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Abstract:

Introduction/purpose: Increased development of hybrid powertrains during
the last decade brought high-speed tracked vehicles into the same spotlight
as commercial and passenger hybrid vehicles. There are several hybrid
powertrain conceptions for high-speed tracked vehicles that are mainly
researched, but there is still no clear conclusion which conception is the
most efficient. The main obstacle for more intense research is the increased
difficulty to produce a battery storage system which provides both high
power density and protection and shock resistance. However, there is a
certain number of research studies and prototypes developed from
simulation models that show satisfactory performance for both asymmetric
and symmetric hybrid powertrain conceptions.

Methods: The developed and verified hybrid simulation model is improved
in terms of command signal unit, so that the powertrain and electric motors
in the auxiliary drive can easily be operated in the asymmetric hybrid
working regime and the symmetric hybrid working regime. The main goal is
to simulate specific working regimes where the asymmetric and symmetric
hybrid powertrain performance and energy efficiency can be assessed in
order to find the most efficient powertrain conception.

Results: The results indicate that the asymmetric hybrid powertrain will have
less overall power consumption and a more simple control algorithm,
because of controlling just one electric motor. For the same overall power,
the asymmetric hybrid powertrain has a smaller turning radius, which is
satisfactory. When driven in full power, the symmetric hybrid powertrain will
have lower turning radius and better manoeuvrability, but serious increase
of power consumption.
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Conclusion: The asymmetric drive has clearly better power efficiency, but
the symmetric drive has an advantage of maximum performance.
Performing a pivot turn (around the vertical axis), and making a turn without
reducing the vehicle velocity is of great importance, especially considering
the most common special purpose of this vehicle and manoeuvring in
challenging terrain conditions.

Key words: high-speed tracked vehicles, hybrid powertrains, turning
process analysis, power balance analysis.

Introduction

Research and development of hybrid powertrains brought a new
perspective on commercial and passenger transportation, but also on
military and special purpose application (Kramer & Parker, 2011; Taira et
al, 2017; Ramesh, 2017). High-speed tracked vehicle powertrains were
also rapidly brought to attention of researchers and renowned
manufacturers, as an almost infinite course for research of powertrain
hybridization potential.

Unlike commercial vehicle hybrid powertrains, where basic interest in
hybrid powertrain development lies in ecology and fuel consumption
reduction, the core value for development of hybrid powertrains for high-
speed tracked vehicles is performance enhancement and improving
energy efficiency (Dalsjg, 2008; Walker et al, 2015; Salisa et al, 2011). The
special purpose and utilization of high-speed tracked vehicles demand
robust powertrain systems, due to rough terrain and other conditions which
require optimal balance between performance and energy efficiency
(Randive et al, 2021; Sabri et al, 2016). This has generated interest in
developing powertrain conceptions which provide optimal performance
and satisfy demands that stand before these vehicles, by incorporating
electric drive machines in the powertrain system, along with ICE. Apart
from propulsion, high-speed tracked vehicles have various specialized
systems which have moderate to high energy consumption requirements
from the ICE. This is also a significant argument to search for an alternative
power source solution, with increased potential of storing and producing,
as well as managing the required energy.

Even though there are numerous arguments for the implementation
of hybrid high-speed tracked vehicle powertrains, only a few prototypes
have ever been made. One of the main obstacles is the development of
energy source and storage, i.e., batteries, which have the capacity to
provide energy required for the expected operation conditions of the
vehicle (Bhatia, 2015; Piancastelli et al, 2023; Rizzo, 2014).




This paper presents the continuation of the research into hybrid
powertrains for specific high-speed tracked vehicles, with the goal of
designing the most efficient hybrid conception and powertrain working
regime. The assessment of energy efficiency throughout different hybrid
powertrain configurations is a complex challenge, because these systems
are influenced by numerous variables such as terrain and atmospheric
conditions, driving regimes and specific powertrain configurations.

