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SELECTION OF RATIONAL PARAMETERS OF THE NOMINAL MODE
ELECTRIC TRAINS WITH ASYNCHRONOUS TRACTION DRIVE

Purpose. Parameters of the nominal mode are related to the most important performance indicators of traction
means, therefore, the problems of choosing their optimal values always inevitably arise when forming technical re-
quirements for a new rolling stock. The paper describes the features of solving the above-mentioned problems for
electric trains with an asynchronous traction drive in the case of two-zone and three-zone frequency control of pow-
er. Methodology. Power of nominal mode of the rolling stock should be chosen in such a way that it would be pos-
sible to realize a predetermined travel time along in the section or the movement speed. On that basis, and also tak-
ing into account the fact that the important operational characteristics of electric trains include the acceleration value
during the start-up and acceleration at the design speed, we will formulate the problem of determining the nominal
power. In the task for a given range of traction, it is necessary to find such a value of the nominal mode power and
the corresponding force value to ensure the ability to carry out transportations with the given level of average speed
with minimal energy consumption for traction. At the same time, it is necessary to fulfill the
following conditions: a) the speed of the electric train on the section does not exceed the established limits;
b) it is possible to realize the given values of accelerations. A more detailed consideration of the problem shows that
in real conditions, when the starting acceleration and the mass of the train are given, the problem of determining
electric train power is practically reduced to determining the optimal value of the nominal mode speed.
Findings. The task of choosing the optimal values of the nominal mode speed is solved by determining the electric
power consumption with the variation of the possible values of starting speed. Therefore, only those values that
ensure the implementation of the given starting and residual accelerations should be taken into account. The work
shows that the traction force value increases with the design speed increase and other equal conditions, if the starting
speed is increased. Originality. Authors developed the methodology for determining the optimal values of the nom-
inal mode parameters of electric trains with an asynchronous traction drive, with two-zone and three-zone
frequency power regulation. Practical value. The above mentioned methodology can be the basis when forming
technical requirements for new rolling stock for Ukraine’s railways.

Keywords: electric train; starting and residual acceleration; starting speed; motion equation; traction
characteristic; power regulation zone; specific force

determining their optimal values always inevitably

Introduction

Parameters of the nominal mode are related to
the most important performance indicators of the
electric rolling stock. Therefore, the problems of

arise when forming technical requirements for a
new rolling stock. For the railways of Ukraine,
these tasks are currently particularly relevant in
connection with the need to renovate morally and
physically obsolete locomotive fleet in conditions
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of acute shortage of funds, when it is especially
important to avoid the acquisition of inefficient
equipment.

Determining the parameters of the nominal
mode (traction force, speed of movement and pow-
er) of traction means is the main objective of the
so-called traction supply problems. Review of the
papers on this topic is given in [1, 5, 6]. There one
can find the ways of solving such problems with
regard to freight and passenger electric locomo-
tives, mainly with a collector traction drive.

Purpose

In the case of electric trains, the tasks of deter-
mining the parameters of nominal mode were con-
sidered in a smaller volume and only with refer-
ence to the collector traction drive [3, 4, 9]. In this
article, the features of these traction supply prob-
lems for electric trains with an asynchronous trac-
tion drive are described.

Methodology

The nominal mode power should be selected in
such a way that it would be possible to realize the
predetermined travel time along the section (or
movement speed). With such a «blurred» statement
of the problem, its solution contains many variants,
and when determining the rules for selecting the
best ones the work [6] proposes to apply the fol-
lowing indicators for a comparative evaluation of
the variants:

— specific power consumption for train traction;

— excess capacity of the required locomotive
fleet;

— the mean value of the traction multiplicity re-
quired for transportations.

Last two indicators make sense for freight and
passenger traffic, as the weight (composition) of
trains varies widely.

In the case of electric trains only the first of the
above-mentioned indicators is used: electricity
consumption, since in the general case, when the
specific power is distributed along the length of the
train, i.e. which accounts for 1 ton of train weight,
it does not depend on train composition. For elec-
tric trains, where the traction motors are located in
the end cars, the maximum train weight should be
taken into account.

