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Abstract

Paper deals with an attempt of description, possible prediction and mathematical analysis of famous

epidemic of Great Black Plague in London in 17 century. Authors tried to apply current experience to

present situation in order to find the ways of fast win on continuing epidemic, supplying some helpfil

analysis of arising situation.

Keywords

Epidemic, linear function, exponential function, plague.

Introduction

Being under the powerful influence of present
situation of global Pandemic covering all over the
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world, we decided to move some investigations of
former happening epidemics putting the
mathematical glance on them, in the attempt to
describe and may be predict the further
development of epidemic based on support of
mathematical functions capable to describe the
process. Development of humans’ society always

been followed by ongoing long-term epidemics of
different deceases, periodically arising thru all
history of existence of humanity.

As one of the most awful, huge and widespread
epidemic historians consider the Great Plague of
London, lasting from 1665 to 1666, and being the
last major epidemic of the bubonic plague occur in
England. It happened within the centuries-long
Second Pandemic, a period of intermittent
bubonic plague epidemics, which originated from
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Central Asia in 1331, the first year of the Black
Death, an outbreak, which included other forms
such as pneumonic plague, and lasted until 1750

[1].

The Great Plague killed an estimated 100,000
people — almost a quarter of population of
London — in 18 months. Assume the plague
caused by the Yersinia pestis bacterium, usually
transmitted thru the bite of an infected rat flea.

The 1665-66 epidemic was on a far smaller
scale than the earlier Black Death pandemic;
remember it afterwards as the "great" plague
mainly because it was the last widespread
outbreak of bubonic
plague in England during the 400-year Second
Pandemic [2].

As in other European cities of the period, the

plague was endemic in 17th-century London. The

| _’f//%////n'- o 1606 S

disease periodically erupted into massive
epidemics. There were 30,000 deaths due to the
plague in 1603, 35,000 in 1625, and 10,000 in

1636, as well as smaller numbers in other years.

In late 1664, a Bright Comet appeared in the
sky and the people of London were fearful,
wondering what evil event it portended. London
at that time consisted of a city of about 448 acres
surrounded by a city wall. In the poorer parts of
the city, hygiene was impossible to maintain in

the overcrowded tenements and garrets.

There was no sanitation, and open drains
flowed along the center of winding streets. The
cobbles were slippery with animal dung, rubbish
and the slops thrown out of the houses, muddy
and buzzing with flies in summer and
awash with sewage in winter. Special workers
removed the worst of the filth transporting it to
mounds outside the walls, where it accumulated
and continued to decompose. The stench was
overwhelming and people walked around with
handkerchiefs or nosegays pressed against their
nostrils. Thus, there arise the purely ideal
conditions for the epidemic to spread fast and
wide [3].

Moving Investigations

Authors passed thru wide investigation of that
time sources revealing the slow start of the
epidemic in April, while the Government had
nearly immediately conduct some preventing
activities, but with the arrival of warmer weather,
the disease began to take a firmer hold. In the
week 2-9 May, there were 9 recorded deaths in
different districts of London, but only one was
actually inside the city walls.


https://en.wikipedia.org/wiki/File:Great_plague_of_london-1665.jpg
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A Privy Council committee was formed to
investigate methods to best prevent the spread of
plague, and measures were introduced to close
some of the ale houses in affected areas and limit
the number of lodgers allowed in a household. In
the city, the Lord Mayor issued a proclamation
that all householders must diligently clean the
streets outside their property, which was a
householder's responsibility, not a state one.

Matters just became worse, and Aldermen got
orders to find and punish those failing their duty.
As cases began to rise, the authorities made an
attempt to quarantine the area and constables
were inspecting everyone wishing to travel and
contain inside vagrants or suspect persons. People
began to be alarmed...

Ne1(14),2020
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occurred everywhere, so the expression rather
precisely described the situation at early stages of
the epidemic.

-l

—6

We may approximately estimate this period as
continuing thru all summer. This expression of
linear function may also include not time but

number of districts of London been involved
into epidemic, but dependence on time we
consider as more precise and informative.

Infected / Linear Exponential | Peak [Exponential
Deaths increment increment decrement
Months 3-4 6 4

Actually, in autumn, the situation began
getting out of the control of London

authorities and the level of expansion of

Thru 3 — 4 months the epidemic developed
rather uniformly and we concluded that the
number of infected cases and deaths undergo the
linear continuous increment that may be describe
by means of the linear function given in standard
form of

y=ax+b,

considering here x as the time given in months
or may be in weeks, while y — announcing the
total number of infected citizens and deaths
corresponding to given time interval. a and b here
we considered like numerical coefficients, but not
permanently constant, differing in different parts
of the city, as to number of cases were much more
in poor districts of London than in that with
higher living level of citizens. But it should be
noted that nearly linear relation between y and x

decease sharply increased.
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In this case, close investigations of existing data
approach us to the conclusion that expansion of
the epidemic cannot be described by linear
function any more — presented conditions need
some other, more flexible and more sensitive
methods of investigation. We decided to use the
exponential function in such case given by

y =ke* + 1

"
T
\ .

Conclusions

Due to lack of presented information concerning
present pandemic, and taking into account definite
similarities in expansion of pandemic/epidemic we
suppose approximately the same periods of
developing present COVID-19 pandemic, but due to

much better development of modern treatment and

In such situation y and x represent the same
quantities like it was in previous case and k and 1
coefficients again may be either constant or
different depending on when and where
investigators received data of the level of
expansion. In developed stage of epidemic the
exponential function much better reveals the
current conditions because the way of expansion
of the epidemic exactly follows the rules of
exponents.

According to rules of growth of exponent the

number of infected people and following deaths
increased approximately during 6 months, then
the numbers reach saturation or peak of epidemic.
After it continued about 4 months, the epidemic
decreased again in exponential way during 2 - 2.5
months, while linear increment of the epidemic at
its initial stage continued 3 — 4 months, reasoning
up 100,000 deaths thru estimated one and a half

year period.

general level of medicines we predict more
optimistic results, following the soon termination of
pandemic. Representing the development of
epidemic with as linear as exponential functions
appear to be rather precise and completely display
the ongoing process. We hope that our studies may
be useful in searching the proper ways of exit from

given situation all over the World.
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Profiling Related Challenges Pertinent to Commercial Aviation Security

D. Alania!
!Georgian Aviation University, 16 Ketevan Dedopali Ave, Tbilisi, Georgia

Abstract

One’s behavior and appearance at the airport can be a cause for alarm. While this action borders on
violation of a person’s constitutional rights, officers are urged not to base their investigations on ethnicity,
race, religion, or sex, but use behaviors as the main catalyst for observation - profiling.

In addition, because of the limitations of existing bomb detection technology, aviation security experts have
sought to use profiling to reduce the number of passengers to be screened. This would allow airport security
to focus on those passengers who are most likely to pose a threat.

Challenges of security also offer significant potential for growth driven by the ability to identify and manage
emerging threats, improve the efficiency of aviation industry through the adoption of new technologies, and
ensure compliance and maintenance of high safety and security standards across commercial aviation. Below
are the challenges of commercial aviation security in the context profiling.

Keywords
Profiling, commercial aviation security, dangerous persons, terrorists, airport, challenges, security

analysts, challenge, air transport, government.

Profiling Related Challenges Pertinent to
Commercial Aviation Security

It may be popular to criticize aviation Industry,
it is important to recognize the challenges
associated with improving aviation security. One
challenge is how much to focus on identifying the
dangerous persons themselves and how much to
focus on identifying the tools they might use. Even
a casual look at the people who have been identified
as dangerous persons often share some age, gender,
and other background characteristics. While it is
possible that future terrorists will not share these
characteristics, one approach would be to use the
characteristics of past dangerous persons to try to
identify future terrorists. In some countries, to
profiling has met with resistance that is, so the
tendency has been to apply security procedures
equally to all passengers. In some of them have
developed and has begun implementing a program
called Screening Passengers by Observational
Techniques (SPOT) to identify suspicious
passengers at airports. Challenges have been
encountered by System as it strives to validate the
approach on a scientific basis and evaluate the
program’s success.

“Profiling can be defined as a technique favoring
the identification of the main characteristics of the

personality and behavior of a suspect, based on the
elements of the crime that he has committed”
Behavior analysis services perform the following
tasks: Development of profiles of unidentified
offenders, analysis of crime scenes, reconstruction
of crime scenes, indirect assessment of
personalities, advice on investigation or
questioning, assistance in the execution of search
warrants, analysis of statements or testimonies, risk
assessment (threat assessment) and presentation of
the services offered,;

In the world, profiler training has been the
responsibility of the International Criminal
Investigative Analysis Fellowship;

The practice of profiling is based on certain
assumptions: 1) Human behavior is predictable, 2)
Offenders are consistent in the way they commit
their crimes and can be distinguished from other
offenders and 3) The way they commit their crimes
is related to their personal characteristics;

We cannot conclude that behavioral profiling
works in a systematic way. However, anecdotal
evidence exists that profiling can function;

The literature is full of approaches and
typologies, but these models suffer from the lack of
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theoretical bases and empirical validations. For
these reasons, none of the proposed models can be
considered "scientific";

At the empirical level, few studies meet the
criteria of rigor required of credible scientific
research.

| believe that profiling methods should be
formalized, that performance criteria should be
formulated, and that empirical research should be
undertaken to measure the actual effectiveness of
criminal for the aviation security.

An approach is to focus on detecting the tools a
dangerous person might use and prevent these tools
from being brought on board or used in an airport
environment. This approach involves explosives
detection equipment to prevent bombs on checked
luggage, cargo, carry-on luggage, or concealed on
the passenger as well
as other detection equipment to prevent weapons
from being brought on board. It also involves
improving airport perimeter security and access
controls. Of course, these approaches are not
mutually exclusive.

A second challenge is deciding what to publish.
One approach is to be completely forthcoming and
tell the public everything that is being done and why
and to reveal what dangerous efforts have been
stopped and how. Such an approach likely enhances
credibility among the public, but it also provides
valuable information to prospective terrorists.
Conversely, if such information is not provided,
terrorists are not helped, but transparency is
sacrificed negatively affecting credibility with the
public. A related challenge is what threats to
respond to - the threats judged to be greatest by
aviation security analysts or what the public
perceives as the greatest threats.

A third challenge is how much to respond to
threats. Unfortunately, there is a clear tradeoff
between potential harm from dangerous activities
(terrorism) and actual harm from steps taken to
prevent these activities. That actual harm comes in
the form of the added cost and inconvenience of air
travel. Security measures clearly increase the cost of
air travel relative to travel by automobile, measured
both in terms of time cost and out of pocket cost.
There seems little doubt that added air security costs
have caused some people to shift from air transport
to auto transport, particularly for short-haul trips.
More generally, it is extremely difficult to measure

the benefits of aviation security policies. Adding to
the measurement difficulties is the fact that one of
the goals of aviation security policy is to deter
prospective terrorists, but it is virtually impossible
to measure how much deterrence has been achieved.

