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[NEPEJJMOBA

Ha manomy erami po3BUTKY HAyKOBHX JOCITIDKEHb 1 PO3pOOOK B CBITI 0COOIMBA yBara MpHILIAETHCS
TeMaTHUIi TEeJeKOMYHIKalilfHUX Ta KOMII IOTepHHX TexXHooriil. IIpn mpoMy BakKIMBHMHM 3aBIAHHAMH €
3a0e3neueHHs] HeOOX1THUX XapaKTePUCTUK CHCTEM 3aBISKH BUKOPHCTAHHIO HOBITHIX HAYKOBUX PE3yJIbTATiB
Ta eNIEKTPOHHNX KOMIIOHEHTIB.

OCHOBHOIO BHMOTOIO MIOJIO JIOCTOBIPHOCTI Ta SIKOCTI Mepenadi iHpopmamii cucTemMax CiiJ BBaKaTH
MiHIMaNbHy HMOBIPHICTH 0iTOBOT IIOMMJIKHM NPUHMAaHHS CHTHAJLy TP HAassBHOMY PiBHI 3aBaj, sIKi HEOAMIHHO
IIIOTh B KaHaNi Tepefadi curHamy. [Ipu 1IbOMYy Ba)KIIMBO BHKOPHCTOBYBAaTH MiHIMallbHYy HOTYXHICTH
nepefaBaya, BUCOKY 3aBaJI03aXHIIEHICTh Ta 3aBaJOCTIMKICTh CHCTEMH, CKPHTHICTH mepenaui iHdopmartii,
CJICKTPOMArHIiTHY CyMICHICTh CHCTEMH 3 MOPSJ MPAIOF0YMMH CICKTPOHHUMH HPUCTPOSIMHU. B 3HauHil Mipi
BHKOHAHHIO BKa3aHMX BHMOTI CIIpHS€ ONTHMaJbHE NPUHMAHHS BiAMOBIIHO CHELiabHO C(HOPMOBAHOTO
CHUTHAJIy B IIpHUiiMadi, 30KpeMa BUKOPUCTAHHS Cy4aCHHMX METOJIB KOJyBaHHs Ta 0OpPOOKU CHTHAITY.

Po3rstaaloThes KIIACHYHI METOAN ONTUMAIBHOTO NPHHMAaHHS CHTHAIY, 30KpeMa aBTOKOpEIIiifiHe Ta
KOpe/siliiHe NpUMaHHA CHIHAJy, BHKOPHUCTaHHS Y3ropkeHoro ¢inbrpa. I[lpym upoMy HaBOISTBCS
0co0IMBOCTI pOPMYBaHHS Ta IEPEBAry MIMPOKOCMYTOBOTO CHTHAITY .

OcobnuBa  yBara  NPUAUIIETBCS  CHCLiaJbHUM  METOAaM  ONTHMANBHOTO  MpUiIMaHHSI
GaraTonpoMeHeBoro curHaiay 3 BukopuctaHHsM RAKE — mpuiimaua, exBamaiizepa, curnamy 3 OFDM —
MOZYJISMI€I0, KOMIDIEKCHOI ONTHMi3amii NpHHMaHHSA CHTHAaNy.. Po3MISmaroThes TaKOX —CIemialbHi
MaTeMaTH4HI METO/Y aHAIIi3y Ta CHHTE3y iH(QOKOMYHIKAI[IHHUX Ta KOMIT' IOTEPHUX MEpEX 3 BHKOPUCTAHHIM
crutai-QpyHKIil Ta BeHBIET-QYHKITIH.

IMoka3aHi nepeBars CUCTEM 3 LIMPOKOCMYTOBUM CHUTHAJIOM, L0 CTBOPIOIOTHCS 3aB/SIKH BUKOPHUCTAHHIO
MOJIYJIIOIOYHX IICEBIOBHUIIAKOBHX ITOCHIOBHOCTEH.

Oco0JinBa yBara npuiijieHa J0CiDKEHHIO Ta BAKOPHCTAHHIO OE3MPOBIAHUX CHCTEM, SIKi 3a0€31eUyI0Th
noHax 60% tpadiky nepenaui indopmanii. Lle cucreMu yIbTPaKOPOTKOXBHIBOBOTO Ta TPAaHKIHIOBOI'O
3aB’sI3Ky, CHCTEMH PaiopeNeHOro Ta KOMOIHOBAaHOTO pajiopeneiHo-TpornochepHo-i0HOCHEpHOTO 3B’ SI3KY,
CHCTEMH CYIyTHHKOBOTO 3B’ 13Ky, CHCTEMH MOOIJIBHOTO 3B 513Ky, Y TOMY YHCIIi cicTeMHu 3a TexHodorieto LTE.

