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ABOUT THE EVALUATION OF THE LONGITUDINAL FORCES
LEVEL EFFECTING THE TRACK DISPLACEMENT
AT TRANSIENT MODES OF TRAIN MOVEMENT

Purpose. Study the transient modes effect of movement on the track displacement for the freight train safety
control is supposed in this paper. For this it is necessary to investigate the longitudinal dynamics of a train on the
track displacement. Simultaneously to assess the longitudinal forces level of a track and rolling stock interaction.
Methodology. The level of the longitudinal forces, effecting the track displacement, was evaluated using mathe-
matical modeling of longitudinal vibrations of the trains at transient modes of motion caused by braking. It was con-
sidered that each train vehicle consists of a body (solid) and the wheel sets, connected with the body by friction
bearings (inelastic link). It was believed that during the movement of each train vehicle the vertical plane of its
symmetry coincident with the vertical plane of symmetry of the assembled rails and sleepers. At simulation it was
also supposed that in the process of translational motion of the vehicle body wheels make pure rolling along the rail
without slipping on it. Findings. In the results of calculations the values of the longitudinal forces at different types
of braking were obtained (it is regenerative braking and pneumatic one) under quasi-static and shock transients. For
this various initial state of clearances in the inter-car connections up to beginning of transient was considered.
The level of dynamic additives to longitudinal forces of interaction between wheel and rail that are substantially
depending on vehicle accelerations was assessed. Originality. The transient regimes effect of trains movement
caused by braking on the level of the longitudinal forces of track and rolling stock interaction was investigated.
The longitudinal load of freight trains with regenerative and pneumatic braking was researched. The effect of the
initial state of the train and different modes of braking on a dynamic additive to the longitudinal forces of the inter-
action between the track and rolling stock, which may effect the displacement of assembled rails and sleepers, was
estimated. Practical value. The obtained results can be used to select rational modes of braking of freight trains,
especially on lengthy down grade, from the positions prevent possible track displacement.

Keywords: mathematical modeling; transient modes of train movement; pneumatic braking; recuperative brak-
ing; interaction forces between the track and rolling stock
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Introduction

As the experience of freight trains operation
shows, track displacement occurs when traction-
braking running is applied in order to keep given
speed of mode, especially on an excessive gradient
and downhill length accordingly [2, 3, 67, 11-15].

Purpose

Freight trains safety control requires studying
the effect of transient mode of their movement on
track displacement.

Methodology

Processes of longitudinal forces occurrence of
interaction between the track and rolling stock,
caused by transient modes of trains movement,
were studied by mathematical modeling of longi-
tudinal vibrations of the train using known meth-
ods of numerical integration of nonlinear differen-
tial equations describing its motion [1, 4, 5, 9, 10].

As a simplified model of the train a chain of
bodies (vehicles), interconnected by links (inter-car
links) was considered. At this it was assumed that
each train vehicle consists of a body (solid) and the
wheel sets, connected with the body by friction
bearings (inelastic link). The elastic properties of
the track and wheel sets were not taking into ac-
count. It was thought that during the movement of
each train vehicle the vertical plane of its symme-
try coincident with the vertical plane of symmetry
of the assembled rails and sleepers.

At simulation it was also supposed that in the
process of translational motion of the vehicle body
wheels make pure rolling along the rail without
slipping on it. Such wheel motion was considered
as compound, consisting of translational motion
with rate V¢ and acceleration ac of center of body
masses (Fig. 1) and rotary motion about the axis of
the wheel set with an angular velocity @ and angu-

. . . V,
lar acceleration €. Then during pure rolling =<
-

and g=2¢ , where » — wheel radius (Fig. 2).
r

It was supposed that longitudinal force Q acts
on each vehicle of the train (Fig. 1), which in-
cludes a component of the vehicle gravity on the

doi 10.15802/stp2015/42179

208

slope of the track, the efforts in the links between
vehicles (in inter car links), resistance force of
translational motion, for example, from the wind
load.

