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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaJbHicTh TeMu. CborofHi 6araTo HayKOBHX JOCIIKEHb MOB’S3aHO 3
MOJICJIIOBAaHHSIM CHCTEM BEJIMKOro po3Mmipy. Jns peamizamii Takux 3aBllaHb
BUKOPHUCTOBYIOTh HOBITHI 1H(GOpMaIliiHI TexHoJorii, g0 skux Hanexars GRID-
TEXHOJIOTIi Ta TEXHOJIOT1i XMapHUX OO0YMCIIeHb, €()eKTUBHI METOJIM OpraHi3allii SKuX
3HAXOASAThCA Y CTaHl PO3BUTKY. 3aCTOCYBaHHS PO3MOJLIEHOTO IMITALIMHOIO
MOJIETIIOBaHHSI OCTAHHIM 4YacOM JO3BOJIMJIO 3HAYHO PO3MIMPUTH KIIAC peali3oBaHUX
IMITAIIfHUX MoOJENel 3a PaxXyHOK BHKOPUCTAHHS BEJIMKOI KUIBKOCTI MOTYKHHX
OOYHCITIOBAILHUX PECYpCiB, JO SKUX MOKHA BITHECTH JIOKaJIbHI Ta TJIOOATbHI
KOMI'IOTEPHI ~ MEpexi, CyNepKOMI'IoTepH, KiacTepu. Y  1bOMYy MpoIieci
BUKOPUCTOBYETHCSI 3HaYHA KUIBKICTh PO3NOALICHUX OOUYMCIIOBAIILHUX PECYPCIB, L0
MalOTh BEJIMKY BapTicTh. TOMy iICHye HEOOXIAHICTh Yy HAYKOBHX JOCIHIDKEHHSX 3
IIMPOKOTO KOJIa MHUTaHb, IOB'S3aHUX 3 TEOPIEI OpraHizamii caMoro mpoIecy
PO3MOUIEHOTO IMITAI[IHHOTO MOJENIOBaHHSA, OOyMOBJIEHa MIHIMI3alll€l0 3aTpaT Ha
IPOBEJIECHHS J1IaHOTO TPOILIECY, AKa MOXKe OyTH JOCATHYTa HUIAXOM 3MEHIICHHS 4Yacy
MOJIETIOBaHHS Ta KIJIbKICTI 00UHCIIIOBAIbHUX PECYPCIB.

3a 4yac cBOro iICHyBaHHS CUCTEMH IMITAIIITHOTO MOJICTIOBAHHS MTPOMIILIN IIUISIX
BiJI OJIHOKOPUCTYBAJIBHUX IMPOTpaM 1 CEPEIOBUIL, 10 JO3BOJIAIOTH CTBOPIOBATU SK
HaWMPOCTIII MOCTIOBHI MOJIEII, TaK 1 BEJIMKI PO3MOIIICHI IMITAIlIHHI CUMYJISITOPH,
o0 00'€eIHYIOTh PIZHOPIAHI BIJJAJEHI MOJENI, CTBOPEHI PI3HUMHU PO3POOHUKAMH,
AKUMU MOXYTh BHUCTYIATH K OKpeMl 1H)XEHEpH 1 BUEHI, TaK 1 1[Il KOJEKTUBU Ta
¢ipmu. Hacniakom 1bOro crago CTBOPEHHS MIXHAPOJHUX CTAHJAPTIB T4 CTBOPEHHS
posnoaineHux iMmiTamiianx monenen, takux sk HLA (High Level Architecture).
3HayHy podb y (OpMyBaHHI Ta PO3BUTKY TeEOpil IMITAI[iIHHOTO MOJICIIOBAHHS
BIJIIrparoTh poOOTH BITUM3HSAHUX 1 3apyOixkHuUX aBTopiB P. lllennona, [.B. Makciwmes,
M.M. MoiiceeBa, M.I1. bycnenko, B.M. I'mymikosa, A. [Ipuiikepa Ta iH.

Posnopaineni iMitamiiftHi Mo/eli HaiyacTiie OyIyrOThCS Ha OCHOBI ICHYIOUHX
MOCJIIIOBHUX METOJIB MOJICNIOBaHHS, a 3ajada BHOOPY CYKYMHOCTI PEeCypciB AJis
MPOBEICHHS IMITALIMHOTO E€KCIIEPUMEHTY YacCTillle BUPINIYEThCS ACKIApPAaTUBHO Ha
OCHOB1 1H(}opMaIi npo OOYUCITIOBAIILHY CKJIAQJHICTh PO3MOIICHOT MOMAENl Ta
MPOYKTUBHICTh ICHYIOUMX OOUYMCIIOBAIBHUX pecypciB. [Ipy mpoMy Taki BakJIMBi
XapaKTEPUCTUKU K Tpadik, OnepaTHBHA MaM'ATh PO3MOIUICHUX MOJENIEH, MOTOKU
JOKaJbHUX 337a4 BHJAUICEHUX PECYpPCiB, SKIIO 1 BPaXOBYIOThCS, TO TIIBKH SIK
oOMeKyBaJIbHI IMapaMeTpH B X0/l BUOOPY pECypcCiB, 1110 HE BIJIUBAE HA €(EKTUBHICTD
PO3MOIITY 3aB/IaHb Y PO3MOIJIEHOMY 00UHUCITIOBATILHOMY CEPEIOBHIII.

Bucoka BapTicTh ekcrutyartailii po3MOJIJICHUX OOYHUCITIOBAIBLHUX CHCTEM 1
00'eqHYIOUMX iX KOMYHIKaLIMHUX MepeX BHUMAarae e(peKTUBHOIO MPOTHO3YBaHHS
MOBEJIIHKMA PO3MOiIeHOT iMiTaiiitHoi Mozaem. J[o ¢akTopiB, 10 BIUIMBAIOTH Ha
BapTICTh TPOBEICHHS IMiTallli, HaJEeXaTh K MapaMeTpPu OOYHMCIIOBATHHOTO
CEpEeIOBHUINA, TAK 1 XapaKTEPUCTHKU CaMOi iMiTaIliitHo1 Mojaeni. OcTaHHE 00YMOBITIOE
AKTyaJbHICTh 3aBJIaHHSI aHAJII3Y PO3MOAUICHUX IMITAIlIHHUX MOJICTIEH.

Amnani3z e(peKTI/IBHOCTi IPOLECY po3n0z[ineHor0 IMITAIIfHOTO CepelOBUIIIA, 110
MPOBOAMUTHCS JIO0 IMITAIIHHOTO EKCIIEPUMEHTY (a 1HOII U 10 CTBOPEHHS Mojienl),
BUMara€e HasBHOCTI ()OpPMaTbHOTO TOJAHHS PO3MOAUICHOT IMITAIliiHOT Mozeni 1



MO>KJIMBOCTI MPOBEIECHHS 3 HUM MEBHUX OIEepalliil, o MOKa3yloTh 3MiHY OCHOBHUX
XapakTepucTuk Mojenei y yaci. Cepes cydyacHUX poOiT, CIpSIMOBAaHUX Ha CTBOPEHHS
Takoro (opMajgbHOTO amnapaTy, MOXHa BijHecTd poOoTu B.B. OxonbHilIHIKOBA,
T.B. Bo3necencrkoi, B.O. T'op6avoa. Crnemnudika mnoAaHHS PO3MOIITIECHUX
IMITAIIHHUX MOJIEJIeH y BUTJISAII TTapajiebHO BUKOHYBAaHUX IIPOIIECIiB BU3HAYAE YACTE
BUKOPUCTAHHSI B MUTAHHSIX aHali3y MpOLEcHOi anredpu, po3pobiienoi Y. Xoapom i
P. Minnepom.

Crnig 3a3HayuTH, 10 B ICHYIOUMX MOJEISAX HE BPaXOBYIOTHCS TaKli BasKIIMBI
XapaKTePUCTHKH, SIK JUHAMIYHA 3MiHA OOCSTIB MaMm'sTi pO3MOJIJICHUX MOJENCH Ta
o0cATr MaHWX, SKAMHA OOMIHIOIOTBCS MOJENI B Tpoleci imiTtarii. AHam3 IUX
XapaKTePUCTHK JIO3BOJIUTH OUIBII €(PEKTUBHO OI[IHIOBATH SKICTh PO3MOALICHUX
MOJENIeH, JIOCHIIKYBaTH iX TMOBEIIHKY TiJ BIUIMBOM pi3HUX  (DaKToOpiB
OOYHMCITIOBAILHOTO CEpeloBUIIA Ta PO3pO0JATH €(EKTHUBHI METOIU PO3MOALITY
O0OYHUCITIOBAILHUX PECYPCIB Y MPOIECT PO3MOIIIEHOTO MOJICTIOBAHHS.

Takum uYMHOM, pO3pOOKa Mojened, METOMIB 1 TEXHOJOTIM i aHali3y
MPOIIECIB Y PO3MOAUICHUX IMITAIIIHHUX CHCTEMax MOJCIIOBaHHS € aKTyaJbHUM
HaIPSIMKOM JTUCEPTAIIITHOTO JTOCITII>KEHHS.

3B'A30k po0OTH 3 HAYKOBMMH NpPOrpaMaMHu, IUIAHAMH, TeMaMHU.
Hucepraiiitna po6oTa BUKOHYBaJlacs BIAMOBITHO JO IUJIAHY HAYKOBO-JOCIHITHUX
poOiT XapKiBCHKOTO HAI[IOHAILHOTO YHIBEPCUTETY PAIOCICKTPOHIKH B PAMKax TEM:
«Po3pobka cTpykTyp XapKiBCbKOTO pecypcHo-onepaiiiitHoro GRID-1nienTpy Ta iforo
pecypciBy, goroip Ne 9 mizk XHYPE 1 «ITICA» HTVYY «KIII», mo BukoHyBanach Ha
niactaBl Jlorosopy «IIICA» HTVYY «KIII» 3 MiHicTepcTBOM OCBITH 1 HAayKH
Vkpainn ~ NelT/506-2007, HepxaBHOi  mporpamu «Indopmaniiini  Ta
TEeJIEKOMYHIKAIliiHI ~ TexHoyiorli B  OcBiTI 1 Hayui» Ha 2006-2010 pp.
NoJZIP0107U010616; Ta «Po3pobka 1 mochimkenHs 3actocyBanHd GRID-nopramy
XapkiBcbkoro pecypcHo-omnepariinoro GRID-tientpy», norosip Ne 08-22 / 9 mix
XHYPE i IICA HTVYY «KIIl», mo BukonyBanach Ha mifacrasi JJorosopy «II[TICA»
HTVYYVY «KIII» 3 MinictepctBom ocBiTH 1 Hayku Ykpainu Ne [T/506-2013, JlepxaBHoi
nporpamu «lHpopMalliifHi Ta TEJIEKOMYHIKAIIHHI TEXHOJIOTIi B OCBITI 1 HayIli» Ha
2006-2013 pp. Ne JIPO108U008261. B pamkax 3a3Hauye€HUX TeM 3700yBaueM
MPOBENICHO PO3MOJAUICHE IMITallliHe MOJICIIOBAHHS PI3HUX KOHpIrypamii 1
CUCTEMHUX HaJIAIITyBaHb XapKIBCHKOTO pecypcHo-omnepariiinoro GRID-nientpy Ta
Horo pecypciB, a Takok aHani3 KoH@irypamuiii B xoni Bukopuctanus GRID-noprany
Ha PI3HUX JI0JaTKaX.

Meta Ta 3agaui aociaigkeHHs. MeTor aucepTaiiiHoi poOOTH € PO3BUTOK
TEXHOJIOTIM  IMITAlITHOTO MOJEIIOBAaHHA B  PO3MOAUICHUX OOUYHCIIOBAIBLHUX
cUCTeMax, po3poOKa Mojenei, MeToAiB Ta 1HPOPMALIHOI TEXHOJIOTIl aHali3y
PO3MOAUICHUX MPOTPAMHUX MOJENCH, 10 JTO3BOJUTH 3MEHIINUTH Yac MOJICITIOBaHHS
Ta HEOOXITHY JIJISi MOJICITIOBAHHS KUIBKICTh OOUMCITIOBAIBHUX PECYPCIB.

