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OCHOBHI OTpHMaHi pe3yJbTaTH POOOTH MOJATAIOTH Y PO3POOI HAYKOBO-TEXHIYHIX 3acaj
CTBOPEHHSI TE€TEPOreHHHMX TEIEKOMYHIKAlIHHUX CHCTEM HACTYIHOI'O IOKOJIIHHS 3 BHCOKOIO
MPOIMTYCKHOI 3JIaTHICTIO, BY3JIH SKHX PO3MINIYIOTbCS Ha IuIAaTGOpMi  CTpaTochepHOTO
OE3IMUIOTHOTO JITAIBHOTO amapara, 1o J1a€ MOXJIMBICTh TaKid CHCTeMI 3a0€31EYUTH 1HTErPaIIiio
710 ICHYIOUYHX MICIIEBUX KOMYHIKaIlii, sIKi pO3TalIOBaHi B 30HI MOKPUTTSI JITAIBHOTO armapary.

IIpu upomy po3po6neHo CTPYKTYPHO- (GyHKII0OHAJIbHI TPUHIUNM 1OOYI0BU 00JIaHAHHS
YIIPaBIIiHHS Ta 3B’5I3Ky OOPTOBOI 1 Ha3eMHOI YaCTUH TEJIEKOMYHIKAI[iHOI CHCTEMH Ha OCHOBI
BucotHoi aepomnardopmu (TCBA); nmpuHIMIN CTBOPEHHS Ta CTPYKTYPU BUCOKOIIBHUKICHOIO
KaHaJy Tepefadi JaHWX B PI3HUX YaCTOTHUX Jlialla30HaX Ta TEXHIYHI BHMOTH JO HHX;
MaTeMaTH4yHi MoJelli Oe3MpOBOJOBOTO KaHally 3B’A3Ky MDK Ha3eMHOIO CTaHIEI0 Ta
aeporurarGopMor0 3 ypaxyBaHHSM TIPOCTOPOBO-YAacOBOTO MyJbTUILICKCYBanHs MIMO Ta
BUKOPUCTAHHSAM IPUHLUIY KOOMNEPATUBHOI PETPAHCIALI; aJIrOpUTMHU ajanTaiii CUCTEeMHU
nepeaayi JaHuX 10 3MiHM CTaHy poOOTH B yMOBaX HaBMHUCHHMX Ta HEHaBMHUCHUX 3aBajj;
QITOPUTMU KepyBaHHs OOPTOBOT 1 HA3€MHOI AHTEHHHUX CUCTEM Ta TEXHIUHI BUMOTH J0 HHX.

BusHaueHo MOTeHIIMHI MOXJIMBOCTI JKUBYUOCT1 KaHaly yrpaBiiHHs 1 Tenemerpii B TCBA
y BUTJISAI OTPUMAHUX 3aJI€KHOCTEH Ta 3aKOHOMIPHOCTEH, aJrOPUTMH Bi]MOBOCTIHKOCTI TaKOTO
KaHajy; NPOTOKOJIM Ta CTPYKTYpH (PYHKIIOHYBaHHS KaHajdy YOpPaBJIIHHA 1 TeneMerpii Ta
TEXHIYHI BUMOTH 0 HBOTO; MIAXOIM 10 peasizalii mporenyp KorHiTHBHOTO panio B TCBA;
CTPYKTYpHU HporpaMHOro 3a0be3mneueHHs OOpTOBOrO IMpolecopy YIpaBiliHHS 1 0OpOOKH JaHMX,
Ha3€MHOI'0 00YHCITIOBAJILHOIO KOMILIEKCY YIPaBIIiHHS 1 00pOOKHU 1aHUX.

(poc.)

OCHOBHBIE MOJyYEHHbIE pe3yNbTaThl pabOThl 3aKIIOYAIOTCS B pa3paboTKe HAay4dHO-
TEXHUYECKUX OCHOB CO3/IaHUSI T€TEPOTCHHBIX TEIEKOMMYHHKAIIMOHHBIX CHCTEM CIIEAYIOIIETO
MOKOJIEHUsI C BBICOKOM MPONMYCKHOH CHOCOOHOCTBIO, Y37l KOTOPBIX pa3MEIIaloTCs Ha
miatdopme cTpatochepHOro OECHMIOTHOTO JIETATEIBLHOTO ammapara, 4To IO3BOJIIET TaKOW
cucreMe  OOECNeYUTbh HHTETrpalli0 €  CYHIECTBYIOIIMMH  MECTHBIX  KOMMYHMKAIM,
PacIIOIOKEHHBIX B 30HE JIETATEIBHOTO aIlapara.

