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Abstract. Route control of the mine aerogasdynamic parameters is organized in such a way that the obtained
information can supplement the information of the unified telecommunication system for dispatch control and automated
control of mining machines and technological complexes or another similar system installed in the mine making this
information more exact, promptly if possible, without duplications. The route control system is formed from the practical
considerations with taking into account the data of the stationary system. Due to the joint functioning of stationary and
route control systems with accounting the previous changes of aerogasdynamic parameters, it will be possible to build a
predicted trajectory of such a change, which will improve reliability, optimize the control structure and more exactly
predict the occurrence of emergency situations. In this article, the authors formulate the main definitions and properties
of the route control system and the problem of creating the routes covered the entire mine ventilation network with a
given number of control points. An algorithm for constructing a route control system is characterized with taking into
account economic and ergonomic conditions, time factor and safety requirements. To solve this problem, it is proposed
to use the method of sequential improvement of admissible plan. The essence of the method is that, having received a
certain solution (an admissible plan) as an initial approximation, the measures are proposed for improving it till further
improvement becomes impossible. The “improvement” here means more complete satisfaction of the proposed criterion
for minimizing total time of the master travelling for executing his work on the route. Improvement of the admissible plan
is carried out by the Monte Carlo method. The possibility of duplication of data obtained from an automated system and
by route control is analyzed, and a reduction of the basis of control stations is grounded. The set of routes for monitoring
parameters of the ventilation network elements by mine experts chosen in this way will reduce the risk of obtaining
incomplete information about its aerogasdynamic state, and cross-monitoring of measurements within the transversal of
the bases of two components of the control system will improve reliability and accuracy of the monitoring.

Keywords: mine ventilation network, aerogasdynamic parameters, monitoring, route control, admissible plan.

A great number of mines in Ukraine are equipped with quite effective unified
telecommunication systems of dispatch monitoring and automated control of mining
machines and technological complexes (UTAS) [1], which provide control of the
main technological processes of coal extraction, including ventilation systems of coal
mines.
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Nowadays, UTAS operates in more than 15 mines in Ukraine ensuring high
socio-economic efficiency of coal extraction.

At the same time, the installation of the UTAS system in the mines encounters
certain difficulties. Great volumes of instrumental base, cable facilities and data
transmission and feedback systems do not allow to effectively control all dangerous
areas of the mine ventilation network (MVN) based on a comprehensive assessment
of risk factors. Therefore it is necessary to provide, in addition to the automated
control, a route control of aerogasdynamic parameters of mine by organizing it so
that the received information can supplement the information about UTAS by making
this information more exact, promptly if possible, without duplications.

The route control system is formed for practical reasons with taking into account
the data of the stationary system. However, the latter are not fully used. Statistics on
changes in the gas situation, which come from the sensors of the stationary system,
will update the route control system, more effectively localize areas in the MVN most
dangerous by methane emissions by arranging their rational monitoring. On the other
hand, the use of results of mine control performed_by portable devices will improve
the stationary control system in terms of changing its topological structure and
dimensions and will help to develop recommendations for designing stationary
control systems for mining facilities with similar conditions of coal extraction.

This relationship of stationary and route systems of aerogasdynamic control
makes it possible to consider their joint work promising for achieving both social and
economic results.

Based on the joint operation of stationary and route control systems with taking
into account previous changes of aerogasdynamic parameters, it is possible to build a
forecast trajectory of such a change which will improve reliability, optimize the
control structure and more exactly predict the occurrence of emergency situations.

Since it is hardly possible to achieve full adequacy of the simulation model of
MVN operation to its real analogue (there are always factors that are not taken or
cannot be taken into account), the issues of structural-parametric identification of
MVN by insufficiently complete measurement information remain relevant.

Since it is difficult to set and solve this multifactorial problem by existing
methods, it is necessary to use the principles of SMART technologies and SMART
criteria.

