VYuenble 3anucku TaBpuuecKoro HalMOHAIBHOIO yHUBepcuTeTa uMeHu B.M.BepHaackoro
Cepus «I'eorpadust». Tom 25 (64). 2012 1. Ne 1, C. 129-135.

YJIK 004.942
MOAEJIOBAHHSA ITPOCTOPOBO PO3NOAIVIEHUX IMHAMIYHUX
CHUCTEM I3 BACTOCYBAHHSIM 'EOTH®OPMAIIIMHOI TEXHOJIOI'II ESRI
Kogzap B. B.!, ®inozogp P.C?

YIpAT «ECOMM> Co, Kuis, Yxpaina
Kuigcokuti Hayionansnuii yHieepcumem imeni Tapaca Illeeuenka, Kuie, Yxpaina

Haeneno ormsig MeTomiB MOJIETIOBAaHHS IIPOCTOPOBO PO3MOALIEHHX IUHAMIUYHHX CHCTEM AUl BUPIIICHHS
npobiemu «Big Data». OGIpyHTOBaHO 3aCTOCYBaHHS reoiH(pOpMariiHoi TexHonorii ESri must migBumieHns
e(eKTUBHOCTI pOOOTH 3 BEMUKHMH OOCATaMH HAaKONHMYEHb 3a3BHYail IPOCTOPOBO PO3MOALICHHX JAHUX.
Po3risHyTO CmocoOuM omparfoBaHHS 3HAYHWX MAacHBIB IPOCTOPOBO PO3MOALTEHHX JaHUX. 3aIPOIIOHOBAHO
METOJVKY BHpIIIeHHS mMocTaBieHoi 3amadi. HaBemeHo mepermik mpenMeTHHX oO7acTel, B SIKMX MOMKIMBE
3aCTOCYBaHHS JAHOI METOINKH.

Kniouosi cnoea: MOIeNIOBaHHS, CTATUCTUYHI JaHI, AMHAMIYHI CHCTEMH, IIPOCTOPOBO po3noxineni aaxi, I'IC.

BCTYII

OmnepyBaHHS 3HAYHUMH MacuBaMH iH(opMalii € HeBil’ €eMHOI0 O3HAKOIO CyYacHOCTI 1
omuuM i3 (akropiB ¢opmyBanHs iHdopmauiliHOi kpu3u. Ilepen cycminbcTBOM mocTae
npobnemMa edeKkTuBHOro 30epiraHHA Ta YOPABIIHHA JaHUMH, 1X ONTHUMAIBHOTO
BUKOPUCTaHHS. B y)XMTOK JHOCHTH MIBUAKO YBIHIUIM Taki moHATTA, sik Big Data ta Data
Mining i npoGnemu, MoB’sI3aHi 13 IIMMHU HANpPSIMKaMH JTOCIIIKEHb OOTOBOPIOIOTHCS BCE
IIMPIIUM KOJIOM KOPHUCTYBadiB KOPHOPAaTUBHUX iH(OpMAIiifHUX CHCTEM, 30KpeMa —
npobneMa BHIOOYTKY KOPHCHUX BIOMOCTEH aHANITHYHOIO XapakTepy 3 HasBHOIO
KOpPIOpaTuBHOrO iH(opMmamiiHoOro pecypcy. 3 Orfsily Ha TaKy CHUTYalil0 Haa3BHYAHHO
AKTYAJIBHOI0 € HEOOXiTHICTh PO3pOOKU e(eKTHBHOIO IHCTPYMEHTY pOOOTH 3 MacHBaMu
MPOCTOPOBO-PO3MOAUIEHNX JaHMX, IO HAKOMHYYIOTHCS 13 MJIMHOM 4acy. MeTow naHoi
poboTH € PO3poOKa METOAMYHOI CXEMH MOAEIIOBAaHHSA MPOCTOPOBO PO3MOAIICHUX
JUHAMIYHAX CHCTEM Ha OCHOBI aHaji3y HayKOBHX METOAIB, IO 3aCTOCOBYIOTHCS Y
KOMIT'IOTEPHHX, MaTeMaTHYHHX Ta reorpaiuHuX HayKaX, Ta CHHTE3y BiIIOBIITHHX
iH(pOpMaLiHIX TEXHOJIOTIH, 10 I'PYHTYIOTHCS Ha LIUX METOJIaX.

