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1. O6’eKT — HAayKOBi OCHOBHM y[IOCKOHAJIIOBAaHHS T€JIEKOMYHIKallilHUX cUCTeM. MeTa — CTBOpEHHS Teopii i
KOHCTPYKTUBHUX METOZIB CIlJIaifiH-allpoKCcUMaliii, 1o J03BOJISIIOTh 6isbll epeKTUBHO PO3B’s13yBaTH Pi3Hi 3aaui B
TeJIEKOMYHIKaLigX AJ1s1 MiABULIEHHS [TI0Ka3HUKIB SIKOCTI T€JIEKOMYHIKaLIHUX CUCTEM. MeTOY NOCIiIKEHHS:
BHUKOPHCTaHHS Teopii 3B'513Ky, TeOpii cuctem, MaTeMaTUYHOTO aHali3y, QYHKLiOHAIBHOTO aHaJi3y, Teopii Moneen
Ta iMiTalilHOrO MO/ II0BaHHS, TEH30PHOTO aHaslizy, KOMOiHATOPHOI TOIOJIOr], CrIaliH-anpoKCUMallii,
iHTepnosLii, NiHiNHOI anrebpu, nudepeHLiaabHOi FeOMETPii, CUHTE3y CUTHAJIbHUX IMITyJIbCiB, ONTUMI3alLii
[apameTpiB CEJIEKTUBHUX CUTHAJIIB ITPY IXHbOMY CUHTe3i. TeopeTnyHi i npakTuyHi pesysnbratu: 1. CTBOpEHO Ha
OCHOBI Ky0iUYHUMX CIJIaiiHIB iHK€EHEPHY METOJMKY aHasli3y I CUHTe3y HOBUX BUJiB 6araTonapameTpuyHuX
CEJIEeKTUBHUX CUTHAJIB 3 QiHITHUM CIIEKTPOM, SIKi BiIpi3HSAIOTHCS TUM, 10 IIPU iX BUKOPUCTaHHI MiHiMi30BaHi
inTepdepeHiliHi (Mi’XKCUMBOJIBHI 11 Mi’KKaHaJIbHI) 3aBafy. BuaHaueHo Habip HEOOXiTHMX apaMeTPiB CHHTE30BaHUX
CWT'HAJIB, i BU3BHAUYeHa 06J1aCThb AOMyCTUMUX 3HAUEHb LIUX [TAapaMETPIB, 10 LO3BOJISIOTh 326€3nednTy e(peKTUBHI

BJIACTMBOCTI 11 (pi3n4Hy peasi3oBaHiCTb LUK CUTHAJIB Ha IpakTuli. 2. HasBHicTh 6aHKy 6araTornapameTpuiyHUX



CEJIEKTMBHVX CUTHAJIB 3 (PiHITHUM CIIEKTPOM, BiJIbHUX Bill MDKCUMBOJIBHOI iHTepepenuii (MCI), no3Bosse
IOCTiIHUKOBI (pOpMYyBaTH HAMOIIbLI pallioHAbHI KJIaCH CUTHAJIB 3aJIEXKHO Bifl yMOB Y KaHaJaX 3B'3Ky 1 BUMOT 10
caMoi TesleKOMYHIKaliiHoi cuctemu. 3. Ofep>kaHo peKoMeHaallii 11010 CHHTEe3y CUTHAJIIB, e(PeKTUBHUX 32 JBOMA
TPaAULitHUMU KPUTEPIiSIMHU (3a7I€XKHICTh BEJIMYMHU PO3KPUTTSI OKO-JiarpaMH Bif, KoeQillieHTa CKPYIJIEHHS CIIEKTPa
CUTHAJIB, alIpOKCMMOBAHUX Y YaCTOTHI 06/1aCTi KyOiUHMM CIUIAiHOM i KyO6iYHUM B-criaiiHOM, Ta 3aJI€5KHICTb
KOHILIeHTpallii eHeprii ceJIeKTUBHUX CUTHaJIIB Bif KoedillieHTa CKPYTJIeHHSI) BiJHOCHO 3aCTOCYBaHHS HOBUX
CUTHaJIbHUX QYHKIIiH, eKCTpeMaIbHi BIACTUBOCTI SIKUX JO3BOJISIIOTh NIOKPALIUTY TEXHIUHI XapaKTe€pPUCTUKU