In order to unify further presentation, it is necessary to formulate some definitions
and properties.

Definition 1. The basis of stationary sensors for controlling aerogasdynamic
parameters (in our case it is the location of the corresponding UTAS sensors) is set
according to the requirements [2] and is displayed by a set of branches D'e V<
F(U V), where F (U,V) is a graph of the MVN.

Definition 2. The measurement points of aecrodynamic monitoring by portable
control devices are determined by the methods described in [3] and are displayed by a
set of branches DPe Vc F(U,V).

Obviously, if there is no UTAS or other system of automated aerogasdynamic
monitoring in the mine, the full basis of measuring stations will be D=D".
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Control of the condition of equipment and devices in the mine, as well as
monitoring of aerogasdynamic parameters of mine workings with subsequent
introduction of the received information into the simulation model of MVN
(aerogasdynamic identification) is carried out by the mine masters of ventilation and
safety engineering (VSE). They travel along the predefined routes. In practice, the
assignment of routes is carried out, as a rule, only on the basis of existing experience
of a man who walk along the MVN, and the result of this is that the routes are loaded
unevenly, and time of travelling the route significantly exceeds the total duration of
performing works in the areas included in this route. In order to reduce unproductive
loss of time for travelling between the control and monitoring stations, it is necessary
to use mathematical methods and algorithms which will allow to lay optimal or at
least close to optimal routes, which can meet certain criterion.

Definition 3. Each working, which is displayed by a branch (or by set of
branches) of the MVN, has its own weight, which is determined by the amount of
labor costs for measuring aerodynamic parameters in this working and for travelling
along it from its initial node to the final one.

Definition 4. The aerodynamic monitoring route M; is a set of branches, where
final node of the previous branch is the initial node of the next one, and which
includes at least one control point of the stationary control device, or a control point
for portable devices.

Property 1. In some cases, initial node of the route of mine master travelling
coincides with the final.

Property 2. The weight of the route is defined as the total weight of all mine
workings included in it.

Property 3. Different routes can have the same branches.

Property 4. In case of multiple checks of a control point by both stationary and
portable devices, when determining the weight of this branch, these checks are taken
into account only once. In case of repeated check of the branch, its weight will be
equal only to the weight of its cheack without taking into account the weight of the
measured works.

Property 5. Routes should not be laid through the impassable workings and zones
of downfalls. There, of course, should not be any stationary control stations.

Formally, the task of finding routes covered the MVN with a given number of
control points (CP) can be represented as follows. On the graph of MVN F(U, V),
where ‘U ‘ = N - the number of nodes of the MVN (it is assumed that the CP are

V|=M - the number of branches

(paths from one CP to another, which are not laid through any other CP. Branch, in
the general sense, it is not only the element which connects the neighboring nodes (a
special case), but also as a sequential set of elements of the MVN), one needs to find
a certain number of routes.

Graph F=F(U,V) has the following characteristics:

a) it is weakly connected, disoriented (travelling by its elements does not depend
on their spatial orientation), finite;

located in the initial node of the branch-working),
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b) each of the nodes u, €U has a weight 7 >0, where i=1,2,....N, T: - the

duration of work performed in the CP with the number u;
c) each of the branches v, eV has a weight >0, where # determines the time

spent for the transition along the branch v;;
d) topology of the graph is given by a conditional matrix of incidents

D= de ,i=12,...M, j=12.3, where dj is the weight of the branch, di;, d:> are the

numbers of the nodes incident to it;

e) the graph shows an uninsulated node b, the weight of which is 7, = 0. This
node is a point in the MVN, which is the beginning and end of any route.

On the graph F(U,V), it is necessary to construct a system of routes m,mo, ..., nx,
which have the following properties:

a) each node u; with weight 7' #0, i = 1,2,...,N should be included at least into

one of the routes m;,mo, ...,my;
b) each of the routes is a contour on the graph with the included uninsulated node

b,
c) the weight of the route is defined as the total weight of all branches v, eV,

included in it, and the weight of those nodes for which 7, #0;

d) the weight of each route 7 <7 *, where T* is the allowable time spent on the
route (duration of a shift);
e) routes m; and mj, i # j may have common branches;

f) the total number of % routes covered the graph should be minimal.

