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THE METHOD OF LIMITING SPEED WHEN PASSING TURNOUTS
OF RAILWAY VEHICLES WITH BOGIES OF MODEL ZK1

Abstract. To improve the safety of freight trains traffic, regulatory documents of railway administrations estab-
lish the maximum permissible speeds when passing small radius curves and, including, transferable curves of
switches of the most common brands. Transferable curves have a number of features — the absence of transferable
inserts, elevation of the outer rail, blind intersections of the combined track, which causes the need for a sharp reduc-
tion in speed when entering the station through the transferable curve of the directional on the side track. To deter-
mine the maximum speeds, it is necessary to take into account the vertical, horizontal and transverse forces trans-
mitted from the crew to the cores of the crosspieces of the turnouts, the coefficient of vertical dynamics, the value of
the frame forces arising in the crews, in order to determine the ratio of these forces to the static load and the level of
dynamic impact on the turnouts.

The task is solved by a combined method: analytical-computational and experimental. To solve the problem, an
analytical method is used to draw up a calculation scheme, which takes into account the stiffness of spring sets, fric-
tion coefficients, angles of rotation of the body and wheel sets with respect to the transverse, vertical and longitudinal
axes. On the basis of the calculation scheme and the assumptions, using the method of d'alembert were the equations
of the second order. Additional dynamic forces of reaction and communication spring kits recorded through an
additional equation. The solution of the equations was carried out by the numerical method of step-by-step integra-
tion. The experimental phase of the work was carried out on the stage of the Bel station of the Shuya branch of the
road. Initially, the dynamic parameters of the vertical dynamics coefficients and frame forces arising during the
passage of switches with different speeds were determined. Measurements of the level of impact and check the stres-
ses in the edges of the foot rail of the switch. The estimated values of the processed processes were defined as the
most probable values of the measured values for each individual velocity. The estimated values were estimated with
a probability of 0.9985.

Keywords: railway carriage, railroad switch configuration, frame strength, stability, dynamic performance.

One of the criteria for establishment of the allowed speeds are the sizes of the vertical and horizontal
forces which are transferred from wheels of crews to cores of blunt and sharp frogs.

The solution of the put objective was carried out by means of the spatial calculated scheme "carriage-
way" submitted in figure 1. The scheme allows to investigatethe interaction of a way and the rolling stock
in the vertical and horizontal planes in cases when roughnesses are both on one, and on both rail threads.

The carriage is presented by the four-axis freight gondola car of model 12-9920 manufacturing in the
People's Republic of China on carts of model 18-9996 by ZK1 type in the calculated scheme, with conic
cassette bearings. The movement of one cart of the gondola carisconsideredin details as the mutual
influence of wheels of various carts is insignificant.

In work [1] it is shown that the division of mass of a wheel into various quantity of elements is not
affectedon the sizes of dynamic forces. It allows to consider a wheel in the form of one mass. The transfer
curveis simulated in the form of the concentrated masses connected by elastic connections and specified to
the points of contact of wheels with rail threads. The lateral impact on a curve of the switch transfer is
considered by movements of rail threads and elements of crews in the vertical and horizontal planes and
the corresponding rigidity.
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Figure 1 —The calculated scheme of cucTems! «crew-ay» system

In the calculated scheme the following designations are accepted: m, - the mass of a cushioned part of
the car; mg - the mass of the wall falling on one wheel; m,,; - the mass of the wheel couple; 7,, - the mass
of the way specified to i-of a cart wheel; oc; - rigidity of springs of spring sets; o, - coefficient of viscous
friction of spring knots; a2 - rigidity of contact of a sidewall and wheel; a, - coefficient of viscous fric-
tion on contact of a sidewall and wheel; 2«3 - contact rigidity of a wheel and way; a; - coefficient of
viscous friction on contact of a wheel and way; o4 -rigidity of the basis; a4 - coefficient of viscous
friction of the basis; a5 - in pairs contact rigidity of rail threads; as - coefficient of viscous friction in the
place of contact of a wheel and rail thread in the cross direction; o, - flexural rigidity of springs of a
spring set; as - coefficient of viscous friction of spring sets at a bend; m,,;, - the specified mass of the
second cart falling on i- rail thread and relating to it the concentrated mass of a way; ., 0, ¢, - angles of
rotation of a body conceming cross, vertical and longitudinal axis; ¢.;1, - angles of rotation of wheel
couples concerning the axis parallel to a longitudinal axis of thecarriage; x, ¥, z - respectively, longitudinal
cross and vertical movements; P; - additional dynamic forces in the corresponding elements of «carriage-
way» system.

