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Pedepar/aHoTanis:

1. io6uenko O.B. MeTon opranizallii KOMyHiKalili B KOMIT'IOTEPHUX MEPeXXaxX Ha OCHOBI JIa3€PHOTO
BUIIPOMiHIOBaHHS. KBasigikalifiHa HayKoBa npals Ha [paBax pyKonucy. JlucepTralis Ha 3100yTTsl HAyKOBOTO
cTyneHs nokropa ¢inocodii (PhD) 3a crienianbHicTio 123 — Komr'lotepHa inxkeHepist. — HanjionanbHUM TeXHIUHMN
yHiBepcuTeT “XapKiBCbKUI NOJITEXHIYHUN iHCTUTYT , XapKiB, 2026. [lucepTaliiiHa po60oTa NpUCBsYeHa BUPILIEHHIO
aKTyaJIbHOI HAyKOBO-TIPUKJIAHOI 337124, [10B'SI3aHOI 3 PO3POOKOI0 METOY OpraHisalii KOMyHiKalliil B
KOMIT'IOTEPHUX Mepeskax Ha OCHOBI JIAa3€pHOr0 BUIIPOMIHIOBaHHS. MeTolo AucepTaliiiHoi pobOTH € MigBUILEHHS
IIBUAKOCTI Nepeiavi JaHUX B KOMIT'IOTEPHUX MEPEXKAx Ha OCHOBI OJIHOMOJIOBOTO 6araTo4acTOTHOTO 3
CUHXPOHi3alli€lo 03I0BXKHIX MOJ Ia3€pHOT0 BUIIPOMiHIOBaHHS. O0’€KT NOCIIKEHHS — MIPOLIeC Nepenaydi JaHuX B
KOMII'IOTEPHUX MeperkaX Ha OCHOBI OHOMOZ0BOr0 6araTo4acTOTHOTO JIa3€PHOTO BUTIPOMIHIOBaHHS 3

CUHXPOHi3ali€lo NO3I0BXHIX MO [IpegMeT JOCTiIpKeHHS — MeTOIU Nepeaaydi 1aHUX B KOMII'IOTEPHUX Mepeskax. Y



