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APPLICATION OF THE CORRELATION ANALYSIS MATHEMATICAL
APPARATUS FOR DETERMINATION THE LEAD-ACID BATTERIES
MANAGEMENT AND STATUS CONTROL MINIMUM DIAGNOSIS

Abstract. The subject matter of the article is the lead—acid batteries carrier and management. The goal of the study
is the development of a methodology for assessing the lead—acid batteries’ parameters and to provide
recommendations for their long—term management and carrier in the army operation. The tasks to be solved are: on
the basis of the lead—acid batteries operation experience to define a set of diagnostic parameters on which it is
possible to draw a conclusion about the technical state of a battery and change of its electric, operational and design
properties; to determine the correlations between the properties of the battery and make their assessment based on
the established criteria; to build a diagnostic graph—model of causal relationships of a battery’s parameters in the
form of a correlation galaxy; to justify the lead—acid batteries carrier and management minimum diagnosis which can
be carried out during their life cycle management Ta status control under the lack of time. General scientific and
special methods of scientific knowledge are used. The following results were obtained: The set of diagnostic
parameters to assess the battery technical state was determinated. Statistical data processing using the mathematical
apparatus of correlation analysis was done. The diagnostic graph model of a lead—acid battery in the form of a correlation
galaxy was constructed. The lead—acid batteries carrier and management minimum diagnosis during the life cycle was
determined. Conclusions. Analysis of the experience of the lead—acid batteries operation determines a set of diagnostic
parameters, which can be used to draw a conclusion about the technical state of a battery and change of its electric,
operational and design properties. As generalized diagnostic parameters of the battery technical state can be considered the
State of Health and the State of charge. Statistical data processing using the mathematical apparatus of correlation analysis
allows to determine the causal and dependencies between the battery’s parameters and make their assessment based on the
established criteria. Presentation of generalized results in the form of a correlation galaxy makes it possible to build a
diagnostic graph—model of battery in the form of a correlation galaxy. Control of the SoC and SoH of the lead—acid battery
will ensure the monitoring of the remaining charge, as well as the issuance of a warning about the need to replace the
battery. A promising direction in the development of battery operation can be considered the development of battery—

powered trackers — software and hardware devices capable of caring for battery care and battery management.

Keywords: lead—acid batteries; battery care and battery management; state of charge; state of health.

Formulation of the problem
and research tasks

Ensuring the proper level of readiness of
equipment for use largely depends on the state of the
GB. During operation, the battery may have such faults
as suffixation of the plates, accelerated self-discharge,
short circuit, electrolyte leakage, oxidation of the pole
pins, which usually leads to deterioration of its electrical
characteristics. The main means of the battery
maintaining in a technically sound condition during the
operation of combat vehicles is timely and high—quality
maintenance. Based on the list and frequency of their
work are included in the first or second maintenance.

The Armed Forces has a planned and preventive
system of maintenance and repair of armored weapons
and military equipment (AWME) based on the
mandatory performance of work on the care of AMWE
and lead—acid batteries, in particular, both in the process
of their use and during storage.

However, the analysis of the existing maintenance
system showed its low efficiency in modern conditions
and revealed a number of shortcomings that do not
allow to fully ensure the required level of reliability of
equipment.

The relevance of the study is due to the fact that
the existing system of AWME maintenance according

to the authors, is obsolete and has shortcomings that
lead to excessive expenditure of human and material
resources and significant underutilization of battery
resources. Establishing the optimal frequency of battery
maintenance will reduce the complexity of current
repairs, the number of operations and downtime AWME
in general.

More progressive can be considered a maintenance
system, which includes elements of maintenance by
condition (“with parameter control” or “with control of
the level of reliability”’) and elements of the planned and
preventive maintenance system by operation (by
resource). Such a “mixed” battery maintenance can be
implemented as part of long—term planning of battery
care and battery management in the army.

In this regard, there is a need to obtain prompt and
reliable information about the current state of the battery
to determine its timely replacement.

