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1. Incepranifina po60Ta IPUCBIYE€HA CTBOPEHHIO METOIB Ta IPUCTPOiB (POPMYBAHHS IIOTOKIB PiI3HOPIIHOTO
mepesxHoro Tpadiky. [TokazaHo, 1o Takuii pisHopinHui Tpadik € camonofnioHum (PppakranbHUM). OCHOBHOIO
crienikoro camonoibHoro Tpadiky € BUHUKHEHHS MIBUIKUX CIIOPaIMYHUX CIJIECKIB iHTEHCUBHOCTI IIPU
cepeiHiii MOPiBHSIHO HU3bKiM iHTEHCUBHOCTI TpadiKy Ha NPOTSIKHUX iHTEpBasax nepenadi gaHux. Lle npuBoguts 1o
HApOCTaHHs yepr y 6ydepHiil mam'srTi i, 1K HaCJIiOK, epeBaHTaXXeHb KOMYTaLiiHUX By3iB. ToMy 3a1ava
IOCJIiIKeHHSI Ta PO3POOKY HOBUX METO/iB 0Oy I0BY IPUCTPOiB GopMyBaHHS TpadiKy 3 afanTaljieo 10 3MiH
IlapaMeTpiB Ta CTaHy MEPEXI € aKTyaJIbHO0. MeTol0 JucepTaliiHoi poOOTH € MiJiBULLEHHS €(PEeKTUBHOCTI
(PYHKLIOHYBaHHS TEJIEKOMYHIKaL[iTHNX MEPE>X HOBUX IOKOJIiHb IIJISIXOM YCYHEHHSI IIEPEBAHTaKEHDb allapaTHO-
[IPOrpaMHUMMU 3ac00aMy aJalITUBHOTO IIEPETBOPEHHS CTAaTUCTUKU BXifHOrO Tpadiky. Y auceprawiiiHiii po6oTi
OTPUMaHi HaCTyIHi HOBi HayKOBi pe3ysbTaTu. 1. YI0CKOHAJIEHO MOIeJIb YIIPaBJiHHS IapaMeTpaMy iHpopmMaLiiiHuX
IIOTOKIB y TEJIEKOMYyHIKaLliHMX Mepexkax. Ha BizimMiHy Bifi iCHYI0UMX, 3alIDONIOHOBAHY MOJI€JIb [T00YZ0BAaHO Ha
HiArpyHTi Teopii MapKiBCbKUX IIPOLECIB, IO O3BOJISIE AHAJII3YBAaTH TIOTOKU CaMONOi6HOro Tpadiky 3 He
rayCciBCbKMMHU iMOBIpHICHMMU PO3M0AiIaMy, 30KpeMa, po3NofiiiaMu 3 BaXXKuMHU xBoctamu (long-tale distributions).
2. Biepiie po3po6JieHO aJirOpUTM BU3HAYEHHS IEPEBAHTAXEHD 32 iHpopMaLlilHUM KpUTepieM. B sikocTi kpurepito
IIPOIIOHYEMO BUKOPUCTATH alIpOKCUMOBAHY €HTPOIIiI0 ITapaMeTpPiB YaCOBUX PsifiB. Byjia po3paxoBaHa 3aJI€XKHICTb
€HTpOIii PO3MOJiiB Bifl iIMOBIPHOCTI YCHILIHOI [Tepeavi JaHMX OJHOTO i3 MEPESKHUX By3JiB. [loka3aHO BIIMB
eHTpoIii po3noAiny Ha NOTPiOHUI pecypc 111 06MiHY AaHUMU. 3. YIOCKOHATIEHO METO], aJallTUBHOTO POPMYBaHHS
IIOTOKiB MEPEXKHOro TpadiKy 3 HENPSIMUM 3BOPOTHUM 3B'sI3KOM. METO[I, Bilpi3HsA€ThC Bif, paHillle 3aIIPOIIOHOBAHUAX
THUM, 1[0 Ma€ IPUHLMIIOBO PO3IMIMPEHNI BEKTOP KEPYIOUMX [1ill, BHACIIOK YOTO BUKJIIOYAETHCS N1OTPeda y
IOATKOBOMY KaHajli 3BBOPOTHOrO 3B's13Ky. 4. Briepiiie po3po6yieHO MeToJ, ONITUMi3allii mapaMeTpiB Ta CTPYKTypU
dopmMyBaua Mepe>kHOro Tpadiky 3 KOHTPOJIEM JIOBXUH iHTE€pBaJliB [IE€PEBUIIEHHS PiBHIB IapaMeTPiB OTOKY Ta
BBEJI€HHSIM JI0JaTKOBOTO MOZYJIsl IPOTHO3YBaHHS HEOOXiHOTO po3mipy 6ydepa BifilIOBiAHO 10 3MiH iHTEHCUBHOCTI
HAJXOI>KEeHHS BXiIHMX MaKkeTiB. Y epuomy po3aisi 34iiicCHeHO aHali3 Cy4acHOTro CTaHy ITpo6jieMy POeKTyBaHHS,
