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MeToro 1aHoi poOOTH € ONTUMI3allis MPOIECIiB B JACICHTPAII30BAHIM CHCTEMI TIPH PO3IMOALTY
pecypcy MiXk CIOXHBa4aMU B YMOBax Horo nedinuTy 1 HENOBHOI anpiopHoi iH(opMarii.

Metoauka nociigxenb. [l JOCATHEHHS [TOCTABJIEHOT METH BUKOPUCTOBYBAJINCS aHAIITUYHI
METOJIM Yy MOEAHAHHI 3 METOAAMH IMITAI[IHHOTO MOJIEIIOBAHHS MPOIECIB aJaNTHBHOTO HANAIITY-
BaHHS ONTHUMAJIBLHOTO PEXUMY POOOTH JACLIEHTPANI30BaHOT CUCTEMHU.

Pe3yabTaTH A0CaiAKeHb. 3a/1a49a PO3NOALTY 00MEKEHOTO PECYpPCY € THIIOBOIO 3a/1a4€i0 JOCITi-
JDKEHHA omepalliil 1 mpu BioMuXx ii mapameTpax BUPIIIYEThCS SIK 3a7ja4a YMOBHOI onTumizanii. Ox-
HaK, y JICIEHTPaJli30BaHii CUCTEMI Y KOKHOTO 13 CKJIaIOBHX i €JI€MEHTIB IOBHA anpiopHa iHpopma-
1is PO MapameTpu 3aadi (yciei cuctemu) BiicyTHs. Y Takiil cuTyallii Hectaya, a B KpalHbOMY BHU-
Na/IKy 1 MOBHY BIACYTHICTh anpiopHOI iHPOpMALii 151 KOXKHOTO 3 €JIEMEHTIB JIeLIeHTPalli30BaHOi CH-
CTEMHM HEOOX1JIHO 3allOBHUTH amnocTtepiopHoro. Lle BuMarae y3rompkeHoi cTparterii MOBEIIHKH BCIX
€JIEMEHTIB cUcTeMHU. Y poOOTi 3apONOHOBAHO AITOPUTMH MOBEIIHKH €JIEMEHTIB JICIIEHTPali30BaHOT
CUCTEMH, K1 3a0€3MeUyI0Th ONTUMaIbHE PO3B'sI3aHHS 33]aul yepe3 MEeBHY KUIbKICTh KPOKIB yIpaB-
JIHHS, SKa 3aJI€KUTh BIJ KUTBKOCTI BUX1IHOI 1H(OpMaItii.

HaykoBa HOBH3HA. 3alIpONIOHOBAHO Ta JOCIIKEHO aJTOPUTMHU aJalTUBHOTO HAJaITYBaHHS
JIEIIEHTPaII30BaHOi CUCTEMHU, 1110 3a0e3Meuy€e BUX1Jl Ha ONTUMAIBHUN peXUM I poOOTH MpHU po3Mo-
111 0OMEXEHOT KUTBKOCTI PeCypCcy MK CHOYKUBadyaMHu.

IIpakTHyHa 3HAYUMIiCTh. JlelleHTpai30BaHl CUCTEMH MalOTh PAJ IepeBar y NOpiBHSAHHI 3 Tpa-
JTUIIHHUMY CHCTEMaMH YIPABIIIHHSA P13HOI CTPYKTYpHU: MIJBUILIEHY )KUBYYICTh, CYTTEBE CKOPOUEHHS
KOMyHiKaIiiftHoi amapatypu. Kpim Toro, y neBHUX BHIIaJIKaX 3aCTOCYBaHHS JEIEHTPATi30BaHUX CU-
CTEM € €JMHO MOKJIMBHUM. 3 IHIIOrO OOKY, MMOSIBa Ta PO3BUTOK Cy4yaCHUX MaJlorabapUTHHX 3ac001B
nepepoOku 1H(hOpMaIlii 103BOJsSE TEXHIYHO peaizyBaTH I KOKHOTO €JIEMEHTa CHCTEMH JOCHTH
CKJIaJIHI OOYHCITIOBAIbHI aNrOpUTMHU. TOMy BUBUEHHS Ta BUPIIICHHS 3aBAaHb IMiIBUIIEHHS e(PEeKTH-
BHOCT1 pOOOTH JIeLIEHTPaIi30BaHUX CUCTEM MA€ OUYEBUIHE MPAKTUYHE 3HAUCHHS.