BUKJIIAZEHHSI OCHOBHOTI'O MATEPIAJTY

CboroHi MM € CBiIKAMH aKTUBHOI'O PO3BUTKY TEXHOJIOTiH aBTOMAaTH3alil
IHTEJEeKTyalbHOTO aHali3y JaHUX, MOsiBa AKUX IOB’s3aHa HacamIlepesn 3 HEOOXiIHICTIO
aHAJIITUYHOI 0OpOOKM HaJBENMUMKUX 00’€MIB JAaHUX, HAKONMWYYBaHHUX B iH(OpMaLiiHHX
cxopuiax manux (Data Warehousing). I{e 3yMOBIE€HO TOIOBHUM YHHOM MOTOKOM HOBHX
imed, sKi BHUTIKAaIOTh i3 cdepu KOMITIOTEPHHX HayK, LI0 YTBOpPHJAcCS Ha MeEpeTHHi
LITYYHOT'O 1HTENEKTY, CTAaTUCTUKU Ta Teopil 6a3 maHux. [lany o0nacTb Mo3HA4aroTh 5K
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KDD (Knowledge Discovery in Databases — BusBneHHst 3HaHb B 0a3zax naHux). Huni
BiOyBa€ThCA 3POCTaHHS KIUIBKOCTI MNPOrpaMHUX MPONYKTIB, B SKUX 3aCTOCOBaHi
texnonorii KDD, a Takox THITIB 3a/1a4, JIc¢ BAKOPUCTAHHS JAHUX TEXHOJOTIH /A€ BATOMHIA
exoHOMiyHMK edekT. EnemenTtn aBTOMaTHMYHOI OOpOOKM Ta aHamily OaHUX CTalOTh
HEBiJI’€MHOI0 YacCTUHOIO KOHLEMIIii eNeKTPOHHHUX CXOBHIL AaHUX. OCHOBHUM KPOKOM
KDD miomo ompaifoBaHHS BMICTY €IEKTPOHHHMX CXOBHMII sgaHux € Data Mining
(mocmimKeHHs JaHUX |, SK HACNIZIOK, BHIOOYTOK J[JOJATKOBHX BIZIOMOCTEH).
Inrenekryanpauii ananiz nanux i KDD BBakaioTh, B 3aralbHOMY BHIIAAKY, CHHOHIMaMH
Data Mining, ane ¢akruuno Data Mining € ocHOBHMM, Ta HE €IMHHUM EICMEHTOM B
mHoxuHI KDD.

3a BusHaueHHsM ['puropis Iliateupkoro-lllamipo, ogHOrO i3 3aCHOBHHUKIB LBOTO
Hanpsimy, Data Mining — ne mporec BUSBICHHS B CUPUX JaHHX paHille HEBIIOMHX,
HETPHUBIaJIbHUX, MPAKTUYHO KOPUCHUX 1 JOCTYIHHX iHTEpIpeTanii 3HaHb, HEOOX1AHUX IS
NPUIHATTA PillleHb B Pi3HUX cdepax Jroachkol aisutbHOCTI [1, 2]. Lleit mpouec Bkitouae
TPHU OCHOBHHX €TaIld: JOCIiIKEHHs, Mo0yaoBy Mozeni abo CTpYKTypH Ta ii nepeBipky. B
HOro OCHOBI JIGKHUTH CTaTUCTUYHUI aHalli3, 10 BUKOPUCTOBYBABCS N0 LUX Mip B poimi
NPaKTUYHOTO 1HCTPYMEHTA, a TAaKOX TaKHi, 110 MPUBAa0IIOBaB MAaTEeMAaTHKIB-TEOPETHKIB.
AJle 10 HeZaBHBOrO yacy Hpouec BUAOOYTKY IPUXOBAHUX» BIJOMOCTEW aHAJIITUYHOTO
XapakTepy OyB JOCTaTHBO [OBIOTPMBAJIMM, HPOBOAUBCS BpYUHY. TOYHICTH LBOTO
MPOIIECy ICTOTHO 3aJiealia Bijf TOr0, XTO WOro BUKOHYBaB. HuHi 3’sBHIUCS 3aco0H, sIKi
MOXYTh aBTOMATHU3YBaTH LIEH MpoLeC, IO Ja€ MOKIUBICTE BUKOPHUCTOBYBATH BHI00YTOK
BIZIOMOCTEW aHAJITUYHOTO XapaKTepy IIMPOKOMY KONy (axiBLiB — KOPUCTYBAiB IMX
3aco01B aBTOMAaTH3aLlil.