Based on the above and taking into account that
the acceleration value during starting period (ac-
celeration) as and acceleration at the design speed
a, (residual acceleration) refers to the important
operational characteristics, the problem of deter-
mining the nominal power of the electric train is
formulated as follows: for the given traction poly-
gon, it is necessary to find such a value of the nom-
inal mode power and corresponding traction value,
so that it would be possible to carry out transporta-
tions with a given level of average speed with min-
imum electricity consumption for traction and the
following conditions would be met:

— the speed of the train movement in the section
does not have to exceed the established limits;

— it is possible to realize the given values of ac-
celeration at start (as) and the residual one (a;).

A more detailed consideration of the problem
shows that in real conditions, when the starting
acceleration and the train weight are given, the task
of traction supply of electric trains practically re-
duces to determining the optimal value of the nom-
inal mode speed.

To be convinced of the validity of the forego-
ing, let us determine the factors defining the nomi-
nal mode power.

The traction force in N, required to realize the
given acceleration a, is determined on the basis of
the equation of the train motion used for traction
calculations [2, 12] as

F.()=W,(v)+1000m(+7v)a, N, Q8

where F,(v) — tangential traction force (on the rim
of the driving wheels) of the motor cars, N; W, (v)

— total movement resistance, N; m — train weight,
t; 14y — inertia coefficient of the rotating masses

of the train; a — acceleration, m/s’.
Given that the train movement resistance
W,.(v)=9,81mw,(v), 2)

where w, (v) — specific total resistance to train

movement, N/kN.
Taking into account (2), we transform (1) to the
form

Fk(v)=9,81m[wk(v)+102(1+}/)a]. 3)

When measuring the movement speed in
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(km/h) the nominal mode power is defined as

N, =0,2778-107F, v

kn"n>

kW, 4

where F,, — tangential traction force related to one

traction motor, N; the index «n» — means the value
of the parameter corresponding to the nominal
mode.

Substitution of (3) into (4) gives

N, =2,725-10"m[w,(v,) +102(1+ p)a, |v,.  (5)
Expression (5) shows that the power of nominal
mode at the given values m, a,, (1+y) and

w,(v), dependencies is definitely determined by

the value of the optimal mode speed, and thus the
problem of choosing the optimal parameters of
nominal mode of electric trains reduces to the
choice of the movement speed in the nominal pow-
er mode from the condition of minimizing the elec-
tricity consumption for traction of trains.

To solve the problem, one can use the method
proposed in [6]. Its implementation is carried out
by successively solving the following tasks:

— determination of control parameters of the
train movement equation;

— optimization of train traffic control for mini-
mal electric power consumption;

— determination of the nominal mode speed,
corresponding to the minimum power consumption
when implementing the given travel time.

To solve the last two of the problems posed
above, it is possible to apply the approaches used
in solving similar problems for passenger electric
locomotives [1, 5, 11]. Therefore, we will dwell
only on the problem of determining the control
parameters of the motion equation.

Traction calculations are based on the integra-
tion of the motion equation (6).

vdy

g=§[M—W0(V)—i(S)], (6)

where & — is dimensional coefficient, the value of

which depends on the accepted units of measure-
ment of physical quantities; # — control parameter;
w,(v) — basic specific net train resistance; i — the

value of the longitudinal path gradient, which is a

function of the pathi(s).
The value w, (v) is determined as

w/ (v) in traction mode;
w,(v) = . - (7)
w, (v) in the run-out (idling) mode.

The dependences w',(v) and w, (v) are de-

termined by the corresponding dependences ob-
tained on the basis of the experimental data [7, 8,
10].

The control parameter depends on the operation
mode of the electric train: u >0 corresponds to the
traction mode; u<0 — to the braking mode;
u = 0 to the run-out mode.

Let us consider the traction drive with a smooth
control of the traction power. Then, in the power
calculation the control parameters that satisfy the
following conditions are adopted:

— traction mode 0 <u < 7,((\/) ;
— breaking mode E(v) <u<0,

where Tk(v) u E(v) — limiting traction and brak-
ing characteristics respectively, referred to 1 kN of
the train weight.

