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Mertoro poboTu Oyrna po3poOKa HAyKOBO-TEXHIYHHMX 3acaji CTBOPEHHS HOBOTO IOKOJIHHS
MPOrPaMHO-BU3HAYYBAHUX PAMIOCUCTEM MJIs TEIEKOMYHIKAI[IHHUX cHCTeM 4-5 IMOKOJiHb, SKI
0a3yBaTUMYThCSl Ha 3aCTOCYBaHHI HOBUX TEXHOJOTIH MOOYIOBU pagiOTpaHCUBEPIB, HMUPPOBOI
00poOKM curHaimiB 1 oprafizamii eQeKTHBHIH B3a€MOJii CHCTEMHOTO, amapaTHOro Ta
IPUKJIAJHOTO MIPOrpaMHOIo 3a0e3MeYeHHS.

Po3pobieHo cTpyKTypHO-(QYHKIIIOHATBHI TPUHIUIN TOOYIOBH MPOrpaMHO-BH3HATYBAHUX
pasiocucTeMH HOBOTO TTOKOJIIHHS, SIKI BKIIOYHIIH B ce0e: apXiTEeKTypy MpOrpaMHO-BU3HATYBAHOT
pamiocucTeMu i PO3POOKH PalioTeNIeKOMYHIKAIIHHOTO OONaJHAHHS, CTPYKTYpYy HOOYIOBU
cydachux SDR TpaHcuBepiB; CTpyKTypy oprasizaimii 3aco0iB 3a0e3neueHHs QiibTparii
noOIYHUX KaHaIB NpUAOMY MpHIiMadiB Ta [03aCMYTrOBHX BUIIPOMIHIOBAaHb II€peIaBayviB;
QITOPUTMHU  aJanTamii MpOrpaMHO-BU3HAUYYBAHOI paJiOCHCTEMH Juii pPOOOTH B  yMOBAax
HaBMHMCHUX Ta HEHaBMHMCHUX 3aBaJl Ta METOAM CHHXPOHi3auii HporpamMHO-BU3HAYYyBaHOI
pamiocucreMu.  Po3po0ieHO apXiTeKTypy KOTHITHBHOTO paJio Ha OCHOBI  IMPOrPaMHO-
BU3HAYYBaHUX PAJIOCUCTEM JIS TEJICKOMYHIKAI[IHUX cucTeM 4 Ta 5 MOKOJiHb Ta aJrOPUTMHU
podortn SDR cumcremMum B AKOCTI KOTHITMBHOTO paaio 3 MATPUMKOI  PEXHUMIB
MYJIbTUCTaHIAPTHOI Oararoniana3zoHHOI poOoTH. Po3pobiieHO apXiTeKTypy CHCTEMH 3B'A3KY,
ynpaBiiHHA Ta BigeocnoctepesxeHHs BITJIA Ta HazeMHOI cTaHLii ynpaBiiHHS HUMH Ha OCHOBI
MpOrpaMHO-BU3HAYYBAHOT paaiocucTeMu. Po3po0seHo apXiTeKTypy aBTOHOMHOI 0€3MpoBOAOBOI
CHUCTEMH MDKMAIIMHHOIO OOMiHY Ha OCHOBI NpPOTrpaMHO-BM3HAYYBaHOI pa/iOCHUCTEMH,
OpIEHTOBaHY Ha 3aCTOCYBAHHS MPUHIUIIIB KOHTHITUBHOTO paiaio. [IpoBeseHo excriepuMeHTanbH1
JIOCIIJKEHHSI Ha MAaKeTHOMY 3pa3Ky, CTBOPEHOMY Ha 0a3l BiiaJ0uHUX 3ac00iB sl po3poOKu
npuctpoiB Ha SoC ta SDR.

Po3po6neno nporpamue 3abe3neueHHst B3aemoaii Matlab/Simulink Ta SDR mnardopmu, 113
JUIsL CTBOPEHHSI IPOTOTHIIB cUcTeM 3B’ 13Ky Ha 0a3i SDR Tpancusepa ta SoC [u1s mporpamHo-
anapaTtHoi cumysanii, [13 xoMminsanii mpoToTUny B BUKOHYBAaHMM KOJ LIIbOBOI miIaTdopmu,
npaiiBepu  3a0e3nedeHHs B3aemofii MK SDR TpancuBepom Tta FPGA/SoC 1 npaiiBepu
3a0e3neueHHss B3aemonili Mibk FPGA ta ARM mnpouecopom SoC. Po3pobieHo mporoTum
BOYZI0BaHO{ onepaniifHoi cucTeMu peanbHOro yacy Ha 6a3i Linux.

(poc.)