A fourth challenge is that aviation security risks
are dynamic but policy responses can take time to
develop and implement, particularly in an aviation
system. Generally, the tactics used by terrorists in
past attacks will not necessarily be those used in
future attacks so in addition to reducing
vulnerabilities revealed by past attacks, successful
security policy must address potential weaknesses
before they can be exploited.

A fifth challenge is determining the public
versus private roles in providing aviation security.
There are both advantages and disadvantages in
having the government providing aviation security
as is done in in some countries as opposed to using
some sort of public-private partnership. A related
challenge is that with current policy, government
agencies is both the provider of aviation security
services, and the regulator of such services. In
essence, government agencies regulates itself. Such
self-regulation has been shown repeatedly to create
problems in aviation.

Behavioral profiling is used as an additional tool
supporting security services in the process of
detecting suspicious persons or dangerous behavior
at airports. In this case, it is an activity consisting in
analyzing and evaluating an individual solely on the
basis of his behavior and external characteristics.

We often refer to profiling as predictive
profiling. Based on documents and by scanning
basic available information and observing behavior,
we predict who may be a dangerous or violating
individual.

Behavioral indicators can be broken down by the
type of crime. In my experience, it is easier to create
separate schemas and patterns for different types of
behavior / personality e.g., depending on the type of
crime committed (for pedophiles, drug smugglers,
human traffickers, counterfeiters, fraudsters,
terrorists etc.).

Conclusions

Passenger profiling can benefit airline
passengers, the airlines, and the nation’s economy
in several ways
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— Shorter delays for passengers;

— Higher assurance of baggage delivery to
intended planes;

— Lower ticket prices if security costs taxed
against passengers;

— Lower overall cost to nation of approximately.
Adaptive strategies can play an important role;

— Can moderate baggage queuing delays in a
manner that still ensures that most bags get scanned;

— Variable levels of “trustworthy” are possible,
yielding more adaptive options, but data for
assessments are not available.

But valid concerns about positive profiling
remain and need to be resolved.

Commercial aviation safety has improved
dramatically since the industry’s birth over a many
years ago. Incidents decreased to the level where
(along many dimensions) aviation is now the safest
mode of commercial transportation. The next
generation of aviation security challenges now
require development and understanding new forms
of data, and moving from incident-based approach
toward a more proactive, predictive and systems-
based approach.
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Abstract
Cobalt nanowires were prepared by the original electroless deposition method under an applied magnetic field.
Their oriented magnetic nanowire composites in paraffin and HSWC consolidated oriented composites of cobalt
nanowires in copper matrix were prepared. The magnetism of Co nanowire composites was effectively studied by
carrying out simple RF resonant magnetometry and NMR measurements with optical microscopy control of

obtained composite linear textures.
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Introduction

The development of experimental approaches for
production of nanostructural materials is one of the
pivotal problems of nanotechnology and modern
materials science. The ability of controlling the
materials properties by using nanoparticles as their
building blocks is the key for the fabrication of new
functional materials. For these aims core-shell
nanoparticles and combined micro-nano objects have
definite advantages [1].

In this work we present the elaboration of original
electroless technology developed for synthesis of
magnetic and photocatalytic nanopowders [2]. Using
this technology with additional outer magnetic field
makes it possible to produce magnetic nanowires due
to self-organization processes of nanoparticles under
the action of magnetic field during solution reduction.
Magnetic nanowires are one dimensial (ID)
ferromagnetic nanostructures attracting significant
attention due to their large shape magnetic anisotropy
important for applications in permanent magnets and
high density magnetic storage media [1].

The specific feature of this method is that the
deposition proceeds at low temperature. Therefore, the
method is simple and low-cost, it changes neither the

properties of the matrix nor those of the material to be
deposited. With this method Co and Ni nanoclusters
were deposited on TiO, micro- (44 um) and nano- (10
nm) powders for modification of photocatalytic TiO-
powders and obtaining of nanopowders of better
controlled sizes [3] Cobalt nanopowders and
nanowires are of a great scientific and technology
importance due to their unique properties different
from the bulk [1]. RF resonant magnetometry and
NMR methods were proposed to control their
magnetic properties [3].

One-dimensional ~ Co-nanowires have been
noticeable due to the strong shape anisotropy of their
magnetism, which is important for permanent
magnetic and high density magnetic storage
application.

So far rare-earth (RE) ferromagnetic materials (Nd-
Fe-B, Sm-Co) have dominated permanent magnets for
energy applications (electric motors, wind turbines,
electric machines) and magnetoelectronics [4]. Both
high magnetization and coercivity are required for a
high product (BH)max being figure of merit of
permanent magnets. Currently many efforts have been
focused on the RE free permanent magnets due to



B596058m60bm Lsdg3609Mm gMbowo bs3sgmm GHGMBLIMOEH»

INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT»

Ne1(14),2020

‘———_

various issues arising from the RE elements,
among them the need to lightened supply of RE
elements in the global market [5].

The works [4, 5] describe methods for producing
permanent magnets based on magnetic nanowires
oriented in a magnetic field in epoxide or polymer
matrices. It was shown that for Co nanowires [6] it was
possible to obtain a magnet with an energy density
(BH)max (Maximal energy product) ~ 260 kJ/m?, which
is close to the best SmCo magnets ((BH)max ~ 120
kJ/m?3), but still inferior to NdFeB magnets ((BH)max ~
440 kJ/m®). However, these magnets are of interest in
high temperature applications above 250 ° C, where
NdFeB magnets cannot be used.

Even more promising magnets are obtained by the
method of nanowire consolidation in the absence of an
additional polymer matrix. The magnetically oriented
nanowires were compacted at various pressures and
temperatures. Magnets with good mechanical strength
and energy density of 65 kJ/m?® [7] were obtained.

We propose to obtain magnets of the first type with
a polymer matrix to use the combined effect of
temperature, variable and constant magnetic fields to
orient nanowires in the polymer matrix, using Co
nanopowders and nanowires obtained by electroless
due to self-organization processes under applied outer
magnetic fields as in [3]. To improve the properties of
magnets of the second type, we suggest using the
method of explosive shock-wave compaction
following a preliminary heating (HSWC) [8], which,
due to the explosive process of magnet formation from
oriented nanowires, should better preserve its ordered
nanostructure of oriented and connected into a one-
dimensional texture nanowire structure.

Experimental results and discussions

1. Electroless synthesis of micro- and nanowires
and their oriented magnetic composites under
applied magnetic fields.

An elaboration of electroless method [2,3] is
developed in this work for production of magnetic
micro- and nanowires due to self-assembly processes
under applied magnetic fields. The method consists in
the separating of
metallic cobalt from a chemical solution. This is a
simple and cheap method that does not use expensive
catalysts.

The solution of the following composition is most
effective from the tested ones:

COSO4 . 7H20 - 10 g/l, KNaC4H4Oe-4H20 - 40
o/l, Nz2H4- 17-20 mg/l, where cobalt sulfide CoSO; -
7H,O provides Co ions in solution, KNa tartrate
KNaCsH40s-4H,0 is complexants preventing excess
of free metal ions concentration and hydrazine NoH, is
a reducing agents supplying electrons to reduce the
metal ions.

By mixing these components, we get a thick muddy
mass and then by adding 2 g/l NaOH - we get a violet
solution that is stable.

Heating the solution up to 80°C and adding again
several granules =~ 2g / 1 NaOH it starts the process of
decomposition of the solution, which is expressed in
the Co particles separation from the solution.

Since the process is carried out with the help of
magnetic mixer, the particles are collected on vessel's
bottom and their growing is underway, Fig.1 and
Fig.2. Our goal is to make this powder nano-sized. For
this aim we use surface active substances that do not
allow each granule to grow, since this granule will be
coated by this organic substance. In our case this
substance is toluene.
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Fig. 1. The picture of Co particles deposition from Co chemical solution. Solution became colorless, i.e.
depleted from Co ions.

‘Co-nanopowder

Fig. 2. Received Co magnetic powder
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We also worked on the elaboration of electroless
technology for the obtaining nanowires from this
solution under the applied magnetic field. It was used
the chemical solutions described above. A 50 ml
chemical vessel was filled with a 30 ml chemical

Ne1(14),2020

solution and heated up to 80°C between the magnet
poles (magnetic field value is 500 Oe), Fig. 3.

Fig.3. Experimental setup for nanowires synthesis.

We added in this solution 5 ml toluene. When the
process of isolation of ions began, it was observed
that the cobalt particles were arranged in the magnetic
field in one line. Depending on how long time the
cobalt wires were assembled, their sizes differed from
each other. The obtained cobalt wires were separated
from the solution using magnet, then the organic
compounds were removed with ethyl alcohol by
ultrasound treatment. The received powder was
thoroughly washed in the distillate, dried in drying

cupboard and subjected to the further physical
research.

Figures 4 and 5 show views of obtained cobalt
wires in chemical vessels and stuck to tweezers Fig.
4c.

&

Fig.4. Obtained cobalt nanowires (a), oriented cobalt nanowires (b); cobalt nanowires stuck to tweezers (c).
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Fig.5. Electron diffraction pattern of the synthesized microwires (a), histograms of their distribution along the
length (b) and width (c).

The RF resonant magnetometry measurements of compared with the VSM  magnetometry
samples placed in the coil of resonant LC contour measurements [jsnm]
under magnetic field up to 1.5 T were performed as Following Fig. 7 shows the results of RF resonant
in work [diped,wjcmp], Fig.6. This method based on magnetometry study of cobalt nanopowders and
a home-made device provides possibility for a simple nanowires in magnetic field up to 1.2 T,
and fast assessments of superparamagnetic and correspondingly.

magnetic properties of samples under study as

3 4 5
Tt LC _ Frequency
1 L C== | Generator Amplifier Meter

Fig.6. RF resonant magnetometer setup: 1- LC contour, 2- dc magnet 0-1.5 T, 3- LC generator, 4- RF
amplifier, 4-fequency meter.



B596058m60bm Lsdg3609Mm gMbowo bs3sgmm GHGMBLIMOEH»

INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT»

8702
a
x ¥
8701 - —"
.
£ x
~ b
= Magnetic field:
8700 ¥ x down
. up
1
1 I I 1 | | I
. 0 2 4 6 8 10 12 14
H, kQ

Ne1(14),2020

8400 -
% ”
b |
g
X
N >
T 8300 ./
™ A
/X / Magnetic field:
S x down
/ « U
8200 -/ d
8100 | | | | | | |
0 2 4 6 8 10 12 14
H, kQ

Fig. 7. Dependence of RF resonant magnetometer frequency change Af at room temperature on the
magnetic field H strength ((e) and (x) mark up and down magnetic field sweeps) for: a — Co nanopowder and b —

Co nanowire.

