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Pedepar:

1. O6'exT mocnifKeHHs - mpolecyu (POPMYBaHHS, [TOIMPEHHS i peecTpallii ripoaKyCTUYHUX XBUJIb. MeTa po6oTu:
CTBOPEHHSI HayKOBUX OCHOB i [100y10Ba TEXHIYHUX 3aCO0iB, 110 PeasizyloTh CTilKy i BUCOKOUIBUAKICHY Ilepenady
uu@poBoi iHpopmaliii rifpoakyCTUYHUM IIJISIXOM B YMOBAX, 1110 XapaKTe€PU3YIOTbCSl BUPRXEHMM 4aCOBUM i
DIOMIIEPiBCbKUM PO3CiIOBaHHSM €Heprii CUTHaJly, HU3bKOIO MIBUAKICTIO MOMKUPEHHS i CUJIBHO OOMEXKEHOIO
IIMPYHOIO YaCTOTHOI CMyTu. MeToau NOCiIKeHHS - MeToY MaTeMaTnyHoi (i3uky, ynciosi i §isuyHi
eKCIIEpMMEHTHU. AnlapaTypa y CKaji: [u@poBa 4acTHHA - IIPOLECcop 3 IJ1aBaioyolo Kpankoo ADSP21160 SHARC,
BeHTWIbHA Matpuls FPGA Altera APEX 20K300E240, nentpasnpHuil npouecopHuil monyis DIL/Netpc DNP /1110 3
BoynosaHoto OC Linux i TCP /IP; ananorosa 4acTHHa - MiICU/IIOBAY i3 aBTOMAaTUYHNM PETyII0BAHHSAM [TOCUJIEHHS

(APTI), sxui1 ckytamaBcsl i3 BXiHOro Kackay Ha OCHOBI Mmasiomymnsoro mozyist AD8605 texnosorii Digitrim



