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ENERGY SAVING DURING OPERATION OF EQUIPMENT
WITH NON-CONTROLLED ELECTRIC DRIVE
IN LOCOMOTIVE DEPOT

Purpose. To conduct research of electric motors in order to obtain the results that will assess the degree of en-
ergy saving due to electric loss reduction in the equipment with non-controlled electric drive. Methodology. The
paper proposes an engineering method for determination of active power losses in the motors of the equipment with
non-controlled electric drive in locomotive depot during load changes on the motor shaft. It is necessary to analyse
the reduction of active power losses in the motor and the power supply network when an under-loaded motor is re-
placed with a motor having less power. Findings. After the calculations performed by the authors, it was found that
for electric motors, in case of reducing the load factor from 0,7...0,75 to 0,4...0,5 active loss reduction after the
motor replacement for the less powerful one ranges from 0.58 kW to 2.865 kW. Also, the calculations were carried
out on the example of electric motors with a lower synchronous speed, the effect of under-loaded motor replacement

increases in terms of active power loss reduction. The greatest effect is achieved when the load factor is k; <0.55.

Originality. For the first time the paper outlines the issues of energy saving efficiency for the equipment with non-
controlled electric drive in locomotive depot by replacing the under-loaded motors with the less powerful ones. As
long as there is a significant amount of the considered electric drives, it may cause severe losses, taking into account
the peculiarities of their operation. Practical value. The obtained research results allow us to solve the problem of
replacement of under-loaded motors in locomotive depot equipment with the motors having less power as efficiently
as possible in terms of reducing electric losses. For instance 90-kW motor of a washing machine can be replaced
with 75-kW motor when the load factor is k; <0.7, this can significantly reduce the performance losses. This
method can be applied not only in locomotive depot but also for all equipment with non-controlled electric drives
that operates in under-load mode.

Keywords: electric drives; locomotive depot; energy savings; active power loss; motor load factor; AIR series
motors
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Introduction

Energy saving is the strategic line of develop-
ment of the main branches of the economy. A sig-
nificant share of electric power consumers falls to
electric motors of various purposes, which con-
sume more than half of the energy produced
[3, 12]. There is where the largest energy saving
reserves lie in. The repair of locomotives in a depot
often involves the equipment whose electric drive
motors operate in non-controlled mode. This usu-
ally includes squirrel-cage induction motors with
power from tenth of kW to several tens of kW. For
example, dolly, which is used for repair of locomo-
tive bogies, has the electric motor with power of
0.8 kW; the electric motor of the assembly line for
locomotive axle-box repair has power of 2.2 kW;
electric motor power of the washing machine for
washing the bearings is 29.7 kW, that of washing
machine for washing the traction motors is 82 kW,
etc. [1, 16, 18].

Purpose

To conduct research in order to obtain the re-
sults that will assess the degree of energy saving
due to electric loss reduction in the equipment with
non-controlled electric drive.

Methodology

Practice shows that in real operation conditions
of this equipment, depending on the locomotive
repair technology, the load factor of many electric
drive motors is less than 50%. The drive operation
in under-load mode results in huge losses. There
are several ways to implement energy saving by
means of an industrial electric drive [1, 16, 17, 18].
In our case, the most appropriate in terms of ease
of implementation and losses is the replacement of
the powerful electric drive with that having less
power to reduce active power losses in the motor
and in the electricity network [3, 4, 17, 18]. Let us
consider the specific example, when for the pur-
pose of equipment unification the traction motor
washing machine is used for washing reduction
gear housing, axle-box and other assemblies that
are placed on the table of the handling dolly.
Herewith the electric drive motor load factor may
vary depending on the table load.

It is necessary to analyse the reduction of active
power losses in the motor and the electrical net-

work when replacing the under-loaded motor
mounted during the equipment manufacture with
the less powerful motor when washing other (non-
traction motors) units of the locomotive.

Initial data: electric drive mode is long-term.
AIR series motor with the following parameters
[4, 9]: P .. =90kW, U vom =380V,
N nom1 = 093, =160 A,
cos@,,, =0.15. Motor type — SAM250M2.