The problem of finding a system of routes close to optimal will be solved under
the following assumptions:

1. If more than one route is laid through the node 7, for which 7, # 0, the work in

the corresponding i-th CP is performed by the mine master who traveles along only
one route.

2. The sequence of works performed on the route is arbitrary.

3. If for nodes i and j, more than one arc is incident (parallel connection of the
branches), then the arc with the lowest weight is chosen as the arc incident to nodes i
and j , 1.e. the initial graph F=F(U,V) is not a multigraph.

The solution of the problem is divided into three stages:

a) formation of an intermediate graph L (4, W);

b) choosing on it of the routes close to optimal;

¢) returning to the initial graph F=F(U,V).

The intermediate graph L(4, W) has A=1{U,u,(T, #0) U }Ub, as nodes, where i
= 1,2,..., N, i.e. the initial node b and those nodes of the initial graph whose weights
are nonzero. The number of nodes of the intermediate graph is ‘A‘ = p+1, where p is

the number of nodes of the initial graph with nonzero weights. The number of arcs of
the intermediate graph ‘W‘ = % p(p +1), and each of the arcs of the graph L incident

to nodes 7 and j, is obtained as the shortest chain connecting the corresponding nodes
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of the initial graph F. The feasibility of transition to the intermediate graph L (4, W),
is obvious.

The algorithm for the problem solution is as follows:

I. The formation of the intermediate graph L (4, W) on the initial /' (U, V) is
reduced to the search for the shortest chains for different pairs of nodes (a.f)), (6,a),
i#j,i=1,2,..,p, and can be performed by the methods [4,5].

In order to implement on the PC the proposed algorithm for finding the routes for
mine masters, the Floyd method [5] can be used for the construction of an
intermediate graph L (4, W). This method can be used for both oriented and non-
oriented and partially oriented graphs, i.e. to take into account the direction of motion
of the methane-air mixture or (in case of an aerological accident) the direction of
motion of harmful impurities in the MVN workings. The latter is especially
important, because in real conditions the MVN is a graph with one or another degree
of orientation of the branches. At the stage of formation of the intermediate graph L
(4, W) it is necessary not only to obtain the lengths of the shortest chains for various
pairs of nodes of the set 4, but also to memorize the shortest chains. The Floyd's
method used at the first stage of solving the problem, allows, in addition to the matrix
of lengths of the shortest chains 7/, to obtain a reference table 72. The latter is a
matrix of the same dimension, with which one can find the numbers of all
intermediate nodes of the shortest chain for any pair of nodes of the graph F' (U, V).
In the general case, the elements ¢, i = 1,2,..., p of the matrix 7/ are not integers, if
the weights of the arcs of the graph F' (U, V) are not integers. In practice, the weights
of the arcs of the graph F' (U, V), which correspond to the time costs of the MVN
working, it is sufficient to have an accuracy of one minute (it is difficult to imagine a
situation where this time can be estimated to the nearest second, given the ergonomic
characteristics of a particular person). The elements of the matrix 72 are also integers,
because they are the numbers of nodes in the shortest chains. Thus, the matrices 7'/
and 72 can be stored together as one matrix 73. This technique has previously been
used to store materials that are formed in matrix form, in order to facilitate
calculations on a computer with a small volume of memory and low speed. For the
modern PC, this is not essential, but simplifies the perception of the computational
process. Due to the fact that there are no analytical methods for solving some
problems, the heuristic algorithms are widely used in practice to obtain a solution
close to the optimal one. To solve the problem of finding an effective system of
routes for mine masters is possible by using the method of sequential improvement of
the admissible plan (AP) [4]. The essence of the method is that, having received as an
initial approximation some acceptable solution (the AP), one tries to improve it till
further improvement becomes impossible. "Improvement" here means a fuller
satisfaction of a certain criterion. In our case, as a criterion for the effectiveness of the
route 1s used indicator 4, which characterizes the share of time spent for transitions in
the total time spent on the route, 1.e.