Analysis of recent research and publications of
recent research and publications on the above issues
shows that the known methods of battery rapid
assessment are based on the characteristics obtained by
indirect measurements. The basis of such methods are
special devices — GB analyzers (trackers). The principle
of their operation is based on measuring the battery’s
parameters of the (usually internal resistance) on
alternating current for 10-20 seconds.
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The values of the measured parameters allow to
estimate the degree of the battery degradation and to
predict the value of the reserve and nominal capacity,
the current of the starter discharge of the battery.

Known today methods of battery’s technical state
monitoring are characterized by long duration, the
negative impact of deep discharge, as well as significant
energy and human costs [1-3].

Express—diagnosis allows to reduce these
shortcomings to a minimum and is based on the
mathematical description of a battery means of
parameters, proceeding from their properties [4, 5].

The goal of the study is the development of a
methodology for assessing the lead—acid batteries’
parameters and to provide recommendations for their
long—term management and carrier in the army.

This goal defined the following research tasks:

— on the basis of the lead—acid batteries operation
experience to define a set of diagnostic parameters on
which it is possible to draw a conclusion about the
technical state of a battery and change of its electric,
operational and design properties;

— to determine the correlations between the
properties of the battery and make their assessment
based on the established criteria;

— to build a diagnostic graph—model of a battery in
the form of a correlation galaxy;

— to justify the lead—acid batteries carrier and
management minimum diagnosis which can be carried
out during their life cycle management Ta status control
under the lack of time.

General scientific and
scientific knowledge are used.

special methods of

Main material

1. Determining the set of diagnostic parameters
to assess the battery technical state and change its
electrical characteristics.

Analysis of the technical literature [4, 6] allowed
us to identify parameters by which we can assess the
battery technical state.

Conventionally, they can be
structural, electrical and operational.

To further formalize the problem of determining
the correlations between the battery’s parameters, each
of the parameters corresponds to the symbol. Summary
data are presented in tables 1, 2 and 3.

Note that the term “available capacity” is defined
as the capacity that the battery has in the current
conditions. The actual capacity is determined on a fully
charged battery at a constant temperature 7= 25 + 2°C.
Under such conditions, the ratio C=FCC. In other
conditions, the actual capacity will be the calculated
value of k& C, (k is a coefficient takes into account the
change in the capacity of the battery depending on the
temperature [6-9].

According to the world experience of battery
operation, the assessment of their technical state is
similar to the Battery Management and Battery Status
Control procedures, so the authors have invited to
introduce such generalized parameters that characterize
the technical state of battery operated in the military.

divided into

Table I — List of the main design battery’s parameters
to determine the technical condition

Ne Name Unit | SYm- | Nota
bol | —tion
1 | Overall dimensions of plates m’ D X
2 | Weight of plates (with active| kg my, X,
substance)
3 | Porosity of plates % Y X3
4 | Chemical composition of plates — A Xy
5 | Separator type — — Xs
6 | Battery connection method - - X5
7 | Number of batteries piece - X7
8 | Active mass utilization factor % Nac Xg

Table 2 — List of the main operating parameters of the
battery to determine the technical condition

Ne Name Uni¢ | Sym-| Nota
bol | —tion
1 | Electrolyte volume 1 V., X
2 | Electrolyte density g/sm’ | p X0
3 | Starting current A CCA | x;;
4 | Discharge time hour ta X2
5 | Charge time hour t, X3
6 | Self-discharge A C X4
7 | Service life cycle n X5
8 | Service life pik / X6
9 | Number of faulty batteries piece | N; X7
10 | Condition of leads - - X718
11 | Condition of the body - - X9
12 | Condition of the plug - - X20
13 | Condition of cover — — X7
14 | Temperature °C T X127

Table 3 — List of basic electrical parameters of the battery
to determine the technical condition

Ne Name Unit | SYm—| Nota
bol | —tion
1 | Internal Resistance Ohm R X3
2 | Design Capacity: Ah | DC | xy;
3 |Full-Charge Capacity Ah | FCC| xy
4 | Available Capacity A'h C X)5
5 |Voltage \Y U X6
6 | Open—Circuit Voltage V | OCV]| xy
7 | Terminate Voltage B TU | x
8 |Discharge Current A Iy X9
9 | Charge Current A Ien X30

SoH (State of Health) is defined as the degree of
performance of the battery, which reflects the current
state of the battery compared to ideal. In accordance
with the parameter SoH set the notation x;3;.

