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Abstract

The parametric identification of the tribosystem as an object of modeling the functioning of tribosystems
in the conditions of boundary lubrication is performed in the work. Using the analysis of the dimensions of
significant factors, expressions are obtained to calculate the gain and time constants.

It is established that the coefficient K takes into account the degree of influence of the load, sliding
speed, tribological characteristics of the lubricating medium on the quality factor of the tribosystem. It is shown
that the increase in the coefficient K, will have a positive effect on the processes inherent in tribosystems

during operation. Coefficient K, — characterizes the magnitude of the change in volumetric wear rate and
friction coefficient when changing the magnitude of the load, sliding speed, quality factor of the tribosystem.
Coefficient K, — characterizes the ability of the tribosystem to self-organize when changing the values of the
input parameters by rearranging the surface layers of materials from which the triboelements are made during
secondary running-in. It is shown that the value of the coefficient is large K, will contribute to the rapid change

in the roughness of the friction surfaces, the restructuring of the structure of the surface layers, the appearance of
oxidizing films on the friction surfaces (secondary structures).

It is proved that the time constant T, — this is the time required to change the roughness of the friction
surfaces and rearrange the structure of the materials of the surface layers when changing external conditions.
Time constant T, characterizes the time during which there is a stabilization of the temperature gradient by
volume of triboelements, taking into account the thermal conductivity of materials when changing external
conditions. Time constant T3 characterizes the time during which the tribosystem returns to a steady state of
operation after the cessation of the outrageous force, or the time to stabilize the parameters in the new mode of
operation. It is proved that the value T3 will be optimal for the process of self-organization. It is shown that one

of the factors that can control the value Ty, this is the sliding speed v .

Keywords: tribosystem; mathematical model; differential equations; parametric identification; coefficient
of gain; time constant; boundary lubrication; quality factor of the tribosystem; dissipation speed

Introduction

Analysis of the current state of mathematical models of friction and wear, as well as methods for
calculating wear and predicting the resource, shows the increasing attention of researchers to this problem. This
is due to high material costs in the design, testing and refinement of new models of equipment before they are
put into production. One of the ways to reduce material costs is to replace laboratory and bench tests with
mathematical modeling and resource prediction at the design stage.
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For the development of mathematical models, both analytical and numerical methods are used. In this
case, the task is posed that mathematical models should be multifactorial and take into account the processes of
deformation and destruction of the surface layers of tribosystems, the formation of wear-resistant structures on
friction surfaces and the exchange of friction surfaces with matter and energy. Such multi-level and
multifactorial tasks are solved by various methods and different approaches, while they have one goal - resource
forecasting.

This work is a continuation of work [1], where a third-order differential equation is obtained for modeling
the boundaries of stable operation of tribosystems under boundary lubrication conditions. To use this approach,
it is necessary to obtain expressions for calculating all the coefficients and time constants that are included in the
left and right sides of the equation. The presence of such coefficients will make it possible to simulate the
processes of friction and wear in tribosystems.

Literature review

The authors of the work [2] studies on modeling the processes of friction and wear at the mesoscale
level. As a methodological approach, the authors use the finite element method, where surface roughness is
represented by the combined law of friction. In the developed model, the relations of wear of the friction
surfaces and the corresponding mechanisms of energy dissipation on the spots of actual contact are considered.
According to the authors, such a methodological approach makes it possible to simulate the wear process with
sufficient accuracy. A similar approach is used by the authors of the work [3]. The concepts developed in this
article are based on statistical analysis, which is based on the mechanisms of energy dissipation during friction of
contacting sliding surfaces.

In work [4] it is shown that the dynamics of the tribosystem is well reproduced by simplified models
obtained using the Markov process, even in the presence of several minima of the investigated functions. After
evaluating the parameters of the tribosystem by numerical simulation, the authors calculate the average wear rate
and friction losses when external forces and temperature change.

