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NON-STATIONARY FACTORS OF FATIGUE RESISTANCE AND THEIR
INFLUENCE ON THE SERVICE LIFE OF FREIGHT CAR JOINTS:
MATHEMATICAL MODELING AND ANALYSIS

The article is devoted to mathematical modeling and analysis of the proposed modified version of the linear
hypothesis of fatigue damage accumulation, this modification of the classical linear hypothesis (Palmgren-
Mayer) allows more accurate prediction of the residual life of a structure. which uses a conditional value of
the endurance limit determined by the coefficient of the lower limit of damaging stresses.

The linear hypothesis of fatigue damage accumulation, proposed by A. Palmgren (1924) and developed by
M. Mayer (1939), is the basis for calculating the durability of materials under cyclic loading. Based on the
analysis of the indirect characteristic of accumulated fatigue damage — the fracture energy of local models
of freight car frame assemblies, the dependence of the endurance limit decrease on the proportion of the
produced resource, which takes into account the dynamic decrease in the endurance limit during operation, is
determined. The most significant disadvantages of the linear theory are that it does not describe the effect of
the alternation of stresses of different levels.

Thus, for the considered design variants of freight car bearing assemblies, the application of the modified
linear hypothesis using the calculated fatigue curves can provide a high accuracy of the predictive calculation
of durability at a value of K = 0.735. In addition, a positive property of the proposed method is the direction
of the error into the safety margin.

A computational justification of the lower limit of damaging stress is given. A modification of the linear
hypothesis is proposed. It takes into account the nonlinearity due to the reduction of o, and the introduction of
O, 1t is confirmed by energy and experimental data. Reduces the risk of service life overestimation by 30—50%
compared to the classical approach.

Key words: railway transport, rolling stock, car fleet, machine-building structures, fatigue damage,
durability of bearing units of freight cars, mathematical description, mathematical models.

Statement of the problem. Wear and damage
to freight car joints remain a critical problem in
rail transport, directly affecting traffic safety and
economic efficiency of transportation. Increased
requirements for freight turnover and speed of
movement enhance the effect of non-stationary
fatigue resistance factors, which leads to accelerated
accumulation of damage in metal car structures.

Non-stationary factors of fatigue resistance
include wvariable loads, vibrations, shocks, as
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well as corrosion processes, which can change
their intensity and nature during the operation of
the car. Their complex impact on the resource of
connections is complex and requires detailed study.
Traditional methods of fatigue assessment, based
on constant loads, often turn out to be insufficiently
accurate for predicting the durability of structural
elements in real operating conditions.

Analysis of information sources on the topic
under study. The article [1] investigates the
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prediction of wheel wear of heavy freight cars based
on tests on a roller stand and on the line. The authors
consider the factors affecting wheel wear and
develop models for its prediction. Experimental data
obtained in laboratory and field conditions are used.
The results of the study can be used to optimize
wheel maintenance and improve the safety of railway
transport. The article is relevant for specialists in the
field of railway engineering and operation.

Article [2] presents a comparative analysis of the
fatigue strength of a freight car frame. The authors
investigate the influence of various design solutions
on the fatigue strength of the frame. Methods for
calculating stresses and strains are considered.
The results of experimental studies and numerical
modeling are analyzed. The results of the study can
be used to optimize the frame design.

The scientific and applied work [3] investigates
the determination of the durability of the supporting
structure of the body of an open wagon made of
round pipes during its transportation on a railway
ferry. The authors analyze the influence of dynamic
loads on the design of the wagon during sea
transportation. Methods for calculating strength
and fatigue durability are considered. The results
obtained can be used to optimize the design of
wagons and ensure the safety of their transportation.
The article is important for design engineers and
specialists in the field of transport engineering.

The authors of the publication [4] present a study
of dynamic weighing to improve the safety of rail
freight transport using the example of the Czech
Republic. The authors analyze the effectiveness
of using dynamic weighing systems to control
the load on moving wagons. The advantages and
disadvantages of this technology are considered.
The impact of dynamic weighing on traffic safety
and accident prevention is assessed. The results of
the study emphasize the importance of implementing
modern monitoring systems to ensure the safety of
rail transport.

The article [S] investigates the determination
of the dynamic load on a gondola car when it is
attached to the ferry deck by a viscous coupling.
The authors analyze the forces acting on the
car during transportation on a ferry, taking into
account the characteristics of the viscous coupling.
Mathematical models and methods for calculating
dynamic loads are considered. The results of the
study can be used to design car fastening systems
and ensure transportation safety. The article is
important for specialists in the field of transport
engineering.

