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The use of multiple transceivers made it possible to distribute data traffic, configuration traffic, and
control traffic over different channels, which made it possible to carry out information exchange at the same time.
The protocol stack is minimized. The functionality of the host and the network object is completely separated.
The topology of the mobile network is not deterministic, amorphous and changes when the network objects move
in space. In this case, some connections are lost and others arise. The routing tables are constantly updated.

The network in accordance with the laid down algorithm, is able to build the necessary topology and
organize the necessary connections in order to complete the task with a many objects. The network is capable of
building packet retransmission chains for remote network objects. Thus, the wireless network implementation at
its low cost allows solving a certain range of tasks. The performer can be either a separate object associated with
the operator through a many repeaters.

In order to increase the efficiency of the formation of routing tables and minimize the cluster structures
in a wireless network, it is advisable to use optimization algorithms based on set theory. The local wireless
network is designed to control an Internet of Things objects, robotic objects and control systems for various
technological processes.
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AHaJi3 alropuTMIB IIJIAaHYBaHHSI peCypcaMu B
PO3MOAIIEHOMY OOUYHCIIFOBAILHOMY CEPEIOBUIIT

B crarTi mpoBeneHo aHaii3 aNropuTMIB IDIAHYBAHHS PECYpPCaMH B PO3IIOAUICHOMY O0YHCIIOBAILHOMY
cepenoBuii. ['OJIOBHUM 3aBOaHHAM, SK€ BHPINIYIOTH TEXHOJOTIi PO3MOAUIEHHUX OOYHCICHb € 3a0e3redeHHs
JIOCTYTly [0 TJ00adbHO PO3MOIIIEHNX PECypciB 3 JOMOMOTOI0 CIeIlialbHUX I1HCTpyMeHTIiB. CKIIagHicTh
KepyBaHHS TI00aTbHIMHU pecypcamMu 00yMOBJIEHA THM, IO OCTYII 0 HEOOXITHUX TaHUX MOXe BiTOyBaTHCh Ha
pizHux KomI'torepax. KpiM Toro, rno0ajibHi pO3MOJiNeHI OOYHMCIIOBAaNbHI Mepexi, siki (opMmyloThes i3
aBTOHOMHHX pPECypciB, MOXYTh 3MIHIOBaTH CBOI KOH(Qirypamito auHamiuyHo. KepyBaHHsi pecypcamu B
HEOHOPITHUX PO3MOAUIEHUX OOYMCIIOBAIBHUX CHCTEMax IMOTpedye MOIIyKy HOBHX MOAEled OOYMCIeHHS i
KEpyBaHHS pecypcami.
004YHCII0OBATBHI pecypc, KOMIT'I0Tep, AArOPUTMH IUIAHYBAHHSA, PO3NOAiaeHi 00UucIeHHs
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AHa/IU3 AJITOPUTMOB IUVIAHMPOBAHUSL PeCypcaMH B paclpeieIeHHONH BbIYMCIUTEIbHON
cpene

