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ANALYSIS OF THE POSSIBILITY OF USING BATTERIES OF THE LATEST
TECHNOLOGIES ON SAMPLES OF ARMORED WEAPONS
AND MILITARY EQUIPMENT

Abstract. The subject matter of the article is mass and dimensional characteristics of batteries, their design,
electrical, operational parameters and energy capabilities. The goal of the study is the possibility of using
maintenance-free batteries on samples of armored weapons and military equipment. The tasks to be solved are: to
analyze the existing technologies for the batteries production, their advantages and disadvantages given the
peculiarities of the operation of military equipment and the main technical characteristics of the batteries; by
statistical data processing to investigate the dependences of “starter” discharge modes and energy capabilities of the
batteries manufactured by technologies of different generations; to investigate the possibilities of constructive
implementation of power supply formation taking into account possible design changes in the engine starting system,
ensuring the necessary charge stability and compensation for exceeding the cost of gel and Absorbed in Glass Mat
(AGM) batteries in comparison with the cost of the type 12ST85 ones. General scientific and special methods of
scientific knowledge are used. The following results were obtained: The existing technologies of battery production, their
advantages and disadvantages have been analyzed taking into account the peculiarities of the operation of military
equipment and the main technical characteristics of batteries. The dependences of the “starter” discharge modes and the
energy capabilities of batteries made by different technologies generations have been studied. Possibilities of constructive
realization of power supply formation taking into account available constructive changes in the engine electric start system,
providing the necessary charge stability and compensation for excess cost of gel and AGM batteries compared to the cost
of batteries type 12ST85 have been investigated. Conclusions. Using at the samples of armored vehicles and military
equipment batteries made by modern technology does not require fundamental structural changes in the electrical
equipment of the machine. To meet the requirements of the standards for voltage parameters in the on-board armored
weapons and military equipment networks, it is necessary to install an appropriate voltage relay regulator. The issue of
exceeding the cost of gel and AGM batteries compared to the cost of type 12CT-85 ones can be compensated by the
absence of costs for operating materials, maintenance personnel as well as the long service life of gel or AGM batteries
compared to conventional lead-acid ones.

Keywords: lead-acid batteries; gel batteries; AGM batteries, electrical equipment for armored vehicles and military
equipment.

but of operation features, mass and dimensions of the

Introduction batteries, but also to study their design, electrical,

Formulation of the problem and research tasks.
At present, the 12CT-85P and 6STEN-140M types lead-
acid starter batteries of are mainly used as power
sources in the native military wheeled and tracked
vehicles. In the technology terms such batteries belong
to the so-called maintenance-free class. The advent in
modern industries the latest technologies can
significantly improve the batteries resource and
empower their applications. Lead-acid, gel and AGM
batteries as the most suitable types of batteries for use as
starters in military tracked and wheeled vehicles have
their advantages and disadvantages. Of course, the
change in the material resource costs ideology,
approximation to world industry standards and NATO
standards, in particular, require research into the
possibility of using the latest production technologies.
In order to justify recommendations for the inserting the
batteries in the prospective and existing armored
weapons and military equipment (AMWE) samples it is
necessary not only to analyze the AMWE specific use

operational parameters and energy capabilities.

In addition, it needs to be taken into account
economic assessment of the prospects for replacing
existing batteries with maintenance-free ones, the cost
of operating materials, personnel maintenance of the
batteries, etc.

The above indicates the relevance of the study of
the prospects for the use of battery of the latest
production technologies in military and wheeled
vehicles.

Analysis of recent research and publications.
The structure, the principle of operation of lead-acid
battery are described by experts in a very meaningful
way, because the first workable lead-acid batteries for
use in engineering were invented in the XIX century [1,
2]. Recommendations for operation, maintenance and
control of batteries are also, of course, very carefully
worked out, as starter lead-acid batteries were used on
AMWE samples in the Soviet Army [3, 4]. Given the
unconditional thoroughness of the generalization of
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military experience, the provisions on the modes of
bringing batteries into working condition, the volume
and frequency of battery maintenance, the order of their
storage outside the machine and in the machine today
are obsolete and economically suboptimal.