t
DY i=12,..k, (1)

A_ 9
S+ 3,T
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where > f, > T'is, respectively, the total time spent for transitions and work on the
route. The overall efficiency of the route system is characterized by the value of the

k
functionality @ =) > 1.
i=l1

To build a AP, the nodes with nonzero weights are sequentially included into the
route as long as the condition is satisfied

r=Y t+) T<T* (2)

where 7 - is the length of the route.
The best way to include a node into the route is calculated as follows

t
—, i#J,i#0,j#0
7o' J
®, =1 ,
e, 0
—, I=j#
Y

where ¢; - are the elements of the matrix of lengths of the shortest chains 7/; #; - is
weights of the shortest chains connected the initial node b with all nodes of the graph

L (A, W). The set of elements {@) } creates an estimator matrix © = HG)/ , the order of

i

which coincides with the order of the matrices T/ and 72 and is equal to p°. When
being in the node i of the route, the transition is made to the node j; with the
performance of work 7', and not to the node ;> with the performance of work T , if

0,, <0, . Inclusion of the next node into the route is carried out only when the
following condition is satisfied
R -lt,  +T )t ,20, 3)
where Ry.; - is the time reserve for the node i, included into the route and the
previous node in relation to the node ix; ¢
to the nodes i,-;, ji of the graph L (4, W).
During the construction of the AP, the diagonal elements of the matrix @ are
reviewed. The number of the smallest element determines the node which is included

into the route. Let it be the node i;. Further, the time reserve for this node is
calculated by the formula R, =7 *—(¢,, +7, ), after which the next element of the

- is weight of the branch ax, «, incident

lrfl,[k

route is found. For this purpose, the elements of the row with the number i; are
reviewed, but without taking into account the column i;. Among them, the smallest
should be chozen, and if condition (3) satisfies it, it is included into the route. For
searching for the next node in the route, the elements of the line i> are reviewed,
where i, is the number of the next node, but without taking into account the columns
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of the array /={i;i>}. After finding the next node of the route, the total time spent on
the route is determined with taking into account the total time spent for transitions
and performance of works. If it is impossible to include the next node into the route,
its record number is recorded in the array / and is not considered in the next search.
The AP is considered constructed if none of the nodes with nonzero works remaining
on the graph can be included into the route because requirement (3) is not satisfied.
The efficiency indicator (1) and the route length 7 (2) are calculated for the AP.
Columns and rows with the numbers of nodes included into the routes are deleted
from the matrices 71, 72 and @. The system of routes on the graph L (4, W) is
constructed if the order of the matrices 7/, 72 and @ is zero.

After receiving the AP, its improvement is performed. For this purpose, the
problem of ordering the nodes should be solved in order to obtain a route with a
smaller value of the indicator 4 (1). The Monte Carlo method is used for this purpose
[4]. The main principle of this method is the construction of an artificial imitation
model, the parameters of which are the sought variables of the problem. In our case,
the numbers of the nodes of the graph included into the route are taken as some
independent parameters. The function of these parameters is the length of the route ¢
and the efficiency index 4, which depend on the sequence of nodes in the route. The
sequence of choosing of these nodes can be considered as a random process, as there
are no restrictions on the performance of works on the route.