Fig. 1. The computational model of the train vehicle

At this resistance forces moment M

res ?

arising
in bearings, acts on each wheel set of the vehicle
(Fig. 2), and braking moment M, can act in the

result of regenerative and pneumatic (locomotives)
braking of the vehicle.

w
M brak

./

Fig. 2. Force load wheeled of vehicle wheelset

It can be shown that the dynamic equation
which describes the motion of the train vehicle in
these cases has the form:

ws ws
1 M brak

MWS
(m, +N-=5)-ac=Q=N- N

where m, — body mass of the vehicle, N — wheel

set number of the vehicle, /" — inertia axial mo-
ment of the wheel set.
It should be taken into consideration that brak-

ing moment M, . and moment of resistance

force M), , applied to the wheel of the vehicle

(Fig. 2), one can change with corresponding mo-
ment of forces pair, one of which is attached to the
wheel axle, and the other — to the contact point of a
wheel and a rail (Fig. 3).
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=W

F,

brak

Fig. 3. Force diagram, acting in the center of wheel
masses and at the point of wheel and rail contact

Then each of these moments can be expressed
through the moment of the relevant force couples

w wo\. W _ow wo_ow
brak > F;’es ) brak = Lbrak 7 s Mres - F;’es r )
As a result pointed moments for wheel sets cor-
respond to the formulas

ws W WS
Mbrak _2Fvbrak r_F;rak r,

M =2F" -r=F."-r

res res res

ws ws

brak __ ws res __ ws
T - F;)mk ’ but » - F'res .

With recent expressions dynamic equation of
the vehicle is the following

and

ws

1 :
(mv+N-rL2)-aC=Q—N- brak — N - Freg

res

or

ws

1
(mv+N-rL2)-aC =0-F — F.

res 2

where F ., =N-F, —itis braking force that acts

on the vehicle, and F) = N-F¥ — it is resistance

res res
force to motion from friction in the bearings of the
vehicle.
Then acceleration of masses center of the vehi-
cle may be expressed as

v v

— Q — Y brak F;es
ws °

1o

2
7

dc
m,+N -
Interaction forces between a wheel and a rail in

cases in question are the friction forces arising in
the contact point of a wheel and a rail (Fig. 3); at
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this, if F 4 — it is friction force, acting on a wheel

from the rail side, then F';r — it 1s friction force,

acting on a rail from the wheel side; because the
action is a reaction, then F‘f’r = —F};

In order to find out what determines the fric-

ws

tional force L that acts on wheel set, it is neces-

sary to make a dynamic equation of rotational mo-
tion of wheel set about its axis:

1y -s=ZMO ;

ac

ws _ ws ws ws
IO 'T__ brak_Mres_Ffr r,

where 1?}25 -r — it is net moment relatively to the

axis of wheel set of the friction forces applied to
wheel set from the rails side.

Then the expressions for the determination the
total frictional force acting on the wheel set and
a vehicle have the form:

ws ws
a
ws __ brak res ws “C
Fﬁ =—+—"5+] — >
r r r

M M¥ s a
. brak +N- res +N'[Ss _g‘
r r r

Fj=N
or

wsaC_ v v
+N-1y —=F, ,+F. +d,

v _ v v
fr — * brak +F‘ 1’2 res

res

v

where d — it is dynamic additive to forces £, ,
Fv

res 2
hicle.
Acceleration values of vehicles can be signifi-
cant at transient modes of train movement. That is
why it seems to be interesting to investigate the
processes of longitudinal forces rise of interaction
between a track and rolling stock at transient
modes of train movement and primarily which are
caused by their braking.

which depends on the acceleration of the ve-

Findings

Regenerative (electric braking locomotives)
and pneumatic braking of the train with a speed of
40 km/h on horizontal sections of the track and
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slopes were simulated. In some cases, the train be-
fore braking was pre-compacted, in others it was
extended.

It was assumed that the train consists of
50 four-homogeneous gondola cars, weight 80 tons
and four locomotives, type VL-11. Joint of three
locomotives was in the front of a train and one in
the rear end of the train.

It was also believed that cars are equipped with
an air distributor No. 483 and composition brake
shoe while inter-car links with elastic and friction
draft gear SH-1-TM.

Levels of longitudinal forces F;,
rails from the side of the train vehicle, and values
of dynamic additives d were determined.

Below as an example the oscillographes chart

acting on

-

of the longitudinal forces (Fig. 4-5) and accelera-
tions (Fig. 6—7) are presented at regenerative brak-
ing (all locomotives realize 24 position of electric
brake) in prior extended and pre-compacted trains.

As one should expect, the highest level of lon-
gitudinal forces and accelerations occur when re-
generative braking of prior extended trains in the
rear end sections of the train.