TeJIEKOMYyHiKaLiiHuX cucTteM. 4. [TokasaHo, 110 MUPOKO BUKOPMCTOBYBAaHUN Ha MIPAKTUL 171 allpOKCHMaILii
CHTHAJIB i IpolieciB Ha KiHIIeBOMY ITPOMIXKY psifi KoTesnbHUKOBA He € HalKpalluM CIIOCO60M HabIVDKeHHS. binpi
eeKTUBHUM anapaToM HabJIVKEeHHS € CIUIaliH-QYHKIi, 110 J03BOJIsie 30i/bIIyBaTH TOYHICTD anpoKkcuMallii. Kpim
TOTO, [IPY CIIAMH-aNPOKCUMAaLlii IPaKTUYHO BifcyTHiN edexT [i66ca. 5. [TokazaHo, 0 IPU OfepKaHH]
iHTepBaJIbHUX OI[iHOK BUIA/IKOBUX IIPOLECiB al[POKCHMALisl [TOCIIiZOBHOCTI OLiHOK Ky6iYHMMU CIIJIaliHaMU GisbI
eeKTUBHA, HiX JiHillHa, ofepKyBaHa 3a MeTofoMm Kanmana-boci. [JocinkeHo MOKIIUBI IOXUOKHU, OJepKaHo
IpaHMYHi 3HAYE€HHSI IUX IOXUOOK. 6. [Ipy po3B’si3aHHi HeJiHINHYX 3aa4, 30KPEMa 3371a4 ONITUMAJIbHOTO
yIIpaBJIiHHS, OJep>KaHi IOXUOKY 064MCIIeHb 115 JIiHINHUX, KyOiYHUX HEJIOKAJIbHUX CIIIAlHIB, IUCKPETHUX KYOiYHUX
CILJIaMHIB, epMITOBUX Ky6iuyHUX i B-criaiiHiB 1151 piBHOMIPHUX i HEPIBHOMIPHUX CIiTOK pO36UTTS Bifpi3Ky, Ha SIKOMY
3a/laHa QYHKIis ynpasiliHHA. [lokazaHo, 1o nojasblle MigBUIIEHHS II1aaKoCTi PyHKLIl yIIpaBliHHS BXe He Jae
IiABUILEHHS NMOPSJKY allpoOKCUMalii — Bif0yBaeTbCsl HACUYEHHS iHTEPIOJIALIAHOrO npouecy. TakuMm YMHOM,
BM3HA4Y€Ha IPaHMULIA JOCSKHOI TOYHOCTI IIPY peasizalii ynpasiiHHA B TeJIEKOMYHIKaUiMHUX cucTeMax. 7. ITokaszaHo,
IO B MOJEJISIX TEJIEKOMYHIKaLifHMX CUCTEM, ITPEJICTABJIEHUX BY3JI0BOIO MEPEXKEIO, 3aCTOCYBAHHS TEH30PHUX
METO/IiB PO3PaxyHKYy J03BOJIS€ aHaJli3yBaTU CyMiCHi CTPYKTYPHi i GyHKILiOHaJ/IbHI BIACTUBOCTI LIUX CUCTEM,
3a6e3revyBaTy OflepsKaHHS Oi/IbII 3arajibHUX Pe3yJbTaTiB, IO FapaHTYIOTh MiHIMAIbHUIL 4ac 6araToLISIXOBOI
MapupyTusaliii, o, KpiM CHijIbHOCTI, LO3BOJISIE TAKOXK OiIbLI IPOCTO 3HAXOAUTU ONTUMAaJIbHI pilneHHs. HaykoBa
HOBM3Ha: 1. Yriepie po3po61eHO METO/, CUHTE3y 6araTonapaMeTpUYHUX CEJIEKTUBHUX CUTHAJIIB 3 QiHITHUM
CIIEKTPOM, BisibHUX Bigy MCI, 3aCHOBaHMI1 Ha BUKOPUCTaHHI Ky6iYHMX Ta KyOiYHMX B-cIiylaiiHiB 114 arpokcumaliii
4aCTOTHUX XapaKTE€PUCTUK. PO3P0O6I€HO aHANIITUYHUI METOJ, CUHTE3Y i1 aHaJi3y LIUX CUTHAJIB y YaCOBiil i 4aCTOTHI
