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BAI'ATOKPUTEPIAJIBHE EKCIIEPTHE OLHIHIOBAHHS ETAIIIB
IIOJIBOTY JIITAKIB

3a JOMOMOrol0 METOLYy EKCIEePTHHX OLIHOK OYyJI0 PO3IJSIHYTO CKIAIHICTH eTariB
MOJIBOTY JliTaKa: 3T, HaOip BUCOTH, TOPH30HTAIBHUH MOJIT, 3HMKECHHS Ta MOCAIKa.
IMin uac po3paxyHKy 1€l poOOTH MNOPIBHIOBAIUCH TakKi KpHUTEpil OLIHIOBAHHS:
TypOy/IeHTHICTh, BiAMOBa pagio3B’s3Ky Ta [BHUIYHiB.3arajbHa OLIHKA BIUIUBY
0cOOJIMBHX BHITAJIKIB Ha PI3HUX eTarax MojboTy 300pakeHo Ha puc.l.

Barosi KoediLlieHTU TPbOX NapaMeTpis Ha PiSHMX
eranax nonLoTy

0,35
03

0325
02
0,15

0,05 -

3niT Habip BucoTu Fop.nonit 3HMHEHHA Mocaaka

B TypBynentHicTe M BigmoBa pagiose'asky Bigmoea AsHryHis

Puc. 1. KinpkicHi MOKa3HUKH 3HAYYIIOCTI KPHTEPIiB

3 ricTorpamy BHJAHO, II0 HaHOuIbIe BIUIMBAE, Ha AYMKY CKCIEpTiB, MiA d4ac
3HIDKCHHSI MOBITPSIHOTO Cy[QHA, TypOYJIEHTHICTh, a I 4Yac MOCaJAKH - BiAMOBa
paznio3B’s3ky. Y mpoueci 31b0Ty, Habopy BHCOTH Ta TOPH3OHTAJIBHOTO IOJBOTY
OJIHAKOBHUI1 BIUTMB MArOTh TakKi OCOOJMBI BHUIAJIKU B IOJILOTI SK BiIMOBH IBHTYHIB Ta
panio3B’s3Ky. Ilicimst onmuTyBaHHS eKcIepTiB Oyina CTBOpEHA MATpPULS 1HAWBIIYaIBHHAX
mepesar Juisi KOXKHOro kpurepiro. Ha i ocHOBI Oyia moOymoBaHa MaTpHIlsl IPYHOBHX
repeBar Ta BU3HAYeHA Y3TOJUKEHICTh J[yMOK eKcrepTiB. bynu po3paxoBani koedimieHTn
Bapiauii, koopauHauii Kennama, kopemsuii CroipMeHa, BH3HAYeHa 3HAYUMICTh
po3paxyHKiB 3a kpurepismu 2 Tat-CThlofieHTa, BH3HA4YeHI BaroBi KoedilieHTH
CKJIQIHOCTI €TaMiB MOJbOTY 33 TPhOMA KPUTEPIsIMA BUHUKHEHHS OCOOJIMBUX BHUIAIKIB B
nosnboTi (TypOyineHTHICTh, BiIMOBa Pajio3B’s3Ky Ta ABUTYHIB) Ta BIUIMBY Ha Oe3leKy
noneoty. Ilicmst po3paxyHKy KoedimieHTa Bapiamii, Oyio BCTaHOBJIEHO, IO BiH
nepeBuiyBaB 33%, Oyiau HpoBeAeHi TONATKOBI PO3PaxyHKH, 1 3HAHIEHO KoedimieHT
koopauHanii Kenpganma. Bin cramoBus 0,03, me o3Hayae 10 JyMKH EKCHEpTiB He
[OBHICTIO Y3TrO/DKEHi. Y TaKMX BHIMAJIKax MOTPIOHO MPOBOIUTH JOJATKOBE ONUTYBAHHS
i3 3amy4eHHsM OUIbLIOT KiJBbKOCTI eKcrepTiB. BaxuinBo ckas3aty, 10 iCTHHHI KiHIIEBi
JIaHi 3aJIeXaTh BiJl KOMIIETEHTHOCTI crerianicTiB. Hanpukian, s po3paxyHKiB 1aHOTO
JOCITI/DKEHHsI ONUTYBaHi MOBHUHHI OYTH OOI3HaHMMH, IIOJO0 OCOOJMBHX BHIIAAKIB Ha
PI3HMX eTarax IoJIbOTiB, L0 MPHU3BEIIH A0 aBiakaTacTpod.
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INTELLIGENT SYSTEMS OF SELF-ORGANISATION OF AIR SPACE

Self-organizing map (SOM), an unsupervised learning way of artificial neural
network, plays a very important role for classification and clustering of inputs. The
property of SOM, also called topology-preserving maps or self-organizing feature map
(SOFM), is observed in human brain which is not found in other artificial neural
networks. In aviation, Aircrafts' crossing points between two airports may generate
conflicts when their trajectories converge on it at the same time and induce a risk of
collision. This risk of collision can be avoided by using the self organizing map neural
network clustering algorithm.

Neural Networks are a branch of Artificial Intelligence (AI) focused on building
applications that learn from data and improve their accuracy over time without being
programmed to do so. In data science, an algorithm is a sequence of statistical
processing steps. In Neural Networks, algorithms are 'trained' to find patterns and
features in massive amounts of data in order to make decisions and predictions based on
new data. The better the algorithm, the more accurate the decisions and predictions will
become as it processes more data [1; 2].

The use of Neural Networks can be beneficial to predicting and resolving potential
conflict situations between aircraft and sequencing of air traffic by increasing safety
(reducing air traffic control (ATC) workload by taking the part of mid-air conflict
situation resolutions to the decentralized network of airborne on-aircraft systems, thus
decreasing the risk of separation minima violations and mid-air and on-ground
collisions) and efficiency (decreasing of existing separation minima by solving some of
the conflicts faster) [3; 4]. It is already partially implemented in air traffic management
(ATM) as a part of a planning stages: for example, flight planning, flow management,
safety assessments and conflict prediction. It is no surprise the industry is adopting the
technology to enhance both planning and operational activities, and early trials by
EUROCONTROL reveal gains of between 20-30% in terms of predictability and
efficiency [3].

To implement such a system, we need a model to perceive the current air traffic
situation and provide advisories to aircraft in an efficient and scalable manner, while
maintaining decentralization. Reinforcement learning, a branch of Machine Learning, is
a promising way to solve this problem. The goal of reinforcement learning is to allow an
agent to learn an optimal policy by interacting with an environment. The agent is trained
by first perceiving the state in the environment, selecting an action based on the
perceived state, and receiving a reward based on this perceived state and action. By
formulating the tasks of human air traffic controllers as a reinforcement learning
problem, the trained agent can provide dynamic real-time air traffic advisories to aircraft
with extremely high safety guarantees under uncertainty and little computation
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overhead. But firstly, a simulated environment must be established, either made by our
one’s means (own ATC simulator), or using existing ones (preferable examples are
written on Python open-source solutions, like ATC-pie, or BlueSky, or a purely
computational environment, like Mathworks MATLAB). Then, links between the neural
networks and the environment, so that it can control our virtual aircraft and learn by trial
and error. An alternative to reinforced learning would be supervised learning, where the
algorithm is fed pre-existing data (in our case pre-recorded real ATCO actions), and it
establishes patterns on how to execute tasks correctly. But in this case, special attention
must be put on how the training sample data is presented to the algorithm. In our case,
just the recording how aircraft should behave in certain situations is not sufficient,
because neural networks might make wrong correlations and perform badly. Instead, in
addition to visual information, an array and sequence of aircraft’s actions and decisions
in a table/matrix form should also be presented [5; 6].

Also, while making sure the algorithm works properly it is important to take into
account the Mean Square Error. The function Mean Squared Error (MSE) of the
minimization of the difference between the predicted values and ground truth measures
the error difference. Using the MSE function may change the values coefficients of
regression such that the MSE value settles at the minima. The learning rate is very
important because a smaller learning rate could get closer to the minima of error but
takes more time to reach the minima. A larger learning rate converges sooner but there
is a chance that the MSE function could overshoot the minima. To create a new Al
system, need Big data and ATM participants of the modeling process.
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IPOBJEMHI INTAHHSA PO3BUTKY BILIA HUBIJIBHOI'O
BUKOPHUCTAHHS TA HAITPSAIMKH iX BUPIIIIEHHSA

B Hamr yac [isuTbHICTH TPAaHCIOPTHOI 1HPPACTPYKTYPH BXKE HEMOSKIIMBO YSBHUTH 03
BUKOPHCTAHHS TAaKOTO BHIY TPAHCHOPTY SIK OE3ILIOTHI aBiamiiHi cucremu. CBiTOBa Kpu3a,
HOB'SI3aHa 3 KOBIA-TIAHJEMIEI0 Ta SIKa TOPKHYJACS IPAKTHYHO KOXHOI nepxkaBu. Tak B
€Bpomneticbkomy Coro3i BXe 3HaXOAWThCS B CTafii peamizamii psm HpoekTiB B cdepi
0e3NUTOTHHX aBiallifHUX CHCTEM, CHPSIMOBAHUX Ha MIBUJIKY MEIUYHY JoroMory [1].

®ipma J'son & Partners Consulting, npoBigHa MiXKHApOHA KOHCAITHHIOBA KOMIIaHis
BUIUIMJIA HACTyIHI raiy3i 3actocyBaHHs BIIJIA [2]: cinbcbke rocnomapcTBo Ta
EKOJIOTTYHHH MEHEIDKMEHT; CIIy)KOM eKCTPEHOI JOIOMOTH EHEepreTHKa Ta BUIOOYTOK
KOPHCHHX KOIauH; OyIiBHHUITBO; reofesiss ta kaprorpadis; TpaHCIOPTHI IOCIYTH, Ta
T.L;

V 3Biti komnanii Drone Industry Insights [3] «The Drone Market Size 2020-2025: 5
Key Takeways» HajaHuil 1’SITUPiYHUIA TIPOTHO3 1010 po3BUTKY puuka BITJIA. K 2025
POKY Iieif pHHOK OLIHIOEThCS y cyMy 42, 8 mupa. monapis CILA. Bix 22,5 mupa. nonapis
CHIA y 2020 pomi BiH, 3 IIOPiYHHM TeMIoM 3pocTaHHs y 13,8%, wmaibke BaBidi
30UIBIINTS el noka3HuK y 2025 poui, auB. puc. 1.

DRONE MARKET SIZE AND

‘ {coaam |- 1

AST 2020-2025

DRONEIl.cOM

Puc. 1. [Iporuo3 3poctanHst iHAYCTPil KOMEPILIHHIX
0e3MiIOTHUX JIITATbHHUX aapaTiB.

Jlo ocHoBHUX nepear cydacHux BITJIA mMoxxHa BigHecTH:

1. Bucoka mBuaKicTs po3ropranHs (MakcumyM 10 30 XB.).

2. MosxmBicTh OOCIyrOBYBaHHS HEBEJIHMKOIO KUIBKICTIO 0cCi06, OIHHM/IBOMa
orepaTopami.

3. 3acTocyBaHHS IEPEHOCHMX Ta BIAHOCHO JIETKHMX CTaHLii KepyBaHHS, IO
3abe3neyye BUCOKY MOOUIBHICTD, a 3BiJICH i ONEPaTHBHICTh BUPIIICHHS 3aBIaHH.

4. CyuacHi Bifieo cucteMu Ta 3aco0u mepenaBaHHs BEIUMKHX 00csriB iHdopmaltii, B
pEeXHMI pEalbHOro uacy, He YCTYHNaloTh i HaBiThb MOXYTh II€PEBEpIIYBATH 3a
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XapaKTePUCTUKAMU CHCTEMH, IO 3aCTOCOBYIOThCS Ha TPAIMUIHHUX JliTakax Ta
IBUHTOKpHJIAX.

5. BigcyTHicTh )OPCTKUX BUMOT 0 MalilaHYHMKa 3JIbOTY Ta MPU3EMJIICHHSI.

6. ExoHOMiuHI TIOKa3HWKHM (HOPIBHSHHS BUTPAaT HAa OAMHHINIO BHPOOIEHOT
MIPOJIYKIIii) 3HAYHO BHIIIE.

OpHak, SIK CBIMYMTH aHANII3 MDKHAPOJHOI Ta HALliOHAJIBHOI PETYNISTOPHOI 0a3u psxm
HOPMAaTHBHO-TIPaBOBHX IIHTaHb CTOCOBHO pEryioBaHHsA HoiboTiB BIUJIA motpebye
MOJAJBIIOr0 BUPILICHHS, 3 OTJISILY Ha BEINYE3HI MEPCIICKTUBH €] TaHKH aBiarlil.

Joka3om BaximBocTi npobnemaruku BITJIA, mis Harmoi aepkaBu, € BKIIOYCHHS
LOT0 IUTAHHs y IPOEKT ABialiiHOi ctpaTerii Ykpainu Ha nepion 10 2030 poky (Ipum.
3pobieHa Bubipka mo MpoOIEMHUM MUTAHHAM, sKi OyAyTh CTOCYBaTHCs OpraHi3auii
nisutbHOCTI BITJTIA):

1. BoockoHaneHHsI HOPMAaTHBHO-IIPABOBOTO Ta JIEPXKABHOTO PETYIIOBaHHS y cdepi
aBiallifHOTO TPAHCIIOPTY.

2. Po3BUTOK aBiaI[ifHIX MepeBe3eHb Ta MiABUIICHHS PIBHS 1X JOCTYITHOCTI.

3. Po3BuTOK aepoHaBiraniifHoi cucTeMH.

4. Po3BUTOK aBiallil 3araibHOTO HPU3HAYCHH Ta OE3MIIOTHUX JIITATbHUX CHCTEM.

[po6Giemu, 110 NOTPEOYIOTH PO3B’°si3aHHs [4]:

- HEBIMOBIAHICTh HOPM HAIliOHAJIILHOTO 3aKOHOAABCTBA, IO PEryJIIO€ IisUIbHICTH
aBiawii 3araJbHOrO NMPU3HAYEHHS, €BPONEHCHKMM HOpPMaM Ta Cy4acHid MiKHapOIHil
MPAKTHIII;

- CKJIQIHICTB Ta JOBra TPUBAIICTH HNPOLEIYpP peecTparii, cepTudikarii Ta MHTHOTO
oopMIICHHS Ta TO3BIIBHUX MPOLERYpP IS 31HCHEHHS MOJIBOTIB;

- BIJICYTHICTh HOPMATHBHO-IIPABOBOIO PEryJIIOBaHHS BUPOOHMIITBA Ta CKCILTyaTallii
0E3MMIOTHHX JIITAJbHUX alapaTiB.

nsaxu BupiteHHs mpoOIeMaTUKU:

- BperyiioBaHHs npaBwi ekcrutyatanii GesminotHux I[IC nusixom  yaidikamii
BrpoBamkeHux periaamenTiB EASA i FAA, Buecenns 3min y Ilositpsuuii Kogexc
VYxpainu mo pukopucranaoo Oe3minotHux [IC momo Ge3nekn MOJbOTIB, aBialiiHOI Ta
€KOJIOTTYHOT Oe3Ieky, 3a0e3medeHHs Oe3eKn TPETiX 0cid Ta MaliHa TOMIO;

- 3ampoBa/pKeHHS cepThudikamii BHPOOHHMKIB Ta eKCIUTyaTaHTIB Oe3MiIOTHHX
JITaNBHUX arapartiB 3 Macoro Oinbmre 150 kr;

- po3po0Ka HaBYaJIBHOTO KYPCY [UIsl OTPUMaHHs cepTr(ikaTa TUCTaHIIHHOTO MiloTa
BITJIA, po3pobka Ta 3amyck oH-nmaiiH mporpamu Safety Promotion 3 mnpaBuiamu
6e3neunoi excrutyarauii BITIA;

- 3alpOBA/DKEHHS JIEP)KABHOTO pPEryJIOBaHHA MOJbOTIB LuBiIbHUX BIIJIA B
HEKOHTPOJIbOBAaHOMY IOBITPSHOMY IPOCTOpI Ta HaJ HACCICHHMH IyHKTaMH, a TaKOX
BU3HAUYCHHS TIOPSIIKY BUKOHAHHS MOJBOTIB B KOHTPOJIbOBAHOMY IIOBITPSIHOMY IPOCTOPI
1 Ha IPUJICTIINX TEPUTOPISAX JI0 JNIOUMX aePOAPOMIB.

3a mecanknionosane 3actocyBaHHsl BITJIA mepexbadeHo noBoIi cyBope IMOKapaHHS
BJIaCHUKIB Takux amapariB. OngHak, BCi Ili HOPMAaTHBHO-NIPABOBI aKTH HE B 3MO3i
BUPIIINTH BCiX MNHUTaHb, MOB’s3aHMX 3 mnojporamu BIUUIA B kimacudikoBaHoMy
noBiTpsitomy npoctopi OIIP Vkpainu. Sk mokasye MiDKHApOAHHUHA MOCBiA, OPOHH 3
BpaxyBaHHSM 1X BUOYXOBOTI'O PO3MOBCIO/DKEHHI MIOYMHAIOTH BCe OinTbliie KOHQIIKTYBATH
3 MIJIOTOBAHUMH TTOBITPSIHUMH CyJHAMH.

5
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Cucrema OpIIP B cuimy BiacHOi poii, SIK KOHTPOJIIOIOUOTO OpraHy CTAHOBHUTHCS
TOJIOBHOIO TIEPEIIKOJO0I0 Ta OINOHEHTOM IOJI0 PO3MOBCIODKEHHs MoJboTiB BIIJIA
LHUBUJIBHOTO BHKOpPHUCTaHHs. [IpoTHM BCe MOCTYNMHOCTI TaKHX amnapaTiB BUCTYIMAIOTh i
LUBITbHA aBiamis Ta i pPErymaiaTOpHi OpraHu. TakuM YHHOM TEXHIUHi, MOpAJBHI,
HOPMaTHBHO — NPAaBOBI MUTAHHS, a TAKOXX HANPSIMKH ABiamiifHoi cTparerii Ykpainu (Ha
nepioxg no 2030 poxy y miei cdepi) opramizarmii koHTpomo 3a moiasoramu BILIA Tta

Bincyrnicte y oprauiB OIIP indopmarnii npo touyne micuenonoxenns BITJIA e
3HAYHOIO MEPEeIIKOAOK Ui IX BHKOPHMCTaHHA Y KIAaCH(iKOBAHOMY IOBITPSIHOMY
HPOCTOPI 3araJIbHOr0 BUKOPHCTaHHS.

BpaxoByroun BHILEBHKIAJEHE, HAaHOLIbLI IEPCIEKTHBHUM HAIPSMKOM PO3BUTKY
BITJIA € inTterpamist Ge3minmoTHoi aBiamii y cucremy OpIIP Ta cTBOpeHHS €quHOI
CHCTEMH aepOHABITaIlifHOr0 00CIyrOByBaHHS y JepiKaBi.

Takum unHOM, Brepuie GopMyeThbes IPOMO3UIIIS MO0 CTBOPEHHS €ANHOI CHCTEMHU
aepOoHaBITaIifHOro 00CITYyroBYBaHHS IIJIOTOBAHHX JITAIBHHUX amapariB i Oe3miIoTHHUX
JITaNbHUX alapaTiB Ta €MHOT CHCTEMH OpTaHi3allii MOBITPSIHOTO PYyXY.

Ha puc. 2. npuBenenuii pparMeHT CTPYKTYpH MOBITPSHOTO MPOCTOpPY YKpalHH, sKa
nporonyetbcss. OCHOBHA BIAMIHHICTB BiJ ICHYIOYOi, MOJAra€ B TOMY, LIO 30HA
nonpotHOl iHdopmaii FIZ (Flight Information Zone) po3mofinsieTsest 3a BUCOTOIO Ha
JIBa €JIEMCHTA!

1. Bix 3emHO01 260 BoxHOI moBepxHi 1o Bucot 450 M AGL (Above Ground Level)
BkimoyHO — FIZ UAS (UAS - Unmanned Aviation System), 30Ha mons0THOI iHpopManii
JUIT BUKOPHUCTAHHS OE3MUIOTHHMH aBiallifHUMH cHcTeMaMH B KiacudikoBaHOMY
noBiTpstHoMy 1ipoctopi OIIP ximacy G.

2. Bim 450 m AGL Bukitouno 10 1500 m AMSL (Above Mean Sea Level) Brimogno
— 30Ha mMONbOTHOI iH(opMmamii s BukopuctanHs migoroBaHumu I[IC B
kiacudikoBaHOMY MOBITpsiHOMY TpocTopi kiacy OITP G.

IIpu upoMy, B y3araJbHEHOMY BHUIQJIKY, BEPXHS MeXa Ha AKiii MOXKHA BUKOHYBATH
MapmpyTtHuit nomit BITJIA (mpuM. 3 MeTOIO CIIpOLIEHHS TO3BUIBHHUX MPOLERYp 3 OOKY
JIep’)KaBHUX CTPYKTYp: YKpaeporeHTpy, oprauis ympasuinas IIC 3CY, nenrpis OplIP
Ta T.I.) oOMexyeTbcs BUcOoTOIO y 400 M. AGL. B cBoro depry, HIDKHS Meka 30HH
NobOTHOT iH(opMaii Ha sIKOT MO’KHA BUKOHYBATH MapIIpyTHi ITOJLOTH MiIOTOBAaHUMU
I1C B xnacudikoBaHOMY THOBITpsiHOMY TIpocTopi kiacy G, Oyzae MOYUHATHCS 3 BUCOTH
500Mm.

TakuM 4MHOM, MiXK 30HaMHU MOJBOTHOI iH(popManii Oyzae map 6e3nexu y 100 m.

YoMy came Taki BEpTHKaJbHI MEKH MK 30HAMU MOJBOTHOI iH(popmanmii? Sk
MOKa3ye IPAKTHKa, OUIBIIICT MapHIPYTHHX IIJIOTOBAHHX IOJBOTIB y HOBITPSIHOMY
npocropi knacy G npoxosate Ha BUcoTi 600 —1000 m.
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Puc. 2. CtpykTypa MOBITPSIHOTO IPOCTOPY YKpaTHfI; sIKa MIPOTIIOHYETHCS.

BBoauThCs HOBHI €IEMEHT CTPYKTYpH MOBiTpsiHOTO npocTopy: FIZ UAS — 30Ha
MONBOTHOI iH(pOpMamii IJIsi BUKOPHUCTAHHS O€3MIIOTHUMH aBiallitHUMH CHCTEMaMH B
Kiacu(ikoBaHOMY HOBITPSIHOMY IpocTopi kiacy G.

HoBa cTpykTypa HOBITPSHOrO NPOCTOPY HE MOTpeOye KapAWHAJIBHUX 3MiH Y
migrorosui cucremu OpIIP, nucnierdepiB YIIP Ta BeMMKUX EKOHOMIYHHX BHTPAT.

Takox, 3 MeToro iHTerpalii OE3MiIOTHUX JITaJbHUX AamapaTiB y €IWHAN
noBiTpsinuit  mpoctip OpIIP  Bmepmie nOpONOHYeThCs, B paMKax LUBUIBHOTO
BUKOpHUCTaHHS, po3noaummty Bei BIIJIA Ha 1Bi OCHOBHI KaTeropii:

a) jgo rTpymu «A» BigHocaThess BILJIA, saxi cnpoMmMoxkHi HecTH Ha co0i
oOnanHaHHsa, mo Oyxe 3actocoByBatucs it niuteid OIIP, me mo3Bonuth iM cTati
YAaCTUHOIO 3arajbHOTO ONEPaIifHOTO CEePefOBHINA B KIACH(DIKOBAHOMY IOBITPSIHOMY
npoctopi OINP it BuKOHYBaTH MOJIBOTH SIK aBiallis 3arajJbHOr0 BUKOpHCTaHHS - GAT.

6) no rpynu «b» npononyerbcest BignectH Ti BITIA, siki He cipoMoKHI MaTH
o0naiHaHHs, 0 MOrJIo O6u OyTu 3acTocoBano s uitiid OITP i ix gisibHICTE Oyne
00MEXKEHO MOJIbOTaMHU Y BiZIOKPEMJICHOMY MOBITPSIHOMY MIPOCTODI.

CnucoK BHKOPHCTAHUX JKepest
1 Pexum mocrymy: https://www.safir-med.eu/project.
2. Pexum moctymy: https://www.tadviser.ru/index.php.
3 . The Drone Market Size 2020-2025: 5 Key Takeways.Pexxum noctymy:
https://droneii.com/the-drone-market-size-2020-2025-5-key-takeaways.
4 IIpoext Asianiitnoi TpancnoprtHoi ctparerii Ykpaimm Ha mepiog mo 2030
POKY.
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POINT MERGE METHOD

The number of aircraft flights that had been performed globally by the aviation
industry became larger in amount steadily since the early 2000s and reached 38.9
million in 2019. During the pandemic, most areas of the economy still suffer. But it is
safe to say that after removing all the restrictions associated with the pandemic, every
business will want to catch up with lost profits. Including the aviation business. In
other words, the number of flights will greatly increase, and as a result, this will affect
the workload associated with air traffic control.

Today there are enough air traffic control techniques in terminal areas. This is the
well-known STARs, the trombone system, the FRA concept. They have been used for
many years, since the twentieth century. The question is about their performance and
reliability in heavily loaded airports such as Heathrow, Guangzhou-Baiyun or
Sheremetyevo. To optimize the sequence of aircraft in terminal areas with no
consequences to air traffic controller workload and safety of flights a point merge
method has been developed to us.
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Figure 1. Point Merge Implementation map

The good advantage is Point Merge is designed to work in high traffic loads
without radar vectoring. it is based on a specific P-RNAV route structure, consisting
of a point (the merge point) and pre-defined legs (the sequencing legs) equidistant
from this point. The ATC officer must give instruction “Direct-to” to the merge point
at the direct time. The legs are only used to delay aircraft when necessary and remains
the delay absorption capacity.

Point Merge is a good choice for Ukraine as a long-term perspective as in case of
rapid arrival traffic. Since 2016, the increase in annual passenger traffic in L’viv
Airport has been seen to have increased by an average of 40%. The experimental
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point merge scheme in this work was developed on the basis L’viv Danylo Halytskyi
International Airport. The 3305-meter-long runway is capable of accommodating
type D aircraft and is possible to make 20 take-off per hour.

There is no clearly defined algorithm used to determine the distribution and
sequence of aircraft approaching and landing at the airport using this method. That’s
why in this work we propose the model of automated aircraft sequencing building
during approach and landing in high density areas. On the figure 2 illustrated relative
scheme of zone in the airspace, where point merge system was realized.
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Figure 2. - Relative scheme of point merge for four arrival corridors

This scheme was developed for four arrival flows. The essence of it is that it can
automatically determine possible points on the arcs in the point merge scheme, through
which aircraft that entered the area in the same time interval should fly. So, four planes
that enter the zone automatically get directions to fly considering the separation minima
that should be kept in the area. Air Traffic Controllers should only monitor the air
situation and in case of conflicts between aircraft they must take measures to eliminate
them.
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OUIECTIPSIMOBAHA ITPOGECIAHA IMIJITOTOBKA TUCIETYEPIB YIIP 3
YPAXYBAHHAM JOCIIAKEHHSA ITIOMHAJIOK

PoGoTta mucnerdepoM YIpaBIiHHSA IOBITPSHEM pPyXOM € OAHOIO 3 HalOLIbII
BIAMOBIANBHHUX 1 CKJIATHUX BHUAIB TpodeciitHol mismbHOCTI, us npodecis motpedye
BHCOKI BHMOTH JI0 JIOJuHH-oneparopa. Jis wiei npodeciiiHol aisutbHOCTI XapakTepHO
BHCOKHH IIAHC yTBOPEHHs HE3BHMYAHHMX Ta HAJ3BHUYAHO HEOE3MEUHHX CHUTYyauil, 10
BUMAaralTh MOMEHTAJILHOTO il NPaBHJIBHOTO NPUIHATTA pilieHb. [l NpeacTaBHHUKIB
naHoinpodeciiHol MisTIBHOCTI, TOJTOBHUM YMHOM,BaXKIIHBI TaKi OCOOJIMBOCTI, SIK PiBEHb
KOHIIEHTpaNnii Ta PO3NOALTYy yBaru,IIBUAKICTH OIHKM iH(pOpMamii, IO HAIXOAWUTH 1
CHpUHHATTS i, CTIHKICTEEMOLIIHO-BONBEOBOI cdepH, MIBHAKICTH OpIEHTYBaHHS 1
IIPOTHO3YBAaHHS PO3BHUTKY CUTYallil, 0COOIMBOCTI IPOCTOPOBOTO MUCIICHHSI.

IMix TepminoM aBianiifHoi Ge3nekM MalOTHHA yBa3i CTaH NPH SIKOMY € MOXJIMBICTB
HAHECTH IMOIIKO/DKEHHsT ocobam abo MaiiHy Ta aBiamiiiHa Oe3reka 3MeEHIICHA [0
MIiHIMaJIbHOTO PIBHA 3a JOMOMOro0 Oe3nepepBHOI Aii 3 BHSBICHHS HEOE3MEeYHHX
(axTopiB Ta yrpapiHHs HeOS3IEUHUMH PU3UKAMH IJIsI aBialiifHOT Oe3reKu.

Cnocobu 3abe3rneueHHs aBialliiiHOT 6e3MeKH MOJKHA MOAUIUTH Ha 3 OCHOBHI eTaru:

e TexniuHa epa Oepe cBiii mouarok 3 1900 poky mo 1960 pik. Asiauis crama
Croco0OM MacaXUPChKHUX MEPEeBEe3eHb Y BCHOMY CBITi, B sIKOMY BinOyBamucs
TOpYIIeHHS B 3a0e3nedeHHi Oe3MeKd MONBOTIB, a TaKoX OylIM IPHUCYTHI
TeXHIYHI TPHYMHH, depe3 SKi BIIMOBIAIO oOmamHaHHA. Meromu IIOIO
3a0e3nedeHHs aBianiifHoi Oe3mekw OynM CHIpSMOBaHI Ha PO3CIIiTyBaHHS
aBlalifHUX TIOXIM Ta yHOCKOHaJeHHS (DakTOpiB MOB'S3aHUX 3 aBialifHOIO
TEXHIKOI0. BHBualouM NpPUYMHM 1 BJOCKOHATIOIOYHM NPOLEC NACAKUPCHKUX
nepese3ensb, 10 1950 poky BimOynocs icTOTHE 3HIKEHHS aBialliiHUX MOii Ta
aBapiif, a Harig 3a 3a0e3meueHHsM aBiauidHol Oe3mekd mepedunuio Ha
BI/ITIOBI/IHI OpraHy yIpaBiHHS.

e Epa moacbknx 4MHHHKIB mounHaeTbes 3 1970-x 1 mo cepemmam 1990-x
pokiB. [Tounuatouu 3 1970 poky cnoctepiraeTbCs 3HHKCHHS aBialliiHUX MOMIN
Ta KaTacTpod 3aBIsSKH BIOCKOHAICHOMY TEXHIYHOMY (hakTopy i MoJajibIioro
TIOJITIICHHS TIPaBUJI TIOB'S3aHUX 3 aBIaIifHOIO IIEPEBE3CHHSIM B YCHOMY CBITI.
ABiarisi ynqoCKOHANWIACS 1 cTayia OUThII OE3NMEYHHM BHJIOM IEPEBE3CHb, a
0co0NHMBY yBary TIOB'si3aHy 3 aBialliifHOIO OE3MEKOI0 IMiJ] Yac MOJbOTIB
TIepeMICTIIIOCS. HA MiSUTBHICTH JTIOJWHH, a TAaKOX JIOJCHKI (haKTOpH, IO SKUX
BKJIIOYAIOTBCS TMTAaHHSA B3aeMoAil JoAuMHa-MamuHa. lle mpussenono
BaKJIMBOCTI BOJIOZITH iH(OpMALi€ro PO aBiawiiiHy O6e3mneky I 4ac MmojboTiB,
SIKi CTOCYIOTBCS TeM Ta HE PO3MVLIIANKCS MMPU BHBYEHHI 1 PO3CIigyBaHHS
aBialifHuX moxiil Ta kaTacTpod. Bimbmr TOro, He AUBIAYMCH HA HOCHIICHI
BKJIQJCHHS B [iSX MO0 3MCHIICHHS ()aKTOPIB MOMHJIOK SIK JIFOJICHKHI
(akTop, BiH NPOJOBXKYBAB 3aIUIIATHCS OJHAM 3 TOJOBHHX IPHYMH, SKi
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NPUBOAMIIM A0 aBiawiiHux npuron i karactpod. Ile moxkna crmocrtepiraté
JMBIIIYMCh HA PUCYHOK 1. 3BOPOTHOIO CTOPOHOIO MEIAJUIIO CTajO BHUBUYCHHS
nroackkoro (akropy B aBiawii i Opak yBaru 70 AaHol mpobieMu B MOPiBHSIHHI
3 eKCINTyaTaliifHIMHM Ta opraHizaniifHuMu muTaHasIMy. [IpumitHo, mo B 1900-
X pokax OymomoMiTHO, IO aBiadaxiBIi NPamiOIOTE B  CKIAJHHUX
eKCIUTyaTallifHUX yMOBax, B sKi BKJIIOYalOTh (DaKTOPHW, LIO BIUIMBAIOTH Ha

CTaH 1 TIOBEIHKY JIIOAUHH.

. Opranizamniitna epa mouanacs 3 1900-x pokiB i TpuBae 10 1poro mus. [liquac
opraHizaliifHoi epu aBiamiiiHa Oe3IeKa i/l Yac MONBOTIB CTala PO3TIISIaTUCS
€IIVHE, IHIIMMH CJIOBAaMHU CTajla OXOIUIIOBAaTH BCi (haKTOpH: OpraHi3aiiiHi,
nmroAchKi Ta TexHiuHi. KpiM 1poro, AisUuIbHICTH HOB'SI3aHa i3 30HpaHHAM i
aHaNi30M JaHMX, SIKi BOAJOCS OTPUMATH B XOJi PO3CIiJyBaHHS aBialliiHUX
nofiit abo xaractpod Oyna B mepily uepry AojaHa Cy4YaCHUM «IPOAKTUBHHUM»
migxonoMm o mpobiieM 3abe3neyeHHs aBialidHOI O€3MeKH IiJ] Yac MOJbOTIB.
CywacHuil minxix 3poOJIeHMH Ha 3acTOCYBaHHS [UIS «IIPOAKTHBHUX» 1
pearylouMx MeTOAIB Mg dYac 300piB 1 aHai3y [AaHUX, METOI0 SIKHX €
BIZICTEXKCHHS BIOMHX (DAKTOpIB PH3NKY 1 BHSBICHHS HOBUX BHHHMKAIOUMX
npobiieM mix gac 3abe3neueHHs aBialliiHOl Oe3neku mix Jac moiboTy. Hosi
3acO0M CTaIM CEHCOM IMOAAIIBILIOrO MPOCYBAHHS 10 CTBOPEHHS MEXaHi3My UL

YIpaBIiHHS aBialliiHOT Ge3MeKH il Yac MoIboTy.

TEXHIYHI ®AKTOPHU

i > NIOACHKI PAKTOPU ——

CbOroJHi

| > OPFAHI3ALIAHI YUHHUKU —»

Pucynok 1. Po3Burok nporecy 3abe3neueHHs 6e3mnexu B aBiaii

‘ 19560-T1i ‘ 1970-7i

Biamosigno no KepiBuumrsa 3 ynpasminHs Oe3rnexoro nonsoTiB [1], moMuika - €

Ji€r0 9n Oe3misTbHICTIO eKCIUTyaTallifHOTO IepCOHANy, IO NMPU3BOANUTH O BIIXWICHD
Bin HaMipiB abo oxwupmaHp opraHizamii abo Iporo mepcoHamy. JlepkaBa, Tak i
npoBaiiiepn 00CITyroByBaHHS MOBITPSIHOTO MPOCTOPY IOBUHHI PO3YMITH 1 OUYIKyBaTH,

piBHs kBamidikarii abo HasBHOCTI MpaBuil, IHCTPYKLiil Ta npouenyp. Tomy, rOIOBHHM
3aBJaHHAM € 3IfCHEHHS Ta MiATPUMKA 3acO0iB 3aXHCTY U MOXJIMBOT'O 3MEHIICHHS
MOMHJIOK HPH BHKOHAHHI po00YMX 3000B'si3aHb i, 3BUYAHHO K, 3MEHIICHHS BiJICOTKIB
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HACHIAKIB BiJ 3AiHCHEHMX NOMMIOK. [yl BHpILICHHS LBOTO 3aBIAaHHS, HOMUIKA
HEOOXiJHO BHSABIIATH, NMOBIJOMIIATH, a TaKOX aHAi3yBaTW IX U TOTO, 100 BXXHTH
HEOOXiJHUX 3aXO0AiB Ul iX YCyHEHHS B MalOyTHboMY. [IOMMIIKUMOXKHA PO3AUINTH Ha
Bl HAaCTYIHIKaTEropii:

e  NpPOMAaxH i ymyIeHHs - Li¢ HEAOTPUMaHHS 3aIUIaHOBAHOTO akTy. [Ipomaxu 1e
BUMHEHI [ii, sIKi He nepeabdavyaioThes K 3aIlIaHOBaHi, a YITyIeHHS
BiIOyBaeThCs Yepe3 HeyBaXKHICTh abo moraHy nam'sth. Hampukiaz, sKio
nucrierdep YIIP mOMMIMBCS B TO3UBHHX TIPH 3aIMTi eKillaXy Ha 3HWKCHHS Ta
J1aB JI03BiJI Ha 3HW)KCHHS 1HILOMY JIITaKy - Lie IpoMax. A SIKIIO, AUCIeTYep
3a0yB noBizoMuTH exinax nosiTpsHoro cyana (I1C) npo HanpasieHHS 1
IIBUJIKOCTI BITPY MPH MOCAAL PU HECKITATHUX METEOyMOBaX — Lie
YITYIICHHS.

®  NPOPaAXYHKH - [I¢ IOMHUJIKA B [NIAHOBAaHOMY aKTi. HaBiTh, SIKIIO BUKOHATH
IUIaH KOPEKTHO 3aIUIAHOBAHMI PE3yJIbTaT HE BAAJIOCS O OCSITH BCE-O/IHO.

Pi3HHI MiXK TOMHUJIKAMH 1 HOPYLICHHSMH MOJSATa€e B HAMipi. Y TOH Yac sK MOMHJIKA
- Lle HCHaBMHCHHI BUMHOK, MOPYILICHHS € YMUCHUM Ji€i0 a00 Oe3MisIbHICTIO 3 METOI0
BIZIXO/ly BiJl BCTAHOBJICHHX MPOLEIYD, IPOTOKOIIB, HOPM 1 IPAKTUKH.

IMomunku abo MOPYLICHHS MOXYTh HPH3BECTH [0 HEIOTPUMAHHS HOPMATHBHHX
[OJIOXKEHb a00 3aTBEP/PKCHHMX MpaBui ekciutyatarii. CyBopi 3aXxoju, BXHTI IIOIO
(haxTiB HEJOTPHMAHHS, MOXYTh, 3a BIJACYTHOCTI IHIIMX IPOLENYp, IPHBECTH MO
3MCHIICHHS HAJAHUX [aHUX [PONOMWIKH. BiImoBimHo, naepxkaBa, a TaKOX
MOCTa4YalIbHUKN OOCITyroByBaHHS MOBHHHI INIPH PO3IJIAAl aJeKBaTHOCTI IMOKapaHHS
BUPILINTHU, YH € GAaKTH HEAOTPUMAHHS MOPYLICHHAM a00 HEHABMHCHOI OMMIIKOIO, IIPH
bOMY 3a3BHYail BHOIp KPUTEPII0 OLIHKM HEAOTPUMAHHS POOUTHCS MK YMHCHHM
HEBUKOHAHHAM O00OB'A3KIB 1 3JI0YMHHOT XaJIATHOCTI.

Jlns xoHTpomoBaHHS a00 yCyHEHHS IIOMIJIOK HEOOXiJHa pealisamis cTpareriit
Oe3nexn 1moiboTiB. Crparerii KOHTPOJIIO IOMWJIOK BHKOPHCTOBYIOTH OCHOBHI 3aco0H
3aXKCTy B paMKax aBialliifHOT cHCTeMU. BOHM BKIIIOYAIOTh HACTYIIHE:

e  Crparerisi 3MeHIIEHHsI 3aCTOCOBYETHCS O€3M0CEPENHBO IUISTIXOM 3MEHIIEHHS
a60 ycyHeHHs1 GakTopiB, 10 CIPHUSIOTh BHHUKHEHHIO TOMUIKH. JI0 PHUKIIaiiB
cTpareril 3MCHIIEHHS BiJHOCATHCS IOJIIMIIECHHS €ProHOMIYHUX (akTopiB 1
3MEHIICHHS  KIIbKOCTi  BiJJBOJIIKAIOYMX MOMEHTIB B  HABKOJHIIHHOMY
CepeIOBHIIII.

e  Crparerisi mepexonsieHHs rnepeadayae, Mo MOMIWIKa Oyze 31iiicHeHa. MeTta -
"nepexonuTu" MOMUIIKY, MEpII HiXK BUHUKHYTh Oy/b-SKi HEraTUBHI HACIIiAKA
takoi momuiku. CrpaTeris NEepeXOIUICHHS BiJpI3HIETHCS Bil cTpareril
3MEHILICHHSI THM, 1[0 BHKOPHCTOBYE KOHTPOJBHI KapTH Ta IHIII MPOLEIypHi
3aX0/H, a He CIIyXKHUTh 0e3M0cepeHBO0 3aC000M YCYHEHHS TOMUIIKH.

e Crpareris TOJIEPAaHTHOCTI - L€ 3[aTHICTh CHUCTEMH HPUHWHITH Te, IO
nommwika Oyze 3ailicHeHa, ane 6e3 cepito3nux Hachiaki. [IpukiIamoM Takoro
migxony € OaraTopa3oBe pe3epBYBaHHS CHCTEM 1 OaraTocTymiH4acTi
TIePEBIPKH.

OckinbKH Ha poOOTY IepcoHATy 3a3BHYall BIUIMBAIOTH OpTaHi3alliliHi, HOPMAaTHBHO-
IIPABOBI Ta €KOJIOTIYHI YNHHUKH, YIIPABIIHHSA (aKTOPaMH PU3UKY ULl OE3IIEKH MOIHOTIB
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MOBUHHO BPaxOBYBaTH OpraHizalliiHy MONITHKY, NPOLEAYPH 1 pErjJaMeHTH, sKi
CTOCYIOThCS 0OMiHY iH(OpMali€0, IUIAaHYBaHHS IMOJBOTIB eKiMaxiB, PO3MOIITY
pecypciB i OI0/PKETHUX 0OMEKEHbB, SIKi MOXKYTh CIPUATH BUHUKHEHHIO TOMIJIOK.

IMponmec 3BOpOTHOTO 3B'A3Ky, MIATPUMYBAaHHN BEIMKAM CIIUCKOM KOHTAKTiB
npoBaiiepaMu  aepoHasiramiifHoro o6cmyrosyBaHHs (ANSP) 1 excmyarantamu
noBiTpstHKX cyneH (AO) 1 mixrpuMyBannii komannoo EVAIR, € HalOLIbII BaskIIMBUM
IHCTpYMEHTOM, IO [03BOJsie OOMiHIOBaTHCS iHGopMamiero mpo moxii 3 OIIP Ta
pe3yiabTaTaMu  pO3CIiAyBaHHS  CHCTeMympaBiniHHsi  Oesmekoro  (SMS)  mix
eKCIUTyaTaHTaMu ToBIiTpsHUX cyneH (AO) 1 mnposaiizepamu aepoHaBirauiiHOro
obcnyroByBanus (ANSP). Kpim Ttoro, mpouec 3BOpOTHOro 3B'SI3Ky 1 OTpHMaHi
pe3yibTaTH PO3CIigyBaHHS CUCTEM yrpaBiiHHs Oe3nekoro (SMS) 3 inpopmauiero mpo
BXHTI 3aXOJM € HaWOUIBII BaXJIMBUM (HaKTOPOM, IO CIOHYKA€ 3alliKaBJIEHI CTOPOHM
nagasatd EVAIR 3Bita npo nopii. Panne BusBiIeHHS poGiieM 3a JOIIOMOT0I0 00poOKH
MOMiH HHU3BKOTO pIBHSA CEpPHO3HOCTI 1 HAmaHHA 3BOPOTHOTO 3B'SI3KY JIO3BOJIIE
3aCTOCOBYBATH 3allOODKHMI MiAXix o Oe3NeKkW i rapaHTye, IO OKPECNICHI MHTaHHS
MOXYTb OYTH IIBUKO BHIPaBIeHI a00, MPUHANMHI, TIOM'SKIICHI.

OpHUM 3 TOKa3HHKIB €(DEeKTHBHOCTI MpOLECYy 3BOPOTHOTO 3B'I3KY, @ TaKOX VIS
po3cIigyBaHb CHCTEM ynpasiiHHs 6e3nekoro (SMS), € TuMuacoBi paMku, HEOOXiIHI s
MPOBEACHHS PO3CIiAyBaHb i MiATOTOBKH BIATYKIB PO MPEICTaBICHHUX 3BiTaX PO MOii.
V nepiox 3 2015 mo 2019 pik Ha OTpUMaHHS 3BOPOTHOTO 3BSI3KY WIIJIO B CEPEAHBOMY
28 nuiB. Hatikpammii pesymsrat OyB mocsrHytnit B 2017 pomi, KoJM Ha HaJaHHS
BIAKJIIMKAHHS Mo Bckoro 11 muiB. Xopomi pesynsraTi Oyiau gocsaruyTi i B 2018 poui,
KOJIM Ha 11e minwio 18 mHiB, i B 2019 porri, konu Ha 1e 3Hago0mnocs 16 aHiB. 3BOpOTHiit
3B'30K, SIKMH € NPOJYKTOM pPO3CIiJyBaHb CHCTEM ymHpaBiiHHS Oesrmekoio (SMS), mo
MPOBOIATHEKCILTYaTaHTH MOBITPsHUX cyaeH (AQO) i mposaiizepu aepoHaBirauiiiHOro
o6cnyroByBanus (ANSP), pobuts 6a3y nanux EVAIR nosHioro.

=4

FURGCONTROL
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67

KinbKicTb AHIB AN 3BOPOTHOTO 3B'A3KY

2015 2016 2017 2018 2019

Puc. 2. Tepminu HagaHHs 3BOPOTHOTO 3B'13KY B niepiox 2015-2019 pp.
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REGULATORY COORDINATION OF UNMANNED AMATEUR ROCKETS
AND FREE BALLOONS LAUNCH.

The aim of my work was to study how the amateur missile launch affects the safety
of the airspace and how this process is regulated by regulations. To do this, I compared
the regulation of launch in the most developed country in this matter - the United States
and regulation in Ukraine.

The practice of launching amateur rockets and probes is very widespread throughout
the world and is gaining considerable popularity among a wide range of initiative
groups. These include a significant number of student design bureau in Europe and the
United States. Therefore, Ukraine is no exception.

The legislation basis is quite developed and adapted in the United States - tens of
thousands of rocket enthusiasts, and there are strict laws that regulate student rocket
launches. You can only launch a rocket at special training grounds. To do this, you need
to submit an application in advance, on what day and at what altitude the flight is
planned. If the airspace space is free, then it is possible to receive permission to launch,
and not for the whole day, but for a certain time.

In order to describe the organization of an amateur rocket launch in USA, it is
important to take into consideration the study’s recommendations on “best practices” of
the National Association of Rocketry (NAR), which is a non-profit scientific
organization dedicated to consumer safety, youth education, and the advancement of
technology in the hobby of space modeling (sport rocketry) in the United States.

First of all, before launching a rocket, it is necessary to choose a launch site that will
be safe. To do this, there are certain restrictions in the United States that will help to
choose a launch site.

After selecting the place that meets the requirements, it is necessary to ensure the receipt
of launch permission. Since no matter what model rocket you have, it is always needed
to get the permission of the landowner\manager to launch on their land.

There are three main types of permissions needed to launch model rockets. The
operator may be required to get none or all of the following ones:

- from the launch site’s Authority Having Jurisdiction to launch on their property;

- from the Federal Aviation Administration to use the airspace for launch;

- additional authorization for local government.

In the USA, rocketry is governed by two federal institutions. As well as state and local
governments.

The Federal Aviation Administration has authority over everything that enters the
air, including rockets, drones, r/c planes, etc. They decide what can fly where and when.
And section 101 of the Federal Aviation Regulations (FAR) manages all forms of
rocketry. To oversimplify it, if your rocket is strong enough to interfere with other
aircraft, you must first get approval from the FAA to launch it.

The ATF has authority over explosives. They regulate rocket motors, black powder,
igniters, electric matches, and other incendiary devices commonly used in rocketry.
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Fortunately, Rocket motors are no longer considered explosive devices by the ATF.
That means operators do not need to register rocket motors with the ATF or be subject
to their inspection. However, rocket motors are still deemed as hazardous materials. So
there are additional regulations for mailing, shipping, and storing them.

When it comes to model rocketry, most states have implemented all or parts of the
NFPA 1122 code for model rocketry as regulations for model rocket activities. The
National Fire Protection Association (NFPA) is an international nonprofit organization
that concerns itself with preventing fires. They release NFPA codes that regulate the
using and making of fire-related things. These codes regulate model rocketry, cover the
manufacturing and certification of commercial rocket motors and manages high-power
rocketry.

The person or institution that owns or manages the land on which you want to
launch your rockets is called the Authority Having Jurisdiction (AHJ). Operators always
need to get the (preferably written) permission of the Authority Having Jurisdiction
before model rocket launch. This is still the case, even if that land is undeveloped or a
public park.

Rockets that are strong enough to interfere with aircraft require the permission of the

Federal Aviation Administration to use the airspace. This permission is called the FAA
waiver. To know if an FAA waiver is required, it is necessary to determine the class of
rocket. Rockets are classified by the Federal Aviation Administration into three classes.
For launching Class 1 model rockets, no additional permission needed from the FAA.
While Class 2 and Class 3 rocket launches require an FAA waiver. This is necessary so
it is possible to use the airspace above the launch location.
Class 1 rockets are easy to come by and don’t require a certification to purchase. An
FAA waiver is not needed, if this type of model rocket is planned to launch. To launch
High-power rockets and (particularly) advanced high-power rockets, operators must first
get an FAA waiver.

We do not have this in Ukraine yet. To realistically describe the organization of
amateur rocket launches in Ukraine, I contacted representatives of the Space Cossacks
team. Space Cossacks is a team of highly qualified engineers, researchers, and
enthusiasts who develop, test, and operate technological solutions in the aerospace
industry in Ukraine. They shared the information about the process of obtaining proper
documents for launches into the stratosphere because they are focused on the
development of advanced technologies for work in the stratosphere.

To launch into the stratosphere, a representative of the team writes an application to the
military of Ukrainian State Air Traffic Services Enterprise in the electronic form to
email navigator@uksatse.aero. The application is submitted approximately 20-15
working days before launch. It describes the purpose of the launch and a complete
description of the stratospheric apparatus. Specialists of Ukrainian State Air Traffic
Services Enterprise prepare all the necessary inquiries and the team receives a letter
from the air traffic controller with an algorithm of actions. According to this algorithm,
it is possible to start from one of two points in Ukraine. The starting point depends on
the wind. It is reported on the day of launch. On this day, an air navigation warning is
issued to airspace users throughout the flight time of the stratostat. Also, air traffic
controllers of the area control center and the duty of the control center of Anti-Aircraft
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Defence Forces of Ukraine must be notified before the launch of the apparatus and after
its landing.

Therefore, the work of the team that launches the object into the stratosphere is only
to prepare the application and follow the provided algorithms.

In general, the organization of missile and probe launches can be described as
follows. First of all, necessary to determine the launch site in accordance with the
requirements. Then get permission to run at the landfill. After obtaining permission, it is
necessary to prepare the rocket and probe. When all the above actions are performed,
you go to the launch site. At the launch site, it is necessary to prepare and deploy ground
infrastructure. Next is the preparation of the missile and probe for launch. They must
pass all pre-launch checks. When the test is complete and the rocket and probe are
ready, you can confirm the readiness to launch. When the telemetry is running, you can
prepare to start.

As there are no clear regulations in Ukraine regarding unmanned amateur rockets
and probes, the task arises to adapt the existing rules to our realities. Uncontrolled
launch of these devices can lead to flight safety violations. Therefore, it is also important
to find ways to solve the problem of safety in the use of Ukrainian airspace during such
launches. Operators must also clearly define the legality of the place for a possible
launch, depending on the type of device being launched, the rules for storage and
transportation of explosive materials used in production, and the method of obtaining
permits for such activities. It is important that during an uncontrolled descent, the rocket
must not interfere the airspace in which such activities are prohibited.
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CYYACHI ITPOBJIEMHA ABTOMATH3AIII ITPOIIECIB B OPITP

Tepmin "aBromarm3amis" - IpoIeC IOBHOTO YU YAaCTKOBOTO IPEICTaBICHHS YU
30inbLICHHS (QYHKLIT 91 MOCIHYT, SKa paHillle BUKOHYBAJIach JIOJHHOI. ABTOMATH3ALisA
B cuctemax OplIP xommiekcHuit mpouec, sikuii moTpedye MOBHOI iHTErpauii B podoTy
noauHu-onepaTopa. [Ipu3HadeHHs aBTOMATH3alil - CHPOIIEHH poOOTH AucreTdepa, 3
METOI0, HaJaHHs Oe3NEeYHMX MHOCIYr 3 YNPaBIiHHA HOBITPAHUM PyXOM, 3MEHIIMTH
poboue HaBaHTAXKEHHS, 30UIBIINTU MPOIYCKHY 3[aTHICTH MOBITPSHOTO MPOCTOPY, MPH
I[bOMY, 3MEHIIIYIOYH KiIBKICTh TIOMMIIOK ITiJT 9aC pOOOTH 3 BEIMKOIO KiJBKICTIO Tpadika.
OpIIP Bxe Ma€e IMUPOKUHA CIIEKTP TEXHOJIOTIH Ta CHCTEM, SIKi 3a0e3MedyI0Th MiATPUMKY
aBToMarm3anii ans mepcoHanmy: Radar Data Processing, Electronic data displays,
Electronic flight strips, Mode S down-linked airborne parameters, Safety nets such as
Short Term Conflict Alert u T.1.

JHocnimxenns SESAR nokasaso, o po3pobiena paniuie Takconomis cucrem OpIIP
HE MOrIJia IMOBHICTIO 3aJOBOJBHUTH BHMOrM Kiacudikauii texnonoriii OplIIP, B
OCHOBHOMY 4Yepe3 BiICYTHICTh Habopy KorHiTuBHHX (yHKUiH. Biamosizno, SESAR
po3poOuB HOBHH piBeHb cuctemaruku aromarusanii (LOAT), nHarxHeHHUH
MOTIEPEIHROI0 POOOTORO, siKa Oepe 0 yBarw He TUTBKH OOMIH JaHUMH MiXK CHCTEMaMH,
aje me W monceki ocobmuBocti. s koxHOl ¢yHKmii, Oymu pospoOneni piBHI
aBroMaTm3amii Bix 0 (BHKOHaHHS 3a/7ad Bpy4HY) 10 8 (IIOBHA aBTOMarm3amis). Ale,
HE3BaXKAIOUM Ha yCi epeBard KOHLEMILT «piBHI aBTOMATH3aLi1», MU BCE K TaKH MaeMO
nmeBHi TpyaHouy. Mu mi3HO moMITWIM TOH (aKT, HACKUIBKM BaXJIMBa IHTErpais
JIFOJICBKOTO YMHHUKA TP IPOSKTYBaHHI, MPOrpaMyBaHHi MOTIOHUX CHCTEM.

Ha cphoroaHimHiii aeHb, icHye 6araTo cy4acHUX TEXHOJIOTiYHHX po3pobok B OpIIP, i
HAJMBJSTYACh HA I[I€, MA BCE IIe MaeMO MPOOJeMH, SIKi MOTPIOHO BHPIMIUTH, OO
JIOCSATTH TIOBHOT NOBipH 10 aBToMaru3aiii. Cepex mux mpoOieM MOKHA BUAUIHTH Taki:
HEJOCTaTHBO PO3POOJICHI HpOLEAypH aJanTamii 0 HOBHUX TEXHOJIOTiH; HemOCTaTHE
IUTAaHyBaHHS MOBEIIHKHM CHCTEMH IiJ 4ac 3001B; MOBEIIHKA JTIOJUHU HE BPaXOBYETHCS
HAJICKHUM YHMHOM IIpH OOCIYrOBYBaHHS Ta pPO3pPOOLI TaKMX CHCTEM; TEXHOJIOTii
BIIPOBAUKYIOTHCS Ta PO3POOIIOIOTECS 6e3 0cOOIMBOT yBark 10 OCOOIUBOCTEH JIIOAUHHU.

VkpaiHa mie Janeka Bil BHCOKMX MDKHApPOAHHX CTaHAAPTIB. AJie mpoBaiiiep
aepoHaBIralifHUX MOCIYT, TiICHO CHIBIPALIOYH 3 €BPOKOHTPOJIEM, NPOTHE Z0 TOTO,
mo06 piBeHb aBTOMAaTH3AIli{ BiAMOBIIaB BUCOKMM MIXKHAPOJHUM CTAaHJApTaM.

[MincymoBytoun, B3a€MOAis JIIOAMHM 3 TEXHOJIOTIIMH 1 aBTOMATH3alli€lo Ha
CBOTOJHINIHII JIeHp IIeé HEJOCTATHBO PO3IJISHYTa. ABTOMATH3alis - CTBOPIOE HOBI
JIOJICBKI  CIa0KoCTi 1 mocwimoe icHyrowi. Ilomanmpmmii po3BUTOK aBTOMATH3amil i
pO3poOKM B3aeMoOZii JIIOJMHA-aBTOMAaTHKA HA JaHUH MOMEHT € Jy)Xe aKTyalbHOIO
po6IIeMOt0 /Tst 301JIbIICHHS PiBHS O€3MEKH MOBITPSIHUX MIEPEBE3eHb B YCHOMY CBITI.
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COMPARATIVE ANALYSIS OF WEATHER HAZARDS INFLUENCE
ON DIFFERENT PHASES OF FLIGHT

Adverse weather conditions have always been one of the primary contributing
factors thatdirectly impact the safety and operation of a flight in all phases.From the
manifestation of atmospheric electricity such as lightning, thunder,and precipitation such
as rain, snow toan ensemble of suspended or blowing solid particlesin the air such as
haze, sandstorm, each of them affects an aircraft’s performance in a different manner.

For this research, five different types of weather hazards were taken into account to
evaluate their significancesfor every phase of flight: Windshear, Thunderstorm, Icing,
Sandstorm and Volcanic Ash. Each of these extreme meteorological conditions can
severely and differently disturb not just an aircraft's ability to fly but also to take off in
the first place. Windshear with its characteristics of suddenly changing velocity and
direction is particularly hazardous at low levels as it may result in a sudden loss of
airspeed, altitude andreduction in climb rate. Thunderstorms pose a threat to flights as
they are often accompanied by lightning, hail, low ceilings and visibilities, turbulence
and icing. Either happening in the air or on the ground, icing on the airframe can
seriously hamper the function of control surfaces, propellers, windscreen, pitot tubes,
static vents and air intake which will eventually lead to areduced aircraft performance
not only in control but also in fuel consumption. While both sandstorms and volcanic
ash can dramatically reduce visibility and ingest particles into the engine causing
abrasion and blockage, only sandstorms could be detected on weather radar. Due to the
small particle sizes of which ash clouds are made of, they will not show up on the
airborne weather radar and ATC radars.

Based on the final results obtained
from  calculations  using  Expert
Judgement Method,, a histogram of
weight coefficients of weather hazards in .
three phases of the flight was built (Fig. ..

1). As can be seen, windshear takes the oo

first place as the most impactful in both ¢~~~ °© e ST

takeoff/climb and  descend/landing ko

phases, whereas icing and volcanic ash

have the least influence respectively. For ~ Fig. 1. Weight coefficients of weather hazards

the enroute phase, it is statistically influence on different phases of flight

estimated that thunderstorm is more influential than the rest while sandstorm ranks last.
All forms of extreme weather may have a substantial impact on flight operations in a

variety of ways.Understanding their significances on each stage of flight plays a massive

role in ensuring the safety and efficiency of aviation.

Enroute [ Descend/landing
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INTELLIGENT COLLABORATIVE DECISION-MAKING SYSTEM BY THE
PILOT / AIR TRAFFIC CONTROLLER / UAV OPERATOR IN EMERGENCY

ICAO documents recommend the development of intelligent expert systems in
aviation to support decision-making by operators. The efficiency of aviation systems and
flight safety depend primarily on the reliability of the human operator, as well as on his
timely professional decisions.

The global working concept of air traffic management (ATM) envisages
collaborative decision-making in air traffic control based on dialogue and real-time
information evaluation. Coherent and clear interaction between ANS operators is
paramount during in-flight emergency. Air traffic controller is responsible for the
correctness and timeliness of the information and instructions provided to the flight crew
and / or UAV operator, so obviously air traffic controller plays an important role in such
situations. The main requirement for air traffic controller during emergencies is constant
readiness to provide required assistance to flight crew, depending on the type of
situation, taking into account the situation in the air and meteorological conditions. If
there is a need for an immediate response to emergencies, there is a necessity to
introduce new technologies and develop intelligent systems to support safe and effective
collaborative decision-making. The methodology of such systems can be used in
decision-making in emergencies and selection of appropriate measures to prevent them.

The purpose of the research is development of an intelligent decision support system
by the ANS operator in case of engine failure for further improvement of situational
awareness and the decision-making process by the ANS operator with the use of new
artificial intelligence technologies.

The current reality is that many air traffic controllers (ATCOs) could go through
extensive periods of time without having to deal with emergency or abnormal traffic
situations. These are situations which present anything out of the ordinary. Because of
this infrequency, it is crucial that ATCOs maintain a level of constant awareness and be
kept in practice for dealing with any potential situation to ensure that safety is not
compromised when an unusual/emergency event occurs.

Based on the processing of a constant flow of information, the ATC issues dispatch
permits and instructions to avoid or resolve a potential conflict situation between the
aircraft. Therefore, a person is believed to be that a key element of the work of today's
automated air control systems (Fig. 1.1).
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Fig. 1 — Simplified ATC Cycle

Most European air navigation service providers successfully apply the ASSIST
principle, which was introduced by the German air traffic control body Deutsche
Flugsicherung GmbH (DFS).This abbreviation is familiar to all the aviation specialists.
ATS controllers around the world use it in case of an emergency, as the ASSIST code is
the most convenient and understandable in case of emergencies (Acknowledge,
Separate, Silence, Inform, Support, Time). All the aforementioned abbreviations are not
so commonly used nowadays.

The pilot’s immediate priority is to ensure the safe flight path and condition of the
aircraft. This not only includes the flying of the aircraft but also the completion of
checklist drills. The safe flight path may even include the initiation of a controlled rapid
descent.

For a modern two-crew flight deck, the flight crew distribute the responsibilities
between the available crewmembers. Under normal conditions, one flight crew member
(pilot flying) takes responsibility for the flight path of the aircraft while the other flight
crew member (pilot not flying or pilot monitoring) deals with all radio communications
and actions/reads out checklists. In order to maintain the correct balance of workload in
an emergency when additional QRH checklists and AFM procedures may be required,
the pilot flying will often assume responsibility for radio communications.

The FAA Guide “The Pilot's Handbook of Aeronautical Knowledge” Chapter 17
“Aeronautical decision-making” provides models recommended to reducing the number
accidents and helping pilot in taking decisions during emergency. Decision-making
needs a systematic approach to mental processes, which must be consistently used by
pilots to select the best strategy according to the circumstances. For example, including
the PAVE model in pre-flight planning, a pilot divides flight risks into four categories:
PIC commander, Aircraft commander, Environment (EnVironment), External pressure
factors (External pressures).

Unmanned aerial vehicles (UAVs) are quickly becoming an indispensable part of
modern aviation. The development UAVs is currently being carried out by virtually all
industrialized countries in the world. Until recently, UAVs had a military purpose, but
now the use of UAVs is effective in solving both military and civilian problems, e.g. for:
support in dealing with emergencies, dealing with the consequences of natural disasters;
using in agriculture, support of mobility in smart-city; reconnaissance, aerial
photography. Unmanned aerial vehicles are classified by way of take-off and landing,
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airfield and non-airfield, also taking off from the runway or with a catapult; landing to
the runway or by parachute or by using snares (Table 1).
Table 1 — UAV Types

UAY types

NeClass|Classification Subclass Code
name

1l A UAV Surveillance UAVs Ay

classification Agricultural UAVs A,

by purposes | Relays communications UAVs| A,

Ay

2l B UAV UAV of a short flight (1 hour)| B,

classification| Medium-flight UAV 's(from 1| B,

by duration to 6 hours),

of the flight | Early flight UAV’s (6 hours). | B;

B.

3 C UAV Micro UAVSs (to 1kg). C,

classification Small 1 - 100 kg, C;

by weight. Lightweight 100 - 500 kg. | C;
Medium 500 - 5000kg. Cy
Heavy 5000 - 15000 kg. Cs
Superheavy 15,000 kg or more | Cg

4/ D UAV UAVs airplane (fixed-wing) | D,
classification |UAVs helicopters (rotary-wing)| D
by the type of], UAVs with flapping wings. | Ds

aircraft e D,
5| E UAV Airfield take off UAV E,
classification| Non-airfield UAV taking off | E,

by way of from a catapult;
take-off | Non-airfield UAV taking off | E:

from hands

e I-‘:I\
7 F UAV Airfield landing UAV F,

classification| Non-airfield UAV landing | F,
by landing | with the help of parachute;
way Non-airfield UAV landing | Fs
with the help of snares;

8| G |UAVSs by the UAYV of single usage G,
number of UAV of repeated usage G,
applications @

Let us have an overview of UAV performing different tasks with purposes. Air
traffic controller using technological procedures “ASSIST” decides in emergencies of
flight. At a certain stage of flight is probable extraordinary or emergency situations (e.g.:
loss of control, engine failure, etc.), where it contains risks to lost UAVs. Taking into
account the high cost of UAVs it is proposed to build an algorithm of UAV’s operator
actions using module “ASSSIST” for each type of UAV. Module «ASSSIST» includes
in Distributed Decision support system (DDSS) and has models of the Decision Making
(DM) by H-O under Certainty, Risk and Uncertainty.
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So, according to ASSIST there are such types of emergency situations which
can be on a board of UAV: bird strike, brake problems, communication failure,
electrical problems, emergency descent, engine failure, fire on a board, fuel problems,
gear problems, problems with the hydraulic system, icing, fuel dumping, emergency
landing, take-off abort, low oil pressure. In addition, actions of UAV’s operator almost
the same like actions of a pilot of a civil aircraft. So, the same types of emergency
accordingly may be related to happening on a board of UAV. Consequently, actions of
UAV’s operator are almost the same as actions of a pilot of a civil aircraft (Fig. 2).
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Fig. 2 - UAV’s Operator Actions Algorithm
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MOKPAIIEHHS KPUTEPIIB SIKOCTI JMUCKPETHAX CUCTEM
VIOPABJITHHA B BE3MIJIOTHIN ABIAIIIT

BesninoTHuit niTanpHUi amapaT 3iMITOBXYEThCS 3 PI3HUMHU MEPELIKOJAMHU MiJx 4ac
MONBOTY, SKi BIUIMBAIOTh Ha SIKICTh Ta CTilikicth cucremn. CydacHomy BIIIA
BUCYBAIOTBCSI BUMOI'M HE TINBKHM CTifIKOCTI HPOLIECIB pEryNOBaHHS, aje il MEBHHX
MOKA3HMKIB SIKOCTi, AKi MOTPiOHI 11 Ipane3faTHOCTI CHCTeMH. TOMy aKTyalbHO
PO3MIIsIATH MOKPAIICHHST KPUTEPIiB SIKOCTI 3aIs TOro, 00 JTOCATTH MaKCHMAbHO
e(eKTHBHOTO Ta TPUBAJIOTO MOJIBOTY.

Ha naHuii MOMEHT JIOAMHA [parHe O aBTOMAaTH3alil BCIX MPOLECIB, IO
CYIPOBOKYIOTH 11 kHTTA. [lepemkoam, mrymMu Ta pi3HI BUAM 30BHIIIHIX BIUIMBIB Ha
CHCTEMY NPH3BOJATH JO TOTO, IO CHCTEMa IPAIIOE HEKOPEeKTHO. Yepes Iie BUHUKAE
3aBJAHHS 3HATH TOYHI 3HA4YEHHS CTaHIB o00'ekTa, 00 BYACHO Ta MIBHUIKO IX
peryiroBati. TaKUM YHHOM MOKa3HHKHU SKOCTI CUCTEMHU OYIyTh MaKCHUMAJIbHUMH.

ITpu 1o6GyOBi CHCTEM aBTOMATHYHOTO YIPABIiHHSI OCHOBHOIO METOO € JIOCSITHEHHS
eKCTpeMyMy KpuTepito skocTi. Ile Mae HasBy ONTHMalbHOIO KepyBaHHs. SIKicTb
AQBTOMATHYHOI CHCTEMH YIPABIiHHS BHM3HAYA€THCS CYKYIHICTIO BJIACTHBOCTEH, SKi
3a0e3neuyloTh e(heKTHBHE (QYHKIIOHYBAaHHS K 00'€KTa YIPaBIIiHHS, TAKOXK 1 KEPYIOUOro
HPHUCTPOIO, TOOTO BCi€T CUCTEMH YIPABIiHHS 3arajioM. BIacTHBOCTI, 1110 CTAHOBIIATH LFO
CYKYITHICTh 1 MaroTh KUJIBbKICHI BHMIpIOBaui, HAa3WBAIOTh KPUTEPisSMH (TIOKa3HHUKAMH)
SIKOCTI CUCTEMH YIIPaBIIiHHS.

KnacuuHuii NPUHLIUI CTBOPEHHS ONTHMAIBHUX KEPYIOUMX BIUIMBIB B 3aBJaHHI
ONTUMAJIBHOTO YIPaBIIiHHA Ha (DiKCOBaHOMY NPOMIXKY 4acy T mossirae B HACTYHHOMY.
Bynyerbcs nerepMiHOBaHAa MOZEIb 3aBIaHHS YIPaBIiHHSA Ta BBAXAETHCS, 10 B POLIEC
yIpaBiliHHA OyayTh AOCTYIHI TOYHI 3HaueHHA cTaHy o0'ekta. [N ONTUMAaIbHOTO
KepyBaHHSI BAKOPHCTOBYIOTHCS ONITHMAJIbHI peryistopu [2].

TexHiYHMI pe3yJbTaT PeryisiTopa MoJArae y MiJBHIICHHI MIBUAKOIT YIpaBIiHHS,
CIPOILIEHHI TEXHIYHOI peaii3aiii, MiJABUIICHHI TOYHOCTI PEryJiOBaHHS, AeMI(pyBaHHI
cucteM 0e3 BTpaTH LIBUAKO/IT Ta OTPUMAaHHI KiHIIEBOTO Yacy peryitoBanHs. TexHiuHuit
pE3yJNbTaT IOCATAETHCS BBEACHHAM Y pPEryiasarop ONOKy BH3HAYE€HHS MOMEHTIB
NepeMUKaHHsA Ta OJIOKy BH3HAYEHHS CUTHAIy KOpEKLil BIUIMBY, WO ynpasise. B
pe3yibTaTi BU3HAUECHHS LMX BEJIMYMH 33JaTYMK KEPYIOUOro BIUIMBY (GOpPMye CHIrHal
YIPaBJiHHS, BEIMYMHA Ta MOMEHT 3MIiHU BEJIMYMHU SIKOTO HAHOLIbII ONTHMAJbHI IJIs
o0'exTa ynpapJiHHS, IPOLEC PETYIIIOBAHHS SKOI'O OMKHCYETHCS EBHOK MaTEMaTHYHOO
3aexHicTo [3].

KpiMm Toro, 610K BU3HAUCHHSI CUTHAITY KOPEKLil MPU HEMAPHOMY [OKa3HHKY PiBHS
CHCTEMH pEryJIOBaHHS MICTHTh iHBEPTOpH, IOMHOXYBadi Ha [Ba, 3aJaT4MK
OJMHHUYHOTO CHUTHaly, IIOMHOXYBad, CyMarop i MOCTiZOBHO 3'€lHaHi KepoBaHi
CIIEMEHTH 3aTPUMKH, BHXiJl cymartopa 3'€HAaHMIl 3 HEpLIMM BXOJOM IIOMHOXYyBaua,
JPYTHH BXiJl IKOTO € BXOIOM OJIOKY.
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IMpuctpiii HaJIeKUTH 10 Trajiy3i YHpaBIiHHS i MOke OyTH BHKOPHCTaHE B KaHalax
YIOpaBIiHHS JHTAJIbHUX alapaTiB, eJIEeKTPONPUBOAIB poOOTIB 1 aBroMarm3amii
TEXHOJIOTTYHUX TpoIeciB [4].

3a momomororo mpukiagHoi mporpamu Matlab My MaeMo MOXJIMBICTH MOOYIyBaTH
QHAITUYHY MOZENb JCTCPMIHOBAHOTO ONTHUMAIBHOTO PETyJATOpa Ul AUCKPETHHX
CHCTEM Ta BH3HAUUTH KpUTepil SKOCTI LUX CHCTeM. MH pO3IIIsAaeMo JIiHIHHY
IIICKPETHY CHUCTEMy, sIKa 3a7aHa 3a goromororo 4 marpuips (A, B, C, D). Perymsarop
HEOOXiZTHO CHHTE3yBaTH JUI IIOCIIZOBHOTO 3'€QHAHHSA OO0'€KTa Ta BHKOHABUOTO
MEXaHi3My, OCKUIBKH JUHAMIKa PyXy JIiTaka Ta pyIbOBUX OPTaHiB ONUCYETHCS PI3HUMU
cucTeMaMu PiBHAHB. [l TOOYZHOBH caMOro peryssaTopa HaM HeoOXifHI BaroBi MaTpHIl
Q i R. 3a ngomomoroxo BaroBHX MartpHilb (DYHKIIOHANY SKOCTI MOXKHA BIUIMBATH Ha
HepexifHuil mpolec y 3aMKHYTIH CHCTeMi KepyBaHHs. IIpM 3MiHAax LMX MaTpUllb MU
CIIOCTEPIraEMo SIK 3MIHIOIOTBCS TAPaMETPH ONTUMAIBEHOTO PEryisiTopa, Je:

- K — MaTput ontuManbHUX KOeDiI[ieHTiB MiICHICHHS IUCKPETHOTO PETYISITOPa;

- S — MaTpHIs, IO € PIIEHHSAM JUCKPETHOTO PiBHSIHHS PikkaTi;

- E — BekTOD, 110 MICTUTP BJIACHI YKCIa MaTPHUII CTaHiB 3aMKHEHOT cuctemu A-BK.