B cratee TmpoBeAeH aHaNM3 ANTOPUTMOB IUTAHMPOBAHHS pECypcaMM B  paclpe/eleHHON
BBIYMCIUTENIBHON cpene. [J1aBHOM 3a1adeil, KOTOPYIO pelIatoT TEXHOJIOTUMHU PaclpeesIeHHbIX BBIUMCICHUH, €CTh
obecrieueHre JOCTyNa K INI00AIbHO PACHpEieNIeHHbIM pecypcaM € IOMOIbIO CHELUaIbHbIX WHCTPYMEHTOB.
CH0XXHOCTb YIPaBJICHHS ITI00AJIBHBIMU PECYPCaMHU CBSI3aHA C TEM, YTO JIOCTYH K HEOOXOAMMBIM JaHHBIM MOJKET
MIPOMCXOJUTh Ha pasHbIX KoMmbioTepax. Kpome Toro, riodaibHbIE pacrpelieliCHHbIE BBIYUCIUTEIBHBIC CETH,
(opMupyrOLIHecs U3 aBTOHOMHBIX PECYPCOB, MOTYT U3MEHSTh CBOIO KOH(UTYpaLUIO TUHAMHYECKU. Y TIpaBlieHnE
pecypcaMu B HEOJHOPOAHBIX PACTIPEICICHHBIX BBIYUCIUTEIBHBIX CHCTEMaX TPeOyeT MOMCKa HOBBIX MOJIEINCH
BBIYUCIICHUH U YIIPABIEHHS PECYpPCaMH.
BBIYMCJINTEIbHBIE PeCypCcH, KOMIIBIOTEP, AJITOPUTMH IJIAHUPOBAHMS, pacnpeaeeHHble BbIYMCICHUS
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IMocranoBka mnpodgeMu. 3 PO3BUTKOM TEXHOJIOTIH PO3MOAUICHUX OOYHCIICHD
3’SIBUJIMCh TEXHIYHI MOJKJIMBOCTI JUISl BHUPIIICHHS MAacIITaOHUX 3a7ad B PI3HUX 00JIacTsIX
HAayKM 1 TEXHIKM Ha TEPUTOPIAIbHO-PO3MOAITICHUX pecypcax, sKi HaJleXaTb pPI3HUM
BJIACHUKaM.

l'onoBHUM 3aBiaHHAM, fKe€ BHPIMIYIOTh TEXHOJIOTIl PO3MOAUICHUX OOYUCIEHb €
3a0e3medYeHHs] TOCTYMy M0 TI00adbHO PO3MOJAUICHUX PECypciB 3 JOTOMOIOK CIEIiaIbHIX
iHCTpyMeHTIB. CKIIa[HICTh KepyBaHHsS TIJIOOATbHUMHU pecypcaMu OOyMOBJIEHA THM, IO
JOCTYII /10 HEOOXIHMX JaHMX MOKE BIIOYBaTHCh Ha PI3HHUX KoM roTepax. Kpim Toro,
rio0anbHi PO3MOALICHI 00UUCITIOBAIBHI Mepexi, siKi (hOpMYyIOThCs 13 aBTOHOMHHUX PECYpCiB,
MOXYTh 3MIHIOBaTH CBOIO KOH(irypario auHamiyHo. Ha TemepimHiii 4yac iCHye BenuKa
KUIBKICTh CTaHAAPTHHUX MPOTOKOIIB KepyBaHHS pecypcamMH 1 MeXaHi3MiB BHUMOT 3aBJaHb 0
pecypciB. AJie Ha MPAKTHUIll BUSBUIOCH, IO €PEKTUBHI METOAM 1 aITOPUTMHU TUIAHYBAHHS IS
OJTHOPIIHUX  130JJbOBAaHUX  MIKPOMPOIIECOPHUX CHUCTEM TIOTaHO  AJaNTYKThCS  JUIS
PO3MOAICHUX HEOJHOPIMHUX cucTeM. KepyBaHHS pecypcaMu B HEOAHOPITHUX PO3MOAITICHUX
OOYHCITIOBAJILHUX CHUCTEMaxX MOTpedye MOIIyKy HOBHX MoOJeield OOYHCIEHHS 1 KepyBaHHS
pecypcamu.

AHami3 ocTtaHHiX AocaixkeHb i myOJikamiii. IcHyroul anrOpuUTMHU TUTAHYBaHHS
pecypcaMu B PO3MOJUICHOMY OOUYMCIIOBATHPHOMY CEpPEIOBHUIINI MOXHa Kiacu(ikyBaTu 3a
PI3HUMH O3HAKaMH: 3 OISy Ha OyJIOBY alTOPUTMY CKIIAJOBHX, SIKi NIPUHAMAIOTh y4acTh y
TUTaHYBaHHI; MOJIENIeN J0JaTKiB;, OOMeKeHb SIKOCTI 00CIyroByBaHHS Ta iHIIMX. CXeMaTHYHO

iepapxiro  kimacudikamii anropuTMIB - IUIAHYBAaHHS 3arajJilbHOTO TPHU3HAYEHHS MOJKHA
NPEJCTaBUTH y TakoMy Burisii (puc. 1):
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Pucynoxk 1 — Knacudikaris aroputMmiB IIaHyBaHHS 3aralbHOTO TIPU3HAYCHHS

