopmyca Tartapckoro si3pika. TaM cpaBHUBAIOTCS COBPEMEHHBIE METOIbI
XpaHEHUS U U3BJICUEHUS JTaHHBIX. ABTOPBI CTaThU MPo/iealin OOJIbLIYIO paboTy, TECTUPYS
BpeMsI YTCHHUS U 3aIMCH KaXKJIOT0 HHCTpyMeHTa. B pe3ynbrare ux paboTsl ObLTa BEIOpaHa
cBs3ka Redis + MySQL. Takum 00pa3om 3a HU3KOYpOBHEBOE XpaHEHHUE JAHHBIX OTBEYAET
MySQL 6a3a nmaHHBIX, 32 BBICOKOYPOBHEBYIO OOpaOOTKY JaHHBIX OTBEYAET CHCTEMa
ynpasieHuss 6azamu faHHbIX Redis. A nmis 3¢¢GeKTUBHONH aHAIMTHUKH HCIOJIb3YeTCs
M3MEHEHHE caMHX 3ampocoB. OHU OTMETHIIH, YTO IPUIMHOMN UX BEIOOPA SBISIETCS TO, YTO
(GYHKIIMOHATT TIOMCKOBBIX 3aIPOCOB MOJKET HM3MEHHTCS BCETrO JIMIIb TPU H3MEHEHUHU
camoro 3ampoca. Takum 00pa3oM, MOKHO YBHJIETh, YTO OHH PEIIWIHA CACTATh CUCTEMY
rHOKOH [T aHATUTHKH.

OcHoBHasi yactb. Takum o0pazoMm paspabaTeiBacMmasi apXUTEKTypa JOJKHA
YUHTBHIBaTh Ba)XKHBIE CBOICTBa, omucaHHble paHee. Ha naHHbI MOMeHT pa3paboTaHa
HU3KOYPOBHEBasl apXUTEKTypa XpaHEHHs JaHHbIX ¢ ucnojb3oBaHueM NoSQL 0a3bl
nanHblXx MongoDB ¢ nporpammusiM unTepdericom npusnoxenus (API). API no3sosser
B3aMMO/ICHCTBOBATH € 0a3aMM JaHHBIX O€3 HEMOCPEACTBEHHOIO OIKIIOYEHHSI K HUM, UTO
UCKJIIOYaeT MpoOsieMbl C HU3KOYPOBHEBBIM B3aUMOJEHCTBUEM C y3JamMH 0a3bl JTaHHBIX
MongoDB. OTka30ycToi4MBOCTh U MacCIITAOUPYEMOCTh MOXKET ObITh 0OOecreueHa 3a CUET
MEXaHHU3Ma peruIMKauy. Perkanus — 3To MeXaHW3M CHUHXpOHU3aluu 0a3 JaHHBIX U
obecrnieyeHre MaclITabupyeMOCTH Ha yTeHrne. MacitabupyeMoCTh Ha YTEHHE 3TO KOrja
JAHHBIE MOYHO I0JIy4aTh HE TOJIbKO C OCHOBHOM 0a3bl JaHHBIX, KyJa UAET 3alUCh, HO U
He ¢ 0a3 perumK. 3a c4€T ATOro 00IIasi Harpy3ka Ha YTEHHUE JAHHBIX PACIPEICIISICTCS
MEeXAY 3TUMHU 0a3aMu JJaHHBIX.

Ha pucynke 1 nponeMoHCTpUpoBaHa apXUTEKTypa XpaHWIKIIA JaHHBIX. BuaHo, 4yTO
B3aUMO/JICHCTBUE C JAaHHBIMH INpoucxoauT dvepe3 Application Programming Interface
(API) - mporpammHbIii HHTEpdeECc MPUTIOKEHUS. ITO O3HAYAaeT YTO JJIS TOTO YTOOBI
MOJIyYUTh, YAAIUTh WIM MOAU(PUIMPOBATH JaHHbIE HE HYKXHO MOAKIIOYATHCS
HETIOCPEACTBEHHO K 0a3am JaHHBIX. Takke Moka3aHO KaK MOXKET HCToJib30BaThecsi API,
BUJIHO, YTO C XPAaHWIMILEM JAHHBIX MOJKET B3aUMOJEHUCTBOBATH CKOJIBKO YIOJHO
“Ilonmp30BaTeNbCKUX HHTEPPENCOB” U BEO-IIPUIIOKEHUHN, B 3aBUCUMOCTH OT 3a/1a4.
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MonL30EATENLCKWA MpunoxeHne Ha cepeepe he 1)
MHTEpthec Mo 1

e = -

o _ Mpunoxesne Ha cepaepe Ne n
MonkL30BATENLCHUA APl ina B3anmofeicTenA
WHTEepeRc Na n C JAHHBIMA

t
] e

Secondary: Primary

Puc. 1. ApxutekTypa XpaHujanua

CTOUTh OTMETUTD, YTO SI3BIKH MPOTPAMMHUPOBAHKS U (PPEHMBOPKH, KOTOPHIE MOTYT
OBITH MCITOJIK30BaHbI B BeO-mipmiiokeHus X u “Tlomp3oBaTenbckux mHTEpdercax” MOTyT
ObITh pa3HBIMU. OTO NPOUCXOAUT 3a CYET CBeOeHUs QopmaTa JaHHBIX K
yHU(UIIMPOBAaHHOMY BHIY U oOMene nHpopmaruu B JavaScript Object Notation (JSON)
BHJIC — TEKCTOBOM (opmare oOMeHa JaHHBIMH. TakuMm 00pa3oM, MOJIeTb JaHHBIX JOJKHA
ObITh 0003HaU€HAa B CAMOM XPAaHUJIUINIE JAHHBIX, TAK U B HCIOJb3YIOILEM XPaHWINIIE
KIIUEHTE.

OtnenbHO ctouTt ynoMsHyTh 00 NoSQL 6a3e manueix MongoDB, xoTopas Obuta
HCIIOJIb30BaHA B XpaHuiauuie AaHHbX. Ha pucynke | BuaHo, yto 3a API ckpbiBaroTcs aBa
y31a 6a3 nanHbix MongoDB. Onun u3 Hux siBiisercss Primary y3nowm, a npyroi Secondary.
OTO HYXHO JUIsI TaKOTO MeXaHu3Ma Kak perumkanus [3]. Permnmukamus sBisercs
MEXaHU3MOM CHHXpPOHHU3aIUK 0a3 JaHHBIX. DTO 3HAYMUT, YTO BCA HHQPOPMALHS, UYTO
Haxoautcs B Primary y3mie Oyzaer npoayonupoBana B Secondary. briarogaps perumkanumu,
JTaHHbIE OymyT B coOXpaHHOCTH. Taxke ObLTa MpOoW3BEICHA JOMOJHUTEIbHAS HACTPOUKA!
BCE COXpaHseMble IaHHbIE 3amUChIBalOTCS B Primary y3en, a 4TeHHe HPOUCXOAUT C
Secondary, uro BuaHOo Ha pucynke 1. [lomoOHOe perieHue COCOOCTBYET CHHKEHHUIO
Harpy3ku Ha Primary y3en 0a3bl JaHHBIX.

Cam xe API peannzoBan ¢ MOMOIIBI0 MOIYIISI TOMYJISIpPHOTO (hpeiiMBOpKa — Habopa
roToBbIX OMOMMOTEK, Spring Boot B cBsizke ¢ moaynem Data Rest [4]. B cranmapThbIit
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(GYHKIIMOHAT BXOAUT A00aBjIeHHe, yAaJeHne U MoaupuKauus JaHHbIX ¢ noMolbio HT TP
MPOTOKOJIA, MPOTOKOJIa oOMeHa naHHbIMU. Takke B APl MOXXHO co3maBaTh CEpPBHCHI,
KOTOpble OyAyT MpeAHa3HauYeHbl Ui TeX WM UHBIX 1ened. Ha pucyHke 2 mokazaHo 4To
u3 cebs mpexacrasiasier APl. Buano, 4ro mnoMMMO CTaHAApTHOTO (QyHKIMOHAJIA
noOaBJIeHMs], COXpaHEeHUs, OOHOBJIEHHS TAK)KE €CTh BO3MOXKHOCTh CO3/1aBaTh CepBUCHL. B
CPaBHEHMH CO CTAHJAPTHHIM (PYHKIIMOHAJIOM, BCE TO ke caMoe, 3a UCKJIIOUYEHUEM TOro,
YTO CEPBHUCHI MOTYT ObITh HAMCAHO JJIsl KaKUX-1100 cnenuduueckux 3aaad. K npumepy,
MO>KHO CO3/JaTh CEPBUC, KOTOPBII OyZeT 0ToOpa)xarh NOCaeIHUN COXpaHEHHBINH TOKyMEHT
WM 5 mociegHUuX JOKYMEHTOB, BCE 3aBUCHUT OT 3amaud. PeanuzoBan APl Ha s3bike
IporpaMMupoBaHus Java.

API
e o o -
CoagaHHbIi Co3gaHHbIiA CTaHOANTHLIN YHKLMOHAN
CEPBHC he 1 CEPBMC Ne n API
Monb30BaTenLCKMA

MHTEpGenC
Puc. 2. Crpykrypa API u B3anmoneiictBue ¢ “Ilosb3oBaTe bcKUM HHTEPdeiicom”

[Ipyunna, no xotopoi “Ilonb3oBarensckuil uHTEpdeiic” oTAeneH OoT Bed-
IMPHUIIOKCHHA B TOM, YTO Be6-np1/mo>1<eHHe moJIydacT u BSaHMOHGﬁCTByeT C JaHHBIMHU HE
TaK 4acTo, Kak B ciydae ¢ “Ilonbp3oBaTenbckum unrepgeiicom™. K npumepy, ans kakoi-
00 AHAJIMTHUKHU, KOTOpasd IMPOBEACTCA TOJBKO OAWH pa3, JaHHBIC 6}’}IYT CKa4YuBaThbCAa C
XpaHWIWIIA, a He OyaeT co3maBaThes Lenbiii cepBuc B API, koTOpsIil 3aTemM OoJbie HE
OyZeT HCIoib30BaThCsl. TakoM MOAXO0J MaKCUMaJIbHO YMEHBIIAET PHUCK CO3JaHUus
JUIIHETO (PYHKIMOHAIA.
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< C | @ corpuskaznukz

{
" _embedded” : {
"NewsMessage” @ [ {
"creationDate" : null,
"date" : "2018-05-92T14:15:11.135+08080",
"title" : "Test title”,
"tags" : [ 1,
"type" : null,
"notificationId" : -148985615,
"body" : "Test bedy",
"classified” : null,
"userOpinion” : null,
"lang" : "RU",
"commentInfo” : {
"commentNumber® : @,
"timeStamp" : @,
"commentsMD5" :
})
"region” : [ 1,
"newsPortalName" : null,
"url™ : null;
* 1links™ : {
"self" @ {
"href" : "http://corpus.kaznu.kz/newsMessage/5a3e9cB8T5f1f1016c4266d91e"
"newsMessage" : {
"href" : "http://corpus.kaznu.kz/newsMessage/5ae9c8f5f1f1016c4266d91e"
b
1
¥
}!
" links" : {
"selfr : {
"href" : "http://corpus.kaznu.kz/newsMessage{?page,size,sort}"
"templated” : true
"profile" : {
"href" : "http://corpus.kaznu.kz/profile/newsMessage"
}i
"search" : {
"href" : "http://corpus.kaznu.kz/newsMessage/search"
}
|
"page” : {
"size" : 20,
"totalElements" : 1,
"totalPages" : 1,
"number” : @
1
1

Puc. 3. Ilpumep CyIIHOCTH, COXPAHEHHOW B XPaHUJIUIIE TAHHBIX

ba3br manabix u BeO-mpunoxxkenne APl HaxomsTcs Ha pa3HBIX cepBepax, Kak
MOKa3aHo Ha pucyHKe 1. Y kaxmoil 6a3bl JAHHBIX XapaKTEPUCTUKU CEpBepa SBIISIOTCA
takumu: 3 I'b O3Y u 50 I'b quckoBoro mpoctpaHcTBa, a y BeO-npuiioxenus - 6 I'b O3V
u 50 I'b nuckoBoro npoctpanctBa. Ha Bcex cepBepax yCTaHOBJICH ONEpallMOHHASI CUCTEMA

Ubuntu 16.04.

Ha pucynke 3 MoxHO yBHIEeTh BbIBOJ BeO-mpuioxenuss API, mo 3ampocy o
CYLIHOCTH, KOTOpas MOXKET XPaHUTbCS B XpaHWIHUILE. OTO MPUMEpP CTAHIAPTHOTO
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(G yHKIIMOHAJA, KOTOPBIH yKa3aH Ha pUCYHKE 2. 3/1eCh Mbl MOXKEM YBHUJIETh OJIHY TECTOBYIO
3anuch ¢ MeTauHpopMmalueil, KoTopas FTOBOPUT O KOJIMYECTBE 3aMUCeH.

BeiBoabl M JanbHelilIMe NepcHeKTHBBLI HccieloBaHusi. TakuMm oOpa3oMm Ha
JAHHBI MOMEHT CUCTEMa XpaHUIIMILA TaHHBIX BKJIIOYAET B ce0sl HAZe)KHYI0 0a3y JaHHbBIX,
WCIIOJNB3YIONIYI0 MEXaHU3M periukanuu u yaoOHbii APl nmns B3ammonmencTBusi ¢
NaHHBIMU. B nanpHeieM Juist onpeaesieHns *e BhICOKOYPOBHEBOM 0OpaOOTKHU JaHHBIX
HY>KHO IIPOJIOJDKUTD HCCIIeI0BaHNE HanboJiee ONTHMaibHOIO BapUaHTa JJis HAlIUX LeJei,
B TOM YHCJIE OPHUEHTUPYSACh Ha padoTy [2], koTopas MaéT MPEACTABJICHHUS O TEKYIIUX
MHCTPYMEHTaX BBICOKOYPOBHEBOW 00pabOTKM NaHHBIX. AHAJIMTUKA NAHHBIX XK€ Oyner
omnpeiesieHa nocie Bbi0opa HHCTPYMEHTA BHICOKOYPOBHEBOI 00paOOTKH JTaHHBIX.
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Annomauyusa. Bonpocvl oyenku xapakmepucmuk 0yo0ywe2o KIuMama Ha OCHOBe
PECUOHANLHBIX 2UOPOOUHAMUYECKUX MOOeNell AGNAIOMCA AKMYATbHbIMU 68 CO8PEMEHHbIX
HAYYHBIX UCCTIE008AHUSX.

B pabome npeononacaemcs cozoanue apxusa oannvix ERA-Interim Eeponetickoeo
yeHmpa cpeonecpouHvlx npocHo306 nocoovl (EL{CIIII). IIposecmu sepughukayuro 0aHHbIX.
IIposecmu npeo-npoyeccuneogyro oopabomxy oannvix ERA-Interim onsa ucnonvzosanus 6
Kayecmee HAYaIbHbIX U 2PDAHUYHBIX YCI08ULL PeUOHAIbHBIX MOOelell KIUMamd.

Bonbias yacte pernoHanbHON nHGOpManuyu 06 U3MEHEHUH KIIMMaTa OCHOBaHa Ha
WCIIOJIb30BAHUH MOJICIICH 001l IUPKYIISIINHN CONPSKEHHON CUCTEMBbI aTMOChepa—0KeaH
(MOLIAO), mpumensemblx B TedeHue mnocnennux 30 ner B pamkax Bcemupnoii
nporpaMMbl  uccienoBanuil  kimmara (BIIMK) [1-14]. Opnako ropu3oHTaibHOE
paspemienue OosbmHCTBA coBpeMeHHBIX MOIIAO moka 4YTO cOCTaBisieT MOpPsAKa
HECKOJIbKUX COTeH KuiaoMeTpoB [15]. Drto He mo3Boiser um ¢ukcupoBath 3)QeKTsl
JIOKAJbHBIX BO3JEHCTBUN (HApuUMeEp, XapaKTEPUCTUKH CIIOKHOM Tomorpaduu U
3eMJICNIOJIb30BAHNUA), KOTOPbIE BHOCSAT M3MEHEHUs B KIMMAaTHUECKUN CUTHAN B MEJIKHX
Macmrtabax. YtoObl ycTpaHUTh 3Ty IpoOiieMy, pa3pabaThIBAIOTCS pa3iMuYHbIE METObI
«peTHOHANM3ALUN»  WIM  «JayHCKEWIMHra»  (yMeHbIIEHHs  MacmTaba) s
MIPOCTPAHCTBEHHOT'O YTOUHEHUS KIIMMaTH4YEeCKONH HH(POPMaLIUK, TOTy4aeMOM C IIOMOIIBIO
MOLIAO [16].

[Ipuemsl pernonanpHOro aAayHckeiinara kiaumara (PJIK) Bce Oosee mmpoxo
HCIOJIb3YIOTCS IIPU PACCMOTPEHMM CaMBIX Pa3HbIX MpOOJIeM HM3MEHEHHUs KiuMmaTa, U B
HACTOSIIEE BPEMs OHU SIBJISIIOTCSI BaXKHBIM METOJIOM, IPUMEHSIEMBIM B HCCIIEIOBAHUIX
n3MeHeHus kinmarta [17]. OnHolt U3 NpUYMH HEJOCTAaTOYHO AKTUBHOTO HCIIOJIb30BAHUS
npoaykunu Ha ocHoBe P/IK sABisieTcss OTCYyTCTBHE CKOOPAMHUPOBAHHOW CTPYKTYPBI JUIS
OLICHKH METOJ0B, ocHOBaHHbIX Ha PJIK, u moisryuyeHus kayecTBEHHBIX aHCaMOJIEBBIX
MEPCIEKTUBHBIX OLIEHOK, IO3BOJIIOIIUMX OXapaKTepHU30BaThb HEOIPEIEICHHOCTH,
JeKallie B OCHOBE PErMOHAJbHBIX IEPCHEKTUBHBIX OIEHOK H3MEHEHHUs KiuMmarTa.
BbonbmmucTBO HccnenoBanuit Ha ocHoBe PJIK 060co6ieHsl 1 cBsi3aHbl ¢ KOHKPETHBIMU
MHTEpECaMy, IOATOMY B HACTOSALIEE BpeMs HET BCECTOPOHHErO NPEJACTABJICHUS O
pErMOHANbHBIX TMEPCHEKTUBHBIX OLEHKAaX HW3MEHEHUs KJIMMara, OCHOBAHHBIX Ha
sKcrepuMeHTax ¢ wucnosib3oBanueM PJIK. B cBsa3u ¢ stum B pamkax BceemupHoi
nporpamMmbl  uccienoBanuit  knumara (BIIMK) coszmana lLleneBas rpynma 1o
pErMoHaNbHOMY JAyHCKEUJIMHTY KIMMaTa.

[lepBBIM pe3yabTaTOM JAESTEILHOCTH 3TOM IPYIIIBI CTAJIO CO3JaHUE CTPYKTYPHI O]
Ha3BaHHEM «JKCIIEPUMEHT MO CKOOPAMHUPOBAHHOMY PETHOHAILHOMY AAYHCKEUJIUHIY
knumara (KOPIDKC)» [18,19]. KOPADKC, no cymecTBy, iMeeT ABOMCTBEHHYIO II€JTb:
(1) oleHUTH U CpaBHUTH paboUKe XapaKTEPUCTUKU MOJieliel (CTPYKTypa OLIEHKH MOIETIeil)
u (2) opraHuzoBaTh psJ SKCHEPUMEHTOB [yl MOJYYEHUS MEPCHEKTUBHBIX OLIEHOK
KJIUMaTa, KOTopble OyIyT UCIOJb30BaThCs B MCCIEI0BAHUAX BO3JECHCTBUN U aJanTaluu
(6a3a manHBIX TepcHeKTUBHBIX oIlleHOK kimmarta). Llenms KOPADKC — obecmneuntsb
CTPYKTYpY, HOOCTYIHYIO U ILIMPOKOIO HAy4yHOro COOOLIeCTBa MpPU MaKCUMalIbHOM
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CEKIIUA 2. UHbopMalOHHO-TEJIEKOMMYHHUKAI[MOHHbBIE TEXHOJIOTUU. CHCTEMBI U CETU
nepesavu JaHHbIX. UHTepHeT-TexHooruu. O6J1auHble TeXHOJIOTHHU. [TapasiesibHble
BbIUMCJIeHUs. Pacpe/iesiéHHble BhlYMcaeHUs. CynepKoOMIbIOTEpHbIE U KJIaCTEPHbIE
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBbI U TEXHOJIOTMH. UHHOBaIMOHHbIE 06pa30BaTeIbHbIE TEXHOJIOTUU

UCI0JIb30BaHUU pe3ynbTaToB. [loaromy oGmactu KOPIDKC oxBaThIBalOT OOJBIIYIO
4acTh 3€MHOM MOBEPXHOCTH 36MHOTO 11apa, BKIto4as peruoH LlenTpanbHoit A3um.

Y Hac TakkKe HMMEETCs ONBIT MO0 MOJAEIUPOBAHUIO OYyIYyLIEro pPeruoHaJbHOIO
KJIUMaTa TPHOOPETEHHBI B XOJE BBINOJHEHHUSI TMpoekTa 1o moarotoBke III-VI
HammonasHoro cooOmiennst PecniyOymkm  KazaxcraH 10 HW3MEHEHHIO KIUMarTa.
BrImonHeH psij YMCIIeHHBIX SKCIIEPUMEHTOB IO OIEHKE TAKMX XapaKTEPUCTHK OYAyIIEero
KJIMMaTa, Kak IpU3eMHasi TeMIlepaTypa U KOJIMYECTBO OCaKOB.

Puc. 2. Pa3nuna npuseMHbIX TeMIepaTyp Bo3ayxa cpeanux 3a nepuos (2031-2040 rr.)
1 6a3oBbIii mepuox (1989 — 2008rT.) o clEHAPHIO ¢ YpoBHeM cTabuin3anuu 8.5 Br/m*

HanuonanpHble U MeXIyHapoJHbIE HCCIEAOBaHHUS OO0 OLIEHKE KiIuMaTa UIpParoT
BXHYIO POJIb B 00€CTICUeHNH HayYHOW OCHOBBI ISl TIOHUMAaHHS M OLIEHKU BO3ICHCTBUI
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M3MEHUMBOCTH M W3MEHEHHMs KIMMaTa Ha CEKTOpPhl SKOHOMHUKH, TaKHE, KaK CEeIbCKOE
XO3SIICTBO M MPOU3BOJICTBO IMPOJOBOJILCTBUSA, BOJHOE XO3SMCTBO, JHEPreTUKa H
TpaHcnopT. OCHOBHBIM JIEMEHTOM 3THX pab0T 00 OLIEHKE SIBJISIOTCS MPOEKIUH OyAyILEro
KJIMMaTa, OCHOBAHHBIE Ha HCIIOJIb30BAHUU MOJIENIeH, KOTOPbIE HE TOJIBKO MPOTHO3UPYIOT
¢uznueckue Mokazareau OyAyllero KiuMmMaTa, HO TakK€ KOCBEHHO IPEIOCTaBISIOT
MH(OPMALIHIO O COLMATBHBIX MOCIEICTBUAX 0KUIAEMBIX U3MEHEHUH.

TakuM 006pa3oM, NPoeKIUK OyAYIIEro KJInMaTa SBJSIOTCS OCHOBHBIM HCTOUYHUKOM
Hay4yHO 00OCHOBAHHOM MH(OpPMALIUU JUIsl PELLIEHUS] BOIIPOCOB, KACAIOUIUXCS MOJUTHKHU B
obOnactu KjiuMara, npoOieM ajanTaluM, CTpaTeruil IUIAaHUPOBAHUS JIEATEIbHOCTH IO
CMSITUYEHUIO BO3JEHCTBUM, YNPABICHUIO PUCKaMH, JUIS IJIAHUPOBAHUS Pa3BUTHUSI TaKUX
oTpaciiell SKOHOMHKH, KaK CEIbCKOE X035HCTBO, SHEPreTHKA, IPOMBILIIEHHOCTb, BOJHbIE
pecypcesl, ouopaznooOpazue. CKOOPAMHUPOBAHHBIN MEXaHW3M BHOCUT OOJIBIIION BKJIAJ B
pelieHre 3agauyd 1o OOECHeYeHHI0 MHOTOCTYIEHYAaTOro Ipolecca IO MOJIy4YEHUIO
KayeCTBEHHO TMOATOTOBJIEHHBIX NPOEKUUH KiIMMaTa U HpeoOpa3oBaHUS HTOTOBOMU
uHpopmanuuu B GopMaT, MOHATHBIN /111 KOHEUHBIX I10JIb30BaTENEH/ 1L, TPUHUMAOLIUX
pelIeHuUs.

B ornuuune ot cruieHapueB, HUCHOJIB3YEMbIX B YeTBEpTOM IHKie oueHok MIDUK,
KOTOpbIE OCHOBBIBAJIMCH Ha CIiEHapusix BbIOpocoB mapHHKOBBIX razoB C/ICB (IPCC,
2000), cnemyromiee MOKOJICHUE SKCIIEPUMEHTOB TI0 MOICITUPOBAHUIO CIIEHAPHEB OCHOBAHO
Ha TaK Ha3bIBa€MbIX HMCXOJHBIX Tpaekropusx koHmeHtpanuii (RCP), T.e. 3amaHHBIX
TPACKTOPUAX KOHIIEHTpaUWi MapHUKOBBIX Ta3oB Ha mnporsbkeHun XXI  Beka,
COOTBETCTBYIOIIUX PA3JIUYHBIM YPOBHSIM CTaOWIM3ALUMU PaUallMOHHOTO BO3JEHCTBUS,
KoTopble OyayT nocturuythl K 2100 r. beutn BIOpaHbI YeThIpe CLEHApHsl C YPOBHSAMU
crabmmzanuu 2.9, 4.5, 8.5 u 11.2 Bt/mM2 (koTopbsie cOOTBETCTBEeHHO Ha3biBatoTcsi RCP2.9,
RCP4.5, RCP8.5 u RCP11.2). B pamkax CMIP5 npu MoieTMpOBaHUH C UCTIOJIb30BAaHUEM
rJ100aNbHBIX MOJIeNed HauBbIcIIMKA mpuoputrer otnaH ypoBHsM RCP4.5 u RCP8.5,
KOTOpbIE MPUOIU3UTEIBHO COOTBETCTBYIOT cueHapusiM BbiOpocoB MI'OUK C/ICB Bl u
Al1B cootBerctBeHHO. [loaTOMy mpenmnonaraeTcsi, YTO OJHU U T€ ke CLEHapuHu OyIayT
MpeACTaBIAThE co00i MozenbHbIe dKcriepuMenThl KOPJIOKC HauBbiciero mpuopurera.
B wuneanbHOM ciydae BcCe pErvoHaNIbHBIE MOJENbHbIE JKCHEPUMEHTHI JIOJDKHBI
oxBatbiBaTh nepuoy 1951-2100 rr. ams Toro, YT00b! BKIOYUTH HOCIEAHUNA HCTOPUYECKUN
nepuo] ioc Bechb XXI Bek. OHako Al MHOTHUX TPYII pacdeTbl MOTYT OKazaThCs
CIIMIIKOM TPYIAOEMKHMH, 4TOObI BbINONAHATH MoaenupoBanue KOPIADKC s Bcero
BhbIllIEyKa3aHHOTO niepuoa. [loatomy nepuon 1951-2100 rr. paznenen Ha nath 30-JIETHUX
BPEMEHHBIX OTPE3KOB, U y4aCTBYIOLIWE I'PYMIbl JOJKHBI MOJAEIUPOBATH ATH OTPE3KU B
cienyromeM nopsake npuopurerHoctu: 1981-2010 rr., 2041-2070 rr., 2011-2040 rr.,
2071-2100 rr. u 1951-1980 rr. Ilepssiit nepuon (1981-2010 rr.) siBisieTcs UCXOAHBIM AJIs1
OILICHKH MOJIEJIM U pacyeTa U3MEHEHUs KJIMMaTa.

Btopoii BpeMeHHO# 0Tpe30K, 0XBAaThIBAIOLIUI Oy Iyl eproj, OblaI BEIOpaH Kak
KOMIIPOMHUCC MEXKIY MOTPEOHOCTSIMH COOOIECTBA C TOYKU 3peHHUs Oyayliero nepuojia
BpEMEHHM U TMOTPEeOHOCTSAMU B IOJYyYEHHMM YETKOrOo CHrHajza wu3MeHeHus. Bcee
YYaCTBYIOIIME TPYIIIbI JOHKHBI KAK MUHHUMYM BBIIIOJHUTH 3TH JIBa BPEMEHHBIX OTpe3Ka,
9YTOOBI UMETh MPUEMJIEMbBIN PSII MOJIEIbHBIX SKCIIEPUMEHTOB Ul aHAIM3a U B3aUMHOIO
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CEKLHA 2. UHpopMaLMOHHO-TEJIeKOMMYHHUKALLUOHHbIE TEXHOJIOTUU. CUCTEMBI U CETU
nepesayu JaHHbIX. UHTepHeT-TexHooruu. O6JauHble TeXHoJI0r M. [lapasienbHble
BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

cpaBHeHHUs. 111 o0ecrieueHus: IMUPOKOTO yJacTHs, JUisd NepBoi (a3bl MOAECTUPOBAHUS B
pamkax KOP/IOKC, ycTaHOBJIEHO CTaHIapTHOE TOPU30HTAIILHOE pa3penieHune papHoe ~50
k™ (i 0,5 rpamyca).

Jliig nosydeHusl OLeHOK padourX XapaKTepUCTUK THAPOJMHAMUYECKHX MOJEIEH,
JUIs  OTHENbHbIX oOnacTeil OyneT BBINOJHEH psi YHUCIEHHBIX JKCIEPUMEHTOB C
HCII0JIb30BAHMEM JIaHHBIX peaHayn3a EBporelickoro neHTpa cpeIHeCpOYHbIX IPOrHO30B
noroas! (ELICIIIT) ERA-Interim, kotopble oxBaTbiBatoT repuo 1979-2005 rr.

B npennaraemoii pabore ycraHOBiI€Ha, HACTPOEHA U aJallTUPOBAHA PETMOHAJIbHAS
KJIMMaTH4ecKasi MoJesib Ha BbluuciutenbHoM kiactepe HAO KasHUTY. 3anymenst
TECTOBBIE pacueThl M IMPOTECTUPOBAaHA pPabOTOCHOCOOHOCTH Mojenu. MHTerpupoBaH
CHeHaTM3UPOBAHHBIA MOY/b ¢ KIMMAaTHYECKON MOJIENbIO JUIsl IPUBEAECHUS BBIXOIHBIX
JTaHHBIX K popMmaTty, Tpedyemas rporpammoit CORDEX.

[IpoBenena Bepudukanus AaHHbIX. 11 aBTOMAaTHYECKOTO CKaUMBaHMSI U TPOBEPKU
LIEJIOCTHOCTH JAHHBIX pa3paboTaH cleuuaibHbIi MPOrpaMMHBIAN MOJyjb. BbisBiieHHBIE
MOBPEKICHHbIE (ailyibl ObUIH MOBTOPHO 3arpyKeHbl U BEPUPHUIIMPOBAHBDI.

[IpoBenena mpen-nponeccunroas oOpaboTka naHHbIX peaHann3za ERA-Interim ¢
LEeNbI0 TMOJYYEHHs] BXOAHBIX JaHHBIX JUISI PETHMOHAJIbHOW KIMMATHYECKOH MOJIeNH
CDXWRF. C mnomompio pa3pabOoTaHHOTO aBTOMATUYECKOTO MOy, 0OpadoTaHbI
nanHble U3 166560 ¢aitnos 3a nepuon ¢ 1979 no 2016 rr. B pe3ynbTare moaydeHbl
BXO/JIHbI€ JIaHHBIE JUIS MCIIOJIb30BaHMS B KQU€CTBE HAYAJIbHBIX U I'PAaHUYHBIX YCIOBUU B
[Tonydyen nabop (apxuB) manHbix ERA-Interim EBpomeiickoro meHTpa cpemHeCpOYHBIX
nporuo3oB morojsl (ELICIII). C caiita NCAR Research Data Archive (NCAR RDA)
3arpykeHbl jgaHHbie peanu3a ERA-Interim Brmrovaromume 2-x ©u  3-X  MeEpHBIE
METEOpoJIOTHUECKHe TapameTpsl B ¢opmare grib 3a mepuon ¢ 1979 mo 2016 rr.
BKIIOUUTENbHO.  OO0mmii 00beM manubix coctaBui 7.1 Tb, oOmee konnuectso - 166560
(aiinos.

PeanuzoBana nporpaMma s aBTOMaTU3UPOBAHHOTO 3aIlyCKa pacyeToB 3a BECh 3a
nepuoa ¢ 1979 mo 2016 rr. Ilporpamma dopmupyeT AId KaXAOTO Mecsua (ailibl,
Ha3piBaeMbie namelist.input, rae XpaHATCS HEOOXOAWMBIE MapaMeTphl IS 3amycKa
pacuera.ernoHaJIbHON MOJIENH KJIMMaTa.

Jannas paboma 6vinoiHena npu NOOOepHCKe SPpAHMO8020 OUHAHCUPOBAHUS
Hayunvix npoexkmos KH MOH PK Ne AP05135848 «Moodenuposarue 6yoyujeco kiumama
Llenmpanvuoti Asuu 6 pamxax medxcoynapoornozo npoekma CORDEX (COordinated
Regional climate Downscaling Experiment)».
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Annomayun. B oannoti pabome npedmemom uccie008aHus AGIAEMC AHAIU3
nokasamesneu 2¢)hexkmusHocmu MyIbmuUcep8UCHbIX cemell c8:A3uU Ha base apXumeKkmypHou
konyenyuu 0yoywux cemeu (Future Network, FN) ¢ ucnonv3osanuem mexHoni02uti
npoepammuo-kougueypupyemvix cemeu (Software Defined Networking, SDN) u
supmyanuzayuu cemeswvlx @ynkyuti (Network Functions Virtualization, NFV). B
pe3yibmame UCCIe008aHUsl, NPeONoNCeHa mamemamuueckas mooenv (MM) awnanuza
dyukyuonuposanusi mynomucepsucuovix cemet ceazu (MCC) 6yoyweeo noxonenus,
VUUMbIBAOWAs XaApakmep NONE3H020 U  CIyxHeOHo2o mpagukos, ocobeHHocmu
2eMePO2eHHbIX CeMesblX MexXHOI02Ull, Komopble onuparomcs Ha napaouemvt SDN/NF'V.
Ha ocnoge mooenu nomyuenvl aumanumuyecKkue 6blpadCeHusi, KOMopbvle NO380NAI0M
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oyenums nokazamenu d¢pghexkmusnocmu pynxyuonuposanus MCC npu oxazanuu yciyeu
«Triple Play servicesy.

BBegenne. OHUM U3 OCHOBHBIX CTPaTETMUYECKUX HAIPaBICHUN Ul TOCTUXKEHUS
pa3BuTHs HU(POBON HIKOHOMUKH A3epOailKaHCKON pecryOIUKH SIBISIETCS TOCTPOEHUE
Pa3BUTOM TEIEKOMMYHHKAIIMOHHON MH(PACTPYKTYpPbI, KOTOpasi TpeOyeT CyIECTBEHHOTO
MOJIEpHU3HUPOBaHUs MyJabTHUCEpBUCHBIX ceTeil cBs3u (MCC) Ha 0a3e apXUTEKTYypHBIX
koHuenui Oynymux cereir FN (FN, Future Network).

B Hacrosimee Bpemsi nu@poBas IKOHOMHKA CTAHOBHUTCS Bce OoJiee BaXHOMU
JBUKYIIEH CUIION I100abHOTO IKOHOMUYECKOTO pocTa U MH(GOPMALMOHHOTO O0IIeCTBA,
TEXHUYECKOM  OCHOBOM  KoTOoporo  siBisiercss  ['nmoGanbHas — mHGbOpManuoHHAas
nHpactpykrypa Ha  06a3ze  coBpemennoit UKT ama  co3manmst  egwHOTO
MH()OKOMMYHUKALIMOHHOTO MPOCTPAHCTBA U €IMHOM MHOroomnepropckoit cpeast [1, 2].
[locnennue mnpoOiieMbl OTKPHIBAIOT HOBBIE BO3MOXKHOCTH ISl OKa3aHUS ILIMPOKOTO
CIIEKTPa OCHOBHBIX, JIOTIOJHUTENbHBIX UHTEIUIEKTYalbHBIX yCIyr, a Takke «Triple Play
services» Onaroaapsi COBMECTHOMY MCIIOJIb30BAHUIO PECYPCOB €IUHOM HHPPACTPYKTYPhI
MYJIbTUCEPBUCHBIX CE€TEH CBSI3U OOLIETO0 MOJIb30BAHUS, UTO SIBIISIETCS BECbMa aKTyaIbHOM.

W3Bectno [1-3], 49ro 3amaum  co3gaHUS  €QUHOW  MHOrOONEPaTOPCKON
MHQPACTPYKTYphl U €IUHOr0 HH(POKOMMYHUKAIIMOHHOTO mpocTtpaHctBa B MCC ¢
ucnosib3oBanueM koHnenuu NGN (Next Generation Network) 6e3yciioBHO BaXKHBI AJ1s1
peuienus MHOTUX pyHKnoHabHbIX pobsieM FCAPS (Fault, Configuration, Accounting,
Performance and Security).

Crnenyer OTMETUTh, YTO B OOJIBIIMHCTBE PAa3BUTHIX CTPAH KOHLEMIUS MOCTPOEHUS
MCC Ha ocHoBe NGN B 3HauuTenbHOW cTeneHu peanuzoBaHa. [lostomy ITU-T
pa3zpaboTasl HOBYIO

ApPXUTEKTYPHYIO KOHIEMNIINIO Pa3BUTHUS TellekoMMyHuKauuii — Oyaymiue cetu (BC).
Pa6otsl no crangapruzauuu Oynynux ceredt FN nauatsl [TU-T u ETSI B 2009 r. Vixe
pa3zpaboTaHbl HEKOTOphie pekoMmeHaanuu no FN B HoBo cepun pekomennanuii [TU-T,
Y.3000 — 3499.

Bompocer  mHPOKOMMYHHMKAITMOHHOTO oOOecredeHus IUu(POBOM  IKOHOMHKH,
CO3JaHMSI  €AMHOTO HMH(POKOMMYHHUKAIIMOHHOTO  IPOCTPAaHCTBA U  IOBBILLIEHUS
MOTPEOHOCTU TapaHTUPOBAHHOTIO KayecTBa MYJIbTUMEIUIHBIX YCIYr, OKa3bIBa€MbIX B
ceTsaX cCBsA3M oOmero moib3oBaHus Ha 0aze NGN, 00yclnoBUIIO TOSBIICHHE
NPUHIMUINAIGHO  HOBOM  KOHUENIMH s I[OCTPOEHHUS  BBICOKOI(PPEKTUBHBIX
MYJIbTUCEPBUCHBIX ceTel cBsA3M Ha 6a3e FN.

Opnako, oTMeTuM, 4to Mexay cetsMu NGN u FN HeT npuHIMnuanbHOM pa3HULIbI,
T.6 HET «KaMEHHOM CTeHbl». DTO OYEHb OJIM3KUE M OCHOBATEJbHBIE APXUTEKTYpPHBIE
xoHuenuuu B uneaoM mit MCC. 3pech, HMOET aHaiad3 DSBOJIOLHMOHHOIO, a HE
peBosoniioHHOro mytu pa3Butuss MCC crenyromero HOKOJIEHUS C IMOCTENEHHBIM
nepexosioM K cetsim Oyaymero FN. Tem He MeHee, MeX/ly BbIIIEYIOMSHYTBIMH CETAMU
€CTh OmpeieleHHbIe oTanyns [3-5].

[IpuHnunuaneHOE OTAMYME KoHUenuu oyaymux cerei ot cereil NGN B ToMm, 4To
OHH CIIOCOOHBI 00ECIEUNTh HOBBIE PEBOJIIOIMOHHBIE HH(POKOMMYHUKAIIMOHHBIE YCIYTH,
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KOTOpbIE TPYAHO U JaK€ HEBO3MOKHO peain30BaTh ¢ ucnoiab3doBanuem MKT- texnonoruit
(3, 4, 5].

Ha ocnHoBe mpoBezeHHOr0 aHanu3a yctanoBieHo [1-3], uto mist moctpoenus MCC
Ha Oa3ze apxurekrypHoil koHuemmmu FN ¢ wucmoms3oBanmem UWKT, BaxHOE MecTo
3aHMMAIOT TEXHOJIOTHUHU IporpaMmHo-koHpurypupyemsix cerei (IIKC), Bupryanuzanuun
cereBblX pyHKIuH (BCD) u mynprumeanitnoit cesizu IMS (IP multimedia subsystem),
o0OecrieunBaroIfe YyIpaBICHUsS pecypcaMy B MYJIBTHUCEPBUCHBIX CETSAX CBS3H OOLIETo
10JIb30BAHMSI U YIIPABJICHUS YCIIyTaMU CETH.

B nannoii pabote paccMarpuBaeTcsl pellleHHe 3a/Jayl — MCCIEIOBAHUE U aHaIM3
nokazareneit addexruBHoctTn MCC 0aze apxurekrypHoi koHuenuuun FN ¢
ucnosb3zoBanueM SDN/NFV s ynpaBieHuss motokamu Tpaduka HOpH OKa3aHUU
MYJIbTUMEIUIHBIX YCIIYT.

AHanu3 MexaHu3MOB IpeAoCcTaBiIeHUs MyabTuMeauitbix yeiayr B MCC Ha Gasze
apxutekTypHoil koHenuuu FN ¢ ucnonszoBanuem SDN/NFV texnonoruii nokasainu, 4to
BompocaM oOecnedyeHus TPOU3BOJUTENBHOCTH CETH, 3alluThl HHPOpMALMU U
rapaHTUPOBAHHOTO KadecTBa oocnyxkuBanus (Quality of Service, QoS) noTokoB makeTos
CITyK€OHOTO ¥ TI0JIE3HOTO TpahUKOB YJEICHO HEIOCTaTOYHOE BHUMaHuUeE |3, 4, 5].

HHbpacTpyeTypEEH YpoBeH: YVpoBeHt yOpaeneHud u npunoxenud, ATT

h
MAnCT, »|EH T'panu4nEE Eoutponneprr
MAPLIR YT = CHCIONE2CBAH
KOMMYTaTopa e e
. SDH & Ay KOMMyTaTopH HEM 1.1p
: HCIONBECERH— —— 3 ANIA Nepegadu NPOTOKOMOE —— >
‘ HEM : 2 COpenFlow E[Tics]
L ObCIVEHEAHHA H CETEEEY
o |mpoToromoB e
MEHET, 5 o Tl ot FERREeE
4 I poToKon 4
CpenFlow

Eoutponnep ma base mog
CHCOTEME ¥OPaEIeHHA B
CNEPAHOHHAA CHOTEMA

Puc.1. CrpykrypHas cxema ¢pynkuuonupoBanusi MCC 6a3e apxuteKkTypHO#
koHuenuuu FN ¢ ucnonbzoBanuem texuosoruiit SDN/NFV

Jlns pelreHust MOCTaBICHHOW 3a/ladyd Ha puc.l mpeqyaraercs CTpYKTypHas cxema
¢byukronuposanus uccienyemoit mojenu MCC Ha 0aze apxuTekTypHOM koHuenuu FN
¢ wucnoibzoBanuem TexHosorud SDN/NFV, rne BaxHbIM y3JI0M  sBIISETCS
UH(QPaACTPYKTYPHOH YpPOBEHb, YPOBEHb YIPABJICHUS U MPUIIOKEHHUS, a YHPABISIOLIUM
OJ0KaM SIBJISIETCS KOMMYTaToOpa U KOHTPOJUIEpa C MCIOJb30BaHHMEM MPOTOKOJI0B Open
Flow.

Ycranosneno [4, 6], uto uccnenyemas cxema dynkiuonupoBanus MCC Ha 6aze
apxutekTypHoil koHuenmu FN ¢ ucnons3zoBanuem texnosnoruit SDN/NFV npexacrasnser
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co0oil cucremy wmaccoBoro oOciyxuBanus (CMO), kotopas 1o KiaccupuKaluu
bamapuna-Kenpanna, coorBerctByror obmemy tuny CMO M /G/N, /N, ¢

HEKOTOPBIMH JIOMyIIEHUIMHU([4, 6].
B uccrnenoBanusx MaTeMaTHUECKUX MOJIENICH B TEOPUH TeleTpaduKa. yIUTHIBACTCS
BUJ BXOJHOIO IIOTOKA CIIy)KeOHOroA, M IMOJE3HOro A, TpaQHKOB, CXeMa CHCTEMbI

MaccoBoro obcmyxkuanusi (CMO) u gucnuruimHa obcimykuBaHus. B nanHoM cirydae
paccMaTpuBaeTCs BXOJHOW MOTOK C camMONo00HBIMU cBoicTBamMu. U ompeneneHo, 4To
TUCLMIUIMHA OOCITY)KMBAaHUS TIOTOKA I1aKETOB C BO3MOXHOCTBIO OKHJAHHS, a
JTUCITUTIIINHA 00CTy>)KMBaHUs NakeToB u3 ouepeau — no npaswry FIFO (First input — first
output). Cxema CMO sBisieTCSI MHOTOKaHAJIbHOM CUCTEMOM C CaMONIOIOOHBIM TpaduKOM

tuma fBM / G/ N, I N,,.
B CMO Ttuna fBM /G/ N,/ N, nocTynaromui MoToK NaKeTOB Ha 00CITYy)KMBAHUE

ABJISIETCS ITyaCCOHOBCKUM, C FHTEHCUBHOCTBIO A, 1 = 1,7, JUINTEIBHOCTH OOCITyKMBAHUS

[ —T0 TOJE3HOI0 U CHY)XeOHOro TpaQuKOoB HMeeT (YHKUUIO pacHpeesieHus
B(t)=P[B<t] c¢ mupeobpazoBanrem Jlammaca-Ctuiarbeca b(s)=E[exp(-bs)] wu

MoMeHTamu b,, i=1,n.

Jyig penieHys MOCTaBICHHBIX BBILIE 334 U YYUTHIBasi B&)KHOCTh B3aUMO/ICHCTBUS
texnosorun  SDN/NFV, mnpemmaraercs wmarematudeckas mognens (MM) anammsa
¢byakuuonupoBanuss MCC Ha ocHoBe kouuernuuu FN [2, 6, 7]. MM yuutbeiBaer
nokazarenu dddexktuBHocTn MCC ¢ ucmoss3oBanueM TtexHosnoruii SDN/NFV,
IpaHUYHbIE MMOKa3aTeau KadecTBa oOCHykuBaHUS (QOS MOTOKOB IMAKETOB CIYKEOHOTO
TpaduKa Npy OKa3aHUU MYJIbTUMEIUINHBIX YCIIYT, 0COOEHHOCTH METO/I0B 3aIUThI YTPO3bI
nH(pOopMallMOHHONW 0€30IIaCHOCTH, a TaKXe CBOMCTBA CaMOIOJ0OHOTO CIy4ailHOIO
mporiecca ¢ nokasarenem Xepcra, H.

Maremaruueckast (GopMyaupoBKa 3amayu mnpeiaraeMoro MM s onieHKH
nokazareneit addextuBHOCTH pyHKIMOoHUpoBaHUs MCC Ha OCHOBE TEXHOJIOTHI
SDN/NFV onucsIBaeTcs ClIeIyIOUUMU HEIEBbIMU (QYHKIIUSIMU:

W, =WlArgmax(E (L H)], i=1n, O]

IIPY CIEAYIOUMX OTPAaHUYECHUSAX

o <II i=l,n (2

<
ienp — T ie.np.oon.> i..max i.max .oon. >

N, <N

k.mom. > iap < i.ap.oon. >

raell; . —TPOU3BOAUTEILHOCTL NporpammHo-annapartieix cpeacrs MCC na ocHose

konuenuun FN 1ipu okasanun i —ro QyHkunonansHoro tpebosanus, i =1,n; C,;,, —

CTOMMOCTb almapaTHBIX U MporpaMMHbIX cpeacts cereit MCC, i =1,n; T, —cpenHee

i.6.np.

BpeMs IIpeObIBaHus I —TI0 MOTOKA MaKkeToB, i =1,7; N, — o0llee YucI0 HCIOIb3YEMBIX B
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CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

CHUCTEME KOMMYTATOPOB M KOHTPOJUICPOB JUIsI OOCITY)KUBAHHS MMOTOKA ITAKETOB; Cl.'ap' dom>
T N u Il

i.6.np.oon. > i.max.oon.
CTOMMOCTH aIlIapaTHbIX U IIPOrpaMMHBIX CPCACTB, CPCAHCEC BPEM HpC6BIBaHI/I$I, HqUCJIO
O6CJ'Iy7KI/IBaIOIlH/IX KOMMYTAaTOPOB-KOHTPOJIJICPOB IIpHU II€pEaaduc I —TO0 IIOTOKa ITaKETOB

k.om. ? — COOTBCTCTBCHHO AOIIYCTUMOC  3HAUYCHHUEC  BCIIMYHUHBL

MOJIE3HOTO U CITYKeOHOTO TpapuKoB, i =1,n.

Bripaxxenus (1) u (2) onpenensior CyuHOCTh pacCMaTpUBa€MOI0 HOBOTO MOAX0/1a
C y4eTOM camMoIoI00HOCTH Tpaduka, Ha OCHOBE KOTOPOTO TpeiaraeTcsi MaTeMaTHIeCKast
MoJienb aHanu3a GyakauonupoBanuss MCC ¢ ucnonp3zoBannem TexHosjoruid SDN/NFV
IUTSL OIIEHKH TIOKa3atesst S3QEKTUBHOCTH MPH OKA3aHUH MYJIbTHMEIUIHHBIX YCITYT.

B kauectBe noxkazarens apdexruBHocT MCC Ha 6a3e apXUTEKTYPHOU KOHLEMIIUU
FN BreiOpana mpOM3BOAMTEIBHOCTh CETH CBS3M C HCIOJIb30BAHHEM TEXHOJIOTHH
SDN/NFV.

