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IloTpeda y minBUIEHHI NPOAYKTUBHOCTI 3aNMTIB A0 0a3 JaHUX y cy4yacHOMY iHdopmaniii-
HOMY cepeIOBMILI € KJII0YO0BOIO IS 3a0e3neveHHs] e()eKTUBHOIO (GyHKIIOHYBAHHS Pi3HUX raJy-
3eil. Y cTaTTi npoaHa/i3oBaHo TexHIKM iHaeKkcalii 0a3 JaHux, 00 3’ cyBaTH iX BILUIUB HA MPOAYK-
THBHICTb Ta e()eKTHBHICTh BHKOHAHHA 3anuTiB. /leTaJbHO pO3rJSHYTO Pi3Hi THNHM iHIeKciB,
3o0kpema B-nepeBa, xem-Tadmmi Ta TEKCTOBI iHAEKCH, MPOAHAJII30BAHO iXHI IepeBaru Ta odMe-
skeHHd. [locainskeHHs BIVIMBY IMX TeXHIK HA YaCc BUKOHAHHS 3aNUTIB MOKA3aJ10, 0 MPOXYKTUB-
HICTb 3aJ1€5KUTH Bi/l pi3HUX (GaKTOPIB, TAKUX AK CKIATHICTD 3aIMTIB Ta 00CSAT JaHHX.

Oco0mBYy yBary npuaijieHo BHOOpPY ONITHMAJILHOIO THILY iHIEKCY 3a71€5KHO Bi/l KOHKPETHUX
norped Ta XapakTepucTHK 0a3u JaHuX. JlocaixKeHHs MOKa3ye, 110 BPaXyBaHHS 00CATy JaHHUX
Ta CTPYKTYpH 0a3dM JAaHUX € KJIIOYOBMM [Jsi BHOOPY edeKTMBHHX MeTOHIB iHIeKcamii.
JlogaTKOBO MPOAHATI30BaHO MepeBaru Ta HeAOJIKH Pi3HMX TeXHiK iHaexcanii, BpaxoBaHo ix
BILUIUB HA IBUAKO/II0 Ta e(peKTHBHICTHL BUKOHAHHSA 3AIIUTIB.

Pe3yabTaTu AocChaiI:KeHHs] BKa3ylOTh Ha Te, 110 NPABWIbHUII BUOIp Ta BUKOPUCTAHHS
BIANMOBIAHMX cTpaTeriil iHaexkcawii Moske iCTOTHO MiIBUIIUTH NPOAYKTUBHICTH CHCTEM YIIPaB-
JiHHA 0a3aMu JaHUX, 320e3MedylouH IBHAKUH Ta eeKTHUBHMI AocTyn A0 iHdopmauii ajs
KOpPUCTYBa4iB. 3p00/ieHO BaKIUBHIl BHECOK y PO3YMIHHS Ta NPAKTHYHE 3aCTOCYBAHHSA TEXHIiK
iHIexcanii 1y miABMIEHHS NPOAYKTHBHOCTI 3aNMTIB 10 0a3 1aHMUX.

Kurouosi ciaoBa: ingexcanis 0a3 JaHuX; NPOAYKTHBHICTH 3aNHTIB; JOCTYN 10 JAaHUX;
onTuMizanilini TexHiKY; MOMWYK iHdopMawii; ynpaB/aiHHs 0a3aMM JaHMX; NMiIBUIIEHHA e(ek-
THBHOCTI; CTPYKTYpa AaHHUX.

Beryn

V¥ cyvacHOMy iH(OpMaLiHHOMY CYCIIIBCTBI AOCTYN OO LIBHIKOTO Ta €(EKTHBHOIO ONpPALIOBAHHS
JAHUX HaJ3BUYaiHO BaXKIIMBHHA JUISl YCHIITHOTO ()YHKIIOHYBaHHS Pi3HUX Taimy3ed. 3aBIsIKM MOCTIHHOMY
3pocTaHHI0 00CsTiB iHPOpMAIIil Ta TOTPEeOU B METTEBOMY JIOCTYIIL 10 Hei 0a3u JJaHWX BiJIrpaloTh KIIOYOBY
poJib y 3a0e3MeyeHHI bOro A0CTyIy. BoHM 1af0Th 3Mory 30epiratu Beinuue3Hi 00CATH TaHuX 1 3a0e3neuy-
I0Th MOXKJIMBICTh BUKOHAHHS PI3HOMaHITHHX 3aITUTIB JUIs OTPUMaHHS HEeoOX1IHO1 iHpopMaIrii.