The assessment of energy efficiency, as well as performance
improvement, is conducted on a previously developed and verified
simulation model, for the most demanding powertrain working regimes,
from the power balance point of view, especially during the turning process
(Ponorac & Blagojevi¢, 2023). The hybrid powertrain model is developed
so it can work as both an asymmetric and symmetric turning mechanism.
Based on these two conceptions, the vehicle is analyzed in different
turning scenarios, as well as full electric and hybrid movement scenarios,
in order to identify the most efficient working regime of the hybrid
powertrain.

Method

Replacing the friction clutches with electric motors in the auxiliary
drive of the subject vehicle powertrain, as shown in Figure 1, has led to
essential improvement because the hybrid powertrain can work in various
working regimes, depending on the user's demand. The mentioned
upgrade allows the powertrain system, which incorporates the turning
mechanism, to operate both as an asymmetric and a symmetric vehicle
turning mechanism, depending on the electric motor engagement scheme
and the direction of electric motor shaft rotation.

By engaging the electric motor on the inner track, the powertrain
output shaft, i.e., the inner track drive shaft angular velocity is reduced.
The vehicle center of mass velocity is also reduced, while the outer track
maintains the rectilinear movement velocity. The described working
regime represents a classic case of an asymmetric vehicle turning
mechanism.

If both electric motors are engaged, with the angular velocity of the
same intensity, but different directions, the outer track velocity is increased
proportionally to the inner track velocity decrease while the vehicle center
of mass velocity is maintained. The described working regime represents
a classic case of a symmetric vehicle turning mechanism (Muzdeka &
Peri¢, 2012).
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Figure 1 — Hybrid powertrain conception scheme

In a general case, the overall power required to achieve the turning
manoeuver must be sufficient to overcome moving resistance, internal
powertrain resistance and resistance in the turning mechanism (MuzZdeka,
2012)

that is:

Bnz =P + Py + P, (1)
where:
e P, is the power required to overcome moving resistance,
e P, is the power required to overcome internal powertrain
resistance, and
e P, is the power lost in the turning mechanism elements.

The power lost in the turning mechanism is not taken into
consideration because, in the specific case, this power is not delivered
from the ICE, but from the electric motors. Also, since there are friction
clutches, there are no slipping losses, so the power lost in the turning
mechanism is assessed by the electric motor efficiency. Since the electric




motors are used in the most efficient working regimes, the overall power
lost in the turning mechanism is insignificant.

The power required to overcome the internal resistance in the
powertrain is taken into account through the efficiency of the powertrain
components.

The power required to overcome moving resistance depends on the
turning mechanism conception.

In the case of the asymmetric turning mechanism, the power required
to overcome moving resistance is:

B By_ _E

R+ (r+3)

In order to make a symmetric turn, the ICE and electric motors need
to supply greater power than the asymmetric turning mechanism, because
the vehicle keeps the center of mass velocity by increasing the velocity of
the outer track and decreasing the velocity of the inner track. This can be
concluded from (3):

PO = FZUO RT-rg - Flvo Rki = —FZ(R+§);F1(R_§)

Vo (3)

where:
e F2, F1 are the forces on the outer and inner track, respectively,
e 1,is the vehicle center of mass velocity during rectilinear
movement,
¢ Rs the vehicle turning radius, and
e Bis the track width.

Efficiency assessment

Energy efficiency

In order to asses and compare the energy efficiency of the symmetric
and asymmetric hybrid powertrains, the simulation has to be set up in such
a manner that the same turning conditions are provided, i.e., the same
turning radius and resistance. The developed hybrid simulation model is
verified in the previous research papers, by comparing the simulation
results with the real vehicle simulation model and the experimental testing
results (Ponorac et al, 2022).

The simulation starts from a steady state for both hybrid powertrain
conceptions, where the main vehicle brakes K1 and K2 are engaged. The
simulation conditions are controlled from the corresponding input signal
block, as shown in Figure 2 and Figure 3. By disengaging the brakes and
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applying throttle, the vehicle starts rectilinear movement.