C yuetoM CBOWCTB caMomojoOusi CIy)K€OHOTO M TMOJIE3HOTO TpagHuKOB,
IPOM3BOJUTENBHOCTD CeTH /1, (A) OIIPENENAETCS CIEMYIOMUM 00pa3oM:

c 1 p, I
an(l’H):Z_I:ﬂlb_F(l) » pi <1 ,i=Ln (3)

rae b, — Bpems mepenadui —Iro INOTOKA NakeTa Tpaduka U XapaKTepH3yeT i — i MOMEHT
BpeMeHH o0cayxuBanusa Tpaduka; F,(A)— GyHkuusa mrpada Ipu HCIONB30BaHUU

3MoyMbllIIeHHUKOM — kuOeparak Ha kommyrtatop IIKC wu kontpomiep SDN ¢
Ucrosp30BaHueM MpotokosoB OpenFlow; B, —xosbduuuent mrpada, KOTOpBII

onpefenser BpeMs 3aep:KKH IIpH 00paboTke i—Tro IOTOKa nakera, i=1,n; p, —
koddurment 3arpysku y3moB kommytanmuud MCC ¢ HCHOJB30BaHUEM TEXHOJOTHMA

SDN/NFV npu o6cnyxuBaHuu i —ro notoka rpapuka, i =1,n.

Bripaxxenue (3) xapakTepu3yeT Mmoka3aTesld MPOU3BOJUTEIILHOCTH CETU C YUE€TOM
MapaMeTpoB yrpo3bl HHHOPMAITMOHHON OE€30MIaCHOCTH B CETSX CBSA3H, C UCIIOJIb30BAHUEM
texHosioruii SDN/NFV ¢ momomipio KOTOPBIX MOXKHO TPEIOTBPATHTH BO3MOXKHBIC
KkuOepaTaku U HECAaHKLIMOHUPOBAHHBIN JOCTYI HEJEeTalbHbIX 110JIb30BaTENEH.

OmnuMm u3 BaxHbIX nokazareneid s¢pdexkruHoctn MCC C HCHOIB30BaHUEM
texHojoruii SDN/NFV  sBnsercs >(Q@exkTUBHOE HCIONb30BAaHUE M pacIpesieieHHe
MH(OPMAIMOHHBIX U CETEBBIX pecypcoB B ceTsax FN [4, 7, 8] npu kpuTHUECKOi 3arpy3Ke
CMO, p, <1,i=1,n.

B nmamnom cmyuae, uMmenHo, cereBbie TexHojorun SDN/NFV  mo3BossroT
abdextuBHO pacnpenenuts pecypchl MKT TepMuUHAIbHBIX, CETEBBIX M KaHAJIBHBIX
obopynoBanuii. Kpome toro, SDN/NFV Obumi BbIOpaHbI B KadeCTBE KITFOYEBBIX
tenaeHuui ssomonnn MCC, yerpemuBIuuii npouecce cranaaptusauuu cetu FN u cetu 5G
B HOBOM HaIlpaBJICHUU.
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Crnemyer OTMETHTB, YTO CETONHS B CHJy MHOTHX NPUYMH MMEHHO TEXHOJIOTHUH
SDN/NFV mnony4dmim oOmeMupoBOe MpU3HAHHE B COOOIIECTBE OIMEPATOPOB CBSI3H,
MOCTaBIIMKOB YCIYr OOJAaYHBIX BBIYHMCICHUH, MEIHa-yCIyr, W KOHTCHTa, pEIICHUH
untepHet Beuteil (IoT, Internet of Think) u mexxmamuuHoro oomena (M2M).

Ha ocHoBaHuum pgaHHOrO MNpeAnojoxeHus, KodpduuueHt >¢pEPeKTUBHOrO
ucnosib3oBanusa pecypcoB SDN/NFV texnonoruu B y3ne MCC npu obcmyxuBaHuU
MMOTOKOB TMAKETOB TpaduKa BhIpaKaeTCs CIeAyromuM oopaszom [7]:

p; (A H)=(A V)L, - f(H ) /p <1, i=Ln 4)

rJe [, —InapaMerp Iporecca OOCITy)KMBaHMA (-0 IakeTa Tpaduka ¢ pPaBHO

uw, =WV, /L), L, —11uHa mepenaBaeMoro i-ro mnakera Tpaduka; f(H)=2H —
(GyHKIUS, YIUTHIBAIOIIAs CBOMCTBO CaMOIIOA00MS MOCTYNAIOMINX IMAKETOB TI0JE3HOTO U
CITyeOHOTO TPapuKOB; V. —CPEIHSsI CKOPOCTh padOTHl KOMMYTaTOpa, MapIIpyTH3aToOpa
u koHTpoJuiepa cetu SDN; H — koaddunuent Xapcra ans noroka tpapuka[6] u paBHO
H=1-058,0<p<1.

Boipaxxenue (4) sBiusercs  HEOOXOIUMBIM M JOCTAaTOYHBIM  YCIIOBHUEM
CYIlECTBOBaHMsA  cranuoHapHoro pexuma CMO tuma fBM/G/N,/N,, c
camomno00HeIM Tpacdukom [7-9].

Teneps, MOKHO aHAIM3UPOBATH BEPOSITHOCTHO-BPEMEHHBIX xapakTepuctuk CMO.

CornacHO 3aKOHY COXpaHEHHMs HaKOIUIEeHHONM B odepeau paborer MCC c
ucrons3oBanneM pecypcoB SDN/NFV  texHosoruit st npumMeHeHUs OOJavHBIX,
TYMaHHBIX ¥ TPAaHHYHBIX BRIYUCICHUN, CPETHEE BPEMSI OJKUTaHUS OOCITYKHBAHHS ITAKETOB
Tpaduka onpesensercs BbipaxeHuem [7, 9]:

E[T,(p.H, b)) = E[L,(H.2,C)1/ 2, i=Ln )

HC
rae E[L,,(H,2,C})]— cpemnss cyMMapHas IIHHA OYepeu MAKeToB Tpaduka B y3ie

MCC c ucnons3oanuem Texnosnoruii SDN/NFV onpenensiercs ¢popmynoit [lonsuexa-
XWHYMHA CIEAYIOMNUM 00pa3oMm:

BIL(H.A.CON= [ L -1, + 8 ©)

N3 BeIpaxkenus (6) ciieayer, 4ToO MPU KCIIOIB30BAHUH O00OPYIOBAHUS TEXHOJIOTUU
SDN/NFV i1 0651a4HbIX, TYMaHHBIX M TPAaHUYHBIX BbluucieHui B y3nax MCC, a takxe
npumenenne CMO obmero tuna fBM/G/N, /N, ¢ camonmogoOHeIM TpadHKOM,

ucnons3yonye N, 000pyl10oBaHUs YBEIUYUBACTCSA CPEIHSASA CyMMapHas JUIMHA O4Yepenn
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cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

nakeroB Tpaduka. [Ipu sTom yBenuuuBaercs Ko3(DPUIMEHT 3arpy3Kud CHUCTEMBI, U
3arpy3Ka BCeH CeTH ONpeemseTcs CIEAYOIUM BbIpa)KEHUEM:

p:i(/li'Ln)/(Nk'Ci.max)'f(H)Slai:la_n (7)

i=1

rne L, — cpemHsas jimMHaA oOcimyxuBaemoro Ttpaguka B ysmax MCC; C, = —

I.max
MaKCUMaJIbHOE€ 3HAYEHHUE IMPOIMYCKHOM CIOCOOHOCTH CETH Npu IMepefaye i-ro nakera
Tpaduka.
VYuutbiBas NOCHEAHHUE BBIpaXEHHs U HUCHOIb3ys (opmynsl [lonsuek-XuHunHa
MO>KHO OTIPEJENIUTh cpeaHee BpeMsl npedbiBaHus nakeTos Tpaduka B CMO crienyromum
obpazom:

EIT, ,H]=(1-p)" =b-(1=C2)-[(A-L,) | (N, -Cp.)- f(HD]/[2(= p)] ', i=Ln (8)

Breipaxenus (5),...,(8) ompenenstoT BEpOSTHOCTHO-BPEMEHHBIE XapaKTEPUCTUKHU
y3m0B kommytaniun MCC ¢ ucnonszoBanuem TexHoimorun SDN/NFV u sBisrorcs
MoKaszaTeseM KadecTBa oociykuBanus Tpaduxa —QoS.

B pesynpraTe cucremHo-texHuueckoro aHainnza MCC Ha 0a3ze apXUTEKTypHOMH
konnenmuu FN ¢ ucnosnb3oBanuem texuosoruii SDN/NFV npemioxkena MM B Buze
CMO c xoHE4YHOU ouepe/ibl0 U MHOTOKaHaJIbHAsl CUCTEMa C CaMOI0I00HBIM TpaduKOM

obmero Tmna fB/M/G/N,/N, . Ha ocmoe MM moiay4eHO aHaIUTHYECKOE

BBIPA)KEHUE, KOTOPOE TO3BOJISIET OLICHUTHh BEPOSTHOCTHO-BPEMEHHBIE XapaKTEPUCTUKU
CMO.

Takum o00pa3oM, INpeUIOKEHHAas apXUTEKTypa, coueTaromas B cebe 00a 3Tux
MOAX0/a,  YBEJIMYMBAET TUOKOCTb, MPOU3BOIUTENBHOCTh U 3((EKTUBHOCTH
MYJIbTUCEPBUCHON CETH, MO3BOJISIOUINE PEIIMTh OJHY U3 KIIOYEBBIX 3aday LupoBOH
SKOHOMMKHU — CO3JaHMsl €IMHOTO0 MH(POKOMMYHMKAIIMOHHOTO IPOCTPaHCTBA. 3ajgaueit
JaJIbHENIITNX UCCIIEOBAaHU SBIISETCS IOCTPOECHUE U aHAIM3 MOJIENIH, KOTOPasi MO3BOJISIET
YUUTBHIBATh BO3MOKHOCTb MPUOPUTE3ALUU COOOLIECHHM B 0Yepear Ha 00CTyKMUBaHHE.

Jlureparypa

1. Edumymxun B.A., Jlenosckux T.B., BanoB A.b., lllanaruno B.A. Poib
texHosoruit SDN/NFV B undpacrpykrype nuppoBoii 3kKoHOMHUKHU. OMBIT TECTUPOBAHUS
U BHeJpeHus // Dnektpocssisb, Ne3. 2018. —¢.27 — 36.

2. Pocnsaxo A.B., Bansmmn C.B. byaymmue cetu (Future Networks). Camapa.
I[II'YTU.2015. - 274c.

3. HWoparumoB b.I'. AHanu3 MyJIbTUCEPBUCHBIX TEIEKOMMYHUKAIMOHHBIX CETEH
CBsA3M Oyayliero ImokoJieHuss Ha Oa3e apxutekrypHoil koHuenmuu SDN&NFV u
IMS//Yyeunnie-3amnucku, Ne 3. A3TVY. 2018. — ¢.34-38.
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6. Ilenyxun O.M. MonenupoBanue nHopmanroHHbIX cucteM. —M. : ['opsuas
nuHus — Tenekom. 2018. — 516 c.
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AJITOPUTM ONPEAEJEHUSA TEOQJIEKTPUYECKOI'O
PA3PE3A UH KEHEPHO-TEXHUYECKUMU IIPUEMAMHA

Hckakos K.T., KycaunoBa A.T., Tokceur /I.K., lllonnantdaes b.b.

Eepazutickuu nayuonanvuoii ynusepcumem umenu JI.H. I'ymunésa, Kazaxcman
e-mail: kazizat@mail.ru, ainurkussainova89@gmail.com

Annomauusn. B pamkax uccreoosamenvckou pabomul ObLIU UCCTEO0B8AHBL YieOHble
noauzonsl Eépaszuticko2o HayuoHanbHo2o yHueepcumema noo pykogoocmeom npogheccepa
Hckakosa K.T. Bvinu nposedenvt uzmepenus, no npuemy OMpPANCEHHLIX CUSHALO8 Om
3apanee uzgecmHuvlx 0OpaAsyos (MuwieHel) noaucoHos. Jlisa nposedenus IKCHEPUMEHMO8
ovll  ucnonvzosan eeopaoap «Jloza By. B pezynbmame uccredosanuii  Oviiu
cghopmuposansl 06azvl cucHanros no OoawmHvlM 2eopadapa Jloza B. Ilo pezynemamam
pabomul OvlIa cocmasiena Kapma GakmuiecKko2o Mamepuana ¢ ykasanuem npogue,
PACnonodcenus anomanecooepicawux oodracmeu U ONUCAHUEM NPeOnoa2aeMblX
00vekmos.  HMHoiceHepHo-mexHuYecKUMU  npuemMamu  OnpeoeneHo  pacnonodiceHue
0bvexkmos. Paboma noooepocana epanmom MOH PK no oozosopy Ne 132 om 12.03.18
«Paspabomka anzopummos u 6cmpoenHo20 npocpamMmHo20 obecnedenust no OnpeoeeHuio
2e0dleKkmpuieckoeo paspe3a ona  eeoungopmayuonnou mexuonoeuu GPRy» (UPH
AP05133922).

Okcnenunus B coctase: [Ipodeccopa kadenpst «BoruncnurenbHas Texuuka» EHY
uM. JLH. T'ymuneBa K.T. HckakoBbiM, mpodeccopom AtanoBsiM C.K., crapmumu
npenoaaBatesiMu kadeapsl bopanbdaessim C.A., Kycannosoit A.T., noktopantamu PhD
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CEKIIUA 2. UHbopMalOHHO-TEJIEKOMMYHHUKAI[MOHHbBIE TEXHOJIOTUU. CHCTEMBI U CETU
nepesavu JaHHbIX. UHTepHeT-TexHooruu. O6J1auHble TeXHOJIOTHHU. [TapasiesibHble
BbIUMCJIeHUs. Pacpe/iesiéHHble BhlYMcaeHUs. CynepKoOMIbIOTEpHbIE U KJIaCTEPHbIE
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBbI U TEXHOJIOTMH. UHHOBaIMOHHbIE 06pa30BaTeIbHbIE TEXHOJIOTUU

V3akke3el H., Toxceut [I., ObUTM BBINOJHEHBI PabOTBI MO TeoU3NIECKOMY
00CIIeZIOBaHUIO TIOJIMTOHA HCKYCCTBEHHBIX 0OBEKTOB C TIOMOIIBIO reopagapa «Jloza-By.

3amaua obcnenoBaHus: reopusndeckoe 00CIeI0BaHUE CTPYKTYPHI TOACTHIIAFOIINX
CJIOEB U UCKYCCTBEHHBIX OOBEKTOB JIJIsl IOJYUEHHS paJaporpaMM U €€ MHETpIIpeTalus,
OTpeJIeNIEHUE PACIIONIOKEHUS 0OBEKTOB.

Metoanka uccieoBaHus - IpopHIbHOE 00CIeT0BaHUE OTACTLHBIMU MTPOOUIISIMA 1
IIoUIaAHoe 00CiIeJOBaHE C Pa3HbIX AHTEHH.

DKCIIEPUMEHT BBITIOJIHEH Teo(ru3ndeckuM KoMmiiekcoM Jlo3za, anrenHamu 150 cwm,
100 cm u 50 cm, mrar o podwtro 20 cM, 10 cM 1 5 cM, rIyOMHA 30HAUPOBAHUS 10 256
HC. OCHOBHOM peXUM — JIOTapu(PMUYCCKUH.

bbuin nccnenoBaHsl caeayromme 0ObEKThI:

OxcnepumenT 1. Uccnenyempiit 00bekT «OKene3Has 60uka B IECKe»:

daktrueckas riyouna 3aneranus: 220 cwm,

Huametp: 59 cm.

Jnwunaa pBa cocrasisier 310 oM, mmpuna 71 cm. JKenesnast 604ka pacrosokeHa 1o
1eHTpy pBa. OOBEKT 3aChINaH MECKOM (PUCYHOK 1).

Puc. 1 «’Keje3nas 6004ka B mecke»

Ha cnenyromem pucyHke moka3aH 3cku3 o0bekTa «KenesHas 004ka B IIeCKe».

L

Puc. 2 Cxema pacnoJjioxeHus Kejie3HOH 00YKU B Mmecke
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OkcnepumeHT 1.1. DKcrnepuMeHT BBINOJIHEH reopu3nyeckuM Komiuiekcom Jlo3a,
anteHHamu 100 cm. OCHOBHAsI TOATOTOBKA PE3YJILTATOB UCCIEAOBAHUS OCYIIECTBIIACTCS
C TIOMOIIIBIO criennanu3upoBanHon nmporpammel «KPOT». B nepByro odepens nposeaeHa
HAaCTpOMKa IPOrpaMMBl.

ana20181260818_12es\Tonmron1_ O6bext1\TonepexOGbexral v anennoiTIATBIgeo 280818 162900
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Puc. 3 O6padoTka pagaporpammsbl B mporpamme «Kpot» sxkcniepumenra 1.1.

B xoze nccrienoBanus ObLUTH MMOJTyYEHBI CIICAYIONINE PE3YIIbTATHI:
I'mybuna 3aneranust o0bekToB: 217 M

OxcnepumenT 1.2.
DKCIIEpUMEHT BBINOJIHEH Teodu3nueckuM komiuiekcoM Jlosza, antennamu 50 cm
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Puc. 4 OopadoTka pagaporpamMmmsbl B mporpamme «Kpor» 3xkcnepumenTa 1.2.

B xome wuccnenoBanus ObLIM TOMYYEHBI ClEeAyIoOlmMe pe3yinbTaTel: [myOmHa
3ajieranusa 00BEKTOB: 216 M
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CEKIIUA 2. UHbopMalOHHO-TEJIEKOMMYHHUKAI[MOHHbBIE TEXHOJIOTUU. CHCTEMBI U CETU
nepesavu JaHHbIX. UHTepHeT-TexHooruu. O6J1auHble TeXHOJIOTHHU. [TapasiesibHble
BbIUMCJIeHUs. Pacpe/iesiéHHble BhlYMcaeHUs. CynepKoOMIbIOTEpHbIE U KJIaCTEPHbIE
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBbI U TEXHOJIOTMH. UHHOBaIMOHHbIE 06pa30BaTeIbHbIE TEXHOJIOTUU

Okcrepument 2.1 Uccnenyempiii 00beKT «MeTaNTNIeCKHE TUCKU B TTECKE»:

daktrueckas riryonHa 3aneranus: 60 cm. Pasmeps! 2x auckoB coctaBisitot: 40%30
CM.

Jmnaa pBa cocrasmsier 400 oM, mupuHa 60 cm.

OnHopopHas cpena 0e3 mpuMecei.

Puc. 5 Uccaenyemblii 00bekT «MeTanjanuyeckue JUCKH B MeCKe»

Cxema pacroJio’keHHe 00beKTOB «MeTaTMUecKne AUCKU B TIECKe» TOKa3aHa Ha
pucyHke 6.

A4 20cm

—+ 40 cm

Puc. 6 Cxema PacmoJioKeHue 00beKTOB «MeTajlinyeckne TUCKH B MECKe»
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DKCIIEpUMEHT BBINOJIHEH reodu3nueckuM komiiekcom Jlosza, antennamu 100 cm.

Puc. 7 DxcnepuMeHT BbINOJIHEH reogu3nyeckuM KomiuiekcoM Jlo3a, antennamu 50 cm

Ha pucynke 8 mokazana oOpaGoraHHas pagaporpamma B mnporpamme «KpoT»
pe3ynbpTaToOB AKCIIepuMenTa 2.1.
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Puc. 8 OopadoTka pagaporpamMmmsl B mporpamme «Kpor» 3kcnepumenta 2.1.
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CEKLHA 2. UHpopMaLMOHHO-TEJIeKOMMYHHUKALLUOHHbIE TEXHOJIOTUU. CUCTEMBI U CETU
nepesayu JaHHbIX. UHTepHeT-TexHooruu. O6JauHble TeXHoJI0r M. [lapasienbHble
BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

B xoze nccrnenoBanus ObLIN MMOJTyYSHBI CIICAYIOIINAE PE3yIbTaThI:
['mybuna 3aneranusi o0beKTOB: 63 M

DKCIIEpUMEHT BBINOJIHEH reo(u3nieckuM KoMiiekcom Jloza, anrennamu 50 cM.
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Puc. 9 O6padoTka pagaporpammsbl B mporpamme «Kpor» 3kcnepumenTa 2.2.

B xoze uccienoBanus OblIN NOJIyYEHBI CIEAYIOIINE PE3YIIbTAThI:

I'myOuna 3aneranus o0bexToB: 60 M

BeiBoa. B xojne BbIoONHEHHON pabOThl ObLIM MPOBEIEHBI U3MEPEHHS Ha HAY4YHO-
HCCIIEIOBATEICKOM IOJIUTOHE, TI0 PUEMY OTPAXKEHHBIX CUTHAJIOB OT 3apaHee U3BECTHBIX
o0pa3loB (¢u3nyeckux CBOWCTB OOBEKTOB) JAaHHOIO IMoJUroHa. B pesynbrate
ucciieloBaHus Obula co31aHa 6a3a JaHHBIX CBOMCTB CUTHAJIOB 110 IaHHBIM reopaznapa Jlosa
B. Bce akcrieMeHThI ObLIH ITPOBEIEHBI B OJJTHOPOIHOM Cpelie, ¢ CBSA3U C ITUM MOTPEIIHOCTb
u3MepeHus: Obuia cHWkaHa 10 5%. B Xxone uaMepeHus ObLIM CpaBHEHBI PE3YNbTATHI C
SKCIEPUMEHTOB C PA3IMYHBIMUA AHTCHHAMHU.

Paboma noooepocana epanmom MOH PK no odocosopy Ne 132 om 12.03.18
«Paszpabomka aneopummos u 6CmpoeHH020 NPOSPAMMHO20 0becneyeHUs: No ONpedesieHuo

2e0dleKmpuiecko2o paspe3a oaa  eeoungopmayuonnou mexuonoeuu GPRy» (UPH
AP05133922).

Jlureparypa

1. Kazizat Iskakov, Samat Boranbayev, Zhadyra Alimbayeva, Bahtiyar Isin.
Experimental data of research using ground-penetrating radar "Zond-12c¢" and
interpretation Georadarograms / ACTA PHYSICA POLONICA A, Volume 130, January
—2016. —P. 322-324. - URL: http://przyrbwn.icm.edu.pl/APP/PDF/130/a130z1p087.pdf.
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2. Typapoa M.K., Ilapxomenko A.B., Opanbekora X.O., Kymaxano b.)K.,
Kynycos K. JI. Un:xeHepHO-TEXHUYECKHE ITPUEMBI OIIPEAETICHUS ITyOUHbI 30HIUPOBAHUS
OTIBITHOTO 00Opasia reopaauiaokanuonHon cucremsl // Bectauk EHY um. JI.H. I'ymunena.
- 2016. - Ne6.

3. HUckaxkoB K.T., bepapime A.C., Illonman6aes b.b., H. ¥3akkpi3bl,
WuTepnperanus pagaporpaMmm OoT UCKYCTBEHHbIX 00bekTOB // BectHuk Kapl'TV. - 2016.

4. MHUckaxkoB K.T., KycamnoBa A.T., HayuHO-TeXHMYECKHE OCHOBBI CHCTEM
reopaavonakanuu  // Matepuanbl  MEXAyHApOAHOW  HAy4yHOH  KOH(EepeHLHU
«MuadpopmaTrka U MPUKIATHAS MaTeMaTHKay», TMOCBIIMICHHOW 25-metuto HeszaBucumoctu
PecniyOnuku Kazaxcran u 25-neturo MHcTUTYTa MHPOPMAIMOHHBIX M BHIYMCIUTENbHbIX
TexHosorui. 21-24 centsadps 2016. - r. Anmarsl 2016. — C. 269-275.

IHNPOEKTHO-KOMIIETEHTHOCTHAA TAPA/IUT'MA
HPEJACTABJIEHUA 3HAHUU TPEXYPOBHEBOU CUCTEMbI
NHXEHEPHOI'O OBPA3OBAHUA

Kyo0exoB Bb.C., /Kakcbi0aesa H.H., Haymenko B.B.,
YT1erenona A.Y., AienoBa P.A.

Hncemumym unghopmayuonnvix u evruuciumenvuvix mexronoeuti MOH PK,
Anmamul, Kazaxcman
b.kubekov@mail.ru, 333 _nataly@mail.ru, naumenko.v3@mail.ru,
utegenova?l7@mail.ru, akt_kpi@mail.ru

Annomauus.

Bo wmHocux yumueepcumemax mupa MOOepHU3AYUS NPOSPAMM  NOO2OMOBKU
UHIICEHEPHBIX KAOPOB8 K UHICEHEPHOU 0estmeNlbHOCMU OCYUWeCMBISAemcs C UCNOIb308AHUEM
nooxooa CDIO. [lanuwviii nooxo0 Hawien wupoxoe npumeHeHue 8 8y3ax OdlbHe20 U
OnudicHe2o 3apybedices u, 8 wacmuocmu 6 ToMCKOM NONUMEXHUYECKOM YHUsepcumeme
Poccuiickoti  @edepayuu. Kax ommeuaem 3agedyrowuii Kagheopol UHHCEHEPHOU
neoazoeuxku OaHH020 yHugepcumema, 0.m.H., npogeccop Yyuanun A.1., nooxoo CDIO ons
NPOEKMUPOBAHUSL  VPOBHEBbIX ~NPOSPAMM — UHICEHEPHO20  00pA308aHUsL,  ABAEMCS
AKMYANbHbIM 8 C853U C MPeDOBAHUAMU MEHCOVHAPOOHBIX CMAHOAPMO8 K Pe3yIbmamam
00yueHUs 6 8y3e U KOMNeMeHYUsM npogeccuonanvhblx uricenepos. I1ooxoo CDIO daem
B03MONCHOCHb CHOPMUPOBAMb ONMUMATIbHbIE CIPYKMYPbl, COOEePIHCAHUE U MEXHOI02UU
peanuzayuil u OYeHKU Kauecmaa YyPOBHe8blX NPOSPAMM UHIHCEHEPHO20 00PA306AHUSL.

Kax useecmmno, nwbas npogeccus 6azupyemcsi Ha HeKOU COBOKYNHOCHU
meopemuyecKux 3Hanull u npakmuyeckoz2o onvima. Eciu amy ocnosy ¢hopmanuzosamo u
coomeemcmeayrouum 00pazom OOKYMEeHMUpo8ams, HOOOOHBIU €800 3HAHULU MOMNCEM
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CEKLHA 2. UHpopMaLMOHHO-TEJIeKOMMYHHUKALLUOHHbIE TEXHOJIOTUU. CUCTEMBI U CETU
nepesayu JaHHbIX. UHTepHeT-TexHooruu. O6JauHble TeXHoJI0r M. [lapasienbHble
BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

cmames OMAPABHOU MOYKOU KAK Ol pa3pabomKu YPOGHEBbIX NPOSPAMM NOO20MOBKU
cneyuanucmos, mak U 0AA  AKKpeoumayuu — aKaoemMuyeckux — npocpamMm  u
npogeccuonanvHou cepmugukayuu. B nocireonee epems mepmuH «OHMONO2USA» CMAT
yacmo ecmpeuamscs 6 aumepamype no UHQOPMAYUOHHBIM mexHONo2uaM. B pabomax
laspunosoti T.A., Cybemmo A.HU., Xymopckoco A.B., I[lyxanosou H.U. u Op.
PAccmMampusaiomcs. NpUMEHeHUs OHMON02UU, KAaK Mooenu npeomemuou obracmu,
gonpocwl pazpabomku 6a3bl 3HAHUU UHMENLIEKMYAIbHbIX CUCMEM, UCHOIb308AHUE
OHMONIO2UYECKO20 N00X00d K YNPABLEHUI0 3HAHUAMU HA 0Oa3ze KOMNEmeHmHOCMHO20
nooxoo0a, a makice Memoovl pazpadomxu y4eoHo-MemoouyecKux KOMNIeKcos, Ha OCHO8e
OHMOJI02UML.

AHanuz paznuunsbix UCMOYHUKOS, HA NpeoMem NPUMEHeHUs MemoOUKU NpoeKmHo-
KOMNEMeHmMHOCMHO20 U OHMOJO0SUYECKO20 N00X0008 NO ¢hopmanuzayuu 3HAHUU U
nocneoyloue2o NpoeKmuposanusi OUCYUNIUH VDPOBHEBbIX NPOSPAMM  UHHCEHEPHO2O
00pazosanus, NOKA3alL AKMyaibHOCHb U HEOOX0OUMOCMb Pa3pabdoOmKU MaKou MemoOuKu.
B cmamuve npedcmasneno sudenue uepapxuyeckou cmpyKmypbl mpexypoeHesoll CUCTeMbl
UHOICeHepHO20 00pA308aHUs, HA NPUMepe CheyualIbHOCmu « Boiuuciumenvuas mexuuxka u
npocpammuoe  obecneuenue», U NPOOEMOHCMPUPOBAHA ~MEmMOOUKd HNOCMPOeHUs
OHMONO2Ull 00PA308AMENLHBIX PECYpCo8, ¢ nociedyioujel ux cneyugukayueu 8 euoe
8bIPANHCEHUU 3SHAHULL.

Knrouesvie cnosa: umodicenepnoe obpazosanue, KOMNEMEHMHOCMHbIL NOO0X00,
NPOEKMHbLIL Memoo 00yYeHUs, OHMOI02Usi 0OPA308aMENbHBIX PECypcos, hopmanuzayus
3HAHUt, ynpasieHue 3HaHuIMu

BBenenue

Kakx otmeuaercs B crarbe JI.B. bopoBukoBoit [13], ocHOBHOE, MOCTOSIHHO
obocTpstoleecs MPOTUBOPEUNE 0O0pa30BaHUsA, JSKHUT B JUAICKTHYCCKON B3aMMOCBSI3H
€ro OCHOBHBIX CTOPOH — MEXJIy OOHOBIISIIOIIMMCS COJEepXKaHUeM oOpa3oBaHus,
MPEJI0KEHHBIM YCIOXKHAOIENH sl 00IECTBEHHOM KU3HBIO, U €ro UMeroleicss GopMoit,
y)K€ HE YIOBJIETBOPSIOIIEH pacTyliue MoTpeOHOCTH 00mIecTBa. DTO MPOTHBOPEUHE, 110
YTBEP)KICHUIO aBTOpa, JOJDKHO pa3peniarbcs, KakK I[OCPEICTBOM  MOJIEPHHU3AIUU
oOmiecTBa, TaK M BHEAPEHHUEM HOBbIX (OpPM €ro oOpraHu3alid, W HOBBIMU
00pa30BaTeIbHBIMU TEXHOJIOTUSMU.

Ha nam B3risig, B 9TOH CBSI3U CIIEAyeT TakkKe OTMETUTh aKTyaJIbHOCTh IE€pPeBOJIa
nHpopMallMOHHONW 0a3bl OOy4eHHs] Ha HOBYIO NapagurMy IpeACTaBICHUS 3HaHUI,
OTBEYAroIIeH MOTPeOHOCTAM TU(PPOBOI IKOHOMHKH, C AaKIIEHTOM Ha Pa3BUTHE HABHIKOB B
aHayin3e MHGOpMalMU U KPEaTUBHOCTHU MbIIUIeHUS. Takoil nepeBoj nH(GOpMalMOHHON
6a3pl 00ydeHus OyneT cHocoOCTBOBATH MMOBBIMIEHUIO A(PGEKTUBHOCTH M KadyecTBa
oOyueHusi, OUBEpCUPUKAIMM METOJIUK DSJEKTPOHHOM NEJaroruku M acCOPTHUMEHTa
00pa30BaTeNIbHBIX YCIYI, a TaKK€ OCBOCHHIO HOBBIX OOpa3oBaTeNIbHBIX, B TOM 4YHCIIE
Smart-TexHoI0Tuil.

[IpoGmemMa COOTBETCTBUSI MEXKIY YCIOXHSIOMICHCS OOIIECTBEHHOW >XU3HBIO WU
HEOOXOJIMMOCTbIO OIIEPAaTUBHOTO OOHOBJIEHUSI COJAEpXKAHUSI O00pa3oBaHUA, JOJDKHA
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pematbcs MyTeM YIOpeXJalolled MOJEpHU3alMd Y4EeOHBIX MporpaMM U IIJIaHOB
MOATOTOBKM HMH)KEHEPHBIX KaJgpoB, M Pa3BUTHUS AIUCTEMOJIOIMYecKOd (QyHKUIUU
KOMIIETEHTHOCTHOrOo nojxona [9]. HeoOxoaumocTe nepexona Ha HOBYIHO MHapagurmy
MIpe/ICTaBJICHUs 3HaHUH, TpeOyeT MPUMEHEHUS UH)KEHEPHUH 3HaHUM, B YAaCTHOCTH, METO/I0B
OHTOJIOTMYECKOI0 MHXWHUPHHIA, a TaKXe BHEJIPEHUS METOJUK IO HWHTEHCU(HUKALUU
yueOHO-1103HaBATEIbHON (KOTHUTUBHOM) JESTENTbHOCTH 00YyYaOLIUXCSl.

C y4eroM NpPOBEIEHHOIO aHalu3a COCTOSIHUS HH)XEHEpHOro oOpa3oBaHus, U
3ajlayaM, aKTyaJbHBIM B CBETE peaM3allid IpOrpaMMbl M0 HU(PPOBU3ALUU BbICIIEH
IIKOJIbI, OBLJIO BBISBIIEHO, YTO:

- HabOmojgaercss oOwWas TEHICHLIMS HeoOXOOUMOCTH IepexoJa Ha HOBYIO
napagurMy uHGOpMalMOHHOW 0a3bl 00y4eHMs, TaK KakK CyLIecTByolas 0a3za He
MPEIOCTABIISIET B JOJDKHOM Mepe BO3MOKHOCTH 10 AuBepcUdUKannu 00pa30BaTEIbHbIX
TEXHOJIOTUH U YCIYT;

- MHEHHuE WHccleoBaTene OJIMKHEro M JAJIbHEro 3apyOekbsi CBOJIUTCS K
HEO0OXOIMMOCTH HHTEIIEKTyaIU3aluu MpPEICTaBICHNUS y4eOHOro KOHTEHTa, CO3JaHUS
MHTEJUIEKTYaJIbHBIX IMPOTpaMMHBIX CHCTEM B 00Opa3oBaHUM U Iepexoay Ha Smart-
oOy4eHwue;

- OTHOCHUTEIIbHO  y4eOHO-METOJMYECKOro  obecrnedeHus, OcCOoOeHHO s
MHXEHEPHBbIX CHEUAIbHOCTEH, SIBHO MpPOCICKMUBACTCA TEHACHLMS Iepexoaa Ha
MIPOEKTHBIN METOJ 00y4eHHUs, KaK OCHOBBI METOIUKU (POPMUPOBAHUSI KOMIIETEHTHOCTHOM
MOJIEJIU BBIITYCKHUKA;

- JI0CTATOYHO OCTPO CTaBUTCS MpoOiieMa YIPexAAr0IIEro MIIaHUPOBaHUs yIE€OHbBIX
IUIAaHOB M IIPOEKTUPOBAHMS IIPOrpaMM OOyd€HHUs, B COOTBETCTBUHU C 3aIIPOCaMU PbIHKA
Tpyda, a TaKkKe YIpaBieHUs 00pa30oBaTENbHBIMU MPOLECCAMH C YKIOHOM Ha
UHIUBUIYyaIU3aUI0 00ydeHUs.

1. KoHuenuum u MexaHM3Mbl B3aUMOJEHCTBUSL YPOBHEil CHCTEeMbI
HHKEHEePHOro o0pa3oBaHus

Pemenne mocraBieHHBIX MpoOJIeM HEOOXOIMMO pacCMaTpuBaTh B KOHTEKCTE
CHUCTEMHOTO MPEJCTABICHUS KOHUENIUNA U MEXaHU3MOB B3aMMOJEHCTBUS, BCEX YPOBHEU
COBpPEMEHHON cucTeMbl oOpa3oBanus. [lokaxkeM Haimie BHICHHE HEPAPXUUECKOU
CTPYKTYpPBl TPEXypPOBHEBOW CHCTeMBbI 0OOpa3oBaHMs, Ha TIPUMEpPE CHEIUATBHOCTH
«BpraucnuTenpHas TEXHUKA U IPOTPAMMHOE 00€CTICUCHUE.

JlaHHas CTpyKTypa NpeArnoJiaraer:

- CHCTEMY B3aMMOCBSI3aHHBIX yU€OHBIX IIJIJAHOB BCEX YPOBHEH, HA MPHUHIIUIIC
COTJIACOBAHHOCTHU CHMIPYKMYPHO20 W COOepiHcamenbHo20 HAMOTHEHUS COOTBETCTBYIOIINX
00pa3zoBaTeNIbHBIX MPOTPAMM M PA0OUUX YICOHBIX TIIAHOB KaXKJOTO U3 YPOBHEH;

- HMEpapXWYHOCTh CHCTEMbl KOMIIETEHIIMN KaKJI0TO U3 YPOBHEM, OIIPEAEIAIOIIEH
TOT (paKT, 9YTO KOMIETEHIIMN BEPXHETO YPOBHS HE€PAPXUU JOJKHBI KOHKPETHU3UPOBATHCS
KOMITETCHIIUSIMU HUKHETO YPOBHSI.

Tompko  TpamMoTHasi  Hay4dHas-oOpa3oBaTeidbHass W y4eOHO-METOJAMYecKast
KOMIIO3UIMS 3THX YPOBHEH HMHXKEHEPHOTO O00pa3oBaHUsA, MPU YCIOBUU HHTETPALUU C
MMPOEKTHO-KOMIIETEHTHOCTHOM TMapagurMOi MpPECTaBICHUS 3HAHWUN, U 00s3aTeTbHBIM
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BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

yuactueM okcneproB UT-unayctpuu, cMoxkeT o00ecrneuyuTh KaueCTBEHHYIO U
KOHKYPEHTOCIOCOOHYIO IOJAIOTOBKY CIIELIUAJIMCTOB COOTBETCTBYIOIIUX YPOBHEW IO
COBPEMEHHBIM HaNpaBiIeHUsIM M oOyacTaM LU(GPOBOM HSKOHOMUKH, U ONPaBlaTh
0>KMJIaHUsI PbIHKA TPY[a.

Ha npencraBnenHom Hmxke pucyHke 1, B Horaumum s3pika UML, mnoka3sana
auarpaMma  TpPeXypOBHEBOM CHCTEMbl HWH)KEHEPHOro oOpa3oBaHMs, Ha IpUMeEpe
CHEIHaIbHOCTH «BhluncianTenbHas TEXHUKA U IPOrpaMMHOE 00eCTIeUeHHE.

KOMNeTeHTHOCTHAA MOOENk - Computer Science &
RokropakTypa OokTopa PhD Software Engineering
KoMneTeHTHOCTHAA MoOenkb Software Engineering &
MarmcTparypa Marucroa a —— [lpoGneMHO-OpHEHTHPOBAHHEIE
P Software_Skills
KoMneTeHTHOCTHAA Modenk SWEBOK &
bakanaepuar A — [penMeTHO-OPHEHTHPOBAHHLIE
bakanaepa )
Software_Skills

Puc. 1. TpexypoBHeBasi CHCTeMA HHKEHEPHOT0 00pa3oBaHMsl, HA IpUMepe
CrnenuaIbHOCTH «BhluMcauTeIbHAS TEXHUKA U IPOrpaMMHOe o0ecrevdeHne)

BoicliuM ypoBHeM B HepapXuu HaclI€JOBaHMs JTaHHOM IuarpaMMbl, SBIISETCS
ypOBEHB JOKTOpaHTYphl - PhD, KoTOpbIi H0MKEH OBITH CBSI3aH C 0OyueHuem 6yoyuemy, B
pamkax (yHIaMEHTaJbHbIX IUCLUIUIMH Hay4yHbIX HampasieHuil Computer science u
Software Engineering.

[Tox nousaTueM «oOyueHue OyayieMy» NpeArnoaaraloTcsl AMCUUIIIUHBIL, UMEIOIINe
001208peMEHHbIL U MeOJIeHHO YCcmapesalowjuti XapakTep WM 0COOeHHOCTH. MOXKHO
TaKK€ OTMETUThb, 4YTO JUCHHUIUIMHBI OOy4deHHs OyaylmemMy — 53TO JUCIUIUIMHBI,
OCHOBaHHBIE Ha 3aKOHax pa3BUTHUS WHIYCTPUU MH(OPMALIMOHHO-
TEJIEKOMMYHUKALMOHHBIX CPEJICTB, TEXHOJIOTHM U CHUCTEM, C YY€TOM IPOrHO3HPOBAHUS
TaKoOro pa3BUTHUS.

KommnerentHoctHass wmojens ypoBHA PhD - kxommosunus yHHBEpCadbHBIX
KoMIiereHTHocTel  HampaBieHuit Computer science u  Software Engineering,
(dbyHIaMeHTallbHbIE U MPO(EeCcCHOHATBHO-OPUEHTUPOBAHHBIE JTUCHUIUIMHBI KOTOPBIX
COCTaBJIIIOT HayyHO — oOpa3oBaTenbHyl0 0a3y ypoBHs PhD, u pernmameHTHpyroT
npooIeMHO-0pUeHMuUposantHoe 00ydeHue.

K mucuummnaam yposast PhD MokHO OTHECTH, HapuMep, CIICIYIOIIHE:

- OcHOBBI pa3pabOTKH U UHTETPAIMH CYTIEPKOMIIBIOTEPHBIX PELICHHH.
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- CynepkoMIbplOTepHbIE peuieHusT B 00JacTh  BBICOKOIIPOM3BOIUTEIbHBIX
BbIYMCIIEHUH 1 00paboTku Big Data.

- OcHoBbI IIOCTPOEHUS CYIIEpKOMIIBIOTEPOB: apXUTEKTYpa, CX,
uH(ppacTpyKTypa.

- ApxurtekTypa napauieibHbIX BHIYUCIUTEIbHBIX CUCTEM.

- AIMUHHCTPHpPOBAHUE U YIPABJICHUE CYNEPKOMIIbIOTEPHBIMU CUCTEMAaMHU.

- IlapagurmMpl  OporpaMMUpOBaHHMS U  HOBbIE  IIOKOJEHHUS  apXUTEKTYp
nporpaMmmHoro odecneuenus (I10).

- IIpo6reMHO-0pUEHTHPOBAHHBII OIX0]] K TPOEKTUPOBaHUIO apXuTeKTypsl I10.

- CoBpeMmeHHblE NPUHIUIBI KOAM3aliHA M THUIIEPKOHBEPreHTHBIH MOAXO0J K
apxurektype UT-undpactpykrypsl.

- Data scientist - Hayka 0 JaHHBIX © MEHEIPKMEHT.

U T.I.

Bropoii ypoBeHb — 3TO YpPOBEHb MAarucTparypbl, KOTOPBIM JOJDKEH
MPUACPIKUBATHCS 2UOKO20 NOOX00a TIPU PeaATU3aliK HA)yYHO-00pa30BaTEIIbHBIX TPEH/IOB
@yHoamenmanvHublx U NpogeccuoHaIbHO-OpUeHMUPOBAHHbIX TUCUUILUINH HalpaBICHUS
Computer science u Software Engineering, ypoBus PhD.

KomneTeHTHOCTHAasE MOJeNb YpPOBHS MAarucTpaTypbl SIBISICTCS KOMITO3UITUEH
KOMIIeTeHTHOCTel HarpasieHnus Software Engineering v mpo6yieMHO - OpUEHTUPOBAHHBIX
Software Skills, u cocTaBisier 0CHOBY IS IIJIaHUPOBAHUS YYEOHBIX IJIAHOB M IPOTPaMM
YPOBHS MarucTpaTyphl.

JMcuutuiiHel  y4eOHBIX TUIAHOB  yPOBHS ~ MarucTpaTypbl  JIOJDKHBI  OBITH
aJlanTHPOBAHbI K HYXJaM pealbHbIX oTpeOHocTeit U T-uHmycTpun 1 OpueHTHpOBAThCH,
B IIEPBYIO OdYepelb, HAa COBPEMEHHBIC TEHJICHIMHM Pa3BUTUS W 3a7adydl MpPOOJIEMHBIX
oOnacrell cnenualbHOCTH «BpluncnuTenbHas TEXHUKA M MPOrpaMMHOE 0OecrieyeHHe».
bazoBbie n npodunmpyromme TUCIUILTHHBI MarucTpaTypsl TOJKHBI PErJIaMEeHTHPOBATH
npoodemMHo-opueHmuposanHoe oOy4eHue, a COOTBETCTBYIOUIUN TPEHI -  OINpEeAesiTh
y4eOHO-METOMYECKYI0 0a3y YpOoBHS OakajaBpuara.

K mucuummmaam ypoBHSI MarucTpaTypbsl MOKHO, HAIIPUMED, OTHECTH CIICAYIOIINE:

- XpaHeHue JaHHBIX U yIpaBiIeHUE HH(OpMaLIUEH.

- AnamuTHueckue miaTGopMbl CHCTEM HHTEIDICKTYIBHOTO aHAIIN3a JaHHBIX.

- busHec-uHTeNIEKTya IbHbIE TEXHOJIOTUM aHau3a JaHHbIX: Data Mining, Visual
Mining, Text Mining.

- Onrumwuzanus xpanuaunl 1 OLAP — cuctemst.

- YiopaBieHue NpoeKTamHu.

- HMuadopmanmonHast 6e30nacHOCTb: OOIINE ACTIEKTHI.

- Texunonoruu «Blockchainy.

- OOnauHble BBIYUCIICHHUS.

- TexHOJIOTMM W aNTOPUTMBI CHCTEM HCKYCCTBEHHOTO HHTEIUICKTA: MAIIMHHOE
oOyueHue, MHOTOCJIOMHbIE HEMPOHHBIE CETH, HEUETKasl JIOTHKA.

- Pacmo3naBanme 06pa3os.

- OHronoruu u ceMaHTU4eckuii web B oOpa3oBaHMH.
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nepesayu JaHHbIX. UHTepHeT-TexHooruu. O6JauHble TeXHoJI0r M. [lapasienbHble
BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

- Ilopoxnatomiee nporpaMMUpOBaHHUE: METOAbI, HHCTPYMEHTHI, IPUMEHEHHE.

- MynbTunapaaurMeHHO€E NPOEKTHPOBAHUE.

- HNHrepHer Bemen.

- DproauzaiiH M TEXHOJOTUU peau3aliy I0JIh30BaTEILCKOI0 HHTEpdeiica.
UI/UX — mu3aiig.

- HMudopmanuonnsie TexHosoruu B chepe 3D - rpaduxu

- VHTepHeT-TeXHOJIOTMM B  HAy4YHO-UCCIEAOBATEIBCKOM M MPOEKTHOM
NeSITEeIbHOCTH MarucTPaHTOB.

U T.I.

HavaabHbIM ypoBHeM TpeXypOBHEBOM CUCTEMBI 00pa30BaHUs, SBISETCS YPOBEHb
OakanaBpuara.

Obweobpazosamenvhvie, 6a3z08ble U npogurupyowue JACHUIUIMHBI Yy4€OHOTO
iaHa OakajlaBpuaTa, CHEUUAIbHOCTH «BpluucnurenbHas TEXHMKAa W IMPOTrpaMMHOE
o0OecrieyeHue», JIOJDKHBI pPealn30BbIBaTh Y4eOHO-METOJAUYECKUE TPEHIBl 0a308blx WU
npoguaupyowux TACUUIUIMH MarucTparypbl, a KOMIIETEHTHOCTHAsI MOJieNb OakaiaBpa -
SIBJISITECS. KOMITO3MITMEH KomrmeTeHuuid B oOnactsax 3Hanuii SWEBOK u mpemmerHo-
opueHTupoBaHHbIX Software Skills.

JlucuuminHel y4eOHbIX IUIAHOB YPOBHsI OakanaBpuara JOJDKHBI ObITh CBSI3aHBI C
MOJIyueHUEM O0y4aroIMMUCS UMHKEHEPHBIX 3HAHUN MO CIIEUAIbHOCTH, OTIBITA IIPOEKTHO
- BHEJPEHYECKOM NEeATEIbHOCTH, C PAa3BUTHEM y HHUX MPO(ecCHOHANbHBIX HAaBBHIKOB U
npeaIMeTHO-opueHTHpoBaHHbIX  Software Skills, mno pa3paboTke mporpaMMHBIX
IIPOJIYKTOB U CUCTEM B CBOEH MpodeccuoHaIbHOM JesITeNbHOCTH.

K 6aszo6vim u npogdunupyrowum nucuumimHam ypoBHs OakajaBpuara, Ha Hall
B3I/, TOJDKHBI OTHOCUTBCS CIICAYIOLIHUE!

- JluckpeTrHas MaTeMaTHKa.

- Teopus BepoATHOCTEN N MaTeMaTUYECKasl CTATUCTHKA.

- ANTrOpUTMBI: HOCTPOEHUE U aHAIIM3.

- CTpyKTyphbl 1aHHBIX U aJIFCOPUTMbI BBIYUCICHUH Ha rpadax.

- IIpoextnpoBaHue 1O KOHTPAKTY.

- BpluucnurenbHble MOJETN U aJTOPUTMBI.

- HMudopmanmonnas 0€3011aCHOCTb: pacciiefoBaHue KOMITBIOTEPHBIX
MHUUJCHTOB.

- MHcTtpyMeHTanbHbIE CpesiCTBA Pa3pabOTKU MPOTpaMM.

- IIporpammHas uH>XeHepHs.

- OOBEKTHO-OPUEHTUPOBAHHOE IPOrPaMMUPOBAHUE.

- Web-nmporpammupoBaHnue.

- TenemaTuka u MOOMIIbHBIE MPUIIOKEHUSL.

- basbl JaHHBIX: IPOEKTUPOBAHUE, PEAIU3aLIUsI U CONIPOBOXKICHHE.

- PazpaboTtka npunoxxenuit 6a3 naHHbIx a1 Web.

- Web-texnonorun u CYB/I.

- basbl ¥ XpaHunuIIa TaHHBIX.
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- Kommnserorepnas rpaduka u aHuManusi.

- CereBble TEXHOJIOTHUH.

- IlpoextupoBaHue CHUCTEM  pealbHOIO  BPEMEHM, MapajUIeNIbHBIX U
pacnpeneneHHbIX TPUITOKEHUM.

- OCHOBBI KOMIOHEHTHOM TEXHOJIOTHHU.