komnaHii Analog Devices, i kackany APIT Ha ocHOBI MasiomymnnBoro mogysst AD605 Texnosorii DSX-AMP (Analog
Devices), nigcusoBay OTYXKHOCTI -~ MOCTOBUIA HifcuiioBayd TexHosorii PWM (xiac [) i3 TpancdhopMaTOpHUM
BUXOJIOM i €JIeKTPOHHUM 3aXMCTOM Bif] IepeHaBaHTaKeHb. ABTOPOM TMcepTallii 0COOUCTO OTPUMAaHO TaKi HOBI
HAyKOBi pe3yJsbTaty: 1. Bnepie 3aniporoHOBaHO BUKOPUCTAHHS MiPOaKyCTUYHUX KOJIUBAHb 3 6€3[1€PEPBHOI0
Bapialli€lo YaCTOTH B SIKOCTi HOCis1 LU(PPOBOTO ripoaKyCTUYHOTO CUTHAJY 3B'SI3KYy i TEOPETUYHO OOI PYHTOBaHI
IepeBaru BUKOPMCTaHHS HOCIsI TAaKOTO TUITY B IIOPiBHSIHHI 3 HOCieM MOCTiNHOI yacToTu. 2. Bniepie po3pobieHa
(dismyHa Mogesb M(PPOBOTro rilpOaKyCTUYHOTO CUTHAJY 3 6€3[1epepBHOI0 Bapialli€lo YacTOTH (ajli - po3rOpPTKOIO
HOCI$I), a TaKOXX HabyJla PO3BUTKY MaTe€MAaTU4YHA MOJEJIb FiIpOaKyCTUYHOIO CUTHAJIY 3 PO3MIMPEHHSIM cIiekTpa. Ha
OCHOBI p0o3p006JIeHNX MOJieJiel IpUiMabHOrO LHU(POBOro IriipoakyCTUYHOIO CUrHAJY BIiepiuie cHOPMYJIbOBaHi i
BCTAHOBJIEHI MEXaHi3MU BIJIMBY €(PEKTiB, 00yMOBJIEHUX 6araTOIIPOMEHEBUM MOUUPEHHSIM i MyJIbTUIIIKATUBHUMU
(monmepiBCbKMMMU) 3CyBaMU, Ha TOYHICTb OLiHKM a3y LU(PPOBOTO rilpoaKyCTUYHOTO CUTHAJTY 3 PO3TOPTKOIO
Hocid. 3. Po3po6eHa maremaTuyHa MOZEJ b METOAUYHOI TIOXUOKU OLiHKU (Ppa3u pa3oMaHilyIb0BaHOTO
ripoaKyCTUYHOTO CUTHAJy 3 PO3rOPTKOIO HOCIS. 4. Briepie oTpMMaHi aHaliTUYHI OL[iHKY PO3NOAiNY aMIUITYAH i
a3y curHay 3 po3ropTKOI0 HOCisl Ha BXOJi Ta B IOAETEKTOPHIN TOYLli IpuiiMaya, a TakKoX OLIIHKU JUCIIEPCil IUX
PO3IOLiNiB, HA OCHOBI IKUX BUKOHAHO MaTEMaTUYHE MOJEJIOBAHHS i YMCeJIbHE NOCIIiIKEeHHS 3aJIeXKHOCTEN
iMOBIpHOCTI 6iTOBOi IOMMJIKY IIPU KOT€PEHTHOMY Ta HEKOT€pEHTHOMY IIpUiioMi. 5. Briepiie oTpyumaHa TEOPETUYHO i
HiATBEPAKEHA €KCIIEPUMEHTAJIbHO 3aJIEXKHICTh MK TPUBAJiCTIO [U(POBOrO CUrHANY 3 PO3TOPTKOI0 HOCIS i
iMOBIPHICTIO 6iTOBOi TOMMJIKM B yMOBaX 6araTOIPOMEHEBOrO MOIMPEHHS Ta MiHIMBOCTI cepefosuia. 6. OTpUMaHo
aHaJITUYHUI BMPa3 [Jig UPYUHYA CMYT'Y YaCTOTHOI KOT€PEHTHOCTI IIpOaKyCTUYHOIO KaHaJly [Jis1 BUNIAJKy Mepenadi
CHTHAJIiB 3 PO3TOPTKOIO HOCIs. 7. PO3p06J1eHO HOBUI METO/I 4aCOBOI'O YIIOPSIKYBaHHS LIMPPOBUX TiIpOaKyCTUIHUX
CUTHAJIB, 10 Nepenbdayae po3CTaHOBKY [ICEBAOBUNAAKOBUX I1ay3 MK CUTHajIaMU IIepelaBaHoi 10Cig0BHOCTI,
IIPU3HAYEHUI 1J1s1 IPOTUil CHOTBOPEHHSIM, 00YMOBJIEHMM 6araTopa3oBUMU 36iraMy IIOTOYHOTO CUTHAITY 3
3aMi3HIIMMY IPOMEHEBUMU KOMIIOHEHTaMHU MOIIePEIHbOT0, & TAKOK OTPHUMAB [10JAJIbIINI PO3BUTOK METO, OOMIHY
1M(pPOBUMM riIpOAKyCTUUHUMU CUTHAJIAMHU, 32CHOBAaHMI Ha Nlepefiayvi KyjacTepis (Tpyll IakeTiB 3 gaHumu). Ha
OCHOBI KiJIbKiCHOTO OCJIiIPKEHHSI €(PEKTY TPUBAJIOi 3aTPUMKU NOMKUPEHHS TiAPOAKyCTUYHOIO CUTHAIY
BCTaHOBJIEHO, 10 BUKOPUCTAHHS LIbOTO METOAY NO3BOJIsIE 301MbIINTH 1IiJIbHICTh Tepenadi indopmariii B
ripoaKyCTUYHVX KaHaJax 31 3HaYHMMM 3aTPUMKAMU IOIIMPEHHS CUTHaJy. [IpakTU4Hi pe3yibTaTu i CTYIiHb
BIIPOBA/)KEHHS: - CTBOPEHI NOBHOQYHKIiOHA/IbHI 3pa3Ku IPUIaliB 1M(POBOro riipoaKyCTUYHOIO 3B'SI3Ky
(excriepuMeHTasbHI 3pa3Ky YCHIMHO NPONIIN BilOMUi BUTPOOYBAaHHS B YMOBaxX MOPCBHKHUX TiIpOaKyCTUYHUX
KaHaJliB); - po3po6JieHi i 3aTBepiKeHi HayKOBO OOI'PYHTOBAHI OIIEPaTUBHO-TAKTHUYHI BUMOTHY [0 3aC06iB L1 POBOro
6€3pOTOBOTO MiJIBOAHOTO 3B'S13KY /1J151 BUKOPUCTAHHS B CUCTEMI BUCBIT/IIOBAHHS ITiIBOJIHOI 0OCTAaHOBKU B 30HaX
BiANOBifaIbHOCTI BificbkoBo-Mopchkux Cun 36poitHux Cuil YKpaiHu (BUMOTHY 3aTBEPKEHi HaYaIbHUKOM
I'enepasnpHOro mraby 36poitHux Cuin Ykpainu 3 6epesns 2008 poky); - po3po67eHo i 3aTBepIKEHO TaKTUKO-
TexHiYHe 3aBIaHHs Ha JOCJiIHO-KOHCTPYKTOPChKY POOOTY 1107I0 CTBOPEHHSI IPUCTPOIO LIM(PPOBOro 6€34pOTOBOrO
IiZIBOJIHOTO 3B'S3Ky 17151 BAKOPMCTaHHS B CUCTEMIi BUCBITJIIOBaHHSI i BOAHOI OOCTAaHOBKY B 30HAaX BiINOBiaIbHOCTI
BiificbkoBO-MopchKuxX Cui 36poiiHux Cuil YKpaiHu (IPOeKT TaKTUKO-TEXHIYHOTO 3aBLAHHS 3aTBEPIKEHNUN
KomanpyBauem BiiicbkoBo-Mopcbkux Cui 36poiinnx Cun Ykpainu 9 ciunsa 2009 poky). - pe3ysibTraty guceprarii
PEKOMEHI0BAHI JIJIs1 3aCTOCYBAaHHS B OPraHi3alisix i yCTaHOBaX, 0 3aiMaIOTbCS TiIPOaKyCTUYHUM