Let us consider the problem of calculating de-
pendencies f,(v) for the two most frequently en-
countered methods of 3-zone (Fig. 1, a) and 2-zone
(Fig. 1, b) frequency control of the asynchronous
traction drive power for electric trains.

In the case of 3-zone regulation, there is a pos-
sibility:

—in the zone 1 (0<v<v,) — acceleration with
the given starting traction force;

—in zone 2 (v, <v<v,) — the realization of the
constant traction power;

— in zone 3 (v, <v<v,) — the traction power
control is inversely proportional to the movement
speed.

In the acceleration zone (0<v<v,), the start-
ing traction force of thrust in specific units (3)

fis ) =[w,(v) +102(1+ p)a,]. (8)
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Fig. 1. The limiting traction characteristics of the electric trains, HRCS2 series:

a — the Hyundai-Rotem Company and b — EJ675 of SKODA Vagonka .

In zone 2 (v, <v<v,)
Ns :Nub

V=V

Since N, =Fj v, and N, = F, v then

v
Fyany = Fis (€))
A%
Taking into account (8)
- v
fk(ab)(v)=[Wk(vs)+102(1+;/)as]7s. (10)

In the 3" regulation zone (v, <v<v,) the ul-
timate traction power

Nbc :Na v_a‘
v
Since
v
Ny =FipeyV O Fypoy =N, v_2 (11)

But since N, =F, v

ka’a>

where F,, — is the val-

ue F . at v=v,, then

2
1%

Fk(bc) =F, 5_2 (12)

From the (9) we have the following

F}fa = st i’
Vo
that is why
Ay
F}c(bc) :st j}za . (13)

. %
We designate k, =—*, then v, =v_k, and
vC

vvk

Frevey = Fis Svcz “.

(14)

where v, — constructional speed of the train, km/h.
Taking into account the specific quantities, we
obtain

A%

k
. (15
: (15)

S0y M) =[w, (v)) +102(1+ y)a, ]

Let us consider the case of two-zone regulation
using booster modes, i.e. when the implementation
of loading modes providing for the realization of
traction forces exceeding the values corresponding
to the nominal mode is provided. This mode of
operation is used, for example, on the Skoda elec-
tric train. In this case, the traction characteristic
corresponds to that shown in the Fig. 1, b.
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Let us introduce the designations

F, N,
kp=— ky=—=, 16
TRy (16)
where N, — is the maximal traction force, at

v=y,.
The limiting traction characteristic for the ac-
celeration section is determined by the expression

(8), and Tk(ab)(v) — according to the formula (10).

Nominal traction force

F,
Fp=-k (17)
k,
The value of the nominal mode speed is ob-
. . . F,
tained on the basis of the relation —‘=Lv‘,
n F}C}’lv}’l
taking into account the expressions (16).
k
v, =Ly, (18)
kN
Findings

The task of choosing the optimal values of the
nominal mode speed v, is solved by determining
the electric power consumption with the variation
of the possible values of the starting speed v,

therefore one should take into account only those
its values that ensure the implementation of the

sy

km/h o
a,=0.11 m/s*
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20 a,=0,09 m-'ri'.
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a,,

0,7 0.8 09 1.0 L1 m/s*

0
0 01 02 03 0405 06

a

given starting a, and residuala, accelerations at
the selected control method.

As it can be seen from the Fig. 1a and Fig. 1b,
the value of traction force at the design speed, oth-
er things being equal, increases with increasing
starting speed. Therefore, in order to exclude vari-
ants that do not match the conditions of the prob-
lem solution, it is necessary to determine the min-
imal values v, corresponding to the given starting
and residual accelerations.

Since the traction force at the design speed:

— from the one side

— k
Fr ) = [, () 410201+ 7)a, 7

c

— and from the other side
F,0)=[w (v)+102(1+p)a, ].