- OCHOBBI TECTUPOBaHUSI IPOTPAMMHOI0 00ECIIEUECHHUS.

U T.I.

TakuM oOpa3oMm, IpeACTaBICHHAs MOJIEIb TPEXYPOBHEBOM CUCTEMBI OOyUEeHHUsI, Ha
[pUMepe CIeHUaNbHOCTH «BbluncnuTenbHas TEXHUKAa W MPOrpaMMHOE OOECIIeueHUe,
MIPEIoIaraeT:

- 00s3aTenbHYI0 NPEEMCTBEHHOCTb YYEOHBIX IUIAHOB M MPOTPaMM MEXAY
YPOBHSMHU CUCTEMBI 00YUEHUS;

- ompeneneHWe KOMIIETEHTHOCTHBIX MOJEIEH BCEX YPOBHEH  CHCTEMBI
oOpa3zoBaHus;

- olpejAeseHHEe HAay4YHO-O0Opa30BaTENbHBIX U Y4EOHO-METOIAUYECKUX TPEHIOB
COOTBeTCTBEHHO ypoBHel PhD u maructpatypsr;

- HEeoOXOAMMOCTh Iepexoja OT TPaJULUOHHON HHPOpPMAIIMOHHON 0a3bl
o0yueHusl K MHXEHEpUU 3HAHHM, HA OCHOBE MPOEKTHO-KOMIIETEHTHOCTHON HapaaurMbl
MIpE/ICTaBJICHMS 3HAHU, U C UCIOJIb30BAHUEM METO/I0B OHTOJIOIMYECKOTO MHXKMHUPHUHTA;

- pa3paboOTKy MEXaHHU3MOB YIPEKIAIOUIEro IUIAHUPOBAHUS M aJanTaluu
coJiep’KaHus yueOHBIX IUIAHOB, IPOTPaMM U IIPEN0IaBAEMBbIX TUCIUIUIMH, B COOTBETCTBUU
C HAYYHO-TEXHOJIOTMYECKUMU BbI30BaMU U MOTPEOHOCTAMHU PbIHKA TPYAA;

- NpPUMEHEHUE 3HAHMUEBBIX KOMIIOHEHT MHOTOKPATHOTO NPUMEHEHUS U HUX
MTOBTOPHOTO KCIOJIb30BaHUS JIi KOHCTPYUPOBAHUS 0O0pa30BaTEIbHBIX IPOTpaMM U
y4€OHBIX TIAHOB;

- mepexoJ] K MpeAoCTaBICHHIO 00pa30BaTENbHBIX YCIYr, C HCIOJb30BaHUEM
Smart-TeXHOJIOTHI;

- HEoOXOAMMOCTb OTKPBITOTO YyIpaBieHHs 00pa30BaTENIbHBIMHU IpOLIECCaMU U
WHIMBHUIyIH3AIUA O0yUICHUSI.

2. IIpoeKTHO-KOMMETEHTHOCTHAS MAPaANrMa npeacTaBaeHusi 3SHAHU i

[Tapagurma - TepMUH, MUPOKO HCIIOJIB3YEMbI B COBPEMEHHOM IPOEKTUPOBAHHUU
CUCTEM U 0003HayaromMii crnocod MOCTPOEHHS CHUCTEMHBIX aOCTpaKIMii, HA OCHOBE
oburHoct U u3MeHunBoctu [10]. Tloxg mapaaurmoil B oOpa3oBanuu OyqeM HNOHUMATH
0a30BYI0 MO/JI€JIb KOHKPETHOI0 Crioco0a opraHu3anuu y4eOHoi nHpopMaluy, Ha OCHOBE
CBOMCTB OOIIHOCTH W HM3MEHUYMBOCTH W, B IIEJIOM, KaK BEIYIIMHA MOJIXOJ K BBIOOPY
coJiep:kaHus U (GopM opraHu3ali 00pa3oBaTeIbHBIX PECYPCOB.

B kadectBe 06a30BO Mojenu OTOOpPaKECHHS 3HAHWM, B HAIIUX HMCCICIOBAHUSX,
MpPUHSATA ceTeBas MOJeib — HHPOPMAIIMOHHAs MOJIEJIb MIPEeIMETHOI 00J1acTH, UMEroLIas
BHJ OPUEHTHPOBAHHOTO Tpada, BEPUIMHBI KOTOPOTO COOTBETCTBYIOT OOBEKTaM
IpeIMETHOI 001aCTH, a IyTU 33Jal0T OTHOLIEHUS MEX 1y HUMU. DOpMaNIbHO CETh MOXKHO
3amath B cunenyromem Buae: H = <I, C, G>, rne 1 — MHOXecTBO HHGOPMAITMOHHBIX
enuHUI; C — MHOXKECTBO THIIOB CBSI3€H MEXIy MH(POPMAIMOHHBIMH enuHUnaMu; G —
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oTOOpa)keHue, 3aJaroliee KOHKPETHbIE OTHOILIEHUS U3 UMEIOIIMXCS TUIIOB (OTHOLIEHUIN)
MEeXAy dJIeMeHTaMu. B ceMaHTH4YeCcKOll CeTH poJib BEPIIMH BBINOIHIIOT MOHATUS 0a3bl
3HaHMM, a AYrd (IpUyYeM HampaBleHHbIE) 3a7al0T OTHOILEHUS MEXIy HUMHU. Takum
o0pasomM, ceTeBasi MOJICIIb OTPAKAET CEMAHTUKY MIPEAMETHOM 00IacTH B BHJIEC TIOHATHIA 1
OTHOILIEHUH.

JUisi  KOHKpeTu3aluu CEeTeBOM MOJAENM U JAJBHEUIIEro IPAKTUYECKOTO
WCIIOJIb30BAHUS, IPUHATA MOJENb OHTOJIOTMM, KOTOpas ONPENEIseTCs KaK TpOWKa
cienyomux MHOXKeCTB: Om = <C, R, F>, rnie C — MHOXecTBO NOHATUN (TEPMHUHOB)
npeAMETHOM 00s1acT; R — MHOKECTBO OTHOIIIEHUH MEXAY MOHITHUAMU; F — MHOKECTBO
(GYHKIMM MHTEpIpeTalvy, ONPENEICHUsS KOTOPHIX 33/JaHbl HAa OTHOIICHUAX MEXIY
MOHATUSMH B OHTOJIOTUU.

BusyanbHO, OHTOJIOTHIO MOXHO MpPEICTaBUTh OPUEHTUPOBAaHHBIM Trpadom - G,
BEpIIMHAMU KOTOPOTO SIBJIAIOTCS HOHSTHS, a peOpamMu - OTHOLICHHS MeXAy HUMH. B
HaIINX MOCTPOEHUSX, MOJEIb OHTOJIOTUH IPEICTABISAETCSI OPUEHTUPOBAHHBIM TpadoMm,
KOpHEBasi BepUIMHA KOTOPOIO - ONOpHOe noHamue TpeIMeTHOW oO0nacTu.
WNnentuduxaus onopHOTO MOHATUS OIPAaHUYMBAETCS He Oosiee 4eM JIBYMsI YPOBHSMHU
JOYEPHUX MOHATUN MepapXHUH, B KOTOPBIX JH000€ HEOOs13aTeIbHOE KOHKPETU3UPYIOILEe
IIOHSATHE SIBJISIETCS BUCAYEH BEPIINHOM, TO €CTh BEPIINHOM, HE UMEIOLIEH CBOUX TOYEPHUX
KOHKPETU3UPYIOUIUX MOHATHUI.

TakuM oOpa3om, MOJIeIb OHTOJIOTHH MPEJICTABISIETCA UEPAPXUUECKON CTPYKTYpOit
IIOHATHN, KOPHEBOW BEPIIMHOW KOTOPOH SIBJISIETCS OIIOPHOE MOHATHE, BTOPOH YPOBEHB —
uoeHmuguyupyrowjue TOHITUS OIOPHOIO MOHSATHS M, HAaKOHEL, TPETUH YPOBEHb —
KOHKpemu3upyrowue TOHITHS KaXJ0ro U3 UIACHTU(DUUUPYIOIUX MOHITHA OHTOJIOTUU
[14,15,16,17].

Jlanee, paccMOTpuM (QopMaliiu3Mbl KaXkKIOTO M3 AJIEMEHTOB, COOTBETCTBYIOILIHX
MHO>KECTB MOJIETIM OHTOJIOTHH, HCIOJb3yEMbIE B CHELMAIBHO pa3pabOTaHHOM S3bIKE
cnenudukanuu 3Hanuil — SCL. J[aHHBIN A3bIK NO3BOJIIET OMUCHIBATH OMIOPHBIE MOHATHUS
npeaMeTHON o0nacTu B HEIABYCMBICIEHHOM U (opMaln30BaHHOM BuUJE. SI3bIK
crnenu(puKauuyu 3HAHWUM, BO-TIEPBBIX, HajAeleH OOrarbIMM BO3MOKHOCTSIMH  I10
CEMaHTHYECKOMY OTPAXECHHUIO JIEKJIapaTUBHBIX 3HAHUN MpeAMETHON 00JacTH, U BO-
BTOPBIX, [T03BOJIIET OCYILECTBIISITh UX XPAHEHHUE B PEIIO3UTOPUH, & TAKKE COITPOBOKICHUE
Y U3MEHEHUE.

JlexnapaTuBHBIE 3HAHUS — 3HAHUS O MUPE 3a/1a4i, TO €CTh 3HAHMS, ONIMCBIBAIOIINE
CBOMCTBa mpeAMEeTHOM o0nacTh, B KOTOpPOM peliaercs IOCTaBJIEHHAs 3ajaya.
JleknapaTuBHBIE 3HAHWSA, 3aKJIAJbIBA€Mble B OCHOBY KOMIIETEHTHOCTHOM MOJEIH
oOyuarouierocs, OnpeaessoT JMHaAMUYHYI0 COBOKYITHOCTh 3HAHWM, YMEHUN U HABBIKOB,
KOTOpBbIE HEOOXOMUMBI Jig ero Oyaymiedl npoQecCHOHATBHONW IeATEIbHOCTH H
JIMYHOCTHOTO Pa3BUTHS.

B kauecTBe mpumepa, paccCMOTpUM 00JIaCTh 3HAHUS IPOrPAMMHOI HMHXKEHEpUU
SWEBOK, cBszanHO#l ¢ TpeboBaHMSIMU K HporpamMmmHOMy oOecneuenuro [18,19].
JlexnapaTuBHble 3HaHUS 001acTu 3HaHUA "TpeboBaHus K IpOrpaMMHOMY oOecrieueHuto",
MOXHO TIPEJICTaBUTh HabopoM m3 cemu omnopHbix noHsTui: Ci, Ca, Cs, Cs, Cs, Cq, C7,
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KaXJ0€ U3 KOTOPBIX, MPAKTUUYECKH, UMEET [Ba YPOBHS U3 HACHTUPUUHUPYIOLIUX U
KOHKpeTu3upyrouux noustuil. Hanpumep, ans onopuoro nousitust Cx — «TpeboBanus
M0JIb30BATENNY, UoeHmupuyupyrowumu NOHATUSIMU SBISIFOTCS: C21 - QyHKIMOHAJIbHBIE
TpeboBaHus noJib3oBaTess; *Coy - HepyHKIIMOHAbHBIC TPeOOBaHMsI MTOIB30BaTeNs U *Co3
- CIICHApHi COOBITHIA.

Hoenmughuyupyrowee nonsimue — NOHATUE NEPBOTO YPOBHS OHTOJIOIMU OTIOPHOIO
MOHATHS, C MOMOIIbIO KOTOPOTO OINPEACISIOTCA cemManmuueckue U Oomiuyumenvhvie
ceolicmeéa JAHHOTO OIOPHOTO TOHSATHS,, OTHOCHUTEIBHO JPYTMX OIOPHBIX MOHATUN
MpeAMETHOM 00IacTH.

Koukpemusupyrowee nonsimue — NOHATHE BTOPOTO YPOBHS OHTOJIOTMU OTIOPHOIO
MOHSTHS, KOTOPOE, B KOHTEKCTE CBOET0 MIEHTU(UIUPYIOIIETO MOHATHS, KOHQUTYpUpPYET
CEMaHTHYECKUE U OTIMYUTEIbHbIE CBOIICTBA OIOPHOTO MOHATHS, C MOMOUIBIO TUITMYHBIX,
au00 BCEBO3MOMKHBIX COUYETAaHMM JOYEpPHUX TMOHATUH, OOJAAAIOIMIUX SACHBIM H
HE/IBYCMBICJIEHHBIM OIMCAaHUEM OIOPHOTO MOHATHS.

B BeIpaskeHny 3HaHM 3HAKKU: ‘¥, ‘+’ U ‘~’ ONMPEaeNsItOT OTHOIICHUS «KOMITO3UIIHSI,
«arperamys» U «ajibTepHATUBHBIM BBHIOOP» Ha MOHATUSAX OHTOJOIMH, 0003HAYAIOIIMX
COOTBETCTBEHHO  CBOMCTBAa  OOIIHOCTH  (00A3aTENbHOCTH) W W3MEHYHBOCTHU
(meobs3aTtenbHOCTH). [lpuM 3TOM, OTHOIIEHHE «KOMITO3HIIUS) - OTHOIICHHE, B KOTOPOM
OTpa)kaeTrcs CBOWCTBO o0OwHocmu JUid JIOYEPHEro MOHSTUS, U 00513amelbHOCMb €ro
MPUCYTCTBUS BO BCEX SK3EMIUIIPaX POIUTENIHCKOIO MOHSATHUSI OHTOJIOTMM; OTHOIIEHHE
«arperaiys» - OTHOILLIEHUE, B KOTOPOM OTpa)kaeTcsi CBOWCTBO 0OwHoCmuy Ui T0UEPHETO
MOHSTHS, U He00A3ameIbHOCHb €T0 IPUCYTCTBUSA B K3EMILIAPaX POAUTEIBCKOTO NOHITUS
OHTOJIOT'MH; OTHOIIEHUE «aJIbTEPHATUBHBIN BEIOOP» - OTHOLLIEHUE, B KOTOPOM OTpaskaeTcs
CBOMCTBO U3MeH4YU80CMY JOUYEPHETO MOHATUS U HeobA3amebHOCb €r0 IPUCYTCTBUS B
AK3EMILIAPaxX POJUTENHCKOTO MOHSITHUSI OHTOJIOTHH.

C noMouIpi0 BbIpaXEHUS! 3HAHUSI MOXKHO (OPMYJIHUPOBATh YTBEPKACHHUE O JIFOOOM
OTNOPHOM TOHATUU B BUJE MpeAuKara, KOTOpbId Bcerga uctuHeH. [Ipenukar - 310
[IOBECTBOBATENIbHOE IMPEJIOKEHHE, COJeprKallee IpeIMETHbIe IepeMEHHbIEe, 3amMeHa
KOTOpPbIX Ha KOHCTAHTHbIE 3HAYEHUS IpEBpalllaeT paccMaTpUBAeMOE MPEUIOKEHHE B
BBICKa3bIBAHUE - HCTUHHOE WJIH JIOKHOE.

BBeneHHble TUINBI MOHATUH U OTHOILEHUS HA TOHATUSAX, NOKaXEM Ha MpHUMeEpe
obnactu 3HaHus nporpammHor uHxenepun SWEBOK: "TpeboBanus k nmporpaMMHOMY
ofOecrieyeHUI0", JIEeKJIapaTUBHbIE 3HAHMSI KOTOPOW MpPEACTaBUM OHTOJIOTUSMU CEMU
OTIOPHBIX MTOHATHN:

C1 - busnec — TpeGoBaHus.
*C11 - Ou3Hec-mpaBuIIa;
*Ci2 - orpaHUYCHHS HA TIOBEJACHUE CUCTEMBI,
*C13 - JOKYMEHT - KOHIICTIIIUS.
C; - TpeOoBaHusi M0JIb30BATEJIS.
*Ca1 - GyHKIIMOHATBHBIE TPEOOBAHUS MTOJTH30BATEIS;
*Ca2 - He(YHKIIMOHATIBHBIE TPEOOBAHUS MTOJIH30BATEIIS;
*Cy3 - cueHapuil coObITHl. JlaHHOE UISHTUQUIMPYIOIIEE NOHITUE SBISIETCS
CEMaHTHYECKUM KOHTEKCTOM BTOPOTO YPOBHS KOHKpPETH3alluH, BKJIIOYAIOLIETO

263



CEKLHA 2. UHpopMaLMOHHO-TEJIeKOMMYHHUKALLUOHHbIE TEXHOJIOTUU. CUCTEMBI U CETU
nepesayu JaHHbIX. UHTepHeT-TexHooruu. O6JauHble TeXHoJI0r M. [lapasienbHble
BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

cienyromye nodepHue moHsATHsA: *Ci- BapuaHT wucmois3oBaHus, +C; - amarpamma
MIOTOKOB JAaHHBIX, JIN00 +C3 - AuarpaMMa nepexoJoB cocTossHuM, 11ubo +C4 - Tabnuua "
COOBITHE-OTKIIHK".
Cs - TpeGoBanusi npeMeTHOMH 00J1acTH.
*C31 - GyHKIIMOHATBHBIC TPEOOBAHUS;
*C32 - He(yHKUMOHaJIbHBIE TpeboBaHusd.  JlaHHoe wuaeHTUULMpYIOLIEe
MOHATHE SBJSETCS CEMAHTHUYECKUM KOHTEKCTOM BTOPOIO YpPOBHS KOHKPETHU3ALHH,
BKJIIOUAIOLIETO clieAytonire aodepHue noHsatus: *Ci- uenu nponaykra, *C; - arpuOyThl
kauecTBa, +C3 - OrpaHUYEHUS BHELTHETO BUIA U CTPYKTYPBI IPOIYKTa.
C4 - CucremHble TpeOOBaHMS.
*C41 - Opranu3anusi CUICTEMHbIX TpeOOBaHUI;
*C42 - METPUKH Ka4E€CTBA CUCTEMHBIX TPEOOBAHUI;
+C43 - oOpaTHBIC TPeOOBAHUS.
Cs - HepyHkuuonajabHble TPeOOBAHMS.

*Csi - TpeboBaHMs K HOpoAykTy. JlaHHoe wuaeHTHdUUMpYIOLIEe MOHSITHE
SIBJIIETCS CEMAHTHUYECKUM KOHTEKCTOM BTOPOTO YPOBHSI KOHKPETU3AllUHU, BKIIOYAOIIEr0
cnenytomue nouepuue nmouatus: *Ci - TpeboBanus K dKcIuTyatanun, *Cs - TpeOOBaHUs K
s dextuBHOCTH, *C3 - TpeOOBaHMS K HaIeKHOCTH, +Cs - TpEOOBaHUS K MIEPEHOCUMOCTH,
*Cs - 00paboTka ommnbok, *Ce - nuHTEphEriCHbIE TPEOOBAHMSL.

*Cs2 - opraHu3aloHHble TpeboBaHus. JJaHHOE MIAEHTUPULIMpPYIOIIEe TTOHITHE
SIBJIIETCS CEMAHTHUYECKUM KOHTEKCTOM BTOPOTO YPOBHSI KOHKPETU3AllUHU, BKIIOYAOLIEr0
cienyomue gouepHue noHsTus: *C; - BeIxoJHble TpeOoBanus, +C; - TpeOoBaHUS Ha
peanuzanuio, *Cs - TpeOOBaHMS HA CTAHIAPTHI.

*Cs3 - BHelIHUe TpeboBaHus. J[aHHOE UIEHTUPUIUPYIOIIEE TOHATHE SIBIISIETCS
CEMaHTHYECKUM KOHTEKCTOM BTOPOTO YPOBHS ~KOHKpPETH3alluH, BKIIIOYAIOUIETO
cienyomue nouepaue nousatus: *Ci - tpeboBanus Ha B3aumojeiicraue, +Ca- aTHYECKUE
TpeboBanus, +Cs - opuauUecKre TpeOOBaHUS.

Cs - ATTecTanus TpedOBaAHUIA.

*Cée1- JOCTOBEPHOCTH;

+Cée2- HEIPOTUBOPEUUBOCTE;

*Ce3- HOIHOTA;

*Ce4- BBITIOJITHUMOCT.

C7 - YnpasJienue Tpe0oBaHUSIMM.
*C71- IUTaHUPOBAHKE YIIPABICHUS;
*C72 - ynpaBieHHE N3MCHCHUSIMU.
Hanpumep, nns omopnoro moustus Cs - «HedyHkunoHanabHble TpeGOBaHUS,
BbIpa)KEHUE 3HAHUS Oy/eT UMETh CJIETYIOLUI BU:

Cs <= *Cs1(*C1*Cr*C3+C*Cs*Ce) *Cs2 (FC1+C*C3)*Cs3 (FC1+Ca+C3); - (1)

BusyaibHO, MONTy4eHHOE BBIpaXEHWE 3HAHHUS OTOOpPaKaeTCs OPHUEHTHPOBAHHBIM
rpagoM, Kak TMPEJACTaBICHO HA PUCYHKE 2, B KOTOPOM 3aKpAIICHHBIC KPYKOUYKH
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0TOOpaXXaroT MOHATHS, UMEIONINE CBOMCTBO OOIIHOCTH, a HE 3aKpalllEHHBIC - UMEIOIINE
CBOMCTBO U3MEHYUBOCTHU.

€3]

000 ©® © @ ©® 00 O O

Puc. 2. I'pa¢ onopuoro nousitus Cs - «HepynkunonanbHble TpedGOBaAHU S

B Hammx wuccrnegoBaHMSIX TaKKe MPUMEHSETCS Xapakmepucmuieckas MoOeib,
MMEIOIasi AaHAJIOTUYHBIN CUHTAKCHUC M OTHOIIECHUS, HO MO3BOJISIONIas OTOOpaXKaTh CBS3b
OTMOPHOTO MOHATHS C XapaKTePUCTHKaMH, 3HAUYEHHUS KOTOPbIX IpPHHAJIEKAT
onpeziesieHHbIM TUnaM uHpopmaiuu [20].

Xapaxmepucmuka - pa3TuuuMO€ CYLIECTBEHHOE CBOMCTBO, a TAaKXK€ 3HAUMMBIM U
JOCTYIHBIN acCHeKT MOHATUSA. XapaKTEpUCTUKA, C TOYKU 3pPEHUs KOHLENTYalbHOTO
MOJENIUPOBAHUs, MPEACTABIsAET COOOU 6ajcHoe ceolicmeo, TMO3BOJIAIONIEE 0003HAYATH
CXOJICTBA U Pa3INUUs MEXKAY SK3EMIUISIpAMU OTIOPHOTO MOHSTHSL.

XapaKkTepuCTUKH HE3aMEHUMBI ITpU HOPMYINPOBAHUH KPATKOTO ONMCAHUSI CBOMCTB
MOHATHS U JUISl UACHTU(PUKAUU PA3INYNI MEXKIY IK3EMILIIPaAMU TTOHSATHSI.

[Mon xapaxmepucmuueckoti mooenvio Fm Oyaem moHuMaTh MOACIb C 0000IIIEeHuEM
XapaKTepUCTUK M W3MEHSEMbIX I[1apaMeTpoOB MOHATUSA, a TaKkKe JIOTMYECKUM
000CHOBAaHMEM KOMITIO3UIIUU U arperaiuy XapaKTepUCTHUK, /Ul crieuu(UKalUd BaXKHBIX
CBOMCTB MOHSTHS ¥ €r0 IK3EMILISPOB. B Xapakrepuctuueckoil Moaesu GUKCUPYIOTCS BCeE
CBOMCTBA, C OMOIIbIO KOTOPBIX PEAIU3YyeTCs] BO3MOKHOCTh KOH(PUIypallui 3HaHUEBBIX
KOMITOHEHT JIsl IOBTOPHOTO UCIIOJIb30BAHMSL.

Ha pucynke 3 nokaszana xapakrepuctuueckas Mojenb Fn noustus Ci.
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Puc. 3. Xapaxtepucruueckasi Mmoaeab nouatus Ci.

3necb MBI BuAuM, uro ToHATHE C; eCTh KOMIIO3HWIHS 00sS3aTeIbHBIX
KOHKpeTu3upyomux xapakrepuctuk fii u fiz, mpuuem xapakrepuctuxa fii umeer cpoit
YPOBEHb KOHKPETU3AllMHU, KaK KOMIIO3UIIUS TIOYEPHUX 00s3aTeNIbHBIX XapakTepucTuk fi u
f. Takum ob6pazom, sk3emiuisipamu MoHATHS Ci MOTYT OBITH JOITYCTUMBbIE HAOOPHI U3
clenyromux o0s3aTeNbHbIX Xapakrepuctuk: {fii, fi, f2, fi2}.

Creuudukanuio onopHoro noHsTus Ci XxapakTepUCTUUYECKON MOJIENbI0, HA30BEM
sblpadiceHuem cneyugukayuu, KOTopoe 0yJeT UMETh CIeNYIOIUNA BUI:

Ci <= *fu(*fi*fr) *fix; (2)

PaccmoTpuM mpumep XxapakTepUCTUYECKON Mojaenu onopuoco nouamus C -
"Vka3arenb Ha 00bEKT IporpaMMbl”, TeMbl "'YKa3aTelnb B 3bIKe mporpammupoBanus Cu'",
qucuuIuinHel "TexHoaorus nporpaMMUpoBaHus", YUTAEMO Ha IEPBOM Kypce CTyA€HTaM
CHenuaabHOCTH "BrruncnuTenbHas TEXHUKA U IPOrpaMMHOE oOecrieueHue".

W aeHTuUIHIp yIonMe TOHSTHSIMHA OHTOJIOTHH onopHOTo NoHATHs C sBisttorcst: Cy
- "Vkazarenpb Ha cTaTH4ecKuii 00beKT mporpammsel” u Cs - "YkazaTenb Ha TUHAMAYECKUM
00BEKT MPOrpaMMbl", YTO MOKHO MPEJICTABUTh CIEAYIOLIUM 8bipadiceHuem 3Hanus: C <=
+C1*Ca;

XapakTepucTuieckass MOJENb OMNOpPHOro TMOHATHUS "YKa3aTenb Ha OOBEKT
pOrpamMMBbl", OITUCHIBACTCS CIETYIONTUMHE XapaKTePUCTHKAMH:

- fi - 3HaueHue nepeMeHHON yKa3aTeJIIbHOIO TUIIA;

- £ - opsimoli  TOCTyN K 00BEKTY POTrpamMMBbl;

- f3 - KOCBEHHBIH JOCTYI K 00BEKTY IPOrPAMMBI;

- f4- onmepanuu Hax yka3aTensMu.
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Torpa BbIpakeHue crenuUKALUU XapaKTEepPUCTUUYECKOW Mojenu OyAeT HMETb
CHEAYIOUIUNA BUI;
C<=*f1+,*f3%f4; 3)

B Busie komno3unuu o0g3aTenbHbIX UISHTUUIUPYIOIINX XapakTepucTuk: fi, f3, fs,
U arperanyy HeoOsA3aTeNbHOM XapaKTepUCTHKU- .

Ha pucynke 4, noka3zaH xapakrepuctuueckuid rpad omopHoro mnoustus C -
"Vka3arenb Ha 0OBEKT MporpamMmmbl':

C

Puc. 4 - XapaxrepucTudeckuii rpag onopuoro nousstus C

Js maentudunupyromero mouatus Ci - "YkazaTenp Ha CTaTUYECKUHA OOBEKT
IPOTpaMMBID», ObLTH BBIJEIICHBI CIIEAYIONINE XapaKTePUCTUKU:

- fi1 - ynapHs1it onepatop '&';

- fi2. yHapHblii oneparop “*';

- fi3 - yka3zarenp Ha KOHCTAHTY;

- fi4 - KOHCTAHTHBIN yKa3aTeb.

Torma XapakTepUCTHYECKYI0 MOJENb HWACHTUGHUIHpYomero moHsTHs Ci -
"Vka3zarenb Ha CTaTMYECKUH OOBEKT MPOrpaMMbl’, MOXHO MPEJCTABUTH CJEIYIOIIUM
gvipadicenuem cneyupurayuu:

Ci1 <= *fir*fia izt 4)

Kak KoMmmno3uiuio oOs3artenbHbiX fi1, fi2, U arperanuio HeoOs3aTENbHBIX JOUYEPHHUX
xapakTepucTuk fi3 u fia.

Pe3rome

Takum o00pa3oM, B JIaHHOW CTaTbe pPACCMOTPEHO CHUCTEMHOE BHJICHUC
TPEXyPOBHEBOTO BBICIIIETO WH)XKCHEPHOTO OOpa30BaHMs, Ha MPHMEPE CIEIUATBHOCTH
«BprauciuTeNbHAas TEXHWKA W NPOrpaMMHOE obOecriedeHue». Takoe BHJICHUE
MIpeIIoiaracT 00sI3aTeIbHYIO MPEEMCTBEHHOCTh YICOHBIX TUTAHOB W IPOTPAMM MEXKIY
YPOBHSIMH, OIPEICICHHEe KOMIICTCHTHOCTHBIX MOJICICH BCEX YPOBHEH CHCTEMBI
WH)KEHEPHOTO 00pa3oBaHMs, W Ha WX 0a3e, OMpeNesieHHe HaydHO-00pa30BaTEIbHBIX U
y4€OHO-METOMIECKUX TPEHIOB.
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[IpencraBneno pemenue nmpodIeMbl epexoa Ha HOBYIO MH(GOPMAIMOHHYIO 0a3y
0oOyueHHusi, OCHOBAaHHYI0O Ha IIPOEKTHO-KOMIIETEHTHOCTHOM MapaaurMe OpraHu3aluu
3HAaHUH W OHTOJIOTMYECKOM  WHXUHUPHUHTE. [lepexon oOT TpaaMLMOHHOMU
nH(popMallMOHHOW 0a3bl 00y4eHHsS K MHXKEHEpPUM 3HAaHUN BCEX YPOBHEH CHCTEMBI
MHXEHEPHOro 00pa30oBaHUsl, IPEAINoJiaraeT BHEAPEHHUE WHHOBAIIMOHHBIX MoOJeel
0TOOpa)k€HUs! 3HAHUH, B OCHOBY MPOEKTUPOBAHUSI KOTOPBIX JOJIKEH MPUHAT MPOESKTHBIN
MeToJ 00ydeHusi, corsiacho nannuatuebl CDIO, u npencraBieHne Kaxjaoro U3 3TAroB
WHULMATUBBL, COOTBETCTBYIOLIEH KOMIIETEHTHOCTHON Mojenbio.  JlekiapaTHUBHBIE
3HAHMS, KaK OCHOBa KOMIIETEHTHOCTHOM Mozenu kaxjaoro u3 isranoB CDIO,
MPEJICTABIISAIOTCS HEOOXOAUMBIM U JJOCTaTOUYHBIM HAOOPOM OHTOJIOTU OMOPHBIX NOHITUN
CEMaHTHYECKOI0 KOHTEHTa 00pa30BaTEIbHBIX PECYPCOB.

PazpaGorannbiii  s3bIK  crienM(PUKANMK  3HAHWW  HAACNEH  JIOCTATOYHBIMU
BO3MOXHOCTSIMU I10 aHAJIU3Y CTPYKTYpbl HH(GOPMAIMU U PEIEBAHTHOMY OTOOPAKEHHUIO
CEMaHTHKU 00pa30BaTEIbHBIX PECYPCOB; MO3BOJISET YUYUTHIBATh CBOWCTBA OOIIHOCTH U
W3MEHUMBOCTH TMOHATUH, YTO JaeT BO3MOXKHOCTh KOH(UI'YypUpOBaThb 3HAHUEBBIC
KOMITOHEHTbI MHOTOKPATHOT'O MPUMEHEHHS], U UX MCIO0JIb30BAHUE JIJIsl KOHCTPYHPOBAHUS
y4eOHBIX AUCUUIUIMH U UHIUBUAYAIbHBIX 00pa30BaTEIbHBIX POTPaMM.

Hannast paGota BblnojHeHa npu noxanep:kke rpanta MOH PK (mpoext Ne AP
05134973 «UccnenoBanue W pa3paboTKa MOJENCH W METOAMKU TPEACTABICHUS U
OpraHu3alyy 3HaHUH ¢ IPUMEHEHUEM OHTOJIOIMYECKOT0 MOIX0/a, U MHCTPYMEHTAIbHBIX
CpeaCcTB  Smart-TeXHOJOTMH, MpH pealu3alud 00pa3oBaTeNbHBIX IPOrpaMM U
IIPOLIECCOBY).
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PACYET DQHEPTETHYECKOI'O BAJIAHCA IIVIOCKOTI'O
COJIHEYHOTI'O KOJUIEKTOPA B BBIGPAHHOM PET'MOHE

Kynen0aes M.M., MepemobaeB T., Opmanos T.A., UpxkanoBa A.A.

Hucmumym un@opmayuonHvix 1 bl4UCTUMETbHBIX MEXHOL02ULL
KH MOH PK
e-mail: murat7508@vyandex.kz, merembaevt@gmail.com, ormanov.talgat@bk.ru,
irzhanovaai(@gmail.com

Annomauusn. B oannoii pabome npouzeoouics pacuem sHepeemuueckoeo 6aianca
NJIOCKO20 COJHEUHO20 KOJIeKmopd. 3a nociedHee Oecsamuiiemue Yucio mooeneli OJis
NPOCHO3UPOBAHUSL CONHEYHO2O U3YYEHUs HA HAKIOHHBIX NOBEPXHOCMAX YEEeIUYUNOCD.
Omu mooenu NpuMeHsomcs 8 pazIUdHbIX 00aacmax 20e mpeoyemcs CHeyuarbHoe
usmepumenbHoe 000py008anus Ul oepanuderus. Ymoobvl navimu Hauboiee nOOX0OAUYIO
Mo0enb 0Nl OAHHO20 MECMONON0JNCEeHUsl, NPeOCKA3aHHble No4acosvie B8blX00bl NO
00CMYNHLIM ~ MOOENAM — CPABHUBAIOMCA € NONEBbIMU — UBMEPEHUAMU  OAHHO2O
Mmecmononodcenus. 1nasuulii  yenvlo O0AHHO20 UCCAEO008AHUS  AGNAEMCS  pacyem
UHMEHCUBHOCMU COTHEYHOU paouayuu HA NPUEMHOU NOBEPXHOCMU UMEHAemcs 8
WUPOKUX Npedenax 6 3asUCUMOCMU OM BblCOMbl CMOSAHUS COTHYA U Yeld NAOeHUs.
CONIHEUHBIX Jyuell, NPO3PAYHOCMU amMOocghepbl, GIANCHOCIU B030YXd, HUCHOMbL
NPO3PAYHOU 3aUUMbL

Knwoueevie cnoea: conneunas paouayusi, NIOCKUL COJNHEYHBIU  KOJIEKMOp,
UHMEHCUBHOCTb CONIHEYHOU pAouayull, IHepeemudecKull 6aiamc.

1. Beenenue

Pacryiee skonornyeckoe co3HaHHe 0OLIECTBA OTHOCUTENIBHO MOOOYHBIX AP (HEKTOB
OOBIYHOM OHEPIrur  SKCILTyaTalluu HCTOYHUKOB M HUX 0Oojlee BBICOKHX OEcH
3aCTaBJISIIOT HAC HUCII0JIb30BATh BO30OOHOBIISIEMbIE HCTOYHUKH 3HEprun. Bo3oOHOBIsIeMbIe
HUCTOYHUKH SHCPIUH AOCTYITHO ITOYTHU B HCOIPAHUYCHHOM KOJIMYCCTBE U IMOJIC3HAA (bopMa
SHEPTHMM MOXKET OBITh CO3/laHa W3 HUX NPHUMEHSS CICIHAIBHO pa3padOTaHHYIO
TEXHOJIOTUYECKYIO CUCTEMY.

I'moGanpHas conHeyHas pajuvalysg Ha METEOCTaHIMSAX OOBIYHO H3MEpseTcsl Ha
TFOPU30HTAJIBHBIX MOBEPXHOCTSX. TeM He MeHee, 4ToObl B MOJIHOM Mepe HCIOJIb30BaTh
COJIHEYHOE U3Jy4yeHHE Ha IOBEPXHOCTSAX KOJUIEKTOpa, OOBIYHbIE CTalllOHApHbIE
COJIHCYHBIC CUCTEMBI, KaK COJIHCYHBIC q)OTOBHeKTpI/I‘-ICCKI/Ie, TakK U IINIOCKHUE COJIHCYHBIC
KOJIJICKTOPBLI, MOHTHPYIOTCA Ha HAKJIOHHBIX ITOBCPXHOCTIX. C HCIoJb30BaHUEM
HECKOJIbKUX MOJeJIell 10YacoBO€ TI00albHOE COJIHEYHOE H3JIydeHUE Ha HAKJIOHHBIX
MTOBEPXHOCTAX MOXHO OLIEHUTH IO IJ100aIbHOM COJIHEYHOW paguanuu. Mojenu mMoryr
HCII0JIb30BAaThCS JUISl OLIEHKM KOMIIOHEHTOB I10YaCOBOTO TJI00AIbHOIO COJIHEYHOTO
U3JTy4YeHUs! Ha TOPU30HTAIBHBIX OBEPXHOCTAX (I MPSMOTO U PACCEIHHOTO U3JIy4EHHUs)

270



[II MexxayHapoiHast HaydHast KoH$epeHLUs
«MHbopMaTHKa U NpUKJIaAHas MaTeMaTUKay,
26-29 cenTs6ps 2018 r., Anmarsl, Kazaxcran

U HaAKJIOHHBIX MOBEpXHOCTEH (i mpsMoro, AU(@Y3HOro M OTPa)KEHHOTO OT 3EMIIU
u3nydeHus). IlockonbKy Ha MOJENU OLIEHKH CHUJIBHO BIIMSIET IIUPOTA MECTOIOJIOKEHHUS,
MMOMCK HauOoJiee TOYHOW MOJETH MJIsi KaXIOTO pPeruoHa sBisieTcs o0si3arenbHbIM. C
MOMOIIBI0 Pa3JIMYHbIX CTATUCTHUUECKUX HHAWKATOPOB TOYHAS MOJENb MOXKET ObITh
HalijlecHa IyTeM CpPaBHCHHUS HM3MEPEHHBIX 3HAYCHUN M OLECHOYHBIX 3Ha4YeHwil [1].
[TockonbKy 4YHCIIO MOJENed OLEHKH MHOT0, OOBIYHO MCCIEAOBATENN BBIOMPAIOT
HEKOTOPbIE MOJIENIH, KOTOPbIE ObLIIM HalIeHbI B IPEIBIIYILINX UCCIIEIOBAHUAX KaK TOUHbIE
MOJIENIU B PA3HBIX IIUPOTaX, OJU3KUX K UX PErHOHY HIMPOTA.

[Tagaromield Ha COJIHEYHBIN TEIUIOBOM KOJUJIEKTOP WM Ha (POTORIEKTPUUECKYIO
MaHeJb CUJIBHO BIUAET €€ YTOoJl yCTAHOBKHU M opueHTarus [2-4]. Haubonee s3ppexTuBHBIM
METOJIOM U CaMbIM [ICIIEBBIM pAcdyeTOM KOJMYECTBO COJIHEYHOM pajualuyd Ha
(OTOANEKTPUYECKOM MOJIyJIE, SBJSETCS HAX0K/IEHUE ONTHUMAJIBHOIO Yyrila HAaKJIOHA JJIs
MOJTYyYCHHUST MAaKCUMAIBLHOM COJTHEYHOU paauaruu [S].

Jlis pacy€ToB HHEPreTUYECKOro OajlaHCca CYLIECTBYIOT HECKOJIBKO MOJIENEH.
Anroputm ASHRAE npennaraet 6oJiee mpocToit METOA, KOTOPBIN IIUPOKO UCHOIb3YETCs
UHXEHEepaMU U apXUTEKTYpHbIX coobiects [6,7]. Monens Mamnepa u Mkbana Maxiep
n Hkban [8] m3ydanu oreHKy mo4yacoBoro auddy3Horo obOIydeHHUs OT TOYaCOBOM
rJ100aJbHOM COJIHEYHON M3JIyu€HHUE, U3MEPEHHOE Ha TOPU30HTAIBHBIX MOBEPXHOCTSX.
OHU pEeKOMEHI0BAJIM UCCIE0BATh IUAIa30Hbl COJIHEUYHOW BBICOTHI BhIme 40 ° C. OHM
ynyummin HeusMmensemble A, B u C (momenn ASHRAE), B koTopom ymyulieHue
HCCIIEIOBAaHUM COTHEYHOM pajuanuu 3a npeaplaymme aecsatumierus. Mozaens [apumBana
Parishwad et al. [9] ouenuBamu koncrantel Mozenu ASHRAE (A, B u C) ¢
UCIIOJIb30BAHUEM CTAaTUCTMYECKUX WHJUKATOPHBIM aHalu3 HW3MEPEHHBIX JIaHHBIX
COJIHEYHOM paJualyM IIECTH TOpOJ0B U3 pa3HbIX MecT B Muaun. Monens Hureponosa
nepecMmoTpel KoHcTaHThl Moaenu ASHRAE, ncnonb3ys KOMIIBIOTEPHYIO IPOTrpamMMy ISt
IIPOrHO3UPOBAHUS [10YACOBAs U JHEBHAsI I1100abHAas COIHEYHas paauanus B borcBane Ha
OCHOBE 3apETUCTPUPOBAHHBIX KOMIIOHEHTOB COJTHEYHOU paauanuu B borceane, Hamubumn
u B 3umbaose [10].

Korzaa conHe4HbIi CBET MPOXOIUT Yepe3 3eMHYIO0 aTMoc(epy, HEKOTOpbIe U3 HHX,
Ha3bIBa€MbI€ JIy4OM U3JIy4EHUS, YIAPSIOTCS O 3eMHYIO IIOBEPXHOCTh, Opocasi OCTpble TEHU
[11]. IIpsmoe HOpManbHOE H3IY4YEHHE HA TOPU3OHTAIBHBIX IOBEPXHOCTSAX MOKHO
U3MEpUTH C MIOMOIIbI0O UHCTPYMEHTA, Ha3blBaeMOro nupreauomerp. bonee Toro, mpsmoe
HOPMaJIBHOE HM3Ty4e€HHE MOKHO OIEHHUTh MO YHCIy TakuX Kak: mojenb Iltuuer [12],
METSTAT [13], moxens Snra [14], REST2 [15] u Ineichen monens [16].

2. MeToabl McCJIeA0BAHUA

st pacdera 3HEPreTHYECKOTO OanaHca COJIHEYHOTO KOJUIEKTOpa HEO0OXO0IUMO,
MpeXJAe BCEro, MMETh JIaHHBIE, XapaKTePU3YIOIHE WHTEHCUBHOCTh HANPABICHHOW M
paccestHHOM COJTHEYHOM pajualivu, MaIaloniel Ha MPO3pAvyHYI0 MOBEPXHOCTh PUEMHUKA.
NHTEHCUBHOCTh COJIHEUHOW paJvallid Ha MPUEMHON TIOBEPXHOCTH HU3MEHSAETCS B
IIUPOKUX TMpeJenax B 3aBUCUMOCTA OT BBICOTHI CTOSIHHMSI COJHIIA M yIyla TaJCHHS
COJIHEUHBIX JIy4eil, MpO3payHOCTH aTMOC(Ephl, BIWKHOCTU BO3[yXa, YHUCTOTHI
MPO3pavyHoOM 3ammuTHI [6, 7].
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[Tpn Hamuuu 00IaYHOCTH, €CIIM OHA HE CIUIONIHAS, TIEPEMEIIAIOIIAsCs, YCTAHOBKA
TO 3aTEHsETCs, W TOrJa Ha Hee MajaeT TOJBbKO paccesHHas COJIHeYHas paauanus, TO
o0iry4gaeTcsi, TOr/1a He HETro MaJaeT COJHeYHas Payalys BCeX BHJIOB.

Takyro  mepuoguuecku  OciHaOiIIeMyI0  COJIHEUHYIO  pajdaluio  MOXHO
paccMaTpuBaTh, KaK pABHOMEPHYIO, HO YMEHBIICHHYIO ITPOMTOPIIHOHAIBHO 00IaYHOCTH, U
o0Iee KONMYECTBO paIMaINM, MAJalouled U IOTJIOIEHHOW JITy4eBOCIPHUHUMAIOIIEH
MTOBEPXHOCTHIO YCTAHOBKU 3a BpeMsi dt Oyzer:

10— 10— 10—
—nElgldr + T”Ezsldr +E.gdt + OI—OnE4gldT + %Eggld‘r + Egldr, =

(1)
E, (¢,0',nomp,s,U,7:))dr

rae n — o0NaYHOCTh B Oa/ax, €1, £, £ — UHTErPAIbHbIE KOY(QOHUIMEHTHI MOTJIOMIEHUS

IPUEMHOM TIOBEPXHOCTH YCTAHOBKU (€1 — COJHEYHBIH, & — 3€MHOH, &, & —
atMocdepHbIil paauanun); U — yopyrocTs BOJSHBIX 1apOB; @ — BIAXKHOCTb BO3AYXa; Norp
— Kod(huIMEHT OTpakeHUsT 3eMHOW MOBEPXHOCTH; Ei — HWHTEHCHBHOCTH MPSMOU
COJIHEUHOM paauanuu; E; — MHTEHCHBHOCTD NIPSIMOM COJIHEYHOM paJnalvy, OTPaKEHHOU
OT 3eMHOM NoBepxHOCTH, E3 — cOOCTBEHHOE M3ITyYeHHE €IMHUIBI 3€MHOM OBEPXHOCTH;
E4 — paccesHHas paguaius; B4 — paccesiHHas colHeuHas paguanus obnaunoro He6a; Bs —
MHTErpajibHOE aTMoc(hepHOe H3IydYeHHE B HANpaBICHUM 3€MHOM MOBepXHOCTH; Qo —
«COJIHEYHAas! IOCTOSTHHAS.

3. Pe3yabTarbl

3eMHO€ U3Iy4eHHE MOXKHO CUMUTATh JIOCTATOYHO UEPHBIM M MOACYUTATh II0
dbopmyre:

E;=C: To', Br/M*u (2)

rae To — TeMnepaTypa OKpyXarollero Bo3ayxa.

CpenHee 3Haue€HUWE HMHTEHCUBHOCTH PpACCESIHHOM paJualluy, €ClIM MpeHeOpedb
3aBUCHUMOCTBIO €€ OT JPYrux (pakTopoB, KpOME BBICOTHI COJIHLIA

Es=704/sinB, Br/m*u (3)
MHTEHCHBHOCTh PACCEssHHON pajgualuu o6IauHoro HeGa 3aBMCUT OT XapakTepa

obmayHoctu. [Ipu pacuerax mMoryt OBITh HCIOJB30BAHBI IKCIIEPUMEHTAIBHBIC JTAHHBIE
[20] umu mpubIMKEHHBIE 3HAYCHUS ITUX TAHHBIX

E4 =90n'"?sin B, Br/m? 4 (4)
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@®opmyna OurcTpema JUisi HMHTETPAIBHOTO  aTMOC(HEPHOTO H3IIYYCHHS B
HaIpaBJIEHUU 36MHOU MOBEPXHOCTH

Es = C: To*(0,75-0,32 - 109U E;= QP™, Br/m?u (5)

[To ¢opmyne byrepa WHTEHCHBHOCTh NPSIMOM COJICHUHOW pamuaiuu, rae P —
ko3 urment npospagyHoctu atMmocheps! st Hu3MeHHocteir CHI™ MokeT ObITh PUHST
paBHbIM 0,75.

Ei = QoP™, (6)

Tabauua 1. T'ogmoBoe m3MeHenne KkKo3¢(duUIHEHTa NPO3PAYHOCTH aTMOc(epbl H
00J1a4HOCTH B Dasnax

Mecsupr | 1 2 3 4 5 6 7 8 9 10 11 12
P 0,82 (0,82 | 0,81 | 0,81 | 0,80 | 0,80 | 0,79 | 0,79 | 0,80 | 0,81 | 0,82 | 0,82
n 49 147 |7,8 |98 |12,3 13,1 |13,1 12989 |7,0 |74 |5,6

Maccy armocdeps! (m) MOXKHO MOJICYUTATh IO U3BECTHBIM (OPMYIIaMm:

H i ) H T
m=——3 =215 —tg(= —B), (7)
H, 5836"cosp H, 2

rae j —pedpaxuus, H — naBnenue u To—TeMneparypa Ha MECTe U3MEPEHUS.

Ecnu nonoxurs Ha yposHe 3emin H= Ho =760 mm. pT. cTonba, To

Qo =1,9 Br/em*mun; Ei = 1140 — 0,752—?0 (8)
T,sin p

Ecnm noBepXHOCTh, BONPHMHUMAIOIIAS COJIHEUHYIO pPaJMALUIO, PpaCIIOJIOXKEHa
MEPIEHIUKYISIPHO HAIIPABICHUIO COJHEYHBIX JIy4€d, TO HHTEHCHUBHOCTH COJIHEYHOMN
paguanuu Ei, magaroniee Ha 3Ty NMOBEPXHOCTh, ONPENENseTCsl MpoeKuuen Bekropa Ej
HOpPMaJib K JAHHOM MOBEPXHOCTH U MOKET OBITh BBIYUCIIEHA IO (popmyiie

Enai=E 1 k,! cosi+E,,, 9)
WITH

Enaz = 1140 — 0,75 — 280 : (10)
T, sin Bk, cosi+E
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r€é COS 1 —KOCHMHYC YIja MEXAy HaIpaBlICHUEM Jy4a U HOPMAlbl0 U MpPsIMON
MTOBEPXHOCTH;

kpx™ — KOA(POUIMEHT BXOXKACHUA IPO3PAYHOIO IEPEKPHITUS HOPMAIbHO
NaJAI0UINM JTy4aM;

& — OTHOCUTENBHBIN KO3()PUIIMEHT MPO3PAYHOTO NEPEKPHITUS HAKIIOHHO MaJAI0IIIM
Jy4yaM, XapaKT€pU3yeT YMEHbIIEHUE KOJMYECTBA IPONMYCKAEMbIX CTEKIOM JIyudeH,
BCJIE/ICTUE YBEIMYEHUSI JUIMHBI IIyTH JIyda B TOJIUHE MPO3PAUYHOrO MEPEKPHITUS.

