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Mema mazicmepcbroi poSomu — Aocnim#eHHn npouecy obpobkwn
iHhopmayll B MyNETUCEPBICHWX Mepewax Ta BWAINSHHA Knacy 3agad
YNPaeniHHA AKcTo BUPOBHWUTEA | CNOMMBAHHA IHMOKOMYHIKaUIAHWX
nocnyr, Ak Mornd B ByTW po3E'AzKiE NoB'Azadl MeTonaMu GesymoeHol
onTUMI3aUl hyHKUIN gerinbKox 3MIHHKX.

3aedaHHA GocnidmeHHA:
1. MNpoaHanisyeatw npoueck BMpobHUUTEE Ta BMKOpUCTaHHA |KMN 3 ornagy
Ha MOXNKMBOCTI X onTumizauil 3a npouenypon Qos.
2. 3anponoHyeaTy (hOpMYMIDEAHHA 3adadi onTumizauil 3a npousdypow
QoS vy BdmMAQi, NpWOaTHOMY ANA pPo3B'A3aHHA MeTogamd DesymosHol
onTUMizaul.
3. MNpoadanizysaTw WMOXIMBICTE NPWKNAOHOMD 3acTOCYBaHHA MeTois
BeaymoBHo!  onTumizaull 3a npoueaypow QoS npw  BUPODHWUTEI |
CNOWKMBAHHI IHROKOMYHIKAUIRHWX Nocayr
4, Hapatw nponoawuil wWopgo 3acTocyBanHHA  meTogie  BeaymoeHol
onTumizaull sa npousgypory QOS npy BMPOOHWUTEl | CNOMMBAHHI
iHhOKOMYHIKaUIRHWX nocnyr




O6'ckm docnigmenHA — DD eKT NoCNINKEHHS - Npoueck BUpoBHUUTEA | HAOaHHA
HEOpMaLiAHO-KOMYHIKAUIAHKE - NOCNYT B MYyNETUCERBICHWY
Mepea.

AxmyansHicmes docnidwenHa oByMoBNETECA HeobXIOHICTIO po3pobKK
GizHec-nNpouecis, MEeTOOIB, TEXHONMOMYHMX npouenyp | ANropUTMIE,
ONTUMANEHWX No ogHomMy abo JekinbkoMm KpWTEpIAM ONA CYyMICHOGTI
ICHYHMMX | NeponekTHBHMX 3acobie 3abesnedeHHa QoS MynsTHCEPBICHWX
MEDEH.

MeTogonorivHomw QCHOBOK JoCNigwWeHHA CTAanW aaransHoHaykoei Ta cnediansHi
METOAM HAYKOBOMO Ni3HAHHA.

3a cTpyktypoo pobBoTH CKNAnaeTLCA i3 BCTYNY, TpbLOX
pO3Ainie, BUCHOBKIB Ta Nepeniky [Mepen nocunaHb.

[Mepwut po3din AHani3 Cy4acHoro cTaHy
iH(pOpMAaLIMHO-KOMYHIKAUWIMHWX  NOCNYr Ta  MOXNWMBOCTI X
onTUMIzauii 2a npoueaypore QOS

Opyauii po3din 2. Cnocobwu PO3B'A3aHHSA 3anadi

onTuMizauii npu 3abeaneyeHHi qOs MyNETUCEPBICHUX MEpeX.

Tpemii po3din 3acTtocyBaHHs  meTogie  ©esymoBHO!
onTUMI3aLii 3a Npoueaypold qos Npu BUPOBHULTBI | CNOXUBAHHI
IHDOKOMYHIKaUIMHWX nocnyr



Haykoga HogU3Ha 0depHanux pe3ynkmanmie

nonarae y hopmynoBaddi  3agadi ontumizauil npu 3abeanedyeddl QoS
MYNETUCERBICHMX Meper AK zagadi DeaymoeHo!  onTumizadil doyskuil
OBOX 3MIHHMX

BupoBHUUTBO | CNOXMBAHHA IH(OKOMYHIKaUIRHKUX NOCNYT CLOrOAHI
HOCUTb KOHBEPreHTHIl Xxapakrep.

