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AKTYyaJbHICTh PO3POOOK MaTEeMaTHYHOT'O Ta NPOTPAMHOIO 3a0e3MedYcHHS
JTOCITIHKCHHS. U(DPOBUX MOJEMIB 3 NIyMOBHUMH CUTHAJIAMH BHKJIMKaHa TOTPEOOIO
NOKpAILIEHHS pPe3yJbTaTiB OLIHIOBAHHS XapaKTEPUCTUK 3aBaJIOCTIMKOCTI LHUPPOBUX
MOJIEMIB 31 CKJIQJIHUIMHU CUTHAJIaMU. 3a OCTaHHI1 KiJIbKa JCCATUIIITh YBary JOCIITHUKIB
NPHUBEPHYJIM CHUCTEMH 3B’S3KY 3 HAJIIUPOKHM CICKTPOM CHTHajly, 30KpemMa 3
BUKOPUCTaHHSIM XaOTHYHOTO Ta IIYMOBOTO CHTHAJy B SKOCTI Hecydoi. Po3BHTOK
U(GPOBUX TEXHOJOTIH CHOPOCTUB NPAKTUYHY peaizalito Takux cucrem. Ha
Cy4yaCHOMY eTarl HEJOCTaTHS PO3BHUHEHICTh METOJMKH OLIHIOBAHHSA MOTEHUIHHOT
3aBaJIOCTINKOCTI MU(POBUX CUCTEM 3 IIYMOBOIO HOCIMHOIO MPU3BOAUTH O HASIBHOCTI
CYyTTEBUX TOXMOOK Yy po3paxyHKax. 30Kpema II€ TMpOSBISETbCS y 3HAUHHUX
PO3XO/DKCHHSAX MDK EMITIPUYHMMH Ta TEOPETHYHUMHU OIlIHKAMU 3aBaJIOCTIMKOCTI
TaKMX CHCTeM. ToMy BHHHMKae TOoTpebda y po3poOmi HOBUX MIAXOIIB [0
MATEMaTUYHOTO MOJICJIIOBAHHA Ta TMPOEKTYBAHHA MPOTPaAMHOTO 3a0e3NeueHHs
IpOIIECiB  aHATI3y Ta IMITAIfHOTO MOJENIOBAaHHS HH(PPOBUX MOJEMIB IS
OTPUMAaHHS MOTEHIIHHOT OIIHKY 3aBaI0CTIMKOCT] TAKUX CUCTEM.

Huceprainiitna po6oTa COpsSMOBaHA Ha BHPIMIEHHS AaKTyaJlbHOI HayKOBO-
TEXHIYHOI 3a/adi, M0 TMOJsITa€ B TMIABUINEHHI TOYHOCTI OI[IHKH XapaKTEPUCTHUK
JAEMOIYISTOPIB U(PPOBUX MOJEMIB 3 MIYMOBUMHU CUTHAJIAMH 32 PAXYHOK PO3POOKHU
MaTEeMaTUIHOTO Ta MPOTPAMHOTO 3a0€3MEeYCHHS] MOCITIOBAHHS MPOIIECY OIIHIOBAHHS
ix 3aBagocTiiikocti. Po3poOka BiIMOBIMHOTO MAaTEMAaTHYHOTO Ta TMPOTPAMHOTO
3a0e3MedeHHs JJa€ 3MOTy 1HXKEeHepaM 3’ sICyBaTH MEePCIEKTUBHICTh pO3POOKU CHCTEMHU
Ha eTami NPOEKTYBaHHs, a Ha eTami peanii3aiii BUOpaTh ONTUMAJIbHI MapaMeTpu

CHCTEMH B YMOBAaX Jii 3aBajl pi3HOTO MOXOI>KEHHS.