3rimHo 31 cHOpMYITHOBAHOIO METOI0 B JUCEpTAIliiiHIA POOOTI HEOOX1THO
BHPIIINTH TaKi 3aBJIaHHS:

- po3poOKka Mojeni MpeAMETHOI 00JacTi, M0 BiIOOpaxye TUHAMIYHY 3MIHY
OCHOBHHX TapaMeTPiB MPOTPAMHHX €JIEMEHTIB CHCTEMHU MOJICITIOBAHHS;

- po3poOka moaudikarlii MOAEN /Il BUITA/IKIB CHHXPOHHUX, KOHCEPBAaTUBHUX,



ONTHUMICTUYHUX METOJIB CHHXPOHI3aIlll PO3MOAUICHUX IMITAllIHHUX CHCTEM
MOJICJIIOBAHHS;

- po3poOKa METOJIB aHadi3y MPOIECIB PO3IMOAIICHOTO IMITAI[IHHOIO
MOJICJIIOBAaHHSI Ha OCHOBI CTBOPEHHMX MOJENEH i METOMAIB  PO3MOILTY
00UYHCITIOBAILHUX PECYPCIB;

- po3poOka 1H(pOpPMAIIHHOI TEXHOJOT1i, aJIrOPUTMIB 1 MPOrPaMHOIO
3a0€3MeUeHHS aHajli3y MPOIECIiB PO3MOJAUICHOTO IMITAI[IHHOTO MOJICIOBAaHHS Ha
OCHOBI1 CTBOPEHHUX MOJIEIICH.

06'exmom 0ocniddicenHs € MPOIEC PO3MOAUICHOTO IMITAIIHHOTO TPOTPAMHOTO
monemtoBanHs GRID-cuctem BenuKOi po3MipHOCTI.

Ilpeomemom Oocniddcennss € Monemni, METOAN Ta iHGOpPMAIliifHA TEXHOJIOTIs
JOCIIJKEHHSI TPOLECIB PO3MOAUIEHOrO0 MPOrPAMHOTO MOJIETIOBAaHHS 3 PI3HUMH
METOJaMH CUHXPOHI3allli OKPEMHUX IPOrPAMHHUX MOJEIIEH.

Memoou oocnioxcenns. Jnsa nmpoBeaeHHS AOCHIKEHb MPEAMETHUX oOJacTen
BUKOpPHCTaHA TEOPIs IMITALIHHOTO MOJICIIOBAHHS, TEOPis MHOXHUH, 3arajbHa TEopis
CHUCTEM, Teopisd IMiTaliifHOro MojemoBaHHA. s BiIoOpakKeHHS JUHAMIKH
MOBEJIHKK OKPEMUX MoJieJied BUKOPUCTaHUN GOpMalbHUN amapaT MpPOIECHOT
anre6pu. B OCHOBY TMOJaHHS PO3MOIIICHUX MPOTPaMHUX MOJIEIeH MOKIaIeHun
crauaapt HLA (High Level Architecture).

HaykoBa HOBH3HA OTpUMAaHMX Ppe3yJbTaTiB. OCHOBHI pe3yJbTaTH, SKi
BU3HAUYAIOTh HAYKOBY HOBM3HY JAUCEPTAIIHHOT POOOTH:

a) enepuie

- 3alpoOIOHOBAaHO IMITAIIHY MOJENb NPOLECY PO3NOJIIEHOr0 JIUCKPETHO-
MOJIIEBOTO MOJEIIOBAHHS, SIKA, HAa BIIMIHY BiJl ICHYIOUUX, BPAXOBY€ AUHAMIYHY 3MIHY
oOCsITIB Mam'siTi, TOTOKIB JaHUX Yy JIOKAJIBHUX MOJIENAX, Yac MPOCTOI, METOAM
CUHXPOHI3allil MOJEJILHOIO Yacy Ta apXiTeKTypy JIOKaIbHUX Mozeneit cranaapty HLA,
110 JI03BOJISIE 33JJ0BOJIbHUTH BCTAHOBIJICHI OOMEKEHHS Ha OOCST OMEPaTUBHOI IMaM’sITi Ta
MIHIMI3yBaTH 4ac MPOCTOI0 OOUUCITIOBAILHUX PECYPCIB ISl PI3SHUX YMOB CHHXPOHI3aIl1
MIPOTrPaMHUX MOJIETIEN;

- 3aMpONOHOBAHO METOJIM OIIIHIOBAHHS Ta BUOOPY CXEMH PO3IMOALTY JOKATbHUX
NPOrpaMHUX MoJIeNiell 3a OOUMCITIOBAIBHUMH pPECypcaMi Ha OCHOBI 3alpOIOHOBAHOT
IMITaIIHHOT MOZEN TPOIIECy PO3MOJICHOTO IUCKPETHO-TIOIIEBOTO MOETIOBAHHS, 1110
JI03BOJISIE 3MEHIIIUTH YaC BUKOHAHHS Ta KUIBKICTh OOYHCIIOBAIBHUX PECYPCIB B XOIi
pearizanii ONTUMICTUYHMX 1 KOHCEPBATMBHHUX METOMIB CHHXPOHI3allii MpOrpaMHUX
MOJICIICH;

0) YOOCKOHAIEHO

- MOJICJIb OIIIHKK 4acy BUKOHAHHS MPOrpaMHUX MOJIENEH, 1110, Ha BIAMIHY BiJ
ICHYIOUMX, BpPaxoBY€ MOXJIMBICTb 3MIHM OOCSTY Mam’ATi MPOTpaMHUX MOZeNell Ta
00CSTIB JaHUX, SIKI MEPEAIOTHCS MK IPOrPAaMHUMU MOJEIISIMH, & TAKOXK 4ac MPOCTOIO
PECypciB, 110 JTO3BOJISIE OIIHUTU YaC BUKOHAHHS TIPOTPAMHUX MOJEJICH IS PI3HUX CXEM
PO3IIONITY pecypciB 3 ypaxyBaHHAM OOMEXEHb Ha OOCST mam’siTi Ta CyMapHHUIl 4ac
MIPOCTO0 OOYHCITIOBATIBHUX PECYPCIB;

8) HAOYIU NOOANLULO2O PO3BUMK)

- METOAM PO3MOJLTY MPOrpaMHHUX MOAETEH 32 00YHCITIOBAIBHUMU PECYypcaMu Yy
posnofiieHoMy  imitamiiHomy MmojemoBanHi GRID-cuctem, siki, Ha BiIMIHY BiJI



ICHYIOUMX, JIO3BOJISIIOTH  3/IMCHIOBATA PO3MOALT PECYpCiB 3 MaKCUMaJbHUM
NPOCYBaHHSM MOJICIBHOTO Yacy 3a OOMEXEeHb Ha OOCAr OMepaTWBHOI Mam’ATi, 4acy
IPOCTOI0 Ta oOpaTH HaWOUIBII CHPUMHATHUNA CHOCIO CHHXPOHI3AIl MPOrpaMHHUX
MoOJIeNiel, IO CHOPUSATUME MIABUILIEHHIO €(QEeKTUBHOCTI MPOLECY PO3MOJIIEHOrO
IMITaLlIHHOTO MOJEIOBAHHS IIJISIXOM 3MEHIIEHHS 4acy MOJIETIOBAHHS Ta KUIBKOCTI
00YHCITIOBAIBHUX PECYPCIB.

I[IpakTuyHe 3HAYEHHS OTPUMAHUX pe3yJbTaTiB. [IpakTHUHY 3HAYUMICTh
OTPUMAHUX TEOPETUYHUX PE3yJbTaTIB JIUCEPTaLiiHOT pPOOOTH MiITBEPAKEHO
MOJIIIICHHSIM SIKOCTI aHaji3y PO3MOJUICHUX IMITAllIMHUX MOJEJEH, M0 MPaIiol0Th
miJ YOpaBIiHHSIM PI3HUX METOJIB CHHXPOHI3alli Ta CTBOPEHHSIM €(PEKTUBHUX
METOJIIB PO3MOALTY pecypciB Ha 0a3l HOBOi iHQopmarii mpo mozeni. 30Kpema,
MPaKTUYHE BUPIMICHHS TEOPETUIHUX JTOCIIKEHb MOJISTA€ Y HACTYITHOMY:

- 30LIBIIEHO KUIBKICTh MapamMeTpiB, OTPUMYBAHMX MiJ Yac aHami3y
PO3MOIIICHUX 1IMITAlIMHUX MOJEICH, MO0 Ja€ MOKJIMBICTH TOJIMIICHHS METOJIB
pPO3MOJLTY PECYpCiB, aJTOPUTMIB KEpyBaHHS 3aBJaHHSIMHM Ha MOJICIIIOBAaHHS B
pO3MoAUICHUX 1H(HOPMAIIHHUX CUCTEMaX;

- pO3po0JICHI Ta peaizoBaHl aITOPUTMH Ta MPOLUEAYPH aHAIIZY PO3MOITICHUX
IMITALIHHUX MOJEIIEN;

- po3po0JICHO TpOoLEeAYpy TMOPIBHAHHA €(PEKTHUBHOCTI  PO3MOMUICHHUX
IMITalIfHUX MOJIeIeH 32 MaKCUMaJIbHUM MTPOCYBAHHSIM MOJIEJILHOTO Yacy;

- pO3pO0JIEHO MPONEAYPY OLIIHKK MOKJIHUBOCTI PO3MOJLTY OKPEMHUX MOJEeH
Ha OCHOBI1 IMHAMIYHOI 3M1HU OOCATIB BIpTyalabHOI Mam'sITi;

- pO3po0JICHO TMpOoLEAYpY OTPUMAHHS OI[IHOK MPOCTOK PECypCiB IS
AITOPUTMIB CUHXPOHI3allil pO3NOIIJIEHUX IMITAI[IHHUX MOJENEH;

- YIOCKOHAJICHO TEXHOJIOT1I0 PO3MOAICHOr0 1MITalIHOTO MOJIeTIOBAHHS
GRID-cucrem.

Pesynpratn poOOoTH OynuM BUKOPHCTaHI JJI MOJETIOBaHHS 1H(OpMAaIIHHUX
cucteM, o pospoossuiuck B TOB «AmnbBicy (akT Bim 16.05.2013). 3anpomnoHnoBani
METOAM, [0 0a3yloThCsl Ha KOHCEPBATHMBHUX Ta ONTHUMICTUYHHX aJTOPUTMAX
JO3BOJIJIA  TMIJIBUIIUTA €(QEKTUBHICTh TMPOIECY MOJEIIOBaHHS 1H(MOpMAIITHUX
CUCTEM. 3alpolOHOBAaHI METOAM aHalli3y MpPOrpaMHUX MoOJENeH J03BOJMIN
CKOpPOTUTH 4ac MojenmtoBaHHsA iHMopmariiinux cuctem B TOB «BEHTA» (akt Bin
10.05.2013).