[Noka3Huku sikocTi Oyi0 3HAIIEHO 3a TOMOMOTO JIBOX orepaTopi: dlyap Ta trace.
IMepmmii omeparop nokasye pe3ysbTaTH PIlIEHHS IUCKPETHOTO piBHsAHHA JIsmyHOBa,
JPYTHi — CIII MaTpUIi, Bi SKOTO 3aJICKUThH 30epiraHus, pict abo mamiHHA (a3oBOro
00’emy cucremu [1].

3a pe3ysabraTaMy po3paxyHKiB BHsBICHO, 1o mpu R=0.1 mokasHuk sikocti b Oyzne
nocsiraTd MakcuMmanbHoro 3HadeHHs (b=06), oTxe cucrema Oyzae OuTbII CTiIKOIO Ta
edpexruBHimow. A npu R=0.5 nokasuuk sikocti b mae menmre 3Hauenus (b=1.69). Tomy
NPY PO3TIISIAAHHI SIKOCTI TPOLIECY YIPaBIiHHS CiJ BPaxOBYBATH, II0 MpPHU 30LIbIICHH]
napameTpa R, MOKa3HUK SKOCTI 3MEHIIyeThCsl. Ha OCHOBI LIMX pe3ysbTaTiB, MH MOXXEMO
BU3HAYMTH 32 SKUX 3HAYCHb CHCTEMH, KpHUTepii sKocTi Oyayte makcumainbHi. Lli
PO3paxyHKH MaloTh OUIbLI AaHAMITUYHHMN Xapakrep, HiDX NPAaKTHYHUIA. Ane 3a
JIOTIOMOT'O}0 HUX MM MOKEMO 00a4uTH poOOTY ONTUMAJIBHOTO PEryIsTOpA.
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MO/JIEJIb CYITY THUKOBOM HABITAIIIMHOI CACTEMM IS
BE3IIJIOTHOTI'O JIITAJIBHOI'O AITAPATY B YMOBAX
OBMEJKXEHOI TOCTYITHOCTI

HaBoauTbCs MOJIENb CYIYTHHKOBOI HaBIiral{itHOT CHCTEMH, 1110 J03BOJISIE OLIHIOBATH
TOYHICTh BH3HAYCHHS KOOPAMHAT 3a OyIb-SKOrO pO3TAllyBaHHS HaBirauifiHUX
CYNyTHUKIB 1070 OE3MJIOTHOro JiTajnbHOTO —amapary. JlaloTbest  pe3yibTaTH
MOJICIIOBaHHS OLIHKH 1o3uii i3 3acrocyBanusm GPS ta [JIOHACC.

OcHoBHOIO (yHKUi€0 cymyTtHnkoBoi Hapirauiiinoi cucremu (CHC) e BusiBieHHs
napaMeTpiB(IIBHIKICTb, KOOpAUHATH, 4yac) Oe3mioTHHX JiTanbHux amapatis(BIIJIA).
BITJIA MoxyTh 3HAXOAWTHCS B Pi3HIH MicCIEBOCTI IPH Pi3HUX PIiBHAX mepemkox. [Ipn
BU3Ha4YeHHI koopauHat BITJIA BaiIMBHX mapaMeTpaMu € JaJbHICTh 0 CYNMyTHHKA, iX
po3TanryBaHHS, KyT MacKy (MiHIMAagbHHH KyT BHIMMOCTI CYITyTHHKIB) B peabHOMY
qaci.

[Ipu mnanysanui monsoty BIIJIA mepembauaerhcs, 1m0 3a HOro 3HaXOIKEHHS Y
neBHUX 30Hax poctynHicte CHP Moxe Oyt oOMexena. ToMy Ba)kKJIMBO 3HATH 3 SIKOIO
TOYHICTIO MOXKE 3[ifICHIOBAaTHCSl HaBiraiis B YyMOBax OOMEXEHOI IOCTYIHOCTI
HaBirauiffHux cynytHukiB. [lapamerp TouHOCTI Oe3mocepeqHbO MOB's3aHUN i3
rEOMETPHYHHM (DaKTOPOM.

3aBmaHHs, BUpilIyBaHe y po6oTi, popmyrorses Tak. € nsi CHP GPS i [TIOHACC.
Bigomi  edemepimm  cymytHHKiB, po3ramyBaHHsS ~ BIIJIA,  excnepuMeHTaIbHI
TICEBAOANIBHOCT] 10 CyIMyTHHKIB. IIoTpiOHO 3amporoHyBaTé Ta BUIPOOYBAaTH METOJ
OLIHKM TOYHOCTiI BHU3HAYCHHS KOOPAMHAT Ta 3HAYCHHsS ['€OMETPUYHOro (akTopa mpu
pi3HKX KOHIryparisx po3TanryBaHHs CYIYTHUKIB 010 BITJIA.
Edemepuan Ta ICEBROAANBHOCTI OTPUMAaHI EKCHEPUMEHTAJIBHO 3a JIOHOMOIOIO
npuiivasa OEM 719 npexcraBneni Hmwkd4e. Bixnosimxi Tumvacosi, ioHochepHi,
TpomnocgepHi KOPEKIiT BKIIFOYEHI 10 MICEBI0aIbHOCTI.

A =1.0et07*...

[ 0.743969507931521 1.835943245181110 1.824205022459420
1.320239946541640 1.265473192832610 1.913643631443840
-0.350453372350397 2.277674219512480 1.340534817502060
-1.628294545094400 -0.127069173493271 2.105294547927350
0.691073942467448 -1.558169493777120 2.021021585506690
1.991453909131120 1.130942349856910 1.344546297508410
2.369773179922120 -0.776041642074437 0.923392825341097
0.996656645967017 -1.436313261124170 1.993763526256420
-1.692888811957120 0.166788670427429 2.093755983709060
1.233256010182990 2.367700964106590 -0.071202657299068
-1.650996681268890 1.085295610289370 1.803466000115140
-0.068190076000000 -1.613435565000000 1.972099924000000
-1.241174931000000 0.039757693000000 2.227131788000000
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2.437598815000000 0.406305768000000 0.627283871000000
1.227906990000000 1.002612703000000 1.997446248000000];

[epuri oauHaAUATE PSAKIB MaTpHLi onucyioTh cynyTHuku GPS, a 4 ocrauni psaku
- ['JIOHACC. B psinkax HaBeneHi koopauHatd X Y Z CIlyTHHUKOB BIATIOBITHO B psIKax
123.

A TCeBHO MANBHOCTI TPEACTAaBICHHI Yy BHUIVIAI MATpUIi EKCIEPUMEHTAIbHHX
3HAYCHB!

P=1.0e+07*...

[2.142845384907509-dta 2.022384662092726-dta 2.346550318782243...
2.576093739823005+dta 2.360811083746415 2.068520592366336-dta...
2.286996688983165 2.318862603028191+dta 2.597968254419408...
2.401345415616430 2.550376275571986+dta 2.372087393068987...
2.350164697835089 2.089354978646578+dta 1.905764132867241-dta];

ne dta — cremniantbHO BeaeHa nepeadadyBaHa MOMHIIKA IICEBIOAATBHOCTI.

Koopanuatn mo3umii po3paxoByBalUCs iTEpamiifHUM METOJOM i3 3aCTOCYBaHHSIM
METO/Iy HaliMEeHIINX KBapartis [1].

B irepauiiinoMy MeToxi MO)KHA 3MIHIOBATH KITBKICTh CYIYTHHKIB, KOMOiHYBaTH
CYINYTHUKH B Oy/b-SKOMY IOPSJKY, OLIHIOBATH KUIBKICTh KOMOiHAMLifl CYMyTHHUKIB 3a
JIONIOMOT 010 cTaHAapTHOI nporpamu Matlab nchoosek.

Jnst BimoOpaskeHHsT pe3ysbTaTiB MOJCTIOBaHHS B IHppoBoMy Ta rpadiuHOMY
BUIIIIAL OyB po3poOieHnii creniagbHUMA iHTEp(Elc, Mo 103BOJISIE BUBOJUTH HA €KpaH
TOYHICTh, TEOMETPHYHUH akTop, y rpadiyHOMy BHTIIIAI 300paXkaTH MicIe
pO3TaNTyBaHHS CYITyTHHKIB 110 a3UMYTY Ta KyTY MicIisl.

Hixue HaBOIATHCS JEsKi pe3yNbTaTH JOCIIDKEHb, IO ITIOCTPYIOTH MOKIMBOCTI
3aIPOIOHOBAHOT MOAEI.

Ha puc. 1 BigoOpakxeHO MOJOKECHHs CYMYTHHUKIB MpU HyJIbOBOMY 3HAYCHHI KyTa
MAacKH, Ha puc. 2 TIOKa3aHHi 3HaueHHsI OXHOKH mojokeHHs: PDOP Bin kyra Macku st
BITJIA, Ha puc. 3-5 noka3aHHi 3Ha4eHHs MOXHOOK KoopauHaT X Y Z Bix KyTa Macku
qutst BITJIA, Ha puc. 6 -8 300pa)xeHo «IIoraHe» 1 «XOpOIIe» TeOMETPHIHE PO3TAIyBAHHS
0OMEXEHOT0 4YHClIa CYNYTHUKIB CyIyTHHKIB. [Ipm "moraHomy" TreoMeTpHYHOMY
pO3TallyBaHHI CYITyTHHKIB TeOMETpUYHHMI (akTop mopiBHIOE 14, 5, mpu "xopomomy" -
2.8.

3navens PDOP sia Kyra macki

3HavenHs PDOP
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S voopamwaTh i y7a i

Puc. 6 Puc. 7 Puc. 8

Taki 3Ha4YeHHs 1 MOJIOKEHHsI CYIyTHHKIB, K 1 MPOrpaMy MO)KHa BUKOPHCTOBYBaTH
JUIL  PO3paxyHKy IIOXHOOK B pealbHUX cHUTyamlisx. IIpoexr OyB BHKOHaHMII B
nabopatopii HAY npu HasiBHOCTI peaslbHOTO 00JIaIHaHHS.

CHHCOK BHKOPHCTAHMX JUKepe.T
1. Komuu BB, Xapuenko B. II. Cucremsl cmyTHUKOBOH paguoHaBuranuu. — K.:
Xounrex, 210. — 520 c.
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3ACTOCYBAHHS METOY ®OPMYIOUOT'O ®LILTPA JIJIS
NIIBUILIEHHSI TOYHOCTI BUMIPY ITAPAMETPIB
B BE3IIJIOTHINA ABIAIITI

VY Bcix 0€3miNOTHUX JITaJbHUX amapaTiB KOMEpLIHHOro piBHsA Ha OOpTY 3aBXIM
MPUCYTHSI BEJIMKA KUIBKICTh PI3HOMaHITHUX BHMIPIOBAJIbHUX MPUCTPOIB, 3aBISIKH SIKHM
Lel JiTanpHUI amapat Mo)ke BHKOHYBaTH cBOi (yHkuil. OmHak 3 yacy BiJ OCBOEHHS
IUX IPHUCTPOIB 1 IO CHOTOJICHHS Iepe/l IMKEeHEepaMH CTOITh MUTAHHS: SIK IPHHIUIIOBO
HE 3MIHIOIOYM KOHCTPYKIiI0, Bary Ta ra0apUTH MiABUIIUTH TOYHICTH BHMIpPIOBaHb
naTyukiB?». YacTKOBY BINMOBINs HAa II¢ NHTAaHHA 3a3BHYail IIYKAIOTh Ha piBHI
anroputMy o0poOKu iHdopMarii, uepe3 GinbTpamio OTPUMAHNX BiJ] JATIYUKIB JaHHUX.

IcnytoTh nBa mpuHIMIIOBMX TUNU (inbTpanii: JiHiliHA Ta HemiHiiHA. Llei po3noain
HOB’si3aHUN  Ge3M0CepelHbO 3 PIBHAHHAMH, IO MAaTEeMaTHYHO OIMCYIOTh CHCTEMY
(matuymk). PeanbHi cuCTeMH 3aBXAM OIKCYIOTHCS HENIHIMHHUMHU PIBHSAHHSIMH, OJHAK
peamizyBati GinbTpu, mo Moriad O MBHAKO Ta e(pEKTHBHO BHPILIyBaTH 3ajaadi
HeniHiiiHOT dinpTpanii Baxkko. Yepes 1e B HaII yac Teopis JiHiiAHOT dinpTpamii Ok
PO3BHHYTa, Ta Ma€ B CBOEMY apCEHAJIi AJITOPUTMH, IO JOCHUTH JIETKO CHHTE3yBaTH JUIS
Oynb-KOi CHCTEMH, SIKi IIPH bOMY OyIyTh BUMAaraTH He MOPIiBHSIHO HEBENUKY KUIBKICTh
aTlapaTHUX pecypciB 004YHCIoBaIbHOT MammHH [1].

BinmparpsoBaHuM METOIOM IIABHINEHHS TOYHOCTI BUXIHUX JNAHHUX € 3aCTOCYBAaHHS
Mmerony dopmyrodoro ¢inbrpy. el MeTon nossirae B TOMy, LIO IPHU CTAaTUCTHYHOMY
aHaJli3i CHCTEM KepyBaHHs Hepel AOCTiPKYBaHOI CHCTEMOIO BKIIIOYAIOTh (GopMyrounii
¢GineTp 3 aMmIiTyqHO-(a30BOI0 XapaKTEPUCTUKOIO, sSKa BIAINOBIAE CHEKTPATBHUM
BJIACTHBOCTSIM PEAJIbHOTO BXIJHOTO CHUTIHAJy, a XapaKTEPUCTHKH BUXIIHOTO CHUTHAIY
BU3HAYAIOTH IIPH MOJIa4i Ha BXiJ €KBIBAJICHTHO JJAHKM YU CHCTEMH Oinoro mrymy. bimmit
myM, abo mym layca (puc.l) — e Takuil CTaTWYHHH IIyM, 3HAYEHHS CIIEKTPaJIbHOI
MOTYKHOCTI SIKOTO PIBHOMIPHO PO3IOALIIEHO 10 BCIiX 3aiTHUX 9acTOTax.

dopmyrounit  GinETp oxepkaB HaWOLNbIIE MOMMPEHHS, OCKUIBKH JI03BOJIIE
3a0L1a/DKyBaTH MaIlMHHI PECYpCH # iMiTyBaTH peasizauiio 3 Oyab-sIKOIO TPUBATICTIO,
3a3/ajeriib HEeBH3HAYCHOI. 3acTOCyBaHHS (opMyrounx QiIbTpiB 6€3 3BOPOTHOTO
3B’3KY 3aBXIU MPU3BOAUTH 10 METOIUYHOI MOXUOKH, fKa MOKe OyTH 3MEHIIEHa J0
HEOOXiZHOTO PIBHS 3a paXyHOK 3MEHIICHHS KPOKY HUCKpeTH3awil i (abo) 30iibIIeHHs
TPUBAJIOCTI IMITYJIECHOT XapaKTEPUCTUKH (OPMYIOUOTO (PisbTpa.

TakyM 4YMHOM, BEIHYMHA METOMMYHOI IMMOXMOKH OOMEKEHa JIMIIC HasBHUMH IPH
MOZIEIOBaHHI pecypcaMHu - 0OCSATOM NaM'aTi ¥ IIBHAKOMIEI0 BHKOPHCTOBYBAHOTO
MiKpoKoHTpoepa [2,3].
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Puc. 1. Ilpuxnan ingopmariiiHoro curnany (3BUYaifHAI CUTHAN Ta CHTHAT 3 01IMM
LIyMOM)
Odopmyrounii  (GUIBTP MOXXKHA 3MOJETIOBATH 3a JOIOMOTOI0  IPOrPaMHOTO
cepenosuia MatLab Simulink.
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Puc.2. Cpomena cxema ¢opmyrodoro ¢putsTpy, npencrasiaena y Simulink.

OTmxe, Tak SIK MiJ 9ac MOJBOTY, Ha BuMiproBansHi npwiaaun BITJIA nitote Gararto
30BHIIIHIX Ta BHYTPILIHIX YHHHHKIB, 1[0 BIUIMBAIOTh K HA TOYHICTH BUMIPIOBAHHS, TaK
Ha BHXIJHI JJaHHi, TO caMe 3a J0IOMOroI0 3aCTOCYBaHHs MeToxy (hopmyrodoro QGinsTpy
€ MOXJIMBICTD MiZIBUIIYBaTH TOYHICTh BUMIPiB IIOKa3HUKIB MPUIAIIB.

Cnucok BHKOPHUCTAHUX JZKepeJI
1. Pexum nmocrymy: rateli.ru/books/item/f00/s00/z0000009/st049.shtml
2. Pexum goctyny: www.konturm.ru/helpstat.php?id=stat250805

3. Pexum goctymy: www.astronet.ru/db/msg/1172329?text_comp=gloss_graph.msn
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MOKA3HUKHA E®EKTUBHOCTI OITP ITPY 3HAXO/I’KEHHI B PAMOHI
OBCJIYT'OBYBAHHS AILJIA 13 BTPATOIO KAHAJLY C2

Kanan 3B'13xky C2 (control and command) mix cranmieio kepysanus (RPS) Ta
JITJIA (RPA) € BaXIMBOIO CKJIa0BOKO AUCTAHIIIHHO-ITIIOTOBAHOI aBialliifHOT CHCTEMH.
Kanan 38's13ky C2 Oyae MaTi HalBa)JIHBIllIe 3HAYCHHS [l BUKOHAHHS 1oJb0TiB JITTJIA
B mianasoni omepauiii RLOS Ta BRLOS, T06TO Ha BifcTtaHi Bim HecATKIB 10 THCSY
KiJIOMETpiB.

Brparta 3B"13xy mix JITJIA i cranmiero kepyBaHHS, HaBITh KOPOTKOYACHa, 3HIKYE
piBeHb Oe3NeKH MOJBOTIB B paliOHI JUCIIETYEPCHKOTO 00CIyroByBaHHs. Pu3uku BTpaTH
3B'13Ky OCOOJIMBO MiIBUITYIOTECS PU BUCOKIH IIUIBHOCTI TpadiKy B IEBHOMY paiioHi Ta
B paifoHax OIS aepoIOpTiB.

BusnaueHo Ttaxi mokasHukH edekTHBHOCTI (HamiifHOCTI) KaHamy 3B's3ky C2, ski
PEKOMEH/IOBaHI PEryISITOPHUMH JOKYMEHTaM{, i MaroTh MNOAIOHI 1O HEoOXigHMX
xapaktepuctuk 3B's13ky (RCP) B minoroBaHiii aBiarii BH3HAYEHHs:  KUIBKICTh
MOTCHIIWHUX KOH(]IIKTIB, 3aBaHTaXxKeHHs aucnerdepa YIIP, 3aBaHTakeHICTH CEKTODY,
BIi/ICTaHb, Yac MOJIbOTY, CIIO)KUBAHHS [1aJIMBa, BTpPaYeHa BUCOTa, HaOpaHa BHCOTA, BTpATa
BHCOTH.

3rigno xonnenuii RCP, sxy masenmeno B [1] JIIIJIA, piBens BigmoB sanku C2
MMOBHHEH 3HaXOAHUTHUCS B miamazoni 10—4 - 10—5 BiAMOB Ha TOAWHY, HaKJIaJAaHHS TaKUX
3HAUeHb Ha KUIBKICTh IIOJILOTIB Y IOBITPSHOMY IPOCTOpI i3 IMINEHHM TpadikoM
MPOTATOM OJIHOTO JHS He MPU3BENo O 10 JKOJHOTO peiiciB, 1o 3amiHIOOTECS RPAS 3
BiaMoBoO B kaHasi C2. LiJIKOM JIOTiYHUM € IPHUIYIIEHHS IO i3 301IbLICHHSM KiJIbKOCTI
peiiciB, sixi nepexomsnte Ha JIIIJIA, 3pocTtae i KibKicTh HOTEHUIHHNX KOH(IIIKTIB.

IMoTeHuiiHuii KOHQIIKT BU3HAYAIOTh SIK TOPYIICHHS MiHIMaJIbHOI BiZCTaHi MDXK
NICEBAOpAJapHUM MepeqdaueHHsIM AWCIeTdepa MaHOyTHBOTO IIOJIOXKEHHS —Iapu
MOBITPSHUX CyneH. I[loTeHIiHHMH KOHQIIKT BiAOYBAa€TbCSI B TOH MOMEHT, KOJIH
MiHIMaJIbHI BEUMOTH IO PO3AUIEHHS (SK OIYHOro, Tak i BEPTHKAIBHOIO) MDK IBOMA
JiTakaMy BX€ HE BHKOHYIOThCS. Lle# MOKa3HWK BUMIPIO€ KIJIBKICTh IOTEHMIHHMX
KOHQ)IIKTIB, 110 BHHHKAIOTH y ceKTopi. [IoTeHIiHUH KOH(DIIKT BUSBISIOTH HA I'SITh
XBUJIMH PaHillle yacy, KO BiAOyBCs CIpaBkHiil KOHPIIKT.

IMpu BusBICHHI MOTEHLIHHOrO KOHQIIKTY Ha €KpaHi paaiojoKaTtopa AWUCIETYEp
BuMarae Bij Jitaka (abo oxHoro, abo 000X) BHKOHATH psA Iiifi 100 YHUKHYTH
¢axtuaHoro KoHpIiKTY. SKII0 KOHMIKT BinOyBaerbes Mix JILUIA Ta iHmNM Jitakom,
JIIIA Oyne BUKIIOWEHO 3 IUIAHY BHpIMIEHHS KOHQUIIKTIB, OO iMITyBaTH BTpaTy
3B's13ky C2, ta npotsrom gacy AITJIA Oyne HekepoBaHHM i Oyze JICTITH 10 HOYAaTKOBO
BU3HAYEHOMY MapIIpyTy.
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METOJUKA PO3PAXYHKY OIITUMAJIBHOI'O HJIAXY JAIIJIA B MICTI

Jlucranuiiino minorosaui mitanbHi amapatu ([IIJIA) akTUBHO 3aCTOCOBYIOTHCS B
HH3LI PO3BHHEHUX KpaiH SIK HOBWIl BapiaHT BUKOHAHHS 3aBIaHb, SIKI 1O IMX Hip Oymn
CKJIaHUMU a00 TaM, Jie nepeOyBaHHs MIIOTOBAaHUX JITAIFHUX alapaTiB € HeJOIIbHUM,
HeOe3meuHuM abo ButpatHuM. Came 3a TPOCTOTY B BHUKOPUCTaHHI, HHU3BKY
eKCIUTyaTauiiiHy BapTiCTh Ta JOCTYMHICTh AJs KopucryBada puHOok JIIJIA crpimko
pocre. B OGarateox kpaimax [IIJIA Bxe yCIIIIHO 3aCTOCOBYIOTH AJISI BHKOHAHHS
LIIbOBUX 3aBlaHb B yMoBax Micta. IIpoTe mepex po3poOHMKAMM Ta KOPHCTyBayaMH
0E3MUIOTHUX MOMIYHUKIB IOCTIHHO IIOCTae NUTaHHSA Oe3meku mnonbory. OCHOBHI
MOMEHTH JTaHOTO IUTAHHS TaKi:

* HasBHICTH Oy[iBeNb, IOPIT, JiHIM eJeKkTporepenadi Ta NPUPOJHUX 30H - CILX
BPaxXOBYBATH PH3UKH TI0JIOTY;

* HasBHICTb KOHKPETHOTO LUILOBOTO 3aBJAHHS — CIIiJ BPaxOBYBaTH ONTHUMAIbHHN
Bubip Tuny ATTJIA;

* HasBHICTb aepOHABIral[ifHMX BHMOI O MOJBOTY IMJIOTOBAHUX Ta OE3MIIOTHHX
JiTaNbHUX anapartis - CJIiJ] BpaXOBYBaTH YMHHE 3aKOHOJABCTBO Ti€l 4M iHIIOT KpaiHu.

o6 ouinuTtu Oe3neky mosboTiB JAITJIA y micTi, HEOOXiqHO OTpUMATH KiNBKICHI
3HAUCHHS PU3UKIB IIOJIBOTIB HA PI3HUX TEPUTOPIAX MicTa. MeTomaMu OLIHKH «PH3HKY»
B gaHoMy gociimkenHi € EJM Ta HediTka Jorika.

JUnist OLIIHKY PIBHS PU3UKY PI3HUX THUIIB HNEPEIIKO BUKOHAEMO
ONUTYBAaHHS 3a JIOTMOMOTOI0 METOAY eKCIIEpPTHHX OLIHOK. B
aHOHIMHOMY 1H/AMBIiTyaJbHOMY OIUTYBaHHI Opano ydacts 35
PECIIOH/ICHTIB 3 BUCOKUM, IPUOJIN3HO OJHAKOBUM, KOe(]iIlieHTOM
aBTOPUTETY, 3a axoM — aBiaaucneTuepu Ta onepatopu AITIA.

Ha3zBa nepemkoan | ITapamerp nepemkoaun | Ilo3naueHHs | OuiHOBaHHS
30Hu 3 00MeKEHHM J0CTYIIOM
Bynusku 30Ha 3 0OMEKEHUM JOCTYIIOM B-RA 10
CTOBHI./I Ta ApOTOBI 30Ha 3 OOMEKEHUM JAOCTYIIOM C-RA 9
KOMYHiKaIii
Hepesa Ta - mpupoani 30Ha 3 OOMEKEHUM JAOCTYIIOM N-RA 8
MePeIIKOaN
Hebe3zneuni 3onu
BepTukansuuit 6ydep Hebesneuna 30Ha VBA 5
TopusonTamsrii Hebe3neuna 30Ha HBA 7
Oydep
IlInaxu
30Ha 1UIAXy Hsax TA 50
3ona koHOmKTY muixy | Hlmax TCA 25
IlonboTHA 30HA Insax FA 1
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Hpyrum kpokom € GRID anani3. IIponoHyeTbcsi MPOBOIUTH aHalli3 TepUTOPIl
LUTIXOM HAaKNAJaHHS YSBHOI CITKH, sIKA OXOIUIIOE CBOTMH KIITHHKAMH yCi MOXJIHBI
mapupyta nonsoty JIIUUIA. B koxHili KiiTHHUI CiTKH ska mepemkona (uu ii
BiJICYTHICTB) 3HaXOIMUThCS Ha ii Micmi. [Ticns BHKOHAHHS IMX MPOLEIYP OTPUMYEMO
(parmMeHT TepuUTOPIi 3 CITKOI Ta PO3MIYCHUMH NaHUMH NPUAATHHI Ui BUKOHAHHS
HOJAJIBIINX PO3PAXYHKIB.

Ha pucynky 300pakeHa Teputopis ne Oyne BHKOHYBaTHCS TOJNIT. B Hamomy
BUIAJIKy, Lle BHUIIAIKOBUH (parMeHT, sIKMi MIiCTHTh B COOI: BIAKPUTHH OPOCTip Y
BUIJISIAI MOJTIB; TIPOCTIp 3 IPUPOJHUMH TIEPEIIKOJaMH — TIJISIHKU 3 BUCOKHMHU JIepEeBaMH;
BHCOKOBOJIBTHI JIiHII elleKTpornepesayi mopsj 3 JAOPOror Ul aBTOMOOITIB; HEBEIHKE
MICTO, IPOMHUCIIOBA 30HA 1 aePOIPOM, SIKHii € 3a00pOHEHOI0 30HO0 A1 HonboTy ATITA.

o o s o« ki v S

A | FA | FA
FA_FA |NRA|NRA NRA[ FA FA | FA | FA :BRA:BRA [BRA B
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A
A
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CiTtka, OTpEMaHa B IIONIEPETHHOMY €Talli IpecTaBIsie co00I0 Tpad) PemiTKH, TOOTO
rpad, 300paxkeHHs SIKOTO YTBOPIOE PETyJIIPHY MO3aiKy.

MapmpyT O6yne npokitagaTucs o pedbpax AaHOTro rpady, TOMy CIIOYaTKy HOTpPiOHO
BCTAaHOBHUTH peOpaM iX Barm — Halli PU3HUKH IIOJBOTY, BIANOBITHO IO pPO3MideHOT
HEPELIKO/IH.

Jani 3acrocyemo anroputm JIelKkeTpu uis MOLIyKy IUBIXY MiHIMaabHOI BAPTOCTI Ha

[UTOLIMHI. B 3aieXHOCTI BiJ BUCOTH MOJBOTY 3HAYCHHS BAriB MOXYTh BiJPi3HITHCS.
[Mobynyemo MapuipyTH ist 6araTopiBHEBOIro MpoCTopy.

OTxe, B pe3ynabTaTi Ma€MO MPOrpaMHe 3a0e3MeYCHHS, 0 MOKe OyTH IHTETPOBAHE B
cucreMy ynpasiiaas oguanaHEM [AT1JIA, a6o rpymoro JITTIA.
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CHUCTEMM JUCTAHIIAHOI O TOCJIIKEHHS 3EMHOI ITOBEPXHI
ABIAIIITHOT'O BA3YBAHHA

Po3Bijika POJOBHUIL KOPUCHHX KOMAJIHH — CKJIaJHE i KOMIUICKCHE 3aBIAHHS, s
e(heKTUBHOTO BUPIIIEHHS SIKOTO (haxiBenb MOTpedye MaKCHMAaIbHO MOXIIHMBOI KiJIbKOCTI
aKTyaJbHOI iHpopMamii mpo 00'€KT UM IUITHKY, IO HOCTIDKYeThes. Jucranmiiine
30HIyBaHHS 3€MHOI MOBEpPXHi 1€ CYKYIHICTh Pi3HOMaHITHUX METOJIB Ta IHCTPYMEHTIB,
SIKI I03BOJISIIOTH OTPUMYBATH KOPHCHY Bi3yallbHY Ta CHEKTpajibHY iH(popmauito. Jani
aHaJII3yIOThCSI, Ha OCHOBI aHaJi3y OTPUMAHHUX JAQHUX CKJIAJal0Th OLHKA TUISTHKA 3€MHOT
[OBEPXHI HA MOJMJIMBY HAsBHICTh POJOBHIN KOPHCHHX KomauuH. JlucTaHIiiiHe
JOCTI/DKEHHS 1€ MIHHUKA I1HCTPYMEHT B AaKTHBI TCOJOTOPO3BIJIHUKA, IIO HAaIae
inopmariro Ta 03BOJISE 3EKOHOMHTH dYac Ta pecypcH.  Xoda JUCTaHIlHHe
JIOCII/DKEHHS. HE MOXKE TOYHO BKAa3aTH HA MiCLie PO3TalllyBaHHS BEJIMKOI MOKIAJUHU
KOPUCHHX KONAQJIMH, aje OTPMMaHi 3a JOIIOMOTrOI0 HBOIO JaHi, MOXYyTb OyTH
BUKOPUCTaHi [UIsl MPOBEIACHHS BHUIIYKYBaHb Ha OimblI IpiOHUX AimsHKax. Takox
3aCTOCYBaHHS METOJIB Ta iHCTPYMEHTIB JIMCTaHLIHHOTO JTOCIIIKECHHS CKOPOYYE PU3HK
peaiizaiii po3BiAyBaJBHOIO MPOEKTY, JAONOMArar0Yd BCTAHOBJIOBATH YEProBICTh
PO3BIIKM PI3HUX JUISHOK 3a iX MEPCIIEKTHBAMHU.

JlucraHuiiiHe NOCIIPKEHHS 3eMHOI HOBEPXHI [0YaJI0 IIBHUAKO PO3BHBATHCS JIMILE
OCTaHHIM YacoM Ha TJi PO3BUTKY CydacHHX UU(POBUX TexHojoriid. Crnovarky
OCHOBHOIO Cc(epoi0 3acTOCYyBaHHS METOMIB JUCTAHLIHHOTO 30HAYBaHHSA Oyiu
MOPIBHSUTBHI JOCTIKeHHs. Tak, SKII0 y IeBHOMY paifoHi 3HAXOIMIN POJOBHIIE SKOICh
iHHOT TOPOJAW, aepOPOTO3HIMKH Mi€l AUISHKA TOPIBHIOBATHM 31 3HIMKAMH 1HIIHX
palioHIB I MOIIYKy 3araJlbHAX TCOJIOTIYHHX OCOOIMBOCTEH, SIKI MOXYTh OyTH
BKa3iBKOIO Ha HAsBHICTH 3alaciB IIHHOI CHPOBMHH. Y KOMOIHAIl 3 TpaauIiitHUMHI
MerogaMH (TEONOTIYHUMH, Teo(hi3UYHUMH, TeOXIMIYHHMH), METOAW AWUCTAHLIHHOTO
JOCITI/KEHHsT 3€MHOI MOBEPXHI 03BOJIAIOTH IMIJBUIIUTH O0'€KTHBHICTh TeOJIOTTUYHHX
3HaHb PO CTPYKTYPY JiTOC(epH, MNPOsIBM TEONOTIYHUX MPOLECiB, ePEeKTHBHICTh
PO3BIIKK POJOBHILI, aHANI3y TEXHOICHHOT'O BIUIMBY Ha HaBKOJIHIIIHE CEPEIOBHUILE.

Po3poOka MeToxiB CTBOpEHHsS OaraTOCHEKTPAIPHUX 300paKeHb Ta CKIIaJaHHS
CHeIiaTbHUX KapT BiIKpIJIa MOXIIHMBICTh AUCTAHLINHOrO KapTorpadyBaHHS ITOBEPXHI.
Taki METOIM J[O3BOJISIIOTH IIBUJKO TA SKOHOMIYHO CKJIAAAaTH KApTH AUISHOK BEIHKOT
wioni. 3aBJjKU CIIEKTPaM CKaHyBaHHS JOCIIIHUKH BUKOHYIOTh KaTaJIOTi3allil0 Pi3HUX
BJIACTUBOCTEHl IPYHTIB, mopia Ta pociuHHOCTi. Cepen MaHuX, siKi MOXKHAa OTPUMATH Y
Takui Crocid, € BiXOMOCTI, IO BKa3ylOTh Ha BHBITPIOBAHHS Ta T'EOJIOTIUHI 3MiHH
pomoBuml. Tak, HampuKiad, Ha OCHOBI CIEKTPIB MOYKHa 3 BHCOKOK YacCTKOI
BIEBHCHOCTI PO3PI3HATH INIMHUCTI Ta OKCHAHI MaTepialii.

OcHOBOIO  Oyapb-sIKOi  IeoJIOrOpO3BiAYBaJbHOI  MPOrpaMH €  TeOJIOTivHe
kaprorpadysanns. Lleil mporec Bkifouae BHBYCHHS EIEMEHTIB JaHAmadTy, Pi3HUX
yTBOPEHb, HAJApP, IO3BOJISIE 3PO3YMITH AMHAMIKYy (i3ndHHX mpoueciB GopmyBaHHS i
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3MiHM 3eMHOI KopH. [Ipu LBOMYy HaHi AMCTAHLIIHOTO MOCIHI/UKEHHS Yy HOEJHAHHI 3
iHpopMaLi€eo 3 IHIMNX Kepel HANAloTh BAXIIMBI BIiZIOMOCTI 3 JITOJIOTII, CKIamy Ta
BUI03MIHHM TIOpiA, Tororpadii moBepxHi, reoMopdororii.

JluctaHuiiiHe NOCIHIUKEHHS 3€MHOI IOBEpPXHI MOKHAa BHKOHATH 3a JOIOMOTOIO
pO3TallyBaHHS CHCTEMHM JHCTAHIIHHOTO TOCIIPKEHHS ab0 Ha 6a3i HOBITPSIHOTO CyAHa,
sIKe BUKOHYE IOJIT Ha BIAMOBIHIN, NOAEKYAN NOCTaTHO HE3HA4YHiN BUCOTI — abo Ha
6a3i MITy4HOTO CYIYTHHKA 3eMIli, sIKiii BUKOHYE IOJIIT HAaBKOJIO 3eMJIi, 3HAXOASYHCh Ha
neBHiit opOiti. B 3anmexnocti Big THmy 0a3yBaHHS CHCTEMH JAWCTaHLIHHOTO
JociipkeHHsT HaOip 11 TexHIYHUX 3aco0iB Oyxme BinpizHsTHcA. [lepeBaroro aBiamiitHOro
0a3yBaHHS CUCTEMH JHCTAHIIIHOTO JOCIIHKEHHS € 11 3HauHa JeNIeBU3HA Y IOPiBHSHHI
i3 KocMiuHUM THIIOM Oa3zyBaHHsA. Oppa3y HEOOXiTHO [OJaTH, MIO Ii JBa TUIH
UCTAHIIMHOTO JOCII/DKEHHSI HE € B3a€MO3aMiHIOBaHMMH. PO3rJIsHEMO iCHYIOYM Ha
ChOro/IHI Z0Ope BimoMi (axiBILsIM aBialliiiHi CHCTEMH AUCTAHLIHHOTO JOCITIIKSHHS.

Cucrema SEBASS (Spatially Enhanced Broadband Array Spectrograph System) -
IIPOCTOPOBA PO3MIMPEHA MIMPOKOCMYTOBa CHEKTpOorpadiuyHa cucTeMa. 3a JOHNOMOTOIO
THIEPCIeKTPAIPHUX TEeMIIepaTypHUX iH(padepBoHMX partyukiB cucremMa SEBASS
JI03BOJISIE BUMIPIOBATH iH(ppauepBOHE BUIIPOMIHIOBAHHS B 128 CyMDKHHUX CHEKTPAIBHAX
KaHajax B obnacri Bin 7,5 no 13,5 MKM 3 IpOCTOPOBOO PO3AIIBHOIO 3AATHICTIO 3eMJIi 2
merpu. JlaHi Bij HaT4YMKiB aBTOMATHYHO KOPEIrylOTh 3 ypaxyBaHHIM aTMOC(EpHUX
eekTiB 3a IOMOMOroK emmipudHoro weroxny, Bigomoro sk ISAC (In Scene
Atmospheric Correction algorithm) [1], sKHHi BHKOPHCTOBYE XapaKTEPHCTHKH
Oe3nocepeIHEO aTMOC(EpH, He BUKOPHUCTOBYIOYHM HPU IIbOMY IPOTHOCTHYHI MOJEINI.
JlaHi BHAMMOrO IIOBEPXHEBOTO BHUIIPOMIHIOBAaHHS 3BOAATH O  IOBEPXHEBOI
BUIIPOMIHIOBAJBHOI ~ 3JaTHOCTI  3a  JONOMOrOI0  METOAMKHM  HOpMasi3amii
BUIIPOMIHIOBAHHS U1 YCYHCHHS BIUIUBY TEMIIEPATYPH.

Cucrema AVIRIS (Airborne Visible InfraRed Imaging Spectrometer) - GoproBuii
CIIEKTPOMETp BHIAMMOro iHdpadepBoHoro 300paxenns. OcHoBoro cucrtemu AVIRIS e
ONTHYHMH JaTYMK, SKHUM 3a0e3medye BigkamiOpoBaHi 300pa’kCHHS CIIEKTPAILHOTO
BUIIPOMIHIOBAaHHA B 224 CyMDKHHX CIIEKTpaJbHUX KaHAJIaX 3 JOBXHUHOIO XBHii Bix 400
mo 2500 manomerpiB (HM). AVIRIS BumpoOoByBamM Ha YOTHPHOX THIAX JITAKIB:
peaktuBHOMY sitaky NASA ER-2, typ6orsunroBomy Twin Otter International, Proteus
Bix Scaled Composites i WB-57 Big NASA. ER-2 nitae mpubsiusHo Ha 20 kM Hax
piBHeM Mopsi 3i mBHaKicTIO 6113bK0 730 kM/rox. Jlitak Twin Otter neTuTs Ha BucoTi 4
KM Haj piBHeM 3emuni 31 mBuakicTio 130 km/rog. AVIRIS nitaB no Bceomy CIIA, a
takox Kanani ta €Bpomi [2]. OcHoBHOIO MeToro mpoekty AVIRIS e inentudixaris,
BUMIPIOBAaHHS Ta MOHITOPHHT CKJIaJOBHX 3€MHOI MOBEpXHI Ta atMoc(epy Ha OCHOBI
CHTHATYP MOJICKYJSIPHOTO MOIVIMHAHHSA Ta PO3CIIOBAaHHS YacTHHOK. JlOCHi/KEHHS 3
nanumu AVIRIS mnepeBakHO 30Cepe/pKeHi Ha PO3YMiHHI IMPOLECIB, MOB’S3aHUX i3
r100aNIbHIM HaBKOJIUIIHIM CEPEIOBUILEM Ta 3MiHOIO KIIIMaTYy.

Cucrema «HyMap» (Hyperspectral Mapper) - Ky TOCIIBHO MOXHA IIEPEBECTH SIK
“rinepcrekTpanbHuil  Kaprorpad” abo TOBITPSHHH TiNepPCHEKTPAIBHUI  JaT4nK
KoHCTpyKIiss IIbOr0 HPHUCTPOIO - MOAYJBbHA, 1 I JAa€ MOXJIMBICTh HAaJaIITyBaTh
CIIEKTPaJIbHi Ta MPOCTOPOBI XapaKTEPHUCTHKU BIAMOBIJHO 00 KOHKPETHHX BHMOT
3amMoBHHMKa. OJHAK BHCOKa HPOAYKTHBHICTb, IOCATHYTa HOTOYHHM IIOKOJIHHAM
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natunkie HyMap, 9acTKoBO € pe3y/ibTaToM ONTHUMi3allii CHCTEeMH [UIsi IIEBHOTO
pobouoro nmiamasony. IloBiTpsHumii rimepcnektpanbHuii  gatunk HyMap 0Oys
po3pobiennit B ABctpaiii i 3apa3 po3ropHyTHii Uil KOMEpIIHHUX ONeparii Mo BCboMy
cBiTY. 3aBIIKH Maibke Oe3MepepBHOMY CIICKTPAJbHOMY OXOIUICHHIO B iHTEpBai

noxkuan xBuwm 0,45 — 2,5 MM gmarumkm HyMap nocsrim  BHCOKHX —pIBHIB
MPOIYKTUBHOCTI II0J0 CHIBBiJHOIICHHSI CHTHAII/IIYM, PeecTpallii Aiarna3oHy Ta sIKOCTI
300pakeHHS.

Jarauk HyMap — 1ie onTuKo-MexaHiuHa cucTeMa CKaHyBaHHS, 10 BKJIIOYa€e B cebe
crekTporpadidHi/AeTeKTopHi MOAyw i, BOYJOBaHY €TaJOHHY JIAMIy Ta 3aTBOD,
CHHXPOHI30BaHUH 3 IIOKAa3aHHSAMH JIiHII CKaHYBaHHS JUIi MOHITOPHHTY TEMHOBOTO
cTpyMy. IloBHICTIO 3akpuUTa ONTHKO-MEXaHIUYHAa cHcTeMa (BHKOHYE CKaHYBaHHS
MOBEpPXHi 3eMJIi uepe3 BiKHO) BMOHTOBaHa B 3-X BiCHY, ripocTtabinizoBany miarhpopmy. 3
OIITUKO-MEXAHIYHOIO IJICUCTEMOIO MOB'A3aHI IMiJCHCTEMA >KUBJIEHHS, IicHUCTEMA
yIpaBIiHHS Ta 300py JaHKUX Ta MiICHCTEMa HaBirarfi.

BukopucranHs came IHUCTAHLIHHO-IIJIOTOBAaHUX a00 OE3MUIOTHUX ITOBITPSHHUX
CyAeH SK IJAaTGOPMH Ui BCTAHOBJICHHS PO3TISIHYTHX BHIIe a00 IHIIMX CHCTEM
JCTAHIIHHOTO JOCIHIUKEHHSI 3€MHOI MOBEPXHI [O3BOJSIE PO3MMPHTH (DyHKIIOHAIT
CHCTeMH JOCIIKeHHs, 301IbLUINTH Yac CIIOCTEPEKEHHs 3a PaXyHOK OUIBII TPHUBAIOTO
BUKOPHCTaHHS MOBITPSHOIO Cy/AHA, 36KOHOMHUTH KOIUTH 33 PaxyHOK BHKOPHUCTaHHS
BIIVTA MyJIbTHPOTOPHOTO THIY i TaKHM YMHOM YCYHYTH HEOOXiIHICTh BUKOPHUCTaHHS
aepoaPOMHOr0 OOCIyroByBaHHs. Y BHMaaKy moiboTy BIIJIA 3 BcTaHOBICHOIO HE
HBOMY CHCTEMOIO JUCTAHIIHHOTO JOCTI/PKEHHS Ha BUcoTax Bumie 10000M Takox Oyne
BiZICYTHSI HEOOXiJJHICTb 3alydeHHs OpraHiB YIPaBIiHHS MOBITPSIHUM pyXxoM. OCHOBHOIO
BUMOTOI0 [0 caMoi OOpTOBOi CHCTEMH [AWCTAHI[IHOIO HOCII/DKEHHS € 11 TOBHA
aBTOMaTH3allisl YCiX mpoueciB 11 QyHKI[IOHYBaHHSI.

Cnucok BUKOPUCTAHUX JIKepes:

1. S.J. Young, B.R. Johnson, J.A.Hackwell, «An In-Scene Method for Atmospheric
Compensation of Thermal Hyperspectral Datay», Journal of Geophysical Research, vol.
107 (D24), p. 4774-4793, 2002.

2. Airborne Visible InfraRed Imaging Spectrometer [Exextponnuii pecypc] / Jet
Propulsion Laboratory, 2021. URL: https://aviris.jpl.nasa.gov/html/aviris.overview.html
(moctym - 16 mucronana, 2021).

3. T. Cocks, R. Jenssen, A. Stewart, I. Wilson and T. Shields, <xTHE HYMAPTM
AIRBORNE HYPERSPECTRAL SENSOR: THE SYSTEM, CALIBRATION AND
PERFORMANCEDY, Proc. Of Ist EARSEL Workshop on Imaging Spectroscopy, Zurich,
October 1998, pp. 4051-4057.
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BE3NIJIOTHUI JITAJIGHAMN ATIAPAT 3 ®VHKIIEIO FPV 3MIOMKH

OJHI€I0 3 TOJIOBHUX IIiJIei MEXaTPOHIKHM € CTBOPECHHS aBTOMaTHYHKX HPUCTPOIB, SKi
MaloTh BCi IIAHCH 3aMiHMTH JIOAMHY-OIEpaTopa B HeOe3NEUHHUX JUIS KUTTS yMOBax. Y
3B'I3Ky 3 IMM 3HAYHO 3pPOCTA€ pojb Oe3minoTHHX JitanpHux amapariB (BITJIA). Ile
HOB'A3aHO 3 YCIILIHICTIO 1X BIPOBA/UKEHHS JUISI BUKOHAHHS BAXXKUX TEXHOJOTIYHMX
MPOLIECIB 1 Omepailiii, TAKKX SIK MOHITOPUHT, oTorpamerpis dacamis, iHCIEKIis MOCTIB
tomio. J[is pearizamii UX TEXHOJIOTIYHUX NPOIIECiB HEOOXIAHO YIPaBISTH MOIE0TOM. B
JaHW 4ac yNMpaBJiHHS IIOJbOTOM 3/iHCHIOETBCS B HAMiBABTOMATHYHOMY PEXUMI II0
KOMaHJax oreparopa 3 BIIPOBA/DKCHHAM HaBirauii Mo ONOPHUX TO4YKax, abo B
JUCTaHIIHHOMY PEXHMI 3a JOIOMOTOIO ITyJbTa yNpaBiiHHA. HapiBHI 3 MM 3HAYHO
3pocTae poyib MPOrpamMHOro ympaeiiHHA BIIJIA, 3acHOBaHOrO Ha BHKOPHCTaHHI
iHTENeKTyaJbHUX aBTOMUIOTIB. e moB's3aHO 31 CBITOBOIO TEH/CHIII€I0 3POCTAHHS PiBHS
aBronoMHocTi BIIJIA mpu BupilIeHHI BCTAHOBJICHHX LITbOBHUX 3aBIaHb, TaKHX SK
IUIAHYBaHHS 1 aBTOMaTHYHE KEPYBaHH IOJbOTOM IO OIOPHHUX TOYKaX.
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Puc. 1 — OcuosHi By3nu BITJIA Ta ix ckinamosi
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FPV y cdepi BITIA — ne TpaHcsiiis Biieo B peXKUMi peanbHOro yacy 3 KaMep Ha
MOHITOp, OKyJIsApH abo HUIeM MinoTa, TOOTO ISl TEXHOJIOTIS J03BOJISIE OAYUTH Te, L0
«6aunte» BIIJIA y MomeHT monboTy. [[ns BukoHaHHA Takoro moiboTy Ha BILJIA
MOHTY€THCS] KaMepa, BiJieonepeiaBad Ta aHTEHa.

BITJIA cknamaetbes 3 3 OCHOBHUX BY3IiB (puc. 1):

1. Kpuno — cxmamaetecsi 3 Konconeit, Binrnerie, llenrpormana, Eneponis,
3akpmikis, CepoBrpuBonis, Tpy6ok kapOoHOBUX, THr.

2. XBicT — ckiagaerbest 3 XBocTOBOi Oanku, OmnepeHHs, PynbOBHX MOBEpXOHB,
CepsonpuBoais, [Tepemuuku Ha onepenti, Tsr.

3. ®rozemsx (30BHIIIHA KOMIIOHOBKA) — ckiazaerscs 3 Kpumku, OOmMBKH,
Enextpuunoro asuryna, Moropamu, Mydru 3axumuoi, IIponennepa.

Ha puc. 2 HaBeneHO CTPYKTYypHY eNeKTpHYHYy cxeMmy ympasininas BIUIA, mo
BiZJoOpaka€ OCHOBHI CKJIQJIOBI €IEKTPOHIKH, KA PO3MIIIYETHCS Y MIPHUCTPOL.

IlynbT KepyBaHHA BILJIA

Baxeri Panionepenasay 1 Pamionpuiivau Enexrpiamnmit

KepyBaHHs HIOTepex auonp JIBUTYH

A

Perymnstop

Kontpomrep Kontponep obepTiB

JIBUTYHA
CepBonpuBOH

Kupnenns Kusnenns

Puc. 2 — CrpykrypHa cxema ynpasminas BITJIA

IlepenaBau ocCHamEHO JBOMAa OCHOBHHMH Ba)KEISIMH KEPYyBaHHS 3 (YHKIII€IO
JDKOWUCTHKY.

EnemenTtHa 6a3a ckiaaeTbCs 3 TAKUX OCHOBHHX KOMIIOHEHTIB NPUIIAJLY:

- KoHTpoJepy Arduino;

- CEepBONPHBO/IIB,;

- JBUTYHY Ta PETYJATOPY 00€pTiB;

- pazionepenaBada Ta pafionpuiiMaua;

- FPV xamepu;

- nepeiaBayda BiIe0300paXKeHHS;

- aKyMyJISITOpa JITiii-oNiMepHOTo.

Jlns sxuBneHHs cucteM kepyBaHHS y BIIJIA Ta y mynbTi kepyBaHHS BUKOPHCTaHO
nitid-noniMepHi 6aTapei, 0 CKIIaNA0ThCs 3 3 aKyMYJIATOPIB, sIKi 3’€IHaHI MOCTiIOBHO,
0 Aa€ Hanpyry Ha Buxoni 11.1 B, 4oro noctaTHbo IU1s1 )KUBJICHHS pa3oM i3 npuiiMauem
FPV Bineocurnany.
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V sikocTi pajoriepenaBada Ta pagionpuiiMada BUKOpHCTaHO pagiomoayii nRF24101,
mo cyMicHi ¢ miaroo Arduino. OpraHizallis XHBJICHHS PaZiOMOIYJeH, 0COOIMBO 3
MOCHJIIOBaueM, MoTpedye ocoOJaMBOi yBarn: B MOMEHT iHiliamizauii Ta poOoTu Ha
MaKCHMAJIbHIH TOTYXXHOCTI pafioMO/y/b CIIOKHMBAa€ JOCHTbh BEIUKHIl CTPYM, SKHH He
MOXe€ JaTH CTaHJApTHUH IepeTBOopioBad, mo BOymoBaHmit B Arduino. 3acrocyBaHHS
JIOJATKOBOi €MHOCTI JOIIOMOXE 3TJIa/KyBaTH IyJbCallii, Ta 3a0e3NeUnTH TOCTaTHIH
3ammac eneprii. Ille oxHUM BapiaHTOM BHpIIICHHS MPOOIEMH € BHKOPHCTAHHS
JIOIaTKOBOTO aJanTepa >KUBJIEHHS 3 BOYZOBaHUM cTabiyi3aTopoM Hampyru. Y Takomy
BHUIIaIKy MO)KHA BUKOPHUCTOBYBATH 30BHIIIIHE JKUBJICHHs Bin 4.8 o 12 B.

Jns peanizauii QyHKiii 3ioMku BuKopucTano komiuiekt FPV oGnamxanvs, 1o
BKJIIOUaE B ceOe Hamterky kamepy mini CMOS % 1.8 mm 3 xyrom ornsiny 170 rpanycis,
nepenaBad BimeocurHary TS832 3 pmampHICTIO Hepenadi BiI€OCHTHANIY B ifealbHUX
YMOBax 10 5 KM Ta npuiiMad Bigeocurnary RC832.

Mertoro npoexTyBanHs Oyio crBopeHHs BIUJIA 3 pynkuiero FPV Bineositomku. st
VIpPaBIiHHA TNPUCTPOEM BHKOPHCTAHO JBa MikpokoHTposiepun Arduino Nano Ta
paniomoxymi nRF24L01. VrpasniHHs 3[iHCHIOETECS 32 TOIOMOTOIO I’ SITHKAHAIBLHOTO
MyJbTa KepyBaHHs Juisl aBia-Moeseil. OcHOBHUM 3aaymoMm aiist ctBopenHs BITJIA crana
MOXJIMBICTh BUKOHYBATH IIOJIT JiTaka i OJHOYACHO OTPHUMYBAaTd 300pakeHHs 3
KamepHu, 1110 BCTaHOBJIeHa Ha HhoMY 3aBIsiku FPV cucremi. [IpoBeneno obrpyHTroBanuit
migbip Aerta’eil Aus TPHCTPOIO, OCHOBHUMHM KPHUTEpisIMA BHOOpY SIKUX Oynu
XapaKTepUCTUKU Ta BapTiCTh. Po3pobieHo mporpamHe 3a0e3redeHHs IS yHpaBIIiHHSI
TIPUCTPOEM.

Po3po6iieHuil IPUCTPiii Ma€ HACTYIHI XapaKTCPUCTUKH:

- po3max kpuia 1950 my;

- Bara y 360pi 2100 r;

- MakcHMaJIbHA IBHIKICTE 60 KM/TO;

- BIJICTaHb POOOTH 32 iICATEHUX YMOB 5 KM;

- sxusiienHs BITJTA 12 B;

- JKUBJIEHHS ITyJbTa KepyBaHHs 12 B;

- €MHICTb akKyMyJATOpiB 2000 MA;

- NIpUOIN3HMH Yac MOJIBOTY A0 25 XBHINH.

Pe3ynbTaToM NPOEKTYBAHHS € MPUCTPid, L0 Ma€ YMMalsli pO3MipH; CTIiiKicTh 10
MOTOKIB TOBITPS; KOHCONI KpWJa, IO 3HIMAIOTHCS, I OUIbII  3pYyYHOTO
TPAHCIIOPTYBaHHS; KaMepy Ha OOpTy Ta BijeorepenaBad Ui MOXJIHMBOCTI OTpUMATH
300paxkenHs 3 BITJIA Ha 3emii; Ta TOCTaTHIO JAJBHICTH pOOOTH NPUCTPOIO.

IMpuctpiit Mae MOTeHIiaT VI MOJEPHI3allil, a caMe: € MOXKIJIUBICTh BCTAHOBJICHHS
MiJICHIIIOBAaYiB CUTHAITy, Ta Oubil ¢yHKUioHANIEHe FPV oOnamHaHHS, MOXIHBICTH
BCTaHOBJICHHS €JIEKTPUYHOTO JBUTYHA OiIbIIOT MOTYXKHOCTI, Ta aKyMyJsAToOpy Oinblioi

€MHOCTI JJ1sl 30UIBIICHHST 4Yacy MHOJIbOTY Ta 30UIBIICHHS MacH, SIKYy MOXE MiJHITH
BILJIA.
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MOTOYHHUI CTAH OPBITAJIBHOI'O CY3IP’SI KHTAMCHBKHUX
HABITAIITHUX CYITYTHAKIB BEIDOU

3rigHo mokymenrauii ICAO 0CHOBOIO CYNyTHHKOBOI HaBiraiii € ZBi CHCTEMH — 1€
pociiiceka ['JIOHACC ta amepukancbka GPS. Lli nBi cucteMd [OaBHO MOBHICTIO
PO3ropHyTi Ta QPYHKIIOHYIOTh, HAJAIOYH TIOCIYTH 3 CYIIyTHUKOBOT HaBiramii.

Kuraiicbka Haponna PecnyOmika Takox me y 90-x pokax MHUHYJIOTO CTONITTS
noyasia po3poOJIsATH Ta PO3ropTaTH CBO BIACHY HaBIraliiHy CYIyTHHKOBY CHCTEMY
JUIsl BH3HA4YEHHS MiclenoyioxeHHs Ha Teputopii Kuraro Ta AsiaTchKOro periony —
BeiDou. ITepenbauaernes, 1o 1 CHCTEMa HaJlaBaTUME [IBa BUIM HABIraliitHUX MOCITYT:

- riobanbHi mociyry, ski 6yayts ananoriudi mociayram [JIOHACC ta GPS,
TOOTO 3 BIIKPUTHM JOCTYIIOM VIS YCIX KOPHCTYBadiB CYIyTHHKOBOI HaBiramii Ta 3
CaHKI[IOHOBAHIM JIOCTYIIOM JUIS CTIEIiai30BaHUX KOPHCTYBAIB;

- perioHanpHi mociyrd, siki OyayTe HagaBaTH iH(OpPMALO MIKPOKO30HHOT

IuQepeHIIATEHOT KOPEKIIii.

Cucrema BeiDou pospobmsmacss 61m3pko 26 pokiB B Tpu eramu. Ilepmmit eram
nogascs me B 90-x pokax Toxi Oyiu 3amymieHi amapaTai cuctemu BeiDou-1. I[Iporsrom
Ipyroro eramy, skuii posnouascst y 2000-x pokax, Oyno 3amyuieno 14 cymyraukis. Ha
TperboMy ertami y 2009 poui posmouanacsi po3poOKa TPETHOrO IMOKONIHHS anapaTHHX
cucrem BeiDou-3.

Oco0MuBICTIO KUTAWCHKOT CYMyTHUKOBOI CUCTEMH € T€, L0 BOHA y CBOEMY CKIIAJi
Mae Te0CTalllOHapHi Ta TEOCHHXPOHI CYITyTHHKH, SIKi 1 HAJalOTh ITOCIYTH PETiOHAIBHUX
Kopekiiil. B cBoro uepry, kocMiunuii cermeHT BeiDou ckiamaerses 3 35 CynmyTHUKIB, 3
SKUX 27 CymyTHUKIB OyIyTh pO3TallOBaHi Ha CEpeIHIX KPYroBHX OpOITaIbHHX
IUIOIIMHAX, 5 CYIYTHHKIB OyXyTh pO3TallOBaHI Ha TEOCTAIiOHApHHX opbitax Ta 3
CYIYTHHKA Ha T€OCHHXPOHKX opbitax. I{e 103BONUTH HE TINBKU AOCATTH HE3aJIeKHOCTI
y HaJlaHHi HaBirauidHUX mociyr Ha Teputopii Kuraro, a Takox HamaBaTH L MOCIYTH Ha
rJ100aIbHOMY PUHKY.

CnucoK BHKOPHCTAHHX JzKepes:

1. Konun B.B., Xapuenxko B.II. Cucrempl CIyTHHKOBOW paJMOHaBHTalUy;
HanmonansHeiit aBuanmonseli yausepeuret.- K.:Xontex,2010.-520 c.

2. BeiDou Navigation Satellite System Signal In Space Interface Control Document
Open Service Signal BII [Electronic resource] URL:
http://en.beidou.gov.cn/SYSTEMS/ICD/201902/P020190227702348791891.pdf

3. [Electronic resource] URL: https://www.gps.gov/policy/cooperation/#china
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SERVICES OF COMPUTER MODELING OF SATELLITE SYSTEMS

We can’t imagine our life without satellites. Television, navigation, meteorological
forecast, communication, the Internet and, of course, a lot of science investigation is
done with the help of satellites systems. With time passing new satellites with different
destinations are appearing. For example, Starlink [1], which provides satellite Internet
access to most of the Earth or OneWeb [2] which started in 2020 to provide global
satellite Internet broadband services to people everywhere.

For acquaintance with any satellite system or even for testing future satellites it’s
pretty suitable to use computer modeling programs. Such programs visualize the
satellite’s movement in space, show the track projection to the Earth.

Actually such a model uses mathematical moving models, for which is needed initial
data - orbital parameters. There is a common format for performing such data - two-line
element (.tle extension). These and new files are in public access and can be found in
Celes Track [3].

For today, we do not have many good services for modeling satellite systems, but
there are two services which perfectly do their job and describe the satellite in detail:
orbital track, ground track and all physical data in these satellites are included. These
programs are HOMA [4] and Satellite Simulator [5].

HOMA is an online tool that analyzes space orbits and generates 3D visualization of
the space trajectory along with ground track and numerical results.

The interface and the example of modulation of the satellite in HOME are given in
Fig. 1, Fig. 2 and Fig. 3.:

3D VISUALIZATION

Fig. 1.

40



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOH®EPEHLISA
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMU 3B’S13KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALII TTIOBITPSIHOTI'O PYXY CNS/ATM»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

Fig. 3.

The satellite simulator SATSIM was developed during the experimental PRISMA
multi-satellite formation flying project and was primarily aimed to validate the
Guidance, Navigation and Control system (GNC) and the on-board software in a
simulated real-time environment. The SATSIM system has as a main feature the ability
to simulate sensors and actuators, spacecraft dynamics, intra-satellite communication
protocols, environmental disturbances, solar illumination conditions as well as solar and
lunar blinding. The interface and example of working is given in Fig. 4:
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Fig. 4
Computer modeling of satellite systems are really important in their designing,
investigating and testing. This may help people to project new or improve old satellites
faster than without these programs. It helps people to investigate the principle of a
satellite's work without special conditions or equipment - but only having a computer
and the sources of satellite’s data.
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IMPOPECIIHA EGEKTUBHICTD OIMEPATOPA BILTA. Y3TOJKEHCTD
T'PYIIA OITIEPATOPB BILJIA

Iepexin no 3HayHOI aBTOMaTH3aNii OyB 0COOIMBICTIO aBiamii MPOTATOM ocTaHHIX 40
pokiB. 3i CTPIMKHM PO3BHUTKOM TEXHOJIOTiIH Oyna po3pobieHa cuctema Oe3miIoTHHX
mitakiB (BILUJIA), sk momomora 10 ocHoBHOI aBiamii. BITJIA mormm 6 3miiicHroBaTH
CIIOCTEPEIKCHHS, PO3BIAKY, PaJiOeNeKTPOHHY PO3BiAKy, Hamaja i yaap 3 MEHIIUMH
€KOHOMIYHMMH BUTPATaMH i OUIBIIOI0 GE3IIeKoIO.

Hapas3i, BITJTA mupoko BUKOPHCTOBYETHCS B LIMBIIBHOMY 3aCTOCYBaHHI, B TAKOMY
SIK MOHITOPHHT HaBKOJIMIIHBOTO CEPEIOBHINA, acpo-(poTo-MOHITOPHUHT, METEOPOJIOTis,
MOXKEIKOTACIHHS, MPUKOPAOHHUH NATpysb, puOaIbCTBO, 3aXUCT 1 MPaBO3aCTOCYBAHHS.
BAC craB He3aMiHHHM SIK y BificbkoBill cdepi Tak i y nuBinpHii [1]. Huni aBiamiini
OpraHM B YCHOMY CBiTi 3000B’s3aHi IIpUiiMaTé 3aKOHHU 10O NpaBui i HopM st BITJIA,
He TUIBKH B eKCIUTyaTalil, a i y mporeci 3aTBep/KeHHs. €BpoIeichke areHTCTBO 3
apianiitnoi Oesnmexn (EASA) omyGmikyBama A-NPA 2015-10 mpo BBemeHHS
HopMatuBHOI 6a3u st pynkiionyBanus BITJIA B 2015 poui, npo Te, mo minor BAC
MIOBUHEH OTPUMATH cepTU(]iKaT eKcIuryaTamii i 3a0e3nedeHHs Oe3MneKH MOJIbOTiB [2].

BiamoBiaHO 10 YMHHMX HPABUII JILOTHOT IPUIATHOCTI Ta B3a€MO/IT MIXK OIIepaTopoM
1 cucTeMOIo MiJx 4ac eKkciuryaramii, jurs kBami¢ikanii mimora/omepatopa BITIA crig
BpPaxOBYBaTH Kijibka (akTOpiB, BKIIOYAOYN OpPO(deciiHy SKiCTh, MEAWYHI BHMOTH,
NICHXOJIOTIYHY OIIHKY, BUMOTH JIO HiIrOTOBKH, EKCILTyaTAI[IMHIN JOCBIM 1 KOOpAMHALLS.

Ilpogpeciiina saxicme. Tlpodeciiiuuit i kBamidikoBanuii minot/onepatop BIIJIA
MIOBUHEH BOJIOMITH II'SITbMa aclleKTaMH SKOCTi, B TOMy 4HcIi Mae Oyru mpodeciitHa
CaMOBIIAHICTh, MOYYTTs 000B 53Ky, CAaMOBIIAIAHHsI, €HTY31a3M [0 Ipalli, JOTi4HICTh Ta
panionanbHicTe. KpiM Toro, Bik minmorta/omeparopa BAC mnoBunen Oytu Oinbmre 18
pokiB, omepatop BIIJIA mnoBunen wmatu ¢isuuny ¢opmy, no0pe 3HATH Teopiro
aepoHaBiTaIii Ta BiAMOBI/IHI aBialiliHi nMpaBwia.

Meouuni eumozu. Y TOPIBHSIHHI 3 MIJIOTOM MIJIOTOBAHOTO JIiTaka, MiJIOT/OnepaTop
BAC mnoBuHeH MaTu BIANOBIAHY MEIWYHY JOBiIKY. MeIWYHI BHMOTH MOXYTh
Binpi3HATHCS depe3 pisHoMaHITHICTE BIIJIA. Jlns meemukux BITJIA, mo npamioiots y
npsAMiil BUIMMOCTI, MOKe OyTH AOCTaTHHO BOAIMCHKUX MEAMYHUX HpaB. THM He MeHL,
qutst 6iremoi BITJIA omepaTop moBruHEH Maty HiHCHMIT MequdHUIT cepTudikar Ipyroro
abo Tperporo kiacy, 3asnauenuii y 14 CFR, uwacrmna 67 «MeauuHi craHmapTa Ta
ceptudikanisy. [y omeparopis, SKi BIANOBINAIOTH 3a PO3pOOKY Micii, IIaHyBaHHS,
nepefayvy JaHUX 1 KOpHCHE HAaBAHTA)KCHHS, MEIMYHE BUMOra MOKe OyTH mociabieHa
yepe3 KOHKPETHE HOoI0KeHHs [1; 2].

Ilcuxonoziuna ouyinka. OCTaHHIMH pPOKaMH KUIBKICTh aBapii, BHUKIMKaHUX
NICUXOJIOTIYHUMH TpobiieMaMu mistora, 3poctae. Y 2014 poui BIIC CIIA mposemn
JOCII/DKEHHST T[ICHXOJIOTIYHOT OIIHKK ONepaTopiB IUCTAHLIHHOTO MiJIOTOBAHOTO
TpaHcroptHoro 3aco0y (RPV) (0 xaHammaTiB Ha HaBYaHHS 1 3alpONOHYBaIH
CTaHIapTH30BaHEe TECTyBaHHS ocobucTocTi mepex mimroroBkoro [2; 3]. TecryBaHHs
ocobucrocti BukoprcroBysano NEO-PI-R, sike BUMipIoe KaHIUIATIB 3 IT'SITH OCHOBHUX
obmacteil 0COOMCTOCTi: HEHpPOTH3M, eKCTpaBepcisi, BIAKPUTICTb, NPUEMHICTH i
CYMIIIHHICTB. Y HOCIHikeHHI Oyso omiHeHO 7682 ydacHHKIB, SIKi MPOWILIN HAaBYAHHS
minoroBannx abo Oe3MiIOTHHX INiTanbHUX KomiutekciB 3 2009 p. mo 2013 p. [3].
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JlocmiKkeHHs 1MOKa3ajo, 10 KaHAWIATH HA HaByaHHs mijgoTiB RPV, mBuaime 3a Bce,
30epiraTUMyTh CIOKiif BOHU MOBUIBHINIE THIBAIOTBCS, MEHII CXWIBHI 0 ITOYYTTS
CMYTKy i O€3HaJiHOCTi, MalOTh BHIIlY CAMOOLIHKY i BBa)KaroTh cebe OLIbII 31aTHUMHU
BIOPATHCS 31 CKIATHUMH CHTyalisMu. [Icuxosoriyna omiHka Bxe Oyia BUKOpHCTaHa B
migroroBui kanauaatie Ha HaBuaHHsi RPV USAF, peiitunroBux minotiB Ta Bimdopy
IIJIOTIB, IO JgomoMorio O minoTy/omepatopy mo0Ope Ta e(eKTHBHO IIPAIfoBaTH B
JOBrOTpHBAJIiii 1 CKJIaAHIH Micii B pi3HOMaHITHUX cepefoBuinax [4].

3 migBuImeHHSAM piBHA iHpopmarm3anii Ta aBromarmsanii BAC 3pocrae ¢izuune
HaBaHTa)KCHHS] Ha OE3MIIOTHI CHCTEMH, a Ha oOIeparopa 3MEHIIYEThCs, aje PO3yMOBI
HAaBAaHTA)XCHHS 30UIBIIYIOTBCS, OCOONMBO B aBapiiHuX cuTyanisx. Kpim ToroO,
MICUXOJIOTiYHI mpoOJieMH, Taki sIK cTpec abo TPUBOra, CHPUYHHSIOTH MPOOJIeMH 3i
3IIOPOB'SIM SIK MICHXIYHO TaK 1 (i3UYHO.

Sxmo i npobnemu He OyAyTh BHpIIIEHI BUacHO - [I¢ MaTHMe 3HAYHWI BIUIMB Ha
MICUXIYHE 3/10pOB'si, Oe3MeKy MOJILOTIB i BUKOHAHHS 3aBAaHb 10 HoBHOI Mipu. OTxe, min
gac BIIJIA Bigbopy minmora/omeparopa, HEOOXiJHO OIHUTH MCHXOJOTIYHHH CTaH
KaHIUJATIB, SIKMH MICTHTh Kibka (pakToOpiB, Taki sSK: BUCOKHMH piBeHb CYMJIIHHOCTI,
BIANIOBINANBHICTD, OPIEHTAIlISI HA JOCATHEHHS YCIIXy B MICii, 9yTTs CiBpoOITHHITBA,
eMolliiiHa cTabiIbHICTD, CTIHKICTh, BIEBHEHICTh Yy CO0i, CaMOOIiHKA, TOJEPAHTHICTh 10
pm3uKy, aucuuiuiiHoBaHicte. Omnepatopm BIIJIA Takok TOBHHHI IIPOBOIUTH
MICUXOJIOTIYHI KOHCYJIBTALIl Yepe3 pery/sipHi MPOMIDKKH 4acy, II0 € BaXKJIMBUM JUIS
0e3IeKr TPAaHCIIOPTHUX 3ac00iB, JItoAeH Ta o0afHAHHS Ha 3eMiTi [5].

Bumozu 00 nasuanna. s nepenukoro minora BITJIA HeoOXigHO CKIacTH iCIUT 3
Teopii aBiauii, B3ATH ydYacTb Yy INPOCTOMY aJalTOBAaHOMY HaB4YaHHI Ta OTpPUMATH
ceprudikar abo JileH3ilo, ockinbku perigameHT FAA Bumarae, mo6 mimor BITUIA
MOBHHEH MAaTH TIeBHI HaBW4ku Ta 3HaHHA. [ BIIJIA BuIne TakTWYHOTO piBHS
[iIOT/ONepaTop MOBHHEH MaTH YOTHPHUPIYHUI AMIUIOM aBiauiitHOi 4M iH)XEHEepHOi
kBanigikanii, 3aKiHIUTH TPOTpaMy NPOQeciiiHOi MiIrOTOBKM IINOTIB KOMIUIEKCHO Ta
CHCTEMAaTUYHO BHBYATH TEOPII0 aepoHaBiraiii, a TaKOX JJOCTATHHOTO T'OAWHHOTO
HaJBOTY, 100 MPETEHAYBaTH Ha MOYATKOBHMH PiBEHb, OCKIIBKH CKJIAJHICTH Ta PH3HK
yckinaaHenHst Micii BAC 3anexuTs BiJ po3IMIMPEHHS TEXHOJOTH Ta iX 3aCTOCYBaHHSI.

st onepartopa BIUIA, sikuii ciayXuTh y BiiCbKOBHX, MOJILEHCHKUX Ta JEPIKaBHUX
CTPYKTypaX, HCOOXIJJHO MaTH JIICH3II0 MiJ0Ta 3 NEBHUMH TOAWHAMHU HalmboTy. Kpim
TOro, 6e3MoCepeIHbO 3ITKHYBLIHMCH i3 MOJIeM 000 Ta MICLEM 3JI04HHY, BIICBKOBUH 4K
MOJIIEHChKII TIOBUHEH BIIBIAATH KOHCYJBTALIIO 3 IICHXOJIOTIYHOTO 370pOB’S, 100
MEePEKOHATUCS, L0 IICHXIYHMH CTaH JocsArae HEOOXiAHOTO piBHA [UIS Kpalloro
BUKOHAHHS TIOCTaBJICHOTO 3aBaHHSI.