SoC (State of Charge) is defined as the degree of
charge of the battery, which shows how much of the full
charge is still accumulated in the battery. In accordance
with the parameter SoC we set the symbol x;,.

The SoC will determine how much battery power
is left to maintain and charge, while the SoH will
indicate when the battery needs to be replaced [4, 7, 8].
Thus, the technical condition of the battery will be
determined by the parameter vector

}z(x]aXZa'--axn)Ta izla_na (l)

here n is number of parameters that determine the
technical condition of the GB.
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2. Statistical data processing using the
mathematical apparatus of correlation analysis.

Rechargeable batteries can operate within the
specified service life in compliance with the rules of
operation and storage. As noted, the greatest impact on
the performance and service life of batteries are
operating conditions, such as ambient temperature,
depth of discharge, discharge and charging currents, and
so on. Note that based on the results of the study, we
can conclude that the increase in internal resistance
reduces the power characteristics of the battery, but to a
greater extent there is a degradation of capacity. At the
same time, the battery maintains a normal value of the
starting current almost until the very end of the service,
and their capacity is constantly reduced. Fig. 1 shows
the ratio of capacitance and starting current 20 of the
studied 12ST—-85R batteries depending on the power.

The main reason for the failure of the battery can
be considered to be the loss of battery capacity, as
illustrated in Fig. 2. The values of the capacitance are
marked on the abscissa axis, and the values of the
starting current are marked on the ordinate axis.

As one can see from the figure, most batteries have
maintained the allowable values of the starting current
when the capacity drops below 40%.

For further research, an assumption was made
about the normal nature of the distribution of the
batteries’ parameters to assess its technical state. The
study was based on information and analytical materials
on the impact of operating conditions on performance
and service life of batteries.

In order to define the relationship between the
parameters that determine the technical condition of the
battery and to make their assessment, it is proposed to
use a mathematical apparatus of correlation analysis,
namely multiple correlation. The results of monitoring n
batteries can be presented as a matrix.

The results of monitoring n batteries can be
presented as a matrix

X11 X2 e xlj e Xk
X21 X202 ij e Xk
X = s (2)
Xi1 Xin xl-j e Xk
_xnl Xp2 o e xnj Xnk ]

where the values of the type “Battery — parameter”
characterize the state of the i—th battery on the j—th
parameter.

We assume that, Yl, e X ..., form a general
population with a distribution density:

S (asxseesxp) =

L ept - T (),
Jeoflg 2

here |Z| is the determinant of the covariance matrix of

€)

dimension kxk; p is the k—dimensional vector of
mathematical expectations.
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Fig. 1. The ratio of capacitance and starting current of the 20 studied batteries depending on the power
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Fig. 2. Indicators of capacity and starting current of 20 age batteries
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Using the well-known apparatus of mathematical
statistics and probability theories, it is proposed to
estimate the numerical characteristics of the vector of
parameters X =(x1,x2,...,xn)T, partial and multiple
correlation coefficients [10, 11].

The authors performed statistical processing of the
results of observations of n = 20 batteries at different
terms of their operation for k£ = 31 parameters.

Data sampling can be considered representative
and sufficient for statistical processing. Using the
Statistica application package, the numerical values of
the matrix X were estimated and, based on the
assumption of the normal nature of the distribution of a
certain k—dimensional general population, partial and
multiple correlation coefficients were obtained.

Fig. 3 shows a fragment of the dialog box during
operation of the application package Statistica [12].

To perform calculations, the threshold level of
significance of the null hypothesis about the value of
even correlation coefficients was set a = 0,05 .