The superparamagnetic behavior of nanopowder
(a) is seen from curve Fig. 7a, due to the absence of
hysteresis at field up-down sweeps, while nanowire
(Fig. 7b) shows ferromagnetic behaviour at low fields
apparently due to appearance of domain walls in 1D
structure.

The NMR measurements were performed on a
phase-incoherent spin echo spectrometer [9] in the
frequency range 40-400 MHz at a temperature of 77
K. A standard self-excited generator was used in the
frequency range 40-220 MHz. The oscillator
frequency can be smoothly tuned using various
inductors and adjustable capacitors. In the 200-400
MHz range, a commercial Lekher type generator was

RF-pulse
generator

@
[
£
o
o
£
o

High power |

——| video-pulse
source -

used with a two-wire line including two inductors
with a different number of turns. With a pulse length
in the range of 0.1 to 50 ps, the maximum amplitude
of the RF field obtained on the sample was about 3.0
Oe, and the steepness of the fronts was no worse than
0.15 ps. Receiver dead time ~ 1 ps.

The NMR experimental design with additional unit
for the magnetic video-pulse (MVP) field action is
shown in Fig. 8 [9]. A pulsed magnetic field was
created by a gated current regulator of adjustable
amplitude and an additional copper coil, which made
it possible to obtain magnetic field pulses of the order
of 500 Oe with a sample size of ~ 10 mm.

HF

Oscilloscope
receiver

Broad band
HF resonator

h

Sample
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A
Magnetic/
pulse's coil !
/ |

/;7;_1

Fig. 8. The scheme of the experiment.
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narrower as compared with

NMR measurements of obtained powders were
carried out as in [3]. The shapes of NMR spectra
points to the fact that both powders consist of FCC
phases, Fig. 9. The NMR spectrum of Co nanowire is

nanopowder’s one, apparently reflecting an influence
of self-organization processes of Co nanoparticles
during the formation of nanowires.
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Fig.9. NMR spectra of Co nanopowder (1) and nanowire (2) at T=77 K.

As is known, the MVP effect in lithium ferrite
leads to a decrease in the echo signal especially strong
when the MVP is combined with the second RF pulse
— a case of symmetric MVP exposure [9].

The attenuation of the NMR signal during the
symmetric action of the MVP is due to the
displacement of the DW. In this case, a part of the
nuclei excited by the first RF pulse is displaced
outside the DW changing his position under the
pressure from the MVP, and that part of the nuclei that
remained in the displaced DW is closer to its edge in
positions with smaller n, which is equivalent to a
decrease in the effective amplitude of the RF pulse
Hes=mH1, where Hj is the amplitude RF pulse and n-
RF gain factor [9], and, accordingly, to attenuation of
the echo signal.

As shown in [10], at zero constant field the NMR
signal in ferrite is mainly observed from the DW, and
its suppression by the asymmetric MVP at the inter-
pulse intervals is associated with a reversible shift of
the latter. If the nuclear spin system is excited by the

first RF pulse, thenduring the action of the MVP the
direction of the precession of nuclear
magnetic moments will change, and the rotation
frequencies of individual isochromats will differ due
to the inhomogeneous distribution of the deflection
angle of M along the boundary. This will result in a
defocusing of the isochromats and a decrease in the
echo signal. In magnets with the anisotropy of HFF
under the asymmetric action of the MVP, its
attenuation is associated with the anisotropy of the
HFF, which violates the phase coherence of the
precessing nuclear spins and, accordingly, reduces the
efficiency of the rephasing process [11].

Particularly strongly the anisotropy of HFF is
manifested in Co, which has a much higher anisotropy
of HFF compared with lithium ferrite. Therefore, the
effect of MVP in cobalt is most effective with the
asymmetric effect of MVP, in contrast to lithium
ferrite.

Due to the lower mobility of the DW in Co, it is
characterized by a much larger values of their pinning.
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The pinning force in Co was previously estimated by
the combined action of RF and MVP resulting in the
appearance of an additional stimulated echo signal
caused by the displacement of the DW under the
influence of MVP [12], called the magnetic echo. The
same estimate for the pinning force in lithium ferrite
gave order of magnitude lower values of the pinning
force [13].

The following microwire samples synthesized
using electroless chemical deposition technique [3],
as well as commercial nanowires (cobalt hanowires,
average diameter: 200-300 nm, length: up to 200 p,

Plasma Chem GmbH), were
used to study pinning and mobility of DW by the
NMR method using MVP excitation technique [9]. In
addition, for comparison, we studied cobalt
micropowders obtained by inductive melting [14]
with an average grain size less than 50u.

Therefore, to conduct experiments on the
investigation of the pinning force in Co by the MVP
method, it is necessary to use more intense MVP as
compared to lithium ferrite.
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Fig. 10. MVP influence in cobalt: timing influence diagram scheme (a); frequency diagram (b) for symmetric
(«) and asymmetric (4) impact; Dependence of echo intensities on the amplitude of the MVP (c) in the case of

cobalt micropowder — 1 (o), cobalt nanoclusters 2(e)

In this work the electroless technology for
preparation of microwires [2,3] was elaborated. The
investigation was carried out on these microwires to
study DWs dynamics and DWs pinning as well.

To compare with these results similar study was
made on commercial cobalt nanowires. For this aim
cylindrical samples 10 mm long and 5 mm in diameter
were prepared with polarization of wires
perpendicular to the cylindrical sample axis-along
applied static 500 Oe magnetic field in paraffin to
study anisotropy of MVP action on signals of cobalt
NMR spin echo in these samples. White paraffin
matrix was used which is transparent when melted
allowing an easy control of self-organization
processes under the applied magnetic field. For this a
special sample rotating device was mounted with
additional Helmholtz coils for the generation of
magnetic video-pulses, Fig. 11 a.

We used MVP action technique of work [9]. The
MVP was applied between two RF pulses and
reduction of NMR echo intensity was studied due to
DW displacement in a sample.

Our experiments directly show anisotropy of MVP
action, Fig. 11 b.

It was established that MVP action is stronger,
when MVP directed in parallel to magnetic wires.
This could be related with specific type of DWs that
are formed in these wires. From Fig. 10 one could get
assessment of DW pinning and mobility. It is seen
also that DWs are more mobile in synthesized
microwires than in the commercial nanowire.
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As is seen from one could make a comparative
study of pinning and mobitity of synthesized micro-
and nanowires to clear out their magnetic properties.

2. Production of Cu-Co nanowire composites
by HSWC method for potential rare earth (RE)
free magnet applications.

For production Cu-Co nanowire composites we
first of all elaborated suitable technologies for
obtaining necessary components, such as Co
nanowires. We used two technologies for production
cobalt nanowires  composites  with  copper
micropowders: above described chemical deposition
method and hot-shock wave consolidation (HSWC)
technology [8].

The HSWC method uses hot shock-waves for
production of high-dense, long body nanostructural
samples from precursor powders.

The novelty of the proposed non-conventional
approach relies on the fact that the consolidation of
solid samples in a cylindrical geometry from
correspondingly submicrometer- and nanometer-
sized Cu and Co precursors is performed in two
stages:

a) The first stage: preliminary explosive
compression of the precursors is carried out at room
temperature with a
loading intensity of 5-10 GPa to increase the initial
density and to activate the particle surfaces in the
blend;

b) The second stage: the same, already
predensified cylindrical sample is reloaded by a
primary explosive shock wave with a loading
intensity of 10 GPa, but at a temperature up to 900°C.

Heating of the consolidated powders before
loading and compacting at hot conditions assists to
increase their elasticity and plastic flow during the
shock-wave consolidation-joining process. As a result
there are more easily formed common boundaries,
solid solutions and high-density compacts can be
obtained. Conventional consolidation approaches,
including resin bonding, extrusion and hot-isostatic-
pressing, deteriorate the magnetic properties either
due to incorporation of non-magnetic binder or by
involving prolonged thermal excursions which
coarsen the fine microstructure and destroy the
chemical homogeneity. Hence, with HSWC it is

possible to fabricate nanocomposite bulk magnets
without grain growth since the heating is limited to the
particle surface regions and it occurs in the time
duration of microseconds.

We also used commercial cobalt nanowires
composite for comparison. To investigate magnetic
properties of the obtained nanowires we study
dynamics of domain walls and their pinning using
nuclear spin echo method with additional above
described MVP action technique. The dependence of
the echo-signals intensity on the amplitude of the
magnetic video pulse allows us to evaluate the domain
wall pinning and domain wall mobility in micro- and
nanomaterials, their magnetic properties using NMR
to study their anisotropy under the action of magnetic
video-pulse at the sample during rotation, when the
sample contains partially polarized magnetic wires,
and also to establish the type of domain walls[9].One-
dimensional Co-nanowires are of particular interest
for our research due to the strong shape anisotropy of
their magnetism, important for permanent magnetic
and high density magnetic storage applications.
Metallic cobalt metal has a large saturation induction,
which is expressed in its unique ability to acquire a
magnetic force that is many times greater than the
power of an external field. Another important
property of cobalt - it has a large value of coercive
force (Hc), which prevents demagnetization and
magnetization reversal of the material. Since the costs
of the rare-earth metals boosts up the price RE based
magnets the high-performance RE-free magnets with
a large energy are still a challenge.

In this work the HSWC technology was elaborated
for production to Cu-Co nanowire composites for
potential
RE free magnet applications. Cobalt nanowires were
synthesized by the above described method of
chemical deposition (electroless deposition).

The thoroughly mixed powder-like mixture of Co
nanowires (20 wt.%) mixed with Cu micropowder
was put in a steel cylindrical container (steel
cylindrical tube). Then the sample was placed in the
500 Oe magnetic field for polarization during the 3
days in perpendicular to the cylinder axis and finally
subjected to the HSWC procedure [8]. Its final
sample’s view is shown in Fig.13.
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Fig.13. Photo of the sample obtained by HSWC compaction.

Then the sample was freed from the steel shell
(Fig.14. a, b).

Fig. 14. Co-Cu (Co nanowires in Cu matrix). a — sample after HSWC procedure, b — Cylindrical Cu/Co
composite nanowire sample

The obtained cylindrical sample was studied by RF
resonant magnetometry and optical microscopies.

