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JOCIIIKEHHA MOXJINBOCTI MOJAEJIOBAHHA XMAPHUX CUCTEM
3 BUKOPUCTAHHSAM KJIITUHHOI'O ABTOMATA

Apmem Bonokuma, Bumanuii Konopamiox

NCCIEJOBAHUME BO3BMOXHOCTU MOJAEJIMPOBAHUS OBJIAUYHBIX
CUCTEM C UCHIOJBb30BAHUEM KIIETOYHOI'O ABTOMATA

Artem Volokyta, Vitalii Kondratiuk

RESEARCH OF THE POSSIBILITY OF SIMULATION OF THE CLOUD SYSTEMS
WITH THE CELLULAR AUTOMATON

Tokasano peanizayiio 3anponoHO8AHO20 ANOPUMMY POOOMU KITMUHHO20 A8MOMAMA 05l MOOENO8AHHA HABAHMAICEH-
H Ha xmapHi cucmemu. [Ipogedeno excnepumenmanvhi OOCAIONCEHHSI MOO€I, SKI NOKA3ANU MONCTUBICTNG GUKOPUCMAHHS
Yb020 NioXo0y Oisi GUPIUIeHHs. NOCMABLEHUX 3a80aHb. 3anpononosano nodanvuii moougikayii pospobrenoi modeni, a came
npasu nepexooie Midxic CMAaHaMU KAIMuH, Wo IMimyloms pecypcu XMapHoi cucmemu.
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This paper describes the implementation of the proposed algorithm of the cellular automata to simulate the load on the
cloud system. The experimental researches of the model shows the possibility of using this approach for this task. In the
paper is proposed the further modifications of the developed model, namely the new rules of transitions between states of
cells that imitate the resources of the cloud system.

Key words: simulation, cloud system, cellular automaton, scheduling, resources.
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Beryn. 3a octaHHI KilbKa pOKIB y raiysi 1HGOpMalIiiHUX TEXHOJOTIH OTpuMaia po3BU-
TOK HOBa MapagurmMa — XMapHi 0O4ucIeHHs. X04a XMapH1 0OYUCICHHS — 1€ JIUIIE 0COOTMBUM
cnoci®é HamaHHs OOYMCITIOBAILHUX PECYPCIB, a HE HOBAa TEXHOJIOTISA, ajieé BOHU MPHUBEIH [0
peBoToLii B MeTo1ax HajaHHs 1Hdopmaii Ta mocayr [1]. XmapHi 00UnCIeHHS — 11e KOMILIe-
KCHE pIIIeHHS], 110 3aCHOBAHE Ha IHTEPHET-TEXHOJIOTIX, B IKOMY PECYpCH 3arajJbHOr0 KOpH-
CTYBaHHS HAaJarOThCsl KOpUCTyBauaM y BUIJISAL cepBicy. Komm'rorepu B XmMapi HalaliToBaH1
Ha CHUIbHY po0O0Ty, a pi3Hi I0JaTKH BUKOPUCTOBYIOTh CYKYIHY OOUYHMCIIIOBAJIbHY MOTYKHICTb.
Konuenuis xmMapHuX 0OUYMCIIEHb 3aCHOBAaHA Ha BIIEBHEHOCTI B TOMY, IIO Mepexka IHTepHer
3/1aTHA 3a/I0BOJIBHUTH NOTPEOU KOPHUCTYBauiB B FeHEpyBaHHI Ta OOpPOOJIEHHI JaHUX Y LIUPO-
KHUX Jlana3oHax [2].