Neglecting the dependence of w, on v, , we ob-
tain
: w,(v.)+102(1+y)a
v;mnzi[ k( c) ( }/) r](lg)
k, [Wk (v,)+102(1 + ;/)as]

For the case of two zone regulation in the pre-
sented expression it should be taken
k,=1, (v, =v,).

In the calculations one should take only the

min

values v, 2 v,

. Dependencies v™ (a,) for dif-

ferent values a, are shown in the Fig. 2.

v,
km/h
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b
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Fig. 2. The family of dependencies of the minimum starting speed on the starting acceleration with the variation of
values of residual acceleration and design speed is: @ — 160 km/h and 5 — 200 km/h
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The value of the starting acceleration at the
given train weight determines the tractive effort,
and hence the use of the «wheel-rail» contact
capabilities to realize the traction creepage. In
order to exclude from consideration, the variants,
when the traction force cannot be reliably realized
according to the adhesion conditions, it is
expedient to set the maximum permissible values
of the starting acceleration according to the
adhesion conditions, i.e. corresponding to the spec-
ified design coefficient of adhesion.

Estimated adhesive force

F,,(»)=9,81-10'm, y,(v), N (20)

where m, — adhesive weight (weight of power

cars), t; y, (v) —estimated coefficient of adhesion.
Specific value of the adhesion force

Ty o) @)

v)=10°
Fua)=10" 22y (),

The necessary acceleration value is obtained
from the well-known law of locomotive traction
[2], according to which for the reliable operation of

a wheel-rail vehicle, it is necessary to fulfill the
condition

FAGEI MO}

Based on the expression (8) and (21) we obtain

3 M) B
10 v, (V)= w,(v)
_ m
102(1+y)

= (22)

Dy
where w,(v)=w,(v) upon the condition that the
electric train moves at the section, i.e. i=0 %o.

Obviously, only values a, <a,,. can be taken
into account.
The dependences a,, (v) for the variants of the

concentrated and distributed traction are shown in
the Fig. 3. They are considered for these electric
trains of HRCS2 series by Hyundai-Rotem Com-
pany«and EJ675 of «<SKODA Vagonkay». The cal-
culations were performed with the initial data giv-
en in the Table 1.

Table 1

Initial data for calculating the dependencies of the minimum permissible starting acceleration using the con-
ditions of adhesion on the speed of motiona,, (v).

o Dependence of the
Weight, t ];?eeninsfrttﬁecﬁ)i% Dependence of the ad- total spgciﬁc move}-1
Electric train range . ing masses of the helslion cozfﬁcient on mersl;::Stj:C(epo)n; ©
adhesive, T rain, 147 the speed (V) > Wi
m,. ’
1 2 3 4 5 6
vy, (v)=0,09+ w,(v)=1,375+
HRCS2
+0,0178v +
(distributed traction) 438 640 L5 L 26 ;OL78v
24+0,74v +0,000097v*
EJ675 \Vk(v)=0,155+ Wo(V):()386+
(concentrated 172 456 1.08 L 42 +0,0093v +
tracrion) 15+0,95v 10,00029v2

Notations. ' The value of weight is presented with the maximum loading of cars by passengers.

* Total specific movement resistance is determined on condition of movement at the section.
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B
m/s’
0.9

0.8

,
0 20 40 60 80 100 120 140 160 180 km/h
Fig. 3. Dependencies a,, (v) for the variants of the

distributed (curve 1) and concentrated (curve 2) traction

Originality and Practical Value

Originality consists in developing a methodol-
ogy for determining the optimum values for the
parameters of the nominal mode of electric trains
with asynchronous traction drive, with two-zone
and three-zone frequency regulation of power.

The resulted methodology can serve as a basis
at formation of technical requirements for a new
rolling stock for railways of Ukraine.