3HaueHusi BBICOT CTOSIHUS COJHIA Ul JHOOOW IIMPOTHI, BPEMEHU roja, JHA U
OpHEHTAIH IPUEMHON MTOBEPXHOCTH MOKHO HaTH 1o hopmye:

Sin B = cos 6 cos @ cos y + sin @ sin o (11)

rae ¢ — reorpaduueckas MHUPOTa MECTHOCTH, T'Pal.,

O — CKJIOHEHHE COJIHIIA, TPpas.,

Y — 4acoBO# yroJi, rpaja (4uciao 4acoB, OTCUUTHIBAEMOE OT TOJIYAHS U YMHOKCHHOE
Ha 15).

Benuuunna ckinonenus conHa o Ha 21 9uciio KaX10ro Mecsiiia IpuBeieHa B TabIuIe

2.

Taoauna 2. BeimuuHa CKJIOHEHHMS COJTHIIA 0 HA 21 YHCJI0 KAXKI0Tr0 Mecsaa
Mecsiig ) Mecsiig ) Mecsiig )
SuBapb —19°51 Maii +20°09 CeHTs0pb +0°48
depaiib —10°38 Wionn +23°27 OxTs10pb -10°38
Maprt -0°09 Uronb +20°32 Hos6pn -19°53
Anpenb + 11°47 Asrycr +12°12 JekaOpb —23°27

B ypaBuenun (10), onpexnensitonieM MHTEHCUBHOCTh MOTOKA MPSIMOW COJIHEYHOU
paauanuy, najaromnie Ha IPUEeMHYIO IOBEPXHOCTh, TpeOyeOcs: yCTaHOBUTD YIJIbI MaICHUS
COJIHEUHBIX JIyded (1) MpH pa3iIMuHbIX OPUEHTALUSAX YCTAaHOBKM B OTHOLIEHHM CTpaH
CBETa.

OTOT yroja BBIYMCISETCS Ui BCEX MOMEHTOB 1o (opmynaM chepuueckoit
TPUTOHOMETPHUH U3 MAPATAKTUYECKOTO TPEYroabHUKa Ha HeOecHOH cdepe.

JUJig HAIlIMX pacyeToB BOCIOJIB3YEMCS CIeYIOIIUMH YPAaBHEHUSIMHU, IPUBEICHHBIMU
[6,7].

cos 1", = (cos 0 cos @ cos Y + sin @ sin d) cos A +

(cos 0 sin @ cos Y — cos ¢ sin ) sin A; (12)
oS 1"03,0-n = (€COS O €COS ( cOs y + sin ¢ sin 8) cos A +

0,707 (cos & sin ¢ cos y — sindsin@-+cos 0 siny) sin A;
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A — yrosi HaKJIOHa YCTaHOBKHU K TOPU30HTY.

B stuX ¢opmynax BepxHHME HHAEKCHl IPHU COS 1 MOKa3bIBAIOT PACIOJIOKEHUE
YCTaHOBKM: H — HakjJOHHOe. HukHMe MHIEKCHl MOKa3bIBAIOT OPUEHTAIUIO 110 CTpaHam
CBETA: /0 — 10T, 10-3— For—3amaJ.

[Ipu cpeanem 3nauenun jerko P=0,33 u To=300 K Beruuciauts, moas3ysch (9),
3HaueHus: Ey (HakinoHHbIX) U E; (FOpU30HTANBHBIX) HNPUEMHBIX MOBEPXHOCTHEH ISt
JIETHUX U OCEHHUX YCIIOBUH, KaK (PyHKIUI OT BBICOTHI COJIHIIA, onpeaensemoit us (11).

3nauenus Ey v Er U1 1€THUX ¥ OCEHHUX YCIOBHI NpUBEAEHBI B Tabaue 3.

Taonuua 3. 3navyenuss E, u E; 1151 JeTHUX ¥ OCEHHUX YCJOBMii B 3aBHCHMOCTH OT
BBICOTHI COJIHIIA

Bricora comaiia 1 3 5 10 20 30 60 90
Jlero E, | 54,5 148 226 372 550 654 786 815
E. | 095 7,7 19,7 64,5 188 326 681 815

Ocenn E, | 573 158 243 398 588 699 840 870
E. | 1,00 8,2 21,2 69,0 201 349 726 870

E, —maparoriee coiHeUHOE M3TyYCHHUE /TSI HAKIIOHHBIX TIOBEPXHOCTEH;

E.— nmaparoree coiHEUHOE M3TydEHUE I TOPU3OHTAIBHBIX TTIOBEPXHOCTEH.

KaK BUIHO U3 Ta6J'II/IHI>I, HpI/I 60J'II)HII/IX BBICOTAX COJIHIIA THTCHCUBHOCTH COHHC‘IHOfI
paﬂnaunn MaJIO0 3aBHCUT OT BBICOTBHI COJIHIIA, TOrJa KakK HpI/I MaJIbIX BBICOTAX COJIHIIA
HE00JIBIIIOE U3MEHEHUE BBICOTHI COJTHIIA COITPOBOKAACTCSI OYEHB OOJIBIIINM YMEHBIIICHUEM
COJIHEYHOU paJialvu.

Puc.1 VHTEeHCUBHOCTDH COJTHEYHOI paguaunu, KOTOPasi A0CTUTAET BEPTUKAIbHOM
noBepxHocTu cTeHku (s = 900) 1151 BocTouHoi opuentauuu ¥ = 00
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B

il

2

il

)

&

t [days]

T BO ) L]

Puc.2 UHTEHCMBHOCTH COTHEYHOI pagualiuu, KOTOpPasi T0CTUTaeT BePTUKATbHOI
noBepxHocTu crenku (s = 900) 151 BocTouHoi opuentanuu ¥ =+ 900

ToE

Il

I

al
&

-]

tldays]

Puc.3. UHTEHCHBHOCTH COJIHEYHOW PaiMallMH, KOTOPAsi JOCTUIAeT BEPTHKAIbLHOI
noBepxHocTu creHku (s = 900) 1151 BocTounoii opuentanuu ¥ = -800

3akjoueHmne

Jis  pacdera »HEPreTHYECKOro OallaHCa IIIOCKOTO COJIHEYHOTO KOJUIEKTOpa
HEOOXOMMO, TIPEKJE BCETO, HMETh [aHHbBIE, XapaKTepU3YIOIINE WHTEHCHBHOCTH

HANpaBJICHHOW W PACCESHHOW COJHEYHOM paaualuy, NaJalllell Ha MPO3padyHyro

MOBEepXHOCTh Koyuiektopa. Ilo amroputmy ASHRAE paccumtana HMHTEHCHBHOCTH
COJTHEYHOW paaualvy Ha MPHEMHOW TOBEPXHOCTH, MOKAa3aHO, YTO OHA M3MEHSETCS B
IIUPOKHUX TpeNeNax B 3aBHCUMOCTH OT BBICOTHI CTOSHHMS COJIHIIA M YIJIa TaJeHUS

COJTHEUHBIX JIy4el BeTMYMHA CKIIOHEHUS COJIHIA O B AJIMaTHHCKOM o0nactu PecryOnuku

Kazaxcran.
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HNPUMEHEHUME 'EONH®OPMALMOHHBIX CUCTEM JJIA
PEHIEHUS 3AJAY OHIEHKW HABOJJHEHNUA

MasakoB T.)K., 3uaréexoBa I'.3.

Hucmumym un@opmayuonHvIx 1 blYUCTUMETbHBIX MEXHOL02ULL
KH MOH PK, Kazaxcman
e-mail: ziyatbekova@mail.ru

Annomayun. Paboma nocseawena axmyanvHou npodieme O NpUMEHEHUU
eeoungopmayuonnvix cucmem. Koukpemuo paccmampueaemcs MOHUMOPUHZS VPOBHS
800bl 8 6000eMax Ons npedomepaujeHusi HagoOHeHuu. I[Iposeden 0030p no OaHHOU
memamuxe, paccMoOmpenvl paziuyHble NPUYUHLL, NPUBOOSWUE K A8APUAM HA O0AMOAX.
IIpusedennvie paznuynvie npumMepsbl NOKA3bIBAION, YMO CAMbIM ONMUMATbHBIM CHOCOOOM
npeoomepaujenus npopuléa UOPOMEXHUYECKUX COOPYICEHULl ABNAemcs NOCMOAHHbLU
A8MOMAMUZUPOBAHHBII MOHUMOPUHE YPOBHSL 800bl. [laHnas ungopmayus 6 nocieocmsuu
UCnoab3yemcst 0Jisk NPOSHO3UPOBAHUS ABAPULHOU CUMYAYUU.

HecmoTps Ha mpuHUMaeMble Mepbl, Tpo0ieMa IPOrHO3UPOBAHUS M MOAECTUPOBAHUS
MPUPOJHBIX U TEXHOTEHHBIX KaTacTpo( B HACTOALIEE BpPEeMs SABJIAETCS OJHOM M3 CaMbIX
BAKHBIX M AaKTyaJbHbIX. B YacTHOCTH, OIIACHOCTh BO3HHUKHOBEHHUS YPE3BBIYAWHBIX
CUTYyalluil, CBS3aHHBIX C 3aTOIUICHUEM TEPPUTOPUM, OCTAETCA OYEHb BBICOKOM,
MIPOJIOJIKACT YBEJIMYMBATHCS KOJIMYECTBO MOCTPATABIIMX M 3KOHOMHUYECKHH yiepO oT
HaBOJHEHUN. M3 CTUXUIHBIX NpUPOHBIX OeICTBUM HAaBOAHEHUs (3aTOIJIEHHME BOJOU
MECTHOCTH M HACEJIEHHbIX IIYHKTOB) 110 IOBTOPSAEMOCTH SIBJICHUS, IUJIOUIaAU
pacnpoCTpaHeHUss U €XEroJHOMY MaTepHaJIbHOMY YIIepOy 3aHHMaloT IEPBOE MECTO.
Bonee Toro, B mocneaHue roAsl B MUpe OTMEYaeTCs pPOCT YUCIIa U MaclliTaboB HABOIHEHUI
U CBSI3aHHBIX C HUMHU COLMAJBHBIX M DKOHOMHYECKUX IOTepb. B HacTosmee Bpems
HABOJIHEHUS KaK CTUXUIHOE Oe/ICTBUE HE MOTYT OBITh LIEJMKOM MPEAOTBPAILEHbI BE3/IE U
BCIOJy, KX MOJHO TOJBKO OCJIa0UTh, JIOKAIW30BaTb U TMPU CBOEBPEMEHHOM
MPENYNPEXICHUN CBETH K MUHUMYMY MaTepUallbHbIN yliepo.

OcHOBHBIMU MeTOJlaMU OOpbObI C HABOJAHEHUSIMU SIBJISIIOTCS OCYILLECTBJICHHE
KOMIUIEKCA MEp IO NPEIOTBPALICHUI0 WM CMSITYECHHUIO IOCIEACTBUNA HABOJHEHUHN
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(CTpPOUTENBCTBO T'MIPOTEXHUUECKUX COOPYKEHUU MO PErylMpOBaHUIO CTOKA, CO3/aHUE
OrpaJuTeNbHBIX JaMO W T.A4.) U CBOEBPEMEHHOE OINOBEUICHHE O BO3MOXKHOCTH U
Macimitabax HaBoAHeHHWs. JliIs ynmpaBieHHS JEHCTBUAMH IO TIPEIOTBPAIICHUIO
HEXEJIATeIIbHOTO Pa3BUTHS COOBITUA M TPEOJOJICHUIO TIOCIEICTBUM HABOTHEHUMN
HE00X0IMMO TIpUBJICYEHHE OOJBIINX 00BEMOB PA3HOPOAHBIX JAHHBIX, MOCTYMAIOIINX U3
pa3NMYHBIX HMCTOYHUKOB (Kaprorpaduyeckas, a’dpOKOCMHYECKas, THUIPOJIOTHYECKas
uH(popmalus), orneparuBHasi 00paboTKa U aHaIu3 3TOH MHPOPMALMH, U TPEICTABICHUE
ee B BHJIEe, 00ECTICUNBAIONIEM IPUHATHE PEIICHUI B OTPAHUYCHHBIX BPEMEHHBIX paMKax.

Ha coBpemeHHOM »JTame pa3BHTHE NPOTPAMMHO-MATEMAaTHYECKUX CPEJICTB U
MHQOPMAIIMOHHBIX ~TEXHOJOTHM cOopa, oO0paOOTKH, aHamM3a W OTOOPAKCHHS
MPOCTPAHCTBEHHBIX TAaHHBIX CO3AACT MPEAIOCHUIKH ISl CO3/IaHUS HOBBIX TEXHOJIOTHUH TIO
MIPOrHO3UPOBAHUIO U OLEHKE MAacIliTa0OB HABOJAHEHUM, ONPEAEICHUIO 30H 3aTOIUICHUS
IUIE  CBOEBPEMEHHOTO  TPOBEICHHUS  KOMIUIEKCA  HEOTJIOKHBIX  MEPOTPHUSTHIH,
HaIpaBJICHHBIX HA CHW)KEHUE OMACHOCTH HABOJHEHWH M YMEHBIICHHWE HETaTWBHOTO X
BO3/ICHICTBUS HA YCIIOBUS MTPOKUBAHUS HACEIICHUS U (PYHKIIMOHUPOBAHUE XO3SIHCTBEHHBIX
0o0bekTOoB. B Hactosiee Bpemsi 6€3 CpeACTB aBTOMATHU3AaIlMUd HE JIOCTHYh BBICOKOTO
KayecTBa M CKOPOCTH BBINOJHEHUS pabdOT MO MOJEIMPOBAHHMIO M IMPOTHO3UPOBAHUIO
MIPUPOTHBIX TIPOIIECCOB U SIBJICHUH, a TAK)KE CBA3aHHBIX C HUIMH YPE3BBIYAHBIX CUTYAIIHH.
B cBsi3u ¢ pa3zBuTHeM MHOOPMAIIMOHHBIX TEXHOJIOTUH HACTYIWIJI TEPHOJ, KOTa HYKHO
pemaTh KOMIUIEKCHBIE 3a/]aui 110 YIPABICHUIO TOJIOBOABSIMH U MTaBOJIKAMH ISl 3aI[UTHI
HACeNeHUsT W OOBEKTOB ASKOHOMUKH OT HABOJHEHUH C HMHTErpalueld pa3sHOPOIHBIX
MH(POPMAIMOHHBIX PECYPCOB U3 PA3IMYHBIX HCTOYHUKOB Ha OCHOBE OOIIET0, CHCTEMHOTO
npuHIuNa. MpeanbHO OTBEUalOT TakOH MOTPEOHOCTH TeOMH(OPMAIMOHHBIE CHCTEMBI
('C). TUC, ¢ ogHOM CTOPOHBI, POACTBEHHBI CHCTEMaM YIpaBJeHUs 0azaMH JTaHHBIX
(CYBI), a c¢ ogpyrot - rpadudyecKuM IaKeTaMm, TMPEeXKIe BCEro CHUCTEMaM
aBTomMarusupoBaHHoro npoektupoanus (CAIIP). OHu 1mo3BossitoT NpuUBSA3BIBATH 0a3bl
TaHHBIX K rpaduyeckuM 00BEKTaM, TO €CTh JaHHBIE K MPOCTPAHCTBEHHOMY MOJIOKEHUIO
00BEKTOB. A 3a7auyu, CBSA3aHHbIE C IMPOTHO3UPOBAHUEM U OIEHKOM IOCIIEICTBUMN
Ype3BbIUYAHBIX CHUTYyallli, TpeOyloT uMeHHO Takoro nojxona [Jackson, etal., 1980].
Muorue I['MIC-anamutuku yrBepxkaawT, 4to 10 80% wuHPOpManMM, CBSI3aHHOW C
NeSITEIbHOCTBIO YEJIOBEKA, UMEET MPOCTPAHCTBEHHOE paclpe/ieieHUe U, CI€0BATEIbHO,
nexut B obmactu komrereHuu ['UC [ Janunenko, 2006].

I'MC-TexHOIOTHU Pa3BUBAIOTCS JOBOJIGHO JIaBHO, HAKOILJICH 3HAYUTEIBHBIN OIBIT
uxX wucnoip3oBaHua. OJHAKO BIUIOTH JO CpPaBHUTEIBHO HEIABHETO BPEMEHH HX
npUMeHeHHe OBUIO BO3MOXHO JIMIIb Ha OCHOBE MOIIHBIX M jgoporux OBM.
CoBeplIeHCTBOBAaHHE BBIYMCIUTEIIEHOW TEXHUKH TPHBEIO K TOMY, 4YTO Bce Ooiee
mupokue BO3MOKHOCTH ['MIC-TeXHOJIOTHII CTAHOBSITCSI JTOCTYITHBI TI0JIb30BATEIISIM
OOBIYHBIX MTEPCOHATBHBIX KOMITHIOTEPOB.

B TtonkoBoM crnoBape mo reouHpopmaruke mnoja penakuuvein A.M.bepnsHTa U
A.B.Komkapera  mano cnenmytomee  ompeaenenue [HUC.  «['eorpaduueckas
nHpopmanronHas cucrema (geographic(al) information system, GIS, spatial information
system) - cuH. reomHpopmarmonHas cucrema, ['MC - wmndopmanmonHas cucrema,
ofOecneunBaromasi  c6bop, XxpaHeHue, o0OpabOTKy, JOCTyN, OTOOpaxxeHHe U
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cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

pacrpocTpaHeHue MPOCTPaHCTBEHHO-KOOPAWHUPOBAHHBIX JaHHBIX (TIPOCTPAHCTBEHHBIX
nanHbIX). [YC conepKuT 1aHHbIE O IPOCTPAHCTBEHHBIX 00BEKTaxX B popMe UxX HU(PPOBBIX
NpEJCTaBICHUN (BEKTOPHBIX, PACTPOBBIX, KBAaJIPOTOMHYECKMX MW WHBIX), BKIIOYACT
COOTBETCTBYIOIIMI 3amadaM Ha00p (QYHKIIMOHAIBHBIX BO3MOYKHOCTEH, B KOTOPBIX
peanu3yroTcss  Omepalud  TeOMH(POPMAIMOHHBIX  TEXHOJOTHH,  TOJIECPKUBACTCS
MIPOTPaMMHBIM, amIapaTHeIM, HH)OPMAITMOHHBIM, HOPMAaTHBHO-TIPABOBBIM, KaJIpOBBIM U
OpraHU3aIMOHHBIM oOecIieueHHEM. [bepnsnT, Komkapes, 1997;
I'eonndopmaruka.,1999].

A.B.Komkapes gaer u takoe onpenenenue ['C: 3Tto «annmapaTHo-porpaMMHBbIi
YeJI0BEKO-MAaIllMHHBIM KOMIUIEKC, obecriednBaronivii coop, 06paboTKy, oToOpakeHue U
pacrpocTpaHeHe MPOCTPaHCTBEHHO-KOOPANHUPOBAHHBIX JTAHHBIX, HHTETPAIMIO JAHHBIX
Y 3HAHHUH O TEPPUTOPHH ISl UX SPPEKTHBHOTO UCIIOIH30BaHUS TP PEIICHUN HAYYHBIX U
NPUKIAJHBIX Teorpaduveckux 3a7ad, CBS3aHHBIX C HWHBEHTapH3alWeH, aHaIU30M,
MOJICTUPOBAHUEM, TPOTHO3UPOBAHMEM U YIIPABICHUEM OKPYKaIOUIeH cpemoi u
TeppUTOpUaATIbHON opranusaiueit oomectsay [Komxkapes, 1990].

Ompenenenne B.C.TuxkynoBa 3Byuut creayomum obpazom: «'MC — 5310
WHTEPAKTHUBHBIE CHCTEMBI, CIIOCOOHBIC PEeaT30BaTh COOpP, CHCTEMAaTH3AINI0, XpaHEHHE,
00paboTKy, OIICHKY, OTOOpa)XEHHE M pPaCHpOCTpPaHCHHE ITAaHHBIX M KaK CPEICTBO
MOJTyYCHHUSI Ha UX OCHOBE IMOBOW MH(GOPMAIIMU ¥ 3HAHUH O MPOCTPAaHCTBEHHO-BPEMEHHBIX
sBieHnsIX» COBpPEeMEHHBIE CPEICTBA MCCIIEAOBAHMS CHCTEMBI «OOIIECTBO - MPUPOIHAS
cpena» [Tukynos, 1989].

B nureparype MoxHO BeTpeTuTh cienywoomue onpenenenus [UC: 310
«pealn30BaHHOE C MOMOIIbBI0 aBTOMAaTH4ecKux cpencts (OBM) xpaHwiuie CUCTEMbI
3HaHUH O TEPPUTOPHAIHHOM ACTEKTE B3aMMOICHCTBHUS MPUPOJBI U OOIIECTBA, a TAKXKe
IpPOrpaMMHOTO  OOecredeHusi,  MoJenupyromero  (QyHKIMHM  TOMCKa,  BBOJA,
Mo enupoBanus u 1p.» [ Tpodumos, [lanacrok, 1984].

I'MC nmpemnazHadeHBl Ui pEUICHHWS HAYYHBIX M TNPUKIATHBIX — 3a1ad
WHBEHTAPHU3AIMH, aHAJIN3a, OICHKH, MPOTHO3a M YIPABJICHUS OKpPYXKAIOMIEeH Cpenou u
TeppuTOpUaibHOM  opraHuzanueil  obmectBa.  OcHoBy ITMC  cocraBisitoT
aBTOMATH3UPOBAHHBIE KapTOrpauyeckue CHCTEMBI, a TJaBHBIMH HCTOYHUKAMHU
MHGOpPMAIIMU CITY)KAT pa3InYHble Teon300paeHus». | eonH(popMaiOHHbIE CHCTEMBI -
SIBJICHHE HOBOE, XOTSI COOP MPOCTPAHCTBEHHBIX JAHHBIX 3aHATHE CTOJIb )K€ CTapoe, Kak H
3aHsTHE KapTorpadueid. MOXXKHO CKa3aTh, YTO KaKIBIM aTiiac MpPEICTaBIsIeT cOO0M OHY
u3 popm I'MC, T.K. comepkUT B ceOe MHOMXKECTBO Pa3HOOOPA3HBIX JAHHBIX M3 Pa3HbIX
HUCTOYHHUKOB. B 50-e roapl mponuioro Beka BO3HHMKJIA IMPAKTUYECKAsT BO3MOYKHOCTh
co3ganust 3¢pdexkruBHbix ['MC Onaronmapst nosiBaenutro OBM. Bueapenue OBM B
MTOBCEHEBHYIO MIPAKTUKY ITO3BOJIWIO YCKOPUTD U c/ieTaTh Oosiee rTHOKUM Impoliece coopa,
OTOOpaKeHUS ¥ aHajW3a JIaHHBIX, a TakkKe O00eCleYnsio CO3[JaHHe CPEICTB
aBToMatuueckoro kaprorpaduposanus [Coppock, Anderson, 1987].

Cuuraercs, uro nepBas peanbHo padotaromas ['MC nmosunace B Kanage (KI'UC)
6onee 50 ner Hazan, B Hayane 1960-x ronoB. Orta kpynHomacirabHas ['MC pa3BuBaetcs
U ToAJepXuBaeTcss W B Hacrosimee Bpems. OHa crama pe3yapTaToM OCO3HAaHHOU
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MOTPeOHOCTH, KOrJa TIOJIUTUYECKUE JEeSATEeNM IOHSUIM €€ CIHOCOOHOCTh CBSI3bIBATh
pas3nuuHble BHUAbI HMH(QOpPMAMKM W OCO3HAIM MEUIMTEIBHOCTh PY4YHOH OOpabOTKH.
Haznauenue I' IC Kanaapl cOCTOSIIO B aHAJIM3€ MHOTOYHCIICHHBIX JaHHBIX, HAKOILUIEHHEBIX
Kananckoit cmyx60ii 3emenbHoro yuera (Canada Land nventory), koTopsie Obl
UCIIOJIb30BAJIUCh TpHU pa3paboTKe IUIAHOB 3€MJIEyCTpOMcTBa OOJIBIIMX IJIOLIAAEH
cenbxo3Ha3zHaueHus [ Tpudonosa u mp., 2005].

CymiecTByeT W albTepHATHMBHAs BEpPCHSA, COTJIACHO KOTOPOM, CIIEAbI TEPBOI
reonH(OpPMALIMOHHONW CUCTEMBI TepstoTcsl B Henpax MunucrepcrBa o6oponsl CIIA,
COTpYIHHMKH KOoTOporo ucmois3oBaiu [MC mist TouHocTH momagaHusi pakeT. Tak wiam
nHaue, HO yxe B Havane 1970-x romoB 'MC mawanmm wmcmoJsib30BaThCs ISl BBHIBOJA
KOOPJIMHATHO-IPUBSI3aHHBIX JIaHHBIX HA 3KpaH MOHUTOPA U AJIS IeYaTH KapT Ha Oymare.

[IepBbie reoMHPOpPMAIIIOHHBIE CUCTEMBI TO3BOJIUIIM YCOBEPILIEHCTBOBATH IPOLIECCHI
MHBEHTapH3alMy U aHaiu3a kapt, Omaronapst nepbiM [MIC mosiBuiach BO3MOXKHOCTH
XpaHeHUs: OOJIBIIOr0 KOJIMYECTBAa TEMaTHUecKoil U reorpaduueckod uHpopmauuu
[Coppock, Anderson, 1987].

[To3zxe crano pazpabaThiBaThCs CHELUAIbHOE MpPOrpaMMHOE oOecnedeHue s
perieHus pa3IMIHbIX reonHGOPMAIMOHHBIX 3a/1a4. B cepenune 1980-x rr. Ob1M CO3/1aHbBI
MIPOrpaMMHBIE MTPOJIYKTHI JUIsl CUCTEM aBTOMAaTU3UpOoBaHHOTO npoekTrpoBanus (CAIIP).
C ux nomo1bIo MPOU3BOINIOCH aBTOMATU3UPOBAHHOE COCTABIIEHUE KapT.

B nauane 1990-x rogoB NOSIBUJIMCh HHTEIPUPOBAHHBIE TPOIPAMMHBIE TPOAYKTHI U
MH(OPMALIMOHHBIE CUCTEMBI, IO3BOJISIOLINE OCYIIECTBIISATh HMHTErPALUIO Pa3IHMYHBIX
BUJI0B UHpopmanuu. Hauancs HoBbI oTan B pa3sutuu ['MIC kak aBTOMaTn3upoBaHHOU
WHTETpUpOBaHHOU uH(popmarmonHou cuctemol [[e Mepc, 1999; Kysnenos, HukutuH,
1992].

TakuM 00pa3oM, B HUCTOPUM DPAa3BUTUS TE€OMH(OPMALMOHHBIX CUCTEM MOKHO
BBIJICIIUTH YEThIPE NEPUOAA:

1. 1950-e - nauvano 1970-x romoB - MepuOJa HCCIEIOBAHUS, MEPBBIX KPYMHBIX
MIPOEKTOB U TEOPETUUECKOM pabOTHI;

2. koneny 1970-x - nauvano 1980-x - mepuon (opmMHpoBaHUS TOCYAAPCTBEHHBIX
uHctutytoB B obnmactu [MC, pa3Butus KpyNHBIX THPOEKTOB, IOJIEPKUBAEMbIX
rocylapcTBOM;

3. Hauanmo 1980-x - cepemuna 1990-x - passutue poiHka ['MC, nosiBnenue u
pasButue HacToybHbIX [ MIC, nosiBiieHNE CEeTEBBIX MPHIIOKEHUMN, a TaKXKe 3HAUUTEILHOTO
yuclia Henmpo(eCcCUOHANBHBIX TOJIb30BaTENEH;

4. xonen 1980-x - Hacrosimee BpeMmsi - Hadajgo (QOPMHPOBAHUS MHUPOBOI
reonHGopMallMOHHOW  MHQPACTPYKTyphl,  HOBBIIIAETCS  KOHKYPEHIMS  Cpeau
npousBoautenei [ C, HaunHaOT NpoBOAUTECS KOH(PEPEHLIUN MOJIb30BaTEIEH.

B nacrosimee Bpems ['MIC - 310 uHIycTpusi, B KOTOPYIO BOBJIEYEHBI MUJUIMOHBI
monieit Bo Bcem mupe. [1o psamy orenok B 2000 roay o6mue mpoaaxu nporpammaoro ['MC
obecneuenust mnpesbicwuid 1 mipa. gomn. CIHIA, a ¢ yderoM COMYTCTBYIOIIMX
MIPOrpaMMHBIX U anmnapaTHbIX cpencTB poiHOK ['MC npubnmxkaercs k 10 muapa. [OcHOBBI
reounpopmaruku, 2004]. BypHoe pacripoctpaHeHre reOMHPOPMAIIMOHHBIX TEXHOJIOTUH
MpPUBEJIO K TOMY, YTO CEroJiHS Ha POCCUHCKOM pBbIHKE JeHcTByeT yxke Ooisiee 150
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opraHu3anuii 1 (QupMm, pacrnpocTpaHSONMX MnporpaMmmHoe obecnedyenue mis [MC-
npoektoB [Poanonos, Koposun, 2003].

Bce 'NC moxHO pa3nenuth Ha CIEAYIOIMNE OCHOBHBIE KIIACCHI.

ITo pyHKIMOHATBLHBIM BO3MOKHOCTSIM:

- nosmHoyakimoHansHbie ' UC o0miero HazHaueHus,

- crnenuanusupoBannbie ['IC opueHTHpOBaHbl Ha pelIeHHe KOHKPETHOW 3a/lauM B
KaKoH-1100 peIMETHON 00J1acTH;

- UH(POPMAIMOHHO-CIIPABOYHbIE CHUCTEMbI JJIs JIOMAllHEro W HH(GOPMaLHUOHHO-
CIPaBOYHOTO IOJIb30BAHMUS.

OynkunoHanbHble Bo3MoxkHOcTH ['MIC ompenenstorcss Takke apXUTEKTYypPHBIM
MPUHIIUIIOM X OCTPOEHHUS:

- 3aKpbITHIE CHUCTEMbl HE HMEIOT BO3MOXKHOCTEH pacCIIMpPEHUsi, OHH CIOCOOHBI
BBIINIOJIHATH TOJIBKO TOT HA00p (QYHKIHM, KOTOPBIA OAHO3HAYHO OIpPENETICH Ha MOMEHT
MTOKYIIKH;

- OTKPBITHIE CUCTEMbI OTJIMYAIOTCS JIETKOCTHIO MPUCIIOCOOJIEHUS, BO3MOKHOCTSIMU
paciiupeHusi, Tak KaKk MOTYT ObIThb JIOCTPOEHBI CaMHUM IO0Jb30BaTeIeM IpU MOMOUIU
CHEIHaJIbHOTO arnmapaTa (BCTPOCHHBIX S3bIKOB IPOIPaMMUPOBAHUA).

Ilo mpocTpaHcTBEHHOMY OXBATY:

- [JI00AaJILHEIE;

- 00IIEeHAIMOHAJILHEIE;

- peruoHalbHbIE;

- JIOKaJIbHbIE.

ITo npo01eMHO-TEMATHYECKON OPUEHTALMH:

- obmrereorpadguieckue;

- 3KOJIOTHYECKHE U IPUPO/I0NO0IIB30BaATEIbCKHE;

- OTpAacCJEBBIE;

ITo cnocoOy opranusanuu reorpagpuyeckux JaHHbBIX:

- BEKTOPHBIE;

- pacTpoBbIE;

- BekTopHO-pactpoBsie [ VIC.

OneHuTh KauecTBO U TOUHOCTh MOJICTTUPOBAHHUS PACIIPOCTPAHEHHSI BOJIHBI IIPOPHIBA
[0 PYCIy PEKH SBIAETCS HENpOoCTOM 3agadeil. VICTUHHBIA pe3ynbTaT B TaKUX
UCCIIEIOBAaHUSAX HUKOMY HE H3BECTE€H. Takke He CYyHIECTBYET €JUHCTBEHHO BEPHOIO
croco6a, TO3BOJISIOLIEr0 IMOJIYYUTh JIOCTOBEpPHBbIE pe3ynbTarhl. [Ipu umcnoip3oBaHuuU
J000T0 U3 METO/I0B MOJIY4aloT TOJBKO OPUEHTUPOBOYHbIE JaHHBIE O 30HAX 3aTOIUICHMUS,
MOJIYYUBILIUXCS B PE3y/lbTaTe MPOXOKJIEHUS BOJIHBI IPOpbIBa. TOYHOCTH MOJTyYE€HHBIX
pe3yJIbTaTOB OLICHUTH CJIOKHO. JIJIi OLEHKH SKOJOrM4ecKoid Oe30macHOCTU peruoHa
HE0O0X0IuM aHanu3 O00JBIINX 00bEMOB PA3HOPOJHON MHPOPMAIMH, HECOTJIACOBAHHOCTD
Lene pa3uyHbIX FOCYAApCTBEHHBIX OpraHoB. PellieHne Takux 3ajjad HEBO3ZMOXKHO 0e3
UCIIOJIb30BAHUSA COBPEMEHHBIX HWH(OPMALIMOHHBIX CHUCTEM MNOAJCPKKU MPUHATUS
pemieHuii. B mocrnenHee Bpems IIMPOKOE paclpOCTPAHEHUE MOJIYYMIIM CUCTEMBI
MOHHUTOPHUHra, OocHOBaHHble Ha ['MC-TexHoNOrHH, KOTOpbIE IMOMOTalOT YCKOPUTH U

282



[II MexxayHapoiHast HaydHast KoH$epeHLUs
«MHbopMaTHKa U NpUKJIaAHas MaTeMaTUKay,
26-29 cenTs6ps 2018 r., Anmarsl, Kazaxcran

NOBBICUTH  3((GEKTUBHOCTh  NPOLEAYpPhl  NPUHATUS  pEUIeHUl, 00ecrneynBaroT
MIpe/ICTaBJICHUE PE3YJAbTAaTOB aHAJIW3a B HAIVISIAHOM M YIOOHOM JJIsi BOCIPUSATHS BUIE
[5]. st MozenrpoBaHus BOJIHBI MPOPHIBA BOZMOXKHBI CIEAYIOIINE METObI: (PU3NUECKUI
AKCIEPUMEHT, JIA0OPATOPHBIN IKCIIEPUMEHT, YUCICHHOE KOMITBIOTEPHOE MOJIETUPOBAHHE.
EavHCTBEHHBIM Ha CErOHSIIHUN IEHb BOBMOKHBIM CIIOCOOOM SIBIISIETCS MATEMAaTUYECKOE
MOJIeTpoBaHue [6].

TeopeTnyeckoMy HCCIIEIOBAHUIO DPANIMYHBIX MOAMPHUKAIUN MaTeMaTHYECKHX
MOJIEJIe THUIAPOJOTUYECKUX TPOIIECCOB TMOCBsAMEHBl aucceprammu [8-11]. [dpyroe
HalpaBJICHUE  TEOPETHUYECKUX  MCCIEAOBAaHMM  IOCBALIEHO  MPOTHO3UPOBAHUIO
MOCJIECTBUH pa3peiBa 1am0 u riotuH [12-13].

JUis [pakTU4YECKOro TPUMEHEHHs] pa3pabaThIBAlOTCS CHUCTEMbl MOHMTOPHHIA
COCTOSIHUSI BOJOEMOB B peajlbHOM BPEMEHH, OCHOBAHHbIE Ha aBTOMAaTH3allMU Ipoliecca
coopa u o00paboTku wuHPopManuu. B OCHOBHOM aBTOMATH3WPOBAHHBIE CHCTEMBI
MOHUTOPUHIAa  TMPUMEHSIOT  CIEAyIOUIMe  JaTYUKA:  UHKIOMETPUYECKUE; TEYH;
negopMmanuu; TeMnepaTypbl; JaBlIeHUs Ha TPYHT; YpOBHA BoAbl [ 14-16].

[Ipu paboTe ruAPOTEXHUUYECKUX COOPYKEHUH, B YACTHOCTHU IUIOTHH, pa3pylIeHHE
HaropHOTo (hpoHTa TUAPOY3JIOB SABJIAETCS OAHMM U3 CAMbIX OIMACHBIX CIy4aeB aBapui,
MNPUBOJALIMX K CYIIECTBEHHBIM HKOHOMUYECKUM, 3KOJOTMYECKHMM U COLUAJIbHBIM
MOCJIEJICTBUSM, a TAaK)K€ BIMSIONIMX B 3HAYUTENILHOM CTENEHU Ha 3KOJOTHI0 HIXKHETO
obeda ruapoysnoB. s MHGPOPMALMOHHBIX CUCTEM MOHUTOPUHIA HYKHO OOECHEeYUTh
cOOp J1aHHBIX B PEaJIbHOM PEXXHME BPEMEHH.

BrIBOABI

O06061mMB Bce 00s3aTeNbHBIE YCIOBUS, MOXHO MOJOWTH K BBIBOJY, YTO pEILECHUE
3aJaud MOHHTOPHHTA YPOBHS BOJBI B 03€paxX, peKax, MOPSIX W THUAPOTEXHUYICCKUX
COOPYXEHHSIX HAXOJUTCS B NMPUMEHEHUHM CHCTEM «ABTOMATH3MPOBAaHHAs TOJCHCTEMA
SHEProCHA0KEHUS CITyTHUKOBBIX CHCTEM Iepelayd JaHHBIX» U «YHUQHUIMPOBAHHAS
cucreMa Tepefayd JaHHBIX» B KOMIUIEKCE C H3MEPUTEIBHBIMU  CPEICTBAMH.
YHuduuupoBaHHas cucTeMa repeadu JaHHbBIX MPEI0CTaBIIET CPEICTBA U HHCTPYMEHTHI
IV OpraHW3alli TIepellayd JaHHBIX MOCPEICTBOM CIIYTHUKOBBIX CHCTEM CBSI3H.
ABTOHOMHAsI TIOJICHCTEMa JHEPrOCHAOKEHHUsS Uil CIIyTHHKOBBIX CHCTEM Iepeadu
JTaHHBIX BKIIIOYAET B ce0s KOMIUIEKC 000pya0BaHus, (YHKIIMH KOTOPOTO 3aKIFOYAIOTCS B
BBIPAa0OTKE M HAKOIUICHWH DHEPTUU IS TOCIEIYIOMIET0 €r0 MCIOJIh30BAaHHUS B IEJSX
oOecrieyeHHsT AJIEKTPONUTAHUS O0OpyHOBaHUS Trepenadd jaaHHbBIX.O00pyHoBaHue
W3MEpPEHUH  YpPOBHS  BOJIBI MOXET ObITh  paznuudHbiM. s oOecriedeHus
(GYHKIIMOHUPOBAHUS CHCTEMBI H3MEPHUTEIBHOE O00pyHOBaHHE OyJEeT COMPATaThCS C
MOJICUCTEMOU Tiepeiayn JaHHBIX W TOJCHUCTeMOW 3HeproobOecnedeHus. CompsikeHne
YKa3aHHBIX CHCTEM II03BOJIUT OCYIIECTBIATH MOHHTOPHHI YPOBHS BOJBI B 03epax,
pacIioIoKeHNE KOTOPBIX SIBISIETCS KpailHe TPYAHOJOCTYIHBIM. TEeXHUYEeCKHe CPeCTBa,
M3MEPSIIOIINE YPOBEHD BOJIBI, JOJDKHBI OBITH CIIOCOOHBI IMOJTy4aTh AAHHBIC C JATYHKOB C
pa3NMYHON TMEepHOANYHOCTHhIO. Kak OBIO CKa3zaHO BBINIE, JAaHHBIE, TOCTYIAIOIIUE C
M3MEPUTEIIBHOTO 000pyIOBaHus, OyAyT IepenaBaThbCsi B IIEHTP cOopa u 0OpabOTKH
JaHHBIX  TIOCPEACTBOM  HHU3KOOPOWTAIBHBIX  KOCMHYECKHX  CHUCTEM  CBSI3U
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BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

(HKCC).HakannuBaemble naHHble OyayT MNepenaBaTbCs B CUTYallMOHHBIE LEHTPbl U
HCII0JIb30BaThCS CIIEHUAIbHBIMU CITYKOaMHU /17151 IPOTHO3UPOBAHUS BOBMOYKHBIX [IaBOJIKOB
Y HaBOJHEHMI, MoJicueTa pacxo/ia BOAbI U B IpouuXx 1eiaX. CucreMa MOHUTOPUHIAa MOXKET
ObITh CBSI3aHA C JAPYTMMHU aBTOMAaTU3UPOBAHHBIMU CHCTEMaMH, HallpUMep CHCTEMaMu
3a0opa u cOpoca BOJAbI Ha IUIOTHMHAX T'MAPOIEKTPOCTAHIMM, CUCTEMaMHU TPEBOKHOIO
OTOBEUIEHUS, U MPOYUMH (PYHKIIMOHAJIBHO B3aMMOCBSI3aHHBIMU cHUcTeMaMU. BHenpenue
CUCTEMbl MOHMTOPUHIA YPOBHS BOJAbl TIO3BOJUT OCYHIECTBIATH MPOQPHUIAKTUKY
BO3HUKHOBEHMS YPE3BBIYAWHBIX CUTYaIUN.

PaGora BbImoNHEHAa 3a CYET CPEACTB I'PAHTOBOrO (UHAHCHPOBAHHUS HAyYHBIX
uccnenopanuii  Ha 2018-2020 romer mo mpoekty AP05131027 «Pa3paboTka
OMOMETPUYECKUX METOJO0B U CPEJICTB 3aLIUTHl HHPOPMALIUI.
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Annomayun. B Oaumnou cmamve npusedeHvl pe3yibmamvl pecpecCUOHHO20
aHAIU3a, HanNpaeieHHvle Ha YCMAHOBIeHUe MAMeMamuyecKol 3a8UCUMOCIU HAKONIEHUS]
MAACENbIX MEMALLO8 8 BE2eMAMUBHBIX OP2AHAX PACMEHUI 8 3A8UCUMOCIU OM YCI08UL
cpeovl. UcxoOHbIMU nepeMeHHbIMU CLYHCUNU KOIPPUYyUeHm OUOL02UYECKO20 NO2TOWEeHUS.
12 maxcenvix memannog (As Pb, Cd, Zn, Co, Ni, Cu, Cr, Ba, Sr, V, Mn), kucromumocms
NOUYBbl, BILANCHOCMb NOYBLL U MeMnepamypa 6030yxa. Peepeccuonnvlii ananusz nokasar,
YMo OCHOBHLIMU NPEOUKMOPAMU, OKA3bI8AlowUue Hauboibulee GIUAHUE HA MUSPAYUIO
MANCENbIX MEMANlo8 6 Cucmeme «NoY8a-KOPEHb-HAO3ZEMHAs HaACmby  ABIAIOMCA
KUCTOMHOCMb U 8IANCHOCTb NOYBbL. 3HaUeHUs: KO3 uyuenma demepmuHayuu OIU3Ku K
3HaueHuto 1, umo ceudemenbcmeyem o Cmamucmuieckol O0CMOBEPHOCMU Pe3VIbMamo8
uccneoosanus, a 6vlcokue 3HaueHue Kpumepus Duuiepa noOmeepHcOarom 0
CMamucmuyecKkol HadeiCHOCU YPAGHEHULL 8 YelOM.

Knrwoueswvte cnosa: pecpeccuonnvlii ananus, maxceivlie Memaivl, pacmeHue, noyed,
gaxkmopuwl cpedvl

BBenenue

OmHuM W3  aKTUBHO  Pa3BHUBAIOIIUXCS  HANPABJICHHH B DKOJOTHYECKOMN
OMOTEXHOJIOTUH SBJISIETCS pa3paboTKa CTpAaTEruy BOCCTAHOBJICHHSI 3€MEJh, 3arpsS3HEHHOMN
KceHoOnoTukamu. duropemeauanus OJHAa U3 CTPATETHM, KOTOPas HMCIOJIb3YETCS IS
BOCCTAHOBJICHHUS 3arpsI3HEHHONM KCEHOOMOTHKAMU MTOYBBI C TIOMOIIBIO pacTeHuil. JlanHas
TEXHOJIOTHSl YCIICIIHO Pa3BUBACTCA W HCIOJB3YETCS BO MHOTHX CTpaHaX MHpa, B TOM
gucine Kazaxcrane [1-4]. Ilpomecc dutopemenuanuu 3arpsi3HEHHBIX 3€MeEIb CBSI3aHO
MPUHIUATIAMHA KOMIIAPTMEHTAIM3AIMN (DU3UOJIOTHH PACTUTEIILHOTO Opranu3mMa. B ocHOBY
CXEMaTHYECKOTO MPEICTABICHUS (PU3HOJOTUUECKUX MTPOIECCOB (PUTOpEMETUAIINN BXOISIT
MPOIIECC: AKCTPAKIIMUM KOPHEBOW CHUCTEMBI 3arps3HUTENS] W3 TOYBBI, TPAHCIOKAITUS
3arps3HUTENS U3 KOPHEBOM CUCTEMBI B CTEOJIM PACTUTEIIHFHOTO OPraHU3Ma; TPAHCIOKAITUS
3arpsi3HUTENS. W3 CTeONE B JIMCThI. B CBA3M C 3TUM, OCHOBHBIM TapaMeTpoOM,
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cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

OlleHMBaroIIeH (GpuTOpEeMeMallMOHHBIA OTEHIINA PACTUTEILHOTO OPraHu3Ma, SBJISIOTCS
ko3¢ ¢uuuent Ouonoruueckoro mnornomienuss (KBII). KBII paccuuthiBaeTcst kak
OTHOIICHHUE COJAEPKaHMSI XUMHUUECKHUX 3JIEMEHTOB B BEI'€TaTUBHBIX OpraHax pacTeHUU
K €ro COJIEP)KaHMIO B TOYBE M HCHOJIb3YETCS AJI OLIEHKU CBS3U Cpelbl U (PU3UOJIO-
TUYECKON POJIM XMMHUYECKOIO DJIEMEHTA, @ TAaKXK€ U BBIABICHUS Y4YacTHsl KaXKJI0TO
XHMHYECKOr0 3JIEMEHTa B OMOTHYECKOM KPYroBOPOTE€ U IapaMeTpoOM TOJEPaHTHOCTU
pacTeHui K 3arpsi3HuTeNto [S].

KosddunmenT OHOIOTMYECKOro MOIJIOMIEHUSI DPAa3HBIX AIIEMEHTOB B IPOLECC
OMOJIOTMYECKON MUTPALIMU B CUCTEME «I10YBA — KOPEHb — HAJ[3€MHAsl YacTh» HEOIMHAKOB
M 3aBHCHUT OT psiia BHEIIHMX M BHYTpEeHHUX (akTopoB. [loaTomy matemaTnueckoe
MOJIETUPOBAHUE U IPOrHO3MPOBAHHUE paclpeiesieHUus] KCEHOOMOTHKA B CUCTEME «I10YBa-
pacTeHue» B 3aBUCHMOCTHU OT BHEUIHUX W BHYTPEHHHMX (PaKTOPOB INO3BOJIET BBISIBUTH
CKPBIThIE IPUYUHHO-CJIE/ICTBEHHBIE CBS3M MEK/y Ha0JIt01aeMbIMU ITapaMmeTpamu. B cBs3u
C 3THM, pa3padaThIBAIOTCS pa3IUYHbIE MAaTEeMaTHMYECKHUE MOJENIN BIUSHUS Pa3IMuHBIX
(bakTOpOB cpenbl Ha MOIJIOIIEHNE PACTEHHEM KCEHOOMOTUKOB U3 3arpsi3HEHHOU MOYBBI.
Mopnenu ocHOBaHbl B OCHOBHOM Ha ypaBHEHHE OajlaHCa Macchl, KOTOpPbIE OMHCHIBAIOT
MIEPEHOC 3arPA3HAIONINX BEIIECTB B CUCTEME «II0YBA — KOPEHB — HAJ3€MHasi 4acThy [0, 7].
OcoOblil HMHTEpeC BBI3BIBAIOT MaTEMaTUYECKUE MOJEIH, OIKCBHIBAIOIINE MOJENN
MOTJIOLEHUS], CBA3aHHBIE C COYETAHWEM BJIQ)KHOCTH MOYBBI, TUHAMUKU POCTa KOPHEU ¢
Y4E€TOM aJIcOpOLMK KCEHOOMOTHKA, TUCTIepCueH, ancopouueit u necopouueii 8, 9].

[Tornouienue 1 HaKOIJICHUE 3arpsI3HUTEINSI PACTEHUEM ITO CIOKHBIA KOMIUIEKCHBIN
MPOLIECC, B KOTOPOM Y4acTBYIOT (PU3UYECKHE, OMOJIOTMUECKUE U XUMHUYECKHE (PaKTOPHI
[10]. Hdo xoHma HE W3BECTHBI MEXaHM3Mbl OHMOAKKyMYJSIIUHU, CBSI3aHHBIE C
OMOJIOCTYIMHOCTIO KCEHOOWTHKA pPH30CHEpOoi, CKOPOCTHIO TOTJIOMICHUS 3arps3HUTENS
KOPHSIMH; CKOPOCTh MUTPALIUU 3arpsI3HUTEINSI IO KCUIIEME K 1M0OeraM U TOJIEPaHTHOCTBIO
KJIETOK K TOKchmdeckuM BemectBaMm [11, 12]. [loaToMy ClI0OKHO OXBaTUTh Cpa3y BCeE
acreKThl MOJIeNUpPOBaHUs (uTOpeMearalMOHHON TexHoioruu. Ilostomy Mmoxaenu
OMOaKKyMyJsiiMsl  OObIYHO (OKYCHUPYIOTCS Ha TPAHCHOPTE U HAKOIUIGHHUH HX B
BEreTaTUBHBIX OpraHax pPacTUTEILHOTO OpraHu3Ma [7], cO3laloTCs TaKKe pPa3IUyHbIe
THUIIbI MOJIEH, YYUTHIBAIOLIME BIMSHNE TUHAMUKYA MUKPOOHOH OMoMacchl Ha JerpaJaluio
3arpsi3HAIONINX BEIIECTB B KOpHEBOW 30He [13-15]; mMopmenu, CBS3aHHBIE C YYETOM
arpOTEXHUKU U C BHECEHHEM XEJaTHPYIOIIMX areHTOB Uil YCUJICHHS JI€TOKCHKAlUU
sarpsizHUTENs [16, 17]. AKTyaabHOCTh HCCIEAOBAHHUS CBSI3aHO C TEM, YTO OYMCTKA
3arpsiI3HEHHONM TMMOYBBI SIBJISIETCS BAa)KHOM MpoOsieMOM Jjisi  OKpy»Karoueil cpenpl,
SKOHOMMKHU U 3/IpaBoOXpaHeHHs. B dacTHOCTH, XMMHuYecKas Aerpajalusi 3aTparuBacT
okoJio 12% 3emens B Mupe, B Tom unciie Kazaxcrane [18, 19].