The goal of the study is study the possibility of
using maintenance-free batteries on samples of armored
weapons and military equipment.

This goal defined the following research tasks:

— to analyze the existing technologies for the
batteries production, their advantages and disadvantages
given the peculiarities of the operation of military
equipment and the main technical characteristics of the
batteries;

— by statistical data processing to investigate the
dependences of “starter” discharge modes and energy
capabilities of the batteries manufactured by
technologies of different generations;

— to investigate the possibilities of constructive
implementation of power supply formation taking into
account possible design changes in the engine starting
system, ensuring the necessary charge stability and
compensation for exceeding the cost of gel and
Absorbed in Glass Mat (AGM) batteries in comparison
with the cost of the type 12ST85 ones.

General scientific and special
scientific knowledge are used.

methods of

Main material

1. The existing technologies for the batteries
production, their advantages and disadvantages
given the peculiarities of the operation of military
equipment and the main technical characteristics of
the batteries. According to their functional purpose,
lead-acid batteries is divided into four main groups;
starter, stationary, traction and portable.

As a source of electrical energy in AMWE
samples, it is the starter batteries that are used to start
internal combustion engines and power supply of
machine devices. In its development, lead-acid starter
batteries have gone through the following stages.

The first generation of batteries can be classified as
open or closed type batteries with liquid electrolyte,
with a capacity of 36 to 5328 Ah and a service life of 10
to 20 years or more. Open-type batteries have no caps
and the electrolyte is in direct contact with open air.
Closed-type batteries have special plugs that ensure the
retention of sulfuric acid aerosols. The plugs for filling
electrolyte and adding water are unscrewed during
operation. Closed type batteries can be maintained and
maintenance-free. In the latter case, batteries from the
manufacturer are supplied filled and charged, and
during the service life there is no need to fill the system,
since the design of the plugs of such batteries ensures
that its vapors are contained in the form of condensate.

Maintained batteries are the cheapest energy
storage. But at the same time, they not only require
daily monitoring of operation, but also have a short
service life caused by cracking, depressurization, and
oxidation of battery cells. For batteries with filled
electrolyte, in order to prolong the battery's
performance, it is recommended to carry out a control-

training cycle: first, discharge it with a current equal to
0,1 capacity, with an electrolyte density corresponding
to the area of operation, and then charge it in the usual
way, after which it can be operated.

Advantages of Lead Acid Starter Batteries:

— low cost and production simplicity (at the cost of
1 Weh of energy, these batteries are the cheapest);

— proven, reliable and well-understood service
technology;

— permissible high discharge currents.

At the same time, lead-acid batteries have the
following disadvantages:

— low energy density and, as a consequence, high
weight of storage batteries;

— the smallest number of charge-discharge cycles
in comparison with other types of batteries (on average
250 cycles);

— acidic electrolyte and lead have a harmful effect
on the environment, hazardous to service personnel;

— overheating is possible with an incorrect charge;

— they cannot be stored in a discharged state, since
a full discharge causes the formation of sulfates and
such a loss of capacity after which are not restored;

— they are sensitive to deep discharges so a deep
discharge causes an additional voltage similar to the
voltage of a mechanical device. In fact, each discharge /
charge cycle takes a small amount of capacity from the
battery. This loss is very small in the good battery
condition, but becomes more noticeable as soon as the
capacity drops below 80% of the nominal;

— hydrogen is evolved,;

— at temperatures above 30°C the formation of
sulfate occurs in a geometric progression;

— at low temperatures, the batteries capacity
decreases;

— limited shelf life of a battery with electrolyte is
1,5 years at a temperature not exceeding 0°C and 9
months at a temperature above 20°C to prevent
irreversible processes;

— slow charge reception (normal time is from 8 to
16 hours) in comparison with other types of
accumulators.

