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WIRLESS NETWORKS, THEIR TYPE AND METHODS OF USE

O. Shonia”, 1. Kartvelishvili,”Z.Beridze™, I. Didmanidze™, L. Kolbaia™

(Georgian Technical University, Merab Kostavave. 75, Thilisi, 0175, Georgia)

Abstract: In this work, basic information about the technologies and components of the
wireless computer networks are represented. All types of wireless networks (personal, local,
regional and global) are discussed briefly and the features of their structure and methods of
use are described.

Keywords: wireless, wireless personal area network, wireless local area network, wireless

metropolitan area network, wireless wide-area network.

INTRODUCTION

Wireless networks play a great role in people’s life, at any location they are — at work
place, home or public space. Even when the wireless network is made by the simple reason —
provide the communication between people and sources of information without wire, we should
clarify the basic concept of the wireless network, discuss the security issues regarding them and
then find how they work and what benefits they can give in different cases.

Nowadays the wireless networks are widely used all over the world in order to satisfy the
communication demands of great number of users. It is noteworthy that in some parts of the world,
the wireless technologies are spread more than the traditional cable communication technologies.
Popularity of the wireless networks has several reasons. The price of the wireless devices have
noticeably decreased, which gives the opportunity to the service-providers to decrease the price
significantly and make it more available for the customers. The installation fee for wireless
networks is also reduced at the growing market and it is lower than the fee for installation of cable

networks.

There are different types of the wireless networks, but the basic feature of the wireless
networks is that the communication is set between the computer devices. Such as personal digital

assistance (PDA), notebooks, personal computers, servers, printers etc. Under the personal

Professor”
Associate professor™
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computers, we consider those, which have processors, memory and facilities to response to any of
networks. Generally, the cell-phones do not attributed to the computer devices but the latest phones
have the certain calculating features and network adapters. Therefore, in the nearest future, the
most of the electric devices will be equipped with options to connect to the wireless networks.

In order to provide interaction among the users, servers and database, the wireless
networks as transmission facility, uses radio waves or infrared range. This area of the information
transmission is invisible for human. Nowadays, most of the manufacturers integrate the network
interface cards (NIC), which are known as the network adapters, and antennas in such a way that
they are not noticeable for the users. This all, make the wireless device more mobile and useful.

Wireless networks, which provide the connection in different physical zones, are divided
in following categories:

Wireless personal area network (PAN)
Wireless local area network (WLAN)
Wireless metropolitan area network (MAN)
Wireless wide-area network (WAN)

Wireless personal networks are distinguished by the information transmission to the small
distances (up to 17 m), which makes them perfect for use within the small area of the building or in
“personal zone”. Features of the wireless personal networks are medium; the information
transmission speed does not exceed 2MB/sec. In many cases, wireless personal networks replace
the wire networks successfully.

Such network provides, for example, wireless synchronization of data with PDA users
and their personal computer or notebook. The wireless connection is also possible to printers.
Replacement of wire network connection between the computer devices by the wireless network
connection is a considerable prevalence, which makes the installation works of the computer
devices significantly easy even in case of necessity of their moving to other locations.

The wireless personal networks can provide the interaction of notebooks and personal
computers in order to connect to the Internet simultaneously. The operation area of such networks
is defined within one room. In the most of the wireless personal networks, radio waves are used for
the information transmission. With specification, which is based on Bluetooth, the operation of
wireless personal networks is regulated at 2, 4 GHz range, distance — up to 17 meters, transmission
speed — 2 Mb/sec.

12
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For the wireless personal networks, the standard is 802.15. The USA famous Institute of
Electrical and Electronics Engineers (IEEE) involved in their standard 802.15 for wireless personal
networks specification — Bluetooth. Similar technology ensures reliable and uninterrupted solution
for such computer devices that are connected within the small zone, at a little distance.

In some wireless personal networks, for transmission of the information from one point to
another, the infrared radiation is used. Such specification, which is based on the infrared range
(Infrared Data Association, IrDA), regulates the use of directed infrared rays for transmission of
information on up to 1 meter-distance. Transmission speed is 4Mb/sec. The preference of such
transmission of information is that it protects it from radio disturbances, but it is necessary to place
the computer devices in close distance opposite each other.

Wireless regional (city) networks provide service to the zones inside the city. In the most
cases at the system implementation it is necessary the fixed connection. For example, in hospital,
such network provides the data transmission between the main building and clinics stand away. In
addition, the energy company may use the networks of this type to connect the main building with
distanced energy facilities throughout the city. As a result, wireless regional networks will connect
existed network infrastructures or give the opportunity to the mobile network users to have the
connection to the existed network infrastructure.

Consumer Market offers different patented solutions for the wireless regional networks
but the manufacturers always follow standards. Some providers use 802.11 standards for creation
of the regional networks, but systems of such standard are optimal and satisfy the demands inside
the building. They can set up the connection via directed aerials.

Wireless global networks provide the access to the information countrywide and
continent-wide. The wireless global networks have the unlimited operation area, which is ensured
by the telecommunication companies. The agreements made by the telecommunication operators
regarding roaming make possible to communicate through the long distances and provide the fast
data transmission among the mobile users. After settlement with only one Telecommunication
Company, the user can make connection via the wireless global network from any point of the
world to the different Internet services.

The special systems, which are the features of the wireless global networks provides the
access to Internet, corporate systems and send-receive of e-mail despite the location of the user —
whether it office, home or outside the building. For example, the network subscribers can easily

have connection when travelling in a taxi or walking in the streets. The wireless global networks

13
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function from such places, where the networks of other types do not have access and the users are
not limited due to area.

One of the problems regarding introduction of the wireless global networks is that it could
not provide the good connection to the users being inside the building, because the infrastructure
elements of this network are located outside the building and the radio signals become noticeably
weak. As a result, the users of the wireless global networks that are inside the building may
absolutely lose the connection or in the best case, the properties of the connection become
significantly worse. Some of the telecommunication companies install the systems of the wireless
global networks inside the building, but this requires the considerable expenses and does not
appreciated in technical terms.

One of the worldwide wireless technologies are the wireless local area network (WLAN)
based on IEEE 802.11. It is mostly used for the wireless data transmission between personal
computers and laptops inside the buildings. In comparison with mobile network, this technology
gives opportunity to the devices to make connection potentially at a very high speed (but
comparatively short distances). Actually, these networks are called WLAN () wireless local
networks because they provide the LAN-connection equivalent inside the buildings (Fig. 1).

Wireless
Network

Wireless
Access Point

-
l.[

.

-

~ 4

=
DSL/Cable \’\\N
S\

ﬁl ] c p Local Refwork

1. Wireless local networks provide the information transmission among the computer devices

inside the building
14
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Wireless local networks have high features. They provide information transmission inside
and outside of offices that are located inside one large building. The users of such networks use
PDAs, notebooks and personal computers with large screens and processors, which have the ability
to operate with large systems. Such networks satisfy fully the requirements for the connection
parameters of the computer devices of this type.

In number of offices, for example, the local network is arranged in order to provide the
access to the computer systems from notebooks. Within the systems of this type, the user that, for
instance, is in the conference room or at other place inside the building can easily use the network
services, which assists him/her to perform their obligations effectively.

Wireless local networks easily provide those features, which are necessary for
uninterrupted performance of the high-level systems. The users of such network can receive the e-
mail or video stream of large volume. Wireless local networks fully satisfy the requirements of all
office systems.

Wireless local networks, by their features, components and performance of operations are
similar to the Ethernet type traditional cable local networks. Nowadays, the wireless local network
adapters are built-in in the most of notebooks.

The standard of the wireless local networks is — IEEE 802.11. There are different versions
of this standard, which provides the information transmission within the range of 2, 4 and 5 GHz.
Main problem of such standard is that, it cannot provide the interaction of computer devices of
different versions. For example, the adapters of the computer devices, which are compatible to the
wireless local network of standard 802.11a, cannot connect to the wireless local network of
standard 802.11b. There are also other problems, for instance, insufficient security measures. In
order to eliminate the abovementioned problems of standard 802.11, the organization “Alliance
Wi-Fi”, entered all applicable functions in one standard, which is known as — Wireless Fidelity
(Wi-Fi). Therefore, if any computer devices are compatible to the Wi-Fi standard, then their
interaction is guaranteed.

Wireless personal, local, regional and global networks are inter supplementary and satisfy
different requirements, but sometimes it is difficult to distinguish one network from the other. For
example, the wireless local network inside the building is able to provide the interconnection

between the PDA and personal computer like wireless personal network.
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If we consider the future prospects from the user’s point of view, then the boundaries
among the types of the wireless networks should be annulled. The special network adapters of the
personal computers have already been made, which have the operation support for the wireless
networks of the different types. For instance, businesspersons and tourists may have modern cell
phones, which interact with both wireless local network and wireless global network. All
abovementioned provide the wireless connection, therefore, the user in the airport facility, works
with his/her e-mail, which uses the wireless local network of common connection, then, while
travelling, interacts with the services of other type, which is based on the information transmission

via mobile network.
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BECITPOBO/JIHBIE CETH, UX TUIIBI U METOAbI UCITIOJIb3OBAHUSA
O. llonus, U. Kaprenumsuiu, 3. bepuaze, U. Inamannase, JI .Koaodan

B crathe mpencTaBiieHbl OCHOBHBICKIIIOUEBBIE CBEJIEHUSI O TEXHOJOTHUSIX OECIPOBOIHBIX
KOMIIBIOTEPHBIX CETeH M HX KOMIIOHEHTOB. Bce THmBI OecnpoBOAHBIX ceTeil (Takue Kak,

MepCOHANbHbIE, JIOKAIbHbIE, pETHOHATIbHBIE U TTI00aTbHBIE CETH) 00CYKIEHHBI KPATKO U OTHCAHHBI
uX (QYHKIHMH, CTPYKTYpa U CIIOCOOBI UCIONb30BaHUs. Takxke,B paboTe yAeleHO BHUMaHUe PO U

BaXXHOCTH 6eCHpOB0}1HHX KOMITBIOTCPHBIX ceTei B HOBCG}IHGBHOﬁ JKHU3HHM  YCJIOBCKA.
COIlep)KaTCJ'IBHO paccMOTpCHA CHCI_II/I(I)I/IKa pa6OTBI KaXXJ10oro Tuiia 6CCHp0BOJIHBIX KOMITBIOTCPHBIX

ceTel U UX 3HAYUMOCTbH JJIs 06I_I_ICCTBa.

(Received on 03.04.2017)
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ANALYSIS OF PLATES THAT ARE REINFORCED BY THIN CURVILINEAR
VARIABLE CROSS-SECTION RODS
G. Kipiani®, G. Okropiridze™, V. Sulashvili ™
(Georgian Aviation University, 16, Ketevan Tsamebuli av., Tbilisi 0144, Georgia)

Abstract:Are derived the general conditions of conjugation of plates with displaced medieval
surface by thin variable stiffness rib. From these conditions, in particular, follows the
conditions of joint deformation of plates with small depth extrudes, as well as various
kinds of conditions of seam of plates with variable stiffness ribs that are applied in the
work at solution of tasks of analysis and rational design of thin-walled structures.

Keywords:plate; extrude; rod; variable stiffness.

INTRODUCTION

One of the basic factors of technical progress is the development of fundamentally new
types of tools, machines, structures, having increased reliability and comparatively low material
consumption. The shells and plates are presented as responsible elements of majority of
engineering structures. For performing of necessary functional requirements designer often is
forced to weaken them by various shape cuts, for reduction of arising at this concentration of
stresses, for increasing of stiffness of thin-walled structures often are applied the lamellar of shell
elements with displaced medieval surfaces that are conjugated by thin variable cross-section ribs
or by variable depth extrusions. Such combined plates are widely used in mechanical
engineering, aircrafts, spacecrafts and other fields of engineering.

By this is explained the constant attention of researchers to development of methods of
analysis of ribbed shells and plates [1-12]. Up to nowadays the majority of authors were limited
by consideration of constant cross-section ribs that evidently have advantage due their

manufacturability in comparison with variable stiffness ribs. It is clear that in tasks of
optimal design the shells and plats with ribs is necessary, where it is possible, to extend the class
of reinforcing elements and consider the variable thickness ribs that have the additional

Professor*
PhD Student**
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controlling parameters that gives the possibility to more fully satisfy the basic requirement of
low material consumption as well as specific requirements of design aesthetics, convenience in

operation and so on.
BASIC PART

Along thickness seam line with washers the plate is reinforced by thin curvilinear variable
cross-section ribs. The surfaces, in that are arranged the axes of these rods, are displaced related
to plane z = x + iy on the distance A= const. One of the principal axes of inertia of cross-
section of each of rods coincide with the principal normal to axis L. The intersection of these
axes with medieval plane of plate is the line L;, along of that occurs the conjugation of system
“plate-rib-washer”. This assumption is introduced due small width of cross-sections of
reinforcing rods. The plate is arbitrary loaded. To stiffness ribs are applied the external bending
moments my (s), shear forces P (s) and tensile stresses Py, (s) and P, (s) that are acting in
plane of plate (s — is the arch of contour L; k=0.1, --,£) (Fig. 1).

The bending moments and forces acting on unit length of k rib from domain S, (plate) lets
designate as m9(s) and P?(s), and the bending loadings acting on unit length of the same ring
from the domain S, (washer) —as mg , (s) and Pg . (s) (k=1, 2, ., £). The forces on k rib, acting
in the plane z = x + iy (from the adjacent plate) on unit length of rod, let’s designate as X2%(s),
Y2k (s), X5 (s), Y (s).

Thus the k rib is under the action of total loading (Fig. 1)

my () = mg () — My (s) + MR(s),
Py () = Por(s) = Pii(s) + Pi(s),

X5 () = XK (s) — XF(s) + Py (s),
Vi (s) = YK (s) — Ya¥(s) + Py (s).

@)

)
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Fig. 1

At joint deformation of plate, k rib and washer under the action of stated loading would be
performed the conditions of conjugation [9] that a bit simplifies due that in the considered case

we have
wxzwzzo,szol y]:Ak(kzl'Z,.,{, ]=0:k) (3)
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ow, _
_'=QT,ji uy=uyj=Wj, (]=O,k; k=1,2,,‘€) (4)

an,

ow; ow;
uxzuxj+Aka—nj, uZ:qu+Ak6_sj' G=0k k=129 (5)
As the axes x and z are collinear accordingly with axes 7, 7, it is possible to rewritten the
formulae as
ow, ow;
Up = Upj +Ak6_nj' Up = Uy +Aka—sj. G=0k k=1,2,-,¢) (6)

If we take into account that

(oW, oW\ oW, oW,
—it +1i = —1 ,
on; as; dx dy
where
. . _O0x 0y
i=v-1, t —g‘l‘l&,
and is possible to compile the linear combination of formulae (5) and rewrite them down as
ow,
U, = uxj + Ak W,
oW, G=0k; k=1,2,---,%) (7)

Ve = Yxj +ARW-

With taking into account the expression (4) we write down the relations (6) for j=0 and j=&

and compile their difference, Finally we will obtain

Uno = Unk, Ugo = Urk 3
or that is same in the Cartesian coordinates
Uyxo = Uxk, Uyo = Uyk- )
Due the application of accepted in theory of plates standard designations, we further re-
designate:
Uy j = Uj, Uyj =T G=0k k=1,2,-,%).
As a result of introduction of expressions (3), (4), (5), (6), (7), (8) and conditions of seam

we after some transformations well obtain

(i, ()RelT ) + irk((ss))Re{it%(ka)}—Re{f f(x,’; + iY,{‘)ds} -
' k
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= —Re {f

Re{i [iiGrk(s)dis(iTk)]} + Re{f f(X,’f + iY,{‘)ds} =
0

S
f (P2 + Py )ds + Ci o + Ci'y
0

}, (10)

ds

=Re{if

d e d BVT/k 2Ak(5) - d aWk
—2Re {E [ltck(S)&<F>l}+ pk(s) Re{t £<W>}+mk +

S
f (P2 + Py )ds + Ci o + Ci'y
0

}, (11)

+acRe {if (X +iv9)} = m@ — aRe {it (P2 + P04}, (12)
d - d OVT/k ZCk(S) .= d BVT/k
2Re {&lAkt E(W)l}_ pk(S) Relit & ? -
S S
—AkRe{f[(X,’f + iY,’f)]}+ka(s)ds = fP,? (s) —
0 0
—ALRe {f(P,gk + iP;{k)} + G (k=0,1,--,9) (13)
In these equations
T, —fd[ +ivg + A (aW"+'aW">] (14)
BT s [T T e Ty lay ’

where t - is the affix of point of contour L, t = %;

p- is the radius of curvature of contour Ly;
Cixr Ci'k, C— are the real constants. the dot above the function means the derivative in
S, (C{,o = Cpp = Cyp = O)-

The conditions of seam is possible to express as that would be further applied

f d
Re {t f(x,’g +iY)ds — e [k Gy i (s)Re(T)] +
0

+Re{% [pkf f(x,’f + iY,{‘)ds]} = Re {if }+
0

S
d T 0 .50 d ’ 7]
+Re & pkt (Px,k + le‘k)g + Cl,k + Cl,k ) (15)
0

S
. d 14 144
f(P)?"k + lP;/)’k)% + Cl,k + Cl,k
0
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The conditions (9)-(13), as it was expected, coincide with accordingly condition in the

classical works.

CONCLUSIONS

Is proposed and developed effective method of solution of task on bending of isotropic
plate of finite dimensions with curvilinear rods, symmetrically reinforced by variable cross-

section thin rib.
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PACUYET IVIACTUHOK NOJKPEILUIEHHBIX TOHKUMHA
KPUBOJMHEWHBIMHA CTEP)KHAMHU MEPEMEHHOI'O CEYEHUS

I'. Kunnanu, I'. Oxkponupunze, B. Cyramsuin

BoiBenieHbl 001IME YCIIOBUS CONPSDKEHHS IUIACTMHOK CO CMEIIEHHBIMU CpPEAMHHBIMU
MOBEPXHOCTSAMHU IOCPEICTBOM TOHKOTO pedpa mepeMeHHOU k&écTkocTtu. M3 3TUX YCIIOBHi, B
YaCTHOCTH, CIEAYIOT YCJIOBUS COBMECTHOIO JNe(OpPMHPOBAHHUS IJIACTUH C BBIJABKAMH Maloi
IITyOUHBI, @ TAKXKEe pa3IMYHbIE BUBI YCIOBHM Cras IUIACTHH C peOpaMu NMEPEeMEHHOI0 CEYeHMUs,
KOTOpbI€ MCHOJb30BaHbl B paboTe NpH peleHUuH 3aJad  pacyéra U palroHaIbHOIO

IMPOCKTUPOBAHNA TOHKOCTCHHBIX KOHCTPYKHI/II\/'I.

(Received on 06.11.2017)
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Applied and experimental Mechanics

CALCULATION OF PLATES AND SHELLS WITH RIBS
RIGIDITY BY THE FINITE ELEMENT METOD
G. Kipiani*, M. Tsikarishvili*, S. Bliadze*, U. Dzodzuashvili**

(Aviation University of Georgia, Ketevan Tsamebuli Ave., 16, Thilisi, 0144, Georgia.)

Summary: In this article, the development of the stages of calculating plates and shells
with stiffeners is described. It is noted that the theory of ribbed shells is one of the most
controversial and incomplete sections of the general theory of shells.We consider shell
calculations with longitudinal and transverse stiffeners by the finite element method. In the first
embodiment, the stiffener is considered as a beam end element, In the second case, the edges are
approximated as thin-walled plates and, finally, in the third case, the edge is represented as a
three-dimensional finite element.A comparative analysis of the theoretical and experimental
results is given.

Keywords: Tension, plate, shell, stiffener, deflection.

THE MAIN PART

The theory of ribbed shells is, apparently, one of the most controversial and incomplete
sections of the general theory of shells. If we turn to the history of the development of the theory
of ribbed shells, then three stages are clearly visible.

At the first stage of development, individual problems of the theory of ribbed shells.
Characteristic here is the consideration of the ribbed shell (plate) as a composite shell-rib
structure. In this case, the equilibrium equations were derived separately for the shell and edges,
and then the problem of their conjugation was solved.

The most significant works of the first stage are the works of Yu. A. Shimansky [1,2] and
PF Papkovich [3], which were performed in the thirties. In these papers, for the first time, the
problem of the axisymmetric deformation of an infinitely long cylindrical shell reinforced by

equidistant annular ribs are stated. In the paper of Shimansky [1], is presented a very useful

Professor*
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method for solving infinite systems of algebraic equations. In recent years, this technique has
been used successfully in

various modifications by many authors, who apparently did not know about the priority
of Yu. A. Shimansky.

It should be emphasized that at the first stage the theory of ribbed shells is not essentially
considered. The very term "ribbed shell" appeared much later. The consideration of the ribbed
shell as a composite construction not only limited the possibilities of the theory, but also

excluded a whole series of important problems from consideration.

The second stage is characterized by consideration of the ribbed shell on the basis of the
constructive anisotropy scheme. At this stage, a large number of important tasks were solved.
However, a number of fundamental problems remained unresolved until now. For example, the
limits of applicability of the constructive anisotropy scheme remain extremely unclear,
moreover, it is not clear what quantities and in what cases are determined by this scheme reliably
and which are not. It is clear that the necessary condition for the applicability of this scheme will
be the consideration of edge effects. On the other hand, the formulation of sufficient conditions
for the applicability of the constructive anisotropy scheme is largely determined by the very
design and conditions of its operation, so it does not make sense to obtain formal sufficient
conditions.

The present stage of the development of the theory of ribbed shells begins in 1948, when
A.l. Lurie formulated general principles of the theory of ribbed shells.

The theory was based on the principle of minimum potential energy, and the potential
energy of the ribbed shell was written as the sum of the energies of the shell proper and the core
system - the ribs.

Another approach to the construction of ribbed shells was proposed by V.Z. Vlasov in
1949 [4]. According to V.Z. Vlasov, the ribs were cut off from the shell, and their effect on the
shell was replaced by some effort and moments that are subject to further definition. In addition,
the condition of continuity of deformations was used.

Common to both variants of the theory of ribbed shells is that two theories are involved:
the theory of shells and the theory of rods. The difference lies in the fact that A.l. Lurie treated
the ribs as Kirchhoff-Clebsch rods, and V.Z. Vlasov regarded them as thin-walled rods. The fact
that two essentially heterogeneous theories are involved in the construction of the theory of

ribbed shells leads to an internal contradiction of the very theory of ribbed shells.
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Using two heterogeneous theories, it is necessary to attract some unifying beginning. If
we take the principle of minimum potential energy as the latter, then, first, serious difficulties
arise in writing the field equations, and secondly, they are obtained by non-self-adjoint and non-
elliptic type.

If the idea of V.Z. Vlasov is taken as the unifying principle, it is not clear how to bring
the moments acting in the edge and shell into correspondence, since in the edge the moment has
three components, and in the shell - two. In this case, the equations of the theory of ribbed shells
are also non-self-adjoint and non-elliptic.

Most modern works are devoted to the development of these two options. Logically pure
theory can be constructed only on the basis of a consistent system of hypotheses, so it seems
quite natural to obtain equations of the theory of ribbed shells, considering the motion of a three-
dimensional continuum. However, regardless of the version of the theory of ribbed shells,
boundary-value problems of the type of problems with infinitely narrow barriers arise here.
These problems are very difficult to solve, and to date, a relatively small number have been
decided.

In 1952, E.Ya. Herzberg [5] first obtained a rigorous solution for a hingedly supported
cylindrical shell with two meridian edges. Since 1960, a number of works by VA Zarutskii have
been published, in which the stress-strain state of ribbed cylindrical shells is analyzed in detail.
In 1962 G, A. Kizila [6] considered a conical shell with meridional edges.

In 1963, VM Ryabov [7] proposed a method of successive approximations for the
calculation of ribbed shells, NI Karpov constructed a rigorous solution for calculating cylindrical
shells with arbitrarily located stringers.

In recent years, the theory of ribbed shells has developed so intensely that it is difficult to
note all the works. We will only say that in the works of E. S. Grebnya [8,9], equilibrium
equations were obtained for arbitrary shells reinforced by ribs along the lines of principal
curvature.

Although many interesting results have already been obtained in the modern theory of
ribbed shells, one has to admit the fact that up to the present time there is not a single point of
view on the very theory of ribbed shells or general methods for solving boundary value problems
of the theory of ribbed shells.

The purpose of our work is to calculate the strength of ribbed shells by the finite element

method, which uses four nodular lamellar end elements, a three-dimensional eight-node end
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element and a beam end element. The finite element method is a widely used method. A whole
series of articles and monographs have been written about this method [10,11,12,13], in this
connection it is not appropriate to give the main relations by the finite element method.

Consider the ribbed shell of double curvature, whose dimension in the plan is565x
370mm, the distance between the longitudinal edges is 16 mm, the distance from the edge to the
transverse rib is 120 mm, and the distance between the transverse ribs is 340 mm. The thickness
of the longitudinal edges is 7 mm, the transverse ribs are 3.5 mm, the ribs height is 26 mm, the
thickness of the shell itself is 4.5 mm. Material: aluminum alloy AK-4. Modulus of elasticity of
material E = 7100 kgf / mm?, Poisson's ratio
v =0.3, the pressure on the surface of the shell is
p = 0.0098 Mpa

Boundary conditions: two opposite

narrow ends are fixed rigidly, and the remaining

edges are freely supported (see Fig. 1).

Fig. 1. The shell model
For the first case, the entire shell is modeled by six nodal three-dimensional finite

elements, in this case the maximum displacement isw=0.077 mm, Fig.2 (In the center of the

shell),and the equivalent stress of von Mises equals1.035 kgf/mm?, Fig.3.

y==2

Fig. 2. Displacement Fig.3. Von Mises stress

In the second case, the base and ribs of the shells were modeled by 4-node plate-like
elements;Analysis showed that the maximum displacement is in the center of the shell and is

equal to w=0.080 mm(Fig.4), and the equivalent stress of von Mises equals1.04kgf/mm?(Fig.5).

Fig.4. Displacement Fig.5. Von Mises stress
27
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In the third case, the base of the shell was modeled by 4-node plate elements, and the
edges by beam end elements. The analysis showed that the maximum deflection is in the center
of the shell and is equal to w=0.0834 mm(Fig.6),and the equivalent stress of von Mises
equals1.271kgf/mm?, (Fig.7).

Fig. 6. Displacement Fig.7. Von Mises stress

For the fourth case, the shell is modeled by eight-node three-dimensional finite elements,
and the edges were modeled by beam end elements; In this case the maximum deflection is
w=0.081mm, (In the center of the shell),and the equivalent stress of von Mises

equals1.06kgf/mm?.

The experiments of these shells were carried out on the basis of a certified BS EN ISO
9001 and EN 9100 of JSC “TAM” Thilisi Aircraft Manufacturing on the surface of the shell, the
pressure  p=0,0098Mpa.With the use of strain gauges, the
movements in the center of the shell and the stress at the

fastening points were checked. Fig. 8.

The maximum displacement was 0.75 mm, and the equivalent

Fig. 8. xperiments. voltage was equal to 1.03 kgf / mm?.

CONCLUSION
The results of the analysis allow us to say that the calculation of the ribbed shell is
possible with all four models. In this case, the calculation error with the experimental data is

sufficiently small. (<5%).
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PACYET IVIACTUH U OBOJIOYEK C PEBPAMHU KECTKOCTH 11O METOJY
KOHEYHbBIX 3JIEMEHTOB

I''Kunuanu, M.llukapumsuian, C. bauanse, Y. J[303yamuBuin

B Hacrosmieit craThbe W3II0KEHO pa3BUTHE ITAMOB pacdera IUIACTHH U 00O0JI0YEK C
pebpamu xecTKOCTH. OTMEYEHO, YTO TEeOpHUsl PEOPUCTBIX OO0OJOYEK SBISETCS OAHUM U3
Hau0OoJee CIIOPHBIX M HE3aBEPIICHHBIX pa3fesioB olmiei Teopun obonouek.PaccMmarpuBatorcs
pacdeTsl 000JI04YEK C MPOJAOIHHBIMU U TIOMIEPEUYHBIME PeOpaMu )KECTKOCTH METOJOM KOHEYHBIX
a1eMeHTOB. B mepBoM BapmaHTe pedpo >KECTKOCTH paccMaTpUBACTCSIKAK OalOYHBIN KOHEUYHBIN
AJIEMEHT, BO BTOPOM ciy4ae p&Opa amnmpoKCUMHUPYIOTCS KaK TOHKOCTEHHBbIC IUIACTUHBI W,
HAKOHEI[, B TPETbeM CiIydae peOpo Mpe/ICTaBIECHO KAaK TPEXMEpHBIM KOHEYHBIN s1emMeHT. Jlan

CpaBHHTCHBHBIfI aHaJIN3 TCOPCTUUCCKUMU SKCIICPUMCHTAJIbHBIM PE3YJIbTATaM.

(Received on 19.10.2017)
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PROBLEMS AND PROSPECTS OF DEVELOPMENT MANAGEMENT
INTELLECTUAL POTENTIAL AIR ENTERPRISE
M. Pimzhyna***, V. Novak,*E. Razumova**

(National Aviation University, K. Komarova Avenue, 1, Kiev, 03058, Ukraine)

Abstract: As a result of analysis of works of leading domestic and foreign scientists, we
summarized the main factors positively influencing the formation and development of
intellectual potential of the enterprises, as well as the proposed measures are necessary for the
successful development of the intellectual potential of air transport enterprises.

Key words: intellectual potential, air transport enterprises, management of intellectual capital.

Definition of the problem in general and its connection with important scientific and
practical tasks. The intellectual potential of high-tech companies has a complicated structure
and requires development of effective approaches for choosing a reasonable basis and method of
its comprehensive assessment from the perspective of development. Particularly acute this
problem is to air transport companies. In an unstable economic situation in the domestic
manufacturers have problems of development and effective use of their own intellectual
potential.

Analysis of the latest researches and publications. Related formation and development
of intellectual capacity dedicated work of many foreign and domestic scientists, among them are:
S. llyashenko, T.Stewart, E.Deming, R.Williams, S.Valdaytsev, D.Popov, A.Morozov,
0O.Grishnova, O.Kendyukhov, K.Nelarin, N.Muhacheva, S.Khomich, T.lvanova and others.
Features intellectual capital management saw in his writings A. Kendyukhov and A.
Mynchenkova. According to their definition, the main principles of intellectual capital are:
validity, consistency, continuity, flexibility, effectiveness, reversibility communication,
humanism, emergence, synergy, sustainability.

Determination of parts of the problem not solved before. An in-depth study of issues
require theoretical and methodological rationale management of intellectual potential of air

transport companies.

Student***
Professor*
Associate professor**
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The main task of the article is to determine the problems and prospects of development of
intellectual potential in air transport enterprises. Achieving this goal is possible through the
following tasks:

- examine the main factors that influenced the development of intellectual capacity;

- show the possible prospects of intellectual activity in the aviation industry;

-define the measures necessary for the growth of intellectual potential of enterprises
aviation industry.

Exposition of the basic material. At the enterprise level intellectual potential is the
foundation of innovation. The source of the formation of intellectual potential of the company is
the intellectual resources and financial resources, which manages the company.

An analysis of scientific works of leading scientists, we have summarized the main
factors that positively influence the formation and development of intellectual potential in air

transport enterprises, as presented in Table 1.

Table 1.
The main factors that affect the intellectual potential of air transport companies
Ne Factors The impact on the intellectual potential of the company
1. Economic Determine the set of available or suitable to use the major sources and

means of potential elements integrated systems used or could be used
for economic growth and socio-economic progress.

2. Scientific and | Characterize the level of available technology and ensure the quality of
technical service of air transport enterprises. Reproduction intellectual potential
of society is carried out primarily through the labor market. The
positive impact of this factor in enterprise development promotes
economic security, both in economic terms and in social and legal.

3. Legal Identify issues regarding regulation of intellectual property rights,
among which are the ineffectiveness of legislation and weak
implementation of orientations for the innovative model of
development in the country.

4, Sociocultural | Formed by the development of education in the country as a whole,
especially when training for the industry.
5. Organizational | Characterize the implementation of mutually beneficial investment

relations between science and business. An example is the financial and
industrial group, which included PCbehalf Antonov, JSC "Kharkov
aircraft factory”, JSC "Motor-Sich" and the
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National AerospaceUniversity "Kharkiv Aviation Institute".

6. Demographic | Characterize the size, age structure, life expectancy, health
professionals and the migration situation in the country. Change the
value of the last index, in most cases, peavey negatively on the
formation and development of intellectual potential of enterprises.

7. Environmental | In modern conditions of social production increases the degree of
influence of these factors.

* Overview on [2,3,5]

Thus, the implementation of the positive impact of all the factors provided growth of
intellectual capital and improve the quality of service or production as a whole.

The transformation of scientific and technological developments in innovative products
eligible for recognition in the world market is the most difficult and most important step in the
chain that binds the developer of new techniques and technologies with the consumer. Its
difficulty lies in the fact that developers, researchers do not have enough experience in this area
of business activity.