The magnetization was measured using the RF
resonant magnetometry method [3], Fig. 5. It
consisted in measuring the frequency of a RF resonant
magnetometer while rotating a cylindrical sample
near the probe (a tipped cylindrical ferrite embedded
in the coil of a RF resonant magnetometer).

Meter

e  LC .. Frequency
l‘lwm Generator Amplifier

Fig. 15. Resonant RF magnetometer setup for measuring the magnetic characteristics of the magnetic composite:
a - rotating cylindrical sample holder , b- RF resonant magnetometer.
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preferred direction of magnetization of nanowires in
The Fig.16 shows a decrease in resonant frequency a sample which are polarized in a magnetic field.
of RF resonant magnetometer at a certain fixed angle
of rotation, which indicates the existence of a

10

Af, kHz

0 180° 360°
P

Fig. 16. The magnetization of the magnetic composite Cu/Co nanowires, 20 wt. %, depending on the angle of
rotation of the cylindrical sample.

Next, NMR studies of the resulting composite
sample were carried out. For this aim, a part of the
cylinder was machined to obtain a powdery sample
and was measured similarly to that described in [4].
Fig. 17 shows an oscillogram of the echo signal of the
obtained sample at a nitrogen temperature (77 K).

Fig. 17. The NMR echo signal of *Co nuclei in magnetic composite powder after the excitation by two RF
pulses of 217 MHz frequency.

Fig.18 represents the NMR spectrum of the chemical deposition in the absence of an external
obtained sample (curve 1) and, for comparison, the magnetic field (curve 2).
NMR spectra of cobalt nanopowder obtained by
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Fig.18. The NMR spectra for Cu/Co nanowire composite (curve 1) and for nanowire powder sample (curve 2).

The main feature of the NMR spectrum is its
broadening towards to low frequencies indicating a
diffusion of Cu atoms into cobalt nanowires. This
reflects the formation of a continuous composite
structure, where Cu grains are fused with Co
nanowires.

The formation of a continuous composite without
pores is also confirmed by measurements by optical
microscopy, Fig.19, which confirms obtainment of
texturized one-dimensional structure formed by Co
nanowires in Cu matrix.

--

Fig. 19. Co/Cu (Co-nanowire in Cu matrix) optical microscopic images at magnitudes
40 (a) and 100 (b)

Conclusions

The cobalt nanowires have been prepared by the
original electroless deposition method under applied
magnetic field. Their oriented magnetic cobalt
nanowire composite in paraffin and HSWC
consolidated cobalt nanowires in copper matrix were

prepared. The magnetism of Co nanowire composites
was effectively studied by carrying out the RF
resonant magnetometry and NMR measurements with
optical microscopy control of composite linear
texture. Similar methods could be used for
development of new types of RE free magnets using
cobalt nanowires.
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ITpoexrupoBanyie aBUAITHOHHBIX CTAPTEP — FeHEPaTOPHHIX YCTPOMCTB PasHBIX
MOITHOCTEH C IIOMOIIBIO [OJIEBBIX 3HAUEHHUI METO/la reOMeTPHIECKOTO

IIPOrpaMMMPOBaHHA

3.I'. Tobuanupgze’, JI. A.Maucypaznse?
Tpysunckuit TexHuuyeckuil Y HUBEPCUTET, np. Mepa6 Kocrasa 75, 0175, Téunucu, Ipysus

ABUaITMOHHEBIN YHUBEPCUTET FPYSI/II/I, up. Keresau Jlenodanu 16, 0103, Toéumucu, I'pysus

Pesome

B gammHOH HayyHOH pabore mMpOoaHAaIH3HPOBAHO OHH H3 AKTYa/IbHBIX BOIPOCOB OINTHMH3ALIHH
I1apaMeTpoB aBHAL[HOHHBIX CTAPTEP-TeHEPATOPHBIX YCTPOHCTB PA3HBIX MOI[HOCTEH.

Ilpm mpoekTHpOBAHHH HOBOTO 3J€KTPOMEXaHHIECKOrO IMpeobpa30BaTe/d dHEPIHH HEOOXOZHMO
3HATb ANpPHOPHBIE CBEZEHHA 3aBHCHMOCTH BXOZHBIX H BBFIXOJHBIX IIAPAMETPOB JJIA I10400pa
HHTEPBAJIOB BADHPOBAHHAL.

Hmes reopermueckm MozeJs HIH OINHTHBIH 00paser H3ZETHA MeTOJ I€OMETPHIECKOTrO
IIPOTpaMHPOBAHHA MO3BOJIAET IIOJIYIHTh HCYEPIIaroljee CBeeHHA H PACIPOCTPAHHTS €€ Ha OTPe3Ke
cepHH 1I0Z00HBIX Ipeobpa3oBaTe/IeH SHEPTHH.

B pabore siexTpuieckad mamHHa, IPECTABIEHHAA B BHZE HEJIHHEHHOH (QVHKIIHH MHOTHX
IIepeMEeHHBIX, AHATH3HUPYETCA C IIOMOLJBIO CHCTEM JIHHEHHBIX aJIreOpaHyecKHX VPABHEHHH C

HCITOJIB30OBAHHEM [OJIEBBIX 3HA YeHHH IT €PEMEHHBIX COCTaB/IFIOINHX.

Kirouessle cioBa

rasoTypOHHHBIH JBHIaTesb;, IIYCKOBBIE YCTPOHCTBA, CTApTEp-TEHEpaTop;, IIOCTOAHHBIE MAarHHTBI;

MAarHHTOIIPOBOJ;, POTOp; CTATOp; FeOMeTpHYecKoe MPOIrpaMHpOBaHHE.
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I.B BEAEHUE

Ha  coBpemeHHBIX  aBHALMOHHBIX
ra3oTypOMHHBIX JBHUraTelsix B OCHOBHOM
HCIIOJIb3YIOTCS 3JIEKTPUUECKUE U BO3AYIIHbIE
IIyCKOBbIE ycTpoiicTBa. IlyckoBble ycTpolicTBa
BBIOMpAEeTCsl OT TUIIA HCTOYHUKA SHEPrUuu
UMeEIoIIerocss Ha OOpTy BO3AYIIHOTO CyJHA a
TaKk)K€ BEJIUYMUHBI TpeOyeMOH MOIIHOCTH U
IIPOJOJDKUTEIBHOCTH 3aIlyCKa ABUTATEIIEH.

DneKTpuueckue CcTapTepbl ObIBAIOT
IIOCTOSIHHOTO M IE€peMEHHOro Toka. OIHako
Ipy HaJIMuyuid B  KadyectBe OOPTOBOTO
HCTOYHUKA IIUTaHUs AKKYMYJISITOPHBIX
Oarapeil u u3-3a 6osee IPOCTOW KOHCTPYKIUI
OouibIIOE pacrnpocTpaHeHHe HOJIyYHIIN
cTapTepbl MOCTOSTHHOIO TOKAa, OCOOEHHO [
HEOOJIBIINX BO3AYIIHBIX CyJ10B. FIX MOIIHOCTB
Konebmmres B mpenenax 18-20 kBr.

3amyck aBUALMOHHOTO
ra3oTypOMHHOIO  JIBUraTess IpeACTaBiseT
co0OH OJHY M3 BaXHBIX SKCIUTyaTallMOHHBIX
peXKHMOB  OT  HAJEXKHOCTH  KOTOPOTO
HENOCPEACTBEHHO 3aBUCUT DETYJISIPHOCTh U
0€30MacHOCTh IOJIETOB BO3AYIIHBIX CYJOB.

Cucrema 3amycka obecrieunBaeT
MIPUHYAUTEIBHYIO PacKpyTKy portopa
ra3oTypOMHHOrO  JBUTateiass [0 pexuma

CaMOCTOSITENIbHOM pabOThI JBUTATEIS.

OnuTt NpoeKTHUPOBaHUS, OBOJIKH U
JKCIUTyaTalusi Ta30TypOMHHBIX JBUTaTeNei
MOKa3bIBAaET, YTO BHIOOP THUINA M MapamMeTpoB

MMyCKOBOM CHUCTEMBI  SIBIIIETCS  JTOBOJBHO
CJI02KHOM 3a7a4en. 2T10T BBIOOD
OCYILECTBIISIETCA B COYETAHUM HAIECKHOIO

3alycka JABMraTeiss B IIMPOKOM JHana3oHe
W3MEHEHUS  KIMMATUYECKUX  YCIOBUM U
MUHUMAJIbHBIX Macca-rabapuTHBIX
MOKa3aTesiel MyCKOBOW CHCTEMBI.

BeiOop Tuna m mapamMeTrpoB aBTOHOMHOM
MyCKOBOM cHCTEMBI ¢ oOecreueHneM ¢
MUHUMAJIbHBIX Macca-rabapuTHBIX
[I0Ka3aTeae OCYyIECTBISETCS B 3aBUCUMOCTH
OT 1IeJIEBOT0 HA3HAUYEHUSI BO3/YLIHOTO Cy/HA.

Jlng 3amycka ra3oTypOMHHBIX JBUTaTenei
MIPUMEHSIOTCS clenyrolme THUIIBI
ANEKTPOCTAPTEPOB U CTAPTEP-TEHEPATOPOB:

Ne1(14),2020

e Craprepsl MPSIMOTO JEeUCTBHS
HOCJICIOBATEIBHOTO " CMEIIAaHHOTO
BO30Y KJICHHUS;

e Craprep-reHepaTopsbl c

JIOTIOJIHUTEIbHBIMU TIOJFOCAMH, CMEIIaHHBIM
BO30YKJICHHEM B CTapTepHOM pEXUME U
napajJiesIbHbIM B FeHepaTopHOM. CBs3b SIKOPS

MallMHBl ¢  [PHUBOJOM  Tra30TYypOMHHOTO
JIBUTATENs OCYLLECTBIISETCS yepes
JIBYXCKOPOCTHOU PEIYKTOP;

e Craprep-renepaTopbl c
JOTIOJTHUTEIbHBIMU MOJIFOCAaMU u
KOMIIEHCALIMOHHOMN 00OMOTKOIA YUCTO
IIYHTOBOI'O BO30YXACHUS AJIS IBYX PEKHUMOB,
c BCTPOCHHBIM B MJIaHETapHBIM

JIBYXCKOPOCTHBIM PEIYKTOPOM;
e OOblyHBIE CaMOJIETHbIE T'EHEPaTOPHI
pUMEHSIEMBIE B CTAPTEPHOM U T€HEPATOPHOM
peKHMax C TOCTOSHHBIM IE€pPEAATOYHBIM
YUCJIOM  PEAYKTOpa, PpacIloJIOKEHHOTO B
MIPUBO/JIE Ta30TYPOUHHOIO ABUTATENs.