The analysis is performed in accordance with
[13]. We propose the following method [6, 7, 14].
Losses of active power in no-load mode of
5AM250M2 motor:

cos@, ., =091, [

noml

A})xxl = \/glxxlUm nom cos (Pxxl '10_3 =

:\/5-48-380-0.15-10‘3:4.73 kW €))
No-load current:

I,,=03I

noml

=03-160=48 A, )

where 0.3 — coefficient according to [12].
Then the relative losses in no-load mode:

AP, =Bhs1 1009 =
noml
=%-100%=5.25% 3)

The motor load factor:

k= @)
where P. — actual load of the mounted motor of

the washing machine.
The feasibility of reducing the installed motor
power must be justified with calculations, if:

(0.4..0.5) < k;; <(0.7...0.75) (%)
We accept: k,=0.7. Then:
P =k,P,.,=07-90=63kW. The closest to

P. =63 kW and more powerful is the motor of
SAM?250S4 type [3]. Specifications of SAM250S4

type motor: Rmmz =75kW ’ Um nom 380V >
M nom2 = 0.93 > COSQPponp = 0.91 s Inomz =134.6 A s

cosQ,,, =0.15.
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Then for SAM250S4 type motor:
AB(XZ = ﬁlxeUm nom cos (PXXZ : 1073 =

=/3-40.38-380-0.15-10 =3.98 kW (6)

No-load current:

l.,=031_,=03-1346=4038A, (7)
AP_," =%-IOO% =ﬁ-100% =5.3% (8)
HOM2 75
The total active power losses AR, for
5SAM250M2 type motor:
APZI = (Qxxl (1 - k112 ) + kllenom)ke +
+AP,, +k,*AB,, )
where
Qxxl = \/gUm nomlxxl : 10_3 (10)

— reactive power consumed from the network in
no-load mode;

Oy =+/3-380-48-107 =31.55 kVAr.

t
Qnoml = (Rloml ' = (Pnomlj (1 1)

m noml
— reactive motor power in rated load mode;

Oromt = [90 .%) =44.13 kVAr
0.93

tg (pnoml = tg(aI'CCOS (pnoml) H

where cos@,,,, —nominal motor power factor; &,

— increased loss coefficient or economic
equivalent, which determines the active power
losses for transmission of one kVAr of reactive

power into these power supply systems,
k,=0.125 k%v Ar for low voltage consumers

[4]; APR,, — increased active power losses in the
electric motor for 100% load;

1_nmnoml . 1
I+,

AR, =P

inl = % noml

) (12)

m noml

—=xxL_ design coefficient depending
inl

on the electric motor design and calculated by the

formula:

where v, =

A1*1
= XX 13
T 100(1= 1y nomt )~ AP ()

xx1

- 5.25 -
117 100(1-0.93)-5.25

12093 1 _ o\
0.93

1+3

AP, =90

inl =

Then,
ARy, =(3155(1-0.77)+0.7744.13)-0.125+

+4.734+0.7*-1.7=10.27 kWt

Similarly, the total active power losses for less
powerful motor of SAM250S4type:

Qxx2 = \/gUm nomex2 =

—/3-380-40.38-10 = 26.55 kVAr

tg Prom
Qn0m2 = (ljnomZ —2j =

m nom2

(14)

:( 0.456 (15)

75 —j =36.77 kVAr
0.93

AP*

xx2 —

) 100(1_nmn0m2)_AP* -

Y2
Xx2
53

= =17
100(1-0.93)-5.3

(16)

AP P 1_T'lmnomZ . 1 —

in2 = Lhom2 -
m nom2 1+ YZ

27512093 1 5 g kw (17)
093 1+1.7

AR, = (Qxe (1 ~ ) + k15" O )ke +

+AP,

Xx2

+ klzzAPinz (18)
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- Y
P

nom?2

(19)

AP, =(26.55(1—0.842)+0.842 -36.77)-0.125+

+3.98+0.84%-2.09 =9.69 kW

Thus, after replacing the under-loaded motor
5AM250M2 at k, =0.7 with the less powerful
motor SAM250S4 in the washing machine, we ob-

tained the reduction of active power losses in the
motor and the electricity network:

AP =AR - AR, =10.27-9.69=0.58 kW (20)

Similarly, we conducted the calculations and
the analysis of active power loss reduction in the
motor and the electricity network, if

ky, =0.65; 0.6; 0.55; 0.5

at n=3000r.p.m; 1500 r.p.m; 1000 r.p.m,;

750 r.p.m.
When choosing [3] the motor type which is the
closest to the more powerful one relative to the real
load P, it is necessary to provide:
P
ki, =

nom?2

<0.9 1)

We obtained the following results for the mo-
tors at 3000 r.p.m.

When k,=0.65: P.=585kW. The closest
P.=58.5kW, is 5AM250S4

14

more powerful, than

type motor (as when k&, =0.7).

