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European model for the protection of civil
aviation against unlawful interference

David Alania
(Georgian Aviation University,
Ketevan Dedofali ave. Ne 16, Thilisi, 0103, Georgia)

Abstract: The article presents measures to protect civil aviation from unlawful interference from the
perspective of the European model. The article step by step covers all stages of development of the civil aviation
system at the international level Comparative examples with other security systems are discussed. Practical
examples of problems and their solutions aiming to improve systems through participation of majority of
countries are presented. The article describes developing and transforming threats to aviation security and the
actions against related crimes. The problems are shown from an international perspective and their solutions are

suggested both on an international as well as individual state level

Keywords: Measures to protect civil aviation, unlawful interference, aviation security, threats
to aviation, international aviation law, ICAO, convention, aviation and airport security, terrorism,

Convention.

Kathleen Sweet, author of a research called "Aviation and Airport Security. Terrorism and
Safety Concerns", ! emphasizes that terrorists not only have claimed the lives of hundreds of people —
they have also considerably complicated work of airlines and airports, have made less comfortable life
of passengers, and became the reason of increase in prices for tickets.

The first airline specializing in transportation of passengers has been created in 1917; whereas
civil aviation as such began to progress only in the late twenties. In 1933 in Belgium an ever first
terrorist attack occurred with passengers on board. The Imperial AW Company airliner blew up in air,
as a result of explosion caused by a nitroglycerin bomb.

Over the last two decades, the terrorist activity has been rapidly increasing in many parts of
the world. This is how the terrorism became a global threat.

Transport objects due to their vulnerabilities as opposed to others became especially attractive
to terrorists. Terrorist attacks on transportation means in many cases are followed by a considerable
amount of victims. Such attacks often paralyze the major spheres of economy and destabilize situation
in a society.

While reviewing this subject, let us pay attention to two important subjects. First of all, let us
focus on the growing number of passengers using air transport; this trend itself increases challenges.
The second matter relates to heterogeneity of such a complex industry.

This heterogeneity is visible in a geographical context and it is mostly connected with different
paces of development of certain countries or regions, demand for air transport, a geopolitical situation
as well as risks associated that have a tremendous impact on aviation security. In view of these
conditions, there are three civil aviation safety models that can be applied: European, American and
Israeli.

!Kathleen Sweet. Aviation and Airport Security: Terrorism and Safety Concerns 2008
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Each of them is characterized by different approaches to threats of terrorism and a safety of an
aircraft. The main distinction between three models is first of all the restriction and application of a
certain quantity of methods aiming to ensure safety. These specific models also differ from each other
from the legal point of view and system connections.

This paper presents the European model of civil aviation security, which we will describe
starting from relevant international legislation.

The comprehensive air transport system must be legally homogeneous so that it can operate
smoothly and efficiently throughout the world. To this end, certain legal rules have been evolving
together with the aviation. These rules were refined following various historical events that have had
an impact on aviation at an international level.

The first major step in the development of the international aviation law was taken in 1910,
when France voiced its concerns over numerous cases of its airspace invasion. The international civil
aviation conference?, which was attended by the representatives of 18 European countries, discussed
and developed legal norms for the movement of aircrafts across countries. Work on these rules
continued until 1919 when the documents were signed and the International Air Convention was
finally ratified by 38 countries. The Convention contained technical, organizational and operational
provisions on air navigation.

In 1944, the US President Franklin Delano Roosevelt, along with the Vice President Henry
Wallace, organized a conference (the so-called Chicago conference?) to discuss the future of civil law.
The conference focusing on organizing the post-war system of civil aviation and solving the existing
issues was attended by 52 countries. As a result of discussions the International Civil Aviation
Organization (ICAO) was established. Its core bodies are the Assembly, the Council and the Secretariat
that belong to the United Nations. The organization seeks to ensure international cooperation and
consistency of rules and standards in civil aviation at all possible levels. It also works to ensure the
safety of air navigation through introduction of new and modified rules, standards and procedures
applicable to international aviation activities. ICAO is an Autonomous organization functioning on a
global scale.

The system decision in the sphere of civil aviation security, namely the Appendix 17 of the
Chicago convention, is global. This Appendix focuses on the standards, the principles and the
recommended behavior methodologies pertinent to areas such as access control, aircrafts, passengers,
hand luggage of the registered baggage, freights, postal cargo and other goods, and, e.g., control of the
public area and the rules for handling passengers who qualify for special treatment.

With the development of aviation and the emergence of new tasks, various above-described
areas pertinent to procedural and legislative norms are subject to continuous changes and
improvements, aiming to increase the safety of civil aviation.

A few years after the end of World War II, aircraft hijacking became an increasingly serious
problem. Cases of aircraft hijackings were reported not only on a regional level but also on a global
scale. The increase in number of aircraft hijackings led to the decision of the ICAQO’s Legal

Committee. A document called the Convention on Offences and Certain Other Acts Committed on

2 https://www.icao.int/secretariat/PostalHistory/1910_the_paris_convention.htm
*https://www.icao.int/publications/Documents/7300_orig.pdf
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Board Aircraft,, i.e. the Tokyo Convention*, was adopted. It entered into force on the 4™ of December
1969, following ratification by 12 States.

Chapter three of the Convention allows for the use of coercive measures by crews and, in
special cases, by passengers, towards a person threatening the safety of the aircraft. The aircraft
commander was also granted a right to remove the passenger who endangers the flight or committed a
crime on board of the aircraft, and hand him/her over to law enforcement agencies in the country
where the commander decides to make an emergency landing.

Despite implementation of the Tokyo convention, the number of cases of violence committed
on board increased. Therefore on the 16* of December 1970 ICAO published its Hague convention®.
The purpose of this convention was to fill in the existing gaps and reinforcing the provisions of the
Tokyo convention. Understanding of the so-called "flight phase" was expanded; according to the
newly-accepted document, it was starting from the moment of loading completion and closing of all
doors of the plane and ending with the door opening and allowing passengers to leave the aircraft.

(However as for hijacking of the plane, in the USA after the eighties it was recommended to
crew members of the American airlines not to show resistance to organized groups of aggressors
(invaders).

This recommendation to a certain extend provided a favorable ground to success of terrorist
attacks committed on the 11 of September 2001. The crews of the seized liners, as well as passengers
and land services were sure that it is about hijacking of planes. Nobody thought that these aircraft could
be used as an controlled explosive devices. After seizing four planes the terrorists crashed into the
towers of the World Trade Center in New York and the Pentagon building. As a result of these terrorist
attacks that led to death of 2973 civilians and 19 hijackers, significant changes were introduced in the
policy pertinent to flight safety in the USA as well as many other countries.)

Each country is obliged to detain a person threatening flight safety and to recognize crimes
committed on board when the aircraft lands on its territory.

The convention defines the concepts of hijacking (kidnapping people) with political,
ideological and other reasons. The Hague Convention has been ratified by 175 countries that are the
members of ICAQO.

The Montreal Convention®, signed on the 23" of September 1971, seeks, among others, to
distinguish between acts defined as acts of unlawful interference. The convention also applies to the
actions of illegal interference that harms or leads to destruction of devices and systems at the airport,
ultimately leading to security risks at the airport or to aircrafts in the air. Thus, the Montreal Document
is complementary to the Tokyo and the Hague Conventions and together they apply to most of cases,
and all crimes committed against civil aviation. These three documents establish a system of
conventions called "system of the Tokyo-Hague-Montreal" which is an effective tool for legal action to
prosecute persons who have committed crimes or terrorist acts against civil aviation.

4 Wybo Heere, International Bibliography of Air Law Supplement 1972-1976 (Leiden: A.W. Sijthoff; Doobs Ferry,
NY: Oceana Publications Inc, 1976)

® https://www.unodc.org/pdf/crime/terrorism/Commonwealth_Chapter_3.pdf
Shttps://www.unodc.org/pdf/crime/terrorism/Commonwealth_Chapter_4.pdf
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The most recent document is the Beijing Convention’ that was developed on the 30 of August
2010 in Beijing at the ICAO diplomatic conference that was attended by representatives of 77 member
countries and five observers.

Over the last two decades a new form of terrorism emerged. It is the so-called "air terrorism".
Terrorists involved in it simply kill innocent people, often sacrificing also own lives. Emergence of
such cases further complicates the tasks of services responsible for aviation security.

Measures helping to fight effectively against air terrorism above all are the non-systemic and
non-standard approaches combined with modern technologies and that can prevent such terrorist
activity.

Airports, checkpoints, cabins of liners and cabins of pilots are the frontlines of the fight against
terrorism.

According to the US Professor Mackenzie Ora, the head of the program" Terrorism and
aviation", functioning under the World Aviation Security Fund, "this is a war that can not be won, but

can not be lost either."

REFERENCES:
[1] Kathleen Sweet. Aviation and Airport Security: Terrorism and Safety Concerns 2008.
[2] Wybo Heere, International Bibliography of Air Law Supplement 1972-1976 (Leiden: A.W.
Sijthoff; Doobs Ferry, NY: Oceana Publications Inc, 1976).
[3] https://www.unodc.org
[4] https://www.icao.int

EBpomeiickas MOfeJb 3a0IMTH IPRXXAAHCKOM aBHAITU

OT HE3aKOHHOI'O BMENIaTEe/IbCTBA
JaBun Ananus

B crarse npezcrap/ieHs MEDEI 3AIHTHI IPAXKAAHCKOH aBHAL[HH OT HE3aKOHHOIO BMeLIaTe/IbCTBa,
OCHOBaHHBIe Ha eBporerckod mogern. CTaTsa 110 maraM OXBATBIBA€T BCE STAIIBI PA3BHTHA CHCTEMBI
0e3011aCHOCTH Ipa)XKAaHCKOH AaBHAL[HH HA MEXZYHApOAZHOM ypoBHe. llpHBeneHsI CpaBHHTEIBHEIE
IIpHMEPSI C ZPYTHMH CHCTeMaMH. [IpencrapieHsl NpakTHIeCKHe IPHMEPEI IIPOOIEM H HX PelleHHe
IIyTEM yCOBEpUIeHCTBOBAHHA CHCTEM C yYacTHeM OONbIHHCTBA CTpaH. OIIHCAHBI Pa3BHBAIOLIHECA H
MeHAoIHeCA Ipo6IeMbl aBHAIHOHHOH 6€30IIaCHOCTH H JE€HCTBHA II0 IIPOTHBOCTOAHHIO IPOTHB
IIPECTYIIHOCTH MOZOOHOro poza. IIpobieMbl OMHCAHBI B MEXAYHAPOZHOH IUIOCKOCTH H IYTH HX

PelleHH OIMHCAHFI KaK Ha MEXKVHAPOZHOM YPOBHE, TaK H Ha YPOBHE HHAHBHAYA/IPHBIX CTPAH.

7 https://www.icao.int/secretariat/legal/Administrative%20Packages/Beijing_protocol _EN.pdf
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HepCIIEKTHBBI Pa3BHUTHA aBHallUN C TOUYKH
COBPEMEHHOI'O COCTOAHMA aBHaHHOHHOﬁ HayKH

Hparora Kavapasa, Baxeputi Mukagse, Jasuxy Ilnnaypu
(L]eHTparsHBIH a3POrHAPOSHHAMHYECKHH HHCTHTYT

140180 Poccus r. 2Kyxosckmti, MockoBckag 061acTs,
y1. XKykosckoro, 1; 8 (495) 556-42-88; Iraklykacharava@rambler.ru)

(I py3uHCKHE aBHAL[HOHHBIH YHHBEPCHTET,
np. Kerepan /Jlegogarn, 16, Téniancu, 0144, Ipysns,

+997 32770387; valeri.mikadze@ssu.edu.ge,)

(OO0 «3Iirura 6yprxm»
ya1. bapu Tabpusr Caxocu, Ne118, r. T6muruch, I pysns,

+995 322791331; pilo77@mail.ru)

AHHOIHIHLY.’ Cratea I OCBAI€HAd COBPDEMEHHDBIM TEHZEHIIHAM pAa3BHTHA OT/JE€/IbHBIX HAall] p&B]IE’HHﬁ'

AdBHAI[H OHHOH HAYKH H IIEPCIIEKTHBAM ﬂBHHI[HOHHOﬁ TEXHHKH B DE3YIPTATE HX BHEJPDECHHA. 17 | PEACTABITET cobort

KOMITHJIAIIHFO 0HY6./IHKOB£HHLIX,Z[3HHEIXB OTKDBITBHIX HCTOTHHKAX []—3]]H COCTOHT H3 9€ThIPDEX OCHOBHBIX I'/IdB.
1 ASPO,ZZ'HHHMHKH H KOMIIOHOBKAa camoJiera,

2. KoHCTpyKOHA H IPOYHOCTH;
3. CmroBas ycraHOBKa;
4

CrHcremsI yripapieHHS H O0pTOBOe 0060pyFOBaHHE.

1. AbspomuHaMuKa 1 KOMIIOHOBKA CaMoOJIeTa
OpHUM W3 aKTyaJIbHBIX HAallpaBJIeHUH YCOBEPIIEHCTBOBAHUS adPOSUHAMUKU COBPEMEHHBIX

MarvuCTpajTbHBIX CaMOJIETOB SBIAETCA T.H. eCTeCTBeHHas samuHapusanus obrekanus (EJIO) u
yIpaBieHue oO0TeKaHMeM BOKPYT aspoJuHaMHYeCcKUX 00BOJOB serarensHoro ammapata (JIA). Okoro
50% ot Bcero COIPOTHBIEHUS ITACCAKUPCKOrO CaMoJeTa KJIaCCHIECKOM CXeMBI Ha CETO/HS COCTABIIAET
COIIPOTHBJIEHNUE, BRI3BAHHOE TPEHHEM BO3IYLIHOTO IIOTOKA 00 adsposuHaMHIYecKue oBepxHOCcTH JIA
(xpsuto, omepenue, drozerx). V3 3TOi IOIOBUHBI KPBUIO U OI€PeHME 3aHMMAIOT IpuMepHO 2/3.
COOTBETCTBEHHO, YYUTHIBAs TO, YTO IIEPeX0J IIOTOKA M3 TypOyJIE€HTHOrO B JIAMHHAPHBIM CyIUT
yMeHblIeHue KoadduiuenTa conpotusiaenus (Cx) npumepHo B asa pasa (Puc.1), To mpsamyio BeIrozy
B CIajie IOJIHOTO conpoTusiaenys JIA MoxxHO onenuTts npubnnsurensHo kak: [0,5-(2/3)]/2 = 0,17 (17%).
OTO CyIIeCTBEHHO, YYMTHIBAsA KOHKYPEHLIMIO B aBHACTPOEHUM M TEHAEHIMH WCYEPIIbIBAHUS
TOIUIMBHBIX W OHEPreTHYeCKUX pecypcoB B Mupe. Ilo [JaHHBIM eBpOIEHCKHUX KCCIe[OBAHMUI,
A9POIMHAMUYIECKOE COMIPOTUBIIEHIE KPBUIA MOKHO YMEHBIIHTD 32 CYET UCIIOIB30BAHIS IAMHUHAPHOTO
obTexaHus Ha BesuduHy 710 15%.

Ho Ha ecrecTBeHHOe pacrpocTpaHeHue 001aCTH JIAMUHAPHOTO IOIPAHUYHOTO CJI0SI HETATHBHO
BJIMSIOT HEPOBHOCTH OOTeKaeMO# IOBEPXHOCTH, TaKWe KaK YCTYIIbl Ha CThIKAX IIaHeseil OOLIMBKH,
OCTaHKM IIOTHONINX HAaCEKOMBIX M Pe3yJbTaThl 3pO3UU. IlocIesCTBUA CONPOTHBIEHUS, BHI3BAHHOTO
IIpeX/leBpeMeHHBIM IIepeX0/i0M IAMUHAPHOTO PeXXUMa 00TeKaHu B TypOYIeHTHBIM, BeCbMa OLLY THMBI

C SKOHOMHYECKOU TOYKHU 3PEHHU.
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Puc.1. JlamuHapu3zamus IoToKa U yrpasieHue o0TekaHueM Kpsiia [1,7]

C pocToM KpeiCepcKOil CKOPOCTH II0JieTa TPAIHIMOHHO aBUAKOHCTPYKTOPBI CTPEMIUIACH K
YBETHYEHHUIO CTPEJIOBUAHOCTH, YTO OBLIO IIPOSUKTOBAHO JKeJTaHUEM YBEIUYUTh KPUTUYECKUE YHCIA
Maxa Ha [O3BYKOBBIX adspojuHamudeckux mnpoduiasx kpeuia (Mgp). OpHako BHeIpeHHe
JIAMUHAPU3UPOBAHHBIX IIPOdUIel, IO3BONAIOMNX YMEHBIIUTH CTPEJIOBUAHOCTD KPbLIa IIPUMEPHO O
10-15 rpagycoB (Puc.2) mo3BoiauT MMeTh yiIydlleHHBIE W B TOXKe BpeMs Oojiee COTJIaCOBAaHHBIE C
KpeliCepCKUMU PEeXMMaMHU B3JIETHO-IIOCAJOYHBIE XapAKTEPUCTUKM CAaMOJIETa, YTO B CBOIO OdYepezb
BeJleT K YMEHBIIEHHUIO MOTPeOHO IIOMAAN KPbUIa. DTO OOCTOATEIBCTBO B CBOIO OYepeb IO3BOJIUT
CHU3UTH BeC KOHCTPYKIUK CaMOJIeTa ¥ OJHOBPEMEHHO yBEIHUYUTh KpeiicepCcKyIo CKOPOCTh (Miperic) 1

mansHOCTh TosieTa (Puc.1).

[l BHeZpeHMS TeXHOJIOTUH JJaMUHAPU3ALUK ITOTOKA HEOOXOAUMO IIPEOOJIeTh CIeAyIolre

IIpo6IeMbl HayYHO-TEXHUIECKOTO XapaKTepa:

v' VTOYHHTH MeXaHU3MBI JIAMUHAPHO-TYPOOJIEHTHOIO II€pexXoja, IIPOBECTH pacYeTHbIe
WCCIeIOBAaHUA W B3aMMOCOIJIACOBAHHBIE C HHUM TeMaTH4yeCKHe TpyOHBIe M JIETHBIE
SKCIIEPUMEHTEI, pa3paboTaTh ClleIIaTu3NPOBAHHBIE CUCTEMBI U3MEPEeHUH PacIpezeIeHHbIX IO

KPBLIY IIapaMeTpOB (AaBIeHNUs, IVIOTHOCTH, TeMIIEPATYPbI);

4 OTpa6OTaTB KOHCTPYKIOMM M TEXHOJIOTHMM H3TOTOBJIE€HUA [OJId YBEJINMYEHHNA KadeCTBa

TIOBEPXHOCTH a5POAUHAMUYECKOTO OOBOJA, PEIINUTh IPO6JeMbl 3aUIUTHL OT OOJeZeHeHUs U
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HaCeKOMBIX, pa3pa60TaTb COIIpS2K€HMEe KOHCTPYKTHBHBIX 3JIEMEHTOB [AJIA JIaMUHApHU3dAINU

TIOTOKA C B3JIETHO-TIOCaZ,0YHON MeXaHU3al el KPhLIa;
4 Paspa6oTaTh JeMOHCTPAaTOp TEXHOJIOTHII B peaJbHbIX YCIOBUAX Ha JIeTalolleil 1aboparopuu;

4 PaBpe]l[I/ITB BOIIPOCBHI CEPTI/I(bI/IKa]J;I/II/I, BKCHﬂyaTaHHOHHOﬁ TEXHOJIOTUIYHOCTHN nu
PEMOHTOIIPUTOAHOCTH KOHCTPYKINH, OLI€HUTH ,II;O63BKY B CTOMMOCTH IIOJITHOTI'O XHM3HEHHOTIO

IHKJId BHEAPEHHI ,ILaHHOfI TE€XHOJIOTHUHU U T.1.

Kpbino 2 x,,=15° T-128 XK-nokpbmrue Kpbino 1 x=25° T-128 XK-nokpbmue
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Puc.2. Busyanusanus saMHHapHO-TYpOYIETHOTO IIepexo/ja Ha CTPEJIOBUIHBIX KPBUIBIX B

9KCIIEpHMEHTe U PaCUeTHBIMU MeTomaMu [2]

B cTpemienuu coszmats 6osiee S5KOJIOTHYECKH YHUCTHIE, MAIIOLIYMHbIE U TOILIHNBO3((eKTHBHbIE
caMoJIeTsl eBpoIeiicKye pa3paboTYMKY BBIULIIM HA PAJ, BeChMa DJIETaHTHBIX pelreHUH. CIOXHOCTB
3aKJII0YAeTCs B TOM, YTOOBI JOCTUYb TEXHOJIOTHYECKOTO YPOBHS, ZOCTATOYHOTO I UX BHeIpeHu:. B
EBpome roTOBATCS K ZEMOHCTPAaLOHHBIM UCIIBITAHIAM KPBUIbEB JIAMUHAPHOTO TPOQIIII, CIIOCOOHBIX
CHU3WUTDH a3POJUHAMUYECKOe compoTuBieHue camonetoB (Puc.3), a Takke S5KOHOMHYHBIX OTKPBITHIX
BUHTOBEHTUJIATOPHBIX ABurareneil. llemp 5Tux u [OPyrHX eBpPOIEHCKHX adPOKOCMHYECKHX

HCCIeZlOBaHUI — [JOBeJleHHe COOTBETCTBYIOUIVIX TEXHOJOTHH [0 yPOBHS, IIO3BOJIAIOLIETO HA4aTh
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IIOJIHOMACIITA0Hble  OIBITHO-KOHCTPYKTOPCKHMe  paborsl. OpHako C  y4eTOM  HeXXeJIaHHI

aBMAIIPOM3BOAUTE el OPaTh Ha ceOA IIPOeKTHBIe PUCKH, KaKHe M3 STUX TeXHOJOTHH B KOHEYHOM HUTOTe
OyZyT BHEZPEHHI M KOT/Ia 3TO MOXeT IIPOU30MTH, IIoKa He sAcHO. [1o cioBam Padrepa ¢por Bpeze, TaBb
nogpasgenenus «AIRBUS» 1o 5KOJIOTMYECKHM MCCIEJOBAHUAM M TEXHOJIOTHAM, KpYITHeHIIwii
eBpOIIeHICKUH aBUAIIPOM3BOLUTEND YOXK eH, YTO HauOOIBIIero IpUpocTa 3PPeKTUBHOCTH CaMOJIETOB
OyZyllero MOXHO JOOWUTBCA 3a CYET OCOOEHHOCTEeH pacCIONIOKEHUsS CHJIOBOM YCTAHOBKH,
HCIIOJIB30BaHUA JIAMUHAPHBIX HpO(l)I/IJIEﬁ 1 IIOBBIINIEHUS YPOBHA SJIEKTPI/I(bI/IKaHI/II/I JIeTaTeJIbHOTO

arnmapara.

o ¥ gl

l«rllittllllll oul.o-lclll% = "—- érj'.s_-' =

—~ATRA

AIRBUS

Puc.3. EBponeiickue neTatomue geMoHcTpaTops! Ha 6ase A-340, A-320u coserckuit Ty-22M nna
nsyuenus EJIO [3]

Ognaxko, 1o ero €I0BaM, B TOM, YTO KacaeTCAd PaJUKaIbHO HOBBIX IIOJXOZOB K KOHCTPYKIIUH
CaMoJIeTOB, HauboIee IePCIIEKTUBHBIM B OTHOLIEHUY YMEHbIIEHNU Beca U YIyYlIeHUs a9POAUHAMUKU
ABIAETCA YJAYHBIM BBIGOP KOHCTPYKLIMOHHBIX MaTepuaaoB. HO ecTb HeCKONBKO (aKTOpOB,
TOPMO3SIIMX BHEJAPeHWe HOBBIX Hfel Ha mnpaktuke. OZWH mM3 HUX — pacTylee HeXeJaHUe
ITPOM3BOJUTENIeH DKCIIEPIMEHTHPOBATh C PeBOTIOIMOHHO HOBBIMU (popmamu. CIIMIIKOM CBEXHU B UX
maMATH OOJIe3HEHHBIE 33/IeP’KKU B XO/le HeCKOJIBKUX HeJAaBHUX IPOrpaMM PaspabOTKU ITPOPBIBHBIX

CaMOJIETOB.
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Cerogus, o ciaoBaM @oH Bpeze, caMmoro 1o cebe ZOCTIKEHU, TaK HAa3bIBAEMOTO LIIECTOTO
ypoBHA roroBHOCTH TexHouoruu (Zechnology Readiness Level 6), Ha KOTOpPOM IIpeZIIOaraeTcs
ZIeMOHCTpalusa ee PyHKIIMOHMPOBAHUA IIPU SKCILIyaTalluH, y>Ke HeZOCTaTOYHO I Iepexoja K
¢ase mMoIHOMACIITAGHBIX OIBITHO-KOHCTPYyKTOpcKHuX pabor (OKP). Bo3aMOXHBIX BBIXOOB U3 DTOI
CHUTyallud JBa, OTMedaeT @oH Bpeze: TOBBIIIeHHe ILIAHKH IIPOPabOTAaHHOCTH TEXHOJIOTHH,
KOTOpOii He06X0ANMO NOCTUTHYTS AA Hayarna OKP, niu, Ha060poT, MEeHATH aGIOHbBI MBIIUIEHUS
OTPaC/IH B CTOPOHY IPUHATUA CYLIECTBYIOLIETO YPOBHSA Pa3sBUTHA TEXHOJIOTHH.

Eme opHO mpemaTcTBHMe — pacTylue 3aTpaThl BpeMeHH M PecypcoB Ha IIOTydeHHe
JanbHelnero npupocta dbdekTuBHOCTH. «A/RBUS» cTONKHYICA C 9TOM IMpobieMoii mpu pabore
Hag tpoekToM AJ30X, KOTOpBIH 3aMBINIIANCA KaK 3aMeHa CeMeHCTBY Y3KO(IO3eLKHBIX
camoneroB A320. JlocTukeHHe Cepbe3HOTO YyBeIWYeHUA TOIIMBHOH sddexTuBHOCTH, O6e3
KOTOPOT'O CO3/laHHe HOBOTO THUIIA He MMeJIO OBl CMBICJIA, 3aTAHYJIOCh HACTOJIBKO, YTO IIPUBEJIO K
HeOJHOKPATHBIM IIepeCMOTpaM CPOKOB IIporpaMMsl. B koHewHOM cuete, «A/RBUS» pemu mpocTo
pemoTopusupoBars A320 B KauecTBe IIPOMEXYTOYHOTO BapHaHTA, a CO3/laHHe HOBOTO caMoJeTa
OBLIO OTJIOKEHO Ha OoJsiee MO3ZHUN CpOK. «CTaHOBUTCA BCe OYEBHHEE, YTO HOBbIE TEXHOJIOTUHU
Oosplle He MOTYT Pa3BUBaThCA TAKUMU JKe OBICTPBIMM TeMIIaMU, KaK paHbIIe», —
roBoputT @ox Bpeze. I1o ero npeamnonoxeHusaM, eIUHCTBEHHOE, YTO CIIOCOOHO KaK-TO YCKOPUTb
X0J], KOHCTPYKTOPCKUX PabOT B HBIHEIIHUX YCIOBHUAX, — 3TO GyH/JaMeHTalIbHbIe OTKPBITHA B TAKUX
006y1acTAX, KaK HAaHOTeXHOJIOTMM. TakoBa KapTHMHA, Ha (OHe KOTOPOIl eBpoIlelicKue HaydHBIe
KOJIEKTHBBI HAaKOHeIl HayalX II0Jy4aTh IIepBble IUIO/BI MHOTOJNETHeH paboThl HaJ, CO3ZaHMeM
CaMOJIETOB CJIeZYIOIEero IOKoaeHusA. JloCTUTHyThle IIepBOHAYaJbHBIE pe3yIbTaThl PaMOYHBIX
IIporpaMM HAy4YHO-TEXHOJOrm4yeckoro passutusf EBpocorosa (EC), a Taxke coBMeCTHOI
TEXHOJIOTMUYECKO MHULMATUBEL « JHcToe Heb6o» («Clean Sky») CTOMMOCTBIO 2,3 MIIPZ, LOJUI. MOTYT
COZIeHICTBOBATh CO3JAHMIO OOJIHKA OyAyIIMX ITaCCAXHPCKUX U aJAMUHHCTPATHBHBIX CaMOJIETOB.
OCHOBHBIM ~ 3/IEeMEHTOM  €BPONEHCKMX  HCCIeJJOBAaHHMH B OOJAaCTH  IIePCIIeKTHBHBIX
aBMAaCTPOMTENBHBIX TEXHOJOTHUH, a TakKXKe IIeHTPAIbHOH dYacTblo wHUIuATuBel «Clean
Sky» ABNAeTCS NIPOEKT «yMHOro» camosiera «Smart Fixed-Wing Aircraft» («<SFWA»), B pamkax
KOTOpOTO  HCCIeAYIOTCA  Pa3JIMYHble BAPHMAHTBI COKpAIlleHUA IOTpeOjJeHusA  TOILIMBA
KOMMepYeCcKOll U [esoBOH aBuamueil. «XOTA TPOEKT IOApasyMeBaeT IMUPOKUH CIEKTP
ZeATeIPHOCTH, 0Cco0Oe BHUMAHMeE YZeadeTca AByM OOJAcTAM HCCIefOBAaHUM, M3 KOTOPBIX
OXXUJAIOTCSA HAaMIydIlle IIePCIIeKTUBHI C TOYKU 3peHUs yBeJIM4YeHHA TOIIMBHOH addekTuBHOCTH
caMoJIeTa: JIAMHHAPHOMY OOTeKaHHIO (a TakXe CHCTeMaM YIIpaBJIeHHSA JaMUHAPHBIM IIOTOKOM) U
IIPUMeHeHUIO OTKPBITBIX BUHTOBEHTUIATOPHBIX JBUTaTeIei» (Puc.4), -
TOBOPUT HCIHOJHUTeNbHBIH nupektop «Clean Sky» Spux /lotpma. Ilpoext «SFWA» crouT Ha
mnevax npoekrta New Aircraft Concepts Research («Nacre») o ucciieJOBaHUIO KOHIENIUH HOBBIX

JI€TaTEJIbHBIX allllapaTOB.
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Puc.4. Typ6opeakTuBHBIH JBUTATENb C OTKPHITEIM POTOpOM [4]

Hayunsiii koilekTuB 10, PyKoBOACTBOM «A/RBUS» wm3ydyan BapHaHTBI CaMOJIETOB,
CIPOEKTHPOBAaHHBIX IIO CXeMe «Ieramoomee Kpsuto» (Puc.5), MajomrymHsle TEeXHONOTHH IJIA
IIpUMeHEeHHUA Ha aBUaJlaliHepax, a TaKk)Ke BAPHAHTSI JIeTaTeIbHBIX allllapaToB, OITHUMU3MPOBAHHBIX JJIS
yMeHBIIeHN ITOTpe6IeHNs TOILIUBA.

ITpoekT OpreHTHPOBaH Ha yBelMYeHHe SKOHOMUYECKUX ITI0Ka3aTesIeil caMoseTa OT BHEJAPEHU
JIAMUHApHOTO obTekaHusa. B pamkax («/Vacre») IIaHUPOBAJIOCH CO3JATh YMEHBIIEHHYIO MOJZEJIb-
KOHCTPYKTOpP IIPOTOTHIIA [JIS JIETHBIX HCIIBITAaHUI, KOTOPYIO MOXHO ObUIO OBl OBICTPO
IIepeKOMIIOHOBBIBATH [JI SMYJ/LALUHU PasIudYHbIX KOH(urypauuii JIA: onepaTHBHO MEHATH KPHLIO U
XBOCTOBOE OIIEPEHUE U JaKe II0 Mepe HeOOXOAUMOCTH YAJIUHATH (PIO3eIDK.