Oco0uctuii BHecOK 3100yBaya. Yci HAyKOB1 pe3yJIbTaTH, 1110 BUHOCSTHCS Ha
3aXMCT, OTPUMAaHI aBTOPOM OCOOMCTO. Y pobOoTax, OmmyOJIiKOBaHUX Yy CIIBAaBTOPCTBI,
3no0yBaueBl HajexkaTh. y pobori [1] — Ha mijacTaBl aHaNITUYHUX MOJeei
3alpOMOHOBAHO Y3araJlbHeHy MOJENb MPOIECiB AUCKPETHO-TIOMIEBOI PO3MOAIICHOT
imiTamii; y po0oti [2] — aBTOp BHSBHMB OCHOBHI HEIOJIKM Ta 3ayBaXCHHS 0
BUKOPUCTAHHA CY4YaCHUX METOJIB PO3MOJAUICHHS PEeCypcCiB, MOCTABUB 3aBJAaHHS
CTBOPEHHSI HOBUX METOJIB BUOOPY CXeM PO3MOJALTY pecypciB; y poboTti [3] — aBTOp
3aMpONOHYBAaB HOB1 (PYHKI[IOHAJIbHI MOJIYJI CHUCTEMH IMITAIIfHOTO MOJEIIOBAHHS
GRID Tta mexaHi3M X BKIIOYEHHS O ICHYIOUOTrO MPOTrpaMHOro 3a0e3leyeHHs, 10
peani3yloTb  po3poOJieHI  METOIM  PO3MOAULYy  MNpOrpaMHUX  MOAENeH 1o
OOYHUCITIOBAILHUM pecypcaM; y po0oTi [4] — BHUSIBICHI TMOTOKH JaHUX y CHCTEMax
IMITAIIfHOTO ~ MOJICTIOBAHHS, $KI BHUKOPHUCTOBYIOTBCS Yy TPOIECI  aHAJI3y



MPOTpaMHUX MOJENEeH Ta METO/ax OIIHIOBAHHS 1 BUOOPY CXeM iX pO3MOALTY IO
00YHCITIOBAILHUM pecypcam; y poborti [5] — 3anpornoHoBaHa aHamiTHYHA MOJCIb, IO
Ha BIIMIHY BiJl ICHYIOUMX, BPaxOBY€ 4Yac IMPOCTOIO MPH BUKOHAHHI PO3IMOIIICHUX
IMITAIIIHHUX MOJEJEH 3 KOHCEPBATUBHUMHM aJTOPUTMAMHU CHHXPOHI3allii; y poOoTi
[6] — 3amporoHoBaHa aHaIITHYHA MOJE/b, IO Ha BIAMIHY BiJ iICHYIOUHMX, BPaXOBY€
JUHAMIYHY 3MiHY OOCATIB MaMm'siTi Ta MOTOKIB JAaHUX B JIOKAIBHUX MOJICIAX TMPH
BUKOHAHHI PO3MOJUICHUX IMITAIlIHHUX MOJeNeld 3 ONTUMICTUYHUMU aJIrOpUTMaMHU
CUHXpOHi3aIii; y po6oTi [7] — dopmarizoBaHa MHOKHHA 00’ €KTIB, IO BiI0Opax)arTh
MPOIIECH PO3MOAUICHOT iMmiTarii; y poOoTi [8] — 3ampomoHOBaHAa TEXHOJOTIS
CHUHXPOHI3AII1 PO3MOAIIEHUX MOJENEeN 3 BUKOPUCTAHHAM TEXHOJIOTII MOMEepeaHbOrO
aHanmizy wMojener; y po6otri [9] — 3anmpomoHOBaHI HOBI apXITEKTypHI Ta
(yHKIL1OHAJIBHI PIIIEHHS 100 BKIIOUYEHHS Y CUCTEMY PO3MOAUIEHOTO IMITalIiHOTO
monemoBanHss GRID-MomyniB anst aHamizy mporpaMHuX Mojenei; y poooti [10] —
BIUIMB METOJMIB 1 TEXHOJOTIH CHHXPOHI3allli pO3MOJAUICHUX MojJeNel Ha
(GYHKIIOHYBaHHS CUCTEMH MOJICTIOBaHHS Ta METO/M aHalli3y Mojiesei; y poooTi [11]
— PO3pO0JICHO ANTOPUTM IHTETpallii CHIIFHUX MOJYJIB Y CUCTEMY MOJIEIIOBAHHS; Y
po0oTi [12] — 3anmponoHOBaHiI HOBI apXiTEKTYpHI Ta (YHKIIOHATIBHI PIIICHHS MO0
BKJIIOUEHHSI y CUCTEMY PO3MO/IIJIEHOro iMiTamiitHoro MmoaentoBanHs GRASS monayiis
JUISL aHaJ3y MPOrpaMHUX Mojienel; y po6oti [13] — 3anmponoHOBaHO HOBHM METOA
aHadi3y pO3MOJAUICHUX IMITAIMHUX MoJeNed 3  PO3MIMPEHOI0 MHOKUHOIO
napameTpiB; y po0oti [14] — po3pobiieHo ¢popmalibHUI anmapat I BiTOOpakKeHHS
MIPOIIECIB PO3MOIICHOI 1IMITallli 3 BAKOPUCTAHHSIM MPOIIECHOT anreOpu; y po6oTi [15]
— aHaji3 BIUIMBY TMOTOKIB 3aBJlaHb Ta [JAaHUX B CHUCTEMax pPO3MHOIIIIEHOrO
MOJICJIIOBaHHSI Ha €(EeKTUBHICTH iX (YHKLIIOBaHHA; y poOoTi [16] — aHamni3 BIJIUBY
MEpEKHOTo Tpadiky B CUCTEMaxX PO3MOJUICHOrO MOJCIIIOBAHHS Ha €(PEKTUBHICTh iX
dyHKIifOBaHHS; Y poOoTi [17] — 3anmpomnoHOBaHI YJAOCKOHAJCHI aHATITHYHI MOJENi
JUISL  aHaM3y PO3MOJIICHHUX IMITAIMHUX MOJelaeld 3 pI3HUMH  METOJIaMH
CHHXpOHi3allii; y poboti [18] — 3anpomoHOBaHO MOHATTSA MEHEKEpa Ham’sTi Ta
HaBelleHI Woro ¢yHKiil; y poboti [19] — mpoBeaeHO aHami3 BIUIMBY TEXHOJIOT1H
CUHXPOHI3aIll MoJIeJIell Ha TEXHOJOTIi iX aHaii3y y peXuMl peajbHOro 4Hacy Ta 3
BUKOPUCTAHHAM anpiopHoi iHpopMmairii; y po6oti [20] 3anpornoHoBaHa iHhopmMarliiina
TEXHOJIOT1sI aHalli3y PO3MOAUICHUX MPOrpaMHUX MOJEINe; y poOoTi [21] nmpuBeneHo
€Tanu TEeXHOJIOT1T aHaTI3y PO3MOIJICHUX MTPOTPaMHUX MOJIEICH.

Anpobaunia pe3yabrartiB aucepraunii. OCHOBHI TMOJOXKEHHS AHMCEpPTALIAHOT
po0OOTH TOMOBIJATUCS HA TaKUX KOHGEpeHIisAxX 1 hopymax:

- X1, X1V Mixunapoanuii monoaixkuuii popym «PamioenekTpoHika Ta MOJIOIb
y XXI cromitTi» (Xapkis, 2009, 2010 pp.);

- XI, XII MixxHapoiHi HAyKOBO-TeXHI4H1 KoH(pepeHuii «CUcTeMHUN aHami3 Ta
iH(dopmariiini Texnonorii» (Kuis, 2009, 2010 pp.);

- IX Mixunapoana HaykoBo-TexHIYHA KoHbepeHIis «[Ipobnemu iHpopMaTuKu
1 monemoBaHHs» (Xapkis, 2009 p.);

- I, Il MixxaapoaHi HayKOBO-TeXHIuHI KOHbepeHIlii «[HdopmartiitHi TexHOIOTii
B HaBIrallii 1 ynpasJiHHI: CTaH Ta nepcnekTuBu po3Butky» (Kuis, 2010, 2011 pp.);

- I, I MixHapoaHi HayKoBO-TexHIUHI KoHpepeHuli «Cy4acHi HampsIMK{
PO3BUTKY 1H(MOPMAIIHHO-KOMYHIKAIIIMHUX TEXHOJIOTIM Ta 3aco0iB yIpaBIiHHS



(duimpomnerpoBebk, Xapkis, Kuis, 2010, 2011 pp.);

- Il MbixHapogHa HayKoBO-TIpakTH4Ha KoHdepeHiis «lHdopmartuka,
MaTeMaTHYHE MOJICITIOBaHH:, eKoHOMiKa» (CmoneHchK, 2013);

- 26-1 MbixHapogHa HayKOBO-TIpaKTHYHA KoHQepeHIis «BrnpoBamkeHHs
NEPCHEKTUBHUX MIKPOMNPOIECOPHUX CHUCTEM 3aJI3HUYHOI aBTOMATHUKU Ta 3aco0iB
TeJeKoMyHiKallii Ha 0a3i rudposizarii» (Anyirra, 2013);

- |, 1I  MbkHapogHi HayKoOBO-TeXHIUHI  KoHpepeHiii  «IIpobiemu
iHpopmaruzauii» (Juimponerposebk, KuiB, Xapkis, Ilonrasa, [lapmxk, benropon,
TonwstTi, 2013, 2014 pp.).

Ily6aikanii. 3a pesynbraTaMu JUCEpTAlIHHUX JOCTIKEHb OMYOIIKOBAaHO
21 naykoBy mpaito. 3 HUX 7 craredl y (axoBUX BUAAHHAX YKpaiHH, 3 TEXHIYHHX
HayK (] BUOaHHA BXOOUTH J10 MDKHApOJHHUX HaykoBoMeTpuuHux ©0a3 PHUHI Ta
WorldCat), 1crarts B iHO3eMHOMY HayKOBOMY 30IpHHKY 3a TiJICYMKaMH
MIDKHApOJIHOT HAyKOBO-TIPAKTHYHOI KOoH(depeHIii Ta 13 Te3 monoiaeit KoHpepeHiiil.

Crpykrypa aucepramii. Jlucepramisi CKJIaIaeTbCs 3 BCTYIMY, YOTHPHOX
pPO3/UTIB, BUCHOBKIB, CIHCKY BHUKOPUCTaHUX Jikepen 31 167 HailimeHyBanb Ha 19
cTOopiHKax Ta 4 1oAaTKiB Ha 8§ CTOpIHKAaX, a TaKOX MICTUTh 25 puCYHKIB Ta 1
Tabnuiro (pUCYHKM Ta TaONIUIsg, 10 3aiiMaloTh OKpeMy IUIomry Ha 4 cTop.).
3aranpHuil 00csAr poOoTH ckiamae 169 cropiHok, BiIouyatoun 138 cTOpiHOK
OCHOBHOTO TEKCTY.

OCHOBHMUM 3MICT POBOTH

Y Berymi  OOIpyHTOBAaHO  aKTyasJbHICTh OOpaHOi TeMH JAMcepTalli,
chopMyJILOBAHO METY Ta 3aJlaul AOCIKEHHSI, BU3HAYEHO 00’ €KT, MpeAMET 1 METOIU
JOCITIKEHb, BH3HAUYCHI HAayKOBa HOBH3HA Ta TMPAKTHYHE 3HAYCHHS OTPUMaHUX
pe3ynbTaTiB, a TaKOX OCOOMCTHMII BHECOK aBTOpa B poOOOTH, BHUKOHAHI Yy
CIIBaBTOPCTBI, HABEICHO BIJIOMOCTI MO ampoOallifo pe3ysbTaTiB AucepTaiii Ta
KUTBKICTB IyOJTIKaIlii 3a TEMOIO IUCEPTaIHOT pOOOTH.

Y nepmomy po3aiun Ha 0a3l BUBUYEHHS JIITEPATypHUX JDHKEpEN IMPOBEICHO
aHaii3 mnpeaMeTHoi oOmacti. Po3risHyTO TUTaHHS  PO3BUTKY  TEXHOJIOT1H
IMITAIlIHHOTO ~ MOJICNIIOBaHHS, a  OCOOJMBO  PO3MOMUIICHOTO  IMITAI[IHHOTO
MOJICIIIOBAHHSI ~CKJIQJHUX CHCTEM BEIMKOrOo pPO3Mipy. 3a3HadyeHo, Mo JyIs
e(EeKTUBHOTO BUKOPUCTAHHS OOYHCIIOBATBLHUX PECypciB HEOOXimHI e(eKTHUBHI
METOAM PO3MOJIICHHS MPOrpaMHUX MoJieNiel Ha BKa3aHl pecypcu. IcHyrodl Meroau
PO3MOIJICHHS PEeCypCiB MalOTh Psii HENOJIKIB, MOB’A3aHUX 3 OOMEXKEHICTIO JTaHUX
PO MPOTPaMH, IO BUKOHYIOThCS MapayieabHo. HaBeneHo T0CTaTHRO TOBHUM OTJIS
myoJTiKaiiii MEeTOAIB aHali3y pO3MOJAIIEHUX IMITAIliMHUX MOJENeH 3 pI3HUMU
METOJIaMHi CUHXPOHI3aIlli MOJIEJIbHOTO Yacy.

3a pesyapTaTaMu MPOBEEHOI0 aHai3y 3p00JIEHO BUCHOBOK PO HEOOXITHICTh
CTBOPEHHSI HOBHX 1 BJIOCKOHAJEHHS ICHYIOUMX TEXHOJIOTIM  IMITaliiHOTO
MOJICITIOBAaHHS 1H(OOPMAIIHHUX CHCTEM BEJIMKOI PO3MIPHOCTI 3 ypaxXyBaHHSIM
0COOJMBOCTEH, 1110 3'IBUIIMCA Y TiobanbHuX obumcaroBanbHux cuctemax (GRID,
XMapHl CHCTEMHU Ta 1H.). ¥ 3B'A3Ky 3 LHMM cGOpMyJIbOBaHA MeTa IUCEepTaIliiHOI
poOOTH: PO3BUTOK TEXHOJIOTIM IMITAIIHHOTO MOJICTIOBAHHS B PO3MOAUICHUX
OOYHCIIIOBAILHUX CHUCTEMaX, po3poOKa Mofened, MeTondiB Ta 1H(opMaliitHOl



TEXHOJIOT1i aHaJi3y PO3MOAICHUX MPOTPAMHUX MOJIEIEH, 0 TO3BOJUTh MiABUIIUTH
e(EeKTUBHICTh PO3MOJLIY PECYpPCIB y TPOIEeCi PO3MOIIICHOTO IMITAIlIMHOTO
MO/IEJTFOBAHHS.