Ha cporoani y mpoiieci MOJIENIOBaHHS PI3HUX CHCTEM aKTUBHO BUKOPHUCTOBYIOTHCS KIIi-
THUHHI aBTOMaTu. KIIITUHHUI aBTOMAT CKIIAZA€ThCs 3 PETYJSPHOI PEIITKH KOMIPOK (KJIITHH),
KOJKHA 3 SIKUX MOKE 3HAXOJUTHUCH B OJTHOMY 3 KIHIIEBUX CTaHiB, Hampukiag 0 abo 1. J{ms xo-
KHOT KJIITHHU BU3HAYEHO MHOKMHY KJIITHH, SKi € ii cycizamu. J{ias poGoTH KIITUHHOTO aBTO-
MaTa MoTpiOHO 3a/laTH MOYATKOBHUM CTaH BCIX KIITHH 1 IIpaBUja MEpPeXoay 3 OJHOrO CTaHy B
1M, Ha kosxHil iTepallii, BUKOPHUCTOBYIOUHM NPaBUJIa NEPEXO/y Ta CTaH MOTOYHOT KIITUHU
Ta 11 CyciaiB, BU3HAYAETHCS HOBHM CTaH KOXKHOT KJIITUHU. 3a3BUYall MpaBUiia MePexo1y OJIHa-
KOBI1 IS BCIX KJIITHH 1 3aCTOCOBYIOTHCS BOJHOYAC 0 Bciel pemritku. Huni HalOuIbm Bigo-
MUMH MpaBUIaMH NEPEXOJIIB KIITUHHOTO aBToMmara €: rpa «Kurrs», npasmwio 90, npaBuio
110, aBromat ¢on Heitmana, aBromat WireWorld [3].

AHaJi3 ocTaHHIX q0c/iKeHb 1 myOaikamiii. Po3risiHemo gesiki Bxke B1IOM1 Ha ChOTOTHI
CUCTEMH MOJICJIFOBaHHS XMapHUX 00YHCIICHb.

Ilnamgpopma CloudSim — ne yzaranpHeHUN 1 MacmITaboBaHMU 3aci0 MOJCITIOBAHHS, KU
JI03BOJISIE€ 3IIMCHIOBATH TOBHOIIIHHE MOJICTIOBAHHS Ta CUMYJISIIII0O XMapHUX OOYHCIIIOBAIb-
HUX cucTeM Ta iHPpacTpykTyp. Ll miardpopma € posmunpeHHsM 06a30B0i (yHKI[IOHATIBHOCTI
mnatdopmu  GridSim, 3a0e3medyrourd MOKIMBICTH MOJCIIOBAHHS CXOBHWINA JaHHUX, BeEO-
CEPBICIB, pO3MOJIUT pecypciB MK BipryansHuMu MammHamu [4]. Snpo CloudSim Gasyerscs
Ha JBUWKKY SimJava, akuil miaTpumye Taki 0a30B1 QyHKIll, SK BUKOPUCTAHHS 4yepr Iif 4ac
00poOJIeHHs MO/1ii, CTBOPEHHSI XMapHUX €JIEMEHTIB (CEepBICIB, BY3JIIB, LIEHTPIB 00pOOIEHHS
JaHuX, OpOKEpIB pecypciB 1 BIPTyalIbHUX MAIIMH), B3a€EMO/III0 MDK €JIEeMEHTAMU CUCTEMH M
yhpaBiiHHSA MoJentoBaHHAM. [1i1 yac po3poOaeHHsI MOAEIl XMApHOTO CEepeloBHUIIla KOPUCTY-
BayeBl HEOOXITHO MPOBECTH JOOIPALIOBAHHS KIOYOBUX KOMIIOHEHTIB Ui JOCATHEHHS pe-
3y/lbTaTiB, MAaKCUMaJIbHO HAOMMKEHUX N0 peajbHuX. BapTo BimzHauuTH, mo miatdopma
CloudSim He Mae MOXXIUBOCTI BHECEHHS 3MIHM B CUCTEMY Oe3MmocepeHpo i yac GyHKIIIO0-
HYBaHHS MOJIEJ, 1110 HAKJIaJa€ MeBH1 0OMEXEHHS Ha MOKJIMBOCTI TIATOPMH.