In work [5] the physical mechanisms of formation and transformation of corpuscular-vortex
perturbations in the contact of the tribosystem, which are based on the quantum-mechanical exchange
mechanism of interaction, are considered. The presence of a contact gap determines the generation of pairs of
quasiparticles-perturbations, stabilized by wavelength and frequency. It is established in the work that the
internal instability and collapse processes in such a system of perturbations lead to defect formation in the
material of the tribosystem and underlie the emergency modes of friction.

In the works [6, 7] performed analysis of the strength and durability of the surface layer material by
friction. The authors propose to take into account the presence of two areas of accumulation of damage and the
type of mechanism of destruction: the area of multicycle fatigue and a layer of debris. Methods for estimating the
parameters of the durability model for the region of multicycle fatigue are proposed. The connection between the
stress-strain state and the fatigue strength characteristics of the material with the characteristics of the material
fracture model is obtained. The analysis of the received relations showed that any physical action on a surface,
leads to decrease in structural inhomogeneity and prevents development of cracks, promotes increase of wear
resistance.

In work [8] the analysis of various methods for calculating wear and predicting the resource is given
and it is concluded that analytical methods do not allow taking into account the dynamics of changing the
operating modes of the contact, and numerical methods seem to be promising. The author of the work proposed
to describe wear by an array of probability vectors of wear values of discrete points of the surface, which are
modeled by non-stationary random functions of the Markov type, and wear is estimated by the mathematical
expectation of the probability of finding surface elements in a certain state.

In work [9] theoretical studies on the substantiation of the methodology for modeling stationary
processes of friction and wear in tribosystems under conditions of boundary lubrication are presented. The
authors have developed a technique for modeling the characteristics of the actual contact patch and a
mathematical model of the rate of dissipation in the tribosystem, which allow modeling the rate of volumetric
wear and the coefficient of friction in stationary modes.

The analysis of the above works shows the versatility in the approaches to the construction of
mathematical models of the processes of friction and wear in tribosystems. In our opinion, the most promising
are numerical methods based on differential equations, which make it possible to simulate the dynamics of the
transient process. Obtaining such models is associated with the stages of structural and parametric identification.
Structural identification of the tribosystem is carried out in the work [1], where the third-order differential
equation is obtained. The obtained equation can be used provided that all the parameters that are included in the
left and right sides of the equation are determined. Obtaining such expressions is called parametric identification
of a mathematical model.
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Purpose

The purpose of this work is to perform parametric identification of the tribosystem and obtain expressions
for the gains and time constants, which are included in the differential equation for modeling the processes of
friction and wear in tribosystems.

Methods

To substantiate the methodological approach in research, we use the equation of the dynamics of the
functioning of the tribosystem, which is given in [1]. The third-order differential equation is written in operator
form:

(TTT) PP+ (TT, + T T, +T,T,) p? +(T,+ T, + T, + K,K,T, ) p+

@
+K,K, +1=(K.K,T;) p+ K.K,.

p — adifferentiation operator that is equivalent to a record d/dt;
T,, T,, T, —time constants, dimension s;

K|, K,, K, — coefficients of gain, dimensionless quantities.
The right part of the differential equation (1) contains the first derivative of the input signal, which is
represented as the product of the coefficients K; K, and time constant T,. The dynamics of the tribosystem is

influenced not only by the magnitude of the values K, K,, T,, as well as the rate of change over time (the

first derivative).
The left side of the equation is the reaction of the tribosystem to the input signal. Time constants of the

tribosystem T, T,, T, have the dimension of time and characterize the inertia of the processes occurring in the

tribosystem, during running-in, or during changes in operating modes.

The purpose of parametric identification is to determine the expressions for the calculation of the above
coefficients and time constants, so that when substituting them in equation (1), the right and left parts differ the
least.

When solving the problems of friction and wear, a methodical approach to the theory of similarity and
modeling is often used, where dimensional analysis methods are used to obtain dimensionless criteria. Analyzing
the dimensional factors that affect the process, but do not depend on each other, you can get dimensionless
criteria (coefficients) that adequately describe the process in similar (different in size and design) physical
objects.

The procedure of parametric identification or finding expressions for calculation K- K, T,-T;, which
characterize the dynamics of the functioning of tribosystems, there is an experimental material that allows you to

choose the most significant factors.
Such factors include.