Knrouogi cnoea: oeyenmpanizogana cucmema, po3nooin pecypcy, imimayitine MOOento8anHts,
A0anmueHull aneopumm, anpiopra iHgopmayis, Hcueyuicms, MamemMamudHi Memoou.

®opmy/aoBaHHA NpodaemMu. Haitbib nmommpene BUSHAUYCHHS CUCTEMH TaKe:
CUCTEMA — I1€ CYKYIHICTh €JIEMEHTIB, 1110 B3aEMOIIOTh MK COOO0 JIJIsi TOCSTHEHHSI
CribHOT MeTH. Y 1IbOMY BU3HAYEHHI € TpU XapakTepHi o3Haku [1]:

— HasIBHICTb O1bIIIE OJHOIO €JIEMEHTA;

— 3arajibHa MeTa,

— B3a€EMO/I1SI €JIEMEHTIB.

Cnin, mpoTe, BIAMITUTH, 110 HASIBHICTh O3HAKH «B3a€EMO/I1s €JIEMEHTIBY» Y TIEBHUX
KJIacax CHCTEM 30BCIM HeoOoB'si3koBa. Ha yBa3i MarOThCs EIICHTPaTI30BaHl CHCTEMHU
yIpaBJIiHHS, TOCTIHKEHHIO Ta aHAI3y SKUX OCTaHHIM 4acoM MPUALIIETHCA 0CO0IMBA
yBara [2—3].
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AKTyanbHICTh 3aBaHbh BUBYCHHS JCTICHTPATI30BAHUX CUCTEM YIIPABIIHHS 3yMO-
BJICHA TaKUMH 00'eKTUBHIMH (hakTopamiu [4]:

— MOSIBa Ta PO3BUTOK JIOCKOHAIMX MaJlorabapuTHUX 3ac001B nepepooku iHOop-
Malrlii, o 03BOJISIOTh Peali3yBaTH JOCUTH CKJIa/IHI aJTOPUTMHU;

— TMIBUIICHA KUBYUICTh JACIICHTPAII30BAHUX CHCTEM, 1110 32 TICBHIUX YMOB MOXKE
MaTH BHUpIIIaIbHE 3HAYCHHS;

— CYTTEBE CKOPOUYEHHS y IEIIEHTPATI30BaHUX CUCTEMaX KUIBKOCTI KOMYHIKa-
IIHHAX €JIEMEHTIB, HacaMIepe I JiHIN 3B'I3KY.

OpHi€ro 3 HAUMOIIMPEHIMINX 1 HAaKTyampHINIMX 3a7a4 1]l Yac peani3alii aeme-
HTpPaJIi30BaHOTO ympaBiiHHA [5—6] € 3aBgaHHS ONTHMAJIBLHOMY PO3IOALTY OOMexe-
HOTO PECYpPCY MIXK €JIeMEHTaMU CUCTEMH (CTIOKMBaYaMU).

HegwupirieHoro npo6ieMoro € po3riisii TaKoi JEIeHTPaTi30BaHOT CUCTEMH, Y SKIH €/11-
HUI IICHTP YIIPaBIiHHA BIJICYTHIH, a KOXKEH 13 CIIO’KUBAUiB Mae 00MEekKeHy 1H(HOpMAaILIito.

