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1. AKTyasbpHiCTh pO3pOOOK MaTeMaTUYHOrO Ta IPOrPaMHOro 3abe3neyeHHsl JOCiIpKeHHS IU(POBUX MOJEMIB 3
IIYMOBMMM CUTHaJIAaMU BUKJIMKaHa IOTPe0OI0 MOKPAIleHHs Pe3yJIbTaTiB OLiHIOBAHHS XapaKTEPUCTHUK
3aBafOCTINKOCTi [U(PPOBUX MOTEMIB 3i CKIIATHUMU CUTHAJIAMU. 3a OCTaHHi KijIbKa AeCSITUJITh YBary JOCHiTHUKIB
IIPUBEPHYJIY CUCTEMHU 3B’I3KYy 3 HAJIIMPOKMM CIIEKTPOM CUTHAJy, 30KpeMa 3 BUKOPUCTAaHHSIM XaOTUYHOTO Ta
IIyMOBOT'O CUTHAJIy B SIKOCTi HeCcy4oi. PO3BUTOK LUPPOBUX TEXHOJIOTI CIIPOCTYB IIPAKTUYHY peasi3allilo TaKux

cucreM. Ha cyyacHOMy eTari HeJoCTaTHS PO3BUHEHICTh METOUKU OLIIHIOBAHHS IIOTEHIIMHOI 3aBaJOCTIUKOCTI



