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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

HoBiTHi MeTOAM i CUCTEMU JIA3E€PHOTO 3B'S13KY Y TYPOYJIEHTHUX aTMOC(EPHUX CEPEelOBUIIAX HA OCHOBI (pa30BUX

CI/IHI‘y.TIHpHOCTeIu/I

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Innovative Methods and Systems of Laser Communication in Turbulent Atmospheric Environments Based on
Phase Singularities

Pedepar yKpaiHCBKOIO:

Po6oTa npucBsiueHa po3po0Olli BUCOKOCTINKOI CUCTEMHU OIITUYHOTIO 3B513KY Y BiJIBHOMY ITPOCTOpPi HA OCHOBI
BHXPOBUX ITy4KiB 3 OpOiTaJIbHUM KyTOBUM MOMeHTOM (OAM), mpu3Ha4eHoi 111 BUKOPUCTAHHS Y 6€3IiJIOTHUX i
pO6OTH30BaHUX IIAT(GOPMaX y CKIATHUX aTMOC(EPHUX Ta pafioeeKTpOHHUX yMoBaxX. OCHOBHA yBara NnpujineHa
CTBOPEHHIO (i3MKO-MaTeMaTUYHUX MOZeJel IIOUMPEHHS YaCTKOBO KOT€PEHTHUX 6araTOMOIOBUX BUXPOBHUX
IIPOMEHIB Y HECTAlliOHAPHUX CEPEJOBUIIAX 3 YPaXyBaHHSIM TypOYJIEHTHOCTI, pa3oBuxX QIyKTyalliil Ta Mi>KMOZ0BOI
B3aeMoJiii. Y mpoeKTi nepenbdavaeTbCsi pO3p0o06JIEHHS Ta BUTOTOBIEHHS AUMPAKLiNHUX ONTUYHUX €JIEMEHTIB 1JIs
reHepatii i nemysnpTUIIeKCyBaHHSI OAM-MO[I, a TAaKOX iHTerpallid iX y eKcliepruMeHTalIbHUI KaHaul 3B'13KY.
PeasnizyeTbcsl anapaTHO-IIPOrpaMHUM Me/liaKOHBEPTOP, IKUI 3abe3neyyBaTume Npuiiom HuppoBuX i
pazioyacTOTHUX IOTOKIB Ta iX TpaHcsLiio B OAM-MyJIbTUIIEKCOBaHI ONTUYHI curHainu. [lependayeHo
IOCJIiIKeHHS B JBOX KJIIOYOBUX ONTUYHUX AianazoHax -635 HM i1 onTuMizanii mpouecy po3po6ku, Ta -980 HM 11
30iIbLIIEHHS JAJIbHOCTI, Ipy poboTi B aTMocdepi. MeniakoHBepTOp HifTpUMye cTaHnapTHi iHTepdeiicu UART,
Ethernet, USB i RF (2.4/5.8 I'T1), o 3a6e3nevyye CyMiCHiCTb i3 cydyacHumu BI1 Ta Ha3eMHUMU CTAHLiSIMU.
[lepenaBaHHA Ta IPUMOM JAHUX PEasli3yIOThCS 3 BAKOPUCTAHHSM TUIIOBOI IIPOTOKOJIBHOI iHPPaCTPYKTypH.
ApxiTexTypa KepyBaHHs 6a3yeTbcsl Ha KoHTposiepax STM32 i nonoBHIOeThCSl FPGA-MOnyiamu 1jis
BHUCOKOIBUIKICHOI 06po6ku OAM-curHasiB. EkcriepuMeHTasbHa repeBipKa 3/iMICHIOETHCS 32 IOTIOMOTOI0
CMOS/CCD cucreMm peecTtpalii, iHTepHEepOMETPUYHUX METOIIB, (PA30BUX MACOK Ta TYpPOYJIEHTHOI KAaMEpPH 3
KOHTPOJILOBAHMMU NIapaMeTpaMu. BUMIPIOIOTLCS KIIIOYOBi XapaKTepPUCTUKU KaHaiy: BER, 3aTpyMKuU, TpOCTOPOBI
nedopmariii, CTifKiCTb TOIIOJIOTIYHOrO 3apsay Ta €(PeKTUBHICTb AeMYJIbTUIINIEKCYBAaHHS. O4uiKyBaHUMU
pe3yJIbTaTaMU € CTBOPEHHS TEOPETUYHUX MOJiesiell HOBOI reHepaii, DOE-komnioHeHTiB, mpototuny OAM-
ONTUYHOTO MeJiaKOHBEPTOpA Ta AEMOHCTpALlisl CTabiIbHOTO, 3aBaIOCTIMKOrO i MaJIONIOMITHOTO KaHay 3B'SI3KY IJIs1

3aCTOCYBaHb y 6€3MiJIOTHUX CUCTEMAaX Ta BUCOKOTOYHUX TEJIEKOMYHIKaLlisIX.

