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Pedepar:

1. PegysnbTaTy goCigpKeHb B [UCEPTallifiHiil poOOTi € BAXKJINBUM BHECKOM Y PO3BUTOK MOOIIbHUX CEHCOPHUX MEPEK
(MCM) i3 BUKOpPUCTaHHSM TeJIeKOMYHiKaliliHuX aeponnaTtdopm (TA), 30Kkpema 3aBIsKM BUKOPUCTAHHIO CEHCOPIB
CIIPSIMOBAHOI Aii Ta ABOX MOCJiAOBHUX PiBHIB T€JEKOMYHIKaliHMX aeporiaTGopM pi3HOTO IPOCTOPOBOTO
pO3TallyBaHHS Ta €HEPTETUYHOTrO 3a6e3MeueHHs. 3MICT JucepTalii BUKIa[eHO Y YOTUPbOX PO3JiNax y KOKHOMY 3
SIKMX HaBeJleHO BUCHOBKU [IPOBEJIEHUX JIOCIIiIKEHb. Y IIepLIOMY PO31ii O0yJI0 IPOBEEHO aHajli3 CydYaCHUX METOJiB
opraHizatlii iHQppacTpyKTypu MOOiIBHOI CEHCOPHOI MepEXi, a came: 0cob6aMBOCTi apxitekTypu BCM, MCM
(HeoOXigHICTh BEIMKOI KiJIbKOCTI BY3JIiB 17151 IOKPUTTS TEPUTOPIl 3HAUHOTO PO3Mipy, ix 06MexXeHi pecypcH, BUOIp

ONITUMAaJIbHOI TOIOJIOTiI TOIO), Iepenavi iHdopmalii B yMOBax BifICyTHOCTI TeJIeKOMYHIKallifHOi iHPppacTpyKTypu



