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(Ykp.)

OCHOBHI OTpUMaHi pe3yJbTaTH POOOTH MOJATAIOTH Y PO3pOOI HAYKOBO-TEXHIYHIX 3acaj
CTBOPEHHSI TETEPOreHHMX TEeJIEKOMYHIKAllIHHUX CHCTEM HACTYIIHOTO IOKOJIHHS 3 BHCOKOIO
MPOIMYCKHOI 3JIaTHICTIO, BY3JM SKHX pO3MINIYIOTbCS Ha Tuiargopmi cTpatocdepHOro
OE3IMUIOTHOTO JIITAIBHOTO amapara, 1o J1a€ MOXJIMBICTh TaKid CHCTEMI 3a0€31EUYUTH 1HTErpaIiro
710 ICHYIOUYHX MICIIEBUX KOMYHIKaIlii, sIKi pO3TalIOBaHi B 30HI MOKPUTTSI JITaJBHOTO armapary.

IIpu upomy po3po6neHo CTPYKTYPHO- (GyHKIIOHAJIbHI TPUHIUIM 1OOYI0BU 00JIaHAHHS
YIIPaBIIiHHS Ta 3B’53Ky OOPTOBOI 1 Ha3eMHOI YaCTWUH TEJIEKOMYHIKAIliHHOI CHCTEMH Ha OCHOBI
BucotHoi aepornardopmu (TCBA); npuHIMIN CTBOPEHHS Ta CTPYKTYPU BUCOKOIIBHUIKICHOTO
KaHAIy TepeAayi JaHWX B PI3HUX YaCTOTHUX Jialla30HaX Ta TEXHIYHI BUMOTH /O HUX;
MaTeMaTU4yHI Mojeli Oe3mpOoBOJOBOTO KaHally 3B’A3Ky MDK Ha3eMHOIO CTaHIEI0 Ta
aeporiaTGopMor0 3 ypaxyBaHHSIM IPOCTOPOBO-4AaCOBOTO MyJbTUILIeKCYBaHHS MIMO Ta
BUKOPUCTAHHSAM IPUHLUIY KOONEPATUBHOI PETPAHCIALIl; aJrOpUTMHU aJanTalii CUCTEMHU
nepeaayi JaHuX 10 3MiHM CTaHy poOOTH B yMOBaX HaBMHCHHMX Ta HEHABMHCHUX 3aBaj,
QITOPUTMU KepyBaHHs OOPTOBOT 1 HA3€MHOT aHTEHHUX CUCTEM Ta TEXHIUHI BUMOTHU J0 HHX.

Bu3HayeHo MOTEHIiHI MOKIIMBOCTI JKUBYYOCTI KaHay yrnpasminHs 1 Tenemerpii B TCBA
y BUTJISAL OTPUMAHUX 3aJI€KHOCTEH Ta 3aKOHOMIPHOCTEH, alTOPUTMH BiMOBOCTIHKOCTI TaKOTrO
KaHajly; NPOTOKOJIM Ta CTPYKTYypH (PYHKLIOHYBaHHsS KaHajdy YOpPaBJIIHHA 1 TeneMerpii Ta
TEXHIYHI BUMOTH 0 HBOTO; MIAXOIM 10 pealizalii mporenyp KorHiTMBHOTO panio B TCBA;
CTPYKTYpH HporpaMHOro 3abe3rneueHHs OOpTOBOrO MpOLEcOpy YIpaBiiHHS 1 OOpOOKH JaHMX,
Ha3€MHOI'0 00YNCITIOBAJILHOIO KOMILJIEKCY YIPaBIIiHHS 1 00pOOKHU 1aHUX.

(poc.)

OCHOBHBIE MOJyYEHHbIE pe3yNbTaThl pabOThl 3aKIOYAIOTCd B pa3paboTKe Hay4dyHO-
TEXHUYECKUX OCHOB CO3JIaHUS T€TEPOTCHHBIX TEIEKOMMYHHKAIIMOHHBIX CHCTEM CIIEAYIOMIETO
MOKOJIEHUSI C BBICOKOM MPOMYCKHOH CHOCOOHOCTBIO, Y3J7bI KOTOPBIX pa3MEIIaloTCs Ha
miatdopme cTparocepHOro OECHMIOTHOTO JIETATEIBHOTO arnmapara, 4To IO3BOJIIET TaKOW
cucreMe OO0ECNeYuTb HHTETpPalui0 €  CYIIECTBYIOIIMMH  MECTHBIX  KOMMYHMKAlUH,
PacIIOIOKEHHBIX B 30HE JIETATEIBHOTO armapara.