npuaago0yayBaHHSM, a TAKOXK J1J11 BUKOPUCTAHHS Y HaByasibHOMY nipoueci HTYY "KIII".

2. The object of study - the processes of formation, distribution and registration of hydroacoustic waves. The
purpose of the work was to establish a scientific basis for the construction of technical devices, providing stable
and high-speed digital data by hydro-acoustic waves in an environment characterized with time and frequency
dispersion of signal power, low propagation velocity and very limited frequency bandwidth. Research methods -
methods of mathematical physics, numerical and physical experiments. Apparatus comprising: a digital part - CPU
with floating point ADSP21160 SHARC, gate array FPGA Altera APEX 20K300E240, the central processor module
DIL / Netpc DNP /1110 with embedded Linux and TCP / IP; analog section - amplifier with automatic gain control
(AGC) consisting of the input stage on the basis of low noise AD8605 module technology Digitrim company Analog
Devices, and the cascade of AD605 moduls of the technology DSX-AMP (Analog Devices), and power amplifier -



bridge PWM technology (Class D) with the output transformer and electronic protection from overloading. In the
course of the study, the following new results achieved: 1. First proposed the use of hydro-acoustic waves with a
continuous variation of frequency as the carrier of digital hydro-acoustic communication signal and theoretically
substantiated the benefits of using the carrier of this type in comparison with a constant frequency carrier. 2. First
developed a physical model of a digital hydro-acoustic signal with a continuous variation of the frequency
(hereinafter - the sweep carrier), and developed a mathematical model of hydro-acoustic signals with sweep
carrier. On the basis of the developed models of received hydro-acoustic signals first formulated and established
mechanisms of influence of the effects induced with multipath propagation, and multiplicative (Doppler) shifts. 3.
First developed a mathematical model of the methodical error of phase estimation of phase-shift keyed signal with
swept carrier. 4. For the first time there was created the analytical evaluation of the distribution of signal
amplitude and phase of the signal with swept carrier in the pre-detector of the receiver, as well as evaluated the
variances of these distributions, there was investigated (analytically and numerically) the bit error probability for
coherent and non-coherent signal reception. 5. First derived theoretically and confirmed experimentally the
relationship between the duration of the signal with swept carrier and bit error probability in conditions of
multipath propagation and variability of the environment. 6. Analytically expressed the coherence bandwidth of
the hydro-acoustic channel for the case when signals with swept carrier used. 7. There was developed a new
method for temporal arrangement of swept hydro-acoustic signals, providing a pseudo-random arrangement of
the pauses between signals in transmitted sequence, intended to counteract the distortions caused by multiple
interactions of the current signal with delayed multipath components of the previous one, as well as there has
been further developed the method of digital hydro-acoustic signaling based on the transfer of clusters (groups of
data packets). On the basis of quantitative studies of the effect of prolonged signal propagation delay there was
established that this method allows to increase the density of the information transfer in channels with large
propagation delays. Practical results and the degree of implementation: - created a full-featured the digital hydro-
acoustic communication device (experimental samples have successfully passed the departmental tests in marine
hydro-acoustic channels); - developed and validated the evidence-based tactical demands to the digital wireless
underwater communication devices for the use within underwater sonar systems in the zones of responsibility of
the Naval Forces of Ukraine (the requirements approved by the Chief of General Staff of the Armed Forces of
Ukraine, March 3, 2008); - developed and approved the tactical and technical requirements for development
projects for creation of devices for digital wireless underwater communication devices for the use within
underwater sonar systems in the zones of responsibility of the Naval Forces of Ukraine (project of tactical and
technical specifications approved by the Commander of Naval Forces of Ukraine, January 9, 2009). - The results of
the dissertation are recommended for use in organizations and institutions engaged in sonar development, as well

as for use in the educational process of the "KPI".
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