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Abstract—The paper deals with the questions of analysis and estimation the information reservation
validity increase in information-control systems. A device for parallel-serial information reservation has
been developed to increase the reliability and validity of data and minimize the limiting factors: reducing
the number of parallel reserved information source, information aging time, correlation of random noise,
failures and self-restoring failures in information and control systems. The results of mathematical
modeling of the device operation are presented, by which it can be concluded that if the parallel and
sequential information redundancy is correctly combined, then the number of reserved information
source and the number of consecutive checks can be optimally reduced to increase the reliability of the
data. The development and use of a device based on a combined reservation to ensure high reliability of
information in the information and control systems, as well as a significant reduction in the probability of
nondetected and false alarms in alarm dangerous situations systems.

Index Terms—Efficiency; information
modeling; increasing the data reliability; device.

I. INTRODUCTION

It is known that the efficiency and quality of
information and control system (ICS) functioning
significantly depends on the reliability of
information received at the input of controlled
computing systems, from various types of
information sources, that control the state and
parameters of ICS functioning. Real sources of
information (IS) have the ultimate accuracy of the
representation of the information controlled by them.
At the same time, accuracy and reliability of
information is determined both by design features
and technical reliability of IS and, as a rule, does not
meet or not fully satisfy the requirements for
accuracy and reliability of information supplied to
the inputs of automated ICSs.

To determine the parameters of controled
object various technical sensor and means are used,
which are characterized by certain accuracy and
probabilistic characteristics of its work. In addition,
for control are used different monitoring and control
systems, which formed control signals based on
information from measurement systems. The
operation quality of any measurement, monitoring or

reservation;

information-control systems; mathematical

control system depends on the data reliability, which
came on its inputs. Thus, the principal requirement
for the effective operation of automatic control and
monitoring system is the high confidence of the
input data, the source of which are measurement and
control sensors.

II. PROBLEM STATEMENT

The operation statistics of the technical systems
indicates a significant specific volume among the
total number of functional failures of such systems,
the so-called "false" alarms. According to statistics
from 8 registered alarm, the 6 of them turned out to
was false. The causes of false positives, as before,
were the insufficient reliability of the executive units
and sensors [1]. In this regard, along with the
reliability of correct detection, the probability of a
“false” alarm is taken as a criterion for the quality of
the system.

Therefore, there is a need to increasing data
reliability in information-control systems. In this
case, the most expedient is the use of information
reservation. The method of parallel reservation of
information significantly reduces the probability of
not detecting the situation and has little effect on
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reducing the probability of a false alarm. The
method of sequential reservation can significantly
reduce the probability of false alarm and has little
effect on reducing the probability of not detecting of
controlled phenomenon. The combined use of
parallel and sequential redundancy can effectively
reduce both the probability of a false alarm and the
probability of non-detection with minimal economic
costs. That why one the most informative is the
combined information reservation. Thus, there is a
need to develop a device for parallel-serial
information reservation in order to increase the data
reliability in information-control systems.

III. REVIEW

Typically, data sensors provide information with
insufficient reliability. A number of technical
measures utilize for increasing the data reliability,
which complicated the system, increasing cost and
decrease technical reliability. At the same time, the
reliability of the received data remains low due to
low sensors technical reliability. To increase the
input data reliability it is most expedient to use the
information reservation, in which instead of one
technically complex, reliable and expensive sensor
are used several simple ones with high technical
reliability and low cost.

As a rule, each separate such sensor is
characterized by insufficiently high accuracy and
probabilistic characteristics: the probability of
correct detection a, the probability of false alarm b,
the probability of nondetection d. It is known from
the theory of static solutions [2] and [3] that in order
to increase the accuracy of estimating these
probabilities, it is necessary to increase the number
of statistics data.

There are two main ways of information
reservation: parallel information reservation, in
which several sensors controls the same parameter
and used in parallel; serial information reservation,
in which the same sensor is requested successively
several times.

Using of serial information reservation in
information-control system of the aircraft alarm
system is considered in [4]. In the case of serial
information reservation, the decision about the
reliability of data is taken according to the criterion
"k of m", when the number of positive assurance
exceeds or equal to "k for m" consecutive
measurements. The application of parallel
information reservation in aviation navigation
systems is considered in paper [S]. In the case of
parallel information reservation, the decision about
the reliability of data is taken on the majority
principle, when most of the sensors confirm the
presence of a controlled phenomenon. The article [6]

conducts the evaluation of the effectiveness of
various methods of information reservation. In the
paper is offered the information criterion for quality
estimation of wvarious methods of information
reservation and shown that the most informative is
modular and combined reservation.

