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The system of operational control (SOC) of civil aircraft (CA) airborne equipment incorporates onboard equipment, as an object of
control, means and programs of operational control, maintenance personnel of an operating enterprise, carrying out procedures
using control means and organizing processes of operational control for the specified objects using control programs. Quality of
A/C onboard equipment SOC becomes obvious in the process of operational control. Operational control is a set of processes for
determining the technical condition (TC) of objects of control (OC) at the various operational stages: in flight, during operational
maintenance (pre-flight and post-flight control), and periodic maintenance, after dismantling equipment from board. The process of
determining OC TC of includes control, diagnostics, forecasting and recovery. The process of operational control is characterized
by reliability of control — the property of TC control, which determines the extent of display objectivity as a result of monitoring the
actual OC TC. Based on the SOC analysis as an object of research, the analysis of the problem of its forming and updating as well
as the developed hierarchy of criteria for the effectiveness of interacting systems, the general problem will be formulated as follows:
on a given set of parameters of onboard equipment SOC, let us determine the parameter values so that the system costs in the
process of operational control reach minimum while performing all the required tasks and observing all the limitations for own
parameters of the system as well as indicators of its technical efficiency.
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INTRODUCTION

Onboard equipment SOC incorporates airborne equipment such as an object of control (OC),
operational control means and programs, maintenance personnel of an operator executing the proce-
dures applying control facilities and organizing the processes of operational control of the stated ob-
jects by means of control programs [1-2].

Control facilities are represented as the airborne control devices, ground-onboard and ground-
based automated control aids incorporated with fulfilling operational control tasks for objects on board
A/C such as: onboard complexes, functional systems, constructive-functional units, or Line Replacea-
ble Units (LRU), constructive-functional modules, electrical and radio elements (ERE) [3—6].

The airborne control devices as a constituent part of onboard equipment are designed to control
onboard equipment directly on board A/C and implemented as integrated and self-contained control
means. The integrated control facilities or built-in test equipment (BITE) as the OC constituent part,
ensure control of onboard equipment functional systems on board A/C. They are represented as inte-
gral functional modules of control within LRU, as well as self-contained units of control [7—18].

Self-contained automated onboard means of control provide onboard equipment control on
board A/C. Incorporated into airborne equipment as an independent component, they are implemented
as functional systems control such as onboard maintenance systems (OMS).

The ground-onboard automated control facilities are intended to record operational capability
and failures of equipment on board the A/C using on-ground subsequent decryption of monitored in-
formation (a ground part). They are implemented as magnetic or solid-state facilities for recording pa-
rameters and systems of automatic data exchange with ground using decryption aids. On sophisticated
aircraft integral systems of TC control are installed as constituent components of ground-onboard au-
tomated equipment.

On board A/C integral systems of TC control conduct continuous recording and processing the
results of onboard equipment control in flight using onboard systems of control. The systems of auto-
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matic data exchange with ground execute continuous collection of data about the results of onboard
equipment control using both airborne control devices and integral systems of TC control in flight with
the subsequent transmission of this information over a radio channel to the ground. The ground part of
ground-onboard automated control facilities make provision for data decryption stored on a magnetic
or solid-state medium or for information obtaining from a radio signal.

On-ground control facilities are designed to monitor airborne equipment as directly on board
A/C as dismantled from board A/C in the ground conditions. They are implemented as checkout and
test facilities and ground-based automated equipment. Checkout and test facilities provide computer-
aided control of airborne equipment for functional systems, constructive-functional modules in the la-
boratory conditions and constitute the fixed and portable consoles. Ground-based computer-aided test
equipment executes automated control of the airborne equipment for LRU, functional modules in the
laboratory conditions and constitutes the fixed unified systems.

The programs of operational control determine the tasks and types, methods and algorithms,
volumes and periodicity of airborne equipment operational control specified in the appropriate docu-
mentation applicable to A/C and its systems maintenance and repair.