The dependences of the dynamic additives from
motion time for the 1%, 4™, 26™ and 52™ vehicles
during regenerative braking in prior extended
and  pre-compacted trains  correspondingly
are shown in Fig. 8-9. The total dynamic
additive curve (red line) and the braking force
for the entire train are shown in Fig. 10—11.

B [£]

Fig. 4. Oscillograms of longitudinal forces after the first locomotive, 4™, 26" and 52™ vehicles
at regenerative braking in prior extended train

™ i AV N

— e

i

Fig. 5. Oscillograms of longitudinal forces after the first locomotive, 4", 26" and 52" vehicles
at regenerative braking in pre-compacted train
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Fig. 6. Oscillograms of longitudinal accelerations of the first locomotive, 4™, 26™ and 52" vehicles
at regenerative braking in prior extended train
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Fig. 7. Oscillograms of longitudinal acceleratons of the first locomotive, 4", 26™ and 52" vehicles
at regenerative braking in pre-compacted train
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Fig. 8. Dependences of dynamic additives from motion time for the 1%, 4™, 26™ and 52" vehicles
at regenerative braking in prior extended train
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Fig. 9. Dependences of dynamic additives from motion time for the 1%, 4™, 26™ and 52" vehicles
at regenerative braking in pre-compacted train
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Fig. 10. Value change of the total dynamic additive (upper line) and the total braking force for the entire train,
depending on the motion time at regenerative braking movement in prior extended train

St

2]

Hpean ]

Fig. 11. Value change of the total dynamic additive (upper line) and the total braking force for the entire train,
depending on the motion time at regenerative braking in pre-compacted train

At braking in the prior extended train the high-
est level of compressive longitudinal forces of
shock behavior for examined sections of a train is
about 1500 kN (Fig. 4) and the quasistatic ones -
950 kN (Fig. 5).

The highest level of longitudinal accelerations
is 20 m/s® at shock transients (Fig. 6) and 2 m/s”
(Fig. 7) — in quasistatic ones.

The maximum level of total value additives for
the train takes the value of 55 kN at shock processes

doi 10.15802/stp2015/42179

(Fig. 8) and 21 kN — at quasistatic ones (Fig. 9).
From the graphs shown in Fig. 8—11, one can
conclude that the maximum value of dynamic ad-
ditive is registered in that section of the train where
the greatest value of the longitudinal acceleration
occurs. Therefore, at regenerative braking the
greatest value of dynamic addition in a prior ex-
tended train 2.5 times more of that value which
occurs than for pre-compacted train. At braking of
the prior extended train the greatest value of dy-
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namic additive occurs in the rear end section, and
at braking of the pre-compacted train occurs in
front of the train.

The total values of the dynamic additives and
braking forces (Fig. 10—11) in the train do not de-

pend on the initial state of the gaps in the intercar
links.

Similar  dependences during pneumatic
braking by the I* stage with discharging of
brake of 0.5 atm are presented in Fig. 12-19.

TR T
I ||.' .",._-_
[ (| Al
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Fig. 12. Oscillograms of longitudinal forces after the first locomotive, 4™, 26™ and 52™ vehicles

at pneumatic braking by the

Ist

stage in prior extended train
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Fig. 13. Oscillograms of longitudinal forces after the first locomotive, 4™, 26™ and 52™ vehicles

at pneumatic braking by the '
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*stage of pre-compacted train
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Fig. 14. Oscillograms of longitudinal accelerations of the first locomotive, 4", 26™ and 52™ vehicles
at pneumatic braking by the ' stage in prior extended train
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Fig. 15. Oscillograms of longitudinal accelerations of the first locomotive, 4", 26™ and 52™ vehicles
at pneumatic braking by the ' stage in pre-compacted train
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Fig. 16. Dependences of dynamic additives from motion time for the 1%, 4™, 26™ and 52" vehicles
at pneumatic braking by the ' stage in prior extended train
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Fig. 17. Dependences of dynamic additives from motion time for the 1%, 4™, 26™ and 52" vehicles
at pneumatic braking by the '*'stage in pre-compacted train
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Fig. 18. Value change of the total dynamic additive (upper line) and the total braking force for the entire train,
depending on the motion time at pneumatic braking by the '*'stage in prior extended train

As can be seen from the graphs shown in
Fig. 12—17, oscillograms behavior of longitudinal
forces and accelerations essentially depends on the
initial state of gaps in the intercar links. At braking
of the prior extended train the greatest value of
dynamic additive occurs in the rear end section, as
the greatest acceleration arises there. At braking of
the pre-compacted train the greatest value of dy-
namic additive occurs in the front of the train, as in
this case due to lack of shock loads, acceleration of

o]

a locomotive substantially exceeds longitudinal
acceleration of other vehicles.