B MoHOTrpadii HaBeieHI HOBI pe3yIbTaTH NPOEKTYBaHHS 1H(GOKOMYHIKAiHHAX CUCTEM 3 ITiIBUILEHOO
CKPUTHICTIO Tepenadi iH$opMarii Ipy BUKOPUCTaHHI IICEBJOBUIIAAKOBIX MOCIIZOBHOCTEH HA OCHOBI Xaocy
Ta TAUMEPHHUX CUTHAIBEHUX KOHCTPYKIIIH.

B YkpaiHi B 3ak0H0JaBYOMY ITOPSIIKY BUMAraeThcsi BUKOPHCTAHHS Iep KaBHOT yKpalHCHKOT MOBH Yy BCIX
cdepax pisutbHOCTI opranizauiit Ta nixnpuemcts. MOH Ykpainu cTaBUTh BUMOTH 10 PO3pOOKH HaBYAIBHUX
MpPOTpaM BUIINX HAaBYATBHHX 3aKJIafiB Ta MaTepialliB HAyKOBHX JOCII/KEHb BUKIIIOUYHO Ha yKPaiHCHKii MOBI.
Ane HasBHa HayKOBa CIIelliajibHA JiiTeparypa Oyia BHJaHa Ha POCIMCHKIA MOBI 3a paJsSHCBKHX 4YaciB, a
YKpaiHOMOBHUX JpKepen Opakye. ToMy BHAQHHS 3alpOIIOHOBAHOI YKpaiHOMOBHOI OaraTtompo¢irbHOT
MoHorpadii Ha yKpaiHCHKiil MOBi 3 iH)OKOMYHIKALIFMX Ta KOMIT IOTEPHIX MEPEK CJIijl BBAKATH CBOEYACHOIO,
Ba)KJIMBOIO Ta KOPHCHOIO MOJIEI0 B HAYKOBOMY IPOCTOPI YKpaiHi.

Marepianu MoHorpadii miarorysamu: Cemenko A.l.- rmasu 1,2, kpiM po3aimis 2.2.1,2.2.2,2.2.4, rnaBu
3,4, kpim posainy 4.5, rmasa 7, kpim posainis 7.7.1, 7.7.2, 7.9.8; Boiiko K0.M.- rasa 5, posain 4.5; Ulnyp
O.M.-rnasa §; Crpenxoscbka [.B.-rnaBa 9; Kopuuncekuit B.B.-rnasa 6; Sposuit P.O.-rnasa 10; bokna H.I.-
posninu 2.2.1,2.2.2,2.2.4; IlouepuseB B.M.-pozain 7.7.1; CikoBa H.M..-po3nin .7.7.2,; ['aiinamanuyk B.A.-
po3znin 7.9.8.

Buknazneni B MoHorpadii B €IMHOMY KOMILICKCI MaTepialld NMPH3HAYCHI I CTYyACHTIB BCIX TPhOX
pIBHIB BHUIIOI OCBITH NpU BUBYEHHI NUCUHMILIIH 3a creuianbHOcTAMH 122 « Komm’iotepHi Hayku Ta
iHpOopMamiiiHi  TEXHOJOTII, 123« Kowmm’rorepHa  iHXeHepis», 125  «Kibepbesnekay,
172 «EnextpoHHi KoMmyHikamii Ta pagiotexHika» (abo x F3 « Komn'rotepHi Haykuy,
F5 «Kibepbesneka Ta 3axuct iHdopmanity, F6 «IHdopmamiiini cucTemMm 1  TexHONOriD»,
F7 «Komn’'rorepHa imxeHepis», G5 «EnekTpoHika, eNeKTpOHHI KOMyHikamii, npmiagoOyIoyBaHHS Ta
panioTexHika» BiIIOBIIHO 10 3MiH y NeperiKy raxy3edl 3HaHb i CIELiaJbHOCTEH, 3a SKUMH 3[iHCHIOETHCS
HiAroToBKa 3100yBaviB BUIIOI OCBITH, 3aTBEPKEHOT0 ITocTaHoBOI0 Kabinety MinicTpiB Ykpainu Ne1021 Bix
24 cepnus 2024 p.), a TakoXX MOXYyTb OyTH KOPDUCHUMM HAyKOBIAM Ta iHXEHEpaM IIPH BUBUYCHHI,
JOCITIIKEHHSX, PO3po0IIi Ta eKcIuTyaranii iHpOKOMYHIKaiHHUX Ta KOMIT FOTEPHHX MEPEK 3 ONTHMAILHUM
HIpuiiMaHHAM Ta 00pOOKOIO CUIHAIY.