— high self-discharge is up to 1-2% per day, which
leads to the formation of sulfate, during operation, this
figure increases;

— energy losses for heat generation during charging
are up to 15-20%;

— the need to conduct in-station control charge-
discharge cycles at least once every six months;

— the need to check and replenish the electrolyte
level in connection with its boiling during operation;

— battery life is limited to 5 years, subject to
maximum compliance with the rules of operation.

Thus, lead-acid batteries are usually used when a
large capacity is required, the weight requirements are
not critical and the cost of the battery is low.

It should be noted that these characteristics of the
batteries led to their widespread use on AMWE samples
inherited from the Soviet Army.

Low-maintenance battery is the best choice in
terms of cost and quality. It possesses rather high
performance characteristics, has access for filling the
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electrolyte and from time to time requires monitoring
the electrolyte level. A sealed serviced battery is the
most expensive battery. It has no holes for filling the
electrolyte and requires a relatively stable charging
voltage [5].

The so-called sealed gel batteries, in which instead
of a liquid electrolyte, a gel is used, which is a jelly
obtained by mixing a solution of sulfuric acid with a
thickener (usually it is silicon dioxide SiO; or silica gel).
The gel electrolyte allows to achieve full tightness of the
battery as all gas release occurs inside strongly developed
system of pores in weight of gel. The technology for the
production of gel batteries is called GEL.

During drying, microcracks are formed in the gel
structure prevent the evaporation of the electrolyte:
oxygen and hydrogen molecules are retained inside the
gel, react with each other and turn into water, which is
absorbed by the gel. Almost all evaporation is thus
returned to the battery and this process is called gas
recombination. However, all the molecules cannot be
recombined and the excess gas is discharged through the
safety wvalves. This usually occurs at high charge
currents. Microporous dyuroplastic is used as a
separator in gel batteries. Due to aluminum additives, it
has high resistance in aggressive environments, reduces
the internal resistance in the battery, has high
temperature stability and mechanical strength, which
also provides high vibration resistance and impact
resistance of the structure.

The authors highlight the following as the
advantages of gel batteries:

— small energy losses for heat generation during
charging (10-16%);

— they do not require maintenance during the entire
period of operation;

— sealed case allows you to install batteries in the
most convenient place from the point of view of
designers - near the center of gravity;

— there is no hydrogen evolution;

—small self-discharge (up to 1-3% per month);

— non-critical sensitivity to deep short-term
discharge (gel electrolyte is in a “bound” state, battery
discharge is not accompanied by its evaporation, lattice
corrosion and shift of the active mass of the positive
electrode);

— withstand about 1000 charge-discharge cycles and,
accordingly, a long service batteries life is about 10-12
years;

— batteries can be in a discharged state for a long
time.

Disadvantages of gel batteries are the following:

— to prevent abundant gas evolution during
recharging, it is necessary to use chargers that provide
instability of the charge voltage not worse than + 1%;

— it is critical to ambient temperature: operating
temperature from -40° to + 45°C (temperature over 45 °
C significantly reduces battery resource);

— the cost is 2-3 times higher than conventional
lead-acid ones.

Further improvements in the design of gel lead-
acid batteries are sealed batteries with electrolyte
absorbed by separators - third generation batteries. They

are often called batteries assembled by AGM
technology (AGM — Absorbed in Glass Mat), i.e. a
technology in which the electrolyte is absorbed in
fiberglass separators placed between the electrodes.
Such a separator is a porous system in which capillary
forces hold the electrolyte. The amount of electrolyte is
dosed so that the small pores are filled and the large
ones remain free for the free circulation of the released
gases. In terms of their properties, AGM batteries are
similar to gel batteries, except that they have
significantly less gas formation, and the ambient
temperature has less impact on their operation. The
most widespread were the following brands: Tudor,
Marathon, Sprinter, Absolyte, Stark, Hawker, Deka,
EXtreme. Monbat Gem (Fig. 1).

