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AHOTALIA

VY aumnomHii poOoTi po3pobieHo iHGopMaIiiiHy TEXHOJOTIO i IBULICHHS
KHUBYUOCT1 pOMOBOT CHCTEMHU.

3aBASKA PO3BUTKY KOMYHIKALIMHUX, OOYMCIIOBAJBHUX 1 CEHCOPHHX
TEXHOJIOT'1H 32 OCTaHH1 /IBa IECATUPIUYS HABIraIlis 1 KOOpAUHALIiS POiB O€3MIIOTHIX
JITaJbHUX arnapaTiB NpUBEpTaE Jie/all OUTbIly yBary sk 3 00Ky HayKOBIIIB, TaK 1 3
OOKy MTPOMHUCIOBOCTI. BUKOpHUCTOBYIOUM CTpaTerii CIJILHOTO yIPaBJIiHHS, BEJIUKa
kitekicTh BIUIA, 3'ennanux gepe3 Mepexy 3B'S3Ky, MOke OyTH CIpsSMOBaHa Ha
JIOCSITHEHHSI CIUIBHOI METH.

Metoo poOOTH € TIABUINCHHS KUBYYOCTI POHOBOI CHUCTEMH ILUISIXOM
PO3pOOKH TEXHOJOTIl ii PecTpyKTypHu3alii Ha MiJCTaBl BU3HAYEHHS I[UIHOBHX
byHKIIM MakcUMI3allli HIUPUHA Ta SKOCTI CKaHYBaHHS TEPUTOPII.

OO0'ekT nmOCHIIKEHHS: MPOIEC CKAaHYBAHHS MICLIEBOCTI POMOBOIO CUCTEMOIO.

[IpeameToM MOCHIIKEHHS € METOJM Ta TEXHOJIOTII IMiJIBUIIEHHS >KUBYYOCTI
POMOBOI CUCTEMH.

B pamkax wi€i po0oTu po3po0iieHo O0e3nI0THUN aBialliiHUi KOMIUIEKC, A0
CKJIaJy SIKOTO BXOJSTh TOJIOBHHM Ta TEPUTOPIATBHUI IIEHTPU KEPYBaHHS MOJIbOTOM
(1o ckiagy BXOJATH: CTaHINS 3B’SI3KY, MEHEIDKEp MAAaT4MKIB, METEOpPOJIOriyHa
CTaHIlisl, MEHE/DKEep IHCTPYKIlINA, JOTICTUYHA CHCTeMa, 0a3a JTaHUX pPe3yJbTaTiB
cKaHyBaHHs, 0a3a nanux ctaHiB BIIJIA), cuctema kepyBaHHS 3J1ITOM Ta MOCAIKOIO,
1HTEpdeiic onepaTopa Ta BIacHe poroBa cuctema — rpymna bITTA.

Byno mociimkeHo OCHOBHI €Tamu JTOCHIHKEHHS MICIIEBOCTI CIIPOSKTOBAaHUM
KOMILIEKCOM: MiATOTOBKA JI0 3JIITY, 37T, MOJIT, MOBEPHEHHS Ha 0a3y Ta MOCajKa,
MICISIIONBbOTHI 3aX0IH.

JIJisi TABUINEHHS JKUBYYOCTI POMOBOI CHUCTEMH C(OPMYIHOBAHO IIJIHOBI
GyHKLIT cCUCTEMU Ta PO3pOOJIEHO TEXHOJIOTIH0 MaKCHUMI3alli IIMPUHU Ta SIKOCTI
CKaHyBaHHSI TEPUTOPIi, IO TOCHTIKYETHCSI POEM.

3acTocyBaHHA 3alpONOHOBAHOI TEXHOJIOTII MPOMOJIETFBAHO 3 ypaxyBaHHIM

MO>KJIMBOI BTPATH KOMIIOHEHTIB POIO.



ABSTRACT

In this thesis is developed an information technology to increase the
survivability of the swarm system.

Due to the development of communication, computing and sensor
technologies over the past two decades, the navigation and coordination of swarms
of unmanned aerial vehicles has attracted increasing attention from both academia
and industry. Using collaborative management strategies, a large number of UAVs
connected through a communication network can be directed towards a common
goal.

The purpose of the work is to increase the survivability of the swarm system
by developing a technology for its restructuring based on the definition of objective
functions for maximizing the width and quality of scanning the territory.