IMocranoBka 3axa4i KocJrimkennsi. Ha Ko)kHOMY j—My KpoOIIi yIIpaBJIiHHS OCTilHA
Ha TIEp10/11 KBA3ICTAI[IOHAPHOCTI KUIBKICTh pecypcy Q po3MoAuIseThesi MK N CIIOKUBA-
gamu. Y KO’KHOTO € motpeba B pecypei y kinbkocTi C;, i = 1, n. Y 3araibHOMy BUIAKY:

n
>.Ci#Q.
i=1
JI71s1 BU3HAYEHOCT] PO3MIISIAATUMEMO 3aBIaHHS 3 AeDIIUTOM PeCypcCy, KOJIH:
n
Z Ci > Q
i=1

3aava Ipo po3MnoAlT HaUIMIIKOBOTO PECYPCY BUPILIY€ETHCS 3a AaHAJIOTIYHOIO Me-
TonuKor. Ha KoXHOMY Kpolli yrpaBiiHHA HasBHUA pecypc Q po3momiiseThest Mix
CHOKHBAa4YaMH MPOIMOPIIHHO MOJAHUM 3asiBKaM g, [ =1, n, 1, TAKAM YHHOM, KOXKEH

CIIO’KMBAY OTPUMYE TaKy KUIBKICTh PECypCy:

n
Q=Q-gi/2g i=1Ln
i—1

3aB/aHHs MOJISITa€ y BU3HAYCHHI TaKuX 3asBOK g, i = 1, n (TOYHiIEe, aJropuTMy
1
ix (hopMyBaHHS), IPU TKUX KPUTEPii ONTUMATILHOCTI BULY:

n
1= %(Ci-Q)° —>min, M
i=1
Ha0y/le MiHIMaJIbHOTO 3HaueHHs. SIkOu Bes iHdopMaris po notpebu C;, i = 1, n Gyna
0 BiZOMa JIEIKOMY LEHTPaIbHOMY PO3MOALILYOMY OpraHy, TO 3aBJaHHS BHpIIIyBa-
jocs 0, sIK 3a71a4a YMOBHOI onTuMizanii (yHKIIT Ta 3MIHHUX IIPU OJJTHOMY OYEBHIHOMY
OOMEXEHHI:
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n
2Qi=Q (2)
i=1
st (1-2) dynknis Jlarpanka mae BUTIIS:

n 2 n
F=X(Ci-Q) +4 XQ-Q|,
i=1 i=1

1 OIITUMAJIbH1 3HAYCHHSI Qi , 1= 1, n II0OBHHHI1 3aJOBOJIBHATH CUCTCMI1:

(Ci —Qi)=ﬂ/2 I=1n
%Qi -Q=0
i=1

Opnak, y i poOOTI pO3TIsAA€ThCS ACIICHTPAI30BaHa CUCTEMA, Y SIKOi €IMHUN
LEHTp YNPaBIIiHHS BIICYTHIH, @ KOXKEH 13 CIO’KUBa41B Ma€ 0OMEXEHY 1HPOPMALIIIO ITPO
napametpu 3aaaui (1), (2).

OcHoBHa yactuHa. [lapamerpamu 3anaui (1), (2) €: N — KUIBKICTh CIIOXKUBAYIB;
Q — HasgBHa KiMBKICTh pecypey Ta Cj, i =1, n — motpeda y pecypci. Criocid pieHHs
OyJie 3a1exaTu BiJl TOTO, [0 BIJOMO KOKHOMY 13 CIIOKHBAYIB.