Inamepopma CDOSim (Cloud Deployment Options Simulator) — 1ie cCUMyIATOp, OCHOB-
HUM 3aBJIaHHSIM SIKOTO € OI[IHIOBaHHS MPOAYKTUBHOCTI XMapHOI OOYMCIIOBAIbHOT CUCTEMU
a6o mdpactpykrypu [4]. [Imarhopma CDOSIm npusHaueHa ajsi MOPIBHSIHHS PI3HUX BapiaH-
TIB PO3TOPTAHHS XMapHUX CUCTEM Ta IHPPACTPYKTYp, 1110 J03BOJISE ONTHUMI3yBaTH BUKOPHC-
TaHHS JOCTYIIHUX PECYpPCIB 1 MIABUIIUTU MPOIYKTUBHICTh XMapHOi OOYHMCIIIOBAJILHOI CHCTE-
Mmu. [Inarpopma CDOSIm n03Bosisie THYYKO 3MIHIOBaTM OCHOBHI MapaMeTpu PO3TOPTaHHSA
XMapHUX CUCTEM Ta IHQPACTPYKTYp: CTpATerii pe3epByBaHHS pecypciB CUCTEMHU, KOHPIrypa-
i eK3eMIUIIPIB BIpTyaJbHUX MAIllMH, allapaTHi 1 porpamHi 3aco0u, 1110 BUKOPUCTOBYIOTHCS
U1 pO3pOOKU 0OYHCITIOBAILHOT CUCTEMH, a TAKOXK IMapaMeTPU MEPExKI.
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Ilnamepopma TeachCloud — 1e cuMynasTop XMapHUX OOYHCIIOBAIBLHUX CHCTEM, SKUM
crenianbHo po3pobnenuit it HaByaHHs [4]. [lnardpopma TeachCloud nagae npoctuii rpadi-
YHUH 1HTepdelc 1 MOKIIUBICTh 3MIHIOBaTH KOH(Irypalio Ta HaJJaITyBaHHA XMapHOi o0uuc-
JIIOBAJIbHOT CUCTEMH, a TaKO>X IIPOBOJAUTU €KCHEPUMEHTH 3 MOXJIMBUMU KOH(IrypalisiMu Ta-
KOI CUCTEMH.

Inamgpopma iCanCloud — 11e mporpaMHUN CUMYIATOP BEIUKUX MEPEKEBUX CXOBHII Ja-
Hux. [Inardpopma iCanCloud 103BOJIIE MAaKCUMAIIBHO ONITUMI3YBaTH BUKOPUCTAHHS PECYpCIB
KOHKPETHUM JI0JIAaTKOM Yy KOHKPETHOMY OOYHCIIOBalbHOMY cepenoBuinil. [lnatdopma mae
MOBHOILIIHHUN rpadiuHuil 1HTEpQeiic, sIKui J03BOJISE MOBHICTIO CIPOEKTYBAaTH 1 BUKOHATH
CUMYJIAIIII0 XMapHOTO cxoBuia ganux. Kpim Toro, minardopma iCanCloud no3BoJisie BUkoHa-
TH po3napajiestoBaHHs CUMYJIALI XMapHO1 004YHCITIOBATIbHOT cucTeMu [4].

Meta crarTi. ['0J10BHOIO METOIO I1i€] pOOOTH € peanizalliss MOJAeN XMapHOI CHCTEMH, 3a
JIOTIOMOTOI0 SIKO1 MOXJIMBO IMITYBaTH BUKOPUCTAHHSI HasiBHUX PECYpCIB Ta TEMIIM HApOILy-
BaHHS 00UYMCITIOBATILHUX MOTY>KHOCTEH CHCTEMHU.

[InanyBaHHs pecypciB € KpUTUYHO Ba)KJIMBUM aclE€KTOM YIIPABJIIHHS pecypcaMu XMapHUX
00UYHCITIOBAIBHUX CUCTEM. BIiAMOBITHO, MOKIIMBICTh MOJICTIOBAHHS PI3HUX MIIXOJIIB 1 ajro-
PUTMIB IJIAHYBAHHS PECYpPCIB € HEOOX1HOK (YHKIIOHAJBHICTIO OY/b-SKOI CUCTEMHU MOJIe-
JIIOBAHHS PO3IMOAUICHUX 00YUCITIOBAILHUX CUCTEM [5].

[1nanyBanHs nependayae CijibHe BUKOPUCTAHHS PECYPCIB Ha IEKUIBKOX PIBHAX:

— anapaTHUM piBeHb, TOOTO CHUIbHE BUKOPUCTAHHS cepBepa ACKUIbKOMA BIPTyaIbHUMU
MalluHaMy;

— piBeHb BIPTyaJbHUX MAIIMH, TOOTO KOXKHA BIpTyajbHa MalllMHA MO’KE€ BUKOPHCTOBYBa-
THCS OJIHOYACHO KUTbKOMA JI0JIaTKaMU;

— IPUKIIAJHUI pIBEHb, TOOTO KOXKHHUM JOJATOK MOXE BUKOHYBATH JEKUIbKa 3a/1ay rapa-
JIEJIBHO.