The objectives of airborne equipment operational control at the different stages are monitoring
serviceability, operational capabilities, functionality, fault isolation, etc. The basic types of operational
control are as follows: in-flight control, ground-based post-flight and pre-flight control, periodic
maintenance, control of removed units from board A/C, etc. The variety of operational control meth-
ods is defined with the tasks and types: physical and parameter methods, passive and active, tolerance
and test, etc. The algorithms of operational control are determined by the following tasks: algorithms
of functionality control, operational capabilities, serviceability, fault isolation, etc. Volume and perio-
dicity of operational control are specified with the methods of technical operation and the strategies of
maintenance and repair.

In compliance with the programs and using operational control facilities maintenance person-
nel carry out the procedures and organize the processes of OC operational control that is aircraft hard-
ware for the purpose of ensuring their efficient operation and the required flight safety.

Both flight officers of an airline and operator’s engineering and technical staff are in charge of
operational control. Flight officers perform a pre-flight inspection and monitor airborne control devic-
es in flight. During line maintenance engineering and technical staff carry out post-flight control, fault
isolation on board A/C. During periodic maintenance engineering and technical staff test functionality
and serviceability on board A/C. Maintenance personnel of a laboratory check workshop test and lo-
cate faults in removed units with accuracy within integral functional modules or ERE. Engineering and
technical personnel of maintenance operations centers organize the processes, accumulate and general-
ize operational control experience.

STRUCTURE OF AIRBORNE EQUIPMENT OPERATIONAL CONTROL PROCESS
AND RELIABILITY OF CONTROL

Quality of A/C airborne equipment SOC becomes evident in the process of operational control.
Operational control is a set of the processes to determine OC TC at the different stages of operation: in
flight, during line maintenance (pre-flight and post-flight tests) and periodic maintenance, after equip-
ment dismantling from board. The process to determine OC TC comprises control, diagnostics, fore-
casting and recovery.

The process of OC TC determines the technical condition type as a variety of affected OC
characteristics during operation characterized at a certain point with the criteria established with the
technical documentation for this object. Control is divided into control of serviceability, operational
capabilities and functioning depending on TC type determined during control.
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Diagnostics of OC TC under diagnostics determines its faulty or inoperative condition based on
the variety of faulty and inoperative conditions. Depending on the degree of troubleshooting, diagnos-
tics of airborne equipment is distinguished as the diagnosis within the accuracy of the functional sys-
tem, unit, constructive-functional module or ERE.

Forecasting of OC TC under forecasting determines its condition at a certain point or the time
interval during which actual OC TC is maintained.

Recovery of OC TC under recovery determines its condition during the previous time interval.

Operational capabilities control of onboard complexes and functional systems of flight and nav-
igation equipment as well as diagnostics within the accuracy of airborne equipment functional systems
are executed during in-flight control. During post-flight and pre-flight control monitoring airborne
equipment functional systems, complexes functioning as well as LRU diagnostics are executed. During
periodic maintenance control of functional systems and complexes serviceability as well as diagnostics
within the accuracy of the airborne equipment unit are executed. Control of onboard equipment dis-
mantled units’ serviceability, diagnostics within the accuracy of LRU or ERE, forecasting and recov-
ery of the functional systems and airborne equipment units are executed.

The process of operational control is characterized with control reliability — the control charac-
teristic of OC TC determining the degree of display objectivity as a result of control of OC TC actual
type. In accordance with the various types of operational control it is reasonable to define the basic
characteristic of control.

Reliability of in-flight control is the control characteristic for TC of airborne equipment func-
tional systems and complexes by means of airborne control devices. Reliability of post-flight and pre-
flight tests is the control characteristic for TC of airborne equipment functional systems and onboard
complexes using onboard and ground control facilities. Reliability of dismantled equipment tests is the
control characteristic for LRU TC, dismantled units, constructive-functional modules and ERE of
onboard equipment by means of ground control facilities.

Reliability of diagnostics is the characteristic to determine OC TC under diagnosis that allows
us to specify the degree of display objectivity as a result of diagnostics of the actual type of OC TC.

Reliability of in-flight diagnostics is the diagnosis characteristic of airborne equipment func-
tional systems and complexes TC by means of airborne control devices.

Reliability of post-flight and pre-flight diagnostics is the diagnosis characteristic of airborne
equipment functional systems and complexes TC by means of ground, onboard control facilities.

Reliability of dismantled equipment diagnostics is the diagnosis characteristic of constructive-
functional modules and ERE, dismantled units, LRU TC by means of ground control facilities.