IMpote 3i 3pocTaHHsIM 00CSTIB IAHUX Ta CKJIAIHOCTI 3alUTiB BUHUKAE MPOOIIeMa POAYKTUBHOCTI BUKO-
HaHHS 3amuTIiB 10 0a3 ganux. lIIBuaKicTh Ta €DEKTHBHICTh BUKOHAHHS 3alMTIB CTAIOTh KPUTHUHO BaXKIIHU-
BUMH, OCKUJIbKH BIUIMBAIOTh Ha POOOTY PI3HUX CHCTEM Ta cepBiciB. HaBiTh HeBeNWKi 3aTpUMKH Y
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BUKOHAHHI 3alMTiB MOXYTh NPU3BECTH J0 3HAYHUX MpoOjeM, 0coONMBO B ramyssx, Ae morpiOHe omepa-
TUBHE ONPAIIOBaHHS BEJIMKHX OOCATIB AaHUX, TAKHX SIK (iHAHCOBI MOCIYT'H, MEINYHA A1arHOCTHKA, Telle-
KOMYHiKajii Tomio.

Boanouac, i3 po3BUTKOM Cy4acHOTo iHQOpMAIiI{HOTO CYCHiILCTBA, 00CITH TaHHX, SIKi 30epiraloThCs
B 0a3ax NaHWX, CTAalOTh BCE OUTBIIMMH Ta pizHOMaHITHIMMU. Lle 3yMOBIIIOe HEOOXiTHICTD €PEKTUBHOTO
Ta MBUIKOTO JOCTYIY A0 LMX AaHUX AJS PI3HUX MOTped, 30KpeMa Oi3Hecy, HayKH, MEJUIWHH Ta 1HIIHX
coep. [IpoTe 3i 3pocTanHsAM 00CATIB JaHUX Ta CKIAJHOCTI 3allMTIB BUHHUKAE CEpHO3HA MpodiieMa NpoayK-
THUBHOCTI y KOHTEKCTI 0a3 JaHuX.

[TpoxyKTHBHICTb 3alUTIB — 1Ie BAXKJIMBHUN acleKT, KU BU3HAYa€ MIBUIKICTh Ta €()EeKTUBHICTH BU-
KOHAHHS 3alMTiB A0 0a3u AaHuX. 31 3pOCTaHHSAM OOCATIB JaHMX Ta PI3HOMAHITTS 3amlMTIB I8 MpodiiemMa
CTa€ LI aKTyaJbHIIIOW. Y CydyacHHUX CHCTeMax YIpaBIiHHA 0a3aMM JaHHX, SIKi ONMPalbOBYIOTh BEJINYE3HI
o0csru inpopmalii B pealbHOMY 4aci, HaBiTh HE3HAYHI 3aTPUMKH Y BUKOHAHHI 3allUTIB MOXKYTh IPH3BEC-
TH JI0 iICTOTHHX MPOOJIEM 3 IPOLYKTUBHICTIO Ta CIIPHYMHUTH HEAOCSKHICTD CEPBICY sl KOPHUCTYBaUiB.

OTKe, BXIMBICTh ONTUMI3allil POAYKTHBHOCTI 3aMuUTiB 10 0a3 maHux odeBuaHa. lle motpeOye pos-
poOJIeHHS Ta BOPOBA/KEHHS HOBHMX TEXHIK iHIEKcallii, siKi 3a0e3neuytoTh eeKTHBHE YIPaBIiHHS JTaHUMU Ta
MIHIMI3YIOTh Yac BHKOHAHHS 3anuTiB. [liJBUIIEHHS MPOIYKTHBHOCTI 3aIUTIB € BAXKIMBUM 3aBIAHHSIM IS
3abe3medeHHs cTablIbHOT Ta e)eKTUBHOI poOO0TH 6a3 JaHHUX y cydacHOMY iH(OpMAIiHHOMY CEepeIOBHIII.