The accepted calculated scheme consists of 13 solid bodies and has seventy eight degrees of freedom.

We make imposing and we find out connections:

Xe = Xp1 = Xg2 = Xg3 = Xga = Xynl = Xz = X1 = X2 = X3 = Xy = xnpl = xan =0
Vi1 = Vn2 = Vn3 = Vna = ynpl = yan =0
lpknl = lpan = lpﬁl = 1!’62 = ¢63 = ¢64- = lpnl = ¢n2 = ¢n3 = ¢n4- = lpnpl = lpnpz =0
Vo1 = P2 = P53 = Poa = Pp1 = P2 = Pp3 = Qs = Pp1 = Prp2 = 0
061 =052 =053 =054 =0,1 =0,,=0,3=0,, = anl = 6np2 =0
O = Ownzs Vi1 = Vo1 = Yozi Yinz = Y63 = Yoas Yiml = Yin2s

@

There were 21 degrees of freedom: z, zs1, Zso, Zs3, Zoa, Zin1s Zxm2> Znls Zm2s Zi3s Zuds Zripls Zip2s Vs Yms Wi
(PK, (PKHI, (PKHZ, eK: em;rﬂe}Im:(pKrﬂ,Z u em:elcnl,2~
In the calculated scheme the following assumptions are accepted:
- forces arising in connections are functions of the compressed spring and speeds of
compression of shock-absorbers;
- rigidity between sidewalls and wheels are defined by deformations of sidewalls, axle-box
knots and necks of axes of wheel couples and also deformations in a zone of their contacts;
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- the nigidity between wheels and the specified mass of a way is defined by deformations of
wheels and frogs (necks of rails) and also deformations in a zone of contact of wheels and frogs [2, 3];

- forces operating in the contact plane in the presence of a gap between the crests of wheels
and rail threads are determined by the theory of pseudo-sliding [4, 5]; after the choice of a gap there
appears the cross forces of interaction depending on the size and speed an space of rail threads [6, 7]. At
the same time the space of rail threads take place, both in the presence of gaps, and at their absence;

- the connection between the rail threads is carried out only through a wheel couple;

- the connection between the specified mass of a way is carried out by introduction of
coefficient P which considersmutual influence of the adjacent wheels of the cart on each rail thread. This
connection is expressed by dependence:

Pi=p P (2)

where P; - force operating on the considered specified mass of a way; /5 - the coefficient of influence of the
adjacent wheels considering the rigidity of railways; P;.; - force which is transferred on the adjacent one
with considered the mass of a way.
- there are no gaps between axle boxes and jaws of sidewalls, i.¢. it is assumed that the
angles of turns of axes of wheel couples and an axis of carts are equal: 0,7 =0:,=0,,.
Proceeding from the calculated scheme and considering the given assumptions, on the basis of
Dalamber's principle we will write down the differential equations of «carriage-way» system:

m,Z, = —P; — Py — Pig — Pyq;
Ji@x = Pily — Paly + Pyoly — Paoly — Pazle + Payls — Pasle + Pagls;
S = =Pyly — Poly 4 Pigly + Pyoly;
JE0 = Pagly — Pyuly — Posly — Pogly;
M, J = =Pz — Pay — Pps — Pag;
Mg1%s1 = 0.5P, — Py;
MgaZgp = 0.5P; — Ps;
MgaZsy = 0.5P, — Pg;
M1 Zemy = P3 + Py — P; — Pg; [ 3
Jin2@unz = Poly — Psly + Poly — Prgly; @
My1Z, = P — Py + Poff — Pi3f;
M2, = Pg — Py + P1off — Piaf;
My3Z,3 = Py — Py + P78 — P11B;
My Zs = Pro — Py + Pgff — P12 f;
(2ms1 + 2mgy) 3 = —Pis—P1g—P17—P1g—P23—Pas;
Ji0 = Pigly + Pygly — Py7ls — Pigly + Payly — Pagly + Paoly — Psgly;
Myp1Zyp1 = Pro — Paq;

Myp2Znpz = Pag — Paa;

The accepted designationshave the following physical sense: Z; - vertical movements of the
corresponding mass of the system; y; - horizontal movements of mass of the system; /¥ - the moment of
inertia of a body of the car concerning an axis x, passing through the body center of weight; J2 - the
moment of inertia of a body of the car concerning the cross axis at; JZ - moment of inertia of a body of the
car concerning the vertical axis z; /7, , - themoment of inertia of a wheel couple, concerning an axis x;
JZ - the moment of inertia of the cart concerning the vertical axis passing through the center of its weight;
21, - the distance between the centers of axle-box sets of wheel couples; 2/; - the distance between the
circles of driving of wheel couples; 2/; - rigidbase of the cart; 21, - the distance between the axes of pintles
of a cart of the car; L; - the distance from the center of weight of a wheel couple to an over spring beam;
I - the distance from the body center of weight to an over springbeam.

The characteristics of the calculated «carriage-way» system are defined by selection at the solution of
a problem of the movement of a carriage on the roughnesses received experimentally. The vertical forces
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determined in the course of the solution are transferred from wheels of the four-axle gondola car to cores
of frogs, are compared at the same time with the similar forces received experimentally (figure 2). From
figure 2 it is visible thatthe sizes of forces and also the nature of change on length of cores practically
coincide with the forces received experimentally.
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experimentally obtained forces
- — ——  forces obtained by calculation

Figure 2 — Vertical forces of interaction of a wheel of the four-axle gondola car
with the core of the frog of blind crossing

The oscillograms of primary measurements of the dynamic processes registered on railroad switches
are provided on figures 3, 4.

Dynamic indicators of gondola cars on railroad switches are determined by the measurements
executed at the passage by gondola cars of railroad switches Nel3 of brand 1/9 and Ne29 of brand 1/11 on
the rails of P65 which are on the Bel.station. For a forward stroke of gondola cars it was accepted the
direction when gondola cars 12-9920 moved forward by the 1st wheel couple from the station towards the
entrance arrows.

The registration of dynamic processes in gondola cars in all arrivals began and came to an end on
direct sites of a way .

The frame forces were measured by means of the graduated tensometric schemes pasted on side
frames of carts of gondola cars.

The estimated values of the machined processes were defined as the maximum probable values of the
measured values at each speed separately. The estimated values were counted on with probability 0,9985.

By the results of data processing at the given speed for each measuring scheme separate expanses of
data were formed. According to these expanses there were estimated values of indicators. All the
measurements were brokenon speeds and in the directions of the movement. In each arrival one maximum
amplitude value of dynamic process was chosen. The values of frame forces were accepted taking into
account a quastatic component, values of accelerations were processed without a quastatic component. For
the assessment of size of frame forces the relations of frame forces to static load from a wheel couple of
rails are considered. The indicators of influence of gondola cars on the way.

The tests on measurement of a level of influence of gondola cars on the way and railroad switches
were made on the same sites of a way as testson the definition of dynamic indicators.

