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Abstract

Vacuum ion-plasma sputtering is the final stage in the construction of a component.
With it’s help a coating out of metal, alloy or a chemical compound is formed, which helps to
protect the surface of a component and the component itself from hostile environments.
One example, where this type of coating is used, are blades of gas turbines, elements of the
combustion chamber, and adjustable nozzles of turboshaft. For example: in modern turboshatt
the temperature of gas before the turbine goes up to 27@@Bieving such temperatures
was made possible, thanks to manufacturing the components of a turboshaft out of heat-
resistant materials and cooling of it’s elements. An engine’s operational reliability and
economy depend on adequate functioning of the combustion chamber.

Use of ion-plasma sputtering, together with application of nickel, chrome, aluminum,
yttrium and other allowed for longer lifetimes of a turboshaft.
But is there a way to use this method for opposite purposes?
For example, to fight icing of the surface of an aircraft?
This is the goal, which researchers in a project, called “Multifunctional Nanostructured
Coatings for Aircraft Structures (NANOCOAIRS)” set for themselves.

Introduction

Icing of surfaces of aircraft structures causes deterioration of aerodynamic properties
and may become a reason of flight accident or even catastrophe. To prevent and eliminate
icing many methods are used, for example spraying the surface of aircraft structures with
various liquids and application of anti-icing systems. There are different types of anti-icing
systems like mechanical, chemical and thermal (air-thermal and electrothermal).

The most common are electrical thermal anti-icing systems.

The possibility of using the coating as an element of the anti-icing system was tested
in this research. Aircraft parts are coated with various methods. One of these methods is
vacuum ion-plasma coating.

Vacuum ion-plasma spraying is the final stage of part manufacturing. Using this
method, the product can be coated with a metal, alloy or chemical compound that helps to
protect the surface of the part and the part itself from the effects of corrosive environments
[1,2].

Vacuum ion-plasma spraying is the final stage of part manufacturing. Using this
method, the product can be coated with a metal, alloy or chemical compound that helps to
protect the surface of the part and the part itself from the effects of corrosive environments.
One of the examples of the use of this type of coating are gas turbine blades, elements of the
combustion chamber, parts of the adjustable exhaust section that are used in aircraft gas
turbine engineg3-6]. In modern gas turbine engines, the air temperature in front of the
turbine is up to 170W. Such a high temperatures became possible due to solving two
problems- manufacture of gas turbine engine parts from heat-resistant materials and
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additional cooling of its elements. The operational reliability and economy of the engine
depends on the normal operation of the combustion chamber. Applying of ion-plasma coating,
with using materials like nickel, chromium, aluminum, titanium, zirconium, etc., made it
possible to increase the service life of gas turbine engine.

Applying of ion-plasma coating, with using materials like nickel, chromium, aluminum,
titanium, zirconium, yttrium etc., made it possible to increase the service life of gas turbine
engine.

Objectives of the Multifunctional Nanostructured Coatings for Aircraft Structures
(NANOCOAIRS) project are: development of technology for obtaining nanostructured
multicomponent anti-icing coatings; managing an experimental research of the qualitative
characteristics of the created coatings; research of anti-icing properties of the coating on
samples of aircraft structures.

The anti-icing resistance of multilayer coatings to various substances (mainly water
drops) was researched. Coatings cannot be researched by themselves separately. For example,
in case of erosion, abrasive wear is the main reason of destruction, especially if the thickness
of the coating is small(microns). It is necessary to take into account the coating-base system
as a whole, together with the hardness and flexibility. It is also necessary to take into account
properties such as plasticity and impact resistance, electrical conductivity.

This article describes the initial stage of research where the main objective is:
development of nanostructured multicomponent coatings based on the Al - Ti system; the
comprehensive analysis of the resulting coatings properties.

The data obtained will be processed in the next stage of experiments when creating
multilayer coatings. To obtain the required properties, the outer layer must have maximum
wear resistance, low wettability. The middle layer must be electrically conductive enough to
be used as a heat-emitting element. The bottom layer must provide the best adhesion to the
base material.

Materialsand Methods

The coatings were sprayed onto a composite materighrbon fiber (carbon fibers
based on epoxy resin).
Coating thickness 2 - 3 microns.
Sample dimensions: 60 x 15 x 4 mm.
The coating was applied using a UV - 80 vacuum ion - plasma device.
The laboratory vacuum equipment (Fig. 1) is designed to apply metals, oxides, and other
vacuum-coated magnetrons. The device is equipped with the following components:
chamber pumping system,
gas supply system,
base rewinding system,
coating devices.

According to the state diagram of the aluminum - titanium system four values of the
ratio of Al to Ti by weight were determined (Table 1

With a given ratio of titanium and aluminum, 3 types of coatings were applied:
Intermetallic- titanium and aluminum compounds of the tyipeAly,
Conglomerates are a composite coating in which solid solutions of metals, intermetallic
compounds are used as a matrix.
Titanium and aluminum nitrides are used as the second phase.
Nitride — nitride-based coating typexNy, AlxNy.
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Figure 1.UV-80 scheme of laboratory vacuum equipment: a) photo; b) scheme; 1 —
processroller; 2-6 — guideroller system; 7 — pressure roller; 8 — light transmittance
measuring device; Gi, G2 — gas distributors; M1-Ms — magnetron pair

Table 1
Al - Ti ratio by weight in percent
l. Il. Il.
Intermetalic Conglomerates Nitride
1. | 16% Al — 84% Ti 16% Al — 84% Ti 16% Al — 84% Ti
2. [31,5% Al —> 68,5% Ti | 31,5% Al — 68,5% Ti | 31,5% Al — 68,5% Ti
3. | 43% Al — 57% Ti 43% Al — 57% Ti 43% Al — 57% Ti
4. | 62% Al — 38% Ti 62% Al — 38% Ti 62% Al — 38% Ti
Atmosphere: argon Atmosphere: argon+N | Atmosphere: argon+N

Comprehensive analysis of the properties of the obtained coatings

A comprehensive analysis of the properties of the obtained coatings was carried out
(Fig. 2) and the research of the chemical composition of the created coating, mechanical and
electrophysical properties of the coating was made.

ased on Al — Ti

e R

- ‘ e
Figure 2.An example of the created coating b

Chemical analysis of the coating (Fig. 3) obtained were performed and analysed with
HITACHI S-3000N Scanning Electron Microscope and BRUKER Quantax microanalyzer at
15 kV and 16 kV with wavelength 0.16 nm.
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El AN _Series Het unn. C norm. C Atom. C Error

[WE.-%] [Wg.-%] [ab--%] (%]

Al 13 EK-series 11150 15.37 1lg.87 26.20 0.7
Ti 22 K-series 11558 76.82 83.33 73.80 2.8

Total: 52.15 100.00 100.00
c)
Figure 3.An example of displaying theresults of chemical analysisusing an electron
microscope HITACHI S - 3000N: a) surface view with 3000 magnification; b) graphical
representation of the chemical composition of the surface of the created metal layer; c)
display of the relative value of the required metals by mass and atoms
To check the mechanical properties of the coatings, the microhardness of the created

layer was measured using a PMT-3M1 device. Adhesion measurements were carried out
using an Anton Paar Revetest Xpress RSX device.
Microhardness is measured to determine the hardness of the created coating. The harder the
surface layer, the more wear-resistant it is.
Adhesion is measured to determine the adhesion of coating and substrate surfaces.
An example of a graphical display of adhesion measurements is shown in Fig. 4.

0

128
&

Ao

60.0
18

%g& ‘ i 1 ﬁ,n@.@"'“ﬁ
~ 0.00 mm 100 2.00 300 4,00
mFn mmFt mmAe mmDz
Figure 4.Graphical display of the measured adhesion parameters. Fn - vertical load; Ft -
tangential load-friction force; Ae - acoustic emission; Dz - indentation, depth

Using the Anton Paar Revetest Xpress RSX device, photographs of the degree of
destruction of the created layer were taken (Fig. 5). The process of destruction of the coating
during adhesion can be divided into 5 stages:

The appearance of a visible scratch;
The beginning of the separation of the coating from the base;
The beginning of the destruction of the coating;

8
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The process of destruction of the coating;
Complete destruction of the coating.

Pictures

Values 0.54N (0.02mm) | 2.1IN (046 mm) | 4.67N (1.15mm) | 627N (1.59mm) | 9.82N (2.58 mm)

Figure 5.Stage of destruction of the coating: 1. Scratch (Ft = 0.54 N; Dz = 0.02 mm); 2.
The beginning of the separation of the coating from the base (Ft = 2.11 N; Dz = 0.46 mm); 3.
The beginning of the destruction of the coating (Ft = 4.67 N; Dz = 1.15 mm); 4. The process

of destruction of the coating (Ft = 6.27 N; Dz = 1.59 mm); 5. Complete destruction of the
coating (Ft = 9.82 N; Dz = 9.82 mm)

The initial moment of destruction is recorded by analyzing the acoustic emission
graph, which characterizes the beginning of a certain stage with a fast increase in the graph
line.

Electrical conductivity

The higher the resistance, the higher the unit of heat generated by the length between the
supply electrodes. It is possible to use this coating in the elements of the anti-icing system.
Resistance was measured using a PeakTech 3320 multimeter.

Results

Chemical composition

The created coatings were divided into three main groups (intermetallic,
conglomerates, nitrides) and 4 subgroups in relation to the mass of Al - Ti. After spraying, a
chemical analysis of the created layer was carried out. According to its results, it was found
that the first group of samples was made with close specified parameters of the Al - Ti ratio
by weight. In the other two groups, the desired result was not so closely achieved, but this is
not a drawback, because in further tests this experience will also be taken into account and
taken into account when adjusting the set parameters for the vacuum ion - plasma installation.
The results of the obtained chemical composition of the created coating can be seen in Fig. 6.

Intermetallic Conglomerates Nitrides
100% 100% 100%
50%IIII 50%IIII 50%IIII
0
S1K1 S1K2 S1K3 S1K4 S2K1 S2K2 S2K3 S2K4 S3K1 S3K2 S3K3 S3K4
HAL% BT, % HAL% BTi, % BT, % HAl,%
a) b) c)

Figure 6.Results of the chemical composition of the created coating: a) intermetallic; b)
conglomerates; c) nitrides

9
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Microhardness
The results of measurements of the microhardness of the samples with the created coating are
shown in the graph for a more visual analysis of the results (Fig. 7).

Microhardness

K1 K2 K3 K4
—@==S] =@=S2 S3

Figure 7 .Results of microhardness of the created coating: S1, &2, S3 - series of samples,
K1, K2, K3, K4 - number of sample groups

Adhesion
The results of measurements of adhesion of samples with the created coating are shown in the
graphs for a more visual analysis of the results.

20,00
18,00 —0—52K1
16,00 =S K2
14,00 —=0=52K3
12,00 —0—52K4

10,00
’ —0=51K1

8,00 _

[ —0=S51K2

6,00
—0—51K3

4,00
200 —0—S51K4
0,00 S3K1

0,15 0,52 1,08 1,54 3,76

Fig. 9.Results of adhesion of the created coating: S1, S2, S3 - series of samples; K1, K2,
K3, K4 - number of sample groups

Electrical conductivity
The results of measurements of the electrical conductivity of the first, second and third
groups of samples with the created coating are shown in the Figure 8.

10
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Electrical cinductivity
\
0,4
a 0,3 \

K1 K2 K3 K4

=—@=S] =52 S3

Figure 8.Results of electrical conductivity of the created coating: S, 2, S3 - series of
samples; K1, K2, K3, K4 - number of sample groups

Conclusions

Were developed nanostructured multicomponent coatings, based on the Al - Ti
system.

A comprehensive analysis of the properties of the obtained coatings was carried out and it
was found out that:

the necessary settings for the settings of the vacuum ion - plasma installation for applying the
specified parameters of the ratio by mass Al - Ti when creating new coatings;

the hardest coating have samples S2K2 and S3K2;

better adhesion of the created coating to the base is in S3K3 samples;

coating electrical conductivity is higher in the S1K4 samples.

The data found above will be taken into account in the next stage of experiments when
creating multilayer coatings. Next, it will be necessary to find the best solution in which
sequence the layers with the required Al - Ti ratio will be sprayed, for the best operational
characteristics of the created protective layer during the operation of the airframe of the
aircraft.

Acknowledgement

This work has been supported by the European Regional Development Fund within
the Activity 1.1.1.2 “Post-doctoral Research Aid” of the Specific Aid Objective 1.1.1 “To
increase the research and innovative capacity of scientific institutions of Latvia and the ability
to attmct external financing, investing in human resources and infrastructure” of the
Operational Programme “Growth and Employment” (No. 1.1.1.2/VIAA/1/16/176
“Multifunctional Nanostructured Coatings for Aircraft Structures (NANOCOAIRS)”)

- _ MATIONAL A» EUROPEAN UNION
fyj) ostDoc DeveLOPMENT European Regional
Latvia PLAN 2020 Development Fund

INVESTING IN YOUR FUTURE




Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

References

1. baunbix O. A., bya6epr I1.b., Amucosa C. II. (1986) [Juacpammor cocmosnusi 080uHbIX U
MHO2OKOMNOHEHMHbIX CUCmeM HA 0CHose dicenesa, Metamnyprusi, Mocksa, c. 440.

2. Jlakmmesa H.II. (2000 Huacpammor cocmosimus OB80UHBIX MEMALIUYECKUX CUCTIEM,
Mammnaoctpoenue, Mocksa, c. 992.

3. baseuiea O.A., Aprunbaesa D.I'., Typenko E.}O. (2013 BricokoTemmeparypHbie
WHTEepMeTaUIUIHbIe cruiaBbl juist peraned [T, Asuayuonnvie mamepuanvl u mexuonoeuu,
Ne3, c. 26-31.

4. Ka6nos E.H., (2012 Crparernueckue HampaBIeHHUs] Pa3BUTHs MAaTEPUAIOB U TEXHOJIOTUI
ux nepepadotku Ha niepuon 1o 2023r., Aeuayuonnsie mamepuanst u mexroaoauu., Nes, c. 7 -
17.

5. OcnennukoBa O.I'. (2012 Crparerus pa3BUTHS KAPOMPOUYHBIX M TEIIO3AIIUTHBIX
MOKPBITUH, Asuayuonnvie mamepuanvt u mexuonoeuu, Ne5, c. 19 - 36.

6. Ckubun B.A. (2000 Hayuwwiti exnad 6 co30anue aBUAYUOHHBIX Osueamenell,
Mamunoctpoenue, Mocksa, T.2, 750 ctp.

12



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

ASSIGNING WARRANTY PERIODS FOR FATIGUE-SENSITIVE
COMPONENTSOF AIRCRAFT STRUCTURES

Konstantin Nechval 1, Igors Petuhovs 2

! Transport and Telecommunication Institute
2 Riga Aeronautical Institute

konstan@tsi.lv, ipetuhovs@rai.lv

Abstract

In this paper, we consider the problem of estimating the minimum lifetime of fatigue-
crack initiation (or warranty period) for a number of aircraft structure components, before
which no cracks (that may be detected) in materials occur, based on the results of previous
warranty period tests on the structure components in question. This problem is a special case
of a general class of problems concerned with the analysis of the fatigue crack damage
accumulation in aircraft service. A Weibull model with unknown parameters is assumed for
fatigue-crack initiation lifetime. A value is specified for the probability that no fatigue-cracks,
in a set of components of the same kind that are to be put into future use, will occur before the
expiration of the warranty period. The warranty period, which must satisfy an assurance
criterion at the prescribed probability level regardless of the true parameter values within the
distribution, is to be calculated from a small preliminary sample of fatigue-crack initiation
lifetimes. An expression for the warranty period is derived as a function of the ordered
observations and is determined only by a sdutfre observations, the sample size of past
observations and the prescribed assurance level (fatigue reliability). The technique proposed
here for solving the above problem emphasizes the predictive density relevant for assigning
warranty period as well as for planning in-service inspections for initial crack detection after
warranty period, if a crack in the components has not yet occurred. It represents a method for
constructing lower prediction limit for a future Weibull observation (the smallest ordered
observation among a setfoture observations) based on a sample of past observations.

Keywords:. aircraft; fatigue crack; Weibull model; prediction limit; warranty period;
inspection strategy.

Introduction

Prediction of an unobserved random variable is a fundamental problem in statistics.
In the areas of reliability and lifetesting, this problem translates to obtaining prediction
intervals for life distributions such as the Exponential and the Weibull. For the Weibull case,
several authors have addressed this issue as well the more complicated problem of deriving
prediction limits for order statistics from a future sample. These include Mann and Saunders
[1].

One of the earlier works on prediction for the Weibull distribution is by Mann and
Saunders [1]. They considered prediction intervals for the smallest of a set of future
observations, based on a small (two or three) preliminary sample of past observations. An
expression for the warranty period (time before the failure of the first ordered observation
from a set of future observations or a lot) was derived as a function of the ordered past
observations.

Mann [2] extended the results for lot sizes 10 (5) 25 and sample sizes= 2 (1)n-3
for a specified assurance level of 0.95. This method requires numerical integration. In
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addition, the tables provided are limited to sample sizes less than 25 and are given only for the
assurance level of 0.95.

Antle and Rademaker [3] provided a method of obtaining a prediction bound for the
largest observation from a future sample of the Type | extreme value distribution, based on
the maximum likelihood estimates of the parameters. They used Monte Carlo simulations to
obtain the prediction intervals. Using the well-known relationship between the Weibull
distribution and the Type | extreme value distribution one can use their method to construct
an upper prediction limit for the largest among a set of future Weibull observations. However
this method is valid only for complete samples and limited to constructing an upper prediction
limit for the largest among a set of future observations.

The distribution theory for estimators of unknown parameters in Weibull models is
complicate and cannot be described in explicit forms. Nevertheless, using a conditional
method, many problems become analytically manageable. The conditional method used in
this paper is the one conditioned on ancillary statistics, which was first suggested by Fisher
[5] and promoted further by a number of others (Cox [6], Buehler [7]). Lawless [4] applied
this conditional method to different problems relating to the Weibull and extreme value
distributions. In the conditional method, quantiles for constructing prediction intervals depend
on ancillary statistics of observed data. This procedure, where the results are based on the
conditional distribution of the maximum likelihood estimates given a set of ancillary
statistics, is exact, but it requires numerical integration, for each new sample obtained, to
determine the prediction limits.

We consider in this paper the problem of estimating the minimum time to crack
initiation (warranty period or time to a first inspection) for a number of aircraft structure
components, before which no cracks (that may be detected) in materials occur, based on the
results of previous warranty period tests on the structure components in question. If in a fleet
of k aircraft there arekm of the same individual structure components, operating
independently, the length of time until the first crack initially formed in any of these
components is of basic interest, and provides a measure of assurance concerning the operation
of the components in question. This leads to the consideration of the following problem.
Suppose we have observatiofs ..., X as the results of tests conducted on the components;
suppose also that there &ma components of the same kind to be put into future use, with
times to crack initiatiory, ..., Ykm. Then we want to be able to estimate, on the basfs, of.,

Xn, the shortest time to crack initiatiofskmy @among the times to crack initiatiofy, ..., Yim.

In other words, it is desirable to construct lower simultaneous prediction Higit,that is
exceeded with probability by observations or functions of observations of kafuture
samples, each consisting of units.  In this paper, the problem of estimativigkm), the
smallest of alk future samples ain observations from the underlying distribution, based on
an observed sample nfobservations from the same distribution, is considered. A solution is
proposed for constructing a lower simultaneous prediction liRi§, for Yxm. Various
properties of these solutions are derived, and illustrations are given for some important special
cases. The results have direct application in reliability theory, where the time until the first
failure in a group ofm items in service provides a measure of assurance regarding the
operation of the items.

Data and methods
Equation for constructing simultaneous prediction limit
An equation, which shows how to construct lower simultaneous one-sided prediction
limit for the order statistics in all of future samples when one-sided prediction limit for a
single future sample is available, is given by the following theorem.
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Theorem 1 (Lower simultaneous one-sided prediction limit). Let (X1, ..., X)) be a random
sample from the cdf(.), and let (Y, s Yin,) be thejth random sample ofy “future”

observations from the same cpf{1, ..., k}. Assume thatKk+1) samples are independent. Let
H=H(X4, ..., Xn) be any statistic based on the preliminary sample anM(Jje,Lj) denote the

rith order statistic in thgh sample of sizey. Then

n-1 I'j*]- rk—l m mJ
P{Y(W SH Y, H Y2 Hj 3.5 [ J |

Iy

[ Jpr( ('z*lmz) )_ Pr(Yizvmz) Z H) (1)
I mz] ’
iz

Where

k k
=0, m=>m,. (2)
=1 =t

Proof.
PYiymy 2 H. - Yy mpy 2 Ho Ygemo 2 H) HP( (rm)—H)
{H [. J[F(H)}"[l—F(H)] - } SIHIN3 [THT]
...[TJE{[F(H)]E[LF(H)]mz-iz}. 3)
Since

E{[F(H)]iz [1- F(H)]”‘Z‘iZ}
:[TEJ [E{i[n}] [F(H)I' - F(H)™" - ZZ[rﬂ [F(H)'[L- F(H)]™" H

i=0 i=0

_ PI(Y(iZ+lmz) >H)- P'(Yiz,mz) >H)

T

the joint probability can be written as

n-1 rj-1 n-1 m.
PUY oy 2 Hoo Y iy 2 H Yy 2 H) =D [m}[ 'J

i1=0 ;=0 ix=0 I Ij

(mKJ PAY i, s1m) = H)=PHYy, ) = H)
i '

o
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This ends the proof. [I

Corollary 1.1.If rj= 1, Vj=1(1)k, then

Pr(Y(l,nn)ZH’---’Y(l,mj)ZH (1m)2H) Pr( wmy) = )
(6)

Lower one-sided prediction limit for weibull order statistic

The Weibull distribution is a powerful modelling tool used in reliability analyses to
predict failure rates and to provide a description of the failure of parts and equiginent.
Weibull distribution has been widely used in the empirical modelling of economic models.
Applications include the modelling of unemployment spells, strike durations, income
distributions, the length of a firm’s innovation period, and the size of research and
development budgets. Depending on the particular problem, the variable under consideration
may not be fully observed, requiring censoring procedures for estimation.

Based on engineering and macroscopic viewpoints, the mechanical properties of
metallic materials are often considered homogeneous. However, a considerable amount of
scatter has been observed in fatigue data even under the same loading condition. It may be
attributed to the inhomogeneous material properties. As a result, probabilistic approaches for
the fatigue crack initiation and growth have received great attention in recent years.

One of the important issues in the probabilistic fracture mechanics analysis lies in the
probabilistic modelling of fatigue crack initiation (or growth) phenomenon. Many
probabilistic models have been proposed to capture the scatter of the fatigue crack growth
data. Some of these models are based on the two-parameter Weibull distribution. It exhibits a
wide range of shapes for the density and hazard functions that makes this distribution suitable
for modelling complex failure data sets. Many authors have considered the problem of
constructing prediction limits for the extreme value and Weibull distributions.

In this section our focus is on prediction limits for future samples of observations from the
two-parameter Weibull distribution and the purpose is to present a technique for constructing
the prediction limits which can be used very generally, for Type Il censored as well as
complete data. The procedures should in particular be useful in situations not handled by the
tables in the aforementioned references.

The proposed technique may be useful when we consider, for example, the reliability
problem associated with fatigue damage that arises from the initiation of fatigue cracks
originating from rivet holes along the top longitudinal row of the outer skin of the panel (Fig.
1). In many cases during maintenance some of sections could have fail or pre-fails that must
be repair by patches. As example such of patches we can predict in this experiment. We have
completed assembled panels that were made from 2024 duralumin. As you see in this Fig. 1
of these panels consist of two ribs, one spar and skin. To develop this parts must be used
fasteners, rivets, screws and dzus. Mainly we don’t know in what places will be initiate cracks
in this structure, but in some cases it’s could be define as conditions due to react loads. Next
three questions are in what places we can inspect this structure by the use of probe, how we
can check scale for each time. In this method we suppose that frequencies will impact for
experiments. Because that we consider four main C-factors criteria:

C1- Conditions of fixed structure, and places for probe.
C2- Random frequencies load floatation, level of noise.
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C3 - Measurenent system of Cartesian coordinates X,Y,Z and three angles a, B, v. It helps to

define right axis of space orientation.

C4 - Determination of structure entertainment changes or crack propagation.

A post-failure photograph of one test components (Fig. 1) indicates the location of fatigue
crack initiation at the radius between the rib and one of the two rivets. Experiments show that
the time to fatigue crack initiation follows the two-parameter Weibull distribution.

o AL B %
ik, 0l 40 & 3

Fig. 1. Test specimen number crack initiation

Fig. 1 Mounted joints. Left hand spar and 2 more ribs mid and right are connected with rivets.
In this paper we will start using AutoCAD software to prepare solid model of the assemble
part. As a result of the report we will resolve C1 factor,

Two panels could be equal to design imagine but actually we have different shape and its
most complicated to define small size deviations.

We have software that can detect most significant points and later check its buckling. For the
basic conditions we can choose spar as fixed support and other elements will be loaded shear
pressure. For each rivet is given its own number as shown in Fig 2.

Rivet N2 RIB 1
Rivet N1 t N3
Riviat NE RIB 2
Rivet N6 Rivet N8
Rivet N7 Rivet N9
Rivet N10
Rivet N11

I
Fig 2 Example of simple part and rivet (hole) numbers,
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Rivet row in consideration

How to identify most significant element in the structure?
The main C1 factor is possible places connection of two probes.

Modelling of the panels is to define points that have high value of stress or could be at
risk for real case work. In according to the reports we can consider that most danger points on
the right side of the rib. See Fig N3
As an example we have analysis of connection of the simple parts with neighboring elements
that have minimum fatigue life margin. As we see on next Fig. 3 after rib rating will see the
Rib 1 and 2 of panel stress analysis have conclusion that connection with minimum service
life is located at the rivets 3,7,8,11.

Compare of two rows we can conclude that inspection is possible for two rivets N8 and N11.

Rivet N8

o

Rivet N7

Rivet N11

Fig 3.Significant pointswith crack i.nitiations

In this Fig.3 Point N1 and Point N2 with red colour is most appropriate place for
sensors and Probe.
Design of the probe could apply to the corresponding rivets and holes.
Value of 6RO (MPa) for under loaded element connections made of Al-alloys (2024-T7451)
for single-row fastening is 7 ksi. Evaluation of design safe life of the element is 40 000 FH.
In advance we consider that spar point initial cracks, in our case as dynamic input. And than
we have next criteria C2.

It is assumed that a fatigue crack can initiate randomly at either side of a hole with
diameterd. Experiments show that the number of flight cycles at which an initial crack will
appear at one side with respect to a particular rivet follows the two-parameter Weibull
distribution.

The probability density function for the random varialleof the two-parameter Weibull
distribution is given by

f(x;a,5)=%(%j _ exp{(%] } (x>0). 7)

wheres>0 andfp>0 are the shape and scale parameters, respectively. Writing
S=u+aoZ, (8)

whereZ is a random variable with standardized extreme value density,
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f(2) =exp(z—€*), —o<z<wm, 9)

then the density db can be obtained as
f(s;y,a)=1exp{s_—”—ex;{s_—”jj, —0 < S< oo, (10)
o O o

The distribution ofSis known as the smallest extreme value distribution (SE\&=ItX, so
that,X=€> then

F (X 41,0 = %(xeﬂ)““ exp[—(xe )" ], (11)

With o=1/6 and g=Ing, X is distributed as Weibull with shape parameteand scale
parameteg. Given this, for analytical and computational convenience, this paper works in the
S=InX scale, the results, however, are reported directly for the Weibull observations.

Theorem 2 (Lower one-sided prediction limit for Weibull order statistic). Let Xa< ...< X be

the firstr ordered past observations from a sample of sitem the distribution (7). Then a
lower one-sided conditional &) prediction limitha-) on thelth order statisti¢y; of a set of
mfuture ordered observatiols< ...<Ymis given by

PrY, >h, ;2= Pr{ﬁln( Aj>5ln£h(1 “)j z} =PrW >w, ;. 7}
p B
|1[( J( 1)I 111]2 evsglln(x./ﬂ)[ j)e W(1_q) +Z v§|nx,/ﬁ +(n ) vélnxr/ﬁJ dV]

i=0 0

r

-1-j % vﬁzln xllﬁ'
Z( ]( 1 J‘Vr-e 2z [z v5|nx,//3 +(n=r) vﬁlnxr/ﬁ] dv

j=0
=1-q, (12)

where # and & are the maximum likelihood estimators Gfand § based on the first

ordered past observations{ ..., X;) from a sample of size from the Weibull distribution,

which can be found from solution of
15

i % +(n-n)x
p-| 2 , 13)

r

And

S_KZrlx‘? In x +(n—r)x’ Iner(ixf +(n—r)fo —%Zr:ln xl : (14)

i=1

2= (2,2,.,2.5), (15)
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~ X. )
Z =5n| 2] i=1..r-2, 16
”[ﬂj = het (19)

W = 5In(ﬁ} W o —5In[h116“)J (17)

Proof. The joint density o&=In(Xy), ..., S=In(X) is given by

f(sl,...,sf;ﬂ,g):(n?!r)lIl(7 p(s % ex S—u Jexr{ (n- r)exp(s uD

(18)
Let 1z, o be the maximum likelihood estimators (estimatesy,of based org, ..., S and
let
V= E2E, (19)
O
v=2, (20)
(e
And
z =2"H i awr. (21)

Parameterg: and o in (18) are location and scale parameters, respectively, and it is well
known that if z and & are estimates gf and o, possessing certain invariance properties,

then the quantitie®: andV are parameter-free. Most, if not all, proposed estimatgsaofl o

possess the necessary properties; these include the maximum likelihood estimates and various
linear estimatesz;, i=1(1) r, are ancillary statistics, any2 of which form a functionally
independent set. We then find in a straightforward manner that the joint density \6f

conditional on fixed= (7, z,,...,Z,) , is

f(v,v;2) = (2)v "ex Zr:(; +v1)v—zr:exp[(; +Vv)V]—-(n-r)exp[(z +vl)v]j,

i1 i1
vie (-, ), ve(0, ). (22)
where

9(2) =[

is the normalizing constant. For notational convenience we includeall.of, z in (21); z-1
andz can be expressed as functiorenf..., z only.

Tvr B F{Z(Z' +V)V - Zexp[(z| +V)V] - (n—r)exp[(z +v1)v]jdvdv] (23)

=1 i=1

O'—;S

Writing
w=nY s (24)
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whereY; is thelth order statistic from an independent second sampteatiservations
also from the distribution (7), and noting that ap(s thelth order statistic in a sample wf
observations from the standard exponential distribution, we have the denaigsof

m -1 m-I a" W
f (W):m[ —exp(-e")] "exp(-e")| ™' e" exp(-e")
Z[ j( D™ exp[-(m— j)e"], we(~, ).

D #)

Since W is distributed independently of, v we find the joint density ofv, vi, v
conditional ore, as the product of (22) and (25),

f (w,v,v;z) = f(w)f(v,v;2). (26)
Note that
W = In YL—[; _W-owv 27)
c Vv

making the transformatiomwi=(w-viv)/v, vi=vi, v=v we find the joint density ofw, vi, v
conditional ore, as

F(W,v;2) = (|-1)'( Y ()ZK J( v exp((r+1)vv+ W*g‘]vj

xexp(— (M- ) exp[(w + V) ex;{— exp[vlv][zexp[zv] +(n- r)exp[zrvlm ,

i=1

Wi (—00,0), Vie(—w, ®), ve(0, o). (28)

Now vi can be integrated out of (28) in a straightforward way to give

ﬁ&(z)r(r +1)

Y
V2 ex;{vzr:zj(m— j)vexp[wv]

(m— j)explwv] + Zr’,explav] +(n- r)exp[Lv]]

f(w,v,z)=

y -1 (|_1J (_1)I—1—j
|\ 1) m—] (

i=1

rv"zexy{vzr:;j(m— j)vexpwv]

i=1

(I —1} (-1 -+
j ) m=j (

(m- j)exp[vwv]+2exp[zv]+(n—r)exp[z,v1j

i=1

1-1 -1 |-1-j ©
( j( 1) Jvr 2 oy
o\ ] ) m-

i=1 i=1
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Wi e (—o0,0), ve(0, ). (29)

Thus, for fixedw(i-¢) (—0 <W(1-e) <©),

0

Priw > w,_ ,z}:T jf(w v; Z)dwdv

Wit-a)

e e
|- 1(| | ]( ”:?I -1-] ]'iv eX[{VZZJ[ZeXp[Z'V]JF(n_r)eXp[Z'V]J_ dv
::H Jlj(n]]-)l ) ]Evr evg.iln X'/ﬁ[ —j)e YW(i-a) +Z V‘sln (/5) +(n-r)e an 15 j_ dV]

EVAR) (- 1)| i vézlnx|/ﬁ[ Sinlx 1) Sl 1 j'
Vr e i=1 V nx, +(n r) V an ﬂ dV
S( e S

(30)

This completes the proof.
Corollary 2.1. A lower one-sided conditional {Ix) prediction limith-) on the minimuniy
of a set oimfuture ordered observatioNs< ...<Ymis given by

h
PrH{Y,>h, s 2 = Pr{é |n£Yj > 5In( @ “>j z} =PriW, >w, s 2
B B
-2 vé Zln(x,/ﬂ

V e i—1 ( me (1—a)+z v5|nx,/,8 +(n ) vblnxr/ﬁj_ dv
_0 =1-a. (32)

;
Vi e i=1 (z v§|nx.//3 +(n )V&Inxr/ﬁj dv

Thus, wherl = 1, (12) reduces to formula (31).

Corollary 2.2. An upper one-sided conditional«&) prediction limith**® on the maximum
Ym Of a set ofn future ordered observatiols< ...<Ymis given by

h (I~a)

Pr{Y <h®; z = Pr{&ln[ﬂ}<5ln( 7

j; z} =Pr{W, <w"; 7}

m-1 1 m-1-j % vézlnx,/ﬁ i r _ _ '
[[m j( 1) Ivrf e =) ( m (1,i) +Zevﬁln(xi/ﬂ)+(n r) v§|n xrlﬁj dV]
_J 5 e—vw

i—0 i=1
mzl(m 1}( 1)m 1-j TVT— eV5lzl|n x 1B (Z V()m X| /ﬂ n (n ) vé‘ln Xr/ﬂ J_ adv
j=0 J 0

m— |

—1-
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ol 1) ( vé in(x 1 3) - P i or
Z[{m j v e i=1 ((J +1)e\AN( ) +Zevsln(xi/ﬁ)+(n r) v5|n xrlﬂj dV:l
1=0 i=1
( 1)J°° v&;llnxﬂﬂ[ V5|nx/ﬁ Va|nX/ﬁJ r
i e P+ (n—r)e dv
1—0( J j j Z

j+1
=1l-a. (32)
Corollary 2.3. If r=n andn is large, (12) should be more or less independeit @fiso,
Zi, ..., Zn will be nearly independent and approximately distributed as standard extreme
values, with pdf

—1—

f (‘'w)=e"exp(-e"), *we(—ow, o). (33)

Our first step is to replaca, ..., z, in the numerator of (12) byE{*W}= —ny, where
9=0.577215... is the Euler constant. We now suppose that (l/n)zin:lexp[ziv] will be

approximately equal to the moment generating function for (33), with dummy vaxiable
Since E{expfwn]}=T'(1+7), we approximate the above sum in the denominator of (12) by
n'(1+v). We thus arrive at the following approximation to (12), whierg

Pr{Y, >hy .y 2 = Pr{ﬁln(ﬁj>5ln£h(;“)j } PrW >w, 7}

l l{[ j( " TV” Zg v ( —J " LT+ v)j_ndv}
_ =0 m-—j 0 n
Izll(l B j( 1)|_1_] TV” e [C@+v)]"av

j=0

=1-q. (34)

Outcomes and discusson

Examples of applications:
1. Assigning Warranty Period

For instance, consider the data of fatigue tests on a particular type of structural
components (stringer) of aircraft. The data are for a complete sample ofssize 5, with

observations (Table 1).
Table 1.

The data of fatigue tests

Time to crack initiation

Observations (in number of 16flight hours)
X1 5
X2 6.25
7.5
7.9
8.1
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and results being expressed here in number bfligbt-hours. On the basis of these data it is
wished to estimate a lower 0.95 prediction limit ¥nin a group ofm = 5 identical
components (for a fleet ofi =5 aircraft) which are to be put into service.

Goodness-of-fit testing. We assess the statistical significance of departures from the
Weibull model by performing empirical distribution function goodnefst test. We use the
Sstatistic [8]. For censoring (or complete) datasets,SBtatistic is given

r—1 | ' 1/ . 4 | .+1/ .
3 [) 1)
_i=[r/2+1 i _ =3 ! =0.184 (35)

Y.5="5 (%, /%)) <(In(%,./%)
Z( x&lxj Z( x&lxj

i=1 i i=1 i

where [/2] is a largest integet r/2, the values oM; are given in Table 13 [8]. The
reject region for thex level of significance is.§ >.5:1.o}. The percentage points foe&y1-«
were given by Kapur and Lamberson [8]. For this example,
.S5=0.184 <S=5; 10=0.95-0.86. (36)

Thus, there is not evidence to rule out the Weibull model. The maximum likelihood

estimates of unknown parametgt@and o are 5’ =7.4260% and & = 7.908] respectively. It
follows from (31) that

PrY,>h, ;2 = Pr{S In (%j >3 (%] z} = PHW, > W, _; 7}

_ Priw, > —8.4378, 7} = 20000141389 _ , o (37)
0.0000148830

and a lower 0.95 prediction limit for1 is hu-9=2.5549 «10% flight hours, i.e., we have
obtained the warranty period (or the time to the first inspection) equal to 25549 flight hours

with confidence leve}) =1-a = 0.95.

2.Planning In-service Inspections for Detection of Initial Crack
After Warranty Period

Let us assume that in a fleetrofaircraft there aren of the same individual structure
components, operating independently. Suppose an inspection is carried outztairdehis
shows that initial crack (which may be detected) has not yet occurred. We now have to
schedule the next inspection. Lét be the minimum time to crack initiation in the above
components. In other words, [t be the smallest observation from an independent second
sample ofm observations also from the distribution (7). Then the inspection times can be
calculated recursively as

7, = fexpW, o, /3), =2, (38)
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where it is assumed that=0, n. is a time of the first inspection (warranty period,is
determined from

Pr{Y1>r Y > 2= Pr{dln(Yj>§ln£ jéln(Yj>5ln( Jz}
B B p B

PrW,>w, 2
=Pr{W, >w, > W 2z = s =1-a >
W, M i=10-a) = PRV, > w4 .y 2 )

or, equivalently, from

PHY,>7;2 = Pr{& In (%J >4 [T—ﬂi} z} =PW >w ;2

o0

vdzln(xI 1B

—r
Vvi2e 2 ( ,(1a)+z vblnx,/ﬂ +(n=r) v5|nx,//§)) dv

o0

_0

= (l-a)', j>1, (40)

-r
52' 1B _
e ev I_lnx. (Z vé‘lnxl/ﬂ +(h=r) vélnxr/ﬂ)) dv

0

f and ¢ are the MLE’s of 8 and g, respectively, and can be found from solution of (13) and
(14), respectively.

But again, for instance, consider the data of fatigue tests on a particular type of
structural components of aircrafti=5, x,=6.25, Xs=7.5, xa=7.9, xs=8.1 (in number of 10
flight hours) given in Table 1, where=n=5 and the maximum likelihood estimates of

unknown parameter8 ands are B =7.4260% and & = 7.9081 respectively. Thus, using (38)

with n=2.5549 «10* flight hours) (the time of the first inspection), we have obtained the
following inspection time sequence (see Table 2).
Table 2.
Theinspection time sequence

Inspection timey Interval +1—7
W (x10* flight hours) (flight hours)
_ =0 _
w1 =-8.4378 n= 2.5549 25549
wo=—-6.5181 = 3.2569 7020
wz=-5.5145 7= 3.6975 4406
ws =—-4.8509 u=4.0212 3237
ws=—-4.3623 = 4.2775 2563
We=—3.9793 6= 4.4898 2123
wy = —-3.6666 = 4.6708 1810
wg=—-3.4038 5= 4.8287 1579
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Inspection timey Interval z.1—7
W (x10* flight hours) (flight hours)
we=-3.1780 7= 4.9685 1398

Conclusions

The method of constructing prediction limits for future samples from a Weibull
distribution introduced in this paper utilizes all the information in a sample, but since it
involves the use of numerical integration, many may prefer to use this technique only in
situations not readily handled by other of the methods described earlier. With modern
computing, however, the conditional prediction limits are not difficult to calculate and should
be recommended when the ability to do computations is available.
Although the results of this paper can be obtained through simulation, the simulation results
are unstable; they vary from one to another. From theoretical as well as practical points of
view, analytical solutions should be used if they are available. The results of this paper
provide such analytical solutions. Furthermore, the techniques used in this paper can be
applied to obtaining explicit formulae for computing prediction limits for any other location-
scale distributions.
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AUTOROTATION OF FREELY FALLING RECTANGULAR PLATE

Vladimirs Vorohobovs, MartinsKleinhofs.
Aeronautical Institute of Riga Technical University
Riga2006 @inbox.lv , martins.kleinhofs@inbox.lv

Abstract

Auto rotation of a rectangle that falls through the air was considered. Semi-empirical
formulas for rate of rotation and for speed of fall were obtained. The mathematical method of
creation of such semi-empirical formulae, based on splitting the task and separate
consideration of a set of influencing factors, was developed. One correction coefficient was
introduced because two open ends make this problem three-dimensional. The other
coefficient is responsible for bifurcation. Simple expression for Magnus and Drag forces
were used. All obtained formulae were experimentally proved.

An optimal ratio between the length and width for longest fly time was found.

Key words. Tumbling cards, Magnus effect, Autorotation, Lift force, Rotating kites,
Autogyro

Introduction
The problem of simple rectangle flight in the air is undoubtedly a classical fundamental
problem. Scientists have repeatedly returned to this task.

Figure 1.Stroboscopic photo Source: L. Mahadevan (Tumbling cards. Physics Fluid 1999.
https://www.seas.harvard.edu/softmat/downloads/pre2000-0p. pdf

However, despite the seeming simplicity, this task had not yet got any full compact and
precise formulae based on real experimental study.

Materials and methods

Mathematical approach to obtain some reasonable formulae.

The flight of thin rectangles in air fully depends from three values W- width, L- Length
and Z- surface density of material. If this three values are established, the flight is fully
determined, and it is possible to measureafe of tumbling, o — angle of deviation of falling
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motion from vertical, and V- total speed of declined motion o&oM—=V/*cos(a) speed of
setting down.

It is clear, that there exist three functions, which describe such dependence. They
objectively exist and can be found by experiment. So our goal wilt be find some
analytical expression which describes these functions as precise as possible.

Major idea is to identify several factors of influence and analyze their impact one by
one. Each factor of influence can be tuned by changing some parameters. The best value for
parameters can be found by experiment.

There are three factors of influence.

Dependence of frequency of rotation from total speed.

Look attentively at this stroboscopic photo on Figure 1: It is clear that maximal rotating
rate cannot exceed certain value, because its upper edge cannot move backward relative to
air. If this maximum will be achieved, then angular frequency of rotation will be:

_,
T Wrr (1)
But real frequency will be lowered by some factors

Y/
f :V—\’/CfBE

f

max

(2)

Vere V,is speed in tilted direction, and/ — width of the rectangle. An€: — some
unknown universal coefficientB —bifurcation factor E — factor of influence of ends of the
strip. (Such influence make the task sufficiently 3D)

Bifurcation factor B

If V; is smaller than certain vallénin there is no rotation at all. Rotation can start
clockwise or counterclockwise if the speed exceéds. So it is typical bifurcation point.
After starting rotatiorf increase and strives asymptotically to maximal value.

At some poinVy, it achieves 0,707 of its maximal value. So it is clear, that there should
be some transition zone betweéénn andVh with width Vair = Vh - Viin

4 B

0.707 =

s
Vn'. in (Vd{H' Vimin ) Vj

Figure 2. Factor of bifurcatioB depending from total speed.

It is clear from general assumption, that poifit= Vmin is some bifurcation point,
described by general Zeeman Catastrophic theory.
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That is why simplest formulae for factBrmust have some root square:
B=0 atV, < Vnin

BZi\/ (V/ _Vm'n)
(V; =Viin) + Vais

Now let us make this expression dimensionless on the basic of Reynolds similarity. As
far as critical values of speedn¥ and \ir corresponds to certain critical Reynolds Numbers
Remin and Rer of the system, they can be expressed through these numbers. The typical
dimension of the system is the widthof rectangular. So finally we obtain:

\Y/ 1
f=—L.EC. -
W f V,pW

atV > Vmin 3)

77— +1

Reur atRe > Re  (4)

Where p — density of the aim — viscosity, W— width of rectangulafRemn andRegis and
Cr are some dimensionless parameters, which will be found by experiment later.

Factor E — boundary effect on free ends.

Two-dimensional models are based on the assumption that the rectangle can be made
arbitrarily long in the horizontal direction. The easiest way, how to take in to account the
third dimension is the introduction of some Boundary Factor which takes in to consideration
spoiling of motion by boundary effect when two ends come too close.

This effect is a major reason, why the problem is sufficiently three-dimensional, and
cannot be correctly described as a two-dimensional problem.

Boundary effect spoils uniform aerodynamics and diminishes the rate of rotation. This
can be presented by some factorfactor Es some function of ratio L/W, which is minimal
at L/W=1, because for squares, the ends are closer. Otherwise the length and width will be
reversed. The E increases asymptotically to its maximal value 1 at L/W>>1 when the edges
influence becomes negligible. The simplest analytical formula for this factor looks like:

1

%+1
W

E=|1

®)

WhereCyis some coefficient which determines the rate of this dependence. Obviously
Co=1
The Boundary factor diminishes the rotating spieed

V 1 1
f=—L.C.,  |1-———|. 1—
w CL 4 V, pW
W n

I:aedif

- Rem'n
+1
(6)
Simple formula for Frontal resistance.
Frontal resistance (Dragpl€an be taken as usual:
29



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

Fo =CoLWpV/? 7)
Cob is some dimensionless parameter, which will be found by experiment later.

Simple formula for Magnus effect.
But to evaluate the force in direction perpendicular to motionwe should compare

this object with the rotating cylinder, which experiences the Magnus effect.
=LV,AL where Tis

_ 2
circulation of speed for cylinder with radius r= (2ar)* f and so Fy = () ﬂ‘V/p. But
for the specific geometry of the tumbling rectangle some other coefficients can appear here.

It is known, that Magnus perpendicular force is equal oy

2
So we can assume thgﬁ\ﬂ =Cu-T-W LV/p, whereCyv is some unknown coefficient,
which depends on geometry but must be the same for geometrically similar rectangles.
So Magnus force is:
(8)

1 1
Fu =WLV?0C,, | 1-——— |-.C, [L-
ol ViP _Re
W |
Redif

Application of Newton’s laws to this system.

The vector sum of drag force and Magnus force should be compensated by gravity
force.WLd(e_fD)g , where? - is the density of material from which the rectangle is mgde,
=9,8 m/c,d — is the thickness of the rectanglé. o is an angle between inclined direction of
motion and vertical, then the force equilibrium in vertical direction requires:

WLd(€ - p)g = F, cosg) + F, sin(a)

But force equilibrium in horizontal direction requires:

Fu cos@) = F, sin()

Which means:

tg(a)=Fy /I Fp

1 ©)

C 1
tg(a) = CM 1- &L C, 1

D ——+1 Vi _ Ren
W |
I:'zedif

Expression in brackets here will not depend on size but only on form. Expression under
root square depends only from the Width. Now let us assemble all previous formulae

together. So we will get:
WLd(0 - p)g

Fp = (WLA(6 - p)g) cosir) = o' @)
a
WLd(0 - p)g

2 _
oWV = 1+tg?(a)

From here we will obtain the expression for speed:
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1 [0-pgd 1

R 41+ 19° ()

but for falling speed

1 [0-p%0 [
Vdown:' Y1+t
Jo U »p /( o (a)) (11)

At a—0 this expression coincides with Changqui Jun result in [9]

/ 60— p)gd
Vo = K ﬂ where K =i . Actually all dependence from the sizes of the
P VCo

rectangle sit only in expression for tg(a).

It is interesting to remark, that for squarés-\{V) cut from the same paper falling
speeds do not depend on sizes. It means that all squares will go down with the same speed. It
occurs because, f=W, the spoiling boundary factd goes down to % , and that is why

tg(a) is much smaller than 1 and __ ~1

41+tg* (o)
But it is not the case for elongated rectangles (L> 2W), which moves and rotates with
bigger effectiveness, tg(a)>0,8. For them, the speed of descent depends on sizes and on form.
It is very remarkable.
After finding V, the rotation’s rate can be easily calculated by (5)

V/
(10)

Results and Discussion

Experimental part.

In order to determine the rotational speed of the falling plate, the camera with fast
shooting 240 frames per second was used. With this camera, we managed to measure the
rotational speed of the tumbling of a small paper plate.

The proposed above formula for the period of tumbling of the thin plate was fully
confirmed in the range of parameters in which the falling was periodic and the axis of
rotation was horizontal. Coefficients were determined through the processing of experimental

-5

data. Cinematic viscositya—=148-10 , gravity g=9,8 , density p=1,2 , C = 0,4 ,Cwm
0

=0,59 ,Cp=1,8 ,Renin = 100 ,Reyis = 700 ,Cph = 3
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Table 1
Parameters Expenment Theory Eatio
Rate }:luet'wi.'rara;lajI
Surface Rate of mass o

density T.‘.:idth Length 1| tumblin E Down E te(a) E aof Down te(w) |Ivotved
7 W s f @ |speed | = B Fu.mbl speed and mass of
- ing f rectangular
0.068 00023 00025 268 146 2890 15 04 0.04
0,068 0,003 0.005 181 1.3 12 1.3 046 0.09
0,068 0.01 0.01 10.8 2 11.2 L1 07 0.18
0,068 0.02 0.02 6.3 2 6.1 1 08 0.33
0,068 0.04 0.04 4 2 32 1 09 0.71
0,068 0.08 0,08 nonstable 17 09 09 141
0.046 00023 00023 218 & 212 12 04 0.07
0.046 00023 00075 2146 3 4.3 12 03 0.07
0.046  0.003 0.015 18.9 2 17 1 07 0.13
0.046 0.01 0.03 133 1 10.1 08 03 0.26
0.046 0.02 0.06 12 1 3.6 0.7 1 0.52
0.046 0.02 0.06 12 2 3.6 0.7 1 0.52
0437 0,133 0.44 i 02 L5 02 2 03 29 19 12 0.37
2 0.17 0492 45 02 57 06 1 02 3 4 12 0.1
0.3 0.11 042 46 02 24 03 2 035 39 2 12 0.26
0.154 0,003 0.015 2346 4 L1 03 36.4 1.6 08 0.04
0.154 0.01 003 214 5 2 05 204 14 1 0.08
0.154 0.02 0.06 11.3 2 1.6 03 1 02 109 12 11 0.1
0.154 0.04 0.12 5.9 03 L5 03 08 02 357 12 11 0.51
0.154 0.08 0.24 32 04 12 02 09 02 29 1.1 12 0.62
0.068 00023 10,0073 371 3 33,7 1.4 03 0.04
0.068 0,003 0.015 263 7 L 0 1 02 219 L1 07 0.09
0,068 0.01 0.03 159 3 09 01 2035 128 1 09 0.18
0,068 0.02 0.06 83 03 08 02 12 03 7 0.2 1 0.33
0,068 0.04 0.12 41 03 09 04 0% 02 37 08 1.1 0.71
0,068 0.08 0.24 nonstable 1 03 1.9 08 1.1 141
0.134 0,013 0.073 15 13.5 12 1.1 0.13

Ratio between mass of air involved and mass of rectangular in right column is
estimated a®)p/Z.
All values here are in Sl.

Upper lower limits for application of formulae.

The upper limit was actually determined by comparison of inertial mass of air, involved
in motion, and the inertial mass of the rectangle itself. The first one is WBbpt, and the
second is preciseMLZ wereZ = (60— p)d

That means that the dimensionless fad®etWp/Z determines the situation. It was
remarked during experiments, thaPit 1,4 then the motion becomes chaotic and no smooth
tumbling can be observed.

The smallest paper rectangle that | was able to cut from paper and to observe its falling
speed in the air, had a width 2,5 mm.

The biggest rectangle was a plastic sheet, 490x170x2 mm in size.

It was proven experimentally that the formulae give correct results for all such different
objects.

The fall of the metal plate was observed in water. These plates tumble when falling in
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an aqueous medium the same way as the paper plates in the air. But because density of water
is much higher,

The restriction mentioned above comes much quicker. Actually in water it tumbles only
relative to thick sheets of heavy metals and some cuprum and gold coins. See nice work [10]
with discussion about that.

The above formula was also fully confirmed for water.

Thus it has been experimentally proved the simplest dependence law between the size
of the rectangle and its rotation period.

No doubt there exists also some restrictions for small sizes, but we cannot find it by
available means, because the frequency of my camera frame does not allows this. As a result,
we were not able to find proper precise valueRe#n We can only guess that 3Remn< 40
But this task can be solved in the future.

Restrictions of application of thisformulae because instability.

To find the complete description of reality we should take into account some violation
of stability as well, because short rectangles which are close in shape to the squares,
demonstrate the three-dimensionality of their movement: they begin to rotate not around the
axis connecting the middle of two opposite sides of the square, but around some other
horizontal axis.

Front view

Figure 2. Uncertainty in axe of rotation

But in this particular publication we restrict our attention to some regular normal
tumbling, trying to find analytical solution for that.

Also it was established experimentally that for the rectangles with L/W > 6 falling
motion of the rectangle becomes spiral and for this reason the formula is no longer valid.

The other type of instability comes from a mass of air involved in rotation. If it is
bigger than the weight of the rectangle itself, the motion can become chaotic. See evaluation
in the right column of the experimental table.

Conclusions

Formulae (6), (8), (9), (10) ,(11) can be used to calculate the frequency and speeds of
tumbling of falling rectangular.

Practical application of tumbling rectangles.

1. Measurement of Wind.

The role of wind measurement systems in aviation is out of question. The authors of
this article had used elongated tumbling paper rectangular as an air marker to measure wind
speed at altitude about 50 meters. The paper rectangular was delivered to a height by a
special heavy shuttle, and then released for a free flight. It is more convenient than any other
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flying objects, because it is always horizontal, and that is why when photographing by
camera looking up it is possible to determine its height by measuring its visible angular size,
because the real size is known. By filming its movement, it is possible to measure the wind
speed at this height. Of course the self-propelled Magnus horizontal component of motion
should be taken into consideration and extracted from final result. This movement can be
calculated from formulae obtained in this study. The video film showing such wind
measurements will be available soon on youtube.com, canal Vladimirs Vorohobovs.

2. Education.

This simple experiment can be proposed for students as laboratory work. During
Covinl9 online study, it can be proposed as experimental task, which students can fulfil at
home, using their handy cameras, to understand aerodynamics and toHearrio proceed
experimental data.

3. Strips of aluminum foil ejected in air from airplane are supposed to disrupt the
effectiveness of enemy radar. They are called Chaff (USA) or Window (British).

4. And of course they are widely used as Confetti.

Optimization.

In all these applications it is necessary, that such simple rectangular objects remain in
the air as long as possible. This study helped us to find the best proportions of such rectangles
for practical use. It should be 1,5<L/Wsdd also P=Wp/Z < 1

Math

Combination of mathematical guess and experiment was used. Such approach is very
didactic has universal character and can be applied not only for this task but for many other
aero dynamical tasks.
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ARVALSTU STUDENTU STUDIJU ANALIZE
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Rigas Aeronavigacijas institiits
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Abstract

A significant part of Riga Aeronavigation Institute (RAI) is foreign students. Specific
programs, non-existent budget places, democratic admission rules, responsiveness of the
admissions committee and openness to potential RAI students - all this gives RAI a certain
level of students.

In this study, conducted by the author in the period from 2018-2021. a significant part
of foreign students is characterized and analyzed. Working as both an administrative
employee and a lecturer, the author has gained a lot of experience in cooperation with foreign
students. This study analyzes the studies of foreign students and compares them with two
faculties: the Faculty of Business and Engineering. The study is important and will be useful
for RAl administration and academic staff.

Anotacija

Nozimiga dala Rigas Aeronavigacijas instititam (RAI) ir arvalstu studenti. Specifiskas
programmas, neeksist€josas budzeta vietas, demokratiski uznemsanas noteikumi, uznemsanas
komisijas atsauciba un atvértiba pret potencialiem RAI studentiem — tas viss dod RAI noteikta
Iimena studentus.

Saja pétijuma, ko veica autore laika perioda no 2018.g.-2021.g., raksturota un analizéta
nozimiga dala arvalstu studentu. Autore stradadama, gan ka administracijas darbiniece, gan ka
pasniedzgja, ieguvusi lielu pieredzi sadarbiba ar arvalstu studentiem. Saja pétijuma analizéta
arvalstu studentu studijas un salidzinatas ar divam fakultatém: Uzné€mgjdarbibas un inZenieru
fakultati. Petijums nozimigs un noderés RAI administracijai un akadémiskam personalam.

Rigas Aeronavigacijas instititu ka studiju galamérki galvenokart izvélas studenti no
Krievijas, Uzbekistanas un Kazahstanas. Lai gan mérkis visiem Siem studentiem ir viens —
iegiit labu izglitibu Latvija —, motivi ir atSkirigi. Pirmkart, ja kadu iemeslu dél viniem nav
izdevies iegiit veélamo izglitibu pasSu zemé, otrkart, izvélas mérktiecigi ka vietu, kur iegit
Eiropas diplomu, liecina autores izpétes rezultati. RAI simpatiz€ ar to, ka sazinas valoda ir
krievu valoda, ko vini parzina sava mitnes zeme.

Tacu vienlaikus vini augstu noveérté piedavato studiju kvalitati, ka arT iesp&ju studét
anglu valoda un dzivot galvaspilséta.

Vertgjot kop€jo arvalstu studentu skaitu, autore secinajusi, ka visvairak studijas RAI
izvelas tieSi Uzbekistanas studenti, bet 2020/2021 ak. g. ar1 studenti no Pakistanas. Vini
augstu verté kopg€jo studiju kvalitati, iesp€ju studét anglu valoda. Turklat viniem ir iespgja
ikdiena socializeties krievu valoda. Tapat atzinigi tiek vértétas kopgjas studiju un dzivoSanas
izmaksas Latvija. Tapat augstu veérté pieredzi, ko dod iesp€ja iepazit citas valsts kultiiru un
pacelot pa dazadam ES valstim.

Petijums aptver laika periodu 2018.g.-2021.g. Petijuma izmantoti RAI studiju materiali,

PMLP anketas, intervijas un formalas, ka arT neformalas sarunas ar studentiem. Saja pétijuma
autore veica analizi starp divam fakultateém. Proti: Uznémeéjdarbibas (SPUV, SPL, mag.) un
inzenieru fakultati (GKTE, GTsV, mag.).
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1. tabula

Arvalstu studentu skaits 2018-2021 no kopéja studentu skaita (%)

Fakultate 2018/2019 2019/2020 2020/2021
% % %

Uznéméejdarbibas
SPUV, SPL, mag. 42 31 30
InZenieru GKTE, GTsV,
mag. 10 15 20

Avots: autore

Tabula atspogulots studentu skaits procentos no kopgja studentu skaita, ieskaitot dienas
un klatienes ciklos (Cycles) studgjosos studentus. Adaptacijas perioda (viens studiju gads) ar
Siem studentiem nebija nekadu probléemu. Redzams, ka mainijusies situacija pa studiju
gadiem. Autores pétijums norada, ka iestajoties RAI, finanses sedz vecaki mitnes valstl un
vecaku griba saistas ar vinu paSu izglitibu, socialo statusu. Izpétot PMLP anketas un
neformalas sarunas rezultatus, autore secina:

1. Dazada Itmena augstaka izglitiba ir 56% no aptaujato studentu vecakiem, t.sk.:
8% koledzas izglitiba, 13% — bakalaura, 23%— magistra grads vai ta ekvivalents
(lielakoties ta ir augstaka izglitiba, kas iegtita padomju gados),

2. Raksturojot vecaku nodarbinatibas statusu, autore secina, ka lielakai dalai
studentu vecaki strada algotu darbu vai ir uznémeji/pasnodarbinatie.

3. vecaku izglitibas limenis, nodarbosanas, vecaku gimenes materialas particibas
subjektivais vertéjums nosaka saistibu ar potenciala studenta izglitibas cela izvéli arT studenta
attieksmi pret studijam. Jo augstaks vecaku izglitibas limenis, jo augstak vinu b&mi —
studenti verté ieglistamo augstako izglitibu. Tabula redzams, ka visvairak arvalstu studentu ir
uznemts uznémejdarbibas fakultate, zemaka studiju maksa.

Studiju procesa raksturojums

Kvalitativa studiju procesa norises nodroSinaSana arvalstu pilna laika studentiem ir 1pasi
svariga, bet ne vienmer ir iespga attalinato studiju procesu nodro$inat asinhrona reZima.
Janem vera tas, ka studgjoSie var atrasties dazadas laika zonas, tapat biezi tiek sanemta
informacija par ierobeZotajiem studiju procesam nepiecieSamajiem resursiem un interneta
jaudas atrumu.

verteéSanas atklatibas princips — atbilstoSi izvirzitajiem programmas mérkiem un
uzdevumiem, ka arT studiju kursu mérkiem un uzdevumiem ir noteikts prasibu kopums studiju
rezultatu sasniegSanas vertéSanai. Prasibu kopums ir noradits katra studiju kursa apraksta.

VertéSana izmantoto parbaudes veidu dazadibas princips — programmas apguves
vertéSana izmanto dazadus parbaudes veidus. Katrs pasniedz€js sava studiju kursa regulari
parbauda studentu zinaSanas, izmantojot kursa programmas un apraksta noraditos parbaudes
veidus (kontroldarbi, majasdarbi, referati, testi, prezentacijas, patstavigie darbi, grupas darbi
utt.). Prasibas ir atkarigas no studiju kursa specifikas un studiju procesa organizacijas taja.

Eksameni RAI tiek organizeti gan rakstiski, gan mutiski. Gala veértgjums pec studiju
kursa apguves ietver studenta darba noveért€§jumu visa studiju kursa apguves laika, taja skaita,
lidzdalibu un darba kvalitati nodarbibas, kontroldarbu un patstavigo darbu rezultatus, ka art
eksamena vert§jumu. Kursa apguve ir sekmiga, ja programma noteiktas prasibas ir izpilditas
l1dz parbaudijuma perioda beigam, iznemot gadijumus, kad sanemts parbaudijuma kartoSanas
termina pagarinajums.
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Studiju kvalitates noverteésanai ieklauti studiju procesa galvenie aspekti, pieméram,
studiju materiali tehniska nodroSinajuma vert€§jums un studiju procesa organizacijas
novertgjums. Saja pétijuma to raksturo $adi raditaji:

1. bibliotekas darbiba, iesp&ja dabut kursam nepiecieSamas gramatas un citus
studiju materialus,
materiali tehniskais nodrosinajums laboratorijas/datorklasgs,
telpu pieejamiba studiju vajadzibam arpus lekciju laika;
studiju organizacija un nodarbibu grafiks,
prakses nodroS§inasana un organiz&Sana,
zinatniska darba iespéjas,
informacija par iesp&jam studet starptautiskajas studentu apmainas
programmas. (Erasmus +)

8. Studiju kursu docéSanas kvalitate, kas ietver pasniegSanas kvalitati, docétaju
darba kvalitati, attieksmi pret studentiem, parbaudes darbu izve€rstu analizi un komunikaciju
ar studentu parbaudes darbu konteksta,

9. konsultaciju pieejamibu un doc&taju atvértibu sadarbibai ar studentiem. Sie
aspekti ir loti svarigi student centrétas izglitibas konteksta.

P&tfjuma gaita izvirzijas secinajumi par sekmeém iestasanas gada abas fakultates.

Noohkwh

2.tabula

Studentu sekmju raksturojums abas fakultates (%)

2018/2019 % 2019/2020 % 2020/2021 %
Fakultate Sekmju Tpatsvars %, 10 ballu sistema
4-6 | 79 ] 10 | 46| 79| 10 |[46]| 79 10
Uzpéméjdarbibas
SPUV, SPL, mag. 30 | 11 1 21 9 1 |22| 65 15
InZenieru GKTE,
GTsV, mag. 3 6 1 4 10 1 6 10 4

Avots: autore

Tabula (2.tabula) att€loti sekmju rezultati, izejot no studentu skaita, kas paradita 1.
tabula. Visi rezultati tiek aprékinati procentos. Sekmes att€lotas par 1. studiju gadu.
Uznémgjdarbibas fakultateé 2018/2019.ak.g. vidéji beidz 1.gada studijas (4-6 balles) 30%;
labi-11% no 42% ; 2019/2020ideji — 21%, labi-9% no 31% arvalstnieku, bet 2020/2021
videji — 22%:;1abi-6% no 30% arvalstnieku.

Attiecigi InZenieru fakultateé videji pirmo studiju gadu beidz 3%abi-6% no 10%
studgjoso arvalstnieku; 2019/2020 vidgji-4%; labi-10% no 15% stud€joso arvalstnieku, bet
2020/2021vidgji-6%; labi-10% no 20% stud&joso arvalstnieku.

No Siem izpétes rezultatiem, autore secina:

1. Uznéméjdarbibu studenti ir izvel&jusies tapéc, ka neprot anglu valodu, un ar1
samaksa par stijdm ir Iétaka. Galvenais ir iegiit Eiropas diplomu, jo Latvija ir ka slieksnis
uz ES valstim darba mekl&jumos. Tas nozimé ari atticksmi pret studijam, lekciju
apmeklesanu, majas darbu pildiSanu.

2. Inzenieru fakultates studentu vecaki 90% ir pasnodarbinatie ar koledzas un
dazada limena augstako izglitibu, un pétjjuma paradas saikne starp vecaku audzinaSanu un
studenta attieksmi pret studijam. InZenieru fakultates studenti ir disciplinétaki, apmekle
lekcijas, tapec art studiju novert€jums ir loti atskirigs no uznémeéjdarbibas fakultates.
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Autore izpétijusi  2018/2019 un 2019/2020 ak. g. uznemto uznéméjdarbibas un
inzenieru fakultates arvalstu studentu 2. un 3. kursa sekmes un atticksmi pret studijam.

3.tabula
2.un 3. kursa studentu vidéjas atzimes izvértéjums (%)
2019/2020. 2.kurss 2020/2021. 3. kurss 2020/2021. 2.kurss
Vidgja atzime | Studentu | Vidgja Studentu | Vidga Studentu
skaits atzime skaits atzime skaits

Uznémgejdarbibas
SPUV, SPL, 6.53 32 6.56 68 ; ;
bakalauri
InZenieru GKTE,
GTsV, bakalauri B - B B 6.9 98

No tabulas redzam vid€jas sekmes uz grupu un studentu skaitu. Redzam, ka esam
atskaitijusi studentus no studijam, jo tika parkapti studiju liguma noteikumi. Saja studiju faze
beidzas adaptacijas periods. Studentiem rodas arT citas problémas, kas saistitas ar uzturésanos
Latvija:

Veselibas apriipe,
Valodas nezinaSana,
Ikménesa izdevumi,
Gimenes trikums,

. Kultiiras atskiribas

Finansialie resursi, bez Saubam, ir viens no butiskiem faktoriem, kas ne vien tie$a veida
ietekmé jebkura studenta ikdienas dzives kvalitati, bet biezi ir izSkiroSs, ja runa ir par
iespejam veltit laiku un spekus augstakas izglitibas iegiiSanai vispar. lenakumu veidu ir daudz.
Dazus noveértét ir vienkarsak, citu raksturoSana var izradities sarezgits uzdevums. Tacu galu
gala tie visi saplust kopa katra studenta nosacitaja maka. Par kadu lidzeklu apjomu iesp&jams
runat attieciba uz RAI pilna laika studgjosajiem?

Lidzas materialas labklajibas tieSajiem raditajiem $aja petijuma, autore lieto subjektivu
vertgjumu. ST pieeja arf tika izmantota $aja pétijuma. Neformalas sarunas studenti tika lfigti
novertet, cik liela méra vini studiju gada laika saskaras ar finansialam grittbam. Personisko
finansialo grutibu veértéjuma rezultati rada, ka ar finansialam griittbam butiski saskaras 28%
studeatu no uznémgéjdarbibas fakultates un 15% no inzenieru fakultates. Lidz ar to studenti
piestradaja dazados darbos, lai kompensétu savus ikméneSa izdevumus, neatkarigi no ta, vai
students macas cycles un atrodas sava mitnes zemé, vai studé dienas nodala, atrodoties
Latvija. Politiska un ekonomiska situacija pasliktinajas visa pasaulé, bet par studijam jamaksa
pec parakstita studiju liguma noteikumiem. Citadi p&c RAI noteikumiem nebija iesp&jams
nokartot eksamenu sesiju.

Nemot véra to, ka palielinajies studentu skaits, kuri paraleli macibam strada, un to, ka

pieaudzis vidgjais stundu skaits, ko students velta algotam darba, Sis rezultats (2. tabulas
sekmju vidgja atzime grupa) neparsteidz. Hipoteze par to, ka laika samazinajums patstavigam
studijam ir saistits ar nodarbinatibai un algotam darbam veltito stundu skaita pieaugumu,
balstas veél viena nove€rojuma — patstavigam studijam veltitais laiks samazinajies tiesi
darbadienas, butiski nemainoties brivdienas.

Samazinajas lekciju apmekl€jums. Samazinoties lekciju un tieSo kontaktstundu skaitam,
ko studenti darba dél nevargja apmeklét, un vienlaikus palielinoties jauno tehnologiju, t.sk.

agkrwnhE
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interneta resursu pieejamibai, augstakas izglitibas iegiiSanai aizvien lielaks uzsvars tika likts
uz studentu patstavigo darbu. Ja tada darba nebija, sapratne un stud@t prieks, lai sasniegtu
savu meérki, attalinajas. Students bieZi neizprata uzdotas témas, jo iedzilinaties taja laika limits
bija ierobezots. Seit vargja vérot abu fakultasu studentu pieeju studijam no vinu brivas gribas
izpausmém. To noteica studenta raksturs, vina vélmes, risinat savas problémas liidzot padomu
ka rikoties taja vai $aja situacija. Seit paradijas doc@taju atticksme pret studentu, vina
atvértiba, komunikacija sniedzot konsultacijas studentam. Seit vargja vérot ari rezultatu
vecaku komunikacijai ar savu atvasi RAI studentu.

Jasaka, ka daudzas situacijas pozitivi atrisindjas tieSi inzZenieru fakultates studentu
problémas, bet uznéméjdarbibas fakultates studentus nacas atskaitit no RAI studentu saraksta.
Tas sastadija 17% no stud€joSo arvalstnieku skaita Saja grupa. Studenti nebija gatavi
sastapties ar griittbam. Samazinoties darba iesp&jam, jo nezinot arT valodu (to pat nemacoties,
lai gan paSvaldiba organizé latvieSu valodas kursus bez finanSu pielietojuma no studentu
puses). ArT RAI ir solfjusi pretimnaksanu valodas apmaciba. Tacu anglu valodas un latviesu
valodas kursu apmekl&jums palika bez rezultata. Studenti nomainot e-pastu un telefona
numuru, zaud€ja sazinas saikni ar RAI Rezultata 2,kurss un 3.kurss ir ka parbaudes akmens
studiju procesa.

Autores pétfjuma inzenieru fakultates studentu videja atzime grupa, lai gan ir zema
(gandriz labi), tacu stabila, atbilstoSa zinaSanam.

Autore sava pétijuma atseviski izvert&jusi ari 2018/2019.ak.g. magistratiira iestajusos
arvalstu studentu vid&jas atzimes grupa. Izmantojot to, ka magistratiras studentiem ir Tsaks
studiju cikls (divi gadi), p€tijuma konstatets, ka studentiem savas studiju laika radusas
problémas jarisina daudz atrak, konsekventak neka bakalaura programmas studentiem (garaks
studiju laiks). ArT $aja petijuma sadala starp fakultatem ir lielas atSkiribas.

4.tabula
Magistratiiras studentu grupas vidéjas atzimes invertéjums (%)
2018/2019. 1.kurss 2019./2020. 2. kurss Absolventi un pargjie
Vidgja atzime | Studentu | Vidgja Studentu | Absolventu| Atkartotas
skaits atzime skaits skaits studijas, st.
skaits

Uzneémgejdarbibas
SPUV, mag. 6.99 8 6.73 92 50 50
Inzenieru 7.3 08 7.4 08 08 .
Tsv mag.

Avots: autore

Salidzinajuma ar bakalaura programmas arvalstu studentu pétijjumu, izvertgjot atseviski
magistratiras studentu studijas, atklajas ari nozimigas atSkiribas starp TsV un SPUV
magistratiiras studentu studijam. Pe&tjjuma rezultata nianses bitu janem véra RAI
admnistracijai, planojot studijas nakoSiem gadiem.

Lekciju noslodze jeb, precizak, lekciju un nodarbibu apmeklgjumam veltitais laiks
visredzamak ir samazinajies magistrantiras studentu vidi. Tas lielaka méra ir saistits ar
valdibas noteikto likuma normu, ka magistratiras studenti var stradat bez ierobeZojumiem pie
jebkura darba dev€ja. Ari studiju kursu skaits ir samazinats, salidzinajuma ar bakalaura
programmam.

Lai gan magistratiras studenti ir vecaki un nopietnaki, ta¢u pastav vienotas problémas
2 kursa ar bakalaura programmas stud€joSiem arvalstniekiem. Proti: Finansialais jautajums.
Iestajoties RAI, students sedz samaksu par studijam par visu studiju 1.kursu, ka tas paredzets
studiju liguma. Bet 2.kursa ir finansialas problémas, bet studijas ir nopietnakas, salidzinajuma
ar bakalaura programmas studentiem.
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Seit jau paradas nianses. Proti: studenti dibina gimenes, kur visbiezak strada tikai viens
gimenes loceklis, bet otrs tikai Iidz noteiktam laikam (visbiezak ta ir dzivesbiedre). Tas
saistits gan ar arvalstnieka studenta kultiiras izpausmém, kas vina mitnes zeme ir klasiskais.
Bet autores pétijuma ir arvalstnieku studentu gimenes, kam piedzimst bérni. Lidz ar to
iekav€jas gan studijas, gan finansialie jautajumi.

P&tfjuma rezultats nians€jas ar to, ka $adas studentu gimenes palick uz atkartotam
studijam 2. kursa. Proti: pagarinam studiju laiku. Pozitivs ir tas, ka studenti strada un maksa
nodoklus, lai péc bérna piedzimSanas sanemtu pabalstus un veselibas apriipi ka Latvijas
pamat iedzivotajam.

Komentgjot 4.tabulas sekmju rezultatus, autore secina:

1. Studenti strada un aizmirst par studijam, kas ir raksturigs tiesi SPUV
magistratiiras studentiem. P& neformalam parrunam, autore p&tijuma parliecinajas, ka Siem
studentiem nepiecieSams tikai Eiropas nozimes diploms, ko augsti verté vinu mitnes zeme.

2. Atskirigs viedoklis ir TsV magistratiras studentiem. Nopietnaki un apzinas
sevi merki tiesi ar zinaSanam to sasniegt. To parada petijuma vid€ja atzime.
3. Rezultata no SPUV magistratiiras tikai 50% (puse) absolvé So programmu tai

paredzgetaja laika. TsV magistratiiras studenti absolvé 86% arvalstu studenti.

Kopigie secinajumi, kas izvirzijusies pétjjuma laika:

1. Veicot So pétjjumu, autore ir ieguvusi lielu pieredzi sadarbiba ar arvalstu
studentiem. Autore iepazina vinu kultiiru, vinu dzivesveidu, kas saistas ar vinu vélmi studét
RAIL No ta izriet arT vinu problému risinasana, kas daudziem studentiem ir saistita ar vina
ambicijam.

2. SalidzinoSais vérte§jums abu fakultaSu studentiem, dod kopigus secinajumus.
Proti: jau no pirma kursa katram doc@tajam javeérte vinu studijas taisnigi un stingri. Daudz
laika javelta studentam paskaidrojot savu studiju priekSmetu, jo students pirmaja gada
adapt&jas jaunaja studiju sist€ma.

3. Administracijai un akadémiskam personalam jabiit vienotam savas prasibas par
RAI studiju procesa noteikumu izpildi. ST nianse jaievéro novértgjot studiju organizacijas
procesa izpildi gan inZenieru fakultates studentiem, gan uznemégjdarbibas fakultates
studentiem. Izpildot prorektorata nolemto, akadémiskais personals parada savu attieksmi pret
studentiem un cienu pret administraciju. So vienotibu izjiit arvalstu studenti un parnem ka
paraugu sava studiju procesa. Taja arl izaug studentu ciena pret pasniedzgjiem, institiitu.
Neveidojas konfliktu situacijas, kur izmanto savas ambicijas.

4. Petijuma paradits, ka inZenieru fakultates studenti ir disciplinétaki, nopietna
attiecksme pret studiju procesu, neskatoties uz programmas sarezgitibu un smagumu. Izp&tes
laika, noskaidrots, ka inZenieru fakultati izvélas studenti, kam vecaki ir augstako izglitibu un
pasnodarbinati. Sajos RAI studentos vini ieaudzinajusi sp&u domat, lai atrisinatu radusas
problémas.

5. Finan$u jautajums pastav arl inZenieru fakultates studentiem, tacu vini
visvairak nodarbinati pie tiem darba dev€jiem, kuri labak apmaksa vinu darbu.
6. Uznéméjdarbibas fakultates studenti vairuma iestajas RAI, tikai tapéc, lai

iegiitu Firopas diplomu, ko vinu mitnes zemé vérté loti augstu. Tapéc ar1 attieksme pret
studijam salidzino$i ar inzenieru fakultates studentiem, ir nenopietna, pavirSa, ari sekmju
vert€juma tas paradas.

7. Autores pétjjuma rezultata par finanseém un to saistibu ar studiju procesa
izpildi, tika nonakts pie secinajuma, ka samaksa par studijam pirmaja gada javeic pilnigi
uzreiz par visu studiju gadu, tatu vélakajos kursos var sekmigiem studentiem, kam nav
finanSu un studiju paradu atlaut samaksu veikt pa semestriem. Tas bils ,,bonuss” sekmigiem
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studentiem un paraugs uz ko tiekties pargjiem arvalstu studentiem. So soli var paredzet RAI
nosacijumos.

Izmantoto informacijas avotu saraksts

[1] Izglitibas un Zinatnes ministrijas majas lapa

[2] PMLP anketas, RAI studiju noteikumi

[3] RAI studiju dalas pieejamie dokumenti par studentu sekmém, atskaites par studentu
vid€jam atzimém, RAI datu baze .

[4] Formalas un neformalas sarunas ar studentiem
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Abstract

In our days we can see somebody face to face serainybody but all relationships anyway
transmitted and secured between people and thibewhore and more increase even some object
already not exists but mention and opinion is tedidf his activity.

Keywords. sociometric matrices, rank speed, probabilityeafdership, making decisions,
fluctuation

Introduction

Beyond the conception of humans as essentiallyalsbeings, sociometry recognizes and
uses the fact that all these connections are perganfalence on the social choices we make - for
example, with whom we eat lunch, whom we marry, who i<befleader, whom we sit next to in
classes, receptions, and other meetings, whornkevarid do not like. (Remer, Rory. 2006)

Using both positive and negative choices, the adioms between people and the patterns of
connections throughout groups are made influerided [

Grasping the entire sociometric system is optimalpbptilarly sociometry theory is focused
on measuring relationships, the purview of longteatationships and their development and
maintenance over time and fluctuation of interpesbgonnections over short periods. The key to
using sociometry asn assessment (like Heisenberg’s principle) most effectively is understanding
Moreno’s full conceptualization. [1].