B po0oTi BUKOPUCTOBYETHCA 00’ €KTHO-OPIEHTOBAHMM MiJX1J OMUCY HPOLECY
MPOEKTYBaHHS apXiTeKTypH MPOTPAMHOIO 3a0€3MeUeHHs]  JOCIIKEHHS
3aBaIOCTIMKOCTI LHU(PPOBUX MOAEMIB 3 IIYMOBUMH CHTHajaMu 3a JOMOMOIOIO
yHiikoBaHoi MoBu MojenoBanHs (UML), [anuit miaxia A03BOJUB YAOCKOHATUTH
METOJI MPOEKTYBaHHS MPOTPAMHOr0O 3a0e3MeyYeHHs IMITAI[IHHOTO MOJICIIFOBAHHS
MPOLIECY OLIHIOBAHHS 3aBaJIOCTIMKOCTI HU(DPOBUX MOAEMIB 3 IIYMOBUMH CUTHAJIAMU
Ta 3a0e3neunTy e(EeKTUBHIIIUN CyNpoBiJ IMITallifHOI MOAeNi. 3a AOMOMOr0l0 MOBH
NporpaMyBaHHs Java BUKOHAHO 00’ €KTHO-OPIEHTOBAHY pealli3allito JAOCIiIHKyBaHUX
Mojenel nuppoBUX MOJEMIB.

Po3pobneHo y cepemoBuIli mporpamMyBaHHS Ta 3allaTEHTOBAHO CTPYKTYPHY
CXeMy MOJEMY MHOXHHHOTO JOCTYNy 13 KOPEJAIIHHO-9aCOBOI0 MOYJISIIIEIO
HIyMOBOTO curHany st K>2 kopuctyBauiB. Y maTeHT! MpoBeaeHa Mojudikaiis
TaKUM YHHOM, IO Ha CTOPOHI MOIYJIATOpa €TaJOHHUN curHai 3meHineHui B (K-1)
pa3iB MO TOTYXXHOCTI BIJHOCHO 3allaTeHTOBAHOTO TMPOTOTHUITY, Ta 30LIbIIIEHA
3aBa/IOCTIMKICTh MpUKiMaya 332 PaXyHOK 3MEHILIEHHS HEraTUBHOTO BIUIMBY €TaJIOHHOT
CKJIQJIOBOi CUTHATY SIK CUCTeMHO1 3aBaau s K kopuctyBadis.

Y ockoHageHO METOJ MOIIYKY MiHIMaJIbHOT KUIBKOCTI BUIIIKIB aHAJIOTOBO-
IM(POBOTO MEPETBOPIOBaYA ITYMOBOTO CUTHAY JUIS 33JIaHOTO PIBHS BiIHOIICHHS
curHai/3aBaga. JlaHui MeETOJ JO3BOJISIE IIUISIXOM 3aCTOCYBaHHsS EKCIOHEHIIIMHOT
perpecii maBUIUTH €(EKTUBHICTh MpOrpaMHOiI peanizallii 1udpoBoro MojaeMy 3a
pPaxyHOK 3MECHIICHHS WMOBIPHICTh TOMHJIKA OITy Ta 30UIBIIEHHS IIBUIKOCTI
nepeaadi s pi3HOTO PiBHS 3aBaJ0OBUX 0OOCTaBUH B MOJEM1 MHOKHHHOTO JIOCTYITY 3
KOPEJIAIIIHO YacOBOIO MAaHIMYJISIIIEI0 IIIYMOBOTO CHTHATY. 30UIBIICHHS IIBUIKOCTI
nepeaadi BiiOyBa€eThCS 32 PaXyHOK 3MEHIIIEHHS JOBXHHHN TaKTOBOTO 1HTEPBAILY IS
oOpaHOTO0 3HAYCHHS TICPEBHINCHHS CHTHAJI / 3aBaja Ha BXOJI JEMOJIYJISTOpA.
BuxonyeThcs aHami3 3aBaJlOCTIHKOCTI Ta PO3POOISIOTECS METOAUM MATeMaTHYHOTO
MOJICITIOBAaHHSI ~ TPOIIECY  OIIHIOBaHHS  3aBaJOCTIAKICTh IU(POBOTO  MOAEMY
MHOXHHHOTO JIOCTYITY 3 KOPEJSAIIHHO YaCOBOI MAHIMYJAIIEI0 IIYMOBOTO CHTHATY
Ta OlHapHOTO MoAeMY 3 (ha30BOI0 MAHIMYJISIIIEI0 HIYMOBOTO cUrHaiy. Po3pobiieHo
mporpamMHe 3a0e3MedeHHs], 0 CIPOITY€E MPOIeC BUOOPY ONMTUMAIBHUX IMapaMeTpiB

uux geMoxnynsatopiB. JlJis mepepaxoBaHMX MOJEMIB B SIKOCTI HOCIA 1H(MoOpMarii



BUKOPUCTOBYETHCSI IIIYMOBMM CUTHaJ THUIy OUIOrO TrayccoBOro IIymy Ta
ABTOKOPEISILIMHUM METOJ NPUMOMY CHUTHANIB JAEMOIYJIATOPOM B KaHall e Ji€
aJINTHBHA TayCCOBAa 3aBajia.