Forthemeasurement of a level of influence of gondola cars on the way and railroad switches the
chosen sites have been equipped with tensoresistors for the measurement of tensions arising in the edges
of a foot of rails, the vertical and side forces transferred from a wheel to rails. For measurement of tension
in the lower edges of a foot of rails and the curvilinear pointed and forces transferred from a wheel to rails,
the tensoresistors by base of 10 mm and with a nominal resistance of 100 Om which were gathered into
measuring schemes have been pasted on rails. Signals from measuring schemes were given to the entrance
of a measuring complex and were registered on the laptop.
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Figure 3 — Coefficient of vertical dynamics of the first step of spring suspension of gondola cars 12-9941
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Figure 4

— Coefficient of vertical dynamics of the second step of spring suspension of gondola cars 12-9941
at the movement on railroad switches
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The semi-bridge scheme, side and vertical forces from a wheel to rails — the bridge scheme is applied
for the registration of tension in the lower edges of a foot of a rail. At the same time, the tensoresistor of a
compensation run was pasted not on a rail, but on a separate steel plate and settled down near the rail
section where the tension was measured in rail foot edges. The side forces from a wheel on rails were
registered according to the bridge scheme by Schlumpf's method. The special load device with dynamo-
meter sensors was used for graduation of tensometric schemes of measurement of side and vertical forces.

At testing on railroad switches the tensions in the lower edges of a foot of a rail were measured in a
front extension of frame rails, in the curvilinear acute and in a switched curve. Forces transferred from a
wheel to rails in the horizontal and vertical direction were measured in a front extension of frame rails and
in a switched curve.

When calculating the following values of parameters of the gondola car have been accepted:
u - friction coefficient between a crest of the running wheel and a rail, p =0,25; 5 - slope forming a wheel
crest to the horizontal plane, = 60°; ¥; - frame force taking into account a quasistatic component in curve
sites of a way - the instant values registered at each measurement, kH; Q - the weight of a springed part of
the gondola car coming to a neck of an axis of a wheel couple, Q=244 of kN for empty, Q=116,4 of kN
for loaded; K;.Ky; - coefficients of vertical dynamics in the first step of suspension (without dissipative
forces and taking into account a quastatic component in curve sites of a way) respectively on the running
and not running wheels of a wheel couple are the instantancous values registered at each measurement;
' - friction coefficient between the surface of driving of the running wheel and a rail, ' =0,25; g - force of
weight of the uncusioned parts falling on the wheeled couple, q=18,78 of kN; 25 - distance between the
points of application of vertical loading to the necks of an axis of the wheeled couple, 2b = 2,036 m; a; -
distance between the point of application of vertical loading to the neck of an axis on the running wheel
and a contact point on a crest,a;= 0,265 m; a, - distance between the point of application of vertical
loading of an axis neck on not running wheel and a contact point on its surface of driving, a, = 0,228m;
r - wheel radius around drivings, r= 0,479 m.

The dependence of the relation of frame to static load from the wheel couple to rails from the speed
of movement is given in figure 5, a, b, ¢, d.

Here and in the subsequent figures it is designated:

. — the measured values of indicators;
== — cstimated values (the maximum probable);
— m - -anaverage from 3 maximum (for reference);figures on the schedules — estimated values.

In figure 5 it is visible that the relation of frame forces to static load from the wheeled couple to rails
at the movement of gondola cars on railroad switches are in limits of admissible values. Also the big
dynamics of the empty car is traced considerably.

On instant values of frame forces and coefficient of vertical dynamics of the first step of spring
suspension values of coefficient of a stock of stability against a wheel descent from a rail have been
calculated (further in figures and in tables — KZU).
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a) from the wheeled couple on rails to the empty gondola car of 12-9920 model
at the movement on P65 railroads witches of brand 1/9 to the side
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¢) from the wheeled couple to rails of the empty gondola car of 12-9920 model
at the movement on P65 railroads witches of brand 1/11 to the side
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d) from the wheeled couple to rails of the loaded gondola car of 12-9920 model
at the movement on P65 railroads witches of brand 1/11 to the side

Figure 5 — Relation of frame forces to static loading
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The minimum value of coefficient of stock of stability against a wheel descent from a rail at moving
railroad switches is given in table 1.