C 1enpi0 CHIXEHHS MacChl U TabapuTOB
KOHCTPYKIHMS BCEX aBUALIMOHHBIX CTapTEPOB U
CTapTep-T€HEPATOPOB OTJINYAETCSI BBICOKOM
CTETEHbIO UCIIONIb30BaHUS AKTHUBHBIX
maTepHuanoB. HeoOX01uMo OTMETUTB, UTO €CITN
B TPOMBIIIJICHHBIX TE€HEPAaTOpax IUIOTHOCTh
TOKa B 0OMOTKaX AKOpS poBHA 3-8 A/MM?, TO B
AaBUAIMOHHBIX  CTapTepax U  cTapTep-
reHepaTopax OHa cocTaBiseT 15-25 A/mm2.
[Ipu sTOM nuHeliHas Harpyska gocturaet 200-
500 A/cwM, a abcotoTHAs TEMIIepaTypa HarpeBa
06MoTOK 1 meTok 150-200 °C. B cBssu ¢ atum
TUIst ux U30JISIIUH MIPUMEHSIETCS
CTEKJIOBOJIOKHO, KPEMHEOPraHUYECKHe JIakKH,
CTCKJIOMHKAHUT,  BBICOKONIPOYHBIE  AMAaJIU
MOBBILIEHHONW HarpeBOCTOMKOCTH M T.1I. Ilpm
S5TOM MaKCHUMaJbHaf YacTOTa BpalleHUI
CTapTepOB B CTapTepHOM pexxuMe paBHO 170-
350 C !, a ga craprep-rerepatopos 130-200

C !, B To BpeMs, KaK JJI IIPOMBIIIIEHHBIX

reHepaTopoB M JBUraTeJlen TOM Xe
MOIITHOCTH OHa paBHa 25 - 50 CL.

Ha Puc. 1 MpeJCTaBlIeHa
KOHCTPYKTUBHAas cxema aBUALMOHHOI O

CTapTep-TeHepaTopa.
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Coueranue cTapTepa U reHepaTopa B OJTHOM
arperate OCHOBaHO Ha CBOMCTBE 0OpaTUMOCTH
AIEKTPUICCKUX MAIIIHH.

Hcnonw3oBaHne  3TOro  CBOWMCTBA B
AIEKTPUICCKUX Ty CKOBBIX cHCTEMax
MO3BOJISIET  3HAYUTENIIBHO  COKPAaTUTh  BEC
MycKOBOM cuctembl. Kak u anexkrpocraprep
cTapTep — TreHepaTop HMeeT crtatop 1, B
KOTOpPOM BpaIllaeTcsl SIKOPb 2 C KOJUIEKTOPOM 3.
Takke wumeercs wETKoAepxkareib 4 U
KJIeMMHasi KopoOka 5.

OcHoBHast OCOOEHHOCTH CTapTep —
reHepaTopa 3TO OTCYTCTBHUE PeAyKTOpa My(PThI

10

CBOOOITHOTO  XOJa  HaJIW4Yhe  CHCTCMBI
OXJIAKJEHUS C BEHTWIATOPOM O, a Takke
HaJIn4ne KpoMe IJIaBHBIX
MOJIIOCOB 7 ¢ OOMOTKaMH &, TOMOJIHUTEIbHBIX
noJirocoB 9 ¢ oomoTkamu 10, o1HA U3 KOTOPBIX
ABIISETCS  KOMIICHCAIIMOHHOW a  BTOpas
0o0OMOTKOM BO30YyXzeHusi renepartopa. Jlis
NOBBIICHUST  d(PPEKTUBHOCTH  BO3IYIIHOTO
oxJlaxAeHUsT BaJsl 11 SKOPS BBITIOJIHEH TOJIBIM.
ITonocTh MIPOyBaeTCs BO3TyXOM OT
BEHTUJISITOPA.

Puc. 1 Craprep—renepatop
1-craTop 2—sK0oph 3—KOJIEKTOp 4—IIETKOACpKATEIh S—KJICMMHas KOpOOKa 6—BEHTHISATOP 7—TJIaBHBIH

MOTIOC 8—00MOTKA TIIABHOT'O MOJIOCA 9—IONOIHUTENBHBIN ofoc 10— o0OMOTKA

JIOTIOJIHUTEJIFHOTO TToJIfoca 11—1oibIit Bajr 12—mianmneBoH Baauk
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Ha
IBUTaTeJIeil IyCKOBOE YCTPOICTBO CBS3aHO C

OOJIBITNHCTBE ra30TypOMHHBIX
pOTOpOM JBUTaTeNIs dYepe3 KMHeMaTHYeCKUH
IIPUBO/, ¥ Pa3MellaeTcs Ha KOPOOKe ITPUBOIOB
JBUTATEJIA.

Pecypc
ompesiesieTcss Hanboee CIa0OBIM 3IeMeHTOM

pabOTBI ITyCKOBBIX yCTPOMCTB
KOHCTPYKIMU. TaKkuM 51eMeHTOM B ITyCKOBBIX

yCTpOMCTBax SIBJISETCS IEeTOYHO-
KOJIJIEKTOPHBIN y3eJl.

B cBa3su ¢ oTMM 1A IJajabHeEHIIero
yIy4IIeHUs Macca-rabapuUTHBIX IIOKasaTeseil
CTapTep-reHepaTOPHbIX YCTPOMCTB B

Hacrosllee BpeMs OoOJbIlIOe
paspaboTke

MeTOIUKEe

BHUMaHUe
yAendercs
cxeM H

KOHCTPYKTHUBHBIX
IIPOeKTUPOBAHUA
OeCKOHTAaKTHBIX CHHXPOHHBIX MAIIUH C

IIOCTOAHHBIMHU MAaroHvuTaMu "3

pexnxosemensHbIx ciiaBoB (Nd-Fe-B, Sm-Co)
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II. OCHOBHAA YACTb

[TpoexTrpoBaHMe MHIYKTUBHBIX CTapTep-
TeHepaTOpPHBIX  M3JENUM  CIIeIHaIBHOTO
Ha3HAYeHUs C IIePBOTO B3TIAJA SABJIAETCA
IIPOCTOM 3ajjadyel, KOTOpasdA CBOJMUTCA K
pacueTy TOKONpPOBOZAa (0OOMOTOYHBIE JAaHHEIE
cTapTep-reHepaTopa IJIA CO3/aHUA HYXHOTO
MarHUTHOTO IIOTOKA U BBIOOpE ONTHMAaJIbHOM
IIyTHM MarHUTOIIPOBOJA IJIS 3aMBIKAHUA €Tro
yepe3 BO3AyNIHBIH 3a30p. Ha puc. 2 mokazaHsr
IIPUMepPHl  PACIPOCTPAaHEHUSA MAarHUTHOTO
IIOTOKA /JJIA Pa3HBIX KOH(MUTypalluy I1a30B
poropa u craTopa. Opnako mo myTH
ONITUMAaJIBHOTO IIPOEKTUPOBAHMUA,
BCTPEYalOTCA CJIOXKHOCTA PasHOTO BHJAA U
XapakTepa, OTJIUYAIONUMecs IPYT OT Apyra Kak
KauyeCTBEeHHO,  TaK

u KOJIMYE€CTBEHHO.

Hanmpumep  mpm  BeIGOpe  MaTepumania

MAarHuTOIIpOBO/Jd He HNMEIOTCA IIpsAMBIE

TOTOBble PpeLeNThl OJZHO3HAYHOTO BhIOOpa

TOJIIWHBI, THUIIA MaT€pHadJa W MeETOJda

HN3roToOBJI€HUA MATHUTOIIPOBOJA.

cTatop

poTOp:
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Puc. 2. Xapaxrep pacrpocTpaHeHHs MarHUTHOTO ITIOTOKA /I PasHbIX KOHPUIYPanuH IIa30B

poTOpa u cratopa
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B mpakTuke mMelOoTCA IedBI  pAf

MarHHUTOIIPOBOJA (37IeKTpOTeXHUYECKO
cranu) ronmuzo# ot 0,015 mo 0,5 Mmm pasuoit
MapKHU.

O6paboTka  mx

IIPOMCXOUT

TOopAY€KaTaHHEeM HJIN XOJOAHOKATAHKEM.

CJIe,ZLOBaTEJIBHO MaTepuajl IIOJIYy49d€TCA
AHU30TPOITHUM nuin HU30TPOIIHBIM.
MaruutHsie IIOTeEpU Ha TUCTEpe3nC U

BUXpEBbIE TOKH 4 TaKXKe IIOBEPXHOCTHBIE

IIOTEPU IIOJIHOCTBIO 3aBBICAT OT TOJJIIIMHBI

MaTepraia U  00pabOTKM  BBIOPAaHHOTO
marHuronpoBoga. OfuH TOIBKO  BBIOGOP
MarHWTONIPOBOJA  IOPXJAeT  HeCKOIBKO

JAECATOK U COTEH BApUAHTOB IIPOEKTA.

ITpu moucke onTUMaNIbHOMN IIYTH 3yOI0BOI
30HBI MOJBMKHBIX U He ITOABMKHBIX YacTel
cTaprep-reHepaTopa TaKXe CTOUM Ilepef

CJIOXKHBIM BBIOOPOM.

CroxxHOCTR yCYyTYyOsdgeTcs CyIleCcTBOBaHWEM
n3o0mwina GopMsl Imasa u 3yOIa cTaTropa H
poTopa,
dbopmsI

Ka4eCTBO HACBIIIEHHOCTH MarHUTHOM IIyTH

a TakXkKe X KoMbOuHamueii. BriGop
3y6IIOB BO MHOIOM OIIpejiesser

Ha yd4acTke 3y0Ila M CHUJIBPHO BJIHAET HA

BBIXOOHBIE IIapaMeTphI OIITMMM3AIIIH.

CorsacHO  BBIIIECKA3aHHOTO  KOJTHYECTBO
BO3MOXKHBIX BapHMaHTOB TaKyKe BBIPOCTAaeT
HeCKOJIBKO cOTHM pa3. Ha pucynkax 3, 4 u 5

dopm

SHEKTqueCKOﬁ MAIIIVHBI, BBIIIOJTHEHHBIX B

IIOKAd3dHBbI BapHaHTBI IIa30B

COOTBETCTBEHHO B CTATOPE N B POTOPE.
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Pruc. 3. IlpamoyrorsHsie nassr craropa
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Prc. 5. Ilassr KOpOTKO3aMKHYTBIX pOTOPOB. a — 114351 C I1apaJl/I€/IbHBIMH, KPYIIBIMH,

Tpaiierjen1a/ib HbIMH, O — 1assr I'JI)/'5HHHLIE IIPDOZOJIBHBIE€ H HAKJIOHHDIE I1d3bIl;, B — IId3bI KP/VI'JIOI/?