Fig. 1. AB Monbat Gem 670 901 105 (170 Ah)

As advantages of AB: AGM-technologies one can
named the following:

— energy losses for heat generation during charging
- about 4%;

— during all term of operation do not demand
service, are not critical to temperature decrease;

— hermetic case;

— no hydrogen evolution;

— self-discharge 1-3% per month;

— low internal resistance, when charging the
battery is almost not heated.

Since AGM battery is a kind of GEL, they have
the same disadvantages. Comparison of the main
technical characteristics of batteries 12CT-85,
EXTREME 670901105 and EXTREME E89AFO0 1
type are shown in table 1 [6, 7].

2. Investigation the dependences of “starter”
discharge modes and energy capabilities of the
batteries manufactured by technologies of different
generations.

Justification of the use of the latest batteries on
AMWE samples is proposed on the basis of a study of
their design, electrical, operational parameters and
energy capabilities.

By statistical data processing in the MATLAB
environment, graphs of dependence of “starter” modes
of discharge 12CT-85P batteries and AGM AB
EXTREME 670901105 ones were obtained; and 6CT-
140 AZ (3) EXTREME E89AFO0_1 (low maintenance).
The results of the study are presented in Fig. 2.

The measurement results correspond to the
discharge mode of a 12CT-85P battery with a current of
approximately 400 A at a temperature of 25°C. Batteries
manufactured using the latest technologies were studied
with a “starter” current of 500A at a temperature of
25°C (Fig. 3).
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Table 1 — The main technical characteristics of the batteries 12CT-85, EXTREME 670901105 and EXTREME E89AFQ_1 types

Parameter Battery
12CT-85 EXTREME 670901105 EXTREME E89AF0 1
Rated voltage, V 24 12 12
Nominal capacity, Ah 85 170 140
Weight with electrolyte, kg no more 70 70 70
Length, mm, no more 586 513 513
Width, mm no more 243 223 189
Height, mm no more 240 223 220
Volume, m® no more 0,034 0,025 0,021
Cost, $ USD 590 720 140
25
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Fig. 2. Starter modes of battery discharge for 12CT-85P AGM EXTREME 670901105;
and 6CT-140 AZ (3) EXTREME E89AFO0_1 types batteries
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Fig. 3. Self-discharge 12CST-85P AGM EXTREME 670901105;
and 6CT-140 AZ (3) EXTREME E89AFO_ 1 types batteries at a temperature of 25 ° C

Thus, according to research, it can be concluded Investigation of the various types batteries’ energy
that AGM-batteries have a lower internal resistance capabilities of made it possible to draw a conclusion
compared to other types of batteries, capable of emitting  about the advantages of gel and AGM batteries over
higher currents in a short time. lead-acid batteries while maintaining the same level of

mass and dimensional characteristics (Fig. 4).
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Fig. 4. The value of the power delivered by the batteries
of different technologies depending on the temperature

As it is known, 4 batteries are installed in the tank.
They are combined into 2 groups, which are connected
in series-parallel. The battery groups are connected to
the tank on-board network (BN) through the starter-
generator relay (RSG) in parallel. To power the starter-
generator (SG) when starting the engine, the RSG
switches the batteries to a serial connection (48V) [8].
For a power source formed from 4 12CT-85 type
batteries, the following ratios will be correct:

UgrT =Uy =U, =24V ; 1)
12CT _(12CT | ,12CT
Usg ™ = Uepl +U2gr2 = )
=24V + 24V =48V;
12CT _(12CT _\,12CT .
URT =UgKT =UtT =24v =48V ; (3)

CL2CT _ (2CT  cJ2cT _

(4)
=854-h+854-h=170A4-h;
12CT 12CT 12CT
& = Cgrl + C'gr2 = (5)

=1704-h+1704-h =3404- h.

That is, to form a power source in the tank, it is
advisable to use 4 AGM batteries, so that a series
connection of two AGM- batteries s in a group will
provide 24 V. Such batteries connection will provide
24V and 48V supply to the BM when starting the SG,
respectively.