OCHOBHI BMMOMW, WO nNpen'ssnalTbes A0  iHOoKOMYHIKaLIHHUX
nocnyr CTOCOBHO YNpPaBMiHHA AKICTIO TX BUPODHUUTBA | CNOXUBaHHA,
BUMaralTs  OOCnipKeHHs  npouecy  obpobku  iHdopmauil B
MYNbLTUCEPBICHUX Mepexax Ta BMAINEHHA Knacy 3safad ynpaeniHHA
AKICTIO BUPODHUUTBA | CNOXMBAHHA IH(OKOMYHIKaUIMHUX nocnyr, sk
mornu 6 Byt po3B'ASKiB NOB'A3aHI METoAaMKU ONTUMI3aLLIT.
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Jaseuyal  npW nepenadl OaHWX Y MyNETHCEPBICHWX MEepexax FAKcTs
oGCNYroBYBAHHA OUIHIDETLER 38 TAKMMK KNHKMOBWMY NapaMeTpamu;

. Bandwidth — cmyra nponyckaHHis, xapakTepraye WHpWHY Kadany.
. Delay — pieeHs 3aTRUMEW NPW BignpagnexHi naxkera.

. Jitter — KONWMBAaHHA 3aTPUMEKN NPW BIANPaBNeHHI NakeTis.

* Packet Loss = ETpaTW NaxeTie, XapaxTEpWIye JWCho nNakeTis, Ak

BiIKMOAITECA MEpPEREn Nepegaqi,

AricTo KOHTPONK UMK napameTpis ofuensHa MOXNMBOCTAMN Mepexesoro
ofnagHankA.  Nigrpumeka QoS — e mexadiam, RKWA BWAINAE AnA
inchopmalll sapady cMmyry nNponyckadda, SHxye piBeHs OwuTTepa |
JATPUMEM, 3aXALLEE BAXNUBI NAKETA Bif BTRETH

T=fia.x, b — min

Q05 € ocHOBHMMKW B GyOb-REA iHGOpMaLIAHO-TENEKOMYHIKALIAHIA
cvcTeMi. OTe, npy NPoSKTYBadHi Mepexd MoMHa nNocTasdTh  pRg
npobnem onTUMizayil, PilWeHHA AKMX O3a10Te MEPEeRi, AKi B AKOMYCE CEMC
oNTUManLHo po3poBnedi.

HouineHo dopMynicBaHHA 3adadi  onTumizauil 3a npouenypoio
QoS y BUMALI, NPUOATHOMY ONA PO3B'AZAHHA MeTofamu BeayMoBHOT
onTHMIzaU.

Toni 3afaqva onTumMizauil npy safesnevsHdl QoS MyNETUCEPBICHAX MepEX Moxe
EyTu cohopmMyNEOBaHa TAKMM SHHOM:

IHAATK T, TaKy Wo sadeanewye OUYiHKY MiHIMaNEHOM Yacy NpoXogHeHHR
nakeTy

T=f(x,x.)—>mn

Ta BigNoBiaHI 3HaYeHHA napamMeTpie



BiiHadeHHs eIHEO] IMIHEHOD I18  VIrolHeHHS OPOoleci® B yohoMY JAHIK
BHpOGHHITEA | COOKHBAHHA (HQOROMYRIKAIAHIE DOCTVT 33 eJHHIM KpPHTeple
AOGROTHTE  AMIICHHBATH MATPHMEY (JoS  moHBepreHTHOrO BHpOOHHITER 1

CNCEHEAHHEA IHOROAMYHIEANTHAY OO0CTVE

1. MomnueicTs NPUENAAHOND SacToCyBaHHA MeTofls Gesymosnol
onTUMizaUil 3a npougnypom QoS NoKazaxa Ha NpUEnagi ifTerpansxol
BlaHec-Mofen KOHBEPreHTHOM BUPOBHUUTEE | peanisauil
IHPOKOMYHIKALTAH L NOCTYT,

2. EnemenTamy GisHec-Mogeni NponoHysTECA BEAMAETH

- Tepuinany,

- Jacofu, Wo peaniayoTes NpoYec nepegadi indopmadil;

- Oopated Ta GecnocepenHiil KoHTEHT,

- Zacobu obcnyroByEaHHA KNIEHTIE,

3. ina npakTvyHa peanisalll iHTerpansHol iHdokoMyHikayilnug nocnyr sa
YMOBW onTIMisaUil 3a kpuTepiem QoS NponoHyETECA FRYHTYBATH Ha
CYWACHWXK TEXHONOMAX | CTEODMKTECA YACTEKOED HA Gasi odnagHanKe i
KEHANIB ICHyoMWE [K MEepet 3arankHore KopucTyBaHHA



