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Abstract — The dynamics of tranmission with universal joints
an acute problem of engineering. A mathematical model of the
system electrical motor — gear box — universal joints — centrifugal
pump is created. This model allows to determine the dynamic
characteristics of the tranmission and evaluate dynamics
properties of the system. Dynamic characteristics of the system
with different misalignment angles and the resonance frequancies
are obtained.
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INTRODUCTION

Universal join is on of the primal and widely used element
in tramission system industrial field. Cardan joint which has
many different name expressions such as universal joint,
Hooke‘s joint, Hardy-Spicer joint of Cardan joint is used to
transmit torque, rotatory and torsional motion at flexible
connection throughout a change of drive angle in limited
space. Among the most significant features affecting the
workspace of the machanism is the size of the join. Authors
like Zhang et al. [1] have thoroughly investigated this and
other relationship between geometric parameters and
workspace of universal joint. To insure steadiness of
tranmission system parametric instability is an important
machine design consideration becouse it may cause failures
such as fatigue and breakage in machine components [2]. In
order to look deeper into parametric instability of rotating
shaft author made use of Mathieu of Mathieu-Hill equations.
By solving linearized equations of motion, Gokhan [3[ has
made the analysis of the behaviour of dynamic stability of
torsional vibration in shafts connected via universal joint.
Author applied Monodromy matrix method and presented
results in Strutt-Ince diagram form. In order to detect dynamic
unbalance in cardan shafts. Jianming et al. [4] created a novel
method by applying double decomposition and double
reconstruction method. Transmission with no single Cardan
shaft but a Cardan shafts system are usually connected with
double universal joints. In such systems it is imperative to
insure that joint angles are perfectly set to that the output shaft
rotates in a synchronous motion with uniform speed.
However, system with double universal joint system suffers
from bending moments induced by join friction and velocity
fluctuation induced by the join angles [5]. Analysis is based on
a model that considers the effects of friction on the cross-pin
and the join angle due to misalignment. Throughout dynamic

analysis it has been discovered that the misalignment angles
have an overwhelming effect on fluctuation in the output
speed. Researchers group Brutti et al [6] has made the
dynamic investigation of influence of inertia and elasticity on
the magnitude of shaking torque in a double cardan joint
system. Based on the collected data they concluded that there
is a significant effect on the elasticity within normal working
condition of 2000 r.p.m and 4000 r.p.m.

TRANSMISSION SYSTEMS MATHEMATICAL MODEL

In the article dynamics process of transmission with
universal joints is considered. The tranmission consist of
electric asynchronous motor, gear box, universal joint system
and centrifugal pump. Dynamic model of transmission is
presented in the figure 1.

Cardan shaft
a) Isiws IV system
Iy
@
A78

L., l.p2. Ry Isi@s.Rs

e 27, '
M, 12 D 5 )@ Bron

\ AA
g |:| D ’\o pump

Ia@aRa  I..R,

b) b a

.

OL T T

B,
é

L]

a i

Fig 1. Dynamic model of transmission: a) transmision system; b) stiffness
and damping elements.

The asynchronous motor torque M, is described by the
differential equation:

My =uoy (Qumo —ugr)—dyMy (1)

where, ¢y, dyare parameters of the asynchronous motor; Qo is
synchronous angular velocity of the asynchronous motor; u is
the gear ratio; ¢1 is angular velocity of rotor asynchronous
motor. The over dots denote the differentiation with respect to
time (time derivative).

The system of equation tranmission with universal shafts is
equal Bogdevicius et al [7,8]:
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where, (XJT={M; @ @ .. @5 ¢ ¢ P15
is variable vector; {F(X ,t)} is nonlinear vector.
Kinematic relationships (ratio) between angles, angular
velocities of universal joint are equal:
t9(¢;) =cosl i i1 9 (¢is1)
P = b(q’i , ﬂi,i+l)¢i (3)
cos(3,.,)
blgi, Bi1)= - o '
(0 5.10) 1-sin(8,.,f sin(p,f (4)

Relation (correlation)between output and imput angular
velocities of transmission by using relation (4) is equal to:

¢6 = b(¢e’ﬂ6,7)b(¢9!ﬂ9,1o)¢13 ®)

The differential angle between input and output shaft

L sin(g,) cos(¢;) (cos(f;;) -1)
A =00 = amg{ cos* (¢ + coS( ) SIN* () ] ©)
is function of the angular misalignement angle /.
The rotation stiffness in the universal joint is equal:
) Mi—M;
L B 7
j Ap; (7

where, M;, M; are torque in the universal joint elements.
RESEARCH RESULTS

Spectra of angular velocity w10 is sown in the figure 2.
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Fig 2. Angular velocity w10 dependency of rotation frequency: a)fs7=0,
P9.10=20; b) Bs7=0, Bs10=20 and gaps between gears 20 and 50 micron; c)
Ps.7=40, B910=20 and gaps between gears 20 and 50 micron;

CONCLUSION

The calculation of dynamic process is carried out and the
results are obtained. In this work, dynamics characteristics of
the complex tranmission that consist of electrical motor, gear
box, universal joint system with misalignement Ss7=0..40 deg,
[9.10=20 deg and centrifugal pump. Important characteristics
of universal joint such as differences input and output angles,
velocities and accelarations are obtained. The lowest
resonance frequencies (53 Hz; 74,5 Hz; 144 Hz; 197 Hz,
218,5 Hz; 288 Hz; 362 Hz) are obtained. The maximum
amplitude of angular velocity is received when frequency is
218,5 Hz.
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Anomauia — poGoTa mNpHUCBSIYEHA PO3ILJsAAy NpodiaeMu
3HUKEHHSI eHepro3aTpaTr npHu MoAepHi3auii CBIiTIOCHIHAJIbHOI

CHCTEMH a€pOMNOPTYy, cepTU(iKOBAHOr0 MO mepuiii KaTeropii
ICAQO.

Knwuoei cnosa — 3nimHo-nocadxkosa cmyza, pynixcHa
oopixcka, aepoopomui  6ocHi,  pynixcni  @ocni  ma
3HAKU,EHEPZOCROHCUBANHA, eHEP2O30ePeIHcen .

I. BcTyn

3nmitHO-TIocankoBa cmyra (3[IC) TouHOTO 3aX0my
Ha mocanky | kateropii. CuctemMa BOTHIB HaOJIKCHHS
CKIQJAEThC 3 psamy BOTHIB, BCTA@HOBJIEHHX Ha
npoposxkeHHi oci 3I1C mpotsrom 900 M, ane He MeHme 8§70
M Bim mopora 3[IC, i psmy BOTHIB, IO YTBOPIOKTH
CBITJIOBUI ropu3oHT mwmpuHor 30+3 M  Ha BimcTaHi
300+12 m Big mopory 3I1C [1,2].

Il.  TIOCTAHOBKA IIPOBJIEMU

BorHi 371iTHO TOCagKOBOI CMYTH.

AepoJpOMHHUI BOTOHb — CBITJIOBUH mpwiam i3
3aJ]aHOK0 KPHBOIO DPO3MOALTY CBITIA, SKUH NpPU3HAYCHUI
Juisi  3a0e3MeYeHHs] Bi3yalbHOTO BH3HAYEHHS IUISTHOK
aepoJpoMy B 30HI HAOIMKEHHS, IOCAIK! Ta PYITIOBAHHS.

Biuai BOrHi — mO3HAYAOTH ITO3JOBXKHI OOKOBI
croporu 3[IC, BUKOPUCTOBYIOTECS Y HIYHHU dac Ta/abo B
JIeHb B YMOBaXx IIOTipIIEHOi BUAMMOCTI, a Takox Ha 3I[IC
TOYHOTO 3axoxy Ha nocaixky I, I1, III kareropii.

BxigHi BOTHI Tpu3HAYEHi JUIsI BUAUIEHHS MOPOTY
3IIC Ta BKa3yroTh Ha ii MOYaTOK.

Borai CBITIOBUX TOPH3OHTIB ClyXaTb Ui
CTBOPEHHS  IITYYHOTO OOpil0 3 METOI Opi€HTYyBaHHSA
mitora o0 nosnoxenHs: IIC B monepedHOMY HAIpsIMKY
(Mo  BIOHOWIEHHIO  JI0  NPUPOJHOTO  TOPU3OHTY).
Bunpowminrorots Oie cBiTIIO.

OOMexxyBalIbHI BOTHI BU3Ha4awTh KiHens 3I1C ta
MIOKa3yIOTh 11 MEXI.

OcpboBi  Borai 3[IC mpu3HaueHi [yl BKa3iBKH
nistory nosnoxHboi Bici 3[1C npu 31p0Ti Ta nocaui I1C.

Borui 30HHM mpu3eMIIeHHS — MpPHU3HAYEHI Ui
cBiTiIOBOrO Mo3Ha4deHHs noBepxHi 3I1C B 30HI mpu3eMIIeHHS
I1C. B SIKOCTI BOTHIB 30HU TIPU3EMIICHHS
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BUKOPHCTOBYIOTHCS BOTHI IOTNIMOJIEHOTO THUILY, LIO CBITAThH
y Hampamky [IC, mo 3axomurh Ha mocagky i
BUIIPOMIHIOIOTH OiJie CBITIIO.

OOMmexyBanbHi BOrHi Bu3HavatoTh Kinelp 3[1C Ta
MoKasyTh 11 Mexi. B skocTi 00OMeXyBaJbHHX BOTHIB
MOBUHHI ~ OyTM BHMKOpPUCTaHi BOTHI, IO BHIIPOMIHIOIOThH
gepBoHe cBiTIIO B Oik 3I1C.

PymixHi BorHI Ta 3HaKH

BokoBi Ta OChOBiI pymiXKHI BOTHI CIyXaTh Ui
BKa3yBaHHS IIO3JOBXHIX MEX YH OCBOBOI JIHIIPYIXKHOI
nopixku (PJT).

Crom-BorHI ciyXaTh Ui 3a00pOoHH a0 MO3BOIY
pyxy IIC Ta TpaHCHOPTHHMX 3ac00IB B MICISX O4iKyBaHHS
npu pyiiHHi Ta neperuHy PJl. BumpomiHIOIOTH 4YepBOHE
CBITJIO.

AepoapomHi cBitiioBi 3Haku (AC3) ciyxare ais
peryioBaHHs, J03BOJY 4K 3a00pOHH PyXy Ha aepoJpoMmi Ta
PJI.

Ceitinogopu (xkepoBaHi ACB) BHKOPHCTOBYIOTHCS
SIK CAaMOCTIITHHH 3aci0 U1 Tofaui CHUTHANIB 3YIMHHKH (CTOT-
CHTHAJI Y4EPBOHOTO KOJILOPY) a0 MOJOBKEHHS pyxy (cTom-
CHTHAJI 3€JICHOTO KOJIbOPY), @ BKa3yldi HalpsIMOK PyXy
(cTpinkm) — )KOBTE CBITIIO.

3aropo/pKyBaibHi  BOTHI  NpU3HAYCHI  JyIst
MO3HAYEHHSI BUCOTHHX IEPEIIKO/, 0 € HeOe3NeuHUMU ISt
nonpotiB [IC y Mexax aeponopry Ta BHIIPOMIHIOIOTH
4epBOHE CBITJIO Y BCiX HanpsaMKax [3,4].

Puc. 1. Cxema po3mimeHHS BOTHIB HaONMKEHHA 3a
HEHTPAIEHUM PSIIOM.

I1l.  OCHOBHA YACTUHA

CroKuBaHHS EJIEKTPOCHEPTii 3IIITHO-TOCAIKOBOKO
CMYTOI0. Onaum i3 HAKOLTBITIX CIIOXKHBAYiB
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enexTpoeHeprii € cBimocurHaneHe o6OnagHanus (CCO)
3I1C, ockinbku BOHO 3abe3neuye 3AIMCHEHHS 3JIT-IOCAIKY
[IC sx B ymMoBax HOpMaibHOI BHIMMOCTI, TaK i Mg dYac
MOTAaHUX TOTOAHHX yMOB. EnekrtpocmoxuBanas CCO
3aliMae I’ STy YacTHHY eJeKTpodaraHcy (mpubmmsHo 17 —
18% Bix 3arabHOTO CIIOKUBAHHS EIEKTPOSHEPTii).

OCHOBHI  HampsMKH  €HEproz0epekeHHS Y
CBITJIOCHUTHAJIBHOMY  00JIa/IHaHHI. CBiTJIOCUTHAIIBHI
CHUCTEMU  aepolopTiB  OTPUMYIOTb  JKUBIICHHS  Bif
cHeuiaJibHUX — TpaHc(OPMATOPHUX  MIACTaHLINW,  sKi
CKJIQJalOThC 3 BHCOKOBOJBTHOTO 1 HHM3BKOBOJBTHOTO
PO3MOAUIBYMX IPUCTPOIB, arperatHoro TNPHUMIIIEHHS 3
OJIHMM 4YH IBOMa AW3EINBHUMH €JIEKTPOarperataMu, a Takox
OmepamiiHOTO 3aly 3 peryiasTopaMu SICKPaBOCTI —
JoKepenaMu  cTabili3oBaHOTO — CTPyMy.  3axomd 3
eHeproz0epe)keHHsT IMOBMHHI  BpPaXxOBYBAaTH  CIEIHU(]IKy
eNeKTpoOOTaTHaHHA 1 TOMY  PO3POOISIOTBCS IS
KOHKPETHHUX €JIEKTPOYCTaHOBOK.

Eneproz0epeskeHHsT Ha  eTami  [POCKTYBaHH:.
BupoOHHITBO HOCTaTHBOI KUIBKOCTI sikicHoro cBitia CCO
s 3[1IC aepomnopty Ta #oro e)eKTHBHE BUKOPUCTAHHS €
OHMM 3 HEOOXIJHMX EeJEeMEHTIB 3a0e3MeUYeHHsI CYyYacHHX
YMOB JisUIBHOCTI aeponopry. [IpaBuibHO cnpoekroBaHe i
pauioHanpHO ~ BukoHaHe  ocBimieHHs 3IIC  cmpuse
i ABHUIICHHIO e()eKTUBHOCTI Ta Oe3meku 3miT-mocanku [1C, a
Takox Oesneku moiboTiB. EnekrpocniokuBanus 3I1IC «Kuis
Kynsau»  3aifiMae  momiTHE Micme B 3araabHOMY
enekTpoOanmanci. PimeHHs mpobiemMu eHepro30epeKeHHs
3B’s13aHO 3 eeKTHBHICTIO 3acTocyBaHHA [IC Ta cuctem, 1m0
pEryJTIOIOTh IITYYHE OCBITIEHHS. Baxime 3HaueHHS
MAaloTh CHepro3odepirardi 3aco0M OCBITICHHS, MOIMIICHHS
SIKOCTI OCBITJICHHS, PEKUMH eKCILUTyaTamil
CBITJIOCUTHAJIBHOTO 00agHanus [5,6].

