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THEORETICAL AND PRACTICAL DETERMINATION
OF PARAMETERS OF ON-BOARD CAPACITIVE ENERGY STORAGE
OF THE ROLLING STOCK

In view of the stage-by-stage increase of electricity tariffs, further development of metro rolling stock is impossible
without application of modern energy saving technologies and energy efficient systems.

Purpose. Further development of metro rolling stock equipped with regenerative braking systems with regard to
increase in its energy efficiency due to introduction of an on-board energy storage units of capacitance type with ac-
count of changes in daily operational condition.

Methodology. Three approaches for determination of parameters of on-board capacitive energy storage are sug-
gested based on the results of experimental research studies, and also using the statistical methods of data processing,
analysis and probability theory methods. The suggested approaches include successive implementation of the follow-
ing combined stages: a choice of operation area and a model of metro rolling stock, determination of normal daily
operational environment, experimental research on energy power processes during different daily operation of rolling
stock, mass-data processing, histograming and determination of on-board capacitive energy storage parameters using
the suggested criteria.

Findings. Energy power processes were registered under normal daily operational conditions of rolling stock equipped
with regenerative braking systems on Sviatoshynsko-Brovarska line of PU “Kyiv Metro”. Instantaneous and average
energy power and an amount of electric power for each regenerative braking process of a train were measured. According
to the results of mass-data processing, probabilistic characteristics are built in the form of histograms of the density
distribution of average power and regenerative energy amount within three suggested approaches. Major technical pa-
rameters of on-board capacitive storage, i.e. nominal and maximal power, operational and total energy capacity are
determined with the aid of the above-mentioned approaches for specified operational conditions of the metro train.

Originality. For the first time approaches for determination of parameters of on-board capacitive energy storage
for metro train according to the analysis of distribution density of average power and amount of regenerated electric-
ity are proposed. Research on determination of parameters of on-board capacitive energy storage for metro rolling
stock with brake regenerative systems got further development.

Practical value. The suggested approaches can be used for construction of metro rolling stock with on-board ca-
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Introduction. Currently in Ukrainian, underground
transportation of passengers is provided mainly by wag-
ons with commutator motors, contact power control
and rheostatic braking, which is characterized by high
specific power consumption per unit of transportation
work. The use of rheostatic braking on wagons leads to a
significant increase in the total amount of consumed
electricity by subway due to significant energy losses in
the pullout rheostats [1].

In recent years modernization of existing and the
purchase of new wagons have taken place in the subways
of Ukraine in order to reduce the cost of electric energy
for haulage of trains, increase the comfort level of pas-
sengers and machinists, increase the reliability of the
electric equipment of wagons, reduce the amount of
scheduled works and maintenance, extend the terms of
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rolling stock operation. Upon that, new requirements
for both the improvement of technical and economic
indicators and the increase in the level of safety [2], in-
cluding the improvement of dynamic qualities, are put
forward [3]. The main differences between the newly
created and upgraded rolling stock is the use of an asyn-
chronous alternating current drive, microprocessor
control system, as well as the introduction of other en-
ergy saving equipment and technologies, primarily re-
covery systems [4]. According to the results of research
[5] it is known that upgrading the existing rolling stock
in relation to the five cars coupling allows reducing the
consumption of electric power for traction by 35—40 %.
Therefore, now energy saving and energy efficiency
measures of rolling stock are being implemented in the
domestic subways. At the same time it is expedient to
increase energy efficiency of the rolling stock of the sub-
way as well as its other types (locomotives, passenger
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and freight cars) for railway transport by means of con-
structive improvements [6] in accordance with the di-
rections specified in the work [7]. The implementation
of the proposed scientific approaches will significantly
improve resource efficiency [8] on rail transport and
thus improve the efficiency of its operation.