AGM AGM AGM
UGSM =UffCM Ly feM -

(6)
— 1V +12V = 24V
UEEM —UpSM +usSM = %
— 24V + 24V = 48V ;
UESM —USSM —UASM —2av......... ®)

In this case, the capacity issued by the AB group
will be

CAM —cfM = cfM 170407 (9)
AGM _ ~AGM AGM _
C =Cgr1 +Cogp = (10)

=170A-h+1704-h =3404-h.

It follows from relations (1) - (10) that the use of
AGM-batteries to form a power source in a tank does
not require structural changes in the engine electric
starting system and provides the required values of
electrical parameters while generally maintaining the
same level of mass and dimensional characteristics

(Fig. 5).

Fig. 5. Formation of the tank power supply
using AGM-batteries

Note that when using AGM-AB type 6CT-140 AZ
(3) EXTREME E89AFOQ_1 under similar conditions, the
total capacity of the power supply will be

CcAM ~2804-1. (11)
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Of course, this value is less than similar (10), but
can also be taken into account in certain circumstances.
Similar conclusions can be drawn for the formation of
the power supply on other AMWE samples.

Thus, when using two AGM-batteries type
EXTREME 670901105, the total capacity of the power
supply for the BMP-2 will be:

technology does not require fundamental structural
changes in the electrical equipment of the machine.

At the same time, the fact that the latest
technologies batteries occupy a smaller volume and
have side terminals will require revision of the places of
their installation in the car, namely, baskets and
jumpers.

2. To meet the requirements of the standards for
voltage parameters in the AMWE on-board network it is
necessary to install an appropriate voltage relay
regulator.

3. The issue of exceeding the cost of gel and AGM
batteries compared to the cost of type 12CT-85 ones can
be compensated by the absence of costs for operating
materials, maintenance personnel as well as the long
service life of gel or AGM batteries compared to
conventional lead-acid ones.

CACM — M — cAM 17040, (12)
Similarly, the voltage that will be generated by the
formed power supply in the BN is:

UACM —y J8M L ufSM =12v +12v = 24v . (13)

Conclusions

1. Using at the samples of armored vehicles and
military equipment batteries made by modern
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AHAaJIi3 MOKJIUBOCTI BUKOPHCTAHHS aKyMYJISITOPHUX 0aTapeii HOBITHIX TeXHOJI0OTiH
Ha 3pa3Kax OPOHETAHKOBOI'0 030POEHHS Ta BilicbKOBOI TeXHiKH