Conclusions

The materials presented in the article provide
for the implementation of traction calculations (in
terms of plotting the motion curves), in solving
problems, selecting parameters for the nominal
mode of electric trains with asynchronous traction
drive.
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BUBIP PALIIOHAJIBHUX ITAPAMETPIB HOMIHAJIBHOI'O PEXKUMY
EJIEKTPOIIOI3/IIB 13 ACUHXPOHHUM TSII'OBUM IIPUBOJIOM

Merta. [lapameTpy HOMIHAJBHOTO PEXHMMY BITHOCATHCS [0 HAWBAXJIMBIINX CKCIUTyaTalliiHUX IOKa3HUKIB
TSATOBUX 3ac00iB, TOMY 3a1a4i BUOOpPY X oNTHMaJbHUX 3HA4YEHb 3aB)KAM HEMHUHYYE BUHUKAIOTH PU (GOpMyBaHHI TeX-
HIYHIX BHMOT Ha HOBHH pyXOMHH cKian. Y poOOTi HEOOXimTHO BHKIACTH OCOONMBOCTI PINICHHS 3a3HAUYCHHUX
3a1a4 JUI eNEeKTPOIOI3/iB i3 ACHHXPOHHMUM TSTOBHM HPHBOJIOM TIPH JBO3OHHOMY Ta TPHU30HHOMY YaCTOTHOMY
peryiroBaHHI MOTYKHOCTi. MeToanka. [1oTyXHICTh HOMIHAJIBHOTO PEXUMY €JIEKTPOPYXOMOTO CKIIaay TIOBHHHA OyTH
oOpaHa TakuM 9MHOM, 100 3a0e3nedyBaiacsi MOXKIMBICTD peaizamii 3aaHoro 9acy XOAy IO IUISHIN a00 IMIBHIKOCTI
pyxy. Buxons4u i3 poro, a Takoxx BpaxoBYIOUH, IO 10 BAKJIMBHUX €KCIUIyaTalllifHUX XapaKTEPUCTHK EIEKTPOIOI31iB
BIZIHOCHTBCSI BEJIMYMHA PUCKOPEHHS B MEPIOJ MyCKy i MPUCKOPEHHSI MPU KOHCTPYKIIHHIN MIBUAKOCTI, CHOPMYITOE-
MO 33/1a4y BU3HAUCHHS] HOMIHAIBHOT MOTYXHOCTI. B 3a/aui [u1s 3a1aHOT0 TIOJIIroHa TSArM HEOOXiHO 3HAWTH Take 3Ha-
YEeHHS MOTY>KHOCTI HOMIHaJILHOTO pexuMy i BI/INIOBi/IHE i 3HAYEHHS CUITH TATH,
mo6 3abe3redyBaiacss MOXKJIMBICTh 3IHCHIOBATH IEPEBE3EHHS i3 33JaHUM DPIBHEM CEpeAHbOI IIBHIKOCTI PyXY IpH
MiHIMaJIbHIH BUTpaTi enekTpoeneprii Ha Try. [Ipu npoMy HeoOXinHO, 100 BUKOHYBAJIMCS YMOBH: &) MIBUKICTH PyXY
eJICKTPOIIOi3/la Ha AUISHII HE TEPEeBHIIye BCTAHOBJIEHHX OOMEXeHb; 0) 3a0e3reduyeTbcs MOXIIMBICTH pearizaiii
33/IaHAX 3HA4YEHb IPHCKOPEHb. bBinbIl AeTanbHWN pO3IJIAN NMHUTaHHS MOKasye, IO B PEabHUX YMOBAX, KOJIK
3a7aHi MyCKOBE NPHCKOPEHHS W Maca II0i34a, 3ajada BH3HAYCHHS IIOTYXHOCTI €JEKTPOIOi3Aa MpPaKTUIHO
3BOJIUTHCS JI0 BU3HAYCHHS ONITHMAJIBHOTO 3HAYCHHS IIBU/IKOCTI HOMIiHQJILHOTO pEeKIMY.
Pe3yabTaTu. 3amaga BHOOpY ONTHMATIBHUX 3HAUYEHD MIBUIKOCTI HOMIHAJIBHOTO PEXKUMY BUPIIIYETHCS MIIIXOM BH3HA-
YEeHHs BUTPATH €JICKTPOCHEPTil MpH Bapiallil MOXKIIMBUX 3HAYEHb ITyCKOBOI IIBHAKOCTI, TOMY B PO3pPaxyHKH CIIiJ MpH-
WMaté TiBKM Ti 11 3HAYCHHS, SIKI 3a0€3MEUyIOTh pealizallifo 3aJaHuX IYCKOBOTO N 3aJMIIKOBOTO IPHUCKOPEHB.
Y po0oTi MoKa3aHo, 0 BEJIMYMHA CHJIM TATU NPU 30UIbIIEHH] KOHCTPYKIIHHOT IIBUIKOCTI M 1HIIMX PIBHUX YMOBax
3pocTae, SKUIO 30UIbLIYBAaTH IyCKOBY WIBHIKICTh. HaykoBa HOBM3HA. ABTOpamMu po3poOJieHa METOIHMKa JUis
BU3HAYCHHS ONTHMAJIBHUX 3HA4Y€Hb MapaMeTPiB HOMIHAJIFHOTO PEXUMY EJIEKTPONOI3MiB 13 ACHHXPOHHHUM
TSTOBUM  TIPUBOJOM, TpH  JBO3OHHOMY Ta  TPWU30HHOMY  YacTOTHOMY  PETYJIIOBaHHI  IOTY>KHOCTI.
IMpakTHuna 3HaunmicTs. HaBenena metonmka Moxke OyTH OCHOBOIO NMpH (OPMYBaHHI TEXHIYHMX BUMOT HA HOBHI
PYXOMHUIA CKJIa]| JUIsl 3aUTi3HUIL Y KpaiHH.

