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CONTROL SYSTEM OF DOUBLE-ROTOR INDUCTION MOTORS
FOR HYBRID VEHICLES

Purpose. Analyzing of the principles of construction of a double-rotor induction machine control system as a
power divider in hybrid vehicles. Defining the features of the functioning of this electromechanical system during the
operation of the internal combustion engine and when it is turned off.

Methodology. The theoretical studies were based on the theory of induction electric machines, the principles of
the operation of power converter devices, the laws of transformation of electric energy into mechanical and vice versa.
The synthesis of the control system of the double-rotor induction machine was carried out using the theory of field-
oriented vector control. The design of the computer model was performed using simulation in the Matlab/Simulink
environment.

Findings. The existing structures of hybrid vehicles were analyzed and it was found that the most versatile scheme
is a series-parallel scheme. In such systems, the planetary transmission is used as a power divider, but it is a complex
mechanical unit. In order to replace the planetary transmission in the hybrid vehicles, the possibility of using a dou-
ble-rotor induction machine was studied. The structure of the control system for an induction machine with two ro-
tors is developed, the internal rotor of which is connected to the internal combustion engine, and the external rotor is
connected to the transmission of the vehicle. The stator and the internal rotor of the machine are connected to a
converter that can conduct electric energy in both directions. The results of the simulation of the system during op-
eration of the internal combustion engine, as well as when it is turned off, are presented.

Originality. The structure of the control system of a double-rotor induction machine in the hybrid vehicle, in
which the control of the internal rotor is carried out in order to maintain the reference value of the torque, and the
control of the external rotor is carried out in order to maintain the necessary speed of the vehicle, is proposed.

Practical value. The proposed system can be used in the structure of existing hybrid vehicles built on a series-
parallel scheme. In its structure, a double-rotor induction machine can simultaneously replace both electric ma-
chines, one of which is most often used in the generator mode, and the other is used in the motor mode, as well as the

planetary transmission, which performs the separation of electrical and mechanical powers.
Keywords: induction machine, machine with two rotors, hybrid vehicles, energy efficiency

Introduction. In recent years, electric and hybrid ve-
hicles have been attracting more and more attention due
to the obvious advantages of saving fuel resources and
reducing harmful emissions to the environment. De-
spite the fact that the use of electric vehicles allows solv-
ing completely the problem of harm to the ecological
state of environment, their operation is confronted with
a number of inconveniences associated with a limited
distance of movement from one charge through the lim-
ited capacity of an autonomous power source and the
lack of necessary infrastructure. Overcoming these dis-
advantages is possible with the use of hybrid vehicles
that have two sources of energy. Their use is currently
considered as a promising direction for increasing the
energy efficiency of such systems.

Existing hybrid vehicles are built on the basis of par-
allel [1], series [1, 2] and series-parallel schemes [3, 4]
and it is the series-parallel scheme that combines the
advantages of the other two structures, that is, it allows
achieving the highest performance indicators at move in
urban, extra-urban and highway conditions. However,
this structure is the most complicated in comparison
with the others, because it contains a power divider,
called planetary transmission. This unit controls the
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power flows from internal combustion engine, the gen-
erator and the traction motor, therefore, its functioning
is the key in the analysis of such vehicles. As power divi-
sion is done at the level of mechanical rotation of plan-
etary transmission parts, its use leads to increasing pow-
er losses in the system as well as additional noise. There-
fore, nowadays researchers are considering the possibil-
ity of realizing the process of power division based not
on a purely mechanical unit, but on an electromechani-
cal converter which is an electric machine with two ro-
tors.