ARy, =(31.55(1-0.65")+0.65” - 44.13)-0.125+

+4.7340.65%-1.7=10.07 kW
k, =0.78

ARy, =(26.55(1-0.787)+0.78?36.77)-0.125 +

+3.98+0.78% -2.09 =8.69 kW
AP = AP, — AP, =10.07 ~8.69 = 1.38 kW

When k;,; =0.6: P. =54 kW.

ARy, =(3155(1-0.67)+0.67-44.13)-0.125 +

+4.73+40.6%-1.7=9.85 kW
k, =0.72

ARy, =(2655(1-0.727)+0.72° :36.77)-0.125 +

+3.98+0.722-2.09 =8.37 kW
AP =APR — AP, =9.85-8.37 =1.48 kW

When £k, =0.55: P.=49.5kW . The closest

more powerful motor is 5SA225M2 type (55 kW,

3000 r.p.m. ). Here it is ensured £, =% =09.

ARy, =(31.55(1-0.557)+0.55" - 44.13)-0.125 +
+4.73+0.55*-1.7=9.67 kW

RS =0.25 (according to [7] we take this ratio as
nom?2

0.25, which is the average value of this ratio for the

power range 22.5 ... 110 kW and corresponds to

the average power — 55 kW).

AP, =4.45%

xx2

AP,

xx2

I,=248A; =2.45kW ;

ARy, =(31.55(1-0.557)+0.55” - 44.13 ) x

x0.125+4.73+0.55%-1.7=9.67 kW

0.,=163kVAr; Q. ,=2711kVAr; vy, =146
AP _,=1.83 kW.

in2

ARy, =(16.3(1-0.97)+0.97-27.11)x
x0.125+2.45+0.9 .1.83=7.06 kW

AP = APy, — AP, =9.67—7.06=2.61 kW .

When k&, =0.5: P.=45kW . The closest more
powerful motor is 5A225M2 type. k,, =0.82.

ARy, =(3155(1-0.57)+0.5>-44.13) x

x0.125+4.73+0.5%-1.7=9.495 kW
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AR, =(16.3(1-0.827)+0.827 -27.11)

x0.125+2.45+0.82° -1.83 = 6.63 kW
AP=AR| - AR, =9.495-6.63=2.865 kW .

Similarly, the following values of AP are ob-

tained for AIR series motors at 1500 r.p.m.

For AIR series motors at 750 r.p.m. we ob-

tained the following.
For illustration purposes we will show

AP = f (k) in the form of Table 1.

The parameters listed in Table 1 are obtained
for the types of electric motors shown in Table 2.

For AIR series motors at 1000 r.p.m. we ob-

tained the following.

When £, =0.7:
When £k, =0.65:
When £k, =0.6:
When k£, =0.55:
When £, =0.5:
When £, =0.7:
When k£, =0.65:
When £, =0.6:
When £k, =0.55:
When k; =0.5:
When k£, =0.7:
When k£, =0.65:
When £, =0.6:
When k£, =0.55:
When k, =0.5:

AP, =10.59 kW
AP;, =10.48 kW
AP, =10.34 kW
AP, =10.25 kW
AP, =10.128 kW
APy, =11.43 kW
APy, =11.37 kW
AP, =113 kW