Data and methods

The main aim is how to define leadership in sonweigs and make decision on that case,
because social interconnections are so difficulirtderstand. And in this paper its solutions was
developed by the mathematical methods.

Even in reviews of publications, rejection or pession is sometimes accompanied by the
authority of a leader or an outsider.

We often encounter in our life with decisions thatnetimes do not depend on the accuracy
of attributes or real qualities, achievements ooamplished activity.

For example, when grading students, there are aldeyributions of grades, the bottom
indicator or the top indicator is impossible foeswone or just for all groups, this is an elemént o
communication, relations between people, and rgiesyatic work in assessing exact knowledge,
for some students in group, for some studentg)gsitide by side means success, for others it is
guite the opposite, a bad result.

The misconception is that sociometry stops with pheduction of the sociogram from
choices expssed related to a specific criterion (e.g., “With whom would you most and least want
to sit at a wedding reception?”). This level is what Moreno called “near sociometry”. “Strong”
sociometry requires two conditions beyond elicitthgices and depicting them:

(1) The choices must be implemented (e.g., you situsith whom you have. chosen), and

(2) the reasons for choosing must be made overt.
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The last two conditions present many possibilgied difficulties. Implementing the choices
makes them real in the sense that the full imdaetthoice is experienced. [1].

Arriving at an optimal implementation is challergjibecause not everyone can have one of
his or her positives, and some must endure a megatiegardless of how many selections are
allowed.

Examining choice rationales presents other chaergeople tend to be uncomfortable with
the process because, for example, they believdablatgs may be hurt or they are confused by
their own ambivalences and lack of awareness of tresons. Reservations have some validity but
usually not nearly to the degree feared. The kedefives from probing projections attendant -
assumptions about the rationales and/or expeddbothe choices. [1].

At worst, some perceptions are confirmed, at bedtraore often, the rationales do not
conform to suppositions in informative ways (eygLl are not chosen by a friend because you see
each other frequently and he or she wants to wislit others, or you are chosen by someone
because you are seen as the only less talkatigerper the group). Negatives are not necessarily
“bad,” nor are positives necessarily “good.” Learning reasons challenges assumptions and/or
provides the basis for changing behaviours - @gohsequential value [1].

In the initial stage, at the start, the relatiopdhetween completely strangers and different
people is always the same, but fluctuations oater.I The big task would be to determine your
choice at the first stage: with whom more fusilsid eomfortable deal. This allows you to gain time
for unnecessary showdowns, disputes and relatsshi

For a lot of people in the group obvious priorit§luence of leaders and outsiders, hidden
leaders, poky loners. Average suitable case carsel@lr heat up the situation in the group. Most
people are accepted to conformable tactics of @hav

For example, in the stream of cars, some carsyang to overtake you on the track, others
will always lag behind and there will be a car thdk always go ahead of you and, in general, set
your driving mode.

Also, in life among people of colleagues, someoifiealways be higher than you, someone
will be far from you in the hierarchy of positicgind someone will always influence you. He will
become your leader during the movement.

You can assess the likelihood of influence, anol afglerstand the conditions of choice when
making a decision.

We can assume the qualities of colleagues and certigan with each other. Dominants, for
each quality, will be reflected in sociometric rncas.

From the left vertical and from the top horizomtatl the sociometric matrix, the numbers of
the group members are listed in the same orderwlEl in the table line by line. For example,
let's compare the first person with the second, theofiestdominates over the second, which means
that we write "0.9" in the cell where the first romtersects the second column. Otherwise, we
would have entered "0.1".

For example, for eight totally fictitious (invenje@spondents, we will compose a matrix of
probabilities of dependencies. We can give themmaumes, but only indicate them as Yuri,
Andrey, Igor, Irina, Nikolay, Sergey, Konstantingrander, Michael and further we can denote as
letters Yu, An,l,Ir,N,S,K,AlLM.

Thus, we compare each person with each and getia filad with zeros and ones.

The matrix has two features:

= all zeros will be inscribed diagonally (these cells are marked in gray in the
table);
= the upper triangle has opposite reflection relative to this diagonal.
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Yu
An
|

Ir
N
S
K
Al
M

Matrix of probabilities of dependencies

Yu An | Ir N S K Al M

0 0.90 [0.95 0.5 10.99 |0.99 |0.99 |0.90 [0.99
0.1 0 0.1 10.01 099 05 0.3 (09 p.1
005 09 0 05 09 (09 09 05 0.7
0.5 099 05 0.99 0.99 0.9 10.99 |0.99
001 001 01 .01 O 0.2 0.2 1001 0.1
001 p©O5 1 P01 0.8 O 0.5 05 0.2
001 p©O7 P01 P01 08 PS5 P 0.1 0.1
0.1 01 05 001 099 pPS 09 P 0.2
001 09 O3 pPO1 P9 P8 PO P8 P

Table 1.

To analyze the quality of communication skills, thkowing principle is used. If the first and
second members of the team communicate freely,ahére intersection of the first row and the
second column, as well as at the intersectioneosétond row and the first column, enter "0.5". If
they hardly communicate, then instead of "0.5" shoeldriered near "0". If one of the two people
dominates in strong communication, for examplefiteg then when crossing the first line and the
second column, enter "0.99", and when crossinge¢hend row and the first column, enter "0.01".
Therefore, such a matrix will have only one featutbe diagonal of zeros. Each person cannot

dominates itself.

Table 2.
Rank matrix
Yu An [ Ir N S K Al M
Yu [0.6062 3.5289 [1.384  [0.6217 5.607 [3.735  3.969 [3.1759 [1.826
An 0.1279 [0.8398 [0.759  [0.154 [1.8199 [1.076 [1.54  [0.5198 [0.587
| 0.487 [2.309 [1.1175 [0.154 [4.000 [2.434 [2.479 [P.459  [1.094
Ir 0.3508 [3.0249 [1.654 [0.639 [5.308 [3.375 [3.717 [P.977  [1.529
N [0.026 [0.4399 |0.0905 [0.078 [0.539 [0.299 [0.310 [0.277  [0.152
S [0.143 [0.6969 [0.5045 [0.125 [1.679 [1.179 [1.048 [0.736  [0.369
K 1[0.158 [0.556 [0.3395 [0.077 [1.480 [0.838 [0.989 [1.126  [0.448
Al 0.0839 [1.6198 [0.409  [0.407 [1.957 [1.416 [0.9 0.949  [0.757
M [0.216 [1.4889 [0.85 0.324 [3.421 [1.858 [1.948 [1.558 .908
The rank matrix is calculated using the formula
2y-1
N=(M?)" (1)
where M is the dominant matrix.
o
N,y = 2)

Zni+l
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To find the rank of each challenger, add the elésnafreach row. Whoever has a higher rank
IS stronger in this capacity (see table).

Ranks are calculated for each quality and thetsesre recorded in the rank table (see table).

The leader in the team is the candidate with thledst total score.

X

R=>N=1% | average(R) ©

Outcomes and discussion

As the result we can get following table.

Table 3.
Rank table
Yu 46.1
AN 3.2
| 18
Ir 37
N 1.6
S 6.1
K 9.4
Al 1.2
M 0.6

They have a very high rank, figuratively speakiihgy move at a high ranked speed, and
other members of the group cannot keep up with ti@anversely, too low a rank is a congestion
and influence for a group, so it cannot overcongratation. The best option for controlling the
rank speed is a rating close to the average vall& this may be from the respondent Igor.

Conclusion

Thus, in conclusion, | would like to note that aseault of the study, it is possible to
determine in the future the rank speed of leadesid predict what will happen if the leader is a
modest outsider or a leader with a high rank speed.Wtnk of the author is not yet complete, but
rather at the beginning of the path, since in soetdcs, as in a complex system, there are many
guestions.
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Abstract

Composite materials known already many centuries ago. Last 100 years development of
science and industrial manufacturing opened ways for more and more use of composite
materials. According to so fast manufacturing development, industry meet new advanced
problems of repairs and diagnostics of composite material. Biggest companies as Airbus and
Boeing and not just only them try to have new solutions for repairs and diagnostics. The study
provides information of basic materials used in advanced composite materials and repairs of
them.

Keywords— composite materials, components, repair

Introduction

Composite materials already knew civilizations centu@ago, but until nowadays,
evaluation and knowledge of science have been groveaupgeople whole the world can
develop and research new materials. Composite matewals known already many
centuries ago but more information and researchesdstarel950s and 1960s, these
materials, particularly carbon fiber epoxy, have lmeedncreasingly important in aircraft
building [1].

Boeing starting from 20.gs.80 use tree main composite materials in the manufacturing
process of parts. These are carbon-fibre reinforced plastic (CFRP), Kevlar reinforced plastic,
and glass-fibre reinforced plastic (GFRP) materials. It also uses a Kevlar/CFRP hybrid and it
save weight almost 800 kg per one section. Like most other manufacturers, Boeing has
limited itself to fibre orientation of Q) +- 4% plies to react to shear loaaisd 90 plies to react
to side loads. Strength design requirements are a function of the applied load direction to ply
orientation and ply sequence have to be correct.

Each generation of new aircraft developed by Boeing has an increased percentage of
composite material, with the highest being 50% in Boeing 787 Dreamliner.

The major structural elements of Boeing's 787 Dreamliner are made of more carbon
'sandwich' composites and advanced carbon laminate, a shift away from archaic fiberglass
composites. [2]

The Airbus-350 XWB widebody jetliner is made of more than 50% composites, giving
it a 25% reduction in fuel burn versus its aluminium competitors. [3]

Mechanisms and control plates, which can be damaged and deformed during
operation, are made of cellular constructions. The work analyzes the damages, thedfazards
their construction workability. Possible repair technologies with vacuum process, bonded
scarfed repair, conventional bolted repairs.
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When detecting damaged elements, a more suitable strength restoration technology
should be used for a specific location, and the strength of the damaged element after repair
should be calculated using as simple a methodology as possible.

To ensure maintenance, repair and structural renewal materials must be divided in
fibers, binders, monolayer blanks, etc. Based on the statistics of faults detected in operation
process we can make forecast.

Composite material structure

Composite materials consist of a combination of materials that are mixed together to
achieve specific structural properties. The individual materials do not dissolve or merge
completely in the composite, but they act together as one. Normally, the components
physically identified as they interface with one to another. The properties of the composite
material are superior to the properties of the individual materials from which it is constructed.

An advanced composite material is made of a fibrous material embedded in a resin
matrix, generally laminated with fibers oriented in alternating directions to give the material
strength and stiffness.

Composites materials manufacturing companies Boeing and Airbus use:

e Fairings

e Flight control surfaces

e Landing gear doors

¢ Leading and trailing edge panels on the wing and stabilizer

e Interior components

¢ Floor beams and floor boards

¢ Vertical and horizontal stabilizer primary structure on large aircraft

¢ Primary wing and fuselage structure on new generation large aircraft

e Turbine engine fan blades

e Propellers

A fiber is the primary load-carrying element of the composite material. The composite
material is only strong and stiff in the direction of the fibers. Unidirectional composites have
predominant mechanical properties. One direction and can said to be anisotropic, having
mechanical or physical properties that vary with direction relative to natural reference axes
inherent in the material. Components made from fiber-reinforced composites designed so that
the fiber orientation produces optimum mechanical properties, but they can only approach the
true isotropic nature of metals, such as aluminum and titanium.

A matrix supports the fibers and bonds them together in the composite material. The
matrix transfers any applied loads to the fibers, keeps the fibers in their position and chosen
orientation, gives the composite environmental resistance, and determines the maximum
service temperature of a composite [4].

Structural properties, such as stiffness, dimensional stability, and strength of a
composite laminate, depends on the stacking sequence of the plies. The stacking sequence
describes the distribution of ply orientations through the laminate thickness. Number of plies
with chosen orientations increases, more stacking sequences.

Proper selection of ply orientation in advanced composite materials is necessary to
provide a structurallyféicient design. The part might require 0° plies to react to axial loads,
+45° plies to react to shear loads, and 90° plies to react to side loads. Because the strength
design requirements are a function of the applied load direction, ply orientation and ply
sequence have to be correct. It is critical during a repair to replace each damagid aly
ply of the same material and ply orientation.
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The plies of a quasgskotropic layup are stacked in a 0°, —45°, 45°, and 90° sequence or
in a 0°, — 60°, and 60° sequence. These types of ply orientation simulate the properties of an
isotropic material. Many aerospace composite structures are made of quasi-isotropic material.

Warp Clock indicates the longitudinal fibers of a fabric. The warp is the high strength
direction due to the straightness of the fibers. A warp clock is used to describe direction of
fibers on a diagram, spec sheet, or manufacturer’s sheets [5].

As we known lot of process who are not correct and punctual performed can cause the
damages of the material. Before the repairs, we need to classified the damage and then
choose the correct way for the repair of material. Repair, can be made by person who certified
to perform repair job. Job place should be clean; also, tools should be certified and clean.

Often used aircraft composite materials

Fiberglass is often use for secondary structure on aircraft, such as fairings, radomes,
and wing tips. Fiberglass used for helicopter rotor blades. Fiberglas are call fiber-reinforced
polymer, or fiber-reinforced plastic is a composite material made of a polymer matrix
reinforced with fibers. The fiberglass have two different groups - Glass fiber reinforced
plastic group and Carbon fiber reinforced group.

Glass fiber reinforced plastic group (GFRP) is glass fiber reinforced polymer also
known as glass fiber are reinforced plastic with synthetic amalgamated fibers of glass. Fibers
is made of E-glass and polyester material together. Material can range a tensile sfrength
44-2358MPa. Glass fiber made from silica (sand), sodium carbonate and calcium carbonate
together with other compounds to give the specific properties required. The materials are
heated in a furnace and then extruded directly from the furnace through metal (a platinum,
rhodium, alloy) orifices of various diameters to produce filaments. A high-speed winder
revolving faster than the exiting molten glass draws them under tension into very fine
filaments. [6] GFRP composite material have a relatively low-cost, composite material as
compared to carbon and other metal fiber composites. Composite material is in demand for its
high strength, lightweight, corrosion resistance quality compressive strength while only
weighing a quarter of the weight of steel.

Aramid fibers (Kevlar) are lightweight, strong, and tough. Fibers are strong and used
as the filler in ARPCs with a phenolic resin or epoxy resin as a matrix. They are particularly
useful where energy has to be absorbed and dissipated, and they are able to resist abrasion.

Two types of Aamid fiber are use in the aviation industry. Kevlar® 49 has a high
stiffness and Kevlar® 29 has a low stiffness. [7]

An advantage of aramid fibers is their high resistance to impact damage, so they are
often use in areas prone to impact damage. The main disadvantage of aramid fibers is their
general weakness in compression and hygroscope. Service reports have indicated that some
parts made from Kevlar® absorb up to 8 percent of their weight in water. Therefore, parts
made from aramid fibers need to be protect from the environment. Another disadvantage is
that Kevlar® is difficult to drill and cut.

Carbon fibers reinforced plastic group (CFRP) are very stiff and strong, 3 to 10
times stiffer than glass fibers. Carbon fiber is a composite material that has a very high
strengthto-weight ratio and consists of carbon fibers embedded in a polymer resin. Carbon
fibers generally made heating filaments of propenonitrile, polyacrylonitrile (PAN) under an
atmosphere. Process part will have material oxidized PAN. The oxidized PAN is the placed
into a furnace with an inert atmosphere of a gas such as argon, who are heated. Process
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known as pyrolysis, the heating of a substance in the absence of air. The product, carbon
fiber, contains chains of carbon atoms, which are bondedts&ide (ladder polymers),
forming narrow sheets of carbon atoms, one atom thick, known as grapheme. Carbon fiber is
gray or black in color and is available as dry fabric and prepared material. [8]

Carbon fibers and the resin may be epoxy or other polymers, such as polyester used for
structural aircraft applications, such as floor beams, stabilizers, flight controls, and primary
fuselage and wing structure.

Advantages include its high strength and corrosion resistance. Disadvantages include
lower conductivity than aluminum. Carbon fibers have a high potential for causing galvanic
corrosion when used with metallic fasteners and structures

Honeycomb material provides certain properties and has specific benefits. The most
common core material used for aircraft honeycomb structures is aramid paper (Nomex or
Korex). Fiberglass use for higher strength applications. All the time there comes innovations
to use new materials for reduce new honeycomb types [9].

Composite material inspection ways and repairs. Composite material repairs, made if
damage are not more than the Permitted Damage Limits (PDL). If this limit are more than
allowed we need to have permit to make repair. In table below, you could see methods of
inspections and type of defects. According related defects, we can choose repair technologies,
tools and processes.

1. Table

Table of inspection and defects
Method of
inspections Type of defects
Visual Delamination| Disbond Crack Dent Wate_r Overheat nght_nlng

Ingestion | and Burns Strike

X-Ray X X X X X X X
Ultrasonic TTU X X X

Ultrasonic pulse

echo X X
Ultrasonic X X

bondtester

Tap test X X

Eddy current X

Infrared x x "
thermography

Composite repairs can be performed with repair tool package. Haand tools we can cut
material and for that we use as scissors, pizza cutters, and knives. Materials made from Kevlar
are more difficult to cut than fiberglass or carbon and tools wear quicker. Squeegee and a
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brush are used to impregnate dry fibers with resin for wet layup. Markers, rulers, and circle
templates are used to make a repair layout.

Repairs of composite components often performed with a technique known as vacuum
bagging. A plastic bag, sealed around the repair area. Air, is then removed from the bag,
which allows repair plies drawn, together with no air trapped in between them. Atmospheric
pressure bears on the repair and a strong, secure bond created. [10] Several processing
materials used for vacuum bagging a part. These materials do not become part of the repair.

Two small cuts made in the bagging material so that the vacuum probe valve can be
install. The vacuum bag is not very flexible and plies need to make in the bag if complex
shapes are to bag. Sometimes, an envelope type bag is used, but the disadvantage of this
method is that the vacuum pressure might crush the part. Reusable bags made from silicon
rubber are available that are more flexible. Vacuum repair process include also different ways
of test processes and repair process machines, hat can help to ensure quality of performed
procedure.

Prepared material is a fabric or tape that impregnated with a resin during the
manufacturing process. The resin system is already mixed and is in the B stage cure. Store
the prepared material in a &®r below 0 °F to prevent further curing of the resin. The
material typically placed on a roll and a backing material placed on one side of the material so
that the prepared does not stick together. The prepared material is sticky and adheres to other
plies easily during the stack-up process. You must remove the prepared from the freezer and
let the material thaw, which might take 8 hours for a full roll. Store the prepared materials in a
sealed, moisture proof bag. Do not open these bags until the material completely thawed, to
prevent contamination of the material by moisture. [11]

Bonding utilizes procured composite detail parts, and uses a layer of adhesive to bond
two procured composite parts. Honeycomb sandwich assemblies commonly use a secondary
bonding process to ensure optimal structural performance. Laminates co-cured over
honeycomb core may have distorted plies that have dipped into the core cells. As a result,
compressive stiffness and strength can be reduced as much as 10 and 20 percent.

A large proportion of current aerospace composite components are light sandwich
structures that are susceptible to easily damage. Sandwich structure is a bonded construction
and the face sheets are thin, damage to sandwich structure repaired by bonding. A potted
repair can repair damage to a sandwich honeycomb structure that is smaller than 0.5 inches.
The honeycomb material could be in place or could be remove and filled up with a potting
compound to restore some strength. Potted repairs do not restore the full strength of the part.
Potting compounds are most often epoxy resins filled with hollow glass, phenolic or plastic
micro balloons, cotton, flux, or other materials. The potting compound can use as filler for
cosmetic repairs to edges and skin panels. Potting compounds use in sandwich honeycomb
panels as hard points for bolts and screws.

Most damage to fiber, reinforced composites is a result of low velocity and sometimes-
high velocity impact. In metals the energy dissipated through elastic and plastic deformations,
retains a good deal of structural integrity. Whilst in fiber reinforced material the damage is
usually more extensive than that seen on the surface.

Researchers have been developing the blended wing concept and NASA are exploring
the technology of morphing or shape-changing aircraft, taking inspiration directly from
nature.

New repair technologies use 3D scanners and ultrasonic handheld thermal imaging
cameras. Advances in micro electromechanical sensors (MEMS) have produced the type of
technology needed to embed strain gauges in composites, proactively detecting defects.

51



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

Using a soft magnetic circuit with a diameter of only 10 to 60 microns to measure the
stress in the carbon fiber. The carbon fiber will have microwares laid between the layers. In
the grid. Stresses near the microwares can affect the response of the material to external
magnetic fields.
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Abstract

The growing advance in information and communication technologies has transformed
the business models of distribution channels. As a consequence, the International Air
Transport Association (IATA) developed a tool, which translates into a data transmission
standard, based on an XML-type communication between airlines and third-party distributors.
Recently, new technologies include a wide variety of SoLoMo applications, that is, social
networking applications based on mobile devices. More and more airlines prefer to use
distribution channels that favor direct contact with the final consumer, and currently they
introduce their booking engines on sharing platforms. In this way, they follow the digital
transition, boosting the sales spectrum, increasing revenues.

Key words: Business models, Distribution, GDS, OTA, Travelling, Websites

Introduction

Between markets, products and services, lines of communication are established to
simplify business. These communicating vessels that link the various players in the tourism
business are known as distribution channels. The development of innovations in technological
hotel, tourism and air transport services, and innovative business models, have revolutionized
the hospitality and tourism industries (Bilgihan & Nejad, 2015). In recent years, we have seen
great changes, sometimes highly disruptive and radical, and with a strong impact on company
acounts.

Research on innovation services has evolved from a generic perspective to a perspective
of differentiating products and services, emphasizing the need for an integrated approach of
technological and non-technological aspects (Bilgihan and Nejad, 2015).

According to Thakran and Verma (2013), travel and tourism are described in four eras:
Global Distribution System (GDS), Internet, SoLoMo and Hybrid periods. Recently, the trend
towards disintermediation was again impacted by new technologies, the Customer
Engagement Technology (CET). This innovation includes a wide variety of SoLoMo
applications, that is, social networking applications based on mobile devices. The main trends
that occurred in 2013, and that the future no longer hides, are the basics of HTML (investing
more and more in search engines) and Liquid Sites (on the part of customers the use of
various devices for research (Thakran and Verma, 2013).

The growing advance in information and communication technologies (ICT) has
transformed the business models of distribution channels: traditional players will continue to
disappear, due to technological development (Dieck et al., 2018). In 2015, more than 25% of
the global population used a smart phone, demonstrating the growing importance of$ooking
made in a smartphone environment and the use of social networks. In 2019, with 3.2 billion
smartphone users worldwide, and a global population of around 7.7 billion, global penetration
of smart phones reached 41.5%.

The purpose of this article is to study the behavior of tourist businesses, in the areas of
Air Transport and the Hotel Industry, when they use the Global Distribution System (GDS),
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Online Travel Agents (OTA), and Metasearch. Will the GDS disappear? Will OTAs “mix”
with metasearch websites? The literature review draws the attention of the various players in
the tourism industry, confronting the impacts on tourism businesses.

Methods

The methodology is based on reading articles from leading journals, as well as other
non-scientific publications, but equally important at the level of regulatory institutions.

Given the relevance of the theme, which includes the digital transformation to which the
tourism sector has been subject, all those who contribute to the evolution of the tourism
business are defined as players. These refer to Online Travel Agencies, or OTA, Airlines in
different business models, GDS, hotels and price comparison websites (Metasearch).

Travel agencies

The internet and mobile technologies have several tools that allow consumers to
browse, analyze and purchase products and services directly from the supplier.

The role of travel agencies, in their role of intermediation, begins to be questionable.
According to Kaewkitipong (2010), travel agencies must respond positively to the potential
threat of disintermediation, although the power of traditional agencies is decreasing.
However, some customers will continue to use the services of travel agents, and this situation
is attributed to cultural, demographic and regional differences (Law et al., 2015). From
booking agents as the main function, they can start to fulfill only the travel planning and
advisory services. Travel agencies have placed even more emphasis on online shoppers, and
as competition has increased, the number of online shoppers has grown similarly (Min and
Lee, 2020). For OTA to grow, changing the traditional paradigm, it is necessary that they find
new ways to increase the confidence and satisfaction of tourists. OTAs provide the same
services as a traditional travel agency (Min and Lee, 2020), including accommodation,
transportation, guided tours, reservations and related services, but using a digital platform.

The new distribution models are already very dependent on mobile devices, and on all
the technology that allows interaction with the end consumer, for example, speech and speech
recognition software. Google, a technology multinational, can become a giant of online
distribution, thus shaking the sector of online travel agencies (Camilleri, 2018). Google
Flights, works as a search engine that retrieves airline fares, and also performs its searches on
a large number of OTA (e.g., Expedia or Orbitz). Search engines and mobile applications
currently allow, in a very usual way, to compare and buy tourist products, including flights,
car rental, cruises, hotel accommodations and other means of transport.

The tourism industry is becoming a reference in e-commerce, having the ability to
completely change the current paradigms about the acquisition of services. It is, in fact, a field
of remarkable inspiration for the investigation of the phenomenon of tourist distribution
(Werthner and Ricci, 2004). Distribution has emerged as one of the most dynamic elements in
the tourism industry, the result of information technologies, which have known how to
revolutionize communication between companies and consumers. It has become one of the
few elements in the marketing mix to contribute to the competitiveness of organizations
(Buhalis, 2000).

A number of changes have taken place in distribution channels over the past six years:
the emergence of new travel agents has decreased, while new forms of communication and
distribution have emerged (online), in particular social networks, online critical sites and
mobile applications. increasingly play a very important role in the value chain of hotel
services. Creating and maintaining a presence in the electronic market is essential for all
companies in the tourism industry. Traditional information channels remain very important
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for customers looking for personalized services, and tourist companies must seek to design
functional mobile applications in order to compete (reservations) in the online market
(Anckar, 2003). Although OTA may offer better price offers, traditional tour operators are
able to meet personal desires as it is the only way to stay and become competitive (Dieck et
al., 2018). OTAs are a new form of intermediation that allows end customers to have access
to information provided by GDS, electronically and at a relatively low cost.

OTA leveraged e-commerce by creating disruption and imposing very innovative
practices (O'Connor, 2019). Obviously they represent a risk for offline travel agents, who
traditionally act as intermediaries between GDS and final consumers (Granados et al., 2008a).
OTA controls almost half of online travel, posing a serious threat to the viability of other
similar companies (Martin-Fuentes and Mellinas, 2018). However, maintaining a presence on
the web requires a large investment in marketing, mainly because the online market has
become dominated by a portfolio of new intermediaries, all of whom are very connected to
technology.

The integration of artificial intelligence in real time and the use of big data are totally
modifying the business environment on the web (Buhalis and Sinarta, 2019). Several price
comparison sites have also emerged, with significant developments in terms of inventory (for
the benefit of travel agents and customers who book directly).

M etasear ch

In recent decades, there has been a growth in Information and Communication
Technologies (ICTs), and the impact they have had on the tourism industry and on the
behavior of travelers. Advances in technology, for example ‘shopbots’, create disruption, and
have shaken industry structures. These occupy a very relevant place in the emerging role of
‘metasearch’ agents, who work in online travel, and in the vulnerability of industry
intermediaries (Granados et al., 2008a). The 'shopbot' technology is software that
automatically searches the internet space, searches for specific products, compares prices,
searches for the lowest prices, and often offers opinions to customers, for example, on their
quality.

The search engines of the type "metasearch” date from 1999, when the companies
SideStep and FareChase were launched as search engines and whose objective was to
aggregate prices of different OTA. Metasearch is a search tool where the user makes a query
through the metabusca mechanism, and this forwards the request to several search engines
(Mikaelsson and Mikkelsen, 2018), and on websites that do multiple searches among
themselves.

The differences between OTA and metabusca sites lie in the various mechanisms for
operational revenue management. OTAs collect customer information (for example, travel
destination, number of flights, selection of schedules, number of travelers); this information is
subordinated to a computerized reservation system (CRS) that searches for relevant flights,
and that matches the search criteria. Through the CRS, the agencies receive the requested
information and provide the customer with the travel itinerary. If the customer buys a ticket,
the travel agency (OTA) processes the reservation together with the CRS, and receives a
commission from the company in return. Unlike OTAs, travel metasearch sites operate by
gathering data simultaneously, and online travel agency sites (including OTAs) (Park and
Gretzel, 2008) using their (OTA) inventory and presenting the results of search on a single
screen. Metasearch sites do not provide the full range of travel possibilities and content,
typically found on OTA sites.
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Airlines

In the 1950s, some airlines and hotels started using reservation systems integrated in
software, with the aim of automating reservation systems. This systematization served the
hotel industry, air transport and car rental companies. The airlines, in a clear improvement of
their distribution strategies, installed the software in the terminals of their intermediaries
(travel agents). American Airlines 'Saber and United Airlines' Apollo are two examples of this
practice.

In the United States of America, in 1976, United Airlines already installed its own CRS
- Apollo in travel agencies. Four years later, European airlines are starting to invest in their
CRS. In 1987, a consortium led by Air France and Lufthansa developed Amadeus, having
been launched in 1992. Delta, Northwest Airlines and TWA (1990) formed Worldspan, and in
1993 British Airways, KLM and United Airlines launched Galileo International, an Apollo-
based GDS.

The main customers of the GDS are travel agents, who are able to make reservations in
real time, allowing them to secure flights, hotels, rental cars, etc. GDS have also been
threatened by new businessbusiness, easier to do because of the internet. The lack of
vision on the part of the GDS, very high costs and the recurrent inefficiency, resulted in the
reduction of their margins due to the increase in competition and the loss of customers
(Granados et al.,, 2008a). The diminished quality of the GDS in the functionalities of
electronic distribution has led to the disinheritance of many customers, opening the door to
OTA, and these, to other players.

In the spectrum of digital transformation, which has been taking place, airlines sell their
services (places and additional services) through their own websites, and also through OTA
platforms, such as Expedia and Travelocity (Koo et al., 2011) . Despite the fact that this
distribution is associated with lower costs, selling through OTA allows to increase customers,
therefore, it is more likely that today there will be increases in revenue. While most passeng
carriers have taken a multichannel approach to selling airline tickets through OTA platforms
and their websites, some companies (Southwest Airlines, easyJet and Ryanair) sell only
through a single channel (the own) (Koo et al ., 2011).

New technologies lead to a distance between OTA and GDS, due to the electronic result
of the markets, but also, due to the effects of the meta search mechanisms that accelerate this
phenomenon of separation (Granados et al., 2008b). OTAs and GDSs are likely to create
innovations to compete and invest in new brokering strategies. For example, GDS Amadeus,
which invested 300 million euros in 2001 to renew its distribution platform, reduced its
contracting prices with the airlines, its main customer, and developed interface features, not
forgetting target mechanisms search.

As time progresses, the tourism industry has been focusing on direct distribution
channels, whether retailers or end consumers (Camilleri, 2018), leading to less dependence on
GDS. As a consequence, the International Air Transport Association (IATA) announced its
new tool - New Distribution Capability (NDC) -, which translates into a data transmission
standard, based on an XML-type communication, between airlines and third-party distributors
(Bingemer, 2018). The IATA NDC allows the sale of auxiliary products (luggage, meals,
special places, etc.), allowing airlines to increase their revenues, avoiding GDS surcharges.

More and more, hotels and airlines use their websites for the direct sale of their services,
always relying more often on the use of available digital media. Airline distribution charges,
which are the cost of sales, have increased more rapidly than other expenses (in the past
decade), especially when commissions and incentives are paid to travel agents (Morrell,
1998).

56



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

Some studies assure that more and more consumers are willing to book products
electronically (hotels, restaurants and airline tickets) due to their relevance. On the other hand,
consumers can thus gather information on price, level and quality of service, in a more agile
and correct way to make decisions.

For air transport, OTAs amplify the channels for purchasing tickets, expanding the
purchasing potential of passengers, but at a cost materialized in a commission. OTAs can
offer airlines a broader consumer base than if they were only sold through their official
website (Cui, 2019). It is easy to see that airlines need several distribution channels to
increase the sales spectrum and improve the return on tariffs. The internet helped the
performance of low cost companies, since most of the GDS did not integrate the inventory of
Low Cost companies.

Hotels

The ability to selectively manage a multitude of channels, instead of trying to eliminate
them, is the new focus of hotel managers (Christodoulidou et al., 2007). The internet is a
stimulus for hotel marketers and an opportunity for customers to book directly through their
websites (Connolly et al., 1998), requesting all types of services.

Through customer orders, and in the various forms of technological access, the hotel
industries organize databases for customer management (CRM - Customer Relationship
Management), personalizing and improving guest experiences, using order histories and
consumption models (Bilgihan and Nejad, 2015). Also, hotel revenue managers need to be
able to choose between the various distribution channels available, taking into account the
various consolidators.

One of the challenges is the choice of possible distribution channels, in order of
importance and the number of rooms available for sale (O'Connor and Frew, 2004). Price
disparities can exist between hotel websites and certain OTA, even when referring to the same
accommodations. There may be disparities in prices, and it is necessary to verify the amounts
using the websites of these hotels as well as the verification in the main OTA (Gazzoli et al.,
2008).

According to a study by Anderson (2009) on hotel choices on OTA search engines,
when hotel names were listed on Expedia, there was an increase in reservations at the hotels'
own distribution channels (not through the Expedia). It is quite possible for the customer to
obtain information through Expedia (OTA), but then, book your room through the website of
your preferred hotel.

Social networks

Social networks are a group of applications based on the internet that allow the creation
and exchange of content generated by users (Kaplan and Haenlein, 2010). There are several
ways, for example, evaluation applications (Tripadvisor), microblogs (Linkedin and Twitter),
news applications, sharing (Youtube), shopping sites (Amazon), sharing platforms (UBER
and Airbnb), etc. All applications encourage sharing and discussion.

According to Leung et al. (2013), in the areas of tourism and hospitality, users use
social networks during the research and planning of their travels. Hotels try to keep up with
the market's adoption of social networks, however, the hotel industry has not yet explored the
full potential of social networks (Noone et al., 2011).

Final considerations
The number of technology users associated with the purchase of tourism products and
services is notoriously increasing, since intermediation increases costs, both for the end
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customer and for the supplier. For this reason, contact at the time of sale must be direct
‘expelling’ intermediation (travel agencies) from the circuit. Thus, in an attempt to minimize
the distance from the end customer by outsourcing the transaction, travel agencies had to
reoccupy their space on the circuit, adapting to new business models driven by the internet.
There was, therefore, a transformation from traditional business to online transactions,
materialized through OTA.

Competition has also become more fierce, due to continued attempts to bypass travel
agents, but also among OTA themselves. Among these, there is unrestrained competition
because, due to the effect of the internet, the number of transactions is very high and
extremely fast.

The 'link' between travel agents operating in the electronic market moves towards new
intermediation models, whether through a reservation, but also through price comparison
mechanisms. In this context, aggregating companies emerge, with technology that allows
them to become true price comparison machines between OTA, GDS, hotels, car rental
companies and airlines.

GDS, due to its weak internet connection and its exacerbated costs, also lost in
connection with airline inventories. Increasingly, carriers prefer direct contact, always
showing greater preference for all channels that favor direct contact with the final consumer.
Here too, aggregators, via their metasearch-type sites, play a strong card against, thetGDS
in favor of the airlines. However, there are some exceptions, such as Southwest, which always
prefers its direct relationship with the customer.

The 'metasearchers’ put disruption in the market, interrupt circuits, select customer
targets through studied algorithms, and increasingly encourage the use of mobile applications
in increasingly virtualized spaces, for example social networks. On these, and after some
abandonment, hotels and Airlines begin to introduce their booking engines on these sharing
platforms, with the dual intention of informing and booking services.

About the hotels and their chains, we see the idea that partnerships with the main OTA
(eg, Expedia) can have a very interesting payback, especially in the distribution and
promotion of services including the intention to divert sales to the websites hotel chains.
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Abstract

This study is devoted to the study of the processes and prospects for the development of
entrepreneurship in civil aviation of airlines - low-cost airlines, in order to find ways to
improve the management system for this development. The work examines the problems that
hinder the development of world and Latvian entrepreneurship in civil aviation, highlights the
prospects and directions for improving the development of low-cost airlines in civil aviation
and the process of managing them. Methods of systemic and economic analysis are used as
research tools. Analysis period - before the COVID-19 pandemic.

In the course of the study, the historical stages of the formation of low-cost airlines
were considered, 10 main methods of cost reduction were identified, which are the basis for
Low-cost carrier business model practices. The problems that hinder the development of
entrepreneurship are identified and promising directions of development in civil aviation of
low-cost airlines in Latvia are identified.

Keywords: market development, business aviation, low-coster airlines, competitiveness

Introduction

The collapse of the unified air transport system of the former Soviet Union led to the
elimination of the monopoly on air transport, which manifested itself in the creation of
independent airlines. After independence, as well as the accession of Latvia to the European
Union in 2004, a new type of airlines specializing in business transportation has appeared on
the market.

According to the documents of the European Business Aviation Association, business
aviation is the aviation sector related to aircraft operated or used by companies for the
transport of passengers and luggage, and as an additional tool for a company's business.

It can be argued that the problem of the formation of the world business aviation market
in modern conditions belongs to fundamental research and is associated both with the
determination of the directions for the development of business aviation, and the formation of
relationships between all subjects of this market. Therefore, the study, generalization and
substantiation of methodological approaches to the problem of the formation of the world
market of business aviation in the context of globalization are relevant and can be put forward
as a priority task.

Business aviation companies are making a significant contribution to the integration of
Latvia into the world market. In the context of expanding international cooperation, the
development of business contacts becomes an integral part of a successful business, which is
possible only with personal communication between partners. The need for individual air
travel contributes to the development of the global business aviation market, where the main
emphasis is placed on meeting individual requirements for providing fast, safe and
comfortable transport services, combined with low prices and the provision of a whole range
of related services.
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There has never been such intense competition in the global air transportation market as
it is today. This market was changed by airlines - low-cost airlines.

Main part

The indisputable drivers in the process of increasing the level of air transport
accessibility of the population in the world are low-cost airlines, the so-called LCC - Low-
Cost airline. There are several types of definitions of low-cost airlines: Low-Fare, No-Frills,
Discount Airline, and actually combining all of the above - Low-Cost Company (LCC) and
how an even tougher version of the Ultra Low Cost Company (ULCC). Despite all the variety
of interpretations, the unifying platform for all of the above-listed variations of low-cost
carriers is the unified principle of the airline's own low-cost (Low-Cost), optimization and
reduction of its own costs, and, as a derivative of this, offering the consumer air travel at an
attractive cost.

A low-cost carrier or low-cost airline (occasionally referred to am-frills, budget or
discount carrier, and abbreviated 4sCC) is an airline that is operated with an especially high
emphasis on minimizing operating costs and without some of the traditional services and
amenities provided in the fare, resulting in lower fares and fewer comforts. To make up for
revenue lost in decreased ticket prices, the airline may charge extrasieds as for carry-on
baggage.

The term originated within the airline industry referring to airlines with a lower
operating cost structure than their competitors. While the term is often applied to any carrier
with low ticket prices and limited services, regardless of their operating models, low-cost
carriers should not be confused with regional airlines that operate short flights without
service, or with full-service airlines offering some reduced fares.

While tour and package operators have offered lower-priced, lower-frilled traveling for
a large part of modern airline history, not until during the po¥ietnam War era did this
business model escalate. Through various ticket consolidators, charter airlines, and innovators
in lower-frills flying, such as Channel Airways and Court Line, the traveling public had been
conditioned to want to travel to new and increasingly further away and exotic locations on
vacation, rather than short-haul trips to nearby beach resorts. The world's first low-cost airline
was Pacific Southwest Airlines, which started intrastate flights connecting Southern and
Northern California on 6 May 1949. PSA's light-hearted atmosphere and efficient operations
were a runaway success early on, and inspired a number of low-cost start-ups across the
United States, beginning in the mid-60s. Herb Kelleher studied the success of PSA, and
copied their culture closely when he established Southwest Airlines in 1971.

The first airline to offer cheaper transatlantic fares was Icelandic airline Loftleidir in
1964, often referred to as "the Hippie Airline". Many young Americans travelled to Europe
after graduation, to experience the "old-world culture”, and they were more concerned with
getting there cheaply than comfortably or even exactly on time. Loftleidir were not famous
for speed or punctuality, but flying with the company became a sort of rite of passage for
those young "hippies”, one of whom was Bill Clinton, later US President [1]

Since then, the air transportation market has changed irrevocably. To survive, airlines
must regularly optimize their costs and logistics solutions. Those who don't, disappear from
the market or are subsidized in some way.

By 2017, low-cost carriers had achieved market share of 57.2% in South Asia and
52.6% in Southeast Asia. Market share remained somewhat lower in Europe at 37.9% and
North America at 32.7% [2].

For the European Commission, the LCCs market share (44.8%) exceeded legacy
carriers (42.4%) in 2012: between 2002 and 2017, LCC share of international seat capacity
rose from 23% to 57% in the UK, from 10% to 55% in Italy and from 9% to 56% in Spain but
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have still room for growth in domestic seat-capacity In France with 19% and in Germany with
25% in 2017, compared with 66% in the UK, 48% in Spain and 47% in Italy [3].

By early 2019, there were more than 100 LCCs operating 6,000 aircraft, doubled from
2,900 aircraft at the end of 2009, while seat capacity reached nearly 1.7 billion in 2018. LCCs
accounted for 33% of intra-regional seat capacity in 2018 with 1.564 billion, up from 25% in
2008 with 753 million, and 13% of seat capacity between regions with 101 million, up from
6% in 2009 with 26 million. In 2018, penetration rate was 41% of seats within Europe, 36%
within Latin America, 32% within North America, 29% within Asia Pacific, 17% within the
Middle East and 12% within Africa [4].

Low-cost carrier business model practices vary widely. Some practices are more
common in certain regions, while others are generally universal. The common theme among
all low-cost carriers is the reduction of cost and reduced overall fares compared to legacy
carriers (Traditional airlines have also reduced their cost using several of these practices).

General methods:

1. Aircraft. Most low-cost carriers operate aircraft configured with a single passenger
class, and most operate just a single aircraft type, so cabin and ground crew will only have to
be trained to work on one type of aircraft, however some low-cost carriers choose to operate
more than one type and configure their aircraft with more than one passenger class. This is
also beneficial from a maintenance standpoint as spare parts and mechanics will only be
dedicated to one type of aircraft [5]. These airlines tend to operate short-haul flights that suit
the range of narrow-body (single aisle) planes. As of lately however there is also a rise in
demand for long range low-cost flights and the availability of next generation planes that
make long haul routes more feasible for LCCs [6].

In the past, low-cost carriers tended to operate older aircraft purchased second-hand,
such as the McDonnell Douglas DC-9 and older models of the Boeing 737. Since 2000, fleets
generally consist of the newest aircraft, commonly the Airbus A320 family and Boeing 737.
Although buying new aircraft is usually more expensive than second-hand, new planes are
cheaper to operate in the long run since they are extremely efficient in terms of fuel, training,
maintenance, and crew costs per passenger.

In 2013, ch-aviation published a study about the fleet strategy of low-cost carriers. They
summarized that major LCCs that order aircraft in large numbers get large discounts for doing
so, and due to this they can sell their aircraft just a few years after delivery a¢ dighc
enough to keep their operating costs relatively low. Of course, the strategies of negotiating
discounts for large orders and reselling planes are also available to higher-cost carriers as well
[7].

Aircraft often operate with a minimum set of optional equipment, further reducing costs
of acquisition and maintenance, as well as keeping the weight of the aircraft lower and thus
saving fuel. Ryanair seats do not recline and do not have rear pockets, to reduce cleaning and
maintenance costs. Others have no window shades. Pilot conveniences, such as ACARS, may
be excluded. Often, no in-flight entertainment systems are made available, though many US
low-cost carriers do offer satellite television or radio in-flight. It is also becoming a popular
approach to install LCD monitors onto the aircraft and broadcast advertisements on them,
coupled with the traditional routaltitude-speed information. Most do not offer reserved
seating, hoping to encourage passengers to board early and quickly, thus decreasing
turnaround times. Some allow priority boarding for an extra fee instead of reserved seating,
and some allow reserving a seat in an emergency exit row (for longer leg room) at an extra
cost [8].
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2. Bases. Like the major carriers, many low-cost carriers develop one or more bases to
maximize destination coverage and defend their market. Many do not operate traditional hubs,
but rather focus cities [9].

3. Simplicity. Airlines often offer a simpler fare scheme, such as charging one-way
tickets half that of round-trips. Typically fares increase as the plane fills up, which rewards
early reservations. In Europe (and early in Southwest's history) luggage is not transferred
from one flight to another, even if both flights are with the same airline. This saves costs and
is thought to encourage passengers to take direct flights. Tickets are not sold with transfers, so
the airline can avoid responsibility for passengers' connections in the event of a delay. Low-
cost carriers often have a sparse schedule with one flight per day and route, so it would be
hard to find an alternative for a missed connection. Modern US-based low-cost carriers
generally transfer baggage for continuing flights, as well as transferring baggage to other
airlines. Many airlines opt to have passengers board via stairs, since jetways generally cost
more to lease [10].

4. Non-flight revenue. Low-cost carriers generate ancillary revenue from a variety of
activities, such as a la carte features and commission-based products. Some airlines may
charge a fee for a pillow or blanket or for carry-on baggage. In Europe, it is commoatfor ea
and every convenience and service to have an additional charge. AirAsia, for example,
generates revenue by courier services and hotels as well as flights [11].

5. Limit personnel costs. Low-cost carriers intend to be low-cost, so in many cases
employees work multiple roles. At some airlines flight attendants also work as gate agents or
assume other roles, thereby limiting personnel costs. Southwest Airlines is well known for
using fuel hedging programs to reduce its overall fuel costs. Check-in at the gate gélugga
requires fees, as it requires addition to the weight calculation and last-minute baggage
handling.

Online check-in is becoming common, again in the interest of avoiding personnel costs.
Where permissible, some airlines have a disinclination to handle Special Service passengers,
for instance by placing a higher age limit on unaccompanied minors than full-service carriers
[12].

Often these airlines don't offer connecting tickets, since the airline will have to pay for
ground crew to transfer luggage. A customer may create a connection manually by purchasing
two separate tickets, but these are considered separate contracts, and the passenger bears the
risk if a delayed inbound flight causes a missed connection [13].

Carriers like Ryanair hire pilots through third-party agencies based in low-tax countries
without benefits for sick pay, pensions or health insurance. Traditional carriers have also
started to try this, including starting their own low-tax agencies. These agencies can easily
find less experienced co-pilots and cabin crew, as the profession is popular, but there are
problems for low-cost carriers to recruit and keep captains who have to be experienced [14].

6. Principles of operation. At IATA, a LCC operation is defined as including the
following characteristics, at least to some degree:

« Primarily pointto-point operations,

« Short-haul routes, often between regional or secondary airports,

« Strong focus on price-sensitive traffic, mostly leisure passengers,

« Typically, a single service class, with no (or limited) customer loyalty programmes,

« Limited passenger services, with additional charges for some services (e.g., on-board
catering),

« Low average fares, with a strong focus on price competition,

« Different fares offered, related to aircraft load factors and length of time before
departure,

64



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

« A very high proportion of bookings made through the Internet,

« High aircraft utilisation rates, with short turnaround between operations,

« A fleet of just one or two aircraft types,

« Private-sector companies,

« A simple management and overhead structure with a lean strategic decision-making
process,

While low-cost airlines differ in service offerings, by definition they feature most of
thefollowing:

« Standardized fleet (lower training, maintenance costs; purchasing aircraft in bulk),

« Absent non-essential features (reclining seats, frequent flyer schemes),

« Use of secondary airports for lower landing fees and marketing support,

« Avoidance of airports with high costs,

« Rapid turnaround (less time on the ground, more flights per day),

« Fly also less convenient times of the day, which price sensitive tourists accept (while
business travellers want to fly at times suiting their schedule),

« Online ticket sales to avoid the cost of call centres or agents,

« Online check-in (fewer @dtkin desks), charge for desk check-in,

« Baggage charges for checked bags to offset baggage handling and loading costs,

« Passenger loading via stairs rather than jetways,

« Use staff for multiple jobs (cabin crew also check tickets at the gate, clean gircraft

« Hedge fuel costs (buying fuel in advance when cheaper),

« Charge for all services (including on-board services, reserved seating, and extra
baggage),

« Do not use reserved seating (which slows down boarding), or charge extra for reserved
seating or early boarding,

« Fly pointto-point (passenger transfers to other flights are not accommodated, no
compensation for missed connections),

« Carry little extra fuel (reducing aircraft weight),

« Outfit plane with cost-cutting modifications, such as winglets,

« Route planning before aircraft arrives at airport (saving time on the ground),

« Market destination services such as hotels and rental cars for commissions [15].

7. Innovative practices. Some airlines resort to very innovative practices. Many
airlines theselays’ work with aircraft manufacturers, but airlines such as AirAsia goes a step
further, working with airports to develop specially designed low-cost terminals that require
far less overhead. Lower costs are passed on to the airline, and in turn to the customer.
Ryanair generally make the airports accept their boarding passes which passengers print
themselves, although at some airports (where Ryanair is not dominating) passengers have to
replace it with a normal boarding pass from the airport. Other practices that reduce expenses
are the use of UAVs for aircraft checkups, tablet PCs instead of logs on paper (reduces
airplane weight), and smartglasses for the pilot [16].

8. Differentiation. Not every low-cost carrier implements all of the above points. For
example, some try to differentiate themselves with allocated seating, while others operate
more than one aircraft type, still others have relatively high operating costs but lower fares.
JetBlue, for instance, has in-flight entertainment in every passenger seat. Other airlines are
limited on what points they can implement based on local laws. For example, Ryanair cannot
remove window blinds from its aircraft, as they are required by the Irish Aviation Authority.
As supply increases, this sort of differentiation by brand is an important criterion for the
future success of low-cost carriers, since many experts believe price competition alone is not
enough, given the number of carriers [17].
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9. Ultra low-cost carrier. A secondary term "ultra low-cost carrier" (ULCC) has been
used to differentiate some low-cost airlines whose model deviates further from that of a
standard low-cost carrier, with ultra low-cost carriers having minimal inclusions in the fare
and a greater number of add-on fees [18].

10. Pricing policy. The pricing policy of the low-cost carriers is usually very dynamic,
with discounts and tickets in promotion. Like other carriers, even if the advertised price may
be very low, it often does not include charges and taxes. With some airlines, some flights are
advertised as free (plus applicable taxes, fees and charges). Depending on the airline, perhaps
as many (or as few) as ten percent of the seats on any flight are offered at the lowastlprice
are the first to sell. The prices steadily rise thereafter to a point where they can be comparable
or more expensive than a flight on a full-service carrier.

Having looked at the top 10 cost-cutting methods that are embedded in the practice of a
low-cost carrier business model, it becomes interesting why discounter airlines are failing and
what is the current situation in the industry.

There has never been such intense competition in the global air transportation market as
it is today. Low-cost airlines were the first to change this market in the 80s - the mos$ famou
now in Europe are Ryanair, EasyJet, Wizzair and Norwegian (See Fig. 1.).

Top European LCC Groups

Fleet size of 100+ aircraft (MAY 2020)

M - Wizz Air \
10 - Wizz Air UK

167 - EasyJet UK

140 - EasyJet Europe

30 - EasyJet Switzerland
Wizz Air

Holdings

vl

Ryanair | i
Holdings
467

Norwegian

— P 140
280 - Ryanair
b4 - Buzz
116 - Malta Air
26 - Lauda

1 - Ryanair UK

21 - Norwegian Air Shuttle

29 - Norwegian Air International
13 - Norwegian Air UK

3 - Norwegian Air Argentina

21 - Norwegian Long Haul

53 - Norwegian Air Sweden

Figure 1. Top European low-cost carrier holding companies and their current fleet size
(Source!"LCCs: global market share gainsled by emerging markets'. CAPA — Centre
for Aviation. 19 Feb 2019.)
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In the US market, the model of this business was presented back in 1973 by Southwest
Airlines. Since then, the air transportation market has changed irrevocably. In order to
survive, the analysis showed, airlines regularly optimize their costs and logistics solutions.
And those who don't, disappear from the market or are subsidized in some way.

The airline industry is currently experiencing the longest growth cycle, fueled by low
fuel prices for some time.

40%
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35% 33.9%

32.2% 37 8% 33.1%
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30% 28.2%

27.4%

24.8%
25% 23.9%
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5%

0%
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(Source: https://www.statista.com/statistics/1117218/low-cost-carrier-market-share-
europe/)
Figure 2. Market share of low-cost carriers in Europe from 2009 to 2019

Since 2009, the transportation market has been growing (except for the situation with
COVID-19 in 2020), and tariffs for almost all air carriers are relatively similar and low.
Modern technologies allow passengers to choose the cheapest and optimal solution without
intermediaries. Since the market for low-cost airlines at regional airports is already saturated,
low-cost carriers began to compete on primary (HUB) routes, where it is no longer possible to
survive on one discounter model, but full-service companies are forced to adapt to
competitive conditions.

In 2018, after a massive expansion and launch of transatlantic flights, the Icelandic
airline Primera Air, which is also based in Latvia, went bankrupt unexpectedly, as well as
well-known low-cost airlines such as Air Berlin and Monarch Airlines. The failures of these
companies are due to the inability to refinance negative cash flow in the short term. These
companies were involved in risky transport projects aircraft deliveries were delayed or they
could not compete with other market players. In any case, the aviation industry is growing
steadily, but this business is fraught with high risk and relatively low profitability, which
makes it difficult to raise capital for regular fleet modernization, and this directly affects cost
efficiency.

Conclusion
The appearance on the market of Low-Cost Carrier is due to the fact that this method of

transportation is the best option for a person with an average income. It is thanks to the ultra-
low price that such flights are gaining more and more popularity all over the world. For
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people with a rational approach to organizing a trip, this way of travel has no analogues. The
ease of buying cheap tickets online plays a role.

Today, low-cost airlines act as a vector for the dynamic development of the world air
transportation market. Thus, according to the International Air Transport Association (IATA),
the passenger traffic of low-cost carriers (LCC) in the world in 2018 increased by 13.4% with
the overall industry dynamics of 6.9%. They accounted for 21% of the market (for example,
in 2004 - 11%). The European and North American LCC markets, which are currently the
most developed, are close to saturation.

After analyzing the features of the business models of low-cost companies, one can
single out the main elements that distinguish them from network carriers, these are: the use of
a typical fleet of aircraft and second-tier airports, the provision of a limited set of services, the
implementation of direct air transportation, mainly of short and medium haul, the distribution
and sale of services from the use of Internet technologies, a high level of labor productivity
and fleet operation.

It can be concluded that low-cost airlines now demonstrate lower average costs and a
higher level of operating profitability compared to network carriers. LCCs employ techniques
that translate into a kind of hybrid model. Under the influence of low-cost airlines, traditional
carriers began to change approaches to organizing business. Now, in principle, all airlines are
hybrid. Not only full-service companies are partially adopting the principles of public sector
employees, the opposite process is going on. Many low-cost airlines that initially did not have
business class are returning this option, while the majors are reducing it to a minimum.

It seems expedient to use the potential of the low-cost airline effect for the development
of the Latvian civil air transportation market. According to the author, the main constraining
factors for the development of the industry are the low level of air traffic of the population
and the limited availability of air transport services. Low-tariff transportation can be
considered as one of the mechanisms for solving these problems. The effect of low-cost
airlines will not only contribute to the activation of air transportation, but will also have an
impact on related industries.
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Summary

The paper is dedicated to theoretically research of the distribution laws used to analyze
the experimental testing results of the samples of carbon fiber. Using the computer program
MS Excel, case quantities with different distribution laws are modelled as; Exponential
distribution, Normal distribution, Log - normal distribution, LW - distribution and Weibull
distribution. The ideal theoretical types of distributions are displayed, resulting in histograms
and graphs of the empirical distribution function. The study used the test results of 14-groups
of carbon fiber sample plates which were exposed to the tension until their collapse. The tests
were performed on two types of plates: 3 groups with fiber orientation (0+45-45-90) and 11
groups with orientation (0+45-45-0) in order to be able to compare the obtained collapse
limits. An average of 70 carbon plate samples were tested in one group. As a result, the
collapse limit in Mpa is obtained for each plate. The publication presents the results of 3
groups of experiments that meet, partially meet and do not meet the theoretical test results
with the graphical method according to the normal distribution law.

Kopsavilkums

Publikacija teorétiski tiek apskatiti sadalfjuma likumi, kurus pielieto izmé&ginajuma
testu, rezultatu apstradei. Izmantojot datorprogrammu MS Excel, tiek modeléti gadijumu
lielumi ar dazadiem sadalijuma likumiem ka; Eksponencialais sadalijums, Normalais
salalijums, Log — normalais sadalijums, LW — sadalijums un Veibula sadalijums. Tiek att€loti
idealie teorétiski sadalijumu veidi, rezultata ieglistot histogrammas un empiriskas sadalijuma
funkcijas grafikus. P&tfjuma tika izmantoti 14 grupu izméginajuma testa rezultati oglplasta
materiala paraugus paklaujot stiepei lidz to sagriiSanai. Testi tika veikti ar diviem oglplasta
armé&juma veidiem: 3 grupas ar arm&jumu (0+45-45-90) un 11 grupas ar arm&jumu (0+45-45-
0), lai vartu salidzinat to iegutas sagriSanas robezas. Vidgji viena grupa tika testéti 70
oglplasta plaksniSu paraugi. Rezultata katrai plaksnitei iegiistot sagriiSanas robeZzu Mpa.
Publikacija tiek atspoguloti 3 grupu izmé&ginajumu rezultati, kuri atbilst, dalgji atbilst un
neatbilst péc parbaudes ar grafisko metodi péc normala sadalijuma likuma.

levads

Kompozitmaterialu pielietoSana modernajos gaisa kugos pédgjos gados strauji attistas,
aizvien varak gaisa kugu raZotaji cenSas konstrukciju komponentes aizstat ar
kompozitmaterialiem, tada veida samazinot gaisa kuga masu un degvielas patérinu lidojuma
laika. Lai veiktu pieejamo kompozitmaterialu eksperimentalo datu parbaudi teoretiski tika
veikts petijums, kas ir dal&ji atspogulots $aja publikacija.

Gadijuma lieluma modeléSana ar dazadiem sadalijjuma likumiem
Izmantojot datorprogrammu MS Excel, var modelét gadijumu lielumus ar dazadiem
sadalfjuma likumiem. Tiks att€loti idealie teorétiski sadalijumu veidi, rezultata iegiistot
histogrammas un empiriskajas sadalijuma funkcijas grafikus.
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Gadijuma lieluma x iegtiSanas kop€jie nosacijumi ar nejausu sadaltjuma funkciju F(x),
ja izmanto gadijuma lielumu, kuram ir vienmérigs sadalijums intervala [0,1], izskatas
sekojosa veida:

No sadalifjuma vienadojuma F(x) = Fy[(x—0,)/0;] = R ar nobides un meéroga
parametriem iegtsim (1).

X =0y +0; F;(R)
1)

kur: 8,, 8; — nobides un méroga parametri; F;1(R) — standarta sadalijuma (0, =
0,0, = 1) apgriezta funkcija; [1];

R — gadijuma lielums ar vienmérigu sadalijumu intervala [0,1], kuru ieglst izmantojot
funkciju RAND( ) datorprogramma MS Excel. Ar1 turpmak vienadojumos tiks lietoti Sie
apzim&jumi. Talak tiek dots konkréts So parveidojumu veids vairakiem sadalfjuma funkcijas
veidiem un paSu sadalfjuma funkciju un sadalijuma blivuma veids. Konkrétajiem
sadalfjumiem izteiksmes, lai modeletu gadijumu lielumus, tiek atspogulotas nakoSajas
sadalas.[3]

Normalais sadalijjums

No vienadojuma F(X)=0 varam iegiit X= 0o+ 01* @ (R), kur ®(-) ir standarta
normala sadalfjuma funkcija: (2) [3]

x = 0y + 0; - NORMSINV(R)

2)
No gadijuma lieluma X vértibam x1, x2...... xN aprékina sadalijuma funkciju blivumu
un péc formulam (3) un (4):
F(x) = NORMDIST(x, 6y, 81, True)
3)
f(x) = NORMDIST(x, 0, 6,, False)
4)

Varam atte€lot normala sadalijuma histogrammu un empiriskas sadalfjuma funkcijas
grafiku, kas att€loti 1. attela.[3]
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1. att€ls. Normala sadaltjuma histogramma un Empiriskas sadalijuma funkcijas grafiks

Eksponencialais sadalijjums
Eksponencialo sadaltijumu apraksta ar formulam (5), (6) un (7)

1 — e—(x-80)/61 — R (5)
1 —R = e~ &=60)/61 (6)
—(x—00)/6; =In(1 —R) = x =0y + 6, -In(1/(1 — R)) (7)

No gadijuma lieluma X vértibam X, X,, ..., Xy aprékina sadalijuma funkciju blivumu
péc formulam kuras izmanto MS Excel vide (8) un (9): [1]
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F(x) = 1 — e"®0)/61 8)

f(x) = (1/0,) - e~ &8)/61 x > g, (9)

Ka rezultata var att€lot eksponenciala sadalijjuma histogrammu un empiriskas
sadaltjuma funkcijas grafiku, kas att€loti 2. attéla. [1]
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2. attels. eksponenciala sadalijuma histogramma un empiriskas sadalijuma funkcijas grafiks

LW — sadalijums un Veibula sadalijjums

Par LW — sadalijumu sauc gadijuma lieluma Y sadalijumu, kur§ vienads ar gadijuma
lieluma X logaritmu, kuram savukart ir Veibula sadalfjums: Y=In(X). No formulas (1)
iegiistam (10), (11), (12), (13) un no tam izriet sakariba (14) un (15):[1]

Y = In(x) (10)
1 — g-el¥00/oal _ p (11)
1 R = g—cl¥-00)01l (12)
(Y—-064)/6;, =In[In(1/1 —R)] =Y =06y + 6; - In[In(1/1 — R)] (14)
x = exp(Y) (15)

LW — sadalijums
No gadijuma lieluma Y veértibam yl1, y2...... yN aprékina sadalfjuma funkciju un tas

blivumu péc formulam (16) un (17):
f(Y) _ (1/6 ) . e_e[(Y_GO)/61]+[(Y_GO)/GI] (17)
= 1

Rezultata var attelot LW- Veibula sadalijuma histogrammu un empiriskas sadalijuma
funkcijas grafiku, kas attélots 3. attéla.[1]
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3. attéls. LW sadalfjuma histogramma un Empiriskas sadalijuma funkcijas grafiks
Veibula sadalijums
No gadijuma lieluma X vérttbam x1, x2...... xN aprékina sadalijuma funkciju un
bltvumu p&c formulam (18) un (19):
—el(n(x)=00)/04]
F)=1—e ™ (18)
—el(n(x)=00)/01]+[(In(x)-060)/01] 1
— . . e
f(x) = [1/(x-0)] e (19)

Ka rezultata var att€lot veibula sadalfjuma histogrammu un empiriskas sadalijuma
funkcijas grafikukas att€lots 4. attéla.[1]
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4. attels. Veibula sadalijuma histogramma un Empiriskas sadalijuma funkcijas grafiks

L og -normalais sadalijums

Par Lognormalo sadalijjumu sauc gadijuma lieluma Y sadalijumu, kur§ vienads ar
gadijuma lieluma X izsaka péc (20):

No gadijuma lieluma X veértibam x1, x2...... xN apréekina sadalijuma funkciju blivumu

péc formulam (21) un (22):
F(x) = NORMDIST(In(x), 6y, 64, True) (21)
f(x) = NORMDIST(In(x), 64, 6,, False) (22)

Rezultata var att€lot log - normala sadalijuma histogrammu un empiriskas sadalijjuma
funkcijas grafiku, kas att€lots 5. attéla. [3]

73



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

45 120.00% 1.200

|ttt 1 100.00% 1.000

[ //k'w—/—*_/—‘
80.00% 0.800
= Frequency /
60.00% .
-—.— Cumulative % 0.600 [——Fe
L+ (x)
40.00%
0.400

3 20.00%
il ... i" p——

5
0 —
Na o P A0t @ T
© D > 4 ) ) A ® § —a
S AN g g 0.000
&

&
ESIINN PR S 0.000 1.000 2.000 3.000 4.000 5000 6.000 7.000 8.000 9.000

5. attels. Log - normala sadalfjuma histogramma un Empiriskas sadalijuma funkcijas grafiks

Sadalijuma likuma veida parbaude ar grafisko metodi.

Viena no metodém ka salidzinat atbilstibu starp empirisko un teor&tisko sadalijumu ir
geometriska: geometriski apliiko abu sadalijumu liknes. Abu liknu sakri$anas pakape raksturo
sadalfjuma atbilstibu, bet vienkarsak ir parbaudit sakritibu starp taisném.

Saskana ar Glivenko teorému — empiriskais sadalfjums ar pozicijas un méroga parametriem
konverge uz teorétisko sadalijumu, kad novérojumu skaits tiecas uz bezgalibu (23) un (24):

i — 6 2
RGO = Fo (25— @9
0,
i (Xi - 60) (24)
—=Fy[———
n 0,
Ta ka funkcija (24) ir nedilstosa, tad var izmantot apgrieztu funkciju (25):
F_l(i>zxi—60 (25)
n 0,

i i
0,+0,-F1 (H) =x; —starpxunF~?! (H)
legttais vienadojums ir aptuvens, tapéc, lai samazinatu F-10(i/n) aprékinaSanas kludu
pie i=0, jeb i=n, argumenta (i/n) vieta izmanto argumentu (27):
_i-05 (27)
4% =3 +0,5
Kad 1sta sadalijuma FO vieta izmanto kadu citu sadalijuma funkciju, tad taisnes vieta
redzam kadu Iikni — tas nozimé, ka nepareizi izveléta sadalijuma funkcija FO.
Saja gadijuma tiek veikta parbaude péc normala sadalfjuma likuma. Izméginajumu rezultatus
parbaudiSu ar So metodi. Attela 6. att€lota sadalifjuma parbaude péc normala sadalijuma
likuma ar grafiskas metodes palidzibu. [3]

(26)

Normalais sadalijjums

—— X(i) NORM
»

—— Linear (X(i) NORM) | e
% 5256.3x + 505,74
00§00 10800

7

6. att€ls. sadalfjuma parbaude péc normala sadalfjuma likuma ar grafiskas metodes palidzibu
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Eksperimenta rezultatu kopsavilkums un analize

Kopa tika analizetas 14 grupas ar oglplasta savienojumu paraugiem, kuras paraditas tabula
1. Izm&ginajumu rezultata tika iegiitas paraugu sagrisanas robezas Mpa. Arm&jums grupam
atSkiras un bija 2 dazadi arm&jumi, kuri tika paklauti uz stiepi: (0+45-45-90) un (0+45-45-0).
Var secinat, ka 1. variants ir mazak izturigs neka 2. variants. Bet ne visas 1. varianta un 2.
varianta grupas ir vienlidz izturigas, to var pamatot ar razoSanas tehnologiju. Razojot
kompozitmaterialus, ne vienmer izdodas atlikt precizus lenkus slaniem, saistviela nav pareizi
uzklata starp slaniem vai neprecizi veikts slogojums, un §is neprecizitates atspogulojas
rezultatos. 1. variantam (0+45-4590) tika izmé&ginatas 3 grupas KM1524, KM1523 un
KM1501. Lielako vidgjo izturibas robezu pirms sagriiSanas uzradija KM 1523 grupa ar 314,09
Mpa, 2. variantam (0+45-4®) tika izmé&ginatas 11 grupas KM1511, KM1512, KM1517,
KM1519, KM1513, KM1514, KM1518, KM1520, KM1521, KM1515 un KM1516. Lielako
vid§jo izturibas robezu pirms sagruSanas uzradija KMI1511 grupa ar 428,83 Mpa.
[zméginajumu grupu KM1517, KM1519, KM1518, KM1520 un KM1521 paraugu rezultatus
var uzskatit par neveiksmigiem, jo tie uzradijusi loti zemas izturibas robezas pret pargjam
grupam. [4]

1. tabula
[zm&ginajumu grupu salidzinajums

_. [zm&ginaj- . Mll\l ) MA:X . VIP
Nr.p.k | Grupa Armgjums . izturibas izturibas izturibas

umu skaits N ¥ ¥
robeza robeza robeza
1 KM1524 | (0+45-45-90) 100 186.2 274.4 230.3
2 KM1523 | (0+45-45-90) 100 275.38 352.8 314.09
3 KM1511 | (0+45-450) 60 344.96 504.7 428.83
4 KM1512 | (0+45-450) 60 290.08 507.64 398.86
5 KM1501 | (0+45-45-90 65 199.92 334.18 267.05
6 KM1517 | (0+45-450) 71 138.18 196 167.09
7 KM1519 | (0+45-450) 60 134.26 199.92 167.09
8 KM1513| (0+45-450) 60 329.28 473.34 401.31
9 KM1514 | (0+45-450) 48 304.78 505.68 405.23
10 KM1518 | (0+45-450) 70 130.34 203.84 167.09
11 KM1520 | (0+45-450) 65 109.76 196 152.88

12 KM1521 | (0+45-450) 72 98 196 147
13 KM1515| (0+45-450) 60 305.76 502.74 404.25
14 KM1516 | (0+45-450) 65 288.12 494.9 391.51

Salidzinot oglplasta izm&ginajumu grupu rezultatus ar grafisko metodi p&c normala
sadalfjuma likuma, vargju iedalit tos tr1s grupas:

1. Izm&ginajumu grupas rezultati, kas atbilst grafiskai parbaudei péc normala sadalijjuma
likuma: KM1524, KM1513, KM1501, KM1519, KM1518, KM1517. 7 att. tiek
att€lota Grupas KM1524 Normala sadalijuma histogramma un rezultatu parpaude,
izmantojot grafisko metodi.
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7. attéls. Grupas KM 1524 Normala sadalijuma histogramma un rezultatu parpaude,
izmantojot grafisko metodi

Izméginajumu grupas rezultati, kas dal&ji atbilst grafiskai parbaudei péc normala
sadalfjuma likuma: KM1512, KM1514, KM1511, KM1515. 8. att. Tiek att€lota
Grupas KM1511 Normala sadalijjuma histogramma un rezultatu parpaude,
izmantojot grafisko metodi.
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8. attéls. Grupas KM1511 Normala sadalijuma histogramma un rezultatu parpaude,
izmantojot grafisko metodi

2. Izm@ginajumu grupas rezultati, kas neatbilst grafiskai parbaudei péc normala
sadalfjuma likuma: KM1523, KM1521, KM1520, KM1516. 9. att. Tiek att€lota
Grupas KM1521 Normala sadalifjuma histogramma un rezultatu parpaude,
izmantojot grafisko metodi.
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9. attéls. Grupas KM 1521 Normala sadalijuma histogramma un rezultatu parpaude,
izmantojot grafisko metodi

Secinajumi

Péc izméginajumu rezultatiem oglplasta plaksnites ar arm&uma (00+45-45-00)
uzradija augstako vidg€jo izturibas robezu 428.83 Mpa, bet oglplasta plaksnites ar arm&juma
(00+45-4590) vidgja augstaka sagriiSanas robeza bija 314.09 Mpa. Var secinat, ka izturigaki
ir 1. varianta paraugi. Parbaudot grupu paraugus ar grafisko metodi péc normala sadalijuma
likuma tika secinats, ka lielaka dala rezultati atbilda parbaudei, pargjie rezultati vai nu dalg&ji
atbilda vai neatbilda vispar. lesp&jamie rezultatu atSkiribas c€loni var bit, pieméram,
razoSanas laika izm&ginajuma paraugiem neprecizi novietotas Skiedras sava starpa, starp
slaniem nevienmeérigi uzklata saistviela vai arml paraugu izgatavoSanas procesa izmantota
nekvalitativa skiedra.
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GAZU TURBINAS DARBA LAPSTINAS KONSTRUKCIJAS
IZSTRADE MODERNAJIEM AVIACIJAS DZINEJIEM
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Abstract

There are several ways to increase the efficiency of gas turbine engines. One of the
main techniques is to raise the gas temperature before the engine turbine. The maximum gas
temperature in the engine is limited by the heat resistance limit of the materials used and the
loads that the turbine design can withstand at these temperatures. The second way is to
optimize all the geometric and gas-dynamic parameters of the turbine. An analysis of various
heat-resistant composite materials has been performed and it has been concluded that
composites with ceramic materials are the most suitdlble.complex of calculations shows
that in the fifth generation engines, by increasing the gas temperature, applying new ceramic
materials and using a new design solutioih is possible to significantly reduce the specific
fuel consumption, which is the main parameter of engine efficiency.

Keywords: strength of aviation structures, turbine blade, ceramics

Lai panaktu gazturbinu dzingju efektivitates parametru paaugstinaSanu ir vairaki
panémieni ka to veikt. Viens no galvenajiem pan€mieniem ir paaugstinat gazes temperatiru
pirms dzingja turbinas. Maksimalo gazes temperatiru dzing€ja ierobezo izmantoto materialu
karstuma izturibas robeZa un slodzes, kuras turbinas konstrukcija sp€j izturét pie Sim
temperatiram. Otrs veids ir optimiz&t visus turbinas geometriskos un gaz-dinamiskos
parametrus. Veikta dazadu karstumizturigu kompozitu materialu analize un secinats, ka
vispiemérotakie ir kompoziti ar keramikas materialiem.Veikto aprékinu komplekss rada, ka
piektas paaudzes dzingjos, palielinot gazu temperatiiru, pielietojot jaunus keramiskos
materialus un izmantojot jaunus konstruktivos risinajumus, iesp&jams butiski samazinat
ipatngjo degvielas patérinu, kas ir galvenais dzin€ja efektivitates parametrs.

Atslegas vardi: aviacijas konstrukciju stipriba, turbinas lapstina, keramika

1. levads

Galvenais uzdevums projekt€jot moderna turboreaktiva divkontiru dzin€ja turbinu ir
sasniegt p&c iespéjas lielaku turbinas darbu panakot to ar minimalu degvielas patérinu. Sis ir
dzingja ekonomiskuma nosacijums, ko dikté siva konkurence starp vadoSajiem aviodzingju
razotajiem. Lai panaktu $1 nosacijuma izpildi ir vairaki panémieni ka to veikt.

Viens no galvenajiem pan€mieniem ir paaugstinat gazes temperatiiru pirms dzingja
turbinas. Maksimalo gazes temperatiru dzingja ierobezo dzingja izmantoto materialu
karstuma izturibas robeZa un slodzes, kuras turbinas konstrukcija spgj izturét pie SIm
temperaturam.

Otrs veids, ka panakt maksimalu turbinas darbu ir optimiz&t visus turbinas geometriskos
un gazdinamiskos parametrus.

Zinatniskaja darba projektgjot gazturbinu dzingja augstspiediena turbinu tiek mekl&ta
maksimali pielaujama gazes temperatiira pirms projektjamas turbinas un vienlaicigi tiek
optimizgti visi turbinas geometriskie un gazdinamiskie parametri.
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Lai izpilditu So uzdevumu un sasniegtu pec iesp&jas labakus rezultatus tiek apliikota
iesp&ja augstspiediena turbina pielietot turbinas darba lapstinas ar jaunu konstruktivo
risinajumu. Sis konstrukfivais risindgjums paredz, ka turbinas darba lapstinas gazdinamiski
profilétais apvalks no grieSanas centrbédzes spékiem ir noslogots ar spiedes spriegumiem.
Savukart apvalka masas centrbédzes sp€ks tiek parnests uz turbinas darba lapstinas speka
stieni. Sads konstruktivais risindjums tiek izmantots, jo augstu temperatiiru iedarbiba darba
lapstinas apvalkam izmantotais materials pie paredzamajam slodzeém sp€s izturét tikai spiedes
spriegums. Lapstinas spéka stienis ar gazdinamiska apvalka palidzibu ir pasargats no tiesas
karsto gazu iedarbibas un atrodas labvéligakos apstaklos, kurus rada dzes€Sanas gaiss, tapec
tas spgj izturet lielus stiepes spriegumus no apvalka un pasa speka stiena masas centrbédzes
speka.

Turbinas darba lapstinas konstrukcija paredz€ts izmantot jaunus materialus, kuri ir
apskatiti otraja sadala.

2. Miisdienu turbinas un to attistibas perspektives

Avio dzingju biivniecibas nozaré visa pasaulé notiek nepartraukta atistiba, kas saistita ar
gazturbinu dzingju efektivitates parametru paaugstinasanu. Gazturbinu dzin€ju parametru
paaugstinasanu galvenokart saista ar gazu temperatiras paaugstinaSanu pirms turbinas.
Dzingja gazdinamisko parametru aprékinformulu analize rada, ka, piem&ram, 1patng€ja dzingja
vilce var€tu but proporcionaala gazu temperatiiras pieaugumam. Tacu pie paaugstinatam gazu
temperatiram turbinas detalam nepiecieSama intensivaka atdzes€Sana, kas savukaart noved
pie dzingja darba cikla parametru pasliktinasanos. Jo augstaka ir gaazu temperatiira, jo vairak
gaisa no kompresora tiek panemts turbinas detalu dzes€Sanai. Pieméram, ja gazu temperatiira
pirms turbinas butu 1800 K , tad vairak neka 20% no visa gaisa daudzuma, kas iet caur pirmo
dzingja kontiiru biitu nepiecieSams lai atdzesetu augstspiediena un zemspiediena turbinu.

Mg@ginajumi paaugstinat dzes€Sanas gaisa izmantoSanas efektivitati noved pie
sarezgitam turbinas detalu konstrukcijam. Palielinas $o detalu izgatavos$anas darbietilpigums,
bet droSums, gluzi pret€ji, samazinas. Turbinas dzes€Sanai no kompresora atpemtais gisa
daudzums nav atkarigs tikai no gazu temperatiiras augstuma pirms turbinas un no pienemta
dzeseSanas veida efektivitates, bet arT no turbinas detalas izmantota materiala pielaujamas
darba temperatiiras lieluma. Miisdienu supersakauséjumu un metalkeramisko materialu
pielaujamas darba temperatiiras sasniedz 1000....1050 gradus. Ka redzams ar $adam
materialu darba temperatiiram nepietiek, lai panaktu augstus dzingja efektivitaates raditajus.
Viens no veidiem ka paaugstinat gazu temperatiru pirms turbinas, tatad paaugstinat ari
dzingja efektivitates raditajus, ir ieviest turbinas elementos jaunus, karstumizturigus
materialus. Tika izskatiti vairaki karstumizturigie kompozitu materiali. Vispirms tika apskatiti
raksturlielumi oglekla Skiedru matriali ar metala matricu. Maksimali labakie parametri ir
oglekla Skiedru materialam ar molibdena matricu, bet §i kombinacija ir loti sarezgita
tehnoligiski un ar lielam izmaksam. Ar lielam izmaksam ir arT oglekla-oglekla kompoziti, bet
ar lielu stipribu uz lieci 1idz 2000°C[1]. Oglekla kompoziti ar keramisku matricu ir péc
ipasibam tuvi oglekla —oglekla materialiem, bet to tehnoligija un izmaksas ir ievérojami
piemérotakas razoSanas procediram. Un no salidzindjuma secindjums, ka viens no
karstumizturigiem matrialiem ar izstradatu materialu razoSanas tehnologiju var bt
keramiskie materiali, kas dod iespju paaugstinat gazu temperatiiru pirms turbinas. Sie
materiali ir ar loti augstu karstumizturibu, kas pielauj detalu darba temperatiras lidz pat
1300....1400 gradiem nepielietojot dzeseSanu. Vel viena keramisko materialu prieksrociba ir
ta, ka tiem ir maza masa un tie labi iztur spiedes spriegumus pie loti augstam temperattiram.
Sliktas keramisko materialu 1pasibas ir tas, ka tie iztur saméra nelielus stiepes un lieces
spriegumus unri trausli. Pielietojot dazadas keramisko materialu detalu izgatavosanas
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tehnalogijas un izmantojot dazadas kimisko elementu piedevas iesp&jams butiski uzlabot Sos
keramisko materialu trukumus. Ja nem veéra ieprieks teikto, tad butu v€lams detalam no
keramikajiem materialiem, kuras pielieto turbinas, radit darba apstaklus, kuros tas darbojas
spiedeé. Ja detalam no keramiskajiem materialiem izdodas radit $adus darba apstaklus, tad
iesp&jams saglabat detalas resursu, ievérojami samazinot tas pasSizmaksas, jo izejmaterials
keramikas izgatavosanai ir samera I&ts. Keramiskas detalas dardzibu galvenokart nosaka
tehnalogijas piclictoSanas veids tas izgatavoSanai. Izv€loties gazturbinu dzingjos pielietot
jaunus materialus, kas lauj palielinat gazu temperatiiru pirms turbinas, més, lidz ar to,
paaugstinam dzingja efektivitates raditajus. Kopuma tas vis iev€rojami samazina péc Sada
principa razotu dzingju paSizmaksu, tatad arT ta tirgus cenu, iegiistot jaunu dzingu ar
augstakiem efektivitates raditajiem, kas potencialajam Sada dzin€ja pirc€jam nav mazsvarigi.
Efektivitates raditaji, kurim pievér§ galveno uzmanibu projekt&jot jaunu dzingju,ir
paaugstinata 1patn&ja vilkme tikai nedaudz palielinot vai pat saglabajot ieprieksgja limeni
Ipatngjo degvielas patérinu. Ne mazak svarigi faktori ir projekt€jama dzingja masa un gabariti.
Projektgjot jaunu dzin&ju ar paaugstinatiem efektivitates raditajiem biitu v€lams,lai ta gabariti
un masa palielinatos nedaudz.