Indopmaniitna Texnonoris Data Mining BHKOPHCTOBYE CKIIQIHUHA CTaTUCTUYHHNA
aHaJ i3 1 METOAM MOJCIIOBaHHS Ui 3HAXO/DKCHHS BiJHOLIEHb (KOPEIALIHHUX
3anexHocTedl abo Mogxenei), 3axoBanux y Big Data (koprmopaTuBHOMY GaHKy AaHHX) —
TAaKUX MOAENeH, SKi He MOXYTb OyTH 3HaiieHi 3BMUaiiHuMu Meronamu. OTxe, Meroau
BUJOOYTKY «IIPUXOBAaHUX» BiIOMOCTEH aHANITHYHOTO XapakTepy HaOyBaroTh Bce OibIIOT
MOMYJISIPHOCTI B POJi IHCTPYMEHTY ISl aHANi3y PI3HOMAHITHUX JaHHUX, OCOOJIMBO B THX
BUIIA/IKAX, KOJU IependadaeThbes, IO i3 HAsIBHUX JaHUX MOKHA Oy[e BUTATHYTH 3HAHHS
(BimoMocCTi) Uil MPUHHATTSA pillleHb B yMOBaX HEBU3HAa4YeHOCTi. 3 iHIIOrO OOKYy,
3aMopyKOI0 YCHIIIHOTO 3aCTOCYBaHHs IIMX METONIB € HE MPOCTO BUOIp anropurMy, a
MaiCTepHICTh JIOAWHH, SKa NPOBOAUTH KOHCTPYIOBAHHS MOJENi Ta MOXKIUBOCTI
IporpaMu MPOBOAUTH CaMe MPOLeC MOJAETOBaHHs. T0o0TO MU MiAXOOUMO A0 IpolieMu
CTBOPEHHS aBTOMAaTH30BaHOI aHAJIITHYHOI CUCTEMH, SIKa KEPYIOUHCh IIEBHUM aJrOPUTMOM,
3aCTOCOBYIOYHM HOBI ©()eKTHBHI METONU 3[aTHa MOJAETIOBATH CKiamHi mporecu. Ciin
JeTajbHIlle 3yMMHUTHCh HA TOMY, SIKI caMe METOAM MOXYTh OyTH BHKOPHCTaHi B
noAiOHOMY MOJENIOBaHHI, SIKi JaHI MarOTh BHUKOPUCTOBYBATHCH, SIKUM € aJTOPUTM
mo0yT0OBH Ta pOOOTH MOMIOHOI CUCTEMH 1 Jie ii MOYKHA 3aCTOCYBATH.

IaTenexryanbpHi 3aco0u aHai3y JaHUX BUKOPUCTOBYIOTh HACTYIIHI OCHOBHI METOMU:

e HelipoHHI Mepexi;
e JepeBa pillieHb;
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® iHJYKIIFO MPaBUIL.
KpiM 1iux ToNoBHUX METOMIB ICHYIOTH 1€ ICKITbKA JJOTIOMIKHUX .
® CHUCTEMH MipKyBaHHs Ha OCHOBI aHAJIOTTYHUX BUIMAJKIB (IPELEICHTIB);
e HeuiTKa JIOTIKa;
® TCHETUYHI aITOPUTMH,
® aNTOPUTMU BCTAHOBJICHHS aCOIIaIlil 1 TOCIiJOBHOCTEH
e aHami3 i3 BUOOPUOIO Ji€T0;
e JIOTi4HA perpecis,
e eBOJIOUINHE MPOrpaMyBaHHS;
e Bi3yami3allis JaHHX.