Y apyromy po3aiai 3a JIOMOMOTOK MaTeMaTHYHOro amapaTa IpOoIeCHOT
anreOpu BBeZieHO (hopMajbHE MOJIAHHS PO3MOAUICHOT IMITAIIHOT MOACHI Y BUTJISII
TaKoro anadapiTy aKTUBHOCTEH:

Act=D U AU A ()i = ®,(A)y = A,(0)gy =4, 1)

ne Act — andaBiT akTUBHOCTEH;

@ — MHO>XMHA BHYTPIIIHIX aKTUBHOCTEH MOJIENI;

/l— MHOKMHA aKTUBHOCTEW yMpPaBIiHHS JaHUMU MOJIETI;

A— MHOXHHA aKTUBHOCTEN B3a€MO11 MOJEIIEH,;

F, L, D — BU3HAYAIOTh KIJIbKICTh AKTUBHOCTEH Y BIJIMOBIIHINA TPYTIL.

JI1s1 BCTaHOBJIEHHS €KBIBAJEHTHOCTI HOBUX Ta ICHYIOUHUX MOJIEJEH BBEIACHO
B1JIHOCUHU:

{AIT, M} c @, {IM}c A {H}c A, (2)

ne AIl — mianporpama, 10 peai3ye MoBeAIHKY MOJIEI;

H — mianporpama 3B'S3Ky 3 IHITUMH MOJCIISIMU;

M7 — niporienypa yrnpaBiaiHHS 4acoOM MOJENI;

JIM — 06nacTh TaHUX MOJIEIII.

Ha migcraBi BBemeHoro andasiTy, BBEIACHOTO IOHATTS MEHEIKepa Iam’sTi
nporpaMHOi MoJiedi Ta IicHyrodoro cranaapty HLA Bu3HaueHI aKTHUBHOCTI

posmomineHnx  iMitamiiHmx Momeneil mms  omrmmictmummx  AP® (3) Ta

KOHCepBaTHBHMX AR

RTI: {A”er(Tk )}
Adata _ { save (Tk )’ A load (Tk )’ Atag (Te )’ Al }’

onm

M :{A“’“J(Te)+®,A“’"V +@}

(4) MeTomiB CHHXPOHI3AIIii:
3)

RTI: {Ar A |
A’E:Iata — {Asave(-l-k )’ A-Ioad (Tk )’ Arav’ ATSO ’ qug }’ (4)

|\/|0:HC{Arav +3,A 4 3]

ne RTI (Run Time Infrastructure) — MHOXXHHA aKTHBHOCTEW CepeIOBHINA
MOJICIFOBAHHS;

save, load, ner, fqr, retr, fqg, tag, rav — ineHTH}IKYIOTH aKTHBHOCTI, IO
migTpuMytoTh 36epexenns A°, sapantaxenns A, sanmra HAacTymHOrO CTaHy

A™ | 3aBeplicHHS ~BHKOHAHHS aKTHBHOCTEH B  gaHmii Moment A

TSO
A

anTinoBigomuenns (A'™), wepru nosimommens ( ), YIpPaBIiHHS MOJEIBHUM

gacoM (A™ ) ta atpubyramm moxeni BimmosizHo (A™). IToBemiHKa aKTHBHOCTENl
3aJIeXKHTH BiJI JIOKAILHOTO MoienbHOTO vacy (T, ) Ta uacy HactynHoi noaii (T, ).



OOrpyHTOBaHAa MOJIUBICTH TTOOYZIOBM HAa OCHOBI BBEJICHHMX aKTUBHOCTEH IS
ONTUMICTUYHMX Ta KOHCEPBATUBHUX aJTOPUTMIB CHHXPOHI3allli PO3IMOIIJICHUX
IMITaIliiHUX Mojened Ha ocHoBl cranmapty HLA, po3rissHyTo 0COOJIMBOCTI
peanizarii ¢geaepaTiB Ha OCHOBI (YHKIIINH MeHemKkepa nam'ari. [Tokazano, 1o i yac
BUKOPUCTAaHHSI MEHE/DKepa maM'sTi JJI YIPABIIHHSI CTaHOM y TIPOCTOP1 MOJEIBHOTO
yacy MOXJIMBa aBTOMaTH4Ha peam3amis ¢enepariB cranmapty HLA 1 ¢enepartis
po3noauieHoi cucremu MozemoBanHd RTI, mo miarpumyroTs KOHCEpBaTHMBHI Ta
ONITUMICTUYHI aJTOPUTMU CUHXPOHI3AII1.

OTpuMaHi pe3yJbTaTH BiJKPHUBAIOTh MOXJIIMBOCTI YHi(IKaIii MporpaMHHUX
IMITallIfHAX MOJENICH, M0 BEIyTh MO CIPOIICHHS Ta MPHUCKOPEHHS MPOIeCy iX
noOy/I0BM Ha OCHOBI MPOCTOro iHTEepdeEiCy, a TaKkoXX CTBOPIOE MEPEAYMOBHU [0
CTBOPEHHS €()EKTUBHUX METO/IB aHa13y MPOLECIB PO3MOAICHOI IMITaLI].

Y TperboMy po3aLIl 3alpONOHOBAHA Yy3arajbHEHa IMITallliHA MPOLECY
JTUCKPETHO-TIOJIEBOTO  PO3MOJIJICHOT0  MojentoBanHs. [lim dYac mpocyBaHHs

MOJIENBHOTO dYacy t{' N-oi Mopeni Ha i-My KpOIi MOJEIIOBAHHS BigOyBacThCs
30epeKEeHHS CTaHy MOJIENI, 0 NPU3BOJAUTH O 3POCTAHHS MMaM'sITl JaHUX MPOTPaAMHOI
oxpemoi Mozedi V;". Ha onepauii 3 mam'aTTr0 BUTpadaeThes IPOLECOPHUI Yac, SKuii

CKJIA[IA€ThCA 3 9acy 30epekeHHs CTaHy Mojeli t, yacy mepenadi MOBiZOMIECHHS Bijl
okpemoi Mozenm N 1o okpemoi mozem K (t"). Yac t" y 3aranpHOMYy BHOAmKy €
(GyHKIII€I0, 3aJIEKHOIO Bl MOBEAIHKA aKTUBHOCTI Mepenadi JaHuX 5ink 1 po3Mipy
nepeAaHux JIaHux ( buf‘fink ). B cBoto yepry uac, BUTpauyeHUN Ha BUKOHAHHS BCi€l
imMiTamiiHOT Mozeni Ha i-My kpotui MoaenioBaHHS ATR; BH3HAYAETHCS K MaKCHMYM

cepell CyMHM YaciB BUKOHAHHS IOBEIIHKOBOi aKTUBHOCTI gor 1 4yacy BUKOHaHHS

oriepariii 3 TaHUMHU TRin. Y3aranbHeHa MOJIeIIb.

' tfecmt] =T; N
TR, =0; TR} =0; ATR" =4 e =l > a™ - tM(S5™ sizeof (buff,"™ ));
0,ecnu tin =T, k=1

TR", =TR" + ATR": TR, = TR, + max(tlme((p )+ ATR" )+ TR ;
n _0 t tin + gin ,eCJZutin :Ti .
0 — % i+1 ~ n n )
ti ,eC]luti -‘ﬁTi
Vi™ eciut{ =T,

N
Vy = ViV =sizeof (A" U AY); AV = i ;
n=t 0,eciu tin =T,

N
|r11 V +AV V|+1 Z

TO _O T|+1— mm(t|+1) N )

()



ne TR; — peanbHMII yYac, IO BUTPAYCHUH Ha BUKOHAHHA KPOKIB MPOLECY
MOJICJIIOBaHHS BCl€l IMITAIIMHOT MOJIEI;

TR{" — peanbHuii yac, BUTpadeHUii N-0I0 OKPEMOIO MOJIEIIIO Ha i-My KpOL
MOJIEJIIOBaHHS Ha pOOOTY 3 JTaHUMU;

t° —uac 30epexkeHHs CTaHy MOJIEIi Ha i-My KPOIIi MOJICTIOBAHHS;

m .
t;" — yac mepenayi 1aHux;

- n . o . N
time( . ) - yac BUKOHAHHS IOBEAIHKOBOI aKTUBHOCTI (pri‘ ;

a™ WMOBIPHICTh TOCHJIAHHS TIOBIIOMJICHHS BiJ OKpeMOi Mojeni N 1o

okpemoi mojeni K;

N — KIJTbKICTh PUBATHUX MOJICIICH;

TRiM — "ac poboTh Ciayxk0 CHCTEMH MOJICIIOBAaHHA Ha I-My KpOIIli
MOJICITFOBAHHS;

ti"— JOKAIbHUN MOJCIbHUN Yac N-oii oKkpemoi Momeiai Ha I-My Kpori
MOJICITFOBAHHS;

T, — riroGanpHUN MOJEIIEHUH Yac Ha I-My KPOI[i MOJICTIOBaHHSI,

&' — 3HaveHHsA yacy, IO XapaKTepU3ye BHYTPIIIHIO POOOTY MPOIECIB Mixk
JIBOMA CYCIJIHIMU KPOKaMU MOJCITIOBAHHS;

Vin — 00csT maM'aTi, 3aiiMaHnil TaHUMH N-0I0 OKPEMOO MOJICIITIO Ha I-My KpoIIi

MOJIETIOBAHHS;

Vins— oOcsar gamma mam'sTi I N-0i OKpeMol Mojeni Ha I-My KpoIl
MOJIETIOBAHHS;

AV;" — npupomenHs 06'eMy mam'sTi N-oi IpUBaTHOI MoOJeNi Ha i-My KpoLi
MOJICTIOBAHHS;

Vi
MY KpOIli MOJISTTIOBAHHS,

— o0cCHT maMm'sTi, 3aiiMaHOo1 BCIEIO PO3MOIICHOIO IMITAIlIHHOT MOACIUIIO Ha I-

TRy, TRy , tg , Vg', V, — IIOYATKOBI 3HAYEHHS BiIOBIAHMX MAPAMETPIB.

Po3pobneno moamdikaiii Moaesni mijg 9ac BUKOPUCTAHHS KOHCEPBATHBHUX 1
ONTUMICTUYHHX aJITOPUTMIB CHHXPOHI3aIlii, SIKi BPaXOBYIOTh YaCOBI XapaKTEPUCTUKU
BUKOHAHHSI PO3MOIJICHOT 1IMITAllIMHOI MOJENi, Yac MPOCTOI OOUYMCIIOBATIBLHUX
pecypciB 1 BUTpaTH BIPTyaJIbHOI Mam'siTi MPOILIECY MOJEIIOBaHHS, YJIOCKOHAJICHO
MOJIeJIb OLIHKM Yacy BUKOHAHHS MporpaMHUX Mojened. BuximHorw iHdopmaiiiero,
[0 OTPUMYETHCS Y pa3l BUKOHAHHS IMITALIHHUX MOJIENIeH, € KOPTEeX MapameTpiB
OI[IHIOBAHHSI PO3MOJIUICHOI IMITAI[IMHOT MOJIETII:

O=<1,T, TR, TR"TP" V: V" >,i =L,N. (6)

Ha ocHOB1 po3po0seHrux Mojeseit 3anporoHOBAHO PsAJl METOIIB JOCII1IKCHHS
PO3MOJIICHUX  IMITAIIMHUX ~ MoOJeNed JJIs PI3HMX METOJIB  CHHXPOHI3aIli.
PosriasHeMo 3amporoHoBaHi METOIH.