EESTATISTIEA' Basic Statistics and Tables

[_[5]x]

Fle Edt View Ansbsis Grap

[

ptiors Window  Help

BE ]

il Data: LABOR44.5TA 10v * 90c
2 3 1 S B 7 8 ] 10 1
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Fig. 3. Carrying out calculations
in the Statistica application package

1 0,62 012 0,1
1 -0,39 -0,2
1 0,04

1

Il =

As an example, the results indicate a low correlation
between the discharge current and the capacitance of the
battery, namely ;5 = 0,55. The authors note the possibility
of establishing causal relationships between the battery’s
parameters.

For example, the internal resistance is influenced by
other parameters, such as electrolyte density (positive
correlation), and the fullcharge capacity FCC depends on
the internal resistance (negative correlation). It is proposed

As a result, the number of parameters for assessment
the battery technical state was reduced to m=10:

y1 — electrolyte density p;

y, — internal resistance R;

y; — design capacity DC;

y4 — temperature 7,

ys — full-charge capacity FCC;

ye — discharge time #,;

y7 —SoC;
yg — discharge current /,;;
Yo — SoH,

y10 — open—circuit voltage OCV.

The results of correlation and factor analysis
showed that the effects of four electrical, four
operational and two generalized battery parameters are
well correlated.

Thus, the relationship between the battery
parameters assesses its technical state, is illustrated by a
correlation matrix of the form:

Ky Ky Kim
K K
K = 22 2m (3)
K

mm
In order to clarify the statements about the
correlations of the elements of the battery’s parameters

v T
vector Y =(1,¥2,0 V)
correlation matrix

let’s use a normalized

1 ny n3 Him
1 3 "o
e 1 on, &)
1
1

According to the results of the calculations, the
following values of the matrix (4) were obtained:

0,49 0,38 0,46 038 0,48 0,29

-0,33 -0,78 -0,4 -0,78 -0,49 -0,44

0,45 0,1 0,13 0,1 0,73 0,2

0,61 0,49 0,43 0,49 0,36 0,39
1 0,5 059 0,5 0,5 0,66 5)

1 -0,42 -0,8 -0,43 -0,33

1 0,46 0,4 0,53

1 0,45 0,43

1 0,29

1

to use the identified dependences to build a diagnostic
graph model of the lead—acid battery.

3. Diagnostic graph—-model of GB in the form of
a correlation galaxy.

The presentation of generalized results in the form
of a correlation galaxy makes it possible to build a
diagnostic graph—model of battery in the form of a
correlation galaxy. The vertices of the graph will be the
battery’s parameters, and the arcs will indicate the
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relationship of the parameters. Arcs from the cause to
the effect are drawn between the interconnected
vertices, which in this case will take into account the
correlation sign.

Fig. 4 shows a fragment of the graph model of the
lead—acid battery. The vertices of the graph
corresponding to the operating parameters of the battery
(electrolyte density, temperature, time and discharge
current) are marked in green.

The vertices of the graph corresponding to the
battery’s electrical parameters (internal resistance,
design capacity, full-charge capacity and discharge
current) are marked in orange, and SoH and SoC are
marked in pink.

Parameters the correlation between which more
than 0,5 is proposed to be used for the battery minimum
diagnosis in the course of their life cycle, taking into
account the existing lack of time.

Fig. 4. Fragment of the diagnostic graph—model
of GB in the form of a correlation galaxy

In the process of discharge or discharge AB is
"pass" of capacity. Given the close correlation between
the parameters y¢ — discharge time t4 and yg — discharge
current I, it is proposed to introduce the concept of
passed charge C,,, i.e. the capacity given or received
by the battery during discharge / charge, respectively.

Cpass =1y-14 (6)

Practical calculation of C,,,, can be performed by
an integrated Coulomb counter during battery charge or
dischargei or by direct measurement of current and
time.