Comparison of the results presented in Fig. 8—9
and 16—17, showed that the greatest value of the
dynamic additive of the regenerative braking is
almost 2 times higher than similar value, obtained
during braking by the 1% stage of the prior ex-
tended train and almost 6 times higher at regenera-
tive braking of the pre-compacted trains.

Fig. 19. Value change of the total dynamic additive (upper line) and the total braking force for the entire train,

depending on the motion time at pneumatic braking by the

doi 10.15802/stp2015/42179

"' stage in the pre-compacted train
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The highest total value of dynamic additive at
braking by the 1™ stage occurs in the rear end of
the train regardless from the initial state of train
set.

When comparing the results in Fig.10—11 and
Fig. 18—19 it is clear that the greater value of total
dynamic additive to longitudinal forces of interac-
tion between a track and rolling stock for the entire
train occurs during regenerative braking, and
2 times higher than similar value arising at pneu-
matic braking. It is evidence that the regenerative
braking is more dangerous for track displacement.

It should be also noted that regardless of the
braking type (regenerative or pneumatic) and
initial state of gaps in intercar links, dynamic
additive value was much less than arising braking
forces. That is why the level of longitudinal forces
arising in intercar links at the considered modes of
movement has little effect on the track
displacement.

Originality and practical value

The longitudinal loading of freight trains with
regenerative braking and pneumatic one was inves-
tigated. The impact of initial state of the train and
the different modes of braking on the dynamic ad-
ditive to the longitudinal forces of interaction be-
tween a track and rolling stock was estimated. It
may affect the assembled rails and sleepers. Ob-
tained results can be used to select the rationale
braking modes of freight trains, especially down-
hill length, from a position to prevent possible
track displacement.

Conclusions

Obtained results show that the dynamic addi-
tive to longitudinal forces in the wheel and rail in-
teraction depends on the occurring accelerations.

The total value of the dynamic additive was
greater at the regenerative braking and does not
depend on the initial state of a train set. The level
of total dynamic additive in the train was much
less than the level of resulting braking forces.
Therefore, the level of longitudinal forces in inter-
car links has little effect on the track displacement.
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ITPO OLOIHKY PIBHA ITO31OBKHIX CIJIL, 1O BIVIMBAIOTDH
HA YI'OH HLJISAXY, IIPU NEPEXIJHUX PEXKUMAX PYXY MOI3JA