AnA npakTudHel peanizaull IHTerpansHol IHEokRoMYHIKALIRHWE nocnyr 3a
YMOBK ONTUMIzALIT 33 KpuTepien QoS NponoHYETECA TRYHTYEATH Ha
CYYACHHK TEXHONOMAY | CTBODHITLCA YACTKOBD Ha Gasl oBnagHanHa |

KaHanis icHyioH Uy (K Mepes 3aranksHorne KopucTyBaHHA
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1. Ha owoBi awanizy npouecie BUDOOHWUTED | BHKORUCTaHHA
iHhokoMyHIKALIAHWY AOCAYT Y pIsHMXK cermeHTax puHKY NOChyr BU3HadeHl Ta
MOMNUBOCTI OMTUMIZAU oKDMY HIKALUIAHNY Nocnyr 33 npouggypol Qos,

2. 3anaqa onTumisadil npy sabesnedeHii Q05 MYyNETUCEPEICHWY MEDEeR
SyTH cihopMynboBada AK 3afada GesyMoBHOT anTUMIzaLT dyHELT 480X 3MIHHHEK.

3, PoameHyTa  MOMOWEICTE  NPMENAGHOMD  33cCTOCYEaHHA  MEeTogis
BeayMoBHol onTUMizaUll 3a npougtypo QoS Ha npuknagl HTerpansHol GisHec-
MOOENi KOHBERMEHTHON BURPOSHWUTED | peanizauil iHhokomMyHiEAUIRHWE NoCcnyT,
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APPLICATION OF UNCONDITIONAL OPTIMIZATION METHODS IN THE DEVELOPMENT OF
INTEGRATED BUSINESS - MODELS OF PRODUCTION AND CONSUMPTION OF INFOCOMMUNICATIONS

The subject matter of the article is information processing in the production and consumption of info-
communication services in multiservice networks. The goal of the study is to investigate the process of information
processing in multiservice networks and to identify the quality class management tasks of infocommunication services
production and consumption could be connected by methods of the several variable functions unconditional optimization.

The tasks to be solved are: to analyze the processes of production and use of infocommunication technologies,
taking into account the possibility of their optimization according to the QoS procedure; to propose a formulation of the
QoS procedure optimization problem in a form suitable for solving by unconstrained optimization methods; to investigate
the unconditional optimization application possibility of the methods according to the QoS procedure in the production
and consumption of infocommunication services.

General scientific and special methods of scientific knowledge are used.

The following results were obtained: On the basis of the analysis of production processes and use of information
communication services in different segments of the service market the possibilities of infocommunication services optimizing
for QoS procedures were identified. The problem of optimization in multiservice networks providing QoS to be formulated as a
problem of unconditional optimization of the two variables function. The possibility of applied use of methods of crazy
optimization of QoS procedure is shown on the application of integral business model of convergent production and
implementation of information communication services.

Conclusions. The production and use of infocommunication services today is convergent. The definition of a single
variable for the coordination of processes in the entire chain of production and consumption of infocommunication services on a
unified criterion will support QoS convergent production and implementation of infocommunication services. Really, the
analytical method is practically not implemented in multiservice networks, as it is difficult to approximate the second derivative.
If a simple approximation of the first derivative is possible, use gradient methods. The simplest to implement method is
considered to be the method of fragmentation of the step. The definition of optimization paths by the QoS procedure will provide
in the multi-service networks in the field of state regulation the necessary reliability, security and efficiency, in particular by
optimizing the time of packets.

Key words: Quality of Service, QoS, multiservice networks, numerical optimization methods, infocommunication
services.

Formulation of the problem and research
tasks.

The different types of economic activities of
infocommunication functioning varies in their
organizational  structures, business  processes,
development patterns and causes the need to
implement different ways to improve the properties
of the production and consumption  of
infocommunication services. (ICS). The emergence
of new players in this services market segment, the
allocation of the service sphere of infocommunication
and increasing role dictate the need to develop new
science-based approaches to create business models
based on costs and results of all market participants.

With  the  replacement of traditional
communication services by new multiservice and stiff
competition on the part of mobile ICS, a
contradiction arises between the increasing needs for
information transfer and the diminishing capabilities
of communication operators. The simultaneous
provision of access to different services (standard
telephony, IP telephony, WEB services, organization

of virtual private networks) requires the development
of methods for ensuring end-to-end guaranteed
quality of communication services (Quality of
Service, QoS) for the transmission of different types
of traffic through the interacting networks of different
operators. Given the abundance of QoS routing
methods and QoS architectures, it becomes necessary
to harmonize (harmonize) the latter.