1. The diameter of the actual contact spot Cacs, m, the number of contact spots on the friction surface Nacs,
pc, and stress on the actual contact spots Gacs, Pa. Depends on the load on the tribosystem N, N, modulus of
elasticity and roughness of contact materials of triboelements. Calculated according to the formulas given in the
work [9].

2. Deformation rate in movable €moy and fixed &iix, triboelements, s*. Depends on the load N, N, sliding
speed Vs, m/s, modulus of elasticity and Poisson's ratio of contact materials of triboelements. Calculated
according to the formulas given in the work [9].

3. Tribosystem shape factor K, m, takes into account the areas of friction and the volumes located
under the areas of friction in the movable and fixed triboelements. Calculated by the formula [10].

4. Coefficient of thermal conductivity &, m?/s, takes into account the thermal conductivity of movable
materials amov and fixed asix triboelements. Reference value.

5. Tribological properties of the lubricating medium E,, J/m3, are determined on a four-ball friction

machine and take into account the anti-wear and anti-emergency properties of lubricants, calculated by the
formula [11].

6. Rheological properties of the structure of movable materials Omoy and fixed Orix triboelements,
dimension dB/m. Takes into account the internal friction of the material structure. The values of internal friction
for steels, cast irons, bronzes are presented in the paper [12].

7. Smaller area of friction of one of the triboelements, Fnin, m2.
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8. Volumes of material which are located under the areas of friction at the movable Vmoy, m® and fixed
Viix, m3 triboelements.
9. The volume of movable material Vamov and fixed Vgsix triboelements, m3, involved in the deformation

during friction, is calculated by formulas:
Vdmov =
Vi = F

min

F

max ! 'dmov’ m?, 2

Py M, ©)

where Fnax — large area of friction of one of the triboelements;
hamov and hasix — depth of propagation of deformation in movable and fixed triboelements, m.
In work [13] the proposed physical quantity is the quality factor of the tribosystem Q, and the

dependences of the change in the quality factor on the initial value are given Qo to the maximum value Qmax,
which increases during running-in.

Results

Coefficient of gain K, included in the differential equations and their solutions, in the theory of

identification of dynamic objects is called the coefficient that takes into account the degree of influence of the
input signal (load, sliding speed, tribological characteristics of the lubricating medium), the magnitude of the
output signal (quality of the tribosystem). Based on this physical concept and using the methods of
dimensionality of similarity theory and modeling, we obtain the expression:

K, :%—"ﬁx, (4)

where Qo and Qmax — the initial value of the quality factor of the tribosystem and the value of the quality
factor formed during the running-in of the tribosystem. Determined by the formulas given in the work [13].

As follows from expression (4), the ratio of the maximum value of the quality factor, which is
characteristic of the tribosystem after completion of running-in, to the quality factor of the tribosystem Qo before
starting, evaluates the possibility of the tribosystem to change the structure of the surface layers of the materials
of the triboelements under load. The increase in the quality factor of the tribosystem is based on the concept of

compatibility of materials in the tribosystem. Increasing the ratio K will have a positive effect on the processes
inherent in tribosystems during operation.
Coefficient K, — characterizes the magnitude of the change of the output parameters (volumetric wear

rate and friction coefficient) when changing the values of the input parameters (load, slip speed, quality factor of
the tribosystem).

Based on the analysis of dimensions, we write an expression to determine the coefficient K,:

W, K
K,=—""" (5)
2
erax'ag

where Wer — the rate of dissipation in the tribosystem, J/s, is calculated by the formulas given in the
work [9];

dg — the coefficient of thermal conductivity of materials of movable amov and fixed asix triboelements,
dimension m?/s, calculated by expression:

2-a  -a.
a, == Tmov Tix s, ()
amov—i_afix

The physical meaning of the coefficient K, — this is the sensitivity of the tribosystem to changes in

external influences (load, slip speed, quality factor of the tribosystem). Great value of the coefficient K, will
promote the appearance of fluctuations in wear rate and friction coefficient during the operation of the
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tribosystem, especially in transient modes. Conversely, small value K, will positively affect the operation of the
tribosystem.