Table 1 — Stability stock coefficient against a wheel descent from a rail

a) in railroads witches with a frog of brand 1/9

KZUminimumvalue
o Movementto a side | On a direct moving
Moving direction
At a speed, km/h
15 [ 25 | 40 | 50 | 60 [ 80 [ 90 | 100 | 110 | 120
Empty gondola car

Direct move 2,31 2,30 2,00 2,09 272 2,52 2,48 2,38 2,30 221
Return move 2,43 2,16 2,22 243 2,84 2,72 2,70 2,64 2,59 2,54

Loaded gondola car

Direct move 2,27 2.48 2.36 2.53 3,16 3,00 2.80 2.72 2,61 2.49
Returmn move 1,83 1,70 1,82 1,65 3,13 2,74 2,58 2.39 2,20 2,02
The allowed value 14

5

b) in railroad switches with a frog of brand 1/11

The minimal value of KZU
o Movement to a side | On a direct moving
Moving direction
At speed, km/h
15 | 25 | 40 | 50 | 60 [ 8o | 90 | 100 | 110 | 120
Empty gondola car

Direct move 2,71 2,77 2,24 2,26 2,79 2,75 2,73 2,71 2,69 2,67
Return move 2,84 2,68 2,93 2,87 2,91 2,72 2,63 2,53 2,44 2,34

Loaded gondola car

Direct move 2,93 2.92 3,19 3,07 3.89 3,77 3,71 3,65 3,59 3,53
Return move 2,20 2,05 1,73 2.06 2,93 2.86 2.83 2,79 2,76 2,72
Admitted value 14

H

The received dependences of coefficient of a stock of stability against a wheel descent from a rail
from the speed of the movement are given in figure 9, a, b, ¢, d. The coefficient of a stock of stability was
estimated on the minimum calculated value. In figure 9 it is designated:

. — the measured values of indicators;

— M — —estimated values; figures on the schedules — estimated values.

The data provided in table 2 and in figure 6 show that the stability stock coefficient against a wheel
descent from a rail at transportation by gondola cars of railroad switches to the side up to the speed of 50
km/h and in the direct direction up to 120 km/h are in the admissible limits, i.e. accept the values not less
than 1,4. The given results show that dynamic indicators of the gondola car of model 12-9920 in an empty
and loaded state at moving railroad switches meet the requirements of "Norms of the allowed speeds of
movement of locomotives and cars on railway tracks of a track of 1520 (1524) mm of railway transport of
the Republic of Kazakhstan" (further Norms of the allowed speeds of movement).
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b) at moving by the loaded gondola car of model 12-9920 of the railroad switch with the frog of brand 1/9 to a side
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¢) at moving by the empty gondola car of model 12-9920 of the railroad switch with the frogof brand 1/11 to a side

Direct move Return move
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d) at moving by the loaded gondola car of model 12-9920 of the railroad switch with the frog of brand 1/11 to a side
Figure 6 — Stability stock coefficient against a wheel descent from a rail

Conclusions. As the conducted researches show, the sizes of the vertical and horizontal forces, which
are transferred from the wheels of carriages to the cores of blunt and sharp frogs are one of the main
criteria for designation of the maximum speeds of the movement on blank crossings of the combined
track. And the spatial scheme used in calculations is rather reliable and can be used for carrying out
analytical researches of interaction of a way and the rolling stock in the vertical and horizontal planes,
including, in cases when roughness both on one, and on both rail threads. The executed pilot studies show
that stability stock coefficient against a wheel descent from a rail at transportation by gondola cars of
railroad switches to a side up to the speed of 50 km/h and in the direct direction up to 120 km/h are in the
admissible limits, i.e. accept values not less than 1,4.

In the result of the executed researches it is proved that the dynamic indicators of the gondola car of
model 12-9920 in the empty and loaded state at moving railroad switches meet the requirements of
"Norms of the allowed speeds of movement of locomotives and cars on railway tracks of a track of
1520 (1524) mm of railway transport of the Republic of Kazakhstan" (further Norms of the allowed
speeds of movement). Therefore, the speed of the movement on railroad switches according to Norms of
the allowed speeds of movement on assessment of dynamic indicators is limited of 40 km/h at the
movement on railroad switches to a side and constructional speed at the movement on railroad switches on
a direct move.