In this regard, the development of business
processes, methods, technological procedures and
algorithms, optimal by one or more criteria for the
compatibility of existing and prospective means of
providing QoS of multiservice networks seems
relevant.

Analysis of recent research and publications.
indicate the relevance of the research. The eTOM
(electronic Telecom Operation Map) architecture
harmonizes the processes and functions in different
systems of operational support for
telecommunications operators through the same
schemes [1].

This approach does not fully meet the goals of



ensuring end-to-end QoS, since the presence of the
same functions does not guarantee the compatibility
of the mechanisms for implementing these functions,
for example, at the compatibility level of the QoS
feature lists.

The analysis in the source [2] allows us to
conclude that there is currently no universal routing
algorithm with QoS. Taking into account the
technical and structural complexity of existing
communication networks, the development of a
universal algorithm is a difficult task to formalize.

The concept of quality metrics presented in [2]
gives a certain formalization of traffic transmission
quality assessment by several parameters (delay,
delay jitter, cost of missing the load), but the
mechanisms of its optimization are not fully
disclosed.

The goal of the study is to investigate the
process of information processing in multiservice
networks and to identify the quality class
management tasks of information and communication
services production and consumption could be
connected by methods of the several variable
functions unconditional optimization.

This goal defined the following research tasks:

—to analyze the processes of production and use
of infocommunication technologies, taking into
account the possibility of their optimization
according to the QoS procedure;

—to propose a formulation of the QoS procedure
optimization problem in a form suitable for solving
by unconstrained optimization methods;

—to investigate the unconditional optimization
application possibility of the methods according to
the QoS procedure in the production and
consumption of infocommunication services.

General scientific and special methods of
scientific knowledge are used.

Main material.

1. Analysis of IC processes and the
possibility of their optimization by QoS procedure.
The production and use of infocommunication
services today is convergent. The modern user of ICS
consumes both communication services and
information service in the form of content and
applications, manufacturers and providers of services
can be completely different in terms of both types of
communication and services offered. In this case, the
business related to terminals, content and
applications, as well as direct customer service
(contract, payment, service), can be an independent
link in the chain of production and consumption of
ICS. Different manifestations of convergence suggest
that the convergence of different communication
networks is functional in order to provide the client
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with the full range of services in one place from
different terminals and access points.

The implementation of such goals is possible
within the framework of the integrated business
model, as it would reduce those ICS processes and
optimize them for the purpose of the QoS procedure.
When transferring tribute from multiservice fenders,
call the service provider to assess the following key
parameters:

— Bandwidth — the transmittance, characterizes
the width of the channel;

— Delay — level of delay in sending the package;

— Jitter — number of receptions when sending
packets;

— Packet Loss — the number of packets,
characterizing the number of packets appear in the
lower transmission.

The quality of the number control of the
parameters is surrounded by the possibilities of the
hedgehog possession. QoS detection is a whole
mechanism that allows information to be given a
smog throughput, lowering the level of jitter and
catching up, gaining important packets from being
lost [3].

In the process of data processing and
transmission in the nodes of multiservice networks, in
the general case, a fairly large set of optimization
problems is considered. This set of tasks is formed, as
a rule, network, transport and session levels of the
reference model of open systems interaction (OSI),
for example, in routing, traffic management, data
processing, etc.

Note that the solution of the optimization
problem involves the presence of an analytical
function and the search for its minimum or
maximum, ie the definition of a variable that would
correspond to the quantitative value of the parameter
of service quality. In the simplest case, this may be
the time or number of packets or the time of a
particular operation, such as the passage of a packet
along a certain route.

This formalization will allow optimizing the
quality of service in multiservice networks using a
mathematical apparatus for studying functions within
the differential calculus. That is, the definition of a
single variable for the coordination of processes in
the entire chain of production and consumption of
ICS on a unified criterion will support QoS
convergent production and implementation of
infocommunication services. This is very possible, as
most ICSs are fairly deeply standardized and
interchangeable. For example, communication or
transmission channels of IP traffic are organized in
different transmission systems and therefore can be
interchangeable.

