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REGULATION OF UNBALANCED ELECTROMAGNETIC MOMENT
IN MUTUAL LOADING SYSTEMS OF ELECTRIC MACHINES

OF TRACTION ROLLING STOCK AND MULTIPLE UNIT

OF MAINLINE AND INDUSTRIAL TRANSPORT

Purpose. The research data are aimed to identify the regulatory principles of unbalanced electromagnetic moment
of mutually loaded electric machines of traction rolling stock and multiple unit of main and industrial transport. The
purpose of this study is energy efficiency increase of the testing of traction electric machines of direct and pulse current
using the improvement methods of their mutual loading, including the principles of automatic regulation of mutual
loading system. Methodology. The general theoretical provisions and principles of system approach to the theoretical
electric engineering, the theory of electric machines and theoretical mechanics are the methodological basis of this re-
search. The known methods of analysis of electromagnetic and electromechanical processes in electrical machines
of direct and pulse current are used in the study. Methods analysis of loading modes regulation of traction electric ma-
chines was conducted using the generalized scheme of mutual loading. It is universal for all known methods to cover
the losses of idling using the electric power. Findings. The general management principles of mutual loading modes
of the traction electric machines of direct and pulse current by regulating their unbalanced electric magnetic moment
were developed. Regulatory options of unbalanced electromagnetic moment are examined by changing the difference
of the magnetic fluxes of mutually loaded electric machines, the current difference of electric machines anchors, the
difference of the angular velocities of electric machines shafts. Originality. It was obtained the scientific basis devel-
opment to improve the energy efficiency test methods of traction electric machines of direct and pulse current. The
management principles of mutual loading modes of traction electric machines were formulated. For the first time it is
introduced the concept and developed the principles of regulation of unbalanced electromagnetic moment in the mutual
loading systems of electric machines of direct and pulse current. Analytical expressions for the unbalanced moment
of mutually loaded electromagnetic electric machines were obtained. The requirements for automatic regulation
systems of the mutual loading stands of the traction electric machines of direct and pulse current are formulated.
Practical value. Using the results of the theoretical research will significantly simplify the development algorithms of
the test stands management of the traction electric machines of rolling stock for mainline and industrial transport.
Introduction of the proposed principles of mutual loading for traction electric machines will significantly reduce the
costs for creating new stations and modernization of the existing ones for testing of traction electric machines. Auto-
mating the process of refit and acceptance tests of traction electric machines will significantly improve the test quality
and reliability of the traction rolling stock and multiple unit with electric traction drive.

Keywords: traction electric machines; tests; mutual loading; electromagnetic moment; regulation

Introduction well as commutation test require inevitable loading
of the traction electric machines.

High energy efficiency at a relatively low total
power of the supply sources is provided by the sys-
tems of mutual loading, in which there is energy
exchange between the electric machines under study
[11-13]. External supply sources in such loading
systems are only required to cover the power losses
in the electric machines under study [6-8].

Cover of certain types of power losses in the
mutual loading systems can be carried out by both

Requirements of the relevant standards and re-
pair regulations of traction rolling stock and multi-
ple units of the main and industrial vehicles pro-
vide acceptance tests for each newly produced
traction electric machine or after repair [3, 10].
These tests are an important and integral part of the
technological processes of manufacturing or repair
of electric cars, material costs for which are in-
cluded in the cost of the final product. Heating
tests, check of rotation and reverse frequency, as
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direct and indirect methods. The use of indirect
methods the loss covering is realized by using un-
balanced electromagnetic power of the studied
electric machines. This power can be created due
to the difference of both electromotive forces of
electric machines or the difference of their elec-
tromagnetic moments [4].

Purpose

The paper is aimed to determine the regulatory
principles of unbalanced electromagnetic torque of
mutually loaded electric machines of traction roll-
ing stock and multiple units of the mainline and
industrial transport.