Object of study: the process of scanning the area by swarm system.

The subject of research is methods and technologies to increase the
survivability of the swarm system.

Within the framework of this work, an unmanned aerial vehicle complex is
developed, which includes the main and territorial flight control centers (including:
communication station, sensor manager, meteorological station, instruction
manager, logistics system, scanning results database, UAV status database), takeoff
and landing control system, operator interface and the swarm system itself - a group
of UAVS.

The main stages of terrain exploration by the designed complex are
investigated: preparation for takeoff, takeoff, flight, return to base and landing, post-
flight activities.

To increase the survivability of the swarm system, the target functions of the
system are formulated and the technology for maximizing the width and quality of
scanning of the territory explored by the swarm are developed.

The application of the proposed technology is modeled taking into account

the possible loss of swarm components.
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ITEPEJIIK CKOPOYEHDb, YMOBHUX ITO3HAYEHD I TEPMIHIB

AreHt, 60 — OKpeMUll KOMIOHEHT POHOBOI CUCTEMH
BAC — Oe3minoTHa aBialiiiHa cucTeMa

BITJIA - 6e3niyioTHUM JTiTadIbHUN anapaT

BbriAK — 0e3nioTHHUI aBialliHHUN KOMIJIEKC

JITAC — mucTaHmiitHO MIJIOTOBAHI aBlalliiiHl CHCTEMH
IC — indopmariitna cucrema

PI — poiioBwuii iHTENEKT



BCTVYII

PoinHs sk TOHATTA HE € HOBUM. POi MOXHa 3yCTpIiTH B MPUPO/Ii, HATIPUKIIAI,
KOCSIKU puO (111 M00yBaHHS TKI Ta 3aXUCTy BiJ XWKaKiB), OJPKOJWHI KOJIOHIT
(pO3MHOKEHHS) Ta MITAIIKMHI 3rpai (JIo0yBaHHS 1K1 Ta Mirparfis).

PoinHs — 1€ TakoX J1aBHS BIMChKOBA TAKTHUKA, KOJM KUJIbKa MIPO3ILTIB
CXOJAThCS, 100 aTakyBaTH IIb 3 JCEKUIBKOX HampsMIB Yy HaBMHCHO
CTPYKTYPOBaHHH, CKOOpAMHOBaHUH c11oci0 [1].

3aBASKA PO3BUTKY KOMYHIKALIMHUX, OOYMCIIOBAJBHUX 1 CEHCOPHHX
TEXHOJIOT1H 32 OCTaHHI1 JIBa ICCATUPIYYSI HaBIraIlis 1 KOOPAWHAIIIS POiB OE3MIIOTHUX
JITaJbHUX arapariB 3BepTae Ha cebe Bce OUIbIIy yBary 3 OOKYy HayKOBIIIB.
BukopuctoBytoun cTparerii CHOiJIbHOTO YIpaBiiHHS, BelduKa KUIbKICTh BITJIA,
3'€THaHUX TIEBHUMH 3B’SI3KaMH, MOXKE€ OyTH CIpsSMOBAaHA Ha JOCATHEHHS OJIHIET
CH1JIBLHOT METH.

[Ipu mpaBuIbHOMY MPOEKTYyBaHHI B3aeMmojis o0'eqHaHux B rpymy BIIJIA
MO>ke OyTH 3a0e3rneueHa 3a paxXyHOK BUKOPUCTaHHS 1H(OpMaIlii Mpo CTaH CyCiIHIX
amapariB 4yepe3 MOy 3B'A3Ky, IO 3a0e3neuye OUIbIy THYYKICTh 1 €KOHOMIYHY
e(heKTUBHICTh y MOPIBHIHHI 3 0HUM cKiIaaHuM BITJIA mipu BupiieHH1 CKIaaHuX 1
BIJIOBITAIbHUX 3aBJaHb [2]. Y MOpiBHAHHI 3 KOJICHUMH MOOUTBHHUMH POOOTaMH,
BHUCOKA THYYKICTh 1 MaHeBpeHIicTh BIIJIA poOasaTh ix ineansHuMHU miiatGopmamMu
JUTSl BAKOHAHHS aBTOHOMHUX 3aBJaHb B €KCTPEMaJIbHUX YMOBAX.