BCTYIIi OGI'PYHTOBAHO aKTyasIbHICTb JOCIIIKEHb B 06J1aCTi MIBUAKOCTI Ilepesadi JaHux B KOMIT'IOTEPHUX MePeXKax,
IIpeJCTaBJIEHO 3B'130K pOOOTH 3 HAYKOBUMM IIpOrpaMamy, IJlaHaMU i TeMaMu, HaBeleHO HayKOBY HOBU3HY,
IIpeJCTaBJI€HO IPaKTUYHE 3HAUEHHS] OTPUMAaHUX Pe3yJIbTaTiB, HaJlaHO iHPopMaliiio 1070 0COOUCTOrO BHECKY
3100yBaya, IPeACTaBJIEHO MepeJliK MyOsliKalliil 3a TEMOIO AucepTalii. Y nepuioMy po3fiii IpoBeNeHO aHali3
TEOPETUYHUX OCHOB JOCIIIPKEHHS IUTAHb 1010 OpraHi3aliii KOMyHiKalliil B KOMII'TOTEPHUX MepeXkax nepejadi
IaHuX. Ha ocHOBI mpoBeieHoro aHasi3y copMyJibOBaHI HAyKOBE Ta YaCTKOBI HAYKOBi 3aBAaHHS Ha [OCIiIKeHHS. ¥
IpYroMy po3zisi JOCIiIPKEHO 0COOJIMBOCTI CIIEKTPY JIa3€PHOT0 BUIIPOMiHIOBaHHS [J1s Nlepefadi JaHUX 110 KaHajax
MEPESKEBOTO 3B'S13Ky. 30KpeMa, IIPOBENEHO NOCiIKEHHS IKEPEJI Ta CIIEKTPY JIa3epHOTO BUIIPOMIHIOBAHHS [1714
nepepayvi jaHux. PO3risiHyTo 0cO6IMBOCTI IOOYL,0BU HOMOTPaMU PO3PaxyHKY XapaKTepUCTUK JIa3€PHOTO
BUIIPOMIHIOBAaHHS IJI IIepefadi JaHuX. Y TPETbOMY PO3[1ijli 3alIpOIIOHOBAHO METOJ, OpraHisalii KOMyHiKallii B
KOMIT'IOTEPHUX MEpeXKax Ha OCHOBI OJHOMOJ0BOTO 6araTo4aCTOTHOTO JIa3€pHOTO BUITPOMiHIOBaHHS 3
CHHXPOHI3ali€eo Mo310BXHIX MO, 30KpeMa, YZOCKOHAJIEHO METO]], Iepefadi JaHNX Y aTMOChepHO-ONTUYHIN JTiHii
3B'SI3KY JJIs1 TEXHOJIOTII OcTaHHS MuJis. [10CTiIOBHO yAOCKOHATIEHO METO], Ilepeiadi JaHuX Y KabeJbHill BOJIOKOHHO-
ONTUYHIN TEXHOJIOTII. Y 4eTBEpTOMY pO31ijii IPOBEEHO OLiHKY e(EeKTUBHOCTI JIiHii nepenayi JaHUX Ha OCHOBI
JIa3epHOTr0 BUIIPOMIHIOBaHHS 32 Pi3HUMU NTOKa3HUKaMU. 30KpeMa, OL[iHeHO BTPATU JIa3€pPHOr0 BUIIPOMIHIOBAaHHS Y
KOKHOMY 3 ONITUYHUX KaHaJIiB Ilepefadi JaHuX. Y BUCHOBKax HaBeleHO OCHOBHI pe3yJIbTaTy HayKOBOI pOOOTH L1010
BUPIlLIEHHS II0CTABJIEHUX HAyKOBUX 3aa4 JOCIiIPKEHHS. 3a pe3yJIbTaTaMU JOCIIiI)KEHHS OTPUMAHO TaKi HAyKOBi
pesyabTaTu: 1. Biepie po3po6seHo MEeTO[, epefadi 4aHUX B KOMII'IOTEPHUX MEPeKax Ha OCHOBI OTHOMOJIOBOTO
6araTo4acTOTHOTO 3 CUHXPOHI3alli€10 [103I0BXHIX MOJ], JIa3€pHOT0 BUIIPOMIHIOBAHHS, 10 iHTErpye KOHLEMIIi0
BUJIiJIEHHS [TO3[IOBXXHIX MOJ, 3i CIIEKTPY OJJHOMOJ0BOI'0 6araTo4acTOTHOIO 3 CHHXPOHi3allielo MO3[IOBXHIX MOJ,
JIa3€pHOTO BUIIPOMiHIOBaHHS Ta MOAiy Jla3epHUX iHPOPMaLiiHUX CUTHAJIIB, SIKi BUIIPOMiHIOIOTBCS HA HECYUUX
yactoTtax N210, 110 CTBOPIOE 3arajibHy CUCTeMY IIPONOPIiiHOTO MiABUIIEHHS BUIKOCTI 6araTokaHaabHOI nepenadi
IAHWX J0 CIIOXMBAyiB; 2. YIOCKOHATIEHO METO], Ilepefadi JaHUX Y aTMochepHO-ONTUYHIN JIiHii 3B'3KY AJ1s
TEXHOJIOTiI OCTaHHS MWJIS, IKAY Ha BiIMiHY BiJ BilOMUX, BUKOPUCTOBYE I03[JOBXXHI MOJM 3i CIIEKTPY OHOMOJOBOTO
6araTo4aCTOTHOTO 3 CUHXPOHI3alli€lo MO3I0BXHIX MOJ], JIA3€PHOT0 BUIIPOMIHIOBaHHS, IO [03BOJIsIE CHPOPMYBATU
J1a3epHi iHpopMaliliHi curHany, siKi BAIPOMIHIOIOTBCS Ha Hecydux yacTtoTrax N210 Ta CTBOPUTHU 3arajibHy CUCTEMY
MPOMOPIiHOTO MigBUIIEHHS IBUIKOCTI 6araToKaHaJbHOI epenadi JaHuX 0 CIIOXKUBaYiB; 3. YOCKOHATIEHO MeTO],
nepenayvi JaHMX y KabeJbHiil BOJIOKOHHO-ONITMYHIN TEXHOJIOT], SIKWi1 Ha BiIMiHY Bif, BilOMUX, BAKOPUCTOBYE
KoMbiHanii mO300BKHIX MOZ, 31 CIIEKTPY OZHOMO/IOBOTO 6araTo4acTOTHOTO 3 CUHXPOHi3allielo TO3M0BXKHIX MOT,
J1a3€pHOTO BUIIPOMiHIOBaHHS. MeTog, 103BoJisie cPOpMYBaTH J1azepHi iHOpMaLifiHi CUTHaN, SIKi BUTIPOMIHIOIOTHCS
Ha YacToTax MDKMOJ0BUX OUTTIB N210 Ta CTBOPUTH 3arajibHy CUCTEMY [IPONOPLIMHOrO MiBULIEHHS MBUAKOCTI
6araTokaHaJIbHOI Iepeavi AaHuX [0 CIOXKUBaUiB. [IpakTUUHE 3HAa4€HHSI OTPUMAaHUX PE3YJIbTATIB I10JIAra€ y TOMY,
110 pO3pO0JIEHNH Ta YIOCKOHAJIEH] Y IXCEePTallii MeTOI|M € OCHOBOIO [1Jis OpraHizallii KOMyHiKaliil B KOMII'IOTEPHUX
MEpeKax Ha OCHOBI JIa3€pHOTO BUITPOMIiHIOBAHHS, 110 103BOJIsSlE TPU BUKOPUCTaHHI N>10 N0310BXHIX MO
JIa3€pHOTO BUIIPOMiHIOBaHHS 3 ix cuHXpOHi3alieto y 10 i1 6isblle pasiB NiABUIMTY IIBUIKICTh Ta 00'eM Nlepeadvi
IAaHUX SIK B aTMOC(EPHO-ONTUYHMX, TaK i B KaOEJIbHIX BOJIOKOHHO-ONTUYHUX JIiHiSIX 3B'13KY (CUCTEeMaXx). 3a TaKUM
iAXOZI0M CTBOPIOETHCS IIPOIIOPLIiliHA 6araToKaHajbHA CTPYKTypa Ha OCHOBI OTHOMOJ0BOTO 6araTo4yacTOTHOTO
curnany Nz10, o cyTTeBO NepeBepllye aHalory 3a e(peKTUBHICTIO Ta BUPilllye IOCTaBIeHY HAyKOBY 3ajiayy Ha
DOCTiIKeHHs.3a pe3yibTaTaMU JOCiIKEHHS MigTBEPIPKEHO IPAKTUYHY Ta TEOPETUYHY LiHHICTb PO3POOJIEHNX
METO[IiB, HaJJaHO NMPaKTUYHI peKOMeHallii, 00 3aCTOCYBaHHS PO3PO6JIEHNX METOIiB Ta PO3IJISHYTO ME€PCIIEKTUBU

