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COMPARATIVE ANALYSIS OF TRANSMISSIONS OF MINE DIESEL
LOCOMOTIVES WITH DIFFERENT COMPONENT SCHEMES

Purpose. To develop mathematical models and techniques to model stepless transmissions operating as a part of a diesel loco-
motive, to improve reliability of the results of diesel locomotive movement under actual operating conditions.

Methodology. Values of kinematic parameters, power parameters, and energy parameters are identified with the help of solving
a system of algebraic equations by Simulink subsystem of Matlab system. Integrated study of changes in basic transmission param-
eters of “input differential” and “output differential” in terms of its operation within both transport and traction ranges is necessary
to determine the initial data to model braking process of a mine diesel locomotive.

Findings. The paper has performed comparative analysis of “input differential” and “output differential” hydrostatic me-
chanical transmissions (HMTs) by means of integrated study of changes in power parameters, kinematic parameters, and energy
parameters of the transmissions in terms of traction and transport ranges of motion of a mine diesel locomotive. Values of these
parameters are determined by means of solving the system of algebraic equations being considered as the development of a set of
mathematical models and techniques to model stepless transmissions operating as a part of a mine diesel locomotive.

Originality. The obtained results of integrated study of changes in power, kinematic and energy parameters of “input differen-
tial” and “output differential” HMTs in terms of their operation within both transport and traction ranges indicate that each
transmission has its own strengths and weaknesses. That is why the both HMTs will be used in future while analyzing a braking
process of a mine diesel locomotive.

Practical value. The developed structural transmission scheme, mathematical model explaining changes in kinematic param-
eters and power ones, determined kinematic, power parameters and efficiency of hydrostatic drive in future can be applied as the
initial data to model a braking process of a mine diesel locomotive.
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Introduction. Effectiveness of machine-building enterpris-
es, progress of modern traction and transport equipment [1,
2], and its competitive growth in the context of world econom-
ic crisis depend greatly on the development of advanced equip-
ment models [3]. Improved efficiency of rail transport opera-
tion in mines is a result of use of modern diesel locomotives
equipped with hydrostatic mechanical transmissions (HMTs)
[4, 5]. However, acceleration of mine trains driven by diesel
locomotives aggravates a problem of safety in terms of braking
mode. Therefore, it involves the necessity to upgrade available
transmissions and develop advanced ones for home diesel lo-
comotives basing upon progress of computation and theoreti-
cal techniques to analyze “engine-transmission-diesel loco-
motive” system in terms of braking mode [6].

Literature review. It is common knowledge that only loco-
motives of mine trains are equipped with braking devices. That
is why masses of the trains are frequently limited by their brak-
ing capabilities. Currently it is impossible to equip mine cars
with technologically advanced brakes; moreover, the process
involves huge capital input. In this context critical braking ca-
pabilities of diesel locomotive are its rather important param-
eter as they often determine and limit a range of mine locomo-
tive transport use. Despite the fact that HMTs are very popular
in the context of modern machine building (it mainly concerns
tractors and military equipment) such transmissions need fur-
ther thorough analysis required to specify those design param-
eters providing the improvement of both braking characteris-
tics and operational characteristics of a diesel locomotive.

HMT is a hybrid transmission combining stepless velocity
performance of traditional hydraulic transmission [7] and high
efficiency of mechanical transmission [8]. Double-flow step-
less HMTs differ significantly from the stepped mechanical
and other transmissions in the fact that losses within hydro-
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static drive (HD), and its efficiency depend heavily upon op-
eration transmission mode which effects power flow value [9].
Power circulation within the double-flow transmissions for-
mulates a problem concerning determination of power flow
distribution over the closed HMT contour during mine loco-
motive braking since it restricts both structure of the transmis-
sion and its kinematic scheme.

Early research, intended to model hydrostatic transmis-
sions with continuous variable power, has represented nonlin-
ear simulation models describing a pump with variable dis-
placement and the fixed displacement motor taking into con-
sideration leakage losses [10] as well as linear models for adap-
tive control concepts [11]. Subsequently, to determine values
of inlet transmission velocity as well as vehicle velocity,
K. Huhtala developed a nonlinear transmission model with
loss models in a steady state for both machines — a pump with
variable displacement, and engine.