Edextupnicts  Boraie CCO  3ayiexuTh  Bif
ceiTiioBoi  Bigmaui JIC Ta TepMminy ix  cayxOu;
CBITJIOTEXHITHIX Ta CHEPreTUIHHX mapamMeTpiB;
cTabiIpHOCTI MapaMeTpiB BOTHIB MPOTATOM €KCIDTyaTaii i,
30kpema, xapakrepuctuk JC mpu ixHiit poOoTi y BOTHI;
TapuiB  HA  CIEKTPUYHY  CHEPril0,  TPUBAIOCTI
BUKOPHCTAaHHS BOTHIB MPOTSATOM POKY.

Enepros0epexeHHsT Ha erami MOKYNKd. B manwmit
yac icHye oOOMeXeHa KUIBKICTh (ipM, 10 3aiiMaroThCs
BUPOOHMIITBOM CBITIIOCUTHAJILHUX CHCTEM aepPOIOPTIB.

Haiibinpm BHCOKOIO SIKICTIO CBO€1 MPOAYKIIi1
Bimpisusiotecst  dipmu  Safegate  Group (IlBeitmapis),
Siemens — ADB (Bensris), Thorn (®panmis) i TST
(Himeuunna), IDMAN (Dinmsumis) [7].

lonoBHuM  akTopom it BUOOPY BHpPOOHHMKA
oOnasHaHHA € SKiCTh O0JaJHaHHsA, IPUYOMY BOHO IIPSIMO
OB’ 5I3aHO 3 HOT0 BapTICTIO.

[Tix sKicTiO po3yMieThes:

—  BIANOBIAHICTB TEXHIYHUX
MIPUHHATUM HOpMaM;

—  TOKa3HHUKH{ HamiHHOCTI 00JagHaHHS;

—  TPYIOMICTKICTh 0OCITYTOBYBAaHHS;

—  BapTICTh 3allaCHUX YaCTHH i MaTepiais;

—  CHEPrOCIIOXHMBaHHI.

AHai3 MOXXJIMBUX TOCTA4YaIbHUKIB CBITIIOCUTHAJILHOTO
oOnajiHaHHS BKa3ye Ha PI3HOMaHITHICTh OCHOBHHX (ipM-

XapaKTCpUCTUK

BHPOOHUKIB.

IV. BHCHOBKU

CyuacHa cumcrema CCO aepomopTy — CKJIazgHa
OaratoeJeMeHTHAa  CHCTEMa, sSKa  MICTHTH  Oarato
aepoJIPOMHHUX BOTHIB, IO PO3MIIIEHI Maibke Ha BCii
TEPUTOPIT ILOTHOTO MOJIS.

Jo cxmagy CCO BXomsaTh Ppi3HI  MiJCHCTEMH
AepOJPOMHHMX BOTHIB 3aJIeXKHO BiJ iX ()yHKLIOHAJIBHOTO
npusHadeHHs. [IpaBunbHe QyHKIIOHYBaHHS yCiX MiICUCTEM
€ TapaHTielo 3a0e3NeyeHHs] HOPMOBAaHOTO DpiBHS Oe3neku
MOJBOTIB HA HAMOUIBII BiANOBIAAILHOMY €Tami MOJbOTY —
eTari Bi3yalpHOTro minotyBanHs [8].

[lig gac 3axomy Ha mMocaigKy NEepPBUHHHN Bi3yalbHUH
KOHTaKT i3 3eMJICI0 3a0e3MeuyloTh aepOJPOMHI BOTHI, IO
BXOJATH IO CKJIAIy IiJCHCTEMH BOTHIB HAOJIKCHHS 0O
311C
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Abstract— the paper is devoted to hardening technology of
the gear drives of AGSE and tested on the specimens of steel
18X2H4MA, that is modelling the work of the gear drives
without the lubrication. Nitriding coatings have been tested
and their wear resistance, to be increased in 2,5 times, is
demonstrated, and thus the lifetime of gear drives is
increased;.

Keywords—  aircraft ground  support  equipment,
transmission, gear drive, ion-plasma nitriding.

|.INTRODUCTION

At the present time, the transmissions of aircraft ground
support equipment are distributed according to the types as
follows: 45% is hydraulic; 15% is electric power; 35% is
mechanical linkes (gears); the others are combined.

I1.PROBLEM ISSUE

In some cases, such as the snow-plough jet-broom
cleaner, an avoidance of gear drives in structure is simply
impossible [1]. For the production of gear drives cog wheels
the alloyed steels are used, surfaces wear resistance of
which can be substantially increased.

I11.RESEARCH RESULTS
Good results in terms of wear resistance can be provided
by ion-plasma nitriding (IPN) [2].

b)

Fig.1. Technological process of ion-plasma nitriding: a — a photo image in
the installation window during the process; b — cog wheel, hardened in the
installation.

The principle of IPN is that (fig.1. a) in a rarefied
nitrogen-containing gas medium a glow discharge is excited

between the cathode (component, fig. 1., b) and the anode
(wall of the vacuum installation), and positive ions with
high energy is inpregnated in the surface of the part, heating
it, and penetrating in it untill saturation and form a solid
solution of nitrogen in the metal, and when the solubility
limit is reached, the nitride phases are formed [3]..

The structure of the azotized layer (fig. 2.) generally
consists of two areas: an external nitride area and a diffusion
area located below it, consisting of a solid solution with a
dispersed inclusion of intermediate phases.

Fig.2. Structure of the ion-plasma coating layers on steel of 18X2H4MA
grade.

IV.SUMMARY

In this way, a heterogeneous structure is formed on the
surface, in the process of friction it realizes areas of the
strengthening phases, which explains their high wear
resistance.

The findings obtained have a practical value for
hardening of the gear drives of aircraft ground support
equipment.
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Cy4acH1 TEXHOJIOT1i BU3BHAYECHHS MICIIE€3HAXOIKCHHSI
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Anomauia — podoTa mnpuUCBSAYEHA PO3LJAAY HNpodaeMu
nmiagBUIEeHHsT KOM(OPTY Micue3HaXoIKeHHs aBiamaca:kupiB B
aeponiopty. B po0oTti 3anponoHoBaHuii Jerkuii i qocTymHuii
ISl BCiX METOJ BM3HAYEHHHS NO3HLIOHYBAHHS HACaKUPa B
OyaiBJsSIX aeponopTy.

Knwwuoei cnosa — mobinbnuit 0ooamok, ingopmayiiini
Mmasuku, aiouxon(beacon).

I.BcTty

OcTaHHIM YacoM Bce OUTbII aKTYaIbHOIO CTae mpobiema
HaBiramii ycepemuHi NpHUMIIIEHb, a TaKOX  HaJaHHS
BiZIBiyBayaM IIOCIIYT, 3aCHOBAaHMX Ha IX MiCI€3HaXOKECHHS
(LBS - Location-based service) i nepeBarax. ByIuHKH CTaroTh
Bce OMbII 00'€eMHHMH 1 HEpiIKO MalOTh JOCHTH CKIIAJHY
CTPYKTYpY, OpIi€HTYBaTucsi B SKili MOXYTh JHWIIE Ti, XTO
MOCTifHO BiABiAye Taki OyaiBmi, a A HEMiATOTOBICHOI
JIOJIMHA OPIEHTYBaHHS B TAKUX MICIIX INEPETBOPIOETHCS Ha
KaTyBaHHS.

Kpim Toro, pilieHHs, IO 3aCTOCOBYIOThCS B indoor-
Hapiramii (HaBiramii ycepeanHi MpHUMILIEHB), 1OMIOMAraloTh i B
OpiEHTYBaHHI Ha BiIKPUTHX IPOCTOpax, Ha BYNUI - TaM, JI¢ B
yMOBax  OITbHOI  3a0ylOBH  BHUKOPUCTAHHA  CHCTEM
CYITyTHUKOBOI HaBiramii yTpyJHEHO (HEMae CYMyTHUKIB B
MPSIMOT BUMMOCTI, TIPUCYTHIH TUTBKH BiIOWTHIA / ocnabieHuit /
samrymiiennuii curaan GPS / Tmonace i .a.) [1].

11.TTIPOCTOTA BUKOPUCTAHHS

CyTb TEXHOJIOTIi HOJISIrae Y BU3HAYCHHI ITOJIOKEHHS ITacaXupa
B aepOINOPTY METOJOM CKAaHYBAaHHS MEPEBi3HOTO JOKYMEHTA SIK Y
BUIJIS/II [AallepoBOTO IOCAJKOBOTO TaJOHA, TaKk 1 y BHIJIAMI
HOCAaZKOBOrO TajoHa Ha MoOUIpHOMY mpuctpoi. Lli  mani
3YUTYIOTHCSI CKAHEPOM, BCTAHOBIICHUM Ha iHPOpMaLiiiHUX KiocKax
abo KioCcKax caMoOCTilfHOT peecTpamii, Ta 0OpPOOIAIOTHCS
BIZMOBIJHUM JIOaTKOM. 3a JONOMOTrOK IIbOr0 JOJaTKa Ha
iHpopMamiitHe Tabno abo, TPH HEOOXIMHOCTI, Ha EKpaH
MOOLIBHOTO TPUCTPOIO0 KOHKPETHOTO MAaCa)kUpa BUBOAUTHCS Pi3HA
iH(popMallisl B 3aJ€XKHOCTI BiJ CHTyaulii: JaHi 10 HAHKOPOTIIOMY
LUTAXY O MiCIs TOCAaKH B JIiTaK, KOPUCHA iH(OpMAIlis IO MiCLIsX
JOZIATKOBOTO ~ CEpPBICY, MiCllb  NPOMDKHOrO  Orjsagy  abo
MacIOPTHOTO KOHTPOJIIO, iH(OpPMAIlisS MIOA0 MOXIHBHX MiCIlb
BIMIOYMHKY (pecTOpaHu, Oapw, Mara3uHH TOIIO) 1 MICHAX, e
HEOOXiIHO MIATOTYBAaTH Ti YW IHIN JOKYMEHTH IJIi KOHTPOJIIO
(macmopt, MOCaAKOBHI TaJoH ToI1o).[2]

IItamuaux M.10O.

Haykosuii kepiBauk: JInunk Bikrop IBaHOBHY
Kadenpa texHomoriit aeponopTiB
HapuanpHO-HayKOBHI a€pOKOCMIUHHH IHCTHTYT
HarmionansHuit aBianiiiHuid yHIBEpCUTET
Kwuis, Ykpaina
mariya.ptashnik@yandex.ua

111.OCHOBHA YACTUHA

Bce Oinplry momynspHiCTP HaOyBae TEXHOJOTIS 3
BUKOPHCTAHHSIM HCBENIMKUX [EpElaBajbHUX MPUCTPOIB —
aitonkonoB (ibeacon), abo maskiB. IIpu ycraHOBII mporpamu Ha
MOOIIBHI IIPUCTPOI MAaHAPIBHUKIB CTAJI0 MOJJIUBHM OIIEPATHBHO
OTPUMYBATH JETaji30BaHy iH(OpPMAIliI0 B aepoIopTy 3a MicleM
po3TamlyBaHHS TOTO YHM IHIIOrO NyHKTY. [loBimomiieHHS
MPUXOJATh Y MOMEHT NEPETHUHY JIiHIH Nii MaskiB (alilOMKOHOB),
pO3TalIOBaHMX Ha CTiHaX a00 B IHOIMX HEOPUMITHUX MiCLAX
aeporopty. [lpu BiIrOueHHI macaxupoM bluetooth-curnany Ha
CBOEMY MOOITEHOMY npUCTPOi Masiki JI03BOJISIIOTH
ineHTH(IKyBaTH Macakupa i HaJaBaTH JeTajli30BaHi peKOMeHMAIi]
IIOJI0 3HAXODKEHHS Iacakupa B aeporopTy. TakuM ke YHHOM
MOKHAa 3HAHTH ONTHMAaJbHUN MapIIpyT i po3paxyBaTH dac 0
BOpIT BHXOy Ha mocaaky. [2]

TToxi6Hi MasgukM 4YacTO Ha3MBAIOTL Maskamu iBeacon,
mo mnoMuikoBo. [IpaBmibHinre Ha3uBath ix Beacon-maskamu,
ockineku iBeacon - 1me Ha3Ba craHmapty Bix Apple s
BUKOPHUCTaHHA B MOOUMBHHX momaTtkax mix i0S, a Beacon - me
BiacHe (hi3MdHa peari3allisi MasuKiB K MTOKa3aHOo Ha pHc. 1.

VYV mnani ¢isuynoi peanizaunii Beacon-masukm - 1e
3BnuaiiHi Bluetooth 4.0 LE (Low Energy) npuctpoi, TakuM YHHOM,
iX pomb MOXE 3 YCIIXOM BHKOHYBATH OyIb-SKWil NPHCTPIH,
ocHaieHe BLE-uimom - Hanpukinan, CMmaptdon Ha 6a3i Android, a
takok iPhone, iPad, 3BuuaiiHi HOyTOyKHM, Raspberry Pi 3 usb
bluetooth-gourmom i T.n., Ha sKe BCTAHOBIIEHO CIELiaIbHUN
IIOJIATOK, 10 peanizye GpyHkuii Beacon-masuka. TunoBuit Beacon-
MasdoK, MMOKa3aHWIl HAa MAIIOHKY BHINE, Ma€ IOCHTh KOMIIAKTHI
pO3MipH, 1 3JaTHHH MPOMpPAIOBATH BCHOTO JIHIIEC BiJ OMAHIET
Oarapeiiku 70 1BOX poKiB. CXEMOTEXHIYHO CKJIAQJA€ThCA 3
Garapeiiki i Soc (Systen-On-Chip) Texas Instruments CC2540 /
2541 (we 3acrocoBytoth Nordic nRF51822), mo mnpexacrasmse
co60r0 8051 MiKpOKOHTpOJIED, B SIKUI 3aBAHTAKY€ETHCS TPOIIHBKA
ot peamizanii ¢yHkiii Beacon-masuka, i nepudepiitHuii MoIynn
Bluetooth LE. [danpHicTh mii Masuka - B cepeanboMy 10 merpis
(BapitoeTbes Bin 15-20cm 10 25-40M B 3ale:KHOCTI BiJ MOJEINi Ta
HanawTyBaHb). [lepioguynicTs Buadi ganux - 200Mmc, ane me
3HOBY JK TakK{, SIK @PaBWJIO, HAJAIITOBYETCS - MOXHA
HAJAIITYBaTH 1 Ha OUIBII YacTy NEpiOJUYHICTb, 1 Ha OuIbLI
pinkicay. TepmiH cmyxOu Bix omHiei Oatapeiiku - B 3a1€XHOCTI
BiZ MOJeNi BiJ TPOXM MEHIIE OJHOTO POKY JIO TPHOX POKIB (B
cepenHboMy - 2 poku). LliHa omHOrO Masuka - Omu3bko 15-20
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nonapiB. MasioK € MpOCTUM MPUCTPOEM, SKUH TUTBKU BHIAE BCIM
nigpsan B edip cBoi xani (B advertising-pexiMi), BUKOPUCTOBYIOUN
Bluetooth mpodine GATT (nmpm mpOMy [0 HBOTO HaBiTH HeE
MOTPiOHO BUKOHYBATH IiKITIOYEHHs), THM HE MEHIIIe, BUPOOHHKH,
SK MPABUIIO, 3aKJIaJAI0Th MOXKIIMBICTh MiJKIIOYEHHS 10 MasyKiB 3
METOI0 HOoro BignaieHoro KoH(MIrypyBaHHs (penaryBaHHs JaHUX,
sSKi BUAAlOThCA B edip + MEepiOgMUYHICT, BHAAYl JaHHX 1
MOTYXHICTh BUIIPOMiHIOBaHHS)[3].