Managing the development of intellectual capital of the company at the expense of
managing its components. Central, in our view, the problems are forming intellectual potential is
the establishment of external and internal factors.

Significant role in the management of intellectual capital management techniques also
play used in the enterprise. Most will provide organizational, administrative, economic, social,
psychological and legal methods of intellectual capital management.

The external factors include suppliers, competitors, customers and other counterparties,
as well as the legal framework for intellectual property rights.

The internal factors - the availability and efficient use of intellectual resources.

Indication of the factors causing the problem of forming intellectual potential of the
company, and as a result - the problem of formation of intellectual capital and business
intelligence.

Significant intangible assets reflected in the balance sheet is another problem of forming
intellectual potential. Thus, when all transactions disposal of assets no longer owned enterprises
do not have the material and physical composition and not counted as components of assets.

In turn, intangible assets may continue to be used in the company or may repeatedly

perform the process of disposal of the company, while continuing to generate economic benefits.
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On the other hand, should take into account the fact obsolescence of the assets of non-
compliance with modern requirements.

The intellectual potential of air transport enterprises need of constant improvement. For
this purpose, it is necessary, in our opinion, to develop specific measures and programs to carry
out careful planning, organization and control over their implementation, implement significant
organizational changes innovative content.

So, for the development of intellectual potential of air transport companies, in our view,
should implement the following measures:

- greater attention to the systematic study of the market and establish long-term
partnerships with customers transport services, search for new forms of cooperation, surveys of
external organizations and customers, suppliers, government representatives to identify ways to
improve the efficiency of enterprises.

- develop effective and original motivation for air transport enterprise mechanism that
provides for systematic sociological research among staff, to determine its level of job
satisfaction, awareness of strategy, plans for air transport, etc. The

- improve management style, making decentralization and development of horizontal ties,
wide involvement of staff to process management improvement, introduction of new forms of
dialogue with staff and building communications

- develop cognition, systematic training and personnel reserve to ensure ongoing
modernization and replacement of fixed assets (aircraft equipment to dispatch etc)

- greater attention to the analysis and use of advanced domestic and foreign experience
and continuous improvement of the business aviation industry.

To ensure the effective operation of each air transport company must be managed at the
highest level, by qualified workers who have their work creating a positive image among
consumers. That is, to effectively manage the development of intellectual capacity required
elements in which air transport enterprises could exercise their conversion, the development and
functioning. In our opinion, planning to ensure a high level of intellectual capacity of staff
should include as setting goals, developing plans and bring them to the performers and staff wish
to improve. Thus, the need to identify areas of investment in staff development, particularly in
coaching, social development, improve the system of personnel evaluation.

It should particularly pay attention to the fact that the intellectual potential of the

company largely depends on the state of each of its components, and requires improvement of
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existing and development of new scientifically based theoretical and methodological provisions
whose implementation will promote integrated management ensuring a decent intellectual
potential businesses. It is advisable to make provision in stages of training in higher educational
institutions for retraining and its increase, which will increase the economic development of the
company. Under such conditions, the company will be created competitive jobs, which in turn is
the key to attracting highly skilled professionals.

It should be emphasized that intellectual potential is one of the most important factors of
long-term success of the enterprise, such as categories, which ensures the formation of its unique
competitive advantage. Maximizing the use of intellectual potential on a practical level requires
further development of clear theoretical and methodological approaches to management. It is
also advisable to determine the intellectual potential of not only the whole enterprise and its
divisions, but each employee.

Conclusions.In the current context of globalization and the formation of an innovative
economy entrepreneurs undergo major changes, the growing expansion of the role and use of
new knowledge embodied in the form of intellectual capital. Successful development, economic
strength and competitiveness of enterprises aviation industry depends on their ability to collect
and effectively use intellectual potential. Under such conditions, there is an urgent need to
intensify research on the effective management of intellectual potential. Further researches
should be directed to the development of intellectual potential management mechanism that will
allow it to increase the efficiency of formation and use, promotes innovative development of
enterprises aviation industry and the economy as a whole.

Effective management of enterprises and intellectual potential contribution of investment
in development, training and retraining of personnel - is the key to profitability. Successful
management of intellectual potential formation of provides unique competitive advantages of air

enterprise.
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PERSPECTIVE DIRECTIONS OF DEVELOPMENT OF THE TRANSPORT SYSTEM
TAKING INTO ACCOUNT THE STRATEGIC PRIORITIES OF THE NATIONAL
ECONOMY
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Abstract This article examines the processes of harmonization of economic and legal
bases of functioning of the transport system of Ukraine, which theoretically will allow access of
our country to advanced European technology and investment, the main challenges for effective
harmonisation of integration processes, namely the need to ensure the conformity of the national
transport system of high standards and technical requirements of the transport markettaking into
account he perspectivies of the national economy.

Keywords: transport system, the transport market, railways, management, economics.

Problem statement in its general view. Its connection with important scientific or
practical tasks.

Significant positive developments that occurred during 2012-2015 towards the
development of infrastructure, including rail transport [7], have greatly increased the logistical
and technological preconditions for effective development of the industry, have contributed to
overcoming a number of infrastructural bottlenecks that hindered the process of economic
development. Meanwhile, continued technological updates should be combined with the
dissemination of organizational modernization, adaptation of the transport in the conditions of
competitive activity in the domestic crisis and the economy.

In connection with the existence of systemic imbalances in the transport sector costs
associated with a failure to comply with safety and environmental safety are rising, reliability of
the transport system is being reduced, quality of transport services of domestic enterprises is
decreasing and population keeps this dercrease tendency [12], there is a tendency of
reorientation of transit traffic to bypass Ukraine.
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Given the significant role of the transport complex in the efficient functioning and
competitiveness of the national economy, the continuation of the modernization process in this

direction is considered as one of the main directions of state policy at the present stage.

Analysis of the latest researches and published works where the solution of this

problem is initiated. The unresolved part of the general problem.

The process of transformation (reform) of transport-road complex in the context of the task
of improving the infrastructure component of the country has the goal of creating an integrated
transport infrastructure, which not only adequately meets the needs of companies in the
transportation of passengers and cargo, provided the reduction in transport costs in the cost of
production, using commercially reasonable rates, and would ensure effective implementation of
transit potential of our country [9].

In the sphere of development of transport-road complex, designed for meeing the needs of
economic development, improvement of the quality of life of citizens, the priorities for 2016.
should be[1, 2, 4]: creating a new architecture of the bodies responsible for the management and
improvement of the transport system on different types of transport. It is necessary to lay the
foundations for regulation of activities of subjects of natural monopolies in the transport sector at
the state level and to form a National Commission which performs state regulation in the sphere
of transport; development and improvement of the legal framework for further implementation of
reforms in the transport sector, harmonisation of standards in the transport sector with EU
standards, increased transportation safety and service quality during the delivery of goods and
passenger service, reforming the system of tariffs for transport services; implementation of
projects of national importance for the development of national infrastructure, including using
the resources of international organizations for financial support, technical assistance of the
international community[6].

Marking the previously unsolved parts of generic problem, which are the subject of
this article.

It is therefore very relevant for today is the search and development of perspective
directions of development of transport system of Ukraine taking into account the strategic

priorities of the economy.
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Formulation of the purposes of this article. The purpose of the article is the study and
determination of prospects and directions of development of the transport system on the basis of
the established strategic priorities of economic development.

Exposition of the main material.

Given the above, the main objective of transport development in Ukraine in conditions of
recovery from the crisis should be as follows [11].

The first: adoption of measures of modernization of industry within the transportation
sector, which, in particular, include: development of program documents and co-Finance,
development of roads between regional centers and industrial nodes, and rural roads;
development of mechanisms for priority use of vehicles of domestic production in the
implementation of state and regional programs that will update park of freight and passenger
vehicles; the adoption of the state target economic program of development of road transport,
which should include measures for improving the quality and level of safety of transportation of
passengers, mail, baggage, cargo and creation of a competitive environment on the market for
transport provision, reducing pollution, improving energy efficiency of rolling stock, provision
of infrastructure development of road transport industry; the introduction of European standards
of flight safety and passenger rights on the basis of instruments provided by the new Air code of
Ukraine; development of internal air transport on the basis of the promotion policy available on
transportation tariffs, promoting fair competition between Ukrainian and foreign companies in
the market of international passenger traffic; ensuring the implementation of the Strategy of
development of the domestic industry in the field of avionic of Ukraine up to 2020 - a state
program that will determine the priority directions of development of aviation industry in
conjunction with the strategic guidelines for the development of aviation transport of Ukraine;
implementation of segregation of management functions of state regulation, supervision, control
in the sphere of safety of navigation, surveillance and control in the sphere of activity of
seaports, their administrations, in the face of increasing global instability, owners of sea
terminals, port operators, other entities sea ports and the consumers of their services (goods,
works); implementation of new tariff policy of cargo handling, which will enhance the
competitiveness of Ukrainian ports; ensuring the implementation of the Strategy of development
of seaports of Ukraine for the period up to 2015 for the improvement of capacities on processing
of container cargoes in commercial sea ports and expanding the geography of operation of ferry

lines [8]; legislative regulation for development of navigation on the inland waterways; promote
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the development of multimodal transportations attracting river transport, including through the
development of appropriate logistics infrastructure (loading facilities in ports, warehouses, etc.);
ensure the stable operation of objects of water transport infrastructure, forming a single
management system safety of navigation on inland waterways; implementation of the State target
program of the railway reform in 2010-2019 [8], in particular the reform of "Ukrzaliznytsia",
with the aim of creating new legal and economic model of railway transport management,
development of competitive environment on the transport market in the segment of railway
transportation.

The second, attraction of foreign investment to accelerate structural changes in the
transport sector [1]. In particular, for intensifying cooperation of Ukraine with international
organizations that contribute to attracting investment resources of the partner countries, it is
necessary to take measures for Ukraine's gaining membership in the world Association of
Agencies for investment promotion and establish contacts with the relevant branch of the UN
Conference on trade and development; to ensure the dissemination of information on strategic
and practical solutions in the development of partnerships at the state level and the private sector
in the field of transport in Ukraine with the mission of finding potential investors and creditors;
to deepen cooperation with the investment agencies of leading countries in the way of
negotiating and signing memoranda of cooperation.

The third: the development and implementation of partnership-level state and the private
sector to provide financial resources in infrastructure development, including rail transport [2].
This is based on the Law of Ukraine "On public-private partnership", as revised on December 1,
2012 and capabilities that provide the Tax and Customs codes, to encourage the development of
public-private partnership in the field of transport as a mechanism to reduce the requirements
regarding the state budget, develops the processes of modernization and updating of production
resources road-transport complex of Ukraine, it is necessary to develop the Concept of public-
private partnerships in the transport sector, in which, in particular, include mechanisms to
involve the private sector in designing, financing, construction, reconstruction of objects of
transport infrastructure; dissemination of positive experience of implementation of public-private
partnerships in transportation; to calculate the optimal models of public-private partnerships and
risk reduction mechanisms between the parties for the implementation of projects, including in

transport-road sector; introduce mechanisms to promote the development of the financial
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services market to support a public-private partnership and the scheme of project financing [4];
to implement special training of specialists on public-private partnerships.

Fourth: the effective implementation of the national projects in the field of transport, which
are necessary to create and update the list of priority projects of national importance for the
development of transport infrastructure; to ensure the implementation of decisions adopted by
the resolution of the Cabinet of Ministers of Ukraine "Some issues of implementation of the
project "Infrastructure facilities of Kyiv region” on September 19, 2011. No. 982 in terms of
compliance with deadlines, certain feasibility studies of project components; to carry out
activities aimed at identifying barriers and challenges of investing in Ukraine, and contribute to
their solution by bringing to the industry domestic and international experts, in particular by
further road shows abroad, a separate media campaign in Ukraine, the pressing of the web portal
as an effective means of informing and providing services for investors; to ensure the
implementation of agreements with the Chinese side on the implementation of the national
project "Air Express" construction site; direct railway communication between M. Kiev and the
International airport.

The transition of the economy to intensive development and the fence is respect-delusions
of the political course towards integration into the European Union requires the adoption of
adequate solutions for the development of the transport sector in the long term [5].

The governmental Ukrainian decree of 20 October 2010 No. 2174-p approved the
Transport strategy of Ukraine for the period until 2020 - a holistic system document of a strategic
nature concerning the further development and functioning of the transport sector of Ukraine's
economy, expansion of international transportation links, efficient use of transit's potential,
structural reforms in the transport [10].

Following spheres also need reforming: the management system of the railway [6], sea and
road transport, roads.

Level of transport safety is low. Much worse in comparison with EU countries the accident
rate in road transport.

The planes of domestic airlines is repeatedly included in the "black list” of airlines banned
to implement flights to EU countries. Due to the poor management of the safety of navigation the
State Flag of Ukraine is included in the "black list" of the Paris Memorandum.

The aim of the Strategy is determination of conceptual bases of forming and realization of

state policy on ensuring STA-sustainable and efficient functioning of the transport industry, the
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creation of conditions for socio-economic development, improve the competitiveness of the
national economy [10].

The principles for the development and implementation of the Strategy: ensuring the
accessibility of transport services for all segments of the population, in particular persons with
disabilities, low-income citizens; harmonization of plans of development of transport
infrastructure with the General scheme of planning the territory of Ukraine, schemes of land use;
implement rigid anti-monopoly policy; the liberalization of price formation in the market of
transport services; the functioning of transport enterprises on the principles of sustainability; the
concentration of financial resources on the essential tasks of development of the industry of
transport; provision of environmental safety, mandatory compliance with environmental
standards and regulations when performing activities in the field of transport [3]; encourage the
development of energy-saving and environmentally friendly modes of transport.

Improving the efficiency of state management in the field of transport by: reforming the
system of state management of railway transport, automobile roads, and sea commercial ports,
improving the activity of bus stations; provision of state regulation of activity of economic
entities in the field of transport in accordance with European standards and education after the
reform of the railway transport regulatory body in this area; improving human potential and the
level of social protection of transport workers; structural reforms aimed at developing and
improving market relations in the field of transport; creation of a competitive environment in the
market of transport services; ensure coordination between various transport modes; creation of
conditions to ensure rapid movement of transit goods; improving the system of licensing of
separate types of activities in the field of transport; implementation of the effective tariff and
price policy aimed at balancing the interests of transport companies and users of their services.

Conclusions. Thus, the study shows that the most promising directions of development of
transport system in boundaries of market economy are: the renewal of rolling stock,
improvement of the investment climate in the industry, transport market liberalization and
integration of national transport system with the European and international transport systems,
improving the efficiency of state management in the field of transport.

Prospects for further research in this direction. In general, the definition of perspective
directions of development of transport network of Ukraine confirmed close relationship with
prospects of functioning of sectors of the national economy that create cargoes and projected

their need for the consumption of transport products.
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NEPCHEKTUBHBIE HAITPABJEHUS PA3BUTUS TPAHCIIOPTHOM CUCTEMBI
C YYETOM ITPUOPUTETOM HAIIMOHAJILHOI SKOHOMHUKH

O. Kupuienko, O. Unbenko, B. HoBak, E. Kpanko

B cratbe wucchaenyroTcs IpoLECChl TapMOHU3ALMM  3KOHOMHUKO-TIPABOBBIX OCHOB
(YHKIIMOHUPOBAHUS TPAHCIIOPTHOW CHUCTEMbI Y KpPaWHBI, YTO TEOPETUYECKH JACT BO3MOKHOCTh
JOCTYIIa Halllel CTpaHbl K MEPEJOBbIM €BPONEUCKUM TEXHOJIOTHSIM U MPUBJICYEHUE NHBECTHUIIMI,
PacKpbITHl OCHOBHBIE MPOOIeMbl HAa MyTH K 3G (HEKTUBHONW TapMOHM3AIMH HWHTErPAIMOHHBIX
MIPOIIECCOB, 3AKJIIOYAIONINECS B HEOOXOTMMOCTH OO0ECIIEYEeHHUS COOTBETCTBUS HAIMOHAIBHOW
TPAaHCIIOPTHOM CHCTEMbl BBICOKMM CTaHJApPTaM U TEXHUYECKUM TpeOOBAHUSAM pPbIHKA

TPAHCIIOPTHBIX YCIIYT' C YUCTOM IIPUOPUTETOB HaIlMOHAJILHON YKOHOMMKHU.

(Received on 05.11.2017)
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FEATURES OF RISK MANAGEMENT IN AIRLINES
V. Novak*, I. Basaraba***, V. Perederii**

(National Aviation University,C. Komarova Avenue, 1, Kiev, 03058, Ukraine)

Abstract Problems of application of risk management in airlines are considered in the
article . It was described the main causes and principles of application of risk management that
are based on the analysis, generalization and systematization of scientific sources. It was
determinated the main goals and objectives of risk management and formed approaches of risk
management in airlines.

Keywords: risk management, approach of continuity management of airlines,

identification of risks, crisis management, infrastructure of risk management.

Problem statement in its general view. Its connection with important scientific or
practical tasks.

Practice management attests that it has become a growing conviction in recent years that
the company is not able to detect new effects that are rapidly developing to such time as they
become widespread. Only when the changes in the environment threaten the existence of the
company, it means that the company really was in crisis.

Risk management in airline has its serious specificity that was dictated by the features of
aviation companies.

Analysis of the latest researches and published works where the solution of this
problem is initiated. The unresolved part of the general problem.

Problems of application of risk management in enterprises are often considered by
scientific community. These issues are described in the scientific work of authors such as L.
Bondarenko, E. Danilova, A. Gerasimov, V.A. Lototskyy, V. Malyukov, K. Raevskii, R.
Schiller, V. Sushko, V. Vitlinskiy, A. Yastremskyi V. lvanov, A. Stoyanov, L. Kovalenko, V.
Usoskin, E. Dolan, E. Altman, B. Buhvald, T. Koh, E. Rid etc. However, there are

underdeveloped main goals and objectives of risk management, scientific approaches to

risk management in airlines.

Professor*
Student***
Associate professor**
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Exposition of the main material.

In terms of management, any crisis is a turning point in the functioning of any system,
during which it is exposed from the inside, which requires a qualitatively new response from her
side. The main feature of the crisis is that it threatens to breach.

The factors include the crisis arising, causes and level of organizational identity of
persons that are involved in the crisis.

Crisis situations and events can occur at different levels: individuals, groups, businesses
(organizations, companies), industry, region, country, group of countries.

In the general crisis are characterized by the following parameters:

e infiltrations priority goals and values;
o effect of surprise for those responsible who overcoming the crisis;
e acute shortage of time to respond of the threat.

Nowadays the vital question of effective control by the airline in a dynamic environment
during achieving their goals. Aviation is the most high-tech activities and at the same time the
most risky. This is because the losses due to crashes is enormous amounts. Sometimes there are
cases when the airline lost so large that it is not able not only to cover their losses, but they
compensate the other parties. In this regard, applies risk management process to avoid such
situations.

Until recently, the risk management was considered as fragmented and highly specialized
approach to risk management. Now it is an integral part of the management of airlines. Risk
management is considered as a system management methods that includes analysis, evaluation
and control of risks [3,4].

It should be noted that the process of risk management consists of three main stages:
detection of violations, risk assessment and reduction of risk.

Identifying violations is an important phase of the airline. Such violations give impetus
to improving the operation of airlines and further provides a diversion from such errors [1].

Most scientists argue that is necessary apply continuous approach to managing the airline

to airline constantly works on the market. Continuity of operation of the airline depends on the

level of risk that may arise in its activities.
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In our opinion, development of scientific Vyatkin V.N. is merited attention in terms of
the traditional approach to management continuity airlines and the risk management scheme has

the form that is shown in Figure 1.

T~
¥

Fig. 1. The traditional approach to management continuity airlines [2]

As for the risk assessment, this stage involves the definition and calculation of losses that
can bring the appropriate violation. Accordingly, after this, you need to decide how to avert a
situation that will result in large losses.

In our view, the main objectives of the use of risk management in airlines are:

* dissemination of culture in combating risks airlines

* increase staff,

* improve security activities,

* increase the airline's reputation and expansion trends and the impact of its activities.
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Nowadays, there are many risks that may have a place in the airline. Among the most
common we have identified the following:

» risks related to aircraft and other property of the airline;

« risks of occurrence of an airline to third parties;

* financial risks (risks of financial commitments, credit, risk investment, etc.);

« risks of information technologies (ticketing system, internal information network);

+ risks that effect the entire staff of the airline and are associated with its activity
(especially for errors in the work of top managers)

« risk by a third party (terrorist attacks, etc.);

« natural and technological risks;

* risks from competitors;

* unforeseen circumstances (force majors) and others.

Practice of the world's leading aviation countries indicates that infrastructure risk
management is impossible without real awareness of senior management of the airlines existing
risks and the need to prevent a rational decision.

The attitude of top management to the management of business risks, in our view, is
reflected in the overall organizational risk management policy, which should clearly define the
airline range of risks. Therefore, at the initial stage should form a system of risk management in
the airline down. But at the same time, an effective risk management system is formed and
successfully implemented at the middle management level.

Conclusions. Thus, according to the authors, for the effective functioning of the system
must ensure that the following main challenges faced by the airline:

* optimization of value potential, competitive advantages, risks and rates of the airline;

+ implementation of system and situational approaches to assessment and risk
management;

* optimize the preparation, adoption and implementation of management decisions in the
airline by improving the style and methods of management at all levels;

« improving the management of the airline by making adequate control structure.
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OCOBEHHOCTHU IPUMEHEHUSA PUCK-MEHE/JZKMEHTA B ABUAKOMITAHUAX
B. HoBak, U. baccapaba, B. Ilepenepuii

B cratse paccMoTpeHBI TIpoOJIeMBbl IPUMEHEHHS PUCK-MEHEIKMEHTa Ha aBHanpeAnpuarusx. Ha
OCHOBE aHaju3a, OOOOIICHHS W CHUCTEMAaTH3allid HAyYHBIX HCTOYHHKOB pPAacCMOTPEHBI OCHOBHBIC
NPUYMHBL M OCHOBBI TNPHUMEHEHHS pPHUCK-MeHelkMeHTa. CQopMHpOBaHBI IMOAXOABl K YIPABJICHUIO

PUCKAaMHU Ha aBUANIPpCANPUATUAX. OHpeZ[eJ'IeHBI OCHOBHBIC 1I€JIN U 3a/1a4U pPUCK-MCHC/DKMCHTA.
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PREREQUISITES OF FORMING UNIVERSAL MECHANISMS TO OPTIMIZE
PRODUCTION AND LOGISTIC ACTIVITY OF AIR CARRIERS IN ORGANIZING
MULTIMODAL DELIVERY OF OVERSIZED CARGO

S.Lytvynenko**
(European University, Academician Vernadsky 16-V Blvd., Kyiv, 03115, Ukraine)

Abstract: The article investigates the prerequisites for creating universal mechanisms to
optimize production and logistic activities of air carriers in the organization of multimodal
delivery of oversized cargo. It was proved that such a need may arise for air carriers exclusively
on delivery of oversized cargo in multimodal connection, wherein the air carrier acts as 3PL

provider for a time.
Keywords: multimodal delivery, oversized cargo, air carrier, mechanism.

Definition of the problem in general and its connection with important scientific and
practical tasks. In terms of extraordinary strengthening of competitive struggle in traditional
markets of transport services air carriers pay more attention to new, previously inaccessible
markets. One of these markets is the market of air delivery of oversized goods. Traditionally, the
market was established for air carriers from Russia and Ukraine, operating AN-124-100 and AN-
225 aircraft, which is probably the only possible transport vehicle for the delivery of oversized
cargo by air transport. However, customers now need a comprehensive solution to the problem
of the delivery of oversized cargo, namely the need to deliver these cargoes on one of the key
principles of logistics — «door to door». Therefore, there is a practical need for creating of
multimodal chain of oversized cargo delivery by a principle «door to door» based on certain

universal mechanisms of optimization of production and logistic activity of air carriers.

Analysis of the latest researches where the solution of the problem was initiated. The
problem of multimodal delivery of oversized cargo was actively studied in the scientific
literature. In most cases, researchers explore issues related to the delivery of these cargoes by

road, rail or sea transport modes in specific combination.

Associate professor**
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It should be noted the work of A. Gunin [1] who dedicated his research to the formation
of models of oversized cargo supply chain management by the logistics provider and project
effectiveness evaluation. The scientific work of A. Kotenko, A. Lavrukhin, P. Shylayev, A.
Svitlychna, V. Shevchenko and A. Pylypeyko [3] is devoted to the determination of optimal

variant of transportation based on the

formalization of costs in transportation of oversized and heavy cargo by different
transport modes, as well as determining the economic feasibility of using a particular transport

mode or their combination.

Thescientific work of E. Havryushkov [2] is dedicated to the development of
methodological bases and methodical guidelines on making management decisions in the system
of multimodal transportation of cargoes to improve the economic effectiveness of decisions
taken within both a single organizational and production system and the country’s transport
sector on the whole. The basic principles of multimodal transportation planning, proposed by T.
Litman in [8], are a fundamental in nature and should be used to develop any tools of optimizing
activity of multimodal delivery subjects. Many scientific problems related to the delivery of
oversized cargo were studied by N. Troitska. Among the latest scientific works of authors under
her guidance, it should be noted [5], concerning the problems in transportation of new generation
equipment and [4], where features of oversized cargo transportation for oil refinery
reconstruction were defined. The works of author collective led by J.E. Florez and J. Garcia [6;

7] are devoted to the study of multimodal transportation through application of application tools.

It should also be said that the author had previously resolved a number of important tasks
related to the optimization of production and logistic activities of air carriers in the organization
of multimodal delivery of oversized cargo, in particular opportunities in using information
systems were identified, cooperation prospects of charter airlines and peculiarities of
implementing joint projects were determined, economic and organizational bases of using cargo

handling equipment in air transportation of super heavy and oversized cargo were developed.

However, these research papers do not contain tools for the optimization of production
and logistic activity of air carriers in the organization of multimodal delivery of oversized

cargoes.
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Themainobjectiveofthearticle is to develop prerequisites for the creation of universal
mechanisms for the optimization of production and logistic activities of air carriers in the

organization of multimodal delivery of oversized cargoes.

Exposition of the basic material. The first step is to determine what for universal
mechanisms for optimizing production and logistics activities of air carriers are needed and why
they are the most relevant exactly in the organization of multimodal delivery of oversized
cargoes. The point is that the air carrier usually operates as the Traditional Transportation
Provider, i.e. 2PL provider, performing only functions related to the cargo delivery from point A
to point B. At the same time there is a need to air carriers engaged in oversized cargo
transportation to consider possibility on opportunities for providing entire complex of cargo

delivery by a «door to door» principle.

Solving the problems of multimodal delivery of oversized cargo was a challenge for many
companies, in particular, “Heavy Lift Group”, being an international group of specialized
transport companies combining their efforts in delivering these types of cargoes. Also among
such companies the following should be noted: “ADM Team Heavy Weight”, “Consolidated
Shipping Services L.L.C.”, “Globalink Logistics Group Ltd.”, “Ipsen Logistics”, “The Riedl

29 ¢ 29 ¢

Group”, “Valley Group”, “Transport Systems (Transy) Ltd.” and others.

It should be noted that despite a variety of companies involved in organization of oversized
cargo delivery the problem of ensuring its multimodal delivery with the involvement of air
transport still remains unresolved to the end. There are several air carriers engaged in oversized
cargo shipping in the global market, including airlines “Volga-Dnepr” and “Antonov Airlines”.
These carriers often faced a problem of aviation part disruption in multimodal delivery of
oversized cargoes, due to the fault of the delivery organizer or companies responsible for the
delivery by other transport modes. For the air carrier this immediately poured in significant
financial costs (day downtime of AN-124-100 aircraft is worth up to $150,000), which very
rarely can be compensated in full volume, as the cargo owner pays only for the cost of delivery.
Certainly such risks can be preliminary insured, but it is also not a panacea. Also airlines had to
face with overpriced rates on the development of projects for oversized cargo delivery, initially
by air, which forced them to consider the possibility of developing such projects through their

own efforts. Currently, the airlines “Volga-Dnepr” and “Antonov Airlines” already have
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significant own successful experience in planning projects of deliver oversized cargo delivery by
air transport. The next step was the development and successful implementation of such projects

also in the multimodal connection by air carriers.

In view of the above mentioned circumstances air carriers gradually began to take over a
part of functions associated not only with the aviation component of the oversized cargo
delivery. Of course, the implementation of additional functions not typical for purely carriers, i.e.
2PL operators, making such carriers providers of a higher level. The author considers that as the
carrier of oversized cargoes in this case take over a number of functions that are inherent for 3PL
providers, namely the design and use of special information solutions, road transport
management, consolidation of shipments, repacking and labeling, providing the complex of
handling operations, so it can be considered as so-called “basic 3PL provider” (Third Party

Logistic) or Integrated Logistics Service Provider.

However, air carrier can not always perform functions of 3PL provider, even in the basic
set, because, on the one hand, — it is irrational in terms of spending its own resources and, on the

other, — there is simply no such need in the delivery organization only by air.

It is in these circumstances a need in forming universal mechanisms for the optimization of
production and logistic activity of air carriers arises, since only their use will make it available
for the airline to effectively provide, if necessary, performing functions of 3PL provider, while

remaining a 2PL provider.

What benefits will air carrier in performing functions of the Integrated Logistics Service
Provider gain? The answer to this question is obvious, he will get significant advantages in the
competition, which according to the latest concepts of the company strategic management (the
concept of dynamic capabilities and new integrated concept based both on the resource concept
and the concept of dynamic capabilities) consist in: obtaining advantages through unique
product, distinct from competitors’ product — by enabling clients to receive unique product of
comprehensive oversized cargo delivery on the «door to door» principle; creating the highest
quality resource combination — through the use of different combinations of resources while
performing functions of the Integrated Logistics Service Provider and Traditional Transportation
Provider; in getting new opportunities due to the effective combining of internal and external

competitive advantages — through efficient application of their own resources and providing new
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competitive opportunities in the competitive rival against market competitors; in forming new
unique forms of the enterprise management — based on application of new approaches to the

classification of logistic providers.

Conclusions. In the process of carrying out the study it was found that air carriers pay
increasing attention to new, previously inaccessible markets, including the market of oversized
air transportation. Also the need to meet the demand in this market by a comprehensive solution
to the problem of oversized cargo delivery, namely the need to deliver these cargoes in
multimodal connection on the «door to door» principle, was identified. It was determined that
despite the whole significance of the problem there are no available tools to optimize production
and logistic activities of air carriers in the organization of multimodal delivery of oversized cargo
in scientific works. Preconditions of causing a necessity for creating universal mechanisms
optimizing production and logistic activity of air carriers in the described conditions were
identified. It was proved that such need for air carriers may occur only on delivery of oversized
cargo in multimodal connection, herewith the air carrier became Integrated Logistics Service

Provider for a time, while remaining Traditional Transportation Provider.
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PROVIDING AIR ENTERPRISES’ BUSINESS EXCELLENCE THROUGH
STRATEGIC LEADERSHIP DEVELOPMENT
L. Lytvynenko**
(National Aviation University, K. Komarova Avenue 1, Kiev, 03058, Ukraine)

Abstract: In the article the role and basic terms of the air enterprise strategic leadership
development were determined and analyzed. Interconnection between application of strategic
leadership and business excellence indicators of the air enterprise was studied. It was identified
that leadership approach to management allows achieving long-term goals of the air enterprise
development through the implementation of strategic changes necessary for a more effective
economic activity performance in the face of uncertainty and dynamic factors of the

environment, while maintaining a sufficient level of flexibility and agility.

Keywords: strategic leadership, leadership approach, business excellence, critical success

factors, key performance indicators, air enterprise, enterprise development.

Definition of the problem in general and its connection with important scientific and
practical tasks. The development of air enterprises in the conditions of increased risk and
uncertainty define the need for the introduction of modern management approaches, more
corresponding to the features of business functioning at the domestic and international markets.
The most relevant trend is the use of leadership approach to the enterprise development
management.

Analysis of the latest researches and publications where the solution of the problem
was initiated.K.B. Boal and P.L. Schultz in [1], V. Dusya and M. Crossan in [2], W.G. Rowe
and M.H. Nejad in [6] analyzed peculiarities and main directions of strategic leadership
applicationin terms of changeable environment. In turn, S. Hodlin in [3] studied ways of coming
to business excellence as the strategy ensuring integral quality in all activities of the enterprise.
A. Joyce in [6] and L. Mayers in [6] focused on leadership in the aviation industry as the basic

aspect for the future development.

Associate professor**
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However, there are no thorough developments in the aspect of providing air enterprises’
business excellence through strategic leadership development, which will be the main object of
the interest in this research.

The main objective of the article is to determine the role and basic terms of the air
enterprisestrategic leadership development, identify interconnection between application of
strategic leadership and business excellence indicators of the air enterprise, analyze the
implementation of leadership approach to the air enterprise development management.

Exposition of the basic material. The development of strategic leadership can be defined
as an essential condition for the effective functioning of air enterprises at the market, because it
creates the force necessary for active combat with competitors, as well as power unattainable for
them for a certain period of time. Such strong business entities may be the first ones in
establishing successful innovations and most successful in the implementation of new business
initiatives.