The algorithm for improving the AP is as follows:

a) the number E of repetitions of the cycle of AP improving is set;

b) the numbers of nodes included into the AP are recoded into the array G [1: S],
where S is the number of nodes on the route with accounting the initial node
b=g €G;

c) with the help of a standard subroutine, random numbers a are obtained, which
are evenly distributed in the interval [0,1];

d) index of each subsequent element of the array G which indicates the number of
the next node on the route is determined by the formula [4].

r., = ENTIER Kaj b _](s - j)} + /s

s—=J

where ¢, - is a random number from the interval [0,1];j = 1,2,..., s-1.

e) after the construction of the new route, the value of the indicator 4 is calculated
for it. If 4 '<4, where 4" is an indicator of the efficiency of the initial AP, then the
latter is accepted as acceptable, and the improvement process is repeated. Otherwise,
a new cycle of improving the old AP begins;

f) a check is performed at the end of the AP improvement cycle with specifying:
the need to return to paragraph c) of the algorithm or to end the calculations. In the
latter case, the array G contains the node numbers of the sought route with the
efficiency index 4.
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The process of finding the system of routes on the graph L ends when at the next
stage the dimension of the matrices 7/, 72 and ® becomes zero.

II1. The transition to the system of routes on the graph F is carried out by using
the matrix 72 obtained by the Floyd method at the first stage of solving the problem.

This system of routes will be close to optimal without taking into account the
automated (by the UTAS or other similar systems) control of aerodynamic
parameters. At the same time, a significant part of the routes are laid through the
workings where the UTAS elements are installed, 1.e. there is a risk that the control
will be duplicated and its efficiency will decrease. The next part of solving the
problem will be the analysis of such duplication and reasonable reduction of the basis
of control stations.

When analyzing the ratio of the sets of branches D; and D, the following cases
should be considered:

a) Di = D, The case is impossible, because it means that all points which need
such control are equipped with stationary control devices. But the installation of
stationary control systems is too expensive and this system will obviously be
unprofitable;

b) Di (1 D, = Q. This case is also impossible as it means that there are no
stationary control devices in the points which need constant monitoring (which
should be done by mine masters). Where are they installed then and what are they
needed for?!

¢) Di (\ D, =D"*" is a set of control points, where measurements are duplicated. It
needs special attention, because if the automated monitoring system is responsible for
the accuracy and reliability of its indicators, and the mine master — for his indicators,
then within the specified set, they should coincide, in theoretical terms. The
discrepancy indicates either an error of measurement by a portable device, or an
inaccurate operation of the system. A measure to eliminate this situation can be: to
conduct one more measurement of the route or measurement by another device, or to
address the responsible persons to check and re-calibrate a supposedly faulty element
of the automated system.