Methodology

Unbalanced electromagnetic power of mutually
loaded electric machines of direct and pulse cur-
rent can be represented as the difference [1, 2]

AI)aM = P3M):[ - 1)31\/11" s
where P, P, — are electromagnetic powers of

the tested generator and engine accordingly [5, 9].

P .=cP0l, 6 P, =cD ol

ame M It i i

where ¢ — is a constructive constant of the tested
electric machines of the single type; @, @, — are

the magnetic flows of the generator and engine
accordingly; ., o, — are the angular rotation ve-

locities of the generator and motor armature re-
spectively; 7., I, — are the armature currents of

the generator and motor respectively.

In the mutual loading systems with electric
method to cover the idling losses the regulation of
angular speed of the tested electric machines is
carried out by changing AP, .

Generalized universal scheme of mutual load-
ing system of electric cars, which makes it possible
to realize all the possible variants of electric
method to cover the idling losses, is shown in the
Fig. 1.

In this scheme: M - are the windings of elec-
tric machine tested in the mode of motor; G — are
the windings of electric machine tested in the mode
of generator; 11 — is a consistent source of electric
power; M2 —is a parallel source of electric power;
P —is a gear (converter of angular velocity).

doi 10.15802/stp2014/32965
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Fig. 1. Generalized universal scheme of mutual
loading system

At the electric method to cover the idling losses
the regulation of unbalanced electromagnetic
power AP, is reduced to the regulation of the un-
balanced electromagnetic torque AM., and, as a
result of the angular velocityn ®, . These parame-

ters are interconnected by the equation [1]

do,
dt

b

AM,, = AM +J,

where ZAM , J, —are the idling torque losses in

the stand and the equivalent torque of inertia, re-
spectively, reduced to the shaft of the tested motor.

Block scheme of the angular velocity regulation
®, is shown in the Fig. 2

Af‘lf{.m + l 0‘);1
—
> > >
EAM(w,i)

Fig. 2. The structural scheme of the angular rate
regulation

Unbalanced electromagnetic torque of the
tested generator and motor, reduced to the motor
shaft can be expressed as

AM, =M,  —M !

SMrI" ?
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where M, , M. .
que of the motor and electromagnetic torque of the
generator, respectively.
The reduced electromagnetic torque of the gen-
erator can be represented as
M’ = M3MI‘ k(,l) >

SMI’

— are the electromagnetic tor-

where M, — is electromagnetic torque of the
tested engine; k, — is the coefficient of the angular
velocity transfer of the gear P.

M, =cDl; M, =cbI.

r’r?°

After expressing the electromagnetic torques of
the motor and the generator through the magnetic
fluxes and currents, after transformations we obtain

AM,, =c(®, 1, —k,®,1,). (1)

Let us consider the possible ways of regulating
the values AM,, by changing the parameters of
regulators and converters of the mutual loading
system.

The difference between magnetic fluxes A®D, the
armature current difference A/ and the transfer coef-
ficient of the angular velocity &, [1, 2] will be con-

sidered as the factors determining the value AM .

AD=D, D, ;
Al=1,-1;
k=2
()

pis

The equation of the torques balance in the static
mode for all the schemes of mutual loading with
the electric method to compensate the idling losses
will have the form [1]

AM,, =AM .

Findings

Let us consider the regulation variant AM ., by

changing the difference of magnetic fluxes,

wherein:
Al =0;
k,=1
AD =var.
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Then, the expression (1) can be transformed
into the form

AM,, =cAD-I.

At the consistency of the armature current of
tested electric machines (/ =const) the depend-
ence AM_, (A®) is directly proportional. The na-
ture of the dependence AM, (A®) for different
values of the constant armature current [ is

graphically shown in the Fig. 3.

AM,,,, L>1

I, >1
1!l

/ S AM

AM ., =Y AM o

I
I
|
|

|

AD, AD

Fig. 3. The nature of the dependence of AM_, (AD)

The Fig. 3 shows that at the higher load current
I of the tested electric machines to compensate

the given amount of the losses of torques ZAM it

is required a lesser value of the difference of mag-
netic fluxes AD.