Joceio excnayamauii. Ockinbku exinax BIIJIA ne 3naxomutbcs Ha Ooprty,
eKCIDTyaTaliiiHi XapaKkTepUCTUKH Ta peKuM KepyBanHsS BIIJIA B pmesxid  wmipi
BIZIPI3HAIOTHCS BiJl TPaAMLIMHKUX minoToBaHuX JiTakiB. Exinaxx BAC po3ramoByoTs Ha
CIeIiaJIbHUX CTaHI[ISX 3a COTHI a00 3a THUCSAYl MHJIb BiJl CAaMOTO OE3IMIJIOTHOTO JIiTaKa,
toni sik BIUJIA mokimamaeTbcss Ha OiIbII MOMEPEIHBO 3alPOrpaMoOBaHE IPOrpaMHe
3a0e3neyeHHs 3aMicTh NPHUCTPoI0 KepyBaHHA. [lo meBHoi Mmipu minor BAC moBuHEH
MPOWTH CIeliaNbHy IMiATOTOBKY, 11100 3a0e3mneuntd Ge3rneKy TPaHCIIOPTHOTo 3acoly 3a
YMOBH, 0 cuctema ynpasiinas BIIJIA 3HaxoquThes B 1301b0BaHOMY cepeqoBui. J{is
Benmukux BIUJIA y omepaTopa Mo)ke He BHCTAQuUTH JOCBify 4epe3 poOoTy y mpsmiid
BuauMocTi. Asne mis 6utbmux BITJIA, ocoOnuBo aisl 3acTOCYBaHHS y BIHCBKOBUX a00
YPSIIOBHUX LIISIX BaXJIMBO MAaTH BUCOKHM JOCBIJ 11l 3a0e3MeueHHs yCMixy MeBHOT Micil
Ta Oe3MeKH MOJbOTY.
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Koopounauyin. Ockijbku OCTaHHIMH poKamMH po3poOka Ta 3acrocyBaHHs BIIJIA
cTpiMko  posmmproeTees, BIIJIA  wmarore Oinbllie  IDAHCIB  CHIBIpAIIOBaTH 3
MIOTOBAaHUMHM JIiTaKaMy, OE3MUIOTHUMH HAa3eMHHMH TPAaHCIOPTHUMH 3aco0amu Ta
OE3MUIOTHUMH TIJBOAHMMH arapaTaMy B CHEIIaJbHUX 3aBAaHHAX. OYEBHIHO, IO
minot/oneparop BIIJIA noBunen OyTv He TiUTbKM O0i3HAHUM 3 EKCIUIyaTali€lo Ta
3HaHHsAMu BIIJTA Ta ekcinryaramifHUMM XapaKTEepHUCTHKAMH IHIINX TPAHCIOPTHUX
3aco0iB, a W MpPOWTH HaBYaHHS CHCTEMHOI CHiBIpaui nepex BUKOHaHHIM Micil. Ha
3aBepIIeHHS, Kap’epa minorta/onmeparopa BIIJIA  Oyme myxke BimpisHATHCS B
MaiiOyTHHOMY.

BpaxoByroun Bci mi (axropm, HaBdaHHs minora/oneparopa BAC mae BmodaTH
TEOPETHYHY MiJATOTOBKY, TPEHAXEpHY MIiArOTOBKY, ekciutyatauiss mamux BITJIA Ta
CcrelriazizoBaHa IiATOTOBKA, sIKa MOTJIa O OXONHUTH Maiibke BCe 3 HaBUAJIBHUX IPEIMETIB,
3MEHIINTH PU3HKU Ta BUTPATH HAa HABYAHHS, IMiABULIUTH €EKTUBHICTH Ta 3MCHIIHTH
HenoTpiOHI 30UTKK Yepe3 JIFOICHhKI TOMUIKH [3-5].

Ockinbkn TexHonorii BIIJIA po3BuBaloOThCs, BiiCPKOBAa Ta IUBLIBGHA aBiallisi Bce
Oinblie MOKIaZaTHMMEThCS Ha O€3MUIOTHI JlTaibHI  amapatd, MalOyTHe Uit
ninora/onepatopa BIIJIA Burnsmae OUTBII HACHYCHUM Ta HMEPCICKTUBHUM, HIX Oymb-
konu pamimre. Terep iHKeHepH Ta JOCHIAHUKU NPUAUIAIOTH OUIbLIE YBard BUBUCHHIO
kBanigikanii Ta MAroToBKH minora/oneparopa BIIJIA, ski Mormu 6 MiJBHIINTH PiBEHb
0e3reKH MOJIbOTIB Ta CIPUSTH po3pobui Ta 3actocyBaHHi0O BAC. TenpeHuiss pexumy
kepyBaHHs1 BIIJIA mosmsrae B Tomy, mo BIIJIA Mae 3maTHICTH HOBHICTIO aBTOHOMHO
mpaioBaTd y Mail0yTHbOMY, II0 3MEHIIYE HaBaHTaKeHHs mijgoTa/omeparopa BITJIA i
migBumye BuMorn no ksamidikamii. OOrosoproBaté KBamiikalio Ta HaBYAHHS
minoriB/onepatopiB BITJIA 3 GinblIo0 po3BiAKOIO Ta OE3MEPEPBHICTIO LIS AAICKO 10
MONIMNIIeHHS. Y Mipy MIBUAKOrO pO3BHTKY Ta IIHPOKOro 3actocyBaHHS BIIJIA
ninot/oneparop BITJIA BigirpaBatiumMe KIr04OBY pojib y MaiiOyTHii aBiauii [6; 7].
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MOJEJDb JJIA JOCHALIAKEHHA CTATUCTHYHUX XAPAKTEPUCTHK
CYIIYTHAKOBOI HABITAIIIMHOI CUCTEMH BE3IMIJIOTHOT' O
JITAJIBHOI'O AITAPATY

OCHOBHOIO (pYHKII€I0 CYIMyTHHKOBOI HaBiramiiHoi cucremu (CHP) GesminorHoro
nitansHoro amapary (BITJIA) € Bu3HaueHHs KOOpAMHAT, IIBHAKOCTI Ta 4acy. Jlerki
BITJIA i3 371iTHOIO Macoro KiJibKa JECATKIB KI' Ta JAJIBHICTIO MOJIBOTY 10 50 KM MOXYTh
(GYHKLUIOHYBaTH B YMOBaxX CHIJIBHO IEpECiueHOi MICLEBOCTI Ta CKJIaJHOI 3aBaJoBOl
oOcraHoBkH. [Ipyn BHU3HAUeHHI KOOpJAWHAT II0 CUTHAJTaX HABIralifHUX CYIMyTHUKIB
TOJIOBHHM  IIapaMeTpoOM Yy BHUpINIeHHI HaBiramiiiHoi 3amadi €  JaJbHICTH
(TIceBIOANBHICT) KOJKHOTO CYITyTHHKA y 30HI BUAMMOCTI. Ha moMuiku BH3HaueHHS
TICEBIOANIBHOCT]I BIUIMBAIOTH e(deMepuIy CyMyTHHKIB, ioHOc(epa Ta Tpomocdepa,
HEepeIIKOI0Ba 0OCTaHOBKA, PO3TAlllyBaHHS CYIYTHHKIB 11070 BIIJIA, MaHeBpyBaHHS
BIUJIA. V wiit nomoBigi HaBoanuThCs Monenb ouiHku nosuiii BITJIA 3 ypaxyBaHHAM
MOXHOOK MCEBJOAAIBHOCTEH, K CTABIATHCS CTATUCTHYHO.

B ocHOBY Moneni mMOKIageHO iTepauifiHuii MeTox ouiHku KoopauHaT [1],
00'eHaHU 31 CTATUCTUYHOIO MOJEIUTIO TICEBIOAIbHOCTEH, KA J0JA€ThCS 10 MPaBoi
yacTuHy piBHSHHS (4. 44) [1]. CratucTnaHa Mozens nceBrogansHocti P(k) momaerses y
BUTIIAIL

P(k) =p(k) + f(u,0, k),

ne p(k) - Bumipsni nmcesnomanbHocTi 10 k cynyruukis, f{u,&, k) - reneparop
BUIMAJKOBHX YMCEN, { - CEpPEeAHE 3HA4YCHHSI BHIIAJKOBOTO YHCIA, T - CTaHAapTHE
BiIXWICHHS.

BxigHUMH DaHMMH U IPOBEACHHS JOCTIPKEHB 3a 3alpPOIIOHOBAHOI0 MOJEIUIIO €
edeMepuIu HaBiramifHUX CYIyTHHKIB, IICEBIOJAIBHOCTI, IapaMeTpu TIeHepaTopa
BUIAKOBHUX YKCE]. BUXITHUMH NaHUMH MOXYTb OYTH CTaTHCTHYHI XapaKTEPHCTHUKH
no3utii B TPUBUMIPHOMY IPOCTOpi. Y MOJENb 3aKIaJeHO MOXIMBICTE (hOPMYBaTH
JIOBUIbHY KOMOIHAIIO IBOX CYIMYTHHKOBHX CHCTEM, 3MIHIOBATH KYT MACKH, BUBOAUTH
rpadivni naHi pe3ynbrariB monenmtoBaHHs. st imoctpanii poboTH Moneni HaBexaeMo
JIBa CLIEHApIi 3 pe3yJIbTaTaMH MOJICITIOBaHHS.

Sk BXimHI OaHi BHKOPHCTOBYIOTHCS CGKCICPHMEHTAJbHI 3HAa4YeHHsS edemepHn i
ncespoaanbHocTeir GPS u I'JIOHACC.

Marpuns a¢emepun it 15 CIIyTHUKIB Ma€ HACTYITHHUIN BUTIISA;

Eph =[0.743969507931521 1.835943245181110 1.824205022459420
1.320239946541640 1.265473192832610 1.913643631443840
-0.350453372350397 2.277674219512480 1.340534817502060
-1.628294545094400 -0.127069173493271 2.105294547927350
0.691073942467448 -1.558169493777120 2.021021585506690
1.991453909131120 1.130942349856910 1.344546297508410
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2.369773179922120 -0.776041642074437 0.923392825341097
0.996656645967017 -1.436313261124170 1.993763526256420
-1.692888811957120 0.166788670427429 2.093755983709060
1.233256010182990 2.367700964106590 -0.071202657299068
-1.650996681268890 1.085295610289370 1.803466000115140
-0.068190076000000 -1.613435565000000 1.972099924000000
-1.241174931000000 0.039757693000000 2.227131788000000
2.437598815000000 0.406305768000000 0.627283871000000
1.227906990000000 1.002612703000000 1.997446248000000]% 1.0e"7.

Psaaxu 1-11 BigHOcsiteest no cymytHukiB GPS, psgku 12-15 BigHOCATBCS 110
I'TIOHACC. Koopaunatu X, Y, Z cynyTHHKIB 3amucani 1, 2, 3 cTOBIII BiAIIOBIIHO.
ExcriepuMeHTalibHI IICEBIOAANBHOCTI UTst 15 CyIyTHHUKIB IPE/ICTaBIICHI SK:

P(k) =[2.142845384907509 2.022384662092726 2.346550318782243
2.576093739823005 2.360811083746415 2.068520592366336
2.286996688983165 2.318862603028191 2.597968254419408
2.401345415616430 2.550376275571986 2.372087393068987
2.350164697835089 2.089354978646578 1.905754132867241]x 1.0e"7+
+ normrnd(y, @, k),

Je normrnd— reHepaTop HOPMaJIBbHOTO PO3NOLTY BUIaAKOBUX uncen MatLab.

Ha puc. 1 (cuemapiii 1) 300paskeHi TiCTOrpaMH BIAXWIECHb KOOPJAMHAT BiX
HOMIHAJIIBHOTO 3HAYEHHs MPH BUKOPHUCTaHHI 15 cymyTHukiB mis @ = 4.2m , Byron
Mackd piBeH 5° n 1000 peanizamniii reHepaTopa BUIIaJKOBUX YHCEIL.

Ha puc.2 (cuenapiii 2) HaBeeHO aHAJOTIUHI pe3ynbTaTd 11t 5 cymytHHKIB (1-GPS,
4-TJTOHACC). Ha puc.3 i puc.4 HaBeneHi BigXuiaeHHs KoopauHat 1o ocsix X, Y, Z B
TPUBUMIPHOMY IIPOCTOPI JUIS IIUX CLCHAPIIB.

Ha puc.3 i puc.4 HaBeneHi BimxuineHHs koopauHart mo ocsix X, Y, Z B
TPUBUMIPHOMY IIPOCTOPI AJIS LIUX CLICHAPIIB.

X, metr i Y, matr » oz metr

s B & 3 =

Puc. 1.
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X, metr 15 Y, metr a2, metr

Puc. 2

GPS -11, GLONASS -4

Coordinate dZ

Coordinate dY 5 €

Coordinate dX

Puc. 3

GPS -1, GLONASS -4

Coordinate dZ

Coordinate dY -40 Coordinate dX

Puc. 4

3arajgoM 3ampoMOHOBAaHA MOJETb € [OOCHTh C(GEKTHBHOIO IS IOCIIHKSHHS
MoxJimBocTei Hairauii BITJIA y pi3Hux ymoBax.

Hampukinni 3a3HayuMoO, II0 MPOEKT OYyno BHKOHAHO y JabopaTopii CYIMyTHHKOBOI
nagirauii HAY y pamkax qucrmmmiian «CynyTHHKOBA HaBiraris».
CnucoK BHKOPHCTAHUX JUKEPeJ

1. Konnu B.B., Xapuenko B. II. CHCTeMBI CIyTHHKOBO# paguHoHaBHramiy. — K.:
Xounrex, 210. — 520 c.
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Manamapuyk JLI., crynent
IMorypeascbkuii O.C. K.T.H., JOLEHT
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CYIIYTHUKOBA CUCTEMA MOHITOPHUHI'Y ABTOMOBLJIBHOI'O
TPAHCIIOPTY

3rigao nokymeHTanii [CAO 0CHOBOKO CyIyTHHKOBOI HaBIramii € JBi CHCTEMH — L&
pociiiceka ['JIOHACC ta amepuxancbka GPS. Lli nBi cucteMd [OaBHO MOBHICTIO
PO3ropHyTi Ta QPYHKIIOHYIOT, HAJAIOYH TIOCIYTH 3 CYIIyTHHKOBOT HaBiramii.

CyIyTHUKOBHH MOHITOPHUHI aBTOTPAHCIIOPTY 3aCTOCOBYETBHCS ULl BUPIIICHHS 3aa4
TPAHCIOPTHOI JIOTiCTUKH. ['ONOBHHMH NPUHIMIT POOOTH MOHITOPHHIY Oa3yeTbcst Ha
BUCTC)KYBaHHI Ta aHali3l HPOCTOPOBHUX Ta THMYACOBHX KOOPIMHAT TPAHCIIOPTHOI
JIOTiCTHKHU. TpaHCIIOPTHA JIOTICTHKA — IIe CHCTEeMa 3 OpraHi3allii JOCTaBKY, a caMe 1010
nepeMileHHsT OyJb-SIKMX MaTepiaJbHUX IpeIMeTiB 3 OIHiel TOUkM a0 iHmIOI 3a
ONTUMAIIBHUM MapUIpyTy.

Kommnanii, mo 3aiiMaroThCs pI3HOMAHITHUMHU HEPEBE3CHHSIMH, 3alliKaBIeHI Yy
3BEACHHI BUTPaT 10 MiHIMyMy. 3aBISKH CHCTEMi MOHITOPHHTY OyAyThb BHKJIIOYCHI
Oynb-sIKi He3aIUIaHOBaHi pelick Ta OOIPYHTOBAHO BCi 3aIMTH MPO 301IbLICHHS JTIMITY Ha
MmajgbHe, a OTXKEe, KIIEHTH Ta CHIiBPOOITHUKM KOMIAHIH 3 JIOTiCTHKH 3aJIHIIATHCS
3a/I0BOJICHUMH.

Bukopucranns 3aco6iB 06poOky HaBiramifHUX JaHUX B CKJIAJHAX MOHITOPHHTOBHX
cHCTeMax J03BOJISIE 3MEHIIMTH o0cAr iHpopMmamii, M0 HepeqacThCs, Ta INIBHIIUTH
TOYHICTh TO3WI[iOHyBaHHsA. DiNbTpamis [MaHUX TMOJArae Yy I030aBICHHI BiX
HaJUTHIIKOBHX JaHHX, 1[0 HE HAJAIOTh KOPHCHOI iH(opMalii po cTaHOBHUIIE PyXOMOTO
00'ekTa, a TAKOXK Y BiACIBI BUKHUIIB, 110 IPU3BOISATH A0 CIIOTBOPEHD AaHHX.

Jns  posropraHHs e(pEeKTMBHOI CHCTEMH KOHTPOJIIO TEXHIKM KpPUTHYHI Taki
mapaMeTpu: TOYHICTh IOKa3zaHb, ajekBarHe [I3, 1m0 BuBOaMTH iH(DOpMALiO B
NPUAATHOMY [UIsl aHaji3y BHIVIALI, BaHAAIOCTIHKICTh, CTIHKICTh OO TEpMIYHHMX Ta
BiOpamiifHUX BIUIMBIB (JUIS Kap'epHOI TEXHIKH).

Ha BizMmiHy Bix IpOCTHX HaBiramifHUX CHCTEM, I CHCTEMa IIOBHHHA 3a0e3redyBaTH
BCEOIYHUI KOHTPOJb 32 CTAaHOM aBTOMOOLIS, BKJIFOYAIOUM HOTO MiCLIE3HAXOJKEHHS,
MapumpyT Ioi3aKH, Tpadik pyxy, IMIBHUAKICHHH pexuMm, mnomii Ha OopTy, yMOBH
MePEeBE3CHHS BaHTAXy Ta iH.

CucreMa MOBHHHA BiICTE)XYBaTH POOOTY KOXKHOTO aBTOMOOLIS B pealbHOMY 4Yaci i
ONEPATHBHO BUSBIAE Oy/Ab-Ki BIOXWIEHHS BiJ KOJIHHOrO 3aBJaHHS, NOMMIKH i
370BKMBaHHs BOAiiB. CBoedacHa iH(oOpMalis Mpo Ie /A03BOJISIE HEraiiHoO ycyBaTu
HOPYILICHHS Ta HE IOMYCKAaTH iX HaJaJi.

CTpykTypa CHCTEMH MOHITOPHUHTY CKJIAJa€Tbcsi 3 CYIYTHHKOBOI CHCTEMH,
60pTOBOTO OJIOKY ,BCTAHOBJICHOTO Ha aBTOMOOLTI ,06a30B0i cranmii GSM , cepBepy 6a3n
JAHUX Ta AWCIIETYepChKOro IeHTpy. [Ipuxian cucreMu MOHITOPHHTY 300pakeHO Ha
pucyHky 1.
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Pucynok 1. CTpyKkTypa CHCTeMH MOHITOPHHTY aBTOTPAHCIIOPTY

Cucrema GPS MOHITOPHHIY TPaHCHOPTY CKIagaeThesi i3 OOpTOBOrO 0OnagHAHHS
(GPS tpekepa, GPS/GSM antenu), pi3HUX JaTYHKIB, JUCIETYSPCHKOTO Ta CEPBEPHOTO
IIPOTPaMHOT0 3a0€3IeYeHHSI.

Ha tpancnoprHuii 3aci6 MoHTyeThcs OopToBe obmamuaHus — GPS Tpekep, mo
npuiiMae curaany Bix cynyTHukiB GPS Ta Ha ocHOBI oTpuManoi iHpopManii o6unciIoe
CBOE MICIIE3HAXO/UKEHHS, MBHAKICTH i HampsM pyxy. Ha pucyHky 2 moka3aHo SIK
BcraHoBIoeThest GPS Tpekepa Ha aBTOMOG1ITB.

Pucynok 2. ®oro Becranosienns GPS tpekepa Ha aBTOMOOLIB

VY aucrneTdepcbKOMY IMPOrpaMHOMY 3a0e3ledeHHi y pPeXuMi peasbHOro dvacy
BiZIOOPa)KaroThCsl MiCHE3HAXOKCHHsI TPAHCIOPTHOTO 3aco0y, WIBHAKICTH 1 HampsM
PYXy, QiKCyIOTbCS 3yNUHKH, IEPETHH KOHTPOJIBHHUX 30H, aHi JaTYHKIB TOLIO.

Bces indopmartis BinoOpaxkaeTbCs B 3pydHOMY ULl CIPUHAHATTS BUIJIALL: Y dopmi
rpadikiB, TaOIUIb, TPEKIB Ha €ICKTPOHHUX KapTax.

Jani cucremn GPS MoHITOpHHTY TpaHCTIOPTY 30epiraloTbesi HEOOMEXKEHHH Jac 1y
OynIb-SKIf MOMEHT MOXKHa C(OPMYBATH 3BIT IIPO MPOOIT, Yac poOOTH, POCTOI, HEPETHH
3aJlaHUX PpalOHIB, IIBHIKICHI PEXUMH, 3alpaBKH 1 3/IMBH, CIOXHBaHHS IallMBa,
MiIpaxyHOK MacaupiB, CIPaLbOBYBAHHS Ta JaHi JaTYMKIB, pOOOUHii Yac BOMIIB TOIIO.
Ha pucynky 1 3HaxoanThCs puKIaj 3BiTy B nporpami moHitopunry TrustTrack 2.
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JlaHi 3 cHCTEMH CyITyTHHKOBOI'O MOHITOPUHI'Y TPAHCHOPTY MOXKYTb €KCIIOPTYBATHCS
i BUKOPHCTOBYBAaTUCS B cUcTeMax 0oOiiKy i ynpaeiinus mignpuemctBoM (Tpancnopraa
norictuka, 1C: IligmpuemcrBo Ta iH.). Bigkpura apxiTekrypa, MacumTaboBaHICTb,
rHy4KicTh cucteMd GPS MOHITOPHHTY TpaHCHOPTY JO3BOJSIOTH IHTErPyBATH ii B iHIII
CHCTEMH IIiJNPUEMCTBA, BHPINIyBaTH CKIaJHI 1 HECTAaHIApTHI 3aBHAHHS, OyqyBaTé
CHCTEMY ITiJi BUMOTH 3aMOBHUKA.
o o R P

COCTORHiM NapKa TPAHCNOpTHIXCPe.. X LAND ROVER X

[
<0

LAND ROVER

Pucynoxk 3. Ilpuknan 3Bity B mporpami moHitopunry TrustTrack 2

Cucrema GPS-MOHITOPHHTY a€ MOXJIMBICTh OTPUMYBATH aKTyalbHY iH(popMaILliio,
sIKa 3HAYHO HOJINIIHUTH pobodi nporecu. Cepen Takol iHpopMarlil MOXKHA BUALIUTH:

1. TouHwuii i akTyanbHHUIA 3BIT O KOHTPOJIIO MMalWBa 3 ypaxyBaHHSIM LIBHAKICHOTO
PEeXHMY, CTaHy JOPIT, a TAKOX IAHOMIB 1 CITyCKiB Ha JOpOTax.

2. JleranizoBaHy CHCTEMy 3BITHOCTI IICPEMILICHHS TPaHCIOPTHOTO 3aco0y
(3yIMHKY, IIBUIKICHUN PEXHUM, a TAKOXK 1H(GOPMAIIIIO PO IIEPEBHUIIEHHS IIBUKOCTI).

3. CrBopeHHs JOKIagHUX rpadikiB M0 3alpaBKH i 3JIMBH NajKBa 3 3a3HAYCHHSIM
MicIId, JaTH Ta 4acy 3arpaBKu ado 3/IUBY.

4. MOHITOPUHT MOKa3aHb NAaTYUKIB B pealbHOMY 4aci (JaT4MK BUTpaTH MHajuBa,
Temneparypu  pedprwkepatopa,  TeMHeparypu  JBHI'YHa, OOepTaHHA  BY3IiB
OCTOHOMIIITAJIKY Ta 1HIIM).

B pesysibTaTi MpoBEACHOrO aHaizy MoOXHa migcymyBatd, o GPS MoHiTOpHHT
ABTOTPAHCIIOPTY HE3aMIHHUH y BHUIAJKY, SKIIO KOMIIAHIs 3aiiMaeThCs MEpeBE3CHHIMHU
LIHHUX BaHTaXIB, y BHUIAJKy peajbHUX 3arpo3 Hamaay i He3aKOHHOTO 3aBOJIOIIHHS
TPAHCIIOPTHUM 3ac000M.
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Ipuxoabko L.A., crapumii Buknagad kad. AHC
Cymny O.I1., nouent xap. AHC, K.T.H., JOIIEHT
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INEPEXIJ] YIIPABJIIHHSA ITOBITPSAHUM PYXOM HA CYITYTHHUKOBI
CHCTEMM 3B’SI3KY TA HABIT AITIT

AHaii3 NOBITPSHHUX IIepeBe3eHb 3a OCTAaHHI POKHM BKa3zye Ha Te, IO B 0araTbox
YaCTHHAX CBITY NMOBITPAHHUI NPOCTIp HAOGJIMKAETHCA JO PIBHS KPUTUYHOTO HACHYCHHS,
ocoOuIMBO Ie MOMITHO y moBiTpsHOMy mpoctopi CIIIA Ta €Bpomelcpkoro corosy.
Icnytoui nHazemHi cucremu CNS/ATM (cucteMu 3B’sI3Ky, HaBiraiii, ClIOCTEPEeKEHHS Ta
YIPaBIIiHHS MOBITPSIHUM PYXOM) MaibKe MOBHICTIO BHYEPINANN PECYpCH Ta IPALIOIOTh
Ha MEXI1 CBOIX MOJIMBOCTEH.

VYV BignoBims ©Ha 1ue 3'sBwmce mnporpamu  NextGen (CIHA) Tta SESAR
(€Bponeicbkuii  COI03), SKI JO3BONATH 3OUIBIIMTH HPOITYCKHY CIPOMOXKHICTH
noBiTpsinoro  mpocropy. DenepanpHe asiamiiine ympasminas CHIA (FAA) Ta
€Bporeiicbka KoMicist yxiann MeMopaHIyM IIpo B3a€MOPO3YMIHHS, IO BCTaHOBIIOE
pamku cmiBnpani Mk NextGen ta SESAR. V mpomy Memopanaymi nependadaethes
BUBUCHHS MOJJIMBOCTEH BIPOBA/UKEHHS CYMICHHX TEXHOJIOTIH Yy BIANOBITHUX
HAa3eMHHMX Ta OOPTOBHUX CHCTEMax, a TaKOX pO3POOJICHHS 3arajlbHUX Y3TOKEHHX
rpadikiB BIIPOBa/KEHHS HOBHX TeXHOJIOTiH. Memopanaym mpo cmiBnpamio €C-CIIA
3abe3neyye OCHOBY At ckoopanHoBaHoro miaxoay SESAR ta NextGen o0 criijbHOT
koopauHarii MixHapoaHoi opranizanii nuBinsHO aBianii (ICAO) B 4acTHHI OHOBJIEHHS
Ta BIIpoBaKeHHs [ tobanpHoro aepoHasirariitoro miany (I'AHIT).

Iporpamu NextGen, SESAR Ta T'AHII Gararo B YoMy NOKIAIarOThCS Ha
cynytHukoBi cuctemu SATCOM ta GNSS s 30imbLICHHS — MPOIYCKHOT
CIIPOMOXKHOCTI, e()eKTUBHOCTI Ta O€3NeKH B MOBITPSHOMY IIPOCTOPI MPU OJHOYACHOMY
3HIDKCHHI HECHPHUATINBOTO BIUIMBY Ha MOBKULIL. BimmomimHo no I'HAII, nasiramis
3acHOBaHa Ha xapakrepuctukax (PBN) e maiiBummMm mnpiopuretoMm y cdepi
BIPOBA/DKEHHSI HOBITHIX TEXHOJIOTIH Ta peayli3oByBaTHME CYIYTHHKOBI IIIXOIH JUIS
onTuMi3alii YNpaBIiHHS MHOBITPSHUM pPYyXOM Ha eTamax 371b0Ty, MOJbOTY 3a
MapIIpyTOM, 3aX0/y Ha HOCAIKy Ta TOCAIKH.

OpHa 3 ronoBHUX ocobnuBocTel HOBiTHIX cucteM CNS/ATM, mo Ga3yrorecst Ha
cucremax SATCOM Ta GNSS nomnsrae B TomMy, 0 MIOTH HEBHOIO MipoIo OyIXyTh MaTh
MOXJIMBICTh BHKOHYBaTH (YHKLIi aBiaaucreT4epiB, a aBiaJucleT4epd B CBOIO 4epry
OyZyTh pO3MIINATH MOJNIT 3arajloM, y KOHTEKCTi IMOTOKY Ta Mepexi, a He JHIIe SK
BIZIOKpEMJICHHI AUISHKH TPAEKTOPIi MOJBbOTY JIITAKIB, K 1€ BiOYBAEThCSI CHOTO/HI, 115
KOHIIETIIis Oy/ie peali3oBaHa y paMKax yci€l CHCTEMH YIIPaBIIiHHS ITOBITPSHUM PYXOM.

Iepexin ympasninas noBiTpsHuM pyxom Ha cuctemu SATCOM ta GNSS nae
MOXJIMBICTH PO3pOOUTH Ta peaji3yBaTH OHeparii, IO 3aCHOBAaHI Ha YOTHPHBUMIPHUX
4-D (3-D mitoc yac) TPaeKTOpisiX MOJIbOTY, SIKi JO3BOJIATH 3aCTOCOBYBATH KOHIICTILIIIO
Bix mepony 1o nepoHy (Gate-to-Gate) Ta konmenmiro BinsHOro nousoty (Free Flight), 3
ypaxyBaHHSM peajbHOi iH(opMarii 11010 IHTEHCHBHOCTI MOBITPSHOTO pPYyXy, CTaHy
aepoHaBiramiiHoi IHQPAaCTPyKTypH Ta MOTOJHHX YMOB, a CHCTEMaM YIPaBIiHHS
HOBITPSHAM PYXOM JIO3BOJIUTH MiABUIIUTH €(EKTUBHICTb NIPOLECY NPUIHATTS PillICHb y
rio6ansHOMy MacIiTaoi.

OcHOBHa MeTa BHIIE3a3HAYEHHUX Olepaniil Ta KOHIENIiil HaJaTH eKilnakaM JIITakiB
MOXJIMBICTh BHOOPY TpaeKTOpii BUIBHOTO MOJBOTY SK 3a MapIIpyTOM, Tak i 3a
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IIBUAKICTIO Ta npodineM, NpH ILbOMY, MOXJIMBE BTPYYaHHs, 3a IIE€BHHX YMOB,
JICHETYepiB B MPOLEC YNPABIIHHS IOBITPSHUM PYyXOM CTa€ 3ac000M, SIKHH rapaHTye
0e31eKy BUKOHAHHS MOJIBOTIB 1 MpaBWIbHE (YHKIIOHYBaHHS aBTOMAaTH30BaHUX CHCTEM
YIIPaBITiHHS HOBITPSTHUM PyXOM.

OcHoBoto NextGen Ta SESAR € TexHOJOriss aBTOMATHMYHOTO 3aJIEXKHOIO
cnoctepexkenHss (ADS-B), skxa BuxopuctoBye GNSS, SATCOM Ta HazeMHe
obnmafgHaHHA  JUIi  OTPUMaHHSA Ta  IepejaBaHHsA  TO4HOI  iHdopmauii  mpo
MICIIe3HAXODKEHHS JIiTaKiB, a00 TPAaHCHOPTHUX 3ac00iB, IO PYXAIOTHCS MO MOBEPXHI
aepozapomy (ADS-B Out) cucrtemam yrnpaBiiiHHS MOBITPSHUM PyXOM Ta iHIIHM JIiTaKaM
Ta TPAHCIOPTHUM 3aco0aM, a TakoX JUIi OTPUMAHHA TOYHOI iHpopMamii mpo
MiCLIe3HaXODKEHHSI 1HIIUX JITaKiB Ta TpaHCHOpTHUX 3aco0iB (ADS-B In).

Texnonoris ADS-B - 1me cmocrepexxeHHs, HpH SKOMy LIb BH3HAYa€e CBOi
IIPOCTOPOBO-9aCcOBI KOOPJMHATH 3a JIONOMOIOI0 CYIYTHHKOBOI CHCTEMH HaBiramii ta
MepioANYHO Mepeac ixX 3a JOMOMOTo0 Ha3eMHUX/CYITYTHUKOBHX KaHAIB 3B’ 3Ky .

ADS-B € opnniero 3 HalBaXIUBIIINX 0a30BHX TEXHOJIOTIH y IUIaHI HEpEeXony
YIpaBIiHHS HOBITPSIHUM PYXOM Bii cmoctepekeHHs Ha ocHOBi pamapiB (PSR, SSR,
MLAT) no criocrepexeHHs 3a normomoroto GNSS.

Ipoekt Aireon Ta Iridium Satellite LLC mo3BonuB peasi3yBati riobaibHy MEpexy
nepelaBaHHsl JTaHUX aBTOMAaTHYHOTO 3ajiexHOro crocrepeskeHHs. CymytHukn Iridium
NEXT «HecyTh» KOpPHCHE HABaHTXCHHS Y BHIJIALlI CHUCTEMH TJI0OAIbHOTO
CIIOCTEpPEIKECHHS y peabHOMY daci 3a aBlalliifHIM TpadikoM.

CucreMu ynpapiiHHS HOBITPSIHUM pyXoM Ha 0a3i ADS-B 103BOJIAI0Th MiABHIIUTH
Oe3leKy MOBITPSIHOTO pPyXy 3a paxyHOK yHOocKoHamreHHs miacucteM CNS Ta,
30inbLICHHS KiJbKOCTI 00pobmoBanoi inpopmanii. OtpumManHs ToyHoi iHpoOpMarLil o
KOOpAMHATax Iijedl B rinobampHOMY Macmrtadli 3a paxyHoK BukopuctanHs GNSS Tta
Iridium NEXT 3a6e3neuye MOKIMBOCTI [UIsi MEBHOTO CKOPOYCHHs BiICTaHed Mix
JTakaMu, I «YIIUTBHEHH» HOBITPSIHOTO IIPOCTOPY 3a YMOBH MiHiMi3amii MOXKIIMBHX
KOHQTIKTHUX CUTYaLii.

He 3Bakaroun Ha psip icToTHHX mnepesar cucrema ADS-B mae meBHi mpoGieMu 3
TOYKH 30py 3abesneueHHs Oesmeku. Yepe3d BiICYTHICTH y CTaHAApPTI 3aXUCTy Bix
BTpy4aHHs1 (BigcyTHi ayreHTH(ikauis Ta IUQPYyBaHHA MaHHUX, IO MEPEIAIOTHCS
KaHaJaMH 3B’S3Ky), [0 MOJJIMBOCTI HEOOXiJHO 3a0e3MeUHTH IIepeBipKy OTPHMAaHUX
nanux Big cuctemd ADS-B 3a 10momororo anbTepHATHBHUX 3aC00iB CHOCTEPEKCHHS,
200 BUKOPUCTOBYIOUH CIIeNiaJIbHI METOAN 00poOKH iHpOpMaIil IS IepeBipKH TOTO, W0
mepeqaHa Big LT MO3ULIS BIANOBiZAE OdiKyBaHid MO3ULIT HUIIXOM MOPIBHSHHS
BifcTaHEeH MiX ITO3UIIEIO JIITAKA Ta CKIAJOBUMH elieMeHTaMu cucteMu ADS-B.

3Bakalou Ha Te, 1[0 OCHOBHHM JKEPEJIOM IPOCTOPOBO-4ACOBUX KOOPIMHAT LiNeH
B TexHosorii ADS-B € cucrema GNSS, ska B CBOIO 4epry He Mae€ 3aXUCTy Bif
BTpy4aHHs (jamming Ta spoofing), HeoOXigHO 3a0e3nmeynTH 3aXUCT OOJIaAHAHHS
CYIYTHHKOBOI HaBiramii BiJl BIUIMBY pajiomnepemkoj, kouu ciaadki curHamm GNSS
MePEKPHUBAIOTHCS CHIIBHIIIMMHU paaioCHIHAIAMU Ha Tiil camiii 4acToTi, Ta 3abe3mnednTn
3aXUCT Bil BIUIMBY IHTENEKTYaJbHOTO BTPYYaHHS, KOJM TOCTaBJICHA 3aBaja 3MYIIye
KOpHCTyBaya BBaXXATH, 110 BiH 1epedyBae y XUOHOMY MiCIIi.
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NEPEBATA BUKOPUCTAHHS EKCIIEPTHOI CACTEMM OI[IHIOBAHHSI
E®EKTUBHOCTI 3BACTOCYBAHHS JITAJIBHUX AITAPATIB JIJIsA
OBCJYTOBYBAHHS KJIIEHTIB B BAJKKOJOCTYIHIN MICITEBOCTI

Besninorni mitaneni anaparu (BIIJIA) rpomancekoro 3HaueHHs, HaOynu MIMpOKe
PO3MOBCIO/PKEHHSI 4Yepe3 HU3KY OO0 €KTHBHMX IepeBar, a came JOCTYIHICTb
BUKOPUCTAHHS, NOOCHTh HE CKIQJAHHHA piBEHb IiJrOTOBKH OIEPaTOpiB, HH3bKa
eKCIDTyaTaniiiHa BapTiCTh, Oe3MeuyHe BUKOPUCTAHHS B HECIIPHSATIINBI ITOTOHI YMOBH IS
oreparopiB, B MHOpIBHSAHHI 3 minoramu JiTakiB. BIIJIA € moTeHmiiHOIO 3aMiHOIO
KepOBaHOI aBialii B MOAAIBIIOMY PO3BUTKY TEXHOJOTIH.

Psix mepeBar [03BOJISIOTH BHKOPHCTAHHSI IPOHIB B OOCIYrOBYBaHHI KJ€HTIB B
Ba)KKOJIOCTYIHIN MictieBocTi. Bukopucranus BITJIA 103BoISTE BHKOHYBAaTH ITOCTAaBIIEHI
3aJa4i B MOTEHIHHO HEOE3MeYHNX MiCIX Oe3 WMOBIPHOCTI HAaHECEHHS IIKOJIH
oreparopy npH iHuaeHTax 3 6opToM. Brcoka MOOINBHICTh Ta HE3aJIeXKHICTh Bif HOpMHU
penbediB TO3BOISIIOTH JPOHAM CTaTH albTEPHATUBOIO JOCTABKH MayoradapHTHHX
BaHTaXiB, HA36MHUM METOAaM(aBTOMOOLIIL, Kyp’€pH).

Jlnst ycmillHOrO BHKOHAHHS JOCTaBKM BaHTaXy B HE3AJICKHOCTI BiJ crnocoly
[OCTaBKH(HA3EMHU, MOBITPsIHMUIT), HeoOXingHa mnoOygoBa HAKOUIBII BHIiHILIOTO
MapmpyTty. OOpaxyHOK MakcHMaibHOI egdexTuBHOCTI BukopuctaHHs BIIJIA s
00CIIyTOBYBaHHS B B)KKOJJOCTYITHIH MiCIIEBOCTI MOXKE€ TPOBOAUTUCH aBTOMATHIHO.

ExcriepTHa cucrema OLHIOBaHHA — € KOMII'IOTCPHOIO CHCTEMOIO , SIKa iMiTye
3[aTHICTh JIOAWHU-EKCIepTa NpUAMaTH pilleHHs. EkcrnepTHa cucreMa CKIANaeThes
MepeBaXHO 3 TPHOX KOMIIOHEHTIB. [lepmmii - me Habip mpaBwi, SKUH BH3HAUae, sKe
PpIlLICHHSI CIIii IPUUHATH B TOMY 4 iHIIOMY BHmajaky. Jpyruii — ue HaGip ¢akris, 110
OIKCYIOTh MOTOYHMH CTAaH HABKOJHMIIHBOTO cepenoBuina. OCTaHHI KOMIIOHEHT, €
MEXaHI3MOM BHCHOBKIB, SIKMH ITIOPIBHIOE (DaKTH 3 TpaBWIaMH, IN0O 3’sCYyBaTH, SKi
BUKOHYIOTHCSI TIpaBMIA, 3a SKUMHU ()aKTaMH, a MOTIM BHKOHYETHCS pilleHHs (TOOTO
YacTHHA J1ii) HOTO 330BOJIEHOTO IpaBHJIa.

ANbTEpHATHBOIO EKCHEPTHOI OlliHKAa, € MallWHHE HaBYaHHA. TEeXHOJOTid, sKa
BUKOPUCTOBYETBCSI JUII TOTO, IIOO KOMIT'IOTEpPHM MOIJIHM BUUTHCA 32 JOIOMOTOIO
HaBYaJBbHUX 3pa3KiB 0€3 SIBHOTO NIPOrpaMyBaHHSI.

IlepeBarn eKCIEPTHUX CHCTEM MOPIBHAHO 3 MALIMHHUM HABYAHHSIM Yy TOMY, IO B
HUX HEMae IOTpeOW HaJaHHS HaBYAIBHMX Ta TECTOBHUX 3pasKiB. ICHyIOTH pi3HI
IHCTPYMEHTIB JUIS CTBOPEHHS eKcIepTHOi cucteMu. OXHUM 3 HAHIOTYXKHIIINX, JIETKUX
i myxe noope noxkymentoBanux iHcrpymentiB € CLIPS. CLIPS o3nauae InrerpoBany
Bupo6unuy Cucremy Mosu ‘C’. BupoOHHMITBO cucTeMH i cucteMa 0a3u MpaBWll €
aJIbTePHATUBHUMH HA3BaMU €KCIIEPTHOI CHCTEMH.

ExcriepTHi cucteMu MaroTh HAaCTYITHI IIEPEBary :

+ JIOCTYIHICTB: JIOAM - EKCHEePTH He 3aBXau JocTynHi. Hampuknan, moxe Oyrtn
yCKJIaJHCHE OTPUMAaHHs OILIHKK Bin ¢axiBus, depe3 psg obcraBun. HasBHICTBH
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EKCIIepTHOI CHCTEMH, sIKa Ma€ JOCBiJ eKCHepTiB B (OopMyBaHHI NMPaBHI - IOCTYIIHA
BECh 4ac, JUIsl OTPUMAaHHS OLIiHKH.

* HapiitHicTh: Joan - eKCIIEpTH MOXYTh POOHUTH HMOMMIIKH, IepeOyBaTH B CTaHi
cTpecy abo xBopitu. EkcrepTHi cuCTeMH € KOMITIOTEPHHMH IpOrpaMaMH, B SIKHX
BiZICYTHIH JIFOACBKUIT (hakTop.

e BapTicT: OTpUMaHHS OLIHKK BiJ JIIOAHMHHU-CKCIEPTa MOXKE KOIUTYBaTH
HEHOPMOBaHY KUIbKICTh rporueid. PoboTa 3 eKCIepTHOI CHCTEMOK BCTaHOBIIIOE
HOPMOBAHY BapTiCTh I KOKHOTO KOPHUCTYBaya.

* MHOXHHHI €KCIIePTH3H: IJIsI TPOBOHKEHHS KOMICisl KYIH JIIOACiH-eKCIIepTiB, TATHE
3a cO0OK BHUTPATH BEJIHKOI KiBKOCTI TPOLIOBMX Ta YacoBUX pecypciB. EkcreprHa
CHCTEMa — 3[aTHa 30MpaTH EKCIIEPTH3H JIFOJCH-CKCIIePTIB OJIMH pa3, Micis YOro, BOHH
OyIyTh IOCTYITHI B JIFOOHIi Yac.

* Besnexa: ExcriepTHi cucTeMu MOXyTh OyTH JIOCTYIHI B HeOe3NeyHUX 30HaX 0e3
BCTaHOBJICHHSI PU3MKIB ISl )KUTTS JIFOJCH i1

* PeMoHTONpHIATHICTH: HASBHICTh 3arajbHUX IPaBHJ eKCIUTyaTtauii [[03BOJIsIE
MPOBOJDKEHHS MIEPEBIPOK 1 OIVISIIIB CUCTEMHU HETEXHIYHUMH eKCIIepTaMu B 00J1acTi.

Ilepenik  mepeBar — ©KCIEPTHOI ~ CHCTEMH  OL(HIOBAHHSA  HAaJ  MALIMHHUM
[pOrpaMyBaHHs Ta JIIOABMH - EKCIEPTaMH pOOUTH IO CHCTEMY iCajJbHOK IS
OLIIHIOBAaHHS e(DEKTHBHOCTI 3aCTOCYBAHHs JITAJbHUX arapariB Ta J03BOJISIE 3HAXOAUTH
HAWBUTIAHINIMN BapiaHT BHU3HAYCHHs MOAII 3 MiHIMaIbHOI0O iH(MOPMALEI0 BXiTHUX
JIaHHX.

ExcriepTHa cucTeMa [03BOJIIE OTPUMAaTH BHXiAHY iH(opMamilo Bix obGpaHoro
KpHTEpito, 1110 B CBOIO Yepry 3pOOHTh iCTOTHHIA BIUIMB Ha JOCIIHKYBaHy Mpo0iiemy.
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FLYING WING AERODYNAMICS

The urgency of the problem. Every day, the number of drones that are involved in
various spheres of economic activity is increasing. Most of them are built either
according to the classical aerodynamic design, or according to the multicopter design.
At the same time, the aerodynamic design of a flying wing remains underestimated.

The purpose of the report — to determine the advantages and disadvantages of the
"flying wing" aerodynamic scheme. Compare them with classic aerodynamic designs.

Pic 1. Flying wing UAV
The Flying Wing is characterized by the following set of advantages over other
aerodynamic schemes:
1. High aerodynamic excellence characterized by low magnitude non-inductive
resistance and, hence, increased aerodynamic quality. It is provided, first of all, by the
small washed area of the aircraft and no harmful interference.

According to J. Northrop, given for aircraft of the "long-range bomber" class with a
cruising speed of up to 800 km / h ("pure" subsonic mode): coefficient of minimum
aerodynamic. The resistance of an aircraft of the FW type is half that of an aircraft of a
normal scheme; for maintaining the same cruising speed, the "flying wing" is required to
11 ... 33% lower engine power, while the range will be 13 ... 25% more. At the same
time, the most advantageous speed of the FW is 7 ... 19% more, and the gain is range in
this case will be 14 ... 41% with the same fuel reserve. It is necessary note that
Northrop's assessments were made for devices close to "pure" flying wing, practically
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without protruding elements. Internal and external requirements layouts for the aircraft
class under consideration, make it difficult to match such a configuration, therefore the
data estimates should be considered as an upper limit. [1]

2. Increased weight recovery provided by several factors:

2.1. Absence, small size or integration of functions of a number of aircraft elements

2.2. Fewer butt joints

2.3. Possibility of significantly more uniform distribution of mass over the volume
of the aircraft, which allows to a large extent balance local aerodynamic loads with
weight, reducing the quantity and "quality" of structural elements in which the power
load. According to Northrop, the use of the Flying wing scheme allows for increase the
takeoff weight by 16% with the same structure mass.

At the same time, a number of disadvantages are inherent in this aerodynamic
design:

1. Problems with ensuring stability on all axes

1.1. Reduced static stability margins

1.2. Smaller balance margin in fractions of the average acrodynamic chord,

which is to some extent compensated by the large length of the AAC itself, the
characteristic for "flying wings".

1.3. Low dynamic stability. In the longitudinal canal, it is expressed weakly damped
fugoidal movement, and in the lateral - jerking along the course, complicating the
performance of a number of flight operations.

1.4. The tendency to slip on the wing when flying with a roll (in the absence of
vertical tail)[3]

2. Poor maneuverability and handling problems caused by small arms of the classic
aerodynamic controls surfaces (elevators, elevons, rudders), as well as features

directional control by the method of asymmetric resistance. Aircraft schemes

"Flying wing" requires larger control surfaces than an aircraft normal scheme, which
entails their large mass, aerodynamic resistance and required power of the drives

3. Significant losses of lifting force due to static balancing stable aircraft due to the
small shoulder of the rudders. Maximum balancing the lift coefficients of a statically
stable "flying wing" and an aircraft of a normal scheme are related as 1.5: 2.3[1]

It is necessary note that all reported problems with stability, handling and balancing
is typical for statically stable aircraft; if the apparatus is executed statically unstable in
the longitudinal channel with active control autopilot, then static stability problems
become irrelevant, the loss of lift for balancing disappears, it improves dynamic stability
and maneuverability.

Conclusions. The advantages and disadvantages of this scheme are considered in
comparison with traditional versions of the external appearance. The main problems of
the implementation of the "flying wing" scheme are highlighted. The aerodynamic
design of a flying wing has a number of advantages over classical aecrodynamic designs,
especially when used on unmanned aerial vehicles.
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IIEPETBOPEHHSA AJTIBMAHAXY CUCTEMMU STARLINK B ®OPMAT YUMA

Ha cporogmimHiii AeHb AaKTUBHO 3aIIOBHIOETHCS HABKOJO3EMHHN KOCMIYHHH
MPOCTIp HU3BKOOPOITATEHUMH CYIYyTHUKaMHU 3BSI3KY SIK, HAIPHKIAA, HOBI CHCTEMHU
Starlink, OneWeb, Cdepa Tta BxKe pmitoui Iridium, Globalstar, ToHnems.
HusbkoopOiTalbHUMU BBAXKAIOTHCS CYIYTHHKH 3 BucoTamu Bif 160 kM 1o 2000 kM Hax
noBepxXHE0 3emmi. IX op6iTM CXWIBHI 0 MakCHMalbHHX OOypeHb 3 GOKy
rpasitauiiinoro mosst 3emii Ta ii BepxHboi aTMochepu. KyToBa MIBUAKICTh CYyMyTHHKIB
LEO makcumansha - Bix 0,2°/c mo 2,8°/c, nepioau 3BepHeHHs Bix 87,6 XBmwimH 10 127
xBWIMH. [H(OpMais mpo i cuCTeMu AOCTyIHA B [HTEpHeTI 5K i opmaTi opOiTaabHIX
rapaMeTpis.

IMomryk anprepratiBe GNSS npHBIB 10 PO3TIALY MOKINBOCTI BU3HAYCHHS ITO3MILI,
Hapiranii, 4acy (Position, Navigation and Timing (PNT)) i3 BuxopucTaHHIM
HHU3bKOOPOITAIBHUX CYMyTHUKOBHX cucTeM. Ha mpukiazmi Iridium mokasyerbes, 1o
HHU3bKOOPOiTAIbHI CYHNYTHHKH 3a0€3MeuyloTh IJ00albHe MOKPHUTTSA, 32 pPaxyHOK
301IBLICHHS YHUCEIBHOCTI CYMYTHHKIB MOXKe OyTH 30i/bllIeHAa TOYHICTh BU3HAYCHHS
MO3UIIi CHOXUBAYiB CYyTHUKOBOI iH(poOpMalii, a TaKoXX Mae Micle repeBaru uepes
CHJIBHIIII CHUTHAaNM HHU3bKOOPOITaJbHUX CYNMYTHUKIB, OCKUIBKM BOHHM B KiJIbKa pasiB
Oyoxde 10 3emiti, MOPIBHSIHO 3 HaBIralliHHIMHU.

VY wmiif poOOTi OWIHIOIOTH NMOTEHIIHHI MOXIIMBOCTI BHUKOPUCTaHHS CYIyTHHKOBOI
cucremu Starlink s Hasiramii. BuGip miei cuctemu oGymoBIeHHI THUM, IO BXe B
JaHuii 4ac Ha opOiTi 3HaxoAAThCs Oii3bko 1800 CymyTHHKIB i mepeadavyaeThes, Mo IXHs
KijbKicTh Oyne mosemena no 12000 tucsu. Starlink — riobanbHa HE3BKOOpPOiTATBHA
CYIyTHUKOBAa CHCTEMa, IO PO3TOPTA€ThCS KoMmaHiero SpaceX s 3abe3neucHHs
BUCOKOIIBH/IKICHOTO IIMPOKOCMYTOBOTO JOCTyHy B IHTEepHeT y Miclyix, e BiH OyB
HEeHaAIfHUM, IOporMM a0o MOBHICTIO HENOCTymHHMM. SpaceX modala HaJaBaTH
KOMepIiHHI mociyru poctymy B InTeprer y miBHiuHil gactuni CIIA Ta Kanani y 2020
pomi. Cranom Ha cepreHp 2021 poky KilbKiCTh KOpHCTyBadiB Oera-tectepiB Starlink
nocsirna 100 000 y 14 kpainax cBity.

AJITOpUTM BHpILICHHS [TOCTABJICHOTO 3aBJAHHS CKIAJA€ThCs 3 KUTBKOX METOIIB.
OTpuMyeMO abMaHax MapaMeTpiB cymyTHHKIB Starlink y TumoBomy uisi BUPIIICHHS
HaBirauiifHux 3aBaaHb GopMati Yuma i3 1BOpsaKoBoro Gopmaty «...tlex.

3aCTOCOBYEMO METOJ PO3PaxyHKY KOOPAMHAT CYHNYTHHKIB 33 JaHUMH ajbMaHaxy,
IO BUKJIAZEHO B iHTep(eiicHOMy KOHTpoabHOMY nokyMeHTi GPS. Bu3nauaemo mono
3a7aHo1 MO3HUIII{ CIIO’KMBA4a BUANUMI CYITyTHUKH Ta O0YHCIIIOEMO JAIIBHICTD 10 HUX.

DopMyeMO TPOEKIIHHY MaTPHUIIO I METOAOM HaWMEHIIHX KBaJpaTiB BHPINIyEMO
HaBiramifHy 3agady, OJHOYacHO BH3HAYAIOUM JiarpaMy BHIMMOCTI CYIMYyTHHUKIB
TEOMETPUYHUI (AKTOpP Yy TOMOLCHTPUYHIA CHCTEeMi KOOPAMHAT, KYTH BHAUMOCTI
MO3MLT CIIOXKMBAYa 3 CYIyTHHKIB.
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IMapamerpu cymytaukiB Starlink YUM 4, YUM 8, YUM 13 po3paxoBani 3a
nporpamoto MatLab read tlem 3 makery mporpaMm cTeH()OPACHKOrO YHIBEPCHUTETY
MAASTIS.

IMicns neperBopeHHs oTpumyeMmo aitn ampmaHaxy cymyTHHKiB Starlink. VY
JOCII/UKEHHI  BUKOpUCTOBYBaBCsl 1680 cymyTHHKIB. 3a [JaHUMHU  ajbMaHaxy,
3aCTOCOBYIOYH (DOPMYIH Ul PO3paxyHKy eheMepusi po3paxoByBaMCS KOOPIHHATH
CYIIyTHHKIB Ha IHTEpBaJ 4acy, 110 3aJ1a€ThCsL.

Jlnst po3paxyHKy «IICEBIOAATBHOCTE» [0 CYyMYTHHKIB, IO Yy 30HI BHUAUMOCTI
CIOXKMBa4Ya CTaBUiIacs nosuiis cnoxupada cuctemi koopauuat ECEF: Rx, Ry, Rz
[Micns 3axmroyHOro eramy iTepauiif MO3HAYMMO IMPOCKLIHHY MaTPHLIO 3 IHICKCOM
HanexHocTi 1o cuctemu koopauHat ECEF.
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Ha Puc.l mokasani opOiTH [esKMX CYNyTHHKiB, Puc.2 BimoOpakae KilbKiCTh
CYNYTHHKIB, 110 3HAXOAATHCS B 30HI BHOMMOCTI CHOXXKMBa4ya Ha iHTepBaii 4acy 120
XBUJIMH MPU KyTi Macku 15 rpamyciB. MiHiManpHa KiJbKiCTh CYHyTHHUKIB y Touli 118
nopiertoe 27 (no3uuis 1), MakcumanbHa - y To9mi 62-40 (o3wutis 2).
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IMPOMEHEBHH TEIIJIOOBMIH CHCTEMU MONEPE)KEHHS 3ITKHEHD

Bci cyuacHi cuctemMu HOIepeIKeHHs 3iTKHEHb MOTPeOyI0Th HAsIBHOCTI paioKaHary
oOMiHy iH(popMamii Ta BIAMOBIAHOI amapaTypd Ha iHIIMX MOBITPSHHMX cyaHax. [Ipu
BiZicyTHOCTI ab0 Hempame3gaTHocTi 3aco0iB  oOMiHy iHQopMali€ro, Takux sK
BIAMOBIIa4i CHCTEM KepyBaHHs HOBITpsiHOTO pyxy abo ADS-B, cuctemu nonepemkeHHs
3iTKHEHb HE 3MOXYTh BHSIBIISITH IIOBITPSHI O0’€KTH 1, SIK HACHIOK, 30UIBIIMTHCS
IMOBIpHICTh HeOe3HMeYHNX 30JIDKeHb Ta 3iTKHeHb. TOMy BHHHMKaE HEOOXITHICTH
JIO/IATKOBO 3aJisITH B CHCTEMax IIONCPEIKCHHS 3iTKHEHb JATYUKH CHCTEM TEXHI4HOTO
30py, IO JAacTh 3MOTY OIVISATH IOBITPSHMII MPOCTIp HABKOJIO JIiTAKa Ta BUSBIATH
HeOe3neuHi NOBITPsHI 00’ €KTH.

Pyx maiike BCiX Cy4aCHHUX MOBITPSHHX 00’€KTIB HEMOXIMBHU Oe3 3aCTOCYBaHHS
CHJIOBOI YCTaHOBKM, pPOOOTa $KOI CyNpPOBOKYEThCS BHAUICHHAM TEIUIa, a OTXKe
MIPUCYTHE SBUILE IPOMEHEBOTO TEIUIOOOMIHY.

[TpomMeneBuii TEIUIOOOMIH - 1€ CKJIaHUH MPOIeC HMepeaadi Temia, IKHi 3yMOBICHO
[EPETBOPCHHAM BHYTDIIIHBOI €HEPrii PEYOBHHM B CHEPTil0 EICKTPOMArHITHUX XBHUJIb,
PO3MOBCIO/PKEHHSM LIMX XBUJIb Ta 1X OITIHHAHHSIM.

HocissMu IPOMEHHCTOI €HEeprii € eNEKTPOMArHiTHI KOJIMBaHHS, 10 BHHHUKAIOTH 3a
pPaxyHOK TeMIepaTypH Ta (i3MYHHX BIACTUBOCTEH TiJ, X HA3MBAIOTh TCIUIOBUMH, a
npotec iXHOT0 PO3MNOBCIO/PKEHHSI TEIIOBUM (iH(ppauyepBOHUM) BUIIPOMiHIOBAHHSAM 200
TEIJIOBOIO pajialii€ero.

Bci Harpiti Tira BHIPOMIHIOIOTH B €JIEKTPOMArHITHI KOJHMBAHHS OTOYYIOUHIA
npocrip. Ilpu momaganHi Ha iHOI Tifa 1 €HEpris YacTKOBO BiIOHMBA€ETHCS, YaCTKOBO
HOTJIMHAETHCS, YACTKOBO MPOXOAUTH Kpi3b TiI0. Ta 4acTHHA eHeprii, MO MOTIHHAETHCS
TLIOM, 3HOBY II€PETBOPIOEThCS Ha TEIDIOBY. Ta wYacTWHA, IO BigOmBaeTscst (abo
MIPOXOANTE) MOTPAILISE HA IHIII TiJla Ta HOTJIMHAETHCS ab0 3HOB BiNOMBAETHCS HUMH.
TakuM 4YWHOM, TiCNIS PSAy TOTVIMHAHb Ta BiIOWBaHb €HEPTis, IO BHIPOMIHIOETHCH,
MOBHICTIO PO3HOALIAETHCS MiXK OTOUYIOUMMH TLIaMU.

OTxKe, KOXKHUI TMOBITPSHHUI 00’€KT HE TiIbKM OE3YNMUHHO BUIPOMIHIOE, ane i
NOrJMHAae eHeprio, mo Oyae xapakrepusyBatucs koedimientamu BigoutTst (R),
nornuHaHHs (4) Ta nponyckanss (D) Ta iX B3a€MO3B’13KOM Y BUTIISIL:

R+A4+D=1.
Bynb-skuii 00’€KT He JIMIIE B3a€eMOJIE€ 13 30BHINIHIM BHUIIPOMIHIOBAHHSM, ajle 1 caM
BUNIPOMiHIOE eHeprifo. HaBiThb sKmo Ha 00’€KT 30BHI HE IAJa€ >KOIJHOTO
BUIIPOMIHIOBaHHS, BCE OJHO 3 HOTo IOBEPXHi BiIBOAWTBHCS BIACHUH NPOMEHHCTHH
notik eneprii (E;, Bm/v?), WO  BU3HAYAETHCS TEMIEPATYPOIO 00 €KTa Ta HOro
¢izuunnmu  BaactuBocTamMu  (Puc. 1). Skmo Ha 00’€KT mOTpamsie  30BHIIIHS
npomeHucra eHepris (E2). YacTMHa 1bOro BUIIPOMIHIOBAHHS IOTJIMHAETHCS 00’ €KTOM
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(Enoe = A1 E2); inma 4yactuHa BinOuBaetbes (Esio = R; E2 a60 Esio =(1-A1)E> sxumo
00’exT Henpo3opuii Herpozope D=0).

£;

7 L

B

Buoi i B2)  Eu~(1-A) E;

E.p= E+Ey

— E, . ~F4-E;

Puc. 1. Cxema pi3HOBHUIIB TEIUIOBOTO TEINIOOOMIHY

Bracue BunpomintoBanns 06’ekra (E1) B cymi 3 Binoutum BUnpoMiHOBaHHIM (Esio)

Ha3UBA€ThCsl €DEKTHBHUM BUIIPOMIHIOBAHHSM Tija 1 3aIIMIIEThCS Y BUTIISII:

Eep =Ei+Esio= Ei+(1-41) E> .

e ¢axrtuyne BUNPOMIHIOBaHHSI O00’€KTa, sIKE MH BiguyBaeMo abo BHMIPIOEMO
npumajami.  Moro muToMmit MOTIK  OUMBINE  [HTOMOrO OTOKY  BIACHOTO
BUIIPOMIHIOBAaHHS Ha BennuuHy (I - A1) E2. EexTnBHE BUIIPOMIHIOBaHHS 3aJIEKHTH BiJ
(i3MYHAX BIACTHBOCTEH Ta TEMIIEPATypH He TUIBKH 00’ €KTa, 10 HOro BHIIPOMIHIOE, ajie
{ IHIOIOTO OTOYYHOYOTO CEPEIOBHINA, a TaKOXK BiJ (GopMu, po3MmipiB Ta BIIHOCHOTO
posranryBaHHA 00’€KTiB y mpocTopi. Pesynpryioue BumpowmiHtoBauHHs (Epe3) sBIsie
c00010 pi3HUII0 MK eEeKTHBHIM BHIIPOMIHIOBAHH:M, sike Wzae Bix Tina (Eeg ) ta no
HBOTO (E2).

TakuM YHMHOM BHSBICHHS MOBITPSHUX O0’€KTIB MACHBHUM TEILIONEICHIaTOPOM
noisrae 'y BusiBieHHI Ta (ikcauil edexruBHOro BumnpowmiHioBaHHi (Eeg) i3
ypaxyBaHHSIM TeMIIEpaTypH HaBKOJIMIIHLOTO cepenoBuma (E2).

TemnepaTypa CTpyMEHs rapsdoro rady Ha 3pi3i comia TypOOpeakTUBHOTO JBUTYHA
cxmamae Omu3pko 700°C, mo 103BOJISIE TEIUIONENEHraTOpaM BUSIBISITH IOBITPSHI
00’exTn Ha BifgcTanax 10 50 kM. OnHak, fesKi THIH Oe3NMUIOTHHUX MOBITPSIHUX 00 €KTIB
MalOTh eJeKTPUYHI CHJIOBI yCTaHOBKH TeMIepaTypa sikux He nepesuinye 80°C. Huzpka
TeMieparypa TakuX OO0 €KTiB  NpPU3BOAMTH JO  3MEHIUCHHA  e(QEKTUBHOTO
BHUIIPOMIHIOBAHHS 1 SIK HACHIIOK 10 MAJIOi AIBHOCTI iX BUSIBJICHHSI.

ToMy OpOMOHYETbCS  MIABUIIUTH  ©(EKTUBHE  BUIPOMIHIOBAaHHS  HH3bKO-
TEMIIEPaTypHOTO MOBITPSHOrO 00’€KTa 3a PaxyHOK HOro ONPOMIHEHHS JIa3epPHHUM
MpOMEHEeM iH(padepBoHOTro niama3zoHy. lle mpusBeme 10 WiABUINEHHS BiIOHTOL
MIPOMEHUCTOI €Heprii Ta TemrepaTypu o0’€KkTa a OTXKe HOro BIACHOTO IPOMEHHCTOTO
MOTOKY C€HEprii Mo pa3oM MiJBHIINTh c()EeKTUBHE BHUIPOMIHIOBaHHS 00’€KTa 1
JI03BOJIMTH BUSIBUTH 0T0 Ha OUTBIIHX BiACTAHSIX.
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JATYUKU TUCKY CUCTEMU NONEPE/IKEHHS 3BAJIIOBAHHS

OpHi€lo 3 TONOBHHX HeOe3mek Uil JiTaka € IOoro 3BaJIOBaHHS depe3 BTpaTy
MIBUJKOCTI, a00 301IbIICHHS KyTa aTaKH BUILE HOr0 KpUTHYHOT BETMYHHU.

OcHOBHHMH 3ac00aMK BU3HAYEHHS TOBITPSHOT LIBUIKOCTI TA KyTa aTaKy € CHCTEMa
HOBITPAHMX CHMTHAJNIB, @ JAaTYMKaMH BM3HAYCHHS BKA3aHUX IapaMETPIiB SBIAIOTHCA
npuiiMadi MOBHOTO THCKY Ta JaTYMKU aepOANHAMIYHHUX KYTiB.

JlaTdauky aepoJUHAMIYHUX KyTiB B OCHOBHOMY (NIIOT€pHOTO THILy Opi€HTOBaHi 3a
HaNpsSMKOM BEKTOPY IIBHUIKOCTI MOBITPSHOTO IIOTOKY BiJHOCHO IIOB3OBXHBOI OCI
MIOBITPSIHOTO CyJaHA ab0 KpHia, 1 HafaroTh iHGOPMALilo Mpo KyT aTakd. IlepeBHIeHHS
KyTa arakd Oifblie KPUTHYHOTO NPU3BOAUTH 1O MOSIBU TYpOYJICHTHHX IOTOKIB Ha
BEepXHiil 3a/1Hii YaCTHHI Kpuia, 10 NPU3BOIMUTH [0 3MCHILCHHS MiIIOMHOI CHJIN KpHUia
Ta SIK HACJIi/IOK 3BAIIOBAHHS JIiTaKa.

Pi3HHI IMIBUAKOCTEH MOBITPSHOrO MOTOKY HaJg KPUJIOM Ta MiJ KPUIOM, 1 SIK
HACIZIOK, PI3HULS TUCKY TOBITPS HaJ KPHUIJIOM Ta IIiJ KPHJIOM HPU3BOAUTH /10 HAIBHOCTI
I IOMHOT CHITH.

Tak sk Ha (opMyBaHHA MiAHOMHOI CHJIM BIUIMBA€ THCK, TO IIPOIOHYETHCS
3aCTOCYBaTH JATYMKU THCKY PO3MIIIEHI B PI3HUX MICIIX KpHia 3BepXy 1 3HHU3Y, IO
JIO3BOJIITH BH3HAYATH PI3HUMIO THCKIB, 3MIHY MHiTHOMHOI CHIM Ta HAONMKEHHS IO
KpUTHYHUX KyTiB ataku (Puc. 1).

Puc. 1. Cxema 00TikaHHS MOBITPSIM KpWJIa Ta PO3MILICHHS TaTYHUKIB THCKY.

CyuyacHi TEXHOJIOTIi JAI0Th MOJIHBICTh 3aCTOCYBaHHS MIKpOMEXaHIYHUX JaTYHKIiB
THUCKY, SIKi MalOTh HHM3bKE EHEPrOCIIOXKMBAHHS, Maii pO3MIpH, Ta MOXYThb OYyTH
po3MillleHI B pi3HMX MicIX Kpwia 0e3 IOpYIICHHS Horo reoMerpii, a cydacHi
00YNCITIOBANIBHI CHCTEMH JIO3BOJISIOTH BUMIpIOBAaTH I epeHIiabHIH THCK i3 6araTbox
TPYH JaTYHUKIB 32 MiHIMAJIBHUIT IPOMDKOK Hacy.
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3ACTOCYBAHHS BE3KOHTAKTHOI'O
MNPOPIIOMETPA JJISA KOHTPOJIIO AKOCTI
BHUPOBIB MIKPOEJIEKTPOHIKH

KoHTponp BHPOOHHYOro mpolecy Ay)Ke BaXIUBHU TNPH BUPOOHHULTBI CydacHHX
BUpOOIB MikpoenekTpoHiku. Takuii KOHTPOJb 3a0e3ledye BHCOKUI BiZCOTOK BUXOIY
SIKICHOI MPOJYyKIiil. TEeXHONOTIYHUMH METOJaMU KOHTPOJIIO, sIKi BHKOPHCTOBYIOTBCS Y
BUPOOHUITBI BHUPOOIB MIKPOEGNCKTPOHIKH, € MICISONepalifHiil Ta Bi3yanbHUN
KOHTPOJIb.

Meronu micisonepaunifiHoro KOHTPOJIO BKIFOYAIOTh BHMIPIOBAHHS TOBIIHHH
IUTIBOK, IIIMOMH P-n IIepexo/iB, HOBEPXHEBOI KOHIEHTpaii Ta iHmi. MeTox Bi3yalsHOTO
KOHTPOJIIO BKJIIOYA€ ONTHYHY MIKPOCKOIIIO JUIsl BU3HAUYCHHS CTaHY BUXITHOT IPOIYKLil,
SKOCTI TOBEpXHI BUPOOY, SIKOCTI MPOLECY TPABJICHHs, TOBIIMHU OKMCHOTO LIApy Ta
THIm.

3acTocyBaHHST ~ pO3pOOIEHOr0  OE3KOHTAKTHOTO  ONTHYHOro  mpodizomerpa
3abe3neyye BUCOKY €(EeKTHUBHICTb, SIKICTh, WIBHIKICTh Ta 3[CLICBICHHS IPOLECY
KOHTPOJIIO BUPOOiB MiKPOESICKTPOHIKH.

3anporoHoBaHUi iHTepdepeHniiinmi TpuBMMipHUN mpodimomerp [1] 3abe3nedye
aBTOMATH30BAaHUH BHXITHUHM Ta BXITHUH KOHTPOJb BHPOOIB MIKPOCNEKTPOHIKU IPU
BUMIPIOBaHHI F€OMETPUYHUX MapaMeTpiB iX MOBepXoHb. Po3pobieHa aBromaru3oBaHa
crcTeMa KepyBaHHs poOOTOI0 Takoro mpodizomerpa, 0OpoOKoI0 Ta MpeacTaBICHHIM
JIAHUX BUMIPIOBaHb.

[udposa kamepa OE3KOHTAKTHOIO ONTHYHOTO MPOdinoMeTpa Mpu KOMIT IOTEPHOMY
YIPaBIiHHI 3MIIIEHHSIM OMOPHOTO A3epKaja CTBOPIOE IBOMIpHI Ta TPUBUMIpHI mpodini
MOBEPXOHb BUPOOIB MIKPOCIEKTPOHIKH Ta HA/IA€ 1X KiTbKiCHI XapaKTepUCTHUKH.

Pesynbratd  BHKOPHCTAHHS  pPO3POOJECHOrO  OE3KOHTAKTHOIO  ONTHYHOIO
npodinomerpa A1 KOHTPOJIO CXOJMHKU TPaBJICHHS 3aBBHIUKK 80 HM Ha IOBEpXHi
KPEMHI€BOT MiIKIaAKK Ha cTafil popMyBaHHsS MiKpOCXeMH mpezacTtapieHi Ha puc. 1 [1].
Ile nmo3Bosie BH3HAYUTH BHCOTY CXOAMHKH, MPOBOJAMTH I KOHTPOJIb Ta IMiABHUIIUTH
SIKICTh BUPOOHHIITBA.
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1

2

Puc. 1. Mikpocdororpadiss cXOIUHKN TpaBICHHS B iHTepdepeHmiiHoMy momi (a);
IBOBUMIpHa Tororpadis 3 npodinakrorpamoro (6); TpPUBUMIpHE 300paXkeHHs CXOANHKH
TpasieHHs () [1]

CnHcoK BUKOPHCTAHUX JIKepes:
1. [Mpunang 6€3KOHTAKTHOTO BUMIPIOBAHHS [€OMETPHYHUX ITAPaMETPiB MMOBEPXHi
BUpOOiB MeTo0M iHTEepdepomerpii. JucepTaris Ha 3000yTTs CTyNeHsT KaH. TEXH. HAYK
/ B.I. 3akies,. — K.: Ham. aBian. yu-T, 2019. — 191 c.
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THE PROBLEM OF DETERMINING THE PSYCHOPHYSIOLOGICAL
STRESS OF THE PILOT DURING THE FLIGHT

The modern world is quite changeable. Every person in life sometimes has
unpredictable factors, situations when something goes completely wrong. Such factors
have a special influence when people's lives or even hundreds of lives depend on your
reaction to the stimulus. It is in such situations that aircraft pilots find themselves from
time to time when one of the systems fails.

The likelihood of making a mistake in a state of stress increases. The greater the
number of failures in aircraft systems during flight, the greater the probability.

Thus, while a certain level of stress is of fundamental importance in keeping us
aware and vigilant, too much stress will degrade the performance of both body and
mind, and can eventually lead to ineffective decision making, mental breakdown and
long-term serious illness [1].

The human factor is considered to be the main cause of most plane crashes. Because
about 80% of aviation accidents occur precisely because of human error. To prevent
emotional overload, the pilot must be adapted to the conditions of the emergency.

The effectiveness of anti-stress training has been confirmed by scientific studies.
One such experiment was conducted in 2009 by four scientists. The study involved 30
participants who had no piloting experience. They were divided into two groups. The
participants of the first group underwent flight training with the addition of a stress
factor, while the participants of the second group did not have the opportunity to prepare
for stress in flight.

The results of the study confirmed the fact that adding anti-stress training to the pilot
training program helps them to improve performance in real conditions of stressful
flights. Because the participants of the first group flew the plane more smoothly and
coped better with the test [2].

The psychophysiological factor of the human operator plays an important role both
in the training of pilots and in real flight conditions. Nowadays, special devices are used
to monitor the psychophysiological condition of the pilot, which are directly attached to
the human body. With the help of these sensors, we can monitor such
psychophysiological factors of a person as pulse, respiration, pressure, heart rate, etc.

The disadvantage of such a system of measuring indicators is the connection of
third-party equipment to a person, which can cause additional discomfort. The
consequences of which can be problems with coordination of movements, stress,
emotional inhibition, and so on.