As it is known from research [9] there are reserves of
additional savings in the rolling stock of the subway with
the recuperation systems, which mainly exist due to the
inefficient use of recuperative braking in the absence of
consumers of this electricity in the recuperation zone.
Under conditions of real exploitation, many factors in-
fluence the amount of used energy for recovery [10].
Among the main ones [11] we can distinguish the fol-
lowing: the traffic density in the recuperation zone, the
motion mode of other electricity consumers, the dis-
tance between the stations, the grading of track and re-
sistance to movement [12], which is directly dependent
on the cost of traction transmission [ 13] and the optimal
profile line of driving [14]. It is known [15] that in the
real conditions of operation of the rolling stock of the
subway, the amount of electric energy recuperated to the
contact network is 10—20 %; the amount of excess elec-
tricity that is emitted in the form of heat on the brake
resistors is at the level of 20—30 %, which is consumed
for draft. The research findings [16] show that the elec-
tricity of recuperative braking, which is generated by the
contact network, is far from being fully realized. Much
of this electricity is excess and dissipated in the form of
heat on the bus lines of the contact network during
transportation to other consumers. Consequently, tak-
ing into account the above fact, the efficiency of the use
of electric energy of recuperative braking makes only
5—10 % of the amount of consumed electricity by trac-
tion [17]. Thus, according to the existing infrastructure
of the traction energy supply system of the underground,
reserves of energy saving make up to 30 % of the amount
of consumed electricity by traction.

As it is known from the results of research [18] one
of the methods for increasing the utilization of electric-
ity from recuperative breaking and, accordingly, energy
efficiency on the rolling stock of the underground with
the systems of recuperation, is the introduction of buf-
fer capacitive storage on it [19]. At present a large num-
ber of domestic and foreign [20] scientists are engaged
in research on the introduction of energy storage de-
vices on the rolling stock of the subway. Analysis of
these studies allowed establishing that one of the open
issues remains the choice of parameters of the capaci-
tive storage with regard to the real conditions of opera-
tion of the rolling stock of the underground with the
systems of recuperation.

The objective of the article is to determine the param-
eters of the on-board capacitive energy storage includ-
ing changes in the daily operating conditions of rolling
stock of the subway through the application of a new
scientific approach.

Research methodology. Presentation of the main re-
search. The main idea of the proposed approaches is to
determine the parameters of the on-board capacitive
energy storage on the basis of the analysis of the charac-
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teristics of the power distribution density and the
amount of electric recovered energy. The proposed ap-
proaches have the following common stages:

- the choice of operation area and the model of roll-
ing stock of the underground;

- the definition of typical operating conditions that
change during the day (schedule of traffic, load of cars);

- the experimental research on energy processes dur-
ing typical conditions of rolling stock operation;

- analysis of the received data and determination of
the range of power change and amount of recuperative
braking power;

- histograming according to the results of analyzing
the received data with regard to the proposed approaches;

- the determination of working energy intensity,
nominal and maximum power of the on-board capaci-
tive energy storage assuming the proposed criteria.

The first stage. The area between the terminal stations
of the Sviatoshynsko-Brovarska line of the PU “Kyiv
Metro” was selected for the research. The rolling stock
is a five-car coupling train with an asynchronous trac-
tion drive and recuperation systems, in which the main
wagons are engineless, while intermediate ones are mo-
torized.

The second stage. The following typical conditions of
operation of the subway train during the day are accept-
ed: three and two full circles within the “off-peak” traf-
fic schedule, respectively, at nominal and maximum
loading; one and two full circles within the “peak” traf-
fic schedule, respectively, at nominal and maximum
load; one full circle with the observance of “off-peak”
traffic schedule with minimal load.

The third stage includes the experimental research on
energy processes under typical operating conditions,
which was carried out using an investigation complex,
that consists of the above-mentioned rolling stock and
measuring installed system on its board. The measuring
system was developed by experts of the research group of
electric and traction-energy equipment.

The metering system was created by the specialists of
the research team of the electrical and tractive power
equipment of State Enterprise “Ukrainian Scientific
Railway Car Building Research Institute” for the study
of energy processes between the contact network and
the train in the real conditions of its operation. The me-
tering system consists of a personal computer, an ana-
log-digital converter, a switching unit, a unit of coordi-
nation and measuring sensors. Data processing on a
personal computer is carried out using certified soft-
ware. The metering system involves receiving, display-
ing and storing the data from measurement gauges that
are installed on the experimental train.