AD, <AD, <AD, .

Let us consider the variant of regulation AM_,

by changing the armature currents difference,
wherein:

k, =1
AD #0;
Al =var.

In this variant of the regulation the condition
AD =0 is taken from considerations that the mag-
netic characteristics of a pair of the tested electric
machines may not be the same [5, 9]. That is, the
case of the magnetic characteristics divergence of
the tested engine and generator is considered.

In this case the expression (1) can be written as

AM,, =c(®, 1, -D.1,).

© A. M. Afanasov, 2014
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After transformations the same expression can
be written in two ways:

AM,, =c(®,-Al+AD- 1, );
AM,, =c(AD -1, + @, -Al).

For the case of correspondence of the magnetic
characteristics (®, =@, )

AM,, = cDAI .

Qualitatively the characteristics AM_, (AI) for

the condition @ =const and A® =0 are shown in
the Fig. 4.

AM ,,, D3> @,
' D, >,
(DI
AM ., =Y AM{ — / S AM
| | I
| |
| |
| | |
| 1 |

Al AL Al Al

Fig. 4. The nature of the dependence of AM,, (AI)
for cases when A® =0

At A® =0 the dependence AM,, (Al) is di-
rectly proportional. At A® =0 the dependence
AM , (AI) is linear. The Fig. 5 shows the nature
of dependence AM, (AI) for three conditions:
AD=0; AD>0; AD<O.

AD >0
WMo AD=0

AD <0

AM., =¥ AM & Y AM

e

|
|
/ Aw; Awy Awm, Al

Fig. 5. The nature of the dependence of AM,, (AI)
for cases when A® # 0
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As one can see from the graphs in the Fig. 5, at the
negative difference of magnetic fluxes of the tested
electric machines (A® < 0) to create the given value
AM ,, it is required the larger current difference A/
than at the coincidence of magnetic characteristics
(AD =0). At the positive difference AD >0 the re-
quired value Al is lesser thanat A® =0 .

Let us consider the variant of regulating AM

by changing the coefficient of angular speed trans-
fer, wherein:

k, =var;
AD #0;
Al =0.

The condition AD # 0 is accepted in this vari-
ant of regulation from the same considerations as
in the previous one.

The equation (1) for the given condition will
have the form

AM,, =cl (D, —k,®,).

After transformations we obtain the same ex-
pression in the form

AM,, =cI[®, (1-k,)+k, AD].

At the coincidence of the magnetic characteris-
tics of the tested electric machines

AM,, =(1-k,)M,,,.

Qualitatively the characteristics AM (km) for
the condition M, =const and A® =0 are shown
in the Fig. 6.

AM .,
M vz o3
M a2
M

Ml

o

0 1 ke

Fig. 6. The nature of the dependence of AM (k)
for cases when A® =0
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In these variants of the mutual loading systems
the transfer coefficient of the angular velocity &,
is always lesser than unity [2].

In the Fig. 7 it is qualitatively presented the de-
pendence nature AM,, (k,) for the case of diver-

gence of the magnetic characteristics of the tested
electric machines (A® #0).

AM 5,

M yin o

AD >0

Fig. 7. The nature of the dependence of AM, (k,)

for cases when A@ =0

As one can see from the graphs in the Fig. 7, at
the negative difference of magnetic fluxes of the
tested electric machines (A® < 0) to create a given
value of unbalanced electromagnetic torque AM,

it is required the coefficient of the angular velocity
transfer k, smaller than at the coincidence of
magnetic characteristics (A® =0). At the positive
difference A® >0 the required value k is greater
than at A® =0.

Originality and practical value

For the first time the concept was introduced and
the principles of regulation of unbalanced electro-
magnetic torque in the systems of mutual loading for
electric machines of direct and pulse current were
considered. Analytical expressions for the unbal-
anced electromagnetic torque for mutually loaded
electric machines, the use of which will facilitate the
development of control algorithms for testing stands
of the traction electric cars of rolling stock of
mainline and industrial transport were obtained.