JocnimkeHHs 3aBaIOCTIMKOCTI CUCTEM aBTOKOPESIIHHOTO TUIY B OUIBIIOCTI
BUIIAJIKIB TPOBOJATH 3 BHKOPHUCTAHHSM TayCCOBOI ampoKCHMAaIlii BHIIaJIKOBUX
BennuuH (BB) B gemopynstopi. BriuB HasBHOCTI B JEMOIYJISATOPI HEraycCOBOTO
po3nonity BB po3rmsmaerscs Bmepiie s MIBHINCHHS TOYHOCTI TEOPETUYHOT
OLIIHKM 3aBaJIOCTIMKOCTI cucTeMH. B 1ocai)keHH1 BUKOPUCTOBYIOTHCS J1B1 METOAUKHU
OI[IHIOBaHHS 3aBaJIOCTIMKOCTI, IO BPaXOBYIOTh CKJIAJ0BI 3 PI3HUMH 3aKOHaAMU
PO3MOALTY UMOBIPHOCTEH y (PyHKITIOHAJ TOPOTOBOTO JIETEKTOpA:

1) BpaxyBaHHS HEraycoBOro (KBaJpaTHYHOI'O) PO3MOALTY B JACMOIYISATOPI
KOPEJISALIIHO YaCOBUX MOJIEMIB O1HAPHOT'O Ta MHOKUHHOTO JTOCTymy. Ha BimMiHy Bix
ICHYIOUMX METO]l BPaXOBY€ HETAyCOBHUW 3aKOH PO3MOJILTY CKIAJIO0BUX, IO JAa€ 3MOTY
OTPUMATH HOBI aHAIITHYHI 3aKOHOMIPHOCTI 00paxyHKY YTOYHEHOI 3aBaIOCTIHKOCTI,

2) 3acTOCyBaHHS amapary XapakTepUCTUYHOI (QYHKIII B aHai3l OlHApHUX
MOJIEMIB 3 KOPEJAIIHHO YacoBOO Ta (ha30BO MAHIMYJISIIEI ITYMOBOTO CUTHANTY,
0 Ha BIAMIHY BiJ ICHYIOUHMX METOJIB rayccoBoi ampokcumaiiii BB no3Bosse
3aCTOCYBAaTH 3aKOHHM Teopii IMOBIpHOCTI I (YHKIIIOHAIBHUX IepeTBopeHh BB Ta
OTpUMATH AaHAIITHYHI BHpa3d JJisi OOYMCIEHHS TOTCHI[IMHOI 3aBaJOCTIHKOCTI
TEMOYJISATOPIB.

[IpoBenenuii anami3 3aBaJOCTIMKOCTI MOJEMY MHOXHHHOTO JOCTYyMy 3
ypaxyBaHHSM BIUTMBY BXITHHX CKJIQJIOBUX CHUTHATY, IO alPOKCHMOBAHI TayCCOBUM
Ta Xi-KBaJpaT 3aKOHAMM PO3MOALTY WMOBIpHOCTEW. Bmepmie po3pobieHo MeTon
MaTeMaTHUYHOI'O MOJIEJIFOBAHHS npolecy OLIHIOBAHHSA 3aBaJJOCTIMKOCTI
AEMOIyNSITOpa UH(PPOBOTO MOJEMY 3 IIYMOBHMH CHTHajaMH, IO BPaxoOBY€
KBQIPaTUYHUI PO3IMOLT BHITAJIKOBOI BEIWYUHU AeMoaynsaropa. Ha BimMiHy Bifg
BIIOMUX aHAJIOTIB Il METO/ BPaxOBY€ HETAYCCOBUH 3aKOH PO3MOMIITY CKIIAOBUX,
0 JIa€ 3MOTY ITIBHUIUTH TOYHICTH OI[IHKH 3aBaJOCTIHKOCTI 0araTormo3uIliiHOro
MOJIEMY 3 KOPEJSLIMHO YaCOBOIO MaHIMYJISIIEI0 ITyMOBOTO CUTHAITY.