BIIPOBAP)KEHHSI Ta 3aCTOCYBAaHHS (OPMYyBadiB MepeskHOro Tpadiky, NepcrneKkTyuB peasizallii eguHoro
inpopMauiiHOro NpocTopy y 6yAb-sKiil MepexXi, KOHTPOJIbOBAHIN 3a JOIIOMOIOK CUCTEMU (POPMYBAHHS
mepesxHoro Tpadiky i T.4. [IpoaHanioBaHO OCHOBHI YNHHMKY BUHMKHEHHSI [IE€pPEBaHTaKeHb, 32 pe3yJIbTaTaMu
aHasizy cpOpMyJIbOBAaHO METY i1 3a/1aui Ta AOCIiIpKeHI MeXaHi3MU yIIpaBJliHHS MepeXkaMHU, TakKi sIK YIPaBJIiHHS
MEPEXXHUMU pecypcami 3a cTangaptamu Konuenuii ynpassiinas TMN (Telecommunication Management Network).
JocigkeHo MaTeMaTUYHi Mojiesli MepesKHOTro TpadiKy; 0CO6IMBY yBary NpuiieHo CTaTUCTUL CAMOIIOAiGHOrO
Tpadiky 3 MOBiIbHO yOYBAIOYMMU YaCOBUMHU Ta YaCTOTHUMU 3aJIEXKHOCTSIMU U IMOBIpHICHUMY pO3IofinamMu 3
"BaKKUMMU XBOCTaMu'". [Ipyruil po3fis NprCBsiYeHUI MeTOIaM MOHITOPUHTY Ta aHaJli3y MEPEXKHOT0 00J1aHaHHS,
sIK€ BUKOPMCTOBYETBCS 17151 PO3B‘SI3aHHA 3a/1a4 YIIPaBJIiHHS XapakTePUCTUKaMu Mepexi. [1o6yioBaHO y3arajbHEHY
MOJIeJIb YIIPaBJliHHS TapaMeTpaMu iHpOpMaLiliHUX ITOTOKIB Y TeJIEKOMYHIKaliltHUX Mepexkax. ChopMyiboBaHi
CIIPOLIYIOYi IPUIYLIEHHS 00 MOYAaTKOBUX YMOB (PYHKIIOHYBaHHS MEPEKHOro cermeHTy. C(pOpMOBAHO alrOpUTM
BU3HAYEHHSI MEPEXXEBUX aHOMaJIi HA OCHOBI €HTpOIIii YacoBuX psfiB. [IokazaHo, 0 WBUAKICTh 3POCTAaHHS
HEeOOXiIHOTro 06CAry nam'sTi B KOMYTaLiiHUX By3J1ax 3pOCTae Mpu 36iblIeHHi napameTpa XepcTa. Po3ryisHyTo
dopmyBau TpadiKy 3i BSMIHHUMU MIBUIKOCTSIMU HAIXOIPKEHHS i 00p0OKY rakeTiB. PO3risiHyTO MeTOAM alaliTHBHOTO
(opMyBaHHS IIOTOKiB Mepe>KHOro Tpadiky i cnocobu HaCTPONKU CTPYKTYP YIIPABIiHHS CUCTEM 3 HENIPSIMUM
3BOPOTHUM 3B'SI3KOM, $IKi KEPYyIOTb [IapaMeTpaMu i CTPYKTypolo popmMyBaua. Po3pobiieHo 3aranbHUM PyHKILIOHAT
e(eKTUBHOCTI Nepeadi 3 OCHOBHMMU Ta AOJATKOBUMMU KJIIOUOBUMU MEPEXKHUMHU (QYHKLISIMU. Y 4ETBEPTOMY
PO3[iii mpoBeneHnit aHai3 epeKTUBHOCTI PO3PO6IEHNX METOiB Ta IPUCTPOiB popmyBaHHS Tpadiky
TEJIEKOMYHIKaLliIHUX MEPEK HOBUX ITOKOJIiHb. PO3IJIIHYTI IOPIBHAJIBHI XapaKTEPUCTUKY 4acy O4iKyBaHHS Ta
CepeHbOI KiIbKOCTI NIOBiIOMJIEHD Y Yeprax; MpoBeJeHO NOPiBHAHHS NapameTpis yepr M/M /1, M/D/1ta Qd/D/1i
IOCJIiIKeHHS BIUIMBY SIKOCTi (popmyBaHHs Tpadiky Ha iMOBIpHOCTI 67I0KyBaHHS Ta BiIKUAAHHS IAaKeTiB AJIsI Pi3HUX
Mogenen o4ikyBaHHs. Po3po6sieHa cxema afanTuBHOro popmysada Tpadiky M-ro nopsaxy 3 BAKOPMCTaHHIM
MoI1}piKOBaHOTO MOZYJIsl IPOTHO3YBAaHHS Ha OCHOBI npefikropa Cmirta. [TokazaHo, 0 IpU CTENIEHEBOMY
3rJIaJKyBaHHI Ta IBOXKPOKOBOMY IIPOrHO3YBaHHI CIIOCTEPIraeThCs 3MEHIIEHHS IHTEPBAly CllafaHHs YaCTOTU

Ipu6JIM3HO Ha 25% Yy MOPIBHSHHI i3 €KCIIOHEHIia/IbHUM 3IJIaJKyBaHHSM.