[Ipu »TOM pa3paboTaHbl CTPYKTYPHO-(DYHKIIMOHAIbHBIE MPUHLUIBI MOCTPOCHUS
000opyI0BaHNE YIIPABIEHUS W CBA3M OOPTOBOM M HAa3eMHOHN YacTeil TEIEeKOMMYHHKAIIMOHHON
CHCTEMBl Ha OCHOBE BBICOTHOH a’poruiatdopm (TCBA) mpHHLIMIBI CO3MAaHUS U CTPYKTYPHI
BBICOKOCKOPOCTHOTO KaHajla Tepelavyd MaHHBIX B PAa3UYHBIX YacCTOTHBIX JHAla3oHaxX |
TEXHUYECKHE TpeOOBaHMs K HUM; MaTeMaTH4YeCKUe MOJETH OECIpOBOAHOTO KaHaja CBS3U
MEXIy Ha3eMHOH CTaHIMed W adporuiatpopM C YYETOM HPOCTPAHCTBEHHO-BPEMEHHOTO
myJabTUIIeKcupoBanuss MIMO u ucnonb30BaHMEM NPHUHIMIIA KOOMEPATUBHOM PETPAHCISILINY;
QITOPUTMBI aJaNTallMd CHCTEMBl Tepefaddl JaHHBIX J0 W3MEHEHHS COCTOSIHHS pabOTHl B
YCIIOBUAX MpPEAHAMEPEHHBIX U HEMPEIHAMEPEHHBIX TIOMEX; aITOPUTMbI YIIpaBiIeHHUs OOPTOBOM U
HA3€MHOHN aHTEHHBIX CUCTEM M TEXHUYECKHE TPEOOBAHUS K HHUM.

OnpezneneHbl NOTEHIMATIbHBIE BO3MOXKHOCTH JKUBYYECTH KaHala YOpPaBJICHUS U
tenemerpu B TCBA B BuJe MOJIY4YEHHBIX 3aBUCUMOCTEH M 3aKOHOMEPHOCTEH, alrOPUTMbI
OTKa30yCTOMYMBOCTH TAaKOr0 KaHaja; MPOTOKOJBI M CTPYKTYphl (DYHKIIMOHHPOBAHUS KaHasa



VOpaBJICHUS M TEIEMETPUU M TEXHUUYECKHE TPEOOBaHUS K HEMY; MOJIXOAbl K pean3aliuu
nporenyp KOrHUTUBHOTO paano B TCBA; cTpyKTypbl mporpaMMHOro obecneueHust O0pTOBOToO
MpoIIeCCOPYy YIpaBiIeHUs W OOpabOTKM JaHHBIX, HA3€MHOTO BBIYHCIUTEIHLHOTO KOMILIEKCA
yIpaByieHUs! 1 00paOOTKU JaHHBIX.

(anra.)

The main obtained results are the development of scientific and technical principles for
the creation of heterogeneous telecommunications systems of the next generation with high
throughput, the nodes of which are located on the platform of the stratospheric unmanned aerial
vehicle, which enables such a system to integrate into existing local communications, which are
located in the coverage area of the aircraft.

The structural-functional principles of the construction of control and communication
equipment of the airborne and ground-based parts of the telecommunication system based on the
high-altitude aeroplatform were developed; principles of creation and structure of high-speed
data transmission channels in different frequency bands and technical requirements to them;
mathematical models of the wireless communication channel between the ground station and the
airplane, taking into account space-time multiplexing of the MIMO and using the principle of
cooperative relay; algorithms of adaptation of the data transmission system to change the state of
work in conditions of intentional and unintentional noise; Airborne and ground antenna systems
control algorithms and technical requirements for them.

The potential possibilities of survival of the channel of control and telemetry in the HAPS in
the form of the received dependencies and regularities, algorithms of fault-tolerance of such
channel are determined; protocols and structures of the operation of the control and telemetry
channel and its technical requirements; Approaches to the implementation of cognitive radio
procedures in HAPS; software architecture for on-board processor management and data
processing, terrestrial computing complex management and data processing.

4. HasiBHiCTH OXOPOHHHUX JOKYMEHTIB HA 00’€KTH MPaBa iHTe1eKTYalIbHOI BJIACHOCTI.

- CBIZIOUTBO MpPO PEECTpaIif0 aBTOPCHKOTo mpasa Ha TBip Ne 66937 Binm 29.07.16 «Mozens
Ipoliecy yNpaBIliHHA 3aXUCTOM BiJl MepeBaHTaXEeHb Mepex mnepenadi qanux» Pomanos O.1.,
€pmakoB A.B., Hecrepernko M.M., ManbkiBcbkuii B.b., MockButina A.O.