B. O. Aunpees, B. M. Yopnooait, 0. B. baokin, O. B. Tapan, B. B. Kot, O. B. AneHkoBa

Anortanisn. IIpeaMeToM BHMBYEHHSl B CTAaTTI € Maco-TabapUTHI XapaKTEPUCTUKU aKyMYJSATOpHHX OatapeH, ix
KOHCTPYKTHBHI, €JIeKTPUYHI, eKCIUTyaTaIl[IfHUX MapaMeTpiB Ta eHepreTHIHi MOXIMBOCTL. MeTo10 XOCTiIzKeHHsI € MOXKIINBOCTI
BUKOPHCTaHHS aKyMyJATOPHUX Oaraped, mo He OOCIyroBYIOTHCS, Ha 3pa3kaXx OpOHETaHKOBOTO 030pO€HHS Ta BIiIICBKOBOL
TexHikd. 3aBaanus gocaigxkenns: [IpoaHamizyBaTH iCHYIOUM TEXHOJOTII BUPOOHMITBA aKyMyJISITOPHHX OaTapeii, X mepeBaru
Ta HEIOJIKH 3 OISy Ha OCOOIMBOCTI eKCILTyaTallil BiICPKOBOI TEXHIKM Ta OCHOBHI TEXHIYHI XapaKTePUCTHKH aKyMYJSITOPHHX
Oarapeit. lllmsxoM cratucTHgHOI 0OpPOOKHM TaHWX MOCIIIUTH 3aJEXKHOCTI “CTapTepHUX PEXUMIB PO3PSAY Ta CHEPreTHIHUX
MOJKJIMBOCTEH aKyMyJSTOPHUX Oarapeidi, BHUTOTOBIEHHMX 32 TEXHOJIOTIIMH PI3HHUX TOKOJiHb. JlOCHIAUTH MOKINUBOCTI
KOHCTPYKTHUBHOI peanizarii (GopMyBaHHS Jkepena KUBICHHSA 3 ypaxyBaHHSIM MOJKJIMBHX KOHCTPYKTHBHHMX 3MiH y cHCTeMi
€JIEKTPOIYCKY JABUTYHA, 3a0e3meueHHs HeoOXigHOI CTabiIbHOCTI 3apsAay Ta KOMIEHcAIlll MEpeBUILEHHS BapTOCTi IeJIieBUX Ta
AGM- akymymsitopHux Gatapei B TOPIBHSHHI 3 BapTiCTIO akyMynsTopHuX Garapeii Tumy 12CT85. MeTom010Ti9HOI0 OCHOBOIO
JOCIIJDKEHHST CTalld 3arajbHOHAyKOBI Ta CIEHiaJIbHI MeTOAM HayKoBOro mi3HaHHA. OTpuMaHi HacTymHi pe3yJbTaTH:
[IpoaHanizoBaHi iCHYIOUH TEXHOJIOTii BAPOOHHUIITBA aKyMyJIATOPHUX Oatapeid, iX mepeBaru Ta HEHOJIKH 3 OISy Ha 0COOIMBOCTI
eKCIlTyaTanii BificbkOBOI TEXHIKM Ta OCHOBHI TEXHIUHI XapaKTEepUCTHKH Oarapeil. JlocmimkeHi 3aleXHOCTI “‘crapTepHHX’
PEKHUMIB PO3psILy Ta CHEPTETUYHIX MOXIJIMBOCTEH aKyMyJSITOPHUX Oatapeill, BUTOTOBJICHUX 32 TEXHOJOTISIMH Pi3HUX MOKOJIHB.
Jocmimkeri MOXIMBOCTI KOHCTPYKTHBHOI peamizalii (opMyBaHHS [DKepelda JKHBICHHS 3 YpaXyBaHHSAM MOKIJIMBHUX
KOHCTPYKTHBHUX 3MiH y CHCTEMi €JIEKTPOIYCKY JABUTYHA, 3a0e€3MeUeHHS HEOOXiAHOI CTaOLIPHOCTI 3apsmy Ta KOMIICHCAIil
MepEeBUIICHHS BapTOCTi reneBux ta AGM akymynsaTopHHX OaTapeil B HOPIBHAHHI 3 BapTICTIO aKyMyJISTOpPHHX Oatapeil THITy
12CT85. BucHoBku. BuxopucTanHs Ha 3pa3kax OpOHETAHKOBOTO 030pO€HHS Ta BIHICHKOBOi TEXHIKH aKyMYJSTOPHUX OaTapei,
BHUKOHAHUX 33 HOBITHIMH TEXHOJIOTISIMHU, He NOTpeOye MPUHIUITOBUX KOHCTPYKTUBHUX 3MIH y eNeKTpooOIagHanHi MamuHu. J{is
3a0e3neyeHHss BUMOTH CTaHJAPTIB II0JI0 MTapaMeTpiB HANPYTH y OOPTOBHX Mepekax 00’€KTiB OpOHETAaHKOBOTO 030pOEHHS Ta
BIICHKOBOT TEXHIKM HEOOXiHE BCTAHOBJCHHS BIIMOBIMHOTO peryisTopa Hampyrd. [lepeBuIlieHHs BapToCTi reyieBux ta AGM
aKyMyJITOpPHUX Oatapell B MOpIBHSHHI 3 BapTicTio Oatapeit Tumy 12CT-85 Moxxe OyTn KOMIICHCOBAHO BiJICYTHICTIO BUTpaT Ha
eKCILTyaTamiiHI MaTepiaiy, nepcoHal, mo 3abe3neuye oocmyroByBanHs Ab Tumy 12CT85, a Tako TpHBAIUM TEPMIHOM CITYKOH
reneBux a0 AGM akyMmyIsTOpHUX OaTapeil B IOPiBHSAHHI 3 3BUYafHIMH KHCIOTHO-CBUHIIEBUMH OaTapesMH.