obsacTsax. 2. Vrepie mpoBeeHo aHaJli3 MOBHOI eHePTii CeIeKTUBHUX CUTHAJIIB, CIIEKTPasIbHA IiIbHICTh SKUX
arpoKCUMOBaHa 3BMYaliHUM Ky6iuHMM i Kyb6iuHux B-cnnaiiHom. CTBOPEHO OCHOBH [7151 TOOYI0BU OaHKY
6araTornapaMmeTpUYHUX CEJIEKTUBHUX CUTHAJIB 3 PiHITHUM CIEKTPOM, BisibHUX Big MCI. 3. Ynepiie noseneHo
MOJKJIMBICTD ITiIBUIIEHHS IKOCTi BiTHOBJIEHHS BUITQJIKOBUX CUTHAJIIB 34 iX BiflJlikaMH 3a JOIIOMOTI'OIO CIIJIalH-
anpoKCcUMallii HOPiBHSIHO 3 BUKOPUCTAHHIM psaoM KoTenbHUKOBA. 4. Yiepie OBEIEeHO MOKJIIUBICTD Ofep>KaHHS
6ibIll TOYHOI iHTEPBAJIbHOI OLIIHKY BUIIAAKOBUX IPOLECIB i CUTHAJIIB 32 PaXyHOK HEJIiHIMHOI criylaiiH-anpoKCcUMallii
Pe3yJIbTaTiB JiHIHOTO OLiIHIOBAHHS CTAHY MEPEXKHUX €JIEMEHTIB i Mepex y 1iIoMy, TOOTO IOKa3aHo, IO [IpU
iHTeprnossLii MocinoBHOCTI OLIHOK, Ofep>XKyBaHuX 3a MeTogoM KanmaHa-B'ioci, anpokcrumaliist KybidHUMU
criaiiHamu 6inblll e peKTHUBHA, HIK JIIHIHHUMIU. 5. YIiepiie po3po6sIeHO MeTO] pO3B'3aHHS JIiHIMHUX HEOTHOPIAHUX
IvdepeHLiaTbHYX PiBHSHD 32 JOIIOMOIOIO CIJIAaiH-(PYHKUIN (1714 JIiHIMHNX, KyOiYHUX HEJIOKAJIBHUX CIUIAMHIB,
IVICKPETHUX KyOiYHUX CIIJIalHIB, epMITOBUX KyOidYHUX i B-crijiaiiHiB), 0 103BOJISIE OepKyBaTH CTiMKi pO3B’I3aHHS
337124 ONTAMAJIbHOTO YIIPABJIHHSA B TEJIEKOMYHIKALIMHUX MepeXKax. 6. YIiepiue Mpy BiJHOBJIEHH] IUCKPETU30BaAHUX
BEKTOPHUX MPOLECIB i MOJIiB 3alPOIIOHOBAHO y3araJlbHUTY MOHSITTS CIIJIAMH-(PYHKLIN 33 JOTIOMOTOI0 IIOHSITTS
TE€H30Pa, KOMIIOHEHTaMU SIKOTO € CIJIaliH-(PYHKII, [0 J03BOJIsIE OAEPKYyBaTH iHBapiaHTHI 10 pO3MipHOCTI 1
CHCTEMU KOOPJMHAT PO3B'SI3KM ¥ PO3LIMPUTHU KJIacC LIUX PO3BSA3KIB, MOENHYIOUM CTPYKTYPHI I QyHKIiOHAIbHI
BJIACTUBOCTI T€JIEKOMYHIKAL[ITHAX CUCTEM. YIIepIIEe BBELEHO IIOHATTS TEH30PHUX CIUIAMHIB 1 pO3IVIIHYTO omepaii
HaJ|, HUMH, [I0Ka3aHa KOPEKTHICTb ajirebpaiyHux onepauiil HaJ, TEH30PHUMU CIIJIAHAMU: JOJaBaHHS, MHOXKEHHH,
3TOPTaHHS TEH30PHUX CIUIANHIB, 110 NO3BOJISE 3MiMICHIOBATU BiJIIIOBiIHI MaT€MaTU4YHi IPOLEyPU HAT,
IVICKPETHUMHU IIPOLIECaMU 1 TIOJISIMHU, 5IKi XapaKTepU3yIoTh 6araTOBUMiPHUII CTaH T€JIEKOMYHIKaliltHUX CUCTEM. 7.