Lenp wuccnenoBanusi: pa3zpaboTaTb MaTEeMaTHYECKYI0 MOJENb HAaKOILICHUS
3arpsiI3HUTENS] PACTEHUEM B 3aBHCUMOCTH OT YCJIOBUH Cpefibl (KUCIOTHOCTH, BJIAXKHOCTU
MIOYBbI, TEMIIEPATYPbI CPE/IbI) C IOMOIIBIO PErPECCUOHHOTO aHAJIN3A.
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MeTtoabl uccjief0BAHUS U MATEPHAJIbI

DKclepuMEeHTaIbHbIE JTaHHbIe ObUIM MOJIydeHbl B pamkax npoekra MOH PK
0451/T'®4. OObekT uccieaoBaHus - HOBBIM (QuTopeMenuantn Miscantus x giganteus
(MUCKaHTYC TUTaHTCKUM). M.giganteus BbIpallluBaIM HA NIOYBE, 3aTPA3HEHHOHN TSDKEIbIMU
MetamiamMu (Zc=20.0+£3.1Mr/kr) B YCIOBUSIX TEIUIMIBl C Y4€TOM KIMMAaTHYECKUX U
arpoTeXHUYECKUX yciaoBuil cpeast [20, 21].

[Ipy mpoBeleHUM PETPECCHOHHOTO aHajlu3a B KAayecTBE pe3yJbTaTUBHOTO
nokaszarens (y) HCIOJIb30BaIu KOI(PPHUIIMEHT OHOJOTHYECKOTO TOTJIOMEHUS TSKEITBIX
metamioB (As Pb, Cd, Zn, Co, Ni, Cu, Cr, Ba, Sr, Mn) pacrennem, a B KadyecTBe
nepeMeHHbIX (PakTopoB (X) — KuciaoTHOCTH TouBhl (pH 8,13-8,94), BIaXHOCTH MOYBBI
(BnaxxHoCTH MOUBHI 8-11%) u TemnepaTypy Bo3ayxa (21-30°C).

Perpeccuto paccuntsiBanu no cienymoueit hopmyie:

Y = bO + b1X1 + -+ kak,

rae Xy, ..., Xg — @akropel, by, ...,by — KoapdummMeHTH perpeccun.

KadecTBo moiydeHHBIX PErpecCHOHHBIX MOJENICH OIEHHWBAIN C MCIOJIb30BAaHUEM
koa(puuuenta nerepmuHamuy (R?) ¢ HOMOLIBIO JUCIIEPCHOHHOTO aHANH3A.

Pe3yabTaThl M UX 00Cy:K1eHHE

Ha ocHoBanmm pacdera, MOJIYy4eHO OSMIHUPUYECKOE YpaBHEHUE PETPECCUU
ko3 urmenTa OMOTOTUYECKOTO MOTIIOMICHUS TSKEIIBIX METAJUIOB PACTEHUEM, ITPOU3Pac-
TAOIIKME Ha 3arPS3HECHHON TSHKEIBIMU METaUIaMH TOYBE, C YIETOM BEJIMYHUHBI IOCTOBEP-
HOCTH anmpoKcuMaIu. PerpeccnoHHbIi aHaIM3 MoKa3aj, YTO ypaBHEHHE, OTTUCHIBAIOIIEE
3aBUCUMOCTh KOd(duimeHTta OHOJIOTHYECKOTO TIOTJIOMICHHUSI TSDKEJBIX METaJlJIOB
pacTeHrueM OT KHCIOTHOCTU CPEIbl, BIAYXHOCTH TIOYBHI U TEMIIEPATyPbl UMEET JINHCHHBIN
Bu (Tabmuma 1, Tabnuna 2, Tabauna 3).

Tabauua 1: YpaBHeHUsl JIMHEHOH 3aBUCHMMOCTH Ko03¢@uuHeHTa 0MOJIOTHYECKOro
NOIJIOIEHUS TSKEJBbIX METAJJIOB PACTEHHEM B 3aBUCHMOCTH OT KHUCJIOTHOCTH NMOYBBI U
napaMeTpbl JUCIIEPCHOHHOI0 AaHAJIHM3A

Meramibt YpaBHeHUs JlucnepcroHHbIN aHaIN3
R? HopmupoBaHHBII1 F
R2
As Y =0.311752 — 2.42074 - X, 0,91 0,92 139,46
Pb Y = 0.633107 — 4.93565 - X, 0,85 0,86 62,81
Zn Y =1.115822 — 8.63704 - X, 0,91 0,91 114,07
Co Y = 0.638783 — 5.30143 - X; 0,75 0,73 30,76
Ni Y =0.483032 — 3.82095 - X, 0,88 0,86 74,10
Cu Y =0.71569 — 5.23147 - X; 0,88 0,87 75,29
Cr Y =9.374263 — 6.76103 - X, 0,81 0,79 44,86
Ba Y =0.934533 — 7.14674 - X, 0,86 0,84 62,48
Sr Y =1.28142 —9.74377 - X, 0,85 0,83 58,30
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v

Y =0.470819 — 3.87945 - X,

0,92

0,92 129,27

Mn

Y =0.372201 — 2.82201 - X,

0,93

0,93 149,04

Tabauua 2: YpaBHeHUsl JIMHEHOH 3aBHCHMMOCTH Ko03¢@uuueHTa 0MOJIOTHYECKOro
NOIJIOIEHUA TSKEJbIX METAJIOB PACTEHHEM B 3aBHCHMMOCTH OT BJIAJKHOCTH IOYBbI U
napaMeTpbl JUCIIEPCHOHHOI0 AaHAJIN3a

Merambt YpaBHeHUA JucnepcroHHbIN aHaIn3
R? HopmupoBaHHBIi1 F
R2
As Y =0.022314 4+ 0.125441 - X; 0,92 0,92 131,51
Pb Y = 0.045223 4+ 0.235631 - X; 0,85 0,83 59,29
Zn Y =0.078748 + 0.482233 - X; 0,89 0,87 81,07
Co Y = 0.048342 — 0.09831 - X, 0,84 0,82 52,58
Ni Y =0.03569 + 0.118146 - X, 0,93 0,92 144,14
Cu Y =0.050906 + 0.615522 - X, 0,86 0,85 65,87
Cr Y = 0.685049 + 8.877057 - X, 0,84 0,83 56,20
Ba Y =0.069917 + 0.469688 - X; 0,93 0,93 151,27
Sr Y =0.095663 + 0.700877 - X, 0,92 0,91 123,01
\ Y =0.03364 —0.0338 - X; 0,92 0,91 116,88
Mn Y =0.026047 + 0.221064 - X, 0,89 0,88 82,77

Tabauua 3: YpaBHeHUsl JIMHEHOH 3aBHCHMMOCTH K03 @uuueHTa 0MOJOTHYECKOro
NOIJIONIEHUS] THKeJAbIX MeTAJJIOB pacTeHHMeM B 3aBHCHMOCTH OT TeMIepaTypbl H
napamMeTphbl JUCIEPCHOHHOI0 aHAIN3a

Merambt YpaBHeHU JucnepcroHHbII aHaIn3
R? Hopmuposannbiit R* F
As Y =0.018316 — 0.24654 - X, 0,71 0,62 25,25
Pb Y = 0.042494 — 0.66248 - X, 0,86 0,85 63,72
Zn Y =0.018316 — 1.13674 - X, 0,84 0,84 189,32
Co Y = 0.037565 — 0.84744 - X, 0,58 0,53 13,83
Ni Y =0.028709 — 0.46109 - X, 0,69 0,66 22,49
Cu Y =0.050153 — 0.4577 - X, 0,86 0,86 269,07
Cr Y =0.0511853 — 1.18921 - X; 0,54 0,49 11,84
Ba Y =0.05477 — 0.62557 - X; 0,65 0,62 19,28
Sr Y = 0.080972 — 0.95962 - X, 0,75 0,73 31,33
\ Y = 0.028007 — 0.60518 - X, 0,73 0,70 27,10
Mn Y = 0.022555 — 0.24469 - X, 0,76 0,74 32,62
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YcranosneHo, yTo kKo uiueHT Onoaorunyeckoro norjomenus 12 snemeHToB (As,
Pb, Cd, Zn, Co, Ni, Cu, Cr, Ba, Sr, V, Mn) 3aBucut ot ¢aktopos cpeasl. Tak, mpu pacuere
ko3 duimenta AeTepMUHAIIMN MEXKIY KOIPPUIIMEHTOM OHOJOTUYECKOTO MOTJIOIMICHHS
3JIEMEHTOB U KUCIOTHOCTBIO CPE/Ibl OTMEUYEHO YTO

R> Bappupyer B npegenax ot 75 10 93%, Mexay Ko3QPUIIMEHTOM OHOIOTMUECKOTO
MOTJIOLEHUS] AJIEMEHTOB M BJIAXKHOCThIO cpeabl — 84-93%, a mexay ko3dduureHrom
OMOJIOTMUECKOTO TOTJIONICHHS AJIEMEHTOB W TeMmIiiepaTypoit cpeasl — 54 no 86%, a
ocrasuecs 7-14% n3MeHUNBOCTH KOAPPUIIMEHTA AeTEPMUHALIMY 3aBUCST OT JEHCTBUS
Ipyrux (GakTopoB cpelibl. 3aMEUEHO, YTO OMOJOCTYIHOCTh PACTEHHEM OJHUX METaIOB
(As, Zn, V, Mn) 3aBucuT 0OJIblIE OT KUCIOTHOCTH MOYBHIL, Ipyrux (As, Ni, Ba, Sr, V) or
BJIQXKHOCTHU NOYBHI, a TpeTbuX (Pb, Cu) ot Temmneparypsl. Pe3ynbTaThl CBUAETENbCTBYIOT
0 TOM, 4TO HauOoJiee 3HaUUMbIMH (PAKTOpaMU, BIUSIONINE MUTPALIUIO TSKEJIBIX METAJIIIOB
B CHCTEME «I104YBa-KOPEHb-HAJ3EMHAs YacTb» SIBJISIOTCA KHUCIOTHOCTb U BIIAXKHOCTh
MTOYBHI.

Criektp OMOJOCTYIHOCTH TSDKENBIX METAJUIOB PACTEHUEM B 3aBUCUMOCTU OT
KHUCJIOTHOCTH M BJIQXHOCTH TIOYBBHI BBILE, YEM CIEKTP OHOJOCTYMHOCTU TSKENBIX
METaJJIOB pacTeHHMEM B 3aBUCUMOCTH OT TeMmIieparypbl. BeposiTHO, Hu3Kas
OMOJOCTYIHOCTh pacTeHueM ocTayibHbIX 37eMeHTOB (Cd, Co, Cr) cBs3aHO ¢ IeHCTBUAMU
npyrux ¢akropos cpenbl. Ciieqyer 3aMeTUTh, YTO HOPMUPOBaHHBIN R-kBagpaT Bo Bcex
pacuerax HE3HAUMUTEIbHO pasiuuyaeTcs oT KodhduureHTa JeTepMUHALMM, YTO
JI0Ka3bIBaeT Xopolliee KayecTBO Moieau. Bricokue 3HaueHus kpurepun Ouiiepa roBopsar
0 CTaTHUCTUYECKOM JOCTOBEPHOCTHU PE3YJIbTaTOB HcciieioBaHus. [loyueHHbIe pe3yabTaThl
COTJIACYIOTCSl C JIMTEPATYPHBIMH JaHHBIMU [5], 4TO KOd(pPHUIMEHT OHOJOTHUECKOTO
MOTJIOLEHUS] Pa3HbIX JIEMEHTOB PACTEHUEM HEOJMHAKOB M 3aBUCHUT OT MU3MEHSIOLINXCS
BO BPEMEHHU YCIOBUM OKPYXKAIOIIEH CPEIBI.

3akiiloueHue

Hcnons3yst perpeccCHOHHBIN aHaln3, OLICHIIN 3aBUCUMOCTh KO3 duimneHTa 6mo-
JIOTUYCCKOTI'O IMOTJIOIICHUA TSKCJIBIX METAJIJIOB U3 BanHSHeHHOﬁ IMOYBbI paCTCHUEM OT
TEMIICPATYpPbI, BJIAXKHOCTH IIOYBLI, KHCJIOTHOCTH CpCAbl, C Y4YCTOM BCJIWYHWHBLI I0C-
TOBEPHOCTH ammpokcuManuu. [lorydeHbl MaTtemaTH4ecKue Mojeinu Koddduimenrta
OHMOJIOTUYECKOTO TIOJIOIICHUA TAXKEIBIX METAJJIOB PACTCHHUEM B 3aBUCUMOCTH OT q)aKTopa
cpenbl. PerpeccnonHblii aHAIN3 TOKA3aJl, YTO TPEAUKTOPAMH, OKA3bIBAIOIINE HANOOJIbIIIEE
BJIMAHHUC HAa MUT'pAlOUHN TAKCIIBIX MCTAJUIOB M3 3an5{3HCHHOI>’I Cp€abl B BEIrCTaTHBHLIC
OpraHbl PaCTCHUA ABJIAIOTCA KUCIIOTHOCTD U BJIAXKHOCTDH ITIOYBBI.
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Annomayun. Paccmampusaemcs 3a0aua noiHOMeKCMO8020 NOUCKA, 8 KOMOpPOl
NOUCKOBbIM 3ANPOCOM ABNAEMCA MEKCH, COCMOAWUU U3 HECKOAbKUX NPeOslOHCEeHU.
Takas 3a0aua akmyanbHa 01 CEPEUCO8, NOCBAUEHHBIX OMBEMAM HA 80NPOCHI (NOPMAb
MexHUYecKol no00epi’cKU, hopymol u m.n.). [{nsa pewienuss OaHHOU 3a0a4u npeodidzaemcs
aneopumm, NO38ONANOWULL C8ECMU NOUCK NO MEKCMY K NOUCKY NO CI080COYEMAHUSIM.
Ilpusoosmces  pe3yibmamovl  dKCnepUMeHmMos8, noomeepxicoarnwue 3ppexkmusHocmo
0aHHO20 aneopumma.

Knrwouesvte cnoea: nonnomekcmoswiti NOUCK, UHPOPMAYUOHHBLI NOUCK, 0OpabOmKa
C1080COYEeMaHuUll, KOHYenmyaibHole 2paghbi.

BBenenne. DaeKTpOHHBIE pECYPCHI, CBSI3aHHBIE C OTBETAMU Ha BOIIPOCHI (HaIIpUMep,
CUCTEMBI CIIY’KO TEXIMOAIEPKKHU WU (POPYMBbI) 110 MEPE CBOETO PAa3BUTHUS HAKAILJIMBAIOT
Bce Oouble MH(OpMaLUH, MOUCK 10 KOTOPOM CIOCOOEH, ¢ OJHON CTOPOHBI, IIOMOYb
[I0JIb30BATENsIM TaKUX CHCTEM IOJY4YUTh OTBET HEMEIJIEHHO, HE OXKHJas OTBeTa
CHEIHAJIUCTOB, a C IPYTOM — CHU3UTh KOJIMYECTBO 1yOIUPYIOLUINXCS BOIPOCOB U HATPY3KY
JI0/IeH, OTBEYAIOUINX HA BOIIPOCHI.
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OpHako IpaKkTHKa MOKAa3bIBAET, YTO OOJILIIMHCTBO IOJIb30BaTENEH MPEeAnoYUTaeT
cpa3y nmpuleraTh K MOMOIIH APYTUX JIFOACH, HE MBITAACh HANTH OTBET CPEIU UMEIOIICHCS
uHpopmauuu. A, 3HAUUT, YMEHBIIEHHE KOJUYECTBA JyOJIMKATOB U CHU)KEHHUE HArpy3Ku
CHEIHAIMCTOB MOKET JIOCTUIaThCs IIyTEM aBTOMAaTHYECKOT0 IMOMCKa 10 TEKCTY BOIpoca
0 TOro, Kak 3TOT Bompoc (coctosiuuii B obmem ciaydae u3 1-10 npeanmoxeHuit
MIPOM3BOJILHOTO CTUJISl HA €CTECTBEHHOM SI3bIKE) MOTa/IeT B 0a3y JaHHBIX.

IlocTranoBka 3agauu. CTpyKTypa paccMaTpuBaeMoro HH(OPMAaLMOHHOIO pecypca
NOCTAaTOYHO THIIMYHA JUIS JFO0OOM MOIOOHOW KOMIIAHWH: HMeeTcs Oa3a TaHHBIX
onybnukoBaHHOl B WHTepHere cnpaBouHoi nokymenTtauuu (Help, FAQ u 1.mm.) mo
MPOJyKTaM, a Takke 0a3a JaHHBIX TEXMOJIECPKKU, B KOTOPYIO COOMpArOTCsl BOIPOCHI
MoJib30Bareseil, nocrynatomue ¢ GopymMoB U IO 3JIEKTPOHHOU moure. B Toi xe Oaze
JAHHBIX XPaHATCSA OTBETHI HA ATH BOIIPOCHI.

BXoHbIMYM TaHHBIMU IS TOMCKA SBJISIOTCS. BOIIPOCHI [10JIb30BATENEH, BHIXOAHBIMU
— CIHMCOK JOKYMEHTOB, KOTOpPbIE MOTYT COJEpKaTb HYXHYIO I0Jb30BaTEIIO
uHpopmanno. OTMETHM TaKXkKe, YTO COOOLIEHUS COCTOAT U3 TEMBbI (KOPOTKOTO OITMCAHMS)
U TIOJIHOTO TEKCTa C MOJAPOOHBIM (HECKOJIBKO IMPEIIOKEHUI) ONKUcaHueM IpoOsieMbl Ha
PYCCKOM WJIM aHTJIMHCKOM SI3BIKE.

PeanuzoBanHass Ha JaHHBIK MOMEHT CHCTEMa IIO3BOJISIET  NPOU3BOJUTH
aBTOMAaTUYECKUN MOUCK IO KJIIOYEBBIM CIIOBaM M3 TEMbl COOOIIEHUS, HO coOpaHHas
CTaTUCTHKA IOKa3bIBAaET, YTO TAaKOM moaxoia HenocraTtouHo 3¢ dekrtuned. Tonbko 1 %
MOJIh30BaTENIe HAXOJUT HYKHYI WH(OpMalMIO Cpelyd aBTOMATHYECKH IMOA0O0paHHBIX
pe3ynbraToB. Emte 4,5 % nocne npocMoTpa MpeaaoKeHHbIX pe3yJIbTaTOB U3MEHSIOT CBOI
Bonpoc. [lonapistoiee GOIBIINHCTBO BCE e OTIPABIISIET CBOU BOIIPOCHI B TEXIIOJIEPKKY
6e3 usMeHeHUN. OOBACHSIOTCS TaKUE€ Pe3yNbTaThl JOCTATOYHO IMPOCTO: JHUIIb OYEHb
HEMHOTHE TOJb30BaTEId MOIYT JIOCTATOYHO KpPaTKO M B HYXHBIX TEpPMHHAX
chopMynupoBaTh CyTh MpOOIEMBbI, C KOTOPOW OHU CTOJIKHYJIHCH. BOJBIIMHCTBO MPOCTO
yKa3bIBaeT aOCTpPAaKTHbIE TEMbl, a, 3HAUYMT, JJIS MOBbIIIEHUS 3(P(HEKTUBHOCTU MHOUCKA
HEO0OXO0IMMO YUUTBIBATh TaKXkKe U M0APOOHOE ONMCAHKE BOIIPOCa.

[locTaBneHHas 3ajadya MOWCKA HMMEET PsAJl BAXKHBIX OTIMYHUNA OT KIACCHYECKOIO
noucka B WHrepHere. Bo-mepBbiX, MOCKOJIBKY BOIPOC MOXET OKa3aTbCs JOCTATOYHO
JUIMHHBIM (Hampumep, coctosith u3 10 mpemoxkeHuil) U cojepxaTh HE BIUSIOLIME Ha
CMBICJI CJIOBA U MpPEJIOKEeHUs (HanpuMep, NPUBETCTBUS, MOAMNKUCH U T.I1.), HEOOX0IUMO
U3BJIEYb U3 HETO CJIOBOCOYETAaHMs], BbIpaXKalolllle caMy CyTh Bolpoca. Bo-BTopheIX, Bce
MHJIEKCUPYEMBbIE CTPAHUILIbI IPUHAJIEKAT OJHOM U TOH e KOMIIaHUU, 3aMHTEPECOBAHHOM
B aJIeKBaTHOCTHU PE3Yy/IbTATOB MOUCKA. A 3HAUUT, HET CMbICIA YYUTHIBATh MPHU MOUCKE
CCBUIKM MEXAYy JOKYMEHTaMH JJsi OINpeAesieHUs aBTOPUTETHOCTH TOW WM HHOMU
CTpaHULbl U MPOU3BOAUTH MpPOYHE JEHCTBUS, HalpaBlieHHbIE HA OOpbOY C HEYECTHBIM
MIPOJIBIKEHUEM calToB. Takke KOJIMYECTBO MHACKCHUPYEMBIX JOKYMEHTOB COCTaBJISIET
JECSITKU THICSY, T.€. OTHOCUTENIPHO HEBEJIMKO 0 CPABHEHHUIO C KOJIMYECTBOM CTpaHMII B
WuTepHere, U TOKYMEHTHI IOCBSILEHBI OJJHON TEMAaTUKE WU PsITy OJIM3KUX TEMATHK.
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AJropuTMuyeckoe  odecrieyeHHe  TMOHUCKOBOW  CHCTeMbl.  AITOpHTM,
MpeUlaraeMblii ISl PelIeHUs] MOCTABJICHHOW 3a/add, MOXHO pa30UTh Ha CIIEAYIOIINE
OTaIllbl.

1. O6paboTka 3ampoca (pa3bueHne Ha CJI0Ba, BbIICIEHNUE CIOBOCOUYETAHUN).

2. Ilouck (BpIUKCIEHNE PEIEBAHTHOCTH IO CJIOBOCOYETAHUSM ).

3. OOy4enne (KOppeKTHPOBKA Beca HalIEHHBIX AIeMeHTOB). [locneansis onepanms
HE SBJISICTCA O6$I321T€J'H)HOI7[, HO IMO3BOJECT YIYUHIUTH Ka4€CTBO IMIOMCKA, O YEM 6yneT
pacckazano Hroke. [IpuBenem noapoOHOe onrcaHue ATOPUTMA, PEHIAIONIETO KaKIYI0 U3
no3aaay.

Oo6padoTka 3ampocoB. Ha stane oOpaboTku 3ampocoB TPOU3BOAATCS pazdop
TEKCTa Ha CJIOBA U MPEAIOKEHUS, (GUIBTPAIUs ITYMOBBIX CJIOB, PACKPBITHE (OPM CIIOB U
BBISIBJICHHE cllIoBocoueTanuid. [locnennee paccMoTpum nopoOHee.

BrisBienue cioBocoueTaHuii MPOU3BOAUTCS IyTeM 00paOOTKH 3HAKOB ITPEITUHAHUS
B MHJIEKCUPYEMBIX TOKYMEHTaxX, a TaKXe IyTeM MOCTPOCHUS KOHYenmyaibHbix epagos
[1], cooTBeTcTByIOIUX TpemIoKeHUsIM 3anpocoB. KonuentyanpHblid rpad Kak
CEMaHTHUYECKasi MOJIETb TEKCTA MPEIOKEHHUS ITO3BOJISIET HAUTH B HEM CIIOBOCOUYETAHUS B
BHJC TAp KOHIICNITOB, CBSI3aHHBIX OMNPEACICHHBIMA OTHOIICHUSIMHU, HaIpUMED,
OTHOLIEHUEM «ampubym». B 1aHHON TEXHOJOTMU TNPUMEHSETCS MPOrpaMMHOE
obecrieueHne JIsi aBTOMaTHYECKOTO TIOCTPOCHUSI KOHIENTYadbHBIX IpadoB I TEKCTOB
[2].

Caauana paccMOTpuM 00pabOTKY 3HAKOB MPETTMHAHMSL.

[TockosbKy 3HaKHM MPENUHAHUS CIYXKaT JUIS pa3/IelieHUs TEKCTa Ha CTPYKTYpPHBIE
EAVHUIBI, JIOTUYHO oO0pabaThiBaTh WX Ha JTale HWHICKCHPOBAaHMS JOKyMeHTa. B
IpeiaraéMoM ajrOpUTME 3HAKU MPENHUHAHUs, pa3JIeNsIIolINe CI0BA, YUUTHIBAIOTCS MpU
BBIYMCJICHUH TIO3UIIMU CJIOBA OTHOCUTEIBHO Hadaiga Tekcta. OTMETHM, YTO B MHICKCAX
HCII0JIb3YETCSI BEKTOPHAsI MOJIEIb TEKCTOB — KaXI0MY CJIOBY CTAaBUTCS B COOTBETCTBUE €TI0
BEC, BBIUMCIICHHBIN MO m3BecTHOU dopmyie tf (term frequency). Taxxe mis xaxmaoro
CIIOBAa XpAHATCS MHOPSAIKOBBIE HOMEPA, XapaKTEPU3YIOLIUE PACCTOSHHE OTHOCUTEIbHO
Havaya Tekcta. Hamnuue 3HakoB npenuHaHus IPUBOJINUT K NCKYCCTBEHHOMY YBEITHYCHHUIO
(WM YMEHBILEHUIO) PacCTOSIHUSA MEXIY CJI0OBaMHU, JaBasi 6a30BO€ MPEACTABIEHUE O TOM,
KaKue CJIOBa MOTYT OBITh CBSI3aHbI, a KAKUE, HAIPOTHUB, HE JOJKHBI UMETh CEMAaHTUYECKUX
cBs3ed Apyr ¢ apyroMm. biaromapst stomy mH(oOpMmainus o 3HaAKax MPEMMHAHUS HESIBHO
COXpaHSETCS B MHJICKCAX, XPAHSIIHNX TOJIHKO BEC CIIOB U UX TIO3UIIHUIO.

Paccmotpum npumepsL.

...issue-tracking tools... => [N, N+0.5].

31ech cioBa issue U tracking pasneneHsl neducom, a, 3HAYUT, BEPOSTHO, CBSI3AHBI
Mexay coboil. [loaromy paccrosinue Mex1y HuMu 6epetcst paBHbIM 0,5.

...the issue, but tracking changes... => [N, N+3].
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3nech cioBa issue U tracking pa3zeieHsl 3arsaTol (Jaronei yBeanyeHue no3uiuu
Ha 2) ¥ IIyMOBBIM CJIOBOM but (yBenuuuBaroniumM ee Ha 1). IToroBoe pacctosiHue MEXITy
CIIOBAMH ITOKA3bIBAET, YTO B JJAHHOM CIIy4dae CJIOBa cliabee CBA3aHbI MEXILy COOOM.

...Object.Method()... => [N, N+0.5].

3nech cioBa pasfelieHbl TOUKOM Oe3 mpoOena, 4TO SBISETCS TUIUYHBIM IS
MPOrPAMMHOI0 KOJIa, YaCTO BCTPEYAIOIIErOCs B TEXHUYECKOW AOKyMEHTauuu. B 3Tom
citydae cioBa object u method ckopee BCero CBsi3aHbl MKy CO-00M, TOITOMY PaCCTOSIHHE
oepercs paBHbIM 0,5.

...some object. Method A shows... => [N, N+15].

B nmamnowMm ciydae croBa object u method HaXoASITCS B pa3HBIX MPEITIOKEHUSX, a
3HAYHT BPSIJI JIA CBSI3aHBI CEMaHTHYeCKU. [loaToMy no3unus ciioBa method NCKYCCTBEHHO
yBenu4uBaercs Ha 15.

[IpuBeneHHBIE B TpUMepaxX 3HAYCHHUS KOHCTAHT, XapaKTCPU3YIONIUX YBEITHUCHUE
MO3UIMH, TOAOOpaHBl JKCIIEPHUMEHTAIFHO W HCIIOJIB30BAINCH TIPU HHICKCHPOBAHUU
TECTOBOTO MHOKECTBA, O KOTOPOM TIOWJIET peyb MMO3IHEE.

WTak, 3HaKH MPETTUHAHUS M PACIIOJIOKEHHE CIIOB U IMIO3BOJIIOT CYIUThH O TOM, KaKHe
CJIOBA B MHACKCHUPYEMBIX JIOKYMEHTAX MOTYT OBITh CBSI3aHBI (@, 3HAYUT, MPUCYTCTBYET JIH
B JOKYMEHTE HCKOMOE CIIOBOCOUYETAHWE), HO OTOTr0, OYEBHIHO, HEIOCTATOYHO ISt
BBISIBJICHUS M3 3aIpOCa CIIOBOCOYETAHUH, ITO KOTOPBIM CIIEAYET MPOBOIUTH ITOWCK.

IIpumenenne KoHuenTyaJabHbIX rpados. [lns Oosiee JETaIbHOIO aHaIM3a
[pe/yiaraeTcsl UCMoJIb30BaTh KOHIIENTYyalbHble rpadbl, yYUThIBaIOIINE HUH-()OPMALIHIO O
(bopmax CJI0B, YACTSIX PEUM U T.II. 3/1€Ch MCIIOJIb3YETCS OJTHO BaXKHOE HAOIIOIEHHE: — JUIs
ONMCAHUSA TEXHUYECKON CyTH MpoOJieMbl I[0JIb30BATEIN CTapalOTCs HCIOJIb30BATh
IrPaMMAaTUYECKH KOPPEKTHbIE COYETaHMsI CJIOB M TEPMHUHBI, KOTOpbIE OHU BUJIAT B
UCIOJIb3YEMBIX TPOAYKTaX, HalpuUMep, B TEKCTax OWIMOOK, B HHTepdeice U T.I.
Hesnauamue npemioxenust (Hanmpumep, HPUBETCTBUSA, MOANMCH, U T.II.) 4YacTO HeE
SBJIAIOTCSI TPaMMaTHYECKU KOPPEKTHBIMH, M HMX MOKHO OTQHIBTPOBATH IPOCTHIM
CrocoOoM, MOCTPOMB Ui HUX KOHUeNTyanbHble Tpadpl. Takue rpadbl OKaxyTCs
HEKOPPEKTHbIMH, T. €. B HHX OKaXyTCi KOHLENTbl, HE CBS3aHHbIE HUKAKUMHU
oTHOIIEHUsIMU. OOHapy)XeHHE TaKUX KOHLENTOB BBINOJHSAETCS TaKXKe IpPU IOMOIIU
CUCTEMbI IOCTPOEHUSI KOHIENTYaIbHBIX IpadoB [2].

PaccmoTpuMm mpumep 3ampoca B TEXIOAJAEPKKY KomnaHuu SmartBear:

Hi there! 1 have a script test with a bunch of checkpoints, but when it
hits a checkpoint cannot be verified, the execution of the script stops and any
tests after the failed checkpoint do not get executed.

Thank's in advance.
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XKupHbIM BBIIETEHBI CIOBOCOYETAHMS, HMEIOLUIUE TEXHUYECKHH CMBICI U
BBISIBJIEHHBIE B pe3yinpTaTe pasdopa. OtmeruM, uTo npemnoxenus Hi there u
Thank’s in advance ObuM OTOWIBTPOBAHBI Ha 3Tale MOCTPOCHUS KOHLENTYaIbHOTO
rpada, mTOCKOJIbKY MEXIy CJI0BaMU He OOHApyKUJlach ceMaHTUu4eckasi cBsi3b. OparmMent
KOHLIENTyalbHOro Tpada, MOCTPOCHHOIO AaBTOMAaTHYECKH U3 IIPUBEJIEHHOTO BBIIIE
3ampoca, mpuBeeH Ha puc. 1.

Kak BunHo u3 puc. 1, noctpoeHHbIi rpad M03BOJIMI BIIBUTH B3aUMOCBS3b MEXAY [
have, test script w bunch of checkpoints, XOTd B HCXOJHOM TEKCTE
3TH CJIOBOCOYETAHUS pa3lelieHbl apTUKISIMU U npegioramu. [loncyer BcTpeuarommxcs
PSAIOM CIIOB, KaK, HalpuMep, IpU JIATEHTHO-CEMAaHTUUYECKOM aHaJIM3€ WIH B aJITOPUTME,
HE T03BOJINJ Obl BBISIBUTb 3TY CBS3b.

Jjis OCTpOEHMsI KOHILIENITYyalbHOTO rpada HCIOoIb30BAIUCh IBa BHEIIHUX pecypca:
CIOBapb,  XpaHAmMi  WHPOPMAIIMIO O  YacTAX peud, (QopmMax CIOB W
T.I. U HaOOp MIa0JIOHOB, OMMCHIBAIOLIUX pAa3IMYHbIE CEMAaHTUYECKHE pOJIU, T.€.
OTHOIIIEHUS] MEXy ClIOBaMH. Takum o0pa3zoM, pe3yabTaToM pazdopa 3ampoca sBISICTCS
PSiI CIIOBOCOUYETAHUM, COCTOSIIIUX M3 CEMAHTUYECKU CBSI3aHHBIX (@ HE MPOCTO MJIYHINX
noAapsn) cioB. Eciu kakoe-To cioBocoueTaHue MOBTOPSAETCS B TEKCTE HECKOJIBKO pa3, eMy
npucBauBaeTcsi 6oibIIKi Bec. Jlanee 3Ty ciaoBocouyeTaHusi 0ObEIUHAIOTCS ONEPaTOpOM
OR (IOCKOJIBKY TEKCT MOXET COJAEpKaTb HECKOJbKO HE CBSA3aHHBIX APYr C JIPYyrom
BOIIPOCOB) U IMOJAIOTCA HA BXOJ NOUCKOBOH cucTteMbl. B pesynpraTe 3agaua moucka o
TEKCTY CBOAMTCA K MOUCKY MO HabOpy CIIOBOCOUYETaHMM, a 3Ta 3a7a4ya peliaercs, B CBOIO
ouepelib, C IOMOIIBIO MPEAIaraéMoro ajIropuTMa.

have

test bunch 1

attribute genetive

4

seript checkpoint

Puc. 1 @parMeHT KOHIENTYaJIbHOIr0 rpaga
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3akiarouenue. [y penieHns NOCTaBICHHON 3a/jau MOKUCKa 110 AJTMHHOMY 3a1pocy,
COCTOSIIIIEMY M3 HECKOJIbKHX IMPEAJI0KEHUM, pe/IaraeTcsi alfTOPUTM, BBLACISIONIUN U3
TEKCTa 3ampoca CBSI3aHHBIE CIIOBOCOYETAHUS IyTEM IOCTPOEHHUS KOHIENTYyaJIbHbIX
rpadoB. Takum oOpa3om, 3ajada MOUCKAa MO TEKCTY CBOJUTCS K 3ajJadye IMOMCKa IO
cioBocoyeTaHusiM. [l MoucKa MO CJIOBOCOYETAHMSIM IPEAJaraercs alropuTM,
YUUTBHIBAIOUIMI OoJibllee KOJIMYECTBO (DAaKTOPOB, YEM CYILIECTBYIOIIME aHAJIOTHMYHBIE
QITOPUTMBL.  DKCIIEpUMEHTAJIbHbIE  pe3yJabTaThl  JOKa3bIBalOT  3()(PEeKTUBHOCTH
IIpeiIaraéMoro aJiropuTMa Ioucka o cJIoBOCOYETAHUSIM.

B nanpHeliniem miaHupyeTcs yAydlIMTh Ka4eCTBO MMOUCKA 3a CYET MPUMEHEHUS
oOyueHus: 0e3 yuurtens. Takoe oOydyeHHWE Ha OCHOBE CTAaTUCTHYECKUX JAaHHBIX O
MOBEJCHUU  T0JIb30BATENe TOMOXET YIYYIIUTb PEIEBAHTHOCTh  BbIJIABAEMBIX
pe3ynbraToB. Takxke miIaHupyeTcs BBECTU 00y4YeHHE paclO3HABAaHUIO CIOBOCOYETAaHUM,
KOTOpOE€ IIOMOXKET YIYYIIUTh KaueCTBO IOCTPOCHUS KOHLENTYyaJbHBIX TIpadoB, U
PaCIIUPUT YUCIIO HOIIEPHKUBAEMBIX S3bIKOB.
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cocmosinus 000py008aHUsi HaA OCHO8e MOOUDPUUUPOBAHHBIX ANCOPUMMOE POs YACMUY
(anecopummer IWPSO u CoPSO) u ummynnocemesozo mooenupoganus. Hccredosarust
npoBOOUNUCH HA DA3e PeanbHblX NPOU3B00CMEEHHLIX OAHHBLIX Hepme2a3060U KOMNAHUU
Teneuszlllespoiin.

Hedrerasosas orpacnp siBiisieTcss BakHeien cepoil SKOHOMHUUECKOTO pPa3BUTHUS
Kazaxcrana, nostomy 3¢ (pekTuBHOE U LieJIeHANpaBIeHHOE BHEAPEHUE Smart-TeXHOJIOTui
B JIaHHYIO O0OJIaCThb SIBJISIETCS aKTyalnbHOUM 3amadeil. OCOOCHHO BaKHO TPUMEHEHUE
MOCJIETHUX JOCTHXKEHUH nckyccTtBeHHoro unresuiekra (M) s ynpasnenus oobekramMu
He(dTen00bIuN, ONTUMU3AIMKM TPOM3BOJICTBA, PA3MEIIEHUSI CKBAXXHH, MPOTHO3UPOBAHUS
pa3BellkU, a TakKe TPaHCHOPTHUPOBKUM HepTH U raza. Haubosbliee pacnpocTpaHeHue
MOJIYYUJIN HWHTEIJICKTyaJ bHbl€ TEXHOJOTMU C UCIOJIb30BAHUEM HEHPOHHBIX CeTel,
ABOJIIOIIMOHHBIX AJITOPUTMOB, UCKYCCTBEHHBIX UMMYHHBIX CUCTEM, aITOPUTMOB POEBOIO
uHTesekra u ap. Ilpumenenue anroputmo MU npu peanuzanuu Smart-TeXHOJIOTUN B
He(dTerazoBoi MPOMBILIUIEHHOCTH O3BOJISIET COKPATUTh KOJMYECTBO TPOBOIUMBIX TECTOB
JUI  ONPENENICHUs XapaKTEpUCTUK MECTOPOKICHUM U YMEHBIIUTH Ce0EeCTOMMOCTD
IIPOU3BOJICTBA HEPTH.

B HacTosee BpeMst 0cOObIi MHTEpEC BBI3BIBAIOT TMOPUAHBIE CUCTEMBI Ha OCHOBE
MOAU(PUIMPOBAHHBIX alropuTMoB pos yactull (Particle Swarm Optimization, PSO) ans
aHayin3a ¥ 00pabOTKM MHOTOMEPHBIX JaHHBIX M PEIeHMs 3a7aud MMPOrHo3upoBaHus. B
uccnenaoBanuu [ 1] mpeasaraeTcsi COBMECTHOE MCHoJib3oBaHue anroput™ma PSO u metona
OTIOPHBIX BEKTOPOB C MCIIOJIb30BAaHUEM I10X0/1a HAUMEHbIINUX KBagpaToB (LS-SVM) s
MIPOrHO3UPOBaHUs J00BIYM HEPTH U ra3a. Pe3ynabTaTsl MOAECIMPOBAHUS OKA3bIBAIOT, UTO
MPEJI0KEHHBIM alTOPUTM UMEET XOPOIIYI0 CKOPOCTh 00YYEHUS M CXOJUMOCTD, a TaKKe
BBICOKYIO TOYHOCTbH MPOTHO3UpOBaHUs. CTaThs [2] MOCBsIIEHa TPUMEHEHUIO aITOpPUTMa
PSO u merona onopueix BekTopoB (SVR) st dopmupoBanus onTuManibHOrO Habopa
[apaMeTpoB C HCIOJIb30BAHMEM pEajbHbIX IPOMBILIUIEHHBIX HA0OpPOB  JaHHBIX
MOJIyYEHHBIX TpU J100bIYe He(THU C YEThIpEX pazIUYHbIX HEPTAHBIX CKBaXHH. B
pe3ynbTaTe MOJICTUPOBAHUS C MOJCIISIMU Ha OCHOBE MeToa ciaydaiiHoro norncka (RAND-
SVR) u merona npo6 u omubok (TE-SVR) nokaseiBaercs sdpdextuBHocts PSO-SVR
MOJIEI TPU TIOCTPOCHUU OINTHUMAIBbHOTO Habopa mapamerpoB. B pabote [3]
UCIIOJIb3YIOTCS HUCKycCTBeHHble HelpoHHble ceTd (ANN) u amroputm PSO  ans
MIPOTHO3WPOBaHMs O0Opa30BaHMS KOHJEHCATa MpU 100bYe HePTH B 3aBUCUMOCTH OT
BoIzesiemoro ra3a (Condensate-to-gasratio, CGR).

OcHOBHBIM  HejocTaTkoM  Kiaccuyeckoro  PSO  anmroputma  sBisercs
MPEKIEBPEMEHHAS CXOAUMOCTD, I03TOMY 3a ITOCJIEAHHUE T'OJIbl AKTUBHO pa3padaTbiBalOTCA
paznuyHble MOAM(PHUIIMPOBAHHBIC AITOPUTMBI posi dacTuil, Takue kak Modified PSO
(MPSO), Local PSO (LPSO), Global PSO (GPSO), Inertia weight PSO (IWPSO), Fully
informed PSO (FIPSO), Comprehensive learning PSO (CLPSO) u ap. B pabote [4]
npemaraercss CCPSO-ISM (Competitive and cooperative particle swarm optimization
with information sharing mechanism) anroput a1 npe10TBpaleHus IPEKICBPEMEHHON
KOHBEpPreHLIMU NIpU pPELIeHUM 3ajadyu rinodanpHOM ontumusanuu. Ilo cpaBHeHHIO C
anmroputMamu LPSO, FIPSO u CLPSO, amroputm CCPSO-ISM o6nagaer OTIUYHOM
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CIOCOOHOCTBIO TJI00AIBHOTO MOMCKA, Tak Kak npu noaxoxae ISM (information sharing
mechanism) ucnosib3yercst HHGOpPMaLKs BCErO pos Ul U3yUEHHsI IPOCTPAHCTBA IIOUCKA.
Cratps [5] nmocBsinieHa peieHnto NpoodaeMbl JIOKaIbHOTO MUHUMYMA U IIPEI0TBPALLEHUIO
MpexIeBpeMeHHONH cxoaumoctu Ha ocHoBe MPSO anmroputma. Ilo cpaBHeHuio ¢
kinaccuueckuM  PSO  anroputMoM, MOIUGUIMPOBAHHBIN  alIrOPUTM  MO3BOJISIET
3HAYUTENIBHO YIYYIIUTh CKOPOCTh CXOJUMOCTH W TOYHOCTb IPOTHO3UMpOBaHuA. B
Uccle0BaHuy 6] paccMaTpuBaeTCsi MOAUPUIIMPOBAHHBIN aJITOPUTM POSI YACTHIL C BECOM
unepuuu (IWPSO) B koTOpoM ¢ yBeaHUE€HHEM KOJIMYECTBA UTEPALM YMEHBILIAETCS BEC
uHepuuu. [lo cpaBHEHHUIO € KJIACCUYECKUM QJITOPUTMOM POSI YACTHI] JAHHBIM aJrOpUTM
yJIy4IlIaeT MOUCK ONTHMAIbHBIX 3HAUEHUHN MyTEeM pEIleHUs 3aJaud MpPekIeBpEeMEHHOU
cxoaumoctu. B cratbe [7] aHanmusupyeTcsl BIusHUE Beca MHEpUUU Ha 3(P(EKTHBHOCTH
pabotsl amroputma I[IWPSO. B pesynbrare wuCCleIOBaHUS OTMEYAETCS, YTO
HCII0JIb30BaHUE AJITOPUTMa POS YacTHIl C NMPEAJIOKEHHBIM BECOM HHEPLMU IO3BOJISET
ObICcTpO 00pabaThIBaTh 00JIBIION 0OBEM JAHHBIX U 00ECIIEUNBAET Jy4Illee PELICHUE.

JlutepaTypHblii 0030p NOATBEP)KIACT aKTYyaJbHOCTh IPUMEHEHHUS IOJXO0/0B
HCKYCCTBEHHOTO MHTEJUIEKTa B HE(TEra3oBOil oTpaciu, B YaCTHOCTH, PEIICHUs 3ajauu
NUarHOCTUKM U MPOTHO3UPOBAHUSA TEXHUYECKOTO COCTOSHHUS  MPOMBIIIJICHHOTO
0o0Opy/lOBaHHA Ha OCHOBE MOJIM(MUUUPOBAHHBIX aJTOPUTMOB pOsl 4YacTULl U
MMMYHHOCETEBOTO MOJICIIUPOBAHUSL.

[TocranoBka 3agaun GopMyIUpyeTCsl CICTYIONIMM 00pa3oM: HEOOXOIUMO PEIIUTh
3aJlauy [IPOTHO3UPOBAHUS TEXHUUYECKOTO COCTOSIHUS MPOMBILIUIEHHOTO 000py10BaHUs Ha
OCHOBE MOJU(PUIIMPOBAHHBIX alroputMoB post yactull (aaroputMel IWPSO u CoPSO) u
MMMYHHOCETEBOTO MOJICIIUPOBAHMUSL.

HccnenoBanusi npuBoauTcs Ha 0a3ze peajbHbIX IPOU3BOJCTBEHHBIX JIAHHBIX
He(rerazoBoii kommanuu TenrusllleBpoitn. B kauecTtBe mpumepa peanuzanuu Smart-
TEXHOJIOTUU TMAarHOCTHKY IPOMBIIIJIEHHOTO 000py/I0BaHUs paccMaTpUBaeTcs Y CTaHOBKa
300 [8], mpenHa3HaueHHAs ISl OYUCTKA HE(MTSIHBIX Ta30B OT KHUCJBIX KOMIIOHEHTOB.
VYcranoBka 300 cCOCTOUT U3 CAEAYIOMMX KITFOYEBBIX OJJOKOB: OJIOK OYMCTKH ra3a BEHICOKOTO
JaBJICHUs, OJIOKa OUMCTKU ra3a CpeJHEro JAaBlieHus, OJ0Ka pereHepanuu JIu3TalloMUHa,
650ka (puUIbTpalMK aMUHa, OJI0Ka NOJJa4d XUMUYECKUX PEareéHTOB, APEHAXKHON CUCTEMBI
n (QaxenbHoro xosgaicrea. Ha pucynke 1 nmpexacraBieHa CTpyKTypHas cxema
UHTEJJIEKTYaJJbHOM ~ CHCTEMBbl ~ TNPOTHO3UPOBAHUS ~ TEXHUYECKOTO  COCTOSIHUSA
000pyI0BaHUS.
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CyTouHEbIe 3aMepbl
.| ®PopmupoBanue 6a3bl . IIpenBapurensHas
C IaTYUKOB > >
JIaHHBIX 00paboTKa JaHHBIX
obopynoBanus Y300
¢ I
Beinesenue > Anropurm IWPSO
UH(pOPMaTUBHBIX
NPU3HAKOB > Asropurm CoPSO
IIporaosupoBanve
.| Onenxka 3HepreTyecKux o
PacnosnaBanue 00pa3oB > P TCXHUYCCKOTO COCTOSHIL
OIIMOOK V300

Puc. 1 CprKTypHaﬂ cxemMa HHTeJ’IJ’[eKTyaJILHOﬁ CHUCTEMBbI IIPOTHO3UPOBAHUA

Jyi pelieHrs NOCTaBIEHHON 3a/1auu pa3paboTaH CIEAYIOLINI alrOpUTM:

[ar 1. ®opmupoBanue 6a3pl ganHbix (bJl) mpowsBoacTBeHHONW HHGOpMaLUU
(CYyTOUHBIX 3aM€EPOB C JaTUMKOB MIPOMBIIIIIEHHOTO 00opynoBanus ¥Y300).

lar 2. [IpenBaputensHas 00pabOTKa JAHHBIX U IOCTPOEHHE ONTUMAJILHOTO Habopa
Ha OCHOBE MOJIUGUIMPOBAHHBIX QJIrOPUTMOB post yactul [9]. Bsigenenue
MH(OPMATUBHBIX JECKPUIITOPOB OCYILIECTBISETCS B COOTBETCTBHUM C KOHIEHIIMEH
MYJIbTHAITOPUTMUYECKOTO noaxoaa ¢ ucnoiaszoBanuem IWPSO u CoPSO anroputmos.

[ar 3. Pemenne 3anauu pacro3HaBaHus 00pa3oB, OLIEHKA SHEPTETHUECKUX OIHO0K
U TIPOTHO3 COCTOSTHUS 000PY0BaHMs Ha OCHOBE MMMYHHOCETEBOro MoesnupoBanus [ 10].

[ar 4. /luarHocTHKa TEXHUYECKOTO COCTOSIHUSI IPOMBIIIIEHHOTO 000pYyI0BaHUs U
MIPUHSTHE PEIICHHUS.

Takum o0pa3zom, paspaboTaHHast Smart-TexHosnorus Ha OCHOBE
MOAU(PUIMPOBAHHBIX  AJTOPUTMOB  pOSl  YAaCTUL]  IMO3BOJSET  OCYIIECTBIATH
[pelBApUTENIbHYI0 00paOOTKYy JaHHBIX U (OpMHUpPOBaTH ONTUMAIbHBIA HabOp
JNECKPUIITOPOB /ISl JAJIbHEWIIEro HMMYHHOCETEBOTO MOJEIUPOBAaHUS OOBEKTOB
He(dTera3oBoi OTPaCIIH.

Pa6ora Bemonnena no rpauty KH MOH PK no teme: "Pa3paboTka KOrHUTHUBHOMN
Smart-TexXHOIOruM ISl UHTEJUIEKTYaJIbHBIX CUCTEM YIPABJICHUS CIOKHBIMU OOBEKTaMU
Ha OCHOBE TI0JIX0JI0B UCKyccTBeHHOTO mHTeuiekTa" (2018-2020 rr.).
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cucmemvl npeOynpexcoeHus U JIUKeuoayuu upezgvluaiinblx cumyayui. llpeocmasnen
npumep aHaIU3a CHUMKO8 OUCMAHYUOHHO20 30HOUPOBAHUSL.