IIpu »>TOM pa3paboTaHbl CTPYKTYpHO-(DYHKIIMOHAIbHBIE MPUHLUIBI MOCTPOCHHS
000pyI0BaHWE YIIPABICHUS W CBA3M OOPTOBOM M HAa3eMHOHM YacTel TEIEKOMMYHHKaIIMOHHOMN
CHCTEMBl Ha OCHOBE BBICOTHOH asporuiatdopm (TCBA) mpHHUIMIBI CO3MAaHUS M CTPYKTYPHI
BBICOKOCKOPOCTHOTO KaHajla Tepelavyd MAaHHBIX B pAa3UYHBIX YaCTOTHBIX JHAla3oHax |
TEXHUYECKHE TpeOOBaHMS K HHUM; MaTeMaTH4YeCKHe MOJETH OECIpOBOJHOTO KaHaja CBS3U
MEXIy Ha3eMHOH CTaHIMed W adporuiaropM C YYETOM TPOCTPAHCTBEHHO-BPEMEHHOTO
myJabTUIIeKcupoBanuss MIMO u ucnonb30BaHMEM NPHUHIMIIA KOOIMEPATUBHOM PETPAaHCIISILINY;
QITOPUTMBI aJaNTalldd CHCTEMBl TEepefaddl JaHHBIX JO0 W3MEHEHHs COCTOSIHHS pabOTHl B
YCIIOBUAX MPEAHAMEPEHHBIX U HEMPEIHAMEPEHHBIX TIOMEX; aIrOPUTMbI YIIpaBIeHUs O0PTOBOM U
HA3€MHOHN aHTEHHBIX CUCTEM M TEXHUYECKHE TPEOOBAHUS K HUM.



Onpez[eneHH MOTCHUUAJIBHBIC BO3MOXHOCTH JKHBYUCCTH KaHalla YIpPaBJICHUA H
tenemerpud B TCBA B BHJE NOIYYEHHBIX 3aBUCUMOCTEH M 3aKOHOMEPHOCTEH, alrOPUTMBbI
OTKa30yCTOMYMBOCTH TAKOTO KaHajla; MPOTOKOJBI M CTPYKTYPHl (DYHKIIMOHHMPOBAHMS KaHaja
yIpaBJICHUS U TEIEMETPUM M TEXHUYECKHE TPeOOBAaHUS K HEMY; MOJXOAbl K pealu3aluu
nporeayp KOrHUTUBHOTO paaro B TCBA; cTpyKTypbl IpOrpaMMHOTO OOECIIEYeHHSI OOPTOBOTO
MPOLIECCOPY YIpaBlIeHUsT W OOpabOTKM JaHHBIX, HA3€MHOTO BBIYMCIUTEIHHOTO KOMILJICKCA
yIpaBJIeHUS U 00paObOTKH TaHHBIX.

(aHrJ.)

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.
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5. IlopiBHsIHHA 3i CBITOBUMM aHAJOTaMH.

Pesynbrat  BUmpOOyBaHb TMPOTOTHIY 3alpPOIIOHOBAHOI AHTEHHOI CHUCTEMH 3
aBTOMAaTHYHUM CYNPOBO/KEHHSIM aeporyiatpopMu Ha 0a3l NpeACTaBIEHUX aJITOPUTMIB
KepyBaHHS TIPOJIEMOHCTPYBAB BEJIHUKY TOUHICTH CYMPOBOJY 33JaHOTO TIOJIHOTHOTO MapIIpyTy
(BimxuneHHss SNR He nepeBuinye noxudku B 1 1b) Ta 6e3nepediiiny po6oTy KaHaly nepeaadi
JAHUX Ha PI3HUX BUCOTaX, MIBUAKOCTSIX Ta BiJICTAHIX; BUKOPHCTAHHS HEUITKOTO BHCHOBKY
Opu  po3poOlli  anropuTMiB  aganTUBHOI  MOIYJAMII Ta KOJAYBAaHHS HA  OCHOBI
OaraTokpuTepiaJIbHUX OLIHOK CTaHy KaHally JUIsi BUKOPHCTaHHS B cuTeMax 3B's3Ky 3 BIIJIA
3aCTOCOBAHO BIIEpILE; 3alpPOIIOHOBAHO CHCTEMY KEpYyBaHHS HPOCTOPOBHM MOJOXKEHHAM
TOCTPOHAIPABJIEHOT aHTEHHOI CHUCTeMH aeporutargopmu, 1o 3abe3rneuye ONTHMI3AIio
Ipolecy BXO/KEHHS B 3B'I30K 1 MOXJIMBICTb BIJTHOBJICHHS 3B'3Ky B pa3i Horo BTpatu
IIISIXOM 3aCTOCYBaHHS OPUTIHAIBHOTO TMCKPETHOTO AITOPUTMY CKaHYBaHHSI.