B crmamHuX aHaNITUYHUX CHCTEMaxX HaiyacTille 3aCTOCOBYHOTh KOMOIHAIIiF0
nepepaxoBaHuX MeroAiB. THM He MeHIE, OCHOBHUM METOAOM Cy4acHOI MareMaTH4YHOl
CTaTHCTUKH II0 TpaBy MOKHA Ha3BaTH perpeciiiHuii anami3 [3-6]. TumoBa mpouemypa
perpeciiHOro aHaii3y BUILIMBAE i3 TEPEAYMOBH, IO BCi HEOOXiJHI AaHi I MOOYIOBU
MaTeMaTH4YHOI MOJIeINi BKe 310paHi.

st Oynp-sKMX 3amav i3 KUIBKICHUMH 3MIHHUMH IHTEPEC CTaHOBUTH JIOCIIIKECHHS
BIUIMBY (IOIMCHOrO YM MiJIO3PIOBAHOT0) OAHMX 3MIHHMX Ha iHII. TakuM BIUIMBOM,
3a3BUYail, Moxe OyTHM NpPOCTUH (QYHKIIOHAIBHUHI 3B’S30K MK 3MIHHMMH, OpPOTE Y
Oaratbox (i3MUHUX Mpolecax e MBHUANIC BUHIATOK, HDXK mpasmio. Yacrto, mBuamlie 3a
Bce, iICHY€ (YHKIIOHAJIBHUM 3B’S30K, IO € 3aHAATO CKJIaJHUM Ui PO3YMIHHS 4H JUIs
ONMMCY B TMPOCTUX TEpMiHaxX. Y TakOMy BHUMNAAKy MOXYTb NOparHyTH migiOpatu
anpoKCUMAII0 IbOr0 (YHKLIOHAJIBHOTO 3B’A3KY 3a JIONMOMOTOI0 SIKOI-HeOyIb MpOCTOl
MareMaTHYHOI (YHKIIT (CKa)XiMO, TaKoi, SK MOJIHOM), sSiKa BKJIFOYA€E BiIOBIIHI 3MiHHI, i
3INIaJPKYyBAaTH «IiCTHHHY» (DYHKLiI0 B TMEBHIM OOMeXeHid o0jacTi 3MiHM LUX 3MiHHHX.
Hocnimkyoun Taky 3riakeHy (yHKmifo, OuIble Ai3HAIOTHCS MPO PO3IISAYBaHY
«ICTUHHY» 3aJI€XKHICTh Ta OLIHIOIOTh OKPEMI UM CYKYITHI e(DeKTH 3MiHM JESKMX BAXKIUBHX
3MiHHHX.

Hagite Tozmi, Komu 3a 3MicTOM He iCHy€e (Di3MYHOTO 3B’SI3Ky MK 3MIHHHUMH, MH
MOXEMO MParHyTu BifoOpa3uTH HOro 3a AOMOMOIOI0 MAaTEeMAaTHYHOrO PIBHSHHS JaHOTO
BUAy. SIKimo piBHAHHS Qi3UYHO HE Ma€ CEHCY, TO BOHO TUM HE MEHILE MOXXE BUSBUTUCS
JOCTaTHBO I[IHHMM JUId TepenOadeHHs 3HA4YeHb pAAy 3MIHHUX 33 HEBIIOMHMU
3HAYEHHSIMM IHIIMX 3MIHHUX, MOXIIMBO, 32 NEBHUX oOMexeHb. Came IUIs JOCIHiIKEHb
TAKOI'0 POy MOCIYTOBYIOTHCS arapaToM perpeciiHoro aHamisy.

Bynyroun (yHKUOiOHaNBHY 3al€KHICTh, PO3PI3HSIOTH Ba OCHOBHHX TUIH 3MiHHHX.
[Mepimiunit TUI HA3WBAIOTh MPEAUKTOPAMH, a00 HE3aJCKHUMH 3MiHHUMH ((pakTopamu,
CHTHAAaMM) 1 Jpyruil — 3aleKHUMH 3MiHHUMH, a00 3MiHHMMU-Bimgrykamu. Ilin
MPEAUKTOpaMH, abo (akTopaMu PO3yMIIOTh Taki 3MiHHI, ISl SIKUX, K MIPABHJIO, MOXHA
BCTAaHOBUTU Oa)kaHi 3Ha4yeHHs, abo Ti, MmO iX MOXXHa JIMIIE cCIIOCTepiratd, aie He
YIPaBIATH HUMHU. B pe3ynbraTi HABMUCHUX 3MiH, UM 3MiH, IO CTAJHUCA i3 He3aJeKHUMHU
3MIHHHMH BHIIAJKOBO, 3’ SIBISIETHCS €PEKT, SIKUH TepeaacThbCs Ha iHIIN 3MiHHI, HA BilITYKH.
ToOTo iHTEpec CTaHOBUTH Te, SIK 3MiHH MIPEAUKTOPIB BIUIMBAIOTH HA 3HAYEHHS BiATYKIB.
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B 3amexxHOCTi Bij siBUIa a00 mporecy, IO MOJCIIOETLCS, Ta BIIOBIIHO BiJ IMpe
aukTopiB (pakTopiB BIUIMBY Ha IIyKaHi 3MiHHI) MOKe OyTH 3aCTOCOBAaHUH JiHIiTHUI a00
HeNmiHiMHuK perpeciiiHuil anani3. OJHi€l0 3 MepeBar 3acTOCYBaHHS CaMe perpeciiHoro
aHaJi3y B MPOMOHOBAHIM METOAMLI € Te, IO eKCIUIOpaTOpHa perpecis Bxke BOyJoBaHA B
iHcTpyMeHTanpHy Iiatdopmy Esri ArcGlIS, ska moumnaroui 3 10-1 Bepcii miaTpumye
TEMITOpaJIbHY CKJIaJ0BY AaHUX, IO 30epiraloThCsl.

