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DEFINITION OF RESIDUAL OPERATION RESOURCE OF STARTER BATTERIES

BY WAY OF IMPEDANCE RESEARCH AT DIFFERENT SERVICE TERMS

Abstract. The subject matter of the article is the physicochemical processes occurring in a battery under different
conditions and operating times. The goal of the study is to develop, a methodology for estimating the residual life-span of
the batteries to make recommendations on the extension of their service life on the basis of an analysis of the conditions of
use of the batteries. The tasks to be solved are: to analyze the influence of starter battery conditions on their performance
and service life; to analyze the existing methods of determining the residual life of the batteries; to study the dependences
of the deviation of the impedance from the standard value for the batteries at different moments of their normal life and to
develop a method for predicting the residual life of the rechargeable batteries (RB). General scientific and special methods
of scientific knowledge are used. The following results are obtained. On the basis of the readings of the ammeter and
voltmeter when switching on the battaries in the circuit at different load values and according to the data obtained during
the control-training cycle (CTC), the dependence of the impedance deviation from the base value at different regular
battery life was investigated. According to the proposed method, it is easy to determine in which batteries the degradation
has just begun and in which they have reached the level when they need to be replaced without waiting for a fatal failure,
by obtaining a minimum number of values of the electric parameters of the battery and comparing the data obtained at
different times. Proper selection of chargers, skilled operation and timely monitoring of battary's residual life are the most
important requirements for their operation. In full-time batteries, the internal resistance begins to increase over time due to
natural wear and tear. Significant deviation from the norm in the smaller side indicates a clear malfunction such a battery
must be replaced regardless of its useful life. When the deviation from the baseline exceeds 25%, it is time to replace the
battery. The conducted studies revealed nonlinear relationships between the battery life and its predicted residual life.
Conclusions. Ensuring that the equipment is ready for use depends largely on the state of the RB. The greatest impact on
the performance and life of the batteries is due to the temperature conditions, the degree of sparseness of the batteries on
the machine and the level of charging voltages on the network. In the actual operating conditions of the RB, there is a need
to assess their technical condition, disassemble them for troubleshooting, maintain their availability and extend their service
life. RB degradation is reflected in the internal support of the battery cells. Determining the internal resistance of the RB is
based on the Ohm dependencies of the complete circle and reduces to a system of two equations. RB life can be considered
one of its most important performance characteristics. The relationship between battery life and its estimated residual
service life is nonlinear. Proper selection of chargers, skilled operation and timely monitoring of RB's residual life are the
most important requirements for their operation.
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— comparative analysis of existing methods for
determining the residual operational life of the starter
battery;

Formulation of the problem
and research tasks

Ensuring that the equipment is ready for use
depends largely on the state of the rechargeable
batteries. Typical service life standards for lead-acid
starter RB write-offs are set in accordance with industry
regulations, but the determination of residual operating
life is usually difficult because it is probabilistic.

Based on the need to maintain a high level of
combat readiness of troops at the lowest cost, given the
shortage of time, it is necessary to justify the minimum
diagnosis of RB, which can be carried out in the course
of their storage, when charging or discharging or by
organizing special test effects.

From now on, the relevance of robots to think over
is that, simply, the method of identifying the excess
operating resource of RB is not informative, costly and
time-consuming,

The methodological basis of the prejudice has
become the igneous sciences and the special methods of
the science of knowledge. They are the following:

— theoretical foundations of electrical engineering
and electrodynamics have been used to obtain
mathematical relationships to determine the internal
resistance of a starter battery;

— mathematical methods for statistical processing
of measurement data to obtain graphical dependencies
of the impedance deviation of the current source from
the standard value at different service life.

Analysis of recent research and publications

The causes of degradation and failure of the RB
have been thoroughly researched by specialists to date,
and the basic rules of operation and maintenance have
been defined. lead starter battery life [1, 2].

Extension of battery life is possible both when
choosing a rational amount of work and their periodicity
during maintenance and by introducing new equipment
for their diagnosis [3-9].