During researches it was determined that the strategic leadership development is
characterized by complexity because it requires versatility in its providing. In most cases only
essential and thoughtful organizational changes will lead to the achievement of significant
results, the effects of which are felt over the long run. Therefore, the survival provision or
supporting prosperity of the air enterprise should be provided by incremental measures taken
based on the leadership approach.

So, leadership approach to management allows achieving long-term goals of the air
enterprise development through the implementation of strategic changes necessary for a more
effective implementation of economic activity in the face of uncertainty and dynamic factors of
the environment, while maintaining sufficient level of flexibility and agility.

The basic terms of the air enterprisestrategic leadership development are as following:

- flexibility and adaptability necessary to preserve mobility in responding to changes in the
external environment and relevant trends at the air transportation market;

- wide scale of thinking, that focus not only on narrowly outlined directions of
development, which remains unchanged for a long period of time, but on the broad prospects and
opportunities created by changes in the business environment of the air enterprise, mainly due to
the effective change management and encouraging knowledge management;

- emphasis on human resources development and ensuring effective teamwork;
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- innovativeness that provides aiming at the perspective and continuous improvement in
meeting the future needs of customers and reducing risks associated with the uncertainty of the
international competitive environment; in turn, leadership itself will be an impulse for
intensifying enhancements;

- concentration on the development of partnerships necessary to make better offers to
consumers of air enterprises — products with a higher value for them, especially by concluding
agreements on cooperation and establishment of partner networks (success of the aviation
product depends on many interacting parties, so it is necessary to establish effective
interrelationships with them).

Air enterprises that meet the above mentioned terms have much greater prospects for the
survival and development than their competitors losing in this.

With the strategic leadership development it is essential to combine two aspects: individual
leadership (development of highly competent strategic leaders focused on creating the optimal
organizational structure at the air enterprise, rational use of resources and formation of the
enterprise strategic vision in accordance with the fundamental long-term targets) and business
leadership of the enterprise (providing conditions for the formation of “business excellence”,
needed to increase competitiveness at the domestic and foreign air transport markets).

For instance, business excellence in the airline business can be displayed through key
performance indicators in such aspects as capacity growth, air tariffs, load factor, leverage,
airline margins, cost effectiveness, etc. For airline the basic critical success factors are
represented by strong strategic leadership, results oriented strategic management, strict cost
management, diversification of revenue sources, effective communications and information
application, innovation introduction and continuous business process improvement, optimal air
route network development, effective personnel management and increasing loyalty level.

Analysis of the features of the implementation of leadership approach to the management
of enterprise development has allowed defining its basic characteristics, as presented by the

author in Fig. 1.
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- Support the implementation of the vision,
mission and strategic goals of the company.

- Provision of orientation to customer
satisfaction.

Leadership - Leadership at all levels of management,

approach to the | implementation of talent management. )
Business Excellence

air enterprise - Optimizing the use of the resource potential of

development the enterprise, continuous smart improvement. (results of activity

management - Solving problems in "real time" through the
use of effective strategies for adaptation and risk
management.

indicators)

(based on critical
success factors)

- Facilitating the development of organizational

reflected in key performance

culture and the implementation of corporate
social responsibility.

Fig. 1. Application of leadership approach to the air enterprise development management
Source: developed by the author

The top 10 airlines of 2016 according to the annual Customer Satisfaction Survey are
“Emirates”, “Qatar Airways”, “Singapore Airlines”, “Cathay Pacific”’, “ANA All Nippon
Airways”, “Etihad Airways”, “Turkish Airlines”, “EVA Air”, “Qantas Airways” and
“Lufthansa” [7]. These rankings represent airline excellence from the point of view of
passengers. So, it is really important to consider critical success factors of the air enterprise not
only from the side of the enterprise itself, but also from the side of stakeholders and target
audiences — customers.

A key feature of the leadership approach to the air enterprise development management is
focus on long-term outcomes, supporting effective teamwork and cooperation aimed at solving
problems of development of the air enterprise or its survival in the market.

The use of strategic leadership ensures not only stability of the company activity in the
current moment, but also creates a way to achieve long-term prospects. That is, with the help of
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today's changes in operating parameters the air enterprise creates its own future, existing reserves
are activated.

Strategic leadership should contribute to the creation of favorable environment for
management decision-making (effective choice of the existing strategic alternatives of the air
enterprise development), as well as directly to their realization (implementation of strategic
actions). Herewith, completely new culture of leadership development at all management levels
of the air enterprise, based on competences, is formed.

According to the author, air enterprises using a leadership approach to development
management, improving its operations, are subject to special interest on the part of national and
foreign partners, which could lead to the creation of powerful forms of cooperation. This, in its
turn, provides a mutually beneficial exchange of technologies, material resources, information,
experience, improves the competitiveness of enterprises and creates a completely new value to the
consumer.

The main results of the implementing leadership approach to the air enterprise
development management are defined:

- transparency and clarity of the value orientations of the enterprise managers, staff,
customers and partners, which corresponds to the modern principles of corporate social
responsibility;

- improving the efficiency of relations in the sphere of production, supply and scientific
cooperation with other enterprises and organizations;

- increase of labor productivity and profitability of the air enterprise by coordinating
activities and the selection of optimal methods for achieving goals;

- increase in market share, since the implementation of this approach can allow to enhance
the leadership potential of the enterprise (business excellence);

- achieving a high level of loyalty among consumers.

Conclusions. As a result of studies of current practices of air enterprises it was concluded
that modern approaches to the development of organizational strategic leadership should be
based on the orientation on the perspective and recognition of existing regularities in the
development of air enterprises to better respond to them, forming strategic vision, goals and
strategies appropriate to the operational realities, identifying the need to implement changes at
the enterprise, the optimum mobilization of all resources within a reasonable time to obtain the

desired result.
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Thus, air enterprises’ business excellence, reflected in key performance indicators, can be
supported by the strong strategic leadership development through enhancement of critical success
factors.
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OBECIHEYEHUE JIEJIOBOI'O COBEPIIEHCTBA ABUAIIPEANPUATHI IIYTEM
PA3BUTUSA CTPATEI'HYHECKOI'O JIMAEPCTBA

JLI.JI. JINTBHHEHKO

B crarhe ompeseneHsl W MPOAHATU3HUPOBAHBI POJb M OCHOBHBIC YCIIOBHS Pa3BHTHUS
CTPATCTUYCCKOr0 JIMACPCTBA aBUANIPCAIIPUATHA. I/ISyqua B3aUMOCBA3b MCXKAY NPUMCHCHHCM
CTPATErHUECKOTr0 JHICPCTBA U MOKA3aTE/IIMHU JISJIOBOTO COBEPIIICHCTBA aBHANIPEAPUITHs. Bblto
YCTAHOBIICHO, YTO JIMACPCKHIA MOIXO0/ K YIIPABICHHIO MO3BOJISET JOCTUYD JOJITOCPOYHBIX IIEIeiH
Pa3BUTHS aBUATIPSANIPUATHS 32 CUET peaU3allMd CTPATETHYECKUX H3MEHEHHH, HEOOXOIMMbIX
s Oonmee A3PQPEKTUBHOTO OCYINECTBICHHS XO3SWCTBEHHOW JIEATSIBHOCTH B  YCIOBHSX
HEOIPEICIIEHHOCTH U JUHAMUYECKHX (DaKTOPOB OKpYKAIOMIEH CpEeNbl, COXpaHssl NpPHU STOM

JIOCTaTOYHBIN YPOBCHBb THOKOCTH U MaHCBPCHHOCTH.

(Received 0n14.11.2016)
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SYSTEM MODELING OF MARKETING INTERNATIONAL BUSINESS SECURITY

O. llienko*

(National Aviation University, K. Komarova Avenue 1, Kiev, 03058, Ukraine)

Abstract: The article considers the model of construction of such concepts as: " marketing
strategy global economic security of subjects of international entrepreneurship™ and "marketing
for international business”, as well as the urgency of the need to create a new concept of
"marketing international business security”, justified by the existing conditions of the

development of the world economy, which today is very complex and not stable.

Keywords: international business security; international marketing; globalization;

marketing strategi; economic security system.

Introduction. In view of features a high degree of uncertainty and instability,
andincreased risk of entering the market to international business entities, in modern conditions
of the world economy development, there is a need to ensure the maximum connection of the
international economic security system and international marketing system, not formally, as it
was in the pre-crisis period, but consciously and with a certain scientific approach.

Problem statement. The general mechanism of international business entity operation
based on international business security and modern system of marketing that is the one that
provides system efficient existence and operation in general marketing complex, separately for
each country, on the territories where its target markets are situated.

Unsolved problem of the general problem. There is a need to form part of space of
international business activity with complex methodological approach of strengthening of
international economic security as the main direction of achieving high and self-development of
the business activity, and in modern conditions of active expansion of globalization processes in the
world economic system.

Analysis of recent researches and publications. The problems of world market
and individual target markets proved that in order achieve strategic goals and to solve current

problems of the international business entities it is necessary:

Professor

63



LSIAMNSIMAHOLM) HFIGH0IAOM TJIHBIRO «BO3SIO() BAS6L3M)HB0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT»Ne1(12), 2017
MEXIYHAPOJIHBII HAYYHBIN XYPHAJ «BO3AYIIHBIN TPAHCIIOPT»

to analyze and systematize marketing information and knowledge about the interconnections that
exist and suddenly emerge in the world market; to intensify ensuring the international economic
security with the aim of reducing general risks of international business activity and improving
the approaches of international marketing; to find the best ways to satisfy the international level
target consumers. A great number of papers of domestic academic economists is dedicated to basics
of modern philosophy of economic security formation; these scientists include AbchukV. (2005)
[1], T. Tsyhankova (2004) [2], A. Starostina (2007) [3], O. Martianov (2005) [10], Y. Makohon
(2004) [5], D. Lukianenko (2001) [6],I. Lylyk (2007) [7], V. Vasylenko (2003) [8], O.
Kanishchenko (2005) [9], M. Yankovskyi (2004) [4], as well as foreign: [1], V. Kotylko (2007)
[11] and others, are devoted to the issues of study and market risks reduction and the role of
marketing in solving problems of risks.

The purpose of this scientific research is model of providing marketing international
business security, which is based on principles of international marketing as the basis for
establishment of areas of development of modern business processes in the world economy in
crisis conditions.

Results. In the field of marketing analysis (both at the national and international level), both
in research and in the application layer, currently in the calculation and forecasting of main market
metrics and marketing parameters prefer quantitative methods and models that can be grouped as
follows:

- statistical methods of decision making theory (used for stochastic analysis and reaction
characteristics of target consumers to any changes in market conditions and economic marketing
space;

- simulation models (there is the possibility of use in unstable conditions, as well as in terms of
any changes that affect the marketing environment and increasing competition. Used in cases when
you don’t have the ability to take the analytical solution, but the system that is analyzed consists of
elements that lend themselves to quantitative characteristics);

-regression analysis (used in cases where it is necessary to establish the relationship between
the specific marketing indicators market parameters or their groups);

- multidimensional approaches, which include factor and cluster analyses (are used for
justification of marketing decisions, if necessary, establishment of numerous interrelated variables);

- game theory;
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- models based on the construction of a decision tree;

- deterministic approaches operations research, which include linear and nonlinear
programming (used in cases of the need to find the best marketing and management decisions in the
presence of a rich number of interrelated variables).

But in conditions of considerable growth of interest and attention to the introduction of
marketing methods and approaches to the management of business processes (especially
internationally) to strengthen the system of economic security has several problems, both
theoretical and methodological nature, which are based on the following considerations and
circumstances:

-reducing attention to the diagnosis of the external environment of international business
processes at various levels of doing business (mega-, macro-, meso-, micro);

- lack of specialization of methods, depending on the level of research and analysis,
which reduces the quality and accuracy of forecasts, and therefore reduces the level of enterprise
economic security of subjects of international business;

- the difficulties in the choice of approaches and methods for managing the marketing
part of the business economic security (especially at the international level in the conditions of
globalization in the global economy);

-the lack of adequate attention to marketing issues in international business economic
security;

- insufficient study of the mechanism for establishing the criteria, parameters and
indicators of an estimation of efficiency of the marketing component of the overall system to
strengthen the business economic security and management.

Therefore, it is important first of all to define the main principles of the choice of the
direction of the organization management mechanism, marketing component of international
business for economic security in conditions of globalization. It is also necessary to determine
the place and role of this mechanism in the overall system efficiency management of
international entrepreneurship. It is necessary to consider the orientation of the subjects of
international business processes to increase its own competitiveness and competitiveness of
products, the production of which he specializes (under products, you should understand all
activities where specializes enterprise). In addition it is necessary to create competitive
advantages at all levels of international economic space (mega-, macro-, meso - and micro-).

Thus, the goal of strengthening the economic security of subjects of international businesses
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using the marketing component with maximum consideration and heterogeneityinconsistency the
competitive environment of the global market is impossible without maximum flexibility,
strategy formation control of international marketing.

Based on the foregoing, we have formed a fundamentally new concept in the theory of
economic security - "marketing the safety of the subjects of international business activity",
which aimed at increasing the competitiveness of products, subject of international business
process; assurance of the protection of the business and market interests of the subject of the
international business process.

In this connection it is necessary to concentrate attention on the marketing component of the
international economic security.

All the above developments are provided the opportunity to form an independent scientific
and applied direction of "global marketing strategy of economic security of subjects of international
entrepreneurship”, the essence of which consists in development of scientific-methodological and
theoretical-conceptual frameworks support strengthening of economic security of subjects of
international entrepreneurship (and thus the development of world economic system) in crisis
conditions of formation and development of globalization processes based on the use of marketing
strategies for international business (Fig. 1).

Based on the analysis of the nature of business security of business entities international
business, international security and international marketing present their definitions,
distinguishing features and characteristics of globalization in the economy, and also based on the
simulation of the overall system of control mechanisms of economic security of business entities
at different levels of management (taking into account peculiarities of functioning of business
entities in the domestic markets, the markets of other national economies and the global market),
modeling of the mechanisms of management of marketing activity at the international level, we
have proposed the interpretation of the concept "international marketing business security" as a
multidimensional, multifaceted design ensure state protection of market interests and the stability
of functioning of subjects of international activity separately at the national level, the country
level, where is located the target markets, the level of the world economy, the formation and
functioning of which is based on the development of a set of measures aimed at ensuring the
concept of marketing forecasting; planning, organization and management of all aspects and
elements of the international activities in the business sector; promotion of, trafficking in and

consumption of finished products maximum while meeting the needs of each member of the
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international business process, with the aim of maximising long-term profit (reducing costs,

increasing productivity and competitiveness of what is offered at the international level,

competitiveness of the subject of international business and as a consequence boost the

competitiveness of the country as a whole). This can be achieved by a constant search for new

technological solutions to enhance the efficiency of the use of marketing tools with maximum

protection an individual approach to the specific markets each national economy individually and

directions of change processes that occur in the world economy as a whole.
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Thus, on the basis of the basic premises, goals and scope of marketing international
business security, we have formed a system of marketing international business security with the
definition of its main objectives, functions, subjects and objects of regulation and systems of
marketing international business security through the management of international business
processes in the globalization of the world economy by using the classical model of “input-
output”, which shows the relationship of the main elements of the business environment of the
international market and delivery systems marketing international business security (Fig.2).

Consequently, the proposed definitions of "marketing strategy global economic security
of subjects of international entrepreneurship” and "marketing international business security,"”
demonstrated features of the scientific category of "marketing international business security"
and justified its necessity in modern conditions of development of the world economy, which are
characterized as very complex and contradictory.

Marketine and analvtical business processes

- demand forecasting and estimation of possibilities of it change;
- market risk assessmentand development of a programme to reduce them;
I - assessment of competitive positions and competitors ' strategies in the markets,
/f determining the leader of the market and its requirements and assess the possibilities of it
! change;

- assessment of directions of development of assortment and brand policies;
—» - evaluation of trends and strategies of marketing management price;
! - development of marketing supplying system;

ENTER 17 Marketing information support
Organizational management Market l
international business business processes
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Figure 2. The model of providing marketing international business security by managing

business processes.
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The major prerequisites for the formation of a fundamentally new scientific and applied
concepts is the reduction of market risks in a crisis economy with a simultaneous increase of activate
of innovative development of the world economy, countries and international business in the
conditions of intensive development of globalization processes.

Conclusions. Thus, when establishing and developing international business activity to
strengthen the international economic security of international business entities in establishment
of its mission and long-term strategy it is necessary to focus on opposition to changes, which is
impossible without development, implementation, management and development of international

marketing.
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MOJIEJIMPOBAHUE CUCTEMBI MAPKETUHIT OBOM MEXIYHAPOJIHOM
NPEJINPUHUMATEJILCKOMN BE3OITACHOCTH

0O.B. Habenko

B cratbe chopmupoBaHa MOJETb MOCTPOCHHS TAKUX MOHSATHH, KakK: «MapKETHHIOBasi CTPAaTErHs
ro0abHOW SKOHOMHYECKOH 0e30MacHOCTH CYOBEKTOB MEXIyHapOJHOTO MPENNpPUHUMATEILCTBA» U
«MapKETUHIOBass MEXIyHapoJIHas MpeIIpUHUMATENbCKass JESITENbHOCTB», a TakXke JOKa3aHa
aKTyaJIbHOCTh HEOOXOAMMOCTH CO3JaHUS HOBOI'O IOHSTHSA «MAapKETHHIOBash MEXIyHapOaHas
MpeanpuHUMATENbCcKas 0€30M1aCHOCTEY», 000CHOBAHHASI CYLIECTBYIOIIUMH YCIOBUSMH Pa3BUTH MUPOBOH

9KOHOMUKH, KOTOPLIC HA CCFOI{HSIH_IHI/Iﬁ JCHb OYCHBb CJIOKHBIC K HE CTaOUJILHEIC.
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TO THE PROBLEM OF PROVIDING ECONOMIC SECURITY ON ENTERPRISE

E. Danilova**

(National Aviation University, Kosmonavta Komarova ave. 1, Kyiv, 03680, Ukraine)

Abstract:In the article the types of economic security of the enterprise considered, the
effect of the region and the state as a whole on the formation process of economic security of the
enterprise analyzed, and alsoinvestigated the effect of other factors and threats (external and
internal), which can be a barrier to the effective development of the company.

Key words: economic security, enterprise, region, security system, Resourcesecurity, flow
security, threats.

Formulation of problem.In the current economic situation, the majority of global
companies operate in conditions of uncertainty, unpredictability. Unstable political and socio-
economic situation in the world reinforce the degree of risk of the decision-making and operation
of companies in general. Therefore, the problem of ensuring economic security of the enterprise
is becoming increasingly important.

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

The main objective of the article. The purpose of this article is to analyze the problem
of providing economic security on enterprise, examine the influence of state or regional
institutions on enterprise economic security.

Exposition of the basic material. Today acutely raises the question economic security of
enterprise in terms of information and rapid evolution. The company, focused on the efficient
and continuous operation requires adequate economic security for the continued existence on the
market. Economic security considered at not only on the level of one company, but on a global,
territorial, regional, national, and on international. All levels relate to each other and ensure an

uninterrupted operation.

Associate professor**
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Different approaches to defining the concept of "economic security» were analyzed and
concluded that among scientists there is no single point of view on the essence of the concept,
but most of them noted a significant role of the state in the process of formation of economic
security of the enterprise [4, 6].

Using direct and indirect intervention methods, the state affects the economic and social
development of the country, therefore, a common problem for companies and state acts as the
formationincludingeconomic security.

It was determined that in order to ensure economic security of the enterprise it is important
to take into account regional peculiarities of company location: natural resources, labor potential
of the enterprise, education and qualification level of employees, the level of provision of the
population, etc., and, on this basis, it was concluded about the necessity of development and
improving the economic security of the region in which the enterprise is located.

It is also was examined the structure of the economic system of the region, such as:

enterprises, households;

regional authorities;

factors of production market;

the financial market;

— goods and services market.

It is also analyzed the main threats to the economic security of the region, namely:

1. Economic - decrease in production volumes, depletion of the scientific and technical
potential, growth of resource-industry against decrease in high-tech industry, growth of the level
of financial dependence on imports in the region.

2. Social —increase of unemployment, declining level and quality of life at the region, the
demographic situation, deterioration of the environment, crime rate, etc. [7].

The essence of economic security of the region is the ability of the economy and the
ability to provide the quality of life at the proper level, socio-economic and socio-political
stability and prevent the occurrence or even counteract the effects of internal and external threats
at optimal cost of resources and their rational use.

The basis of economic safety of enterprise is its phased economic development that aims
at producing necessary goods and services to the largest customer satisfaction and preservation

of all important information related to these activities[2].
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Economic safety conditioned by the influence of many factors. Some factors for a
specified period of time can be considered conventionally defined, such as number of employees,
fixed assets, but others tend to quick change (prices of goods and services, fluctuations in supply
and demand, the level of investments) and not subject to precise definition. Because of this, the
company may face strong competition; destabilize the national economy and the world system in
general[1].

The security policy should include a system of views, knowledge and solutions in this
field, which will create the most favorable environment for achieving the goals of the company.

For rapid response to threats to economic security that can be brought before now,
manager must have an idea of the kinds of economic security. The authors reviewed the
classification of economic security based on the distribution of the subjects (incoming and
outgoing flows of resources and basic resources in the system) and objects (source localization
threats) (fig. 1).

| By subject: <« S > Byobject: ]
E
C
U
R
s| Externalsec | Resourcese
urity T curity
Y
Internalsec Flowsecurity
urity

Fig.1. Types of economic security
*based on [5]

External subjects of economic security are institutions of government, human rights
institutions, customs and tax control. External institutions ensure regulatory impact of
macroeconomic and socio-political context of economic activities, define the scope of options
for interaction between business entities, and relieve some of the potential threats.Also with the
regulatory and protective influence of external actors can have a negative impact, becoming a
source of threats to the economic security of the company. Institutions of government are also

the sources of political instability and inconsistent government policies, which hampers the
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normal conduct of business and calls into question the advisability of investing in the most
promising, innovative projects.

Internal subjects of economic security specialists are specially organized security
services, specialists from other departments that perform separate functions of security,
organization managers (decision makers). The company may engage support from external
entities to ensure economic security.With intra-organization of economic security, the subjects
may be employees of the department of research and development, sales department, or someone
from departments of strategic planning, marketing, IT, etc. In big corporations, economic
security issues may engage employees of different departments at the same time in the presence
of the controlling canter (security).

Resource security:

1. Personnel. It includes protection for human resources quality.

2. Technical and technological. It related to the protection of technical and technological
resources of the enterprise from potential damage, emergency conditions and equipment failures,
damages (intentional or accidental), fires and other force majeure, as well as the threat of
obsolescence.

3. Raw. This implies the provision of reliable, stable supply, quality control of raw
materials received from suppliers.

4. Trading. It aims to ensure that the product has been produced by the enterprise in a
timely manner and effectively implemented in the market or properly stored (protected against
quality loss, theft, fraud).

Flow security:

1. Financial. One of the key types of security, since it is the first financial flows falls
under the influence of negative factors.

2. Transportation. Transport safety means not only protection of the transported raw
materials and products, but also the safety of all traffic flows in the company, their reliability,
protection against fraud and damage.

3. Information. This type of security was the basis for the formation of a trend in studies
of Western scholars and the formation of knowledge management concept, market research and
others. The most active in recent years developed the idea of the so-called "competitive
intelligence”. Competitive intelligence, in fact, is a system of economic security and

competitiveness of the enterprise
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Given the above,thenecessary condition is to develop strategies to ensure and support
economic security, which focuses on maintaining the integrity of the company, preventing and
avoiding information leakage, quickly and effectively adapt to future change and continuous
development. The main requirements are clear understanding the limitations of available
resources, clarity of wording problems, flexible response to changes in the environment and
reach their goals.

There are three types of strategies are used depending on the nature of the problem. The
first type - a strategy focused on sudden and obligatory response. The second - aimed at
forecasting the possible dangers of a comprehensive study of the situation not only in the middle
of the enterprise, but also outside. The third - a strategy related to damages. It is use when it is
impossible to use strategies first and second type[3].

From the fullness and complexity of application of measuresfor a specific problem,
solution depends on successful company defense. Unable to create a single unified economic
strategy for the protection of enterprises, i.e. for each activity should be directly own protection
system that includes the features of the enterprise.

Economic safety characterized by the following properties: performance, flexibility,
adaptability, efficiency, organization. At the optimal ratio of these properties, the company can
quickly and adequately respond to threats, be persistent and constantly grow.

It is almost impossible to develop the most effective security system for its
implementation immediately. It will grow with the company.

Conclusionsandsuggestions.The economic security of the region - is not only the current
state of natural resources, the production, the region's financial capacity, but also the
development and implementation of innovative approaches and activities aimed at the
development and countering external and internal threats, which, in turn, will enable companies
in the region to raise the level own economic security.

Considering the above, it was concluded that it is from the company depends on the
choice of methods and means to ensure the protection of economic, resulting from the scale and
nature of threats. All components are linked and only their complex interaction provides efficient

operation and economic security.
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DETERMINATIONOF THE MAXIMUM RUNNING SPEED
A.Gigineishvili*, K. Tskhakaia*, R. Kikvidze*, M. Bibiluri**
(Georgian Aviation University, KetevanTsamebuli ave 16.Thbilisi, 044, Georgia).

(Georgian Technical University, Merab Kostava ave 75, Thilisi, 0175, Georgia)

Abstract:In the work there is conducted the analysis of sprinter and stayer average and
instantaneous speeds trough the relevant distances. There is defined, that their optimal values
until the oxygen’s full exhaustion. There is showed, that the runner can’t run Withmaximum
average speed for a long time — the sprinter is able to maintain the average maximum speed until
the 200 m and the stayer until 2000 m (till the oxygen’s full exhaustion).

Keywords: sprinter, staier, instantaneous speed.

The article deals with the respective distances sprinter’s and staier’saverage speed and the
instantaneous analysis.Established their optimum values of oxygen flow rate to the full.lt is
shown that a runner can have a maximum average speed of long running— sprinter can maintain
the maximum average speed of 200 m — to, and even 2000 m staier’s — up (full exhaustion of
oxygen).

Movement of the body are introduced to describe the concepts of instantaneous and
average velocity. Instantaneous called bandwidth, which is the body of the trajectory at a given
point in a given moment.Consider a linear motion (Fig. 1)

A aS B

. g g

Fig.1.
For determination of the instantaneous speed of movement in a point A during uniform
motion, is enough,AS distance from A — B divided by time At, during which the distance traveled
will be

AS
V=—

= (1)

Full Professor*
Associated Professor**
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This body will have a speed of any AB path, including the A spots, but if the movement
is uneven,this formula for determining the instantaneous speed to do it.In this case, point B to
come closer A — and so we must select the trajectory AB section of the movement can be
considered equally.If such a finite section could be found, then you should consider the limit

when A—B (ie AS—0, At—0) and (1) is written as:

. AS
v=Ilim—
At—0 At

Since the last time on the functions (2) — relate the increment function of marginal
increment of the argument,when the latter aspires to zero, from their analysis is known, that this
limit is called the derivative of the function argument.We got to the final instantaneous velocity
equals the distance from time to time:

_ds
dt

Therefore, the speed of the instant determination of the need to know the S = S (t)

©)

\"

function face (it must be defined in each point of the trajectory. If it does not know, then we can
not know the speed of the path anywhere at any time: or, in this case, we know nothing about the
nature of the movement.To him, the idea of something still in deploying high-speed concept

AS

<V>= Vaverage = E

Where AS is the total length of the trajectory At even the time that the body has made to
reach this distance on the surface (1) and (2) formulas are almost the same, but its content is a
big difference between them-the(1) formula is fair for any path through the station and the
station can determine the movement of the character (ie, the instantaneousspeed at each point),
the(4) formula connects the previous distance (path length) of the time, within which it has been
driven at a distance, so that we do not know the nature of the movement and speed of the
importance of not in any point of this comparison we get formulas, the average speed of the
uneven movement rate at which the body is the same distance in the same time it would have
been equal to its movement.If the uneven division of the possible trajectories of n sections and
separate sections of the well-known passage of time Atj, we can write:

AS AS +AS, +..+AS, At At, At,
=—= =<V, > —+ <V, >—=2+..4+<V, > (5)
At At +AL +.L AL At At At

<V>
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AS, . .. . : . n
Where the <V, >:A—f' individual is the i —th station in the average speed of At = ZHAti

time during which the body was moving and AS = Zi”:lASi passed distance.

Determine the maximum average speed, which can be run athlete.Obviously, it will
depend on the size and gasarbeni distance runners will be able to maintain a certain period of
time.Athletes who run 200 m the distance, are sprinters, more than — straier’s.Experimentally
established that the average speed of the race runner straier less than what can be seen in figure
2.This reflects the attitude of the average speed of the running distance — runner medium speed

gradually increases to about 200 m — up ~10,5 m / s and then decreases monotonously.

Vawon(m/s) 4

104

ol 500 10001500 2000 S (m)

Fig. 2.
Sprinter immediately reaches a maximum speed of light ~ 2 seconds — then it (see. Fig. 3)
The maximum value of the average speed as a boat figur 2 — can be seen rising from the first 2
seconds — the time it comes staiers, it will not be able to keep the entire distance of the average
maximum speed. This is caused by a deficiency of oxygen in the muscles, ie oxygen supply by
reducing the time for this reason that the sprinter can keep a maximum average speed, until you

spend spare oxygen (oxygen reduction takes place 300 meters — after).
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v(m/s)

10

Fig. 3.

Runners, a record, to establish, to select a maximum average speed, not the oxygen ran
out to the finish line (only sprinter runs the maximum average speed over the distance).

The mitochondria of the oxidation — reduction reactions.It is the so-called ,,stove®, a
source of energy.Chloroplasts contain chlorophyll, which absorbs light and converts it into
chemical energy. Substances and conversion of energy during a complex organic compounds —
proteins, fats and carbohydrates, and the collapse of the energy they release. This process is
called dissimilation of the energy shift. In addition there is a new parallel synthesis of complex
molecules which result in energy absorption. This process is called assimilation.These two
processes are inextricably linked, and their combination is called metabolism.

Metabolism vitality necessary condition. Every cell, every part of the organism is in the
process of continuous circulation of substances. During assimilation, for example, has a place in
the light of the inorganic synthesis of organic compounds.

6CO2+6H20+hy—CeH1206+60: (6)

Where the light is hy kvantis energy, while C¢H1206— glucose.All living organisms on the
earth to the current processes for the chemical energy is mainly used to provide some green
plants. It can be said that the photosynthesis energy supply comes from a kind of bridge between
the role of the sun and the earth life.In addition, during photosynthesis, the most atmospheric part

of the molecular oxygen.
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Matter and energy, and about six valentobisa considering that the energy in the body,
mainly in the form of heat, conduct active metabolic rate increases.This process is regulated by
the breath. Obviously, running the body more oxygen (more energy).

Live cells can be considered as energy converters, for example, kimiurisa — electric (the
nerve and brain cells), tunes — electric (in the ear), light — electric with the (debt), kimiurisa —
mechanical (the muscle) and so on. Contraction of muscles can utilize nutrients such as glucose
(CsH1206) molecules of the chemical energy of 20 — 40%, the remaining part of the heat is
transferred, but not entirely lost: is used to keep the body temperature constant, if people do not
run the muscles, the body heat generated is not enough to warm the body in cold weather. In this
case, the muscle begins to involuntary contractions (people trembling) and the heat generated by
them helps the body maintain normal temperatures. During muscle contraction glucagon oxygen,
and ATP posporkreatinis — is declining, while the carbon dioxide. Lactic acid and inorganic
phosphate increases, because of the time spent on the process of oxygen and carbon dioxide
occurs. It can be assumed that the compression is related to an oxidation process, is of great
importance to the fact that the muscle contractions and the subsequent partial recovery without
oxygen. Our muscles need to carry a big job. Although suppose, during physical activity and
breathing rhythm of the heart muscle contractions become stronger, the oxygen is not enough to
perform the job. Very large load, for example, 100 meters race glukogeni lactic acid more
rapidly falling apart, rather than lactic acid oxidation can.So, the place has a lactic acid
accumulation.In this case, they say, the muscle has ,,insufficient oxygen*.Long-distance runners
keeps running so-calledthe second means of breathing. Lung and heart tissues at this time due to
the work of the newly formed lactic acid enhanced the NADPH enough oxygen gets to the
number. So do not grow ,,oxygen debt“.In cases where multiple compression during muscle

exhaustion and glucagon stock of lactic acid accumulation due to the inability to compress, say

that the muscles get tired.
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K ONPEJIEJEHUIO MAKCUMAJIbBHOMCKOPOCTH BET'A

A. I'mrunenmBuin, K. lxakas, P. KukBuaze, M. buonirypu

B pabote npoBeneH aHanu3 cpeHel 1 MTHOBEHHON CKOPOCTEH CIIpUHTEpa U cTaiiepa Ha
COOTBCTCTBYIOIIUX AUCTAHIHAX. YcTaHOBIEGHBI WX ONTHMAIBLHBIE METHYWHEI J0 ITIOJIHOT'O
pacxona kucinopona. IlokazaHo, yTo OeryH He MOXeT OexaTh C MaKCUMaJbHOW CpeaHOi
CKOPOCTBIO, TOJIBKO CIIPUHTEP MOKET COXPAaHUTh MAaKCUMAJIbHYIO CPEIHIO CKOPOCTh 10 200 M,

a craifep 10 2000 M (710 TOJTHOTO pacxo/1a KUCIOPOJIa).

