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Purpose. The existing mathematical models of unsteady heat processes in a passenger car do not fully reflect the
thermal processes, occurring in the car wits a heating system. In addition, unsteady heat processes are often studied
in steady regime, when the heat fluxes and the parameters of the thermal circuit are constant and do not depend on
time. In connection with the emergence of more effective technical solutions to the life support system there is
a need for creating a new mathematical apparatus, which would allow taking into account these features and their
influence on the course of unsteady heat processes throughout the travel time. The purpose of this work is to create
a mathematical model of the heat regime of a passenger car with a heating system that takes into account the un-
steady heat processes. Methodology. To achieve this task the author composed a system of differential equations,
describing unsteady heat processes during the heating of a passenger car. For the solution of the composed system of
equations, the author used the method of elementary balances. Findings. The paper presents the developed numeri-
cal algorithm and computer program for simulation of transitional heat processes in a locomotive traction passenger
car, which allows taking into account the various constructive solutions of the life support system of passenger cars
and to simulate unsteady heat processes at any stage of the trip. Originality. For the first time the author developed
a mathematical model of heat processes in a car with a heating system, that unlike existing models, allows to
investigate the unsteady heat engineering performance in the cabin of the car under different operating conditions
and compare the work of various life support systems from the point of view their constructive solutions.
Practical value. The work presented the developed mathematical model of the unsteady heat regime of the passen-
ger car with a heating system to estimate the efficiency of unsteady, transitional temperature states in passenger cars,
taking into account the design features of the heating system and the regulatory requirements. This allows the devel-
opment and implementation of optimal technical characteristics of heating appliances and the construction of an
algorithm for controlling their operation in accordance with operating conditions, taking into account the thermal
inertia of the car in the transitional modes of heating, on the basis of mathematical modeling.

Keywords: mathematical modelling; passenger car; unsteady heat processes; heating system

common with the field experiment. This way of
research allows simulating the processes that arise
in the actual operation of separate equipment and
life support systems in general, as well as the im-
pact of various factors thereon. The basis of ma-
thematical modelling is the method of differential
balance equations [11].

The mathematical modelling of heat processes
in passenger cars with heating systems is usually
realized in steady regime, when the heat fluxes and

Introduction

At present, mathematical modelling is widely
used to assess the effectiveness of various con-
structive solutions. A peculiarity of mathematical
modelling is the large amount of computational
work; therefore, recently, in terms of accessibility
and improvement of the capabilities of computer
technology, numerical experiment has become
widespread. Mathematical modelling with the use

of adequate mathematical models has much in

parameters of the thermal circuit are constant, do
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not depend on time. The steady regime refers to the
situation in the car, when there is balance between
the thermal energy that comes in and that given by
fencing structures into the environment. The ener-
gy balance of such a system in a steady regime is
studied quite well [4-8, 12]. But, any heat ex-
change is dynamic, and it is not enough to describe
a single steady regime. The worse situation is with
the analysis of the thermal condition of heated cars
in unsteady conditions, in particular, when the
heating of high-voltage heating systems is
switched off in motion and in parking places with
further heating, resulting in transitional heating
regimes.

The mathematical model of the car heat condi-
tion, when the car is heated with an air heating sys-
tem, is considered in the works [14, 16, 17], the
model, when a car air conditioner operates in the
heat pump mode, is considered in the works [3,
13]. The works [2, 15] present a mathematical
modelling of unsteady heat exchange processes of
a passenger car with air conditioning systems.
These mathematical models are similar to each oth-
er, and allow the insertion and extraction of addi-
tional elements into the calculation scheme rather
easily, but the air flow is used for heating and cool-
ing as a coolant. The presented mathematical mo-
dels do not fully reflect the thermal processes occur-
ring in the car when using a water heating system,
where the intermediate coolant is water. There are
no such indicators as heat energy accumulation [1].