Manufacturers and users of rechargeable batteries
are paying great attention to the creation and
implementation of fundamentally new diagnostic
methods and devices. This is due to the fact that the
existing, including the standard devices used in the
diagnosis of armored weapons and military equipment
batteries, and the diagnostic tools that have become
widespread use in civilian enterprises, are imperfect and
do not provide the necessary accuracy of measurements.
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For example, while measuring the density of an
electrolyte, the hydrometer gives an error of up to 10%.

In addition, battery diagnostics can also be
performed when disassembled. The purpose of
diagnosis in this case is to determine the processes that
take place in a lead battery, primarily on its electrodes,
and which lead to battery failure. That is, to find the
causes of defects that reduce the area of the active
surface of the electrodes, increase the leakage current,
which increase the internal resistance of the battery.

To determine the phase composition of the active
mass of the battery electrodes, a multi-stage process is
used, consisting of a given sequence of chemical
reactions with special reagents (selective solvents).

During these chemical reactions, the analyte also
undergoes a number of physical effects, such as heating.
The residue is then weighed (its chemical composition
is known) and the analytical content of the industry
standard determines the percentage of the desired
substance in the sample to be analyzed. In this regard,
this method of diagnosis allows to determine the
composition of the active mass only indirectly, since
there are no direct measurements of the elemental
composition, and the error in determining the chemical
composition of the electrode substance can be quite
large.

Existing modern methods of spectral analysis of
the elemental composition and surface structure of
various materials to determine the composition of the
active mass of the electrodes, the processes that occur
on the lead electrodes of the battery and lead to its
failure, have not been used and have not been
considered in the literature.

Experience in the operation of starter batteries
shows that the dependence of their service life on the
quality of diagnosis and maintenance is very large and
according to experts, will remain for a long time.

Therefore, the reasons discussed above for
batteries are currently being used forcible maintenance.
In maintenance troops, stored batteries are filled with
electrolyte, and their periodicity is directly determined
by the management. Other sources only provide specific
recommendations for the amount and frequency of
battery maintenance work.

The battery life of armored weapons and military
equipment under the existing system for diagnosing and
maintaining stored batteries is limiting and achievable
only with strict observance of the periodicity and
complete performance of the set work.

The goal of this work is to develop, on the basis of
an analysis of the operating conditions of the AB, a
methodology for estimating the residual life of the
batteries and make recommendations on the extension
of their service life. To achieve this goal the following
research objectives are proposed: o analyze the
influence of operating conditions of starter batteries on
their performance and service life; to analyze the
existing methods of determining the residual life of the
batteries; to study the dependences of the deviation of
the impedance from the standard value for the batteries
at different moments of their normal life and to develop
a method for predicting the residual life of the RB.

Main material

1. Effect of operating conditions on the
performance and battery life. Rechargeable batteries
are capable of operating within the specified service
life, subject to the rules of operation and storage.

As noted, the greatest impact on the performance
and life of rechargeable batteries has: temperature
conditions; the degree of battery discharge in the car;
the level of charging voltages in the board. For the
batteries used on existing armored weapons and military
equipment units, the ratio of the number of different
malfunctions according to fig. 1.

In this case, the formation and development of
individual malfunctions of lead batteries occurs in their
close relationship. The service life and storage of
batteries filled with electrolyte, defined during the
conduct now is 4 - 5 years [10].

The following processes and factors have a
decisive influence on the battery life:

— corrosion of positive electrode current collectors;

— spitting of the active mass of positive electrodes;

— quality of separators;

— design features of the electrode block.

"1 =2

1 — corrosion of positive electrode current collectors; 2 — spitting
of the active mass; 3 — destruction of separators; 4 — other faults
Fig. 1. Main causes of failure of domestic lead starter
batteries installed in armored weapons and military equipment

2. Residual operational resource as a condition
of their readiness for use on machinery. The main
failures of lead-acid batteries are in one way or another
related to the processes occurring at their electrodes,
that is, to the processes of changing the mechanical,
physical and chemical properties of metals and alloys
due to the thermodynamic nonequilibrium of their initial
state with a gradual approach to equilibrium.