IV. PROBLEM SOLUTION

Each of the main methods of information
reservation has its advantages and disadvantages.
Thus, the method of parallel information reservation
is much less dependent on the technical reliability of
the sensors, but with this method, there are
economic problems of increasing the cost of the
system with an increase in the number of parallel
sensors. The method of serial reservation, in which
only one sensor is used, significantly reduces the
cost of the system, but at the same time, there are the
problem of technical reliability as well as the
information aging, determined by the delay in
obtaining reliable data. Therefore, it is advisable to
combine both methods of reservation, using a
combined information reservation. Figure 1 shows,
as an example, a functional diagram of a parallel-
serial information reservation device (PSIRD) that
implements a method of parallel-serial information
reservation. Proposed PSIRD can be used in any
information and control system to improve the
system quality.

Fig. 1. Functional diagram of parallel-serial information
reservation device

The device receives information from three
sensors D1, D2, D3, which in parallel monitor the
same parameter. Measurement data from three
sensors D1, D2, D3 are sent in parallel to three serial
information reservation machines (SIRM), in each of
which the decision criterion "3 of 4" is
autonomously realized, according to which the
information is considered reliable if 3 times out of 4
possible is confirmed presence of a controlled
signal. Output signals with increased reliability from
3 SIRM schemes are fed to three logical circuits
AND that are connected so that the majority
principle of parallel information reservation is
fulfilled according to the criterion "2 of 3",
according to which the information is considered
reliable if it is confirmed by any 2 of 3 channels.
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The input signals with increased reliability from the
3 logic circuits AND the first phase are fed in
parallel to the 3 SIRM circuits of the second phase,
where the principle of serial information reservation
by the criterion "3 of 4" is implemented again. The
output signals from the 3 circuits SIRM of the
second phase are again fed to 3 logical circuits
AND, on which the majority principle of parallel
information reservation is implemented according to
the criterion "2 of 3". Output signals that determine
the presence of a controlled phenomenon with a high
degree of reliability, which appeared at the output of
at least one of the 3 logical circuits "AND" of the
second phase, are fed through the logic circuit OR to
the input of the microprocessor system MPS.

In Figure 2 is shown a functional diagram of the
SIRM. SIRM consisting of an RS-flip-flop, 2 binary
counters, 2 logic circuits AND, 2 logical OR circuits
and a time delay element. The SIRM device operates
as follows. The monitored signal is fed to the
switching input S of the TT flip-flop, and at the
same time, the output signal Q from the TT flip-flop
opens a logic AND circuit through which pulses are
sent from the clock generator CG to the counting
input of the binary counter BC2 A. The same pulses
are fed to the counting input of the binary counter
BC2 B, and through the time delay element (TDE)
and the OR logic circuit, the TT trigger is reset. At
the same time, the readings of the BC2A and BC2B
counters are increased by 1. This process will be
repeated if the monitored signal is fed back to the
input S of the TT trigger. As a result, the number of
repeated receipts of the monitored signal is fixed on
the counter A, and the total number of clock pulses
on the counter B is fixed. If such a number reaches
the value 4, a signal will appear at the output of the
3rd digit of the binary counter BC2B, which will
reset both BC2A and BC2B counters, and through
the OR circuit B will reset the TT trigger. In this
case, the account will be repeated, and each time at
the output of the OR circuit A there will be a
monitored signal with a high degree of reliability if
the counter A counts at least 3 consecutive receipts
of the monitored signals. Thus, the SIRM device
implements the "3 of 4" criteria for checking the
serial receipt of monitored signals. The CG
frequency of the timing pulses is selected from
condition:

L < t.d.start

f 8

where t.d.start is the permissible aging time of
information.
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Fig. 2. Serial information reservation machines

The delay time ¢,, realized by the delay circuit

del
(Fig. 2) is chosen such that condition

Lo <laa <= 2)

where £, is the duration of the timing pulses.