4. Battery minimum diagnosis for dynamic
monitoring of its technical state during the life cycle.

It should be noted that battery diagnosing in the
process of their life cycle will allow to effectively
calculate the time of replacement and to carry out long—
term planning of their maintenance.

Of course, the effectiveness of such measures will
increase significantly with the wuse of modern
information technology, electronic measuring devices,
development of dynamic interfaces, creation of
interactive databases, etc. First of all, it should be noted
that some measurements are indirect to determine the
SoC and SoH of the battery.

Therefore, to implement the GB diagnostic model,
for example, to develop a dynamic interface for long—
term maintenance planning, we will determine the
amount of the battery minimum diagnosis to monitor its
SoC and SoH.

On the analysis of the correlation analysis results,
the set of the minimum diagnostic parameters to assess
the battery technical state is based on the possibility of

their dynamic monitoring and analytical calculations.
Namely, the 12ST—85R battery minimum diagnosis will
be to monitor its Open—circuit voltage, temperature and
passed charge capacity.

According to the authors, a promising direction in
the development of battery operation can be considered
the development of Battery Tracks — software and
hardware devices for Battery care and Dbattery
management [9].

By monitoring SoC and SoH of the lead—acid
battery using such a device, it is possible to provide a
better user experience by continuously and accurately
reporting the remaining charge, and also by cautioning
when a battery needs to be replaced.

In the future, the authors plan to explore the
possibility of monitoring such important battery’s
parameters impedance, depth of discharge, residual
capacity, etc.

Conclusions

1. Analysis of the experience of the lead—acid
batteries operation determines a set of diagnostic
parameters, which can be used to draw a conclusion
about the technical state of a battery and change of its
electric, operational and design properties.

As generalized diagnostic parameters of the
battery technical state can be considered the State of
Health and the state of charge SoC.

2. Statistical ~ data  processing  using the
mathematical apparatus of correlation analysis allows to
determine the causal and dependencies between the
battery’s parameters and make their assessment based
on the established criteria.
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3. Presentation of generalized results in the form of
a correlation galaxy makes it possible to build a
diagnostic graph—-model of causal relationships of
battery’s parameters in the form of a correlation
galaxy.

4. Control of the SoC and SoH of the lead—acid
battery will ensure the monitoring of the remaining

charge, as well as the issuance of a warning about the
need to replace the battery.

A promising direction in the development of
battery operation can be considered the development of
battery—powered trackers — software and hardware
devices capable of caring for battery care and battery
management.
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3acTocyBaHHsSI MATEeMaTHYHOI0 ANIapaTy KOPeJIALiHOr0 aHadi3y A1 BU3HAYEHHS 00CSry MiHIMAJILHOIO NiarHOCTYBAHHS
NIPH JHHAMIYHOMY MOHITOPHHTY TEXHIYHOI0 CTaHy CBHHIEBO—KHCJIOTHAX aKyMYJISTOPHUX OaTapeii