[lenbto paboThl ObLIa pa3paboTKa HAYYHO-TEXHHUYECKUX OCHOB CO3[JaHHMsS HOBOT'O TIOKOJICHUS
POTPAMMHO-OTIPEICTSIEMBIX  PAIHOCHCTEM  JUIS  TEJIEKOMMYHHKAIIMOHHBIX — cucTeM  4-5
MOKOJIEHUH, KOTOpble OynyT 0a3upoBaThCs HA NMPUMEHEHMU HOBBIX TEXHOJOTMH MOCTPOEHUS
pPaaroOTpaHCUBEPOB, NHUPPOBOKH 0O0pabOTKM CHUTHAJIOB © opraHuzanuu 3G (HEKTUBHOTO
B3aMMO/JICHCTBUS CUCTEMHOT0, allapaTHOro U MPUKIATHOTO IPOrPaAMMHOTO 00eCTIeueHHUs.

Pa3zpabotanel  CTPYKTypHO-(YHKIIMOHAJIFHBIE MPHUHIUIBI  TOCTPOCHHS  MPOTPaMMHO-
OTpeNieNIIeMbIX PaJUOCUCTEMBI HOBOTO NOKOJIEHHUS, KOTOPBIE BKJIIOUMWINA B CeOs: apXUTEKTYpy
IPOTPAMMHO-OTIPEICTSIEMON  PaJIMOCHCTEMBI ISl pa3pabOTKH paJinOTEIeKOMMYHUKAITUITHOTO
000pyIOBaHUs; CTPYKTYpY TOCTpoeHHs coBpeMeHHbIX SDR  TpaHcuBepoB; CTpyKTypy
OpraHM3ali CpeACTB obecriedeHus] QUIbTpalu MOOOYHBIX KaHAJIOB MpUEMa MPUEMHUKOB U
BHETOJIOCHBIX M3Iy4eHUH MepeaTUMKOB; aITOPUTMBI afanTally MpOrpaMMHO-OIpeaesieMon



paaruoCHUCTCMBbIL JIA pa6OTI:I B YCJIOBHUAX MPCAHAMCPCHHBIX M HCIIPCAHAMCPCHHBIX IMOMCX H
METOABl  CHHXPOHHU3AIMHK  IPOTPaMMHO-ONpENesieMo  paauocucTembl.  Pa3paborana
apXUTEKTypa KOTHUTHBHOI'O Pagl0 Ha OCHOBE IPOTPaMMHO-ONPEACIIACMBIX PATUOCHUCTEM A
TEJICKOMMYHUKAIIMOHHBIX CUCTeM 4 W 5 MOKOJIeHWH M anropuTMmbl paboTel SDR cucTeMbl B
KaueCTBE  KOIHUTUBHOIO  paguo € MHOAJNEPKKOM  PEXKUMOB  MYJIbTUCTAHIAPTHOU
MHOTOJIMANla30HHONW paboThl. Pa3zpaboTaHa apXuTEKTypa CHCTEMBI CBS3M, YIPABJICHHS U
Busieonabmoaenuss bIIJIA u HazeMHOW CTaHIMU YINpaBlieHHWS UMM Ha OCHOBE IMPOTPAMMHO-
ompenesieMoit paquocucTeMbl. PazpaboTana apXuTeKTypa aBTOHOMHOM OECTIPOBOHOM CHCTEMBI
MECXKMAILIMHHOT'O oOMeHa Ha OCHOBC nporpaMMHo-onpez[eﬂ}IeMoﬁ pPaauoCuCTCMBI,
OpUCHTHUPOBAaHHAA Ha MIPUMCHCHUC IIPUHIUIIOB KOHTHUTHUBHOI'O paauo. HpOBeIICHBI
OKCIICPUMCHTAJIBHBIC HCCJIICAOBAaHUA HAa MAKCTHOM 06pa3ue, CO3JaHHOM Ha Oaze OTJIaAOYHBIX
cpencTB ais pa3pabotku yctpoiictB Ha SoC u SDR.

Pazpaborano mnporpamMmmHoe obOecrniedeHne B3aumojeicTBus Matlab/Simulink u  SDR
wiatdopmsl, [10 a5 co3nanus TpOTOTUIIOB cHcTeM CBsi3u Ha O6a3e SDR Tpancusepa u SoC ans
nporpaMMHo-annapaTHOﬁ CUMYyJsiluu, 110 KOMIIWJIAOWA IIPOTOTHUIIA B HCIIOTHSIEMBII KO
1eneBoi wiatopmel, ApaiiBepbl oOecrnieueHus B3amMozecTBus Mexay SDR tpancuBepoM u
FPGA/SoC u npaiiBepsl obecnieuenus: Bzaumoneiicteus mexay FPGA u ARM mpoueccopom
SoC. Pa3paboTad mpOTOTUII BCTPOSHHOM OINEPAIlMOHHOM CHCTEMBbI PeajibHOTO BpeMEHHU Ha 0ase
Linux.

(anru.)