PazButHe npom3BOICTBEHHONW M COLMAIBHOU cep NeATeTbHOCTH YeIOBEYECTBA
COMPOBOXKJAETCS YCIO)KHEHUEM IPOMBIIIJICHHBIX TEXHOJOTUH U pacHIMPEHUEM HX
BIIMSIHUS HAa OKpYXKarolyro cpeny. Habmogaercst TeHAeHIMs pocTa yncia U MaciTaboB
TEXHOTE€HHBIX ¥ IPUPOJIHBIX upe3BblyaiiHbix cutyanuil (UC). Bue 3aBucumoctu oT Buaa
UC nns ycmemrHOW ee  JUKBUAAIMM M COKpAIEHUS HETAaTUBHBIX IOCIEACTBUMN
MIEPBOCTENIEHHYIO POJIb UT'PAET CBOEBPEMEHHBIN COOp TaHHBIX B 30HE BO3SHUKHOBEHHUSI.

[IpoGnema MIOCTPOCHUS ABTOMATHU3UPOBAHHBIX CUCTEM HOIJIEPHKKU
npenynpexaenus u jgukBuganuu YC axTyalbHa HE TOJIBKO B CHIY OOBEKTHBHOMU
HEO0OXO0IMMOCTH PEILIeHUs PUKIIAHBIX 3a/1a4, HO U B CHJLy TOTO, UTO B HACTOSIIIEE BpEeMs
HEO0OXO0IMMO CO3/1aHH€ METOJIOB UX PELIEHUS, UCIOJb3YIOIINX HOBBIE METOJUYECKUE U
TEXHOJIOTUYECKHE KOHLIETILUY.

Metononoruueckue TpeGOBaHMs BBHITEKAIOT U3 OCOOCHHOCTEH MOCTAHOBKHU 3ajay
MOJIEPKKH TPUHATHUS PELICHUN B YCIOBUAX SKCTPAOPAMHAPHBIX CUTYalMil. YIIpaBieHue
B ycnoBusx UC oTiryaeTcs OT ITATHRIX YCIOBHM IT'MOKOCTBIO, HEOOX0JMMOCTHIO pabOThI
C HEIOCTOBEPHOM M HENmoJHOW MHpopmManre, BBICOKUM TEMIIOM W3MEHEHHUs CUTYalluHu,
HE00X0IUMOCTHIO (DOPMUPOBAHUS B KpaTHAUIIINE CPOKU KaK MOKHO Oosiee 3 PeKTHBHBIX
pelIeHU, BBICOKOW pe3yJlbTaTUBHOCTBIO, TPEOOBAHMSIMM MHHHUMM3ALUH BPEMEHU H
MUHUMYyMa noTeph npu JukBuaauuu YC. Ot 0coOeHHOCTH TpeOyIOT pa3BUTHS HOBOM
METO/I0JIOTUH TOJIEPKKU YIPaBICHUYECKUX PEIICHUNH, OCHOBAHHOW Ha HCIOJIb30BAHUU
CIIEHAPHOTO TOJXOJa M METOJOJIOTMM CUTYallMOHHOTO YIPAaBJIEHUS B COYETAaHUH C
HOBBIMH M€TOJIaMU MH(OPMAIMOHHOTO MoieinupoBaHus [1].

OueBuHO, YTO 06a301 UCXOAHON HH(POPMALIMH JOKHA ABIATHCS HH(DOPMALIMOHHAS
CUCTEMa, KOTOpas IO3BOJHUT XPAaHUTh BCE BHJbl MCXOJHBIX JAHHBIX JJISi COCTABIICHUS
nporHo3a. Bce naHHbIe, MoCTynmaroniye B TaKyl CUCTEMY — KOCMHUYECKHE CHUMKH,
pe3ynbTaThl a3po(OoTOCHEMKHU, BUACOHAOIIOACHHS, T0OKA3aTEIN TaTYUKOB — MOTYT OBITh
WCI0JIb30BAHUS JUISl COCTABJICHUS IPOrHO30B Pa3IMUHOM MPOI0JKUTEIILHOCTH.

1. CucreMbl IMCTAHIIMOHHOTO 30HAUpoBanus 3emin (/33).

Jljisg moJtydeHus: «J0JIrOCPOYHOI» MHPOpPMAIUK CIEIYeT MCIOJb30BaTh CHUCTEMbI
JTUCTAaHIIMOHHOTO 30HaMpoBanus 3emun (/133). JucTtaHIIMOHHOE 30HIUPOBAHUE MOYKHO
MPEeACTaBUTh, KaK TMPOIECC, IMOCPEACTBOM KOTOpOTo cobupaercs uHbopmaius 00
00BEKTE, TEPPUTOPUN WJIU SIBIICHUU O€3 HEMOCPEACTBEHHOTO KOHTakTa ¢ HUM [2]. CyThb
133 cocTouT B TOM, YTOOBI 3aMEHUTHh U3MEPEHUSI 0OBEKTOB HA MECTHOCTH U3MEPEHUSIMU
Ha paccTosiHuU. B cimyyae Bo3HuKHOBeHMsI YC Takue IaHHbIE MOYKHO MCIIOJIb30BaTh JJIs
MIPOrHO3UPOBAHUS BO3MOKHOTO pactipoctpanenus YC u ee maciitadoB.

bonee neranpuyro uHpopmammio o cocrossHud 30HBI UC maer BO3MOXKHOCTh
MOJTYYUTh a3po(doToCHEMKA.

OnucaHHble BbIIIIE TEXHOJOTMM IOJIyYE€HHUS JaHHBIX IIO3BOJISIIOT IOJy4aTh
uHpopmanuio o tepputopun 30Hel UC. IIpu 3TOM, Takass uHpopManus eaBa JU MOXKET
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ObITh HCIIOJIb30BAHA JUISl OINEPATUBHOTO YIpPaBJICHMS, IOCKOJIbKY IpeArosaraer
HEKOTOpoe BpeMs Ui ee 00paboTku (00pabOTKH CHUMKOB I'pa)uuecKUMU METOaMHU ).

B cnyuae, ecniu HeoO6xoauMo obecrieuyuTs HAOMI0IEHNE 32 TIOTCHIIMAIBHO OMAaCHON
30HOM WM 30HOM, rae ywxe mnpoucxoguT YUC, To ciemyer HCHOJIb30BaTh CHUCTEMBI
BUJICOHAOIIOACHUSI U OTIOBELLIEHUSI.

Cuctema BHICOHAOIOACHNUS MTO3BOJISIET OPTraHU30BaTh IOCTOSTHHBI MOHUTOPHHT B
pPEeKUME peaTbHOTO BPEMEHH C IENIbI0 00ECTICYCHHUST ONIEPATUBHOTO MPUHSTHS PEIICHUIA.
KenatenpHo, 4TOOBI CUCTEMA BHACOHAOIIOACHUS OblJIa OCHAIIIEHA CPEJICTBAMH 3aIHUCH U
XpaHeHus1 HPOPMAIIUU B CITydae, €CIIM B KOHKPETHBIN Meproa WHPOpMAIHsS HE MOXKET
OBbITh IIepe/laHa B CUTYallMUOHHBIN 1IeHTp. KoHeuHo, 310 kacaeTcs Tex ciydaes, koraa UC
HE TIPOHUCXO/IHT.

B cnyuae, eciu UC yxe NpOUCXOTUT B PEaTbHOM BPEMEHH W HEOOXOIMMO €€
JUKBUAMPOBATH B MAaKCUMAIIBHO KOPOTKHE CPOKH, CHCTEMa BUICOHAOIIOICHUS OJDKHA
OBITh TIOCTOSIHHO BKJIIOYEHAa M WMEET BO3MOYKHOCTH TI€pEelavyd JaHHBIX IO Pa3HBIM
KaHajaMm, 4ToObl 00ecreunTh onepaTuBHOCTh. OMSTh e, KaK U IPEeIblIyIIIe CocoObl,
CUCTEMa BHUJICOHAOIIIOICHUSI TIO3BOJIET TIepeaaBaTh n300pakenue 30061 UC. OgHako, 1ist
yeremmHoW  nukBuaanu YC HeoOXOoAMMO TOJydYaTh JaHHBIE O TaKHX Iapamerpax
TEPPUTOPHH, KaK JaBICHHUE, TEMIIEpaTypa U T.1I.

J1st 5TOTO HYKHBI IaATYMKHA M CUCTEMa OTNIOBEHICHHUS, KOTOpasi OyJeT CUMUTHIBATH H
nepeaaBaTh WX IMOKa3aHUS B IICHTP IS aHAIW3a W TPUHATHS peuieHud. [laTuuku u
KOHTPOJUIEPHl TAKXKE JOJDKHBI UMETh BO3MOXKHOCTH IEpeaddl JAaHHBIX MO pa3IHIHBIM
KaHaJlaM CBsI3M, YTOOBI WMETh aJIbTEPHATHBY B CJIydae OTKa3a OJHOTO W3 HUX.
KonTposuiepsl OMKHBI OBITh OCHAIIEHBI 3alMCHIBAIOIIAMHU  YCTPOWCTBAMH IS
o0ecrieyeHns BO3MOKHOCTH HaKOTUICHHS JAHHBIX B CITy9ae HEBO3MOYKHOCTH UX ITepe/Iaduu.
Crnemyer yCTaHOBUTH MEPHOANIHOCTH OTIIPABKY IMOKA3aHUI JaTIYMKOB, KOTOPAs, B CIydae
UYC, nmomxHa OBITh MakCMMalbHO COKpalleHa. lcnosib30BaHHE BCEX MPEIOKEHHBIX
TEXHOJIOTUH M MX MHTerpauusi Ha 0a3e HUPPOBOM KapThl MECTHOCTH C MPUBSI3KOW IO
KOOpJMHATaM MO3BOJUT 00eCIIeUUTh NOJHOE HH(POPMHUPOBAHUE CITYKO MPETyNPEKICHUS
n mukBuganuu YC nis oGecniedueHus: ObICTPOro NPUHATHS PELLICHUH.

2. OOmast npyUHIHMIHATIBHAS CXeMa pacTpeie]IeHHs TTOTOKOB IaHHBIX TIpeJiaraeMoi
TEJIEKOMMYHUKAIIMOHHOW CUCTEMBI IIPEJICTaBlIeHa Ha puc. 1.

CornacHo puc. 1, onrcaHHbIE BBIIIE YPOBHU MOHHTOPUHTA PACTIPEIEIISIOTCS MEKITY
city:x0amu, 3aHATBIMU B 00ecrieueHuH 0€30MaCHOCTH KU3HEAEITEIbHOCTH.

Ha Bepxnmem ypoBHe, ypoBHe /[I33, GYHKIMOHUPYIOT OOIIEpECTyOIMKAHCKIE
ci1y>kO0bl, KOTOpbI€ MoTydatoT naHHble /[33 ot HanmoHanbHOro KOCMUYECKOrO areHTCTBa
PK. Ilpu sTOoM BeneTcs 6a3a JaHHBIX CHUMKOB, YTOOBI MOXHO OBIJIO BBITIOJHUTH aHAIHN3
W3MEHEHUI 3a HEKOTOPBIN EPUO] BPEMEHH.

YpoBeHb a’pOPOTOCHEMKH CBSI3aH C TEPPUTOPHAIBHBIMU TOAPA3ACICHUSAMUA H
MO3BOJISICT BBITIOJNHATH MOHHTOPHUHT M aHalIM3 YK€ KOHKPETHOH YacTH TEPPUTOPHH.
JlanHble a3poOTOCHEMKH JI0JDKHBI TOCTYNATh B 00sacTHBIE AenapTaMmeHTsl o YC.
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OunctaHumnoHHoe
30HAMpOBaHNe 3emnu

Kocmuyeckne cHUMKu

HaqMOHaanoe KocMUYeckoe OnepaTUBHbIE KOCMUYECKUE CHIMKY
areHTcTBo PK |4——ApX1BHblE KOCMUYECKUE CHUMKN

Kocmuyeckne cHUMKW Mo 3anpocy

basa gaHHbIX CHUMKOB

Pecny6nukaHckuil KpusucHbIn LieHTp, KomuTteT no YC /

CHUMKA TeppUTOpUK N

P

- |4————a3podhOTOCHU MK
TeppMToleaanble nojgpasgeneHna
MoKasaHUA AaTYMKOB, [athble
CUTHaNbl ONOBELLEHNA
BUAEOHaGMIOAEHNA

OnepaTueHas <K
MHchopMaLms v

‘ ApXUBHbIE lJ,aHHbIeJ 5333 AaHHbIX

MokasaHuA AaTYNKOB, Cbemka Tepputopui © TeppuTopU MHqupMaLWW'

CUrHarbl oroBe LeHus ——————B PENUME peanbHoro 0 TeppuTopun
BpeMeHu B cnyyae UC

Cnyx6bl onepaTUBHOTO pearupoBaHus

Puc. 1. Cxema uHpopMauMOHHBIX MOTOKOB T€JEKOMMYHUKAIIMOHHOI CHCTEMbI
npeaynpexaeHus u Jukpuaanuu YC

YpoBeHb cUCTEM BUACOHAOIOICHUS U ONOBEILEHUS JIOJDKEH OBITh TaK)KE CBSI3aH C
TEPPUTOPUATBHBIMU MOJApa3JeieHusIMU. B KkaxaoM mnojapasfesieHuu JOJKHA BECTHCH
JoKanbHasi 0a3a JaHHBIX MH(QOpPMALUM O TEPPUTOPUH, BKIIOYAs U adpPO(POTOCHUMKH.
Kpowme Toro, He06x0AMMO NpeAYyCMOTPETh BOZMOKHOCTD IOJTy4eHuUs JaHHbIX ¢ MecTa YC,
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nepesayu JaHHbIX. UHTepHeT-TexHooruu. O6JauHble TeXHoJI0r M. [lapasienbHble
BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

B ClIydae €€ BO3HMKHOBEHMsS, CIy:KOaMH OIEpaTUBHOIO pEarupoBaHUsl C IEJIbIO
o0ecrieueHnst ONIEPAaTUBHOCTH MPUHATHS PELICHUH 1 MUHUMH3ALUH [10CIEICTBUH.

B cBsi3u ¢ TakuM pacnpeneneHueM UHPOPMALMK, MOKHO BBIJECIUTH JIBa YPOBHS B
APXUTEKTYpPE TEJICKOMMYHUKAITMOHHON CHUCTEMBI: PeCryOJUKAaHCKUNA ¥ MeCTHBIA. [lpu
3ToM Ha PecnyOnuMKaHCKOM ypOBHE TEJIE€KOMMYHUKAIIMOHHAs CHCTeMa JOJDKHA
obecreunBats [2]:

—0oOIMii MOHUTOPUHT cocTosiHUS Tepputopun Pecnyonuku Kazaxcran Ha ocHOBe
KOCMUYECKUX CHUMKOB;

—MOJICJIMPOBAaHUE TPOLIECCOB M  CUTYyaMOHHBIH  aHAINW3, BHU3yaJIU3alUIO
VIOPaBIEHYECKUX CUTyalUUWd JUIs  PAcKpbITUS IPUUYMHHO—CIIEICTBEHHBIX  CBS3el
aHAJIU3UPYEMbBIX COOBITUI;

—cOop JaHHBIX OT 00JaCTHBIX JenapTaMeHTOB 1o YC He pexxe 01HOTO pasa B CYTKH;

—OpraHu3aiuoo HHPOPMAIMOHHOTO B3aWMOJCHCTBUA CIYKO M TOApa3IeiIcHUui
MunuctepcTBa 1o 4pe3BblyailHbIM cutyauusiM Pecniyonuku Kaszaxcran [uisi cHUKeHUs
o0bemMa OyMa)XHOTO JOKYMEHTOOOOpOTa, MOBBILIEHUS YPOBHA HH(POPMHUPOBAHHOCTU
COTPYJHHUKOB U ONEPATUBHOCTHU IIPU MOJATOTOBKE BBHIXOAHBIX (POP.

Ha mectHOM (ropoackoM, 0071aCTHOM) YPOBHSX TEJIEKOMMYHUKAIIMOHHAS CUCTEMA
[IPOBEJICHUS ONIEPATUBHBIX MEPOTIPUATHI J0JKHA PEaTU30BbIBATh CleAyoUue (YyHKIUU
[3]:

—MOHUTOPUHT U aHAJIU3 TEPPUTOPHUH KOHKPETHOW OOJIACTH WM Tropoja C LEJbI0
npenynpexaenus YC;

—OIOBEUICHNE HaceleHus B ciydae yrpo3sl UC;

—ynpouieHue popmupoBanus otueton o YC.

3. UnTepakTiBHas reoMHPOpPMAIIMOHHAs CUCTEMA.

WuTerpanuio npeayioKeHHbIX JaHHBIX Mpeasiaraercs OCYLIECTBISATh Ha 0Oasze
MHTEPAKTUBHOM TeOMH()OPMAIIMIOHHOM CHCTEMbI, B OCHOBE KOTOPOH JOJDKHA JIEXKATh
uudposast MoJesib MecTHOCTHU. [IpuBsI3Ka Bcex MOydaeMbIX JTOJKHA OCYILIECTBISATHCS 110
KoopJauHaTaMm Ha kapte. [Ipu 3ToM, TeleKOMMYyHHMKAIIMOHHAs CHCTEMA JI0JDKHA 00J1a1aTh
pacrmpeneNieHHOM apXUTEKTYPOM, MOCKOJIbKY HEOOXOJAMMO OCYIIECTBIATH MOHUTOPUHT
MOTEHIIMAJILHO OMACHBIX 30H C MPUBSA3KOM K KOHKPETHOW MECTHOCTH, YTO MOKHO CJI€JIaTh
Ha O0a3ze TeppUTOpHATBHBIX cuTyannoHHbIX MeHTpoB (CILI). Cnemyer obecmneunutsb
LEHTPAJIM30BaHHOE yIpaBjieHHe BceMH TepputopuanbHbiMu CLI, KoTopble OpraHu3yroTcs
Ha Oaze npemapramentoB no YUC, u mepemauy naHHbIX B ueHTpainbHbld Cll Ha Gaze
Pecny0nrkaHCKOro KpU3UCHOTO 1IEHTpA.

PaccmoTpum Gosee moipoOHO MpuMEHEeHUe JUCTAHMOHHOTO 30HAUPOBaHUS 3eMIIn
JUIS COCTaBJIEHUS NMPOTHO30B Ha mpumepe Kaparannuuckoit obnactu. Kaparanaunckas
oOnacth OoraTa IOJIE3HBIMU HCKOINaeMbIMHU. KpynHble TPOMBIIIICHHbIE MPEATPUATUS
BEIYT UX JNOOBIUY, YTO CKa3bIBACTCS HA COCTOSIHUM OKpyxaromieil cpeabl. [lomzemnas
no6brya yrist B Kaparanamackom 6acceiiHe BiieUeT 3a cO00M MpOCaKy TePPUTOPHI HaT
OTpabOTaHHBIMU IIJIJACTAMM, YTO HETaTUBHO OTPAXaeTCs Ha CYLIECTBYIOIIMX U
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CTpOSILIMXCS OOBEKTaX IMPOMBIIUIEHHOM U TOpPOACKON HH@pacTpykTypbl. llpu sTOoM
MHOTHE IIAXTHbIE CTBOJIbI, B KOTOPBIX C Hayaja MPOLUIOrO CTOJIETUS IPOBOJIMIIACH
MHTEHCUBHAs A00bIYa 3aI1acoB YIJISl U pa3BeJOYHbIe BHIPAOOTKH, ceiuac 3ackinanbl. Ha
MIOBEPXHOCTU HUX MOXHO OOHAPYXUTh TOJBKO IO JAHHBIM TONOrpapUuecKoil ChEMKH,
OJIHAKO OHU MPEJICTABJISIOT OMACHOCTh Ul CTPOSILUXCS OOBEKTOB H3-32 BO3MOKHBIX
MIPOCAJIOK MOYB U IPYHTOB.

TpanuuuoHHbIE Ha3eMHbIE WHCTPYMEHTAJbHBIE TI'€0JIE3UYECKUE H3MEpPEeHUs] Ha
peniepax, a Takke cetd GPS u 'JTIOHACC mo3BoJSIFOT MOTYyYUTh 3HAYCHUSI CMEIICHHUH B
TOYKaX M IO MpOo(UIo, HO MOCTPOUTH JOCTOBEPHYIO HEIPEPBHIBHYIO KapTy Aepopmariuii
36MHOM TIOBEPXHOCTM Ha BCIO UCCIEAYEMYIO IUIOLIAAb MO JTHUM JIaHHBIM HE
MPEJICTABISETCSI BO3MOKHBIM, MOCKOJbKY MEXKIY Y3JIOBBIMU TOYKAMH M HPOPUISIMU
HE00X01MMO OyZIeT BBIMOJIHUTH OOBIYHYIO HHTEPIIOISLHIO.

B nocnenHee Bpems, B CBSI3M C IOSIBJIEHUEM KOCMHYECKHX CHUCTEM
PaIMOJIOKAIIMOHHOTO 30HIMPOBAHHUS BBICOKOTO (70 1M.) pa3spemienus, 00JIbII0E pa3BUTHE
MOJIYYMJIH METOJAbl U TEXHOJIOIMH KOCMUYECKON paluoJIOKallMOHHONW UHTEephEpOMETpUH
(KPW), npu koTOpOW (PUKCUPYIOTCS aMILIUTYAa U (a3a OTPaKEHHOIO OT MOBEPXHOCTU
paavocursana, MO3BOJSIONME C MHJIIMMETPOBOW TOYHOCTBIO OINpPEAENSATh CMEIIECHUS
3€MHOM OBEPXHOCTH.

4. IlpuMeHeHrEe METOI0B KOCMHYECKOW PauoJIOKAIIMOHHON HHTEphEpOMETpUN

Cnenyer otmeTutb, yTo B Kaszaxctane yke MMeeTCs OIBIT MPUMEHEHUS METOJI0B
KOCMUYECKOW paJvoNIOKallMOHHOW UHTep(epoMeTpur [UIsi MOHHUTOPUHIA IOJBHKEK
3eMHOM moBepxHOCTU. Takue pabotel B 2012 romy ObUIM MPOBEIEHBI POCCHICKOM
koMrianueit COB30H/I Ha MPOU3BOICTBEHHBIX TEPPUTOPUIX MECTOpOKAeHHH Terus, rae no
JAHHBIM KOCMHMYECKHX allllapaToB pajuoJIOKallMOHHOTO 30HaupoBaHus Envisat, Alos,
ObUIM TIOJTy4EHBI Pe3yJIbTaThl CMEIICHUH 36MHON MMOBEPXHOCTH, COCTABUBLINE A0 7.5 CM.
B 2012 rony Uuctutyr kocmuueckux uccienoBanuii (MKW) npoBoaun pabotsl mo
MPUMEHEHUI0 METOJIOB PaJAMOJIOKALIMOHHOW UHTEp(EpOMETpUN [UIi MOHUTOPUHIA
CMEIIEHUN 3€MHOW MOBEPXHOCTH Ha MpOou3BOJCTBEHHBIX miomaasx TOO Koproparus
«KazaxmbIC».

B pamkax [paHHOW  HaydHO-HCCIEAOBAaTEIbCKON  pabOThl  COBMECTHO C
KaparanauHckuM rocyiapcTBEHHbIM TEXHUYECKUM YHHUBEPCUTETOM C IOMOIIbIO MaKeTa
ENVI 6511 mpoBeieH ananu3 cauMkoB Kaparannnnckoit oomactu co ciyranka ENVISAT
ot 2010/07/31 u 2010/10/09 u nonydensl unTepdeporpammsl Kaparanauuckoit obmnacru,
MOKa3aHHbIe Ha puc. 2-4. Pe3ynbTarhl aHann3a NOKa3bIBaOT, YTO OCEIaHUS TEPPUTOPHUHU B
paiione Temupray COCTaBIAIOT 0 5 CM.
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Puc. 4. 3ona npocanku Ha Bbe3jie B I. Temupray co croponbl r. Kaparanasi

Kaxk noka3siBaeT npumep, NpUMEHEHHUE TUCTAHIIMOHHOTO 30HIUPOBAHUS B KAUYECTBE
OJIHOM W3  COCTaBJAIONIMX  HMHTECPAKTUBHOW  TeOMH(POPMAIMOHHON  CHUCTEMBI
NPEAYNPEXKACHUS] HW  NPOTHO3UPOBAHMS  YPE3BBIYAWHBIX  CUTYallMd  MO3BOJISIET
CIIPOTHO3MPOBATh M, CJIEIOBATEIBbHO, MPEIYNPEIUTh BO3HUKHOBEHUE YPE3BBIYAMHBIX
cutyaruii. C qpyroil CTOpOHBI, 00s3aTeIBHO JOIOJHATE 3TOT CIIOCO0 OoJiee moapoOHOMH
nH(pOpMaIHeH, oJIydaeMoi IPYTUMHU CIIOCO0aMU, U MHTETPUPOBATH €€ B UHTEPAKTUBHYIO
reonH()OPMAIIMOHHYI0 CHCTEMY C TeorpaHuyecKkoil MPUBS3KOW JUISI  MOJTydEHUS
MaKCUMAaJIbHO TIOJIHOM KapTHUHBI.
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Annomayun. Asmopamu  NPOAHATUZUPOBAHLL  OCOOEHHOCMU — NOCMPOEHUS
Pa3iuunblx OusHec-mooeneli eupmyaivHolx onepamopos (MVNO) c¢ ucnonvzosanuem
MEXHONI02UYECKUX U apPXUMEKMYPHLIX 03ModicHocmell cemell 5G: 8bICOK020 YPOBHS,
HU3K020 YPOBHS, MOP20Bbll NOCPEOHUK.

B xo0e uccnedosanuii pazpabomanvl cmpyKmypHvle cXembl HA OCHOBE CemeGblx
@dyuxyutt 5G 0na onepamopos SUPMYAlbHbIX MOOUILHBIX cemell 8blCOKO2O YPOBHS,
OCHOBAHHbLE HA MEXHON02UAX COBMECHHO20 UCNOIb308aHUsA cemesblx pecypcos SG MOCN
(5G Multi-Operator Core Network) u 5G GWCN (5G Gateway Core Network). B yensx
peanuzayuu OeCul08HO20 PAOUONOKPLIMUSL MYIbIMUCMAHOAPHOU cemu paouodocmyna
paccmompenst gonpocevl unmezpayuu cemu MVNO ¢ 6azosvimu cmanyusmu cemetl
4G/5G.

B cmamve cucmemamuzupoganvl  8ONPOCHL  COBMECMHO20 — UCHONb308AHUSL
HymMepayuu u aopecayuu onepamopom moounvhou cemu (MNO) u seupmyanrvhvim
onepamopom evicokoeo ypogus (Hight-MVNQO). Paccmompenvl npunyunsi noucka u
8b100pa AOOHEHMCKUM YCMPOUCMBOM Cemu BUPMYAIbHO20 ONEPAMOPA 8bICOKO20 YPOBHS,
npunyun 8vibopa cemesvix Qyuxkyuul (NF Select) 6 3asucumocmu om cemeguix cnoes.

B 3aknouenuu 6 cmamove paccmompenvl nymu peuieHus 60Npoca 83aUMHO20 yiema
mpaguka u aboHeHmMOo8 Onepamopom MOOUTLHOU cemu U ONepamopom GUPMYATbHOU
cemu 8vicokoeo ypoeus (Hight-MVNO).

Peszynomamer cmamou axmyanvusl 0ns onepamopos moounvrou ceazu G,
onepamopos MVNO u cucmemHblx UHMe2PAmMopos.

BBenenue

[losiBneHre HOBOro CTaHAapTa CETH MOOWUJIBHOM CBS3M S5-TO MOKOJEHHS] CTaBUT
nepesl BUPTYaJIbHBIMU ONEPATOpPaMU 3aJaud OLIEHKH BO3MOXHOCTH CO3/IaHUSl CeTel
MVNO pa3nu4Horo ypoBHs Ha OCHOBE JJIEMEHTOB apXUTEKTYPHI M MPOTOKOJIOB ceTeit 5G.

[Ipumenenue B ceTsix SG HOBBIX TEXHOJIOTU, CEPBUCHO-OPUEHTUPOBAHHON CETEBOM
aApPXUTEKTYphl M CHU)XEHHE MHPPACTPYKTYpPHOM 3aBUCHUMOCTU 3a CYET BUPTYyaJIU3alUU
CETEeBBIX (PYHKIIMI U CETEBBIX BO3MOXKHOCTEN, (POPMUPOBAHUE CETEBBIX CIOEB (CIAWCHHT)
MOJT KaKIBIH THI YCIIYT, CETEBOE OPKECTPUPOBAaHUE CO3Mal0T it omeparopoB MVNO
HOBBIE JIONIOJIHUTENIbHBIE BO3MOXKHOCTH, KOTOpbIE ObUIM HEIOCTYIHBI B BUPTYaJbHBIX
MOOMJIBHBIX CETSIX IPEIbITYLIUX TOKOJIEHHH.

HccnenoBanue U MpoeKTUPOBAaHUE HOBBIX BapUAHTOB apXUTEKTYypbl cereid MVNO
Pa3IMYHOIO YPOBHS Ha OCHOBE 3JIEMEHTOB apXUTEKTYpPbI U IPOTOKOJIOB ceTeil SG 0TKpoeT
tst onieparopoB MVNO HOBBIE BO3MOXKHOCTH OM3HECA M 00ECTICUUT BBICOKYIO THOKOCTH
BHEJIPEHUS HOBBIX YCIYT' Ha PhIHKE MOOMIIBHOM CBSI3U.

KparTkas xapaktepuctuka TunoBbix o6u3nec-moaeneit MYNO

CoBpeMeHHbIE BUPTYaJIbHbIE ONEPATOPHI XapaKTEPU3YIOTCS HECKOJIbKUMH OU3HEC-
mozensamu [1]: BupryanbsHblil oneparop Bbicokoro ypoBHs (Full MVNO), BupTtyanbHblit
onepatop Hu3koro yposHs (Light MVNO), Toprossiii nocpennuk (Reseller). OcnoBHoe
OTJINYME 3aKIIF0YAETCSI B HAJIMYMHU COOCTBEHHOM OMOPHOM CETH, MOICUCTEM IKCILTyaTalluu
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u OwwumHra, MmiatGopM MpenocTaBieHus nonogHuTenbHbIX yeayr (VAS), cern
MPOJIBIKEHUS ycIyT (puc. 1).

AyTeHTH)MKAIMS Do, (;:l-:ll()el-mﬂ
Cetb OnopHas npoduIu 1 Buiymar por
J0cTyna cetb SGC ceTeBbIe IIpoBuKkeHHHT Yeayrn yeayr
NG-RAN TOJTMTHKH e
AMF, SMF, OSS/BSS VAS Platforms 6 ?
gNB UPF, NSSF UDM, AUSF, Charging Domain aDOHEHTCKOC
PCF o0 ¢ty KUBaHHE
CRM

MNO _
MNO MNO/Light MYNO S0 ight MYNOT
MINO. VN O )

Puc.1. Knaccuduxanuii ouznec-mMojiesieil BUPTyaJbHOIr0 oneparopa

Haumenee cioxxHoil u 3aTpaTHON OHM3HEC-MOJENBIO SBISETCS MOJENIb TOPrOBOTO
MMOCPEHMKA, KOTOPBIM HE UMEET CBOCH COOCTBEHHON MH(PPACTPYKTYPHI U OCYIIECTBISET
TOJIbKO OpeHIMpoBaHME, aDOHEHTCKOE O0OCITy)KMBaHUE U IPOJABM)KEHHE CBOUX YCIIYT Ha
PBIHKE.

Haubonee cinoxHOM 1 3aTpaTHON OM3HEC-MOJIENbIO ABIISETCS MOJIEINb BUPTYaJIbHOTO
orepaTopa BBICOKOTO YPOBHSI, KOTOPBI MMEET CBOIO COOCTBEHHYIO MH(PACTPYKTYpYy B
MOJTHOM 00BeMe 3a UCKITIoUeHHEM ceTH paauoaoctyma NG-RAN.

Buptyanshbiii oneparop Beicokoro ypoBHsi (Multi-Carrier MVNO) moxeT umeThb
MPUCOEIUHEHHE OJIHOBPEMEHHO K HECKOJIbKMX CeTSIM paJHoJOCTyNa pPa3InYHbIX
oneparopoB MNO. IIpomMexyTOYHOW KOMIIPOMHCCHOM OW3HEC-MOJETBIO SIBIISCTCS
MOJIeNIb BUPTYaJIbHOTO ONEepaTopa HU3KOIO YPOBHS, KOTOPBIH B OTIMYHE OT TOPrOBOTO
MOCPETHUKA, JOMOJIHUTEIbHO UMEET COOCTBEHHBbIE IUIAT(GOPMBI IPEIOCTABICHUS
nononHuTenbHbIX yeryr (VAS). Kpome Toro, BUpTyalibHbIN OmnepaTop HU3KOTO YPOBHS
MOXXET UMETh COOCTBEHHbIe BUpPTyajbHble cereBble (QyHKuuMu (NF) 5G, Takue kax
¢byukuus yaupuurpoBaHHoi 6a3sl JanHbIX UDM, @ynkuusa ayrentudukauuu (AUSF),
¢yukuus ynpasnenus nonutukamu (PCF). Ha TenekoMMyHUKallMOHHOM PbIHKE U3BECTHBI
TaKke OM3HEC-MOJENN BHUPTYAJIBHBIX ONEpaTopoB cereBoil mHpacTpykTypsl MVNE,
CHelHalIu3UpOBAaHHON HA CO3/IaHUU U BBIBOJI HA PHIHOK TOPTrOBbIX MocpeHuKoB Resellers.
WNudpactpykrypa (muardpopma) BuptyanbHoro omneparopa MVNE no cyru sBisercs
MPOCIIONKONU MEXy omeparopoM MoOuiasHON cetd MNO U TOProBeIMH NOCPETHUKAMHU
Resellers.
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Bapuantsl nocrpoenus apxutektypbl MOCN ceTn BUPTYaJIbHOTO onepaTopa

[Tpumepom mocTpoeHust apXUTEKTyphI ceTi SG BUPTYAIBHOTO OTIepaTopa BEICOKOTO
YPOBHS, KOTOPBI HMMEET COOCTBEHHYIO OIIOPHYIO CETh, MOXET OBITh apXUTEKTYpa,
OCHOBaHHAasT Ha TEXHOJOTHH COBMECTHOTO WCIIOJIb30BaHUSI CETEBBIX pecypcoB. B
COOTBETCTBUU ¢ TexHnueckou cnenupurarmert 3GPP [1] ansa cetu 5G onpenenena ToJIbKO
OJlHA TEXHOJIOTHS COBMECTHOTO HCIIOJIb30BaHMSI CETEBBIX PECYpCOB — TEXHOJOTHS
COBMECTHOTO  HCHOJb30BaHUs cetu  paguogoctyna NG-RAN  oJHOBpeMEHHO
HECKOJIbKUMU omnepaTopamu, umeromas HazBanue SG MOCN (5G Multi-Operator Core
Network).

CrpykTypHas cxeMma TakoM COBMEUIEHHOW ceTu MooOuipHOro omnepatopa MNO u
BUPTYaJbHOTO onepaTtopa Beicokoro ypoBHs Full MVNO, ocHoBanHas Ha TexHosioruu 5G
MOCN, npencraBieHa Ha puc. 2.

- @ o _@ .
N22 NIZ
.
. " E‘i'\”iia

MNO

N | T TTmoT TN B
; - DNN
" N3 UPF N Mnreprer
UE MNO o~
(NN —
“ —~_
eNB AN T~

/
p
p
'
z
i
2
3
|
Full MVNO

Puc.2. CTpykTypHas cxeMa coBMellleHHO# ceTH MoOM/IbLHOro oneparopa MNO u
BUpTYanbHoro oneparopa Full MVNO Ha ocHoBe TexHosaorun SG MOCN

OTOT BapHaHT IMOCTPOEHUS CETU IPEIIOJaraeT COBMECTHOE HCIOJIb30BaHUE
HeckobkuMu onepatopamu MNO u MVNO kak nporpaMMHO-anmnapaTHbIX PeCypcoB
0a3oBbix craHmuii gNB cetu pammomoctyma NG-RAN, Tak u pagmopecypcos.
Pamnopecypcer cetn pammomoctyma NG-RAN pacnpefensroTcss MEXIy oOrepatopamu
MNO u MVNO Ha 0cHOBE COIIaCOBaHHOW BHYTPEHHEH NOJUTHKU M COTJIAIIEHUS 00
ypoBHe o0ciyxkuBanusi SLA (Service Level Agreement).
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Ecnu Buptyanbsubiii oneparop MVNO BbICOKOTO YPOBHSI UIMEET COOCTBEHHBIN KO
Mob6usbHOM cett MNCwmvno, To 6a30Bbie cTaHIuM gNB B cocTaBe mMpoKoBelaTeabHON
cucreMHoi uHpopmanmu Broadcast System Information normueckoro xanana BCCH
nepeaaroT 3TOT Kox Hapsamy ¢ kogoM MNCuno omeparopa mobunsHoM cetu MNO B
KaKJIOM COTe.

Abonentckue TepmuHansl UE BupTyanbHOro omneparopa, 0OHapyXHMB 3TOT KOJI B
cocrae uaeHtuduxaropos cereii PLMN-ID = MCC|MNCwmno, nepenaBaeMbIx
mpoKoBeareabHbiM KaHasioMm coTel PBCCH, npuHUMaloT pelieHre o perucTpauuu B
CETH, JINOO BBINIOJHEHUS IPOLEAYp MEepEeBbIOOPa COThI UJIM XEHI0OBEPA B 3aBUCUMOCTH OT
tekymero cocrosiuua (RM-DEREGISTERED, RM-REGISTERED/CM-IDLE, RM-
REGISTERED/CM-CONNECTED).

bazossie cranuuu gNB, npunsB ot abonentckoro tepmuHaia UE BuprtyasbHOTO
omeparopa 3ampoc HadaibHOW peructparuu B cetu (Initial Registration), BBIMOTHSIOT
MpoIeaypy BhIOOpa MOy OOCITYKUBAOIIECH CeTeBOW (DYHKIIUU YIPaABICHUS JTOCTYIIOM
1 MOOMIBHOCTHIO (AMF).

Brei6op 6a3oBoii cranmmeit oneparopa NMO wmonyns cereBoit ¢pynkuuun AME,
HaxoNAIIeWcss B 30HE OTBETCTBEHHOCTH BHUPTyaldbHOTO omepatopa MVNO,
OCYILIECTBJISIETCSI Ha OCHOBE aHanu3a uH(opManuu, meperaBaeMoil abOOHEHTCKUM
TEPMUHAJIOM B 3ampoce peructpanuu (BpemeHHoro uaeHTudukaropa SG-GUTI wumm
nocrosiuHoro  uaeHTUukatopa SUPI/IMSI abGoneHTa BHUPTyaqbHOTO —OIEepaTopa,
uHpopmanuu o Tpedyembix cereBbix cinosax NSSAI (Network Slice Selection Assistance
Information).

OcobennocTy naeHTH(PUKALMY Aa00HEHTOB BUPTYaJLHOI'0 ollepaTopa

Hcnonb3yemple uis uaeHTHQUKAIUU aboHeHTa cetu uaeHtudukatopsl IMSI un
GUTI B cetu 5G umerot HoBble 00603HaueHne SG-GUTI u SUPI/IMSI u conepxat B cBoeM
coctaBe koa cetu MNCmyno BupTyanbHoro omneparopa. Maentuduxarop 5G-GUTI
COJIEPKUT Takke U riodanpHbld uneHtTudukarop GUAMI monyns cereBoil (yHKUMH
yOpaBiaeHUsT TOCTYNOM U MoOunbHOCTRI0O AMF BupTyaneHoro omeparopa. I[locne Toro,
Kak 6a3oBas ctanuus gNB BbiOpana Monyib, peanusyromui cereByto pynkunio AMF B
30HE€ OTBETCTBEHHOCTH BUPTYAJIbHOI'O OIEpaTopa, Jajee BBIINOJHAETCS CTaHJIapTHas
Mporeaypa, ONMMcaHHas B 1. 4.2.2 TEXHHYECKOU crienrpuKauu [2] v BCsl CUTHATU3AUs U
TpapuK JaHHBIX AODOHEHTOB HANpPAaBISIOTCA B CEThb BUPTYAJIbHOI'O OIEPaTOpa BBHICOKOTO
ypoBHs Full MVNO.

OtnuuutenbHON ocoOeHHOCThIO cerell 5G  sBISETCS TEXHUUYECKas pean3aius
MpOrpaMMHBIX ceTeBbIX PpyHkIuit onopHoii cetu 5G Core (UDM, AMF, SMF, UPF, PCF,
AUSF, NSSF) ¢ nomo1bto Habopa BUpTyalbHbIX ceTeBbIX pyHkunii VNF. BupTyanbsbie
cereBble pyHkuuu VNF mo cyru npeacraBisitoT coOol BUPTyasibHblE MamIMHbI VMs,
pa3BépHyThIE Ha cepBepax I1eHTpa o0pabotku manHbix (LIOJl). CoBpemenHbie
MPUJIOKEHUsST BUPTyaldbHOW HHpacTpykTyphl [{OJ] mO3BOMSIOT JIerko co31aBaTh M
YIOPaBIATh TaKUMU BHUPTyaldbHbIMM MamuHamMu VMs. Takum 00pa3oM BHUPTyalbHBIN
OIepaToOp BHICOKOIO YPOBHSI MOKET MMETh OJUH WJIM HECKOJIbKO KOMILJIEKTOB CETEBBIX
¢dbynakuuii onopuoit cetu SG Core (UDM, AMF, SMF, UPF, PCF, AUSF, NSSF), xaxprii
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KOMIIJIEKT U3 KOTOPBIX OTBEYACT 3 PEaM3AIIMIO OTIPECIICHHOTO BH 1A cepBrca. CoriiacHoO
tepmunosiorun 3GPP kommiektsl 0603HauaroTes kak cereBbie cioum (Network Slices).
Bsaumocssa3p mexay napamerpoMm Tuna cereBoro cios SST (Slice/Service type) u
kimoueBbiME Ou3Hec-moaensiMu eMBB, uRLCC u MIoT npusenens! B Tabnuie 1 [2].

Ta6auua 1. CtangapTHbie TUNBI ceTeBbIX ¢J10eB SST BUPTyaiLHOrO oneparopa

Tun cereBoro ciaos (SST) 3naveHnue Onucanue
napamMerpa
SST
CereBotii cioit mis 1 Criolt 11 IPeAOCTAaBICHUS YCIYT Nepenadn
MPEAOCTABIICHUS YCIIyT JIAHHBIX C BBICOKHMH CKOPOCTSIMU, HAIIpUMED,
MOOHITBHOTO MOTOKOBAs Tiepeaya BHICOKOKaueCTBEHHOT O
IIUPOKOITOJIOCHOI'O JI0CTYyTIa — BHJICO, (hailIoB OOJIBIIMX Pa3MEPOB U Jp.
eMBB (enhanced Mobile
Broadband)
CereBotii cioit mis 2 Crioit 171 IpeAOCTaBICHUS YCIYT ©
MPEAOCTABIICHUS YCIIYT C YIBTPaMAIIBIMU 3aJIePKKAMH MEKITY
YiabTpaMaJIbIMH 3aACPKKaMH — OKOHCYHbIMU YCTPOﬁCTBaMH, Harmpumep, it
URLLC (ultra-reliable low aBTOMATH3aIH TPOU3BOJCTB/UHIYCTPUH,
latency communications) obecriedeHsl yIaIeHHOTO YIpaBICHUS
CHCTEMaMH.
CereBotii cioit mis 3 Croit s obecriedeHs B3auMOJICHCTBUS
NIPENOCTABIIEHUS] MACCOBBIX OTPOMHOI0 Konuuecrsa ycTpoicTs [oT,
ycnyr UaTepHer-Benei — pa3MEUIEHHBIX C BBICOKOU MIIOTHOCTHIO.
MIoT (Massive IoT)

bazoBrie craniuun gNB onepatopa moomibHOM cett MNO 10JDKHBI TIOIIEPKUBATH
Bce ceTeBble ciou Network Slices, peann3oBaHHble BUPTYaJIbHBIM OIIEPATOPOM BBICOKOTO
ypoBHst MVNO. Onopnas cetb 5G Core MOXET MOAAEPKUBATH OOJIBIIOE KOJIUYECTBO
CEeTEBBIX clIoeB (0osee COTHM), OJTHAKO AOOHEHTCKHE TEPMHUHAIbI OJJHOBPEMEHHO MOTYT
pabotath He Oojiee 4yeM B BOCBMH CeTeBbIX ciiosix [3]. basoBwie cTaHimu omepaTtopa
MoOmnpHOM ceth MNO BOCHPHHHUMAIOT CETEBOM CJIOM, Kak HEKYI0 CEeTeBYIO
HH(PPACTPYKTYypy C 3aJaHHBIM YpOBHEM oOcCyxkuBanusi aboneHToB SLA. Pagnopecypcot
cetu paauonoctyna NG-RAN moryr ObITh pacnpezeneHbl Kak CTaTHUYECKH MEXIy
Pa3IMYHBIMU CETEBBIMU CJIOSIMH, TaK M HCIIOJIB30BAaThCSI COBMECTHO HECKOJIBKHMH
CIIOSIMH.

Bupryansnsriit oneparop Full MVNO MmoxeT 0651agaTh COOCTBEHHON HymMepaiuei,
0o apeHI0BaTh ee y onepatopa MoomisHOM cett MNO. Pa3zpabotannbie TpeOoBaHMs K
HyMmepanuu BupTyasibHOro omeparopa Full MVNO B 3aBucMMOCTH OT Hamu4usi y
BupTyasbHOTO ornepatopa Full MVNO moOunsnoro xoga cetu MNCwvyno TPUBEICHBI B
Tabnuue 2.
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Taonauua 2. TpedoBanusi k Hymepauuu oneparopa Full MVNO

CrpykTypa uaeHTH()UKATOPOB,
HCIONb3yeMbIX B cetn 5SG

TpeboBaHus K HATHYHIO Y BUPTYATBHOIO OIlepaTopa
Full MVNO mobunsHoro koaa cett MNCumvno

Public Key Id || Concealed
SUPI) — ckpbITHIit
MEXAYHapOIHBIN
HUIACHTU(OUKATOP MOIITUCKU
a0oHeHTa

Ha Her
SUPI (IMSI=MCC || MNC || 100%  pecypca | Pecypc nymepaiiuu MSIN nomkeH
MSIN) — MmexayHapOIHBIN HPUHAUIEKUT OBITH pacIpeeieH MexX1y
UACHTH()HUKATOP TTOAMUCKH orepaTopy onepatopamu MNO u Full MVNO
aboHeHTa Full MVNO
SUPI (NAI = 100% pecypca npuHauiexuT onepatopy Full MVNO
username (@ realm)
SUCI 100%  pecypca | Pecypc mnmukaropa Routing Indicator
(MCC || MNC || MPUHAICHKHUT JIOJDKEH OBITh pacipeesicH MeX Iy
Routing Indicator || Protection orepaTopy onepatopamMu MNO u Full MVNO st
Scheme Id || Home Network Full MVNO JIOCTAaBKH COOOIIEHHUM CUTHAIU3AIIUN K

AUSF u UDM, coxepxarmm
npod b a00HEHTa BUPTYATBHOTO
orneparopa

M-TMSI — BpemeHHbIi
UAeHTH(GHUKATOP MOOUITBHOTO
aOOHEHTa, YHUKAIBHBIN B
npenenax AMF

100% pecypca npuHauiexuT onepatopy Full MVNO

5G-S-TMSI

(AMF Set ID || AMF Pointer ||
M-TMSI) — BpeMeHHBIN
UaeHTH(GHUKATOP MOOUITBHOTO
aOOHEHTa, YHUKAIBHBIN B
npezenax peruoHa

AMF Region ID

Pecypc nymepaiiuu AMF Set ID || AMF Pointer nomxen
OBITH pacmpezeneH Mexay oneparopamu MNO u

Full MVNO. Pacnpenenenue HyMepaiuy Tpedyercs s
UCKITIoueHUs nyOnmupoBanus y oneparopoB MNO u

Full MVNO Bpemennbix uaeatupukatopos SG-S-TMSI, B
COOTBETCTBHUU C KOTOPBIMU OCYIIECTBIISICTCSI MTEHHKHHT
a0OHEHTOB B coBMeneHHoH cetu paauonoctyna NG-RAN.