Paper [12] performs system simulation of hydromechani-
cal transmissions. Moreover, it has developed a functional dy-
namic transmission model with separation of power flows for a
tractor. The authors of [ 13] have designed and modeled hydro-
static continuous variable transmission with power separation
for heavy-capacity vehicles. Operational problems, identified
while modeling transmission dynamics, have become the most
interesting of their findings.

Hydraulic hybrid system of Cumulo series for urban buses
is the early example for road vehicles [14]. Exclusively for
wheel loaders, the authors of [15] represented multimode hy-
drostatic mechanical transmission with power separation
whose fuel saving is at least by 15 % more than high fuel saving
potential to compare with the available solution with hydraulic
converter. Paper [16] lists similar results.

It is known [17, 18] that HMT designs have a tendency to re-
duce the number of frictional multidisk clutches, braking mecha-
nisms, the number of subranges and complicated mechanical
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parts. Moreover, it has not been determined yet what HMT
schemes are expedient: either “input differential” or “output dif-
ferential”. That is why the paper considers both alternatives.

The majority of analyzed papers describing advanced
HMT designs propose either too complicated transmission
structures (to be in contrast with demand for the decrease in
the number of multidisk clutches and braking mechanisms) or
transmissions whose efficiency is not higher than 0.8.

Papers [19, 20] propose advanced “input differential” and
“output differential” HMTs adapted for mine diesel locomo-
tives whose maximum efficiency declared is 0.85 to 0.9 de-
pending upon movement range and rolling resistance force.
These very transmissions are considered as a mathematical
modeling object by the paper.

Accuracy of kinematic parameters, power parameters, and
energy parameters of HMT of different structures resulting
from braking process modeling depends heavily on the select-
ed initial data. The initial data of angular velocities of parts of
components of transmission and working pressure difference
in HD are those data which HMT components had when
mine diesel locomotives were transferred from acceleration
mode or uniform movement mode to braking mode.

The purpose of the research is to develop mathematical
models and techniques to model stepless transmissions oper-
ating as a part of a diesel locomotive, to improve reliability of
the results of diesel locomotive movement under actual oper-
ating conditions. Achievement of the objective involves: the
development of a structural transmission scheme; the devel-
opment of a mathematical model explaining changes in kine-
matic parameters and power ones; the determination of kine-
matic parameters and power ones as well as calculation of HD
efficiency. In future the results will be applied as the initial data
to model a process of mine diesel locomotive braking.

Results. As the main objective of the research is not the
study of transients within transmission components in the
process of transition from the acceleration mode to the braking
one, initial data for the braking process model should be deter-
mined using models explaining uniform motion of mine diesel
locomotives, i.e. the forces of motion resistance and air resis-
tance are neglected taking into account insignificant value of
the latter one (maximum velocity of a mine diesel locomotive
considered in the paper is not more than 20 km/h).

As it has been mentioned before, HMT 1 (with input dif-
ferential, Fig. 1) and HMT 2 (with output differential, Fig. 2)
are the most potential from the viewpoint of the design sim-
plicity and efficiency value [19, 20]. The proposed transmis-
sions are meant to be used for mine diesel locomotives where
mass is 10 tons, wheel radius is 0.3 m, maximum motion ve-
locity is 10 km/h in terms of traction range, and 20 km/h in
terms of transport range.

Despite the fact that papers [19, 20] propose use of hy-
draulic machines with 70 cubic cm working volume for the
HMT 2 scheme, we consider controlled hydraulic pump and
hydraulic motor with 90 cubic cm working volume each (simi-
lar to those for HMT 1) to improve the transmission efficiency.
Availability of identical dimensions of hydraulic machines will
help make reliable evaluation of advantages and disadvantages
of each HMT.

The proposed transmissions are reversible. Reverse mo-
tion is performed after an idle gear has been actuated (no one
of them is available in Figs. 1 and 2). Distribution of kinemat-
ic parameters, power parameters, and energy parameters of
HMT in terms of reverse motion will be analogous to that in
terms of forward motion.