In the article [6] the influence of the load
from the axle of a gondola car on its dynamic
performance and the railway track is investigated.
The authors analyze the interaction of the car with
the track at different load levels. The vertical and
horizontal forces acting between the wheel and the
rail are considered. The influence of stresses on the
track and car elements is assessed. The results of the
study can be used to optimize the design of cars and
reduce track wear.

Document [7] is a UIC (International Union of
Railways) standard and contains a test programme
for wagons with steel frame and body construction
and their cast steel bogies. The standard specifies
test procedures and requirements to ensure the safety
and reliability of wagons. The document is important
for manufacturers, operators and regulatory
authorities in the railway industry.

In the article [8] the dynamic calibration of the
Weigh in Motion (WIM) system is considered.
The authors investigate the methods of calibrating
WIM systems to ensure the accuracy of
measurements of the weight of vehicles in motion.
Factors affecting the accuracy of measurements
and methods of their compensation are considered.
The results of the study contribute to improving the
reliability and accuracy of WIM systems.

The article [9] considers the mathematical
modeling of the thermal straightening process of the
backbone beam of freight platform cars. The authors
investigate the modeling of the thermal straightening
process from the perspective of the non-stationarity
of various factors.

The article [10] considers mathematical modeling
of technological transitions in the production of
bent profiles. The results of the study can be used to
optimize production technologies.

The conducted literature analysis clearly
demonstrates the significant attention of researchers
to the problem of determining non-stationary
factors of fatigue resistance in freight car joints.
Mathematical modeling is a key tool for the
quantitative assessment of these factors. Studies
emphasize the complexity of predicting the resource
of joints due to the variability of operational loads.
The influence of non-stationary factors, such as
dynamic shocks and vibrations, significantly reduces
the service life of elements.

Research methods. To study non-stationary
fatigue resistance factors, a mathematical modeling
method will be used, which will allow creating a
virtual model of a freight car joint and simulating
the influence of wvarious operating conditions.
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Analysis of the stress-strain state of freight car
joint elements under the action of non-stationary
loads will be carried out using numerical methods,
in particular the finite element method. In order to
assess the influence of random load fluctuations on
the accumulation of damage in the joint material,
probabilistic and statistical methods and the theory
of random processes will be used. Experimental
studies of the fatigue strength of joint material
samples under non-stationary loading conditions will
be carried out to verify the results of mathematical
modeling.

Object and subject of research. The object of
research is the processes of damage accumulation
and destruction of joints of load-bearing elements
of freight car structures under conditions of non-
stationary fatigue resistance factors.

The subject of the study is the regularities of
the influence of non-stationary fatigue resistance
factors (variable stress amplitudes, load frequencies,
average stress levels) on the fatigue strength
characteristics and predicted resource of freight
car joints, determined on the basis of mathematical
modeling and analysis.

Statement of the problem. The increasing
intensity of operation of freight cars places increased
demands on the reliability of their connections. One
of the key problems is the accumulation of fatigue
damage under the action of cyclic loads. Traditional
methods of calculating the resource are often based
on stationary assumptions about fatigue resistance
factors. However, in real operating conditions, these
factors, such as temperature, humidity and corrosive
environment, are non-stationary and can change
significantly. This leads to inaccuracies in predicting
the residual resource of connections.

The non-stationarity of fatigue resistance factors
determines a complex relationship between applied
loads and the rate of damage accumulation. Changes
in external conditions can both accelerate and
slow down the fatigue failure process. Insufficient
consideration of this non-stationarity can lead to
premature failure of critical structural elements.
Therefore, there is an urgent need to develop
adequate methods for assessing the impact of non-
stationary factors on the fatigue life of freight car
joints.

Purpose and objectives of the study. The aim
of this work is to develop a mathematical model that
takes into account non-stationary fatigue resistance
factors for predicting the service life of freight car
joints. The study is aimed at quantitatively assessing
the impact of variable loads and operating conditions
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on the accumulation of damage in key structural
elements. The results obtained will allow to increase
the accuracy of predicting the residual service life
and optimize the maintenance strategies of the car
fleet.

To achieve the set goal, the following tasks were
solved:

 identify and classify the main non-stationary
fatigue resistance factors affecting freight car joints
during their operation;

* to develop mathematical models that describe
the dynamics of changes in non-stationary fatigue
resistance factors over time;

* to investigate the impact of each of the
identified non-stationary factors on the accumulation
of damage in key joints of freight cars;

* to create a mathematical model that
comprehensively takes into account the influence
of non-stationary fatigue resistance factors on
predicting the service life of freight car joints;

* to conduct a numerical analysis of the
developed model for different operating modes and
parameters of freight cars;

« verify the adequacy of the developed
mathematical model by comparing the modeling
results with available experimental data or the
results of other studies.