According to the results of these studies, oscillo-
grams of the voltage of the contact network (current col-
lector), current and speed of the composition at its typi-
cal operating conditions during the day were obtained.

The fourth stage involves the processing of data. The
following indicators for recuperative braking modes are
defined according to the data processing results which
were obtained during the typical rolling stock operating
conditions: speed of start of braking (V,,), average and
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maximum recuperative braking power (P,,, Pma), as

well as amount of electric energy of recuperation (A4).
The instantaneous power of the rolling stock for the

recuperative braking mode is determined by the formula

p(t) =u(t) - i(t). o))

The average power of recuperative braking power is
determined by the formula [9]
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where N is the total number of discretization intervals in
the research process; Uy, I, are the value of the voltage
and current at time t, during the discretization of signals
u(t) and i(t).

The amount of electricity recuperation is determined
by the formula [9]
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where T is time (period) of research; At is interval of
quantization of signals processing u(¢) and i(¢), that is
equal to 0.5 s in this work.

The results of processing data for typical conditions
of train operation are given in Table 1.

At the fifth stage according to the data in Table 1,
probabilistic characteristics in the form of histograms of
the distribution density of average power and the amount
of recuperation electricity were made for three different
proposed approaches (Figs. 1-3).

The first approach involves creating histograms for
the most common operating conditions during the day.
In the presence of several conditions of operation with
the same time effect, the construction of histograms is
carried out for a condition with a maximum total
amount of electric energy recuperative braking.

The second approach involves the maximum mode of
energy exchange, which in this case corresponds to the
“peak” traffic schedule of trains with maximum loading.

The third approach involves creating histograms tak-
ing into account all typical conditions of operation of
the train and their number during the day.

The histograms were created in the following order:

- determination of the range of changes in the aver-
age power and amount of recuperative braking power for
each of these approaches;

- splitting of the range into several subbands;

- determination of the density of distribution of aver-
age power and the amount of the recuperation electric-
ity by the formula

f== 4

where 7, is the number of brakings for the subband under
study; # is the total quantity of breaking;

definition of the distributive law of the power and the
amount of electricity from the recuperation by approxi-
mating the density data for the received subbands.
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The following was determined according to the data
analysis in Table 1 and Figs. 1-3:

- the average power of the recuperative electric power
for the first approach is in the range of 326...1924 kW, for
the other is 465...2009 kW, for the third one is 181...
2220 kW, the amount of electricity for the first approach
is in the range of 0.87...44.4 kKW - h; for the other is
1.92...42.48 kW-h; for the third one is 0.58...43.99 kW - h;

- the required energy intensity of the capacitive en-
ergy storage for maintaining the full capacity of the re-
generative braking power should be at least 44.4 kW - h
for the first approach; for the second one it is not less
than 44.61 kW - h; for the third one it is not less than
45.95 kW - h;

- the density of the distribution of average power and
the amount of electricity recuperation varies according
to the normal law.

According to the results of the analysis of the instan-
taneous power values for recuperative braking modes,
the maximum capacity recorded for the first approach
was 3112 kW, for the second one it is 3835 kW; for the
third one it is 3879 kW.

The sixth stage involves determination of the param-
eters of the on-board capacitive energy storage accord-
ing to the proposed approches. The criteria for choosing
the parameters of on-board capacitive energy storage
are as follows:

- determination of nominal power is carried out at
the average power of the electric power of the recupera-
tive braking of the train on the indicated area;

- the maximum power of the capacitive energy stor-
age is chosen for the maximum (peak) value of the in-
stantaneous power of the recuperative braking power;

- determination of the working energy intensity of
the capacitive energy storage is carried out according to
the law of distribution of the amount of recuperative
electricity. Under the uniform distribution law, the en-
ergy intensity is determined by the maximum value of
the amount of electric recovered energy (4,,.,), with
other standard laws (triangular, normal, exponential,
and others) is by the average (4,,,) taking into account
the mean-square deviation (o), that is, 4, + . The “+”
sign in the criterion shows that one value of the energy
intensity of the capacitive energy storage is determined,
which takes into account the maximum density distribu-
tion of the amount of electricity.