DNN — nM4a BHEIIHEN CETH
nepegayu JaHHbBIX

Bechb pecypc npunamiexur oneparopy Full MVNO

BaXHbIM CHCTEMHO-CETEBBIM AacleKTOM CO3/IaHUsl BHUPTYaJbHOTO oOIlepaTopa
BbIcOKOTO ypoBHs Full MVNO sBisieTcst peain3aius MporpaMMHOTO MOAYJISI C CETEBOM
¢yukuueit tapupukauuun CHF  (aBromatusumpoBaHHOUM cucTeMbl ydeTa Tpaduka).
ApxutekTypa B3aumozenctBus omnopHoit cetu 5G Core omepartopa Full MVNO c
MojyseM ¢ cereBoit pynkuuent tapudukanuu CHF u OumimHroBsIM JOMEHOM TOKa3aHa
Ha puc. 3. 13 pucyHka BUIHO, 4TO MporpaMMHbIA Moaynb TpurrepHoi pynkuuu CTF,
TreHEpUPYIOLIUI COOBITUS OHJIAMH U OQJIaliH TapuPUKALUU BCTPOEH HEMOCPEACTBEHHO B
ceTeBylo (hyHKUUIO yrpaBiaeHus ceccusamu aboneHToB SMF. Takum o0pa3oM, KOHTPOJIb
noTpebiienns Tpaduka aDOHEHTaMH CETH BBINOIHIETCS MOJYJIEM YIPaBIEHUS CECCUSMU

A OMJIMHTOBEIM JOMCHOM CECTH.
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Nchf Charging System

—_—
Nchf Charging System

CHF ccr }-Bd

CTF

Nchf Charging System
Ga

> CGF
CTF

Puc.3. Apxutexktypa B3aumoeiicteus onopnoii cetu SGC onepatopa Full MVNO
c cereBoii pynknmeii Tapupuxanun CHF u Billing Domain

AHanu3 omnbITa CO31aHUsl BUPTYaJIbHBIX 0nlepaTopoB Beicokoro yposHs Full MVNO
cereit 4G B Poccuiickoit denepannu mokassiBaeT [4], 9T0 BapHaHT MOCTPOCHUS CETHU Ha
6a3ze TexHosiornd MOCN He Hallen MHUPOKOTo MPUMEHEHUS B CUITY psijia IPUYUH, TaKUX
KaK:

® HEBO3MOXKHOCTh y4yeTa Tpauka aOOHEHTOB, TaK KaK B COOTBETCTBHHU C
apXUTEKTYpOl ceTu 3TOT TpaduK MapHIPpyTU3UPYETCS BUPTYaIbHBIMH OIEpPATOPaMU
HEIMOCPEJCTBEHHO ¢ 0a30BBIX CTaHIMM omneparopa MoOmibHOM cetu MNO, KoTOphIE HE
MMEIOT TEXHUYECKOI BO3MOKHOCTH yueTa Tpaduka abDOHEHTOB BUPTYalIbHOTO ONIEpaTOpa
BbIcOKOr0 ypoBHA Full MVNO;

® CJIO’KHOCTh TEXHUUECKOHN pean3alluy, CBI3aHHOM ¢ HE0OX0IMMOCTbIO HACTPOMKHU
B3aMMOJICHCTBUSI OTPOMHOTO KOJIMYECTBA OA30BBIX CTAHIIMN OIepaTopa MOOUIILHOM CeTH
MNO c onophoii cerpto 5G Core BupTyallbHOTO orepaTopa Bbicokoro ypoBHs Full
MVNO, B TOM 4ucIie CBSI3aHHOM C HacTpoiKoi TpancnoptHoit cetu [P Backhaul.

HexkoTopeiM ynpoleHreM TEXHUYECKON peain3alii ApXUTEKTYpPbl, TOKa3aHHOW Ha
puc.2, MOKeT ObITh MPUMEHEHUE Ha ceTu omnepaTopa MoOmibHOM cetn MNO oGnayHoi
texHosioruu Cloud RAN ¢ Bbicoko# cTeneHblo neHTpanu3amnui kourposepa CU 6a3zoBoit
cranuuu gNB, oJlHaKO MpU 3TOM HE UCKIIOYAETCS OJHOBPEMEHHOE HMCIOJIb30BaHUE Ha
cet 5G u 0azoBbIx cTaHmil gNB co cpeanell 1 HU3KOU CTENEeHbIO LIEHTpain3auu [5].

Jst cymectBytonux ceteit 4G Hanbosee MUPOKO PACTIPOCTPAHCHHONW MOCIBIO
uHTerpanuu omneparopa moOwibHOH ceth MNO ¢ OmopHON ceThi0 BHUPTYAIbHOIO
onepatopa Bbicokoro ypoBHs Full MVNO ssnsercs nutrozoBas moaens GWCN. Orta
MO/IeNb, B KOTOpoit Touka cThika ceteit MNO u Full MVNO pacnionaraercs B onopHoi
cetu Core Networks. PazpaOotanHblil BapuaHT Takoil apXUTEKTypbl IPUMEHUTEIBHO K
cetu 5G Core Network mpencrasien Ha puc. 4.
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Full MVNO

Puc.4. CTpykTypHas cxema coBMellleHHO# ceTH MOOMJILHOr0 oneparopa MNO
U BUpTyanbHoro oneparopa Full MVNO Ha ocHoBe TexHosorun 5G GWCN

B cootBeTcTBHM €O cXeMOii, IPEACTaBICHHON Ha puc.4, orepaTop MOOUILHOM ceTn
MNO coxpaHsieT KOHTPOJIb HaJ TpapUuKOM BUPTYaJIbHOTO OIEepaTopa BHICOKOTO YPOBHS
Full MVNO (nanpumep, nonydas u ananusupyst CDR-daiiniel HenocpeacTBeHHO ¢ MOyIs
ynpasieHus ceccusiMu abonentoB SMF, Haxoasimerocst B cBoeii 30He OTBETCTBEHHOCTH),
yhpoliaercs Texuuueckas peanuzauus cetu Full MVNO.

Bapuantsl nocrpoenus apxutektypbl GWCN ceTH BUPTYaibHOI0 oneparopa

VYuuteiBas, uTo BHeApeHue cereil SG CyecTByOIMMUMHU OllepaTopaMu MOOUIIbHBIN
ceteit MNO MOXET MPOMCXOAWTH MO HECKOJIBKUM CLEHAPUAM [S5], TO ABOIIOMOHHBIN
ClLIeHapull sBJI€TCS HamOoJiee aKTyaJbHBIM CIIEHApUEM, IPU KOTOPOM B MEPEXOIHBIN
nepuoJi paauonokpeiTue cereil 5SG Oyaer mMmeTh (parMeHTapHbIM Xapaktep U Oyner
COCpeZIOTOUYEHO B MecTax HaubOosbpuiero BocTpeOoBanus yeuayr S5G. CmiomHoe
paguoniokpeiTue cetelt SG Oyner obecnieunBaThCsa 0a30BBIMU CTaHIIUAMH ng-eNB HOBOTO
nokonenuss 4G (LTE Advanced Pro). Pa3paGortanHbiii BapuaHT CTPYKTYpPHOM cxema
COBMEILIEHHON ceTu MoOumibHOro omneparopa MNO u BupryansHoro omeparopa Full
MVNO =na ocnoBe texnosioruu 4G/5G GWCN npencrasieHa Ha puc.S.

315



CEKLHA 2. UHpopMaLMOHHO-TEJIeKOMMYHHUKALLUOHHbIE TEXHOJIOTUU. CUCTEMBI U CETU
nepesayu JaHHbIX. UHTepHeT-TexHooruu. O6JauHble TeXHoJI0r M. [lapasienbHble
BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

MNO

Full MVNO

Puc.5. CTpykTypHas cxeMa COBMelIeHHO# ceT MOOMJILHOro oneparopa MNO u
BUpTYyanbHoro oneparopa Full MVNO Ha ocHoBe TexHosnorun 4G/5G GWCN

Kak BumHo wu3 puc.5 peanuzauus coBMenleHHOW omnopHoit cetn 4G/5G
MO/IPa3yMEBAET HCIIOJIb30BAHUE COBMEILEHHBIX CETEBBIX JJIEMEHTOB IUIOCKOCTH
ynpasienusi Control Plane (SMF+PGW-C, UDM+HSS, PCF+PCRF) u mnmockoctu
nosns3oBareneir User Plane (UPF+PGW-U), kak cetu 4G Core, Tak u 5G Core. Kpome
aTOro, oneparop MoounbHOU cetd MNO n0JDKeH MpeoCcTaBUTh JOCTYIl BUPTYaIbHOMY
oneparopy Breicokoro ypoBHs Full MVNO k takum snementam omopHou cetn 4G, Kak
MoAyJb yrpasieHus MoomibHOoCTbi0 MME u cepBucHblil nuo3 SGW. CepBHCHBI 1UTI03
SGW wMoxeT ObITh peanu3oBaH B KauyeCcTBE €IUHOTO CETEeBOr0 »JJIEMEHTa, JH00
pacrpeiesieHHOro B COOTBeTCTBHHM ¢ TexHosorueit CUPS.

CereBas undpactpykrypa oneparopa MmoomisHoi cetu MNO, cocTosias u3 Takux
anemenToB kak AMF, SGW+PGW-C, MME, SGW wosxeTr ObITh peasin3oBaHa IO
HECKOJIbKUM BapHaHTaM: HaJI0KEHHOMY UJIU BbIJICJICHHOMY.

Hanoowcennwvii sapuanm MNQO moapazyMeBaeT HCMOJB30BAaHUE B aAPXUTEKTYPE
cereBbix anemeHToB AMF, SGW+PGW-C, MME, SGW, o0cayXuBarmommx
0JIHOBpeMeHHO aboHeHTOB ornepaTtopoB MNO u Full MVNO.

Buvioenennvii 6apuanm MNQO mnonpa3ymMeBaeT HCIIOJIb30BAHUE B aAPXHUTEKTYpE
YKa3aHHBIX PaHEe CETEBBIX 3JIEMEHTOB, BBIJICIIEHHBIX OllepaTopoM MoOmIbHON cett MNO
tosbko oneparopy Full MVNO B Buzie oTaensHoOro cereBoro ciost onopHoit cetu 5G Core,
a TakXe B BUJE BblAeseHHOM onopHoil cet EPC (Hanpumep, BbliesIeHHAs: ONIOpHAs CETh
DECORE mnsa 3nauenus unentudukaropa UE Usage Type = "MVNO”, conepskamas
cereBble Moaynu MME, SGW).
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Jlna peanuszanuu BblaesnieHHoro Bapuanta 5G Core mpearaerTcst pacUIMpUTh
CYIIECTBYIOIIYIO pa3MepHOCTh naeHTuukaTopa ceteBbix cioeB SST (Slice/Service type)
1o 4 (SST € 1-4) u unpenruduxatop SST=4 Oyner onpenensiTe CETEBON CION Ui yCIyr
MVNO, conepxamuii cereBoie pynkuuun AMF, SMF.

CeteBoil cIlloH, BBIACIEHHBIA omeparopoM MoOwibHOM ceth MNO moxa cepBuc
MVNO, MokeT ObITh pa3JelieH MEeXy HECKOJbKHUMH BUPTYAIbHBIMU OIl€paTopaMu Mpu
nomotu ceteBoro mapamerpa SD (Slice Differentiator). duddepenmuatop cmoe SD
SIBJIIETCS CETEBBIM MapaMeTpOM, JIOMOJHSIOUIMM UAEHTU(]UKATOp ceTeBbiX cioeB SST,
4yTOOBI pa3/inyaTh HECKOJIbKO CETEBBIX CJI0EB OJHOro M Toro ke tuma Croit/Yciyra.
[Tapametrp SD mno3Bousisier cereBbie pyHkuuu NF, mpunamiexamniye K 0JHOMY CIOIO C
oaauM 3HaueHneM S-NSSAI, ucnons30BaTh A5 Pa3INIHBIX IIEJICH.

Pa3paboTanHble CTPYKTypHBIE CXEMBbl, IHpEICTaBlIeHHble Ha puc.2,4 u 5,
CIpaBeUIMBBI TIPH HMCIOJIb30BaHWMU 0a30BbIX cTaHimid gNB cetu pagmomoctyma 5G,
MTOIKITIOYEHHBIX K OropHO# ceTr Core B COOTBETCTBHH € ONIIMEH 2 apxuTekTypsl 5G [6,7].
B cnydae peanmzanum Ha cetu omeparopa 5SG moOmipHOM cetn MNO npyrux ommwit
apxuTeKkTypsl (Hanpumep, 3/3A, 4/4A, 5, 7/7TA) npencraBiieHHbIE BbILIE CTPYKTYPHbIE
CXeMbl OYyIyT MEHSTHCSA COOTBETCTBEHHBIM OIIHMH 00pa3oMm, oOecreurBas pEIICHUE
3amaun nojuepxku cetu Full MVNO.

BrIBOABI

Hosreie Texnonoruu cereit 5G mO3BOJSIET BUPTYAIbHBIM OIEPATOpPaM BBICOKOTO
ypoBHa Full MVNO pewmarts 3amady MNOCTpoeHHs ceTh O€3 HCIIOJIb30BAHUSI CETH
paauonoctyna NG-RAN u obecrieunBaTh BbIBOJ Ha PHIHOK yciyr 5G ¢ JOMOTHUTEIbHON
CTOMMOCTbIO, UCIIOIb3Ys 3T TEXHOJIOTMYECKUE BO3MOXKHOCTH.

BapuaHTsl nocTpoeHust apXuTeKTyphl ceTu BUpTyasibHoro omnepartopa Full MVNO
Ha 0a3ze ceTeBBIX 37eMEeHTOB 5G OyAyT 3aBUCETh OT ONUUN apXUTEKTYpPbl MOCTPOEHUS
CETH, KOTOPBIE ONPEACIISIOT KOHPHUrypaiuo onopHoi cetu 5G.

Pa3paboTanHbie aBTOpaMu CTPYKTYpHBIE CXeMbl Ha OCHOBE apXuTekTypel GWCN
OXBAaThIBAIOT HAJIOKEHHBIN WM BBIJEJIEHHBIN BapUaHThl IOCTPOEHHSI COBMEILLIEHHOM ceTn

MNO 4G/5G.
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BOCCTAHOBJIEHUE CKOPOCTHBIX MOJIEJIEM 2D M 3D CPE]J
B 3ATIAYAX MOHUTOPHHI'A 30H NIOJA3EMHBIX AAEPHBIX
B3PbIBOB

Xaiperaunos M.C., Kapasaes /[.A., fiIkumenko A.A.

Hncmumym sviuuciumenbHolu mamemamurky U Mamemamudeckol 2eopusuxu
CO PAH, Poccus
Hoeocubupckuii 2ocyoapcmeennwiii mexuuueckuti ynusepcumem, Poccus
e-mail: marat@opg.sscc.ru, kda@opg.sscc.ru, al--le@yandex.ru

Annomayun. B cmamve obOcyscoaemcsi 3a0a4a 60CCMAHOBNIEHUSL CKOPOCHHBIX
Mooenell ynpyeux cped 6 memamuke pabom no MOHUMOPUHZY 30H NOOZEMHBIX SOEPHBIX
63pb1808. 1Ipednodcen n00Xo0, OCHOBAHHBIU HA peueHUU NPAMOU 2e0hu3uecKoll 3a0ayu
o0nsl Habopa celcmuueckux 0anuvix. B pabome npeocmasnenv onucanue 3adavu, memoo
PpeweHus], NPOCPAMMHAL OP2AHU3AYUS U Pe3YIbMamyvl YUCIEHHBIX IKCHEPUMEHMO8 NO
MOOeNUPOBAHUIO PACNPOCPAHEHUs. YIPY2UX 8ONH 0/ cped ¢ eKktoueHusmu 3D kasepn u
ona 2D ynpyeux cpeo. Bxniouenue ciedyem paccmampusams Kak KagepHy, 00pa308aHHyI0
8 pesyabmame NOO3eMHOU S0EPHO2O 83PblEA, KOMOPAs MOdicem Oblmb YaACMbI0 Cpedbl ¢
HeHYNIe8bIMU 3HAYEHUAMU YIPY2UX NaApamempos uiu Npeocmasisims coOol 8aKyyMHOe
npocmpancmeo. [ GbINONHEHUS  YUCHEHHbIX  DKCNEPUMEHMO8  pa3padbomaHo
npoepammuoe obecneyerue 0nsi nocmpoenusi 2D u 3D moodeneit HeOOHOPOOHBIX YNpY2ux
cped u 0 npogedeHus MOOeauposanusi — ceucmuyeckux noaeu. Ilpusoodsmcs
meopemuyeckue  pe3yibmamvl — MOOEIUPOBAHU 6 GUOe  HNONEPEYHbIX  CeyeHUll
80CCO30AHHBIX MOOEeU U CeUCMUYECKO20 NOJIA.

1. Beenenue

OcHoBHBbIE 33/1a41 B 00JIACTU YHCIEHHOTO MOJIEIMPOBAHUS B F€O(U3UKE CBSI3aHBI C
pa3paboTKOil MPOrpaMMHOT0 0OecTieueH s, HallpUMep, JUIsi MOHUTOPUHIa KABEPHO3HBIX U
MPWIETaloIINX 30H MOA3EMHBIX SAEPHBIX B3PHIBOB C LIEIbI0 OTCIECKUBAHUS BPEMEHHOU
JUHAMHKHU UCCIIEAYEMBIX PailOHOB. DKOJIOTUYECKUN aCeKT peliaeMon 3aJauu CBS3aH C
HE0OX0IMMOCTHIO KOHTPOJIMPOBATh yTH BO3MOKHOTO pacnpocTpaHeHus
PaZMOaKTUBHBIX IMPOAYKTOB, OOpa3yoIIUXCsl B XOJ€ IOJ3EMHBIX SIEPHBIX B3PbHIBOB.
UTtoOBbl BOCCTAHOBUTH MOJIENb YIPYrodM Cpeibl, MOXHO pemarb oOpaTHYIo
reo@U3MUEcKylo 3a7ady WIM HaWTU pelleHHe u3 Habopa MpsAMBIX 3aaad. Bo BTOpOM
cillydae HEoOXOJMMO MPOBECTH MOJEIMPOBAHUE Ul DPA3IUYHBIX 3HAUYEHUN YIPYTrUX
rapaMeTpoB M T€OMETPHi, OMUCHIBAIOIINX OOBEKT uccienoBaHuid [1]. 3aremM MOXKHO
MIPOBECTH CPAaBHEHUE TEOPETUUECKHUX PE3YJIbTATOB U YTOUYHUTH YIPYryI0 MOJEIb, YTOOBI
OHa JIy4Illeé COOTBETCTBOBAIA SIKCIIEPUMEHTAIbHBIM JaHHBIM.

318



[II MexxayHapoiHast HaydHast KoH$epeHLUs
«MHbopMaTHKa U NpUKJIaAHas MaTeMaTUKay,
26-29 cenTs6ps 2018 r., Anmarsl, Kazaxcran

OCHOBHBIMU ~ 3aJjlauaMU  HUCCJIEJOBaHMs, KOTOpble OBbLIM pEaln30BaHbl B
[IPOrpaMMHOM OOECII€UEeHUH AJIsl PEeLeHus IPSIMOH 3a7jaun reoU3uKy, SBISIFOTCS:

* PaszpaboTka u ajanTanus ~ AJITOPUTMOB  YHMCIECHHOTO  MOJEIHUPOBAHMS
pacIpoCTpaHEeHMs YIPYTUX BOJIH B HEOJHOPOAHBIX 2D u 3D cpenax.

* Pa3zpaboTka CTPYKTYpHOM CXEMBbI U MApaLICILHOTO aITOPUTMA ISl YUCICHHOTO
MOJENIUPOBAHUS [Tl TUOPUAHBIX aPXUTEKTYP.

* Pacuersr ¢ ucnonwszoBannem MPI + OpenMP u MPI + CUDA s 2D u 3D
MOJENUPOBAHNUS PACIIPOCTPAHEHUS YIPYTHUX BOJIH B HEOJHOPOIHBIX Cpelax ¢ MOAEIIMU
YIOPYTUX Cpef.

Jlyig pereHus: AMHAMUYECKOH 3a/jaun TEOPUU YIIPYTOCTH MBI UCIOJIb3yEM CUCTEMY
YpaBHEHUM, 3allMCAaHHYI) B TEPMHHAX CKOPOCTEH CMEIIEHUH W HanpspkeHuud. [{ns
pelieHus 3agaud OblUT BBIOpAH METOJ KOHEYHBIX Pa3HOCTEH KaK OJIMH U3 CaMbIX
MOMYJISIPHBIX U yIOOHBIX U HACTpPAaUBaEMbIX METOJIOB. Takue METO/1bl YaCTO OCHOBAHBI HA
HCII0JIb30BAHNU CMEILIEHHBIX CeTOK [2-4]. B Hammx uccienoBaHusX Mbl paccMaTprUBaeM
YIOpYyryue MOJIENH TOJIBKO C TUIOCKOM reoMeTpHel cBOOOHOM MOBEPXHOCTU. DTO O3HAYAET,
YTO BBICOTA OOBEKTOB HA CBOOOJHOW TMOBEPXHOCTH HEBEJHMKA MO CPaBHEHUIO C OOIIeH
riyOuHoM o0nactu MoaenupoBanusi. Kpome Toro, MO’KHO CKa3aTh, 4YTO Mbl UMEEM JIETIO C
MOJENTUPOBAHUEM JIJISl PErMOHOB, OJIM3KUX K peajbHbIM, K MPUMEPY HCHBITATEIbHBIN
MIOJIUTOH.

Monens ynpyroit cpesibl MOKET UMETh HEOJHOPOIAHYIO CTPYKTYPY, COCTOSIILYIO U3
CII0EB UM BKJIIOYEHMH, pacoJIO)KEHHBIX BHYTPU BBIUMCIMTENBHOM oOiacTu. Bruirouenus
MOTYT ObITh 00bEKTaMH, UMEIOIIUMU (GopMy U3 HabOopa reoMeTpuyecKux Guryp, KOTopble
UMEIOT aHaJuTHYecKoe omnucaHue. VHTepecyroniye Hac TeOMETpUU - 3TO MOJENIU C
BKJIFOUEHUSIMU B BHJIE TPEXMEPHBIX WM ABYMEpHBIX nosiocTeil [1]. B cTtathe Mbl KpaTko
00CylUM aJITOPUTMbI, KOTOPbIE Mbl UCIOJIB3YEM B Pa3pabOTaHHBIX MPOrpaMMHBIX KOJax
I PEKOHCTPYKLIMU T€OMETPUU CETOYHON MOJENU U ONpeAesieHUs 3HAUeHUN YHpPYrux
napaMeTpoB B Kaxaol sdeiike. B pabore mnpencraBieHo omnucaHue MapajielbHas
peannzauus. M3ydeHue mMoBeAeHUS NapalieIbHOrO adropuTMa Ha pPas3HbIX TecTax
SBJIIETCS OTNIENbHOM 3aJjaueli, KOTopasi He paccMaTpuBaeTcs B padoTe.

Pa3paboranHpie mporpaMMbl MOTYT IOMOYb PEKOHCTPYMPOBATH HEOJHOPOHbBIE
MOJENIM C BKJIIOYEHHEM U BBIIOJHUTh MOJEIUPOBAHUE CEHCMUYECKOTo TOJs Ha
cynepkommbioTepax. [lomydeHHble YuCIEeHHbIE PE3YIbTATHl MOTYT UMETh IPAKTHUECKOE
MPUMEHEHHE B 00JIACTH W3YYEHUS OCOOEHHOCTEH CTPYKTYphl CEHCMHYECKOro MOJs U
BepUUKaLUU re0PU3NIECKUX MOJIEIEH.

2. ITocTaHoBKA 32/1a4U U METObI

I'eodusnueckuii 0OBEKT MOKET ObITh ONHMCAH KaK 4YacTh IOANOBEPXHOCTHOM
CTPYKTYphl, UMEIOUICH JMHEHHble pa3Mepbl. PeanbHble OOBEKTHI HMEIOT CIIOXKHYIO
re0JIOTHYECKYI0 F€OMETPHUIO, HO MpPH paboTe C MOJENISIMH Mbl IPUMEHSEM HEKOTOpble
OTpaHHYEHUS B COOTBETCTBHUHU C 00JIACTHIO MOJIeNHpoBaHusl. B HacTos1IeM HccneaoBaHun
MbI pa0oTaeM TOJIBKO C U30TPOIHBIX ClIydaeM ynpyrux cpel. MoaenbHas 00J1acTh JODKHA
ObITh MPAMOYTOJBHOM (OPMBI € IUIOCKOM TeoMeTpuerd CBOOOJHON IMOBEPXHOCTH.
I'eodusnuecknii 0OBEKT JOHKEH OMNMCHIBATHCA TPEMsI OCHOBHBIMHU IHapaMeTpaMu:
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CKOpOCTBIO P BOJTH, CKOPOCTBIO S BOJIH U IUIOTHOCTHIO. B 00111eM cityuae, 3T mapaMeTpbl
ABIISIOTCS (YHKIUAMHU KoopawHaT. CiemyeT OTMETUTh, YTO MBI MPHUMEHSEM TEXHHKY
Perfect Mixed Layers (PML), 4ToOBI chemaTh aMIUDIMTYAy OTPaKCHHBIX BOJIH
npeHedpekuMo Maioil. B atom ciyuae 30861 PML pacnionararoTcst Ha rpaHuiiax o6aactu
MoJienupoBanus, cM. Puc. 1.

X CEoB0IHAT IOBEPXHOCTE X CroboqHa® MOBEPXHOCTE

D 3D

Puc. 1. Ob6aacts MmoaenupoBanus B 2D u 3D cayuasx

[Ipouecc mopaenupoBaHusi yOPYrux BOJH ONUCBIBAETCS CUCTEMON YypaBHEHUU
JUHAMUYECKOU TEOPUH YyIPYrocTu. MBI UCIONb3yeM (OPMYIHPOBKY B BUJIE KOMIIOHEHT
CKOpOCTEH 1 HanpspKeHud. Takum o0pa3oM, o0Iue ypaBHEHHS I TPEXMEPHOTO Cliydast
umeroT Buf (1):

ou ~ 06
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rzae t - Bpems, p - INIOTHOCTb, A U g - apaMmeTpsl Jlame.
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HavanpHble u rpaHnyHbIe YCIOBHS UMEIOT BUJ (2):

—

o |t=0: 0’5[ |t:0: 0’ ze |z:0: O’ GJ’z |z:0: 09 Gzz |z:0: 0 (2)

MBI HCHONB3YEM TOYEUHBIM MCTOYHUK ISl T€HEpAaUMH CEMCMHUYECKOro CHUTHAJIA,

bynkuus  F(¢,x,y,z). OH MOXeT OBITh B BHIEC «BCEOOBEMITIONICH CHIIBD) WU

«BEPTUKAJIbHOU cuiibl» B HampasiieHuu ocu Oz. JloMuHHpYIOLIas 4acToTa MCTOYHHKA
OTpEEIIeTCs M0JIb30BATEIEM.

Jlig peuieHus 3agad YHCIEHHO TPUMEHSEM KOHEYHO-PAa3HOCTHBIM METoJa Ha
CMEIIEHHbIX ceTKaX. [IpuMensiercs cxema 4eTBepToro MmopsiaKa TOYHOCTH B JIBYMEPHOM
ciydae [3,4] m BTOpOro mopsaka B TpexmepHOM ciydae [2]. Omucanue KOHEYHO-
Pa3HOCTHBIX AaNIpPOKCHUMAlMA MOXHO HAalTHM B COOTBETCTBYIOIIMX paborax. B
TPEXMEPHOM CiIydae KOMIIOHEHThl CKOPOCTHM pa3MELIaloTCs B LEHTpE TIpaHel,

HANpsDKeHUs o, ,0,,0_ W ynpyrue napamerpsl (Vp, Vs u p) NOMEIIAIOTCS B LCHTP

siYEHKH, OCTaJIbHBIE HAIIPSDKEHUS pa3MeIIatoTcsl Ha COOTBETCTBYIONIMX pedpax. 3D-ceTka
OpraHM3oBaHa TakuM oOpa3oM, uyTo KommoHeHT Uz pa3memiaercss Ha CBOOOJHOMN
nosepxHocTu. B 2D ciryqae komnonenTa Ux nomeniaercss Ha CBOOOIHYIO IOBEPXHOCTb.

I'eomerpuuecknii 00BEKT C HYJIEBBIMU WJIM HEHYJEBBIMU YIPYTMMH IapaMeTpaMu
ONKCHIBAET KaBEPHO3HYIO 30HY. OH HMMeeT JMHEHHBbIE pa3sMepbl U aHAIUTHYECKOE
onucanue. OH MOXeET ObITh CKOHCTPYHPOBAaH KaK OOBEKT OBaJbHOW (OPMBI HIIK C
MTOMOIIBIO0 TEOMETPUUECKUX PUMUTHUBOB [1].

MpI nprMeHsIeM TaK Ha3bIBaEMYIO «BaKYYMHYIO» TEXHUKY JUISl pealIu3allii OJ0CTH
OBaJIbHOM (OPMBI C HYJEBBIMHM YINPYIMMH INapaMeTpamMu B pacuerax. B sTtom ciyuae
ClIeyeT BOCIPUHUMATh TI'PAaHUILy IOJOCTU KaK CBOOOJHYIO MOBEPXHOCTH (CBOOOIHOM
MOBEPXHOCTH). DTO O3HA4yaeT, 4YTo Uil KaXJOW TIpaHUYHOM SYEHKU KaBEpHbI B
TPEXMEPHOM CJIydae JTOJKHBI ObITh BBIIIOJIHEHBI HyJIEBbIE TpaHU4YHbIe ycinoBUs. [loaTomy
BO BCEX TpEX HAMpaBIEHUSX aJITOPUTM IPOBEPSET peaTU3alUi0 COOTBETCTBYIOIIKUX
IPaHUYHBIX yCIoBUM JUIs KOMITOHEHT HaIpsDKEHUH, HanpuMep
=0,0 =0, B monepeyHoM ceueHuu OXz TpeXMEepHON MOJIEIH.

O-xx |border = 0’ O-xz |border 4 |border

. SMeHKH ¢ HEHVICERIMH SHAYEHHAME
. AYeHKH ¢ HVISBRIMH SHAYSHHAMH

Puc. 2. Pacnosioxkenne siueex ¢ pa3jinyHbLIMU 3HAYEHUSIMH YIIPYTHX MapaMeTpoB
B 3D cayuae
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UYTo0Ob! peann3oBaTh TaKyl0 TEXHUKY B MPOIPaMMHOM KOJE €CTh JOTOJHHUTEIbHbIE
3D-MaccuBbl, OTpakarollMe MNPUCYTCTBHUE 30HBI MOJIOCTH. Takue MacCuBBI COJEpKaT
nH(pOpMaLIHIO, MOJYYEHHYIO IYTEM COIOCTABJIEHHS 3HAUYEHUU MapaMeTpoB YIPYroCTH,
Pa3MEIIEHHBIX B LIEHTPE SYEEK I KaXIBIX JBYX COCEIHUX SYEEK B KAXKIOM M3 TpeX
HanpasJieHUH. B cOOTBETCTBUY € 3TUM MBI OyJIeM 3HaTh BIMSHUE I'PAHULIbI 30HbI ITOJIOCTH,
IIOCKOJIBKY, HallpUMep, JIEBas siYeliKa MMEET HEHYJIEBOE 3HAUYCHME IapaMeTpa, a Ipasas
s4eliKa MMEET HYyJIeBO€ 3HadeHHe. EciM ImporpamMMHBIN KOJ OTMEYAeT «OTIIMYHOE OT
HYJIS» - HOJIb» - «HOJIb» - «HOJIb» B HampasiieHMH OX, B 3TOM cilyyae HaOJIOAaeTcs
IpaHMIA MEXTY IIEPBOM U BTOPOM siuerikaMu, cM. Puc.2.

JUist MOAENUpOBaHUs B TPEXMEPHBIX YIPYIMX CpPENax HCIOJb3YETCS KOHEYHO-
Pa3HOCTHAsI CXEM BTOPOTO MOPSAIKA TOYHOCTH I10 IIPOCTPAHCTBY.

B 2D cnyuae npumMeHnsercs nojio0Hasi cucteMa ypaBHEHHUH, HO 11 IByX KOMIIOHEHT
CKOPOCTECH CcMeIeHui (u ,u.) ¥ TpPeX KOMIIOHEHT HanpsukeHud (o ,o_,0.). Jiua

YHCJIEHHBIX 3KCIEPUMEHTOB B 2D ynpyrux cpenax MCHOJIb3YETCs] KOHEUHO-Pa3HOCTHYIO
CXEMY YETBEPTOrO MOPSIIKa TOUHOCTH I10 MPOCTPAHCTBY.

Meron PML xopomio u3BeCTeH U NIMPOKO UCIIOIB3YETCS I PEIIEHUs PA3IIMYHbIX
3amad. bomee moapoGHOE obcyxnenne PML, ucnonszyemoe st KOHEYHO-Pa3HOCTHOTO
MOJENTMPOBAHUS PACIPOCTPAHEHUS YIIPYIUX BOJIH B HACTOSIIEH paboTe, IPEICTaBICHO B
paborax [6, 7].

2.1 PexkoHcTpyKUMS reo(pu3ndeckoi Moaenu

B pabote paccmarpuBaeTcst 3ajaua MOJAEIMPOBAHUS PACHPOCTPAHEHUS YHPYTHUX
BOJIH B HEOJJHOPOJHBIX CpelaxX C CIOXKHBIM F€OMETPUUYECKUM CTpOoeHUeEM. [l co3manus
Habopa TreopU3UYECKUX MOJEJEH, HCMOJNb3YeMBIX JJIsi KOHEYHO-Pa3HOCTHOI'O
MOJENUPOBaHUs, TpeOyeTcss mporpaMma Ui OINpeAeNieHUs paclpeneieHusl YIpYTrux
[apaMeTpoB B SYEMKax CETKH M Ul 3aJaHAs HMCXOJHBIX JIaHHBIX, COJEp Kalliux
nH(pOpPMaLIMI0O O TEOMETPUU M PACHPEIEICHUN AAHHBIX Ui OOBEKTOB, COCTaBISIOLINX
MoJienb. MBI pa3paboTaii JBa MPOrPaMMHBIX KOAa Il MOCTpoeHHs 2D-ceTodHbIx
MoJeneH, WK HHave, CO3/IaHus TPEX ABYMEPHBIX MacCUBOB, COJEPKAILUX HHPOPMAIIUIO
0 3HAYEHUSX YIPYTUX NapameTpoB.

IlepBas mporpamma CO31aHHMsSI HEOJHOPOJHOM MOJEIM OCHOBaHAa Ha AJTOPUTME
ONpENENeHUs] TNONANaHNusl TOYKHM BHYTPh MHOIOYrOJIbHUKA. Takas TEXHHKaA MO3BOJISIET
MIOCTPOUTD CIIOKHYIO T€OMETPUIO C «IPYOBIMUY» XOPOIIO PAacClO3HABAEMbIMU I'PaHULIAMH,
HCIIOJIb3YS CIIUCOK ITOJIMTOHOB C KOOPJIMHATaMH UX BEPILVH.

Bo BTOpOi#t mporpamme peaiM30BaH aIrOpUTM KyOHMYECKOU CIUTaitH HHTEPIIOJISIIUH.
[IpennoxxuMm, uro Mbl 3a7ad 1D BepTUKAIBbHO OPUEHTUPOBAHHBIX JAAHHBIX C 33JaHHBIMU
3HAYEHUSMU TJIYyOMH M 3HAYEHUH YOPYrUX MapaMeTpoB Uil KaKJOro TOPU30HTA.
Heo0xonuMo mosydyuTh JBYMEpPHbIE MacCUBBI C pAacHpelesIeHHEM JIaHHBIX B syeilkax
CeTKHU. 3Hasi pa3Mep CETKH (KOJMYECTBO TOUEK B Ka)<JIOM HAlpaBJIEHHM) U LIAr CETKU
BJI0JIb OCH, MBI MOKeM IpUMeHUTh 1D cruiaiin nHTepnoiAnuio B HarpasieHuu ocu Oz, a
3areM 1D unHTepnossauuio B HanpaBieHUH ocu OX, 4TOObI NOJYyYUTh 3HAYEHUS B STUEHKaX
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ceTkd. lcnosib30BaHME CIUTAiHOB IO3BOJISIET IOJYYWTH IUIABHOE M3MEHEHUE YIPYIHX
napaMeTpoB MEXIy pa3HbIMU T'PaHHUIIAMH.

Jljis poBepKU pe3yabTaToB pabOThl MporpamMm Mbl BbiOpaiu 2D npoduiib 1iuHON
600 M (o ocu Ox) u riryounoit okosio 300 M (Bmoiws ocu Oz), cm. Puc.3. PesynbpTaTh
BOCCTAHOBJICHHSI MOJICJIA TIPECTaBJICHbI Ha puc. 4 u puc.5. Pacnpenenenne HavanbHBIX
3HAYECHHI mapaMerpa Vp Ui KaKI0W 30HBI (MHOTOYTOJIBHUKA), COCTABIISIIONIEH OOITYIO
reo()M3NYECKyI0 MOJIeNTb, MOKHO YBHJIETh Ha pHC. 3.

] 131 173 1313 1313
[Fizm LR Tl {1005 ) Tl or (LT

rnybuHa, m

PaccToAaHWe, m

Puc. 3. Pacnpenesienue nanubix ajs 2D npoduas

PaccroAHme, m

Puc. 4. HpnMep BOCCTAHOBJICHUS MOJA€CJIHU C HCITOJB30BAHUEM ITOJIUT'OHOB

-

PaccroAHwe, m

rayGuHa

Puc. 5. IIpumep BoccTaHOBJIEHUSI MO/I€JIUM C IPMMEHEHHEM CIIAITHOB

2.2 MMapaniienbHas peaju3anus

Jj1 BO3MOXKHOCTU pabOThI ¢ KPYITHOMACIITAOHBIMU T'€0(PU3NUECKUMU MOJEISAMU U
C MOJIEJISIMU, OJTM3KUMU K peaTbHbIM 00BEKTaM C MEJIKO3EPHUCTOM CETKOH, HEOOXOIMMO
OblI0  pa3paboTarTh MapauieNbHble anropuTtMbl. HaOmiomas 3a  TeHACHIUSMH B
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apXUTEKTypax CYHEepKOMIBIOTEPOB, CIEAYeT OTMETUTh HapallluBaHUE BBIYUCIUTEIbHON
MOIIIHOCTH C UCIOJIb30BaHUEM MHOTOSIEPHBIX ycTpoicTB [7]. Takue BblUMCIUTEIbHBIE
YCTpOICTBA BKJIIOYAIOT B €0l JECSATKU U COTHU BBIYMCIUTENBHBIX siiep, pabOTaIOMUX
napajuiebHO. APXUTEKTYpbl MOTYT OBITh MOCTPOEHBI Ha CepBEpax C MHOTOSIEPHBIMU
MpOLIECCOpaMH, CEpBEpaMU C TMPOLIECCOPaMU U HECKOJbKUMU TIpapUuecKUMHU
mmporeccopaMi Ha OJIHOM Yy3Jlie, Ha compolieccopax Xeon Phi 6e3 ympapistonmx
npoueccopoB. IlpencraBieHHble TUIBI CYNEPKOMIIBIOTEPHBIX CHUCTEM ecTb B LleHTpe
KOJUIEKTUBHOI'O UCTOJIb30BaHusl CHOUPCKOTO CYNEpKOMITbIOTEPHOrO IeHTpa Cubupckoro
ornenenust Poccuiickoit akagemun Hayk (CCKL[ CO PAH). IlepBas cucrema - 310
rudpuanbii kiactep HKC-30T, BeruncianTenbHble Y371kl KOTOPOTO BKIIIOYAIOT CEPBEPHI C
MHOTOsiZiepHbIMU ~ TIporieccopamu  Intel Xeon, BblYMCIUTENBbHBIE Y3JIBI € JABYMS
nporeccopamu U Tpemsi rpaduueckumu mporeccopamu Nvidia Tesla. Kpome Toro,
umeercs kinactep HKC-11I1 ¢ y3namu Broadwell (Intel Xeon) u KNL (Intel Xeon Phi).
[TapanienpHble anrOpUTMbI MU MPOrpaMMHBIE KOAbl B OCHOBHOM IIpEIHA3HAYEHBI IS
MIPaKTUYECKOI0 UCIO0JIb30BaHus cynepkomnbiorepoB CCKII.

[Iporpammustii ko ais 3D pacderoB ObLT pa3paboTaH ¢ ucnosb3oBanueM MPI u
OpenMP B. Ilpumensiercss 1D nexomnosunus 1o JaHHBIM Ha TPEXMEpHBIE CPE3bl BJIOJIb
ocu Oz. B 3TOM cityyae Mbl UIMEEM J€JI0 ¢ MHOXKECTBOM T01001acTel, MPOHYMEPOBAHHBIX
or 0 no N-1, HauumHas c BepxHero, rjae N - 3TO YHUCIO YCTPOICTB, paboTarOUIUX B
napajuienbHo. Takoe pacnapaienvBaHue SBJSETCS CaMbIM IPOCTHIM. MBI MOXKEM
ucronb3oBath  OpenMP  nmns  mapaiienbHBIX  BBIYMCICHUW  HA  BBIJCJICHHBIX
BBIYMCIUTENIBHBIX ycTpoiicTBax. KommdectBo motokoB OpenMP  koHTposmpyercs
[0JIb30BaTeIeM M BbIOMpaeTcs B COOTBETCTBUM cO crenupukanusMu ycrpoiicrsa. 3D
CHOCO0 JIeKOMIIO3UMIMU O00JacTh MOJAETUPOBAHUS MOXKET ObITh OoJiee JydlIUM U
OBICTPBIM, HO UCIOJIb30BaHUE 30H PML nmeeT 0cOOEHHOCTH, MMOCKOIBKY pa3MeIIeHbl Ha
OOKOBBIX TpaHax B HampabieHun oceil Ox m Oy W B HWIKHEH YacTU MOJEIU BIOJIb
Hanpasiienus ocu Oz. boeun pa3paboTtanu napajienbHble IporpaMMHble kobl 0e3 PML u
Ha ocHoBe 3D nexomno3unuu no AaHHbIM. CpaBHeHue paboTel anroputma Ha 3D
TECTOBBIX MOJIEJSIX Ha CYMEPKOMIIBIOTEpax MpeacTaBieHo B padote [8]. B ymoMsaHyThIx
cucremax GPU mnaxomarcsa mopn ynpasienuem CPU. B astom ciyuae HeoOxonumo
BBITNIOJIHATH 0OMEHBI JAHHBIMU MEK/TY ITPOLIECCOPOM U BBIYUCIIUTENBHBIM YCTPOICTBOM HA
KKJOM LIare MTepalud, 4ToObl peann3oBaTb OOMEH MEXAYy COCEIHHMMH TOYKaMH,
pa3MelIeHHBIMH Ha TPaHIX coceAHUM monpooOmacredd. B cmydae umcmosipzoBanus GPU
pa3zpaboTaHbl BBIUMCIUTENbHBIE «sipa» ¢ ucnonb3zoBanuem CUDA. Sfagpa - 310
MPOIIEAYPHI, IEPENUCAHHBIE C UCTIONB30BaHueM crierudukaruii si3pika CUDA, Takux kak
3aMeHa IUKIOB «for» Ha MPOBEPKY YCIOBHM THNA «ifY, U ¢ UCMONB30BaHUEM TpeduKca
«_global » mna mpouemyp. Ilpu pabdore ¢ momb3oBarerem CUDA HeoOxoammo
ONPEENUTh KOJIUYECTBO MapauIeIbHBIX MOTOKOB U 00KOB. PaboTas ¢ nmporpaMMHbIMU
kogamu MPI + OpenMP, MOKHO KOHTPOJMPOBATH KOJIUYECTBO MOTOKOB OpenMP.

324



[II MexxnyHapogHast Hay4YHast KOHepeHLus
«MHpopMaTHKa ¥ NpUKJIaJHAS MaTEMaTUKa»,
26-29 cenTs6ps 2018 r., Anmarsl, Kazaxcran

3. Pe3yabTaThl MOACTHPOBAHUA

Jlst BocctanoBiennou 2D moaenu (cm. Puc. 5) Ob1710 MpoBeIcHO MOACTUPOBAHKE
IVl TIOJYYEeHHsI CEMCMHYECKOTo IMOJIsl U TECTUPOBAHUS Pa3pabOTaHHOTO MPOTrPaMMHOTO
obOecnieuenus. Vcnonb3oBaiics ceiCMUYECKUI HCTOYHUK C JOMUHUPYIOIIEH yacToTol 15
I'u, pa3merieHHbI Ha cBOOOJHON MOBEpXHOCTH ¢ KoopauHatoi 0.5 kM o ocu OXx. Beun
peain30BaH HUCTOYHMK THUIA «BEPTHUKAIbHOM CHUJIBDY TeopeThyecKue pe3yabTaThl
MOJENUPOBAHUS ObLIM MOJTY4YEHbl B BUJE CHUMKOB CEHCMHUYECKOTO IOJIsI BEPTUKAIbLHOM
COCTABJISIIOIIEH TSl pa3HBIX BPEMEH pacuera, cM. Puc.6.

N

Puc. 6. CHUMKH celicMU4eCKOro MoJisl BepTUKAJIBLHOH KOMIOHEHTHI 1J1s 2D npoduas

Jliig n3ydeHus paboThl IpeIaraéMoro «BakyyMHOI'0» METOAA JUIsl MOAETUPOBAHUS
3D ceiicMu4€ecKOro moJjsi ¢ HaTMYMEM 30HbI ITOJIOCTH C HYJEBBIMU 3HAUEHUSMU YIPYTUX
napaMeTpoB ObUIa BbIOpaHa OJlHA U3 MPOCTEHIIMX TECTOBBIX Mojeneil. OHa COCTOUT U3
YIOPYro# cpeibl ¢ MOJIBIM BKIIIOUEHHEM cepudeckoil popmbl. brliia noctpoeHa Moiensb ¢
nuHerHbIMu pazMepamMu 4 kM X 1.0 kM x 1.0 kM. LleHTp KaBepHBI pacronarajicsi B
koopauHatax (2.0 kM, 0.5 kM, 0.52 km). Paauyc nonoctu Obul BeiOpan 0.22 kM.
[IpuMeHsuIcs TOUeUHBIN CEHCMUYECKUI HCTOYHUK THIIA «BCECTOPOHHSS CHIIA» C YACTOTOM
10 T'm. Uctounmk pacnosiaraicst BOJmM3u cBOOOHON MOBEPXHOCTH B KoopauHatax 0.3 km
Bosb Ox u 0.5 kM Bnonb ocu Oy cooTBeTCTBEHHO. CHUMKU CEMCMUYECKOTO OIS,
Ioy4eHHsble JUis KOMIIOHEHT UX n Uz A monepeyHbIX Ce4eHUuM TPEXMEPHOU MOJIENH,
MPOXOJALIMX Yepe3 TOYKY paclojOKEHUS HCTOYHHKA. Pe3ynpTaThl MOJENUPOBAHUS
IpeAcTaBiIeHbl Ha puc.7 U puc.8. Bce BBIUMCIECHUS BBINOJIHSAIUCH C HCIOJIb30BAHUEM
pa3paboTaHHBIX MapajlieNbHbIX IPOrPAMMHBIX KOZOB Ha cynepkommbiorepax CCKLI.

325



CEKLHA 2. UHpopMaLMOHHO-TEJIeKOMMYHHUKALLUOHHbIE TEXHOJIOTUU. CUCTEMBI U CETU
nepesayu JaHHbIX. UHTepHeT-TexHooruu. O6JauHble TeXHoJI0r M. [lapasienbHble
BblYMCIeHUd. PacnipesiesiéHHble BhiyMcaeHnA. CyllepKOMIIbIOTepHBIe U KJIacTepHbIe
cucteMbl. 06paboTKa 60bITUX 060'bEMOB JlaHHBIX (Big-data). 'eonHbpOpMaLmOHHBIE

CUCTEMBI U TEXHOJIOTMH. UHHOBAIMOHHbIE 06pa30BaTe/IbHbIE TEXHOJIOIUU

L =
"
$i= il caml,

Lig N
2 i

Puc. 8. Ciumkn Uz KOMIIOHEHTHI CelCMHUYECKOTro M0JIA B IJI0ckocTH Oxz

Ha mnpexncraBieHHBIX pHCYHKAaX BHJHA DHBOJIIOLMUSA CEHCMHUYECKOrO IIOJISI H
HaO0JaeTcs NepeIHssl, KOHUYECKasl, OTPaKEHHBIE U JIPYTUX THIbI CEHCMUYECKUX BOJIH.
[Tokazano kak BbIIAIUT 3D ceiicMuyeckoe mosie Ui pa3HbIX KOMIIOHEHT B IPUCYTCTBUU
TPEXMEPHOU IMOJIOCTH C HYJEBBIMH 3HAYEHUSIMHU YIPYTUX [TapaMeTPOB.

4. BeIBOABI

B crarbe oOcyxkmaercst mpobieMa BOCCTaHOBIICHUSI CKOPOCTHBIX Mojenel st 2D u
3D ceiicMUYeCKUX TOJIEH W pelieHne 3aJa4il MOJICIMPOBAHUS CEHCMUYECKUX TOJIEH C
WCIIOJIb30BAHUEM CETOYHBIX METOJIOB HA OCHOBE KOHEYHO-PAa3HOCTHBIX aNMPOKCHMAITHH.
[Ipemyaraemas MeTOoAMKA BKJIIOYACT PEIICHHE MPSIMOM Treo(U3UYECKOW 3amadu it
Habopa MOJIeNIeH U CpaBHEHUE TEOPETUUECKUX U reopU3NIeCKuX JaHHBIX. [IpencraBienb
MMOCTAHOBKA 3aJaud W MeToja pemieHus. Pa3zpaboTanbl mapaiiienbHbIC alrOPUTMbI U
MpOrpaMMHBIE KOJBI JUIsi MOJCIUPOBAHUA HA MHOTOSIEPHBIX CYINEPKOMITBIOTEPHBIX
apxuTektypax. B pacuerax moryT ucnonn3oBarbcst CPU, ycrpoiictBa Tuma Xeon Phi wim
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GPU. B crarthe kpaTko IpelcTaBlieHa OpraHU3aIUs NMapaJlIeIbHBIX BbIYUCICHHH. [yis
ONpENENeHUsl 3HAYCHUM yOPYIMX [apamMeTpoB Ha CETKE C HCMOJb30BAHHEM
pacnpeeNIeHHbIX BXOIHBIX IJaHHBIX ObLIO pa3paboTaHO HECKOJIBKO MPOTPaMMHBIX KOJIOB.
Hust 3D cnywas pa3paOoTaHHBIA TOCTPOUTENh MOJIENEH OOBEAUHEH C MPOrpamMMoit
MOJeNnupoBaHus ceicMuueckux nosier. g 2D ciryyast Mbl pa3paboTanu ABa OTJAENIbHBIX
nporpaMMHbIX Koja. OIMH JUii BOCCTAaHOBJIEHHMSI CETOYHOW MOJENH, IPYrou Juis
MOJIEIMPOBAHNS. HAa OCHOBE KOHEYHO-Pa3HOCTHOTO MeToja. B0O3MOXHO mMOCTpOUTH
CeTOYHYI0 Mojenb (ompenenuts 2D fmaHHbBle, cojaepkamue HHGOPMALHUIO O
pacnpeieieHud 3HAYeHMM OCHOBHBIX YIPYTHX IIapaMeTpoB B slUEHKax CETKU) C
MCII0JIb30BAHUEM KyOWYeCKOH CIIalHOBOW MHTEPHOJIALUU WIH METOJa «ONpeesieHus
MONa/IaHNs TOYKM BHYTpPh MOJUroHay». IlpoBepka paboTbl NporpaMMHBIX KOJOB
BbINIOJIHEHA Ha npumepe 2D mpoduns. [IposeneHo celicMuueckoe MoJENUpOBaHUE IS
TPEXMEPHOW YIPYrol MOJAENN C KaBEPHOW C HYJIEBBIMH 3HAYEHUSIMU YIPYTHUX
I1apaMeTpoB. [IpencraBnensl MIOJTy4ECHHBIE pe3ynbTaThl MOJIEITMPOBAHUS
pacrpocTpaHeHus ynpyrux BosiH B 2D u 3D HEOTHOPOIHBIX cpeaax.