In both

symmetric and asymmetric turning scenarios, the vehicle turning process

starts at t=4s.
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Figure 2 — Asymmetric hybrid powertrain model input signals
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Figure 3 — Symmetric hybrid powertrain model input signals




The vehicle with the asymmetric turning mechanism starts the turning
process by engaging the electric motor Mg1 on the inner track, as shown
in Figure 2. The electric motor is engaged with n=1600 rpm.

The vehicle with the symmetric turning mechanism starts the turning
process at the same moment, but in order to achieve the same turning
radius, the electric motor on the inner track, labeled Mg1, is engaged with
n=1100 rpm, while the electric motor on the outer track, Mg2, is engaged
with the same rpm value but in the opposite direction, as shown in Figure 3.

Performance review

In order to assess the vehicle performance benefits for both
developed conceptions, it is needed to provide equal energy consumption
conditions. Different working principles of symmetric and asymmetric
hybrid turning mechanisms make this a complicated task, so it will be
divided in two scenarios.

The first scenario is assessing the turning process performance while
the overall power consumption for both symmetric and asymmetric hybrid
powertrains is equivalent. This means that the power provided by the ICE
and the inner track electric motor in the asymmetric hybrid powertrain is
equivalent to power provided by the ICE and the inner and outer track
electric motors in the symmetric hybrid powertrain.

The second scenario includes assessing the turning process
performance while the power delivered on the inner track is equivalent for
both symmetric and asymmetric hybrid powertrains.

Results

Assessing the energy efficiency of symmetric and asymmetric hybrid
powertrains of a high speed tracked vehicle requires equal turning
conditions, i.e., the equivalent turning radius. Figure 4 shows the turning
radius during the symmetric and asymmetric turning process.

Both symmetric and asymmetric hybrid powertrain vehicles achieve
the requested turning radius R=3 m at t=6s.

In order to achieve the equal turning radius as the asymmetric hybrid
powertrain, the symmetric hybrid powertrain engages the inner track
electric motor with lower rpm, n=1100 rpm, but the same rpm is required
on the outer track, as shown in Figure 5. In other words, the vehicle center
of mass maintains its former velocity, while the inner and outer track
velocities are decreased/increased. On the other hand, it is obvious that
the outer track of the asymmetric hybrid powertrain maintains the
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rectilinear movement velocity, the center of mass and inner track velocities
are decreased.
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Figure 4 — Vehicle turning radius comparison- asymmetric vs symmetric
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Figure 5 — Asymmetric vs symmetric hybrid vehicle velocities-equal turning radius

The power balance curve for the considered scenarios is shown in

Figure 6. The overall power needed to achieve the required turning radius

for

asymmetric turning mechanism is Pasymmetric=84 kW. This power is

supplied by the ICE Pice-hybrid asymmetric=41 kW, and the electric motor

on

the inner track PMG1-asymmetric=42 kW.
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Figure 6 — Asymmetric vs symmetric hybrid powertrain power consumption-equal turning
radius
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Figure 7 — Asymmetric vs symmetric hybrid powertrain power consumption-equal overall
power

The symmetric hybrid powertrain requires less power on the inner
track electric motor, PMG1-symmetric=30kW, but in order to maintain the
vehicle velocity in turn, the power delivered from the outer track electric
motor is PMG2-symmetric=48 kW. The ICE supplies the same power in
both scenarios, 41 kW, so the overall power required for the requested
turning radius is P-symmetric=118 kW. This means that the symmetric
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hybrid powertrain requires more overall power than the asymmetric hybrid
powertrain for the same turning radius; therefore, in this turning scenario,
the asymmetric powertrain consumes less energy.

When the overall power required for the turning process of both
symmetric and asymmetric hybrid powertrains is equal, the power is
distributed as shown in Figure 7.

As in the previous cases, the ICE power for both hybrid powertrain
conceptions is equal, Pice asymmetric=Pice symmetric=41 kW. In order to
achieve the requested overall power required for the turning process
Pasymmetric=84 kW, the inner track electric motor of the asymmetric
hybrid powertrain delivers the remaining P MG1 asymmetric=43 kW.