[TpunycTrmMo, KO>XKHOMY 31 CIIOKMBAUiB BiJIOMa 3arajibHa KUIbKICTh pecypcy Q i
KUTBKICTh CTIOXUBaYiB N. Y 1IbOMY BUIAJIKy JJII BU3HAYEHHS Y3TOJKEHOI MOCTII0B-
HOCTI JIi{ CJIij] BpaxyBaTH, 1110 po3B'si3aHHs 3aBnanu (1), (2) HacmpaB/i 3BOUTHCS 10
MOIIYKY MiHIMakCMMyMa, TOOTO: min (maxlC,- — Qil) Ta ONTUMAJIbHE PIIICHHS 3310~

BOJIbHSIE YMOBI:
(€ -0)=(C-0)=...=(C,- 2). 3)

*
Jlist BU3HAYEHHSI ONTUMANbHAX 3HAaYCHb (). 11O 33/I0BOJIBHSIOTH (3) Ha MepIomy

KpOIll BCi CHOXXHMBa4l TOBWUHHI 3aMOBUTH HEOOXITHY KUIBKICTH PECypCy, TOOTO
g, = C;, i=1,n. Y pe3ynbrari KOXKEH 13 HUX OTPUMAE TAKy HOTO KIIbKICTb!

n
Q=Q-C/XG,
i=1

sike Meriie Cj, tomy 1o Q < )7_ | C;. [Ticist IbOro KOXKEH i3 CIOKUBAYIB 3 ypaxyBaH-
HsM BiomMux Q 1 N MOXKe BU3HAYMUTH ONTHUMAIbHY KUIBKICTh pecypcy, 10 3aMOBJISI-

€ThCs (1 OJIEPIKYETHCS) g; = Q;, BUXOJISIYU 3 HACTYITHUX MIPKyBaHb:

K= Q;. / C; — xoe(iieHT 3MEHIIIEHHS 3aMOBJICHOT'O Ha MEPIIOMY KpOIli (3araiib-
HUHN JJI51 BCiX);

(Q — Ql.) — OTpPUMAJIU PeCypcy 1HIII CIOXHUBAYl,

(Q — Ql) /K= (Q — Ql) -C;/ Q; — 3aMOBJISUTM 1HIII CIIOKMBAYI;

,C = (Q — Ql.) +C;/Q, + C; —3araibHa KUIbKICTh 3aMOBJICHOTO PECypCy;
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Q; =C; - (X!~ C; — Q)/n — onTuManbHa KUTBKICTh 3aMOBIICHOTO PECYpCY JUIS
I-TO CrokKHMBayva.

SIkmio ampiopHOi iH(OpMaIi y KOXHOTO cliokuBava MeHie [8], To mis Bu3Ha-
YEHHS ONTUMAJIbHOTO 3aMOBJICHHS Q: i =1, n 3Ha0OUTHCS OiNble HiK OJHE y3ro-
JDKeHe 3aMOBJICHHA. Hexail, Harpukia, KO>)KHOMY i3 CTIO)KMBaJiB BijioMa 3arajibHa Ki-
JBKICTh pecypcy Q, ane HeBioMo N. Y 1bOMY BUMNAJAKY ONTHMAaJIbHE 3aMOBJICHHS Q;

KOXKEH I-i1 CIIO)KMBA4 MOXKE BU3HA4YNTH, 3pO6I/IBIHI/I Ha ABOX HOCJIiI[OBHI/IX KpOKax y3-
FOI[}KCHi 3aMOBJICHH Ta OTPUMABIIN HA HUX Bi,ZlFYK, HaIIPpUKJIAA:

g; =C;; Ql’. — 3aMOBJICHHS Ta BIJITYK Ha MEPIIOMY KpOIIi;
gl =(C, - 1) Ql — 3aMOBJICHHS Ta BIATYK Ha APYroMy KpOIii.

Tyt Ha npyromy Kpolli KOXEH CIOXKHMBad POOUTH 3aMOBJICHHS Ha OIMHUIIIO
MEHIIIE 32 TOTpeOy gl = (Cl. —1). ¥ BiAMOBIAHOCTI /10 BUKJIQJIEHO1T BUIIE METOMKU JJIS
JPYTOro KPOKY IMOCITIIOBHO 3HAWIEMO:

- K=0]/(C,~ )
- (0-9),
- (0-9)/K=(0-0)(C,-1/ 0,
- X (G- =(2-9)(C, -/ Q +(C,- D),
ane 3/ (C,—1)=%/_; C; —n 1 OCKiIbKH CyMH BiJIOMi, 3HaXOUMO N.