The works devoted to passenger car heating
systems indicate that a car needs the heating sys-
tem with capacity of 48 kW in the winter period.
These requirements were substantiated in the
70-80s of the last century for cars with an effective
thermal conductivity of about 1.7 W/ (m” - K) with
the environment temperature of —40°C in winter,
with a number of passengers from 32 to 60 people
(considered by Kitayev B. N. [6, 7], Kuzmin L. D.
[11], Zharikov V. A. [4, 5], Sidorov Yu. P. [10]
and other researchers).

Already at the beginning of the 21* century, the
car builders of PJSC «Kryukov Railway Car Build-
ing Works» reached an effective conductivity in
a passenger car of about (0.8 + 1.0) W / (m” - K),
and the installation of double-glazed windows sig-
nificantly increased its tightness.

Thus, taking into account the car structural
changes and the new trends, a more thorough ana-

lysis of the car heat regime is required, taking into
account the unsteadiness of the process, when heat-
ing the passenger car.

Purpose

The purpose of this study was to create a math-
ematical model of the unsteady heat regime of
a passenger car with a water heating system to
evaluate the role of unsteady, transitional tempera-
ture states of the passenger car, the selection of
optimal technical characteristics of heating devic-
es, and constructing an algorithm for their opera-
tion control in accordance with operating condi-
tions, and particularly taking into account the man-
ifestation of the car thermal inertia during the tran-
sitional operating modes of the heating system.

Methodology

To achieve the set task the author composed
a system of differential equations, describing un-
steady heat processes during the heating of a pas-
senger car. For the solution of the composed sys-
tem of equations, the author used the method of
elementary balances.

When studying the transitional regimes in the
process of cooling and subsequent heating of
a passenger car during the operation, the conditions
are taken into account when the heat from the
TEHs (tubular electric heaters) is perceived by the
intermediate coolant and then transmitted to the
car. The same is when the car is cooled from the
initial temperature to the critical, at which the next
heating process begins. The dynamic equation of
the temperature process in this case should be
solved in two stages: in relation to the intermediate
coolant, and from the coolant to the air in the car
and then to the outside air.

During formation of the car heat model, physi-
cally grounded and experimentally confirmed fea-
tures of the car heat condition were taken into ac-
count, namely:

— temperature of the interior partitions of the
car practically coincides with the temperature of
the car air;

— difference between the internal partition wall
with the temperature 7, and the average air tempe-
rature ¢, in the car does not exceed 3 K, since the
temperature difference between the external envi-
ronment with the temperature ¢, and the car air
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with the temperature 7. is mainly damped on its
thermal insulation;

— temperature of the air removed from the car
through deflectors is equal to the air temperature in
the car z,.

— due to increasing the coefficient of heat
transfer by convection on the outer surfaces of the
partitions, depending on the car speed from O to 80
km/h, the heat transfer of the car body increases by
10%, at speeds from 80 to 160 km/h, the coeffi-
cient increases by 1%;

— air infiltration volume, depending on the car
speed up to 120 km/h, can reach 325 m’/h;

The physical essence of these equations is re-
duced to the following.

The heat flow is evolved from TEHs Qrgy(7) in
the time interval 7, is transmitted to the intermedi-
ate coolant and the metal structure of the heating
system. Since the heating devices can not physical-
ly transfer the entire heat flow Qrgy(t) evolved
from TEHSs, part of this heat is accumulated in the
coolant and the metal structure of the heating sys-
tem Qy,.

In accordance with the energy conservation law
(heat balance), the heat flow Qrgy(T) is consumed
on four main components:

Oy (D=0 + Qpp +0,+0y, (1)

where O, — heat accumulated by heating system;
0,, — heat consumed by heating pipes; Q. — heat
consumed by the coolant to heat the outdoor air;
QO — heat consumed for water heating for hot wa-
ter supply, as the boiler does not affect the micro-
climate in the car and has a slight consumption of
heat, this parameter will not be taken into account
further.