OCHOBHMM 3aBJIaHHSIM IIJIaHYBaJbHUKA XMApHOi 0OYMCIIIOBAIIBHOI CUCTEMU € 30UIbIIEHHS
MIPOITYCKHOT CIIPOMOKHOCTI CUCTE€MH, TOOTO 30UIBbIIEHHS KUIBKOCT1 3a/1ay, OOYHMCIIEHUX 3a
OJIMHUIIO 4Yacy, 1 CKOPOUEHHS 4acy BUKOHAHHS KOKHOTO 3aBJlaHHA. ICHYIOTBH pi3HI MiIX0IU
710 MJIaHYBaHHS PECYPCIB Y XMapHUX 00UMCITIOBAIbHUX cUcTeMax. HallOuibll MOMUPEHUMH €:

— LEHTpai30BaHe IJIAaHYBAHHS;

— lepapXxiyHe IIaHyBaHHS;

— pO3NOoUIEeHE TUIaHyBaHHS.

Huni y nporieci MoientoBaHHs JUHAMIYHUX CUCTEM OJTHUM 3 MOXJIMBHX MIIXOJIIB € BUKO-
pUCTaHHS KIITUHHUX aBTOMaTiB. KiliTHHHUN aBTOMAar € MaTeMaTuyHUM 00 €KTOM 3 JTUCKpeT-
HUM IpocTopoM 1 yacoM. KoxHe 1osi0skeHHS y TPOCTOP1 MPEACTaBICHO OKPEMOIO KIIITHHOIO, a
KOKEH MOMEHT 4acy — JUCKPETHUM TUMYACOBUM KPOKOM a00 MOKOIIHHSM. CTaH KOKHOT KJIi-
THHU BHU3HAUYAETHCSA MPOCTUMH MpaBuiiaMHu B3aemofii. Lli mpaBuia BU3HAUalOTh 3MIHM CTaHy
KO’KHO1 KJIITUHU B HACTYITHOMY TaKT1 4acy y BIJNOBIb Ha MOTOYHHUM CTaH CyCIAHIX KJIITUH [6].

3BakarouMd Ha BHUIE3a3HAYCHE, MOKJIMBO peaji3yBaTH MOJENIb XMapHOI CUCTEMH 3a JO-
MIOMOTOI0 CIIELIaJIbHO PO3pO0JIEHOTO KIITHHHOTO aBTOMaTa, SIKMH IMITYe cepBepH, Ha SKHX
PO3MIILIEHO XMapH, 10 BUKOPUCTOBYIOTh NEBHY KUIBKICTh PECYpPCIB Ui CBOiX OOUYMCIIEHbD.
Knituau B 1iif MoJeni BIANOBIAATUMYTh pecypcaM cucteMu. KulbKicTh HEOOXITHUX pecypciB
JUTSI KOKHOT XMapH OyJie MOIEIIOBATUCS 32 IOTIOMOT010 TOTOKY Epianra.

Sk pe3ynbTar — 3anpOINOHOBAaHA CUCTEMa MOJIEIIOBAHHA J03BOJIUTh JOCIIPKYBAaTH MHapa-
METpPU HABAaHTA)KEHHS Ha CEpBEp Ha amapaTHOMY pIBHI 3 BUKOPUCTAHHSIM PO3MOJUIEHOTO
IJIaHYBaHHS.

BuxkJjaa ocHOBHOro Marepiasy. 3riHo 3 KITAaCHYHUMH KOHIEIIISIMHA KIITHHHANA aBTOMAT
MIOBUHEH BIAMOBIJATH TaKUM MPaBUJIAM:
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— 3MIHM 3Ha4eHb BCIX KIITHHOK BiIOyBarOThCS OJHOYACHO Micisi OOYMCIIEHHS HOBOTO
CTaHy KO>KHOI KJIITMHKHU PEUIITKU. |HaKile nopsaIoK nepedopy KIITHH PEelIiTKH i yac mpo-
XOJDKEHHSI ITEpaTUBHOTO MPOLIECY CYTTEBO BIJIMBAB O HA pe3ysbTar.

— Pemritka omHopinna. HeMoXIuMBO BIAPI3HUTH ABA MICIA HA PEIIITI MO JaHIadTy.