B. I'. Coonenxo, H. M. Maxmerora, 7K. C. Mycaes, C. E. Bex:kanosa, M. . Ksamrann
M. TerpImbacs aTeIHAAFH KA3aK KOITiK KOHE KOMMYHHKANMAIAP akaaeMuAchl, Aimvarsl, Kazakcran

ZK1 MOJEJBAI APBAIITAJIAPEIMEH TEMIPKOJI DKHIIA K/TAPBI
BAFBITTAMAJILIK BYPMAJIAPILI OTKEH/IE
IIEKTI )KBIITAMABIKTAPJBI AHBIKTAY QAICTEMECI

Annoranmusa, JKyk moe3aap KO3FANBICHIHBIH KAYiNCI3AITiH KOFAPBUIATY VINIH Killli PagHyCTaFrbl KHCHIKTAPABI
OTKCH/IC JKOHC COHBIH IIIiHAC KCHIHCH TAPaJFaH MAPKAJAFhl OAFbITTAMAIBIK OypMAalapablH ayJapMaiblK KHUCHIKTa-
PBIH OTKCH KE37¢ PYKCAT CTLITCH MIEKTI SKbIIIIAMIBIKTAP TEMIPKOJI OKIMIMITITIHIH HOPMAaTHBTIK KY’KaTTapbIMeH Oe-
rineHeni. AymapMamslK KHCBIKTAPIBIH OipkaTap CpeKmeTiKTepi 0ap — aygapManblK CHAIPMCICPIiH OOIMAYHI,
CBIPTKbBI PEIBCTIH >KOFapblIaMaybl, OYHip >KOIa ayAaapMaHbIH OYypMaibIK KHCHIFBI APKbUIBI CTAHINAFA KipTeHIE
SKBITIAMIBIKTHI OIVFBIT TOMCHACTY KAKCTTLNTIH IMAPTTANTIH OIPIiKKEH *KONTA0AHHBIH TYHBIK KUBLIBICTAphI. 11IekTi
SKBITJAMIBIKTAPABI AHBIKTAY YIIH OaFbITTaMAanbIK OypManapablH aHKacTBIPMA ©3CKTEPIHE IKHNMAKAAH OepiseTiH
BEPTHUKAIABI KOHE TOPH3OHTANIBI-KOICHCH KYIITEP/l, BEPTHKAIIBI IHHAMUKA KO3((HUIMEHTIH, OCBI KYITEPAiH
KATBIHACBIH AHBIKTAY MAKCATHIMEH SKHIIAKIAPIA Maiga O0JNaThH paMambIK KYIITESPAiH IMAMACHIH jKOHE OarbITTa-
MAaJIBIK OypMaIapra THHAMHKAIBIK OCCP ACHICHIH SCKEPY KaXKET.
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Koiipurran mMocene Kypama dHIiCIICH MICTIE/l: AHATHTHKAIBIK — CCENTIK KOHE TKIPHOCTIK-IKCIICPIMEHTTIK.
AHATMTHKATBIKOMICIICH NIy VINIH PECCOPIAp >KUHAFBIHBIH KATTBUIBIFBL, YHKETIC KO3(D(HIUECHTTEPI, KOJICHEH,
BEPTHUKAIIBI KOHE OOIIIBIK OCHTEPIE KATBHICTHI IMAHAK JKOHE JOHFANAKTAP KYOBIHBIH OYpHULY OYpBIITAPBI €CKEPi-
JICTIH ecenTik cyiba Kypbutagsl. Ecenrik cynda skoHE KaObUIIAHFAH OoJpKamaap HerisiHzae, JamaMoOep omiCiH KO-
JJAHA OTBIPHII, CKIiHII PETTIK TEHACY Kypburabl. KOCHIMINA THHAMUKAIBIK PEAKIH KYIITEPl YKOHE PECCOPIBIK KH-
HAaKTap OaHIaHBICTAphl KOCBIMIIA TCHICYJIEP aPKbLIbI YKa3bUFAH. TeHAeylep MICHIiMi Ke3eH-KE3CHMEH HHTETPa-
JAyIbIH CAHABIK OMICIMCH Kypriziami. KyMbBICTBIH 3KCcnepuMeHTTIK ke3eHi ben Iy Oekeri 0 O6MMINCCiHIH
OTKEIHAE >KYpriziaai. bacTamkpima JTMHAMHMKAIBIK KOPCETKIIITEP: BEPTUKANAB THHAMHUKA KO QHUIMEHTTEP] KIHE
TYPTi >KBUTIAMABIKTAPMCH OAFBITTAMATBIK OypMamapAsl 6TKCHAC Maiaa OONATHIH PaMAbIK KYIITCP AHBIKTAJIIBL
BarsrrTaManslk OYpMAHBIH pPeabe TAOAHAAPBIHBIH JKACKTCPIHAC KCPHCYICPIIH OCCp CTY ACHICHIH OJIImeY KOHC
TIPKCY KYPri3iireH. OHACTIHCTIH MPOUCCTCPIIH OAFaTaHATHIH MOHIACPI OpOip KCKE KBLIIAMIBIK YIOiH OIIICHTCH
MOHICPAIH MAKCHMAJIIBl BIKTHMAJ MIAMAJTAPEI PETIHAC aHBIKTAIAEl. barananareia MoHAep 0,9985 BIKTHMATIBIKICH
OaranmanHpl.