The chosen by this way a set of routes for controlling parameters of the MVN
elements by the mine masters will allow to reduce risk of receiving the incomplete
information concerning its aerogasdynamic condition (if to increase as much as
possible the number of CP, the solution will be close to optimal), and cross control of
measurements within the D will allow to improve reliability and accuracy of
monitoring by both components of the control system.
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KOMMAEKCYBaHHS CTaLliOHAPHOI i MApLUPYTHOT CUCTEM KOHTPOIIO 3 YpaxyBaHHAM NONepeaHix 3MiH aeporasoamHaMivHnX
napameTpiB MoxHa 6yge nobyayBaTi NPOrHO3HY TPAEKTOPIKD TAKOTO 3MIHEHHS, LU0 [O3BOMUTL MIABULLMTM HAZIMHICTD,
ONTUMI3YBaTN CTPYKTYPY KOHTPOIMK i Binbl 0BIPYHTOBAHO MPOrHO3yBaTK BUHWKHEHHSI aBapiiHWX CUTyauin. Y CTatTi
CpopMyribOBaHO OCHOBHI BW3HAYEHHS | BIACTUBOCTI CUCTEMM MapLUPYTHOrO KOHTPOMO, CHOpMynbOBaHO 3ajady
MOLIYKY MapLUpyTiB, LIO OXONMKITb LWaxTHy BEHTUNALIHY Mepexy 3 3a4aHOol KIMbKICTO MyHKTIB KOHTPOMIO.
OxapakTepn3oBaHo anropuTm nobyaoBu CUCTEMW MAPLLPYTHOMO KOHTPOIIO 3 ypaxyBaHHAM EKOHOMIYHUX, EProHOMIYHMX
YMOB, 4acoBOro TepMiHy i Bumor Besneku. [Ons BupilleHHs Liei 3agadi 3anponoHOBaHO BMKOPUCTOBYBATM MeETOZ
NOCNIBOBHOMO NOKpaLLeHHs! AomycTumoro nnaHy. CyTb MeTody nonsirae y ToMy, L0, OTPUMABLLK Y SKOCTi NOYaTKOBOrO
HabnXeHHs feske PiLLeHHS (JONYCTUMMIA NNaH), HamMaralTbCA MOKPALLMTL MOro JOTW, NOKM Noganblle NOKpaLeHHs
cTae HemoxnueuMm. [lig «noKpaLleHHAM» TyT pPo3yMieTbCs Ginbl MOBHE 3a[0BONEHHS 3anpOMOHOBAHOTO KPUTEPItO
MiHIMi3aL,ii CyMapHOro Yacy nepexofis i BUKOHaHHS pobiT Ha MapLupyTi. [oninLweHHs 4onyCTUMOro nnaHy 34iNCHIOETLCS
metogom MoHTe-Kapno. MpoaHaniaoBaHo MOXMMBICTb AyOroBaHHS LaHWX, OTPUMAHWX 3 aBTOMATU30BAHOI CUCTEMM i
LUSIXOM MapLLUPYTHOrO KOHTPOMO i OBFPYHTOBAHO CKOpPOYEHHSI Basncy CTaHUii KOHTpomio. BubpaHa Takum uMHOM
CYKYMHICTb MapLUPYTIB MOHITOPWUHIY NapaMeTpiB eNeMeHTIB BEHTUAALINHOT MepexXi FipHUYMMM MaicTpamm LO3BOMNUTL
3HU3UTW PU3MK OTPUMAHHS HEMoBHOI iHchopMaLii BiZHOCHO ii aeporasofnMHaMivHOrO CTaHy, a NepexpecHuii KOHTPOIb
BUMIpIB y Mexax nepeciyeHHs 6asucie 000X CKNagoBMX CUCTEMW KOHTPOMIO AO3BONUTbL MiABULLMTM LOCTOBIPHICTD i
TOYHICTb MOHITOPUHTY.
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KntoyoBi cnoBa: LuaxTHa BEHTUNAUIHA Mepexa, aeporasoguHaMiyHi napameTpu, MOHITOPUHT, MapLLpyTHWUA
KOHTPOMb, JONYCTUMMUIA NNIaH.