MeTton OIIIHKM MOXJIMBOCTI PO3MOJIITY OKPEMHUX MOJeJied Ha OCHOBI
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JAMHAMIYHOTO 3MiHH 00CATIB BipTyalbHOI am'sTi (puc. 1) MiCTUTH Taki eTaru:
Etan 1. 3rigHO 3 MHOXUHOIO CXeM Mpu3HaueHHA K, IS KOXHOI CXeMHU

(hOpMYIOTHCS TTIIMHOKHHN TPOTPAMHUX MOJIEICH Sm,l;, [0 PO3MOiJICHI HA OJWH

pecypc R,,. YMOBOIO BKIIFOUEHHS MPOrPaMHOI MOJIEN1 10 MIAMHOKUHU € HAJICKHICTD
m-My pecypcy.

Etan 2. 3agaty mod4aTKoBi mapamMeTpu KOXKHOI 3 PO3MOAUICHUX IMITAIiHHUX
MOJIEJIEN.

Etan 3. 3rigHO 3 po3poOJEHWM aIrOPUTMOM TIPOBECTH OOYMCIICHHS
HEOOXITHUX €JIEMEHTIB KOPTEeXKY (6) A BCIiX pealizariil po3moaUICHUX IMITaIlIiHAX
MoOJIeTIeil Ta METO/1IB CHHXPOHI3aIlli.

Etam 4. O0uucnnuTi BEKTOpU 3MiH 00CATIB 1IaM’sITi.

Etan 5. [lepeBipuTH BUKOHAHHS YMOBHU HE 301IbIIEHHS OOCSTIB maM’sATi JJIst
BCIX CXEM pO3MOALIB OKpeMux mozenei 3 K.

Etan 6. Bukmrouutu ycl BapiaHTH pO3NOAUIIB, A SKHUX YMOBH HeE
BUKOHYIOTBCS X04a O IS OJTHI€T 3 T IMHOXKHH.

£,
1:1- - I 3
| 0
S?‘J’Ij 1
U rH [ rH --'.' m
k m LT-; L = E Fﬂ'u-'- E Mot :.Fl'u := Sm.?ﬁ — V&‘
= | Vsm, >VR.V_ . <VR/ n
Sm-v ) 1 \/
_ K, J<|K]

Pucynox 1 — MeTo1 OIliHKM MOXJIMBOCT1 PO3IMOALTY OKPEMHUX MOJIENIeH Ha OCHOBI
JUHAMIYHOT 3MIHU 0OCSITIB BIpTYyaJdbHOT Mam'siTi

MeTon oTpUMaHHS OIIIHOK MPOCTOI0 PECYpPCiB 3 YpaxyBaHHSIM PI3HHX METO/IIB
CUHXPOHI3aIli1 pO3MOAIICHUX MTPOTPAMHUX MOJIEJIEH MICTUTh Takl €Taru:
Etan 1. 3amatu nmapameTpu po3noAICHUX IMITAlIHHIX MOJICIICH.

Eran 2. IlpoBectu o6umcnenns sektopis TR{' i TP" nna Bcix peamizauiii

PO3MOAUICHUX IMITAllIHHUX MOJENEH, 10 XapaKTepu3yloTh peajbHUN 4Yac poOOTH
pecypciB 3 00CIyroByBaHHSI OKPEMHUX MOJINIeH 1 Yyac MPOCTOI0 pecypciB. 3HAUCHHS
€JIEMEHTIB BEKTOPIB XapaKTepU3ylOTh KIHIEBUWA CTaH MapaMeTpiB Ha MOMEHT
3YMUHEHHS MPOIECY IMITALIITHOTO MOJIETIOBAHHS.

Etran 3. OOuucauTH A1 KOXKHOTO J-TO PEecypCy BapTiCTh BHUKOPHUCTAHHS B

peXUMI BUKOHaHHS OKpemux Mopeneii: CR; =TR/'-C;, me N — HOMep Mojei,

j
PO3IMOIiICHOT Ha |-i pecypc.
Etan 4. O0uMcauTH A1 KOXKHOTO J-TO PEecypCy BapTiCTh BHUKOPHUCTAHHS B

pexumi pocroro: CP; =TR"-c i
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Eran 5. OOuuciuté cymapHy BapTICTh BHKOPHCTaHHS J-TO pecypcy:
Etan 6. O0uucnutu cymapHy BapTICTh BHKOPUCTaHHS PECYpCiB, a TaKOXK
CyMapHi BapTOCTI BUKOPHCTAHHS PECypCiB y PEKHMMI BUKOHAHHS MOJEII B PEXHUMI

R R R
npocroto: C= > C;, CR=> CR;, CP= 3 CP;.

Etan 7. O0uucnuTi KOeillieHTH MPOCTOI0 PECypCiB SK BIAHOIICHHS dYacy
TR}
POCTOIO PECYPCY [0 3araibHOIO 9acy MOACIIOBAHHS: pj = ——
TR, + TR
Etan 8. OOGumciutu KoeillieHTH TPOCTOI PECYPCiB SK BITHOIICHHS Yacy
TP
IPOCTOIO PECYPCY [0 3arallbHOrO Yacy MOJCIIOBAHHS: ¢ = TRY £ TP" =1-p;.
| |

Etan 9. OrpuManuii BHACIIIOK BUKOHAHHS MYHKTIB 1-8 KOpTEX MapamMeTpiB
HEOOXITHO BHUKOPHUCTATH JUISI OIIHKM  SKOCTI BHUKOPHUCTAHHS  alTOPUTMIB
CUHXpOHI13aIlii JUISt PO3MO/IICHOT IMITaiMHOT MOJIEJIL:
CC=<CR;,CP;,C;,CR,CP,C, pj,5; > .

Po3pobnena monudikaiiss MeToga MOPIBHSIHHSA €(EKTHUBHOCTI PO3MOALICHHUX
IMITalIHHUX MoOJIeNel 3a MaKCHMMaJbHUM IPOCYBaHHSIM MOJEIBHOTrO 4acy (puc. 2)

MICTHUTH TaKl €TAlU:

17+ &7, axwo 1] =T,
Ty=0; ?Ifﬂ—f =qt], axyo t] =T
IE}T = g.rl L g _|r
[y, AKWO I1 "T;
* S T# = max t_Tf_'
. fom k » =1K
M Tivr = mﬂ_(ﬁ-’;ﬂ >1; ( N
I3 K=k |1f =
—>Tl:IL

Pucynok 2 — Merton nopiBHsIHHA €(EKTUBHOCTI PO3NOAIEHUX IMITAIHHUX MOeNen
32 MAKCUMAaJIbHUM MTPOCYBAHHIM MOJIETLHOTO Yacy

Etan 1. O6patu MHOXKUHY MOXJIMBUX peaji3alliil po3NoAUICHUX IMITAlIHHUX
MOJIEJIEN.

Etan 2. 3agatu moyaTkoBi mapamMeTp po3MOAUICHUX IMITAIIHHUX MOJEIIEH.

Eran 3. 3pobutu obOuuciaenHs T, and BCIX peamsamiil po3MnoAiIeHuX
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IMITaIIfHAX MOJEJIeH 3 OJJHOYACHUM OTPUMAHHSIM €JIEMEHTIB KOPTEexKY (0).

Etan 4. BUKOpUCTOBYIOYM METOJI OLIIHKKA MOIJIMBOCTI PO3MOJLITY OKPEMHUX
MOJIeJIell Ha OCHOBI JMHAMIYHOI 3MIHU OOCSTIB BIPTyaJIbHOI MaM'siTi, 00OpaTH cXeMy
NpU3HAYEHHS JJI POTPAMHUX MOJIEJIEH 3 ONTUMICTUYHOIO CHHXPOHI3aII€0.

Etan 5. BukopucTtoByioun METO/ OLIHOK MPOCTOI0 pEecypciB, oOpaTH cXemy
NpU3HAYEHHS JJI IPOTPAMHUX MOJIEeH 3 KOHCEPBATUBHOIO CUHXPOHI3ZAIEIO.

ETan 6. OOpaTu 3 1BOX CXeM IMpU3HAYEHHs (pe3ysIbTaT MOMEPeIHIX eTamiB) Ty
CXeMy MpPU3HAYEHHS, JIJIsl MPOTPAMHHUX MOJIENEH KOl T| € MAaKCUMAJIbHUM.

Y d4erBepTrOMY pO3IUTI  3alpONOHOBAHO 1H(GOpPMALIWHY TEXHOJIOTIIO
po3noauieHoro imitariHoro MozemoBaHHs GRID-cuctem 3 mociimkeHHSIM
PO3MOIUICHUX MPOTpaMHUX MOJENel Ta BUOOPOM CXEMHU NpHU3HAUEHHS. TeXHONOTis
MICTUTh HACTYIIHI €TaIu:

Etan 1. OTtpumanHs 3aBJaHHA Ha MOJEIIOBaHHS Y BUIVISIAI CYKYIHOCTI

N
KOH(QIrypamiiHuxX, BUKOHYBaHUX, iHpopManiitaux ¢aitnis n; ={Z", Prj' D} W'},

j=1
ne Z — xkoHgirypauiiauii ¢ain onucy 3aBaaHHs, Py — nporpamua mozens, D — ¢aiin
((paiinm) BXIAHUX aHUX, OO0 BU3HAYAE MOYATKOBUI CTaH MporpaMHuX moaeneit, W —
iM'st ¢aitna (iMmeHa ¢aiisiB), A0 SKUX 3aMUCYIOTHCS PE3YyJIbTaTU MOJICIIIOBAHHS.
Koudirypartiitnuii ¢aitn 3aBgands Z MICTUTH 1HPOpPMaIIiIO PO MPOrpaMHI MOJIET,
HEOOX1TH1 pecypcu 1 T.I0., HaIPUKIIA],
Z'= {ariz,osiz, pci, psi,ms?,dc’, pri,ca;,bw;, rt; } me ar -  apxiTekTypa
npoiiecopa; 0S — ornepaniiiHa cucrema; PC — HeoOX1JHa MPOAYKTUBHICTh MPOIIECOPIB;
PS —IIBUAKOISA TPOIECOPiB; MS — o0car omeparuBHOiI nam'saTi; dC — HeoOXiaHMIA
oOcar BiHUEcTepa; Ca — KOE(IIIEHT 3B'I3HOCTI 3aBJaHb y 3aBAaHHI; PI' — MPIOPUTET
3aBJaHHs; DW — mpomyckHa 37aTHICTh KaHaTy 3B'SI3KY Ul OpraHizailii 0OMiHy Mix
MpPOrpaMHUMHU MOJENsIMH; It — Yac BUKOHAHHS 3aBaHHS 1 T.. Jlayli BUKOHYETHCS
napayiesIbHUN 3amyck etamiB 2 1 3.

Eranm 2. Ha ocHOBI Z mnpoXoauTh IiHIIIami3amis anpiopHUX JdaHUX 3a
PO3MOAUIEHUMHA TPOTPAMHUMH MOJEIISAMA Ta PO3MIIICHHS 3aBAaHHS y 4ep3i
ouiKyBaHHS po3noauty. [lepexin no eramy 5.

Etan 3. IlepeBipka HasiBHOCTI y 0a3i JaHux 1H(opmauii npo mnomnepeaHi
3amyCcKy Mojeli (3riHo 3 aTpuOyTOM Z), OTPUMAHOI BiJ] MJICUCTEMHU aHAII3y MOl
Ta 310paHOi BHACIIIOK MOHITOPUHTY TMOMNEPEAHIX MPOLECIB  IMITAI[IHOrO
MOJIETIOBaHHA. SIKIIO JaHi TMpUCYTHI y 0a3l JaHuX, BiJI0YBAa€ThCs 3aBaHTAKCHHS
iH(opMmarii 3 6a3u gaHUX 1 mepexia 10 eTamny 5.

Etan 4. 3anyck mporpaMHUX MoOJeNiel, 10 MOJENIOI0Th MPOLEeCH 1MiTallli,
JOCTIKEHHSI ~ TIOBEIIHKM  MOJEJIe 3 PI3HUMH  METOJlaMd  CHHXPOHI3aIli
(KOHCEepBaTUB-HUMHU 1 ONTHUMICTUYHUMH). Pe3ynbTaToM € OTpUMaHHS BEKTOPY
napameTpiB (6).