Mera. B crarTi nependadaeThCsl BHBUNTH BIUIMB MEPEXiTHUX PEKUMIB PyXy Ha YTOH KOMNii Ui 3a0e3IeYeHHs
0e3neKn pyxy BaHTaKHUX MOi3/iB. I 1IbOr0 HEOOXiTHO AOCHITUTH BIUTHB IMO3IO0BXHBOI JMHAMIKH T0i3[1a Ha YTOH
KOJTii, OIIHMBIIH NIPH IIEOMY PiBEHb MPOJOIBHUX CHJI B3aEMOZII KOJIii Ta pyxoMoro ckiany. Meroauka. PiBeHs mo-
3JI0BXKHIX CHJI, IIO BIJIMBAIOTh HA YTOH LUISAXY, OLIHIOBABCSA 32 JOMIOMOTOI0 MAaTEMaTUYHOI'O MOJETIOBAHHS M03/10B-
KHIX KOJIMBAaHb 1101312 IPH MEPEXiTHUX PEXKNMax PyXy, BUKIMKAHUX PI3HUMH BHIAMH raabMmyBasHs. [Ipu mpomy
nepen0avyasoch, M0 KOXKEH eKilax Moi3fa CKIaAaeThesi 3 Ky30Ba (TBEpIE TIO) Ta KOJICHUX MHap, CHOJIYyYeHHX i3
Ky30BOM HIIIIMITHUKAaMH KOB3aHHsI (3B'130K HETIPY>KHUI). BBakanocs, 110 B mpo1ieci pyxy KOXKHOI'0 eKinaxy mnoizaa
BEpTHKaJIbHA IUIOIIUHA HOT0 CUMETpIi 30iranacs 3 BEpTUKAIBHOIO IIOIIMHOK CUMETPIl PeIbCOLINaNbHOI PEIIITKH.
[Tpu MonentoBaHHI BBaXKaloCh TaKOX, 110 B MPOIECI MOCTYNaJIbHOTO PyXy Ky30Ba €Killaxy Kojieca poOJsTh JhcTe
KOUCHHS 1O peili 6e3 mpociu3aHHs Mo10 Heoro. PesyabTaTn. ¥ pesynbrari po3paxyHKiB OyJid OTpUMaHi 3HaYeH-
HS TIO3IOBXKHIX CHJI IIPH Pi3HHUX BUAX TATbMYyBaHHS (PEKyIepaTHBHUX 1 THEBMATHYHNUX) Y KBa3iCTATHIHUX Ta ya-
PHEX TIepeXiTHuX mporecax. s mporo po3risaaBcs pi3HUIN MOYaTKOBHUII CTaH 3a30piB Y MiXKBAarOHHUX 3'€ THAHHSIX
IO TIOYATKy TepeximHoro mporecy. OumiHeHMH TaKoX PiBeHb JUHAMIYHHUX T00aBOK /O TO3JOBXKHIX CHII B3a€MOIil
KoJieca Ta peikH, iCTOTHO 3aJIeKHUX BiJ MPHUCKOpEHb ekinmaxiB. HaykoBa HoBM3HA. J[oCiIKeHO BIUIMB Iepexif-
HUX PEXHUMIB pyXy MOi31iB, BUKIIMKAaHUX TaIbMyBaHHAM, Ha PiBEHb MO3I0BXKHIX CHII B3aEMOJII KOJIii Ta pyXOMOTO
ckiagy. JlocaikeHa O300BXKHS HaBaHTAKCHICTh BAHTaKHUX MOI3[IB MIPU PEKyHNEPAaTUBHUX Ta ITHEBMATUYHHX Ia-
npMyBaHHSAX. OIIHEHO BIUIMB [OYAaTKOBOTO CTaHy MOi3[a Ta Pi3HUX PEKHUMIB TalbMyBaHb Ha JUHAMIYHY J100aBKY
JIO TIO3/IOBXKHIX CHJI B3a€MOJIT KOJIIT i PyXOMOTO CKJIaay, sika MOXe BIUIMBATH Ha YIOH PEJIbCOLINAIBHOI PEIIiTKH.
IpakTnyna 3HavynMicTb. OTpUMaHi pe3ysbTaTd MOXKYTh OyTH BHKOPHCTaHi JJIsl BUOOPY paLliOHAIBHUX PEXHUMIB
rajJbMyBaHHS BaHTXHUX MOI37iB, OCOOJMBO Ha 3aTSHKHUX CITyCKax, 13 MO3MILIN 3aro0iraHHs MOXJIMBOTO YrOHY
HITIXY.

Kniouosi crnoea: maremaTuuHe MOJIENIOBAHHS; MEPEXiJHI PEKUMHU PyXy MOI3a; rajlbMyBaHHsS ITHEBMaTHYHE;
rajJbMyBaHHS peKyllepaTUBHE; CHIM B3aEMO/IIT KOJIii Ta pyXOMOT'O CKJIay
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Ob OEHKE YPOBHA ITPOJOJIBHBIX CUJI, BUAIOIUX HA YI'OH
IIYTU, ITPU ITIEPEXOJHBIX PEXXUMAX JIBUXKEHHUSA ITIOE3JIA