QOutline of the main material of the study. The
linear hypothesis of fatigue damage accumulation,
proposed by A. Palmgren (1924) and developed by
M. Mayer (1939), is the basis for calculating the
durability of materials under cyclic loading. The
hypothesis states:

r n.

— 1 1

> (1)
(Gai 2G—m)

where n,— number of cycles at voltage G;;
N, —number of cycles to failure under stress G,.
For practical calculations, the Baskin equation
[11] is used, which relates the durability N with the
amplitude of stresses G:

6,= 0y (2N, @)
o, — stress amplitude (MPa);
o, — endurance coefficient (MPa);
N —number of cycles to failure;
b is the fatigue strength index (-0.05 to -0.12 for
metals).
Alternative form (for SN curve)

" -N=C, 3)
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where m — power index (depends on the material, for
steels m = 3...8);
C is the material constant.

For variable load with different amplitudes o;
Baskin’s equation integrates with the Palmgren-
Mayer hypothesis:

£ 21 a6o
N

Zf:lni.c;n =1.
C

However, the real process of fatigue dam-
age accumulation is nonlinear, due to the change
in fatigue resistance characteristics, primarily
the endurance limit, as the design life develops.
Baskin equationaccording to the Palmgren-Mayer
hypothesis: has a number of disadvantages, such as:

1. Linear damage accumulation — does not take
into account the interaction of cycles.

2. Not suitable for low-cycle fatigue (large
plastic deformations).

3. Does not take into account environmental
influences (corrosion, temperature).

Taking this fact into account is the basis of the
kinetic theory of fatigue by E.K. Pochtenny [12].
The kinetic theory of Pochechny provides a more
realistic assessment of the resource, especially
for critical structures, where traditional methods
give non-conservative results. Its implementation
requires additional experimental data, but allows to
significantly increase the reliability of calculations.
The generalization of experimental data of a number
of researchers made it possible to establish the
following:

— under regular loading, higher voltage has a
greater damaging effect, as a result of which the
intensity of the decrease in the endurance limit is
higher in cases where higher voltage was applied;

— with irregular block loading, depending
on the nature of the load alternation, “training”
or strengthening effects appear, which reduce or
increase the intensity;

— at the moment of failure of the structure, the
ultimate value of the endurance limit is different
from zero;

— the greatest damaging effect is caused by
short-term overloads.

The nonlinearity of fatigue damage accumulation
can be described by the Palmgren-Mayer hypothesis
taking into account the kinetics of the endurance
limit.

Henry’s theory addresses the mechanisms of
fatigue failure of materials, in particular the role
of local plastic deformations in the process of
damage accumulation. It complements the classical

4)
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approaches (Baskin, Palmgren-Mayer) and the
kinetic theory of Pochechny, emphasizing the
micromechanical aspects of fatigue. The theory uses
the plastic strain accumulation criterion [13]:

Ae,Ny=C,
Ae, — amplitude of plastic deformation per cycle;
N,—number of cycles to failure;
a, C are material constants (for steels a = 0.5...0.7).

For stresses, the formula is similar to the Baskin
equation, but taking into account plasticity:

&)

12
oGy ®)
o, N,

Henry’s theory fills the gap between macroscopic
(Baskin) and microscopic (dislocation) fatigue
models.

S.V. Serensens hypothesis is a development
of classical approaches to the assessment of
fatigue failure of materials, in particular the linear
Palmgren-Mayer hypothesis. It takes into account
the nonlinear nature of damage accumulation
and the influence of additional factors, such as
stress concentration, surface quality and residual
stresses [14].

Sr_q_| M || O 4
O, N, )\ o,

where 6, o — endurance limits of the damaged

(7

B

1

and original materials, respectively; 2

Or
of overload; m, mi — characteristics of the slope of
the left branch of the primary and secondary fatigue
curves.

Hypothesisnonlinear accumulation of fatigue
damage Marko — Starkey [15].

One of the first hypotheses of nonlinear damage
accumulation was proposed by Marko and Starkey
in 1954. It is based on the following propositions.