ITpoexT «BUHTOBEHTUIATOPHBII ABUTaTeIb» (PUC.4) mompasyMeBaeT HaTypHBIE UCIIBITAHUS Ha
IOBYX IIOTHOMACIITaGHBIX JIETAIOUIMX J1a00paTOpUAX — KpyIHeHIINe HCIBITAaHUA TAKOTO poJa U3
3aIIaHUpPOBaHHBIX B pamkax «Clean Sky». Opun camoner A340-300 O6ygmer ocHaluleH
OKCIEPHMEHTAIBPHBIMH OTBEMHBIMH  YaCTAMM KpbUIA [JI JEeMOHCTPAlMM  eCTeCTBEHHOMH
JIAMUHAPU3AIY TOTPAHUYHOTO CJI0A B 9KCIUTYaTAallMOHHBIX yCIOBUAX; Bropoit A340Mogubunupyior
IJIs JIETHBIX WUCIBITAHWN [JBUTATeIsA C OTKPBHITHIM BUHTOBEHTHUIATOPOM, TakKe pa3pabaThIBaeMOTrO B

pamkax «Clean Sky» B uactu npoekta Sustainable and Green Engines («SAGE»).



L5960 5dMBHOLM Ldg3b0gMHM FMOBIWO Lo3sgHm BHMIBLEMMEHO»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(13),2019
MEXYHAPOIHBIN HAYYHBIN XK YPHAJL «BO3IYIIIHBIM TPAHCIIOPT»

Puc.5. KomnonoBku 1o cxeme «ietatomee Kpsuio» Gupmsl «A/RBUS» [5]

Heckxonpko Hampapnenuit «SFWA» TecHO CBA3aHBI C MCCIeNOBAHUAMU B paMKax «SAGE».
PaGorsr mo maHepy camosera OyZylero COCpeZOTOYEHBI HA YMEHBIIEHWM YPOBHA IIyMa Ha
MECTHOCTH, B YaCTHOCTH Ha BO3MOXKHOCTH 3KPaHHPOBAaHUA ITyMa KOHCTPYKTUBHBIMM dJIeMeHTaMH
mranepa (Puc.5). PesynasraToM MOryT cTaTh JIeTHble WCIBITAHWA WHHOBAI[MOHHOTO XBOCTOBOTO
omepenus. Eme ozna 3azava [1a umcciaemoBaTeseil — BBLACHUTb, KaKUM 00OpasoM BBIOOp MecTa
YCTaHOBKU JIBUTATeJI MOXKET ITOBJIHUATHh HA MAaCCy KOHCTPYKIIMHY IIJIaHepa caMoJIeTa.

B sToM rozmy oxmpmaeTcs BaKHBIM STall B XOJe IIPOeKTa — YTBepXJeHHe IIJIaHa yCTAaHOBKH
IBUTAaTeIs C OTKPBITBIM BUHTOBEHTHUJIATOPOM Ha JeTarouieil naboparopuu A340. B Gynymem romy
IIpe/ICTOUT IIPUHATH HECKOIBKO He MeHee BAXHBIX PelleHUH, B TOM YHCJIe OIIpeIeINTh, KaKOH U3 AByX
ITPOTOTHIIOB IBUTATEJIA 33,eICTBOBATh B JIETHBIX UCIIBITAHUAX 110 IPOeKTY «SAGE>» 1 KOTZa IIPOBOJUTD
ZeMOHCTPAIIOHHBIE TIOJIETHI. JleTHs1e WCIBITAHUA OTKPBITOTO BHHTOBEHTHJIATOPA
Ha A340 nnanwmposanuck Hauath B 2016 r. Taxke 1emio IpoekTa SBIIETCS —AeMOHCTpPAIUSI
CBEpPXBBICOKOTO  KadecTBa OOpabOTKM IIOBEPXHOCTeH, HEOOXOZMMOTO /JJIi  eCTeCTBEHHOU
JIAaMUHAPU3AIUY IOTPAaHUYHOTO CJIO, A TAK)Ke JOCTIDKMMOTO B IPOM3BOZICTBE U IIOZAAEP>KMBAEMOro B
9KCILUTYaTallUH.

Bor ocHoBHBIe 3a7auy, KOTOpble NpeICTOUT peumntsh mporpamme «Clean Sky» mocTixeHue
TpeGyeMOro ypoBHS TJIaJKOCTH ITOBEPXHOCTEHl IIPU BBICOKOCKOPOCTHOM CEpPUITHOM IIPOM3BOACTBE C

y49eTOM IIOT€HIHAJIBbHBIX HepOBHOCTefI B BHAE€ HEPOBHBIX CTBIKOB, 3da30pPOB MeEXKAYy IIdHE/ISIMH H
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BOJIHHCTOCTH CAMHUX ITaHeJIel; KOHTPOJIb CTeIleH! Je(OPMUPOBAHNSA IIOBEPXHOCTEH IO, BO3eHICTBIEM
IIOJIETHBIX HArpy30K; MHWHUMM3ALMA OKCIUIyaTAUMOHHBIX 3arpA3HEHHI IIOBEPXHOCTeH mM3-3a
HaCeKOMBIX, OTJIOXKEHHUII JIbJJa ¥ 9PO3MOHHBIX IIPOLIECCOB.

HcnpiTaHusa TPOBOAUINCH HA KPBUIBEBBIX CEKUMAX ABYX pPa3HBIX KOHCTpykuwmit. OpHa,
paspaboranHas «A/RBUS», aBnsercsa 6osee TPagULMOHHON UM IPeICTaBiIsgeT COOOH MeTaIMYeCKyIO
IepeHIOI KPOMKY, COeIMHEHHYIO C BepXHeIl IIOBEPXHOCTHIO KECCOHA, BRIIIOTHEHHO U3 IIOJTMMEPHBIX
komMnosuuuoHHbIX MartepuanoB (IIKM). Bropas KoHCTpykuus, IpeajaraeMas LIBEICKUM
KoHIlepHOM «SAAB», KaxeTcs Oojee HOBAaTOPCKOW — 3TO cOOpKa IepefiHell KPOMKH M BepXHeH
IIOBEPXHOCTH KecCOHa, IenukoM BbimonmHeHHas u3 [IKM. «SAAB» mocTpoms TecTOBBIII oGpaser
pasmepamu 2 X 2 M ¢ HAG0pOM U OOIIMBKOI U3 YIIEIUIaCTHKA.

ItaTasle oTBeMHBIe uYacTH KpbLia Ha A340 3ameHuIM Ha [Be CEKIHUHU C JIAMUHAPHBIM
mpoduIeM U YMEHBIIEHHBIM YIJIOM CTPEIOBULHOCTH (II0 CPAaBHEHUIO C OPUTMHAIBHBIM KPBUIOM), 00e
oxozo 8,5 M B yinHy. C «pOAHBIM» KPBLIOM UX COeIUHSAIN IIepexo/jHble CeKIIMH C BHEIIHeH CTOPOHEI
neurateneil. IlepeoGopyzmoBanue Hawanu B 2013 romy. B mepuon wmexay npexabpem 2013 u
nioneM 2014 r, A340 cosepminn or 100 mo 150 noseros. Jletatomyio maboparopuio A340, u3BecTHYIO
non, umeHeM «Blade» (Breakthrough Laminar Aircraft Demonstrator in Europe), OCHaCTAT Ja3epHBIM
JIOKaTOpOM /I M3MepPEeHUs MECTHOTO COIIPOTHBJIEHUSA TPEHUsS IIyTeM 3aMePOB CKOPOCTH CITyTHOM
crpyu. MiHbpakpacHsle kamepsl OynyT GUKCHPOBATh Iepexo, JaAMHHAPHOTO IIOTPAHHYHOTO CJIOS B
TypOyJIEeHTHBIH, a 3ajaueil 3aKpeIUIEHHBIX Ha BHENIHel IIOBEPXHOCTU TePMOAHEMOMETPOB Oyzer
perucrpanus cpeiBa TOTOKAa. JInd wmcciefoBaHMA JTaMHMHApHOTO OOTeKaHMA Ha JIeTalollei
nabopatopun «Blade» TOMUMO TTafKOTO OOTeKaHHSA KPBUIbEBOH ITOBEPXHOCTHU, TaKKe TpebyeTcs
yCOBEpIIEHCTBOBaHME KOHCTPYKIMM IIPeAKPBUIKA, YTOOBI MCKIIOYUTH IOABIEHHe Ha Ipoduie
TypOyJIEHTHBIX 3aBUXPEHUI IIOTOKA, CTeHEPUPOBAaHHBIX U3 llleeil epeHeil MeXaHU3aluu Kpblia. B
XOJle JIETHBIX UCIIbITaHu Ha A340 anpoGupoBaHbI IPeAKPBUIKN Kprorepa, BITyCKaeMble U3 HIDKHEH
YaCTH KPbLIA JIJIA 3aLIUTH IepefHeil KpOMKU OT CTOIKHOBEHHUI C HACeKOMBIMU IIPY TIOJIeTe Ha MaJIbIX
BBICOTAX, a TaKXe IUId yBeJIHMYeHHS IOJBEeMHOH CHJIBI Ha B3jeTe U mocazke. JIpyroit BapuaHT
KOHCTPYKIMHU IIpelyCMaTpUBAaeT CO3JaHHE aJalTUBHON IlepefHed M 33afHell MeXaHU3ALUU
MHOTOpe>XXUMHOTO Kpbiaa (Puc.6). OCHOBHBIM IIpemATCTBHEM /IS peaM3alliy afallTUBHBIX KPBLIbEB
Ha CeTOJHA MOXXHO CYMTATh IIOHIDKEHHbIe peCypCHbIe XapaKTePUCTUKU KOHCTPYKIIUY TaKUX KPbLIbEB
13-33 IPOTUBOPEYUBBIX CBOMCTB 'MOKOCTH U JOJITOBEYHOCTH (pecypca) CyLeCTBYIOMUX aBUAIIIOHHBIX
MarepuasoB. TeM He MeHee, IIPOPHIB B pa3pabOTKe IE€PCIIEKTUBHBIX KOHCTPYKI[MOHHBIX MaT€pPHUaJIOB C
KOMIIDPOMHUCCHBIM COY€TaHHEM IIPOTHBOPEYMBBIX XapPAKTEPUCTHK, IIO3BOJIUIO OBl CHATh OTH
orpanuueHus. I[Ipu 3ToM Ha mpocduie KpsUIa He BOSHMKAJIO ObI Inesneii 61aromaps UCIIOIb30BAHUIO
BHYTPUKPBUIBEBBIX 3JIEKTPOIPUBOZOB U JedopMupyeMoil KOMIIO3UTHON oOmuBKU. B mape c Takoii
ImepesHed KPOMKOHM paboTasa OB TakKe aJalTHBHAA 3afZHAA KPOMKAa KpBLTA, CHaOXeHHas
IedopMHUpPyeMBIM 3aKPBLIKOM C IPOdHIeM IepeMeHHON KPUBU3HEL.

[Tpoext «SFWA» Taxke BKJIIOUaeT pabOTHI A CO3JAaHUA MHTETPUPOBAHHON B IlepesHeH
KpPOMKe KpBLIA CHCTEMBI, OOeCIeYHBAIolell 3allUTy OT DPO3UM U OOpa3oBaHUA JIbAA, KOTOpAd
HeobX0VMa I MO ePXKaHU TaMUHApH3aliuy o0TeKaHua npoduisd B mosere. «Mbl nMeeM Zeio C

HaOOpPOM Pa3HOOOPA3HBIX TEXHOJIOTHUH U3 LIeJI0T0 PAfa TUCIUIIINH», — TOBOPUT JJoTpHa.



L59OHMFMMOLM Ls8g3bogMM FMOBIWO Lo3sgMM BHMIBLIMOEO»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(13),2019
MEXYHAPOIHBIN HAYYHBIN XK YPHAJL «BO3IYIIIHBIN TPAHCIIOPT»

0.005
~— CD wave

e TPaANLIMOHHOE KPbINO
0.004

. KpBINO, ONTUMU3NPOBAHHOE
Ha OWH pexum noneta

e.g. Adaptive
Droop Nose

AnanTuBHOE Kpbino

0.003

0,002 +

0.001

e.g. Blown

e.g. unslotted
Super Fowler smart ) ——
Fiap Trailing Edge 5

Puc.6. Konnenmusa paspaboTKy aaTHBHBIX TPAHC3BYKOBBIX KPBLIbeB [1]

Tak, Lenpi0 OZHOTO M3 HANpaBIeHWH IPOeKTa ABIAETCA HCCIeJOBaHHE TOTO, MOTYT JIHU
MHUKPOCKOIIMYeCKHe KaHaBKH, BIleyaTaHHbIe B KPaCKy Ha KpbLIe, XBOCTOBOM OIlepeHUH U (Io3erixe
IJIS TOAJEp>KaHWA JaMUHApU3alMM OOTeKaHWdA, BBIZEPXKUBATh A0 12  MecsleB KOMMepYeCKOi
SKCIUTyaTalliy CaMoJIeTa B PasHBIX PEerHOHaX MHpa. lakue MHUKPOCTPYKTYpHBIE IOKPBITHSA MOTYT
OKa3aThCA YyBCTBUTEJIBHBIMU K 3arpsA3HEHHAM M OPO3HUH, IIOITOMY cCeifdyac pacCMaTpPHBAIOTCSA
BO3MOXXHBIE METOJBI COOTBETCTBYIONIETO OCMOTpa IIOBEPXHOCTEHl B XOZe IepPUOAUYECKOTO
TeX00C/Ty>KUBAaHHA BO3ZYIIHOTO CyTHA.

B pamkax «Clean Sky» Taxxe IIPOBOAATCA WCCIEIOBAHUA BO3MOXHOCTEH yIIpaBIeHUI
namuHapHbIM obtekanueM (Puc.7.8). IlpaBza, moka aTu paboOTHI HAXOAATCSA HA CPAaBHUTENIHHO HU3KOM
YPOBHE TEXHOJIOTUYECKOH TOTOBHOCTU. IIpum TakoM YyIpaBIeHUM eCTeCTBEHHO OOpasyONIHiicsa
JIAMUHAPHBIA IIOTOK IOJJEP)KUBAETCSI 3a CYeT OTCOCA IIOTPAHWYHOTO CJIOA, HApALY C IPYyTUMH
cxopubMu Metogamu. [1o cioBam Jorpra, enblil CIIEKTP TEXHOJIOTUYECKUX PellleHH# B 3TOi 061acTu
HaXOZMTCA IIOKA HA CTafUU paccMoTpeHus. V3yuaercs M psAZ, BO3MOXXHOCTEH YMEHBUIEHUA WU
PaIlMOHATBHOTO IIepepacIpeeeH s Harpy3Ky Ha KPbLIO, KOTOPbIe MOTYT IIPUBECTH K YMEHBIIECHHIO
Beca KOHCTPYKIIMH CaMoJIeTa.

[Tommmo WHUITUATHBbI «Clean Sky», cempMas pamMoyHas IporpaMmma
nccnenoBannit EBpocorosa dbuHaHCHpyeT Lenslii pAf paboT IO BaTHAANUK BBICOKO3GhGMEKTUBHBIX

TEeXHOJIOTUH JIJIT CaMOJIETOB CIenyIOLIEeTro IIOKOJIeHH .



L5gMH5TMBHOLM LdgEb0gMHM FMOBIWO Ls3sgHm BHMIBLEMMEHO»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(13),2019
MEXYHAPOIHBIN HAYYHBIN XK YPHAJL «BO3YIIIHBIN TPAHCIIOPT»

—d

Typical Laminar Run Section
S?amtion Bubble

Attached Wake

NLF(1)-1015

Enhanced Laminar Run Sections
Large Separated Wake

2599

Vortex Generator

No Flow Control

Attached Wake

With Flow Control

Schematic showing the flowfield streamlines of a iypical natural laminar flow section and an enhanced
- laminar flow section with and without flow control.

Puc.7. Tonctsie mpoduiau 11 KpeLabeB GOIBIUIOTO YJIMHEHNUSA C YIIpaBJIeHHeM OTPBIBOM OOTeKaHUA
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Puc.8. YmpaBneHnue oTpsiBoM 06TeKaHUS IIPH ITOMOIIY BBIAYBA IIPUCTEHHOM CTPyH (6]

OpHuM U3 HampaBlIeHWM, Ha KOTOPBIX COCPEJOTOYEHBI OCOOble YCHIHS HCCIeZOoBaTelel,

ABJIAETCS CO37[aHME CAMOJIETOB C yJIYYINIeHHBIMU aKyCTHYeCKMMH XapaKTepUCTUKaMu. B aToit obractu
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paboOTHI ITOKa OTCTAIOT OT Iiesiel, KOTOPHIX IUIAHUPOBAIOCh ZOCTUTHYTH K 2020 r. B COOTBETCTBUU C
peKoMeHAAnUAMU EBPOIMEHCKOro KOHCY/IBTATHBHOIO COBETA II0 HCCAEZOBAHHAM B O00JACTH
asporasruku (Advisory Council for Aeronautics Research in Europe, Acare), ornamennsivu B 2000 r.

B umcio Takux ucciaemoBaTebCKUX paboT BXoguT IpoekT «Openair». OH mpezacTaBifeT co60it
IpPOZOJDKEHWe IIporpaMMbl  «Silencer», yBeHuaBLIeHCsS [JeMOHCTpaldell yMeHBIIEHHS IIyMa
PEaKTHBHBIX CaMOJIETOB HAa MECTHOCTM INIPUMEpPHO Ha 5 b 3a cueT npuMeHeHUA CKOLIEHHBIX
BO3JyX03a00pHUKOB, OOTeKaTejell IIaCCH U OIpeAelIeHHBIX IIpoleAyp IpH SKciurtyaraumuu JIA,
NPUBOAAIIAX K ONTHMH3AIUK TpaeKTOpMM Ionera. 3amada «Openair» — COKpaTUTh ypOBEHb
IIPOM3BOSUMBIX ITyMOB elle Ha 2,5 aBb, ¥To6s! k 2020 r. MakCMMaJbHO NPUOIU3UTECA K HaMe4YeHHOM
uenu «Acare» IO CHIDKEHHIO a9POAMHAMUYECKOTO LIyMa, IIPOU3BOJUMOTO dIeMEeHTaMU KOHCTPYKIIMHU
mIaHepa, Ha obmyto BennuuHy B 10 gb (Puc.9). «Kak u ¢ «Silencer», B jaHHOM CiIydae UCCIeZyeTCs
LB PAf, TeXHONOTuii», — rosoputr [IOmxmHa Kopc, xoopaunatop «Openair», TpenCTaBISIOUIMI

bpaHIy3CKyI0 KOMIAHUIO «Snecmanr.

Puc.9. KoMIoHOBKY ¢ 9KpaHHPOBAaHMEM IIyMa OT CHJIOBOM YCTAHOBKY U HECYILIVX IIOBEPXHOCTEH
camoro JIA [8]

Cpenu TexHOJIOTMI yMeHBIIEHHS LIyMa IUIaHepa, KOTOPhIe IIPeACTOUT OIIPOOOBATh B paMKax
IIPOEKTa, — MAJIOLUIYMHAasA KOHCTPYKIUA LIACCH U TaK HasbIBaeMble (ppaKkTanibHbIe MHTEPLENTOPHI (MX
IIOPUCTHIE BHYTPEHHUE ITOBEPXHOCTU CIIOCOOCTBYIOT IMTOHIDKEHHIO YPOBHS ITYMOB C HU3KOYACTOTHBIM

M3TydYeHHeM, BOSHUKAIONINX M3-3a 3aBUXPEHUH, BEI3BAHHBIX pabOTOI HHTEPLEITOPOB). «XOTS yPOBEHb
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II'yMOB BBICOKOH YaCTOTBHI B IIOCJIEJHEM CJIydae ITOBBIIIAeTCS, OOLIMl ypOBeHb BOCIIPHHUMAEMOTro IryMa
OKa3bIBaeTCs MeHbIe», — 00bAcHaeT Kopc.

[Tomo6usiM o6pazoM B mpoekTe «Ninha» HCCiefyeTcs YpPOBHH IIYMOB, IIPOM3BOJUMBIX
IOBUTATENIMU C OTKDBITBIMM OHPOTAaTUBHBIMM BHHTOBEHTHJIATOPAMM IIPM HabOpe BBICOTHI,
KpeliCepcKOM IIoJIeTe M Ha CHIDKeHuU. A B pamMKax mpoekrta «SFWA» paccMarpuBaeTcs pellleHHe,
KOTOpOe ITOMOXKeT CHHU3UTH IIyM, IIPOM3BOAUMBIN BUXPAMHU OT BPAIIAIOUINXCS BUHTOBEHTIJIATOPOB B
3oHe mmwioHa asurarens. «AIRBUS» ucciemyeT BO3MOXKHBIE HHHOBAI[MOHHBIE KOHCTPYKIIMOHHBIE
pemeHus (B ocobenHocTn U- mmu V-06pasHOe XBOCTOBOE OIlepeHHe), CIIOCOOHbIe SKPAaHUPOBATh ITyM
or msurareneii. OpHako @or Bpeze mpusHaeTcs, 4TO IOJOOHBIE IPOAYKTHI IIOTPEOYIOT PasBUTHIL
CYIIECTBYIOIUX TEXHOJIOTHI, OCOOEHHO B TOM, YTO KacaeTCs HaJe>KHOCTHU JBUTATeJIell, — OHA JOJDKHA
3HAYUTE/NbHO IIPEBBICUTH JAaKe HBIHEUIHUN BBICOKMII YpOBEHB, YTOOBI 00ecIeunTh Oe30IacHYyIO
SKCIUTyaTallUI0 CUJIOBOM YCTAaHOBKM B HEIOCPEICTBEHHOH OJIM30CTH OT KPUTHYECKH BAXXHBIX
3JIeMeHTOB KOHCTPyKIMu IutaHepa. OfHOM U3 IpUYMH, 10 KOTOpeIM «A/RBUS» mpuBiexaer uzes
yAaneHUs NBUTATENU C KPbLIa ¥ YCTAHOBKM MX B XBOCTOBOM 4acTH (pro3esska, ABJIAETCSA TO, YTO TAKOe
pellleHHe OCBOOOXAeT KPBUIO M JeNaeT ero YHUCTHIM C OIITUMAaJIbHBIMU XapaKTePUCTUKAMU
JaMuHapHOTO obOTeKkanus. [IpaBnma, @or Bpeze TOBOPUT, YTO eCTECTBEHHOE JIAMUHAPHOEe OOTEeKaHUE,
CKOpee BCero, 5KOHOMUYECKH Peasl3yeMo JIMLIb Ha OIMKHeMarucTpaIbHbIX camonerax. Hecmorps Ha
TO, YTO CKOPOCTb, KOTOPYIO MOTYT Pa3sBHBaTh KPBLIbS C €CTECTBEHHO JIaMUHapu3anyei o0TeKaHu,
yBenuuunacsk ¢ 0,7M mo 0,8M, pna janpHEMaruCTpaIbHbIX JIAHEPOB OHA OCTAETCS CIUIIKOM MaJIOH.
[Tpo6remy MOXXHO GBLIO GBI PEIINTH 32 CUET YIIPaBIeHHA JIAMUHAPHBIM OOTeKaHWEM KpbUIA, Yero
MOXXHO OBI OOUTHCS 32 CUeT GOJIBLIETO yTjIa CTPEJOBUIHOCTH KpbLIA, a 3HAYUT, U OOjiee BBICOKHUX
Kpelicepckux ckopocreii moiera. OZHAKO 3TO IIOBJEYeT POCT Beca KOHCTPYKIIMHM KpbLIa M Kak
cnencTBue Bcero JIA. DKOHOMUSA TOILINBA OT TOAOOHOM KOHGUTYpanuy OyAeT HeJOCTATOYHA, AJIS TOTO
YTOOBI KOMIIEHCHPOBATh yBeIUYeHIE MacChl CaMOJIeTa IIPH IT0JIeTaX Ha KOPOTKHE PAacCTOSHMUS, a BOT Ha
JAIbHEMAaruCTPaJIbHBIX MapIIPyTax BBITOZA MOXET OKasaTbCsa Oosee omyTuMoil. Bmpouew,
yayuurenue JITX — nuimb ofUH U3 BO3MOXKHBIX ITyTel COBEPUIEHCTBOBAHUS aBUATEXHUKU TPAAYILETO.
[TamsaTys o6 osrom, EC mapasnensHo ¢GuHAaHCHPYeT HECKOJIBKO WHHIVATHUB, HAIPaBIE€HHBIX Ha
IIpeJOTBpAllleHNe yBEeIUYeHUs CTOMMOCTH BO3ZyIIHOro cyzHa. Cpemu HUX — NpOeKT «Maximus,
CTaBSILIMI LIeJTBIO CO3aHHe Y3KO(IO3eDKHOTO caMosieTa ¢ 60jiee COBepLUIEHHBIM JKU3HEHHBIM IIUKJIOM
B OKCILTyaTanuu. /locTudb 9TOM ey IUIAHUPYeTCs He TOJIBKO ITyTeM COKpalleHUsA Beca KOHCTPYKIIUU
32 CYeT WCIIOJB30BAHMA KOMIIO3UTHOrO (hio3esspka, HO U 0yarofiaps COKpALIeHHIO BpeMeHH,
OTpeGHOTO Ha pa3paboTKYy, IIPOU3BOACTBO M OKOHYATEIbHYIO COOPKY CaMOJIeTa, a TaKXKe YMeHbIIeHUIO
CTOMMOCTH IIPOM3BOZICTBA (Io3e/skKa B I[MKJIe M3TOTOBJIEHUsA Bcero camosera. He orpaHwdnBasichk
KOMIIO3UIIMOHHBIMU MaTepHaJaMy, eBpOIeiiCKHe MCCIeZoBaTeNd SKCIEPUMEHTHUPYIOT C JIETKUMU
MarHUeBbIMHU CIUIaBaMH, a TAKXKe C IePCIeKTUBHBIMU PELIeHISIMU B 00/IaCTH MeTaIMYeCKUX JeTaeit
u KoHCTpyKuwmii. [To cioBam @or Bpege, cyuiecTByeT Hafiexia Ha TO, 4TO Oy yliee IPUHECET OTKPBITHS
HOBBIX COYETAHUI MaTepHaIOB, KOTOpbIe IPOU3BEAYT PEBOJIOIMIO B IPU IPOPAGOTKE KOHCTPYKLIUU
miaHepa camonera. «C TOABIeHKWEM HOBBIX MAaTe€pPHAJIOB HAC JKJAET B3PBHIB JOCeje HeCIBIXaHHBIX

BO3MOXKHOCTEM».
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Taxoke pa3pabarsIBAlOTCA HOBBle U MOAUGUIMPOBAHHBIE CYIIep- M CBepX-KpPUTHYECKUe
BBICOKOHecCyIIre IpobuIn KpBUIBbEB, AJIA NOCTYDKEHUS MaKCHMAIBHBIX Kpelcepckux uucesn Maxa

6auskux K eguuuite (Puc. 10).
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Puc.10. HoBble u MopudHIpoBaHHbIE BRICOKOHECYIIVE CYIIEPKPUTHYECKHE IIPOGUIN KphLia

B mocienmnee BpeMsa B CBA3M C POCTOM CTeIleHM JBYXKOHTYPHOCTH PEeaKTHBHBIX JBHUTaTesIei,
pacTeT ¥ BHEUIHWI JuaMeTp MOTOTOHZOJBI, 3aHHMMas BCe OOJblIMe TabapUTHI Ilepef, KPBLIOM.
CrnemoBaTesqbHO, pacTeT 30HA BIMAHHUA MOTOTOHZOJBI JBUTaTens Ha Kpburo. CIeruanucTs
LleHTpaIbHOTO adpPOTUIPOAUHAMHUYECKOTO WHCTHTyTa («[[AI7]») COBMECTHO C KOJUIETaMHU U3
aHAJIOTMYHOTO MHCTUTYTa «DLR» (I'epMaHus) B paMKax MeXIYHapOAHOTO IPOeKTa 7-0il paMOYHOI
nporpammsl EC «AFLONEXT» BemyT pabOThI IIO YIPaBIE€HUIO IIOTOKOM HaJ KpPBUIOM 3aHATON
MOTOTOH/IOJION ABUTATEJIA AJIA YIydIleHUs OOTeKaHMs KpbLIa B 9TOH 30He U NMPHUpAlleHNs TOJbeMHON
cunbl (Puc.11). [lnsg 5TOro HeEIOCPeACTBEHHO M3 KOMIIpECCOpa ABUTATeNA OTOMpaeTCcs BO3LYX U

BBIZlyBaeTCs B ITepeHel yacTH (HOCKe) KPbLIa, TeM CaMbIM YJIydlIas OOTeKaHue B 3TOH 4acTH KphLIa.
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Puc.11. Dxcnepument (B Tpy6e T-101 LIATW) u pacuer ynpasieHus oO6TeKaHHEM KPbUIa C IIOMOIIBIO

BBIZIyBa CTPYIi C HOCKA B 30He MOTOroHZ0H! [9,10]

Co3paroTcsi KOMIIOHOBKM C HECYIIUM OBIBHBIM (hIO3e/KEeM M C CAaJOHOM IOBBIIIEHHOM
xomoprHocTu (Puc.12). Hecmorps Ha mpeumymnecTBa B KOM(OPTaOGeIbHOCTH TAKOTO (hIO3esLTKa,
BO3HMKAeT 3aMETHBIII POCT Beca €ro KOHCTPYKIWH H3-32 HEOOXOZMMOCTH B Oojee JKeCTKHX HU

C1e0BAaTEJIPHO 3HAYNUTE/IBHO TAXKEJIBIX MIIIAHTOYTaX, AJIA BOCIIDHMATHA II€PEIlaZid JdBJIEHMA B Ca/IOHE.
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B777-200
Kan-80 naccaxnpos 302 305
[anewsocTs noneta, o 3500 9130
Kon-80 xosrednepos LD3 20 32
Kpedcepcran cxopocte, M 0.82 0.84
Maxe. sanemvoit sec, 128 000 247210
Bec nycroro, & 72 600 143 830
Maxe. koumepy. 3arpyaa, 30 000 35000

Puc.12. CpegnemaructpanpHblil maccaxxupckuii camoner «@perar Sxomrer» [11,12]

MupoBble HcCIemOBaTeNIbCKUE LEHTPbl COBMeCTHO ¢ «[[AI/» mnpumim K eIuHOMY
KOHCOJIMJUPOBAaHHOMY PeIIeHHUIO O CO3laHUU CBEPX3BYKOBOT'O ZeJI0OBOTO CaMOJIeTa C BMECTUMOCTHIO 8-
12 wen (Puc.13). Ha moBecTke mHS ABe KOHIENUWUW: 1 — ABYXPEeXXUMHBINA CaMOJIET C H3MEHAEeMOM
reoMmeTpueil KpbUla (C /O3BYKOBBIM KpEHCEPCKMM U CBEPX3BYKOBBIM PEXHUMOM IIOJNeTa). 2 —
OIHOPEXUMHBIM camoieT C (PUKCHPOBAHHBIM KPBIJIOM CpemHeil CTPEeIOBUIHOCTH (C OCHOBHBIM
KpeliCepCKUM CBEpX3BYKOBBIM PpEXHMOM IIoJleTa). IlepBbIif caMoseT pacCYMTaH Ha IIOJIETHI
IIPerMYILIeCTBEHHO Ha J03ByKoBbIe surenoHs! (80% Tpacchl) M 9aCTUYHO HA CBEPX3BYKOBBIE SIIEIOHBI
(20% Ttpaccsr), a Bropoif Hao6OpOT, Ha CBepx3ByKOBbIe oirenoHs (80% Tpaccsl) M Ha [O3BYKOBBIE
smenonsl (20% Ttpaccsr). Kakas KOMIIOHOBKAa OyZeT BOIUIOLIEHA B MeTaII B HMTOTe€ 3aBHUCHUT OT
HOPMAaTHBHOTO 3aKOHOZATENbCTBA IO ITyMy HAa MECTHOCTH, KOTOpPOe HAaXOZUTCS IIOKA YTO Ha JTaIle
bopMupOBaHHUA B MHPOBBIX AAMUHUCTPALMIX ABHALMOHHBIX BJIACTel, SBIAIOMENCT 110 MHEHHIO
HEKOTOPHIX Y4Y€HBIX B JAaHHOM 00JIaCTH MOTUTHYECKHMM WHCTPYMEHTOM B PyKaX KOHKYPHUPYIOUUX

OpTaHM3AIWH aBUAITMOHHOHN OTPAaCIH.
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+ [pakTnyeckas AanbHOCTb NonéTta
> COC - 7400km
»> COC/CNC - 7400/8600km

« COanaHcupoBaHHas Lenn
> COC - 2000m
» COC/CIC - 2500m

2-x ABuratesnbHble » CooTBeTCTBUE NepPCNeKTUBHbIM
CAC Ha 8-12 mecT HopmaMm no wymy (n.14)

* BO3MOXHOCTb 3KCNJyaTauum npu
M «kpeiic = 1.8 Hag HacenéHHOM
cywen

* Bo3MoXHOCTb yHUcUKauum
nBuratenen B 2-x u 4-x
ABUratenbHbIX KOMMNOHOBKaXx

* [loTeHUManbHbLIN PbIHOK - 600
MaluuH Tonbko B CLUA

Puc.13. HoBoe noxoseHue rpaxJaHCKUX CBEPX3BYKOBBIX fenoBbix camonéros (C/IC) [13]

AKTHUBHO M3y4YalOTCs TMIIEP3BYKOBBIE KOMIIOHOBKM B pPaMKax MeEXAYHApPOJHOIO IIPOEKTa
«HEXAFLY», pna obecrie4eHUs HayYHO-TEXHUYECKUM 33/leJIOM TUIIEP3BYKOBOTO TPaHCIOPTA
OyZAyLIero M CO3JaHUs BBHICOKOCKOPOCTHOTO TIPAKZAHCKOTO CaMojera, paccyuraHHoro Ha M = 8
(Puc.14).