AHaJi3 OCTaHHIX J0CaiTAKeHb Ta MyOaikamii

OcTtanHi TOCTiKEHHS y cepl onTHMi3allii 3amuTiB 10 0a3 JaHUX CBiAYaTh PO 3HAYYIIICTH MOKpa-
IIEHHS METOJIB iHAeKkcallii Ta omruMizamii SQL-3amuTiB 3 METOO IMiIBUIICHHAS MPOTYKTHBHOCTI 0a3 ma-
HUX. B KOHTEKCTi OIiHIOBaHHSA BUTPAT ONTHMI3aTOpa Ha OCHOBI 3raJlaHuX YMOB 1 BKa3aHWUX JaHUX JOCIIi-
mxeras A. bapw, I. JIyary Ta iHmmx [2] OiAKpeciOTh BAXKIUBICTh aHANi3y BapTOCTi BUKOHAaHHS SQL-
3amuTiB y 6a3zax maHux Oracle, mo € kpuTHaHUM U1 e(heKTUBHOT BUOIPKH TaHUX.

K. Axman [1] posrmsimae ymoCKOHAJEHHS METONIB iHAEKcamii fK KoY 0 3MEHIISHHS Yacy
OTIPAITIOBAaHHS 3allMTIB, BKA3YIOUHM Ha MOTEHIIHHI HEMONIKM HAsBHUX TEXHIK HaJAIITYBaHHS, SKi MOXYTh
BUSIBUTHCS] HEAZEKBATHUMH AJIS1 Cy4YaCHHX 3aCTOCYBaHb, 10 IHTEHCUBHO BUKOPUCTOBYIOTh JIaHi.

Hocmimkenns K. bema Ta iHmmx [3] npomoHye NOTIAL Ha CTPYKTYPH iHAEKCIB Ta alTOPUTMH IS
MyJIBTUMENIHHUX 0a3 JaHMX, 10 OOIIsI€ MiBUIICHHS TPOAYKTUBHOCTI 3aMHTIB y 0a3aX JaHUX 3 BETHKUMHU
oOcsAramMul JaHWX 1 BACOKMMH BUMOTaMH JI0 PO3MIPHOCTI JaHHX.

Hayxosmi A. Boiiniea Ta @. Pagynecky [4] BUB4aIM MiX0oau 10 ONTUMI3aIlii MPOAYKTUBHOCTI 3aIu-
TiB y PO3MOJUIEHNX 0a3axX JaHUX, IEMOHCTPYIOUH, K HOBITHI TEXHIKM MOXYTh 3HU3UTH YaCOB1 BUTPATH Ha
OTIpAITIOBaHHS MHOXMHHUX 3aIlUTIB, IO BiJlirpa€ KIFOYOBY pOIIb Y MiJBHUINEHHI €()EeKTUBHOCTI BEIMKUX
PO3IOIIEHUX CHCTEM.

Ili mocmimKeHHS KOJEKTHBHO UIIOCTPYIOTh 3HAUEHHS NPOJOBKEHHS PO3BUTKY B rayly3li METOAIB
oInTHMI3aLii Ta iHgeKkcamii 6a3 JaHuX, 3 OCOOJMBUM aKIIEHTOM Ha aJallTaliio J0 Jeaai OUIBIINX OOCSTIB
JTAHUX Ta CKIIQAHOCTI 3alMTIB y PI3HOMaHITHUX c(hepax 3acTOCYBaHHS.

@opMyJII0BAHHS LiJi CTATTI
Merta 11i€1 CTaTTI MOJIATaEe B aHATI3yBaHHI TEXHIK 1HJEKCAIlll 3 METO MiJBHUIICHHS POTYKTHBHOCTI
3anuTiB 10 0a3 gaHux. BoHa crpsiMOBaHAa HAa CUCTEMATHYHUN PO3IJISA] Ta OLIHIOBAHHS PI3HUX METOJIB
iHIeKcalil, BABUCHHS IX IepeBar Ta HEJOMIKIB y KOHTEKCTI e()eKTHMBHOCTI BUKOHAHHS 3allUTiB. ABTOpHU
MOCTABUJIM METY 3MIHCHUTH OIS CY4aCHHX MIJAXOIB A0 iHAeKcallii 0a3 JaHuX 1 BU3HAYUTH ONTHMAJIbHI
cTparerii JUIsl MiBUIICHHS IIBUIKOCTI Ta NPOAYKTHBHOCTI ONPAIOBAHHS JaHUX Y CHCTEMax YIpPaBIiHHS
0azamMu JaHHUX.