Ynepue n1s po3p’sI3aHHS HeJiHIMHUX 3a/1a4 y3araJbHEHO METO]] JliHeapu3allii IJISIXOM IIEPeXoy B piMaHiB IpoCTip,
BUKOPUCTOBYIOUM KOBapiaHTHE IM(ePEHII0BaHHS 32 JONMOMOTOK TEH30PHUX CIUIANHIB, O€PKaHO METO/

PO3B’sI3aHHSI HEeJIiHIHMX 3a7]Ja4 Ha MHOTOCTATHOCTi TEH30PHMX CIIJIaiHIB 3 BUKOPUCTAHHIM T€H30PHOI JliHeapu3ailii



IVICKPETHUX HEJIiHIMHUX OKIJIBHAX CUCTEM, 32 JOIIOMOTOIO SKOi CIIPOILYIOThCS JOCIIKEHHS (PYHKLIOHAJIbHUX
BJIACTMBOCTE! TeJleKOMyHiKaliliHOi crucTeMu. Pe3ysipTaTi poO6OTH BIPOBAIKEHI B TAKUX OpPraHisalisx, gK:
XapkiBCbKU HAyKOBO-JOCJIIHAM iHCTUTYT CYyJ0BUX ekcriepTus iMm. 3aci. npod. M.C. Bokapiyca, YkpaiHcbKuit
HAyKOBO-JOCJiHNN iHCTUTYT 3B513KY, [lep>kaBHUI yHiBepcUTeT iH(POpMaLiHO-KOMYHIKaliiHUX TEXHOJIOTIH,
Opecbka HanjjoHasbHa akageMis 38'13Ky imM. O.C. Tlonosa, B/4 K - 1415. Pe3ynbTaTy BUKOPUCTAaHI B IECTU HAYKOBO-
nocainHux podorax OHA3 im. O.C. ITonoBa, 3aporIoHOBaHi [J1s1 BUKOPUCTaHHS y HaByajabHOMY npolieci BH3 ta g

HJIP BukjapmadyiB, acripaHTiB.