Thus, such a class of tasks can include the
estimation of the time of a single packet passing



through the return route in a multi-service network of
an integrated model of the information
communication business.

However, not all optimization tasks that arise in
the process of information processing in MSS are
reduced to finding extremes of single-valued
functions.

In  practice, the investigated  system
characteristics often depend on two or more
parameters, i.e. the optimization problem is reduced
to finding the extremum of a function with several
variables.

A problem of this class in any case has
considerable computational complexity and therefore
the main emphasis when selecting methods of its
solution is suitable to do exactly on the time of
finding the solution, sometimes even at the expense
of accuracy of the obtained result. Nevertheless, the
mathematical apparatus of the analysis of functions,
especially the crazy optimization of the function of
several variables on the basis of differential calculus,
can be used for solving problems of this class [4].

Thus, when considering real routing tasks, to
analyze the packet transit time, one parameter is not
enough, often several parameters of different sizes
are analyzed, between which the valued coefficients
are not set.

2. Ways to solve the optimization problem
when providing QoS for multiservice networks

2.1. Analytical optimization problem solution

Let us consider the simplest case: dependence of
the packet transit time on two parameters x; and X,.

Analysis of the packet transit time in the
multiservice network showed that it depends on two
parameters (x; and X,) which form a vector of
parameters and can be reduced to the following
analytical expression:

T=1(x) 1)

Therefore, the optimization task of providing

QoS for multiservice networks can be formulated as
follows:

to find f*, which provides an estimate of the
minimum packet time

T =1(x,,X,)—>min 2)

and the corresponding parameter values
i*:(xz,x;) 3)
If the optimized function can be given in

analytical form, and there are its second derivatives
on all arguments, the optimal solution can be found
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using standard methods of mathematical analysis of
the function of several variables.

2.2 Algorithm for solving the problem for
two variables in a general form.

If two differentiated by all arguments, then f*
can be found using the following algorithm:

A. We find stationary points of the function by
equating its gradient to zero,

iﬂ—o 4
ox ox, ) “)

which is a necessary condition for the existence
of a local extremum.

B. To determine the type of stationary point (a
sufficient condition for the existence of a local
extremum) it is necessary to construct its Hess
(matrix of all partial derivatives of the function):

o' f o f
- OX,0X,  OX,0X
o= T YT ©)

OX,0%,  OX,0X,

C. To calculate the eigenvalues of Hessian as
follows

det(G(x)—-x1)=0 (x=(,.2,)) (6)

If all Hessian eigenvalues are positive (A> 0),
then the stationary point is the local minimum of the
studied function.

If all Hessian eigenvalues are negative (A <0),
then the stationary point is the local maximum of the
studied function. If the eigenvalues of the Hessian
have different signs (or there are zero values), then
the stationary point is the saddle point (for two
variables, it is the saddle point of the surface that
characterizes the studied function).

2.2. Gradient method with step crushing.

Really, the analytical method is practically not
implemented in multiservice networks, as it is
difficult to approximate the second derivative.

However, if a simple approximation of the first
derivative is possible, use gradient methods (more
accurate than scanning, but also more expensive), for
example:

- step splitting method,;

- method of the fastest descent;

- Newton's method, etc.

According to the authors, the simplest to
implement method is considered to be the method of
fragmentation of the step [4].

3. Investigation of the unconditional
optimization application possibility of the methods



according to the QoS procedure in the production
and consumption of infocommunication services

If necessary, at the junctions between
communication networks that support different QoS
algorithms, the tasks of generating and planning
traffic flow can be solved, which partially allows to
adapt the existing routing algorithm ¢ QoS to the
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routing algorithms of the corresponding party. These
include, for example, methods of reducing the effects
of congestion, aggregation of homogeneous traffic
flows on the best routes, re-routing of traffic in case
of failure of communication equipment, and so on

(fig. 1).

. Production Applications, Customer
Terminal .
workflow content service
Telephone Phone »| Phone ——> fixed line
connection connection
Mobile mobile Unified
phone communicat 24 agreement
Internet T Internet
PC, laptop
Internet
TV set TV I TV TV

Figure 1. — Integrated model of convergent production and implementation of infocommunication services

Exceptions are services that are in the field of
state regulation. Note that the expansion of the
proposed optimization methods in the production and
consumption of infocommunication services can be
effective, as the integrated model of convergent
production and implementation of ICS is inherent in
the field of state regulation with precision to tariff
policy [6].