Brepme BuKOHAaHO MaTeMaTHYHE MOJEIIOBAHHS IMPOIECY OIIHIOBAHHS

3aBaJIOCTIMKOCTI MOJIEMY 3 BUKOPUCTAHHSIM amapaTy XapaktepuctTuunux QyHkuiii BB



IUIsl O1IHAPHOTO MOJIEMY 3 KOPEJSLIMHO YaCOBOIO MAaHIMYJIALIEI0 IYMOBOIO CUTHAIY,
[0 Ha BIAMIHY BIJ ICHYIOUMX aHAJOTIB JO3BOJISIE MIABUIIUTH TOYHICTH OIIIHKH
3aBaJIOCTIMKOCTI MOJEMY Ta OTPUMATH aHAJIITUYHI BHpa3H Uil OOYMCIICHHS
MOTEHI1ITHOT 3aBaIOCTIMKOCTI IEMOAYJATOPA 32 PaXyHOK BpaxyBaHHS HErayCCOBOCTI
GyHKUIT po3MOaiTy BUNAAKOBUX BeIMYMH. Ha BiIMIHY BiJ] ICHYIOUHX METOAIB OIHUCY
3 ampoKcHMaIli€ iX TrayCcCOBUMH BHIIQJKOBUMHU BEIWYMHAMH II€ JO3BOJISIE
BpaxoBYBaTHU HETayccoBICTh PyHKIIII po3noauty BB Ta orpuMartu KiHIeB1 aHAIITHYHI
BUpa3W i OOYHMCIIEHHS TOTEHLIWHOI 3aBaJOCTIMKOCTI JIEMOIyNATOpa, IO
NpU3BOJAWTh  JIO  3MEHIIEGHHS  pO30DKHOCTEH  MDK  TEOPETHUYHUMH  Ta
EKCIIEpUMEHTATbHUMU JaHUMHU BU3HAYCHHSI HMOBIPHOCTI TTIOMMJIKH.

OTprMaB TONAJBIIMK PO3BUTOK METOJI MAaTEMaTHYHOTO MOJICITFOBAHHS
IPOIIECY OIIHIOBaHHS 3aBaJIOCTIHKOCTI 3 BHUKOPHCTAHHSIM XapaKTEPUCTHUHHX
¢ynkuii. Lleit Meton 3a paxyHOK BpaxyBaHHSI HErayccoBOCTI (DYHKIIT poO3MmOiLTy
BUIIAKOBUX BEJIMYUH JO3BOJISIE OTPUMATH AHAIITUYHI BHpA3W ISl TOYHOI OI[IHKH
MOTEHITIHHOT 3aBaJOCTIHKOCTI JAEMOAYIATOpa I MOJeMY 3 (pa30BOI0 MAaHIMYIISITIEO
IIIyMOBOTO CUTHAIY.

Ha ocHoBI npoBezieHOT0 aHaI3y pO3pOo0JIEHO MaTeMaThuyHe 3a0e3MeYeHHs], 110
Ja€ 3MOTYy BH3HAYUTH aHAJITAYHY 3aJIe)KHICTh 3aBaJOCTIHKOCTI HHQPPOBUX
TEMOYJIATOPIB JOCIIKYBAHUX MOJIEMIB BiJl TapaMeTpy CUTHaJI/3aBajia Ta KUTbKOCT1
BIJIJTIKIB BXIJTHOI'O CUTHAJTy HAa TAKTOBOMY 1HTEpPBAII.

Kiarw4oBi ciaoBa: aBTokopendlliiHa cucTema 3B’s3Ky, OIHApHUH MoOJEM,
iMiTaIiiiHe MOJICITFOBaHHS, KOPEIAIIHHO-9acoBa MaHIMYJAIIsS, MHOKUHHHH JTOCTYII,
mporpamMHe 3a0esneuyeHHs, (a3zoBa MAaHIMYNSIISA, XapaKTepucThyHa (QYHKIIIA,

IIYMOBHM CUTHAIL.