AHaNOriyHo 3a iBa KPOKU BUPILIYETHCA 3a/1a4a BU3HAUEHHSA ONTUMYMY 1 B TOMY
BUITQ/IKY KOJIH BiIoMO N, ajie HeBigomo Q.

Ha 3akiHueHHs pO3IIITHEMO BHUITAJIKH, Y IKUX 200 HEMOKIIUBI Y3TrO/KEHI MPOOHI

3aMOBJICHHSI, 800 KpUTEpii ONTUMAIBLHOCTI MAa€ CKIIAHIMIUN BUTJISI, HAIPUKIA, €
CYMOIO KBaJIpaTiB BIIXWJICHb 3 BATOMUMH KOE(iIll€HTAMU:

n
|=Zdi(ci—Qi)2—>mi”- 4)
i=1

VY Takux CUTYyaIlisx AOLIILHUM € 3aCTOCYBAaHHSI aJJAITUBHUX aTOPUTMIB (hOpMY-
BaHHs 3aMOBJICHb [7]. Y 1i#t poOOTI A BUpilICHHS 3a1a4i (4) MPOMOHYEThCS KOXK-
HOMY i-My criokuBaueBi Ha (j + 1)-my kporii ¢popMyBaTH 3assBKH 110 HACTYITHOMY pe-
KypPEHTHOMY CITiBBIAHOILIEHHIO:

gi(j+1):gi(j)+s‘(di2'(ci _Qi(j))z‘(gi(j)—Qi(j)))1 (5)

ne S — KoeilieHT, 1110 BU3HAYAE MIBUIKICTh HAJAIITyBaHHS.

AJIanTUBHUI alropuTM HalalITyBaHHA (5) mpane3iaTHuid 3a TOBHOKO aBTOHOM-
HICTIO CIIOKMBAYiB B YMOBAaX BIJICYTHOCTI anmpiopHOi iH(popMaIii po mapameTpH 3a-
nadi: n, Q, d;, C; i=1,n.

Ha pucynky npeacTaBiieHi 3HaU€HHSI OTpUMaH1 B pe3yJIbTaTi pO3paxyHKy 3T1IHO
(5) mpotieciB BUXOy CUCTEMH Ha ONTUMAJIbHUN PEXKUM POOOTH JIJIs1 YHOTUPHOX CTIOKH-
BaYiB:
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(Q;k =16,5; Q; =17,3; Q;k =21,8; Q: = 34,4) IIpY MMapaMeTpax 3aaadi:
n=4;0=90;C;,=(25;30;40;45); d; = (1,5;1,0; 0,7; 1,2).

Qi“ Ci
344

321
305:

24,

22

20-

1 e ¢

o —— (|
. .

cl

Kinekicts pecypey

1 2345678 9101112 ]

Kpoxk HanmamryBanHs
Puc. [Ipouiecu BUX0qy CHCTEMH Ha ONTUMATBHUIN PEKUM POOOTH I HOTUPHOX
cnoxkuBauiB C; i = 1,4.

Sk BUJIHO Ha PUCYHKY, MPOIIEC HAJNAIITYBaHHS MPAKTUYHO 3aKIHUYETHCS 4epes
10+12 xpoxiB.

B pesynbpTaTi mpoBeneHUX JOCIIKEHb Y 3arajlbHOMY BUTAAKY 33 aJTOPUTMOM
(5) Oynu BUSIBIICHI HACTYITHI 3aKOHOMIPHOCTI:

1. IIBuAKICTh HAJAIITYBAaHHS BU3HAYAETHCS MapaMeTpPOM S, OJHAK, MPHU 3a-
HAJITO BEJIMKOMY MO0 3HAY€HH1, CUCTEMa BTpayae CTIUKICTb.