Iean. B crartee mpexmonaraercs H3y4uTh BIUSHHUE MEPEXOAHBIX PEXHMMOB JIBHXKEHHUS Ha YTOH IyTH AN
obecrieueHns 0€30MAaCHOCTH JIBW)KEHMSI T'PY30BBIX MOe310B. J[ns 3TOoro HeoOXoAMMO HCClenoBaTh BIUSHHE
IPOAOJIBHON IMHAMMKH MO€37]a Ha YIOH ITyTH, OLIEHUB IIPU 3TOM YPOBEHb IIPOAOJIBHBIX CHJI B3aUMOAEUCTBUS IIyTH
U TOABWXKHOTO cocTaBa. Meroauka. YpPOBEHb MPOAOJBHBIX CHJ, BIMSIONIMX HAa YIOH IyTH, OLEHHUBAJICA
C TOMOUIBI0 MAaTEeMaTHYECKOI0 MOJCIUPOBAHMS TPOAOJBHBIX KOJICOAHWH MMoe3[a NP MEPEXOAHBIX PEXUMAX
JIBIDKCHUS, BBI3BAHHBIX PA3IMUHBIMH PEXUMaMH TOpMOKeHus. [Ipr 3TOM mosiaranaoch, 9To KaXIblii 3KHIaXK H0e3/1a
COCTOMT M3 Ky30Ba (TBEPJIO€ TEJIO0) M KOJECHBIX Map, COCAMHEHHBIX C Ky30BOM HOALIMITHUKAMH CKOJIBXXEHHS (CBSI3b
Heynpyras). Cuuranoce, 4TO B IpPOLECCE JBIDKCHHS KaKAOTO SKHINAXa I10€3/la BEpPTUKAJIbHAs IUIOCKOCTh €ro
CUMMETPHH COBMaJalla ¢ BEPTUKAIbHON INIOCKOCTHI0 CHMMETPHUH PEIbCOLINANbHON pemeTky. [Ipu MogennpoBannu
M0JIarajgoch TakXkKe, YTO B IPOLECCE MOCTYNATENbHOIO JBIDKCHMS Ky30Ba JKHIAXKa KOJIECA COBEPILIAIOT YHCTOC
KauyeHHe MO penbcy 0e3 IMpoCKajIb3bIBaHUS OTHOCHTENbHO Hero. Pesyiabrarnl. B pesynbrare pacueroB ObuM
MOJTy4eHbI 3HAYCHUS MPOAOJILHBIX CHJI IIPH PA3JIMYHBIX BUIAX TOPMOXKEHUS (PEKYIIEPATUBHBIX U THEBMAaTHYECKUX )
B KBa3UCTATHYECKUX M YJApHBIX MEPeXOAHBIX mporeccax. [l 3Toro paccMaTpUBAIOCh Pa3IMuyHOE HAYaJIbHOE COC-
TOSIHME 3a30pOB B MEXBAroOHHBIX COEAMHEHMAX K Haually InepexogHoro mnpouecca. OLEHEH Takke YPOBEHb
JMHAMHYECKUX J00aBOK K IMPOIOJBHBIM CHJIaM B3aWMOEHCTBHUS KOJeca M PeibCa, CYIIECTBEHHO 3aBUCSIIMX OT
yckopenuid skunaxed. Hayuynass HoBu3Ha. VccienoBaHO BIUSIHME NMEPEXOJHBIX PEXKHMOB JIBIKEHHS MOE370B,
BBI3BAHHBIX TOPMOXKEHHEM, Ha YpPOBEHb MPOJOJBHBIX CHJ B3aUMOJEHCTBUS IyTH M TIOJBH)KHOTO COCTaBa.
HccnenoBana npojonbHas HAarpyKeHHOCTb  TI'PY30BBIX MOE3M0B IpPH PEKYNEPaTHBHBIX W ITHEBMATHYECKHUX
TopMOXkeHHsIX. OLIEHEHO BIMAHHE HAYaJbHOTO COCTOSHMSA MO€3[a M Pa3IMYHBIX PEXHMOB TOPMOXKEHHH Ha
JUHAMHUYECKYI0 100aBKy K NMPOAOJBHBIM CHJIAM B3aMMOJEHUCTBHS IyTH U IOJBIKHOTO COCTaBa, KOTOpPAask MOXET
BJIMATH Ha YIOH penbcoumnansHoi penretku. IlpakTndeckas 3HAYNMOCTb. [lomydeHHbIe pe3ynbTaTbl MOTYT OBITh
WCIIOJIb30BaHbl Ul BBIOOpA pallMOHAIBHBIX PEXXKUMOB TOPMOXKEHHS TPY30BBIX I10€3]10B, OCOOCHHO Ha 3aTSIKHBIX
CIyCKax, ¢ TO3UIMH MPEeJOTBPALICHNUS BO3MOXKHOIO YTOHA MTyTH.

Kniouegvie cnoéa: MaTeMaTH4eCKOE MOAEIMPOBAHUE; MEPEXOTHBIE PEXHMMBI IBHXCHUS I110€3[a; TOPMOKEHHE
MTHEBMATUYECKOE; TOPMOXKEHHE PEKyIepaTUBHOE; CUIIBI B3aUMOAEHCTBHS ITyTH U MOJBUKHOTO COCTaBa
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