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Pedepar:

1. AKTyasIbHICTb PO3POOOK MAaTEMATUYHOTO Ta IPOTPAMHOTr0 3a6€e3Me4eHHs JOCiI)KeHHS [U(PPOBUX MOLEMIB 3
IIYyMOBMMU CUTHaJIaMU BUKJIMKaHa IIOTPe6OI0 MOKpallleHHs pe3yJbTaTiB OLiHIOBaHHSI XapaKTePUCTHK
3aBaJOCTIMKOCTI HU(PPOBUX MOJEMIB 3i CKJIAJHMMU CUTHAJIaMU. 33 OCTaHHi KijIbKa AeCSITUJITh yBary JOCJiJHUKIB
[IPUBEPHYJI CUCTEMHU 3B'I3Ky 3 HATIINPOKMM CIIEKTPOM CUTHAJY, 30KpeMa 3 BUKOPUCTAHHSM XaOTUYHOTO Ta
IIyMOBOT'O CUTHAJIy B SIKOCTi HECy4oi. PO3BUTOK INPPOBUX TEXHOJIOTI CIIPOCTUB IIPAKTUYHY peasi3aliio TaKux
cucreM. Ha cydacHOMy eTarni HeZJOCTaTHS PO3BUHEHICTb METOAMKH OL[iHIOBAHHS MTOTEHIIINHOI 3aBalOCTINKOCTI
M(PPOBUX CUCTEM 3 IIYMOBOIO HOCIITHOIO IPU3BOJIUTD [0 HAsIBHOCTI CYTTEBUX MTOXMOOK y PO3paxyHKax. 30KpemMa 1ie
MIPOSIBIISIETHCSA Y 3HAYHUX PO3XOIKEHHIX MK EMITIPUYHMMU Ta TEOPETUYHUMU OLIIHKAMU 3aBaOCTIMKOCTI TAKUX

cucreMm. ToMy BUHUKaE 110Tpeba y po3pooiii HOBUX IiIXOMiB IO MaTeMaTUYHOIO MO/IEJIIOBAHHS Ta IPOEKTYBAHHS