Tyiiin ce3aep: TEeMIpP/KON SKUMAXKBI, OAFBITTAMAIBIK OypMa, €CEemiK CyI0a, paMasblK KYIITEP, TYPAKTBLIBIK,
JUHAMHKAIIBIK KOPCETKIIITEP.

B. I'. Coaonenxo, H. M. Maxmerora, K. C. Mycaes, C. E. Bex:kanosa, M. 1. Ksamrann

Kazaxckas akaaeMus TpaHCIIOPTA U KOMMY HUKaImii uM. M. TeHbIImaesa,
Ammatsl, Kazaxctan

METO/JMKA ONPEJAEJEHUS MPEAEIBHBIX CKOPOCTEM .
IPU MPOXOXKAEHHUU CTPEJTOYHBIX NEPEBOAOB KEJE3HOJOPOXHbBIX SKUITAKEN
C TEJEXKAMHA MOJIEJIN ZK1

AnHoTanmust. [l moBBICHHST OE30MACHOCTH ABIDKCHUS TPY30BBIX IOE3J0B HOPMATHBHBIMH JOKYMCHTAMH
JKENIC3HOTOPOYKHBIX AAMUHHUCTPALMI YCTAHABIMBAIOTCA IIPECICIBHO JOMYCTHMBIC CKOPOCTH IPH IPOXOKICHHUH
KPHBBIX MAJOTO Paguyca M, B TOM HYHCJIC, MEPEBOIHBIX KPUBBIX CTPEIOYHBIX NEPEBOAOB HAMOOIEE PacmpocTpa-
HEHHBIX MapoK. [lepeBoaHbIC KPHUBBIE UMEIOT PsI 0COOCHHOCTEH — OTCYTCTBHE NMEPEBOIHBIX BCTABOK, BO3BBIICHHUS
HAPYKHOTO PENbCA, IIyXHE MEPECCUCHUS COBMEIICHHOW KOIICH, YTO 00YCIABIMBACT HEOOXOAMMOCTb PE3KOTO CHH-
JKEHHSI CKOPOCTH TIPH 3aX07¢ HA CTAHLMIO Y€Pe3 NMEPEBOAHYI0 KPHUBYIO CTPEIOYHOTO NEPeBOJa HA OOKOBOH Iy TH.
Jns ompenencHus MPEACTbHBIX CKOPOCTEH HEOOXOIMMO YUHTHIBATH BEPTHKAJBHBIC, TOPH30HTAIbHO-IIOTICPCUHBIC
CHIIBI, TIEPEAABACMBIC OT 3KHIIAXKA HA CEPACHHUKY KPECTOBHH CTPEJIOYHBIX IIEPEBOIOB, KOI(PPUIUCHT BEPTHKAIBHON
JUHAMHKY, BEIMUMHY PAMHBIX CHJI, BOSHHUKAIOIIUX B JKUIAXKAX, C LEJIBI0 ONPEACICHHS OTHOIICHUSI 3THX CHI K
CTaTHYECKON HATPY3KE M YPOBCHD JTHHAMIYECKOTO BO3ICHCTBHUS HA CTPEIIOYHbIC TIEPECBOIBL.