HaykoBuii penaktop TOKTOp TEXHIYHHX HayK, mpodecop

Cemenko A.L



PREFACE

At this stage of the development of scientific research and development in the world, special attention
is paid to the topic of telecommunications and computer technologies. At the same time, important tasks are
to ensure the necessary system characteristics thanks to the use of the latest scientific results and electronic
components.

The basic requirement for the reliability and quality of information transmission to systems should be
considered the minimum probability of a bit error of signal reception at the existing level of interference, which
necessarily operates in the signal transmission channel. At the same time, it is important to use the minimum
power of the transmitter, high immunity, and interference resistance of the system, secrecy of information
transmission, electromagnetic compatibility of the system with electronic devices working nearby. To a large
extent, the optimal reception of a specially formed signal in the receiver contributes to the fulfillment of the
specified requirements, in particular, the use of modern methods of coding and signal processing.

Classical methods of optimal signal reception are considered, in particular, autocorrelation and
correlation signal reception, the use of a matched filter. At the same time, the peculiarities of broadband signal
formation and advantages are given.

Special attention is paid to special methods of optimal reception of a multibeam signal using a RAKE
receiver, equalizer, signal with OFDM modulation, complex optimization of signal reception. Special
mathematical methods of analysis and synthesis of information communication and computer networks using
splice functions and wavelet functions.

The advantages of systems with a broadband signal, which are created thanks to the use of modulating
pseudorandom sequences, are shown.

Special attention is paid to the research and use of wireless systems, which provide more than 60% of
the information transmission traffic. These are ultra-shortwave and trunking communication systems, radio
relay and combined radio relay-tropospheric-ionospheric communication systems, satellite communication
systems, mobile communication systems, including LTE technology systems.

The monograph presents new results of designing information communication systems with increased
secrecy of information transmission when using pseudo-random sequences based on chaos and timer signal
structures.

In Ukraine, the use of the state Ukrainian language is require d by law in all spheres of activity of
organizations and enterprises. The Ministry of Education and Culture of Ukraine sets requirements for the
development of educational programs of higher educational institutions and scientific research materials
exclusively in the Ukrainian language. But the available scientific special literature was published in Russian
during the Soviet era, and Ukrainian-language sources are lacking. Therefore, the publication of the proposed
Ukrainian-language multi-volume monograph on information communication and computer networks should
be considered a timely, important and useful event in the scientific space of Ukraine.

The materials of the monograph were prepared by: Anatoly Semenko - chapters 1,2, except for sections
2.2.1,2.2.2,2.2.4  chapters 3,4, except for section 4.4, chapter 7, except for sections 7.7.1,7.7.2, 7.9.8, chapter
10; Juliy Boiko- chapter 5, section 4.4; Olha Shpur - chapter 8; Irina Strelkovska - chapter 9; Vladimir
Korchynsky -chapter 6; , Roman Yaroviy- chapter 10; Natalia Bokla - sections 2.2.1,2.2.2,2.2.4;

Vitaly Pocherniaev - section 7.7.1; Natalia Sivkova - section 7.7.2; Victor Haydamanchuk- section 7.9.8.

The materials presented in the monograph in a single complex are intended for students of all three
levels of education when studying disciplines in the specialties 122 "Computer science and information
technology", 123 "Computer engineering", 125 "Cyber security", 172 "Electronic communications and radio
engineering" (or F3 "Computer Science", F5 "Cyber security and information protection”, F6 "Information
systems and technologies", F7 "Computer engineering”", G5 "Electronics, electronic communications,
automation and radio engineering" in accordance with the changes in the list of fields of knowledge and
specialties for which higher education applicants are trained, approved by Resolution No. 1021 of the Cabinet
of Ministers of Ukraine dated August 24, 2024. ). They can also be useful to scientists and engineers in
studying, researching, developing and operating information communication and computer networks with
optimal reception and signal processing.

Scientific editor, Dr. habil., Professor

Anatoly Semenko.
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