3a3HaunMo ofpasy, L0 1 Bi3yamizallil AaHWX HE JapeMHO BKazaHa cepej
aHaTHYHUX MeroAiB. He 3Baxaroum Ha Te, IO JaHUHA METOA HE MaE MaTeMaTU4HOl
OCHOBH, BiH, BCE X, Billirpae HaJI3BUYAHHO BOXKJIMBY POJIb Y 3B s3Ii «aHATITHYHA CHCTEMA
— omepaTop», ocoOIMBO y BHIAJAKax i3 HaaBenukuMu ob’emamu jpanux (Big Data).
MoxnuBicTb 0OpOOHUTH 3HAYHI MacHBU JaHHMX, 0OpaxyBaTH 3aJIeKHi 3MiHHI Ta MOJAaTH iX
y 3py4YyHOMY MJsi PO3YMIiHHS 1 NPUUHATTS pIilIeHHs BUIVISAAI — OCHOBHA (DYHKIIs
ONMHCYBaHOI aHATITHYHOI cucTeMu. Dopma Bizyauizarllii JaHux OyJie onmucaHa Jiali, a MOKH
posrisiHeMo caMi JaHi. 30Kpema, SKMMA BOHM MAlOTh OYyTH, LIO0 MOXE CIYyTyBaTH
JOKEpENIOM TaKHX JaHWX, K BOHM MarOTh 0OpPOOISATHUCS mepes iX Bi3yarizallier?

Sx BumnMBaE 3 Ha3BM JaHOi CTAaTTi, MU akKIEHTYEMO YyBary mo-leplie Ha
MOJIETIOBAaHHI JUHAMIYHHAX CHUCTEMaM, a MO-ApYyre TaKuX i3 HUX, IO MAlOTh IPOCTOPOBO
posmoninieHnit xapakrep. Taki cucTeMH MalOThb HOJBIHY NPHUPOAY — BOHHM MOXKYTh
€BOJIIOLIIOHYBATH B 4aci Ta B mpocTopi. B ipoMy Bunaaky oO04YHCIeHHS 3aIeKHUX 3MIHHIX
MOKE€ BUKOHYBATHCh 33 JBOMA KpPUTEPisIMU: BU3HAUEHH KUIbKICHOT 3MiHH IMOKa3HUKA, 110
Ma€ MPOCTOPOBY MPHB’A3KY Ta 3MIiHU MiCIEMONOKEHH (200 KOH(Irypallii) mpocTOpoOBOro
0o0’exkta. MopnenioBaHHSI MPOCTOPOBO PO3MOJUIEHUX JAWHAMIYHMX CHCTEM MOXKeE
BUKOHYBATHCh Ha 0a3i 0JJHOr0 a00 JIEKLTPKOX OCHOBHUX MIIXOiB BUAOOYTKY BiTOMOCTEH
AHAJIITUYHO XapaKTepy, a caMe:

e iacudikaiis;

® perpecis;

® IPOrHO3YBAHHS YaCOBUX IOCIIIOBHOCTEH (psiB);
e KJIaCTepHU3allis;

e acoriaris;

® [IOCJIJOBHICTb.