The listed components are determined by the
relationships:

= C —_—, 2

th hs dt ( )

QPP = CWGW (tin - tout ) > 3
QL‘I = CwGw (tin - taul) > 4)

where Cj,; — total heat capacity of the water and the
metal structure of the heating system; ¢;, — coolant
temperature at the inlet to the heating pipes and
heater; t,,, — coolant temperature at the outlet from
the heating pipes is determined by the formula:

tout = ta + (t0 - ta )em’ (5)

where f, — coolant temperature at the inlet to the
heating pipes; f,, — room air temperature; / — length
of the heating pipes; a — coefficient determined by
the expression:

4k ,,D,

a=-—"02" (©)
cwwai (Dw

where k,, — coefficient of heat transfer of heating

pipes; D,, D, — outside and inside diameter of

Pw —
o,, — coolant speed in the heating pipes.

the heating pipes; coolant density;

To analyse the heating regime of the car heat-
ing system, the equation (1) + (3) must be supple-
mented by another equation that is used to calcu-
late the heating and cooling of the heating system
coolant from a given initial temperature #0) to
a certain final temperature #, for a short period of
time 7, at any stage and has the form:

QTEH - (Qpp + ch) T.

hs

t, (1) =1(0)+

@)

The amount of heat entering the car from
0,,(7), as can be seen from equation (3), depends
on the coolant temperature, the heating pipes area,
the heat transfer coefficient k,,, the rate of coolant
circulation in the heating pipes. The heat Q,(7),
evolved by the air flow V,, at the time 7, is uniquely
associated with the change in its enthalpy and is

determined by the relation:
0, (=10 -1t 0))pVo (D, ®)

where I(z;¢.) — specific enthalpy, temperature
and relative humidity of air entering the car after
heating in calorifer; 7(z,¢,) — specific enthalpy,
temperature and relative humidity of air in the car;
Vo — volume of outside air supplied by the ventila-
tion system; to determine the specific enthalpy of
air I d — wet air diagram is used; ¢, —air tempera-
ture heated by the calorifer is determined by the
expression:

s = EwOu iy =1y)

+1 . ©
CapaVO )

o
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The heat brought by the heated outside air can
be determined by another less precise expression:

0, (M =c,pVp(ty —1,)(T),

The heat flows Q,,(1), Q.(t), Qi(T), entering the
car at the time 1, are absorbed by three
components:

(Ql + Qa + Qpp )(T) = Qlos + Qinf + Qcar ’

where Q,,; — heat lost by partitions, as well as win-
dows; Q;,r — heat consumed for heating of the cold
air, which penetrates through the body imperfec-
tions and is characterized by V;,(S), that is, by the
volume of infiltrated air, depending on the speed of
movement; Q. — heat consumed for heating the
internal air and equipment of the car.

The listed components are determined by the
relationships:

(10)

(11

Q/os zkoF;)(ta _te) ’ (12)

Qinf :cupal/irgf (ta _te) > (13)
dt

=C_—, 14

Qcar car dt ( )

where k, — coefficient of heat transfer through
outer lining; F, — area of outer lining; 7, — room air
temperature; , environment temperature;
¢, — heat capacity of air; V;,; — volume of air en-
tered into the car as a result of infiltration;
C.qr — total heat capacity of all internal partitions,
wooden lining of external car frame and half heat
capacity of the heat-shielding layer.

For an integrated analysis of the car heat re-
gime we need one more equation to calculate the
heating and cooling of the car air temperature from
a given initial temperature #(0) to a certain final
temperature #, for a short period of time z, has the
form:

Q,, +0.+0)—
~(Qis + Qi)

It is advisable to highlight several of the most
characteristic stages of the car heat regime, within
each of which almost constant values of the output
parameters are kept:

ta(r)zt(0)+£ J/Cmr. (15)

Ca;cw;pa;pw;ko;E);(I)a;Ccar;Ch

s 2

G,, =const (16)

With restrictions (16), equation (7) (15) has at
its separate stage its own, individual analytical so-
lution of the form:

The equation describing the change in air tem-
perature (15) takes the form of:

Qpp + (Q[ + Qa - me) - Qlas
C

car

d,

a

dt

. "

where the step part depends on both 7,, and ¢;, = 1,.
So, this is the equation of two variables:

t,=t,(t) and t,, =t (1)

The equation describing the temperature of the
coolant in the boiler (7) takes the form:

& _ Orey _(Qpp +0,)
dt C ’

hs

(18)

where the right side also depends on 7, and ¢, .