Moreover, the definition of optimization paths
by the QoS procedure will provide in the multi-
service networks in the field of state regulation the

necessary reliability, security and efficiency, in
particular by optimizing the time of packets [7, 8].
Conclusions.
1. The production and use of

infocommunication services today is convergent. The
definition of a single variable for the coordination of
Cnucok nimepamypu:

processes in the entire chain of production and
consumption of ICS on a unified criterion will
support QoS  convergent  production  and
implementation of infocommunication services.

2. Really, the analytical method is practically
not implemented in multiservice networks, as it is
difficult to approximate the second derivative. If a
simple approximation of the first derivative is
possible, use gradient methods

The simplest to implement method is considered
to be the method of fragmentation of the step.

3. The definition of optimization paths by the
QoS procedure will provide in the multi-service
networks in the field of state regulation the necessary
reliability, security and efficiency, in particular by
optimizing the time of packets.
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B. 3om0taproB’, A. Kpamuaninos®, C. Mickyn?, K. Bakanos’, I'. 3aBepyxa®, B. Yananko®
1Xap1<i60b1<u12 HayioHANbHUIL yHigepcumem paodioeeKmpoHiKu, XapKia
2Biiicorosuii incmumym mankosux siticok HTY “XI11”, Xapxie

3ACTOCYBAHHSI METO/IIB BE3YMOBHOI ONTHUMI3ALIL ITPA PO3POBII IHTEIPAJIbHOI BI3HEC -
MOJIEJII BAPOBHHUIITBA I CIIO’KUBAHHSI IHOOKOMYHIKAIIMHAX MMOCJIYT

I[IpeameToM BHBYEHHS B CTATTi € mporec 00poOKku iHpopMaIii mpyu BUPOOHUITBI i CIIOKMBAHHI iHPOKOMYHIKAILIHHIX
MOCIIYT B MYJBTHCEPBICHHX Mepekax. MeTow CTaTTi € JOCHipKeHHsS mpoiecy oOpoOku iH(opMmamii B MyIbTHCEPBICHUX
Mepekax Ta BHIUICHHS KJacy 3a[ad yIpaBIiHHS SKICTIO BUPOOHUIITBA 1 CIIOKMBAHHS 1HPOKOMYHIKALIHHUX MOCIYT, SIKi MOTIH O
OyTu po3B'a3aHi MeTosamu Oe3yMOBHOI onTuMizauii QyHKIIT JeKiIpKOX 3MIHHUX. 3aBHaHHA HocaimxenHs:: [IpoananmizyBatu
IPOIeCH BUPOOHHUITBA Ta CHOXXUBAHHS iHOOKOMYHIKAIIHHUX TOCIYT 3 OMJISLy Ha MOMIIMBOCTI iX ONTHMI3aLil 3a MPOIeaypoIo
QoS; 3anporonyBati (OpPMYITIOBaHHS 3a7avi OnNTUMi3amil 3a mporeayporo QOS y BHUINIALI, MPUAATHOMY AJIsS PO3B'I3aHHS
MeTofamMy Oe3yMOBHOI  ONTHMI3allii, MpoaHali3yBaTH MOXIIMBICTh MNPHUKIAJHOTO 3aCTOCYBaHHS METOHIB 0Oe3yMOBHOT
onruMizaii 3a mponeayporo QOS mpu BUpOOHUITBI 1 CIIOKUBAaHHI iHYOKOMYHIKAIiHHIX ITOCIYT.

MeTOom0IOTiHOI0 OCHOBOIO IOCTIPKEHHSI CTAJIN 3aralbHOHAYKOBI Ta CIIeNiaIbHI MeTOAM HAyKOBOTO Mi3HAHHS.

Otpumani HacTynHi pe3yabTatu: Ha oHOBI aHami3y mpomeciB BHPOOHHITBO 1 BUKOPHCTaHHS 1H(OKOMYHIKAI[IHHIX
MOCIIYT Y Pi3HUX CErMEHTaX PHHKY MOCIYT BU3HAYCHI Ta MOXKIIMBOCTI ONITUMI3alii iHPOKOMYHIKAILlIHHUX MOCIYT 32 MPOLEITyPOI0
QoS. 3apmaya onTtumizauii mpu 3abesmeuenHi QOS MyJbTHCEpBICHMX Mepexx OyTH chopMysboBaHa SK 3agada 0e3yMOBHOT
onTuMizauii GyHKLIT 1BOX 3MIHHUX. MOXKIIUBICT MPUKIIAJHOTO 3aCTOCYBaHHS METO/IiB 0€3yMOBHOT ONTHMI3allii 3a MPOLIEAYPOIO
QO0S moka3aHa Ha NpHKIaAl iHTerpasbHOI Oi3HEec-MoeNi KOHBEPreHTHOro BHPOOHHUITBA i peanizauii iHOKOMyHiKamiitHUX
TOCITYT.