(Received on 07.07.2017)
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OPTIMIZATION OF DESIGN SCHEMES AND PARAMETERS OF MOTOR-GENERATORS
FOR AVIATION GAS TURBINE ENGINES
A. Maisuradze®, L. Maisuradze™ Z. Gobianidze*
(Georgian Aviation University, 16, Ketevan Tsamebuli av., Thbilisi 0144, Georgia)

(Georgian Technical University, 75, Merab Kostava av., Thilisi, 0175, Georgia)

Abstract: In this research work is analyzes one of the actual issues including in the concept of
a” fully electrified aircraft” (FEA), the first stage of that is the implementation of a
"more electrified aircraft” (MEA). This makes it necessary to replace the traditional
electric generators and starter generators driven by the drive gearboxesto motor-
generating devices based on permanent magnets and built-in "cold" rotating and
stationary parts of the gas turbine engine (in the rotor and stator).
The mathematical algorithms concerning optimization of design of aviation motor-
generators on the minimum weight and electrotechnical materials are developed.
In this paper, an electric machine, represented as a non-linear function of several
variables, is analyzed using systems of linear algebraic equations..

Keywords: fully electrified aircraft; dual-flow turbojet engine; fan; motor-generator;

permanent magnets; electrical windings; rotor; stator.

INTRODUCTION

To further improvement of the flight performance and operating data of aircrafts many
well-known aviation companies have developed the concept of creating a fully electrified aircraft
(FEA) [4], [9], the first stage of which is the implementation of a "more electrified aircraft"
(MEA). At the same time, the functions and layout of the aggregates and units of the power plant
are significantly changing. The engine will not have a drive gear box in its old form. The starter
generator instead of the external arrangement will be integrated inside the engine in a high-
pressure cascade. The auxiliary power plant will be used only for generating of electric power.
Thus, the increase in the FEA level of electrification will be accompanied by an increase in the

capacity of both electric power sources and the power supply systems as a whole. In such

Professor*
MA Student**
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aircrafts, depending on the speed of flight, the generator drive would be provided by an air
turbine and APU.

For these design diagrams of existing dual-flow turbojet engine (DFTE) and taking into
account the patent Ne RU2490497 C2 (2006), "Turbojet engine with electric generator arranged
in fan" [2], it is advisable to analyze the development prospects of the built-in fan (in the cascade
of the compressor of low and high pressure) the engine motor-generator motor in which
permanent magnets are attached to the peripheral part of the fan blades, and in the case of the
second contour opposite of the magnets are arranged electrical windings .

The arrangement of electric generators in the fan and in the cold zone of the low and high
pressure compressors provides a number of positive factors. The main advantage is that is
created more space to arrange the electric generator. The case of the second contour, which is
part of the engine nacelle, has enough large dimensions to arrangement of the windings that
gives the possibility to realization of large electric current capacities both in the generator and
motor operating modes. In addition, the fan is in the cold zone, which prevents overheating of

stationary electric windings and rotating permanent magnets.

On the basis of the above mentioned, it is advisable to install the main generator in the fan
(or backup stages of the low-pressure compressor) which will be driven into rotation by a low-
pressure turbo compressor cascade, and arrange the starter generator in the cascade of a high-
pressure compressor [3]. In the process of engine starting it will work in the starter mode and
then after the start it will switch on the generator mode. Moreover, in takeoff mode, when the
high-pressure turbine is at its maximum heat-stressed state and at the low-gas mode, when the
engine is occurred in an unstable operating mode, the starter generator can switch to the motor
mode, i.e. it will not take-off power and in contrary transfer additional power to the turbo
compressor shaft.

The presence of two electric motor generators - the main built in the fan or the backup part
of the low-pressure compressor and the second motor-generator arranged in the front part in the
cascade of high-pressure compressor, gives the possibility to apply them as starters in the process
of starting the engines, and then to redistribute the take-off of power between two electric

generators that more contributes to the stable operation of engine.

On Fig. 1 is presented the structural diagram of the bypass turbojet engine in the fan 2 of
that is built the main electrical generator and in the high-pressure compressor spool 11 is built-in

the starter-generator 9,10. In this case, at the ends of fan blades are fixed the permanent magnets
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5 and in the housing of second contour 6 (engine nacelle 3) are arranged the electrical windings 4
and AC to DC converters. The scheme also shows existing on these engines the kinematic chain
of the gear drive of the launch system 17,18,19,20,21.

A 12 1314

Fig.1. Construction arrangement of bypass turbojet engine with existing system of air
launch from APU and promising built-in generator in fan and built-in starter-
generator in high pressure compressor spool

1-fan spinner; 2- fan blade; 3-nacelle of second contour housing; 4- classical
working winding of built-in electric generator; 5-permanent magnet; 6-housing of second
contour of engine; 7-low pressure compressor spool; 8-pass of second contour of engine; 9-
classical working winding of built-in starter-generator; 10-permanent magnet of built-in
starter-generator; 11-high pressure compressor spool; 12-combustion chamber; 13-high-
pressure turbine spool; 14-low-pressure turbine spool; 15-jet nozzle of first contour; 16-
high-pressure turbine shaft; 17-bevel gear realizing torque transmission from air starter on
high-pressure turbo-compressor spool; 18-vertical spring of torque transmission; 19-bevel
gears of torque transmission from air starter gear box on vertical spring; 20-air starter
gear box; 21-air turbine of starter
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BASIC PART

In the previous paper [10]by authors was considered the "Optimization of design schemes
and parameters of motor-generators for aviation gas turbine engines™ and in the presentedpaper
are analyzed the issues with respect of "Optimization of design of aircraft motor-generators on
minimal mass and electric engineering materials”.

The goal of optimal design is to minimize the total mass of electric engineering materials:
mass of permanent magnets, magnetic conductors, laminated magnetic conductor of the stator,
winding wire of the stator.

In practice, the most common are two structures of magnetic systems of rotors.

In the first case, the integral magnetic conductor is annular, smooth, in the second case,
insertions from a soft magnetic conductor are used to form alternating poles along the
circumference of the rotor.

Both options have positive and negative sides.

The application of an annular magnetic core from a soft material is a technological one,
easily manufactured, however, the volume of permanent magnets are not fully utilized. This fact
is caused dueat magnetizing of magnetic system, the magnetic lines are bended and the neutral
zone of the magnet increases.

In the second case at magnetizing of magnetic systems, the magnetic lines are straight
lines, parallel lines that gives the possibility to fully use the magnet (maximum extraction of
magnetic energy). Consequently, the geometric relationships between the dimensions of the
magnet and magnetic conductor from soft electrical steel (pole inserts), along with the remaining
such geometric dimensions as the length of rotor, height and width of the stator tooth, height of
the stator yoke, are independent design variables and completely determines the electrical
machine.

At designing the electromechanical transducers with an integral magnetic conductor and

annular magnets, the magnetic system has the layout shown in Fig. 2.
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Fig. 2. Magnet system of motor-generator

Di- is the diameter of the magnetic conductor from soft electromechanical steel
AMaMEeTPMArHUTONPOBOAAN3MATKOIdIeKTpoMexannueckoiictaiau; D2- is the internal
diameter of the cylindrical magnet; Ds- is the outer diameter of the rotor; Ds- is the
internal diameter of the stator; Ds- is the inner diameter of the stator yoke; De- is the outer
diameter of the stator; 0 O- is the air gap.

The whole mass of electrotechnical materials would be represented as five summands. In
practice, there are several options for calculating the masses of individual parts of the machine.
However, for the verification, preliminary calculations, the following expressions can be used
with sufficient accuracy.

For example, the mass of the stator teeth
ger.z=hz-bz-z-€-g1-ko, 1)
where h;-b,—is the average height and width of the stator teeth;
z— is the number of stator teeth;
¢— is length of the active part of the stator magnetic conductor;
g1— is the specific mass of the laminated magnetic conductor of the stator;
ko— is the coefficient correcting mass of the laminated magnetic conductor.
The mass of the stator yoke is equal to:
Qer.s= (bztbn)-hs-€-01-2--bz-z-K1, (2)
where b,— is the width of the stator groove;

h,— is the height of stator yoke;
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ki— is the coefficient taking into account (specifying) the mass of the stator yoke.
The mass of a permanent annular magnet is:
gm=hwm-bm-2p-€-gm-kz, (3)
where hyv— is the height of the magnet;
ko— is the coefficient taking into account the mass of a ring-shaped permanent magnet.
The mass of the annular magnetic core from soft magnetic steel, adjacent to ring-shaped magnet:
04= bu-Nayin-bm-2p-€-gm-Ks, 4)
wheree gm — is the specific mass of the magnetic conductor;
hau— IS the height of the ring-shaped magnetic conductor yoke ;
2p— is the number of pole pairs ;
ks — is thecoefficient, which determines the relationship between the width of the
groove and the pole.
Weight of stator winding from soft winding wire
Geu = buhzKs seQou-z-€+0u2-hz-z/p-Ka stbn-hz- bz m/p-z-Ka u, (5)
where kz.\— is the groove filling the with copper coefficient;
geu— 1S the specific mass of copper.
Summing up the above terms, the objective function takes the following form:
20= hz-bz-€-z-g1-ko+hz-hs-€-2-01-K1+bi-hs-€-g1-bz-Ka+hm-bm-€-2p-gm- Ko+
B Nayirr-€- 2p- G- Ka+01-Nz-€-Z-Geu Kzt b - Nz 1z p-K3 st D202 1/p- 2K, (6)
In electromechanics as conventional limiting functions are accepted: temperature of
overheating of individual parts of the machine, power factor, efficiency, service life, reliability,
cost, starting and rated power, maximum torque, technological indicators, etc.
Often the output parameters of the machine change places, i.e. the place of objective
function takes the cost, or the efficiency, depending on the customer.
To narrow the search interval, it is advisable to carry out preliminary theoretical studies.
It is necessary to perform verification calculations, in the area where a priori information is
available and to relate analytically the input and output parameters of the machine.
To this end, using the appropriate algorithms, we find the relations between the output

parameters of the machine and so-called exponents of the bounding functions, in particular:
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.......................................... . (7)

Expression (7) is the result of preliminary multiple, verification calculations of the
electric machine.
where KIII, cosp, 6°C, ......Myy— are the output parameters of the machine;
X1, X2 e , Xn— are the exponents;
Cu, Ci2, v , Cmn— are the coefficients relating the input and output parameters of the
machine in the simultaneous equation (7).
Due solving the simultaneous linear equations (7), we obtain the exponents X1, X>
............ , Xnin the form of positive numbers.
The next step in the search for the optimal variant is the compilation of a matrix of so-
called positive components of the dual vector.
In this particular case, the matrix consists from eight linear equations, each of which is created
by the sum of the product of positive components and constant coefficients.
For example, in the optimization function, the independent variable h; occurs in the first, in the
sixth, in the seventh and eighth terms, and everywhere in the first degree. Consequently, the first
equation is written as follows:
1-01+ 0-62+0:-83+0-04+0-05+0-06+0-57+1-58—X1:09=0, (8)
The equations of positive components for independent variables similarly written down,

they give a simultaneous linear equations for positive weights.
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18141824183+ 184 + 185+ 1 86+1-87+1-88+ 0-89=1 )

1:01+1: 8240083+ 084 +0:85+13s+1-07+1-0s—X109=0
0-8140:6241063+004 +0:85+106+2:07+1-08—X2:89=0
181410240824004+0854+006+0-07+1:08—X309=0
1180141824182+ 184+ 135+ 1:836+0-07+0- 08— X 4:09=0
0-601+1-02413:+064 +005+006+0-07+ 0:08—X539=0
001+1:02+103+004 +0-05+006+0 57+0- 08— Xs:09=0
0-3140 824033+ 1:34 +0:35+0-36+0-07+0-0s— X7 09=0

0- 5140824083+ 184 + 1:85+086+0-87+ 03— X 09=() )

Obvious is a system of nine linear equations withunknown as &1, &2, ...

components.

> )

., 09 Of positive

Due solving the system of equations (9), we can write down the objective function as a

product of individual summands in the corresponding powers:

E gopt

( hzbz@z glko) (bzhﬂ 028k )52 (bn h#x@-z g1k1)53

byvhwm-€- Zngkz) (bnhﬂMI[ e ZPngs) (bnhz @z 2p8m k3M)

‘hz-mz k3M
P6-

'hz.'bz"ﬂ'Z'kz,M
P-0s

(bn )87_ (bn

oy

(10)

According to the theory of geometric programming, the product of the optimal value of

the objective function on the corresponding exponent is equal to the corresponding value of

summand.

According to the above mentioned, we can write down the equality:

Sl'Egopt:hz‘bZ'E'Z'grkOi'; 82‘Egopt:bZ‘hﬂ'e‘Z'grkL; h
83‘Eg0pt:bn‘hﬂ‘e'Z‘gl‘kl.; 84‘Eg0pt:bM‘hM'e‘zp‘gM’k2;
05T 8opt =brhmm€-2p-&1ks ; 06 8opt=bnhz-€-Z-8cukam : 4 (1)
2
rhz -z -kam . rhzbz 7w z-Kaum
87‘Egopt:b h ‘J;)Z . SS'EgOpt:b h bp‘J‘I:Z 3M )

After logarithmizing the system of equation (11), and introducing the notation, we obtain

the third system of linear equations, in particular:
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b1=6n(8158opt)—Cn(Z-81ko) " b2=6n (2= Zopt)—Bn(Zz 81k )’ )

b3:€n(83'zgopt)_ en(z‘gl'kl )~ b4:en(84'zg0pt)_ en(ngMk2)~
b5:en(65‘zgopt)_ €n(2p'gM‘k3) ; b628n(86'zgopt)_ en(z'gcu‘k_?ym)';

-7 -kam L > (12
b7:eﬂ(87'zg0pt)—en(1%); b8=9n(58£gopt)—€n(n—zpk?"M); i

Z1=Bn'hz" Z2=Bn'bn Z3=Bn-bz; 24=8n @ ;
Zs=6nhsx; Z6=6n'hm; Z7=€n'bn: Z8=En-hmm ; )

The third system of linear equations has the following form:

b1=17Z1+ 02+ 1-Z3+1-Z4+ 075+ 0Zs+ 077+ 075 2
b2 =071+ 0-Z 2+ 1-Z3+1-Z4+1 Zs+ 0 ZsT0Z7+ 025 ;
b3=0Z1+ 1'Z2+0-Z3+1'Za+ 0Zs+ 0Zs+ 0Z7+ 0 Zs -
ba=071+072:+0-Z3+0Z4+ 075+ 176+ 17Z:+ 075 ;
bs=07Z1+1-Z3+0Z3+1- Zs+ 0Zs5+0Zs+0Z7+1Z5 3
bs=171+1Z2+07Z3+1-Z4+0Zs+0Zs+ 077+ 075 -
b7=171+27:+0-Z5+0:Z4+0Z5+ 0Zs+ 077+ 075 ;
bs=1Z1+1-Z2+ 1734024+ 0Zs+ 0 ZsT0Z7+02Zs ;

S (3)

The solution of simultaneous linear equations (13) gives the optimal geometric dimensions
of the electric machine corresponding to the optimal value of the desired objective function, in
the following form:

z1
hz=¢"'; bn=e?*; bz =¢"*; @=¢"*;

(14

ha=¢?%; hu=e?; bu=¢e""; hsm =e?®.

Along with other methods, the application of the method of geometric programming is a
convenient tool in the design of such multiparameter objects, as electrical machines, generators,

transformers, etc.
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CONCLUSIONS

1. In the paper electric machine is presented as a nonlinear function of many variables, is
analyzed using simultaneous linear algebraic equations.

2. The linearization of a multivalued function narrows the research interval and simplifies
the search of optimal value.

3. Results and method would be used in preliminary calculations of similar objects,

machines, generators, transformers, etc.
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OIITUMM3ALIMA IPOEKTUPOBAHUSA ABUALTUOHHBIX MOTOP-TEHEPATOPOB I10
MHUHHUMAJIBHOM MACCE U 3JIEKTPOTEXHUYECKUM MATEPUAJIAM

A. Maucypanse, 3. I'oonanunse, J.Maucypanse

B nannoii Hay4HO# paboTe MpoaHaIM3upOBaH OJUH U3 aKTyaJlbHBIX BOIIPOCOB, BXOASIINN
B KOHIICTIIMIO CO3IaHMS,,[TOJIHOCThIO 3nekTpodunmpoBanHoro camoisera’’ (I19C), mepBbiM
3TarioM KOTOPOTO SIBIISIETCS peanu3anus ,,0o1ee annekrpoduimpoBanHoro camonera’” (B3C).
DTOBBI3BIBAET HEOOXOAMMOCTh 3aMEHBbl TPAIUIMOHHBIX JJIEKTPOr€HEPaTopoB M  CTapTep-
reHepaTopa, IPUBOJSIIMXCA BO BpalIeHHE OT KOPOOKH MNPHUBOJOB HA MOTOP-T€HEPATOPHBIE
YCTPOWCBA, OCHOBAaHHBIC HA TTOCTOSTHHBIX MAarHUTaX ¥ BCTPOCHHBIEB ,,XOJIOHBIX  BPAIIAIONTUX CS
Y HETIOJIBMIKHBIX YACTSIX Fa30TPOMHHOIO JBUTATENS (B POTOPE U CTATOPE).

Pa3paboranel ~ MaTeMaTHUeCKHE  QJITOPUTMBI,  KacalolIUCs ONITUMHU3ALUN
MPOEKTUPOBAHMSI  ABUAIIMOHHBIX  MOTOP-TEHEPATOpOB MO  MHUHUMAJIbHOW  Macce U
ANEKTPOTEXHUYECKUX MaTEepUAIOB.

B pabore anekTpruyeckas MaliHa TpeCTaBICHHAS BBUIC HETUHEHHONW (PYHKIIMM MHOTHX

IMEPEMECHHBIX, aHAJIU3UPYETCA C TOMOIIBIO CUCTEM JINHEHHBIX anre6p1/1qec1<nx YpPaBHCHUMU.

(Received on 30.08.2017)
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INNOVATIVE IDEA OF CARGO SENDING-RETURN ON SOLAR SYSTEM PLANETS ON
THE EXAMPLE OF MARS USING SOLAR ENERGY

G. Kachlishvili***
(Faculty of Precise and Natural Sciences of Thilisi Ivane Javakhishvili State University,
direction of Physics, Ne3, Chavchavadze avenue, Thilisi, Georgia)
Abstract: In the paper is considered an innovative idea of sending and returning cargoes on
Mars. It is known that for operating on modernfuel engines, to transport even a small cargo to
Mars represents a huge problem, not to mention anything on its back returning.

According to our idea, due application of solar energy is possible to multiple send and
return of heavy loads on the Solar System's planets. Our idea also implies the development and
colonization of solar system planets, extraction and transportation of precious substances, safe
destruction of various sizes dangerous for Earth asteroids and possibility of greater
understanding of the solar system and universe.

Keywords:orbital accelerator, impulsive engines, Mars rover.

INTRODUCTION
It is known that the missile gets impetus due the fuel outburst. Fuel momentum outburst in
the missile system dt let’s designate as —dm - u. In addition, the impulse acquired by the

missile approximately will be as m - dv. Accordingly of the impulse constancy law the impulse

is kept in a closed system. Thusm - dv = —dm - u.Hence we will obtain:

m

1fvd_’— dm o)
" m’
0 my

The solution of the obtained equation is m = moe—ﬁ_ This means that the ratio of missile
ultimate mass with the initial mass is changing by an exponent law.

Let’s assume that gas outburst from the engine by velocity of U=3700m/sec. To reach the
second space velocity ¥=11200m/sec for 30 tons mass missile the required fuel mass will be

approximately 19/20 of the missile mass. Or for each 30 tons of missile is necessary
approximately up to 28.5 tons of fuel. Exactly this makes the biggest problem in the standard

model for the launch and return of human on Mars. In particular, the missile must be reach

student***
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Earth's orbit, then it should be accelerated and approaching the second space velocity, then it is
necessary to slow down and reach the orbit of Mars, and then make landing on Mars. In case of
return, everythingis in reverse succession. Overall, the missile should be accelerated from 0 up

to approximately velocity 26000m/sec, that is currently almost impossible.

1. BASIC PART
According to ouridea, spacecraft will accelerating die application of fuel up to velocity of
11500m/sec(the sum of the first space velocities of Earth and Mars), and the other velocity will

be obtained due the solar energy. For this, we invented thespacecraft accelerator system. Let’s

< In the outer ring of spacecraft are arranged a high
. maneuverable 15 impulse space engines capable of & total to
= | 2 [aunch the S0000 ky. load ta the mars first space velocity.
| o Alsa, accarding tu their shape, they have passibility to any
B &' drive the spacecraft in arbitrary direction.

MULTIPLE APPLICATION SPACELRAFT
~ THE MARS ROVER

4
. 2000

ENTRAL MANHOLE

o AN ATIRCE kCOCKEYT
3 X SPACE FUlFL
o LARGOBAY ||
. \ STILAR BATTERIES BYRUSCOPE | |
HIGH MANEUVERABLE SP/J;,’[[ EWGIHES

§ MULTIPLE UISE PARACHUTE |
~ SUPPORTING ON THE GROUND STRUCTURE AND GYROSLOPE BEARING | |
.o HYORAULIE SYSTEM ADJUST THE ARRANGEMENT OF CENTRAL LORE | |

The "Side effect” of space orbital accelerator is due significant approaching, reaching of 2000 i centripetal
acceleration, Jt is kmown from the aviation that, in general, people can only undergoes averload approvimately in 4200 . 5600 | i 4200 !
the range of I0 g. However. in the case of uniformly distributing in space-time, a person can withstand overload . 2200 $0G1200, 2000 ,1200§0G 2200
within the range of 7000 g. Exactly to solve this problem we use an AN GAIREE COCKPIT. The function of AV 2000, 10000 . 2000,
FARCE LOCKPIT is to uniformly redistribute the overlpad in spase-time. . 14000 .

consider consistently. In order to optimize mass, the spacecraft must be also a Mars rover.
A piloting spacecraft needed to reach Mars
Because Mars's gravitation makes only 38% of Earth's gravity [1] is logical to operate
the Mars rover on solar energy. In the conditions od small gravity, moving on Mars requires less
energy. However, it should be taken into consideration that Mars is 1.5 times far from the Sun

than Earth and takes less energy from it.
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TH8 Bentral module elevated on the. Hi-height from the surface:”. /”l"fmgml module elevated on the HZ height from the surface -
creates with the appropriate gyroscopic moment 8 VI /f/llzgr'weﬁ/‘ﬂcity creates with the appropriate gyroscopic moment 3 VZ linear Vf/ﬂt:ity
i ‘ : Mﬁ/  Spacecraft engings are trinsfo ed¥s protected position -~ Wo ' s/ i i

" 2 v - Unitied ByBraulic system, stator : ’ S )
% S U/f?"?_. Energy ff‘ﬂli,@’/ﬂ/‘ﬂ{/‘l]_{] pawg ‘ ..

T &
TR0
‘ > “ e o/
.e-’;\‘!’é‘t“ B VI linéar velocity
B

The cargo module is an auto  gyroscope

N </
’ - Lyroscope, rotor ' 1 H2

H1 . <0 <

As it is clear from figure as more is central module elevated from the surface, the yymscg’ne_/lsj rotating with higher speed and greater is the gyroscope
mament. At this time, vertical stability is achieved by a gyroscopic. moment. If the central module, die the hydraulic system, will be disturb fram ezuﬂ/ﬁ/'ium,
indefinitely turn far example to the right, then the system in order to maintain the eyui//ﬁr/'ym will start maving to the right with V lingar velocity. Due to the
fact that the radius if contact wheel is Il meter, the system will maintain good stability on the surface rather complex Iiars surface. The system is turming
also by a /I/a’rau/it: system, due rotating a gyroscopes in different planes.

It should be mentioned that the gyroscope operates on solar energy. accordingly the movement on solid surface moves will be carried out by solar
energy. This itself means that the system keeps fuel for a return. to be more precise fuel that is necessary for reaching the Mars orbital accelerator .

Multiple-use spacecraft-Mars rover

e ZCmi
A )

- %@’ linear velocity

On average, the Earth and Mars every 25-27 months are approaching each other at a
minimum distance approximately up to 0.52 A.U. Or is opening the connecting Earth-Mars and
the Mars-Earth window [1]. In case of selecting the appropriate moment and trajectory, a new
mission may be sent to Mars and the old mission to return to Earth. There are many trajectories

for travel to Mars.

The diagram shows the sun as a reference system, Farth
and Mars with its orbits. It also shows moments of Sun, Farth
and Mars arrangement in one line. [f course, in such moments
Farth and Mars are closest to each other. With years, in blue
color is written distance from Earth to Mars in astronomical
units. Ubviausly the orbits of all the solar system is planets are
elljpses. In addition, the characteristic elljpse of Farth's orbit is
close to the circle, while in case of Mars, the elljpsisity is
sharply observable. due this is explained the d//f;/‘ﬁ’ﬂf distances
between Farth-Mars at different moments.

As it s clear from figure, Larth and Mars are closely
gpproaching each other every 25-27 months. Lonsequently, the
exactly will be selected the moments far launching From Earth
on Mars and from Mars on Farth. All this, and additionally of the
spacecralt to the orbital accelerator requires @ lot of sync
synchronization-navigation. Which is prablematic due to the
lack of g unifarm, accurate reference system. The general
reference point for the solar system is the center of imaginary
masses. However, it is necessary to fix this center by special
solar satellite systems.

https://ru.wikipedia.org/wiki/Mapc

Arrangement of Sun, Earth, and Mars, according to years, on one line

Let's consider one of those when the speed of the spacecraft is approaching with the second
space velocity (approximately 10500 m/sec) and it moves along the ellipse in the earth's system
so that in one of its focus is the Earth and the other end is close enough to Mars. At the required
moment, Mars will be near of spacecraft, as result will be caught in his gravitational field.
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\ —

o Fhe spacecraft maves on the prolate elliptical orbit, its-maximum speed in Farth :
system is 10500 m/s. At the necessary moment makes ﬂ'ﬂlgfnrmatian to the \
gravitational field of Mars. Similarly will we carried out {'ts returning. |‘

q |
|

N
\
Kange of Mars orbital accelerator trajectories

=082y
Fange of Farth orbital accelerator trajectories
/
/ |
> 1
Larth orbit -7 Mars Orbit "}
1 ~ s g :
- s e b
" et ___ — " https://ru.wikipedia.org/wiki/Mapc "

Schematic drawing of the Earth-Mars trips. The red, dotted line corresponds to the real spacecraft and black
dotted line—to the imaginary trajectory. On the black dotted line will move the spacecraft, at the right place and
time ifMars would not exists.

Briefly on the space velocities:

The first space velocity: - the minimum velocity required for body to became the planet's artificial satellite
with circuit orbit.v, (R) is a function of radius.

M M
V1 = GE = R0+h (2)
The second space velocity: - the minimum veiocity required for body for its possibility to release from the
planet's gravitational field. The appropriate trajectory id the parabola.
Vy = ZG% = \/Evl (3)

Between the first and second space velocities, the appropriate trajectory of arbitrary velocity is practically
arbitrary eccentricity ellipse [2].

5 ' —Multifunctional high maneuverable engines,
M. 10 5 ' ‘,‘:?,,,_,,,,,,,A,j weLvena = SR M. 0
ot Fuel 1\ Ja Spacecraft AR 4 A
fe i clesn el
Facade-section DR Bz N p Nl
e\ - -
-~ Missile Space | fef | SO £ W i
g S ; S B o bt
2 e e | . L\ £
i S 3 #h
FEUIRE SEeuda. |
L T Ed g ey
=¥ y / SEEEE L
{1 B =
i s ] =
4 ) Topview \“ =
L3R [ 3 P 8! 43
h MEAsiEdm :
o D : 2 S e I O T R
21'9‘44-— el 1B < A | s Q\,'ll/ﬂlz’ﬂﬂﬂ[ cockpit.|In case of symmetrical arrangement,
;__4%' 8 s | ] B 18 =t f Is possible to arrange several cockpits
3 : S == gl S J_":' In the case of long-term travel, people will have enoughf
b 1 - . : reedom to work and move
‘ /\ 2% e a - +

, i
Spacecraft and its first accelerating up to first space velocity module
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In the first stage, the missile will launch 20-30tonspacecraft on the approximately of
Earth's first space velocityon the circumference like ellipse orbit. The minimum height of the
orbit makes approximately up to2000 kmfrom sea level. Then the missile will be removed and the
spacecraft will move in autonomous mode. Near the Earth, on the certain elliptical orbit is the
operating on solar energy an orbital accelerator. Its function is to take the spacecraft, due the
electric motors to accelerate it up t02000 g of the centripetal acceleration so that it does not
change its own orbit. The orbital accelerator changes the orbit only after the launch of
spacecraft. When a is launching robot, the structure of that can undergoes the 2000 goverload,
there is not an acceleration problem of accelerator. The problem occurs in case of launching a
human. It is known from the aviation that, in general, people can only undergoes thet+ 10

goverload that is 200 times less than necessary.

FARTH ORBITAL ACCELERATOR

FPrinciple of operation
ulet’s assume

o5 o -

chig due t]}?
o up 'ta Z000 7 centripetal acceleration. In addition, the

”!élEI'SﬂII can undergoes 2000 g ultimate overload.
meters, is capable due of solar energy b =

accel - the rotation of the main wheel with high angular speed,
AT T ) AT L .. s arbit changes after it launches the spacecraft
I YL AT Ny the spacecraft has and what velocity is
alacce, Erﬂg; ELER T 0y - After returning of spacecraft the orbital

G P O o http://snim.net/2015-08-04/foto-zemli-s-kosmosa

Earth's orbital accelerator, the mass up to 300 t, maximal diameter up to 400 m. Its main function is to accelerate
the spacecraft due solar energy. It also represents a space observatory. In the case of revealing of dangerous foe
Earth, it will be possible to change by various means the asteroid orbit or its dismemberment.

The well-known formula for calculation of centripetal acceleration:
2 -UZ
a, =w R = F, (4)
where wis the angular velocity, R —is the radius,v —is the linear velocity.
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From this is clear that:v = ,/a,,R.(5)
On accelerator is generated at2000 g acceleration, i.e.a,, = 20000 m/sec?.

Then accordingly of formula(5)we will obtain the spacecraft linear velocity:

=+/20000-200 = 2000 m/sec = 2 km/sec(6)

This means that spacecraft will be accelerated on orbital accelerator with 2000 g
centripetal acceleration, for that corresponds speed the linear velocity up to 2000 m/sec.
Obviously, humans can not withstand such overloads. In case of a manned spacecraft, we are
developing two different approaches. However, in order to simplify, let's consider the unmanned
mission, i.e., the case of cargo launching.

Let’s consider the principle of the work of the presented by us orbital accelerator. It is

stlpulated that the orbital accelerator spacecraft and all on-board eqmpment can withstand

FMNH' l7/f’5’/74[ ,46'[,"[[[-'/?,47[7/17 DUMETER ~—~= gy
- OFCENTRAL W/{[[l wem %\;;_ -

o
f/w balancing central whee/ Multifunctional /1/2;/7 maneuverable spacecraft, max. diameter 20 m,
double anti-wheel - - >

The anti-wheels rotates wt/r much less
velocity than central-wheel, because
cgt/lg)r mass is much hmare in total

Operating on solar energyorbital accelerator and spacecraft

centripetal acceleration up to a, = 2900 m/sec®. The orbital accelerator consists from a

central accelerator wheel and two equilibrant anti-wheels. The spacecraft is adiabatically

arranged on the central wheel port to avoid momentum transferand does not change the orbit of
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accelerator. Then existing on the central wheel solar accumulators, in this case the ballast, will be
arranged so that the center of mass will remain in the center of the wheel. Then, depending on
the weight of spacecraft (within 30 tons), the existing on the anti-wheels technical destination
ellipsoids will be change their arm, until the rotating moment created at the relatively small

PLANET ORBITAL ACCELERATOR. THE DIAMETER OF ACCELERATOR WHEEL LP T8 400 m. ;i}’ﬁ,’”[” THE SEALECRAFT RETURNS BACK AND THE GREITAL ACCELERATIR WILL SLOW
Solar Power plants [ JOWN IT, INSTEAD IT ACOUIRES AN REVERSE IMPULSE AND RETURNS 701 THE INITIAL OREIT

High maneuvrable spacecraft

The maximal diameter of high maneuverable

e lnbortant spacecralt is up to Z0m

s importan
to adiabatically
landing on the
parts, so that
the spacecraft
does not
transfer the

o impulse to
" grbital
~ “agcelerator.
25

s
S

angular velocity of the anti-wheels does not equilibrate rotating moment of rotating at high
velocity, a relatively lightweight central wheel. Obviously, the trajectory of the center of mass
will be unchanged. As it is above mentioned, the radius central acceleratorwheel is 200 m. The
orbital accelerator speeds up the spacecraft up to 2000 gcentripetal acceleration. This is the
beginning of the cycle. At this moment the angular speed of the spacecraft makes up to 1.59 rps
and the linear velocity up to 2 km/sec in the system of orbital accelerator. After the reaching this
velocity and finding of required direction, the spacecraft will be released from accelerator. As a
result, the accelerator will gain reverse impulse and move from the elliptical orbit to a lower-
energy elliptical orbit. Because the accelerator orbit is an ellipse with respect of the planet,
according to Kepler's law, its velacity at various points of the orbit is different. The maximum
speed of the orbital acceleration in the Earth system will be v,,,; ~ 8.5 km/sec.
Accordingly, according to the principle of non-relative velocities superposition, after the
acceleration the velocity of spacecraft will be 10.5 km/sec, and the velocity of orbital accelerator
will be reduced. In case of maximum load launching (30 tons) the trajectory of orbital
accelerator will be transformed to the minimum permissible elliptical orbit, the minimum
heightof that also is 2000 km, but the distance between the ellipse's focuses is small. At this, its
maximum velocity isv,,,, ~ 8.3 km/sec. It is clear the mass of orbital accelerator is within

the range of 300 tons. At spacecraft returning from Mars, due the Earth's field influence and the
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1 > Farth-Mars Direction |
; Ji/1]: =3 S V="40000 m,/c \
Farth'’s orbit accelerator transfers ™.
S1

Slowddwn

About Z5-27 months, the sun and earth are coming from
one ling, so that there is a minimum distance between the
Earth and Mars. This moment is the Farth Mars and the
Mars traveling window.