2. The object is scientific bases of telecommunication system updating. The aim is the theory forming and
constructive methods of spline approximation allowing more effectively to solve different problems in
telecommunications for raising the quality characteristics of telecommunication systems. Research methods:
usage of communication theory, system theory, mathematic analysis, functional analysis, theory of models and
simulation modelling, tensor analysis, combinatorial topology, spline approximation, interpolation, linear algebra,
differential geometry, synthesis of signal impulses, optimization of selectiv e signals parameters under its
synthesis. Theoretical and practical results: 1.0n the base of cubic splines the engineering technics of analysis and
synthesis of new kinds of multiparameter selective signals with finite spectrum, differing with that while its usage
the beat interferences (intersymbol and interchannel) have been minimized is formed. The set of necessary
parameters of the synthesized signals and admitted region of these parameters allowing to provide effective
characteristics and physical realization of these signals on practice have been defined. 2. Bank occurence of
multiparameter selective signals with finite spectrum free of intersymbol interference (ISI) allows researcher to
form more rational kinds of signals depending on conditions in communication channels and requirements,
specifying to the telecommunication system itself. 3. The recommendations on signals synthesis effective on two
traditional criteria (dependence of eye-pattern aperture value from coefficient of signal spectrum rounding
approximated in the frequency domain by cubic spline and cubic B-spline, and dependence of selective signals
energy concentration from coefficient of rounding) as for the usage of new signal functions, the extremal
properties of which allow to improve technical characteristics of telecommunications systems have been got. 4. It
has been proved that the wide used Kotelnikov series on practice for approximation of signals and processes on
finite interval is not the best method of approximation. The more effective apparatus of approximation are spline-
functions that allow to improve accuracy of approximation. Apart from it under the spline approximation it is
practically absent the Gibbs effect. 5. Under the receiving the interval evaluations of the random processes the
evaluation sequence approximation by cubic splines is more effective then linear received by the method of
Kalman-Byusi. The possible measures of inaccuracy are examined, and its limit values have been got. 6. While the
solving of nonlinear problems particularly the problems of optimal control, received the measures of inaccuracy in
calculations for linear , cubic, nonlocal splines, discrete cubic splines, hermite cubic and B-splines, uniform and
nonuniform mesh of interval fragmentation on which the function of control is given. It is shown that the further
scale-up the smoothness of control function does not give the rise of approximation order-saturation of
interpolation of random process is occured. Hence the limit of approachable accuracy under the realization of
telecommunications systems management is defined. 7. It is shown that in the telecommunications systems
models presented by hub network the application of calculating tensor methods allows to analyze structural and
functional properties of these systems, to provide the more general results supplying the minimal time of
multipath routing that allows also find simpler optimal solutions. Scientific novelty: 1 the method of synthesis of
multiparameter selective signals with finite spectrum free of ISIbased on the usage of cubic and cubic B-splines for
approximation of frequency properties has been developed firstly. The analytical method of these signal analysis
and synthesis in frequency and time domains has been developed. 2. The full energy analysis of selective signals
which spectral density approximated by cubic and B-cubic splines has been firstly conducted. The bases for
multiparameter selective signals bank with finite spectrum free from ISI have been created. 3. The possibility of
random signal recovery quantity increasing by spline-approximation, in comparison with the used on practice the
methods of Kotelnikov series has been prooved. 4. The possibility to get more precise interval evaluation of
random processes and signals by nonlinear approximation, the results of linear evaluation of network elements



state and networks in general has been proved firstly, so, under the evaluation sequence interpolation got by
method of Kalman-Byusi, the approximation by cubic splines is more effective then linear. 5. The method of linear
not uniform differential equation by spline functions (linear, cubic, B-splines) that allows to get stable solutions of
problems for optimization control in telecommunications networks firstly developed. 6. It is firstly suggested
under the recovery of discrete vector processes to generalyze the concept of spline functions by the concept of
tensor, the components of which are spline functions that allow to get invariant to dimensions and to the system
of the coordinates solutions and to make wider the group of these solutions, combining structural and functional
properties of telecommunication system, the concept of tensor splines has been firstly introduced and it has been
shown the correctness of algebra operations under the tensor splines: addition, multiplication, contraction of
tensor splines that allow to make proper mathematical procedures under the discrete processes and fields,
characterizing the multivariable state of telecommunication systems, 7. Firstly for the solution of nonlinear
problems generalized the method of linearization by transition to Riemannian space, using the covariant
differentiation with the help of tensor splines, got the method of nonlinear problem solution on the variety of
tensor splines with the help of the tensor linearization of discrete nonlinear neighborhood systems by which the
research of telecommunication systems functional properties is simplified. The results of work are realized on
such organizations as: Kharkov Scientific Research Institute of Expert Testimony in Court named after
M.S.Bokarius, Ukraine Scientific research Institute of Communication, State University of Information
Telecommunication Technologies, Odessa National Academy of Telecommunications named after A.S. Popov. The
results have been used in six scientific research works of ONAT named after A.S. Popov, and suggested to use in
the educational process of HEI and for SRW of lecturers, aspirants.
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