BucnoBku. BupoOHHITBO 1 crioxuBaHHSA —IH(QOKOMYHIKAIIHHUX MOCIYT CHOTOJHI HOCHTH KOHBEPIeHTHIH Xapakrep.
BusnaueHHs eanHOI 3MIHHOT 1L y3TOJUKEHHS IPOIECIB B yCHOMY JIAHIIO31 BUPOOHUNITBA 1 CIIOXKMBAHHS 1HPOKOMYHIKAI[IHHIX
HOCIYT 3a €IMHUM KpUTEpiEM MO3BOJUTH 3IIMCHIOBATH MiATPHUMKY QOS KOHBEPreHTHOTO BHPOOHHITBA 1 CHOXKHUBAHHS
iHpOKOMyHIKaIIHHUX mOCIyr. Bu3HaueHHs NUIAXIB omnTHMizamii 3a mpomeayporo QOS HamacTh 3Mory 3a0e3NeduTH B
MYJIBTHCEPBICHHX Mepexax cdepi AepKaBHOTO PeryioBaHHsI HEOOXiIHY HaIilHICTh, 3aXHIIEHICTh Ta ONEPATHBHICTH, 30KpeMa
LIIIXOM ONTHMIi3alii 4acy Mpoxo/pkeHHs makeTiB. OCKIIbKH 3aCTOCYBaHHS aHANITHYHOTO METOY INependadac armpoOKCHMAIIiio
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JPYToi MOXiTHOT, 110, CBOEIO YePror0, BUKIUKAE PSI IPAKTHYHHUX TPYIHOIIIB, Y MyJIbTHCEPBICHUX MEpEkax HOro 3aCTOCYBAHHS
€ e(heKTHBHUM.

KiarouoBi ciaoBa: sikicte oOcimyroByBaHHs, QOS, MynbTHCEpBiCHI Mepexi, YHCIEHI METOAM ONTHUMi3aLil,
iH(pOKOMYHIKaLilHI MOCTYTH
YK 004.972:519.6

B. 30J10Tape31, A. Kamuanunos?, C. HI/ICKyHZ, K. Bakanos’, T 3aBepyxa2, B. Yananxko®
1Xapbk06c1<uﬁ HAYUOHANLHBILL YHUGEpCUmem PAOUOITeKMPOHUKU, XapbKkos
2Boennsiii uncmumym manxosux éotick HTY “XITH”, Xapvkos

AHAJIN3 BO3MOXKHOCTH UCIOJIb30BAHUS AKYMYJISITONNHUX BATAPEN HOBEMIIINX
TEXHOJIOTHUI HA OBPA3IIAX EPOHETAHKOBOT'O BOOPYKEHWS 1 BOEHHOIN TEXHAKHA

[peameTromM m3ydeHHs] B CTaThe SBISICTCS Mpoliecc 0O0pabOTKM MHGOPMAIUMK TMPH TPOHM3BOJACTBE W MOTPEOICHUH
MHQOKOMMYHHUKAIIMOHHBIX YCIYT B MYJIBTHCEPBHCHBIX ceTsX. LleJibI0 cTaThbH sBISCTCS UCCICIOBaHKE Tpoliecca 00paboTKu
HHQOPMAIMK B MYJBTHCEPBHCHBIX CETAX W BEBINCJICHHUE KiIacca 3aja4 YIPaBICHUS Ka4eCTBOM MPOW3BOJCTBA M TOTPEOICHUS
MH(POKOMMYHHUKAIIMOHHBIX YCIYT, KOTOPBIC MOTJM Obl OBITh pPEHICHBI METOJaMH OE3yCIIOBHON ONTHMHU3ANMH (QYHKIHMU
HECKOJIbKAX TMEepPEeMEHHbIX. 3amaum uccjenoBanmsi: [IpoaHaaM3upoBaTh TMPOLECCH MPOU3BOJACTBA U MOTPEOICHHS
HH()OKOMMYHHKAIIMOHHBIX YCIYT C yIETOM BO3MOXKHOCTH MX ONTHMHU3ALUH 1Mo mpoueaype QOS; mpemtoxuts GopMyTHpOBKY
3a4a4d ONTHMHU3aUUKM 1Mo mpoueaype QOS B Buie, NPUTrOAHOM ISl PEIICHHS METOAaMH Oe3yCIOBHOW ONTHMH3ALIUM;
MPOaHATU3UPOBATh BO3MOKHOCTH IIPUMEHEHHUSI METO0B 0€3yCIIOBHON ONTHMHU3ALUK 10 mpoueaype QOS mpu mpou3BOACTBE U
MOTpeOICHUH HH(POKOMMYHHUKAITHOHHBIX YCITYT.