The RB's residual resource will be considered as
the average total battery life under certain operating
conditions in the period from the moment of control of
the technical condition to its transition to the limit state.

As the statistical sample is usually insufficient for
this purpose, the RB life expectancy methodology needs
further refinement. Degradation is susceptible to any
battery, and in any case this is reflected in the internal
resistance of the battery cells. In full-time batteries, the
internal resistance begins to increase over time due to
natural wear and tear.

Strictly speaking, full impedance includes internal
impedance, inductive and reactive component [11].
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3. Methodology for determining residual
operational life of starter RB by measuring internal
resistance. The method of determination of residual
operational life of starter ABs by measuring internal
resistance is considered in the article. Determining the
internal resistance of the RB is based on the Ohm
dependencies of the complete circle and reduces to a
system of two equations.

According to Ohm's law in the full circle of EMF
is equal to the sum of all voltage drops on the inner and
outer sections of the circle

&= Uy + Up. (1)
Considering Ohm's law for a circle section,
Up=1Re, )
Uy=1Ir, 3)
here r — internal resistance of the current source. So,
e=IR, +1Ir 4

There are two unknowns in this equation, so
finding them by algebra rules requires at least two
equations that include these unknowns.

To obtain these two equations, we will study the
experimental circle in two stages. An electrical circuit is
proposed for the study, which includes the following
elements: battery; ammeter; switch; resistance shop,
with known the values of all resistances that are it
includes (Fig. 2).

When choosing some average resistance value R; i
the closing circuit of the ammeter arrow will show some
value of the amperage /;,

Then the following will be true:

81:[]R1+[ﬂ’. (5)

It is suggested that the experiment be repeated,
replacing the resistor in the resistance store by some
value R,.

The ratio is true for this case

£2=12R2+12r. (6)

Since the experiments were conducted with the
same current source, it is natural to assume that

E1=&. (7)
Solving equations (5) and (6) together, we have:
LR —I,R
P L B S A (8)

e=I-(R+r) =U,+U,

_ ¥
" (R+7)

Fig. 2. Scheme of measurement of the internal resistance
of the Ohm current source for the complete circuit

To control the quality of the experimental data,
follow these steps:

We calculate the EMF value by substituting r into
one of the equations. We will have the value of EMF:

LR -DR,

€ =[1R1 +[] (9)
214
LRy — 1R
or €y =[2R2 +[2—1 1 272 (10)
I =1

We measure the voltage U at the terminals of the
source with the key open. It is equal to the EMF of the
current source.

To offset the statistical and instrumental errors, a
series of experiments were conducted, the results of
which were subject to statistical processing.

The average results of measurements and
calculations of the internal resistance RB are shown in
Table 2.

Table 2 — Results of measurements and calculations of the EMF of the current source

Amperage External circuit Internal EMF , EMF, The voltage at the terminals
Ne ;) A g resistance Resistance of source of source, | of the source when the key is open
’ R, Ohm r, Ohm e,V &,V Uuv
1 0,97 2 0,02 1,98 2,0 2,0
2 0,39 5 0,02 1,997 2,0 2,0
4 Determination of internal resistance of the technological documentation and is known for

battery during the CTC. The control and training
cycle (CTC) is carried out to monitor the technical
condition of the batteries, check the capacity given to
them, and recharge the lagging batteries.

During the control-training cycle, a control
(training) discharge of 10-hour current is performed.

The discharge current must be carefully
maintained throughout the discharge, which should end
when the voltage on one of the batteries drops to
u=17V.

The value of the discharge current for the batteries
during the training cycle is determined by the

calculations [12]. The values of temperature, electrolyte
density, etc. should also be considered as unchanged
when conducting one series of experiments.

