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Pedepar:

1. PoboTta npucesueHa qOCIiIKeHHIO JeleHTPali30BaHOro yIIPaB/liHH PECYPCaMU PO3IIOLiNIEHOI KOMITIOTEPHO]
cucremu (PKC). lenenTpasnizoBaHe KepyBaHHS pecypcaMu nepeoadae HasBHICTb JEeKiJIbKOX €JIEMEHTIB CCTEMH,
sKi BiZiOBialoTh 3a ynpasiiHHs pecypcamu y Beiit PKC i e piBHonpaBHUMU MiX co6ot0. [Ipu neneHTpanizoBaHoMy
YIIPaBJIiHHI TaKi IIPOLECHU SIK IIOLIYK PECYPCIB, IIJIAaHYBAaHHS 3a11a4 Ta iHIII pO3MoAisieHi Mixk KomnoHeHTamu PKC
TaK/M YMHOM, 10, KO OAMH 3 KOMIIOHEHTIB BUXOAUTD 3 JIafly, TO iHIINI1 6epe Ha cebe foro ¢yHkuii. Poznoginexi
CUCTEMHU 3 JICLIeHTPAJIi30BaHUM YIIPABJIiHHIM PECypCaMU € Iy)Ke MaCIITaOOBaHMMU, OCKIJIbKA Y HUX MOXKHA JIETKO
IofaBaTU abo X BUJANATA KOMIIOHEHTU. TUM He MeHIe, JeleHTpasizallis yIIpaBJliHHs PO3NOAiIeHUMU

004K CIII0BAJIBHUMU PECYPCaMU IPU3BOAUTD [0 CEPHO3HUX MPO6JIEM IIPU MOUIYKY PECYPCiB, IIJIaHyBaHHI 3a1aY,
pO3MillleHHi 337124 Ha pecypcy, KOOpAuHalil BUKOHaHHS 3a1a4 Towo. EdexTuBHiCTh GyHKIIOHYBaHHS PO3IOAiIEHO]

KOMITIOTEPHOI CUCTEMH 3aJIEXKUTD Bifl KoopauHaLii Ta B3aemonii Mix ii enementamu. Came TOMy [JIs IiABUILEHHS