- TAaTeHT Ha KopHcHY Mojenb Ykpainu Ne 108632 Big 25.07.2016 «Cmoci® TponochepHoro
3B's13ky» Cmtocap B.1., Inbuenko M.1O., Haputauk T.M.

- TNATEeHT Ha KopucHy mozaenb Ykpainu Ne 107402 Big 10.06.2016 «10.06.2016» JI.C. ITiHuyk,
0.B. 3axapos, [.B. Tpybapos, M.1O. Inpuenko

- TAaTeHT Ha KOopucHy Mozenb Ykpainu Ne 104240 Big 25.01.2016 «Cucrema 3a0e3nedeHHs
3B’SI3KYy MDK JIBOMa pajiopeneiiHumu craHuismu» B.M. Bpanuyk, €.A. Sxopnos, I'.JL
Asneenko, A.B.Umxkescbka, M IO. Inbuenko

5. IlopiBHsIHHSA 3i CBITOBUMH aHAJOTaMu.

PesynpTatn BuUnpoOyBaHb MNPOTOTHIY 3alpOlOHOBAHOI AHTEHHOI CHCTEMH 3
ABTOMATUYHUM CYIPOBOKEHHSAM aeporutargopmu Ha 0a3l NpPEICTaBICHUX alrOPUTMIB
KEpYBaHHs IPOJEMOHCTPYBAB BEIMKY TOUHICTh CYIPOBOJY 33aHOTO MOJIBOTHOI'O MapLIpyTy
(BizxunenHs SNR He nepesuirye noxubku B 1 1b) Ta 6e3nepebdiitHy po6oTy KaHaly nepenayi
JJAHUX Ha PI3HUX BUCOTaX, MIBUAKOCTSIX Ta BIJACTaHIX; BUKOPHCTAHHS HEUITKOTO BHCHOBKY
mpu  PO3poOIll  aNrOpuTMIB  AJanTUBHOI  MOAYJAIII Ta KOMYBaHHS Ha  OCHOBI
OaraToKpHUTepiaJIbHUX OLIHOK CTaHy KaHaly JJs BUKOPHUCTAaHHS B cuTeMax 3B'si3ky 3 BITJIA
3aCTOCOBAHO BIIEpIIe; 3alpONOHOBAHO CHUCTEMY KEpPYBAaHHSI IMPOCTOPOBUM IOJIOKEHHIM
TOCTPOHAIPABJIEHOI AHTEHHOI CHUCTEMH aeporulaThopMmu, I0 3abe3rneyye ONTHUMI3allilo
MpOLECY BXOKEHHS B 3B'SI30K 1 MOXIIMBICTh BIJHOBJEHHS 3B'SI3Ky B pasl Horo BTpaTH
HIISIXOM 3aCTOCYBaHHS OPUTIHAJIBHOTO TUCKPETHOTO AJITOPUTMY CKaHYBaHHS.

Bce e miaTBepaKye iHHOBaIIHHY HOBU3HY 1 CBITOBUI PiBEHb PE3y/IbTATIB 1aHOI pOOOTH.

6. ExoHoMiuHa npuBa0/IMBicTh 1J1s1 IPOCYBAHHS HA PUHOK



3acTocyBaHHs PO3pOOJEHUX METO/IB, AJITOPUTMIB, CHUCTEMHHUX apXITEKTyp JJ03BOJISE
3HU3UTH co0iBapTicTh HAa 30—70 % Ta miIBHUIUTH SKICTh POOIT MIOI0 CTBOPEHHS 1 PO3TOPTAHHS
cTpatochepHUX TEICKOMYHIKAIlIMHIX CHCTEM Ha 0a3i BUCOTHHUX aeporuiaThopm.

7. TloreHuiiiHi kopucTyBadyi (rajaysi, MiHicTepcTBa, NiANPUEMCTBA, OpraHizauii).
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HIMPOKOCMYTOBOT'O PaJIi0OAOCTYITy Ta CUCTEM 3B'SI3KY 32 PaXYHOK BIIPOBA’KEHHSI MIEPCIIEKTUBHUX
METOJ/IB ajanTallii 10 3MIHM 3aBaJIOBO-CUTHAJIBHUX Ta KaHAJIbHUX YMOB (PYHKI[IOHYBaHHS.
Pesynbratm  poGoTm  MOXYyTh OyTH  peanizoBaHi IIISIXOM  ITOCTAaHOBKH  JIOCIIIHO-
KOHCTPYKTOPCHKOi pOOOTHM MO peamizalii KOHKPETHOIO IPOEKTY CTBOPEHHSA Oe3MmpoBOAOBOT
cucteMd 4-T0 1 5-TO MOKOJIHHA 13 MIATPUMKOI0 MOOUIBHOCTI; UIAXOM MPOAAXy OTPUMAHUX B
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