Another approach to conducting psychophysiological measurements of the pilot's
condition are measurements that can be tracked using the tone of a person's voice,
steering wheel clamping, sweating, assessing the quality of piloting using flight
parameters - roll, heading, angle of attack and more. We can also track changes in the
pilot's condition by determining the amplitude of control of the aircraft. Under the
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influence of stress factors on the psychophysiological state of the crew commander, the
amplitude of his control of the aircraft increases.

The information carried by psychophysiological sensors can mostly be described by
the general theory of oscillations. Since the initial characteristics of the human operator
are oscillating, we can conclude that the machine outputs of the system remain
unchanged with respect to the input characteristics of the system, if its input operates a
human operator [3,4].

The principle of invariance is characterized by the fact that it preserves the
sinusoidal nature of oscillations without their transformation in terms of quality (if the
input is a sinusoidal process, then the output, too). This gives us the opportunity to
transfer the measuring points of the enhanced reflected movements from the sensors
mounted on the pilot to the flight parameters, such as roll, heading, pitch.

In my opinion, the second method is more convenient because it does not require the
connection of additional equipment, does not restrict the movement of the pilot and does
not cause physical and emotional discomfort. Determining the pilot's condition using his
physical parameters and flight parameters requires further research and maybe a better
alternative than connecting sensors to the human body.

Thus, tracking the psychophysiological load of the pilot is an important aspect both
in the training of the cockpit crew and in real flight conditions. Because their definition
helps to better understand the actions of the pilot, and by determining the psycho-
physiological characteristics, you can predict what will be the reaction of a person in a
stressful situation during the flight.

In practical terms, the invariance of the system "human-machine" allows the
machine outputs to determine the invariant properties and characteristics of the human
operator without the placement of contact and contactless psychophysiological sensors

[4].
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BOPTOBA MIKPOKOHTPOJIEPHA MMOXKEKHO-OXOPOHHA CUCTEMA
CUTHAJIIBALI

OXOpoHHA CUTHAaJIi3allis MpU3HAYCHA Ui OXOPOHW KaOiHM Ta BiJCIKiB JiTaka abo
aepOJPOMHUX IPHUMINICHb 3 BHKOPHCTaHHSM J[BOX THINB JAaT4yukiB. I[leprimii Tum
naT4yrkiB  3pobsennit 3 MariTokoHTaktHoro 10102-2. Bin abo BCTaHOBIIOETHCS
CTaHJapTHO Ha ABepi (JIIOK), a TEpKOH 3aKpPIIUIIOETHCSI HABIPOTH B pami. I Oymb-sika
MaHinyJsLis 3 ABepuMa abo JIIOKOM MPU3BEAE 10 CIPAlbOBYBAHHSA OXOpOHH. Jpyruii
TUI JAaTYUKIB - iHQpadepBoHMH maTumk pyxy (cnosimysau) tumy Reflex. Bin
BCTaHOBIIIOETHCS BCEPEANHI IPUMIIIEHHS, [0 OXOPOHA€eThCs. Ha Bumamox moxexi abo
HECAHKI[IOHOBAHOTO IIPOHUKHEHHS 3 OyIb-SIKOTO HAIIPSMKY.

CucreMa TIOKEXHOI CHTHami3amii Ta OINOBINIyBaHHS IpHU3HA4YeHa IS SKOMOTa
PaHHBOT'O BUSIBJISIHHS TIOXKEXKI Ta [OJABaHHS CUTHAIY TPHBOTHU JUISl BXKHTTS HEOOXiTHUX
3aX0AiB (HANPUKIAZ: €BaKyIOBaHHS JIIOJEH, BUKIMK MPOTHIIOKEKHOI CIIY)KOH, 3aIycK
YCTAQTKOBAHHS MOXEXOTACIHHS, 30IHCHIOBAaHHS KePYBaHHS MPOTHUIIOKESKHUMH J[BEpUMA,
KJIallaHaMH1 Ta BEHTUIATOPAMH).

MIKpOKOHTpOJIEpHA NOXKEKHO-OXOPOHHA CHUCTEMa J03BOJIsIE aBTOMATU3YBaTH
NPOLIECH BWSBJICHHS IIOpYIIeHb, (ikcamii, mepemadi indopmanii no Ooprosoro
KOMI'IOTepa 1 pearyBaHHS B 3aJIeXKHOCTI Bij ix Tumy. KpiM Toro BoHa Mae Maii
rabapuT 1 Bary, CIOXHBac Majo ecHeprii, mo € BaxymBuM. CTpykTypa
MIKPOKOHTPOJIEPHOT 0>KEKHO-OXOPOHHOT CHCTEMH HaBe/leHa Ha puc. 1.

(HAWKATOP BNOK
18 CM?&:;%iﬁﬂﬂ eWiLANE :
KEPYBAHHS OMNOBILLEHHSA
BNoK
w—w EATECIER »UIKPOKOHTPOINER KEPYBAHHA [—»
HABAHTAMKEHHA
Efigi BIOK
AKY MYTIATOP O POBEAGKA  [——
CrIOBILLYBAUIB

T

Puc. 1. CtpykTypa MIKpOKOHTPOJIEPHOT ITOKEKHO-OXOPOHHOI CHCTEMHU
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FAILURE PREDICTION FOR INTEGRATED MODULAR AVIONICS

The core system of modern aircraft is the integrated modular avionics (IMA), which
carries almost all electrical functions. The completion of the mission is directly affected
by its performance.

The advantages of IMA are IMA optimizes the allocation of idle resources, IMA
optimizes the weight and energy consumption of physical equipment and IMA merges
development work.

The failure prediction of the integrated modular avionics is an effective means to
ensure the safety and reliability of the aircraft.

Starting from the characteristics of common faults, faults can be divided into two
types: sudden failure and progressive failure according to their occurrence and
development process.

Sudden failure refers to the sudden loss of function of the entire equipment or a
component, such as a capacitor explosion, component fracture, equipment damage
caused by disoperation, and others. Progressive failure refers to the failure of the
equipment due to the gradual decline in the performance of certain components under
various stresses during use and eventually exceeds the allowable value. This type of
fault occupies a considerable proportion, has a certain regularity, and can be predicted
and prevented through early condition monitoring data.

The failure of electronic equipment is not random, but lossy. Its failure mechanism
is mainly fatigue and corrosion. The failure rate of electronic equipment is related to the
time history of its stress, and the time stress acting on the equipment is manifested as the
deterioration of characteristic parameters. For electronic systems such as IMA with high
integration and high coupling, the propagation and impact of faults are extremely
complex, making IMA performance status characteristics more difficult to obtain.

At present, performance degradation models based on stochastic processes are
mostly used to describe the degradation process under the influence of a single factor. In
order to meet the real-time requirements of the IMA, the prediction algorithm must have
a fast learning speed. Aiming at the failure prediction of the integrated modular avionics,
an integrated enhanced online sequential parallel extreme learning machine is proposed.
First, a network with parallel hidden layers is designed to improve feature extraction.
Secondly, in order to improve the stability of learning, an extreme learning machine
autoencoder is used to determine the input weight of the network. Third, an update
method of the online forecast is proposed, and an integrated online sequence forecast
method of adaptive weight construction is designed. The effectiveness and superiority of
this method are verified by standard data sets. Finally, take intermittent failures as a
feature of the integrated modular avionics, and establish a failure prediction model.

This method is applied to the failure prediction of integrated modular avionics.

UDC 64.011.34 (043.2)
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SAFETY CULTURE IN AIRCRAFT MAINTENANCE ORGANISATION

Safety culture is an organisational culture that places a high level of importance on
safety beliefs, values and attitudes—and these are shared by the majority of people
within the company or workplace. It can be characterised as ‘the way we do things
around here’. A positive safety culture can result in improved workplace health and
safety (WHS) and organisational performance.

Companies that want to have a positive safety culture, especially in the aviation
field, which everyone owns, should develop and promote managers with the right
knowledge, skills and attitudes to successfully undertake the responsibilities of safety.

Safety culture can be broken down into the following 5 components (Fig. 1).

Components of safety culture

Hazard Safety Safety Management-
identification awareness communication employee
and safety relationships
reporting
4
Willingness

Fig. 1. Components of safety culture

Here is an effective set of steps (in order) for improving safety culture:

Ensure you understand what safety culture is, including its components, multiple
definitions, and others;

Correctly identify areas of poor safety culture in your organization (measure your safety
culture);

Understand what positive safety culture looks like;

Target improving hazard identification capabilities and safety reporting culture;
Target improve safety awareness;

Audit safety communication techniques, tools, and quality; and

Work on breaking down silos and/or corporate culture.

68



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOH®EPEHLISA
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMU 3B’S13KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALII TTIOBITPSIHOTI'O PYXY CNS/ATM»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

VK 629.7.05 (043.2)
Hepedepa O.0., cTyneHt
Josramok A.C., cTyIeHT
IIoB3yn O.C., cTyneHT
Hayionanvnuii agiayitinui ynieepcumem, m. Kuie

BUPIINIEHHSA CYYACHHUX ITPOBJIEM ABIOHIKH

OckibKH Bce cydacHe OOJamHaHHS 3 aBIOHIKM 3aKyIOBYEThCS 3a KOPIOHOM,
BapTiCTh KOMIUICKCIB JOCUTh BHCOKA. BiTUn3HsHI PHIaAn BUTOTOBISUIMCH Y MUHYJIOMY
CTONTTI, TOMy € (i3uyHo 3actapimumu i MmanoedexTuBHEUME. CTBOpPEeHHs OB
JICLIEBOTO 1 Cy4acHOTo OOJIaIHAHHS € aKTyaJIbHUM HA CbOTOAHILIHIN JICHb.

B naniii po0oTi mpoaHani30BaHO TEOPETHYHI MaTepiaii Ta BiAMOBIAHI mkepena
indopmarnii. 3acrocoBaHi CydacHI TEXHIUHI Ta INpPOTpaMHi 3aco0M IJISI CTBOPEHHS
BJacHOro mpototuiy. [IpoananizoBaHo (iHAHCOBY CKJIaJOBY CTBOPEHOTO IPOIYKTY.
Po3pob6neno mporotunu oGiagHaHHA. BUKOHAHO TeCTyBaHHS B pealbHOMY JKUTTI Ta
MIPOAHAaJi30BaHO PE3yIbTaTH BUIIPOOYBaHHSI.

TeopeTuyHe IOCHIIKEHHS: ONPAIbOBAHO 1 IIPOAHATI30BaHO JUKeperna iHdopmarii 3
aHoi TeMH, BH3HAUCHO HANpsIMKH poOoTu 1 HeoOximHe oOmamnanHs. IIpaktuuna
YaCTHHA: HANKCAHO IpOrpaMHe 3a0e3MeYeHHs Ul KOMIUICKCY, CTBOPEHO MakeT i
[POBEJCHO IOro TECTyBaHHS B PCAIBHUX YMOBAaX 3 IOJAJBIIOK KOPEKILIE Ta
JeTajizauiero.

CrBOpeHa MOJeNb JIerka B MaciTabOBaHOCTI, Ma€ Mally Bary i rabapuTH, MOXKe
3aMIHUTH JEKUIbKa aHAJIOTOBHX INPWIAAIB B JITaKy, Mac HEBHCOKY COOiBapTiCTh, HE
notpedye cepTudikanii Npu BHKOPHCTAHHI HAa EKCHEPHMEHTAJIBHUX 1 YIBTPAJIETKHX
JiTakax.

CnucoOK BHKOPHCTAHHUX JKepes:
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BUMIPIOBAHHS ITAPAMETPIB BOJIOKOHHO-OIITUYHUX PO3’€MIB

Jnst 36inbuienHs iHGOpMaliiHUX MOTOKIB, IO TPAHCIIOIOTHCS IO ONTUYHOMY
BOJIOKHY Y BOJIOKOHHO-ONTHYHMX JIHISIX Hepefaul NaHUX BaXJIMBE 3HAUYCHHA Mae
HaIIfHICTh ONTHYHUX PO3’€MHUX 3’€lHAHb (KOHEKTOPiB). DYHKIisT KOHEKTOpa MOoJIsirae
B TOMY, 106 MaKCHMaJbHO TOYHO 3’€JHATH BOJOKHA JBOX PO3HIMaHb, 3a0e3meuyroun
[pH LbOMY O€3MEPEPBHICTh ONTHYHOTO HUBIXY B TOYLI X KOHTaKTy. [t 3a6e3mneueHHs
HafiifHOi po0OoTM TOTPIOHO NPH BHPOOHUITBI ONTUYHHX pO3’€MHHX 3’€IHAHBb
KOHTPOJIFOBATH ONTHUMAIIbHI pO3Mipu Ta GOpMy NMOBEPXOHb ONTHYHHUX KOHEKTOPIB, LIO
3a0e3rneuyroTh KOHTAaKT. HeoOXiZHO MaKCHMaJbHO TOYHO MOEIHATH BOJIOKHA JBOX
po3’eMiB Ta 3a0e3MEYUTH HEMEPEPBHICTh MPOXOKEHHS ONTHYHOTO CHTHANY y Micli
koHTtakty. [Ipu mexaHiuHOMY CTHCKaHHI 00uaBa (Gepyinu i BKICEHI B HHX BOJIOKHA
MOETHYIOTBCS Y MICTI KOHTAaKTy MiA MAI€I0 CHIM CTHUCHEHHs. BixcyTHicTh y Mmicmi
KOHTAKTy IOBITPSHOTO 3a30py MDK TOPLSMH BOJOKOH HE JOMYCKAa€ HAsBHOCTI 3MIiHU
[OKa3HHKA 3aJIOMJICHHS, MPOLECIB BiAOMTTSA Ta MOCHA0JCHHS ONTHYHOIO CHUTHAIY Yy
BOJIOKOHHO-ONTHYHUX JIHISAX Hepenadi indopmartii.

Jist KOHTPOJISL SIKOCTI T YUCTOTH TTOBEPXHi TOPLIB KOHEKTOPIB B MOJIBOBHX YMOBAax
MIMPOKE 3aCTOCYBAaHHS 3HAWIDIM CIIeNiali3oBaHi ONTHYHI Mikpockomu. Taki mpuimann
PEECTPYIOTh JIMIIE JBOBUMIpDHE 300paKCHHsS Ta HE IO3BOJSIOTH OLIHUTH peajbHy
¢dopmy TopueBoi moBepxi KoHekTopiB. sl MiZABMINEHHS TOYHOCTI BHUMIipIOBaHb Ta
OTpPHUMaHHS KiIbKICHOT iH(pOpMaLii 3 BUCOKOIO PO3ALIBHOIO 3aTHICTIO PO FeOMETPHYHI
mapaMeTpu, Taki SK: INOPCTKICTb, pajiyc 3a0KPYyIJICHHS, IIOJOXKCHHS —alleKcy,
pO3TalllyBaHHS BOJIOKHA BIIHOCHO (epyna Ta iHIIKUX IMPOMOHYETHCS BUKOPHCTAHHS
inTepdepenniinoro mpodizomerpy «Micron-alpha» [1]. B mpumaxi peamizoBano
IHHOBAIIfHE KOHCTPYKTOPCHKE PIIIEHHS aBTOMAaTH30BaHOI MIKPO-EIEeKTPOMEXaHITHOT
CHCTEMH YIPAaBIiHHI PYXOMHM J3epKajoM iHTep(depoMeTpa, M0 CYTTEBO CIPOIIYE
KOHCTPYKIif0. Be3KOHTaKTHA peecTpallis MOBEPXHi MO VIO JIO3BOJISIE CKOPOTUTH Hac
CKaHyBaHHS Ta IPOBOJAUTH HEPYHWHIBHUI KOHTPOIb [2].

Ha puc. 1 npexcraBiieHHI pe3yiabTaTd BHUMIPIOBaHb MOBEPXHI TOPI ONTHYHOTO
KOHEKTOpa. 3apeecTpoBaHi JaHHI JO3BOJSIIOTH OL[IHUTU pajiiyc mojipyBaHHs (Gepyny Ta
BOJIOKHA, 3aryIMOJICHHS BOJIOKHA, HASBHICTH HE(EKTIB Ta IOAPANMH HA IOBEPXHI,
CHMETPHUYHICTh PO3TAIlyBaHHS BOJOKHA BITHOCHO meHTpy. Ilicis peecrpamii i
IpEeACTaBICHHS Tomorpagii NOBEpXHI B NHPPOBOMY BHIJLIII 32 JOIOMOTIOIO
PO3pOOIEHOTO TIPOrPaMHOTO 3a0E3MEeUCHHsI PO3PaXOBYIOTECS T€OMETPHUYHI MapaMeTpu
KOHEKTOpa — pajiiyc, 3MILIEHHS anekcy, 3aryOJIeHHs BOJIOKHA, LIOPCTKICTh BOJIOKHA
micyst moJtipyBanHst. Jlani, BU3HaueHI HapaMeTpy MOPIBHIOIOTHCS 3 PaHillle BBEICHUMHU B
KOMIT'IOTep TPaHUYHUMH 3HAYCHHAMM 3 MOJAIBLIMM aBTOMATHYHHM OTPHMAHHAM
BHCHOBKY IIPO SIKICTh BUPOOY — 3aI0BOJIBHSIE, YU Hi BUCYHYTHM BHMOTaM.
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Puc. 1. Mikpogotorpadis, 2D Tonorpadis 3 npodinorpamamu ta 3D Tomorpadis
OIITUYHOTO KOHEKTOPA 3 TIOPYLICHOI0 T€OMETPI€l0

Po3pobiena Meroauka BHMIPIOBaHHS IapaMeTpiB BOJIOKOHHO-ONTHYHHUX PO3’€MiB
MOXK€ 3HAWUTH IIMPOKE 3aCTOCYBAHHS SK HA BUPOOHUITBI ONTUYHHX KOHEKTOPIB, TaK i
[PU BXiTHOMY KOHTPOJI Hepel MOHTakeM Mepexi. PerysspHuii KOHTPOJIb reomerpii
[OBEPXOHb  ONTHUYHMX KOHEKTOPIB  JO3BOJIMTH  JOTPHUMYBAaTHCh HOPMATHBHHX
rapaMeTpiB TEXHIYHOTO Mpolecy Ta 3a0e3IIeUNTH BUCOKY HATiHHICTh MEpEexKi.

CnucoK BHKOPHCTAHHX JzKepes:
1. I. Zakiev, G.A. Gogotsi, M. Storchak, V. Zakiev, «Glass Fracture during Micro-
Scratchingy, Surfaces, Vol. 3, pp. 211-224, 2020.
2. Tlpunayn OE3KOHTAKTHOTO BHMIDIOBAaHHS TEOMETPHYHMX IapaMeTpiB MOBEPXHi
BUpOOiB MeTofoM iHTepdepomerpii. JlucepTaris Ha 3000y TTS CTyNeHsI KaH. TEXH. HaAyK
/ B.I. 3akies,. — K.: Ham. aBian. yu-T, 2019. — 191 c.

71



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOH®EPEHLISA
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMU 3B’S13KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALII TTIOBITPSIHOTI'O PYXY CNS/ATM»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

UDC 378: 811 (111)
Andreishina A.V., student,
National Aviation University, Kyiv

THE IMPACT OF PROFESSIONALLY-ORIENTED ENGLISH
LANGUAGE LEARNING ON TECHNICAL STUDENTS’ DEVELOPMENT

We live in an era of globalization. Over the past decades, new requirements and
criteria have been formed in choosing specialists in certain technical industries. In the
course of reforms in education, Ukraine officially joined the "Bologna Process" on May
9, 2005, at the Conference in Bergen. The purpose of this process was the reform of the
education systems throughout Europe. Special attention was paid to the creation of
appropriate conditions for improving the scientific and educational process. It was done
for advanced training, competitiveness and employment of graduates.Specialists from all
over the world want to learn new and transfer their knowledge to colleagues from other
countries. Therefore, international cooperation and exchange programs are increasingly
taking place. Knowledge of foreign languages significantly increases the chances of
obtaining good work and a decent salary. Unfortunately, the resources of our native
country cannot always satisfy the needs of ambitious students, future graduates. In this
regard, the foreign work market offers many opportunities for professional growth. But
the question of communication and knowledge level that must respond to the English-
language environment is still actual.

Language teacher has a significant impact on student skills development. The
method of teaching can influence students’ interests and subsequent results. It is
important to develop the ability to use modern sources of information and Internet
resources, be interested in new developments and methods of training. Students'
independent work is also an important component. Preparing for classes and doing
homework is necessary for perceiving information and the ability to discuss professional
topics. Besides students should look for additional information and analyze data related
to their speciality, as well as study new vocabulary, read scientific literature on
interesting topics. It will also be very useful to take active participation in students’
English-language learning projects.

The existence of such a subject as a professionally-oriented English language
learning at technical universities greatly facilitates the integration of students into a
professional English-speaking society in which they can work freely and without
restrictions. Universities actively exchange students and teachers to learn from
experience and improve educational methods. Every year the most talented students go
to other countries for similar purposes. Through the introduction of such classes in
various specialities in English, it allowed them to realize their potential.
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ACTIVATION OF AVIATION ENGLISH STUDENTS’ INDEPENDENT
LEARNING

Our days' much attention is paid to the problems of students’ of non-
linguistic specialities organizing independent work in learning English as a language of
speciality. The activation of students' independence in learning presupposes the presence
of a certain communicative and stimulating environment, which makes it possible to
independently acquire knowledge and use it for self-education.

Educational technologies are the means of achieving subject and meta subject
results, as well as personal results of students. The system of a teacher’s work includes
ensuring the results of teaching a foreign language and needs the implementation of the
following technologies: technology of communicative learning, the technology of
understanding the communicative meaning of a text, game technologies, learning
technologies in cooperation, project technologies, etc.

In recent years, the language portfolio has become one of the most promising
technologies for teaching a foreign language and monitoring the quality of education [1;
2]. We believe that organizing students 'independent work in learning Aviation English,
a possible way can be the use of the Portfolio method, which allows developing students'
skills. We consider the model of a multipurpose language portfolio as a tool for
increasing the level of the subjectivity of teachers and students in educational activities,
self-assessment of student achievements in the process of mastering a foreign language
and the level of proficiency in the target language, as well as a tool for demonstrating
the educational product.

Students should start working on a portfolio from their first days at university. To
organize this process, teachers need to hold a seminar for students, which will determine
the importance of the portfolio, its functions, types, explain the features of working on it
and identify the assessment criteria [3].

Motivating students to effectively use the portfolio in the educational process, it is
necessary to answer the question - for what is it?: The answer is: to realize that the
student and only he is responsible for his professional future; for an objective
assessment of the student's achievements in studies and scientific activity, which is
valuable for continuing his studies in the magistracy; to identify the priority areas of the
educational trajectory of each student; to familiarize students with the social life of the
university; for the development of students' reflexive skills, thanks to which the latter
can set professionally significant goals, design their activities, analyze the results and
take appropriate corrective actions [4].

Teachers need to remember the following pedagogical conditions that stimulate the
development of personality reflection: maintaining a portfolio (constant introspection,
self-report); criticism combined with self-criticism; orientation towards self-education,
stimulation of self-knowledge, introspection, self-esteem; involvement in creative
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activity, taking into account the inclinations and interests of the person himself; the
influence of the authority of the teacher and groupmates; the involvement of students in
various competitions, Olympiads, competitions.

The teacher should not tightly control the student, but help him analyze his activities
during the semester. It would be great if at the end of the semester, at a round table,
students demonstrated their achievements recorded in the portfolio, shared their
emotions, impressions, and findings. This would be a good incentive for self-
improvement. Portfolio presentations can be role-playing [2].

We consider it highly effective to use the training "Portfolio" in the process of
education at the university, because at the time of its compilation: there is a step-by-step
(temporary) documented recording of the student's successes and achievements; the
student is allowed to show not only language skills but also several other skills
(communication, self-reflection, etc.), to reveal their abilities; during the training, the
student is fixed on both the process and the product labour; high creative and cognitive
activity of the student is required: he creates, creates, learns to present (represent) the
result of his work; the activity takes place at a high conscious level (already when
drawing up the "Portfolio", the student learns to reason, argue, justify); the student
fulfils a new role for him concerning himself and his learning partners - the role of an
evaluating teacher; the motivation for learning increases, because the student feels like a
real participant in the educational process, whose interests are not indifferent to both the
teacher and the groupmates (he is asked to think about his goals, weaknesses and
strengths in the study of foreign language, to argue his choice of topics for reading,
disputes, projects).

A language portfolio allows a foreign language teacher to solve the following
tasks: to provide practical orientation and instrumental orientation of training; apply
interactive and communicative forms of work; develop students' independent work
skills; to ensure the differentiation and individualization of the educational process;
develop students' skills of reflection; to carry out and compare self-assessment of
students, mutual assessment and assessment of the teacher; provide continuity in the
learning process [3;4].

Without exception, all teachers working with a language portfolio note an
increase in motivation and learning success as a result of its use. First of all, this is
because students are allowed to control the learning process themselves: instead of a
vague distant goal of "knowing the language", the meaning of which students often
cannot explain, the language portfolio allows them to set specific goals and achieve
them. In addition, the language portfolio allows students to develop the skills of
independent activity in mastering a foreign language, which is very important in those
groups where students' performance in a foreign language is low, and, as a result, low
motivation. Finally, a professionally-oriented language portfolio increases the
importance of a foreign language for students of non-linguistic specialities, due to the
presence of descriptors associated with the future professional activities of the trainees,
as well as the prospect of using the language portfolio as a document confirming the
language competence of the future specialist.

A language portfolio can be an effective means of motivating students because it:
increases the importance of a foreign language for non-linguistic students specialities;
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allows students to control the learning process, set specific goals and achieve them;
develops students' ability and readiness for independent study of the language and
foreign-language culture.

In conclusion, the following should be noted:
1) Drawing up educational "Portfolios" is a means of increasing the level of
independence of students in educational activities, and also contributes to their
professional and personal self-development.
2) As experience shows, complementing the traditional control and assessment tools, the
language portfolio objectively reflects the individual nature of the student's independent
educational activity. Portfolio technology is an effective tool for fixing, presenting,
attestation of students' independent activities.

This is an excellent means of their self-organization, deepening and formalization of
cognitive interests, the formation of achievement motivation, and, consequently, the
creation of a situation of success in the development of the educational program by
students.
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REFLECTIONS ON PROFESSIONALLY-ORIENTED ENGLISH
STUDY AT THE UNIVERSITY

According to the educational reform, one of the key competencies is foreign
language proficiency. This is important for everyone - for physicists, and electronics,
and chemists. That is, a foreign language is not the main object of study, but an
indispensable means of communication. If a physicist does not know a foreign language,
he will not be able to read foreign publications, communicate with colleagues from other
countries and therefore will be isolated, which is unacceptable for his professional
development. That is why it is so important to maintain the level of foreign language
teaching in educational institutions at the appropriate level.

In the process of learning a foreign language, much attention is paid to professional
orientation. The foreign language course is considered an integral part of training and
has professionally-oriented, applied content, the main purpose of which is to prepare
students for the use of language in professional activities. The professional-oriented
approach involves the formation of students' abilities to communicate in foreign
languages in professional, business, scientific fields and situations.

NAU defines foreign language proficiency as one of the priorities and main
mechanisms for implementing the processes of Ukraine's integration into the world
scientific, educational and cultural space. The organization of the foreign language
learning process is based on the Recommendations of the Council of Europe, according
to which foreign language teaching should be based on common goals, content and
teaching methods, aiming at achieving generally recommended qualification levels that
ensure communication and effectiveness within the European Union. and worldwide
space.

In the process of learning a foreign language at the technical university, much
attention is paid to the professional aspect. The professionally-oriented approach
involves the formation of students' abilities to communicate in English in professional,
business and scientific fields and situations, taking into account the peculiarities of
professional thinking.

I believe that the study of professionally-oriented English is important for every
student. Because foreign language teaching is aimed at consistent and comprehensive
development of students’ personalities, it makes positive influences on all competencies
necessary for the successful communication and mutual understanding of professionals
in the technical field as well as develops their abilities in academic and social spheres of
communication.
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CTPATEITi MOTUBALI CTYJIEHTIB TEXHIYHUX 3BO O BUBUEHHS
®AXOBOI AHIJIIMCHKOI MOBH

MortuBallisi CTYICHTIB BBAKAETHCS OAHMM 3 BOXJIMBHX YHHHHUKIB, 10 BIUIUBAE Ha
e(eKTUBHICT, BUBUCHHS HMMH 1HO3eMHOI MOBH. BoHa BUKOHye (DyHKIIIO akTHBaTOpa
HAaBYAJILHOTO IIPOLIECY Ha HOro IOYaTKy, Ta BIPOJOBXK JKUTTA IIATPUMYe OarkaHHS
YIOCKOHAJIIOBATH CBOI 3HAHHS, HABUYKM Ta BMIiHHA. | Xoua 11 JOCSTHEHHA
JIOCTaTHBOTO PIiBHS BOJIOJAIHHS 1HO3EMHOIO MOBOIO HEOOXiOHMI LKA KOMIUIEKC
YUHHUKIB, 0araTo HayKOBLIB Ta MPAKTHKIB MOTOKYIOTHCS, 110 O3 HaJeKHOI MOTHBALI]
HEMOJXKIIMBHUI Hporpec. BiibIl TOro, MOTHBALLiSL 3aCTOCOBYETBCS SIK XapaKTEPHCTUKA IS
YCIIITHKUX Ta HEYCHINIHUX YYHIB, pa30M i3 TAKUM KIFOUYOBHMH €JIEMEHTaMH YCIIIIHOCTI
SIK €HTY31a3M, BiJIJIaHICTh, HATIOJICTIIMBICTb.

OpHak, MOTHBAIliSl CTYICHTIB TiCHO MOB’s3aHa i3 MOTHBALI€I0 BUATENS HAaBYATH Ta
HOro 3maTHICTIO IHTErpyBaTH cCTparerii MOTHBALii y CBOK HaBYaJbHY [pOrpamy.
Crparerii MOTHBALIT — 11€ 3aCTOCYBAHHS BUMTENIEM IIEBHUX 3a0X0OUYBAJIbHUX IHCTPYKLIH
JUISl CTUMYJIFOBAHHS CTYJICHTIB 10 HaBYaHHS HOro mpeamMeTry. Y4eHi OAHOCTaiiHi y CBOIX
BUCHOBKaX, IO YMM BHIIE MOTHUBALisA YYMTENs THM Kpallle CTYACHTH CIIPUHMAaioTh
TAKOro BYHMTeNls Ta iforo MoTtuBauiiiHi crpareril. st ycmimHol iMruiemeHTamii
cTpaTeriii MOTHBaLi BUHTENsS HEOOXiIHE NOTPUMAHHS HACTYIHHX B3a€MOIIOB’SI3aHHX
BUMOI': CTBOpPEHHsI 0a30BHX MOTHBALifHMX YMOB; IeHepallis MM0YaTKOBOi MOTHBALLi;
[iITpUMaHH Ta PO3BHUTOK MOTHBALIii; 3aCTOCYBaHHS MMO3UTHBHOTO CaMO OLHIOBAHHSI.
Byno Bu3HaueHO 4OTHPH piBHS MOTHBAIIii: MOTHBALis MIKpO-piBHS (IO CIIPsSIMOBaHa Ha
CTUMYJBILIIO KOTHITUBHUX IIPOLECIB), MOTHBALSl PiBHA KIacHOI KiMHaTH (aymutopii)
(1o coxycoBaHa Ha METOAaX HABYAHHS Ta HABYAJIBHOI AisUIbHOCTI), MOTHBALIS PiBHS
HAaBYaJbHOTO IUIaHy (L0 3aCHOBaHA HA aHaNi3i MOTpPed CTYACHTIB), Ta MOTHBALis Ha
103aIJIaHOBOMY PiBHi (L0 CIIPSIMOBY€EThCSI HAa HeopMaJIbHIH MO3aKIaCHIH AiSIIBHOCTI).

OCKIJIbKM MOTHBAIIHHI CTpaTerii MalOTh Ha METi JOCSATHYTH CHCTEMaTHYHOTO Ta
TPUBAJIOTO IO3UTHBHOTO €(EKTy, BAaXJIMBO JOCHIIUTH CHPHHHATTS CTyICHTaMH
TEXHIYHUX 3aKJIaJ[iB HAWOUThII €()EeKTUBHIX MOTHBALIHHAX CTPATETI ITi]] 9aC BUBYCHHS
(axoBoi iHO3eMHO{ MOBH, sIka BUKOPHCTOBYETHCS SIK 3acib KoMyHikamii y HeBHiH
¢axosiit aucuumiini. IIpoBeneHi IOCHiKEHHS CBiA4aTh HpPO T, IIO0 MOTHBALSL
CTYISHTIB MOXKE 3aJIe)KaTH Bijl YCBIJOMJICHHs BJIACHHX YCIIiXiB Ta HeBa4, JOTMOMOTH
YUHTEJIS il 4ac BUKOHAHHS 3aBJlaHb, IIPUYOMY 3aCTOCYBAHHS Ha 3aHATTAX 3 (haxoBoi
iHO3eMHOI MOBH 3aBJaHb, 3aCHOBAHMX Ha I'pi, MiABUIIYIOTh aKaJeMiuHy MOTHBALIIO.

Kpim TOTO, CTYAEHTO-IIEHTPOBAHUH MiIXi/{ CTBOPIOE OLITBII IIO3UTUBHY MOTHBAIIIIO,
OCKUTBKM TaKH{ MIAXIJ HaJae CTYACHTY OIUIbIIE MOXIHUBOCTI IS B3aeEMOXii 3
OJJHOIPYITHHUKAMH, L0 MO3MTHBHO MO3HAYAETHCS Ha 3alliKaBJICHOCTI y HaBYaHHI, 1 K
HACII/IOK, MiJBHIICHHI MOTHBAIii HaBYaTHCh. JIOCHIIKEHHS JEMOHCTPYIOTh, IO
HAMOJICTJIMBICTh Ta EKCTpaBepcis € THUMH YMHHUKAMHA MOTHBAIlii, SIKi MO3UTHBHO
BIUTUBAIOTh HAa [OCSTHEHHs y BHUBYEHHI (paxoBoi iHO3eMHOI MoBH. YacTo MoTHBaLis
CTYIEHTIB BH3HA4YA€ThCS IXHIMU iJ€allbHUMM YSBICHHSIMH ce0e y MailOyTHbOMY fK
BIIEBHEHUX KOPHCTYBauiB MOBM. Y JOJATOK [O L(bOTO, METOJM HABYaHHS, CTHIb
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HAaBYaHHS Ta MOBEiHKa BUMTEIIS TAKOXK BIUIUBAE HA MOTHUBALLIO CTyAeHTIB. O0i3HaHICTh
BHUKJIaja4a 3 Mpo0JieMaMy CTY/ICHTA, HOTO LIMH y HaBUaHHI Ha/I3BUYANHO BaXKIIUBO.

CryzneHTd OifbLI MOTHBOBaHI SIKIIO BOHH BiJ4yBalOTh MIATPUMKY BiJ BUHTEIsS
CBOEI aBTOHOMHOCTI y HaBYallbHOMY Ipoueci. barato mOCIiUKeHb MiATBEPIKYIOTH
OYMKy, IO MOTHBAIis 3aJIeKUTh BiJl BHUKOPUCTAHHS HA 3aHATTAX KPEATUBHHX
MeJaroriYHuX TEXHOJIOTiIH, SKi CTBOPIOIOTH OUIBII I[iKaBe HAaBUAJIbHE CEPEIOBHIIE.
MOTHBYIOUHMH  3aBHAHHSIMH € CTBOPCHHS TIDKHEBUX BIKTODUH, IPOBEACHHS
no3aypouHux 3axofiB. KpiM Toro, HeoOXiZHO mNaM’ATaTd, IO IHAWBIgyalbHE
BIZIHOLICHHS BYMTENIs MOXE BiflirpaBaTH 3HAYHy pOJb SK MOTHBYIOYOrO Tak i
JIEMOTUBYIOYOTO YHHHHUKA.

Hazn3BuualiHO BaXJIMBHM € CTBOPEHHS MOTHBYIOUOTO HaBUYAJIbHOTO CEpEIOBHILA,
sIKe JIoTIoMarae MiHIMi3yBaTH HETaTHBHI HACIHIJKH HECTayl, HANpPHKIAJ, HaBYAIBHHX
MarepiaiiB Ta HeoOXigHoro oOmamHaHHs. l[ikaBUM MeTolIaMm IiIBUINCHHS MOTHBAIII{
CTYICHTIB € METOJ CaMO OLIHIOBaHHA. BOHO INPOBOAWTBCSA LIIIXOM PEryJISPHOTO
3allOBHECHHSI JKypHaly, B TaKdi CIOCIO € MOXJIMBICTH CIIJKYyBaTH 3a BJIACHUMH
yCcmixaMd y TIpOlleCi BHBYEHHS 1HO3EMHOI MOBH, CIOCTEpIraTH 3a 30UIBIICHHSIM
KiJIbKOCTI BUBUCHHUX HOBHUX CJIIB Ta MPaBUII, TOLIO.

TakuMm 4uHOM, cTparterii MOTHBALil BiJirparoTh BaXJIMBY poib y (GOpMyBaHHI
BMOTHBOBaHOI MOBEIiHKH CTYACHTIB. Y KOHTEKCTI BUBYCHHs (haxoBOi iHO3EMHOI MOBH,
MOXKHA Ha3BaTH HACTYIHI, HaWOinbll e(eKTHBHI cTpaTerii MOTHBAIli: CTBOPEHHS
npueMHOT  100po3uwinBoOi  arMocdepd Ha 3aHATTI, HAJAHHS YIiTKHUX 3aBlaHb,
MIEPCOHAIBHNUI TIPHUKJIAL BUUTEIS SIK HEoOXiTHO OyTH MOTHBOBAHHM 1 BiJiTaHUM CIIPaBi,
BCTQHOBJICHHS XOPOIIMX B3a€EMOBIJHOCHH 31 CTYICHTaMH, MOSCHCHHS IOMMUIIOK, SK
HEBII’€MHOI YaCTHHH MPOLECY HABYaHHS, CTBOPCHHS I[IKaBHX 3aBJaHb, 0 MOXYTb
3aXONUTU CTYAEHTIB, 3abe3nedyeHHs rpyrnoBoi (GopMH poOOTH, HANOBHEHHS 3aBOaHb
3MICTOM, SIKMH Ma€ BIJHOUIGHHS OO IHAMBIIyalbHUX HOTPeO CTYAEHTIB B Tpyi,
BHUKOPUCTAHHS Pi3HOMaHITHOrO HaB4ajbHOro Marepiany. Kpim Toro, BapTto 3BepHYTH
yBary Ha 3[aTHICTh y4YHMTeJs HABECTH Oarato MNPHUKIALIB Ui Kpamoi imrocTtpaii
Marepiaiy, 10 IMOSCHIOETbCSA. BoJHOYAac HEOOXiAHO OyTH TOTOBHM JO HETraTHBHOI
peaxIii CTyIeHTIB, SIKII0 BOHM He JyKe 3alliKaBJICHI y BUBUEHHI aHIJIiHICEKOi MOBH 1 He
CIpUiiMaloTh MEBHY cTparterito. Y [bOMY BHIAAKy BYUTENb Ma€ OyTH TOTOBHMH
3MIHHTH CTpATETiIo a iHIIy, sika Oy/e CpuiMaTHCh Kpale.

OTxKe, 3aCTOCYBaHHs CTpaTerii MOTHBAIli CTYICHTIB /[0 BHBYCHHS (HaxoBoi
aHIIIificbKOi MOBH TOBHHHO BiJ0OYBaTHUCh 3 ypaXyBaHHAM iHAMBIAyalbHHX MOTPeOd Ta HA
OCHOBI CTYAEHTO-LICHTPOBAHOTO MiAXOAYy. BuuTeni MOBMHHI BU3HATH pi3HI TUIH
MOTHBAIlii CTYJCHTIB 10 BUBUYCHHs (aXxoBOi iHO3eMHOT MOBH IepIll HIXK 3aCTOCOBYBATH
Ti abo iHII cTpaTerii MOTUBALI] y HABYAIFHOMY IIPOLECi.
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ICAO RECOMMENDATIONS FOR AN AVIATION ENGLISH
PROFICIENCY TEST

English is theinternational language of civil aviation. Effective verbal
communication is essential to ensuring safety in civil aviation. A certain degree of
fluency is required because controllers have to communicate with several aircraft at the
same time.The interaction between pilots and controllers must be effective, as both
parties need to be able to check, confirm and clarify when misunderstandings occur.
Controllers and pilots require sufficient vocabulary to be able to communicate in both
the routine and non-routine situations.In addition, controllers and pilots need to have a
good command of basic grammatical structures so that they can communicate
information in a format which will be understood by their interlocutor. And finally,
pronunciation needs to be sufficiently clear and intelligible to the international aviation
community[1,2].

It should be noted that the ICAO Language Proficiency Rating Scale includes 6
levels for radiotelephony communication: Levels 1, 2 and 3 describe Pre-elementary,
Elementary, and Pre-operational levels of language proficiency, respectively, all of
which describe a level of proficiency below the ICAO language proficiency
requirement. Levels 5 and 6 describe Extended and Expert levels, at levels of
proficiency more advanced than the minimum required standard. The Operational Level
(Level 4) is the minimum required proficiency level for radiotelephony communication
[1]:

PRONUNCIATION (Assumes a dialect and/or accent intelligible to the aeronautical
community): Pronunciation, stress, rhythm, and intonation are influenced by the first
language or regional variation but only sometimes interfere with ease of understanding.
STRUCTURE (Relevant grammatical structures and sentence patterns are determined by
language functions appropriate to the task): Basic grammatical structures and sentence
patterns are used creatively and are usually well controlled. Errors may occur,
particularly in unusual or unexpected circumstances, but rarely interfere with meaning.
VOCABULARY:Vocabulary range and accuracy are usually sufficient to communicate
effectively on common, concrete, and work-related topics. Canparaphrase successfully
when lacking vocabulary in unusual or unexpected circumstances.

FLUENCY: Produce stretches of language at an appropriate tempo. There may be
occasional loss of fluency on transition from rehearsed or formulaic speech to
spontaneous interaction, but this does not prevent effective communication. Can make
limited use of discourse markers or connectors. Fillers are not distracting.
COMPREHENSION: Comprehension is mostly accurate on common, concrete, and
work- related topics when the accent or variety used is sufficiently intelligible for an
international community of users. When the speaker is confronted with a linguistic or
situational complication or an unexpected turn of events, comprehension may be slower
or require clarification strategies.
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INTERACTIONS: Responses are usually immediate, appropriate, and informative.
Initiates and maintains exchanges even when dealing with an unexpected turn of events.
Deals adequately with apparent misunderstandings by checking, confirming, or
clarifying.

Language Proficiency Test for Aviation Personnel test structure and format[3,4]:

Part 1.Introduce information about yourself (4 minutes). In this part of the test, the
candidate is invited to tell about himself, family, hobbies, education, professional
activity, career, plans for the future.

Part 2. Interactive conversation between the candidate and the examiner in the form of
an interview (10 minutes). This part of the test proposes topics for discussion related to
abnormal / emergency situations on board, on the ground, or in flight. Their causes,
consequences, actions on the part of the pilot or air traffic controller.

Part 3.A) Listening to dialogues on the phraseology of radio exchange (in standard and
non-standard situations) (10 min).B) listening to the text on aviation topics (10 min).
Part 4. Description of the situation on video without sound and further discussion (6
min).

ICAO recommends to find out and memorize new words; to recognize and reproduce
the desired word in the appropriate context; to applicate word formation rules
(morphology); to study the norms of lexical collocation of words and their use in
practice; to use words correctly in the grammatical and syntactic context; to develop
fluency and understanding; to observe the communicative interaction of other people; to
take initiatives or even risks in face-to face communication with different interlocutors.

References
1. Annex 1 to the Convention on International Civil Aviation - Personnel
Licensing, Language Proficiency and Appendix A - Language Proficiency Rating
Scale, 1.2.9
2. ICAO Doc 9835 AN/453 — Manual on the Implementation of ICAO

Language Proficiency Requirements, Second Edition 2010.

3. ICAO Language Proficiency Requirements, “Implementation and
Maintenance Recommended Check-List,” updated on 13 March 2013.

URL: https://skybrary.aero/sites/default/files/bookshelf/625.pdf

4. Testing of aviation personnel to determine the level of proficiency in aviation
English according to the ICAO rating scale

URL: https://interbridge.com.ua/avia-english/testirovanie-ikao.php
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BUKOPHUCTAHHS IIA®POBUX TEXHOJIOTTH Y CHUCTEMI
JACTAHIIITHOT O HABYAHHS THO3EMHHMX MOB V ABIAIIITHOMY
3BO

MogHa miaroroBka asiauiiiHux ¢axiBuiB 3aBxau Oyna MPIOPUTETHUM HANPSIMKOM
npodeciiiHoi miaroroBku. CpOroAHi MUTAaHHSA HABYaHHS IHO3EMHHX MOB Yy
IUCTaHLIHOMY (OpMaTi, BUPIIIYETHCS 3a JOINOMOIOI0 HAMCy4acCHIMINX iHCTPYMEHTIB
s cuaxponHoro (Big Blue Button, ZOOM, ICQ, SKYPE, iHTepakTHBHI IOIIKH,
BifleOKOH(EepeHIIil) Ta aCHHXPOHHOTO 3B’S3Ky (€JIEeKTpOHHA romiTa, Oyory, Qopymu,
Bi/IeO Ta ay/iONOAKACTH, OHJIAH TECTYBaHHS), SIKi YIOCKOHAIIOIOTHCS 3 KOXKHUM JTHEM
3aUIsl Ti[BUILECHHS IHTEPaKTHBHOCTI, BJIaCHE, [IPOLIECY ONAaHyBaHHS iHO3EMHOK MOBOIO
MalOyTHIMH aBialifHAMHU (axiBISIMH.

B yMoBax AMCTaHLIHHOrO HaBYaHHS €(PEKTHMBHO BUKOPHUCTOBYETHCS IUIaTGopMma
Zoom. lle Haiibinbur 3py4yHHil Ta MPUCTOCOBAHWII CEpBIC AJIS HABYAHHS IHO3EMHHM
moBam. Lleii cepBic npomnonye HaifbiIbIIIe MOXKINBOCTEH [J1sl OpraHizaliii OHIaiH-3aHsITh
3 IHO3eMHOI MOBH ISl aBialifHUX (axiBLiB:

® [IPOBEICHHS OHJIAWH-3aHSATH 3 BiIO BHCOKOI SIKOCTi Ta MOJMIIMBICTIO y4acTi BCi€l
rpymu;

o (yHKIS AeMOHCTpaulii MaTepiayliB Ha €KpaHi 3 MOJMIIHBICTIO MiIKPECIIOBATH,
BUAUIATH Y4 JOTIOBHIOBATH 1H(OPMAIIiIO;

® BUKOPHUCTOBYBATH ay/io- Ta BiJlcOMaTepiali BUCOKOT SIKOCTI;

e st edexTHBHINIOI opraHizaiii HaBYaHHS I1HO3EMHIH MOBI € MOXIIHBICTD
BUKOPHCTaHHs Pi3HUX (HOpM poOOTH: MapHOI Ta rpyrnoBOi, IULIXOM <«IIEPEMIICHHS
YYacHHKIB B OKpeMi «cCecCiiiHi 3aim», A€ BOHH MOXYThb BIINIPAI[bOBYBATH OKpEMi
rpaMaTHYHi 41 JIGKCHYHI CTPYKTYpH B [apax;

® HasIBHICTh BOYZOBAaHOI IHTEPAKTUBHOI MOIIKH, sIKa Ma€ 3HAYHY 1 3py4Hy HOOIpKY
iHcTpymenTiB. Ha Hilf MoXHa mmcaTd, BHAUIATH 1 MiZKPECIIOBaTH KOJIHOPOBUMH
MapKepaMH, CTaBUTH [I03HA4Ku, 30epiraTv HamucaHe i yJYacHHKIB, sIKi HE 3MOTJIH
BiZBiZaTH 3aHATTS;

e BOY/ZOBaHHUI YaT [JO3BOJISIE CIUJIKYBATHCS SIK 3 YCI€HO TPYIOIO, TaK i 3 OKPEMHUM
ydacHukoM. Ile moxxe OyTu mpuBaTHa Oecifa, B sIKii OOrOBOPIOIOTHCSI MOMHIIKH, YU
rpymoBa Oeciza. Y yaTi MOXKHa mepenaBaTtd (ailiu, 3amisHi NPHU MPOBEACHHI 3aHATTA,
a00 TOCHJIaHHS Ha CaiiT, ¢ BUKOHYBaTHMETbCS HACTyNHe 3aBiaHHA. Lle Moxe Oytu
omnaiiH-momka Padlet, onmaitH-cepicn  Quizizz Ta Quizlet, sxi 4yacrto
BUKOPHCTOBYIOTHCS Ha 3aHATTAX;

® JISMOHCTPYBATH €KPaH MOXKE KOXKCH YYaCHHMK OHJIal-3aHATTA. Lle nae MOXUIMBICTh
BUCTYIATH 3 npe3eHTauier. EQekTHBHUM MPHHOMOM YIOCKOHAJICHHS iHO3EMHOI MOBH
MOXXKHa BBaXaTH TeMaTW4Hi mpeseHrauii. Ilpu opranizaumii OHNAWH-3aHATTS 3
BUKOPHCTAHHSM INpE3eHTAlli HaBYaJbHUH Marepiall NPEACTABIIETECS HAOYHO Ta
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JOCTYIHO. Y TpOoLeci BUCTYNY KypCaHT / CTYISHT Ma€ MOXJIMBICTh BUKOPHUCTOBYBATH
KJIIOYOBI CJIOBa, cXeMH, Tabnuii, kapTuHkH. CTBOPEHHS MPE3CHTALil € HeBiJ eMHHUM
CKJIQJIHUKOM CaMOCTiHOT poboTu MaitbyTHiX aBiadaxiBuiB. BoHu MOXyTh OyTH
BUKOPHUCTAHI IIPH ayAil0BaHHi, IepeKa3i TeKCTiB, CKJIalaHHi J1aJIoTiB.

Jlo uuhpoBUX TEXHOJOTIH, SKi MH 4aCTO BUKOPHCTOBYEMO Ha 3aHATTSX 3 IHO3EMHHX
HaJIOXHUTh OHJIalH-cepBic Quizizz. Ile iHCTPYMEHT IS 3aKpiIIeHHS 1 IepeBipKH 3HAHb.
Tecti poO3pOOISAIOTECS HAMH BIAMOBITHO 1O TMPOMICHOT TEMH 1 BiIOOpaKarOTh SIK
JIEKCUYHI TaK i rpamMaT4Hi cTpykTypH. [lepeBara qaHoro cepicy moJisira€ B TOMY, IIO
BiH HaJa€ MOXJIMBICTb BiIMOBIZAaTH HA IHTAHHS B CBOEMY IHAWBIAyalbHOMY TEMIIi.
Kypcanram / ctynentam nogobaerhbest Taka poboTa, amke BOHH 0adaTh CBOI pe3yabTaTi
BiZipa3y micisi 3aKkiH4eHHs TecTy. TecT, opraHi3oBaHuil Ha OHJaiiH-cepBici Quizizz,
TaKOX MOTHBYE, aJKe B HbOMY IIPUCYTHii eJeMeHT 3MaranHs. [lepeBara Juis BUKIIagaya
MOJATaeE B TOMY, IO HOMy He MOTPiOHO BHMTpadaTH 4ac Ha MepeBipKy TecTiB. Bci
Ppe3yJbTaTH MOKa3yIThCsl aBTOMATHYHO HA CTOPIHIII BUKIIA[aya.

Jlns  ompaifoBaHHs JIEKCHYHOTO Marepiany pPEeKOMEHAYyEMO BHKOPHCTOBYBATH
mwiarpopmy Quizlet, ska JONOMOXKE BHBYATH CJIOBAa [0 TEMH 3a JOHOMOIOO
pi3HoMaHiTHHX BrpaB. Lleli BeO-IHCTPYMEHT MOXKHa 3aBaHTaKUTH B CMapTOH SK
MOOUIBHUH JIOZATOK i BUKOPHCTOBYBaTH no3a ayaurtopHo. Ille onHa mepesara 1poro
JIOZIaTKy Y MOXJIMBOCTI TpeHyBaHHs (h)OHETHUHMX BrpaB. CTBOPIOBATH JICKCUYHI KAPTKH
3a TEMOIO MOXKYTb HE JIMIIE BHKJIAJadi, a i caMi yHaCHMKM HaBuYaJbHOTrO rmpouecy. J{o
KOXKHOI TeMH MU HaJilaeMo nocuiianHs Ha Quizlet, 3a SKUM KOPHCTYBadi CEpBiCY MOXKYTb
HOTPEHYBATH CJIOBA Ta BUPA3H JI0 TEMH.

Mepeska [HTepHET y cHCTeMi JMCTaHL[iHHOTO HaBYaHHS iHO3EMHHX MOB MOXE CTaTH
GaraTuM JDKEpEIoOM aBTEHTHYHMX CIIOBECHHX MOJENECH NMPH BHKOPHCTaHHI 3arHCaHHX
ITiCeHb, CNICKTPOHHUX KHIKOK, ITIIKACTIB Ta BifeO KIIIIB, sIKi JOMOMOXYTh 3100yBadamM
BHUILOi OCBITH Y BUMOBI, BUBUCHHI Ta 3amam’sITOBYBaHHI HOBOTO CJIOBHHKOBOTO 3amacy.
udpori TexHomorii TakoX AAIOTh MOMJIMBICTH 3alMCyBaTh cede Ta MporpaBaTd
mi3Hinie. KopucTyBaui Takux CepBiCiB CTBEpHXKYIOTh, IO MOXJIMBICTb CIyXaTH Ta
[POrpaBaTH 3allUCH JOIOMara€ BHU3HAYUTH TIpaMaTHYHI ITOMHJIKHA Ta HETOYHOCTI Yy
BUMOBI, 33a0XOUYyIOYM [0 CAMOBJOCKOHAJCHHS Ta BHUIPABJCHHS. PO3IVISIHEMO ISt
MIPUKJIAJLy IEKUIbKa CepBiCiB, SIKi JAIOTh HAM TaKy MOXKJIUBICTb.

Vocaroo — e OHJIaiH-CcepBiC, IO IO3BOJSIE 3aNHCYyBaTH, 30epiraTé i AUTHTHCS
rOJIOCOBUMH TOBIJOMJICHHSMH 4epe3 MOCHIIaHH, Yepe3 MOIUTy Tollo. B HaBuanbHOMY
nporeci Vocaroo MOKHA 3afisiTH ISl MPOCITyXOBYBAHHS TOJIOCOBUX IOBiJOMIICHB
BUKJIaJiaua y BUTJISAI IHCTPYKIUIHM; JUIsl 3alMCy MOBIIOMIICHHS 300yBauyeM BHUILOi OCBITH
y BUIJISZI JOKJIaay, a00 HOBMH YW BHCJIOBJICHHS BJIACHOT AYMKH IIPO NMPOYHTAHE TOLIO.
3ammcu MoxHa ITyOJiKyBaTH Ha oHyaiH-momiui Padlet mis nomamsmioro omparroBaHHs
Ha OHJIAWH-3aHATTI YW [UIsl OTPHUMAaHHS 3BOPOTHOTO 3B’S3Ky BiJ BHKJIaga4da abo iHIIMX
YYaCHHUKIB IIbOTO POEKTY.

Padlet — cepsic opranizauii cripHOT poOOTH y4aCHUKIB OCBITHBOTO mpouecy. OxHa
i3 MOXJIMBOCTEH LIbOTO cepmcy 3aMHUCyBaTH aymo- 4n BmeOMaTeplaJm AKi
6e3rnocepe]HPO MOXHA PO3MIIlyBaTH Ha I[H JOIINI Ta NMpaLioBaTH 3 HUMH MiJ 4Yac
YPOKY YU BHUKOHAHHS JOMAIIHBOI'O 3aBIaHHs ab0 opramizamii camMocTiiHOI poOOTH.
Cepen iHIIMX MOXIMBOCTEil BUKOPHUCTaHHs OHNaiH-fnomku Padlet €: naBatu mocuiaHHs
Ha Meniadaii 3 Mepexi [HTepHeT; 3aBaHTa)KyBaTH (haillii 3 BIIACHOTO KOMII'IOTEpa;
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pobutu rosocosi moBigomsienHs. 1106 Hagatu goctynm g0 i€l JOIIKH, HEOOXiAHO
MOBIZIOMUTH TMOCHJIAaHHS 3 psjKa ajapecH, Hampukinan, y 4ari Viber. Indopmarnis na
mouii Moxke OyTH 3MiHEHa B JIIOOMI MOMEHT, JONOBHEHA IHIIUMHU 3aBIaHHIMH,
iHCTpyKUisiMU. JIy’)ke 3pydHO BHKOPHUCTOBYBATH OHJIAH-IOIIKY JUIsi BHKOHAHHS
JIOMAIHBOT0 3aBJaHHs ab0 Juis poOOTH HaJl 3aBJaHHIM Y Ipynax.

Ta6u.1. Eranu BnpoBakeHHs TU(PPOBUX TEXHOJIOTIN Y

CUCTEM1 ,Z[PICTaHI.[lfIHOI‘O HaB4YaHHA 1HO3ECMHUX MOB.
Ertan 1. IIpencraBnenHs marepiany:

INPUT ZOOM, Bineo- Ta ayzio MaTepiaiu, TEKCTH,
KapTUHKH, CJICKTPOHHI MJPYYHHKH, CXCMH,
Jiarpamu, TOwLio.

Ertan 2. OmpaltoBaHHs MaTepiaty:

INTAKE Learning App, Quizlet, Padlet,
Pi3HOMaHITHI BIPaBH HAa 3aCBOEHHS JICKCHYHUX
Ta TPaMaTHYHUX CTPYKTYP.

ETtan 3. 3acTocyBaHHS BHKOHAHHS:

OUTPUT BUKOHaHHS TBOPYMX 3aBJaHb Vocaroo,
Padlet, Quizizz, mnpe3eHTauii, JOKIaIH,
MICHMOBI pOOOTH, TECTH.

TakuM YHHOM, TIPOBEJCHE JOCTI[PKCHHS BKAa3ye Ha ICHYBaHHS IIHUPOKUX
MOXJIMBOCTEH BHKODHCTaHHS NU(PPOBUX TEXHOJOTIH Yy CHCTEMi AWCTaHIIHHOTO
HaBYaHHS 1HO3eMHUX MOB Yy apiamiiiaux 3BO. Tak, npakTuyHHi JOCBII MOKA3ye, IO
BUKOPUCTaHHS IDIaTGopMu KoHpepeHHii Zoom JomoMarae SKICHO 1 IIBHIKO
OpraHi3oByBaTH HaBYaJIbHHH IMpolec y aiamiiHomy 3BO, 3xiiicHIOBaTH KOHTPOJIb Hal
HHMM, CTBODIOBAaTM 3py4Hi YMOBM JUIi JUCTaHUiHHOro HaBuaHHA. [lapanenbHe
BUKOPUCTAHHS iHIIMX OHaifH-cepBiciB, Takux sk Padlet, Quizizz, Quizlet Ta iHmMNX
ypi3HOMaHITHIOE MeToAu Ta (OPMH HABYaHHS, AKTUBI3y€ Ta MOTHBYE BHBYCHHS
IHO3eMHHX MOB Y MaifOyTHIX aBiallifHKX (haxiBIiB.

83



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOH®EPEHLISA
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMU 3B’S13KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALII TTIOBITPSIHOTI'O PYXY CNS/ATM»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

YK 378.016:811.111
Skipalska, Y., senior teacher
Hayionanenuii asiayitinuii ynieepcumem, m. Kuig

FOUR WAYS HOW TO TEACH NEW VOCABULARY TO THE STUDENTS
OF THE TECHNICAL SPECIALISATION

Teaching vocabulary is an essential part of any English studies. Many teachers are
concerned about how to teach vocabulary. New words should be taught in a way to
capture students’ attention and place new words in their memories.

On the other hand, all our students, without exception, come to classes in order to
learn to speak English and, also use specific vocabulary in the technical sphere. And
even if everything is going well, they sometimes complain that the words flew out of
their heads. Sounds familiar? In most cases the student’s new vocabulary remains
passive.

However, passive vocabulary is very important for comprehension as well. This is
the question of understanding another speaker - as a listener needs to have a passive
vocabulary. It is called receptive knowledge of English.

When active vocabulary is necessary to use students need to create their own
sentences. This is called productive knowledge of English.

So, we suggest four ways by which we check if the students know the vocabulary at
the basic level or can confidently use words in productive speech and in the technical
sphere.

1.  Check in live chat.

The most reliable way to test target vocabulary activity is to talk to a student about
the topic. It is important that the student does not understand that you are testing him —
that is, no flashcards or speaking activities; it should be a spontaneous conversation.
This way connects the brain when they speak their native language. After all, they don’t
really think about the case or gender to put, they just say. The same effect needs to be
achieved in English.

For example, we taught Past Simple for several lessons. Later, without any
materials, we can ask students to talk about the childhood or last travelling, first
experience of travelling by air or first working experience. This task should sound
spontaneous and friendly, but not like checking a speaking at the exam.

2. Set the context.

Often new vocabulary is checked by dictations and their variations. These
techniques are fine and they test memorizing a specific list of words. Learning words in
isolation helps students memorize the vocabulary in the short term. This method will not
help students to keep these words in the memory after the test. When teaching
productive skills of language this method is not effective. To test if the student can
remember the right word in a particular situation, set the appropriate context.

For example, not everyone will quickly remember the word “steerable” outside a
certain situation. But if we talk about aviation, it should pop up automatically, provided
that the word has been correctly “loaded” into memory.

3. Use a repetition technique.

84



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOH®EPEHLISA
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMU 3B’S13KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALII TTIOBITPSIHOTI'O PYXY CNS/ATM»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

If the word is difficult, very important, or extremely difficult to remember, the
teacher can use the repetition method. One of the examples, the teacher needs to drill the
construction “is\was used to”. The student should repeat in the sentences as more as it is
possible. For the students of technical specialization the examples can be the following:
“Iron was used to make ornaments. Copper was used to make cooking utensils and
coins. Gold is used to create precious jewellery. An alloy formed from iron and carbon
is used for cooking utensils and pans.”

The main feature is the exaggerated number of keyword repetitions. The main thing
is not to forget to clarify that this style is only suitable for drilling, not for live
communication. It is also very useful to use repetition, creating numerous examples of
the use of the word in different contexts.

For example, learn the word “reinforce”:

&  Concrete is reinforced with steel.
% Let’s reinforce good behavior.
+ The bridge is in need of reinforcement.

4.  Get out of the comfort zone.

The main pitfall of using new vocabulary in speech is the comfort zone. If a student
successfully opens parentheses, clicks the Quizlet faster than anyone else, or even used
it several times in a conversation with a classmate or teacher, this is not an indicator that
he will be able to use this vocabulary in life.

The stress level of real communication in English is several times higher: a
stranger, background noise, attempts to understand what the interlocutor is saying and
other factors, such as using technical meaning of the words. Of course, those increase
the level of stress. All this overloads the brain and takes away all its resources for
adaptation to new conditions. At this moment a person has no time for vocabulary.

The decision is not easy but understandable. Teachers should ask students to do
what they are scared, uncomfortable, or unwilling to do. In the lesson this can be
reproduced in the format of unexpected activities: interviews, phone conversations,
consultations. The more unexpected situations are created, the easier will be for students
to manage difficulties.

Learning should be enjoyable and motivating, but too calm and fun approach does
not prepare students for real life. From the point of view of the brain sciences, it has
been proven that information that has not perceived as stress is most likely to be
forgotten at the most inopportune moment.

References

1. https://www.myenglishlanguage.com/teacher-resources/teaching-vocabulary/
2. https://www.myenglishlanguage.com/teacher-resources/ppp-technique/
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LiudmylaNemlii, phD,
Artem Fedorchenko, student
National Aviation University, Kyiv

CABIN CREW ENGLISH LANGUAGE REQUIREMENTS

English is a major language in aviation. Therefore, every employee, particularly the
flight attendant, must have it at a fairly high level.

The flight attendant is personnel who is responsible not only for the comfort of the
passengers during the flightbut for their safety first. Therefore, the language knowledge
of the flight attendant should cover fairly large area of human’s life, such as food and
drink servicethus technical sphere as aircraft structure.

Catering on board is one of the processes flight attendants are responsible
for.Because each passenger is individual, flight attendant should be prepared for
different situations. The flight attendant must be able to explain the difference between
the dishes or offer a compromise. To do this, he needs to know well how one or another
ingredient is called in English. After all, English is a language which is used in aviation
and flight attendants who desire to work in international air company should be ready to
communicate with foreigners.

The knowledge of theaircraft structure is needed for rapid coordination in case of
emergency situation. Flight attendantsmust know all the markings on emergency
equipment and emergency exits, as modern aircraft are mostly manufactured abroad and
all markings are made in English.

Most airlines provide English training causes for their future and current
employees.However, if their candidates are familiar with necessary aviation vocabulary
and can discuss anyaviation topiceasily the employers will appreciate them greatly and
give them preference before less professional ones. The topics in English that a flight
attendant should know are the following:

1. Navigation and directions. Even before boarding the plane, passengers can turn
to aviation personnel for help. You need to be able to orient where the exits,
check-in and where to leave luggage.

2. Types and classes of air tickets. On board, the flight attendant will have to
explain to passengers where they should sit, what is included in the cost of their
tickets, in what class they fly, whether they can sit at the emergency exit or
illuminator.

3. Service. Providing comfort and good service on board is one of the key
functions of flight attendants. They need to know how to offer passengers food,
blankets or other additional services provided by the airline. And they should
be able to apologize and offer help.

4. Onboard personnel. When learning English for flight attendants, you should
pay attention to how correctly name each member of the team - both ground
and onboard. After all, often the team will change, and it is difficult to
remember all the names.
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5. First aid. It is often necessary to provide first aid on board. People flying at
high altitude can get sick at any moment. Then, knowledge of English for the
flight attendant can be a matter of life and death. It is necessary to know well
the medical terminology and rules of the first medicalaid.

6. Emergencies and safety. Another key role of the flight attendant is to ensure the
safety of passengers. At the pre-flight briefing the flight attendant introduces
rules of safety to passengers. As usual flight attendants learn the instructions by
heart, but in case of an emergency, they need to be able to clearly articulate
what passengers should do, where the emergency exits are, and so on. They
also need to know what to say if there is an aggressive passenger on board or
someone has a panic attack (1).

So, after analyzing all above, we can make a conclusion that the flight attendant
must speak English fluently. Because a large proportion of all work routine situations
that occur on board during a flight depends on how well the flight attendant can navigate
in explaining the sequence of actions to passengers in English and how well he can
navigate the meaning of signs and inscriptions on board the aircraft.

References
1.https://yappi.com.ua/ua/posts/read/anglijskij-dlya-styuardess-kak-podgotovitsya-k-
sobesedovaniyu - a2l
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MOJEJIb CUCTEMHU NPUAYITEHHSA CITY®IHTY I''IOBAJIBHUMHU
HABITAINITHUMHU CUCTEMAMM

IMpu BuxopucranHi TexHonorii GNSS omgHUM i3 OCHOBHHX HPOOJIEMHHX NHUTAHb €
3aXMCT amnapaTypd KOPUCTyBaya BiJl HABMUCHMX Ta HEHaBMHCHHX DPaJiONEpelIKON.
Curnamn GNSS Ha BX0/i aHTEHH KOPHCTYyBa4a MalOTh HOMiHaNbHUH piBeHb -130 dBm i
HaBirauiiiHa amapaTypa KOpHCTyBaua MO MiJiIaBaTHCS HaBMHCHOMY IIPUIIIYIICHHIO
CHTHANIB CYNMyTHHUKIB 1 HaBMHCHHM mepeuikogam (spoofing GNSS), siki iMiTy0Th
curHamn  GNSS Ta MOXYTh CTBOPHTH YMOBH [UII pyXy OO0’€KTa IO 3aJaHiil
3JI0BMHCHUKAMH TPAEKTOPii.

CrnydiHr — 1me mepemkojaa, sKa SBIs€ COOOK CUTHAN NONIOHMIA CHUTHAJIAM
HaBIralifHUX CyNyTHHKIB. Y choydiHr 3akmamaeTrbcs XuOHa iHpOpMamis, sKa
CIMIMaEThCS HaBITaIifHUM IpHHMadeM SK KOPHUCHHH CHTHal. Y pe3ylbTaTi mpuiMad
BUpOOJIsie XUOHI KOOpPAMHATHI pillIeHHs, 00’€KT pyXaeTbCsl MO TpaeKkTopil 3amaHiil
3JI0yMHUCHHKAMH YU 3 BEJIMKUMHU MOMMIKAMHU 3AIHCHIOE CHHXPOHi3aLio Yacy. XUOHHI
CHTHAl CKJIAa€ThCsl i3 CHTHANIB YCiX CYIYTHHKIB 1 NPHHMAETHCS HaBirariiHUM
npuiiMadeM 3 OJHOTO HampsMky. Ilicias mpumynieHHs XHOHOTO CHUTHANY HpUiiMay
MOBUHEH IPAIIOBaTH y IITATHOMY PEXHMi IIPH YMOBI, IO NpHUIIMAeThCcs HEOOXiqHEe
YHCJIO CUTHAJIB HaBIralliifHUX CYITyTHHKIB.

Sxmio mutst 06’ €KTy, AKUil KOOPAMHATHO BUPIIIye TUMYACOBY 3a/lady 3aCTOCOBYETHCS
arpeciss y BHrimi cmygidra, To Juif ii HOM’SKIICHHS YH IPUAYHNICHHS MOXe
BUKOPHCTOBYBATHCS aallTHBHA JUIs HEPELIKOM aHTEHa PEILiTKa.

[MpuBabauBicTh MeTOLY MNPOCTOPOBOI (imbTpamii mepemkos 3a AOMOMOrO0
aJalTUBHUX aHTEHHX PELITOK CKIaJaeThcsi B TOMY, IO Bigmagae HEOOXiAHICTh
BTPY4aTHCs y IporpaMHe 3a0e3MeueHHs puiiMada, OCKUIbKY JaHHUH METo Moxe OyTH
MIOBHICTIO QBTOHOMHHM 1 CyMiCTHUM i3 OLITBIIICTIO HAaBIraniftHUX NMpuiMadiB.

AnanTuBHA aHTEHA PEIIiTKA 3HIDKYE BEIHYMHY CHUTHAIy HEPEelKOAd B 0OpaHOMY
CeKTOpi, aje pa3oM i3 CHTHAJIOM 3aBafd BUAAISIOTHCS/TIOCIAONIOIOTECS 1 CHTHAIN
JIesIKAX HaBIralifHUX CYIMyTHUKIB. Y HayKOBO-TEXHIUHIH JIITEpaTypi BiACYTHI BiIOMOCTI
PO KiJIbKICTh CYIYTHHKIB, KOTPI 3QJIHLIMINCS MICIsS YCYHEHHS CHUTHATY IMEpelIKOAn
Ul BUMAIKIB KOJAM Yy 30HI OPsSMOI BHIMMOCTI HPHUCYTHI HAaBIraliiHU CYIyTHHKA
neKipKkox cucteM.YacTkoBO IIi MUTaHHS PO3rsAHYTI y pobotax[l, 2].Po3Butky Ta
JIOCII/PKEHHIO [IbOT'0 MUTaHHS IIPUCBAUYCHE 11€ JOCITIIKEHHS.

ApnantuBHa aHTeHa pemritka (AP) ckimamaerscst 3 BumpomiHioBauiB -1,..., n,

¢aszoobepraui-§? 1,....@n, areHioaropiB- Al,..., An, cymaropa Ta MOAYJs
KepyBaHHs aMILTiTy 1010 Ta a3oro puc.1[1],
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Puc. 1 AganTrBHaaHTEHApENIITKA

JliarpamMa CHIpSMOBaHOCTI AHTEHOI PELIITKH IO IIONIO, KA CKJIAJA€Thes i3 n
€JICMEHTIB, Mae BUrisa [3]:

D(B.¢) =I{8.¢) - Ll A -exp(j T sin8 - (x;cos ¢ + y; sin @),

nel( 8, @)- niarpama cipsmMoBaHoOCTI BUNPOMiHIOBaYa,

8- xyr, sKuii paxyeThes Bif oci Z, CiBIaIar0umii 3 HOPMAIBIO 10 TWIOCKOCTi AP,

- KyT, SIKHI paxyeThes BiJ oci X, nexadynii y miockocti AP Ta nepnenankyisspHol
ociY,

Xi, yi — KOOpAUHATU (a30BOr0 LEHTpa i-ro BUIPOMiHIOBaya B MPAMOKYTHIH cucremi
KOOpJIMHAT.

Jlns  MopnesnioBaHHs —Tpouecy NpHAyLWeHHs cnydinry y gaHHii  pobori
BUKOPHCTOBYEThCS SKCIIEPUMEHTAJIbHE OTPHMAHHS JaHUX 32 JOIIOMOI'OI0 HaBirariiHol
crannii Ha 6a3i cymytHukoBoro mpuiiMada OEM 719. IlpuiimMad BCTaHOBIIOETBCS Y
peumM npuiiomy curHaniB Bix GPS, TJIOHACC, GALILEO, BEIDOU, QZSS i3
BepxHbOI HamiBchepu. IToBiOMIICHHS, SIKI CTBOPIOIOTHCS NpUIIMaueM 3alUCyIOThCS Y
¢aiin. Ili TOBiTOMIICHHS TOBMHHI MICTHTH KyTH, IHiJ SKHMH CIOCTPEpPIraloThCs
CYNYTHHKH 3 TO3MLII CIIOXKMBaya, CIIBBiJHOLICHHS CUTHAJI/IIYM Ta TI'€OMETPUYHHI
¢axTop.

. . Bupimmenns Po3spaxynok IMigroroBka 1aHUX It
Bixigni nami | | pipsmns |l miarpaMud | —pe| 300p@KEHHA JiarpaMu
aJanTanuu CIIPSIMOBAHOCTI CIPSIMOBAHOCTI
Onepauii aJist rpaduaHOr0 Po3paxyHok BenuanMHN VYcranoBka
300paKCHHSI PE3y/IbTATIB |« TPOXOKCHS CUTHAILY |<@— MiHIMaJHbHOTO 3HAYCHHS
MOJICIIFOBAHHS TIicIs aganTarii CHUTHAITy CITyTHUKIB

Puc.2. Briok-cxema nporpamu Jis MOJICIIOBAaHHS IPHAYLICHHS CITyQiHTYy.
CHiBBiJHOLIEHHS CHTHAJI/ITYM TaKOXX MOkKe OyTH cuMHaTaHUH i3 daiina un
niarpamu B iHTepdeiici nporpamuoro 3abesneuenns NovAtelConnect.biok-cxema
HPOrpamy, 3a AOMOMOTOIO SKOT JOCIiKyBaJIaCh 3alIPOIIOHOBAaHA MOZIEIb, 300paXkeHa Ha
puc. 2.
Jomamo nesiki pelynabpraté MojenroBaHHs. Ha puc. 3 300paxkeHi BXigHi Hami
OTpUMaHi EeKCHEePUMEHTAJbHO Ta IIArOTOBJICHI I MozaeitoBaHHA. Ha kpyroBux
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nmiarpamax cymytHukd ~GPSkymsamu, T[JIOHACC-npsimokytaukamu, GALILEO-
pombamu, BEILJU-i’ stukytHukamu, QZSS-tpukyTHuk. Y noxansuiomy ciydinr 6yae
300pakeHn il HIECTUKYTHOIO 3ipOUYKOI0. YCboro 33 CymyTHHUKH.