— Bzaemonii nokainbHi. JIuiie OKOJIUILHI KIITUHKY (SIK MPAaBUJIO, CYC1/IH1) 34aTHI BIUIMHY-
TH Ha JIaHy KJIITUHKY.

— MHouHa cTaHIB KJIITUHKH KiHUeBa. Lls ymoBa notpiOHa, 1100 A1 OTpUMaHHS HOBOTO
3HAYEHHS CTaHy KJIITUHU MOTPIOHO OyJ0 BUKOHATU KIHLEBY KUIbKICTh OTEpaLiil.

VY 1iit cTaTTi 3aMpONOHOBAHO peaizallisi ABOBUMIPHOIO KJIITUHHOTO aBTOMaTa Ha YMOBHO
HecKiHYeH1H miuomuHl. ToO6To B IbOMY BUMAJKY KIHII IJIOIIMHU 3’ €IHAHI MK cO0010, YyTBO-
PIOIOYM MOBEPXHIO reoMeTpuyuHOi (irypu top [7]. Takuil KIITHHHUI aBTOMAT MpaIioe 3a Ta-
KUMH NpaBUJIaMHU:

— KinbkicTe pecypcis, siki HEOOX1IH1 1711 00YUCICHb KOHKPETHOT XMapH, TeHEPYETHCS 3a
JI0TIOMOT010 IOTOKY Epiianra TpeThoro nopsky.

— KnituHu noparoThest 10 XMapu, SIKIIO YHCIIO, SIKE 3T€HEPOBAaHO 3a JIOTIOMOIOI0 MOTOKY
Epnanra, Gublie HDK IOTOYHUHN pO3MIp XMAapH, 1HAKIIIE KIITUHU Oy1yTh BUJTAJIATUCH 3 XMapHu.

— 3a ofHy iTepallilo po3Mip XMapu MOXK€ 3MIHUTHCH He Outbine HiK Ha 30 % Bix moTod-
HOTO PO3MIpY.

— MinimManbHUN po3Mip XMapu — ojiHa KiiThHA. KojkHa KiiTHHA sBjsie cO00I0 OJIHY OJU-
HULIO pecypcey, SIKUM HeOOX1THUM AJ1si BUKOHAHHS 00YKCIIEHb IEBHOIO XMapOIo.

Jljis IpOBEEHHS €KCIIEPUMEHTANIbHUX JOCIIIKEHb 3allpOIIOHOBAHOT MOJIEJI XMapHOI CH-
CTEMH pealli30BaHO IporpamHe 3abe3neueHHs s IMiTallii HaBaHTaXEHHsS Ha XMapHi pecyp-
cu. Ha mutockiii moBepxHi po3MilleH] KIITHHKH, 110 MO3HAYalOTh BIANOBIIHI pecypcH, sKi
XMapu BUKOPUCTOBYIOTh Ul CBO€1 poOoTH. BBakaeThcs, 1110 KOXKHA KIITUHA Ma€ Bary — OJiu-
Huug. Ha 3aMKHyTOMY 1011 pO3MILIIEHO IT’ITh XMap, sIKl MalOTh PI3HUM KOJIIp Ta pi3HI [oYar-
KoB1 cTtaHu. Ha KoXHII iTepalii reHepyeTbcs 4HCIO 3a J0NOMOrol mnotoky Eprnanra, sike
03HAYa€ KUTBKICTh PECypPCiB, IO MOTPEOYE OKPEMO B3sATa XMapa JIsi CBOET pOOOTH.

SIK11o yucno, sike 3reHepoBaHo, € OUIBIIMM HIK MMOTOYHUN PO3MIP XMapH, TO BUBHAYAETh-
Csl KUTBKICTh PECYPCIB, 5IKI HEOOX1IHO J0JaTH, TOOTO 0OpPaXOBYETHCS PI3HUIIL MDK FeHEpOBa-
HUM YHCJIOM 1 MOTOYHMM po3MipoM xmapu. KoxkHa xmapa HamaraeTbCsl 3ailHATH B IMEpPILY
Yepry pecypcu, siki € BUIbHUMHU, TOOTO MYCT1 KJIITHHH, 110 MEXKYIOTh 3 HE0. B MoaentoBaHH1
KJIIITUHHOTO aBTOMAaTa BHKOPHUCTOBYETHCS OKOIHUISI Mypa, TOOTO pO3IIIsiIaeThes BiCiM CycCia-
HIX KJIITHH.