Damage curves for any amplitude value of
symmetrical sinusoidal stresses can be described by
the relations:

degree

Nl Nl Nl
. I+ —+—+..+—
e ©
°1+lrzD(rz_lj+...+N‘riD(r"_1]
N, 7 N; 7
In the article by E.K. Pochtenny [16], a

modified approach to the assessment of fatigue
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life of materials is proposed, which takes into
account the decrease in the endurance limit in the
process of damage accumulation. This method is a
development of the classical linear Palmgren-Mayer
hypothesis, but includes corrections for material
degradation under the action of cyclic loads.

1/m
Cu =cR[1—%j ©)

1

Regardless of the degree of overload, the value
of the endurance limit at the moment of failure, cal-
culated by equation (7), is zero, which is not true.
Expression (8) in the range of overload degrees
greater than two gives underestimated values of the
endurance limit for fixed fractions of the developed
resource. The parameter mi, which characterizes the
accumulated fatigue damage, depends on the history
of the load, and therefore the correct use of expres-
sion (9) requires substituting instead of it the func-
tional dependence of the characteristic of the slope
of the secondary curve on the fraction of the devel-
oped resource and the degree of overload, the find-
ing of which in itself is a difficult task. The assump-
tion in expression (10) about the invariance of the
parameters NG and m makes it independent of the
applied stresses, which is also unacceptable. Thus,
none of the considered equations satisfies all the
requirements formulated above.

In the adjusted linear hypothesis of B.P. Kogaev,
to take into account the change in the endurance
limit, it is recommended to adjust its initial value cR
to the calculated value R (where K is the coefficient
of the lower limit of damaging stresses, which is
chosen a priori from the interval of empirical values
of K from 0 to 1.0 [17]). The coefficient K depends
on the intensity of the decrease in the endurance
limit, which is determined for a specific structure
by the spectrum of operational loads: the greater the
proportion of the load amplitude spectrum is above
the endurance limit, the smaller K.

Determining the equation of its reduction by
direct experimental method requires a large amount
of tests, which led to the hypothetical nature of the
criteria proposed to describe the reduction of the
endurance limit, the main of which are the criteria
presented in (Fig. 1).

In the simplest case, it can be assumed that
the abscissa of the fracture point NG and the
characteristic of the angle of inclination of the left
branch of the fatigue curve m are invariant. In this
case, as the damage accumulates, the fatigue curve
will fall down vertically, as shown in (Fig. 2).
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Fig. 1. Decrease in endurance limit during
accumulation of fatigue damage,
described by the criteria

Then, according to equation (1) for 0 < ni / Ni < 1,

with ni / Ni = const, we can write:
o"(N,—n)=0,"N, (10

Taking into account the assumption of invariance
of m and NG, it follows from equation (10) that as
the resource increases, the decrease in the endurance
limit is described by dependence (9).

Iger

Iga; o
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Fig. 2. Decreasing endurance limit
as damage accumulates

Thus, under the above assumptions, the change
in the endurance limit of the initial material is
described by a decreasing function that depends
only on the degree of fatigue damage (fraction
of the service life), and at the moment of failure it
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becomes zero. Domestic and foreign researchers
have experimentally proven [12—15] that the rate of
decrease in the endurance limit of steel structures
depends not only on the magnitude of fatigue
damage, but also on the degree of overload.

In addition, the mathematical description of
the decrease in the endurance limit must be carried
out in accordance with the change in the shape
of the entire fatigue curve, in particular the angle
of inclination of its left branch. In this regard, to
describe the endurance limit, it is necessary to make
appropriate adjustments to the relationship (10).

Given the large volume of tests required to obtain
the dependence of the change in the endurance
limit of full-scale structures by direct experimental
methods, indirect methods are promising, in the
opinion of the authors.

The physical justification of the shape of the
curve of change in the endurance limit is based
on the similar nature of the change in the damage
energy of fracture. Considering that the level of
damage energy in the first approximation is an
indirect characteristic of the accumulated fatigue
damage and is correlated with the endurance limit,
it is possible to assess the nature of the change in the
latter at different degrees of overload based on the
results of measurements of the power supplied to the
sample.