[WH06E 9=

The range of permissible trajectaries

AN
Mation by fuel ~~—_ _high-energyorbit——"" Mars Orbit

L

b S2
Mars grbital accelerator transfer ta

Larth | arbit

Scheme of launching a spacecraft from Earth Orbital Acceleratorto Mars Orbital Accelerator.
The gray ellipse is the range of accelerator trajectories

acceleration of free fall its velocity will reach up to 8.3 km/sec in the Earth system. As a result,

the spacecraft will make adiabatically landing on Earth's orbital accelerator port with almost zero
fuel consumption. Because at this moment the mass of the spacecraft is almost halved (no fuel on
board) the acceleration of 2000 g of accelerator and its launching on the opposite direction, i.e. at
slow down in Earth system the transferred on accelerator impulse will be half of the initial
momentum. l.e. the accelerator will have v,,,, ~ 8.4 km/secvelocity.To complete the cycle,
Earth's orbital accelerator shouldbe returned to the initial orbit. For this we will use the primary

module of spacecraft, missile, which launches it to Earth orbit. Until this moment

Mars-Earth Direction y
Mation by\fue/

It is possible to synchramize the cycle so that in each window ~
simultapeously would be sent and received the cargos e
. Farth’s orbital accelerator-iransferta .
a high-energy arbit s1

|
l -
Acceleration

Larrective mass (multiple primary module) will be launch |\
to Earth, resulting Farth's orbital accelerator returns to | g
\ the initial orbit.

The end of the cycle

I
/
; /
V/ Y _lhe range of permissible trajectories

o

- 52
’ p— . Mars%ﬂagﬂe/eratar transfer to low-energy
p orbit P Mars | Orbit
sl it Matian by solar energy - T/V‘:f”””m/c ’

Scheme of launching a spacecraft from Earth Orbital Acceleratorto Mars Orbital Accelerator.

it was moving on orbit. At the right its and orbital accelerator trajectories will be crossed and by
the same principle it will be returned to Earth. As result, the orbital accelerator will gain

additional impulse, its maximum velocity will be equal to the initialv,,,, ~ 8.5 %mpulse, i.e.its

orbit will be similar to the initial. This is the end of the cycle.
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MARS ORBITAL ACCELERATOR

N\ SPACCRAFT

Principle of aperation

The principle of operation of Mars orbital accelerator is exactly the same as in the case of Earth.
The difterence F%FESEMS in different gravitational field due ta different dimensions of planets.
Accordingly the Mars orbit accelerator corresponds the different shape and height of the orbit.

Also due the absence of a corrective ballast on Mars, the retarding corresponding centripetal
acceleration from Earth ta Mars is twice less than corresponding centripetal acceleration from the
Mars ta Farth. This difference is caused due the fact that the spacecraft fuel on its board to achieve
the Mars orbital acceleration. Overall, with taking into account cargo returning from Mars the mass
of spacecraft is reduced approximately twa times.

https://geektimes.ru/post/259572/

Mars Orbital Accelerator, mass up to 300 t, diameter up to 400 m. Its main function is to
accelerate the spacecraft by solar energy. It also represents the studying Mars laboratory

Similar processes occur on Mars Orbital Accelerator, as opposed to the fact that we have
no orbit adjustment mass (primary module). As the mass of the spacecraft at returningis halved,
so in case of Mars orbital accelerator the corresponding centripetal acceleration on Mars is four
times less up to 500 g that corresponding centripetal acceleration from Mars to Earth up to 2000
g. Thus the mentioned accelerator at the end of the cycle will be returned to initial orbit. After
the end of the cycle, the spacecraft, as well as the primary module can be used again. Also
repeated application has the orbital acceleration system. The new type of engines will
significantly reduce the cost and simplify a number of procedures.

For such a movement, it is essential to most precision navigation and synchronization. For
the simplification the article does not refer on the action of gravitational field of Sun and other
planets on orbital accelerators.

Since the Earth and Mars have atmospheres, it is possible to use a parachute at landing that

significantly saves the fuel consumption.The spacecraft in the atmosphere of Mars is entering

with velocity of approximately V475 = 3.2 km/sec.
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- Entry of the spacecraft inta the atmosphere Mars

The spacecraft enter in the atmosphere of Mars approximately by Vimars=3600 m./ velacity. Mars has & low density atmosphere, st
area parachute to reduce the velocity ﬂ/ .nu:m‘:/t Parachute significantly saves
ta return to Earth
[ there were no orbital accelerators, it wauld be necessary: to accelerate to
”l?‘ Mmm [] 'ﬁmu/hlltzmmp/m fu;/",rulnim consumpi
2. without arbital sccelerstors we have six aduiti umptions. -/fpics-about- mars- - =
Tharalors o the codtions of sxistig spives witiogt orbil el stars, procticall el o Mar “ s https:/fpics-about-space.com/hd-mars-landscape-rover?p=1

Left - a spacecraft with released parachute in the atmosphere of Mars. Right - spacecraft in the mode of
movement on Mars. At this time, the 16 space pulsar engines are transformed into a protected position.

CONCLUSION
In the article is considered the problem development and colonization of solar system

planetson Mars's example. We have developed a system of orbital accelerators that due using
solar energy byapplication of electric motors, will accelerating or slow down spacecrafts, due
that several times will reduce fuel consumption and will be realized not only the cargo launch but
also its return. Without the orbital acceleration system, the following would be necessary:
transfer from the Earth orbit to the orbit of Mars, with | fuel additional consumption. The
slowdown on Mars orbit and entering at optimum angle in the atmosphere of Mars, with 11
additional consumption. Transfer from Mars orbit to Earth orbit, with fuel 111 additional
consumption. The slowing down on Earth's orbit and entering at optimum angle in the
atmosphere of Earth - with IV fuel additional consumption. l.e. we would have 4 fuel additional
consumptions. Each of them is equivalent to a modern, medium-sized space missile.

A separate problem is the sending of a man who is very sensitive to overloading, but
there also is existing a solution.
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HNHHOBAIIMOHHAS UJIESI HIEPEBO3A I'PY3A HA INIAHETABI COJIHEUHOM
CUCTEMBI TYJIA U OBPATHO HA IPUMEPE MAPCA C IOMOIIbIO
COJIHEYOM DHHEPI'UUA

I'. KawsimmBuim

B nammux Tpymax paccMoTpeHa WHHOBAllMOHHAs HJAES IEPEBO3KM TIpy3a Ha Mapc u
obOparHo. M3BecTHO, 4YTO JBUTATEIM, pa0OTalOIMMe HAa COBPEMEHHOM TOILIMBE, IaXKe IPHU
MepeBo3Kke Ha Mapc B MalloM KOJHYECTBE I'py3a, COCTaBISIET OOJbIIYI0 MpoOjeMy, HEe TOBOPS
y’Ke 0 00paTHOI MepeBO3Ke.

Hama wunes coctour B TOM, 4YTOOBI C HCIIOJIB30BAHUEM COJHEYHOW SHHEPruM Oblia
BO3MO@XHa MHOT'OKpaTHas MEpPEBO3Ka rpy3a Ha IUJIAHETabl COJIHEUHOW CHUCTEMBI. A TaKkXKe HIes
COCTOMT B OCBOCHHUM-KOJIOHU3ALIMU IUIAHET COJIHEYHOW CHUCTEMBI, HAXOIKHU-TPaHCIIOPTUPOBKU
JParolleHHbIX BEIIECTB, 0€30MacHOM pa3pyIIeHUN pPa3HBIX aCTEPOHIOB OMACHBIX sl HaIlen

IIJIaHETHI, U B O6HI€M, OTO XOopomas BO3MOKHOCTb JJIsI U3YUCHUA BCEIICHHOI.

(Received on 03.11.2017)
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GENERALIZED MODELS FOR DESCRIBING OF ELASTIC-VISCOUS BODIES
PROPERTIES
B. Abesadze”

(Georgian Aviation University,16, Ketevan Tsamebuli av., Tbilisi 0144, Georgia)

Abstract: Are stated the generalized models for describing of elastic-viscous bodies, for
describing of properties are applied the models that represents certain combination of
pure elastic and plastic property bodies. Are compiled combinations of generalized
three element models with one elastic and two viscous elements. Are described the
relations between stress and strain for each combination. Are obtained creeping,
hardening, relaxation curves. Also in the paper are stated four element models with
two elastic and two viscous elements

Keywords: generalized models; elastic-viscous bodies; Maxwell; Kelvin-Voight, model.

INTRODUCTION

The generalized models are applied in various fields of engineering: machine building,
aircraft engineering. Especially widely they are applied in composite materials in aircraft
engineering (for example the glass-fiber matrix and hard rubber filler.

The majority of modern materials represents the composites that gains the determined
requires operational and technological properties to technical items. as examples of such items
are presented the layered and sandwich type plates, shells [2; 3; 4] that are widely applied in
aviation.

The composite materials [5; 6] are heterophase systems that includes two or more
components with pronounced boundaries between phases. Usually they consists from hardener
and binder.

As material of binder (matrix) would be applied metals, their allows,. ceramics, organic

or non-organic polymers and so on.

PhD Student*
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For practice of aircraft engineering especially are attended having high specific strength
and stiffness polymer structural composite materials of structural plastics [].

In the paper grounded on the research of experimental data are determined the multi-
parameter laws, optimal ways of obtaining of empiric laws accordingly of strength and labour
consumption, their fields of application, with describing theories and mathematical models. The
above mentioned will be improve caused by acting in aircraft structures creeping residual
deformations and displacement forecasting accuracy as well as working on stability typical
aircraft structures.

Based on the above mentioned the generalized three element models for describing the
elastic-viscous bodies properties with one elastic and two viscous elements and also four element
models with two elastic and two viscous elements,, are really actual and has good possibility for
describing properties of composite materials

BASIC PART

The properties of the body are different from those of ordinary metals. They are
characterized by deformations that besides from loadings are also dependent on time. These
materials are characterized simultaneously as the features of the elastic and viscous bodies, and

therefore the simplest mathematical relations that describe these deformations ¢ = E¢ (Hook
law) and o0 = 7 % (Newton's law) are no longer valid. Such bodies would be called in general as

elastic-viscous bodies. To describe their properties would be possible to apply so-called models
that represents the certain combinations of purely elastic and plastic properties. The [1]
reference describes the most simple Maxwell and Kelvin-Voight models, as well as the
generalized three-element model (Fig. 1,a) and the three-element (Fig. 1,b) model has exactly the

same properties as a) type so they do not considered here.

A A
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Maxwell model Kelvin-Voight model

i i

a) b)
Three-element models
Fig. 1 Two and three element models

2.1. Three-element models with one elastic and two viscous elementsWe can also
compile other combinations of the generalized three-element models, in which we have one
elastic and two viscous elements. Let's consider these cases in detail, i.e. describe the model well

as a whole body deformation image.

A .

0-

E, &, 0, ES N1,€1,01 E,&,04T E

M1, €2,011 EH
EE N2:€2,0 4) b)

Y. :

Fig. 2.Two variants of three-element models with one elastic and two viscous

H T’ZI &, O—ZT}

elements
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From the very beginning it should be noted that both these models reflect the same
deformation picture, so let's consider only a) case.

Let's write down for each element relation between stress and strain, as well as the stress
and strain of total system:

(dg

Gl_nldt

0'2:E£1

Y oon e (1)
_nzdt

o=o0,+0,

kE:€1+€2

After excluding the parameters with indexes we obtain the following differential
dependence (rjeological equation):
d’c _ni+m,doc Ede E

-7 = + o
dt? MmNz dt  npdt  mn
If we consider the slow deformation then we can in expression (2) neglect the derivatives

(2)

and obtain ¢ — 0. In this way we can not determine the "long" elasticity module.

In comparison with rapidly deformation we can limit only by the first orderderivative,
from (2) we will have:

E
= nz & (3)
n1+n2
as the "instantaneous” modulus of elasticity would be found from the relation
6 = Hé, (4)
thus we obtain from (3):
En,
= _ (5)
n+12
Let’s introduce the additional designation:
M
n=5 =0, (6)

Afterthat (2) will be as

d’¢c 1 do 1d£+ 1 )
dt2 nHdt ndt nna'
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1) Let’s consider the constant stress casec = g, = const (creeping):
from (7)we will obtain:

d2£+ lde o,
dt2  ndt nn’

(8)

Let’s solve the equation (8) with the following initial conditions:
whent =0,thene = g, = % and £(0) = vye  (initial deformation) (9).
As a result we will obtain the following solution:

_ 1 n no—c —£ O-C
e =|o, E_E + nvy| + T—nvo e n+;t. (10)

If after the certain time we will remove the load from system, ora, = 0, then almost
instantly will becarried out the formation of new system (due to the existence of a elastic element
in the given model) and the values of initial conditions also will be changed. Deformation will
become indifferently smaller than is was at the given moment of time and the deformation rate
changes its sign. They will become between certainggand v| (sign(vy) = —sign(vy), as a

results of that (10) will be as:

t

€ =¢g,+ny, (1—97). (11)

Let’s plot on one diagram the (10) and (11) expressions we will have:

Fig. 3. The creeping and removal of load curves
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2) Let’s consider the case of constant deformation € = ¢, = const (relaxation):

from (7) we will obtain:

do N H
dt %
after the separate variables we will have
do
— = ——dt,
o n
thatwill be easily integrated and will be as:
H _H
ln|a|=C—Et = g=oape . (12)
From the initial conditions when
t=0,0 =0y = He,, (13)
then finally
_H,
o =Hee . (14)

Its graphic expression is given in Fig.4:

b

Heg

Fig. 4. Relaxation curve

This presented model qualitatively very good expresses the properties of viscous liquids,
if we want to reflect the characteristic of deformation of the elastic-viscousbody it is necessary to
make the viscosity coefficient n = n, larger in comparison with the viscosity coefficient of the
second viscosity element (n;)of the system that gives the possibility to extent continuous

(undefined) deformations in time, or to keep loaded material without breakdown. If the n trends
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to infinity, then this model will be transformed into a Kelvin-Foight model that can not

qualitatively well describe the properties of composite materials.

2.2. Four-element models with two elastic and two viscous elements

Let’s consider the variants of the having similar of above mentioned properties four-
element models that gives the possibility to obtain the results quite corresponding with the
experiment. It should be also noted that all the presented models reflect the same deformation
picture, let’s consider only the a) variant

) |o b fo

771' 1,0
E} ; ”777._17;781' ¢

; M2, €2,02
El’ &y, 091 EZ' €2,07
E;, (&2 + &3), 0,
N2, €3,01 N1, €3,01

E; &3,0

Fig. 7. Four-element models

Let’s write down the relationship between the stress and deformation of the constituent

elements, as well as the totalstress and deformation of the overall system:
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( _dg
0=m dt
0-1 = Elgz
de
a) < =7, —2 (15)
0 =12 dt
g = E283
g = 0'1 + 0'2

k€=£1+82 +€3

After excluding parameters with indexes we will obtainthe differential dependence
(rheological equation)

d’c  1d*c (N +m)E; +mE do Ejde E;

dt? E,dt? NNz E dt  npdt " 172 7

(16)

During the slow deformation, if we remove the derivatives we will obtain o — 0.
Therefore, the "long" elastic modulus also would not be determined. At the relatively rapid

deformation, if we will be limited to the first order derivative we will have
mELE,

g = E. 17)
(1 +m2)Ez + mEy
Due the dependence (4) for "instantaneous™ elastic modulewe will obtain:
E,E
_ N1L1L7 . (18)
(1 + M2)Ez + i Ey
ol 9990953 (16) doomgdl Labql:Let’s additionally introduce the designations:
n=1tin = B, = E, (19)
1

as a result of that expression (16) be as:

d’¢ 1d’¢ 1do 1d€+1 20)
dt2 Edt? nHdt ndt nna'

1) Creeping and removal of load process (o = g, = const).
From(20) we will obtain:

d’s 1de o,
- 4 21
dt? +ndt nn’ @1

that is exactly equation(8). The solution of this equation and its graphic representation for

creeping as well as for removal of loadis given on Fig. 3.
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2) Relaxation (¢ = ¢, = const).

From(20) we will obtain:

d20+Eda+E _ 0o 22)
dt2 "nHdt  np’ T

(22) represents an uniform second order differential equation with constant coefficients,
the general solution of thatwill be written down as follows:

o = Cief1t + Cyekat, (23)

where k; and k., are thesolutions of the characteristic equation:
E

k2+£k+—=0 (24)
nH nn

_E+ ’E2_4nEH2 _E— E2_4nEH2
k, L

n
= YT <0 andk, = oPAT < 0. (25)
Due the initial conditions when
t=0,0(0) =0, =He,and 6(0) = p,o, (26)
for indefinite coefficientswe will obtain:
to — Heck, to — Hecky
C,=——7= and C,=———"—. 27
1 k, — k, an 2 k- k, (27)
Finally the expression (23) will be as:
Ho — HSCkZ kqt Ho — Heckl kot
= ekl = kot 28
Tk ¢ hok © (28)
Its graphic representation is given in Fig.8.
A o
-+ He,
0 -
t

Fig. 8. Relaxation curve

113



LSIAMNSIMAHOLM) HFIGH0IAOM TJIHBIRO «BO3SIO() BAS6L3M)HB0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT»Ne1(12), 2017
MEXIYHAPOJIHBII HAYYHBIN XYPHAJ «BO3AYIIHBIN TPAHCIIOPT»

CONCLUSIONS

In contrary to the three-element models, in this case we obtain a rheological equation (20)
in that the stress and deformation are symmetrically introduced (containing the first and second
order derivatives of both values). In the case of creeping the solutions coincides with the
corresponding solution of the three-element models and the conclusions are the same as in the
above mentioned case, while the four element models provide more extensive capabilities
compared with the experiment, in particular the relaxation curve is not representing only a
simple exponent (combination of two exponents) and also we have two independent constants
instead of one that gives the possibility to well coincide with the experiment.

If we trend the n coefficient, for the (c) model n; to the infinity, then these four-element
models will be transformed into generalized three-element models of the Kelvin-Voight that
qualitatively well describe the properties of the composed materials, but quantitatively give a
larger error compared with the experiment.

In addition, the considered model in terms to describe the creeping gives a second order
differential equation, its solutions well coincides with the qualitative results of the experiment
and the existence of two indefinite coefficients gives us the possibility to well coincide also the
experimental quantitively results. However, at describing the process of relaxation, we obtain a
simple expression with one indefinite coefficient and accordingly the possibility of coincidewith

the results of experiment is more decreased.

Although the increase of elements in the model complicates its solution, it gives a much
better possibilityto coincide with less errors with experimental data. The considered four-element

models are a good opportunity to describe the properties of composite materials.
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OEOBHIEHHI)IE MOJIEJA AJISA OITUCAHUS CBOMCTB YIIPYI'O-BSI3KUX TEJI
B. AbGecaase

[IpuBenenbl 0000IIEHHBIE MOJENU JAJIsi ONMUCAHUS CBOMCTB YHPYro-Bs3Kux Teis. Jlons
ONMCAHUsA CBOWCTB MCIOJB30BaHbI MOJEIU, B KOTOPBIX IPEACTABICHBI OIpPEACIIEHHbIE
KOMOMHAIIMM YUCTO YIPYTHX M YHUCO IUIACTUYECKHX CBOMCTB Tes. CocTaBieHbl KOMOMHAIMU
OOOIIEHHBIX TPEX-ITEMEHTHBIX MOJEJIEH C OJHUM YIPYIMM U JIBYMSl BSI3KUMHU 3JIE€MEHTAMHU.
OJInucaHbl 3aBUCUMOCTH MEXAY HANpPSOKEHUSIMH U AeopManusMHu AJi KaXJI0TO 3JIEMEHTa.
[Tonmy4yeHbl KpUBBIE MOJI3YYECTH, YINPOUYHEHHUS, pejakcanuu. Takxke B padoTe NpUBEACHBI

I-ICTI:IpéXZ).)'ICMCHTHI:IC MOJCIIN C ABYMA YIPYTUMU U IBYMS BA3SKUMHA 3JICMCHTAMU.

(Received on 10.11.2017)
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ANALISIS OF SOUND DECAY PROCESS IN AN ENCLOUSED SPASE
M. Chelidze*, M. Tedoshvili*, D. Nizharadze*, J. Javakhishvili*
(LEPL R. Dvali Institute of Machine Mechanics, 10, Mindeli str, Thilisi, 0186,Georgia)
Abstract: In the work is considered oscillations and attenuation of sound waves in a closed
impedance tube with a sampling of different length depending on the length of the
coherent sound waves.The presented method provides the accuracy of measuring
sound absorption in materials without the use of a special laboratory and precision
devices.In addition, this method is less sensitive to fixing the test samples and less

dependent on the arrangement of measuring devices.

Keywords: Sound; attenuation; amplitudes; absorption coefficient; decay.

INTRODUCTION

Sound, a form of energy, is caused by molecules vibrating in a gas, liquid or solid and it
propagates in the air as waves by changing of atmospheric pressure i.e. by disturbance of the air
pressure [1]. Sound after exposure to solid materials is converted into vibration and thus spreads
into them.The frequency or pitch of a noise, measured in hertz, is the number of sound waves
emitted per second. High pitched sounds are carried by short and low pitched noises by longer
waves.

Noise can be described as unwanted sound, the intensity of sound depends on pressure
levels which are measured in decibels (dB). The purpose of acoustic control is to limit noise
pollution from external sources or from activities within the building [2]. Sound insulation refers
to the ability of the building fabric to resist the transmission of airborne and impact sound. Some

existed typical noise levels are given in table 1.
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Table 1

Event daB

Ear drum treshold 140

Aircraft taking off 100

Pneumatic drill 90
Train 80

Vacum cleaner 60
Office 50

Fridge 30

For obtaining sound insulating and absorbing characteristics of the materials mainly are
used reverberation room and Sabine equation.It’s been over 100 years since Wallace Clement
Sabine did his groundbreaking acoustical study at HarvardUniversity.Sabine’s equation describes
the decay of a reverberant “tail” of sound energy in a room with low absorption relative to its
internal volume.Based on this type of energy behavior, Sabine’s equation estimates the time
required for the reflected energy to become inaudible (-60 dB) after the sound source has been
interrupted — the RT60 [1].Reverberation time is a measure of how long it takes a sound to decay
in seconds. It is determined by the amount of sound absorption in the room and room volume.

The point is that once the reflected energy becomes diffuse, it decays at the same rate
until it is inaudible. The assumption is that the room has low absorption and that the absorption
present is uniformly distributed. Unfortunately, the bulk of spaces that require sound

reinforcement do not meet these criteria

a

N Exponential decay

t

Fig.1. Reverberant energy decays exponentially with increasing time
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BASIC PART

The attenuation of the reverberant sound amplitudes shown in Fig. 1 is very compressed and no separate
amplitudes are observed. Modern digital technique (technology) allows stretching the sound amplitudes
of the reverb Fig. 2-+5.
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Fig.2. a-Decay reverberant sound of stretched white noise amplitudes in a reverberation

room of 80m?® volume, b- its frequency spectrum.
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Fig.3. Decay of reverberant sound amplitudes in the room.

Sound researchers have long realized that all of the sound fields in an enclosed space do
not follow the rate of decay described by the Sabine equation, which describes sound after it has
reflected enough times to become random. The first few reflections, which are often good
facsimiles of the direct sound decayed at a different rate. This “early” decay is strongly affected
by the directivity of the sound source and surface materials of the objects near it. The early-
decay time, or EDT, is often of greater significance to the sound system designer than the
statistical decay time described by Sabine.

Unlike the RT60, which can be measured with a stopwatch, the EDT requires the scrutiny
of time spans well under one second. Decay time measurements, in general, require the
collection of the room’s impulse response, IR. The earlier studies shows that the values of
obtained sound absorption coefficients are depended on the used investigation methods i.e.

values of sound absorption coefficient for at the same materials appeared different.
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Often for measuring sound absorption coefficient in materials is used impedance tube.
The simple waves of the frequency f radiated from the sound source create plain waves
oscillating with f frequency in the tube. The plain waves circulating in the closed impedance tube
are reflected many times from the lateral covers of the tube. The obtained reverberating waves
are acted on each other, summed and in the tube are created also the stable standing waves of f
frequency [3,4].

The incident and reflected flat harmonic waves are summed i.e. depending on their phase
they are increased and decreased [5].

p= Acosg(ct -X)+B cosg(ct + X) = Acos(at — kx) + B cos(at + kx), 1)
C c

where ¢ — the speed of sound propagation, m-sound oscillation frequency, k = w_2d _ 27”
c ¢

The simple (coherent) waves of the frequency f radiated from the sound source create
plain waves oscillating with f frequency in the tube. The plain waves circulating in the closed
impedance tube are reflected many times at the stopped ends (from the lateral covers of the
tube). The obtained reverberating waves are acted on each other, summed and in the tube are

created also the stable standing waves of frequency f [3,6].

The full period of propagation plane waves from one stopped end of the tube to another
and back, i.e. one full cycleTion, is a ratio of the double length of the tube to the speed of sound
propagation in air. The speed of sound in air equal 331 m/c at sea level.So in the tube
longitudinally are generated stable plane and standing waves. At the time of switching off the
noise source, in the tube, the amplitudes of plane and standing waves fall at the same pace. In
accordance with formula (1), the value of decay of sound amplitudes in each cycle is equal of the
transmitted and absorbed sound energy in the material being at the stopped end of the tube [7,8].

To improve the accuracy of measurement, sound reflection coefficient of the tube wall
should be close to 1, i.e. material for the tube should be bronze or steel [6,9].

Fig. 2, 3, 5 shows that the sound absorption magnitudes and amplitudes attenuations
speed depend on the time of switching off the noise source i.e. what value has sound amplitudes

in the impedance tube at moment of ceasing noise source [10].
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Fig.4. Stretched sound reverberant amplitudes generating in the impedance tube.

The complex sound waves (Fig. 2+5) generating in the impedance tube is a sum of
incidental white noise waves and multiple reflecting waves from the tube lateral cover ends. So
the acting waves of sound amplitudes are varying in the process of generating i.e. they increasing
and decreasing over time Fig 4.The interaction of incidental and reflection waves in the tube
cause the process of summarization (formula (1)) Fig.4.

Follows to note, the time of decay (measured in a sec) reverberant sound amplitudes in a
reverberation room (150 m® volume Fig. 3) much bigger than reverberation time (measured in

msecFig.5) decay in impedance tube which volume does not exceed 0.02m?.
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Fig.5.Decay reverberant sound of white noise amplitudes in an impedance tube. The
waveform of generating white noise is stretched.
In the case of coherent sound waves, when the length of impedance tube some times
bigger to a sound waves length then the attenuation of sound waves happens by group of
amplitudes.Each group of sound amplitudes presents the numbers of amplitudes existed in

thetube.On Fig. 6 is showing the nonlinear decay of sound amplitudes by the curve of ab.
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Fig. 6. Decay coherent sound waves in a impedance tube.

Especially it should be noted that in the impedance tube together with waves radiated
from the sound source with frequency of f is created and generated in the length of the tube the
group of amplitudes of longitudinal sound waves with frequency of fion Fig. 6,7.The reason of
generating longitudinal waves is multiple reflection of sound waves from the stoped ends of the
tube [11].

Fig. 7. Step-like decay of coherent sound waves in a impedance tube.

Investigations of genrrating and attenuation of sound waves in the impedance tube by means of
modern digital teqnicue have shown that the form and stability of decay sound amplitudes very
much depends on the length of impedance tube. On the Fig.8. are shown decay processes of
coherent sound waves amplitudes for tube of a different length L: and sound waves length Ls
[12].

If impedance tube length coincides with 1/4 length of coherent sound waves then the
frequency of decayed sound amplitudes is equal to the frequency of the forced sound source, Fig.
8a. Analyze of performed works has shown that for determining sound absorption coefficient for

materials exact meaning gives the mode Li=1/4Ls.This happens because of at the switch off of
noise source the place of waves coming from source takes place the waves of double
reflection with coinciding phases. In the case of no coincidence of phases has place creation

of high composite frequencies on the main wave, Fig.8c.
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Fig. 8. Decay processes of coherent waves at the time of different tube lengths: a-Lt=1/4Ls;
b-Li=1/2Ls; c-L=2Ls; d-L=Ls.

On the Fig.9 is given decay waveforms for defferent materials by means of were
calculated sound absorption coefficients, ¢.

_________________________

..........................

_______________________

-----------------------

..........................

[FET A e

Fig.9.Waveforms of decay different materials: a-dry plate, $=0.26; b-plate with water,
¢=0.07;
c-cotton-wool, $=0.69; d-dry polystyrone, $=0.21; e-wet polystyrone, $=0.16.

The formula for calculation sound absorption coefficient at linear intervales of sound decay
amplitudes, as it happens in the vibration technique, will take the following view.
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where As- and Ap- maximal and minimal amplitudes on the calculation interval accordingly, m-
the number of amplitudes of decay, or increase on the calculation interval.

CONCLUSIONS

By noted waveforms, graphically, may be determined absorption coefficient in the
materials that are new method and must be perspective for further investigation by the viewpoint
of elaboration and refinement.

The method of determining of absorption coefficient by means of decay reverberating waves
in the impedance tube, at the presence of simple frequency sound source, is enough stable and

shows low sensitivity on a whole admission mistakes at the process of measurements.

REFERANCES
1. Pat Brown, Peter Mapp. Early Decay Time as a Sistem Performance Benchvmark.
hppps://
www.prosoundtraining.com/20010/03/17/early-decay-time-as a- system -

performance-bench

2. Acoustics in buildings.FESI Document A4. October 2007.

3. A. A. lgolkin, L. V. Rodionov, E. V. Chess, A. I. Kox. The Sound-absorption. The
Methods of the measurements. Samarskiy State Aerospace University, Name of the
Academician S.P. Koroleva 2010.

4. Sound absorption coefficient measurement: Re-examining the relationship between
impedance tube and reverberant room methods. Proceedings of Acoustics 2012 —
Fremantle. 21-23 November 2012, Fremantle,
Australia.https://www.acoustics.asn.au/conference_ proceedings /AAS2012/papers/
p55.pdf.

5. Eugen Skudrzyk. The Foundation of Acoustic. Basic mathematics and basic

accounts. 1971 Spribger-verlag Wien New York. V1,520p.
https://www.livelib.ru/book/
6. Floyd R. Watson Professor. The Absorption of Sound by Materials. University of

Ilinois Bulletin. vol. xxv November 29, 1927 no. 13.

123


http://www.prosoundtraining.com/20010/03/17/early-decay-time-as
https://www.acoustics/

LSIAMNSIMAHOLM) HFIGH0IAOM TJIHBIRO «BO3SIO() BAS6L3M)HB0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT»Ne1(12), 2017
MEXIYHAPOJIHBII HAYYHBIN XYPHAJ «BO3AYIIHBIN TPAHCIIOPT»

7. M.A.Chelidze, D.Nizharadze, J.Javaxishvili, M.Tedoshvili. Investigation of Sound
Absorption. Modern achivements of Science and Education VIII International
Conference September 29 —Octoumber 06, 2016 Jerusalim (lIsrail) pp. 66-71.
http://www.iftomm.ho.ua /docs/MASE_2016.pdf

8. Lawrense E. Kinsler, Austrin r. Frey, Alen B. Coppens, Jeimes V. Sanders.

Fundamentals of acoustics. Fourth Editions. New York, Toronto 1982 p.550

9. L.B. Crendall Acoustics. 1ISB5397001325 2009 168p.www.twirpx.com/file/540138

10. M.A.Chelidze. Investigation of sound absorption coefficient by decay of standing
waves in the impedance tube.. GESJ: Physics 2017 | No.1(17) ISSN 1512-1461.

