HaykoBo-TexHiuHi 3acaau mo0y10BH HOBUX CHCTEM 3arOPM30HTHOIO 3B’A3KY i3
BHKOPHUCTAHHAM PETPAHCJISALNINHUX aepoimiaTgopM Ta IITYYHUX YTBOPEHb

Scientific and technical basis for the construction of new over-the-horizon
communication systems using relay air platforms and artificial formations

1. HaykoBuii kepiBHuk: KpaBuyk Cepriit OnekcanapoBud (1.T.H., mpodecop)
Kravchuk Serhii Olexandrovich (Doctor of Technical Sciences, Professor)

2. HasBa miapo3ainy, temedon, e-mail. KIII im. Irops Cikopchkoro, HayKOBO-
JOCIITHUH IHCTUTYT TesekoMyHikartii, (044) 204-83-13, sakravchuk@ukr.net

3. CyTb po3po0Ku, OCHOBHI pe3yJabTaTH.

["'onoBHUM pe3ynbTaToOM € po3poOKa KOHIIEMIIIT HAYKOBO-TEXHIYHUX 3acajl CTBOPEHHS
HOBHUX BHCOKOIIBUJKICHUX CUCTEM 3arOPU30HTHOTO 3B’S3KY 13 3MIHHOIO apXITEKTYpOIO 13
BUKODUCTAHHSIM OIMOPHUX CTaHIIM TpormochepHOro 3B’SA3KYy 1 peTpaHCHsALINHUX
IHTEJEKTyaJbHUX aeporuiaTpopM Ta IITy4YHUX yTBopeHb. Konuemnuist 6a3yeTbcsi Ha
3aCTOCYBaHHI HOBHUX TEXHOJIOT1H KOTHITMBHOTO 1 INPOTpaMHO-BU3HAUYBAHOI'O pasio,
KOOTIepaTUBHOI  peTpaHciaiii, M2M, mudpoBoi o0OpoOKHM CHUTHANIB, MIATPUMKHU
BUCOKOC(EKTHBHUX METOJIB aJamTamii J0 3MIiHH YMOB pOOOTH, SKI BHUHUKAIOTH SK
BHACIIOK CKJIQJHMX 3aBMHpaHb, TaK 1 BHACIAOK CTPYKTYpHOi Oprasizaiii
TEJIEKOMYHIKAI[IHHUX CUCTEM 4-TO Ta 5-TO TTOKOJIiHb.

[Tpu oMy, 30KpeMa, OTPUMAHO HACTYIIHE: CTPYKTYpPHO-(PYHKITIOHAbHI MPUHITUITN
noOy/I0OBH HOBHX TETEPOrCHHHX CHCTEM 3aropH30HTHOTO 3B’S3KY, CTPYKTypH3aIlis
00’€KTIB Ta BY3JIIB TaKOi CHCTEMH; CTPYKTYPHO-(DYHKIIIOHAJIbHI NMPUHUIUIHN MOOYIOBU
CHCTEMH caMoOOpTraHi3amii Ta TpymoBoi B3aemojii aeporiatdgopm B cy3ip’i (poi) i3
ypaxyBaHHSAM MmiaxomiB M2M; TexHi4HI BHMOrH 10 oOmamHanHs By3nmiB C33;
MaTeMaTH4HI MOJENl MNPOMYCKHOI 3AaTHOCTI Ta 3aBajo3axuileHocTi kaHaniB C33,
apXiTeKTypa SKHX IJITPUMYE CUCTEMHY OaraTopiBHEBICTb, PETPAHCIAIII0 Ta Mesh-
CTPYKTypH3aIlil0;  pe3yiabTaTH  JOCHIIKEHb  CHenuiuHuX  3aKOHOMIPHOCTEH
TPONOC(HEPHOro PO3CISHHA HAa  HEOJHOPITHOCTSIX aTMocepu Ta HaA IITYYHHUX
YTBOPEHHSX 3 METOK) BHU3HAUCHHS MEX MOXKJIMBOTO PO3MIUPEHHS POOOYHX CMYT 4acTOT
pajioKkaHaliB Ta croco0iB 0OpOTHOM 3 JOOOBUMU 1HBEPCISIMU IIapiB Tponochepu; MUISIXU
Ta METOAM 3aJlydCHHs IITYYHHX ITACHBHHMX 3aBaJl B Tporocdepi Ui HAIpaBJICHOTO
BiIOMBaHHS PaJIOCUTHATY HA3eMHOI CTaHINI 3 METOI CTBOPEHHS PETPAHCIAIINHOT
pamioNiHil BEIMKOI MPOTSHKHOCTI; METOMW MIABUIICHHS €HEPreTUYHOi 1 CHEeKTPabHOI
e eKTUBHOCTI ITU(POBUX CUCTEM 3B’ SA3KY Ha MaJIMX aeporuiarhopmax.