H TparerHeBHHOH (POPMBI HMEFOI[HEe CTEPXKHH COOTBETCTBYIOIEr0 CeYe€HHA

IIpu mpoekTHpOBaHMU UHIYKIMOHHBIX
MallUH HEOOXOJUMO YTOYHUTH PACUETHYIO

MOIIHOCTH KOoTOopas  3aBHUCUT  OT
SHEPreTUYeCKOTO KILZ, paBHas
npousBegenus KII/I u  xosddummenra

momuoctu. Ha puc. 6 mnoxaszan rpadux
3aBUCUMOCTU KILA n TpexdazHbIX

ACUHXPOHHBIX HBHFaTeHeﬁ C KOHTaKTHBIMH
KOoJpDaMH B 3aBHCHMOCTH OT HOMHUHAJILHOM

MomHOCTH Py, [I19 HeKOTOpBIX MAaIIWH
obcielyeMbIX 3apaHee UMeIOTCA 3aBUCHMOCTH
B BHJle KPUBBIX OT Pac4eTHON MOLIHOCTH U
TJIaBHBIX reoMeTpUIecKUX pasMepoB
HanpuMep auamerpa D mpu P=const. rae P —
4MCI0 Map HoarcoB MamuHbel. Ha puc. 7
IOKa3aH rpaduK 3aBUCHMOCTH JAHaMeTpa
poropa ot momHocty asurarens D = f (P’)

IIPH PasJIMYHBIX YKCJIaX IIOTIOCOB P.
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Wwmeetcs Goratas nupopmanus B Buge Kpussix : 1 =f (P’); mpu P=1, 2, 3, ... 10; (1)

P’ — pacyeTHas MOIHOCTH MalTHBI
P — umcio map 1mosocoB onpe/ieIAI0NIi HOMIHATBHYIO YaCTOTY BpAIleHH CTapTep-

reHeparopa.
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Prc. 7. [ pagpux 3aBucumocru guamerpa ot momfHoctH gBurarens D= (P) npu pasiuaHpix
YHCIax moJrocoB P

COSe=f (P); mpu P=1,2,3,...10; (2) I'me COS@ — k03hGUITHMEHT MOIIHOCTH.
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D=f (P); mpu P=1, 2,3, ... 10; (3)

Ime D BHyTpeHHUI AHaMeTp
MarHuTOIIPOBOA

Bs=f(1); mpu P=1,2,3, ... 10; (4)

As=f(1); mpu P=1,2,3,...10; (5)

Nmes ctonp Ooratyro uHMOpMALUIO HE
TPYIHO CIPOEKTUpPOBaTh MamuHy. OmHAKO, B
Korza

cirydae IIPOeKTHUPyeTCs

3JIeKTPOMAarHUTHBIA CTapTep-TeHepaTop U He
“MeeTCsA HU KaKOH MHOPMALY IPUXOLUTCS
PACCUUTHIBATH HA OIBIT, 3HAHNE U UHTYUIUU.
3a/1aya yCcIoKHSETCS e1le TEM YTO OJTHO U TOXKeE
yCTaHOBKa pPabOTaeT B JBYX COBEPIICHHO
MIPOTUBOMOJIOKEHHBIX peXUMax: B cllydae
craprepa paboTaeT B  KPaTKOBPEMEHHOM
peXHuMe a B cllydyae reHeparopa, paboTaeT B
NPOAOIDKUTENBHOM pexxume Sl. B pexume

cTapTepa UWMEeT 3HAYUTEIBHO  OOJIBIIYIO
MOIIHOCTh, Y€M B PEXKHUME TE€HEeparTopa.
CcnenoBatenbHO MIPUXOTUTCS ZIBE
KaueCTBEHHO Y  KOJMYECTBEHHO  pa3HbIe

TpeOOBaHMS U 33]]a4YH CIIUTh B OJHO IIEJIOE.
IIpoekTupoBaHHe OCIIOKHAETCS €I
MOYTH €XKETHEBHO PACTYIIUM TpeOOBaHUEM W
MpEeTeH3UsIMU TIoTpeduTens (3akazuuka). Ecin
paHbIlle TPU ONTUMAIBLHOM MPOCKTUPOBAHUH
TpeboBajlach OJIMH TMapaMeTp ONTUMM3AIUU
(cpoekTHpoBaTh ~ MallMHy  MHWHUMAJIbHON
CTOMMOCTBIO WM MaKCHMAaJbHBIM KIIJ, HIIH
MHHMMAJIBHOW MAacCOW MpH Pa3HbIX MPOYMUX
YCIIOBHI) TO Ha CETOAHSIIHUN JI€Hb CTaBUTCS
MHOTOKpHUTEpUadbHas 3aJaya B YaCTHOCTHU
CIIPOEKTUPOBATH cTapTep-TeHEPaTOPHYIO
CHUCTEMY MAaKCHUMaJIbHOW HAJEKHOCTHIO U
MHUHUMAJIBHOM MacCoM, MpH pa3HbIX MPOUYMX
YCJIOBHSIX WJIM K€ CIPOEKTUPOBATH MAIIHHY
MHUHHMAJIbHON CTOMMOCTBIO MaKCHMalbHBIM
Kog u T. a. llpu  BelEnepeyuciIeHHOU
CIIOKHOM CHTyallun Ha TIOMOIIh Tpuberaet
MaTeMaTH4eCKOoe, buznyeckoe
MOJICIIMPOBAHUE U TEOPHUS MTOJ00HUS.

Mojenb, 3TO BCIIOMOTaTeIbHBIH OOBEKT,
HaXOISITANCS B a0COJIFOTHOM, WIH
OMPEJICIEHHOM COOTBETCTBHUHM C H3y4aeMbIM
00BEKTOM — OpUTHHAIOM. AOCOTIOTHOE
noxodue 3TO
TOXXIECTBO  MOJEIM W  OpUTMHAlIa B
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MPOCTPAaHCTBE U BO BpeMeHH. B Takom
ONarompusATHOM Cllydae TOJHAs WH(GOpMAIHS,
W3BIICYCHHAS u3 MOJIETH, MOKHO
pacrpoCTpaHUTh Ha OPUTHHAI C IOMOUIBIO
kodpduimenToB  mogobus. B ganHOM
KOHKPETHOM CJIlydae OTpPE30K CEepUH, WIH
OPUTHHAJIBHBIA OOBEKT MOYKHO IOCTPOMTH C
MOMOIUIbIO MacIITaOHBIX KO3()PUIIMEHTOB.

B gactHOCTH, eciiM KOHKPETHBIH OOBEKT,
XapaKTepu3yeTcs (byHKINOHATHHOM
3apucuMocThio f(t1, t2, ..., th), toe t1, t2, ...,
th, N MepHast KOOpIUHATHAS CUCTEMa BXOJHBIX
NEPEeMEHEHHBIX ~ O0BEKTa—  MOJAETH,  TO
dyHKIMOHaIbHAS 3aBHCUMOCTD F(t1, 12, ..., tn)
BIIOJIbHE MOXKET MaTeMaTH4YeCKH OINHCATh
OTPE30K CEpHH, WM OPUTHHAN, C MOMOILBIO

KPUTEPUEB nonoous.
ty ty th
m; =—=; M, =—;.... ,m, = —; 6
1 ti 2 té n t1,L ( )
Ine t1,t5, ....., t;,—N MepHas cucrema

BXOJHBIX IIEPEMEHHBIX OTPE3Ka CEPUHU, U
OpUT'MHAJIA.

OpaHako B MPAKTHKE HUCCIIETyeMble 0ObEKTHI
(MHIyKIIMOHHBIE MAIIMHBI) Pa3HBIX MOLTHOCTEN

HE  SBIAIOTCS  a0COJIOTHO  HOIOOHBIMHU.
CnenoBaTenbHo, MEX Ty BXOJHBIMU
rapamMerpamu MOT'YT OBITH pas3HbIe

3aBHCHUMOCTH, 4YTO OTpa)kaeTcsi B TEpPBYIO
ouepear Ha KputepueB mogodus. OHU MOTYT
OBITh:

mi=const; mi=var; mi=f(ty, t2, ...., tn),

MMOCTOSIHHBIE, TIEPEMEHHBIC WU
(GyHKIIMOHAJIbHBIE.

MomHOCTh M TOYTH BCE€  BBIXOJIHBIE
MoKa3aTeJIM  WHAYKTUBHOW  MAIlMHBI B
CTapTEPHOM  WJIM TE€HEPaTOPHOM  pEeXKUME
3aBUCAT HE TOJBKO OT YacTOTHI BpalleHUs,
reOMETPUUECKUX Pa3MEPOB MAarHUTOMPOBOJIA U
TOKOMIPOBOJIa, HO H  DJIEKTPOMAarHUTHBIX
Harpy30k ¥ 3(G(EKTUBHOW  KOHCTPYKIUU
KoTopas B (hOpMyJie MOIIIHOCTH HE OTPAXKAETCA.

MarnuTHasi Harpy3ka BO3QYIIHOIO 3a30pa
MaJIOMOIIIHBIX, CPETHEH 1 OOJIBIIION MOIITHOCTH
OYEeHb MaJI0 OTJIMYaeTCsl JApPyr OT Jpyra.
Uto kacaercss JMHEHHOW Harpyske, OHa
MEHSETCS] B 3aMETHBIX UHTEepBaJIax ISl MallluH
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pasHbIx  MomHocTeil. CrienoBarenbHO 00
a0COIIOTHOM TOAOOMH MAIIuH PeYb HE MOXKET
UATH.

Hcnonb3oBanne MaciTabHbIX KO3()PUIIMEHTOB

(ko3 unenToB  momodus) TOMBKO s
TCOMETPHUCCKUX PAa3MEPOB HE yBCHUHTCS
yCIIEXOM. [Tepemennbie BEJIMYMHBI

MIPOSKTHPOBAHMSI, KOTOPBIC MAJIO OTIUYACTCS
JUIS  MalldH Pa3HbIX MOIIHOCTEH  TOXe
BO3MOXXHO HE BKIIFOUUTH B CITMCKE TIOJJOOHBIX
BETTUYHH 11 MOJICTI M OpUTHHAIA.
CyIiecTByIONMEe BEIMYMHBI TAKOBBI KAk
a0CONIOTHBIE, OTHOCHTEIbHBIC ,MaCIITa0HBIC,
MOJI00HBIE, TPOU3BE/ICHHEIE, MIPUBOJTHBIC,
MHOXXECTBO  KOA((UIMEHTOB  UMEIOUINX
pa3MepHOCTh WU 0e3pa3MEpHOCTbH, SBISIOTCS
00513aTEIbHBIMU BEIMYMHAMU JJIs1 TIOTYUYCHHUS
ONTUMAIILHBIX ~ BEJIINYHH craprep  —
TCHEpaTOpHOW  YCTaHOBKH. B Hauwane
MTPOSKTHUPOBAHHS cTapTep—
TCHEPATOPHOM  YCTAaHOBKH  JUISL  CY)KCHUS
obmacth  (MHTEpBaja)  UCCICAOBAHHSI U
MOJTyYCHUSI TPEIBAPUTEIHLHO MPHOIMKEHHBIX
pe3yabTaTOB 3KCIEPHUMEHTAILHOTO 00pasia

IpeajgaraeTcsi  HMCIOJb30BaHUE  JIOJIEBBIX
(BeCcOBBIX) BEJIMYUH reOMETPUYECKOTO
MIPOrpaMMUPOBAHMUSL.