Etan 5. 3actocyBaHHs CTaHAAPTHUX METOJIB PO3MOIIITY PECYpCiB 3 METOIO

OTPUMaHHS MHOXHHHM JONMYCTUMHX CXE€M PpO3MOAUTY pecypciB. Bupimryerbces
: M

3aBlaHHS PO3MOJIIY MPOTPaAMHHUX MOAeNeH Prj' Ha noctymHi pecypcd [ JRm.
m=1
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Pe3ynbTaTom € MHOKMHA TOCTYITHUX CXEM MPU3HAYEHHS, JI¢ KOXKHOMY MTPOTPaMHOMY
KOMIIOHEHTY  CTaBUTHCS Yy  BIJANOBIJHICTh  OOYHMCIIOBAJIBHUN  pecypc

P= {P rji —> Ry, V] = l,_N}k (K — KIIBKICTH ~ JTOMYCTHMHX  CXEM  IPHU3HAYCHHS).
k

EdexTuBHICTD pO3MOALTY BU3HAYAETHCS MIHIMI3AIIEO Yacy iMiTalli abo KUTbKICTIO
pecypciB.

Etan 6. 3acTocyBaHHS METOIB aHai3y PO3MOIUICHUX MPOTPAMHHUX MOJIENEH,
PO3IMIIIHYTUX Y TPETHOMY PO3/1Ti. METOI0 BUKOHAHHS €Taly € 3HAXOJKEHHS CXeMHU
NpU3HAYEHHS, 10 Ma€ MIHIMAJIbHUI Yac BUKOHAHHS 3 BUKOHAHHAM OOMEKEHb Ha
o0csru mam'ari, 3aiiMadi TPOrPaMHUMHU MOJEIISMH 1 Yacy MPOCTOK 0OYHMCITIOBAIBHUX
pecypciB. Hampukiniii ertanmy HpOBOAMTBECSA 30epekeHHs iH(opMallii, oTpuMaHOl
BHACIIIJIOK 3aCTOCYBaHHS METO/IIB OLIIHKU CXEM PO3MOALTY, B 0231 JaHUX.

Etan 7. Buxnauk Opokepa pecypciB, 1o peanizye (i3UuHUNA PO3MOJILIT
JOKAJIbHUX MPOrpaMHUX MoOJelell Ha OOYMCIIOBAIbHI PECypCH BIJMOBIAHO 10
00paHoOi CXeMHU NMPU3HAYEHHS.

Etan 8. BuxopucraHHs 3aco0iB MOHITOPUHTY CHCTEMH MOJEIIOBaHHS 1
onepauiifHOi CUCTEMU JJIsl OTPUMAHHS AMHAMIYHUX HapameTpiB MPOIECy IMiTarii i
30epexeHHsl iX y 0a3l maHux. 30epexeHHs y 0a3l JaHUX alplOpHUX HapaMmeTpiB
EKCIIEPUMEHTY Ta OTPUMaHi BHACIIJOK 3aCTOCYBAaHHSI TEXHOJIOTIl aHaNI3y Ta 300py
CTaTHUCTUYHHX JAHUX BiJl CHCTEM MOHITOPUHTY CE€pPEeIOBHUIIAa BUKOHAHHS MPOTPaMHIX
MOJEEH.

Etan 9. Ilepenaua pe3ynbTaTiB BAKOHAHHS 3aBJAaHHS KOPUCTYBayeBi.

HMiarpama mid  po3poOieHOi  TEXHOJIOTIT  PO3MOIIJICHOTO  IMITAIiiHOTO
MOJICIIIOBAaHHS 3 eramamMu 1HGOpMAIIHOT TEXHOJIOTIT HaBeJeHAa B PYKOIHCI
aycepTalii Ta Bimoopaxkae, 110 JIesIKl eTarmy MOXKJIMBO BUKOHATH TapaIeNIbHO.

3anponoHOBAaHO  apXITEKTypy  PO3MOAIIEHOI  IMITAIifHOT ~ CHUCTEMU
mozemoBanHs  GRID-cucrem 3 ypaxyBaHHsAM  po3poOiieHoi  iH(popmMaliitHoi
TEXHOJIOT1i. ApPXITEKTypa Mae€ psJl MepeBar: THyYKICTb HACTPOIOBaHHS, IMPOCTOTA
Moaudikalii, CHOPOUIEHHS pO3pPOOKH, TECTYBaHHS, MIATPUMKH Ta OHOBJICHHS
cucteMu. KoMmmmoHeHTHa iarpama CUCTEMH HaBeJieHa Ha puc. 4.

3anmponoHOBaHO apXITEKTYpy Bi3yaldbHOro iHTepdeicy misi po3moaiaeHol
iMiTauiifHoi cucremu monentoBaHHss GRID-ingpactpykrypun — GRASS. Bupimenss
JIO3BOJIMJIO BUJUIMTU BI3yalli3allil0 JaHUX B OKpeMy IMIJICUCTEMY, 3MEHIIUTH
3B'S13aHICTh MOAYJIB Y CHCTEMI Ta 30UIBIIMTU IX BHYTPIUIHIO 3B's3HICTh. OnHIi€O 3
OCHOBHHX TIEpeBar apXiTeKTYpHU € MOKJIUBICTh MIJKIIOUCHHS HOBUX MOMYJIB 31
CBOIMHM OpUTiHAIbHUMH (YHKIISIMU Bi3yamizamii 0e3 MepeKoMMuIALii BCbOTO
mpoekTy. ['HydKicTh po3po0JIeHOT apXiTeKTypu JO3BOJISIE PO3MIMPIOBATH  a00
MoaudiKyBaTH MOJyJi Bizyami3amii 3 METOI TMPOBEACHHS OUIBII CKIIQTHUX
CKCIICPUMEHTIB.

[IpoBeneHO psii €KCIEPUMEHTIB, SIK1 J03BOJIMIN MEPEBIPUTH MPale3IaTHICTD
Ta e(QEeKTUBHICTh 3alPONOHOBAHOI TEXHOJIOTII aHaji3y MNpPOrpaMHUX MOJeENel y
cuctemi MmojaentoBanHsg GRASS mij yrpaBiiHHAM pi3HUX aJITOPUTMIB CUHXPOHI3aLIii.
AHaJi3 pe3ysbTaTiB €KCIEPUMEHTIB IMOKa3aB, IO BIPOBAHKEHHS 1H(QOpMaIiitHol
TEXHOJIOT1i aHadi3y PO3MOJAUIEHUX MPOrpaMHUX MOJIENEH JT03BOJIMB 3MEHIIUTH Yac
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MOJICITIOBAHHSI Ta KUIBKICTh OOYMCIIOBAJIBLHUX PECYPCIB y cepeaHboMmy Ha 36% Ta
28% BinnmoBigHO. OAHOYACHO 3 MM 3MEHIIMJIMCA Yac MPOCTOI PECYPCIB Y

cepenHboMy Ha 19% Ta KUIbKICTh KOH(MIIKTIB Tam’siTi Ha 54%.
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Pucynok 4 — KomnoHneHTHa MOZieb po3noAisieHoi cucteMu MoaentoBanHss GRASS

Y nopatkax HaBelEHO aKTH IMPO BIPOBAIKEHHS PE3YNbTATIB JIUCEPTAILIHHOI
pobOTH y BUPOOHMIITBO, IEPKOIOKETHI PoOOTH Ta HABUYAIBLHUM TMPOIEC, TEKCT
KOH(pirypamiiinux (aiaiB CUCTEMU MOJEIIOBAHHS, BIKOHHI (OpMHU Bi3yalabHOIrO

iHTepdeiicy cuctemu GRASS.
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BUCHOBKHA

Y nmuceprariiiHiii  poOOTI MpeJCTaBICHI pe3yiabTaTH, SKi BIAMOBIIHO O
MIOCTABJICHOI METH € BUPIIICHHSM aKTyaJIbHOI HAyKOBO-TIPAKTUYHOI 33a/1a4ul pO3pOOKH
Mo/, MeTOIB Ta iH(pOopMaIiitHOT TEeXHOJIOTIT aHaII3y PO3IMOIIJICHUX MTPOTPAMHHIX
MojieNiel, 10 JO3BOJISIIOTh 3MEHIIUTH 4Yac MOJICTIOBaHHS Ta HEOOXIAHY JJis
MOJICTIOBAHHS KIJIBKICTh OOYHMCIIOBAIBHUX PECYpPCIB B MPOIECT PO3MOAICHOTO
IMITAIIHHOTO MOJIEJTFOBAHHS.

VY mporieci BAKOHAHHS pOOOTH ISl BUPIIIICHHSI €JMHOI HAYKOBOI MpodsieMu Oyiu
OTpUMaHi Taki HAyKOBI pe3yJbTaTH:

1. Po3pobaeHo Momeni mpeaMeTHOI 00JIacTi Ha MMiJICTaBl MPOIECHOTO TOIaHHS
OKPEMHUX MOJIENIEH K MPOrPAMHUX €JIEMEHTIB O0YHCIIIOBAILHOTO CEPEOBHINA, K1 HA
BIIMIHY BIJl ICHYIOYMX, BpaxoOBYIOTb JIMHAMIYHY 3MIHY OOCATIB TaM'aTi, dYac
MPOCTOI0, IO JIO3BOJIAE 3aJOBOJIBHUTH BCTAHOBJIEHI OOMEXEHHsS Ha 00csr
OMEpPaTUBHOI MaM’sTi Ta MIHIMI3YBaTU 4ac MPOCTO0 OOUYUCITIOBAILHUX PECYPCIB IS
PI3HHX YMOB CUHXPOHI3allii MPOrpaMHUX MOJIETIEH.

2. Pozpobneno  Moaudikarii  Mozened 8 BUNAAKIB ~ CHHXPOHHUX,
KOHCEPBATUBHHUX,  ONTUMICTUYHUX  METOAIB  CHHXpPOHI3allli  PO3MOIIJICHUX
IMITalIfHUX MOJIeTIeH, K1 BpaXOBYIOTh METO/IM CUHXPOHI3aIlll MOJEIBHOTO Yacy Ta
apXITeKTypy JIOKaJIbHUX Mojenel cranmapty HLA, 1mo j03Bojisie OLIHUTH Yac
BUKOHAHHS TMPOTPAMHUX MOJIEJICH Il PI3HUX CXEM PO3MOJUTLY PpecypciB 3
ypaxyBaHHAM OOMEXEHb Ha o0cAr mnam’sITl Ta CyMapHHAd dYac MPOCTOIO
O0YHCITIOBAILHUX PECYPCIB.

3. Po3po6iieH0 MeTon OLIHKH MOXIIMBOCTI PO3MOALTY OKPEMHX MOJene Ha
OCHOBI JIMHAMIYHOI 3MIHM OOCSTIB BIPTYaJbHOI Mam'siTi, 110 JI03BOJISIE BpaxyBaTu
3MiHYy OOCSTIB TMSIM’ATi, OCOOJMBO Yy BHUNAAKY ONTUMICTUYHUX aJTOPUTMIB
CHUHXPOHI3aIlll MPOrpaMHUX MOJENEH, 3MEHIIUTH KIUIbKICTh OOYHUCITIOBAIBHUX
pecypciB, ypaxyBaTu 0OMEKEHHS Ha 0OCST 1aM’sTi Ta 3MEHIIUTH Yac MOJICTIOBAHHS.

4. Po3pobneHO MeTOoJ OTPUMaHHSA OI[IHOK MPOCTOI  PECcypciB IS
KOHCEPBAaTUBHUX AJITOPUTMIB CHHXPOHI3AIlli pO3MOAUICHUX IMITAIlIHHUX MOJIEIICH,
0 JI03BOJISIE OIIIHUTH Yac BUKOHAHHS MPOTPaMHUX MOJENEU IS PI3HUX CXEM
PO3MOJILTY PECYpPCIB 3 ypaxyBaHHSAM Yacy MPOCTO OOYUCITIOBAILHUX PECYPCIB.

5. Y10CKOHAIEHO METO]T OPIBHIHHS €(PEKTUBHOCTI PO3MOICHUX IMITAI[IHHUX
MoOJIeNiel 32 MaKCUMaJIbHUM IMPOCYBAHHSIM MOJCIBHOTO 4acy, 10, Ha BIAMIHY Bij
ICHYI0YOT0, BPaXOBY€ MOKJIMBICTh 3MIHM OOCSTY MaMm 4TI MPOrpaMHUX MOJENel Ta
0o0CAriB JaHMX, Kl MEPEAaroThCid MK MNPOrPaMHUMM MOJETSMU, a TaKOX Yac
MIPOCTOO PECYPCiB, IO JA03BOJISE OLIHUTH Yac BUKOHAHHS MPOTPAMHUX MOJENEH s
PI3HUX CXEM PO3MOJLIY PECYPCIB 3 YpaxyBaHHIM OOMEKEHb Ha 0OCST MaM Tl Ta yac
MIPOCTOI0 OOYMCITIOBATBHIX PECYPCIB.