Apkopojot visu iepriek§ min&to, ja aviodzingju razotajs izvirza par mérki radit jaunu
dzingju ar paaugstinatiem efektivitates raditajiem, tad visizdevigak butu projektét dzingju ar
paaugstinatu gazu temperatiru pirms turbinas. Turbinas konstrukcijas detalas, $aja gadijuma,
vis piem&rotak bltu izgatavot no jauna tipa materialiem, kuriem ir augsts darba temperatiiru
diapazons, un kuru atdzes€Sanai biitu nepiecieSams neliels gaisa daudzums.

3. Jaunas turbinas projektesanas izejas datu sakotnéja noteikSana
Turbinas projektesana ir svarigs lapstinu stipribas aprékins un lai to veismigi izpilditu
jaizstrada stipribas modelis konstruktivajam elementam. Ka modelis ir pienemta nepartraukta

vide, ciets deform&jams kermenis., kuiram ir elastibas, plastiskuma tpasibas. Formas modelim

tiek pielietotas stiepnil, plaksnu un apvalku modeli. Turboreaktiva divkontiiru dzingja
augstspiediena turbinas projekt€Sanai nepiecieSami virkne izejas datu. Viens no parametriem,
kas noteiks augstspiediena turbinas darbu ir gazgeneratora kompresora saspieSanas pakape -
k1. Misdienu kompresoriem gaisa saspieSanas pakape augstspiediena kompresora ir
sasniegusi sekojosas veértibas: mw*k1~ 20+ 30 [1].

Otrs nepiecieSamais parametrs ir dzin€ja kompresora kop€ja saspieSanas pakape -m*ks.
Ar1 So parametru izvélamies vadoties no sasniegumiem turboreaktivo div kontiiru dzingju
razosana un tas ir: w'kz~ 40+ 60 [1].

TreSais nepiecieSamais parametrs ir gaisa patérin$ caur pirmo dzingja konttiru - Gaiss1
IzvEloties So dzingja parametru vadamies péc gazgeneratora “dimensiala raksturojuma” [3].

GaisszCkZ(nﬂ)/(zn): D.

Nemot veéra, ka parasti kompresora saspieSanas politropijas raditajs ir n = 1,45.....1,5,
tad izteiksmi (1) var arakstit $adi: Gaissims>® .

Aplikojot dimensiala raksturojuma attistitibas tendenci varam orient€josi izveléties ta
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Dimensiala raksturojuma fizikala jéga ir tada, ka tas rada dazadu augstspiediena
kompresoru sp&ju pec iespejas vairak saspiest noteiktu gaisa daudzumu. Tatad, jo mazaks ir
dimensialais raksturojums, jo labaks ir augstspiediena kompresors.

Nemsim véra, ka nebiitu ieteicams dimensialo raksturojumu izvéléties parak zemu (
Go/mkz>® <2 . 2,5 ), jo tad kompresora pédgjo pakapju lapstinas biis parak isas un o pakapju
lietderibas koeficients biis parak zems.

Kad dimensialais raksturojums iegiits var aptuveni noteikt kada biis visa dzingja vilkme
ar projekt€jamo gazgeneratora turbinu. Aplikosim statistikas datus par dazadu dzingju ar
vienadiem gazgeneratoriem vilkmes atkariba no dimensiala raksturojuma licluma (2. attéls).

R00 - P
250
200 P
150 ,%
100 A
50
0 ‘
0 5 10
D

2. attels. Dzingja vilkmes atkariba no dimensiala raksturojuma

Izdarot aptuvenas apléses varam noteikt aptuvenu gaisa paterinu Gaiss
GaissImks®® = 2,5+ 6 = Gaiss= mkz>'®(2,5....6) = 80.....150 kg/s
Ceturtais nepiecie§amais parametrs ir gazes temperatiira pirms dzingja turbinas. So
parametru izv€lamies 1700 ..... 1850 K robezas nemot véra misdienu sasniegumus
materialzinatn& par aviodzingju razo$ana pielietojamiem materialiem [3]. Saja gadijuma tas
biitu keramiskais materials, kura sastava ir silicija nitrids (Siz Na) ar specialiem
piemaisijumiem [4]. Ka zinams keramika slikti darbojas stiepes un lieces slodzes. Lai
palielinatu izveéleta keramiska materiala izturibu liecg, tad ta sastavam pievieno cirkonija
dioksidu (Zr O2). Cirkonija dioksida kristalam piemit Ipasiba mainit savu struktiiru no
spriegumu iedarbibas, kuri rodas plaisas gala, kura izplatas pa keramisko materialu. So
spriegumu iedarbibas rezultata cirkonija dioksida kristals izpleSas par 3 ..... 5%, tadg€jadi, ja
plaisa nonak Iidz kristalam, tad tas keramika rada vietgjos spiedes spriegumus, kuri apgriitina
talaku plaisas izplatidanos. ST ipasiba loti noder turbinas lapstinam, jo tas nereti tiek
ieskrambatas ar dazadiem sveskermeniem.
Izveleta keramiska materiala fizikalas 1pasibas:
- blivums - p = 1700kg/md
- elastibas modulis — E = 3,8*10MN/m?
- stipribas robezZa pie t = 1300°C ir 6 =200 ... 300Mpa

4. Turbinas projekteSana

Pirmais posms turbinas projektéSana ir sakotngjais turbinas gazdinamiskais aprékins
izmantojot metodiku, kura tiek pielietota projekt€jot turbinu ar zinamiem izejas parametriem
veicot izejas datu variaciju, lai ieglitu turbinu ar visoptimalakajiem raksturojumiem.

Paraleli Siem aprékiniem tiek veikta ar1 turbinas darba pakapes lapstinu kanala
profilésana veicot gazes plismas parametru optimizaciju.

Profilgjot darba pakapes kanalu tiek nemts véra gazes plismas hidrodinamiskas
ipasibas, lai panaktu efektivaku gazes energijas parvadi darba lapstinai katra tas $k&luma.

Kombingjot visus parametru optimizacijas rezultatus un izmantojot matematisko modeli
jaiegust turbinu ar maksimalu efektivitati.
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Lai turbinas darba lapstinas varétu izgatavot no keramikas, tad tam jarada spiedes
spriegumi. Projekt€jama dzingja to panak turbinas lapstinas izgatavojot no divam dalam.
Ieksgjais lapstinas stienis ka parasti darboja stiepé no stiena paSa masas centrbédze spekiem
un no lapstinas apvalka masas centrb&€dzes spekiem, kuri pielikti l1apstinas gala. Turbinas
lapstinas keramiskais apvalks no centrbédzes speku iedarbibas balstas uz lapstinas stiena gala
izveidota plaukta. Tatad l1apstinas apvalka no ta masas centrbédzes speékiem darbosies spiedes
spriegumi. Paiik lapstinas stienis no gazu spéku lieces spriegumiem tik atslogots ar pasa
masas centrbédzes spekiem, tad arT lapstinas apvalka lieces spriegumi bis nelieli.

Lai gazu speki, kas darbojas uz lapstinas apvalku, tiktu parnesti un vienmeérigi biitu
sadaliti pa visu lapstinas stiena garumu, tad pa visu stiena laukumu vienmerigi tiek sadaliti
atbalsta punkti. Sie punkti lauj apvalkam kustgties radiala virziena, bet atnem kustibas brivibu
pargjos virzienos.

Jaunas turbinas darba lapstinas apvalka biezums mainas lineari. Tas ir, apvalka biezums
samazinas lineari pa apvalka garumu parejot no biezaka uz planaku no turbinas darba rata
argja radiusa uz ieks$€jo. Apvalka biezuma izmainas linearas funkcijas koeficients (q) (3.
attels) jaizvelas veicot vairakkartigus stipribas aprékinus ar dazadam ta vertibam.

b
a-(1-x)

P&c aprekinu veikSanas salidzina iegiitos sprieguma sadalfjuma rezultatus un izvélas to
modeli, kurs ir vispiemé@rotakais no stipribas viedok]a.

Cits modelisparedz, ka apvalka biezums pa ta garumu mainas péc funkcionala likuma.
Tatad, apvalka biezuma izmainas koeficients (q(f) mainas atkariba no kadas funkcijas.

q(f) = f(o-sum) (3)

Lai atrisinatu apvalka stipribas uzdevumu pienemsim, ka §1 funkcija ir atkariga no
summarajiem spriegumiem, kas darbojas apvalka. Saja gadijuma $o nezinamo funkciju varam
uzdot patvaligi, lai tikai tiktu apmierinati apvalka stipribas nosacijumi.

Kad stipribas analize uz Siem piedavatajiem modeliem veikta, jaizvélas pats
piemérotakais no tiem. Tas biitu tads modelis, kurs dotajos apvalka darboSanas apstaklos biitu
ar mazako konstrukcijas masu.

Atkariba no noslogojuma vai konstruktivu apsvérumu del var izveléties apvalku, kurs§
ietvertu doto modelu kombinacijas.

R

q (2

a

3. attels. Darba lapstinas gazdinamiska apvalka Skérsgriezums.
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Apvalka biezums mainisies ne tikai pa ta garumu, bet ar1 Skérsvirziena ( 4. attels).

4.att€ls. Gazdinamiska profila Skérsgriezuma skice

So biezuma izmainu veic analizgjot apvalka modelu spriegumu diagrammas. Speki, kas
darbojas uz gazdinamisko apvalku no gazes plismas uz speka stieni tiek parnesti caur
atbalstiem ( 5. att€ls).

5. attéls. Lapstinas kopé€jas konstrukcijas Skersgriezuma skice

Veicot apvalka stipribas aprékinu, janosaka, cik atbalstu ir nepiecieSams uz vienu
apvalka laukura vienibu, lai nodroSinatu vajadzigo ta stipribu un stabilitati.

Janem vera ar1 tas, ka izstradatai darba lapstinai ir savdabiga konstrukcija, tapéc
aprekinot spekus un momentus ( 4 ) japielieto apgriestais princips.

M= Moo
x2_1 Ellxl y2_1 E1Iy1 (4)
+ +
E2|x2 Ezlyz

Gala rezultata tik iegiits lapstinas apvalka Skérsgriezuma laukuma izmainas likums:

Fo=F -F'=F, 1—(1—%*)(?) . 1_(1_7”**)(?) w
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Kad apvalka stipribas aprékins ir veikts, ir arT zinams kadas slodzes tiks parnests uz
lapstinas spéka stieni. Izejot no ta varam uzdot speka stiena geometriskos izme&rus, kas sp&tu
izturét slodzes, kuras tiek parnestas no apvalka.

P&c aprekinu iegtsanas izanaliz&€t maksimalas spriegumu zonas un veicot konstruktivas
jeb geometriskas izmainas panakt vienmérigu slodzu sadalfjumu pa lapstinas garumu, kas
lautu izmantot pec iesp€jas augstaku gazes temperatiiru un péc iesp&jas vairak noslogot
lapstinu.

Veikto aprékinu kompleks rada, ka piektas paaudzes dzingjos, pielietojot jaunus
keramiskos materialus un izmantojot jaunus konstruktivos risinajumus, iesp&jams butiski
samazinat ipatngjo degvielas patérinu. Sis rezultats redzams grafika ( attels 6. ).

Ci,kg/Nst
0.05 /.
0.048
0.046 / /'/
0.044 -
0042{ = p—— —
|
0.04 >~
0.038
1570 1620 1670 1720 1770 1820
- - — - T*g,K
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6.attels. Degvielas paterina pieaugums atkariba no gazu temperatiras.

5. Secinajumi un ieteikumi
- Pielietojot keramiskokompozitu materialus var samazinat degvielas
patérinu 5-7%.
- Jaunas turbinas darba lapstinas apvalka biezums minimals, kas dod
iesp€ju efektivai lapstinas dzes€Sanai ar gaisu
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Abstract

For decades, automation has been gradually integrated into all aviation sectors, from
aircraft design and operation to maintenance and air traffic control. We see an improvement in
the aviation safety automation process due to the increase in systems reliability and the
inclusion of safety control functions in the automation process itself. This makes it possible to
reduce the number of service staff, at the same time making these systems more complex and
their service places new demands on the people who do the work. As a result of the
development of the aviation automation process, the assumptions of the human factor and
safety culture in aviation companies set to this day are also changing.

The human factor plays an important role in aviation safety, as it has been shown that
around 70% of all civil aviation accidents are caused by this factor and are linked to non-
compliance with safety measures. The science of aviation safety culture has been actively
evolving since the last century and a whole system of safety measures for airlines has been
established, which give positive results. However, even today, many jobs of aviation
specialists are mostly related to the observation process, which accustoms the specialist to
monotonous work, as a result of which they lose the necessary analytical skills, which are
important for making the right decisions in a critical situation. In the future, decision-making
cannot be based solely on experience or intuition, as many processes will be automated. It is
also clear that the process of technological development is ahead of the legislation on which
aviation services are based. These are just some of the trends that are necessitating changes in
information exchange, safety culture and new demands on aviation professionals. The
introduction of the new requirements will make it possible to raise aviation safety to a new
level in line with the requirements of the times.

Keywor ds. Automatization, Human factor, Safety Culture, Safety management.

Introduction

The aim of the study is to analyse the place and role of safety culture and the human
factor, as well as the necessary improvements, based on the current vision for the future
development of aviation.

The human factor plays an important role in aviation safety, as it has been shown that
around 70% of all civil aviation accidents occur due to this factor and is based on the safety
culture that has developed in aviation teams and is part of the company's culture. The safety
culture and the human factor affect not only the piloting of aircraft, but also their maintenance
and airspace management. Human flaws and weaknesses have not changed for centuries.
They still exist today and will continue to exist in the future. The only way to prevent their
impact on aviation safety is to adapt to the time and technical requirements, to train
professionals, to maintain and improve the safety culture in the company and to ensure that
the company is run by people with good leadership skills.
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1. Futureof Aviation

Analysing the existing researches on the future development of all aviation sectors [1], we
can conclude that the direction of aviation development is related to automation, artificial
intelligence, blockchain, internet of things and multilateral use of Remotely Piloted
Unmanned Aircraft Systems (RPUAS).

According to the JARUS (Joint Authorities for Rulemaking of Unmanned Systems)
research, two types of aircraft will be used for air transport in the future: manned and
remotely piloted aircrafts [2]. Due to the technological advances and increased reliability of
the equipment, there will be a gradual transition to the most efficient system, which is
RPUAS. We can conclude from the studies already carried out that in the future we are
expecting an increase in the use of RPUAS [3], which also means their gradual integration
into the controlled airspace, that should also be taken into account when examining their
safety impact.

Looking at the summary of the SESARgle European Sky ATM Research) study [2],
we can conclude that RPUAS will be actively used in both controlled and non-controlled
airspace. The largest use of RPUAS is expected in populated areas [12], which will pose a
threat to residents and infrastructure. An important factor to look forward is the fact, that the
number of airplane flights will also increase dramatically, resulting in increased load on both
ground handling personnel and infrastructure and equipment [4]. Besides the technological
innovations in RPUAS, supersonic aircraft, operations above FL 600, and commercial space
flights are going to be developed. It will make the management of aviation business very
demanding. Reducing this burden will require a solution that, according to experts, can only
be artificial intelligence and the transition to the process of automation.

When considering the future of aviation safety, it is also important to keep in mind that
the number and diversity of users will increase. Research carried out by SESAR shows that
the RPUAS will be used in a number of sectors, namely for energy, agriculture, construction,
search and rescue, military, transportation, recreation and others [3]. Assuming that, RPUAS
will be used in almost all sectors in the future.

It should be noted that future airspace users will have access to huge amount of
information that they will receive from an aircraft, airspace management equipment and they
will not be able to process it independently. Several companies already provide sensors on
aircraft and use an equipment with the predictive insight [5], which provide useful
information on safety, maintenance and efficient use of an airplane.

The safety of flight equipment and the airspace management model will also play an
important role in ensuring flight safety, which by 2050 will be almost or completely switched
to automation [6], where the human/operator will only perform control functions.

Also, work is underway on the U-space [7], an airspace management automation project
at RPUAS. This system will be used for the management of RPUAS, which in the foreseeable
future will expand to a controlled airspace at an appropriate level of development and will
certainly be used to provide manned aircraft.

2. Automation

Analysing future visions for the development of aviation, it is clear that automation,
artificial intelligence, blockchain, internet of things and RPUAS will play a crucial role.

Aviation systems will become more sophisticated with every year, requiring deeper
knowledge of automation and artificial intelligence from pilots, operators and maintenance
personnel. The amount of information that will be obtained from the different types of sensors
on the aircraft will be so large that operators without special equipment, software and
specialists who has a competence (Data Driven Managers), will not be able to process it. This
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problem already exists today. Therefore, this process is gradually automated. Assessing the
development of the aviation industry, we see that many data services will be implemented in
data clouds, similar to what computer users do now. Remote access to aircraft control, which
already exists for RPUAS today, will be available and it will certainly be possible to perform
remote software updates at certain level for the aircrafts and equipment.

There are several definitions of automation at this time, but the most widely used is the
following: "Automation is a process that controls a function or task without human
intervention." [8]

Automation not only brings benefits, but it also has disadvantages, the main factor of
which manifests itself in a human factor. An analysis of a number of accidents [9], where the
cause of the catastrophe was automation, leads to the conclusion that it was possible to avoid
catastrophe by using the pilot's professional skills. The main reasons in all cases are boredom,
complacency, and erosion of competence.

Clearly, the number of shortcomings is higher. For example, the automation process and the
large flow of information in real time make aviation systems vulnerable from a cyber security
perspective [12]. It also has an impact on the human factor that aviation industries have to
take into account.

3. Futureof the safety culture

Safety culture is a complex concept, and much research has been done in this area.
However, safety culture is based on three elemeatbnical aspects, safety management,
human and organizational factors [10]. The only unifying factor that can influence these
factors in the company as a whole is its manager, leader. The role of the leader was and will
always be the most important and decisive in everyday life, but especially in the crisis
situation and the time of development. It is the leader who ensures that these elements
develop in a balanced way, i.e., if the technical aspect changes, so must the safety
management, human and organizational factors. An analysis of the future of aviation and
automation leads to the conclusion that the most important element that will influence the
future safety culture is the technical aspect. An increase in the number of aviation users will
also play an important role in the future. Therefore, during the study, a lot of attention was
paid to these directions. It is important to understand that changes in human and safety culture
take a long time, and appropriate decisions on the necessary changes in the training of
managers and specialists, the development of aviation teams must be made in a timely
manner. It must be an ongoing process that is constantly evolving.
At the same time, the safety culture can be divided into five main components [11]:

Hazard identification and safety reporting.
Safety awareness.

Safety communication.

Willingness; and

Management-employee relationships.

arONE

Let's look in more detail at what changes should be taken into account based sesanaly
of the future of aviation and automation.

3.1. Hazard identification and safety reporting
As aviation systems become more secure with each year, remote sensors introduced
during the automation process will become the main source of information on aircraft and the
equipment that ensures their operation. This will strengthen the permanent remote link
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between the aircraft and its pilot, maintenance personal, air traffic controllers and
manufacturer. That will provide information on faults in a real time. This indicates that the
principle of predictive approach will be followed in the identification of risks. By using the
obtained data, the user will be able to perform a simulation and make the necessary
adjustments in the automation process. The sensors exist already on the aircrafts, and they
produce a huge amount of information. Only automation can process it and decide about the
necessary action in a critical situation. This, in turn, causes difficulties for the pilot or
operator, who is sometimes unable to understand the decision made during automation. As |
mentioned above, the observation process leads to erosion of knowledge and skills. In this
regard, in the event of an emergency, the operator needs additional visual or audio
information that can explain the nature of the decision taken by the automation. Ergonomic of
the working places have to be improved according to the new requirements. This example
also shows the need for high-level specialists in airlines who would be able to organize data
processing and staff training, thus also explaining automation processes and potential risks.

3.2. Safety awareness

Diversity of users, increasing intensity in aviation will require new approaches to the
dissemination of safety information. Possible solutions will be a single database, which will
be available to the relevant aviation sectors, thus facilitating the acquisition of the necessary
information. An important factor is legislation. Safety standards and legislation are always
lagging behind technical innovations and their implementation takes time, so it is useful to
consider its centralized implementation and its digital publication according to the industry,
the type of aircraft, thus improving the availability of information. Standards and legislation
training for staff remains at the disposal of airline managers. Needless to say, the
requirements for continuing training will only increase in the future due to the rapid changes
in the aviation industries. Safety training should be started at the lowest possible level, for
example in secondary school. The leading role of ICAO and regional organization will
increase in this case.

3.3. Safety communication

Due to the increase in the number of aviation users, communication will play an important
role, as it will be necessary to cover a wide range of aviation users, especially RPUAS, who
will represent almost all sectors of the economy. It is clear that there will be a technical
solution and that is virtual communication. Due to the huge amount of information, airspace
congestion and drastic increase in the number of users, it will be important to have a unified
communication from one or several places. The role of ICAO will increase. At the same time,
regional aviation authorities will remain important element of management and local
communication. Constant knowledge assessment of the safety rules for the employees will be
part of the daily routine. This indicates the strengthening of the management vertical. In this
context, it is also necessary to mention the importance of specialist certification that will help
to improve the quality of the aviation employees.

34. Willingness
The leader has a big role in the implementation of the will of the safety culture, therefore
their selection and continuous professional development play an important role. Automation
will strengthen a strong control vertical, where the regulatory hierarchy will play an important
role. This shows that a strong hierarchy of management organizations is needed, and that the
managers of the airlines themselves must have a wide range of professional knowledge and
excellent managerial skills. The manager can always realize his will within the company,
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using the available means of influence. As one of the means, motivation will become an
important factor in ensuring safety [13].

3.5. Management-employeerelationships

In the future it is to be expected that many work tasks will be performed remotely. Due to
the introduction of automation, the number of employees will decrease, but the level of
professional requirements will increase. This will require the introduction of control over the
development of employees' knowledge and improvement in distance learning programs. A
new element will appear in the management-employee chain - artificial intelligence. The large
amount of information that aviation professionals will encounter in the future will require the
strengthening of data driven management.

As you can see, all of these components will continue to play an important role in the
future, but each will require its own innovation. This change in the human factor and safety
culture must take place gradually, in line with technical changes, automation. However, it is
important to plan and train specialists in time. It is also necessary to understand that not all
regions (countries) of the world will develop evenly, due to economic conditions. The gap
between developed and poor countries will widen. It is necessary to plan the support of poor
countries.

Conclusions

The safety culture combines ways of doing and ways of thinking, and its least visible
layers are those that most influence the behaviour of actors. As it was mentioned, a new
element (actor) is entering the field of aviation, which is becoming part of the safety culture
and it is an artificial intelligence that has so far been implemented in the form of software, but
it is already beginning to fulfil its responsibilities. Very soon we will start to use the phrase
factor of Artificial Intelligence. As the main conclusion from the study, it is necessary to
distinguish the following:

1. A safety culture can reach a high level if all its basic components (technical aspects,
safety management, human and organizational factors) are developed and improved in
accordance with the requirements of time. Aviation leadership plays a leading role in
this process.

2. The principle of regulatory hierarchy will become the style of future SMS
management in aviation. Adherence to safety requirements will place greater
responsibility on all aviation professionals.

3. In the course of automation, aviation will become safer and its specialists will become

more process observers. Therefore, the aviation industry needs to change with the

introduction of the latest technological solutions and, most importantly, the thinking of
the people whose work involves the use and maintenance of aviation equipment.

Ergonomic of working places have to be adjusted according to the new requirements.

With large amounts of information that arise in the automation process, it is necessary

to introduce artificial intelligence. An information will be stored and processed in the

data clouds. For data processing and management, it is necessary to strengthen data
driven management.

6. Software licensing and certification is becoming a very important issue for aviation
safety. Specialists need to be trained and methods developed to implement these
processes.

7. Risk identification will be more related to the information obtained during the
automation process. This will strengthen the link between the operator and the

o s
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8.
9. KP Sanjeev Kumar, OCTOBER 23, 20I%g issue of automation in aviation, Available at:

artificial intelligence, where it will be important for operators to understand the
ongoing processes in order to make the right decision.
8. Simulation will become the part of risk assessment and mitigation. It means that risk
management will become automated.
9. Cyber threats will become more widespread in aviation in the future.
10.Due to the gradual transition to full automation, it is important that aviation
professionals have a deeper knowledge in cyber threats.
11.With the increase of the remote work approach, control of the performance quality of
delegated tasks will become an important task. The role of motivation will increase in
the future due to the remote work.
12.The elimination of monotonous work requires virtual tests, which would not allow
operators to get used to uniformity. Continuous professional development and
development of analytical skills, as well as certification, is one of the most important
factors for ensuring safety in the future.
13.When working on automation, it is important to take into account the human factor,
namely:
13.1. The possibility for the operator to receive additional information (visual, voice)
about the decision taken by the system,
13.2. The operator must be able to eliminate the deficiencies in automation during the
critical situation,
13.3. The essence of automation processes must become an integral part of the daily
training of operators.
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Abstract

The COVID-19 pandemic is the defining global health crisis of our time and the
greatest challenge we have faced since World War Il. Since its emergence in Asia in 2019, the
virus has spread to every continent and has hit almost all areas of activity.

The COVID-19 pandemic has brought significant changes, set in and made a massive
impact on global trade and amplified existing logistics challenges around the world.

The article describes main situation, that has developed in logistics activity at the
beginning the virus outbreak in China and Europe, presents a several amount of logistics
tendencies for 2021 and in conclusion overviewing the Blockchain technology for
overcoming crisis, which provoked the pandemic.

Key words: COVID-19, pandemic, crisis, logistics, logistics tendencies, blockchain

Introduction

An outbreak of deadly COVID-19 virus has not only taking the lives of people but also
severely mutilated the economy. The crisis caused an imbalance in freight traffic related due
to changes in demand, production suspension and restrictipasition.

The lockdowns triggered rapid growth in e-commerce, putting additional strain on
already strained freight networks.

Due to this situation, National Governments and International Organizations assigned
the highest priority for support to ensure the continuity and stability of logistics and supply
chain.

The year of hope - 2021, because distribution of vaccines has started worldwide with
strong support from the logistics industry. The General Director of the International Air
Transport Association (IATA) Alexandre de Juniac said: “Safely delivering COVID-19
vaccines will be the mission of the century for the global air cargo industry, but it won’t
happen without careful advance planning”. According on a calculation in 2020, IATA
estimates that around 7,8 billion doses will be necessary for a first (single) vaccination of the
entire global population - a freight volume that would require 8,000 Boeing 747 cargo
aircraft. Qualified refrigerated facilities across a global network of locations where the
vaccines will be stored are also now an absolute necessity. [1]

Undoubtedly, the COVID-19, vaccination and aviation are very sensitive topics
nowadays, as well as all logistics activity that has undergone changes.

Materialsand Methods

The first victim of the beginning the pandemic was China, where demand has severely
contracted due to production stagnation. According to the report released by the China
Federation of Logistics and Purchasing (CFLP), on February 2B2¢’s manufacturing
Purchasing Managers Index (PMI) was 35.7 percent, down by 14.3 percentage points from
January 2020 (see Figure 1In.these 2 months, China’s total logistics freight volume was 4.5
billion tons, which was down by 19.8% as in comparison to the same period of 2019. To be
specific, road freight volume was decreased by 24.8%, waterway freight volume was
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decreased by 14.8%, air freight volume was decreased by 13.8%, and inversely, railway
freight volume was increased by 1.4%. [2]

During the spread of COVID-19 in China, rail transport became a key player for
transportation, especially for medical goods, that’s why the railway freight volume was
increased. The effective work showed Chinese customs services, which reduced the time for
clearance of goods and has opened “green lanes” for medical goods.
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Source: National Bureau of Statistics of China
Figure 1.China’s M anufacturing Purchasing Managers|index (PM1)

The COVID-19 virus was detected in Europe in early March 2020 and by the end of the
month situation had changed dramatically. According to the report released by European
Commission, air transport is the most affected sector, with more than 90% of programmed
flights cancelation in 27 Member States of the EU. Passenger car traffic also decreased by
nearly 90%, while public transport and passenger rail decreased by more than 50% in most
Member States. The freight sector was more resilient, since supply chains were mostly kept
open to support the continuing productive operations. [3] Changes in transport activity of
EU27 see Figure 2.

== Aviation == Road (passenger cars)
== Road (freight) = Rail (passengers)
== Maritime (ports) == Public transport

0
Feb 2020 mid March end March April 2020 +
2020 2020

Source: Data from EUROCONTROL, Google, Apple
Figure 2.Changesin transport activity, EU27
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According to Eurozone Manufacturing Purchasing Managers Index in April 2020 it was
33.4 percent, down by 10,1 percentage points from March 2020 and down by 14.5% as in
comparison to the same period of 2019 (see Figure 3.). The prior low of 36.2 percent was seen
during the peak of the global financial crisis in February 2009.
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Source: The Global Economy Business and economic data
Figure 3.Eurozone M anufacturing Purchasing M anagersIndex (PM1)

Chris  Williamson, chief busine economist at IHS Markit said: “Eurozone
manufacturing output plunged to an extent greatly exceeding any decline previousig see
the near 23-year history of the PMI survey in April, reflecting a combination of factors
including widespread factory closures, slumping demand and supply shortages, all linked to
the COVID-19 outbreak™. [4]

Results and Discussion

Adaptation to modern changes will help logistics industry to recover. New technologies,
tendencies and the effects of COVID-19 will make an indelible mark on the outlook for
2021and next future. Obviously, in the post-crisis period some of the following tendencies
will persist and will be affecting the logistics industry around the world.

Dumpingin the logistics market. Increasing competition for customers is leading to
price dumping in the freight market, as the number of goods is reduced, and transport is idle.
Many companies will not be able to withstand long-term dumping.

The COVID-19 crisis is “The Perfect Storm”- weak players is leaving the market. The
logistics market will be forced to leave small and some medium-sized companies. According
to Darwinian theory “‘Survival of the fittest” is a phrase that originated from Darwinian
evolutionary theory as a way of describing the mechanism of natural selection. [5]

Those who have managed to save money in the years preceding the pandemic and have
not overburdened themselves with significant obligations may be able to weather the storm
and increase their fleet and market share. There is likely to be a period post-pandemic marked
by a series of bankruptcies, mergers and acquisitions. [6]
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Collaboration, cooperation and consolidation of services. Logistics and service
companies has begun to collaborate, develop unique integrated offers for customers and, as a
result, strengthen their joint positions by combining their services.

With popularity increase of e-shops and delivery companies, the e-commerce business
keeps growing, from 2017 to the end of 2020, the global online trading market has doubled,
from 2.3 trillion to 4.2 trillion U.S. dollars. (E-commerce sales worldwide from 2014 to 2024
see Figure 4.)lt's estimated that there will be 2.14 billion global digital buyers by the end of
2021.That’s a lot of potential customers. In fact, with an expected global population of 7.87
billion people, that's about 27.2 percent of the world's population shopping online. [7]

The market offers and requires fast shipping, high quality, reliability and nowadays
there are many trending technologies that helps the e-commerce development. Providing
better service means better competitiveness.

The e-commerce market growth leads to an increase in demand for address deliveries,
especially for contact-free deliveries - is the trend for 2020 - 2021 lockdowns.
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Figure 4 E-commer ce sales worldwide from 2014 to 2024 (in billion U.S. dollars)

Optimization and digitalization of the logistics sector have long been touted as the
future of the industry. However, adoption has been patchy at best. The pandemic acts as
tipping point to greater utilization of innovative technologies to enhance efficiency and
promote cost-savings. The concept of digital transformation refers to the implementation of
new technologies in all areas of a company to improve its efficiency.Thus, digitalization in
logistics constitutes the integration of new digital capabilities in fields such as storage, order
prep, and transportation, among others.

The digitalization of all areas of a company is a trend that will continue in the future.
It’s currently penetrating the main economic sectors, albeit at an uneven pace. According to a
study by the consulting firm McKinsey in 2017, businesses are prioritizing the use of new
technologies in their marketing strategies (49% have done so) and in their products and
services (21%). Only 2% of those surveyed stated that they had introduced digital
transformation initiatives in their supply chains. [8; 9]

The Blockchain technology becoming one of the emerging trends in the transport
industry. One of the perspective directions of using blockchain technology in the cargo
transportation field to ensure accuracy and veracity of records, what are displaying
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performance, service history and various other vehicle performance over time. Another
perspective way to use blockchain in the transport industry is monitoring the carrying
capacity. One of the factor that affects the cost of transportation is the cargo volume and
weight. The usage Internet technology of Things (loT) sensors can help to determine the
amount of space occupied by a particular cargo. This data can be used to calculate shipping
costs. Storing this information in a blockchain-based system signed by a smart contract will
allow automatic payments to be made based on the amount of space what occupied by the
shipping cargo.

Conclusions

Logistics and e-commerce are inextricably linked. Advances in technology, heightened
customer expectations, increased competitiveness and many other macroeconomic and
political factors will all shape the future landscape of logistics and e-commerce.

Bearing in mind that nevtechnologies development will only accelerate in the near
future, transport companies should be aware of how the industry is changing. With increasing
prices of a fuel costs, spare parts etc., transport companies should apply new methods and
strategies to improve their efficiency. For the same purpose, they must look into future and be
ready to invest in new equipment - smart devices and applying modern technologies.

Digitalization, especially the networking of logistical processes, provides more
transparency in the supply and dispatch chains and thus better supply chain management.

The use-cases of blockchain for logistics include inventory tracking, better
transparency, settling disputes, invoicing and payments. Even with these use-cases, there are
many success factors for blockchain to succeed in logistics.
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Abstract

This article presents information about learning methods, their advantages and
disadvantages, as well as the possibility of using non-formal learning methods in higher
education.

Key words: education; formal, non-formal and informal learning methods.

Introduction

Before we will talk about teaching methods, it is necessary to understand what
education in general is.

A very precise definition of education at the beginning of the last century was given by
John Dewey

Education is the process of facilitating learning, or the acquisition of knowledge, skills,
values, beliefs, and habits. Educational methods include teaching, training, storytelling,
discussion and directed research. Education frequently takes place under the guidance of
educators, however learners can also educate themselves [1]

The European guidelines identify the educational process in any activity acquired by
people, in the various stages of life, in order to improve their knowledge, skills and
competences, from a personal, civic, social and occupational point of view, in a formal, non -
formal or informal way. Therefore, forms of education can be distinguished according to the
level of organization and structure, conditions in which learning takes place, functionality and
applicability of knowledge, skills and attitudes and level of certification of learning outcomes.

[2]

Materialsand Methods

Thus, education is inextricably linked with the learning process. In modern pedagogical
theory there are 3 types of learning - formal learning, non-formal learning and informal
learning.

Laura Loépez Ruiz in her article gives the following definitions of the types of training.
[3]

Formal education is an organized education model which is structured and systematic.
This model presents rather a rigid curriculum that corresponds to laws and norms. It’s a
presentational education. This means that there are students, teachers and institutions
involved. Schools and universities use this method to teach their students. Formal education
institutions are administratively, physically and curricularly organized and require from
students a minimum classroom attendance. In formal education teachers and students have to
observe, this involves intermediate and final assessments in order to advance students to the
next learning stage.

In formal education you receive a degree or diploma at the end of the formation but
there are also desired behavioural objectives. These objectives are rarely operationally
established.

Assessments have a punitive, obeying and mono-directional methodology, and this fails
to stimulate the students. But it also fails to provide for their active participation during this
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progress.There’s also another cause to this failure: the students’ standards, values and
attitudes are not considered in this education model.

It happens that in this kind of education teachers pretend to teach, students pretend to
learn and the institutions pretend to really catering the interests of students and the society.
Shortly this means that formal education fails to fulfill the real needs of students and the
community.

Informal education covers a vast array of learning that all people take part in, in their
lives every day. It covers activities like individual and personal research on a subject or
interests for themselves by using books, libraries, informal trainers, the internet or other
resources. Informal education also includes aspects whereby the individuals seek or want to
learn a specific skill or when they look into a certain area and don’t use formal or non-formal
ways to learn. But informal education means also learning things without the learner realizing
that he learned it. This can be any kind of information that the learner picked up from the
television, radio, conversations with friends and/or family.

Informal education is often used in formal or non-formal education as a method of
teaching. When television programs, films or internet are used to illustrate points, you may
conclude that you are using an informal method. This does not mean that this is always
informal. Even in the informal education some aspects are more informal than others.

1. Informal learning outcomes may be validated and certified;
2. Informal learning is also referred to as experiential or incidental/random
learning.

Non-formal education has an adopted strategy where the student attendance is not fully
required. The educative progress in non-formal education has a more flexible curricula and
methodology. The activities or lessons of the non-formal education take place outside the
institutions or schools. Here the needs and interest of the students are taken into consideration.

In turn, there are other definitions of types of education [2]

Formal learning refers to what takes place in the education and training system of a
country. It is official, structured, organised by public organisations or recognised private
institutions and results with formal certification and formal level of qualification which is
recognised by relevant national educational authorities. Formal education is usually organised
as full- time education and is organised as a continuous process with defined stages. Formal
education encompasses primary, lower and upper secondary education, higher and university
education that culminate in the achievement of a degree or a professional qualification or
diploma or a recognised certification as well as adult education programmes.

Non-formal learning is characterised by a deliberate choice of the person, which takes
place outside of the systems mentioned above, in any organisation pursuing educational and
training purposes, even volunteering, the national civil service, private social service and in
enterprises. Thus, nonformal education is any type of structured and organised learning
which is institutionalised, intentional and planned by an educational provider, but which does
not lead to formal level of qualification recognised by the relevant national education
auhorities. People of all age groups can participate in non - formal education which can be
offered through courses, workshops, seminars.

Informal learning, lastly, is also developed whether or not there is a deliberate choice
and is realised in the performance, by any person, of activities in everyday situations and
interactions that take place in them, within the context of work, family and leisure, i.e. it is
without external support and is not institutionalised. In the educational process, therefore, the
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soft dimensions come into play such as teaching styles and management of interactions that
enable, especially those who do not have access to the resources that allow them to be active
and able participants, to make use of knowledge to achieve their personal ambitions.
Furthermore, this also attenuates or reinforces motivations, expectations, intentions, self-
representations and practices of inclusion and exclusion, discrimination and social
hierarchisation.

Results and Discussions
There is comparison of types of learning in the table 1.

Table 1
Comparison of types of learning

Learningtype Advantages Disadvantages
Formal - Known form of education - Formal

- Trained teachers - Rigid

- On a regular basis - Program

- Leads to a formally recognized - Classroom-based

credential - Educational standards

- It does not consider the students’
standards, values and attitudes

Non-formal - Flexibility in organization and - Drop-in: attendance is inconsistent
methods - It doesn’t result in a degree/diploma
- Acknowledging the importance of| - Teachers are not trained but hg
education experience

- After-school programs

- Community based organizations

- Can lead to greater confidence in
formal classroom

Informal - Can take place in almost any oth - Tends to be unpredictable
location - Going with the flow
- Use a variety of methods - Conversations or internet may ha
- Lifelong education wrong information

Higher education is tertiary education leading to award of an academic degree. Higher
education, also called post-secondary education, third-level or tertiary education, is an
optional final stage of formal learning that occurs after completion of secondary education.

In the knowledge society, in which the trajectory of social development is fragmented
by the pace and scope of change in social connections, education should lay the foundations
for a new and different kind of social order. This refers to the concept of competence which
by definition refers to the subject (as an intrinsic feature) and therefore implies a radical
reinterpretation of the models of education, training and work, and shows a real function of
orientation where the imperative is to gain the ability to adapt to multiple and varied contexts,
to live in complexity and adopt continuous innovation.
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Conclusions

Thus, the using of non-formal learning methods in the face of ever-changing demands
on the labour market is becoming vital.

These methods include:

1. Student led discussion;

2. Students use their biography and self-learning to complete a project;

3. Work based learning or practical placement where learning is done
outside of the classroom/lecture theatre. Increasingly in use by educators;

4. Use of DVD or television shows, podcasts developed by teachers.

Often these approaches use informal mean$iowever these still support a
transmissions mode of education.

In this example 1 being very informal and the higher the number the less informal it
gets.

There are 2 features in the non-formal education that need to be constant:

 Centralization of the process on the student, as to his previously identified
needs and possibilities;

e The immediate usefulness of the education for the student’s personal and
professional growth.

Because of the importance of the interests and needs of the students, this form of
education meets the individual needs better. Non-formal education is focused on the student
and this will have as result that the student participates more. When the needs of the students
change the non-formal education can react quicker because of its flexibility.
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Abstract

The paper is devoted to optimization of a transportation process using freight traffic
statistical modelling methods. The main idea is to study the flow of cargo in the company for
developing the model for describing cargo flows and applying this model for forecasting
cargo flows. The forecast is used to find minimal order quantity point for the warehouse. This
point is used to develop a freight flow optimization model. Two-route cargo flows are studied
on two scales, weekly and monthly.

It is shown that proposed in this work optimization model reduces storage costs by 5%
and improves the transportation process. It is demonstrated that forecasting method which
includes seasonal component can be applied successfully to the calculation of the inventory's
optimal order quantity. The results may be useful for resource planning in the company under
study. The optimization method can be applied to supply chains, public warehouses in
logistics centers, etc. It may give possibility to ensure maximum consumer demand
satisfaction.

Keywords: time series, multiplicative model, discrete Fourier transform, Supply Chain
Management, warehouse inventory,

Introduction

The popularity of food-supply chains worldwide is growing rapidly and their customers
expecting the highest service and quilts throughout the year. As a result, supply chains are
expanding their range of activities; they remain more and more comprehensive and complex.
The major challenge and pressure arises from the fact that communication and all processes
should take place as quickly, accurately and safely as possible. These requirements affect not
only the warehouse but also producers, suppliers, customers and other interested parties [2].

Working in the logistics supply chain, the author has noticed the following: the flow of
transportable cargo is not steady during the year. This may cause serious problems in the
warehouse management system and complicates the delivery process because the inventory
level of the warehouse is not constant. In order to solve problems in the delivery process, it is
necessary to study and forecast cargo flows and to perform warehouse inventory optimization.
The purpose of this optimization is to reduce warehouse costs and to ensure a stable minimum
inventory level in a warehouse to exclude commodity-deficit situations [1]. The object of the
research of the paper is the company's cargo flow in the conditions of an unstable market.
Seasonal demand forecasting is how inventory teams identify and manage the peaks and
troughs in demand that some items experience at certain times of the year. The subject of the
paper research is the periodicity and seasonality of cargo flows as well duration of the season.

At the beginning, we have studied the main activity of the company, as well as the
undertaking's basic logistical processes [5]. After that, we described the basic principles of
the dynamic row theory and the characteristics of the dynamic row. In this research, we
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offered statistical models for forecasting cargo flows and made forecasts for cargo flows.
Next part was dedicated to the criteria for the warehouse's efficient operation and the basis for
inventory management. Finally, we offered a freight flow optimization model based on
developed criteria and a warehouse optimization calculation with this model.

Materials and Methods

For the forecasting process following information was needéelivery day and gross
weight. The first step of study is determination of flow correlation. By knowing the turnover
over three years, we can calculate the material flow correlation coefficient. This is necessary
to set the period as precise as possible. The parameters that are used to compile the
correlogram are following: L - selected period;deviation; | max - maximum deviation. The
maximum deviation determines the maximum time period that the correlogram chart will be
able to display (figure 1). As a result, a correlation coefficient is obtained - a measure of the
degree of linearity of the relationship, denoted.as

xm

Xt - i
-

A2

| fre L

|
|
"
!

L

Figure 1 Autocorrelation method. X(t) — data under search; L — selected period; | —
shift

Forecasting usually chooses one between two forecasting models: additive model and
multiplicative model [1]. In the both models we consider the following components: trend
T(t) (describing long-term tendencies), Seasonal component S(t), Random component G(t). In
the additive model these components are summarized:

X@t)=T)+S(t)+G(t) (1)
In the multiplicative model components are multiplied:
X&) =T(t) »S() G (t) 2

The choice between these two models is based on an analysis of the structure of
seasonal fluctuations. If amplitude of the fluctuations is approximately constant, we can
choose additive model. If the amplitude of seasonal fluctuations is changing multiplicative
model should be used.

Trend T(t) is obtained as moving average or geomean. After having T(t) we obtain Y(t)
through equation:
X(t)

Y =745 (3)

Seasonal component S(t) is obtained from Y(t) excluding small insignificant
amplitudes. It is important to separate cyclic component and seasonal component if the data
has two different periodicities: short term periodicity (described as seasonal) + long term
periodicity (described as cyclic). Determination of the seasonal component was performed
using discrete Fourier transform. This method examines the series members of a function
according to the harmonic oscillations with cyclic frequenw, @, w, etc., called the first,
second, third, etc. We use MathCad to perform discrete Fourier transform [3]. To find the
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cyclic component we will use 48 points of the forecasted cycle Y (t) (1 year = 48 weeks.) W
take function distribution whose general appearancecis n = ¢, wherec, is function
complex conjugatey = |c,| modulus of the numberp — argument of number,,. When we
know represented as:

(N-1)T

F(jw) = [, f(t)e /*tdt (4)

To find the Fourier projection, the value of ® should be determined for these points. The
angular frequency = 2zV is often used to characterize oscillations; where m = ratio of length
to diameter of the circle; ® = 2n / P, so that the function is given by points, in this case P=N -
number of selected points. The period of oscillation P is the time of one complete oscillation.

The oscillation period is the inverse of the frequernity: % = 2;" The instantaneous state of

body oscillations is characterized not only by the deviation x, but also by the¢aagle
wot + Py = 2nVt + ¢,. Using the discrete Fourier transform, complex Fourier coefficients
are obtained. The set of these harmonics consists of oscillations:

S(t) = a, " cos(¢y) + a; - cos(wt + ¢;) + ...+ a,, - cos(n * wt + ¢p,) (5)
After we perform Fourier transform of Y(t) we obtained seasonal component S(t) omitting

contributions with minor amplitudes. The results are presented on Figures 2. and 3.
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Figure 2.Theresultsof discrete Fourier transform Figure 3Theresult of Fourier

wherea - amplitude; ¢ - phase). transform after minor contributions

wer e excluded

The returned array has the same size as the array that is considered the argument. After
entering the data into the software, we got three tables, that show which of all amplitudes
affects function the most (figure 2). We obtain a graph of the result, which shows two curves:
x and X curves. x curves indicate the initial data flow; X indicates what values are obtained
after using the Fourier discrete transform. As a result, we obtained the following curve C(t),
which is hereinafter considered a cyclic curve. Based on the C(t) and T(t) curves, we create
the forecast curve P(t). The results of the forecast are shown on the chartA{)erefirst
forecastT'(t) - linear trend(t) - cyclic component. The forecast is calculated according to
the formula:

P(t); =T() - C(t) (6)
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Figure 3.Construction of thefirst forecast for the material D

Judging by the graph, it is well seen that the data is described very roughly, thstforec
does not describe the real data Max. and Min. points, which means that there are other
periodic liabilities that cannot be described by the cyclical component C (t) because their
periodicity is much shorter. To investigate this, we need to find the random component G (t)
and analyze their periodic liabilities. To find the random component we use the formula:

Y(©)

G =55 (7)

To study the relationship between the data, we have to divide the last points of the G(t)
component in the Fourier projection to find which circumferences and phases make up these
frequencies. The estimated flow period is 8 weeks. Examining the data after 48 points, it can
be seen that the maximum input is between amplitude 2 and amplitude 6. Amplitude 6 proves
the periodicity of 8 weeks. 48/6 = 8. Examining the data after 64 points, one can see the
maximum contribution to 8 amplitudes, which proves the veracity of previous calculations
(figure 4). The maximum period of 8 weeks can be seen in the 48-point calculation, which
were used in upcoming caclulations. The contribution of amplitude 2 can be ignored, as there
is no other calculation to prove their effect.

48 (48/6=8) 32 (32/4=8) 64 (64/8)

0 0 0
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Figure 4.Discrete Fourier transform results by 48 points compared to 32 and 64
points (diffetent time periods).
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The random component is represented on a graph. It is mandatory to add a correlogram
to the case component to see if there is any interconnection between the data (figure 6).
Judging by the correlogram, it can be seen that the correlation of the data is minimak, the c
off values of the correlogram are -0.35, +0.32, which corresponds to the limits 0.2 <| r | <0.49
weak and insignificant correlation. This means that finding the second seasonal curve
precludes further correlation of the data.

0 20 40 60 80 100 120

Figure 5.Random component G (t) of the material D

Month (t)

Figure 6.Correlogram of the material D - G(t) curve.
Results and Discussion

In the research process, calculations with a multiplicative model were performed. As a
result, we obtained material forecasts. For matéyialCamembert Bergspitz 25g.annual
forecast based on data for 36 months with a seasonal period of 12 months, without explicit
cyclic components. Forecasting modemultiplicative (figure 7). For materid — butter fly
10g. - year forecast based on data for 51 months, with a seasonal periodicity of 12 months,
without express cyclic components. Forecasting medeilitiplicative (figure 8). MaterialC
- Gin Bombay Sapphire 47% 0.5L GL - annual forecast based on data for 54 months with a
seasonal period of 9 weeks without a cyclical component. Forecasting model - mixed additive
- multiplicative (figure 9). For materid) - Butterrosette 15G TKH - annual forecast based
on data for 112 weeks, with a short - term period of 16 weeks, a seasonal period of 32 weeks
and pronounced cyclic components for 48 weeks. Forecasting model - multiplicative (figure
10).
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For materiaE - Sahne siifl 33% FR -HI - annual forecast based on data for 112 weeks,
with a short-term period of 4 weeks and a seasonal period of 24 weeks. Forecasting model
multiplicative. For frozen cargo flow - annual forecast based on data for 36 months of time
period 01.03.2017-01.02.2017 with seasonal periodicity 9 months. Forecasting model -
multiplicative.

In the warehouse cargo optimization part, the supply chain operation criteria were
defined - stock maintenance time in the warehouse, annual costs for the use of the warehouse,
material delivery costs - which allows to evaluate the efficiency of the supply chain operation.
The materiaD has a pronounced seasonality (figure 10), which should be followed. Ordering
products before their demand increases significantly within the seasonality. The performed
research allows to optimize the inventory management process, control the level of stocks in
the warehouse, take into account changing market conditions. The resulting optimization
model: improves the company's performance, ireduces warehousing costs by =5%. In the
optimization process, the amount of warehouse safety stock levels was determined, based on
which the re-order points was calculated for the forecasting periods.

Conclusions

Our study is showing that data repetition periods are varied from 8 months to 12
months. It means that when we are using multiplicative model for forecasting seasonal
component S(t) will have period varied from 8 months to 12 months. In our opinion, we can
trust our forecast because it describes the maximums and minimums of freight traffic, and the
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difference between forecasted and real data does not exceed relative error of ffér to
improve warehouse material planning (sales orders, shortage of materials, expedited orders,
due dates, marketplace demand, etc.) we should take into account that some freight flow have
seasonal nature.

An inventory optimization model based on the results of forecasting has been
developed. The model uses the requirement that there are deficit-free conditions. This model
includes economic order quantity (EOQ), safety stock measurements, reorder points what
gives us opportunity to manage unstable conditions. At the time of delivery, based on the
forecast, the quantity required will be delivered in line with the flow. It gives us possibility to
assemble trucks with different materials taking into account seasonality characteristics and, as
the result, ensuring constant cargo occupancy. Warehouse inventory optimization described
above leads to annual costs decrement by 5% averagely.

Proposed in this work inventory management system may be useful for many
companies working with material planning. It gives possibility to monitor reserves and to
replenish stock in time. To reach maximal warehouse performance companies should follow
up freight flows tendencies, to perform flow forecasts and to compare forecasted freight flows
with real flows for improving forecasts methods. Our experience shows that the forecast
taking into account seasonal contribution can be successfully applied to predict quantity of
orders.
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Abstract

The aim of this article is to analyse the existing situation and present the trends and
benefits of UAS technologies for further Blue Bioeconomy development.

In the framework of this article the development of UAS, its classification, characteristics,
economical aspects of usage, perspectives and potential in transportation, logistic systems are
analysed.

The resourse management (forecasting, monitoring) and supply systems (logistics,
transportation) - specific and sufficient areas in parallel with the value chains from aquatic
biomass to products and markets in Blue Bioeconomy are promising and beneficial for UAS
successful usage.

Keywords. UAS (Unmanned Aircraft Systems), Aquatic Bioresources (BlueBio),
Monitoring and Supply

1. Introduction

Bioeconomy has made substantial contribution to the global socio-economic growth; in
the UK for example, it injected over £200 billion gross value into British economy and
supported 5 million jobs by 2014-2016 [6].

As a result, “bio-industry,” which is one of the core elements of the EU economy
known as “bioeconomy,” will play an important role in stimulating sustainable growth and
making Europe more competitive through the reindustrialization and revitalization of rural
areas, thus providing tens of thousands of jobs in the areas of research, development, and
production over the next decade [1]. Latvian Bioeconomy Strategy 2030 [9] is a long-ter
strategy for one of the priority directions of economic development of Latvia.

The objectives of LIBRA are to be implemented within three main fields:
1) promotion and preservation of employment in bioeconomy sectors up to 128 000
employees;
2) increasing the added value of bioeconomy products to at least 3.8 billion EUR in 2030;
3) increasing the value of bioeconomy export production to at least 9 billion EUR in 2030 [9]

Bioeconomy is defined in various ways. Therefore, the definition of the bioeconomy
included in the Communication of the European Commission on 13 February 2012 of the
European bioeconomy was adopted as a basis. According to this definition, the bioeconomy
involves the production of renewable resources of biological origin on land and in the sea and
the use of these resources and waste streams to produce value-added products such as food,
feed, bioproducts, and bioenergy [1].
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Fig. 1 The concept of transition through successive stages of economic development in
relation to resources[1]

Construction of new value chains based on the development of sustainable biomass
collection and supply systems with increased efficiency and better use of biomass resources
(including cogeneration and by-product management) while using and valorizing waste and
biomass.
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Fig. 2 Value chainsin the bioeconomy [1]

BlueBio aims at achieving a sustainable and competitive blue bioeconomy in Europe.
Latvia is one of the Baltic Sea Countries with extensive Aquatic Bio resources (BlueBio)
potential and Latvia Bioeconomical strategy 2030 is the priority for Economy development. It
is important to generate knowledge for blue bioeconomy value chains and improve the
transfer of bio-based products and services from research, innovation and demonstrations to
production scale implementing the multi-actor-approach. BlueBio contributes to the
production of safe, nutritious and valuable bio-products and services, while applying the food
first principle. BlueBio launches calls to attract projects that work on the use and value-added
of aquatic biomass in integrated value chains from primary production to processing,
generating innovative products and services within the bioeconomy. The aquatic biomass can
be either caught, harvested or produced in marine or freshwater in water or on land.
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A global bioeconomy requires adequate resource management and logistical
infrastructure to support trade of biomass feedstock and intermediates. An integration of
biomass trade streams with existing supply chain infrastructure, originally constructed for
other goods, presents an opportunity to efficiently enable such growth. Another more
revolutionary way is to implement UAS in the areas with undeveloped infrastructure, with
low density of population, in areas with communication difficulties and in cases with special
delivery depending on characteristics of biomass, conversion technologies or consumer
demands. This article deals with the pros and cons of UAS usage for resource (biomass)
management methods and UAS based supply systems for logistics and transportation.

2. State of art in the sphere of UAS usage for freight transportation and

monitoring

Recent years have shown that unmanned aerial vehicles (UAV), commonly termed
‘drones’ and UAS, have the potential to become an iconic technology of the 21st century.
Drones combine three key principles of technological modernity - data processing, autonomy
and boundless mobility. They provide access to (new) spaces and enable their analysis with
the help of unprecedented methods of data collection. These capabilities, previously a
privilege reserved to the military, are now increasingly incorporated into civil domains. Thus,
drones generate potential use-cases ranging from surveillance/sensing missions to novel forms
of logistics and passenger transportatiasgnger drones, so called ‘air taxis’, have already
proven their technical ability to transport passengers within or between cities [7]. This
illustrates not just a historical turning point in aviation but marks the beginning of a new era
where low levehirspace may become the ‘third dimension’ of transportation. Regardless of
their application, drones are driven by a general motivation to make processes faster and more
flexible, while improving precision and cost-efficiency [8]. As a consequence, the commercial
use of drones is associated with vast economic opportunities.
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The European Commission estimates an economic impact of 10 billion b annually by
2035 (15 billion ‘B annually by 2050) and envisions the creation of more than 100,000 direct
jobs.

Considering indirect macroeconomic effects in drone-related industries the Commission
even anticipates 250,000 to 400,000 additional jobs [12]. Similarly, the US foresees the
creation of 100,000 jobs over a ten-year period (20A85), accounting for an economic
impact of $82 billion on activities directly and indirectly related to drones (FAA, 2016)
Huawei’s Wireless X Labs and SPO Lab divisions have engaged with our partner Keystone
Strategy to analyze the UAS market, and the potential value capture mechanisms that may be
employed by ecosystem companies. Keystone forecast the UAS technology market in 5+
years time at $12 - 33 billion in the U.S. and $41114 billion globally.

Zephyr Program - the Airbus modern top of drone technology successful demonstration
in transportation. The original target mission of the Zephyr is to provide local persistence at
an affordable price with a re-usable solar-powered aircraft, providing a wide scope of
applications, ranging for example from maritime surveillance and services, border patrol
missions, communications, forest fire detection and monitoring, or navigation. Operating in
the stratosphere at an average altitude of 70,000 feet / 21 kilometers, the ultra-lightweight
Zephyr has a wingspan of 25 meters and a weigh of less than 75kg, and flies above weather
(clouds, jet streams) and above regular air traffic, covering local or regional footprints [13].

Transportation is very important and promising field for UAS technologies

implementation.
Companies are always looking for ways to streamline their operations. For many of them, that
means seeing how drones might help. Airbus chose Singapore as its testing ground for a pilot
that involves depending on drones to deliver goods to ships anchored offshore. The parcels
have a maximum weight of approximately 3 pounds.

Using Drones to Move Medical Samples. Drones could also be advantageous when
dealing with delicate, timeensitive samples. At least, that’s the hope of a hospital system in
North Carolina that’s using drones to carry patient specimens. For now, most of them get
transported in courier cars, but the organization believes drones could be beneficial for
avoiding issues such as road traffic backups. In another instance that combines medical
deliveries and drones, people in Ghana will receive medical supplies- including blood for
transfusions - via drones. Supporters of this initiative say it could be exceptionally useful for
getting things to remote areas substantially faster than road-based vehicles could.

A Push Towards Sustainability in Storage and Transport. Companies that ship
things to their customers increasingly look towards ways to promote sustainability. They
know doing that could save them money and please customers at the same time. For example,
bulk bags store hundreds or thousands of pounds of dry products, keeping them safe during
storage or transport. Consider that 42 million bulk bags get used annually every year,
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representing an average annual growth rate of approximately 15 percent. Bulk bags are strong
enough for reuse, letting companies cut down on wasted resources. Similarly, there are
reusable shipping envelopes and boxes for smaller quantities of goods. When companies
choose those, they can move towards more sustainable practices. So, how do drones assist
with increased sustainability? They can’t hold the large quantities that bulk bags do, but like

bulk bags, they fit into the broader emphasis on sustainability in shipping. According to a
study, drones use less energy than trucks in some cases. More specifically, researchers found
that in states like California that have access to sustainable fuels for drones, the carbon
footprint is smaller for a drone trip than it would be in instances where states are more
dependent on fossil fuels. Plus, it’s important to keep in mind that people are hard at work

creating cargo drones to carry significantly larger loadsmaybe even bulk bags. For
example, at one startup, tests are underway with prototype drones that are 30 feet long and
carry 700 pounds and could travel as far as 2,500 nautical miles. These trials are just “taxi

tests” on bodies of water now, but the research team will get these drones ready for their first
flights in an upcoming phase. Analysts predict that the worth of the drone logistics and
transportation industry will surpass $29 billion by 2027. And, it’s arguable that an increase in
dedicated research could help scientists to overcome obstacles and make lasting progress.

That’s why it’s good news that a research team from Carnegie Mellon University
received a federal grant worth $2.5 million and will use some of the funds to examine the
energy implications of autonomous technologies including drenespecifically to handle
the first and last-mile segments of deliveries. Those are the most costly and energy-intensive
portions. The researchers will also get input from companies in Pittsburgh, including
Amazon, during their project. It’s too early to say now what kind of impact this academic
study might have. But, if successful, it could encourage more enterprises to consider drones
for some of their shipping needs.

An Exciting Future in the Shipping Industry.

These examples show how drones could drastically change how things get shipped. If
that happens, items could reach their destination in a way that saves energy [4].

Today there are many examples of UAS usage in the spheres of Bioeconomy and
Biotechnology. UAVs equipped with off-the-shelf sensors perform air pollution monitoring
tasks. Experimental results showed that an implicit priority guides the construction of
pollution maps by focusing on areas where the paoitsit concentration is higher. This way,
accurate maps can be constructed in a faster manner when compared to other strategies. The
use of sUAVs in intertidal monitoring assessed for a rockyintertidal is very effective, an
intertidal survey method should be completed quickly and cover a large spatial area, but also
have high enough taxonomic resolution so that accurate and detailed biological descriptions
of large intertidal areas can be made. It is suggested that small Unmanned Aerial Vehicles
(SUAV) equipped with a high-resolution camera may be used to spatially expand biological
intertidal sampling. This methodology has been tested for an ongoing rocky intertidal and
intertidal seagrass monitoring program in the Gulf of Alaska [3].

The use of satellite systems and manned aircraft surveys for remote data collection has
been shown to be transformative for sea turtle conservation and research by enabling the
collection of data on turtles and their habitats over larger areas than can be achieved by
surveys on foot or by boat. Unmanned aerial vehicles (UAVsS) or drones are increasingly
being adopted to gather data, at previously unprecedented spatial and temporal resolutions in
diverse geographic locations. This easily accessible, low-cost tool is improving existing
research methods and enabling novel approaches in marine turtle ecology and conservation
[11].
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Structure from Motion and Multi-View Stereo reconstructions from Unmanned Aerial
Vehicles imagery (UAVSfM) have the potential to increase fieldwork efficiency by providing
a greater amount of spatial information in less time. For example, in research of mangrove
forests, which could pose challenges in areas of high forest complexity and density. So the
extensive and hartb-reach area complicated monitoring and cargo transportation are the
promising fields for UAS intensive usage [10].

Basically Unmanned Aircraft System consists of 3 parts: Unmanned Aerial Vehicle
(UAV), Communication Module (CM) and Ground Control Station (GCS).

omso 2

Fig. 4 Unmanned Aircraft System [5]

Usually UAS carry out strictly defined individual tasks from surveillance to action. It
is possible to unite UAV and create the complex UAS for multitask usage. In the [5]
algorithms for area coverage in non-communicative and communicative surveillance by team
of monotype UAV are presented. But the more challenging task is to unite different types of
UAVs in one team for solving multitask problem in bioeconomy value chains and improve
the monitoring and transfer of bio-based products.

3. The complex UAS use in monitoring and transportation of aquaculture
biomass.
On the basis of situation analysis conducted in this article we would like to mark the excellent
perspectives for UAS implementation in the processes of aquaculture evolution monitoring
and supply (transportation and logistics) of biomass and fisheries for conversion or to
customer.

Monitoring

= =N -

Supply

= = -

Fig. 5 Complex Unmanned Aircraft System
Complex UAS implementation can ensure the necessary expenses reduction,
optimization of control and management, rational use of equipment and sustainability of
process.
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4. Conclusion

By gathering information, analyzing the modern state of world Bioeconomy
development and rapid growth of UAS opportunities for usage in economy, conclusion can be
made about high potential and undoubted perspectives of cooperation between modern
technologies on the edge of BlueBio and UAS.

Taking into account the World experience, analyspr@s. Expenses reduction;
Operation in harde-reach places; Operation in low populated places; Operation in places
with no infrastructure; 24/7 operation; Places with ecology restrictionsv. And anatgsisig
Legislative problems; Load restrictions (temporary); Flight safety problems; Public opinion;
Operation in extraordinary situations. Conclusion can be made, that UAS usage in nonmilitary
and non police spheres especially in Bio industrial monitoring and transportation indicates the
good perspectives of advancement in this sector of Aviation.
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Abstract

The paper aims to represent a conceptual review of the transportation and storage
business management results in Latvia before and while the pandemic in-22020
considering market structural changes caused by the Corona virus on the basis of available
data at the end of Q2, 2021. The review includes updates on the registered and operating
companies, volumes, turnover, profit or loss, paid taxes, number of employees, ranking in
transportation and storage. The analysis is valuable for the transportation and storage business
managers for continuous business monitoring and immediate reacting to the influencing
external business environment forces, restrictions, and arising opportunities.

The key words: transportation, storage, business management results, pandemic.

Introduction

The paper aims to represent a conceptual review of the transportation and storage
business management results in Latvia before and while the pandemic period #2210
considering market structural changes caused by the Corona virus since early 2020 on the
basis of available data for analysis at the end of the 2nd quarter of 2021. The review
demonstrates which subsectors of the transportation and storage sector created main losses of
the whole sector, the dynamics in paid taxes in comparison to revenue and profit or loss,
reduction or increase of staff versus changes in sales. The review demonstrates which
subsectors and businesses increased the sales and profit by taking the opportunities of the
lockdown, and dramatic decreases impacted by the restriction of flight operations. The review
is interim analysis as majorly based on data obtained from the annual reports 2020 submitted
by the companies in Latvia as from storage and transportation sector. However, at the end of
2" quarter 2021, only 54% of annual reports were submitted as informed from Lursoft (2021)
due to prolonged deadlines for the submission of annual reports at expected 100% obtained
data by November- December 2021. The value of the paper is in opportunity to see immediate
business results for monitoring and reacting to the trends, dynamics when managing the
business strategy and operations of transportation and/ or storage company, as well for
involved analytics of the sectors to provide periodical and continuous analysis of the market
changes, trends, dynamics and considering necessary rectification actions to be taken at the
pressure of the macroenvironmental factors by the transportation and storage sector managers
and stakeholders at all levels.

Materialsand Methods

The grounded theory, an exploratory method, was used for identification and
conceptualization of the patterns to structure findings by the process of comparison of key
data on transportation and storage business management results including available annual
macroeconomic reviews and submitted annual reports’ data obtained from Lursoft data as
from June 30, 2021, thus making only 54% of the transportation and storage companies,
which have submitted the annual reports. The data for 2019 is final. The data for 2020
includes final amounts of taxes paid, number of employees demonstrated. The amounts of
revenues, profit, loss and leading positions will be adjusted at receiving all annual reports
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from the transportation and storage companies. The analysis is valuable for the transportation
and storage business managers for continuous business monitoring and immediate reacting to
the influencing external business environment forces, restrictions, and arising opportunities as
well as business management results of the same sector competitors and other subsectors for
wider and more detailed business environment layout analysis. As final data for 2020
considering all submitted reports by the transportation and storage companies will be
available closer to the end of the 2021, for business management monitoring it will be already
the period periodic monitoring of the results of 2021 in addition to 2020, so even partially
available information is beneficial for understanding the market changes during 2020 and
comparing to 2019 before the pandemic.

The identified research problem is absence of clarity of transportation and storage
business management results and sector market structure and leadership in Latvia in 2020
while the pandemic, comparing to the results of 2019 before the Coronavirus pandemic. The
research question: what are the transportation and storage business management results in
2020 comparing to 2019, impacted by restrictions and opportunities during the pandemic?

The focus is mainly on financial and sectoral business result analysis. Non-financial
analysis and volume analysis are considered, but is not the focus of the review. The research
IS quantitative, based on quantitative datgecondary data from official macroeconomic
reviews for 2019 and 2020, and primary data selection analysis obtained from Lursoft (June
30, 2021) from annual reports 2019 and 2020 submitted by the companies. The author
selected data and structured for analysis, as well as identified patterns from the MS Excel data
sheets, which include the amounts of sales, taxes paid, number of employees, regions of
Latvia for 2019 and 2019. Review is based on the NACE code sections of the Transportation
and storage- NACE code H, including NACE code 49 -Land transport and transport via
pipelines, NACE code 50 - Water transport, NACE code 51 - Air transport, NACE code 52 -
Warehousing and support activities for transportation, NACE code 53 - Postal and courier
activities.

Research function and application: the overview provides a summary of the key
financial data as from 2019 and 2020 available on the transportation and storage sector with
discussion of the trends, dynamics, the effects of taken opportunities and restrictions,
applicability of data for business monitoring and rectification actions as practical immediate
application. The research will serve as basis for final review of the 2020 period comparing to
2019, as well as the base for contrasting with the annual results of the current operational year
2021, second year of the pandemic.

The research objective is to conduct comparison of key financial available data for 2019
and 2020 of the transportation and storage sector and subsectors and identify patterns of the
transportation and storage market structural changes caused by the restrictions and business
opportunities brought by the pandemic mode.

Research object is the key data on transportation and storage sector business results for
2019 and 2020 including the revenue, profit or loss, amount of paid taxes, number of
employees of the transportation and storage companies structured as per NACE codes and/ or
Latvia regional representation, top 10 leading position rating.

Research subject is the patterns identified from financial comparison of transportation
and storage sector business management results of 2019 and 2020 in Latvia to take
rectification actions and enhance overall representation of the sector in Latvia during the
upcoming period.

Results and Discussion

The transport and storage sector is one of the most promising sectors in the Latvian
economy according to LIAA, where the Latvian transport and storage sector is not biased
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towards road transport, as is the case with economies of other countries in the region. In
contrast, the Latvian transport and storage sector is more diversified, with sea and railway
transport being important export services. (Investment and Development Agency of Latvia,
2020).

The key advantages of transportation and storage in Latvia as cited by LIAA are historic
transport and trade gateway, access to Russian and European markets, excellent infrastructure,
diversified alternatives; no bias towards road transport, three ice-free ports, development of
air transport sector, Riga International Airport is a regional hub serving more than 40% of all
Baltic airline passengers, competitive and multilingual labour force. (LIAA, 2020). Latvian
national airline airBaltic has emerged as the leading airline in the Baltic States. The number of
flight’s annually has increased from 19 504 in 2003 to 87 007 in 2019. The number of
passengers using the airport in 2019 reached 7.8 million, which is a record for the airport. In
2019 Riga International Airport has served 44% of all the passengers in the Baltic States.
(LIAA, 2020).

Value added of transportation and storage is 8% in 2019 according to the Ministry of
Economics of the Republic of Latvia, Central Statistical Bureau of Latvia (2020), p. 15, and
7% in 2020 according to the Ministry of Economics of the Republic of Latvia, Central
Statistical Bureau of Latvia (2021), p.15. However, as from April 2020, the value added of
transportation and storage was indicated 10% in 2019 by the Ministry of Economics of the
Republic of Latvia, Central Statistical Bureau of Latvia (2020), p.16. The changes in 2020
against 2019 are (-14.9%) in total for transportation and storage, while freight rail transport
decreased for (-42.3%), cargo handling decreased for (-28%), freight transport by road
increased for 2.6%. (The Ministry of Economics of the Republic of Latvia, Central Statistical
Bureau of Latvia, 2021, p.27.) Comparatively, the changes in 2019 against 2018 are (-2.7%)
in total for transportation and storage, while freight transport by road had decrease (-3.8%) in
2019 against 2018 before the pandemic. (The Ministry of Economics of the Republic of
Latvia, Central Statistical Bureau of Latvia, 2020, October, p.27.). In 2019, a downturn in the
sector was determined by a decline in freight transport, and support activities for
transportation. Freight transport decreased in all modes of transport, while passenger transport
increased by 7%, postal and courier activitidsy 18%. (The Ministry of Economics of the
Republic of Latvia, Central Statistical Bureau of Latvia, 2020, April, p.28.).

According to Bank of Latvia (2021, p.23), the transport sector witnesses decelerating
growth in 2020 despite freight transportation and passenger transportation dddesasge.
coal cargo decrease, there was increase in grain and wood cargo. The volume of cargos loaded
and unloaded in ports shrank by 28.0% and turnover of rail freight by 46.9% in 2020. The
number of air passenger decreased by 74.2% in 2020. Contraction 8.4 % of freight by road is
in 2020. (Bank of Latvia, 2021, p. 23). At ports the number of passengers decreased by
56.5%. However, in land transport the decline reached 36.4%. (The Ministry of Economics of
the Republic of Latvia, Central Statistical Bureau of Latvia, 2021, p.27.).

101.2 million tons of freights were carried by land and pipeline transport in 2020, a
decrease of 16.8 million tons or 14.2 % compared to 2019. (Central Statistic Bureau, 2021). In
2020 rail transport freights comprised 24 million tons, which is 42.3 % less than in 2019.
National freights by rail comprised 2.1 million tonne21.1 % more. In international traffic
the volume of freight carried by rail comprised 21.9 million tons, reduction of 45 %. Of which
export freight transport 2 million tons, 11.3 % less, import freight transpert6.3 million
tons, drop of 50.7 %, but goods in transi8.6 million tons, 20.9 % less. In 2020 transport
freights via Latvian ports comprised 14.6 million tons, which is 53.8 % less than in 20109.
(Central Statistic Bureau, 2021). Freights by road comprised 75.7 million tons, which is 2.6 %
more than in 2019. National freights comprised 60 million tonnes, 7.6 % more. International
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freights accounted for 15.7 million tors12.6 % less. Of which 4.5 million tons accounted

for export freight- 4.8 % more, but import freight 3.1 million torss.2 % less. Cross-trade

and cabotage freights comprised 8.1 million tons, 21.9 % less than in the previous year. 76.3
% of total road freights were transportation for hire or reward with decrease by 0.8 %. 1.5
million tonnes of oil products were transported via main pipeline, which is 43.9 % less.
(Central Statistic Bureau, 2021n 2020 freight turnover at Latvian ports was the lowest
since 1995. Freights loaded and unloaded at ports comprised 44.9 million tons, which is 28 %
less than in 2019. Freight turnover at Riga port was 23.7 million tonnes in 2020, 27.7 % less,
at Ventspils port- 12.9 million tonnes or 36.9 % less, at Liepaja port — 6.6 million tonne or

10 % less, but at minor ports 1.7 million tonnes or 5 % lesgCentral Statistic Bureau,
2021).Freights loaded at ports comprised 35.3 million tons in 2020, which is 33.3 % less than
in 2019. Volume of main freights shipped reduced. Most significant was drop of volume of
coal loaded onto ships by 13.4 million tonnes or 79.6 %. Oil products shipped reduced by 3.1
million tonnes or 27.5 %. Volume of timber loaded reduced by 10.2 %, of freights in
containers- by 0.4 %, of roll on/roll off- by 8.3 %, of mineral fertilisers by 21.8 %, of

wood chips- by 14.2 %. But volume of grain and grain products increased by 11 %. (Central
Statistic Bureau, 2021%.6 million freights were unloaded at ports, their volume rose by 1.7
%. Oil products unloaded increased by 10.8 %. Volume of building materials unloaded rose
by 19.3 %. Volume of various metals and articles thereof remained at the level of the previous
year (rise of 0.1 %), but volume of wood chipsncreased 7.5 times. But the volume of
unloaded freights in containers and roll on/ roll off fell by 10.7 % and 11.5 %, respectively.
(Central Statistic Bureau, 2021).

Freight traffic by railroad was 41,489 thousand tonnes in 2019 and 24,056 thousand
tonnes in 2020. Data on freight traffic by water transport is not provided for 2019 and 2020 as
from Central Statistic Bureau (2021). Freight traffic by road transport was 73,755 thousand
tonnes in 2019 and 75,705 thousand tonnes in ZB2@ght traffic by air transport was 16
thousand tonnes in 2019 and 11 thousand tonnes in R02Gtral Statistic Bureau, 2021).
Freight turnover by railroad transport 15,019 million tonne-km in 2019 and 7,979 million
tonne-km in 2020. Data for water transport is unavailable according to Central Statistic
Bureau, 2021. Freight traffic by road transport was 14,965 thousand tonnes in 2019 and
13,705 thousand tonnes in 2020. (Central Statistic Bureau, 2B&ight turnover by air
transport is 18 million tonne-km in 2019 and 11 million tonne-km in 2020. Total freight
turnover by all transport modes is 30,002 million tonne-km in 2019 and 21,695 million tonne-
km in 2020, and in thousand tonnes: 115,260 in 2019 and 99,772 in 2020. (Central Statistic
Bureau, 2021).

The structure of Imports of Services included 10% road transport in 2020, 8% in 2019;
air transport 7% in 2020, 12% in 2019; sea transport 5% in 2020 and 5% in 2019; rall
transport 4% in 2020 and 3% in 2019; travel 11% in 2020 and 21% in 2019. (The Ministry of
Economics of the Republic of Latvia, Central Statistical Bureau of Latvia, 2021, April, p.14
and the Ministry of Economics of the Republic of Latvia, Central Statistical Bureau of Latvia,
2020, April, p.15).

The Structure of Imports of Goods included 7% vehicles in 2020 and 8% in 2019. (The
Ministry of Economics of the Republic of Latvia, Central Statistical Bureau of Latvia, 2021,
April, p.14 and the Ministry of Economics of the Republic of Latvia, Central Statistical
Bureau of Latvia, 2020, April, p.15).

Export of vehicles is 4% in 2020 and 5% in 2019 of export structure. (The Ministry of
Economics of the Republic of Latvia, Central Statistical Bureau of Latvia, 2021, April, p.13
and the Ministry of Economics of the Republic of Latvia, Central Statistical Bureau of Latvia,
2020, April, p.12).
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Occupied posts in transportation and storage are 8% in 2019 and 8% in 2020%
according to the Ministry of Economics of the Republic of Latvia, Central Statistical Bureau
of Latvia, 2020, p.27. and 2021, p.27), while changes in occupied posts in transportation and
storage in 2020 decreased for (-5.4) in thousands against 2019 according to the Ministry of
Economics of the Republic of Latvia, Central Statistical Bureau of Latvia, 2021, p.31).

Gross Wage in transportation and storage Q4 of 2020, compared to Q4 of 2019
increased for 3.1%. (The Ministry of Economics of the Republic of Latvia, Central Statistical
Bureau of Latvia, 2021, p.33.).

Lending Portfolio of Non-Financial Institutions by Sector is 8% at the end of 2020 (The
Ministry of Economics of the Republic of Latvia, Central Statistical Bureau of Latvia, 2021,
p.38.) and is 9% at the end of June 2020 (The Ministry of Economics of the Republic of
Latvia, Central Statistical Bureau of Latvia, 2020, p.38.) and is 11% at the end of June 2019
(The Ministry of Economics of the Republic of Latvia, Central Statistical Bureau of Latvia,
2020, April, p.38.).