The number of statistical checks in the PSIRD
(Figs 1 and 2) increases with increasing the number
of sensors, the number of serial requests of each
sensor, and the number of phases parallel-serial
reservation. At the same time, the PSIRD scheme
allows to significantly increase the number of
statistical examination with a small number of
sensors, which control the same parameter. So, in
accordance with the above diagram (Figs 1 and 2),
three sensors are used, each of which is sequentially
requested 4 times in the first phase, and the
controlled phenomenon is considered established if a
signal about its presence appears in at least 3 of 4
requests for each sensor. Then in the 1st phase all 3
sensors are checked in parallel, and makes a decision
about the presence of a controlled phenomenon on
the base of majority principle, when 2 of 3 sensors
confirm the presence of controlled phenomena with
account for previous analysis. Thus, in essence, a
static check is performed 12 times in the first phase,
under which the controlled phenomenon is
considered established, if its presence is confirmed
no less than 6 times. In the second phase, the same
process of statistical refinement is repeated, again
for each sensor the serial check is repeated 4 times,
and therefore the total number of checks will now be
equal to 48 times. Since in the second phase the
controlled phenomenon is considered as established,
if it is confirmed at least 3 times after serial 4
requests and from 2 sensors for the majority
principle, the total number of checks at which the
controlled phenomenon is deemed to be established
will be no less than 36 times.

According to the above PSIRD scheme, the total
number of statistical checks is 48, and a controlled
phenomenon is considered established if at least 36
times it is confirmed. This significantly increases the
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probability of reliable determination of the presence
the controlled phenomenon for 3 sensors. For the
total number n of parallel checks and the number m
of serial checks in each of the k phases, the total
number N of checks can be determined by the
formula N =nm" . For the rules of determining the
reliability of serial requests "W from m" for each
sensor and the majority principle "V of n" for all
sensors, then the controlled phenomenon can be
define if it is confirmed M from N times. In this
case, the number M can be determined by the
formula M =V*W*.

Thus, an increase in the number & of phases and
the number m of serial checks of each sensor in each
k phase substantially increases the number of
statistical checks and the reliable determination of
the controlled phenomenon. But increasing in the
numbers k£ and m is associated with an increase in
the time delay. The information aging time limits the
possibilities for increasing the numbers £ and m. In
each specific situation it is possible to determine the

optimal value of these numbers k,, and m,,

In the case, when the same source of 1nformation
is requested periodically with a certain time interval,
then according to the theorem of Bayes [2], [3] with
a given o priori probability and given probability
characteristics of information sources (probabilities
of a reliable detection a, nondetection d and false
alarm b), the posterior probabilities of a reliable
detection P4, nondetection P,; and false alarm P
can be determined using the following formulas:

p oa (1-a)a
“oa+(l-a)b (1-a)a+od’ 5
od (I-a)b
By=——"r, Pfa =
(l1-o)a+ad oa+(1-a)b

Let us introduce the following notation: apriority
coefficient of controlled phenomenon f,, quality

factor for the source by false alarm y,, quality factor
for the source by nondetection y,. The coefficients
B,,v,, x, aredetermined by the relations:

X=— 4)

where o is the a priori probability of waiting the
controlled phenomenon, a, b and d denotes the
probability of reliable determination the controlled
phenomenon, the probability of false alarm and
probability of nondetection.

Given the above formulas, the probabilities of
reliable detection, nondetection and false alarm,
determined during serial analysis in the 1st phase,
are expressed in accordance with formulas:

B,

1
1+By) Ha _OL)B]

PO =) B, (5)
+

LEX

p.(W)=o

D WYy=(1-q B]Y] ]

PN ==
The probabilities @, b and d are the initial
indicators the quality of the sensor. According to the
PSIRD scheme (see Fig. 1), after a serial analysis, a
parallel refinement of the data on the majority
principle is made. In this case, the probabilities
Pims Pires P, are determined in accordance

with the polynomial distribution [2]:

a1y n—1 p(1)-(n— ])
p]par - Z C Ijlscq

i=n—v+l1

p].yeq)la

v—1 v—n+i+l
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p2par - Z Cn p]seq z C p2scq p3scq’ (6)
n=i=0 i—j
[ i—j ,(=j) (D
p3par _ZC p33cq p2scq
i—j
The obtained data recursively determine the new

values of the coefficients quality factor for the
source by nondetection and false alarm

1- E(')par P(])par

B, = (7

R(')par ’ P,(”par

On the base of obtained values of the coefficients
B, and vy,, the probabilities of reliable detection

P2 (W), nondetection P2 (W) and false alarm

P2 (w) are recurrently determined according to

Zqu
formulas (5), in which the coefficients B, and vy,
are replaced by the values of B, and y,. The values
P2 w)y, P2 (w) and P2 (w) are substituted into