According to the data obtained during the CTC,
were calculated values of the internal struts of the
batteries. Since the measurements of the discharge
current were carried out at intervals of 2 hours to 15
minutes, it can be considered that a statistical sample of
the results is sufficient for ignition. Examples of the
results of the measurement of discharge noise for
batteries when conducting a training cycle are shown in
Table 3.
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Table 3 — The value of the discharge current
for the batteries during the training cycle

Discharge Batter Discharge
Battery type current,gA type v current,gA
6STEN-140M 12,6 6ST-75 6,8
6ST-140P 12,6 6ST-82 7,5
12ST-85P 8,0 6ST-90 3,1
12ST-70M 7,0 6ST-105 9,5
12ST-70 7,0 6ST-132 12,0
ZST-150 13,5 6ST-182 16,5
ZST-215 19,5 6ST-190 17,0
6ST-45 472 ZMT-12 1,2
6ST-50 4.5 ZMT-8 0,7
6ST-55 5,0 6MTS-9 0,8
6ST-60 5,4 6MTS-22 2,0

As noted for the current source, the ratio is:

£=Up+lpr,

(1
Here U,, I, - corresponding values of load voltage

and discharge current at discharge; € — electromotive
force RB; r — internal resistance RB.
) e-U,
That is, r=

1y

(12)

Since, € = 2 V, and the values of I, and U, are
measured when conducting CTC, ie they are known, the
solution of equation (11) makes it possible to determine
the internal resistance of the battery after carrying out
only two measurements of current and voltage at
different values of load resistance in the circuit.

Examples of the results of calculations of the
internal resistance of the RB during the CTC are given in
table 4. Let's note that the study was subject to RB with
different life spans and for the period of one-time CTC,

that is, it is impossible to say that these AB belong to one
statistical sample. But the results in Table 4 (similar to
the statistically averaged data) indicate deviations of the
internal resistance of the RB from the base at different
operating times.

Table 4 — Deviation of the internal resistance of the RB from
the base under different operating conditions

No I, & U, r, ] Operating
A V V Ohm time RB, year

1. 8 2 1,7 0,0375 0,1

2. 8 2 1,8 0,038 0,5

5. Results of studies of internal resistance of
rechargeable batteries with different service life.
According to the method discussed above, the
dependence of the impedance deviation from the base
value at different standard battery life was investigated.

The batteries were subjected to different
investigations.

Significant deviation from the norm in the smaller
side indicates a clear malfunction, such a battery must
be replaced regardless of its useful life.

It has been found that the internal resistance begins
to increase with the use of full-time batteries due to
natural wear and tear. When the deviation from the
baseline exceeds 25%, it is time to replace the battery.
For some batteries, the deviation threshold is about 50%
(but it's best to check the battery manufacturer's
specifications).

The time spent on measuring procedures did not
go beyond reasonable. According to the results of
graphical dependencies presented in Fig. 3. These
dependencies will allow the user to better understand
the process of operation of the RB, to identify possible
problems and problems.

60

50 /
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30 /

battery that

/

wasted its life

20 /

10

e normal battery

battery faulty

Impedance deviation from the base value, %

0 ~,

o0 10 20 30 40 50 6070 80 90
-20

-30

The regular life of the RB, %

Fig. 3. Results of the study of the dependence of the impedance deviation
from the base value at different standard battery life

According to the proposed method, by comparing
the data obtained at different times it is easy to determine
in which batteries the degradation has just begun and in
which they reached the level when they need to be
replaced without waiting for a fatal failure [13-15].

6. Forecasting the residual operational life of
RB. Studies conducted on rechargeable batteries with
different service life revealed nonlinear relationships
between the battery life and its predicted residual
service life (Fig. 4).
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Table 5 — Forecasted residual service life RB

These data indicate the need to strictly adhere to

. . . the rules of operation, the amount and frequency of their
Battery life, Forecasted residual service life . .. .
Ne year of the rechargeable battery, year mamtenanc; to ensure the rehablhty, efﬁmency. and
maximum life of batteries when operating on machines.
1 0 5 Proper selection of battery chargers and chargers,
2 1 3.1 skilled operation and timely control of residual life are
3 2 1.9 the most important requirements for their operation.
4 3 L5 Only in this case, it is possible to achieve the greatest
5 4 1 economic efficiency of the use of AB and the extension
6 5 0,1 of their operational life.
J|
zalushkov_resurs
\
\
I
0 1 2 3 4 5

termin_ekspluatacii

Fig. 4. Dependence of projected residual service life on battery life

Conclusions

1. Ensuring that the equipment is ready for use
depends largely on the state of the RB. The greatest
impact on the performance and life of the batteries is
due to the temperature conditions, the degree of
sparseness of the batteries on the machine and the level
of charging voltages on the network.