FDI in transportation and storage at the end of 2020 is 4% (The Ministry of Economics
of the Republic of Latvia, Central Statistical Bureau of Latvia, 2021, p.37.), 5% at the end of
June 2020 (The Ministry of Economics of the Republic of Latvia, Central Statistical Bureau
of Latvia, 2020, October, p.37), and 5% at the end of 2019 (The Ministry of Economics of the
Republic of Latvia, Central Statistical Bureau of Latvia, 2020, April, p.37).

Household Expenditures on Transport in 2019 are 12% (The Ministry of Economics of
the Republic of Latvia, Central Statistical Bureau of Latvia, 2021, p.8.), data for 2020 is not
indicated, however, data according to Macroeconomic report for 2019 from April, 2020 is
14% in 2019. (The Ministry of Economics of the Republic of Latvia, Central Statistical
Bureau of Latvia, 2020, April, p.9.) For the contrasting, Household Expenditure on transport
in Latvia was 11.8 % in 2018, Germany -13.8 % (2018), and highest per cent was in Slovenia
—16.9 % and Lithuania 15.8%. (Eurostat, 2020).

The number of the transportation and storage companies at the end of June 2021 is
12565, which are regionally distributed: Kurzeme 1203, Latgale 1064, Pieriga 2273, Riga
5999, Vidzeme 876, Zemgale 1150. The number of the transportation and storage companies
with turnover equal or higher 500 euro is 5466 in 2019 and 3008 in 2020 according to Lursoft
data (2021, June 30). Number of registered companies, NACE code 49, Land transport and
transport via pipelines, is 8484 (67.52%); NACE code 50, water transd®89 (1.50%);

NACE code 51, air transport 41 (0.33%); NACE code 52, Warehousing and support
activities for transportation 3573 (28.44%); NACE code 53, Postal and courier activities

278 (2.21%). The number of the companies per NACE codes with turnover equal or higher
500 euro in 2020 and 2019: NACE 491896 (63.03%) in 2020, 3433 (62.81%) in 2019;
NACE 50- 56 (1.86%) in 2020 and 88 (1.61%) in 2019; NACE51-9  (0.30%) in 2020
and 15 (0.27%) in 2019; NACE 52990 (32.91%) in 2020 and 1837 (33.61%) in 2019;
NACE 53 - 57 (1.89%) in 2020 and 93 (1.70%) in 2019. In total, 3008 companies made
23.94% in 2020 and 5466 companies made 43.50% in 2019 of registered, but with turnover
equal or higher 500 euro. (Lursoft, 2021, June 30).

Total turnover of transportation and storage, NACE code bi3ibln € (6,279,926,167
€) in 2019, and at condition that only 54% of companies have submitted the annual reports,
the total turnover in 2020 is 2.5 bln € (2,449,859,326 €), 39.01% of 2019. The turnover is split
in NACE code subsectors: NACE 49, Land transport and transport via pipelines -
2,741,155,432 € (43.65%) in 2019, 1,155,613,528 € (47.17% of total) in 2020; NACE 50,

Water transport 153,697,200 € (2.45%) in 2019 and 73,431,952 € (3%) in 2020; NACE code
51, Air transport, 697,323,148 € (11.10%) in 2019, 140,424,492 € (5.73% of total) in 2020;
NACE code 52, Warehousing and support activities for transportation, 2,500,623,815 €
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(39.82%) in 2019, 1,021,240,891 € (41.69%) in 2020; NACE code 53, Postal and courier
activities, 187,126,572 € (2.98%) in 2019, 59,148,463 € (2.41%) in 2020. Data for 2019 is

final, data for 2020 can be changed as only 54% of the companies have submitted the annual
reports. (Lursoft, 2021, June 30).

Profit or loss in 2019 and 2020 by NACE code subsectors: NACE 49, Land transport
and transport via pipelis, 77,167,930 € in 2019 and 40,401,182 € in 2020; NACE 50, water
transport, 6,480,647 € in 2019 and 4,746,050 € in 2020; NACE code 51, Air transport,
31,932,059 € in 2019 and -278,344,119 € in 2020; NACE 52, Warehousing and support
activities for transpaation, 175,581,354 € in 2019 and 13,969,287 € in 2020; NACE 53,

Postal and courier activities, 5,784,174 € in 2019 and 4,683,193 € in 2020. The total profit for

2019 was 296,946,164 €, but total loss is (-214,544,407 €) in 2020. Air transport makes
129.74% of total loss in 2020. Data for 2019 is final, data for 2020 can be changed as only
54% of the companies have submitted the annual reports. (Lursoft, 2021, June 30).

Total tax payments to state budget by transportation and storage, NACE code H, are
569,485,610.00 € in 2019 and 517,960,340.00 € in 2020 with only 9.05% decrease against
2019. The split of the paid taxes by NACE code subsectors are: NACE 49, Land transport and
transport via pipelines 204,280,820.00 € (35.87%) in 2019, 212,539,690.00 € (41.03%) in
2020; NACE 50, Water transport 15,731,940.00 € (2.76%) in 2019, 14,674,010.00 €
(2.83%) in 2020; NACE 51, Air transpor23,653,200.00 € (4.15%) in 2019, 10,497,140.00 €
(2.03%) in 2020; NACE 52, Warehousing and support activities for transportation -
285,640,030.00 € (50.16%) in 2019, 237,327,690.00 € (45.82%) in 2020; NACE 53, Postal
and courier activities 40,179,620.00 € (7.06%), 42,921,810.00 € (8.29%) in 2020. Taxes
include: personal income tax (IIN), CIT, State Social Insurance Mandatory Contributions
(VSAOI), VAT, microentreprise tax, nature resources tax, excise duty, customs duty,
subsidised electricity tax, electricity tax, company risk fee, lottery and gambling tax. (Lursoft,
2021, June 30).

Top 10 companies with biggest turnover in 2019 in transportation and storage sector
are: 1. Air Baltic Corporation AS, Pieriga560 001 000 €, 2. SIA‘LDZ CARGO’, Riga - 253
074 432 €, 3. Rigas pasvaldibas sabiedriba ar ierobeZotu atbildibu ‘Rigas satiksme’, Riga -

191 176 990 €, 4. Valsts akciju sabiedriba ‘Latvijas dzelzcel$’, Riga - 183 279 901 €, 5. SIA
‘SMARTLYNX AIRLINES’, Pieriga, - 177 122 910 €, 6. SIA ‘Kreiss’, Pieriga - 176 067 127
€, 7. SIA ‘SKONTO METALS’, Riga - 108 386 712 €, 8. Valsts akciju sabiedriba ‘Latvijas
Pasts’, Pieriga - 96 167 865 €, 9. SIA ‘Baltic Logistic Solutions’, Pieriga - 76 128 745 €, 10.
Valsts akciju sabiediiba STARPTAUTISKA LIDOSTA ‘RIGA’, Pieriga - 64 986 666 €.
(Lursoft, 2021, June 30).

Top 10 companies, which can be later updated, with biggest turnover in 2020 in
transportation and storage sector at condition that only 54% of the companies have submitted
the annual reports by the date of review: 1. SIA’LDZ CARGO’, Riga - 162 326 282 €, 2.

Valsts akciju sabiedriba ‘Latvijas dzelzcel$’, Riga - 156 536 122 €, 3. Air Baltic Corporation
AS, Pieriga -135 934 000 €, 4. SIA ‘Baltic Logistic Solutions’, Pieriga - 55 250 772 €, 5. AS
‘Conexus Baltic Grid’, Pieriga - 53 867 296 €, 6. SIA ‘DSV Latvia’, Riga - 48 508 810 €, 7.
‘TRANSIT SERVICE AGENCY’ SIA, Kurzeme - 45 766910 €, 8. SIA ‘ULTRAMAR’,
Riga -45 076 783 €, 9. AS ‘Pasazieru vilciens’, Riga - 42 630 440 €, 10. SIA ‘Ventspils
nafta" terminals, Kurzeme, 30 041 066 €. (Lursoft, 2021, June 30).

When reviewing top 10 turnover of transportation and storage companies in 2019, how
the companies proceeded during 2020, it should be noted that Air Baltic Corporation AS,
Pieriga, NACE 51, turnover in 2020 is 135 934 000 EUR decreased for 72.81% from turnover
500 001 000 EUR in 2019, Loss in 2020 is (-278 267 000) increased 36 times against loss (-7
729 000) in 2019, number of employees 1022 in 2020 decreased for 19.08% against 1263
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employees in 2019, taxes paid 7970.71 in thousands EUR decreased for 56.23% against
18209.26 thousands EUR paid in 2019. Turnover ranking decreasét|ifoR@20 from 1'in

2019, NACE 51 ranking is samé'in 2020 as in 2019, however, ranking can be changed
later. (Lursoft, 2021, June 30).

SIA ‘LDZ CARGO’, Riga, NACE 49, turnover 162 326 282 EUR in 2020 decreased for
-35.86% against turnover 253 074 432 EUR in 2019, loss (-3 302 621 EUR), (-218.57%) in
2020 versus profit 2 785 211 EUR in 2019, number of employees 1714 in 2020 reduced for
18.42%, 2101 in 2019, taxes paid (-3282.03 thousands EUR)

increased in 2020 versus tax paid (-13653.6 thousand EUR) in 2019. (Lursoft, 2021,
June 30).

Rigas paSvaldibas sabiedriba ar ierobezotu atbildibu ‘Rigas satiksme’, Riga, NACE 49,
turnover and profit in 2020 is not yet available, but turnover in 2019 is 191 176 990 EUR,
profit 7 730 210 EUR in 2019, number of employees 3921 in 2020 and 4057 in 2019, taxes
paid in 2020 - 30377.69 thousands EUR, in 2019 - 33372.7 thousands EUR.

Valsts akciju sabiedriba ‘Latvijas dzelzcel§’. Riga, NACE 52, turnover 156 536 122
EUR in 2020 decreased for 14.59% against 183 279 901 EUR in 2019, loss / profit is
unknown for 2020, profit in 2019 was 32430 EUR, number of employees 5383 in 2020
decreased for 15.61% against 6379 in 2019, taxes paid 35490.22 thousands EUR in 2020
decreased for 52.03% against 73976.95 thousand EUR in @02€oft, 2021, June 30).

Top 10 companies with highest number of employed staff 2020 versus 2019 in
transportation and storage sector, NACE H, 1. Valsts akciju sabiedriba ‘Latvijas dzelzcels’,

Riga, 5383 in 2020, 6379 in 2019, decrease 15.61%igAs pasvaldibas sabiedriba ar
ierobezotu atbildibu ‘Rigas satiksme’, Riga, 3921 in 2020, 4057 in 2019, decrease 3.35%, 3.

Valsts akciju sabiedriba ‘Latvijas Pasts’, Pieriga, 3315 in 2020, 3706 in 2019, decrease
10.55%, 4. SIA ‘Kreiss’, Pieriga, 2751 in 2020, 2556 in 2019, increase 7.62%, 5. SIA ‘LDZ
CARGO’, Riga, 1714 in 2020, 2101 in 2019, decrease 18.42%, 6. Valsts akciju sabiedriba
STARPTAUTISKA LIDOSTA ‘RIGA’, Pieriga, 1141 in 2020, 1321 in 2019, decrease
13.63%, 7. Air Baltic Corporation AS, Pieriga, 1022 in 2020, 1263 in 2019, decrease 19.08%,
8. AS ‘Pasazieru vilciens’, Riga, 1018 in 2020, 1045 in 2019, decrease 2.58%, 9. HAVI
Logistics SIA, Riga, 735 in 2020, 801 in 2019, decrease 8.24%, 10. SIA ‘Baltic Logistic
Solutions’, Pieriga, 559 in 2020, n/d in 2019. (Lursoft, 2021, June 30).

Top 10 companies with highest profit 2019 in transportation and storage sector, NACE
H, are: 1. SIA "SMARTLYNX AIRLINES", Pieriga, 36 926 122 €; 2. "STREK" SIA, Riga,

24 994 596 €; 3. Valsts akciju sabiedriba STARPTAUTISKA LIDOSTA ‘RIGA’, Pieriga, 22
140 607 €; 4. AS ‘Conexus Baltic Grid’, Riga, 17 945 000 €, 5. Rigas pasvaldibas sabiedriba
ar ierobezotu atbildibu ‘Rigas satiksme’, Riga, 7 730 210 €; 6. SIA ‘BALTIC CONTAINER
TERMINAL’, Riga, 7 439 774 €; 7. SIA Smart Aviation Holdings, Pieriga, 7 286 102 €; 8.
SIA ‘Alpha Osta’, Riga, 7 005 730 €; 9. SIA ‘SKONTO METALS’, Riga, 6 947 522 €; 10.
SIA ‘Riga fertilizer terminal’, Riga, 5 980 810 €. (Lursoft, 2021, June 30).

Top 10 companies with highest profit 2020 in transportation and storage sector, NACE
H, considering that only 54% of the companies have submitted the report, the ranking can be
changed: 1. AS ‘Conexus Baltic Grid’, Riga, 13 111 806 €; 2. SIA ‘ULTRAMAR’, Riga, 8
100 778 €; 3. SIA ‘BALTIC CONTAINER TERMINAL’, Riga, 6 388 030 €; 4. SIA ‘Riga
fertilizer terminal’, Riga, 5 898 798 €; 5. AS ‘PKL Flote’, Riga, 4 323 735 €; 6. SIA
‘Ventspils nafta’ terminals, Kurzeme, 2 440 662 €; 7. Omniva SIA, Pieriga, 2 366 323 €; 8.

SIA ‘Port Milgravis’, Riga, 1 689 698 €; 9. SIA ‘DPD Latvija’, Riga, 1 659 977 €; 10. SIA
‘LSC’, Riga, 1 419 177 €. (Lursoft, 2021).
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AS ‘Conexus Baltic Grid’ profit 13111806 EUR in 2020 is 24.34% of turnover
53867296 EUR and 73.07% of 2019 year profit 17945000 EUR, 30.24% of turnover 2019
59343000 EUR. (Lursoft, 2021, June 30).

SIA ‘ULTRAMAR’ profit 8100778 EUR in 2020, 17.97% of turnover 2020 —
45076783 EUR, increased 414.52%, 1954243 EUR profit 2019, 3.93% of turnover 2019
49667013 EUR(Lursoft, 2021, June 30).

SIA ‘BALTIC CONTAINER TERMINAL’ profit 6388030 EUR is 40.35% of turnover
2020- 15832369 EUR, 85.86% of profit 20197439774 EUR, 44.78% of turnover 2019
16614321 EUR(Lursoft, 2021, June 30).

Conclusion

Transportation and storage sector, NACE H, total profit was 297 min in 2019 and is 216
min loss in 2020, but data for 2020 can be later changed at submission of all annual reports
closer to the end of 2021. Only 43.50% of the registered companies in 2019 had turnover
equal or greater than 500 EUR, and in 2020 - 23.94%. However, 2020 data can be changed as
only 54% of the companies submitted the annual report. Annual turnover was 6.28 billion
Euro in 2019, and 2.5 billion Euro in 2020, at condition that only 54% of the companies
submitted the annual reportsursoft, 2021, June 30). At changed turnover and profit, paid
taxes are almost at the same level: 570 min Euro paid in 2019 and 518 min paid in 2020 with
decrease 9.12%.

Air transport sector generated 10s%7§.,344,119 €), 129.74% of total transportation and
storage sector loss (-214,544,407n 2020, data can be adjusted at submission of all annual
reports.

At overall situation of contraction in profit, some companies generated significant profit
increase. For example, SIA ‘ULTRAMAR’ - 414.52% profit increase, 2028-100 778 €,

2019 -1 954 243 EUR, Omniva SIA - 316.83% profit increase, 202866323 EUR, 2019
746868 EUR, SIA ‘DPD Latvija’ -156.55% profit increase, 20201659977 EUR, 2019
1060359 EUR(Lursoft, 2021, June 30).

Almost all top 10 companies with highest number of employees decreased the number
of employees, excluding SIA ‘Kreiss’ (truck logistics), which increased number from 2556 in
2019 to 2751 in 2020. However, the companies did not have significant decrease in number of
employees. At all 2020 year challenges, the transportation and storage companies, top 10,
with highest number of employees, tried to keep the number of employees, highest decrease
of top 10 was 18.42% by ‘LDZ CARGO’, ‘Latvijas dzelzcels’ decrease by 15.61%,
STARPTAUTISKA LIDOSTA ‘RIGA’ decrease by 13.63%, SIA Kreiss increase by 7.62%.
Moreover, overall paid taxes decreased only for 9.12% as stated.

The objectives of the research are performed as the author conducted the comparison of
key financial available data for 2019 and 2020 of the transportation and storage sector and
subsectors and identified patterns of the transportation and storage market structural changes
caused by the restrictions and business opportunities brought by the pandemic mode. The
answer to the research question about the transportation and storage business management
results in 2020 comparing to 2019, impacted by restrictions and opportunities during the
pandemic is demonstrated in the section of the results.

The research has some limitations for final data for year 2020, however, this analysis
provides summary of available data necessary for monitoring business environment and
reacting to the influencing factors of external environment. The research will serve as the
basis for future research on final data for 2020, comparing to final data 2021. For future
research, the author is interested to analyse the upcoming results in 2021 versus 2020 and
2019- after expanded vaccination, cancellation of passenger flight restrictions, will the air
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transport sector improve overall results, will the courier delivery and road transport have the
tendency for stability or growth as demonstrated in 2020, or will decrease with cancelling
restrictions for facae-face shopping and flights.
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RIGAS BRIVOSTAS MUITAS KONTROLES PUNKTA 0210
KLIENTU APKALPOSANAS KVALITATI IETEKMEJOSIE FAKTORI

Ludmila Jefremova
Riga Aeronautical Institute
jefremova83@gmail.com

Abstract

The article “Factors Affecting the Customer Service Quality of the Freeport of Riga
Customs Checkpoint 021@xamines solutions for increasing the efficiency of the customer
service system of the customs checkpoint 0210 of the Free Port of Riga, as well as the facto
influencing quality in the conditions of changing legislation and in the conditions of the
Brexit and Covid 19 pandemic

Anotacija

Raksta izskatiti risinajumi Muitas kontroles punkta 0210 (turpmak — MKP 0210) klientu
apkalpoSanas sistémas efektivitates paaugstinaSanai, ka arm kvalitati ietekm&josie faktori
mainigas likumdoSanas apstaklos un Breksits un Covid 19 pandémijas apstaklos.

Atslegas vardi: muita, apkalpoSana, efektivitate, riski, Breksits, Covid 19.

levads

Raksta mérkis ir izstradat risinajumus profesionalai, atrai, musdienigai un efektivai
muitas klientu apkalpoSanas sist€mai, sniegt priekSlikumus tas uzlaboSanai Covid 10
pandémijas laika.

Materiali un metodes

Raksta pielietotas $adas p€tijuma metodes: teorétiskas literatliras un interneta resursu
analize, statistikas datu analize, Latvijas Republikas likumu un Eiropas Savienibas regulu
analize, masu apkalpoSanas teorijas metodes.

Rezultati un diskusija

Misdienas sniedzot pakalpojumus gan privataja, gan valsts sektdy ir passaprotama
noteiktu pakalpojumu sniegSanas un klientu apkalpoSanas pamatprincipu ieveéroSana,
pakartojot institiicijas iekS€jos procesus atbilstoSi sniedzamajiem pakalpojumiem un klientu
vajadzibam. Tas ietver gan klientu inform&Sanu par sniedzamajiem pakalpojumiem un to
sanems$anas veidu, gan klientu apkalpoSanu tam &rta veida un forma (klatiené, telefoniski,
izmantojot internetu). [[Valsts ienémumu dienesta (turpmak - VID) istenoto pasakumu
efektivitates un klientu apmierinatibas noverteéSanai iestade regulari veic atsevisku tému
petijumu izstradi.

Laika posm no 2020.gada 5.oktobra lidz 9.decembrim tika veikta Valsts ien€émumu
dienesta (turpmak — VID) muitas iestazu klientu aptauja, lai noskaidrotu vinu uzskatus par
muitas iestazu darbibu un apkalpoSanas kvalitati. Lidzigas aptaujas tika veiktas ar1 2014.,
2016. un 2018.gad

“SKDS” apkalpoSanas pétijuma dati liecina, 2020. gada vert€§jums apkalpoSanas
kvalitatei VID muitas iestades pasliktinajies. Attieksmes pasliktinaSanas vérojama, veértgjot
darbinieku profesionalitati, klientu apkalpoSanas atrumu, form&ot ieveSanas muitas
procediiras, muitas darbinieku attieksmi pret klientiem, atsaucibu un ieinteresétibu, zinaSanu
un kompetences [imeni.
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Svarigi nemt veéra, ka aptauja notika Covid-19 pandémijas laika, un to rezultativai
vargja ietekmét noteikti piesardzibas un ierobezoSanas pasakumi. COVID-19 (koronavirusa
infekcija) ir infekcijas slimiba, ko izraisa 2019. gada nCoV koronavirusa (SARS-CoV 2)
smags akiits respiratorais sindroms. ST slimiba pirmo reizi tika atklata 2019. gada decembri
Vuhana, Kinas Hubei provinces regiona un kops ta laika ta ir izplatijusies visa pasaulg,
izraisot koronavirusa pandémiju 2019. — 20. [2Kad veicot muitas klientu apkalpoSanu:
deklaraciju pienemsana, fiziska muitas kontrole, muitas nodro§inajumu uzlikSana vienlaikus
ikvienam muias uzraugam jalieto mutes un deguna aizsegus, ievéro Vispargjas
epidemiologiskas drosibas prasibas 24 stundas 7 dienas nedéla neatkarigi no laika apstakliem,
ka ar1 papildus jakontroleé muitas klientu pliisma.

Nebiis brinums, ka 2021. gada “SKDS” veért§juma rezultati labaka gadijuma biis I1dzigi
2020. gada vert§jumam, vairaku parmainu likumdoSanas de€l. Divi galvenie iemesli, kas
ietekm&s MKP 0210 darbibu ir Apvienotas Karalistes (turpmak - AK) izstaSanas no Eiropas
Savienibas, jeb breksits (Brexit) un pieviengas vértibas nodokla (turpmak - PVN)
pieméroSanu e-komercijas siitjumiem.

AK izstasanas no Eiropas Savienibas (turpmak - ES) 2021. gada ietekm€& un ietekmé&s
muitas MKP 0210 apkalpoSanas kvalitati. No 2021. gada 1. janvara visas preces, kas tiek
levestas ESnuitas teritorija no AK vai kuras tiek izvestas no ES uz AK, ir paklautas muitas
uzraudzibai un kontrolei. Parvietojot preces uz vai no AK, ir jakarto tiesibu aktos noteiktas
muitas formalitates. Rezultata palielinajies apstradato deklaraciju un kravu skaits. AK, klaistot
par treSo valsti, darfjumos tiks piem@rotas visas muitas importa eksporta formalitates. Tas
nozim& gan dazadu muitas deklaraciju iesniegSanu, gan saistibu izpildi piem&rotajam muitas
procediiram. Precu muitoSana darfjumos ar treSo valsti: tiek piemérotas visas importa/eksporta
formalitates, tiek iekas€ts muitas, akcizes un pievienotas vértibas nodoklis, muitas atlaujas,
kuras ieklauta AK, jaizsniedz no jauna, AK izsniegtas muitas atlaujas nav derigas 27 Eiropas
Savienibas valstis. P&c VID datiem, lidz Sim darfjumi ar AK ir bijusi gandriz 4000
komersantiem.[3]
piemé&roSanu e-komercijas sttijjumiem — zemas vertibas precu siitijumiem no treSajam valstim,
ko sanem personas ES, taja skaita Latvija. Jaunie noteikumi paredz, ka tiksats paslaik
speka esoSais PVN atbrivojums import€jamam precém, kuru vértiba ir mazaka par 22 eiro.
Tas nozim¢€, ka no 2021.gada 1 jiilija pilnigi visam precém, kuras persona iegadasies arpus ES
(t.sk. interneta veikalos), tiks piem&rots PVN. Izmainas attieksies uz precu iegadi jebkura
tresaja valsti - Kina, ASV, Krievija, Apvienotaja Karalisteé, Norvégija u.t.t. no ta var secinat,
ka atkal MKP 0210 palielinasies muitas deklaraciju apstrades un kravas kontroles slodze.

Nemot vera iepriek§ min€to ir veérts prognozét rindas dokumentu pienemsSana un
noformé&Sana pielietojot masu apkalpoSanas metodes. Tas viss var novest pie papildus
izdevumiem dikstaves, palielinatas nervozitates un neapmierinatibas gan iek$¢ja gan argja
darba vide, kas noved pie apkalpoSanas efektivitates samazinasanos. Lidz ar to pastav riski,
kuru iestaSanas var butiski ietekm@t strat€gisko mérku sasniegSanu: reputacijas risks, resursu
nepietickamibas risks, precu nelikumigas ieveSanas (kontrabandas) risks, nodoklu saistibu
izpildes risks.

ES parvalda 27 dalibvalstu muitas iestades, stradajot ta, it ka tas bitu viena muitas
iestade. Muitnieki uzrauga precu plismu gan uz ES argjam robezam, proti, ostas, lidostas un
robezpunktos uz sauszemes, gan ES teritorija, MKP 0210, atrodoties Rigas brivostas
teritorija, spéle svarigu lomu kravas: konteineru, oglu, naftas produktu, dazadu metalu,
kokmaterialu, mineralmé&slu un labibas produktu un citu precu parvadajumu noformésana.[4]

Lai nodroSinatu datu apmainu starp muitas iestadém un komersantiem visa ES, ka ar1
istenot elektronisku jeb bezpapira muitas vidi, izstradata Elektroniskas muitas datu apstrades
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sisttma (turpmak - EMDAS), kur notiek kopsavilkuma, eksporta, tram, importa, TIR
carnet, pagaidu uzglabasanas deklaraciju noformésana. Muitas formalitates, apgadajot kugi,
formétas Starptautiskaja kravu logistikas un ostu informacijas sist€éma. [5]

Joprojam ir aktuals jautajums par muitas uzraugu atalgojumu. Salidzinot algas
www.algas.lv muitas uzrauga minimala alga ir 586 eiro ménesi, algojums ir krietni zemaks
neka taja pasa joma Danija minimala 2947 eiro ménesi, Igaunija — 916 eiro, ar atseviSkas
jomas ir zemaks par darba tirgl piedavato atalgojumu, ar1 citi motivéSanas veidi (macibas,
komandgjumi, apbalvojumi, prém&sana u.c.) nav pietickami, ka rezultata muitas kontroles
punkts nes§) piesaistit nepiecieSamas kvalifikacijas un specializacijas darbiniekus un motivét
vinus darba attiecibam ilgtermina. [6]

Pedgjos 16 gadus muitnieki pieprasa izdienas pensijas. Ir negodigi, ka robezsargi, kuri
pilda lidzigu darbu, pensija var iet atrak. Reforma ir vairakkart uzsakta un vienmér atcelta, jo
nekad nav bijis piemérots bridis.[ 7] Muitas amatpersonu darbibas specifika ir saistita ar darbu
mainas, nodrosinot muitas kontroles veikSanu 24 stundas diennakti, septinas dienas nedgla,
operativo darbibu veikSanu, noziedzigu nodarfjumu atklasanu, novérSanu un izmekleSanu
valsts ien€mumu un muitas lietu joma, kas ir saistita ar fizisku noslodzi, psihoemocionalo
stresu un darbu nelabvéligos klimatiskajos, veselibai kaitigos un bistamos apstaklos. Tadgjadi
muitas amatpersonas ar specialajam dienesta pakapem, pildot dienesta (darba) pienakumus, ir
paklautas lielam veselibas un dzivibas apdraud@umam, ka ari riskam darbsp&u atrakai
zaudéSanai ne mazaka apméra ka citu iestazu amatpersonas, kuru dienests ir saistits ar valsts
iek$€jo un argjo drosibu. VID amatpersonu ar specialajam dienesta pakapeém darba specifika
pilniba atbilst to iestazu darba specifikai, kuram saskana ar spéka esosajiem normativajiem
aktiem ir tiesibas uz izdienas pensiju.

Nemot \&ra, ka sobrd vérojama pakapeniska VID muitas iestazu un finargu policijas
ierednu ar dienesta pakém novecdaras (Sobrid VID Muitas m@rvalde 63 % no amatpersonu
skaita ir ar darba &tu virs 10 gadiem), izdienas pensijassgigsana veiciatu pakapenisku
paaudzu nomainu, kas pavértu iesggjas jauam darba vakar&n, atturot personas ndnhuma
aizbraukt no Latvijas darba mékimos. Izdienas pensija ifiisks motigjoss faktors, kas
rada atbildbu pret savu darbu, profesionatif sadariibu un godpatibu, tdejadi ta kalpotu
ka papildu motivcija kogejo VID noteikto nerku sasnieganai.[8]

No histogrammas (1.att€ls) var secinat, ka Covid 19 pandemijas laika noforméto
deklaraciju skaits ir krities par 16%,bet joprojam, tas ir lielaks Rigas MKP dala. Nemot véra
AK izstaSanos no ES prognozéts tranzita, ieveSanas kopsavilkumu deklaraciju, skaita
pieaugums. Ka ar1 prognoz€jams fiziskas kontroles veikSanas skaita pieaugums AK kravam
un ekomercijas stitijumu kravam. 2020. gada Latvijas pasta sanemto atmuitojamo sttfjumu
skaits vid€ji ménesi nedaudz parsniedza 5000, bet $a gada pirmajos tris ménesos péc "Brexit"
tas dubultojies- vidgji aptuveni 11 000 stitljumu ménesi. Domajams, ka atmuitoSanas apjoms
pec 1. julija varétu pieaugt vairakkart, un pamata tie buis Kinas stitfjumi.[10]
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Avots: Autora veidots
1.attels. Noformetas tranzita deklaracijas

MKP 0210 darbibas raksturojosie statistikas raditaji — tranzita deklaraciju skaits norada
uz lielu muitas uzraugu parslogotibu muitas deklaraciju noforméSana it seviski ierobezoSanas
un piesardzibas apstak]os.

Efektivakai MKP 0210 darbibai nepiecieSama muitas deklaraciju plismas prognoze.
Pliismai prognozei nepiecieSams veikt muitas procediiru noformésanas hronometrazu.

Muitas klientu apkalpoSanas sistéma ir daudzkanalu masu apkalpoSanas sistéma ar
neierobezotu rindu, kur apkalpoSanas kanali ir muitas uzraugi. Muitas apkalpoSanas sist€mas

situacijas raksturlielumi ir izsakami ar $adu formulu palidzibu:
2

P = ; ) (1)
(142408 gt
bo = (1 + 1! + 2! + + n! + n!(n—p)) ! (2)
pntl
Prinaa = 7,5 Pos 3)
L _ pntipg )
rinda — 2!

n*n!(l—g)

1
Tringa = erindz'n (5)
Lsistema = Lrindaa + P, (6)
Tsistema = stiStémé’ (7)
- A
k=p/ n )
Crer. = En + 2T inda: (10)
P(r < klients) = py + pa+...+Pn + Pns1 + Pnaa, (11)
Kur:

A - vidgjais klientu skaits apkalpoSanas sisteéma;

u - klienta apkalpoSanas laika periods;

p — pliismas intensitate;

n — apkalpoSanas kanals;

p — varbitiba, ka apkalpoSanas sisteéma tuks3a;

L,inas- vid&jais klientu skaits klientu apkalpoSanas sistémas rinda;
Lgistama- Vid€jais klientu skaits apkalpoSanas sistéma;

Trinda - Vid€jais laiks, kuru klients pavada rinda. [11]

Secinajumi
Péc aptaujas rezultatiem muitas klientu ierosinajumi apkalpoSanas uzlaboSanai “labak
informét par izmainam, paaugstinat darbinieku kompetences Iimeni, laipnaku,
pretimnakosaku attieksmi, palielinat darbinieku skaitu...” [12]
MKP 0210 klientu apkalpoSanas kvalitati ietekm&joSie faktori valsti pastavosas Covid
19 pandémija, AK izstasanas no ES, parmainas PVN likumdoSana, ka arT amata prasibam
neatbilstoSs atalgojums, motivacijas trikums un muitas darbaspéka novecosana.
Efektivai muitas klientu apkalpoSanas sistémai, MKP 0210 un citu Latvijas punktu
noslogotibas prognozei, it seviski straujas likumdoSanas mainibas apstaklos nepiecieSama
muitas procediiru hronometraza un masu apkalpoSanas teorijas metoZu pielietoSana.
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THE TRADE COMPLEMENTARITY INDEX, THE CASE OF
KAZAKHSTAN AND ITSTRADE PARTNERS
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Abstract

The current paper is engaged to study the issues of the utmost importance relevant to the
trade complementarity between Kazakhstan and its trade partners, namely Russia and Japan.
The obtained empirical analyses are on the basis of the exploited model, trade
complementarity index (TCI) which reveals that complementarities of Kazakhstan to its trade
partners mentioned above are predominantly in the the resource-intensive products.

Keywords. Kazakhstan, Trade Complementarity Index (TCI), SITC (Standard
International Trade Classification) products.

Introduction

The complementarity index is designed to gauge the degree of one country’s export
pattern that may coincide with the import pattern of another. Auspicious prospects of a
successful trade arrangement are assumed to be indicated by a high complementarity degree.
According to Callaghan (2008) the analysis of structural complementarity is connected with,
but not limited to, competitiveness. The measurement of structural complementarity can be
introduced by highlighting the relative productivity and trade strengths of countries.

The trade Complementarity index is another useful tool to measure structural
complementarity between different countries at a certain time. The index is used to evaluate
how the exports specialization of a country and the imports specialization of its partners
complement compared to the Rest of the World. This index is in fact the product of the export
specialization index of country A and the import specialization index of country B
(Callaghan, 2008).

According to the theory of increasing returns to scale proposed by Helpman and
Krugman (1985), strong trade competitiveness between a country and its trading partners
means that the trade structure of the two countries is similar, and it is difficult for the two
countries to carry out inter-industry trade. It is easier for the two countries to carry out intra-
industry trade. The trade competitiveness of the two countries will inhibit the bilateral trade of
the two countries. Based on the factor endowment theory put forward by Heckscher and Ohlin
(1933), the greater the difference in factor endowment between a country and its trading
partners, the stronger the trade complementarity between the two countries will be, and it will
be easier for the two countries to carry out inter-industry trade. Therefore, the trade
complementarity between the two countries will promote bilateral trade between the two
countries.

The traditional analysis indicators of trade competitiveness and complementarity
between the two countries are based on the revealed comparative advantage index (RCA).
The RCA was proposed by American economist Balassa (1965, 1989). It has been widely
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used. Around the evolution of this index, many documents have been produced in the
international academic circles (Allan & Philip, 2005; Cypher & Dietz, 1998; Hardwick, 1998;
Hoekman, 1995; Peterson, 1988; Peterson & Barras, 1987; Srinivasan, 2004; Wu & Zhou,
2006). It also derives other related indicators, such as the comparative advantage index (CAl),
the trade competitiveness index (TC), the international market share (IMS), and the trade
overlap index (TO). However, the RCA and its derivative indicators have also been criticized
in many ways: for example, for the problems with calculation methods and cross-period
comparison, the lack of objectivity in the prevailing intra-industry trade, and data authenticity
being disturbed by market monopoly and government control (Liu, 2001; Lu, 2006, 2007;
Sang & Li, 2011). As a result, many scholars began to use comprehensive evaluation systems
in their research (Ana & Paul, 2007; Blzquez, Rodrguez, & Santiso, 2007; Martin & Michael,
2010; Sang et al., 2014; Sang & Li, 2011; Zhang & Cui, 2011; Zhan & Jia, 2018).

Among them, the indicators proposed by Blzquez et al. (2007) are widely recognized
(Sang et al., 2014; Sang & Li, 2011; Zhang & Cui, 2011). They explain that by comparing the
import and export structures of the two countries in a specific period of time, the
competitiveness and complementarity of the two countries can also be calculated more
intuitively. They demonstrated that in a specific period of time, if the export structure of the
two countries was very similar, there was a great possibility of fierce competition between
them. If the import of a particular country coincided with the export of another country, this
indicated that the country’s trade potential was likely to increase. In this section, to analyse
the bilateral trade between China and the countries along the B&R from the perspective of
import and export trade structure, we adopt the trade competitiveness coefficient and trade
complementarity index proposed by Blzquez et al. (2007), Sang and Li (2011), and Sang et al.
(2014) to measure the trade competitiveness and trade complementarity between China and
the countries along the B&R.

Objective of the Research
The research has been purposefully carried out to study analytically the prominence of the
SITC (Standard International Trade Classification) to identify the products for Kazakhstan to
obtain commercial relations with its trade partners.

M ethodology

The research based differentiating absolute value of import as well as export shares of
the countries is divided by two. The displayed index is in a percentage. The level of the
complementarity is evaluated by the range from 0 to 100 percent. The conducive
correspondence is exposed by the range close to 100%.

The empirical results are based on the following formula:
TCISAB =xs A/tsWA * ms B/t sSWA

WherexsA stands for share of industry S in country A’s export to B ms B is the share of
industry s incountry B’s imports to A, ts WA is the share of industry s in world imports, from
country A’s viewpoint.
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Empirical results

Year 2005 2006 2007 2008 2009

SITC 68 7.431805218]| 7.487636064| 7.008329613| 5.1837233 | 4.615663458
SITC 67 5.470598043| 4.791184657| 4.802543507| 4.395994686| 3.19000204
SITC 33 5.283811838| 5.728586483| 6.0864163 | 6.111732784| 5.799013338
SITC 34 0.344946709| 0.867357649| 1.708082974| 1.463123725| 2.002378237
SITC 86 0.101284773| 0.057742751| 0.046491724| 0.029461872| 0.047455695
SITC 71 0.082132045| 0.084619039| 0.061958396| 0.064481967| 0.053332288
SITC 73 0.055841512| 0.086166341| 0.059892942| 0.062108801| 0.040723222
SITC 89 0.035144051| 0.018252518| 0.014951225| 0.017619213| 0.015057131
SITC 72 0.034073542| 0.029259375]| 0.024267926| 0.025522997| 0.019758055

Source: Author’s own calculations based on data from World Bank
Figure 1 Trade Complementarity Index calculation
The results indicating a strong complementarity within the period of 2Q004, exists

between Kazakhstan and its trading partners in the following products: SITC 33 - Petroleum

and petroleum products, SITC 67 - Iron and steel, SITEM8n-ferrous metals.

Year 2010 2011 2012 2013 2014

SITC 68 4.317177165| 4.226747067| 3.728909409| 2.972136749| 3.435572775
SITC 67 2.22792895 | 1.686716004| 1.881924941| 1.965882689| 2.290321245
SITC 33 5.242041509| 4.787336752| 4.715269754| 4.038992638| 4.828924696
SITC 34 1.249257198| 1.027804399| 1.173658034| 1.094337356| 1.86907154
SITC 86 0.026637743| 0.013357995| 0.013004476| 0.014094551| 0.014558761
SITC71 0.053942729| 0.047617631| 0.044094328| 0.039092857| 0.044572845
SITC 73 0.035665479| 0.119651868| 0.137280183| 0.140492631| 0.031917237
SITC 89 0.022537368| 0.015257002| 0.014951491| 0.012709873| 0.016109453
SITC 72 0.015593031| 0.010727909| 0.015053289| 0.013945741| 0.011522591

Source: Author’s own calculations based on data from World Bank
Figure 2 Trade Complementarity Index calculation

The following period between 2005 and 2009 taken to have the estimation conducted,
shows that the SITC sectors such as SITC 33 - Petroleum and petroleum products and SITC
34 - Gas, natural and manufactured have a slight complementarity while sectors SITC 67 -

Iron and steel and SITC 68Non-ferrous metals indicate a strong complementarity.

Year 2015 2016 2017 2018 2019

SITC 68 3.124398477| 3.031854217| 3.899350184| 2.986077194| 2.344615204
SITC 67 1.936612925| 2.137481539| 2.133769152| 1.306976956| 1.460308132
SITC 33 4.670273349| 3.90364656 | 3.627672301| 4.090535488| 4.411232578
SITC 34 1.315809807| 1.741104056| 1.540874944| 1.525478261| 1.676421004
SITC 86 0.018092399| 0.020412255| 0.019082863| 0.021038015| 0.016058012
SITC71 0.026819785| 0.044360739| 0.062369069| 0.065012072| 0.099646012
SITC 73 0.031314311| 0.03524769 | 0.065347807| 0.07327528 | 0.093275391
SITC 89 0.011388903| 0.035511287| 0.158929648| 0.038685701| 0.03967354
SITC 72 0.007936007| 0.011993256| 0.020398941| 0.021055657| 0.042589896

Source: Author’s own calculations based on data from World Bank
Figure 3 Trade Complementarity Index calculation
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The final five years utilized in TCI estimation obviously show that the sectors of SITC
33 - Petroleum and petroleum products and SITC-68on-ferrous metals have a strong
complementarity while SITC 67 - Iron and steel and SITC 34 - Gas, natural and manufactured
have a slight complementarity.

Conclusion

The promulgated TCI (Trade Complementarity Index) has made it feasible to evaluate
the scenarios of propitious prospects of a successful commerce to advance Kazakhstan trade
relations. In accord with the outcome gained after having conducted the estimation based on
SITC sectors within the period of 15 years, it has been perceived that the following goods,
namely petroleum, gas, iron, steel and non-ferrous metals possess the utmost importance in
expansion of trade relations.
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Abstract
This paper is devoted to important issues of strength determination and prediction of
destructive processes of composites; these issues enable determining the limits of safe use of
a product and to recognize when limits are reached. Study the distribution function of
composite and its components. Developed model that is presented in this paper enables to
describe not only the predictable strength of unidirectional composites, but also the character
of the destruction, taking into account the fiber stress and/or ultimate strain distribution.

1.Introducation

Advanced composites may be described as layers, or plies, or high-strength fibers
embedded in matrix of plastic resin. The advanced composite materials on the 757 and 767
airplanes consist mostly of graphite or aramid (Kevlar) fibers, woven into a fabric form and
pre-impregnated with a partly-cured resin. Wing leading and trailing edge panels, control
surfaces, and wingp-body fairings are constructed in this way. Panel edge bands and control
surface spar and rib chords are constructed from laminate materials with no core. The best-
known technological innovation aboard the A380 is Glare (glass-fiber reinforced aluminum)
composite material, which will be used for much of the upper fuselage skins. Glare offers 15-
30% weight savings over aluminum and boasted excellent fatigue properties. Altogether the
A380-800 will incorporate 27 Glare panels covering a total area of 468ithough
composite materials will account for some 16% by weight of the A380 airframe, saving about
15 tonnes over the weight of an equivalent all-metal structure (total empty aircraft weight will
be around 280 tonnes), composite content could have been greater still had cost not been a
limiting factor.

2.Experimental data processing

In order to study the distribution function of composite iterspecial tests were made.
The values of 64 carbon-fiber strand strengths and 64 special 10-strand specimen strengths
were obtained. (Every specimen was made of 10 strands). Then the test of 14 composite
specimens was created.

Table 1.

Results of tests of static strength

1 strand | 10 strands | Specimensg
1 448.3 297.2 317.1
2 454.2 316.9 323.9
3 484.6 347.3 339.7
4 490.5 350.2 341.3
5 496.4 350.2 346.2
6 496.4 358.1 347
7 509.2 370.8 348.1
8 514 371.8 356.9
9 519.9 375.7 361.1

132


mailto:martins.kleinhofs@inbox.lv
mailto:chatys@tu.kielce.pl

Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

10 523.9 383.6 361.4
11 524.8 383.6 368.1
12 529.7 386.5 378.9
13 530.7 389.4 391
14 571.9 414.9 396.5
15 574.9 420.8
55 794.6 568.9
56 799.5 577.8
57 799.5 586.6
58 802.5 596.4
59 808.3 600.4
60 860.3 655.7
61 868.2 680.8
62 877.9 688.7
63 886.8 719
64 869.2 774.0

At every step of development of complex composite material (from fiber to strands,
from strands to film and then to multi-layer composite) we see the change of strength
probability distribution function parameters: mean strength decreases, standard deviation
decreases also. In figures 1 the classical probability plots for static strength of composite and
its components are shown.

The main idea of Daniels’s model is uniform distribution of tension loads between
parallel unbroken items (strands or fibers). Suppose that initial items are strands. Before the
test there are n parallel strands and at the tensiorslfy@& one strand) the expected part of
destroyed strands will be equal B¢s), whereF(.) is a cumulative distribution function of a
strand strength. Then the expected strength of bundle of n strands, destruction load, is equal to

5, =maxn- s(1-F(9) 1)
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Fig.1. The normal plot for static strengthaefspecimens (structure:0-645-4/90-3),
0 — 10 strandsg — 1 strandr, n — fibersITAH; e — fiber CITAH.
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Later on we put hera = 1, then we can consider the vakias the stress in parallel
unbroken strands arsgas the mean breaking nominal strength. The main result of Daniels is
formulated in following way: “ If all the fibers have the same load-tension curve ant(s) is
probability of failure of one fiber under load and (1b(s)) converges to O faster thars1/
then the strengtts of strand of enough larger numifieof fibers has normal distribution with
expectation value.

S=n-s-[1-b(s)], )
Standard deviation

o=5-Jn-bs)-IL-b(s)], (3)
Wheres corresponds to maximum of:

s [1-b(s)] . (4)

So the mean strength is defined by formula:

S =s -[-b(s)I. (5)

and its standard deviation by formula:

& =s -yb(s)-[-b(s)] /Vn. (6)

In previous section we have chosen the lognormal distribution as the most appropriate
for the static strength distribution of composite components. In this case we are interested in
studying the function:

y(X) = X(1- D ((log(X) - ,)/ 6,)) , (7

where ®(-) - is normal standard distribution function.

3. Statistical Modéel

The process of destruction of a composite under the influence of load and the influence of
various operating factors is considered as a sequential accumulation of damage [1,2]. At the
very beginning, damage to the components inside the elementary volume (destruction of
individual fibers, bundles), cracking of the matrix and the development of nidus of micro-
destruction to avalanche development and the formation of macrocracks are observed. The
model describes the phenomenon observed during processing of experimental data that the
strength of fibers, fiber bundles, microplastics, samples, respectively, decreases with
increasing complexity of the structure. A bundle of fibers immersed in resin is presented as a
microplastic, in which there is already some kind of styling, redistribution of the load and
joint work of the fibers. A microsample is understood as a limited number of strands with a
matrix having a regular packing.

It is accepted that:
Ef > Estrand> E mikroplastika> E mikrospecimen (8)

O > O strand > Omikroplastika™ O mikrospecimen. (9)
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Based on the statistical characteristics of the physical and mechanical properties (PMP)
of reinforcing fibers, the destruction of reinforced plastic under tensile load by successive
fragmentation of the fibers (bundle) to the formation of a critical length that is not capable of
transmitting normal stresses due to shear failure of the matrix is described as:

The model assumes that:

1) the composite material consists of fibers processed into bundles (bundles) and matrices,
monolithically interconnected.

2) fibers (bundles) have random PMP, with randomly distributed defects;

3) the deformation in the section is the same in all components, the stresses in the matrix are
less than the stresses in the bundles, and the shear deformations in the bundles are negligible
in comparison with the shear deformations in the matrix;

4) near the internal break of a fiber (bundle) in the composition, the axial load perceived by it
is transferred to neighboring fibers (bundles) due to shear forces in the matrix;

5) the accumulation of accidental damage to the material leads to the emergence of a
sufficient number of non-working sections of fibers (bundles) throughout the volume and the
formation of a weak section, which leads to destruction as a whole;

6) the concept of a critical elementary volume is used, which is responsible for the
destruction;

7) It is assumed that the process of destruction proceeds in the same way both in a bundle
with resin and in a unidirectional composite consisting of bundles.

The composite is presented, consisting of a large number of elementary volumes, in
which there are structural elements with individual PSP (Fig. 2). In the bundle, the fibers also
have different FMSs, respectively, different loading, and their destruction occurs randomly
throughout the entire volume (Fig. 3).

microspecimen

™~ N

fiber the matrix ~ bundles
Fig. 2. Fiber bundles immersed in a matrix

A zone is gradually formed in which, when the critical number of fibers is destroyed,
the elementary volume and, accordingly, the bundles as a whole are destroyed. According to
the individual characteristics of monofilaments obtained from experiments or modeled
according to the statistical characteristics of the PMP, the strength of the bundle is calculated
by the formula:
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F(c)=1-exp (oL cP), (10)

where:a and B are the parameters of the Weibull distribution; L is the fiber length.

If there are experimental data on the strength of microplastics, then they are used to
determine the strength of a bundle (microplastic), a unidirectional composite. When loaded,
many harness failures can occur. The place of destruction is allocated randomly in the place
of the least strong elementary volume, which is defined as the critical zone of destruction

Elementary destruction volume

T~ 0 00 destroyed
O @O
A O 00

o0 O Q/Eundles

A - A bundles

+ | | —destroyedundles

/matrix

=

crac microplastic
Fig. 3. Unidirectional layer and microplastic

In the event of a rupture, the redistribution of loads occurs at the critical length of the
bundle. Figure 4. shows the diagrams of redistribution of the load through the shear stresses
on the adjacent fiber (bundle), and the inclusion of the fiber in operation, on Lcr.

a. destruction of the bundle

Ob
| ]
H-—r—‘\._/_\
b. diagrams of changes in stressesnd o
————— .
I break point
1 e ——
T (0}
w
| |
Ob

Fig. 4. Critical destruction zone

136



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

The matrix redistributes the load between the fibers (bundles) at the critical length Lcr,
calculated using the Rosen model [1]:

LKp—df l:[ Vf°'5 JGm] arCh|: 2(1_(0) :|, (11)

where: Lcr - critical ineffective lengthp - is the relative loading level at which the
fiber is considered included in the work (0.97); i®the fiber diameter; (Eis the elastic
modulus of the fiber; - matrix shift modulus; Ms the filling factor.

The critical length Lcr is calculated taking into account the time and temperature
patterns of deformation of the matrix and fiber, resin and bundle through the PMP
components. [2] When the bundle or the fiber itself breaks in the bundle, in the composite, it
does not fail completely, but only its ends closest to the rupture are unloaded. The remaining
parts of the fiber or bundle are loaded again and can be split several times until the final fiber
length reaches Lcr, on which the matrix can no longer load the adjacent fiber (bundle) by
means of shear stresses.

In the calculations, it is possible to take into account the change in strength under the
influence of temperature, moisture, time and other environmental factors, according to
empirical formulas compiled on the basis of processing experimental data. If the maximum
stress exceeds the limiting one, then the fracture process will not stop until the sample is
destroyed. If it is less than the limit, then the sample retains its bearing capacity. The process
will continue with increasing load until the ultimate strength is exceeded in any bundle. When
modeling the fracture process, a shbgpstep increase in stress leads to a repeated
redistribution of local stresses in the bundle or fiber. If destruction does not occur yet, then we
increase the load again until the destruction of the weak elementary volume occurs [3]. If two
or more bundle collapse side by side at the same time, then there is a high probability that
catastrophic destruction will begin.

Conclusion: sequential application of the proposed sequence of strength of the bundle,
unidirectional sample, taking into account the change in PMP under the influence of
temperature, moisture, aging time, etc.

References:

1 T.®yn3u, M.JI3ako MexaHu3M pa3pylleHns KOMIIO3UIIMOHHBIX MaTepuaioB Mocksa, Mup,
1982.231c

2 M. Kneitaxod, P. Xateic. I3MeHeHre MPOYHOCTH KOHCTPYKIIUN TPAHCIIOPTHBIX CPEICTB U3
KOMITO3UTHBIX MaTepUalioB MOJ BO3JEHCTBHEM 3KCIUTyaTallMOHHBIX (akTopoB / Informator
VI Naukowej Konferencii. “Problemy niezawodnosci transportu.”, Warszawa, Ustron -
Jaszowiec, 19-22maja 1997r. - p.199...206.

3 U.M.KonweB, A.C.OBumHCckuii [Iporecchl pa3pylieHus: KOMITO3UITMOHHBIX MaTepUaIOB.
HMmuTanus MUKpo U MakpomexaHnu3smoB Ha OBM. Mocksa, Tpancnopt. 1988.-438c.

137



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

AHAJIN3 COBPEMEHHOI'O COCTOAHMS PASPABOTOK
SJEKTPUUECKUX PAKETHBIX JIBUT'ATEJIEH (P]I)
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Abstract

Electric Propulsion Thrusters (EPT) - rocket engine, the principle of which operation is
based on the conversion of electrical energy into kinetic energy of particles. Today, there is a
wide variety of electric propulsion thrusters, since they are developed based on various
scientific and technical principles and differ in a huge variety. The EPT classification has not
been established yet. In the scientific literature, there are various systems that use various
features of an EPT for classification. We think these classifications of EPT are rather unclear.
In this article, the authors propose their own classification system for electric propulsion,
obtained on the basis of the analysis. It is proposed to classify the EPT according to the
prevailing mechanism of particle acceleration. Then the electric propulsion, in which the
operational processes differ in principle, can be divided into 3 classes.

AHHOTALUA

DnexTpideckuii pakérHblii aBuratens (DPJ[) — pakeTHBI JBHraTeNlb, MPHHIHII
paboThl KOTOPOTO OCHOBAaH Ha MPEOOpPa30BAHUU AJIEKTPUUECKOW HPHEPrUM B KMHETHUYECKYIO
SHEpruto0 vacTuil. Ha ceromHsmHWil AeHb cyliecTByeT Oosnbinoe pasHooOpaszue DPJI,
MOCKOJIBKY OHU pa3pabaThIBAIOTCS HCXO/S U3 PA3IMUHBIX HAYYHO-TEXHUYECKHUX TPUHIIMIIOB U
OTJIMYAIOTCSI OTPOMHBIM pa3HooOpazueM. W knaccupukanus OPJ] He ycrosilack M Ha
CErOJHAIIHNN JICHb. B HaydyHOM muTeparype BCTPEYAlOTCS PpPA3JIUYHBIE CHCTEMBI,
UCTIONB3YIONIME Ul Kiaccupukanuu pasnuuable npuszHaku OPJ[. Ham mpencrasnsercs 3tu
kinaccuukanuu OPJ] noctaTouHo HesicHbIMU. B aHHOW cTaThe aBTOPHI MPEJIararoT CBOIO
cucreMy kinaccuukanuu OPJl, monyyeHHy'0 Ha OCHOBE IPOBEJEHHOTO aHalIM3a.
[Ipennaraercs knaccuduuupoBars OPJ[ 1o mpeobnagaronieMy MEXaHU3My  YCKOPEHHS
yacTull. OTo mo3Bojser paznenuts OPJl, paboume mpoleccsl B KOTOPBIX pa3inyaroTcs
IPUHLMITHAIBHBIM 00pa3oM, Ha 3 Kiacca.

KirwueBbie cj0Ba: DIEKTPUYECKU PAKETHBIA JIBUTATENEh, TEIUIOBAsT MOUIIHOCTb,
YCKOPEHHMS YaCTHLl, CUJIA TATH, YAEIbHBIA UMITYJIbC.

Keywords:. electric propulsion thruster, electric rocket engine, thermal power, particles
acceleration, thrust, specific impulse

1. Introduction

C Hayana KOCMHYECKOHM 3pbl M JI0 HACTOSIIET0 BPEMEHU I CTapTa C MOBEPXHOCTH
IJIAHETBI U IPCOHOJICHUA T'paBUTAIUNU UCIOJIB3YKOTCA ABUTATCIIBHBIC YCTAHOBKM Ha OCHOBC
XUMHNYCCKUX paKeTHBIX HBHFaTeHefI, I/ICHOJ'II)BYIOIHI/IX 3Heprmo paCIHI/IpeHI/IH I'a30B,
ABJIAIOMNIUXCA MPOAYKTAMU TOPCHUA PAKCTHOI'O TOILJIMBA. OI[HaKO YK€ B HA4aJIC Pa3BUTHA
pPaKeTHOM TEXHWKW BO3HHKJIA WJES WCIOIb30BaTh JUIsl YCKOpEHUs pabodyero Tema B
PCAKTHUBHLIX JABHUIaTCIIAX OJOJICKTPHUYCCKYIO OHCPIHUIO. 3J’ICKTpI/I‘-ICCKI/Ie PAKCTHBIC ABUIATCIIA
MPEJICTaBISIIOT co00il Upe3BbIYaiiHO TMOKHE CUCTEMBI, paboune MPOIeCcChl B KOTOPHIX BEChMa
YYBCTBUTCIIbHBL PaS,Z[eJIeHI/IC B BPZ[ HNCTOYHHKA SHEPTHUU U pa60qero BC€IIECCTBA ITO3BOJIACT
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IIPEOJI0JIETh OTPAaHUYEHHE, IPUCYILIEE XUMUUECKUM JABUTATENSAM, - OTHOCUTEIBHO HEBBICOKYIO
CKOPOCTh HCTeueHuss pabodero Tenma. B DOPJl pa3nuuHBIX TUNIOB B 3aBUCHMOCTH OT
MIOCTaBJICHHON KOHKPETHOW 3a/layd MOTYT IMO-Pa3HOMY COYETAThCS Pa3IMYHbIE MEXAHU3MBbI
yckopeHus pabodero Tena. Ha ceroaHsmHuii 1eHb CymecTByeT 0olbioe pasHoodpasue DP/I,
MOCKOJIbKY OHHU Pa3padaThIBAIOTCS UCXOJS M3 PA3IMYHBIX HAYYHO-TEXHUYECKUX MPUHIIUIIOB.
Knaccudukanus OP/] He ycrosimach M Ha CeTONHANIHMN NeHb. B nureparype BcTpedaroTcs
pa3jNyYHble CHUCTEMBI, HCIOJB3YIOLIUE A KiIacCUpUKALUW pa3nuyHble npuszHaku OPJI.
[lenbto MaHHOM cCTaThu NPEACTaBTh Pa3padOTAHHIIO aBTOPAMHU YIPOILIEHHYIO CHUCTEMY
knaccudukanuu IPJ], 4To MOMOXKET Jydllle OPUEHTUPOBATHCS B TAHHOM MTpodiieMe.

2. Knaccndukanusi mo NpUHIUIY CO3aHUS CUJIbI peaKTUBHOM TsArUH JPJ{

[To npuHIMNY co3anHus cuilbl peakTuBHOU Tsru OP/] nensarcs Ha nBe rpynmsi [1].

K nepBoii rpynne otHocsitcs DPJl ¢ co3mannem Cuiibl peaKTUBHOM TATH, KaK PEAKIHHU
Ha CWIy «oTOpachlBaHUS» - UCTEUYEHUA CTpyH Tra3oobOpazHoro pabouero Tena,
pacCHIMpSIONIErOCs B pe3yJibTaTe TEIUIOBOTO JEHCTBUS SJIEKTPUUYECKOro paspsna. B
HEKOTOPBHIX KOHCTPYKIUSAX IBUTraTeneil razuukaiys pabodero tejaa TakkKe MPOUCXOIAHUT B
pe3ynbTaTe JAEWCTBUS JJIEKTPUUYECKOTOo paspsnaa. Pabodee Teno B Takux JABUTaTENsIX
HAaXOJUTCA B COCTOSIHUY KBAa3UCTALIMOHAPHOW 3JIEKTPUYECKH HEUTPAIBHOM IJ1a3MBbl.

Ko BTopoii rpynne otHocarcst DPJl ¢ co3aaHuemM CUIlbl pEaKTUBHOU TATH, KAK pPEaKIMU
Ha CWJIy «OTOpachlBaHHS» MOHOB paboyero Teja, MoiaydaeMyro IyTeM HOHU3alUU paboyero
TeNa, JANbHEWIEro yCKOpEHUs MOHOB M BBIOpOCA MX 3a MpeAeNbl 30HBI yCKOpeHHs (3a
npenensl ABuraresns). g qsuraresneil 3Toil rpyImnbl XapakTEpHO, UTO IJIa3Ma B IBUTATENIE HE
HaxOJIUTCAd B KBa3MHEHUTPAIbHOM COCTOSIHMM, TaK KaK B Kaue€CTBE MEXaHHM3Ma YCKOPEHUS
UCIIOJIb3YETCSI MEXaHU3M YCKOPEHUS TSKEINbIX MOJI0KUTEIbHBIX HOHOB paboyero teia, Kpome
TOr0 B OOJBIIMHCTBE KOHCTPYKIUN ABUTaTENe SJICKTPOHBI IJIa3Mbl 3a/IePKUBAIOTCS B
MCTOYHUKE IUIa3Mbl, TIOJ] AEHCTBUEM MAarHUTHOI'O TOJISl IEPEBOASTCS Ha 3aMKHYThIE KPYTOBBIE
WIA CHOUpalbHBIE TPAaeKTOPUU JBIDKeHUs. Takum o00pa3oMm yBenuuuBaeTcs OOBeMHas
KOHIEHTpAlUsl 3JIEKTPOHOB B HCTOYHHMKE IUIA3Mbl, NPU 3TOM BEPOSTHOCTH CTOJKHOBEHUS
ANIEKTPOHA C HEUTPAJbHBIM aTOMOM W HOHHU3ALMHM 3TOTO0 aTOMa 3JEKTPOHHBIM YyJIapoM
CYLIECTBEHHO BO3pacTaeT. OJTOT MEXaHU3M HCIOJIb3YIOTCA Ul TIOBBIIIEHHUS CTENEHU
MOHM3AIMH U KOHIIEHTPAIlMU HOHOB pabouero Tena B miasme. s Toro, 4ToObl HA KOpITyce
JBUTATENsl HE HaKaIIMBAJCS OTPHULATENbHBIM  3apsii BBIXOJSANIYIO M3  JBUTATENs
MOHU3HUPOBAaHHYIO IJIa3My, HEHUTPaNMU3YyIOT INyTeM ee OOJy4deHHs IOTOKOM »BIIEKTPOHOB,
UCTEKAIOLMX M3 KaToJOB-HeHTpanu3aTopoB. Bropas rpynma OPJl Takke HOCUT Ha3BaHUE
MOHHO-TNIa3MeHHbIX aBurareneit (UI110).

3. Kaaccupuxkanusa IPJl, npemyoxennas “Electric Propulsion Innovation &
Competitiveness” (EPIC) project

Haubonee nonHo orpakatomieil coBpeMeHHbIi EBponeiickuil ypoBeHb U COCTOSIHUE B
obOnactu uccienoBaHuil u paspabotrku OPJ] sBusercss kinaccuduxanusi, NpeioKeHHas B
pamkax “Electric Propulsion Innovatior& Competitiveness (EPIC) project [2] Dra
KJIacCU(UKallMsg OCHOBaHAa Ha JEJIEHWU [0 MPHUHIMITY JCHCTBHUS W TJIaBHBIM 3JEMEHTaM
yerpoiictBa nBurarens. Knaccuduxauus OP/] Bkiarodaer 11 OCHOBHBIX THIIOB ABHraTenei
[3]. PaccmoTpuM nmoapoOHee naHHYIO KiIacCH(pUKAIIHIO.

Gridded lon Engine (GIE) mnpexacrasnser u3 ce0s KOMOMHAIIMIO UCTOYHUKA HOHOB
U OJEKTPOCTATHUYECKOIO YCKOpUTEIsl HOHOB B BHJAE CHCTEMBl CETOK, HMMEIOIINUX
MIOCJIEZI0OBATENbHO  YBEJIMYMBAIOIIMICS  OTPULATENBHBIM  YCKOPUTENIBHBI  MOTEHLMAI.
JIBurarenu 3Toil cxembl UCTOPUUECKHU OBUIM MCHBITaHbI MEPBBIMU B paMKaX 3KCHEPHMEHTa
NASA SERTAH experiment (Space Electric Rocket Test) [4]. Haubonpiime mpakTudeckue
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JTOCTYDKCHHST B 00JaCTH Hcmoiib3oBaHust DPJ] Takke CBS3aHBI ¢ MPUMEHEHUEM JBUTATEICH
maHHoro tvma [5]. Y nmyummx < oOpa3noB  CepuWiiHBIX  ABUTarenei  EBpomeiickoro
MIPOM3BOJICTBA YACNIbHBIA uMMIyiabc cocTaBiaser 3300 c, a tara 25 mH. Ha o6pa3nax,
HAXOJSAIIUXCS Ha KBaTM(UKAIMOHHBIX HCHBITAHUSX Ha OpOUTE IIOCTHTHYT YICIbHBIN
umiynbe 4500 ¢ (TRL7), a tara 230 mMH. B pa3paboTke HaxXxoauTcsi NMEPCHEKTHBHBIN
JBUTATeNb ¢ yAeapHbIM uMitysibcoM 5000 — 10000 ¢ u pacuetnoit Tsaroit 400 mH [6].

Hall Effect Thruster (HET) monmMaroTcsi IBUTaTeld, HCIIOIB3YIOIIHE B3aHMHOC
JIeCTBUE TEPEKPECTHBIX OCEBOTO AJIEKTPHUYECKOTO M PAJAMAIBHOTO MArHUTHOTO MOJEH Ha
pabouee Teno. Takoil moaX0/ MO3BOJISET, BO-MIEPBBIX, «3alepeTh» JIEKTPOHbI B MAarHUTHOMN
JIOBYIIKE M 3aCTaBUTh MX JIBUTATHCS IO KOJIBLIEBOW TPACKTOPHUHU, COBEpIIas MHOTOKPATHBIC
COyJIapeHusi C aToMaMH pabodero Ttena (rasa), 4To IMO3BOJSET JOOUTHCSA 0OOJiee BBICOKOM
CTETIEHM MOHM3AIMM Ta3za, YeM B JAPYTrUX THUIAX 3JICKTPUYECKUX PAKETHBIX JIBUTATENIEH
UCIONB3YIOUINX, HANpuMep, HOHHbIE HMCTOYHMKH C  JJIEKTPOHHBIM  yJapoM U
AIIEKTPOCTATUYECKUM YCKOPEHHEM MOHOB. BO-BTOPBIX, AIEKTPHUECKOE TI0JIE, CO3/1aBaeMOe 3a
cuer Sddekra Xomnra U NEPHEHIUKYIIPHOE MArHUTHOMY U OCEBOMY YCKOPSIOLIEMY
AIIEKTPUUYECKOMY ITOJISIM, 00pa3yeT JOMOJHUTEIBHBIA AJIEKTPOMAarHUTHBIN YCKOPUTENh HOHOB,
KOTOPBIN YCHIMBAET JCHCTBHE DIICKTPOCTATHIECKOrO yeckoputens [7]. Y JTYYIIUX
obpasioB cepuitapix Hall thrusters Eeporeiickoro mnpou3BojacTBa YIACHbHBIA HMITYIIBC
coctabiisieT 2020 c, a Tara 290 mH [6].

High Efficiency Multistage Plasma Thruster (HEMPT) mnpexacraBinsier co0oit
HECKOJIBKO TIOCTIEIOBATEIbHO COEAMHEHHBIX HOHHBIX YCKOpUTENe. 3a cueT KOHCTPYKIIMH
MarHuTHOM CHCTEMBbI, 3aMMCTBOBAHHOM OT JaMIbl O€rymieil BOJHBI U  CO3/AIOIICH
OPUTHHAIILHYIO T€OMETPUI0 MATHUTHOTO MOJS, «CKUMAIOIIYIO» IYYOK IUIa3Mbl BIOJb OCH
JBUTATEINs, IUIa3Ma B TOpa3/l0 MEHBIIEH CTENeHW B3aMMOJCHCTBYET CO CTEHKAMHU
YCKOPUTENBHONW CHCTEMBI, 4YTO CYIIECTBEHHO COKpAlllaeT HX D3PO3UI0 M YBEIUYUBACT
KU3HEHHBIN LUK aBurarens. Kpome Toro, B 3ToM JBUTATENE ISl yCKOPEHUSI HOHHOTO ITy4YKa
NPUMEHEHO HE OJIHO, a HECKOJBbKO <OJEKTPOHHBIX KOJEI» «3alUTaHHBIX» TOKOM, YTO
MIOBBIIIAET CTETICHb MOHU3AIIMH U CO3/IaeT JOTOJIHUTEIHHOE YCKOPEHHE HOHHOTO Iyyka. Ha
KBTM()UKAIIMOHHBIX HCIBITAHUAX HAXOTUTCS IBUTATENbh C YAENbHBIM uMmyiabcoMm 3500 c
(TRL7), a nemoHcTpalmoHHBII oOpasen mgpurarens ¢ T1arod 320 mH roroBurcs k
ucnbiTanusM Ha TRL4 [6].

Pulsed Plasma Thruster (PPT) ucnosib3yroTcs Ha KOCMHYECKHX ammaparax ¢ 1964 .
B PPT ucnons3yercs TBepoe pabouee BEIIECTBO B BUJAE JUIIEKTPUUECKUX CTEp)KHEH WM
TUTACTHH, BBITIOJHEHHBIX, B YaCTHOCTH U3 (PTOPOIIACTA, YCTAHOBICHHBIX B MEKIJIEKTPOTHOM
MPOMEXKYTKE (B pa3psAHOM MpOMExKyTke). [lepBoHAYambHO MPOU3BOIUTCS AIEKTPUUYECKUI
po0oil MEXIIEKTPOIHOTO TPOMEKYTKA, a 3aTE€M 3aKUTAeTCS OCHOBHOM JIIEKTPUYECKHN
paspal MEXIy 9JIeKTpoJaMH. 3a CyeT BbICIIOMIENCS B JYrOBOM paspsiie SHEepruu
MIPOUCXOAUT 3po3usi (abJIAIKS) U UCTIapeHrue pabouyero BEIIeCTBa ¢ paboYMX MOBEPXHOCTEH
JTURJIEKTPUYECKUX IIAIIEeK, MOHU3AIUs pabodyero BellecTBA M YCKOPEHHE HOHHM30BaHHOIO
raza. Onektpuueckuil paspsa B PPT HocuT KpaTKOBpeMEHHBIN XapakTep: IUTEIbHOCTh
paspsana cocrasisier ot 1 1o 100 mke. JIBurarenu JAaHHOTO TUIA UMEIOT TATY TMOPSAKA
HECKOJIbKUX MHKPOHBIOTOHOB M B HACTOSIIIEE BPEMsI UCIIONB3YIOTCS MPEUMYIIECTBEHHO B
KauecTBe JIBUTaTeNell KOPPEKIIUU AJIsi HAHOCITYTHHKOB [8].

Magneto Plasma Dynamic (MPD) Thruster — sto aBurartenb, B KOTOPOM HOHBI
pabodero Tena YCKOPSIFOTCS B MAarHUTHOM II0JI€ TIOJI BIUSHUEM cHIIbI JIopeHIia, mo3ToMy ux
BTOpPOE pacmpocTpaHeHHoe Ha3Banue - Lorentz Force Accelerator (LBA Pazmuuaror
MAarHUTOIUIa3MO - JUHAMHYECKHUE JBHUTaTeM C COOCTBEHHBIM MATHUTHBIM TIOJIEM U C
BHEIITHUM MarHUTHBIM TojieM. C KOHCTPYKTUBHOW TOYKH 3PCHHS M C TTO3UIUH TTOTYyICHHBIX
XapaKTepUCTUK OHHM HACTOJIBKO DPA3JIMYHBI, YTO aBTOPHI MO3BOJIMIN ceOe pa3IenuTh MX Ha
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MOJKJIACCHI, HECMOTPS Ha OJMH M TOT K€ NPUHIMN AcHcTBUSA. B pamkax paHHOH
KJIaccu(UKaUK BBIACTHM TaKKe JIBE TPYIIIBI IBUTaTeIeH, XapaKTepu3yolecs Npu3HaKaMu
O CcIoco0y CO3aHMsI MArHUTHOTO TOJIS U CIIOCO0Y CO3/IaHUS CHIIbI PEaKTUBHOM TSITH.

MarHuToIuIa3MOAMHAMUYECKUE ABUTATEIH, KIaCCUPUIIIPYEMBbIE 110 CIIOCO0y CO31aHMs
MarHUTHOT'O TIOJISl HAa IBUTaTeNId ¢ COOCTBEHHBIM MarHUTHBIM IOJIEM U JABUTATEIH C BHEUTHUM
MarHUTHBIM TOJIeM (THOpWAHBIE MAarHUTOIIA3MOJMHAMUYECKHE JBUraTenu). Takxe,
MarHUTOILUIa3MOJUHAMHYECKHUE JIBUTaTeNId MOXXHO KJIACCU(UIUPOBATH M0 T'€OMETPUUYECKOM
¢dopMe BIIEKTPOAOB HAa TOPIEBBIC IBUTATENN C COOCTBEHHBIM HWJIM BHEIIHUM MarHUTHBIM
MOJIEM M KOAKCHAJIbHBIE IBUTATENU C COOCTBEHHBIM WJIM BHEIIHUM MAarHUTHBIM IOJIEM.

MarauromiasMoIuHaAMHYeCcKe JBUTaTe/ M ¢ COOCTBEHHBIM MATHUTHBIM NoJieM. B
TaKUX JIBUTATENSIX TEPMOSPMUCCHOHHBIA KaTO[, SBISIOIIMICS LEHTPAIbHBIM 3JEKTPOJAOM
KOAKCHaJIbHO OKPY)KEH DPACIIUPSIOIIMMCA aHOJOM, MEXAHWYECKU COCAMHSIOUIMMCS C HUM
yepe3 u3oniaTop. OObIYHO KAaTOA COCTOUT U3 BOJL(GPAMOBOM I'yOKHM WIIM 3a)KaThIX B TPYyOKe
BOJIB()PAMOBBIX MPOBOJIOYEK (TIO THITY KUCTH JUIsl pucoBaHus). Pabodee Teno (map meramia
WIH Tra3) MOoJaeTcs B Pa3psIHbI MPOMEKYTOK Yepe3 MOpbl KaToJa WU MPOMEKYTKU MEXKITY
IIPOBOJIOYKAMH. B nBurarensx ¢ COOCTBEHHBIM MAarHHTHBIM IIOJIEM, YCKOPSIOIIEe
MarHuTHOE MOJI€ CO3JAeTCsl MPU NPOTEKaHUHM PATMUATIBHOIO TOKa pa3psia B KOAKCHAIbHOU
CHUCTEME KaToJl-aHOJ, B cUiy 3akoHa buo - CaBapa - Jlamnaca MHAYKIIMST MarHUTHOTO TIOJISt
TeM OoJbliie, yeM OOoJIbIle cujla TOKa paspsia, clieoBaTenbHO, TeM Oomblie u cuna JlopeHua,
1oJ JCHCTBUEM KOTOPOH NPOMCXOJUT YCKOpEHHE HOHOB pabodero tema. [lostomy
MarauroruiasmoauHamuueckue JPJ] paboraioT B 00nacTaX CpaBHUTEIBHO HU3KOBOJBTHOTO
paspsiga ¢ KuioaMIEpHbIMU TOKaMu pa3psaaa. OcHOBHBIM gocTouHcTBOM DPJl nanHoro tuma
SBIISIETCSl CPABHUTENIbHAS MPOCTOTA KOHCTPYKIUU MPH JOCTATOYHO BBICOKOH 3((HEeKTUBHOCTH
JIBUTaTEIEeN U TEOPETUYECKH HEOTPAHUYEHHOM IMOJBOAMMON MOIIHOCTH.

MarsuromiasMoAuHAMHYECKHE JIBUTATeJIH ¢ BHEIIHMM MATHMTHBIM IOJIeM. DTO
JIBUTATEINIM, B KOTOPBIX MarHUTHOE I0JIe, HEOOXOAUMOE JJIsi BOSHUKHOBEHHS CHIIbl JIopeHIa,
yCKOpsItoIlel HMOHBI pabouero Tena, CO37aeTcsi BHEUIHMM IO OTHOLICHUIO K pa3psiHOU
o0nactu ucToUHUKOM. C MOSIBIEHHEM BBICOKOTEMIEPATYPHBIX CBEPXIPOBOSAIINX MarHUTOB
CTaJ0 BO3MOXHBIM CO3[JaHUE€ MAarHUTHBIX CHUCTEM, TE€HEPUPYIOIIMX MAarHUTHBIE TOJS C
UHAYKIMEH nopsaka eauHull Tecia ¢ OTHOCUTENbHO HEOOJBIIMM BECOM M YMEPEHHOM
CTOUMOCTBIO.

Takum oOpa3oM, CTaJ0 BO3MOXHBIM CO3/IaHH€ MarHUTOIIA3MOAMHAMHYECKUX
JIBUraTeneil, B KOTOPbIX HE MPOUCXOAUT CUIBHOTOYHOIO pa3psaa, HPUBOASAIIETO K
pa3pyLIECHUIO AJIEKTPOIOB, HO COXPAHSIOTCS OCHOBHBIE MPEUMYIIECTBA JABUraTeleld TaKoro
TUTIAa — HEOTPaHMYEHHAasT MOIIHOCTh, OONbIIAasi TSra, BBICOKMN YAENbHBIM uUMITyIbC. J[is
TOTO, YTOOBI MOJIHOCTBIO pealnu30BaTh IpEUMYIIECTBa JIBUraTesJed Takoro THIIA
MPUMEHSFOTCST 0€33JIeKTPOJIHbIE MCTOYHMKHM IUIa3Mbl, B KOTOPBIX IIa3Ma BO30YyKIaeTcs
pPaaMoYacTOTHBIM METOJOM. B 3TOM ciywyae mia3ma He BCTyHaeT B KOHTAKT C YacTsIMHU
JIBUTaTENs M HE OKa3bIBA€T HA HUX Pa3pyLIAIOUIEr0 BO3IEUCTBUS.

Quad Confinement Thruster (QCT) /[Iguratenb JaHHOTO THIIA SBISCTCS
npoaonkenueM uaen High Efficiency Multistage Plasma Thruster (HEMP#o marautHOe
nojie, yAep)KHMBaloIlee IUIa3My OT KOHTAaKTa CO CTEHKaMU YCKOPHUTEIbHOTO KaHaja
dbopMupyeTcs B HEM CUCTEMOH U3 4-X AIEKTPOMArHuTOB, YCTAHOBIEHHBIX C KAXKI0M CTOPOHBI
KepaMH4eCcKOro Kopyca KaHajla, UMEIOLEro KBaJpaTHOE ceyeHHue. | 1aBHOE JTOCTOMHCTBO
OPJl naHHOrO THMAa 3aKJIIOYAETCS B TOM, UYTO 3a CUET YIPaBJIEHUS TOKOM 3JIEKTPOMArHuTOB H,
COOTBETCTBEHHO, KOH(UIypaluel MarHUTHOTO TOJs B KaHaje BO3MOXHO OTKJIOHEHHUE
BBIXOJIIIIETO HMOHHOTO TIIOTOKa OT OCH JBUTaresns (IO aHAJIOTMH C  OTKIOHEHHEM
AIIEKTPOHHOIO MyYKa OTKJIOHSIOIIEH CHCTEMOI B 3JIEKTPOHHO-IY4e€BOM TpyOKe) — TO €CTh
YIpaBJI€HUE BEKTOPOM TSITH.
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Resistojet - ato Hanbosaee nmpoctoii Trrm DPJI. I'1aBHOE JOCTOMHCTBO TaKUX JABUTATEIICH
3aKJIF0YAETCs B TOM, YTO TEIUIOTA CO3/AETCSA HE 3a CYET XMMHUYECKOW pEeakIuH, a 3a CueT
JJIEKTPUYECKOTO HarpeBa M 3TH ABUTATEIHM HE HYXIAIOTCS B TOPIOYEM M OKHCIUTENE, JTU00
CaMOBOCIUIAMEHSIIOIIEMCS  TroptoyeM (OJHOKOMIIOHEHTHBIE XUMHYECKHE JIBUraTelH), a
pabouuM TeIOM B TaKUX JBUTATENSX MOTYT OBITh XUMUYECKH MHEPTHBIEC Ta3bl UIIH KUJIKOCTH
c OoJbIIMM yIENbHBIM BECOM IapOB, a TaKKe Mapbl THKEIBIX METauioB. [ JIaBHBIN
HEJOCTAaTOK TAaKMX JBUTATEIel CBSi3aH CO CPAaBHUTEIBHO HU3KOM TeMIepaTypoil HarpeBa
PE3UCTUBHOTO HarpeBaTeliss, BepXHUM mpenen kotopoit He mpesbimaer 2500 C. C yyetom
TEIUIOBBIX MOTEPh MaKCHUMallbHas TeMIlepaTypa paboyero Teja Kak MPaBHIIO HAXOIUTCS B
npenenax 500 — 800 C, ciuencTtBueM Yero SBISETCS Mallblid  yIEIbHBIH HMITYJIbC,
coctabisiromuii mopsaka 100 ¢ y mydmumx Mojeneil pe3uCTUBHBIX JBUTATEIICH. JBurarenu
ATOTO THIA pa3padaTHIBAIOTCS OYeHb MHOTMMU opranuzamnusivu [9, 10].