Puc.14. HoBoe moxoseHue TpakJaHCKUX CBEPX3BYKOBBIX JenoBbix camonéros (C/IC) [14]
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2. KoHCTpyKuMa U IIPOYHOCTH

HpI/IMEHEHI/Ie KOMIIO3UIIMOHHBIX MATEPHUAIOB B KOHCTPYKIIMY aIrperaToB ILJIaHEPpd, B TOM YHCJIE

Kpbllla M XBOCTOBOTO OIl€peHUA B PdAMKAX pOCCHfICKOI‘O IIPOEKTa CpegHEeMdIuCTPaJIbHOTO

IIaCCaA’)KMPCKOr'0 CaMOJIeTa MC—Z], IIO3BOJIMJI P€AIN30BATh CIEAYIOIE€ BO3SMOXXHOCTH!

>

>

A\

\4

Co3gaTe KpBIIO OONBUIOTO YIJIMHEHUA C CYNEePKPUTHYECKMMH NPOQUIAMH HOBOTO
TIOKOJIEHUS;

Co3zaTh XBOCTOBOE OIlepeHre MHTeTPaIbHONH KOHCTPYKIIUH;

CHu3uTh BeC KOHCTPYKIUU IUIaHepa IIPU BHIIIOJHEHUU BCeX TPeOOBaHHUI IO IPOYHOCTH,
KHUBYYEeCTH U a3POyIPyTOCTH;

[ToBRICHTH CTOMKOCTH KOHCTPYKIMM K BO3JEHCTBMIO OKpy)Kaiolleif cpeapl M K
9KCILTyaTallMOHHBIM IIOBPEXKTEHUIM.

A Tax>Ke IOJY4YUTh KOMIIETEHIIHIO B CIeYIOIUX 00IaCTAX:

B TexHONIOrMM U3rOTOBIEHUA KPYIHOTA0apUTHBIX MHTerpanbHbIX naHeneit uz [IKM metomom
BaKyyMHOH UHY3uu;

B orpaboTrke MaTeMaTHYeCKUX METO/|OB y4eTa XapaKTePUCTUK MaTepuaa;

B ocBoenuu HOBBIX MaTepHasoOB, paHee He HCIIONb30BaBIINECS B POCCHIICKOM aBHACTPOEHUH —

Cytec Prism 2400RS, Hexcel 8552/A54.

Puc.15. CutoBas u NpUHIUIIMAIbHAA cXeMa COOPKY KphLIa U3 KOMIIO3UIIMOHHOTO MaTepuaia [15]

Jlo OTpaGOTKH CTaTH4eCKO IIPOYHOCTH peaNlbHOM (IIOJHOMACIITAGHOM) KOHCTPYKIIUH

camosnera MC-218 «[[JAI'H» 6511 IpomeaH GOIBIION MK UCCIeOBAaTeIbCKUX PAOOT, HAaIIPaBIeHHBIX

Ha 0TPabOTKy KOHCTPYKTOPCKUX PELIeHUH, 32JI0KEHHbIX B IJIAHEP CaMOJIeTa IIPY ero IPOeKTHPOBAHNN
(Puc.16):



>

>
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OrpomHuBIil 06beM PabOT MO HCIIBITAHUAM KOHCTPYKTHUBHO IIOJOOHBIX OOpasI[OB OCHOBHBIX
arperaros IITaHepa camosera (mopsagka 10 Teicay);

Kn1mMaTuKO-IpOYHOCTHBIE  HCIIBITAaHMA OOpasl[OB M  arperaroB, W3TOTOBIEHHBIX U3
KOMIIO3UTHBIX MaTE€PHaIOB IO Pa3IMYHBIM TeXHOJIOTHAM;

MzommpoBaHHbIe UCIIBITAaHUA, KaK IPOTOTUIIOB, TAK U PeaJIbHBIX arpeTaToB KOHCTPYKIIUM, B TOM
YuCIIe KPBUIa, BEPTUKAIBHOTO U TOPU3OHTAIBHOTO OIIEPEeHM, a TAKXKe MeXaHU3aIl[uu KpbUIa U

OIlepeHMUH.

3KcnepmmeHTaanb|e nccneanoBsaHua PacyeTHble uccneaoBaHus

““lx L

“ |
':“ﬂm- /\

Nonwomacwrabran
KOHCTPYKUMA

\

Arperartbl

KOHCTPYKUKH

i Bbibop Matepuana KOHCTPYKLMK

s“

Puc.16. MHOTOypOBHEBBIII pacueTHO-5KCIIEPUMEHTAIBHBIH ITOAX0], K OTPaGOTKe IIPOYHOCTH

KOHCTPYKIIMU camosiera [16]

[Tomumo sToro, no npuuaToi B «[[AI2]» MmeTomVKe, BCe DKCIIEPUMEHTANBHbIE HCCIEOBAHNI

0 OoTpaboTKe IIPOYHOCTH KOHCTPyKuuu camosera (Puc.17), cOmpoBOXZanuch COOTBETCTBYIOIUMU

pacueTraMu, B TOM YHCJI€ Hd OCHOBE METOJ 0B BUPTYaJIbHOT'O MOZE/JIHNPOBAHMA, KOTOPbIE IIO3BOJIAIOT!

>

>

[Iporuo3upoBaTh pe3ynbTaTsl OSKCIEPUMEHTAa X 3a0/IarOBPeMEHHO IIPeJOTBPALIATh MX
HeGIarOIPUSTHBIN UCXOZ;
AHanu3upoOBaTh NPUYHMHBL IPEXAEBPEMEHHBIX PaspylIeHWH M [aBaTh PeKOMEHJALUU II0
YCHJIEHUIO KOHCTPYKIIHH;
Coxpauats 00bEMBI HEOOXOLUMBIX IKCIIEPHMEHTAIBHBIX MCIBITAHUHN 332 CY€T BUPTYAJIBHOTO

(MaTeMaTHYeCKOr0) MOZEIHPOBAHU.
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Puc.17. Buegpenue ITIKM B KOHCTPYKIIUIO OTBETCTBEHHBIX CHJIOBBIX arperaTos ItaHepa JIA
ITyTeM HUCIOIh30BaHUA COBPEMEHHBIX NH(QY3HMOHHBIX TeXHOJIOTHH ITPOITUTKH MaTPHIIBI

CBA3YIONIMM U IIOCJIeLyIomas OTpaboTKa CTaTUYeCKOi IpoyHoCTH [17]

3. CuoBasg ycraHOBKa

B KOHCTpPYKIIMM CHJIOBBIX YCTAHOBOK, B YaCTHOCTHU TypOopeakTuBHbIX asuraresax (TP/I),
aKTHUBHO BHEJPSIOTCA HOBbIE MaTepPUAIbl U TEXHOJIOTHY IIPOU3BOACTBA. PazpaboTKa KapOIPOYHBIX
Y KOPPO3MOHHOCTOMKMX MHTEpMETA/UIUAHBIX CIIABOB HAa OCHOBe 77 M /VI TIO3BOJIMJIN IOBBICUTD
temneparypy B kamepe cropanus mo 2000 K (Puc.18) m TeM camMbIM yJIy4umImim TATOBbIE U
pacxoiHble XapaKTEePUCTUKU B pasbl, Takke KparHO mosbicuB obmuit KIT/l murarensa. Pacxop
TOIZIMBA CHM3WICA mopaznka 4-5 paz 3a mocinemuume 70 ner (Puc.19). [lBurarenu cranu
KOMIIAaKTHBIMH OJIarofaps BHEAPEHUIO afJUTHUBHBIX CIOCOOOB IIPOM3BOJCTBA ZeTalell B TPAaKTe
IBUTATeNs, HalpuMmep Ojarozaps BHEJPEHUIO TeXHOJNOTHMHM JIUTUA IIyTeM HaIlpaBIeHHON
KPHUCTaJIN3aIuu, B 9acTHOCTH KosmmdecTBo crynereit KH/I, KB/l u typ6unsr 3a mociemume 60 ner
CHU3MWIOCH B 2 pasa. Ha aummo TeHzeHIuMa pocTa CTeleHM IABYXKOHTYPHOCTH M Pa3MelleHMI
rabapuTHbIX cTyneHei TB/I Ha 3ajHUX CTyIIeHAX IBUTATeIIA, C IPUMEHEHHEeM BEICOKOCKOPOCTHBIX
BHUHTOB CO CIIEIIMaJIbHO CIIPOMUINPOBAHHBIMYM TOHKUMH IPOMUIAMHU B IIOIIEPEYHOM CEYeHUU

somacreit (Puc.20).
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Years ||
| No Bypass Duct Noise levels corrected
for aircraft thrust TF (BPR=6+9)
§ b - TF w/AB (BPR<1)
3 Low Bypass Ratio
s
§ s
zm k] E LSAPERa Rt Very High Bypass
2 Ratio
% TF (BPR=4+6)
3 s TF w/AB (BPR=0.5+2)
- .
= e
TF (BPR=0.3+2) g e
TJ (with AB), TP, TS T';:V"l“aée""“fj*" OPR=25-50
e = Axial Spoo
1980 Axial one or two spool CONPIOSSOF, - Cooleq turbine
compressor, OPR=14+20 TET=1850=-1950 K
PR=8+13 ~% = Turbomachinery with
'lﬂﬂﬂwmﬂl low stage count
TET=1150+1250 K = Axial two spool = Geared drive fan
1970 . = Steel, Al-alloy, Ni- compressor, = Tl-alloy. Ni-all
TJ/ TJ with AB alloy OPR=20+35 T|:l cc):)t;mp;oz;lgs;
= Axial or centrifugal = Cooled turbine '
compressor, TET=1500+-1650 K GE90, Trent, PW4000,
PR=3+5 _ « Tl-alloy, Ni-alloy, F119, EJ200, M88
9 = Non-cooled turbine = Coole e composites
1960 | S 000-1150K s
= Steel, Al-alloy, Mg- - D-36, D-18, PS-90A,
' Y. Mg = Steel, Tl-alloy, Ni-
alloy ’ Ys D-436, RD-33, AL-

alloy

31F, D-30F6, CF6,

1950 D-20P, D-30, D-30KU, RB211, CFM56,
<) NK-8, NK-144, F100, F101, F110,
TR-1, RD-10, RD-20, AM-5, AM-3, RD-9B, Conway, Spay, F404/F414, RB199,
VK-1, Dervent, NIN, R-11F2-300, AL-7F, Olympus 593, JT8D, M53
J35, 047 NK-12, Al-20, J57,J75, TE3q0
J79, Avon, Olympus Aero Engines
1 1 i v v Generation

Puc.18. Tengenmus passurus TP/l u ero kitoueBbix mapameTpos [18]

100
Ty-104
00
80
70
60
Wn-62
50 e
n-62Me
Ty-134 @
40
Ty-1546 Mn-86
Ak-429  Ty-154m
30 -
Mn-96-300
Mn-96M
B?a?-306" T 1 05: A319
20 B737-300 Ty-20 3 o
o - =7,
B757-200 A320-200 A330-300
10
1880 1970 1980 1880 rofbl

MNog Hauana akcnnyartauum

Puc.19. Tenmenuus cHIKeHUA YeIbHOTO pacxoja ToIuiuBa [rp/macc kM| [18]
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Il generation (1960's)

"
e

Puc.20. Tengenuus yMeHblIeHUS pa3MepPOB U yBeJIUYEHUA CTeIIeHH JBYXKOHTypHOCTH [19]

Begmyrcsa pa6ors!l o paspaboTKe KOMIIAKTHBIX HEPETyJIUPYeMBIX BO3YX03a00pHBIX YCTPOICTB
(B3Y) ¢ TpexmepHOIi CHCTEMO# CKAYKOB YIUIOTHEHUA i TopMoxeHus moroka (Puc.21). Takue B3V ¢
OJHOW CTOPOHBI IIPOCTHI, He TPeOYIOT CIOXKHOM CHCTEMBI YIIpaBJIe€HHUA [JI1 afalTallid K peXXuMaM
IojIeTa, HO SABIAIOTCA Y3KO HACTPOEHHBIMM K KOHKPETHOMY [Malla30Hy CBEPX3BYKOBBIX uuces Maxa,
Kak mpaBuio, He mpessimatonux 1.8M. Mnu xe oHM paccYuTaHbl HA KOHKPETHOE YHCIIO, HAIIPUMep
runep3BykoBoro 3HaueHus 8M (T.H. xouBeprenTHble B3V). Takume B034yx03aGOpHUKH SBIAIOTCA
OCTPOHAaCTPOEHHBIMH U KaK CJIeJCTBHE CJIOXHO 3aIlyCKaeMbl B CJIydae CpbIBAa peXHMa pabGoThl U
IIOTOMY ITIOKa He Ge30IIaCHBI B 9KCILTyaTallUH.

Boso6uosnsercs Tema TP/l usmensaemoro nuxia ains CAC/CIIC. Ha pucynke 22 npencrasieH
TAKOW PeaKTUBHBIN ABUTATEIb KOAKCHATBHOMN cXeMbl camosieta SR-7]. Takue pBurateay HeOOXOAMMbI
mpu pa3paboTKe ITaCCaXUPCKUX CBEPX3BYKOBBIX CaMOJIETOB [Jig OOeCIedeHUs IpHEeMJIEMBIX
SKOHOMMYECKHX XapaKTepUCTUK Ha Pa3sIUYHBIX peXHMax IoneTa (KaK Ha JO3BYKOBBIX, TaK M Ha
CBEPX3BYKOBBIX).

C >xesaHueM BHEJPHUTH HA caMoJieTe dJIeKTPUYeCKUe IBUTATe TN, MMEIOIINX BEICOKIE TATOBbIE
XapaKTepPUCTUKU U MATYIO BePOATHOCTb OTKa3a, HApacTaeT MHTepeC K pacIipe/ieIeHHBIM KOMIIOHOBKaM
CHJIOBBIX YCTAHOBOK B COCTaBe ILTaHepa camoreta (Puc.23).
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DHBEPreHTHbIN 'Bos,qy)g}a(:gop

Puc.21. MHOrOpe)XxrMHBbIe HepeTyIHpyeMble CBePX3ByKOBbIE BO3/yX03a00OpHbIe YCTPOMCTBA
npoctparcTBeHHOTO (3D 1 xoHBeprentHoro) tumna [20,21,22]

CENTREBODY BLEED SUCK-IN DOORS OPEN

MACH 0.0

\_ AFT BYPASS TERTIARY DOORS OPEN

DOORS OPEN
DOORS CLOSED EJECTOR FLAPS CLOSED

CENTREBODY ELEED
SHOCK TRAP BLEED OVERBOARD SUCK-IN DOORS CLOSED

SHOCK TRAPBLEED
SUPPLIES ENGINE CENTREBODY ELEED

— — —_— — i -

SPIKERETRACTING o
/N FWD. BYPASS DOORS ™ "

OPEN AS REQUIRED TO AFTBYPASSDOORS TERTLARY DOORS CLOSED

POSITION INLET SHOCK SCHEDULED OPEN EJECTOR FLAPS OPENING

Puc.22. TPZIJ], u3amenseMOro muKJia KOAaKCHaabHOM cxeMbl camoniera SR-717 (23]

Taxxe pacIpocTpaHAIOTCA JIeTaTeabHbIe allapaTsl IpeoOpasyeMoil aspoAMHAMHYECKOMH
CXeMbl, COYeTalol[ye AOCTOMHCTBA KAK CAaMOJIETHBIX, TAK U BEPTOJETHBIX PEXHUMOB IIOJIETa, KaK
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IOJTHOCTBIO C DOJIEKTPUYECKUMHM TaK ¥ C THOPHAHBIMU (TypOOSJIeKTPUYECKUMH) CHJIOBBIMU

yCTaHOBKaMH, paclpeeneHHbIMU Ha moBepxHocTH JIA (Puc.24).

(Leading Edge Asynchronous Propellers Technology)

MAKET (LIMAM)

TYPBOSHFKTPW-IECKOVI
CUNOBOUYCTAHOBKHU

Puc.24. KomnoHOBKHY ¢ pacmpezneneHHbIMY d1ekTpuaeckumu CY [26]

4. Cucrems! ynpaBieHusa ¥ 60pTOBOe 060pyAOBaHHE
HHTerpuposBanHoe 60pTOBOE 0O00PYIOBAHKE HAa IEePCIeKTUBHEIX camoseTrax 910 (Puc.25):

» Hcnonp3oBaHMe OTKPBITOM apXUTEKTYPhI COBPEMEHHBIX alllIAPaTHBIX CPEICTB U IIPOTPaMMHOTO

obecrieyeHud;
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» Illupokoe uCHIONB30BaHWE KOHLEIIUY MHTETPHUPOBAHHON MozyabHOU aBuonuku (IMA) c
BBICOKOCKOPOCTHBIMH IIHaMu ZaHHbIX AFDX;

> DBoproBas aBTOMaTU3MPOBAaHHAsA CHCTEMA TEXHIMYECKOTO 00CTyKUBAHNU;

» MHcxmodyenne HeoOxoguMocTH npuMeHeHus HaseMHbIx KITA.

Yro B cBOIO o4epeib ITO3BOJIAET:

» 3HauuTeIbHOE CHIDKEHUE IKCILTYATATMOHHBIX PACXOJ0B Hd CAMOJIET;

» CHwmwxeHue Beca CaMoOJIeTa;

» IloBelmeHue 6e30IIaCHOCTH IIOJIETOB Ha BCEX dTalax u PeXHMaX I10JIE€TA;
>

[ToBsImeHne HaZIEXHOCTH CAaMOJIETHOTO 000PYZOBAHUA.

Cucrema
BHICOHAOIIOISHHA
T
1
: @ IPCI [PCZ CaMOIETHBIE CHCTEMBI
b § = z x z 2
. coc ] [caen] [ e [[ 22 ES=EES
._., ) < e - =
HUCCKOP-MC21 [«—{ [DMC 1" —7* Tporen omap. | Tonten T ;
t ] "cmm"” oo [ &= oc |[Bcy J[cto
A A
v PamgnocesazHoe ,\“mm era‘[a P— Caerena -
obopynopanue | czneua | pr——— | I R
JIaT9HKY B CHCTEMBI IIHIOTaKHO- Py s ’ cresor ||morpymoitbarexa
e DEEOIS0BoDTCR F13MepHTeIb MacChl eifcoB Hcmoabsyemsle B IIHO:
HIEHTPOBKH [sg——
<+— ARINC 664 AFDX, “— — Bmuzaeo uarepdeiic,
<+—— CAN - bus, <«— ARINC 429.

GLONASS

Cwucrema bnivkHei HaBuraymm VOR CyCTeMa MHCTPYMEHTanbHOM Nocajky ILS
+ ;

Aucpepenuuansise
nonpasKy

Puc.25. ApxutexTypa nHTErpupoBaHHOro 60pToBOoro obopyaosanus (MBO) [27]

KommiekcHas cucrema YIIDABJIECHUA HA IIE€PCIIEKTUBHBIX CAMOJIETAX OTO:

Ynyumenue JITX, BIIX camosnera;

Bospmoii ypoBeHb aBTOMaTH3aLU BCeX STAIIOB II0JIETa;

CoBpeMeHHas apXHUTeKTypa C AByMA KOHTPOJIHPYEMBIMH TPUAJaMH BEIYUCIUTEIIEH;
CHmKeHUe HaTPy30K Ha caMOJIeT OT aTMOCHEPHOI TypOyIeHTHOCTH Ha BCEX PEXKUMAX II0JIeTa;
CHmXeHne Harpy30K Ha MEeXaHMU3AI[UIO CAMOJIETA 3 CYeT ONTUMU3AIVY 3aKOHOB yIIPaBIeHN;

CHwxkeHme OTPeOHOI MOIHOCTH CUCTEM THIPOTIUTAHUS;

vV V V VYV VY V V

[TpemynpexeHue 1 aBTOMaTHIeCKUI BBIXO, U3 OIIACHBIX CUTyaluii IIpHU IIOJIeTe;
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>

YV V VYV V

Pexondurypanusa aIropuTMoB CHCTeMbI YIIpaBIeHHI, MHOTOKPAaTHOe pe3epBUPOBaHHE.

[Toseienre 6€30MaCHOCTH IOIETA 33 CUeT:

CoxpaneHnus paboTocrioco6HOCTH 10 4-5 anmapaTHEIX U 2-X TPOTPaMMHBIX OTKA30B;
BeposaTHOCTE CHIDKeHUA XapaKTepPUCTUK yIpaBieHud He xyxe 10 - 11;
Ob6ecneyenne Boutera mpu 90 % BO3MOXKHBIX e JUHUYHBIX 0TKa30B KCY;

IloBrieHmS pecypca IlIaHepd CaMOJIeTd.

Ka6uHa muI0TOB COBpEMEeHHBIX ITACCXKUPCKUX caMoIeToB 3T0 (Puc.26):

os
%2 e 2.4
ILS1

HOG 082
CRS 166

Puc.26. KabrHa coBpeMeHHOTO IacCaXUpCKoro camorera [28]

[1aTe MHPOKOGOPMATHBIX, I[BETHBIX, MHOTO(YHKIMOHAIBHBIX JUCILIEEB, 00eCIIeuHBaIOIUX
BU3yaJIM3AIHIO BCero oGbeMa OCHOBHOM MH(pOpPMaIXU 110 BCeM CHCTeMaM CaMoJeTa, Ha BCeX
peXXrMax IoJIeTa;

AxTBHAg GOKOBasA PydyKa — ONTHMAJIbHOE pelleHue 1id pexxuma Fly — by — wire;

KommekT snekTpoHHO# moKyMeHTanuy E£FB TpeTbero Kiracca;

MakcumanbHBIM ypOBeHb aBTOMATH3ALUK YIIPAaBIEHHSI BCEMH CAMOJIETHBIMH CHCTEMaMH H
06opyoBaHuEM;

MaxkcumanbHbIE ypoBeHb KoMpopra A1t 3hdeKTUBHON pabOThI Ha BCEX PeXUMax pabOThI
camoJseTa /I WIeHOB SKUIIAXKa;

MakcumanbHBI ~ YpOBeHb 0€30IIaCHOCTH  IIOJIeTa, COOTBETCTBYIOI[UN COBPEMEHHBIM
TpeOOBaHUAM;
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» MuHuManbHBIA COCTaB OPraHOB PYYHOTI'O YIIpABJI€HWA CaMOJJIETHBIMU CHUCTEMaMMU;

» CoBpeMeHHBIH AU3alH U COBPEMEHHbIe OTZeI0YHbIE MAaTePUAIbl HHTEPhepa.

AKTUBHO BHeJpPAIOTCA B KOMIUIEKT OOpTOBOrO 0OOpynoBaHusA OecIraTdopMeHHbIe
vHepuuanbHble HaBuranuonusle cucremsl (BMHC) ©Ha ocHOBe J1asepHBIX T'MPOCKOIIOB,
obecreynBaron[ie aBTOHOMHOCTb M BBICOKYIO HAJI@KHOCTb IIPU OTKJIIOYEHWH CIYTHUKOBBIX CHCTEM
HaBuranuu (Puc.27). Taxxe BHeAPAIOTCA pa3IHYHbE NJATYUKU MU3MEPEHUI IIePBUYHON MHGOPMALH
(cKOpOCTB, BBICOTA) OCHOBAaHHbIE Ha M3MEpPEHUAX HAIPSKEHHOCTH (QUIMYECKUX IIoNeil 3emian
(HampuMep, 3JIeEKTPOMarHUTHOTO WJIX IPAaBUTAIOHHOTO IO 3eMJIN).

BUHC Ha ocHoBe nasepHbIX TMPOCKONoB MHC Ha ocHOBe MexaHU4YeCKUX r’MpoCKornoB

.

. a \

>, s
W o0 STARES s

MorpewHocTb 26 (95%)

B ¥ HOM p

« leorpacmueckue KoopauHaTt 3,7 kM 3a yac nonera

« MyTeBas ckopocThb 4 m/c

* UCTUHHBIN KypC (t — Bpems) 0,2°+ 0,02xt

* Yrnbl KpeHa u TaHraxa 0,1°
B rubpuaHom pexume

« lMeorpadmueckue KoopauHaTbl 100 m

« MNMyTeBas ckopocTb 0,2 m/c
Bpems roTOBHOCTHU 5 MUH
CpepgHee Bpemsi HapaboTKu Ha OTKa3 7000 4
Macca 16,5 kr
Temnepatypa oKpyxatolien cpeab! ot — 60°C go +55°C
BeicoTa A0 15000 m
WHTepdhencol ARINC 429, MIL-STD -1553

Puc.27. Becunatdopmennas nHepiuanbHas HasuranuonHas cucrema (BVTHC) Ha 6ase ymasepHbIx
THPOCKOIIOB (C1eBa) U nHepuuanbHas HaBuranuonHas cucrema (MHC) na 6asze mexannyeckoro 3-x

cTemeHHOro rupockomna (cmpasa) [29,30,31]

Ha Gopr camosera BHezpsioTcsa Gosee orkasobesomacHble PJIC ¢ maccHMBHOM M aKTHBHOI
dasupoBanHoil anTteHHOU peuretkoil [IPAP mnu APAP. Takue pasapsl UMEIOT MalyiO BEpPOATHOCTD
OTKasa (HalpuMep, B CIydae yAapa MOJIHUH) 61aroaps pacipeeeHHON cxeMe IIpHueMO-IepeJaouX
YCTPOMCTB, a TalKKe IIMPOKMH JMama3oH o0030pa G6rarojgaps OTKJIOHEHWIO HAaIpaBIeHMA
Pafguou3IydeHNs TOCPeICTBOM n3MeHeHus ero ¢assl (Puc.28).

V3 mpoBeZeHHOTO aHaIM3a COBPEMEHHOTO COCTOSHUSA U IIEPCIEKTHB PasBUTHUA OTAETBHBIX
obacTei aBUAIMOHHON HAayKHM MOXHO C/IeJIaTh BBIBOZ O TOM, YTO ellle JJaJeKO He BCe IIepeZioBhIe ee
IOOCTIDKEHMs BHEAPEeHbl B aBHAIMOHHYIO TEXHHKY. A 3TO 3HAYUT, YTO PasBUTHE ABHAIUU eIle

IIpOoLOJIXKaeTCsd.
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Prospects of Aviation Development in

Terms Of Modern Condition of Aviation Science
Irakli Kacharava, Valeri Mikadze, David Pilauri

The article is devoted to the modern trends in the development of specific areas of aviation
science and perspectives of aviation technology as a result of their implementation. It is a compilation
of published data in open sources [1-32] and consists of four main chapters:

L Aerodynamics and arrangement of the aircraft;

2 Construction and its strength;

3. Power plant;

4 Control systems and onboard equipment.
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Short range aircraft design general issues
Giorgi Kakabadze

The aim of current research is to redesign A320 with new technical requirements, which will
be adapted to low speed and short range flights. Given research will be done with different
automated design systems, therefore final results will be analyzed. Also general advantages and

disadvantages of each software and preference for different design stages will be determined.
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Analysis of the oscillatory Motion of the protective module of the turbojet
engine in a colision with foreign objects

Andro Maisuradze,*! Slava Mebonia,**? Merab Chelidze***3

I(Georgian Aviation University
Ketevan Dedofali ave., Nel6, Thilisi, 0103, Georgia)

23(LEPL R. Dvali Institute Machine Mechanics
Mindeli str., Ne10, Thbilisi, 0186, Georgia)

Abstract: The oscillatory motion of the protective module of the turbojet engine of the aircraft, which is
caused by shock interaction with external objects, including birds, is considered. To study the dynamics of the
protective module in a collision with external objects, a differential equation is compiled, the solution of which
Is obtained mathematical expressions for the magnitude of the displacement of the module and the force of
Impact. Analysis of these expressions shows that the elastic elements in the module structure partially reduce the

Impact force.
Keywords: aircraft, bird, impact, impulse

During the routine operating conditions of an airplane engine, there is a likelihood of
encountering many different types of foreign object damage. Foreign object damage in a
turbofan engine component can be classified under two major categories: (a) soft-body impact
and (b) hard-body impact. The most prevalent example of engine soft-body damage in civil
aviation is caused by the ingestion of a bird or flock of birds, which is commonly referred to
as bird-strike. Due to noise concerns, the majority of airports being built today are positioned
away from the heavily populated areas and closer to the natural habitat for wild birds. As a
result, the number of recorded bird strikes during commercial flights has increased
dramatically in recent years [1].

Birds and aircraft occupy the same air space and collisions between the two are
inevitable. As aircraft speeds have increased, the severity and importance of bird/aircraft
impact have also increased. The design of bird strike resistant transparencies requires a better
and more detailed knowledge of the response of wind shields and support structures to bird
impact. The Air Force has initiated an extensive program which is designed to apply modern
structural analysis techniques to windshield response. With such tools proven and placed at
the designers disposal, the process of obtaining bird strike resistant transparency designs
should become much more efficient [2].

The actual bird is combination of flesh, blood, and bones, and it is difficult to implement
the actual bird constitutive model in numerical program. Numerous researchers used different
approaches to closely approximate the material response of bird. Some authors modeled the

bird with elastic-plastic material law along with certain failure criteria, while others used

*
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equation of state approach for constitutive modeling with pressure volume behavior of water.
Bird is mostly composed of water [3]. It behaves like a soft body and acts as a fluid on the
structure during the impact.

A hydrodynamic bird material model made up of water and air mixture is developed,
which produces a good correlation with the measured strain gauge test data in a panel test.
This parametric bird projectile model is used to generate the time-history of the transient
dynamic loads on the turbofan engine blades for different size birds impacting at varying span
locations of the fan blade.

The dynamic forces being generated during a bird-strike on an engine blade is highly
nonlinear in nature, and until now no an attempt has been made to determine these loads in
any physics-based analytical model [4].

In order to determine the magnitude of the transient dynamic loads generated by the
impacting bird mass, it is important to distinguish the different phases of high-velocity
impulsive loading due to soft-body impact and establish certain mathematical parameters that
would capture the mechanics of the bird-slicing action in full detail. As soon as the bird-
cylinder comes into contact with the blade, it generates a high-intensity shock-front called
“Hugoniot pressure wave” that travels through the bird material.

However, in terms of the dynamic response of the airfoil blade, its effect is very
minimal during the initial phase of the loading. Although magnitude-wise the pressure in the
shock-front of the Hugoniot wave could be very high, the effective dynamic load felt by the
blade is not significant because of the initial bird contact loading area on the blade pressure-
surface is almost like a point loading, which is negligibly small and thus its contribution to the
overall scheme of bird-strike dynamic loading can easily be ignored. For mathematical
formulation, we start with the slice size, which is a function of various parameters such as the
number of blades on the fan rotor, rotational speed, and aircraft speed, etc. For the purpose of
the analytical formulation (see Fig. 2), we consider a case where the bird of diameter Bo comes
into contact with the airfoil blade at a span height “s” on a rotating bladed-rotor with N
number of blades on it. The bird cylinder of length Br moving with an axial velocity of V. gets
sliced into several pieces with the axial length of each slice given by expression:

Va
B = (RPM N, M
where RPM = rotational speed of the fan rotor =60Q2/2r, Q2-angular velocity.