Since the overall power requested for the symmetric hybrid powertrain
is also Psymmetric=84 kW, the remaining 43 kW are delivered from both
electric motors, where PMG1 symmetric=15 kW and PMG2=26 kW. Even
though the track velocities are symmetrically increased/decreased, the
power consumption of the electric motors is not equal. This is because the
turning resistance is not equal on both tracks.

When the overall power for both hybrid powertrains is equal, the
turning radius for both hybrid powertrains change as shown in Figure 7.
The asymmetric hybrid powertrain turns with a turning radius of R=3m,
which is the same turning radius as the calculated turning radius of the real
vehicle. However, the symmetric hybrid powertrain turns with a larger
turning radius of Rsymmetric=5 m.
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Figure 8 — Asymmetric vs symmetric hybrid powertrain turning radius-equal overall power




The track velocities, shown in Figure 9, confirm the obtained results
and conclusions. With the same overall power consumption, the inner
track velocity of the symmetric hybrid powertrain is significantly larger than
in the asymmetric hybrid powertrain. The inner and outer tracks are driven
by electric motors at n=700 rpm. The vehicle center of mass maintains the
rectilinear movement velocity, while the asymmetric hybrid vehicle center
of mass velocity is near the velocity value of the symmetric hybrid inner
track. In other words, the asymmetric hybrid vehicle turns with almost
equal velocity as the symmetric hybrid vehicle inner track; thus the turn
radius of the asymmetric hybrid powertrain vehicle is significantly lower.
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Figure 9 — Asymmetric vs symmetric hybrid powertrain vehicle velocities-equal overall
power

When delivering equal power on the inner track of both hybrid
powertrains, the inner track of both hybrid conceptions will have equal
velocities, which is needed to assess the turning performance of the
symmetric hybrid powertrain. The power balance curves are shown in
Figure 10.

The asymmetric powertrain has the same power distribution as in the
previous cases. The ICE delivers 41 kW and the inner track electric motor
delivers 43 kW, making the overall power requested for the turning process
P asymmetric =84 kW.

If the tracks of the symmetric hybrid powertrain are driven with at
n=1600 rpm, which is equal to the rotational speed of the asymmetric
hybrid inner track electric motor, the power delivered to the inner track of
both hybrid conceptions will be equal, i.e., PMG1 symmetric=43 kW.
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Meanwhile, the power on the outer track is significantly higher and is
PMG2 symmetric=65 kW, which makes the overall power requirement for
symmetric turn Psymmetric=149 kW.
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Figure 10 — Asymmetric vs symmetric hybrid powertrain power consumption- equal power
on the inner track
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Figure 11 — Asymmetric vs symmetric hybrid powertrain turning radius- equal power on
the inner track

The turning radius for the described scenario is shown in Figure 11.
When the inner track velocities are equal, i.e., is when the inner track
electric motor delivers equal power in both symmetric and asymmetric




hybrid powertrains, the vehicle with the symmetric hybrid powertrain has a
lower turning radius Rsymmetric2 m, while Rasymmetric=3 m. The
velocities follow the turning radius behavior, as shown in Figure 12.
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Figure 12 — Asymmetric vs symmetric hybrid powertrain vehicle velocities- equal power
on the inner track

Discussion

The obtained results indicate that hybrid powertrains for high speed
tracked vehicles, in most of cases, provide either increased power balance
and efficiency or increased vehicle performances, compared to classic
mechanical powertrains. The explanation for this lies in the fact that, in
hybrid powertrains, the power required for the turning process is not
provided by the ICE. The second reason is that the hybrid powertrain does
not use friction clutches in the turning mechanism, so there are no slip
losses.

Asymmetric hybrid powertrain vehicles will achieve the required
turning radius with 40% lower overall power demands than the symmetric
one, i.e., with the lowest electrical energy consumption. To achieve this,
the vehicle velocity reduces. The symmetric hybrid powertrain has greater
power consumption, but maintains vehicle velocity, which can be crucial in
certain conditions.

For the same overall power demands, the asymmetric hybrid
powertrain has a 40% lower turning radius in the analyzed working regime,
which results in a lower manoeuvring area compared to the symmetric
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hybrid powertrain. In certain conditions, such as small manoeuvring space,
or in urban conditions, a lower turning radius is more desirable.