O. A. Makoros, P. I. Cyuxo, B. I. Mockanenko, 1. B. Kaninin, C. B. Bypain, B. B. Ikcapurst

Anotanisi. IIpeaMeroM BUBYEHHSI B CTAaTTi € OL[IHKA TEPMiHIB CIyXOH Ta IUIAHYBAHHS TE€XHIYHOTO OOCIIyrOBYBaHHS
IIPU eKCIUTyaTallii CBUHIIEBO—KHCIOTHUX aKyMyJsiTOpHEX Oartapeil (AB). Meroro mocaimkeHHs: € po3poOka METOIUKH OLIIHKH
napamerpiB Ab Ta TepMmiHIB iX ciykOuM i HaJaHHA PEKOMEHJALii 0 JOBrOCTPOKOBOMY IUIaHYBAaHHIO TEXHIYHOrO
00CITyroByBaHHs Ta 3aMiHM Oarapeil mpu eKkciuryaTauii y Biiicbkax. 3aBOaHHS JOCJTIXKeHHS: HAa OCHOBI JJOCBiy eKCILTyaTamii
AbB BU3HAUUTH MHOXKMHY JliarHOCTUYHUX IapaMeTpiB, 38 AKUMH MOXKHA 3pOOHUTH BHCHOBOK IIPO TeXHI4HMI cTaH Ab Ta 3Mminy ii
€JICKTPUYHUX, EKCIUTyaTallifHUX Ta KOHCTPYKLIHHUX XapaKTepPHUCTHK; BU3HAYUTH KOPEILALIiHI 3a1€KHOCTI MDK IapamMeTpamu
AB 1 3pobuTH X OIIHKY, BUXOASYM 3 BCTAHOBIECHHMX KpHUTEpiiB; moOyayBaTH IiarHOCTHUHY rpad—moxenb Ab y Burisani
KOpeJISILIHHOI TUIesi; 00IpyHTYBaTH MiHiMalIbHE AiarHocTyBaHHA AB, 1110 MOXe IPOBOANTHCS B MPOLEC] IX JKUTTEBOTO LUKITY 3
ypaxyBaHHSIM HasBHOro nedimury dacy. MeTOmOJOri4HOI OCHOBOKO IOCIHI/DKEHHS CTald 3arajJbHOHAYKOBI Ta CIeliaibHi
METOM HAyKoBOro mi3HaHHA. OTpumaHi HacTymHi pe3yiabTaTH: BusHaueHo Habip NiarHOCTMYHUX HapaMeTpiB JUIS OLIHKH
TEXHIYHOr'0 CTaHy akyMyJsTopHoi Garapei. [IpoBeneHa cratucTruHa 00poOKa JaHUX 3 BUKOPUCTAHHAM MaTE€MaTUYHOIO anapary
KopessniiiHoro anainizy. [ToOynoBana niarHocTuuHa rpadg—Mozienb CBUHIIEBO—KHCIOTHOTO aKyMYIIATOpA y BUIIIAAI KOpEIsLiiiHOT
wiesau. BusHaueHo oOcsAr MiHIMalNbHOrO JiarHOCTYBaHHsA Oarapei Ul OLIHKM TEXHIYHOTO CTaHy Ta TEPMiHY CBHHILIEBO—
KUCJIOTHUX aKyMYJISITOPIB NPOTSrOM iX XUTTEBOro LMKIYy. BucHOBKH. AHani3 nocBiny ekciutyarauii Ab Bu3Hauae MHOXHHY
JIIarHOCTUYHUX IapaMeTpiB, 3a SKMMH MO)XKHAa 3pOOMTH BHCHOBOK IIPO TEXHIUHMII cTaH Oarapei Ta 3MiHy 11 €JICKTpPHUYHUX,
eKCIUTyaTalliiHUX Ta KOHCTPYKLIHHMX XapaKTepPUCTHK. Y3araJbHEHUMHM JiarHOCTUYHHUMH IlapaMeTpaMu TeXHi4YHOro craHy Ab
MOJKHa BBa)XKaTH CTYIiHb “370poB’s” akymynsTopa SoH Tta cryminp 3apsupkeHocti SoC. CrarucrtudHa oOpoOka naHuX 3
BUKOPHUCTaHHSIM MAaTEMaTHYHOIO anapary KOpeJsLiiHOro aHaji3y J03BOJIS€E BU3HAUUTH IIPUYUHHO—HACIIZKOBI 3aJI€KHOCTI MK
napamerpamu Ab 1 3poOutu iX OLIHKY, BUXOASYHM 3 BCTAHOBJICHUX KpuTepiiB. [TonaHHs y3arajabHEHHX Pe3yIbTaTiB y BUIVIAAL
KOpEJIILIHHOI IUIes I A€ MOXKIIMBICTB 10OYIyBaTH JiarHoctuuHy rpag—monens AB y Burisani kopensuiiinoi miesau. Konrpons
SoC Ta SoH CBUHIIEBO-KHUCIIOTHOI OaTapei 3a0e3neunTh MOHITOPHUHI 3aJIUIIKY 3apsiily, a TaKOX BHIAdy IONEpPEePKEHHS HpO
HEeoOXiIHicTh 3amiHu Oatapei. IlepcrieKTMBHMM HampsIMOM Yy pO3BUTKY ekciutyaTainii AB MoxkHa BBakaTH pO3pOoOKY
aKyMY/IATOPHUX TPEKKEpiB —alapaTHUX NPWIAJB, 31aTHUX aHAII3yBaTH AMHAMIKY 3MiH X €JIEKTPUYHUX XapaKTEePUCTHK Ta
OLIIHKY TE€PMiHy CI1yX0u.