The average values are determined for the confi-
dence interval of the sample taken at 0.95. Values that do
not fall into the confidence interval are considered to be
a failure and, when determining the average, are not
taken into account.

Based on the above, confidence intervals are defined
for the average power and amount of recuperative elec-
tricity. In this case the following values were excluded
for the first approach: 44.4 kW - h; for the second one it
is 465 kW and 42.48 KW - h; for the third one it is 22.54;
42.13; 42.48; 42.86; 43.99 kW - h.

The results of the research on the determination of
the average value of the amount of electric energy of the
recuperation (4,,,), the mean square deviation (c), the
rated power of the capacitive energy storage (P, ces)>
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Fig. 1. The histograms of distribution density of the average power (a) and and the amount of recuperative energy (b) for
the first approach
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Fig. 2. The histograms of distribution density of the average power (a) and and the amount of recuperative energy (b) for
the second approach
fA f A
0.5 0.5
0.45 0.45
0.4 0.4
0.35 0.35
0.3 0.3 0.
0.25 0.25-
0.2 0.2 1
0.15 - 0.154
0.1 0.1
R 0.05+ i 0-03
0.05 Py, KW 0 A, kW h
0-500  500-1000 1000-1500 1500-2010 36 6-10 10-20 20-50
a b
Fig. 3. The histograms of distribution density of the average power (a) and the amount of recuperative energy (b) for the
third approach
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Table 2
The results of the research
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the maximum power of the capacitive energy storage
(P,uxcEs), the required energy intensity of the capacitive
energy storage (Acgs), are given in Table 2. Also Table 2
presents the value of the required total energy consump-
tion of the capacitive energy storage in regurd to the ac-
cepted “inactive storage” of the drive at the level of 15 %.

Therefore, the values of nominal and maximum
power, as well as the working and total energy intensity
of on-board capacitive energy storage for the given con-
ditions of operation of the train according to the first ap-
proach, should be respectively at the level of 870 kW,
3112 kW, 7.33 kW - h; 8.43 kW - h, for the second ap-
proach it should be at the level of 1314 kW; 3835 kW,
9.4 kW - h; 11.28 kW - h, for the third one it should be
1017 kW; 3879 kW, 7.38 kW - h; 8.49 kW - h.

Conclusions and recommendations for further research.
The research studies were carried out on the basis of the
offered approaches. As a result, the necessary parameters
of on-board capacitive energy storage for the given modes
of rolling stock with the recuperative systems were deter-
mined. According to the obtained data it has been estab-
lished that for the indicated modes of rolling stock the
nominal power of the capacitive energy storage should be
within the range 870—1314 kW, the maximum power of
the capacitive energy storage is within 3112—3879 kW, the
energy intensity of the capacitive energy storage is within
7.33—9.4 KW - h, total energy consumption of the capaci-
tive energy storage is within 8.43—11.28 kW - h.

Further research needs to be focused on developing a
single complex approach that would allow determining the
rational parameters of the capacitive energy storage (nom-
inal and maximum power, working and total energy inten-
sity) on the criterion of the minimum payback period.
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HAKONMUYYBAYa eHeprii pyxoMoro cKJaamy

A. O. Cyaum', O. B. @omin?, I1. O. Xo3a',
A. T. Macmenan®

1 — JlepaBHe MiINPUEMCTBO ,, YKpaiHCbKUIT HayKOBO-IIO-
CJITHUI iIHCTUTYT BaroHOOymyBaHHs “, M. KpemeHuyK, YKpa-
iHa, e-mail: sulim1l.ua@gmail.com
2 — Jlep>XaBHUI YHIBepCUTET iH(GPACTPYKTYpPU Ta TEXHOJIO-
riit, M. KuiB, YkpaiHa, e-mail: fomin1985@ukr.net
3 — VYKpaiHChbKMII Jep>KaBHUM YHIBEPCUTET 3alli3HUYHOTO
TpaHCIoOpTy, M. XapkKiB, YKkpaiHa, e-mail: antonua86@gmail.
com