Sx11o0 HaBKOJIO 1€ XMapy HEMAE BUIBHUX PECypCiB, a00 IIUX PECYPCIB HEIOCTATHHO, XMapa
MO’K€ POOMTH 3alUT Ha HaJaHHS 1 HEOOXITHUX pecypciB 0 CyciaHiX xmap. s 1boro KoxHa
XMapa MoBHUHHA 30epiraT B am’T1 KUIbKICTh PECYPCIB, sIKI BOHa BUKOPHUCTOBYBaJIa Ha KOXKHIM
irepanii. TakuM 4MHOM, ICHYE 3B’SI30K 3 MONEPEIHIMU CTaHaMu XMapu. ToOTo, HampuKIamd,
SKIIO POOUTHCS 3aIUT A0 OJAHIET 3 XMap Ha HAJIaHHS 5 OJUHUIB PECypCy, il MOTOUHHUI PO3MIp
ctaHoBUTH 20, a B cepeTHbOMY i 17151 poOoTH HeoOXimHOo 15, To BOHa MOKE BIIIATH 5 OTMHULIB
pecypcy. Inakmie 3anut Oyne BigxuieHud. AJe s 3a1a4a noTpedye TOAATKOBUX JIOCHTIHKCHb,
SIK1, MOYKJIMBO, TIOBUHHI OyTH 3aCHOBaH1 Ha 3aC00aX IMITYYHOTO IHTEICKTY.

SIK1o reHepoBaHe YMCIIO € MEHIIMM HDK MOTOYHUN PO3MIp XMapH, TO BU3HAYAETHCS Ki-
JBKICTh PECYPCIB, sIKI HEOOXITHO 3BUTHHUTH. MOJIEIb T03BOJISIE MIPOCTEKUTHU MOBEIIHKY KOXK-
HOT KOHKPETHOI XMapu, BU3HAUUTH 1i mapameTpu. EkcriepuMeHTH noKa3ytoTh, SIK 3MiHa Hapa-
METpIB BIUIMBA€E HA MOBEJIHKY 1 MPOAYKTUBHICTH CUCTEMH.

VY 3MoJenboBaHiil XMapHiil cucTeMi 3asBKM Ha peCypcH reHepyrTbes 1notokoMm Epmanra
TPETHOro MOPSAJKY 3 iHTeHcUBHICTIO A=1,1. Ha pucynkax 1-2 300paxeHO 1Mo4yaTkoBUN CTaH,
STy Ta I ATHAAUATY iTepalii BIAMOBIIHO.
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Puc. 1. [louamxosuii cman ma n’sma imepayisi mooemoganns (k=3, A=1,1)

Puc. 2. I[I'smnaoysma imepayis modemosanns (k=3, 2=1,1)

3 HaBEJICHUX BUILE PUCYHKIB BUJHO, L0 3a TAKUX HAYAJILHUX YMOB (TFeHepallis 3asiBOK Ha
pecypcu nipu mapametpax k=3 ta A=1,1), HaBaHTa)XEHHA HAa XMapHY CHUCTEMY € HE3HAYHHM, i
JIOBOJI1 Oarato pecypciB € BUIbBHUMH. 3MOCIIOEMO cucTeMy 3 mapamerpamu k=3 ta A=0,5. Pe-
3y/lbTaTH MOJIEITIOBaHHS 300pakeHi Ha puc. 3. Ha puc. 3 300paxeni nuiie pe3ynbTaTs s S5 Ta
15 irepariii, OCKIIbKM IOYaTKOBUI CTaH TOM caMuii, IO 1 B [IONIEPEIHHOMY MOJIETIOBAHHI.
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Puc. 3. I[I’sma ma n’smuaoysima imepayii mooemosanus (k=3, 1=0,5)

V pasi 3MEHIIEHHs IIapaMeTpa A HaBaHTaXXEHHS Ha CEpBEP 3pOCTA€, OCKUIBKM XMapH IO-
YHHAIOTh 3aliMaTu Bce Oublie pecypciB. [Ipu oMy KUIBKICTh pecypciB, SIKi BAUKOPHUCTOBY-
I0ThCS MICHS 5 iTepalii, IPaKTUYHO HE 3MIHIOETHCS.