As a rule, diagnostics on board A/C is conducted within the accuracy of LRU, whereas on the
ground it is implemented within the accuracy of constructive-functional modules, more rarely within
ERE accuracy.

ANALYSIS OF THE PROBLEM FOR FORMING AND UPGRADING THE SYSTEM
OF AIRBORNE EQUIPMENT OPERATIONAL CONTROL

Let us define the role and place of the system of operational control (SOC) within the technical
operation system. Onboard equipment SOC is subordinated to the technical operation system. Its quali-
ty is determined with the performance function to meet the requirements of the airborne equipment
technical operation system with maximum economic efficiency under the limitations for the required
levels of onboard equipment control reliability. SOC effectiveness becomes obvious in the process of
onboard equipment operational control.

Thus, onboard equipment SOC forming a constituent part of the operation system has all the fea-
tures inherent for sophisticated technical systems, that is: a hierarchical structure and obedience of purpos-
es, interrelationship of components, handling while functioning. It allows us to make a conclusion that
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forming and upgrading SOC should be conducted on the basis of the comprehensive system analysis con-
sidering all the processes happening within the system by means of the up-to-date mathematical methods.

In accordance with the hierarchy of purposes for the aircraft transport system functioning and inter-
relation of the purposes for the systems of lower level hierarchy: the aircraft operation system, airborne
equipment operational control and technical operation systems, the major problem of forming and upgrad-
ing airborne equipment SOC is maintaining the required level of control reliability that tests the level of
equipment reliability, consequently, the aircraft reliability level and eventually the flight safety level.

In compliance with the requirements of airworthiness, whatever airborne equipment failures
should not cause an abnormal situation that could be worse than deterioration of flight safety.

Failures that are impossible to reveal during the process of operational control, specified by low
control reliability, are the causes of a prerequisite to an aviation accident through the fault of onboard
equipment SOC. Similar failures reduce substantially reliability of onboard equipment functioning,
decrease the efficiency indicators of the onboard equipment technical operation system, aircraft tech-
nical operation system and aircraft transport system, affect flight safety.

The following key factor of forming and upgrading onboard equipment SOC is assurance of the
required level of flights regularity. Regularity of flight operations incorporates the conceptions of de-
parture and performing flights regularity. Disruption of regularity is caused by in-flight failures that
affect performance capabilities or deteriorate efficiency of A/C systems functioning. In fact, all these
failures are attributed to prerequisites to an aviation accident. The causes of disruption of performing
flights regularity through the fault of airborne equipment SOC are not revealed airborne equipment
failures during operational control due to low control reliability.

Disruption of departure regularity is considered while determining flight delays due to late A/C
arrival. The major reason for flight delays in the event of airborne equipment failures is complexity of
troubleshooting at a particular point. Recovery time is comprised of fault isolating time, fault location
and its subsequent repair in the conditions provided by airborne equipment SOC. Low control reliabil-
ity of control facilities impacts considerably the efficiency indicators of regular departures.

The following key factor of forming and upgrading airborne equipment SOC is maximum eco-
nomic efficiency. Economic efficiency of the technical operation process is specified by the value of
operational costs necessary to maintain one-hour flight.

A considerable item of operational costs in onboard equipment SOC is costs to purchase and
service multiproduct sets of test and checkout equipment that contain up to hundreds of items.

And eventually, another considerable item of operational costs is costs to purchase multiprod-
uct sets of spare parts for onboard equipment units, volume of which substantially exceeds real de-
mand due to low operational control reliability.

The main cause of the negative effect on the efficiency indicators of airborne equipment SOC, air-
craft transport and technical operation systems is the fact that forming SOC for the operational aircraft fleet
has been always funded far inferior to need without an analysis of the processes of operational control, mu-
tual considering the characteristics of system constitutive parts. Unfortunately, the similar approach has
remained partially unchanged while forming SOC for a new generation of civil aircraft SSJ-100 and MC-
21. However, the research results allowed us to improve, to the particular extent, the procedure of airborne
equipment SOC formation due to the system analysis and introduction of the synthesis elements.