MeTo107I0THYECKOM OCHOBO# MCCICIOBAHUS CTATH OOIICHAYYHBIC H CIICIIHATbHBIC METOIBI HAYYHOTO MMO3HAHMS.

[onydyennl ciexyomue pe3yabTarbl: Ha ocHOBe aHanmmM3a MpPOIECCOB TPOM3BOJACTBA ©  MOTPEOJICHUS
WHPOKOMMYHHUKAIIMOHHBIX YCIYT B Pa3JIMYHBIX CETMEHTAaX pPBIHKA YCIYT OIPENCICHHl W BO3MOXXHOCTH ONTHMHU3AI[HH
HH()OKOMMYHHKAIMOHHBIX yCIyr mo mpoueaype QOS. 3amaua ontummusaiuu npu obecredennrn QOS MyJIbTHCEPBHCHBIX CeTei
chopmynupoBana Kak 3agada Oe3yCNOBHOM onTuMmu3anud (GYHKIHH [ABYX MEPEMEHHBIX. BO3MOXHOCTh MPHKIAIHOTO
NpUMEHEHHs] METO0B 0e3yCIOBHOM ONMTUMHU3anuu 1Mo mporeaype QOS mokazana Ha MpUMepe MHTErpaJbHON OU3HEC MOIenn
KOHBEPIeHTHOTO MPOU3BOCTBA U peaan3aliii HHPOKOMMYHHKAIIHOHHBIX YCIIYT.

BuiBoabl. [IpousBonctBo u moTpebieHHe MHPOKOMMYHHUKAITMOHHBIX YCIYT CErOJHS HOCHT KOHBEPTCHTHBIA Xapakrep.
OmnpeneneHre €IWHONH TEPEMEHHOW JJIsI COTJIACOBAaHHMS TMPOIECCOB MO BCEH IeMM MPOM3BOJACTBA M MOTPEOJICHUS
WHPOKOMMYHHUKAIIMOHHBIX yCIYr 10 €IMHOMY KPHUTEPHIO MO3BOJUT OCYIIECTBIATh MOMACPKKY QOS KOHBEPrEeHTHOTO
MPOM3BOJICTBA U MOTpeOsicHHs HHPOKOMMYHHKAIMOHHBIX yciyr. OmpeneneHue myTeil onTUMM3aiuu 1o mpoienype QoS
MO3BOJIMT O0ECIeYnTh B MYJBTHCEPBHCHBIX CeTsiX clepe TOCYAapCTBEHHOTO PEryIMpOBaHUsS HEOOXOAUMYIO HaIEKHOCTH,
3alIMIICHHOCTh W OMNEPaTHBHOCTh, B YACTHOCTH, IIyT€M ONTHMHU3ALMKA BPEMEHH TPOXOXKICHUS MaKeTOB. IIOCKOIBKY
NpUMEHEHHEe aHAIUTUYECKOTO METO/A MPE/IoIaraeT arMpOKCHMAIUI0 BTOPOH MPOU3BOAHOM, YTO B CBOIO OUYEpelb BBHI3BIBAET
PSLI IPAKTHIECKUX TPYAHOCTEH, B MyIbTHCEPBUCHBIX CETSIX €ro MPHUMEHEHHE SBISETCS (D PEKTHBHBIM.

KiwueBble ciioBa: kauecTBO oOciyxuBanus, QOS, MyIbTHCEPBUCHBIC CETH, YWCICHHBIE METOIBI ONTHMHU3AINH,
WHPOKOMMYHHUKAIIMOHHBIC YCITYTH
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