Knaro4oBi cioBa: CBUHIEBO—KHUCIOTHUN aKyMyIJsATOp; JOIJIA] 32 aKyMY/IATOPaMHU; OLIIHKA TEPMIHIB CIIyK0U; TeXHIUHEe
00CITyroByBaHHsI; eKCILTyaTallisl.

IpuMeHeHne MaTEMATHYECKOT0 ANNAPaTa KOPPEISANHOHHOI0 aHAIH3A
JJIs1 onpe/iesieHusi 00beMa MUHUMAJIBLHOTO IMATHOCTHPOBAHHUS NP THHAMHYHOM
MOHUTOPUHIE TEXHUYECKOTO COCTOSIHUSI CBUHIOBO—KHCJIOTHBIX AKKYMYJISITOPHBIX 0aTapeii

E. A. Makoron, P. 1. Cyuko, B. 1. Mockanenko, 1. B. Kanunun, C. B. Bypaun, B. B. Ukcapuna

Annortanus. I[IpexMeToM M3ydyeHHSs] B CTaTbe SIBJISIETCS OIICHKA CPOKOB CIY)XOBI M IIAHUPOBaHUE TEXHUYECKOTO
00CITY’)KUBaHUS ITPU IKCIUTYaTalluy CBUHIIOBO—KHCIIOTHBIX aKKyMyJsTOpHbIX Oarapeil (AB). Ilesio mccaenoBanust siBISeTCS
pa3paboTka METOIUKH OLEHKH mapameTpoB AB M CpokoB mx ciyxObl Ui BBIPAOOTKHM PEKOMEHIALMH IO JOJITOCPOYHOMY
IUIAHHPOBAHHIO TEXHUYECKOTO0 OOCITY)KHUBAHUS M 3aMEHBI OaTapei IpH SKCIUTyaTallid B BOHCKaxX. 3aauM MCCIeIOBAHHS: Ha
OCHOBE OITbITa IKCILTyaTanuu Ab orpesennTs MHOXKECTBO THarHOCTHYECKHIX MapaMeTpPOB, IT0 KOTOPBIM MOXKHO CJIENIaTh BBIBOJ O
TEXHHYECKOM COCTOSIHUM AB ¥ H3MeHeHHe €€ DJIEKTPUYECKHX, SKCIUTYaTallMOHHBIX M KOHCTPYKIMOHHBIX XapaKTE€PHCTHK;
OIPEIEUTh KOPPEILSIIUOHHBIE 3aBUCHMOCTH MEXIy mapamerpamMu AB W crnenath MX OLEHKY, MCXOIS W3 YCTAHOBIJICHHBIX
KPHUTEPHUEB; IIOCTPOUTH JUArHOCTHYECKYl0 rpad—Mozxens AB B BHAe KOpPeNAIMOHHON IuIesibl; OOOCHOBaTh O0BEM
MHHUMAJIBHOTO JauarHocTupoBaHust AbB, KoTopoe MOXET NHpPOBOOMTBCA B NPOIECCe HMX JKU3HEHHOTO LHUKJIA C Y4ETOM
UMeroIIerocst aeunuTa BpeMEeHH. MeTOIO0IOTYHOI0 OCHOBOIO JIOCII/DKEHHS CTAJIM 3arajbHOHAYKOBI Ta CIeNiaibHi MeTOaH
HaykoBoro mizHaHHs. IloaydeHbl ciaexyionme pe3yiabTarhl. OnpeneneH HaO0Op JUArHOCTUYECKUX MapaMeTpoB JUIS OLEHKH
TEXHHUYECKOTO COCTOSIHUSI aKKyMYJSITOpHOH Oatapen. [IpomsBenena craTmcruueckas oOpaboTKa JAHHBIX C HCIOJIB30BAaHHEM