Ilepiui Tpu BUKOPUCTOBYIOTHCS, TOJIOBHUM YMHOM, AJIs iepei0ayeHHs, B TOH 4ac, 5K
OCTaHHI 3pY4YHIIN A OMHCY iCHYIOUMX 3aKOHOMIPHOCTEH Yy CTATHCTUYHUX BHOIpKax
JaHUX.

xepenaMu gaHuX A MOAIOHOrO MOJENIOBAHHS B i/1€aJIbHOMY BHIIJKy € 3HAYHI
MAacHBH CTaTUCTHYHUX JAHUX CIIOCTEPEKEHHS 32 CTAHOM IEBHHUX 00 €KTIB IOCIIHKEHHS
(maHi mpo 3a0pyAHEHHs, TeMIepaTypu) abo 3a MPOCTOPOBO PO3MOMUICHUMH (Hi3HUHUMHU
nporecamu (ceneBi moTokH, atmocdepHi ¢poHTH Touro). [Ipu 1boMy, 4YuM Oijiblie
(akTOpiB BIJIMBY Ha 3aJICKHI 3MiHHI Oye BUSBIEHO, TUM TOUHIIIOIO Oy/ie MOJENb OLIHKH
ix quHamiku. ToOTO B 1aHOMY BHUNAAKY HasBHICTh HAAMIPHUX JaHUX MEPETBOPIOETHCA 13
HEeNONiKy B TepeBary Npu ix oOpoOmi 3a MpONOHOBAHOI METONMKOI. B Takomy
ieanbHOMY BHUMAJKy €Tal IONepelHbOI MiATOTOBKH JAaHMX 3HAYHO CIPOLIYEThCA 3a
PaxyHOK TOro, IO Bifmanae HEOOXiqHICTh T€OKOIYBAaHHS — JaHI BXKE MarOTh IPOCTOPOBY
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npuB’sa3Ky. BriMm, cdepa 3acTocyBaHHS NaHOT METOOMKH MOKE OyTH 3HaYHO PO3IMIMpEHa
3aBIISIKM TOMY, IIO 3HAa4YHA KUIBKICTh CTATHCTUYHUX JAHHX MOXe OyTH IeOKO0BaHA Ha
eTari miAroToBKY AaHUX, He OyOy4H BiJl MOYaTKy MPOCTOPOBO MpUB’si3aHa. B Takomy pasi
00’eKTaMM MOJETIOBAaHHS MOXYTh BHUCTYNATH IMHAMIUYHI CHCTEMH, IO OIMUCYIOTHCS
JaHUMU CIIOCTEPEKEHHS COLliabHUX, EKOHOMIUYHUX, IPUPOJHUX IpoLeciB [7].

[IpocTopoBo po3moniieHHii XapakTep JaHWUX mependadae i ocoONMMBUI Minxim o0 ix
30epiranHsi Ta CTpykTypusauii. He 3amexxHo Bim Toro, uum Oynum JaHi NPOCTOPOBO
PO3IMONUIEHUMH Bijl TOYaTKy, YU — OyJIM MpHB’s3aHI A0 MEBHUX MPOCTOPOBUX 00’ €KTIB
(kmactepiB), OKpIM XapaKTEPUCTHK, IO BH3HAYAIOTHCS CTATHCTHYHHMH JAHUMHU TakKi
00’€KTH MaroTh MPOCTOPOBI XapaKTepUCTHKH. ToOTO HA JaHOMY eTari BUHHMKA€e MOTpeda
3acTOCYBaHHSl reoiHdopmManiiiHoi TexHomorii. Amxke QopmyBaHHs 0Oa3uW JHaHHMX, LIO
MICTUTh Taki 00’€KTH 3 iX XapaKTEepUCTUKAMH BiIOYBa€TbCS 3a MpaBUJIAMH CTBOPEHHS
reo0a3 JaHMX 3 BIIHNOBIAHOIO CTPYKTYPOIO. 3 OISy Ha 1€, KOPUCHUM € BUKOPHUCTaHHS B
JaHil METOAMI IHCTPYMEHTIB, 110 3alIPOIIOHOBaHI reoindopmariitHor TexHonoriewo Esri
— ArcGIS [8].

OxpiM MOXJIMBOCTI (OpMyBaHHS reo0a3u AJaHUX HUISIXOM iHTErpyBaHHS Pi3HOPITHUX
JaHux 13 pisHux mkepen, ArcGIS nagae mumpoki MOXIMBOCTI 3 MPOCTOPOBOTO
MOJIETIIOBaHHSl Ta Bi3yamizawii OTpUMaHMX pe3yabTariB. B mpornoHoBaHili MeToaMii
ArcGIS € iHCTpyMeHTalbHUM CEpPElIOBHILIEM, B SIKOMY iHTEIPYIOTHCS MareMaTH4yHa Ta
reorpaiyHa KOMIIOHEHTH MOJEIIOBAHHSI.