The consideration of some simple, theoretical results concerning impulse transfer,
impact durations, and average forces in bird impacts and knowledge of these qualities assist in
the reduction and interpretation of experimental data.

Assuming that a bird is essentially a fluid body, the motion of the bird before and after

impact is illustrated in Figure 1. The initial momentum of the bird along trajectory is simply
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MYV, where m is the mass of the bird and v is the initial impact velocity of the bird. The
momentum of the bird along trajectory after impact is zero as the bird has only radial velocity.
Therefore, the momentum transferred to the target during the impact is simply equal to MV.
This simple picture may be easily extended to oblique impacts by noting that only the
component of momentum normal to the impact surface is transferred to the target during the

impact. Therefore, the momentum transfer or impulse | is given by expression:

| = MVSing, (2)
Before impact After impact
A
V-
Vi

Fig. 1. The motion of a bird before and after impact

where O is the angle between trajectory and the surface of the target.

Equation (2) is an expression for the momentum transfer or impulse imparted to a target
during impact if the bird were a fluid body and the target was completely rigid. If the bird is
assumed to be a fluid body, the Impact begins when the leading edge of the bird first touches
the target. The impact continues until the trailing edge reaches the target and there is no
further bird material flowing onto the target. If the bird does not decelerate during impact,
then this "squash-up time", Ts is given by

T, =L/s, (3)
where L is the length of the bird.

For the normal impact of a cylinder on a rigid plate, the flow across a shock can be
considered one-dimensional, adiabatic, and irreversible. The pressure behind the shock may
then be derived from the shock relation as P = pv;v, where p is the density of the bird, vs is
the shock velocity, and v is the impact velocity. The shock pressure, therefore, depends not
only on the impact velocity but also on the shock velocity (which is, in general, a function of
the impact velocity) and the bird density.

The impact of a bird on a rigid plate is assumed to be a nonsteady fluid dynamicprocess.
So the entire impact may be divided into four phases. The first phase is the initial impact phase
in which very high shock pressures are generated between the bird and the target. The release
of this shockedmaterial results in a decaying pressure. The pressure decay until the third phase
of the impact is reached. During this phase, the bird flowssteadily onto the plate. This part of

the process might be regarded as a jet flow. The final phase of the impact occurs as the trailing
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end of the bird approaches the plate and the pressures once again fall to zero. These various

phases are illustrated in Fig. 2.

Target
Bird
Vi = Vi Ve ol L
1]
i _ M
T T
c) = Lﬁi d)

Fig. 2. The phases of bird impact:

a) initial impact; b) impact decay; c) steady flow; d) termination

When the unloading wave reaches the contact plane, the so-called quasi-static flow is
established. In this phase, the pressure (meaning the pressure of the jet on the barrier) remains
virtually unchanged until the end of the impact process [5]. So, on the pressure chart there is

a short-term peak of high pressure and a relatively long section of high pressure (Fig. 3).

Short-team peak

The steady-state phase

Wf\/\/\
Liv

025 05 0.75 1.0

Fig. 3. The pressure chart in the collision of a body with massive plate

A similar character will have a graph of changes in the force of impact, so the force of
impact can be expressed by the following formula:
P(t) =P, Sinpt+ P, 4)
where P, this is the maximum value of the impact force, N; p — the frequency of the impact

force; P —the value of the impact force at the quasi jet flow.

The graph of the impact force change is shown in Fig. 4.
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Fig. 4. The graph of the impact force change

Let’s consider the motion of the engine module under the action of such a force pulse.

The calculated scheme of the collision process is given in Fig. 5.

Fig. 5. The calculated scheme of the collision process

On this scheme are designated: P(t) — a force pulse; M —module mass; C—rigidity of the

spring; X —module movement during impact.

Let’s compose the equation of motion of the system:
m—- = P(t) — ncx, (5)

here n—-number of springs.

After some transformations, the differential equation is written in this way:

d’x ¢ 1
—+nN—x=—P(t 6
dt? m m ® ©)
or
2
%+w2x:&8inpt+3, (7)
t m m

C
where w® =n - is the square of the natural oscillation frequency of the system [6].

The resulting equation is a second-order inhomogeneous differential equation with

constant coefficient. The initial conditions for solving this differential equation are as

follows: when t = 0; x(0) =0; % (0) =v,, where V, is body speed at the initial moment of

impact.
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The characteristic equation of the homogeneous part of the differential equation is

the following square equation [7]:

Z+0° =0, (8)
the solution of which two imaginary roots is obtained:
A, =*aoi 9)

Then the solution of the homogeneous part of the differential equation will have the
following form:

X =C,Cos(mt) + C,Sin(w,t), (10)

where C,,C, constants whose values are obtained from the initial conditions

The particular solution of the equation is determined by the superposition principle,
according to which the particular solution of the differential equation represents the sum of
all fixed partial solutions for the terms of the right part of the inhomogeneous linear
differential equation [8].

In this case we have:

d’ . 5 P o |
— + ®°X =" Sin( pt); particular solution X' = ——"——Sin(pt). 1
a) dt? m (p)P (wlzz_plz)m (pt) (11)
2
b)d_z)(+a)zx = E; particular solution X' =——.
dt m o’m

Then the General solution of the differential equation is:

X = C,Cos(at) + C,Sin(at) + —"—Sin(pt) + ——. (12)
(0" = p°)m m
By entering the values of the initial conditions into this expression, we obtain the following
: P . P P
values of arbitrary constants: C, = ———;C, =v; —————.
1) (0° = p°)m

Then, in the final form, the General solution of the differential equation will be as
follows:
=)

X=(1-—
@M

P .
——"——Sin(pt 13
o= 5y S (13)
The force of impact, which is perceived spring module will be equal to:
P v P.p . P .
Cos(at) +[-2 — ——"——]Sin(wt) + ——"—-—Sin(pt 14
GOSN AL P Sin(en) + o Sin(pt} (1)

The obtained expressions (13) and (14) make it possible to calculate the magnitude of

)Cos(at) + [2 - — P __1sin(at) +
o oo —p)m

P(x) =nc{(1-

the movement of the protective module during the oscillatory motion caused by the collision
of the aircraft engine with a foreign object and the impact force perceived by the module

springs.
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In Fig.6 is shown the oscillatory movement of the module after a collision with the bird
by the equation (3).

The protective module of the engine after a collision with a foreign object, such as a
bird, receives damage and starts free movement towards the air compressor until it comes into
contact with the elastic element. Because of this, the impact force of the module with the air
compressor of the air turbine is greatly reduced. After that, the protective module due to the

elastic element (springs) is shifted towards the initial position.

vo=l, P=0kg Pm=10

wo=0, P=10kg Pm=2kg

vo=80ms, P=10kg Pm=2kg

Fig.6. Oscillatory movement of the module caused by impulse force

In order to simulate the above movements, on the basis of equation (13) and taking into
account the impact peak shape Fig.4, a mathematical model was created and some
mathematical experiments were conducted to determine the effect of protecting the turbojet
engine by using a protective module when facing aircraft with the foreign objects during

takeoff and landing. The obtained results are shown on the Fig. 7.

=048m

P=10880 kg t
By =1360kg

1—0 02s

Fig.7. Oscillatory movement of the module caused by impulse force in the presence of a gap

Assuming that there is no gap between the protective module and the turbojet engine
then after a collision with a bird, i.e. they are bound by an elastic element during all period

of the transition period, then the dynamics of the module are shown in Fig. 8.

®=0.387 m

P -10880kg
Pm= 1360kg

Fig.8. Oscillatory movement of the module caused by impulse force in the absence of a gap
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From a mathematical experimental study of the collision of birds on the protective
module of a jet engine, it has been established that the protective module greatly reduces the
impact force on an air compressor and protects it from damage. At the same time, the softening
effect is more noticeable when a elastic element is installed without a gap between the module
and the compressor.
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Awnanu3 xoyie6aTeIbTHOTO SBYDKEHUS 3aIUTHOTO
MOZyJif TypOOpeaKTUBHOTO JBUTATEIIA

IIPH CTOJIKHOBEHHH C IIOCTOPOHHHUMHA oOBeKTaMH

Anppo Maiicypagze, CiraBa Me6orus, Mepa6 Yenuaze

Paccmorpero rkomebaressHOe JBHKEHHE 3aU[HTHOTO MOZYJA TYpPOOPeaKTHBHOTO
JBHTaTe/I1 JIETATEIBHOIO allapara, KOTOpPOe BBI3BAHO VZAAPHBIM B3aHMOJEHCTBHEM C
BHEIITHHMH O6fB€I{T3MPI, B TOM 4YHC/I€ C IITHIJAMH. ,JJLY HSytIEHHﬂ AHHAMHAKH 34dIl[HTHOI'O
MOZY/IA IIpH CTOJIKHOBEHHH C BHEIITHHMH OOBEKTAMH, COCTABIEHO JHQHEPEHIIHATBHOE
}/paBHeHI/Ie, pelIeHHeM KOToporo HO]I}”IEHBI MarTeéMaTH9€CKHEe BbIPDA’KCHHA /I BE/THYHHBbI
nepeMeIeHHA MOJY/IA H CHJBI yAapd. AHaIH3 5THX BBIpAKEHHH ITOKAa3bIBA€T, YTO YIIPYTHE

2/1eMEHTHI B KOHCTPYKIHH MOZYJIA Ya4CTHYHO CHIJKAIOT CHIIY VAapa.
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Analysis of foreign objects ingress into aircraft

gasturbine engines and methods of their recording
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Abstract: The operation of gas turbine engines is significantly affected by pollution of atmosphere air. Currently
certain number of being in operation gas turbine engines are being removed from aircrafis prior to the expiration
of the warranty period, mainly due to damage to the compressor, combustion chamber and gas turbine as a result
of foreign objects ingress in the engine intake. As foreign objects would be: various size small particles of dust or
sand. pebbles, demolished runway and taxiways, pieces of ice, wire from brushes of the surface of cleaning
machines, birds, etc.

Foreign bodies may not damage the first stage of the compressor, but damage the next stages, is complicated to
diagnose the engine. In order to simplify diagnostics and generally, maintenance of the engine, it is necessary to
develop a device that will record the number of sand particles, pebbles and other foreign bodies passing through

the engine.

Keywords: aviation gas turbine engine, engine air-gas channel, foreign objects, ingress of
foreign objects, recording, ways of recording, damage, compressor blades, fan, air intake

device.

1. Analysis of foreign objects ingress problems in aviation engines
1.1. Causes of foreign objects ingress in gas-turbine engines ~
The problem mentioned in the abstract is particularly relevant to helicopter turbo-shaft engines,
as they often have to land and take-off on ground dust-covered aerodromes. Even if dust and sand
particles do not cause noticeable damage to the details and nodes within a short period of time, they
cause erosion of their surfaces after certain time. As a result of the erosion, the shape of the compressor
blades and the nature of their air flow make it possible for the compressor to cause tear-off and the
formation of a surging. There also would be damaged the details of the combustion chamber and
turbine. For example, it is known that after 100 kg of dust flow in the NTV2-117 engine air-gas channel,
the compressor pressure ratio decreases approximately up to 10% and the engine efficiency up to 4%
respectively.
As well, is very topical the issue to eqquip of helicopters with a special separation device that
cleans from dust, sand and other objects the air on the engine intake during takeoff, landing and taxying
of the helicopter.

* - Professor, ** - Master, *** - Bachelor
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There are the following reasons for ingress of foreign objects in the engine:

* Action of relative airflow;

+ Ability to rather high outburst of foreign objects from aircraft’s own chassis while taxying on
the ground or from special vehicles wheels that are moving on the airfield:

* Outburst in the air from the artificial cover surface the foreign objects due reverse jet and
their introduction in the air intake device;

* Introduction by the air intake device of foreign objects from the artificial cover by so called
"vortex strip".

By its nature, the "vortex strip" represents a small helicopter turbulence airflow that starts from
the surface of the artificial cover and extends to the air intake device. Depending on its intensity, it can
involve quite large objects from the surface of the cover. The vortex arises down from the air-intake
device at uneven flow when are arisen local braking points of the flow, i.e., the core of the vortex strip.

The location of this core depends on the wind velocity as well as true air speed (Fig. 2).

R=H/2
Fig. 1. Scheme for a generation of vortex strip before the gas turbine engine intake device
1 — gas turbine engine; 2 - intake device; 3 — vortex strip; 4 - air flow on the surface of the airfield

cover; 5 - air flow in the intake device

In order to generated vortex to outburst the object from the surface of a cover, it must have a
certain power (intensity). It will be defined by the horizontal component of the air flow velocity on

the surface of artificial cover under the air intake.
Vmax(mps)=Gmax/(20,].— H)

Here Gmax — is the maximum air flow of the engine; H - is the distance from the surface of the
aerodrome cover to the air intake axis.

Fig. 1 shows the areas of the vortex strip generation in front of the air intake device of engine
while operating the engine.

On Fig. 2 is presented the horizontal component of air-flow velocity dependence graph of the

air intake relative height H,,; with respect to the surface of the artificial cover. (H,¢ = H / D)-
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Fig. 2. Possible areas for generating a vortex strips for gas

turbine engines operation at maximum mode of engine

The intervals of Vmx values are experimentally determined. If this value is less than 1 m/s, then
the vortex does not arise or their generation is non-intensive. When Vmax>1.0 m/s but is less than 1.5
m/s, it is possible to generate a vortex strip (tornado) and consequently the ingress of foreign in the
engine air intake device. And when Vmax>1.5 m/s, intensive generation of vortex is already taking place.

It is obvious that the vortex strip that facilitates the foreign objects outburst from the surface
of the artificial cover, in the idle power (after the engine is started) and then during the aircraft taxying
at low rpm, has not yet generated. And after the aircraft acceleration (approx. 40-50 km/h), it divided
with a head air flow.

This principle divides the aircraft into vortex and non-vortex types. According to these
indicators, for example the Boeing-737 aircraft belongs to the vortex type aircrafts Vmax = 6.5 (its engines
are up to 0.46 meters above the surface of the artificial cover), and the aircraft IL-76 and CR]-200 are
non-vortexd types Vmax = 1,0 (their engines are located on the aircraft more than ~2 m height).

1.2. Parameters of existing in airforeign objects

Atmospheric dust content varies over a wide range: from up to 20,000 dust particles in 1 liter
in large urban atmospheres up to 10-14 dust particles in the forest. Ambient air pollution by dust is
caused by the movement of air masses in both horizontal (wind) and vertical directions (ascending
flows).

As the flight height increases, the concentration of dust in the air decreases. The value
ofaverage concentration of dust in ambient air is: above sea level - 1 mg/m3 on top of mountains 3
mg/m3; on top of large industrial cities -5 mg/m?3; on top of ground runways - 10 mg/m?3.

There are completely different values of dust concentration at operating a helicopter engines
and movement of airflow by lifting rotor. In general, the concentration of dust in the air in adjacent of
the helicopter depends on the structural strength of the soil, mineralogical and dispersion composition,
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climatic conditions (humidity), location and the intensity of airflow movement during the lift rotar
rotation.

The maximum dust concentration is observed in the lower zone of the lift rotor up to 15-
30 m away from its axis and reaches 5 g/m3 for sandy runways. During the operation of the
helicopter in the hovering mode, the concentration of dust at the height of 2-2.5 m decreases and
does not exceed 0.5 g/m3. At this time, coarse dust particles at ground level (above 200 mg) are
about 20% of mass and 2-3% on the 2-2.5 m in height. If the distance between the helicopters is
less than 50 m on the runway level, the dust from one helicopter's airflow will significantly affect

on the operation of the other helicopter engines.

1.3. Impact of foreign objects on the engine operation

When the engine is running on ground (or in adjacent of it), a large amount of dust flows
into it air-gas channel. For example, when operating a MI-8 helicopter at engine Full Throttle, on
the sandy ground runway in each engine ingress nearabout 3 kg of dust for 1 minute. At moving
at high speeds to the engine air-gas channel, the dust makes heavily impact on the details
deterioration.

The most deteriorated element in the engine is the compressor. Typically, is deteriorating
the leading edges of blades and its concave surfaces. Examination of the blades shows that the
working blades are more deteriorated than the blades of air-gas channel. This is explained by the
fact that the dust particles collided with fixed blades makes as a result of their transient movement
of air flow when the contact of dust particles with rotating blades becomes more complex. The
first-stage blades are depreciated on their total height due uneven distribution of dust flow. The
blades of the last stages have a sharp depreciation on its periphery that is explained by the
centrifugation of the dust in the stages.

Impact of centrifugal forces on the dust particles causes increasing of their concentration
in the peripheral part and blades of last stage that have the thin profile represents the most
deteriorated details of engine.

Deterioration of the air-gas channel blades and their sealing elements of the causes the
decreasing in compressor pressure degree and efficiency. At operating at low modes, there is an
increase in fuel supply to the engine to maintain constant power and increase the gas temperature
in front of the turbine. When the engine is running at maximum mode, it is not capable of design
power due to the limitation of the gas temperature or other key parameters. In addition,
deterioration of the compressor intake parts is one of the major reasons of the compressor 's
unstable operation surging mode.

At working in dusty conditions, in addition to deteriorating compressor details, the engine
is also subject to deterioration of other parts of the engine. The combustion chamber is less
deteriorated, but in some cases it may be possible to fill the cooling air through the dirt and to

decompose the hot enamel to the inside of the firing pipe.
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Fig. 3. Cracks and burnings on the profile of the first stage nozzle of engine

Engine turbines are deteriorated relatively less than compressor details. At this time, the output
edges of the nozzles apparatus blades are mainly deteriorated. This causes an increase in the area of the
turbine's outlet, an increase in temperature mode, and a reduction in engine maximum power.
Particularly dangerous for the turbine cooling system is the dust that ingress in the engine with air. As
the turbine is cooled by the secondary combustion chamber air or by the air being heated by the
compressor, the dust that fills the trottle holes and gaps reduces the amount of coolant flow that causes
the turbine details cooling worsening and increasing in possibility of their burning (failure).

During collisions of compressor blades with small particles, on the surface of blades are
originated the scratches and depressions that represents the stress concentrators. After some time,
cracks can develop in these areas and after their further development occurs the faults in blades. The
ingress of large pebbles and birds at the air intake device would cause the compressor blades break.

Ny a0 : B 24
Fig. 4. The gas turbine engine compressor after collision with foreign objects

Dust and sand act as strong abrasive particles (scratch) after their ingress into the engine,
causing erosion of the compressor blades surfaces. As a result, after ingress in engine of their certain
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amount occurs the change of blades profiles and violation in normal flow gears. Increased hydraulic
resistance dramatically reduces the compressor pressure degree and its efficiency. In the case of the
critical values of blades profiles deteroriation, in the compressor develops separation phenomenon that
wouls cause its dangerous form of surging.

Dust penetration from the labyrinthine elements into the lubricant cavity is not excluded.
Increasing the amount of dust in the lubricant causes the frequent lubricant change and would cause
the prematurely remove of engine as a result of bearing’s failure. Based on the experience of operating
a helicopter gas turbine engines, we can conclude that the engine resource is significantly reduced in
case of dusty air.

2. Methods of engine’s protection
Great attention is paid to the refinement of operational measures and constructive equipment
in order to prevent the occurrence of foreign objects in Vortex generating.
Engine protection methods in case of dust impact include engine air filtration and operation
measures.

Installing on the engine a dust-proof mechanical filter in the air intake device ensures reliable
protection of the engine from harmful dust, but causes the significantly reduce of engines maximum
power and increase in specific fuel consumption. Therefore, such type filters have no practical
application. Some helicopters used mechanical filters. For example, on the Alouette and Super Frelon
helicopter engines were installed barrier filters from the spun felt. As laboratory studies have shown,
these types of filters would entrap up to 99.9% of dust particles with sizes of 30-80 pm. But at theit
installation on helicopters at existence of significantly dust-laden air they quickly obstructed and
require frequent replacement. In addition, such filters have large mass and overall dimensions. One of
the most common and relatively promising air filters represents filters with multiple inertial pipes that
operate on a cyclone basis and have self-cleaning properties. Such a filter with 1175 pipes was used on
the helicopter SA-330-Puta. It entrap up to 85-90% of dust and produces a slight loss of pressure at the
intake (less than 12 mbar, equivalent to 1.5% increase in fuel consumption).

One of the important measures for detecting the compressor pump in dusty air conditions at
engine operation is to periodically control the rate of wear of its blades.

There is a special graound device to prevent the formation of a vortex strip (for their breaking).
This is a stellar structure made from plates with a height of 0,07 mm in diameter and 2 mm in thickness.
This device is located in the epicenter area of the downward spiral zone of the intake device.

Fig. 5. Anti vortex preventer
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In addition to operational measures, there are also constructive protective measures designed
to prevent foreign objects ingress from the intake device.

One of the constructive solutions for by-pass engines is to create so-called "self-defense"
engines. For such engines, the blades of first stage of compressor (or fan) shafts have a wide cord profile.
The front edges of such blades are often reinforced with special coatings and have a large width and
thickness of the base cross-section. Their configuration gives the possibility due centrifugal forces to
throw foreign objects in t5he second contour.

If the foreign objects nevertheless will ingress into the engine then it would be better to ingress
into the second contour where basically only one stage fan is arranged. Modern engines can repair
damaged low-pressure compressor blades, including replacement of the entire module. At the same
time, this is done without removing the engine from the aircraft.

Significant importamce has the shape of spinning. It will be profiled in such way that ingressed
in the engine foreign objects from the possible area of sucking together with air flow will be strike to
spinning and then will be directed to the second contour, causing minimal structural damage.

Depending on the nature of the movement of foreign objects after the reflecting from cone, its
value and wall thickness as well as the angle of coke vortex cone are affected. It is experimentally
determined that the best range of reflection is from 71° up to 118°. At higher angles, the foreign objects
will be throw off to the ends of fan blades, i.e., to high rotational speed and small thicknesses of the
blade profiles zone that would cause significant damages. In the case of angles less than 71°, such an
phenomenon does not occur.

For example, in the PS-90A engine this angle is equal to 90° that is closer to 71°. However, the
separation of the first and second contours of the blower is quite inclined from the blower and the
elevation of is enough pulled out from the fan and the fan working wheel bush is quite inclined in Fig.
6. All of this gives the possibility to minimize the damage that can be caused by ingress of foreign
objects in engine.

1

Fig. 6. Side-view of by-pass turbojet PS5-90A:
1-spinning, 2-fan, 3-intake device, 4-first and second contour separator case, 5-bush of fan blades

On some types of aircrafts, such as some modifications to the CU-24 D and Boeing-737, are
appplied a pneumatic vortex strip break system. For this, the air is bleeded from one of the stages of
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the compressor and will be throw out from the holes of the air intake device fairing that causes a
disruption of the vortex strip originated on the surface of the artificial cover.

Both of its RD-33 by-pass turbojets engines on the military fighter MIIG-29MS air intakes at
the start moment are closed by special hydraulic movable control panels. In this case, air is supplied to
the engines by a five-section valve in the upper surface of the wings. They automatically take off at
reaching by aircraft of speed of 200 km/h. If the case of speed slow down below 200 km/h they are still
opened and also after the engine has been stopped.

= - /"/ ‘ _—
Fig. 7. Engines of fighter MIG-29CMT with closed protective panels

—_— — = B

There are also devices that not only block air channels but also clean intake air from fine dust and
sand (as a separator). These devices are mainly used on aircraft equipped with turbo-shaft engines that
often operate on ground airfields. The principle of operation of such a device is as follows. A pilot with
a special deflector closes the air channel in an air intake device at landing or take-off on dust-laden
airfield. This channel has a sharp bend before intake of the engine. Dust and sand particles, by their
inertial properties (whose mass exceeds the mass of air), passes this bend and then is directed to the

channel exit (usually via the ejector). After that the purified air enters in the engine.

Cleansing Grip

of Air Intake \

Steering Control
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Fig. 8. Turbo-shaft engine dust protective separator scheme
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This problem is particularly relevant to helicopter turbojet engines, as they often have to make
landing and take-off from dust-covered aerodromes. Even in the case of for a short period of time by
impact of dust and sand particles the engine does not have any noticeceably damages of the details or
units, after the certain period it is resulting in erosion of their surfaces. As a result of the erosion, the
shape of the compressor blades and the nature of their casing air flow that make it possible to develop
separation phenomenon in the compressor and the formation of a surging. There is also damage to the
details of the combustion chamber and turbine. For example, it is known that after passing of up to 100
kg of dust in the NTV2-117 air-cooled turboshaft engine, the compressor pressure degree decreases
approximately up to 10% and the engine efficiency up to 4%, respectively.

Therefore, it is very important issue to equip helicopters with special equipment due that is
possible to clean the involved in engine air from dust, sand and foreign objects, during takeoff, landing
and taxying on ground. Such devices are called as dust-proof devices.

Currently, equipped with gas turbojet engines helicopters are operated on their dusty
aerodromes using various inertial, mainly inertial, types of protective equipment. Commonly dust-
proof devices use one (mono) or several (multi) cyclones with air vortex or narrowed profiled channels
(by the principle of Venturi tubes) with a sharp change of direction. Dust, sand, etc., released from the
air will be throwed off the helicopter by an ejector or additional fan. The scheme of one of such
helicopter's dust-protection devices is shown in Fig. 9.

/I"ilte red Air

Storeroom of
Dust

Fig. 9. Helicopter dust protection device with profiled channels

In some aircrafts, metal grids with a cell size of 4 mm are mainly used that can protect engines
of ingress of medium and large size foreign objects. In addition, they require heating to avoid freezing
and requires to reduce the hydraulic resistance deploying mechanism.

At the same time it should be mentioned that air separation device does not always completely
clean the air from dust. Multipication devices can clean air up to 98% but they are distinguished by
there are characterized by large mass and overall dimensions. As for mono cyclone or multi-channel
dust protection devices, they are purifying up-to 75-80% of air. At the same time, all these devices in
certain degree reduce the power of engine.
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3. Methods to record the ingress of foreigh objects in aviation engines

The actual problem is to record with special measuring devices of ingressed in engine dust and
foreign objects. This can timely determine the degree of engine deterioration, the exhaustion of
warranty resources and the need for repairs.

3.1. Engine diagnostics by electrostatic method
The method of electrostatic diagnosing (sensing) of a gas turbine engine air channel is based on
the registration of the potential difference arising between the electrostatic transformer and engine
case. The potential difference is caused by charged particles in the gas. The quantity latter is associated
with erosive wear on the air channel, cracks and fractures of the structural elements. Also due ingress
in the ait channel of sand, combustion products and water particles.
With this method it is possible to detect elements of the engine air channel in the initial stage of
the process.
The disadvantage of the method is that temperature, pressure, velocity, concentration of the
ionized molecules present in the electrostatic charge are greatly influenced on the formation of

electrostatic charge, from which the extraction of useful information is a very difficult task.

3.2. Optical methods of foreign objects assessment

One method of quantifying airborne objects is to take samples for further analysis, which may
be used for aerodrome inspection.

An interesting option for us represents continuous-action automated devices that can be used
for operational control of dust particles in the air for installation on aerodromes as well as in gas turbine
engine intakes.

Such devices apply the principles of selective absorption and scattering in paramagnetism,
density change, heat conduction, light conversion rate, infrared, ultraviolet and visible spectrum.

The absorption method for spectral analysis of gases is based on the fact that substances can
selectively absorb electromagnetic radiation passing through them. The specificity of the absorption
spectrum gives the possibility to qualitatively determine the composition of impurities in the air (eg
NO, NO2, O3, H2S, CO, dust, organic substances). The intensity of energy absorbed by each types of
substance gives the possibility of quantification of impurities.

The general scheme of the laser device working on this principle is presented in Fig. 10. And
Fig.11.

Fig. 10. Principle of operation of the laser recorder of objects in the air
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Fig. 11 Scheme of the laser recorder of objects in the air.

Recording of foreign objects by these methods has the following disadvantages:

- It is impossible to simultaneously record all outgoing objects, determine the size and quantity
throughout the entire flow of air; Detection of objects depends on the angle of optical beam
propagation.

- Itis impossible to study the internal invisible structure of the detected particles;

- Determination of physical and chemical composition of particles is limited.

3.3. Recording of ingressed into the engine foreign objects getting by the radio frequency
method

An interesting option from the measuring device represents the recording of foreign objects by
radio frequency method. The phase velocity and absorption coefficient of radio wave propagation at
the air intake are directly related to the composition of the propagation environment. In particular, the

initial amplitude of wave A, decreases with distance r by the following law:
Ay _oxr
A=—e ¢
r
where x - is the absorption rate and will be calculated as follows:

1
X= ngl +tg?85 —1)

o- is the angular frequency of the radio wave, c - is the speed of light, £g§ — is the tangent of

loss angle, ¢ - is the electric constant.
The phase of the irradiated electromagnetic wave is replaced by the following law:

Y= ot ——
Cc
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where nis the coefficient of conversion:

1
n= ngl +tg?6 +1)

In our case we have to assume that the distribution environment is dielectric and at this time
tgd << 1.

The values of § and & depend on the irradiation frequency, temperature and environmental
structure. These values must be determined experimentally. In this case, typical samples such as dust
and sand particles, runway decomposition products, water and ice particles, etc. should be used as the
environment.

The advantages of the radio frequency method compared to other existing methods are:

- Knowledge of the frequency dependence on foreign objects gives the possibility to determine
by several frequencies the composition of internal structure of foreign objects.

- Determine sizes of subject in the high-frequency range using radiolocation methods.

Conclusion

Currently gas turbine engines are mainly used as a powerplant for aircrafts because of their high
performance. These engines, in comparison with other types of engines, consume a large amount of
ambient air that often causes bodies to ingress in the air channel of foreign bodies. This threatens the
safety of aircraft flights and also requires quite time consuming on diagnostic works that also has a
negative impact on both engine resources and additional economic expanses.

In the presented scientific article is considered the nature of possible damage to aviation gas
turbine engines, caused due ingress of foreign objects in air channel, and constructive measures tht are
carried out on various types of aircrafts (helicopters, airplanes).

The paper focuses on the analysis of existing measurement methods (electrostatic, optical,
radiofrequency), on the basis of that it is possible to design a complex device for detecting and recording
solid and liquid particles in the flow of air in the engine in real time. The design and practical
implementation of this equipment on aircraft will improve the quality of service and repair of gas
turbine engines that will positively impact on flight safety and reduce unforeseen economic expanses.
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Ananmus IIOIIaJaHVIA IIOCTOPOHHBIX IIPEAMETOB B dBUAIINIOHHBIE I'3.30Typ6HHHI:Ie

ABHIaT€JIM 1 METOABI X yqé'ra
Anznpo Maucypapze, I'eopruit Mymkyzauauu,
Jaro Merpesemu, I'eopruii I'enammacku

Ha pabory rasorypOuHHBIX ABHraTereH 3HAYHTEJIBHOE B/IMAHHE OKA3bIBA€T 3aIPA3HEHHE
armMocgepHoro Boszyxa. Ha ceroguamnmii 7eHp onpegeIEéHHOe KOMHYeCTB0 HAXOAAIHXCA B IIPOLECcce
SKCIUTyaTaquH Ia3OTypOHHHBIX JBHIATET€H CHHMAeTCA C BO3JVIIHBIX CYZOB JO HCTEIeHHA
IrapaHTHHHOIO pecypca B OCHOBHOM BCJIIEACTBHE IIOBPEXJEHHA KOMIIPeccopd, KaMepbl CIOpaHHA H
rasoBo¥f TYpOHHBEI B pe3yjabrare IIONaZaHHA BO BXOZ JBHIATEJA IIOCTOPOHHHX IIPEJMETOB.
ITlocroporHHMI 1IpEAMETAMH MOTYT OBITH: Pa3/IHIHOIO pasMepa MeJIKHe YaCTHI[BI ITBIIH HIH ITIECKA.
MeJIKHe KaMHH, IIPOZYKTHI paspyIIeHHS B3TETKO-I10C40YHOH ITOTOCEI H PYTEXHBIX JOPOXKEK, KYCKH
JIBJa, IPOBOJIOKA OT IETOK OYHINAOIHX II0BEPXHOCTD YOOPOYHBIX MAIIHH, ITTHIEI H T.J.