The work was aiming to develop the scientific and technical bases for the creation of a new
generation of software-defined radio systems for telecommunications systems of 4-5 generations,
which will be based on the application of new technologies for the construction of radio
transceivers, digital signal processing and the organization of effective interaction of system,
hardware and application software.

Structural and functional principles for the construction of a new generation software-defined
radio system have been developed: the architecture of the SDR system for the development of
radio-telecommunication equipment; structure of construction of modern SDR transceivers; the
structure of the organization of means of filtering the side channels of the receivers and out-of-
band transmitters emissions; algorithms for adaptation of SDR system for operation in the
conditions of intentional and unintentional interference and methods of synchronization of SDR
system. The architecture of cognitive radio based on SDR systems for telecommunication
systems of 4 and 5 generations and algorithms of operation of SDR system as a cognitive radio
with the support of multi-standard multi-band modes were developed. The architecture of the
UAV communication system, control and video surveillance system and the ground control
station based on the SDR system have been developed. The architecture of a stand-alone wireless
inter-machine exchange system (M2M) on the basis of a SDR system focused on the application
of the principles of cognitive radio was developed. Experimental studies were conducted on a
model sample that was created on the basis of debugging tools for the development of devices on
SoC and SDR.

Software interface for Matlab/Simulink and SDR platform was developed. Software for
creating a prototype communication systems based on transceiver SDR and SoC for HIL-
simulation, software for compilation, software drivers for SDR transmitter and SoC was
developed . A prototype of a embedded operating system based on Linux was developed.
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5. IlopiBHsIHHSA 31 CBITOBUMH aHAJIOTaMHU.

PesynpTaTi BiANOBiNAIOTH CBITOBOMY piBHIO. CTpPYKTypHO-(YHKIIOHAIBbHI MPUHITUAN
no0yJI0BH MTPOTPaAaMHO-BH3HAYYBAHUX PaJiOCHCTEMH HOBOTO ITOKOJIIHHS BUKOPHCTOBYIOTH HOBUH
HiAXid, OpIEHTOBAaHWM Ha peasizallil0 CUCTEMHM Ta MEPCHEKTHB ii JKUTTEBOTO LHKIY, IO €
MPUHIIMIIOBO HOBUM Ha BIAMIHY BIiJ TPAaJUIIIHHOTO TMIiAXOAYy, SKUHA BHKOPHUCTOBYETHCS B
apxXiTeKTypi KOMYHIKAaI[ifHOro MporpamMHOro 3a0e3nedeHHs. ApXITeKTypa CHCTEMH 3B’A3KY
ynpaBiiHHA Ta BimeocnoctepekeHHs bBIIJIA, po3poOiieHa mis MiABHINEHHS CTIHKOCTI [0
HAaBMHUCHHX 3aBaJl 1 apxiTekrypa 0e3mpoBoaoBoi cuctemu M2M, po3pobieHa ajisi aBTOHOMHOTO
MDKMAIIMHHOTO OOMiIHY, HE MarOTh aHAJIOTIB y CBITI.
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3acTocyBaHHs pO3pO0JECHUX TEXHIYHUX PIIICHb, aITOPUTMIB Ta MPOrPAMHOTO 3a0€3MeUCHHS
JO3BOJIIE ICTOTHO 3HU3HWTU BapTICTh PO3POOKH PaiOTEIEKOMYHIKAIIHHOTO 00JIa HAHHS
PI3HOMAaHITHOTO MPU3HAYECHHS Ta BapTICTh KIHIIEBOT'O 00JIaIHAHHS 33 PaXyHOK:

- 3aCTOCYBaHHS TEXHOJIOTiH MpOorpaMHO-amapaTHOI CUMYJSIIl B Mpoleci po3poOKH Ha

50-80 % 3HU3UTH BapTIiCTh PO3POOKH;

- 3actocyBanHa TexHoisorii SDR Tta SoC koedilieHT NOBTOPHOIO BUKOPHUCTaHHS

o0JyasiHaHHA MOKe 3pocTH A0 3-4 pasis;

- KiHIIeBa BapTiCTh OOJaIHAHHS 3a PaxyHOK 3acrocyBaHHsA TexHonoriii SDR Tta SoC

Mo>ke OyTH 3MeHIIIeHa B 2-3 pasu;

- €KOHOMIYHUH e(eKT BiJl BUKOPHCTAHHS PO3POOJICHUX PIlIeHb TiJIBKU MpPU CTBOPEHHI

CUCTEM 3B 53Ky, ympaBiiHHS Ta BifgeocnoctepexkenHst BITJIA moxe ckimactu g0 30-50 miH.
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TEXHOJIOTI MpOrpaMHO-BU3HAUYBAaHUX paJTlOCHCTEM Ta cuUcTeMu Ha Kpucrami. [IpoBeaeno
TECTYBaHHs pPO3pOOJIEHMX pIIIeHb Ha MAaKETHUX 3pa3kax. MOokiIMBa MOZajibllla po3poOKa
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