Ha Bepxnpomy piBHI iepapxii kimacuikaiiis aJropuTMIB TUIAHYBAaHHS 3arajbHOTO
NpU3HAYeHHS — CTAaTH4YHI Ta JWHAMIYHI aNrOpuUTMH IUlaHyBaHHI pecypciB. Cratuyhe
MJIaHYBaHHS Ta PO3PAXyHOK BapTICHOTO OIIHIOBAHHS OOYMCIICHD BiIOYBAETHCS 10 BUKOHAHHS
3aBJaHHs, KOJM iH(OpMalLlis BIJHOCHO BCIX PECypciB B PO3MOIUIEHOMY OOUYHCIIIOBATILHOMY
cepenoBuii € Bimomoro [1-3] . ['olOBHOIO MepeBaror CTaTMYHOI MOEIi € BiAHOCHO HE
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CKJIaJIHAa pealizallis TUlaHyBalbHHMKA. AJle BapTiCHA OIlIHKA, sika 0a3yeThCs Ha CTAaTUYHIN
iH(dopMaIrli, moraHo aganTyeThCs 10 CHUTYyalllid, MOB’S3aHUX 3 BUXOJIOM 13 JIaly OJHOTO 3
0o0YMCITIOBAILHUX By31iB. ToMy AJisi BUpILIEHHS NMPOOJIEMH BUKOPUCTOBYIOTHCS MEXaHI3MHU
neperianyBanus [4].

JluHaMiyHe TMJIaHyBaHHsS 4YacTilllé BChOTO 3aCTOCOBYETHCS TOJI, KOJU MOTPiOHO
3pOOUTH OIIHKY OOYHCIIOBAJILHOI BapTOCTI JOAAaTKa, IO HAJAXOIWTh HA BHKOHAHHS
JMHAMIYHO B PEXKHUMI peasibHOro yacy. JlnHamiuHe miiaHyBaHHS MICTUTh B cOO01 JBa BaXKIMBUX
KOMIIOHEHTa — OIlIHKa CTaHy CHCTEMH Ta MPUHHATTS PIIIEHHS MMPO B3aEMOMIII0 3aBIAHHS i3
4epru 3 MoTpiOHUM BUOpaHUM pecypcom [5-7] .

AJNTOPUTMH TMHAMIYHOTO IUIAHYBaHHS TMpeAcCTaBieHi B poOoti [8] mnpucesueHi
BUMNAJKYy pE3epBYBAHHSA pECypCiB, IO YacTO BHUKOPHUCTOBYETbCSA B  PO3MOAITIEHUX
OOYMCIICHHSX, JJISi OTPUMaHHS JesSKol rapaHTii crabiTbHOCTI BUpOOHMYMX pecypciB. [lpu
BUKOPUCTaHHI JIMHAMIYHMX CIHEHapiiB TUJIaHyBaHHS BIAMOBINAIBHUM 32 HPUUHATTS
rno0aNbHUX pilleHh MOXXKe OyTH OJMH IEHTPaJi30BaHWW IUIAaHYBAJbHUK a0 JeKiTbKa
PO3MOALICHUX. BUKOpUCTaHHS LIEHTPATi30BaHOIO IUIaHYBaJIbHUKA Ma€ IepeBary 3a paxyHOK
NPOCTOTH peai3amlii, amxe € 1 HEeIONIKH: HeIOCTaTHE MacIITaOyBaHHS Ta HEBHUCOKA
BIZIMOBOCTIHKICTB.