Bukiax oCHOBHOTO MaTepiary
Inmekcariis y KOHTEKCTI 0a3 JaHUX € IPOIECOM CTBOPEHHS CTPYKTYpPH JaHUX, sKa JIa€ 3MOTy
IIBUJIKO 3IACHIOBATH MOIIYK Ta J0CTyl a0 iHdopMaliii. OCHOBHA ifesl MOJsrae B TOMY, 100 CTBOPUTH
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TIEBHUI TUN BHYTPINIHBOI OpraHi3allii JaHuX, 0 Ja€ 3MOT'y 3HaXOJUTH HeoOXiIHYy iH(opMaIlito 3a J0o1o-
MOTOI0 IIBUAKOTO i eeKTUBHOTO MomyKy. [HaeKe Moxke OyTH cTBOpeHHi AJsl Oyb-SIKOTO MOJIsl YU KOMOi-
Hauii mosiB y 6a3i JaHMX 1 3a3BUYail BUKOPUCTOBYETHCS AJIS TiABUIICHHS IIBUAKO/IT MOLTYKY, COPTYBaHHS
Ta QinpTpanii qanux. BiH icTOTHO 3MeHIITye Yac MOImyKy HeoOXiaHoi iHpOopMalLlii, OCKITEKH 3aMiCTh CKaHy-
BaHHS YCiX 3aluCiB 033 JaHUX CHCTEMa MOXKE IIBHJIKO JIOKaJIi3yBaTH HEOOXI/IHI JaHi 3a JIONMOMOTrO0 iH-
nekcy. OTxe, iHAeKcalis B 0a3ax JaHWX BiJirpae KpUTHYHY POJb y 3a0€3MEeUYEHH] MBUAKOTO JOCTYIY 10
JaHWX 1 BJOCKOHAJECHH] MPOAYKTUBHOCTI onepauiil 3 HUMu. Lleli nporiec € 0co01MBO BayKJIIMBUM Y BETUKUX
0azax JaHuX, J¢ ePEeKTHBHUM MOIMIYK 1 (PimbTpamis JaHUX MOXYTh CTaTH iCTOTHHUMHU (pakTopamu IUis
YCIIIIHOT pOOOTH CUCTEMHU.

3aBaskM iHAEKcallii 0a3u TaHUX MOXKYTh IIBHJIKO BiITYKYBaTHCh Ha 3alTUTH KOPUCTYBaviB, 3a0e3Iie-
YyIOYH OTIEpaTHBHE OMpAIfOBaHHs iH(OpMAIii Ta 3MEHIICHHS Yacy OYiKyBaHHS pe3ynbTaTiB. be3 edeKkTnBHMX
1HEKCIB omepalii MOIIyKYy MOXYTh CTaTH AY)X€ YaCOEMKHUMH, OCOOJIMBO 3a BEIMKOTO 00CATY JaHUX, IO
MOYKE MPHU3BECTH 10 3HIDKEHHS MPOAYKTUBHOCTI Ta 3aJI0BOJICHHS KOpUCTyBauiB. OTke, MpaBUIbHE BUKO-
pUCTaHHs iHIEKcalii € KIIOYOBUM Uil 3a0e3MEeUeHHs ONTUMAIbHOI MPOAYKTUBHOCTI Ta €(eKTHBHOCTI
ynpasiiHHS 0a3aMu qaHux [5].

[TinBuIIeHHS TPOAYKTUBHOCTI 3alKTIB 10 0a3 JaHHUX IHPOKO BUKOPUCTOBYETHCS Y Pi3HUX chepax —
Oi3Heci, MenuIMHI, Haylli, TeXHOJOTiAX Tomo. Hanpuknan, y OaHKIBChKIH cdepi IMBHAKUANA OCTYI 0
(hiHAHCOBHMX JAaHMX MOXKE BHPIIIMTH MUTAHHS OE3MEKH Ta IIaxpaicTBa, 3a0e3Meuyroud MUTTEBUH TOCTYII
no iHdopmarii mpo TpaH3akimii. Y MEIUYHHX JOCIHIPKCHHSX MIBUAKUHN IMOIIYK MEIMYHUX IaHUX MOXKE
JIOTIOMOTTH Y BHUSIBIICHHI HOBHX JIIKYBAIPHUX METO/IB 200 3/ICHEHHI IIIBUIKOI J1arHOCTHKH.