When the inner track is loaded with the same turning resistance for
both symmetric and asymmetric hybrid powertrains, the symmetric hybrid
powertrain turns with a 33% lower turning radius than the asymmetric
powertrain, but the overall power demand is 77% greater.

It would seem that, in almost all cases, the asymmetric powertrain is
more efficient. However, the symmetric hybrid powertrain has two major
advantages. First, the vehicle center of mass maintains the same velocity
when the vehicle starts the turning process, which is very important given
the nature of the vehicle utilization. The asymmetric hybrid powertrain
vehicle reduces its velocity in every turning scenario.

The second significant advantage of the symmetric hybrid powertrain
is the capability of making a pivot turn, around the central axis of the
vehicle. During the years of high-speed tracked vehicle utilization, this
advantage has shown to be extremely valuable, especially when the
vehicle is utilized in urban conditions.

Conclusion

Improving the classic mechanical high-speed tracked vehicle
powertrain into a hybrid powertrain improves the vehicle potential power
efficiency and performance. The need to overcome the mechanical
powertrain concept comes from the fact that mechanical powertrains lose
significant amount of power due to losses in the friction elements due to
slip, which has impact on the turning radius, manoeuvrability, stability and
other vehicle performances.

Even though most of performance and power efficiency parameters
go in favor of asymmetric hybrid powertrains where the same turning
parameters are achieved with 40% less power, most of the world known
manufacturers opted for symmetric hybrid powertrains. The symmetric
hybrid powertrain has a great advantage - turning with a 33% lower turning
radius than the asymmetric powertrain, and also the lowest theoretical
turning radius, which is turning around the vertical axis of the vehicle,
referred to as the pivot turn. Turning around the vertical axis allows the
vehicle to turn in urban conditions and other areas that provide low
manoeuvrability, which is one of the greatest advantages and parameters
of a high-speed tracked vehicle. By utilizing electric motors as drive
machines for the turning mechanisms, the turning algorithm can be fully
controlled, making the turn with asymmetric increase/decrease of
outer/inner track velocity. The suggested hybrid powertrain has the




potential to be programmed in such a way that it provides the function of
both asymmetric and symmetric turning mechanism, depending on the
driver’s demands.

Considering multiple improvements and virtues of the analyzed hybrid
powertrain solutions, one obstacle stands before these powertrain
solutions, and that is the power source which provides enough energy for
the required working regimes. The capacity and power of the power
sources have to be analyzed in detail, especially in the case of fully electric
working regime of the powertrain and other conceptions including using
electric motors for purposes other than trajectory correction. Opposite to
the vehicle turning regime where electric motors are briefly used,
rectilinear movement would demand significantly more electric energy
from batteries which are charged by the ICE. Analyzing the ICE power
needed for battery charging is obligatory in the mentioned working
regimes.
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Resumen:

Introduccién/objetivo: El aumento en el desarrollo de sistemas de
propulsion hibridos durante la dltima década puso a los vehiculos de
orugas de alta velocidad en el mismo centro de atencion que los vehiculos
hibridos comerciales y de pasajeros. Hay varias concepciones de sistemas
de propulsion hibridos para vehiculos de orugas de alta velocidad que se




estan investigando principalmente, pero todavia no hay una conclusion
clara sobre cuél es la mas eficiente. El principal obstaculo para una
investigacion mas intensa es la creciente dificultad para producir un
sistema de almacenamiento de bateria que proporcione una potencia de
alta densidad y proteccion y resistencia a los golpes. Sin embargo, existe
un cierto numero de estudios de investigacion y prototipos desarrollados a
partir de modelos de simulacion que muestran un rendimiento satisfactorio
para concepciones de sistemas de propulsion hibridos tanto asimétricos
como simétricos.