iX TOJAJBIIOrO PO3BUTKY.

2. Liubchenko O.V. A method for organizing communications in computer networks based on laser radiation.
Qualifying scientific work on the rights of the manuscript. The thesis is submitted to obtain a scientific degree of
Doctor of Philosophy, specialty 123 - Computer Engineering. - National Technical University "Kharkiv Polytechnic
Institute", Kharkiv, 2026. This dissertation addresses a pressing scientific problem: the development of a method
for organizing communications in computer networks based on laser radiation. Object of research is the process of
data transmission in computer networks based on single-mode, multi-frequency laser radiation with longitudinal
mode synchronization. Subject of research is data transmission methods in computer networks. The purpose of



the dissertation is to increase the data transmission rate in computer networks based on single-mode, multi-
frequency laser radiation with longitudinal mode synchronization. The introduction justifies the relevance of
research in the field of data transmission rates in computer networks, describes the work’s connection to scientific
programs, plans, and topics, outlines the scientific novelty, highlights the practical significance of the results
obtained, provides information on the candidate’s personal contribution, and lists publications related to the
dissertation topic. The first chapter analyzes the theoretical foundations of research into the organization of
communications in computer data transmission networks. Based on the analysis, the scientific and specific
research objectives are formulated. The second chapter examines the characteristics of the laser radiation
spectrum for data transmission in network communication channels. It also discusses the specifics of constructing
a nomogram for calculating the characteristics of laser radiation used for data transmission. The third chapter
proposes a method for organizing communications in computer networks based on single-mode, multi-frequency
laser radiation with longitudinal mode synchronization. The method of data transmission in an atmospheric-
optical communication link for last-mile technology has been improved. The method of data transmission in fiber-
optic cable technology has been improved. The fourth chapter evaluates the performance of a laser-based data
transmission line based on various metrics. It assesses laser signal loss in each of the optical data transmission
channels. The conclusions present the main results of the research aimed at addressing the scientific objectives of
the study. The study yielded the following scientific findings: 1. A method for data transmission in computer
networks based on single-mode multi-frequency transmission with longitudinal mode synchronization of laser
radiation has been developed for the first time. The method integrates the concept of extracting longitudinal
modes from the spectrum of single-mode multi-frequency laser radiation with longitudinal mode synchronization
and the separation of laser information signals emitted at carrier frequencies N>10, thereby creating a
comprehensive system for proportionally increasing the speed of multichannel data transmission. 2. A method for
data transmission in an atmospheric-optical communication link for last-mile technology has been improved,
unlike existing methods, it utilizes longitudinal modes from the single-mode multi-frequency spectrum with
synchronization of the longitudinal modes of laser radiation. The method allows for the generation of laser
information signals emitted at carrier frequencies N>10 and the creation of a comprehensive system for
proportionally increasing the speed of multi-channel data transmission. 3. An improved method for data
transmission in fiber-optic cable technology has been developed; unlike existing methods, it utilizes combinations
of longitudinal modes from the single-mode multi-frequency spectrum with synchronization of the longitudinal
modes of the laser radiation. The method allows for the generation of laser information signals emitted at
intermodal beat frequencies of N>10 and the creation of a comprehensive system for proportionally increasing the
speed of multichannel data transmission. The practical significance of the results obtained lies in the fact that the
methods developed and refined in this dissertation form the basis for organizing communications in computer
networks based on laser radiation, which, when using N=10 longitudinal modes of laser radiation with their
synchronization, allows for a 10-fold or greater increase in data transmission speed and capacity in both
atmospheric-optical and cable fiber-optic communication lines, which significantly outperforms analogues in
terms of efficiency and solves the scientific research problem. The study confirmed the practical and theoretical
value of the developed and improved methods, provided practical recommendations for their application, and
examined prospects for their further development.
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