2. In the actual operating conditions of the RB,
there is a need to assess their technical condition,
disassemble them for troubleshooting, maintain their
availability and extend their service life.

RB degradation is reflected in the internal support
of the battery cells. Determining the internal resistance
of the RB is based on the Ohm dependencies of the
complete circle and reduces to a system of two
equations.

3. RB life can be considered one of its most
important performance characteristics. The relationship
between battery life and its estimated residual service
life is nonlinear.

4. Proper selection of chargers, skilled operation
and timely monitoring of RB's residual life are the most
important requirements for their operation.
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Anotanis. Ilpegmerom BUBUCHHS B CTATTi € (Di3MKO-XIMi4HI NpoLECH, 10 NPOTIKAIOTh Y aKyMYJIATOpHiN GaTtapei npu
pi3HMX yMOBax 1 TepMiHax ekciuryaTauii. MeTor0 JOCHiJzKeHHs € Ha OCHOBI aHaili3zy ymoB ekciuryarauii Ab poszpobutn
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METOAMKY OLIHKM 3aJMIIKOBOTO E€KCIUIyaTallilfHOro pecypcy akyMyJISTOPHUX Oarapel 1aTé peKOMEHIALil Mo IOJ0BXKEHHIO
TepMiHIB iX cimyxOu. 3amadi: npoaHamiyBaTH BIUIMB YMOB €KCIUlyaTalii CTapTepHUX aKyMYJISATOpDHMX OaTapeil Ha ix
MpaLe3/1aTHICTh Ta TEPMiHH CIIY)KOH; 3pOOMTH aHaNi3 iCHYIOUMX METO/iB BU3HAUCHHS 3aJIMIIKOBOTO €KCILTyaTallilfHOro pecypey
aKyMYJIATOPHUX OaTapeii; JOCIiANTH 3aIeKHOCT] BIIXMICHHS IMIENaHCY BiJl INITATHOrO 3HAUECHHS I aKyMYJIATOPHUX Oarapei
y pi3Hi MOMEHTH iX IITATHOrO TEPMiHY €KCILTyaTalii Ta po3po0MTH METOAMKY IIPOrHO3YBaHHS 3aJIMIIKOBOIO €KCIUTYaTalliHHOro
pecypcy AB. Otpumani Taki pe3yabTaTH. Ha OCHOBI 3HATHX IOKa3aHb aMIiepMeTpa Ta BOJIBTMETpa Ipu BMuKaHHI Ab y koio
IpY PI3HUX 3HAYEHHSAX HABAHTAKCHHS Ta 3a JaHUMH, orpuMaHumu 1npu nposeneHHi KTILI, Oyno mocmifkeHO 3aiexHiCTb
BIIXWJICHHA IMIEJAaHCY Bin 0a30BOro 3HA4YEeHHA IPH PI3HUX INTATHUX TEpMiHAaxX ciyxOu Oarapeid. 3a METOIMKOIO, IO
MPONOHYETHCS, IUIAXOM OTPUMAaHHS MIHIMaJIbHOI KIJIBKOCTI 3HAYEHb EJEKTPUYHHUX IapaMeTpiB aKkyMynsaTopHOi Oarapei Ta