Basic design parameters of HMT 1 are as follows:

- drive ratios are: i, = 0.808, i, = 1.54, i;=0.57, i, = 0.276,
is=0.574, ig = 0.206;

- internal drive ratio of planetary gear set is: k =—1.

Basic design parameters of HMT 2 are as follows:

- drive ratios are: i; = 0.27, i, =0.21, i3 =0.49, i, = 0.206;

- internal drive ratio of planetary gear set is: k =—1.2.
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Fig. 1. Structural scheme of HMT 1 (with input differential)
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Fig. 2. Structural scheme of HMT 2 (with output differential)

Paper [19] does not indicate area of power flow break with-
in the close circuit of HMT 1; that is clutch area is not speci-
fied. Paper [6] has identified the fact that from the viewpoint of
braking process dynamics, in the context of HMTs operating
according to input differential scheme, it is recommended to
arrange the clutch either behind the engine or within the hy-
draulic branch of the closed circuit in front of HD (no alterna-
tive is preferable). Consider a case when the clutch is arranged
within the hydraulic branch of the close circuit in front of HD
as a part of analysis of braking process of a mine diesel loco-
motive with HMT 1.

Relating to HMT 2, recommended area of clutch arrange-
ment determined by paper [19] coincides completely with rec-
ommendations in paper [6]; that is, in the context of HMT
with output differential (HMT 2) it is more preferable to ar-
range the clutch within the hydraulic branch of the closed cir-
cuit behind the HD.

As papers [19, 20] do not involve comprehensive analysis
of changes in power parameters, kinematic parameters, and
energy parameters of HMT, it is required to analyze changes in
basic parameters of HMT 1 and HMT 2 transmissions in the
context of their operation within traction range and transport
range. As it has already been reported, it is necessary to deter-
mine the initial data to model braking process of a mine diesel
locomotive. Values of kinematic parameters, power parame-
ters, and energy parameters are identified with the help of
solving a system of algebraic equations — expression (1) is for
HMT 1 and expression (2) is for HMT 2.

The development of systems of algebraic equations in-
volved application of models by Samorodov and Gorodetskiy
as well as the known equation of Willis.

Taking into consideration specifics of the model, Simulink
subsystem of Matlab system has been used to solve systems of
equations (1, 2). General form of software implementation
making it possible to solve equation system (1) is shown in
Fig. 3.

Static system of algebraic equations explaining changes in
power parameters, kinematic parameters, and energy param-
eters is:

1. For HMT 1:

Thus, equation one explains the transmission-engine rela-
tion as follows

Oy = Wy.

The loss moment within hydraulic machines is determined
using the following expression
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Fig. 3. General form of software implementation making it possible to solve equation system (1)
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HSMT kinematics is explained with the help of a system of
the following equations
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2. For HMT 2:

Thus, equation one explains the transmission-engine rela-
tion as follows

Oy = Oy.

The loss moment within hydraulic machines is determined
using the following expression
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HSMT kinematics is explained with the help of a system of
the following equations
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Power transmission parameters can be described using the
following equations
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where o, is the angular velocity of transmission segment; o, is
the angular velocity of engine crankshaft; i; is transmission ra-
tio; k is internal drive ratio of planetary gear set; e;, e, are pa-
rameters to control HD hydraulic machines; ¢,, ¢, are maxi-
mum efficiency of hydraulic machines; y is the coefficient
characterizing power flow direction (y = 1 is straight power
flow; y = —1 is reverse power flow); AQ is hydraulic liquid leak-
age in all hydraulic machines involving symbol of pressure dif-