Analysis of the recent research. Currently, researches
are widely exploring the possibility of using an electric
machine as a power separator [5]. In [6], the authors
propose ways to optimize the management of power dis-
tribution processes in the structure of hybrid vehicles,
but focuses on the creation of mathematical models of
the components. Such an approach does not allow as-
sessing the possibility of integrating an electric machine
with two rotors into the structure of the electromechan-
ical system. The paper [7] analyzes a double-rotor
switched reluctance motor for separating the power flow
of hybrid vehicles, but the principles of constructing a
control system cannot be applied to an electric machine
based on using of Lorenz force, so it is not possible to
adapt it to an induction motor. In [8] a detailed descrip-
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tion of the method of double-rotor switched reluctance
motors is presented in order to optimize their perfor-
mance regarding energy efficiency. Since traction elec-
tromechanical systems have proved to be quite good
when synchronous motors with permanent magnets are
used in them, it is topical to analyze the possibility of
such machines with two rotors. Relevant studies are pre-
sented in [9, 10], but the high cost of rare earth materials
used in the construction of this type of machines, leads
to increasing interest in machines without permanent
magnets. Since the main aim of synthesis of hybrid
structures of traction electromechanical systems is to in-
crease energy efficiency indicators, it is expedient to use
energy optimization methods [11] when developing the
appropriate control systems, and in order to increase ro-
bustness — use sliding mode controllers [12]. One more
component of the energy optimization of the system is
the use of perspective schemes of energy converters. The
possibilities of power optimization of traction electric
alternative current drives are presented in [ 13—15], how-
ever, in these publications machines are considered with
only one mechanical port. Consequently, the issue of
synthesis of the control system of a double-rotor induc-
tion machine and the analysis of operation modes of
such hybrid transport systems in existing publications
are not discussed.

Objectives of the article. An analysis of the principles
of construction of double-rotor induction machine con-
trol system as a power divider in hybrid vehicles.

Presentation of the main research. Planetary trans-
mission is the main component that fulfills matching
and separating power flows of the hybrid electric vehi-
cles based on the series-parallel scheme. It is a mechan-
ical device that due to its construction can change, add
or divide supplied angular velocities and torques within
one rotational axis. Constructively, it is a set of inter-
connected gear wheels, a part of which has a common
geometrically stationary rotational axis and the other
part has a movable rotational axis that rotates concentri-
cally around the stationary one. The gear wheals which
have stationary rotational axis are not meshing directly
but through rotating wheel. According to mechanics,
the planetary transmission is the system with two de-
grees of freedom that is an important difference from
any other rotational transmissions which have only one
degree of freedom. This very feature, which is a direct
consequence of its construction, allows it not only to re-
duce these speeds, but also to add and divide, and this
fact is rather useful for implementation of operation
modes of hybrid vehicles. However, as the planetary
transmission is a mechanical component, using it means
loss of power, acoustic noise, necessity of being served
and backlash and eccentricity may appear in this case.
Therefore, the idea of using an electrical device instead
of mechanical transmission for separating the power
flows is quite rational, because such an approach can
eliminate all the disadvantages mentioned above. In this
case an electric machine with two rotors becomes the
main element. The use of the electric machine with two
rotors significantly simplifies the structure of the trac-
tion electromechanical system. Such a machine has two
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concentric rotors called internal and external rotors. In
this scheme internal combustion engine rotates the in-
ternal rotor and its power is divided into two parts: the
first part through the internal rotor and the external ro-
tor is transmitted to the wheels, and the other part goes
through the internal rotor, the controlled rectifier, the
battery, the inverter, the stator and is transmitted to the
wheels through the external rotor. Consequently, the ex-
ternal rotor is the point of scheme where two rotational
torques are added.

In order to create an adequate mathematical model
of this electromechanical converter, it is necessary to
fulfill a number of requirements: 1. One set of windings
should be located on the stationary part of the machine,
the other should be on one of the two moving parts. In
this case, the electric energy is supplied to the rotating
part of the machine with help of contact rings or brush-
es. 2. The central part of the machine separated from the
inner and outer ones with air gaps is the point where the
electromagnetic torques created by independent elec-
tromagnetic subsystems are added. 3. Two mechanical
outputs can be freely assigned to any of three compo-
nents of the machine according to the application.
4. Two mechanical outputs have to be able to transmit
energy in two directions, i.e. to move the mechanical
body, which is connected to them or to be moved by this
body. 5. The electrical components of the model have to
be able to transmit energy in two directions, i.e. to oper-
ate either in the electric energy consumption mode or in
the generator mode.