From the analysis of formula (5) it is possible to develop recommendations for reducing the value of the
coefficient K,. To do this, increase the maximum value of the quality factor of the tribosystem and the value of

the coefficients of thermal conductivity of movable materials amov and fixed asix triboelements.

Coefficient K, — characterizes the ability of the tribosystem to self-organize when changing the values of
the input parameters (load, slip speed, quality factor of the tribosystem).

Based on the analysis of dimensions, we write an expression to determine the coefficient K;:

2
_ RSTS(TBX) a, | @

3

&g

where RSzsmaxy — maximum value of rheological properties of connected materials in the tribosystem after
completion of running-in, dimension m, is calculated by the formulas given in the work [12];

& — the value of the rate of deformation of the surface layers of the materials of movable and fixed
triboelements, the dimension s, is calculated by the formulas given in the work [9].

g, =——=, 1ls. (8)
8mov + 8ftx

Deformation rates in the surface layers of the movable £mey and fixed &six triboelements are determined by
the expressions given in the work [9]:
O -V

émo" = 75(1+“m0v)(0’86_l’ O5Mm0v)ﬁ , 1/s; (9)
S = 75(1+“ﬁX)(0'86_1’ OS“fix)%' s, (10)
fix acs

where [mov and Liix — Poisson's ratios of materials of movable and fixed triboelements, reference value;
Vs — sliding speed, m/s;

Enov and Efix — modulus of elasticity of materials of movable and fixed triboelements, Pa.

The physical meaning of the coefficient K, — it is the ability of the tribosystem to return to the

conditions of stable functioning after the cessation of action on the tribosystem of factors that outrage. According
to the principle of Le Chatelier - Brown, any physical system that was in equilibrium is exposed to an outrageous
factor, the equilibrium in the system is shifted so that the effect of this factor is weakened. Therefore, the inertial

link G in work [1] included in the scheme of the second block in the form of negative feedback and takes into

account the ability of the tribosystem to weaken the perturbing force, by rearranging the surface layers of
materials from which the triboelements are made during secondary running-in. Outrageous forces include load,
sliding speed, tribological characteristics of the lubricating medium, quality factor of the tribosystem.

Great value of the coefficient K, will contribute to the rapid change in the roughness of the friction
surfaces, the restructuring of the structure of the surface layers, the appearance of oxidizing films on the friction
surfaces (secondary structures). It can be assumed that the coefficient K, characterizes the structural
adaptability of materials in the tribosystem, or processes of self-organization during operation, especially in
transient modes. Conversely, small value K, will negatively affect the work of the tribosystem, the ability to

self-organize will be low.
From the analysis of formula (7) it is possible to develop recommendations for increasing the value of the

coefficient K,. This requires increasing the value of the rheological properties of the structure of the bonded

materials in the tribosystem RSrsmax), and the values of the coefficients of thermal conductivity of movable

materials amov and fixed asix triboelements and reduce the values of the deformation rate of the surface layers of
the materials of the movable and fixed triboelements.
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Time constant T, included in the differential equations of the dynamics of the tribosystem (1)
characterizes the inertia of increasing the values of the quality factor of the tribosystem when changing external
conditions (load, sliding speed, tribological properties of the lubricating medium).

The physical meaning of the time constant T, — this is the time required to change the roughness of the
friction surfaces and rearrange the structure of the materials of the surface layers when changing external
conditions, dimension - second.

Using the accumulated experience in running-in tribosystems, we write an expression for definition T, :
T, = t—g s (11)
1 3"

where tg — running-in time of the tribosystem, dimension - second.

Time constant T, , which is included in the left part of the differential equation (1), characterizes the time
during which there is a stabilization of the temperature gradient by volume of triboelements, taking into account
the thermal conductivity of materials when changing external conditions, dimension - second.