Field Emission Electric Propulsion (FEEP) D10 snekrpocraruecKuii HOHHBIN
JIBUTATEIb, IPUHIIUI IEHCTBHS KOTOPOTO CXOX C MPUHIMIIOM JCHCTBUS 3JIEKTPOBAKYYMHBIX
npuOOpoB C XOJOJHBIM KaToaoM. B Takom nBurarene, moja JACWCTBUEM CHIIBHOTO
AJIEKTPOCTATUYECKOTO I0JIs, U3 aHOJA, BBIMOJIHEHHOTO B (pOpME OCTPOro KOHyca U3 MSATKOTO
MPOBOJSIIET0 MarepHaia ¢ MajbiM MOTEHIIMATIOM HWOHM3AlMH (L3, pyOuanii, MHIWN)
SMUTHPYIOTCS HOHU3MPOBAHHBIC «KAIUIM» - TPYNIbl HWOHOB M HEHUTPAIbHBIX aTOMOB
CyOMUKpPOHHOT'O pa3Mepa, KOTOpble B JallbHEHIIEM YCKOPSIOTCS B DJIEKTPUYECKOM TIOJIE
yckopstolero aekrpona.  IIpeumymectsa OPJ] naHHOrO THIa O4E€BUIHBI — MPOCTOTA U,
CJIEIOBATENIbHO, BBICOKAs HAJEKHOCTb, XOPOIIME Macca -TabapUTHBIE XapaKTEPUCTUKH,
OTCYTCTBHE 0aKkoB ¢ pabO4YMM TEJIOM M CHCTEMBI €ro Mojaud, TaKk Kak 3arac padodero teia
o0pa3yeT «CcaM03a0CTpPSIOUIMIICS) aHOJA [BUTATENs, IIMPOKUN JUAlma30oH PEeryIupOBAHHS
yIENBHOTO UMITyNbca. HemocTaTku nBUTATENsl — JUANa3oH TATH OT MUKPOHBIOTOHOB [0
€IMHHI] MUJUIMHBIOTOHOB U CPAaBHUTEIFHO OIPAaHUYEHHBIH 3amac pabodero tena. Y IeabHBIN
MMITYJIbC, ITOJIYYEHHBIN B 3KCIIEpUMEHTaNbHbIX oOpa3nax npesbiiaer 6000 ¢, a nocTUrHyras
Tsra cocrasisier 2 MH [6].

Colloid and Electrospray Thrusters — sro takxe JABHraTead ¢ 3JIEKTPOCTATHUCCKON
smuccueld, Ho B oriuune or Field Emission Electric Propulsion nux paGounm Temom
BBICTYIAET JKUIKOCTH (a3p030Jib) WM KOJUIOM/IHASL Macca, YacTHIIbl (Karluii) KOTOPOH TaKxke
«BBIPBIBAIOTCA» MOJ  JIEHCTBMEM  3JEKTPOCTATHUECKOTO TOJS W YCKOpSIOTCS B
HeM.Henoctatku ¥ mnpeumyiecTBa, a TakKKe€ OCHOBHBIE XapaKTEpPUCTUKM U 00JacTb
npuMeHeHusT Takux apurareneil cxoku ¢ Field Emission Electric Propulsion thrustres
JlBuraTenu JaHHOTO THIIA B OCHOBHOM HAaXOIATCS B PAa3jIMYHBIX CTAAMUAX pa3pabOTKH U
UCIbITaHuil [6].

Electrode-less thrusters. B OP]l nanHoro Tuma jisi CO3IaHUs U YCKOPEHHSI TIa3Mbl
UCTIOJIB3YIOTCSl CHCTEMBI, HE COJEpXKallue 3JEKTPOJIOB, KOHTAKTUPYIOUIMX C IJIa3MOM.
[TpuHIMTT AEUCTBUS TaKWX JIBUTATEIEH 3aKJ0YaeTCs B CIEAYIONIEM: TIepeBo paboyero Temna
B COCTOSIHME IIJIa3Mbl OCYIIECTBIISIETCS C IOMOIIBIO TaK Ha3blBAEMOro O€33JEKTPOJIHOIrO
paspsijia - ra30BOTO pa3psna, Bo30YKJaeMOro IMyTeM BO3JEHUCTBUS BBICOKOYACTOTHOTO WIIU
UMITYJIbCHOTO 3JIEKTPOMAarHUTHOTO TOJs Ha pabodee Teno (raz) 3a cyer ero OObeMHOU
WOHM3AIMK. B JBUraTensx pasIuYHBIX KOHCTPYKIMH WCHOJB3YIOTCS BCE TPH BHIA
BBICOKOYACTOTHOTO Ta30BOTO pa3psijia - EMKOCTHOW, WHAYKTUBHBIH U TEITUKOHHBIH,
XapaKTEePU3YIOUIUECss pa3IudHOM TeMIlepaTypod U  KOHIEHTpamued miasmer  [11].
[TpeumytiecTBa qBUTATENEH 3TOTO THIIA:

- BO-TIEPBBIX, MMOCKOJIbKY IJIa3Ma HE B3aUMOJIEUCTBYET C 3JEMEHTaMH KOHCTPYKLUU
JIBUTATEIs, pECYpC TAKOT'O JIBUTATENIs CYIIECTBEHHO BO3PACTAET;

142



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

- BO-BTOPBIX, MTOCKOIBKY B DPJ] maHHOTO THIA MPOUCXOIUT MPSIMOE TPeodpa3oBaHue
SHEPTrUM BJIEKTPOMATHUTHOIO TMOJISI B KUHETUYECKYIO SHEPIrHi0 padodero Teia, TO y HHUX
OUY€Hb BBICOK KOA((PUIIMEHT UCTIOIb30BaHUS paboyero Tena;

- B- TpeTbux, B Takux OPJl MOCTAaTOYHO MPOCTO MOXKHO JOOUTHCS XOPOIIUX
nokasaresieil mo npeoOpa3zoBaHUIO MOABOJUMON 3JIEKTPUUECKON SHEPTrUU B MEXaHHUYECKYIO,
TaK KaK OCHOBHBIMH 3JICMCHTAMH KOHCTPYKIHUH HOIIOGHBIX I[BI/IFaTeJIGfI ABJIAKOTCA
pPaZMovYacTOTHBIE PE30HAHCHBIE CHCTEMBI, JIJIsi MPOEKTUPOBAHMS M HACTPOMKU KOTOPBIX Ha
pPE€30HAaHC U YCTPAHCHUSA IMOTCPh B HHUX CO3AJAaHO MHOKCCTBO MATCMATHUYCCKUX MOl[eJIef/'I,
CEpUIfHO BBINTYCKAaeMOW anmapaTypbl U HAKOIJIEH OFPOMHBIA MPAKTHUECKUN OIBIT B TEXHUKE
pasnoCBs3HU.

4. Pe3yabTaThl M IUCKYCCUS

Hawm npencraBisiercs onucanHas Boiie kiaccudukamnus IPJ] moctaTouHo TpoMO3KOH.
[ToaroMy Ha OCHOBE IMPOBEICHHOTO aHauW3a mpemiaraeTcs Kiaccupumuposats OPJ]
1o npeodIaareMy Mexauu3mMy yckopenus dactui. Torma DPJI, paboume mnporeccsl B
KOTOPBIX Pa3In4yaroTCs MPUHIUIHAIBLHBIM 00pa3oM, MOKHO pa3lefuTh Ha 3-Hu Kiacca (pHc.

1):

- QIEKTPOTEPMHUYECKUE;
- JIIEKTPOCTATUUECKHUE;
- IIEKTPOMArHUTHBIE.
Electric
Propulsion
Thruster
Electromagnetic
Electrothermal Electrostatic {magnetodynamic)
thrusters: thrusters thrusters
PPT; GIE; HET,
Resistorjet; FET; HEMPT.
Argjef... CET.. MPD.
acr;
ELT..

Puc. 1. IIpennaraemas kinaccuduxanus

K s51eKTpoTepMUYECKUM JIBUTATENsIM MOKHO OTHECTH BCE JIBUTATEIH, UCIOJIb3YIOLINE
TEPMOJIMHAMUYECKHE TPUHIUINBI YBEIUYCHHUS BHYTPEHHEH SHeprum padodero Tena s
YCKOPEHHS YaCTHILL:

- 3JICKTPUYECKHUE TYTOBBIE;

- PE3UCTHUBHBIE;

- CTpyWHBIE;

- UHIYKIIMOHHBIE.

DIIEKTPOCTATUICCKUE JBUTATENH KIACCH(PUIIUPYEM 110 OCOOSHHOCTSIM OpraHU3aIii 30H
MOHU3ALIMM U YCKOPEHUS ISl IBUTaTeed 3JIEKTPOCTaTUYECKUX JBUTATENECH C MPOTSHKEHHOU
30HOW MOHM3ALMU U YCKOPEHUS U JIJI IBUTATENIEH C Y3KOW 30HON MOHU3AIMU U YCKOPEHUS.

JBurarenu ¢ y3KoM 30HOM MOHU3ALMU U YCKOPEHUS, B CBOKO OYEpENb, ACIATCA IO
KOJIMYECTBY 30H WJIM CTyNEHEH WOHMU3aUM M YCKOPEHUS Ha OJHOCTYNEHYaThle |
MHOT'OCTYIIEHYATBIE.

K smekTpomMarHuTHBIM JABUTaTessaM cieayer otHectn OPJl, ucnonp3yromue cuiy
Jlopenua sl yCKOpEHHUs 4acTHULL.
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5. BeiBOABI

[IpoBeneHHBIH aHaIM3 HAyYHbIX MATEPUAIOB 110 AJIEKTPUYECKUM PEAKTUBHBIM
JIBUTATEIIIM [10Ka3al MX O'POMHOE pa3HooOpa3ue, Tak Kak OHU pa3padaThIBarOTCA MCXOIS U3
pa3NWYHBIX NPUHUMNOB. OOIIENpUHATON HX KIACCH(PHUKAIMKA Ha HACTOsSIIEe BpeMs HE
CYLIECTBYET U HCCIEI0BATENSIM, 3aHUMAIOLUIMMCCS 3TUMU IpoOIeMaMu. T0OCTaTOYHO TPYIHO
OPUEHTHPOBATCS MIPHU BEIOOpPE HY)KHOTO MaTepHaa.

ABTopsl mpejuiaraloT  kinaccupuuuponats OPJl  mo mpeobianaroieMy MeXaHU3My
yckopenuss dyactuu. Torma OPJl, paboume mpoueccbl B KOTOPBIX  Pa3jIMYarOTCs
OPUHIUIHMAIBHBEIM  00pa3oM, MOXKHO pa3feluTh Ha 3 Kjacca, 4YTO IOMOXKET JIyylle
OpPUEHTHPOBATHCS B JTAHHOM Mpodiieme.
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N3MEHEHUE TUHAMNYECKHUX XAPAKTEPUCTHUK
CAMOJIETA HA IIOCATOYHOM PEKMME B YCJIOBHUSIX CABUT'A
BETPA IIPU PA3JIMYHAX YIIPABJIAIOIIIAX BO3AEUCTBUSAX

Mareks Slihtal, Vladimirs Sestakovs2
1-Riga Technical University, Institute of Aeronautics
Mareks.sl@inbox.lyshestakov@inbox.lv

Abstract

The phenomenon of wind shear is one of the most dangerous adverse environmental
factors from the point of view of aircraft flight safety. The article provides an analytie
conditions for the occurrence of wind shear and the results of a study of changes in the flight
characteristics of an aircraft when hit by wind shear in the landing mode of flight.

Keywords: difficult weather conditions, wind shear, safety, research, microbursts,
turbulence.
AHHOTANuA
SlBnenHue caBura BeTpa OAMM W3 HaWOOJIee OMACHBIX HEOIArompUsTHBIX (PAKTOPOB
BHEIITHEHN Cpeabl C TOYKHU 3PCHUMA 0€30I1aCHOCTH II0JIETOB BO3YHIHBIX CYIOB. B cratbe
IMPUBOJUTCA aHaJIUu3 YCJIOBI/Iﬁ BO3HMKHOBCHHUA CABUI'a BCTPAa W PE3YyJIbTAaTbl HMCCICIOBAHUA
HU3MCHCHHUA IIOJICTHBIX XapaKTCPUCTHUK CaMOJICTa IIPpU IIoMMaJaHhHu B CIABUI' BCTpa Ha
MMOoCaJ0YHOM PCIKUMCE I10JICTA.
KuaroueBble ciioBa: CJIO0XXHBIC MCTCOYCJIOBUS, CABUI' BCTpa, 6630H8.CHOCTB,
M CCJIEJOBaHMSI, MUKPOIIOPBIBBI, TYpOYJIE€HTHOCTb.

Beenenue

HecmoTpss Ha pa3BUTHE M BHEIPEHHE COBPEMEHHBIX CPEICTB CaMOJIETOBOMKICHMS,
000py/I0BaHUsI CaMOJIETOB M a3pPOJPOMOB CIIELMAIbHBIMU TOCAJOYHBIMU CPEICTBAMU JUIS
obecnieuenus 6e3onacHocTd 1noseroB (BIT), oqHON M3 OCHOBHBIX MPUYMH OOJBIIOTO YHCIA
aBUalMoOHHbIX MpoucuiecTBuil (AIl) ocrtatoTcs Mmereoposoruueckue ycioBus. OnacHble
METEOPOJIOTUUECKHE SIBJICHHSI HEPEIKO MPHUBOJT K aBUAIMOHHBIM Katactpodawm [1].
Jns obecnieueHust 6€30MacHOCTH MOJETOB BO3AYIIHBIX cyAoB (BC) mo mereoponoruueckum
YCIIOBUSIM HAJIaraeTcsl psiJi OTPAaHUYEHHM, N3JI0KEHHBIX B COOTBETCTBYIOIIUX MHCTPYKIUAX 110
IIOJIETY, OCHOBHAasl IeJIb KOTOPbIX HCKIIOUEHHE TIIOJETOB B  30HAaX  ONACHBIX
METEOPOJIOTHYECKUX ycaoBui. Ho IpakTHKa MMOKa3bIBAaeT, 4YTO HECMOTPS Ha ITO, BCETJa €CTh
BEPOSITHOCTh IIOMAJAHMS BO3AYIIHOTO CyJHAa B TaKWE 30HBl H3-3a HEJIOCTAaTOYHOMN
uHpopMaluu 00 OXKHIAeMbIX ONACHBIX SBJIEHUSAX IOTOJbI, HEAOOLEHKA AMCIETYEPCKUM U
JIETHBIM COCTAaBOM METEOPOJIOTHUYECKOI 0OCTAHOBKH B pailOHE MOJIETOB [2].

AHanu3 3aBUCUMOCTH aBUALMOHHBIX IPOMUCIIECTBUN OT METEOYCIOBHI IOKa3bIBaET,
YTO OOJBIIMHCTBO KAaTacTpo( M TSKENbIX MPOUCHIECTBHHM MPOUCXOAUT MUMEHHO Ha MajbIX
BBICOTAaX, Ha dTalax B3JIETa, 3aX0Ja Ha nocaaky u npuszemiueHus BC. ['naBHasg onacHocTh —
9710 pe3kuit casur Betpa (CB), 1o ganasiM UKAO 78 % Bcex nerHbix npouctiectsuit (JIIT),
CBSI3aHHBIX C METEOPOJIOTMYECKUMHU YCIOBUSMH Ha MaJIbIX BBICOTaX, MPOUCXOAT MO MPUUNHE
cnsura Berpa [3]. HecMoTpsi Ha JOCTHTHYTBIE yCHeXW K HACTOSIIEMY BpEMEHH, Ipoliema
CABUT@ BETPA HE MOKET CUUTATHCS PELICHHOM.

Ilenp naHHOM CTAaThU OLEHUTh M3MEHEHUE JTUHAMHYECKHX XapaKTEPUCTHK TSKEIOrO
caMoJIeTa Ha MOCAJ0YHOM PEXUME B YCIOBHAX CABUIA BETPA IPU PA3IMUYHBIX COYETAHMSIX
YIIPABJISIOLIUX BO3ICHCTBUN.
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1.Ananu3 yc/ioBUii BOSHUKHOBEHHS CIBHIra BeTpa

[TonsiTne “caBura BeTpa” BKIOYAET BCe (UBNYCCKUE SBJICHHS, KOTOpPHIE B
METEOPOJIOTUU TPUBOAAT K M3MEHEHHMIO BEKTOpa CKOPOCTH BeTpa B MPOCTPAHCTBE I10
HAIPAaBJICHUIO, MOAYJII0 UJIM KakK 10 HAIIPaBJIEHUIO, TAK U MO MOJYJI0. TO €CTh 3TO SIBJICHUE,
IpU KOTOPOM IMPOUCXOJUT pE3KOe H3MEHEHHE CKOPOCTHM BeTpa B Ipelesax BechbMa
OrPaHMYCHHOTO MPOCTPAHCTBA U 32 KOPOTKHI IEpUO]I BpeMeHU [4].

CaMbIMM  3HAQUMTEIBHBIMU W OINACHBIMH CIIBUTAMH BETpa, MPEACTABISIOIIUMU
HanOOJBIIYI0 yrpo3y sl 0€30HmacHOCTH BO3IYIIHBIX CYJOB, SIBJISIOTCS MHUKPOIIOPBIBHI,
BCTpEUAIOLIMecs] Ha B3JIETHO-TIOCAJOYHBIX pekumax. MUKpONOpPHIB MPEICTaBiIsieT coOoi
CUJIBbHBIM HMCXOIAIIMM IIOTOK BO3/1yXa, KOTOPBIA JOCTUras 3€MHOM IIOBEPXHOCTH, B
HEIMOCPEACTBEHHON ONM30CTH OT 3€MJIM, pacTeKaeTcsl IO 3EMHOM IOBEPXHOCTH C
oOpa3oBaHueM 3aBUXpeHMH. CoONpOTHUBIIEHHE, CO3/aBacMoO€ 3e€MJIeH, IPEBPALACT
BEPTHUKAJIbHbBIE BETPHI B TOPU30HTANIbHBIE. 11 X0Ts pazMepbl MUKPOIIOPHIBOB HE MPEBBIIIAIOT |
- 4 XM B JuameTpe, MHTEHCUBHOCTb MX CTOJIb BBICOKA, YTO IOPU3OHTAJIbHBIE PaaUalIbHbBIE
BeTpbl MoryT gocturath 150 - 170 xm/4 u Gonee. Boons Bcell mepeaHeil KpOMKH CIBUTA
BETpPa XapaKTepU3yeTCs] IOHMKAIOUIMMUCS TeMIlepaTypaMH, BO3pPAcTAalOLIMM JIaBJICHUEM
BO3/lyXa M BeChbMa MOPBIBUCTHIMU BeTpamu [5]. MHUKpOITOPHIBLI - SBJIEHHE KPAaTKOBPEMEHHOE.
Cpok ux xu3HH He 6osee 15 - 20 mun. MccnenoBanust mokasaii, 4TO BCE THUIIBI ITOTOJIBI, IPU
KOTOPBIX BO3MOXKEH CIIBUT BETpa C KaTacTpoHUUEeCKUMU MUKPOTIOPBIBAMH, MOXKHO Pa3AeIUTh
Ha ILIE€CTh TUIIOB:

» Temreparypa, npessimaromas 25-26 °C;

» TeMmIeparypa TOYKH BBIAJACHUS pOCHI 10 - 22-23°C;

» TPO3bI, IPOTEKAIONIUE HA OOJIBIINX BHICOTAX;

» OBICTPO MEHSIONIMECs] CKOPOCTh M CUJIA BETPA;

» TBUTbHBIE OypH.

[Tpu 3TOM BBISIBIIEHO, UTO 75% CllydaeB cIBUTA BETPa CBA3AHO C JMBHEBBIMU OCA/IKaMH,
CONPOBOXKAAIOIIUMHUCA WJIM HE COMNPOBOXKIAIIMUMUCH Tpo30id. DPU3HYECKHA CMBICH
BO3JICUCTBUS CIIBUra BETpa Ha BO3IYIIHBIE CyAa 3akiroyaeTcs B cienytomeMm [6]. Kax
W3BECTHO, TpPHU TPSMOJIMHEHHOM JIBUKEHHWM BO3IYIIHOTO CydHa, ero Bec G, wim ero
COCTABJIAIONIAs! TPH HAKJIOHHOM TOJIETE, YPaBHOBEIINBACTCS MOIBEMHOMN CUIIOHN Ya.

G=Ya (1)
Ipencrapisst Yamo GopMyiIe adpoaHHAMHYECKOT0 OT00US HMEeM:
Ya=Cya S, (2)

rae Cya- KOO(QUIIUEHT MOABEMHOMN CUJIBI,
g - CKOPOCTHOM Hamop,
S - iomans Kpbuia.
TakuM o00pazoMm, IpH NPOYUX pPaBHBIX YCIOBUSX, YPaBHEHHMIO (2) COOTBETCTBYET
OTpeJIENIEHHOE 3HAYEHHE BO3AYIIHON CKOPOCTH V, KOTOpas B CBOIO OYEpE/b IPENCTABISET

BEKTOPHYIO Pa3HOCTH CKOPOCTH OTHOCHTENBHO 3eMiH V¢ M CKOPOCTH BeTpa W '
V =V, W 3)

BoznymHoe cyaHO momajmas BO BpeMsl B3JI€Ta WM NOCAJKH B TEYEHHE KOPOTKOIO
BPEMEHM B MUKDPOIIOPBIB CTAJIKMBAETCS C U3MEHEHMM BeTpa. CHadajza OHO BXOAWMT B 30HY
BCTPEYHOT'O BETPa, 3a KOTOPON OKa3bIBAETCS CHJIbHBIM HUCXOIAIIMI MOTOK, a 3aTEM 30HA C
MOITYTHBIM BETPOM.

Ha nepBom 3Tame npu monajaHuy BO BCTPEUYHBIN BETEp U3-3a YBEIWYEHUS BO3LYIIHON
CKOpPOCTH MOJIbEMHAs CHJIa Ya BO3PACTaeT U BO3YIIHOE CyAHO B3MbIBaeT BBepX (Ya > G). Ha
BTOPOM OJTale€ u3-3a CHWJIBHOTO HHCXOJAUIETO IIOTOKA HMMEET MECTO OTPHULATENbHOE
npupalieHe yria ataku (Ac¢), T.e. UCXOAHBIA yroj aTakd pe3Ko YMEHbLIAETCs, OIbeMHast
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cuna Ya majaeT U B MOMEHT, KOTJla OHa CTaHeT MeHblne cuibl Beca (Ya < G) Bo3mymHOE
CyJIHO HayHeT MpoBaJIUBaThCs BHU3. Ha TpeTheM 3Tane, Koraa BCTPEUHbIN BeTep MEHSETCS Ha
MONYTHBIN, Ya €lle B OOJbIICH CTENEHW YMEHBIIACTCS M BO3IYIIHOE CyTHO 0Oojiee pe3Ko
HCKPUBJISIET TPACKTOPHUIO IO HAIMpaBJieHUIO K 3emuie. [loTepsi BO3AyIHON CKOPOCTH TIPU ATOM
MoskeT gocturath 80-100 kM/4. B Tako#t cuTyaruu y mujaoTa HET HUKAKOW BO3MOYKHOCTH JJIS
MaHeBpa. Bpemst niisi mpUHATHS COOTBETCTBYIOIIUX MEp KpalHE OrpaHUYEHO, PE3EpPB TITH
nBuratenei MuHuMaieH. [loaToMmy, eciaM He TPHUHATHI COOTBETCTBYIOIIME MEPHBI, TO
pe3yNIbTaThl MPOTHO3UPYEMBI C OOJIBIION BEpOSATHOCTHIO. HeOmarompustHOoe COOBITHE
HEU30EXKHO.

Ha mnacrosimiee BpeMsi Onpeienuauch TpU YCTOWYUBBIX HAIpaBIEHUS MeEp 110
NPEJOTBPALICHUIO HEOIAroOnpuATHBIX COOBITHH 10 mpuuuHe caBura Berpa [7]. K Hum
OTHOCSTCS: pa3paboTKa METOZOB U CPEJICTB HA3EMHOTO OOHAPYKEHUS 30H CO CIIBHTOM BETpa
B pailoHE a’poropTa; pa3padoTKa METOJOB U OOPTOBBIX CPEICTB OOHAPYKCHHUS TaKUX 30H,
pa3paboTKa METOJ0B MWJIOTHPOBAHHUS W OOyUEHHUS JIKUIMAKEH MPU MOMAJAHUUA BO3AYIIHOE
CYIHO B CIIBUT BETpa.

1. HcciaenoBanue BO3MOKHOCTM NAPUPOBAHUSI CABUIa BeTpa ¢ MNOMOUILIO
YIPaBJISKOIIUAX BO3AeHCTBUIA

Jlist  pemieHWs O3TOW  3adadyd OBUIO IPOBEACHO AHAJTMTHYECKOE HCCIICOBAHUE
MaTeMaTHYeCKOW MOJIENH, OIMMCHIBAIOIICH MPOJOJbHOE IBMIYKEHHUE TPAHCIIOPTHOTIO CaMoJjeTa
tuna WMn 86 Ha mocamouHBIX peKMMax B YCIOBHsX ciasura Berpa [2]. PaccmarpuBaioch
aBTOMAaTUYECKOE, C MOMOIIBIO aBTONWJIOTA, U Py4YHOE yImpaBieHue. Mojaens cIBUTa BeTpa
BappupoBaiach. CUCTEMa YpaBHEHMI JBIKEHUSI CaMoJjeTa B3ATa JUIsl clydasl MPOJ0IbHOTO
JIBMDKCHHUST BO3IYIIHOTO cyaHa [8].

2. OueHka W3MeHEHHUsl JUHAMHYECKHX XAPAKTEPHCTHK CaM0JIeTa HA MOCAT0YHOM
peskuMe B YCJOBHUSIX CIBMIra BeTpa MPH Pa3INYHBIX COUYETAHUSX YNPABJIAIOIMNX
BO3/IeHCTBUIL.

C momomipl0 KOMIbIOTEpa ObUIM MPOBEAEHBI pPacyeThl JUHAMUYECKUX XapaKTEPUCTHUK
caMoJieTa Ha TOCaJOYHOM DPEKHUME B YCIIOBUSX CJABUTA BETpPa B CIEAYIONIUX COYETAHMSIIX
YIIPABJIAIOLIUX BO3ACHCTBUMN:

» pydHOE yIIpaBIICHUE,;

» TIpU BKJIFOYEHHOM aBTOMHJIOTE IO MIPOIOJILHOMY KaHAIy;

» Tpu paboTe aBTONMIIOTA TI0 MTPOOIBLHOMY KaHATY U TIO TSATE.

Pacuérnas monens casura Berpa W npeacraenena Ha puc.l Kak BugHO U3 rpaduka cKopocTh
BeTpa B IpoMexkyTke BpeMeru C 18 1o 34 cexkynsl (16 cekyHx) n3MeHuIach Ha 16 M/S.
H3meHeHne BO3AYIIHON V,; CKOPOCTH TIPU MOMAJaHUHM CaMoJIeTa B MPOJOJIBHBIN CIBUT BETpa
JUTISL BCEX TPEX CIIy4aeB, MPEICTaBICHbI Ha pUc.2

15

10

t(s)

Puc. 1. Pacuérnasi mozesib casura Berpa \W(m/s) B poaoabHOI MII0CKOCTH
(nponoabHbBIi cABUT BeTpa) [2].
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Puc. 2. U3mMenenue Bo31ymHoii V, ckopocTu [2]
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Puc. 3. U3MeHeHHe BBICOTHI M10JI€TA /IJIsl TPEX BADHAHTOB YNPaBJIeHHS CAMOJIETOM [ 2]
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apu pa60Te ABTONWJIOTA I10 MPOJAOJbHOMY KaHATy U IO TATC

Puc. 4. U3mMeHeHue yrjioB aTaku [2]

3. AHajiu3 pe3yJbTaTOB pacyera

Ha rpadukax BuaHbBI 3HaUNUTENbHBIE KOJIEOaHHs B BEIMUYUHAX Vb U YIJIOB aTaku, pUc.2 U
4. XapakTep UX MU3MEHEHHS MOJHOCTBIO ONPENENAETCS U3MEHEHUEM CKOpocTH Berpa. [lpu
BKJICUEHHOM aBTOIUJIOTE 0€3 KaHalla TATH, BhIpa0aThIBAEMOE UM YIIPABJISIOIIEE BO3ICHCTBHE,
IPUBOAT B NEPBbI MOMHT K YBEJIIMYEHHUIO ITyTE€BOI CKOPOCTH, a KOJIEOAHUSI N3MEHEHHS YTJIOB
aTaku emie OoJbllle, YTO MPHU JOCTaTOYHO Majod BO3AYIIHOW CKOPOCTH MPHUBOJIUT K
IIPOCEAAHNUIO CaMOJIETa, PUC.3, YTO YPEBATO BO3MOKHBIMHM OCJIO)KHEHUSMU C TOUKH 3pEHUS
OezomacHoil mocanku. lloakmrodeHwe KaHanma TATH JUIsl  CTAOWIM3AIMd  CKOPOCTH
CYLIECTBEHHO YJIYYIIAET MPOTEKAHUE AMHAMUUYECKUX XapaKTepucTuk. OLeHnBas U3MEHEHUE
9TUX XapakTepucTuk mocie 20 ceK. MOXXHO CuUuTaTh, YTO MpHU IONAJAHUU CaMoJeTa B
CTYNEHYaThlii CIBUT BeTpa OyJeT pe3koe HM3MEHEHHE BO3JIYyIIHOM ckopoctH, V.. B
JAIbHENIIIEM OHA MEJJIEHHO BO3BPAILAETCs K UCXOJHOMY 3HAYEHHIO, a IIyTeBask pacTeT TaKuM
00pa3oM, YTO Pa3HOCTb MEXIY HUMHM, OCTAeTCs MOCTOSHHOW M PaBHON MPUMEPHO BEIWYHHE
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CABUTA BETpA. YTJIbl aTaKW M BO3AYLIHBIM TAaKKe PE3KO M3MEHUBIIMECS B NEPBBI MOMEHT
BO3JICHCTBUS CIABUTA BETPA, B JAILHEHIIIEM MEHSIOTCS MIOYTH CHHXPOHHO U yxke depes 8 - 10
CEK., JOCTUTal0T CBOETO MEPBOHAYAIBHOTO 3HAUEHUS

BriBoabl
1. UccnenoBanue AMHAMHYECKUX XapaKTEPUCTUK CaMoOJjeTa MPU TMONAJaHUU €r0 B CABUT
BETpa M Pa3JIMYHOM COYCTAHHH YIPABISIONIMX BO3ACHCTBUN: PYYHOE, C aBTOIHIIOTOM,
BKJIFOYEHHOM TOJIBKO 10 KaHAJIy TaHraka U COBMECTHO I10 KaHAJly TaHTa)Ka U TATH MO3BOJISIET
BBIPA0OTaTh TEXHOJIOTHMIO M COOTBETCTBYIOIIME PEKOMEHIAIIMU IMUJIOTaM IO YIPaBIICHUIO
CaMOJIETOM B 3TUX OIMACHBIX YCIOBUSX.
2. TlpoBeneHHble pacueThl TMOKa3aid, 4TO 3(PGEKTHBHOE NAPUPOBAHHUE IIOCICACTBHH OT
BO3JICUCTBUS TIOpPHIBA HA CAMOJIET BO3MOXHO TOJBKO HPHU YCJIOBHUM HM3MEHEHHUS TATU IS
CTaOMIIM3AIIN CKOPOCTH.
3. Ilpu ynpaBieHHH caMOJIETOM IPH MOMAJaHUU €r0 B CIBUT BETPa C MOMOIIBIO aBTOMUIIOTA
TOJIBKO IO KaHaly TaHTaxa 0e3 KaHaja TSIrd HE OCTAaeTCsd IIAHCOB MJSl BBLACPKUBAHUS
3aJIaHHOM TJIMCCAJbl, YTO YpEBAaTO TMOMAJaHUEM €ro Ha MPEANOCaOYHOM pPEXKUME B
ABHAIIMOHHOE MTPOUCIIIECTBHE.
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MATEMATHUKA U OIIBIT IMCTAHIHUOHHOI'O ITPEITIOIABAHMUSA

Herpeesa C. H.
Rigas Aeronavigacijas institiits

Abstract
Some problems of the education have arisen by the Covid-19 quarantine. The article is
devoted to the experience and problems of the teaching of the mathematics in internet. The
pros and cons of distance education are considered and the prospects for the development of
distance education in future are discussed.
«YTOOBI TOWTH 70 LIETH, HAJO MPEXKIE BCETO HATH
O. banp3ak
«Y4uTeabp ocTaeTcs YUUTCIIEM 10 TCX IIOP, IIOKA YUUTCA»
K. . Yuunckuii

AHHOTanus

bonbuie roga Mel pabotaem B oHnaiiH. O JUCTaHIIMOHHOM 00pa3oBaHUHM U paboTe B
MHTEPHETE MHOTO TOBOPWJIOCh. MHOTO JIeT Ha3ajJ MOSBWIKCH JOMAIIHSAS CTpaHHIA
UHCTUTYTa, pacnucanue B uHTepHere, MOODLE Perynspuo nognumaics Bompoc o
HeoOxoxumoctu 3anonHeHuss MOODLE pasnuyapiMu ydeOHBIME MaTepHallaMH, HO, Kak
BCEI/Ia, KHM3Hb BHECIA CBOM KOppekTHBbI. COVid-19 MHOTOKpAaTHO YCKOPHII BCE MPOIIECCHI,
TPOM TPSHYJ — OCTPO W HEOXKHJIAHHO BCTaJ BOMPOC O IMPENoJaBaHuM OHJAiH. bonbine roxa
MBI HaXOJJUMCS B 3TOM CUTYaIlud 1 0€3yCIIOBHO HAKOIUIN HEKOTOPBIH onbIT. [1o nmpoiecTBun
BPEMEHU €CTh BO3MOXKHOCTh OOCYIWTh IUTFOCBI M MHHYCHl TaKOTO IIPENOJaBaHUs U
PaccMOTpPETh MEPCIEKTUBBI €ro Pa3BUTHS B OyAYIIEM.

[TpeameTsl, ¢ KOTOPBIMU 51 paboTaja B TH MECSIIBL:

1. Beiciiasg MaTeMaTHKa — CTYIEHTBI IEPBOTO Kypca OYHOIO OT/IEJICHHUS;

2. Teopust BepoATHOCTEM M MaTeMaTHyecKkas CTaTUCTHKA CTYJEHTbl BTOPOIO U
TPETHETO Kypca OYHOTO ¥ 320YHOT'0 OTACIICHUS;

3. DKOHOMHUYECKAs] CTATUCTHUKA - CTYACHTHI BTOPOI'O M TPETHETO Kypca OYHOTO U
3a04HOTO OTJEJICHMS;

4. OKOHOMETpUKA — CTYIEHThl TIepBOr0 Kypca MarucTpaTypbl 3a04HOIO
OTJICJICHHUS;

5. MaremaTnueckoe MOJIEINPOBAHUE — CTYIEHTHI IEPBOrO Kypca MarucTpaTyphbl
3a04HOTO OTZEJICHMS;

6. PykoBozicTBO UeThIppMSI MAarMCTEPCKUMU U IByMSI OaKalaBpCKUMHU pabOTaMH.

OmnsIT paboTs! B uHTEpHETE 710 2020 rona:

1. Pabota no pykoBoACTBY 6akanaBpCKMMH U MaruCTepCKUMHU pabOTaMH.

2. KoHncynpTanuu mkojJpHUKaM. 3HAKOMCTBO CO IIKOJIBHBIMU €-KJacCaMH IO
MaTeMaTHKe.

3. ITonroroBka k roc3k3amMeHaM 3a 9 u 12 xjaccel.

4. KoHcynpTanuu s OCTYIUIEHHS] B 9KOHOMHYECKYIO0 MarucTpaTypy B AHIUINN.

5. Pabora ¢ aHrMIICKUMU TecTaMu ¥ TPEHUPOBOUYHBIMU MaTepUaIaMu.

B 1nienom mMou mpeaMeTsl JOCTaTO4YHO yA0OHBI Ul UX MpENojaBaHus B UHTEPHETE, T.K.
HE cojiepaT paboT, Tpedyroumx (usndeckoro mpucyrcTBus (i1aboparopHble pabOThI MO
¢du3uKe, MEKTPOTEXHUKE UM XMMUHU) HO U TYT BO3HMKAeET psia npodiem. K coxanenuto, 10
KapaHTHHA y MEHs He ObUTO ombiTa paboThl ¢ roinyboi kHomkod MOODLE u 6buto xanb
TEpsITh BpeMs 3aHATHI Ha ee ocBoeHue. S 3Haro, kak paborath B ZOOM u SKYPE. MHuoro
obu1 BeIOpan SKYPE kak OecrutaTHBIN pecypc M Tak Kak K MOMEHTY Hadalla 3aHsATHI ObLI
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HAKOIJICH JICCATHJICTHHH OIBIT €ro HWCIOJBb30BaHWS, B TOM 4YHCIE Ui paboOThl ¢
JUTUIOMHUKAMU ¥ WHIMBUyaJbHBIX 3aHSATUH MO0 MAaTEeMAaTHKE.
[IpeumymectBa SKYPE:

1. BO3MOXXHOCTh JIEMOHCTpAllMM 3KpaHa, T.€. WCIOJIb30BaHUE B padore
COOCTBEHHBIX (haiIIOB, IPOrPpaMM KOMITbIOTEPA U UICTOYHHKOB M3 HHTCPHETA,

2. BO3MOYXHOCTb 3aITUCH OeceIbl, YeM MOCTOSHHO MOJIb30BAIUCH CTYACHTHI;

3. BO3MOXXHOCTh TapajlIeJIbHO CO CTYACHTaMH PEIIUTh 3a]ady Ha JIMCTKE,
cotorpadupoBarh MIAHIIETKON U TYT e BBIBECTH Ha dKPaH;

4, BO3MOXXHOCTh HCITOJIb30BaHHS Kypcopa isd (UKCAUA BHUMAHUS CTYICHTOB
HA KOHKPETHBIX BBIKJIAJIKAX;

5. JIngHoe 00IIEHHE CO CTYICHTAMH;

6. Y MeHs 00pa3oBaHbl TOCTOSIHHBIE TPYINIOBBIE dYaThl Ha  CKaHIe,
COOTBETCTBYIOIINE YU4COHBIM IPYIIITaM;

7. Marepuan, COpOIICHHBIH B 4YaT OJHMM HW3 YYaCTHUKOB JOCTYIIEH BCEM
OCTaJIbHBIM CTYJICHTaM 4aTa;

8. Y Kaxa0ro CTyJeHTa eCTh KPOME TPYIIIOBOTO WHIMBHIYaJIbHBIH YaT.

9. Bce yarhl 1 cefiuac COXpaHSIOTCS B MOEM KOMIIBIOTEPE, T.€. Y CTYJACHTOB €CTh

MIOCTOSTHHAS! BO3MOKHOCTB CBSI3M CO MHOM, KPOME TOTO, OHH 3HAIOT HOMEp Moero TenedoHa, 2
ampeca e mnoutbl u WhatsApp. [lepeuncisito pasHble BHIBI CBS3M, T.K. BCE OHH
UCTIOJIB30BAJIOCh HAa ypokax W 3aderax. Hampumep, ecimm Hapymamack cBsizb Ha SKYPE
HOYTOYKa MHe niepe3BanuBaiu Ha SKYPE mnanmerku win Ha TenedoH.

Munyc SKYPE

1. B HEeKOTOpBIX cTpaHax, HAIIPUMEP, B Y30EKHUCTAaHE 3Ta IporpamMma 3arperieHa.

2. Y HEKOTOPBIX CTYIEHTOB (3a0YHMKOB) BOSHUKAJIU MTPOOJIEMBI C IPOTrPaAMMOM.

3. B ZOOM ynoOHee cienuTs 3a JUIIAMH MPUCYTCTBYIOMIUX, HO TaM €CTh CBOU
po0OJIEMBI.

C mepBoOro 3aHIATHHM CTaJO $ICHO, YTO TOBOpsIIas B TE€YEHHE 3 4YacoB TroOJIOBa, 3TO
COBEPIIICHHO HEBO3MOXKHBIM BapuaHT. Tem Oosee, uro emie Benukuit Kapn @puapux [aycce
OTMEYas, 4YTO «MaTeMaTuKa — HaykKa i TIJla3, a He Juid yuei». Iloatomy 3apanee
COCTaBJISICS] TEKCT 3aHATHSI, KOTOPBIM BBIBOJAWJICSA HA KPaH U B MPOLIECCE 3aHATUA J1aBAIUCh
nopoOHbIe TOsACHEHUs. Tak Kak 3aHSATUS [UIM Ha JIATHIIMICKOM SI3bIKE, a OOJBIIMHCTBO
ydamuxcs ObUTM PYCCKOTOBOpPSAIINE, TEKCT MoAOUpascs Ha JBYX s3blkax. Bce cchuiku
OCTABAJIMCh B ITIOCTOSSHHOM JIOCTYIIE JUISl YUalIUXCs Ha CKalIle B TEYEHUE CEMECTPaA.

AHanmu3  NUTEpaTypHbIX HMCTOYHUKOB TIOKa3ajJl, YTO MacCOBO€ MPUMEHEHUE
JTUCTAHIIMOHHOTO O0pa30BaHMsI 3a4acTYIO MPUBEIO K HEYTEIIMTENbHBIM BbIBOAaM. OAUH U3
KOTOPBIX: YUHTEIS MIKOJIBI ydaT poauTeneil. Miumo3us, 4To MKONBHUKY ydyaTcd. «Y Mamku
neeM kode Ha ypoke reorpadum». B Poccum ponurtenu mMKOILHUKOB, YBUAEB U YCIBIIIAB,
KaKk JAMCTAaHIIMOHHO y4YaT WX JIE€TeH MOHSUIM, YTO TE IOCJI€ OKOHYAHHUS IIKOJbI HE CMOTYT
HaliTH cepbe3Hyl paboTy M KHHYJIHCh Ha PBIHOK pENneTHUTOpoB. B pesynbTate B Mae
MATUKPATHO BO3POC CIPOC HA PETIETUTOPOB MAaTEMATUKH, aHTJIMICKOTO s3bIKa ¥ KCTOpHUH [1].

Jnst yaeObl B MHTEpPHETE HYKHBI JIOCTATOYHO MOIIHBIE KOMITBIOTEPHI C XOPOIIUMHU
SKpaHaMH, MPUYEM OJTHOBPEMEHHO JUIsl pOAUTENEeH, KOTOphle paboTaloT Ha yJlaleHKe U BCeX
neTei, kotopele ydarca. He kaxmoi cembe 3TO Mo cuiaMm. Ydeba — 3TO TKENBIH TPYI.
MaremMaTtika — 23TO TSDKENbIH TPyd [JII MO3Ta, K COXAJICHHWIO, K HEMY HE0OXOAMMO
NpUHYXaTh. M 5T0 B OOJBIION CTENEeHH 3a7ada yauTess. be3yclioBHO 3TO Jierue Jenath npu
MIPSIMOM OOIIIEHHH, KOT/Ia MBI MPEMOAaBaTEIM BUIUM Ti1a3a YYCHUKOB U MOYKEM OTCIICKHUBATH
UX BOBJICYEHHOCTh B Mpoliecc o0ydeHus. BoBpeMs pa3psauTh OOCTaHOBKY IIYTKOH, OO
NEPEKIIIOUNTh PadOTy CTYACHTOB C TEOPUM Ha MPAKTUKY. Bce 3TO HE CI0KHO OCYIIECTBUTD,
pabotas B SKYPE ¢ onHuUM niau AByMsI CTYJEHTaMHU U OY€Hb TPYAHO BECTH TaKOW KOHTPOJb
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3a rpynmnod B 15-20 crtynenToB. Eme xyxke, Korga HauMHAeT OapaxJUTh WHTEPHET, H
nporpaMMa OTKJIIOYaeTcs. B 3To BpeMsi BbIpydand IJIaHIIETKAa M MOOWJIBHBIA TenedoH,
KOTOPBIE MTOCTOSIHHO HAXOMINUCH PSIIOM.

Coxkpamraercsi cOUMaIbHOE B3aMMOJICHCTBHE CTYICHTOB. Jloka3zaHO, 4TO NepUIHT B
OOILIEHUH B MOJIOJIOM BO3pAacTe MPUBOJUT K YMCTBEHHOMY OTCTaBaHUIO JIETEH, a B MOXKUIOM
BO3PACTE MPHUBOJUT K MPEKIEBPEMEHHONW CMEPTH.

H3Becten Takoil skcrnepumeHT. CTyA€HTaM HEKOTOPBIX AHTJIMICKUX YHHBEPCUTETOB
OBLIIO MPEIOKEHO OeCTUIaTHO ToNy4aTh 0oOpazoBanue. ONBIT NUCTAHIMOHHOTO 00pa30BaHUS
nokasan ciuenyromee: Toapko 10% perynspHo mocemano 3aHiaThs U ToJdbKO 1% peanbHO
y4uiuch. B nenom GecruiaTHbie Kypebl 3akanuuBaet 3,1% cTyneHToB. [2].

Conuttoch Ha HaIMX CTYACHTOB. Bo Bpems 5K3aMEHOB M 3a4€TOB 5 OINpalluBalia BCeX
CTYACHTOB Ha 3Ty TeMy. B OOJBIIMHCTBE CIy4yaeB UX OLIEHKA, YTO BIIOJHE OXKUAaeMoO, Oblia
HEraTUBHOM, OJJTHAKO, K MOEMY YAUBIICHUIO, ObLIIM U TIOJIOKUTENIbHBIE OT3bIBHI (3 YeloBeKa U3
100 onpomeHHpIx). [10M0KUTENTFHO OLEHIIN YAAJICHHYIO yueOy HCKIIOYHTEIBHO CUIIBHBIC
yueHuku. HaBepHoe, 3TO HE yAMBHUTENBHO, T.K. MUMEHHO JTH CTYJCHTHl MaKCHUMAaJIbHO
MOTHUBUPOBAHBl Ha M3Y4YECHHE MpPEIMeTa, a HE Ha IMOHWCK TPYIHOCTEH, KOTOpbIE MPHU STOM
BO3HUKaIOT. Ho, kak Ob1 TO HU 06110, B CIIA 1 SlnoHun noas AMCTaHIIMOHHOTO 00pa3oBaHUs
cocraBisier 20-30 % wu 0e3yclIOBHO MOHSATHO, YTO M Yy HAc 3Ta TEHIACHIMSA pPACTET U
pa3BUBaETCS.

CubHbIe CTOPOHBI HHTEPHETHOIO U IMCTAHIIMOHHOI0 00y4YeHHs

1. OKOHOMUS BpPEMEHH Ha JI0pOry;

2. MarepuanbHasi 5)KOHOMUSI HHCTUTYTa (BOJIA, SJIEKTPUIECTBO, paboTa yOOpIIHIL,
00opy/s0BaHus U T.11.);

3. Yacto Oousbliee KOMUYECTBO CTYIEHTOB HA 3aHATHUAX, T.K. OHH MOTYT
3aHUMAaTbCs, HAXOSICh B Pa3HBIX MECTAX;

4. Membiue 3aTparthl Ut CTYACHTOB Ha JI0POTY, TPOKUBAHUE H T.JI.;

5. OtcyTcTBHE JUCKPUMHMHAIMM 1O TOJY, BO3PacTy, HaIMOHAIBHOCTH,
BHEITHEMY BUJLY, OJICXKIE U T.1.;

6. Het npo6iiem, CBA3aHHBIX ¢ UMMUTpaLueil.

B03MO0KHOCTH UHTEPHETHOI0 U IMCTAHIIMOHHOI0 00y4YeHHs

1. Bo3moxHOCT  momydaTh  oOpazoBaHMe 0e3 OTpblBa OT  TPYAOBOIi
NeSITeTbHOCTH;

2. YcTpaHsatoTCs BO3pacTHbIE OrpaHUYEHUS,

3. Bornee mmpoxuii 0XBart CTy/I€HTOB;

4. Bonbias 40CTYmHOCTB JU1sl MAaloOOECTIEYEeHHBIX COLUANIBHBIX CII0EB,;

5. JlOoCTYyITHOCTB CTYJ€HTAaM U3 CEJIbCKUX PaioHOB JlaTBuu;

6. JIOCTYITHOCTB CTyJIeHTaM, YeXaBIIMM Ha pabOThI B IpyrHe CTPaHbl;

7. JIOCTYITHOCTB CTyZIEHTaM APYTUX CTPaH,

8. JlocTynmHOCTB JUIsl MaTepelt ¢ MaJloJIeTHUMHU JEThMU,

9. JlOCTYITHOCTB JJ1sl HHBAJIU/IOB;

10. CokpalieHue 3aTpaT Ha Tiepees3 bl U POKUBaHUE,

11. BO3MOXHOCTE /U1 CTyJEHTa YIPaBJIATh CKOPOCTBIO M BPEMEHEM CBOETO
o0yueHusl.

Cnalble CTOPOHBI

1. KauyecTtBo MHTEpHETa, KOTOpPOE 3aBHCHUT OT MECTa MPOKUBAHHUS W HE BCErJa
3aBHCHUT OT HAC;

2. Heo6xoauMocTh 6OMBIIOrO KOJUYECTBA KaUYECTBEHHBIX TaKeTOB (Y MEHS B

pabote ux OBLIIO 3 OJHOBPEMEHHO), HO y MEHS, K COXXAJICHWUI0, HET JAHHBIX O TOM, YeM
MOJIb30BATIUCH HA YPOKE CTYICHTHI.

152



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

3. HeoOxoaumocTs a5 penojaBaTesieil B pa3IMYHbIX MJIATHBIX KOMIBIOTEPHBIX
nporpaMMax U KBaJHu(pHUIHUPOBAaHHON KOHCYJIbTAllUHU, ¥ oMoty |T crennanucTos.

4. bonbioe KonMyecTBO OTBIEKAIOIIUX MOMEHTOB (JI€TH, )KUBOTHBIE, IOMAIlIHHE
pOOJIEMBI.

5. He xaxnpiii crymeHT ymeer cebsi MOTHMBUPOBATH U YIPABIATH CBOUM
BpPEMEHEM.

6. KBapTupHsbiii Bompoc.

7. [IpenonaBaTens HAXOAUTCS MO HOCTOSHHBIM KOHTPOJIEM POIMTENEH CTYACHTA
(MOBBIILIEHHAs! OTBETCTBEHHOCTH NpenoaBatesns). [locTosIHHBINA OTKPBITHIN YPOK.

8. HeB03MOXHOCTH MOJTHOCTHIO0 KOHTPOJIMPOBATH BHUMAHUE CTYICHTA.

9. Bpewms npenonaBarensi.

10. AJlekBaTHas OTUIaTa BPEMEHH MPEeroaBaTesl.

11. OrpanuyeHHOe colMaTbHOE B3aUMO/ICHCTBHE.

12. [Ipobnembl >PPEKTHBHOCTH OIICHWBAHUS 3HAHUU CTyAEHTa (BO3MOXKHOCTh

UCIIONIb30BAaHUsl MHTEPHETa W 3allMceil Ha JK3aMEHax M 3ayeTax, MOJACKA30K YCIEHIHBIX
CTYJEHTOB U IOMOIIH PENETUTOPOB 10 Ty CTOPOHY KOMIIBIOTEPA).

13. Bpewms 3arpy3ku KOHTEHTa, Iepe3arpy3ku KOMITbIoTepa U T.1.

14. W, makoHer, BHoOJHE OOOCHOBAaHHBIA CTpax IPEMOAABATElNs, YTO XOPOIIO
MOJATOTOBJICHHBIE MM MaTepHalibl B HeJaJeKoM OyaylieM 3aMeHST ero MpUCyTCTBHE Ha
ypOKax U OCTaBsAT 0€3 paboTHI.

IIpoGsembl cTyaeHTOB
Bpewms crynenra;

Henocratounas o6patHas cBs3b BOBpEMs JICKIUH;

HaCTOATCIIbHAA HCO6XOI[I/IMOCTI) WHAUBUAYAJIbHBIX 3aH$[TI/II71;

KoppekTrupoBka JIeKIIM1 Ha YPOBEHb CTY/ICHTOB;

Onpoc noka3sain, 4To O0JIbIINHCTBO CTYIE€HTOB POTUB.

[Toxynka IOpOTrHMX rajpkeToB M CKOPOCTHOTO MHTEPHETA, ChbEM KBApTUPBI CO
CKOPOCTHBIM MHTCPHETOM;

oghwnE

7. y CTYAEHTa HET BO3MOXXHOCTH JUI KOHCYJBTAllMH OOPAaTHTHCS JMYHO K
IIPETIo 1aBaTeIIIo;
8. HET BO3MOKHOCTH YYHTBCS «BXKHBYIO» CTPOMTH OTHOIIECHHS B KOJUIEKTHBE (C

NPEenoIaBaTeNsIMK,  OJHOTPYNITHUKAMHU, aJIMUHHCTpAallMeld By3a), BBICTYNATh TEpen
ayIUTOPUEH;

9. He J1100y10 TPo(eCcCuIo MOKHO OCBOUTH TUCTAaHIIMOHHO (Bpay, BETEpUHAP);

10. y CTyIEHTa XYK€ BO3MOXHOCTb CPaBHMBATh IPOMEXYTOUYHBIE PE3yJIbTaThl
CBOETO OOYYeHHSs M JPYrHX CTYICHTOB IIpH paboTe y JOCKH, BBICTYIUICHHSAX Ha
KOH(pEepeHIHAX U T.1I.

11. JUTSL TIPETIOIaBaTeNsl TIPU ayIMTOPHOM BEJICHUU 3aHSTHS BaKHO YyBCTBOBATh,
HACKOJIBKO CTYAEHTBI IOHUMAIOT MaTepuall (10 WX B3IJIJaM, MO 337aBaeMbIM BOIIpOCaM, IO
OTBETaM Ha CBOM BOIIPOCHI) M OMEPATHBHO CKOPPEKTHPOBATH y4eOHBIA MpoIecc: emé pas
MOBTOPUTH CJIOXKHBIE MOMEHTBI, JaTh JIOTMOJHUTENIBHBIE PAa3bACHEHHUS IO HEKOTOPBIM
BOMIPOCaM, W3MEHUTh TEMN W3JIOKeHHs. [IpW JUCTAaHIMOHHOM OOYYEeHWH Takas CBS3b
TepseTcs;

12. y CTyleHTa ecTb CcO0Ja3H MW  JIOCTaTOYHO  BO3MOMKHOCTEH  JUId
«HECaMOCTOATENILHOT0» 00YUEHHs, a Y MPEernoAaBaTeiss HeT BO3MOKHOCTH JJIsl KaUeCTBEHHOTO
KOHTPOJIS TOT00HBIX M3/ICPKEK AUCTAHIIMOHHBIX TEXHOJIOTHIA,

13. JUIS By3a BBEACHUE [HUCTAHIIMOHHOTO OOY4YeHHS CBS3aHO C OOJBIIMMH
MaTepHaIbHBIMHU 3aTpaTaMH: TEXHUYECKOE OCHAIIEHHE, IPOTPaMMHO-TEXHUYECKUE CPEICTBA,
HOJTrOTOBKA CHEIMAIbHBIX KaJApPOB U T.1.
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Ho B TO xe BpeMms cielyeT OTMETHTb MOMEHTBI, KOTOpbIE B HEKOTOPOW CTENEeHU
KOMIICHCUPYIOT YacTh II€PEUUCIEHHBIX HEJOCTATKOB: HEBO3MOXKHO IIOIYYUTh OYHYIO
KOHCYJIbTAIIMI0 — MOXHO IPOKOHCYJIBTHUPOBATHCS C ITOMOIIBIO COOOIIEHUH MM CKaiina; HET
<OKUBBIX» OTHOLIECHWH — HO JIS YaCTH CTYIEHTOB 3TO olecreuynBaer 0ojee KOMGPOPTHYIO
IICUXOJIOTHYECKYI0 00CTaHOBKY /115l 00y4€HuUs H T.J.

W3 ombita paboThl cilexyeT, YTO 3aHATHUS B HMHTEpHETE TPEOYIOT O4YeHb 00JILIIOIro
BpeMeHH OT IpenojaBareis 0 NOAroToBKe 3aHATUSA. OCOOEHHO CIIOXKHBIM, TPYAOEMKUM U
JUINTEIbHBIM 110 BpPEMEHHU SBISETCS INpoBepka 3HaHui. [lo mpeameraM, 1o KOTOpPHIM
IPEIYCMOTPEH 3a4eT B OCHOBHOM MHOIO TpeOoBajach MOATOTOBKA IMPE3EHTALMU U €€ 3alluTa
nepe] CTyAEeHTaMu TIpynmnbl. OJTO Jalo0 BO3MOXHOCTb CTYAEHTaM I[OTPEHUpPOBAaTb U
COCTaBJIGHUE IIPE3CHTAllMM, U YMEHHE JOHeCTH ee J0 ciaymareied. B stom rogy s
yIIOBJIETBOPEHA pe3ynbTaToM. Yamie Bcero HaOIIOAaiCs OCO3HAHHBIM BBIOOp Marepuana,
CBsi3aHHBIA ¢ Oyaymed paboroil. C 3K3aMEHOM IO MaTeMaTHKE IeJ0 OOCTOSUIO CIIOJKHEE.
bbulM mOAroTOBIIEHBI UHAWBUIYAJIbHBIE 3aJaHMs], TIOCTIE PELIEHUS KOTOPHIX KaX /bl CTYyJEHT
€ro MHIMBHUAYaJbHO 3allMIIA], OJHOBPEMEHHO OTBeYas Ha BO3HHUKIIME BOIPOCHL.
EcTtecTBeHHO BpeMsl 3K3aM€Ha MHOTOKPATHO IPEBBICHIIO OTBEJIEHHOE, HO MHAue s HEe Morjia
BBICTaBUTH aJICKBAaTHbIE OLICHKH.

Kak wmHe mnpexacraBnsercss uAealbHbIA MNPOLECC IUCTAHIIMOHHOTO IIPEIO/aBaHUS
MaTeMaTHKH B uHTepHeTe. Ha Moii B3ru1si1 Heo0XoauMbI:

1. KauectBennbie nexmuu, 1ub0 ydeOHbIE (WIBMBI 1O BCEM TeMaM Kypca
npourtaHHbie ¥ TpodeccuonanbHo 3acHaThie A1 MOODLE wim YouTube docrynm k
JEeKIHsiM cBoOOIeH B Jt00oe Bpems u BbutoskeH B MOODLE.

2. Hanmuune B MHCTUTYTE CHEIMaJbHBIX COBPEMEHHBIX MpOrpamMMm  JUIs
cocraBieHus: TecTtoB W nomomb MT coTpyIHMKOB B COCTAaBIEHMHM TaKuUX TECTOB.
CocraBisieTcss MPOBEPOYHBIM TECT MOKAa3bIBAIOIIMM, YTO CTYIEHT Mpociyuian jekuuwo. [lo
3aHATHSL € [pPEnoJiaBaTeleM CTYJAEHT CaMOCTOSITENbHO IPOXOJUT TECT, BBIIOJIHSAET
WH/IMBUYaJIbHOE 33JJaHHE U TOJIBKO I1OCJIE 3TOT0 JOIMYCKAeTCsl K paboTe ¢ MpernoiaBaTesieM.

3. B otom cnywae Bpems 3ansatuii 1o 50% MoxkHO OyAer yAenuTh
WH/IMBUYaJIbHBIM 3aHATHAM CO CTYJE€HTaMH, TMOO0 3aHATHUSAM C TPYINIaMH B 2-3 4eJoBeKa.

4. Bo3moxHOCTs U1 mpenogaBaTenss W CTYAGHTOB 0Oojiee  CBOOOIHO
pacropsiKaTbCsi BpeMEHEM, COTJIaCOBBIBask MEX/1y c000l BpeMsi KOHCYJIbTallU.

5. Boicokas TpynoemMkocTh pa3palOTKHM KypcOB JUCTAHIIMOHHOTO OOy4YeHHS.
Coznmanne 1 4yaca NEHCTBUTENBHO MHTEPAKTUBHOTO MYJIbTUMEIMWHOTO B3aUMOJEHCTBUS
3anumMaetr 6osee 1000 yacoB mpodeccuoHanoB: T. K. YPOKH M KOHCYJIbTAllUU MPEJICTaBICHbI
HE TOJIBKO B IIEYATHOM (RJIEKTPOHHOM) BHUJE, HO U B ayJMOBU3YyaJbHOM - C IEMOHCTpaIlen
CIaliI0B, BHJICOKJIMIIOB. MHOIrOCTpaHUYHbIE TJIaBbl TPAJWLUOHHBIX Y4YEOHUKOB B
3JIEKTPOHHOM BHJI€ a0COJIIOTHO HEMPUEMIIEMBI TIPU TUCTAHIIUOHHOM O0yUYEHHH.

Jlasieko He Bce 3TU BONPOCHI MOYKET PELIUTh NPENOJaBaTENb.

Tenepp HEMHOIO O IpPENOAABAHMM MaTEeMaTHKU. MaTemaTuka — CJIOXHBIM IIpeaMeT.
UYroObl OBIAAETh MM, HAJ0 HUMETh XOPOIIO pPAa3BUTYIO CHIIYy BOJIM, HAcCTOWYUBOCTb,
EJICyCTPEMIIEHHOCTh, CIOCOOHOCTH, HAJ0 YBakaThb TPYd M yMETh TPYIUThCs, 00JanaTh
XOpOILIO Pa3BUTHIM TO3HABAaTEIbHBIM HHTepecoM. K cokaleHuio, ypoBEHb CTYIEHTOB IO
TOMYy MpEeAMETY OYEHb HM30K M IpPOJOJDKAET CHWXKATbcd. B mpouuioM roay cpenHuit
YpOBEHb CIauu SK3aMeHa 110 MaTeMaTHKe B Hamlei crpaHe coctaBui 35%, a 226 y4yeHHKOB
BOBCE HE CMOIJIM caaTh npeamer. [lanHble 3Toro roja eme He oopadbotansl. B PTY kaxsiii
roJl OCTalOTCA BAKAHTHBIMHU O€CIJIaTHbIE MECTa Ha MEXaHMYECKOM M JIPYTHUX TEXHHUYECKUX
(bakynbTeTaX, KOTOpPbIE HEKEM 3aHATh, TaK KaK ypOBEHb aOUTYpHEHTOB HE COOTBETCTBYET.
Tam mnpodeccopa yke OpraHumzoBajd IOMOIIb IIKoJaM B 3ToM Bompoce. I[IpobGiema
HNOJICP)KKH  KBAIM(UIIMPOBAHHBIX  MIKOJBHBIX  yuuTesled (UMK U MaTeMaTUKU
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HEOJHOKpAaTHO oOcyxknanack Ha 3acenaHusx JlarBuiickol Akaaemu Hayk. S TBITaroCh
II10Ka3aTh CTy,HeHTaM TJIAaBHBIC ypOKI/I MaTEMaTUuKu. TaK 9Ta JIUCHUIIJIMHA BCHO CBOIO
MHOTOTBICSYCIIETHIOIO HCTOPHIO 3aHUMAJIaCh PEIICHUEM CaMbIX HACYIIHBIX M CIIOKHBIX 3a]1a4,
TO MCTOIbI B Heﬁ p33pa6OTaHHBI€ ITIOJTHOCTBIO HpI/IMeHI/IMBI 148 HCpCHOCSITCSI Ha pemeHI/Ie
JOOBIX CIIOKHBIX JKU3HEHHBIX MPOOIIeM:

1. 3aja4a He 00s3aHa PEIIUTRLCS JIETKO U Cpasy;

2. Marno Toro, ecnu mpoOieMa CIMIIKOM JIETKO W OBICTPO pelniach, HIIH
MO/IBOX;

3. Pemrenue Bcerma BecuT Ha KoHUMKe nepa. Camast ClIOXKHas 3ajada perraercs,

HC TOoraa, Koraa Mbl Ha HEC IPHUCTAJILHO CMOTPHUM, a JIMIIb ITIOCJIC TOI'O, KaK HAYMHACM €€
paciucCbiBaTh U paCKjlIaablBaTb HA COCTABHBIC YaCTH.

4. Ecnu He moiay4naocs HAYHM ¢ Hayasla, BCE HA4YHU C HYJIS;

5. Bce aronu nenaroT ommoOKH.

6. OmmOHUTHCS HE CTPAIIHO U HE CTHITHO, €CITU OMIMOKY HAIIIEN ThI CaM.

7. Omunbku Hac yyar.

8. BoBpemst HaiienHas ommuOka nenaer Te0s yMHee, MyApee U pa3padaThiBaeT
TBOIO UHTYHUIHIO.

9. Ommbka, HaiineHHas IPyruMH, yOWUBaeT Bepy B CBOM CHJIBI, a HMHOTIA
NPUBOJHT K HEMOMPABUMBIM MOCIIEACTBHIM.

10. Yarie BCEro JIFOIM COBEPIIAIOT TUITMYHbBIE OUIMOKU B OJTHUX U TEX K€ MecTax,
HE 3aBUCHMO OT UX BO3pacTa, OIbITAa U HAYYHBIX 3BaHHA.

11. Tunnynbie omMOKU TpeOyI0T 0053aTEIBHOM MTPOBEPKH ITO:

a) oIMOKa MpH MepenuCchIBAaHUM 3aJaHUs,

0) omnOKa Ipyu YTEHUH YCIIOBUS 3aJauH,

B) CKOOKH, 3HaKH, Pa3MEPHOCTH, OOBIYHBIC apu(PMETHIECKUE ACHCTBUSA,

') OTBET HH Ha TOT BOIPOC, TUOO HH /10 KOHIIA HA TOT BOMPOC, KOTOPBII CIIpalnBaeTcs
0 YCJIOBHIO 33J1auu.

12. Pemraemis cepré3nyro nmpobiieMy napaielbHO UIIH METOBI €€ TIPOBEPKH.

13. JIroOyro 3aauy u MpobsieMy IpoBepsiit 3ApaBbIM CMBICIIOM.

BbiBoabl: VIHTepHETHOE M AMCTAaHIIMOHHOE O0YUYEHHS YBEPEHHO BOIILIHM B HAIIY KH3Hb
U OyIyTTOJBKO COBEPIICHCTBOBATHCS M Pa3BUBAThCA. DTH METObI MPENOAABAHUS SBISIOTCS
oueHb A(PPEKTUBHBIM [UISI XOpPOIIO MOTHUBHUPOBAHHBIX CaMO JHCHUTUTMHUPOBAHHBIX
CTYACHTOB, KOTOpPbIE YMEIOT HMPOAYKTHBHO YIPABJISATh CBOMM BpPEMEHEM, HO CIOXHBI IS
HECAMOCTOSITETIFHBIX JIFOJICH-MKINBEHIIEB, KOTOPBIE ydaTcst He sl ceOsi, a Ui pOJUTEIICH.
CocraBneHne KayeCTBEHHOIO KOHTEHTa JUIsl HMHTEpPHET-O0y4deHHs sBISETCS BecbMa
3aTpaTHBIM M TPYJOEMKHM, B 3TOM NpPENoJaBaTessiM J0JDKHA OBITh OKa3aHa CYIIECTBEHHAs
MmaTtepuaibHas M oOpa3oBaTelbHass IOMOLIb, TaKOM Tpyd HEOOXOJUMO aJIeKBaTHO
OTIJIAYMBATh.

Chucoxk HCI0JIB3YyEMBIX I/lHq)OpMaIIl/lOHHI)IX HCTOYHHUKOB

1. KopoHOBHpYC «0OHAXIID» BCE TPOOJIEMBI TUCTAHIIHOHHOTO 00yJIeHUS

https://fulledu.ru/articles/1621_koronavirus-obnazhil-vse-problemy-distancionnogo.htmi

2. KysuernoBa O.B. JlucraniimoHHOoe oOy4eHHe: 3a M MPOTUB// MEXKIyHApOIHBIH KypHAI
NPUKIAJHBIX U QyHAAMEHTATBHBIX uccienoBanmii. — 2015.— Ne 8-2. — C. 362-364; URL:
https://applied-research.ru/ru/article/view?id=7101

3. JI. N. boptauk, E.B. Kaiiroponos, E.A. Paenko O HEKOTOPBIX MpoOIeMax MperoaBaHus
MaTeMaTUKd B Bhiciied 1mkone. https//cyberleninkau/article/n/o-nekotoryh-problemah-
prepodavaniya-matematiki-v-vysshey-shkole/viewer
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MEPOIIPUSATHUS HAJTOTOBOM NOJIUTUKHUA B YCJIOBHUSX
COVID-19 B JIATBUHA

TarbsiHa AHIpeeBa
Puwxckuii UncTUTYT A3pOoHaBuranuu
andrejevats@inbox.lv

Abstract

The article analyzes tax policy measures in the context of COVID-19 in Latvia. To
overcome the consequences of the pandemic, many countries use various instruments to
support the economy, including tax measuféss is since a significant number of companies
are experiencing a decline in demand for their goods and services, resulting in a sharp decline
in profits. In difficult economic times, flexible tax liability management becomes one of the
most important tasks of any company.

Pe3rom

B craThe aHANM3UPYIOTCS MEPOIPHUATHS HAJIOTOBOM mojauTuku B ycioBusx COVID-19
B JlatBuu. /i mnpeomoneHusi TOCIEACTBUN TAHIEMHUU MHOTHE CTPaHbl MCIOJIB3YIOT
pa3IMYHble WHCTPYMEHTHI TOJJICPKKH SKOHOMHUKH, B TOM YHCJIE HAJIOTOBBIE MEpPHBI. DTO
OOBSICHSIETCSl TeM, YTO 3HAUWTEIbHAs YacTh MPEANPHUATHI MEPEKUBACT MaJCHUE CIpoca Ha
CBOM TOBaphbl U YCIYTH H, KaK CJICICTBHE, PE3KO CHHXKACTCS MPUOBLIL. Bo BpeMs CIIOKHBIX
SKOHOMHYECKHX IpoOJieM THOKOE YIpaBJICHHUE HAJIOTOBBIMH O0S3aTCIILCTBAMHU CTAHOBUTCS
OJIHOM M3 BaXKHEHIIMX 3a7a4 JIFO0O0N KOMITAaHUU.

KarueBbie cioBa: ma"naeMusi, KpPHU3UC, HAJOIOIIaTCIbIIUKH, HaJ'IOI‘OO6J'IO)KCHI/IC,
ToCyaapCTBCHHAA MOJIMTUKA, HAJIOTOBBIC MCPBI IMOJACPIKKH.

1. Beaenmue

Bo MHoOrmx crpanax mupa, B KOTOpbIX B pesyiabTare naHaemuun COVID-19 pesko
CHHM3MJIACh SKOHOMHYECKasi aKTHBHOCTH, BBEICHBI YPE3BbIYAHBIC MEPOTPUSATHS HAIOTOBOU
HOJUTHUKU B LEJAX 3aLUThI PEANPUATUH U IPENPUHIMATEIbCKON Cpeibl.

Opranuzanus 3KOHOMHYECKOro coTpyanuuectBa U paszsutus (OOCP) 20 mapra 2020
rojia BBICTYNWJIA C aPECOBAHHBIMU MPABUTEIbCTBAM CTPAH PEKOMEHIALUIMU PacCMOTPETh
PSI MEPONIPUSATHI HAJOTOBOM MOJUTHKU M HAJIOTOBOT'O aIMHHUCTPUPOBaHHUS [1].

B pexkomeHmamusax mpeaycMaTpUBAaeTCs IOBBIIEHHE JOCTYMHOCTH HocoOus 1o
Oe3paboTtuiie, OOJIE3HN U JIPYTUX MOCOOM, OCBOOOXKIEHUE pabOTOojaTeNsl OT HAJOroB Ha
3apIuiaThl ¥ B3HOCOB COIMAJIBHOIO CTPaxOBaHHUs, YTOOBI YMEHBLIUTh 3aTpaThl Ha pabouyro
CHIly B CWJIBHO TMIOCTPAJABIIMX  OTpacisiX, COMUHAHCHPOBAHHE IPABUTEIHECTBOM
paboronmareneii, 4TOOBI yAepKaTh HMX OT YBOJbHEHHs paboTHukoB. [Ipemnaraercs
BO3HArPaIUTh JIOACH, padOTAIOIINX CBEPXYPOUYHO WIIM B OMACHBIX YCIIOBHSAX, PEKOMEHIOBAHO
O0CBOOOJUTH OIUIATYy CBEPXYPOUHBIX OT IOAOXOJHOTO Hajora C HaceleHHs U B3HOCOB
COLMAIIBHOTO CTpaxoBaHWs. B 005macTW KOCBEHHBIX HAJOroB CTpaHaM-y4acTHHIIAM
PEKOMEH/IYEeTCST PaCCMOTPETh BO3MOKHOCTh OTJIOKUTH TUIATE)KH Hajlora Ha JOOABICHHYIO
croumocts (HJC), yckoputre Bo3Bpar mneperutadenHoro HJIC, ynpocTuTe mOpsiiok
koppekn HJIC 3a coMHUTENBHBIEC 330/DKEHHOCTH, OTMEHHTD TUTATEKHA TAMOXKEHHOTO WIIH
aKIM3HOTO HaJlora 3a OIpeJleIeHHble UMIIOPTHBIE TOBAphl (HAlpUMeEp, MPOJIYKTHI MUTaHMS,
MEINKaMEHTBI, CpEICTBAa  IPOW3BOJCTBA), MAaKCHUMAJIBHO  YCTpaHsIsl  BO3MOXXHOCTB
37I0yMOTPeOIeHUsT JaHHBIMU JIbroTamMu. Takxke pa3paOoTaH psi peKOMeHAaluud 1o
YMEHBIICHUIO0 OpEMEHH TIOJIOXOJHOTO HAJIoTa ¢ TPEANPHUATHN 1 HAIOTa Ha HEABIKUMOCTb.
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[MpaButenbcTBO JlaTBUM TpEANIPHHAMAET MEpPbI, HANpaBICHHBIE Ha YCTPaHECHHUE
nocienctsuii, Bei3BaHHBIX COVID—-19, He TonbKO B cOLMabHON U JIeI0BON cepax, HO U B
00JacTi HaJI0ro00I0XKEHHUS.

Lenp paHHOTO WHCCIEOOBAaHUS - MPOAHAIM3UPOBATH MEPOIPHUATHS HAJIOTOBOM
otk B ycroBusx COVID-19 B JlatBum.

2. CnenmuajabHblii BpeMeHHbIl 3akoH JIP «O mepax mno mnpeaoTBpallleHUI0 H
NPeoJ0JIeHHI0 YIrpo3bl TOCYIapcTB M ee MOCJIEACTBHI B CBA3M C
pacnpoctpanenuem COVID-19.
UroObl onepaTUBHO pearupoBaTh Ha 3KOHOMHUYECKHe nmocienctsus kpuzuca COVID-19
U OKa3blBaTh MOJAEPXKKY OTpacisM, NPEeANpHUITUAM U uxX padboTHukaMm, B JlarBuu 20 mapra
2020 roga ObUI IPUHAT ClIELUAIbHBIA BPEMEHHBIN 3aK0H «O Mepax Mo MpeIOTBPALICHUIO U
MIPEOJIOJICHUIO YIPO3bl TOCYJAPCTB U €€ TIOCIIECTBHI B CBsI3M C pacnpocTpaHeHuem COVID—
19 [2]. 3akon Bcrymui B cuity 22 mapra 2020 roga. DTo €IUHBIA 3aKOH O MOJJIEPKKE
OusHeca M paOOTHUKOB B IE€PUOJ CHI)KEHUS HKOHOMMYECKOW aKTUBHOCTH. 3aKoH
nenerupoBan KaOuHeTy MUHUCTPOB OIpeAeseHUEe CEKTOpOB (OTpacieil), KOTOpble MOHECIU
WIY TIOHECYT HauOOoJIbIINE TOTEPH B CBA3U C UPE3BBIYAWHBIM MOJIOKEHUEM.
Llens 3aKOHA — YCTaHOBUTH KOHKPETHBIE MEPHI 110 MPEJOTBPALICHUIO HETATUBHOTO BIIUSTHHS
yrpo3 mangemun COVID-19 Ha 3KOHOMUKY CTpaHbl M BBECTHM MEXaHU3MbI IOJIEPIKKU
Ou3Heca U paOOTHUKOB. 3aKOHOM ObLIa MPEIYCMOTPEHA BEJIMYMHA 3aTPaT, HEMOCPEICTBEHHO
CBSI3aHHBIX ¢ orpanudenuem pacrpoctpanenuss COVID-19.
3aKoH MpexycMaTpUBaeT Sl MEp HaJOTOBOH MOIACPIKKH ISl MPEIIPUATHH, HX

paOOTHUKOB M CaMO3aHATHIX JHI, KOTOpble mpepoctasiser Ciyx0a TrocyaapCTBEHHBIX
JIOXOJIOB.

3aKOH MpeayCcMaTpUBAET OIpe/IesIeHHbIE MOIEPKUBAIOIINE MEPOTIPUATHS U1 OTpaciei,
HETIOCPEICTBEHHO 3aTPOHYTHIX KPU3HCOM:

e B03MOXHOCTb 3alpOCHUTh NPOJUIEHHWE CpOKa YIUIaThl HAJOTOB, €CIIM MPOCPOUYKa
BbI3BaHa
pacupoctpaneaueM COVID-19. YroObl BOCHONB30BATHCS 3TUM HHCTPYMEHTOM,
HaJIOTOIJIATENbIIMK 00s3aH B TEUEHHE JBYX MECALEB IOCJIE HACTYIUIEHUS CpOKa
mjaTeXka WM BCTYIUIGHHS B CWJIy JaHHOro 3akoHa mojate B CioyxOy
rocynapcTBeHHbIX 10x070B (CI'JI) o6ocHoBanHOe 3asBineHue. CI'/] BnpaBe cocTaBUTh
rpaduK yIaTel MPOCPOUYCHHBIX HAJOTOB WM OTJIOXHTH MX Ha CPOK JO TpeX JIeT,
cuuTas Co JIHA MoJau 3asBieHus. Ha mpocpoyeHHble HAJOTOBbIE TIATEKU HE OyAyT
HAUUCIIATHCS TI€HW, W YKa3aHHbIE JUIa He OyAyT BKIIOYEHH B 0a3y JaHHBIX
nomxkHukoB CI'/I.

e [TocymapcTBeHHbIE W MYHUIUNAIBHBIC YUPESKACHUS, a TaKKe MPOU3BOIHBIC
NyOJIMYHBIE JIMIIA W KOHTPOJHMPYEMBbIE ITYOJMYHBIM JIMIIOM OOINECTBAa KaInTala,
CBOOO/IHBIE TIOPTHI U CHELHATbHbIE YKOHOMUYECKUE 30HBI HA CPOK JIEHCTBUS 3aKOHA
OCBOOOJAT JNaHHBIX KOMMEPCAHTOB OT IUIATHl 32 apeHAy HMMYIIECTBA MyOJINIHOTO
JMIa U UMYIECTBA KOHTPOJIHUPYEMOTO MyOIMYHBIM JIMIIOM OOIIECTBa KanmuTajia JInbo
CHHU3SIT €€, a TaKke He OyIyT MPUMEHSTH MPOIEHTH 32 MPOCPOUYKY U HEYCTOWKY B
cilyyae 3aJlepKKd IUIaTeka (KpoMe Iarexed 3a NoTpeOsieHHbIe YCIyrd —
AJIEKTPOIHEPTHIO, TETIOIHEPTHIO, BOAOCHA0KEHUE U IPYTHE YCIYTH 110 COIACPKAHUIO
HEJIBUKUMOCTH ).

e bByIyT KOMIIEHCHPOBAHBI PAcXO[bl, CBSI3aHHBIE C MPOCTOEM HAaEeMHBIX PaOOTHUKOB:
paboTHUKY Oy/eT BBIIIAUMBATHCS KOMIIEHCAIMSI BO3HArpaXaAeHUs B pa3mepe 10 75%
OT CpPEeHEr0 BO3HArpa)JIEHUs 3a MpeIblaylIue HIecTh MecsleB, Ho He Ooinbiie 700
eBpo 3a KaleHaapHblid Mecsm. I[locobme mo mpocToro He Oyaer obiaratbes
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nogoxoaHpiM  HasmoroM ¢ HaceneHuss (ITHH) wu  oOsi3arensHbIMEH  B3HOCAMHU
rocynapcTBeHHoro coruanbHoro crpaxoBanusi (OBI'CC). Beimuiata mocoOust 1mo
MPOCTOI0 MPEKPATHTCS, €CIM BO BpPEMs €ro IMOJIydeHHsl padoTolIaTeNlb MPUMET Ha
paboTy HOBBIX paOOTHUKOB.