3iCTaBIICHHS OTPUMAaHMX B Pi3HMI 4Yac NaHMX HECKIaJHO BU3HAUUTH, B AKUX OaTapesx Aerpajalis TUIbKU Iodaacs, a B SIKHX
Jlocsraa piBHA, KOMM X HEOoOXiJHO 3aMiHMTH, HEe 4YeKarouu (artanbHoro 36o0r0. IpaBuinbHUN minlip 3apsAHHUX MPUCTPOIB,
KBai(hikoBaHa EKCILTyaTallisl Ta CBOEYACHUH KOHTPOJb 3aJIMIIKOBOTO pecypcy Ab € HaliroJIOBHIIIO BUMOIOIO 1X €KCIUTyaTallii.
V 1TaTHO MparoYux Oarapeil 3 4acoM 3-3a MPUPOJHOTO 3HOCY BHYTDIIIHIHM OMip MOYMHAE 3pOCTAaTH. ICTOTHE BIAXUICHHS BiX
HOPMH B MEHIIy CTOPOHY CBiJUMTb HPO SIBHI HECHPABHOCTI, TaKy Oarapero HEOOXiJHO 3aMIHHTH HE3alleXKHO BiJ TepMiHY il
BukopucranHs. Konu BinxwieHHs Bij 0a3oBoro piBHA nepesuirye 25 %, Gatapero mopa 3amiHuTH. [IpoBeneHi IOCHiIKEHHS
BUSIBWIM HEJHIMHI 3aI€)KHOCTI MK TEPMIHOM eKCIUTyaTalil akyMynsTopHOi Oartapel Ta i NpPOrHO30BAaHMM 3aJIMIIKOBHM
eKCIUTyaTaliiHUM pecypcoM. BucHoBKH. 3a0e3neueHHs! HaleKHOTO PiBHS I'OTOBHICTh TEXHIKH 10 BUKOPUCTAHHS Y 3HAUHIN Mipi
3anexutb Bif craHy AB. HaiiOinpmii BIUIMB Ha Hpane3[aTHICTb I TEPMiH CIIy)KOM aKyMyJSTOpHHX Oarapeil 3milCHIOIOTBH
TEMIIepaTypHi YMOBH, CTYIiHb PO3DPIIXKEHOCTI aKyMyIATOpHHMX OaTapeil Ha MallMHII Ta PiBeHb 3apsAHUX HANpyr B OOPTOBIii
Mmepexi. B peanbHux ymoBax exciuryaranii Ab BUHMKae HEOOXiIHICTh OLIHKM X TEXHIYHOrO CTaHy, PO3OMPAHHIO [UIsl YCYHEHHS
HECNPaBHOCTEH, MIATPUMKH Yy BCTAHOBJICHOMY CTYIEHIO I'OTOBHOCTI Ta IOJOBXKYBaHHIO TepMiHy ciyxOu. Jerpamauiss Ab
BiZIOMBA€ThCS HAa BHYTPIIIHBOMY OIOpi eeMeHTiB Oarapei. BusHaueHHs BHyTpilHbOro onopy Ab rpyHTYyeThCs Ha 3aJI€XKHOCTSIX
3akoHy OMa Ul TIOBHOrO KOJIA Ta 3BOJMTHCS JIO PO3B’SI3aHHS CUCTEMH JIBOX PiBHSHb. TepMiH ciayxOu Ab MoxkHa BBaxaru
ofHi€0 3 T HAMBAXIIMBIIIMX EKCIUTyaTAlIMHUX XapaKTePUCTUK. 3aJIeXHOCTI MiXK TEPMIHOM eKCIuTyaTalii aKyMyJIsSTOPHOI
Gatapel Ta il IPOrHO30BAHMM 3AIMIIKOBUM EKCIUIyaTallilHUM pecypcoM HOCATb HeNiHiMHuE xapakrep. IIpaBuwibHuil minGip
3apsiIHUX IIPUCTPOIB, KBAIi(iKOBaHA EKCIUTyaTallisl Ta CBOEYACHIH KOHTPOJb 3aIMIIKOBOro pecypcy AB € HaiironopHimor
BHMOTOIO 1X eKCILTyaTauii.

Karo4dosi caoBa: craprepHi akyMmysasTopHI Garapei; 3aJIMIIKOBUH eKCIUTyaTalliliHUH pecypc; iMIeaHC; BHYTPILIHIN
OITip JKepena CTpyMy.