Cy0onTuManbHi alrOpuTMH IUTAHYBaHHA MOXKHA DO3IUIMTH Ha HAOMWKEHl, SKi
BUKOPHUCTOBYIOTHh (hOpMaJIbHI OOYMCITIOBAIBHI MOJENI Ta €BPUCTUYHI aJITOPUTMH, SIKI JAFOTh
OLITBII peanbHi JaHl PO HABAHTAXKEHHS CUCTEMH Ta BUKOHAHHS 3aBIaHHS.

Posnoaineni anropuTMu miaaHyBaHHS, B 3aJI€KHOCTI BiJl TOTO K MPAIIOIOTH BY3JIH, 110
BUKOPUCTOBYIOTBCSI B MIPOIIEC] TUIAHYBAHHS HE3aJIC)KHO YU CYMICHO, PO3JIUISIOTH Ha 3B s3HI 1
HEe3B’sI3HI. Y BHIAAKY HE3aJEKHOIO IUIAHYBAHHS JIOKAJIbHUN IUIAHYBAJIBHHUK IPALtOE
aBTOHOMHO 1 MpHUiIMae pIlIeHHS 3 ypaxyBaHHSIM OCOOJMBOCTEH CBOIX (QyHKUIH. Y BHUIAAKY
CYMICHOI'O IIJIAHYBaHHsI KOKEH IUIaHYBaJbHMK BIANOBIAA€ 33 BUKOHAHHS BJIACHOI YaCTHHHU
3aBJIaHHS, aJie BCI IUIaHYBAJILHUKH NPAIFOIOTh HaJl BAKOHAHHSIM CIUTBHOTO 3aBaaHHs[9].

IlocranoBka 3aBaaHHs. AHaJi3 OCTAHHIX JOCIIIKEHB 1 MyOJIKaIlii MoKa3as, 10 Ha
TeNepilHii Yac peaizallis IUIAHYBaHHS pECypcaMu B PO3MNOAUICHOMY OOYHMCIIOBAIIEHOMY
cepenoBUIlll MOTPeOy€e TMONMIYKYy HOBHX IMMIJXOMIB 1 HOBUX airOpUTMiB. buibmicts poOiT
NPUCBAYEHUX METOJaM IUIaHYBAaHHS pecypcaMH B PO3MNOJUIEHOMY OOYHCIIIOBAILHOMY
Cepe/IOBUINI BUKOPUCTOBYIOTbCS JUIA BHUDIMICHHS TEBHUX 3aBIaHb, IIOB’SI3aHUX 3
KOHKPETHUMH T'aly3siIMH BUKOPUCTaHHS 1 TOMY HE MOXYTb OyTH yHIBEpCaJIbHUMM.

MeTtoro poOOTH € TpPOBENEHHS aHallizy aJIrOPUTMIB IUIAHYBaHHS pecypcamMu B
PO3MOIICHOMY OOYMCIIOBAIbHOMY CEPEIOBHINI 3 METOI MOIIYKY METOJIB 1 ajlrOpUTMiB
KEepyBaHHS pecypcaMH B MPOOJIEMHO—OPIEHTOBAHOMY PO3IMOAIJICHOMY CEPEIOBHIN 3
ypaxyBaHHAM CHEIU(IKM OKPEeMUX 3aBJlaHb Ta BUKOPUCTAHHS MOXIIMBOCTI MapayieIbHOTO
BUKOHAHHS PI3HHUX 3aB/IaHb.

Buknag ocHoBHoro marepiany. Ilin wac po3poOku anropuTMiB IUIaHYBaHHS
BUpIIIAJIbHE 3HAYEHHS Ma€ BU3HAYCHHS UM € 3AJIeKHICTh MK 3aJadaMd, 4Yd 3a7adi €
Hesanexxkanmu[10]. Knacudikaiiis anroputmiB miiaHyBaHHs, sSika 0a3y€eTbCsl HA HASIBHOCTI 4H
BIJICYTHOCTI 3B’sI3Ky MIX 3a/1adaMy TIpEICTaBJICHA HA PHC.2:
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Pucynoxk 2 — Kimacuikartist anropuTMiB IUIaHYBaHHS 3 3aJICKHIMH 1 HE3aJIC)KHUMH 33aja9aMi
Hoicepeno: po3pobdaeno aemopom