Iseq 2seq
formulas (6),

detection p() . »

and the probabilities of reliable

nondetection pit) =~ and false

2
alarm  p! Oypar  ATC

reservation in the 2nd phase. The economic
efficiency E,;(n,m,k) as a function of the number
of sensors n, the number of consecutive checks m
and the number of phases k& can be determined
according to the expression:

determined with parallel

(k)
Eo(nm k) =1 P97 )

b
n-c, +kc,
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where ¢, is the cost of a system with one sensor; ¢,

is the cost of one-phase SIRM.
Formula (8) implicitly takes into account the

permissible delay time ¢,, for obtaining reliable

information, which should not exceed the permissible
aging time 7, ..., [3].

Formulas (3) — (8) express the algorithm for
determining the optimal values the number of

sensors 71, the number of consecutive checks m,,

and the number of phases k. If as the criterion of

optimality choose the maximum value of the
economic efficiency of the circuit E . (n,m,k)

for a given value of the permissible data aging time
t, an and use method of searching the extremum,

the Gauss—Seidel method for example [3], then is
possible to find the optimal parameters of the
system, using recursive calculations by the formulas
(3)-(®).

Analysis the above algorithm shows that the data
aging time and the economic costs on the
implementing the method are in a dialectically
contradictory relationship. To reduce the delay time
for obtaining reliable data is need to increase the
number of sensors, which will be associated with an
increase in additional costs.

V. RESULTS OF RESEARCH

The paper deal with the parallel-serial
information reservation device, which allows to
increase the data reliability about controlled
parameter before the signal enters in the monitoring
and control systems. In the process of mathematical
modeling the work of a parallel-serial data
reservation device constructed graphs of the
dependence the reliability of information on the
number of consecutive requests (Fig. 3), the
dependence on probability of reliable determination
of primary information sensors (Fig. 4) and the
dependence on the probabilities of reliable operation
of primary information sensors (Fig. 5).
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Fig. 3. The dependence of the information reliability
of on the number of consecutive requests
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Fig. 4. The dependence of information reliability
on probability of reliable determination of primary
information sensors
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Fig. 5. The dependence graph the reliability
of information on the reliability of the primary sensors
operation

After analyzing the graphs, the following
conclusions can be done: with increasing the number
of consecutive requests and increasing reliability of
the primary sensors operation lead to significant
increasing the reliability of information.

VI. CONCLUSIONS

The paper deal with development of a device for
increasing the data reliability in information-control
systems. In this work, the functional diagram of a
parallel-serial information redundancy device is
proposed. In this device the measurement data from
three sensors are sent in parallel to three serial
information reservation machines, in each of which
the decision criterion "3 of 4" is realized.
Simultaneously  provide parallel information
reservation of data from SIRM with decision
criterion "2 of 3". In this work, the mathematical
models of sequential, parallel, and combined
information redundancy, implemented directly by
the proposed system, are built. The results of
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mathematical modeling of the device operation are
presented in the work. As a result of mathematical
modeling It has been established that using the
combined backup method, the economic efficiency
increases by 48 times, the effectiveness of correct
detection 2 times, the probability of false alarm
decreases by 2.5 times and non-detection by
25 times.
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Aui Anb-AmMmopi, X. A. Anb-AmMmopi, A. €. Kinouan, O. II. Tumuenko, Axmaa Ainb-Axmaa. Metoau miiBuineHs
HaAiiHOCTI JaHUX B iH(OopMAaLiiiHO-yIPABIAIOYMX CHCTEMAX