2. HeoOximHa 1151 BUXOIy Ha ONMTHUMYM KiTBKICTh KPOKIB CTA0KO 3aJICKHUThH Bij
po3MipHOCTI 3a1a4i (KiIbKOCTI crioskuBadiB C;).

3. Yac HamamTyBaHHS IPSIMOIIPOTIOPLIHHUN AePIUTY pecypcy.

BucHoBku. Y po0O0Ti 3amporoHOBaHO METOIM BUPIIICHHS 33/1a4l ONTUMAJIBHOTO
PO3MOaLTYy AehIIUTHOTO PECYpCy MK CHOKMBayaMHU JICIICHTPAJII30BaHOI CHCTEMU B
yMOBax 00MeXeHOro 0OMiHY 1H(POpPMAIIEIO MK €IEMEHTAMU CUCTEMHU.

Mertop Ta IBUIKICTH PO3B'SI3aHHS 33/1aul BUBHAYAETHCS KUTBKICTIO allplOpPHOT 1H-
dbopmarrii mpo mapameTpu 3a/1adi BiIoMOI CIIOKHUBaYaM.

3a MOBHOI BIICYTHOCTI 0OMiHY 1H(OPMAIIIE€I0 MiXK €IeMEHTaMU JeIeHTpali30Ba-
HOT CHCTEMH PO3B'S3aHHS 3a/]a4l ONTUMAJILHOTO PO3MOJIUTY pecypcy 3abesnedye 3a-
IIPOITIOHOBAHUH Y pOOOTI aNTOPUTM aalITUBHOTO HAJIAIITYBAHHS CHCTEMH.

3acTocyBaHHS 3aIIPOIIOHOBAHOTO AJITOPUTMY aJalTHBHOTO HAJIAIITYBaHHS 3a0e3-
nevye MBUIKUHN 3a KUTBKICTIO 1Tepalliid BUX1J CUCTEMHU Ha ONTUMAJILHUM PEXUM, sIKa
OPAKTUYHO HE 3aJIEKUTH BIJl KUIBKOCTI CIIOKHBAYIB.
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ABSTRACT
Purpose of work is optimization of processes in a decentralized system during resource distribution
among consumers in conditions of its scarcity and incomplete a priori information.

Methodology. To achieve the goal, analytical methods were used in combination with methods of
simulation modeling of processes that determine the optimal mode of operation of the decentralized
system.

Research results. The problem of allocation of a limited resource is a typical problem of operations
research and, if its parameters are known, it is solved as a conditional optimization problem. However,
in a decentralized system, each of its constituent elements does not have complete a priori information
about the parameters of the problem (of the entire system). In such a situation, lack of information,
and in the extreme case, a complete lack of a priori information for each of the elements of the de-
centralized system must be filled with a posteriori information. This requires a coordinated strategy
for the behavior of all elements of the system. Algorithms for the behavior of the decentralized system
elements are proposed in this work, which provide an optimal solution of the problem through a
certain number of management steps, which depends on the amount of initial information.

Scientific novelty. A new algorithm for adaptive tuning of a decentralized system are proposed and
investigated, which provides access to the optimal mode of its operation when distributing a limited
amount of resources between consumers.

Practical significance. Decentralized systems have a number of advantages compared to traditional
management systems of different structures: increased survivability, significant reduction of commu-
nication equipment. Besides, in some cases, the use of decentralized systems is the only option. On
the other hand, the emergence and development of modern small-sized means of processing infor-
mation allows technically implementing rather complex computational algorithms for each element
of the system. Studying and solving the problems of improving the efficiency of decentralized sys-
tems has an obvious practical significance.

Keywords: decentralized system, resource allocation, simulation modeling, adaptive algorithm, a
priori information, survivability, mathematical methods.
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