OnpeesieHHe 0CTATOYHOI0 IKCILIYaTAMOHHOIO Pecypca CTapTePHbIX AKKYMYJISITOPHBIX 0aTapeii myTem uccJe0BaHust
HMIIEJAHCA TPH Pa3HBIX CPOKAX CJIY:KObI

E. A. Makoron, 1. B. Bacunenko, /1. 1O. Iloranos, C. B. Iluckys,
U. C. bazunesckuii, B. A. lBanos, A. I1. Kiumos, B. I1. Ilpuuuna, O. B. 300HUH

Annortanus. IIpeqverom wu3ydeHHsi B cCTaTbe SIBILIIOTCS (DU3MKO-XMUMHYECKHE IIPOLECCHI, IPOTEKAIOIINe B
aKKyMYJISITOpPHOI Oarapee HpH pa3IMYHBIX YCIOBHSAX M CpOKax JKciutyararud. LleJbio mccaegoBaHMsi sIBIISIETCS Ha OCHOBE
aHanM3a yclIoBHH Okciuryataimd  AB  pa3paboTare MeTOOMKY OILGHKM OCTAaTOYHOIO OSKCIUIyaTal[MOHHOTO —pecypca
aKKyMYJISITOPHHX OaTapell 1aTh PEeKOMEHAAIMM O IPOJICHHUIO CPOKOB WX CIYKOBI. 3agadm: NpoaHaIM3HPOBATh BIIMSIHUE
YCIIOBHH SKCIUTyaTalluM CTAPTEPHBIX aKKyMYJISITOPHBIX Oarapeil Ha MX paboTOCIIOCOOHOCTH M CPOKH CITY)KOBI; TIPOBECTH aHAIIH3
CYIIECTBYIOIINX METOIOB OINpPEIETICHHUs OCTaTOYHOIrO SKCILTYaTallMOHHOTO Pecypca aKKyMYJISATOPHBIX Oartapeif; mccienoBaTh
3aBUCHMOCTH OTKJIOHEHHS MMIIEZaHCa OT IITATHOTO 3HAYEHHS JUIsl aKKyMYJSITOPHBIX OaTapell B pa3Hble MOMEHTBI UX IITaTHOTO
CpoKa JIKCIUTyaTallid U pa3paboTaTh METOAMKY IPOrHO3MPOBAHUS OCTATOYHOrO dKCINTyaTanuoHHOro pecypca AB. Ilomydensr
crenyromue pesyabTaTbl. Ha OocHOBe CHATBHIX IIOKa3aHUM ammepMerpa M BOJbTMETpa IpH BKmMoyeHun Ab B kpyr npu
pa3yIMuHBIX 3HAYEHUSX HAarpy3KH M II0 JIAaHHBIM, NoinydeHHbIM npu nposenennu KTLI, Opura uccienoBaHa 3aBUCHMOCTD
OTKJIOHCHHSI MMIIEJJaHCa OT 0a30BOr0 3HAUSHMS IPH Pa3JIMYHBIX INTATHBIX CpoKaM ciyxObl Oartapeil. Ilo mpemnmaraemoit
METOJMKE ITyTeM HOJIy4eHHsT MHHHUMAIBHOTO KOJIMYECTBA 3HAYCHHH DIIEKTPHUYECKHX IAapaMeTPOB aKKyMYISITOPHOH Oatape H
COIOCTABJICHHSI TAaHHBIX, [TOYYEHHBIX B Pa3HOE BPEMsi, HECIIOXKHO OIPE/IeNINTh, B KAKUX Oatapesix Jerpaiaiys TOIbKO Hayaiach,
a B KaKWX JIOCTHIJIAa YPOBH, KOTJa MX HEOOXOJUMO 3aMEHHTh, HE AOXKHIAsACh POKOBOro cOosi. I1paBribHBIN OI00p 3apsIHBIX
YCTPOMCTB, KBAIM(HIMPOBAHHASI IKCIUIyaTalllsi M CBOCBPEMEHHBIN KOHTPOJb OCTAaTOYHOrO pecypca AB sBisieTcsl riiaBHBIM