2. The dissertation is devoted to the creation of methods and devices for the formation of flows of heterogeneous
network traffic. It is shown that such heterogeneous traffic is self-similar (fractal). The main feature of self-similar
traffic is the occurrence of rapid sporadic bursts of intensity at average and relatively low traffic intensity at long
data transfer intervals. This leads to the growth of queues in the buffer memory and, as a result, overloads of
switching nodes. Therefore, the task of researching and developing new methods of building traffic shaping
devices with adaptation to changes in network parameters and status is urgent. The aim of the dissertation is to
increase the efficiency of the functioning of telecommunication networks of new generations by eliminating
overloads with hardware and software means of adaptive transformation of incoming traffic statistics. The
following new scientific results were obtained in the dissertation work. 1. The model for managing the parameters
of information flows in telecommunication networks has been improved. Unlike the existing models, the proposed
model is built on the basis of the theory of Markov processes, which allows the analysis of self-similar traffic flows
with non-Gaussian probability distributions, in particular, long-tale distributions. 2. For the first time, an algorithm
for determining overloads based on the information criterion was developed. As a criterion, we suggest using the
approximated entropy of time series parameters. The dependence of the entropy of distributions on the
probability of successful data transmission of one of the network nodes was calculated. The influence of the
distribution entropy on the required resource for data exchange is shown. 3. The method of adaptive formation of
network traffic flows with indirect feedback has been improved. The method differs from the previously proposed
ones in that it has a fundamentally expanded vector of control actions, as a result of which the need for an
additional feedback channel is eliminated. 4. For the first time, a method of optimizing the parameters and
structure of the network traffic shaper was developed with the control of the length of the intervals of exceeding
the levels of the flow parameters and the introduction of an additional module for predicting the required buffer
size according to changes in the intensity of incoming packets. In the first section, an analysis of the current state
of the problem of design, implementation and application of network traffic shapers, prospects for the
implementation of a single information space in any network controlled by a network traffic shaping system, etc.,
was carried out. The main causes of overloading were analyzed, based on the results of the analysis, the goal and
objectives were formulated, and the mechanisms of network management were investigated, such as the
management of network resources according to the standards of the TMN (Telecommunication Management
Network) management concept. Mathematical models of network traffic were studied; special attention is paid to
self-similar traffic statistics with slowly decreasing time and frequency dependencies and probability distributions
with "heavy tails". The second section is devoted to methods of monitoring and analysis of network equipment,
which are used to solve problems of managing network characteristics. A generalized model of managing the
parameters of information flows in telecommunication networks has been built. Simplifying assumptions regarding
the initial conditions of the network segment's functioning are formulated. An algorithm for determining network
anomalies based on the entropy of time series has been developed. It is shown that the rate of growth of the
required amount of memory in switching nodes increases with an increase in the Hurst parameter. The traffic
shaper with variable speeds of arrival and processing of packets is considered. The methods of adaptive formation
of network traffic flows and methods of setting up control structures of systems with indirect feedback, which
control the parameters and structure of the shaper, are considered. A general transmission efficiency functionality
with core and additional key network functions is developed. The scheme of the M-th order adaptive traffic shaper
using a modified prediction module based on the Smith predictor was developed. It is shown that with power-law
smoothing and two-step forecasting, there is a decrease in the frequency drop interval by approximately 25%
compared to exponential smoothing.
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