For the mathematical interpretation of the
decrease in the endurance limit, taking into account
the above assumptions, it is proposed to introduce
into formula (9) the kinetic coefficient of fatigue
damage accumulation, which depends on the relative
durability and the degree of overload C, taking into
account the correction, the proposed dependence
(p-criterion) has the form:

1/mo
n;
Ori :(PGRKI_FIJ (11)
n,, G
=exp| —lg— 12
® p{ N € GJ (12)
The proposed dependence satisfies all the

requirements formulated at the beginning of
the article. In addition, under irregular loading,
characterized by large overload degrees and small
resource fractions, a slight (from 0.5 to 1.5%)
increase in the endurance limit is satisfactorily
described by reducing the alternation of stresses
in the program block, which can be interpreted as
a manifestation of the “training effect” [16]. The

reason for such an effect of large stresses is the
uneven distribution of plastic deformation in the
weld zone and the formation of residual compressive
stresses during unloading, which contribute to
the increase in the endurance limit. The obtained
dependence makes it possible to take into account
the change in the endurance limit in calculations of
the fatigue life of load-bearing systems.

The calculation of the cyclic durability of the
connection node of the pivot beam with the ridge
beam of the gondola frame was made for two
selected operating modes: movement on a broken
dirt road (mode A) and on a dirt road in satisfactory
condition (mode B).

When calculating the resource of the supporting
system of the gondola frame of the highest accuracy
(o = 7%) achieved using o@-criterion. In this case,
the error is not directed to the durability reserve.
In general, it should be noted that the use of
predictive methods for calculating the durability of
load-bearing systems, based on the use of criteria
that take into account the regularities of reducing
the endurance limit during operation, allows you
to achieve high accuracy of the calculation. In our
case, the fluctuations of the total relative error of
the calculated estimate are within 7% < ¢ < 27%.
This confirms the effectiveness of the methods of
the kinetic theory of fatigue, which is based on
taking into account real physical processes of fatigue
damage accumulation.

The presented computational and experimental
data on the assessment of durability allow us to
make an attempt to modify the method of calculating
durability, based on the application of the linear
hypothesis. The essence of the modification is to
replace the real fatigue curve, obtained from the
results of tests during regular loading, with some
fictitious one, which takes into account the change
in fatigue resistance factors as the resource is
developed (Fig. 3).
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Fig. 3. Before determining the design fatigue curve
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Real fatigue curve 1 with parameters 6y, NG, m
is replaced by the calculated curve 2 with parameters
or, NGp, m.

Calculating quantities op,, NGp is performed
according to the formula:

GRp

=Ko, (13)

IgN;, =1gN, +mlg(&] (14)

Rp

For some generalized curve of the decrease in the
endurance limit (Fig. 4), the weighted average value
of the endurance limit.

GRi

(FT)

1) N

Fig. 4. Before determining the lower limit
of damaging stresses

The results obtained show that the lowest accuracy
is characteristic of methods based on the formulas:

' n, n,
Gy = !Gm [VJd [VJ (15)
from where we determine K according
to the criteria of D. Henry, CB Serensen and
E.K. Pochtenny, taking into account that the integral
in expression (15) is taken in explicit form:
— for D. Henrys criterion

o, WV,
s, [_o
=1+28 | —Ox (17)
2 S
GR
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— for the criterion E.K. Pochtenny

1 1/m
K=[|1-20] #q| 2o |="
W, N, ) m+l

Substituting the numerical values of the parameters
into the obtained expressions, we obtain the value of
K. The calculation results are summarized in Table 1.
With sufficient accuracy, we can assume K = 0.6...0.75.

The durability of the nodes has been calculated.
of freight car joints using the linear hypothesis and
calculated fatigue curves. The calculation results are
summarized in Table 2.

(18)

Table 1
Results of calculating the coefficient K
- Regime
Name criterion A B
D. Henry 0.598 0.645
CB Serens 0.634 0.691
E.K. Pochtenny 0.757 0.757
Table 2

Results of calculating the durability of welded
joints of car frames based on a modification
of the linear hypothesis

No. | K | Regime | Ni,cycles | Li, km L, km*

1 los A 453258 165250 | 865820
B 789520 | 1662510 -37.2

s Lo A 568952 | 212520 | 1202120
B 1319805 | 1952140 -5.65

The denominator contains the calculation error (%) relative
to the operational durability, the minus sign indicates that
the error is directed towards the durability margin.

Conclusions. The primary analysis of the
results given in the tables shows that the durability
calculated by the linear hypothesis exceeds that
calculated by the adjusted linear hypothesis by more
than 5 times and the durability calculated using the
criteria for reducing the endurance limit by 1.37 to
1.7 times. The results obtained show that the lowest
accuracy is characteristic of methods based on the
direct application of the linear damage summation
hypothesis and the adjusted linear hypothesis.