Consequently, the stator and internal rotor winding
are connected to the common battery with help of two
bi-directional converters. Such a system will have char-
acteristics which are similar to the series-parallel struc-
ture of the hybrid vehicle with planetary transmission
and two independent electric machines. The advantage
of using the machine with two rotors is the fact that the
same functionality will be provided by one compact de-
vice, as well as the system will have higher energy effi-
ciency.

Then, taking a positive direction of d-axis as a posi-
tion of flux-linkage vector of external rotor, equations of
electric equilibrium can be written as follows

d\l’dl

Uy =Ry + _((’)s — PO, )qu;

. Vi .
u, =Ri, +th+(ms —P‘Dm)‘lfdp

dy
0=Ri, +—42;
dart—

0= Ryipy + @\ s

where u, and u,, are the projections of the vector of the
phase voltage of the internal rotor on the dq axises; R, is
the active resistance of the internal rotor windings; i,
and i, are the projections of the phase current vector of
the internal rotor in the dg frame; vy, and y,, are the
projections of the flux linkage of the internal rotor in the
dq frame; o, is the synchronous speed; p is the number
of pole pairs, ®,, is mechanical speed of the internal ro-
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tor; R, is the active resistance of the external rotor wind-
ings; i and i, are the projections of the phase current
vector of the external rotor in the dq frame; y,, is the
projection of the flux linkage of the external rotor on the
d axis; ws, is slip frequency.

The corresponding flux-linkages can be calculated
by the following dependencies

Wai = Lyigy + Lyig;
\Vql = Lliql + Lmiq2;

Vi = Ly + Loig;
0 = Lmiq] + L2i42’

where L, is the self-inductance of the internal rotor
windings; L, is the self-inductance of the external rotor
windings; L,, is the mutual inductance.

In most cases, the angular speed and torque required
from the traction drive of a hybrid vehicle do not corre-
spond to the optimal values considering energy efficien-
cy of the ICE. Therefore, the goal of controlling the
power set of a hybrid vehicle is to choose the optimal
distribution of powers of individual components at every
moment to minimize energy consumption when driving
in a given cycle. Thus, the development of hybrid vehi-
cle control systems should take into account both a re-
quirement for the implementation of reference driving
requirements and increasing fuel efficiency. To simplify
the analysis, the double-rotor machine can be consid-
ered as two independent ones, which greatly simplifies
the synthesis of the control system. Then the task of
controlling the internal rotor of the machine is to pro-
vide a reference speed in order to compensate the differ-
ence between the angular speed of the ICE and the ref-
erence value needed for the vehicle to move. At the same
time, the task of controlling the external rotor of such a
machine is to minimize the difference between the real
value of the ICE torque and the reference value needed
for the movement of the vehicle.

The main source of energy for a hybrid vehicle is the
ICE. When a double-rotor machine is used, the energy
coming from it with the help of an electric machine is
converted into electric and recharges the battery. On the
one hand, it seems that such a transformation of energy
reduces the efficiency of a hybrid power set; however,
energy conversion quality indexes significantly improve
through choosing the optimal operation point. A re-
markable advantage of a double-rotor machine is the
possibility of continuous change of gear ratio, which al-
lows, due to this change, the drive to operate in the zone
of high efficiency, regardless of the parameters of mo-
tion.

Fig. 1 presents a structure that describes the general
concept of controlling the double-rotor machine of a
hybrid vehicle. As you know, the ICE has low energy
efficiency at low angular speeds and low loads [7].
Therefore, the main task realized by this system is to
maintain the working point of the ICE in the area of
highest efficiency.

Considering the design of the double-rotor machine
control system, first of all, it is necessary to find out the
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rational logic of turning on and turning off the ICE.
When the vehicle is in motion, the internal combustion
engine works at the point of optimal efficiency, in any
other case it is turned off. For the battery pack, the opti-
mum working interval for the level of charge S,,i,—Smax
is set in advance, which is the key for determining the
moments of the turning on and turning off times of the
internal combustion engine. The internal combustion
engine will be switched off, when the battery state of
charge is sufficient, i.e. exceed the value S, In this
case, the vehicle will be moved by electric traction.
When the battery state of charge is low, that is, lower
than the value S,,,;,,, the internal combustion engine gen-
erates constant power, which is used for charging the
battery and move the vehicle.