STRUCTURE OF THE AIRBORNE EQUIPMENT OPERATIONAL CONTROL SYSTEM
AND THE PROBLEM OF ITS FORMING AND UPGRADING

The structure of airborne equipment SOC for modern and promising aircraft is given in Figure 1.

The onboard equipment complex comprises n functional systems. Each one has its own
onboard control facilities. The functional systems include m LRU that, as a rule, are equipped with
BITE as well. LRU incorporate | constructive-functional modules. Each module consists of k ERE.
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The results of built-in test enter OMS that activates BITE and executes on-board control during
post-flight and pre-flight test. The results of post-flight and pre-flight tests are stored in the onboard
integral system of TC control that can initiate a thorough onboard equipment test if necessary applying
OMS. Additionally, the integrated system of TC control stores parameter information in its memory
that, coupled with in-flight, post-flight and pre-flight test results, enters the ground part of the integral

system of TC control for decryption and taking a decision.

Dismantled from board LRU enter ground-based computer-aided equipment to a laboratory
where they undergo monitoring, diagnosis, and possibly, recovery by replacing structural-functional
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Fig. 1. The structure of the operational control system of airborne equipment

modules and ERE.

Thus, circulation of onboard equipment components and information about the components
TC, generated by the onboard control facilities, OMS and integral systems of TC control occurs.

Onboard control facilities solve the following tasks:

perform instrumental and information control;

perform continuous automatic monitoring of own performance capabilities in flight and is-
sue information about its condition in the matrix-condition of computing systems data-word.

In the event of failure, words-conditions of failures are formed and issued,;

receive an external control input (command) of "Control" mode and initiate extensive

(ground) control;

store and issue information about revealed failures of units to OMS and integrated systems

of TC control,;

continue proper functioning after being de-energized;

assess reliability of input information from the sensor systems;
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o form words-conditions and issue them to OMS and integral systems of TC control storing
words-conditions in the memory until the completion of the flight.

OMS and integral system of TC control implement the following functions:

e performing pre-flight and post-flight tests procedures of onboard equipment;

¢ maintenance of onboard equipment by maintenance personnel;

¢ obtaining data about failures and malfunctions of onboard equipment hardware from OMS;

o fault isolating of onboard equipment within the accuracy of LRU with the subsequent data

display about a mode of failure;

data storage of malfunctions and failures;

¢ assignment of "Control" mode and its sub-modes to the functional onboard equipment sys-
tems forming the integral input such as "ready", "not ready";

e temporary referencing of equipment failures to motion variables and aircraft attitude;

o filing failure data and recording parameters required to investigate accidents, also to deter-
mine onboard equipment TC and forecast a pre-failure condition of LRU based on values of
integral parameters.

On-ground automated control aids implement the following functions:

e operational check of performance capabilities while conducting scheduled and repair work,
storage, adjustment, when obtaining new units from plants-manufacturers as well;

o fault isolating within the accuracy of constructive-functional modules or ERE in compliance
with the maintenance strategy;

e adjusting and parameter setting of units after replacing a constructive-functional module or

ERE;

functioning of local area computer networks according to the prescribed protocols;

filing control results;

issuing test results in the convenient format for an operator and further processing;

issuing the required reference information during adjustment and alignment work.

In-flight in the event of failure the automatic system of data exchange transmits a troubleshoot-
ing code to the ground using radio communication aids. After decryption of the malfunction code prior
to A/C arrival, maintenance personnel prepare the required units for replacement, tooling, consuma-
bles, expendable materials and the algorithm of troubleshooting.

The disadvantage of the SOC structure is that BITE, ground-based computer-aided equipment,
ground-onboard automated control facilities as well as onboard operational control systems are devel-
oped by various manufacturers and enterprises. Each of them contributes their own specifics into the
SOC structure. Due to absence of the unified concept of utilizing these aids during operation, there are
no reasonable standards to their operational characteristics. Therefore, the main problem of forming
and upgrading onboard equipment SOC is minimizing operating costs during operational control by
reassigning the requirements to reliability of various types of control applying different test facilities.
With regard to the above mentioned, flight safety requirements should be fully accomplished.