Kpim TOTO0, 3 pO3BUTKOM IHTEPHETY Ta XMAapPHHUX TEXHOJIOTIH OIMPAIIOBAHHS BEIUKHUX OOCATIB TaHUX
CTae Bce BaXIMBIIMM. [HIEKcaIlst TaHUX Ja€ 3MOTY ONTUMI3yBaTH IMIBUAKICTH pOOOTH BEOCANTIB, BiIAICHIX
CepBepiB Ta IHIINX OHJIAWH-CHCTEM, IO € KPUTHIHUM IS 33JI0BOJICHHS MOTPEO CyJacHHX KOPHCTYBAUiB,
SKi OYIKYFOTh MUTTEBHX PE3YJBTATIB Ta Oe3repediifHoro qocTymy o iHdopmariii.

IcHye KinbKa THITIB 1HAEKCIB, SKi BHKOPHUCTOBYIOTH Y 0a3ax AaHWX IS ONTUMI3allil MOIIYKY Ta JOCTYITY
no manux. OOvH 13 HAMomMpeHImuX TUTB — B-1epesa, 1o € cTpyKTyporo JaHUX AJIs OpraHisaiii Ta 30e-
piraHHs 1HAEKCOBaHWX KIIOYIB y BUTIAAI OiHApHOTO NepeBa. B-mepeBa Aar0Th 3MOTY IIBHIKO 3HAXOIUTH
HeoOXi/IHI JaHi Yepe3 oreparlii MomyKy B JorapupMidHOMY Jaci.

[HmmM# Tin iHgEKCiB — Xemr-Tabmiuil, SKi BUKOPHUCTOBYIOTH JUISl HIBHJIKOTO IIOIIYKY 3HAYEHb 3a
KJTF0OYEM 32 JIOTIOMOTOI0 XelryBaHHs. Lleil MeTox mpumBHIIIye TOCTYH 10 JaHUX, ajle MOKE€ BUHUKHYTH
KOH(JTIKT XelIiB, AKUi oTpeOye BupirieHHs [6].

Kpim Toro, iHaeKCH MOXKYTh OyTH CTBOpPEHI JUIS TEKCTOBHX ITOJIB, IO Ja€ 3MOT'Y IIIBUKO 31iHCHIOBATH
TIOBHOTEKCTOBHH TOIIYK y TEKCTOBHX JIAHHX, TAKUX SIK JTOKYMEHTH a00 BeOcTopiHkH. Lle ocobmiBo kopHcHO
JUISL CUCTEM TIOLIYKY, B SIKMX MOTPIOHO 3[1HCHIOBATH MOIIYK 32 KITFOYOBHMH CJIOBaMH 4 (hpasamu.

VYci 1l TMIM iHAEKCIB MaroTh MEBHI OCOOIMBOCTI Ta XapaKTEPUCTHKY, SIKi BIUIMBAIOTh Ha IXHIO edek-
THBHICTB 1 3aCTOCYBaHHs Y KOHKPETHHX cuTyarisx. Hanpuknan, B-nepesa — nepeBornoniona cTpykTypa JaHuX,
sKa J1a€ 3MOTy IIBUJIKO BUKOHYBATH OTIEpAIlii TIOIMIyKY, BCTABIIAHHSA TA BUJAJNEHHS y BiICOPTOBAHMX JAHHX. IX
YacTO BUKOPUCTOBYIOTh Y PEIIMiHNX 0a3axX MaHuX 31 30epeskeHHsIM BITOPSIKOBAHOI iH(OpMAITii.

Xenr-rabnuii, 3 iHmoro 00Ky, OCHOBaHI Ha XelI-(QOyHKIIAX 1 YMOXIIMBIIIOIOTh IBUAKHNA TOCTYII JI0
JIAHUX 3a JIOTIOMOTOI0 XeIlI-3Ha4eHb KJII0YiB. BoHU 100pe miaXxoasITh i IIBHIKOTO MOIIYKY YHIKATbHHX
3Ha4YeHb, aJic MOXKYTh BUSBUTHCS MEHII €(DEKTUBHIUMH Y BUMAJKY KOJi3il XEITyBaHHI.