Consequently, we have a system of two dif-
ferential equations with two variables:

0, + (O + 0, = 0Qiy) = Qi .
C ;

car

d,

a

dr

(19
%: QTEH _(Qpp + ch)
dt Cp '

The grouping of the right-hand sides of the
equations with respect to the variables ¢, and ¢,
and after transformations has the form:

(C,G, —e"-C,G)t, +
(C,Ge"~C,G, — kJF,)x )
t, +(Q+0,-0, )+

k,Ft,

=g, +o,t, +6,

car

(20)

where ¢€,,0, — indicators of car thermal inertia at
the considered stage; 0, —index of car heat entropy
at the considered stage:

C,G,(1-e™)
81 = C— N

car

2
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_C,G, (" -1 k,F,

Ol Ccar ’ (22)
+0, -0, )+k,Ft
91 (Ql Qa me) 0" o’e ) (23)
Ccar
" -DC, Gt +A-e"C Gty
Chs
. (2

Qren = =g, +0,t, +0,

Chx

where g,,0, — indicators of thermal inertia of the
heating system at the considered stage;
0, —indicator of heat entropy of the heating system
at the considered stage.

-al _1

€, = w , (25)

Chs
1-e"C,G,

0)=—""—"7—"7"—, (26)
Chx

0,= M . 27)
Chs

Thus, the initial system of equations has the
form:

dt
L=gt,+0,t, +0;
dr
(28)
dt
—b =g,t, +0,t, +0,,
dt

That is, linear equations with constant coeffi-
cients.

The linear non-homogeneous second-order
equation with third-order coefficients has the form:

t+pt,+g-t,=f, (29)
where
p=—(0, +&,), (30)
g =0,8, —§0,, (31)
f=0,0,-0,0,. (32)

Discriminator of the characteristic equation:

D=p’—4g. (33)

The solution of homogeneous equations for the
boiler and the car room temperature has the form:

f

1, (1) = K,e®" + K,e®™ + e (34)

K, Re"™ + K,Re™ — A, — C,

35
B, (35

t,(v)=

where R;, R, are the roots of the characteristic
equation:

_»-ip

R, 5 (36)
R, = # ’ (37)

0,1,(0)+ 06, +¢ -i—

K, = /(R —R,).(38)

~(Ry —&,)- [zb (0) —ij
8

K, =tb(0)—§—](1. (39)

The expressions (34), (35) allow us to estimate
not only the temperature of the coolant in the com-
bined electric-coal boiler and the air inside the car,
but also to carry out a comprehensive analysis of the
heat processes while heating the passenger car,
taking into account the structural changes and the
unsteadiness of the processes, and evaluate the effi-
ciency of the system «heating system — passenger
car». To do this, the initial temperatures #,(0), #(0) of
the boiler and inside the car at this stage and the
value of the output parameters should be known.

Approbation of the mathematical model when
compared with experimental data. The mathemati-
cal model described above allowed constructing
a calculated model of the car temperature condition,
using a water heating system with natural circula-
tion and a discrete two stage high-power heat supply
(2 groups of 24 kW).

For simplicity, the infiltration volume was taken
from the average speed of movement. The heat ca-
pacity of the internal equipment and the heating sys-
tem is taken in the water equivalent. Heat-efficiency
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of the combined water-heating boiler is 24+24 kW.
The work of the ventilation system was not taken
into account; it was not switched on during the ex-
periment.

The dimensions and physical parameters of the
elements used to construct the calculation model
are given.