The main result is the development of the concept of scientific and technical
foundations for the creation of new high-speed over-the-horizon communication systems
(SPZ) with variable architecture using reference stations for tropospheric communication
and relay intelligent air platforms and artificial formations. The concept is based on the use
of new technologies of cognitive and software-defined radio, cooperative relaying, M2M,
digital signal processing, support of highly effective methods of adaptation to changing
working conditions that arise both as a result of complex fading and as a result of the
structural organization of telecommunication systems of the 4th and 5th generation.

In this case, in particular, the following was obtained: structural and functional
principles of building new heterogeneous over-the-horizon communication systems,
structuring of objects and nodes of such a system; structural and functional principles of
building a system of self-organization and group interaction of air platforms in the
constellation, taking into account the M2M approaches; technical requirements for the
equipment of the SPZ units; mathematical models of bandwidth and noise immunity of



SPZ channels, the architecture of which supports system layering, retransmission and
mesh-structuring; the results of studies of specific patterns of tropospheric scattering on
atmospheric inhomogeneities and on artificial formations in order to determine the
boundaries of a possible expansion of the operating frequency bands of radio channels and
ways to combat daily inversions of tropospheric layers; ways and methods of attracting
artificial passive interference in the troposphere for directional reflection of the radio signal
of a ground station in order to create a long-range relay radio link; methods of increasing
the energy and spectral efficiency of digital communication systems on small air platforms.

4. TlopiBHSIHHA 3i CBITOBUMH aHAJIOTaMH.

3arajaoM, HayKoBa HOBU3HA pOOOTH 0a3yeTbcsi HA BUKOPHCTaHHI HOBHX METOJIB
PO3B’S3aHHS MOCTABJICHUX 3aBJaHb MPOEKTY Yepe3 3aCTOCYBAHHS HOBHUX OPUTIHATBHUX
MiIXO0/IB, aNTOPUTMIB 1 MoOJAENed Ta TEXHIYHUX pilieHb, OUIBINICTh 3 SKUX [0
TETEepINTHBOTO Yacy He 3aCTOCOBYBAJIach 1 TOMY HE MalOTh aHAJIOTIB y CBITI.

BinnoBigHICTE pe3ynbTaTiB poOOTH CBITOBOMY pIBHIO MiABEP/UKYIOTh, 30KpeEMa,
HACTYIHI MOJoKeHHSA. Po3poOka CTpYKTypHO-()YHKIIIOHAIBHUX IPHUHIUIIB MOOYI0BU
HOBUX TE€TEPOTEHHUX CHCTEM 3arOpU30HTHOTO 3B 53Ky, CTPYKTypu3allisi 00 €KTiB Ta
BY3JIiB Takoi CHCTEMH € TOJAJbIINM PO3BHUTKOM HAayKOBO-TEXHIYHUX MPHUHIIUITIB
CTBOPEHHSI Cy4YaCHUX BHMCOKOE()EKTHUBHUX TEJIEKOMYHIKaIii. Pe3ynbraTé n0CHiKEHb
crienuPiYHIX 3aKOHOMIPHOCTEH TpomocepHOTO PO3CISHHS HAa  HEOTHOPITHOCTIX
atMocepn Ta Ha IITYYHUX YTBOPEHHSX 3 METOIO BHU3HAYEHHS MEX MOXJIHBOTO
PO3IMIUPEHHST POOOYMX CMYT YacTOT pajioKaHaIiB Ta cmocoOiB 00poThOU 3 J000BUMHU
1HBepCiIMH MapiB TporochepH, TOCTIHKCHHS NUISXIB Ta METOMIB 3aTyYeHHS IITYYHUX
MACUBHUX 3aBajl B Tporocdepi Uis HalpaBlICeHOTO BiIOWBaHHS pajJliOCUTHATY Ha3eMHOT
CTaHIIIi 3 METOI0 CTBOPEHHS PETPAHCIISIINHOT paaioiHii BEIUKOI NPOTIAKHOCTI OTHUM 13
BOKJIMBUX TOJIOKEHDb JAaHUX JIOCTIIKEHb CTajia po3poOKa HOBOI MOJieil TpornochepHOro
PO3CisIHHS Ha OCHOBI TEXHIKH TpacyBaHHs IIpoMeHiB Ray tracing.