Bizyanizamist Bigirpae yumany poiib y TOMY HACKUIBKHM LIBHJIKUM Ta €(pEKTHBHHUM
Oyze mpolec NPUHAHATTS PIlICHHS, IO IPYHTYETHCS HAa OCHOBI aJeKBaTHOI IPOCTOPOBO
yacoBoi Mmogxeni. [lepeBaroro 3acrocyBaHHs TeoiH(popMaliiHOi TexHomorii ESri e
MOXJIUBICTh KapTorpagiuHoro BinoOpa)keHHS AWHAMIKM MPOCTOPOBO PO3MOIITEHHX
cUcTeM SIK B mpocTopi, Tak 1 B dyaci. ToOTo, 3a paxyHOK CTBOPEHHS 4YacOBHX
(TeMropajbHUX) KJIaciB MPOCTOPOBHUX O0’€KTIB MOXJIMBICT TEXHOJOTIS mepenbayae
BiOOpa)kKeHHsI TMHAMIKM TOXiil y 4acoBOMY BHUMIpi 3 BHU3HaueHHUM IMepiogoM dHacy. B
MOEAHAHHI 3 METOAaMU PperpeciiHoro asamisy Ta MPOTHO3YBaHHS  YacOBHX
MOCHIIOBHOCTEH TaKUil IHCTPYMEHT CTa€ MOTYXHHM 3aco00M Bizyamizamili AMHAMIiKU
JOCHIIPKYBaHUX SBHII a00 OKPEMHUX BETUYMH.

OTxe, B 3araJlbHOMy BHIIaAKy IPOINOHOBAHA METOAWYHA CXEMa MOJEIIOBAHHS
HPOCTOPOBO PO3MOiNICHUX TruHAMIYHUX crcTeM (Puc. 1) ckinagaeTsest 3 TaKUX €TariB:

e BHOKPEMJICHHS 3aJI©KHUX 1 HE3aJEKHUX 3MIHHUX Ta 30ip CTATUCTUYHUX JAHUX;

e mepBHHHA 00poOka JaHuWX: GOpPMYBaHHS CTATHCTHYHOI 0a3W [MaHMX, 3a
HEOOXiTHOCTI MpocTOpoBa NpuB’s3Ka (reOKOTyBaHHS);

® BU3HAYCHHA CTYIEHIO KOpENslil MDK 3MIHHMMH, BUIIJICHHS KIIIOUOBUX (PaKTOpiB,
3aCTOCYBaHHS perpeciifHoro aHamisy;

e 100yznoBa MozeNi Ta 00paxyHOK 3HAUEHb 3aJIKHUX 3MIHHHUX;

e xaprorpadivHa Bi3yanizauis pe3yJabTaTiB MOACTIOBAaHHS.
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Puc. 1. 3arambna MCETOAMYHA CXEMa MOACIIOBAHHA TIPOCTOPOBO pO3HO,I[i.TIeHI/IX
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BHUCHOBKH