Using the methods of dimensional analysis, we write an expression to determine T, :

T,=—9% 5 (12)

where Vg — the given volume of material of a tribosystem is defined by expression:

— 2 'Vmov 'VfiX m3 (13)
’ Vmov +V

fix

where Vmov and Viix — volumes of materials of movable and immovable triboelements, which are
located under the working surfaces of friction, m3.

The diameter of the actual contact spot dacs and the number of contact spots on the friction surface Nacs
depends on the load N, the modulus of elasticity of the contacting materials and the roughness of the friction
surfaces. It is calculated according to the formulas given in the work [9].

The physical meaning of the time constant T, — this is the time of temperature equalization generated on

the spots of actual contact. Decrease in size T, will help reduce the time of temperature equalization. As follows

from expression (12) for this it is necessary:

- to reduce the volume of triboelements, for example, to execute them thin-walled or to apply a covering
or plates on friction surfaces;

- increase the thermal conductivity of triboelement materials.

Time constant T3, which is included in both the right and left part of the differential equation (1),

characterizes the time during which the return of the tribosystem to a stable mode of operation after the cessation
of the outrageous force, or the time to stabilize the parameters in the new mode of operation. Performed by
rearranging the surface layers when changing external conditions, dimension - second. This is the time during
which there is a change in the roughness of the surface layers, the processes of deformation and hardening of the
surface layers.

Using the methods of dimensional analysis, we write an expression to determine T3 :

Vd
T,=— 99 14
Pog,edin, 1)

acs ’ Cs

where Vg — the volume of deformed surface layers is given, m?, is determined by the expression:

dmov

V. = 2-V, Vdfix

dg '
V +Vdfix

dmov

mé. (15)



12 Problems of Tribology

The volume of movable material Vamov and fixed Vrix triboelements, m, involved in the deformation
during friction, is calculated by formulas (2) and (3). The depth of strain propagation is determined by the
expressions given in the paper [9]:

hdmov = O’Sdacs (1_ e_Dm ) ) (16)
where
6,5-10% -2
17— (17)
Emov : Eu
hdfix = O’Sdacs (l_ eiDﬁX) ) (18)
where
3 2
D, = M, (19)
Efix ’ Eu

where Doy and Drix — coefficients of deformation in movable and fixed triboelements, dimensionless
quantities.

Reducing the time constant T3 helps to reduce the time of self-organization of the tribosystem. As

follows from expression (11), to reduce T3 the following measures must be taken.

1. Reducing the depth of deformation in the surface layers. As follows from formulas (16) - (19) the depth
of deformation in the materials of triboelements is affected:

- the magnitude of the voltage at the spots of actual contact Gacs, which must be reduced;

- modulus of elasticity of triboelement materials Emov, Efix, Which must be increased;

- tribological properties of the lubricating medium £\, which need to be increased.

2. Increasing the rate of deformation in the surface layers of triboelements. Ways to increase €mov and &ix
follow from expressions (9) and (10).

Analysis of these expressions allows us to conclude that the values Gacs, Emov, Efix are in contradiction

with the conclusions made earlier. So the magnitude T3 will be optimal for the process of self-organization. One

of the parameters that can control the value T3 , this is the sliding speed vs1. Increasing the sliding speed leads to
an increase in the strain rate under pre-selected and constant conditions.
The expressions for determining the gain are obtained K- K, formulas (4) - (7), as well as time

constants Tl—TS, formulas (11) - (14), is the result of parametric identification of the mathematical model of
functioning of tribosystems in the conditions of extreme lubrication.

Conclusions

Parametric identification of the tribosystem as an object of modeling the functioning of tribosystems in
the conditions of boundary lubrication is performed. Using the analysis of the dimensions of significant factors,
expressions are obtained to calculate the gain and time constants.