Conclusions

Unbalanced electromagnetic torque of mutually
loaded traction electric machines provides an un-
balanced electromagnetic power needed for the

doi 10.15802/stp2014/32965

74

implementation of electric method to cover the
idling losses in the electric machines under study.

Regulation of wunbalanced -electromagnetic
torque of mutually loaded traction electric ma-
chines can be realized by changing the difference
of armature current, the difference of magnetic
fluxes and the difference of the rotation angular
velocities of electric machines armatures.

At the mutual loading of electric traction ma-
chines with divergent magnetic characteristics a
broader range of regulating the magnetic fluxes of
the machines under study is required.
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PETYJIIOBAHHSA HEBAJIAHCHOTI'O EJIEKTPOMATI'HITHOI'O
MOMEHTY B CUCTEMAX B3A€EMHOI'O HABAHTAKEHHSA
EJEKTPUYHUX MAIIIUH TAT'OBOI'O TA MOTOPBAT'OHHOI'O
PYXOMOTI'O CKJIAAY MATICTPAJIBHOI'O TA TIPOMUCJIOBOT O
TPAHCIIOPTY

Mera. [lani mochiKeHHS HAIMIPaBICHI HA BU3HAYCHHS MPUHIUIIB PETYIIOBAaHHS HEOAIAHCHOTO €JIEKTPOMArHiT-
HOT'O MOMEHTY B3a€EMHO HaBAHTAKCHUX EJIEKTPUYHHUX MAIIMH TSATOBOTO 1 MOTOPBAarOHHOIO PyXOMOTO CKJIady Maric-
TPaJIBHOTO 1 MPOMMCIIOBOTO TPAHCHOPTY. METO0 JTOCII/PKEHHS! € MiJIBUILEHHS! eHepreTHYHOi eheKTHBHOCTI BUTIPO-
OyBaHHS TATOBHMX €JIEKTPUYHUX MAIIMH MOCTIHHOTO Ta IyJbCYIOUOTO CTPYMY IIJISIXOM YIOCKOHAJIEHHS METOJIB X
B3a€MHOTO HAaBaHTa)KyBaHHA, B TOMY YHCJIi — IPUHIUIIIB aBTOMAaTUYHOT'O PETYJIIOBAHHS CHCTEMaMM B3a€MHOTO Ha-
BaHTaXeHHA. MeToauka. MeToJ0I0ri4HOI0 OCHOBOIO JIaHOTO JOCIIIKEHHSI € 3arajibHi TEOPETHYHI IOJIOKEHHS Ta
NPUHIUIHA CUCTEMHOTO IiJIX0/ly TEOPETUYHOI EIEeKTPOTEXHIKH, Teopil eNeKTPUYHUX MAalIMH 1 TEOPETHYHOI MeXaHi-
Kd. Y JOCIiIKEeHHI BUKOPUCTOBYIOTHCS BiIOMI METOIM aHAII3y €IEKTPOMATHITHHUX Ta €NEKTPOMEXaHIYHHUX IIPOIIe-
CiB B €JIEKTPUYHUX MAIIMHAX IMOCTIHHOTO H MyJIBCYIOYOTO CTPyMy. AHAaJIi3 METOAIB PETyIIOBaHHS PeKUMaMU HaBa-
HTaXXCHb TATOBUX CJICKTPOMAIIUH MNPOBCACHO 3 BUKOPUCTAHHAM y3aran1>HeH0'1' CXCMH B3a€EMHOI'0O HAaBaHTAXXCHHA,