N Sv: 31, phi: 230°, theta: 257,
$p34: 3.6166, dB.Eq =9 21 18

0

Puc. 3.BxinHi gaHi: a-oTpuMaHe €KCIIEPUMEHTAIBHO PO3MIIIEHHS CYyTHHKIB, O-
niarpama CpsiIMOBaHOCTI @aHTEHOI pelIiTKU 6e3 3aCToCyBaHHsI MPOLEAYp ajanTanii, B-
BUIIMMI CYITyTHHUKH MICIISI IPOXO/KEHHS Yepe3 YOTUPHOX SIEMEHTHY PELIiTKY

N Sv: 24, phi: 250, theta: 30",
Sp34: -323.2772,dB Eq=9 21 18

a 6
Puc. 4. Pe3ynbraTit MOZICIIIOBAaHHS IIPH 3aCTOCYBAHHI IIPOLEAYPH PUIYIICHHS
crydiHTy: a-BUINMI CYITyTHHKH, O-Aiarpama CripsMOBaHOCTI.

IMokakeMo eQEKTHBHICT YCYHEHHS CHY(]IHTY, SKIIO IIE€PEIIKOAa IIPOXOHTh,
HaMpUKNIaj, i3 WiBAeHHO-cXigHoro Hampsamky (@ = 230% & = 30%). Pesynpratn
MOJIETIOBaHHS MIPUBE/EH] Ha pUC 5.

Ha puc.4 nokasaHi pe3ysbTaTH MOJEIIOBAHHS, KOJIM CUIHAJ CIy(iHTY IPUXOIUTH 3
panpsamxy@ = 2307, 8 = 30, Ha xpyrosiii giarpami nosmaueno NSv = 24-kinbKicTs
CYNYTHHUKIB, SIKi 3alUIIMIMCS IMNCAs HPOUEAYpH mpuayiieHHs cuydinry, Sp34-
BenMumMHa npuaymenus cuydinry B dB, Eq = (9 21 18) - Homepa cynyTHHKIB, piBHIHHS
CHTHaNIB sSKUX OyJI0 3aCTOCOBAHO NpU BHUpIleHHI 3amaui amanrauii. I3 mpuBemeHux
BULIC [aHWX, Y pE3YyJIbTaTi 3aCTOCYBaHHS MPOLEAYpPU HPHAYLICHHS ciydiHry i3
3aaHOTO HANPSIMKY TEOPETHYHO JOCSTHYTO mnpumymenus-323 dB. Ilpum mpomy, y
pe3yabTaTi nedopmamii miarpaMu CIpsSMOBAHOCTI 3 PO3paxyHKy HaBiramiiHol 3agadu
BUKJIIOUMIIHCS 9 CyIyTHHKIB 13 33.
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N Sv: 11, phi: 135 . theta: 10 |

Sp34:-315.272,dB [Eq=2 20 26
0 W

Puc. 5. lpunymenns coydinry (HeonTUMi30BaHUH BapiaHT): a-BUAUMI CYyIyTHUKH, O-
Jiarpama CrpsiMOBaHOCTI.

Sk pesynbTaT, YCYHEHHS HEpeIIKkoIM IpU 3aJaHuX yMoBax Oyyio BTpadeHo 22
cynytHukd 3 33. Lle He KiHIEeBHi pe3ynbpraT. € MOXKIMBOCTI ONTUMI3yBaTH LIO 3a1ady
BUKOPUCTOBYIOUH CHTHAJIM HIIUX CYITyTHHKIB, SIKIIO Y I[bOMY € HEOOXiJHICTb.

TakuM YHHOM, MOJETb YCYHEHHS CITy(iHI-NIEPEeNKO] y YacTHHI INPHUTPaMHHX
pillleHb OTpHMana PO3BHTOK 1 BIOCKOHAJICHHS. Pe3ylbTaTH MOJENIOBAHHS IPOLECY
NPUAYIICHHS Cy(QiHTY MOKa3anl e(peKTHBHICTh PO3TIISIHYTOI MOJEIII.
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UNMANNED AERIAL VEHICLE FOR CORONA VIRUS VACCINES

I. Introduction

The Application of the Vaccines in remote area is very important for better
protection and fast developments. Often the best way for healthy departments to reach
rural and remote population is through trusted sources where they routinely go for
information in their local community rather than trying to make direct contact. For
vaccines purposes, people travel long distances to reach the main clinic centers or wait
until the right means of transportation is available and they could get the vaccines. For
instance, some African, Asian and even USA rural area, Vaccination rates are lower.
Researchers said [1], that the vaccination rate disparity is concerning given that COVID-
19 infection and mortality rates are higher in rural areas and rural hospitals with less
capacity to deal with the severe cases. In this paper we describe an architecture UAV
which can be employed for vaccines transportation. The transportation process of
vaccines in the developed drone is done by the controlling the drone with the radio
controller using the wireless communication, transmitter and receivers [2].

II. Problem definition

Drone is working, in most cases, in combination with GPS. It may be remotely
controlled or can fly autonomously by software-controlled flight plans in their
embedded systems. Up to date, many airbus helicopter types are being deployed by
military services and civil operators- from single engine H125 light utility version to the
twin-engine heavy-lift H225M for Vaccines distributions in rural remote areas where by
more than 500,000 vaccine doses were distributed but there are still some zones where
by a helicopter can not reach, Helicopters are mostly known as the last leg in the chain
of transportation but drone are taking the crown here for being the most accessible , easy
operations and less cost efficiency[3]. According to Federal Aviation administration
(FAA) drones should fly in Part 135 or 107 certification and it’s the only path for small
drones to carry the property of another for compensation beyond visual like of sight [4].

IIL. UAS characteristics choice and substantiation
1. Frame size and weight.

The size of a drone frame is a basic factor, it is also known as the wheelbase but
knowing the rough size and use for a drone is not enough. Quadcopter frame sizes are
mostly expresses in millimeters, we don’t want to build an indoor quadcopter only to
realize the frame as far too big, therefore it is advised to keep under 120mm for indoor
use and above 12mm for outdoor [5]. Since the intended drone is for vaccines
distribution purposes, fuselage size will be taken into consideration for at least 14.1 to
15Ibs which will give us a way to carry up to 6-7Kg of COVID-19 Vaccines in the
remote rural areas in a timely manner. For drone design the information from [5] was
used. remote rural areas in a timely manner.
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The table below simplifies the wheelbase, prop size, and suitable motors [5]:

Table 1: Size of drone’s architecture

(fVII{-ﬁEh];[EBS}&ZSE) PROP SIZE MOTOR kilovolt (kV)
100mm 2 inches 1102 - 1104 6000+
120mm 3 inches 1104 - 1106 4000+

150mm — 180mm 4 inches 1306 — 1408 3000+

200mm — 220mm 5 inches 2204 - 2306 2100 - 2800

235mm — 280mm 6 inches 2205 -2308 1600 — 2500

330mm — 350mm 7-8 inches 2208 — 2212 1500 — 1600

450mm — 500mm 9-10 inches 2212 -2216 800 — 1000

Since frame play a big role in the construction of a drone, it is important to take light
weight because if weight is higher, it can be complexities in the lifting of the drone,
taking all parameters into consideration, light weight polyvinyl chloride (PVC) pipes is
used for fabricating the drone

2. Motor.
Crazepony EMAX RS2205 shows better features and suitable for 210, 220,
250, and 280 First Person View (FPV) racing drones. Also, they go well with 5-inch
propellers like 5030, 5035, and 5045. This battery offers mind-blowing performance
when used with a lighter frame which we are planning to use for this research drone.
The illustration of Crazepony EMAX RS2205 is shown if Fig.1.
3. Electronic Speed Controller.

Electronic Speed Controller (ESC) serves in the process of active or regenerative
braking whereby a motor’s mechanical energy is converted into electrical energy which
can be used to recharge the drone’s battery. During periods where the drone is
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decelerating, the motor can act as a generator, and the ESC handles the excess current
that can be fed back into the battery [5].
4. Propeller.

In proposed drone design the simple plastic 12-inch propellers were used. They have
provided satisfying stability, lightness, and limited vibrations. These propellers are
shown in Fig.3.

5. Battery.

When drone design the choice was to us the 6500 mAh battery to provides a better
flight time and fulfil the work proposed. The battery is shown in Fig.4. Flight and Radio
Controller.

6. Flight controllers

Flight controllers (FC) are circuit boards with sensors such as gyroscopes,
accelerometers and several other useful sensors including barometer, compass, etc. [6].

The Naza-M V2 by DII features different components such as: GPS, Better altitude
and refined in-air stability, 2-axis stabilization algorithm, Great take-off mode, No
hassle with configuring the device manually, Low battery voltage monitoring. For the
drone to work, the transmitter should be adjusted with the flight controller using the
receiver, then the transmitter is linked with the drone. As per command the drone will
operate [7]. The flight controller is shown in Fig.5.

Fig 3. Propeller Fig. 4 Lipo Battery Fig 5. Naza-M V2 FC

IV Results
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The drone developed is competence and robust for the described application of
distributing COVID-19 Vaccines in the rural remote areas whereby no other means of
transportations. The operation of the designed drone in real conditions has shown that
this drone can fly as much time as calculated and specified. This drone fits to the
claimed purpose as per the cost and weight [8].

V Conclusion

The main use and advantage of the propose drone design considered in the research
paper is that drone will assist a big number of populations in rural remote areas on
fighting against Corona virus while getting the required vaccinations with no logistics
challenges. The rural distribution of much of African, Asian’s population is one factor
that can make road-based delivery of medical supplies time-consuming but with drones
(UAVs) operation will smooth the process. Currently the drone we have developed is for
coronavirus vaccine transportation but there are a lot of future scope for this concept.
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FREE ROUTE CAPACITY OF UKRAINE

Free Route Airspace (FRA) is a specified airspace within which users may freely
plan a route between a defined entry point and a defined exit point. Subject to airspace
availability, the route can be planned directly from one to the other or via intermediate
way points, without reference to the ATS route network. Within this airspace, flights
remain subject to air traffic control. If for some reason this is not appropriate (e.g. a
danger area needs to be avoided) additional turning points can be specified. These can
be navigational aids, published navigational points or points with specified coordinates.
The following diagram gives an overview of the main FRA rules:

EXITO

— Route allowed

— Route not allowed

~ 47°39'26" N
23 22'42°E |

REKRA
Example FIR

INTRO
ENTER

Fig. 1. Example of allowed and not allowed FRA routes to be considered during the
pre-flight planning.

Benefits of FRA is a way of overcoming the aviation sector's efficiency, capacity,
and environmental problems by helping reduce fuel consumption and emissions, while
improving flight efficiency. At the same time, it paves the way for further enhanced
airspace design and ATM operational concepts.

The implementation of FRA offers several efficiency benefits for the operators.
There are also a number of challenges and issues but, overall, this is considered one of
the most cost-effective changes to the ATS provision in Europe. The most notable
benefits are

reduced flight time, reduced CO2 emissions, as a consequence of the reduced flight
time;

reduced fuel waste, also a consequence of the reduced flight time and more optimal
flight profiles, low implementation costs for ANSPs — in most cases implementation of
FRA is supported by the existing ACC equipment, fewer conflicts — since the same
number of aircraft are spread over more routes. weight optimization — in general FRA
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reduces the difference in distance between the planned route and the actual route. This in
turn reduces the amount of extra fuel that needs to be carried potentially allowing for a
heavier payload.

As any new technology and procedure in aviation, FRA poses a number of
challenges to the users. These do not outweigh the benefits but need to be addressed
properly in order to gain the best of FRA. Such issues and challenges are:

Contflicts may become harder to detect due to the spread and increased number of
possible conflicting points.

Changes to the separation provision methods used by ATC (e.g. direct routes are
less an option for solving conflicts since most aircraft are using the most direct route
available anyway).

Vectoring aircraft that have planned their route using points with geographical
coordinates can lead to issues when instructing the flight crew to resume own
navigation.

Contlicts occurring shortly after entering the area of responsibility of an ATC sector
require controllers to be even more vigilant during transfer/acceptance of control.

Need for coordinated approach to FRA implementation — the efficiency benefits will
only be achieved if FRA is deployed over large areas and appropriated measures are
taken so that aerodromes do not become bottlenecks.

Need for enhanced (system supported) coordination between ANSPs in case FRA
extends beyond the state borders.

Use of odd/even levels, usually determined in the respective AIPs, may not follow
the standard assignment (i.e. odd=eastbound, even=westbound).

Aircraft flying along the sector boundaries — the probability of loss of separation in
case of deviation from the planned route (e.g. due to weather) shall be given due
consideration.

Aircraft flying near restricted areas (danger areas, TRAs, TSAs, etc.) that have no
built-in safety buffer.

Sectorization may need to be optimized to better accommodate the new traffic flows.
This is a particularly challenging task in case of time limited FRA implementation.

The lack of fixed routes increases the risk of blind spots, both within the area of
responsibility and near the borders.

Airspace users. The move from routes to free airspace availability offers significant
opportunities to airspace users. Savings in distance from these improvements could be as
much as 25 000 NM a day. Flying distances can be reduced by approximately 7.5
million NM, representing the equivalent of 45 000 tons of fuel saved, or a reduction in
emissions of 150 000 tones, or EUR 37 million. Airspace users are gradually adapting
their flight planning systems to fully exploit the potential of FRA while the concept is
compatible with current navigation capability.

ANSPs. Operating a FRA environment offers improved predictability thanks to
more stable trajectories while at the same time enhancing the use of conflict detection
tools. This concept can lead to a better spread of conflicts compared with the
concentration of conflicts generated by the current fixed route network. In addition,
ANSPs have not identified any major problems which would prevent them from
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implementing the concept even in one of the busiest volumes of airspace in the world -
the area covered by the Maastricht Upper Area Control Centre.

FRA is a key landmark in achieving free routing across European airspace on the
road to SESAR business trajectories and 4D profiles. By 2019/20, additional savings of
between 60 000 - 75 000 NM a day can be expected, with the subsequent fuel,
environmental and cost benefits. FRA will make it possible to meet the demands of
future airspace users over the next 50 years, such as civil and military RPAS, hypersonic
transport, spaceplane operations to sub-orbit, wireless network balloons and airships.

Advantages of FRA implementation in Ukraine:

For aircraft operators:

®  Ability to plan the shortest routes
®  Ability to optimize the flight profile
®  Fuel economy

®  Reduction of CO2 emissions, nitrogen oxides NOx
For air navigation service providers:

®  Low cost of project implementation works

®  Increasing the attractiveness of airspace
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MODIFICATIONS TO THE STANDARDISED EUROPEAN RULES OF THE
AIR (SERA) WITH UAS IMPLEMENTATION

The many activities for which unmanned air systems (UAS) are used — from military
through commercial to leisure — can be performed by pilots who are not necessarily
aware of the rules of the air. They are also of very different dynamics to conventional
aircraft, being slower, and much smaller and therefore more difficult to see. They can
therefore pose a serious safety threat to other, manned, aviation, particularly below the
lowest VFR altitude.

That is why It is necessary to define new flight rules that apply to these UAS and to
other aircraft near them.

As one of the principal objectives of flight rules is to ensure the safety through
effective understanding and execution of responsibilities, a major problem that arises
from the introduction of UAS into the airspace is the definition of priorities and rights of
way, taking into account the vastly different speeds and capacities of different aircraft.

The issue of right of way has been addressed by the EASA Opinion [EASA, 2018]
in the Open category by stating that UAs must remain in VLOS, and a thorough visual
scan of the airspace surrounding it must be maintained to observe any other aircraft and
not create any hazards for them. They puts the responsibility for not endangering other
aircraft on the UAS pilot.

If we talk about priority, the EASA claims that manned aircraft should have priority
over unmanned, but they realise that the issue of priority could, however, be quite
complex e.g. should an UA engaged in a search and rescue mission, or transporting life-
safety equipment or transplants, give the right of way to a GA aircraft on a joy-riding
flight.

However, the overriding problem with integrating VLOS into VFR is that the
additional rules for VLOS are likely to be very complicated, so the competent
authorities will need to translate these into a simpler way, taking into account the target
audience.To this end, EASA has prepared information for consumers, which contains
information on what can and should not be included in UAS sales packages and is
discussing safety promotion with member states.

Due to the fact that UAV flights are developing in both European and Ukrainian
airspace, it is simply necessary to introduce flight rules for this category of aircraft.
There are currently no such rules, so we suggest that EASA's proposals be taken into
account when developing national rules.
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COLLABORATIVE DECISION-MAKING MODELS BY THE AVIATION
OPERATORS IN EMERGENCY/ ENGINE FAILURE DURING TAKE-OFF

ICAO documents recommend the development of intelligent expert systems in
aviation to support decision-making by operators. The efficiency of aviation systems
and flight safety depend primarily on the reliability of the human operator, as well as on
his timely professional decisions.

The global working concept of air traffic management (ATM) system envisages
collaborative decision-making in air traffic control based on dialogue and real-time
information evaluation. Coherent and clear interaction between aviation operators is
paramount during in-flight emergency. Air traffic controller is responsible for the
correctness and timeliness of the information and instructions provided to the flight crew
and/or UAV operator. So, obviously air traffic controller plays an important role in such
situations. The main requirement for air traffic controller during emergencies is constant
readiness to provide required assistance to flight crew, depending on the type of
situation along with the considering the situation in the air and meteorological
conditions.If occurs a need for an immediate response in emergencies, there is a
necessity to introduce new technologies and develop intelligent systems to support safe
and effective collaborative decision-making. The methodology of such systems can be
used in decision-making in emergencies and selection of appropriate measures to
prevent them.

Purpose of the work — development of collaborative decision-making models by
the aviation operators in emergency for further improvement of situational awareness
and the decision-making process by the aviation operators with the use of new artificial
intelligence technologies.Human error has been documented as a primary contributor to
more than 70 percents of commercial airplane hull-loss accidents. While typically
associated with flight operations, human error has also recently become a major concern
in maintenance practices and air traffic management.The term "human factors" has
grown increasingly popular as the commercial aviation industry has realized that human
error, rather than mechanical failure, underlies most aviation accidents and incidents.

EUROCONTROL has developed a standard model for handling unusual situations
that was incorporated in ATC training. The proposed ASSIST model has not been
intended to replace emergency procedures but rather to act as a mnemonic used in
combination with procedures. Engine failure may result in impossibility to continue the
flight and resulting in loss of altitude, diversion to another aerodrome, forced landing.
The carrier or ANSP should provide operations staff, flight crew or ATCs with
operating manuals, insisting emergency procedures.

The solution of emerging complex problems is possible only by comprehensive
consideration of all aspects of the human factor and favorable informational, technical,
ergonomic, organizational and functional-systemic factors in a single integrated air
transport system on the basis of system-wide organic principles. Modern approaches to
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the problem of the human factor do not solve the problem of optimal human-operator
interaction with a complex control system. Theoretical research focuses only on single-
channel human-operator interaction with the system, ignoring multichannel and vector
interactions. Consideration of this functional interaction as multi-channel requires the
development of a vector model of the human operator as an integral part of a complex
system.Stochastic method in decision making represents dynamic processes with
randomness during the modelling. Any model in the real-world processes must take into
consideration the possibility of randomness. Random chance works well for low-rates
tasks and decisions when options are well-determined and all possible results appear
equal. Stochastic multiple criteria decision making (SMCDM) refers to the problem of
selecting alternatives associated with multiple criteria, where consequences of
alternatives with respect to criteria are in the form of random variables [1]. Associated
problems arise very often in a real-life situations.

In theory, a stochastic method is one where you choose randomly from a number of
different options. The process can be as private as a coin-flip or as public as a roulette
wheel; the point is not to waste time doing deep dives when any of the options appear to
work equally well [2]. Fig.1 shows the graphical overview of the stochastic method
characteristics.

‘ Stochastic Method Overview ‘

Slow v Fast
Independent v Collaborative
Hierarchical v Egalitarian

Private v Transparent

Figure 1 Graphical Stochastic method overview

The advantage of this method is a fast decision making which will be helpful during
emergencies. But the disadvantage relies of the outcomes which can be dangerous unless
all variants are well-vetted for equivalent results.In recent years, some methods using
stochastic dominance (SD) rules have been proposed to solve SMCDM problems [2].
Generally, these methods consist of comparison and selection processes. The first one is
needed to define whether exists a SD relation to compare any pair of alternatives using
these rules. The second one is needed to classify alternatives based on the previously
determined SD relations using outranking methods or other interactive procedures.

Stochastic multi-objective acceptability analysis (SMAA) is another tool for
supporting SMCDM or group decision making analysis, in which both criterion values
and criterion weights are uncertain [1]. In SMAA, Monte Carlo simulation is used to
generate random outcomes of criterion values and criterion weights [1; 2]. In every
iteration an order of determined alternatives based on the final outcomes. After a large
number of iterations, the rank acceptability index, holistic acceptability index, central
weight and confidence factor of each alternative are respectively obtained, which are
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valuable data for the DM to identify desirable alternative(s) [2]. Below on the Fig.2
represented an example of the stochastic model in decision making.

o 1stage u 2 stage L 3stage 3 1sec

Figure 2. Stochastic model in decision making

In stochastic network of the flight situation development of GERT type the tops are
represented by stages of the situation (normal, complicated, difficult, emergency or
catastrophic), and the arcs are represented by a process of transition between stages of
the situation. The algorithm of stochastic network analysis was developed [2].
Deterministic model for ATC is presented in Fig.3, where {A} —is the set of the
operations which are carried out by the controller in accordance with ASSIST; {T} — is
the time of decision making; {P} — is the set of the probabilities of j-factor influence
during i-alternative solution choice; {U} — is the set of the losses associated with
choosing i-alternative solution during j-factor influence; {R} — is the set of the risks
associated with choosing i-alternative solution during j-factor influence; {A} — is the set
of the factors influencing DM [3; 4].

The stochasticity of the criteria is considered using stochastic dominance, prospect
theory, and regret theory [3]. Fig 3 shows the percentage of the stochastic criteria
methods.

Stochastic dominance. There are two groups of utility functions that define the rules
of SD. The former group comprehends first, second, and third-degree stochastic
dominance, while the latter group comprehends first-degree stochastic dominance,
second inverse stochastic dominance, third inverse SD of the first type. The first group
is utilized in the gains domains, but the second group is used in the losses domain [4].

Prospect theory. The optimal alternative is determined by the probability weight
function with respect to the prospect values of all alternatives. The outcome is identified
as the profit or oncome when the welfare exceeds the control point. Otherwise, the final
result is identified as the disappearance. The PT underlines the difference between
expectation and result, rather than the result itself; hence, the selection of reference point
is very important [4].

102



BCEYKPAIHCHKA HAYKOBO-TEXHIYHA KOH®EPEHLIIS
«CTAAUM PO3BUTOK TAOBAABHOI CUCTEMU 3B’S13KY, HABITALII,
CIIOCTEPEXKEHHS TA OPTAHI3ALIII TTIOBITPSIHOTI'O PYXY CNS/ATM>»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

H Stochastic
dominance
degree

Regret theory

Figure 3 Relation of methods used in stochasticity
Fig.4 shows the research overview of the Stochastic multiple criteria decision
making (SMCDM) method.

‘ Searching of information in different sources and databases

search and
analysis Certain sources and databases depending on the subject of
research

¥

SMCDM methods: Stochastic. Stochastic outranking.
Stochastic domi Stochastic regret theory, etc.
I

Cl of ‘

Application areas: Finance, Environment, 1T, Logistic,
Healtheare, Education, efe.

¥

Statistical analysis for distribution of the reviewed papers
and the SMCDM methods and applicati

Final analysis and

Concluding remarks and future directions of the SMCDM
methods and applications

Figure 4Research methodology of the SMCDM review

A deterministic method in which the chance of occurrence of the variable involved
is ignored and the method or model used is considered to follow a definite law of
certainty, and not probability [1; 2].

Decision making under certainty is easy to follow. The outcomes are known and the
related risk is minimized. It’s absolutely another matter to make decision under risk or
uncertainty. The results are unpredictable because you don't have all the necessary
information about the alternatives. So, comparing to the decision making under
uncertainty or risk the decision-making process under certainty will be quite simple.
That one that maximizes more accurate results and responds better to the initially set
objectives and tasks will be chosen.
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HEOBXIJHICTB PO3POBKU TPEHAKEPIB IIII'OTOBKHU OIIEPATOPIB
JACTAHIIAHO-IMMIJIOTOBAHUX JITAJIbHAX AITAPATIB
EKOJIOI'TYHOI'O MOHITOPHUHI'Y

V rtenepiluHiii yac Mae Miciie MOPYLICHHSI CTIHKOCTI CHCTEMHIIOIMHA ~-PUPOA -
cycrinbeTBo». Lle 06yMOBICHO iCTOTHMM JECTPYKTHBHHMM BIUIMBOM JIFOACTBA Ha CTaH
HABKOJIMIIIHBOTO CEPEJIOBUILA B PE3YJIbTATi HAAMIPHOTO 3pOCTAHHS IPOJAYKTUBHUX CHII 1
KiJIbKICHOTO 3pOCTaHHSI YMCEJIBbHOCTI HaceleHHs. Bce 1ie mpu3BOANTH 1O BEIMYE3HOTO
[OCWJICHHS QHTPOIOTCHHOTO HABAHTA)KCHHS HAa EKOCHCTEMH. [HTCHCHMBHHH DPO3BHUTOK
HAayKOBO-TE€XHIYHOTO  INPOrPeccy 3yMOBHJIO BHMHHUKHEHHS HU3KM  INIOOQJbHHX
ekosioriynux mpobieM. OIHUM 3 OCHOBHMX MUISXIB peanizalii KOHLEMLIl CTanoro
PO3BUTKY CYCIIUILCTBA BBAXAETHCS BIIPOBA/PKEHHS HA BCIX OpraHi3alifHUX pPIBHAX
HAYKOBO  OOIPYHTOBaHOi CHCTEMH €KOJOTIYHOrO 1  COLIaJbHO-€KOHOMIYHOTO
MEHEKMEHTY. JIJIst [IbOTO CIIY’KHTh CHCTEMa €KOJIOTTHHOTO Ta COL[iaJIbHO-EKOHOMIYHOTO
MOHITOPHHTY.

B nmanmit wac y 3B'I3Ky 3 OypXJIMBHM pPO3BHUTKOM KOMITTOTEPHHX TEXHOJOTIH,
TPEHAKEPU CTAIOTh IHTENEKTyaIbHUMH JIIOAMHO-MAllIMHHUMH CHCTeMaMH. B cydacHux
TpeHaXepax, 10  pO3poONsroThCs Ha  0Oa3i iHpopMamilHMX  TEXHOJOTIH,
BIPOBAIKYIOTHCSL  €JIEMEHTH JIFOJMHO-MALIMHHOTO IHTEJNEKTY, BHKOPHCTOBYIOTBCS
CHCTeMH iMiTauil 30BHIIIHKOT OOCTaHOBKH, LI0 3a0e3rmedyioTh e(eKT 3aHypeHHS Y
BIPTyallbHy PpEalbHICTh, 3aCTOCOBYIOTHCS aBTOMATH30BaHi CHCTEMHO O'€KTHBHOTO
KOHTPOJIO B pealbHOMYy Macmrabi dacy 3 aHami3oM piBHS HaTPEHOBAHOCTI,
CTBOPIOIOTHCSI ONTHUMAJbHI EIIEKTPOHHI I1HCTPYKTOPH 1 aBTOMAaTH30BaHI HaBYajbHI
cucrtemu. [1]

Heobxionicmo cmeopenna mpenaiicepise eKo102iuHo20 MOHIMOPUHZY.

Tpenaxep  JIUIA  (aucraHuiiHO  MINOTOBaHMH  JITaJbHUNA  amapar)-
BHCOKOOPTaHi30BaHWI TEXHIYHHI 3aci0 HaBYaHHS, TOMY BaXIMBO OLIHUTH HACKLIBKU
OJM3bKO B HBOMY BiITBOPIOIOTBCS XapaKTEPUCTHKH PEabHOro Jjitaka. OTpHUMaHHS
00'ekTHBHOI KibKicHOT ouiHku TpeHaxepa JIIJIA Ha cboromHilHIM AeHb MOB'sI3aHe 3
BEJIMKMM OOCSIrOM BHOPOOYBaHb 1 BEJIMKOIO KiJIBKICTIO KOHTPOJBbOBAHHX MapaMeTpiB.
Tomy icHye HEOOXITHICTH Y po3po0IIi aBTOMATH30BaHOI CHCTEMH BUIIPOOYBAHb y CKJIAaJ1
TpeHaxepa. TOYHICTh BIATBOPEHHS XapakTepucTuk y Tpenaxepi AIIJIA B nepury uepry
3aJIeKUTh Bil 3aKiaJieHol MOAEN AWHAMIKH MOJBOTY. IMiTaTOp AMHAMIKU IOJIBOTY
TpeHaXkepa MOBHHEH JI03BOJATH BiJTBOPIOBATH BCl €Taly IOJILOTY JIITaKa: 31T, HAOIp
BUCOTH, IMOJIT 32 MapLIpyTOM, 3HW)KCHHS, 3aXiJl Ha II0CaJKy, IOCaJKy i pymiHHA. Y
tpeHaxepi AIJIA Haii6inpmIoro nomupeHHs: HaOynu MaTeMaTHYHi MOJENi IMHAMIKHIT
ONIbOTY, 3aCHOBaHI Ha pIlICHHI HENIHIMHUX JudepeHIiaTbHuX piBHSIHB. [lo
ocobimBocteil imitamii pyxy JIIJIA, npy HaB4aHHI omepaTopa Ha TpeHaXkepi, MOXKHA
BIIHECTH IMITAI[f0 MO3aIUTAaTHUX 1 aBapifiHUX CHUTyauiif, YM HANpUKIAX BiAMOBU
6OpTOBOTO 00 THAHHSL.
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Dynkyionansne NPUSHAYEHHA  MPEHAXHCEPA  eKON02UHO20  MOHIMOPUNZY.
BinmparroBanHst BiipaB Ha TpeHaxepi nependadae ynpasminas JIIJIA npu BupimenHi
TaKMX 3aBJIaHb EKOJIOTYHOTO MOHITOPHHTIY:

®  MOHITOPHHT aTMOC(H)EpHOTO HOBITPS Ta BOAHUX PECYPCIB;

®  KOHTPOJb i oliHKa 30epexeHHs 6i0IoriYHOroi MaHamadGTHOrO Pi3HOMAHITT,
PO3BUTOK TIPHPOIHO-3aMOBIAHOTO (OHAY Ta (OPMYBaHHS HaI[lOHAIBEHOT
€KOJIOTIYHOT Mepexi;

MOHITOPHHT 36MEJBHUX PECYPCIB Ta IPYHTY;

KOHTpOJIb 1 OLliHKa BUKOPUCTaHHS HAJIPTA MOBOJKEHHS 3 BiIX0aMH;
MOHITOPHHT 3a CTaHOM €KOJIOTIYHOI O€3NeKH TEeXHOTCHHO HeOe3MeUHIX
00'e€KTiB i MiAMPUEMCTB;

®  MOHITOPUMHI BIUIMBY HPOMHUCIOBHX  MiAIPHEMCTB HA  HaBKOJIHIIHE
CepeIOBHIIIE;

®  MOHITOPHHT BIUIMBY O0'€KTIB CLIBCHKOIO TOCIOZApCTBA, TPAHCIIOPTY Ta
€HEePreTHYHOT0 KOMIIIEKCY Ha HaBKOJIMIITHE CEPEIOBUIIE;

e BHABJCHHS 1 KOHTPOJIb 32 XOJOM JIKBiIamii Ta YCyHEHHS HACIiIKIB
Ha/[3BUYAiHUX CUTYaIil (CTUXiITHI JIMXa, TI0’KeKi, TOBeHi Ta iH.)

Ha  mpenasxcepi  exonoziunozo - MOHIMOPUHZY ~ OOHOYACHO — MOMCYHIb
eionpayvogysamu HAGUUKU Paxieyi mpoox HANPAMKIE:

OrnepaTop TPAEKTOPHOTO YIPABIiHHS (ONepaTop yIpapiIiHHS anapaToM 3ajae
KypC MOJILOTY, BUCOTY, BUPOOJISiE MAaHEBPH)

2. Omeparop ynpaBiiHHS LIILOBUM HaBaHTaXXEHHsM (y HOTrO 3aBHaHHS BXOAUTH
0e3nocepeIHEO BEACHHS PO3BIAKH 3a JONOMOTOIO0 THX UM IHIIUX CEHCOPHHX
6110KiB (Bizeo amaparypa, iHppauepBoHa TeXHiKa, 3ac00H pajaiosoKaiii)).

3. Texwuik Oe3ninoTHoro amnapaty (Binrorye JIITJIA 1o momnsoTy i 3AilCHIOE MycK
1 Mocaziky)

[MinroroBka BCiX IHMX TPbOX KaTeropiit ¢axiBuiB 1 BeleTbCS B OJHOMY
TpEeHaXXEPHOMY KOMIUIEKCi. | SIKIIO Miclle TeXHika 3aBKOu HOpyd 3 «3aji30M», TO
OIepaTopH, JUIs MOYaTKy, HABYAIOTHCS B KJacax 3a JUCIUICIMHU TpeHaxepiB. IIpu upomy
OIIepaTop TPAEKTOPHOTO YIpaBIiHHS 3MiHIOE TpaekTopito pyxy HAIIJIA Ha exexTpoHHii
KapTi MICIIEBOCTi, B TOil 4ac SK KapTHHKY 3 KaMepHd B pealbHOMY dYaci OTpUMYE
oIIepaTop YNpaBIiHHA HiNbOBOI HABAaHTaKCHHSM. [3]

HaBuanmbHa 1porpaMma MiATOTOBKH ONEpaTOpiB  Ha TpEHaKepi IIOBUHHA
nepenbauatu: ocHoBuynpasiinas JIJIA; pyqnuil i HariBaBTOMaTHIHUH MOMNIT; pyYHUN
i aBTOMaTWYHMII MOJNIT Ta MOCAAKy; IOMIT 3a 3agaHuMH KoopauHatamu GPS;
MaHEBpYBaHHS 1 00Xin mepemkoj;, Oe3neyne HaOMIDKEHHS 10 00'ekTa; aBapiiiHy
nocajky anapary; GpoTo-iBizeosiiomky3 JITJIA; npakTH4Hi 3aHATTS 3 iIHCTPYKTOPOM.

Jns BpockonaneHHs HaBudokomeparopie JIIJIA B TpeHaxkepi MOBHHEH OyTH
peanizoBaHMH Kypc 3aBIaHb €KOJOTIYHOTO MOHITOPUHTY. [HCTpYKTOp NOBHHEH MaTH
MOXJIMBICTh IMITyBaTH B TPEHa)Kepi BUHHKHEHHsS pPI3HMX HE LITATHUX (aBapilHMX)
CHUTYyalliil B X0/li BAKOHAHHS YYHEM HaBYaJbHOTO 3aBIAaHHS. [2]

Tpenadicep  eKON02IMHO20  MOHIMOPUHEY — HOBUHEH — 00360JAMU  30IUCHIO8AMU
npaxmuune naguanns onepamopa JIIVIA Ha SukoMaHHA HACMYRHUX DYHKYIU:
[POBEJCHHS ABTOHOMHOTO ()YHKI[IOHAJIBHOTO KOHTPOJIO OOPTOBOrO KOMILICKCY
CreliabHOI amapaTypd Uil MOHITOPHHTY; CTBOPCHHS, peIaryBaHHs 1 BBEICHHS
nosiboTHOTO 3aBiaHHsA B JIIIJIA; KOpUryBaHHS MOJBbOTHOIO 3aBJAHHSA B XOZi MOJILOTY
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JIUIA; dopmyBanus komann ynpasiinas momborom JITJIA; ¢dbopmyBanHs KOMaHz
YIPaBITiHHS IILOBIM HaBaHTa>KCHHSM; 3aIIMC NapaMeTPUYHOI Ta BUIOBOI iHpopMamii 3
GOpPTOBOTO MPHUCTPOIO peeCTpallil; podoTa IpH BUHUKHEHHI aBapiifHUX CHTYyamil; aHai3
3apeecTpoBaHoi iHpopMalii Ta miaroToBka 3Bity. [2]

VYupasninas noiasoroM JAITJIA Ha Tpenakepi Mae 103BOJSITH BiIPabOBYBaTH TaKi
PSKUMH: KOHTPOJb IOJLOTY B aBTOMAaTMYHOMY pexuMmi (6e3 ydwacti omeparopa
BIIIOBIZIHO IO BBEAEHOTO MOJILOTHOTO 3aBJIaHHA, B TOMY YMCJIi 1 BUKOHAHHS IIOCAJIKH);
MOJNIT B aBTOMAaTH30BaHOMY pPeXuMi (I YHIpaBIiHHSAM Ta 110 KOMaHJax OIepaTopa);
aBapiiiHe TUpuUNUHEHHS 1oNboTy 1 moBepHeHHs JIIVIA B 3amanmit paiioH mpu
HEJOLUILHOCTI IOJANIBIIOT0 BUKOHAHHS 3aB/IaHHs1, B TOMY YHCII | BUKOHAHHS IOCAJIKH.

Bukopucranns [IIJIA 3 Meroi0 €KOJOriYHOTO MOHITOPHHIY CTajlO OIHHM 3
BOXKJIMBUX HANPSMKIB PO3BHTKY O€3MUIOTHOI aBiamii i [JO3BONSE aBTOMAaTHU3yBaTU
MOHITOPDHHI ~ HAaBKOJMIIHBOTO  CEPEIOBMIA Ta CKOPOTUTH 4Yac  OTPUMAaHHA
MOHITOPHHTOBO] iH(pOpMaLIil.

VY 3B'3ky 3 IOUM aKTyalbHOIO € 3ajadya CTBOPEHHS MOOIUIBHHX, IPOCTHUX B
eKcIUTyartanii i JemeBux 3aco0iB BEICHHsS EKOJIOTIYHOTO MOHITOpUHTY. IIpoBeneHi
NOCITI/KEHHST MOKa3yloTh, L0 CaM MOBITPSHUH MOHITOPUHI HE Ma€ albTCPHATHBH.
KonTpo:s 3a cTaHOM TpyOOIPOBOAIB iiHIIKX 00'€KTIB, 3aBIAHHS OXOPOHH, MOHITOPUHTY
Ta BIiJCO CHOCTEPEKCHHS HaKKpalle BHUPILIYIOTBCS i3 3aCTOCYBAaHHSAM JITAIBHUX
amapariB.

VY mepcriekTuBi Ciif PO3MISTHYTH NUTAHHSA: CTBOPEHHS HABUAJIBLHO-TPCHYBAIBLHOTO
LEHTPY IS HiArOTOBKU omnepaTopiB pizHUX THIB JIIJIA eKkoJOoriYHOro MOHITOPHUHTY;
CTBOPEHHSI CIelialli30BaHUX TPEHAXKEPIiB €KOJOTIYHOr0 MOHITOPHHTY 3 BUKOPHCTAHHIM
JUCTAaHIIHHO MIJOTOBAHHUX JITAIBHUX amapaTiB. CTBOPEHHS TpEeHAaXepiB eKOJIOTiTHOTO
MOHITOPHHTY CIIJ] 32 aHANOTi€I0 3 aBiamiiHMMH TpeHaxepamu. OcoOIUBY yBary ciif
NOPUAUIATA  cUCTeMi Bi3yamizauii peajgpHHX oOOCTaBMH Ta poOoTi 3 OOpTOBHM
o0J1aHaHHSAM JUISi MOHITOPUHTY.

VkpaiHa TakoX He 3aJMIIAEThCSA BIJCTOPOHEHO BiJ MPOOIEM pPO3BUTKY Ta
ukopuctauns JIIJIA Tta Bciei iHdpacTpykTypn mnoB’s3aHoi 3 HEHM. B cBoio uepry
JepxaBHa aBiauiiina cioyx6a VYkpaiuu miarotyBana 3eneny kuury «IIpodecis
MalOyTHBOTO: PO30yIOBa CHCTEMH IIATOTOBKHM AUCTAHILiHUX minoTiB BIIC»mis Toro,
mo0 CTUMYNIOBAaTH Ta OprafidyBaTd mnpodeciiiHy [IHUCKYCilo, pe3yibTaTH SKOi
BIUTUBATHUMYTh Ha ()OpPMYBaHH MyOIiYHOT MOMITHKH. [3]

Cnucok BUKOPUCTAHUX KepeJ:
1. Exonoriuna 6e3nexa Ykpainu: Hauansnnit noci6unk / M. 1. Xmsko. — K., 2017.
— apk.
2. https://www.easa.europa.cu/domains/civil-drones
3. https://avia.gov.ua/wp-content/uploads/2019/08/Green-Book-remote-pilots.pdf
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THE DEMAND AND POSSIBILITY OF USAGE THE SOLAR ENERGY IN
AVIATION

We: people, animals and all living creatures, exist on the planet, the environment of
which is constantly changing. There is no denying that fact. However, as our habitat and
conditions change, so does the need to become increasingly aware of the problems that
surround it. Because of numerous influx of natural disasters (such as Tornadoes (and
Severe Storms), Hurricanes (and Tropical Storms), Floods, Wildfires, Earthquakes,
Drought), Human-Caused Disasters (which include industrial accidents, shootings, acts
of terrorism, and incidents of mass violence), warming and cooling periods, different
types of weather patterns and much more, people need to be aware of what types of
environmental problems our planet is facing.

All these kinds of disasters affect thousands of humans each year. They often occur
unexpectedly so people cannot prepare for them. They harm people too much and can
cause a lot of problems with their health and lives as a whole.

All across the world, people are facing a wealth of new and challenging
environmental problems every day. Some of them are small and only affect a few
ecosystems, but others are drastically changing the landscape of what we already know.
If we do not resolve the various issues prudently and seriously, we are surely doomed
for disaster, so current environmental problems require urgent attention. We can define a
couple of major problems that exist in our planet: Global Warming, Overpopulation,
Natural Resource Depletion, Climate Change, Ozone Layer Depletion and other
problems of none lesser importance [1].

But in the first place among all these issues — it is pollution. There are 7 types that
belong to this kind of issue — air, water, soil, noise, radioactive, light and thermal. These
are primary causes that affect our environment in many ways. Unfortunately, all of them
are interlinked and as a result influence each other. Consequently, we need to deal with
all of them together. We need millions of years to compensate the pollution of air, water
and soil. Industry and motor vehicle exhaust are the number one pollutants. Aviation,
particularly aircraft and CNS/ATM Systems also have the significant impact on the
atmosphere.

Fortunately, people had already understood the importance of solving such problems
so they constantly make efforts to shift to renewable sources of energy such as solar,
wind, geothermal, hydropower. From the previous paragraphs we can easily understand
the topicality of this work and I will provide a kind of solution that can help us to
decrease the negative impact to the environment of such a navigation system as Very
high frequency Omni-directional radio range (VOR).

Of course, we have a lot of alternatives of how we can use the solar energy in
aviation such as using the solar batteries under the wings of the aircraft, using the same
solar batteries but on the surface of the runway. I want to propose a method of applying
the solar batteries by VOR.
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For now, we are able to place VOR only where there is a constant power supply, but
if we equip those VOR beacon with solar batteries, that can produce the solar energy,
then we will be allowed to allocate VOR at the places that can give us more accurate,
detailed information with the least amount of errors.

We can conclude that the usage of solar energy in both our daily lives and such
specific spheres as aviation is possible. Fortunately, the people’s ambitions are also
tremendous, which allow us to set new goals and achieve them. According to the
forecast of the IEA (International Energy Agency) and the European Photovoltaic
Industry Association (EPIA), by 2050 solar energy will provide 20-25% of global
electricity needs with a dynamic growth of 10% per year. The only thing that we can do
is to believe in that and do our best to save our planet [2].
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BILJIMB OBJEJEHIHHSA HA AEPOHABITAIIIIAHI XAPAKTEPUCTUKH
IMOBITPAHOI'O CYJHA TA METOJU 3AITIOBII'AHHSA OBJIEAEHIHHA

3 ychoro jiana3oHy BIUIMBAaHHS Ha IMOBITPSHE CYJHO 30BHILIHBOTO CEpEIOBHINA,
CJIiT BUALTUTH METEOPOJIOTI4HI SBUINA, MiT JI€I0 SKUX MOJINBE BUHUKHEHHS aBapiiHOl
curyaiii. 3abe3neyeHHs OE3MEKH MOJIBOTIB B CKIaJHUX METEOPOJIOTIYHHUX YMOBaX,
0COOJIMBO B TaKHUX SIK OOJCACHIHHS, SIBISIE COOOI0 Iy)KE BAXIIMBY MPOOJIEMy CydacHOi
aBiaii.

OOneneHinds - HeOe3mnedHe SBUINE, L0 IOTIPIIYE XapaKTEPUCTHKH Ta SKICTh
KOHCTPYKIIH ITOBITPSHOTO CyZHA, X MIIHICTB, JOBIOBIYHICTh Ta OE3IIEUHICTb.

OOneneHiHHS BiOYyBa€ThCS NMPU IOJBOTI B XMapax, TyMaHi, JOLI Ta MOKPOMY
CHIry, [ic € BHJIMMa CKOHJCHCOBaHA BOJIOTa. I1epeoXoIOmKeHi YaCTUHKH BOJIOTU HPH
3ITKHEHHI 3 eJIeMCHTaMH KOHCTPYKIii JiTaka, IO JISTUTh 3 BEJIMKOIO MIBUJKICTIO,
3aMep3al0Th 1 3 YacoM YTBOPIOIOTh Imap Jiboxy. HalOutbll —CHPHATIMBHME
TEMIICpaTypHUMH yMOBaMH [Uisi OOJeeHIHHS JITaIbHUX amapariB € Jiana3oH
temmeparyp Bix 0° mo - 40°, a inTeHcuBHe obaeneHinHs Big 0° 1o - 10° .

OOnefeHiHHSIM Ha3MBA€THCS MPOLEC BiAKIANAHHS JIbOJY Ha OKPEMHX YacTHHAX
koHctpykuii IIC, Takux $K: XBOCTOBE OICPEHHS, MEpeIHi KPOMKH KpWI,
MOBITPO3a0ipHUKH JBUTYHIB, JIONATi TBUHTIB y BiANOBIIHUX THIIB JBUT'YHIB TOLIO.

BizknanaHHs Jiboly Ha €IEMEHTaX KOHCTPYKLIT ITOBITPSIHOTO CYHA, IPU3BOIUTH JI0
HOTIPIICHHS aepOJUHAMIYHHUX, EKCIUTyaTaliffiHHX Ta JIbOTHHX XapaKTePHUCTHK JITakKa.
VTBOpeHHsS JbOJy Ha KpHWIax 1 XBOCTOBIH 4YacTHHI MPU3BOJAMTH [0 IOTipLICHHS
CTIHKOCTI Ta MOXe MpPU3BECTH [0 BTpaTH KepoBaHocTi. Ilpu obGaeneHinHi
MOBITPO3a0ipHUKIB MOPYLIYETHCS PIBHOMIPHICTh MOBITPSIHUX MOTOKIB, IO BXOISTH Y
JIBUT'YHH. B HaciigKy 40To MOTIpIIYETHCS TATa i poO0Ta MOTOPIB CTa€ HEPIBHOMIPHOIO.
VY nitakiB 3 TypOOrBUHTOBUMHU ABHUTYHAMH OOJIEIACHIHHS KPOMOK JIOMAaTeld TBUHTIB
BUKJIMKAIOTh 3MEHLICHHS LIBUIKOCTI IOJBOTY. B pe3ynbTaTi y jiTaka BUTpaTa najauBa
3aJIUIIAETHCS HE3MIHHOIO a00 HaBITH 3pOCTae, SIK HACIIJOK y JIiTaka 3MEHIIYETHCS 4ac
nepeOyBaHHS B MOJIBOTI 1 JTiTAK MOKE HE JIOJIETITH 10 MicIs IPU3HAYCHHS.

Jlig sxuit BigKIamaeThCsl HA CKII KaOiHU MUTOTIB MOTIPIIY€E BHIMMICTD, IO MOXE
OyTH MpUYMHOIO Ae3opieHTalii B mpoctopi. O6NeneHiHHS JaTYUKIB OPUIaIiB CHCTEM
HaBiramii Ta YHpaBIiHHS € NPUYUHOI0 IX HEKOPeKTHOi poboTH abo BiAMOBH, IO
YCKJIaJHIOE MiNOTyBaHHs. Yepe3 oOJieqCHIHHS 30BHIIIHIX aHTEH MOTIPLIYETHCS SKICTh
pamio3s’s3ky, TomMy Mk ekinaxxeMm IIC Ta IUCHETYEPCHKOIO CIYy)KOOK MOXYTh
BiOyBaTHCS HEMOPO3YMiHHS B IPUHOMI Ta IIepeaadi ITOBiTOMIIEHb.

OOJieIeHIHHS TOBITPSHOTO Cy/IHA, MOXE IPHU3BECTH A0 3MIHH KpeicepchKoro
CILEJIOHY IIOJBOTY, LIO Y CBOK 4Yepry, MOXKE IMPU3BECTH [0 301IbIICHHS BHTPATH
[ajuBa, cCaMe 3a PaXyHOK HE BUTPUMYBAHHS KPEiCepChKOTO CLICIOHY II0JIbOTY.

V 3B'SI3Ky 3 THM, 110 30HH MOXJIMBOIO OOJICICHIHHSA MOXYTb PO3TAIIOBYBATHCS Ha
MapupyTi HOBITPSHOTO Cy[gHa, BHACHOK 4yoro ekimax IIC mMoxxe MpuilHATH pillleHHsS
BIAXHMJIMTHCS BiZl OCI MapIIpyTy, 0OIHIIOBIIN BOTHHUILE 00IeACHIHHS 3 GOKY.
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BHacnigok He3AaTHOCTI MPOTHOOIEICHIIBHOI CUCTEMH, YCYHYTH OOJeIeHIHHS, 110
MOX€ IPU3BECTH JI0 aBapiiHOI CUTYyaLl MiCJIs 40To, eKila)KeM MOBITPSHOTO CyaHa Oyne
NPUHHATO pIIICHHSA IINTH Ha 3allacHUil aepoApoM abo MOBEPHYTHUCS HA aepoJpOM
BUJIBOTY.

Jlts GopoTebm 3 OONEAEHIHHSM JTaKW OCHANIYIOTh IPOTHOOJICICHUIEHUMHE
cucremamu (IIOC). Ane mnpum 3abe3medeHHi Oe3nekH MONBOTIB Tpeba IMOCTIHHO
BPaxOBYBAaTH MOXJIMBICTH BinknaneHHs ysoxy Ha [IC mig gac momsoty. OOGOB’I3KOBO
[IOC mnoBuHHa OyTH BKIIOYEHA A0 MOMEHTY MOTPAIUIIHHA B 30HY MOXIIHBOIO
obneneninHs. CBO€yacHe TMOMEPE/PKCHHSI TMUIOTIB  MPO  MOYATOK  OOJieeHIHHS
3IICHIOETHCSI BCTAHOBJICHHMH Ha JIITaKy CHCTeMaMH curHaiizauii. [Hdopmarnis npo
BXiJ| JliTaKa B 30HY OOJIeAeHIHHs 1 BUXiX 3 Hei, a TaKo)X IHTCHCHUBHICTh OOJEICHIHHS
JiTaka 3a0e3MedyeThesl CUTHANI3aTOpaMH OOJEIEHIHHS sIKi pO3TAllOBaHI Ha YacTHHAX
JIiTaKa, JIe MOKIIUBE OOJICACHIHHS.

Takox icHye HazeMHa 00OpoOka NMPOTHOOJIENCHUIPHOIO PIAMHOIO, TaK 3BaHMH de-
icing. Ile mporiec 0OpOOKH MOBEPXHi MOBITPSHOTO CyIHA CIICIIaTbHOIO PIIUHOIO MEpe
3160TOM. JlaHa piguHa MepenkoKae OCiIaHHIO BOJIOTH Ha MOBEPXHSX JiTaka.

HaiinepcnexktuBHimmnii  crmoci6 60opotsbu 3 o0neeHiHHSM - e po3pobka Ta
BIPOBA/KEHHS CIIELialbHUX TiApoGOOHNX KOHCTPYKIiHHIX MaTepianiB. Lle marepiaiy,
SIKi  BIiZLITOBXYIOTh BOAY. HuMH HEoOXiqHO IOKpPHBATH HallypasluBilll YacTHHH
MOBITPSIHOTO Cy/IHA.
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STRATEGYFOR THE DEVELOPMENT OF AERONAVIGATION SERVICES
OF UKRAINE

Flexibility of personnel management, methods of personnel deployment planning
and models of personal working time is one of the ways to combine air traffic capacity
with operational personnel required for air traffic services. Therefore, different daily /
weekly / seasonal air traffic intensity may reduce the number of air traffic controllers
required. At the same time, the operator is in the process of researching, training and
improving the elements of the system by maintaining and using the skills of the
dispatcher, reducing other production requirements and demand for air traffic. This
approach will reduce staff, support processes and improve the efficiency of these
processes.

The concept of remote aerodrome maintenance was developed to improve the
dynamic use of resources, data exchange capabilities and security efficiency. In general,
the advantage of remote aerodrome maintenance technology solutions is that one
dispatcher can perform maintenance at multiple aerodromes, reducing operating costs
from a personnel point of view.

Silent aeronautical information and radio broadcasting systems at aerodromes (D-
ATIS), route (D-VOLMET) and flight information services (FIS) will reduce the
number of operators through the automatic execution of daily ATIS, VOLMET and FIS
operations.

By regularly monitoring the use of working time and applying professional
reengineering, it is possible to balance the number of employees with their ability to
transform communication, navigation and surveillance in the maintenance of devices.

To use time and potential effectively, you should:

- replace old equipment with modern one.

- monitor and investigate intensive technologies for remote communication,
navigation and surveillance facilities (radar, DME, WAM, ADS-B, etc.).

Replacing old equipment and consolidating new ones reduces the technical types of
communication, navigation and surveillance equipment and the number of tasks,
providing flexibility to perform the same procedures.

The functions of centralized technological monitoring and control allow to increase
the number of technical personnel currently available in the objects of remote
communication, navigation and surveillance. It is important to manage the technical
team to respond to errors in the method of communication, navigation and surveillance
and restore efficiency.

Key points that affect the number of technical staff:

- discontinuation of AFTN nodes and transition from AFTN to AMHS;

- stop using NDB devices during PBN-based navigation;

- the use of ADS-B and WAM systems and the cessation of the use of old secondary
radars.
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Process flows and performance indicators in the management of managerial and
support staff can help improve the effectiveness of management of these personnel.

By introducing a centralized approach to doing business, you can not only increase
the number of administrators, but also avoid duplication of support functions
(accounting, legal, procurement, etc.) and the use of automated corporate control
systems.

Reducing the number of managers and other support staff is a problem for the
internal organization of any institution. Strategic management should be carried out by
these institutions, taking into account current revenues and growth prospects, as well as
external challenges and opportunities.

To achieve strategic goals, plans can be assigned in accordance with the definition
of the most important effects and priorities of strategic goals, depending on the current
situation and the specific needs of the air traffic control system of Ukraine.

The following criteria are taken into account when deciding on the priority
evaluation of the project:

Priority 1 (highest) - is a new project that does not require large initial investments
(usually requires organizational or procedural steps) or an active project with small final
investments. At the same time, it can have a very positive effect. Project objectives
(taking into account the requirements of airspace users, positive impact on flight safety
and improvement of efficiency indicators).

Priority 2 - projects that can improve strategic goals, but require large investments
and human resources.

Priority 3- planning involves the introduction of new technologies that are not
offered in the large air navigation market and usually require large investments, but with
additional analysis to determine the appropriate volume. Positive impact on the current
strategy. The goal is very difficult.

Given the current situation and possible ways to improve the Ukrainian aeronautical
system, aerospace users are encouraged to focus on projects that do not require large
investments and at the same time have a positive effect.

* Free Routes Airspace Concept (FRA).

* Development of PBN ground and air infrastructure.

* Introduction of continuous ascent and descent (CCO / CDO).

For low-priority projects, it is important to check the feasibility of implementing “A-
CDM, taking into account the actual and estimated air traffic and the level of investment
of Ukrainian main and centralaerodromes, departure control (DMAN) and arrival
control (AMAN) taking into account the feasibility study of each aerodrome.

In order to increase the efficiency associated with the formation of working time and
operating costs for air traffic controllers, organizational and procedural plans should be
defined with less investment and greater economic effect.

* Introduction of an effective personnel management system.

+ Integration of communication, navigation and surveillance devices and
optimization of technical work of communication, navigation and surveillance.

At the same time, it is advisable to implement a pan-European technical plan that
has a direct and positive impact on operating costs to facilitate the maintenance of
communication, navigation and surveillance devices.
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* Transfer from AFTN to AMHS.

* Use IP (VoIP) for voice communication.

The next step is to implement a low-priority project that requires large capital but
can reduce labor costs.

* The concept of remote aerodrome service.

* Implementation of procedures and systems that automatically provide weather
information (D-VOLMET) and terminal information (D-ATIS) via digital data channels.

* Introduction of a wireless flight information transmission system.

When considering alternative sources of monitoring or preparation of equipment for
aircraft, it is advisable to make the following fundamental changes to the monitoring
infrastructure:

* Introduction of ADS-B and WAM systems and elimination of traditional
secondary radars.

* Implementation of the MPSSR system and elimination of traditional primary radar.

It is recommended that projects that are compatible with European infrastructure and
have an indirect impact on the costs and efficiency of the air traffic management sector
be carried out simultaneously within one domestic company, if necessary.

* Channel spacing up to 8.33 kHz is available above and below FL195.

* Delivery of OLDI messages.

« Improving the flexible use of aerospace (A-FUA).

* Introduction of a standard digital format for NOTAM messages.

* Implementation of processes and systems to provide Eurocontrol with current data
on the actual use of airspace.

+ Implementation of capacity management procedures (ATFCM short-term
measures) due to the impact on individual flights.

» Harmonization with the European Network (PENS).

* Transition from AIS to AIM.

« Improving the quality of meteorological services.
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INPOTHO3YBAHHS ABIAIIEPEBE3EHB B €BPOIII 3A TOIIOMOI'OIO
KOPEJISIIMHO-PETPECUBHOI'O AHAJII3Y

OpmHUM i3 OCHOBHHX HACHiAKIB IaHAeMil KOPOHaBipyCy SIBIISIETHCS 3MEHIICHHS
o0csATy NacaXMpPChbKMX aBialepeBe3eHb, SKU 3MeHIHMBCsA MpubiM3HO Ha 66%. B
YMOBax pi3KOro Ta UIBUAKOTO TOTIPUICHHS CHUTyawil, eKcrmepTH poOsiTh
KOPOTKOCTPOKOBI IIPOTHO3M OO IPOJOBKCHHS JCNPECHBHUX SBHII B Traiysi
aBialliflHUX MACaXKUPCHKUX IEPEBE3CHb, OCKUIBKM BOHH IIBHIKO BTPAa4alOTh CBOIO
aKTyaJbHICTb.

BiANOBIAHO 10 CTaTUCTHYHHUX JaHUX €BPOKOHTPOJIIO, a CaMe MPOTHO3Y IMOJIBOTIB
qutst €spond (Tabu. 1) 6yio nposeneHo NporHo3yBaHHs aBianepese3eHb 10 2030 poky.

Tab6um.1. Summary of flight forecast for Europe
2019 2020 2021 2022 2023 2024

Flight

movements 11,085 4,979 6,238 9,812 10,588 11,106
(Thousands)
JLnist mpuiHATTS pillieHHsI L1010 IPOrHO3yBaHHS Ta BU3HAUCHHS B3a€MO3aJIe)KHOCTEH
MDK BHMIPIOBAHHMH XapaKTePUCTHKAMH BHKOPHUCTOBYETHCS METOJ| KOpeJsLiitHO-
perpecusHoro anainizy (KPA).

K-¢Th 11051b0TiB, THC.
o

2

0
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

IpOrHo3 7.9 85 9.1 9.7 103 109 115 12,1 127 133 139 145
———cTaTHCTHKa 11,085 4979 6,238 92812 10,588 11,106
Pix
Puc. 1. IIporHo3 kinbkocTi aBianepeseseHb B €spori 1o 2030 poky
Ha puc. 1, BiANOBiAHO [0 NPOTHO30BaHHMX JAHUX MU 0Aa4MMO, IO KiJBKICTh
aBianepeBe3eHb MoBepHeThest A0 piBHA 2019 poky mpubimszno no 2026 poky, ane €
LIJIKOM peajibHa IIEPCIICKTHBA, 10 TAaKEe BIJHOBIIOBAHHA MOXE 3allHATH HabaraTo

Oinbre gacy, MOXIHBO ax 10 2030 poky, OCKLIBKH, JJaHa CHTYaIlis BEIUKOIO MIpOIo
3QJIEKUTH BiJl IHTEHCUBHOCTI 3aXO0/iB 13 ITOA0JaHHS IaHIeMil.
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AIRPORT CAPACITY ASSESSMENT AND MEASUREMENT
METHODOLOGY

Airport capacity is indeed a key factor in achieving a sustained increase in
throughput performance to improve network operations and planning. In order to
establish the assessment and measurement methodology, three distinct definitions of
capacity are developed from their baseline definition: the maximum number of sustained
movements per unit of time that can be accepted during different local capacity factors.

— Structural Capacity is a macro level capacity assessment that helps with
determining an airport’s capacity as a baseline for planning and should be updated when
significant changes are expected. It can vary from once a year to every 2 to 5 years
depending on the airport’s business strategy and scale.

— Planned Capacity allows for a detailed comparison to the scheduled demand, using
collaborative processes to reduce the imbalance, or to create contingency plans in case
the constraints arise. Depending on whether an airport is coordinated, schedules are
facilitated or not, this can range from at least 18 months to a week before the operations.

— Operational Capacity is the most detailed capacity assessment conducted in the
day of operations and a few days before it. It is responsible for the update of capacity
figures with the most up-to-date constraint information and the refinement of balancing
plans or contingency plans.

Capacity can be measured by a wide range of methods. The following methods are
the main approaches which will make use of historical data, lookup tables and
simulations.

— Historical Throughput Data: an easy method which utilizes data from the past, it
keeps tab on the changes in airport performance and identifies which factors contributed
to the degradation in performance in order to reduce the negative impact.

— Lookup Tables and Analytical Models including Spreadsheets: these lookup tables
are described in the FAA’s advisory circular as a method to calculate simple hourly and
annual capacity, but since they were last updated a long time ago, they are not
compatible to use for some modern and advanced aviation concepts. Analytical models
and spreadsheets are developed to make it possible to integrate extra capacity aspects
such as runway occupancy, separation minima, etc.

— Simulation models: although the preparation and adjustment processes of these
models are time-consuming, for airports that will use them on a regular basis, the
expenditures will be spread over time and the experts can always use them continually.

Capacity assessment and measurementmethodology is indeed a subject of great
importance. It may help such airports that currently do not have to suffer heavy demands
by pointing out the improvement opportunities and overscheduling hazards. On the other
hand, a suitable framework will be provided in the case of excess demands.
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IPOTPAMHI 3ACOBH BI3VAJIIBAII CYITYTHAKOBUX CUCTEM

IMpn amami3i pi3HUX acHeKTiB (YHKIIOHYBAaHHS CYIIyTHHKOBHX CHCTEM pPIi3HOTO
NpU3HaYeHHs YacThUHa iHdopMallii € GibI 3pyYHOI0 IO PO3yMiHHS 1 iHTeprpeTauil npu
BuBeleHHI 11 y rpadiunomy Burismi. Ile moxe Oytu i Bi3yamizauis CTPYKTYpH
KOCMIYHOTO CerMeHTY, OpOiTH OKPEeMHX CYIMYTHHKIB, IX MPOEKLIl Ha 3eMHY IIOBEPXHIO.
Takox y rpadiyHOMy BUIJISII MOXYTh OyTH BHAaHI y BUDIIiAl rpadikiB abo miarpam
pe3yJIbTaTH PO3pPaxyHKiB.

IIporpamunM 3aco00M, SKWil 3MaTHUN BHKOHYBAaTH BCl 31 3raflaHMX BUIIE 33134 €
kommuiekc GPS  Visibility Predictor, peamizoBanmii B HpOrpaMHOMY CEpeIXOBHIII
MatLab. Ha puc. 1 npusenena ctpykrypa (yHKIIH, sSKi BXOAATH O CKIIATy KOMIUIEKCY,
B3a€MO3B 130K MiXK HUMH 1 TUIIH JaHUX, SKi HEOOX1IHI UId iX poOoTH.

Pucynok 1 — Cxnazosi kommiekcy GPS Visibility Predictor
Ilpo Macmrab HAaNOBHEHHA LOTO IPOrPAMHOTO  KOMIUIEKCY —JOCTYIHHUMHM
CIIEHapisIMHU Bidyaii3aliif MOXKHa CYAWTH, BUXOISIUM 3 iH(pOpMALil, sika BUBOAUTHCS HA
roJIOBHE podOoue BIKHO, NpuBeAeHe Ha puc. 3. BoHo mpencrasisie coboro reorpadivny
MaIy 3eMHOI HOBEPXHi 3 BiATBOPEHHSIM OOpaHOi TOYKH PO3TAllyBaHHS KOPHCTyBaua i
[OTOYHOTO IOJIOXKEHHSI HABIraliffHUX CYIyTHHKIB, Ui SKHX BHKOPHCTOBYIOTBCS
CHMBOJIbHI [T03HAYCHHSI, IPUBEJICHI Ha pHC. 2.
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Pucynok 2 — CUMBOJIbHI 1TO3HAYCHHSI CYIIYTHHKIB Ha TOJIOBHOMY BiKHI

Peqyunnmamn poipaxynsy ma npocsno iy napaMempic
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PucyHok 3 — T'0J10BHE BIKHO 3 €JIEMEHTaMH YIIPABIIiHHS J0JaTKOBUMU (DYHKIISIMU
Enementn kepyBaHHS BOYIOBaHMMH (YHKIISIMH, PO3TAIlOBaHI B IpaBili 4acTHHI
JI03BOJISIIOTH OZEPIKYBAaTH JOAATKOBI Pe3yibTaTH MOJEIIOBaHb. 30KkpeMa KHOIKy SKY
aKTHBY€ BIKHO Bi3yaui3auil BHIMMOCTI CymyTHHKIB (puc. 4) it o0paHOi TOYKH
pO3TalllyBaHHS KOPUCTYBaYa, 33/1aHOi Ha eTalli I0YaTKOBUX HAJIAIITYBaHb.

ani andnaa cynymnusio:
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Pucynok 4 — BikHo Bi3yaunizaliii BUIUMOCTI CYIYTHHUKIB 1J1s1 0OpaHOi TOUKH
pO3TaIllyBaHHS KOPHCTYBaya
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Takox 1o iHdopMmamii HpPO MHUTTEBE PO3TAIIYBAHHS CYIYTHHUKIB BiJJHOCHO
KOpHCTyBa4ya MOXKHA OJICPIKaTH Bi3yalizaliio po3paxyHKy iHTepBaJIiB X CIOCTEPEIKESHHS
B 30Hi BuANMOCTI (puc. 5).
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Pucynok 5 — BikHO 3 po3paxyHKaMu iHTEPBaJIiB CIIOCTEPEIKSHHsI CYIYTHHUKIB B 30H1
BUIIMMOCTI KOPHCTYBa4a
ITporpamHuii KOMIUIEKC MICTHTh (DyHKLiIO 3aBaHTQ)KECHHS aKTyaJbHUX HAQHUX PO
CKJIaJl KOCMIYHOTO CETMEHTY, Ha OCHOBI SIKMX BHKOHY€ETHCS Bizyamizamii Il CTpyKTypH y
BUTIIIAI PO3MOALTY CYNYTHHUKIB IO OpOITaJbHUM IUIOIIMHAM 1 c1OoTaM (IIPOEKTHHM
TIOJIO’KEHHSIM) B HUX (pHC. 6)

180

RAAN
Pucynok 6 — Bisyasizamnist cTpyKTypu KOCMIYHOTO cerMeHTa Ha faty 21.11.2021
BaxiuBUM MOMEHTOM B pO0OOTI MOAIOHHX MPOTPaMHUX 3acO0IB € MOXIIHBICTH
OHOBJICHHSI BXiJHMX IaHHX, SKAMHM HaldyacTilie BHCTyHae ainbManax. Ha puc. 7
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NPUBEJCHO BIKHO OHOBJICHHS JaHMX albMaHaxy, ske mnepenbadae pi3Hi BapiaHTH
Mepexoy Ha OHOBICHI JaHi — SK B PYYHOMY PEeKHMi, HULIXOM BHOOpY Oaiity 3
KaTajory, TaK i B aBTOMaTHIHOMY — 3a3HAYHMBILH PECYPC IS HOTO 3aBAHTaKCHHSI.

4| GPS - ALMANAC  — X

Menrw subopy aremanaxy
(asmomamuino o6upacmsca
OCIMAHHIT 3a6aHMANCEH T ALM, SEM ma TXT files

3 nanku ‘ALM’

3asanmaxcenus 3a
3adaHum
ROCUNAHHAM

Hocmynnui dxcepena ons
3A6AHIMANCEHHA WTLMAHAXT

Raxpumu sikno 3acmocysamu
odpani dani
AnLMAHAXY

PucyHok 7 — BiKHO OHOBJICHHSI IaHUX aJlbMaHaxy 3 JOCTYITHUMH OMLiSIMU
B pesynbrari MpOBEZEHOr0 aHamizy MOXKHA IMiJCYMyBaTH, LIO MPOTPaMHHUIA
komiuiekc GPS  Visibility Predictor moxe Buctymatu OGaratodyHKI[iOHATEHEM
iHCTPYMEHTOM [UIsl IPOBEACHHS IOCIHI/KEHb Pi3HOrO pIiBHS B 00JACTI CYHMYTHHKOBHX
cucteM. BOymoBani B HpOro (QyHKIil [103BOJSIFOTH BHKOHYBaTH OLIHKH IX
XapakTepUCTUK 6e3 TOCTYITy 0 CIELialbHOTO BapTiCHOTO 00Ja{HAHHSI.
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AKTYAJIbHI TA MEPCIIEKTUBHI CUCTEMM 3B SI3KY BILJIA 3 HCK

Cucrema 3B'S3Ky OE3IUIOTHOTO JHTAJBHOTO amapaTy 3 Ha3eMHOIO CTaHIL€I0
KepyBaHHS OJAMH i3 HaWOLIBII BaXJIMBHUX Ta BIANOBINANBEHHX CJIEMEHTIB y CKIaji
KOMIUIEKCY. Y 1ilf poOOTi pO3IISIHEMO CHUCTEMH 3B SI3KY, SIKi MOXJIMBO IHTETPYBaTH Y
CHCTeMH KEpyBaHHsI IOJILOTOM 3 BiIKpHTHM KojoMm, a came Ardupilot a6o PX4, ski
BHKOPUCTOBYIOTh IIPOTOKOII nepenadi qanux MavLink2.

Cucremu 3B 513Ky Ha JaHHI MOMEHT MOYKHA PO3JIIIUTH HA:

1. Mogemu s mepemaui TiTbKH JaHHX TeleMeTpii;

2. KoMOGiHOBaHI CHCTEMH 3 Iepeadeio BiIeOnOTOKy Ta TeIeMeTPIiHAX JAHKX.

Jlo cucrem 3B's3Ky, SKi NEpPENalOTh TIIBKH TEJIEMETPiiHI JaHI MOXHA BiJIHECTH:
RFDesign RFD900x — 915mI'u, Microhard P400 — 400 + 900 mI't, Dragonlink 433
M. OcHOBHa mepeBara LMX CHUCTEM 3B'SI3Ky IIOJISITAa€ Yy BHCOKIH IOTYKHOCTI
migcwIoBada BuxinHoro curnany (30dBm a6o 1W BiamoBigHo) Ta Oinblie, 32 paxyHOK
BHCOKOT'O PiBHS BHXIZHOTO CUTHAJIY Ta BY3bKOi II0JIOCH IIPOIYCKaHHS AAJIHICTb 3B A3KY
3a 3BHYAWHHX YMOB IepeBHIlye MokasHUK 40kM. 3a yMOBH BHKOPHUCTAaHHS aHTEH Ha
nepeadi Ta npuiiomi 3 BUCOKHM KoedinienTom miacuinenns (+8 dBi) MoxHa nocsrHyTi
60xM i Ginbmre.

Ha nmammii MOMEHT Wi CHCTEMH MAalOTh CYTTEBY IIepeBary 3a paxyHOK HoOpux
MOKa3HHKIB SKOCTI Ta JAIBHOCTI 3B'SI3KYy, y MOEAHAHI 3 HEBHCOKOIO LIHOIO POOUTH
MOMYJSIPHUM BHOOPOM cepel eHTy3iacTiB Ta mpodeciiHuX BHUPOOHUKIB Oe3MiIOTHHUX
komiuiekciB. Ha pa3i mi cHCTeMH aKTHBHO BHKOPHCTOBYIOTBCS Yy YKpaiHCBKHX
BUPOOHHKIB.