In such a case the internal combustion engine is con-
nected to the internal rotor of the induction machine
and operates at a constant rotational speed. Thus, when
the control system of rotor circuits of such a motor is
synthesized, it is necessary to proceed the following
conditions: in the case when the external rotor is able to
provide the necessary traction force to realize current
reference signal on the vehicle and the state of the bat-
tery corresponds to the level requiring its recharging, the
internal rotor operates in the generator mode, convert-
ing the mechanical energy obtained from the ICE into
electrical one. In the case when the traction force of the
external rotor is not enough, the sign of the reference
torque changes to the opposite one, and the electrome-
chanical processes in the internal rotor corresponds to
motor operation mode, which allows increasing the in-
dexes of performance of the vehicle, such as maximum
speed, ability to overcome the rise and acceleration in-
dexes significantly. Consequently, the principle of the
internal rotor control is providing reference value of
torque 7™ applied to the shift of the ICE, and the prin-
ciple of the external rotor control is obtaining the re-
quired speed of the vehicle. The control system consists
of internal and external rotor subsystems and is based on
the principles of vector field-oriented control, which al-
lows having independent channels of control of the flux
linkage of the external and internal rotor. The compen-
sation of the internal cross-connections of the motor is
not shown for simplification.

In order to analyze the double-rotor induction ma-
chine operation modes in the hybrid vehicle, an imita-
tion model has been developed and the operation of the
system with the turned off ICE (Fig. 2) and with the
turning on the ICE (Fig. 3) during the performance has
been studied. From the analysis of the obtained graphs,
we can make the following conclusions:

1. When the system operates with the turned off in-
ternal combustion engine (Fig. 2) a smooth discharge of
the battery can be noticed. In this mode of operation
the main task of double-rotor induction motor control
system is to provide the required value of the angular
speed of the external rotor and to monitor the level of
charge of the battery in order to involve the ICE in the
operation on time when the level of charge becomes
lower than the reference level (in the model is used the
40 % level).
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Fig. 1. Structure of the control system of the double-rotor induction machine in the hybrid vehicle

2. From the graph of the angular velocity of the ex-
ternal rotor (Fig. 3, @) it can be seen that when the ICE
is turned on (7 = 1.5 s) due to the large value of starting
current of internal rotor, there are oscillations of the
angular speed of the external rotor, which can be ex-
plained by the electromagnetic interaction of two sub-
systems. In order to eliminate this, it is necessary to
develop current-limiting control circuits for the electri-
cal scheme of the internal rotor. In this case, it is neces-
sary to take into account the fact that the short-term
exceeding of rated current in this circuit is allowed in
the motor mode for increasing the vehicle performance
indexes.
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3. When the ICE is turned on and we need quick ac-
celeration (period 6.5—7 ¢ in Fig. 3), the electrome-
chanical system of the internal rotor operates in the mo-
tor mode, fulfilling the addition of electric power con-
sumed from the battery and the power of internal com-
bustion engine. At this time there is a slow discharge of
the battery. The implementation of such a mode is nec-
essary to ensure high value of productivity indexes of the
vehicle.

Conclusions and recommendations for further re-
search. The work of the control system of the double-
rotor induction machine in the hybrid vehicle has been
investigated. It has been proved that its functioning
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Fig. 2. Graphs of the angular speed (a), stator current of the motor (b) and state of charge of the battery (c) when the
hybrid vehicle operates with a double-rotor induction machine with the ICE which is turned off
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Fig. 3. Graphs of the angular speed (a), stator current of the motor (b) and state of charge of the battery (c) when the
hybrid vehicle operates with a double-rotor induction machine with the turning-on of the ICE