3. 'ocynapcTBeHHbIe Mepbl MOAIEPKKH

3aTpoHyThle KPU3UCOM OTpaciu ompenenser KaGuHeT MUHUCTPOB, KOTOpBINA BIpaBe
IPEIyCMOTPETh JUIsi HUX WU HE TOJbKO HAJOroBble, HO M JpYrHe IOAJEPKUBAIOIINE
MEpONPUATHSL.

HezaBucumo ot oTpaciiv BBOAATCS CIAEAYIOLIUE MOJACPKUBAIOIINE MEPOIIPUATHS.

Yeenuuenue cpoxa npoonenua u pazoenenua nanozogvix nnamesicei

Hanoromnnarenpmuku B CEKTOpax, 3aTPOHYTHIX KPU3UCOM, MMEIOT IPaBO MOAaTh B
CnyxOy rocymapctBeHHbIX JnoxonoB (CI'Jl) 3asBKy Ha OTCpPOYKYy yIJIaThl Hajora B
COOTBETCTBUU C TPEOOBAaHUAMHU CTaThu 24 3akoHa «O Hajorax M MOLUIMHAX», €CIIH 3a/1epKKa
HAJIOTOBBIX IJIATEXeH SBIETCS pe3yabTaToOM Upe3BblUaiiHOM cuTyaruu. Hanoromnarenpumk
JIOJDKEH MPEICTaBUTh OOOCHOBAHHOE IPECTABICHUE HE MO3JHEE, YeM 4Yepe3 JiBa Mecdla
10CJI€ JaThl IJIaTexa.

JUis  HajIoromaaTeNlbIIMKOB, KOTOpPBIE BEIYT XO3SMCTBEHHYIO JESATENbHOCTh B
oTpacisiX, BKJIIOYEHHBIX B OTJENbHBIM CHHUCOK MUHHCTEpPCTBA (DMHAHCOB, HAJIOTrOBast
aJMMHMCTpALMsl UMEET MPaBO Pa3feuTh WM OTCPOUYUTH BBIIIATY 3aJ0JKEHHOCTH BMECTO
CTaHJApTHOI'O OJTHOTO T'0/1a Ha CPOK J0 TpeX JIET C JaThl OAAYH 3asiBICHUSL.

Cnyx0a TOCYZapCTBEHHBIX JIOXOJOB pa3leiisieT TMOHATUSA <«IIpoaJicHHe (OTCpOdKa)
HAJIOTOBOT'O IIATEXKa» U «Pa3J/ielIeHue HaJorOBOro IjaTexa:

e CI'/Jl umeer mpaBo NPENOCTaBUTh OTCPOUKY Ha YIUIATy HAJOrOBOrO J0Jra, T. €.
OTJIOKUThH Ha BPeMs JI0 OJIHOTO roja, CuMTas co AHsS mojauu 3assieHus. Hamorosas
aJIMUHUCTpAlMsl B IMUCbMEHHOM BHJE JOrOBAapHUBAeTCs C HAJOTOILIATEIbILUKOM O
rpaduke yruiaTel 3aJ0JKEHHOCTU. HamorommaTenbluKy, BKIIOYEHHBIE B CIHMCOK
MHUHHCTEpCTBA (PMHAHCOB, IMOJY4YarOT MPaBO Ha OTCPOUYKY HAJOrOBOTO IJIaTexXa J0
TpEX JIET;

e CI'/l umeer mpaBOo pasfeauTb IO CPOKaM Ha BpeMs [0 IATH JIET YIUIaTy
paccCuMTaHHBIX B PpE3YylbTaT€ OCYIIECTBICHHOIO HAJIONOBOW aJIMHUHHUCTpALAEH
KOHTpOJIsl (IPOBEPKHU, PEBU3MM) HAJOTOBBIX IJIaTEeKeH, NMEHW M mTpada, a Takxke
pa3fenuTh 10 CpoKaM Ha BpeMs JO MATH JIET PAacCUUTAHHBIE B PE3YJIbTATE
OCYILIECTBJIECHHON HAJIOTOBOM AJIMHMHHMCTPALlAEX IPOBEPKH COOTBETCTBUS JAHHBIX
HAJIOTOBBIH IJIATEX U MEHIO.

UT0oO0B!I OJIYYUTH MTPaBO Ha HOBOE MPOJIJIEHHE CPOKA OIJIAThl HAJIOTa, HaJOrOMJIaTEeNbIINK
JIOJDKEH aKTMBHO COTPYJHHYATh C HAJIOTOBOM aJMUHHUCTpALMEld, a TakXe IpeACTaBUTh
MOTHBHPOBAHHOE 3asBJICHME O HOBOM IHPOJJIEHUU CpOKa YIJIaThl MPOCPOYEHHBIX WU
HEYIJIAaYE€HHBIX HAJIOrOBBIX IUIaTeXel. B ciydae mpojuieHus NeHW 3a HECBOEBPEMEHHYIO
BBITJIATy HAJIOTOBOM 3aJJ0JKEHHOCTH 32 BECh IMEPHO]] IPOCPOUKHU HE OyJET HAUUCIISITHCS.

Omcpouka yniamol HAN02a HA HEOGUNHCUMOCHD

CamMoympaBieHHsIM JaHO TMPaBO YCTAaHOBUTH JIpyrHMe CpPOKM YIJIaThl Hajora Ha
HEJIBKUMYIO COOCTBEHHOCTb, OTJIMYAIOLIMECS OT yCTAaHOBJEHHBIX B 3akoHe «O Hajore Ha
HEABM)KMMYIO COOCTBEHHOCTbY, MepeHecss uX Ha Oojee Mo3AHUN cpok. UTOOBI peann3oBaTh
JAHHOE T1IPaBO, CAMOYNPABIEHUE MOXKET MPUHATh PpEUIEHHE OTHOCUTENIBHO BCEX
IUIATEIbIIMKOB HAJora Ha HEIBUKUMOCTb, JHOO OIpeNeauTh KOHKPETHbIE KaTeropuu
IUIATENIBIIMKOB JIaHHOTO Haiora. O TakoM peleHHH HEeoOXOAUMO IMyOJIMYHO OMOBECTHTH
IUIaTEJIbIIMKOB HAJora Ha HEABUKUMOCTD.

158



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

Iloooeprxcka  Ona  uzuueckux  auy,  OCYWECMEAAIOUWUX  XO3AUCHIBEHHYIO
oeamenbHOCHb

[InaTenblIMKKN MOJOXOAHOTO HAJOra C HACEJIEHUs, OCYIIECTBIIIOUIUNE XO3AMCTBEHHYIO
JeATEeIbHOCTh, C JIOXOJIOB OT XO3SICTBEHHON JEATEITbHOCTH MOTYT HE MPOU3BOJUTH
ABAHCOBBIC IUIATEKU IOJOXOJHOIO Halora C HAaCEJICHMs, YCTaHOBJIEHHbIE B 3akoHe «O
MOJIOXOTHOM HAaJIOTe C HACEJICHU» — 33 UX MPOCPOUKY HE Oy/IeT pacCUUTHIBATHCS TEHSI.

Yckopennwuii 6036pam nepennamor H/[C

C 1 anpens 2020 rona mopsI0K BO3BpaTa MEPEIIadyeHHOT0 Hallora Ha JOOABJICHHYIO
CTOMMOCTb OIPEJEISIETCS HOBBIM 3aKOHOM. DTO O3HA4YaeT, YyTo nojoxeHus crareit 109 u 110
3akoHa 0 Hajlore Ha J00aBIEHHYIO CTOMMOCTb, peryiaupymomue nopsaok Bozspara HIAC, ne
MIPUMEHSIOTCS

Cnyx0a  rocymapcTBEHHBIX  JOXOJOB C  IOMOIIBIO  MEp  HAJOTOBOTO
aIMUHUCTPUPOBAHMS  BBIIUIAYMBAET CYMMY YTBEPXKJIECHHOI'O BO3BpaTa Hajora Ha
N00aBIIEHHYI0O CTOMMOCTh BCEM HAJIOTOIUIATENbIIMKaM B TeueHne 30 aHEH mocie cpoka
MI0/1a4X HaJIOTOBOM J€KJIapalliy, HE HaKaIuIuBas uX J10 KOHIA I'0Jja TaKCallUH.

[lepen BO3BpaTOM yTBEpKIACHHOH meperiaueHHOH cymmbl HJIC HeoOxommumo
noracutb agMuHuctpupyemble CI'JI  Hamoru, NOLUIMHBI, JpPYrH€ YCTAHOBJICHHBIE
rOCYJapCTBOM BBIIUIATHI U CBSI3aHHBIE C HUMU IUIATEXXH B MOPSAKE, MPEAYCMOTPEHHOM B
3akoHe «O Hajlorax W NouuiMHax». Takke He MEHseTCs IEUCTBYIOIIMI MOPAJIOK, COIJIACHO
koropomy CI'JI BopaBe B pe3ynbTaTe HAJIOTOBOW peBU3UU (ayauTa) YTOYHUTH
neperutadeHnyto cymmy HJIC.

Pecynupoeanue axkuyuznozo Hanoza 011 npouseooumeneil Oe3uHpuuyupyrouux
cpeocme

Curyanus notpedoBajia MPUHITHS CPOUYHBIX MEP JIsi CTUMYJIUPOBAHUS MPOU3BOJICTBA
Ne3UH(DUIMPYIONUX MaTepualoB Ha OCHOBe crnuprta. Jlig 3Toro B JIOMOJHEHHE K
CYIIECTBYIOIIIMM JIbTOTaM TI0 aKIM3HOMY HaJoOry, aJKOTOJb, WCIOJIb3YEeMbINd IS
W3TOTOBJICHHS JE3WH(UIMPYIOMUX CPEJICTB Ha OCHOBE CIHUpPTA, OCBOOOXKAAeTCs OT
aKIIM3HOTO cOOpa B COOTBETCTBUU C TOJIOKEHUSIMHU HOPMATHUBHBIX aKTOB 00 OCBOOOXKICHUHU
OT aKIIM3HOI'O HaJlora Ha aJIKOTOJIbHbIE HAMUTKU. [ MOKYNKM cnupTa AJis IPOU3BOACTBA
Ne3nHPUIMPYIOIMMX MaTepUaIoB M TOJYYEeHHs JIbTOThI Tpedyercs paspemieHne CiryxObl
rOCYJapCTBEHHBIX JJOXOOB.

Ecnu xe cnupt mmnoprtupyercss U3 Apyroi crpanbl-ydactHuisl EC, To B naHHOM
cllydae JepkaTelb CKiajga mpuMeHseT K »Toi caenke 100% ocBOOOXKIEHHE OT YIUIaThl
AKIIM3HOTO HaJora.

Jlis mpousBoguTeNnel cnupTa IS Ae3MHQHUIHMPYIOMNUX CPEACTB UMEIOTCS U ApPYyrue
JIBTOTHI.

Paspewiena Oucmanyuonnaa mopz206nsa anKoz2onem u Opy2UMU AKUUIHBIMU
moeapamu

Jlnsi yMeHbIIEHHs] KOHTAaKTHMPOBAaHUS JIIOJEW pa3peliaeTcss MpoJiaBaTh AaKLIHU3HBIC
TOBaphl, WCIONB3YS JUCTAHIIMOHHBIA JOTOBOP, MPH 3TOM IPEayCMaTpUBAETCSA 3amlpeT Ha
MPOJaKy TaOAYHBIX M3ACTHI U KUAKOCTEH, HCIIOIh3yEeMbIX B AJIEKTPOHHBIX CHTapeTax.

DTO HE OTMEHSET BO3PACTHBIX OTPAaHUUYEHUN U OrpaHUYeHui 1Mo BpeMeHu cyTok (8:00
— 22:00).

Ilpoonenue cpoka npedcmasnenusn 20006b61X OmMuemos

Cybbekram 3akoHa «O TOJOBBIX OTYETaX M KOHCOMUAMPOBAHHBIX T'OJIOBBIX OTYETaX»,
a TaK)Ke TOBAPHUIIECTBAM, YUPEKICHUSM M PEIUTHO3HBIM OPraHU3alMsIM CPOK TMOJadn
TOJIOBOTO OTYETa M KOHCOJIHAUPOBAHHOTO TOJJOBOTO OTYETa (€CJIM OH €CTh) MPOJUIeBAaeTCs Ha
TPH WM YEThIPE MeCcsIla COOTBETCTBEHHO.
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Coxpanenue npozpammol  yeayoneHHO20 compyonudecmaea cra c
HanozonnamenbuyuKamu

HecmoTrps Ha TpymHocTH, mporpamma yriayoieHHoro corpyanudectBa CIJI ¢
HaJIOrOILIaTEIbIIMKAMU ITPOI0JIKAETCSL.

3akoH paspemaer CI'J] B 2020-2023 rogax He NPUHUMATh OTPULIATEIIBHOTO PELICHUS
B OTHOIICHWU YYAaCTHUKOB TMPOTPAMMBI YTIIYOJIEHHOTO COTPYJHUYECTBA, €CIU Ha HHUX
noeiusin kpuzuc COVID-19, a yyacTHMK paclIMpEeHHOW MpOorpaMMbl COTPYJIHHYECTBA
IPEOCTABIISACT TOKA3aTEIbCTBA OOBEKTHBHBIX OOCTOSTENBCTB.

CBHIETENBCTBO, MPEAOCTABICHHOE YYaCTHUKOM MPOTrpaMMbl, 00ECTIEUUT 3aBEpEHUE B
TOM, YTO HEHCIIOJIHEHHE MOKa3aTesiel HaIpsIMYIO CBSI3aHO C IOCIEACTBUSAMHM KpU3UCA U HE
CBSI3aHO C JIPYTUMHU HETaTUBHBIMU ACMEKTaMH, CBSI3AHHBIMU C JESTEIbHOCTHIO YYACTHUKOB
IpOrpaMMBl.

6 HOs10ps1 2020 rona B JlaTBUM CHOBa OB OOBSBIICH PEKUM YPE3BBIUAHON CUTYyaITUU
U BCTYNWI B CUJy PSJl OTPAHUYECHHM, OKa3bIBAIOUIUX CYIIECTBEHHOE BIIMSHUE HAa BEIACHHUE
XO03SUCTBEHHON AESITEbHOCTH HATOTOIIATEeIbIINKOB.

Kabuner wmunucrpoB 10 Hoa6ps 2020 roma mnpuHsUI IpaBWiIa, B KOTOPBIX
MEPEYUCIICHbl KPUTEPUH, MO3BOJISIONINE HAJOTOIUIATENbIUKAM TPETEHI0BaTh Ha Mepbl
rOCYJapCTBEHHOM MOIEPIKKH, & TAKKE ONMMUCHIBAIOTCS BUJIBI U pa3MEPbI MEP MOIACPIKKH.

Ha nonaepxky MOryT mpereHoBaTh paboToaTeNd U CaMO3aHSThIE JIMIA, OTBEYAIOIIHE
clieiyroImM Kpurepusm [3]:

® OHU BEIyT XO3SMCTBEHHYIO [I€ATEIbHOCTh B OJHOM U3 oOTpaciieif, KOTOpPYIO

MOJIHOCTHIO WJIM YaCTUYHO 3aTPOHYIU OTPAHUYCHHUS;

e ux o00OpOT B MOANCP)KUBAEMBIA TEPHOJ COKpaTwics MuHHMMYM Ha 20% 1o

CPaBHEHHIO CO CPEHUM 00OPOTOM B aBTycTe, CeHTs0pe u okTs6pe 2020 roaa.

OpauH HajoromaTeNbUIMK MOXET MPETEH10BaTh KaK Ha 1oco0ue 1Mo MpoCTOk0, TaK U Ha
3apIUIaTHYIO CYOCHIMIO, OAHAKO PabOTHHK HE MOXET OJHOBPEMEHHO MOJIy4uTh 00a BHIA
HoIepXKKH [4].

MarepuanpHass TOMOIIb s KOMIEHCAlMM BO3HArpakJIeHUs IPOCTaUBAIOIIETO
paboTHMKA BBIIUTAYMBaeTCs pabOTHUKY B pasmepe 70% oOT  JdekIapupoBaHHOU
CpeIHeMecsTYHOM OpyTTO-3apraThl 3a epuos ¢ 1 aBrycra g0 30 okts6pst 2020 roaa, mubo B
Te Mecsmbl mociae | aBrycta, korma paboTHHK (akTudecku paboTan. PaboTHHKY
HAJIOTOTUIATEIbIIUKA-MUKPOTIPETPUATHS TaHHAs TTOMOIIb BhITUIaunBaeTcs B pazmepe 50%
OT CpeIHEMEeCSYHON OpYTTO-3apIiaThl 32 TPETHIA KBapTal TEKYIIEro roja.

[Tocobue mo mpoctoro coctaBisier 330—-1000 eBpo 3a kanenmapubli Mecsi. OHO He
oOmnaraercsi 00s3aTeIbHBIMU B3HOCAMHU TOCYAApCTBEHHOTO COIMATBHOTO CTPaXxOBaHUSA U
MOI0XO/IHBIM HAJIOTOM C HACEJICHHS U BBIIUIAYMBAETCS B TEUCHUE MATH pabOunX JHEH mocie
npusstus pemenus CI'Jl o Ha3HaueHUU mocoOus.

PabotHuky Takxke HazHavaercs Aorara B pazMepe 50 eBpo 3a KaKJ0ro HaXOJSIIErocs
Ha WKIUBEeHUN pebeHka mmamme 24 ner (3apeructpupoBanHoro B CIJI B kauecTBe
mwxanBeHIa). Paboromarens BpaBe BBIIJIAYMBATh pAOOTHUKY PA3HHILY MEXITY MOCOOHEM IO
MPOCTO M 3apIUIaTOM, YTOOBI PAaOOTHUK TMONYYHUIT BO3HATPAXKIEHUE B CTOMPOIIEHTHOM
o0Beme.

BriBoanbl

B pesynbrare u310keHHOTO MaTepraia MOKHO C(HhOpPMYITHUPOBATh CIIEIYIOIINE BHIBOIBL:

e [lannemus koponaBupyca COVID-19 crana maciutabHBIM BBI30BOM MPAKTUYECKH IS
BCEX TOCYJIapCTB MHpA. ITO TIOOATBHBIA KPU3HUC 3aTPOHYJ OOJIBIIMHCTBO OTpaCieit
HSKOHOMHUKH, C MOCIEACTBUSIMA KOTOPOTO CTOJKHYJIMCh OPTaHU3ALMU 110 BCEMY MUDY
BHE 3aBUCHMOCTH OT pa3MepoOB OM3HEcA.
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e Jlns mpeonosieHus MOCJIEACTBUI MaHAEMUHU MHOTHE CTPaHbl HCIONb3YIOT Pa3IuyHbIC
UHCTPYMEHTHI MOAJICP’KKH SIKOHOMHKH, B TOM YHCJI€ HAJIOTOBBIE. DTO HEYAUBUTEIBHO,
T. K. 3HAUUTEJIbHAS YacTh OPraHU3alMi MepeXUBAeT MaJIeHHue CIIpoca Ha CBOU YCIYTH
U, Kak CJEICTBUE, pEe3Koe cokpamieHue mpuOsuii. Ha QoHe »KOHOMUYECKHX
CJIOHOCTEN THOKOE YIpaBJIeHWE HAJIOTOBBIMU O0S3aTE€IbCTBAMH CTAHOBHUTCS OJIHOM
U3 HanOoJiee BAXKHBIX 3aj1a4 JJIsl JII000H OpraHu3alHH.

e B JlarBum, kak U BO MHOTHX CTpaHax MHpa, B pesynbrare nangemun COVID-19
PE3KO CHU3MJIACh DKOHOMHYECKas aKTUBHOCTh. [103TOMYy rocynapcTBeHHbIE OpraHbl
JlatBun pa3pabaTbIBalOT W BHEAPSIOT YpE3BbIUANHBIE MEpONPHUAITHS HAJIOTOBOM
MOJIMTUKHU B LENSIX 3alIUTHI NPEAIPUIATUN U TPEAIPUHUMATEIICKON CPEIBL.

e JlaTBuIiCKOE MPAaBUTENBCTBO U YUPEKICHUS 3JpaBOOXpaHeHUs, HauuHast ¢ MapTa 2020
rojia ¥ J0 HACTOSIIEr0 BPEMEHHU, BEAYT BCECTOPOHHIO OOpHOY C KOPOHOBUPYCHOM
uHpexnuerr COVID-19, Ho Biepeu mpeICTOUT CAeNIaTh elie MHOTOE.

Cnucox HCII0JIb3YEMBIX HH(])OpMaIII/IOHHI)IX HCTOYHHUKOB

1. OECD reports and recommendations on the coronavirus pan@&aiD Policy
Responses to Coronavirus (COVID-19)

2. Par valsts apdraud&juma un ta seku novérSanas un parvarésanas pasakumiem sakara ar
Covid-19 izplatibu https://likumi.lv/ta/id/313373-par-valsts-apdraudejumatasseku-
noversanas-un-parvaresanas-pasakumiem-sakamAd-19-izplatibu

3. Noteikumi par atbalsta sniegSsanu nodoklu maksatajiem to darbibas turpinasanai Covid-19
krizes apstaklos, Ministru kabineta noteikumi Nr. 675, Riga 2020. gada 10. novembr1
https://likumi.lv/ta/id/318757-noteikumi-par-atbalsta-sniegsanu-nodoklu-maksat&jiem-
darbibas-turpinasanai-covid-19-krizes-apstaklos

4. Noteikumi par atbalstpar dikstavi nodoklu maksatajiem to darbibas turpinasanai Covid-19
izraisitas krizes apstaklos, Ministru kabineta noteikumi Nr. 709, Riga 2020. gada 24.
Novembi. https//likumi.lv/talid/319073-noteikumi-par-atbalstu-par-dikstavi-nodoklu-
maksatajiento-darbibas-turpinasanai-covid-19-izraisitas-krizes-apstaklos
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METOA0JIOIrvsi ONEHKHU ITPUPOJHBIX PECYPCOB U
YIIEPBA OKPYXAIOUWEU CPEJE

JAMurtpuii YiaHoB
Pwxckuit Mucturyr AsponaBuraiuu, JlaTBust
ulanov@ml.lv

AHHOTaNus

HccnenoBanue NOCBSILEHO aHAIN3Y CUCTEMBI B3aUMOJECHCTBUS «4€JIOBEK — IPUPOJHAs
cpenay.

[lenpto aHanu3a SBUJIOCH YTOYHEHUE METOAOB B3aUMOJCHCTBUS W BBIABICHHE
HEJIOCTaTKOB B OLIEHKE yIepOa IpUpPOIHOH cpefe.

Meton pemeHus NOCTaBICHHON 3a1a4M - Y4E€T MHCTUTYLHMOHAJIBHOM COCTaBIISIIOLICH B
oOecrieyeHne OE30MAaCHOCTH TPUPOIONONB30BaHus. VCIoNb30BaH KOMIIEKCHBIN TIOJXO/ B
METOJOJIOTUH 3KOHOMHYECKOM M COLMAJIbHOW OLEHKH Cpelapl C Yy4ETOM BCEX BHJIOB
BHYTPEHHUX W BHEIIHMX 3KCTEpHAIHMN. [IpakTHYeCKON 3HAYMMOCTBIO CTATBU MOXKET CTaTh €€
UCIOJIb30BaHUE IPU aHAINW3€ MHCTUTYLHMOHAJIBHOrO oOecreyeHus: B pa3paboTKe MPOEKTOB
pa3BUTHUS YCIOBHM 0€30I1aCHOCTH OKPYKAIOILEH CPE/IbL.

KiroueBple  ci0Ba: TpaHCHOPTHAsE JIOTUCTHKA, TEXHOTEHHBIM TUI  Pa3BUTHI,
MHCTUTYLIMOHAJIBHASI MOJIEb.

Abstract

The study is devoted to the analysis of methods for assessing natural resources and
environmental damage. The purpose of the analysis was to optimize the institutional
environment for ensuring the safety of environmental management. An integrated approach
was used in the methodology of economic and social assessment of the environment, taking
into account all types of internal and external externalities. The practical significhtioe
article can be its use in the analysis of institutional support in the development of regional
plans for the development of environmental safety conditions.

Key words: transport logistics, technogenic type of development, institutional model.

1. BBenenue

B npakTuke B3aMMOJICHCTBHUS YEJIOBEKA C OKPYKAIOIIEH MTPUPOJTHON CPeAbl OCTAETCS
HEpelIeHHOW TMpo0iemMa, KOTOopas BbI3BaHA MPOTUBOPEUUSMU MEXAY CTpEeMIICHHEM
MHWHUMH3UPOBATH NMPOU3BOJACTBCHHBIC PAaCXOAbl, CHU3UTDH ce0eCTOMMOCTh MNpoAYKIHUU — C
OJIHOW CTOPOHBI M YPE3MEPHBIM POCTOM HArpy3Kd Ha OKPYKaOIIYIO cpeny — ¢ apyroi [1,
c.16].

I[aHHa}I CTaTbd MNOCBANICHA HCCICAOBAHUIO H YCTPAHCHUIO J3TOTO MPOTUBOPCHUSA
MCETOJOM MOJCIHUPOBAHHA OKOJIOTO-TEXHOJOTMYCCKUX IMPOHECCOB, KOTOPBIC COCTABJIIAKOT
KOHICIIIITHUIO YCTOI\/’I‘-II/IBOFO MHPOBOI'O Pa3BUTHA.

1.1. MeTogo0/10rMsl OLICHKH OKPY’KAIOLIeH cpeabl

OnHOWM W3 BaXHEWIIMX 3324 COBPEMEHHOM SKOJIOTMU SIBISETCS YCTaHOBJICHHE
aJICKBaTHOW II€HbI YMCTOM, HE3arpsI3HEHHOW OKpPYXAIOLEN cpe/ibl. JTa OLIEHKA CETOAHS SBHO
3aHUKEHA, YTO MO JIOTMKE BEIIEH, MPUBOIUT K HEAIECKBATHOMY OTPAKEHUIO CTOUMOCTH
HKOJIOTMYECKOTO yIepoa.
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B nmanHO# crathe mpobiieMa OXpaHbl OKPYXKAIOIIEH Cpelbl paccMaTpUBAETCS B KOHTEKCTE
NEPCHEKTHB TPAHCIOPTHON JIOTHCTUKUA C Y4ETOM HHCTUTYIIMOHHOTO (hakTopa B OLICHKE
IPUPOHBIX PECYPCOB.

HayuHnplii moaxoa mO3BOJIAET pPacCMOTPETh OCHOBHBIE 3KOHOMUYECKUE IOHATHS,
OPUHIUIBI U METOAbl OIpPENeIEHUs] CTOMMOCTH HPUPOIHBIX PECYpPCOB, BBIABUTH HX
npeuMyliectsa M HepocTaTku. OH  cOo30a€T BO3MOMKHOCTb OINPEACIUTh MeTOH0JIOTHI0
(GopMHpOBaHUs WeHbl IPUPOJHBIX PECYpPCOB C YYETOM HX ECTECTBEHHBIX IPUPOAHBIX
XapakTepucTukK. Ilpu 3ToM HayyHBIi MOAXOX MpPEAYCMATPUBAET OLEHKY IPHUPOJIHBIX
pecypcoB Kak KOMOMHUPOBAHHYIO, CUMTAET €€ CHHTE3UPOBAHHBIM I10Ka3aTelleM, B paBHOU
CTETIEHU OTPAXKAIOIIUM OOIIECTBEHHYIO TIOJE€3HOCTh M OSKOHOMHYECKYIO 3HAYUMOCTh
HIPUPOIHOTO pecypcea.

1.2. ConuajbHbIH MOAX0/ K OLlEHKe U 0€30I1aCHOCTH Cpe/bl

OKOHOMUYECKas OLIEHKa PpEKPEallMOHHOro IOTEHLMala INpeACTaBiIser  coOoi
[OKa3aTellb, YYMUTHIBAIOLUIUI BIMSHUE 5SKOJOTMYECKOro (akTtopa B €ro COLHUAJIbHON
HOJIE3HOCTH, B 03/10pPOBJICHUH U BOCCTaHOBJIEHUU [Ipupoabl.

HaubGonee mnpuemiieMblM B HSKOHOMHUYECKOM MPAKTHUKE CUUTACTCS JUAIEKTUYECKOE
00beIMHEHNE 3aTPAaTHOTO M Pe3yIbTaTUBHOIO IPUHIUIIOB OLIEHKU MPUPOIHBIX PECYPCOB.

Ha ocHoBe xiaccudukanuyu METOI0B SKOHOMHYECKOW OLIEHKU MPHPOIHBIX PECYpPCOB,
npeiokeHHbIX 3kcnepramu OOH, BBIIENAIOT TpU IPYIIIBI METOA0B SKOHOMHYECKON OLICHKU
NPUPOIHBIX PECYPCOB U OOBEKTOB OKPYKAIOMICH Cpelbl, TAKHE KakK: METOIbl PBIHOYHOU
OLIEHKH; METO/1bl HEPHIHOYHOM NPsIMON ¥ KOCBEHHOH OLIEHKH (2).

B psane ucrtounukoB (2 u 3) orMmevaercs, YTO OObEKTUBHAsI U MOJIHAsE S5KOHOMUYECKast
OLIEHKa MPUPOJIHOTO pecypca He MOXKET OBITh MOJyYeHA MPU UCHOIb30BAHUU TOJIBKO OJJHOTO
U3 PACCMOTPEHHBIX IPUHIIMIIOB SKOHOMUYECKOM OlleHKHU. JIornuHee, B JaHHOM Ci1y4yae, MOT'yT
CUHTATbCA TOJIBKO PE3yJIbTaThl SIKOHOMMYECKOW OLIEHKH, MPOBEJIEHHBIE C HCIIOJIb30BaHHEM
KOMILIEKCa PUHIUIIOB U METOJIOB.

2. MHcTHTYHIMOHAJIbHASI MO/Ie/Ib B OLIEHKe OKpY Kalolieil cpeabl

2.1. HepocTaTKu CylmecTBYIOLIMX MOJEJICH.

WHcTUTynMoOHanpHast cpefja BKJIIOYAEeT COBOKYIHOCTh OCHOBOIIOJIAralOIIUX HOPM H
dopM ymnopsiioueHus] B3aUMOACWUCTBUI: TUIBI OPraHU3ALMOHHBIX CTPYKTYp, (OpMabHbIE
HOpPMBI, 00bIYau, TPaJUINK, IEHHOCTH, YCTOWYUBbIE 00paslbl nosenaeHus (4). Xapakrtep u
COCTaB HMHCTUTYTOB, OOpa3ylOIIUX HMHCTUTYLHOHAIBHYIO Cpely, OTpa)XkaeT COCTOSIHHE
Makpocpe/ibl  YEJIOBEUECKOM  JAESITENbHOCTH: HSKOHOMMKA, O3KOJOrHus, JeMorpadus,
MOJINTUYECKAs], COLIMANIbHAS KYJIBTYpa U T.II.

WHCTUTYIIMOHANIBHBIE COTJIAIIECHUS TPEACTaBISAIOT COOOH JOrOBOPEHHOCTH MEXKIY
YY4aCTHUKAMH B3aUMOJEHCTBUM, OTpaXKalollMe M KOHKPETU3MPYIOIIHUE CYIIECTBYIOLIUI
HYKOHOMHUYECKUN TTOPSIIOK (5).

2.2. CTpyKTypHasi 1 MaTeMaTH4YecKas MoJeJIb (hakTopa

[TpakTHKa COBpPEMEHHOTO MPUPOIONOIb30BaHUS TpeOyeT BBeAEHHUS Oojee >KEeCTKUX
OTPaHUYUTENBHBIX Mep B cdepe OXpaHbl OKPYXKAIoLIEH cpeabl. DT Mepbl MOTYT OBITh
peain30BaHbl IMYTEM BKIIOYEHHUS B CTPYKTYpPY YIPABJICHUS HWHCTUTYLHOHAIBLHOTO
(akTopa, KOTOPBIA OMPEAETUT CIIOCOOBI YKOHOMHUUECKUX 3aKOHOAATENIbHBIX OTHOILEHHUH B
CUCTEME «OKpY’Karollas cpesia — MPUPOA0NO0JIb30BAHUEY.

I/IHTCI‘pI/IpOBaHHC HHCTUTYIOUOHHOT'O (I)aKTopa IIO3BOJIUT ,Z[OGI/ITLCSI IIOJIOKCHUA, KOraa
OKOJOoTrn4YeCKas CUTyauus HE MMpEnATCTBYCT, a CHOCO6CTByeT conguaJibHO -
9KOHOMHWYCCKOMY Pa3BUTHIO O6H_ICCTB8. HYTCM 9KOJIOTHM3allui 9KOHOMUKH.
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B o0mem Buae OIEHKY OKPYXKAWOIIEHW MNPUPOJHONH Cpelbl ¢ y4ETOM
MHCTUTYLMOHAIBHOTO (PAKTOpa BO BPEMEHHU IPEACTAaBUM B BUJIE MOJICIIH:

Fe(L, K, P, 1) <Fui(L, K, P,I) (1)

rae R (L, K, P, I); R+1(L, K, P, ) — pyHKIIMH yCTOWYHBOTO Pa3BUTHS B TCUCHHE
BpPEMEHU;

L — TpyioBeIE pecypcsl;

K — cpeacTBa nmpou3BoACTBa (CO3/IaHHBIN KalKTa);
P— npupozanslie pecypcsi;

|— MTHCTUTYLIMOHATILHBIN (aKTop;

t > 0 — mepuox BpeMEHU Ha NEPCIEKTUBY.

Oynkuus (1) sBisgercs NPUHUUIMAIBHBIM JIOMOJHEHUEM KJIACCHYECKOro BHJIA TaKOIro
B3auMoJieiicTBua. 31ech (aktop P mpeacTaBiseT TNPUPOAHBIE PECypchl, HO B
3HAYUTEJIBHOM CTENEHH, CBOIO POJIb UTPAET MHCTUTYLIMOHHBIN (akTop |.

3. AHAJIU3 O0IIMX ¥ YACTHBIX METO/10B OLEHKH MPUPO/bI

3.1. Knaccudukauusi MeTo/10B

B mpakTrke mpupoI0monbp30BaHUs KMEETCSI PS MOAX0/I0B JUIS ITOJTyYeHHsI KOHKPETHOM
OLICHKH MPUPOIHBIX PECYPCOB U MPUPOAHBIX YCIYT, KOTOPbIE Oa3UPYIOTCS:

a) Ha PbIHOYHOM OLIEHKE;

b) Ha penre;

C) Ha 3aTPaTHOM TOJXO/IC;

d) Ha aJpTEpPHATHBHOW CTOMMOCTH;

€) Ha o011l SKOHOMHUYECKOHN [IEHHOCTH (CTOMMOCTH).

YkazaHHEBIE noAXOAbI HE ABJIAIOTCSA a0COJIFOTHO TOYHBIMH, HO OHH JAaKOT BO3MOXXHOCTBD,
B IICPBOM HpI/I6HI/DK€HI/II/I, OnpeaACIMTb SGKOHOMHUYCCKYIO HICHHOCTD ITPUPO/IbI.

B nureparype (4 u 5) mpobiema oueHKH yiiepb6a OT HKOJOTHUYECKUX HapylleHUH
pa3pabaTeiBaeTcs Ha 0a3e Ooyiee OOIIET0 MOHSATHS BHEMIHUX 3(PQEKTOB, ITO MOCIEACTBUS
JUTSE OJTAarOCOCTOSTHUS JTIOJICH, KOTOPBIE HE HAXOMAT OTPAKEHUS B CUCTEME IICHOOOpa30BaHUS
npupoaHoil cpeapl. C 3TOM TOYKM 3peHUs MpearaeTcsl pa3inyaTh MPOEKTHI, KOTOpHIE
HAHOCSAT PKOHOMHUYECKUH YIepO, U POESKThI, HANIPABJICHHBIC Ha MPEAOTBpaIleHre yIepoa.
CymiecTByeT psii METOJOB OILEHKM IKOHOMHUYECKOTO yiiepba Ha OKPYXaloIlylo Cpeny,
KaXJIbIN 13 HUX 00J1aJaeT CBOUMH JIOCTOMHCTBAMU U HeJocTaTkaMu (3).

3.2. Meroa OJKCHepTHOH OHeHKH. MeTon HCIoNb3yeTcss IpH  HEJOCTaTOYHOM
HOPMAaTHBHO-METOJIMUECKOM OOecreueHrH Mpoleaypsl oOueHku ymepba. s storo
IMPUBJICKACTCA HECKOJIBKO OIIBITHBIX CIICHHUAJIMCTOB B HaHHOﬁ O6J'IaCTI/I, KOTOPBIC OLICHUBAIOT
MacmTad BIMSHUS Ha OKpyxarouryto cpeny (4). IlpeumymiectBo mMeToga B TOM, YTO OH
MPUMEHSETCS TOT/Ia, KOT/Ia TPYAHO OLICHUTh MAcIiTad Mo KaKoW-Tu00 W3 KBaTu(UKAIUH, a
TaK)K€ B Cllydae, €CIM JJI1 KOHKPETHBIX BHJOB 3arpsi3HEHUN HENOCTATOYHO JAHHBIX IS
IPUMEHEHHs OIpeleleHHOoW Meroposnoruu. Hepoctarok pgaHHOro Meroja - €ro
JUINTEIBHOCTh TI0 BPEMEHM NPOBEIECHMS, JOPOTOBH3HA, BEPOSITHOCTH HEBEPHOM OLIEHKH
AKOJIOTMYECKOTO yiiepOa (CyObeKTUBHOCTh MHEHHS).

3.3. Metoa npsiMoro c4éra. MeTo/1 pacCYMTHIBACTCS, HCXO/S U3 BEIMYHHBI yIiepoa,
OTIpEe/IeNAeTCS HEeTOCPECTBEHHO Ui KOHKPETHOTO OOBEKTa B JIEHEXHBIX eauHumax. [lo
MHEHHIO psifia uccienoBarenei, (4), MeToa sSBIseTCS HanOOJIee TOUHBIMU U OOBEKTUBHBIM.
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Cnenyer OTMETUTHb OrpaHMuYeHHYIO cdepy npumeHeHus. He Bcerma ectb BO3MOMKHOCTD
MOCYHUTATh SKOJIOTUYECKHH yIepO B JEHEKHOM dKBUBAJICHTE.

3.4. PoiHOYHAs oleHKA. MeTo MOAXOIUT MJid pacueTa CTOMMOCTH MOBPEXKICHHOIO
00bEKTa MO TMOKa3aTeNl0 ero PhIHOYHOM IeHBl. Mcronb3yeTcss B TeX ciayyasx, KOrjaa ecTh
aHAJOTUYHBIC CUTyalluu Juisi cpaBHeHUs (2). Hemocrarok mMeroja COCTOMT B TOM, YTO OH
MPUMEHSIETCS B ClIydae HAIWYUS TOJTHOW MH(POPMAIMH U OOJBIIOTO KOJIMYECTBA CACIOK IO
MPOJIaYKe aHATIOTHYHBIX OOBEKTOB.

3.5. Metoan »JHeprernuyeckoii omeHkH. OIEHKAa CTOMMOCTH OHOTHYECKUX
KOMIIOHEHTOB JKOCHUCTEM C YYETOM HMX JHEpPreTH4eckoil 3Hauumoctu (2). Meroa nmaér
BO3MOXKHOCTh y4ecThb J000W (pakTop, KOTOpHIH HMMEET TO WJIM HHOE BO3JCHCTBHE Ha
OKpYXaroIIyto cpeny. HegocraTtku MeTona —B OONBIIMX 3aTparax, T.K. HEOOXOAUMO Y4eCTh
KK/ BIIMSAIOMUNA KOMIIOHEHT, M KaXXIbIi OOBEKT, Ha KOTOPBIH OKa3aHO BO3ICHCTBHE
AKCTEPHAIUH.

4. Urtorm ananm3a MeToa0B oOuleHKU. CpaBHEHHE BBIIICYKAa3aHHBIX METOJOB
MO3BOJIIET B OIPENEJICHHOW Mepe JOCTaTOYHO OOBEKTHBHO OICHHUTH YIIepO, HAHOCUMBIN
MIPOU3BOJICTBOM OKpY»XKaroie cpene. Beibop Merona 3aBUCUT OT KOHKPETHOM CHUTYyaIlMH.
Opnako, Ha COBPEMEHHOM YpPOBHE pa3BUTHUA HAayKd HEOOXOAMMO pa3padoTath H
OQUIMATIBHO YTBEPAUTh YHUBEPCAJIbHBIM METOJ] KOMILUIEKCHOM OIIEHKH 3KOJOTHYECKOIo
yiiepba, HaHOCHUMOIO OKpyKaromei cpene. B Tom uucne, ¢ y4éToM COIMAIBHOTO —
MHCTUTYLIMOHAJIBHOTO (paKTOpa, pACCMOTPEHHOI'O B JAHHOM CTAThE.

Pesrome

o B crartbe mpoBenEH CHUCTEMATHYECKHI aHajdW3 CYIIECTBYIOIIMX METOAO0B
OIICHKH MIPUPOJHBIX PECYPCOB, B PE3YyJIbTaTE KOTOPOTO OBUTH BBISABJICHBI HEAOCTATKH
B UX CTPYKTYPHOM COJEP>KAHUH.

o  CymiecTByONIME MOJEITH HE OMNPEACISIIOT MOIXO0AbI K HCIOJIb30BaHUIO
WHCTUTYIIHOHATLHOTO (PaKTOpa B OIEHKE COLIMATBHBIX H3ICPHKEK.

e  ABTOp MNpeACTaBUI B MAaTEMaTUYECKOM BHUJIE MOJENb, BKIIOYAIOIIYIO
(bakTop, CBA3aHHBIN C COIUATBLHBIMH U3JEP>KKaAMHU.

e [IpemnoxxkeHHass aBTOPOM MOJENb MPEACTABIAECT KOMIUIEKCHBIM MOJAXOJ B
METOJIOJIOTUA SKOHOMHUYECKOW M COLMAJIBbHOW OLIEHKH CpPelbl C YYETOM BCEX BUIOB
BHYTPEHHUX U BHEIIHUX YKCTEPHAIUH.

e [IpakTHyeCcKOW 3HAYUMMOCTBIO CTaTbU MOKET CTaTh €€ MCIOJIb30BAHUE IIPU
aHaM3e WHCTUTYIIMOHAIBHOTO oOOecredeHus, a Takke B pa3paboTke IUIaHOB
Pa3BUTHS YCIIOBUM 0€30MIaCHOCTH OKPY>KAIOIIEH CPEIbI.
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METOJ0JI0T'UsA NPEITIOJABAHUA ABUALIMOHHOI'O
AHI'JIMIACKOI'O SI3BIKA B PHA JIJISI TAJIOTOB U
ABUAJIUCIIETYEPOB

Asnate Venckava
Riga Aeronautical Institute
asnata@rai.lv

Abstract
The article is dedicated to the methodology of teaching Aviation English in Riga
Aeronautical Institute. This program is elaborated for the specialists working or planning to
work in the Civil Aviation industry, pilots and air traffic controllers in the first place. The
article consists of the following parts:
e Introduction which deals with the European Union requirements regarding the
language proficiency of the pilots and air traffic controllers
¢ Main part which deals with the methodological principles of the program
¢ Conclusions which state the efficiency of the applied teaching methodology

The article also includes one annex.

1 BBenenue. TpedoBanus K ceprupuranuu JIETHOT'0 "
aBuaaucneryepckoro cocrasa B EC.

Kak aBumakommanuu, Tak U MPOBaIEpbl a’pPOHABUTALMOHHOTO OOCIYXMBAaHHS, MPHU
oTOOpe TepcoHalla O00s3aTeIbHO YYUTHIBAIOT TpeOOBaHWE, Kacaroleecs BIIAJICHUS
npodecCHoHaIbHBIM aHTJIMUCKUM sI3bIKOM  (aHmIOsI3bIuHBI  TepmuH “English language
proficiency’). Ha tepputopun Espormeiickoro Coro3a MuUIOThl JOKHBI MMETh B HaJTHUYUH
pe3ynbTaThl TECTA, MOATBEPKAAIOIINE YPOBEHb B COOTBETCTBUH co Imkanoil UKAO (naunnas
or 4-ro (pabouero) ypoBHsS U Bbime). Jus BeimomHeHHs GYHKIANA aBHAAKCIIETYEpA
HeoOxoauMmo yememHo caath Tect ELPAC (English Language Proficiency for Aeronautical
Communication Takxe HauuHasE OT 4-T0 YPOBHS U BBIIIIE.

Opranuzanys ¥ TpUEM BBHIIIEYKAa3aHHBIX TECTOB MOXKET MPOBOJUTHCS TOJIBKO
CHENHATbHO CEPTUPHUIMPOBAHHBIMU OPTaHU3ALMUSAME C TPAaBOM BBIIAYM COOTBETCTBYIOIIETO
S3BIKOBOTO CBHJIETENBCTBA. DTO MOTYT OBITh OpraHM3alliM B COCTaBE aJMHHHCTpAIUil
TpaXJIAHCKOW aBHAllMM, a TaKKe CaMOCTOSTENHHO (YHKIMOHHUPYIOUINE TECTUPYIOIINE
opranm3anuu. Tak, B KayecTBe MpHMepa TaKOW OpPraHU3alMU AJis JIETHOTO COCTaBa MOKHO
na3sath Mayflower College a nns aBuagucnerdepoB tect ELPAC opranusyeT areHTCTBO
EUROCONTROL.

Tak Kak JMHTBHCTUYCCKHE HABBIKM M SI3BIKOBAs KOMIICTCHIMS C TCUYCHHUEM BPEMEHU
MOJKET YXYALIAThCS U AeTPaupOBaTh, TECTUPOBAHNE aBUAIMOHHOTO MTEPCOHANIa HEOOXOAUMO
MIPOBOJIMTH PETYJSPHO M IMOATBEPXKAATH (MIIH JK€ HE MOATBEPKIATh) HATUIHE HEOOXOUMBIX
HABBIKOB M KOMITETEHITUH.

CornacHo OOWIENPUHATON TMpakTUKe, QYHKIUKM OOy4eHHsS U  TOCJIenyrolIeH
cepTuduKayy, Kak IpaBUiIo, Pa3aeisIFOTCsS MEXIY UCTOMHSIIONUMHU U CePTUPUITUPYIOITHMH
OpraHu3aIUsAMHU [T 00ecTIedeHNsT 00BEKTHBHOCTH PE3YIIbTATOB.

2. Matepuaabl U MeTOAbI, HCIOJIb3yeMble B pAMKaxX NMPOrpaMmbl 00y4eHust
aBHALIMOHHOMY aHIIMiicKOMY s13bIKY B PUA
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2.1.0OcHOBHbIE€ NPUHIHUIIBI IOCTPOEHHS MPOTPAMMBI

OpHoil u3 ocHOBHBIX cep aesTenbHOCcTH Pukckoro HHcTHTyTa AspOHAaBHramuu
ABJISIETCSl MOATOTOBKA CIHELUAIUCTOB, IOTOBBIX II0 BO3MOYKHOCTHM CKOpEE HAdaTh CBOIO
npoeCCHOHATIBHYIO  JesTeIbHOCTh. Ha HacTrosmuii MOMEHT oO0ydeHue, Harnpumep,
nucreraepoB YBJI, mpoxomut B pamkax opranusanuu ATS TO (Air Traffic Service Training
Organization, cepTUGHUIMPOBAHHOW B COOTBETCTBUU C TPEOOBAHHSIMU PETYIHPYIOIICH
mopmel  EC  “Regulation EU) 2015/340). IIporpamma mpenojgaBaHuss aBHAIHOHHOTO
AHTJIMICKOTO SI3bIKA pa3paboTaHa TaKUM 00pa3oM, 4TOOBI:

e [lonroroBuTh OyAyIIEro aBUAIMOHHOIO CHEIMAIMCTa K YCHENIHOM caaye
COOTBETCTBYIOIIETO dK3aMeHa U nojrydeHuro 4-ro yposas UKAO.
e OTpaboTaTh U 3aKpPENUTh JMHTBUCTUUYECKUE HABBIKM, HEOOXOIUMbBIC KaK JIs
€XETHEBHOM paOOThI, TaK U JUIS ICUCTBUI B Ype3BhIUAHBIX/aBAPUIHHBIX CUTYyAITHIX.
2.2. OcCHOBHbIE  3JIEeMEHTbl  METOHOJIOTHH  OOy4YeHHUS] ABHALHMOHHOMY
a”rimiickomy si3biky B PAU

SI3pIKOBas KOMIIETEHTHOCTb HPEJCTABIIAET COOON CIIOKHOE NEpEereTeHUE 3HaHM,
HaBBIKOB M KOMIIETEHIIMM, 1 HE CBOJUTCS K 3ayYMBAHUIO OTACJIbHBIX JIEKCUUECKUX €OUHUIL,
COCTaBJISIIOLIMX CJIOBapHbIM 3amac. [losToMy mporpamMmy OOYYEHHMIO AHIVIMHCKOIO SI3bIKa
MO>XHO Ha3BaTb «MHOIOCTYIIEHYATON», C IIOCTENEHHBIM IMOBBIIIEHUEM CJIOKHOCTH H
HaCBILIEHHOCTHU. ba3zoBas mporpamma BKJIIOYAET CIEAYIOIINE OCHOBHBIE 3JIEMEHTBHI:

e HayanpHoe TecTHpoBaHME [0 Hayaida Kypca. ODTOT 3Tal IO3BOJISET ONPEACIUTh
HAYaJbHBIM YPOBEHb BIJIAJICHUS aHTJIMUCKUM SI3bIKOM, BBISIBUTH CHJIbHBIE U CIa0ble CTOPOHBI,
HAJIMYHE ONBITa PadOTHI B Chepe rpakIaHCKOW aBHallMu. 3a OCHOBY Oepercst pabouas mkaia
HNKAOQO, pe3ynbTaT BbICTaBIsIeTCS B IpoleHTax, mpu 3ToMm 3a 100% Oepercsa 4-it pabouuit
ypoBenb MKAQO. TectupoBaHue NpPOM3BOAUTCS IO BCEM HaBbIKaM, KOTOpBIC OYIyIIHid
CHEIHUANIMCT JAO0DKEH JEMOHCTPHPOBATh Kak BO BpeMs IK3aMEHa, TaK U B Ipoliecce padoThl.
[Tpu HE0OX0IMMOCTH, Ha 3TOM 3Talle TPYIa MOKET ObITh pa3J/ieleHa Ha MOATPYIIIbI, Oojee
CJ1a0BIM CTYJIEHTaM MOTYT OBbITh JaHbl PEKOMEHIAIUHU JJIs1 MHUBUYyaIbHON MOATOTOBKH.

e Kypc chneuuvaaM3upoBaHHONM TEPMHUHOJIOTMM JJIs TPEHAXKEPHBIX 3aHATUH U
JanpHenIell mpodecCuoHaIbHON NEeATeTbHOCTH. DTOT KYpC MBI, KaK MPaBWIIO, TUIAHUPYEM
JUI CTYJIEHTOB, KOTOpbIE HE HUMEIOT OIblTa MPO(EeCCHOHATBHONW JEeATETbHOCTH, TaKUM
o0pa3oM, 4TOObI OH MPEIIIECTBOBAJ 3aHATUAM Ha TpeHaxepe (B IMEPBYIO OuYepenb, 3TO
KacaeTcs aBUalucreTyepoB). B koHIle Kypca 00s3aTeabHO MPOBOAUTCS TECT.

e ba3oBbIl KypC aBHALlMOHHOIO AHTJMHCKOro s3blka. Kak mpaBuio, NpOBOAMUTCS
napajuleIbHO KypCy pa3rOBOPHOTO aHIJIMMCKOro si3bIKa. JTa 4acThb MPOrpPaMMbl BKIIOYAET
BBOAHBIC Tembl, Hampumep, “The ICAO proficiency requiremerits “Professional
Environment, a Ttakke ypoKH Ui BCEX OCHOBHBIX JTallOB IPOU3BOJCTBA IOJETOB,
nanpumep, “Pre-flight and departutennu “Approach and landing Kypc 3aBepmaercs
TECTOM YpOBHS A WU, yamie BCero, OOBEIUHAETCS C TECTUPOBAHHWEM Pa3rOBOPHOTO
AHTJIMICKOTO SI3bIKA.

e CrienMaM3upOBAHHBIN KypC aBHAIIMOHHOTO aHTJIMKUCKOTO si3bIka. Koraa cTyaeHT yxe
UMEET MpPEeJICTaBICHUE O TEPMHUHOJIOTUH, CBA3aHHON C OCHOBHBIMHU (DazamMu IPOM3BOCTBA
nojiera, Mbl HauMHaeM IpopadaTbiBaTh HECTaHJIAPTHBIC, Ype3BbIYAiiHbIE M aBapUiiHBIC
cuTyanuu. B pamkax 3Toro kypca Mbl crapaemcsi OXBaTUTh MaKCUMAaJIbHOE KOJIHYECTBO TEM,
HauyMHas ¢ HauOoJiee pacrpocTpaHeHHbIX, Hanpumep, “Bird strike’, “VIP flights”. bmmke
3aBEpIICHUIO CTYJICHTAM MOTYT OBITh NpPEIJIOKEHBl Takhe Tembl, Kak “Volcanoes,
“Dangerous goodsu T.n. DTa YacTh NPOrpaMMbl MOXKET TaKKe MPENOAaBaThCS Kak
OTAENBHBIA Kypc Ui YK€ paboTalmux MUJIOTOB W aBHUAJMCIIETYEPOB Mepes caadeu
ouepenHoro tecta MKAO.

167



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

e Kypc pasrosopuoro anrimiickoro s3eika (General English Xoporee BiaacHue
Pa3rOBOPHBIM AHTJMUCKMM SI3bIKOM — 93TO 00s3aTeNIbHOC YCIOBHE ISl TalbHEHIIEro
YCIEIIHOTO MPOXOKICHUS Kypca aBHAIMOHHOIO aHTJIHMICKOrO s3bIKa, 3T0 (QyHIAMEHT IS
JanbHEHINX 3aHATHIA. BOo Bpemst 3THX 3aHATHI 0TpadaThIBAIOTCS rpaMMaTHYECKHUE MTPaBUiIa U
KOHCTPYKIIUH, KOTOPbIE HEOOXOAUMBI JIJIsl CIAYU TeCTa 4-T0 YPOBHS, a TAKXKE PACIIUPACTCS U
HapaIINBACTCS CIIOBAPHBIN 3aac pa3roBOPHOIO aHIIUHCKOTO s3bika. He0OX0MMMO OTMETHTS,
9TO 3TOT DJEMEHT MOXET ChIpaTh peEIlarollee 3HAUCHHE YIS YCIEHIHOW KOMMYHHKAIUU
NUJI0Ta ¥ aBUAJMCIIETYCpa B HECTAHIAPTHBIX CHTYAIMsAX, TaK KaK B 3TOM CiIydae JUAIOr
MOXET BBIXOJHWTh 3a paMKH CTaHaapTHOW (paseosorun. Kypc 3aBepiiaercs TeCTOM Ha
rpaMMaTHKY M Pa3rOBOPHYIO pedb (0OBIYHO 3TO YacTh TeCTa A, CM. HUXKE).

Kypc aBMaLMOHHOrO aHrMMINCKOro si3blKa

HavanbHoe TecTupoBaHue

Kypc AN cAaayvun 3K3amMeHa Ha

4 yposeHs UKAO Kypc cneuunanuanpoBaHHOMW

TepMUHOMNOrMM Ans
TPeHaXepHbIX 3aHATUIA U
AanbHenwen
npodeccuoHansHon
AeATeNbLHOCTU

Ba3oBbIii Kypc aBUALIMOHHOIO
AHTNIMINCKOro A3blka

Cneunanu3npoBaHHbIN Kypc
-1 aBMaLMOHHOrO aHrMUMUCKOro
A3blKa

TecT (2)

Pa3roBOpHbIA aHIMUACKUMA
A3bIK

> TecTbl ypoBHA A, B, C

Hcrounuk: [1]
Puc.1 DneMeHThI TporpaMMbl 00yUYEHHs aBHAIIMOHHOMY aHTJIHMICKOMY SI3BIKY

2.3. Cucrema caMOCTOATEIBbHOM PA0OTHI M THHITBHCTHYECKAs JadopaTopus

OtpenbHO HEOOXOAMMO  BBLAECTUTH pa3paboranHyro B PUA cucremy g
CaMOCTOSITENIbHON PabOThI CTYAEHTOB, KOTOPast MO3BOJISIET 3HAYUTEIBHO ObICTpee BRIpabOTaTh
HEOOXOUMbIE JIMHTBUCTUYECKHE HABBIKM M KOMIIETEHLMH. YTIOMSHYyTas BBIIIE CHCTEMA
BKJIIOUAET:

1. NunuBunyanpHble pEKOMEHIAMKA U WHIUBUIYAIIBHYIO TIPOBEPOYHYIO paboTy
npernojaBaTenei.
2. Ayauno3anucu CTyJIEHTOB B JIMHTBUCTUYECKOW Jtaboparopuu. [IpenogaBatens

IPOCIIYIIMBAET CACIAHHBIE 3alUCH, AHAIU3UPYET MX M JAeT PEKOMEHAALUU KaXaAoMy
CTYZIEHTY JJI JaIbHEHUIIETrO yIYUIICHHUs] M COBEPILIEHCTBOBAHMS.

3. CryneHTsl B mIpoliecce MOArOTOBKHM HCHOJB3YIOT 3JIEKTPOHHYIO OMOIHUOTEKY
ABHALIMOHHOI'O AHIJIMMCKOTO $3bIKa, KOTOpAasl SIBIAETCS DIIEMEHTOM JIMHTBUCTHYECKOU
1abopaTopuH.

24. Cucrema TecTUpOBAHMA

OcHoBHast 3a7a4a TecTupoBaHus B PUA — nocTOSIHHO OTClIeKUBaTh IPOrPECC CTYAEHTA
M TOTOBHOCTh K CJaue 3aBepUIalolIero Tecra B aaMUHUCTpanuu ['A wmm  gpyrow
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npoBepsitoneil opranuzanuy. CrucreMa TeCTUPOBAaHUS BKIIIOYAET CJENYIOIIME 00s3aTenbHbIe
AJIEMEHTHI:

eHa kaxJaoM ypoke TMPOU3BOAUTCA YCTHBIA ONPOC CTYACHTOB [UJIsl IPOBEPKU
pe3yJIbTaTOB JIOMAIIHEH M CaMOCTOSITEIIbHON pa0oThl. JlJisi MUJIOTOB M JAMCIETYCPOB CaMOE
[JIaBHOE — 3TO OOIIEHUE MOCPEICTBOM YCTHON Peuu, O3TOMY OIPOC MIPOU3BOIUTCSI UMEHHO B
Takoi dopme.

e [IpoMexxyTOUHBIE TECTHI MOTYT OBITh KaK YCTHBIMHU, TaK U MUCbMEHHBIMU. YacToTa 1
¢dbopMa BeIOMpAIOTCS MPEnoiaBaTeIeM B 3aBUCUMOCTH OT ITOCTABICHHBIX 3a/1a4.

e OTaeNbHBIN TECT AJIS IPOBEPKH BIIAJCHUS CTAaHAAPTHON (Ppa3eoOorHe.

e Tectol ypoBHs A, B u C. Tectel A u B npoBoxadrcs a1 OUEHKU 3HAHUM CTyJEHTa
MOCJIe 3aBEPIICHUST KAaKOT0-IM00 M3 0a30BBIX JIEMEHTOB MPOTPaMMbl — HaIlpuUMep, 0a30BOTO
Kypca aBHAIIMOHHOTO AHTJIUMUCKOTO si3blka. Tect C — 3TO 3aBepHiaromMil TECT I BCEH
MporpamMMbl, MPU MOMOILIM KOTOPOTO OILICHMBAETCS TOTOBHOCTh CTYJEHTAa K JK3aMEHy B
ceptuduIupyromei opraHu3aluy.

PesynbraroM mpoBeneHHs HAYaJIbHOTO TecTa, a Takxke TectoB A, B u C, sBusercs
OTueT, ucnonb3yromuil kpurepun mkaiabl ouneHkn MKAO (cm.Ilpunoxenue 1). Mcnons3ys
naHHyo (GopMy oTueTa, M CTYACHT, M TPEIOJaBaTeih CIIOCOOHBI CIIENaTh BBIBOJBI O BCEX
A3BIKOBBIX ~ HABBIKAX, KOTOpPbIE HEOOXOIMMBI JJs CAAud  3aBEpIIAIONIer0  TecTa.
[IpenonaBarens aHAM3UPYET Pe3yibTaT U JACT WHIUBUYyAIbHBIC PEKOMEHIAUUA CTYACHTY
JUIsE  10pa0OTKH W COBEPILICHCTBOBAHMUS TE€X WM WHBIX JIMHTBUCTHYECKHX HAaBBIKOB,
HarpuMep, BocrpusTus Ha ciayx (Comprehension

3. BrIBOabI

Ha Texymuii MOMEHT METONOJIOTHs, NPUHLMIBI IIOCTPOEHUS IIPOrpaMMbl U BCE
ocranbHble peanmu3zyemble B PHUA wmepompustus o0ecneunBalOT HEOOXOIMMBIH ypPOBEHB
A3BIKOBOM IOATOTOBKM, IIPHM YCIOBHHM JIUCUUIUIMHUPOBAHHOCTM M MOTHBHPOBAHHOCTH
CTyJIeHTa. AHanu3 pe3ylbTaTOB CIAaud 3aBEpIIAOIMX TecToB, kak B PUA, Tak u B
OPOBEPSAIOLNINX U CePTUGUUUPYIOIUX HMHCTAHLUAX, JEMOHCTPHPYET MPAKTHUYECKYIO
3(¢(EeKTUBHOCTh TNPUMEHSEMOT0 HAMHU MOAX0Aa. Mbl IOCTOSHHO aHaJu3upyeM H
OTCIIEKMBAEM ITPOLIECC SI3BIKOBOM MOJATOTOBKH, W, TI0 MEPE HAKOIUIEHUS CTaTUCTUYECKUX U
JpYTUX BUJOB JAHHBIX, KacarlOUIMXCS S3bIKOBOM MOJITOTOBKH, NOCTOSHHOE pa3BUBAeM U
COBEpILEHCTBYEM HaIIM IPOrpaMMbl 00YUEHUS aBHALIMOHHOMY aHIJIMHCKOMY SI3BIKY.

4. Cnucox nHGOPMAHOHHBIX HCTOYHHKOB

1. BuyTpennss cuctema qokymenranuun PUA

2. ICAO Doc. 9835. Manual on the Implementation of ICAO Language Proficiency

Requirements
3. EC “Regulation EU) 2015/340)
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IIpuaoxenne 1
OTtyeTr 0 HAYAILHOM TECTHPOBAHUM

Jara:
Nwms, bamumst:

[TpomesxyTounslii pe3ynbTaT mo mkaine MKAO

Tabmmma 2

Name, Pronunciation | Structure | Vocabulary | Fluency | Comprehension | Interaction
surname | (%) (%) (%) (%) (%) (%)
30 30 30 40 30 30

Ucrounuk: [1]

Texymuit ypoenb 1o mkaine MKAO 3. 3nanue rpaMMaTukyd Ha CpeHEM YPOBHE, HO
JIOCTaTOYHO CTa0MIIbHBIE. XOPOUIM pe3ynbTaT ayaupoBanus. OCHOBHas mpoliemMa — OueHb
THXas, HEYBEpEHHAsl peyb. 3a/1auu: yIyUlIUTh TPOMKOCTh U YCKOPUThH TEMII P€UYH, IOBTOPUTH
PEKOMEHI0BaHHbBIE TEMBI 110 TPAMMATHKE.

° rpaMMaTI/IKa — HOBTOPCHUC CICAYIONIUX TCM U3 6azoBoro KypcCa rpaMMaTUuKu:

v Konempyxkyuu c to be;

v Cnpsisicenue enazonos ¢ Present Smple;

v IIpeonozu;

v Ynompebnenue corszos/cayaxcedbnvix cnos that, what, then, than.

e Jlekcuka — Ha HaYaJIbHOM DJTalle JIEKCHKA JOCTaTOYHas, B JaJbHEMIIeM HeoOX0IUuMO
pacIIMpsTh CIIOBApHBI 3amac.

e OoHETHKA — HE COOTBETCTBYET TPEOOBAHUSAM, HEOOXOIUMO TOBOPUTH TPOMYE, YETUYE U
ObIcTpee.

e AyaupoBaHuWe -  CTYOEHT CIBIIUT W  TOHMMAaeT HMHOCTPAHHYI  pedb
YIIOBJIETBOPHUTEIBHO.

Pexomennaumu/Tpe6oBanus™ :

1. CornacoBartb ¢ NpenojaBaTesieM 5 TEKCTOB JIIsl BOCIIPOU3BECHMS, 0TpaboTaTh
IPOMKOCTh M YETKOCTb peuH, CAaTh B GopMe 3ayeTa.

2. [ToaroroButk pacckaz u3 20 npeioxkeHuid Ha OOIIYI0 aBUAIIMOHHYIO TEMY,

TakK, 4TOOBI B 9TOM paccKa3e UCIoJb30Bajach BpeMeHHas (opma Present Simle B Tpetbem
JIMIIE JJIS1 €TMHCTBEHHOTO M MHOYKECTBEHHOTO YHUCIIA.

3. IMpu popmynupoBke mpemiokeHnid oTcyrcTByeT riaroi to be Heobxomumo
COCTaBUTh CIUCOK PA3IMYHBIX TpemnoxkeHnid (He mMeHee 20), B KOTOPBIX B POJHOM SI3BIKE
OTCYTCTBYET CBsI3Ka, HO OHa 00s3aTeNbHO AOJKHA ObITh B aHriuiickom. [lpumep The landing
proceduras difficult because .......

4. Heo6xoauMo cocTaBUTh KOHCHEKT IO MpeioraM M 3aydydTh IO OJHOMY
0a30BOMY MpUMepy Ha KaXKIbIH TIPEJIOT.

[Toanuce cTyaeHTa:

*[To pe3ympTaTaM MPOXOXACHUS TecTa IAar0TCS Pa3BEPHYTHIE PEKOMEHIAIUHU IS
nanpHeimeil paboThl CTyIeHTa, Kak B ayAUTOPUH, TaK M CAMOCTOSITEIHHO.
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IHOUCK PAIIMOHAJIBHOT O TIOJIOKEHUSA HIEJIM CUCTEMbI
YIIPABJIEHUSA IOT'PAHUYHBIM CJIOEM

Motopun E.B., Hazapos /I.B.

Camapckuii HallMOHAIBHBINA UCCIIEA0BATEIbCKUN YHUBEPCUTET UMCHH aKaJeMUKa
C.I1.Koponéna

egor0809@inboxu, dvh69@maitu

Abstract

There are many ways to improve the aerodynamic characteristics of an aircraft. In this
work we investigate the boundary layer control system (BLC). The problem is that the
boundary layer can be in a turbulent state when the aircraft, rocket or their individual
elements are streamlined. In this case, the spectrum of effective methods of boundary layer
control is significantly limited [1].

The using of power systems of BLC allows increasing the load carrying properties of
the aircraft, improving its aerodynamic characteristics (ADC) at high angles of attack,
increasing the aerodynamic quality and efficiency of the control elements. The gas, which is
used as the working body in the BLC systems, is usually taken from the power plant of the
aircraft. Usually the gas jet is blown along the surface of the wing or mechanization organs.

The use of BLC systems allows increasing the maneuvering characteristics of the
aircraft and reducing the required takeoff and landing distance. As a result, the transport
efficiency and safety of aircraft flight are increased, which is important both for military
aircraft and for civil aviation [2].

The purpose of this work consisted of increasing the efficiency of the BLS system by
searching for a rational position of the jet blown through a flat slot in the upper surface of an
infinite wingspan.

For each position of the slit along the profile chord, the ADC was analyzed for a
constant value of the impulse coefficient of the jet [5]. The distance from the nose of the
profile to the slit axis was rationally chosen.

AHHOTANHUA

W3BeCTHO MHOXECTBO CIOCOOOB YIYYIIEHUS a’pOAMHAMHUYECKHUX XapaKTEPUCTUK
neratenpHoro ammapara (JIA). B nanHoil pabore wuccneayercs cucTemMa YHOpPaBICHUS
norpannuHbiM cioeM (YIIC). Ilpobiema cocToUT B TOM, YTO NpPH OOTEKaHHM cCaMoJieTa,
paKeTsl WJIN HX OTAEIbHBIX JJIEMEHTOB IIOTPAaHUYHBIM CJIOH MOXET HAaXOAWUThCA B
TypOyJEHTHOM COCTOSHUU. B 3TOM ciyyae crektp 3((EeKTHUBHBIX METOAOB YIpPaBIICHUS
MOTPAHUYHBIM CJIOEM CYILIECTBEHHO OrpaHuyeH [1].

Hcnonw3oBanue »sHeprernyeckux cucreM YIIC 1no3Bosis€T NOBBICUTH HECYIIHE
CBOWCTBA caMoJIeTa, YIy4ILIUTh €ro a’dpoJnHaMuyeckue xapakrepuctuku (A/1X) Ha 6onpimx
yriax aTakd, TOBBICUTh adpOJWHAMUYECKOe KayecTBO U 3((EKTUBHOCTH OPraHOB
ynpasieHus. ['a3, KOTOpbIH Hconb3yeTcs: B KauecTBe pabouero tena B cucremax YIIC, kak
npaBuio, oTOMpaeTcss oT cuibl ycTaHOBKM JIA. OOBIYHO CTpPyIO Ta3a BBIIYBaIOT BJOJIb
MOBEPXHOCTHU Kphljia UM OPraHOB MEXaHU3ALINH.

[Tpumenenne cucrem VYIIC mno3Bonser [OOUTHCS TOBBILIEHUS MaHEBPEHHBIX
XapaKTepUCTHK caMoJieTa M COKPaTUTh MOTPEOHYIO B3JIETHO-NOCAJAOYHYIO JIUCTaHIMi0. B
pe3ysbTaTe MOBBIIMIAETCS TpaHCHOPTHAs 3 (ekTUBHOCTE U Oe30MacHOCTh dKcIuTyaTanuu JIA,
YTO aKTyaJIbHO KakK 11 BOEHHBIX CAMOJIETOB, TaK U JUIs TpaskJaHCKOM aBuanui [2].
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[lenwpto maHHOW PabOTHI ABJSIOCH OBBIMIEHUE dPPekTHBHOCTH paboThl cuctembl YIIC,
MOCPEJICTBOM MOUCKA PAIMOHAIBHOTO MOJIOKEHUSI CTPYH, BbIIYBAEMOU Uepe3 TIIOCKYIO IIEIb
B BEpXHEW MOBEPXHOCTHU Kpbljla OECKOHEUHOTO pa3Maxa.

WccnenoBanus mpoBeeHbl YUCICHHBIMU METOJaMH C UCIIOJIb30BAaHUEM ITPOrPAMMHOTO
komiuiekca ANSYS CFX. [IBuwkeHue rasza ABJIS€TCS CTallUOHAPHBIM, T.€. IapaMeTphl
JIBIDKCHHSI BO3JIyXa OCTAIOTCS IOCTOSHHBIMH BO BpeMeHM [3]. Bepudukamus pe3ynbTaToB
pacueTa mpoBoAuIachk myTeM cpaBHeHus AJIX npoduiis, MOTy4eHHbIX PACYETHBIM IIyTEM, CO
CripaBOYHbIMU J1aHHBIMU [4]. Takxke mpoBeneHbl HCCIACAOBAaHUS BIUSIHHE PAa3MEPOB
pacueTHO 00JacT M KOJIMYECTBA Y3JI0B CETKU Ha pe3ynbTarhl pacueToB. Ocoboe BHUMaHUE
MIPU CO3JaHUU CETKU OTBEACHO MOACIUPOBAHUIO OTPAHUYHOTO CIIOSI.

Jis Ka)XA0ro MOJIOXKEHUS LIeNd MO0 Xople npoduiis mpoBeAeHbl uccienoBanus AJ[X
JUTSI TIOCTOSTHHOTO 3HaueHUsl Kod(duilmeHTa uMmyinbca crpyu [5]. BeiOpanbl panroHaibHBIE
3HAYEHUS PACCTOSAHUS OT HOCKA MPOGUIIS 10 OCH IIEIH.

40 —— =

K _;/..,..Q.....‘.....:-\‘..
30 IATE: D

¢ T
:.:o ......- 9y
20 £ "o
8

0 £

,:" Alpha, degree

2 £0 2 4 6 8 10 12 14 16 18 20

Relative x
<c9:025 —e -0,5 0,75

Puc. 1 — 3aBucumocTs A9POJANHAMHYCCKOTO KaueCTBa OT yTIJlda aTaKn

Ha puc. 1 npencrasieH rpaduk 3aBUCUMOCTH a3pOJUHAMUYECKOrO KayecTBa OT yIJia
aTaky pa3IMYHbIX OTHOCHUTEIbHBIX BEJIMYMH IOJOXKEHHS IIEeIU BIOJb XOpIbl Kpbuia. Kak
MOYKHO 3aMETHTh Hanbosiee BBITOJHBIM SIBISIETCS PACIONIOKEHHUE IIEJN Ha CepeirHe XOpP.Ibl
KpblJIa, P CMEIIEHUH WLIeNIM K 3aKOHI[OBKE Kpblia HaOJ0JaeTcs MaJaHue WMHIYKTUBHOTO
COIIPOTHUBIIEHUS, a TAK)KE BO3PACTAaHUE BEIMUMHBI MOIBEMHOM CHIIBI, 0JTHAKO 3()(PEeKTUBHOCTH
pacroyio’keHust Ha pacctosiHuu 6osee X =0,5 magaer.

BBenenue

CymiecTByeT nB€ 3a7ayd MO YNPaBICHHUIO MOIPAHUYHBIM CIIOEM, OJHA W3 KOTOPBIX
3aKJII0YAeTCsl B MPENOTBPALLEHUU OTPhIBA IMOTPAHUYHOIO CJIOS WU K€ MaKCUMaJIbHOM €ro
OTTATMBaHUM, BTOpas 3ajaya 3akirodaercd B nepemenienun touku nepexona JIIIC B TIIC k
XBOCTHKY TeJia (B Hallel paboTe TeJIoM SIBISIETCS KPbLIO).

3arsruBanue orpbiBa I1C crocoOHa ymydIIUTh B3JIETHO-TIOCAI0OUHBIE XapaKTEePUCTHKH
JIA. Cmemenne TOYKH OTPhIBA YIy4dIIaeT HUPKYIISAIHNIO, a CIEJ0BATENBHO, yBETMIUBAET C,y,.

B nannoil pabote paccmarpuBaeTcs MpoIEcC MacCOBOTO JABIKEHHs BO3yXa U3 LIEIH,
pacIoa0KEeHHOM BIOJb Kpbljla — TaKOE sABJIeHUE Ha3biBaeTcs cays [1C.
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Hccnenyercs siBIeHHE Ha TPSIMOYTOJBHOM KpbUIe OECKOHEYHOTro pa3maxa (0e3 ydera
nepeTeKaHnii BO3AyXa uepe3 3aKOHIIOBKH Kpblia), ucronb3yembiit mpoduas — NACA 0012,
MeTtoanl uccaea0BaHus
Jns uccnenoBanus npumensuics naker Ansys CFD ckopocTe BO3IyHIHOTO IMOTOKA,
M 6
KOTOPBIM TMPOMCXOAUT oOTeKaHue Kpbula v, = 60—, Re=3,9-10°. Mogenp ceTku
C

MpeJcTaBlieHa Ha PUCYHKE 1.

1 — OGnacTh HEBO3MYIEHHOTO TIOTOKA
2- [lepBas 001acTh U3METBUCHUS
3 — Bropas 00;1acTh U3MEIbYCHHUS
4 — Inflation

Puc. 1 — Cetka

C uenbio cpaBHEHHUS MPOBEPKU MPABUIBHOCTH MOCTPOEHHSI MOJEIM Kpblia, a TaKkke
BbIOOpa TypOYJIEHTHON MOJENH, Ka4eCTBa MMOCTPOCHUSI CETKU CPaBHHUM TOJYYCHHBIC JTaHHBIC
C  a’pOJMHAMMYECKUMM  XapaKTepUCTUKa  MNpoduis, M3JIOKEHHBIMH B  arjace
a’poauHaMudecKux mpodueii [1].
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Puc. 3 — Cpasuenne pesynsraroB LIAI'M u pacueTroB Ansys

O¢ddextuBnocts cucrembl YIIC (ympaBieHusi OrpaHUYHBIM CIIOEM) XapaKTepU3yeTcs
KO3 (HUITMEHTOM UMITYJIbCA BBIIYBAEMOW CTPYH M PACCUUTHIBACTCS 10 Gopmyie [2]:
pAV?
Cy = .
deoSo
p — IJIOTHOCTb BO3/yXa;
Jw — CKOPOCTHOM HaIop;
A — miowaapb 1eau;
V — CpeHAd 10 CeYEHMUIO LeJIM CKOPOCTh BbIIyBaeMOI'0 BO3/1yXa;
S, — IJI01aAb Kpblia, 06caykuBaeMasi cuctemoi YIIC;
3HaueHus! UMITYJIbCa BBIYBAEMOM CTPYH B JAHHOM HCCJIEIOBAaHUU ObLIN TAKOBBI:
0
o = 0,03
® 0,06
0,09

00paboTKa pe3yabTaToB

Ha pucynke 4 moxazaHbl HOJS CKOPOCTEH A pa3iUyYHBIX KO3((UIMEHTOB BbITyBa
CTpYH.
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B)
a) ¢, = 0,03;06) ¢, = 0,06;B) ¢, = 0,09;

Puc. 4. ITons ckopocteil mpu pa3auyHOM KO3 GHUIMEHTE BBIYBA CTPYH
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Puc. 5. I'paduk 3aBucumMocty ko3 uinenTa o beMHON CUIIBI OT YIJla aTaKH IIPU Pa3IM4YHbIX 3HAYEHUAX
koa(ddunmenTa BeIyBa CTPYH
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Puc. 6. rpa(l)I/IK 3aBUCUMOCTH a3pOJANHAMUNYCCKOTO Ka4yeCTBA OT YyIJIa aTaKH! IIPU pas3IMYHbIX 3HAYCHUAX

k03¢ duLneHTa BbIyBa CTPyH
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Puc. 7. I'padux 3aBucuMoctd K03 GHUIMEHTA TOIHEMHOM CHIIBI OT YIJIa aTaKH MPH PA3TUYHBIX 3HAUCHHUIX
OTHOCHUTEJIbHON BEJIMYMHBI PACIIOIOKEHHUS 1LETU
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Puc. 8. Fpa(i)mc 3aBUCUMOCTH a3pOJANHAMUNYCCKOTO Ka4eCTBa OT yIJla aTaKH! IIPpH pPa3IMYHbIX 3HAYCHUAX
OTHOCHTEIIbHOI BEIIMYHNHBI PACIIOJIOKEHHNA ICTIN

BriBoabI

B mnpomecce wuccnenoBaHuss ObUIO BBISBICHO BIWSHHUE BEIMYUHBI Kod(hduimeHTa
BbIyBa Tiockoi ctpyn Ha AJIX mpoduns NACA 0012. C yeenuuenueMm koddduimenrta
HE3HAYUTEIIbHO BO3pacTacT MPO(HILHOE COMPOTUBICHHE, OJHAKO, 3HAYUTEIBHO ITaJacT
WHAYKTUBHOE, a TakKXK€ BO3pacTaeT BEIMYMHA TOJBEMHOW CHIIBI, YTO TOJOXKHUTEIBHO
CKa3bIBACTCS HA a’pOJMHAMUYECKOEC KadeCTBO — YIVIBI BBIIIE 4 TPaaycoB SIBISTFOTCS
parroHaIbHBIMU JJIs TpuMeHeHus cuctemsl YIIC.