The model approbation used the experimental
data obtained by the author. The experiment was
conducted during train movement, the car number
26487, manufactured at «kKVZ» in 1985, overhaul
reconditioning on 10.12.2014. Measurement of

temperatures was carried out by stationary means,
the temperature of the car air was measured by two
thermometers located on the boiler and no-boiler
side of the car, the temperature of the coolant in
the boiler was measured by a regular remote ther-
mometer with a remote sensor.

As can be seen from the data given in Fig. 1,
the modelling results quite well coincide with the
results of the experiment, that is, the constructed
model can be considered rather accurate and used
for theoretical studies.

Input data for the calculation model

2

Body area, m 330
Coefficient of heat transfer of partitions, taking into account the speed of movement 1.3
Infiltration volume, m’/h 200
Area of heating pipes, taking into account the coefficient of finning, m*-k, 19.5-2.9
Coolant circulation velocity, m/s 0.04
Number of passengers, people 52
Car heat capacity, C.,;, kKW 3056
Heat capacity of the heating system, Cy, kW 1000
Coefficient of heat transfer of heating pipes, W/m*-K 10.8

Findings

The computational algorithm allowed develop-
ing a computer program for conducting a complex
analysis of heat processes during the heating of
a passenger car, taking into account structural
changes and unsteadiness of processes, estimation
of the efficiency of the system «heating system —
passenger car».

Originality and practical value

The mathematical model of the unsteady heat
regime of the passenger car with a water heating
system was developed for evaluation of the role of
unsteady, transitional temperature states of a pas-
senger car, taking into account the features that are
determined by existing requirements. This allowed
the selection of optimal technical characteristics of
heating devices and the construction of an algo-
rithm for controlling their operation, in accordance
with the operating conditions, including in view of
the car thermal inertia at the transitional operating
modes of the heating system. For the mathematical

modelling of unsteady heat regime of a passenger
car with a water heating system, the method of
elementary balance was applied. The model makes
it possible to simulate the operation of the heating
system, to conduct a comprehensive analysis of the
thermal processes in the passenger car heating,
taking into account the structural changes and un-
steadiness of the processes and evaluate the effi-
ciency of their work.

Conclusion

The paper presented a mathematical model of
unsteady heat exchange processes in passenger
cars when using the heating systems. There were
analysed the existing mathematical models, which
do not fully reflect the thermal processes occurring
in the car using a water heating system, where the
intermediate coolant is water. The system of dif-
ferential equations that characterize the unstable
processes of heat transfer in a passenger car al-
lowed developing a computational algorithm. The
computer program was developed for the complex
analysis of thermal processes during passenger car
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heating, taking into account structural changes and efficiency, by means of a mathematical experi-

unsteadiness of processes, estimation of operation ment.
tv, boiler temperature x Experimental data
====: Calculation model
65
60 x‘,---...' x ..‘x-.- =
... X .“ ‘0.’ ...
55 2 % o o X X
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Operation of high-voltage heaters (TEH)
Fig. 1. Experimental temperature graphs and calculation model
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1 ([IpOEKTHO-KOHCTPYKTOPCHKE TEXHOIOTIUHE GIopoy, JHIMPONETpOBCHKHIT HAIIOHATEHIN YHIBEPCHTET 3aTi3HIIHOTO
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MATEMATHUYHA MO/IEJIb HECTALIHIOHAPHOTI'O TEIIVIOOBMIHY
HACAXKHUPCBKOI'O BAI'OHA 3 CUCTEMOIO OITAJIEHHA