Y crarti poO3rNSHYTI THUTaHHS aHaji3y 1 OIIHKM MiJBUIIEHHS JOCTOBIPHOCTI pe3epByBaHHS iH(popMamnii B
iHpOpMaliifHO-KepylounX  cucTeMax. Po3poOJieHO  NpUCTpii  MapayeNbHO-IIOCHIJOBHOIO  iHQOpMAIHHOTrO
pe3epBYBaHHs JUIS TIiJBUIIEHHS HAAIMHOCTI Ta JOCTOBIPHOCTI JNaHMX Ta MiHIMI3alil OOMEXyrouux (akTopis:
3MEHILCHHS 4YWCiia TapayieIbHO 3ape3epBOBaHMX JDKepen iHQopmalii, 4acy crapiHHsA iH(pOpMaIii, Kopessis
BUIIaJIKOBUX TEepenIKo, 300iB 1 CaMOBiHOBIIOIOTECS BiIMOB B iH(QoOpMaliiHO-Kepyrouux cucremax. lIpencrasieHi
pe3ylbTaTi MaTEMaTHYHOTO MOJEIIOBAHHS pPOOOTH IPHCTPOIO, 32 SKUMH MOXHA 3pOOWUTH BHCHOBOK IO, SIKIIO
MIPaBUIILHO TIOEHYBATH IapajiebHe 1 MociiioBHe iH(opMalliliHe pe3epByBaHHS, TO MOXKHA ONTUMAaJIbHO CKOPOTHTH SIK
YHCJIO 3apEe3ePBOBAHUX JDKEpeN 1H(POpMAIii, TaK 1 KUIBKICTh IOCTIIOBHUX MEPEBIPOK IS IiABHUIICHHS JTOCTOBIPHOCTI
naHuxX. Po3poOka i BUKOpUCTaHHS MPUCTPOI0 HAa OCHOBI KOMOIHOBAaHOrO pe3epBYBaHHsS 3a0€3IEUHTh BHCOKY
JIOCTOBIPHICTh iH(pOpManii B iH(OPMAIHHO-YIIPABIAIOYNX CHUCTEMaX, a TaKOX ICTOTHE 3HIKYE WMOBIPHOCTI
HEBHSIBJICHHSI 1 TOMMJIKOBOI TPUBOTH B CUCTEMAax CUTHaJIi3allii HeOe3MeUHIX CUTYaIil.

Karwuosi cnoBa: epexruBHiCTh; iH(OpMaliiiHe pe3epByBaHHS; iH(GOPMAIifHO-YIIpaBIsAOYa CHCTEMa; MaTeMaTHYHE
MO/ICTTFOBaHHSI; ITiABUIIEHHS HA[IIHOCTI JAHUX; TIPUCTPIH.

Aab-Ammopi Adi. orcid.org/0000-0002-0375-6108.

Jloktop TexHiunux Hayk. [Ipodecop.

Kadenpa indopmaniliHo-aHamiTHaHOi HisiibHOCTI Ta iHQopMmauniiiHoi Oe3meku, HamioHanpHMH TpaHCIIOPTHUH
yHiBepcurer, KuiB, Ykpaina.

OcgiTta: KuiBChbKHIf IHCTUTYT 1H)KEHEPIiB ITUBLIBHOI aBiartii, Kuis, Ykpaina, (1992).

Hampsimok HaykoBOi AisUIbHOCTI: aBioHiKa, iH(OpMAIiifHI TEXHONOrii, TPaHCIIOPTHI TpOlECH, Oe3leKa IONbOTIB,
HaJIHHICTD.

Kinpkicts mybmikarii: nonaz 200.

E-mail: ammourilion@ukr.net.

Aab-Ammopi Xacan AmifioBuy. orcid.org/0000-0002-1371-2205.

AcmipaHrT.

Kadenpa mikHapoguux mnepeBe3eHb Ta MHUTHOIO KOHTpoOJr, HamioHanpHMH TpaHcnopTHHH yHiBepcuteT, Kwuis,
VYkpaiHa.

Ocgita: KuiBchKHii HaI[lOHAILHUI YHIBEPCUTET TEXHOJIOTIH Ta au3ainy, Kuis, Ykpaina, (2013).

Hamnpsimok HaykoBoi AisUTbHOCTI: 1H(OPMAIiiHI TeXHOJIOTI1, HAAIHHICTb.

[Ty6mnikarii: 7.

E-mail: hasan.ammori@gmail.com.

Knouan Apcen €BreniiioBuy. orcid.org/0000-0002-4225-9382.

AcmipaHrT.

Kadenpa indopmaniiiHo-aHamiTHaHOi HisiibHOCTI Ta iHQopMmauniiiHoi Oe3neku, HamioHanpHUH TpaHCIIOPTHUH
yHiBepcurer, KuiB, Ykpaina.

Ocgita: HanionanpHu# aBiamiduuii yHisepcutet, Kuis, Ykpaina, (2015).

HamnpsiMmok HayKOBOi /IisSUTBHOCTI: aBiOHIKa, ONTOEJIEKTPOHIKa, THPpOpMaliliHi TEXHOJIOT1].

Kinpkicts myomikarii: 12.

E-mail: VArsenchuk@gmail.com.

Tumuenko Ouiena IlerpiBna. Ctapmuii BUKIagay.