OnepxyBaHa  macakupoM  iH(poOpMalis  MOCTIHHO
aKTyali3yeThCsl MPH MPOXOMKEHHI MacaXHpPOM 30HH il IHX
MPUCTPOIB. Y Pe3ynbTaTi MacakKup 3aBXIH 3HAXOTUTHCS B 30HI
KOHTPOJIIO CIyX0 aepormopTy Ta aBiakOMITaHii, a TaKOXK OTPUMYE
MOXKJIMBICTb ITAHYBATH CBOI MEPEMIIIIEHHS 110 30HaX aepOIOpTY.

Tloni6GHi pimeHHs B aHWH Yac IPOXOIATH JOCIITHY
eKCIUTyaTalilo B JEKUIBKOX BEIMKHUX aepornoprax. BoHu
MPEJICTABIIAIOTh OCOOIMBUI IHTEpeC I TpaHC(HEPHUX MacaKupiB,
SIKi, SIK [IPABHJIO, MAIOTh OOMEXEHHH Yac Uil epecagKy 3 OJHOTO
peiicy Ha iHmwmiA. [ng macaxupiB 3 HEBEJIMKUM JIOCBIIOM
MIEPeNbOTIB 3aBXKAW iCHye HeOe3leKa BTPATUTH OpI€HTAII0 Ha
TepUTOpPii OUIBII YM MEHII BEJIHKOTO acporopTy i HE BYACHO
JCTATUCS J0 MICIS IPU3HAYCHHSL.

Masiku 3'SIBUIIMCS. B SIKOCTI KJIFOYOBOTO 1HCTPYMEHTY,
SKUH TIOKJIMKaHWH TOJNINIIMTH BPaXEHHS IAacaXupiB IpU
KOPHCTYBaHHI IIOCIyraMi TaKuX KOMIIaHii, ik American Airlines i
Virgin Atlantic. He3a6apoM 3py4HiCTE HOBOI TEXHOJIOTIT 3MOXYTh
OIIIHUTH 1 KIIEHTH MDKXHAPOJHOTO aepomopTy Maiiami, a Takox
nacaxupu Japan Airlines.[1]

Bluetooth Low Energy
Beacons

Beacons
iBeacons

Bluetooth Low Energy
Devices

Puc.1.Cxema pobotr Beacon-masuka

Puc.2.30BHiNIHIA BUIIISAL Masguka

IV.BUCHOBKU

3aBasiku  cepBiciB indoor-uasiramii Bu 3MoxkeTe 0e3
mpobieM 1 OmepaTWBHO 3HAWTH HAHOMIKAY —CTIHKY
peectpariii B OymiBiai aepormopTy, eKCcrmoHat y Mmysei (+
Bipa3zy BiZOOpa3uThCcs MHOTO OMHC Ha CKpaHi BaIIoro
TeneoHy), BIAAUT 1 MOJKY 3 MOTPIOHMM BaM TOBapoOM B
MarasuHi (OUThIIe HE JOBEACTHCS BHTPAdaTH TOIMHHUK Ha
MOIIYK BCiX MOTPIOHMX TOBapiB B MarasuHi), BUIbHE MiCIe
Ha MapKoBIIi, 1 6araTo iHIIOro.

3aBIsIKM  BEJMKMM ~ KOMEPIIWHMM  IEPCHEKTHBaM,
HanpsMok indoor-HaBirarii ctae Bce OUTHII 3aTpeOyBaHUM i
BXK€ MPUBEPHYJIO YBary TaKMX BEJIMKHUX IPaBIliB HA PUHKY,
sk Google, Apple, Qualcomm, Broadcom, Sony i T.1., i B
ne, 0e3 CyYMHIBY, NEpPCIEKTHBHUI HAmpsIMOK BiXKe
IHBECTYIOTbCSI COTHI MUIBHOHIB JonapiB 1 3riiHO 3
ormmuryBaHHsIMH SITA, no 2018 poky 57% aBiakommaHii
BXke  OynyTh  BHUKOPHUCTOBYBATH  pajiOMasku s
3a0e3neueHHs PoOOOTH  HaBIramifHUX  MOJATKIiB, IO
JIOTIOMAratoTh ~ MacakupaMm  JIETKO  OpIEHTYBaTHCS B
HE3HallOMOMY aepoIopTy.

CIMCOK BUKOPUCTAHUX JIKEPEJT

[1] https://habrahabr.ru/post/245325/

[2] http://www.ato.ru/content/trendovye-tehnologii-dlya-povysheniya-
udobstva-passazhirov-v-aeroportah

[3]http://space-team.com/pressa/detail/experts
market_safe_airport_loT_2016/
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Abstract— the paper is devoted to development of
adittional safety precautions and rules for acceptance, storage
and supply of aerofuels at the “Kyiv” airport. The general
layout of fuel supply depot of the “Kyiv” airport had been
developed and will be amended for improvement of the fuel
handling safety both as in the truce period, so in the state of
temporal military conflict.
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|.INTRODUCTION

We have the military conflict in our country. Let’s
concider the weaknesses of Airport Kyiv Fuel supply depot
(fig. 1.) concerning to be hit under attack either directly or
using the aerial drones.

11.PROBLEM ISSUE

When hitting by drone bomber or directly by granade
laucher, the fire outbreak threatens the safety of two
municipal districts of the Kyiv City and this concideratons
will be very usefull for military officers concerning the fuel
supply depot defense. The overall layout [1] of airport fuel
supply depot will strongly assist us (fig. 1).

Let’s concider the weaknesses of Airport Kyiv Fuel
supply depot (fig. 1.) concerning to be hit under attack
either directly or using the aerial drones. When hitting by
drone bomber or directly by granade laucher, the fire
outbreak threatens the safety of two municipal districts of
the Kyiv City and this concideratons will be very usefull for
military officers concerning the fuel supply depot defense.
The overall layout of airport fuel supply depot will strongly
assist us (fig. 1).

Especially, the fuel supply depot is weak for enemy attack
when accepting the fuel from the railway tankcars at the railway
scaffolding 10. Additional attention should be paid to the fuel
storage tank farms 15, 18 because while loading the fuel from the
tankcar travel set the storage taks venting is sufficient and
gasholder 2 may be small for evaporation uphold.

The possible attackers can use the weaknesses that are
specified at the proper valid national documents on the most
hazardous places of the Ukrainian Fuel Supply Depot construction
norms. So as they are certainly kept while developing and
constructing in Ukraine [2,3].

111.DESIGNING RESULTS

Fig.1. Overall Layout of the Airport “Kyiv” Fuel Supply Depot: 1 — Fire
Extinguishant Vessel; 2 — Gasholder; 3 — Loading Point of TC-1; 4 -
Loading Point of A-92 aand Diesel Fuel; 5 — Service Personnel Buildings;
6 — Check Piont; 7 — Transformer Station; 8 — Water-Oil Supply Buildings;
9 — Offloading Stand; 10 — Railway Scaffolding; 11 — Sediment Drain
Point; 12 — Punping Plant; 13 — Container Storehouse; 14 — Filtration Point;
15 — Storage Tank PB3-1000; 16 — Storage Tank Dike; 17 — Dike Passages;
18 — Storage Tank PB3-2000; 19 — Concrete Fense.

IV.SUMMARY

So, everything mentioned above requires double
consideration: in truce period when the threat of fire
outbreak is low, and in war period when the threat fire
outbreak is great, and additional precations are to be taken
and taken in to account when designing and calculation.
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Abstract— the paper is devoted to development of technology
and special vehicle of aircraft ground support equipment —
aircraft deicer. The general layout of deicer has been selected and
content of the specific equipment provided for vehicle has been
chosen. Application tehcnology of the vehicle for the aircraft
Boeing 747 has been developed and proper drawing has been
made.
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|.INTRODUCTION

The ground ice removal from the aircraft surfaces consists
of two procedures: deicing is removal of all icing depositions,
and antiicing is prevention of new ice accumulation while
taking-off. It is rather expensive procedure according to cost
of deicing fluid and realy hazardous to the aircraft frame and
flight safety [1,2].

I1.PROBLEM ISSUE

That’s why continuous search of concord in this mutually
excepting issues is vital and detection of crucial factors is of
great importance. Now only big-sized aircrafts for civil
passengers delivery have the reasonable payback and the
weather conditions of our century is unpredictable. That’s why
the Boeing 747 has been selected as the biggest passenger
aircraft.There are two concepts of deicer layouts: cantilever
and barhold lypes [3]. All of them have their advantages and
disadvantages. The first has been selected for designing.

I11.DESIGNING RESULTS

Fig. 1. The Aircraft Deicing Vehicle for Big-sized Aircrafts: 1- Base
Chassis; 2 — Deicer Specific Equipment; 3 — Aerial Device Boom; 4 — High
Visibility Operator Cabin.

The cantilever type deicer has the operator’s workplace 4
on the end of two sectional boom 3, which is mounted on the

powerfull chassis 1 capable carrying the specific equipment 2.
However, the designed deicer is to be compatible with the
aircraft and keep the high level of safety to aircraft frame as
well as energy and expendables saving. That’s why the
scaleable processing layout is to be developed from the top
and side view (fig. 2.).

=

N 1

Fig.2. Side View of Aircraft-Deicer Compatibility: 1- Designed Deicer; 2 —
Aircraft Boeing 747; 3 — Deicer Operator Cabin; 4 — Deicer Boom; 5 — Deicer
Handling Area.

Taking in to account the wind force and the regularities of
different deicing fluids spraying, the best distance from the
nozzle 3 to aircraft frame surface 2 is selected in order to
provide the best fluid application and the least losses. And,
simmultaneously, this distance should not be too short in order
to avoid the hazard of aircraft damage and lose of processing
presicion (risk of fluid getting in the engine intake/nozzles,
sensors and wheel brakes). The top view, for example, defines
the required amount of deicer parking stops (or vehicles
approached) and thus processing speed.

IV.SUMMARY

Cantilever type deicer of improved performances had been
developed. Boeing 747 aircraft deicing technology and
additional safety precautions had been developed.
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Anomayia — po0oTa nNpHUCBAYEHA PO3IISALY MpodIeMH
NiABHIIEHHs PpiBHA aBTOMaTH3anii cucTeMu peectpanii Ta
TpPaHCHOPTYBaHHA  Oara:xky  aBiamacaxkupiB. Y  poboti
3aIPONOHOBAHO BIPOBAIKEHHS MeToay poGorusamii s
30i1b1IeHHs e()eKTHBHOCTI JaHUX NpoLeciB.

Knwuoei cnoea —oéazaxc, asianacaxcup, aemomamusayis,
pobomu3sauyis, aeponopm

I BCTVYII

3a yac eBOIOLI aBianepeBe3eHb TPAHCIIOPTYBAHHS Oaraxy
MacaKUPiB MEPETBOPIIIOCS Y IIiTy CYyO-1HIYCTpito, 3aTpaTu Ha
00CITyroByBaHHs SIKO1 CIIBMIpHI i3 3aTpaTaMy Ha IIEPEBE3CHHS
camoro nacaxupa. He auBisumMch Ha Te, LIO OpraHizamis
IATA BcTaHOBIIOE 3aranbHi NpaBHia MEpPEeBE3CHHsS Oaraxy,
KOKHAa aBiakOMIIaHisi Ma€ MpPaBO BCTAaHOBIIOBATHU BIACHI
0oOMEKeHHSI Ta MpaBuia. ABiakoMIaHil MOXyTh Opatu 3a
Oaraxk I0OJaTKOBY IUIATYy, MOXYTh OOMEXYyBaTH HOro Macy y
MOPIBHAHHI i3 CTaHTApTHOK TomIo. Ta HalsACKpaBiIIO0
BiIMIHHICTIO MIXK aepOIOPTaMH 3AJIAIIAI0THECS KOHCTPYKTHBHI
OCOONMBOCTI Ta TEXHIYHI MOXJIMBOCTI CHCTEM 3 OOpOOKH
Oaraxy. 3aBmskun BHS macaxkup Moke He XBHIIIOBATHCH 3a
MMOBEPHEHHS Ballizy Tmmicis nepenboTy. BHS (ckop. Bix anrm.
Baggage handling system - cuctema ynpaBiiHHs Oaraxem) -

cucTeMa  yIpaBiiHHs, 110 3a0e3neyye  aBTOMATHU3ALi0
nepeminieHus 6araxy B acporioprax [1].
Il. IMOCTAHOBKA IIPOBJIEMHU

Enementn omepariiii 00poOku Oaraxxy Ha BiInpaBlieHHS,
SIKI 3IMCHIOIOTh Ha IJIAXY BiJ peecTpamii A0 OCTaTOYHOL
00poOKM  3aBaHTaXeHHS Ha  OOpr  MaioTh  OyTh
aBTOMAaTHYHUMHU. Taki CHCTEMH BKIIIOYAIOTH PO3Mi3HABAHHS
KIHIIEBOTO ITyHKTY MPHU3HAYEHHS Oaraxcy i 0OCTaBKy HOTO 10
MicLsl 3aBaHTaXXEHHSI HA KOHKpETHUit peiic [2].