[NocraBnennas 3agaya pemacTcsi KOMOWHHPOBAHHBIM METOJOM: AHAJIUTHYCCKH - PACUCTHBIM M OIBITHO-
JKCIICPUMEHTAIBHBIM. JIJIs1 PENICHHUS aHATUTHYECKUM METOJOM COCTABIICTCSI PACUCTHAS CXEMA, TJIC YVUHTHIBAFOTCS
JKECTKOCTH PECCOPHBIX KOMILICKTOB, KO3((PHUIUCHTH TPEHHUS, YIJIbI IOBOPOTA Ky30BA M KOJCCHBIX IAp, OTHOCH-
TEJIBHO MOIEPESHHOM, BEPTHKATBHOM M MPOJOIBHBIX OCeH. McXoasd w3 pacueTHOM CXeMBI H NMPHHATHIX JOIY IICHHH,
ucrmob3yss Merof JlanamOepa ObLIM COCTABICHBI YPABHEHHSI BTOPOTO MOPAAKA. JIOMOMHHUTEIBHBIC TUHAMHYCCKHC
CHIIBI PEAKIMH U CBSI3H PECCOPHBIX KOMILIEKTOB 3aIMCAHbI Yepe3 JOTIOTHUTEIbHBIC YPAaBHEHIA. Pemmenne ypapHeHUH
TIPOBOAMIIOCH YUCICHHBIM METOOM IIO3TAMHOTO WHTEIPHPOBAHMS. JKCIHCPHUMEHTANBHBIN 3TAl PabOTHI MPOBOMIC
Ha neperone cranuuu bens Ilylickoro otacnenus oporu. [lepBoHAYAIbHO ONMPEAC/BUINCH JUHAMUYECCKUE TTOKA3a-
Temd KO3(D(UIMEHTHI BEPTHKATHHOW TMHAMUKH M PAMHBIC CHUIBI, BOZHHKAIOLIWE MPH ITPOXOKICHHH CTPEIOYHBIX
MEPEBOIOB C PA3IMYHBIMH CKOPOCTAMH. [IpoBEICHBI 3aMePBI YPOBHA BO3ACHCTBHA M PETUCTPALMA HAMPSLKCHUH B
KPOMKAX IIOJOIIBBI PElbca CTPEIOYHOro mepeBoja. OueHOYHBIE 3HAYCHHUS OOpadaTHIBACMBIX MPOLECCOB OIIpE-
JEISUTNCh KaK MAKCHMAJIBHO BEPOSTHHIC BEIMYMHBI W3MCPCHHBIX 3HAUCHWH I KAKAOH OTACTHHOH CKOPOCTH.
Or1eHOYHbIC 3HAYCHUS OIICHUBAIICH C BEPOSITHOCTHIO 0,9985.

Kiio1ueBbie ¢10Ba: yKEJIC3HOTOPOKHBIH SKHIIAXK, CTPEIOYHBIN NMEPEBO, PACUCTHAS CXEMA, PAMHBIC CHIIBL, yC-
TOWYHUBOCTb, TUHAMHUYICCKHEC MIOKAZATCITH.
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