AP, =11.23 kW

AP, =11.17 kW
AP, =13.04 kW
AP, =13.02 kW
AP, =12.98 kW

AP, =12.86 kW

AP, =12.87 kW

APy, =9.23 kW AP =136 kW
AP, =9.09 kW AP =139 kW
AP;, =8.92 kW AP=1.42 kW
AP, =7.415 kW AP =2.835 kW
AP, =7.17 kW AP=2.96 kW
AP, =9.73 kW AP=1.7 kW
APy, =9.64 kW AP=1.73 kW
AP, =9.55 kW AP=1.75 kW
AP;, =8.49 kW AP =274 kW
AP, =837 kW AP=238 kW
AP, =10.9 kW AP=2.14 kW
AP;, =10.825 kW AP=2.195 kW
AP, =9.16 kW AP=3.82 kW
AP;, =7.84 kW AP=5.02 kW
APy, =7.73 kW AP=5.09 kW
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Table 1
Dependence AP = f (k)
3000 r.p.m.
AP , kW 0.58 1.38 1.48 2.61 2.865
ky, 0.7 0.65 0.6 0.55 0.5
1500 r.p.m.
AP , kW 1.36 1.39 1.42 2.835 2.96
k;, 0.7 0.65 0.6 0.55 0.5
1000 r.p.m.
AP , kW 1.7 1.73 1.75 2.74 2.8
k;, 0.7 0.65 0.6 0.55 0.5
750 r.p.m.
AP , kW 2.14 2.195 3.82 5.02 5.09
ky, 0.7 0.65 0.6 0.55 0.5
Table 2
Types of motors, used during the research
3000 r.p.m.
mﬁif)‘;tg;e SAM23OM2 1 5 \is0s4 | 5SAM250S4 | SAM250S4 | 5A225M2 5A225M2
k), >0.7 0.7 0.65 0.6 0.55 0.5
1500 r.p.m.
mﬂi‘;tg;e SAM230MA 1 5 \\ps0s4 | 5SAM250S4 | SAM250S4 | 5A225M4 5A225M4
k), >0.7 0.7 0.65 0.6 0.55 0.5
1000 r.p.m.
mli}(z(r:t:;; ) AIR280M6 AIR280S6 ATR2R0S6 AIR280S6 | AIR2ZSOM6 | AIR250M6
k), >0.7 0.7 0.65 0.6 0.55 0.5
750 r.p.m.
mif;tg;e AIRSISSE | AIR28OM2 | pogoma | AIR280M2 | AIR280S8 AIR280S8
ky, >0.7 0.7 0.65 0.6 0.55 0.5
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Findings

After the performed calculations it was found
that for AIR series electric motors, in case of re-
ducing the load factor within the range

(0.4..0.5)<k <(0.7...0.75), active power loss

reduction in the motor and the network after re-
placement of the under-loaded motor with the less
powerful one ranges from 0.58 kW to 2.865 kW at
initial motor power of 90 kW. The obtained nu-
merical values of reduction of these losses can be
used as source information when considering the
feasibility of replacement of the motors within the
specified range of the load values. When using the
motors with the lower synchronous speed, the ef-
fect of under-loaded motor replacement increases
in terms of active power loss reduction. The great-
est effect is achieved when the load factor is
k, <0.55.

Originality and practical value

For the first time the paper outlines the issues
of energy saving efficiency for the equipment with
non-controlled electric drive by replacing the un-
der-loaded motors with the less powerful ones,
taking into account the peculiarities of their opera-
tion in a locomotive depot.

The obtained research results allow us to solve
the problem of replacement of under-loaded mo-
tors in locomotive depot equipment with the mo-
tors having less power as efficiently as possible in
terms of reducing the electric losses and increasing
the electric motors operation period.

Conclusions

1. The proposed method for determining the re-
duction of active power losses in the electric motor
and the power supply network after replacing an
under-loaded motor with a less powerful motor can
be used during continuous mode operation of vari-
ous machines at the railway rolling stock repair
enterprises.

2. The obtained numerical values of reduction
of these losses can be used as source information
when considering the feasibility of replacement of
the motors within the load factor range
0.5<k; <0.7.

3. When using the motors with the lower syn-
chronous speed, the effect of under-loaded motor

replacement increases in terms of active power loss
reduction. The greatest effect is achieved when the
load factor is k, <0.55.
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EHEPI'O3BEPEKEHHS ITPU EKCILTYATAIIT B JJOKOMOTHUBHUX
JAEITIO ITPUCTPOIB I3 HEPETI'YJIBOBAHUM EJIEKTPOITPUBO0OM