Mera. IcHyroui MaTemMaTn4Hi MOJIeJi HECTALllIOHAPHUX TEIUIOBHX ITPOIECIB y MacaKUPCHKOMY BaroHi He B ITOB-
Hilf Mipi BioOpakaroTh MPOIECH, 110 BiZOYBAarOTHCS NMPU BUKOPHCTaHHI cucTeMH omnajeHHs. Kpim Toro, Hecramio-
HapHI TEIUIOBI MpOLeCH HalYacTille JOCTI/DKYBAJINCS B CTAl[iIOHAPHOMY PEXHMi, KOJIM ITOTOKU Ta MapaMeTpu Tell-
JIOBOTO KOHTYpPY TOCTiHHI Ta HE 3aJie)kaTh Bif 4acy. Y 3B 3Ky 3 MOSIBOIO OiNbII €(peKTHBHMX TEXHIYHHX PIIllICHb
CHCTEMH XHUTTe3a0e3MeYeHHsI BUHUKIA 1TOTpeba W y CTBOPEHHI HOBOI'O MAaTEMAaTHYHOTO amapary, sIKuil gaBaB Ou
3MOTY BpaxyBaTH Ii OCOOJMBOCTI Ta iX BIUIMB Ha Iepedir HeCTAIlliOHAPHUX TEMJIOBHUX INPOLECIB MPOTATOM YCHOTO
peiicy. Meta maHoi poOOTH — CTBOPEHHSI MaTEMaTHYHOI MOJETi TEIUIOBOTO PEXUMY HacaXMPCHKOTO BaroHa 3 CHC-
TEMOIO OTAJIEHHS, II0 BPAaXxOBYE HECTAIIOHAPHICTH TEIUIOBUX mporieciB. Meroauka. [t peamizanii mocraBieHol
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3aadi METO/IOM MOJICITIOBaHHA Oyla CTBOpPEHA CHCTeMa IAu(epeHIiadbHAX PiBHAHb, SKi OMMCYIOTH HECTAaI[iOHApHI
TEIUIOBI MPOIIECH NPHU OTAJICHHI MMACaKUPCHKOTO BaroHa; sl pO3B’sI3aHHS CKIIAJICHOI CHCTEMH PiBHSIHb BUKOPUCTO-
BYBaBCS METOJ €JEMEHTapHUX OaiaHciB. PesyabraTn. Po3po0ieHO po3paxyHKOBHH anrOpuTM Ta CTBOPEHO
KOMII'IOTEpHY IIPOTpaMy Ul MOJEIIOBAaHHS IIEPEXiIHIX TEIUIOBHX MPOLECIB Y MacaXUPChKOMY BaroHi JJOKOMOTHB-
HOI TSTH, 11O JI03BOJISIE BPAaXOBYBAaTU Pi3HI KOHCTPYKTHBHI PIIIEHHS CUCTEMH JKUTTE3a0€3IEUEeHHs MacaXKMPChKUX
BaroHiB Ta 3/[ICHIOBATH MOJIEJIIOBaHHS HECTALlIOHAPHHX TEIJIOBUX MPOIIECiB Ha OyIb-siKkoMy eTtamni peiicy. HaykoBa
HOBH3HA. Briepiue po3po0iieHO MaTeMaTHYHy MOJIENb TEIJIOBUX MPOLECIB Y BaroHi 3 CUCTEMOIO ONajeHHs, 1110 J10-
3BOJISIE, HA BIMIHY Bijl ICHYIOUHMX MOJIEJICH, JOCHIXKYBaTH HECTAI[lOHAPHICTh TEINIOTEXHIYHOTO CTaHy B CaJIOHI Ba-
TOHa 32 Pi3HUX YMOB €KCIUTyaTamii Ta MOPIBHIOBATH POOOTY Pi3HMX CHCTEM >KUTTE3a0E3MEUYeHHS 3 TOUKU 30pYy iX
KOHCTPYKTUBHHX piiieHb. [IpakTuuna 3Hauumicts. Po3pobiena maremMaTHyHa MOJIETbh HECTAI[IOHAPHOTO TEILIO-
BOTO PEXUMY ITaCa)XKHPCHKOTO BaroHa 3 CHCTEMOIO OIAJICHHS U OLIHKKA e€(EeKTHBHOCTI HECTAI[lOHAPHUX Mepexi-
HUX TEMIEpaTypHUX CTaHIB y MPHUMIIIEHHIX IMaca)kKHPCHKOTO BArOHY 3 YpaxyBaHHAM OCOONMBOCTEH KOHCTPYKIIii
CHCTEMH OIIaJICHHS Ta HOPMaTUBHHUX BUMOT. Lle mo3Bossie 3aificHIOBaTH pO3poOKy ¥ pealizamito ONTUMANbHUX TeX-
HIYHAX XapaKTepUCTHK MPUJIAJIiB OMAICHHS Ta MOOYAOBY alrOpUTMy KepyBaHHS iX poOOTOIO BiINOBITHO 10 YMOB
eKCIUTyaTallii, y TOMy YHCIIi 3 ypaxyBaHHSM TEIUIOBOI iHEpLil BaroHy IPH NEPeXiHUX PeXUMaX pOoOOTH CHCTEMH
OMaJICHHS IIUIIXOM MaTEMaTHYHOTO MOZCTIOBAHHS.