It is established that the coefficient K takes into account the degree of influence of the load, sliding
speed, tribological characteristics of the lubricating medium on the quality factor of the tribosystem. It is shown
that the increase in the coefficient K, will have a positive effect on the processes inherent in tribosystems

during operation. Coefficient K, — characterizes the magnitude of the change in volumetric wear rate and
coefficient of friction when changing the magnitude of the load, sliding speed, quality factor of the tribosystem.
Coefficient K, — characterizes the ability of the tribosystem to self-organize when changing the values of the

input parameters by rearranging the surface layers of materials from which the triboelements are made during
secondary running-in. Outrageous forces include load, sliding speed, tribological characteristics of the

lubricating medium, quality factor of the tribosystem. It is shown that the value of the coefficient K is large,

will contribute to the rapid change in the roughness of the friction surfaces, the restructuring of the structure of
the surface layers, the appearance of oxidizing films on the friction surfaces (secondary structures).
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It is proved that the time constant T, — this is the time required to change the roughness of the friction
surfaces and rearrange the structure of the materials of the surface layers when changing external conditions.
Time constant T, characterizes the time during which there is a stabilization of the temperature gradient by
volume of triboelements, taking into account the thermal conductivity of materials when changing external
conditions. Time constant T, characterizes the time for which the tribosystem returns to a steady state of
operation after the cessation of the outrageous force, or the time to stabilize the parameters in the new mode of
operation. It is proved that the value T, will be optimal for the process of self-organization. One of the

parameters that can control the value T,, this is the sliding speed vs. Increasing the sliding speed leads to an
increase in the strain rate under pre-selected and constant conditions.
The expressions for determining the coefficients are obtained K - K,, as well as time constants T,-T;,

is the result of parametric identification of the mathematical model of functioning of tribosystems in the
conditions of extreme lubrication. The value of these coefficients will be used in modeling the processes of
friction and wear in tribosystems when changing design, technological and operational parameters, which will
allow to choose rational designs for specific conditions of their operation.
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BoiitoB A.B. [lapamerpuuHa inentudikawiss mMareMaTHyHol Mozxeni (QyHKLIIOHYBaHHS TPHUOOCHCTEM B
YMOBAaxX IPaHUYHOTO MaIlEHHS.

Bukonano mapamerpuyHy ineHTHU(]IKanil0 TpUOOCHUCTEMH, K 00'€KTa MOJENIOBAaHHS (YHKIIOHYBaHHS
TpHOOCHCTEM B YMOBaxX TPAHWYHOTO MAIIeHHS. 3a JOIIOMOTOI0 aHAJNi3y PO3MIpHOCTEH 3HAYMMHX (DaKTOpiB
OTPHMAaHO BHUPA3H VIS pO3PAXyHKY KOS(IIi€HTIB MiICHICHHS Ta MOCTIHNUX Yacy.

Beranosineno, mo koedinient K, BpaxoBye CTyNiHb BIUIMBY HABaHTaXCHHs, LIBHAKOCTI KOB3aHHS,
TPHOOJOTIYHIX XapaKTEPUCTHUK 3MAIIyBAJIBFHOTO CEpPElOBHINA HA BEIWYHHY JOOPOTHICTH TPHOOCHCTEMH.

Ilokasano, wo 30itbleHHs koediuienta K, OGyge NMO3MTHBHO BIUIMBATH Ha MPOLECH, sIKi NpUTAMaHHI

TpubocucTemMam mix yac excruryaranii. Koedinient K, — xapakrepusye BeanuuHy 3MiHH 00 €MHOI WIBHAKOCTI
3HOIIYBaHHSA i KoedillieHTa TepTs NpH 3MiHI BETMYWH HAaBAHTA)KEHHS, IIBHUAKOCTI KOB3aHHSA, JOOPOTHOCTI
tpuGocucremu. Koedimienr K, — xapakrepusye 3maTHiCTh TPHOOCHCTEMH 10 CaMOOpraHisalii mpu 3MiHi

BEIMYMH BXIIHUX IapaMeTpiB HUIAXOM Iepe0yJoBH TOBEPXHEBHX IIapiB MaTepiamiB 3 SKAX BHUTOTOBJICHI
TpUOOCIEMEHTH i/ Yac BTOPWHHOTO TpHIpamfoBaHHsA. [lo cui, mo oOyproloTh, BiTHOCATHCS HAaBaHTAKCHHS,
MIBUAKICT,  KOB3aHHS, TPUOOJIOTIYHI ~ XapaKTEPUCTUKW  3MallyBaJbHOTO  CEpENOBHINA, JOOPOTHICTH