meets the important requirements for the separation of
electrical and mechanical powers that are necessary to
such systems. The use of this type of machine will elimi-
nate the mechanical power divider that currently serves
as a planetary transmission, which will improve the en-
ergy efficiency and reliability of such systems.
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Cucrema KepyBaHHSI aCHHXPOHHUMH
MalIMHAMM i3 BOMa pOTOpamMM i TiOpuIHMX
TPAHCIIOPTHUX 3aC00iB
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Meta. AHaji3 TpUHUUIMIB MOOYIOBU CUCTEMU Ke-
PYBaHHSI TBOPOTOPHOIO ACUHXPOHHOIO MAalIWHOIO B
poJi po3aiitoBadya MOTYXKHOCTI y CKJaAi TiOpUAHOTO
TPAHCIIOPTHOTO 3aco0y. BusBiaeHHs ocobauBOCTEN
(byHKIIiIOHYBaHHS TaHOI €JIEeKTPOMEXaHIYHOI CUCTEMU
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npu poOOTi ABUTYHA BHYTPILIHBOTO 3rOPaHHS Ta MpU
OTO BiAKJIIOYEHHI.

Mertomuka. TeopeTuyHi AOCHiIKeHHST Oa3yBaUCs
Ha Teopii aCMHXPOHHMX eJICKTPUYHUX MAILIMH, IIPUHIIU-
max (pyHKIIIOHyBaHHSI CUJIOBOI MePEeTBOPIOBAILHOI TEX-
HiKM, 3aKOHOMIpHOCTSIX TEPETBOPEHHS EJIeKTPUYHOI
eHeprii B MexaHiuyHy Ta HaBnaku. CUHTE3 CUCTEMU Kepy-
BaHHSI IBOPOTOPHOIO ACMHXPOHHOIO MAallWHOIO 3Iili-
CHIOBABCS 3 BUKOPUCTAHHSIM TeOpii BEKTOPHOTO MOJIe0-
pieHTOBaHOTrO KepyBaHHS. KOHCTpPYIOBaHHS KOMIT 10-
TEepHOI MOJIeJli BUKOHYBAJIOCS 3a IOTMOMOTOI0 iMiTalliii-
HOTO MOJIE/TIOBaHHS B cepenoBulili Matlab/Simulink.

Pesyabratu. IIpoaHasizoBaHi iCHyIOUi CTPYKTypu
riOpUIHUX TPAaHCHOPTHUX 3acO0iB Ta BUSIBJICHO, IO
HaMOIIbII YHiBEpCAJbHOK CXEMOIO € MOCJIiI0BHO-TIA-
pajiesibHa cxeMma. Y TaKUX CUcTeMax y SIKOCTi PO3MIiIio-
Baya IMOTY>KHOCTi BUKOPUCTOBYETHCSI TUIAaHETAapHA TIe-
penava, 110 € CKJIaAHMUM MeXaHiuHUM BY3JIoM. I3 Me-
TOIO 3aMillleHHs TUIaHeTapHOi mepefayi y ckiaami Ti-
OpUIHUX TPAHCIOPTHUX 3aCO0IB BUBUEHA MOXJIMBICTh
3aCTOCYBaHHSI JBOPOTOPHOI €JIEKTPUYHOI MAallUHM.
Po3pobneHa cTpykTypa cuCTeMU KepyBaHHSI s
ACMHXPOHHOI MAlllMHU i3 TBOMa POTOpaMU, BHYTPilll-
Hili pOTOp SIKOI MiAKIOUYAETLCS 10 NBUTYHA BHYTpill-
HBOTO 3TOpaHHS, a 30BHIlIHIN POTOP — A0 TpaHCMicil
TpaHcnopTHoro 3aco0y. Crarop i BHYTpILIHIM poTop
MaIllMHU ITIKITIOYAl0TECS 1O TIepPeTBOpPIOBava, IO
MOXKe IIPOITyCKaTH eJIeKTPUUYHY €HEeprilo B 000X Ha-
npsaMkax. IlpencTtaBiaeHi pe3yabTaTu MOMAETIOBaHHS
poOOTH CHUCTeMU MPU POOOTi ABUTYHA BHYTPIIlTHHOTO
3rOpaHHsI, a TAKOX IMPU MOT0 BiIKIIOUYEHHi.

HaykoBa HoBu3HA. 3arTporIOHOBaHA CTPYKTYpa CHC-
TeMU KepyBaHHSI ABOPOTOPHOIO AaCMHXPOHHOIO Mallu-
HOIO y CKJadi riOpuaHOro TpaHCIOPTHOIrO 3acoly, B
SIKili KepyBaHHSI BHYTPIllIHIM POTOPOM 3IiCHIOETHCS 3
METOIO MiOTPUMaHHS 3aJaHOi BEJIMYMHM MOMEHTY, a
KepyBaHHSI 30BHIIIIHIM POTOPOM — 3 METOIO MiATPUMaH-
HsI HEOOXigHOI IBUIKOCTI PyXy TPaHCIIOPTHOTO 3ac00y.