e(eKTUBHOCTI yNpaBJiHHS 004U CII0BAJIbBHUMU PECYPCAMU PO3MOiIeHOI KOMITIOTEPHOI CUCTEMU BUOPAHO
MEPEXELEHTPUYHUN Mifaxin. Y pe3ynbTari JOCIiI)KEHHS YA0CKOHANIEHO METOZ, yIIpasiliHHs pecypcamu PKC, axuii
Ha BiIMiHY BiJ, iCHYIOUHMX, 6a3y€ThCSI HA MEPEXXELIEHTPUYHOMY MiIXOT|, 1110 J03BOJIMIIO MigBUIIATYA €PEeKTUBHICTb
PO3I0AiNy Ta yIPaB/iHHS O0YMCIIIOBAJIBHUMU PECYPCAaMU 3 OIJISIy Ha HACTYIIHI NOKa3HMKY (PyHKUiOHYBaHHS PKC:
4ac BiANOBiAI cuCTeMHU, Yac ouiKyBaHHS 3aa4i y uepsi. /17151 BUGOPY pecypciB TaKOX PO3P0O06JI€HO KOMIIJIEKCHY
aHaJIiITUYHY MOJIeJIb /IJIS1 BU3HAUEeHHs NTOKa3HUKiB ¢pyHK1ioHyBaHHs PKC npu BukoHaHHi 3aayi. 3anpornoHoBaHa
MOJ€JIb I03BOJISIE OLiHUTY YOTUPU N0Ka3HUKU QyHKLioHyBaHH: PKC, a came poAyKTHUBHICTh, MIBUAKICTb Nepeaayi
IaHUX, HAiMHICTb Ta 3aXUIEHICTb y 3aJIEXKHOCTI Bifl KiZIbKOCTI By3J1iB PO3IOiJIeHOi KOMITIOTepHOI cuctemu. Kpim
TOTO, Y pO0OTi po3p0o6sieHO MeTO, BU3HaYeHHsI HEOOXiIHOI KiZIbKOCTi pecypciB pe3epBy AJis 3aadi pu
ACMHXPOHHOMY PEXXMMi BUKOHAHHS, SIKUI 6a3yeThCs HAa BUKOPUCTaHHI anapary HepOMEPEXK, 10 TAaKOX J03BOJIMIIO
niABUIMTY €(PEeKTUBHICTb PyHKIioOHyBaHHS PKC 3 MeXaHi3MOM KepyBaHHS pecypcaMi Ha OCHOBI
MEPEXELEHTPUYHOTIO Migxony. MeTog, Bilpi3HAETbCA Bif, iCHYIOYMX BUKOPUMCTAHHAM arnapaTy HEMPOHHUX MEPEX.
Ha oCcHOBI 3a1IpOITOHOBAHUX MOJIEJIEN Ta METOLIB PO3PO6JIEHO 3aCO0M YIIPaBIiHHS 064MCIII0BAIbHUMU PECYypCaMu
PKC, a came: metamianyBanbHUK PKC i3 NifTpUMKOIO 3axUIL€HOI 0OpPOOKM JaHUX, MOAYJIb CUCTEMU YIIPaBJIiHHS
pecypcamu PKC nenjeHTpasnizoBaHOro TUILYy Ha 6a3i CHijIbHOT 06YMCIIIOBAJIBHUX PECYPCiB, MOZyJIb CUCTEMU
ynpasiiHHs pecypcamu PKC iepapxiYHOTo TUIy, MOZYJIb CUCTEMHU YIIpaBiiHHA pecypcamu PKC
JeLE€HTPai30BaHOTO TUITY HA OCHOBi MEPEXELIEHTPUYHOTO MiAX0y. 3axuiieHa o6poobKa JaHuX nepejbdadae
MOHITOPUHT PiBHS JOBIpU 10 00YMCIIIOBANBHOrO By3sa PKC, ToMy y po60Ti TaKoK 3alIpOIIOHOBAHO JIOKAJIbHUI
areHTa JaHUX JJIS MOHITOPYHTIY IPOAYKTUBHOCTI, HAZiIHHOCTI Ta 3aXUIIEHOCTi 00YMCIIIOBAJIBHOTO BY3J1a, & TAKOX
IIBUJIKOCTI Ilepeadi JaHuX 10/Bif Hboro. EKCriepuMeHTalbHUMU TOCTII)KEHHSIMU ITiATBEPAKEHO e(PeKTUBHICTD
3aIPONIOHOBAHUX MOJ el Ta MeTOAiB. JIJ1s1 IPOBedeHHS eKCIIEPUMEHTIB PO3P00JIEHO CIIeLiaIbHUIA ITPOrpaMHUM
KOMILJIEKC, SIKUI1 peaisye iMiTalliiiHe MOZIe/II0BaHHS (PYHKLIOHYBaHHS PO3IOAiIEHOI KOMITIOTEPHOI CUCTEMHU.
['os10BHUM pe3ysibTaToOM AucCepTallii € 3a6e31e4eHHs] 3MEeHIIeHHS! Yacy BiIKJIMKY CUCTEMU IIPU BUKOPUCTAaHHI
IeLIeHTPaJi30BAaHOTO MEXaHi3My YIIPABJIiHHA PECYPCaMU HA OCHOBI MEPEXXELIEHTPUYHOTO MiIXOMY Ta 3HMKEHHS
KiJIbKOCTi OOMiHIB CJIy’KOOBUMM IOBiTOMIEHHAMU. Tak BUKOPUCTAHHS MEXaHi3My yIIpaB/liHHS PECypCaMy Ha OCHOBI
MepEeKELEHTPUYHOTO MiIX0AY NO3BOJINIIO 3HU3UTH Maii’Ke BTPUYi KiJIbKiCTb CJIy)KOOBUX [TOBiIOMJIEHb HA OJJHY
33/lauy Yy MOPiBHSHHI 3 MEXaHi3MOM Ha OCHOBI (POpMYBaHHS CIIIJILHOT 00UYUCIIOBAJIbHUX pecypciB. Yac ouikyBaHHS
3a/iaui y cucTeMi Ipy MeXaHi3Mi YIIpaBJIiHHS pecypcamu Ha 6a3i MeEpeXeLeHTPUYHOTO IiX0Ay 3HU3UBCS MaiiKe
BIBiUi y IOPiBHSIHHI 3 MEXaHI3MOM Ha OCHOBi (POPMYBaHHS CIJILHOT OOUMCIIIOBAJIBHUAX PECYPCIB, ¥ TOM 4Yac 5K 4ac
BMKOHAHHS MAKeTy 3a7a4 3MEHIUBCA inie Ha 16%-20%. Lle nosSICHIOETLCS TUM, 10 YaC BUKOHAHHS 33114 3pic.
[TprynHOIO LILOMY € BUHUKHEHHS CUTYallill BiZICYyTHOCTI BiJIbHOTO peCypcCy 3 IOTPiOHOIO IPOLYKTUBHICTIO a0 X
BiZICYTHOCTI BiZIbHUX pecypciB B3araii. [IpakTuyHe 3Ha4eHHs pOOOTHU I10JIsITa€ B pO3po0Li IPOrpaMHOrO KOMILJIEKCY,
SIKUI1 J03BOJIsSIE BUKOHATU MofemoBaHHs poootu PKC ta mocniguTi ii pyHKIiOHYBaHHS IIPU 3aCTOCYBAHHI Pi3HUX
MEXaHi3MiB PO3IIOJIisly Ta KEPYBaHHS pecypcaMu. [IporpaMHui KOMILJIEKC MiATPUMYy€E CUHXPOHHUN Ta aCUHXPOHHUMI
PeXMMU BUKOHAHHS 3324, MOJI€JII0€ KJIACUYHUI Ta alalITUBHUI MEXaHi3MU YIIPaB/IiHHS 3aXULIEHICTIO