HIERARCHY OF EFFICIENCY CRITERIA FOR ONBOARD EQUIPMENT
OPERATIONAL CONTROL SYSTEM AND INTERRELATED SYSTEMS

In accordance with the hierarchy of functioning purposes for A/C aviation-transport system, A/C
technical operation system, onboard equipment operation system and SOC let us build the hierarchy of
efficiency criteria for these systems. For this purpose it is necessary to formalize the system-solvable
problems characterizing their parameters and efficiency indicators as well as relevant processes.

Let us consider the efficiency criterion for the system of the third level hierarchy of SOC solv-

ing the set Q9. Onboard equipment SOC as the system of the second level hierarchy introduces the

set Q29 for onboard equipment SOC solution for (Q(B;gK)* e (Q8%)".
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Onboard equipment SOC has the set of parameters 29y = {Ycax (])} defined with its structure,
relationships, resources and characteristics. As all the structures and relationships are conservative, the
resources are limited, but characteristics cannot exceed the certain ultimate values, the set TS5y is with-
in the boundaries of the set T8¢ = {yE9x(})}, that is yES () < [vES« (])] to all ;.

The process of onboard equipment SOC &52 (t [JéSK) is both the constituent part of the process
of onboard equipment operation €59 and the function time of ¢ as well as the set of parameters [E5.

Economic efficiency of onboard equipment SOC is characterized with operational costs Ceoy,
determined in the process of operational control CESc[E52(t, chK)]

Technical efficiency of onboard equipment SOC is characterized with the set of values
RE = (& (D}, c0n31der1ng each indicator r&9(1) = r&% (t,7¢3k) as the function of time t and the
set of parameters I'2§,.. Onboard equipment SOC as the system for the hlerarchy of higher level intro-

duces the required values of technical efficiency indicators set for SOC (Rc:-)K = {[Tca}((l)] }.

The criterion of onboard equipment SOC efficiency is minimum of operational costs on the
pre-assigned set of the system parameters during operational control while solving all the problems
required by onboard equipment SOC and observing all the limitations as for SOC own parameters as
for the technical efficiency indicators defined by onboard equipment SOC.

min{CE [E5R(t.785k) ]} YCSK(J) € FCSK;

(083 ’ -0 =0; (@ c31<) € (QCT:-) ;

Ycax(l) [Yc:—)}((l)] vesk () € T8 (1)
rch(l) [rca}c(l)] résc(D) € RES;

(RES) E (RE%)

CONCLUSIONS

Let us formulate a general problem on the basis of SOC analysis as an object of research, the
analysis of problem for its forming and updating as well as the developed hierarchy of the efficiency
criteria of interacting with SOC systems as follows.

On the given set of onboard equipment SOC let us define the parameter values so that the sys-
tem costs come to minimum during the process of operational control while performing all the re-
quired tasks and limitations for the own system parameters and its technical efficiency indicators.

For the solution of the general problem it is necessary to solve sequentially the following in-
termediates:

e choose and lay a foundation for the parameters and the basic indicators of onboard equip-
ment SOC efficiency inseparably interrelated with the basic efficiency indicators for the sys-
tems of the higher level hierarchy, in particular, the technical operation system;

¢ develop mathematical models for the processes of onboard equipment operational control
for the different levels of extension (dismantled unit — functional system — complex);

¢ develop mathematical models for optimization of operational control processes;

e execute mathematical modeling for the operational control processes, develop SOC software
and assess reliability of control and diagnostics of onboard equipment;

e assess the expected technical and economic effect as reduction of operational costs while
using SOC.
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Probability theory (Bayesian approach to random variables, Markov chains), mathematical sta-
tistics (determination of random variables for moments and designing a statistical experiment using
simulation modeling) serve as the theoretical basis to solve the given problems.