MeTta. Y poOOTI HEOOXiHO MPOBECTH NOCHIIKEHHS €JIEKTPUYHUX JIBUTYHIB JIUIsl OTPUMAaHHS PE3yJIbTATIB, sKi
JIO3BOJISITH OL[IHUTH CTYIIHb €HEepro30epe)keHHs 3a paxyHOK 3MEHILCHHS €JIEKTPUYHHMX BUTPAT y NPHCTPOSX i3
HeperyJIbOBaHNUM eJIEKTPONPUBOIOM. MeToauKka. 3alpOIIOHOBAaHO iH)KEHEPHUH METO]l i3 BU3HAUEHHS BTPAT aKTHB-
HOI ITOTYXHOCTI y IBUTYHI IIPUCTPOIB i3 HEPETyJIbOBAaHUM €JICKTPOIIPUBOJIOM JIOKOMOTHBHUX JIETIO TIPH 3MiHi HaBa-
HT2)KEHHS Ha BaJly IUX OBUTYHIB. TaKkoXX MOTPIOHO MPOBECTH aHANI3 3HIKEHHS BTPAT aKTHBHOI MOTYKHOCTI Y JTBU-
TYHI Ta MEpEeXi eNIeKTPOIIOCTaYaHHS IIPH 3aMiHi HETIOBHICTIO HABAHTAXXEHOTO IBUTYHA IBUTYHOM MEHIIOI MOTY>KHO-
cti. Pesyabrarn. Ilicnsa mpoBeneHUX aBTOpaMH PO3PaxyHKIB OyJIO BCTAHOBIICHO, IIO JUIS €IEKTPHYHUX JBUTYHIB
y BHTIaJIKaxX 3MeHIIeHHs Koedimienra 3aantaxenns Bix 0,7...0,75 mo 0,4...0,5 3MeHIIEHHS akTUBHUX BTpAT Tric-
7Sl 3aMiHU TBUTYHA Ha MEHII MOTYKHUH ckianae Bix 0,58 kBt mo 2,865 kBt. Takoxx Oymu mpoBefeHi po3paxyHKH
Ha TIPUKITAJI eMeKTPUIHOTO JBUTYHA i3 MEHIIOK CHHXPOHHOKO YacTOTOIO OOEpTaHHS: €peKT BiX 3aMiHM HEIOBaH-
Ta)XEHHUX ABHUTYHIB 30UIBIIYETHCS 3 TOUKH 30PY 3HW)KEHHSI BTPAT aKTHUBHOI MOTYXHOCTI. HailOinpumii edext mocs-
raetbest Ipu Koediuienti 3aBantaxenus k, <0,55. HaykoBa HoBu3Ha. Briepuie BUCBITICHO NUTAaHHS €)EKTHBHO-

CT1 eHepro30epeXxeHHs ISl IPUCTPOIB 13 HEPEryJIbOBAaHUM EJIEKTPONPUBOIOM Y JIOKOMOTHBHUX JEMNO IIISIXOM 3aMi-
HH HEJIOBAaHT)KEHHUX JBUTYHIB MEHII NOTYXHUMH. OCKUIBKH PO3IIITHYTHX €JIEKTPOIIPUBO/IB 3HAUHA KiJTBbKICTh, TO
MOXJIMBI BEJUKI 30MTKM 3 ypaxyBaHHSAM ocobiuBocTeil ix ekcruryartauii. IlpakTmuyna 3naummicts. OTpumani
B XOAi MJOCHIIPKEHb pe3ylbTaTH JMO3BOJSIOTH BHPIIIyBAaTH 3aJady IO 3aMiHI HEJIOBAaHTAXCHHX JBUTYHIB
y MPHUCTPOSAX JOKOMOTHUBHHX JICTIO HA JBUTYHH MEHIIOI IMOTY>KHOCTI 3 HAHOUIBIINM €(EeKTOM 3 TOUKH 30pYy 3MEH-
IICHHS eNeKTPUYHUX BTpAT. Tak, IBUTYH MHUHHOI MallMHU MOTYXHicTI0O 90 kBT MoXe OyTH 3aMiHEHH Ha JBUTYH

notyxHicTio 75 kBT npu koediuienti 3aBantaxenns k, <0,7, mo Moxke CyTTEBO 3MEHIINTH eKCIUTyaTalliiiHi 301-
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TKU. JlaHy METOJIMKY MO>KHA 3aCTOCYBaTH HE TUIBKH B JOKOMOTHBHHX JIETIO, a i B3araji JJIsl yCiX MPHUCTPOIB i3 He-
PEryJIbOBaHUM EJIEKTPUYHHUM JIBUTYHOM, SIKi ITPAIIOIOTH Y HEJJOBAaHTAKEHOMY PEXKHMI.
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JHEPT'OCBEPEXXEHME ITPU DOKCIUVIYATALIMHU B TOKOMOTHUBHOM
JIEIIO YCTPOMCTB C HEPET'YJIUPYEMBIM DJIEKTPOIIPUBOJIOM