IIpakTHuna 3HaymMicTh. OTpUMaHa CHCTEMa MOXe
OyTH BUKOpUCTAHA y CTPYKTYpi iCHYIOUMX TiOpUIHUX
TPaHCIOPTHUX 3acO0iB, 110 TTOOYIOBaHI 3a TMOCIIiI0B-
HO-TIapajieIbHOIO CXEMOI0. 32 CBOEIO CTPYKTYPOIO IBO-
pPOTOpPHA aCUHXPOHHA MalllMHA MOXe OJJHOYACHO 3aMi-
HUTHU OOUJIBI €JIEKTPUYHI MalllMHU, OJHA 3 SIKMX Hali-
yacTille BUKOPUCTOBYEThCSI B PEXMMi reHepaTopa, a
iHIIA — y pexKrMi IBUTYHA, a TaKOXK TJIaHETapHY Mepe-
Javy, 110 BUKOHYE PO3MiJICHHS eJICKTPUIHUX i Mexa-
HIYHUX TTOTY>KHOCTEH.

Kmouosi cnoBa: acuuxponna mawuna, mawuHna i3
deoma pomopamu, 2ibpudri mparHcnopmui 3acobu, eHep-
2oeghekmugHicms

Cucrema ynpasjieHHs] aCHHXPOHHBIMH
MAIIMHAMM C IBYMSI POTOPAMHM JJIsi THOPHIHBIX
TPAHCIOPTHBIX CPeICTB

O. H. Cunuyk, U. A. Kozakeeuu

locynapcTeeHHOE BhICHIEe yueOHOe 3aBeneHue ,, KpuBopox-
CKMI HALIMOHAJIbHBIN YHUBepcuTeT™, r. Kpusoii Por, e-mail:
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Heab. AHanu3 NMPUHLMIIOB MOCTPOEHUSI CUCTEMBbI
YIOPaBJIEHUS ABYXPOTOPHOM AaCMHXPOHHOM MAaIlMHOM B
KauyecTBe pasiesIMTeNsl MOLIHOCTU B COCTaBe rMOpuii-
HOTO TpaHCIOPTHOTO cpencTtBa. OmpeneieHUE OCO-
OcHHOCTE!l (DYHKIIMOHMPOBAHMSI JAHHOM 3JIEKTPOME-
XaHUYECKOM CUCTEMBI PU paboTe ABUraTe sl BHYTPEH-
HETr0 CrOPaHUs U TIPU €ro OTKJIIOUEHUU.

Metoauka. TeopeTuueckue ucciaeaoBaHus 6a3nupo-
BaJIMCh HA TEOPUU ACUHXPOHHBIX 3JEKTPUUYECKUX Ma-
IIWH, TPpUHUMITAX (PYHKLIMOHUPOBAHUS CUJIOBOM TMpe-
00pa3oBaTeIbHON TEXHUKU, 3aKOHOMEPHOCTSIX MPeood-
pa30BaHUS DJAEKTPUUYECKON DHEPTUU B MEXaHUYECKYIO
1 Ha000poT. CHHTE3 CUCTEMBI YIIPaBICHUS ABYXPOTOP-
HOW aCMHXPOHHOI MAaIlIMHOM BBIITOJHSJIOCH C UCITOJIb-
30BaHUEM TEOPUU BEKTOPHOTO MOJIEOPUEHTUPOBAHHO-
ro ynpasieHus. KoHCTpyupoBaHME KOMITbIOTEPHOM
MOJIEJIA BBIMOJIHSJIOCh C TOMOIIBIO UMUTALMOHHOTO
MoaenupoBaHus B cpeae Matlab/Simulink.