TpeOOBaHMEM HX DKCIUTyaTallMH. B mraTHO paborarommx Oarapesx CO BpEMEHEM H3-3a €CTECTBEHHOI'O M3HOCA BHYTPEHHEE
COIPOTHUBIICHHE HauuHaeT pacTd. CylleCTBEHHOE OTKJIOHEHHE OT HOPMbI B MEHBILIYI) CTOPOHY CBUAETENBCTBYET O SBHBIX
HEHCIPABHOCTSIX, TaKylo OaTapero HeoOXOIMMO 3aMEHHTh HE3aBHCHMO OT CpPOKa ee HCHoNb3oBaHus. Koryja OTKIIOHEHWE OT
6a30Boro ypoBHs IpeBbIIaeT 25%, 6atapero mopa 3aMeHUTb. [IpoBeeHHbIe UCCIeIOBaHUS BEISIBIIIN HEITMHEHHbIE 3aBUCHUMOCTH
MEXIy CPOKOM JKCIUTyaTallMd aKKyMYJISITOpPHOH Oarapey W ee MPOrHO3UPYEeMBIM OCTaTOYHBIM JKCILIyaTallMOHHBIM PECYpPCOM.
BreiBoapl. OGecrieueHre HaIekKaIIero ypoBHsI TOTOBHOCTH TEXHUKH K HCIIOJIIB30BAaHHUIO B 3HAYMTENIFHOW CTEHEHH 3aBUCHUT OT
cocrosiHuss AB. HauGonpiee BiustHue Ha pabOTOCIIOCOOHOCTH M CPOK CIYXOBI aKKyMYNSTOPHBIX OaTaped OCYIIEeCTBIISIOT
TEMIIepaTypHBIE YCIOBUS, CTETICHb Pa3peKEHHOCTH aKKyMYIISITOPHBIX Oarapeill Ha MalllMHE U YPOBEHb 3apsIIHBIX HAIPSDKCHUH B
OOpTOBOI ceTH. B peanbHBIX yClnOBHAX dKcIuryaTanuu AB Bo3HMKaeT HEOOXOIMMOCTH OLEHKH MX TEXHHYECKOI'O COCTOSHUS,
pasbopke Uil yCTpaHEHWsI HEMCHPABHOCTEH, IHOIVIEPKKH B YCTAaHOBJICHHOW CTENEHM TOTOBHOCTH M IIPOJIOJDKEHUSI CPOKa
cyxObl. Jlerpagamuss AB oTpakaercss Ha BHYTPEHHEM CONPOTHBIICHHH 3JieMeHToB Oarapen. OrmpenerneHue BHYTPEHHETO
conporuBieHuss Ab OCHOBBIBaeTCS Ha 3aBUCHMOCTSX 3akoHa OMa Juld MOJHOM LIeNU U CBOOUTCSA K PELICHUIO CUCTEMBI ABYX
ypaBHeHuil. Cpok ciyx0Obl Ab MOXXKHO CUMTaTh OFHOHM M3 €€ BOKHEHIINX IKCIUTyaTAal[OHHBIX XapaKTepHCTHK. 3aBUCHMOCTH
MEXITY CPOKOM SKCIUTyaTalliy aKKyMYJISITOPHOH OaTaped M ee HMPOrHO3MPYEMBIM OCTATOYHBIM IKCIUTYaTAIl[IOHHBIM PECYpCOM
HOCST HeJIMHEeWHbIH Xapakrtep. [IpaBmibHBI TOXOOp 3apsiTHBIX YCTPOWCTB, KBadM(UIMpOBaHHAs SKCIDTyaTalus W
CBOEBPEMEHHBIN KOHTPOJIb OCTaTOYHOro pecypca Ab siBisieTcs riiaBHBIM TpeOOBaHHEM MX SKCIDTyaTall.

KawueBble cjoBa: CTapTCPHBIC AKKYMYJIATOPHbLIC 6aTapeH; 3am/1m1<031/1u171 QKCHHyaTaHHOHHLIﬁ pecypc; UMIICNAHC]
BHYTPEHHEEC COIIPOTUBJICHNEC NCTOYHHUKA TOKA.
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