Jlo KOMOIHOBaHHUX CHCTEMH 3B 513Ky BITHOCSTHCS SIK MOBHOIIHHI TOTOBI KOMIUICKCH
Ha3eMHOT0 KepyBaHHs 3 BOYJOBaHUM JUCTaHI[IHHUM KEPyBaHHSM Ta BiZOOpa)KCHHSIM
BIZIEOIIOTOKY, TaK i OKpeMi yHiBepcaibHi MomeMH. Jlo KOMOIHOBaHMX KOMIUICKCHUX
cucreM 3B 513Ky MoxkHa BigHectr: HEX Herelink, Skydroid H16 Pro ta MMCUAV Etlas
Mobiles. Herelink — 1e iHTerpoBaHuii myJabT AUCTAHLIWHOrO KepyBaHHsS, Ha3eMHA
cTaHLis Ta 6e3apoToBa 1M poBa cucTeMa mepeaadi, ska po3podieHa A BUKOPUCTAHHS
3 Pixhawk Cube Ta iHIIUMH aBTOMIIOTAMH, BHKOPHCTOBYIOYM MiKPOIPOrpamy
ArduPilot a6o PX4. Herelink no3sosnse mnepemaBatu RC-kontpons, HD-Bigeo Ta
TeJIeMEeTpUYHi JaHi Ha BifcraHi n0 20 KM MiXK Ha3eMHOIO CTaHIIEI Ta MOBITPSHHM
650KOM, MyNIBT AWCTaHIiiHOTO KepyBaHHsA Herelink mae cremiansHi nporpamu Solex
TX T1a QGroundControl, a BITJIA MoneMm i Ha3zeMHa CTaHIis MalOTh IHTETPOBAHUHA 8-
simepuuii SOC-mporiecop Uil KOPUCTYBALbKOTO 3acTocyBaHHsA. [lo yHiBepcallbHHX
MonemiB MoxkHa BigHecTH: Silvus StreamCaster Radio, Taisync Viulinx OFDM. Li
CHCTEMH € HalKpamM pilleHHSM CBOTOJCHHs, sIKi JOCTYNHI Ha pHHKY, IX
BHUKOPUCTOBYIOTh HaHOIbII BU3HAHHI W BayIMBI KOMIaHii BUPOOHHMKH OE3MIIOTHUX
KOMIUIEKCiB. J[0 KIIIOYOBHX IepeBar MOJYKHa BIHECTH [yK€ BHCOKI MMOKa3HHKU
nanbHOCTI 3B'si3Ky, Bim 100 kM o 200 kM, BHCOKMII MakCHManbHUI OiTpeilT
Bimeormoroky mo 10 wmO/c, Bucokmii cTymiHb 3axucry naHux AES-256, nerxe
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koH¢irypyBanus uepe3 BoOynoanuii WEB intepdeiic, minrpumka nepenasauns TCP-IP
noToky panuXx. L{i mpodecioHantbHi pilieHHs IHPOKO BUKOPUCTOBYIOTHCS Ha JaHHUH 4ac.

3 orJsy Ha BHIIE BUKIAACHUI MaTepiai, HailGiibll NepCHeKTUBHUMHU BBAXKAIOTHCS
KOMOIHOBaHI CHCTEMH 3BSI3Ky Yy IOEIHAHHI 3 TIOTYXXHUMH Ta HPOTPECUBHUMU
Mozxemamu Silvus Streamcaster. Y pa3si MoefHaHHS IUX TEXHOJOTiH MOXHA JIOCSITHYTH
VHIKQIBHOTO pe3ylbTaTy Ta IOCBiLy BHKOPUCTaHHS HA3eMHOI CTaHIii KepyBaHHS
orepaTopomM, mo Oyne BXOMUTH y KOHIIENIIIO KepyBaHHSA WiauM kommuiexcoMm BITJTA
OJIHAM OTIEPaTOPOM, II€ CIIPOCTHTH Ta 3MEHILIUTH 3aTPAaTH HAa pOOOTY KOMILIEKCY.

CnHcoK BUKOPHCTAHUX JIKepeJs:
1.  Omuc monmemy Ha caiiTi-BupoOHuKa Microhard
URL: https://www.microhardcorp.com/P400.php
2. HEX Herelink ommc cucremu 3B 13Ky Bit BAPOOHHKA
URL: https://docs.cubepilot.org/user-guides/herelink/herelink-overview
3. Omnmc moaemy 3B 513Ky Silvus
URL: https://silvustechnologies.com/products/streamcaster-radios/
4. Omuc mozemy 3B 513Ky Taisync Viulinx
URL: https://taisync.com/modules/
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JPOHOIIOPT JIJISA OPTAHI3AIII JTJOT'ICTUKH BAHTAKIB B MEKAX
MICBKOI 3ABYJIOBH

JpoHOTIOPT — 1€ KOMILICKC CIIOPY/]l Ta TEXHIYHHUX 3aCO0IB I 30epiraHHs, CTOSHKH
Ta 00CITyroBYBaHHs JUCTAHIIHHO-MIIOTOBaHKX JiTanbHUX amapatis (JIIIJIA), a Takox
CIIPOLIEHHS B JaHiil ctarTi Mu Oy/ieMO BUKOPHCTOBYBAaTH came ioro. Ines apoHonopTy
BUHUKA€ B KOHTEKCTI MOJBbOTY TIPYMH IPOHIB, B sIKIH KOXHHUH JiTaNbHUN amapar
BUKOHYE BIACHy MicCifo, a00 BHMKOHYE CBO€ 3aBJaHHS B paMKax IPYHOBOi Micii.
Oco0MMBOro CeHCy KOHICIIsT JPOHONOPTIB BHHHUKAE Y BEIMKUX MeEraroiicax, sKi
MAalOTh HANPHKIAJ 3HA4HI MPOOJIEMH i3 HA3eMHOIO JIOTICTHKOIO BAaHTaXiB BHACITIZIOK
MePEeBaHTAKEHOCTI MICHKUX MaricTpajei.

B pamkax po3Butky koHuenuii U-space, sika nepenbayae iMIIEeMEHTALIIIO JPOHIB B
MICBKE CepelloBHINE, IependadeHo CTBOPEHHS CITYXKOH CIIOCTEpEXKEHHS 3a IpPOHAMHU Ta
GT. Hag MWITFHOIO MiChKOIO 3a0yJ0BOI0. BiMoBiIHOTO 10 CTBOPEHHS TaKuX CIyK0 Oyne
6e3yMOBHO BHHHKATHU IIUTAHHS 1X pO3TAIlyBaHHs. 3BHYaiiHi aepOHOPTH, MO-MIEpLIE € HE
y BCIX MeramoJjiciB, KpiM TOTrO, JOCHTh 9YacTO AepoOHOpPT 3HAXOMUTHCS Ha 3HAYHIN
BizcTaHi Bif Micis. Takox moTpiOHO BpaXxOBYBaTH, L0 TaKi CTPYKTYPH, SIK aepoIOpT,
MarTh CcyTo (ikcoBaHHH, 0OyMOBJICHHIH aBiallitHUMH HOPMATUBHUMHU JOKyMEHTaMHU,
CKJIaJ] CTIOPY/[ 1 TeXHIYHUX 3ac00iB. ToMy 3BHYaiHMII aepONOPT HE MOKHA PO3IIISLIATH
SIK CepeJIOBHILE JUIS OpraHi3amii Ha CBOET OCHOBI JPOHOTIOPTIB.
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INPEJUKTUBHE OBCJIYI'OBYBAHHSA ITOBITPAHOI'O PYXY JJISL
3ABE3IIEYEHHSA BE3IEKHA ITOJbOTIB

I'mobanbHMit po3BHTOK aBiamiifHOi TexHIKKM Oepe moyatok 3 20-X POKiB MHHYJIOTO
ctouiTrs. [TOTY)KHUM pyIIiEM Ui LBOTO CTANO PO3B’SI3aHHS IMEPIIOi CBITOBOI BilHH.
BukopucTaHHS JITQIBHUX —amapartiB JaBajJo MepeBary Yy BHKOHaHHI 3aBJaHb
HAaIpaBJICHUX Ha PO3BiKy, OOMOApIyBaHHS, a TAKOXX CTBOPEHHS e()eKTy HECIOIBaHKH,
TOILO.

B xomi HacTymHHUX JBOX JECATKIB pOKiB, aBialiiiHa IPOMHCIIOBICTh JIHIIIE
miaTBepauiaa HeoOXimHicTh cBoro icHyBanus. Tak mepiox ik 1945-1979 pokamu
MOIEKyIW Ha3UBAIOTh MIiCIIBOEHHUM HEPi0I0M MO THIHOTO KOHCeHeycy.[1]

Came B meil mepion BifOyBaeThCsi CTAHOBJICHHS MIKHApPOAHOTO YpEryJIOBaHHS
eKcIUTyaTtaunii aBial[ifHOro TPaHCIOPTY Ta NOCATHEHHS CTaHAapTU3auii B 00JacTi, sK
TPAHCIIOPTHUX TaK i MacaKMPChKUX MEPECBE3CHb.

TakyM 4HHOM IIOCTAJIO MUTAHHS OpraHizauii Ta 00CIyroByBaHHs HOBITPSHOTO PyXy
LITSIXOM BIIPOBADKCHHS CUCTEM 3B’sI3KY, HaBirauii, CIOCTEPE)KeHHs 1 aBTOMaTH30BaHUX
CHCTEM KEpyBaHHs IOBITPSIHMM pPyXoM. MDK KOMaHIMPOM MOBITPSHOrO CyIHa Ta
JIUCTICTYEPOM YIPABIiHHS NMOBITPSIHUM PYXOM 3aCTOCOBYETBCS TiJILKM MOBHHIA 3B’SI30K
[0 KaHAIly «IOBITpsS-3eMisi». B 30HI MpsMOi BHAMMOCTI Taka MOXJIMBICTb HAJa€ThCS
nepegaBayaMy HaJBUCOKHX 4acTOT. HaBiralis HOBITPSHOrO pyXy 3AIHCHIOETBCS IO
HCHAINPaBICHUM pajiioMaskaM B paMKaX MapupyTy, IIO JIeXaTb B 30HI Jii
BCCHAINIPABICHUX MasKiB 1 oOJIafHAaHHS BUMIPIOBAaHHS MJAIBHOCTI Ta IHEpLiaJbHUX
cuctem.[2]

Henoniku pamimre 3rafaHux cucteM BCiM 1o0pe BimoMi i Hemae HEOOXiAHOCTI
3aroCTPIOBaTH HAa HHUX yBary, IpOTe BapTo JOJATH, L0 TaKi CHCTEMH MNPALOIOTH B
peabHOMY Yaci 3 pealbHUMH JaHUMH. Take TpaKTyBaHHS MOXKHA MOSICHUTH HACTYITHUM
YUHOM: IpUiMa4 OTPHMYE CHUTHAJN, L0 MICTHTh ZAaHi, 00poOise Horo Ta BHZIaE
pe3yabraT. BimmiTiMo, 10 HeMae pi3HMII SKU CUTHAT 0OPOOIIOETHCS, BaXIMBUI TOM
¢axT, 1m0 BiZICyTHE IPOTHO3YBAHHS MOIH.

B cBoiii cykynHOCTI TpoGiiemu 3Hainum BimoOpaxkeHHs B koHmenmii CNS/ATM,
o Oysa po3poGiena KomiteTtoMm 1o aeponaBirauiiHum cucremam. B noBHii Mipi gaHa
KOHIICTIis cKianach Ha noyatky XXI cToniTTs i Hapasi MOCTYNOBO BIPOBAIKYETHCS
MDKHAPOJIHOO [IUBUIBHOT aBialli€ro.

IMosiea THCC (rio6anbHUX HAaBiraliiHUX CYIMYTHHKOBHX CHCTEM) B SIKICHIM Mipi
3MiHMIa HaBirauis B LIJIOMY, TOYHICTh Ta Oe3reka 3Ha4HO miaBUIMIKCh. Lle 103Bosiio
MepeiTH 10 HOBOT KOHIICTIIIT 30HaJIBHOT HaBirari

€Bporeiicbki opraHizanmii IMBUTBHOI aBiamii Taki sk E€BpokoHTpoiab Ta JAA
po3pobunu Ta BrpoBaawiy nporpamy SESAR.

Konnemnis ICAO mnepenbayae po3ymMHE IMOEIHAHHS CYMYTHUKOBOI TEXHIKH 1
HalCy4acHIIINX CUCTEM MPSIMOT BUIUMOCTI JIsl TOCSATHEHHS ONTHMAJIBLHOTO PEe3yJIbTarTy.
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OcuoBuumu  ckinagoBuMu  GNS/ATM  e: 3B’s130K, HaBiramis, CIOCTEPEKCHHS,
opraizaiist HOBiTpstHOTO pyXy.[3]

B pesynbrari MakcuManbpHOTO po3noBcropkeHHss cuctemu GNS/ATM 3’sBistThes
3HAYHI MepeBary, 10 J03BOJIIOTH IMJBUIIMTH OE3MEKy MOJbOTIB, OCOOIMBO Ha eTari
3ax0/ly Ha MOCAIKY, HiIBHIIYEThCS PiBEeHb €(PEKTHBHOCTI BOMIHHS TOBITPSIHHUX CYISH B
o0JacTsX 3 MIIBHUM TpadikoM.

TounicTh HaBIraI(iiHOTO 3a0€3IEYEeHHs HAA3BMYAHO BaXKJIMBa Ha €Talll IOCAIKU
NOBITPsiHOTO cyaHa. OCHOBHOIO 3a/a4elo € 3a0e3MeUeHHs] BUXO/1y MOBITPSIHOTO HA JIHI0
Kypcy Ta riricaau 3HmkeHHs. Tak nepequacHuil a0 MOYATOK 3HIDKCHHS 13 3aMi3HEHHIM
HEraTHBHO BIUIMBAE€ Ha IICHMXO-€MOLIWHMII CTaH eKilaxy, L0 MOYKHa IPU3BECTH MO
HebaXkaHUX il 3 00Ky MiJIOTIB.

Jns  migBuieHHs O€3MeKd MOJBbOTIB, TOYHOCTI HaBiramidHOro 3abe3redeHHs,
BIPOBAIKYEThCS IPEIUKTUBHUI 36ip Ta 00poOka HaHHWX. 3 PO3BUTKOM CHCTEM, LIO
MOXYTh OyTH HaJUICHI LITyYHHM IHTEJIEKTOM, MOXJIMBO 3MCHIIMTH HABAaHTA)KCHHS Ha
omeparopa. TakuM YHMHOM [aHi, W0 HAAXOAATh IO CHCTEMH BiJ JITaKOBHX a0o
30BHIIIHIX CHCTEM 30HMpaloThcsi Ta OOpOONIOIOTBCS 1 BHOAIOTHCS y  BHIJILIL
[POrHO30BaHKX moiil. Tax mie Ha erari MiAXOLY 0 3MiTHO-IIOCAAKOBOI CMYTH CHCTEMaA
MOXXE IpOpaxyBaTH BapiaHTH PO3BHUTKY I[OTOYHOI cuTyauil. B pa3i BHHHUKHEHHS
HECHPUITINBOI 0OCTAHOBKM CHCTEMa BHJAE MIIIOTY PEKOMEHJALil Ha OCHOBI SIKMX BiH
MOXE€ MpPUHHATH pimieHHs. TakuM YHHOM OIEpaTop 3BUIBHSETHCS BiX 3aiBOro
€MOILIHOTO HaBaHTa)XXKEHHS 0O BiH B NOBHIM Mipi Ma€ B CBOEMY PO3HOPSIKCHHI JaHi
PO HABKOJIMIIHIO CUTYALHO.

BrockoHaneHHs Ta PO3BUTOK CHCTEM JO ONMCAHOIO PiBHS Mae psj mepesar. Tak
3arajbHa Gesleka IONBOTY 3HAYHO MiJBUILYETHCS, a €MOLIHI YMHHUKH MaloTh He
TaKkWil BUCOKHUH BIUIMB Ha OIlepaTopa.

BucHOBOK: mpenuKTHBHA 00poOKa OaHHX 3BUIBHSE OmepaTropa Bifg MOCTIHHOTO
KOHTPOJIIO TapaMeTpiB Ta [a€ MOXIMBICTh MaTH iH(pOpMaLilo npo mepedir momii
Hariepesl. Tak BIpOTiMHICTP BUHUKHEHHS CHTyallili Ha KINTAAT Pi3KOTO IiJBHIIEHHS
ncuxo(dizioNoriyHol  HAaNpyXKEHOCTI JIIOAWHH-OIEpaTopa 3MEHIIyeThcs, a Oe3meka
BIATIOBIZHO I JBUIILYETHCS.

CHucoK BUKOPHCTAHUX JIZKePeJI:

1. https://www.hisour.com/ru/post-war-aviation-37763/

2. A. P. Axsururos, P. A. Axsururos, «CymectBymomas cuctema GNS/ATM: ee
CTPYKTypa, HEJOCTATKH M MEPCIEKTUBBI pa3BuTHs», Poccus, KpacHospck: Cubupckuit
l'ocynapcTBeHHBIH  a9pPOKOCMUYECKUI YHUBEpCUTET HUMEHH akajgemuka M. .
Pemernena, 2010.

3. http://www.techshape.ru/sheoms-601-1.html
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JOCIIKEHHS BIIJIUBY IHTEPBAJIY OHOBJIEHHSA JAHUX
AJIBMAHAXY GNSS HA TOYHICTb ITIPOT'HO3Y IAPAMETPA GDOP

AlnlbMaHax CyIyTHHKOBHX CHCTEM IIPEACTaBIIsi€ COO0K HeonepaTHBHY iH(opMariito
y cknaxai HaBirauidaux nosizomieHb GNSS. BoHa BHKOPHCTOBYEThCS MPHAMATbHUM
o0asHaHHAM JUIS [OYAaTKOBOTO PO3PAaxyHKY IMOJIOKEHb CYIYTHHKIB 3 METOIO OLIbII
LIBUKOTO 3aXOIUICHHs iX CHTHAMIB 1 MiHIMi3alil iHTepBally 4Yacy 10 OJepiKaHHS
nepiuoro 3uadeHHst koopauHat (TTFF — Time To First Fix). Ilicis ceancy po6otu
albMaHax 30epiraeTbcs B Iam’siTi MpUiiMaya Juisi MOMKJIMBOCTI HACTYIIHOT'O TaK 3BaHOTO
«rerioro crapty» (warm start). [Iporunesxxanm ifomy € «xonomuuii ctapr» (cold start),
KOJIM albMaHaX Ha MOMEHT iHiliamizamii HeBigoMmuii, abo BimOylach 3HAa4YHA 3MiHA
TIOJIO>KeHHSI IIpHHMava IMicJIsi OCTaHHBOTO pobodoro ceaHcy. Pizuumst B 3HauenHi TTFF
IUISL «TETUIOTO» 1 JUIsSL «XOJIOJIHOTO» CTApTiB MOXe csirati 12-15 XBUIHH.

Takoxk fmaHi anbMaHaXy BHKOPHCTOBYIOTbCS JUIS NPOTHO3YBaHHS I'€OMETPUYHMX
¢axropiB moripmenus tounocti (GDOP — Geometrical Dilution of Precision), sixi
BJIMBAIOTh Ha SIKICTh HaBiraliiHux Bu3zHadeHb. [lonepeanso crBopenuii nporuo3 GDOP
no3Bosisie  O0OpaTH  HaiOLIbIl COPUSATIMBUM  IHTEpBaJl 4Yacy I HPOBEICHHS
BHCOKOTOYHHMX BHMIpIOBaHb, a00 NpHHANMHI YHMKHYTH IiKOBHX 3HAa4€Hb, KOJH
HECNPUSTIIMBA [C€OMETPIsl PO3TAIllyBaHHS HABIrallilHUX CYHMYTHHKIB HaJ KOPHUCTYBaueM
HPHU3BE/ICHE JI0 301IBbIICHHS PiBHS IIOMHJIOK y BU3HA4YCHHI HOTO KOOpPAMHAT.

YacToTa OHOBJICHHS JaHUX allbMaHaxy pPi3HHX CYNyTHHKOBHX CHCTEM Yy CKJIai
GNSS 3anexuTh BiJ HAKONUYCHHS 3MiH B OpOiTalpHUX MapameTpax CYIyTHHKIB, a
TaKkoX iX (YHKI[IOHATBHOTO CTaHy, I IHIMKALii SIKOTO BHUKOPHUCTOBYETHCS (uiar
«3nopor’si» (health). 3a3Buuail ajpMaHax OHOBJIOETHCS HA Piflle HDK OOUH pa3 Ha
TIKIEHb. [ TpOBEACHOro JOCII/KEHHS BHMKOPUCTOBYBalach 0a3a aJibMaHaxiB
cucremu GPS (puc.1), focTynHa Ha pecypci Www.naveen.uscg.gov.

TIOl

NA ENTER

Pucynok 1. Apxis ATBMAHAXIB GPSW,Z[J'[VS; Kd)kH(ﬁ no6u 2021 poky
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Jlns foCHiDKeHHs BIUIMBY IHTEpBally 4acy, SIKMH MUHYB 3 JaTH BUPOOJICHHS
anpMaHaxy 0 MOMEHTY HOro 3acTOCYBAaHHs Ha TOYHICTh Hmporuo3y mapamerpa GDOP
OyJ0 BHKOPHCTAHO HACTYHNHY MeTOJNUKy. Jlud oOpaHOi TOUKM pO3TAllyBaHHS
KOpHCTYBa4ya 1 3aJaHOi JaTd 3a JOIOMOIOK mporpamu B cepexoBumi MatLab
BHUKOHYBAaBCSl PO3PAaXyHOK TE€OMETPHYHHX (AKTOPiB 3 BHKOPHCTAHHAM IOTOYHOIO
anbMaHaxy. ITicisi HbOrO BHKOHYBABCS MEPEPaxyHOK THX K€ CaMHX IapaMeTpiB 3
BUKOPUCTAHHSIM ajbMaHaXiB Pi3HOTO TEPMiHy akTyalbHOCTI. [y ogepskanHs 6a30BOro
3HAa4YEHHS, 3 KM BUKOHYBAJIOCh NMODIBHAHHS BUKOPHCTAHO PE3yJbTaT, OAEPKaHUH 3a
JIONIOMOr0i0  OHJIaiH-cepBicy gnssplanningonline.com (puc. 2 a Ta puc. 2B) Ta 3

BHUKOPUCTAHHIM aKTyaJbHOro moto4Horo anemanaxy GPS (puc. 20).
[
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Pucynok 2. Po3raryBaHHs CylyTHUKIB Ha IPUHHSTHIL B SIKOCTI

OINOPHOTO MOMEHT 4acy (a), IPOTrHO3 NOJIOKEHb CYITyTHUKIB 32 JaHUMHU HOTOYHOTO
anpManaxy (0), orinka 3HaueHHs napamerpis DOP Ha oOpaHuii MOMEHT 4acy (B).
Pe3ynbTaTi eKCIIepHIMEHTAaIBHOTO BUKOPHCTAHHS aJbMaHaxiB Pi3HOTO TEPMIiHY JUIs

oninku napamerpy GDOP i Bu3HaueHHS BiIXHWIIEHHS IIPOTHO3Y BiJ JIHCHOTO 3HAYEHHS
IpUBEJEHO B TaOI. 1.

Tabmuus 1.

IMapamerp IIporuo3oBaHe 3HAaYEHHSI NapaMeTPy, O/iep:KaHe 32 J0NOMOTI0I0 AIbMAaHAXy

BiIOBIIHOT0 TepMiHY i ii0ro BigHOCHe BiIXUJIeHHS BiJ 1iliCHOT0 3HAYEHHS

AKTyaJIbHUI 3 days 10 days 30 days 100 days
GDOP 2.3487 1.9435 (17%)  1.9439 (17%)  1.3997 (40%) 1.9860 (15%)
PDOP 2.0507 1.7215 (16%)  1.7219 (16%) 1.2747 (37%) 1.7580 (14%)
HDOP 1.3118 1.2484 (5%) 1.2485 (5%) 0.9539 (27%)  1.2595 (5%)
VDOP 1.5763 1.1853 (25%)  1.1858 (25%) 0.8455 (46%)  1.2265 (22%)

OnepxxaHi pe3yabTaTH IIOKa3alid, 10 BUKOPUCTAHHS ajbMaHaXy TEpMiHOM 3 100U
B)KE€ NPHU3BEIO N0 BiAXWICHHS B NporHos3i Ha 15%. Ilpu 30inblueHHi iHTEpBady ydacy
MOMHJIKa HPOTHO3Y y OIMBLIOCTI OLIHIOBAaHUX MAapaMeTPiB 3MIHIOBAJaCh B CTOPOHY
3pocTaHHs, 30UIbLIyIOUM BixxuieHHs 10 25 — 30%, 3 makcumymoM y 40% nmis
napamerpa GDOP 3 Bukopuctanssam 30-1€HHOTO aIlbMaHaxy.

HeoOxiqHO 3a3HAa4YUTH, L0 3HAYCHHS I'COMETPHYHHX (PaKTOPIB € YyTIMBHUMH 0
TOYHHX B3a€EMHUX [OJIO)KCHb HAaBIraliffHUX CYHYTHHKIB 1 MPOTATOM KOPOTKOI'O
iHTepBally 4acy MOXYTh 3a3HaBaTH 3HAYHHX 3MiH, TOMY IPOBEJICHE OCIIiKCHHS
JIOLITBHO JOIOBHUTH aHAII30M 3MIHM OIIHIOBAaHUX 3HA4eHb Ha OOpaHOMy iHTepBai
4acy, a He JUIIe B HOro OKpeMi MOMEHTH.
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BU3HAYEHHSA XAPAKTEPUCTUK CUCTEMM NMIATPUMKU ITPUIAHSATTS
PIINEHB JBOTHOI'O JUCHETYEPA JJISA IEPEAIIOJIBOTHOI'O
IINTAHYBAHHSA

VY xoMmepuiiHil aBiamii 3amadi NEPEANONBOTHOTO IUIAHYBAHHS BUKOHYIOTBHCS
nUcHerdepamMy i3 3a0e3NedeHHs MONIBOTIB (JBOTHHUMH JHCIETYepaMu). Y CIiliHe
BUKOHAHHA IIMX 3a]a4 € BaXJIMBUM, K 3 TOYKH 30Dy €KCIUIyaTalii NOBITPSHUX CyAEH
(IIC), Tak i 3 TOukd 30py Oe3mekd MONBOTIB. 3MiHH B omepauiiiHoMy pobouomy
CepeOBHII AUCIETYCPIB HA PAHHIX CTAisX MiArOTOBKU pEiCy /10 BHIBOTY MAlOTh
HEBEIMKNH eKCIUTyaTallifHMil BIUIMB 1 BIJHOCHO IpocTi B ympasiinHi. OnHak mi3He
BUSIBJICHHS TAKUX 3MiH (HAIIPUKIJIA, MMix 9ac 6e3nocepeHboi roToBHOCTI ekinaxy ta [1C
0 BWIBOTY) Ma€ 3HAYHUH eKCIUIyaTaliiHWil BIUIMB Ha BHKOHAHHS IOJNBOTIB 3a
poskiagoMm. J[o TOro X, CTa€ BaXYMM INBHIKO BHPIMIUTH HPOOJIEMH, CHPHYHHEHI
PI3KUMU 3MiHAMH.

Hapa3i Bce Oinpll BHHHKAE HEOOXIIHICTh BIPOBADKCHHS CHCTEM MiATPUMKH
NPUAHATTS  pillleHb Yy po0OTy IbOTHUX [JHUCIETYEpPiB s 3MIHH TEXHOJOTIi
MEePeIIoIbOTHOrO IUIAHYBaHHA B Kpamuii Oik, a Tako sl Oinbll e(eKTHBHOIO
NPUHHATTS PILICHHS B YMOBaX BHCOKOI 3aBaHTaXXEHOCTI Ta OOMEXKEHOro 4acy s
po3poOky npaBmIbHOI cTparerii xiil. [y Bumadi pekoMeHaamiii KopucTyBady, CHCTEMA
MiATPUMKN NPUHHATTS pilIeHb ITOBHHHA BKIIOYATH y co0l IMifcHcTeMH 300py HaHHX
aepoHaBIrariifHoi, MeTeopoJIoriyHol Ta kaprorpadivynoi iHopmarii, macucTeMy BBOLY
Ta 0OpOOKM NOATKOBHX NAaHWX Ta INICHCTEMY aHANi3y i HaJaHHS PEKOMEHJIAIIH 3a
3aIIUTOM.

Jlns BUSHAUCHHS XapaKTEPUCTUK CUCTEMHM IIITPUMKU NPHUIHATTS pillieHb JbOTHOTO
JUcIIeT4Yepa Ul IEPeaNoIbOTHOrO IUIAaHYyBaHHS BU3HAUCHO KPUTEPil, SKMM IOBHHHI
BIAMOBIAATH MiJCUCTEMHU Ta CUCTEMA MiATPUMKHU MPUAHSATTS PillIeHb 3arajoM:

Cucrema minTpuMKH npuiiHATTA pimens: (1) - mocrifiHe Ta cBoe€dacHe
OHOBJIEHHS ©0a3u maHuX; (2) - MOHITOPHHT IIUTICHOCTI Ta BaNiTHOCTI HaTaHOI
indopmarii; (3) - CIPOMOXKHICTh HagaBaTH MOCTYI JIO CHCTEMH YCIM KOPHCTyBadaM
MepeAnoabOTHOT iH(OopMarii Yepes BiAmoBiIHI 3ac00H 3B’513KY; (4) - HalaBaTH IIBUIKAN
BIATYK Ha 3aIUT HE0OXixHOT iHpopMaril KopucTyBaua;

IMigcucrema 360py ngaHuX aepoHaBirauiiiHoi iHgopmaumii: (5) - HasBHICTH
aKTyaJbpHOI 06a3M MaHUX aepoHaBiramiiHoi iHopmaril; (6) - HasBHICTH AOCTYIY IO
IUHAMIYHOI aepoHaBirauiitnoi iHpopmauii mpo cTaH aepoapOMIB Ta MOBITPSHOTO
POCTOPY;

MMincucrema 360py AaHuX MeTeoposoriyHoi ingopmanii: (7) - HasIBHICTb JOCTYITY
10 BCIX BUAIB MeTeoposoriuHoi indopmarii; (8) - clipoMokHICTh aHANI3y 3aKOZOBAHOI
METEeOopOJIOTiYHO] iH(opMarii;

IMigcucrema 360opy naHux kaprorpadiunoi indopmanii: (9) - nHasBHICTH
aKTyaJbHOI 0a3u qaHuX KaprorpadivHoi iHpopmaii;

IMigcucrema BBoxy Ta 00podku gonaTkoBuX aanux: (10) - MOXIMBICTH BBOAY Ta
00poOKM [ONATKOBUX [AaHHUX, HEOOXIOHUX I HEePeNroIbOTHOTO IUIAaHyBaHHS
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(kinpkicTh manuBa i 3ampaBku [IC, mMakcuManbpHa 3JiTHA Bara y NMEBHUX yMOBaX,
touio); (11) - cBOeYacHe CrOBIIIEHHS ITPO BiCYTHICTh HEOOXITHUX OJATKOBUX JaHUX;

Hincucrema ananizy i HagaHHs pexoMeHpaaniii 3a 3amurTom: (12) - cBoeuacHe
HaJaHHs aHaji3y JaHUX KOpHCTyBauy 3a 3amutoM; (13) - cBOoeyacHe CHOBIlCHHS
KOPHCTYBaYa Ipo HecTauy AaHUX JUIs BUKOHAHHS aHali3y Ta IIOMHJIKH Iijl 4ac 00poOKH
nanux; (14) - HamaHHA pEKOMEHJAMil MO0 3alIaHOBAaHOTO MOJIBOTY 3a 3alUTOM
KOpHCTYBaya.

[TpoBeneHo paH)XyBaHHS KPUTEPIiB Ta PO3paxyHOK KOS(Ili€HTIB 3HAYYIIOCTI Wi
(Tabmn. 1) aast KOXKHOTO KpUTEPis miacucTeMu 3a GOpMyII0L0:

Ommdka! Merounuk ceplikn He Haiigen. , e Ommoka! UcTouHuk
CCBHLJIKM He HAM/IeH. .
Tab6n. 1. KoedirieHTH 3Ha9yIIOCTI A1 KOXKHOTO 3 KpHTepﬁB Hi,Z[CI/ICTeMI/I

Kpurepii R C w
@) 1 1 0,074866
2 1 1 0,074866
3) 3 0,785714 0,058824
“ 3 0,785714 0,058824
®)) 1 1 0,074866
©) 1 1 0,074866
@) 2 0,928571 0,069519
®) 1 1 0,074866
©) 1 1 0,074866
(10) 2 0,928571 0,069519
(11) 1 1 0,074866
(12) 1 1 0,074866
(13) 2 0,928571 0,069519
(14) 1 1 0,074866

BusnauyuBig Koe(il[ieHTH 3HAYYIIOCTI Ul KOXKHOTO 3 KPHUTepiiB, Ti, W0 MaiOTh
HaWOinpIIe 3HAa4YeHHS Koe(illleHTy, arperoBaHi Ta y3arajgbHeHI SK OCHOBHI
XapaKTEePUCTHKH CUCTEMH HiATPUMKH NPUHHATTS PillleHb JILOTHOTO JMCIIETYepa ISt
HEePEANOIHOTHOTO IIAHYBaHHS:

1. Hocriitie Ta cBO€UACHE OHOBIICHHS Ga3H TAHUX.
2. MomitopHHr mimicHocTi Ta BamigHOCTI HagaHoi iHdopMarii.

3. HasBHicTb akTyansHOi 6asi JaHHX YCiX BHAIB aepoHaBirawiiHoi indopmarii Ta
kaprorpadiunoi inpopmarrii.
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4. Hassmicts gocTymy 40 BCIX BHIIB  METEOpOJOTidHOi  imdopmamii Ta
CIPOMOJKHICTB aHANI3y 3aK0JJ0BaHOI METEOpOJIOTivHOI iHpopMarii.

5. Ceoeuacue criosiuiennust PO BIICYTHICTh HEOOXITHUX JOAATKOBHX JaHUX.

6. CBoeuacHe HaTaHHS aHATI3Y JAHUX KOPHCTYBAdy 3a 3aITUTOM.

7. Hanauns peKoMeHJaliii 010 3alJIaHOBAaHOIO IIOJOTY 32  3aMUTOM
KOpHCTYBaya.

8. MoxmuBicts BBOZy Ta O0OGPOGKH MONATKOBMX [AHHMX, HEOOXiTHHX s

TNEPEATIOTIBOTHOI'O TUIAaHYBAaHHSA.

9. Croeuacue CIOBINEHHS KOPHCTyBaua IPO HECTAdy JAHMX Ui BHKOHAHHS
aHaJIi3y Ta MOMWIKH MiJ yac 00poOKU AaHHX.

BusnadueHni XapaKTepUCTUKM MOXYTb OyTH BHKOPHUCTaHiI JUIi ITOJaJbIIOTO
MPOEKTYBAHHS CHCTEMH MIATPUMKH IPUIHATTSA pPIlIeHb JILOTHOTO JHCHETYepa, IO
JI03BOJIMTH 3HAYHO NMOKPALINTH SKICTh HaJJAHHS IEepeANoab0THOI iHpopManii Ta 11 anami3
JUISL IPUHHATTS. OOIPYHTOBAHUX PillleHb.
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DEVELOPMENT OF UKRAINE'S AVIATION INDUSTRY

The aviation industry is a branch of aviation engineering in Ukraine. Aircraft
construction, repair of air transportation and aviation are of great strategic importance
for Ukraine and are one of the main directions of the national economy.

Overview. There are 72 enterprises in Ukraine with different professions and forms
of ownership participating in the development, testing or production of aircraft, aircraft
engines or special equipment, or training professional personnel. In addition to the
"Madasiqi" company, there are 11 major companies: Kyiv "Aviant" state-owned aircraft
factory, Kharkov state-owned aircraft production plant, "Arjom" state-owned holding
company, Zhuliyang Machinery Plant, Dnepropetrovsk Components Factory Co., Ltd.,
410 Civil Aviation Factory, Smeral City "Olysson" Factory (Navigation), Kyiv "Radar"
Factory, Kyiv "Radio Measurement" Factory, Khmenitsky City" Innovator" factory.

Product development. There are about 1,500 Anseroplanes in use in 42 countries in
Ukraine. Ukraine currently has 74 An-24 aircraft, 63 Yak-40 passenger aircraft, and 43
[1-410 aircraft, of which only 25, 13, and 4 are actually in use. The main products of the
Ukrainian aviation industry in recent years are: An-140, Tu-334, Tu-124, aircraft parts,
aircraft engines, radio electronic equipment, aircraft and engine repairs.

The world's largest transport aircraft, the An-225 ("Fantasy"), flew in 2001 and set a
world record with a download weight of 351 tons.

There are still about 50 An-124 ("Ruslan") in use in the world, which can carry 120
tons and fly 5000 kilometers. About 40% of the oversized items in the world are carried
by Antonov Airlines of Ukraine with An-124.

An-124-100 launches spacecraft, the so-called “air (medium launch) launch”. It can
launch satellites in low, medium and high circular orbits and high elliptical orbits, and
even lunar satellites and other planetary satellites. It is 20%-30% lower than the average
price in the international space launch market. It is expected that the first "air launch"
will take place in 2006.

Another important area of the Ukrainian aviation industry is the development and
production of various radio and electronic equipment for aircraft. In addition to the
world-famous "Armor" air defense radar, there are three newest ones: "Adros", "Walnut-
3" and "Salt Lake."

Current status and development trend. As of 2011:

® Need to upgrade 80% of production capacity, mainly in mass production
factories

The aircraft developer, manufacturer, and maintenance base are separate
Lack of financial resources

More than 70% of raw materials and parts rely on imports

Reduce industrial cooperation with the Russian Federation

130



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOH®EPEHLISA
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMU 3B’S13KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALII TTIOBITPSIHOTI'O PYXY CNS/ATM»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

After the start of the 2014 Russia-Ukraine war, the industry is in crisis. Due to the
cooperation with Russia in the military field on June 16, 2014, the shutdown caused the
mutual suspension of aircraft supplies between Ukraine and the Russian Federation. It
takes time to manufacture and cooperate with western companies' components. In recent
years, the number of orders has decreased by a quarter-foreign companies not only from
the global aviation market (mainly because of the higher efficiency and comfort of
western passenger ships), but also from the domestic market and the CIS market to
replace Ukraine, currently), Has significant development prospects-Ukraine and the CIS
have 6-10 times less passenger traffic than the United States, Canada and the European
Union.

In this case, the development trend of Ukraine's aviation industry will still show the
following 4 aspects:

1) Technically, the strengths and weaknesses are avoided, and the general technical
route is to continue to take the security aircraft as the mainstay and the large and
super-large transport aircraft as the main technology.

2) Economically and organizationally, while continuing to rely on exports and foreign
cooperation to survive, it will gradually carry out enterprise mergers and
reorganizations, and rely on large-scale enterprises to solve the financial problems
and modern management problems needed for the development of the aviation
industry;

3) Continue to focus on developing cooperation with Russia, and at the same time
strive to develop cooperation with the European Union and the United States.

4) The main overseas markets are China, India, Southeast Asia, the Middle East,

Central America and North Africa.

Development prospects and trends. The future of the entire Ukrainian aviation
industry mainly depends on whether it can get enough investment. Therefore, people are
looking to the so-called "reinvestment of investment benefits" while pinning their hopes
on the large-scale enterprises. One of the world's aviation industry development
indicators is called "reinvestment of investment benefits" for expanding production. This
indicator is generally 12% to 15% of sales. In 1999, the EU's reinvestment allocation for
the development of the aviation industry was US$9.5 billion, or 15% of sales. Ukrainian
experts believe that if the Ukrainian government does the same, Ukraine's aviation
industry will still be among the advanced aviation producing countries in the future.
Otherwise, the prospects will be difficult to imagine.
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ASSESSMENT OF THE CHARACTERISTICS OF THE GLOBAL
NAVIGATION SATELLITE SYSTEM IN NEAR-EARTH SPACE

The use of Global Navigation Satellite System (GNSS) signals in outer space is the
next step in expanding the areas of practical use of its data. For users located in a wide
range of Earth orbits (with altitudes from 800 to 36,000 km), satellite navigation systems
are a potential source of information to ensure accurate positioning, timing and
autonomy. These data can be used in research missions of various directions, problems
of remote monitoring of the earth's surface, manned astronautics, problems of space
debris control. There is also interest in the use of GNSS in space on the part of the
military. The latter became apparent after NATO's announced intention to make space a
separate area of operations alongside land, as well as air, sea and cyberspace. The
defense sector commissioned the creation of the first satellite navigation systems in the
United States and the Soviet Union in the mid-twentieth century, and it seems logical to
further expand military technology, and with them the need for high-precision
navigation in space.

Determination of the navigation characteristics of the user using GNSS is carried out
in the radio navigation field (RNF), which is formed by the radio signals of the
navigation satellites. If only one satellite constellation is used to determine coordinates
in three-dimensional space, the user receiver must receive signals from at least four
satellites at a time. This is taken into account by the developers when designing the
configuration of the orbital constellation of spacecraft and determines the nominal
number of satellites, which ensures the continuity of coverage of the navigation field of
the earth's surface and part of the space above it.

To determine the boundary after which the main characteristics of the generated
RNF begin to differ significantly from the conditions near the earth's surface, GNSS
coverage is divided into two different so-called Service Volume: Space and Terrestrial.
The Terrestrial includes the Earth's surface and from 2000 (in the GLONASS system) to
3000 km (in the GPS system) above its surface. The space above refers to the space
Service Volume. Its upper conditional limit extends to 36,000 km (approximate heights
of geostationary and geosynchronous orbits).

It is believed that in the terrestrial zone, in the absence of significant obstacles in the
area, the user always has the necessary number of satellites to determine the location.
For today, there are no defined standards for the availability of RNF operating systems
for space services. It is obvious that along with the distance from the earth's surface, the
possibility of receiving spatially oriented signals of navigation satellites emitted in the
direction of the Earth is complicated. The RNF becomes unstable and the possibility of
simultaneous reception of signals from four navigation satellites of one system
(threshold value for the parameter accessibility) is not provided. In addition to the factor
of spatial orientation of the radiation pattern of the radiating antenna should also take
into account the dimming of GNSS signals by the Earth's profile.

In this study, the simulation method evaluates the availability and potential accuracy
of navigation in outer space (space Service Volume) by GNSS signals for different
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combinations of systems that act as sources of navigation signals and for different
conditions of reception of these signals by receiving equipment. The current data for
modeling the spatial positions of GNSS satellites are current almanacs of GPS,
GLONASS, Baidou, Galileo, QZSS, IRNSS systems.

Let's define the list of restrictions which complicate work of the receiving equipment
in space in comparison with conditions of functioning on a terrestrial surface. It includes
a wider range of Doppler frequency shift and signal-to-noise ratio, which are caused by
higher rates of mutual convergence / distance of the signal source and receiver, as well
as the reception of signals from much more distant satellites.

For receivers located in low orbit (LEO), the reception of the signal from the GNSS
satellite is possible on the entire trajectory, except for that part which is in the shadow of
the Earth. As the height of the orbit of the receiver increases, the part of the trajectory on
which the possible signal reception decreases, and the part in the shadow increases.
From a certain moment (when the height of the receiver's orbit goes beyond the ground
service area), signal reception becomes possible only on a small part of the trajectory.

The GNSS characteristic, which is used to estimate the part of time when it is
possible to determine the coordinates according to the GNSS data relative to the total
interval (in the case of this study - the orbital period) is called availability. It has a
quantitative requirement for the number of GNSS satellites from which navigation
signals must be received at the same time.

Note that the specifics of receiving GNSS signals in near-Earth space is also that
they can come from areas below the plane of the local horizon

The visibility of the navigation satellite, which guarantees the reception of its
signals, due to the location of the receiver on one side and the spatial orientation and
radiation pattern parameters of the radiating antenna from the navigation satellite.

The generalized method of modeling the GNSS radio navigation field in near-Earth
space is as follows:

The input data for the calculations are the coordinates of the point for which the
experimental modeling is performed and the time. The coordinates are specified by
indicating the longitude and latitude of the projection of the selected point in near-Earth
space on the earth's surface and its normal height. The time is entered in the format of
date and hours, minutes and seconds on the UTC scale (Universal Time Coordinated).

For a given point in time, according to the GNSS almanac, the calculation of the
spatial positions of the navigation satellites of the selected systems is performed.

The next step is to determine the angles of observation of the satellites relative to the
location of the receiver and the angles formed between the center of the radiation
patterns of each of the satellites and the direction to the receiver. After that, the visibility
criteria of navigation satellite signals are applied. The obtained results of visibility of
satellites are compared with pre-set conditions of the simulation scenario.

The result is displayed in the form of visualization of the relative spatial location of
the receiver and visible with the implementation of all specified in the scenario
conditions of the navigation satellites. Additional graphical and computational
information is also provided, which allows a comprehensive assessment of the
availability of GNSS signals in near-Earth space for a wide range of possible receiver
locations.

As a result of the formation of a series of scenarios of experimental modeling, the
limit value of the distance from the Earth in outer space was set, the achievement of
which is accompanied by a critical reduction in the number of visible satellites of global
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navigation systems. This value in the general case is 5-6 thousand km and has slight
differences for individual systems. There are also differences for the same value of
distance from the Earth, but for different spatial locations of the studied point.

To ensure a sufficient number of sources of navigation information at altitudes
greater than 6000 km, the method of joint data processing from all available systems can
be used, but the quality of navigation determination will be low due to large values of
the geometric factor of accuracy. This is due to the relatively small amount of space
from which satellite signals can be received.

A significant improvement in the availability of GNSS signals in outer space at
altitudes of 10,000 km occurred after the discovery in the simulation scenarios of the
reception conditions of signals from all possible directions, ie from satellites located
below the plane of the local horizon.

The considerable distance between the signal source and the receiver requires the
use of more sensitive receiving equipment.

Another problem in the practical implementation of this technique is the need to
place the receiving antennas on opposite sides of the object, which will use satellite
navigation in space. According to the study, in case of successful solution of these
problems, the user even at fairly large distances from the earth's surface (more than
10,000) can use signals from satellite navigation systems with an acceptable level of
geometric factors that are optimized after the appearance of satellites from different
directions: above and below the local horizon.
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PRE-FLIGHT EVALUATION OF AERONAVIGATION DATA WHEN
PERFORMANCE OF FLIGHTS BY UNMANNED AVIATION COMPLEXES

The scope of activities for the organization and provision of flights is determined
taking into account the classes, types of unmanned aerial vehicles, organizational and
staffing structures, the specifics of the activities and features of the tasks.

The organization of flights includes:

1. making a decision on conducting flights and setting tasks for flights to the
management of the unit (institution), commanders of units of unmanned aerial
vehicles and units (units) of support;

2. flight planning;

3. preparation for flights of aviation personnel (external crews of unmanned
aerial vehicles, engineering and technical staff, personnel of subdivisions, unmanned
aerial vehicles, aerodromes, landfills, regular controls and ground support of flights;

4. radar weather reconnaissance (if available).

Flight preparation plays an important role in flight operations for each type of flight.
External flight crews (operators) must have access to a variety of information necessary
to decide on departure from the aerodrome and safe conduct of the flight, such as the
technical condition of the aircraft (including unmanned aerial vehicle) and the
serviceability of navigation aids, meteorological conditions at all phases of flight,
approved flight and landing permits, etc.

The pre-flight instructions to the external crews include:

- actual and expected weather conditions in the area of flights;

- the most probable deviations of weather conditions from those provided by the
forecast at unstable nature of weather conditions;

- weather radar data; - data on the actual and expected ornithological situation;

- safety measures for meteorological and ornithological support of flights;

- flight option; - flight start and end times;

- takeoff and landing course; - methods of landing;

- air, ground (sea) and navigation situation in the area of flights and features of flight
management, conditions of departure from the aerodrome and exit to it, exact time,
safety measures in the navigator's relation and other necessary data;

- features of the use of means of communication;

- condition of the aerodrome;

- conditions of launching, taxiing, location of technical posts, inspection sites of
aviation weapons;

- conditions of take-off, approach and landing;

- altitude (echelon) of access to the aerodrome of unmanned aerial vehicles in
special cases in flight;

- changes in the flight schedule;

- features of flight tasks and operation of unmanned aerial vehicles;
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- specific safety measures, restrictions due to actual meteorological conditions and
the nature of flight tasks;

- other necessary data for successful and safe flights.

When flying unmanned aerial vehicles at the outside pilot's workplace, the remote
control point must have aeronautical information documents or extracts from them.

Sometimes, due to lack of time, the external crew prepares for the flight in a time
too short for high-quality acquaintance with all before the flight aeronautical data, which
leads to the uncertainty of situations, and worst of all - to aviation events. The nature,
content and complexity of information vary, so it is important to provide information so
that pilots (operators) can easily and comfortably grasp it.

It is possible to increase the efficiency of pre-flight information preparation with the
help of information support of the flight operations officer (operator) when providing
recommendations to external crews on the possibility of departure of unmanned aerial
vehicles.

Automated pre-flight information systems are used to provide aeronautical data and
aeronautical information to an aviation entity, including external crew members, in order
to plan flights and provide pre-flight information services and self-instruction.

Automated pre-flight information systems should allow communication between the
aeronautical information service and the flight crew, including members of the external
crew, for the necessary consultations by telephone or other convenient means of
telecommunications.

Automated pre-flight information systems that provide aeronautical data and
aeronautical information for the purpose of flight planning, flight information service
and self-instruction:

- provide regular and timely updating of the system database and quality control of
aeronautical data, their validity;

- provide access to the system of the subject of aviation activity, including flight
crew members, other interested aviation personnel and other aviation users, by means of
convenient means of telecommunication;

- ensure the provision in paper form of the necessary aeronautical data and
aeronautical information if necessary;

- use access and request procedures based on the use of plain text with abbreviations
and, where appropriate, ICAO location indicators or based on a menu-driven user
interface or other appropriate mechanism agreed between the State Aviation Service and
the relevant operator.
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MOJEJIOBAHHSA NPUAHATTS PILIEHb OIMIEPATOPOM BILIA ITPU
HOJIBOTI B CKIIAJHUX METEOYMOBAX

Aeponasiraniiina cuctema (AHC) ¢yHKIioHYye B yMOBax IOCTIHHOrO BIUIUBY
Oaratbox (pakropiB, ToMy mpobiema 3abesnedenHs criikocti AHC 3ammmaerscs
HEJJOCTaTHBO BHPINIEHOIO 1 Ma€ SIK HAyKOBE, TaK i IpaKkTHYHE 3Ha4YeHHSI. BpaxoByBaTtu
YHUCIICHH] (DaKTOpH, SIK BHYTPINIHI, TaK i 30BHINIHI, 103BOJLIIOTH HociipkeHHs AHC sk
coniorexHiunoi cuctemu (CTC). AepoHaBiraiiifHa cicTeMa BiTHOCHUTBCS JIO JIFOJWHO-
maummHauX cucteM (JIMC), 1o 1 ckiaay BXOAATh TEXHIKa i JIFOAH, 110 il 00CIyroByIOTh.
OcuoBHoto nankolo AHC e miomuna, i Big i pimeHp 3anexuTbh eQEeKTHBHICTH
(GyHKUIOHYBaHHS, HAiWHICTH 1 CTiIHKICTh cucTeMH. [lJIsi MOZAENIOBaHHS HPUHHSTTS
pimens omepatopoM BITJIA mpu monboTi B CKIAJHAX METEOYMOBAax PO3IJISHYTI Ta
IIPOBHAJI30BaHi icHyIoui Moneni npuiHaTTs pimens (ITP) a AHC [1; 2].

Aeronautical decision-making (ADM - npuifHATTS pieHs B aBianii) — npouec 1P B
VHIKaIbHOMY  cepefoBumli — apiamii. lLle cucreMaTwuHWiA MTiAXiM JO NCHXIYHHX
NPOLECiB, SKMH ITOBUHHI IIOCIIJIOBHO BHKOPHCTOBYBAaTH OIIEPAaTOpH, IUISI OOpaHHS
HaWKpaIoi cTparerii BiAMOBIAHO 1O OOCTaBHUH, 1[0 CKIAMUCI. MoJeb CKIagaeThes 3
'ty «Py ¢

ITnaH noyibOTY - MOBITPSIHUH KOPAOEIb - MUJIOT - MACAKUPHU - IPOrPAMYBAHHS.

BuKopHCTOBY€ETHCS AJIs OLIHKH TOTOYHOT cutyailii ta [P minorom mig yac nonsoty
a0o y pa3i BHHHUKHEHHs Io3amratHol curyamii. KoxkHe pileHHS MOXke CyTTEBO
301TBIHUTH a00 3HU3HTH PHU3UK YCIHIIIHOTO 3aBEPIICHHS IOJBOTY Ta IPYHTYETHCS Ha
3[aTHOCTI NJI0Ta, IPHHMATH OOTPYHTOBAHI Ta CBOEYACH] PIillICHHS.

Takox iCHye IIe 0JJHa MOJIEIIb, sSIKa OUTBII CXUJIBHA O MIPUHHATTS PillleHb OoIepaTopa
BIIJIA. Mopaenb ckiagaeTses 3 TphoX «Py :

] crpuiiMaT 0OCTaBUHH, LIO CKJIAIKCS PU BUKOHAHHI MOJIBOTY;
o OIIIHIOBATH CHUTYAIif0 MO0 11 BIUIUBY Ha OE3IeKy MOJIbOTIB;.

o BUKOHYBATH [iil.

ADM npomnoHye cucTeMHuit migxix s edexruBHoro IIP, skuit MoxHa
BHKOPUCTOBYBATH Ha BCIX €Tamax IMOJIbOTY. BiIMOBiJHO 0 KOHIEMIIi y HEeHTpi Moaeni
SHEL — mroguHa, SK HaWBaXKIMBIIIHI KOMIIOHEHT CHCTEMHU. Big3HaueHO OCHOBHI
YUHHUKK, L0 BIUIMBAIOTh Ha JOAMHYy-opatopa (JI-O) y mpoueci BHKOHAHHS
npodeciiaux 060B'3KiB. L[i THNM YMHHHKIB CTBOPIOIOTH ONEPATHBHUN KOHTEKCT, Y
SIKOMY HOpMaJIbHHMIl, 370pOBHUii, KBaTiikOBaHWMH, TOCBIIYCHHUI MEPCOHAN IPALOE HA
HIDKYOMY, HDK OUiKyBauocs, piBHI. OIHAM i3 MOXJIMBHX MIAXOJIB IO BHPIMICHHS IHX
npobsieM € ¢opmarizamisi Ta MaTeMaTH4HHN omnuc IisutbHOCTI omeparopie AHC sk
cknasHoi CTC Ha OCHOBI CHCTEMHOTO aHai3y.

®dakropu, 1o BrukBaioTk Ha JI-O B nporeci BUKOHaHHs npodeciiHnX 000B'sI3KiB:

®  (pisionoriuHi pakTopwy;

° ¢izuuni paxropu;
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®  [CHXOJIOTiYHI (aKTOPH;

L] TICUXOCOMiANBHI (pakTopu.

Dizionociuni pakmopu. Oiznuni moximBocti JI-O: cuia, opranu 3opy i ciuyxy. o
micus pobotu JI-O MaroTh cTaBUTHCS BUMOTH 10 (Bi3HYHUX O0COOIMBOCTEH omeparopa
came: 0 TeIlIa, THCKY, CBITIIa, IIyMy, BiOpalil, 4acy 1o0u Toro.

Dizuuni paxkmopu. dakropu, BIIMBAIOTh Ha BHYTpiuHI npouecu JI-O, 30kpema:
HasIBHICTh KHCHIO, 3arajbHe 3I0POB's, CIIOCIO JKUTTS, Xap4ayBaHHs, XBOPOOH, IIKiAIMBI
3BHYKH (3aCTOCYBAaHHS TIOTIOHY , HApKOTHKIB, aJKOTOJIFO), OCOOHCTI CTpECH, BTOMA,
BariTHICTB TOLIO.

Ilcuxonoziuni ¢pakmopu. daxropu, MO BIUIMBAIOTH HA IICUXOJOTIYHY TOTOBHICTH
JI-O 1o ob6cTaBHH, IO MOXKYTh CKIACTUCS B MOJBOTI, TOOTO aJICKBAaTHICTH IMiJATOTOBKH,
3HaHb 1 JOCBiLy, Bi3yaibHi ab0 BecTHOYJSpHI BiZ4yTTsI, poOOYEe HABAHTAKCHHSI.
INcuxonoriyna npuaatHicTs roroBHOcTi JI-O 10 BUKOHAHHS 0OOB'SI3KiB TaK0X BKJIIOYAE
MOTHBAIIiI0, CTaBJICHHs 10 pU3UKy, HaBu4ku [IP, a Takox 3mathicts JI-O camocTiiiHO
BIIOPATHCS 3 HAI3BUYANHHOIO CUTYALL€I0.

Ilcuxocoyianvni  ¢pakmopu. 30BHIIIHI (akTOpH B CHCTEMI COLIAJBHOTO
IHIUBiTYyyMa, Taki cami sIK B yMOBaxX poOOTH, Tak i B yMOBax 103a po0OTO0, 1[0 YHHATH
noxatkoBui THCK Ha JI-O (cymepedka 3 KepiBHUKOM, TPYJOBI CIIOPH, IPo0iIeMH B CiM’T,
ocobucTi (hiHaHCOBI MpoOIEeMH ab0 IHIN BHYTPINIHI HAIPY KEHHS.

3rigHo 3 nmanmMmu bropo Oesmexku Ha Tpancmopti 21,3% aBiamiiiHMX momiit
TPAIUIAEThCS Yepe3 MOTOoHI yMOBH, 3 HUX 39,1% uepe3 cknanui mereoymosu (CMYV).
Ilpu 1bOMY OCHOBHOIO HPHYMHOK aBiauiitHux noziii B CMVY (no 68%) Bu3HaeThCA
HETpaBIIbHE i HECBOEYACHE MIPUHHATTS PillleHb eKila)keM MOBITPSHOIO Cy/Ha.

st npuiinsitts piteHs oneparopom BIIJIA B CMY pospoGrieni nerepmiHoBaHi
Mozeni i croxactuuHi Moxeni IIP, mo yBifmum mo cucTeMH MIATPUMKH NMPUIHATTS
pimens (CIIIIP) omepatopa BIVIA B CMVY. B pammii wac MeTeopoJoridHe
3a0e3MCUCHHSI € HEBIJ'€MHOI0 YacTHHOIO 0e3leYHOro Ta e(EeKTHBHOIO IPOBA/KCHHS
IisUTBHOCTI HMBLTEHOI aBiamii. [lonkoTn 6e3 MeTeopoorivHol iHPOPMAIliT HEMOXKITHBI.
sk minoroBannx Tak i BIIJIA. ToMmy mnpaBujbHE BHUKOPHCTaHHS METEOPOJIOTIYHOT
iHpopMarii, YMiHHS YiTKO PO3DI3HITH SIBUIIA MOTOAM, OL(HIOBAaTH BIUIHB IOTOJHUX
YMOB Ha IMOJbOTH, NPUAMATH TPAaMOTHI pIlIeHHs MiA dYac 3ycTpidi 3 pi3HUMHU
METEOPOJIOTiYHUMH SIBUILIAMU BUMararoth Bix oneparopiB AHC (minoriB, aucrerdepis
YIPaBIiHHS TOBITPSHOTO pyXy, omeparopiB BIIJIA Ta iH.) TBepauxX 3HAHb aBialiifHOI
METEOPOJIOTii.

CnHcoK BUKOPHCTAHUX JIKEpe:
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HAY, 2012.-292 c.

2. Socio-Technical Decision Support in Air Navigation Systems: Emerging
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A NEURAL NETWORK MODEL FOR THE RISK ASSESSMENT
OF THE COLLABORATIVE DECISION-MAKING BY OPERATORS
IN FLIGHT EMERGENCY

During the flight, the pilot and the air traffic controller (ATCO) are in constant
interaction, in the process of which there is a coordination of actions, planning of joint
activities, division of functions, etc. [1]. Clear interaction between the pilot and ATCO
is most important in flight emergency (FE), which is characterized by a sharp shortage
of decision-making time in the conditions of incompleteness and uncertainty of
information, as well as the significant psychophysiological load on the flight crew.
Interaction can be carried out in the form of collaborative decision-making (CDM) by
the operators based on the mutual exchange of useful information [2].

In the course of research of the errors arising during the interaction of ATCO with
pilots ten typical types of errors are allocated and the frequency of their occurrence is
defined [3]. The most common errors are violations of the radio communications rules
(26%) and contradictory flight information (22%). Next are wrong ATCO commands
(10%); violation of interaction between ATCO of adjacent zones (8%); lack of radio
communication (8%); lack of radar control of the aircraft (6%); failure of the flight crew
to communicate with serviceable radio equipment (6%); no report about aviation
accident (6%); non-execution of ATCO commands (4%); fuzzy ATCO commands (4%).

To assess the risk of CDM by the pilot and ATCO in the FE a four-layer (two layers
are hidden) recurrent artificial neural network (ANN) with biases was developed [4-5]
(Figure 1). Multilayer ANN can approximate any functional dependence due to hidden
layers of neurons and is capable of learning. The dynamics of recurrent networks is a
very important property for a complex socio-technical air navigation system, as
feedback changes the inputs of neurons, which leads to a change in the state of ANN [6].

Consider the ANN model in Figure 1.

The first layer (input) corresponds to the losses in the FE depending on the type of

flight situation (U ). The second layer (hidden) is the standard time to perform

technological procedures by the operators for FE parrying ( T ). The third layer
(hidden) is the normative sequence of technological procedures by the operators for FE

parrying ( s ). The fourth layer (output) is the risk assessment of CDM by the operators
in FE ( R ). Additional input bias 0 characterizes the interaction of the operators.
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e = minly}

4 layer (output) — the risk
assessment of FE R

ki
3 layer (hidden) — the normative
sequence of technological
procedures for FE parrying S

2 layer (hidden) — the standard
time of technological procedures

for FE parrying 7'

1 layer (input) — the losses in
FE U

Figure 1. A neural network model for the risk assessment of CDM by the pilot and

ATCO in FE
Output vectors of the second, third, fourth layers (1)-(3):
T=f(W.U-08), (1)
S=f(W.T-0), @
R=f(Ws5),
G
where W 1 — are the weights that take into account the probability of violation of

the standard time of technological procedures for FE parrying, W= {W i };

Wz — are the weights that take into account the probability of violation of the
normative sequence of technological procedures for FE parrying, W2 = {W Jk };

Ws — are the weights that take into account the probability of complicating the

flight situation (for example, engine failure can lead to a fire), W 3 = {W I };

-—_T -5 . . . . .
0 , 0 — are the biases of indicators of timeliness and correctness of

technological procedures for FE parrying at jointly coordinated actions of the operators,
—T bt .
0 =p7) 0 =il

The following output signals of vectors of ANN layers are set T, s , R 4):

T SR= 1 if f(wijui_ej)’f(wjktj_Ok)’f(wklsk)>0
o 0;if f(wu, =0, ), f(wyt,=0,), f(wys, )<0

, “4)

where f— is a nonlinear (sigmoid) activation function.
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Using the neuroemulator NeuroSolutions version 7.1.1.1 (designed by
NeuroDimension, Inc.) on the example of FE "Failure and fire of the engine on the
aircraft during climbing after take-off" the multilayer feedforward perceptron with
biases was built and trained with the teacher by the procedure of the error
backpropagation (Figure 2) [4].

= o 1 2 & & 3 B L4

1781 161 241 321 401 481 861 641 721 601 681 961

Figure 2. Example of ANN for FE "Failure and fire of the engine on the aircraft during
climbing after take-off", which was built in the neuropackage NeuroSolutions

NeuroSolutions 7 is an easy-to-use software package for designing and modeling
neural networks in a Windows environment. It combines a modular icon-based network
design interface with the implementation of advanced artificial intelligence and learning
algorithms using intuitive wizards or an easy-to-use Excel interface. Neuroemulator
NeuroSolutions has shown the greatest flexibility in the synthesis and reconfiguration of
complex control systems according to the following criteria: ease of creating and
learning ANN, intuitive interface; ease of preparation of the training sample; clarity and
completeness of information presentation in the process of creating and training ANN;
the number of standard neural paradigms, criteria, and algorithms for learning ANN; the
ability to create original neural structures; the possibility of using original optimization
criteria and algorithms for learning neural networks; the possibility of software
extensions of the neuropackage; the cost of the license.

The amount of potential loss u;, which depends on the type of flight situation, was
obtained using fuzzy set theory: very small loss (the consequence of a normal flight
situation) /=10 points; small loss (the consequence of a complicated flight situation)
u2=30 points; average loss (the consequence of a difficult flight situation) us=50 points;
large loss (the consequence of an emergency flight situation) #+=80 points; very large
loss (the consequence of a catastrophic flight situation) us=100 points.

According to the matrix of risk indicators ICAO, which takes into account the
severity and probability of possible consequences, based on the theory of fuzzy sets with
the use of linguistic variables, the scale of acceptability of risk » was determined [7]:
negligible risk /=20 points; minor risk 7>=40 points; major risk 73=60 points; hazardous
risk 7+=80 points and catastrophic risk »s=100 points. To ensure a sufficient level of
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flight safety, the risk indicators must not exceed 60 points, which is taken as the
maximum allowable value of the level of danger.

The input, intermediate, and output components of the ANN are set according to
statistics for the previous 10-year period [8], additional inputs — biases are conditionally
accepted as equal to one at the coordinated actions of ANS operators according to a
certain technological procedure and equal to zero — at their uncoordinated actions. To
assess the risk of CDM by the pilot/ATCO in the FE were prepared 1100 samples. ANN
learning was performed by modifying the weights between neurons until the error
reached a minimum and ceased to decrease. In our case, 1000 cycles of training were
sufficient; ANN training time was 5.56 minutes (about 3 sec for each epoch).

Testing of ANN on examples that were not included in the training sample showed
high accuracy in the risk determining (error A between the actual and obtained through
the neural network assessment of the potential risk is not more than 3% from the range
of changes in its values), which confirms the reliability of the proposed model.
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MOHITOPHUHI"' CTAHY HIJIICHOCTI TEIIVIOMEPEX 3A JOIIOMOI'O1O
BILJIA

IIporsiroM oOcCTaHHIX KijdbKOX pOKiB Oe3mimorHi jitanbHi amapatu (BIIJIA) abo
JIPOHHU OYJIH 1 € rapsAu0I0 TEMOIO, SiKa OXOILTIOE IIMTAHHS Oe3NeKH, TEXHOJIOTIH, IpaBuIIa
Ta HOPMH B YChOMY CBITi 4epe3 X 4yaoBi JocsrHeHHs. He BUHITKOM € i MHUTaHHS, 110
CTOCYEThCS TEIUIOCHEPTETHKH.

3abe3neueHHss KOM(POPTHUX YMOB IPOKUBAHHS 1 Mpami JIF0Jel HaceICHUX ITyHKTIB
VYkpaiHU B ONaMOBaJbHUNA Mepiof 3IHCHIOETECS CHCTEMaMH TerutonoctadaHus. Came
TEIUIOB1 MEPEKi TOAAI0Th TEIIOHOCIH BiJl KOTEIICHB JIO CIIOKHBAYiB.

3 uacoM 3HOIICHHS Ta CTapiHHSA OOJamHAHHS pPOOIATH HOro EKCIUTyaTarliio
HeOe3MeYHoI0, a pery/sipHHil KOHTPOJb INTaTHUMH 3ac0o0aMH dYacTo HE MOXKe
3a0e3neunTH HAJeKHUH pIiBeHb eKCITyaTamiiHoi HagmiftHocti. ToMy mepexixm Bix
MEepiOANYHOTO KOHTPOJIIO TaKUX OO’€KTIB 10 IX OE3NepepBHOTO MOHITOPHHTY 3a
nonomororo BITJIA crae TeHaeHmiero.

UYac iine, 1 Tenep moAiOHI TEXHOJOTIi CTAIOTh 3arajbHOOCTYITHUMH VIS TOTO, 100
pobuTH KoCTiMKEHHS B c(hepi TEIUIOCHEPTeTHKH O1IbII SIKICHUMH Ta e()eKTUBHUMH.

B VYkpaiHi oauH i3 HafBHIIHMX y CBITI MMOKAa3HUKIB HACHYCHOCTI MICT TEIUIOBUMH
MepexaMH, a 3arajibHa JJOBXKHHA TPYOOIIPOBOAIB CTAaHOBUTE On3bK0 47 THC. KM. [ToHax
20 tmc. kM TpyO miamerpoM Bim 50 mo 800 MM mepeOyBaroTh i HarIIIOM
KOMYHAJIbHUX MIANPHEMCTB TEIUIOGHEPreTHKHA. Y OUIBIIOCTI BHIAKIB KaHAIH
TpyOOIPOBOJIIB HE 3aXHUINEHI BiJi MPOHUKHEHHS I'PYHTOBHX BOJ Ta IHIIOI BOJOTH, IO
NPU3BOAUTH 10 3HAYHMX BTPAT TEIUIOBOI eHeprii, KOpo3iiiHOro pyHHyBaHHsS MeTaiy
TpyO Ta aBapifHOTrO BiAKJIIOYECHHs CIIOKHBadiB. 3arajbHi BTpaTH TEIUIOBOI eHepril y
MepeXax CHCTEM LEHTPai30BAHOTO TEIUIONOCTAYaHHs CTAHOBIATH Onu3bko 30%.
Tepmin Ge3aBapiitHoi excrutyartarlii Takux Mepex He rnepesuiiye 10-15 pokis.

3amiHa MOIIKO/PKEHUX TPYOOMPOBOIIB J03BOJIUTh BHPILIMTH MpoOiieMy 3HAUYHHX
BTpaT TeIUIa IiJf 4ac HOro TPaHCIOPTYBaHHS 0 KIiHIEBOrO CIIOKMBaya, aje HUHI 1€
HEMOXIIMBO Yepe3 eKOHOMIYHY CHUTyauito. €IMHUM BHXOIOM i3 CHTYaIlii € MOHITOPHHT
TEXHIYHOTO CTaHy TEIUIOBUX Mepex (0COOIMBO MaricTpalbHHX TPyOOIPOBOIIB),
CBOEYACHE BUABJICHHS KPUTHYHMX Je(EKTIB TAKUX CHCTEM Ta IX CBOEYACHE YCYHCHHSI.

OpuuM 3 HaleeKTHBHILIMX Ta MEPCIEKTHBHHX METOMIB KOHTPOJIO LiNTiCHOCTI
TEIJIOMEPEX € TEIUIOBI3iiiHe 0OCTEXEHHS 3a TOTIOMOT 00 JPOHY.

TerutoBizilina aepodoTo3iioMKa Ha JaHWIT MOMEHT € €JUHHM CIIOCOOOM, SKHUil 3a
KOPOTKI MPOMDKKH 4acy J03BOJISIE BUSBIIATH aBapiiiHi Ta NOTEHUIHHO qedeKTHI TUITHKH
TpyOONPOBOIIB TEIUIOBHX MEpeX. 3a JOIOMOIrO0 TelUIoBi3iiHOI aepodoTo3ioMKH
MOKHA OIEPaTHBHO N0OAYNTH HEe3HAUYHI HIOAHCH Pi3HUI TeMIepaTypH Ta CIIiIH TeIlla,
HEeoOXiHi Ul TOro, o6 3pOOUTH BUCHOBKH IIPO CTaH 00'€KTiB Ha MiCIIEBOCTI.

TerutoBuil KOHTPOJIb — II€ PEECTpALlisl €IeKTPOMArHiTHOTO BUIIPOMIHIOBAHHS BiJ
00'eKTiB KOHTPOIO B iH(padepBOHOMY Jiara3oHi Ta IEPETBOPEHHS HOTro Ha BHANME
300paKeHHSI.

TerutoBa aepooTo3HOMKa BHKOHYETHCSI BECHOIO a0 IMi3HO BOCEHHM 3a BiJCYTHOCTI
CHIFOBOTO TOKPHBY, KOJH TEIUIOBI MEpeXi 3HaXOmAThCA B poOodoMy peskumi. J{is
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YCYHEHHSI CIIOTBOPIOIOUUX TEIUIOBHX €(eKTiB Bil COHAYHOT iHCOIIsILIT, aepodoTo3iHoMKa
MOBUHHA POBOJUTHCS BHOYI, piAllie BACHb [IPY BUCOKIH XMapHOCTI.

Ilix Yac mNONBOTY BUKOPHUCTOBYETHCS CICLliajbHE HaBiramidiHe MporpamHe
3a0e3neyeHHs, M0 MJO03BOJISIE CIOCTEPIraTH Ha eKpaHi MOHITOpa IOJIOXKCHHS
KBaJPOKONTEpa IOAO0 3alPOEKTOBAaHMX MapupyTiB 3a panumu GPS. Ilpu 3axoxi Ha
YeproBUif MapIIpyT BMHKAIOTHCS TEIUIOBI3iMHA amaparypa Ta Ou(poBa Kamepa, IO
MPOBOJATE 3amuc iH(opMarii. MOMEHT BMUKAaHHS PEECTPYEThCS Yy BHUIUISAI 4acoBOL
MIO3HAYKH Ha TPAEKTOPIl pyxy y 0a3i JaHMX aepo3iHOMKH. 3a JOIIOMOTOI0 CIIEIiaILHOTO
MIPOrpaMHOro 3a0e3NedYeHHsT IMPOBOAUTHCS IONEPEHI KOHTPOJb SIKOCTI 300paKeHHS
TEIUIOBI31i{HUX 3HIMKIB TEIUIOBHX MEPEK.

VY paMkax HayKOBO-JOCIHiTHUIEKOI pobotn HamioHanbHOi akameMii HayKk YKpaiHH
"Po3pobka MeTomoJI0Tii MOHITOPUHTY TEIUIOBOTO CTaHy OCHOBHUX CHCTEM OITaJICHHS
cucteM Ha 0a3i  kBagpoxonTepiB" BueHi IHCTHTYTy TexHIUHOI TemI0(hi3uKH
3anpONOHYBaIM Habip MOAYIIB JUIS MOHITOPHHTY TEXHIYHOTO CTaHy MaricTpajJbHUX
TpybonpososiB. Kommiekc cxmamaersest 31 cmaprdona Nokia 6 Ha 6a3i omepamniitHol
cucteMun Android 3 BCTaHOBIEHMM IPOTpPaMHUM 3a0€3IIEUYEHHSM Ta KOMIIAKTHOTO
TertoBizopa BupoOHuITBa kommaHii Seek Thermal. Komiieke 3HaxoauThes BCcepeauHi
YIapOMIIHOTO KOPIIyCYy Ta KPIiMHBCS O HIKHBOT YACTHHH KBaPOKONITEPA.

TexHIYHI XapaKTEePUCTHKHU 3aIPOIOHOBAHOTO KOMIUTEKCY HaBeneHo y Tabur. 1.