SUMMARY

Oleksiuk V.V. Mathware and software for bit error rate research of digital
modems with noise signals. — Qualified scientific work on the rights of the
manuscript.

The thesis on competition of a scientific philosophy doctor degree in specialty
121 Software engineering. — Cherkassy State Technological University, Cherkassy,
2020.

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 Dblock diagram of a multiple access modem with correlation-time
manipulation of the noise signal for K>2 wusers is developed in integrated
development environment and patented. The patent modifies in the way that on the
modulator side the reference signal is reduced by (K-1) times the power relative to
the patented prototype and decrease bit error rate of the receiver by reducing the
negative impact of the reference component of the signal as system interference for K
users.

The method of finding the minimum number of samples of the analog-to-
digital 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.

The BER analysis of the multiple access modems is carried out taking into
account the influence of the input components of the signal, which are approximated
by the Gaussian and Chi-square probability distribution laws. For the first time, a
method of mathematical modeling of the estimate process of BER of a digital modem
demodulator with noise signals was developed, which takes into account the
quadratic distribution of the random variable demodulator. In contrast to the known
analogues, this method takes into account the non-Gaussian law of component
distribution, which allows increasing the accuracy of estimating the BER of a
multiposition modem with correlation-time manipulation of the noise signal.

For the first time, mathematical modeling of the process of estimating modem
BER was performed using the apparatus of characteristic RV functions for binary
modem with correlation-time noise signal manipulation, which, unlike existing
analogues, allows increasing the accuracy of BER estimation and obtaining analytical
expressions to calculate potential distribution of random variables. In contrast to the
existing methods of description with approximation of their Gaussian random
variables, this allows to take into account the non-Gaussian function of the explosive

distribution and obtain final analytical expressions to calculate the potential BER of



the demodulator, which reduces discrepancies between theoretical and experimental
data.

The method of mathematical modeling of the BER estimation process was
further developed using characteristic functions. This method takes into account
analytical non-Gaussian distribution function of random variables to accurately
estimate the potential BER of the demodulator for modem with phase noise signal
manipulation.

Based on the analysis, mathware is developed, which allows determining the
analytical dependence of BER of digital demodulators of the studied modems on the
SNR parameter and the number of samples of the input signal on the clock interval.

Keywords: autocorrelation communication system, binary modem,
characteristic function, correlation-time manipulation, multiple access, noise signal,
phase manipulation, simulation, software.

Cnmcok omy0J1ikOBaHMI palb 3a TEMOKO JUCEPTAIiL

Hayxogi npayi, 6 sikux onyonikoani 0CHOBHI HAYKOGL pe3yibmamu

1. TlepBynincekuit C.M., Onekcroxk B.B. Awnaniz 6iHapHOTO 1H(POBOTO
MOACMa MMYMOBHUX CUTHAJIIB 3 YpaxXyBaHHAM BIININBY KBaI[paTI/I‘IHO'l' CKJIa,I[OBOT
nemonynstopa // C. M. IlepBynincekuii, B. B. Onekciok. — BicHuk Yepkacbkoro
JIEep>KaBHOTO TeXHOJIOT1uHOTO yHiBepcuTeTy. — 2018. — No 1. — C. 35-40.

2. Tlar. 123726 Vxpaina, MIIK H04B 7/00. Ilpuctpiii jys nepenadi JaHUX
mrymoBuMu curHanamu Bif K kopucrysauis / C. M. IlepBynincekuii, B. B. Onekciok;
BIacHUK YUepkachkuil NepkaBHUN TeXHOJOTiuyHUM yHiBepcuteT — Ne u201707998;
3asBi. 31.07.2017; ony6u. 12.03.2018, bron.Ne 5.

3. Ilepsyniacekmit C.M., Omnekciok B.B. 3aBagocriiikicTe Moaema
MHOXHHHOTO JOCTYITy IIYMOBUX CHUTHAJIB 3 ypaxyBaHHSM BIUTUBY KBaJPaTHYHOI
ckimanoBoi/ C. M. IlepBynincekmii, B. B. Omnekciok // BicHuk Yepkachbkoro
JIep>KaBHOTO TeXHOJOTiuHOTO yHIBepcuTety. — 2019. — Ne 2. — C. 60-68.