VY 3B’43Ky 3 MoeTanHUM MiABUIIEHHSIM TapudiB 3a
CMOXUTY €JeKTPOEHEPTiI0 MOAANbIINN PO3BUTOK PY-
XOMOTO CKJIa[ly HEMOXJIMBUI 0€3 3aCTOCYBaHHS Cydac-
HUX eHepro30epiraroumnx TEXHOJOTI Ta eHeproouai-
HUX CHCTEM.

Merta. [lomanpimii po3BUTOK PYXOMOTO CKJIAmy
METPOMOJITeHY i3 CUCTeMaMM peKyriepallii B YaCTUHi
MiABUIIEHHS HOro eHeproeeKTUBHOCTI 3a paxyHOK
VIIPOBAIKEHHSI OOPTOBUX HAKOMUUYBayiB eHEPril M-
HICHOTO THUMY 3 ypaxyBaHHSIM 3MiHU JTOOOBUX YMOB
eKCIuTyaTallii.

Metomuka. BukopucToByoun pe3yjbTaTu eKcIle-
PUMEHTAJbHUX JOCHIIXEeHb, a TaKOX 3aCTOCOBYIOUU
CTaTUCTUYHI METOIM OOPOOKM JaHUX, METOAU aHaIi3y
1 Teopii IMOBIPHOCTI, 3alTPOMIOHOBAHI TP MiIXOIU 3
BU3HAYCHHS ITapaMeTpiB OOPTOBOTO EMHICHOTO HAKO-
nyyyBaya. 3alpoNOHOBAHI ITIXOAU IlependadyaroThb
MOCiIOBHE BUKOHAHHS HACTYMHUX CHIJbHUX €TalliB:
BUOIp OUISIHKM eKCIUTyaTallil 1 MoJieJli pyXoMoro cKJja-
Iy METPOIONITeHY, BMU3HAYEHHS INTATHUX IOOOBUX
YMOB eKCITyaTallii, eKCriepuMeHTaabHe JOCTiIKEHHS
€HEepreTUYHMUX MPOILIECiB i yac pi3HUX JOOOBUX YMOB
eKCILTyaTallil pyXoMoro ckjiamy, o6podKa OTpUMaHUX
MAacCHUBiB JaHMX, MOOYIOBa TicTorpaM i 6e3mocepeIHbO
BU3HAUYEHHS MapaMeTpiB OOPTOBOrO EMHICHOTO HaKO-
MUYyBaya 3a 3alIpOIIOHOBAHUMU KPUTEPisIMH.
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Pe3syabrat. BukoHaHa peecTpallisi eHEpreTUuYHUX
MPOLIECIB Mif Yac ITaTHUX JOOOBUX YMOB €KCILTyaTa-
il TOCIiAHOTO PyXOMOTO CKJIady i3 CUCTeMaMU peKy-
nepaiiii Ha CBSITOIIMHCHEKO-BpoBapcrkiit miHii Komy-
HaJIBLHOTO MiAnpueMcTBa ,, KMiBCbKMIT METPOITIOJiTeH .
PospaxoBaHi MUTTEBA i1 cepelHsT MOTYXKHOCTI, a TAKOX
KiJIbKiCTh €JI€KTPOEHEPTii IJ1s1 KOXKHOTO peKyrnepaTuB-
HOTO rajbMyBaHHS Toi3aa. 3a pe3yjabTaTaMyu 00poOKU
MacuBiB JaHUX NMOOyOOBaHi MMOBIpHiICHI XapaKTepuc-
TUKHW Y BUIJISIIL TicTOrpaM LI IbHOCTi pO3IOIiIy cepe-
HbOI TTOTY>KHOCTI Ta KiJIBKOCTi €JIeKTPOEHEPTii peKyre-
pauii 1151 TpbOX 3alpONOHOBAHUX MiAXomdiB. I3 BUKO-
PUCTaHHSIM 3a3HAYCHUX ITIOXOMIB IJIS 3aJaHUX YMOB
eKCILIyaTallii 1oi31a MeTPOIOJIiTeHy BUBHAYEHI OCHO-
BHi TeXHi4YHi TTapaMeTpu OOPTOBOrO EMHICHOIO HAaKO-
nyMyyBaya €Heprii: HOMiHajbHA I MaKCUMaJjlbHa I10-
TY>KHOCTi, po0Ooya i1 3arajibHa €eHEPrOEMHOCTI.