Ta6u. 1. TexHiuHi XapaKTePUCTHKH IIPOIIOHOBAHOTO KOMIIEKCY

IHapametp 3HaueHHs
Posmupenns expany 206x 156
[Tose 30py, 20
Yacrora kaznpis, Hz <9
Bincrani BusiBIeHHs <500
Jiamazon Temnepatyp «C -40... 330

Ha Puc. 2 HaBeneHo NMpUKIaj TEIUIOBI3iHHOI KapTHHH, OTPUMAaHOI 3a JIOMOMOIOI0
3aMpPOMOHOBAHOTO KOMILIEKCY.

| i
Puc 2. Ternosiziiina poTorpadist, 3podiieHa i yac AiarHOCTUKH HECIIPABHUX KJIaIlaHiB

Haii6amk4uM 4acoM IUIaHy€eThCs MPOBECTH KOMIUICKCHHI MOHITOPHHT TEXHIYHOTO
CTaHy IUITHKM MariCTpajbHOi TEINIOMEpeXi 3a JOIOMOIOI0 3alpOIIOHOBAHOTO
KOMILIEKCY.
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CYYACHHUM CTAH ONTHYHNUX CUCTEM JETEKTYBAHHSA IMEPEIIKO,T
JJIS1 BILTA

OpHielo 3 KIMOY0BHX (YHKIIH Oynb-KOi CHCTEMH [ETEKTYBaHHS IEPENIKOX, €
3ano0iraHHs 3iTKHEHb 3 PI3HOTO POy 3aBaJaMu, SK CTATHYHUMH, TaK i pyxoMumu. B
JaHWH 4Yac HaWOUIbLI aKTMBHO JUIS BHPILIEGHHS LIbOTO 3aBIaHHS BUKOPHCTOBYIOTHCS
panmapu, Jigapu i pi3Hi ontHuHi cuctemu ormsiny [1, 2]. CxnagHicts po3poOku Takoi
cucteMu [uisi GesminoTHoro JitambHoro amapatry (BIIJIA) nomsirae y Tomy, 1o BOHa
MIOBUHHA 3a0e31euyBaTH BUCOKY TOUHICTh, BKIIIOYAIOUN MiHIMaJIbHUN HAaOip MEepBUHHIX
JIATYHKIB JUIs 3a0€311CYCHHS] aBTOHOMHOT'O HOJIBOTY.

CkaHyBaHHA II€BHHX JUITHOK 3a JOIOMOTOI0 JjgapiB 3a0e3medye TOYHY
indopmariiro npo BifcTaHb N0 00’€KTIB, ajie JIMIIE B3JJOBX IUIOMIMHHA HaBKOJIO CEHCOPY.
Tako>x CItijt 3a3HAYUTH BIICYTHICTH AETANBHOCTI MPHU 3HOMIII BEPTHKAIBHIX MOBEPXOHB
Ta mioumH. Jlerki migapu, siki MoxxHa BukopucToByBaTH BITJIA, KomTtyioTh moporo.
BromkeTHi Jigapy XapakTepH3ylOThCsS HEBUCOKOIO ACTAIBHICTIO Ta OXOIUICHHSM, TOMY
BiZIPI3HSAIOTHCSI HU3BKOIO MIPOIYKTHBHICTIO.

Cepen HENOJIKIB YJIbTPa3BYKOBHUX JATHYMKIB MOXKHA BiJI3HAYUTU HU3BKY 4YacTOTY
BUMIpIOBaHb, SIKa Ma€ CYTTEBE 3HAUYCHHS Yy pasi 00'€kTa, SKUX PyXaeTbCs, L0 MOXE
HPHU3BECTH JI0 3aIi3HCHHS y NPHUHATTI PIMICHHS PO YXHMICHHS BiJl EPEIIKoan. Takox
CIiJ BI3HAYUTH, IO OUIBIIICTH TpencTaBieHUX pimeHs miust BIIJIA 1o3BonsoTh
KOHTPOJIIOBaTH Jmmre oxuH Oik mpocropy [3]. o crocyersest iHGpauepBOHi AaTYHKIB,
OCHOBHHMM HEJIOJIIKOM, SIK 1 B yIbTPa3ByKOBHX [aT4HMKaX, € OOMEKeHICTb obmacti
npoctopy. [TopiBHSHO 3 yIbTPa3ByKOBHMH IaTUMKAMH, iH(PpPauepBOHI MArOTh MEHIIHI
paniyc nii i 3aJeXHICTh BiJ 30BHIIIHIX MEPEIIKOJ, Y TOMY YHCIi — JESKUX THUIIIB
OCBITJICHHS.

BpaxoByroun BiJHOCHO HEBHCOKY BapTiCTh Ta BHILIEC 3a3HAYCHi HEOJNIKH
MEPCIIEKTUBHUM € BHKOPUCTAaHHS BiJeokamep. BineokamepH € macHBHHMH CEHCOpaMH,
IO € HEe3allepevHOI0 MepeBarolo IpU CTBOPEHHI aBTOHOMHUX cucTeM mis BILIIA. Ha
ChOTO/IHILIHIH JI€Hb BUKOPHUCTOBYIOTHCSI CUCTEMH JACTEKTYBaHHS Ta 00X0Iy HEPEIIKO 3
BHUKOPUCTAHHAM OfHiel abo nexinbkox kamep. ITocminoBHICTH KaApiB 300paXkeHb, IO
JUHAMIYHO 3MIHIOIOThCS, (PIKCY€ IPOCTOPOBO-YACOBI 3MiHHM SICKPABOTO MOJIS, BUKIUKaHI
Horo pyxoM, i Tomy MicTuTh Gararty iHdopMmalliio mpo 00'€KTH, 110 CTBOPIOIOTH IMOJIE.
OCHOBHHM IPUHOMOM BHSBICHHS TAaKHX 3MIH € OOYHCICHHS BEKTOPHOTO IIOJIA
MIBHIKOCTEH PyXy (parMeHTiB 300pa)keHHs, TaK 3BaHOTO «ONTHYHOTO MOTOKY». IIpu
00po6ui muppoBUX BifeomaHHX (AKTHYHO OOYHCIIOIOTH OIIHKA BEKTOPHOTO ITOJIS
BITHOCHOTO 3MIIIEHHs ()parMeHTiB 300pakeHHs B KaJpax aHaJi30BaHOI'0 JHMHAMIYHOTO
300paKeHHSI.

B nanmii yac iCHYIOTh [1Bi OCHOBHI IpYyIIH METOIIB aHaii3y UH(PPOBUX 300paKeHb.
IMepiy rpymy yTBOPIOIOTH METO/H, 32CHOBaHI Ha OOYMCIICHHI Ta MOIIYKY I7100a1bHOTO
eKkcTpeMyMy B3aeMHo-Kopessuiitnol GpyHkiii (BK®) cymicHux ¢parmeHTiB 300paxxeHsp;
QPYTy TPYIy YTBOPIOIOTH IPai€HTHI METOAH, II0 IPYHTYIOThCS Ha aHaI3i 4acoBHX Ta
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MPOCTOPOBHX HOXiAHUX (yHKIT po3noainy ocitiaeHnocti [4]. Jlo HeOOMiKiB MeTOAIB
nepuoi Ipynd MOXHA BIHECTH BHCOKY OOYMCIIIOBAJIbHY CKIJIAJHICTb, CIPUYUHCHY
BHUKOPUCTAHHSM MMOLIYKOBHX MpoLeayp npu obuucieHHi ekcrpemymy BK®. I'panienthi
METOJM TEX He M030aBJIeHI HEMOMIKIB — I1e HeOOXITHICTh 00UNCICHHS IIPOCTOPOBHX Ta
YacOBUX NOXIJAHMX 3allyMJICHUX 300paxkeHb. AJle TpajieHTHI METOXU € OuIbII
OUCTPONIHHIMHU.

Ilpn nmeTexTyBaHHI IEPENIKOA 3a JOIOMOIOI0 TPaJi€eHTHOTO MeToja Oyab-ske
obeprannst BITJIA BHOCHTH MOXHOKY Z0 YCiX BEKTOPIB IIBHIKOCTEH ToYOK iHTepecy. Le
3HIKYE TOYHICTH iH(popMalii mpo BifcTaHb 10 00’€KTy. AJie HOr0 HEJONIKYy MOXHA
1030aBUTHCS TIPY BUKOPUCTaHHI ctepeobaueHus [5, 6]. Kamepu po3TamoByoTh TakuM
4UHOM, 11100 00’€KTH MOXHa OyJo crocTepiratu 3 pi3HHX TOYOK 30py. TakuM YHUHOM,
JUIT BU3HAUEHHS BiJICTaHI 10 00’€KTy BUKOPUCTOBYIOTHCS 3ICTABICHHS 1ICHTHYHHX
€JICMEHTIB 300paXeHb.
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FACTORS INFLUENCING THE CHOICE OF THE REMOTE TOWER
CENTRE LOCATION

One of the tasks of the National transport strategy of Ukraine up to 2030 is to
increase the air transportation network and promote the development of regional airports
of Ukraine. This can be achieved by attracting more flights to the Ukrainian regional
airports through the reduction of air transportation costs for airspace users. One of the
possible ways to decrease the costs is an implementation of the remote tower concept
that has been developed under the Single European Sky ATM Research (SESAR)
program.

The remote tower concept relies on the provision of air traffic services (ATS) from a
remote location. For that, the remote tower modules are set up that they contain all the
necessary equipment (e.g. Out of the window view, controller working position (CWP),
etc.) for the air traffic control or aecrodrome flight information service officer to provide
ATS in a safe and efficient manner. These modules can be grouped into remote tower
centers (RTC) that provide remote ATS to multiple aerodromes at the same time.

One of the steps to set up a remote tower center is a choice of a location for it. In
order to ensure that the selected location for the remote tower center does not pose
threats to the safe and efficient provision of remote ATS, it is necessary to take a
number of factors that could influence the decision-making process into account::
distance between a possible location of an RTC and airport, the density of the air traffic
at airports, availability of personnel at the possible location of the RTC, remoteness of
Communication, Navigation and Surveillance (CNS) equipment from the possible
location of the RTC, and technical capabilities at the possible location of the RTC.

The factors can be measured and quantified according to the measured values. After
this, the factors can be processed using one of the decision-making methodologies —
decision-making under stochastic uncertainty (risk). This methodology can be used
when there is a high level of data incompleteness and uncertainty.

Using the values of the factors and criteria provided by the decision-making
methodology, it is possible to compose a pay-off matrix for the factors influencing the
choice of the remote tower center location (Table 1). Based on the calculated criteria
listed in the pay-off matrix, it is possible to identify the most suitable location of the
remote tower center.

Table 1. Pay-off matrix for factors influencing the choice of the
RTC location

Alternative Factors Criteria
decisions A Ao A3 s As Wald | Laplace | Savage | Hurwitz
Location 1 u u u u u at

11 21 31 41 51 I‘it‘ 'q Ij Lq i H
Location n U Uy, us Uy Us, - — T

n n n n n "1‘1‘: .q':" EE Eﬂ
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YAOCKOHAJIEHHSA KIBEPBE3IIEKW CONTENT MANAGEMENT SYSTEM

CporosHi ’K0/lHa CydJacHa KOMIIaHisl, yCTaHOBA UM IMiANPUEMCTBO HE MOXKE iCHYBaTH
0e3 BHKOPHCTaHHSA y CBOIH IisIBHOCTI iH(pOpMamilfHMX TEXHOJOTiH, 30KpemMa BeO-
caiitiB. ['onoBHEe MpH3HAUeHHS BeO-caifTy moisirac B TOMy, 00 HamaTH iH(pOpMAMiio
KOPHCTYBa4yaM Mo LI0 KOMIIaHil0, yCTAHOBY YH IiAIPHEMCTBO, PO MepeBary ii mepen
KOHKYPEHTaMHM, a TaKoX IPO TOBAPU YU IIOCIYTH, SKi HEl NpornoHyloTbes. IIpote,
BHUKOPUCTOBYIOYH BeO-CaiiTH BaXKIMBO MOAOATH MpO 3a0e3redeHHs HeoOXiAHOro piBHS
KibepOe3neKu, OCKIIbKM He BAKOHAHHS 1IbOT'O acIeKTy MOJKe NPU3BECTH 10 BUHUKHEHHS
KiOepiHIMaeHTIB [1], mo B CBOIO 4epry Moe HMPU3BECTH J0 BEMHKUX (DIHAHCOBHX Ta
IMI[DKEBHX BTpaT, TOMY pO3poOKa 1 JOCHIIKEHHS HOBUX e(GEKTUBHHUX METO/IIB
YIOCKOHAJICHHS KibepOe3neKkn BeO-calfTiB € akTyalIbHOIO0 HaAyKOBOIO 33/a4elo.

Hapa3i Ha pHHKY NpEICTaBICHO BEIWKY KUIBKICTh pIMICHb AT PO3POOKH Ta
MiATPUKH BeO-caiTiB. 3a/uIsl CIPOINEHHS Hpolecy opraHizamii BeO-calfTiB 4M IHIINX
iHpopMaLiitHuX pecypciB B IHTepHETI YM OKpeMHUX KOMI'IOTEPHHX MepeKax
BUKOPHUCTOBYIOTbCA CUCTEMH KepyBaHHS KoHTeHTOM (Content Management System,
CMS). Buxoasuu 3i CTaTUCTHKU YacTKU PHUHKY [2, 3], HAHMOMyJSIPHIIIOI CHCTEMOIO
ynpasiiHHS kKoHTeHTOM € WordPress, sika BukopucroByerbest 40,4% ycix BeOG-caiTiB B
IareprerTi, 3a sikoro ciigye Shopify i Joomla. 3rimHo mocmimkenns kommanii iTrack [4]
3a Oepesenb 2021 poky Bceoro Oyno omutano 4960632 momeHiB Ta MOOYZOBaHO
3aranbHul pedtunr CMS.

Hapa3i icHyI0Tb coTHi, a MoOXe, HaBiTh W THcsA4i poctymHux CMS, 3aBmskm ix
(YHKLIOHATBHOCTI LI CHCTEMH MOYKHa BHKOPHCTOBYBATH B Pi3HHX Kommadisx. [Tepuri
CMS ©Oyau po3poOieHi y BEJIMKHX KOpIOpAUisix Ui opraHizamii pobota 3
nokymenraunieo. Y 1995-my Big kommanii CNET Bigokpemmiacsi okpema KOMIIaHis
Vignette, sika 3anovaTkyBana pUHOK uisi komepuifinux CMS. 3 wacom aiama3oH
MPOJYKIii po3MIMpIOBaBcs 1 fesaii Oiible iIHTerpyBaBcsl y CydacHI MepekeBl pillleHHS
aX OO0 TOomylsIpHHX BeO-mopraniB. bararo cysacamx CMS nNomuproroTecs SIK
OE3KOIITOBHI 1 JIETKI y BCTAHOBJIEHHI (IHCTAMIIT) Imporpamu, siki po3poOISIIOTHCS i
ninensieto GNU/GPL rpynamu enrtysiactiB. Cuctemu ymnpaBiiHHSA BeO-CaliTOM 4acTo
po3paxoBaHi Ha poOOTy y NEBHOMY IporpamMHoMy cepenoBuili. Hampukiaz, cucrema
MediaWiki, mig ynopaBminusM —skoi mpamroe Bikimenmis, HamucaHa —MOBOIO
nporpamyBanus PHP i 30epirae Bmict i HanmamtyBanns y 6a3i qanux tuny MySQL a6o
PostgreSQL; Tomy ais ii po6otu motpibHo, 11106 Ha cepBepi, Jie BOHA po3MillieHa, Oyin
BcTaHOBIICHI BeO-cepBep (Apache, IIS um immmif), miarpumkxa PHP Ta cucremun
kepyBaHHs Oasamu maHux MySQL a6o PostgreSQL, a Takox, B pa3i HE0OXiqHOCTI,
JIOAATKOBI IPOTpaMH Ut 00pOOKH 300paskeHb Ui MaTeMaTndHuX (Gopmyn. Taki BuMorn
€ nmocuth THIOBHMHU i Bimkputux CMS. IcHye nBa Tumu BcraHoBieHHs CMS:
JIOKaJbHA Ta XMapHa. JIokajbHe BCTAHOBJICHHS O3HA4ae, L0 MpOrpaMHe 3a0e3NnedeHHs
CMS wmoxHa BCTaHOBHTH Ha cepBepi. [lo Takoro miaxoay 3a3BHYail BIAlOTHCS
MiANPUEMCTBA, SKi XOYyTh THYYKOCTI y cTBOpeHHi. Bimomi CMS, ski MoxHa
BCTaHOBHTH JIOKaJIbHO, - e Wordpress.org, Drupal , Joomla , ModX Ta ixur. Xmapna
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CMS po3mileHa y cepeqoBHIIl IOCTadyalbHUKA. 3a TaKOTrO IiAXOAY MPOrpaMHe
3abesneyenus CMS He Mokxe OyTu 3MiHEHO A KiieHTa. [lpukiagamu BiZOMHUX
xmapHux CMS e SquareSpace, Wordpress.com ta WIX.

VY pasi Bukopuctanas CMS BapTo moaymaTH Hpo HOro Oe3MeKy, OCKUIBKH 3a
CTAaTHCTHKOIO, OutbmIicTs 31m0MiB CMS MoxHa Oyino 0 yHHKHYTH, SIKOM X BIACHHKH
BHUKOPUCTOBYBAJIX X04a O MiHiManbHi pekoMmeHanii 3 6esnexn CMS. Tomy, MeTa gaHol
pobotn momsrae 'y TOMy, OO0 YHEMOXIIMBHTH peali3amilo  3JI0BMHCHHKAMHU
kibepinuaeHtis B CMS, 1ist JOCATHEHHs SIKOT, pO3pO0JICHO MOCIiIOBHICTh KPOKIB IS
yaockoHaeHHs1 KibepOesnekn CMS, sika 3a paXyHOK BHU3HA4YCHHS BHUIIB BPa3IMBOCTEH
mis CMS Tta migBumieHHs piBHs kibepOesmeku CMS, mos3Bomsie imeHtHdikyBaTH
MOXUIMBI BHAM BpasnuBocTedl 1t CMS Ta BUKOHABLIM NPEBEHTHBHI Iii MigBUIMTH
piBens kibepoesnexu CMS.

Buznavyenns BuaiB BpasimBocTeidi s CMS. 3amamMo MHOXHHY BHIIB

A\

Bpa3IMBOCTEH ' , Ki iCHYIOTH mif 9ac yHkiionyBanHs CMS:

V={L"Jvi}={vl,vz,...,vn}, (i=1,n), (1)

i=1

ne " — kinbKicTh MOKJIMBHX BUIIB Bpa3IMBOCTEH.

[inBumenns piBHs kidepOesnekn CMS. 3amamMo MHOXHHY Iii A s
MiABUIICHHS PiBHs KibepOe3nexkn CMS:
A:{UAJ'}:{AI’AZ""’AWI}’ )
i=1

e AjcA s (j=Lm) , ™ _ kinbKicTs milt IS M ABHILEHHS piBus kibepOesnexku CMS.

TakuMm 4yMHOM, BUKOHABUIM Aii (2) MM 3HAYHO MIiABHIIMMO piBeHb KiOepOesmeku
CMS. [Ins ycmimmuoi peanizanii xibepatakd, 3a TakMX HaJAITyBaHb, IMOTPiOHA ITyke
BHCOKa KBaJIi(piKaIlist 3T0BMUCHUKIB Ta 3HAYHI MaTepialbHO-TEXHIUHI 3aTPaTH.

Puc. 1 ®parmenT BikHa 1iarHOCTHKH Oe3MeKH BeO-CaliTy 3 BUKOPUCTaHHIM Security
Ninja

IMicns BuxkoHaHHs xiff (2) MOXHA TakoXX IEpeBIpUTH IX e(EeKTHBHICTH

CKOPHCTABILNCh IUIATiHOM JMJIS TECTyBaHHs piBHA Oe3meku Beb-caiiTy (Hampukiazn,

Security Ninja [9]) puc. I, xoua BHUKOpUCTaHHS MOAIOHUX TECTIB MEPEBIPIETHCS
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MPAKTUYHO HPOTIroM 0araThoX POKIB, ajie MO3UTHBHA OLIHKA HE FapaHTye, 110 Beb-caiT
HE «3J1aMatoTh». Takok, HeraTUBHA OLIIHKA TECTY HE O3HAYAE, 110 BeO-calT 000B'I3K0BO
Oyne «3maMaHo».
BucHoBkn

TakuM 9uHOM, y Wil poOOTI PO3IIIHYTO HOCIIIOBHICTh KPOKIB IS YIOCKOHATICHHS
kibepbesmekn CMS, sika 3a paxyHOK BH3HAa4eHHS BUAIB Bpasnusocteid mmst CMS Tta
mifBUINEHHS piBHA KibepOesnexku CMS, no3Boise ineHTH(IKyBaTH MOXINBI BUAN
BpaznuBocTedl aast CMS Ta BHUKOHABIIM TPEBEHTHBHI il MIIBHIIMTH PiBEHb
kibepbesnekn CMS. Po3pobieHa MOCHiIOBHICT KpPOKIiB CHpsiIMOBaHa Ha Te, 100
YHEMOKITUBHUTH peajli3aliio 3710BMUCHIKaMU KibepiHuuaentiB B CMS. Chopmosani Ha
i OCcHOBI 3aco0u OyayTh KOPHCHHMH, HacaMIiepes, Uil aJMiHicTpaTopiB BeO-cailTiB, a
TakoX Juis (axiBIiB 3 KiOepOe3mekn y cKiiaji KOMaH] pearyBaHHs Ha KiOCpiHIMICHTH
tuny CERT/CSIRT Ha siki moknagarotecst 000B’si3ku 1mono 3axucty ITC B mexax
KOMIIaHil, yCTaHOB UM MiJIIPUEMCTB.
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MATEMATHUYHI MOAEJII ITPOLNECIB MOHITOPUHI'Y TEXHIYHOI'O
CTAHY B AJAIITUBHUX CUCTEMAX EI“(CHJIYATAI_IIT 3ACOBIB
AEPOHABIT"ALII

XapakrepHoto pucolo amanTuBHHX cucteM ekciuyartarii (CE) € HasBHICTBH
MOXJIMBOCTI OJIep)KaHHS JOJATKOBHX BiIOMOCTeH NpO yMOBH (DYHKLIOHYBAHHS
CHCTeMH 3a MOTOYHOI0 iH(opMmaliero 3 Tl BUKOPHCTaHHSAM Y TpoLeci KepyBaHHs. 3a
nonomororo agantueHoi CE MoXHa oTpHMaTH HaCTYIHI IlepeBaru:

— MaTH BHCOKY MOOUIBHICT Y IPUHHATTI yIPABIIHCHKUX Ta KOPETyBaIbHUX PIllIeHb
y Ipoleci MOHITOPHHTY;

— BPaxoBYBaTH BUMOTH 10 piBHS KBami¢ikamnii mepcoHay;

— BPaxoBYBATH PU3UKH, ITOB’sI3aHi 3 MOJIMBUMH HANAIITYBAHHIMH TOIIO.

Mouitopunr TtexHiuHoro crany (TC) posrismaerbes SK NPOLEC OTPUMAHHS i
00poOku iHdopMallii, 10 BCTAHOBJIIOE BIAMOBIAHICTH CTaHy 3aco0iB aepoHasiramil
(3AH) BcTaHOBIEHMM BHUMOraM Ta 3a0e3rnedye HPHUUHATTS pilleHb. Y pPe3yibTaTi
MmoHiTopunry TC BusBisitoThest Taki exemeHTd 3AH, craH sSIKMX MOXE MPUBECTH 10
BiIMOBH 3aco0y B minomy. [Ipy nboMy 31iHCHIOETBCS PETyTIOBAaHHS, HAIAIITYBAaHHS a00
3aMiHa TaKMX €JICMEHTIB, TAKUM YHHOM BJA€ThCS CBOEYACHO 3armo0irTu BimmoBam|[ 1].

Texniunmii cran Oaratbox cydacHux 3AH y pesympTaTi peamizaiii aganTHBHOTO
MOHITOPHHTY BHU3HA4aeThCs OaratoambTepHaTtHBHO. IIpomec moniTopuary TC
CKJIQJIA€ThCs 3 CYKYIHOCTI enemeHTapHux onepauiii (EO), npu3HaueHux i BAKOHAHHS
neBHUX (GYHKLIN y MEeBHIM MOCTIOBHOCTI y BiJMOBIAHOCTI 3 OOpaHUM AITOPUTMOM
kiacudikauii TC [1, 2].

Jlnst nobynoBu MateMaTuuHOI MoJeni nporecy Gopmysanns pimens npo TC 3AH,
HEOOXIIHO ONHUCATH 3aJICKHICTh BUXITHUX XapaKTEPUCTUK JOCIIKYBAHOT CHCTEMH BiJ
BiacTUBOCTeH 00'ekta MomiTopuary TC i oOpaHOi cucTeMHM MOHITOPHHTY. 3 IIi€i0
METOI0 MaTeMaTHYHa MOJENb IIPOIeCYy MOHITOPHHTY IIepefdadac IpeACTaBICHHS
nponeciB GopMyBaHHS pilleHb y BUDIAAL cruteHOI aii cykymHocti EO. Otxe, siKicTh
peanizaliii MOHITOPHUHI'Y BH3HAYa€ThCsl SIKICTIO BUKOHAHHS KOXKHOT 3 JOCIIKyBaHUX
EO. Tomy 3anpornoHoBaHa MaTeMaTH4Ha MoJeib (OpPMyBaHHA pIMIEHHA IpU
monitopunry TC 3AH Gyze rpyntyBatucs Ha mateMatuuHiii mozeini EO.

Hampuknaz, TexHiyHH cTaH pamioMasKiB CHCTEMU IOCAIKH OL(HIOETHCS TPhOMa
BUJAaMH KOHTpOJIIO (BIAINTOBaHWIL, BWHOCHWH, anepTypHui). Ilpm mpoMy psin
KOHTPOJIbOBAaHUX IapameTpiB (‘30Ha”, “KpyTH3HA”) MOXYTh 3HAXOJHUTBHCA B TPHOX
SKICHUX cTaHax (‘“Hopma”, “moripmeHHs”, “aBapis”). TaknuM YMHOM BHHHKae 3ajada
aHalizy TpoIeciB NPUHUHATTS pimeHs 1pu MoHitopunry TC 3acobiB, siki
XapaKTepU3ylOTbCd TpbOMa CTaHaMu sKocTi. Ilo3HauummMo & — KOHTPOJIbOBAaHHUMH

. 1 2 n o
mapamerp pamiomaska, S >S5 s 5 — pe3ympTaTH HOTO MEPETBOPEHHS
cykynuictio n EO KOHTpPONIO, BHUKOHAaHMX HOCHinoBHO. OCKinbkH y mporeci
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MOHITOPHHTY PO3IJBIHYTHH MapameTp Moke nepeGyBaTH TiINBKH B OZHOMY 3 TPHOX
kiacudikoBanux craniB (KC) ("Hopma", "moripmenns" abo "aBapis"), To iMOBIpHOCTI
CTaHiB mapamerpa Iepes OYaTKOM KOHTPOJIIO:

p°(E)=pEek),
p'(E,)) = p(EeE,),

p°(E;) = p(E e Ey),

ne E, R £, , By BIAMOBIAHO CTaHK “HOpMa”, “moripiieHHs”, “aBapis”, 3a LUM
napamerpom; P ’ (E)) , P ’ (E,) , P ’ (Ey) _ IMOBIPHOCTI 3HaXOKECHHS
rapaMeTpiB y 3a3Ha4€HHUX CTaHaX Iepes I0YaTKOM MOHITOPHHTY.

Po3risiHeMo noBinbHY (k-y B IOCITIJOBHOCTI BHKOHAHHS QJITOPUTMY KJIacH(iKarii)
EO. Bynp-sixa k-a EO npu xoHTpoi cTaHy “HOpMa” IO JTaHOMY ITapaMeTpy Moke OyTH
OnucaHa CYKYIHICTIO 0€3yMOBHUX IMOBIpHOCTe#H mepex moyatkoM i aii [1]:

k-1 k-1
& e

k-1
pr (E)=p
: : ek,
k-1 k-1
k-1 £ e X,
p, (E)=p )
ek,
k-1 k-1
k-1 & el
py (E)=p S
ek,
k-1 k-1 k-1 . . . .
ne 1 2 3 — BLANOBLAHO CTaHU “HOpMA”, “moripuieHHs”, “aBapis’

MIepEeTBOPEHOT0 MTapaMeTpa Iiciis 3aBepieHHs k-1 EO.
Juin omucy k-i EO HeOOXiTHO pO3IISHYTH TaKOX MATPUMIO IEPEeXiTHUX
iMOBipHOCTEi:
k k k
O O3 O
k k k
W = 0)21 ('022 (’023 :

)
k k k
(’031 O‘)S2 0‘)33

AmHajoriuni BHpa3sd MOXyTh OyTH OTpUMaHi HPH PO3IJIAIl HPOLECIB KOHTPOIIO

9

CTaHIB MapaMeTpiB “noripmeHHs”, “aBapis”. IMoBipHiCHHII rpad NpUIHATTA pilIeHb B
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pesynbraTi 3pidichenHs k-i EO mpu MoHiTOpHMHrY mparie3faTtHocTi o0'ekTa, sIKuUid
3HaxoauThes y Tppox KC cranax, po3risiHyTuii y poboti [2] .

VYV  BigmoBimHOCTI 3  3ampPONOHOBAHOID MOJACIUIIO  3IMCHIOETHCS — MOJAJIbLIC
obuncneHns 6e3yMoBHHX iMoBipHOCTeH 3HaxokeHHS 3AH B meBHux KC Ha mixcrasi
OLIHKH iIMOBIPHOCTEH MOJJIMBHX CITIBBITHOIIEHb KOHTpoJboBaHOTO napamerpa PHC na
Bxoni EO Ta mepeximHux imoBipHOCTed B mporeci 1 BukoHaHHS. EdQekTHBHICTH
excioryaranii 3AH i3 3acrocyBanHsM anmantuBHOTO MoOHITOpHHTY TC MoOXe OyTu
KiJIbKICHO BU3HA4Y€Ha 32 JOMOMOTOI0 KiIbKiICHOTO KpHTepito [2].
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P

i sne  — IMOBIPHICTH 3amoOiraHHs BiIMOBaM y pa3i NpuiHATTA pimens npo TC

3AH; P, — IMOBIpHICTh BHECEHHS BiJMOB.

P P

ImoBipHOCTI me e MOYKHA BH3HAYUTH, 3aCTOCOBYHOYHM METOIM TEOpii
iMOBIPHOCTEH Ta MaTEMaTH4HOT CTATUCTHKH, TTONIEPEAHBO BCTAHOBHBILIH:

— Bu3HavaibHi napamerpu (BIT) 3AH;

— MareMaTuyHi cnoaiBadus BII;

— oxu6xu xKoHTpoo BIT;

— pe3ynbraTi KouTpomo BII;

— cepenHbOKBaApaTHyHi Bigxunenns BIT;

— BCTAaHOBJICHI eKcIuTyaTaliiHi qomycku Ha BIT;

— 3ano6ixHi fomycku Ha BIL.

OTpuMaHi pe3ynpTaTH aHamizy ajgantuBHoro MoHiTopuary TC B mpoueci
ekcnryaranii 3AH, 103BOJISIIOTE BUPINIMTH HACTYIIHI OCHOBHI 3a/1adi:

1. Sxmo Bimomi xapakrepuctuku 3AH Ta 3aco6iB konTpomo ii BII, To orpumani
MareMaTH4Hi BHpa3d MOXYThb OYTH BHKOPHCTaHI Ul BH3HA4YCHHS IiMOBipHOCTEi
MPUHHATTS BIPHUX Ta MOMIJIKOBHX PILIEHb y pe3yNbTaTi peanizalii MOHITOPHHTY.

2. Sxmo Bigomi xapakrepuctuku 3AH, To 3amarodM BUMOTH [0 SIKOCTI MPOLIECIB
MOHITOPHHTY, MOXKJIUBO OOTPYHTOBAHO BU3HAYUTH TOYHICTH 3aCO0IB KOHTPOJIIO Ta MEXI
3am00DKHUX  JOIMYCKiB, 3aCTOCYBAaHHS SIKMX JO3BOJISIE S(QEKTHBHO 3AiHCHUTH
obcyroByBaHHs nesHoro tumy 3AH.
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BI3YAJI3AIISA BHYTPIITHBOI CTPYKTYPHU OB’€EKTIB KOHTPOJIIO V
A0 JOBUX CUCTEMAX

TexHiuHi 3aco0u aBiawiiiHOi 6€3MeKN 3aCTOCOBYIOTHCS JUIsl BUSABJICHHS HEOE3MeuyHNX
Ta 3a00POHEHHUX MPEIMETIB i 4ac JIOTISAA0BOr0 KOHTPOIIO MacaxupiB ta Oaraxy [1].
Jlo nux 3aco0iB BiIHOCSTH:

— OTJISIOBI iHTPOCKOIIYHI CHCTEMH,

— OomickanepH,

— METAJIOJCTEKTOPH Ta METAIOIIyKaYi,

— razoaHali3aTopH,

— MIPUCTPOT KOHTPOJIO pajianiifHOro piBHSA,

— XiMiYHI TeCTH [UIsl BUSBJICHHS HapKOTHYHHX PEYOBHX TOLIO [2].

ITin yac BUKOPHUCTaHHA 3a NPHU3HAYEHHS PEHTT€HIBCHKUX JOTIIALOBUX CHUCTEM IS
aBTOMAaTH30BaHOTO BUSIBJICHHS HeOe3leyHnX Ta 3a00pOHEHHX HpeaMeTiB (MiCTOJETIB,
30poi, HOXIB, €l1eMEeHTIB BHOYXOBHX IPUCTPOIB) ycepeauHi Garaxy 3acTOCOBYIOTHCS
pi3Hi MeToaM po3mi3HaBaHHS 00pa3iB Ta 06pobieHHs 300pakens [3]. st migBHUILEeHHS
e(EeKTUBHOCTI  pO3Mi3HABaHHSA  HEOOXiMHO TOOymyBaTH  TIiHBOBI  300pa)KeHHS
3a0opoHeHNX Ta Hebe3nedHux 00’ekTiB KoHTpomto. Lli 300paxkeHHS MOXYyTh OyTh
c(hOopMOBaHi SIK CyNepHo3uLis 00’ €KTiB eleMeHTapHOi (OPMH, TAKUX SIK MapajelemHinesn,
OWIHAP, KOoHYC, chepa Tomo. Tomy Meroro miei poOOTH € TOOYHOBa TiHBOBUX
300paxkeHb 00’€KTiB MPOCTOi (OPMH Ta iX JOCIIKEHHS Y HPOrPaMHOMY CEpPEIOBHIL
MaTeMaTHYHOTO MOJCITIOBAHHS.

Po3rmsiHeMo ocobnuBoCTi MOOYA0BH TiHBOBHX 300paxkeHb. JlociiukyBaHa cucrema
JUTst 00’ €KTY KOHTPOJIIO y BUIIISIAL Hapaielieninea nojana Ha puc. 1.
Expan

(0.5¢

Ixepeno@Q-———————- Tlapaneneninen

(0.5¢

Puc. 1. Po3MimeHHs 00’ €KTy KOHTPOJIIO BiJHOCHO JKepena Ta mpuimMaya
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Crio4aTKy OTpHMaeMo TiHbOBe 300pakeHHs y 2D. 3a3HaueHa TiHb GopMyeThCsi Ha
OCHOBI 3aCTOCYBaHHsI TPaBWJI MOAIOHOCTI TPUKYTHHKIB, Teopemu Ilidaropa, Teopemu
CHHYCIB, TeopeMH KocuHyciB Ta (opmymu Byrepa. Beaxkarumemo, mo koediuieHT
nornuHaHHA 06’ekty Koutpomo O = 1 . Toni Maremaruuna Mozens 2D-306pakeHHs
TiHI MaTUM€ BUTJISAI;

0o, B i BunaKax

I'padiune 300pakeHHst TiHbOBOrO 300paxkeHHs y 2D ta 3D noxato Ha puc. 2.

—10 0 10
Puc. 2. ITo6ynosa 2D Ta 3D TiHbOBOT0 300pa)KeHHsI Mapaieeine 1y

AHaIOTi4HI TIHBOBI 300paKEHHS OTPUMaHI JUIS LWIHAPY, KOHyCy Ta cdepw.
OTpuMaHi pe3yibTaTH MOXYTh OYTH BHKOPHUCTaHI IJISI CTBOPEHHS alrOPHTMIYHOTO
3abe3neyeHHs [UIsl CUCTEM aBTOMAaTHYHOIO IMOIIYKY HeOe3meyHux Ta 3a00pOHEHUX Mif
4ac IOTJIsIJ0BOrO KOHTPOJIIO Oaraxy.
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MOJEPHI3ANIA 3ACOBIB AIIE3 YKPAEPOPYXY

OCHOBHMM HPOEKTOM  YKpaepopyxy € CTpaTeris pO3BUTKY  BITYH3HSIHOL
aepOHABITAIIHOI CHCTEMH, SKHH peali3yeTbcsi Ha OCHOBI €BpONEHCHKOTO INIAHY
BIIpoBaKeHHs €aunoro Heba (ESSIP).

3aBmaHHsA HaAIiOHATBHOTO MacmTady o0 BukoHaHHS ESSIP wmictsatees y [lnani
BrpoBaKeHHss €muHoro Heba mas  Ykpainum (LSSIP, panime LCIP), skuit
po3pobiserses Jepxaniaciyk0010 CIIIBHO 3 YKPaepOPyXoM Ta OHOBIIOETHCS LIOPOKY.
BinmosigHo 10 1pOT0 MmIaHy YKpaepopyx peaii3ye IpOeKTH MOAEpHi3amii BiTYN3HIHOT
aepoHaBIraIiiHoI cucTeMy, siki piHAHCYIOTHCS 3a BIIACHI KOIITH ITiAPUEMCTBA.

MacmTabni 3MiHM BigOyBaloThCst 1 Ut 3aco0iB  aBiamilfHOTO IOBITPSTHOTO
enextpo3B’sa3ky (AIIE3), 3o0kpema:

- OPOJOBXYEThCS IpOrpaMa 3aMiHHU 3acTapinux pamioctaHuiil tumy «Ilonér-2»
Ha cyuacHi JIBY cucremu pamio3s’s3ky Ha [I1L TPJIK 3, 4, 5, 6, 7;

- BIPOBAPKYETHCS BUKOPUCTAHHS CYYacHHX INEpEAaBaJbHUX Ta NPUAMAIbHHUX
npuctpois BupoOHHITBa KoMmmnaHii «Rohde&Schwarzy (Himeuunna) ta Park
Air (BenukoOpuranis);

- 3aMiHa CTapHX PaISIHCHKUX PaJiOCTaHLIN Ha Cy4acHi IMIIOPTHI pamiocTaHIii 3
MOXJIHUBICTIO po6oTH VoIP;

VYxpaepopyx Mae 6 CTpYKTYPHHX HiIpO3UIiB, TOX Ii 3MiHH MOCTYIIOBO IPUXOMSATH
JI0 KOXKHOTO 3 HUX.

JletanpHile 3yMAHUMOCH CaMe Ha MOJCPHi3amii Mo 3aMiHi CTapuX PaasHCBKHX
pamiocTaHuiii Ha cydacHi IMIOPTHI pajiocTaHiii 3 MoxJiuBicTio pobotu VoIP (Voice
over Internet Protocol).

Crapi paniocraniii 6a3yroTbCsi Ha aHAJOTOBOMY 3B’SI3KY, IPOLIEC Mepeaadi ronocy
JIOCUTB TPOMICTKHH 1 ckiagauid. Tum Oinblre, y mporeci mepefadi 3ByKOBOTO CHTHAILY
Bil pajiocTaHIll 10 mHpuiiMada MOXYTh BHHUKHYTH CTOPOHHI 3aBaid, 4acToTa i
aMIUTITy1a MOXYTh 3MIHMTHCS, 110, 3BUYaiHO K, TIO3HAYMTHCS HA 3BYKaxX, sIKi BHJAE
panionpuiiMad. Takox i nepegasad, i mpuiiMad IiJ] yac MepeTBOPEHHS CUTHAILY BHOCSTh
nesiky moxubKy. ToMy 3ByK, SKHH BIATBOPIOETBCS AHAJIOTOBHM pamionpHiiMayeM,
3aBXKM Ma€ AesKi CIOTBOPEeHHs. '010¢ MOXe LIJIKOM BiZITBOPIOBATUCS, HE3BAXKAIOUH HA
3MiHH, ajne Ha (GOoHi Oye MuiHHS a00 HABITh SIKiCh XPHITH, CIPUIUHCHI 3aBagaMu. Yum
MEHIII BIEBHEHUM Oyle MpuiloM, THM TOJOCHIIINUMY 1 YiTKimuMu OyayTh Lii CTOPOHHI
IIyMOBi e(ekTr aHajgoroBuil curHai. J{o Toro x, ehipHHI aHAJIOTOBHH CHUTHall Mae
Iry’Ke c1aOKuil CTyNiHb 3aXUCTY Bil CTOPOHHBOTO HOCTYILY.

VoIP-tenedoHis — 1ie TEXHOJIOTIsI KOAyBaHHs, Mepeaadi Ta ACKOLYBaHHS JHOACHKOT
MOBH Yy (OpMi ITaKeTHHX JaHUX 3a JONOMOroro BuaiteHoro IP-mporokomy. I'omoc
a0OHEHTA CIPUIMAETHCS MPUCTPOEM 1 MEPETBOPIOETHCS HA MU(PPOBUI CHTHAN, a MOTIM
CTHCKA€ThCSl Ta PO30MBAEThCS Ha Kimbka makeTiB. Ha cTopoHi oiepiyBada CHrHAI
HPOXOJUTB 3BOPOTHY MPOLEYPY AEKOAYBAaHHS B CHHTE30BaHY MOBY.
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Ilix yac mepemadi IM(GPOBOrO0 CHrHAAY MOMHJIKH Ta CIIOTBOPEHHS MPAKTHYHO
BUKJIFOUCHI. SIKIIO IMITyJIEC CTaHE TPOXHU CHIIBHIIINM, TPUBAIIINM, a00 HAaBIIAKH, TO BiH
BCE OJHO Oy/e pO3Mi3HAHHUI CHCTEMOIO SIK OJMHHI. A HYJIb 3QJIHIIUTHCS HYJIeM, HaBiTh
SIKIO Ha HOTO MICIi BUHHKHE SKHWCh BUNankoBuil cnabkuit curHan. s ALIIT i ITAIT
HeMmae iHmMX 3Ha4eHb, K 0,2 gu 0,9 — ymumme Hyns 1 oxumHunsa. Tomy 3aBagu Ha
IUQpOBHI 3B'130K 1 MOBJICHHSI Maii>ke HE BILITHBAOTh.

Binbme Toro, «uudpa» € i 3aXUIIEHINIOW BiJl CTOPOHHBOTO AOCTYITy. AJDKe MO0
IHAII npucTporo 3Mir po3muppyBaTH CHrHad, HEOOXigHO, 00 BiH «3HAaB» KO
posmudpoBku. ALl pa3om i3 CHrHaIOM MOXKe MepenaBatd 1 HHUGPOBY aapecy
MPUCTPOIO, BUOPAHOTO SK mpuitMad. TaKuM YHHOM, HaBITh SKIIO pamioCHTHaN i Oyie
MEepPEeXOIUICHHH, BiH HE 3MOXKe OyTH pO3Mi3HAaHWH dYepe3 BIACYTHICTh SIK MiHIMyM
YacTHHU KoJy. L{e 0COOIMBO aKTyalbHO JUTS 3B'S3KY.

OcHoBHUME TiepeBaraMu TexHoiorii VoIP € ckopodeHHs HeOOXimHOI cMyru
MPONYCKaHHS KaHAy Tmepenadvi, 10 3a0e3meuyeTbess OONIKOM — CTAaTHCTHYHHX
XapaKTEPUCTHK MOBHOTO Tpadiky:

-  OnoKyBaHHAM Mepenaui may3 (IiajJoroBux, CKIaI0BHX, CMUCIOBHX 1 iH.), sIKi
MOXyTh cki1anata 10 40-50 % yacy 3alfHATOCTI KaHANY;

- BHCOKOIO HaJMIPHICTIO MOBHOTO CHUTHajly i Horo ctucHeHHsM (Oe3 BTpatu
SIKOCTI IIpH BigHOBIEHHI) 10 piBHA 20-40 % MOYaTKOBOTO CHTHAIY.

3 ixmoro Ooky, Tpagix VolP kpuTHUYHHII 1O 3aTpHMOK IaKeTiB y Mepexi, aie
TOJICPAHTHUH (CTIHKMIT) OO BTPAT OKpeMUX mHakeTiB. Tak BrpaTta mo 5 % makeTiB He
MPU3BOAUTH A0 MOTiPLICHHS PO30ipIUBOCTI MOBH.

IlpoekT Ha BCTAHOBJIEHHS CYYacHMX paxioCTaHLill s MOBHOTO 3B'SI3KY
3a0e3MeYNTh MOKIJIMBICTD TMIIKIIOUCHHS MPUAMAIBHO-TIEPEIAI0UNX PATIiOLCHTPIB 3
BUKOpUCTaHHsAM TexHousoril VoIP BixnosinHo 1o cepii cranpaptie EUROCAE ED-137.
Bnposaxenns miel TEXHOJIOTIT I ABUIINATH THYYKiCTh BUKOPHUCTaHHS
TEJICKOMYHIKAI[IHHUX MEpeK, a TAKOXK IMOKPAIINTh eeKTHBHICTE poOoTH 3acobiB AIIE3
VYxpaepopyxy. Oxpim 1mporo, VolP paxmiocraniii MaroTh BUCOKHN piBeHb (i3W4HOT 1
eKCInTyaTaniiiHol HaJiHHOCTI.

CnucoK BUKOPHCTAHUX JIFKepe:
1. https://uksatse.ua/doc/Report_Management 2019.pdf.

158



BCEYKPAIHCBKA HAYKOBO-TEXHIYHA KOH®EPEHIISA
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMU 3B’S13KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALII TTIOBITPSIHOTI'O PYXY CNS/ATM»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

VK 004.056.5
Torchylo Anna, student
Dakov Serhii, Ph. D.
Kotov Maksym, student
Shmatko Viktoriia, student
Taras Shevchenko National University of Kyiv,
Faculty of Information Technologies, Kyiv

LOW EARTH ORBIT SATELLITES FOR THE PURPOSE OF DATA
SECURITY AS A SERVICE PROVISION

Abstract. One of the best ways to protect the enterprise is using a network of Low
Earth Orbit (LEO) satellites for the purpose of offering space-based secure cloud data
storage and global connectivity services. It si called DSaaS. And this technology is
currently beginning to develop in a great spead. This work is describing the main idea of
DSaaS working and the ways to improve such systems.

Introduction. Data Security as a Service (DSaaS) is the patented space-based cloud
data storage service created by Cloud Constellation Corporation. LEO satellites are
claimed to be more secure than any data vault on Earth. Therefore, it is clear that the use
of such satellites in cybersecurity is a new step towards creating a perfectly secure
repository.

Main part. The LEO satellites are to form a patented high speed global cloud
storage network of space-based data centers continuously interconnected with their own
dedicated telecom backbone for high-value and highly sensitive data assets.

This satellite storage and transmission network sidesteps worldwide jurisdictional
restrictions and laws regarding how data is moved between countries. Using its private
network and ultra-secure dedicated terminals, the system bypasses leaky internet and
leased lines. Moreover, the data-storage layer is completely insulated from the terrestrial
networks, cutting off all the threats (e.g., cyberattack, espionage, and data theft) from
terrestrial Internet and leased-line infrastructure. Besides, the proposed architecture
would obviously benefit the big data storage with the complete immunity from natural
disasters occur-ring on Earth. Besides, this architecture can also offer opportunities to
some cloud networks designed to move data around the globe without considering
geographic boundaries. Therefore, the data originating from terrestrial networks such as
data center clouds, cellular networks, Internet of Things (IoT) networks, and device-to-
device (D2D) networks, can be stored in the storage located at LEO satellites. However,
the control mechanism is a fundamental issue for the LEO satellite-based data storage
cloud. It can be centralized or decentralized. Although the centralized control
mechanism brings high efficiency to network management, it also should be noted that
building such a centralized control platform will incur a non-negligible cost. Because
SDN controllers normally execute in servers located at a terrestrial network, the control
channels between a controller and each node (satellite or ground station) will consume
considerable bandwidth resource in each link going through. This will undoubtedly
contribute to the bandwidth allocation burden. In decentralized manner, each LEO
satellite independently determines its operating parameters such as power allocation for
each channel and topology management. Thus, this manner requires energy-efficient and

159



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOH®EPEHLISA
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMU 3B’S13KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALII TTIOBITPSIHOTI'O PYXY CNS/ATM»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

delay-sensitive distributed algorithms that could run in the onboard unit of satellites. The
advantage is that only a limited number of or no messages need to be exchanged among
satellites and their neighbors. The disadvantage is that the global optimal control policy
may not be achieved. For example, the first DSaaS technology was practical
implemented in 2020 and was called Spacebelt. The hardware of Spacebelt is a ring of
10 LEO satellites in a 650-kilometre equatorial orbit. They will be accessed from ground
level via geostationary satellites orbiting 36,000 kilometers above the Earth. Only three
satellites in Spacebelt’s ring are data stores, and data is replicated between them for
redundancy. The other seven satellites are involved in relaying data. The Spacebelt
satellites are not geostationary, which means that they move in orbit above any ground
station. The Spacebelt system has to work out which satellite is above a particular
ground station. Then it has to organize data transmission to and from the three data
storage satellites around the ring across the relay satellite network in order to reach the
ground station. Spacebelt users will be able to transport and store large blocks of data
quickly and securely it claims, and without exposure to terrestrial communications
infrastructure. This will protect their critical data from unauthorized access and also
provide global communications with lower latency than today’s multi-hop networks.

Conclusion. To sum up, the biggest advantage of space-based data storage
architecture is that it provides the definite security for the customer’s data. Nonetheless,
even satellites are vulnerable. In particular, three key points of access exist for a
potential satellite cyberattack: the extended land-based infrastructure (ground stations
etc.), the satellites themselves, and the supply chain. Satellites are operated by systems
based on earth, which are key targets of cyber criminals who look for security loopholes
as a potential for hacking into the satellite system. The supposedly large number of
system entry points including the internet near you also make it difficult to trace and
mitigate cyber-attacks. If hackers intercept satellite signals, they can access the
downstream system that connects with the satellite. This will enable the hacker to invade
into an organization’s entire network only by infiltrating a satellite’s ground station.
These not only include bigger military-grade satellites but could also be small
commercial-grade satellites. Cyber risk mitigation techniques in satellite systems
include robust hardware usage on satellites, logical access at base stations, physical
security and signals encryption to track and control the data being transmitted to and
from satellites. For commercial satellites, risk mitigation is done by federal agencies
which safeguard the data links and the ground stations. Federal agencies do not,
however, manage the security of control and tracking links or ground stations as the
satellite service provider is responsible for them.
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BUKOPUCTAHHS BLOCKCHAIN JIJIS1 3AXUCTY MEPEKEBUX TAHUX

OpHUM 3 HOBHX HANpsSMKIiB IIIBHINEHHS PiBHA 3axucTy iHdopMmamii B cydacHmX
TEJICKOMYHIKAI[IHHUX Mepexax € BUKOpucTaHHs TexHosorii Blockchain.

o take Blockchain? Blockchain — wne merentpanizoBanuii mudpoBuii peectp
TpaH3aKuUiil, kil npencrasisie co000 Oe3MepPepBHO 3POCTAIOYUNI CIIHCOK €JIEKTPOHHHX
3anmciB, 110 30epiraeTbcsi NPOTArOM TPHUBAIOTO dYacy 1 3aXHUIICHHH 3acobamu
mmdpysanns. Jlani peectpy Blockchain posnoainsioTsest depe3 KOMITIOTEpHY
Mepexy.[1]

Moro xopucTyBadi MOXKYTh Ge3M0CEPEHbO B3AEMOJISATH 3i 30epEeKEHUMH JaHUMH B
peXUMI peaNpHOro 4acy, He HOTpeOyroud IIOCepe[HHKa JUIs IiATBEpPIKCHHS
cnpaBXHOCTI TpaH3akdiii. Llg TexHomoris 3a0esredye HE3aJICKHY, 3aXHIICHY BiJ
30BHIIIHBOTO BTPYYaHHS Ta Mmpo3opy miarpopmy mis ydacHukiB Blockchain, mio
n103BoJIsIe Oe3medHo 30epiraTu, mepegaBaTu Ta 00polaTH KOH}IAeHIIHHY iHpOopMalLito.

OCHOBHMMH BaYIUBUMHU XapaKTEPUCTUKAMU OJIOKUYEHH €:

1. Ile onHOpaHroBa JeleHTpalti3oBaHa cucTeMa.

2. Bucokuii piBeHb 3aXHCTY BiJ] 30BHIIIHBOTO BTPYYaHHS.

3. Yci eneMeHTH CHCTEMH y3TOKEHO CHHXPOHI30BaHi.

4. YcyBae HEOOXITHICTD IIEPEBIPKU TPETHOIO CTOPOHOIO.

5. ¥Yci TpaH3akiii BUIHO BCIM €JIEMEHTaM CUCTEMH OJIOKYCHHA.

OcHoBHI Momeni Mepexi [2], Ha SIKHX MOXE BHKOPHUCTOBYBATHUCH TEXHOJOTis
Blockchain e:

1. HenrpanizoBana (puc.1).
2. leuentpanizoBana (puc.2).

3. Posnoainena(puc.3).

puc.1 IenrpanizoBana puc.2 JleueHrpaiizoBaHa Puc.3 Posnoginena
cucTeMa cucreMa crucreMa

Posrmsinemo npunimn aii Blockchain. Blockchain MoxiuBe npeacTaButu y BUTIISIAI
cucTeMH 30epiraHHs 3ammciB, B SIKii Oe3id He3aJeXHHX JKepel IMiATBepIKYIOTh
JIOCTOBIPHICTH 3aIUCy, HEpII HDK BOHa OyJe IoAaHa B JAHIIOKOK AaHuX. [licis Toro,
SK JlaHi J0/aHi, BOHH HE MOXXYTb OyTH 3MiHEHi, 1 3aliC IMONIMPIOETHCS PI3HUMH
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By3namMu Mepexi. JlomaBaHHS HOBOIO 3alucy, SKHH HAa3HUBAETbCA OJOKOM, Yy
MOCJTiIOBHICTh OJIOKYeliHa BUMAarae BCTAHOBJICHHS 11 CIIPaB)KHOCTI O€311i44i0 y4aCHHKIB,
MiAKTIOYeHUX 10 Mepexi OmokueiiH. L[i Gnoku HaHUX 3B'SI3YIOTBCS OAWMH 3 OIHUM,
YTBOPIOIOYH JIAHI[IOXKOK. BCi ydacHUKH O0KYelHY MOXYTh Oa4MTH BCi TpaH3aKIil, 10
3IHCHIOIOTHCS. AJle iTeHTHU(IKYBaTH KOKHOTO YIaCHHKA Mepexki HEMOXKIIHBO.

TexHouoriss OJIOKYEHH BHKOPHCTOBYE aJrOPHTM IIPUCBOEHHS KOXHOMY OJIOKY
3aMM(POBAHOTO XEII-KOXY, SIKMH Ma€ BUTJIAJ YHIKAQIBHOTO psiKa 3 JiTep i mudp, mo
iHOZI Ha3UBAIOTh «uKUppPOBUM BimOuTKOM». KpiMm Xemr-kony, KoxeH OJOK MICTHTh
CYKYITHICTh MOTMEPEeHIX TPaH3aKLiii 3 MiTKaMH Yacy 1 XeUI-KoJ| IMONepeIHbOro OJIOKY.
Tpeba Big3HAYUTH, IO XCUI-KOJ| MONEPEAHBOT0 OJIOKY CIY)KUTh 3B’SI3YI0UIM JIAHIFOTOM
MIXK HOCIIZOBHICTIO OJIOKIB.

CykymHicTh mH(PYBaHHS 1| THMYAaCOBHX MITOK JO3BOJISIOTH TEXHOJOTIT ONOKYECHH
aBTOMATHYHO TIEPEBIPATH HE3MIHHICTh MOCIHIJOBHOCTI XEII-KOAIB, fKa IOCTIHHO
30imbmryeTses. Ll omepariss He 103BOJISIE BCTABIISITH HOBI OJOKH HE IO TOPSZKY,
YHEMOJKIIUBIIIOIOUH 3MiHY a00 (abcudiKaIiifo JaHUX TPaH3aKIiH.

Po3risiHeMO nporiec 0OMiHy JaHMMH MDX eneMeHTaMu (HozxaMmu) B Mepexxi. Kanamm
MOBIJOMJICHb IO03BOJSIOTH HOAAM IPOBOAWTU OOMIH mNOBigoMieHHSIMH. OJHOYACHO
MOX€ iCHYBaTH JOEKijbKa TUIIB KaHaJiB 0OMiHy moBizomieHHsAMHU. KoxkeH Tl KaHamy
MOXKE BHUKOPHCTOBYBAaTH Pi3HMH IIPOTOKOJI 1 NPOTOKOJN 3B'si3Ky. Hampukian By3ou-
By30JI, Iepefaya LULSIXOM HAKJIAJCHHS Ha LEHTPali30BaHHN cepBic, OOMiH depe3
HakiajeHHs p2p. Jianor Mix By3namu Moxe OyTH 3amylieHui yepes Oyab-sIKuil KaHa
MIOBiOMJIEHb, JOCTYITHHI A1 000X BY3IB, 0 OepyTh ydacTh y Hianosi. OnHak, oJuH
BUJ] KaHAJTy Ta BiIIIOBIIHHI IPOTOKOJ 3B'SI3KY Ma€ OyTH BHU3HAYCHO 33 3aMOBYYBAHHSM.
Bonn MaroTh migTpEMyBaTHCS BCiMa MEpeXXEBUMH KilieHTaMmu. Peamizaris kaHaiB
MOBIIOMJICHDb 3a0e3neuye HeHaaiHHUN AeTarpaMHuil iHTepdeiic nepeaadi MoBiOMICHb.
Jlesiki TUNN KaHAIiB MOXYTb 3/IHCHIOBATH TPAH3UTHY MapIIpyTH3aLil0 MOBiIOMIICHbD, i
TOMY HEOOXIi/HI 3aX0[H ISl 3aXUCTy 3MICTy MoBigomiieHb. KojKHE MOBIJOMIICHHS, SIKE
HagicaaHe M0 KaHaly, MIAMUCYEThCS BiANPaBHUKOM, a MOTIM 3ammppoByeThCs 3a
JIOMIOMOTOK0 ~ iHTErpoBaHoi cxeMH WUQPYBaHHS, HANPHUKIAL, 32 JIOMOMOIO
kpunrorpagigaoro anroputMy RSA-128.

Takuit  cnoci6  3axmcty  OOMiHy  MHOBIIOMIICHHSIMH  IEpEIIKO/PKaTUMe
HECaHKLIOHOBAHOMY JIOCTYILy IO BMICTYy IMOBIJIOMJICHb, aJic BCE L€ € BPA3IMBUM IS
BU3HAYCHHS IJCHTUYHOCTI CTOPIiH, IO CHIIKYIOTHCS. AJe, 3Ba)Kal04y Ha BiICYTHICTBH
YiTKOTO 3B’3Ky MK KIIIEHTOM Mepexi (007IiKOBHM 3aIicOM, CTBOPSHUM Ha 3aluT) Ta
CaMoI0 JIFOIMHOI0, BU3HAYCHHS KIIIEHTIB — YHIKQJIIbHUX KOMOIHAIii HOMepiB 00JIIKOBUX
3aMHKCIB, M0 “CHIIKYIOThCS”, HE € KDUTUYHHUM B CEHCI BUKPUTTS 0co0M Ta ineHTudikamii
3alHTIB, 1[0 BOHA 3IHCHIOE N0 BigmaneHux iHdopmamiiHux pecypcis. Hasits, 3Hat0un
PO 3MICT JiaJory, CIiB CTAaBUTH NEBHY 1H(OPMAIilo 3 IIEBHUM KII€HTOM MEpexXi, sKa
MOTEHIIIHHO 3pocTaTHMe B 00CATax Ta 3arajbHOi KUIBKOCTI KOPHCTYBadiB — Maibke
HEMOJKIIUBO.

Po3risiHeMO OpUHIMIT CTBOpPEeHHs [nianoriB B Mepexi. [iamorm 3abe3nedyroTsh
CTPYKTypOBaHuii croci6 oOMiHy iH(pOpMaliero JBOX KIIEHTIB 1 BKa3ylOTh Ha CTPYKTYPY,
HEOoOXiZHy /Ul opraHi3auii IUIaTeXiB 3a HaJaHi MOCIYIW Ta CTBOPEHHS CepBic-Ceciid.
3riIH0 3 BH3HAYCHOIO CTPYKTYPOIO, JIMILE OJMH AiaNor MOXKE iCHYBaTH MK ABOMA
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KJIiEHTaMHU B Oy/ib-sIKHil MOMEHT 4acy. SIKIIo ol1H 3 HUX CIIpOOye NMOYaTH HOBHHA Jianor
— morepeHii aiangor Oyae NPUIHHEHO.

[ianoru 3abe3neuyroTh HafiiiHy mepenady MOBIJOMICHb 4Yepe3 HeHaAiiHI KaHAIH
[HTepHET mUIIXOM peaizarii MpocToi CXeMH MO3UTHBHOTO IIATBEPKCHHS 3’ €IHAHHS.
Jliayoru 1aroTh MOXKJIMBICTB ITOJAIIBINOT peasti3alii A1 HOBTOPHOI Iepenadi BTpaueHuX
MOBiJOMJICHS 1 JaHUX, L0 MICTAThCS y HUX. Ha puc. 4 mpencraBieHui KUTTEBUN LIHKIT
niamnory.[3].

BcraHoBneHHst fianory BinOyBaeTbCs TOMAI, KOJM OJMH 3 YYaCHHKIB MEpexi
HAJCWIAE 3alUT Ha OOMiH iH(opMaliclo iHIIOMY KIi€HTy. A TOW, B CBOIO uepry,
MiATBEPPKYE CIOCIO BCTAHOBIEHHS 3B’S3Ky MDK HUMH. [IBa Kii€eHTH 00OB’S3KOBO
MalOTh MIATBEPIAMTH 1JCHTHYHICTh OAMH-OZHOTO Ta OHOBHTH JIOKANbHI TaOmMI
“IoBipeHNX” By3IiB 3 METOIO CIPOIICHHS Ta NPUIIBUALICHHS Y [10JaJbIIOMY 3’ €JHAHb.

Jlns Toro, mo6 BiIKpHTE AIaJIOTOBE BIKHO IIPOJOBXKYBAJO ICHYBaTH MDK JBOMa
BY3JIaMH MEpexi, nependadeHa HeoOXiqHICTh HAICHWIAHHS PETYISPHUX TOBIIOMIICHB,
SIKIIIO BY30JI JIoci Ha 3B’s13Ky. Konm By3011 He Mae JaHUX Ul BiJNIPAaBKY, BiH BCE OIHO
MIOBUHEH BIiANPABISTH MOBITOMIIEHHS IIPO CBOE ICHYBAaHHS Yy BHTJIAAI curHamiB keep-
alive.

KirienT mepesxi
KirienT mepexi P

AreHT i ATEH_T
izenTudikamii IHTEPHET imenTid ikarrii
gk' r ' >
Kamasr 3B'aky
A - IIOYaTOK AlajJory —
Yac Ha o6pobKy < npolec 'Bni3Ha£}lﬂ' .| ,g‘-;_
SATEITTY, ; IlowaTok giamzory 5 Yac Ha o6pobKy
i 3amuTy
keep-alive
keep-alive ~
| Yac Ha 06pobky
sanuTy
B . oald o
e3 Biamosimi Teep-alive
Yac Ha 0GpoGKy
.as SAIIUTY
.
keep-alive
al h -
< >

3aBepuIeHHA JialoTy

Pucynok 4. )KutteBnit uuki miansory

Arentn igeHTH(iKamii, SKi TNPEACTABIMIOTE COOOI0 KII€HTIB 31 CleniaJbHO
BCTaHOBJICHUM [13, KOHTPOJIIOIOTH KOJIM B OCTaHHE OyJI0 OTPUMAHO TaKe MOBITOMIICHHS
BiJl HOJIM HA iHIIOMY OoIii. 3a BCTAHOBJIEHUMH IIPABMJIAMH IIOBHHHO OyTH He Oiible 3-
OX MpoIyckiB BimmoBimi Ha 3amutu Ttumy “keep-alive”. SIk mo ui mpaBuia He
BUKOHYIOTBCS, BOHH MOXYTh BHUPIIIHTH 3aKPUTH BCTAHOBJICHE MiaJlOTOBE BiKHO.

163



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOH®EPEHLISA
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMU 3B’S13KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALII TTIOBITPSIHOTI'O PYXY CNS/ATM»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

Inenrtudikariis Moke MIPUIMHUTH iICHYFOUHI IIaior i IPOCTO iIrHOPYBATH B MOJAIBIIOMY
Oyb-sIKi NOBIZIOMJICHHS, 110 HAAXOAATh 3 OOKy BinJaneHoro kiienta. IIpu mpomy, mis
BIZIHOBJICHHSI Jiajlory, JBOM KJi€HTaM HEOOXiJHO 3HOBY HPOWTH BCi eramu
BCTAHOBIICHHS 3’€HAHHS Ta imeHTH(dikamii. 3 Goxy mpuHIMIB poboTH OioKueiiHy,
KITIEHTH Mepexi IpamiooTs 3a cxeMolo ‘Jlokasy pobotn’ (Proof Of Work, PoW). Toxni
JUI TIATBEpPKEHHS OynIb-sKOi orepamii HeoOXigHO mo0  JaHa onepamis Oyna
YaCTHHOIO OJIOKY.

Bukopucranns Ook4yeiiH B KopHnopaTHBHHX Mepekax VPN 3nayno mimBumrye
piBenb Ge3neku iHpopmanii. ToMy po3riisiHeMO MpoLec BCTAHOBICHHS CepBic-ceciit Mixk
Y4aCHUKAaMH MEpEeXi 3 BUKOPUCTaHHAM ciny:k6a VPN.

Cayx6a VPN mnoBunHa 3a0e3meuyBaTu iHTepdeic it pobOTH Ta KOMyHiKamii
KOPHCTYBa4iB i MaTH pi3HI KaHAJIM Nepegadi JaHUX, CTBOPEHI Il By3na abo Tpymu
By3uiB. lle#t inTepdeiic € THNOBMM Ul KOXHOTO THUITy CEpBICIB B Mepexi iHTEpHET.
Hanpukinaz, Moke IpOSBISATHCH K iHTepdeiic  https  mpoTokody, KoM
BUKOPUCTOBYeThCsl IP-TyHenmbHUIT cepBic, a0 me Moxe OyTH HEBHHH COKET, SIKHH
MPOCITyXOBYy€ JIoKanbHy [P-ampecy, xonm BHKOPHCTOBYEThCS ciyk0Oa “secured socks”.
Kanan nepenaui fmaHuX, SKHH CTBOPEHHMIH NPOTpaMoOI0 KOPHUCTyBada IJIs Iepenadi
TpadiKy, TakoX Moke OyTH creluiYHHM Uil IPOrpamMu. 3alpoIOHOBAaHE PillICHHS
MOXe miaTpumyBaTH Oarato cinyx6 y ckiaagi  VPN-mocnyr. Takum — duHOM,
MOBIJIOMJICHHS, BIANpPaBIIeHI Ul BCTAaHOBJCHHS CEPBICHHX CEaHCiB, MalOTh OyTH
JIOCTaTHRO THYYKHMH, 00 mepenaBaTH crenudiuHy iHopMmamilo 10 KOHKPETHHX
porpamM KOpUCTyBadiB.

Jlnsi BUKOPHCTaHHsI MEBHOI CIyKOM BY30J Ma€ MiATPUMYBaTH KOHKPETHHIl THII
ciryx6u VPN. I miatpuMka Moxke HamiTH y BUTIIAAl BOyZOoBaHOI (DyHKIIOHAIBHOCTI
By3sa a00 fK [OJATOK OO HporpaMHoro 3abesmeueHHs Bys3na. OamH abo KijbKa
OJJHOYACHUX CEaHCIB MOXKHA BIJKPMTH B paMKax oaHoro nianory. Ilpm upomy, yci
ceaHcH OyayTh 3aKpHTI IPOBaHIEPOM Y BUNA/IKY 3YIIUHKH AiaJIoTy.

Jlns 3amycKky cepBicCy, KJIi€HT NMOBHHEH HaJiCJIaTH 3allUT Ha CTBOPEHHS ceaHcy. Y
3alUTi Ma€ MICTUTHCS IPOMO3UIIS METOXy, SKUi Oylne BHKOPHUCTOBYBATHCS IS
inenTHdikamii ciyxOu, ineHTHdiKaTop 3’€IHAHHS IS CIIBCTABICHHS BIIIOBIIl Ta
NaHUMH [pOrpamMu, W0 mnpuiiMaroThes. Jlana iHopmaniss OBHHHA HeEpeBipsTHCT
KJIIEHTCHKMM TIporpaMHuM 3abe3nedeHHs M ciyxOu VPN. Ilicns OTpUMaHHS Takoro
3aMMTy CHiBOECIAHMK MOJKE BIJIOBICTH HA MPUUHATTS YU BiAMOBY. Y TOMY BHIIQJKY,
SIKIIO BIIKPUTTS cecii Oyso BiAXWIUIEHO, HEOOXiIHO MOAAHO MPHYMHY BigMOBH. Y
BUIIAJIKY, SIKIO BiIKPUTTS KaHAJTy NPUHHSITO, ieHTH(]IKaTOp cecii CympoBOMKYEThCS
creruiYHIMHU JaHUMH [0 BCTAHOBJICHOMY KaHany (puc. 5). IIporno3uuii 3 npuHIUIIB
1o0y10BY 1 00CITyTrOBYBAaHHIO PO3TIILIalOThCs Y [4].
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Pucynok 5. BeranoBieHHs cecii B Mexax Mepesxi

Taxum unsoM, npuHnmnu Blockchain MoxyTs Oyt iHTerpoBani y VPN mMepexy.
Ile Oyme posmojineHa IeneHTpali3oBaHa Mepexa IPHCTPOiB, sAKi 3’€JHaHI 3a
JOTIOMOrol0  KaHamiB IHTepHET Ta CHEL{iaJbHUM MPOrPaMHAM 3a0e3NeUeHHIM
BCTAHOBJICHUM  JIOKQJIIbHO. BcTaHoBiIeHe nporpaMHe  3a0e3MEuYEeHHS  IOBHHHE
3a0e3neunTH:

- ¢dopmyBaTn mpuBatHHU abo myOmiuHMil Kiaro4i Ans mudpyBaHHS Tpadiky i
MPUB’s13aTH HOTO 10 HOMH (KIIIEHTY ) MEpexKi;

- CTBOPIOBATH Ta OHOBJIOBATH JIOKAJIbHY KOIIIO 0a3M TaHUX Y BUTJISII XeII-TaOuIi;

- Matu 0a3y JaHUX HaJIHHUX (TOBIPEHHX) BY3/IiB B3a€MOIi;

- IPOBOJWTH aHANI3 IpaIe3JaTHOCTI EeJIEMEeHTIB Mepexi Ta (GopMyBaTH NIIIXH
nepeaBaHHs TpagdiKy MK XOCTaMH.

Taka cucrema MOBHHHA MaTu crienudiuHuii anroputm oOMiny iHdopmaliero, skuii
3a KOXKHY Hepefady Tpadika KOpUCTyBada Oyje OTPUMYBATH MEBHY KiIbKICTh OJUHHIIb
uudpoBoOi BaMIOTH, HAMpPUKIAA, TOKeHIiB.[S] Mepexa Oyme MaTH BHCOKHH piBeHb
3aXHUILEHOCTI, TOMY IO KOXkeH Oyiok iHpopmauii Oyne 3aummppoBaHUM, MiAMHCAHUAN
BJIACHUKOM Ta 30epiraTucs BO BCIX €IEMEHTaX CUCTEMHU.

CnucoKk BUKOPUCTAHMX J2KepeJ:
1. IBM. Blockchain Dummies / 3" IBM Limited Edition - https://www.ibm.com/ru-
ru/topics/what-is-blockchain
2. https://www.amd.com/ru/technologies/blockchain-explained
3. He, X.; Algahtani, S.; Gamble, R.; Papa, M. Securing Over-The—Air IoT
Firmware Updates using Blockchain. In Proceedings of the Association for Computing
Machinery, 2019. Available online: https://doi.org/10. 1145/3312614.3312649.
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MOJEJIIOBAHHSA MIKPO-JOILIEPIBCBKUX CUT'HATYP PJIC
MIJIIMETPOBOI'O JIAITA3OHY

MiKpo-0IUIepiBChKI  CHTHATYpH BHKOPUCTOBYIOThCS IS PO3II3HABaHHA Ta
kiacudikarii tumy o6'ekrta, 10 pyxaerbes (JIFOOMHA, TPAHCIOPTHHM 3acid, TBapuHa,
pocnunHicts 1 T. 4.) B PJIC oxopoHHux cucteMm. bazy naHux MiKpo-IOILIEpiBCHKUX
CHTHATYp MOXKHA CTBOPHMTH, 3allUCYIOYM CUTHaIM 3 BUXOAIB KopenstopiB PJIC abo
MEPETBOPIOIOYM KiHEMATHYHI 3aJIeKHOCTI PyXy 00'€KTiB y TPHBUMIPHOMY HPOCTOpI Ha
JIOTUIePIBCEKUH cuTHaN. Y Iiif poOoTi it MoOyJOBH MiKpO-IOIUIEPIBCEKUX CHTHATYP
BHUKOPHCTOBYETHCS KiHEMATHKa PyXy 00'e€KTa.