[IpencraBneni BUIlEe aJTOPUTMHU NPOTHO3YIOTh MPOAYKTUBHICTH Ui BiAOOpaKeHHS
3agaui Ha pecypc. B [11,12] 3ampomoHOBaHO alrOpUTMHU sSIKi HE BHKOPHUCTOBYIOTH OIIIHKY
NPOAYKTUBHOCTI aje OCHOBaHI Ha iaei ayOmroBaHHS, SKy MOXHa peani3yBaTH B
PO3MOAUICHOMY OOYHCIIIOBAILHOMY CEPEIOBHII /e OOYMCITIOBAIBLHI PECYpPCH MPHUCYTHI, aye
HE MOCTINHI.

VY Bumajky IUTaHyBaHHA 3ajad, 10 MAalOTh 3aJEKHOCTI 3aBJaHHS NPEICTABISIOTHCA Y
BUTJISIZII OPIEHTOBAHOTO AIMKIIYHOrO Trpada B SKOMY KOXKHA BEpIUIMHA € 3aJadero, a
Opl€HTOBaHE peOpo Mo3HAYA€ MOPSAIAOK MPIOPUTETY MK IBOMA BEPIIUHAMM.

BaxunBoro mpobiemMor0 NpH IUIaHYBaHHI 3aBAaHb 3 IOTOKOBOIO CTPYKTYpPOIO €
KOMIIPOMIC MIK BHUKOPHCTAHHSIM MaKCHUMAaJbHOTO Iapajei3My 3aBllaHb B 3aJlaBaHHl 1
MiHiMi3alii KOMyHiKaliiHux 3arpumok [13]. [lns BupimieHHs JAaHOi TpoOIEeMH B
OOYHCITIOBAIFHUX CHCTEMaxX 3alpOIOHOBAHO TPU BHUAM AQJITOPHUTMIB. aJITOPUTM CIIUCKY,
aNropuTMH JIyOJTFOBaHHS Ta ATOPUTMHE Kitactepu3aiii [14,15].

[lmanyBaHHS CIUCKOM — II€ KJIac AJITrOPUTMIB IUIAHYBaHHS B SIKOMY 3ajadam
MIPUCBOIOIOTH MPIOPUTETH, 3a7a4l BKJIQJAIOTh Y CIIUCOK, BIIOPSAKOBAHUN O MIpi 3MEHIIICHHS
BEJIMYMHMU TIpiopuTeTy. PimenHs npo Bubip 3ajaui /Ui BUKOHAHHSA 13 CIIUCKY BiZOyBa€ThCS Ha
ocHoBi npiopurtety. Kimacuunumu npukiagamu anroputmy crucky € HEFT ta FCP [14,15].

Anroputmy, 110 6a3yroThcs Ha Ty OIIOBaHHI BIAPI3HAIOTHCS CTpATErisiMi BUOOPY 3a1a4
st myomoBaHHsA. CIIOYaTKy ajarOpUTMU IIE€l TPYMH 3aCTOCOBYBAIUCH NI HEOOMEKEHOTO
yuciaa OJHAKOBHMX IPOLECOPIB, TAKHX SK 0araTONpPOIECOPHI CHCTEMH 3 PO3MOJLIEHOIO
nam’sTTI0. TakoX BIAPI3HAIOTHCS OUIb CKJIaJHOK CTPYKTYPOIO B MOPIBHSAHHI 3 MONEPEIHIMH.
Hanpuknanx Darbha, TDS rta i [16].

Jlnst 3acTocyBaHHS B PO3MOJIJIEHOMY CEPEIOBHUII MMi3HIIIE OYB 3alpOTIOHOBAHMM OyB
3allPONOHOBAHUIN AJITOPUTM 3 Ha3BOIO “@JITOPUTM IUIAHYBAHHS OCHOBOIO SIKOTO € J1yOIIOBaHHS
3ama4y jus rereporennuit cuctem” abo TANH [17,18]. Ha rtenepimniii yac anroputmu
3aCHOBAaHI Ha  JAyOJIOBaHHI, B  PO3MOAUICEHOMY  OOYMCIIOBAJIBHOMY  CEPEIOBHII],
BUKOPHCTOBYIOTHCSI BUKITIOUHO JIJIsl HE3aJIe)KHUX 3aBJIaHb.