4. Tlepsynincekuii C. M., Onekcrok B.B. Orminka 3aBagocTiikocTi 6iHapHOTO
MOJIEMY IIYMOBHUX CHUTHAQJIIB METOJOM XapakrtepuctuuHux Qynkmiii/ C. M.
[Tepynincekmii, B. B. Omnekciok // Bicauk VYHiBepcutery «Ykpainay. Cepis:

iHpopMaTHKa, O0UHCITIOBaIbHA TeXHIKa Ta KibepHeTnka, 2019. — Ne2(23). — C. 54-62.



5. Ilepsynincekuii C. M., Onekciok B.B. Ilporpamue 3a0e3neueHHst cucteMu
ABTOMATHU30BAHOTO KEPYBAaHHS IMITALlITHOIO MOJEIUII0 MOJEMIB 3 IIYMOBUMU
curnaigamu/ C. M. IlepBynincekuii, B. B. Onekciok // BicHuk iHxeHepHOT akaaemii
VYkpainu, 2019. — Ned. — C. 105-1009.

Cmamms y nepioOuuHOMy HAYKOBOMY 8UOAHHI ¥Y2opuunu

6. Pervuninsky S., Metalap V., Oleksjuk V. Analysis noise immunity of the
binary digital modem with signals type noise using the characteristic function
method/ S.M. Pervuninsky, V.V. Metalap, V.V. Oleksjuk / Magyar Tudomanyos
Journal —2019. — Ne 35. — C. 60-64.

Hayrxoei npayi, siki 3aceiouyroms anpobayiro mamepianie oucepmayii:

7. C. M. IlepBynincekuii, B. B. Onekciok. 3aBagoCTIHKICTh OiHApHOTO
U(GPOBOr0 MOJIEMY IIIYMOBHUX CHUTHAIIB 3 BpaxyBaHHSIM BIUIMBY KBaJIpPaTHYHOI
ckiamoBoi gemoayastopa / C. M. Ilepynincekmit // Te3u mgomosineit 1V
MixHapoaHOT HAYKOBO-TPaKTUUHOT KoH(pepeHuii «lHpopmarliiiHi TexHonorii B
ociti, Haymi i TexHimi» (ITOHT-2018): Uepkacu: YTV, 2018. — C.141-142.

8. C. M. IlepByHnincekuii, B. B. Onekcrok. AHaii3 3aBaJioCTIHKOCTI MOJIEMY
MHOKMHHOTO JIOCTYIy IIYMOBHUX CHUTHAIIB 3 BpPaxyBaHHSIM BIUIMBY KBaJpaTUYHOI
ckimanoBoi gemonayssitopa / C. M. IlepByHiHchKuit / 30ipHUK MaTepialiB JOMOBieH
ta te3 |l MibkxHapoaHOT HayKOBO-TIpakTUIHOT KoH(pepeHIii «[Ipobmemu kibepoOe3neku
iHbopmartiitHo-TenekomyHikamiiaux cucrem (PCSITS-2019): Kwuis: 2019. — C. 38-
40.

9. C. M. IlepBynincekuit, B. B. Onekcrok. AHai3 3aBaJoCTIHKOCTI MOJEMY
MHOXHHHOTO JIOCTYITy IIYMOBUX CHUTHATIB 3 BpPaxyBaHHSIM BIUIMBY KBaJpaTUYHOT
ckinanoBoi aemoxyistopa. / C. M. IlepByHincbkuit //Matepianu | MikHApOIHOT
HAyKOBO-TIPAKTHYHOI KOH(pepeHIii «[HhopmarliitHi MOJer0I0Ui TEXHOJIOT1i, CHCTEMU
ta komruiekcm» (IMTCK-2019): Uepkacu: 2019. — C. 47-49.

10. B. B. Omnexcrok. ExcrnepumeHTanbHa 3aBaJOCTIHKICTh MakeTy OiHapHHX
nudpoBux MoAeMiB mIymMoBHX curHamiB // Te3m nomomimer V MikHapogHOT
HayKOBO-TIpaKTU4YHO1 KoH(pepeHiii «lndopmaiiiitHi TexHonorii B OCBITI, HayIl 1

texHii» (ITOHT-2020): Yepkacu: YATY, 2020. — C.75-76.