ference in HD; AP is working pressure difference in HD; V. is
the volume of liquid being compressed; E(g") is module of
working liquid tension depending on gas content percentage
g"; g, Mg are angular velocities of hydraulic pump shaft (@,
corresponds to the input differential HMT scheme; o, corre-
sponds to the output differential HMT scheme) calculated in
the process of iteration solution of non-linear matrix system
during previous iteration being considered as that equal to 0 for
iteration one; m3, @y, are angular velocities of hydraulic motor
shaft (@g; corresponds to the input differential HMT scheme;
g, corresponds to the output differential HMT scheme) cal-
culated in the process of iteration solution of the non-linear
matrix system during previous iteration being considered as
that equal to 0 for iteration one; K, C;, are coefficients of loss-
es for the hydraulic pump (i = 1) and hydraulic motor (i = 2);
u is the coefficient of dynamic viscosity; Y is the coefficient
characterizing the range of motion (Y = 1 is traction range,
Y=0is transport range); M,,, are moments within HMT com-
ponents; m are indices corresponding to the number of angular
velocity of the component; # are indices-letters corresponding
to moments at the ends of the components; #; is efficiency of
the gear; O is the coefficient considering losses within gear
clutches (® = 0 is the coefficient ignoring losses; ® = —1 is the
coefficient considering the losses); N,,, is power transmitted by
HMT components; 1,3, 1,3 are efficiencies within sun-pinion
and epicycle-planet gear clutches when the carrier is stopped
determining losses of moments; AM,, AM, are losses of a mo-

ment within hydraulic machines [6]; K,K,,..., K are coeffi-
cients of hydromechanical losses; D,; is typical dimension of
hydraulic machines; AP, is working pressure difference within
HD calculated in the process of iteration solution of the non-
linear matrix system during previous iteration being consid-
ered as that equal to 0 for iteration one; G is weight of a mine
diesel locomotive; r is the radius of wheels; f is resistance to
the motion coefficient.

Certain results of theoretical studies of HMT 1 and HMT 2
are shown in Figs. 4 and 5 where: V'is the velocity of a mine
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Fig. 4. Results of theoretical analysis of HMT 1 within the trac-
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Fig. 5. Results of theoretical analysis of HMT 2 within the
transport range of a mine diesel locomotive motion

diesel locomotive; 7 is efficiency of transmission; M is torque
effect within a shaft of crankshaft; N, is engine capacity; N, is
the power entering HD; NV, is the power leaving HD; N, is the
power leaving hydraulic branch of the closed circuit of HMT;
N, is the power leaving mechanical branch of the closed cir-
cuit of HMT; N, is percentage ratio of the power being trans-
mitted through the hydraulic branch to the power outgoing
from the closed circuit.

Static analysis of HMT 1 and HMT 2 has helped deter-
mine the following:

1. Advantages of HMT 1:

- maximum velocity of mine diesel locomotives within the
transport range in terms of HMT]1 use is 2.0 % higher to com-
pare with HMT 2 use (HMT 1 is 20 km/h and HMT 2 is
18 km/h);

- maximum value of angular velocity of a shaft of hy-
draulic motor of HMT 1 is 1.8 times less comparing with
HMT 2 in terms of motion within the traction range
(—105.80 rad/s is for HMT1 and —192.70 rad/s is for HMT 2)
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and 4.5 times less in terms of motion within the transport
range (—102.90 rad/s is for HMT 1 and —455.10 rad/s is for
HMT 2; modern hydraulic machines “PSM-HYDRAY-
LIKS” of the selected size withstand angular velocity up to
460.0 rad/s);

- lack of power circulation (in terms of the closed circuit of
HMT 2 when a mine diesel locomotive accelerates from zero
velocity up to the velocity corresponding to e, = 0.1 value; in
this context power circulation with overloading of mechanical
branch of transmission takes place).

2. Advantages of HMT 2:

- maximum efficiency value of HMT 1 is by 2.0 % less to
compare with HMT 2 in terms of motion within the traction
range (0.853 is for HMT 1 and 0.870 is for HMT 2) and by
5.1 % less in terms of motion within the transportation range
(0.853 is for HMT 1 and 0.899 is for HMT 2);

- maximum working pressure difference within HD of
HMT 1is 2.9 times more compared to HMT 2 in terms of mo-
tion within the traction range (32.41 MPa is for HMT 1 and
—13.24 MPa is for HMT 2) and 3.7 times more in terms of mo-
tion within the transport range (29.89 MPa is for HMT 1 and
—8.01 MPa is for HMT 2; modern hydraulic machines “PSM-
HYDRAYLIKS” of the selected size withstand working pres-
sure difference up to 40.0 MPa);