Paspaborka u npaxrmyeckag pearHsagHA pagHOYACTOTHOIO MeToZqa OOHApYKeHHA H
PEerucTpanuy I0NajaHHd ITOCTOPOHHBIX IIPEAMETOB BO BXOZHOE YCTPOHCTBO TIa3oTypOHHHHX
JBHIATeNeH, 00eCIeIHBOeTs yIyYUIeHHe HX TeXHHYeCKOTO OOCHy>KHBAHHE H PEMOHT, d TakkKe

paciinpaeTb ME2KPEMOHTHbBIE CDOKHIO.
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Impact of the geometrical parameters of
Valveless pulse jet engine on thrust

Aria Nazarparvar
(Georgian Aviation University,
Ketevan Dedofali ave. N° 16, Thilisi, 0103, Georgia)

Abstract: Simple design, low maintenance and manufacture cost, and high thrust to weight ratio, also
new numerical method in simulating caused development of Pulse Jet engine function in non-military fields
today. Impact of geometrical parameters of valveless pulse jet engine on thrust has been studied in this article.
First, study concentrate on main geometrical parameters like diameter and length, and transform those
parameters to dimension-less parameters (length to mean diameter ratio) for each section of the engine. Then the
allowable range for parameters is achieved based upon experimental researches of Mr. Lockwood. Ten new
geometries for valve-less pulse jet engine has been defined and numerical solution of two-dimension flow field
of inside engine has been presented with Fluent Code. New method has been presented (without solving the
combustion) with considering combustion as initial condition. To ensure that the accuracy of solution is obtained,
validation has been done with a valved pulse jet engine that shows excellent results with less than 5 percent error.
Eventually the main result shows that amount of parameters that has most impact on thrust is 29 (length to
diameter) for exhaust pipe, 1.25 for combustion chamber and 3.5 for intake pipe. The volume of combustion
chamber should not exceed the limits otherwise it will be caused non-uniform pressure distribution and will be
effect on engine performance. Conclusion shows improvement of thrust of more than 200% percent with changes
in geometrical parameters and without significant change on weight. Therefore, there would be improvement of
power to weight ratio as well. It can be said that it could be farther developed considering other aspects of this
type of jet engine (like level of noise, cooling method, utilizing in aviation and another field etc.) and also,
practical projects as well After reviewing the article, it can be said that it meets all of the requirements that has

been defined for this project and more development could be gained on pulse jet engines in future.

Introduction

Pulse-jet engine in a hollow pipe, with special aerodynamic, acoustic, and thermodynamic
design without any rotary part and it use the shockwaves caused by the combustion for producing
thrust force. Lacking of rotary parts decreases the production and maintenance cost of this engine.

Each cycle of operating of this engine takes less than a second and it continuous till totally
breakdown of the engine cause of high temperature and structural malfunction. Alternate operation
(Pulses) in the major concept of this type of Jet engine. Using to concept of pulse and jet beside together
was firstly introduced by Thomas Piot in 1891 in France and based on that an engine created which
works with steam, but basic concepts of pulsating combustion has been found earlier in 1777. First type
of air-breath type built and designed by Russian scientist; Karavodin. First pulse-jet engine with
significant amount of thrust built and designed by French scientist Marconnet, he used specific type of
nozzle to increase efficiency by transforming energy of gases to kinetic energy to gain more thrust.
High fuel consumption, high level of noise, and, low efficiency, this engine didn’t develop till 10930
German engineer named Paul Schmit discovers a new idea to build first valved pulse jet engine.
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In 1944 V-1 unmanned vehicle built with Pulse-jet propulsion system which counted as an
actual successful design of this type of jet engine.

After World War II, United States and other countries continue developing this engine. Figure-
1 shows the general structure of valved-Pulse jet.

This engine doesn’t need any lubricating system due to lack of any rotary device which makes
it even lighter but vibration generate by shockwaves cause malfunction of valves during the time. Also
another problem related to this engine is heat tension which caused by numbers of cycles create some
sort of structural deformation through the operating time.

INLET FUEL
VALVE SPARK PLUG
EXHAUST NOZILE
AIR . % —
ARl

COMBUSTION CHAMBER

Fig. 1

Approximately one third of gases exit from intake pipe and the two third of gas from the main
exhaust pipe so net thrust crated only by one third of potential of gases. High level of noise created by
pulse jet engine could hurt the hearing so all of this reason made this engine inoperative.

Many researches on pulse jet engine caused to remove the valves and introducing valveless
model in 1961 by Lockwood Hiller Company with better fuel efficiency and more thrust. Figure 2
shows this U-shaped valveless pulse jet engine.

| COMBUSTION
~ INTAKE CHAMBER

L

EXHAUST

Fig.2

With developing numerical method to solve fluid equations, create opportunity to simulate and
optimize this engine in different aspect. Currently the project pulse jet X is developing as an example.
Nowadays pulse jet use in different ways for example it use as a reactor in power plants to increasing
efficiency. In the automotive industry as a system to increase combustion efficiency instead of super
charger and also as a propulsive system to use on aircraft, boats, trains etc.
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Firstly In this article theory of operation of valve less pulse jet and thermodynamic cycle
explained. Then simulating and solution method present and finally the result concluded.

Theory of Operation
With increasing pressure and temperature immediately after combustion a differential pressure
cause to create two compression waves moving to the sides. Figure 3 shows these waves formation

(dash lines in all schematics show compression and expansion waves).

>

Fig. 3

First wave reaches the intake pipe inlet section and return as a expansion wave to the engine.
Cause of partial exhaust from intake pipe small amount of thrust generated by this section of the engine.
Figure 4 shows the compression and expansion wave returned to the engine.

Fig. 4

With a specific time lag second wave reaches the end of main exhaust pipe and create major
part of thrust and also returns as second weak expansion wave to the engine. Both expansion waves
return at the curved section of the engine and this will cause the remaining hot gases remains in curved

section of the engine. Figure 5 shows this process.

Fig.5
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First expansion wave reaches to engine intake and returns as a weak compression wave and

cause the fresh air from outside through the combustion chamber. Cause of low pressure in combustion
chamber fuel injectors automatically start to inject fuel. Also second expansion wave reaches the end
of exhaust pipe and returns as a compression wave to the combustion zone. Meeting both compression
wave at the combustion chamber create a compression of intake gases (known as Kadenacy effect) and
mixing it with fuel. After hot gases remained from previous combustion returns to combustion zone
mixture of air and fuel which got compressed starts to burn and second cycle begins. Figure-6 shows
this process.

sy | N

i
W

Fig. 6

Thermodynamic cycle of this engine express with two theory of Lenoir and Hemphry which shows in
Figure 7. For the Lenoir theory:

State 1 to 2: increasing pressure in constant volume

State 2 to 3: adiabatic expansion (isentropic) entropy level doesn’t change so work done here will cause
generating thrust force in valve less pulse jet engine

State 3 to 4: compression in constant pressure with losing heat (exhaust of gases)

A Pressure
2
Q Adiabatic
Expansion
Constant
Volume
Constant
l Pressure ‘
1- X : 3
H s

Fig. 7
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In other theory (Hemphry) shows in Figure-8 small adiabatic compression added to the Lenoir

cycle. This thermodynamic cycle is valid for all types of Pulse Jet engine.

4 Pressure

3

Adiabatic
Expansion

Constant
Volume

- Constant
Pressure
o

Volume
Fig. 8

Geometrical Parameter
First step to achieve a design in a valveless pulse jet engine is to estimate the relation between

the geometrical parameters of the engine and define a mission to achieve specific thrust for its mission.
According to this engine divided in three section including: intake, combustion chamber, and, exhaust.

Figure-9 shows the Lockwood engine dimension.

0.3450 0.3400 0.2800
NL CL TL
o,
T
01200 N1 0.08%0 N2 0096 Cl101600 0178 C2 T;l 0.0760
TL ~4.596

T2 0,133

11000

TL

Fig. 9

In 1969 Mr. Reymond Lockwood with Dr.Bennet and Dr.Graber start to develop pulse jet

engine to find criterion for its geometry. Two main parameters present as a result; first length of section



L59OdMEOLM bdY3609MHM FMMBIEO «Bd359MHM BHEBL3MOEHO»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(13),2019
MEXYHAPOIHBIN HAYYHBIN XK YPHAJL «BO3IYIIIHBIN TPAHCIIOPT»

_——-‘h

and second mean diameter in each section. Table-1 shows these parameter and Table-2 shows the
operating range for the ratio to make a vale less engine operate.

Table-1
Sign Geometrical Parameter
TL Total length of exhaust pipe
™ Mean diameter of exhaust pipe
CL Combustion chamber length
CM Mean diameter of combustion chamber
NL Total length of intake pipe
NM Mean diameter of intake pipe
Table-2
Zone Intake Combustion Exhaust
Ratio 3.5<N1/Nu<4.25 1.25<C1/Cu<1.75 26<T1/Tu<29

This engine known also with 55 lbs of trust and achieving better thrust with change the
geometrical parameters always was a challenge to the scientist.

In this article based on the Lockwood researches, nine new geometries has been defined with
considering two ratios constant and change the other dimensionless ratio in minimum, average and
maximum also one geometry considering all the ratios in average. Table-3 and Table-4 shows these ten
new geometries and geometrical parameters.

Table-3
Ratio Main 1 2 3 4 5
T/ Twm 8.91 6 7.5 9 8.91 8.91
2.0
C1/Cum 2.06 6 2.06 2.06 1.25 1.5
3.7
Ni/Nm 3.72 5 3.72 3.72 3.72 3.72
Intake
. 0.12 0.1 | 0.09 0.08 0.12 0.12
Diameter
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Exhaust 01 ] 0.13
xhans 0.133 0.133 | 0133 | 0.133
Diameter 33 3

Table-4
Ratio 6 7 8 9 10
Ti/Tw 1891 | 1891 | 1891 18.91 75
Ci/Cu 206 | 2.06 | 2.06 1.25 15
Ni/Nu 372 | 372 | 3.72 372 3.72
Intak
ntake 0.1 | 009 0.8 0.12 0.12
Diameter
Exh
Xhaust 0.133 | 0.133 | 0.133 0.133 0.133
Diameter

Solution and Equation

Ne1(13),2019

There is two method to analyzing pulse jet engine. Wave analysis and Navier-Stocks equation

solution. In this part wave analysis of pulse jet engine explained [16]. Figure-10 shows cross section of

a pipe and the waves inside it. “R” is expansion wave, “CS” is the gas location, “C” in compression wave,

“A” is cross section, “M” is Mach number, “u” is velocity, “a” is speed of sound,

«w_»

p”is

density, and, “P”

is pressure. Region 4 in the Figure-10 has a maximum temperature and pressure from combustion

chamber (P4, T4), and region 1 is exhaust near to the pressure and temperature of the atmosphere.

With neglecting changes of constant of gas for the air (R=278 J/kg.K) and Specific Heat Ratio for air

(1.4 J/kg.K) we have the Equation-1 between speed of sound and temperature and pressure.

R . cs c
ol o [ o]0
Fig. 10

Equation-1

And Equation-2 between wave characteristics.
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224 _ 4223

Equation-2 Y =u,+ by

From Equation-2, and same relation between region 1 and 2, Equation-3 concluded.

2a; 2ag _ 2(az-aytaz)

E ion- =
quation-3 O I AL

Between region 2 and 3 which gas is moving, velocity and pressure is same but density and
speed of sound is different so based on isentropic flow Equation-4 concluded.

1 1 v

-1 i
Equation-4 i :(i—) ”_ (‘%2 &) 22 (%) i
24 4 1 P a7 \py

From Equation-3 and 4, Equation-5 concluded.

Equation-5 a,=—21 +a4y, 5
ay Py 2y
1o
&
Equation-6 PP, (Z—f) v
1
Equation-7 PP, (i—z)y
1
Equation-8 u 2=2(j/+_;1)

If the region geometry is not uniform as it shown in Figure-11, the Equation-9 is concluded.



L59OdMEOLM bY3609MHM FMMBIEIO «Ld35gMHM BHEBL3MOEHO»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(13),2019
MEX/IYHAPOIHBIN HAYYHBIN XK YPHAJL «BO3IYIIIHBIN TPAHCIIOPT»

1

. CS
@
%

®
&

Fig. 11
. Zay _ 243
Equation-9 u4+y_] =Ugp+ 1

Noting that u4 is approximately zero. From isentropic flow theory:

&y
Equation-10 Psp _ (@) v
Py ay
1
i P
Equation-11 Psb _ (@)V
Py Py

If an area transition exists, one observes the following area, Mach number relation for upstream
and downstream area values:

y+1
Ay Mag, [24(-D Ma3,| 20-1)
Ag~ Masgy | 24(y-DMa,

Equation-12

Assuming the rightward-moving compression is still isentropic (not yet formed into a sharp-
fronted non-isentropic shock), characteristic wave theory gives:

Equation-13 Uy-— =U;+—

One may assume that ul is approximately zero. From isentropic flow theory:

Zy

Equation-14 P2 _ (H_Z)W

Py aj
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1

Equation-15 P2 _ (%)V
Pr 1

From Equation-9:

) 2(ay-azp)
Equation-16 usp=azpM, 3 1
. ay
Equation-17 a3p="57,
1475 Mag,
From Equation-13:
. y-1 2
Equation-18 == [azM, 3b+ﬁ a;/
And
vl vl
. Py\2r _(Psa Pg\2r _y-1
Equation-19 ay=a;% —) =(—.—) =—az M, +a
q 2741 ay Py Py 2y Jatag Tl
Finding a3a:
il
Equation-20 a2 (%) Ly, g
quation- 327211, \p, 2 s
1,2
Equation-21 az=am(—r 5 )
]+7M332

-

-

R
@ Il & —u

Figure-12
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From characteristic wave theory;

235

. 232
E ion-22 S =+
quatio Uzt =Ust

~
~

r r

Equation-23 i :<§) z z(%) ¥
a2 2 2 a2

Which suggests a5 = al and therefore T5 = T1, and via the equation of state, p5 =pl

Equation-24 us=u, J2ezay)

Considering Naver Stokes Equations:

dp  dpu) ﬁ(pV):O

Equation-25
ot ox dy

dpu) , d(piP+p) , djpuv) _
e g

Equation-26

Equation-27 PV ﬁ(P”V)+07(PV2+P) -0

dgr T ox dy
: dipet) , dpuht) , I(pvhe) _
Equation-28 T a7 oy =0

And for ideal gas:

Equation-29 P=p-R-T
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Equation-30 e=Cy-T
Equation-31 Cr==
quation- =

Finally thrust would be calculated as:

Equation-32 F=m,(Vo-V,)+Ac(Pe-P,)

With considering engine on test stand:

Equation-33 7=/ mi, VedA,

In this article air consider as working fluid and for better result pressure thrust is not neglected.

Numerical Solution
In this article Software Gambit use for generating geometry and mesh and nodes for numerical
solution. Organized meshing used with 12500 numbers of cell as it shows in Figure-13, and more in

detail in region with more gradient Figure-14.

Fig. 13 Fig. 14

For solution engine divided in two region, high pressure and high temperature (in combustion
chamber), and low pressure and low temperature. These two regions separated with imaginary wall.
Considering that in this moment combustion took place completely and temperature and pressure are
at maximum [20]. As an initial condition equivalent amount of temperature and pressure used for
beginning of the solution. As the solution starts imaginary wall removes from combustion and pulse
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waves create in the engine. This method simulate total one cycle of engine till the beginning of the
next cycle. Numerical method used in second order wind-up method explicit achieved in Fluent
Software.

Result
To make sure the solution used on this article, method validate for a simple tube and then with
for a valved engine which we have the result of this then we compare the result to determine the error.
Figure-15 and 16 shows the difference between this method and full simulation. Note that the
numerical solution of this article only simulate one cycle of operation of engine.

- Numerical — Simulation
Solution

80000 -
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20000 o

-20000
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Fig. 15
=== Numerical — Simulation
350 Solution
300
250
200
@ R A
E 150 5y
5 b
3 100 B B
£ & H
d 5 7 p
z = s
g 0 PE Ladii— ' S—1 ' r . .
= 2 4 6 8 5 14 16 18
50 3
-100 ‘.“
,
‘.- 0:
-150 =
-200 Time (milisecond)

Fig. 16

Result of validating shows that error is less than 5%, considering that this is an analysis project
so it could be acceptable result. Now same method used for the new net geometries defined for valve
less pulse jet engine.

Pressure after combustion considered 140 kPa and 2000K temperature of combustion chamber
and for the rest of engine temperature considered 300K with 100kPa pressure. Thrust produced from
intake and exhaust shows in the Figure-17 and 18. Negative thrust shows that second cycle must be
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begin, but the simulation present in this article only relies on first cycle (second cycle is not simulated).
Same method use for all the geometries considering 0.1 second time step with 4000 iteration
approximately for one cycle.

2000.0

1500.0
1000.0
Z
=
2]
E 500.0
0.0
0.0} 2 4 6 8 10 12 14 16 18 20
-500.0
-1000.0 Time (milisecond)
Fig. 17
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Fig. 18

Table-5 and 6 shows the result for all the geometries considering the main geometry and also
changes achieved in thrust. In Figure-19 finally total thrust compare in all engines.

Table-5
Thrust Main 1 2 3 4 5
Exhaust to Total % 61.7 69.6 70 70 32.9 65.6
Total 256.2 611.8 637.1 660.5 434.2 384.5
Change % 4.5 130.8 140.4 149.2 63.86 45.07

Table-6
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Thrust 6 7 8 9 10
Exhaust to Total % 78.6 37.1 35.3 33.4 40.1
Total 372.2 285.3 221.2 225.9 587.1
Change % 40.43 6.67 16.54 14.74 1215
700 660
600
z
+« 500
(2}
-
-E 400
=
300
200
100
0
B Main 1 W2 E3 W4 B5 H6 H7 E8 HY9 EI10
Fig. 19
Advanteges and disadvanteges of the project compared to classic models
Valved- | Same Sized Basic Valveless
Type of Pulse Valveless Valveless Pulse Jet
) Pulse Jet Valved Pulse Jet ) .
Jet Engine V1 Frein Pulse Jet Dr.Lockwood (This Article)
gine Dr.Lockwood AHOckwoo
Maximum
Thrust 3300 N 250 N 45N 256 N ~600 N
Developed
Time of Up to ;’wOO seconds
. . . . (With Extra
Operation 112 sec | =~ 2minutes | = 2minutes ~ 2minutes .
Aerodynamic
(Endurance) .
Cooling)
Maximum Could be Decrease
Operating ~1980°C ~1980°C ~1980°C ~1980°C Significantly
Temperature (With Extra
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Aerodynamic
Cooling)
~140
(Could be reduce
- =145 ~140 ~140 with ejector and
corrugated panel
exhaust)

Noise Level

(db)

Fuel
Consumption

- =75 1b/hr ~41 1b/hr ~41 1b/hr ~41 1b/hr

- Noise (better than
valved engine, using
ejector + no valve)

- Low operating time

- High amount of Noise - High temperature

General - Low operating time working

Disadvantages - High temperature working (less than valved, cause

. - of more area in curved
- Low efficiency

section and air cooling
with better
aerodynamic

characteristics)

- Better efficiency
- Simple design
- Low cost of

- Simple design manufacture

- Low cost of manufacture - Low cost of

General . )
- Low cost of maintenance maintenance

- No rotary device - No rotary device

Great power to weight

Advantages

ratio (cause of increase

in thrust)

Conclusion

If the vale less pulse jet engine reaches its working frequency, thrust produced from exhaust
pipe must be more than 50% of total thrust [27], cause of air intake to combustion chamber which
reduce the thrust at the intake pipe [28, 29].

In first three geometries there is significant increase in thrust. In these three engines cause of
increasing length to diameter in exhaust pipe weight is not increase significantly. This parameter
directly affect the increase in thrust so it is the most important geometrical parameter in pulse jet
engine geometry. As the ratio between length of exhaust pipe to diameter in increasing to the number
29, thrust increase significantly.
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In 4,5,6 geometries, we can see increase in thrust, cause of increase in volume of combustion
chamber. In geometry 6 exhaust thrust to total thrust is 78% which is acceptable. If the ratio of length
of combustion chamber to diameter is close to 1.25 thrust increasing.

In 7,8,9 only geometry 7 has an increase in thrust, so the ratio of length of intake to diameter
must be close to 3.5, but the ratio of exhaust thrust to total thrust shows that engine is not working
stable.

In 10 geometry, there is significant increase in thrust but negative thrust not neglect able.

To conclude, the amount of parameters (length to diameter) that has most impact on thrust is
29 for exhaust pipe, 1.25 for combustion chamber and 3.5 for intake pipe. It must be considered volume
of combustion chamber should not exceed the limits otherwise it will be caused non-uniform pressure

distribution and will negatively effect on the engine performance.

Symbols
Pe EXxit Pressure (Pa)

P Ambient Pressure (Pa)

Va Aircraft Velocity (m/s)

Vi Exhaust gases Velocity (m/s)

Co Specific Heat in Constant
Pressure (J/kmol)

R Constant of Gas (J/kmol)

M Mach Number

Mw Molecular Weight (kg)

€ Internal Energy

t Time (Seconds)

E Total Energy (J)

he Total Enthalpy (])

F Thrust (N)

m Meass Flow Rate (kg/s)

Ae Exhaust Area (m2)

u Horizontal Velocity (m/s)

T Temperature (K)

p Density (g/m3)

Y Specific Heat Ratio

v

Vertical Velocity (m/s)
T Integral Form of Thrust (N)
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BimsaHue reoMeTpuYecKyx MapaMeTpoB
BecxanaHHbIN MMITy IBCHBIN PEaKTUBHBIM JBUTATEIb HA TATE
Apwua Hazapmapsap
Ilpocrori gmsa¥iH, HH3KAT IeHA OOCTY)KHBAHHA H H3TOTOBJIEHHA, H BBICOKAA TATa K
KO3¢¢HI[H€HT)/ Becd, TAKoK€ HOBOMY YHCIEHHOMY METOZY B HMHTHPOBATH INPHYHHEHHOE DA3BHTHE
QyHKOHH peakTHBHOro Asurarend Fwma YIbc B HeBOeHHBIX IOIAX CerogHA. B gawmwOH crarse

HCCIE40BAHO BIHAHHE TI'€OMETPHYECKHX I1apaMeTpOB BEHTHJ/IBHO-HMIIY/IBCHOIO pPE4AKTHBHOIO
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ABHTATe/IA Ha TATY. BO-1mepBrIx, ncciezopaHne KOHIE@HTPHDPYETCA Ha OCHOBHBIX I€OMETPHYECKHX
rnapamMeTpax, TAKHX KaKx JHaMerp H J/IHHA, H IpeoOpasyeT 3TH 11apaMeTpsI B 6e3pasMepHbIe I1apaMe TPl
(oTHOWIeHHe JIHHBI K CpeJHEMY JHAMETPY) AJIA KaXKZOH CEeKLHH JBHTATeNd. 3aTeM Ha OCHOBE
SKCIIEpHMEeHTATbHEIX HccaefoBannl Mucrepa JIokByza JgocTHraerca JOMYCTHMBIH JHANA30H
napameTpos. OnpesereHsI JecATs HOBBIX TeOMeTpHE A1 6eCKIalaHHOrO HMITYIECHOTO PeaKTHBHOTO
JBHTATEJIA H IIPEACTABICHO YHC/IEHHOE pellleHHe JBYMEPHOIO IOIA TeIeHHA BHYTPeHHero JBHIaTe I
¢ mraBHBIM KogoMm. Ilpezcrapren HOBBIH meTof (be3 pemreHHA 334aYH T'OPEHHA) C paCCMOTPEHHEM
TOpeHHA KaK HAaYaJbHOTO yCIoBHA. /[lIA ObecreYeHHA TOYHOCTH ITOJIVYEHHOIO pemeHHA ObLIa
IIpOBeJeHa Ba/INAAIIHA C KIaIaHHBIM HMITYT5CHBIM DeaKTHBHBIM JBHTATeTeM, KOTOPBIH ITOKa3bIBaeT
OT/IHYHBIE Pe3yIbTaTHI C IIOTPEIIHOCTBIO MeHee 5 poLjeHToB. B KkoHeYHoM HTore OCHOBHOH pe3yTbTar
IIOKa3bIBAET, ITO BETHYHHA IIapaMeTPOB, OKa3bIBAIOIHX HAHOO/IbIIee B/IHAHIE Ha TATY, cocTapider 29
JJIA BBIXJTOIMHOH TpyO6s1, 1,25 mma Kamepsr croparwusa u 3,5 aia BIycKHOH TpyOsr. O6semM KaMeps!
cropaHHd He JO/K€H IIPEBBINATH IIPeJeTbHBIX 3HAYeHHH, HHAY€ 3TO BBISOBET HEPABHOMEPHOe

pacrpezeienne aB/IeHHA H OKa>KeT BTHAHHE Ha p350T}/ ABHITATEIIA.
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Simulation of a perforated plate in the software

package FEMAP-NASTRAN
Giorgi Jaiani, Sopho Bliadze

One of the most important problems of the theory of destruction is the study of the stress field,
especially in the area of stress concentrators. A great practical application is to solve problems of stress
concentrators not only in the zone of significant differences in stiffness, but also in the zone of holes,
especially if the material, on the basis of the load, is not physically linear. The article considers an
endless plate with a central hole, which is under the action of tensile load. For the first time this
problem was solved by Kirsch within the framework of the classical theory of elasticity, and later
another variant of the solution was proposed by N. Muskhelishvili. The purpose of the article is to
create in the FEMAP software package a computational model of the problem, the solution of which
with high accuracy will approach the results of the analytical solution.
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Analysis of the composite design using the integrated program FEMAP-

NASTRAN
Seit Bliadze, Giorgi Tsirekidze, Konstantine Dvalishvili

To date, the majority of scientists for the full analysis of the solution of mechanical problems
by numerical methods among all methods prefer the finite element method. Despite the fact that many
monograms and scientific works have been published on the use of this method, the effective, of course,
elemental approximation for plates, shells, beams, and their combinations is still imperfect. Intensive
work is underway to create perfect schemes, with the help of which it will be possible to approach
more closely the results of field tests. The aim of the work is to fully explore the places of sharp changes
in stiffness for prefabricated structures. As is known, precisely such places are places of stress

concentration.
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Comparative analysis of the results of field and numerical experiments with
a helmet using the integrated program FEMAP-NASTRAN
Seit Bliadze, Giorgi Tsirekidze, Giorgi Metreveli

Conventional complex programs such as FEMAP-NASTRAN, ANSYS APDL, ANSYS Workbench,
ABAQUS, PATRAN-NASTRAN and others are based on a numerical method, which is known in the
literature as a finite element method. This method is a numerical method, which, in comparison with
other numerical methods, has a number of advantages and a number of disadvantages. A common
drawback of numerical methods is their inherent certain error. Today, users of computational complex
programs are faced with the task of creating a computational model with appropriate boundary
conditions as closely as possible that will be as close as possible to the results of a full-scale experiment.
The objective of the article is to create for the calculations of helmets such a computational model,
where the error will be reduced to a minimum. To achieve this goal, modeling was performed for both
single-layer and multi-layer shells. The results obtained are compared with the results of field
experiments. The results obtained are compared with the results of field experiments. The results
obtained are compared with the results of field experiments.
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Method and analysis of determination the parameters of three-element

models based on experimental data
Bidzina Abesadze

There are given three element generalized models, describing elastic-viscous body’s features.
Comparable analyses of two different types of models. Are elaborated method of determining their
parameters and are appointed their values based on experimental datas. In particular, under the
permanent loading according to developing deformation (creeping). There are conclusions about each

type of advantages and disadvantages of the model.

CONCLUSION

Described models give the results different from each other, in particular, first model’s creeping
process is describes so, that after long time deformation reaches maximal significance. The practice shows,
that this kind of case is rare, in real according to time the process of deformation doesn’t stop. Though the
results can be satisfying by discerned accuracy and according to the second model after long time
deformation doesn’t stop. This feature is considered main negative quality foe elastic-viscous bodies.
Exactly on the score of this reason in the second model isn’t defined the module of prolonged elasticity.
Besides according to second model, after relaxing there are stayed deformation in the system, the body
can’t recover its form definitely, which also refers to reality.

On the base of experimental results, by the time of defining parameters of model, there is got main
parameter’s definitions for both models. Which differ from each other not more than 10%, which must be
considered satisfied. But between the definition of theoretical and experimental beginning of time is
important difference, which is caused by the lack of experimental datas and models independent parameters
amount near t = 0 and by the lack of numerical method’s precision.
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Ontology-based approach for human competency gap analysis
in air traffic management
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Resume: The Global Air Navigation Plan (GANP) is a flexible global engineering approach that allows
all States to advance their Air Navigation capacities based on their specific operational requirements. Aviation
professionals have an essential role in the transition to, and successfil implementation of the GANP. The
development of new air traffic control technology requires new competencies from operational and maintenance
personnel under the circumstances. And this, in turn, requires new education curricula for initial, vocational and
advanced training in this area.

The paper isfocused on the creation of methodology for the partial automation of the comparison of
existing and required competences of Air Traffic Management (ATM) personal and synthesis of training courses
and modules, using a formal, ontology-based approach as a tool to solve these problems. One of the problems in
the implementation of the GANP is that, on the one hand, there are currently no unified requirements for all
categories of ATM personnel, and on the other hand, the development of ATM technologies is far ahead of the
pace of training of personnel of appropriate qualifications. This problem becomes even more noticeable in
countries that have just started an active modernization of ATC systems and do not have enough experience in
this field.

The paper describes the general methodological approach based on the education ontology modelling
for human competency gap analysis in ATM and for gap analysis between the university curricula outcomes and
the ATM requirements. The ontology of key personnel competencies issues for the design and integration of

large-scale future ATM programs is proposed.

Keywords: Air Traffic Management, Human Performance, New Competencies

1. Introduction
Aviation is one of the most dynamic modes of transport. Traditional organization for Air Traffic
Management (ATM) with strong defined air corridors and constant monitoring of air traffic by
controllers is not enough today.

The Global Air Navigation Plan (GANP) represents a strategic methodology which leverages
existing technologies and anticipates future developments based on State/industry agreed operational
objectives (ICAO, 2016). The GANP explores the need for more integrated aviation planning at both
the regional and State level and addresses required solutions by introducing the consensus-driven
Aviation System Block Upgrades (ASBU) systems engineering modernization strategy. The Block

Upgrades will enable aviation to realize the global harmonization, increased capacity, and improved
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environmental efficiency that modern air traffic growth now demands in every region around the
world. The GANP also outlines implementation issues involving the near-term performance-based
navigation and Block 0 Modules and the Planning and Implementation Regional Groups (PIRGs) that
will be managing regional projects.

Aviation professionals have an essential role in the transition to, and successful implementation
of the GANP within PIRGs activities (Fig.1) (ICAO, 2017). The system changes will affect the work of
many skilled personnel in the air and on the ground, potentially changing their roles and interactions
and even requiring new proficiencies to be developed. Furthermore, with the expected growth of
aviation, it is critical that enough qualified and competent personnel are available to ensure a safe and
efficient aviation system (EUROCONTROL, 2010).

Investing in human performance will help to reduce industry costs, and improve overall
organizational performance by:

* improving system design, development & implementation processes and outcomes,

* improving selection, recruitment, staffing,

* improving work organization,

* improving procedures and training,

* improving system safety,

* improving transition into operations and the social acceptance of changes.

It is therefore critical that the concepts being developed within the GANP take into account the
strengths and weaknesses of existing and future

skilled personnel at every juncture. All actors with

Regional

situaltion a stake in a safe air transportation system will need
analysis

to intensify efforts to manage risks associated with

human performance and the sector will need to

proactively anticipate interface and workstation

design, training needs and operational procedures

while promulgating best practices.
One of the problems in the implementation

of the GANP is that, on the one hand, there are

currently no unified requirements for all categories

of ATM personnel, and on the other hand, the

development of ATM technologies is far ahead of

the pace of training of personnel of appropriate

qualifications. This problem becomes even more

noticeable in countries that have just started an

Update regional

implementation plans active modernization of ATC systems and do not

have enough experience in this field. In particular,

Update national plans

Georgia is among the countries mentioned. On 1

. January 2014, Georgia becomes EUROCONTROL’s

40th M , i i
Fig. 1. Regional planning process Oth Member State, so during previous years very

quickly develop the technological environment.
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The official statistics of SESAR baseline shows that in Georgia optimized ATM network services - 47%,
advanced air traffic services - 70%, high performing airport operations - 100%, enabling aviation
infrastructure -73% (EUROCONTROL, 2017). At the same time official investigation reports of
aviation accidents and incidents during previous years on the territory of Georgia shows that,
unfortunately, there are several incidents, which have the direct connection with the human
insufficient competencies in ATM during the operation.