Huxue HaBeneHi rpadiku 3ajeXHOCTI KUIBKOCTI PECYpPCiB BiI IHTEHCUBHOCTI MOTOKY (4)
JUIS KOYKHOT XMapu Ha JAecATii irepauii (puc. 4).
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Puc. 4. I'paghix 3aneszcrnocmi Kinbkocmi pecypcis 6i0 iHMeHCUBHOCME NOMOKY

Sk BUAHO 3 pe3yabTarTiB, 110 300pa’keHl Ha HaBeAECHUX BUIIE Ipadikax, y BUMAJIKY 301U1b-
IIEHHS TTapaMeTpa A KUIbKICTh PECYpCiB, SIK1 BUMArae CHCTeMa JjIsi CBO€1 pOOOTH, 3MEHIITY€EThCS
(uuM OlbIIAa IHTEHCUBHICTH, TUM MEHIII YMCIIa FEHEepYeE MOTIK), a KoJiu A ctae OuibiuM 3a 0,5,
TO T€HEPOBAHI YKCIIa IPAKTUYHO HE 3MIHIOIOTHCS YIS KOXKHOT XMapH 1 IPSIMYIOTh JI0 HYJIS.

Hanpuxnan, npoBeneMo MOJAETIOBAHHS IPU J0BOJII HU3bKOMY 3HA4y€Hl A, 110 JIOPIBHIOE
0,01. Pesynbratu st 5 1 15 ireparniii BIAMOBIAHO 300paxkeH1 Ha puc. 5.
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Puc. 5. I[I’sma ma n’smuaoysima imepayii mooemosanns (1=0,01)

Sk BUAHO 3 pHC. 5, MaKCUMaJIbHE HaBaHTa)KEHHS HAa CHCTEMY ITOYMHAETHCS Bxke michs 15
iTepanii, XMapu Ui ONTUMAIbHOI pOOOTHU MOBUHHI POOUTH 3alUTH 10 XMap CYCIJiB Ha Ha-
JaHHS iM HEoOX1IHUX pecypciB. Tako MOLUIBHO CKa3aTH Mpo T, L0 B TAKOMY BUIAAKY 3a-
IJIAHOBAHO JIOBOJII BUCOKY PI3HHUIIIO B KUIBKOCTI PECypcCiB, 110 MOTPeOYIOTh pi3HI XMapH, TO-
MY € CYTTEBI BIIMIHHOCTI MK PO3MIPOM XMapH 3€JIEHOT0 KOJbOPY Ta IHIIUMH.

JlaH1 1OCHIPKEHHs OKa3aidl TEOPETUYHY MOXIIMBICTh BUKOPUCTAHHS KIITHHHOTO aBTO-
Mara Jyisi MOJICTIIOBaHHSI XMapHUX CHUCTEM, OCOOJIMBO y BHUIAAKaxX 30UIbIICHHS TOTPEO y pe-
cypcax 4M KUIbKOCT1 XMap IIpU 0OMEKEHUX arapaTHUX 3aco0ax.

BucHoBku i npono3umii. ¥ po60Ti 3apONOHOBaHO BUKOPHUCTaHHS KJIITUHHOTO aBTOMara
JUIs IMITallli HaBaHTKEHHS Ha XMapHY cucteMy. Po3po0iieHo nmporpaMHe 3a0e3nedeHHs Al MOo-
JIETIOBaHHS 3MIHU pO3MIpYy XMap MpH PI3HUX KUIBKOCTSAX 1 apaMeTpax 3aBJaHb KOPHCTYBaYiB.

[Toka3zaHo, 1110 BUKOPUCTaHHS 3alIPOIIOHOBAHOIO KJIITUHHOTO aBTOMaTa (MpaBuil Mepexo-
JIB MDK CTaHaMH KJIITHH) IS MOJICTIOBAHHS HaBaHTa)XCHHS HAa XMAapHY CHUCTEMY JI03BOJISIE
aHaJII3yBaTU JOUUIbHICTh 30UIbIIEHHS/3MEHIICHHS KUIBKOCTI pPecypciB, SKiI HEOOXIAHI s
00uKCIIeHb, HAIPUKJIIAJ, B yMOBaX 3MIHU KUIbKOCT1 KOPUCTYBayiB.