Iifl 9ac CTUXIMHUX JINX, KaTaCTPOQ, BilH (i3 BUKOPUCTAHHIM MOOIIbHUX 6Aa30BUX CTAHLIiN, TPAHCIIOPTHHUX 3aCO0iB,
TeJleKOMYyHIKaliliHuX aeponsaTdopMm), HEOOXiHI AJ1s IbOTro anapaTHi 3acobu, IPOTOKOIN OOMIHY JaHUX Ta iHIe.
BrockoHaneHHs iCHylI0uMX MOOIJIbHUX CEHCOPHUX MEPEX i3 BUKOPHUCTAaHHSIM TeJIEKOMYHIKaliHUX aepoIatgopm
(TOOTO Ha3€MHO-TIOBITPSIHUX MEPEX) 0yJI0 BU3HAYEHO KJIIOUOBUM HAIPSIMKOM, SIKAY € HalO1IbII YHIBEPCAIbHUM
Croco6oM nepepgayi jaHux. Po3rysiHyBIIM iCHYI04i aITOPUTMU i METOM OOMiHY Ta 360py iHpopMallil y JaHux
Mepekax 3po6JIEHO BUCHOBOK, 10 aKTyaJbHi 3a7ja4i MOXYTb OYTU BUPIIIEHO JIMILIE YACTKOBO a60 HEJOCTAaTHBO
edexTUBHO. K HaciAoK, BU3HAY€HO LiJli TOCimKeHb i TOCTaByleHa 3ajiaya 6araToKpUTepialbHOTO BAOCKOHAJIEHHS.
Y npyromy po3fiisi po3risHyTO CTPYKTYPY Ta NIPUHIUNN PYHKI[IOHYBaHHS iCHYI0UOi HA CbOTOJHI CUCTEMU IIPOTOTHII
(MOGiIBHOI CEHCOPHOI MepesKi 3 BUKOPUCTAHHSM OJHOTO PiBHS TeJIeKOMYHIKaLiliHUX aeporniaTdopm): 0COBINBOCTI
opraxizallii Ta MOZeJIi 0JIbOTY, AITOPUTMU PO3PaXyHKY Miclp 0OMiHy iHpopmalii, knacrepusauii MCM, BU3Ha4eHO
HEJIOJIKM aJIFTOPUTMIB OOMIHY i 300py JaHUX, 1O JAJI0 PO3YMiHHS aKTyaJbHOCTI Ta HEOOXiAHOCTI NOAJIBIIOrO
PO3BUTKY CUCTEM JIAHOT'O TUILY. SIK HACJIIIOK, IPELCTABIICHO MiAXif Y ITOUIYKY [IOAAJbIINX HAIIPSIMKIB
BI,OCKOHAJIEHHSI METOJMYHOrO arapaTy CTOCOBHO MOUIYKY HAalKpalyX il 00 BUKOPUCTAHHS 6€3MTPOBOLOBOBUX
CEHCOPHUX MEPEX 3arajloM Ta MOOIJIbHMX CEHCOPHUX MEPEX 30KpeMa. BUCYHYTO ifjelo CTBOPEHHS CTPYKTYpHU
Ha3eMHO-TIOBITPSHOI MEPEXI, 0 BUKOPHCTOBYE CEHCOPH CIIPSIMOBAHOI Aii Ta pi3HOPiAHI TeJIeKOMYHIKaLiHi
aeporaTdopmMu (reslikoTepHOro Ta JIITaKOBOrO THUIIIB) Pi3HOPIBHEBOrO PO3TAIIyBAHHS [1J1s MiABUILEHHS
ePeKTUBHOCTI PYHKIiOHYBaHHS B YMOBaX BiICYTHOCTI TeJleKOMyHiKaliliHoi iHppacTpykTypu (TOO6TO B yMOBax
HAJ3BUYANHOI cuTyalii). Po3po6yieHO MaTeMaTU4Hy MOJEJIb i METOJ, 3aBISIKU SKOMY MO>KJIMBO 3a0€3[1€UNTH
IiATPUMKY 3B'SI3HOCTI By3J1iB MOGisIbHOI MepexXi ceHcopiB cripsimoBaHoi Aii (MMCC]I) 3 BUKOPUCTAHHSIM
TesleKoMyHiKaliliHux aeponsnaTtdopm (TA) pisHOPiBHEBOro po3TallyBaHHS i3 JOCSITHEHHSIM IlepeBar HaJl iCHyloUuMu
MOOIJIBHUMU CEHCOPHUMU Mepeskamu (MCM) 3 TA 3a HaCTYIIHUMU KPUTEPISIMU: MIBUAKOCTI Ta 4yaci nepepadi
iHpopMalii, KinbKoCTi 6e3nocepenHbo 3aigHUX TA. O64MCIeHHs CKaJIsIPHUX CKIIAIOBUX BEKTOPHOTO KPUTEPIIO
BUKOHYBAJIOCS 32 JOIIOMOTOIO aJIFTOPUTMIYHO 334aHOI MOZEJi. Pe3ysibTaTy po3paxyHKiB OKa3aju, o ONTHUMi3allis
3a BEKTODHUM KpUTEPieM i3 BUKOPUCTAHHSM 3aIllPOIIOHOBAHOIO METOLY Jajia MIOKpalleHHs IOPiBHSIHO i3
[IPOTOTUIIOM Bif, 2% 10 43%. TpeTiil po31in IPUCBSYEHO allapaTHil peasnisalii 3alIpOIIOHOBAHOTO METOLY.
[IpoBeeHO aHasli3 aHTEH CIIPSIMOBAHOI Ta BCECIIPSIMOBAHOI Aii, IKi BUKOPUCTOBYIOTbCS [7151 MOOIJIbHUX IIPUCTPOIB i
30KpEMa B CEHCOPHUX By3JIaXx. Bu3Ha4yeHo nepesaru Ta HeJIOJIiKU KOJKHOTO THUITY, a TAKOXK IIEPCIIEKTUBU
[IO/IQJIBLIIOTO PO3BUTKY HAIIPSIMKY CEHCOPIB CIIPSIMOBAHOI [Iil y HA3€MHO-TIOBITPSIHUX MEpeXKax i3 3aCTOCYBaHHIM
TeJIeKOMYHiKalliiiHux aepomiatdopm. IIpoBeieHO po3paxyHOK MaKCHMMAasbHOI JOBXKUHI JiHii 3B'13Ky TA-By30171 (260
Mmix TA BOX PiBHIB), 1O MiATBEPAKY€ETHCS MOPIBHAJIBHUM KOMITIOTEPHUM MOJEJIIOBAaHHIM y cepenoBuiLi Atoll.
3anpornoHoBaHe anapaTHe BIOCKOHANEHHs (3aBsIKU 3aCTOCYBAHHIO CEHCOPIB CIIPSIMOBAHOI [iii) o3BoJisie y 3.9-4.6
pasu 30iIbIINTH BilcTaHb Nepenadvi inpopmallii 3i 30epe>KeHHSIM KiJIbKOCTi 6iTOBMX IOMMUJIOK B OOMHUILIIO Yacy abo
361/IBIIMTY WBUIKICTb Nepenadi inpopmaii y 1.7-3.5 pasu nopiBHsHO i3 icHytounmu MCM i3 TA. YeTBepTuii po3ain
IIPUCBSIYEHO iMiTalifiHOMy MOJIEJIIOBaHHIO Ta OLiHIi €()EeKTUBHOCTI 3aIIPOIIOHOBAHOI0 METOAY MifTPUMKU
3B'SI3HOCTi MOOiZIbHOI Mepe>Xi CEHCOPIB CIPSIMOBAHOI Jjii i3 BUKOPHUCTAaHHSIM T€JIEKOMYHIKalliMHUX aepoIlyIaTpopm
Pi3HOPiBHEBOrO PO3TAlllyBaHHS 3TiJHO BU3HAYEHOTO MEePEJIiKy KPUTEPIiB (i3 epesiky MeTOOUYHUX PEKOMEHTALLIN
MCE-P Tta nporpamHoro komiiekcy Matlab). [To6yzoBano ABi MaTremMaTH4Hi MOZEJi: iCHyI0Ua cCHCTemMa MPOTOTUII
(MCM 3 ceHcopamu BCeCIIPSIMOBaHOI Aii i3 BuUKopucTtaHHsAM ofHoro piBHs TA) i cuctema 3arporioHoBaHa B
nuceprauii (MMCC]] i3 BukopuctaHHsM TA IBOPiBHEBOTO po3TallyBaHHs). Pe3ysbTaTi IpeACTaB/eH] y BUTIISA]
rpadikiB Ta 3aranbpHOI TAGIUII, 0 TOKA3YIOTh [TOKPALIEHHS 3alIpOIIOHOBAHOTO METO/y 32 BCiMa BU3HAYEHUMU
KPUTEPisIMHU.