- maximum value of the angular velocity of shaft of HMT
1 hydraulic pump is 1.6 times more compared to HMT 2 both
in terms of motion within the traction range (-337.90 rad/s is
for HMT 1 and 210.00 rad/s is for HMT 2) and in terms of
motion within the transport range (-338.90 rad/s is for HMT 1
and 210.00 rad/s is for HMT 2; modern hydraulic machines
“PSM-HYDRAYLIKS” of the selected size withstand angular
velocity up to 460.0 rad/s).

Conclusions. Integrated study of changes in power pa-
rameters, kinematic parameters and energy parameters of
“input differential” and “output differential” HMTs has ana-
lyzed changes in basic transmission parameters in terms of its
operation within both transport and traction ranges. Values
of kinematic parameters, power parameters and energy pa-
rameters have been determined by means of solving the sys-
tem of algebraic equations being considered as the develop-
ment of a set of mathematical models and techniques to
model stepless transmissions operating as a part of a mine
diesel locomotive. The peculiarity of the considered static
model is the fact that the calculations involve simultaneously
two values of angular velocities of shafts of hydraulic ma-
chines and working pressure difference within HD (both cur-
rent pressure and previous one). That makes it possible to
determine rather accurately all kinematic parameters, power
parameters and energy parameters of the transmission. Each
parameter is identified until a value of the parameter being
under analysis at the previous iteration is equal to the current
value.

Maximum velocity of a mine diesel locomotive, maximum
value of angular velocity of a shaft of hydraulic motor, maxi-
mum value of HMT efficiency, maximum difference of work-
ing pressure within HD, maximum value of angular velocity of
a shaft of HMT hydraulic pump as well as relation of the pa-
rameters in terms of diesel locomotive motion within traction
range and transport range have been identified. As the analysis
explains, each transmission has its own advantages and disad-
vantages. That is why the both HMTs will be used during the
following analysis of braking process of mine diesel locomo-
tives.

Power circulation with overloading of a mechanical branch
of transmission takes place within the closed circuit of HMT 2
operating according to the “output differential” scheme when
a mine diesel locomotive accelerates from zero velocity up to
the velocity corresponding to e, = 0.1 value. That is typical for
the whole class of two-flow transmissions operating according
to the “output differential” scheme. The fact is proved demon-
stratively in [5].
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Meta. Po3pobka KOMIUIEKCY MaTeMaTUYHUX Moenei i
METOIMK MOJETIOBaHHS Oe3CTYyMiHYaCTUX TPaHCMICiH, 110
MPaLIOIOTh y CKJIai AM3e1eB03a, ISl MiIBULIEHHS TOCTOBIp-
HOCTI pe3y/IbTaTiB aHaTi3y PyXy M1U3eeBo3a B pealbHIUX YMO-
Bax eKCILTyaTarii.

Metoauka. 3HaueHHsI KiHEeMaTUYHUX, CUJIOBUX i eHepre-
TUYHMX TapaMeTpiB BU3HAYAIOTHhCH LIISIXOM PO3B’SI3aHHS
CUCTEMM ajire0paiyHUX PiBHSIHb 3 BAKOPUCTAHHSIM TTiACUCTE-
mu Simulink cuctemu Matlab. KoMmruiekcHe AocCTiaKeHHs
3MiHM OCHOBHUX ITapaMeTpPiB TpaHCMiciit ,,3 TudepeHItiaazom
Ha BXofi“ Ta ,,3 audepeHIiaoM Ha BUXO/i“ MpHu iX poOOTi Ha
TPAHCMIOPTHOMY ¥ TSITOBOMY Jiara3oHaX HEOOXiIHO IS BU-
3HAYEHHS BUXiTHUX JAHUX JIJIS1 MOJIETIOBAHHSI TTPOLIECY Tajib-
MyBaHHSI IIAXTHOTO AM3€1eBO3a.