[Tigkoprorourich ~ TEHIEHINSIM, SKIi  4acTO  OHOBITIOE
MixHaposHa acouialis mosiTpsHOro TpaHcopty |ATA,
HayKOBIIi B CIIBIpaIi 3 XCHIJIHTOBUMHU KOMIIAHIsSIMH BCE
YacTile BIPOBA/UKYIOTH POOOTH30BaHI CHCTEMH peecTpaii
6araxy. Hammkian, po6or Leo, cTBOpeHHil KOMIIaHi€O
BlueBotics (pucyHok 1), mpamtoe B aepomopty JKeHeBu 3
METOI0 aBTOMaTu3amii mpormecy o0poOku Oaraxy 3a
MiATPUMKH HeKoMepIiHoi koMmnaHii SITA, BUnpasaoBye naHi
TeHaeHIil. TOpKHYBIIMCH TepMiHATYy, pPO3TAIIOBAHOTO Y
BepXHiil yacTuHi pobOTa, aBiaacaXUp MOYMHAE CIIIKYBATHCS
3 HUM, a TOYHIIle, 3 CHCTEMOIO peecTpauii Oaraxy uepes
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tepminan Scan & Fly. Ilicnms mepmioro » JOTHKY [0
TEpMiHAITy BiIKPHBAETHCS BIJICIK Oara’kKHOTO BiATUICHHS, IO
3aiiMae OUIbIIy YacTHHY Kopmycy pobGora. Ilacaxkup moxxe
MTOCTABUTH TYAH CBiif Oaraxx i maTu poOOTy Il CKaHyBaHHS
CBIif aBiakBUTOK, micist 4oro Leo po3npykye oMy OMpKH - iX
moTpiOHO nmpukpinuTh. [ToTiM GarakHUH BiACIK 3aUMHAETHCS, 1
Leo moka3ye Ha CBOEMYy TEpMiHaJi HOMEp CTiMKH s
MPOXOJDKEHHS HAa TIOCAJKY 1 4ac BHIBOTY. «Jleo meMoHCcTpye
TOH (hakT, O PoOOT - Ie KIIoY 0 OUThIl ePEeKTUBHOTO,
0e3MeYHOro i PO3YMHOTO ITOBOJDKCHHS 3 0araxxeM, - TOBOPHTb
HeiiB bexkep, npesuaent SITA B €ppomi. - lle BakmBHi
KpPOK JI0 MOJajblIol aBroMaTH3auii po0doTH 3 OaraxeM B

aepormoprax. Jleo nae HaMm YSABICHHS NPO MAaiOyTHE
BUKOPDHUCTaHHs ~ pOOOTIB Ha BCIX CTaAisX MOAOPOXKI
aBiamacaxwupiB» [4]. B aepomoprax [I'embcinki, Typky,

Tammnepe, Oyny, Bami ta KomeHrarena mMoxHa MNPUCKOPUTH
MpoIec peecTpamii 3a JONOMOTOK CTIHOK CaMOCTIHHOI
peectpamii  Garaxy. Hampukman, criiika [S-BagDrop
MpU3HAYCHA JUIA CaMOCTIHHOI MapKyBaHHsS 1 37adi Oaraxy
nacaxupoM. Bukopucranns criiiok 1S-BagDrop moszBossie
JOCSATTH BOX OCHOBHHX IUIEH: CKOPOYEHHS 4epr OuTs CTiHOK
peecTpaiiii 3a pPaxyHOK MEPEepO3NOALTY MOTOKIB MaCaXXupiB,
CKOPOYEHHS BapTOCTi 0OCITyroByBaHHS MacaXupa 3a PaxyHOK
aBTOMaTH3alii mpolecy 3xaadi Oaraxy 1 BIpPOBaPKEHHS
caMo00CITyroByBaHHs. BH3HAYMTH TPaBWIbHY KIJIBbKICTh
CTIHOK  peecTpaii, CTiHOK IS-BagDrop, KiOCKiB
caMopeecTpamii 1  ONTHMaJlbHO  PO3MICTUTH IX B
MacakKUPChKOMY TepMiHam JIO3BOJISIE iMiTariine
mozemoBants [3]. Kommanist Japan Airlines mouama B
aeporiopty Dykyoka, Ha MiBAGHHOMY 3axoii SmoHii,
BUIPOOOBYBAaHHS MOOUIBHMX POOOTIB, MO0 JO0rMomMaratu
KIIi€HTaM TpuU TepeBe3eHHi Oaraxxy. Mera momsrae B
MiBUIIEHH] e(EKTUBHOCTI OOCIyroByBaHHS KJIIEHTIB B
aeporoprax 3 BHUKOPHCTAHHSM POOOTH30BAHOI TEXHOJOTII.
"Omron LD - wMoOimpHHMI  poOOT"  aBTOMATHYHO
MepeCyBAEThCA, MPU3HAYCHUH IS TPAHCTIOPTYBaHHA 00'€KTIB,
SIK aBTOHOMHHI TpPaHCHOPTHUH 3acid, B aepomoprax 3i
3HaYHUM OOCSTOM Maca)kMPChKUX IepeBe3eHb. Pezomoris 753
MixnaponHoi acomiarii moBiTpsiHoro TpaHcmopty (IATA)
BcTymae B cuiy B depBHI 2018 poxy. II[o6 Bigmosimatu ii
BHMOTI'aM, aepoNOpPTH HaMaraloThbCsi aBTOMATH3YBAaTH IIPOLIEC
OTpPHMAaHHS 1 repeaadi 6araxxy Mmpu TPbOX NEBHUX MOIISX: TPU
3aBaHTOXEHHI B JTaK, mepexadi Oaraxxy 1 mepenmadi
TpaH3UTHOrO Oaraxky aBiamacaxupam [5]. Omxe, MoOGimbHI
ABTOMATH30BaHI CHCTEMH pEECTpamii Ta TpPaHCIOPTYBAaHHS


mailto:zelenskayameh@gmail.com

OGaraxy  aBlamacakupiB  CHPUSTHMYTb  3a0€3NECYCHHIO B crarti HaBeneHo orisg Ta HOro aHaniz CTOCOBHO
BUKOHAHHs aepornopramu Bumor Pesonrouii 753. MOXJIMBOCTI BIIPOBAJXKEHHS B a€pONOPTaX Cy4aCHUX METO[IB

' peectpamii Ta TpaHCIOPTYBaHHA Oaraxy aBiamacaXxupiB
[IJISIXOM BUKOPUCTAaHHA MOOUTPHNX aBTOMATH30BAaHUX CHCTEM.
Peaizanis 1aHUX TEXHOJOTIH MO3BOJIHUTH CYTTEBO IIiIBHUIIUTH
piBeHb  OOCIYTOBYBaHHS  MAacCaXXHUpPiB B  aepomoOpTax,
MMOKPAIIATH  IICUXOJIOTIYHAN  KJIIMAaT B  aepoBOK3alaX,
OIITUMI3yBaTH MACAKHUPOIIOTIK.

CIIMCOK BUKOPUCTAHUX JKEPEJT

[1] Tlpo 3arBepmxenHs IlpaBui MOBITPSHUX MEPEBE3CHb MACAKHPIB i
Oaraxy — [EmextpomHumii pecypc]. — Pexum moctymy
http://zakon2.rada.gov.ua/laws/show/z2219-12

[2]  «Production automation, robotics, and machine safety from one source»
- [EnextponHuii pecypc]. - Pexum JOCTYILY
https://www.en.unitechnik.com/

[3] «Baggage management» — [Enektponnuii pecypc]. — Pexxum mocrymy :
https://rus.sita.aero/solutions-and-services/solutions/baggage-
management

[4] «Pobor Jleon—[Enekrponnuit pecypc]. — Pexum  mocrymy
-https://www.sita.aero/innovation/sita-lab/intelligent-machines/leo-
sitas-baggage-robot/

Puc. 1. Po6or Leo, crBopenuii kommaniero BlueBotics.

[5] Pesomouiss IATA Ne 753 juisi NOKpAILEHHS BiICTEXKYBaHHS Oaraxy.

I11. BUCHOBKU Effective: June 2018
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3acTOCyBaHHS Cy4aCHUX MPUCAJ0K B aBlallliHOMY
KEPOCHHI
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Anomauia — podoOTa NpPUCBAYEHA PO3IVIALY HPodIeMH
miABUIEHHs sIKOCTi aBiauiiinumx maaus. B poborti posrasHyTo
Cy4YacHi mpHcaakM, siki 3aCTOCOBYIOTbCSl Yy aBiauiiiHMX majauBax.
BcraHoBJIeHO, 1O [10faBaHHS NPUCATOK Yy NAJUBO 3HAYHO
MiABUINY€ KOHAMUiHHICTH MATbHOTO.

Knrwuoei cnosa — npucaoka, nanueo, akicms, KOHOUYiiinicmo,
KepocuH, aHMUCMAMUYHICMb, NPOMUBOOOKPUCMANI3AIIHICMb,
NPOMUOKUCHICING, NPOMU3HOCHICHb.

I. BcTyn

Ipucaaku — 1e piguHHU, MO M00ABNIAIOTh y HE3HAYHIN
KUTBKOCTI B TaJIUBO IS TIOKPAIIEHHS] HOTO eKCIUTyaTaliiHIX
xapaktepuctuk. Ilpucankm 3a cBOIM  NIpU3HAYEHHAM
MOUIAIOTECS HAa: AHTHCTATHYHI, IMPOTHUBOJOKPHUCTATI3AIiHHI,
MPOTHOKHKCHI, MPOTH3HOCHI [1].

Jlo aBiamanMB BHCYBAaIOThCS BHMOTH IIOJO SIKOCTI Ta
xapakTepucTuk. Cepeq HUX € Taki: 3JaTHICTh MpAIfOBATH Y
TeMIepaTypHOMi pexumi Bim -165 mo +260; matm moOpy
MPOKAaYyBaHICTh, MaTH BUCOKY TEMIIEPaTypy 3TOpSHHS; HE
BIZIKJIaJIaTH Harapy; OyTH He KOpPO3iffHO aKTHBHHMH; MaTu
NPOTU3HOCHI, 3aXMCHi, OXOJOJ/KYIOUi BJIACTHBOCTI; OyTH
MaJOTOKCUYHUMH, CTaOLTBEHUMU pu 30epiranHi,
TPAHCIOPTYBaHHI Ta 3aCTOCYBaHHI. Y 3B’S13Ky 3 BHUCOKHMU
BUMOTaMH, IO CTaBIATbCS JIO aBialaliiB, CTBOPEHO
creuiaibHi XiMiyHI J100aBKH, IO CHPUSIIOTH IOKPAIEHHIO
eKCILTyaTAlifHIX XapaKTepUCTUK manusa [2].

[TOCTAHOBKA TTPOBJIEMU

IIpu mnepexkauyBaHHi manuB abo TpPM 3ampaBIli JITaKiB
MOXJIMBE HAKONUYEHHS CTaTHUYHOI eJNeKTpuku. Yepes
HerepeabadyBaHiCTh Tpolecy, B Oylnb-SKMH MOMEHT iCHYE
HeOesmeka BHOYXy. Jims OopoThOM 3 1M HeOe3MeYHHM
SIBUIEM Y NajuBa IOAAI0Th AHTHCTATHUYHI Npucanku. BoHu
30UIBINYIOTE TMTOMY €JIEKTPONpPOBiAHICTE mnammBa 10 S50
nCm/M, mo 3abe3neuye Oe3meKky 3ampaBKW JITaKiB 1
nepeKayyBaHHs ManruBa. BUKOPHUCTOBYIOTH npucaiakun ASA-3

OCHOBHA YACTHHA
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(Shell), Stadis-450 (Innospec), ta CirGom, sika HOMAEThCS B
aBlananuBo B KigskocTi 10 0,0005%.

[1pu 3ampaBui NaJKMBOM 3 TeMIIEpaTypor -5 ... +17 °C 3a 5
TOJVH TOJILOTY TeMIlepaTypa B 0aKy 3HWXKyeTbes 1o -35 °C.
Pexopn manminns Temmeparypu -45 °C. Ilpm 1wmx
TeMIepaTypax y MajuBi BHHHUKAIOTh KPUCTAIH JILOAY, IO
3a0MBalOTh NaNWBHI (IABTPH, a [e MOXKE NPUBECTH [0
NPUIMUHCHHS ToJadyi NanuBa 1 3ynWHKH JBHUryHa. Jlis
3ano0iraHHsl BUMAJaHHIO KPHUCTAIIB JIbOJNY 3 MaJMBa IpH
HHU3bKHX TeMIiepaTypax 10 HBOT'O BBOJIATD
NPOTHBOJIOKPHUCTANI3YIOUY MPHUCAAKY O€3MocepeHbo B MICIT
3anpaBku Jitaka (npucagku U-M, TI'®-M). Ilpucaaku
MOXYTb JIOJABATHCS MIPAKTUYHO B OyIb-sKE MAJHBO.

s xommeHcarnii XiMiuHOi CTaOIIbHOCTI, 3HHKEHOIO B
pe3ynpTaTi  TiAPOOYHWINEHHS B  TigPOOYMINCHI  ITajHBa
BBOJISATHCS MIPOTHOKUCHI MPUCAAKH. 3aCTOCOBYIOTh MPHUCAIKY
Arimon-1 B koHmeHtpamii  0,00-0,004%. YV  Takmx
KOHIEHTpAIisIX BiH Maike MOBHICTIO 3armo0irae OKHUCIIEHHIO
MajiuB, y TOMY YKCII TPH MiJBHUIIEHUX Temmeparypax (1o 150
°C).

3 MeTol0 BIZHOBIEGHHS B TAJWBI NPOTHU3HOCHUX
BJIACTUBOCTEH, BTpPAue€HHX B Pe3yJbTaTi TiAPOOYMIICHHS 10
HUX JIOAAIOTCS IIPOTH3HOCHI NPHUCAIKH. 3acTOCOBYIOTH
npucanky Cirbos, kommosuiito npucaaok Cirdon i [IMAM-2.
Hns manuB PT 4yacto BUKOpHCTOBYeTbCA npucaiky «K» rta
npucaaky Xairek-580 pipmu «ETnmy.

1V. BHCHOBKHU

TakuMm YHMHOM, JOCNIPKEHI BHIIEC NPUCAIKH IIOMITHO
MTOKPAIIYIOTh SKICTh AJUB JUIsl TBUTYHIB [UBIIBHOT aBiallii.

CITMCOK BUKOPUCTAHUX JIKEPEJ

JanunoB A. M. TlpumeHenune npucasiok B TorumBax: CrpaBouHHUK —
CI16: XUMU3JAT, 2010. — 368c.

Jax M. A., Hem'sHiok O. C., bapmiko O. C.Illono nwurtaHHS
BUKOPHCTAaHHS MPHCaJOK 1O MaluBa 33 KOPAOHOM Ta B
Vkpaini // 36ipHuk ~ HaykoBHX  Ipalb  BilicbKOBOrO  iHCTHTYTY
KuiBcbkOro HanioHambHOTO yHiBepcuTeTy iMeHi Tapaca IlleBuenka. —
2009,Bum. 17.

[1
2]
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BOJMJIBHUX Ta O€3BOIMIBHUX TATAUIB
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Anomauin OCHOBHOK) METOI0 PpO0OTH € BHPilICHHsA
NMUTAHHS — SIKMIl 3 JBOX THUMIB TAra4yiB € OlIbII eeKTUBHUM
IJIsl aeponopTiB YKpaiHM Ha ChOroJHimHii JaeHb. B podori
3aNpoNoOHOBaHi KpuTepii NOpiBHSHHSA e()eKTUBHOCTI
BUKOPHCTAHHS 2a¢POJAPOMHMX TAraviB Ta iX omiHKa.

Knrouoei cnosa OYKCUPYGAHHA, AEPOOPOMHUIL mMA2AY,
2iopagniuna cucmema; 600UNIbHI ma 6€3600UNbHI cUCHEMU

l. BcTyn

AepoipoMHHH TArad MNpPU3HAYECHO IJIsi OYKCHPYBaHHS
noBitpsaux cyaen (IIC). Bin 3abe3meuye mepeMilieHHS
MOBITPSAHOTO CyMHA 3 MICIS CTOSHKH 1O 3JITHOI CMYTH,
OYKCHPOBKY JI0 30HH MUMHKH, TEXHIYHOTO OOCIyroByBaHHS Ta
IHITUX POOIT.