IIPOrPaMHOro 3a6e3reyeHHs MPOLEeCiB aHasIi3y Ta iMiTallilHOTO MOIeM0BaHHS UMPOBUX MOLEMIB [1JIs1 OTPUMaHHS
IIOTEHL{IIHO] OL[iHKYM 3aBaJlOCTIMKOCTI Takux cucTteM. JluceprauiiiHa poboTa ClIpsIMOBaHa Ha BUPIlIEHHS aKTyaJIbHOI
HAyKOBO-TEXHIYHOI 3a71ayi, 1110 [OJIsSIra€e B MiBUILIEHHI TOYHOCTI OLIIHKM XapaKTE€PUCTUK JeMOIyJISITOPIB LUPPOBUX
MOJ€MiB 3 IIYMOBUMU CUTHAJIaMU 32 PaXyHOK PO3POOKU MAaTEMATUYHOTO Ta IPOrPaMHOT0 3a0€3I1€4eHHS
MOJeJIIOBaHHS NIPOLeCy OLiHIOBAaHHS iX 3aBaflOCTiMKOCTi. PO3po6Ka BiAOBIZHOTO MaTeMaTUYHOIO Ta IPOTPAMHOTO
3a0e3ne4yeHHs Jae 3MOr'y iHXeHepaM 3'sICyBaTy NIePCIIeKTUBHICTh pO3pOOKYM CUCTEMU Ha eTalli IPOeKTyBaHHS, a Ha
eTalli peasisaujii BUOpaTy ONTUMAJIbHI IapaMeTPU CUCTEMHU B YMOBAX Jiii 3aBaj] pi3HOro [OXOKEHHS. B poboTi
BHUKOPHCTOBYETHCS 00'€KTHO-OPIEHTOBAHM MiIXiT, ONIMCY MPOLiEeCy IPOEKTYBaHHS apXiTEeKTypy IIPOrPaMHOTO
3a0e3ne4yeHHs JOCiIKeHHs 3aBaJJOCTIMKOCTI u(POBUX MOJEMIB 3 IIyMOBUMU CUTHAJIaMU 32 JIOIIOMOTOIO
yHi¢ikoBaHOI MoBU MogemtoBaHHs (UML). Januii nifxin f03BOJIUB yIOCKOHAIUTHA METOJ, IPOEKTYBAHHS
IIPOTrPaMHOr0 3a6€3IeYeHHs! iMIiTallilHOrO MOJIE/II0BaHHS IPOLIECY OLiHIOBAHHS 3aBaJJOCTIMKOCTI LU(PPOBUX
MOJeMiB 3 IIYMOBUMM CUTHaJIaMU Ta 3abe3rnedynTy epeKTUBHIINE CYIPOBif, iMiTaliiHOI Mofieti. 3a OIOMOroI0
MOBU IIPOrpaMyBaHHsI Java BUKOHAHO 00’€eKTHO-OPi€HTOBaHy peasisaliilio JOCIiIKyBaHUX MoJesiell LuppoBUX
MogeMiB. Po3po6iieHo y cepeloBuILi IPOrPaMyBaHHS Ta 3al1aTEHTOBAHO CTPYKTYPHY CX€MY MOJIEMY MHOXKUHHOTO
IOCTYIIY i3 KOPeJLiliHO-4acOBOIO MOAYJISLI€I0 IIYMOBOTO cUrHainy 1 K=2 xopuctyBadiB. Y0CKOHAJIEHO METO],
IIOIIYKY MiHIMaJIbHOI KiJIBKOCTI BifjjTiKiB aHas10roBoLu(ppoBoro nepeTsopoBayda MyMOBOro CUrHaly Il 3aJJaHOTO
PiBHS BijHOLIEHHS cUrHAJ /3aBaja. [JaHui MeTog, 03BOJIsIE MIJIIXOM 3aCTOCYBaHHS €KCIIOHEHIIINHOI perpecii
NiABUIIMTY €(PEKTUBHICTb IPOrpaMHoOi peanizauii 1M(pPOBOro MOJEMy 3a PaxyHOK 3MEHIIEHHS NMOBIPHICTb
IIOMWJIKY GiTy Ta 30i/IbLIeHHS MIBUKOCTI epeadyi 111 pis3HOTo piBHS 3aBaloBUX OOCTaBUH B MOJEMi MHOXKMHHOTO
IOCTYITY 3 KOPeJISLiHO YaCOBOIO MaHIIyJIsILi€lo IyMOBOro CUrHay. 306isbeHHs IBUAKOCTI epenayi
BiZIOyBa€eThCs 32 paxXyHOK 3MEHILIEHHS JOBXKUHU TaKTOBOTO iHTEpBaily [jis1 06PaHOro 3Ha4€HHSI IIEPEBULIEHHS
CUTHaJ / 3aBajia Ha BXOJi JeMOyasTopa. BUKOHyeTbCs aHai3 3aBaJOCTIKOCTI Ta pO3pOOISIIOTHCS METOAN
MaTeMaTU4YHOI'O MOJZEJII0BaHHS [IPOLIECy OLiHIOBaHHS 3aBalOCTIMKICTh M(PPOBOr0 MOLIEMY MHOKUHHOI'O LOCTYILY 3
KOpeJISLifHO YaCOBOK MaHINyJIsLi€l0 IIYMOBOTO CUTHAJTY Ta 6iHApHOTro MofieMy 3 (Da30BOI0 MaHIIyJIsIi€l0
IIYyMOBOTO CUTHaJly. Po3po6JieHO porpaMHe 3a6e3ne4eHHs, 1o CIPOILye MPOLeC BUOOPY ONTUMAIbHUX
IapaMeTpiB LUX JEeMOAYJIATOPIB. [l nepepaxoBaHUX MOZLEMIB B SIKOCTi HOCIsl iH(opMallii BAKOPUCTOBYETbCS
IIYMOBUM CUTHAJI TUIY 6iJI0r0 rayCCOBOrO LIYMY Ta aBTOKOPEJISALIMHUI METO L IPUHOMY CUTHAJIIB JEeMOIYISITOPOM
B KaHaJli Jie Jjie aguTyBHA rayccoBa 3aBaza. JoCigKeHHs 3aBalOCTIKOCTi CUCTEM aBTOKOPEJISLIHOIO TUITY B
6i7IbIIOCTI BUNAJIKIB TPOBOIATL 3 BUKOPUCTAHHIM IayCCOBOi allpOKCHMallii BUIaAKOBUX BeandvH (BB) B
IeMOAyATOPi. BIIMB HAsSIBHOCTI B JeMOAYJISITOPi HErayCcCOBOro po3noainy BB posrispgaeTscs Bnepiue ns
MiJBUIIEHHS TOYHOCTI TEOPETUYHOI OLIIHKU 3aBaJJOCTIMKOCTI CUCTEMU. B IOCIiIPKEHHI BUKOPUCTOBYIOThCS IBi
METOAMKHU OLiHIOBAaHHA 3aBaflOCTIMKOCTI, 110 BPaXOBYIOTh CKJIA[IOBi 3 Pi3HMMHU 3aKOHAMU PO3IIOJiNy HMOBIDHOCTEN Y
(yHKILiOHaJi TOPOroBOro JeTeKTopa: 1) BpaxyBaHHS HErayCOBOTO (KBaJpaTUYHOTO) PO3NOLiNY B 1EMOAYISITOPI
KOpeJILifiHO 4YacOBUX MOJIeMiB 6GiHapHOTO Ta MHOXXMHHOTO IOCTyIly. Ha BiMiHY Bif iCHYIOUMX METOJ, BDaXOBY€E
HEerayCoBUI 3aKOH PO3IOZily CKJIaJIOBUX, 10 JA€ 3MOTy OTPUMATH HOBi aHAJIITUYHI 3aKOHOMIPHOCTi 06paxyHKy
YTOYHEHOI 3aBaIOCTIMKOCTI; 2) 32CTOCYBaHHSI arapaTy XapaKTepUCTUYHOI PyHKIii B aHAi3i 6iHapHUX MOJEMIB 3
KOpEeJILifiHO 4acOBOI0 Ta (Pa30BOI0 MaHINyJIsILIi€l0 ITyMOBOTO CUTHAJY, 110 Ha BifMiHY Bifi iCHylI0UMX MeTOXiB
rayccoBoi anrpokcumaltii BB o3Bosisie 3acTocyBaTi 3aKOHU Teopii iMOBIpHOCTI 171 PyHKLIOHATIbHUX [IEPETBOPEHD

BB Ta oTpuMaTu aHaJIiTUYHI BUPa3y AJ1s1 00YMCIIEHHS IOTEHLIMHOI 3aBaflOCTIMKOCTI eMOLYy ISITOPIB.

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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