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1. MeTa: po3pobKa TeH30pHUX METOIiB MOAeI0BaHHS TPadiKy, 0 JO3BOJISIIOTh 6i/bll ePeKTUBHO BUpIIIyBaTH
33/1aui B TeJIEKOMYHiKaLisIX [J1s1 MigBUIIEHHS XapaKTePUCTUK SIKOCTi (PYHKLIOHYBaHHS TeJEKOMYHIKallilHUX MEPeX
(TKM). O6'exT: npouec monentoBanus Tpadiky B TKM. IIpegmert: TeH30pHI MeToau MoaenoBanHs Tpagiky B TKM.
HaykoBa HOBM3Ha Ta IPAKTWYHE 3HAYEHHS] OTPMMAHUX pe3yJbTaTiB: Briepiie 1y mogemoBanHs Tpadiky TKM,
PO3IJISIHYTOI B TEH30PHOMY IIOJIaHHI SIK CYKYITHOCTi MEPEXXHUX BY3JIiB i TPaKTiB, 110 iX 3'€AHYIOTh, PO3PO06JIEHO
BY3JI0BUM TEH30PHUI METO/, SIKA J03BOJIMB: PO3B'SI3aTH 331a4i 6araTouIIxoBoi MapipyTusauii Tpagiky Ta
palioHaJbHOTO BUKOPUCTAHHS MEPEKHUX Oy(PEepPHUX PECYPCiB 3 FTapaHTOBAHUM YaCOM JOCTABKU I1aKETiB,
D03BOJISIIOYU GisIbIll TOBHO BPAXOBYBATH XapaKTePUCTUKUA MEPEXHOro Tpadiky i Npouecu 1oro 06CayroByBaHHS;
PO3B's13aTH 3a/1a4y OLiHKY XapaKTEPUCTHK SIKOCTi QOS MyJsIbTUCEPBICHOTO Tpadiky, Bpax0OBYyIOUM Pi3HOPITHICTD
napaMeTpiB MepeKHOro Tpadiky no k-kymacax npu o6CayroByBaHHi B €JUHOMY MYJIbTUCEPBICHOMY I1OTOLIi
(By3n0Buil TeH30pHUM MeTOZ, 3 k-Kacamu TpadiKy); [ CKIAIHOI CTPYKTYPH TEPUTOPiaIbHO-PO3NOLiNEHO]

Mepexi NGN 3HaliTy pilleHHs [J1s MepeXi B L[iIOMy Ha OCHOBI METOZlY IEKOMITO3ULlii, SKUW JO3BOJIUB CIIPOCTUTHU



OTPUMAaHHS XapaKTePUCTUK TPadiKy I 3MEHIINTH KiIbKICTb 00YMCIIIOBAIbHUX OIlepalliil (By3/10BUI TEH30PHUI
METOJ] Ha OCHOBI eKkomIo3ullii). Brepine po3po6yieHo KOHTYPHUI TEH30PHUI METO], 1110 3abe31e4rB TEH30PHUN
posrysn ctpykrypu TKM He Tisibky 3 orjisiny nepejaBaHHs Tpadiky Mk IEBHUMU MEPEXXHUMH By3jlamu, aje i 3
yPaxyBaHHSIM MOJKJIMBOCTEN 3aMUKaHHS Tpa@iky B KOHTYpax Mepexi, SKUIl JO3BOJIUB: PO3B's13aTU 3a4a4y
3HAXOJPKEHHSI IMOBIPHICHO-4aCOBUX XapAaKTEPUCTUK MEPEXi MacOBOro o6cyroByBaHHs (MeMO), sika CKIaaeTbCs
i3 cuctemM macoBoro o6cyyrosyBaHHs (CMO), [J1s1 OTPMMaHHS OLiHOK XapaKTepPUCTHUK SIKOCTi pisHux BuiB CMO;
PO3B's13aTu 3a7a4yy BUOOPY KOoHirypauii 3'eHaHb 006'€KTiB MepesKi CKIaiHOi TOIOJIOril i apXiTEeKTYpH Ha OCHOBI
METOAY AEKOMIIO3ULLii, KOTPUI JO3BOJIMB OTPMMATU XapakrepucTuky QoS 11 Mepexi B LIiIOMy Ha OCHOBI
Pe3yJIbTaTiB [0 OKpEeMUX MifMepekax (KOHTYPHUM TeH30PHUI MeTO, Ha OCHOBI leKoMIIo3uLiii). Biepiue mis
MOJeJII0BaHHS Tpa@iky 3alIpOIIOHOBAHO TEH30PHUI METO], KOHTYPIB i By3/I0BUX IIap, SIKUH Ha BiMiHY Bif,
3aIPOTNIOHOBAHUX PaHillle, T03BOJisg€ pO3rIaHyTH TKM 04HOYACHO K CYKYIIHICTh MEPEXHUX BY3JIiB 1 TPAKTIB, 1110 iX
3'eIHyI0Tb, BDAXOBYI0YM 3aMUKaHHS TpagiKy B KOHTYpax, BUPILINTYU 3aBAAHHS yIIPaBIiHHS TPapikoM 3 OLIiHKOIO
XapakTepucTuk QOS 0JIHOYACHO 3a [EKiJIbKOMa [TOKa3HMKaMU B M€KaxX €JMHOIO METOy. Briepiue 3arnporoHOBaHO
METO/, TEH30PHUX CILJIalHIB, IKUI L03BOJISl€ OTPUMATHU iHBapiaHTHI 10 PO3MIPHOCTI I CUCTEMU KOOPAUHAT
PO3B's13aHHSI, IOEQHYIOUY [IPY MOJEJIOBAHHI CTPYKTYPHI I (PyHKIiOHA/NbHI BaacTuBOCTi TKM: 3an1ponnoHOBaHO
MeTOJI, JliHeapu3allii 3a JOITOMOTOI0 [IepexoAy B piMaHiB pOCTip, BUKOPUCTOBYIOYM KOBapiaHTHe OudepeHLiloBaHHS
3a JOIIOMOT00 TEH30PHUX CIUIAlHIB, SIKUI J03BOJIMB OTPUMATU HEJIiHINHI XapaKTepUCTUKU CTaHy 00'eKTiB Mepexi;
OJIEP>KaHO METO[, PO3B'sI3aHHS HEJIIHIMHUX 3a7ja4 Ha 6araTOBUHOCTI TEH30PHUX CIIJIalHIB 32 JOMIOMOTIOI0 TEH30PHO]
JliHeapu3alil JUCKPETHUX HEeJIHIMHUX OKIJIbHUX CHCTEM, 110 CIIPOLIyE AOCiIKeHHs QyHKIIOHANIbHUX
BnactuBocteil TKM; po3po6ieHo MeTo, po3B'si3aHHs! HeJliHIMHMX 33724 ONTUMAJIbHOTO YIIPaBJliHHS 32 J0IIOMOTOI0
TE€H30PHUX CIUIalHIB, SIKUH [03BOJIsI€ 3HAXOAUTU PO3B'sI3aHHS CUCTEM JIHIMHMX HEOAHOPITHUX AUdepEeHLITHNX
PiBHSIHB 1J1s1 pisHUX (QYHKLIN yIIpaBliHHA. PO3p0o6seHi METOIM BUKOPHCTAHO IIPU OOI'PYHTYBAaHHI IPOEKTHUX
pileHsb Ha eTari IpoeKTyBaHHS Ta Mofanblioi ekcrutyaTanii Mepesk NGN i Mo6isibHOTO 3B'53KY, 110 MiATBEPIKEHO