Jlani g iMiTarii MiKpo-JOINIEpiBCBKUX CHTHATyp Oyl OTpHMaHi 3a JOIIOMOTOI0

TEXHOJIOTil 3aXOIUICHHS pyXy. TEeXHOJOris 3aXOIUICHHS PyXy IIOJArae B TOMY, LIO
HaBKOJIO 00'€KTa pO3MIIYIOTECS TpU abo Oinmbmie Bineokamepu. Ha 06'ekTi KpirusaThest
mapkepu. Ilicnsi Bimeosammcy pyxy oO'ekra oTpuMani Bifeo ¢aiind CHHXPOHHO
00poOIIAIOTECSI B Mporpami po3mi3HaBaHHS o0pasiB. Y naHoMmy pasi oOpasamu €
mapkepu. Ilicis 00poOku Buxoauth HaGip X, Y, Z KOOpAMHAT y 4aci I KOXKHOTO
Mmapkepa. [lani TpaekTopii pyXy MapKepiB y TPUBHMIPHOMY IPOCTOpi 3alHCYIOTHCS B
cneriansauit Gopmat ¢aiimry C3D [1]. C3D ne Bimkputuii OiHapHHi dopmat daiiny,
SIKMH BUKOPHCTOBY€EThCSI B OioMexaHili, aHawi3l Xoxu Ta aHiMamii B sabopaTopisx s
3alnCy CHHXPOHi30BaHMX 3D Ta aHaJOrOBHX JaHHUX.
VY nmawiit poborti Oyiau Bukopucrani C3D daiiny 3 KiHeMaTHKOIO pyXy 00'€KTiB y Pi3HUX
CUTyallisiX, HagaHux Jabopartopiero yHiBepcutery Carnegie Mellon [2]. 3ammc
MpOBOIUBCS 3a gomoMoroio 12 indpauepBonux kamep Vicon MX-40, gacrora kamupis
120 T'u, posmineHa 37aTHICTH KapTHHOK 4 Meramikceni. Kamepu posramoByBammcs
HABKOJIO TMPSIMOKYTHOT 007acTi 3 X 8 M.

I3 ¢aitnis C3D Butsaryerscs iHpopmanis nmpo X, Y, Z KOOpPIMHATH KOXKHOTO
Mapkepa. Jlami, 3HaIOYM YacTOTy KaapiB, 3aJeXHOCTI KOOpAMHAT BiI dacy

LX (t )= Ly (t )= Lz (t ) IHTEPIIOJIOIThCS KyOiyHuMHK crutaiiHamu (puc. 1). SIxmo
YMOBHO PO3TalllyBaTH pajiajibHy Bich npuitMansaoi antern PJIC y310Bx Ti€el oci, sKo0t0
BiZIOYBa€eThCsl MaKCUMaJbHa 3MiHa PyXy, Ha pUc. 2a B3AOBXK oci X, Ha puc. 20 B3IOBXK
oci Y. To mpoekuisi 3akoHy pyXy Ha pajiajibHy Bich HpHIMabHOI aHTEHH Oyne

BIJIIIOBITHO L(t) = LX (t) i L(t) =LY (t) Tonmi Ha BHXOHI KOpemsATOpa
crH(pa3HOI CKJIAI0BOI OTPUMAEMO:
M -1

-, 5o o 23]

m=0

A Ha BHXO/JIi KOpeIsITOpa KBa[paTypHOI CKJIa[0BOT OTPUMAEMO:
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0()= cgz sm[z,,f 2L (. ’)]

Tyr M - xinbkicts mapkepis; C[ R CQ — HOpMYBaJIbHI KOe(ilieHTH; fo -

Hecyua yacrorta PJIC; ! _wyac; C — mBuakicts EM XBHITB.

LX)

~ a0 0693 0978 1263 1548 1833 2118 2403 2688 2973 3258

LY®

370}

a8 0693 0978 1263 1548 1833 2118 2403 2688 2973 3258

Puc. 1a. InTeprionboBaHi 3aJIeKHOCTI LX (t )’ LY (t )’ Lz (t) UL OJHOTO MapKepy.

X0

2% 0693 0978 1263 158 1833 2118 2403 2688 2073 323

YO

o L L L L
0408 0693 0978 1263 1548 1833 2118 2403 2688 2973 3258

170

0408 0693 0578 1263 1548 1833 2118 2403 2688 2857 3258

Puc. 16. IaTeprionsoBaHi 3aeXHOCTI Lx (t )’ Ly (t )’ Lz (t ) JUISL BCIX MapKepiB,
M =41,
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a) xoma momuan M = 41 6) 6ir cobaxu M = 41
Puc. 2. [lpukiaan MOJIEIIOBaHHS KIHEMATHKK PyXy 00'€KTIB y TPUBUMIPHOMY MPOCTODI.

®opmart npeacTaBIeHHs MiKPO-101J1epiBCbKOI CHTHATYPH

Busnaunmocs 3 TepMiHonorielo. Mikpo-JoIIepiBCbKOI0 CUTHATYPOIO Ha3MBAETHCS
BEKTOp BIUIIKIB CHTHalTy 3 BHXOJYy KOpEISTOpa Ha IHTEPBAI CIOCTEPEXKEHHS
tpusanictio 1 . ToOTo, LIe BEKTOP BifUTiKiB CHTHAIY I (t ) aco ¢ (t ) .
[epurnm popmaTtoM npencTaBiaeHHs MiKpO-I0IIepiBChKol curHatypu oyne WAV daiin

3BYKY 3 BEKTOpa ii Bi/UTiKiB. BBeZileMO cTaHIapTHY 4acTOTY CNiAyBaHHS BiJUTIKiB 1 (t ) R

Q(t) —~ F =44100 Tu  Tox kimekicts Bimmiki i3 yceoro imTepBaiy
CIIOCTEPEIKEHHS CHIHAILY:

Nzﬂoor(T-F)’

ne floor  _ (yHKIISA OKPYIJIEHHA 1O MeHmoro mijgoro. [ms 3amucy 16-6iTHOrO
3ByKoBoro WAV (aiiiny BUKOPUCTOBYEMO TaKi HOpMYBaJbHi KOe(illieHTH:

PR
Cl = ;
max (7o ), [1G ), oo [1(en 1))

2" -1

co =

max (Q(to ). |01 ). - . Jo (e ))

B 11p0My BHITaIKy CHT'HAJI TOKPHE HAKOIIBITY KiIbKICTh PiBHIB KBAaHTYBaHHSI.
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Jpyrum ¢opmatom mpeacTaBIeHHsT MiKpO-I0IuiepiBcbkoi curuatypu 0yae BMP daiin
300paxkenHs 1i ciekTporpamu. st moOyI0BHU CIEKTPOrpaMy BBEIEMO TaKi apaMerpu:
- THII BiKHA — IPSIMOKYTHE;

- mmpuHa BikHa y Bimmikax — W = 1024

- 3CyB BiKHA Y BiJTiKax — Wshift = 512 (T06T0 50% TNIEepeKPHUTTS BIKOH IIPHU 3CYBI).

V ropH30HTAIPHOMY HAIPSMKY 3]1iBa HAlPaBO BiAKJIAAEMO 4ac. MILICHHS Ha OJUH
MiKCeNb CIEKTPOrpaMi B TOPU30HTAIILHOMY HAMpPSMKY BIiANOBiTae OJHOMY KPOKY 3a
4acoM

. 1 -
Wshift T 11.610 -10 77 [c] (OKpyIJICHE 3HAYEHHS).

VY BepTUKAIPHOMY HAIPSIMKY 3HU3Y BBEPX BiJIKJIaJEMO 4acTOTY. 3MIICHHS Ha OAUH
MIKCeNb CIMEKTPOrpaMH y BEPTUKAJIPHOMY HAIPSMKY BiJNOBiZa€e OJHOMY KPOKY 3a
JaCTOTOIO

F
W = 43.0664062 5 [Iy ] (TOYHE 3HAYCHHS).

dopmar mpencTaBIeHHsS MiKpO-IOILICPIBCHKOI CHTHATYPH 3aJe)KUTh Bijl TOTO, LIO
Hajali oOpoOIATHMETECS — 3BYK, UM 300paxKeHHs. 3 MOTIay KinbkocTi iHdopmMamii Bei
(dopmMaTy MoJaHHs CHUTHATY €KBIBaJICHTHI. AJe 3 MOTIIIy iHGOPMAaTHBHOTO CIPUHHATTS
JIIOIMHY BOHHU Pi3HI.

BucHoBkn

Po3po6ieHo HOBHIT MeTOJ] MOJCIIOBAHHS PaAiONIOKAliHHUX CHTHANIB, BiIOWUTHX
PYXOMHUM CKJIQIHHM O0'€KTOM B MITIMETPOBOMY [iama3oHi. MeTox MOJeNoBaHHS
BUKOPUCTOBY€E TIEPETBOPCHHSI KiHEMAaTHYHHX 3aJIeKHOCTeH pyxy oO'ekta B MIKpO-
noruiepiBebKi  curHatypu.  Hapmami  MIKpO-ZOIUIEpiBCbKI  CHUTHATYPH — MOXYTb
BHUKOPHCTOBYBAaTHCS SIK Martepiall Ui JOCIIMIKEHHsS SKOCTI alrOpUTMIB BHSBIICHHS,
posmi3HaBaHHS Ta Kiacu(ikamii.

[ToGynoBaHi cHekTporpamMu 3a CUIHaJIaMH I (t ) i O (t ) MOXYTb CTAaHOBHUTHU 0azy
11abJIoHIB JUTs aNropuTMy Kinacudikauii THITY Lii.

CnHcoK BUKOPHCTAHUX JIKepeJ:
1. www.c3d.org - The 3D Biomechanics Data Standard.
2. mocap.cs.cmu.edu - Carnegie Mellon University Motion Capture Database.
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VK 004.056.55
Benrpunoscska K.B., ctynentka
®ecenko A.O., K.T.H.
Kuiscoruii nayionanvnui ynieepcumem
imeni Tapaca llleguenxa, m. Kuis

JOCIIIKEHHS CUMETPUYHUX AJI'OPUTMIB HIN®YPBAHHS HA
ITPUKJIAAI IIOTOKOBOI'O AJITOPUTMY A5

CyyacHHil CBIT XHMBE B €IOXY IIBHUIKOIO PO3BUTKY TEXHOJOriH Ge3MmpoBigHOTO
JIOCTYITy, LIbOMY CIPHSE€ IPOTPEC B MIKPOENEKTPOHILli, IO JO3BOJISE BHUIYCKAaTH BCE
OinblI CKJIAMHI 1 MPH LBOMY JEIIeBHIN 3acCO0M 0e3mpoBiAHOTO 3B’s13Ky. MOOUIBHHX
TesieOHIB O BCHOMY CBITY CTa€ 3HAYHO OiNblle, PO3BHUTOK OE3MPOBIJHOTO 3B’SI3KY
CYIPOBOJUKYETHCS HEIEPEPBHOKO 3MIiHOKO TEXHOJIOTiH B OCHOBI SIKHX JICKATh CTAHIAPTH
CTUIBHUKOBOTO 3B’3Ky, a TaKOXX CTaHJapTH Iepenadi JaHuX. BoOHM 30KpeMa
BU3HAYAIOTH piBeHb iHQoOpMamiiiHoi Oe3mekn, IO BBAXKAETHCS 0a30BUM 1
3a0e3MeuyeThcsl  KOMIUIGKCOM — IIPOrpaMHO-anapaTHHX — 3aco0iB  MEpEekKeBOro i
aOOHEHTCHKOTO 00J1a[HAHHSI.

GSM (Groupe Special Mobile, misnime nepeiimeHoBanuii y Global System for
Mobile Communications) — r00anbHui [UPOBUH cTaHAApT T MOOUIBHOTO
CTUIBHHUKOBOT'O 3B 513Ky, 10 po3podieHuii B kiHui 1980-X pp., BIAHOCHTBCS O CHCTEM
JIPYroro MOKoMiHHA (2g) Ta mATpUMYyeE YOTHPH pi3Hi mianazonu: 850,900,1800 ta 1900
MI'n [1, 2]. B mepexi GSM moHATTS «Oe3leka» oO3Hayae HE JIMIIC 3aXUCT Bif
HECAaHKIIOHOBAHOTO BHKODHUCTaHHS CHCTEMM, a # 3a0e3lCYCHHs CEKPETHOCTI
eperoBopiB  aboHEHTiB. bararo BYeHHMX HOCHimKyBalu anroputmu 3axucty GSM,
cepen sikux  Oliver Damsgaard Jensen ta Kristoffer Alvern Andersen [3], Thomas
Stockinger [4] Ta Jovan Dj. Golit [5].

B GSM crangapTi 3 LU0 HigBHUIICHHS KpunrtorpadidHoro 3axucry indopmartii
BHUKOPUCTOBYETHCSI AITOPUTM ayTeHTH(iKalii, mmuppyBaHHS CUMETPHYHAM MOTOYHHM
muppoM 1 anroput™ reHeparii Kmo4iB. [ BHKIIOYCHHS HECAHKI[IOHOBAHOTO
BUKOPHCTAHHS PECYpPCiB CHCTEMH 3B’SI3KY BBOJSATBCS 1 BH3HAYAIOTBCS MEXaHi3MH
ayteHTHOiKanii abo mepeBipku nocToBipHOCTI aboHeHTta. TemedonHa po3moBa B
TeJISKOMYHIKaIiiHIi cucremi crangapry GSM mepenaerscst B mudposiii ¢opmi B
BUTJISIIL TTOCHIOBHOCTI KaapiB. Koxuuit kanp, iHpopmalii, o nepeaaerbes, GakTHIHO
mrPyETHCS CBOIM KITI0UeM HIn(pyBaHHs, sSKe 3a0e310e4y€eThesl IOTOYHNUM MU(poM [6].

OcHoBy cuctemu Oesnekn GSM cknafaloTb TpU anroputMu: A3 — anroputm
aytentudikauii, A8 —  amropuT™ reHepauii Kpuntokiaoda i A5 — anropurm
mrdpyBaHHs BigunppoBaHoi MOBHU Julsi 3a0e3medeHHs] KOH(IIeHIIHHOCTI neperoBopiB
MK aboHeHTOM i 6a30BoIO craHIielo. MoOLTEHI cTaHMmii (TenedoHN) OCHAIEHI cMapT-
KapTolo, 10 MicTUTh anroputMu A3 Ta A8, a B camoMy Tenedoni HassBHUH ASIC-4in 3
anroputMoM AS. ba3osi craHmii Takoxx ocHameHi ASIC-uinom 3 amroputmoM AS i
LEHTPOM ayTeHTH(iKaIlii, 10 BUKOPHUCTOBYE anroputmu A3, AS, A8 mis ineHtndikamnii
MOOLIBHOTO a0OHEHTY i reHepalii ceancoBoro kiroya . J{ns mmbpyBaHHs CUrHaNy B
GSM BHKOPHCTOBYETHCSI alrOpuUTMH i3 cimeiictBa AS, a came A5/l — cunbHa Bepcis
umdpy ta AS/2 — ocnabiena Bepcis [1].
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A5 — ue mnoTrouHMil anroput™M WMQPYBAaHHS, IO BUKOPUCTOBYETHCS IS
3abe3neyeHHs KOH(IICHIIIMHOCTI TaHUX, 110 MePeAaroThCs, MiX TeiaehoHOM i 6a30BOIO
CTaHIIIEI0 B €BPOICHCHKIN cucTeMi MoOinpHOro mudposoro 38’s3ky GSM. B upomy
ITOPUTMI KOKHOMY CHMBOJIYy BIIKPHTOTO TEKCTY BiJIIOBiJa€ CHMBOJ HIH(POTEKCTY.
TexcT He ALMUTHCS Ha OJOKH (SK B O109HOMY MIM(PYBaHHI) 1 HE 3MIHIOETBCS B PO3MIPI.
Jns  cnpomieHHs amapaTHOI peaiizamii i, BIANOBITHO, 30UTBIICHHS MIBHIKOJIT
BUKOPUCTOBYIOThCS JIMIIIE HaimpocTimni onepanii: qoxaBaHas 3a MoxyineM 2 (XOR) ta
3cyB perictpy [7]. Anroputm AS mae doTtupu Bapiamii: AS5/0 (alroputM B sIKOMY
BiacytHe mmbpysannsa), AS/1 (morounuit mudp, MO HAWOLIBII PO3MOBCIOKEHMUIT),
A5/2 (anamor anroputmy AS/l, mpoTe AEUIEBIINI Ta Ma€ MEHIIY KPUITOCTIHKICTS,
BHUKOPHUCTOBYBABCS B KpaiHax, 110 He BXxoawiu 10 €C, B gaHU 4ac He 3aCTOCOBYETHCS),
AS5/3 (6nounmii mmgp, po3poOiicHHH 3 METOK YIOCKOHAJICHHsS aimroputmy AS/1 mis
TPETHOTO MOKOJIHHSI MOOUTPHUX CHCTEM, TAaKOK Ha3MBAa€ThCs anroputMoM Kacymu, Mae
HaWBUIMH piBEHb KPUNTOCTIHKOCTi). IleBHMM HeIoJIKOM anropurMy A5 MOXHA
BBa)XaTH T€, IO PIBEHb HOTO KPUNTOCTIHKOCTI OYB CHPOIICHHH IS JOCTYIY IO
indopmarii, mo 3HAXOOUThCS B 3aXUIICHOMY KaHali, PO3POOHUKAMH aJITOPUTMY 3
LIJUTI0 HABMUCHO MOCJIa0UTH aIrOpUTM JOCTYITY JUist crienciiyx6 [8].

Omxe, mudpyBaHHs € HEBiJ €MHOI0 YaCcTHHOIO 3abe3neucHHs KOH(iAeHUiitHOCTI,
IO MiATBEP/KYE MOTOKOBHI anroput™ mupyBaHHs AS KUl BUKOPUCTOBYETHCS LIS
3abe3neyeHHs KOH(IICHIIIMHOCTI TaHUX, 110 MePeAaroThCs, MiX TeiaehoHOM i 6a30BOIO
CTAHIIIEIO B €BPOTICICHKIH crcTeMi MOOiTbHOTO IMdpoBoro 38’s3ky GSM.

Cnucok BUKOPHCTAHMX TKepeJ:

1. C. A. Kicenee, H. H. TokapeBa, «0 COKpaIleHHH KJIIOYEBOrO MPOCTPAHCTBA
mmbpa A5/l u obparuMocTd (GYHKUHMH CICAYIOIETO COCTOSHHS B I[OTOYHOM
reHepatope», Juckpemmuviii ananus u ucciedosanue onepayuii, Tom 18, Ne 2. C. 51-63,
Mapt—anpens 2011.

2.  Omniiitauk  B.M, Peuembeti B.B., «CydacHi TeHIeHII pO3BUTKY
TEJICKOMYHIKAIIMHUX ~ TEXHOJOTiH»,  Mykauiecokuii  Oepoicagnuii  yHieepcumem
Mamemamuyni memoou, moodeni ma iHgopmayitini mexnonoeii 6 exonomiyi, Buiyck
Nel4, c. 1016-1022, 2018.

3. Oliver Damsgaard Jensen, Kristoffer Alvern Andersen, «AS Encryption In GSM»,
June 2017.

4. Thomas Stockinger, «GSM network and its privacy - the A5 stream cipher»,
November 2005.

5. Jovan Dj. Golit, «Cryptanalysis of Alleged AS Stream Cipher», School of
Electrical Engineering, University of Belgrade Bulevar Revolucije 73, 11001 Beograd,
Yugoslavia, 1977, pp. 239-255.

6. Kpunrorpadgudeckre MeToab! 3aIIUTH HHOPMAUH B TEIEKOMMYHHUKAIIMOHHBIX
cucremax / FO. B. Berpos, C. b. Makapos. — K.: Canxr-IlerepOypr M3narensctBo
MOJIMTEXHUYECKOT0 YHUBepcuTeTa, 2011. — 175 c.

171



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOH®EPEHLISA
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMU 3B’S13KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALII TTIOBITPSIHOTI'O PYXY CNS/ATM»
23 — 25 AUCTOIALA 2021p., HALNIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

VK 654.1
Tapanenko A.I'., K.T.H., 101I.
Yymauenko B.C., cTynenr
Hayionanvnuii agiayitinui ynieepcumem, m. Kuie

METOJ JUCTAHIIMHOI'O OBCJOYTOBYBAHHSI BA30BOI CTAHIIIT

AKXTyanbHOIO 3371a4€l0 PO3BUTKY CHCTEM CTUIBHUKOBOTO 3B'S3Ky € aBTOMAaTH3aIlis
oOcimyroByBaHHsI 0a30BUX CTaHIIH MOOUIBHOTO omeparopa. OIMH i3 NUIAXIB pillleHHS
uiei 3amadi mossirae B po3poOri cnoco0y AUCTaHLIHHOTO pajioynpaBiiHHS 0a30BOIO
cranuiero (BC) B mpoueci 11 TeXHIYHOTO 00CIyrOBYBaHHS.

HeoOxigHiCTh 1 AOULTBHICTh BUKOPUCTAHHS O3POTOBOT JIOKAIBHOT MEePEeXi 3aMiCTh
npoToBOi Mepexi OOyMOBICHI MepeBaramMu, SKi MOXKHA OTPHMATH Bif BiICyTHOCTI
npoBinHoro 3'eqnanHs. Lli mepeBaru nposBISIIOTHECS IIPH HACTYITHUX 0OCTaBUHAX:

1) icHye HEOOXiOHICTH CTBOPEHHS JIOKaJIbHOI MepeXi MDK By3JaMH, SKi
BITOKpEMJIEHI BiJ NPUPOJHMX 1 MTYyYHUX Oap'epiB (HANPHKIAL, BOJHI IEPEIIKOJH,
CTiHU OYIWHKIB, ITi/UTOTOBI IIOKPHUTTS);

2) HeoOXiJHICTh 3a0e3NeUeHHsT MOOUTBHOCTI BY3JIB, MIIKIFOYCHHUX JIO JIOKAJIHHOT
Mepexi;

3) HeoOXiAHICTh OTPUMAHHS AOCTYIy IO MAariCTpajbHOI Mepexi 3 JOCTYIOM [0
Mepexi Internet B rpoMaachkux MiICIIX HPH KOPOTKOYAacHOMY IepeOyBaHHI (roTeni,
BOK3aJIH, YHUTANIbHI 3K 610110TeK Ta iHIIIe).

Kontpons moctynmy mo WM (Wireless Medium) momnsrae B xoopauHanii poGoTu
CTaHIil, po3ramoBaHux B Mexkax BSA (Basic Service Area), TakuM YHHOM, 0100
BUKOPUCTAHHS YaCTOTHHX 1 YACOBHX PECYpPCIiB BCi€l CyKyIHOCTI TOYOK HocTyrry BSA nHe
CYIPOBOJUKYBAJIOCS LIKIIJIMBIMH B3a€EMHHMH TIepenikogaMu (IHIIMMH CJIOBaMH, Ta 1100
3abe3neuyBanacsi enekrpoMartitHa cymicHicth (EMC) 0a3oBux cranmii. 3rigHo 3
nporokosioM IEEE 802.11, cmyra yactoT, HeoOXinHa [uis mepenadi CUrHallB KOKHOT i3
TOYOK JOCTYILy, BHYEpIyE Bechb YaCTOTHHH pecypc BigmoBigHoi BSS (22 MIm).
Biamosigno, EMC craHmiii JOCATaeThest 3a PaXxyHOK KOOPAHHALIl BHKOPHUCTAHHS
YacoBOTO pecypcy: NpH BUIPOMIHIOBaHHI CHTHANiB  OfHIE] i3 TOYOK JOCTYITy,
BUIIPOMIHIOBaHHSI IHIIHUX HE TOMYCKAETHCS.

Jlnst mpoleiypy HajaluTyBaHHs 0a30BOi CTaHLIT MH MaeMo JIOKaJbHHUIT iHTepdeiic,
3a JIOTIOMOTOIO0 SIKOTO MH MOXKEMO MIJKITIOYHTHCS 3 IEePCOHAIBHOTO KOMITIOTepa abo
HOyTOyKa 10 ©0a3oBoi craHmii Ta 3pobutH mNOTpiOHE Ham HajamTyBanHs.  Lli
HAJAIITYBaHHA IIPU NPAaBUIBHOMY Y3TO/KEHI 3 OOJaJHAaHHSAM, TapaHTyIOThb HOro
Mpale3aaTHICTh Ta HaAiHHICTb. [t mix'e[HaHHS IPUCTPOIB MOTPiOEH Kabesb CTaHaAapTy
RJ-45.

IMicns 3’emHaHHA TNPUCTPOIB TMOTPIOHO IIEepedTH 10 mapaMeTpiB ajanTepa i
nponucaT notpibHy IP-anpecy, Macky Mepeski Ta nuio3. HanmamTyBaBui npaBuiIbHE
Y3TODKEHHS Mepexi, TOTPiOHO MepeBipUTH JOCTYIHICTh Ta MApaMeTpH 3’ €AHAHHS.
OcHOBHUMH Ipo0JIeMaMH LBOTO JIAHIIOKKA € MOOUIBHICTE Ta BHIPOMIHIOBAHHS
JoKepena. SIKio BcTaHOBUTH Ge3/1poTOBHil 3B 530K Bif HOYyTOYKa 10 0a30Boi cTaHLii, TO
Toni MoOXkHa Oyme mpoBoauTH HanmauityBaHHs BC Ha 3HauHil Bigcrani, mojaii Bif
JDKepesia BHIIPOMIHIOBAaHHS, Ta y KOM(OPTHOMY HELIKi[JIMBOMY MICIi, HAIpPUKIAL

B3MMKY y MalllfHI.
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BesnpoToBuii kanain 38’s13ky Big BC 10 HOyTOyKa MOXXJIMBO 3pOOUTH 32 JOMOMOTOI0
3Bu4aitHoro poyrepa. st HbOro MOTPiOHO MiAKIIOUYUTH OE3APOTOBY TOUKY AOCTYIY IO
BC, ctBoputu notpibuumii myn IP-ampec, mepeBipuTH JOCTYNHICTP MEPEXi, a TaKOXK
3poOWTH BiIMOBIMHI Aii JUTS MAKIIOUSHHS 10 MeHe/kepa HayamTyBaHHs BC.

Paniomepeska € BaXIIMBUM €IEMEHTOM CTUIBHUKOBOI CHCTEMH 3B's3Ky. [1inBHIIEHHS
SIKOCT1 poOOTH 1€l Mepexki 3a0e3neuye MONIMIIECHAs TEXHIKO-eKOHOMIYHUX TTOKa3HUKIB
cucteMun B Iminomy. lle morpedye mnepiogudHOoro Ta O€3MEpPEepBHOTO TEXHIYHOTO
00CIyroByBaHHs BIAMOBIHOTO CTAL[iOHAPHOTO MEPEKHOT0 00aHaHHs. 3a JOIIOMOTOI0
BUKODHCTaHHsS 3allpONIOHOBAHOTO METOAY MAWCTAHLIHOTO MIJKIIOYEHHS 3HAYHO
HOJIETIIY€ETHCS NIpoliec HasamTyBaHHs bC.

Cnucok BUKOPHCTAHMX TKepeJ:
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WznarensctBo "Crnopt u Kynerypa —2000", 2012.— 864 c.

4. Crnenn¢ukarmm 3GPP.org
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MPO®ECIIHA MIATOTOBKA BUXOBATEJIB JOMKIILHIX
HABYAJIbBHUX 3AKJIAIIB B KHP

Kuraii - kpaina apeBHbOI LUBiTi3alii - Mae CBOIO 3 CKJIAZOBY CHCTEMY OCBITH.
Cporoanimniid Kuraif, mo po3risgae B sSKOCTI HaWNEpPCIEKTUBHIIINX KpaiH y CBITi,
3aiiMae HpoBiaHe Micue K y cdepi KyIbTypH i OCBITH, Tak i Ha CBITOBOMY PHHKY.
JlocsiTHEeHHsT KUTalCbKOT €KOHOMIKM Oyiu 6 HeMOXJIMBI O3 MpaBHJIBHO OpraHi30BaHOT
OCBITHBOI CHCTEMH B KpaiHi. 3 pO3BUTKOM €KOHOMIKH NOTpedy€e BHCOKOKBaNIi(hikKOBaHHUX
¢baxiBuis. ToMy KHTallCbKHH Ypsa IOKJIaJae BEIMYE3HHX 3YCHIb IS HPOCYBaHHS
OCBITH, iHBECTye B OCBITy BEJIMUEC3HI MarepiajbHi KOIITH, i CHOTOJHIIIHIA piBEHb
cucremu ocBiTH B KuTai BiflmoBiiac HAWBUIIIAM CBITOBHM CTaHIApTaM.

V Ham yac CKIamHO 3ycTpitTH xuTensi Kuraro, skuii He MaB X04 OM IIKIJIBHOT
OCBiTH, TOOTO Ha AaHuii MoMeHT B Kwural mpakTW4HO JiKBiZOBaHa HEMHUCHMEHHICTb.
Huni y 3BI3KY 3i 3MIIHEHHAM YKPaiHCHKO-KHTACKUX COLIaJbHO-TOJITHYHHX,
€KOHOMIYHHX 1 KyJIbTYpPHHUX 3B'SI3KiB 3HAYHO BUPIC CTATYC KUTAHCHKOI MOBH SIK y400BOT
MUCLMIUTIHA B cucTeMi MoBHOI miaroroBku BH3 B Hamniii kpaini. V curyauii, 1o
CKJIaJIacsi, OCOOJIMBOTO 3HAUCHHS HaOyBae IOIIYK i po3poOka e(eKTHBHOI METOIUKH
HaBYaHHS KHTAWCBHKIH MOBI, HAfiOUIBII BaXUIMBOIO 1 aKTyalbHOIO OOJACTIO SKOI €
HaBYaHHS i€pPOTTi(hiTHOMY JIHCTY.

B 2001 poui Hepxasna paga KHP Bumama mocranoBy mpo pedopMy i po3BUTOK
eJIeMEHTapHOI OCBITH, sika nepuiuid 3aminwio Tepmin "IlemaroriuHe yTBOpeHHs" Ha
"HaBYaHHS [UIS YYUTENiB", 1€ 3a3HAYMTh, LI0 KUTAWCHKUH YpSA MOYaB MEAaroridHy
pedopmy BimmoBimHo 1o BuMord exoHomiuHoi pedopmu. IlemaroriuHa ocita B
Kuraiicekiit Hapoaniit Pecny0mini mae

1) Hezanexwnicts. 3 1952 p. nemaroriqai yTBOpeHHs OTpUMAaIN HE3AJICKHUIH CTaTyC.
JlepkaBa 3HOBY BHIA€ Y4YHSM HaBYAIbHUN ITOCIOHMK, Micisi 3aKiHYCHHS HaBYaHHS
BiJIZILT OCBITH MICIICBOTO YpsAy HECE BiAMOBINAIBHICTE 32 p0OOYE MicIle BUITYCKHUKIB.

2) Jlie moxBiiiHa camocTiliHa cuctema - ctBOpeHHs cepexHii [TH3-menaroriunmit
HaBYAIBHHI 3aKJIa1 UTS MATOTOBKH BUMTEIB MOYaTKOBOI mikonu (mam [TH3) i Burmii
IMTH3, a TakoX CTBOPIOETBCS Y4OOBHMH 3akiman A MiABUIICHHS KBamiikamii
MeJaroriYHuX BHUIYCKHHUKIB 1 yuOoBuil 3akimanm [uisl [iABUIICHHS —KBasidikarii
MeJarorivYHUX MPaliBHUKIB.

3) ComianicTnuna o3Haka. [1ifroTOBKM y4nTENiB MOBHHEH CIIBHNAJaTH 3 BEIMOTOIO
171€0JIOTIYHOT OCHOBHM MapKcU3My-JeHiHi3My 1 Mao LI3snyna. Ane micns 3ailicHEHHS
CKOHOMIYHOT pe(OpMH EIIEMEHT TMOJITHYHOI 1le0Jorii Bxke He OYB TOJIOBHUM
CJIEMEHTOM METH IirOTOBKM YYUTEIIB, X04a II¢ YCi 3HAXOAATHCS HA OCHOBI YOTHPHOX
OCHOBHHMX  MNPHUHIMIIB:  TBEpAO  JOTPUMYBATHUCS  COL{AMiCTUYHOTO  I[UIAXY;
JIEMOKPAaTHYHOI QUKTaTypH Hapoay; KepiBHHUTBO Komynictuunoi maprii Kuraio; a
TaKOX MapKcu3My-jeHiHi3My i igeit Mao [[3sayna. To6To mpH MiArOTOBIH y4YHTENiB
yBara MpHIULIEThCS He JHiIe y cdepi KyJIbTypHHX 3HaHb, aje i y cdepi npodeciitnol
KBaiQikarii.
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4) Bymu BigHoBieHi Meronu HaB4yaHHs KiHus aunactii [{un. To6ro mowaTkoBi
MeJaroriddi y40oBi 3aKiIafy TOTYIOTh YYHTENTiB MOYATKOBOI IIKOJNH, a IeJaroriyti
y400Bi 3aknaau o6aaposanoro kinacy (Bumi I[TH3) roTyioth yuuTesniB cepeHix MmKiI.

5) IoBHicTio Oynu ckomiifoBani ya6oBi Meroau PaxsHcbkix Coro3y - eKCIIepUMEHT
BUKJIAJaHHs, BIPaBH, OOTOBOPEHHs Ta iH., aje BOHM HE Tpajd pOJi, OCKIJIbKH
TIOETHYBAJIH B COO1 TpaIuIliiHi MeToAM (ONOBINAHHS i 3aIIaM'ITOBYBaHHS).

6) Kypc momitmunmx Teopiil icHye 3aBkau. YUHI NeNaroriyHux Kojiemkax i
CTyIEHTH YCiX (aKyJIbTeTiB NEAaroriyHMX BH3 NOBMHHI BHUBYATH KypC MapKCH3MY-
neHiHi3My, inero Mao I[33ayHa, a Takox 3 1998 p. me noTpibHO BuBuYaTH Teopito [leH
CsonuHa.

7) YuboBux npenmetiB [1Y3 moBHHHI CKIACTH BiAMOBIIHO 10 Yy4OOBHX MPEIMETIB
ki, ITY3 Tex HaB4aTh METOAMKY BHKJIAIAHHS IIPEAMETa MOBH, MaTeMaTHKH, Gi3ukH i
IHIMMX 1711 MalHOyTHIX yUUTEISIX.

Cyuvacuuii Kuraii Bxke Mae JesiKi TOCSATHEHHsS GKOHOMIYHHX pedopM, MpH LBEOMY
CydacHi KMTalIi MOYalmd MaTH DPi3HOMaHITHE BiOOpaKeHHS IIPO BIACHE JKHTTS, 1
HANOBHUJIMCS HAJI€I0, CHOMIBAHHAMU Ha Te, 1100 IPOJOBKUTH BUYMTHCS 1 BHBYATH
nepeoBi OCBITHI i1el, KOHLENIil i CHCTeMy YTBOPEHHS IHIIUX KPaiH, 100 MOMIMIIHTH
CBIiii piBEHb OCBITH 1 MArOTYBAaTH OiNIbIIEe KaaPiB OCBITH.
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NON-STANDARD PHRASEOLOGY IN AVIATION ENGLISH

Non-standard phraseology and local pilots’ use of languages other than standard
aviation English “routinely” cause misunderstandings in radio communication between
pilots and air traffic controllers — difficulties that raise concerns even though they are
rarely cited as causal or contributing factors in aviation accidents and incidents,
according to a study of aviation phraseology.

When standard phraseology was developed, special attention was given to choosing
words and phrases that sound distinctly different and therefore cannot be confused
under any readability circumstances. When replacing standard phraseology with their
own people do not perform thorough research as to whether their custom phrase may
sound similarly to another one.

IATA recommended that ATC instructions be given with an even rate of speech not
exceeding 100 words per minute. In addition, the radio transmissions should be short
and include concise instructions, and not be given during critical phases of flight (e.g.,
at high speed during landing rollout).The report, published by IATA in late 2011, was
based on the anonymous responses of 2,070 airline pilots and 568 air traffic controllers
around the world to similar questionnaires that were devised for members of each
group.

It should be noted that forty-eight percent of pilots identified specific airports where
standard phraseology is not used. At the top of the list was Charles de Gaulle Airport in
Paris, where the most frequent complaint involved not phraseology but the use of both
English and French. John F. Kennedy International Airport in New York received the
second-largest number of complaints, with pilots citing the use of “local phraseology, or
a term other than ICAO standard™[1].

Fifty-four percent of pilots reported specific procedures or practices by pilots or air
traffic control (ATC) that resulted in misunderstandings or errors. Among the most
common were “the use of mixed languages with international crews speaking English
with ATC and the local crews speaking the country’s language,” the report said,
identifying this as the most frequently mentioned complaint.

Moreover, pilots reported that they most often experienced non-standard
phraseology while operating in their home regions. The report’s findings also indicated
that 27 percent of pilots participating in the questionnaire said that their encounters with
non-standard phraseology occurred most often in North America; of that group, 40
percent were pilots based in North America [2].

The document characterized the use of non-standard phraseology as “a major
obstacle to pilots’ and controllers’ effective communications. Standard phraseology
helps significantly by reducing any ambiguities of spoken language and hence promotes
a common understanding among people of different native languages or of the same
native language but who use or understand words differently.”
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Ambiguity in general aviation language and the use of slang instead of standard
phraseology are the leading factors in increasing the likelihood of communication
eITOrS.

Episodes of non-standard phraseology were most frequent in North America and
Europe, the report said.

It is often necessary for pilots and controllers to revert to non-standard phraseology
in abnormal and emergency situations. The extent to which this occurs, and leads to
effective communication, will depend upon the quality of the both speech delivery and
language proficiency of those involved[3].

There are some examples of unofficial "phraseology" (the list is not exclusive):

- Ten/eleven thousand (instead of one zero thousand or one one thousand). This
was considered by the investigation to be the cause of an incident in 2011;

- Read you five by five (or any other X by Y combination) instead of Read you
(number);

- ARLI10 pronounced as Airline ten (instead of Airline one zero);

- Light chops, smooth ride, what's the ride, instead of phrases containing the
word turbulence;

- Affirmative instead of affirm (note that affirmative may, under certain low-
readability circumstances, be confused with negative due to having the same ending);

- Double and triple (instead of pronouncing each digit separately);

- Keep heading, speed, etc. (instead of continue or maintain);

- Up and down instead of climb and descend;

- Pronouncing 9 as nine instead of niner which may lead to confusion with 5;

- Amending clearance staring with While we wait (which can be understood as
line up and wait), which was considered as a contributor in a runway incursion event;

- Using take-off instead of departure in situations where no take-off clearance is
issued or cancelled. This has caused a number of occurrences, e.g. an accident in 1977
and an incident in 2008;

- A description of an ACAS manoeuvre instead of the standard TCAS RA. Such
a description may be lengthy, unstructured, incorrect or incomplete, and therefore the
controller may request a repetition or clarification [4].

Reasons for unofficial "phraseology":

Lack of knowledge - it is almost certain that pilots in other aircraft with little or no
knowledge of the local language operated in the same airspace and on the same
frequencies as these pilots, leading to a potential degradation of situational awareness.

Fatigue and CRM - a high-workload phase of flight, frequency congestion, heavy
traffic, and fatigue sometimes combine with less than optimum cockpit resource
management to push pilots and controllers to their limits.

Sentence construction - even when the proper words are uttered over the frequency,
the inflection or cadence used can significantly change the meaning.

It should be evident to anyone listening to an ATC frequency that non-standard
phraseology is common. Whether it is a significant factor in aviation incidents is open
to discussion. The reports reviewed here are but a fraction of those in the ASRS
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database. Regardless of the magnitude of the problem, there certainly are ways to help
avoid these problems in the first place, or to minimize their effect on day-to-day
operations.

If a clearance or instruction seems the least bit out of the ordinary or ambiguous,
flight crews should not hesitate to clarify the clearance or instruction until no doubt
remains.Pilots and controllers should make a conscious effort to use standard
phraseology in all ATC communications. In addition, inflection and the placement of
pauses in a transmission may be significant.A recurrent training session is the perfect
venue for pilots to review the AIM and other pertinent resources discussing standard
phraseology [5].Before the first trip as a flight crew, the Captain should take the
initiative to discuss phraseology issues as they pertain to inter-crew as well as ATC
communications.

This may help to prevent misunderstandings among the crew, and to heighten
alertness for non-standard phraseology used by ATC. It is equally important for flight
instructors to discuss these issues with their students, since frequent intra-cockpit
communications take place during instructional sessions.
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BENEFITS OF FLIGHT SIMULATOR IN PILOTS' TRAINING PROGRAM

In the early days of aviation, flying was far more dangerous than it is today. Pilots
needed a training tool to mimic the sensation of flight so they could practice instrument
skills from the safety of the ground. In 1927, pilot and flight instructor Ed Link invented
the world’s first practical flight simulator, the Link Trainer. The trainer replicated a
complete cockpit, allowing pilots to gain valuable experience without facing the risk of
injury or death.Since the invention of the Link Trainer, flight simulation technologies have
evolved tremendously. Today’s flight simulators are highly realistic and range from full-
motion enclosed devices to smartphone apps to immersive virtual reality options. With so
many opportunities to learn, practice, and strengthen flying skills safely and economically,
there’s never been a better time to use flight simulation tools[1].

Nowadaysa significant amount of civil flight crew training is undertaken in flight
simulators using computers to create the illusion of flight and it’s because of the
complexity of civil aircraft that has increased as a result of advanced in avionics,
expanding flight-crew training requirements and increasing the reliance on flight
simulation. Many civil airlines operate large flight-training centres to undertake their
flight-crew training and regular competence checking to maintain flight crew licences.
Recognizing the impact flight simulation has made in civil training, international
regulations have been established to ensure that civil flight crew training simulators
operated by different organizations meet an approved standard. These standards not only
ensure consistent regulation of flight simulators and flight training organizations
throughout the world, they also enable manufacturers to build flight simulators that are
compliant in different countries, encouraging competition while ensuring quality [2].

For those who are pursuing flight school and their pilot’s license, using a flight simulator
can provide a number of additional benefits to traditional training processes.

1) More Affordable Than Flying. With the fuel, maintenance, insurance and flight
instructor fees, costs start to add up when you fly an actual airplane. Using a flight
simulator, on the other hand, cuts out these overhead costs, easing some of the financial
pressure of learning to fly. Plus, under certain programs, you can reduce the number of
airborne lessons you may need to take by checking-off some flight plans through
simulation. At the end of the process, you’re likely to see major savings compared to the
cost of learning everything in the sky.

2) Safest Way to Learn. Of course, you’re plenty safe when flying with a certified flight
instructor, but naturally the closer to the ground you are — the safer you are. Simulators
give you the chance to learn and experiment with aircraft controls and flight methods from
the safety of the ground. Without worrying about making a detrimental mistake, you’ll
feel much more comfortable learning the flying tasks at hand. Even veteran pilots who are
progressing onto more advanced certifications can benefit from using flight simulators,
practicing emergency procedures or experiencing unique flying circumstances before they
happen in the air.
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3) Ace Navigational Procedures. Flight simulators can recreate almost any situation,
helping student pilots improve their navigational abilities under both visual and instrument
flight rules (VFR/IFR). Do you have a big flight coming up — perhaps your first cross-
country solo? Well, create the scenario within the software, and use the simulator to
practice the complete route ahead of time. You’re able to load a flight to your chosen
airport with real-world runway layouts, as well as accurate roads, lakes, rivers, terrain and
other air ports below. This way, you know exactly what to do, from planning flight paths
to identifying stopping points along the way to executing take-offs and landings.

4) Repetition Builds Knowledgeand Muscle Memory. In simulated flight, if something
goes wrong — a botched maneuver, miscommunication with air traffic control (ATC) or
wrong coordinate input, fore xample — you can simply reset the route and start over
without any ill consequences. With the ability to quickly repeat these procedures, you
build up the necessary knowledge and muscle memory that makes you totally prepared
when you hopin the cockpit.

5) Master (And Avoid) Any Type of Weather. As student pilots in Minnesota know,
flight simulators are essential when a summer storm or winter blizzard keeps you from
flying. If one of your airtime lessons is grounded, a flight simulator offers the next best
solution to keeping the learning process on track. Plus, a simulator is able to recreate any
type of weather over any type of terrain to help students practice the necessary techniques
for mastering these conditions, whether it’s rain, wind, ice or snow.

6) Stay Proficient. As you progress through flights chool, you’ll become aware of how
important it is to constantly be practicing, even after you obtain a private pilot
certification. Regardless of if you plan on pursuing your instrument rating or commercial
license, it’s crucial that you maintain proficiency in the cockpit. Flight simulators provide
an affordable way to keep your skills sharp so that you’re always safe in the sky.

7) Practice at Home. There are more options available to student pilots than just
professional flight simulators at a flightschool. In fact, there are many personal flight
simulators that you can set upon a home PC; Microsoft Flight Simulator X and X-Plane
are two of the more popular options on today’s market. Plus, there are many add-ons
available such as instrument panels, control wheels and pedals, that can connect directly to
your computer to help make the simulation feel more real. While the hours spent flying on
these programs cannot be counted towards your official flight time requirements, you can
certainly practice flying procedures at your leisure and advance your knowledge outside of
the classroom.

8) Improve Your Radio Skills. Communicating with ATC and other pilots while in the
air and on the ground is an essential skill that will be drilled into your lesson plan
throughout flight school. While it can be confusing, even some what intimidating at first,
flight simulators can help take some of the pressure off of new bies. Thankfully, flight
simulators provide a stress-free environment to practice, with the many options available
to work on proper radio communication, allowing aspiring pilots to hone their skills before
they’re air borne.

9) Learnin Less Time. Depending on how it’s applied, using a flight simulator can cut your
learning time down quite substantially. For example, an IFR lesson that would normally
take three hours at the airport—from the time you arrive to when you leave, including
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preflight, filing flight plans, monitoring weather—can be completed using a simulator in
half the time and for less than half the cost of actually flying.

10) Prepare for In-Air Emergencies. Many type of aircraft failures can be recreated in a
simulator to prepare a student pilot for similar in-air failures. From ice build up and engine
problems to electrical malfunctions and maneuver mistakes, you’re given a first-person
view point on what it’s like to go through an emergency scenario and how to properly
respond [3].

11) Experience of Realism. FSTD use allows the pilot to experience more realistic and
effective training, which includes managing startle and surprise in the cockpit, practice
diagnostic process and troubleshooting procedure in a safe environment.

12) Availability and Serviceability. FSTD are available 24/7. Compare to helicopter,
FSTD also offers further benefits to a training organization, such as: no delays due to
traffic congestion, In flight conditions: VMC /IMC and Day/Night, icing condition,
selection as required regardless of the prevailing conditions and recognized high average
serviceability [4].

Flight simulation considers to be fast advancing set of technologies in a fast expanding
area of aviation. With the rapid developments and as the cost of computers decrease and
their capabilities increase, the usage of flight simulation is also likely to expand
exponentially. Significant technical advances will result in improvements in the quality of
flight simulationsystems.

Nowadays more and more organizations are starting to appreciate the benefits and
over the next ten years flight simulation and flight training will play a major role in
aviation.
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AVIATION ENGLISH TRAINING FOR CABIN CREW

Aviation English is a specific discipline that future cabin crew study at higher school
as English for Specific Purposes. This discipline has a specific name “Aviation English”
because these trainees are specialists in aviation. Due to ICAO standards and
recommendations pilots and air traffic controllers (ATC) study Aviation English to
provide safety of flights. However, all air companies arrange training of Aviation
English for their flight attendants as they are the crew members who work with pilots in
team. Cabin crew need to assist pilots in routine and non-routine or emergency
situations. They have to inform passengers about the actions and so on to provide safety
first. That is why the research is made to provide Aviation English training for cabin
crew effectively.

The research shows that the job of cabin crew requires knowledge of Aviation
English for their professional purposes because this kind of language will provide the
specialists with the definite terminology, specific aviation vocabulary. The language has
limit of synonyms and is accurate in meaning. However, not only the knowledge of the
language but practical communication skills will be necessary for the future cabin crew
to provide their professional activities successful, because among the cabin crew’s
responsibilities is necessity to provide safety for passengers during a flight and the
language is a tool for it. For example, at the beginning of the flight cabin crew need to
arrange pre-flight instruction for passengers to be sure everyone is informed about his or
her actions in case of emergency. Then, they need to communicate with crew members,
pilots, officials and so on. Thus, cabin crew are required to be able to use their skills of
Aviation English. Each air company prefer to have a specialist who can speak English
at certain level, however, the companies provide preliminary Aviation English training
for their employees.

To provide our students with the ability to communicate in English, use and
understand the specific context of Aviation English the training process at higher school
is specially organized. The innovative teaching approaches and methods, original
materials, best teaching techniques are used to provide the high level of training. Among
teaching methods are role-play, interactive games, short visuals, communicative
approach to language teaching.

Then, in the process of our research the practical material was studied and we can
claim that there are some textbooks “English for Cabin Crew” which were published by
British publishers. There we can find great variety of practical tasks for communication
skills development, improvement of vocabulary, pronunciation and grammar accuracy
which can be used during practical classes and self-education. The context of the
textbooks suggests practicing language in real-time working routine situations of cabin
crew, starting with pre-flight briefing to disembarking the passengers. Tasks present
standard procedures the cabin crew need to communicate in such as pre-flight
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instructions, serving the meals, dealing with handicappers, difficult and annoying
passengers, helping the passengers while they are boarding the plane, assisting them
during a flight and so on. Also, there are tasks to practice real job situations like
emergency ones such as medical emergency, turbulence, system malfunction. Due to
practicing job situations, role-play, discussion, expressing own opinions, suggesting the
ideas students possess confidence in using Aviation English as they are familiar with all
stages of their job. Some tasks are done to train non-predicted events and the necessity
to find a way out of any difficulty a cabin crew may have, to use the needed words in
case to calm down an aggressive passenger or to deal with a passenger complaint. The
practical exercises of the textbooks also help us teachers of Aviation English to train our
students’ abilities ask questions and answer them, to clarify the situation, to paraphrase
if a person does not understand the language well. As it often happens that passengers
are not native English speakers and their language vocabulary may be poor. This is also
a challenge situation for cabin crew which should be trained. So, to improve listening
skills there we can find different dialogues which students listen to first and then,
complete some exercises, discuss its context to demonstrate how they understand it. And
again, thanks for discussion, communication skills of our future cabin crew will be
improved. The aim of the discipline training is to provide our students with Aviation
English vocabulary knowledge, develop communication listening skills. So, the students
who are confident can perform their job duties and responsibilities effectively and use
English as a tool for any situation which can occur will guarantee the safety and service
of the passengers.

References
1. S. Ellis, L. Lensford English for Cabin Crew. Oxford: University Press, 2014 — 96

p.
2. T.Gerighty, S. Davis English for Cabin Crew: Heinle, Cengage Learning EMEA,
2011 - 128 p.
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FORMING TECHNICAL STUDENTS’ AUTONOMY IN LEARNING ESP

Learner autonomy is a deeply-rooted phenomenon in the educational systems of
Western countries, whereas in Ukrainian educational traditions it is rather new and
unnatural. Although official educational policies, which encourage the implementation of
learner autonomy, in our country, many teachers at secondary schools and university
levels tend to use methods they are familiar with.

Learner autonomy has become a topic of interest and discussion over the last two
decades. As Benson indicated, it was caused by some learner-centred approaches to
language education, which included different aspects of independence of learning [2]. The
early history of the notion of autonomy in language education begins with Holec’s report
to the Council of Europe’s Modern Languages Project. According to Holec’s [6, p.3]
definition of learner autonomy is ‘the activity that a learner has developed to take charge
of his or her learning’. The researcher underlines that this activity includes: a) determining
the learning objectives, b) defining its contents, c) selecting methods and techniques,
d) monitoring the procedure; ¢) evaluating the results (self-assessment is the important and
integral element). This point of view is supported by many pieces of research. Little [8,
p.175], asserted that ‘the basis of learner autonomy is that the learner accepts
responsibility for his/her learning’. According to Benson, the wide notion of autonomy can
be classified as technical autonomy: the act of learning a language outside the framework
of an educational institution and without the intervention of a teacher; psychological
autonomy: a capacity that allows learners to take more responsibility for their learning;
political autonomy: control over the processes and content of learning [3]. Benson &
Voller stated five ways the term autonomy can be used: for situations in which learners’
study entirely on their own; for a set of skills that can be learned and applied in self-
directed learning; for an inborn capacity which is suppressed by institutional education;
for the exercise of learners’ responsibility for their learning; for the right of learners to
determine the direction of their learning [4, p.2].

According to Littlewood, responsibility and ability are the two main dimensions of
learner autonomy. Students must take responsibility for their learning, because, they are
the ones who do the learning. Besides that, the students are responsible for some processes
which traditionally belonged to their teacher. These processes include deciding on learning
objectives, selecting learning methods, evaluating the results of learning. Ability means
the students’ capability to complete the processes or tasks connected to responsibility [9].
Some features of the ideal autonomous learners are determined. They are considered to
have insights into their language styles and strategies, to take an active approach to the
learning task, to be willing to take risks, to be good guessers, to attend to form as well as
content... and to have a tolerant as well as the outgoing approach to the target language.
Some later researches supported these ideas, as Bajramy indicated that ‘learners should be
able to build their criteria for the quality of their work...be independent... and be able to
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make judgments for their strong and weak points of learning’[1, p.425]. So, to become an
autonomous learner it is expected that one will be able to set personal learning goals,
identify learning strategies and develop study plans to achieve these goals, select relevant
resources and support, assess and reflect on one’s progress. Holec pointed out that
autonomy is an attribute of the learner. He stressed that ‘it's not inborn ability so it must be
acquired by the learner either by natural means or by formal learning, i.e. in a systematic,
deliberate way’ [6, p.3]. Dickinson indicated that ‘learners do not automatically accept
responsibility for their learning and ‘do not necessarily find it easy to reflect on the
learning process. Teachers must... provide them with appropriate tools and opportunities’.
Dickinson also stressed that the liberalization of the classroom will help the students to
take responsibility for their learning. Thus, the learner has the responsibility to make
decisions and take charge of his/her learning [5]. Little supported this idea considerably
with words ‘learners who take responsibility for their learning are more likely to achieve
their learning targets. But without suitable guidance, the student will not be able to
become aware of the possibilities’ [ 7, p.176].

So, the teachers’ role is very important in students’ autonomous learning and cannot
be ignored. The relationship between teachers’ autonomy and learner autonomy has been
at the center of many researchers’ attention. Among them is Little, who called attention to
the importance of having autonomous teachers to promote students’ autonomy as well as
highlighting the necessity to analyze and research this concept thoroughly. He indicated
the idea that learner autonomy develops through pedagogical dialogues in which teachers
exercise their own autonomy [8]. Littlewood reviewed teachers’ autonomy from two
different perspectives: as the capacity for independent decision making, which involves
having abilities and skills for action: and as willingness, which includes motivation and
confidence to make a choice [9]. Benson (2006) named the concept of teachers’ autonomy
as ‘one of the most significant and problematic’ because ‘in the language teaching
literature, there is a much greater emphasis on teacher autonomy as a professional attribute
and the link between teacher autonomy and learner autonomy’[3]. Thus, to be able to
foster students’ autonomy in the classroom the teacher has to be autonomous him/herself.

There is a strong need for support and supervision of language learners’ as they are
moving toward their autonomy development. The process to make the students become
masters of their autonomous learning is not easy, because the teacher and the students
‘must shift their roles so it can be created a positive learning atmosphere’ [1]. Dickinson
(1987) described autonomy as ‘the learning situation in which the learner is responsible
for all the decisions made and implemented concerning his learning and the teacher
becomes a skilled manager of human being’ [ 5, p. 11]. To reach this goal the researcher
pointed out to the teachers six ways for promoting learners’ independence. They are:
1) legitimizing independence in learning by showing that teachers are approving and
encouraging the students to be more independent; 2) giving learners successful
experiences of independent learning and convincing them that they are capable of greater
independence; 3) giving learners opportunities to exercise their independence; 4) helping
learners to develop learning techniques (learning strategies) so they can exercise their
independence; 5) helping learners to become more aware of language as a system so that
they can understand many of the learning techniques available and learn sufficient
grammar to understand simple reference books; 6) sharing with learners something of
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what we know about language learning so they have a greater awareness of what to expect
from the language learning task and how they should react to problems that erect barriers
to learning [5]. Thus, learners do not automatically accept responsibility for their learning
in formal contexts and do not find it easy to reflect on the learning process
We understand learners’ autonomy in ESP learning as educational work performed by
students under the methodological and scientific guidance of the teacher in the context of
gaining knowledge and skills to accept responsibility for their learning in meeting the
specific needs of the future professional English communication requirements. We can
conclude that creating an environment favorable for forming ESP learners’ autonomy at a
non-linguistic university is a challenge that is appropriate to realize to give an autonomous
learning experience to aspiring students. This approach is useful for the development of
writing skills and the ability to express feelings and attitudes to the studied material. Such
work enables students to analyze their studies and see further prospects. Teachers have the
opportunity to understand students’ individual needs and problems and to find ways to
help; search and select information on the internet for performing creative tasks on
professionally-oriented topics to create learning resources relating to the content of the
lesson and the subsequent presentation of the results in class (projects).
In our opinion, the development of students’ autonomy is an indispensable condition
of study at a modern university. Such an environment for learning is an important factor
in students' learning activities intensification.
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AVIATION ENGLISH: STANDARDPHRASEOLOGY AND PLAIN
LANGUAGE

Verbal communication between pilots and air traffic controllers directly affects air
transportation safety and performance. Communication errors in aircraft operations can
have irreversible consequences and contribute to runway incursions, accidents, and loss
of life. Accordingly, proper and effective application of communication skills by pilots
and air traffic controllers is an important element in reducing the risk of
misunderstandings that can result in disastrous crashes. Pilot and air traffic controller
communities have given much attention to improving communications through training
by emphasizing the importance of using standard aircraft operational phraseology
(Aviation English) [2].

What is Aviation English?As a matter of fact, everyone knows the answer but no
one understands; what is the real meaning of it? In most cases, it’s associated with
phraseology but aviation English doesn’t rely solely on it. So what is it precisely?

We should bear in mind that the meaning of term“aviation” implies the people
who work in the aviation-related areas, such as flight crew operations, airport activities,
air traffic control, maintenance, passenger, etc. The ICAO language proficiency
requirements are dedicated exclusively to two professionals — pilots and air traffic
controllers. Their communication has undoubtedly an impact on the safety of a flight
and, therefore, the discourse should be precise and clear; it is divided into two sections
which mutually complement each other if a certain English proficiency level is
achieved. These two groups are ICAO standardized phraseology and plain English.

We believe that most of those people who aren’t in any way involved in aviation
apart from an occasional summer or business flight bear in mind the standardized
phraseology as the core of the language that is spoken on a regular basis. Phraseology
was coined to improve communication in aviation; the messages are short and they give
a huge sense of control over an ongoing situation. They help avoid ambiguities and are
perfectly suited for the predictable situations.

According to the ICAO document, here is the aim of it:“The purpose of
phraseologies is to provide clear, concise, unambiguous language to communicate
message of a routine situation” [3].

“However, while ICAO standardized phraseology has been developed to cover
many circumstances, it cannot address all pilot and controller communication needs. It is
widely acknowledged by operational and linguistic experts that no set of standardized
phraseologies can fully describe all possible circumstances and responses” [3].

Air traffic controllers and pilots learn to communicate in what is termed
standardized phraseology during their basic training, and they put it into practice on a
daily basis. This phraseology is sufficient to communicate at least 95% of what pilots
and controllers need to say. It consists of simple clear messages designed for routine
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situations. There is an absence of grammar, prepositions, complexity, words that are
difficult to pronounce, words with ambiguous meanings, etc.

Thus, the problem is that a good knowledge of phraseology, which is appropriate
for exchanging expected routine messages, is not sufficient to deal with a non-routine
situation. A non-routine situation may also be an emergency situation, or have the
potential to develop into an emergency situation.When something unpredictable
happens, air traffic controllers and pilots need to rely on their linguistic skills and
intelligence to communicate effectively and make often a split-second
decision.Plainlanguageshallbeused
“onlywhenstandardizedphraseologycannotserveanintendedtransmission”[3].

It should be noted that the choiceoftheterm “plain” originatedfromexisting ICAO
documentationatthetimeoftheformulationoflanguageproficiencyrequirementsandwaspref
erredtoothertest-takertermssuchas “general”, “common”,“extended” or “natural”.Plain
language — the spontaneous, creative, and non-coded use of a given language[1;3].There
are some examples ofATC /pilot transmissions which combine a standardized
phraseology and plain English:

1. Standardized phraseology:

P Request taxi for departure to Montreal.

C Taxi to holding point Bravo 3 Runway 27 Right via Delta. Hold short of
Runway 27 Right.

2. Plain English:

C What is the condition of your injured passenger?

PHe appears to be concussed and have severe bruising.

In order to conform to ICAO language proficiency requirements, pilots and
controllers who use English in air communication must be at level 4 Operational. Level
4 covers comprehension, responses that are usually immediate, appropriate and
informative, basic vocabulary, along with pronunciation. ICAO has established 6 levels
of language proficiency standards.

The only way that pilots and controllers can be sure to be able to communicate in a
non-routine and routine situation is if they both have a sufficient level of proficiency in a
plain language and standardized phraseology. For the International aviation community,
this language is English.

Literature
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2. https://azpilots.org/commentary/45-phraseology-versus-plain-language
3. ICAO Doc. 9835
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OLIHIOBAHHS EOEKTUBHOCTI 3ACTOCYBAHHS JIITAJIBHUX
AITAPATIB J1JI1 ABIAXIMIYHUX POBIT

ABianiitHo-ximidai po6otn (AXP) — oxuH i3 BuAIB 3acTOoCyBaHHs aBiauii 3
BUKOPHCTAHHSM IOBITPSHUX CyJEH, OOJIaJHaHMX anapaTypolo Uil OOIPHCKYBaHHS,
PO3CiBY CHNIKMX Ta DIAKMX MatepiaiiB, 3acobiB Ximizauii. B poGoTi owuiHmO0OTHCS i
HOPIBHIOIOTHCS 32 JIOMOMOTOK METO/Iy EKCIICPTHUX OLIHOK 5 THIIB JIITANbHUX alaparis,
sIKI HagacTimre BUKOpucToBYIOThCS st AXP [1]. [lo po3misiHyTHX JTiTaJbHUX anapariB
(JTA) BimHOCsaTBC: AH-2; T-500; Mu-2; Cessna 188; Embraer EMB 202 Ipanema. B
SIKOCTI KPUTEPIiB OLiHIOBaHHs 00upaemMo 3 ocHoBHI THITH AXP, B SIKMX 3aCTOCOBYIOThCS
BiamoBiaHi JIA, a came: po3muieHHs 100OpHB; Aedoialis; MOCIB HACIHHS 3 HOBITPS.
[Ticns ekcrepTHOTO ONMMTYBaHHSA, OyJIM OTPHMaHI MAaTPUI IHAWBILyaJbHHUX IEpeBar y
TPBOX PI3HMX BHIIAJKax. 3a MAaTPHULCIO TPYHNOBHX IepeBar Oyj0 BHU3HAYCHO CEPEIHE
3HAUSHHS — [IyMKa TPYIH CKCIEepTiB, BH3HAYCHA Y3TO/DKEHICTh AYMOK EKCIIEpTIB -
po3paxoBaHi koeiuientn Bapiawii, koopaunauii Kennmama, kopemsiuii CnipmeHa,
BU3HAYCHA 3HAYMMICTh PO3PaxyHKIB 3a Kputepismu y2 Ta (-CThIOJCHTA, BHU3HAYCHI
Barosi koe¢imieHTH edexruBHOCTI 3actocyBaHHS JIA mmst AXP y pa3i BUKOHaHHS
PI3HMX 3aBIaHb: PO3NHIECHHS NOOpWB; nedomialis; MociB HaCiHHS 3 HOBiTps. I'padiuna
iHTepIpeTalis OTpUMaHHX Pe3yJIbTaTiB Ipe/ICTaBlIcHa Ha pHC. |

0,4
0.2 l I |_| _ M Poznunenmn aoGpwe
0 I u I m fedoniauia

Au-2  T-500 Mm-2  Cessna Embraer Mocis HaciunA 3 nositpa
188 202

Puc.1 I'padiuna inTepnperarist BaroBux koeirieHTiB MO0 3HAUYIIOCT] 3aCTOCYBaHHS
JIA no BuxoHanus AXP

3a pesynbTaTaMd pO3paxyHKIB Ta OyXyBaHHS 3arajJbHOI TiCTOrpaMH TPHOX
CIIOCTEPeIKCHb, OTPUMAJIM HACTYNHI pe3ynpTaTd (HailOimblly eeKkTHBHICTh Uit
BukoHaHHI AXP po6ir):
— A7 pO3MMICHHS 100puB — AH-2;
—  nmns pedomianii - Mi-2;
— Ui OCiBY HaciHHA 3 TOBiTps - Embraer-202.
Jlns BCiX TphOX BHIIB poOiT HaiiOimpmmii BrumB Mae T-500, OCKUIBKH JTiTak
BIZIMIHHO IiJXO/IMTb i HEMIOTAHO CIPABISETHCS SKPa3 3 yciMa BHIAMHU POOIT.
Cnucox BUKOPHCTAHOI JTiTepaTypu
1. Handbook of Artificial Intelligence Applications in the Aviation and Aerospace
Industries. Chapter 1: Artificial Intelligence in Aviation Industries: Methodologies, Education,
Applications, and Opportunities / Tetiana Shmelova, Arnold Sterenharz, Serge Dolgikh. -
International Publisher of Progressive Information Science and Technology Research, USA,
Pennsylvania. 2019. - P. 1 - 35
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ORNITHOLOGICAL PROVISION OF FLIGHT SAFETY USING UNMANNED
AERIAL VEHICLES AND SPECIAL EQUIPMENT

Aviation security is one of the most important branches of aviation, so operators are

obliged to ensure it in accordance with the rules established by international aviation
organizations. One of the most common and dangerous problems is bird strikes. The
number of casualties and losses increases every year, as the number of flights and
aircraft constantly increases. Control and preventive measures related to this problem
are assigned to the ornithological safety of airports. Bird safety is very important in our
time and special attention is paid to it, therefore, there is always a search for new
solutions to reduce the risk of collisions with birds, since the first incident was
announced back in 1905 by Wilbur Wright, during a flight over Huffman Prairie.
Thus, today many different methods and equipment are used to combat bird hazards.
This methods are devided into traditional and technical. Traditional means are
considered to be the use of birds of prey and environmental change to make it as
attractive to birds as possible. Such means are regular care of the territory of the airfield,
minimization of landfills and their protection from birds using wires and nets, regular
painting of grass in order to prevent the nesting of birds in it, control over its height,
reducing the possibility of nesting birds at acrodrome facilities. Since tall grass attracts
birds, the reduction and elimination of trees and shrubs, because this provides birds with
food, shelter or overnight accommodation, getting rid of sources of standing water by
draining lakes and swamps, minimization of crops and fields in the immediate vicinity
of the airfield.

Technical means, in turn, are divided into active and passive methods. That is, active
means require constant human participation in their work, while passive ones do without
it, since they are autonomous. Of course, active methods are more effective. The
technical means include bioacoustic scarers, which are a mobile complex that generates
an alarm and cries of birds of prey to feathered intruders; to enhance the scarer effect,
pyrotechnic devices, noise propane and portable laser cannons are additionally used,
sometimes imitating shots, reflective balls, laser repellents, as well as nets and anti-
priests, radio-controlled models of birds, various images, stuffed animals, radars, etc.
But recently unmanned aerial vehicles with various methods of scaring birds have
become widespread.

The purpose of introducing unmanned aerial vehicles into the airport ornithology
service is to improve aviation security due to the use of modern bird scaring devices, as
well as to improve the safety of the runway, which will significantly affect the financial
profit of the airport and airlines in general, and the collection of ornithological
information. Compared to other research methods, the advantages of using drones for
collecting bird information are the relative savings in resources, as well as the collection
of volumetric information with good resolution with minimal disturbance to birds. Since
the study of a number of bird species is complicated by the difficult accessibility to
nesting sites, with the help of drones there is an opportunity, both for nature
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conservation and for scientific purposes, to explore territories that cannot be visited by
any other means.

In order to scare away birds, the so-called drone-bird is used, this is a remotely
controlled drone that looks like a falcon or a bird of prey. It flaps its wings like a real
feathered predator to stay in the air. This makes it believable and scares the birds even
more. There are also drones that are used as a scarecrow and noise repeller. They make
sounds that notify of danger to birds and imitate the calls of birds of prey. A new and
most promising technique for scaring birds with the help of drones is a neural network
that coordinates the actions of a UAV using an automated algorithm, allowing you to
control the entire flock of birds at the same time, rather than individual individuals. It
was developed by engineers at the Caltech Institute. This algorithm is based on the
model of bird behavior, which in turn is based on the study of the critical distance from
the stranger, when moving to which the birds interact with each other as a flock, as well
as other features of the behavior of birds. The herding algorithm, referred to as the
waypoint algorithm, is designed using a dynamic model of bird flocking based on
Reynolds ’rules.

Human-controlled drones can be unreliable, if the operator becomes very aggressive
and scares the birds, the flock can scatter and become even more uncontrollable.
Therefore, this method seems very attractive from the security side, since the algorithm
allows drones to scare birds away without human intervention, that is, it trains drones to
autonomously drive flocks of birds away from the airport airspace. In the implemented
project, cameras record how the flock is formed and determine its position. The
computer system forms a further model of the flock's behavior, predicts its trajectory
and issues commands to the drone, which automatically chooses how to fly so that the
birds are guaranteed not to fall into the "protection" zone.

Since each bird is guided by the nearest bird in the flock during flight, drones need
to monitor the latest wedge birds, which set the direction for the flight of the entire
group. The exact location of the drone can cause the last individuals of the wedge to
slightly change the direction of their movement - which affects the birds closest to them
and birds deeper in the flock and other individuals, until it forces the entire group to
perform a certain maneuver. At the same time, it is very important to consider the bird
wedge as a single closed system, and control all participants in the bird pack
synchronously. In this case, another need arises, namely, the need for additional drones
that would track the birds that have strayed from the general flock and return them to the
group. In order for the drone to automatically ward off the birds, a mathematical model
of the flock was built, which describes how it sticks together and how it responds to
danger that comes in at a certain angle.

Thus, activities using UAVs to provide ornithological safety include:

* Ornithological survey of the area;

« Elimination of conditions conducive to the accumulation of birds at airfields, and the
implementation of measures to scare them away;

* Conducting visual and radar system observations to ensure control over the
ornithological situation;

* Collection and evaluation of data on the actual ornithological situation in the area of
the airfield in order to determine the danger posed by birds for aircraft flights.
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Various scarecrow, technical means and other variants of ground-based bird scarers
are not very suitable for use in large areas, while drones, on the contrary, have a wide
range of action and can scare away pest birds even on the fly. They are also less
resource-intensive than other methods and are quite economically beneficial. Thus, the
use of UAVs for ornithological safety purposes is quite effective and requires
widespread implementation in airport structures around the world.
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REVIEW OF THE SEARCH AND RESCUE SYSTEM AND ITS USE WITH
OTHER ONBOARD SYSTEMS

The emergence of aviation and its rapid development in the last century gave rise to
a completely new direction of human activity - aviation search and rescue. With the
expansion of the range of search tasks, all new requirements were put forward to ensure
the activities of aviation in general. With the highest level of safety and mobility, civil
aviation became one of the most popular transportation in the world. Although air
transport is one of the most popular and safe modes of transport, there are also
emergency situations that can have fatal consequences. This requires a comprehensive
preparation of search and rescue services in the event of an air accident. ICAO statistics
confirm the need for this task. In the light of air transport statistics, improving the
efficiency of research was one of the priorities of public administration at various levels.
There are many aviation accidents nowadays, which in turn can endanger people's lives,
both on board and outside the aircraft. The SAR practice requires effective search and
rescue of the aircraft, a more accurate response and highly professional decisions to
quickly locate the accident, and urgent assistance to passengers and crew members. For
aviation SAR operations to succeed, SAR point authorities must carefully plan,
organize, coordinate and carry out SAR operations under harsh conditions. It is also
important to emphasize that in addition to quick action and timely decision-making, the
psychological and physical training of rescuers themselves remains an important factor.
The main centre for coordination of search and rescue services in Ukraine carries out
aviation search and rescue operations by ministries, central and local executive agencies,
companies, institutions and organizations concerned with all forms of property. The
Civil Search and Rescue Service of Ukraine is a structural branch of the State Aviation
Department of Ukraine, which regulates search and rescue support for civil aviation
flights. The General Aviation Authority of Ukraine regulates search and rescue services
for civil aviation flights, as well as joint operations with other ministries and
departments, through search and rescue services and heads of civil aviation companies
of Ukraine through search and rescue operations. In-flight emergency maintenance is a
key component of the aviation safety system. The professional training of SAR
supervisors is one of the key elements of the system, which should ensure the
effectiveness of SAR operations. Therefore, appropriate planning, organizing and
coordination skills must be available. But the quick response and coordinated work of
the coordinators of the coordination center and rescuers will not be the key to success
without the necessary equipment and facilities. When vehicles or persons are lost on the
ground or at sea, search and rescue methods for air, water and land vehicles can be used
for systematic investigation. Compared to off-road vehicles, the aircraft can visually
search for large areas that are difficult to navigate far or far away from the site or the
sea, or in adverse weather conditions. In order to adapt SAR schemes to a unique search
area, terrain and weather, the pilot is usually instructed to change the search scheme to
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maximize search efficiency. This not only takes time, but also distracts the pilot and
leads to errors or omissions while the pilot changes the SAR scheme. Any SAR system
should be structured to perform functions effectively like:

- To receive, acknowledge and relay notification of distress
- To co-ordinate SAR response
- To conduct SAR operations.

Advanced planning, training and some specialized equipment can often
economically improve the quality of SAR services performed by alternative existing
resources. This may reduce or eliminate the need for specially designed SAR units

The SAR system, like any other system has individual components that must work
together to provide the overall service. Development of a SAR system typically involves
establishment of one or more SRRs, along with capabilities to receive alerts and to
coordinate and provide SAR services within each SRR. Each SRR is associated with an
RCC. For aeronautical purposes, SRR often coincide with flight information regions
(RIRs). Every SRR has unique transportation, climate, topography and physical
characteristics. These factors create a different set of problems for SAR operations in
each SRR. These factors influence the choice and composition of a services, facilities,
equipment and staffing required by each SAR service.

It is the best to use air transport to reach the scene of the accident faster. The area
where the aviation event occurred can be of different scales, so it is best to use the FMS
system, which can form a model of the trajectory to fly over the terrain. The Search and
Rescue feature has three basic search patterns to provide air crews with step by step
tracking procedures for the search and rescue mission. The three search patterns are a
rectangular Parallel Track Search Pattern, a triangular Sector Search Pattern, and the
Expanding Square Search Pattern. All patterns have adjustable parameters. The most
effective pattern may be chosen based on available information about the search object,
the weather, and the terrain.

- S/
e
Musber of Legs (51

Parallel Track Search Pattern Sector Search Pattern Expanding Square Search Pattern

Fig.1 Search and Rescue flight patterns
With the help of the patterns work on SAR operations will be more faster and
productive.
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