Tpubocuctemu. [loka3aHo, 1O BeNMKE 3HAUCHHS KoedillieHTa K3 Oyne CHPUSITH IIBHIKOI 3MiHI BEJIWYHMH

HIOPCTKOCTI OBEPXOHb TEPTs, NepeOy0BI CTPYKTYPH HOBEPXHEBUX ILAPIB, MOSIBI OKUCHIOBAIBHHX IUIIBOK Ha
MOBEPXHAX TePTs (BTOPUHHUX CTPYKTYD).

JloBezeHo, o MOCTiHHOT Yacy |, — ue yac, sikuii HeoOXiJHO /IS 3MiHH LOPCTKOCTI IOBEPXOHb TEPTS Ta

nepeOyI0BH CTPYKTYpU MAaTepiaiiB MOBEPXHEBUX IIApiB IPU 3MiHi 30BHimHIX ymos. Ilocriiina wacy T,
XapakTepu3ye 4Yac, 3a KU BiAOyBaeThcs cTaOuTi3alil TpamieHTa TeMreparyp 3a 00'eMaMu TPUOOCIEMEHTIB 3
YPaxyBaHHsAM TEMIIEPAaTYPOIPOBIAHOCTI MaTepiamiB npu 3MiHi 30BHimHIX ymoB. IlocriliHa wacy T,

XapakTepu3ye 4ac, 3a sSKUil BiOyBa€ThCsl MOBEPHEHHs TPUOOCHCTEMH JIO CTAJOr0 PeXMMy (YHKIIOHYBaHHS
micias NpUIMHEHHs Aii cwiM, mo o0yproe, abo dyac 1o crabimizamii mapamMeTpiB Ha HOBOMY pPEXHMIi

¢dyHkionyBanHs. Jl0BEACHO, 10 BEIMYUHA T3 MaTHME ONTHMAJbHE 3HAUCHHS UIS MPOIIECY CaMOOPTaHi3iIIii.

JoBeneno, mo ogHuM 3 (aKTOPiB, SKUM MOXHA KEPYBATH BEIMYHHOIO T,, 1e mBUAKICTD KOB3aHHS Dyoq.

30UTPIICHAS MIBHIKOCTI KOB3aHHS MPU3BOAWUTH A0 30UIBIICHHS IIBHAKOCTI Aedopmarii mpu 3a3maneriab
00paHUX 1 HE3MIHHAX yMOBaX.

Orpumani Bupasu s BusHaueHHs koedimientis K- K,, a Ttakox mocriiiHux dacy T,-T;, €

pe3yIbTaTOM IMapaMeTpUIHOl ineHTH(IKaIii MaTeMaTHIHOI Mojeni (QYHKIIIOHYBaHHS TPHOOCHCTEM B yMOBax
TPaHUYHOTO MAIICHHS. 3HAUYCHHS IMX Koe]imieHTIB Oyae BHKOPHCTAHO IPH MOJEIIOBAHHI MPOIECIB TEPTS Ta
3HOIYBaHHS B TPHOOCHUCTEMH IPH 3MiHI KOHCTPYKTHUBHUX, TEXHOJIOTIYHHX Ta €KCIUTyaTalliiHuX MapamMeTpiB, M0
JIO3BOJIUTH OOMPATH PALliOHAJIBHI KOHCTPYKIIT JUISI KOHKPETHUX YMOB iX eKCIuTyaTarii.

KarouoBi ciaoBa: tpubocucrema; MareMaTH4YHa MOJEJb; OU(EpeHLidHI pIBHSHHS; NapaMeTphuyHa
ineHTH(IKalisT; KOe(DIIEHT MOCWIICHHS; MOCTilHA 4Yacy; rpaHMYHE 3MallleHHs; JOOPOTHICTh TPHOOCHCTEMHU;
MIBUJKICTH pOOOTH JUCHIIAIT