Kaw4voBi cioBa: CBUHIICBO-KHCIOTHUI aKyMyJATOp; TelEBi akyMyusTopHi Oatapei; AGM akymynsaTopHi Garapei;
€IeKTPOOOIaIHAHHS 3pa3KiB OPOHETAHKOBOTO 030PO€EHHS Ta BIHCHKOBOI TEXHIKH.

AHaJIN3 BO3MOKHOCTH HCMOJIb30BAHUSA AKKYMYJSITOPHBIX 0aTapeil HOBEHIIMX TeXHOJIOT Ui
Ha o0pa3nax OPOHEeTAHKOBOIr0 BOOPY:KeHHs] U BOCHHOI TeXHUKH

B. A. Aunpees, B. M. Uepnoo6aii, FO. B. babkun, O. B. Tapan, B. B. Ko, E. B. AnenkoBa

Annortanusn. [IperMeToM n3ydeHHns B CTaTbe SIBIIETCS MaccorabapuTHbIE XapaKTEPUCTHKH aKKyMYJISITOPHBIX Oatape,
HUX KOHCTPYKTHBHBIE, OJJEKTPHUECKHME, OSKCIUTyaTal[MOHHbIX @apaMeTpoB M JHEpreTHdeckue Bo3MOXHOCTH. Llesabio
HCCJIEIOBAHMSI SIBIISICTCS. BO3MOXKHOCTH HCIOJIB30BAaHMSI aKKyMYJSITOPHBIX Oarapeil, He OOCIYy)XMBaeMbIX Ha o00pa3nax
OpOHETaHKOBOT'O BOOPY)KCHHSI M BOCHHOH TEXHUKH. 3a/la4H MCCIETOBAHMS: IPOAHAIN3NPOBATH CYLIECTBYIONINE TEXHOIOTHH
MIPOM3BOJCTBA AKKyMYJSTOPHBIX OaTapei, MX HMPeuMyINecTBa M HEIOCTaTKU YUHTHIBas OCOOCHHOCTH SKCIUIyaTallnd BOSHHOMN
TEeXHUKH U OCHOBHBIE TEXHHYECKHE XapaKTEPUCTHKH aKKyMYISTOpPHBIX Oarapeil. I[lyrem cratmcTudeckoil oOpabOTKH MaHHBIX
HCCIIEIOBAaTh 3aBUCHMOCTH "CTAapTEpHBIX" PEKUMOB paspsla M JHEPreTHYECKUX BO3MOKHOCTEH aKKyMYIATOPHBIX OaTapew,
W3TOTOBIEHHBIX 110 TEXHOJNOTHSAM pa3HBIX MOKOJeHWH. lcciaemoBaTh BO3MOXKHOCTM KOHCTPYKTHBHOM — peain3alnu
(hOpMHpOBaHUS UCTOYHMKA MUTAHUS C YIETOM BO3MOXKHBIX KOHCTPYKTHBHBIX M3MEHEHHMII B CHCTEME 3JIEKTPOITYyCKa ABUTATEI,
obecriedeHrss HEOOXOMUMOW CTaOWJIBHOCTM 3apsijia ¥ KOMIIGHCAllMM TPEBBIMIEHHS CTOMMOCTH TeneBblx U AGM-
aKKyMYJIITOPDHBIX OaTapeil 1Mo CpaBHEHHMIO CO CTOMMOCTBIO aKKyMYJSATOpHBIX Oarapeit tuma 12CT85. Meromonornyeckoii
OCHOBOH HCCIIEIOBaHMsI CTajdyd OOIIEHAay4YHblE U CIICHHMAIbHbIE MeTOAbI Hay4yHOro mo3HaHus. IlodydeHsI ciemylonme