Paboma ewinonnena npu noooepowcke Poccuiickoeo ¢honoa ynoamenmanvhbix
uccneoosanuil (epanmol Ne 16-07-01052 A, Ne 17-07-00872 A, Ne 18-41-543012 p_mno_a,
No 18-47-540006 p_a, Ne 18-51-41002 ¥36_m) u Poccutickoeo nayunozo ¢ponoa (npoexm
Ne [8-11-00044).
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Annomauyusn. B pabome paccmampugaemcst 803MOMCHOCHb UCHONIb30BAHUSL CEPBUCA
obnaunozo xpawenus oaumnvix GitHub ona opeanusayuu obyuenus. Github — sensemcs
KpynHeuwum xocmuneom O0as xpawenus IT-npoexmos. Github 6 o6pazosamenvbHOl
0esAmenbHOCMU ~ NO36OAUM  NPOGOOUMb:  V4em  GbINOJIHEHUs — CaAMOCMOSAMENbHO
NPAKMUYecKux 3a0aHull 00Y4arowuMcs, KOHMPOIb KAYeCmed UX 6bINOJHEeHUs, AHAIU3
NPUMEHEHUs. MeOpemUudeckKux 3HAHUL U YMEHUll 8 DPA3IUYHbIX OUCYUNTUHAX, YMEeHUll
HAxXo0Uums 83auUMoCes3U MexHcoy QyHOaAMeHMAalbHbIMU U NPUKIAOHLIMU 3HAHUAMU.

B Tlocmanum Ilpesugenta Pecnyonmuku Kazaxcram H. HazapbaeBa Hapomy
Kazaxcrana «Tperbs MmogepHuzanus Kazaxcrana: riobajibHas KOHKYpPEHTOCIIOCOOHOCTh
31 suBaps 2017 r. 115 pa3BUTHUS NEPCIIEKTUBHOM OTPaciu Kak HU(POBbIE CEPBUCHI ObLIO
JaHO Mmopy4eHue 1o peanusanuu nporpammsel «Lludposoit Kazaxcran» [1]. [Iporpamma, B
TOM YHCJIE, HalleJeHa Ha pa3BUTHE 00pa3oBaTENbHON HHQPPACTPYKTYphl, a HMEHHO
nH(OPMaLIMOHHON Cpeibl 00pa30BaTEILHOTO YUPEXKIECHUS, UTO MPEAINO0IIAaracT BHEAPEHNE
u 3(hdexTUBHOE HUCMOJIB30BAaHUE HOBBIX HUMPOBHIX CepBHCOB. BakHas poyib HOBBIX
M(POBBIX TEXHOJIOIUI B 00pa30BaHUM COCTOUT B TOM, YTO OHU HE TOJIBKO BBIIOJHSIOT
(GYHKIIMY MTHCTPYMEHTApHsl, UCIOJIb3YEMOI0O JUIsl pEIICHUs OTAEIbHBIX 00pa30BaTeNbHBIX
3a/la4, HO U NPHUJAIOT KaYyeCTBEHHO HOBBIE BO3MOKHOCTH OOYUEHHIO, CIOCOOCTBYIOT
CO3/IaHNI0 HOBBIX (popm 00yueHuss u obpaszoBanus. MupopmaTuzamms obpazoBaHus B
HaCTOsIIee BpeMsI SIBJIsSIETCS HEOOXO0JMMbIM YCIIOBUEM Pa3BUTHS 001IECTBA.

CoBepiieHCTBOBaHNE HH(DPOPMAIIMOHHBIX TEXHOJIOTUH 3aHMMAeT Ba)XKHOE MECTO
Cpey MHOTOUYMCIIEHHBIX HOBBIX HalpaBJieHUH pa3BUTHs 00pa3oBanus. OHO HAlLlEJIEHO Ha
pa3BuTHE 00pa30BaTEIbHOW HHQPPACTPYKTYphl, @ MMEHHO HH(POPMALMOHHON Cpelibl
00pa30BaTEeIbHOTO YUPEXKACHUS, 4YTO IMpenanoyiaraer BHeApeHHe U 3P (PeKTUBHOE
UCIIOJIb30BAHME HOBBIX HMH(OPMALIMOHHBIX CEpBUCOB. BaxkHas pojib  HOBBIX
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MHGOPMAIIMOHHBIX TEXHOJOTHA B OOpa30BaHMM COCTOMT B TOM, YTO OHU HE TOJIBKO
BBITIOJTHAIOT (QYHKIIMH WHCTPYMEHTApHs, HCIIOJB3YEeMOTO Ui PEIICHUS OTICIbHBIX
MeIarOTHYECKUX 33/1a4, HO W TPUAAIOT KAYeCTBEHHO HOBBIE BO3MOXXHOCTH OOYYEHHUIO,
CrOCOOCTBYIOT CO3/IaHHIO HOBBIX (hOpM 0OydeHHUsI 1 0Opa30BaHMUS.

C pa3BuUTHEM KOMIIBIOTEPHBIX CPEJICTB M BHEIPEHHUEM HX B 00pa30BaTENbHBIN
IpoIecC y €ro y4acTHUKOB TIOSBISIOTCS HOBBIE BO3MOXKHOCTH W CYIIECTBEHHO
obneryaercs npoiecc 00yueHusl.

[udpoBeie  TEXHOJOTHMHM TMO3BOJAT  YIOPSIOYUTh W  CHCTEMATH3HPOBATH
UMEIOIYIOCST HMH(OPMAaIMIO TI0 Pa3IUYHBIM HAMpaBJICHUSM JIESTEIPHOCTH Kak B
00pa30BaHuM, TaK U B OTPACIISX.

OmHuM W3 TEPCIEeKTUBHBIX HANpPABJICHUH TPENCTaBIeHUS WHPOPMALUU B
uudpoBoM Buje ABIAIOTCS oOnaunbie TexHosoruu [2]. [Tox 00mauHbIMU TEXHOJIOTUSIMU
(anri. cloud computing) MOHUMAIOT TEXHOJOTUN pacIpenenéHHON 00padOTKU TaHHBIX, B
KOTOPOH KOMITBIOTEPHBIE PECYPCHl M MOIIHOCTH TIPEIOCTABISIOTCS IIOJIb30BATEIN0 KaK
WHTEPHET-CEPBHC.

B mHacrosimee BpeMss B MHPOBOH IPAaKTHKE pPEATH3YIOTCS YETBIpE MOJIENH
pa3BepThIBaHUs 00JaYHbIX cucTeM [3]:

— mpuBaTHOoe obOmako (private cloud) — wucmonb3yeTcss Uil TPEAOCTABICHHS
CEpBUCOB BHYTPH OJTHOW KOMITAHHH, KOTOpAs SBISIETCS OJHOBPEMEHHO W 3aKa34HKOM, U
MOCTaBIIMKOM YCIIYT. DTO BapHaHT peau3alii 00JauHON KOHIICIIINH, KOT1a KOMITaHUS
CO3/1aeT ee s ce0sl caMoif, B paMKax OpraHH3alliy;

— mnybnuyHoe oOmako (public cloud) — moapa3symeBaeT pa3BepThIBaHUE
UHQPACTPYKTYpbl C HEOOXOAUMBIM IPOrPAMMHBIM OOECIEUEHHUEM M IPEIOCTaBICHUE
MEXaHM3MOB JIOCTYIA K HUM 3a MpeesiaMiu HHPPaCTPYKTYPhl yIpEKICHUS;

— rubpunnoe obnako (hybrid cloud) — cocrour u3 aByx m Oosiee 00IaKOB
Pa3IMYHOro THIA; — 001IecTBEHHOE 001aKko (community cloud) — Bug nHpacTpyKTyphl,
NpeJHa3HAYSHHBIN Ul HMCIOJB30BAaHHUS KOHKPETHBIM COOONIECTBOM TOTpEOHTENeH H3
opraHu3aIuii, umermux oomue 3agaun. [Ipumepamu 001IECTBEHHBIX 00JIAKOB SIBIISCTCS
mwiargopma Windows Azure, Be6- cepucsl Amazon, Google App Engine u Force.com.

Jist oOpa3oBaTeNbHBIX  YUPEKICHUW Hambosiee TOAXOASIIUMH  SBIISIIOTCS
MyOJMYHBIE ¥ OOIIECTBEHHBIE 00JIaYHBIC CUCTEMBI.

[Ipoananu3upoBaB Mojenu OOJAKOB U OMNBIT NPUMEHEHUS UX B 3apyOeiHBIX
CTpaHax, Mbl TNPHUIUIA K BBIBOJY, YTO Yalle BCEro 0O0pa30BaTENbHBIC YUYPEIKICHHS
HCTIOJIB3YIOT MOJIENb 00JIaka «IporpaMMHOe 0OecrieyeHne Kak cepBucy. Mcnonp3oBanne
3TON MoJenu He TpeOyeT OT 00pa30BaTEIBHOTO YUPEKIECHUS CO3JAaHHS COOCTBEHHOTO
cepBepa M ero 00CITy)KHBaHHUS, TO3BOJISIET N30€KATh IKOHOMHYECKHIX U OPraHW3allMOHHBIX
3aTpar M JJaeT BO3MOXKHOCTh YCTAHABJIMBATh COOCTBEHHBIC MPUIIOKEHUS HA TUIATPOPME,
MPEIOCTaBISIEMON MTPOBANIEPOM YCIIYTH.

[IpoBeaeHHbII aHANIM3 TO3BOJIMJI  BBIACIUTH  CIECAYIOIIHE IPEUMYIIECTBA
WCIIOJIb30BaHMsI 00IAaYHBIX TEXHOJIOTHH B 00pa30BaTEIbHOM IPOIIECCE:

— DKOHOMHYECKHE: OCHOBHBIM IPEHMYIIECTBOM I MHOTHX OO0pa3oBaTEIbHBIX
YUPEXKJIEHUN SBISETCS HKOHOMUYHOCTh. ITO OCOOEHHO 3aMETHO, KOIJa YCIYIH,
10100HBIC AIMEKTPOHHOM 1MOUTe, OECTUIATHO MPEIO0CTABISIOTCS BHEITHIMH ITPOBANICPaMH.
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O6opynoBaHue JUisl 3TUX YCIYT MOXET HCIHOJb30BaThCAd I APYrux LeJed uimu
JTUKBUIMpoBaThes. [lomenieHuss 0cBOO0X1at0TCS, YTO SBJISETCS AKTYaJIbHBIM B YCIIOBHUSX,
KOTI'/Ia BCE Yallle OLIYIIaeTcs HEJOCTaTOK YUEOHbIX ayAUTOPHIA;

— TEXHUYECKHE: MUHUMAalbHbIEe TpeOOBaHUS K anmnapaTHOMy OOeCleYeHHIO
(0Osi3aTenbHBIM YCIIOBUEM SIBJSIETCSl JIMIIb HalU4Me J0ocTyna K cetd WHTepHer); —
TEXHOJIOTHYECKHE: OOJIBIIMHCTBO OOJAUHBIX YCIYTI BBICOKOTO YPOBHSI JIMOO JOCTATOYHO
IIPOCTHI B MCIIOJIb30BaHUHU, JIMOO TPEOYIOT MUHUMAIIBHOM TOAECPKKH;

— JIUAAKTHYECKHE: IIUPOKUM CIEKTp OHJIANH-UHCTPYMEHTOB U YCIYT, KOTOpbIE
o0OecrieunBarOT 0E€30MACHOE COEIUHEHUE M BO3MOKHOCTH COTPYAHUYECTBA MEAAroroB U
yUalxcs.

B pamkax Hamero uccieqoBaHMsS HHTEPEC MPEACTaBISeT MOCIEIHSs TIpymna
npeuMyliecTs. MOXXHO BBIIECIUTb U HEKOTOPBIE HENOCTATKH OOJAUHBIX TEXHOJIOTHH,
KOTOpbIE HOCST B OCHOBHOM TEXHUYECKUN U TEXHOJOTUYECKUI XapaKTep U HE BIMSIOT Ha
UX JMJIAKTUYECKUE BO3MOXKHOCTH M IpeumylecTBa. K Takum HejgocTtaTkaM MOYHO
OTHECTH OrpaHHWYeHHE (YHKIMOHAJIbHBIX CBONCTB IMPOTrPaMMHOIO OOECreueHus: Io
CPaBHEHMIO C JIOKaJIbHBIMM aHaJIOTaMM, OTCYTCTBHUE OTEUECTBEHHBIX IIPOBANJIEpPOB
obmauneix cepBucoB (Amazon, Goggle, Saleforce m np. cocpemorouenst B CIIIA),
OTCYTCTBHE OTEYECTBEHHBIX M MEXIYHapOJHBIX CTAaHAAPTOB, a TaKXKe OTCYTCTBHE
3aKOHO/IATENbHOM 0a3bl TpUMEHEHUs OOJavyHbIX TexHoyiorui. Ha maHHBIE MOMEHT
UMeIoTCs JIBe Hanbouiee pacpocTpaHeHHble cepBUchl uid XocTHHIoB [10, 3to Bitbucket
u Github.

B mamem ciydae cnemyer otmate mpenmouteHue Github, Tak xak HeoOxomuma
CTaTUCTHKA ¥ BO3MOXXHOCTb BPEMEHHOTO OTCIEKHBAHUS pE3yJIbTaTOB y4eOHOMU
NEeSITEeIbHOCTH CTYJIEHTOB.

Ha cerogusimnuii nenp GitHub — 3T0 oauMH U3 caMbIX MOMYJSPHBIX CEPBUCOB IS
COBMECTHOM pa3pabOTKH MPOTPaMMHOTO OOECTeueHruss M €ro XOCTHHra B OOJake.
Kpynuaeie IT-kommannm, takue kak Microsoft, Google, Facebook u muorme npyrue,
MCIOJIb3YIOT JaHHBIN PeCypC sl pa3MEIIeHUs HCXOIHBIX KOJIOB CBOMX Pa3pabOTOK.

GitHub — sto cepBuc Ha ocHoBe Git. SIBnsercs yaoOHBIM M MOIYJISAPHBIM
MHCTPYMEHTOM YIIPaBJIECHUs BEPCUSIMHU U BKIIIOYAET CUCTEMY OTCIICKUBAHUS OLIMOOK [4].

JUis KaXXJaoro IMpoeKTa MOXHO CcO3JaBaTh JOKYMEHTALMIO U PYKOBOJCTBA IO
npuHIumy wiki.

CepBuc 3apabortan B ampene 2008 roma, HO JHIIb OTHOCHUTEIHHO HENABHO OH
puoOpéEn orpoMHYI0 MomyisipHOCTh. Ero pazpaborunkamu ssisitotest Kpuc Bancrpac, PJ
Xuert u Towm [Ipecron-Bepnep.

Penosutopuii — 3T0 XpaHUIIUIIE KCXOIHOTO KOJa Ballero IporpaMMHOTO MTPOEKTa.
[1yOGnuunbIii peno3uTopuil BUACH a0OCOJIIOTHO BCEM, a MPUBATHBIA TOJBKO BalluM
pa3paboTuukam (TeM, KOMY BbI JJanu Joctymn) [4].

PaboTa ¢ perno3utopueM BO3MOKHA, KaK U C IIOMOIIBIO B€O-CcaliTa, TaK U C TOMOIIBIO
KIIMEHTOB /Il KOMITIbIOTEpa (KOHCOJIBHOTO UJIH € TpapuueckuM UHTepdhencom), KOTOPbIX
CYLIECTBYET MHOKECTBO.
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GitHub — 310 cBO€OOpa3Has coruanbHas CeTh I pa3pabOTIUKOB, TO3BOJISFOIIAS
UM TIPOCMATpUBaTh KOJ JAPYT APYyra, OCTaBISTh KOMMEHTapWH, a TaKkKe MOMOTraTh B
paspaboTke.

Cucrema ympaBienust BepcusMu (ot anrimiickoro Version Control System,
cokparnieHHo VCS) — 3To Habop MHCTPYMEHTOB ISl yIOOHOU pabOThI ¢ TOKYMEHTAMHU UITH
¢aiinamMu, KOTOpbIE MOTYT U3MEHHTCS CO BPEMEHEM, TO €CTh MOXKET IOMEHSTHCS HX
BEPCHSL.

W3menenne Bepcun 0COOEHHO aKTyallbHO JUTSI POTPAMMHOTO 00eCIIeYeHHUs U KOJa.
[IporpaMMbl TOCTOSIHHO OOHOBIISIFOTCSI MX pa3paboTyuMkamMu M uX Bepcuu (M konu!)
MEHSIOTCSL.

VCS 1no3BoJsieT OTCIe)KUBATh U3MEHEHHSI B KOJIE M TIOJICBEUYNBATh YYaCTKH TEKCTa
MIPOTpaMMBbI, KOTOpBIE ObUTH 100aBICHBI WM N3MEHEHBI.

VCS XpaHUT BCE MpeAbIyNINEe BEPCHU TOKYMEHTOB, TEM CaMBbIM OHA IO3BOJISIET
00e30macuTh pa3paboTYMKOB OT TOTO, YTO OHH ITOJIOMAIOT ITPOTPAMMY H ITPOEKT — BCETIa
€CTh BO3MOYKHOCTBh OTKAaTHUTHCA K JIFO00H M3 MPEIBIAYIINX CTAOMITBHBIX BEPCHH.

OcHoBHble TepMuHbI VCS

Kommutel (commit). UtoOsl mydie pa3oOpaTbcsi B AaHHON TeMe, MpenCcTaBUM
CTYJIEHTa, KOTOPBIN JeNaeT AUIUIOMHYI0 padoTy. CerogHs emy HE0OXOAMMO J00aBUTH
HOBYIO (hopmy B cBoe npusioxkeHue. [1o xomy paboTy, OH ocTaBisieT KOMMUTHI((PUKCALIIH)
C COOTBETCTByMOIEH onucaTenbHOl uH(popManueil. KomMmHuT — 3TO coxpaHeHue
u3MeHeHuil B 1poekte. OH 00s3aTeabHO JIOJDKEH COIMpPOBOXKAATHCA TEKCTOBBIM
KOMMEHTapueM pa3zpaboTuuka O TOM, Kakasi pabora ObUia MpojenaHa, U 9YTO U3MEHEHO,
160 HanucaHo. KoMMUT NOMOXKeT Ipyrum pa3paboTyrKaM Jerde pazoopaThCsi B UyKOM
kojne. Kpome Toro, mo koMMHuTaM BBINIOJIHSAETCS OTKAT K IPEbIIYIIEH BEPCUU MTPOEKTa,
€CJIM BJAPYr 4YTO-TO OBUIO CHEIaHO HEMpaBUIbHO, JUOO0 C (aTaJbHBIMU OIIUOKAMH.
KomMmuTt ¢ukcupyercs B TOKaJIbHOM PEHO3UTOPHH.

Bcerna cuurtaercs, yTo B pPENO3UTOPUH, PACIOJIOKEHHOM B 00JlaKe, HaXOAUTCS
camasi aKkTyajibHas Bepcus rpoekra [4].

[Tocne Toro, kak Bcs HEOOXOAMMBIE PAOOTHI BBHITIOJHEHBI, HEOOXOIUMO OTIIPABUTH
KOMMHUTHI B 00J1a4HbIN peno3utopuid. [Ipu 3T0 NpoucxXoIuT CHHXPOHU3AIMS JTOKAJIBHOTO
KOMMHTA ¢ 00akoM. JTa mpoueaypa Ha3siBaeTcs push [5].

Buenpenue nanHoro cepBuca, 6€3yClIOBHO, OKaXET MOJIOXKHUTEIbHOE BO3/IEHCTBUE
Ha y4eOHbIil mpoliecc, CYIIECTBEHHO YIPOoIas XpaHeHHEe U JOCTYI KO Bceil uHopmanuu.

Tenepp, a1 TOro 4yTOOBI AaTh 33JAaHUS CTYACHTAM, IPENOAaBATEIb MOXKET IPOCTO
3arpy3uTh €r0 B CBOEM PEMO3UTOPHH [6]. Y BCeX CTyAEHTOB, MOIMUCAHHBIX HA JAHHOTO
[IpernojaBaTens, B HOBOCTHOW JIGHTE OTOOpa3uTCsS 3alUCh BMECTE CO CCBUIKOM Ha
COOTBETCTBYIOIINI PETIO3UTOPUH.
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7l Commit Changes H
aw s B ‘EI PR Change list: iDefauItiEi Git

éb— [ [ C\JavalProjectsimatrixalimbayestsrclmainjavalconepamasime

Amend commit
L [#] 13 MatrixCreator,java 2

Befare Commit
[[] Reformat code
[[] Rearrange code
[] Optimize imports
[#] Perform code analysis
Modified: 1 [+#] Check TODO (Show Al Configure

= [[] Update copyright
Commit Message \5

changed get method After Commit

Upload Files ka:

{nonel E |j

[#] Always use selected server

* Details

Carnit = ] ‘ Cancel ] | Help ]

Puc. 1. Co3nanue koMMHTA

kgiustudent created repository kgiustudent/C-

' ProTip! Edit vour feed by updating the users you follow and repositories you watch,

3\ Subscribe to your news feed
Puc. 2. HoBocTHas JieHTa npenogaBaTes

Tak ke CTyJIeHTbl MOTYT BBINIOJIHSTH 331aHUs, OTIPABIIASA UX HA cepBuUcC. Pe3ynbTar
IIpoJieIaHHOM paboThI cpa3y ke 0TOOpPa3UTCs B HOBOCTHOM JIEHTE IIPEIo1aBaTels.

CepBuc oTMeuaeT akTUBHOCTb CBOUX MOJIb30BaTelel [7], GukcupyeT AaTy U Bpemst
MIPOU3BEACHHBIX KOMMMTOB, YTO TIO3BOJIAET, K IIpPUMEpY, Y3HaTh Ha CKOJIbKO
MPOJIBUHYJACh KypcoBasi WM JUIUIOMHas padoTa CTYIEHTa, CKOJIbKO 3aJaHUi OH
BBINIOJIHMJI, KaKOBa YCIIEBAEMOCTh CTYAEHTA IO JAPYruM aucuuiuiniHaMm. C MOMOIIbIO
JAHHOTO cepBUca y pykoBojacTBa BY3a Oymer cknaabiBaThes yeTKas KapTuHa o0
yCIIEBAEMOCTHU BCEX CTYIEHTOB, 10 BCEM AUCLUILIIMHAM.
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Mon [
[ ]
wed
Fri u [ ]

Learn hiow we count contributions, Lesz HE Hore

Puc. 3. AKTHBHOCTDH IOJIbL30BATEIA

N nocnenusas ocobenHocts GitHub, Onaromaps KkoTopoil OHa CTaHOBUTCS
aKTyalbHOM JUIs cTyeHTOB I T-criennanbHOCTEH, 3TO €€ MHUPOKast UHTETPUPOBAHHOCTH B
IDE. Bo Bpems o00ydeHus OyAymuil HOpOrpaMMHCT M3y4aeT MHOKECTBO SI3bIKOB
nporpammupoBanus. I1o u Delphi, C++, C#, Visual Basic, UML, PHP u T.1. ly1s ka0
u3 Hux cymectsyer IDE. B cBs3u ¢ tem, uro IDE Bxmouaer VCS, 310 CyliecTBEHHO
obreryaet 10CTyn K peno3utopusiM. CTyIeHT CMOKET OYKBaJIbHO B JIBA KJIMKA 3arpy3UTh
WIM OTHOPAaBUTh NPOEKT MPUJIOXKEHUS CO BCEMU MOJKIIOYEHHBIMU CTOPOHHUMU
oubnuorekamu [8]. [lopaboTaB Hag HUMHU JTOMa, EMY HEOOXOIUMO CHUHXPOHU3UPOBATHCS
C cepBepoM, a 3aTeM npusd B BY3 noarpy3uth akTyalibHYIO BEPCHIO.
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AHAJIN3 TOHAJIBHOCTH KOPOTKHUX TEKCTOBBIX
COOBIIEHUHA HA PYCCKOM S3BIKE C HCITOJIb30BAHUEM
AJITOPUTMOB MAIIIMHHOT'O OBYUYEHUA

FOcynos M.

Hncmumym unghopmayuonnvix u 8b1uuciumenbHblx mexHoa02utl
KH MOH PK, Kazaxcman
e-mail: vakidzaci@gmail.com

Annomauyusn. 3a nocieonee 8pems y8eIUUUIOCH KOAUYECBO KOPOMKUX MEKCHO8
0m3b1606 3a cuem OblCMpPo2o POCMA COYUANbHBIX Cemell U Pa36Umuio Opy2ux unmepHem
niowadok. Cmambes HaANpaseieHa Ha pazpadbomkKy Memooos8 npedoopabomku
MEeKCMOo8, BblAGIEeHUs NPUSHAKO8 KOPOMKUX MeKCMo8 U 6 OdlbHeluemM aHAIU3y
MOHANLHOCMU d9MUX MeKCmo8. B cmambe cpagHusaromes memoowl u ux d¢hghexmusHocmo.
na oyenku ucnonvzyromes ciedyiowue mempuku: precision, recall, accuracy.
Knwoueevie cnoea: anmaiuz moHaTbHOCMU MEKCMO8, MAWUHHOE O00OYYeHue,
Kaaccugurayus — MmeKcmos, asmomamuueckas — Kiaccuguxayus, uzeneveHue
KAACCUDUKAYUOHHBIX NPUZHAKOB.

1. Bgenenue

Bnusinue conuanbHbeIX ceTeil Ha OOLIECTBO YBEJIMUYUIIOCH 3@ MOCIEAHHUE TOJIbl, 0
9TOW MPUYMHE COLMAIbHBIE CETH CTAHOBATCS OOBEKTOM M3Y4EHHUS COLIMOJIOrOB,
MapKeToJIOTOB, McuxosioroB u PR-cnenumamucroB. O0beM uHbOpManuu HpoXOIsIiui
4yepe3 COIMajbHBIE CETH OrPOMEH M pa3sHooOpazeH. Cnermuanucram IPUXOIUTCS
perynspHo oOpalaThIBaTh U aHAJIU3UPOBATDH JIAHHBIE JUISl PELICHUSI IOCTaBICHHbBIX 3a/1a4.
OpHa U3 TakuXx 3aJ1a4 — 3TO IIOUCK OT3hIBOB U YIIOMUHAHUHN U KJIaCCU(UKALUS HAIEHHBIX
TEKCTOB MO0 TOHAJILHOCTH.

[IpakTHyeckasi HEHHOCTh aHAJIN3a TOHAJILHOCTU BKJIIOYAET, HO HE OrPaHUYHUBAETCS
CJIEYIOIUMHU [TPUMEpPaMHU:

— IIpU 3aIyCKe HOBOTO ITPOJIYKTa, KOMIAHUH MOTYT ObICTPO y3HATh, KaK MOKYIAaTEIN
OIICHUBAIOT 3TOT MPOJYKT, HYKHO JIM YTO-TO MCIIPaBUTh B MPOJYKTE WU PEKJIAMHBIX
Marepuanax;

— TIPaBUTEIBCTBO CMOXKET OTCIEIAUTh PEaKIHMI0 HACEJICHHS Ha HOBBIM 3aKOH,
YTOYHEHMUSI, 3asIBJICHUE;

— OpraHu3aTtopbl MeponpusiTUil (Hamp. KoH(pepeHIHI) MOryT coOpaTh OT3bIBBI
YYaCTHUKOB B COIIMAJIHBIX CETSX M OLEHUTh, KaK MPOILIO MEPOIPUSATUE, TIOHPABUIIOCH
OHO WJIU HET;

— IT xommanum ™Moryr pa3paborath 3((EKTHUBHYIO CUCTEMY IOJJIEPKKU
10JIb30BaTeNel, yuuThIBasi BOIPOCH! U OT3bIBBI [10JIb30BATENCH;
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— TMPOBEJCHWE MAaPKETUHTOBBIX WCCIEIOBAHMIA: H3YUYEeHHE TOTPEOUTETHCKIX
MPEANOYTeHUH, U3MEpPEHHE CTENEHU YJOBJIETBOPEHHUS MOTpeOHOCTEH NOTpeOuTeNnei,
onpezeneHue 3pPeKTUBHOCTH paCIpOCTPAHEHUS POAYKTOB HIIH YCIIYT;

B 3amaue ximaccupuKanyu TEKCTOB MO TOHATHHOCTH MOKHO BBIJICIUTH HECKOJIBKO
noj3ajaay:

— Knaccudukamnus Ha 2 kinacca: MOJ0KHUTEIbHBINA U OTPULIATEIIbHBIN;

— Knaccudukanus Ha 3 kacca: Moj0KUTEIbHBINA, HEUTPAJIBHBIN U OTPULIATEIbHbIN;

— Knaccudukanms Ha 5 Ki1accos;

— Krnaccudukanus na Oonee, uem 5 KiaccoB, HanmpuMmep, kinaccudukanus mo 10-
0anpHOM 1IKae.

3amauy kiaccu(UKauy OT3BIBOB Ha JIBA KJIACCA JIOCTATOYHO YCIICITHO PEMIA0T, KaK
C IMOMOIIBIO CIIOBAapel W MpaBWi, TaK U C MNOMOIIbIO MamuHHOrO oOyueHus. [lpu
KJIaccu(pUKaIy y3KOTEMaTHUYECKUX TEKCTOB Ha JIBa KJ1acca, TOYHOCTh KIacCu(hUKAaTOPOB,
OCHOBaHHBIX Ha yHHTrpammax, mnpesbimmaer 82% [2]. Ilpu pemenun 3amaun
Kjaccuukanuu OoJiee, YeM Ha JBa Kjlacca, TOYHOCTb KiIacCU(UKAIMK CYIIECTBEHHO
CHIDKAETCS — 9TO CBS3aHHO C CYOBEKTHBHBIM BOCIPUATHEM HH(POPMAITUHU: TO, YTO OJUH
YEIIOBEK CUUTACT «IIO3UTHBHBIMY, JAPYTOM MOXKET OTHECTH K «HCUTPAIBHOMY» WIIH JaKe
«CKJIOHHOMY K HEraTuBHOMY». B craThe [2] aBTOpPBI MOKA3bIBAIOT, YTO MIPU Pa3/IEICHUN
TEKCTOB Ha 0OJIBIIIOE KOJIMYECTBO KIIACCOB, Ja)KE YEIOBEK IMOKA3bIBACT HU3KYIO TOYHOCTh
KJIacCU(PUKAIUUA — TOYHOCTh CHUXAETCs 10 55%.

B nmannoit crathe pazpabaThiBaeTCsi METOMBI JJIsl aHAIW3A TOHAJILHOCTH TEKCTOB, U
OTIMCBIBAIOTCS METOJIbI BBISBIICHHS IMPU3HAKOB M3 TEKCTOB, a TAK)Ke MX MpenoOpaboTKu
JUTS. ONITUMU3ANHAN PabOTHI A ITOPUTMOB MAITUHHOTO 00y4eHUs. TeKCThI OBUIH TIOTYYCHBI
n3 connanbHoi cetn Twitter mpu momontu TwitterApi[3].

2. Omnmcanue Kopmyca

B kauectBe mardopmsl 11 cbopa Kopryca Obul BbIOpaH TBUTTEP NOTOMY YTO:

1. Bo-mepBbIX, NOJb30BaTENIM TBUTTEPA YACTO BBIPAXKAIOT CYOBEKTHBHOE,
SMOIIMOHAIBHO OKPALIEHHOE MHEHHUE O YeM-JTH00;

2. JIy1s1 BBIpaXKEHUs 3MOLIH, IT0JIb30BATEIIN UCTIOIb3YIOT )KUBOU, pa3rOBOPHBIN SI3bIK,
KOTOPBI MOJKET cojAepKaTb CIEHI U HEHOPMAaTUBHYIO JIEKCUKY, YCHJIMBAIOIINE
TOHAJIBHOCTH COOOIIECHHI;

3. Ilpm Hanucanuu cOOOIIEHMH, IOJIb30BATEAM MOIYT JOMYCKaTh HIMPOKO
pacnpocTpaHEHHbIE OIIMOKH, KOTOPbIE UCIIPABIISIOTCS pEAAKTOPAMU HOBOCTHBIX U3/IaHUM,
HO KOTOpble HY)KHO YYUTBIBaTh INpH KiIacCU(PUKALUU IO TOHAIBHOCTH TEKCTOB U3

WuTepHera (Hanpumep, 6JI0TOB WM CAHTOB OT3bIBOB HAa TOBAPHI).

C momompro Streaming API twitter [4] Obuia coOpaHa KOJUICKIIMS TEKCTOB,
cocrosimasi U3 OKOJIO 15 MHUIMOHOB KOPOTKHMX COOOIIEHMH, Ha OCHOBE KOTOPOH ¢
MOMOIIBI0 MeToJa [5] U mpeanokeHHoil aBTopoM QuibTpanuu [6] Obul chopMUpOBaH
cOalaHCUPOBAHHBINA KOPITYC, COCTOSIIIMMA U3 CICIYIOIINX KOJIJICKIIHM:

* KOJUIEKIIMS MTOJIOKHUTEILHBIX cooOmeHui 114 991 3anucei;

* KOJUIEKIIMS HETaTUBHEIX coobOmienuii 111 923 3ammceii;
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3. BpifiBjleHMS NPHU3HAKOB ISl 33Ja4M TEKCTOBOM KJIacCH(PUKAUMH 10
TOHAJIBLHOCTH

Bce noxymeHntsl u3 oOydaromieil M TECTOBOM BBIOOPKH MpPENCTaBISAIOT coOoil k-
MEpHbIE BEKTOPHI MPU3HAKOB. TakuM 00pa3oM JOKyMEHT OIpenensieTcs B BUjie BekTopa d
=(wl,w2,...,w]|V|), rme V— MHOXECTBO BCE€X YHUKaJIbHBIX YHUTPAMM W3
oOyuarolieil BBIOOpKH, W 1— Bec 1-ii yHUTpaMMbl. JJ1s B3BEILIMBAHUS YHUTPAMM B JaHHOU
pabote mcnonp3yrorcs ciaenyromme BecoBas cxema TF-IDF, kotopas Beramcisercs mo

dbopmyme:

tf.idf =tfxlog o)

3/1ech U jajee, tf— 3To yactoTa BCTpeUaeMOCTH TEPMHUHA B KOJUIEKIUH (TIOJIOKUTEIbHBIX
WU OTPUIIATENIbHBIX TBUTOB). T — oOmee 4YWCIO COOOIMIEHH B KOJUICKIUAX
MOJIOKUTETBHBIX W OTPULIATETBHBIX, a T(tj)) — 4uCI0 COOOIIEHUI B TMOJIOKUTEILHON U
OTPUIIATEIILHON KOJUICKITUAX, COIEP KAIIUX TEPMUH.

4. IlpenodpadoTKka TEKCTOB U Pa3MePHOCTH BEKTOPOB

Ilepen Tem kak BekTopusupoBaTh TekcThl B Buja tfidf Tekcrtbsl TpeOyroT
npeoopadboTku. Tak TEKCThI, HAIMCAHHbIE MT0JIb30BATESAMU, COJEPKAT FPaMMaTHUECKHE
OLIMOKY, CJICHIOBbIE BhIPAXKEHMUSI, COKPAILIEHHSI, SKCTIPECCUBHBIE BBIPAXKEHUSI U3MEHEHUEM
HaIucaHue cJIoB, 0O0JIBIIOE KOJIMYECTBO 3HAKOB, CCUIOK, JaT U YHCEI.

[lepBbiM miarom uisi ipeAoOpabOTKH SIBJISIETCS yajdeHUs MMEH TOJIb30BaTeleH,
HAaYMHAIOIIMXCS € 3HaKa “(@” TakK KakK 3Ta 4YacTh TEKCTa HE HECET HUKAaKOW nH(popMaluu 1
MIPaKTUYECKH SBJIAETCS MHAMBHUAYaIbHOM JUIsl Kakaoro Tekcra. J{is storo mara Oblia
ucroJyib30BaHa OubinnoTeka nltk koTopass uMeeT cHenualbHble HWHCTPYMEHTBHI JUIs
00paboTku coobmenuit “Tweeter”. Taxxe Obuta ynaneHa BCsS MYHKTYyaIus, U3 KOpIyca
KOTOpasi TakXKe He HeceT 0O0JIbIIOro KOJU4YecTBa MH(pOopMaIMK J1s aHaJIM3a TOHAIBHOCTH
TeKcTOB. (OcOOEHHOCTHhIO MUCHbMEHHOW peuH I0JIb30BaTeNeil A Takoro poja Kopiiyca
SIBJIIETCS YacTOE€ MOBTOPEHUE TJIACHBIX OYKB, TAKUE CIIOBA TaKXKe UCIPABIISUINCH JJISL TOTO
4yT00BI BeKTOpHast popma tf.idf cmoria smyyiiie B3BemIMBaTh KOPITYC TaK KaK BEKTOPU3ALIHs
3aBUCHT OT CJIOBapsi KOPILyca U YacTOThI CJIOBA B KOPITyCE.

Crnenyromum maroMm ObUTO MCIPABJICHHE OMIMOOK, JAOIMYIIEHHBIX MOJIb30BATEISAMU
WHa4Ye M3-3a OMMOOK CJIOBa OyIyT PacCMOTPEHBI KaK pa3HbIe CJIOBa U OyayT ciydarcs
MIOBTOPEHUS B CIOBAape KOpITyca, TaKUX CIydaeB HYXKHO M30erarb, B MPOTHUBHOM Cilydae
BEKTOpHU3alusl OyeT IPOXOIUTh IUIOXO U Pa3MEPHOCTh BEKTOpa Takke OyneT 0oJbLIoi
Tpe®oBaTh OOJIBLIOrO KOJIMYECTBA PECYPCOB MPU BbIYMCIEHUU. J1Ji HCTIpaBICHUSI OLIMO0K
WCIoNb30BasIack Oubnmoreka pymorphy2[7], OubGnamoTexka KOTOpass HMEET CIIOBaph
pycckoro si3bika U opmsl cioB. Kopnyc Takke ObT HOpMajaM3WPOBAaH IMPU MOMOIIU
pymorphy2 no ¢opmam cioBa, ObUIH yalE€Hbl IPUCTABKH CY(P(HUKCHI U CIIOBOPOPMBI.
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5. Yuaurpammsl

200000

150000

100000

number of tweets
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Puc 1. KostnuecTBo YHUI'PAMM 110 X OCH U KOJIUYE€CTBO TBUTOB 110 Y

Kakx moxHO BuIeTh Ha rpaduKe KOJWYECTBO YHUTPAM pPACTET MPAKTHYCCKU
nuHerHo. KonnmdecTBo yHUTpaMM SIBIISIETCS CYIIECTBEHHBIM TaK KakK JJIsi BEKTOPHU3AIUU
tf.idf ynurpammer Oyay ¢opMupoBaTh CIIOBaph KOpIyca, KOTOPBIM B IOCJIEACTBUU
onpenenuT 3pPEeKTUBHOCTh AITOPUTMOB.

[TocMoTpuM Ha cioBa, KOTOPBIE XapaKTEPHBI I MO3UTHUBHOTO U HEraTUBHOTO
KJlacca:

Ilo3uTUBHBIE:
axaxax
HaJICI0Ch
MIPUBET
nobpoe
caMbIit
MIPHUSATHO
HeraruBHble:

° y>KacHO
. 6011b

o CKYYHO
o 60auT

monei
00MIHO
. HEHABUXKY

Kak M0>XHO BUIETH, BEKTOPH3AIIUs XOPOIIO CIPABIAETCS C KOPPETSALUEH CIOB C
TOHAJILHOCTBIO TEKCTA.
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Ta6auna 1. [Moka3aTesin aIropuTMOB HA NMepeKPECTHOI MpoBepKe

Algorithms Accuracy
LinearSVC 0.7129486471991512
LogisticRegression 0.7228060877200223
SGDClassifier 0.7066929900156502

Negative FP = 9555

True label

Positive FN = 7990

Predicted lahel

Puc 2. MaTtpuua omudok

6. 3axuaoueHue

[TonBoas UTOTH W3 TPOJENaHHOW PabOTHI MOYKHO CIIENIaTh HECKOJIBKO BBIBOJIOB.
TBuTel Hamucanaple TpeOyeT OOJBIIOrO  KOJMYECTBA TpemnoOpabOTKH  mepen
BEKTOPHU3AIMEH N3-3a OOJIBIIIOTO KOJMYECTBO OMIMOOK B TEKCTE, TAKIKE CaAM PYCCKHIA S3BIK
TpeOyeT mpeaoopadoTku, 6e3 KOTOPOi pazMep CIIOBaps PE3KO YBEITUIHBACTCS.

Knaccuyeckne anropuTmbpl pabOTArOT XOpOIIO, HO W3 OONBIIOW Pa3MEPHOCTH
BekTopoB Bujaa tf.idf mpenmouTuTebHEE HCIOJB30BATh METOJBI, KOTOpPhIE pabOTaIOT
X0poImIo Ha 00JkIION pa3MepHOCTH. Kak mokasanu pe3yabTaThl JOTHCTUYECKAs PEerpeccus
XOPOIIO CHPABISIETCS C OOJBIION Pa3sMEPHOCTBIO, TAKXKE IMOAXOIUT METOJ OTIOPHBIX
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Abstract. The task of obtaining and estimating maximum flows between all pairs of
nodes in a given subset of a network's nodes is discussed. It is shown how significantly
reduce number of operations by re-usage of some intermediate results while calculating
maximum flows between several pairs of nodes. An arithmetical average of maximum flows
between all pairs of nodes characterizes “throughput” of a network in a whole that may
serve as the index of quality of a city’s road network, for example. In partial case, links
may be unreliable and thus mathematical expectations of maximum flows are considered.

Introduction

Finding an arithmetic mean of mathematical expectation of a maximum u-v flow in
a random graph is the old task and is considered by a number of researchers [1-5]. We
consider new task: obtaining an arithmetic mean of mathematical expectations of
maximum flows between all pairs of nodes in a given subset of nodes of an unreliable (in
general case) network that we model by a random non-oriented graph with unreliable
edges. This index shows how good a network is from the point of view of possibility of
transferring flows through it in a whole. For example, it helps in estimating quality of
transport infrastructure of a megalopolis.

G undirected probabilistic network;

N set of n nodes (NV(G), if it is needed for understanding);

E  set of m edges (E(G), if it is needed for understanding);

S set of pivot nodes, |S|=s;

e, (e;) i-th edge or edge that connects i-th and j-th nodes, depending on context;

p; operating probability of j-th edge, ¢, =1-p,;

F;(G) maximum flow (MF) between nodes i and j in G, simply F}; if G is known;
[, mathematical expectation of a maximum flow (EMF) between nodes 7 and j;
F(G) arithmetic mean of mathematical expectation of a maximum flow between

all pairs of nodes in $GS$;
Pth;  arbitrary path between nodes i and j;

Ruw(G) pairwise u—v reliability (probability of nodes u# and v being connected in G);
t; throughput of the edge ¢, .

J
It is obvious that

F,(G)= Y. P(H)- Fy(H), (1)

Hell
where /" is a set of all possible realizations of G, and that
n=1 n n=1 n
22 F(G) 23 P(H)Y Y Fy(H)

F G) = i=l j=i+l _ _Herl i=1 j=i+l . )
@ Cj n(n—1) @
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The problem is that when calculating all £, for some realization of G directly, a lot

of results are obtained more than once (for example, when calculating MFs in a long chain
or when G is a tree).

In the current paper, we discuss possible tricks for speeding up calculations and
examine some special cases.

1. Cutnodes and Bridges

If there is a cutnode or a bridge in G (see Fig. 1), §=5,0US,,5, NS, =< and S
and > belong to G1 and G», correspondingly, for each u in Si and v in S>, we have
F,=min{F, ,F_} orF, =min{F,,t ,F, }, respectively. So we must obtain all F, only

after calculating all F, and F,, (F,,), thus saving a lot of operations. Otherwise, one part

of G in which all pivot nodes lays must be examined only.

Fig. 1. Graphs with a cutnode (a) and bridge (b)

Partial case is existence of a pendant node.
1.1. Pendant Nodes

G

<

Fig. 2. Graphs with pendant nodes

Let us name a graph G without all pendant nodes as a kernel graph G, set of pendant

nodes as D, " =S D and a set of nodes in G that are adjacent to nodes in S~ (if it is not
empty) as K.
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MF from some pendant node u €S" to a node z €V (G') (see Fig 2) is a minimum
ofa MF from its adjacent node x € K to z and a throughput 7 as it inevitably goes through

x. So
min{t ,F_(G"}, if z¢K;
F.(G ={ o (GO}, 1 22 G 3)
o otherwise
and, obviously,
F_(G)= Z p, P(H)min{t, ,F_(H)}= pWZP(H)min{tux,sz (H)}, 4)

Hell Hell

where I is the set of all possible realizations of G'.
As min{¢_,F_(H)} is not known beforehand, we cannot find F,_(G) in relation to

t..p, and F_(G") directly.
Now let H be a realization of G with a kernel H'. So, first we calculate all

F,(H"),x,yeK, that are equal to, simultancously obtaining all
F,(H),F,(H), and F (H) for nodes u and v, currently adjacent to x and y,

correspondingly.

2. Case of a Cycle

Jj-1
Let us denote H pyas Il

k=i
In the case of a cycle, F; is determined by minimum throughputs in two paths

between nodes i and j, thus

) IT .
F, =IT,(1-11,, /Hl.j)krellqvm t+ H‘” (1-I1,) min 1z, Q)

i
ij-1 .. v kENl,rz\Ni,jfl

y

from which we easily obtain

.o, .
2 Z 1‘[47(1—1_[1"/l‘[ij)krer}]lntk+Hl (1-T1,) min ¢,

o U7keN, \N.
_ i,jes,i<j i -1 1 Vi
F(c,) - — . ®

and, if s=n,
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I1 .
H‘" (1-I1;) min tk}

n—-1 n
22,2 1,11, /Hif)krerﬁl/{?fk 1, KN N;

i=1 j=i+] if S

F(C,)= nn=1)

(7

3. Existence of a Chain

i
X Yy _./. V
N ale}

Fig. 3. Graphs with a long chain

\'J

If there is a chain Ch in a graph G that connects nodes x and y (see Fig. 3), we close
this chain by a pseudo edge with a throughput equal to a MF between its ending nodes and
reliability equal to R (G \Ch), that is pairwise x—y reliability in a graph with removed
chain. Throughput of this pseudo edge is equal to a maximum flow ¥, (G \ Ch). Then, for

calculating MFs and EMFs between nodes of a chain, we use results of the previous
section.

Remark 1. If MFs from some node v to x and y in G\ Ch go through independent
sets of edges, then all F; forj € Ch may be obtained by using these results also.

Remark 2. If no inner nodes of Ch are pivot ones, then it is substituted by an edge
with a throughput ¢ =min{t,ie E(Ch)}, thus reducing graph's dimension and total
number of operations.

4. Case of a Tree

In this case, we have a unique path between any pair of nodes. As we need compute
maximal flows between all pairs of nodes, we may gain from this property.

First, we know all MFs between neighbor nodes: they are equal to throughputs of

corresponding edges. Thus, if nodes u and v are adjusted, thenF =7 p .

Let us denote reliability of an unique path between nodes v and vas p, .

For obtaining rest £, depth-first traversal shows best results: for any intermediate
node x maximal flow through it between some node u in one of upper levels and some
node v in lower one is F,, = min{F, ,F,} and solF, = min{F,_,F_}p, .

As we use depth-first traversal, F, 1is known already along with p ., and thus for
any node v that is successor of u we have
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IFuv = min{F;x’txv}pwcva‘ (8)

By storing all MFs and reliabilities of corresponding paths from the root to all other
nodes, we provide easy computing of rest MFs and EMFs for pairs of nodes that belong to
different branches that start from joint node x: F, = min{F,,F,} and so

F, = min{F}x,F;?j}pixpﬁ. 9
4.1. Case of a Chain
If a tree is a chain Ch with n nodes and n-1 edges e,e,,...,e,, with reliabilities

> n—-1

PisDys--s D,y» then p, =11, |, and so, in the case s=n,

]Fst :min{tk,k:i,...,j_l}l_[i’j_la (10)
and

2nz_]: Zn: min{t,, k =i,..., j—1}I1, |

F(Ch) = - . (11)

In the case of equal edges' reliability (p) and throughput (=1) we have

n=1 n n=1 i
22 z p]—l 222q1pn—1+] (l_p)l—]
F(Ch)z i=l j=i+l _ =10
n(n—1) n(n—1)

4.2. Case of a Star
Let a tree be a star S with n+1 nodes and n edges e;, with reliabilities pi and
throughputs #, i=1,...,n, that connect center node 0 with rest nodes. In this case

p; ifi=0
Py = - (12)
p;p; otherwise

and so

i=1 i=1 j=i+l

2(2% +§ Z min{ti,tj}pipj]
F(S)=

n(n+1)
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Conclusion

In this paper, we have proposed some methods that allow speeding up calculation of
mathematical expectations of maximum flows between all pairs of nodes in a random
graph (AEMS).

Comparing with calculating them one-by-one, proposed methods allows re-using of
some intermediate results thus significantly reducing number of operations.

It is easy to see, that there are many opportunities for parallelization in obtaining
AEMS with usage of the proposed methods or not. We can simultaneously calculate as
many EMFs as possible by sequential algorithms or calculate them one-by-one by parallel
ones. Parallelization in calculation of EMS for some pair of nodes may be done by
simultaneous consideration of many realizations of a random graph, or by using parallel
algorithms for obtaining MFs in its special realization. Thus, construction of effective
parallel scheme for computing AEMS is multi-variant problem and is the task of our further
investigations.

This work is partially supported by the grant RFBR 17-07-00775 and the budget
project 0315-2016-0009 for ICMMG SB RAS.
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