Kniouosi cnosa: enexkTpomnoi3m; IyCKOBE i 3ajMINKOBE IPUCKOPEHHS; ITyCKOBA INBHUJIKICTh, PIBHSHHSA PYXY;
TSTOBA XapaKTEPHUCTHKA; 30HA PETYJIIOBAHHS MOTY)KHOCTI; TUTOMA CHJIa
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EJIEKTPUYHHUIA TPAHCITOPT

Henb. Ilapamerpsl HOMHHAJIBHOTO PEXHMa OTHOCATCS K BAXHEHIIMM 3KCIUTyaTallMOHHBIM IIOKA3aTEIsIM
TSATOBBIX CPEACTB, MO3TOMY 3aJadd BbIOOpa HMX ONTHUMAJbHBIX 3HAYECHWIl BCErna HEM30EKHO BO3HUKAIOT IIPU
(hopMHpPOBAaHNH TEXHUYECKUX TpeOOBaHMI Ha HOBBIM MOJBIKHOM cocTaB. B pabore HEOOXOAMMO M3IOKHUTH OCOOEHHO-
CTH PCIICHUA YKa3aHHBIX 3a/iad I 3JICKTPONOC30B C ACHUHXPOHHBIM TATOBBIM MPUBOJAOM TIpHU ABYX30HHOM
U TPEX30HHOM YacTOTHOM PETYJIMPOBAHMM MOIIHOCTH. MeToauka. MOIIHOCTE HOMHHAJIBHOTO PeXHUMa 3JIEKTPOIOA-
BIDKHOI'O COCTaBa JIOJDKHA OBITh BBIOpaHa TakuM 00pa3oM, 4ToObI 00ecieurBaIach BOZMOXKHOCTb Pealn3aly 3a1aHHOTO
BPEMEHH X0/1a [0 YJacTKy WJIM CKOPOCTH JBIKeHHs. IcX0zs U3 3TOr0, a TaKKe YUUTBIBAsL, UTO K BaXKHBIM JKCILTyaTalH-
OHHBIM XapaKTEePUCTHKaM JIEKTPONOE3[J0B OTHOCUTCS BENUUUHA YCKOPEHUsI B MEPUOJ IyCKa U YCKOPEHUs MPU KOHCT-
PYKIMOHHOM CKOPOCTH, c(HOpMYIIHPYEM 33/1ady ONpe/iesieHHs HOMHHAIBHOM MOITHOCTH. B 3amaue 11t 3a1aHHOTO 10JH-
TOHA TATH HE0OX0IMMO HaWTH TaKoe 3HaYECHNE MOIITHOCTH HOMUHAJIBHOTO pexnma
U COOTBETCTBYIOIIEE €W 3HAYCHHE CHJIBI TSITH, YTOOBI OOECHEeYMBATIACh BO3MOXKHOCTH OCYIIECTBIATH IIEPEBO3KH
C 33/IlaHHBIM YPOBHEM CpeHEl CKOPOCTH JIBIKEHNMS TIPH MUHUMAJIBHBIX 3aTpaTax dJeKTPO3HEpPru Ha Try. IIpn stom
HEOOXOAMMO YTOOBI BHITIOJIHSINCH YCIIOBUSL: @) CKOPOCTh JBIKCHUS 3JIEKTPOIOE3/[a Ha YIacTKE HE MPEBBIIIACT YCTAHOB-