Knrouosi crosa: maremaTuuHe MOJICIIOBAHHS; TACAKUPCHKHIH BaroH; HECTAI[IOHAPHI TEIJIOBI MPOLIECH; CUCTEMA
OTaJICHHS

3. B. BEJIOLIULKUI"

! (IIpoeKTHO-KOHCTPYKTOPCKOE TEXHOIOTHYECKOE 610p0», JIHENPOIETPOBCKHIT HAMOHATBHBIN YHHBEPCHTET
JKEJIE3HOI0POKHOTO TpaHCIopTa UMeHu akanemuka B. Jlazapsina, yn. Jlazapsna, 2, [{nunpo, Ykpauna, 49010,
ten. +38 (056) 371 51 12, sn. mouta e.beloshickiy@gmail.com, ORCID 0000-0002-2424-8479

MATEMATHYECKAA MOJIEJIb HECTAIIMOHAPHOI'O
TEILLIOOBMEHA IMTACCAKHUPCKHUX BAIT'OHOB C CUCTEMOM
OTOIIVIEHUA

Heasb. CymecTByole MaTeMaTUIeCKHe MOJICH HECTAlMOHAPHBIX TEIUIOBBIX IPOIECCOB B MACCAXKUPCKOM Ba-
TOHE HEe B TOJHOM Mepe OTpaXkaloT MPOLECCHI, MPOTEKAIOIIHe PH HCIOIb30BAHUHM CHUCTEMBI oToIUIeHus. Kpome
TOT0, HECTAI[HOHAPHBIE TETUIOBBIE POIIECCH Yallle BCEro MCCIeIOBAIICH B CTAIIMOHAPHOM PEXXUME, KOT1a TOTOKH U
rapaMeTpsbl TEIJIOBOrO KOHTYpa MOCTOSIHHbBIE, HE 3aBUCSIIUE OT BpeMeHHU. B cBs3u ¢ nosiienunem Gosee dpdexTis-
HBIX TEXHUYECKHX PENICHUI CHCTEMBI )KN3HE0OeCTIeYeH!sI BO3HUKIIA HE0O0XOIMMOCTh B CO3JJaHUM HOBOT'O MaTeMa-
THUYECKOTO amnapaTa, KOTOPBIX aBai Obl BO3MOXHOCTh yUECTh 3TH OCOOEHHOCTH M MX BIHMSHHUE Ha XOJ HECTAaIHO-
HapHBIX TEIUIOBBIX IPOIIECCOB B TEUEHHE BCETO BpeMeHH peiica. Llens nanHON paboThl — co3aHie MaTeMaTHIecKOi
MOJIENIM TEIUIOBOTO PEXHMMa IAaCCaKMPCKOTO BAaroHa C CUCTEMOHM OTOIUICHHS, YUHMTHIBAIOIIYIO HECTAI[MIOHAPHOCTH
TEIUIOBBIX TporieccoB. Meroauka. [ peanuzayy MocTaBICHHON 33a7a4l METOJOM MOJAEINPOBaHUs Oblila co3ia-
Ha cucteMa IUddepeHMaNbHBIX ypaBHEHHH, KOTOPHIE OMNMCHIBAIOT HECTAIIMOHAPHBIC TEIUIOBBIE INPOIECCHI MPH
OTOIUICHUH TaCCa)XMPCKOT0 BaroHa; IJISl PEIIeHHs] COCTABIEHHON CHCTEMbl YpPaBHEHHH HCIIOJIB30BAJICS METOJ die-