[IpoOnema mBHAKOTO Ta €(QEKTUBHOIO pearyBaHHS B HaA3BUYAWHUX
CUTyalllIX 3aBXJM XBWIIOBAJIA JIIOACTBO. 3 pOKaMH €(EKTUBHICTh CHCTEM
BUSIBJIICHHSI CTUXIMHMX JIMX TUIBKM 3pOCTAa€, 1 3aBISKUM CYYaCHUM TEXHOJIOTISIM
0arato mpoIeCiB PATYBAIBHUX OTIEPAIliii MOYKHA aBTOMATHU3YBaTH.

CbOroJiHi CUJIbHI JIICOB1 MOXKEX1, 3eMJIETPYCH, TOBEHI Ta CXOHKEHHS JIABUH B
ropax IMmo BChOMY CBITY [3] cTuMyIoBanu JIOCHIIHKEHHS B raiy3i po3poOKH
nepenoBux crparerii Hapiramii BIIJIA i MOHITOPUHTY CTHUXIMHMX JUX, iX

HACI/IKIB Ta MOIIYKY MOCTPAXKIATHX.
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Meroto poOOTH € MiJBUILEHHS >XUBYYOCTI POHOBOI CHCTEMH ILISXOM
PO3pOOKM TEXHOJOTII 1i PecTPyKTypH3allii Ha IMiJCTaBl BU3HAYEHHS IIHOBUX
GyHKIIH MakcuMi3allii IIMPUHM Ta SIKOCTI CKaHYBaHHS TEPUTOPII.

OO0'exT AOCHIIKEHHS: MPOIEC CKaHYBaHHS MICIIEBOCTI pOHOBOIO CUCTEMOIO.

[IpeameTOoM NOCHIIKEHHS € METOAM Ta TEXHOJIOTIT MiJBUIIEHHS KUBYYOCTI
pOWOBOI CUCTEMHU.

Jlns nocsarHeHHs: MeTy Oysiu cpopMyIbOBaHI Taki 3aBAaHHS: JOCTIKCHHS Ta
aHajl3 ICHYIOUMX METOJIB OpraHizarlii poHoBOi CUCTEMH, JOCTIHKEHHS Ta aHalli3
aJTOPUTMIB KHUBYUYOCTI 1HQOPMAIIIMHUX CUCTEM, TIOIITYK ONTUMAJILHOTO PIIIICHHS Ha
MiJICTaBl OTPUMAHMUX PE3yJbTaTIB, aHaJI3 ICHYIOYHX IHCTPYMEHTIB peasizallii
iHpopMaIIiHUX cHUCTeM, po3poOka 1H(OpPMAIIHHOT TEXHOJOTIi MIJBUIIECHHS
JKMBYYOCTI, IO BKIIIOYaE B ce0e ONUC OpraHizamii IIIJIOT0 KOMIUIEKCY, IO

3a0e3neuye poOOTy TaKO1 CHCTEMH.



43
BUCHOBKH

B pamxkax 1i€i po6oTu po3po0iaeHo O0e3MUIOTHHM aBialliiHUNA KOMIUIEKC, 10
CKJIaly SIKOTO BXOJATH TOJIOBHUU Ta TEPUTOPIAIbHUMN IIEHTPU KEPyBaHHS MOJIHOTOM
(1o ckiamy BXOJATH: CTaHINS 3B’SI3KY, MEHEIDKEp JAaT4MKiB, METEOpOJOoriyHa
CTaHIlis, MEHE/DKEp IHCTPYKIIiA, JOTICTUYHA CHCTeMma, 0a3a JaHWX pPe3yJIbTaTiB
CKaHyBaHHs, 0a3a nanux ctaHiB BIIJIA), cucrema kepyBaHHs 3J1ITOM Ta MOCAAKOIO,
iHTepdeiic oneparopa Ta BiIacHe poitoBa cucrema — rpyma bITJIA.

JlocnipkeHO OCHOBHI €Tanu JIOCHIKEHHSI MICHEBOCTI CHPOEKTOBAaHUM
KOMITJIEKCOM: MiJIFOTOBKA JI0 37Ty, 3JIIT, MOJIT, TOBEPHEHHS Ha 0a3y Ta mocajka,
MICIIANOIBOTHI 3aX0/IH.