Ecmu oOpaTuTh BHUMaHHE Ha MOIIHOCTh
ANMEKTPOMEXAHUIECKOTO npeoOpaszoBaress
YBHUJIUM, YTO OH SIBISICTCS (DYHKIIHEW 4aCTOTHI
BpalucHu:, o0Bema MAarauToIpoBoaa
(mpownsBeneHUS KBaJpaTa BHYTPECHHETO
TuamMeTpa Ha pacueTHyo JUTHHY
MarHuTONPOBOJA), JMHEWHOW HArpy3KH W
MAarHUTHOM MHIAYKIMH B BO3AYIIHOM 3a30p€.
Kaxmplii MHOXHUTEIh HUMEET pPa3MEpPHOCTb,
¢u3n4Yeckuii CMBICI M BHOCHT  CTPOTO
OTIpENIEJICHHYI0 Homly (JI0JII0) B  CO3JaHHUU
MOITHOCTH. Bemnunna KaXI0Iro0 MHOXUTCIIA
3aBHCUT  OT  MHOXECTBAa  TpeOOBaHMIA
3aKa3uMka— TOTpeOuTenss U  abCoIOTHAs
BCIMYMHA HX B IIPOLECCEC IPOCKTUPOBAHUA
MEHSIETCS B  ONpEJCIICHHBIX HWHTEpBaJaX.
UToO0BI Ccy3uTh 00JIACTH TTOMCKA ONTHUMATHHOM
MallluHBbI, HCOGXOI[I/IMO HUCITIOJIB30BAaTh AOJICBBLIC
BEJTMYMHBI reOMETPUIECKOTO
[IpOrpaMMHUPOBAHUA, SIBJISIFOLLUICS
0000meHnsIMH  00Jie€  BBICOKOTO  TMOPSAKA.
ConocraBisis BBIpAXKCHUA MOIIHOCTHU  TakK
Ha3bIBAEMYI0 (YHKIHUIO TPEIBAPUTEIHHOTO

MPOEKTUPOBAHUS MOKHO HaWTH TOKa3aTelu
CTeMeHe — OrpaHUYUTEeNd C [OMOIIBIO
pelieHus] JMHEWHBIX ypaBHCHUH. DYyHKIUA
MPEABAPUTEIIBHOTO MPOCKTUPOBAHUS HMEET
CIEYIOIINNA BU

f(n, D21, A, By) - nLD*2 8 AX. B S:
(7

— 3HaK 03HA4aerT ,, COIIOCTaBIeHHUE .

I'e X1, X2, X3, X4, X5 ABISAIOTCS IOKA3aTEIAMU
CTEeIeHen KOMOMHHUPOBAaHHOM
orpannuuBaromet  gynkumu. OHH  MOTYT
pacnpocTpaHATCs Ha OOJBIION CIIEKTP MalIUH.
OcTtaBisisi UX NOCTOSIHHBIMU M MEHSS TOJIBKO
BEJIMYMHY  MOIIHOCTH  MAallWH,  MOXHO
IIOJIyYUTh IIpEIBAPUTEIILHBIE obnactu
ONTUMAJIBHOTO MPOEKTUPOBAHNS TON WIX HHON
MalIMH.

Ecnu Mozens uccienoBarbh coO BCEX CTOPOH
KaK 3KCIIEPUMEHTAJIILHO TaK U MaTEeMAaTUYECKU
1ocjie M3BJIEYEHUS U3 HEro Xi, X2, ... , X5
BEJIMYMHBI  JIETKO  MOXKHO  IONAcTh B
ONTUMAJbHBIA MHTEpBAJI TOUCKA >KeJIaeMoun
MalMHbl opuruHana. OHH X1, X2, , Xs U
SIBIIAIOTCS, 0000IEeHnsIMH 00jee BBICOKOIO
HOpsJKA.

[Tono6Ho BbIpaxkeHUto (6) Mpu KeJlaHUU
MOKHO €037aTh (DYHKLUMHU MpPEIBApUTEILHOTO
MIPOEKTUPOBAHMS 3aBUCAIIYIO OT BBIOpaHHOIO
HaMU IIEPEMEHHBIX MPOEKTUPOBAHMS MU IIOCIIE
HECJIOKHBIX MaTeMaTHYECKHUX MIPUEMOB
MaTpUYHOM aireOpsl U T€OMETPUUYECKOTO
IPOrPaMMHUPOBAHUS MOJTyYUTh
npeBapuTeNbHBI  001aCTh  ONTUMAJILHOTO
BapHaHTa cTapTep-reHepaTopa.

CocTaBuM JIMHENHOE ypaBHEHNE
MOJIO’KUTETBHBIX BECOB

G114 024 = +ds=1
18141024+ 0:83+0:04 + 005 = X1+ 86 =0
I3 +1:8:4+ 0-8:+0-84 + 085 = X2-86=0
181 +0-8:24 0-8:+0-8s + 0085 = X386 =0
0:8:+1" 824+ 0-8:+0:82 + 0:6s = X536 =0
181 +1-8:4+ 0-8:4 084 + 085 = Xs-86=0
Idi+1-8:4 0-8:4+0:82 + 08 =Xe-8s =0

®)
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B mamHOM 4YacTHOM cily4ae CTaBUTCA
obparHas 3amada. lIpyu M3BECTHBIX BXOAHBIX
IIapaMeTpOB HAWTH

f(ty, t2, t3, ..., tn) = DM tX%t 8, tn X

(9)

ITociie BceCTOPOHHOIO HCCIIEIOBaHUS
MOJIEIA KPOME X1, X2, ... , Xn H3BECTHO BCE
BEJIMYUHBI, KaK, BXOJHbIC TaK U BBIXOJHBIC
mokasareian  MoTop-reHeparopa. Ocrtaercs
MaTeMaTH4YeCKUMU IpUeMaMy HalTu Xi, X2, ...
,  Xn TOKa3zaTead  00O0OIIEeHHbIE 51
pacnpoCTpaHUTh MX Ha OCTAIbHBIX MOJOOHBIX
u3zenusx (opuruHaiax).

I1I1. BAKJTIOYEHHUE

Onucanbl CJI0)KHOCTH ONTUMAIBHOIO
IIPOEKTUPOBAHUS OIBITHOTO 00pa3ua Jr00ro
NEKTPOMEXAHUYECKOTO npeoOpa3oBarTes
SHEpPIruM, B YACTHOCTHU CTapTep-reHepaTopa
IIPEIBAPUTEIIbHBIX, AalIPUOPHBIX CBEICHUM.

[IpemyioxxeHpl MyTH pacyeTa Yucell-
JOJIEBBIX (BECOBBIX) 3HAYEHUN MapaMeTpoOB
0ojee BBICOKOIO YpOBHsS 0000OmeHus ¢
MIOMOIIbIO UCIIOJIb30BaHUS MeToJ1a
Tre€OMETPUUYECKOT0 IPOrpaMMHUPOBAHUS.

Jlo ceil mapu mpeaBapUTEIbHOM
MPOEKTUPOBAHUM,  AlPUOPHBIE  CBEJIECHUS
3aaloTcsd B BHUJE TaOMIl, WM TpapUuecKux
¢bopM B 3aBHUCHUMOCTH OT OJHOTO WJIH ABYX
napametpoB 1 =f (P’); D=f (P); D=f (P’) u ..

I[Ippu mpexncraBaeHMM  MPOEKTHPYEMOIO
o0BbeKTa B MAaTpUYHON (opMe 3aBHUCHUMOCTH
HOBBII MHOTO()YHKIIMOHAJIBHBIA  Xapakrtep,
yOpoIIaeT M pacliupsieT  BO3MOKHOCTH
ONTUMAJIbHOTO  IPOEKTUPOBAHUSA  CTapTEP-
reHeparopa.

[Toka3aHo NpPEeUMYIIECTBO HCHOIb30BAHUSA
JTAHHOTO MeToJ1a o CPaBHEHMIO
CYLIECTBYIOIIMMHU METOJIaMH Ul HaXOKICHUs
ONTHMAJIbHOW 00JIaCTU TOMCKA U CY)KEHUs
MHTEpBaJa MOUCKA.

HNmes uccnmenyemslii MOAENb ,U3BJIEKast W3
HEro NOJHYI0 HH(POpPMAIMIO M PacCUUTATh
ypciaa 0oJjiee BBICOKOTO OO0OOIIEHMS, HAWTH
obmnactu IPEIBApUTEIILHOTO  TIOMCKa
ONITUMAJILHBIX BAPHAHTOB MOTOOHBIX H3/ICITHH.
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Annotation

The article analyzes the national task of management activity - financial support of the processes
of modernization of transport infrastructure. It has been established that the need for financial flows
in the transport industry, as a rule, should be initiating and stimulate the attraction of own resources
of enterprises and entrepreneurs, bank loans and other extra-budgetary funds. Based on the world
experience in financing the development of transport infrastructure, it has been proven that one of
the most common mechanisms for attracting investment is concessions, which provide an optimal
balance between benefits and risks for an investor.

Key words: transport complex, investments, transport infrastructure, financial project.

Formulation of problem requirements. In the field of transport, the EU
Ukraine's aspiration to become a member White Paper is an important document that
of the EU requires significant work on the defines the main priorities for the development

adaptation of transport legislation to European of transport infrastructure. This document
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provides an estimate of the cost of
infrastructure development in the EU for 2010
- 2030 at 1.5 trillion euros [9].

The lack of financial resources for the
modernization and development of transport
infrastructure can be compensated by
introducing the principles of "polluter pays"
and "user pays", along with special attention to
the most vulnerable members of society;
providing guarantees for loans and working
capital for infrastructure development;
involvement of the private sector, international
institutions and other international partners,
including

through  partnerships  with

stakeholders and the  principle  of
accountability based on clear rules and
functions.