[Ipy mepeMemeHun BIOIb XOpABl TPOGWIS MIeNd HAOMI0JAeTCsl TakKe pPOCT
AIPOIMHAMUYECKOTO KayecTBa JO pACIOJOXKEHUsS Ha cepeiuHe NpoQuiis, a aanee C
YBEJIMUEHUEM X HAOJII0/JaeTCsl HEe3HAUUTENbHOE Ma/IEHUE KaueCTBa.
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YIIPABJEHUE PECYPCOM KOMIIEHCAIIMOHHOI'O ITAKETA
MOTHUBAIIMOHHOTI'O AAPA KOPITOPATUBHOI'O ITEPCOHAUJIA C
YYETOM EI'O IICUXOTHUIIOB U OT'PAHUYEHUSA 11O
MOHETAPHOMY PECYPCY

Artjoms Pankevics
Latvija, Biznesa rakslas un tehnolgju augstskola
apankevich@inbok

Anotacija

Darbs ir veltits daudz faktorialas ietekmes aprakstam un analitikai par stimulu
veicinasanas motivaciju, nemot vera korporativa personala psiho tipus un kompensacijas
paketes resursuinfnsialo ierobezojumu, kas laus papildinat instrumentu komplektu
motivacijas vadibas miisdienu organizacijas vadibas teorija.

Abstract

The work is devoted to the characteristics and analytics of the description of the
multifactor effect on the motivation of encouraging incentives, taking into account the
psychotypes of corporate personnel and the financial limitation on the resources of the
compensation package, which will allow to supplement the toolkit of the motivation
management in the modern theory of the organization's management.

AHHOTANUA

Pabora mocBsimeHa XapakTEPUCTUKE M AHAIUTUKE OINUCAaHWS MHOTO(aKTOPHOTO
BJIMSIHUS HA MOTUBALMIO MOOLIPUTENIBHBIX CTUMYJIOB C YYETOM IICUXOTHUIIOB KOPIIOPATUBHOIO
nepcoHasia U (UHAHCOBBIM OrPAaHUYEHHEM Ha PECypchl KOMIIEHCAIIMOHHOTO MAaKeTa, 4To
MO3BOJIUT JIONIOJHUTh MHCTPYMEHTAPUHN YIPABIEHUS MOTUBALMENd B COBPEMEHHOM TEOpPUH
YIIPABJICHUS OPraHU3aLHEH.

Knroueevie cnosa: nepconai, CTUMYJI, ICUXOTHUII, BAJIEHTHOCTD, CHJIa MOTHBALIUN.

BBenenue

Ilepconan opeanusayuu — TIaBHBIA CyOBEKT BCEX OM3HEC-TIPOLECCOB, WUTIPAIOIIUN
KJIFOUEBYIO POJIb B IOCTUKEHUU yCII€Xa B YCIOBHUAX PHIHOUYHON 3KOHOMHUKHU.

OdyeHb YacTO PYKOBOAMTENb, YTOOBI TMOBBICUTH TPYJAOBYIO IUCHUIUIMHY WU OTAAaYy
COTPYIHUKOB HAUMHAET MAaHUMIYJIHPOBATh ABYMS phlYyaraMu: U3MEHEHHEe 3apab0THOM MIaThl U
YBOJIbHEHUE «IIPOOJIEMHBIX» COTPYAHUKOB C TOCJIEIYIONIUM HaiiMoM HOBBIX. OaHAKO
s dekTuBHBIE TPYIOBBIE ACUCTBHUS HE MOTYT BO3HHUKHYTH Ha IIYCTOM MecCTe, PaOOTHHKHU
HE TOTOBBI TPYIUTHCS 0€3 JOTOIHUTEIBHOIO MO0YXAeHUs. B 3T0# cBA3M /Ui III0A0TBOPHOMN
paboThl MepcoHana B OpPTaHU3AMM HEOOXOAWMO 3aJeiCTBOBATh YIpaBlEeHUE MOTHBAIIUEH,
KOTOpOE€ OIMHPAETCS Ha PYKOBOJIIUE TMPaBHIIA, OMPEIEISAIONINEe OCHOBHBIC TPeOOBaHUS K
CHUCTEME, CTPYKTYPE U OPraHU3alUU YIIPABICHHUS.

VnpaBieHue MOTHUBaIMENd T€pCOHAia ATO TMPOLECC HE U3 JIETKHMX, HO HMMEHHO
CUCTEeMHBI W TPOAYMaHHBIA MOAXOJ OOECHEUUT AKTUBU3AIMIO MOTHUBOB COTPYJHUKOB M
CO3/aHMSI CTUMYJIOB JUIsl MOOYXKJIEHUS UX K MPOAYKTUBHOMY TPYyJIy B OpraHU3alluu M, KaK
CIEeCTBUE OOECNeUYeHne ONTHUMAJIbHOTO  WCIOJB30BAHUS  PECYPCOB, MOOWIH3AIUU
MMEIOIIETOCS KaJJpOBOTO TIOTCHIIHAIA.

CrpeMutenbHOE pa3BUTHE LUBWIA3AIUMU BBIHYXK/IA€T OPraHU3allMd MOCTOSIHHO HUCKaTh
HOBBIC MMOAXOJbI K MOTHBAllMH IIEPCOHAIIA. HpOI/ICXOJII/IT IIOCTOSTHHOC BO3HUKHOBCHHEC HOBBIX
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NOTpeOHOCTEl M 3HAuYuTeNlbHas MOAU(UKAIMS CYIIECTBYIOUINX, MEHSIOTCS II€HHOCTH,
pacrojOXKeHUs, YCIOBUSI JKU3HM JIIOAEHW, a 3TO 3HAYUT, 4YTO IPHUMEHSEMBIE CHCTEMBbI
MOTHUBALlMM U CTUMYJIHPOBAHUS MepecTaioT 3(PQPEKTUBHO BO3/IEHCTBOBAaThL Ha IOBEJICHUE
paboTHukoB. COBpeMEHHBIE YCIOBHS TpeOyeT IOCTOSIHHOTO COBEPIICHCTBOBAHUS U
pacCIIMPEHHs CYIIECTBYIOLUIMX BUJIOB U MOJAXO0J0B K YIPABICHUIO MOTUBALIUEN C y4E€TOM, Kak
IICUXOTHUIIOB KOPIOPaTMBHOI'O IIEPCOHANIA, IOCTOSIHHO W3MEHSIOLIEICS CTPYKTYphl €ro
noTpeOHOCTEl mepcoHana, TaK M (PUHAHCOBBIX OrpaHMYEHUNH Ha HMHBECTHPOBAaHUE B
COCTABJIAIONINE KOMIICHCALIMOHHOTO TaKeTa, OOYCIOBIEHHBIX SKOHOMHUYECKUMH M HMHBIMU
JNECTPYKTUBHBIMH KPU3UCHBIMH sIBICHUSMU. OCOOCHHO aKTYyalbHBIM 3TOT MOMCK CTAHOBUTCS
B YCJIOBUSIX CHIDKEHHSI MOOMIJIBHOCTH T'paX/laH B OTBET Ha BBEICHUE PEKUMa HAIIMOHAILHOU
CaMOM3OJISIIMKA B TEpUOJ TaHAeMHH KopoHaBupycHod wuHpekumun COVID-19, a Ttaxke
BO3PACTaHMs CTPECCa M HEOINPENEIeHHOCTH Oyayliero, Hy)*KHO MOHUMATh, YTO TEPCOHAN —
9TO OJIMH U3 INIaBHBIX (PAKTOPOB ycriexa KOMIaHHUH.

B sT0i1 cBsi3u 00s13aH BBIMOJTHATCS PaBHO3HAYHBIM OOMEH MEXIy OpraHu3alued u ee
COTPYIHUKAMU U TPHU 3TOM, C OJHOW CTOPOHBI NOJIKHA OBITh JIOSIBHOCTH COTPYAHHKOB,
KOTOpast CIIOCOOCTBYET JOCTH)KEHUIO CTPATETUIECKUX IIeTIe KOMIIAHHH, a C IPYTOi CTOPOHBI
— YIOBJIETBOPEHHE MaTepUajbHBIX M MOPAIBHBIX TMOTPEOHOCTEH COTPYIHUKOB C
IPUMEHEHUEM KOMITAHWEH KOMILJIEKCHOM CHCTEMbl MOTHMBALlMM IE€pCOHaNa, MOTEHLIHMAN
KOTOpOM OrpaHMueH B pe3yJbTaTe COKpalleHUs OIJKETHOro mpocTpaHcTBa. [losToMy mpu
yIIpaBJICHUH TIEPCOHAIIOM MOTHBALIMS JODKHA PACCMAaTPUBACTCS Kak Iporecc (opMUPOBAHUS
3¢ (PEeKTUBHBIX MONUTUK €ro MOTHUBALIMM B YCIHOBHUSAX (UCKATBHOTO OTpaHUYEHHUS Ha
MCIIOJIb30BaHUE pecypca KOMIIEHCAIIMOHHOTO MaKeTa.

Martepuajibl 1 METOBI

Momueayuonnoe A0po  KOpnopamueHozo nepconana u  Gaxkmopvi, noo
6030elicmeuem KOmopuvlx 0Ho gopmupyemcs

[loHsiTHE «MOTHMBALIMOHHOE $JIPO» MEPBBIM PACKPbUI M CTall U3ydaTh AMEPHUKAHCKHI
ncuxonor JIx. Kemm [1, €. 385]. B ero TpakToBKe MOTHBAIlMOHHOE SAPO JIMYHOCTH — 3TO
COBOKYITHOCTh HMHJIMBUIYaJbHBIX MOTPEOHOCTEH M I[IEHHOCTEW, Hamboiee BaKHBIX IS
YEeJIOBeKa B HACTOSIIEE BpPEMs, KOTOpPbIE MOTYT CIY)XHTh MOTHBAMH K JCUCTBUIO U
noOYXK/IEHUEM K aKTUBHOCTH.

B oTHOIEHNN MOTHBAIIMOHHOTO sI/Ipa MEePCOHAIa OPraHU3alNH, XapaKTEPU3YIOIINE €T0
MPU3HAKY BKJIIOYAIOT, KaK OTAEJIbHbIE IPU3HAKKM MOTHUBALIMOHHOTO s/Ipa JUYHOCTHU, TAK U Psijl
crenuduaeckux mpuszHakoB. C ydyeToM 3TUX OCOOCHHOCTEH K MPU3HAKaM MOTHUBAI[MOHHOTO
da/pa TEepcOHaja opraHu3aluu otHocatca [2, C. 101, 102]: Hanuume HECKOIBKHUX
OJTHOBPEMEHHO JICUCTBYIOIIMX Ha YEJIOBEKAa B MPOIECCE TPY/la MOTUBOB; HAIMYNE CTUMYJIOB,
OTHOCSIIIUXCSA K Pa3IMYHOrO poja pecypcaMm, HAXOASIIMMCS B PACIOPSIKEHUU CHUCTEMBI
YOPaBJICHUS; HaJW4yue IOCIEAOBAaTEIbHOW YCTOMYMBOW MPUUYUHHO-CIIECICTBEHHON CBSI3U
MEXy CTUMYJIaMU U MOTUBAMH; YCTOMYUBOCTh MOTHUBAIMOHHBIX KOMIUJIEKCOB; CIOCOOHOCTh
KOMIUIEKCOB K MOJICPHU3AIIMM HAa OCHOBE CMEHBI MPUOPUTETHBIX CTUMYJIOB M MOTHBOB;
CIIOCOOHOCTh K aBTOHOMHOMY CHSITHIO MPOTUBOPEUUN MEXKAY MOTHBAMH, a TaKXKE MEXKITY
MOTHUBAaMH U CTUMYJIAMH.

COBOKYIMHOCTh 3THUX [PU3HAKOB ONpEAeNsieT MOTUBALMOHHOE SAPO IEpcoHalia
OpraHu3aIy, Kak TApMOHUYHOE COYETAaHHUE MOTHBOB IMEPCOHAJIA OPTaHU3AIMU U CTUMYJIOB,
KOTOpbIE HUMEIOTCS B AapCeHaJe OpraHW3allid H CIOCOOHBI YIPaBIATh JCHCTBUSMHU
paOOTHUKOB Il JOCTMDKCHHSI IIeJied M 3a7ad  opraHu3anud, (opMupyeMoe TMoj
BO3/ICHICTBUEM II€TIOTO0 KOMITJICKCA BHEIIHUX M BHYTPEHHUX (PAKTOPOB.

BrayTpennue (axTopsl 3aJI0)KEHBI B YEJIIOBEKE, W OPraHMU3aIlus HE B COCTOSIHUU HX
MEHATh WM BIUATh Ha HUX. K HUM OTHOCATCSA: JIMYHOCTH 4YEJOBEKa, €ro TeHJepHas
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INPUHAAJIEKHOCTb, BO3PACT, YOSKIECHUS, LIEHHOCTH, XapaKTep, UHTEPECH], ICUXO0IOTHYECKHE
0COOEHHOCTH, TEMIIEpaMEHT, OO0pa3oBaHHE, BOCIUTAHHE, COLMAIBHOE IOJIOKEHHE,
MmarepuaibHoe OsarococtosHue. llepeuncienHbie ()akToppl MOXKHO KOHTPOJIMPOBATH Ha
JTane HallMa TMepcoHaja, MPOBOJS THIATEIBHYIO MpoLEAypy oTOopa, Korzma ecTh
BO3MOYKHOCTh C IIOMOIIBIO CHEIMAIMCTOB U CHELUATbHBIX METOJAUK MOAOUpaTh pabOTHHKA,
MaKCHUMAaJIbHO TOJXOASAMIETO Il BAKAHTHOM JTOJIKHOCTH.

BHemnue ¢akTopsl, KOTOpble BIUSAIOT Ha (OpPMUPOBAHME MOTHBALIMOHHOTO sjpa
nepcoHana, (GOpPMHUPYIOTCS B OpPraHM3alUdd W TPHU3BAaHBl IOBIMATH HAa HMMEIOLIHECS
noTpeOHOCTH U HOPMBI MOBeAeHUs paboTHUKOB. K HUM oTHOCATCS:

<> NpEOCTaBIICHNE OpraHu3alMeld BO3MOXKHOCTEH s pa3BUTHUA IEepCcOoHaia,
TBOPYECKOI'0 MOJX0/a K TPYAY, 4TO (popMUpYET caMO MOTHBALMIO U XkKelaHue 3((HEKTUBHO
BBITIOJHSATH padoTy;

<> YCIIOBHS TPYyJa, YTO NOAPA3yMEBAET: TEXHOJIOIMUECKYIO CI0XKHOCTh TpyJa, TO
€CTb pa3HoOOpa3ue TPYIOBBIX ONEpalif, HWCKIIOYAIONIee MOHOTOHHOCTh  TpY.a,
0e30macHOCTh pabouero Mecra, CTENeHb CBOOOIBI TPyJa, SPrOHOMHYECKUE, ICTETUUYECKHE,
COLMAIbHO-TICUXA-JIOTHYECKNE XapAaKTEPUCTHKH padoyero Mecra, MPEeCTHKHOCTh pabovero
MecTa;

<> IeJIeBbIC YCTaHOBKH, 3a()MKCUPOBAHHBIC B CHCTEME YIPABICHHS TIEPCOHAIOM
OpraHu3alii, K KOTOPbIM MOXHO OTHECTH COTPYAHHYECKMH CTHJIb pPYKOBOJCTBA,
NpeaynpexaeHue KOH(MIMKTHBIX CHUTYallWid, JOJITOBPEMEHHBIC TPYIOBBIE OTHOIICHHS C
paOOTHUKaMHU,  OKa3aHHWE  MOMOIIM  paOOTHUKaM B pa3IM4YHBIX  CHUTYyalHUsX,
COBEpPILIEHCTBOBAaHNE Pa0OUUX MECT U T.1I.

Bce nmepeuncnenHble (AaKTOphl  BBI3BIBAIOT — IMOJOXKUTEIbHYI0 MOTHBALMIO M,
€CTECTBEHHO, CIIOCOOCTBYIOT (POPMUPOBAHUIO YCTOHYMBOTO MOTHBAIMOHHOTO SI/Ipa, HO JaKe
JIOCTUTHYB 3TOTO0 COCTOSIHUS ClIE€JyeT UMETh B BHUJAY, YTO B IpoLecce TpyJa IepcoHall
OpraHu3aliil HAaXOAMTCS TIOJ BO3JCHCTBUEM HECKOIBKHX MOTHBOB, KOTOpPBIE YCIOBHO
HOJpa3AeiAIoT Ha TpH rpymnmsl [2, €. 102]:

® HETTOCPE/ICTBEHHO CBSI3aHHBIE C TPYIOM;

® HETTOCPE/ICTBEHHO CBSI3aHHBIE C OPraHU3aINEH;

® 00YCIIOBJICHHBIC )KU3HECSTEILHOCTHIO PAOOTHUKOB OPTaHU3aIUH.

MoOTHUBBI, HETTOCPEICTBEHHO CBSI3aHHbIE C TPYJOM, B OOILIEM BHUE, XapaKTEPU3YIOTCS
KaK YJOBJIETBOpEHHE, IIOJlydaeMoe B TIpolecce W pe3yibTarte Tpylda, a MOTHBHI,
HEMOCPEACTBEHHO CBS3aHHBIE C OpraHM3aluel, IJIaBHBIM 00pa30M, BBIPAXKAIOTCS B TpyIIIe
COLMAIBHBIX TMOTPEOHOCTEH, K KOTOPBIM OTHOCATCS caMopeaiu3aiusi, JIOCTIKEHHE,
IOpU3HAHUE W JIp. ODTH MOTHUBBI CBSI3aHBl CO CICAYIOIIMMH MOTHMBAMHU: IUIAHUPOBAHUE
Kapbepbl, MHOT000pa3fe COIMUATbHO-TICHXOJOTHUECKUX M CTAaTYCHBIX TO3MIMH, CO3JaHHe
YCIIOBUH, 00€CTIEUMBAIONINX PA3BUTHE aKTUBHOCTH MIEPCOHAJIA OpraHU3allNH.

Takoro poma CTHUMYIBI B 3HAYUTEIHLHOH Mepe OpPHUEHTHPOBAHBI Ha o0Imee u
npodeccuoHaIbHOE pa3BUTHE MEPCOHATA U 00pa3yl0T MPOYHOE B CBS3SAX U JIOJTOBPEMEHHOE
€IMHCTBO MEXIY OpraHM3allMOHHBIMH IEHHOCTSMHA M JIMYHOCTHBIMH MOTHBAaMH TI€pCOHAJIA
OpraHu3aluy.

MoOTHBBI, KOTOpbIE OOYCJIOBJICHBI JXHU3HEACATEIILHOCTHIO PAOOTHHUKOB OpPTraHU3AINH,
OCHOBAaHbl Ha MOHETAPHBIX M HEMAaTEPUAIbHBIX, B TOM YHCIE, MOPAJIbHBIX CTUMYJax M
NEPBUYHBIX MOTHBAaX. OJTH MOTHBBI CONPATAIOTCS C TAaKUMHU CTHMYJIAMH, KakK JEHE)KHOE
BO3HArpaXKJ€HUE, JbIOTHl M IMPHUBHIETUHU, MPEAOCTABIsIeMble OpraHU3aluell MepcoHaly U
OBIBIIMM €€ pabOTHUKAM.

MMeHHO 3Ta rpynmna MOTHBOB SBIISIETCA BEPXOBEHCTBYHOWIEH. OJHAKO, MOCKOJIBKY
pecypchl MaTepHaIbHOIO CTUMYJIMPOBAHUS BCETAa OrpaHUYeHbl, Haubosnee 3(h(HEeKTUBHBIMU
crioco0amMu TIPEOJIONICHHsI AeBaIbBAIIMK TIOTEHIIMATa MOTHBAIIMOHHOTO SIpa CTAHOBHTCS HE
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CTOJIBKO HapaliBaHHE MOHETAPHOH 3HAYMMOCTH CTHUMYJIA, CKOJIBKO, HAMIy4IIUM 00pa3oM,
HCIIOJIb30BAHUC BHYTPCHHUX PC3CPBOB B BHUJAC KOMIICHCAIITMOHHBIX PECYPCOB, BKIHOYAKOIINX
KOCBCHHO MaTepUAIbHBIC U HEMaTepUAIbHBIC, B TOM YHUCIIE, MOPaIbHBIC CTUMYIIBI.

EauHcTBO  3THMX TpeX MOTHMBAIIMOHHBIX TPYHI  CIOCOOCTBYET 0OOpa30BaHUIO
YCTOMYUBOTO MOTHBAIIMOHHOTO s/Ipa, OOJIAJAIOMIET0 OIPENCICHHBIM TOTCHIIMAIOM, U
(GOPMUPYIOIIETO CIIEAYIONINE MOTHBBI: MOBBIIICHUE UMHUJKA MPEATNPUATHS, TOOYKIACHUS K
aKTUBHOMY TpYAY, OOECIeYeHHE TOJC3HOCTH HHHOBAIIMOHHOHN NIEATEILHOCTH, IMO3HAHUS
HOBOT'O, YIY4YIIEHHE Ka4€CTBEHHBIX XapaKTEPUCTUK IIPOAYKLWH, CHIDKEHHE YPOBHA 3aTpar,
CTpeMIIeHUE K MPO(ECCHOHATLHOMY H JIOJKHOCTHOMY POCTY, K IMPOSIBICHHIO WHHIIUATHBBI, K
NPU3HAHUIO OKPYXKAIOIIUX, TO €CTh JI000€ CTPEMIICHUE K yCIEXY.

Ilomenyuan MomueauyuoHHO20 A0PA NEPCOHANA OP2AHUZAUUU U NPUYUHBL €20
desanveayuu

B macrosimee Bpemsi akryanmusupyercs mnpoOiema ¢opmupoBanHus 3dQekTuBHOM
MOTHBAIIMH MIEPCOHANIA OPTaHU3AIMH, TaK KaK KPU3HCHOE COCTOSTHUE MHOTUX MPEIIPUITUN B
HEMaJION CTENeHU OOBSCHAETCS HENOCTATOYHO KAuE€CTBEHHBIM YIPABIEHUEM peCypcami,
o0ecrevynBaroIMMHU COCTOSSHUE MOTUBAIMOHHOTO $/Ipa, MOTEHIIMA KOTOPOT'O COOTBETCTBYET
NOoTpeOHOCTAM Ipou3BoAcTBa. llosToMy B mone 3peHHs pyKOBOOUTENEH OpraHu3aluu
JOJKEH TOCTOSSHHO HAXOAWTHhCS MOTHUBAllMOHHBIM  TOTEHIUAN, KOTOPBIM  CIY>KUT
OOBEAMHSIOIIMM  HA4ajJoM Ui DKOHOMHUYECKOro,  TEXHHUYECKOro,  TpPYAOBOIO,
MPOU3BOJICTBEHHOTO U JIPYTHX AJIEMEHTOB. DTO MO3BOJUT Oo0Jiee MOCIeI0BaTeIbHO paboTaTh
HaJ YJIYYIIEHHEM MOTHBALMOHHBIX IpOLIECCOB B opraHuzauuu. IlpuueM HeoOxoaumo
BBICTpauBaTh MPUOPUTETH B MOTUBALIMOHHBIX BO3JEHCTBUX. Takke BaskHA HAIMIPABICHHOCTD
MOTHUBALIMOHHOI'O MOTEHIMaJla HAa OCYIIECTBICHUE MUCCUM OpraHU3alluy, a, CJIe10BaTENIbHO,
JIOCTHIKEHUS €€ CTPATErHUYeCKHX IENIeH.

Muccus, crpaTerudyeckie LEeiad OpraHu3aluu SIBISIFOTCS NpeAMETaMUd MOTHBALUU, a
NEepCOHa OpraHu3ali — 00bEKTOM MOTHBAIIMOHHOTO BO3/eicTBUsA. B o0mem nmoHnMaHuu
MOKHO CYUTaTh, YTO OOBEKTAMH WU MpEeIMETaMH MOTHBALUM SBIISIOTCS YEJIOBEK U €ro
JESATEIBHOCTD.

Torga MOTHBALIMOHHBIM NOTEHLHMAN, KaK XapaKTepUCTHKa (YHKIHMOHAIBHOCTH
MOTHUBAIIMM — 3TO COBOKYIHOCTb HamOoJiee 3HAUMMBIX A1 paOOTHMKa MOTHBOB TPYJOBOM
JESITEIbBHOCTH, KOTOpbIE OIpPENENsioT, B KOHEYHOM HTOre, €ro OTHOILIEHHE K Tpyay U
peaau3yloTcs WM MOTYT OBITh peaJi30BaHbl B €r0 IMPOM3BOJCTBEHHOM IOBEIEHUH, NpU
HaJIUYUHU HEOOXOIMMBIX OpPTaHU3aIMOHHBIX YCIIOBUi [3, ¢. 48].

OTa CyIIHOCTHAas XapaKTepUCTHMKAa MOTHBALIMOHHOTO IOTCHLMAJIA PacKpbIBACT
BO3MOXXHOCTH TIOJICUCTEMbI YIpPAaBJIEHUS MO BbIPAOOTKE YCTAHOBKM Ha JIOCTH)KEHUE
MIOCTaBJICHHBIX 1I€JIEH OpraHU3alHH.

CTpyKTypHBIH Cpe3 MOTHBAallMOHHOTO TOTEHIMANa, KaK 3TO OTpaxkeHo B [4, C. 425]
IIPEJICTABIIEH CIEYIOLIMMU dJIEMEHTAMU:

1. BHyTpeHHsIsI 10 OTHOILIEHUIO K YEJIOBEKY MOTUBALIUS (CTUMYIHUPOBAHUE):

1) coneprkaTesbHbIe BO3SMOXHOCTH MPOGECCUH;

2) coneprkaTenbHbIe BO3MOKHOCTH JOJIKHOCTH;

3) craTycHbIE BO3MOXHOCTH MPO(HECCHHU, TOJKHOCTH.

II. BHenmHsist 10 OTHOIICHHIO K YEIOBEKY MOTHUBAITUS (CTUMYJIUPOBAHUE):

1) BO3MOXHOCTH CcHOCOOOB BO3JCHCTBHA: aAJAMUHUCTPATHUBHBIE, JKOHOMHUYECKUE,
MICUXOJIOTMYECKHE, COLIUAIbHBIE;

2)  BO3MOXHOCTM  MHCTPYMEHTapusi  MOTHMBAIlMOHHBIX  IPOLIECCOB  (BHUIBI
CTUMYJIMPOBaHUs, GOPMBI OpraHU3aUU CTUMYJIUPOBAHMUS).
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MoOTHUBaMOHHBIA TOTEHIUAN PEATU3YETCS B TOW CTENEHH, KOTOpas COOTBETCTBYET
noTpeOHOCTSM TPOU3BOJICTBA, a TOYHEE MNOTPEOHOCTSAM ero ammapara ynpasieHus. OH
MOJKET, KaK COOTBETCTBOBATh 3TUM MOTPEOHOCTSM, TaK U MOXKET OBITh HEAOCTATOYHBIM WIIU
U30BITOYHBIM. MOTHBAIIMOHHBIN OTEHIMAT XapaKTEPU3yeT YPOBEHb MOTHBALUK PabOTHHUKA,
TO €CTh, KaKHM€ MOTHBBI MOOYXJAIOT YeNOBEKa TPYIUTHCA B KOHKPETHOW OpraHu3alluH,
CTETEHb BKIIIOUYCHHOCTH B OPTraHM3ALMIO, B KOTOPOH HAXoAWTCs ero pabouee MeCTO, €ro
LEHHOCTHBIE OPUEHTAIINH, IOTPEOHOCTH, HHTEPECHI B chepe TPYI0BOM JeSTEIbHOCTH.

Takum o0pa3om, nomeHyuan MoOmMuBAYUOHHO20 AOPA NEPCOHANA OP2AHUZAYUU — DTO
00yCIIOBJICHHAs HAXOMALIMMUCS B PACHOPSHKEHUM OpraHu3allid pPecypcamH, BO3MOXKHAs
CTETIEHb YAOBJIETBOPEHHOCTH TEM, YTO HAEMHBIE pAaOOTHUKH MOTYT IICHUTh H XKeJaThb U, YTO
paboTonaTesb B COCTOSHUU WIIM JKENaeT MPEeJAOCTaBUTh B OOMEH Ha BKJIAJ IepcoHala B
JOCTH)KEHUE OpraHu3alueil ee MUCCHU.

[Tonnas peanu3zanusi MNOTEHIMAJa MOTHUBALIMOHHOTO SOpa OpraHu3anuu, TpeOyer
CO3/IaHUSI COOTBETCTBYIOUIMX OPTraHU3AIMOHHO-DPKOHOMHYECKHX YCIOBUH, KOTOpBIE MAIOT
BO3MOXXHOCTh  PEaIi30BaTh COBOKYIHYIO CIIOCOOHOCTh PECYpCOB IO 00ECIEeYCHHIO
NOBBIIEHUS () ()EKTUBHOCTH pelIaeMbIX 3a/1a4.

Omnpenenenre MOTHUBAIIMIOHHOTO MOTEHIIMAIA TPEIPUITHS BKIIOYAET /IBa dTana:

1) BbIsIBIIEHHE MOTUBALIMOHHBIX IOTPEOHOCTEN PaOOTHUKOB;

2) u3MepeHue CTereHu yOBIETBOPEHHOCTH BBISIBICHHBIX MOTPEOHOCTEH.

[lenpl0 OIIEHKM MOTHBAallMOHHOTO IIOTEHIMANIA SBJISIETCS, BO-TIEPBBIX, BBISABICHHE
pe3epBoB uig OOECHEYEeHHUs €ro COOTBETCTBHUS 3ajJayaM OpraHM3alliil W, BO-BTOPBIX,
oTIpeNieIeHne MEPOIIPUATHH 110 X MCIIOIb30BAHHUIO.

CeronHsi CymIeCTBYeT 3HAYUTENIbHOE KOJIUYECTBO pabOT MO OIEHKE MOTHUBALMOHHOTO
NOTEHIMaja W CHHTE3Yy MOTHBALIMOHHOTO siApa TmepcoHana opranusamun. OpHako,
dbopMupyeMoe MOTUBAIIMOHHOE SAPO OpPraHu3aluy 0a3upyeTcs Ha OLEHKaX MOTHUBAIIMOHHOTO
NoTeHIMaga pabOTHUKOB, KOTOPBIE NMPHUMEHSIOTCS K CTaTHYHOMY COCTOSIHUIO BHEIIHEH WU
BHYTPEHHEH cpellbl M, COOTBETCTBEHHO, OLIEHKM MOTHBAIIMOHHOIO IOTEHIMANa SBIISIOTCS
MOMEHTHBIMH. B JeHCTBUTETBHOCTH, OIICHKH MOTHBAIIMOHHOTO TOTEHIMAJIa OTINYAIOTCS
JUHAMUYHOCTBIO, U B ATOH CBSI3U MOTEHLMA]l MOTHUBALMOHHOTO $]pa OpraHu3allMi He
o0iamaer abCONIOTHOW YCTOMYMBOCTBIO M C TEUCHHWEM BPEMEHH MOXKET JIeBaJbBHPOBATHCS
10J1 BO3/IeHicTBUEM, HANIpUMeEp, AenpodecCHOHAN3aUH, TIPEBBIIEHNS Topora 0e3pa3ingus,
a Ttakxke d(dekra «IpoPECCHOHATBLHOTO BHITOPAHUS» — COBOKYMHOCTH HETATUBHBIX
NCUXUYECKUX TEpPEeKUBAHUM, HCTOIIEHUS OT JJIUTEIBHOIO BO3JEHCTBUS HANPSKCHUS,
KOTOpPO€  BBI3BAHO HWHTCHCHUBHBIMH  B3aMMHO  OOYCIIOBIICHHBIMH  MEKIUYHOCTHBIMU
B3aUMO/ICHCTBUAMH, COIIPOBOKAAIOIUMHUCS MOBBIIIEHHOMN BO30Y/IMMOCTBIO u
sMoLMOHANIBHOCTBIO. «IIpodeccronanbHOe BBIrOpaHHE» HACTyMaeT MpPU YCIOBUSX, €CIU
paOOTHUK OpraHM3aLUU OLEHHBAET CBOIO pabOTy KaKk HE3HAUYUTENIbHYIO, HE YJOBJIETBOPEH
npoEeCCHOHATBHBIM POCTOM, HCHBITBIBAET HEJIOCTATOK CaMOCTOSATEIBHOCTH, POJIEBYIO
HEOIPEeIEHHOCTh BCIIEJICTBIE HEUETKUX K HEMY TpeOOBaHUH, MEperpy3Ky Wi HeOTpy3Ky
¥ TOMY TTOJI00HOE.

JUis IpOTUBOAEUCTBHSI CHM)KEHUIO BECOMOCTH IOTEHLMAlla MOTHBAIIMOHHOIO sjipa
NepCOHaNa OpPraHM3allMd B TPAKTHKE YIPABICHHS IEPCOHAJIOM MIIMPOKO MPHUMEHSETCS
UHCTPYMEHTAPUH  CTUMYJIUpPOBaHHs, ©0a3McOM  KOTOPOrO  SIBIISIIOTCS ~ MaTepUalIbHBIE
(meHe)KHBbIE), KOCBEHHO MaTepUalbHbIE W HEMaTepUaNbHBIE, B TOM YHCIIE MOpPaJbHBIE
COCTaBJIAIOLIME KOMIEHCAIIMOHHOTO MAKeTa.

Cocmaefmromue KOMREeHCAUUOHHO20 nakKkema — pecypc 8HeutHell momueauuu
nepconana ona  obecneueHuss COOMBEMCHMBUA nomenuuana mMomueayuoOHHO20 ;wpa
3a0auam op2aHuzauyuu
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KoMrmeHcanmmoHHBI  MMakeT TPEACTaBIIeT CO0O0M COBOKYMHOCTh MaTepHAIBHO-
JICHS)KHBIX CTHMYJIOB, COILMAIBHBIX JBIOT M BBILJIAT (KOMIICHCAIUI), MPEIOCTABISIEMbIX
paboromareieM Ha OCHOBE JOOPOBOJILHO B3STHIX OO0S3aTENLCTB 10 OTHOUICHUIO K
pabOTHUKAM CBEpX TeX, KOTOPhIE YCTAaHOBJICHBI 3aKOHOIATEIBHO.

Mamepuanbho-Oenedchoe  cmumyaupoganue — OTO  TIOOIPEHHUE  PAOOTHHKOB
JICHEKHBIMH BBITUIATAMH IO Pe3yJIbTaTaM TPYIAOBOH NEATEILHOCTH.

MarepuaabHO-/IEHE)KHOE CTUMYJIMPOBAHUE BKITIOYACT:

o [losviwenue 3apniamol. [IpakTKa MOKa3bIBAET, YTO MOBBIIICHHUE 3aPIUIATHI SBISACTCS
HavMEHEe JICHCTBEHHBIM CcHocoOOM  MOTHBanWHU. MccienoBaHust  TOKas3ald, 4TO
MOTHBAIIMOHHBIA A(PQPEKT OT MOBBICHUSA 3apIUIAThl JIUTCS B CPEIHEM OKOJIO 3 MECSIIEB.
Kpome Toro, 3TOT CTUMYJI 110 OYEBHIHBIM IIPUYMHAM HEJb3s HCIIOJIB30BATh CIIUIIKOM YacTo.

e [Ipemuu u 60onycwi. 'opa3no Oolnee ACUCTBEHHBIN cOCO0 ISl pa3eleHUs 3apIliaThl
COTPY/ZIHUKOB Ha ()MKCUPOBAHHYIO YacTh U OOHYCHI, 3aBHUCSIIUE OT PE3yIbTaATUBHOCTH. DTO
pacrpocTpaHeHHas TPAKTHKA B TOApPA3JCICHUSIX, 3aHUMAIOLIMXCS TMPOJAKaMH  HIIH
HETOCPEJCTBEHHO B3aMMOJCHCTBYIONIMX C KiueHTaMu. COTPYAHHMKH HArJSAHO BHUJIAT
3aBHCUMOCTh CBOMX JIOXOJIOB OT Pa0OYMX TOKa3arened, M 3TO MOoOyKIgaeT ux padboTarh
SHepruyHee. BOHYCHI MOXKHO BBIIUIAYMBATH 332 YTO YTOJHO, B 3aBHCUMOCTH OT TEKYIIUX
OW3Hec-331a4: 3a BBIOJHEHHBIM TUIAaH, 32 MPUBJICUCHHE HOBBIX KIMEHTOB, 33 OTCYTCTBHE
OIIO3/IaHUH, 32 BBICOKHE TPOJIAYKH HOBHHOK.

KommneHcaryu SBJISIOTCS OJHHM W3 CaMbIX BaKHBIX 3JIEMEHTOB CHCTEMbI MOTHBAIIMU
nepcoHana Jr00il opraHu3amnuu, 00ecreunBas B 3aBUCUMOCTH OT 00CTOSITEIbCTB (YCIOBUIA)
NPOTHBOACHCTBUE MH(OISIINY TOTEHIMATa MOTHUBAI[MOHHOTO Sipa TepcoHalla OpraHu3aluu
CTa0WIM3HUPYsl €ro K TOTPeOHOCTSM MPOU3BOJACTBA. B cocTaB KOMIIEHCAMH BXOJIST
KOMITOHCHTBI HEMOHETAPHOTO CTUMYJIUPOBAaHUS, K KOTOPBIM OTHOCATCS MaTepHaIbHBIC,
KOCBEHHO MaTepHalbHblie (0eHe(UThI) U MOpaIbHbIE CTUMYIIBI.

benegpumvr — 5TO dYaCTh KOMIICHCAIIMOHHOTO TIIaKeTa B BHUJIC JOMOJHHUTEIHHBIX
COLMAIBHBIX JIBFOT ¥ BBIIUIAT TIEPCOHANY, CBEPX IMPEIyCMOTPEHHBIX HAI[MOHAIBHBIM
3aKOHO/IATENBLCTBOM [5, ¢. 162].

3naueHue OeHe(UTOB:

> Bo-nepBbIX, MO3BOJIAIOT 00ECNEUUTh peallbHOE YIYYILEHHWE YCIOBHM Tpyda
COTPYJIHHUKOB, 3a4acCTyI0, C HE3HAUUTEJIBHBIMHU PaCX0JaMH CO CTOPOHBI KOMITAaHUH.
<> Bo-BTOphIX, mocpeacTBoM OeHEe(UTOB KOMIIAHUS MOXKET HpOIaraHIupoBaTh

CpeaM COTPYAHUKOB ONpEEICHHbIE KOpPIOpaTHBHbIE LEHHOCTH. Hampumep, npu mnomomu
KOMIICHCAIIMM CTOMMOCTH a0OHEMEHTOB B CIIOPT3ajl WM 0OacceiiH MOXKHO TOOMIPSTH
3/10pOBBII 00pa3 )KU3HH.

<> B-tpertbux, O0eHeuThI SIBJISIFOTCS 0JIarOTBOPHBIM (haxkTopom
IICUXOJIOTUYECKOT0 BIUSHHUS Ha COTPYJHHUKOB, MOCKOJIbKY NOJYEPKHBAIOT LEHHOCTh W
3HAYMMOCTh KOHKPETHOTO pabOTHHMKA [UIS OpraHW3allid, IIOBBIIIAS TEM CaMbIM €ro
CaMOOLIEHKY, a 3HauyuT, JIOSUIbBHOCTh K KOMIIAHMM Ha OCHOBE OTOXJIECTBJICHUS Liejel
KOMITAHUU U €r0 COOCTBEHHBIX LIEJIEH.

<> B-uetBepThiX, MHOrooOpazue OeHepHUTOB CHOCOOCTBYET (OPMHUPOBAHUIO
OmaronpusiTHoro umumpka komnanuu (PR-Bo3neiicTBue) kak st BHENTHUX HaOJomaTesei,
TaK ¥ BHYTPU CaMOI KOMIIaHUY;

<> benepuTh — MHCTPYMEHT MOTUBALIMH IEPCOHANIA OPraHU3aLUH.

B coBpeMeHHOHl NpaKkTUKE MpPEICTAaBIsEMbIE IEPCOHANY OpraHu3anuii OeHePUTHI
pasjensioT Ha aBa Oyoka [6, ¢. 150]:

e 00s13aTenbHbIC OeHEDUTHI (PETIaMEHTUPYIOTCS TPYIOBBIM 3aKOHO/1aTEIILCTBOM);

® 100poBOJIbHBIE O€HE(UTHI, KOTOphIE HE PErJaMEHTUPYIOTCS TOCYIapCTBOM U
UCTIOJIB3YIOTCS JUIsl MOTUBALIMU TTEpCOHaIa paboToaaTe s IMU Ha T0OPOBOJILHOW OCHOBE.
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Jns pabotonateneit BBeaeHne OCHE(PUTOB OUEHBb Ja)Ke MOJE3HO TaK KakK 3aTpaThl Ha
WHBECTUIIMN OTHOCSTCS K TEM, YTO MOYKHO BBIYECTh W3 HAJOrOB B KA4eCTBE PACXOJIOB
omsneca. Eciin Bapyr y Buazgenbia (GUpMbI 370pOBbe cliaboe, TO MHOXKECTBO pacTpaT Ha
COOCTBEHHOE JParolieHHOE 3/I0POBbE OH MOXKET CIIHUCATh, KYIUB COOTBETCTBYIOIIMIA CBOUM
notrpeOHOCTsIM makeT OeHeduToB. OJHAKO MPUICTCS W JIPYTMM B OpraHU3allMH ITOKYIAaTh
TaKOH JK€ MaKeT, HO 3TO YK€ MEJOYH U CIeAYyeT Y4ecTb, 4TO M30ekarTh JOHAYHCICHUH I10
Hajory Ha noxonabl Ha ¢usnueckux jun (HADJI) m Hamory Ha npuObUIb, €CIM JOXOJ
obOpazyercs:

a) y paOOTHHKA BO3HHMKACT SKOHOMHUYECKAash BBITO/Ia B JICHEX)KHOW WM HATYpaIbHOM
opme;

b) Takyro BBITOYy MOXHO OLICHUTb.

3HAYUT, JJIs1 BOSHUKHOBEHUS O00BEKTa HAIIOTOOOJIOKEHHS PACXO/Ibl B TIEPBYIO OYEPEIb
JIOJDKHBI OBITh BBITOJHBI COTPYTHHKY, a HE padoTonareinto. [Ipu 3ToM 10X0a JOIDKEH OBITH
WHWBUIYAIM3UPOBAH, TO €CTh OIICHCH MPUMEHUTEIIFHO K KOHKPETHOMY JIUITY, & HE KO BCEMY
KOJUIeKTHBY. Hampumep, korga paOOTHUKH TOJydaiu OecIUlaTHOE NHTaHHe B dopmare
«IIBEJICKOTO CTOJa», BHITOAY HENb3s WHIAMBUAYAIH3UPOBATH, a y paOOTHHKA HE BO3HUKACT
JIOXOJ] B HATYPaJIbHOHN (hOopMe MOCKOIBKY HEIb3s BBIJICIUTD JIMII, MOJYYUBIIUX JOXOJ B BHIIE
OccIUIaTHOTO TUTAHUS, a TAaK)KE YCTAHOBUTH CTOMMOCTh U KOJMUYECTBO TOTPEOIAEMBIX
MPOJYKTOB, HEBO3MOKHO OIPENIEIIUTh M JJOXOJ] KaXJI0r0 pabOTHHKA, KOTOPBINA oOJarasics Obl
HAJIOTOM.

YroObl N30€KaTh PUCKOB U 3alIUTUTH CBOIO TIO3UIUIO, HY>KHO TIIATEIIEHO MTPOMUCHIBATH
B JIOTOBOpAX, MPHKa3ax PYKOBOJWUTENICH, JIOKAIBHBIX aKTaX OPraHU3allid SKOHOMHYECKOE
00OCHOBaHHE pacxoJ0B Ha «OeHePUTh» paboTHHKaM. Toraa y HaJOTOBOW WHCICKIIMU
He OyzieT mpocTopa Jijis pa3MBIIIUICHUH Ha 3TOT CYET.

st paboTHHKA OEHEPHUTHI eIIe HYXKHEe 10 CICAYIOUIMM MTPUIHHAM:

<> BO-TICPBBIX, OYEBHJHO, YTO €CIM WX TeOe NalT OeCIulaTHO, TO CaMOMY
MOKYIIaTh YK€ HE HYXKHO;
<> BO-BTOPBIX, €CITM Yy YeJIOBeKa OOHAPYKHIIM KaKOe-TO Cephe3HOe 3a00JIeBaHue,

TO Ha JICUEHUE U HA BCE CONYTCTBYIOLIUE TPAThl HYKHBI IEHBI'M WM CTpaxoBka. OnHAKO Ui
NPUOOPETEHUSI TAKOW CTPAaXOBKU HY)KHO MPEJOCTABUTH J0KA3aTeNbCTBA TOIO, YTO Thl HUYEM
TaKuM He 0OJIeH, TO €CTh MPONTH MEAMLMHCKYI0O KOMHCCHIO. Ecnu ke uenoBek moiydaer
naker 6eHe(pUTOB, TO MEAUIIMHCKOTO OCBUAETEILCTBOBAHNS €MY IPOXOAUTDH HE HAJIO;

<> B-TPETbHUX, CTPaXxOBaHME  pPA3JIMYHbIX  BHJIOB  JelIeBIEe  OOXOAUTCS
UHAUBUAYYMY, SIBJISIOIIEMYCSl YacThio rpynnbsl. K Tomy ke, yem Oosblie 3Ta rpymmna, TeM
CTpPaxoBKa JICIIEBIIE.

Hematepuanbuble CTUMYJBI MOpaibHOW (YHKIMOHAJIBHOCTH TAaKK€ OKAa3bIBAIOT
MOJIOKHUTEIBHOE BO3JEHCTBME Ha TPYAOBOE IOBEJEHHE DPAOOTHUKA M HAa KayecTBO €ro
pa6otel. K HUM OTHOCAT: MyOJIMYHOE MOOLIPEHUE COTPYIHUKOB; O0bsIBICHNE 01arolapHOCTH
B IIPUKa3€, BPYYECHHME IIOYETHBIX IPAMOT, IUILIOMOB, BBIMIIEJIOB, 3HAUYKOB U MEHAJICH;
pasmemenue (Qororpaduii Ha mocke mou€Ta; HArpaxiaeHWe pPaOOTHUKOB BHYTPEHHUMH
3BaHUSAMH; HarpakJe€HUE IICHHBIMH UM KOPIOPATHBHBIMU IIOJApKaMH; HarpaxJIeHue
CTaTyCHBIMH IIPEMHUSIMU; HATPAXKIACHUE KYPCOBKAMHU U ITyTEBKAMH U JIPyTHE.

HemarepuanbHble cTUMYJIBI MOpalbHON (YHKIIMOHAJIBHOCTH TEM JICHCTBEHHEE, YeM
TOYHEEe M II0JHEee BbIOpaHa Ta CcoOIMalibHAs ayAUTOpUs, B KOTOPOH pacnpocTpaHseTcs
uHpopMalMsi, ¥ UYeM JIUTeNbHee CpOK JeicTBus dToi uHpopmanuu. HXx rimaBHOe
JIOCTOMHCTBO HEMaTepUaIbHBIX CTUMYJIOB MOPAJIbHON (PYHKIMOHATIBHOCTH — UX JCLIEBU3HA,
a 1moTomy BbICOKas 3((eKkTuBHOCTh. B 3TOM CBSI3M HeMaTepualibHbIe CTUMYJIbl MOPaTbHOU
(YHKIIMOHAJIBHOCTH SIBJISIIOTCS MOIIHBIM CPEIICTBOM BO3/ECHCTBUS HAa CO3HaHHE PabOTHHUKA U
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dhopMHUpPOBaHKE MOTHBOB €0 MOBEACHHS, HO JIMIIb B TOM Cydae, €CJIU OHU HCIOIb3YIOTCS
ymero [7, €. 142].

Onnako, ucxons u3 Teopuu ncuxotunoB B.M. I'epunkoBa, B OTHOIICHHH TNEpCcOHAIA
OpraHHW3allMil PEKOMEHIYeTCs TMPUMEHSATh WM HE TMPUMEHSATh OTHACIbHBIC  BHJIBI
COCTABJIAIONIMX KOMIIEHCAIIMOHHOTO TIaKeTa, 4TO OTpaskeHo B Tabu. 1 [8, ¢. 329].

Tabauna 1
CTumyJibl, peKOMEeH/10BAaHHbIE€ K IPUMEHEHH 0 UCXO/s1 U3 TEOPHHU NMCUXOTUIIOB
B.HU. I'epuyuxoBa

Momueauuonnwtii mun nepconana
°3
)s °3 = 2
© 3 X =
: s | E g
Dopmut Cmumynot S S 3 S §
x
S S
CIUMYTUPOGAHUA S g S S S
Q S S R Q
= S 3 8 N
& o Y b )
< S S
% S S =
2 Y = g
S S S
Jenexuele IIpemun, 60HYCHI, AOTIATHI ! v ? v ?
Oprasu3zaloHHbIE Coznanue yciaoBUA AJist paboOThI ? ! ! v x
MopanbsHble HewmarepuanbHblie moompenus X v ! ? ?
VYyactue B ynpaBieHUA VYuyacTre B COBEIIAHUSAX, »
[PUHATHH PELICHHIA, ? v v !
Ha3HAYCHUS Ha JOJDKHOCTh
3aboTa 0 pabOTHHKE,
[arepuanuzm MOKPOBHUTEIHCTBEHHOE X ? v ? !
OTHOLIEHUE
HarypainbHble JIbroTsl U KOMIIEHCALIUY, 5 |
OecIIaTHbIC MTyTEBKH ' x v X '
HerarusHsble Haka3anus u yrposst x % v % !

[Ipumeuanue: 31ech I 0003HAUESHUS IIPHHSATO CIEIYIOIEe COIePIKaHue CUMBOJIOB!
! —3¢exTrBHBI, ¥ IOIMYCTHMBI; ? — 0€3pE3yNbTATHBI,  X— 3aIlpelieHbI.

Hcrounuk: [8]

JIis OUarHOCTHKH TSITU TUIOB MOTHBAIMHM IEpPCOHANa OpraHU3alliu MPUMEHSETCS
METO/IMKa Hambojiee W3BeCTHas Kak «recT ['epumkoBa» [9, C. 47]. Ha ocHoBe 3amanus
KOMILIEKCa BOIIPOCOB B aHKETE TecTa | epurKoBa OTBETHI PECIIOHIEHTOB HHTEPIIPETUPYIOTCS:

% uncmpymenmanohwviti (KOMMEPUECKHUH ),
npogeccuonanvuwiil,
nAMpUOMUYecKu;

XO3AUCKUU,;
% TIFIOMNEHU3UPOBAHHDLI (U30ecameNbHOU MOMUBAYULL).

KaxxnoMy U3 3TUX THUIIOB MOTHUBAIIMU MOKET OBITH COMOCTABIIEH OMpECICHHBIH BHU]
COTPYIHUKA OpTraHW3allMd ¢ 3aHUMaeMas WM JIOJDKHOCTh, a TaKkKe WHCTPYMEHTHI
CTUMYJIMPOBAHUS, KaK 9TO OTPaXeHo B Tabm. 2 u Tadu. 3.

K/ X/ K/
L XEIR XC Xd

X3
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Tabnuua 2
Haunay4uiee coorBeTcTBHE NpEACTaABUTE el BUIOB IIEPCOHAIA U 3aHUMAeMOM
HMH 0JIKHOCTEl B OPraHM3alMy THIIAM TPYAOBOH MOTHBALUM 10 METOAMKE
B.HU. I'epuyuxoBa

Tun mpyodoeoii Buo compyonuxa Honscnocmo (npumep)
Momueayuu
Hucmpymenmanvnas Ucnonuurens paboT ¢ 4eTKO Memnedaicep no npooasxcam
HU3MEPUMBIM PE3YJIETATOM
Xo3siickas, Hcnonaurens Ha aBTOHOMHOM Aeenm, mopeosbiii npedcmasumen,
npogpeccuonanvnas, pabote caecapb-pemMOoHmMHUK
UHCIMPYMEHMANbHAA
Jromnenckas Hcnonautens Ha IpOCThIX padoTax Onepamop nony agmomamuieckou
Mauunbl, Garbyosuwux u m.o.
Ilpogheccuonanvnasn Creunanuct ¢ GyHKIIHOHAIBHBIM Meneooicep, HR-cneyuanucm
XapaKTepoM pabOThI

Xo3zsniickasn, PyxoBomutens noapa3aeiaeHus Pykosooumens cyocovt, omoena,
nampuomuueckas yexa u m.n.
Xo3saiickan Briciuit ynpapnsiomuii [Tenepanvholii Oupexmop

Hcrounuk: [9]
Tabmuia 3
HNHCTpYyMEHTBI CTUMYJIMPOBAHUSA CJIYKAIIUX € PA3HBIMM TUIIAMH TPYJA0BOii MOTHBAIIUH
no meroanke B.U. I'epunkosa

Tun mpyooeoii Kax noowpams Kak naxazamp
Momueauuu
A 1 2

Xossiicmeennotii PsjioBoMy  COTpYIHUKY NPENOCTABBTE |  Tuxye compydnuku ne mepnsim,
BO3MOXKHOCTh OpaTh Ha ce0sl IMOJIHYIO K020a Ux KoHmpoaupyiom,
OTBETCTBEHHOCTh 3a BBINONHCHUE CBOCH |  ywqspigaiom, umo umento u kax
palboThl, JeTeTHpyHTEe  IOJHOMOYHSL. denanm.
PyxoBonuTemo TIPEIIOKHTE

KypUpOBaTh CTPATETUYECKUE IPOEKThI
KOMIIaHHH, BJIAJICTh aKI[USIMH.

Hucmpymenmansuoiii | YBennunuBaTh 3apabOTOK, €CIU PAAOBON | B nepsyio  ouepedv  auwiume
COTPYIHHK, TO IIOBBIMIANTE 3apabOTHYIO | Mamepuaibhvlx Oenepumos —

IUTaTy, HAYUCIIIITE IPEMHH 3a XOPOIINE | owmpagyiime, yMeHvuume
pe3yabTaThL. PykoBonutento | 6onyc, ynpasonume coyuanvhvie
BBIIUIAYMBANTE BHYILUUTENBHBIE | 1620Mbl. YV pykosooumens

IIPOLCHTHI, 6OHYCLI U BCC BpEMA | omHUMume asmomooub C
HOIIqepKHBaﬁTe CBA3b MCXKAY HHUM U ooumenem.

BO3HAIPAKICHUEM.
Ilpogpeccuonanvuwiii [IpencraBbTe BO3MOXHOCTH 0OyuaThbes | Menopupytime nobvie  auuHvie
3a CYeT KOMIAHMH, IMOBBIIIAWTE B | OOCmuUdICeHUs camozo
JOJDKHOCTH, TPU3HABAUTE NOCTIDKEHHS, | COMPYOHUKA U €20 NOOYUHEHHDBIX,
HE KOHTPOJIUPYNUTE KaXKbIX I1Iar. yxyowume ycinogusi mpyoa u
JUMUE 803MONCHOCU YUUMbCS
U pazeueamucs, 3asanume
PYMUHHOU pabomou.
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[Tponomxenue Tabautbl 3

A 1 2

Ilampuomuueckuii [To6naronapure coTpyaHuka | bracodapume Opyeux compyoHUKo8
MyOJIMYHO, OTMEYalTe ero 3aciyTH | mak, umobvl nampuom 3mo ude.
BH3YaIbHO (Jlocka TodeTa, 3BaHue | [lpu smom He noowpsiime. Mooicro

IYYIIAHA COTPYTHHUK). nPpUSpoO3UMbd Y80IbHEHUEM, TUUUMb
JluneitHOMY PYKOBOIUTEIIIO | 803MONMCHOCTIU «ONEKAMbY Opy2ux
MPE/JIOKUTE BOWTH B COCTAB COBETA | COMPYOHUKOG (nepesecmu 8 Opyeot
JTUPEKTOPOB WA rmoceniareb | omoen, guauan)

CTpaTermyeckue CoBellanwsi. Eciu B

KOMITAaHUH HaTPUOTOB MHOTO

paspaboraiite MTOJIOKEHHE 0

COIIMAJILHOM 3aIlUTE.

Jwomnenuzuposannvtii | Yetko ¢opmynupyiite 3amaHus u | [lpuepozume, umo auwume
TpeOOBaHMs, NPHYEM OHHU JIOJDKHBI | 603MONCHOCHU nonyuams
ObITh mpoctedimme. 3a00ThTECh O | eOuHCMBEeHHbll 00x00, He
COTpYOHHKE KaK pomHas MaTb — | nomozatime pewams
NpUMEHANTE  METONBl  KHYTa U | Mamepuanvhvie npobnembl,
MIPSIHUKA. auwume 0onaam u 6OHYCos.

Hcrounuk: [9]

JlelicTBys B [MAJIEKTUYECKOM €IWHCTBE, Pa3HOOOpa3HbIE CTHUMYJBI (HOPMUPYIOT
MOTHUBAI[MOHHOE $AJpO IEpCOHAaNa OpraHu3aluud, 3PQPEKTUBHOCTb KOTOPOTO ObIBaeT
HAaCTOJIbKO OTJIMYHOM OT OXKHMJAEMOM, 4TO BO3HUKAET HEOOXOAMMOCTH PACCMOTPETH
coJiepKaHue M (PaKTOpPbI, BIUAIOIINE HA MOTUBALMOHHBIA NOTEHIMAT U ONPEIEISIOIUX ero
3HAYMMOCTh COCTAaBIIAIOIINX KOMIIEHCALIMOHHOI'O ITAKeTa.

Dakmopul, enuaouue Ha 3HAYUMOCIL CHIUMYJ108 KOMHEHCAUUOHHO20 naKema

PesynbpTathl uccnenoBaHuii, BHIIOIHEHHBIX B Rigas Aeronavigacijas Institits (RAI) u
Biznesa makslas un tehnologiju augstskola (RISEBA), koTtopsie mpecTaBieHbl Ha 4-ii U 5-i
MexxayHapoaHOW Hay4dHO-TIpakTHdecko koH(pepenmuu 2016 u 2018 ror.  [10; 11]
ONpeNeNUIN  COBOKYITHOCTh HauOojee BIMSAIOUIMX Ha 3HAYUMOCTb U JUHAMUKY
MOTHBAIIMIOHHBIX CTUMYJIOB B COCTaBE€ KOMIICHCAI[MOHHOTO TAKeTa — 3TO BO3pAacT M IIOJ
KOPITIOPATHUBHOT'O NepPCOHANIA, a TAK)KE€ MOHETapHasi CTOMMOCTh MOTHUBAIIMOHHOT'O CTUMYJIA.

[ToryueHHBbIE B mpoliecce HCCIEAOBaHUNW M Pa3padOTKH CTATUCTUYECKUE MaTepHaibl
XOPOUIO COTAacyroTCs ¢ pe3yabTaTaMy HCCIIeA0BaHUM Mo AaHHOW npobnemaTnke Kagposoro
Joma "Cymnep 00" [12], uTo HarisiiHO IEMOHCTpUpYyeTcsl Ha puc. 1. 31ech B KauecTBe
NOKa3aTesieM MPUHATA MOTUBAIMOHHAS BaJICHTHOCTh (V) — IIEHHOCTh, 3HAYUMOCTh OOBEKTA,
COOBITHSI WU IEUCTBUS AJIsi CyOBEeKTa, UX MOTHBALIMOHHAS (MOOyAUTEIbHAS) CHJIa.

Jnss  aHanM3a COMOCTAaBUMOCTH PE3YJIBTaTOB IO OJHOPOJHBIM  COCTABIISOLINM
KOMIICHCAIIMOHHOTO TTaKeTa 3apy0ekHbIX ( C—) U OTEYECTBEHHBIX (E==559) MCCIICTOBAHHN
paccMaTpUBaIOTCS UHTEpBAJbHbIE OLEHKM V + A MOTHMBAIMOHHOW BaJICHTHOCTU
MOJIOKHUTEIBHO CTUMYJIUPYIOIIUX OJHOPOJHBIX COCTABJISAIOIINX KOMIIEHCAIIMOHHOTO MaKeTa.
3mech V. — CpemHsAs ~ CTaTHUCTHYEeCKas  MOTHBAIIMOHHONH  BaJICHTHOCTH  CTHMYyJIa
KOMIIEHCAIIMOHHOT0 MaKeTa u A — mpejenbHas onmoka BEIOOpKH, onpesesnsemas no Gpopmyse
[13, ¢.230]:

A = },L'tﬁ,h, (1)

rze f — noBepuTebHas BEPOSITHOCTD;
h — 06beM BBIOOPOUHOI COBOKYITHOCTHU (YMCICHHOCTD €MHHUII);
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t — mapametp pacnpenenenus CTbIOJEHTA.

Jlnst ypoBHsSL JOBepuTeNbHOW BeposTHOcTH f =0,95 W YHCICHHOCTH €IUHMIL
BbIOOpOUHON coBoKymHOCcTH h> 120, 9TO COOTBETCTBYeT 00BEMaM BBIOOPOYHOTO
HaOroIeHus 171 3apyOeKHBIX U OTEYECTBEHHBIX MCCIIEIOBATENEH, ITapaMeTp pacrpeieiIeHus

CtaeHTa B COOTBETCTBHHM Ta0YJIMPOBAHHBIX JAHHBIX COCTAaBIsCT tp=095h-120 = 1,96 [14,
c.343].

e B AP0 DO M s e e
33 5335 36 3738 30 40 4142 4344 45 45 4748 34 55 36 5738 35 60 6162 4364 63 66 67
r—A v 1 v+ 4 r—A v (M [ R
a) IIybamanas GaarogapHOCT b) OmraTta coTOBOH CEASH
B L - o it M S R b et B
%5 56 57358 50 00 6162 638465 66 47 52 49 V) 50 31 52153 54 33 58 57 3R 50 60 4142 43
v—d L' v IR r—4 v e o+ 4°
¢) Onnata cnopTHEHOTO ETy0a d) Oprasmsanus MHTaHAA Ha paboTe
ottt —— | e ey i s ey sy e S L o ] L D S
67 68 6970 TLTI T3 T4 18 78 7172 T T4 TA76 777679 80 81 8283 84 8386
v-4 r S i | R v r+4d
e) Omrara mommca JMC f) Onnara pacxogos Ha obydeHHe
e : o :' -1 IM P T II | O — (I J— - | D}“\l‘\ iy o e o — i | |H|
36 47 98 %0 60 6162 634463 66 67 68 6HTn 6T 66 67 63 ERTQ TITZ 73 T4 THTE 7778 TRB0 OB B2E3 B4
vt — 4" b v 1 s | i — 4 o ; t+d
g) IlpegocTapnenne aETOMODHAE 1L h) Omnauennoe cEoboTHOS Epena

C-.T}".EEEEHDI‘EI DONEE0EAHHT

Uctounuk: [15]

Puc. 1. I'pajuka conocTaBUMOCTH Pe3yJibTATOB OLICHOK H3MEPEHHOI BaJICHTHOCTH
3apy0esKHbIX H 0Te4eCTBEHHBIX HCC/Iea0BaTe el

Torma, ¢ yd4eTroM YpOBHs JOBEepUTENbHOM BeposTHocTd 0,95 W JaHHBIX 10
CPEIHECTATUCTUYECKUM 3HAUYEHHSM MOTHBALIMOHHOW BAJIEHTHOCTH 3apyO€XHBIX vV U
OTEYECTBEHHBIX V" HCCiIeqoBaTeNel, XapaKTepUCTUKa MHTEPBAIbHBIX OLIGHOK U+ A U ux
COMOCTaBUMOCTH 110 OJHOPOAHBIM CTHUMYJIMPYIOIIMM HEMOHETapHBIM COCTaBJISIOLIIM
KOMIICHCAI[MOHHOTO TMaKeTa MokasaHa Ha puc. 1 a, b, ¢, d e, f, g, h CoBmenieane 30H
MHTEPBAJIBHBIX OLIEHOK NIOKa3aHO B BHJIE 3alITPUXOBAHHOTO I[BETHOTO MPSMOYTOJIbHUKA [ .

['pynnupoBka cTaTUCTHYECKUX JaHHBIX obecrieunBaia ans Kagposoro Jloma "Cynep
Jxo0" penpe3eHTaTHBHOCTH BBIOOPKM B 1500 pecrnoHIEHTOB NpU CTaTUCTHYECKON
norpenHocT 1 = 2,5% u 71 UCCIeIOBaHMM B JIATBUHCKHUX BBICIITUX YUEOHBIX 3aBEACHUSIX
RISEBA u RAI npu 300 pecnoHeHTax CTaTHCTHYecKas MOIPelIHOCTh cocTaBwia 4 = 3,0
%.

UccnenoBanuss  Kanpooro Jloma "Cymep [Ixo0" BbIIBMIM, Kak HarjsiaHO
JEMOHCTpHUpYETCs Ha puc. 2, 4To (akTop BIMSHUS 3apabOTHON IMaThl HA MOTHUBAIMOHHYIO
BAJIEHTHOCTh MOXKET OBbIThb NPHU3HAH HUYTOXKHBIM M DIUMHHHUPOBAH B HCCIEIOBAHUM U
aHaJIM3€ KOJMYECTBEHHONM Mepbl M JUHAMUKA HW3MEHEHUS CUJIbl MOTHMBALMM  JUIS
COCTaBJISAIOIMX KOMIIEHCAIIMOHHOTO MTaKeTa MOTUBALMOHHOTIO S[Jpa OpraHU3aliH.
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Hcrounuk: [12]
Puc. 2. Bausinue ypoBHsi 3apa00THOM IVIaThI PECIIOHAEHTOB HA MOTHBALIMOHHYIO
BAJICHTHOCTD

B cBoro ouepenp, Tak Kak CHEKTp JOJDKHOCTEH M mpodeccuil pecrnoHIEHTOB
HAXOJUTCSI B HENOCPEICTBEHHOW 3aBUCHMOCTH OT 3apaOOTHOMW IJIaThl, BBIBOJBI, CICIaHHBIC
[0 OTHOILEHUIO K XapakTepy CBSI3M MOTHUBAILMOHHON BAJEHTHOCTH Ul COCTaBJISIOLIMX
KOMIICHCAIIHOHHOTO MaKeTa M YPOBHS 3apab0THOM IUIaThl, MOKHO PacIpOCTPAaHUTh M Ha BECh
CHEKTp J0JDKHOCTEH U nmpodeccuii.

Taxum 00pa3oM, MpH ATUMUHHPOBAHUU HECYIIECTBEHHBIX (DAaKTOPOB MO MX BIIUSHUIO
Ha pe3yJIbTAaTUBHBIA TPU3HAK, KOTOPBIM SBISETCS MOTHBALMOHHAS BaJCHTHOCTH (),
NPUYHHHO- CJIEJCTBEHHAS CBSI3b 3TOTO PE3YIBTaTUBHOTO MPU3HAKA C JPYTUMHU (PaKTOPHBIMU
NpU3HAKaMH, a UMEHHO, BU/Ia KOMIIEHCAIIMOHHON JIbTOTHI — X, BO3pacTta — y | Iojla — @
PECIIOHICHTOB, PEICTABIAIOTCS QYHKIUEH cieayromero Buaa v = f(x,y, w).

O0600611ast nHopMaIHIO 3apyOeKHBIX U OTEUECTBEHHBIX HCCIIE0BaTeNeH 0 XapakTepe
NPUYHNHHO-CJIEICTBEHHBIX CBS3€ii MOTHBALIMOHHOW BAaJEHTHOCTH C TIEPENCISIONUMHI  €e
YPOBEHb U JUHAMHUKY (akTopamu, CGOPMHUPOBAH PEUTHUHT MPUOPUTETHOCTH COCTABIISIOLINX
KOMITCHCAIIMOHHOTO, KOTOPHIH B HATJISITHOM BHJIE MPEJCTABIIEH CTOJIONKOBOW JAMarpaMMoi u
KpUBOH TpeHa Ha puc. 3.

Kpusas tpenna

Ucrounuk: [15]

Puc. 3. PeiliTHHr NPHOPUTETHOCTH W TPEHJ MOTHBAIMOHHOW BAJEHTHOCTH
COCTABJISIIOIIMX KOMIICHCALIMOHHOI0 MAKeTa
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3nech 1 — omnara pacxo0B Ha 00ydeHue; 2 — oryiaTa CBOOOTHOTO BpEMEHH; 3 — oriaTa
nomca JMC (100pOBOIBHOTO MEIUIIMHCKOIO CTpaxoBaHus); 4 — MpPeaoCTaBICHUE
aBTOMOOWJII B CITy’KeOHOE TOJb30BaHHE; 5 — a0OHEHT CHOPTHUBHOTO (0370POBUTEIBLHOTO)
KOMILIEKCa; 6 — OpraHu3anus NUTAHUS Ha MPEANPHUITHH; 7 — oIjlaTa MOOWJIBHON CBSI3H U
UHTEPHET; 8 — myOnnyHas 0JarogapHoCTb.

PeliTuHT IpHOPUTETHOCTH, IPEACTABICHHBIN Ha pUc. 3, MOKa3bIBa€T OYEBUAHYIO CBS3b
3HAYUMOCTH MOTHUBAIMOHHON BaJECHTHOCTH C MOHETAPHOM IIEHHOCTHIO COCTABJISIOIINUX
KOMIICHCAIIUOHHOI'O I1aKeTa, M 3Ta CBSI3b XapaKTEPU3yeTCsd TEM, YTO IPOMEXKYTOUHBIE
(dakTopbl, BIMAIOIIME HAa pE3yJbTaT, OMNYCKAIOTCA WIM SIUMHHHUPYIOTCS M NPUYUHHO-
CIIEZICTBEHHAs] CBS3b MEXAy (DaKTOpPHBIM NPU3HAKOM — MOHETAPHOW IIEHHOCTBIO
COCTaBISIIOLIMX KOMIICHCAIIMOHHOTO TakeTa p W pPe3yldbTaTOM — MOTHUBAllMOHHON
BAJICHTHOCTBIO VU, 3aITUCHIBAacTCs B BUIE QyHKImu U = f(p).

Takas Mozaenp NPUUYUHHO-CIEACTBEHHOM CBS3M, KOTJa BO3MOXKHO 3JIMMHMHHMPOBAHUE
MIPOMEKYTOUHBIX (DAKTOPOB X, Y, @ W pe3yJbTaTHBHBIA MPHU3HAK CBsI3aH C (haKTOPHBIM
HEMOCPECTBEHHO, TO CTh U = f(p), 00yCIOBIeHa CBOWCTBOM TPAH3UTHBHOCTH.

s 3TOro CBOMCTBa XapaKTEpHBIM SBISETCS TO, YTO HMpuuuHa X U ClencTBUe YV
cBs3aHbl  cooTHomieHueM X—X'—X"—V, a He wnenocpenctBenHo X—V. Opnako
npoMexyTounbie (aktopel X' u X", Kak MNpaBWiIO, NpPU aHAIW3E OMYCKAIOTCS WU
AITUMHUHUPYIOTCS, U UCCIIeyeMas MOJICNb 3aluChiBacTCsl B o0meM Bune, kak Y = f(X), a aus
paccMaTpuBaeMoil MpoOIeMaTHKU OMHCAHUS MPUYMHHO-CIEICTBEHHBIX CBSA3EH B Ipoliecce
MOTHBAIIMH [IEpCOHalIa opranuzanuu v = f(p).

Hucmpymenmapuiit  aHaiumuueckoz0  UIMEPEHUA  CUIbl  MOMUBAUUOHHO20
6030elicmeus coCmagaAIuux KOMNEHCAyUOHHO20 naKema

WucTpymMeHTapuil U3MEpeHus CUIIbI MOTHBALIUU, KOTOPBIM COJIEP>KUT BEPOSITHOCTHAS
Monens B. Bpyma ommpaercs Ha ciemyroniue Tpu (akTopa: BaJCHTHOCTh (BBIPAXKCHHOCTH
JKEJIaHUs TONYYUTh BO3HATPaXKIEHUE);, OXKUAaHHE (OLEHKH BEpPOATHOCTH TOrO, YTO
MPUKIAIbIBAEMbIE  YCWJIMSL ~ TPUBEAYT K  YCICIIHOMY  BBIMOJHEHHUIO  3aJaHUs);
WHCTPYMEHTAIBHOCTh (OIlEHKAa BEPOSTHOCTH TOTO, YTO JOCTHKEHHE TOCTaBICHHOW IIeTn
OyJIeT JOCTOMHO BO3HATPAXKIEHO).

B maremaTtuueckux CMMBOJIaX aHAIMTHKA KOJIMYECTBEHHOW OLIEHKHU CHIIBI MOTHUBAIIMU
Gk nns k-co BapmanTa 3aTpar ycmnmii paGotHumkoM K = 1,K MoXerT OBITH 3amicaHa B
cienyromeM Buje [15, c. 36]:

Mgk

ny k L (2)
Gy = Z‘f:‘kzﬂuk”uk- k=1K,
i=1

i=1

1€ §;ji — BEPOATHOCTH (OXKHUIAHUE TIEPBOTO YPOBHSA), XapaKTEPU3YIOIIAs OXKUIAHUE
pEe3yJIbTaToOB ISl i-20 BapUaHTa BBIMOJHEHUH PabOThl mpu K-u BapuaHTe 3aTpar yCHJIHiA
pabOTHUKOM;

@;jkx — BEPOATHOCTH (OKMIAHME BTOPOTO YPOBHS), XapaKTEPU3YIOIIAsh BO3MOKHOCTB
NPUMEHEHHS j-20 CTUMYJIMPYIOLIETO BO3JICHCTBUS Ui i-20 BapHaHTa BBIMIOJHEHHS PabOTHI
npu  K-m BapmaHTe 3aTpaT ycuinid pabOTHUKOM;

Vijx — BQIEHTHOCTb pE3yNbTaTa |-20 CTHMYJIHPYIOLWIETO BO3JEHCTBUA i i-20
BapUaHTa BBIMOJIHEHUS paOOThI pu K- BapraHTe 3aTpaT ycuinid pabOTHUKOM;

Ny — KOJMYECTBO MOTHBUPYEMOTO TIEpCOHAJIa OpraHU3aluy Ipu K-u BapuaHTe 3aTpar
yCUIIH pabOTHUKOM;

M;, — KOJIWYECTBO MOTHBALMOHHBIX CTHMYJOB Uil 1-20 BapuHaHTa BBIOJHEHUH
paboThI IpH K-m BapuaHTe 3aTpaTr YCHIHHA PaOOTHUKOM.
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BanentHocTs ompenenser 3HAUMMOCTh IOJIyUYEHHUS TMOOILPEHHs, Uid pabdOTHUKA,
YCTPEMJICHHOTO K JOCTHXKEHHIO TMOocTaBieHHOW 1enu. [lox moompeHueM noHuMaeTcs HE
TOJILKO MaTepUaIbHOE MOOUIPEHNE, HO U IPOABIKEHUE IO CIyk0e, MOpaIbHOE MOOUIPEHUE U
T. 1. O1ieHKa BAJICHTHOCTH OCYIISCTBIISIETCS B OaJlIaX pa3iuyHOro mMacmrabda mkai ot 0 10 5

wian ot 0 mo 100.

Hpyroif KOMIIOHEHT MOTHBAllMd — OXHJIAHHE PE3YJIbTaTOB BTOPOrO0 YpPOBHS,
XapaKTepU3yeT YBEPEHHOCTh PAOOTHHKA B TOM, YTO €ro TPyI HPHUBEAET K TOCTUKEHUIO
MocTaBJIeHHOW 1enu. Takoe TOJNKOBAaHWE OXHUIAHUS KOPPEIUPYET C TMOHATHUEM CAMO
aghghexmuenocmu, T. €. yBepeHHOCTHIO paOOTHHKA B CBOCH KOMIIETEHTHOCTH M BO3MOXKHOCTSAX
[0 OTHOIICHHIO K BBHINOJHEHUIO KOHKPETHOTO CIOXXHOro 3aaaHus. OIIeHKa OXUJIaHUS
BapbupyeTcs B quarazone ot 0 o 1.

HMHCTpyMEHTANBHOCTh KaK 3JIEMEHT BEPOSTHOCTHOM Mojenu B. Bpyma xapakrepusyer
yOeXAeHHOCTh PAa0OTHHUKA B PEATIbHOCTH MOJYYEHHS BO3HArPaXKJEHUS B CIIydae YCIEIIHOTO
BBITIOJIHEHHS 3a/1auu. HeyBepeHHOCTh paOOTHHKA B TOM, YTO PYKOBOJICTBO BBIINOJHUT CBOU
oOeranusi, CHI>KaeT MOTHBAIMIO. OeHKa HHCTPYMEHTAIBHOCTH BapbUPYETCsl B JIMANa30HE
or 0 mo 1. B Tom ciydae, eciim paOOTHHUK CYHMTAET, YTO MOJYyUCHUS BO3HATPAKICHHUS HE
3aBUCSAT OT €0 YCUJIUM, MHCTPYMEHTAJIbHOCTh, KaK OXuJaHue nepBoro ypoBHs paBHo 0. Eciu
ke, Ha000POT, TO HHCTPYMEHTAIBHOCTh MOJMyYaeT B KAYeCTBE KOJTMUSCTBEHHOM OIEeHKH 1.

B coorBercTBUM C BepoOATHOCTHON Mojenbio B. Bpyma corpymnuku paboTaror
3¢ (HEeKTHBHO, €CIIM OHM YBEPECHBI B BO3MOXKHOCTH PEAIM3AIMH CBOMX OXHJIAHUH B Tpex
o0rnacTax:

<> 0’KUJAHUS B OTHOILIEHUY «3aTPaThl TPYJla — PE3YyJIbTAaThl TPYAAY;
<> 0’KUJAHUsI B OTHOLLEHUU «PE3YJIbTAThI TPY/1a — BOZHAIPAXKICHUEY;
<> LEHHOCTh NOJIYYEHHOT'O BO3HATPAXKICHHUS.