Il.  TIOCTAHOBKA IIPOBJIEMU

3a CBiUEHHSIM €BPONEHCHKHUX Ta aMEPUKAHCHKHX JKepel
TEHJICHIIT 0 3aMilleHHs TPaIUIiMHUX TATadiB 3 BOIAHIOM
0e3BOIMIIBHUMHE (3 BUKOPUCTAHHSIM MAacH JITaKa) € CTIHKMMHU
3 meBHUX npuuuH. Cepell OCHOBHHX: Kpallla MaHEBPEHICTh;
LIBHUJKE 34YCIUICHHS, [0 BHKOHYETHCS OJHHM BOJI€EM-
omepaTropoM; 3HauyHO OiNbIa MIBHAKICTH OYKCHpPYBaHHS
JIiTaKa 1o MePoHY, 3a PAXyHOK YO0 € MOKJIUBICTh 3MIHCHCHHS
Ha 30-40% OykcupyBaHb NMOBITPSHUX CyIEH OUIbIIE, HIXK y 1X
BOJMJIBHAX KOHKYPEHTIB 33 OJIUH 1 TOM ke yac. He ocTaHHBOIO
MIepeBarolo € i CyTTEBO MEHIIA METAIOEMKICTh OE3BOUIBHUX
TATauiB, ajpKe iX Bara BJBIYI MEHINA MPH PIBHUX 3HAYCHHSIX
MAacH JITaKa, Mo OyKCHPYETHCS.

3a psaaoM oO3HaK 0adyuMmo, IO OE3BOAMIIBHI TAradi €
kpammmu. Tox gaBaiite Ounbln  JeTasbHO — crIpoOyemMo
MIPOaHAJI3yBATH 1[I0 TPOOIIEMY.

JilicHo, Taradi 0e3 BomWiIa € OUTBII MPOCTHMHU 3 TOYKH
30py ekcrutyaramii. Tum mitTaka Boxaiii oOupae Ha mMmaHedwi
kepyBaHHA. Omneparis 3’€IHAHHSA 3 JIITAaKOM BiOyBa€eThCs B
aBTOMAaTHYHOMY pexumi. Bce e 3HauHO crpoliye poOoTy
BOJIisS-OllepaTopa. 3HHKAae MpodiieMa IMOJ0 HEoOXiJTHOCTI
BHUKOPHCTAHHS BOAWJI PI3HUX KOHCTPYKINH IS KOXKHOTO THITY
JiTaka, 3a pPaxyHOK Oym3pkoro postamyBaHHs po0 I[IC
i ABHIIY€THCSI MAaHEBPEHICTb.

OCHOBHA YACTHUHA

3axOIUIEHHS KoJieca KOHTPOJIOETHCS JAaTUMKAMHU, Ta
HaXadb, MpPH BiI'€MHIH Temmeparypi BOHH MOXYTh
NPAIfOBaTH HE KOPEKTHO. Y pE3yJbTaTi MOXE MaTu Micle
nomkoxeHHst maci [1C.
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Koneco maci ¢ikcyerbes, sK 3 NepeIHbol CTOPOHU Tak i 3
3amHbOI. DByBaloTh BHIIQAKM KONW TifpaBiIiyHa CHCTEMa
BIZIMOBJIsIE B HAJICKHIN poOOTI. MOXKe TParuTHCh, 0 OJUH 3
3aMHIX TPUTHUCKYBadiB  BIIMOBHB, TOX TsArad Oyxe
HamiB3akpimiennii 3 [IC 1 He B 3MO03i OyKkcuUpyBaTH Ta
Bim’ixaTw Bim JiTaka. 3BHYAiHO Il¢ TependayveHo i
BCTAHOBJIEHO JONOMDKHI HAacOCH, ajie Il€ BIUIMHE Ha dYac
obcyrosyBanHs [1C.

B iHmomy BumajkKy, SIKIIO BOJWIbHUI TSArad 3 NEBHHUX
MPUYNH  BiJIMOBUB WOro BIiAYEINIATH BiJg BOAWiIa 1
BiZIOYKCUPYIOTh 10 Miclsl PEMOHTY. Y TakuX CHTyalisX dacy
HAa YCYHGHHs TmpoOiemMu Oyae MeHIIe IS BapiaHTy
BUKOPHUCTAHHSI KJIACUYHOTO TUITY TsAraya (BOIWILHOTO).

3a paxyHOK OYKCHPYBaHHS 3 BUKOPHCTaHHSM MAcH JiTaka,
0e3BONMIIBHMH TArad Mae€ CYTTEBO MEHIIy Bary HiX
ki1acuyHUid. [Ipy TapHUX TOTOJHUX yMOBaxX TArad sIKiCHO
BUKOHYE CBOIO (yHKLiIO. AJjle Npu HasBHOCTI Jomly abo
OKelle[l Ha TMEpoHi 3pYMHTH 3 MICIH JTaKk TexX Oyne
POOIEMOIO.

Came uepe3 Te, IO KIACHMYHHUI TArad Mae BOJAWIO, BiH
MOJKe OOCIYyroBYBaTH OUIBIIMK CIEKTp JIiTakiB, sSK Oi3Hec-
ket tak i A320, B737, ski € HaWOUIbII MOMIMPEHUMH
JiTakamu B YKpaiHi.

Kpim Toro, npu TeXHiYHOMY 00OCIyroBYBaHHI 0€3BOIMIIBHI
TATa49l TOTPEOYIOTh CYTTEBO OumbIe yBaru Ta BuTpart. oo
MOYaTKOBOI BapTOCTi, BOJAWIBHI TAradl 3HAYHO JEUIeBIIl 3a
CBOiX OITIOHEHTIB.

IV. BHCHOBKU

Omxe, oOuiBa THIM TsradiB MarOTh CBOi MepeBaru Ta
HEIOJNIKH 1 OJHO3HAYHO PEKOMCHIYBAaTH ab0 3a00pOHSTH
BUKOPHCTAHHS BOJWJIbHUX YHM O€3BOJMIbHUX CIEIMAIIHH,
HareBHe, He BapTo. [Ipore, 3 ypaxyBaHHSIM (iHAHCOBHX Ta
TEeXHIYHUX  MOXKIIMBOCTEH YKpaTHCbKHUX AepoTIoPTIB,
KJIIMaTHYHUX YMOB y Hamii KpaiHi Mu cxuisemoch y Oik
BHUKOPHCTAHHS BOJMJIBHUX TATAUiB.

CITMCOK BUKOPUCTAHUX JIKEPEJ

[1] Aircraft Ground Support Equipment and Airport Technical Equipment

Operation:  Guide to Practical Classes / O.M.Bilyakovych,
M.S.Storozhenko, Ye.P.Puhachevska, A.G.Dovgal. — K.: NAU, 2014. —
76 p.

[2] AsuanmonHas HaszemHas TexHuka: Crpasounnk. Ilox  pen.

B.E.Kanapuyka.—M.: Tpamcmopt,1989.-278 c.
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Abstract— the paper is devoted to development of technology
and special vehicle of aircraft ground support equipment —
aircraft convertible deicer on the basis of the self-propelled
maintenance platform. The general layout of convertible deicer
has been selected and content of the specific equipment provided
for vehicle has been chosen. Application tehcnology of the vehicle
has been developed.

Keywords— aircraft ground support equipment, convertible
deicer, self-propelled maintenance platform, specific equipment.

|.INTRODUCTION

On the territory of Ukraine, there are many airports with
limited financial capabilities, which can not afford the
acquisition and maintenance of a powerful fleet of de-icing
vehicles, and it is not always expedient due to low running
capacity in winter [1-4].

I11.PROBLEM ISSUE

All this requires accurate engineering and economic
research. As a de-icing machine, it is possible to use a
conventional maintenance platform such as CIIO-15M and
additional equipment. It is very convenient both from a
technological point of view and from an economic point of
view, it is also possible to use it as a viewing platform for
maintenance [5-7].

I11.DESIGNING RESULTS

Fig. 1. Self-propelled platform with a trailer module for anti-icing
treatment of planes: 1-base chassis; 2 - an arrow(boom) of the suspension
mechanism of the platform; 3 - hinged module of working liquid tanks; 4 -
outriggers; 5 - the cradle of the operator; 6 - thinged pump module and
additional power unit.

In the presence of hinged tank equipment, it is possible to
use the machine as an installation for cleaning aircraft, and if
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there are trailing modules of a powerful pumping station and a
heater, to act as a full-fledged de-icing machine for aircraft..

So, the design of such car is shown in Fig. 1. having the
following advantages:

- base chassis 1 with a load capacity of more than 10 tons and
additionally balanced by a tank hinged module 3 and a support plate
of the suspension device 2;

- the arrow 2 is extended, reaching up to 17 meters and is driven
by a hydraulic system and has a mechanical system for the cradle
stabilizing;

- to provide stability, outriggers 4 are provided and driven by a
hydraulic system;

- The hinged module 6 on the rigid grip allows to safe
maneuvering of the car by the aircraft and has an additional power
plant, a powerful piston pump station and a work fluid heating
module.

IV.SUMMARY

Consequently, the designed car will no doubt have a
scientific interest and will have a request for an airport
technology market which will be explored in my baccalaureate
work.
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Anomayia — podoTa NpHCBAYEHA PO3IJIALY MOMJIMBOCTI
BHKODPHCTAHHS  QePOAPOMHOr0 TsAraya He TIIBKH s
oykcupyBanusi mnoirpsinoro cyana (IIC), a Takox y sikocTti
J0AATKOBOrO JKepesia ejleKTpoeHeprii. Y po0oti HaBeaeHO

NPUKJIAAH  iCHYI04oi NpakTHKH  6araToyHKUiOHATBLHOIO
BUKOPHCTAHHS TAraya.
Knwuoei cnosa — aeponopm, aepoopomnuii mazau,

aepoopomue 0iicepeno HeueneHHs

l. BcTyn

AeporopT MOXKHAa BBaXaTd KIIOYOBOIO JIAHKOIO B
rno6anbHiil cucTeMi aBiamepeBeseHb. Moro mnpu3HaueHHs
NOJISITaE B HAa3eMHOMY OOCIYTOBYBaHHI IOBITPSIHOTO CYyIHA,
nacakupiB ix Oaraxxy, oOpoOLi NOIITH Ta BaHTAXIB IpU
MOTPUMaHHI BHCOKOTO pIiBHA O€3MEKH Ta pPerylspHOCTI
mospoTiB I1C. B mporieci Hazemuoro obcnyrosysaants [1C Ha
MEPOHI  pea’i3yeTbCs MUTMA KOMIDIEKC TEXHOJOTIIHHX
MPOIIECIB 13 3alydeHHs PI3HOMAHITHUX THUIIB aBiaI(iftHOl
HazeMHOI TexHikn. OmHe 3 YIIBHMX MICIlb B JaHUX
TEXHOJIOTIAX 3aiiMae mporec OYKCHUpYBaHHS JITakiB 3a
JOIIOMOTOI0 aepOAPOMHHUX TSradviB.

IcHye Tpu ocHOBHI cniocobu Oykcupysanns [1C. [lepmmii —
IIPH JOMOIIO31 CIeIialbHIX OYyKCHPYBaJbHHUX MPHUCTPOIB ITiJ
Ha3BOI0 «BOJWJIO», APYTUMH — 3 BUKOPUCTaHHS MacH JiTaKa,
TPEeTill — i3 3aCTOCYBaHHAM (QPHUKIIITHOT ITepenadi.

KoxkeH 3 BigoMuX Croco0iB OYKCHPYBaHHS Ma€ CBOIO
chepy BUKOPUCTAHHS, IO 3aJICKUTH BiJ] 0araTh0X YHMHHUKIB.
Ile ™oxe OyTd TIOB’S3aHO 3 TOTOJHBO-KIIMATUIHUMH
YMOBaMHU y 30HI pallOHYBaHHS aepoIOpTy, OCOOIHMBOCTSIMU
KOHCTPYKIIii MOBITPSHOTO Cy/IHA, TEXHIYHUMHU MO>KIHBOCTSIMU
aeporopTy TOIIO.

[TOCTAHOBKA TTPOBJIEMU

Sk mpaBmIIO aepoJpOMHI TATadl peasi3yloTh BHKIIOYHO
ennHy (yHKIiI0O — OyKCHpYBaHHS MOBITPSHOTO CyIOHA Yy
NEeBHUX BUMaakax. Haibinpml po3NOBCIOKEHI BapiaHTH
OykcupyBaHHS TIOB’si3aHI 3 HeoOximHicTio mepecyBanHsa [IC
Bil MiClli CTOSHKH JIO 3JIITHO-TIOCAJKOBOI CMYTH, 3
nepemimenHsaM [IC MK pi3HUMH MiICIIMH CTOSIHKH, 3
TPaHCIIOPTYBAaHHSM JliTaKa BiJl IEPOHY JI0 aHTapHOI IPYIIH.

Xoua OUIBIIICT CyYacHHX JITaKiB 1 MamTh 3MOTY
CaMOCTIHHO 3a JJOIIOMOTOI0 PEeBEpCYy TATH ITIepecyBaTHCh Bil
TepMiHAIY JI0 MariCTpajdbHUX PYJIDKHUX JOPIKOK ab0 3JIITHO-
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M0CaIKOBOT CMYTH, poOOTa JBUTYHIB B TaKOMy pEXHUMI
NOB’sA3aHa 3 HHU3KOK Hebesmek. Ilepnr 3a Bce MoBa iine mpo
MOXJIMBICTh BUHHKHEHHSI PEaKTHBHOIO YAapy 4YM HOPHUB BiX
PEaKTHBHOT'O CTPYMEHIO 3 IBHTYHIB, 10 MOYKE 3aBIATH IIKOIH
eJIEeMEeHTaM TepMiHaly abo 00NagHaHHs. A SIKIO KOHCTPYKIIis
Jmitaka Tmependadae HU3HKOPO3TANIOBAaHI BIAZHOCHO  3eMIi
JBUTYHH, BOHU MOXXYTh IIiJHIMATH Ta 3aCMOKTYBaTH IHJI Ta
Opyx, 110 MO>Ke PU3BECTH 10 HECIIPABHOCTI CaMOT0 JIBUI'YHA.

Kpim Toro po6ora OBUI'YHIB Ha aepoapoMmi IOB’si3aHa 3
HEeOE3MeKOo Uil Ha3eMHOTO NEepCOHaly, B TOMY YHCIHi Le
NIOB’SI3aHO 332 TaKUMH IIKIAJIUBUMHU (PaKTOPOMHU SIK LIYM Ta
BiOparris.

3 Ooky aBiakoMmmaHiii po0OOoTa JBUTYHIB HE € BHIIIHOIO,
OCKIJIbKH Iie Tiepedadae BUKOPUCTAHHS JIOJAaTKOBOTO MAaJIMBa.
OKpiM I[bOT0 YaCTHHA MAJMBA BUKOPUCTOBYETKLCS Il pOOOTH
JOTTOMDKHOI ~CHJIOBOI yCTAaHOBKH, sSKa HeoOXimHa st
(GYHKI[IOHYBaHHSI CHCTEM JIiTaka Mepei 3allyCKOM OCHOBHHX
JIBUTYHIB.