Bce 1e miaTBep/kye iHHOBaIlHY HOBU3HY 1 CBITOBHM piBeHb PE3yJbTATIB JaHOT
poboTHu.

5. HoreHuiiiHi kopucTyBaui.

[ToTeHmiHUME  KOpHUCTYBadyaMH MOXYTh OyTH BITUM3HSHI Ta 3aKOPJIOHHI
HiAIPUEMCTBA PAJIIOTEXHIYHOTO 1 TEIEKOMYHIKAIIHHOrO NMpodiito, HayKOBO-A0CTIIHI Ta
IIPOEKTHO-KoHCTpyKTOpehki  OPTaHi3allli MpU CTBOPEHHI HOBUX CHUCTEM, KOMIUIEKCIB Ta
3ac00iB 3B’A3Ky B MIKPOXBHJIHLOBOMY Jiama3oHi JOBXKWH XBWIb. Takoxk, MiHICTEpCTBO
OCBITH 1 HaykH YKpaiHu, BUIII HABYAJIbHI 3aKJIa/I1 MIPH MiATOTOBI (DaxiBIliB Ta HAYKOBUX
KaJIpiB TEJIEKOMYHIKALIIHOTo Mpodiito.

6. CTaH roToBHOCTi pO3po0KH.

Po3pobnieHi Ta BUTOTOBJIEHI MakeTH OOJIaJHAHHS, BIiANpPAIbOBaHI BIJIOBIIHI
TEXHOJIOT11 1 PO3pO0JIeHI TEXHOJOTIUHI PEKOMEH/AIIT 010 €(PEKTUBHOTO 3aCTOCYBaHHS
CKCIIEPUMEHTAIIBHOTO 00J1aiHaHHA. MOKIMBa PO3poOKa JOCIiTHO-IPOMHCIOBUX 3pa3KiB
HOBOTO YCTaTKyBaHHS, SIKI MOBHICTIO aJalTOBaHI O ICHYIOUOT'O OCHOBHOTO CHJIOBOTO
oOagHaHHS 1 MOKYTh OyTH BIIPOBAPKEHI y TPOMHUCIIOBE BUPOOHHUIITBO.

7. IcHyroui pe3yibTaTH BIIPOBAsKeHHS.

Pesynbratin po6otn Oynu BmpoBamkeHi B BAT "Mepunian" im. C.I1. Koponbosa
npu crBopenHi BiTum3HsHOTO BIIJIA "Spectator" ta B HBII "Cinko" mpu cTBOpeHHI
npUiiMaTbHO-TIEPEIaBaILHOTO 00IaTHAHHS PI3HOTO MPU3HAYCHHSI.



8. doro.
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WY OSTIND

300pakeHHs 3aBHCaHHS KBaJpokonTepa i3 monyiem ADALM-Pluto Radio

3aBucaHHs poro ApoHiB Ha BucoTi 10...15 m

KmoyoBi  caosa g0  pospooku: CHUCTEMU 3ATOPU3OHTHOI'O  3B’A3KY,
TPOIOC®EPHE PO3CIFOBAHHS, BE3IIVIOTHNUU JIITAIOYNU ATIAPAT, IITYYHI
YTBOPEHHA, 3ABAJIOCTIMKICTD, ITPOITY CKHA 3/IATHICTbD.