pe3yabTaThl: [IpoaHann3upoBaHbl CyLIECTBYOLINE TEXHOIOTUH IPOU3BOICTBA aKKyMYJIATOPHBIX OaTapeil, NX NpeuMyIecTBa U
HEJOCTATKH YYHUTHIBas OCOOCHHOCTH SKCIITyaTalllM BOGHHOW TEXHUKH W OCHOBHBIE TEXHHUYECKHE XapaKTEPHCTHKH OaTapei.
HccnenoBaHbl 3aBUCHMOCTH "CTapTepHBIX" PEXHMMOB pa3psia M IHEPreTHIECKHX BO3MOXKHOCTEH aKKyMYJSITOPHBIX Oarapew,
W3TOTOBIEHHBIX MO TEXHOJIOTHSAM pa3HBIX IIOKOJNICHHH. llccienoBaHBl BO3MOXKHOCTH  KOHCTPYKTHBHOM — peain3amiu
(hOpMHPOBaHUS UCTOYHUKA MHUTAHUS C YIETOM BO3MOXKHBIX KOHCTPYKTUBHBIX M3MEHEHUI B CHCTEME JJIEKTPOIYCKa JBUTATes,
obecrniedeHuss HeoOX0MMOI CTaOMIBHOCTH 3apsiia U KOMITEHCAINH MTPEBBIIICHUs] CTOMMOCTH TefieBbIX 1 AGM aKkKyMyJsSTOPHBIX
Oarapell 0 CPaBHEHHIO CO CTOMMOCTBIO aKKyMyJSITOpHbIX Oartapeil Tmna 12CT85. BeiBoaswl. Vcmosp3oBanue Ha oOpasiax
OpOHETaHKOBOTO BOOPY)KCHUsI U BOGHHOW TEXHHKU aKKyMYJIATOPHBIX OaTapeil, BHITOJHEHHBIX 10 HOBEHIIMM TEXHOJOTHSM, HE
TpeOyeT NPHUHUUIHAIBHBIX KOHCTPYKTHBHBIX M3MEHEHHH B 3JIEKTPOoOoOOpyIOBaHMH MaliuHBL s obecredeHus: TpeOOBaHUs
CTaHIapTOB IapaMeTPOB HANpPSKEHHS B OOPTOBBIX CETSIX OOBEKTOB OPOHETAHKOBOTO BOOPYKEHHS H BOSHHON TEXHHMKHU
HEOOXOJMMa YCTaHOBKA COOTBETCTBYIONIETO pETyNsITOpa HampspkeHus. IIpeBbIIeHHe CTOMMOCTH TeneBRlx U AGM
aKKyMYJISITOPHBIX Oarapei o CpaBHEHHIO cO CTOMMOCThIO Oatapeit Tuma 12CT85 mMoxkeT OBITh KOMIEHCHPOBAHO OTCYTCTBHEM
3aTpaT Ha SKCIUIyaTallMOHHBIE MaTepHaibl, MepcoHan, obecneumBarommii ooOcmyxnBanme AB tmma 12CT85, a Ttaroke
JUTUTEIIbHBIM CPOKOM CIYKObI reneBblx Wid AGM akkyMynsSTOpHBIX Oatapeif M0 CpaBHEHHMIO C OOBIYHBIMH KHCJIOTHO
CBHUHIIOBBIMHU OaTapesiMu.

KawueBble c10Ba: CBUHIOBO-KUCIOTHBIN aKKyMYJIATOD; TeJIEBbIe aKKyMyJIITOpHBIe Oataper; AGM akkyMymsiTOpHBIE
Oarapen; JIeKTPOOOOpyIOBaHIE 00pa30B OPOHETAHKOBOTO BOOPYKEHHSI M BOCHHON TEXHUKH.
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