MaTeMaTHYeCKOro armapara KOppeJsiMOoHHOro aHaim3a. [loctpoeHa nuarHocTudeckas rpad— MOAENb CBUHIOBO—KUCIOTHOTI'O
aKKyMyJIsITOpa B BHIE KOPPEJSIIMOHHON Iuiesiapl. OnpeneneH 00beM MHUHUMAIBHOTO AUArHOCTHUPOBAHUS OaTapew ISl OLECHKH
TEXHHUYECKOTO COCTOSTHUSI M CPOKa CBUHIIOBO—KHCIIOTHBIX aKKyMYJISATOPOB B T€UEHHE UX )KU3HEHHOro IUKJIa. BeiBoAbI. AHanm3
ombITa JKCIuTyaTamun AB ompenenser MHOXXECTBO IUATHOCTHYECKHX MapaMeTpoB, MO KOTOPHIM MOXKHO CHENaTh BBIBOZ O
TEXHUYECKOM COCTOSIHUM 0aTaper W M3MEHEHHUH €€ JIEKTPUYECKUX, SKCINTYaTallMOHHBIX U KOHCTPYKIMOHHBIX XapaKTePHCTHK.
OOO0OIICHHBPIMA IMarHOCTHYECKUMHU ITapaMeTpaMH TEXHHYECKOTO COCTOSHUS AB MOXHO CYUTaTh CTENeHb ‘‘370pOBBS
akkymyisitopa SoH u crenens 3apspkeHHOcTH SoC. CraTrcTHdeckast o0paboTka JaHHBIX C UCHOJIB30BAaHUEM MAaTEeMaTHYECKOro
anrapara KOppeJsIIMOHHOTO aHaIN3a MO3BOJISIET OIPEIeNIUTh NPUYHHHO—CIIEICTBEHHbBIE 3aBUCHMOCTH MeX 1y napamerpamu Ab
W crHenaTh HMX OLEHKY, HCXOIS M3 YCTaHOBIICHHBIX KpuTepueB. llpencraBineHne OOOOLIEHHBIX pE3yJlbTaTOB B BHIE
KOPPEISIIIMOHHON TIIESIbI TaeT BO3MOXKHOCTD TOCTPOHUTH THarHOCTHYECKYIO Irpag—Monens AB B Buzie KOppeIsiMOHHON TIIes bl
Konrpons SoC u SoH CBUHIIOBO-KHUCIOTHOH Oaraper oOecrednT MOHUTOPUHI YpPOBHSA 3apsia, a TakkKe Bblaudy
MIpeAyNpeKAeHNsT O HEOOXOMUMOCTH 3aMeHBI Oaraper. IlepCrieKTHBHBIM HalpaBlIeHHEM B pa3BHTHHU dKcIuTyaTanun Ab MoxxHO
CUMTaTh pa3pabOTKy aKKyMYJISTOPHBIX TPEKKEpOB — IPOrpaMMHO-ANIapaTHBIX YCTPOWCTB, CIIOCOOHBIX aHAJIM3HMPOBAThH
JIMHAMHKY U3MEHEHUH HX JEKTPUIECKHX XapaKTePHCTHK M OLIEHKY CPOKOB CITY>KOBI.

Kaw4yeBnle caoBa: CBHHI.IOBO*KI/ICJ'IOTHBII‘/II AKKYMYJIATOP, yXOA 3a aKKyMyJIATOpaMH; OLI€HKa CpOKOB CJ'ly)K6I>I;
TCXHHUYCCKOC O6CJ'IY)KI/IBaHI/Ie; SKCIUTyaTalusl.
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