PesyabraT. ¥ poG0Ti BUKOHAHO MOPIBHSUIBHUI aHai3
rinpoo6’eMHo-MexaHiuHUX TpaHcMmiciit (TOMT) ,,3 nude-
pEeHIliaJIoM Ha BXOJi“ Ta ,,3 udepeHiaaoM Ha BUXOIi s -
XOM KOMILJIEKCHOTO JOCHiIXEHHSI 3MiHM CUJIOBUX, KiHEMa-
TUYHMX i EHEPreTUYHMX MapaMeTpiB TPaHCMICili TpU PoOOTi
Ha TATOBOMY Ta TPAHCIIOPTHOMY iama3zoHaX pyxy HIaXTHOTO
NA3es1eBo3a. 3HAYEHH LIMX MapaMeTpiB BUSHAYEHI ILISIXOM
pO3B’sI3aHHS CKJIaJEHOI CUCTEMHU ajire0paiuHuX PiBHSIHD, 1110
PO3IIHIOETHCS K PO3BUTOK KOMITJIEKCY MaTeEMaTUYHUX MO-
Jejieil i MeTOIMK MOJIETIOBaHHSI 0e3CTYIMiHYaCTUX TPaHCMi-
Ciif, 1110 MPAIIOIOTh Y CKJIa/li TU3e1eB03a.

Haykosa HoBu3Ha. OTprMaHi pe3yIbTaTh KOMILIEKCHOTO
JIOCJTIIKeHHST 3MiHU CWJIOBUX, KiIHEMAaTUYHUX i €HepreTuy-
Hux napametpiB FOMT .3 nudepeHuiajiom Ha Bxoai“ Ta ,,3
nudepeHLiaoM Ha BUXOi“ Mpu poOOTi Ha TPAHCTIOPTHOMY
11 TATOBOMY Jliana3oHax CBig4yaTh Ipo Te, 110 KOXHA TPaHCMi-
cist Mae cBoi nepesaru il HenoJiku. Came Tomy oounsi FOMT
OyoyTb BUKOPHUCTOBYBATUCS B MOAABIIOMY MIPU AOCTIKEH-
Hi TIpoliecy TaJIbMyBaHHS IIAXTHUX TU3€IeBO3iB.

IMpakTyna 3HaumMmicTb. Po3poGiieHa CTpyKTypHa cxema
TpaHCMicii, MaTeMaTUYHa MOJIeJIb, 1110 OTIMCYE 3MiHY KiHEMa-
TUYHUX i CUJIOBUX MapaMeTpiB, a TAKOX OOYMCIIeHI KiHeMa-
tiyHi, cuoBi mapamerpu Ta KK/ rimpoo6’eMHoi Tiepenaydi B
MOJAJILIIOMY MOXKYTb Oy BUKOPUCTAHI SIK BUXiJIHI JaHi Ju1st
MOJIETIOBAHHST TIPOIIECY TATbMYBAaHHS IIAXTHOTO TM3ETeB03a.

KmouoBi choBa: waxmuuii  duseneos, 2iopood’emHo-
MexaHiuHa mpaucmicia, dugbepenyian, npouyec 2anbMy8aHHs,
Mamemamu4na Mooend
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Ieasb. PazpaboTka KoMIUIEKCa MaTeMaTUYECKMX MOJIE-
JIeli 1 METOIMK MOICIMPOBAaHUSI O€CCTYIIeHUAThIX TPAaHCMUC-
CHii, pabOTAIOIINX B COCTAaBE MU3eJIeBO3a, IS TTOBBIIIECHUS
JIOCTOBEPHOCTHU PE3y/IbTaTOB aHAIM3a ABMUKEHUS TU3e/IeBO3a
B pEaTbHBIX YCIOBUSIX IKCIUTyaTAIIVH.