Research methods. This work was based
on the analysis of analytical reviews of
specialized periodicals, scientific publications,
Internet resources, etc., collected by the
authors during the study of this problem.

The main objective of the article.
Identification of possible main sources of
financing of the transport complex of Ukraine
in the conditions of European integration.

Exposition of the basic
material. The White Paper notes: "price
signals play a crucial role in many decisions
that have a long-term impact on the transport
system™ [9]. Transport  charges and taxes
should be restructured to make greater use of
the polluter pays and user pays
principles. They should be the basis for the

role of transport in promoting European

Ne1(14),2020

competitiveness and coherence, while the
total production costs of the sector should
reflect all  transport  costs, including
infrastructure and external costs. Wider socio-
economic benefits and positive externalities
are the basis for a certain level of public
funding, but in the future transport users are
likely to pay a higher share of costs than
today. It is important that users, operators and
investors receive therightand consistent
monetary incentives.

The National Transport Strategy until
2030 identifies the main priorities, one of
which is to ensure sustainable financing of
transport through the introduction of the
principle of "user pays" and the introduction of
a mechanism of targeted funding [6]. It is
necessary to support the attraction of private
capital,  provided there are  economic
benefits. Public funding should be
provided based on a transparent mechanism
for prioritization, economic efficiency and
transparency of public procurement, the
establishment of open communication and
disclosure of information on planning the use
of budget funds and actual expenditures [4].

Another tool for regulating the financing of
transport infrastructure development
projects is  taxation. "Taxation of many
transport industries is preferential, compared
to all other economies: the taxation of
company cars, non-collection of VAT and
energy tax on international maritime and air
transport, and so on. In general, these schemes

create a conflict of incentives given the efforts
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to increase the efficiency of
the transport system and reduce its external
costs" [5].

Elimination of tax disparities and
unjustified subsidies, free and undistorted
competition, aimed at bringing market choices
inline with the needs of environmental
sustainability, necessary to create a level
playing field for modes of transport that are in
direct competition. A significant source of
funding for transport infrastructure is the funds
raised, among which are the following.

e Foreign investment, which is one of the
promising sources of funding. Their use in
comparison with loan capital and other types
of financial and credit security has a number of
advantages. Unlike loans and credits, they,
without increasing the external debt of the
state, contribute to obtaining funds for the
development of production, attracting the
interest of a foreign investor. Most
often, foreign investment is made in the form
of new equipment, technology and the right
touse intellectual property, know-how,
complex equipment. It should be noted that the
Ukrainian economy receives very little foreign
investment (in 2016, their volume amounted to
UAH 9.4 billion, or 2.9% of total investment
in the economy). This is hindered by frequent
changes in legislation and the lack of reliable
protection guarantees for foreign investors, too
high tax rates, and slow privatization.

e State budget funds used by a limited
number of enterprises. In 2016, the amount of
budget funding amounted to 7.5 billion UAH,

or 2.3% of total investment in fixed assets of
the  economy [4]. Budget financing  of
investment programs and projects, as a rule,
should initiate and stimulate the attraction of
own resources of enterprises
and entrepreneurs, bank loans and other extra-
budgetary  funds. Provision  of investment
programs should be distributed between state
and local budgets interested in  the
implementation of these programs, and the
implementation of investment projects, as
arule, - to be carried out on a competitive
basis.

e Raising funds on the secondary stock
market. Securities previously issued are
resold on the secondary stock market. The
main actors in it are investors who earn on
fluctuations in securities prices. The difference
between buying and selling prices generates
their income. The situation on the secondary
market shows which companies and industries
are experiencing a crisis, and which - on the
contrary - the rise. Thus, the secondary market
sends signals to investors about promising
areas of future investment,
provides structural restructuring of  the
economy.

e Attracting funds from domestic,
including private, investors, for which, along
with the formation of financial and investment
structures, it is necessary to take other
measures to increase the return on investment.

In  Ukraine, the following forms of
cooperation of partners are most often used in

the implementation of infrastructure projects:
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concession agreements,
management agreements, investment
agreements.

However, each of these mechanisms does
not provide the investor with the optimal way
of refinancing and guarantees for return on
investment with a certain return.

Studying the experience of Europe and the
world in financing the development
of transport infrastructure, it should be noted
that one of the most common mechanisms for
attracting investment IS
concessions. The relevance of research on
concession relations and the adaptation
of Ukrainian legislation to EU requirements is
confirmed by Directive 2014/23/ EU of 26
February 2014 on the conclusion of concession
agreements.

This Directive requires the establishment of
a specific term of concession agreements,
the duration of which exceeds five years. This
condition aims to provide the optimal balance
between benefits and risks for the investor. In
practice, thismay mean that the shortest
concession period can be determined by a
criterion in the selection of the contract.

On March 5, 2014, the European
Commission published information on a
package of EU measures to support Ukraine
for the period up to 2020, amounting to 11
billion euros [9]. The estimate includes macro-
financial assistance (credit resources) of € 610
million and € 1 billion; EU grant aid - 1.4
billion euros. (including € 400 million under

existing programs), credit resources from the
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European Bank for Reconstruction and
Development (€ 5 billion) and the European
Investment Bank (€ 3 billion) [10].

The main International
Financial Institutions (IFls) that
provide project financing for the public and
private sectors of Ukraine are: the European
Bank for Reconstruction and Development
(EBRD), the European Investment Bank (EIB)
and the World Bank Group (International Bank
for Reconstruction and Development and the
International Finance Bank). corporation).

Since the early 1990's.  When
the I cooperation of Ukraine with the IFI, the
total volume of assets (loans and investments)
exceeded several tens of billions of euros and
dollars, about 12 billion euros from the EBRD
and $ 12.5 billion from the IBRD. On the one
hand, each donor has its own priorities,
according to which it determines the directions
and amounts of support. On the other hand,
MFIs often complement assistance. For
example, the EIB and the EBRD have
traditionally coordinated their work: they
jointly evaluate and co- finance several
projects. This is easy to explain, as the former
is a bank of the European Union, while the
latter is a major shareholder in the EU. At the
same time, the direction of the EIB's work can
be directly determined by the EU's foreign
policy needs, as the European
Commission plays a key role in setting the
Bank's priorities outside the EU.

The situation is similar in the World Bank

Group, where spheres of activity are
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distributed among individual
organizations. The European Bank for
Reconstruction and Development (EBRD)
primarily lends to governments and the public
sector, while IFC provides loans to
private businesses.

Russia's military aggression and the
economic crisis in Ukraine have forced donors
to reconsider their strategies in Ukraine. The
amount of funding was proposed above, and
the directions of work were adjusted. At the
same time, infrastructure remained among
the priorities of all MFIs supporting Ukraine.

In March 2014, the EU agreed on a support
package for Ukraine totaling more than 11

|
AGRARIAN SECTOR

ENERGY
TRANSPORTATION

INDUSTRY
UTILITY TRANSPORT |
BANKING SECTOR

OTHER

100

billion euros, with the EBRD and the EIB
having the largest commitments, five and
three billion euros respectively. Part of these
funds was supposed to be spent
on transport infrastructure.

As aresult, the EBRD's portfolio of projects
(in 2018) in Ukraine amounted to € 3.6 billion,
of which almost 35% was in infrastructure.
However, most of the bank's liabilities were for
projects that began before 2014. During 2014-
2018, the Bank approved loans for transport
projects in the amount of only

237 million. euro (Figure 1).
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Fig. 1. Distribution of EBRD funds under contracts signed in March 2014 - September
2018 (by sectors), million euros [8].

As part of Ukraine's support package,
the EIB has been authorized to finance
infrastructure projects. Among these funds,
transport projects accounted for more than a
tenth - 356 million euros [ 3].

Overall, since the beginning of 2014, the
EIB has signed loan agreements for transport
projects worth € 420 million (Figure 2). A
separate question is whether Ukraine is fully
using these opportunities, because in the

framework of various projects about 3
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billion. euros for 2018  were  considered
unused.

As a result, the Bank increased lending
to Ukrainian projects and met its € 3 billion
commitment. The amount of funds allocated
2014-2016

was almost twice as high as in 2011-2013 (1.7

under contracts signed in

billion euros).

SMALL BUSINESS ENTERPRISES

WITH THE AVERAGE LEVEL OF CAPITALIZATION

AGRICULTURAL SECTOR

MUNICIPAL INFRASTRUCTURE

ENERGY

MUNICIPAL TRANSPORT

TEANSPORT

EDUCATION
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In early October 2018, the EBRD approved
a new five-year strategy for Ukraine, which
should replace the crisis  response
package. Infrastructure is among  the
operational and strategic priorities, further
EBRD investments for the transport sector can

be expected (Fig. 3).
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Fig. 2. Allocation of EIB funds to signed contracts in March 2014 — September
2018, million euros [9].
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Fig. 3. Distribution of IBRD funds under contracts signed in March 2014 - September 2018
(by sectors), million euros [8].
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Conclusions.  Thus, the economic
component of EU transport policy is
manifested in the financing of infrastructure
projects through EU investment funds. It is
implemented through the creation of EN - T -
a new transport policy of the European
Union. According to the new EU strategy in

the field of infrastructure, the volume of

funding for
the transport sector in 2020 amounted to
26 billion euros. However, funding  the

transport sector will be redirected to the clearly
marked a new basic network, by means
of which will be formed the principal basis of
the transportation system within the single
European market.

Its implementation will be facilitated by
the creation of nine main
transport corridors connecting EU ~ Member
States and stakeholders, which will ensure the
concentration of scarce resources and achieve
concrete results.

Participation in international organizations
is one of the most important forms of
cooperation between the states, aimed at the
adaptation of national legislation to
international law and the implementation of
international technical and legal norms in the
field of transport and communications of

Ukraine.
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AHHOTamMs. B cmamve npoeeden ananuz obujecocyoapcmeenHol 3a0ayu YnpaeieH4ecKou
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8HeOdcemublx  cpedcms. Ha ocnose Mmupoeoco onvima no QUHAHCUPOBAHUIO PA3EUMUS
MPAHCROPMHOU  UHGPACMPYKMYPbL, OOKA3AHO, YMO OOHUM U3 CAMBIX PACNPOCMPAHEHHBIX
MEXAHUZMO8 NPUBTICUEHUS. UHBECIUYULL ABTeMCsl KOHYeCCUuu, KOmopule NO360J510m obecneuums

onmumailbHoe CoOontHouterue MeDfC()y 6b1200aMU u puckamu ons UHeecmopa.

KiroueBblie cjJioBa: mpchnopmelﬁ KOoMnJjiekc, uHeecmuyuu, mpaHcnopmmnast

ungpacmpykmypa, ouHancoaswlll npoexm.
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