11. Chelidze M. A., Nizharadze D. P., Javakhishvili D J., Tedoshvili M. M. Graphical

measurement of sound absorption coefficient by decay of waveform. Science and

Education. X International Scientific Conference. April 27-May 04, 2017 Rome
(Italy) pp. 25-31.

12. M. Chelidze, M. Tedoshvili, J. Javaxishvili, D. Nizharadze.The Process of Sound
Amplitudes Decay in the Impedance tube and Determination of SoundAbsorption
Coefficient in Materials. International Scientific Journal, Problems of MeChanics.
#2(67)2017, pp.29-39

AHAJIN3 ITPOLHECCA NOTJIOIIEHUA 3BYKA B 3AKPBITOM ITPOCTPAHCTBE

M.Yeaunse, M.Texomsuaum, /1. Hukapanse, . J:xkaBaxumBuiu

B pabote paccmaTpuBaeTcs KojeOaHHME M 3aTyXaHHE 3BYKOBBIX BOJIH B 3aKPHITOH
UMIIeITaHCHON TpyOKe pa3HOW BHIOOPOYHOW JUIMHBIB 3aBUCHMOCTH OT JUIMHBI KOXEPEHTHBIX
3BYKOBBIX BOJH. IlpeacraBneHHblii MeTon  oOecriedrBaeT TOYHOCTh  U3MEPEHUS
Koa¢duleHTa 3BYKOBOTO IMOTJIOLIEHUS B Marepusuiax 0e3 NpUMEHEHHs CHelHalbHOMN
nabopaTopuu ¥ MNPEUU3UOHHBIX YcTpoiicTB. Kpome TOro, naHHbIi MeTox MeHee
YYBCTBUTEJICHOT (DUKCAIUIl HCHBITYeMBIX OOpas3loB M MEHEe 3aBUCHUM OT DPACCTAaHOBKU

U3MEPUTENIbHBIX TPUOOPOB.
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SOLVING FLUID DYNAMIC PROBLEMS WITH RVACHEV-OBGADZE RO METHOD
T. Obgadze*, O. Kemularia**
(Georgian Technical University, Merab Kostava str. 77, Thilisi 0175, Georgia)

Abstract: In this work, we describe RO Rvachev-Obgadze method. The algorithm for creating
boundary equation is created; for which, homomorphisms of T.Obgadze are used. Algorithms
based on Navier-Stokes equations are created, for solving tasks of stationary boundaries, which
afterwards are tested by set of problems, solved with numerical methods with the help of
Mathcad software. Solutions by numerical methods are compared to solutions by famous

methods. Absolute and relative error values are given.

Keywords: Rvachev-Obgadze RO method, Truncation error, Homomorphism

DIAGRAM FOR BUILDING RVACHEV-OBGADZE FUNCTIONS AND RO-METHOD OF
BOUNDARY ANALYTIC CODING

In practice, we often encounter a variable-expressive functions: “x is a rational number”,
“y is a kind person”

Definition: Variable consisting expressions are called predicates.

An engineer from Kharkov, Rvachev has created one of the methods of geometric coding,
called the R-function method. Subsequently, these functions were used to solve the tasks of
mathematical physics [1]. Later, the R-function method was transferred to the modern algebra
[2] by Tamaz Obgadze, which allowed us to form the algorithm of the R-function in
mathematical accuracy and to generalize the case of multiple areas.

Now let's move to the R-function algorithm, which is represented by a diagram in the
category of bull algebra, where morphemes are induced by Natural Homomorphism:

L > Lp— Ly, 1)
where L, is Boolean algebra based on variables,
L,is Boolean algebrabased on predicates,
Lris Boolean algebrabased on Rvachev functions,

and the arrows are marked by natural homomorphism.

Professor*
student**
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Let’s discuss this algorithm for a particular example. Let's say we want to build a
complicated circle equation, whereas when we know the consisting parts are graphs of which

functions (Fig. 1)

O

Fig. 1. Two circles, with R and r radiuses

Our task is to create an analytic image of a function that is equal to zero, only at the
boundaries of these two circles.
From (1) diagram, we createsupport set in L, set of Boolean algebra, that are the variables

through which we can describe seeking point set in Boolean algebra set.

Q, = {(x, y)|(x-a)? + (y-b)> —R? > 0}, )
Q, = {(x,y)R* —(x-a)* —(y~b)* > 0, 3)
Q, = {(x y)|(x—c)? +(y—d)> —r? >0}, 4)
Q, = {x y)r? = (x—c)* - (y—d)* >0. (5)
These are the sets that allow us to build the set equation of the function of interest:
Q=(Q,NQ,)u(Q,NnQ,). (6)

When constructing support sets, we use the compatibility “greater than or equal to zero",
which in this case is necessary to make a pathway from the Boolean algebraic sets through the

homomorphism in the L,, Boolean algebraic predicates. Indeed, through natural homomorphism

in L,we will find a predictive equation of the circle of interest:
P=(P,AR)V(PAPR,), (7
where P, —Is an expression x, >0,
P, —Expressionx, >0,
P, —Expression X, >0,

P, —Expressionx, >0,
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X, =(x-a)" +(y-b)* —R%;
X, =R*=(x-a)* —(y-b)*;
Xg = (x=C)* +(y—d)* —r?;
(8)
X, =r>—(x—c)’ —(y—-d)>.
Now let’s move to the L; with Rvachev’s Homomorphisms:
P.vP <:>xi+xj+\/m
Pi/\Pj<:>xi+xj—\/m 9)

—|PI R _Xi

We get the R-function as follows:
R=(X 4%, =X+ X2V (Xg + X, = X2+ X2) = X, + X, + X + X, =X + %2 — /X2 + %% +
+\/(xl+x2 — X+ X5) (X + X, — X2+ X2)?

Where (8) functions must be taken into account.

(10)

In some cases, where equations for elements of circles consisting of several coupling

elements are known, it’s more appropriate to use Obgadze homomorphism through [2]

structures:
K, > K, > Kg, (11)
P VP < XX
.y (12)
P. A Pj S X+ X]
Here we have the compliance: “True” < “Equals to zero”;
“False” <> “Doesn’t equal to zero”;
In the case of discussed example, supporting set will be:
Q, ={(xy)| (x-a) +(y-b)* ~R* =0}, (13)
Q, = {(x )| (x=c)? +(y—d)? —r? =0}. (14)
then,
Q=0,uVQ,; (15)
ie.P=P VvP,; (16)
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where
P, —Expression(x—a)° +(y—b)* —R* =0, (17)
P, —Expression (x—c)® +(y—d)* -r® =0; (18)
therefore,
RO =[(x~a)* +(y~b)* ~R*]-[(x~c)* +(y—d)* - r’].
As we can see, homomorphisms of Obgadze [2] have greatly simplified the analytical
equation of circles with several coupling elements.

Also, in a lot of cases, the analysis of the R-function is significantly simplified [3-4].

Therefore, the final algorithm is called the Rvachev-Obgadze RO-method.

SOLVING KOCH ODE (ORDINARY DIFFERENTIAL EQUATION) WITH RVACHEV-
OBGADZE RO-METHOD

To interpret Rvachev-Obgadze RO-method, let’s discuss simple differential equation [6]:

dy
with the initial boundary condition
y(0) = 1. (20)

We’re looking for a solution in G[0; 1] interval.

Obviously, that the exact solution for this equation looks like this: y = e*, which is easily
to check by inserting it in (19) equation.

Now let’s create an approximate solution with Rvachev-Obgadze RO-method. To

accomplish this, we choose the system of the simplest base functions:

@;(x) = x/. (21)
we’re looking for this type of solution:
Vo =1+ X0, ajxt. (22)

It’s clear, that the first member of the equation is chosen based on (20) boundary condition
and it’s easy to understand, that (22) expression can be rewritten as follows (23):
Ya = =0 ajx/, (23)

where a, = 1.
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Let’s insert (23) expression into (19) equation, we’ll get following R error:
R(x,a) = =1+ X%}, a;(jx/~t —x7). (24)
In case of colocation method solution, when looking for a; coefficient, it’s common to use
the following equation system:

R(xx, @) =0, x, € G[0;1], k=1,N. (25)
Obviously, the more point we use in colocation method, the more accurate the solution is,
however, the increase in number of points leads to the increase the range of equation system,
which often gives badly conditioned matrix (in case of linear operators), which in turn makes it
difficult to solve the equation with necessary accuracy. Therefore, the alternative Rvachev-

Obgadze method was developed.
When solving with Rvachev-Obgadze method, to find a;coefficient, metric L,(G) with
induced norm is used, for this coefficient to be defined with a condition to minimize the distance

between R (x, @) function and 0.
(o) = fol(R(x, a) — 0)? dx - min. (26)
Now compare solution obtained by Rvachev-Obgadze RO-method, to the original solution.

Compare absolute and relative errors:

X
Absolute errors: |eX—f(x)| = Relative errors: —|e ‘f(x)‘ =
X

6.694-10-4 e
4.658 10-4 6.057-10-4
9.576:10-5 3.81310-4
6.22510-4 7.094-10-5
8.571-10-4 4.173-10-4
6.915-10-4 5.199-10-4
1.82810-4 3.79510-4
4.29310-4 9.079-10-5
7.036-10-4 1.929-10-4
2431-10-5 2.861-10-4
- 8.942:10-6

Comparing these two sets shows clearly, that Rvachev-Obgadze method in this case,

provides a great accuracy.
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IMPLEMENTING RVACHEV-OBGADZE METHOD TO STUDY ONE-DIMENSIONAL VISCOUS
FLUID FLOW IN A SQUARE CROSS-SECTIONAL TUBE

This task obtains Poisson’s equation form:

0*w  0%*w

e + 3z +1=0. 27)
with the boundary conditions:

w=0ifx=41, y==1. (28)

For solving this task with Rvachev-Obgadze method, let’s create relevant RO-function:
RO =(1—x%)-(1—y?). (29)
Obviously this function satisfies (28) boundary conditions. Therefore, we can search for
the solution of (27) equation as follows:
w=RO Y Yo 9i(x,y), (30)
where @;;(x,y) are base functions, and «a;; coefficients are discovered by norm minimizing
conditions of error function L, (G)

Let’s choose the base functions, so all the members in the area won’t become equal to 0,

for example:
Pij(,y) = (1 —xH) (1 —yH)i (31)
Therefore, we’ll get solution for Finlayson [9] expression.
w=XLoa(1-x) - (1-y?) (32)

Hence, we get

N

Wxx=Zai'i'(i_1)'(1_x2)i_2'(1_y2)i'(_2x)+

=2
+XN i (=2 (1= yDE - (=2). (33)
As for wy,, it has similar form as (30), because of function symmetric characteristic
Therefore, we can create an expression of the error function R(x, y, @). For this we need to insert

(32) in the equation (27) and make the following transformations:

2w 0%w o . .
R(x’y,a):W-}a—yz+1::Zai.i.(i_l).(l_x.Z)l—Z.(1_y2)l.(_2x)+

Y i (= a1 =y (D) +
i=1
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N N 8\2 1) 2 ! - i
,%x,y) = kzl Zl [_Zj ocos|:(2~k - l);%cos[(z«m - 1)~E~y}
=1 m=

2] @k-1@m-nlek-n%s @m-1]
N
FY i =D (1 =y (1= x) - (-29) +
i=2

+X (=Y ( =2 (=2 + 1 (34)
To find out the expansion a;’s coefficients, we use the induced metric with L, (G)norm, to
determine these coefficients with distance reduction condition between 0 and the function (R, X,
y, @)
I(@) = [, (R(x,@) — 0) dx > min. (35)
Let's write a program on Mathcad and compare B solution w(x, y)obtained with Rvachev-
Obgadze RO method to A solution G (x, y) obtained by Galiorkin method.

N =2
1
=3
AR

weky. ) = {i il o)) % it n e - yz)]]
wyy(xy,a) = {ZN: [cxi-i-<1 - yz)i_l-(—Z).(l - xzﬂ + ZN: |:ozi~i~(i “pla- yz)i_z.(_z.y).(l _ f)j]

ASM:: Minin’ize(l,a) BA(,Xry»OL) = WX)(x,y,a) + vvyy(x,y,a) +1

0
1 1 0.402
2 S=
(o) ::J J R(x,y, o) dxdy -0.021
-1°-1 -0.027
i:=0..Nqj:=C
Giver
Q= S
(o) =0272
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Wxy) = %, [ar(l . yz)]

i=0

1:=0..4j:=0..4
X = -1+ 0.5i
yj :=-1+0.5j

A= 95Yy)BL = Wiy
0 O 0 0 O
0 0.182 0.231 0.182 0
A=|0 0.2310.297 0.231 0
0 0.182 0.231 0.182 0
0 O 0 0 O

0 0 0 0 0 0 0 0 0 0
0 0.032 0.047 0.032 0 0 0.215 0.278 0.215 0
B-A=|0 0.047 0.057 0.047 0 B=|0 0.278 0.354 0.278 0 max B — A) =0.057
0 0.032 0.047 0.032 0 0 0.215 0.278 0.215 0
0 0 0 0 0 0 0 0 0 0
4 4
3 5 -
e 2
1 1+
0 I | T 0 T T T
1] 1 2 3 4 1] 1 2 3 4
A B

APPROXIMATE SOLUTION FOR BURGERS’ EQUATION WITH RVACHEV-OBGADZE METHOD

The Burgers' equation is characterized by the same nonlinearity as the Navier-Stokes
equation system, so when checking a new numerical method of solving the Navier-Stokes

equations, it is checked with the Burgers' equation [6-7]. Moreover, in case of some boundary
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and initial conditions, there is an exact solution for the Burgers’ equation. The Burgers' equation
has a following form:

ou N ou 1 0%u
ot " “9x  Reox?
Let's try to solve the Burgers’ equation when spatial variable x € [—1; 1] interval and t >

= 0. (36)

0. Let's say, the initial and boundary conditions are given as follows:

w00 =uCe0) =g YA @)

u(—1,t) =1, u(l,t) =0. (38)
We will use polynomials to an approximate the solution of this task with the Rvachev-
Obgadze method:

T;(x) = x*. (39)

We’re looking for the approximate solution of the Burgers’ equationwith the following
formula:

U (x,8) = YN a;(t) - xt. (40)
In addition, we present the a;(t) coefficients in the form of a series of time:

a;(t) = X, Bijt!, (41)
We’ll get

u(x;t) =1—x+ 3L, XV, Bit! x'. (42)

It’s easy to notice that (42) expression takes into account the initial conditions. In this

expression the f3;;expansion coefficients must be found. For this, we insert the (42) expression in

the Burgers’ (36) equation and create the R(x, t, ) error function. We get

u, =—1+ Z?’zlzyzlﬂijtj e xttL (43)
U = XL X0 Biit) G — Dx' 2 (44)
N N
R(x,t,B) = ZZ]'-[?U- x4
i=1 j=1
N N
+ 1—x+ZZﬁijtjxi
i=1 j=1
N
-1+ Z,Bijtj-i-xi‘l
i=1 j=1
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1 i ep [ —
T Re (Zliv=z Z?’=1 :Bijtj i(i — Dx' 2)- (45)
Here to find pg;jexpansion coefficients, metric induced with L,(G)norm is used, to
determine these coefficients with distance reduction condition between 0 and the function
R(x,t,B):
1 ro0 2 .
18) = [, J, (R(x,t, ) — 0)*dtdx - min. (46)
Let's write a program with Mathcad and compare solution u(x, t)obtained with Rvachev-

Obgadze RO method to a solution G (x, y) obtained by Galiorkin method.

Ni=<Re:=1X
ORIGIN:=1
N N o
udx,t,p) =1+ z Z (Bi’j-t1~i-x'_l>
i=1j=1
N N . - 2
wolx.t, B) == > [Bi’rtj-(i—l)-i-x'_]
i=1j=1

N N o
RO(x,t,B) := Z Z (Bi’j-tj_lxl-j) + [1 - X+
i=1j=1

S ZN: (Bi,j-tj-xi)}-ux(x,t,ﬁ)

1j=1

Bixt.B) =Rl t,p) — ——wolict.p)

() := Jl Jl R(x.t.p)? dxdt

0°0

Pi,j=C
Giver
S := Minimize(l, )

2.499 -0.677 -1.039
S=|-1.892 1.416 1.752
-0.82 0.05 -0.726
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B.i=S

N N .
u(x,t) =1 —-x+ Z z (Bi,j-tj-xD

i=1j=1
1 1 T T
T
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",
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.,
u(x,05)05 \.\ —
_ \
A}
s
Y
0 | 1% |
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X
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CONCLUSION

The obtained results clarifies, that Rvachev-Obgadze RO method can be used for non-

linear tasks of fluid dynamics.
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PEIIEHUE THAPOJIMHAMMYECKHX 3AJIAY RO-METO/IOM PBAUEBA-OBI'AJI3E
T.O6ranze , O.Kemynapus

B pabote paccmarpuBaercs RO-meron PpauéBa-O0ranze. CTpouTcss anroputm, s
MMOCTPOCHHS YPABHEHHSI MHOTOCBSI3HOW TPAHUIIBI; JJII STOTO MPUMEHSIOTCS TOMOMOP(hU3MBI
O6ramze. Pa3paboraHbl alropuTMbl JJI PEIICHHS TPAHUYHBIX 3a7ad, KOTOPBIC IPOBEPECHBI
pelIcHUsIMHA psiZia TECTOBBIX 3amad Ha ocHoBe Mathcad. PesynabTaThl YMCIIEHHBIX PacdeTOB
CPaBHUBAIOTCSI C U3BECTHBIMH TOYHBIMH M YHMCJICHHBIMU PEIICHUSIMHU COOTBETCTBYIOIIMX 3a/ad.
Brruucnsitores uncneHHble 3HaYeHUs a0COIOTHON M OTHOCUTEILHOM MOTPEITHOCTU B KXKI0M U3

PCUICHHLIX 3aaa4.

(Received on 14.10.2017)
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SOLUTION OF THE STATIONARY PROBLEM OF INCOMPRESSIBLE VISCOUS
LIQUID FLOW OVER A CYLINDER WITH A ROG METHOD
T. Obgadze*, O. Kemularia*
(Georgian Technical University, Kostava str. 77, Thilisi 0175, Georgia)

Abstract: In this work, an algorithm of a numerical solution is created, which determines
parameters of stationary flow of a viscous, incompressible fluid around engineering structures,
with complex geometrical configuration. For taking into account the condition of fluid’s
adherence to wall of streamlined structures, RO method of Rvachev-Obgadze is used, and as
base functions — regular sources of Obgadze-Gabritchidze OG. Substituting the obtained
expansions in the Navier-Stokes equations and satisfying the kinematic conditions, we obtain
discrepancies of the problem of flow around structures of a complex geometric forms. The
discrepancies obtained for each equation are written in the form L,(G), where G is a control
volume of the flow. The constructed calculation algorithm is based on the Rvachev-Obgadze-
Gabritchidze ROG method.

Key words: Flow, structure, ROG method
MATHEMATICAL MODELING OF A STATIONARY FLOW OF A VISCOUS
INCOMPRESSIBLE FLUID

Let’s consider the problem of a stationary flow around a circular cylinder by a viscous
incompressible fluid. This task is 2-dimenstional, therefore mathematical model has a form:

ou ou _-dp |, 1(9%u , 9%u
ST Y| "

dy 0x R \0x2 a_yz
v, 00 _op 1L (ﬂ &) @)
u ox v dy  dy R\ox2  ay2)’
du  dv
oy~ 0 ©)
ulge = vlsc =0, (4)

where G = [-5;5] x [—3; 3] is a compact space R?, and dG is a boundary of set G;

(u; v)-velocity components, p-pressure, R-Reynold number.

Professor*
Student**
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Let us set the kinematic conditions:
u(=5y)=1- ﬁyz,v(—S;y) = 0. ®)

Kinematic conditions (5) simulates an oncoming flow of a viscous liquid with a parabolic
velocity profile in Fig. 1, and boundary conditions (4) - conditions of adhesion of liquid to the
walls. Our task is to find the functions: u(x, y); v(x, y),p(x,y) for v(x,y) € G.

NUMERICAL METHOD FOR CALCULATING THE DETERMINING PARAMETERS

Fig. 1. Scheme for a flow pattern

To solve the problem, we represent the desired functions in the form of expansions:

u(x’yl a) = RO(X»J’) Zi aiﬁ”i(x'}’), (6)
v(x,y,ﬁ) = RO(X:y) Ziﬁi(Pi(X'Y), (7)
p(x,y,v7) = Xivi®i, )

Where RO (x,y) are functions of Rvachev-Obgadze, which becomes equal to zero for all points
dG of the boundary of the set G[1 — 4].
In our case, we get

(e )o-y') o

RO(x,y) =

The denominator 216 is the normalizing factor for (x? + y2 — 1)(9 — y?) on the set G, in
other words,

max[(x? +y%2 —1)(9 — y?)] = 216. (10)
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Function RO(x,y) givesthe possibility for calculating (4) boundary conditions for the
adhesion of a viscous liquid to the walls of the boundary.
As the basis functions ¢;(x,y), regular source functions are used [1 — 4]. To accomplish

this, we select the localization points for regular sources(¢;,n;), fig.2.

Fig.2. Points of regular source locations (¢;,1;), i = 1.32

For solving this task, regular sources of ordinary faces are used:
Qi y) =18 =(x =)+ (v —m)?, (11)

Afterwards, we get understanding of determining parameters as:

u(e,y,@) = ENOIV SN 632 4 (y =7, (12)
v(x,y,a) = ELCAww g16e— )2+ (y - 2], (13)
p(,y,y) = T, vil(x — €)% + (v — m)?], (14)

Where the coefficients of the expansions: «;, 5;,v; are defined with algorithm:
1. Inserting expressions (12), (13), (14) in (1), (2), (3), (5);
2. Creating the corresponding discrepancies: R1(x,y,a,B,y), R2(x,y,a,B,v),
R3(x,y,a,p),R4(y, @), R5(¥,B);
3. Next, we compose residuals L,(G):
2 2
1(a,By) = [, [(Rl(x, v.a,B,7)) + (R2(x,y,a,B,7)) ]dxdy:
2
12(a,8) = 2, I, |(R3(x, 3, @, B.1)) | dxdy;

13(a, B) = [2,(R4(y, @))? + (R5(y, B))P)dy:
4. We make up the total discrepancy:

I(a,B,y) = 11(a,B,y) + 12(a, B) + 13(a, B);
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5. Further, we minimize the total discrepancy I(a, 8,y) — min with conditions
u(—5,y,a) = 0.9 and add the condition of constant flow in the sections
x=-5x=0,x=>5.
As a consequence of solving the problem of conditional minimization, we determine the

parameters of the expansion «;, B;, ;.

RESULTS OF THE CALCULATIONS

After determining optimal values of the defining parameters(table 1.), we obtain formulas

for semi-analytical solution of our task.:

u(x,y,@) = EDOIDGN - 32 + (v =), (15)
v(x,y,0) = ELCA gy g16e— )2 + (v — 2], (16)
p(x,y,y) = L, vil(x = €)% + (v — m)?], (17)

Using the Mathcad software, we calculate velocity and pressure fields in the flow region of

a viscous, incompressible fluid.
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1 1 1
1 0.015 11 -0.021 1 0.011
2 0.315 2| -0053 2| -0.005
3 0.005 3 0.004 3 0.011
41 -0.019 41 -0.021 4| -0.005
5 0.015 5 0.005 5 0.011
6| -0.028 6| -0022 6| -0.006
7| -0.002 7 0.009 7 0.011
8| -0079 8 -0.01 8| -0.008
9 -0.01 9 0.01 9 0.01
10| -0.096 10 -0.01 10| -0.011
1 -0.01 1 0.008 1 0.01
12| -0.078 12| -0.018 12| -0.013
13 -0.002 13 0.006 13 0.009
14( -0.027 14 -0.023 14| -0.015
15] 0015 15 0.004 15 0.008
o =116 0313 B =[] -0.025 Y =116| -0016[ 1
17] 0.005 17| 0.005 17 0.008
18 -0.019 18 -0.034 18| -0.016
19 0015 19 0 19 0.008
20| -0.029 20| -0012 20 -0.015
21| -0.002 21 0.012 21 0.009
2| -0.081 2| 0014 2] -0013
23| -0.011 23| 0016 23 0.01
24| -0.008 241 0014 24 -0.01
25| -0011 5| 0014 25 0.01
26| -0.081 26| 0004 26| -0.008
27| -0.003 271 0012 27 0.011
28 -0.03 28| 0.026 28| -0.006
29 -0.02 2| 0027 29 0.01
30| -0.121 30| 0079 30| -0.011
31 -0.02 31 0.032 31 0.01
32| -0126 32| 0068 32 -0.01

Table 1. Optimal values for the coefficients of expansion

We obtain vector field of flow region Fig. 3:

¢ —== e - - - s =7
’ S A e R NN Y

Fig. 3. Vector field of the flow with Reynolds number of 5000
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And for different sections of the flow, the velocity components change according to the
following rule, fig. 4-8
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Fig. 4. Velocity components at x = —3
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V(_ Zay’B)

Fig. 5. Velocity components at x = —2
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Fig. 6. Velocity components at x = —1
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Fig. 7. Velocity componentsat x = 0
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Fig. 8. Velocity components at x = 3

As is clear from comparing the calculation results with the known results of calculations by
other methods and with the results of known experiments [5-8], the ROG method works well for
stationary problems.
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PEIIEHUE CTAIIMOHAPHOM MPOBJIEMBI HENPEPBEIBHOT O BA3KOT'O
MOTOKA KUJKOCTH HA UWJIMHJPE C METOJOM ROG

T.O6ragze, O.Kemyapus

B pabore cTpouTcs anropuTM, YHUCIEHHBIM pacdyeT OINpeAeNsSIonX MMapaMeTpoB
CTAallMOHAPHOI'0 TIOTOKA BSI3KUX, HEC)KUMAEMBIX >KUAKUX KPYIJIBIX MHKEHEPHBIX COOPYXEHUH,
CIIOKHAsi TeoMeTpuyeckas KoHpurypamus. [[ias ydeta COCTOSIHHS TPUIUMAHHS >KUJIKOCTH K
CTeHKaM 00TeKaeMbIX KOHCTpYKImid mpuMeHsiercs Metoq RO PraueBa-OO0ram3e v Kak OCHOBHBIC
(GYHKIUHM, HCHOJB3YIOTCA peryispHble uctouHukn O6ramze-I'abpuunngze O.I. IloacraBmnss
yKa3aHHOE pasjokeHue B YypaBHeHus HaBpe-CTokca U yJOOBIETBOpSSI KHHEMATHYECKUM
YCIIOBUSIM, MBI I10JIy4acM HE BSI3aHUE 3a/1aud O MIOTOKE KOHCTPYKLUHN CI0KHOM NeOMETPUIECKON
dopmsl. [TonydeHHOE HE Bs3aHHE sl K&KIOTO ypaBHEHHUs 3aluchiBaeTcs mo Hopme L, (G), rae
G-o0acte mcciemyemMoro Toka. [ToCTpoeHHBIH anropuT™M pacuera ocHoBaH Ha merojge ROG

Mertoaa PBaueBa-O6ramze-I"abpuun3e.

(Received on 14.10.2017)
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MATHEMATICAL MODELING OF WAVE DISTRIBUTION BASED ON EXACT
SOLUTIONS OF NAVIER-STOKES EQUATIONS
T.A.Obgadze*
(Georgian Technical University, Kostava str. 77, Thilisi 0175, Georgia)

Abstract: In the paper, based on the two-dimensional Navier-Stokes equations for a viscous
incompressible fluid, the propagation and gradual, slow damping of tsunami waves are modeled.
Exact solutions of the two-dimensional Navier-Stokes equations that describe the propagation of
tsunami waves are found. Based on the generalization of the approach, for finding the exact
solution of the Navier-Stokes equations, solutions which describe the dynamics of progressive

waves of a viscous incompressible fluid are found.

Keywords: Mathematical Modeling, Navier-Stokes, Wave, Fluid Dynamics
INTRODUCTION

Earlier, equations have been constructed for modeling tsunami waves, which were reduced
to the Korteweg—de Vries equations [1]. However, we succeeded in finding the exact solution of
the two-dimensional Navier-Stokes equations for a viscous incompressible fluid, which allows
us to take a fresh look at the problem of the propagation and attenuation of tsunami waves. Based
on the developed approach, we find the exact solutions describing the propagation of progressive

waves.

MATHEMATICAL MODEL AND EXACT SOLUTIONS OF THE TWO-DIMENSIONAL
NAVIER-STOKES EQUATIONS

Consider the two-dimensional flow of a viscous incompressible fluid. The corresponding

equations acquire a form:

ou u au__a_p 1

6t+u6x+v6y_ 6x+ReAu’ (1)
v v av__a_p 1

6t+uax+vay_ ay+ReAv, 2
u v

Z+z=0 (3)

As usual, boundary and initial conditions are added to this equation system. We act
differently. In the beginning, we find exact solutions of a certain type in a general form, and then

we will consider the behavior of the solution in various special cases.

Professor*
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We start with the consideration of equation (3). It’s clear, that for each continuous function

@ (x — y) this equation (3) is satisfied, on the other hand, as we already know from work [1], for

t
Navier-Stokes equations characteristically, solution expansion by law e re, therefore, naturally,
we seek the exact solution of equations (1),(2),(3) in the form:
t
u(x,y,t) = @(x —ye re, (4)

t
v(x,y,t) = @(x —y)e Re. (%)
The representation of the solution in the form (4), (5) satisfies equation (3), and the

substitution in (1), (2) gives equations (6), (7), where ¢ = x — y:

1 -t a 2, _t

——p(@)e R = ==+ — g (q)e Fe, (6)
1 -t a 2, _t

— o @(q)e R = =0+ = pgq(q)e R (7)

To eliminate the pressure from equations (6),(7), we differentiate equation (6) with respect
to y, and equation (7) — with respect to x. Subtracting from the second equation - the first, we
obtain an equation for determining the form of the function ¢(q):

204a0() + 04(q) = 0. (®)
The general solution of equation (8) has the form:

— XY L i XY
(p(q)—a+ﬁcos\/§+ysm\/§. 9)

Thus, the exact solutions of the two-dimensional Navier-Stokes equations are obtained in

the form of slowly damped tsunami waves:

- - _t
u(x, Y, t) = (a + ,3 COS% + ysin%) € Re, (10)
t
_ x-y A P
v(x,y,t)—(a+,3cos—\/E +y51n—ﬁ)e Re, (11)
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EXACT SOLUTIONS FOR PROGRESSIVE WAVES

Let us consider the case of progressive waves. In this case, the time dependence of the
solution is unknown. Therefore, consider the general representation of the solution of the Navier-
Stokes equations in the form:

u(x,y,t) = p(x —y)a(d), (12)
v(x,y,t) = ox —y)o(t). (13)
The representation of the solution in the form (12), (13) satisfies equation (3), and the

substitution in (1), (2) gives equations (14),(15), where g = x — y:
P(@)a'(t) = =2+ Z i (o (2), (14)

90" () = =L+ Z 9l (o (D). (15)

To eliminate the pressure from equations (14),(15), we differentiate equation (14) with
respect to y, and equation (15) — with respect to x. Subtracting the first equation from the second
one, we obtain equation (16) for determining the form of the functions ¢(q) and a(t):

204qq(@) _ o' (t)Re

?q(@) a(t)

= Ay = const. (16)

It is clear that from formula (16) it is possible to obtain a solution for damped tsunami
waves (10), (11) in the case wheni, = —1.

If A, > 0 progressive waves are produced:

u(x,y,t) = <a: + B cosh (\/% (x — y)) + sinh (J/T?O (x — y))) e%t, a7
v(x,y,t) = (a + p cosh (\/% (x — y)) + sinh (\/% (x — y))) e%t. (18)

REFERENCES:
1.T.Obgadze. Mathematical Modeling, Monography, Georgian Technical University,
Thilisi, 2016
2. T.Obgadze. Course of Mathematical Modeling (Continuous Models), Volume 1,
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MATEMATHYECKOE MOJAEJINPOBAHUE PACITPCTPAHEHUS BOJIH HA
OCHOBE TOYHBIX PEIHIEHUI YPABHEHU HABBE-CTOKCA

T.O0ranze

B pabote Ha ocHOBe nBymepHbIX ypaBHeHui HaBbe-CTokca, JUIsi BSI3KOH HEC)KUMAEMOU
KUJKOCTH, MOJCIHMPYETCS PaCHpOCTPAHEHHWE M IIOCTENEHHOE, MEUICHHOE 3aTyXaHWe BOJIH
uyHamu. HalineHbsl TOYHBIE pelIeHUsT JBYMEpHbIX ypaBHeHH HaBbe-CTokca, KOTopbie
OIMCHUBAIOT PacIpOCTpaHEeHHe BOJH I[yHamMHu. Ha ocHOBe 0000IIeHUs MOAX0/1a, K HAXOXKICHUIO
TOYHOrO pemieHust ypaBHeHuii HaBbe-CTokca, HauJeHBI pEIICHUS [JIi OMUCAHUS JTUHAMUKH

MMpOrpeCCUpPyrOIIUX BOJIH BSI3KOM HEC:)KMMaeMoi KHUIKOCTH.