An additional problem under these conditions is that it is difficult to identify competencies of
personnel that require development in order to meet the requirements of modern ATM technologies
and in the same time it is difficult to understand the gap between the training curricula outcome and
the industry requirements.

The paper is focused on the creation of a novel methodology for the partial automation of the
comparison competences of ATM personal and synthesis of training courses and modules, using a

formal, ontology-based approach as a tool to solve these problems.

2. Research Methodology
The aim of the study is to develop a methodological approach based on the ontology-based modelling

for human competency gap analysis in ATM and for gap analysis between the university curricula outcome
and the ATM requirements.

The main objectives of the research are as follows:

1. To create ontology for the formal representation of an educational course, its modules,
learning outcomes and keywords.

2. To propose a methodology for the partially automated population of the ontology based on
programme specifications and module templates.

3. To design, implement and evaluate an ontology alignment algorithm for ontologies of the
educational courses and modules.

The main research question and the objectives of this work are the following:

1. Which information about educational courses and modules should be used for comparison
with necessary competences of ATM personal and how will it be stored in ontology?

2. How to automate the population of the ontology with the data from the documents?

3. What is the alignment algorithm for ontologies of educational courses and modules? Which
similarity measures should it utilize?

The main contribution of this work is ontology alignment-based methodology for the automated
comparison of education courses and modules, belonging to the cognitive learning domain, for development

necessary competences of ATM personal in new technological environment.

3. Early Results
At the first stage of research the general approach for staff development was proposed (Fig.2).
This approach is based on three models of competencies:
1. The competencies required for GANP implementation;

2. Competence actually available for individuals of ATM staff;
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3. Competences that are formed by existing programmes, courses and modules in the

process of education and training (E&T).
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Fig. 2. General model of ATM staff development

modules fo

r upgrade of competence

The input for the first model created on the base of analysis of ATM services taxonomy and

necessary competencies (knowledge, skills, and attitudes) for staff for GANP implementation.

The input for the second model created on the base of analysis and testing of real competences

of real individuals, who work in ATM enterprise, on the base of surveillance and set of questionnaires.

The input of the third model created on the base of analysis of the key components (outcomes)

that are formed in the process of training the staff in the existing E&T courses and modules.

The core element of all three mentioned models is the matrix of competences (Fig.3).

Input | Knowledge Skills Attitudes
Ky [Ky | o | K|Sy (S, | | S [AL]A] - [ A,
| 1 kiy | k1o ik | S11 | S12 Sis | @11 | @12 | «+ | A1a
| 2 ka1 | gz Kok | Sa1 | S22 Sps | @21 | @22 | e+ | A2
Ii ki | ki ik | su | Si Sis | Qi | Q2 | e+ | A

Fig. 3. Matrix of competences

These matrices are formed for each of three models from the sets of necessary competences in
the field of knowledge K = k1, ki, Vi,Vk, ViVk , skills S =7577,55,Vi, Vs, and attitude 4 =

Q11, Q1q, Vi, Va formed on the basis of the input requirements of each model.

The set of inputs and matrix for each of three models were converted to the three ontologies.

Ontology was chosen as the data model due to its ability to formally specify semantics, to represent

taxonomies and to make inferences regarding data.
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According to (Borisov, A., Kuleshova, G. and Zmanovska, T., 2014), ontology should characterize
conceptualization and should restrict the possible values of predicates and functions in order to agree
on knowledge representation in a certain logic-based language. In this view, ontology refers to a logical
theory in which axioms restrict the interpretation of non-logical symbols of the language.

Thus, informally, ontology is a description of the system of views concerning a data domain as
applied to a certain task. An ontological description includes the terminology and the imposed rules
that restrict the definitions and the relationships between the terms. Formally, ontology is a system of
concepts and a set of assertions, based on which a system of classes, objects, relations and inferences
can be built.

In (Euzenat, J. and Shvaiko, P., 2007) ontology defined as the following tuple, which is added in
the study by set A of axioms:

0=<C,IRTV,AZ<1,€=>
where

C s the set of classes used to store the sets of individuals in a domain of interest,

I is the set of individuals, which are particular objects in the data domain of interest,

~

is the set of binary relations, either between two individuals (known as Object
property), or between an individual and a data type (known as Data type property),
is the set of data types (for example, integers, strings),

is the set of particular values (G, I, R, T, V being pairwise disjoint),

isarelationon (C X C)U(RXR)U(T XT), called specialisation,

isarelation on (C X C) U (RX R) U (T X T), called exclusion,

is a relation over (I X C) U (V X T), called instantiation,

mkH=IA< S

is a relation over I X R X (I UV), called assignment.

b

Is a set of axioms, which consist of logical statements that are always true, and the
knowledge that can be derived from them. They may contain ontology restrictions
(constraints) that are imposed on the values of properties. The types of constraints

depend on the expressiveness of the ontology representation language.

This definition includes the concepts of classes, objects and data type relations. It enables the
representation of the classes’ taxonomies and hierarchies of properties, the instantiation of classes and
the assignment of relations. At the same time, it is easily readable and clear in terms of human
understanding.

Description logics are a family of mathematical logics and are a decidable subset of first-order
logic (Tsarkov, D. and Horrocks, I., 2003). It is a set of knowledge representation formalism that
represents a data domain by defining the concepts and terminology of the domain of interest, its objects
and individuals. Description logics provide formal, mathematically based, semantic definitions of
concepts. It is suited to reasoning, which allows for making logically proved assertions using statements

that already exist. A knowledge representation system based on description logic enables the creation
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of knowledge bases, reasoning regarding them and the management thereof. Description logics are
widely used for ontology modelling.

A significant number of ontology editors have been designed today. For ontology models
building we use open-source ontology editor Protégé 2000 tool that allows a user to construct domain
ontology, customize data entry forms and enter data (Protégé, 2017). The tool can be easily extended
to access other knowledge based embedded applications.

At the first step of the research the ATC maintenance and technical support (MTS) service
modelling approach is developed on the base of ontology engineering methodology for hierarchical
description of services. The relationship between ATC demand and provider model is based on the
developed quality of service system (QoS). The model synthesis is starting on conception model level
for ATC services. The synthesis methodology derived for ATC specific modelling proceeding is
represented in Fig.4 (Kundler, J., 2014).

Refined Service Modelling Process ATC specific Service Modelling
Process

e  ATC Service Universe of discourse by

+ Conceptualization of discourse and base frame \
+ Hierarchical classification of concepts into classes

* Abstraction of domain structure
-+ D Hi
Model, Class Diagrams
o, 3

+ Description of relations and defined axioms

'S

on Middle-out

+ Definition of Service Requests and Provision

+ Service Process Description
* Definition of QoS
« Definition of Service Deliveries

« Logical and non-logical Matching of Service

Processes to Service Model
of Service View

« Definition of Customer Relation into Service

Model

+ Description of Service Life Cycle

Demand and Requestor Concept
ATC Service Taxonomy Hierarchy
Development of Middle-out sum up
structure of ATC Services

' Definition of ATC Service Classes and
Objects, their relations and axioms
« Definition of Services, Service Packages and . ~ Y
Service Processes ' ? Analysis of ATC Services Packages and
of Service Cl and Data

Processes of explored ATC Service
provider

Comparison and Definition of Service
Pattern

Definition of ATC Service Processes,
Development of Service Stacks
Development of ATC QoS and Service
Objects

Orchestration of ATC Principal Service
Frame Model

Development of ATC KPI Model
Synthesis Methodology for ATC Service

Model

Fig. 4. The synthesis methodology

The synthesis is performed by following steps:

e Development of service taxonomy using components of ontology engineering;
e Execution of service discovery;

e Composition of services;

e Orchestrations of service classes.

The ontology approach identifies the different ATC service domains, core concepts and service
classes. The ATC service taxonomy is presented by a three-partition level graph, which is shown in
Fig.5 (Kundler, J., 2014).

The development of ATC service taxonomy is performed by selected steps of ontology design

principles. The aim is to develop a formal structured taxonomy and class hierarchy of ATC services,
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relations and objects as a preparation and frame for service process modelling. Each class hierarchy is

decomposed into detail sub classes by detailed ATC Operational Controller; ATC maintenance and

technical support ATC QoS class hierarchies.

Active Ontology | Entties | Classes | Object Prop | Data i | owLviz | DLGuery | OntoGrat |
On AT oo e _ =
[o]a] v of &l x]E] [<[=]|[®)][w]

| —mmw—m—f— | m«m’ model |

Utility_Services b
iga—" .
( Application_Services b

jsea——

S LT p— ; -
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<

——itea

X Core_Services b

ATC_Flow_Management b

ATM_Serice_Model ATC_Operational_Controller_S:

Air_Space_Management b

" Air_Traffic_Sewvices b

Ai’C_Opuanonal_Con!lu_KﬁA »

— . T TATC_technical_Support_KPI b

‘AYC_SeMc e_KPI b

Fig. 5. ATC service taxonomy graph

The ATC service ontology development includes the ATC service class hierarchy, Object and
Data proprieties. An interactive-navigating Onto Graph Model is developed by the Open Source
Ontology Editor Protégé 2000 (Fig.6).
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Fig. 6. Service ontology for ATC class hierarchy
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At the next step of the general model (Fig.2) the algorithm for the comparison of gap between
necessary for GANS implementation and real competences of ATM staff and algorithm for the
comparison of gap between requirements for the development of individual competences and real
competences that formed by existing educational courses and modules were developed.

As a result of the research, it will be possible to form formal procedures for synthesis of content
for courses and modules for upgrade of ATM staff competence.

During the research the ways and erected models between personnel competencies and new
technological environment to make them harmonized and as a result have an increased safety, capacity
and efficient level of ATM operation for the future growth requirements of air transportation in

Georgia were found.

4. Conclusions and Future Study

By proposed research plan one of the main goals is to answer the following open questions:
What the procedures and requirements do we need to become educational and real airport
environment harmonized in Georgia? What type of updated training methodology do we need for the
industrial practices? Where is the main difference between international and national models of
aviation education? As well we have planned regular meetings with the professionals, academic staff
and students of field, their critics, questions, and ideas are very important for us to develop new stage
of research, included the development of new part of curricula for vocational educational program such
as “ground air navigation systems maintenance” and specific training methodology for potential
maintenance staff of ATM. Through the use of different aviation educational and professional facilities
we continue visits for practically study of real technological environment and in laboratory conditions
make experiments connected with the new technologies, which help to erect mathematical and
simulation models for effective harmonization of competent personnel skills and innovative

technologies in ATM.
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Modelling the airspace of airfields

Vano Zurabishvili, Badri Nadaraia

Simulation the airspace of airfields is an actual problemand increases the efficiency of it’s use.
Airspace can be represented as many zones. Based on the main characteristics of flying objects, it is

possible to determine the optimal airspace for the flight and minimize conflict situations.
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Theoretical concept of modification of artificial earth satellites

due to the influence of negative factors from outside

Vano Zurabishvili, Badri Nadaraia

This article considers the theoretical and conceptual methods of increasing efficiency of the
precision of global navigation satellite system using laser beams web in cooperation with satellites.
There are described some primary negative factors which are deconstructive for the valuable work of
the precious navigation system. Also there is shown the theoretical-conceptual way of solving

problems.
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The results of radar research of atmospheric zones causing intense turbulence of
aircraft and the prospect of their practical application

A. A. Apkhaidze, M. G. Mamsirashvili

Weather radar systems have changed in Georgia due to objective reasons. The new radars
operate in the vicinity of Thilisi and Poti airfields. Based on this, the article presents the main results
of the study of wind field inhomogeneities zones in clouds and precipitation, causing the aircraft to
roll, conducted with the help of radar MRL-2; the prospects of practical application of the new radar

system for this purpose are considered.



L59OdMEOLM bdY3609MHM FMMBIEO «Bd359MHM BHEBL3MOEHO»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(13),2019
MEXYHAPOIHBIN HAYYHBIN XK YPHAJL «BO3IYIIIHBIN TPAHCIIOPT»

_——-‘h

O HOBBIX yrpo3ax 6e30IacCHOCTH ITOJIETOB

Aemyp Benxsagse®, /lasur Canepazse’, I eopru 3earuangse™
(1; DV3HHCKHH aBHAI[HOHHBIH VHHBEPCHTET,

np. Kerepar /lezogaru, 16, Tourucu, 0144, Ipysus,)

Pestome: B crarse paccMOTpeH BOIPOC 0€30IaCHOCTH II0IETA C yIETOM BO3MOXKHOCTEH HHMOPMALHOHHBIX
TEeXHOJIOTHH. Hpe,ZZCTHBJIeH HOBBIH THIT KOMITBIOTEPHOﬁ dTakH C LEJIbI0 IIePEexXBaTa yIIpaB/I€HHA CcaMoOJIETOM H

TIpEeSIOXKEH MeTOR OOpbOBI KaK C aTAKAMH, TAK H JDYTHMH JECTPYKTHBHHMH JEHCTBHAMA.

KiroueBsie cnoBa: KommeioTepHas aTaka, yIpaBieHHe caMOJIETOM, UCKyCCTBeHHAs HeHPOHHAL

CeTh.

1. BBemeHue

Kax n3BecTHO, Ha TpaXXJaHCKUX CAMOJIETaX MCIIOJIB3YIOTCA OIlepallMOHHBIE CHCTEMbI PeaIbHOTO
Bpemenu® (OCPB), na npumep: MACS2, LynxOS-178, VxWorks 653, PikeOS. Xots ux npuMeHeHue B
IOJABJIAIONIEM CIy4Yae ITPOXOAUT B LITATHOM pexkuMe M 0e3 0COOBIX ITPOMCIIECTBUI, COBpEMEHHbIe
BO3MOXXHOCTH WH(OPMAIMOHHBIX TEXHOJOTUH CO3ZAIOT HOBBIM KJIacC yrpo3 Ay 06e30macHOCTH

IOJIETOB.

2. OcHOBHAag 9acCTh

JloKazaTeIbCTBOM STOTO TIOCHYXKUT CILIeHapWil yroHa caMoOJ€Ta IIPU IIOMOIIY IIPOCTOTO
Android-npunoxeHus, KOTOpHIH OBUI IPOJEMOHCTPUPOBAH HeaBHO B AMcTepaMe, Ha KOH(pepeHIINU
II0 KOMIIBIOTEPHOII 0e30IIacHOCTM OJHUM W3 €ro y4acTHUKOB. JIOKIamuumK U3y4YWsI, Kakue
KOMIIBIOTEDHBIE CHCTEMBI HCIIOIB3YIOTCS B aBHAIMM M KaKUM OOpa3soM MOXXHO CKaHHPOBaTh OTHU
CUCTEMBI Ha IIpeaMeT YA3BUMOCTeil. By mpoieMOHCTpHPOBaHSI B OCHOBHBIE TEXHOJIOTHH:

e ADS-B (Automatic dependent surveillance-broadcast) — aBTomaTudyeckoe 3aBrCHMOe
HabIOZeHUe-BelllaHe, TEXHOJOTHUA s oOMeHa wuHopMauyeil O IBIKEHUU
BO3AYLUIHBIX CYZOB M TIIOJyYeHUA adpPOHABUTAIMOHHOM wnHOpopMmanuu. Cucrema
IochuIaeT MHGOPMAILIUIO O KKAOM camorseTe (MAeHTH(UKATOP, TEKYLIYIO IO3ULIUIO,
BBICOTY M T.I.) depe3 OGOPTOBOI IlepeJaTYMK AUCIETYEPY BO3LYLIHOTO ABIDKEHUS,
IIO3BOJIASA CaMOJIETaM, OCHAUEHHBIM STOM CUCTEMOM, ITOIYYaTh IIOJIETHYIO U IIOTOJHYIO
nHGOPMAIUU O BCeX APYTUX CyaX, HAXOAANUINXCS Ceiiyac B BO3/LyXe B TEKYIIeM paiioHe.

e ACARS (Aircraft Communications Addressing and Reporting System) — cucrema
o6MeHa TEeKCTOBBIMU COOOIIEHUAMH MEXIY CaMOJIETOM U HAa3eMHBIMM CTAHIMAMHU IIO
PaZyo- UIH CITyTHUKOBOM CBA3U IJIA TOTO YTOOBI JOCTABIATH B LEHTP HHMOPMALIHIO O
KaXJ0# dase moéra.

OcymecTBnénnsrii ananus 6e3omacHoctu mpoTokonoB ADS-B m ACARS moxasan, uro oHmH

KpaﬁHe cmabo 3alIUITE€HBI OT IIOCTOPOHHETO BMEIIATE/IbCTBA, d MECTAMH 3allITd IIPOCTO OTCYTCTBYET,

& OnepaLUmoHHbIE CUCTEMbI PeanbHOro BpemeHn — cuctema cnocobHas rapaHTUpoBaHHO obecneunts Tpebyembilit
YpOBEHb CepBuca 3a onpeaenéHHbIin NPOMEKYTOK BPEMEHMU.

* Mpodeccop -, ** - [LOKTOpaHT
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Teopernuecku, C TIOMONIBIO COOGCTBEPHOTO IIPOTPaMMMPYEMOrO  pafuolepefaTInKa
3JIOYMBIIIJIEHHUK MOXeT CBA3aThCA C KOMIIBIOTepHOH cucremoii camonéra (FMS, Flight Management
System) mo mporokory ACARS u 3akavaTh Tyza MPOM3BOJIbHBIE JaHHBIE. UTOGB! HAWTH yA3BUMOCTH,
TOKJIaIYMK 3aKyIIHI HECKOJIBKO 9K3eMILIAPOB pasHbix FMS Ha mHTepHeT-ayKIIMOHAX U IIPOTECTHPOBAIT
YX B Ta60OPaTOPHBIX yCIOBUAX.

Jlna TecTmpoBaHMA SKCIIOHTOB’ OH paspaboran ¢peiimBopk!® SIMON wu mporpammy
PlaneSploit mom Android, xoTtopas ormpaBmAnma cooOmeHHMA B OOPTOBOM  KOMIIBIOTEp.
ITo pesynbTaTam sKcIepuMeHTa ObLTH HaileHs! ya3BuMocTy B FMS pasHbIx mpousBoguTestei, 4To fano
BO3MOXXHOCTB OTIIPaBUTH NOZAeNbHYI0 nHbopMaruio Kak yepe3 ADS-B, Tak u uepe3s ACARS.

PlaneSploit ucnonssyer tpekep!! Flightradar24, u naét Bo3MO>XXHOCTH BBIOpATh JII000M CaMOIET
B OKpyTe. B BUpTyasbHOI cpesie JUCTaHINA CaMOJIETa 3HAYEHNUA He UMeeT, HO B peaJbHOM MHpe BCe
OyzieT 3aBHCeTh OT HCIIOJNIB3yeMON aHTeHHSBI (eClM pedyb HAET HEIOCPeJCTBEHHO O CaMOJIETe) IUIU
cucremsl (eciu ucnonb3oBath ACARS, takue kak SITA wiu ARINC).

[Toxp3oBaTenbckuil MHTEpGEIC NPUIOKEeHUA PasfieléH 1o QyHKIUAM: OOHapy>keHue, cO60p
nHOpMANY, SKCIUTyaTallis M IIOCT-DKCILTyaTanusd. ATaKyOmUH MOXeT KJIMKHYTh Ha JIIOOOM
aKTHBHOM CaMOJIETe U ITOJIyYUTh eTO UAeHTH(PHUKATOP, TEKYILYIO TO3HUIIMIO ¥ KOHEYHYIO TOUKY ITOIETa.
B ciyuae ecotu cucrema camoséTa B3JIaMbIBaeMa (MCCileoBaTe b yKasal pAs BEKTOPOB aTakKy, HO 0060
He PpaCIpOCTPaHANCA O MeTOZaX), IIPHJIOKEHHe IIpeyIpeXIaeT II0Ib30BaTeNd IIPH IIOMOIIU
coobmeHus WK Iym-yBegomneHus'?. Ileinoan's moxeT GBITH 3arpy’keH IPOCTBIM HaXKaTHeM Ha
CEHCOPHBIN 5KPaH, X C 3TOTO MOMEHTA CHCTeMa YIIPaBJIeHHS IOJeTOM YHAIEHHO KOHTPOIUPYeTCH
xakepoM. Bo3aMoXxeH 1 B3/IOM Ipyrux cucteM, cBsa3aHHbIX ¢ FMS.

Br1 mokasan HeKOTOpEIH QyHKIIMOHAT TPUIOKeHH

® IIOJIET K 33/JaHHOM XaKepoM TOUKe;

e 33/aHMe QUIBTPOB — TOYEK B IIPOCTPAHCTBE, NIPU IPUOIIKEHUN K KOTOPBIM CaMOJIET
OyZeT menaTh 4TO-IU60;

e BCTpedva C 3eMIEN;

e OIOBelleHHe MUIOTOB O HEMONIAAKAX.

Kpome aToro 6p110 OTMEYEHO, YTO IIPOBEJeHME aTaKU TAKOTO POJA BOSMOXKHO TOJIBKO IIPH
BKJTIOYEHHOM aBTOIIMJIOTE, TAK UTO TP OOHAPY’KeHUH TAKOH aTaKK HAZ0 €T0 BBIKIIOUUTH U IIPOBOJUTE
IOCAafKy IIO TPaguIMOHHOK cxeme. I[lo MOHATHBEIM NpHYMHAM He OBUIM pasrjalleHbl MHOTO
oApoGHOCTe 06 MHCTPYMEHTAX, KOTOPBIe OBLIN MCIOTB30BAHBI JJIA ATaKH, M yA3BUMOCTSX, KOTOPbIE

ellé IMpeCTOUT 3aKPHITh.

° DKCIUIONT - KOMIBIOTEpHas MporpamMma, (parMeHT NporpaMMHOTO KoJa WM
MOCJIEI0BATEIbHOCTh KOMAaHJI, MCHOJb3YIOIIME YSI3BUMOCTH B MPOTPAMMHOM OOECIIEYeHUU U
IIPUMEHSEMBIE JUIs IIPOBEACHUS aTaKU Ha BBIUYUCIUTEIBHYIO CUCTEMY.

10 @pelMBOPK - IPOrpaMMHOE oOecrieueHue, ooeryaroniee pa3padoTky U 00beAMHEHUE PA3HbBIX
MOJyJI€H IPOTPaMMHOIO IIPOEKTa,

11 Tpekep - mporpamma Wi yCTPOKWCTBO, OTCIIEKUBAIOIIECE MAPLIPYT MIEPEABUKEHUS UIIU KaKHUe-
HUOYIb ApyTrUe JaHHbIE

12 TTym-yBeoMnenus - kpaTkue BCIUIBIBAIOIIME YBEIOMIICHHUS, KOTOPBIE MOSBIIAIOTCS HA SKpaHe.
13 Meitnoan - aiin B hopmare .bin, KOTOpEIii 3arpy*karoT B ycTPOMCTBO MOCHE Yero OH HAYMHAET
JIEJIaTh TO YTO PaHbLIE HE YMEl.
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HEO6XO,ZLI/IMO OTMETUTH PEAKIUIO OTPaC/JIH HaA 3TU UCCIeA0BAHNA, KOTOpasd HE CTaJla OTpUILLATh

HX HaJIn4due, a 06611.(3.713 IIOMOYb dBTOPY B €r'0 UCCIENOBaAHUIX.

3. 3aximouyeHHe

C yuérom yBemuMueHHs KOMIIBIOTEpU3AIlMM CaMOJIETOB MOMKHO IIPeJIIONIOXKUTE, YTO
BO3MOXXHOCTH JIJIS TIPOBe/IeHUA KOMIIBIOTEPHBIX aTakK OyyT TOJIBKO BO3PAcTaThb.

Jlna GOpBOBI C BBIIEYKA3aHHBIMM TUIIAMM aTaK ¥ JeCTPYKTHBHBIMH BO3JeHCTBHAMH Ha
MeXaHH3MBI YIIPaBJIeHUA KaK U3BHE, TaK U CO CTOPOHBI IIMJIOTOB, Ha3pesla HeOOXOAMMOCTH IIPOBeIeHUS
COOTBETCTBYIOIIMX MCCIefoBaHMI. B 3ToM 1raHe 1emecoo6pasHEIM OyZfieT MCIONb30BaHUE
HCKYCCTBEHHBIX HEHPOHHBIX CeTel, 0O0y4eHHBIX OOHApY>KMBaTh KaK KOMIIBIOTEDHBIE BUPYCHI, TaK U
KOMITBIOTEpPHBIE aTaKU II0 COCTOSHMIO CHCTeM OOpTOBOI aBHOHHKHU. B mporecce 3THX pa3paboTOK
HeoOXOIMIMO PelTUTh 3a/lauu:

e BHIOOpa HJIM CO3JjaHHE COOTBETCTBYIOLIEN apXUTEKTYPhl MCKYCCTBEHHOH HeHpPOHHOM
CeTH;
e BEIOOp MeTOZa OOyuUeHHU STOM CeTH;

Heo6xozumo npoBeieHue STUX UCCIeTOBAaHUM, CBA3aHHBIX KaK ¢ (GOPMHUPOBAHHEM KOJLIEKTHBA
CIIeI[MAJTICTOB, TAK U C MPHOOPeTeHHEeM COOTBETCTBYIONIET0 KOMIIBIOTEPa JJIA CO3JaHUA M O0yUeHHI
HMCKYCCTBEHHON HEHMPOHHON CeTH, a TaKXe IIPOBeJeHHA KOMIIBIOTEDHBIX MOZEIMPOBAHUMN, YTO He

TOJIBKO IIOBBICUT 0€30IaCHOCTh TIOJIETOB, HO U 003aTeIbHO AacT GOJBIION SKOHOMUYECKUI 3(1)(1)6KT.

JIureparypa
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About new threats to flight safety
D. Satseradze, G. Zedginidze

The article deals with the issue of flight safety, taking into account the capabilities of information
technology. A new type of computer attack has been introduced to intercept control of the aircraft and a method

has been proposed to combat both attacks and other destructive actions.
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Ananu3 BOIpOCOB OGHapyXeHuA HHPOPMALMOHHOM aTaku Ha CUCTEMY
IpeANpUATHA

Cemén Xomrapnsa®, Taurus Huxoramsuan™, Huro Xonrrapua™
(1; DV3HHCKHH aBHAI[HOHHBIH VHHBEDCHTET,
np. Kerepar /lezogaru, 16, Tourucu, 0144, Ipysus,)

Pesrome: B cratse PACCMOTPEHDBI aKTya/IbHbIE€ BOIIPOCHI, ITIO3BO/ITROIIHE JOCTOBEPHO OLJ€HHBATH DHCKH

OOHApY )KeHHA HHYOPMALHOHHOH aTaKH Ha CHCTeMY IPEAIPHATHA. /]aeTca aHATH3 PA3HBIX METOHOB.

Kirouesie cmopa: MudpopmanuonHas 6e30macHOCTb, aTaKa, CUCTEMBI OOHApyXXeHHUA arak,

AJaIITUBHOCTD, YCTOﬁqHBOCTL, rpa(bm, dHaJIN3 COCTOAHUA CHUCTEM.

1. Bmepenue

VYpoBens Ge3zomacHOCTM WH(POPMALMOHHBIX TEXHOJIOTHI, 00eCleYyMBaIOINX XpaHEHUe,
ZOCTaBKY, 00pabOTKy U IIpeficTaBiIeHre MHGOPMAIUY, OIpeesIaeT HaJesKHOCTh U 0e30II1acCHOCTh
CHCTEMBIL.

AxTuBHOe pacuupeHue obiacteii uMHpOpPMAIUK, OCOOEHHO B CerMeHTe MOOWJIBHBIX,
pacIpesieJIeHHbIX ¥ OeCIIPOBOJHBIX TEXHOJIOTHH, CONPOBOXKJAETCA IIOSBIEHHEM HOBBIX YIPO3
0e30IIaCHOCTH, O 4YeM CBUZETeIbCTByeT CTaTHCTHKA WHIIUZEHTOB, KOTOpasf IIOKA3bIBAeT, YTO
WHQOPMAIlMOHHBIE CHCTEMBI YPe3BBIYAMHO IIOJBEPXKEHBI arpecCUBHBIM  BO3JEHCTBUAM
He3aBUCHMO OT Ka4eCTBa U CJIOKHOCTH IIPUMeHAEeMbIX Mep 3aIiuTsI [1].

Kpome ToOro, Tak >xe HabOmiofaeTcs OTHOCHTENBHO CTAOMJIBHBIN POCT KOJIWYECTBA HOBBIX

00pa30B aTaKyIOIUX BO3/IEeHCTBUI 3a ITOCIeTHIE TOMBI.

2. OcHOBHas 9aCTbh

ITocTosTHHO BO3HUKAOL[ME HOBBIE BHU/IBI aTaK B COBOKYIIHOCTH C POCTOM OOIIero KOJIN4IecTBa
aTak Ha MHPOPMAIMOHHbIE CHCTEMBI 00y C/IaBIMBaIOT HEOOXOAUMOCTh IIpUMeHeHHU A 60Iee THOKUX
CpeZcTB OGHApPYKeHUA PearrpOBAHMS HA aTaKW B Ka4eCTBe ZOIOTHEHHI K CTATUYHBIM CPeJCTBAM
3amuThI “HpOpMALYH. DTUMHU CPeCTBAMU ABJISIOTCS, B TOM YHCJIe X CHCTeMbI OOHApYXeHUs aTak
(COA).

ITo mporuosam Jlaboparopuu Kacnepckoro, 6yer pactu 06beM IiesIeBbIX aTaK, IPOBOLUMBIX
C IIeJIBIO IPOHUKHOBEHHA B KOPIIOPAaTUBHYIO CeTh KOHKYPEHTHOH opranusanuu. Kubepmmnuonax
OyZeT CTaHOBUTBCA BCE PACIPOCTPAaHEHHBIM fABJIEHHEM. TakKe COXPaHAIOTCA TeHJeHIINU
yBeIUYeHUA CIOXKHOCTH aTaKyIOUIUX BO3JEHCTBUH, IPUMEHAS MHOTOIIATOBBIM aJITOPUTM
IefCTBUI U pacIpezeleHHbIH xapakrep [2].

Oyuxiua uHOPMALMOHHBIX CHUCTEM SBIfeTcs COOp, Iepefada, XpaHeHWe, 3alIUTa
nHpopMan Uy U Takue onepanuu o0pabOTKM, KaK BBOJ, BBIOOPKA, KOPPEKTHPOBKA M BbIJada

“HpOpMAIUH.

* Mpodeccop -, ** - [LoOKTOpaHT
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OTu QyHKITUN peanusyloTca B MHGOPMALMOHHBIX CHCTeMaX II0-pasHOMY, B 3aBUCHMOCTH OT
criocoba ux mocrpoenus. Hanbosee pacmpocTpaHeHHOI apXUTEKTYpOil Ajis MHGOPMAIMOHHBIX
CHCTeM IIpeIIPUATHI ABIAeTCA KIHNeHT-CepBepHasi apXUTeKTypa.