Heab. B pabore He0OX0AUMO MIPOBECTH UCCICIOBAHIS 3JICKTPOIBUTATEICH IS TIOyIeHUS pe3yIIbTaTOB, KOTO-
pBIe TIO3BOJIAT OLEHHUTH CTENEHb JSHEProcOCpEeKEHHS 3a CYET YMEHBIICHHS OJIIEKTPUICCKHX TIOTEPh
B YCTPOMCTBaX C HEPErYJIUPYyEMBIM dJeKTponpuBogoM. Meroauka. [TpenioxkeH HHXEHEPHBIA METO/I 110 ONpeesie-
HUIO IOTEpb aKTUBHOW MOITHOCTH B YCTPOMCTBAX C HEPETYIHPYEMBIM JIEKTPOIPHUBOIOM JIOKOMOTHBHBIX JIETIO IPH
W3MEHEHWH Harpy3KH Ha Bally 3THUX IBHUTraTeneil. Taxke HY>KHO NMPOBECTH aHAIU3 CHIDKEHHS IOTEPh AKTHBHOM
MOIITHOCTH B JBUTAaTEJIe M CETH JIEKTPOCHAOKEHHUS MPH 3aMEHE HE MOJHOCTHIO HArpyKEHHOTO JIBUTATENS BUTATe-
neM MeHbleil MourHocTH. Pe3yibTarhl. Ilocne nmpoBeneHHBIX aBTOpaMH PAacyeToB OBLIO YCTAHOBIIEHO, YTO MJIS
SIIEKTPOBUIaTENEN B ciaydae yMmMeHblieHus kodddunuenta sarpysku ot 0,7...0,75 mo 0,4..0,5 ymenbuenune
aKTUBHBIX MTOTEPh MOCJIC 3aMEHBI JBUraTelsl Ha MEeHee MOIIHbII cocTaniser oT 0,58 kBt no 2,865 kBt. Takxke ObLin
NIPOBEJICHBI pacyeThl Ha MPUMEpE JJIEKTPOJBUTATENCH ¢ MEHbIIEH CHHXPOHHOW 4acTOTOl BpamieHus: 3QQHeKT oT
3aMEHbI HArpyKE€HHbIX IlBI/IFaTeHeﬁ YBEJIMYMUBACTCA C TOUYKH 3PCHHUA CHUKCHUSA TMMOTCPb aKTUBHOM MOIIHOCTH. Hau-
Oonpmuii 3Qdext mocturaercs Mpu KodPPHUIUEHTE 3arpy3Ku k3 <0,55. Hayunas HoBu3Ha. BriepBble 0CBEIEHBI

BOTIPOCHI  3(P(PEKTHBHOCTH HSHEProcOEpexeHns Ui YCTPOWCTB C HEPErYIHPYEMBIM  SJIEKTPOIIPHBOIOM
B JIJOKOMOTHUBHBIX J€EMO MIyTEM 3aMEHbl HEAOTPY>KEHHBIX JBUTaTeIel MEHEe MOIIHBIMU. [10CKONIBKY paccCMOTPEHHBIX
ANEKTPOIPHUBOIOB 3HAYUTEIBHOE KOJIUYECTBO, TO BOSMOXKHBI OONBIINE YOBITKH C Y4€TOM OCOOCHHOCTEH HX JKC-
myaranuu. IlpakTnyeckasi 3Ha4MMOCTb. [loslyueHHbIE B XO/€ HCCIENOBaHUM pe3ysbTaThl MO3BOJSIOT pelIaTh
3a/1a4y 110 3aMEHE HEJOTPYKEHHBIX JBUraTelIel B YCTPOMUCTBAX JIOKOMOTUBHBIX JENO HA JBUTATEIN MEHBIIEH MOILLI-
HOCTH C MaKCUMAaJIbHBIM 3P (EKTOM C TOUKU 3PCHUS YMEHBIIICHHS JICKTPHUECKUX MOTEPh. Tak, IBUraTesIb MOCUHOM
MAIIMHBI MOITHOCTHIO 90 KBT MOXeT OBITh 3aMEHEH Ha JIBUTaTe)Ib MOIIHOCTRIO 75 KBT npu koaddunuenre 3arpys-

ku k, <0,7, 9T0 MOXET CyIIECTBEHHO YMCHBIIHTh IKCILIYaTalHOHHbIC YOBITKH. JJaHHYI0 METOMHKY MOXKHO IPU-

MEHSTH HE TOJBKO B JIOKOMOTHBHBIX JEIIO, 2 U B OOLIEM JUIs BCEX YCTPOWCTB C HEPEryJIHPYEMBIM 3JIEKTPOABUTATE-
JeM, paboTaroLIKX B HEOTPY>KEHHOM PeXXUMe.

Kniouesule cnosa: 3neKTponpUBOJL; JOKOMOTUBHOE AEII0; SHEProcOepeKeHne; MOTEPU aKTUBHON MOIITHOCTH; KO-
3¢ GUIHMEHT 3arpy3Ku ABUTaTeNs; nBurarenu cepun AP
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