Sk BimOMO, KpiM OCHOBHHX JBUIYHIB JITaKk Mae
JonoMixkHy cuioBy yctanoBky (JACY), sika mpusHaueHa Jyist
JKMBJICHHSI €JICKTPOCHEPTi€l0 CHCTeM JiTaka Ta 3alycKy
ocHOBHHX ABHTYHIB. Pobota JICY, sk i OCHOBHUX NIBUTYHIB,
CYIIPOBOIKYETHCSI BUTPATOIO MAJIMBA, X04a 1 3HAYHO B MEHIIIIN
Mipi. Jlns 3MeHIIeHHST HOro BHUTpAT Ta HABAHTAXKCHHS HA
CHCTEMH JIiTaKa, a TaKOXK EKOHOMIl pecypcy JIOMOMIKHOI
CHJIOBOI YCTAHOBKH, €JICKTPOXKHBIICHHS MOBITPSHOTO CY/IHA
HA CTOSHIII BiTOYBa€THCS BiJl HA3EMHOTO JDKEpelia KUBICHHS.

OCHOBHA YACTHHA

HazemHe jKepeno IKMBICHHS TPEICTAaBISE COOOIO
3MOHTOBAaHMH Ha Iaci TeHepaTop 3MIHHOIO Ta MOCTIHHOTO
cTpymy. OKpiM XUBJIEHHS OOPTOBHX CHCTEM 3a JOIOMOTOIO
JIAHOTO arperaty MOXKJIMBO 3JiMCHIOBaTH 3allyCK OCHOBHHX
JIBUTYHIB.

IpoBigHi BUPOOHWUKM HA3EMHOi aBiallilHOI TEXHIKH,
30kpema, Taki BuUpoOHMKM sK TLD, Schopf ta Douglas
peanizyBalii iZICF0 CIIOJIYYEHHS aepOJPOMHOTO JDKeperna
JKHBJICHHSI Ta TSrada y KOHCTPYKINI €IWHOI CIICIMAIINHH,
CTOBPHBIIHU aepOAPOMHUI TATaY y BHTJISAIL
OaraToyHKIIIOHATBPHOTO Ha3eMHOTO arperary. lle moemnaHHs
JBOX OJWHUIP CHCHTEXHIKH JIO3BOJIsiE  3a0e3meduyBaTu
JKUBJICHHsI OOPTOBUX CHUCTEM Tij yac OyKCHPYBaHHsI, a OTXKe,
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0e3 HeoOXimHOCTI 3alydeHHs 10 POOOTH SK MapLIOBHX
IBUTYHIB, TakK 1 TOTIOMI>KHOI CHJIOBOI YCTAHOBKH.

IV. BHCHOBKU

B crarTi po3riusSHYTO pamioHaNbHICTh BUKOPUCTAHHS
AepOJPOMHMX TAradiB Ta HAa3eMHHX JDKEpeJ JKUBIICHHS, a
TAKOXX MOMIJIMBICTE IX IIOE€IHAHHSA. 3a JOIIOMOTOKO HAaHOL
KOMOIHAI] CHeNTeXHIKH MOXIMBO OyKCHpPYBaTH JTaKk Ha
BEJIMKY BIICTaHP HE BHUKOPUCTOBYIOUH MONOMDKHY CHIIOBY
YCTaHOBKY CaMOTO IOBITPSHOTO CYIHA, IO Ia€ MOXKIHBICTH
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aBiaKOMITaHIAM €KOHOMHUTH 3HauHi KOmTH. /laHa KOoMOiHAIisa
BUKOPUCTOBYEThCS SIK JJIsI MOJENEH BOAWIBHHX, TaK I
0€e3BOAUILHUX TAraviB.

[1]

[2
(31
(4]
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Anomauyia — podoTa NpHCBAYEHA PO3MVIsAY TeMH
onTuMizauii aeponoptis. BiibwicTe aeponopTiB excnepuMeHTy€
3 BUKOpPMCTAHHSM LHM(POBUX TexHOJOrii, y Oararbox
BIIPOBAJKeHi cy4YacHi pillleHHs1, PO3paxoBaHi Ha TpHUBAIUi
nepioa. Ane Jume Jesiki 3 HUX 3iHCHIOIOTH (PyHIaMeHTAJIbHI
TpaHcpopmanii, WO AO3BOJATH YCYHYTH BHHHUKAWYi Yy
MaHAPIBHUKIB CKJIAJHOCTI i MiIBHIIUTH e(eKTHBHICTH PodoTH
aepoIopTiB.

Knwuoei cnoea — onmumizauia; oOazaxc; egexmusnicmo
pobomu; 0zonowenns .

|.BcTvIil

Ilepen OaratpMa aepomopTaMu CBITY CTOITH 3aBJaHHS
301TBIICHHS MPOIMYCKHOT CIPOMOXHOCTI Ha TJi 301IbIICHHS
macaxupornoToky. B mepiom 3 2015 mo 2034 pp. cBitoBHit
oOcAr MOBITPSHHUX IepeBe3cHb NMOBHHEH OyAe 3pocTaTH Ha
4,6% Ha piK.

Temnu 3poctanns B A3ii, Adpuni i Ha bianzekomy Cxopi,
3TiAHO 3 po3paxyHKamu, OymyTe me OuThIn mBuUAKNMH. Lle
Oyne TPHU3BOAMTH JIO 3aTPUMOK 1 TMOTIpIIyBaTH SKICTh
00CIIyTOBYBaHHS  KIIE€HTIB. Y  JOy)K€  3aBaHTaKECHUX
aeporoprax 3aTpuMKa OJHOro Jitaka Ha 30 XBHJIMH MOXE
HEraTHBHO BIUIMHYTH HA BCIO CHCTEMY HOBITPSHOIO
CIIONTYYCHHSL.

11.IIOCTAHOBKA ITPOBJIEMU
[Ipoanamizyemo peski mpoOiIeMH MO0 OOCIYrOBYBaHHS

MacaXKupiB B aepormoprax YKpaiHH, sKi HMOTpeOyIOTh CBOTO
BupimeHHs. MoxHa copMyBaTH HACTYIHUH MEPeiK:

e  OrojomenHs Tuxi i ix 6araTo - CKJIaIHO BiAPI3HHUTH,
110 3 I[LOTO BAXKJIUBO, a IO Hi.

e 3aTrpumMka BHIadi 6araxy.

e [IpoGmemu 3 0OpMIICHHSIM MACAKUPIB.

111.OCHOBHA YACTHUHA.

[pobneMy «THXUX OTOJOIICHBY B ahiHCHKOMY aepOoIropTy
Athens International Bupirmiu Tak — OTONOMIEHHS Bi IMIHHUITH.
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Bes indopmaliis BUCBIUyeThCS Ha Tabio. 3a Te MacaxxupiB
HIIIO HE BIIBONIKAa€E, 1 BOHM 3HAIOTH, IO PO3PaXOBYBATU
NOBUHHI Ha BJacHy cBigomicte. KpiM ToOro, 11e 3py4HO BHOUI,
KOJTH XO4EThCsl CIATH.

[lo crocyerbcst Bupaul Oaraxy. SIk 1 B JeSKuX IHIIMX
aCTIeKTax, MAHJPIBHUKK XOYyTh BHTpAdyaTH MEHIIE dJacy Ha
OuiKyBaHHs 1 Maru Oinblie iHGOpMaLil MPO HACTYIMHHUN eTan
CBO€ET MOI3AKM - B JAHOMY BHIIQJIKy IIe NMPHUOYTTA iXx Oaraxy.
Agiakommanii Delta Air Lines i United Airlines BrpoBamuiu
JIOJATKH [UIA BiICTe)KeHHS Oaraxy, a wixHapomHa IT-
kommanis  Unisys po3po0Oiisie  CHCTEMy  MOBIIOMIICHHS
MacakMpiB MPO PO3PaxyHKOBHI 4ac OTPHMaHHS, 3 THM MO0
JIOJSAM HE JOBOAMJIOCA BUTpAayaTH 3aliBUM 4Yac Ha IMOLIYK
cepen Oaraxxy iHIIMX KJI€HTIB HA KOHBEEPHIN CTPIUII.

OdopmIiieHHs nacaxupiB. ABiakoMIaHii BAKOPUCTOBYIOTh
OITHY 3 JEKUTBKOX Pi3HHX CHUCTeM O(OpPMIICHHS MacaKUpiB B
3aJIeKHOCTI BiJl CBOiX CTpareriyHux npiopureTtiB. Lle 3HMXKYye
e(eKTHBHICTE POOOTH Ha CTilikaxX peecTpamii i BUXOAax Ha
MOCaAKY, a TaKOXX IJIBUINYyEe BUTPATH Ha EKCIUTyaTallilo Ta
TexHiyHe oOciyroByBaHHA. €aMHa XMapHa IUaTGopma
JI03BOJIUTH CKOPOTUTH BUTPATH 1 MiIBUILUTH THYUKICTb SIK JUIs1
aBiakoMIaHiif, Tak 1 1 aepomopriB. Cmyx0a Avinor,
kepytoua 46 aeponopramu Hopserii, i aepomopt "Ilept"
3MIACHIOIOTh TIepexii Ha TaKy IUaThopMmy, pO3poOIeHY
MIDKHapOAHOI KommaHielo Amadeus, sika € MocTayaJbHUKOM
TEXHOJIOTIYHUX PillICHb U1 TYPUCTUIHOTL Tairy3i.

IV.BUCHOBKU

3 ypaxyBaHHSM HaBEJCHUX MPHUKIAJIB 100 ONTHMI3arlii
MIpOLECiB 3 0OCIYroBYBaHHS MACaXHpiB, JOLIIHHO MOCTIHHO
MOKpAIlyBaTH PIiBeHb JaHUX TPOIECIB y BITUU3HIHHUX
aeporoprax, MO0 € 3alopyKOKw  30iMbIICHHS  00CATY
MacaXMPChKUX MepeBe3eHb.
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Bnoxun B.. OcHOBBI npoekTupoBaHus a’sponoptos. - M.: Tpancnopr,
1985.
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Abstract— the paper is devoted to prolongation of the lifetime
and restoration of the locking latches of the self-propelled
passenger stairs. The operational problem of locking latches wear
has been detected in condition of airport Boryspil. New protective
coating on steel specimens has been deposited, structure and
properties has been tested.

Keywords— aircraft ground support equipment, self-propelled
passenger stair, specific equipment, special vehicle, locking latch,
cog, wear resistance, coating.

|.INTRODUCTION

At the Ukrainian airports, the self-propelled passenger
stairs TLD ABS 580 is widely used, which is a classic two-
section stairs (Fig. 1.a). At such design, the retractable section
2 is moved by a chain mechanism in relation to the lifting
section, which requires reliable fixing in the working position.
[1,2].

I1.PROBLEM ISSUE

During landing, about 200 passengers intensive (and most
importantly uneven, deteriorated corrosion) wear of the
clamping elements of the latches, both cogs and their own
clamps take place (Fig. 1 b). Usually wearing cogs
corresponding to the height of typical aircraft [3-5] .

I11.RESEARCH RESULTS

The cogs of the section frame is made of structural steel
(manufactured in a composition similar to steel 45). In order to
increase wear and corrosion resistance, it’s expedient to apply
nickel coatings on intermetalic NisAl to the cogs of the
latches (fig. 2.). [It’s applied locally by the gas-thermal
methods only to areas of the local wear, such coating has a
good adhesion to the steel substrate and has a minimum
porosity (Fig. 2). The border of the transition does not have
defects. Optimization of the coating method in relation to wear
resistance will significantly save energy, resources and solve
the problem of the operation of this type of the aircraft ground
support equipment.

Fig. 1. Self-propelled passenger stairs TLD ABS 580: a — general view; 1 —
lifting secton; 2 — retractable section; 3 - base chassis; 4 - stabilizers; b -
place of excessive wear of locking cogs of retractable section.
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Fig. 2. Structure of the gas-thermal coating of NisAl powder on the steel 45:
a — optical microscope image; b — scanning electronic microscope image

The coating of corosion-proof intermetallic NisAl
deposited by the high-velocity air fuel deposition has been
deposited by serial powder material TIHFO15 on the structural
steel 45 has been demonstrated good adhesion on the level 25
MPa and active penetration to the substrate. All components
of the coating have been stored in content.

After the fretting abrasion testing of the deposited coating
having the testing base of 5*10° oscilations maximal loading
have been gradually detected after which substrate base has
been worn. The coating is satisfactory withstanding up to the
loading 30 MPa, and provides the surface protection form the
corrosion influences. Having the 40 MPa loading the coating
is significantly worn and the spots of naked substrate are
noticed.
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under the load of 30 MPa.

After the fretting-testing of the coating the corrosin testing
of the coating has been held in the wet environemnt and
temperature differences. After the chemical analysis it was
established, that in a result of fretting wear there is no
damages for corrosion pits of the substrate up to the 30 MPa.

IV.SUMMARY

In a result of contact research of the friction couple of the
locking latches of self-propelled passenger stairs ABS-580,
the following has been established, that the fretting wear of
high loads takes place and corrosion of the generic structural
steel, at that the corrosion products promotes the wear process.

For the cogs surface hardening the gas-thermal coating of
NizAl has been developed, that has sufficient adhesion to the
substrate.

The coating developed has been demonstrated the
satisfactory wear to the calculated loads and simmultaneously
demonstrated satisfactory protection from corrosion in
conditions of the airport apron.
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Cy4acHi CUCTEMHU TOIEPEIKECHHS Ta BUAATICHHS
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Anomauyia — roJioBHa MpodJieMa, 110 PO3rIAJaeThes y podoTi
— 3amo00iraHHsl yTBOPeHHs Ta BHJAJICHHS OKesleli Ha aepoapoMax
Ta  poporax. OmnucaHo NPpUHIMO  Po0OTH  HOBITHIX
aBTOMATH30BAHUX CHCTeM, L0 BHKOPHCTOBYIOThCA Yy 0ararbox
KpaiHax cBiTy.

Knrouoei cnosa —euodanennsn oxcenedi, peazenm, 0amuuKu.

l. BcTyn

AHamni3yloud TNpUYMHA BUHAKHEHHS KatacTpod Ta
aBiallifHUX I1HUWAEHTIB, BHpIllajbHE 3HAUEHHS Ha eTari
37BOTY Ta MOCAJIKU MAa€ CTaH 3JiTHO-TocaakoBoi cMyrH. 11106
3a0e3neunTH HajiiiHe Ta Oe3neyHe MepecyBaHHs JITaKiB Ha
aepoapoMi B XOJIOMHHWH TEpiol POKY BHUKOPHCTOBYIOTh
aHTHOXeJEHI cucTeMHu. MiKHapoHa opraHizalisi HIUBUILHOT
aBiamii po3poOmia psa  BHMOT, BIANOBIAHO 1O  SKHX
MPOEKTYIOTCA ~ Ta  BUPOOJSIFOTBCS  Cy4acHI  CHUCTEMH
TIOTIepeKEHHS Ta BUNAJICHHS OXKeJel Ha aepoJpoMax.