AHHoTauums. MapLpyTHbIA KOHTPOMb a3pora3oanHaMUYECKMX NapaMeTpoB LUAXTbl OpraHM3yeTcs TakuM obpasom,
yToBbI MOMyYeHHas WHGOpMaUMs LOMONHANA MHAOPMAaUMIO YHUPUUMPOBAHHOA TENEKOMMYHUKALMOHHOA CUCTEMBI
AWCNETYEPCKOro KOHTPONS M aBTOMATU3MPOBAHHOTO YMPaBMEHWS TOPHbIMM - MalIWHaMU W TEXHOIOTUYECKMU
Komnnekcamn unu apyron nogo6HON CUCTEMBI, YCTAHOBMEHHON Ha LIAXTe, N0 BO3MOXHOCTW ONEpPaTUBHO YTOUHSS, HO He
pybnnpys ee. Cuctema MapLIpyTHOrO KOHTPONS (POPMUPYETCH U3 MPaKTUYECKUX COOBPaXeHuin C YYEeTOM AaHHbIX
CTaUMOHapHO cucTeMbl. Ha OCHOBE KOMMMEKCMPOBAHMS CTALMOHAPHOM W MApLUPYTHOW CUCTEM KOHTPOMS C Y4eTOM
npeablayWwmnx W3MEHEHWN a3porasogmMHaMUYecknx napameTpoB MOXHO OyAaeT MOCTPOWUTb MPOTHO3HYIO TPAEKTOPWIO
TaKOro M3MEHEHUS, 4TO NO3BONNT MOBbLICUTb HAAEKHOCTb, ONTUMU3NPOBATL CTPYKTYPY KOHTPONS 1 6onee 060CHOBaHHO
NPOrHO3MPOBaTb BO3HUKHOBEHWE aBapWiHbIX CUTyauuid. B ctaTbe CGHOpMynMpoBaHbl OCHOBHbIE OMpefeneHus u
CBOWCTBA CUCTEMbI MapLUPYTHOrO KOHTPONS, ChopMynMpoBaHa 3afadva noucka MapLUpyToB, OXBaTbIBAIOLLMX LUAXTHYIO
BEHTUMNALMOHHYID CETb C 3afaHHbIM KOMMYECTBOM MYHKTOB KOHTPONs. OxapakTepu3oBaHbl anroputM MOCTPOEHMS
CUCTEMbI MapLUPYTHOrO KOHTPONS C YYETOM IKOHOMUYECKWX, 3PrOHOMWUYECKUX YCMOBMW, BPEMEHHOrO chaktopa M
TpeboBaHu GesonacHOCTW. [Ins pelweHus 3TOM 3ajayu NpeLrioXeHO WCMoNb30BaTb METOA MOCHEA0BaTeNbHOro
ynyJyweHns gonyctumoro nnaHa. CyTb MeToga 3akmioyaeTcs B TOM, 4TO, MOMYYMB B KayecCTBe HayarbHOro
NPUBIMXEHNS HEKOTOPOE PELLEHWe (AOMYCTUMBIA MfiaH), MbITATCA YNyylWwWTb ero A0 Tex Nop, Moka AanbHewnlee
yNyylleHne CTaHOBUTCH HEBO3MOXHbLIM. 104 «ynydlleHem» 34ecb MoHumaeTcs Gonee nOnHOEe YAOBMETBOPEHWe
NPELANOXEHHOTO KPUTEPUS MMHUMW3ALMM CYMMApPHOrO BPEMEHW MEPEXOAO0B M BbIMONHEHMs paboT Ha MapLupyTe.
YrydlleHne [JonycTMMOro nnaHa ocyulectensetcd Metogom MoHTe-Kapno. [lpoaHanuampoBaHa BO3MOXHOCTb
JyOnupoBaHMa [aHHbIX, MOMyYeHHbIX W3 aBTOMATM3MPOBAHHOM CUCTEMbI UM MYTEM MApLUPYTHOMO KOHTPOMS, U
000CHOBaHO CoOKpalleHue 6asuca CTaHuMn KoHTpons. BolbpaHHasi Takum 00pa3om COBOKYMHOCTb MapLupyTOB
MOHWTOPUHIa NapamMmeTPOB IEMEHTOB BEHTUNSALMOHHON CETU FOPHbIMI MacTepamu NO3BOSMUT CHU3UTb PUCK MOMYYeHNs
HernomnHoM MHGOpMaLMK 0 ee a3pora3oaMHaMUYECcKOM COCTOSHUM, @ NEPEKPECTHBIN KOHTPOINb U3MEPEHUiA B npedenax
nepeceyeHnss 6asmcoB 0benx COCTaBASIOWMX CUCTEMbl KOHTPOMS MO3BOMUT MOBLICUTb AOCTOBEPHOCTb W TOYHOCTb
MOHUTOpPUHra.

KnioyeBble cnoBa: LWaxTHasd BEHTUNALMOHHAS CeTb, a’3porasofuMHaMUYecKue napameTpbl, MOHUTOPUHT,
MapLUPYTHbIA KOHTPOIb, AONYCTUMBIN M1aH.
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