Takum 00pa3oM, 3aBHCHMOCTh CWJIbI MOTHBAllMM pPAOOTHUKA  OIpPENeNseTcs
CJIEAYIOIIMMU OOCTOSATENIBCTBAMM: UYEMY YEJIOBEK OTAAeT NMPEHMYILECTBO, YTO U CKOJIBKO OH
OBl XOTEJ MOJIYYUTh OT CBOMX YCHJIMM, KaKM€ YCUJIMSI OH COIJIaceH MPUIIOXKHTH Pagd 3TOTO.
[Ipu sToM BBIOOp B NOJB3Y TOrO BapUaHTa 3aTpaT YCUJIMM, KOTOpBIM obecrieunBaeT
MaKCUMaJbHYI0 CHJy MOTHBAllMM pabOTHHKA pealu3yeT CleIylollee aHaJIUTUYeCcKoe
BBIPAKECHHUE:

G(B,v,a) = max{G,}. 3)

AHanuTHKa BEpOATHOCTHOW Mmozenu B. Bpyma sBasercs  KayecTBEHHBIM
MHCTPYMEHTAPUEM BHYTPEHHEN MOTMBALMKU, JBHXKYIIEH CHIOM KOTOPOM SBJISIOTCS HE
BHEIIHHE BO3JCHCTBUS (CTUMYIIbI, TOAKPEIJICHHS ), @ HEUTO U3HYTPU CaMOro 4ejoBeka. Tem
HE MEHee, 3TOT MHCTPYMEHTapui MOXeT ObIThb NPUMEHEH M JJIi BHEUIHEH MOTHBalUU
NPUHUMAS CIEYIOIINE JOMYIIECHUS:

o BO-TIEPBBIX, IMoJsaras, uyto Aiasd Nk = 1,0 OTCYTCTBYIOT 3aTpaThl Ha OKUAAHUE
pe3ysbTarta MepBoro ypoBHs, BEposTHOCTS fi = 1,0;
o BO-BTOPBIX, TIOJIarasi, YT0 KaXIblii CTUMYJ y9acTBYeT B OTOOpE CTOJIBKO pa3s,

CKOJIBKO OTOMpaeTcs CTHMYJIOB, TO €CThb IOCJIE OTOOpa CTHUMYJa COJepKaHHe M EMKOCTh
KOMITCHCAI[HOHHOTO TakeTa H ocTaeTcsi HEM3MEHHOH M TO03TOMY JUIS BCEX CTUMYJIOB
KOMITEHCAI[HIOHHOTO MTaKeTa 00eCIeYMBaeTCsl paBHAs BEPOSITHOCTH IOMACTh B BEIOOPKY (cXxeMa
YPH C MOBTOPHBIM OTOOPOM), BEPOSTHOCTh OXKUIAHUI MPUMEHEHHS |-20 CTHMYJIHPYIOIIETO
BO3JIeiiCTBUS onpenernsieTcs, kak oj =1/H.

Torna, MpUMEHWTENPHO K BHEIIHEW MOTHBAIlMM W JIOMYIICHUH PaBHO3HAYHOCTH
€MKOCTH KOMIIEHCAIIMOHHOTO IaKeTa Uil KaXIOro i-co pabOTHUKA M3 cCOCTaBa IMEpCOHAa
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OpraHu3alliy, AaHaJIUTUKA BEPOATHOCTHOM wmonaenu B. Bpyma 118 u3smepeHus CHIIb
MOTHBAIIMH B MaciTade msaTh O0aabHON MIKaIBl OyaeT uMeTh cleayromeit Bux [15, c. 39]:

.l m
Gij = ﬁzaju‘f : (4)
J=1

1
HO Yy4YuUTBIBasA, 4YTO 01 = 02 =... = 0 = ... = Oml — Om = Q _E CyHneprno3nnusa

MOTHBAIIMOHHBIX CHJI UCUUCTISETCS 110 opMyIie:

D ITED XTI 3 30 ©

i=1;= i=1 = i=1jj=1

B o6miem cirydae, a MIMEHHO HEPaBHO3HAYHOCTH €MKOCTH KOMIIEHCAIIMOHHOTO MAKeTa
JUTSL K@XJIOI'0 M3 COCTaBa IepcoHalia OpraHu3aIuu i =1,n, Toectb 1 # hp #... # hi #
# hki # hk, BepoATHOCTD OXWJAaHWI MPUMEHEHUS |-20 CTUMYJIHMPYIOIIETO BO3ICHCTBUSI
ompenensercs, kak «=1/h;, a cuaa MOTHBaIUH

Zzn B, Z"'” —‘”’SZ"“ ZUU' ©

Jlis MpUMEHEeHHs] Ha NpPaKTUKE YIPABJICHUS PECypcoOM KOMIIEHCAIIMOHHOIO IakeTa
MOTHUBALIMOHHOIO fJpa IEepcoHalla OpraHu3auuu BblpaxkeHuil (5) wmm (6), BO-NEPBBIX,
HEOOXOJUMO 3HaTb YPOBHM BAJIEHTHOCTH COCTABIIAIOIIMX KOMIIEHCALIMOHHOTO IaKeTa
MOTHUBAllMOHHOIO  fijpa  MEpCOHaja  OpraHu3allMd M, BO-BTOPHIX,  OINEPUPOBATh
COOTBETCTBYIOIIUM HHCTPYMEHTapHeM g 3(P(PEKTUBHOIO CTPYKTYPUPOBAHHUS WX COCTaBa
pU CTUMYJIUPOBAHUU PAOOTHUKOB.

C yueroM pe3yslbTaTOB MCCIEAOBAHUN OLICHOK W JAWHAMHUKM BAJIEHTHOCTU W,
UCTONB3Yysl CBOMCTBO TPaH3UTUBHOCTH, C(HOPMHUpPOBAHA MOJIENb KOJUYECTBEHHON OIIEHKU
CHJIBl MOTHBAlLlMM, ONMCHIBAIOIIAS IMPUYMHHO-CIEJCTBEHHYIO CBS3b BAJEHTHOCTH C
MOHETapHOW EHHOCTBIO COCTABJIAIONIMX KOMIIEHCALIMOHHOTO MaKeTa, KOTopas B MaciuTade
mikansl B. Bpyma, umeer cnenyromuii Bup [15, c. 74]:
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G =

n 1 mi
EZ Ufj(it?- t,n);
=1 ' j=1

v(p,t,n) = (vp — @(p) - n) - exp(—p.(p) - t);
vo = (D) - 1, (p) - [1 — exp{—u, - p*7];

= G, (001p)TT [_ 0.01p ““'}.
po(P)=1+vy, - ( ; ) exp ( k ) : @
@, (0.01-p\** ! 0.01 - py "X
ﬁ“@]:1+ﬁkhf'( A ) 'E“’_( 7 ) ’
—_— 1 —_ Bs . _—
te (P) = 5 @(0) = 5oy e = 27182 .

A=1.0; ¢y = 100; a, = 1.3;; a, = 1.5;
f, =005 p=0;t =20;i=1mnj=1m,

rzie p — MmonerapHslii pakrop, EURO,;

t — BpeMeHHO# (hakTOp, MecsIl;

N — KOJINYECTBO MEPHUOIOB IIOBTOPHOTO IPUMEHEHUSI MOTHBAIIMOHHBIX TTOJUTHUK;

VY —Macmtad mpeAenbHON  3HAYUMOCTH  MOTHMBAallMOHHOW — BAaJIGHTHOCTH TSt
COCTABIIIIONINX KOMIICHCAIIMOHHOTO IIaKeTa MpPU PENpe3eHTATUBHOM ONPOCE, MPHHATHINA
paBHbIM 100 Gamtam;

lp — MYJIBTUIUTMKATOP MOTHBALIMOHHOM TPAH3UTHBHOCTH C (PAKTOPOM MOHETapHOU
[EHHOCTU COCTAaBISIONIUX KOMIIEHCAI[MOHHOTO MaKeTa;

ty (P) —MYJIBTUILIMKATOP BO3PACTHOM TPAH3UTMBHOCTH C MOHETAPHBIM (haKTOpOM;

Uo(P) —MYJBTHIUIMKATOp  TeHAEpHOro  (akTopa W  MOTHUBAI[MOHHOW  JIBIOTHI
KOMITEHCAIIMOHHOT'O TTaKeTa;

@, — xodbduuuenT (opmbl, paBHbIA 1,3 1 MYIBTHIUIMKATOPA MOTHBALMOHHON
TPAH3UTUBHOCTH C MOHETapHBIM (akTopoM U, (p);

a, — KodpounueHt ¢opmbl, paBHbIM 1,5 A7I8  MyJIBTHIUIMKAaTOpa BO3pACTHOM
TPAaH3UTUBHOCTH C MOHETapHBIM (aKTOpoM U, (P);

A — ko3¢ punuent macimtada, paBHbII €UHULIE;

Yy —KOO()OUUMEHTBI BO3PACTHBIX TPYNI ¥y<25=-0.33; V25<5<35= -0.25] V3505<45=
0.20;7,>45=0.40;

Y —K03((UIHMEHT TeHICPHBIX TPYIIL: KEHIIUHBI Y, °"¢"= 0.15 u myxuaunsl y,'4"= -
0.15;

Uy — KOJIMYECTBEHHAsl Mepa MOTHUBALIMOHHOM BajleHTHOCTH Tipu t = O;

U:(p) — kodhdUIHEHT TPOAOKUTEIHLHOCTH  COXpPaHCHHS  (IIEPCHCTEHTHOCTH)
MOTHBAIIMOHHOW BAJICHTHOCTH, XapaKTEPU3YIOMNI HHTEHCHBHOCTD CHIDKEHHS €€ YPOBHS Ha
BPEMEHHOM JIare MPUMEHEHHs COCTABIISIOIINX KOMICHCAITMOHHOTO MaKeTa;

g — UHJEKC-eIIATOp, UCTIONB3YEMbI  JUIsI  TepecueTa CBOJAHBIX — IOKa3aTesei,
BBIPQKEHHBIX B TEKYIIMX IIEHaX (T. €. B IIEHAX HA JaHHBIA TMEpHUoJ), B LEHBI 0a3MCHOTO
nepuoja (T. . LleHbl Tofa, NPUHATOrO 3a 6a3y orcyera). [1o nanubM cratuctuku B 2021 roxy
B JlatBum wuHaekc-aedusatop cocraBun 1,11 wHA. nydkra [16], a mo madHbBM [17]

HAKOIUICHHBIH nHAeKC uHpsmu ;% = ) iy = 25.93 uHn. nyHkra B BHAe Koddduimenrta
1,2593;
i, — WHIEKC COIMATbHO-DKOHOMHYECKOTO Oyiaromonyuust (A1 OIIEHKH KadecTBa

JKU3HU B CTpaHaX, KOTOPBIH OTpa)kaeT CTENEeHb 3HAYMMOCTH MOHETapHOro Qakrtopa i
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MOTHBALlMN PabOTHHKA MPH CTUMYIHMPOBaHUHU Tpyaa padotHuka). [To manasmv Opranuzannuu
Oo0bemuuennbix Hanmit aiist JlatBum on cocrasnsier 0,854 [18].

Anamutndeckass mognens (7), Oasupyromasicss Ha CBOWCTBE TPAaH3UTHBHOCTH U
OTMCHIBAIOIIAs] U3MEHEHHE MOTHBALIMOHHON CHIJIBI OT MOHETapHOW CTOMMOCTH M €MKOCTH
COCTaBJISIFOIIMX KOMIIEHCALIMOHHOTO IMAKeTa OTKPHIBAET OKHO BO3MOXKHOCTEW NPHMEHEHUS
MaTeMaTHYECKUX METOJOB IOWCKAa BAaPHMAHTOB HAWIYYIIUX pEHICHWH npu pa3paboTke
HOJUTUK MOTHUBAIMY KOPIIOPATHBHOTO TIEPCOHAIA.

/Jleyx (paxmopnas Mya1bmuniuKamueHas mMooess u ee npumMeHenue 6 hopmuposanuu
RONUMUK MOMUGAUUU NEPCOHANA CAYHCObL JIOZUCMUKU 6 YCI08UAX (DUHANCOB020
02PAHUYEHUS HA NPUMEHEHUE PeCYPCa KOMNEHCAUUOHHO020 RaKema

Teopusi MeHE/DKMEHTa YIPABICHHS TIEPCOHAIOM PEKOMEHIYeT MpH pa3pabdoTKe H
NPUMEHEHUN KOMIICHCAIIMOHHOTO TTaKeTa Ui MOTHBAIIUU COTPYAHHUKOB MPEANIPUITUHH, HUPM
W OpPraHM3alMi BBIACIUTh KAaTETOPHH TMEPCOHANA, JJII KOTOPOro OyayT pa3padarhIBaThCs
pasHble cHCTeMbl KomreHcanui. OOBIYHO BBIIEISIOT OCHOBHOM, BCIIOMOTATENbHBIN U
oOciTy>)xuBaromuii mepcoHan. Pa3jieneHne Ha KaTerOpuUHM MPOM3BOIUTCS IO OTHOLICHHIO K
KOHEYHOMY MPOAYKTY MPEANPHITHs, GUPMbI WK opranuzanuu [19, c. 279]

<> K OCHOBHOMY II€PCOHAILy OTHOCATCSI COTPYIHHMKH, HEIIOCPEICTBEHHO 3aHATHIE
B [IPOLIECCE BIIMSHUSA HA KOHEYHBIN pe3ybTaT ACATCIbHOCTH;

<> BCIIOMOTaTeJIbHBIN IepCOHaN 00€CIIEYNBAET EATEIbHOCTH OCHOBHOTO;

<> K 00CIyXHBAIOIEMYy MEpPCOHANLY OTHOCITCA COTPYIHHUKH, y4acTBYIOIIHE B

yIpaBJIeHUN W OOCITY)KMBaHUW HYXKJ OpraHM3alM{: aJMUHHUCTpAIHs, OyXraiaTepuss W Tak
nanee.

CrpykTypa W coaep)kaHue KOMIIEHCAIMOHHOTO TaKeTa W TPUHIMIIEI MaTepHabHON
KOMIICHCAIlUM Ui 3TUX DPA3JIMYHBIX KaTeropuil nepcoHana OyayT pa3IUYHbIMU, Bellb HMX
BKJIQJI B KOHEYHBIM MPOAYKT pasHbId. HCTPYMEHTOM JJIsi 3TOTO CIYKUT PaHKUPOBaHHE
nepcoHana 1no o0OOIIEHHOMY KPUTEPHIO BHYTPHU(DHUPMEHHOH IIEHHOCTH COOTBETCTBYIOILEH
JOJDKHOCTH W TPYHITHPOBKA TIO KATETOPHUSM, ISl KOTOPBIX YCTAaHOBJIECHBI Tapu(HbBIE pa3psiibl
U paspsaHble KodpduuueHTsl. B uTOre HEOOXOAMMO NOMYYHUTh CIHMCOK JIOJKHOCTEH,
KOTOpBIE HEPapXWYECKH YIOPSAAOYCHBI M OTIMYAIOTCS Jpyr OT JApyra Macmrabom
OTBETCTBEHHOCTH, BaKHOCTBHIO BBIMOJHAEMbIX (YHKLMH, BKJIAIOM B JOCTH)KEHHE Lienel
opraHu3aiu, TpeOyeMbIM ypOBHEM KBaTH(PHKAIIMW, HANPSDKEHHOCThIO Tpyda. [lpm sTom
Ki1accupukanus paboynx MecT (JOJDKHOCTEH) 3aBepluaeTcss NPUCBOEHUEM TapH(HBIX
paspsAmoB IS KaXIOW JOMDKHOCTH, a A O0ECHedYeHUs BO3MOXKHOCTH JIMYHOTO pPOCTa
COTPYAHHUKAa BHYTPU OJHOW JOJDKHOCTH HEOOXOAMMO IMpPEeIyCMOTPEeTh BMIKY pPa3psoB
(o6bryHO 3 — 4 crynenu). Takas TpynmupoBKa IepcoOHaia IO KaTeropusM H
COOTBETCTBYIOILIHME UM TapH(HbIEe pa3psiIbl IpUBeIeHbI B Ta0u. 4 [19, c. 282).

Tabnuua 4
Kateropum nepconasa u 10J1:KHOCTei ¢ COOTBETCTBYIOIMMH UM pa3psiiaMu
Kamezopuu nepconana Honxcnocmu Pazpaow
PykoBoacTBo (TON-MEHEIKEPHI) Tenepanvuviii oupexmop 15-16
Kommepueckuii oupexmop 15-16
3amecTuTenu Dunarncoswitl Oupexmop 12-14
3am. no npouzeoocmey 12-14
3am. no nepconany 12-14
3am. no npodasxcam 12-14
Cpenuuii yrpaBieHUECKH TepcoHa HauaneHuxu omoenog 10-12
I'nasnuviii 6yxeanmep 10-12
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3am. nHavanvHuko6 omoenos 9-11
CrenuanncTol FOpucm 8-10
XyooorcHux-mooenvep 8-10
Cneyuanucm no pexiame 8-10
Cneyuanucm no mapkemuHey 8-10
byxeanmep 7-10
Dkonomucm 8-10
Ipoepammucm 8-10
MeHnemxepsl Beoywuii meneoedcep 8-9
Cmapwiuii meneddicep 7-8
Meneoocep 6-7
Oguc-menedicep 6-8
Minanmuii nepcoHan Tomownux menedxncepa 3-5
Onepamop 3-5
Jucnemuep 3-5
OO6cnyKUBarOIIHU epcoHa Booumenwv-sxcnedumop 4-6
Iloocobnviil pabouuii 1-2
Kypvep 1-2
Yoopwuya 1

Uctounuxk: [19]

B coorBerctBHM Kknaccudukamms paboYMX MecT (JIOIDKHOCTEH) M KaXIoTo
Tapu(HOro pa3psaa YCTAaHOBJIEH CBOH pa3psaaHbIl KOAPPHUIMEHT, KOTOPBIH HCIOJb3YyeTCs
JUISL OTIpE/ICTICHUST MOHETAPHOW CTOMMOCTH BO3HArpaKJCHHS MPH MOTHBAIMU MEPCOHATA Ha
06a3ze pecypca KoMIeHcaumoHHOro mnakera. CooTBeTcTBUE  Tapu(HOro  paspsna
KOJINYECTBEHHOMY 3HAYCHHUIO PA3PAIHOTO KO PUIMEHTA IPUBEICHBI B Ta0II. 5.

Tabmuna 5
Pa3psignbie kodpuumenTs! 15 16-pa3psianoii TapudHoi ceTku
Tapudghnwit paspsao Pazpaonviii koIghpuyuenm

16

15

14 6,5

13 6

12 5

11 4

10 3

9 2

8 1,6

7 1,3

6 1

5 0,9

4 0,8
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3 0,7
0,6
1 0,25

Uctounuxk: [19]

BennunHa MOHETapHOM CTOMMOCTH BO3HArPa)KJAEHUSI PACCUUTHIBAETCS, 10 AHAJIIOTHH C
orpeneneHueM 0a30BOTO OKIajga s BCEX KAaTEropuid IepcoHalla OpraHM3aluu, T.e.
YMHOXCHHEM [I€HEXKHOM CTOMMOCTM MOTHBALMOHHOIO CTUMYyJia JUIg CaMOMl HH3LIEH
KaTeropuu MepcoHaia Po Ha pa3psaHblid KO3(DPHUIIMEHT COOTBETCTBYOMICH I-1/ TOKHOCTHOM
KaTeropuy MEepCOHANa Ui j-20 COTPYIHHKA B COCTaBe CTPYKTYPHOTO MOJpa3ieicHuUs
OpraHu3aluy.

Ilpunrmas B KauecTBE OOO3HAYEHUs 7);;, KaK PaspsaHblid  KOdPULIHUEHT
COOTBETCTBYIOLICH I-1i JTOJDKHOCTHOW KaTErOPHUHU MEPCOHANA IS |-20 COTPYIHHUKA B COCTaBE
CTPYKTYPHOTO  MOJpa3JeieHUs OpraHu3alydyd  BEJIMYMHA  MOHETAapHOM  CTOMMOCTH
MOTHBALIMOHHOTO BO3HATPAXKICHUS PACCYMTHIBACTCS 10 popmyie [19, ¢.76]:

i = 1,n; j 8
Pi; = M Xpps 1= Ling j= 1Lm, (8)

I7ie 1;j — paspAaHbIid KOd(POUIHUEHT i-1f TOIKHOCTHOM KaTerOpHH j-20 COTPYJHHMKA B COCTABE
CTPYKTYPHOTO MOApa3/IeIeHHs] OpraHu3aluu;

N — KOJINYECTBO KaTEropuil IepcoHana opraHu3alum;

M — KOJMYECTBO COTPYIHHKOB COOTBETCTBYIOIIMX I-1/ JOJDKHOCTHOM KaTerOpHH B
CTPYKTYPHOM I10JIpa3/1€JI€HUN OpraHU3alHH.

Torpa, yuutsiBas, 4yTo TapugHas CeTKa YBS3bIBAET JOJDKHOCTHOM CTaTyC IEepCOHaja
opraHu3anuu ¢ TapuHeIM KO3(PGUIMEHTOM, 3HAaYEHUSI KOTOPhIX HE TOJIBKO OOJbIINE, HO U
CYILIIECTBEHHO MEHbILIE €IUHUIIbI, paCU€T MOHETAPHON CTOMMOCTH MOTUBAIIMOHHOTO CTUMYJIa
0a3upyercsl Ha aHATMTUKE OTHOCUTEIbHBIX BEIMYMH KOOPAUHALIMH:

Pij = :_:'7}'1';' =§- Nijs (9)

i=1n;j= 1,m,

rae 71y — TapudHbii KodppurueHT ans Hanbojgee HU3KOW WIM BBICOKOW JTOJDKHOCTHOM
KaTeropuu;

50 = 5—0 — HPpUBCACHHAA K 6330BOMy TapI/I(by MOHCTAapHasA BCJIMYMHA MOTHUBAIIMOHHOTO
0

CTUMYJIA.
PesynpTupyronas MOHeTapHas OLEHKAa pealu3yeMoll MOJUTUKA MOTHBALUU
nepcoHasia opranu3aiuu Py pacuuTeiBaeTcs o Gopmyse:

Pr=pp + ZZP:‘;‘-

i=1 j=1

(10)

Takum oOpazom, anamuTuka dopmynsl (8) mpencraBiser ABYyX (HaKTOPHYIO
MYJIbTUIUTMKATUBHYIO MOJIENb, T/I€ COMHOXHUTEISIMU SIBIISFOTCSI MOHETapHBIN (akTop «pP»
COOTHECEHHBI C COCTAaBOM KOMIICHCAIIMOHHOTO TAaKeTa W Pa3psAHBIA KOADDHUIMEHT «n»,
3HAYEHHE KOTOPOr0 CBS3aHO C JIOJDKHOCTHOM KATEerOpHeil mepcoHana OpraHu3aluu,
OpraHM3al[MOHHAs CXeMa YIpaBJIeHUs KOTOPOW MpejcTaBieHa Ha puUc. 5, a BO3pacTHbIE U
TeH/IepHBIC XapaKTePUCTUKH NMPUBEACHHI B Ta0MI. 6
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Puc. 5. OpranusanmoHHasi cxeMa ynpaBJieHHs CIyKObI JOTMCTHKH

Ta6auma 6
XapakTepucTuKa MepcoHaa CIyKObl JIOTUCTUKU
Xapaxkmepucmuxu
Honxcnocmo Bospacm, | Ilon | Momusayuonnsiii Nij
jem mun

HauanbpHHK C1yKOBI TOTHCTHKH 46 MyX. | {lampuomuyeckuil N1 = 3,0
3aBeqyIoIMil CKIag0M 41 JKEH. Xosatickuil N1z = 2,0
MeHepKep MPOrHO3UPOBaHHUS 28 My. | [lpogeccuonansieiii N21 =13
CIIPOCa U CBSI3U C IIEHTPaMH

pacnpeneneHus

Menemxkep 1o CHaOKEHHIO 34 *KeH. | [IIpogeccuonanvuuoiii Ny, = 1,3
Kmagommk 43 keH. | Mucmpymenmanvholii N,3 = 1,0
TexHUYECKUH pabOTHUK 35 My3K. | Mncmpymenmanonotii n31 = 0,9
ABTOMEXAHUK 39 MYK. Hucmpymenmanvhoiii N3, = 0,9
Boautens-skcneauTop 30 My3K. | Mncmpymenmanonotii N4 = 0,8
Bonurens-3kcnenutop 44 MYK. | Ancmpymenmanshoiii N4 = 0,8
Bonurens-skcnenurop 51 MyXK. | Ancmpymenmanohoiii N4z = 0,8
[ToxcoOHbI pa6oq1/1171 29 MYK. Jlromnenusuposanmwiii Nas = 0,6
[ToacoOuBbIi paboumii 24 MY3K. Jliomnenusuposanmulil Nas = 0,6

Ucrounuxk: [19]

O)IHaKO, AJaHHas aHAJIMTHKAa HC IPHUMCHHMMa B YCIOBHUAX HaJIW4YUA (I)I/IHaHCOBOI‘O
OrpaHU4YCHHA Ha PECYPCHYIO 6a3y KOMIICHCAIMOHHOI'O MMAKETa, TaK KaK UCXOAHBIM YCIIOBUCM
ABJKICTCA paCdeT MOHETApPHOI'0 peCypCa Ha MOTHBALOHWIO IIEpPCOHAIa OI'paHUYCHO TOJBKO
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HayaJbHOW CTOMMOCTBIO 3aTpaT Ha CTUMYJ JUIs €€ caMod Hu3led kareropuu. Torna,
yuuThIBas, uto cornacHo npuHATEIM 01.01.2021 roga u3menenusiM B mpaBmiax KaOunera
MunuctpoB JlatBuiickoit Peciyonuku Ne 656, ycranoBuBmue Ha 2021 107 MUHUMAIbHBINA
pasMep 3apabOTHOM TUIATHI Py, = 500 EUR u mpoleHT WHBECTULMA Ha MOTHBAIHIO
cocraBisieT Oy, = 30%, mpu 19 = 0,6 COBOKYIHBI MOHETapHBI pecypc Ha MOTHBALIUIO
nepcoHalia CIyKObI IOTTCTUKU COCTABUT:

X O _ X
1000 P™m " 1000

Po = Pomin =500 X 0.30 = 150 EURO;

HAYAIBHIUK {'.’I__Vﬁﬂ JA0ZHCHINKH
P11 = 22X 1y = o X1y = o= X 3.0 = 250 X 3,0 = 750 EURO;
Mo .

3aEeOVIOMUIL CRAA0OM
p1, = & X 132 = 250 X 2.0 = 500 EURO;

MeEHedNcEP HPOZHOIUPOSAHUA CHPOCA U CERA3U € UEHMPAMI PACHPEOeTEHUA
Dy = &g X 115y = 250 X 1.3 = 325 EURO;

MEHEOHCEP HO CHADNCEH LW
po, = &g X Nya = 250 X 1.3 = 325 EURO;

K100 UK

pa3 = &g X 123 = 250 X 1.0 = 250 EURO;
MEXHUYECKUL pAbOMHUK

ps31 = &p X N3y = 250 X 0,9 = 225 EURO;
AEMOMEXAHUK

ps3 = & X 133 = 250 X 0,9 = 225 EURO;
E00UMET-3KCHED UMD

pa1 = &g X N4y = 250 X 0,8 = 200 EURO;
00 UMETB-3KCHEOUMOD

pan = & X Nz = 250 X 0,8 = 200 EURO;
EOOUMETh-IKCHEOUNOD

P4z = & X Naz = 250 X 0,8 = 200 EURO;
nodcobHbI patoyiii

pas = &g X Nas = 250 X 0,6 = 150 EURO;

Py =150+ (750 + 500 + 2 X 325 + 250 4+ 2 X 225 + 3 X 200 + 150) = 3500 EURO.

B ycnoBusIX CHHMKEHMS KOMMEPYECKON AKTUBHOCTH, BBI3BAaHHOW KOPOHAaBHPYCHOM
NaHAeMHUeld, M CBS3aHHBIX C OJTUM [aJCHHUEM OOBEMOB MPUOBUIM TNPEANPUATHI
aBroTpaHcnoptHoi joructuku 1no EC coctaBun 40% [20] Takue ypoBHM MHBECTHLIMHM Ha
MOTHBAIIMIO IEPCOHAJIA OPTaHU3aAlUN HEMPUEMIIEMBI.

Jns  ydera MOHETAapHBIX OrPaHUYEHUN TIpH yIpaBlIeHUH pecypcHoW 6a3oi
KOMITCHCAI[HOHHOTO MaKeTa aHAJUTHKA PacdyeTa CTOMMOCTH j-20 MOTHBAIIMOHHOTO CTUMYIIA,
HNPUMEHSEMOTO K i-My JOJDKHOCTHOMY JIMIly OpTaHW3allMd, MpPEAIoJiaracT HMCIOIb30BaHHE
KO3()(GUIMEHTOB CTPYKTYPBI (0;; U Tapu(HOTO pacrpeleseHue 10 MOTHBUPYEMOMY
nepcoHany. AHalIUTHKa pacyera KOd(Q(UIMEHTOB CTPYKTYPbl @;j [UId Tapu(pHOro
pacrpe/esieHie 10 MOTUBUPYEMOMY IIEPCOHAITY OMMCHIBAETCS CIEAYIOIIEH (GOpMyIIoil:
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_ My
@i EE_ZJ_HU' (11)

Torma, yuuTbiBas MOHETapHOE OTpaHHMYEHHE Ha MPOIECC YIPABICHUS PECYpPCHOM
0a30i1 KOMIIEHCAIMOHHOTO MaKeTa Py, aHAINTHKA pacyeTa CTOMMOCTH [-20 MOTHBAIIMOHHOTO
CTUMyJa Il HPUMEHSEMOro K i-My JIOIDKHOCTHOMY JIMIy OpPraHM3aldM pP;; COCTOUT B
caenyromeM [21, c. 111]:

Pij = P - Pijs

n_m (12)
Z ‘pf_i" = 1.'[}_'.

i=1j=1

@; =0;i= 1n;j= 1Lm,.

KoppekTHOCTh  pacyeTa MOHETApHOM CTOMMOCTH CTUMYJOB P;; [POBEPAETCH
UCIIOJIB3YS clieayrolee Belpaxenue [21, c.111]:

= i i Pij- (13)

i=1 j=1

[Ipunumast B kadectBe ¢uHaHcoBoro orpanuueHus Py = 1000 EURQ, pe3ynbTaThl
pacuera K03 PUIMEHTOB CTPYKTYpPhl U MOHETAPHOTO pecypca Ha CTUMYJIUPOBAHHE KaXIIOTO
OTJICTBHOT'O COTPYHHUKA CITY>KOBI JIOTHCTUKH MPEACTABIICHBI B TA0I. 7.

Tabmuna 7
Koyghpuyuenmur cmpyxkmypol u 3navenus mMoHemapHozo pecypca Ha
CIUMYTUPOBAHUE KANHCO020 OMOETbHO20 COMPYHUKA CAYHCOBL IOZUCMUKU

Jonxcnocms compyoHuKka cayicovl 102UcCmuKu Pij pij EURO
HavansHuk ciry>KOBI JIOTUCTHKH @11 = 0,210 P11 = 210
3aBeayroNuii CKIagoM @1, = 0,145 1y = 145
MeHemxep IPOrHO3MPOBAHUS CIIPOCa U CBSI3U C LIEHTPaMH ¢, =0,110 P21 =110
pacpeneneHus
MeHe pKep 10 CHAbKEHHUTO @2, = 0,110 po2 = 110
KragoBmmk @23 = 0,075 P23 =75
TexHn4yeckuii pabOTHUK @31 =0,060 p31 =60
ABTOMEXAHUK @3, = 0,060 P32 = 60
BouTenb-95KCHeIuTop ¢4, =0,050 Pa1 =50
Bourens-3KCeurop ¥4 = 0,050 Paz = 50
BoauTenb-3KcHeuTop @43 =0,050 Paz =90
TToacoGHbIi pabounit @44 =0,040 Das =40
ToncoGHbIi paboumii @45 = 0,040 Pas = 40

z 1.0 1000

Hctounuk: [21]

PecprHasI 0a3za u JHana3oH MOTHBAIlMOHHOM 3HAYHMMOCTH OTIEIIbHBIX CTUMYJIOB
KOMIICHCAIIMOHHOT'O IMMaKe€Ta MPHUBCICHBI B Taom. 8.
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Tabmuma 8
Coaep:xkaHue KOMIEHCAIIMOHHOTO MAKEeTA MOTUBALMY U INANA30H MOTHBAIIMOHHOM
3HAYMMOCTH OT/IeJIbHBIX CTHMYJIOB

Juanaszon momueayuonnoii
Haumenosanue cmumynoe KOMREHCAUUOHHOZ0 NAKemMa SHAYUMOCIIL OMOCTBHBIX
cmumynos, EURO

[Momuc 10O6POBOTBLHOTO METUIIMHCKOTO CTPAXOBAHHUS 40-70
[Tonmc cromaToioruu 150 - 200
I{ennpIit MOgapok 30- 150
Buset Ha KyJIbTypHBIE (CIIOPTUBHBIE) MEPOIIPHUSITH 15-30
Typucruueckas myTeBka 200- 300
[NooupurensHas KOMaHAUPOBKA JUIS TTOBBIIIEHHS KBATH(QUKAINH 400- 600
MEpOPHUSITHUSI

AOGOHEMEHT WICHCTBA B (PUTHEC-KITyOe 40-80
Juriom 20-30
T'ogoBast moamnKcka Ha TEMAaTHIECKUHN JKypHAT 30-40
AOOHEMEHT CITIOPTHUBHOTO 3aJ1a 40-120
AGoHeMeHT o310poBUTeNbHOTO TIeHTpa 1 CITA nporienyp 70- 250
KomrmieHcanus exxeMec IHbIX 3aTpaT Ha COTOBYIO CBS3b 50-120
bnarogapHocTs 10-20
I'pamora 20-30
[lamsTHBIH 3HAYOK 30-50
EnuHoBpeMeHHas BBITUIATA HA OTABIX B IEPUO/] OTITYCKA 200- 300
Iepenaya yacTi OOBIKHOBEHHBIX (TOJIOCYIOIINX) aKIMi BO BIIaJICHHE 400- 500
VYyactue B IPUOBLTU OpraHU3aIiH 500- 1000

Hcrounuk: [21]

Torma, ¢ y4eToM pEKOMEHJAHWi 10 BUIOBOMY INPHUMEHEHHID MOTHBAIMOHHBIX
CTUMYJIOB C YY4E€TOM IICUXOTHUIIOB IIEPCOHANA OPraHU3alUU, COAECPKAHUS KOMIIEHCALIMOHHOTO
MaKeTa W JUana3oHOB MOTHBALMOHHON 3HAYMMOCTH OTAEIbHBIX CTUMYJIOB OCYIIECTBJICHA
uAeHTUDUKAITHS COIIOCTaBUMOCTH, MOHETApHOU COCTaBJIAIOLIEN CTUMYJIOB
KOMITCHCAIITHOHHOTO TaKeTa ¢ (PMHAHCOBBIM pecypcoM O0O€CIeueHUs] MOTHBAIMHM KaxJIO0TO
OTJIETBHOTO COTPYAHUKA CIYXKObl JorucTuku. IlomydeHHBIE pe3yabTaThl MPECTABICHBI B
Tabi. 9.

Tabnuma 9
NnenTnduranus conocTaBUMOCTH, MOHETAPHOM COCTABJIAKIIEH CTUMYJIOB
KOMIIEHCAIIMOHHOT0 MAKeTA C MOHETAPHBIM pPecypcoM obecnevyeHusi MOTHBALMU
KAK/A0I0 OTAeJIbHOT0 COTPYHUKA CJIYKObI JIOTUCTUKH B YCJIOBHUSAX OTPAaHUYEHUH 1O
(puHaHCcOBOMY O1O/I2KETY HA CTUMYJIMPOBAHNE TPYAA

Mouemapnblﬁ Buow CMumMyJil06 U UX MOHEmMAapHas YeHHOCmMbs
Honscnocmo
pecypc Ha
(Konuuecmeo
nepconana) cmumyauposanue Haumenosanue EURO
x mpyody, EURO
HauanpHuk cimyx0b1 210 Typucmuueckas nymeexka 200 - 300
JIOTUCTUKHA Eounospemennasn sviniama na omovix 6 200 - 300
nepuoo omnycka
Abonemenm 0300posumenbHo20 yenmpa u 70-250
CIIA4 npoyeoyp
3aBeyIOMNA CKIaI0M 145 Tlonuc cmomamonocuu 100 - 250

200



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

L]ennwitl nodapok 30-150
Abonemenm 0300posumenbHo20 yenmpa u 70-250
CIIA npoyeoyp
Meunemxkep 110 Tonuc cmomamono2uu 100 — 250
MIPOTHO3UPOBAHUS Abonemenm 0300p08UMENbHO20 YeHMPA U 70-250
CIIpOCa U CBS3U C CIIA npoyeoyp
HEHTpaMHu L]ennwiii nooapox 30-150
PaCTIpEACICHUS. Abonemenm cnopmugno2o 3a1a 40-120
Menemxep o Komnencayua sampam na comogyro céazv 50-120
CHa0>KEHHIO
Kianosmmk 75 L]ennwiii nooapox 30- 150
Abonemenm cnopmugnozo 3ana 40 - 120
Abonemenm unencmea 6 pumuec-knybe; 40-80
Abonemenm 0300posumenvHo20 yenmpa u 70-250
CIIA npoyeoyp
Texanueckuit 60 Lennwiii nooapox 30-150
paboOTHHK Abonemenm unencmsa 6 pummuec-kuyoe; 40-80
Abonemenm cnopmusno2o 3ana 40 - 120
ABTOMEXaHHK Komnencayus 3ampam na comosyio c653v 50-120
Bonutens-3kcnenutop 50 L]ennwiii nooapok 30-150
3) Abonemenm unencmea 6 pummuec-xknyoe 40-80
Abonemenm cnopmugHoeo 3a1a 40 - 120
Komnencayus 3ampam na comosyio c653v 50-120
[TomcoOHBII 40 Lennvlii nooapok 30— 150
pabouuii (2) Abonemenm cnopmusnozo 3ana 40 — 120
Tlonuc 006p06oNLHOCO MEOUYUHCKOZO 40-70
CMpaxoeanus
Abonemenm unencmaa 8 pummuec-xkiyoe 40-80

Uctounuk: [21]
Kak cnenyer u3 conepxanus, MpeICTABICHHBIX B Ta01. 9 MOHETApHBIX COOTHOIICHUH
JUIS  CTUMYJIOB KOMIICHCAIIMOHHOTO TIaKeTa C MOHETApHBIM PEecypcoM oOecredeHus
MOTHBAIMM KaXIOrO OTHEIBHOIO COTPYAHHUKA CIYXOBl JIOTMCTHUKH, MOTHBAllMOHHAs
MOJIUTHKA OPTaHM3ALMHU JIa)Ke B YCIIOBHSIX KOPOHABHPYCHOTO KpHU3HCAa HE OrpaHHMYUBACTCS
€/IMHCTBEHHBII pelIeHueM U, CcIel0BaTelbHO, SBISIETCS MHOTO BapuaHTHOU. [TpumMeps Takux
BapHaHTOB IpeJicTaBieHbl B Ta0:. 10.
Tabmuma 10
BapuaHTbl NOJUTHK MOTHBALIMH MEPCOHAJA CJIYKObI JIOTUCTHUKH NMPH
(pMHAHCOBOM OrpaHHMYEHHMH HA PeCyPC KOMIIEHCALIMOHHOI0 MAKeTa

Jlo1KHOCTH Bapuanm 1 Bapuanm 2 Bapuanm 3
HavansHuk ciry:k0bl Typucmuueckas Eourospemennas Abonenm
JIOTHCTHKH nymeska BbINIAMA HA OMOBIX 8 |  0300POGUMENLHO20

nepuoo omnycka yeumpa u CIIA
npoyeoyp
3aBeAyroNui CKIaa0M Lennwiii nooapox Abonenm THonuc
0300pOBUMENLHO20 cmomamono2uu
yenmpa u CIIA
npoyeoyp
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MeHekep MPOTHO3UPOBaHUS Abonemenm Abonenm L]ennwiii nooapoxk
CIpoca M CBS3U C LEHTPAMU |  CHOPMUBHO20 3d1d 0300pOBUMENLHO20
pacnpeneneHus yeumpa u CIIA
npoyeoyp
MeHnemxep 0 CHaOXKEHUIO Kommnencayusa Tonuc Abonemenm
3ampam Ha coOmogyio CMOMamono2uy ueHCmeda 8
c653b Gummnec-xnyode
KiramoBmmk Abonenm L]ennwiii nooapok Abonenm
0300pOBUMENTLHO20 0300pOBUMENLHO20
yenumpa u CIIA yenumpa u CIIA
npoyeoyp npoyeoyp
TexHuueckuit pabOTHUK L]ennwiii nooapox Abonemenm Abonemenm

Cnopmu6HO2O 3a1a

ujeHCcmed 8
Gummnec-xknyode

ABTOMEXaHUK Komnencayus Abonemenm unencmea Abonemenm
3ampam Ha COMOBYIO 6 pummnec-xnybe CROPMUBHO20 3a1a
C6:3b
Boaurens-skcrieaurop Abonemenm Abonemenm unencmea Abonemenm

CNnoOpmuB6HO2O 3a1a

6 pummnec-xnybe

CnopmueHOoco 3aa

BOI[I/ITCJ'IL-BKCHGI[I/ITOP

Tonuc 006posonvHOCO

Lennwviii nooapoxk

Lennwiii nooapoxk

MeOUYUHCKO20
cmpaxosanus
Boaurens-skcneaurop YeHHbIU N00apoK Tonuc 006posonvHOCO Ionuc
MEOUYUHCKO20 000pP0BOILHO2O
cmpaxosanus MEOUYUHCKO20
cmpaxoeauus
ITonco6HsIit pabounii Abonemenm L]ennwiii nooapox Abonemenm

CnopmueHO20 3ana

CnopmueHO2o 3aia

ITonco6HsIit pabounii

Abonemenm unencmea
6 umnec-xnybe

Abonemenm
CHOPMUBHO20 341d

Lennwviii nooapox

Uctounuk: [21]

Jlnst BBIABJICHHsT HamOoJiee MPEINOYTHTEIBHOTO BapHaHTa MOTHBALMU IepcoHala
CITy’kOBbI JJOTUCTHKHU Ha 06a3ax JaHHBIX MO Kod((HIMeHTaM BO3paCTHBIX U T€HAECPHBIX TPYII,
npeJcTaBiIeHHbIX B Taba. 11 u tabn. 12, a Takke pacCUUTaHHBIM 3HAYEHMSIM MOHETAPHBIX
pECypcoB Ha CTUMYJIMPOBAHUE KAXKJIOTO M3 COTPYJHHKOB CIIY>KOBI JIOTUCTHKH U TPUMEHSS
aHamuTHKy (7), hopManuzaius KOTOpOil peai30BaHa B alrOPUTMax U mporeaypax Microsoft
Excel [21, c. 153+62], BbIMOJHEHBI pacyeThl CHIIbI MOTHBAI[HOHHOTO BO3JACHCTBHS |
pe3yNbTaThl B CHCTEMATU3MPOBAHHOM BUJIE MIpe/ICTaBlIeHbI B Ta0d. 13.

Tabnuna 11
ba3a 3Ha4yeHuil Mo KO3 PUUHEHTAM BO3PACTHBIX IPYII NEPCOHAIA OPraHU3aluH

Ycnoenoe o6o3nauenue Buowt pacnpedenenus no so3pacmusim 2pynnam
Koalj)dmuueuma 00 25 1em om 25 0o 35 nem om 35 00 45 nem cevlue 45 nem

Yy -0,33 -0,25 0,20 0,40

Hctounuk: [21]
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Tabmuma 12

ba3a 3HayeHnuii no K03(l)(l)I/IIII/IeHTaM ICHACPHLIX I'PYIII MEPCOHAJIA OpraHu3alnvu

Yenoenoe ooo3nauenue
KoIhuyuenma

Buowl pacnpedenenus no 603pacmmuvim 2pynnam

HCEHUJUHDBL

MYAHCUHUHDBL

Yo

0,15

-0,15

Uctounuxk: [21]

Tabmuma 13

CBoHbIe TaHHBIE pacyeT CHJIbI MOTHBAIIMOHHOTO BO3/IECTBHUSI H XapaKTEePUCTHK
MEePCOHAJA CIYKObI JIOTHCTUKH

Bospacmmnuwie u Monemapnasn Cuna
Honxcnocmnuvie 2eHOepHble cmoumocmsp MOMUBUPYIOULE20
Kamezopuu XapaKkmepucmuKu | MOMUGAYUOHHOZ0 |  8030elicmeus,
em o cmumyna, EURO oann
ii;iJIT;}LI;I/IK CITYKOBI 46 MYX. 210 0.26
3aBeAyIOMIMI CKIaA0M 41 JKEH. 145 0,22
KitagoBmmk 43 JKEH. 75 0,18
Menemxep 28 MYX. 0,17
NPOTHO3UPOBAHHS CIIPOCA U 110
CBSI3M C IIEHTPaMU
pacnpeeeHus
Menemkep 1Mo CHaOKEHHIO 34 KEH. 110 0,16
TexHu4yeckuit pabOTHUK 35 MYK. 60 0,10
ABTOMEXAHUK 39 MYK. 60 0,09
Boaurens-akcneauTop 30 MYK. 50 0,11
Boaurens-akcnenurop 44 MYXK. 50 0,11
Boaurens-skcneaurop 51 MYX. 50 0,11
IToncoGHbIi pabounii 29 MYX. 40 0,0
[Tonco6usbIit pabounit 24 MYX 40 0,10
Bcero B cymme: 1000 1,68

Hcrounuk: [21]

Takum oOpa3oM, Ha MOMEHT CTUMYJIUPOBAaHUS OOMAas CHWIa MOTHBHPYIOIIETO
BO3JICHCTBUS MPHU OTPAHUYECHHBIX pecypcax Ha MOTHBAIIMIO MEpPCOHANIAa CIYKOBI JOTHCTUKHU
coctapmsier 1,68 Gamta. OgHako C TeUyeHWEM BpPEMEHH HMMEET MECTO €€ JIeBaJibBaIlUsl BO
BpPEMEHHU, OTMChIBacMasi MOJICIbIO ciieytomiero Buaa [15., ¢.89]:

G(t) = Gpe Zwre, (14)

rie Gy —  ypOBEHb  CYNEpPHO3ULUU  CHJI COCTABJISIFOLIIUX
KOMIIEHCAIIMOHHOTO makera mpu t = 0;

U — KOIDOUIMEHT TMEePCUCTEHTHOCTH (TPOJOJKUTENILHOCTH COXPAHEHHSI) CHUIIBI
MOTHBAIIMH, TPUMEHSEMBIX Al MOTHBAlMU COCTABIISIFOIIMX KOMIICHCAIIMOHHOTO TIaKeTa,

xapaKTepmy}omm‘/'I UHTCHCHBHOCTb CHMXKCHUA €€ 3HAYMMOCTU BO BPEMCHHU.

MOTHUBAIIUU,

203



Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

JluHamuka ko3¢ (UIeHTa TOJTOBPEMEHHONW COXpaHSIEMOCTH [i; BO B3aUMOCBS3U
(GakTOpOB  BO3pacCTHOM  NPUHAAJICKHOCTH IEPCOHATA U COJEpXKaHMsS  CTUMYJIOB
KOMIICHCAIIMOHHOT O TTaKeTa MpeACTaBIeHbI B Ta0d. 14.

Tabnuua 14

KounyecTBeHHbIE OlleHKH KO3 PUIMEHTA J0JTOBPEeMEHHOH YCTOMYMBOCTH CHJIbI
MOTHBAIIMOHHOTO BO3/eHCTBHUS COCTABISIONIMX KOMIIEHCALMOHHOI0 MaKeTa

Kosppuyuenm [L; no ¢o3pacmnuvim zpynnam
Buowvi cocmaenaouux KOMnencayuonno2o nakema

110 25 ner 25—-35ner | 35-45 ner 6outee 45 ner
CrpaxoBaHue 0,0724 0,0667 0,0632 0,0585
JlenexxHble ccynbl 0,1075 0,1009 0,0995 0,1498
KommneHncanus pacxo 0B Ha o0y4eHHe 0,0741 0,0697 0,0702 0,0672
[Muranue Ha npennpustuu (pupme) 0,0822 0,0876 0,0845 0,0684
IIpemocrarneHue aBTOMOOMIIS 0,0774 0,0779 0,0778 0,1082
Kommencarms Tpat npoeszia B 00IIECTBEHHOM TPAHCIIOPTE 0,0723 0,0905 0,0874 0,0736
KommneHcanus TpaT Ha OTABIX B OTIyCKE 0,1093 0,1545 0,1157 0,1958
ggizzﬁlf;injnzgl 2; MEIUITMHCKOE 00CTy)KUBaHUE, 0.0794 0.0798 0,0782 0,0658
Komnencanus Tpat Ha KOMMYHAIIbHBIE YCIIYTH 0,0776 0,0806 0,0735 0,0678
OO0BsBiIeHNE 0Iar0JapHOCTH B IIPHUKA3E 0,2526 0,3634 0,4419 0,3026
3aHeceHrEe B KHUT'Y UCTOPUH OpraHu3aluu 0,2370 0,3304 0,3366 0,2305
3aHeceHHe Ha JOCKY [TOYeTa OpraHU3aIiH 0,2633 0,2976 0,4244 0,2155
HarpaxneHue naMsaTHbIM 3HaYKOM 0,2569 0,3508 0,4726 0,3292
Harpaxnaenue rpamoToit 0,2685 0,3285 0,4696 0,2675
Harpaxxaenue LeHHbIM OAaPKOM 0,1381 0,1760 0,2193 0,1693
IIpuBneuenue cpeacTB NepcoHana Mo NPOLEHTHI 0,1712 0,1931 0,1590 0,1783
IIpenocraBneHue OTryaoB, JOIOTHUTENBHBIX OTILyCKOB 0,1054 0,1200 0,1137 0,1078
MopainbpHble IOOLIPEHUS 0,1790 0,1723 0,2623 0,1286
IIpenocrasieHre HOPMEHHOMN OIEHKIBI 0,1231 0,1218 0,1257 0,1157
KommneHcamms TpaT Ha COTOBYIO CBSI3b (CTallMOHApHAS, 0,0711 0,0798 0,0821 0,0963
MoOuibHas, MHTepHeT)
JloneBoe y4acTue nepcoHanta B IpUObLIA 0,1085 0,1028 0,1152 0,1097
IIponaxa akuii KoMnaHuu 0,1619 0,1886 0,1391 0,2287
Kommnencamnus TpaT Ha cofep KaHus IeTel B JOIIKOIBHBIX 0.0762 0,0810 0,0809 0,0805
YUYPEKAECHUAX
KommeHcamms TpaT Ha yCIyTd CHOPTUBHBIX U 0,090 0,088 0,086 0,063
03I0POBUTEIIBHBIX LIEHTPOB

Hcrounuk: [21]

C yderom 3T0i 6a3bl JaHHBIX 0 KOA((UIIUEHTY JOITOBPEMEHHON COXPAHIEMOCTH [y
M PAcCCUMTAHHBIX 3HAUYEHUM BEIMYMHBI MOHETApHBIX HWHBECTHIIMH B  CTUMYJIBI
KOMITCHCAIITMOHHOTO TIaKeTa TIOCTpOeH TpaduKk AWHAMUKA CHJIBI MOTHUBAI[HOHHOTO
BO3JICUCTBUS BO BPEMEHM JUIsl MPEUIaraéMbIX K NMPUMEHEHHI0 BapUaHTOB HCIIOJIb30BAHMS
OTPaHMUYEHHOT0 MOHETAPHOT0 pecypca Uid CTUMYJIUPOBAaHUS Tpyla MNEpcoHalla CIIyKObI
JIOTUCTHKH, KOTOPBIH MpeCTaBlIeH Ha pHC.6.

G(t), bannel
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Hcrounuk: [21]
Puc. 6. /lunaMuKa CHJIBI MOTHBAIMH BO BPEMEHH JJIs Pa3jHYHBIX BAPHAHTOB
CTUMYJIMPOBAHHS K TPYAY MEPCOHANA CAYKObI JTOTHCTHKHI

Kak crnegyer u3 anamu3a rpadukoB, NpPEICTaBIEHHBIX Ha puc. 6, Haumboiee
YCTOMYMBBIM 110 JUHAMHKE JOJTOBPEMEHHOW COXPAHSEMOCTH SIBIISIETCA BapuaHT 3, IS
KOTOPOr0 CHUXEHHE CUJIbl MOTHMBAaUMOHHOro BozxaeuctBus 10 50% Hactymaer yepe3 10
MmecsieB, a 10 75% uepe3 15 mecsaueB. B To Bpems, Kak A1 MOJIMTUK MOTHBALMH I10
BapuaHTy | BapuaHTy 2 CHUYKEHUE CHJIBI MOTMBAallUOHHOTO BO3AEHCTBUA 10 ypoBHS B 50%
HACTyMaeT, COOTBETCTBEHHO, uepe3 8§ MecdAleB, a A0 YpoBHS B 75% MpPakTUUECKH IO
UCTEUEHHUI0 Toja. Pa3pbiB B MOKa3aTensx MexAy TPETbUM M APYTUMHU PEKOMEHIYyEeMbIMHU
BapUaHTaMU TOJIMTUK MOTHUBAIIUU YBEITUYMBAETCS, €CJIM PACCMaTPUBATh YPOBHU CHUIKEHUS
CHJIBI MOTHUBHpYIOIIEro Bo3aencTBus 10 90%.

BoiBoabI

PaccmoTpennsle B paboTe  pe3ynbTaThl  MCCIEJOBAHUN  XapaKTEPUCTHK
MHOTO(aKTOPHOTO BIMSHUS HAa MOTHBALMIO COCTABJISIONIMX KOMIIEHCAIIMOHHOTO IaKeTa C
Y4E€TOM IICUXOTUIIOB KOPIIOPATHBHOIO IIEPCOHANAa, a TaKKe IPEACTaBICHHAs CHCTEMaA
AQHAINTUYECKUX MOJeNed KOJUYECTBEHHON OLIGHKH CHJIbl MOTHBAIlMM MOTYT CIY>KUTh
pe3yabTaTUBHBIM HMHCTPYMEHTapueM MAJisi, BO-TIEPBBIX, 3(PPEeKTUBHON OOpBOBI C KaJpOBHIM
rOJI0JIOM, MOBBILIEHUS MPUBJIEKATEIILHOCTH KOMITAHUH, MPEANPUATHI U GUPM, TPUBIICUEHUS
BBICOKO KBaJU(UIMPOBAHHBIX PAOOTHUKOB M CHIDKEHUS TEKy4eCTH KaJlpoB, a TaKxKe,
BO3POCLIMM MOHMMAHHUEM TOTO, YTO OPTaHHU3alUM C «IIPAaBUIbHBIM» OTHOIICHUSAM K JIFOISIM
pactyT ObIcTpee, B Onmxkaiilee Bpems. Bo-BTOpBIX, OCO3HAHMEM TOTO, YTO COBPEMEHHBIE
ycIIoBUs TpeOyeT MOCTOSSHHOTO COBEPILIEHCTBOBAHUS M PACIIUPEHUS CYIIECTBYIOLIUX BUIOB U
MOAXOJ0B K YIPaBICHUID MOTHBAILMENl C ydYe€TOM, KaK IICUXOTHIIOB KOPIIOPAaTUBHOIO
NepCOHaNa, MOCTOSHHO H3MEHSIOMIEHCS CTPYKTYphl €ro MOTpeOHOCTeW MepcoHana, Tak U
(MHAHCOBBIX OTpPAaHUYEHUN HA WHBECTUPOBAHUE B COCTABJISIONIME KOMIIEHCAIIMOHHOTO
nakeTa, OOYCIOBJIEHHBIX OJKOHOMUYECKMMHU W WHBIMHU JIECTPYKTHBHBIMH KPH3HCHBIMU
ABIIEHUSIMU. B-TpeTbux, NpPeaOCTaBIEHUEM pPYKOBOAMUTEISM YIPABIECHUYECKOIO 3BEHA
OpENpUsATHA M OpraHu3aluid ¢ MPOCTHIMH M MYJIbTU(YHKIMOHAIBHBIMU CTPYKTYpPaMu
yIpaBieHUS aHAJIUTHKU KOJUYECTBEHHON OIEHKM CHJIbI MOTHUBAIIMOHHOTO BO3JEHCTBUS
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INPUMEHSAEMBIX K  KOPIOpPaTUBHOMY IEPCOHATY Mep, CTUMYJIUPYIOIIMX €ro K
pe3yJIbTaTUBHOMY TPYLY.

[IpencraBiennbie B paboTe pe3yabTaThl UCCIEIOBAHUN U aHAIUTHKA KOJIMYECTBEHHON
Mepbl CHJIBI MOTHBALMU JIBTOT U CTUMYJIOB, MOOYXIAIOUIMX PaOOTHUKA K MPOJYKTUBHOMY
TPYAy, MOCIY)XaT HMCTOYHUKOM HEOOXOJMMBIX 3HAHHWM [ CTyIeHTOB OakaiaBpuata u
MarucTpaTypsl Ui pa3paboTKH COACPIKATEIbHOM pacueTHO-TpapUUECKON YaCTH KYPCOBBIX U
BBIMYCKHBIX KBATU(PUKAIIMOHHBIX PaloT.
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YCTOMYUBOCTH U UCMOJIb30BAHUE BO3OBHOBJISIEMBIX
NCTOYHUKOB DHEPIT'M HA TPAHCIHHOPTE

Muana KykoBckas
Pwxckuit Unctutyt AspoHaBuranuu
Zhukovskaya_d@ligtu

Abstract

The paper examines the impact of exhaustive gases on the environment, and suggests
renewable energy sources. Exhaustive gases are air pollution.

A hybrid engine uses hydrogen as fuel. The most important advantage of this type of
fuel is that after burning the fuel mixture, only water vapor is formed at the outlet. A vehicle
running on this type of fuel does not harm the environment.

Conclusion: One of the main environmental problems today is the depletion of
atmospheric oxygen. Hydrogen fuel is one possible solution of this problem. The use of this
energy source will help to prevent global warming and disaster.

AHHOTaNus

B pabore paccmaTpuBaeTcss BO3JEHCTBHE BBIXJIONHBIX Ta30B Ha 53KOJOTHIO, U
IpeJiaraeTcsi UCIoIb30BaHUE BO30OHOBIIIEMBIX HCTOYHUKOB SHEPTUN HA TPAHCIIOPTE.

Ilenp paboOThI: NPEAJIOKHUTH BapUAHT YJOBJIETBOPEHHUS OCHOBHBIX IOTPEOHOCTEH
YyeJloBeKa B TPAaHCIOPTHOM cpene ¢ Haubojiee MUHUMAJIbHBIM HEraTUBHBIM BIIMSIHMEM Ha
akochepy.

BeixjonHble ra3bl  SABIAETCA HCTOYHMKOM 3arpsi3HEHMS BO3JyXa M OKAa3bIBaIOT
HeOJIaronpusATHOE BIUSHUE Ha SKOJIOTUIO U 310pPOBbE YENIOBEKA.

['uOpuaHbI OBUTATENB-3TO JIBUraTellb, KOTOPBIM HMCHOJIB3YET B KayecTBE TOIUIMBA
BozopoA. CaMoe riaBHOE NMPEUMYIIECTBO JaHHOTO BHJA TOILIMBA, 3aKJIIOYAETCSI B TOM, YTO
nocJie CKMraHusl TOTUIMBHOM CMECH Ha BBIX0Jle 00pa3yeTcs TOIbKO Hap BOJblL. TpaHCIIOpPTHOE
CpeACTBO, padoTaroliee Ha JaHHOM BUJI€ TOIUIMBA, HE HAHOCHUT BpeJl OKpY Karollel cpeje.

OnHa W3 THaBHBIX OKOJIOTMYECKUX TMpoOJeM Ha CEroJHSIIHUNA JIE€Hb-HCTOIEHUE
aTMocgepHOoro Kuciopojga. BogopojgHoe TOMIMBO OAHO M3 PELICHUH S3TOW MPOOJIEMBI.
Hcnonp30BaHne MAAHHOTO MCTOYHHMKA DSHEPIHMM IIOMOXKET NPEeJOTBPAaTUTh T00anbHOE
NOTEIUIEHUE U KaTacTpody.

KiroueBsle ciioBa: BBIXJIONHBIE Ta3bl, 3KOJIOTHS, 3J0POBBE YEIOBEKA, BOJOPOIHBIN
JBUTaTENb.

BBenenmne

Kaxnaplii M3 HAac XOTh pa3 3aAyMbIBAJICS O TOM, KakK, MOBBIIIEHHBIA YPOBEHb IIyMa,
BBIOpOC TerIa, paMOAKTUBHBIX U XMMHUYECKHUX BEIIECTB U COSAMHEHUN BIUSET HA SKOJOTHIO.
Ho peako kTo 3aaymbIBajcs, Kak 3TO OTPaXaeTcs B MEPBYIO OYEPEb HA HAC CAMUX - JIFOJICH.

Jns moHMMaHMs, S CHayala TOKaXy B JaHHOW paboTe, B KakuWx MaciiTabax
MIPOUCXOJUT 3arpsA3HEHHUE IKOJOTHH M3-32 BBIXJIOIHBIX Fa30B U TPAHCIIOPTUPOBKHU TOIUINBA, U
3aTEM BBIJIBUHY MPEIJIOKEHUE MO aJbTEPHATUBHOMY MCTOYHUKY SHEPTUHU B TPAHCIOPTHOM
CEKTOpeE.

AKTyallbHOCTh HWCCJICIOBAaHMS 3aKJI0YaeTcs B TOM, YTO HETaTUBHBIE (DaKTOpPHI
OTPaXXaroTCs ¥ BIUSAKOT HA COCTOSIHUE U 3I0POBBE JIIOJIEH.

Ilens pabGoOTHI: TPENTIOKUTH BAPUAHT YAOBJIETBOPEHUS OCHOBHBIX MOTpeOHOCTEH
YeloBeKa B TPAHCHOPTHOW cpele ¢ HamOojee MUHUMAJIbHBIM HETaTUBHBIM BIMSHUEM Ha

akochepy.
208


mailto:Zhukovskaya_d@list.ru

Staptautiskas zinatniski praktiskas konferences “Transports. Izglitiba. Logistika un inZenierija — 2021 rakstu krajums
Proceedings of the International scientific conferefreamsport. Education. Logistics And Engineeri2g21”

3anauyn paboThl: U3YUYUTh UHYOPMALIHIO, TIPOBECTH MCCIEA0OBAHNE U MPOAHATU3NPOBATH
BIIMSIHUE TPAHCIIOPTHOI'O CEKTOPa Ha SKOJIOTHIO.

OO0BekT uccaenoBanus: TpPaHCIIOPTHBIN CEKTOP

['unoreza pabotel: BomopoaHoe TOMIMBO AJsi TPAaHCIOpPTAa OKAa3bIBAET HEHTpalibHOE
BO3/ICIICTBIE HA HKOJIOTHIO, U yIOBJIETBOPSIET MOTPEOHOCTH YeTIOBEKa.

ABTOD HcCCIIEI0BaHUS JIETAET aKIEHTHI Ha:

1.IIpocToTe U3N0KEHUS TEKCTA U CTPEMIICHUE K ICHOCTH;

2.AHanu3 BIUSHUA BBIXJIOMHBIX TA30B Ha OKPYKAIOIIYIO CpEay;

3.M3y4yeHue BOAOPOJHOTO TOIUINBA, BBISIBJICHUE MTPEUMYIIECTB U HEAOCTATKOB.

MarepuaJibl 1 METO/bI

Mertoabl uccaeAOBaHUS: aHAIU3 JIUTEPATYPbl, CTATUCTUKH, CpPAaBHEHHUE, aHAJIOTHA,
HU3MEPEHHE, SKCTICPUMEHT.

XapakTepucTuka OCHOBHBIX MCTOYHUKOB TIOJNyYeHUs] UHOOpMAIUMU: JUTEepaTypa
(oHUMKIONIenNN ), IHTEepHET, HayYHbIE CTATbH U MyOIHKAIUH.

PesynbTaTsl H AUCKycCHs

PaccmoTpuM  aBTOMOOWIBHBIA TpaHcmopTr. OH caMblil  paclpoCTpaHEHHBIA BUJ
TPaHCIIOPTa W AaKTyaJeH s KaXJ0ro U3 Hac, SBIMIOIIMNCA OCHOBHBIM HMCTOYHHUKOM
3arpsi3HEHUs. BO3/lyXa U OKa3blBasg HauOOJIbllee HEOJArONpUsITHOE BIUSHUE HA DKOJIOTUIO U
3JI0pPOBbE YEIIOBEKA.

20%
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Hcrounuk: [2]
Puc.1 BeiOpochI yriiekuc/oro ra3a pasHbIMu BHIaMH TPAHCIIOPTA

Hcxons u3 rpaduka, Mbl BHAMM, YTO OOJbIIE BCETO BBHIOPOCOB BBIXJIOMHBIX T'a30B
MPOUCXOIUT OT aBTOMOOMJIBHOTO TpaHCHIOpPTa. Tak e, BBIXJIONBI aBTOTPAHCIOPTa — 3TO
HUCTOYHUK TOCTYyMamIeid B atMochepy 3eMiu mbutH. MelKoaucepcHas MblIbh HanOolee
OIMacHa, TaK KaKk KIMEHHO OHA Oce/laeT B OpOHXaX U MPH JUTUTEITLHOM BIBIXaHUH MPHUBOIUT K
BO3HUKHOBEHHUIO 3a00JIEBAaHUI.
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B cpennem, nerkoBoit aBTOMOOWIIb CKMTaeT OKoio 10 JUTPOB TOIUIMBA €XKETHEBHO.
[Tpu pacxo0BaHUU TAKOT'O KOJIMYECTBA OCH3MHA KaX/1as MAlllMHA BBITYCKaeT MpUMEpHO 4,5
KI' YIVICKACIIOIO ra3a €XeIHEeBHO. Bo BcEM Mupe Kaxabplil JeHb Bble3xkaeT okojgo 500
MUJUTMOHOB aBTOMOOWIICH.

ABTOpOM OBLI MPOBEZIEH HEOOBION dKcriepuMeHT B Pure Ha ynune Kanmanuema 98. C
13:00 mo 13:05 mpoexano, mo Mmoum noacuyéram, 106 mammu 5 aBTo0ycoB 1 8 rpy30BUKOB. 1
9TO TOJIBKO 33 5 MUHYT.

[To cnoBaMm cHeUANKCTOB, O0BEM MHPOBBIX BBIOPOCOB YIIIEKHCIOTO raza JOCTUT
skBUBasieHTa 10 MUIMApIOB TOHH, U3 KOTOPBIX 8,5 MuiIMap/a TOHH BO3HUKAET 3a CUET
cxuranus tormBa. OIMH U3 CYIIECTBEHHBIX HEJIOCTATKOB, 3TO OTXObI aBTO TPAHCIOPTHBIX
npennpusTuit-nedrenpoaykTel. OHM CO3/1al0T HEOIArONPHUATHOE BO3ACUCTBUE HA MPHUPOIY
MIPU TIOTIa/IaHUU B TIOYBY WJIK BOJLY.

OCHOBHBIM CBHIPBEBBIM HCTOYHHKOM JJIsi MPOU3BOJCTBA TOIUIMBA SBISIETCS HE(PTh.
JloOblua 1aHHOM >KMIKOCTH, K COXKaJIEHUIO, HE Bceraa octaérca OeccieqHoil. CylecTByeT
TEOpHUs M O TOM, UYTO yYACTHUBIIHECS B MOCJEIHEE BpEeMs 3€MIICTPSICEHHS U IIyHAaMH BBI3BaHbI
U3-3a IyCTOT, KOTOPBIE 00Pa30BBIBAIOTCS O] 3¢MJICH B CBSI3U C BHIKAUMBAHUEM HE(TH.

WuTepecHblii GaxT: ogHa Karuisi HEPTH JenaeT HEMPUTOAHBIM IS MHUThS 25 TUTPOB
BOJIBI.

ABTOpOM OBUIH MPOBEJICHBI HECKOIBKO dKCIepuMeHTOB. BMecTo HedTH ncmonb3oBana
MaIIMHHOE Maciio U Ma3yT. DkcrepuMeHT 1: Boma u Hedth. Macno BEUIMBAETCS B EMKOCTH C
BOJION U pa3memmBaerca. HedTb He pacTBopsieTcss B BoJe, OHA 00pa3yeT MIIEHKY, KOTOPYIO
MOKHO yOpath, Hampumep, caiderkoid. BeiBoa: ecnu ciiyaurtcss yredyka HETH B MOpE BO
BpEMsl €€ TPAHCIIOPTUPOBKH, YOPaTh €€ MOXKHO TOJIBKO IPU MOMOIIIH CIIEIUATBHON TEXHUKU.

OkcnepumenT 2: [lepo u HedTh. S onmycTmia mepo B MAIMHHOE MACIO HAa HECKOJIBKO
CEKYHJI U 3aTeM I0CTapanach €ro OUMCTUTh, HO MHE 3TO yJAIOCh cAeNaTh He ObIcTpo. BriBoa:
He(Th OOBOIAKMBACT TEPhs MTUL U O€3 OKa3aHUsI TOCTOPOHHEH MOMOIIM OHU MOTHOAOT.

HyXHO y4uThCsS MCHONB30BaTh DHEPTUIO COJIHIIA M BETPa, TaK KakK 3amackl HE)TH HE
BEUYHBI U €€ T0ObIYa Hebe3omacHa.

AnbpTepHaTHUBA.

Jl1s mONTHOLIEHHOTO (PYHKIIMOHUPOBAHUS TPAHCHIOPTa HY>KHA 3HEPIHsl. DHEPTUS MOKET
OBITH BO30OHOBISIEMOM, UCTONB3YS TPAAUIIMOHHBIE WCTOUYHUKHU SHEPruu. Bo3oOHOBIsIeMbIe
WCTOYHUKU DJHEPTrUU - OSTO MCTOYHUKH, HAa OCHOBE IIOCTOSIHHO TIOTIOJIHSIEMBIX WM
HEHCYEPIAEMbIX TIOTOKOB SHEPrMU 3a CYET ECTECTBEHHBIX IMPOLIECCOB B TEUEHHUE
YEJIOBEYECKOM KU3HMU.

N3yuyuB u mnpoaHaNM3WpOBaB CUTYyalMI0O Ha CETOAHSALIHUM J€Hb, CYLIECTBYIOT
pa3iuyHble BO300HOBIIIEMBbIE WCTOYHHMKM OHHEpruud. B mocnemnee Bpemsi HaOupaer
MOMYJISIPHOCTh ~ ANEeKTpoMoOmin. JlaHHOE WCMONb30BaHHE JHEPTrUM CuyuTaercs Oolee
HKOJOTUYHBIM, 4YeM OEH3MHOBOE TOIUIMBO. ABTOPOM OBUIO PEIICHO YIEIUTh OOJbIee
BHHMaHHUE BOJOPOJIHON YHEPTETUKE.

Bonmopon-3to camblii  pacnpOCTPaHEHHBIM XUMHYECKHM 3JIEMEHT BO BCEJICHHOM.
BonopoHslii TpaHCOPT-3TO TPAHCIOPTHOE CPEACTBO HA THUOPHUIHOM JABHUTATENe, KOTOPOE
WCITOJIB3YET B KaUeCTBE TOIUIMBA BOAOPO/. JlaHHBINA BUJ IBUTATENS SKCIUTYaTUPYETCS TaK JKe
Ha BOJHOM, J>KEJIE3HOJOPOKHOM M aBUALlMOHHOM TpaHcmopTe. Vcnonb3oBaHue 3TOrO
HMCTOYHHMKA DSHEPTHH TOMOXKET TPEIOTBPATUTh TJIO0ATBHOE TOTEIUICHHE W CTUXUHHBIC
OenctBus. [l moydeHus BOAOPO/a UCIONIb3YIOT XUMUYECKHE METOIbl. B TeueHue peakimm,
KOTOpasi MPOUCXOJUT B AJIEKTPUUYECKOM TEeHEpaTtope, oOpa3oBaHMs BOABI M3 BOJIOpOAA H
BO3/1yXa BBIJEISETCS HEPTUs, KOTOPYIO MOXHO HCIOJIb30BaTh B KAYECTBE JJIEKTPUUECTBA.
TormmBHBIA 0ak aBTOMOOWIIS 3ampaBlIIOT CKaTbIM BOAOPoaoM. CKaThlii BOJOPOA-ITO
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ra3oo0pa3Hoe COCTOSHUE, TPH KOTOPOM BOJOPOJ COJCPKUTCSA TOJM JIABJICHHEM JUJIS
YBGJII/I‘-ICHI/ISI IIJIOTHOCTH XpaHeHI/Iﬂ.

Karanusatop + * Membpana

KucnopoaHsii

/ 3NEeKTPOa

(katon)

BogopoaHsii

2NeKTPpoa \

(aHoa)

AHoaHas peakums
2H,+40OH-4e+= 4H,0O

KarogHas peakuus
OQ+2HQO+48 —l>4OH-

Hcrounuk: [5]

Puc.2 llpunuun paGoThl BOAOPOTHOTO ABUTATEJISI

Jlist XpaHeHusi Ta3000pa3HOTO BOJIOPOAa MPUMEHSIOT ra3rojbAephbl- 3TO €CTECTBEHHbBIE
noa3eMuble  XpaHuiuia. CaMoe TJIaBHOE TPEUMYIIECTBO JJAHHOTO BHJA TOIUIMBA,
3aKJTFOYAeTCs B TOM, UTO IOCJI€ COKUTAaHUS TOIUTMBHOW CMECH Ha BBIXOJIe 00pa3yercs TOJIbKO
Map BOJBI U COOTBETCTBEHHO B OKPYKAIOUIYKO Cpely IOINaaaeT TOJbKO Boja. B ciydae
npo0os, BO BpeMs XpaHEHMsI Tra3z000pa3HOro BEIIeCTBa, BOJIOPOA ucmapsercs. Bomopon
HETOKCHUYEH U HE MOXKET 3arpsi3HsTh MOYBY, aTMOc(epy uiu Jtoen. JlaHHbIi BUI ABUTATEIS
MO3BOJIUT CHU3UTH yPOBEHb IIymMa. Bce BOAOpOIHBIE ABUTaTeNd PabOTAOT MPAKTUYECKU
OecirymMHo. Kpome MoOKUTEIbHBIX SKOJOTUUECKHUX TMOKa3aTelel JaHHOTO JABUTATENs, €CTh
Tak ke Apyrue mnpeumyiiecTBa. CHIDKEHHE pacxXoJOB TOIIMBA U Oonblliee yBEIHMUECHUE
MOIIIHOCTHU JIBUTATEJNS, 3a CUET MOJTHOTO CTOPAHMS TOILIMBA.

Ecnmu cpaBHuBaTh THUOpHUIHBIE aBTOMOOWIM C DJIEKTPOMOOHIISMU, TO 3ampaBKa
AIIEKTPOMOOMIISE 3aiIMET HOUb, @ TPAHCIIOPTAa HAa BOAOPOIHBIE TOIMBa 3-4 MUHYTHL. [Ipu 3TOM
JTAIbHOCTH TIpobera coctapmsieT 6onee 500 kumometrpoB. Ecnu aBToMOOMIIb TOMKEH paboTaTh
KPYTJIOCYTOYHO UJTM TIEPEBO3UTH TPY3bl, 3TOT BApUAHT 00JI€€ BHIUTPHITITHBIMN.

Ha nanHBIif MOMEHT yiKe CYIIECTBYET JBa BOJOpOoAHBIX moe3aa (Alstom Coradia LINT),
KOTOpBIE YK€ OTIUYHO oTpaboTanu cBou nepsbie 100 ThicSY KMIIOMETpOB B ['epmanuu.

B 2013 romy Obln mpenctaBieH B SIMOHWK BOAOPOAHBIA THOPHUAHBIN aBTOMOOWIIB-
Toyota Mirai.B 2015 roagy mnpomaxka Haudanach B EBpome. CymiecTBYIOT U Jpyrue
BOJIOpOIHBIE aBTOMOOMIH, Takue kKak Honda Clarity, Ford Airstream, Mercedes-Benz GLC F-
CELL, Pininfarina H2 Speed, Hyundai Nexo.

Ceituac HacuuThiBaeTcsl 127 BOAOPOIHBIX 3aMpaBoK U 45 B mporiecce pa3paboTke.
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Hcrounuk: [6]
Puc.3 Ctpansl mMewIinme 3anpaBKu il THOPUIHBIX ABUTaTe el 1 rpamm
BO/JIOPO/1a MO3BOJIsIET NMOJYYHTH BTPOe 00JibIlle JHEPTHHU M0 cpaBHeHHI0 ¢ 1 r OeH3uHa.

Tabi.4
XapakTepucTHKA BOJAOPOAAa U OeH3UHA

benzun Boaopon
BocnnamenseMocTh Jlerko BocmIaMeHSICTCS Jlerko BocmiaaMeHseTCS
CocTosiHHE TpU KOMHATHOU

KuakocTsb I'az
TEMIIEpAType U JaBICHUU
DHeprus, BelesieMas Ha KT
torutuBa (M/Ix) 46 142

Hcrounuk: [3]

[lena ¢ OEH3MHOBBIM TOILTMBOM IIOYTH OJWHAKOBA. ENMHCTBEHHBIH HEAOCTATOK - 3TO
[IEeHa Ha BOJOpOJHBIE aBTOMOOWIM. Bomopon orutaumBaercs B kuwiorpammax. llena 3a
KHAJIOTPAaMM BOJIOpOJia Ha OOINECTBEHHBIX 3alpaBOYHBIX CTAHIMUAX B [ €pMaHUM COCTaBIISET
9,50 eBpo (OpyrTo). ABTOMOOWJIP Ha TOIUIMBHBIX 3JE€MEHTaX MHOTPEOJIIET OKOJIO OJHOIO
Kkujorpamma Bojopoaa Ha 100 kM, TakuMm oOpa3oM, 3aTpaThl Ha TOIJIMBO COCTaBIAIOT 9,50
€Bpo. DTO O3HayaeT, 4YTO 3aTpaThl Ha TOIUIMBO COMOCTaBHMBI CO CPEIHUM OCH3MHOBBIM
JIBUTATEIIEM C PACXOJIOM CEMb JIUTPOB.

BriBoa

['unote3a moaTBepaMiIach. [ 'MOpUIHBIE aBTOMOOWIN HE HAHOCAT Bpela DKOJIOTHU H
3I0POBBIO W YIIOBJETBOPSIOT MOTPEOHOCTH dYeloBeKa. [paHCIOPT BaKHAsl COCTABIISIOIIAS
Kaxaoro. OT HETO HUKTO HE CMOXKET OTKa3aThCs B Onrpkaiiiiee BpeMs. IMEHHO MO3TOMY €ro
WCITOJIH30BAaHUE JTOJDKHO OBITH O€30MacHBIM IS PUPOJIBI M YeloBedecTBa. He BCE TorumBo
JUISL TPAHCIIOpPTa HEUTPAIbHO CKA3bIBAETCS Ha 3J0POBBE UeloBeKa W dkonoruto. Hedts -
HY)XKHO€ CBHIphE, HO €€ mo0bpya He Oe3omacHa W HE BeyHa. HyXHO HCHOIB30BaTh
BO300HOBIISIEMbIE UCTOYHUKHU YHEPTHH IS N30ekKaHNe MeYalbHbIX TOCIEACTBHA.
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Cnucok Mcno/Ib3yeMbIX HH(OPMAIHOHHBIX HCTOYHHKOB

“Okonornueckas 6e3omnacHocts” FO. C. Kosnos, B. I1. Mensmona, M. A. CBaTkuH
https://www.eea.europa.eu/

https://www.continental-automotive.com/

“The Development of Electromobility in Poland and EU States as a Tool for
Management of CO2 Emissions” Karol Tucki, Olga Orynycz*, Antoni Swiax Mateusz
Mitora j-Wojtanek

5. Herpagunmonusie U Bo30OHOBIsieMble ucTOYHUKH dHeprun” A.b. Cyxomkwmii, B. H.
dapadoHTOB

6. https://h2.live/en

hrwpE
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