IM(PPOBUX CUCTEM 3 IIYMOBOIO HOCITHOIO MPU3BOJIUTD [0 HAsIBHOCTI CYTTEBUX MTOXMOOK y PO3paxyHKax. 30KpeMa 1ie
MIPOSIBJISIETHCS Y 3HAYHUX PO3XOIPKEHHIX MK EMITIDUYHUMU Ta TEOPETUYHNMU OL[iHKaMU 3aBaJOCTIKOCTi TaKUX
cucreM. ToMy BUHHUKae 110Tpeda y po3pooblii HOBUX IiXOMiB IO MaTeMaTUYHOIO MOJIEJIIOBAHHS Ta IPOEKTYBAHHS
IIPOrPaMHOr0 3a6€3IeYeHHs IPOLECiB aHaJIi3y Ta iMITALifHOTO MOE/II0BaHHS U(POBUX MOLEMIB [1J151 OTPUMAHHS
MOTEHLINHOI OLiHKM 3aBaJJOCTIKOCTi TakuX cuUcTeM. JlucepraliiiHa po60Ta CIIPSIMOBAHA Ha BUPIIIEHHS aKTyaJlbHO]
HAyKOBO-TEXHIYHOI 3a51ayi, 1110 [oJIsIra€e B MifBUILIEHHI TOYHOCTI OLIIHKM XapaKTEePUCTUK JeMOIyJISTOPIB LUPPOBUX
MOJ€MiB 3 IIyMOBUMM CUTHaJIaMU 32 PaxyHOK PO3POOKU MaTEMATUYHOIO Ta IPOrPaMHOr0 3a6€3I1e4eHHS
MO/IEeJIIOBAHHS IIPOLIECY OLHIOBAHHS iX 3aBaflOCTIMKOCTi. PO3po0Ka BiiOBiIHOrO MaTEMAaTUYHOTO Ta IIPOTPaMHOTO
3a0be3nevyeHHs Jae 3MOr'y iHXeHepaM 3'SCyBaTy IIepPCIIeKTUBHICTh pO3pO0KYM CUCTEMU Ha eTalli IPOeKTyBaHHS, a Ha
eTarli peasisaujii BUOpaTy ONTUMAJIbHI TapaMeTPU CUCTEMHU B YMOBAX Jiii 3aBaj] pi3HOrO [10XOKEeHHS. B poboTi
BUKOPUCTOBYETHCSI 06'€KTHO-OPi€HTOBAHUI MifXi/l ONUCY MIPOLIECy TPOEKTYBaHHS apXiTEKTYPU IIPOrPAMHOT0O
3abe3ne4eHHs JOCiIKeHHS 3aBafJOCTINKOCTI u(POBUX MOZIEMIB 3 IIyMOBUMU CUTHAJIAMHU 32 JIOIIOMOTOIO
yHigpikoBaHOI MoBU MogemtoBaHHs (UML). Januii nifxin 703BOJIUB yIOCKOHAIUTHA METOJ, IPOEKTYBaHHS
IIPOrPaMHOr0 3a6€3I1eYeHHs! iMITallifHOTO MOJIeJ/II0BaHHS IPOLIECY OLIiHIOBaHHS 3aBaJJOCTIMKOCTI LU(PPOBUX
MOZEeMIB 3 IIYMOBMMU CUTHAJIaMU Ta 3a6e3neunTy e(eKTUBHINI CyNpoBij imiTaniiiHoi mogesi. 3a ornomoroio
MOBH ITpOrpaMyBaHHs Java BUKOHAHO 00’€eKTHO-OPi€HTOBAaHY peasisaliiio JOCiIKyBaHUX MoJiesiell LuPppoBUX
MogemiB. Po3pobiieHo y cepeloBuILi IIPOrPaMyBaHHS Ta 3allaTEHTOBAHO CTPYKTYPHY CXeMY MOJleMY MHOXKUHHOTO
IOCTYITY i3 KOpeJIsIiiHO-4aCOBOIO MOYJISILII€I0 ITYMOBOTO CUTHAJTY 1J1s1 K22 KOpUCTYBaviB. YIOCKOHA/IIEHO METOZ,
NOLIYKY MiHiMasIbHOI KiZIbKOCTI Bif|JliKiB aHaJI0rOBOLA(POBOro NEPETBOPIOBAYA IIYMOBOTO CUTHAY 7151 3a1aHOTO
PiBHS BijHOLIEHHs cUrHAa /3aBaja. [JaHui MeTog, 03BOJIsIE MIJIIXOM 3aCTOCYBaHHS €KCIIOHEHIMHOI perpecii
niABUIMTY €(PEKTUBHICTb IPOrpamMHoi peanizauii 1MppPoOBOro MoJEeMy 3a paxyHOK 3MEHIIEHHS NMOBIPHICTb
MMOMWJIKY OiTy Ta 30i/IbIIEHHS IBUKOCTI Iepeayi 171 pi3HOTO piBHS 3aBaJOBUX OOCTaBUH B MOJieMi MHOXKMHHOTO
IOCTYITY 3 KOPEJISLiHO YaCOBOIO MaHIMyJISIi€l0 IIyMOBOro CUrHaiy. 36iybeHHs MBUAKOCTI Nepenayi
BiZIOyBa€eThCsl 32 paxXyHOK 3MEHILIEHHS JOBXKUHU TaKTOBOTO iHTepBaJly 1j1s1 06paHOro 3Ha4€HHSI IIePeBULIEHHS
cyrHajz / 3aBajia Ha BXO[li IeMOyIITopa. BUKOHyeTbCs aHasi3 3aBaflOCTIIKOCTI Ta PO3POOJISIIOTHCSI METOOU
MaTeMaTUYHOI'O MOJEJIIOBAaHHS [IPOLECY OLiHIOBAaHHS 3aBalOCTIMKICTh N1(POBOTO MOLIEMY MHOKUHHOT'O LOCTYILY 3
KOpEeJILifHO 4YaCOBOK MaHINyJIsLi€l0 IIYMOBOTO CUTHAJTY Ta 6iHApHOTro MozieMy 3 ()a30BOI0 MaHIIyJIsIIi€lo
IIyMOBOTO CUTHaJly. Po3po6JieHO porpaMHe 3a6e3nedyeHHs, 10 CIPOILye MPOoLec BUOOPY ONTUMAIbHUX
napaMeTpiB LUX AEMOAYJISATOPIB. [I71s1 nepepaxoBaHNUX MOLEMIB B SIKOCTi HOCIs1 iH(OpMallii BAKOPUCTOBYETbCSI
IIYMOBUM CUTHAJI TUITY 6iJIOT0 rayCCOBOrO IIYMY Ta aBTOKOPEJISILIHUI METO IPUHOMY CUTHAJIIB JEMOIYIISITOPOM
B KaHaJli Jie Jjie afuTHMBHA rayccoBa 3aBaza. JoCiIpKeHHs 3aBalOCTIIKOCTi CUCTEM aBTOKOPEJISLIMHOIO TUITY B
6i7IbIIOCTI BUINAJIKIB TPOBOJATH 3 BUKOPUCTAHHIM IayCCOBOi allpoOKCUMallii BUaAKoBux BeandvH (BB) B
IeMoaynAaTopi. Bl HasgBHOCTI B JeMOAYJIATOPI HErayCCOBOro po3noainy BB posriamaeTscs Bepiue nis
MiJBUILIEHHS TOYHOCTI TEOPETUYHOI OLIIHKU 3aBaJOCTIMKOCTI CUCTEMU. B OCIiIPKEHHI BUKOPUCTOBYIOTBCS I Bi
METOAVKU OLHIOBAaHH 3aBaJlOCTIMKOCTI, 110 BPaXOBYIOTb CKJIA[IOBi 3 Pi3HMMH 3aKOHAMU PO3IIOJiNy HMOBIDHOCTEN Y
(PyHKLiOHAJi IOPOrOBOro AETEKTOPA: 1) BpaxyBaHHS HErayCOBOTO (KBaIPaTUYHOTO) PO3IOALIY B AEMOAYJISTOPI
KOpEeJIALifiHO 4aCOBUX MOJIeMiB 6GiHApHOTO Ta MHOKMHHOTO OCTyITy. Ha BinMiHy Bif iCHYI0OUMX METOJ, BDAaXOBY€E
HerayCcoBUI 3aKOH PO3IIOZily CKJIal0OBHX, 110 Ja€ 3MOTy OTPUMATH HOBi aHAJIITUYHI 3aKOHOMIPHOCT] 0OpaxyHKy
YTOYHEHOI 3aBaJOCTIMKOCTI; 2) 32CTOCYBAaHHS alapaTy XapaKTepUCTUYHOI (PYHKIii B aHai3i 6iHApHUX MOJEMIB 3
KOpEeJISLifiHO 4acoBOIO Ta (pa30BOI0 MaHINyJIsIIi€0 ITyMOBOTO CUTHAJY, 110 HA BifMiHY Biff iCHYyI04YMX MeTOXiB
rayccoBoi anrpokcumalii BB o3Bosisie 3acTocyBaTu 3akoHU Teopii iMoBipHOCTI 11 PyHKLiOHATIBHUX IIEpETBOPEHD