Métodos: EI modelo de simulacion hibrido desarrollado y verificado se
mejora en términos de unidad de sefial de comando, de modo que el
sistema de propulsion y los motores eléctricos en el accionamiento auxiliar
puedan operarse facilmente en el régimen de trabajo hibrido asimétrico y
en el régimen de trabajo hibrido simétrico. El objetivo principal es simular
regimenes de trabajo especificos en los que se puedan evaluar el
rendimiento y la eficiencia energética del sistema de propulsion hibrido
simétrico y asimétrico para encontrar el concepto de sistema de propulsion
mas eficiente.

Resultados: Los resultados indican que el sistema de propulsiéon hibrido
asimétrico tendra menos consumo de energia general y un algoritmo de
control mas simple, debido a que controla un solo motor eléctrico. Para la
misma potencia total, el sistema de propulsion hibrido asimétrico tiene un
radio de giro menor, lo cual es satisfactorio. Cuando se conduce a maxima
potencia, el sistema de propulsion hibrido simétrico tendra un radio de giro
mas bajo y una mejor maniobrabilidad, pero aumentara considerablemente
el consumo de energia.

Conclusion: El accionamiento asimétrico tiene una eficiencia energética
claramente mejor, pero el accionamiento simétrico tiene la ventaja de un
rendimiento maximo. Realizar un giro de pivote (alrededor del eje vertical)
y realizar un giro sin reducir la velocidad del vehiculo es de gran
importancia, especialmente considerando el propdsito especial mas comun
de este vehiculo y las maniobras en condiciones de terreno dificiles.

Palabras claves: vehiculos de orugas de alta velocidad, sistemas de
propulsion hibridos, analisis del proceso de giro, andlisis del equilibrio
de potencia.
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PYBPUKA 'PHTW: 78.25.09 BoeHHast aBTOMOOUNbHAsA TEXHUKA,
78.25.10 bpoHeTaHKoBasi TEXHMKA
BWO CTATbW: opurmHanbHasa Hay4Has ctaTbs

Peswome:

BeedeHue/uens: lNpoepeccupyroujee pazgsumue 2ubpudHbIX CUI08bIX
yCmaHOB8OK 8 meyeHue rocrnedHea20 Oecsamuniemusi [PUBIEKIIO
BHUMaHUE K 8bICOKOCKOPOCMHBIM 2YCEHUYHbIM MpaHCopMmMHbIM
cpedcmeam. Cyujecmgyem HECKO/IbKO yCmoUYusbIX KOHuenuul
2ubpudHbix cucmem nepedadyu MowHocmu Ossi 8bICOKOCKOPOCMHbIX
2YCeHUYHbIX MawuH, Komopbie bbiiu muameribHO UccriedosaHbl U
dosedeHbl 00 cmaduu ripomomura, 00HaKO KOHKpemHo20 aHasu3a u
3aknyeHusi o Haubonee aghgpekmusHol KoHuenuyuu Hem. OCHOBHbIM
npenamcmeuem 0na 6onee enybokux uccrnedosaHuli sensemcs
npobriema co30aHusi cucmeMbl XpaHeHUs1 akKyMynsmopHbix bamaped,
m.e. akkymynsimopa 0ocmamoy4Hol eMKocmu U yderibHOU MOUWHOCMU,
ycmouyueoMy K yOapaM U HagpyskaM, 8O3HUKaloWum  rpu
UCronb308aHUU  BbILUEYNOMSIHYMbIX — MPaHCopmHbIx — cpedcms.
O0Hako  cywecmgyem  onpederieHHOe  KOu4ecmeo  Hay4YHbIX
uccnedoesaHuli U pomomurios, paspabomaHHbIX Ha OCHO8E
UMUMayUOHHbIX moderned, Komopble OeMOHCcmpupytom
ydosnemeopumerbHyto rpou3eodumeibHoCMb KaK ons
acuMmMempuyHbIX, mak U 0719 CUMMEMPUYHbIX 2UBPUOGHbIX CUIOBbIX
yCMaHOBOK.