(Received on 14.10.2017)
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HARMONIC WAVES IN ELASTIC ISOTROPIC WEDGE
M.Vazagashvili’
(Georgian Technical University, 77, M. Kostava str., Thilisi 015, Georgia)

Abstract: Is offered the method of analytical description of wave field in the elastic wedge. Is
carried out the analysis of wave field in the orthogonal wedge and is researched the

dependence of phase velocity of angular mode from coefficient of Poisson

Keywords: angular mode; extrude; phase velocity; elastic body; oscillations, wedge.

INTRODUCTION

Lot of quantity results, related to research of character of motion on the localized in
adjacent of vertexes of wedge of wave (angular) mode, are obtained with application of
approximation approaches based on finite elements method [1] and variation principles [2].
However, as it was mentioned in the work [3], the analytical theories of wedge-shaped
waveguide up to nowadays are not existing. The consideration of these issues [4, 5] stimulates
the works on construction of exact solution of corresponding boundary-valued task. The specific
computations are carried out with respect of case of wedge with right angle at vertex. In the case

of arbitrary angle, the idea of construction of general solution upon the same is applied.

BASIC PART

The principal difficulties of stated task is rather clear if consider its obvious relation with
task on research of distributed in the wedge harmonic waves [6].

The task is formulated as follow. The isotropic elastic body with velocities of wave’s
propagation c¢; and shear ¢z is arranged in the domain x; =0, x, = 0, —oo < x; < oo in the
orthogonal Cartesian system 0x;x,x5. IS necessary to determine if are existing in the such body
the progressive along the axis 0x; waves that are localized in adjacent of rib and such are their

properties.

*Professor
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The search of free progressive waves in the stated task obviously is equivalent to search of
resonance situations in the certain task on forced motions of waveguide. If we consider the

boundary conditions for mechanical stresses o:

1 1 1
—o0y11 = f(xp)expli(vxs — wt)]; ==01, =5=013=0; x =0;
2G 2G 2G (1)
] 1 1
Eazz = g(xy)expli(vxs — wt)]; i%l = E033 =0; x3=0,

where G — is the shear modulus, where with respect of functions f and g is supposed their
represent ability by Fourier integrals in the common sense, the issue on existing the free waves is
reduced to search of values of wave number v, at that the solution of task for stated angular
frequencyw does not exists. As additional condition, there is the requirement of localization of
wave field in adjacent of rib of wedge.

The sufficient functional arbitrariness in the presentation of scalar and vector potentials for

execution of boundary conditions (1) we will obtain as:

[0e] (0]

1 _ _
®(xq,%,) =3 jF(s)e‘l"lx2 COS SX, ds+JH(r)e‘q1x1 COSTX, dr];
0 0
_ .z (€COSS Xy
= P2X
A7) = | [ Ba@erm {1 as + @

0

(o]

.. (cosT X,
42X
+J C,(r)e 1{sinrf2}drl'
0

The upper values of functions in the curly brackets will be responsible for a=1, the lower

—a=2; F(s), H(r), B,(s), C,(r)- are the desired arbitrary functions
CZ 2
p2 = 1+SZ_C_§; q2 =1+r2—C—Ozl.
Form the expressions for potentials (2) easily are calculated the values of shear and
stresses. The execution of boundary conditions (1) for shear forces leads to the following

equalities:
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2 2 2 2
q; +rc—1 q; +re+1
012|921=0 =0=>H()qr + C;(r)q, 2 > + Cz(T)ZT = 0;
2 2
q; +rc+1
013lg,=0 = 0 => H(r)qy + C;(r)q,r + Cz(r)zf =0;
3
p:+s?+1 3
023l2,=0 = 0 => F(s)p; + B1(S)T — B,(s)p2(s) = 0;
2 2 2 2
p; +s“+1 p; +s“—1
021|f2=0 =0=>F(s)p;s — B1(S)S% — B,(s)p; 2# = 0.
From them is clear that
Cl(T) = 0, Bz(S) = 0
S+sP+1 ;+q*+1 4
Fe) = B iy =~ B @
2 2q4
The satisfaction of boundary conditions for normal stresses o, ;, a;, With taking into
account (4) and representation of
—-az 2 j-o a2 d (5)
e = — ——5 cosuzdu
) u?+a?
0
leads to simultaneous integral equations
oo 2 c?]
2 2 2 -
y()r 2s c2 _
A(s) + dr — ;
*($)A(S) 2ncz(1—v)) (L +7r2)(r2+p?)|r? +n? VT2 r=9()
0
o 2 c?] (6)
z x(s)s? 212 vz _
A(r) + 2lds = )
y(MAT) 2nci(1—v)) (1+s2)(s2+q3)|[s2+q35 VTs2 s=fr)
0
where
x(s) = —B,(s)(1 + s?); y(r) = C,(r)(1 + 12);
(p? + 52 + 1)? (g2 + 72+ 1)?
A(s) =p, — 0 A(r) =p, — .
P2 4p,(1 + s2) P2 4q,(1 +r?) %

20
f) =2 | £ cosryds
0

o0}

2
§0) == [ g cos sy
0

where v- is the Poisson coefficient of wedge material.

The dimensionless (with respect of y) components of amplitude of displacements vector

are determined due densities x(s) and y(r) by relations
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o

Uy (%, %) = f

o

x(s)s (ps +s*+1 7 3
- S_)Sz (pz 7 e P1¥z _ pze—p2x2> sinsx;ds +
1

o)

+.[‘ y() [¢2+7r%+1

e~ 1%z — (1 + rz)e_QZ’Ezl CoSTX,dr;

1+ r2 2
o
 x(s)s [p2 +s?2+1 B} _
u,(x, %) = f T g_)sz lpz 2 e P2 — (14 sz)e‘pzle sinsx;ds +
1
% ) (aE 492 (8)
r +re+1 _ _
+f 1y+ 3 <q2 24 e d1¥2 — qze“hxz> CoSTi,dr;
1

o

o _Oox(s)s . pi+s?+1
u3(x1,x2)=lf 1+52< 2€ pzxz_z—pl

o

e‘p1’22> sinsx;ds +

Oy . gi+rit41 _
+if 1y_|(_ 22 <qze_‘I2x1 — qz#e_‘hxv cosrx,dr.
o

In the general case of wave field in the wedge at application of solution in the forms (8) is
necessary to generate the laws of computation of Fourier integral for case of existence of
progressive waves. In the considered special case of angular modes the localization of field
means that infinite integrals (8) would be own. This excludes the possibility of existence of
exponentially increasing with growth of x; and x, displacements as well as running along the
axes 0x; and 0x, waves. The first condition would be satisfied if

C<C; C<C,y. (9)

For satisfaction of the second condition and for providing of possibility of existence of
smooth solutions of system (6) is necessary that values A(s) and A(r) does not becomes in zero
along the real line. Due this we obtain the additional limitation of phase velocity of progressive
angular waves as

C<Cy, (10)
i.e. the angular modes in the wedge (if they exists) will have the phase velocity less the Relay

wave velocity.
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CONCLUSIONS

For solution of system (6) and further analysis of kinematics of motion in the angular mode
useful is the knowledge of asymptotic properties of unknowns x(s) and y(r) at large values of
arguments. These properties are expressed by equality

lim x(s) = — lim y(r) = a, = const (11)
S—00 T—>00
that is valid at conditions that functions £(r) and g(s) are decreasing not slow then 1/r2

and 1/SZ accordingly [7]. The relation (110 will be important at analysis of mode of deformation

of waveguide as well as at development of effective algorithm of solution of system (6).
At transition to integrals in the finite limits will be accepter the conditions

x(s) = ao(s >p); y(r)=—ae(r>p);
_x(p) —y(p) (12)
Qg = ————.
2
After the solution of obtained in such manner finite system easily will be computed all
characteristics of wave field.
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I'APMOHHWYECKHUE BOJIHBI B YITPYT'OM N30TPOITHOM KJIMHE

M. Bazaramsujin

Hpe,Z[J'IO)KeH croco0 aHaJIMTUYECKOrO OIMCAaHHMS BOJIHOBOI'O IIOJIS B YIOpyroM KIHHE,
HpOBe,I[éH AHAJIN3 BOJIHOBOI'O IIOJIA B IHPAMOYI'OJBHOM KIMHE M HCCICA0OBaHa 3aBUCHUMOCTH

(ha30BOI CKOPOCTH YTI0BOI MOABI OT Kodddunmenta [lyaccona.

(Received on 14.11.2017)
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LEADING AVIA COMPANIES ADVANTAGES IN THE WORLD
N. Jerenashvili*, A. Kurtanidze*
(Georgian Technical University, 77, M. Kostava str., Thilisi, 0175. Georgia)
(Georgian Aviation University, 16,KetevanTsamebuliave. Tbilisi, 0103. Georgia)

Abstract: Aviation is the practical aspect or art of aeronautics, production, development,
especially heavier than air aircraft.The airline industry exists in an intensely competitive market.
In recent years, there has been an industry-wide shakedown, which will have far-reaching effects

on the industry's trend towards expanding domestic and international services.
Keywords: Aviation; Industry; companies; airlines;

INTRODUCTION

In the past, the airline industry was at least partly government owned. This is still true in
many countries, but in the U.S. all major airlines have come to be privately held.

In recent years, the European airline industry has exhibited impressively dynamics. Legal
and institutional aspects have clearly affected the structure of the market, while cultural forces
have influenced spatial mobility and its characteristics. The airline industry, therefore, certainly
has progressed. It has also altered the way in which people live and conduct business by
shortening travel time and altering our concept of distance, making it possible for us to visit and

conduct business in places once considered remote.

BASIC PART

The airline industry can be separated into four categories by the U.S. Department of
Transportation (DOT): International - 130+ seat planes that have the ability to take passengers
just about anywhere in the world. Companies in this category typically have annual revenue of

$1 billion or more?

Proffesor*
Associate proffesor**
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*National - Usually these airlines seat 100-150 people and have revenues between $100 million
and $1 billion.

« Regional - Companies with revenues less than $100 million that focus on short-haul

flights.

e Cargo - These are airlines generally transport goods.

o [http://www.investopedia.com/features/industryhandbook/airline.asp]
The leading consumer-aviation website Skytrax made ranking which are based on the
impressions of 19.2 million travelers from 104 different countries. The survey, which covered

more than 280 airlines, measured 41 parameters ranging from boarding procedures to seat

comfort to the quality of service. [1] Emirates has been named the best airline in the world for

2016 by The Dubai-based airline was presented with the award on Tuesday at a ceremony during
the 2016 Farnborough Airshow.

Here are the 20 best airlines in the world, according to the results of the Skytrax survey:

20. Bangkok Airways [2]

Bangkok Airways crack the top 20, it was also awarded with the titles of World's Best Regional
Airline and Best Regional Airline in Asia.

19. Austrian Airlines

Economy fliers gave the Star Alliance member high marks for its efficient and effective service,
as well as for the wealth of onboard dining and entertainment options.

18. Virgin Australia

In typical Virgin fashion, the airline's fleet of long-haul Boeing 777 and Airbus A330 jets come
with interior mood lighting and feature a state-of-the-art 9-inch touchscreen entertainment
system.

17. Air New Zealand

This the fifth time that Air New Zealand has won for Best Premium Economy.

16. Asiana

Asiana currently operates a fleet of relatively new Airbus and Boeing jets.

15. Swiss International Air Lines

Though some fliers found economy-seat comfort to be lacking, most praised the cabin crew for
its friendly service and the airline for its wide assortment of complimentary adult beverages.

14. Air France
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This year, Air France also won the awards for Best First Class Airline Lounge Dining and Best
First Class Comfort Amenities. [1]

13. Thai Airways

Thai Airways took home the award for World's Most Improved Airline as well as the title for
World's Best Airline Spa Facilities.

12. Hainan Airlines

Reviewers on Skytrax praised the airline for its attentive service and quality business class
accommodations.

11. Garuda Indonesia

This year, Garuda's flight attendants took home the award for the World's Best Cabin Crew.

10. Lufthansa

The German national airline also took home the prize for Best Transatlantic Airline and Best
Airline in Western Europe.

9. Qantas

The airline received praise for its strong customer service and in-flight entertainment.

8. EVA Air

EVA also took home the prize for the World's Best Transpacific Airline.

7. Turkish Airlines

The airline is a member of Star Alliance and has won the Skytrax award for Best Airline in
Europe six years in a row.

6. Etihad Airways

The airline has become famous for its trademark Residence flying apartments as well as its plush
first-class and business-class suites.

5. All Nippon Airways

ANA won World's Best Airport Services and Best Airline Staff Service in Asia.

4. Cathay Pacific Airways

Cathay is one of the finest flying experiences in Asia.

3. Singapore Airlines

The airline's home base at Changi International Airport is one of the finest facilities in the world
and has been named by Skytrax as the Best Airport in the World four years in a row.

2. Qatar Airways
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The airline links over 125 destinations across the globe and is expanding its services from Qatar
to 50 new destinations, including direct flights to Los Angeles, Miami, and Dallas.

1. Emirates

Emirates has taken home Skytrax's award for Best In-Flight Entertainment 12 years running.
Business travelers are important to airlines because they are more likely to travel several times
throughout the year and they tend to purchase the upgraded services that have higher margins for
the airline. [5] On the other hand, leisure travelers are less likely to purchase these premium
services and are typically very price sensitive. In times of economic uncertainty or sharp decline
in consumer confidence, you can expect the number of leisure travelers to decline. [4]

It is also important to look at the geographic areas that an airline targets. Obviously, more market

share is better for a particular market, but it is also important to stay diversified.

CONCLUSIONS

After our in-depth analysis, we have determined that the airline industry is a very unattractive
industry to enter into. The current ratio between airlines and the people willing to travel is very
balanced so it would not be profitable for a new company to enter into the market. The initial
capital needed, as well as the customer base, is very hard to achieve when the industry itself is in
the maturity stage. It is for these reasons that the industry is labeled as unattractive.
A final key area to keep a close eye on is costs. The airline industry is extremely sensitive to
costs such as fuel, labor and borrowing costs. If you notice a trend of rising fuel costs, you
should factor that into your analysis of a company. Fuel prices tend to fluctuate on a monthly

basis, so paying close attention to these costs is crucial.
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NPEUMYIIECTBO BEAYIIUX ABUAKOMITAHU B MUPE
H. IxepenamBuian, A. Kypranuase

ABHanus - 3T0 OTPACIb ACITEIBHOCTH YEJIOBEYECTBA, CBA3aHHAsA C IOJIETOM JIETATEIIBHBIX
anmapaToB,Te€OpPHs U MPAKTUKA MOJIETA IO BO31YXY Ha JIETaTEIbHbIX amnmaparax TsDKEee
BO31yXa.ABHAllMOHHAs] IPOMBIIUIEHHOCTh CYIIECTBYET Ha PBIHKE C  HHTEHCUBHOMU
KOHKypeHIuel. B mociennue rogpl npousomen o0Bal B MacmTabax Bced OTpAciM, KOTOPBIN
OKaXET NaJeKO HAYILIee BIMSHUE Ha TEHACHIMIO OTPAciIM K PACIIMPEHUI0 BHYTPEHHUX U

MEXTYHApOJHBIX YCIIYT.
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WIRLESS NETWORKS, THEIR TYPE AND METHODS OF USE O. Shonia, I. Kartvelishvili,
Z. Beridze, 1. Didmanidze, L. Kolbaia. “Air Transport”. Tbilisi, 2017, Ne 1(12), pp. 11-16 (Eng).

In this work, basic information about the technologies and components of the wireless
computer networks are represented. All types of wireless networks (personal, local, regional and

global) are discussed briefly and the features of their structure and methods of use are described.

ANALYSIS OF PLATES THAT ARE REINFORCED BY THIN CURVILINEAR
VARIABLECROSS-SECTION RODS. G. Kipiani, G. Okropiridze, V. Sulashvili. “Air
Transport”. Tbilisi, 2017, Ne 1(12), pp. 17-23 (Eng).

Are derived the general conditions of conjugation of plates with displaced medieval
surface by thin variable stiffness rib. From these conditions, in particular, follows the conditions
of joint deformation of plates with small depth extrudes, as well as various kinds of conditions of
seam of plates with variable stiffness ribs that are applied in the work at solution of tasks of

analysis and rational design of thin-walled structures.

CALCULATION OF PLATES AND SHELLS WITH RIBSRIGIDITY BY THE FINITE
ELEMENT METOD. G. Kipiani, M. Tsikarishvili, S. Bliadze, U. Dzodzuashvili. “Air Transport”.
Thilisi, 2017, Ne 1(12), pp. 24-30 (Eng).

In this article, the development of the stages of calculating plates and shells with
stiffeners is described. It is noted that the theory of ribbed shells is one of the most controversial
and incomplete sections of the general theory of shells.We consider shell calculations with
longitudinal and transverse stiffeners by the finite element method. In the first embodiment, the
stiffener is considered as a beam end element, In the second case, the edges are approximated as
thin-walled plates and, finally, in the third case, the edge is represented as a three-dimensional

finite element.A comparative analysis of the theoretical and experimental results is given.
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PROBLEMS AND PROSPECTS OF DEVELOPMENT MANAGEMENT INTELLECTUAL
POTENTIAL AIR ENTERPRISE. M. Pimzhyna, V. Novak, E. Razumova. “Air Transport”.
Thilisi, 2017, Ne 1(12), pp. 31-36 (Eng).

As a result of analysis of works of leading domestic and foreign scientists, we
summarized the main factors positively influencing the formation and development of
intellectual potential of the enterprises, as well as the proposed measures are necessary for the

successful development of the intellectual potential of air transport enterprises.

PERSPECTIVE DIRECTIONS OF DEVELOPMENT OF THE TRANSPORT SYSTEM
TAKING INTO ACCOUNT THE STRATEGIC PRIORITIES OF THE NATIONAL
ECONOMY. O. Kyrylenko, O. llienko, V. Novak, O. Krapko. “Air Transport”. Tbilisi, 2017, Ne
1(12), pp. 37-44 (Eng).

This article examines the processes of harmonization of economic and legal bases of
functioning of the transport system of Ukraine, which theoretically will allow access of our
country to advanced European technology and investment, the main challenges for effective
harmonisation of integration processes, namely the need to ensure the conformity of the national
transport system of high standards and technical requirements of the transport markettaking into
account he perspectivies of the national economy.

FEATURES OF RISK MANAGEMENT IN AIRLINES V. Novak, I.A. Basaraba, V. Perederii
“Air Transport”. Thbilisi, 2017, Ne 1(12), pp. 45-49 (Eng).

Problems of application of risk management in airlines are considered in the article . It
was described the main causes and principles of application of risk management that are based
on the analysis, generalization and systematization of scientific sources. It was determinated the
main goals and objectives of risk management and formed approaches of risk management in

airlines.
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PREREQUISITES OF FORMING UNIVERSAL MECHANISMS TO OPTIMIZE
PRODUCTION AND LOGISTIC ACTIVITY OF AIR CARRIERS IN ORGANIZING
MULTIMODAL DELIVERY OF OVERSIZED CARGO S. Lytvinenko. “Air Transport”.
Thilisi, 2017, Ne 1(12), pp. 50-55 (Eng).

The article investigates the prerequisites for creating universal mechanisms to optimize
production and logistic activities of air carriers in the organization of multimodal delivery of
oversized cargo. It was proved that such a need may arise for air carriers exclusively on delivery
of oversized cargo in multimodal connection, wherein the air carrier acts as 3PL provider for a

time.

PROVIDING AIR ENTERPRISES’ BUSINESS EXCELLENCE THROUGH STRATEGIC
LEADERSHIP DEVELOPMENT. L.Lytvinenko. “Air Transport”. Tbilisi, 2017, Ne 1(12), pp.
56-62(Eng).

In the article the role and basic terms of the air enterprise strategic leadership
development were determined and analyzed. Interconnection between application of strategic
leadership and business excellence indicators of the air enterprise was studied. It was identified
that leadership approach to management allows achieving long-term goals of the air enterprise
development through the implementation of strategic changes necessary for a more effective
economic activity performance in the face of uncertainty and dynamic factors of the

environment, while maintaining a sufficient level of flexibility and agility.

SYSTEM MODELING OF MARKETING INTERNATIONAL BUSINESS SECURITY. O.
llienko. “Air Transport”. Tbilisi, 2017, Ne 1(12), pp. 63-70 (Eng).

The article considers the model of construction of such concepts as: " marketing strategy
global economic security of subjects of international entrepreneurship™ and “marketing for
international business”, as well as the urgency of the need to create a new concept of "marketing
international business security", justified by the existing conditions of the development of the

world economy, which today is very complex and not stable.
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TO THE PROBLEM OF PROVIDING ECONOMIC SECURITY ON ENTERPRISE. E.
Danilova. “Air Transport”. Thbilisi, 2017, Ne 1(12), pp. 71-76 (Eng).

In the article the types of economic security of the enterprise considered, the effect of the
region and the state as a whole on the formation process of economic security of the enterprise
analyzed, and also investigated the effect of other factors and threats (external and internal),

which can be a barrier to the effective development of the company.

DETERMINATION OF THE MAXIMUM RUNNING SPEED. A.Gigineishvili, K. Tskhakaia,
R. Kikvidze, M. Bibiluri. “Air Transport”. Tbilisi, 2017, Ne 1(12), pp. 77-82 (Eng).

In the work there is discussed the analysis of sprinter and slayer average and
instantaneous speeds trough the relevant distances. There is defined, that their optimal values
until the oxygen’s full exhaustion. There is showed, that the runner can’t run on maximum
average speed for a long time — the sprinter is able to maintain the average maximum speed until

the 200 m and the stayer until 2000 m (till the oxygen’s full exhaustion).

OPTIMIZATION OF DESIGN SCHEMES AND PARAMETERS OF MOTOR-ENERATORS
FOR AVIATION GAS TURBINE ENGINES A. Maisuradze, Z. Gobianidze, L. Maisuradze. “Air
Transport”. Tbilisi, 2017, Ne 1(12), pp. 83-93(Eng).

In this research work is analyzes one of the actual issues including in the concept of a”
fully electrified aircraft” (FEA), the first stage of that is the implementation of a "more
electrified aircraft” (MEA). This makes it necessary to replace the traditional electric generators
and starter generators driven by the drive gearboxes to motor-generating devices based on
permanent magnets and built-in "cold" rotating and stationary parts of the gas turbine engine (in
the rotor and stator).

The mathematical algorithms concerning optimization of design of aviation motor-

generators on the minimum weight and electrotechnical materials are developed.
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INNOVATIVE IDEA OF CARGO SENDING-RETURN ON SOLAR SYSTEM PLANETS ON
THE EXAMPLE OF MARS USING SOLAR ENERGY G. Kachlishvili “Air Transport”. Tbilisi,
2017, Ne 1(12), pp. 94-104(Eng).

In the paper is considered an innovative idea of sending and returning cargoes on Mars. It

is known that for operating on modernfuel engines, to transport even a small cargo to Mars
represents a huge problem, not to mention anything on its back returning.

According to our idea, due application of solar energy is possible to multiple send and
return of heavy loads on the Solar System's planets. Our idea also implies the development and
colonization of solar system planets, extraction and transportation of precious substances, safe
destruction of various sizes dangerous for Earth asteroids and possibility of greater

understanding of the solar system and universe.

GENERALIZED MODELS FOR DESCRIBING OF ELASTIC-VISCOUS BODIES
PROPERTIES. B. Abesadze “Air Transport”. Tbilisi, 2017, Ne 1(12), pp. 105-115 (Eng).

Avre stated the generalized models for describing of elastic-viscous bodies, for describing
of properties are applied the models that represents certain combination of pure elastic and plastic
property bodies. Are compiled combinations of generalized three element models with one elastic
and two viscous elements. Are described the relations between stress and strain for each
combination. Are obtained creeping, hardening, relaxation curves. Also in the paper are stated

four element models with two elastic and two viscous elements.

ANALISIS OF SOUND DECAY PROCESS IN AN ENCLOUSED SPASE. M. Chelidze, M.
Tedoshvili, D. Nizharadze, J. Javakhishvili. “Air Transport”. Tbilisi, 2017, Ne 1(12), pp. 116-124

(Eng).

In the work is considered oscillations and attenuation of sound waves in a closed
impedance tube with a sampling of different length depending on the length of the coherent
sound waves. The presented method provides the accuracy of measuring sound absorption in
materials without the use of a special laboratory and precision devices. In addition, this method
is less sensitive to fixing the test samples and less dependent on the arrangement of measuring

devices.
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SOLUTION OF THE STATIONARY PROBLEM OF INCOMPRESSIBLE VISCOUS FLUID
FLOW OVER A CYLINDER WITH A ROG METHOD. T. Obgadze, O. Kemularia. “Air
Transport”. Tbilisi, 2017, Ne 1(12), pp. 125-137 (Eng).

In this work, an algorithm of a numerical solution is created, which determines parameters
of stationary flow of a viscous, incompressible fluid around engineering structures, with complex
geometrical configuration. For taking into account the condition of fluid’s adherence to wall of
streamlined structures, RO method of Rvachev-Obgadze is used, and as base functions — regular
sources of Obgadze-Gabritchidze OG. Substituting the obtained expansions in the Navier-Stokes
equations and satisfying the kinematic conditions, we obtain discrepancies of the problem of
flow around structures of a complex geometric forms. The discrepancies obtained for each
equation are written in the form L,(G), where G is a control volume of the flow. The constructed

calculation algorithm is based on the Rvachev-Obgadze-Gabritchidze ROG method.

SOLVING FLUID DYNAMIC PROBLEMS WITH RVACHEV-OBGADZE RO METHOD. T.
Obgadze, O. Kemularia. “Air Transport”. Tbilisi, 2017, Ne 1(12), pp. 138-146(Eng).

In this work, we describe RO Rvachev-Obgadzemethod. The algorithm for creating
boundary equation is created; for which, homomorphisms of T.Obgadze are used. Algorithms
based on Navier-Stokes equations are created, for solving tasks of stationary boundaries, which
afterwards are tested by set of problems, solved with numerical methods with the help of
Mathcad software. Solutions by numerical methods are compared to solutions by famous

methods. Absolute and relative error values are given.

MATHEMATICAL MODELING OF WAVE DISTRIBUTION BASED ON EXACT
SOLUTIONS OF NAVIER-STOKES EQUATIONS. T.Obgadze. “Air Transport”. Thbilisi, 2017,
Ne 1(12), pp. 147-150 (Eng).

In the paper, based on the two-dimensional Navier-Stokes equations for a viscous

incompressible fluid, the propagation and gradual, slow damping of tsunami waves are modeled.
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Exact solutions of the two-dimensional Navier-Stokes equations that describe the propagation of
tsunami waves are found. Based on the generalization of the approach, for finding the exact
solution of the Navier-Stokes equations, solutions which describe the dynamics of progressive

waves of a viscous incompressible fluid are found.

HARMONIC WAVES IN ELASTIC ISOTROPIC WEDGE M. Vazagashvili. “Air Transport”.
Thilisi, 2017, Ne 1(12), pp. 151-156 (Eng).

Is offered the method of analytical description of wave field in the elastic wedge. Is
carried out the analysis of wave field in the orthogonal wedge and is researched the dependence

of phase velocity of angular mode from coefficient of Poisson

LEADING AVIA COMPANIES ADVANTAGES IN THE WORLD N.Jerenashvili; A.
Kurtanidze. “Air Transport”. Tbilisi, 2017, Ne 1(12), pp.157-161 (Eng).

Aviation is the practical aspect or art of aeronautics, production, development, especially
heavier than air aircraft. The airline industry exists in an intensely competitive market. In recent
years, there has been an industry-wide shakedown, which will have far-reaching effects on the

industry's trend towards expanding domestic and international services.
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PED®EPATDI

BECITPOBOAHBIE CETBI, UX TUIIBI 1 METO/bl NCIIOJIbB3BOBAHWA. O.lllonuns, H.

KapreemmmBuim, 3. bepuaze, U. Jduamanunse, JI. Kouabas. «Bo3gymHblii  TpaHcrnopT»
Toumucu, 2017, Ne 1(12), ct. 11-16(anrn).
B crarbe mpencraBieHbl OCHOBHBICKIIIOUEBBIE CBEICHUS O TEXHOJOTHIX OECIpPOBOIHBIX

KOMITBIOTEPHBIX CeTeil W HMX KOMIOHEHTOB.Bce THmbI OecnpoBOAHBIX ceTeil (Takue Kak,
MepCOHANbHBIE, IOKATbHBIE, pErHOHATbHBIC U TTI00ATbHBIE CETH) 00CYKIEHHBI KPATKO U OMHCAHHBI
uX (YHKIHH, CTPYKTYpa U CIIOCOOBI MCIONb30BaHus. Takxke,B paboTe yAeleHo BHUMaHHe PO U
BAXXHOCTH OECIPOBOJHBIX KOMIIBIOTEPHBIX CeTed B IMOBCEJHEBHOM IKU3HU  YeEJOBEKa.
ConepixatenbHO paccMOTpeHa crernuurka padoThl KaKI0ro Thmna 0eCrpOBOJIHBIX KOMIBIOTEPHBIX

CeTeH M MX 3HAYNMOCTD JIJIS O6HI€CTBa.

PACUET IUIACTMHOK TIIOJKPEIUIEHHBIX TOHKMMM KPUBOJIMHEMHBIMU
CTEPXHAMM [EPEMEHHOI'O CEYEHMA. I'' Kumuanu, I Oxpommpuiase, B.
CynamBuian. «Bo3gymssiii Tpancrnopt». Tounuch, 2017, Ne 1(12), cr. 17-23(anrn).

BoiBeniensl 001ine yCIIOBUS CONPSDKEHHS IUIACTMHOK CO CMELIEHHBIMU CpPEAMHHBIMU
MOBEPXHOCTAMHU TOCPEICTBOM TOHKOro pedpa mepeMeHHOW kEcTkocTtu. M3 3THX ycioBui, B
YaCTHOCTH, CIEAYIOT YCJOBUS COBMECTHOIO JNe(OpPMHPOBAHHUS IJIACTUH C BBIJABKAMH Maloi
IITyOUHBI, @ TAKXKEe pa3IMYHbIe BUBI YCIOBHM Cras IUIACTHH C peOpaMu NMEPEeMEHHOI0 CEYeHMUs,
KOTOpbI€ HCHOJb30BaHbl B paboTe NpH pelmeHuH 3aJad pacyéra M palroOHaJIbHOTO

IMMPOCKTUPOBAHNA TOHKOCTCHHBIX KOHCTPYKIII/II\/JI.

PACYET IIJIACTUH M OBOJIOUEK C PEBPAMU JXECTKOCTU IIO METOLY
KOHEYHLBIX 3JIEMEHTOB. I'. Kunuanu, M. Hukapumsuiau, C.bauanse, Y. /(303yamBuiiu.
«Bo3mymusii Tpancnopt». Tommmch, 2017, Ne 1(12), cr1.24-30 (anrmn).

B Hacrosmiel craThbe W3IOXKEHO pa3BUTHE JTANOB pacyeTa IUIACTHH U 00OJI0YEK C
peOpamu sxkecTKOCTH. OTMEUYEHO, YTO Teopusi pPeOPHCTBIX O000JOYEK SBISETCS OAHUM W3
HauboJiee CIIOPHBIX M HE3aBEPUICHHBIX pa3JiesioB oOuieil Teopun obonouek.Paccmarpusarorces
pacueTsl 000J104€K ¢ IPOAOJIBHBIMU U MONEPEUYHbIMU PEOpaMH JKECTKOCTH METOJIOM KOHEUHBIX

37eMeHTOB. B mepBoM BapmaHTe pedpo >KECTKOCTH paccMaTPUBACTCSIKAK OalOYHBIN KOHEUHBIN
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3JIEMEHT, BO BTOPOM ciydae p&Opa amnmpoKCUMHUPYIOTCS KaK TOHKOCTEHHbBbIE IUIACTUHBI U,
HaKOHEI], B TPEThbeM cllydyae pebpo MpPEeACTaBICHO KaK TPEXMEPHBIH KOHEYHbIN ayeMeHT./lan

CpaBHHTeHBHBIﬁ AHAJIN3 TCOPCTUUCCKUM U SKCIICPUMCHTAJIbHBIM PC3YyJIbTaTaM.

[MTPOBJIEMbI " [MEPCIIEKTHUBbI YIIPABJIEHUA PA3BUTUEM
MHTEJJIEKTYAJIBHOT'O ITOTEHLIMAJIA ABUATPAHCIIOPTHBIX ITPEIIPUATUIA.
M. ITumzkuna, B. HoBak, E. PazymoBa. « Bosgymsslii Tpancnopr». Tounucu, 2017, Ne 1(12),
c1.31-36 (anrn).