6. HaOynu mopanbIioro po3BUTKY METOAM PO3MOJLTY MPOrpaMHUX MOJENeH 3a
OOYHCITIOBAILBHUMHU pecypcaMl Yy pPO3MOJIICHOMY IMITAIl[lfHOMY MOJIEIIOBaHH1
GRID-cucrem, siki, Ha BIAMIHY BiJl ICHYIOUHMX, JO3BOJISIOThH 31HCHIOBATH PO3IMOJILI
pecypciB 3 MakCUMaJbHUM MPOCYBAHHAM MOJEJIBHOTO Yacy 3a OOMeXeHb Ha 00csr
OTEepaTHBHOI MaM SITi, Yacy MPOCTOI0 Ta OOpaTH CIOCi0 CMHXPOHI3AIll MpOorpaMHUX
Mojenei, mo 3a0e3nedyye MiABUIICHHS €(EKTUBHOCTI MPOLECY PpO3MOALIEHOTO
IMITaIIfHOTO MOJIETIOBAHHS LUISIXOM 3MEHILIEHHS 4acy MOJENIOBaHHS Ta KUIbKOCTI
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00YHCITIOBAJILHUX PECYPCIB.

Ha ocHOBI cTBOpeHMX Mojeneld 1 MeTOAIB po3pobiieHO 1H(OopMaIliiHy
TEXHOJIOTII0, aJrOpUTMH Ta TMpOorpaMHe 3a0€3MeUeHHs aHaji3y pPO3MOIUICHUX
IMITaIiiHUX Mojeneld. BukopucTaHHa po3poOJeHUX Yy JucepTaliHii poOoTi
METOIB 1 3ac00IB J1a€ MOKJIMBICTH MIJIBUIIUTH €()EKTUBHICTH MPOIECY CTBOPEHHS
PO3MOIICHUX IMITAIIMHUX MOJIeieH, a TaKoXX Mmpoliecy nposBeneHHs iMitarii B GRID
a00 XMapHHUX I1H(paAcCTpyKTypax. EKcrepuMeHTalbHI MOCHIIKEHHS MiATBEPIUIH
KOPEKTHICTh 3alpONOHOBAHUX MOJIETICH 1 METOIIB.

OTpumMaHi TeOpeTWYHI pe3yiabTaTh Oynd BHUKOPUCTAHI TIpH  Ppo3poOIl
MPOrpaMHOT0 3a0€3MeUeHHs IMITAIIHHOTO MOIEIOBAHHS 1HPOPMAIIHHUX CUCTEM.

JIOCTOBIpHICTh OTPUMAaHUX NPAKTHUYHUX PE3YJbTaTIiB AMCEPTAIliiiHOi poOOTH
MIATBEPIKCHA EKCIICPUMEHTATLHUMHU JTOCTI/DKCHHSIM CTBOPEHOTO IIPOTPAMHOTO
3a0e3MneUeHHs], pe3yIbTaTaMu MOJICITIOBAaHHS PeATbHUX 1H(OOPMAIIHHAX CUCTEM.

HampsiMku TeopeTHYHHMX 1 TPAKTUYHUX JOCHIKEHb AUCepTaliiiHoi poOoTu
JOIIUIBHO PO3BUBAaTH B 00JIaCTI CTBOPEHHS 1 BHUKOPUCTAHHA PO3MOJIJIEHUX
IMITAI{IHHUX CUCTEM MOJIEITIOBAHHS.
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8. Bonk M. A. TeXHOJIOIrMM CHHXPOHU3ALNH PACTIPENEICHHBIX KOMIIBIOTEPHBIX
moneneri / M. A. Bonk, P.H. I'pumens, Mya3 An Ilubnaxk // Wudopmaruka,



17

MaTeMaTHYeCKOe MOJEIMPOBaHUE, SKOHOMHKA : €O. Hayd. CT. mo utoram TpeTheil
MexayHap. Hayd.-TipakT. KoH}., 24—26 anp. 2013 r. — Cmonenck, 2013. - T. 1. — C.
54-59.

9. Boix M. A. DneMeHThl pacupeneaeHHO MMHUTAIUuOHHON Moxaenu GRID-
cucteM / M. A. Bonk, P. H. I'pugens, K. FO. dbsuenko // CucTeMHBIN aHAIN3 U
UH(GOPMAIIMOHHBIE TEXHOJIOTHH : MaTepualbl XI MexayHap. Hayd.-TexH. KOH(]., 26—
30 mas 2009 . — K. : HTVYY «KII», 2009. — C. 422.

10. Tpumenr P.H. Pacmmupenue MeTomoB  aHaim3a  aJlrOpuUTMOB
CUHXPOHU3ALMKA BPEMEHHU ISl PACIPEIECIEHHOTO0 UMUTAlMOHHOTO MOJEINPOBAaHUS B
GRID-cucremax / P. H. I'punens // Paguosnektponnka u mononexs B XXI Beke :
Matepuansl 14-ro mexaynap. monoaex. ¢opyma, 18-20 mapra 2010 r. — X. :
XHVYPD, 2010. - 4. 2. — C. 212.

11. Bonk M. A. Apxurektypa wnmutaunoHHon wmozaenn GRID-cucremsl,
OCHOBaHHas Ha MojKIoyaeMbix Moayisix / M. A. Bonk, A.C. T'openxosn, P.H.
['punens // Ilpobaemu iHGoOpMaTUKK 1 MOACIIOBAHHA : MaTepianu 9-1 MiKHAp. HayK.-
TexH. KoH., 26-28 nucromn.. 2009 p. — X. : HTY «XIII», 2009. — C. 42.

12. Bonxk M. A. MHWmuranuonHas cuctema wmojaenupoBanus GRID-
unppactpykrypei GRASS / M. A. Bonk, P. H. I'punens, T.B. ®unumonuyk //
CucremHbli aHaIM3 U MHGOPMAIIMOHHBIE TEXHOJIOTHH : MaTepuainsl X1 MexmyHap.
Hay4.-TeXH. KoH]., 25-29 mas 2010 . — K. : HTYVY «KIIW», 2010. — C. 359.

13. Bonk M. A. Meton aHanu3a pacnpeesieHHbIX HMUTAIIMOHHBIX Mojeme /
M. A. Bonk, P.H. I'punens, Mya3z An Hubnak // IndopmamiitHi TexXHOJOTIi B
HaBIrauii 1 ynpaBJliHHI: CTaH Ta MEPCHEKTUBU PO3BUTKY : MaTepiajid MEPIIOT MIKHAP.
HayK.-TeXH. KoH(., 56 mum. 2010 p. — K. : JAIT « [ THAI HiV», 2010. — C. 46.

14. I'pugens P. H. Ilpumenenue mnpoueccHoi anredpsl s (popMaibHOro
OMHUCAHUS CHUCTEM HUMHUTanMoHHOro MojenupoBanus / P.H. I'punmens, C. A.
Omumyk // Pagmosnektponnka u mojoaekb B XXI Beke : Marepuanbl 13-ro
MeXIyHap. Mosoaex. ¢opyma, 30 mapra — 1 amp. 2009 r. — X. : XHYPD, 2009. —
4. 2.-C. 202.

15. Bonk M. A. AHanu3 MoJieliel MOTOKOB 3aJaHUM JJii MOJEIUpPOBaHUS
paboueit Harpy3ku B GRID-cuctemax / M. A. Bonk, P. H. I'punens, B. B. 3o3ymns //
CyvacHi HanpsiMH PO3BUTKY 1H(POPMAIIHHO-KOMYHIKAI[ITHUX TEXHOJIOT1M Ta 3aco0iB
VOpaBIIHHS : MaTepialiy Nepiioi HayK.-TexH. KoHd., 13—14 rpya. 2010 p. — X. @ A1
«XHII T™M» ; K. : IIT «IIHJI HiY», 2010. — C. 75.

16. Boix M. A. Meroasl aHaiu3a pacnpelieieHHOr0 WMHUTAIMOHHOTO
MOJICJIUPOBaAHUs € yueToM ceteBoro Tpaduka / M. A. Bonk, P. H. I'punens, Mya3 An
[ubnak // [ndopmaliiitHi TEXHOJIOTIi B HaBITallil 1 YIPaBJIiHHI: CTaH Ta NEPCIEKTUBU
PO3BUTKY : MaTepiaJiv JPYyroi MiKHAp. HayK.-TeXH. KOH]., 16—17 ngum. 2011 p. — K. :
JIT «IHAI HiV», 2011. — C. 45.

17. Bonk M. A. PacmupeHHBIl aHAIW3 paclpeleIeHHbIX HMUTAMOHHBIX
Mojeleld ¢ ONTUMHCTHYECKUMH W KOHCEPBATHBHBIMH  QJITOPUTMAMH
cuaxponuzammu / M. A. Bonk, P.H. TI'punmens // CydacHi HampsMu pO3BUTKY
1HGOpMaLIHHO-KOMYHIKaLlIMHUX TEXHOJOTIH Ta 3aco0iB yHpaBIiHHSA @ MaTepiaiu
Apyroi HayK.-TexH. KoH(., 15-16 rpyn. 2011 p. — K. : AIT «UHAI Hi¥» : KJIABT ;
X. : AT «XHJI TM», 2011. — C. 36.



18

18. Bonxk M. A. MeHemkep NaMiITH pacOpeeeHHbIX HMHUTAIIMOHHBIX
moneneii / M. A. Bonk, P. H. I'punens, Mya3 An Illu6nak // CydacHi HampsiMu
PO3BUTKY 1H(MOpPMAIIITHO-KOMYHIKAIIIMHUX TEXHOJIOTiH Ta 3aco01B yIpaBJIiHHS
Marepiajid TpeThOoi MiXKHap. HayK.-TexH. koHd., 11-12 kBit. 2013 p. — [lonTasa :
I[THTY ; bearopoxn : HAY «binlY» ; X. : AT « XHAI TM» ; K. : HTVY ; KipoBorpan :
KJIA HAY, 2013. - C. 34.

19. Bonk M. A. TexHoloruss CHUHXPOHHU3AIMM B  pacnpeeIeHHOM
UMUTAIIMOHHOM MojaenupoBanuu / M. A. Bonk, P. H. I'punens, Myas An In6Gmak //
Brenpenne TEpCHEKTUBHBIX MHKPOIPOIIECCOPHBIX CHUCTEM  KEIIE3HOIOPOKHOM
ABTOMATUKH M CPEJICTB TEICKOMMYHHUKAIMA Ha 0a3e MU poBU3aIlluA : MaTEpHAIIBI 26-
W MexayHap. Hayd.-mpakT. KoH¢., 23-28 cent 2913 r., Anymra, YKpauHa.—
Anymra, 2013. — C. 63.

20. Boax M. A. NudopmannoHHas TEXHOJOTHS aHajW3a pacHpeeIeHHBIX
UMUTAIMOHHBIX Mopeneii / M. A. Bonk, P.H. I'pugens, Mya3z An IluGnax //
[IpobGnemu iHpopmaTu3alii : MaTepiaad MepiIoi MXKHApP. HayK.-TeXH. KoH]., 19-20
rpya. 2013 p. — Uepkacu : YATY ; Kuie : AYT ; Toawsarti : TAY ; [lonrasa : ITHTY,
2013. - C. 29.

21. Bonk M. A. HHdpopManuoHHBIE  TEXHOJOTUU  OOECHECYCHUS
pacipeneneHHOT0 UMUTAMOHHOTO MojenupoBanus / M. A. Bonk, P. H. I'punens //
[IpobGnemu iHbOpMaTH3allli : MaTepiaid APYroi MDKHApP. HayK.-TeXH. KoH(., 12-13
kBIT. 2014 p. — K. : AYT ; Ilontasa : IIHTY ; KaroBuue ; Ilapux ; binropon : HIY
«BAY» ; Yepkacu : YIATY ; Xapkis : XHIITM, 2014. — C. 56.

AHOTALIS

I'punens P.M. Mopeni, meronn Ta 1H(OpMaIlliiiHA TEXHOJIOTIA aHaTI3y
posnoainenux nporpamuux moneneit GRID-cucrem. — Pykomnuc.