YHIBEpCAIBHOI JUISl BCIX BIJOMHX CHOCOOIB HOKPHUTTS BTPAT XOJOCTOTO X0y JDKEPEIIOM EIEKTPUYHOI MOTY>KHOCTI.
PesyabraTu. Po3pobneHo 3aranbHi MPUHOWIHN YIPaBIiHHS PEXMMaMH B3a€EMHOTO HABAHTAXKEHHS TATOBHX EJIEKT-
PUYHMX MaIIMH MOCTIHHOTO Ta MyJILCYIOUOro CTPyMy LIISXOM PEryJIIOBaHHS iX HEOaJaHCHOTO eJIEKTPOMArHiTHOrO
MOMEHTY. PO3IJIsIHyTO BapiaHTH peryJItoBaHHS HE0AJIaHCHOTO €JIEKTPOMArHiTHOIO MOMEHTY IUISIXOM 3MiHH: Pi3HUII
MAarHITHUX TIOTOKIB B3a€MHO HAaBAaHTAXCHUX €JICKTPOMAIIHH, PI3HUII CTPYMIB SKOPIB €IEKTPOMAIINH, Pi3HUII KY-
TOBHX IIBUIKOCTEH BaiiB enekTpomamnH. HaykoBa HoBu3HA. OTpuMany pO3BUTOK HAYKOBI OCHOBH YAOCKOHa-
JICHHSI eHeproe()eKTHBHUX METO/IB BUIIPOOYBAaHHS TATOBHUX EJIEKTPUYHHMX MAIIMH IOCTIHHOTO M IYJIbCYIHOYOTO
ctpymy. CdopMmyrnboBaHi NMPUHIMIK YIPABIIHHS PEeXUMaMH B3a€EMHOTO HABAHTAXKEHHS TATOBHUX EJICKTPOMAIIHH.
Briepie BBeZCHO MOHATTS Ta PO3MIIAHYTO NPHHIMIIN PETYIIOBAaHHA HEOAIaHCHOTO EJEKTPOMAarHiTHOIO MOMEHTY
B CHCTEMaX B3a€MHOT0 HaBaHTA)KEHHS EJIEKTPUYHHUX MAIIWH ITOCTIHHOTO i Mmysbcytodoro crpymy. OTpumani aHami-
TUYHI BUpa3u Uil HEOAIAHCHOTO €JEeKTPOMAarHiTHOrO MOMEHTY B3a€EMHO HAaBAaHT)KEHHX EJIEKTPUYHUX MAIlWH.
CcopmyniboBaHI BUMOTH 10 CHCTEM aBTOMAaTHYHOTO PETYJIIOBAHHS CTEHIAMH B3a€MHOTO HAaBaHTaKCHHS TATOBHX
€JIEKTPOMAIIINH TOCTIHHOTO # mynbcyrodoro crpymy. IlpakTnyHa 3HaYuMicTh. BukopucTanHs pe3ybpTaTiB JaHUX
TEOPETHYHHX JIOCHI/PKEHb CYTTEBO CIPOCTHTH PO3pOOKY aJIrOPUTMIB YIPaBIiHHS CTEHAAMH JUls BUIPOOYBaHHS
TATOBHX €JEKTPUYHUX MAalIMH PYXOMOI'O CKJaJy MaricTpaJbHOTO 1 IPOMHCIIOBOTO TpaHCIOPTy. BrpoBamkeHHs
3alPONIOHOBAHUX IPUHIMIIB B3a€EMHOTO HABAHTAKEHHS TATOBHX EJEKTPOMAIIMH JO3BOJHUTH CYTTEBO HMOHHM3HTH
BUTpaTH Ha CTBOPEHHS HOBHX 1 MOJIEPHI3AIlil0 ICHYIOUMX CTaHLiil Juis BUPOOYBaHHS TATOBHX €JIEKTPOMAIINH. AB-
TOMATH3aLIis [TPOLIECY MiCIIPEMOHTHHUX MPUHMaIbHO-31aBAILHUX BUIPOOYBaHb TATOBHX €JIEKTPOMAILIHH J03BOJIHUTH
ICTOTHO MIABHUIUTH AKICTh BUMIPOOYBaHb 1 HAIIHHICTH TATOBOTO Ta MOTOPBArOHHOTO PYXOMOTO CKIIAay 3 €JIeKTpHY-
HHUM TSTOBUM IIPUBOJIOM.