Ilo pesynbraTam aHanm3a psAa HHGOPMAIMOHHBIX CHCTeM Ipenupuaruil [3,4], Gblia

IIOCTPO€HA THUIIOBAA I/IH(I)OpMaH;I/IOHHaH CHUCTEeMa IIpEeNIIPUATIA (pI/ICYHOK 1)

Cepzepn

N
\ ‘/ Cetenoe

obopynossHwe
Kananw canau

MapuwipyTuaatop
Map% KommyTaTop

C'rp\'xr\-pme no;\paz JenaEns CTp\'k‘l'\'meo;paa JenamEns

'y

ABTOMAaTHIMPORAHHBIE ABTOMATUINPOBAHHBIE
pabouue mecra / \ pabouye mecra J

Puc. 1. Tunopasg nHpOpMAIIHOHHASL CHCTEMA IIPEATIPHATHA

OcnoubIME YepTamu TunoBo# MC mpeanpuaTusa aBagroTCA:

> BBIIleJIeHUE CePBEPOB IPeJIPUATUA B OTJeIBHYIO IO CETh;

» ob6paboTka cepBepamu Tpaduka us MHTepHeTa;

» coenuHEHUeE CepBepoB C ceThio VIHTepHeT 1 BHYTPeHHEeH CeThIO IIpeITPUATHA
OCyIIeCTBJIgeTCA Yepe3 MapIIpyTH3aToOP;

> OTzeJleHHe TIOACeTeil BHYTPU NPeANPHATHA 160 MapUIPyTHU3aTOPOM, THUOO
KOMMYTaTOpPOM;

» WCIOJIB30BaHUE B ceTH cTeka IpoTokonoB TCP/IP;

> BceTHu IIPUMEHAETCA ITaKE€THad Ilepesiada JaHHBIX;
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» HcnonssoBanue nogcersmu cranzgapra Ethernet.
IlpoBemen aHanmu3 MeTONOB OOHApPY>KEHUA aTaK; aHAIU3 CHCTEM COCTOSHUA, TIpadsl
ClleHapheB aTrakK, HeHpOHHBIe CeTH; HMIIYJbCHBIe CEeTH; OKCIIePTHbIe CHCTeMBl; METOHBI,
OCHOBaHHbIE Ha CIeNU(PUKAIUAX, CATHATYpPHBIE METO/bI, CTATUCTUYECKUN aHAJIN3, KIACTepPHbIN

amanus [5,6].
CpaBHUTEIBHBIN aHAIN3 OOHAPYKEHUS aTaK IPOBOAUTCS II0 CIEAYIOLUINM KPUTEPUIM:

1. ApantuBHOCTh. Ompezensercs CIOCOOHOCTh MeTOJA IIOMYyYaTh BepHBIN pe3yIbTaT IpU
MaJIbIX U3MEHEeHUIX BO BXOAHBIX TaHHBIX (P1).

2. BerumcnurensHas ciaoxHOcTh. Ompenernderca TeopeTHYecKoe yBeJIMYeHHe UHCIA
ollepanuii Ipu yBeJndYeHUH 0assl 3HAaHUM, IIOKa3aTenb P2,

3. YcroituuBocTs. Onpegensger 3aBucuT u Boixoz ot YIC, B KOTOPHIi OH QyHKIIMOHUPYeET —
IIpY HeM3MeHHOM 3HaueHuU Bxoza. [lokasarens kpurepus Ps.

4. Bepudunupyemocts. Onpezenser BOSMOXXHOCTb 3a OIIpeZieIeHHBIH ITPOMEXKYTOK BpeMeH!
(B pexxuMe peasbHOTO BpeMeHHU) IIPOBEPUTH IIPAaBIIBHOCTD Pe3yJIbTaTa, IOJTyIeHHOTO IPU
aHaJIM3€e METOZOM, COIIOCTaBUB HabOP BXOJHBIX U BEIXOJHBIX JaHHBIX Pa.

5. Amnanus cucrem cocrossuuii. s VC BeImesnseTcss MHOXKECTBO COCTOSTHUM, COCTOSINEe M3
IIOIMHOXECTBA JOITy CTUMBIX M IIOJJMHOXXEeCTBA HeZOITyCTUMBbIX COCTOSHUMN.

I'padrr cuenapues arak. I'pad arax — 5T0 rpad npenCTaBIAIOMUI MHOXECTBO NeHCTBUN
37IOyMBIIMIJIEHHUKA JJIf JAOCTIDKEHUS Lefau, IIyTeM OKcIUTyatauuu ysassumocreidr HC.

[TocnemoBaTeIbHOCTD TAKUX AeHCTBUI Ha3bIBaeTCA TPACCOM aTak.

Heiiponnsie ceTm HCIONB3YIOTCA AJIA pelleHusd PasJIMYHBIX 33ad B TOM YHCIe U IJI
pacmo3HaBaHuA 06pazoB u kiaaccudukanuii. MC orobpaxaercs Ha HEKOTOpOe YHCIIOBOE
IIPOCTPAHCTBO, KOTOpas pa3dpachiBaeTCsA Ha IOAIIPOCTPAHCTBA U TOTZAA B 3aBUCHMOCTHU OT BBIXOZA
HeMpPOHHOH CeTH, COOBITME OTHOCHUTCA K OJHOMY W3 IOJIIPOCTPAHCTB, Ha OCHOBE Yero u

OCyIIeCTBIAeTCA KIacCubUKaIU.

Cratuctuueckuii aHamu3 11 (GyHKIMOHMPOBAHUA JAHHOTO MeToZa (OpPMUpPYeTCA
HEKOTOpOe MHOXXECTBO CTATHCTHYECKHUX XapaKTePHUCTHK OIMCHIBAIOMINXCA (YHKIMOHUPOBAHUAL
NC. CraTucrryeckue XapaKTepPUCTUKHU OOBIYHO (pOPMUPYIOTCA B TeYeHHE HEKOTOPOrO Ieproja

BpeMeHHU, A1 KoToporo ¢yukuuoruposanue MC cunTaercs HOpMaIbHEIM.

KrnacrepHsrif aHamus 111 QyHKIMOHUPOBAHUS JAHHOTO MeToja MHOXKeCTBO coObrtuit MIC
OoTOOpa)kaeTcs Ha YKMCJIOBOE IIPOCTPAHCTBO U B COOTBETCTBUY C MHOXXECTBOM BBIODAHHBIX CBOMCTB
co6srTHil. [lasee IpoCcTpaHCTBO pa3duBaeTCs Ha KJIaCTephl, CPeAH KOTOPBIX BBIEIAIOTCSA KJIACTEPHI

HOPMaJIBHOTO TTOBeieHus [7,8].



L59OdMEOLM bdY3609MHM FMMBIEO «Bd359MHM BHEBL3MOEHO»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(13),2019
MEXYHAPOIHBIN HAYYHBIN XK YPHAJL «BO3IYIIIHBIN TPAHCIIOPT»

_——-‘h

Pezybrars! aHanu3a MeTOZOB OOHAPY>KeHUA aTaK IIPUBeIeHBI B Ta0IHIe. Ta6. 1.
0O606-
Berumicmi-
ApanTus- Vcroii- Bepudu- IeHHBbI
TebHAsL
HOCTB YMBOCTH | IMPYeMOCTh | IIOKa3a-
CIIOXKHOCTE
Tess P
AHanus cucrteM COCTOSHUN 0 0,75 1 1 0,5
I'pads! crieHapues aTak 1 0,25 1 1 0,6625
HetiponHsie cetu 1 0,75 0 0 0,6875
NMmyHHEIE ceTn 1 0,5 0 0 0,575
OKCIIepTHBIE CHCTEMEI 1 0,25 1 1 0,6625
Metopgi, OCHOBaHHBIE Ha
0 1 0 1 0,55
cruenupUKaIUAX
CurzaTypHbIe METObBI 0 1 1 1 0,65
CraTuctu4yecKuii aHaIu3 1 0,75 0 0 0,6875
KnacrepHsrit ananus 1 0,75 0 0 0,6875

OG6o6uieHHBII IIOKa3aTeJb MeTOZa OOHApYyXeHHs aTaK OIlpefesseTcs CyMMOM ITOKasaTesei

KPpUTEPHUEB aHAIN34:

P= Y, KiPi.

3. 3akiaodeHue
B crarbe mpepoxeH aHanu3 3amadyd OOHApPYXKEHWs aTak Ha WHGOPMAIMOHHYIO CHCTEMY
[IpeANpUsTHS IIPUMEHSII MeTOABl OOHApYy)KeHHs arak. AHajMW3 IIOKasajg, YTO HU OLUH U3
PAaCCMOTPEHHBIX MeTOZOB He 00afaeT OFHOBPEMEHHO AaJalTHBHOCTBIO, YCTOHYMBOCTBIO U
BepUPHUIMPYEMOCTHIO, IOAXOAIEH 111 OOHAPY>KEHNS aTaK B PeXKHMe PeaIbHOTO BPEMeHH!.
B umrore B kayecTBe MeToja OOHApYyXXeHMsS aTaK ObUIM BBIOPAaHBI TPHU MeTOZa 00JIaZaIONIUM
HAWJIy4YIIMM 3HAY€HUEM B CPaBHEHHUU C [JPYyTUMM: HEHPOHHBIE CETH, CTaTUCTUYECKUH aHAIN3 U

KJIaCTePHBII aHaJIK3.
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Analysis of information attacks on the enterprise system
Simon Khoshtaria, Tengiz Nikolashvili, Nino Khoshtaria

The article discusses the current issue that gives us an opportunity to assess the information
system of the enterprise, the risk of detection of information attacks. Analysis of various methods is
given.



L59OdMEOLM bdY3609MHM FMMBIEO «Bd359MHM BHEBL3MOEHO»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(13),2019
MEXYHAPOIHBIN HAYYHBIN XK YPHAJL «BO3IYIIIHBIN TPAHCIIOPT»

I —
Global air traffic development trends

Marina Vysotska*
(National Aviation University,
C. Komarova Avenue, N°l, Kiev, 03058, Ukraine)

Abstract: The article determines the main trends in the development of world aviation transport. The
effects of the global economic crisis on airline companies are analyzed. The influence of economic processes on
the formation of elements of the business model of airlines is investigated. As a result of the analysis of financial
results the stabilization of the operating activity of the airlines in recent years has been proved.

Keywords: dynamics of air transportation, air alliances, low-cost airlines, financial

results of the airlines activity, air cost, passenger loading.

Problem statement in its general view

Its connection with important scientific or practical tasks

The processes of internationalization of markets, the formation of a global economic space and
the international nature of competition make aviation transport a key factor in the development of the
entire global economy and influence the development of each country. Compared to other types of
transport, the advantage of aviation is the speed of delivery of passengers and cargo, which in modern
conditions becomes more and more significant in choosing one or other means of transportation. The
success of a business in a highly competitive environment very much depends on the coordinated
cooperation of the aviation system. Besides, improvements in aviation and air transportation

technology make air travel cheaper and safer.

Analysis of the latest researches and published works where the solution

of this problem is initiated. The unresolved part of the general problem
The analysis of the basic tendencies and determination of priority directions of development of
the world civil aviation is reflected in the works of Ukrainian and foreign scientists, such as: O.
Kostromina, Y. Kulaev, V. Novak, S. Tepnadze, O. Kyrylenko, K. Marintseva and others. The results of
the world's civil aviation research are presented in the statistical and analytical compilations of the
leading civil aviation organizations such as International Civil Aviation Organization (ICAO) and
International Air Transportation Association (IATA). Researches of volumes of air transportation are
conducted by manufacturers of aviation equipment in order to predict a prospective number of aircrafts

needed.

Marking the previously unsolved parts of generic problem,
which are the subject of this article
Therefore, to reflect the results of the full spectrum of existing research, it is necessary to
systematize the available statistical and analytical data and to take into account the impact of economic
exogenous and endogenous factors on the development of civil aviation.

* Doctoral Student
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Formulation of the purposes of this article.
The purpose of the article is to analyze the main trends in the development of world aviation

transport in order to find the best solutions that meet current conditions.

Exposition of the main material.

At the present stage, aviation has become one of the most important sectors of the world
economy, which technical achievements make it a highly effective tool for the development of
modern society. The economic impact that is annually received from the activities of the civilian
air fleet is over $ 700 billion. The annual volume of air transportation exceeds four billion
passengers and a third of the interregional cargo export is provided by air transport. The World
Commercial Aviation Park is more than 29 thousand aircraft. Traffic of passengers in recent years
has increased annually by 6-7%. For more than 50% of tourists, the main factors for traveling by

air are the time factor and the direct economic benefits of using air transport. When it comes to
business sales of nearly 25% of worldwide companies depend on air transport, herewith for 70%
of business representatives it is a key factor in expanding the market [6].

It should be noted that various crises had a significant influence on the formation of the
modern model of doing business elements by airlines. An analysis of the data of the world's leading
aviation organizations: International Civil Aviation Organization (ICAO) and International Air
Transport Association (IATA) suggests that at the beginning of the 21st century, civil aviation was
experiencing the deepest crisis in all years of its existence. During the global financial and
economic crisis, volumes of both passenger and cargo transportation decreased. The rapid

increasing of fuel prices in aviation has led to a fast increase relative size of expenditures of petrol,
oil and lubricants in the cost price of airline products. Thus, only in the period 2002-2007, the

share of fuel costs increased in the total costs of airlines from 13% to 36%.

The increase in the cost of flying hour has led to the need of finding new technologies for
doing business. The introduction of low tariffs has proved very popular. Airlines that use these
approaches are called budget carriers or low-cost airlines. Their activities are based on the principle
of reducing the cost of the ticket by reducing the number of services provided on board, the use of
minor airports, fleet of the same aircraft, the purchase of a ticket for a considerable period of time
before the flight and, more often, with no possibility of a refund. It should be noted that the first
carriers with a similar model of doing business appeared as a reaction to economic crises, a long
time ago: in the USA in 1971, in Western Europe - in 1985. The decline in production due to the
global financial and economic crisis has forced even the largest airlines in the world to find ways
to overcome difficulties due to the forced reduction of the number of regular routes, fleet of
airliners, staff, etc. Competition for airline users has increased in order to provide more passengers
on each flight. These circumstances objectively led to the redistribution of the air transport
market, the general tendency of airlines consolidation and the formation of aviation alliances as
an effective way of survival in the competition for air transport consumers [2]. Today, about 55%
of the air traffic is served by 3 leading international air alliances: Star Alliance, OneWorld and
SkyTeam [3].
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The world's leading air alliances Table N1.

Name of
the
alliance

Members of
alliance

Number
of
aircraft

Number
of flights
per day

Number of
passengers
transport.

per year
(million
pass)

Oneworld 3500 13000 527.,6

(1999)

American Airlines, British Airways,
Cathay Pacific, Finnair, Iberia, Japan
Airlines, Latam, Malaysia Airlines,
Qantas, Qatar Airways, Royal Jordanian,

S7 Airlines, SriLankan Airlines

Star 4500 18500 728,0

Alliance
(1997)

Adria, Aegean, Air Canada, Air China,
Air India, Air New Zealand, ANA,
Asiana Airlines, Austrian, Avianca,
Brussels Airlines, Copa Airlines, Croatia
Airlines, Egypt Air, Ethiopian Airlines,
EVA Air, LOT Polish Airlines,
Lufthansa,  Scandinavian  Airlines,
Shenzhen Airlines, Singapore Airlines,
South African Airways, Swiss, TAP

Portugal, Thai, Turkish Airlines, United

«Skyteam» Aerolineas 4000 16609 730,0

(2000)

Aeroflot, Argentina,
Aeromexico, Air Europa, Air France,
Alitalia, China Airlines, China Eastern,
China Southern, Czech Airlines, Delta
Airlines, Garuda International, Kenya
Airways, KLM, Korean Air, MEA,
Saudia, TAROM, Vietnam Airlines,
Xiamen Air

* (systematized by the author according to the data [3].)

In accordance with researchers of ICAO we can point out that passenger and cargo
transportation by air has a steady (except years of financial crisis) tendency to increase. Thus, over
decade, from the pre-crisis 2007 to 2017, the number of passengers carried by air transport
increased by 65%, and the cargo flow increased by 36% [4, 5]. In 2018 4.4 billion passengers
traveled by air, which is by 6.9% more than in the previous one, as shown in the fig. 1.
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Fig. 1. Dynamics of world passenger traffic for the period 2007-2018 (based by the author in
accordance with [4,5,6]).

In the process of research it was revealed that the highest growth rates were observed in the
low-cost airlines. The volume of air traffic of these companies has increased in both developed and
developing countries. In 2018 low-cost airlines, which are about 31% of the global volume of passenger
scheduled services, have carried about 1.3 billion passengers. In Europe the share of budget air
companies carriers accounts for 36% of the total passenger traffic in the region; in Latin America and
the Caribbean, North America and Asia Pacific - 35%, 30% and 29% respectively. In addition to the
common trends, which were in 2018, can also be added the trend of increasing the number of routes
for paired cities around the world. Already, nearly 22,000 paired cities are regularly served by airlines,
which is 1300 more, in comparison to 2017. We will notice a significant improvement in cost reduction.
Over the past two decades, the cost of air travel has fallen by almost half. These processes influence the
development of business aviation and contribute to economic growth around the world.

Statistic data of 2018 shows that the air transport industry over the past year established a record
load coefficient of 81.9%, as shown in Fig. 2.

Passenger load factor %

85 31 81.9
79 80 80 80 80
27 78 78

80 77 76

75

70
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Fig. 2. Dynamics of passenger loading for the period 2007-2018 (based by author in accordance with
the data [4, 5, 6]).

It should be noted that the loading coefficient differs depending on the region of air
transportation from 71.8% in Africa to 84.5% in Europe.
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Our analysis shows that the sharpest fall (since the 2007 crisis) in freight transportation by 8.9%
was recorded in 2009, but in 2010 freight transport increased by 11.8%, which allowed it to exceed
the pre-crisis level and reach 186833 million ton-km. Following the rapid acceleration of growth in
the freight segment, which was related among other things to the aircraft fleet replenishment, there
was a slowdown in growth caused, first of all, by a change in the economic model and connected with
this decreasing demand stimulation and tensions in the sphere of trade and reduction of import and
export orders. In 2017 again there was a record increase in cargo and mail. The growth rate in ton per
km was 9.5% and 8.5%, respectively. In 2018 the global volume of scheduled transportation measured
also in ton per km increased only by a modest 4.5% compared to the increase of 9.5% registered in
2017. In the international air freight segment, which accounts for almost 87% of all air freight, the
growth was about 4.6%, and the rate of loading on international scheduled freight flights reached
nearly the same level as last year amounting to about 55%. In 2018 the cost of goods carried by air is
estimated at 6.7 trillion of dollars [6].

Studies show that during the global financial and economic crisis in 2008-2009 airlines suffered
financial losses. In 2008 there was an accelerated increase in operating costs compared to incomes. The
growth rate of expenditures in 2008 was 16% compared to the previous year while incomes grew by
only 12%. Therefore, negative operating results of 1100 million of dollars were recorded. In 2009,
there was a decrease in incomes and expenses, and since 2010, operating income growth has almost
reached pre-crisis levels. And although costs were rising faster, airlines were starting to make small
profits again. Since 2014 the fall in world oil prices has led to a significant reduction in the cost of
aviation fuel which has allowed airlines to show the highest profitability over the considered time

interval as shown in fig. 3.
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Fig. 3Financial results of the airlines activity of the world. (compiled by the author according to
[4.5])
Despite the fact that aviation fuel prices increased by approximately 31% in 2018 compared to
2017, they remained at a much lower level than the prices that existed ten years before 2015. The low
cost of fuel combined with the steady increase in traffic has allowed airlines to maintain relatively high
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profits in 2018 although they were smaller than in 2017. According to preliminary data airlines have
completed 2018 with operating income of about 57,000 million of dollars and nearly half of this volume
is attributable to the North American airlines.

Conclusions

The global civil aviation market can be attributed to a dynamic one which is projected to
maintain a high level of demand for many years. This is due to the increasing need for air transportation
of passengers and cargo. The result of this process is reflected in the statistics of air transportation, the
analysis which made it possible to conclude the trend of steady increase in the carriage of goods and
passengers by air transport. Research has confirmed that aviation supports trade, employment and
economic growth. Further growth in air travel will continue to depend mainly on the growth of the
world economy and trade and on changes in the cost of airlines (which in turn are dependent on fuel
prices). However, this growth will also depend on the extent to which the industry is adapting to such
major issues as congestion at airports and airspace, environmental protection and growing investment
needs. The shape and size of the air transport system will be also influenced by government decisions,
especially those that determine the type and degree of economic regulation of airlines.

Prospects for further research in this direction
Identification and analysis of main trends in the development of aviation transport links with
the general economic trends and will be reflected in the study of the effective functioning of the
aviation complex

References

[1] Konomuern T. IO., Kypuro U. B., Mauskos B. B., [Tonsmaies [1. C. Mertozs! ontumusamniu
yIIpaBIeHUs JOXOAAaMH B KOPIIOPATUBHBIX ATbIHCAX MEXIYHAPOJHBIX aBruakoMmmanuii // Monxozoit
yuensrit. — 2017. — Ne50. — C. 163-165.

[2] Kyrylenko O., Novak V. Strategic airline alliances as a special form of company integration /
O. Kyrylenko, V. Riazanovska, V. Novak // Baltic Journal of Economic Studies. — 2019. — Nel. — Vol.
5.—P. 75-81.

[3] The 3 Major Airline Alliances: Star Alliance, OneWorld and SkyTeam.
https://simpleflying.com/the-3-major-airline-alliances-star-alliance-oneworld-and-skyteam-why-
are-they-good/

[4] Presentation of 2017 Air Transport Statistical Results. https://www.icao.int/annual-report-
017/Documents/Annual.Report.2017Air%?20 Transport%20Statistics.pdf

[5] CraTucTHYecKHe JaHHBIE O Pe3yJIbTAaTaX JeATeIbHOCTH BO3AyIIHOTo TpaHcuopra B 2016 roxy

https://www.icao.int/annual-report 2016/Documents/ARC 2016

Air%?20Transport%?20Statistics ru.pdf.

[6] Annual Review 2019 IATA. https://www.iata.org/publications/Documents/iata-annual-
review-2019.pdf.



https://www.icao.int/annual-report-017/Documents/Annual.Report.2017Air
https://www.icao.int/annual-report-017/Documents/Annual.Report.2017Air
https://www.icao.int/annual-report-2016/Documents/ARC_2016_Air%20Transport%20Statistics_ru.pdf
https://www.icao.int/annual-report-2016/Documents/ARC_2016_Air%20Transport%20Statistics_ru.pdf

L59OdMEOLM bdY3609MHM FMMBIEO «Bd359MHM BHEBL3MOEHO»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(13),2019
MEXYHAPOIHBIN HAYYHBIN XK YPHAJL «BO3IYIIIHBIN TPAHCIIOPT»

_——-‘h

TEH,ILEHIJ;I/II/I PAa3BHUTHA MHUPOBBIX dBHAIIEPEBO30OK
Mapusa Bsiconxas

B crarse oz D€L E€/IEHBI OCHOBHBIC TCHAECHITHH PDA3BHTHA MHPOBOI'O dBHAIJTHOHHOI'O TPAHCIIOPTA.
17 | POdHA/TH3HPOBAHBbI ITOCJIEACTBHA B/THAHHA MHDPOBOI'O SKOHOMHY€CKOoro KpH3HCA Ha
dBHANIPDENTIDHATHAX. Hccr €40BdHO B/THAHHE SKOHOMHYE€CKHX IIPDOII€CCOB Hd ¢OPMH I[DOBAHHE 5/IEMEHTOB
MOZ€/IH BEJE€HHA OH3Heca aBHAKOMITAHHAMH. AHaIH3 ¢HH dHCOBBIX PpEe3YJ/IbTATOB OTpa’KaeT
cra 6H,/IH33HHIO OIIEPAITHOHH! (0)74 HEATE€/IBHOCTH, YTO IIOATBEP KAE€HO HA/IHIHEM Y dBHAK OMITAHHH B
ITIOCJIEAHHE I'OJAbI OTHOCHTE/IBHO BBICOKI OH 1T, [DH OsLrH. Hcocm €Z4O0BAHHA IIOATBEP)KAAOT, YTO dBHAITHA

o4 4ep>KHBAET TOPIOBJIF0, 3@HATOCTh H SKOHOMH YeCcKHH POcCT.
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Features of Activity of Air Carriers in Conditions
of the Multiple Environment
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Abstract. The article analyzes the factors influencing the development of enterprises in the air transport
industry, and investigates the tendency of the influence of factors of the environment on the economic condition
of the airlines.

Keywords: air carriers, airlines, strategic management, competition, internal

environment, external environment, environmental factors, economic status.

Problem statement in its general view

Its connection with important scientific or practical tasks

In the face of increasing competition in the market of aviation services and increasing the
participation of leading foreign carriers in the formation of proposals for passenger transport, there is
a growing need for the development of new and improved systems of existing organizational and
economic measures that collectively address the issue of the efficiency of aviation industry. Today, the
development of air carriers in Ukraine is carried out through the implementation of a management
mechanism that ensures the growth of quantitative indicators of development against the backdrop of
unsustainable dynamics of quality development indicators.

The overall insignificant economic recovery of the Ukrainian economy has become an internal
source of growth in the demand for aviation passenger transportation. The peculiarity of the current
stage of development of airlines is the significant influence of the environment on the efficiency of
their activities. The variability of the external environment revealed the problem of domestic airspace
stability and low quality and effectiveness of management decisions to neutralize the negative effects
of external influences.

Analysis of the latest researches and published works.
Marking the previously uncorrected parts of the generic problem that are the subject of this
article

Issues of the development of the theory and methodology of the operation of airlines have
been reflected in the writings of many scholars. Among them: [1, 2, 3, 4]. However, the activity of
the research on sustainable development of aviation industry did not resolve all problems related to
the identification of the proportions of the relationship between the factor influence and the indicators
of airline sustainability, the assessment of the factors of external and internal influence on the
efficiency of air carriers.

Consequently, there is a need for further study of the issues of ensuring stable trends in the
development of airlines, taking into account sectoral features and the current state of the environment.

* Professor, **Assistant Professor
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Formulation of the purposes of this article
The purpose of this article is to study the direction of the impact of environmental factors on

the economic status of airlines.

Exposition of the main material

Air transport activities are closely linked with internal and external factors. The internal ones
include business objectives, management policy, organizational structure of the airline management,
management and personnel, company brand, infrastructure, vision and key management strategies,
research activities and actions aimed at the development of the airline, working conditions, traditions
and ethics, internal corporate culture airline In other words, the internal environment includes
human resources, raw materials, capital, equipment and management.

The airline, like any other company, has a direct impact on internal factors. The quality and
quantity of management personnel determines the success or failure of the activity. Highly qualified
staff contributes to a significant increase in the company. If the employees of the company are not
motivated enough, the efficiency of work falls, which leads to significant losses for business. Timely
qualifications and staff training depend on the leadership of all levels of management that are also part
of the organization's internal environment.

The broad views and creative thinking of top management, the ability to build forecasts for the
future market situation, timeliness and speed of decision making, formulation of the strategy of
enterprise development determine the success of the entire airline [1]. Also important is the cost of
research and introduction of the latest technologies, which will increase the efficiency and profitability
of the airline's operations.

Internal factors also include the value system of the founders and those who are at the helm of
the airline, because they form the mission and goals of the organization, business policy. Also, an
important factor in achieving the goals of the organization is their vision, that is, the ability to think
about the future, including prediction.

The organizational structure of the airline's management, its dynamism also significantly
influences the process of preparation, adoption and implementation of management decisions. It is the
organizational structure of management that influences the speed of adapting the organization to
external factors.

Relationships between different levels of airline management also affect business. Mutual
coordination between them is an essential necessity for business [2]. Relationships among people
working in the three levels of the organization must be well-established and effective.

Human resources are an important factor for any organization, because it contributes
to the successful development of any organization. They have to have the following
characteristics: professional skills, positive general human qualities, high morale, commitment
to work, sociability, etc.

The functions of personnel management are very closely interconnected and together
form a certain system of work with personnel, where the changes occurring in each of the
functions cause the need to adjust all other interconnected functional tasks and
responsibilities. For example, the widespread use of contractual hiring practices in the world
has led to a marked change in functional responsibilities.
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The image of the company in the foreign market has a significant impact on the company's
internal environment. This helps in attracting funding, which makes the airline more stable, creates
an opportunity for expansion, launch of new activities.

The corporate identity of the airline today has a link to its reputation [5]. After all, the image
is something that the public should see when the company is mentioned. A good corporate image is a
real asset; it is translated into money, because only a person hears the name of the airline; it must
immediately have an association with security, excellent quality and a guarantee that the airline will
be executed at the highest level.

In the absence of active actions, corporate image is formed by itself, as a result of the perception
of the airline company. It is the leadership that should actively shape the image, create a brand, and
promote the provision of services under it. The image should bring confidence to yourself, shape the
impression of safety, stability and reliability. But the image of the airline must necessarily correspond
to reality. When this does not happen, the opposite will result.

The corporate image, of course, is the total amount of impressions left in the public opinion.
In many cases, casual employee actions can either promote or harm the company's image in the eyes
of one client or subscriber by telephone. But the overall image is a collection of many thousands of
impressions and facts.

The main elements of the airline's image, in our opinion, include:

* the main activities and financial performance of the company,

* reputation and productivity of brands;

* susceptibility to innovation or technological advancement on the basis of specific measures,

* policies for their hired workers and workers,

+ external relations with clients, shareholders and society,

* predictable trends in the markets in which it works, visible to the public, etc. [5].

Different categories of public may have different opinions about the airline depending on their
different interests. The image of the company can be very good, but the reputation among suppliers is
low, because of the complexity of entering into transactions with it, breach of payment terms and low
loyalty to suppliers.

The most important factor in corporate image is the performance of the company's main
business, which includes financial results. A steadily growing profitability organization will have many
supporters from investors, clients, society in which it operates. A company with huge fluctuations in
profitability will be significantly worse, as its shares will also fluctuate, suppliers will all the time be
nervous with their employees.

Assessment of corporate image. Corporations value their image in the same way as in politics
- by polling. In doing so, marketing research methodologies, as in polling stations, are used. Public
opinion is explored through interviews or, more often, through telephone interviews. They use
statistical extrapolation methods to find out what the general public thinks about this issue.

The corporate image theory believes that, on equal terms, a well-informed public can help the
airline achieve higher sales and profits while a poorly-informed public can lead to negative perceptions
about the company, which ultimately will help competitors.

Marketing resources - marketing organization, marketing quality, brand equity and
distribution network also have a direct effect on the company's operations.
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Financial factors such as financial policy, financial position and capital structure are also
important factors in the internal environment that influence strategies and decisions.

The airline's industrial and commercial activity in a market economy always follows a strategy
deliberately or unknowingly conducted, with the establishment of an explicit or implicit goal for a long
or short period, but always with the hope of a successful competitive activity. The strategy represents
a general direction, which reflects the ways of achieving the objectives of the airline. It is expedient
to attribute it to the internal environment of the organization. It includes a set of rules and tools that
are used when making managerial decisions that govern the airline administration in order to realize
the opportunities.

Theoretically, there are many ways to achieve the goals. It is defined as the external
environment (the volume and structure of consumer demand, the actions of competitors and other
reasons), as well as the state of the internal environment (corporate culture, managerial skills, executive
discipline, etc.). However, the airline can actually use only a few of them. Therefore, higher
management should be guided in its activities by an analytical approach to the assessment of strategic
development.

In order to ensure this, it is necessary to carry out a series of consistent analytical operations
with a different logical sequence. First of all, one should start with strategic forecasting of the possible
development of events both in the external environment and inside the airline, and on this basis -
forecasting the implementation of the plan with its subsequent adjustment.

The strategy involves balancing three key factors:

* requirements of the environment in which the enterprise operates;

* potential opportunities of the enterprise itself, its material and technical base, staffing,
advanced technologies, material and financial resources;

* The desire and determination of the senior management of the enterprise to persistently
realize the goal [5].

The choice of strategy is always the prerogative of the senior management of the airline, its
president, supervisory board, owners and depends on their competence and professionalism. The
strategy within the strategy includes analysis, solutions and actions undertaken by the airline to create
and maintain competitive advantages. This definition covers two main elements that occupy a central
place in the field of strategic management. In other words, strategic management deals with the
analysis of strategic goals (vision, mission and strategic goals), as well as analysis of the airline's internal
and external environment.

The airline's management has to make strategic decisions. These decisions respond to two basic
questions: in which industry we must function, how we should compete. Solutions themselves are of
little use without appropriate action, which requires some resources and time. In addition, you need
to assess the threats that can reduce any activity to no-one.

It is a natural desire of every firm to study the problem, why some competitors have better
results. Identification of competitive advantages and their skillful use will allow us to take a steady
competitive position in the market.

Each company needs suppliers who provide raw materials and materials for the company. The
main indicator of their performance is reliability. Airline in no case depends on one supplier, because
there is a risk that due to strikes, other problems, the supplier will be able to strongly influence the
airline. A large number of suppliers will help minimize such risks.
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Customers, airline passengers are the centerpiece. The success of the activity depends on the
ability to provide quality services to passengers and other clients, to determine their needs, preferences,
etc., to increase their level of satisfaction with the services rendered. Due to increased competition,
attracting and satisfying customers becomes more difficult. For different types of airline users, different
types of services and products are created, taking into account different levels of financial ability, tastes
and desires.