Metoauka. 3HayeHUs] KUHEMATMUYECKUX, CWJIOBBIX U
SHEPreTUYECKUX MapaMeTPOB OMPEHCNISIOTCS MyTeM pelie-
HUSI CUCTEMBI aredpanvyeckKux ypaBHEHU M ¢ MCTIOJIb30BaHM -
eM roacuctembl Simulink cucrembr Matlab. KomruiekcHoe
HCClieIOBaHME M3MEHEHMSI OCHOBHBIX TapaMeTpoB TpaHC-
MUCCUI ,,¢ nuddepeHuranom Ha Bxoae“ u ,,c iuddepeHn-
aJloM Ha BBIXoJe" MpU UX paboTe Ha TPAHCIIOPTHOM U TSITO-
BOM JMAaIia30HaX HEOOXOAUMO IIJIST OTpeIeIeHUS] NCXOTHBIX
JIAHHBIX 711 MOJCJIMPOBAaHUS TTpoliecca TOPMOXKEHUSI 111axXT-
HOTO IM3eJIeB03a.

Pesyabratel. B paboTe BbIIOTHEH CPAaBHUTEbHbBIN aHa-
JIN3 THIPOOOBheMHO-MeXaHndecKux Tpancmuccuit (FOMT)
,,C InddepeHLmagomM Ha Bxone“ u ,,c auddepeHiagioM Ha
BBIXOZE“ TyTeM KOMIUIEKCHOTO MCCIICAOBAHUS M3MECHEHMS
CUJIOBBIX, KWUHEMAaTUYECKUX U YHEPTeTUYECKUX TTapaMeTpOB
TPaHCMUCCHIA TIpU paboTe Ha TATOBOM Y TPAHCIIOPTHOM JHa-
Ma3oHax JABMXKEHMS LIAXTHOTO Au3esieBo3a. 3HAYSHUS dTUX
IMapaMeTpPOB OIpeNeIeHbl ITyTeM pPEIIeHUS] COCTaBICHHOM
CHUCTEMbl aJire0panyecKuxX ypaBHEHMi, YTO paclEeHUBAETCS
KaK pa3BUTHE KOMIUIEKCAa MAaTeMaTUUECKIX MOJIEJIe 1 METO-
IIMK MOJIEIMPOBAHUST OECCTYIeHUAThIX TPAHCMUCCH, pabo-
TaIOIIMX B COCTaBE AM3eJeBO3a.

Hayynas nosusHna. [TosrydeHHBIe pe3yIbTaThl KOMIUIEKC-
HOTO MCCJIeIOBaHUS U3MEHEHUSI CUJIOBBIX, KWHEMAaTUUECKUX
u sHepretTuueckux napamerpoB 'OMT ¢ nuddepeHuma-
JIOM Ha BXoae“ u ,,c auddepeHInaioM Ha BEIXOIE“ TIPU UX
paboTe Ha TPAHCIIOPTHOM M TATOBOM JWalla30HaX CBUIE-
TEJIBCTBYIOT O TOM, YTO KaxXKmasl TPAHCMUCCHUSI UMEET CBOM
MpeumMyliecTBa U HeocTaTKu. iMeHHo noatomy ooe TOMT
OyIyT MCIIOJb30BaThCs B HalbHEMINIEM TPU MCCIETOBaHUN
IpoIriecca TOPMOXKEHUST IIAXTHBIX JTM3eJIEBO30B.

IIpakTyeckas 3HaYMMoCTh. PazpaboTaHHast CTpyKTypHasi
cXeMma TpaHCMMCCUM, MaTeMaThiecKasi MOJIeJTh, OMACHIBAIO-
11ast U3MEHEHUEe KMHEMaTUUECKUX U CUIIOBBIX MApaMeTPoB, a
TaKXe OTNpe/ie/IeHHble KMHEMaTHUUeCKHe, CUIIOBBIE Imapame-
Tpbl ¥ KIT ruapoodbeMHOI niepeaayu B JaabHEHIIEM MOTYT
OBITh UCMOJB30BaHbl KaK MCXOIHbBIE JaHHbIE /IS MOAEIUPO-
BaHUS TIpoliecca TOPMOXKEHHS IIaXTHOTO AU3eIeB03a.

Kiiouesble c10Ba: waxmmoiii 0uzeneos, 2uopoobsemHo-me-
Xauuueckas mpaumcmuccus, ouggepenuuan, npoyecc mopmo-
JIcenUsl, MamemMamu4eckas mooensb
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