Kniouosi cnosa: TATOBI eNeKTpUYHI MAaIIMHW, BUIPOOYBAaHHS; B3a€MHE HABAaHTAXCHHS; €JIEKTPOMArHITHUH
MOMEHT; PETyIIOBAHHS
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PET'YJIMPOBAHUE HEBAJTAHCHOI'O JIEKTPOMATI'HUTHOI'O
MOMEHTA B CUCTEMAX B3AUMHOI'O HATPYXXEHUA
IJIEKTPUYECKHUX MAIIHUH TAI'OBOI'O U MOTOPBAI'OHHOI'O
INOABUKHOTI'O COCTABA MAT'NCTPAJIBHOT'O

N ITPOMBIINVIEHHOT'O TPAHCIIOPTA

Hesb. JlanHbBIC MCCIIeOBaHNS HANPAaBIEHBI Ha ONPECICHHE MPUHINIIOB PEryIHMpPOBAaHNs HEOATAHCHOTO JIEK-
TPOMAarHUTHOTO MOMEHTA B3aMMHO HAarpy>K€HHBIX 3JIEKTPHYECKUX MAIIUH TATOBOTO M MOTOPBarOHHOTO ITOABM)KHO-
ro COCTaBa MaruCTPajabHOIO U MPOMBIIIJIEHHOrO TpaHcnopTa. Llenbto uccnenoBaHus sBISETCA MOBBILIEHUE YHEPre-
THUYECKON 3(QPEKTUBHOCTH MCIIBITAHUS TATOBBIX JIEKTPUYECKUX MAIIMH ITOCTOSHHOTO M IyJIBCHPYIOIIEro TOKa ITy-
TE€M YCOBEPIIEHCTBOBaHMSA METOAOB MX B3aHMMHOI'O HAarpy»KeHUs, B TOM UYUCII€ — NIPUHLUIOB aBTOMAaTHYECKOTO pe-
IYJIUPOBaHUS CUCTEMAMM B3aUMHOIO HarpyxeHus. Meroauka. MeTononoruueckoil OCHOBOM aHHOIO MCCIENO-
BaHUs SABJIISAOTCA 061111/16 TCOPCTUYCCKHUE TMOJIOKEHNUA U TPUHIHIIBI CUCTEMHOT'O IOJAX0Ja TeOpeTquCKOﬁ QJICKTPO-
TEXHHUKH, TEOPUH JIEKTPUIECKIX MAILIMH U TEOPETHIECKOW MEXaHUKU. B MccienoBaHny HCHOIb3YIOTCS N3BECTHBIE
METO/Ibl aHAIM3a 3JIEKTPOMATHUTHBIX U 3JIEKTPOMEXAHUYECKHUX IPOLECCOB B AIEKTPUUECKUX MAIINHAX HOCTOSIHHO-
TO W IyJIbCHPYIOIIEr0 TOKa. AHAIW3 METOJOB PEryJHpPOBAHMS PEKUMAMHU HAarpy>KCHHS TATOBBIX 3JIEKTPOMAIINH
MIPOBEJICH C MCIIOJIb30BaHNEM OOOOIEHHON CXeMBbl B3aMMHOW HArpy3KH, YHUBEPCAIBHOHN ISl BCEX M3BECTHBIX CIIO-
cO0OB TOKPBITUS TIOTEPH XOJIOCTOTO XOJa WCTOYHHKOM 3JIEKTPUYECKOH MOIIHOCTH. Pe3yabrarhl. Paspaboranbl
o01ye IPUHIUITEI YIPABICHUS PEKUMaMHU B3aUMHOTO HArpy>KEHHsI TATOBBIX 3JEKTPUYECKUX MAIINH IOCTOSIHHOTO
W IIyJIbCHPYIOILEr0 TOKAa MyTEM DEryJMpoBaHHs WX HeOaJlaHCHOTO 3JEKTPOMAarHUTHOTO MOMeHTa. PaccMoTpeHbl