CBiTOBHM ITiiepoM y rairy3i po3poOKy Ta BUPOOHHIITBA
CHenMaNIvH 1 001aHaHHA I eKCIUTyaTalliifHOTO yTpUMaHHS
aepoJpOMIB, JOPITr 3araJibHOTO NPHU3HAYEHHS € IIBeHIapchKka
kommanis Boschung. Tudopmariiiina ciucremMa crtany J0pir Bif
Boschung Mecatronic, six mpaBuiio, CKIamaeThCs i3 MOAYIIB
300py, mepenavi Ta oOpOOKH NAaHHHX, SKi YHPaBISAIOTHECSA 32
JIOTIOMOT'O0 CHCTEMH PaHHbOT'O OMOBIIIEHHS I1[0JI0 YTBOPEHHSI
oxeneni. Ilpu 1poMy, 10 MOMEHTY YTBOPEHHS IbOAYy, Ha
MOBEPXHIO aepoApoMy abo goporu uepe3 (OPCYHKH 4U 3a
JOIIOMOT 010 IHHOBAIIIHOT CHUCTEMU Micro-FAST
posmopoliyeTbcsi  peareHT. Ll 3amareHTOoBaHa cucTema
BHCOKOTO THCKY CKJIaJa€eThCs i3 cMyrH HoBxuHOoI0 100 MeTpiB
i3 BOymoBaHmMHM B Hei  (OpCyHKaMH. [epion
po3ocepeKyBaHHs MOkHa 3MiHIOBaTH (Big 30 cekyHa mo 3

OCHOBHA YACTHHA
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XBUJIMH), TUM CaMHM DETYJIOBaTH ONTUMAJBHY KUIBKICTh
BUKOPUCTAHOTO AHTHOXKEJICTHOrO peareHty. Ilicns psay
LHUKIIIB PO3MOPOIIYBAHHS, CHCTEMY MOJXKHA aIanTyBaTH il
BIAMIOBIAHUK KIIIMAaT, IO Ja€ MOXIIMBICTh O€3IEYHOTO
MepECYBaHHS MPU Oyb-SIKUX HOTOJHUX YMOBAX.

Ha croromHimHiii AeHP BEMUKOI IOMYJSIPHOCTI
HaOyJIM METEOpOIIOTiUHI IAaTYMKH, 5Ki (PIKCYIOTH THII Ta
IHTEHCUBHICTh OIIa/IiB, TEMIepaTypy IOBITPs, BIJIHOCHY
BOJIOTiCTh Ta iHINI mapamerpu. Hanpuxknan, PWS - naramk
MOTOYHOI TIOTOJH, 3 TEXHOJOTIEI0 ONTHYHOIO BiZOUTOTO
pO3CifOBaHHS i1 BU3HAYCHHS KITBKOCTI YacTOK BOIU Y
HOBITpi, MOXE BH3HA4YaTH BCl BHIM OMAJiB, a TAKOX PiBEHb
BHUIHUMOCTI.

B  ymoBax  ekciuryaTamii = CydacHHX — aepoIOpTiB
BUKOPHCTAHHSI AHTHOXEJETHUX aBTOMATH30BaHHUX CHCTEM €
HEOOXIJHICTIO, SKa TPOJWKTOBAHA YMOBAaMH O€3IECKH Ta
PETYISPHOCTI TOJNBOTIB MOBITPSHUX CYACH. [HII KOMIOHEHTH

BUCHOBKU

TaKUX CHCTEM, 30KpeMa, CTaIlioHapHi CHCTEeMH
pO3MOPOIIYBAaHHs,  CHEIMAIlMHW Al  pEearcHTiB  Ta
NpUOMpaHHsl CHITY, MOXYTh OYyTH IHTErpoBaHi B €IUHHI
KOMIUIEKC ~ YOPaBJIiHHS, 1IO  JIO3BOJIIE  ONTHMAIILHO

3aCTOCOBYBATH YC1 MOXKIIUBI PECYPCH.
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Anomauis — po60oTa NpUcBsiYeHa Po3podui KOMIO3ULiHOTO
NMOKPUTTS 3 MNiABUINEHUM PpiBHEM 3HOCO- Ta KOppo3iiiHol
cTIiKOCTI /11 MAJMBO3aNpPaBHOIO O00JIAIHAHHS AepPoOINOPTiB.
Buxigni KoMIOHEHTH A1 NOKPHUTTS NOBHMHHI OyTH HasiBHI B
aocTaTHid KinbkocTi B pecypcHiii 0a3i Ykpainum a6o Oyru
HEKOIITOBHUMH. /L0CTiIZKeHO 0C00IMBOCTI CTPYKTYPOYTBOPEHHS,
3HOCO- Ta KOPPO3iiiHo] cTilKOCTi 3aIPONOHOBAHUX MOKPUTTIB.

Knwuoei cnosa — nanueozanpaene oonaonauua, asiayiiine
nanueo, pecypc, KOMnos3uuitine HOKpUMmMA, 3HOCOCHIKICHY,
Koppos3iiina cmiiikicms.

|.BcTvIl

Cknan aBiaifiiHOrO TAalMBa BiAPI3HAETHCS HASBHAM BMiCTOM
CKJIaJHUKIB TMajuBa (3a BCiMa BJIACTHBOCTAMHM), Tak 1 31 BciMma
MpUCaaKaMH (3yMHCHO BBEICHUMH PEYOBMHAMH, IO IMOKPAIIyIOTh
HOro BIIACTMBOCTI, HANpPUKIAJ, TEPMiuHy CTaOUIBHICTh, YTBOPEHHS
BIIEHOT BO/IM, 3aM00iraHHs YTBOPEHHS JILOAY 3 Li€l BoaH, ppakuiiiHe
po3IIapyBaHHs) JOCUTH CYTTEBO..

1. TIOCTAHOBKA ITPOBJIEMUA

IIpu 1bOMy, BCi KOMIIOHEHTH aBialiiHOiI HA3eMHOI TEXHIKH, IO
KOHTaKTYIOTh 3 aBiallifHUM MaluBOM, MAlOTh BOJIOAITH HAJICKHOIO
3HOCOCTIHKICTIO Ta KOpO3iiiHOIO cTilikicTio. 3a3Buuail BOHH
BUTOTOBJISIOTECS. 3 KOHCTPYKI[IHUX CTalieid, 1[0 BapTO BKPHBATH
KOMITO3UMIMHUMH ~ TOKPUTTSAMH, SK  HAMICMEBIIOrO  CKIaxy
KOMITOHEHTIB Ta TexHouorii Hanecenus [1] (puc. 1.).

*

T, ot

Puc. 1. Ctpykrypa nokpurtst Ha ocHoBi inTepmerainiay NisAl 3 TyromiaBkoro
cknanosoro SiC, 36. 2000..
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111.OCHOBHA YACTHHA

VY SKOCTI OCHOBH MOKPHUTTA OOpaHO CEpiHHH iHTEpMeTalina
Ni3Al y ¢opmi nmopomky (ITHKO15), a 3HOCOCTIHKOT da3u kapdig
kpemHito 3eneHuit SiC. BapTo Big3HauuTH, IO BOHO Ma€ JOCTaTHIO
azresiro 0 craneBoi MiIKIaIKH, 3 SKOT BUTOTOBJIEHO OCHOBHI JeTall
MIAJIMBO3AIPABHOTO OOJaJHAHHS AepoIOpPTIB Ta 30epirac OCHOBHI
KOMITOHHETH Ta IX BJIACTHUBOCTI. 30KpeMa, BUIOPOYBAaHHS CTaTHYHOT
KOppPO3iHHOT CTIHKOCTI 3a3Ha4YeHUX IOKPHUTTIB Yy CEpeIOBHIII
aBlamifHOro mMajMBa 31 BMICTOM YCIX 3a33HaYCHUX IPHCATOK

HamoABIp 1 IPOTATOM POKY HaBEJCHI Ha pHuc. 2.

Puc. 2. Ontuunni dororpadii mokputrst NisAl-SiC: a — Buximxe
TTICJIS HAHECEHHS Ta30TePMIYHIM MeTOI0M; O — Imicist BUNpoOyBaHHS
Ha KOpPpPO3iHY CTIMKICTP B CEpEeNOBHINI aBiallifHOro maimBa 3
npucaakamu 36. 200.

SIk BHMIHO, CTajeBa MiJKJIaJKa KOPOAYE TapHO, a TOKPUTTS
3aJI0BIJIBHO YTPUMYETHCS, Ta HE BIAIIAPOBYETHCS 3 MiAKIAAKHU, IO
BHUKJIMKAE CYTTEBY I[IKABICTb 3 TOUKH 30PY 3HOCOCTIHKOCTI HOKPHTT,
o Oye JOCHiIKEHO Y paMKax MO€i Maricrepchkoi poOoTH. .

IV.BUCHOBKU

OTxe BIPOBAKEHHS HOBHX IOKPUTTIB B  TEXHJOTiYHE
obniaJiHaHHs aepoIOpPTIB J03BOJMTH 3HAYHO IIOJOBKHTH pecypc,
MiABHIIATH HOTO €PEKTUBHICTh, €KOJIOTIYHY YUCTOTY.

CIIMCOK BUKOPUCTAHUX JUKEPEJI
[1

A. TI. Ymanckuii, A. T'. Jlosrans, B. M. Kucens, 10. 1. EBmokuMerko
CTpyKTypa ¥ 3aKOHOMEPHOCTH W3HAIIMBAHWS IIOKPBITHH W3
KOMITO3UIIHOHHBIX METAIOKEPAMUYECKUX MaTepuasioB cucteMs (SiC—

Al,O3)—(Ni-Al). // CepxTBeppie Matepuaisbl, - 2012, - Ne 2.- C 49-57.
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Abstract— the paper is devoted to development of technology
compression improvement of internal combustion engine. The
structure of the piston is made of aluminium alloy and the highly
likely place of accessive abrasion wear is the first grove of
compression ring. The improvement technology of compression
package has been sugested and tested.
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I. INTRODUCTION

The compression of the internal combustion engine is on
average about 10 kg / cm? and substantially affects not only its
fuel performances (power, efficiency), but also its lifetime and
maintenance costs (Fig. 1.a).

Il. PROBLEM ISSUE

Compression in general depends on the tightness of the
valves of the gas valving gear and the compression package of
pistons rings, in particular the first one (Fig. 1 b). [1,2].

b)

Fig.1. The result of the wear of the compressor package of the rings of the
Deutz engine: a - the loss of compression leads to the penetration of gases into
the crankcase, as a result, of olive carbs and the penetration of oil into the
combustion chamber; B - three-dimensional pattern of wear of the first
compression groove - red are areas of excessive wear..

I1l.  RESEARCH RESULTS

Since pistons of internal combustion engines are made of
cast aluminum alloys, the question of the former groove of the
compression packet is usually solved by the use of
electrophysical composite coatings. Composite coating
suggested consists of a metallic binder based on iron and a
refractory component of titanium carbide (Fig. 2).
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Fig.2. Scanning electronic microscope image of TiC-(Fe-Ni) electrospark
coating on the An-25 substrate, 2000 zoom.

Such a composition is well-proven in friction together with
gray and black cast iron, which usually compression rings are
made of, that is, satisfactory tribo compatibility has been
proven.

IV. SUMMARY

Thus, in the couple of "groove-ring", the wear abrasion as
in Fig. 1. b. almost does not occur, as proved by the
appropriate compression tests (with and without coatings) and
significantly improve the performance of the internal
combustion engines.
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Anomayia — po0oTa nNpHUCBAYEHA PO3IVISALY MpPodIeMH
miABMIIEHHS] IIKIIJMBUX BHUKHUAIB B aTMocdepy aBiauiiinoro
TeXHiKOI0 Ta NOBIiTPAHUM cyaHoM. B polorti 3anpomonoBaHo
PO3LIMpPEHHS obJacTi BHKOPHUCTAHHA BiXo1iB
ciibcbKOrocnoaapcskoro  BUpoOHuUUTBa. Tako:k B podoTi
PO3IJSIHYTO [OCSATHEHHS] BHKOPDHCTAHHSI MNAJHMBa 3 MOBHUM
3rOpsiHHSIM 32 PaxyHOK 3acTOCYBaHHsI 0ioeTaHoJy , B paMKax
€KO0JIOTiYHOr0 ACHEKTY.
asmomoodinLHoz0

Knwuosi  cnosa bionanuea  0as

mpancnopmy, 6ioemanon, NApHUKOsi 2a3u.

|.BcTvIl

CydJacHuil pHHOK €KOJIOTiYHOTO aBiallifHOTO 00JaTHAHHS
Ta TEXHIKM € JyXe pIi3HOMaHiTHUM. AJye npoOnema
3a0pyJHEHHS  BiANpalbOBAHMMU  ra3aMd  3AJIUIIAETHCS
ro0abHOK. Y BChOMY CBIiTI KINIBKICTH aBTOMOOLUIIB 13
KO>KHUM JIHEM 301IBIIYETHCS B TEOMETPHUHIH mporpecii. Bee
OinpIie i OibIe JIFOAEH MarOTh BIacHI Mamiuau. Lle He Moxe
HE TIO3HAYUTHUCh HA SKOCTI IMOBITPs, a OCOOJMBO B
IYCTOHACEJICHUX METarojicax, A€ CKYITYeHHS aBTOMOOLIIB
HabaraTo BHIIE 3a mpuMmicbki 30HH. [loripmieHHs ertamy
HABKOJIMIIHBOTO  CEPEJOBHUINA,  3HWKEHHS  IMYHITETY
HaceJIeHHs, 3pOCTaHHsA 0araTboX IHIIMX 3aXBOPIOBAaHb - II€
JTAJIEKO HE TOBHUH CIMCOK HACNIJIKIB [isSUTBHOCTI JBHUTYHIB
BHYTPIIIHBOTO 3TOPSTHHS. Takox aBlanepeBe3CHHs
XapaKTePU3YIOThCS JTUHAMIYHIM PO3BUTKOM piBHS
3a0pynHeHOCTi  atMocdepu. OmHUM 3 MIPIOPHUTETHHX
HampsAMKIB  MiOBUIICHHS  c¢(eKTHBHOCTI Ta  Oe3meku
aBiamepeBe3eHb €  3a0e3lmedeHHA  e(PEeKTHMBHOTO  Ta
BCEOCSHKHOTO TEXHIYHOTO OOCIyTOBYBaHHS aepOIPOMHOI0
TEXHIKO0, [0 TAKOXX MA€ BIUIMB Ha 3a0pyaHeHHICTD [4].