3acTocyBaHHST METONIB PErpeciiHOro aHamizy MOpH MOJIENIOBaHHI JHHAMIYHUX
cucreM, cOPMOBAHHX 3 HAJBEIUKUX 00 €MIB CTATUCTUYHHUX JAHHUX JO3BOJSE YHUKHYTH
npoonemu Big Data, omiHuTH Kopemnsmico AaHuUX (B TOMY YHCII 1 HpPUXOBaHY),
BHOKPEMHUTH HaWBaXJHMBIIIi (QakTopu Ta oOpaxyBaTH TNPOrHO3HI 3HAYEHHS IIyKaHOI
BEJIMYMHU 33 YMOB, 3aKJIaJIeHUX B Mozeni. PoboTa 3 naHuMHU cTae edeKTUBHIIION, KOJIH €
MOXJIMBOIO 1HTETpallisl HACTYITHUX KOMIIOHEHTIB: KapTorpadiuHa Bi3yamizauis, rpadiaauit
IHCTpYMeHTapiid, 3acobu (opMyBaHHS 3aluTIiB, ONEpaTUBHA aHANITHYHAa OOpoOKa, SKi
JO3BOJISIIOTH 3PO3YMITH AaHi Ta IHTEPIPETYBAaTH pPe3yJbTaTH MOJIEIIOBAHHS 1, HapewITi,
cami anropuTMH, fKi OyayioTb mozeni. OTKe, MpOCTOPOBa Ta TEMMOpajibHA IUHAMIKa
MOJIETTbOBAaHUX CHCTEM Mae OyTH Bi3yasli3oBaHa B 3pY4YHId Ui CHOPUHHSTTSA QopMi
(30kpema — kaprorpadivHiii). 3 OrJIAIy Ha reOnpPOCTOPOBUIT XapaKTep JaHUX MPOCTOPOBO
PO3TOAUICHNX TUHAMIYHHUX CHCTEM, HEOOXiTHUM € (opMyBaHHs reobasu naHux. s miei
MeTd Ta IJs Bisyamizamii HalKpalluM YMHOM MiAXOOUTH reoiH(opmarlliiiHa TEeXHOIOTis
Esri, sixa iHTerpye B co0i Bech IHCTpyMEHTapiid, HEOOXiTHUIl st epeKTUBHOI poOOTH 3
TaKUMH JIAHUMU. 3alpONOHOBaHAa METOAWKA 32 YMOB HAJEKHOI IMJArOTOBKU JaHHUX (Ta
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TCOKOYBaHHS, B pa3i HEoOXimMHOCTI) MOKke OyTH 3aCTOCOBaHA B HAWPI3HOMAHITHIIIHX
OpeaMEeTHUX o0nacTsax: B TopriBmi, cdepi ¢iHaHCiB, OaHKIBCBKiNM cmpaBi, cdepi
TeNEeKOMYHIKalid, MeauuuHi, aeMorpadii, pi3HUX Tady3sX EKOHOMIKH, AJIS OLIHKH
€KOJIOrTYHOr0 CTaHy HAaBKOJIMWIIHBOIO CEPEAOBUINA, TSI MOACTIOBAHHS MPUPOIHUX SIBUIL
toulo. IlepcriekTuBU 3acTOCyBaHHA JaHOI METOAMKH BOAYalOTHCS NOCHTH LIMPOKUMH 3
OISy Ha HAaKOMWYEHHS 3HAYHOI KMBKOCTI JaHUX B KOPHOPAaTUBHHUX iH(OpMaLifiHUX
cucremax (Big Data) Ta Haiipi3HOMaHITHIIINX 00ITACTSIX TOCIIHKCHb.
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IIpuBenen 0030p CyIIECTBYIOIIMX METOAOB MOJEIHPOBAHUS IPOCTPAHCTBEHHO pacHpeeNICHHBIX
quHaMpudeckux cucreM. OOOCHOBAaHO WX TPUMEHCHHE IUISI MOBBIMECHUS A(P(EeKTHBHOCTH pPaboOTHI C
MPOCTPAHCTBEHHO DACIpPEIEICHHBIMI JaHHBIMHA. PacCMOTpEeHBI CHOCOOBI HAKOIUICHHMS ¥ XPaHEHHS
3HAUUTENBHBIX MACCHBOB IIPOCTPAHCTBEHHO DPACIpEIelIeHHBIX NaHHBIX. [IpemoxkeHa MeTOAWKa pemIeHHs
mocTaBlIeHHOH 3amaun. IlpuBeneH mepedeHs HpeIMETHBIX 007acTel, B KOTOPBIX BO3MOXKHO IPHMEHEHHE
TaHHOM METOIUKH.

Knrouegvie cnoea. MonennpoBaHue, CTATHCTHYECKHE IAHHBIC, TUHAMUYECKHE CHCTEMBI, IIPOCTPAHCTBEHHO
pacnpenenennsie qanuasre, ['C.

Kovgar V.B. Modeling of spatially distributed dynamic systems using GIS-technology Esri /
V.B. Kovgar, R.S. Filozof // Scientific Notes of Taurida National V. I. Vernadsky University. — Series:
Geography. — 2012. — Vol. 25 (64). — Ne 1 — P. 129-135.

Provides an overview of existing methods for modeling spatially extended dynamical systems. This justified
their use to improve performance with spatially distributed data. It provides an overview of the methods of
storage of large arrays of spatially distributed data. The method of solving this problem is proposed. A list of
subject areas, which may use this technique, is given.
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