BapUaHTBI PEryJIMpoOBaHUA He6aHaHCHOFO QJICKTPOMArHuTHOI0O MOMCHTA NYTEM HU3MCHCHHS: pa3HUIbl MarHUTHBIX
IOTOKOB B3aMMHO HArpy>XCHHbBIX 3JICKTPOMAIIWH, PA3HUIIbI TOKOB ﬂKOpeﬁ DJICKTpOMAIIWH, Pa3HUIIbI YTJIOBBIX CKO-
pocteii Basos anekrpoMaiinH. Hayuynasi HopusHa. [lomydnnn pa3BuTHe HaydHBIE OCHOBBI yCOBEPILCHCTBOBAHMUS
9HEPro3((GEeKTHUBHBIX METOAOB UCIBITAHMA TATOBBIX JIEKTPUYECKUX MAIIMH ITOCTOSHHOTO U IyJILCHPYIOIIETO TOKA.
CchopmynmpoBaHbl IPUHOMIIB! YIPABICHUS PEKMMaMH B3aHMHOTO HAarpy KEHHS TATOBBIX JIEKTpOMAIINH. BriepBeie
BBE/ICHO TOHATHE M PACCMOTPEHBI NMPHUHIIMIIBI PETYINPOBAHNS HEOAIAHCHOTO 3JIEKTPOMAarHUTHOTO MOMEHTA B CHC-
Te€MaX B3aUMHOI0 Harpy>eHUs 3IEKTPUYECKUX MAIINH IOCTOSIHHOTO U IyJbCUPYIOLIEro ToKa. [loryueHs! aHamuTu-
YEeCKHE BBIPaKCHUS Ul HEOAJTaHCHOTO 3JICKTPOMAarHUTHOIO MOMEHTA B3aMMHO HArpyKEHHBIX 3JEKTPUYECKUX Ma-
mrH. ChopMyupoBaHbl TPEOOBaHMSI K CUCTEMaM aBTOMaTHYECKOTO PEryJIMpOBaHUs CTEHJaMH B3aUMHOTO Harpy-
KEHHUS TATOBBIX ANMEKTPOMAILINH MOCTOSHHOTO U IMyJbcupymomero toka. IIpaktnyeckas 3Haunmocts. Mcnons3o-
BaHME pE3Y/NbTAaTOB JAHHBIX TEOPETHUECKHX HCCIECJOBAaHMN CYIIECTBEHHO YIPOCTHT pa3pabOTKy airopuTMoB
YIpaBICHUS] CTCHJAMHU U UCTIBITAHMS TATOBBIX 3JIEKTPUYECKHX MAIIWH MOJBIKHOTO COCTaBa MarrCTPaibHOTO
U TIPOMBIIIJIEHHOTO TpaHCHoOpTa. BHeApeHne MpeanoKeHHbIX NPUHIUIIOB B3aUMHOTO HAIPYXKEHUS! TATOBBIX 3JIEK-
TPOMAIIIMH TO3BOJIMT CYIIECTBEHHO CHU3MUTH 3aTpPaThl HA CO3JJAHUE HOBBIX U MOJECPHU3AIMIO CYIIECTBYIOIINX CTaH-
WA AJIS1 UCTIBITAaHUS TATOBBIX 3JIEKTPOMAIIMH. ABTOMATH3aLUsl MPOIECCa MOCIEPEMOHTHBIX MPHUEMO-CAATOYHBIX
UCTBITAHUHN TATOBBIX 3JIEKTPOMAIINH MO3BOJIUT CYIIECTBEHHO MOBBICUTh KAYECTBO UCIBITAHUMN M HAJEXKHOCTb TATO-
BOTO U MOTOPBaroHHOT'O MOJABUHOI'O COCTaBa C INMEKTPUUECKUM TATOBBIM IPUBOAOM.

Kniouesvie cnosa: TATOBbIE ANIEKTPUYECKUE MAIUHBI; UCIBITAaHUE; B3aUMHOE HATPY)KEHHE; IEKTPOMarHUTHBIH
MOMEHT; PETYIUPOBAHUE
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