Kadenpa indopmaniliHo-aHamiTHYHOI HisiibHOCTI Ta iH(opMmauniliHoi Oe3rexu, HamioHanmpHMH TpaHCIIOPTHUH
yHiBepcurer, KuiB, Ykpaina.

Ocsirta: HanioHanbpHuit TpaHciopTHUH yHiBepcutet, KuiB, Ykpaina, (1984).

Hamnpsimok HayKoBOi AisUTbHOCTI: 1H(OPMAIIiiHI TEXHOJIOTII.

[Ty6mikarii: 5.

E-mail: elenatymchenko@ukr.net

Aab-Axman AxMaa. AcmipaHrt.

Kadenpa indopmaniliHo-aHamiTHaHOi HisiibHOCTI Ta iHQopMmauniiiHoi Oe3neku, HarioHanpHUH TpaHCIIOPTHUH
yHiBepcurer, KuiB, Ykpaina.

Ocgita: YepkachKuil iHKCHEPHO-TEXHOJIOTTUHUHN 1HCTUTYT, Uepkacu, Ykpaina, (1996).

Hamnpsimok HaykoBoi AisUTbHOCTI: iH(OPMAIiiHI TEXHOJIOTI1, HAAIHHICTb.

Kinpkicts myomikarii: 1.

E-mail: ahmadalahmad@ukr.net.



34 ISSN 1990-5548 Electronics and Control Systems 2018. N 4(58): 27-34

A Aab-AmMmopu, X. A. Aab-Ammopu, A. E. Kinouan, A. II. Tumuenko, Axmax AJub-Axman. Metoabl
TMOBbIIEHHOH HAIE5KHOCTH JAHHBIX B HHPOPMALIMOHHO-YIPABJISIIOIIUX CUCTEMAX

B crathe paccMOTpEHBI BOIPOCH aHAIW3a W OICHKH IOBBIIICHUS JIOCTOBEPHOCTH PE3ePBHPOBAHMSA HHPOPMAIUU B
HH(POPMAIMOHHO-YIIPABNISIONIUX  CHCTEMaX. Pa3zpaboraHo  yCTpOWCTBO  mapajuielbHO-IIOCIEI0BATENLHOTO
MH(POPMAIIMOHHOTO PE3CPBUPOBAHMS JUIS ITOBBIIICHUS HAISKHOCTH U JIOCTOBEPHOCTH JAHHBIX W MUHHMHU3AIUU
OTrpPaHUYMBAIONIMX (DAKTOPOB: YMCHBIICHUS YHCIA IMapajUIeiIbHO 3ape3epPBUPOBAHHBIX HCTOYHUKOB HH()OPMAITUH,
BPEMCHHU CTapeHUs UH(DOPMANUU, KOPPEIAUS CIy4aiHBIX MOMEX, COOCB M CaMOBOCCTAHABJIMBAIOIIUXCS OTKA30B B
HH(POPMAIMOHHO-YIIPABJISIONNX CUCTeMax. I[IpefcTaBieHbl pe3yabTaThl MAaTEMAaTHUCCKOrO0 MOICTHPOBAHUS PaOOTHI
YCTpOICTBa, MO KOTOPHIM MOXHO 3aKJIIOYHUTh YTO, €CIM MPaBUIBHO COYETaTh NapajlieIbHOE U IOCIIEeN0BaTEIbHOE
MH(POPMAIMOHHOE PE3CPBUPOBAHUE, TO MOKHO ONTHMAJILHO COKPATHTh KaK YUCIO 3apPE3CPBUPOBAHHBIX MCTOYHUKOB
HH(pOPMAIUY, TaK U YHCIIO IOCIICAOBATEIBHBIX MMPOBEPOK JUIS IMOBBHIIMICHHUS TOCTOBEPHOCTH MaHHBIX. Pa3paboTka U
HCIOJIb30BAaHUE YCTPOWCTBA HA OCHOBE KOMOMHHPOBAHHOT'O PE3CPBHUPOBAHHUSA OOCCIICUUTH BBICOKYIO JOCTOBEPHOCTH
uHpopManuu B  HHGOPMAIMOHHO-YIPABJIIONMIMX CHCTEM, a TaKKe CYIIECTBEHHOS CHIDKECHHE BEpPOSTHOCTH
HEOOHAPYKCHHUS U JIOKHON TPEBOTH B CUCTEMaX CUTHAIM3AIIUK OIMACHBIX CHUTYAI[U.
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