B pesynprare ananmsza paboT BEIyIIMX OTEYCCTBEHHBIX M 3apyOCKHBIX YUCHBIX HAMH
0000I1IeHbI OCHOBHBIC (DAKTOPBI, MOJOXKHUTEIBHO BIHAIONME HAa (HOPMUPOBAHHE U Pa3BUTHE
MHTEIUICKTYaJIbHOTO TTOTEHIIMAJIA TIPEANIPUITUH, a TAKXKE MPEIII0KESHBI MEPbl, HEOOXOIUMBIE JIJIsI

YCIICHIHOT'O pa3BUTHUA UHTCIIJICKTYAJIbHOT'O ITOTCHIIMAJIA aBUATPAHCIIOPTHBIX HpeI[HpI/IﬂTI/If/'I.

IIEPCIIEKTUBHBIE HAIIPABJIEHUSI PA3BUTHS TPAHCIIOPTHOM CUCTEMBI C
YYETOM TIPUOPUTETOM HAIIMOHAJIBHOM SKOHOMUKHU O. Kupmiaenko, O.
Niabenkxo, B. HoBak, E. Kpanko. «Bo3gymssiii Tpancnopt». Tounucu, 2017, Ne 1(12), ct.37-
44(aHrm).

B cratee wmcchaemyroTCs MPOIECCh  TapMOHM3AIMH  3KOHOMHUKO-TIPABOBBIX OCHOB
(YHKITMOHUPOBAHKS TPAHCTIOPTHOW CHUCTEMBI YKpPaWHBI, YTO TCOPETHYCCKH JTaCT BO3MOXKHOCTH
JIOCTYIIa HaIlle CTpaHbl K MEPEIOBBIM €BPOTEHCKUM TEXHOJIOTUSM U NMPUBJICUCHUE MHBECTHIIHIA,
PacKpBITHI OCHOBHBIE MPOOIeMbl HAa MyTH K 3¢ (HEKTUBHONW TapMOHM3AIMH HWHTETPAIMOHHBIX
MIPOIIECCOB, 3aKIIOYAONINECS B HEOOXOIUMOCTH OOECIIEYeHHUs] COOTBETCTBUS HAIMOHAIBHOM
TPAHCIIOPTHOH CHCTEMBI BBICOKMM CTAHJAPTaM W TEXHUYECKUM TPEOOBAHUSM pPBIHKA

TPAHCIIOPTHBIX YCJIYT C YUCTOM IIPUOPUTCTOB HallMOHAJIbHOM SYKOHOMHUKHU.

170



LSIAMNSIMAHOLM) HFIGH0IAOM TJIHBIRO «BO3SIO() BAS6L3M)HB0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT»Ne1(12), 2017
MEXIYHAPOJIHBII HAYYHBIN XYPHAJ «BO3AYIIHBIN TPAHCIIOPT»

OCOBEHHOCTHU ITPUMEHEHUMSA PUCK-MEHEJDKMEHTA B ABMAKOMIIAHUAX. B.
Hosaxk, U. baccapa6a, B. Ilepeaepuii. «Bo3gyurasiii Tpancnopt». Toumucu, 2017, Ne 1(12),
cT. 45-49(anrn).

B cratee paccMoTpeHbl  MpoOJeMbl  IPUMEHEHUs  PUCK-MEHEDKMEHTa  Ha
aBuanpennpuarusax. Ha ocHoBe aHanm3za, 0000IIEHUS U CHCTEMATHU3alMU HAyYHBIX UCTOYHUKOB
paccMOTpPEeHbI OCHOBHBIE TPUYUHBI 1 OCHOBBI TPUMEHEHHS PUCK-MeHeKMeHTa. ChopMUpOBaHbI
NOJXOAbl K YIPaBJIEHUIO PUCKaMU Ha aBHanpeanpusatusx. OnpeneneHbl OCHOBHbIE LENH U

3a/la4uu pUCK-MCHCI)KMCHTA.

IMPEAIIOCBUIKU CO3JAHMA YHUBEPCAJIBHBIX MEXAHNU3MOB OIITUMU3ALINU
[TPOM3BOJICTBEHHO-JIOTUTUYECKOM JESATEJIBHOCTH ABHWAIIEPEBO3YMKOB
IIPU OPTAHM3ALIMU MYJIbTUMOJIAJIBHOM JJOCTABKU HEI' ABAPUTHBIX I'PY30B.

C. JIuTBuHeHKO. «Bo3pymnenii Tpancrmopt». Toumucu, 2017, Ne 1(12), c1.50-55 (anrmn).

B cratne HCCICAOBAHbl MPCANOCBUIKA CO3JaHUs YHHBCPCAJIbHBIX MCXaHHU3MOB
OIITUMMU3AINU HpOPI?»BOI[CTBGHHO'J'IOFI/ICTI/ILIGCKOI\/’I ACATCIIBHOCTU  aBHAIICPCBO3YMUKOB  IIpU
opraHu3anuun MYHLTHMOHaHLHOﬁ JOCTaBKH Hera6apPITHLIX I'py30B. Z[oxa3aH0, 4YTO Takasda
HGO6XOI[I/IMOCT]':> MOKCET BO3HUKHYTH JISI aABUAIICPCBO3YMUKOB HCKIIFOYUTCIBHO IPH JOCTABKE
Hera6apI/ITHBIX TpPy30B B MYJIbTUMOJAJIbHOM COO6HI€HI/II/I, IIpru OSTOM aBHAIICPCBO3YUK

CTaHOBUTHCS, Ha BpeMs 3PL onepaTtopom

OBECIIEYEHUE JIEJIOBOI'O COBEPIIEHCTBA ABHUANPEJIPUATUNA IIYTEM
PABBUTHUA CTPATETUYECKOI'O JIMJEPCTBA. JI. JluTBHHeHKO. «Bo3nyurasit
Tpancnop™». Toumucu, 2017, Ne 1(12), ¢1.56-62 (anrm).

B cratee ompeneneHpl M TPOAHATU3MPOBAHBI POJIb M OCHOBHBIE YCIIOBUS PAa3BUTHS
CTPATETUYECKOI0 JIMJIEPCTBA aBUANpeAnpusTHs. M3yueHa B3auMOCBSI3b MEXAY NPUMEHEHUEM
CTPATETUYECKOI0 JTUJAEPCTBA U MTOKA3aTENIAMH JIEIOBOTO COBEPILICHCTBA aBUANIPEANPUATHS. bbu1o
YCTaHOBJIEHO, YTO JIUJAEPCKUM MOJX0A K YIPABIEHUIO MO3BOJSET JOCTHYD JIOJITOCPOYHBIX Lieel
Pa3BUTHUSL aBHANPEINPHUATHS 32 CUET pPEATH3allUd CTPATETHYECKUX W3MEHEHHM, HEOOXOIUMBIX

s 6onee 3(PpPEKTHUBHOTO OCYIIECTBICHUS XO3AHCTBEHHOW JEATENbHOCTH B YCIOBHUSX
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HEOMNpEACNIEHHOCTH M JUHAMHYECKUX (DAKTOPOB OKpYXAIOUIeH Cpelbl, COXpaHss MPH ITOM

HOCTaTOqHBIfI YPOBCHB THOKOCTH U MaHCBpPCHHOCTHU.

MOJEJINPOBAHUE CUCTEMBI MAPKETHWHI'OBOM MEXJTYHAPOJIHOM
IPEJIIPUHUMATEJIBCKOM BE3OITACHOCTU. O.Mabenko «BO3AyUIHeIil  TpaHCIIOPTY.
Towmcu, 2017, Ne 1(12), cr. 63-70(anr).

B cratbe C(l)OpMHpOBaHa MOACIIb IIOCTPOCHHUA TaKHUX HOHHTI/IP'I, KaK. «MapKETHHIOBasd
cTparcerusa ria00aabHOM 3KOHOMUYECKOM 0e30IacHOCTH CY6’beKTOB MCKAYHAPOAHOTI'O
NpCApPUHUMATCIILCTBA» u «MApPKCTUHI'OBAs MCKAYHapOJHasa npeaApruHUMaTCIbCKas
ACATCIIBHOCTb», @ TAKKC OJOKa3daHa aKTyaJIbHOCTb H€O6XOI[I/IMOCTI/I CO3JJaHusI HOBOI'O IIOHATHA
«MApPKETUHTOBAass MCKAYHApPOJHAA [MPECANIPHUHUMATCIIbCKAasA 6C3OH3.CHOCTB)), 000CHOBaHHAs
CYIICCTBYIOIUMHU YCJIOBUSAMHU PA3BUTUSA MHpOBOﬁ OKOHOMHKH, KOTOPBLIC Ha CCFO,Z[HHHJHPII)'I JCHDb

OY€Hb CJIO0KHBIE M HE CTAOUILHEIC

K ITPOBJIEME OBECIIEYEHUMA AKOHOMUYECKOU BE3OITACHOCTH
[MPEAIIPUATUSA. 3. Janunaosa. «Bo3gymnslii Tpancnopt». Toumucu, 2017, Ne 1(12), cr. 71-
76(anriI).

B cratbe paccMOTpeHbl BHMJBI  SKOHOMHUYECKOW  O€30MacHOCTH  MpeIInpUsTHS,
[IPOAHAIM3UPOBAHO BJIMSHHUE PErHMOHa M TroCyJapcTBa B IIEJIOM Ha mporecc (opMHUpPOBAHUS
CHUCTEMbl SKOHOMHYECKON O€30MacHOCTH JIEATENbHOCTH MPEANPHUATHS, a TaKKe HCCIEI0BaHO
npyrue (pakTopsl BIUSHUSA U YTPO3bl (BHEIIHUE U BHYTPEHHUE), KOTOPbIE MOTYT CTaTh OapbepoM

Ha MyTH 3G GEKTUBHOTO PAa3BUTHUS MPEATIPUATHS.

K OIIPEJIEJIEHUIO MAKCUMAJIbBHOM CKOPOCTU BETA. A. Tmrunemmpumiu, K.
Ixakas, P. KukBuaze, M. budnaypn. «Bo3gyurseni tpancnopt». Tommuch, 2017, Ne 1(12),
cT. 77-82(anrm).

B pabote npoBeneH aHanau3 cpeHel 1 MTHOBEHHOW CKOpOCTE CIpUHTepa U cTaiiepa Ha
COOTBETCTBYIOIIIMX JIUCTAHLHMAX. YCTAHOBJICHBI HX ONTHUMAaJIbHBIE MEJIUYUHBI J10 IIOJIHOIO

pacxonma kuciopona. IlokazaHo, uyTo OeryH He MOXeET OexaTh C MaKCHMAaJIbHOM CpEIHOM
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CKOpPOCTBIO, TOJIBKO CIPUHTEP MOXET COXpaHUTh MAaKCHUMAJIbHYIO CPECAHIOIO CKOPOCTH O 200 M,

a ctaiiep 10 2000 M (10 TTOJTHOTO pacxojia KUCIOPOa).

OIITUMMBALNA ITPOEKTUPOBAHUA ABUALITMOHHBIX MOTOP-I'EHEPATOPOB I10
MHHUMAJIBHOM MACCE M 3JIEKTPOTEXHUYECKUM MATEPHAJIAM. A.

Maucypanse, 3. I'oonannnze, JI. Mancypanse. «Bo3gyurasiii Tpancnopt». Toumucu, 2017, Ne
1(12), cr. 83-93(anrmn).

B nanHoii Hay4HO# paboTe MpoaHaIM3upPOBaH OJMH U3 aKTyaJbHBIX BOMPOCOB, BXOISAIIUI
B KOHIIENIMIO CO3JAaHUA ,,IIOJIHOCThIO 3JeKTpopuuupoBanHoro camoisiera’” (I19C), nepsbiM
3TarioM KOTOPOTO SIBIISIETCS peanu3anus ,,0oi1ee ekrpoduimpoBanHoro camonera’” (B3C).
OTO BBI3BIBAET HEOOXOAMMOCTh 3aMEHBI TPAAUIIMOHHBIX JIIEKTPOTEHEPATOPOB U CTapTeEp-
reHepaTopa, IPUBOJSIIMXCA BO BpalleHHE OT KOPOOKH MPUBOJOB HA MOTOpP-T€HEPATOPHBIE
YCTpOWCBa, OCHOBaHHBIE Ha MTOCTOSTHHBIX MarHuTax " BCTPOCHHBIC B
,»XOJIOJHBIX ’BPAIIAIOIINXCS M HEMOJBM)KHBIX YaCTSIX Ta30TPOMHHOTO IBUTATENS (B POTOpE
cTarope).

Pa3paboranel ~ MaTeMaTHUeCKHE  QJITOPUTMBI,  KacaloUIHiics OTITUMU3AIIHIA
MPOCKTHPOBAHMSI  ABUAIIMOHHBIX  MOTOP-TEHEPATOpPOB 1O  MHUHHUMAJIbHOW  Macce W
AJIEKTPOTEXHUUYECKNX MaTepuayioB.B paboTe snekTpuueckas MalmMHa TMpeACcTaBiIeHHAs B BHUJIE
HETMHEWHON (YHKIIMM MHOTHX MEPEMEHHBIX, aHAIU3UPYETCS C MOMOIIBI0 CUCTEM JIMHEWHBIX

anre6p1/1qec1<I/IX YpaBHCHHHU.

MHHOBAIIMOHHAA WJEA TIEPEBO3A TPY3A HA IIJIAHETEI COJIHEYHOU
CUCTEMBI TYJA Y OBPATHO HA ITPMIMEPE MAPCA C IIOMOIIBIO COJIHEYOM
OHHEPTMU. I'. Kawnmmsuin. ,, Bo3gymssni tpancnopt. Tommmcu. 2017, Ne 1(12), c1.94-

104 (anrm).
B Hammx Tpymax paccMOTpeHa WHHOBAIIMOHHAs Hes TEPeBO3KU Tpy3a Ha Mapc u

obpatHo. M3BecTHO, 4TO jABMrarend, paOoTarolle Ha COBPEMEHHOM TOIUIMBE, HaXKe NpHU
nepeBo3ke Ha Mapc B MaJloM KOJIMYECTBE TPY3a, COCTaBIsIET OOJBIIYIO MPOOJIeMy, HE TOBOPS
yKe 0 oOpaTHOU mepeBo3ke. Hamra uaess COCTOUT B TOM, YTOOBI C MCIIOJIB30BAHUEM COJTHEYHOM
SHHEpruu ObliIa BO3MOXKHA MHOTOKpATHAas MepeBO3Ka rpys3a Ha IUIaHETabl COJTHEUHOW CHUCTEMBI.
A Takxke HJes COCTOMT B OCBOCHHMH-KOJIOHM3ALMU IUIAHET COJHEYHON CHCTEMBI, HaXOIKH-

TPaHCIIOPTUPOBKU JPArOLICHHBIX BEIECTB, OE€30MacHOM pa3pyIICHUH pa3HbIX AacTEepPOUIOB
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OIIaCHBIX AJIsA HaIeu IIJIaHCTBI, WU B 06I_HCM, 9TO Xopomiasa BO3MOXHOCTb [JIA H3YUCHHA

BCEJIEHHO.

OBOBIIEHHBIE MOJEJIN U151 OIUCAHUS CBOMCTB YIIPYI'O-BSA3KUX TEJL.
B. Abecanse,, Bozgymrasiii tpancnopt®. Tommucu, 2017, Ne 1(12), ¢1105-115. (anrm).

[IpuBenensl 0000IIEHHBIE MOJENM JAJIsi ONMUCAHUS CBOMCTB YHPYro-Bs3kux Tei. Jlons
ONMCAaHMUSl CBOMCTB MCIIOJB30BaHbl MOJIENIM, B KOTOPBIX IPEIACTABICHBI OMNPEACIEHHBIE
KOMOHWHAIIMK YHUCTO YMPYTHMX M YHCO IUIACTUYCCKUX CBOWCTB Tell. COCTaBJICHBI KOMOMHAIINU
OOOIIEHHBIX TPEX-3TEMEHTHBIX MOJENENd C OJHUM YIPYTMM U JIBYMSI BS3KUMHU SJIEMEHTAMHU.
OJInucaHbl 3aBUCUMOCTH MEXAY HANpSOKEHUSAMH U JAedopManusMu A KaXIOTO SJIEMEHTA.
[TosrydeHbl KpUBBIE MOJBYYECTH, YIPOYHEHHS, pelakcanuu. Takke B paboTe NPUBEIACHBI

I-IGTI)IpéX:)J'IeMGHTHI)Ie MOZCIIN C ABYMA YIIPYTYMMU U JIBYMS BASKUMH 3JICMCHTAMU.

AHAJINA3 ITPOLECCA IIOI'JIOHIEHUSA 3BYKA B 3AKPLITOM ITPOCTPAHCTBE. M.
Yemmaze, M. Texomsuim, /1. Huxapanse, 1. JixaBaxumBuian. «Bo3aymHblli TPaHCIOPT».
Toumucu, 2017, Ne 1(12), ct. 116-124(anrm).

B pabore paccmarpuBaercsi KojeOaHHWE M 3aTyXaHHME 3BYKOBBIX BOJIH B 3aKpbITOU
UMIIEJAHCHON TpyOKe pa3HOil BHIOOPOYHOM UIMHBIB 3aBUCUMOCTH OT JJIMHBI KOXEPEHTHBIX
3BYKOBBIX BOJIH.IIpencTaBieHHbIE MeTol OOecrneuynBaeT TOYHOCTbU3MEpEHHs Kod(¢uimeHTa
3BYKOBOI'O TIOTJIOLIIEHHMsI B Marepusuiax ©0e3 MNpHUMEHEHMs cHeluaibHOi mabopaTopuu |
IPEUM3UOHHBIX  ycTpolcTB.Kpome  TOro, JaHHBIM  METOX  MEHEE  YyBCTBHUTEJIEHOT

(buKcaUHNCIIBITYeMBbIX 00pa3I0B U MEHEE 3aBUCUM OT PACCTAHOBKU U3MEPUTENBHBIX MIPHUOOPOB.

PEIIEHUE TUJIPOJMHAMUYECKUX 3AJJAY RO-METOJIOM PBAYEBA-OBI'AJI3E.
T.O6ragze , O.Kemynapusi. «Bo3pymnsni tpancnopr». Tommuen, 2017, Ne 1(12), cr. 125-
137(anrmn).

B pabore paccmatpuBaercs RO-meron PpauéBa-OOranze. CTpouTcss aiaropuT, A
MIOCTPOCHUSI YPABHEHMSI MHOTOCBSI3HOW TpaHUIIbI; AJIE 3TOTO MPUMEHSIOTCS TOMOMOP(hHU3MBI
Obranze. Pa3paGoTaHbl anropuTMbl JUIsl pEIICHHs TPAaHUYHBIX 3a7ad, KOTOpbIE IPOBEPEHBI
pEUICHUSIMH psiia TECTOBBIX 3a7ay Ha ocHoBe Mathcad. PesynbraTbl YMCIICHHBIX pPacueToB

CpaBHUBAKOTCA C U3BCCTHBIMHU TOYHBIMU W YHUCJIICHHBIMH PCUHICHUSAMU COOTBCTCTBYIOIIUX 3aad.
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Brrunciasrorcst 4ucieHHble 3HaueHHsT a0COJIFIOTHON M OTHOCUTENLHOM INOrp€IIHOCTH B Ka)KﬂOfI u3

PEIICHHBIX 3a1a4.

PEIIEHUE CTALIMOHAPHOW ITPOBJIEMBI HEIPEPBLIBHOI'O BS3KOI'O ITOTOKA
KNUJIKOCTU HA HWJIMHAPE C METOJOM ROG. T. Ob6ramse, O. Kemyaapus.
«Bo3mymuslii Tpancnop». Tomucu, 2017, Ne 1(12), cr.138-146 (anrm).

B pabore cTpouTcs anropuT™M, 4YMCIEHHBIM pacueT ONpelesouMX apaMeTpoB
CTallMOHAPHOTO IIOTOKA BS3KUX, HECKUMAEMBIX JKUAKUX KPYTJIBIX WHKCHEPHBIX COOPYKEHHIH,
CIIO’)KHAsi reoMeTpuyeckass KoHpurypauus. Jias ydyera COCTOSHUS HPUWIMIIAHUS >KUIKOCTH K
CTEHKaM 00TeKaeMbIX KOHCTPYKIHH npumensercs merox RO PraueBa-OOraj3e u Kak OCHOBHbIE
(GyHKINU, WCHOJB3YIOTCSA peryisipHble ucrounuku OOramse-I'abpuunmze O.I. Iloxacrasiss
yKa3zaHHOE pasjoxeHne B ypaBHeHUsT HaBpe-CTOKca M yJOBIETBOPSISI KHHEMATHUYECKUM
YCJIOBUSM, MBI [IOJTy4aeM HE BsSI3aHME 33J]a4d O MOTOKE KOHCTPYKIMH CIO0XKHON I'eOMETPUIECKOi
dopwmel. [TonydeHHOE HE BA3aHKE ISl KOKIOTO YPaBHEHHUS 3alKChIBaeTcs mo Hopme L, (G), rae
G-ob6nacte uccienyemoro toka. IlocTpoeHHBIN anroputM pacuyera ocHoBaH Ha merone ROG

Merozaa PBaueBa-O06ramze-I"abpuun3e.

MATEMATHUYECKOE  MOJIEJIMPOBAHUE  PACIIPCTPAHEHUA  BOJIH HA
OCHOBETOYHBIX PEIIEHMM VPABHEHUII HABBE-CTOKCA T. Oéranze.
«Bo3mymnsiii Tpancnopt». Tommucu, 2017, Ne 1(12), cr.147-150 (anrm).

B paGorte Ha ocHOBe nByMepHbIX ypaBHeHMH HaBbe-CTokca, Al BSI3KOM HEC)KMMaeMoil
KUJKOCTH, MOJEIHMPYETCS PacCHpOCTPAaHEHHWE M IIOCTEIEHHOE, MEJUICHHOE 3aTyXaHHE BOJIH
uyHamu. Haiinensl TouHble pelieHUs JByMepHbIX ypaBHeHud Hasbe-CTokca, KoTOpbIe
OIMCHUBAIOT paclpocTpaHeHHe BOJIH I[yHamMHu. Ha ocHOBe 0000IIeHUs MOAX0/1a, K HAXOXKIECHUIO
TOYHOTO peuieHus ypaBHeHMM HaBbe-CTokca, HamaeHbl pelIeHUs Ui ONMCAHWS JMHAMUKH

MPOTrPECCUPYIONIUX BOJIH BA3KOM HEC)KUMAEMOU KUIAKOCTH.
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FAPMOHUYECKHWE BOJIHBI B  VIIPYTOM  M30TPOIITHOM  KJIMHE. M.

BazaramBuin. «ABHaIMOHHBIN TpaHcTopTy,. Towmucu, 2017, Ne 1(12), ¢1.151-156 (anrmn).
[IpennoxeH cmoco® aHATWTHYECKOTO OIMUCAHUS BOJHOBOTO TMOJS B YIPYroM KIIWHE,

[IpoBenéH aHanmM3 BOJHOBOTO TOJS B MPSMOYTOJBbHOM KIMHE W HCCIEI0BaHA 3aBHCUMOCTh

(hazoBoil ckopocTH yrioBoi Mojbl OT ko3 duumenta [lyaccona.

[MPEMMYUIECTBO BE,ZLVH_[I/IXABI/IAKOMHAHI/Iﬁ B MUWPE. H.[xepenamBuiu, A.
Kypranuase. «Bo3gymssiii Tpancnopt». Tounucy, 2017, Ne 1(12), ¢1.157-161 (anrn).

ABI/IaI_II/ISI - O9TO OTpacCiylb ACATCIIBHOCTH YCJIOBCUCCTBA, CBA3AHHAA C MOJIETOM
JICTATCJIBHBIX alllapaToB, TCOPUA U IPAKTUKA noJyéra mno BO31yXYy Ha JICTAaTCJIbHBIX alllaparax
TAKCIICC BO3yXa. ABI/IaIII/IOHHaﬂ IMPOMBIINIJICHHOCTh CYHIECCTBYCT Ha PBIHKC C HHTCHCHUBHOM
KOHKprHHHeﬁ. B IOCJICAHHUEC T'OAbI ITPOU30IICII o0Bay B MaciuTabax Bcei oTpaciiv, KOTOpLII;'I
OKaXCT HaJICKO MAYyHICC BJIMAHUC HA TCHACHIUIO OTPACIW K PAaCHIMPCHUIO BHYTPCHHUX U

MEXIYHApOIAHBIX YCIIYT
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The manuscripts submitted for publication must satisfy the following requirements.

1.

N

~

9.

The article should be submitted to the editorial board with a review and a written
response from the author (s) to the conclusion of reviewer. Authors from the Georgian
Aviation University and other HEI should submit resolutions of the councils of the
relevant faculties on the appropriateness of the publication of this article, and authors
from research institutes and enterprises — decisions of scientific or scientific and
technical councils.

The paper must be prepared in Microsoft Word.

Articles in Russian and English should be typed in Times New Roman. The Georgian
font should be typed in Sylfaen.

The paper should be submitted to the editor on A4dsheets of white paper and a 1.44 MB
floppy disk or CD. The font size is 12, the interval is 1.5; margins: Top - 3,5, Left - 2,5,
Right - 2, Bottom - 2,5. Font size fortitle of the work is collected - 14; for surname, name,
patronymic of the author (s) - 13; for name of the organization where the work is done is
indicated in brackets - 13; for abstract of the work in italic - 12; for keywords - 12.
Tables, diagrams, graphs and formulas should be presented by computer graphics
[printing].

In references for books is necessary to indicate: the name (s) of author (s), initials, title of
tbook, place of publication, publisher, year of issue, number of pages. For scientific
article is necessary to indicate: the name (s) of author (s), the title of article, two inclined
lines that distinguish the name of the journal (conference, congress, etc.), the place of
publication, the year of publication, the volume of journal, the initial and final page of the
article.

ForAuthorcertificates  (AC)  forinventionsorpatents,  thelistofreferencesindicates:
thetitleofinvention,  statethat ownthepatent (orAC), thepatentnumber (orAC),
thedateofissueofthepatent (orAU), twoinclinedlines, theauthor(s),
placeandyearofpublication..

The total volume of an article should not exceed 10 pages.

In the case of a negative review, at the request of the author, the editorial board may
authorize publication with a stamp as a matter of discussion.

The article must be signed by the author (s).

177



LSIAMNSIMAHOLM) HFIGH0IAOM TJIHBIRO «BO3SIO() BAS6L3M)HB0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT»Ne1(12), 2017
MEXIYHAPOJIHBII HAYYHBIN XYPHAJ «BO3AYIIHBIN TPAHCIIOPT»

FOR REVIEWER'S

The following issues should be reflected in the review of the article.

Relevance of the topic.

Scientific novelty.

Practical significance.
Methodologicalvalidityoftheresearchmethodology.
Thecorrectnessofthecarried out research .

Compliance with international 1SO standards.

Application of the international SI system.

Presence of stylistic, grammatical and terminological errors in the text.
Conclusion on the advisability or inexpediency of publication.

CoNOR~wWNE
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K cBenenunio aBTopoB crareu

ABTOpPBI 00BSI3aHBI IPEACTABUTH CTATHH CO CTPOTUM COOJIOJICHUEM CIIEAYIOIINX TPeOOBaHUH.

10.

11.
12.

13.

14.

15.

16.
17.

18.

Cratps A0KHA OBITH MPEACTaBICHA B PEAKIMIO C PELIEH3UEH U MUCHbMEHHBIM OTBETOM
aBTOpa(OB) Ha 3aKJIIOUEHUE pELEeH3EeHTa. ABTOpPBI ¢ ABUALIMOHHOTO YHUBEpcUTeTa I'py3un
U JAPYruX BY30B JOJKHBI MPEJCTaBUTH IOCTAHOBJIEHHUS COBETOB COOTBETCTBYIOIIMX
(hakyIbTeTOB O IEIeCOO00Pa3HOCTH MyONUKAlUK JaHHOW cTaThd, a aBTopbl ¢ HUU u
NPEINPUATHA — PeIICHHs HAyYHBIX WM HAYYHO-TEXHUYECKHX COBETOB.

Pabora moarorasnusaercs B MicrosoftWord.

CraThu Ha PYCCKOM U aHIJIMMCKOM S3bIKaX JOJDKHBI OBITH HaOpaHbl MIpUGTOM
TimesNewRoman. I'py3unckuii mpudt 1omwkeH ObiTh HabpaH mpupTom Sylfaen.

Cratps J0mKHA OBITH IPEJCTABICHA B PEIAKIINIO Ha TucTax Oenoit Oymaru pazmepom Ad
u auckeroir 1,44 MBumun CDauckom. Pasmep mpudra 12, uarepsan 1,5; moms: Top -
3,5, Left — 2,5, Right — 2, Bottom — 2,5. Ha3sanue pabotsl cobupaercs mpudrom 14;
dbamunus, uMms, ordecTBO aBTopa(oB) — mpudToM 13; Ha3zBaHHWE OpraHU3AINH, TIC
BHINIOJTHEHA paboTa, YKas3bplBaeTcs B CKoOKkax — mpudrom 13; pestome paboOThI
BBITIOJIHSACTCSI KypCUBHBIM mpudToM 12; kirodeBbie cioBa — mpudrTom 12; k padore,
BBHITIOJTHEHHON HAa PYCCKOM SI3BIKE, ITOCIE JUTEepaTyphl mpudTom 12 npumnaraercs pe3rome
Ha aHTJIMHCKOM SI3bIKE C yKa3aHWEM Ha3BaHHs TpPy/Aa, UMEHHU, OTYECTBA W (haMUIIHH
aBTOpa(OB).

Tabmuuel, cxemsl, rpadpuku U (GopMynbl JAOIKHBI OBITH TPEACTABICHBI MOCPEICTBOM
KOMITbIOTepHOM [rpaduku][nedatu].

[Ipu odopmieHnn CcHUCKa JIUTEPATyphl, KOTIa YIOMHHAIOTCA KHUTH, HEOOXOINMO
yka3zaTb: (paMuinio(nu) aBTopa(oB), MHUIMAJBI, HA3BaHHE KHUTH, MECTO MyOJIMKaIuH,
M3JIATEeIBCTBO, T'OJl BBITyCKa, KOJIMYECTBO cTpaHUIl. Ecin yka3pIBaeTCcst Hay4dHasi CTaThs,
HaJ0 yKasarh: (pamunuio(uu) aBTOpa(oOB), HAa3BAaHUE CTATbH, JBE HAKJIOHHBIE IJMHUH,
BBIJICIIAIONINE Ha3BaHUE )XypHaa (KOH(pEpEeHIINN, KOHTpecca U T.JI.), MECTO TTyOJIUKaIIH,
rOJl U3/1aHMsI, HOMEp TOMa JKypHaJa, HayaJlbHasi U KOHEUHasi CTPaHHULIbl CTaThU.

[Ipu ucnonb3oBaHuu aBTOPCKUX cBHUAETENbCTB (AC) Ha M300peTeHus: WM NaTeHTOB B
CIIMCKE JINTEpaTyphl YKa3bIBAlOTCSA: Ha3BaHME H300pETEHMs, TOCYIapCTBO, KOTOPOMY
npuHaiexxutT nateHt (i AC), Homep narenTa (win AC), gata Bbiauu naTteHTta (Wi
AC), 1Be HaKJIOHHBIE JIMHUU, aBTOP(bI), MECTO U TOJ] MyOINKAIIHH.

OOmmii 00beM cTaThH HE JT0JDKEH MpeBbImaTh 10 cTpaHuilL.

B cnydae otpumarenbHOM peneH3uWd, MO TMPOChOE aBTOpa, PEAAKIIMOHHAS KOJUICTHS
MOJKET pa3pelInTh NyOIuKauio ¢ rprudoM B OPsiIKE 00CYXKACHHUS.

Cratbs nomKHA OBITH TIOJIITCAHA ABTOPOM(aMH).
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ITamsaTKa peneH3eHra

B pernien3uu Ha CTaThiO JOJKHBI OBITH OTPAXKEHBI CIICAYIOIIUE BOIIPOCHI.
10. AKTyanbHOCTb TEMBI.
11. HayuHas HOBH3HA.
12. IIpakTyeckoe 3HaUCHHE.
13. MeTogonorudyeckas 000CHOBAHHOCTb METOJINKH MCCIEA0BAHMUS.
14. KoppeKTHOCTh NPOBEAECHHOIO UCCIIEOBAHHUS.
15. CootBeTcTBUE MEXAYyHApOAHBIM cTaHaapTam ISO.
16. [IpumeHeHnE MEKIYHAPOIHOW CUCTEMBI eAuHUIT Sl.
17. Haimune CTUIMCTHYECKUX, TPAMMATHYCCKUX M TEPMHUHOJOTHYECKHUX OIIMOOK B
TEKCTE.
18. 3axnrouenue o 1eaecooOpa3HOCTH UM HelleIecoo0pa3HOCTH MyOIuKalUu.
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