004K CIII0BAJIBHOTO BYy3J1a, MOJEJIIOE HASIBHICTD UM BiICYyTHICTb CUCTEMU MOHITOPMHIY OOYMCIIIOBAJIbHOTO BY3J1a,
niaTprMye pisHi MexaHi3MM pO3IIOZiNTy Ta KEpyBaHHS pecypcaMy (MeXaHi3M LeHTpasi30BaHOTO KepyBaHHS
pecypcamH i3 3axuleHo0 0OpOoOKOIO JaHUX, MEXaHI3M iepapXidyHOro KepyBaHHS Ta PO3IIOJily pecypciB, MexXaHi3M
IeLIeHTPaJi30BaHOrO KePyBaHHSI PECYPCaMU Ha OCHOBI CHIIJIBHOT OOYUCIIIOBAJIBHUX PECYPCiB, MEXaHi3M
IeLeHTPali30BaHOrO KEPYBAHHS PecypcaMu Ha 6a3i MepexXeLleHTPUYHOTO MifX0/y), BUKOHY€ 30ip CTaTUCTUYHUX

IAaHVX [IPU IIPOBEJEHHI €eKCIIEPUMEHTIB.

2. The work is devoted to the research of decentralized management of distributed computer system (DCS)
resources. Decentralized resource management involves the presence of several elements of the system that are
responsible for managing resources across the DCS and are equal to each other. With decentralized resource
management, such processes as resource search, task scheduling, and others that are shared between DCS
components, so if one of the components does not work, then the other takes on its functions. DCS with
decentralized resource management are highly scalable. Nevertheless, the decentralization of management of
distributed computing resources leads to serious problems in resource search, task scheduling, allocation of tasks



to resources, coordination of tasks completion, and so on. The effectiveness of a DCS depends on the coordination
and interaction between its elements. That is why a networkcentric approach has been chosen to improve the
efficiency of managing the computing resources of a DCS. As a result of the research, the method of managing the
resources of the DCS has been improved, which, unlike existing ones, is based on a networkcentric approach,
which made it possible to increase the efficiency of allocation and management of computing resources, taking
into account the following parameters of the DCS functioning: system response time, waiting time. For resource
selection, a comprehensive analytical model for determining the marks of the DCS's functioning was also
developed. The proposed model allows us to evaluate the four marks of the DCS’s functioning, namely
performance, data transfer speed, reliability and security, depending on the number of nodes of the DCS.
Furthermore, the method of determining the required amount of reserve resources for a task with an
asynchronous mode of execution, which is based on the use of the neural network, has also been developed in the
work, which also allowed to improve the efficiency of the DCS's functioning with the mechanism of resource
management based on a networkcentric approach. On the basis of the proposed models and methods, the tools for
managing the computing resources of the DCS were developed, namely: a metascheduler of a DCS with support of
secure data processing, a DCS resource management system module of a decentralized type on the base of
communities of computing resources, a DCS resource management system module of hierarchical type, a DCS
resource management system module of a decentralized type on the base of a network-centric approach. Secure
data processing involves monitoring the security level of the DCS computing node, therefore, in this work a local
data agent is also proposed for monitoring the performance, reliability and security of the computing node, as well
as the speed of data transmission to and from it. Experimental studies confirmed the effectiveness of the proposed
models and methods. To carry out all the experiments, a special program complex was developed that implements
simulation of distributed computer system functioning. The main result of this research is to ensure that the
system's response time is reduced by using a decentralized resource management mechanism based on a
network-centric approach and reducing the number of exchanges by service messages. Thus, the use of a resource
management mechanism based on a networkcentric approach has allowed us to reduce almost three times the
number of service messages per task compared to the mechanism based on the formation of communities of
computing resources.The task waiting time in the system with the mechanism of resource management based on
the network-centric approach decreased almost twice, compared with the mechanism based on the formation of
computing communities, while the time of execution of the task package decreased by only 16%-20%. This is due
to the fact that the time of the tasks completion has increased. The reason for this is the emergence of situations
of lack of free resources with the necessary productivity or lack of free resources in general.The practical value of
the work is to develop a software package that allows you to simulate the work of the DCS and explore its
functioning with the application of various distribution mechanisms and resource management. The software
package supports synchronous and asynchronous modes of the task execution,simulates classical and adaptive
mechanisms for controlling the security of a computing node, models the presence or absence of a computing
node monitoring system, supports various mechanisms of distribution and management of resources (the
mechanism of centralized management of resources with secure data processing, the mechanism of hierarchical
control and resource allocation, the mechanism of decentralized resource management based on communities of
computing resources, the mechanism of decentralized resource management based on networkcentric approach),
performs collection of statistical data
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