3acTocyBaHHs aIrOPUTMIB KJIACTEpHU3allil B MapajieIbHUX 1 PO3MOJAUICHUX CHUCTEMax
JIO3BOJISIE 3MEHIIUTH KOMYHIKAIIWHY 3aTPUMKY; iesd TakuX ajJrOpUTMIB B KJIaCTepHU3allil
B3a€MO3B’SI3aHMX 3ajlad B IPYIH ISl TOAAIBIIOrO iX NMPUCBOEHHS MEBHIA BU3HA4YEHIN rpymi
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pecypciB. ITlpukmagamu Ttakux anroput™iB € DSC, CASS-IlI [19]. ExkcnepumeHTasbHi
JOCITI/DKCHHS TAKUX AJITOPUTMIB IPUBOIATHCS B poboTi [20].

BucHoBku. [IpoBeaeHuil aHai3 alropuTMiB IUIAHYBaHHS PECYPCIB B PO3MNOIIICHOMY

OOYHCITIOBAILHOMY CEPENIOBHII TIOKa3y€e, MO0 HAa CHOTOAHINIHIN JI€Hh CTBOPEHO BEJHKY
KUIBKICTh aJTOPUTMIB IJIAaHYBaHHs, OpIEHTOBAaHMX Ha BUKOPUCTAHHSA B PO3MOIUICHOMY
O0YHCITIOBAILHOMY CEpEeJIOBHIII. AJIE€ YacTO TakKi alrOPUTMH HE BPaxXOBYIOTh MPOOJIEMHO—
OpileHTOBaHy creln(iky CepeaoBUINa, a 1€ BIUIMBAE Ha €(PEKTUBHICTh IUIAaHYBaHHSA. B 3B’s3Ky
3 MM TIEPCIICKTHMBHUM € HaIpsiM, TOB’SI3aHUA 3 pO3POOKOI0 alNTOPUTMIB IJIaHyBaHHS
pecypcaMu B PO3NOAITICHOMY OOUYHMCIIIOBAJIBbHOMY CEPENOBMI, SIKI O JO3BOJMIM CTBOPUTH
eeKTHBHY 1 JIi€BY CUCTEMY ITUTaHyBaHHS PECypCiB.
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Analysis of Resource Planning Algorithms in a Distributed Computing

Environment

The article analyzes resource scheduling algorithms in a distributed computing environment. The main
task that distributed computing technologies solve is providing access to globally distributed resources using
special tools. The complexity of managing global resources is due to the fact that access to the necessary data can
occur on different computers. In addition, global distributed computing networks formed from autonomous
resources can change their configuration dynamically. Resource management in heterogeneous distributed
computing systems requires the search for new models of computation and resource management.

Analysis of recent research and publications has shown that currently the implementation of resource
planning in a distributed computing environment requires the search for new approaches and new algorithms.
Most of the work on resource planning methods in a distributed computing environment is used to solve specific
tasks related to specific applications and therefore cannot be universal. The aim of the work is to analyze resource
planning algorithms in a distributed computing environment in order to find methods and algorithms for resource
management in a problem-oriented distributed environment, taking into account the specifics of individual tasks
and use the possibility of parallel execution of different tasks.

The analysis of resource planning algorithms in a distributed computing environment shows that to date,
a large number of planning algorithms focused on use in a distributed computing environment. But often such
algorithms do not take into account the problem-oriented specifics of the environment, and this affects the
efficiency of planning. In this regard, a promising area is related to the development of resource planning
algorithms in a distributed computing environment, which would create an efficient and effective resource
planning system.
computing resources, computer, scheduling algorithms, distributed computing
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