[IpoananizyBaBIIM BCl KpOKH, SIKI MPOXOAMTH POMOBA CHUCTEMa MijJ dYac
MOJIBOTY, JIAIUIM BUCHOBKY, III0 caMe MPHU MEPEeCyBaHHI MO KOOpJWHATAX I/ 4Yac
MOJIbOTY MOKYTh BUHHKATH MPOOJIEeMU 13 3a0€31I€UEHHIM KUBYUOCTI CHCTEMH, aJI5KE
B 3aJICKHOCTI BiJI MICIi, IKY BUKOHY€E cHcTeMa (JIOKaJIi3allisi JIICOBOI MOKEXK1, MOIITYK
NOCTPAXKIAIMX I1JT Yac MOBEHI a00 CXOJDKEHHS JIABUHM), LIJIbOBA (DYHKI[IS MOXKeE
3MiHIOBatucs. JIJisi MiJBUIIEHHS >KUBYYOCTI POMOBOiI CUCTEMH C(HOPMYIHLOBAHO
ITOBl (PYHKINT CHUCTEMH Ta PO3POOJICHO aJrOPUTMU MaKCHUMI3alli IUPUHU Ta
SKOCTI CKaHYBaHHSI TEPUTOPIi, IO TOCTIIHKYETHCS POEM.

PoGoty 3amporoHoBaHUX aJITOPUTMIB MPOMOJEIBOBAHO 3 YpaXyBaHHIM
MO>KJIUBOI BTpaTH OOM/IIB.

[lin yac MopenoBaHHA pOOOTH AJTOPUTMY MaKCUMI3alll HIUPUHH
CKaHyBaHHSI CTaJO 3pO3YyMUIO, IO [UIsi TOro, MO0 cHUcTeMa Majia 3MOTy
MPOJIOBXKYBAaTH JOCIHIPKEHHSI TEpPUTOpii, HEOOXITHO MaTH 3arac JpOHIB, SIKI
3aMIHATh BTpauy€HI. 3 1HIIOrO OOKYy, MEXl CKaHOBAHOI TEPUTOPIi MOXKYTh OyTH
3BY’K€HI TakK, 00 3aJIUIITKOBA KUIBKICTh anapaTiB 3MOTJIa 00CITY>KUTH HOBY TUIOMIY.

[Ipu npochimxeHHi poOOTH aIrOpUTMy MaKCHMI3allii SIKOCTI CKaHyBaHHS
3’sCyBaiy, M0 y BUMAJAKy BTPAaTH OJHOTO abo0 KUIBKOX arapariB, piil mMaTHMe

MO>KJIMBICTh MIATPUMYBATH MpUBAOJIMBHUIA piBEHb SKOCTI. bezymMoBHO, A TOrO,
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o0 oTpUMaTu OUIBLI SIKICHE 300pa)XeHHsI, CiJ 30UTBIIMTH KUIBKICTh arcHTIB
CUCTEMHU.

[Tonanpiuii po3BUTOK I11€T pOOOTH IMOJIATAE Y-

— peaumizalfii omucaHoro OE3MUIOTHOIO aBlallIfHOTO KOMIUIEKCY Ta HOro
MOJIaJIbIIIOMY TECTYBaHHI;

— po3po0Iil MOIYNI0 PEeKOMEHJAIlIN, SKUI MPOIMOHYE ONEepaTopy CHUCTEMHU
MO>KJIMB1 BapiaHTH MMOBEIIHKHU POIO;

— po3po0Oiii iHTepdeiicy oneparopa CUCTEMH,

— aHaji3l MOXJIMBUX BapiaHTIB CHCTEM pO3Ii3HAaBaHHSA 00pa3iB Ta ix
IMIIJIEMEHTALLIS,

— JOCIHIJPKEHHI TMOBEIAIHKM POJBOBOI MOJENI PpPOHOBOI CHUCTEMH Ta
MOXKJIMBOCTEH IT1IBUIIICHHS i1 )KUBYYOCTI;

— MNPOEKTYBAaHHI TEXHOJIOrIi 0€3[pOTOBOIO CIUIBHOIO CXOBHIIA JTAHUX, SIKE
BUKOPUCTOBYBaTUMYTh  Ooiii st 30epiraHHsS NPOMDKHUX  PE3yJbTaTiB

CKaHYBaHH:.
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