Pedepar aHI1iliChKOIO:

The work focuses on the development of a high-resilience free-space optical (FSO) communication system based
on vortex beams carrying orbital angular momentum (OAM), intended for unmanned and robotic platforms
operating under severe atmospheric and electronic-warfare conditions. The study emphasizes the creation of
physical and mathematical models describing the propagation of partially coherent multimode vortex beams in
non-stationary media, considering turbulence, phase fluctuations, and inter-mode coupling. The project includes
the development and fabrication of diffractive optical elements (DOE) for OAM mode generation and
demultiplexing, as well as their integration into an experimental communication link. A hardware-software media
converter is implemented to receive digital and RF data streams and translate them into OAM-multiplexed optical
signals. Experiments are carried out in two key wavelength ranges: 635 nm for design optimization and 980 nm for
extended-range atmospheric operation. The media converter supports standard UART, Ethernet, USB, and RF
(2.4/5.8 GHz) interfaces, ensuring compatibility with modern UAVs and ground stations. Data transmission and
reception rely on typical protocol infrastructures. The control architecture is based on STM32 controllers
supplemented with FPGA modules for high-speed OAM signal processing. Experimental validation employs
CMOS/CCD imaging systems, interferometric diagnostics, phase masks, and a turbulence chamber with



controlled parameters. Key channel characteristics are measured, including BER, latency, spatial distortions,
topological charge stability, and demultiplexing efficiency. Expected results include advanced theoretical models,
DOE components, a prototype OAM optical media converter, and the demonstration of a stable, interference-
resistant, low-probability-of-intercept communication channel for unmanned technologies and high-precision
telecommunications.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)
Ha3zga HTII yKpaiHCBKOIO: MeTo/| CHHTYJISPHOTO MYJIbTUILIEKCYBAHHS BiIKDUTUX ONTUYHMX KAHAJIIB 3B'3KY B

FSO-cucremax

Ha3zpa HTII aursiiicbKo0: Method of singular multiplexing of open optical communication channels in FSO

systems

HTII, sixy nepen6a4asiocss CTBOPHTH: CTBOPEHO
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpHMaHi P€3yJbTaTH: MeToau, Teopii, rinoresu

l'asy3s 3acToCyBaHHS: M 72.19 JlocsiokeHHs i eKCIlepUMeHTasIbHI PO3pO6KHU y cdepi iHIIMX TPUPOSHNYNX i

TEXHIYHMX HayK
PeecTpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Onuc HTII: Meron cunrynspHOro MysbTUIIIEKCYBaHHS BIIKPUTHX ONITMYHMX KaHAJIB 3B'3Ky 6a3yeThCs Ha
BUKOPUCTaHHI OPTOTOHAJIbHUX BUXPOBUX Iy4KiB, SIKi HECYTb Pi3Hi 3Ha4Y€HHS OPOITAILHOTO KyTOBOTO MOMEHTY
(OAM). Koskxna OAM-Mopia, 1110 XapaKTepUu3yeThCsl BIaCHUM TOIOJIOTYHUM 3apsiioM |, dopmye okpemuit
He3aJeXXHUI KaHas 3Bs13Ky. Ha nepenaBajbHill CTOPOHI CHHTE30BaHA BUXPOBA rojiorpama CTBOPIoe Habip
IV(paKLiliHKIX NOPSOKIB, Y SIKUX F€HEPYIOThCS BifIIOBiIHI BUXPOBi My4ku. [Ticsis npocTopoBoi ¢inbTpatii Ta
BUPIBHIOBAHHSI iHTEHCUBHOCTE!N BOHU 00'€[IHYIOTHCS y IPYIOBUI MOTIK SIK HEKOTepeHTHa cyneprosuuis. Ha
NpUiiMasbHil CTOPOHI aHaJli3yl04ya BUXPOBa rojlorpaMa KomreHcye ¢pa3oBy CTPYKTYpY JIMIIE OJHOrO KaHaly,
[IEPETBOPIOIOYY MOr0 y IVIAAKUI NYYOK, KU (POPMye MaKCMMyM iHTEHCUBHOCTI y (POKaJIbHIN MJIOLMHI. [HIIi Moau
3a7IMIIAI0ThCS BUXPOBMMM 3 HYJILOBOIO iHTEHCUBHICTIO B LIEHTPI, 110 AO3BOJIS€ 3[iICHUTH TPOCTOPOBY (inbTpalliio
3a JOIIOMOTOI0 MiHX0Jy. EKCriepuMeHTarbHO BU3HAYEHO, 1110 ONITUMAaIbHUH fiaMeTp ninxoiy (=10% Bin mupuHu
nydka) 3abesneyvye BigHomeHHs curHan,/mymM SNR = 30. MeTo XxapaKTepU3yeThCsl BUCOKOIO CTiMKiCTIO 10
3MillleHHS ONTUYHUX €JIEMEHTIB i aTMOC(epHUX 30ypeHb: HaBiTh 3CYB aHaJi3yl04oi rosorpamu Ao 20% He mnoripurye
IIapaMeTpiB IeMyJIbTUIITIEKCYBAaHHS. 3aBIsKM OpTOroHanbHOCTi OAM-MoO[, cucTeMa 3abesrnedye MacimraboBaHe

30iJIbIIEHHS KiJIbKOCTi KaHasliB 6€3 B3a€MHUX MePEHIKO/I.

ComniannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns npuHumnoBo HOBOI mpoAykuii (Matepiasis,
TEXHOJIOTI} TOIIO) AJ1s1 3a0€3MeYeHHs €KCIIOPTHOTrO MOTEHIialy Ta 3aMillleHHIO iMnoprty, e ([ligBumeHHs
iHdopmaniitHoi eMHOCTI Ta CTIiMKiCOCTi 0 3MillIEHHS ONITUYHUX eJIeMeHTIB i aTMochepHUX 30ypeHb KaHaliB

BiIKPUTOTO aTMOC(EPHOTO 3B'SI3KY)
Bnyins HTII Ha moBKiJLs:
BnposagskeHHst HTII: He supoBamxeHo
ITpakTuyHa peasnizanis HTTI
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