JICHHBIX OTpaHW4eHHH; 0) obecrieurBaeTCst BOSMOKHOCTD pean3aliy 3aIaHHBIX 3HaYeHHH yckopeHuid. bonee neramsaoe
paccMOTpeHHne  BONpOCa  MOKa3blBacT, UYTO B  pEaIbHBIX  YCIOBHAX, KOTJa  33JaH0  ITyCKOBOE
YCKOpEHHE U Macca I10€3/1a, 33[a4a OIPEAEJICHUs MOIIHOCTU 3JIEKTPOINOe3a MPAKTHIECKU CBOJUTCS K OIPEAEIICHHIO
ONTUMAJIBHOTO 3HAUEHUS CKOPOCTH HOMHHAIBHOTO pekuma. PedynbTarhl. 3amaua BbIOOpa ONTHUMAIBHBIX 3HA4YEHUI
CKOPOCTH HOMUHAJIBHOIO peXHMa pelaeTcs MyTeM OIpeesICHUs pacXo/ia 3JAeKTPOIHEPTUH IPH BapUallii BO3MOXKHBIX
3HAYEHHH ITyCKOBOM CKOPOCTH, II09TOMY B pacuer CJeayeT MPHHUMATh TOJIBKO T€ €€ 3HAUCHHs, KOTOpbIe 00eCIIeUMBaIOT
pean3alyio 3aJaHHBIX ITyCKOBOTO M OCTaTOYHOI0 yCKOpeHWH. B paboTe mokaszaHo, 4To BEJIMYMHA CHIIBI TATH NPH YBe-
JMYEHUH KOHCTPYKIMOHHOHW CKOPOCTH ¥ TIPOYMX PABHBIX YCIIOBUSIX BO3PACTAET, €CIIM YBEINYUBATD ITyCKOBYIO CKOPOCTb.
Hayunast HoBU3Ha. ABTOpaMu pa3paboTaHa METOJHKA I ONpPENETICHHS ONTUMAIIbHBIX 3HAUCHHUI MapaMeTpoB HOMH-
HAJIBHOTO PEXXMMa 3JICKTPONOE3I0B C ACHHXPOHHBIM TATOBBIM MPHBOAOM, IPH ABYX30HHOM M TPEX30HHOM YAaCTOTHOM
peryiupoBanuu MotnHocTH. IIpakTHyeckas 3HauuMocTh. [IprBeieHHAsT METOANKA MOKET CITYKUTh OCHOBOM TIpH (op-
MHPOBaHUH TEXHIYECKUX TPEOOBaHMI Ha HOBBIN MTOJBIKHON COCTAB IS XKEJIE3HBIX JOPOT YKpauHbI.

Kniouesvie cnosa: »neKTporioe3n; IyCKOBOE M OCTATOYHOE YCKOPEHWE; IIyCKOBas CKOPOCTb; ypaBHEHHE
JBIKEHMS; TATOBAsi XapaKTEPUCTHUKA; 30HA PETYJIMPOBAHUS MOIIHOCTH; yJElbHas Cuiia
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