Before adopting the airline development strategy, a detailed assessment of the environment is
required. This is called SLEPT analysis, that is, the study of social, legal, economic, political and
technological impacts on business [6]. In addition, it is also important to know about the actions of
competitors.

These forces are constantly in a state of change. Social factors are associated with a model of
behavior, tastes and lifestyle. One of the main components, in this case, is a change in the behavior of
the consumer as a result of changes in fashion and styles. In the age structure of the population there
are also changes over time (now we are aging population). Understanding social change gives business
a chance to feel better in the future.

The next important factor is legislation, which is constantly updated in a wide range of areas,
such as consumer protection legislation, environmental law, health and labor law, etc. Companies need
to take an active stand and be ahead of these changes, rather than hurrying to make changes in the
process.

Economic changes are closely linked to social ones. The economy goes through a series of
fluctuations associated with general ups and downs of economic activity. In the economic boom,
virtually all enterprises are benefiting, and in the crisis, they suffer losses. Other economic changes
that affect the business include changes in interest rates, wage rates, and inflation rates (i.e., overall
price increases). Airlines will seek additional incentives for expansion and risk when economic
conditions are favorable, for example, low interest rates as demand grows.

Political changes are related to changes in government. In recent years, these changes have
been particularly important, the direction of the country's development has changed. Political changes
are closely linked to legal changes.

Changes in technology have also become a particularly important factor. This is particularly
evident in terms of modern communication technologies. The creation of databases and electronic
communications has allowed us to obtain a huge amount of information for sharing and rapid
dissemination, contributing to a huge reduction in costs, and often an improvement in service. Airline
management needs to have key trends in implementing the latest relevant technology for its business.

Conclusions
Thus, the identification of all factors affecting the work of the airline is virtually impossible,
which is dictated by the variability of the environment. Only partial description and a brief description

of some of them is possible.

Prospects for further research in this direction
It is concluded that at the present stage the development of the transport system is
characterized by a large dependence on information technologies and is developing in the following
directions:
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- increase of transport capacity,

- increased traffic safety,

- the appearance of fundamentally new vehicles,

- increase of capacity and carrying capacity of vehicles,

- Increase in speed, etc.

It is proved that the internationalization of markets, the formation of the global economic
space and the international character of competition transform the transport complex into a key factor
in the development of the tanzite component of the country.
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B YCJIOBUAX USMEHYMBOM CPEJIBI

OnsBupa Jlarmiosa, Ceersana IlerpoBckas, Asekceit KimoukoBckuit, Oxcana Minuenko

B crarse ocymecrsier anarn3 GakTopoB, OKa3pIBAIOIHX B/IHAHHE HA PA3BHTHE IMPEATIPHATHH
aBHATPaHCIIOPTHOH OTPaC/IH, HCCIEZ0BAHBI HAIPAB/IeHHOCT BIHAHHA (QaKTOPOB BHELIHEH CPeJbI Ha

SKOHOMHYIECKOE ITOJIOXKEHHE ABHAKOMITAHHH.
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Economic and Organizational Aspects of Functioning
of Aircraft Enterprises
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(National Aviation University,
C. Komarova Ave. N°l, Kiev, 03058, Ukraine)

Abstract. The article examines the processes of harmonization of the economic and organizational basis
for the operation of airlines and the transport system, which theoretically makes it possible for the country to
access advanced European technologies. It is scientifically substantiated that for the successfill development of
an aviation enterprise it is necessary to coordinate the strategy of personnel management and the strategy of
entrepreneurship among themselves.

Keywords: aviation, airlines, market economy, air transport, functions of management,

strategic decisions.

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

Analysis of the results of marketing research in the domestic market of transport
services in the segment of "passenger traffic" in recent years shows that with the spread of the
crisis and the growth of competition, each mode of transport actively seeks to save market
share or win additional positions on it. Aviation transport as a business entity is also a
component of a complex "passenger complex" system; therefore, in order to achieve its goal in
the transport services market, it should have its own strategies, that is, a broad plan of action

that can help achieve its goal.

Analysis of the latest researches and published works.
Marking the previously unsolved parts of generic problem,
which are the subject of this article
Analysis of the organizational and economic aspects of the development and operation
of transport enterprises is a topical subject of research by many scientists. Many scientific
publications, papers, articles [1, 2, 3, 4] are devoted to the issue of the functioning of airlines.
However, the main problems on the way to ensuring compliance of the aviation transport
system with high standards and technical requirements of the transport services market, taking
into account the priorities of the national economy, are not enough disclosed in the scientific

literature.

* Professor, **Assistant Professor, *** Postgraduate Student
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Formulation of the purposes of this article
The purpose of this article is to study the processes of harmonization of the economic
and organizational bases of the functioning of airlines and the scientific substantiation of the
need to harmonize among themselves personnel management strategies and business strategies

for the successful development of an airline at the present stage of economic development.

Exposition of the main material

Today, aviation industry companies operate in a market economy, an economic system
that operates in a free market without planning on the side of central government. A market
economy is called a free economy or a free enterprise system [2]. The difference between a
market economy and a planned one is not in the level of state regulation, but how this
regulation is used.

The role of the state in the economy is ambiguous. Disputes over state interference or
non-interference in the economy continue. But, it should be noted that the state authorities
act as an arbiter in economic relations, determine the rules of the game in the market.

The degree of control by the state of the economy is one of the most fundamental
concepts. The main criterion in assessing this issue is the growth of the level of the economy
itself. The policy of state bodies is ambiguous, it may include support for inefficient sectors of
the national economy. Reducing such ineffective programs will benefit the state. Intervention
in the economy by the state is necessary in cases of market failure or external threats.

In the absence of a market failure and the stability of external factors, state intervention
is inappropriate, since it reduces the efficiency and growth of the industry, but government
intervention is often driven by the pursuit of social goals such as income redistribution, since
the economy itself often ignores these social goals or considers them the possibility of solving
them in the least costly way.

The state may intervene in the following directions:

- through the construction of infrastructure, education and national defense.
Evaluating the effect of these factors is difficult to assess.

- redistribution of income, both vertically by income level and horizontally between
groups with similar income levels.

» Taxation through which one can influence the development of certain industries,
creating artificial barriers on their way. Thanks to which the state budget of the country is
filled.

- changing the law and rules of the game at the market.

Civil aviation has become an integral part of Ukraine's economy. It has a key impact
on economic growth and has a profound impact on the quality of life of the population as a

whole. Aviation allows you to integrate into the world economy and fosters international
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exchange of people, products, investments and ideas. To a large extent, civil aviation has also
enabled small businesses to engage in world trade, linking populations around the world,
contributing to productive and cultural development. Civil aviation is always obliged to use
advanced technologies to improve the safety and level of passenger service. In essence, civil
aviation affects almost every aspect of our lives and its successful development greatly
contributes to improving the standard of living of society and the economy.

But airline companies must be in the hands of successful managers, which will avoid
the phenomena of economic instability, to warn about possible problems associated with the
transportation of passengers or cargo. Additional investments, including in the infrastructure
of the industry - runways and increasing airport capacity, will contribute to the successful
development of civil aviation.

Existing high competition in the air transport market all the time pushes the airline to
improve the quality of service, ensuring the highest level of air traffic safety, the introduction
of new services, the desire to respond more promptly to consumer preferences.

Deregulation of the aviation industry by the state will help reduce the cost of services,
increase the frequency of flights and expand the scope of services, to more closely cover the
small and medium-sized services markets.

Aviation, with its delivery at the exact time, helps optimize logistics systems,
eliminating excessive filling of warehouses. Without reliable air delivery, many companies
will not be able to compete on the market.

Air transport offers many advantages over other modes of transport - flexible pricing,
short delivery times, high speed customer service. Undoubtedly, they are the competitive
advantages of aviation transport companies. Due to this, aviation is an important part of the
national economy, which is transformed by the process of globalization into a new, more
qualitative level; contributes to the growth of international trade, tourism and international
investment, as well as the relationship between people on all continents.

Airlines have a great direct impact on the economic situation of the country, as they
create a large number of jobs and a whole range of services related to the movement of
passengers and goods over large and short distances for a minimum period of time - aircraft
maintenance and repair, air traffic control, registration , baggage handling, direct work with
air passengers, provision of a full range of services for their comfort from the moment of entry
to the airport of departure to the airport of destination.

In addition, there is an indirect effect associated with the work of suppliers in the field
of air transport - suppliers of aviation fuel; construction companies that build airport facilities;
suppliers of subcomponents used in aviation, manufacturers of goods sold at the airport (retail),
as well as a wide range of activities in the business services sector (eg call centers, information

technology and accounting). About 9.3 million indirect jobs globally supported through the
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purchase of goods and services companies in the field of air transport, contributing $ 800
billion in world GDP in 2015 [5].

The largest economic contribution of air transport is a significant contribution to the
development of other industries, the co-ordination of the process of their growth. Air
transport is vital to tourism, which is the main engine of economic growth on a global scale,
especially in emerging economies. The direct impact is characterized by the creation of 14.4
million global tourism jobs, based on the estimated costs of foreign air travelers arriving by air.
This includes jobs in industries such as hotels, restaurants, historic and architectural
monuments, local transport and car rental. Indirect impact - 13.2 million jobs in industries
supporting the tourism industry and serving visitors arriving by air [6].

In turn, air transport facilitates world trade by allowing countries to participate in the
world market by expanding access to international markets and accelerating the globalization
of production. As an important intermediary in international trade, aviation contributes to
global economic growth and development. Projections indicate that the global economy will
become even more dependent on international trade over the next decade [5].

Compared to other modes of transport, air transportation is fast and reliable, can
overcome long distances. However, you have to pay for these benefits. As a result, air travel
is mainly used to deliver goods that are lightweight, compact, and of high value, or of great
value, or are spoiled.

Air transport increases the number of international connections in the country that can
help boost productivity, stimulate investment and innovation; improve business operations
and the speed of attracting highly skilled employees to companies.

Unlike other modes of transport, the vast majority of air transport costs go to
infrastructure (runways, airport terminals and air traffic control). In addition, companies in
the field of air transport are subject to significant tax payments to the national treasury of the
country. The costs of aviation infrastructure are funded through fees from aviation services
customers.

Customers' payments are specifically formed and used to reimburse costs associated
with the provision of facilities and services for civil aviation. These include the provision of
airports and air navigation services, including the corresponding amounts for paying the cost
of capital and depreciation of assets, as well as maintenance, operation, administration and
administration costs. Thus, in 2010, world airports spent about $ 26 billion on capital
expenditures on the creation of new infrastructure, the construction of new facilities to meet
demand, improving existing capacities to increase efficiency and build energy efficient
terminals [3].

The analysis allows the author's team to assert that the greatest economic effect from

air transport is due to its impact on long-term indicators of the country's economy as a whole
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due to an increase in the general level of labor productivity. Growth of labor productivity in
firms outside the aviation sector of the economy goes in two main directions: due to the
increase of domestic firms access to foreign markets and the increase of foreign competition in
the domestic market, as well as through a more free flow of investment capital and workers
between countries.

There are external and internal factors that affect the success of airline companies.
Business has direct control over internal factors, unlike external ones, such as economics,
politics, socio-cultural factors, technology, and international relations. Competition is another
very important external factor affecting the organization's activities. The success of the
airlines is based on a policy that successfully adapts to changes in the environment. This
includes attempts to make their own services better by reducing their cost and increasing
competitive advantages for consumers.

Today's time is characterized by a dynamic change in external factors. Participation in
the work and the initiative of people in the organization at different levels can vary from
organization to organization. Organizational culture and socio-psychological climate in the
team are related to this factor.

Personnel management of aviation enterprises is carried out in the course of carrying
out certain targeted actions and includes: definition of goals and main directions of work with
personnel; definition of means, forms and methods of realization of the set goals; organization
of work in the course of executed administrative decisions; coordination and control over the
implementation of planned activities; continuous improvement of the staffing system. When
the overall strategy of the airline is realized, in our opinion, it becomes possible to establish
individual functions of personnel management, which will be combined with the chosen
strategy in the best way.

The need for coordination between the strategy of personnel management and the
business strategy of the airline, according to the authors, covers the main functions of

management and includes:

* selection, recruitment and formation of personnel of the organization, firms for the

best achievement of production goals, staff assessment;

- improvement of the organizational structure of the airline's management and
ensuring a good moral and psychological climate in the company's collective, which promotes
the creative activity of each employee, optimum use of the potential of employees and their

remuneration;
* provision of guarantees of the social responsibility of the airline to each employee;

* a clear understanding of the strategic and tactical goals of each company and their

successful implementation;
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- forecasting the situation on the labor market and in the own team for taking

preventive measures;

- analysis of available personnel potential and planning of its development, taking into

account the prospect;

* motivation of personnel, evaluation and training of personnel, promotion of
adaptation of workers to innovations, creation of socially comfortable working conditions in a

collective, solving of private issues of psychological compatibility of employees, etc.

At the same time it is necessary to keep the traditional tasks of administrative work

with personnel.

Conclusions
The organizational and economic conditions of the development of the aviation
enterprise depend on the environment. Only the quickest adaptation to external factors will
be able to give the company the opportunity to grow dynamically and successfully operate in

the market.

Prospects for further research in this direction
The proposed processes of harmonization of the economic and organizational bases of
operation of air transport companies and the transport system of the country as a whole will
give the country access to advanced world technologies, reveal the main problems on the way
to ensuring conformity of the national transport system with high standards and technical
requirements of the market of transport services taking into account the priorities of the

national economy.
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B crarse w#ccr EAVIOTCA IIPpOIJéCChI IdPDMOHH3AIIHH SKOHOMHKO-OPIdHH34dIJHOHHBIX OCHOB
QB/VH KITHOHHPOBAHHA dBHAIIPDEJIIDHA THH H TpPaHCIIODTH o cucremsl YK, (PAHHBI, 9TO TEODETHIECKH Zd€T
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Summaries
European Model for the Protection of Civil Aviation against Unlawful
Interference - David Alania, “Aviation Transport”. Tbilisi, 2019 Ne1 (13) (Eng).

The article presents measures to protect civil aviation from unlawful interference from the
perspective of the European model. The article step by step covers all stages of development of the civil
aviation system at the international level. Comparative examples with other security systems are
discussed. Practical examples of problems and their solutions aiming to improve systems through
participation of majority of countries are presented. The article describes developing and transforming
threats to aviation security and the actions against related crimes. The problems are shown from an
international perspective and their solutions are suggested both on an international as well as individual

state level.

Prospects of Aviation Development in Terms Of Modern Condition of Aviation

Science - Irakli Kacharava, Valeri Mikadze, David Pilauri, “Aviation Transport”. Thilisi, 2019
Nel (13) (Rus).

The article is devoted to the modern trends in the development of specific areas of aviation
science and perspectives of aviation technology as a result of their implementation. It is a compilation
of published data in open sources [1-32] and consists of four main chapters:

1. Aerodynamics and arrangement of the aircraft;
2 Construction and its strength;

3. Power plant;

4 Control systems and onboard equipment.

Short range aircraft design general issues - Giorgi Kakabadze, “Aviation Transport”.
Thilisi, 2019 Ne1 (13) (Geo).

The aim of current research is to redesign A320 with new technical requirements, which will
be adapted to low speed and short range flights. Given research will be done with different

automated design systems, therefore final results will be analyzed. Also general advantages and

disadvantages of each software and preference for different design stages will be determined.

Analysis of the Oscillatory Motion of the Protective Module of the Turbojet

Engine in a Colision with Foreign Objects - Andro Maisuradze, Slava Mebonia, Merab
Chelidze, “Aviation Transport”. Tbilisi, 2019 Ne1 (13) (Eng).

The oscillatory motion of the protective module of the turbojet engine of the aircraft, which is caused
by shock interaction with external objects, including birds, is considered. To study the dynamics of the protective
module in a collision with external objects, a differential equation is compiled, the solution of which is obtained
mathematical expressions for the magnitude of the displacement of the module and the force of impact. Analysis
of these expressions shows that the elastic elements in the module structure partially reduce the impact force.
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Analysis of Foreign Objects Ingress into Aircraft Gasturbine Engines
and Methods of Their Recording - Andro Maisuradze, Giorgi Mushkudiani, Dato
Metreveli, Giorgi Gedaminski, “Aviation Transport”. Tbilisi, 2019 Ne1 (13) (Eng).

The operation of gas turbine engines is significantly affected by pollution of atmosphere air.

Currently certain number of being in operation gas turbine engines are being removed from aircrafts
prior to the expiration of the warranty period, mainly due to damage to the compressor, combustion
chamber and gas turbine as a result of foreign objects ingress in the engine intake. As foreign objects
would be: various size small particles of dust or sand. Pebbles, demolished runway and taxiways, pieces
of ice, wire from brushes of the surface of cleaning machines, birds, etc.
Foreign bodies may not damage the first stage of the compressor, but damage the next stages, is
complicated to diagnose the engine. In order to simplify diagnostics and generally, maintenance of the
engine, it is necessary to develop a device that will record the number of sand particles, pebbles and
other foreign bodies passing through the engine.

Impact of the Geometrical Parameters of Valveless Pulse jet Engine on Thrust-
Aria Nazarparvar. “Aviation Transport”. Thilisi, 2019 Ne1 (13) (Eng).

Simple design, low maintenance and manufacture cost, and high thrust to weight ratio, also
new numerical method in simulating caused development of Pulse Jet engine function in non-military
fields today. Impact of geometrical parameters of valveless pulse jet engine on thrust has been studied
in this article. First, study concentrate on main geometrical parameters like diameter and length, and
transform those parameters to dimension-less parameters (length to mean diameter ratio) for each
section of the engine. Then the allowable range for parameters is achieved based upon experimental
researches of Mr. Lockwood. Ten new geometries for valve-less pulse jet engine has been defined and
numerical solution of two-dimension flow field of inside engine has been presented with Fluent Code.
New method has been presented (without solving the combustion) with considering combustion as
initial condition. To ensure that the accuracy of solution is obtained, validation has been done with a
valved pulse jet engine that shows excellent results with less than 5 percent error. Eventually the main
result shows that amount of parameters that has most impact on thrust is 29 (length to diameter) for
exhaust pipe, 1.25 for combustion chamber and 3.5 for intake pipe. The volume of combustion chamber
should not exceed the limits otherwise it will be caused non-uniform pressure distribution and will be
effect on engine performance. Conclusion shows improvement of thrust of more than 200% percent
with changes in geometrical parameters and without significant change on weight. Therefore, there
would be improvement of power to weight ratio as well. It can be said that it could be farther developed
considering other aspects of this type of jet engine (like level of noise, cooling method, utilizing in
aviation and another field etc.) and also, practical projects as well After reviewing the article, it can be
said that it meets all of the requirements that has been defined for this project and more development
could be gained on pulse jet engines in future. .

Simulation of a perforated plate in the Software package FEMAP-NASTRAN -
Giorgi Jaiani, Sopho Bliadze, “Aviation Transport”. Tbilisi, 2019 N°1 (13) (Geo).
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One of the most important problems of the theory of destruction is the study of the stress field,
especially in the area of stress concentrators. A great practical application is to solve problems of stress
concentrators not only in the zone of significant differences in stiffness, but also in the zone of holes,
especially if the material, on the basis of the load, is not physically linear. The article considers an
endless plate with a central hole, which is under the action of tensile load. For the first time this
problem was solved by Kirsch within the framework of the classical theory of elasticity, and later
another variant of the solution was proposed by N. Muskhelishvili. The purpose of the article is to
create in the FEMAP software package a computational model of the problem, the solution of which
with high accuracy will approach the results of the analytical solution.

Analysis of the composite design using the integrated program FEMAP-

NASTRAN - Seit Bliadze, Giorgi Tsirekidze, Konstantine Dvalishvili, “Aviation Transport”.
Thilisi, 2019 Nel (13) (Geo).

To date, the majority of scientists for the full analysis of the solution of mechanical problems
by numerical methods among all methods prefer the finite element method. Despite the fact that many
monograms and scientific works have been published on the use of this method, the effective, of course,
elemental approximation for plates, shells, beams, and their combinations is still imperfect. Intensive
work is underway to create perfect schemes, with the help of which it will be possible to approach
more closely the results of field tests. The aim of the work is to fully explore the places of sharp changes
in stiffness for prefabricated structures. As is known, precisely such places are places of stress

concentration.

Comparative analysis of the results of field and numerical experiments with
a helmet using the integrated program FEMAP-NASTRAN - Seit Bliadze, Giorgi
Tsirekidze, Giorgi Metreveli, “Aviation Transport”. Tbilisi, 2019 Ne1 (13) (Geo).

Conventional complex programs such as FEMAP-NASTRAN, ANSYS APDL, ANSYS
Workbench, ABAQUS, PATRAN-NASTRAN and others are based on a numerical method, which is
known in the literature as a finite element method. This method is a numerical method, which, in
comparison with other numerical methods, has a number of advantages and a number of disadvantages.
A common drawback of numerical methods is their inherent certain error. Today, users of
computational complex programs are faced with the task of creating a computational model with
appropriate boundary conditions as closely as possible that will be as close as possible to the results of
a full-scale experiment. The objective of the article is to create for the calculations of helmets such a
computational model, where the error will be reduced to a minimum. To achieve this goal, modeling
was performed for both single-layer and multi-layer shells. The results obtained are compared with the
results of field experiments. The results obtained are compared with the results of field experiments.

The results obtained are compared with the results of field experiments.
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Ontology-Based Approach for Human Competency Gap Analysis

in Air Traffic Management - Igor Kabashkin, Nika Tikanashvili, “Aviation Transport”.
Thilisi, 2019 Ne1 (13) (Eng).

The Global Air Navigation Plan (GANP) is a flexible global engineering approach that allows all States
to advance their Air Navigation capacities based on their specific operational requirements. Aviation professionals
have an essential role in the transition to, and successful implementation of the GANP. The development of new
air traffic control technology requires new competencies from operational and maintenance personnel under the
circumstances. And this, in turn, requires new education curricula for initial, vocational and advanced training
In this area.

The paper isfocused on the creation of methodology for the partial automation of the comparison of
existing and required competences of Air Traffic Management (ATM) personal and synthesis of training courses
and modules, using a formal, ontology-based approach as a tool to solve these problems. One of the problems in
the implementation of the GANP is that, on the one hand, there are currently no unified requirements for all
categories of ATM personnel, and on the other hand, the development of ATM technologies is far ahead of the
pace of training of personnel of appropriate qualifications. This problem becomes even more noticeable in
countries that have just started an active modernization of ATC systems and do not have enough experience in
this field.

The paper describes the general methodological approach based on the education ontology modelling
for human competency gap analysis in ATM and for gap analysis between the university curricula outcomes and
the ATM requirements. The ontology of key personnel competencies issues for the design and integration of

large-scale future ATM programs is proposed.

Modelling the airspace of airfields - Vano Zhurabishvili, Badri Nadaraia, “Aviation
Transport”. Thilisi, 2019 Nel (13) (Geo).

Simulation the airspace of airfields is an actual problemand increases the efficiency of it’s use.
Airspace can be represented as many zones. Based on the main characteristics of flying objects, it is
possible to determine the optimal airspace for the flight and minimize conflict situations.

Theoretical concept of modification of artificial earth satellites due to the
influence of negative factors from outside - Vano Zhurabishvili Badri Nadaraia,
“Aviation Transport”. Thbilisi, 2019 Ne1 (13) (Geo).

This article considers the theoretical and conceptual methods of increasing efficiency of the
precision of global navigation satellite system using laser beams web in cooperation with satellites.
There are described some primary negative factors which are deconstructive for the valuable work of
the precious navigation system. Also there is shown the theoretical-conceptual way of solving

problems.
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The results of radar research of atmospheric zones causing intense turbulence of
aircraft and the prospect of their practical application - Avrandil Apkhaidze, Manana
Mamsirashvili, “Aviation Transport”. Tbilisi, 2019 Ne1 (13) (Geo).

Weather radar systems have changed in Georgia due to objective reasons. The new radars
operate in the vicinity of Tbilisi and Poti airfields. Based on this, the article presents the main results
of the study of wind field inhomogeneities zones in clouds and precipitation, causing the aircraft to
roll, conducted with the help of radar MRL-2; the prospects of practical application of the new radar

system for this purpose are considered.

About new threats to flight safety — Demur Vephkhvadze, Davit Satseradze, Giorgi
Zedginidze, “Aviation Transport”. Tbilisi, 2019 Nel (13) (Rus).

The article deals with the issue of flight safety, taking into account the capabilities of information
technology. A new type of computer attack has been introduced to intercept control of the aircraft and a method

has been proposed to combat both attacks and other destructive actions.

Analysis of Information Attacks on the Enterprise System - Simon Khoshtaria, Tengiz
Nikolashvili, Nino Khoshtaria “Aviation Transport”. Thilisi, 2019 Ne1 (13) (Rus).

The article discusses the current issue that gives us an opportunity to assess the information
system of the enterprise, the risk of detection of information attacks. Analysis of various methods is

given.

Global Air Traffic Development Trends - Marina Vysotska, “Aviation Transport”.
Thilisi, 2019 Ne1 (13) (Eng).

The article determines the main trends in the development of world aviation transport. The effects of
the global economic crisis on airline companies are analyzed. The influence of economic processes on the
formation of elements of the business model of airlines is investigated. As a result of the analysis of financial
results the stabilization of the operating activity of the airlines in recent years has been proved.

Features of Activity of Air Carriers in Conditions of the Multiple Environment -
Elvira Danilova, Svitlana Petrovska, Oleksii Klochkivski, Oksana Ilienko, “Aviation Transport”.
Thilisi, 2019 Ne1 (13) (Eng).

The article analyzes the factors influencing the development of enterprises in the air transport industry,

and investigates the tendency of the influence of factors of the environment on the economic condition of the

airlines.
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Economic and Organizational Aspects of Functioning of Aircraft

Enterprises -Leonid Loboyko, Oksana Kyrylenko, Valentina Novak, Katerina Razumova,
“Aviation Transport”. Thbilisi, 2019 Ne1 (13) (Eng).

The article examines the processes of harmonization of the economic and organizational basis for the
operation of airlines and the transport system, which theoretically makes it possible for the country to access
advanced European technologies. It is scientifically substantiated that for the successfil development of an
aviation enterprise it is necessary to coordinate the strategy of personnel management and the strategy of

entrepreneurship among themselves.
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For Authors of Articles

Tha manuscripts submitted for publication must satisfy the following requirements:

1.

The article should be submitted to the editorial board with a review and a written response
from the author (s) to the conclusion of reviwer. Authors from the Georgian Aviation
University and other HEI should submit solutions of the counsils of the relevant faculties on
the approptiateness — decisions of scientific or scientific and rechnical counsils.

The paper must be prepared in Microsoft Word.

Articles should be typed in Sylfaen.

The paper should be submitted to the editor on A4 sheets of white paper and on the CD disk.
The font size is 11, the interval is 1,15; Margings: Top — 30mm, Left — 25mm, Right — 20mm,
Bottom — 25mm. Font size fortitle of the work is collected — 14; for surname and name — 13; for
name of the organization where the work is done is indicated in brackets — 13, the address
should be written in 10 font; for abstract of the work in italic — 10; for keywords — 12.

Tables, diagrams, graphs and formulas should be presented by computer graphics.

In references for books is necessary to indicate: the name(s) of author(s), initials, title of the
book, place of publication, publisher, year of issue, number of pages. For scientific article is
necessary to indicate: the name(s) of author(s), the tiitle of article, two inclined lines that
distinguish the name of the journal (conference, congress, etc.), the place of publication, the
year of publication. For authorcertificates (AC) for invention or patents, the list of references
indicates: the title of invention, state that own the patent (or AC), the number of patent (or
AC), the date of issue of the patern (or AU), two inclined lines, the author(s), place and year of
publication.

In the case of a negative review, at the request of the author, the editorial board may authorize
publication with stamp as a matter of discussion.

The article must be signed by the author(s)
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K CBeZI€HHIO aBTOpPOB cTarei

ABTOpBI 00BA3aHbI IPEACTABUTD CTATBU CO CTPOTUM COOJIIOZeHNEeM CIeyIOUIX TpeOOBaHUH.

1.

Cratps mo/DKHA OBITH IIpeACTAaBIe€HA B PeNAaKLIMIO C pelieH3Mell M IHUCBMEHHBIM OTBETOM
aBTOpa(OB) Ha 3aKJIIOYEHME pelleH3eHTa. ABTOPHI ¢ I'py3MHCKUIT aBUALIMOHHBIH YHUBEPCUTET U
IPYTHUX BY30B JOJDKHBI IIPEJCTaBUTh IOCTAHOBJIEHHUA COBETOB COOTBETCTBYIONUIUX (haKyIBTETOB
0 IeecOOOpasHOCTH IyOIMKAUWM JAaHHOHM crareu, a aBropsl ¢ HWUWM u npemmpusarmit _
pelIeHns HayYHbIX WK HayYHO-TeXHUIECKUX COBETOB.

Pa6ora moarorasiauBaercsa B MicrosoftWord.

Cratss moymkHa ObITh HabpaHa mpudrom Sylfaen.

CraThsa moDKHA OBITH IpeCTaBIeHa B PeJaKIIMIoO Ha JIKCTax Oeoit 6ymaru pasmepom A4 uin
CD puckowm. Pasmep mpudra 11, uarepsan 1,15; morsa: Bepxuwuii - 30MM, y1eBbIit — 25 MM, IIpaBo
— 20 MM, JHo — 25 Mm. HasBanue paGots! cobupaercs mpugprom 14; pamMunms, UMs, OTIECTBO
aBropa(oB) — mpudrom 13; HazBaHHe OpraHU3AIUU, IZle BHIIOTHEHAa pPaboTa, yKa3blBaeTCsA B
ckobkax — mpudTom 13, aspec nmomxeH ObITh HanucaH mpudTtom 10; pestome paboTs
BBIITOJIHAETCA KypCUBHBIM ImpudpToM 12; kimioueBsle cioBa — mpudrom 12; x pabore,
BBIITOJIHEHHOH Ha PYCCKOM f3bIKe, IIOCJIe JTUTeparypsl mpudTom 12 mpuiaraercs pesiomMe Ha
aHTJIUHCKOM A3bIKE C yKasaHHueM Ha3BaHUA TPy/a, UMEHHU, OTYeCTBa U paMuIny aBTopa(oB).
Ta6nuusl, cxemsl, rpapuku U (OPMYJIBI [JOKHBI OBITH IIPeACTaBIE€HBI IIOCPEICTBOM
KOMIIBIOTEPHOI IpadUKHU.

ITpu odopmieHun cmucka JUTEpaTypsl, KOTZAa YIIOMHHAIOTCSA KHUTH, HEOOXOZMMO YKa3aTh:
damunuio(nu) aBTOpa(oB), MHUIIMAJIGI, Ha3BaHUe KHUTH, MECTO ITyOIMKALUH, U3/aTeNIbCTBO,
roz BhITycKa. Eciu ykassiBaeTcs Hay4Has CTaThsg, HAJO yKaszaTh: (amuimio(nu) aBTopa(oB),
HasBaHMe CTAaThH, [jBeé HAKJIOHHBIE JIMHUY, BBIIEJIAIONVE Ha3BaHUe XypHaia (KOHpepeHIInH,
KOHTpecca M T.JA.), MeCTO IyOJIMKAaluu, Toj H3JaHWsg, HOMep ToMa >XypHaia. [Ipum
WICIIONIb30BAHUN aBTOPCKUX cBuZeTelnsCcTB (AC) Ha m300peTeHUs WM IIATEHTOB B CIIHCKE
JINTEPATyphl YKa3bIBAIOTCS: Ha3BaHWE H300peTeHUd, TOCYZAapCTBO, KOTOPOMY IIPUHAIJIEKHUT
narenT (win AC), Homep narenTa (wiu AC), mara Beimauu natenta (uiau AC), 1Be HaKJIOHHBIE
JIMHUY, aBTOP(bI), MECTO U TOZ, ITyOIUKAI[UN.

B cny4ae orpuiaTenpHON pelieH3WH, IO IIPOCHOE aBTOPA, PeZaKIMOHHAS KOJUIETHsS MOXKET
paspeIrnTs myGINKanUIo C TpUPOM B IOPALKE OOCYKAEHUA.

CraThs FO/DKHA GBITH TOANIMCAHA aBTOPOM(aMH).
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