HaykoBa HoBHM3HA. YTieplie 3amporoHOBaHOI Mil-
XOIY 3 BUBHAYEHHSI MapaMeTpiB O0PTOBOTO EMHICHOTO
HaKoIuYyBaya ISl 1T0i31a METPOTOJITEHY 3a aHATi30M
XapaKTEePUCTUK IIUTLHOCTI PO3MOAiIY CepeaHbOl IMO-
TY>KHOCTI Ta KiJIbKOCTi eJIEeKTpOeHeprii peKyrepallii.

IIpakTUyHa 3HAYMMICTh. 3aMPONOHOBAHI MiAXOIN
MOXYTb OYTM BUKOPHUCTAHi MPU CTBOPEHHI PyXOMOTO
CcKJIa@y METPOMOJITeHy 3 OOPTOBUM EMHICHHUM HaKO-
nu4yyBayeM eHeprii.

KimouoBi caoBa: dopmosuii emuicHuil Haxonuvysa4
eHepeii, pyxomuil ckaad Memponoaimeny, cucmema pexy-
nepauii
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B cBsI3M ¢ MTO3TalTHBEIM MOBBIIIEHHEM TapudoB Ha
YIOTPEOJICHHYIO B3JICKTPOSHEPTHUIO JajbHeiIee pas-
BUTHE TTOOBIKHOTO COCTaBa HEBO3MOXKHO 0e3 IIprUMe-
HEHUSI COBPEMEHHBIX SHEProcOepeTalolInX TeXHOIO0-
Ui ¥ SHEPTOCOXPAHHBIX CUCTEM.

Lens. JanbHeiiliee pa3BUTHE MOABUXKHOIO COCTA-
Ba METPOTMOJMUTEHA C CUCTEMaMU PeKyIepaliiy B YaCcTU
MOBBILLICHUS €T0 9HeProd((OEKTUBHOCTH 3a CUET BHE-
TIpeHUsT OOPTOBBIX HAKOMUTEIEe 3HEPTrud eMKOCTHOTO
TUIA C YYETOM U3MEHEHMUST CYTOUHbBIX YCIOBUI 9KCILTY-
aTalvu.

Metomuka. Mcronb3ys pe3yibTaThl 3KCITEPUMEH-
TaJbHBIX WCCJICAOBAHMI, a TaKKe IMPUMEHSST CTaTH-
CTUYECKME METOIBI 00PAaOOTKM JaHHBIX, METOIBI aHA-
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JIN3a U TCOPUHU BEPOSATHOCTH TIPEIIOKEHBI TPY TTOIXO0-
IIa IUIST OTIpeNeICHMST TTapaMeTpOB OOPTOBOTO €MKOCT-
Horo Hakonutess. [IpenioxxeHHbIe TOIXOObI TIPeayC-
MAaTPUBAIOT TIOCJIEIOBATEIbHOE BBHIMIOJHEHUE CICIYIO-
IIMX OOIIMX 3TAMoOB: BHIOOP yyacTKa 3KCILUTyaTalluy 1
MOJIE/IU MOIBUXKHOIO COCTaBa METPOIMOJUTEHA, OIpe-
JieJIeHWe ITaTHBIX CYTOUHBIX YCJIOBUI 3KCILTyaTaluu,
SKCIEPUMEHTAIbHOE KCCIIEIOBAHNE DHEPreTUYECKUX
TIPOLIECCOB BO BPEMSI pa3HBIX CYTOUHBIX YCIOBUIA 9KC-
TulyaTallii TTOABMXKHOIO cCOCTaBa, oOpaboTKa IoJy-
YEHHBIX MAaCCUBOB JAHHBIX, IIOCTPOCHUE THUCTOTPaMM
¥ HETIOCPEICTBEHHO OTIpeIeICHIE ITapaMeTPOB OOPTO-
BOTO EMKOCTHOTO HAKOIIMTESI II0 IIPEIIOKEHHBIM
KPUTEPHUSIM.