2. The research results in the dissertation are an important contribution to the development of mobile sensor
networks (MSNs) using telecommunications aeroplatforms (TA), in particular through the use of directional
sensors and two consecutive levels of telecommunication aeroplatforms of different spatial arrangement and
energy supply. The dissertation content is presented into four chapters, each presenting and elucidating the
conclusions of the conducted researches. In the first chapter analyzed modern methods of organizing a mobile
sensor network infrastructure, namely: features of the WSN, MSN architecture (the need for a large number of
nodes to cover big areas, their limited resources, the choice of optimal topology, etc.), information transmission in



the absence of telecommunications infrastructure during natural disasters, catastrophes, wars (using mobile base
stations, vehicles, telecommunication aeroplatforms), the necessary hardware, data exchange protocols and other.
Improvement of existing mobile sensor networks with the use of telecommunications aeroplatforms (i.e. ground-
to-air networks) has been identified as a key area that is the most versatile method of data transmission. Having
considered the existing exchanging and collecting information algorithms and methods in these networks, it was
concluded that current tasks can be solved only partially or not effectively enough. As a result, research goals were
defined and the task of multi-criteria improvement was set. In the second chapter examines the structure and
operation principles of the currently existing prototype system (mobile sensor network with using one
telecommunication aeroplatforms level): features of the organization and flight model, algorithms for calculating
information exchange locations, clustering of MSN, identified data exchange and collection algorithms
shortcomings, which provided relevance and necessity understanding of further development systems of this type.
As aresult, an approach is presented to find further directions for improving the methodological apparatus
regarding the search for the best actions for the use of wireless sensor networks in general and mobile sensor
networks in particular. The idea of creating a ground-to-air network structure, which using directed-action
sensors and various telecommunication aerial platforms (helicopter and aircraft types) at different location levels
has been put forward to increase the efficiency of functioning in the absence of telecommunications infrastructure
(i.e. in an emergency situation). A mathematical model and method have been developed that allow for the support
of maintaining connectivity between nodes of a mobile directed-action sensor network (MDASN) with using
different location levels telecommunication aerial platforms (TA) with achieving advantages over existing mobile
sensor networks (MSNs) with TA according to the following criteria: speed and time of information transmission,
number of directly involved TAs. The calculation of the scalar components of the vector criterion was performed
using an algorithmically specified model. The calculation results showed that optimization by the vector criterion
using the proposed method gave an improvement compared to the prototype from 2% to 43%. The third chapter is
devoted to the hardware implementation of the proposed method. An analysis of directional and omnidirectional
antennas used for mobile devices and in particular in sensor nodes was conducted. The advantages and
disadvantages of each type were identified, as well as the prospects for further development of directed-action
sensors in ground-to-air networks using telecommunication aerial platforms. The maximum length of the TA-node
communication line (or between two levels TAs) was calculated, which is confirmed by comparative computer
modeling in the Atoll environment. The proposed hardware improvement (due to the use of directed-action
sensors) allows to increase information transmission distance by 3.9-4.6 times while maintaining the number of bit
errors per time unit or increase the information transmission speed by 1.7-3.5 times compared to existing MSN
with TA. The fourth chapter is devoted to simulation modeling and effectiveness evaluation of the proposed
method for maintaining connectivity in a mobile directed-action sensor network using telecommunication
aeroplatforms at different location levels according to a specified list of criteria (from the list of ITU-R
methodological recommendations and the Matlab software package). Two mathematical models were designed:
the existing prototype system (MSN with omnidirectional action nodes using TA at one level) and the system
proposed in the dissertation (MDASN using TA at two levels). The results are presented in the form of a graphs and
a general table, which show the improvement of the proposed method across all defined criteria.
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