BB Ta oTpuMaTu aHaJIiTUYHI BUPa3y [AJ1s1 00YMCIIEHHs! IOTEHLIMHOI 3aBaflOCTIMKOCTi eMOy IITOPIB.

2. The urgency of the development of mathware and software research of digital modems with noise signals is
caused by the need to improve the results of bit error rate (BER) estimation characteristics of digital modems with
complex signals. Over the last few decades, researchers have been drawn to ultra-wide signal communication
systems, including the use of chaotic and noise signals as a carrier. The development of digital technologies has
simplified the practical implementation of such systems. At the present stage, the underdevelopment of the
methodology for estimating the potential BER of digital systems with noise carrier leads to the presence of



significant errors in the calculations. In particular, this is manifested in significant differences between empirical
and theoretical estimates of BER of such systems. Therefore, there is a need to develop new approaches to
mathematical modeling and software design processes for analysis and simulation of digital modems to obtain a
potential estimate of BER of such systems. The thesis is aimed at solving the current scientific and technical
problem, which is to increase the accuracy of estimating the characteristics of digital modems' demodulators with
noise signals through the development of mathware and software modeling of the estimating process their bit
error rate. Development of appropriate mathware and software allows engineers to determine the prospects for
the development of the system at the design stage, and at the implementation stage to select the optimal
parameters of the system under conditions of interference of various origins. The work uses an object-oriented
approach to describe the process of designing the software architecture for bit error rate research of digital
modems with noise signals using a unified modeling language (UML). This approach allowed to improve the
method of designing software for simulation of the estimating process the BER of digital modems with noise
signals and to provide better simulation model support. Using the Java programming language, an object-oriented
implementation of the studied models of digital modems was performed. A block diagram of a multiple access
modem with correlation-time manipulation of the noise signal for K>2 users is developed in integrated
development environment and patented. The method of finding the minimum number of samples of the analog-
todigital converter of a noise signal for the set level of the signal-to-noise ratio (SNR) is improved. This method
allows increasing the efficiency of software implementation of a digital modem by applying exponential regression
by reducing the probability of bit error and increasing the transmission rate for different levels of interference in a
multiple access modem with correlated time manipulation of the noise signal. The increase transmission rate
occurs by reducing the length of samples for the selected value of the SNR at the input of the demodulator. BER
analysis is performed and methods of mathematical modeling of the BER estimation process of digital multiple
access modems with correlation-time noise signal manipulation and binary modem with phase noise signal
manipulation are developed. Software has been developed that simplifies the process of selecting the optimal
parameters of these demodulators. For the listed modems as the information carrier the noise signal of type of
white Gaussian noise and the autocorrelation method of reception of signals by the demodulator in the channel
where the additive Gaussian noise operates is used. Investigations of BER of autocorrelation type systems in most
cases are carried out using a Gaussian approximation of random variables (RV) in a demodulator. The influence of
the presence of a non-Gaussian explosive distribution in a demodulator is considered for the first time to increase
the accuracy of the theoretical assessment of the BER of the system. The study uses two methods for estimating
BER, taking into account components with different laws of probability distribution in the functionality of the
threshold detector: 1) Taking into account the non-Gaussian (quadratic) distribution in the demodulator of
correlation time modems of binary and multiple accesses. In contrast to the existing methods, it takes into account
the non-Gaussian law of component distribution, which makes it possible to obtain new analytical regularities for
calculating the specified BER; 2) application of the characteristic function apparatus in the analysis of binary
modems with correlation time and phase manipulation of the noise signal, which in contrast to the existing
methods of Gaussian approximation of explosives allows to apply the laws of probability theory for functional
transformations of explosives and obtain analytical expressions.
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