Bce 1ie miaTBepaKye iHHOBaIiiiHY HOBU3HY 1 CBITOBUI PIBEHb PE3YJIbTATIB 1aHOI POOOTH.



6. ExoHomiuHa nmpuBa0JMBICTh IS MPOCYBAHHA HA PUHOK
3acTocyBaHHA PO3POOJCHUX METOJIB, AJITOPUTMIB, CHCTEMHHMX AapXITEKTyp IO3BOJISIE
3HU3UTH co0iBapTicTh Ha 30—70 % Ta MiABUIMMTH AKICTH POOIT IIOJ0 CTBOPEHHS 1 PO3TrOpPTaHHS
cTpaTocepHUX TEIEKOMYHIKAIITHIX cHcTeM Ha 06a31 BUCOTHUX aepoIiaTGopM.

7. TloreHuiiiHi kopucTyBadyi (rajaysi, MiHicTepcTBa, NiANPUEMCTBA, OpPraHizauii).

OuikyBaHMI pe3ynbTaT PoOOTH Yy BHUIJIAI KOMILIEKCY HAYKOBO-TEXHIUHUX PIIIEHb Ma€
HAYKOBY Ta NPAaKTUYHY IIHHICTh JJIS1 PO3BUTKY MEPCIEKTUBHUX TEIEKOMYHIKAaLlIHHIUX CUCTEM Ha
6a3i crtparochepHux aeporuiarpopMm. 3acTocyBaHHS po3poOOK, OTPUMAHHMX B TIPOIECI
BUKOHaHHS poOOTH, [O3BOJIUTH 3HAYHO MIABUIIUTH  €()EeKTHBHICTb HOBHX CHCTEM
HMIMPOKOCMYTOBOTO Pa/lioIOCTYITy Ta CUCTEM 3B'SI3KY 32 paxyHOK BIIPOBAKECHHS MEPCHEKTHBHUX
METOMIB ajanTailii 10 3MIHM 3aBaJIOBO-CUTHAJIBHUX Ta KaHAJIbHUX YMOB (PYHKI[IOHYBaHHSI.
Pesynbratm  poGoTM  MOXYTh OyTH  peanizoBaHi NUIIXOM  TOCTAHOBKH  JIOCIIIHO-
KOHCTPYKTOPCBKOI pOoOOTHM MO peaiizalii KOHKPETHOrO MPOEKTY CTBOPEHHS Oe3mpoBOAOBOT
cucteMd 4-T0 1 5-TO MOKOJIHHA 13 MIATPUMKOI0 MOOUIBHOCTI; IUIAXOM MPOAAXy OTPUMAHUX B
MpoIrieci BUKOHAHHS pOOOTH MPHUHITUIIIB MOO0YI0BU, ITOPUTMIB, METO/IIB Ta IMMATCHTIB.

8. CrtaH roroBHOCTI po3po0KH.

Po3pobiienHi Ta BUTOTOBIICHI MaKkeTH 00JIaIHaHHS, BiIIPAllbOBaHI BiIOBITHI TEXHOIOTI] 1
po3po0bIeHi TEXHOJIOTTYHI peKoMeHartii 1010 e(hEeKTUBHOTO 3aCTOCYBaHHS
eKCIepUMEHTAIBHOTO oOnanHaHHsg. MoxmBa po3poOKa JOCHITHO-TIPOMUCIOBUX 3pa3KiB
HOBOT'O YCTaTKyBaHHS, SIKi IIOBHICTIO aJalTOBaHi JO ICHYIOYOTO OCHOBHOTO CHJIOBOTO
o0agHaHHA 1 MOXKYTh OyTH BIPOBA/KEHI Y TPOMHUCIIOBE BUPOOHHIITBO.
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