PesyabTatel. [IpoaHaiu3upoBaHbl CYIIECTBYIOIINE
CTPYKTYpbl THUOPUIHBIX TPAHCIIOPTHBIX CPEACTB U
orpeleseHo, YTO Haubojiee YHUBEPCAJIbHOM CXeMOM
SBJISIETCS  TIOCJIEIOBATEIbHO-TIapaJyIe/IbHAs  CcXeMa.
B Takux cuctemax B KauecTBe pa3aeanuTelisi MOLILIHOCTU
MCIIOJIb3YETCs TIJIaHeTapHasl repeaaya, Kotopasl sBjsi-
€TCS CIOXHBIM MeXaHMJeCKMM y370M. C IIe/IbIO BBI-
TECHEHUSI TIJIaHETapHOM Tepenayu B cocTaBe ruOpuii-
HBIX TPAHCIIOPTHBIX CPEACTB M3Yy4Y€Ha BO3MOXHOCTb
UCIIOJIb30BAHMUS IBYXPOTOPHOM 3JIEKTPUYECKOU Ma-
mHbl. Pa3paboraHa CTpyKTypa CUCTEMBI YIIpaBIeHUS
JIJISI ACUHXPOHHOM MalllMHbBI C ABYMSI POTOPaMM, BHY-
TPEHHUIA POTOP KOTOPOM MOIKIIIOYAETCS K ABUTATEIIO
BHYTPEHHETO CrOpPaHUsl, a BHEIITHUI — K TPAHCMUCCUU
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TpaHCIIOPTHOTO cpencTtBa. OOMOTKM cTaTopa W BHY-
TPEHHETO POTOpa MAIIWHBI MTOAKITIOYAIOTCS K TTPeod-
pa3oBaTenio, KOTOPBI CIIOCOOEH MPOTyCKaTh dJeK-
TPUYECKYI0O DHEpPruio B NBYX HampasieHusix. [Ipemn-
CTaBJIEHBI PE3YJIbTAThl MONEIUPOBAHUST PAOOTHI CUCTE-
MBI TIpY paboTe IBUTATENs] BHYTPEHHEIO CropaHus, a
TaKXe TP €ro OTKJIIOUYEHUH.

Hayuynas noBusna. IlpemyioxeHa cTpykTypa cucre-
MBI YIPaBJIeHUS IBYXPOTOPHOI aCMHXPOHHOM Malllv-
HOM B COCTaBe TMOPUIHOTO TPAHCIIOPTHOTO CPECTRA,
B KOTOpPOW YIpaBjieHue BHYTPEHHUM POTOPOM OCY-
LIECTBIISIETCS C 1IEJIBIO TIOJIEPXKAaHUST 3aTaHHON BeJIU-
YUHBI MOMEHTA, a YIIpaBJIeHUE BHEITHUM POTOPOM — C
LIEJTBIO TIOJIEPXKAHUST HEOOXOIUMOI CKOPOCTHU IBUXKE-
HUSI TPAHCTIOPTHOTO CPENICTBA.

IIpakTuyeckad 3Hauumoctb. [lonyyeHHas cucrema
MOXET ObITh UCITOJIb30BAaHA B CTPYKTYPE CYILECTBYIO-
IIUX TUOPUIHBIX TPAHCIOPTHBIX CPEICTB, KOTOPbIE
MOCTPOEHBI MO MOCJIEN0BATEIbHO-MAPAIETbHON CcXe-
Me. [1o cBoeil CTpyKType IByXpOTOpHasi aCUHXPOHHast
MallliHa MOXET OJIHOBPEMEHHO 3aMEHUTh 00e 3JIeK-
TpUYECKNE MAIIUHBI, OTHA U3 KOTOPBIX Yallle NCITOThb-
3yeTcsl B pexuMme reHeparopa, a Jpyras — B pexume
JIBUTATENIsI, a TAKXKe TJIaHETapHYIO Mepenavdy, KoTopast
BBITIOJTHSIET pa3eieHue JEKTPUIECKUX U MeXaHW4Ie-
CKHMX MOILIIHOCTEM.

KiioueBble cioBa: acunxponnas mawuna, Mawuna ¢
d08yms pomopamu, eubpuoHsle MpaHcnopmHusie cpedcmaa,
3HepeoappexmusHocms
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