VYkpaiHa HaJIeXuTh JI0 KpaiH, sSKi MaroTh JAe(ilUT BIAaCHUX
€HEepProHOCIiB 1 MOXKe 3a0e3MeYnTH CBOi MOTPEeOH 3a PaxyHOK
BJIACHHUX eHeproHocii jumre Ha 50 %, a B Hadti — Ha 10-12
%, B mpupoaHomy raszi — mo 30 %, mo CTBOPIOE 3arpo3y
eHepreTHyHiit 6e3neui kpainu [2]. YBeneHHs B eHepreTHUHHI
Oamanc YkpaiHu Oi0oJOTIYHUX BHIIB MajKBa, SKi 32 CBOEKO
NIPUPOJIOI0 € BiTHOBJIIOBAHMMH pECYpCaMu aKyMyJIbOBaHOI
COHSYHOI eHepril — OJIHE 3 aKTyaJbHUX 3aBIaHb CHOTOJICHHS.
Ile nacte 3MoOry 3MEHUIMTH BHUKOPHCTaHHS BHKOITHUX
HETIOHOBJIIOBAHMX JDKEPeI eHeprii, 3a0pyAHEeHHS TPUPOTHOTO
Cepe/lOBHIIA TOKCMYHMMH PEYOBHHAMH Ta TApPHUKOBUMH
ra3amH.
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I1.IIOCTAHOBKA ITPOBJIEMHI

Po3BuTOK BUPOOHMIITBA AM3ENBHOrO OlonanuBa B YKpaiHi
3OIMCHIOETBCS JOCUTh HU3BKHMH TeMmamu. [lpuauHaMu
raJbMyBaHHs JaHOTO IPOLECY € BICYTHICTh YiTKOi CTparerii
pO3BUTKY, B #AKiii Oymm O BpaxoBaHi (pakTOpu BIUIUBY
3a0e3neueHHsT EHEepPreTH4YHoi Ta TPOJOBOJIBYOT  OE3MNeKH,
3000B’s13aHb MMPO MEBHY AWHAMIKY PO3BHTKY BHPOOHHIITBA i
BUKOPHUCTAHHs O10TalMB, BiJICYTHICTh KOHTPOJIO 32 SKICTIO
OilomanmuBa Ha BCiX eTamaxX Horo BHPOOHHMIITBA Ta peaji3allii,
HECHPUATINBI YMOBH JJIsl 3JTy4CHHS IHBECTHIIIN, BIACYTHICTh
npoMUCIOBO 0a3n mId mepepoOKd 3epHa pimaky, HecTada
KOIITIB Ul CTUMYJIIOBaHHS M peaiizalii eHeproomaiHux Ta
SKOJIOT1YHO OE3MEeYHHX TEXHOJOTIH, eKCIOPT 3HAYHOI YaCTKH
BITUM3HSHOTO 3€pHAa pillaKy, BUCOKa IliHA HA CUpOBHHY. Taka
CHTYyalisl 3yMOBJICHA THM, III0 HMHI BUPOOHHITBO H3EIEHOTO
OiomanyBa HEBHT'IHE IPU HOTO MOJaJbIIii pearnizanii, oHaK
€KOHOMIYHO JIOIIJIbHE MPH CIIOKMBAHHI CAMUM BHUPOOHHKOM.
TakuM 4MHOM BHHHKae noTrpeda y BJOCKOHAJICHHI ICHYIOUOTO
manuBa abo po3poOli HOBOTO METOAY HOro BHUPOOHHUIITBA,
mo0  3a0e3NeynTd  MiABUINEHHS  €KOJOTidHOCTI  iX
BukopucTtanHsi[1].

111.OCHOBHA YACTUHA

BioeraHon - eTWIOBMI cHHPT, IO OTPUMYETHCS B HpoIEci
nepepoOKH POCIMHHOI CHPOBMHM JUIi BUKOPHCTaHHS B SIKOCTI
OlomanuBa Uil aBTOMOOLUTEHOTO TpaHcnopTy. bioeTranon BUpOOISAIOTH
SIK 3 POCIIMHHOT CHPOBUHHM (KyKYpYI3H, MIIEHHUI, IIYKPOBUX OYypSIKiB,
IyKpOBOI TPOCTHHH, COPro Ta SUMEHI0), TaK 1 3 BYIICBOJHUX
BiJIXO/IiB CLTBCHKOTOCIIONAPCHKUX KYJBTYp (CyXi cTeONla COHALTHUKY,
Ka4aHU KyKypyAa3u abo pi3Hi Buam cojomu). BiH Mae BHCOKI
AHTUIETOHALIIMHI BIACTHBOCTI , OKTAHOBE YHMCJIO CTaHOBUTL 99. YV
pe3ynbraTi JIOCTiKeHb Oyllo pO3pOoOIIeHO TEXHOJIOTII0 OTPUMAaHHS
peakTHBHOTO manuBa 3 OiOETaHONy, OTPUMAHO CHHTETHYHE pilke
ByIJICBOJHEBe  manuBo il asiauifimux [T, mnpaxkTtudHO
Bianoigatoun Bumoram JICTVY.

Exonoriuni acnektu

VY mporeci BUTOTOBJIEHHS 0i0€TaHONY IUIAXOM OpOMiHHS i
MOJANBIIOr0 HOTO CHATIOBAHHS B MOBITPS BHALIAETHCS Taka cama
KUIBKICTB JIOKCHIY BYyIJIELI0, 110 JO IbOro Oyia 3acBO€Ha
pociuHamu 3 atMocdepu B Imepiof iX JKUTTEMISIBHOCTI. A TOMY,
GioeraHon Mae HynboBHi OamaHc Oz i € HelTpanbHOIO 3 MOTJISLY
YTBOPEHHS ITAPHUKOBHX 'a3iB PEUOBHUHOIO.

OxcureH, SKHH BXOIUTh Yy CTPYKTYypYy €TaHOIY, O3BOJISIE
MOBHOIIHHO ~CIIAJIIOBATH BYTJIEBOJHEBI manuBa. JlogaBaHHS 10
Oemuny 10 % eraHONly CKOpPOUYy€ HAIOJOBHHY KUIBKICTh BHXJIOIIB
aepo30ibHUX YacTHHOK 1 Ha 30 % 3Hmxkye Bukuau CO B atMochepy.



Timekn  mporsirom 2006  poKy — 3acTOCYBaHHS ~ €TaHOIY
aBromoOimictamn  CIIJA 103BONMMIIO 3HU3HTH HAIXODKCHHS B
MIOBITPsl TAPHUKOBUX Ta3iB Maibke Ha § MIIH T (B IepepaxyHKy Ha
CO2), mo npuOIU3HO JOPIBHIOE PiyHIN KiUTbKOCTI BUKHIIB Bix 1,21
MIH aBToMoOimiB. ETaHon y mopiBHSAHHI 3 OCH3MHOM € MEHII
«CHEproHacCHYeHHM» JoKepenoM eHeprii. [Ipobir mammH, 010
npamrooTh Ha E85 (cymim 85% eranony i 15% Oensuny; Oyksa «E»
Bix amrmiiicekoro Ethanol), ma omunumio 06'eMy manmBa CKiamae
6mm3pk0 75% Bif mpoOiry cTaHZapTHUX MalIWH. 3BHYAiHI MaIlInHA
HE MOXYTh HpamioBati Ha E85, Xo4a IBUIYHH BHYTPIIIHBOTO
sropsiHHES npamoloTh Ha E10. Ha «cmpaBkHBOMY» eTaHONI MOXYTh
npaigroBaty e T. 3. «Flex-Fuely mamuau. i aBToMo6im MOXYTh
MpaIloOBaTy Ha 3BUYaifHOMY OeH3UHI a00 Ha AOBUIBHIN cyMilIi TOTO i
irmoro[3].

Taxo> BaKJIMBUM aCIIEKTOM € T€, 1[0 010€TaHOJ BBaKAECTHCS
€KOJIOTIUYHO Oe3neyHnM a1t 010TH. Y MNpHUPOAHMX YMOBax Ied
MPOAYKT MPAKTUYHO MOBHICTIO YTHJI3YEThCSA MIKpOOpraHisaMamu (3a
28 nHIiB y mporieci MikpoOHOI KoHBepcii mepepobiseTsest 10 99 %
0i0M3ENBHOTO TAJMBA), IO JO3BOJISIE MIHIMI3yBaTH 3a0pyJHEHHS
pivoK Ta o3ep.

BupoOHUIITBO 1 BUKOPHUCTaHHS 010€TaHOINY CIIPHS€E 3MEHIICHHIO
BukuaiB CO2. Ha BinMiHy BijJ 3BHYafHOTO AWM3ENBHOTO TANUBA, IIE
MAJIIMBO Maibke HE MICTHThH CIpKH, IO 3a0e3ledye HOro eKOJIOTiuHY
gucrory[2].

IV.BUCHOBKU

B craTTi po3risiHyTO €KOJIOTIUHI acleKkTH 0i0eTaHoIy, 110
MaloTh  3HAYYIIICTh JJsi yOe3Me4eHHs, EKOHOMIYHOCTI 1
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3pY4HOCTI Y BUKOPHUCTAHHI aBialiiiHnx nanus. BcranosineHo,
IO BIOXWICHHS BiJl PEKOMEHIOBAaHMUX AacIeKTiB MOXKJIMBE
TUTBKH THCIST TIPOBEACHHS Ta ONPAIFOBAaHHA BiJIOBITHIX
BHIIPOOYBaHb i PETENBbHOI eKCIDTyaTaliiHOl MepeBipKy, aKa 0
MOKa3ayia 3aI0BUIBHICTh aJbTEPHATUBHUX METOIIB a00 yMOB
BHKOPHCTAHHS 1HIINX BUIIB MAJNB.
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Anomauis — po6oTa nMpuUcBsiYeHa Po3podui KOMIO3UUIHOTO
MaTepiajy 3 HiIBHIIEHUM PiBHEM 3HOCOCTIHKOCTI JJIsi TOpLEBHUX
YIliTbHEHb HACOCHOro o0jagHaHHA aeponopTtiB. Buxinni
KOMIIOHEHTH /IS MaTepiajy IOBHHHI OyTH HasiBHi B JOCTaTHii
KiJIbKOCTI B pecypcHiii 6a3i Ykpainu. JlocTinkeHo 0codauBocTi
CTPYKTYPOYTBOPEHHSI Ta 3HOCOCTIHKOCTI 3amponmoHOBaHHUX
MaTepiaJjiB.

Knrwwuoei cnosa — sioyenmposuii nacoc, mopueee yuiiibHenns,
pecypc, KOMRO3UuiliHuil mamepian, 3H0COCMINIKICIb, NOpUcmMicme.

|.BcTvIl

SIk BiZOMO, pecypc Hacocy BIIJIOMY BH3HAYa€ Ipale3JaTHICTh
WOro YIIiJBHEHHb, IO B CEPEAHhOMY CKianaroTh 500 roauH
HEMepeBHOI poGOTH HACOCY 3 KOHTAaKTHOK Mapor rpadir-crans y
BifeHTpoBux Hacocax tumy L[CIT-57 [1].

1. TIOCTAHOBKA ITPOBJIEMUA

3 iHIoro Oyky 10 aBialiiHOTO MaarBa MpPe ABJISIOTh i IBUIIEHI
BUMOTHM YHCTOTH, a TOMY IIPOIYKTH 3HOIIYBaHHS HAaCOCHOTO
oONagHaHHA CYTTEBO OOMEXYIOTH pecypc QimpTpoenemeHTiB. s
3HIDKEHHS eKCIUTyaTalliifHUX 3aTpar 1i¢ BUMarae 3aCTOCYBaHHS HOBHX
TEXHOJIOT1H Ta MaTepiaiiB IJIsl TOPIEBUX YIIITBHEHB (pucC. 1.)

.

1. Koncrpykuis
BiJILIGHTPOBOT'O HACOCY.

Puc. OIHOKACKaIHOIo TOPLEBOTO yHIiJ'ILHeHHH

111.OCHOBHA YACTHUHA

ITpy 1bOMY BaXKJIHBO, 11100 BHXiHI KOMOIIHEHTH Ta CHPOBHMHA
JUI IIMX MarepiaiiB Oyna HasBHa B pecypcHii 0a3i Ykpainm (6e3
THMYacOBO OKYIOBaHHMX TEPHUTOPiii), a TEXHOJOTis iX OTpUMaHHS
Oyna 6 He eHEeproeMHOIO (3a KOPCTKUX PUHKOBHX YMOB). 3a TakuX
YMOB B@XJIMBO MAaTH HailBUBaKCHIIII KOHIEHTpALil HasBHUX
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KOMITOHETIB, Ta 3BaXKaTH Ha HaykoBuii jocsin [2]. KapGix kpemuiro
Ta OKCHUJT ATIOMIHIIO € OCHOBHUMH eJIeMEeHTaMHU
BHUCOKOTCXHOJIOTIYHUX  Traimy3eil  NPOMHCIOBOBCTI  YKpaiHH.

Kommnosntn opuMaHi rapsuuM IpecyBaHHSIM MalOTh CTPYKTYpH
2.

Puc. 2. EnextpoHHi ¢otorpadii CTpyKTYyp KOMOIBHIIHHUX
marepianis 36. 1000 3a pisaux xouuenrpamiii: a — SiC-20% Al20s; 6
— SiC-50% Al20s.

Sy BHUIOHO, 3 EKCHEPUMEHTAJIbHHMX JAHUX OIHMAaJbHUM
CIIBBITHOIIEHHSIM € PiBHA KOHELEHTPALis KOMIIOHETIB TYTOILIaBKOL
Ta crabimizamiiiroi ¢asu [3]. 3a HAsIBHOCTI MEpeBaXXHOI TYTOIIABKOT
CKJIAJIOBOI Y CHCTEMi OTPUMAHO 3aBEJIMKY HOPUCTHUCTb.

IV.BUCHOBKU

OTxe BIPOBAKCHHS HOBHX MarepiajB B TEXHJIOTiUHE
oONaHaHHS aepONOPTIB JI03BOJIMTH 3HAYHO MOJOBXKHTH pecypc,
3HH3HTH BUTPAaTH Ha  OOCIYyroByBaHHS, IiJABHIIMTH  HOTrO
e(eKTUBHICTh, €KOJIOTIYHY YHACTOTY.

CITMCOK BUKOPUCTAHUX JKEPEJT

O. II. Ymaucekuit, A. T'. Hdosrams, B.I. Cyb6orin, O.J]. Kocrenko
Po3pobnieHHsT KepamMidHOTO 3HOCOCTIHKOTO Marepially Ha OCHOBI
KapOisly KpeMHi0 IS BUCOKOUIBHAKICHMX BY31iB Tepts. // BicHuk
HAYV. Nel. 2011. C 65-71.

VYwmanckuit A. II., Josrame A. I'., [Tanacrok A.[l., Kocrenko A. .
Bunusinne coctaBa M CTPYKTYPbI KEpaMHKH Ha OCHOBE KapOuaa KpeMHHUs
Ha MexaHW3Mbl H3HamuBaHus. // IlopomkoBas metamutyprust Ne 7/8,
2012, C 92-102.

Tlatent Ne 53010 KommosuuiitHuit 3HOCOCTIHKMI MaTepian Ha OCHOBI

kap6iny kpemnito. Jlosrame A. T'., Ymanceknii A. I1., Tamaprasin O.
A., Tanaciok A. ., Kocrenko O. [I., Konosan B. II., 27.09.2010, -
Broi. Ne 18.-6 C.

[1]

[2

(3]


mailto:Sofiia.shovkun@gmail.com