Memoodbi: Paspaboma+Has u nposepeHHas 2ubpudHas umumauyuoHHasi
Mo0esnib ycosepuieHcmeogaHa C MOYKU 3peHusi brioka KOMaHOHbIX
CuzHaso8, maKk 4Ymo yrpaeseHue cunoeol ycmaHoeKol U
anekmpodsueamernsiMu  6CrioMoeamesibHo2o npueoda MakCUuMalibHO
YAPOW|EHO KaK 8 acuMMempUYHOM, maK U CUMMEMPUYHOM 2UbpUOHOM
paboyem pexume. OcHosHasi uesib cocmoum 6 ModenuposaHuu
KOHKPEMHbIX pPexXumos pabombi, npu KOmMOPbIX MOXHO OUEHUMb
rnpou3eodumesibHOCMb U 3Hep203¢hgheKmuU8HOCMb aCUMMEMPUYHbIX U
CUMMEemPUYHbIX 2UBPUOHbBIX CUMOBbIX YyCmMaHOBOK O71si Mmoo, Ymobbi
Halmu Haubornee aghheKmusHyr KOHUEMNUU Cuio8020 azpeaama.

Pesynbmamei: Pe3ynbmambl nokasbiearom, 4mo y acuMMempuyHoU
2ubpudHoli curnosou ycmaHoeKu bydem MeHbwee




aHepeoriompebrieHue u bosiee npocmoll an2opumm  yrpasneHust
braeo0aps ynpasrneHur 8ce2o 00HUM anekmpodsuzamernem. [1pu mol
Xe obwel mowHocmu y acummempuydHol 2ubpudHol curnosol
ycmaHoeku paduyc noeopoma 6ydem MeHbwe, 4YmMO sersgemcs
ydoernemeopumernbHbiM oka3damerneMm. [lpu pabome Ha ronHol
MowjHOCMU CcuMMempuyYHbIl 2ubpudHbIl cunoeol aspezam b6ydem
umems MeHbWwul paduyc nosopoma u Jyyuwyto MaHeepeHHOCMb, HO
3HayUMesIbHO y8enuyum sHepaonompebieHue.

Bbigod: AcummempuuyHbili  pueod s.8HO  obradaem  bornbwel
3HEP203ChheKMUBHOCMbBIO,  HO  MPeUuMyLecmso  CUMMEMPUYHO20
npueofa 3aKkmoHaemcss 8 MakcuMaribHOU — rpou3gooumesibHoOCMU.
Bbinon+HeHue pasgopoma (80Kpye eepmukarbHOU OCU) U 8bIMOoNHeHUe
paseopoma 6e3 CHUXXeHUSI CKOpOCMU mpaHCriopmHo20 cpedcmea umeem
borbuoe 3HavYeHuUe, 0COBEHHO y4umbIgasi Haubosiee pacrpocmpaHeHHoe
crieyuarnibHoe HasHauyeHue 3Mmoe20 MmpaHcrnopmHoz2o cpedcmea U
MaHe8pUpPOBaHUE 8 CIIOXKHBIX YCII08USIX MECMHOCMU.

Knroyesbie  criosa:  8bICOKOCKOPOCMHbIE — 2YCeHUYHbIe  MalluHbl,
2ubpudHbIe CuUoBble YCMAaHOBKU, aHanu3 fpoyecca pa3sopoma,
aHanua 6anarca MowHoOCMu.
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OBJIACT: MalmHCcTBO
KATETOPWJA (TUM) YNAHKA: opurmHanHm HayvHu pag

Caxemak:

Yeod/yurb: 3axearbyjyhu ybp3aHoM pa3gojy XubpudHux cucmema 3a
MPEHOC CHaee y rnocredr0j eueHuju, y UeHmpy rnaxe Hawsiu cy ce u
cucmemu 3a rnpeHoc cHaze 6pP30XO0HUX 2yceHUYHUX eosuna. [Mocmoju
HEKOJUKO ycmarbeHUX KoHuenuyuja XubpudHux cucmema 3a rpeHoc cHaze
08UX 803Ura Koja Cy y 8eriukoj Mepu ucmpaxeHa u 0osedeHa 0o ¢hase
npomomura, anu HemMa KOHKPEMHUX aHanu3a U 3aK/bydyka O
HajegbukacHujoj KoHuenuuju. [rnaeHy npernpeKky 3a UHMEH3UsHuja
ucmpaxueara npedcmaerba npobrnem npou3sodH-e  ckrnaduuwma
efnekmpuyHe eHepauje, 0OHOCHO bamepuja 0080/bLHO2 Kanauumema u
eycmuHe cHaee, Koja bu buna ommopHa Ha ydape u onimepeherba Koja
Hacmajy ycned yrnompebe HasedeHux 8o3una. Vnak, nocmoju oopeheHu
6poj ucmpaxuearba U rfpou3gedeHUX Mpomomuna, pa3eujeHux Uus3
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cumynayuoHux moderna, Koju rokasyjy 3adososrbasajyhe nepgopmaHce u
Kapakmepucmuke U 3a CUMempUYHU U 3@ HecUuMempuydHU XubpudHu
cucmemM 3a nPeHoc CHage 6P30X00HUX 2yCeHUYHUX 803ura.

Memode: Pa3ssujeHu u eepugbukosaHu cumyrayuoHu modesi xubpudHe
mpaHcmucuje crieyuguydHo2 6p30x00Hoe 2yceHUYHo2 8o3urna yHarnpeheH
Jje HosoM yripasrbaykoM jeQUHUUOM Koja omoeyhasa onakwaHo
ynpasrbarbe efiekmpomMomopuma y noMohHOM ro2oHy padu yrnpasrbarba
HecuMempu4YHUM U CUMEMPUYHUM 3aoKpemom eo3uria. [nasHu yurb je
cumyrnupare creyubudHUX pexuma pada romMohy Kojux ce Moxe
usspwumu oueHa rnepgopmaHcu U eHepaemcke eghukacHocmu
HecuMempuUYHUX U cUMempUYHUX XUBpUOHUX cucmema 3a NPeHoc cHaze
6p30X00HUX 2yCeHUYHUX 803Ura, Kako bu ce ycmaHosusa HajechukacHuja
KoHuenuuja.

Pesynmamu: Pe3ynmamu yka3yjy 0a HecumempuyHu XubpudHu cucmem
3a NpeHoC CHaze 3axmesa Mar-e yKyrHe cHaze 3a U3epuierbe 3aokpema
U uMa 3HamHo jeGHOCcmaesHuju anzopumam yrpaerbarba, umajyhu y eudy
O0a ce ynpaerbare 6puwilu camMo jeOHUM efleKmpoMomopoM. 3a ucmy
YIOXEHY CHazy, HecuMempu4HU XUOpUOHU cucmeM 3a MPeHOC CHaze
umahe MarsU OMyNpeyYHUK 3aokpema, wmo je 3adoeosbasajyhe. Y
PEXUMY MaKCUMaslHe aH2axk0eaHe CHaz2e, CUMempuYHU cucmem 3a
3aoKkpem umahe MarbU ronyrpeyHUK 3aokpema u 6osrby yripasrbugocm,
anu u 3HamHo riogeharbe ympouwika cHaze y 00HOCYy Ha Hecumempuy4HU
cucmenm.

Sakrpyyqak: HecumempuyHu cucmem 3a npeHoc cHaze uma, o4u2redHo,
borby eHepeemcKy ecbukacHocm. Mehymum, npedHocm cumempuyHoe
cucmema 3a [PEHOC CHaze je y MakcuMasrHuM repgopmMaHcama.
U3eohere nueom 3aokpema (3aoKpem OKO eepmukasiHe oce 8o3usna) u
3aoKkpem 6e3 cmamerba 6p3uHe mexuwma eo3ura 00 eeslukoz cy
3Hadaja, nocebHo umajyhu y eudy crieyujarniHy HameHy osux eo3una u
Kpemarbe y 3axmeeHUM MEPEHCKUM yCrioguMa.

KrbyyHe pedu: 6p30X00HO 2yCeHUYHO 803urlo, XUbpudHU cucmem 3a
MpeHoC CHaze, aHasnu3a 3aokpema eo3uria, aHanu3a bunaHca cHaze.
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