Note that for K = 0.7 the calculated endurance
limit oy, = 484 MPa. Calculated abscissas
of the fracture points of the fatigue curve
NG = 3-7*106 cycles. Thus, for the considered design
variants of the nodes, the application of a modified
linear hypothesis using calculated fatigue curves
can provide high accuracy of predictive calculation
of durability at the value of K = 0.7. In addition, a
positive property of the proposed method is the
direction of the error in the durability margin.
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®omin O.B., bypayubskuii O.B., Kyopak A.B., I'onyo I.M., ®ypcuna A.JI. HECTALHIOHAPHI
®AKTOPHU OIIOPY BTOMM TA iX BILIUB HA PECYPC 3’€JHAHb BAHTA’KHUX BATOHIB:
MATEMATHYHE MOJEJ/JIIOBAHHS TA AHAJII3

Cmamms npuceéauena mamemMamuyHoMy MOOENI08AHHIO MA AHANIZY 3aNPONOHOBAHO MOOUGIKOBaANUL
eapianmy JIHIUHOI 2inome3u HAKONUYEHHS GMOMHUX YUIKOONCEHb, Y MOOUQikayis KiacuyHoi niHiuHOL
einomesu (llanvmepena-Maiiepa) 0o3eonsie mouniuie NPOSHO3Y8AMU 3ATUIKOBUL PECYPC KOHCMPYKYIL. 3a
K020 BUKOPUCTNOBYEMBCA YMOGHE 3HAUEHHS MENCT GUMPUBATOCTINI, WO BUSHAYAEMbCA KOCDIYIEHMOM HUICHBOT
MEHCT ROWKOONCYIOUUX HANPYHCEHD.

Jinitina einomesa HAKONUYEHHST YCMALOCMHUX NOWKOOMdCeHb, 3anpononosana A. llanomepenom (1924)
ma possunena M. Maiiepom (1939), € ocro60t0 01151 pO3PAXYHKY 008208i4HOCMI MAMePianie npu YuKIiuHOMY
Haganmaoicenti. Ha ocnogi ananizy nenpamoi xapakmepucmuky HaKONUYeHO20 GIMOMHO20 NOUKOOICEHHS —
eHepeii pYUHYBaHHs IOKATbHUX MOOeell 8Y31i6 pam AHMAICHUX 6420HIE8 BUSHAYEHO 3ANE€NHCHICIb 3HUMCEHHS]
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Mexci  sumpueanocmi 8i0 4acmku GUPoOIEH020 pecypcy, AKUU 8paxo8yc OUHAMIYHE 3HUICEHHS MeCi
sumpusanocmi y npoyeci excniyamayii. /o Haubibw 3HAYHUX HeOONIKI6 NIHIlIHOI meopil 8iOHOCUMbCsL me,
W0 BOHA HE ONUCYE BNAUBY UeP20BOCMI HANPYICEHb PIZHUX DIGHIE.

Taxum yunom, 015 pO3NAHYMUX KOHCIMPYKMUBHUX 6APIAHMNIE BY3/1i6 HECYUUX BV3TI8 6AHMAICHUX BA20HIE,
3aCcmocy8ants MoOUpIiKosanoi NiHiliHOT 2inome3u 3 GUKOPUCTNAHHAM PO3DPAXYHKOBUX KPUBUX 6MOMU MOICE
3abe3neyumu GUCOKY MOUYHICIb NPOSHO3YIOHU020 PO3PAXYHKY 006208iunocmi npu 3navenni K = 0,735. Kpim
Mo2o, NO3UMUBHOIO B]LACMUBICINIO NPONOHOBAHO20 MEMOJY € CHPAMOBAHICTb NOXUOKU 8 3aNac 008208IUHOCHII.

Hageoeno pospaxynkoge 0OTpyHMYSAHHA HUINCHLOI MedCi NOWKoOdCy8anoi nanpyau. 3anpononosaua
Mooughikayisa ninitiHoi 2inomesu. Bpaxogye HeniHitiHicmb yepe3 SHUICEHHSA 0 ;. Md 66€0€HHA 0,,;,. [liomeepdoicena
EHePeMUYHUMY MA eKCHePUMEHMANbHUMU Oanumu. 3menwye pusux nepeoyinku pecypcy ua 30-50%
NOPIGHANO 3 KIACUYHUM NIOXOOOM.

Knwuogi cnosa: 3anismuunuii mpaucnopm, pyxomuti CK1ao, 6da20H, MAwunoOVOieHi KOHCMPYKYIl,
008208I4HOCb, KOMN TOMEPHI MEeXHONO02IT, A8MOoMamu3ayis, Komn 10mepHe MoOemO8aAnHs.
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