BiZIIOBIAHMMU aKTaMU BIIPOBAIKEHHSI.

2. Aim: the development of tensor methods for traffic modeling providing more efficient problems solving in
telecommunications to improve quality characteristics of telecommunication networks (TCN) performance.
Object: the process of traffic modeling in TCN. Subject: tensor methods of traffic modeling in TCN. Scientific
novelty and practical application of obtained results: For the first time the node tensor method has been developed
for TCN traffic modeling by the tensor representation of a set of network nodes and tracks of their connection.
This allowed: to solve the problem of multipath traffic routing and efficient use of network buffer resources with
guaranteed time of package delivery providing more thorough consideration of network traffic characteristics and
the processes of service; to solve the problem of multiservice traffic quality of service (QoS) characteristic
estimation, considering the parameters diversity of network traffic according to k-classes serviced in a single
multiservice flow (node tensor method with k-classes of traffic); for a complex structure like allocated NGN
network, to obtain the solution for the network on the base of decomposion method, which, in its turn, allows to
simplify the process of estimating traffic servicing characteristics, and significantly reduce the number of
computational operations (node tensor method on the base of decomposion). For the first time has been developed
the contour tensor method, providing tensor consideration of TCN structure not only from the point of view of
traffic transmission between certain network nodes, but taking into account the possibility of traffic circulation in
network contours. It allowed: to solve the problem of finding the probability-time characteristics of the queuing
network (QN) consisting of queuing systems (QS) to obtain estimations of the quality characteristics of various
types of QN; to solve the problem of configuring mode of the network objects connections for complex topology
and architecture based on the decomposition method, which provides a QoS characteristics for the network as a
whole on the basis of the results from a separate subnets (the contour tensor method based on decomposition).
For the first time, the tensor method of contours and nodal pairs is proposed for traffic modeling, which, unlike
the previously proposed methods, provides the tensor consideration of the TCN as a set of network nodes and the
paths of their interaction and as traffic circulating within the network circuits at the same time that solved the
problem of traffic modeling with the QoS characteristics assessment simultaneously in several parameters by a



single method. For the first time, it is proposed the method of tensor splines, which allows to obtain the invariant
to dimensions and system of coordinates solutions, combining structural and functional properties of TCN in
modeling: it is proposed the linearization method by passing to the Riemannian space, using the covariant
differentiation by tensor splines, which provided non-linear state characteristics of network objects; it is obtained
the method of solving nonlinear problems on the set of tensor splines using tensor linearization of nonlinear
discrete neighboring systems by which it is simplified the study of the functional properties of the TCN; it is
developed the method for solving nonlinear optimal control problems by tensor splines, which allows to find the
solution of systems of linear inhomogeneous differential equations for the different classes of control functions.
These methods are used in the justification of design solutions at the design stage and the further operation of
next generation networks (NGN) and mobile networks, as it is confirmed by the relevant acts of implementation.
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