MEHTapHbIX OanaHcoB. Pe3yabTrarhl. PaspaboTan pacueTHbIH alrOpUTM U CO3AaHa KOMIBIOTEpHAsI IporpaMMa s
MOJICIMPOBAHMS NEPEXOIHBIX TEIUIOBBIX MPOIECCOB B ITACCAKUPCKOM BaroHe JOKOMOTHBHOHM TSTH, IO3BOJISIONIAS
YUUTBIBATh Pa3lUYHbIe KOHCTPYKTUBHBIC PEIICHHUS CHCTEMbI KH3HEOOECIIEUeHHUs MAaCCa)KUPCKUX BAarOHOB U OCY-
IIECTBIIATH MOJICIMPOBAHHE HECTALMOHAPHBIX TEMJIOBBIX MPOIECCOB Ha JT000M 3Tame peiica. Hayunast HoBu3HA.
Brnepsrlie pa3paboTaHa MareMaTHdecKass MOJENb TEIUIOBBIX MPOIIECCOB B BarOHE C CHCTEMOM OTOIJICHHUS, TO3BOJIA-
I0IIasi, B OTJIMYME OT CYIIECTBYIOIINX MOJEJEH, HCCIIE0BATh HECTAIMOHAPHOCTh TEINIOTEXHUYECKOTO COCTOSTHUS B
CaJIOHEe BaroHa IIPH Pa3IMYHBIX YCIOBUSX OKCIUTyaTallMd M CPAaBHMBATh PabOTy pa3iMYHBIX CHCTEM >KH3HeoOecre-
YEeHUsI C TOYKH 3PEHHS MX KOHCTPYKTHBHBIX pemieHui. [IpakTudeckasi 3HaunMocTh. PazpaboraHa maTemarnye-
CKasi MOJieJb HECTAI[MOHAPHOTO TEMJIOBOrO PeXHMMa MacCakKUPCKOr0 BaroHa € CUCTEMOH OTOIIEHMs A OLEHKU
3G PEKTUBHOCTH HECTAIIMOHAPHBIX MEPEXOJHBIX TEMIIEPATYPHBIX COCTOSHHUI B MOMEIIEHUIX [TaCCAKUPCKOTO BaroHa
C YY4ETOM OCOOEHHOCTEH KOHCTPYKLHMM CHCTEMbI OTOIUICHHS M HOPMATHBHBIX TpeOOBaHWI. DTO MO3BONISET OCY-
IIECTBIATH Pa3pabOTKy M peau3alyio ONTUMAIBHBIX TEXHUYECKHX XapaKTepHUCTHK MPHOOPOB OTOIDICHHUS M II0-
CTPOCHHS aITOPUTMA YNPABICHHUS UX PaOOTON B COOTBETCTBHU C yCIOBUSAMH 3KCIUIyaTallld, B TOM YHCJE C YI€TOM
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TEIJIOBOM WHEPIHUHU BaroHa mnpu nepEXoaHbIX PEKUMaAX pa60T1>1 CHUCTEMBI OTOIUICHUS ITYTEM MAaTEMATUICCKOTO MO-
JACITUPOBAHUA.

Kniouesvie crnosa: MaTeMaTuiecKoe MOICITNPOBAHUE, nacca;xnpcxnﬁ BaroH; HECTAIITMOHAPHBIE TEIUIOBBIE IIPO-
IECChI, CUCTEMA OTOIIJICHUA
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