The conducted research establishes a theoretical basis for forming and upgrading onboard
equipment SOC.
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CUCTEMA SKCIIVIYATAIIMUOHHOI'O KOHTPOJIA BOPTOBOI'O
OBOPYAOBAHUA BO3AYIHIHBIX CYIOB I'PA’KIAHCKOU ABUALINHN
N HAYYHBIE OCHOBBI EE ®OPMHUPOBAHUA

1
C.B. Ky3Henos
1 o o« « o
Mockoeckuii 2ocyoapcmeenHblll meXHU4eCKull YHU8epcumem epaxcoanckol asuayuu,
2. Mockea, Poccus

Cucrema skcrutyararonHoro konrpousi (COK) 6oprosoro obopynoBanus Bo3ayusbix cynos (BC) rpaxnanckoii apuarmu (I'A)
o0bemuHsIeT OOpTOBOE O00OpYJOBaHME KaK OOBEKT KOHTPOJS, CPENCTBA W IPOrPaMMBI SKCILUTYyaTAllHOHHOTO KOHTPOJIS,
WHXEHEPHO-TEXHUMYECKUH COCTaB DKCILTYyaTallHOHHOTO TIPEANPHUSTHS, OCYIIECTBISIONINA C TOMOIIBIO CPEICTB KOHTPOJISA
TIPOLIELYPBl M OPTaHHM3YIOIINI C IIOMOIIBIO TPOrPaMM KOHTPOJIS IIPOLIECCHI SKCILTYaTalMOHHOTO KOHTPOJIS yKA3aHHBIX OOBEKTOB.
KauecTBo crcTembl SKCIUTyaTallMOHHOTO KOHTpoIIst 6opToBoro obopynosanus BC nposiBisieTcst B porecce SKCIUTyaTalMOHHOTO
KOHTPOJIS. DKCILTyaTallMOHHbBIH KOHTPOJb — 3TO COBOKYITHOCTH ITPOLIECCOB OIPEENICHHUS TEXHUYECKOIO COCTOSHHSI OOBEKTOB
koHTporst (OK) Ha pasnmudHBIX 3Tamax SKCIDTyaTalMy: B Tosiere, Tpu orepathBHOM TO (TIpeanoNieTHBIH M TOCIIETIONeTHBIN
KOHTPOIIB), TipH riepriomirdeckoM TO, mocie neMoHTaxka o6opynoBaaus ¢ 6opra. [Iporecc omnpenene st TEXHIIECKOTO COCTOSTHUS
(TC) OK BxiIrOYaeT KOHTPOINB, NUATHOCTHPOBAHWE, MPOTHO3MPOBAHME W BOCHPOM3BENeHHE. lIporecc SKCIUTyaTallMOHHOTO
KOHTPOJISI XapaKTepH3yeTcsi JOCTOBEPHOCTBIO KOHTpPossi — cBoiictBoM KoHTposst TC OK, omnpenensromyM —CTeneHb
OOBEKTUBHOCTH OTOOpaXXEHHS B pe3ysIbTaTe KOHTPOIS IEHCTBHTENHHOTrO BHIa TexHuueckoro cocrosHms OK. Ha ocroBanmm
aHammza COK kak oOBeKTa HCCIIENOBaHUS, aHaIW3a TPOoOJeMbl €€ (OPMHUPOBAHMS W COBEPIICHCTBOBAHUS, a TaKKe
pazpaboTaHHOW Mepapxuu KpurepreB 3(pQeKTHBHOCTH B3aUMOJCHCTBYIOLIMX C HeW cHCTeM OOIIyIo 3ajady copMylHpyeMm
cnenyrommmM obpazoM. Ha 3anananom muoxectBe napamerpoB COK 6oproBoro o00pyaoBaHsi ONpe/IeuTh 3HaUSHHs! TapamMeTpoB
TaKHe, '-ITO6]:-I 3aTparbl CUCTEMbI B IIPOLECCE SKCIUTYaTallMOHHOI'O KOHTPOJIA JOCTUTalIdi MUHUMYMa IIPU BBIIOJHEHUM BCEX
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TpeOyeMmbIX 3a/a4 U COOJIFOJICHUH BCEX OTpaHMYeHHH Ha COOCTBEHHBIC MapameTpbl CHCTEMbI M TMOKa3aTeln ee TeXHUYECKOH
3¢ PEKTUBHOCTH.

KitroueBble cj10Ba: crcTeMa 3KCIUTYaTAlMOHHOTO KOHTPOJIS, TEXHHYECKOE COCTOSHHE, JOCTOBEPHOCTh KOHTPOJS, OOPTOBOE
000pyI0BaHKE, HEPAPXHS KPUTCPHUCB.
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