Pe3syabratbl. BhinosiHeHa perucTpaluvst dHEpreTv-
YECKHUX MPOIIECCOB BO BpeMsI IITAaTHBIX CYTOUHBIX YC-
JIOBMIT 3KCILTyaTallMy OTNBITHOTO TTOABMXKHOTO COCTaBa
¢ cuctemMaMmu pekynepauuud Ha CBsITOIIMHCHKO-bBpo-
Bapckoil tuHurM KoMMyHaabHOTro mpennpusitus ,, Ku-
€BCKUII METPOITOJINTEH . PaccuuTaHbl MTHOBEHHAs 1
CPEeMHSISI MOIIIHOCTH, a TakXXe KOJUYECTBO DJIEKTPOI-
HEPTUM IJIST KaXKIOTO PEKYyIepaTHBHOTO TOPMOKCHHUS
noesna. Ilo pesynbraTaM 00pabOTKM MacCUBOB JaH-
HBIX ITOCTPOCHBI BEPOSITHOCTHBIC XapaKTEPUCTUKUA B
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BUJIC TUCTOTPAMM IUIOTHOCTH pacIipeiesICHUsI CPEIHEH
MOIITHOCTH 1 KOJIMYECTBA DJIEKTPOIHEPTUU peKyTepa-
LU 71 TPEX MPEIIOXKEeHHBIX MoaxonoB. C UCIIOIb30-
BaHHUEM OTMEUYCHHBIX ITOAXOMOB UISI 3aJaHHBIX YCJIO-
BMIi 3KCILTyaTalluy IT0e31a METPOIOJIUTEeHA OMpeaeie-
Hbl OCHOBHbIE TEXHWYECKHE MapaMeTpbl OOPTOBOIO
€MKOCTHOTO HaKOIUTEJsI DHEPIUu: HOMMHAJbHAsI U
MaKcHUMaJibHasi MOLIHOCTU, pabouas 1 00111asi SHEpro-
€MKOCTH.

Hayunas HoBu3HA. BriepBEIe MpemToKeHbI TTOIXOIbI
IUTISE OTIpeAeICHHS TTapaMeTpOB OOPTOBOTO €MKOCTHOTO
HaKOITUTEJIS TT0e3a METPOITOIMTEHA 10 aHAIN3Y XapaK-
TEPUCTHK TTIOTHOCTY PACIIpeIeICHUS CPEIHE MOIITHO-
CTHU M KOJIMYECTBA JICKTPOIHEPTUN PEKYIICPALIH.

IIpakTuyeckas 3HauynmocTb. [IpenyoxxeHHble MO-
XOIbI MOTYT OBITh MCITOJIb30BaHbI IIPU CO3TAHUM IO -
BUXKHOTO COCTaBa METPOIOJUTEHA C OOPTOBBIM €M-
KOCTHBIM HaKOIUTEJIEM SHEPIUU.

KimoueBbie cioBa: 60pmogoil emMKOCMHOU HAKONU-
menb IHepeuU, NOOBUIICHOI COCIA8 MempoOnoaUmenda, cu-
cmema peKynepayuu

Pexomendosarno 0do nybaixauii dokm. mexH. Hayk
M. M. babaecsum. lama nHaoxo0xcents pykonucy 15.08.17.
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