Hucepraiiisi Ha 3700yTTS HAyKOBOTO CTYIEHS KaHIWJaTa TEXHIYHUX HAyK 3a
cnemianpHicTIO 05.13.06 — iHdOpMariiiHi TexHoJorii. — XapKiBCbKUN HaIllOHAIbHHMA
YHIBEPCUTET PaJll0CICKTPOHIKH, XapkiB, 2014,

HucepraiiiiiHa po6oTa MpUCBsIY€HA BUPIIMICHHIO HAYKOBO-TIPAKTUYHO1 TPOOIEMHU
CTBOPEHHS Ha €IWHIM METOJOJIOTIYHIA OCHOBI HOBHMX MOJENICH, METOJIB Ta
1H(MOpMAIIHOT TEXHOJIOTIT aHATI3y PO3MOIICHUX MIPOTPAMHUX MOJIEICH.

Y pobGoTti po3pobiaeHI Moaeai MPeaMETHOI 00JacTi Ha IMACTaBl MPOIECHOTO
MOJAHHS OKPEMHUX MoJeNield SK TMPOrpaMHUX CJIEMCHTIB  OOYHMCIIIOBAIBHOTO
cepefoBuIa; po3pobsieHi Monudikaiii Mojenaed sl BUIAJKIB  CHHXPOHHUX,
KOHCEpBAaTUBHUX,  ONTUMICTUYHMX  METOJIB  CHHXPOHI3AIlli  PO3MOIIICHUX
IMITAIIHHUX MOJEIIEN.

Ha ocHOBI po3poOiieHMX MoOJeiel  3amporoOHOBAaHO METOAW  aHaTI3y
PO3MOJIICHUX  MPOrPaMHUX  MOJEJNeH: METOJ  TOPIBHAHHS  €(EeKTUBHOCTI
PO3MOUICHUX IMITAIIIMHUX MOJIeNIel 3a MaKCUMaJIbHUM IMPOCYBAHHIO MOJIEIHHOTO
4yacy, METOJl OI[IHKA MOXJMBOCTI PO3MOJIITY OKPEMHUX MOJENe Ha OCHOBI
JTUHAMIYHOT 3MiHU OOCSTIB BIPTYaJlbHOI MaM'siTi, METOJI OTPUMAHHS OIIIHOK MPOCTOIO
PECYpCIB JIJIsl aITOPUTMIB CHHXPOHI3aIli1 pO3MOIIICHUX IMITAIIITHIX MOJIEIICH.

Ha ocHoB1 po3po0ieHux METO/iB 3alporoHOBaHa iHGopMaIiiiHa TEXHOJIOTIs Ta
mporpamMHe  3a0€3MeYeHHs aHami3y MPOIECiB  PO3MOAUICHOTO  IMITAIIHHOTO
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MOJICITFOBAHHS.

KirodoBi croBa: mporpaMHa MoOj€Nb, PO3MOJAUICHE IMITAIliiHEe MOJICIIOBAaHHS,
JIOKaJIbHa MOJIeIb, PO3MOJUICHI OO0YHMCIIOBAIBHI pPECYpCH, CHUCTEMa IMITalllifHOTO
MOJICTFOBaHHS, 1H(pOpMaIliiiHa TEXHOJIOT1S aHATi3Y.

AHHOTALIUA

I'punens P.H. Mogenu, meroasl u wHGOpPMAIMOHHAS TEXHOJIOTHS aHAIU3a
pacnpeneneHHbIX mporpaMmmMHubix Mojaenelr GRID-cuctem. — Pykomnucs.

JluccepTanyst Ha CONCKAHUE YYEHOM CTEIEHU KAHAUIATa TEXHUYECKUX HAYK MO
cnermanbHocTH  05.13.06 — wHGOPMANMOHHBIE TEXHOJIOTHU. — XapbKOBCKHIMA
HallMOHAIbHBIA YHUBEPCUTET PaUO3JIEKTPOHUKH, XapbKoB, 2014.

JuccepraiioHHass paboTa TIOCBSIIEHA PEUICHUIO HAYYHO-TIPAKTHYECKOMN
npoOJieMbl CO3JaHUsl Ha EIUHONM METOJ0JIOTMYECKOM OCHOBE HOBBIX MOJIENEH,
METO/I0B U MH(OPMAIIMOHHON TEXHOJIOTHH aHaJN3a PACTPEEICHHBIX MPOTPAMMHBIX
MOJEEH.

Pa3paborana umuTanmoHHasi MOJIEINb MPOIEcca PACTPEEICHHOTO JHUCKPETHO-
COOBITUITHOTO MOJICIUPOBAHUS, YUUTHIBAIONIAS JUHAMHUYECKOE U3MEHEHHE 00bEMOB
MaMsITH, IOTOKOB JTAHHBIX B JIOKAJIbHBIX MOJENSAX, BPEMS IPOCTOS BBIYUCIUTEIIBHBIX
pecypcoB, METOJbl CHHXPOHHU3AlMU MOJEIBHOIO BPEMEHU M apXUTEKTYyPy
JOKaJIbHBIX Mozeneil ctangapra HLA, 4To MO3BOJISIET BBIIIOJIHUTH YCTAHOBJICHHBIE
OTpaHUYCHUS] HA O0OBEM OINEPATUBHOM MaMATH U MUHUMU3UPOBATH BPEMS MPOCTOSA
BBIYUCIUTEIBHBIX PECYPCOB MPU ONTHUMHUCTUYECKUX W KOHCEPBATHBHBIX METOJAX
CUHXPOHM3ALIMU TMPOTPAMMHBIX MOJIENIC. Y COBEPIICHCTBOBAHA MOJICNIb OLECHKH
BPEMEHH BBIMOJHEHUS MPOrPAMMHBIX MOJIENIC BBEICHUEM IMAPAMETPOB U3MEHEHUSA
00bEMOB TMaMATH MPOTPAMMHBIX MOJIEJIEN U 00BEMOB NEpeaBaeMbIX TAHHBIX MEXKTY
MPOrpaMMHBIMU MOJICJISIMHA, a TaKXXE BpPEMsS MPOCTOSI PECYPCOB, UYTO IO3BOJSIET
OLICHUTHh BpPEMs BBIIOJHEHUS MPOTPAMMHBIX MOJENEH s Pa3IuYHBIX CXEM
pacnpenesieHus: peCypcoB ¢ y4E€TOM OrpaHUYEHUN Ha 00bEeM MaMATH U CyMMapHOE
BpEMsI IPOCTOS BBIUUCIUTEIBHBIX PECYPCOB;

Pa3pabotanbl  METONBI  OIIGHKM  CXEMBI  pAaCHpelesiCHUs]  JIOKAJIbHBIX
MPOTPAMMHBIX MOJIEJIEd MO BBIYMCIUTEIBHBIM pecypcaM, KOTOpPbIE Ha OCHOBE
XapaKTEPUCTUK JUHAMHUYECKOTO N3MEHEHHSI 00BEMOB MX CETMEHTOB JaHHBIX, IAMITOB
MaMSATH COCTOSIHUN MOJIEJIEH 1 OIEHOK MPOCTOEB PECYPCOB, BHIOMPAIOT MIPUEMIIEMbIC
CXEMBI paclpeiesiCHUs] pECYpCOB, YTO MO3BOJISIET YMEHBIIUTh BPEMSI BBITIOJTHECHUS U
KOJIMYECTBO BBIYUCIUTEIBHBIX PECYPCOB TMPU pealu3alldd ONTUMHUCTUYHBIX H
KOHCEPBATUBHBIX METOJAX CHUHXPOHM3AIMK NpOrpaMMHBIX Mojenen. [lomyunin
JNalbHENIIee pa3BUTUE METOAbl PAaCHpeCsiCHUs] MNPOTrPaMMHBIX MOJEIEH MO0
BBIUUCIIUTEIBHBIM PECYpPCaM B PACIHpPEICICHHOM HMUTAIMOHHOM MO/JICIMPOBAHUU
GRID-cucteM, KOTOpble BBIOMPAIOT CXEMBI PACHPENCICHHUS PECYpPCOB  C
MaKCUMaJIbHBIM XOJOM MOJIEIbHOTO BpPEMEHH TIPH OTPaHUYCHHUSX Ha O00beM
OTIEPAaTUBHOW MMaMSITH, BPEMEHU MPOCTOS U BBIOUPAIOT CIMOCOO CUHXPOHHU3AIIUU
MPOTPAaMMHBIX MOJIENIEH, YTO TIO3BOJSET TMOBBICUTH A(MPEKTUBHOCTH Tpoliecca
pacnpeseieHHOr0 UMHUTAMOHHOTO MOJICJIMPOBAHUS MYTEM YMEHBIICHUS BPEMEHHU
MOJICJIMPOBAHUS U KOJIMYECTBA BBIUMCIUTEIBHBIX PECYPCOB.

PazpaboTanHbie MOJENN U METOJIbl UCMOJIB30BAIN MPOLECCHOE MPE/ICTABICHUE
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YaCTHBIX MOJENEN KaK MPOrpaMMHBIX 3JIEMEHTOB BBIYMCIUTEIBHOM CpPEIbl, Pa3HbIE
QITOPUTMBl  CHHXPOHM3allMM  NPOTPaMMHBIX  MOJEJIEH, cHeu(pUKaLUIo
B3aUMOJEHMCTBUSL NIPOrpaMMHBIX Mojened u cpeabl MozenupoBanus RTI,
IOCTPOEHHBIX Ha ocHoBe crta”mapra HLA. Ha ocHoBe pa3paOoTaHHBIX METOOB
npeiokKeHa HHPOPMAIMOHHAsl TEXHOJOTUS U IPOrpaMMHOE OOECIeYeHrEe aHaau3a
IPOLECCOB PACHPEAEIEHHOr0 UMUTAlMOHHOT'O MOJIETIMPOBAHUSL.

Hcnonp3oBaHue pa3pabOTaHHBIX B JAMCCEPTALIMOHHOW paboTe METOIO0B U
CPEICTB JaeT BO3MOXXHOCTh TMOBBICUTH 3(PPEKTUBHOCTH TpoOIlEcca CO3AaHUs
pacupeieNeHHbIX HMMHUTAIlMOHHBIX MOJENEH, a TakXke Mpolecca IPOBEICHUS
umutaiimi B GRID wnmm  obGnaunbix uHGpacTpyKTypax. OKCIEPUMEHTAIbHBIC
MCCJIEI0BAHMS TOJATBEPAWIM KOPPEKTHOCTh MPEMJIOKEHHBIX MOJENIEH U METOOB.
[TosryueHHBIE  TEOPETHUYECKHE  pEe3yJbTaTbl  PEANU30BaHbl IpU  pa3paboOTke
MIPOrPaMMHOr0 00€CTIeUeHNsT MMHUTAIMOHHOTO MOJEIUPOBAHUS HH(POPMALIMOHHBIX
CUCTEM.

KiroueBble cnoBa: mporpaMMmHasl MOJENb, PAaCIpPEEICHHOE HMUTALMOHHOE
MOJEIINPOBAHUE, JIOKAJIbHAs MOJENb, PACHPENCICHHBIE BBIUUCIUTEIBHBIE PECYPCHI,
CUCTEMa HUMUTAIMOHHOTO MOJEIUPOBaHMsI, HH()OPMALIMOHHASI TEXHOJIOTUS aHAIIN3A.

ABSTRACT

Gridel R.M. Models, methods and information technology analysis of
distributed software simulation models GRID-systems. — Manuscript.

Dissertation for candidate of technical sciences (Ph.D.) degree in specialty
05.13.06 — information technology. — Kharkiv National University of Radio
Electronics, Kharkiv, 2014.

The thesis is devoted to scientific and practical problems of creating a single
methodological basis for new models, methods and information technology analysis
of distributed software models.

Domain model based on process models as representing private program
elements computing environment is developed; modifications models for the cases of
synchronous, conservative and optimistic synchronization methods of distributed
simulations are developed.

Methods of analysis software distributed models are proposed: a method of
comparing the effectiveness of distributed simulation models to maximize the
promotion of model time, the method of assessing the sharing of private models
based on dynamic changes in the size of virtual memory, a simple method for
obtaining estimates of resources for synchronization algorithms of distributed
simulations .

Information technology and analysis software processes of distributed
simulation based on developed methods are proposed.

Keywords: software model, distributed simulation, a local model, distributed
computing resources, system simulation and information technology analysis.