PeanizoBana Mojienb € NEPCIEKTUBHOO IS MOAAIBIINX MoAudikal(iif. OAHUM 13 MOXKIIU-
BHX HOBOBBEJICHb € CTBOPEHHS MOJIEJICH XMap, sIK1 3MOXKYTh OOMIHIOBAaTHUCh PeCypcaMH, Ha-
BITh SIKILIO BOHHU HE € CYCIIHIMU XMapaMH. TakoX y KOXKHOI XMapy MOXJIMBO peasi3yBaTH 0a-
JIAaHC 3aM03WYEHHUX PECypCiB, 1 KOJIM OalaHC JOXOAUTH JO KPUTUYHOI MEXI, pecypcu XMapu
MOTJIMHAIOTECA 11 KpenuTopaMu. Taki 3MIHM BIAKPUBAIOTh IUISAXH JUIsl OUIBII THYYKOrO Ta
MIHOOKOT0 aHali3y MOJCIIbOBAHOT CUCTEMH.
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PO3POBJIEHHA MOJAEJII MEPEXI PO311JIbBHOI'O 3UPAHHS TBEPAUX
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PA3PABOTKA MOJIEJI CETH PA3JEJBHOIO CBOPA TBEPIBIX BBITOBBIX
OTXOJ0B

Thor Korniienko, Svitlana Korniienko, Artem Koshma

DEVELOPMENT OF A NETWORK’S MODEL OF SEPARATE COLLECTION
OF SOLID WASTE

Posensinymo npobnemy 36upanns meepoux nobymogux 6ioxodis. Ha ocnoei suxonanux pawiwie 00ciodicenb 3anponoHo-
6AHO AHANIMUYNY MOOENb OYIHIOBAHHS NAPAMEMPIE Mepedici pO30iNbHO20 30upants meepoux nodymosux 6ioxodis. Kinyesum
NPUBHAYEHHAM NPONOHOBAHOL MOOEi € ONMUMI3AYIsL RPOCMOPOBOT CIMPYKMYPU MePedci po30iNbHO20 30upants 8i0X00ie.

Knrouogi cnosa: meepoi nobymosi 6i0xoou, ananimuuna MoOeib, CUCHEMAa MAco8020 00CY208Y8aAHHA.

Puc.: 3. bion.: 7.

Paccmompena npobnema coopa meepovix bbimosvix omxo006. Ha ocrose evinonnennvix panee ucciedosanuil npeoiodicena
AHATUMUYECKAsL MOOETb OYEHKU NAPAMEmpOos Cemu paz0eibHo2o coopa meepovix Obimoewbix omxo0os. Koneunvim naznavenuem
npeonazaemoil Mooenu AGIAEMcs ONMUMU3AYLUS RPOCIPAHCMEEHHOU CIPYKMYPbL Cemi pazoeibHO20 cO0pa OmXo008.

Knrouesvie cnosa: mgepovie Obimosvle 0mxoobl, AHATUMUYECKASE MOOETb, CUCIEMA MACCO8020 0OCTYIHCUBAHUSL.

Puc.: 3. bubn.: 7.

I have reviwed the collection of solid waste issue. Based on the earlier investigations the analytic model of evaluation of
the parameters of network setting of separate collection of solid waste has been proposed. The ultimate purpose of the
proposed model is the optimization of the spatial structure of the network of separate waste collection.

Key words: municipal solid waste, analytical model, a queuing system.

Fig.: 3. Bibl.: 7.

IlocTanoBka mpodaemMu. Y OUIBLIIOCTI MICT PO3BMHEHUX KpaiH BIPOBA/DKEHA CHUCTEMaA
po3auibHOTO 300py TBepaux noOyroBux BiaxoaiB (TIIB), y skiil 3i0paHe cMITTS oJepxKye
BTOPUHHY NepepoOKy W BHKOPHUCTaHHS y BUPOOHUIITBI. HamaromkeHnHs momaiOHOT cucteMu B
HalIi KpaiHi noTpedye neperisay nigxoay 10 (GopMyBaHHS CUCTEMHU MEPBUHHOTO 30MpPaHHS
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