TekcToBI 1HIEKCH MTPU3HAYEHI JUIsl ONITHMI3aIlii TOIIYKYy TEKCTOBOI iH(opMaIlii, TaKoi SIK TOBHOTEKCTO-
BUH TONIYK Y JOKYMEHTaX a0o cTarTsX. BoHM JafoTh 3MOry BUKOHYBATH CKJIQJIHI 3alTUTH, SIKI OXOILIFOIOTh
TEKCTORI JIaHi, TaKi sIK MOIIyK 3a KJIYOBUMH ClIOBaMH a00 dpa3amu.

OxkpiM 3a3HaYCHHUX THITIB 1HAEKCIB, € ¥ 1HIII I[IKaBl METOIX ONTHMI3allil IPOTYKTUBHOCTI 3aIllUTIB 10
0a3 nanux. Hanpukiay, reonpocTopoBi iHAEKCH BUKOPUCTOBYIOTH Il €(EKTUBHOTO MOIIYKY 00’€KTIB Ha
OCHOBI TXHBOTO reorpadiuHoro posramysanss. Lle nae 3Mory, HanpukIaa, TIBHIKO 3HAXOAUTH HANHOIHXKY1
JI0 TIEBHOT'O MicIisi 00’ €KTH a0 aHasi3yBaTH MPOCTOPOBI B3aEMO3B’SI3KU MIXK JTaHUMHU [7].
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Knacrepni inaekcu AaloTh 3MOTY TPYITyBaTH MOAIOHI 1aHi pa3oMm, IO MOXKE MiABUIIMTH MIBUAKOIIIO
MOLTYKY Ta 3MEHIINTH KiJbKIiCTh 3BepHEHb 10 IucKa. Lle 0coOarBO KOPUCHO ISl BENUKUX OOCSTIB JaHUX,
Jie TPYIyBaHHS TaHUX MOXKE CIIPOCTUTH MPOLIECH MOUIYKY Ta aHaJi3y.

KpiMm TOro, ocTaHHIMH pOKaMH AaKTHBHO pO3pOOIJISIIOTH HOBI TEXHOJOTII iHIeKcamii, Taki K
iHAeKcallisl BEKTOPHOT'O MPOCTOPY [UIA MOUIYKY 32 BEKTOPHUMH MPEACTAaBICHHSIMH JaHUX a00 iHJeKcalis
JUTSL OTIpaLlOBaHHsI TpadoBuX CTPYKTYp. Lli HOBI mMigXoAu BiAKPUBAIOTH HOBI MOXKIMBOCTI JUIS aHANi3y Ta
onTuMizamii JaHUX y Pi3HUX OONACTIX, TaKWX SK MallMHHE HaBYaHHS, aHANII3 COLaJbHUX MeEpex ado
00poOKka Benukux rpadis qanux [8].

[lig yac BMOOpY TOrO YM iHIIOTO THITy BapTO TaKOX 3BEPTaTH yBary sIK Ha iX MepeBard, Tak i Ha
HENIOJiKHU, 1l BUOOPY HalpalliOHAIBHIIIOTO BapiaHTa 3aJIe)KHO BiJi KOHKpETHOTO 3amuTy. IlepeBarm Ta
HEJIOMIKU PI3HUX TEXHIK iHJEKCAIlil B 0a3axX JaHUX MOXYTh OYTH 3HAYHHUMH 1 3aJIeKATh BiJ] KOHKPETHUX
YMOB Ta BUMOT NpoekTy. Hampuknaa, B-nepeBa 3a0e3medyioTh IWBUAKHNA AOCTYN OO JaHUX i XOPOILY
HiATPUMKY IJIs1 OTepaliil MOUIyKy, BCTABJISHHS Ta BUAAICHHS, ajle MOXYTh BUSBHUTUCS MEHII e(EeKTHB-
HUMH JJIS TOJJaBaHHs Ta BUAAJICHHS JaHUX Y BUIAAKY YaCTHX 3MiH o0csry ganux (puc. 1).
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AEN AN

k1‘k2 k1 2 k1‘k2 k1‘k2 3 k1‘K2 k1‘k2‘k3‘k4 k1‘k

Puc. 1. [lpuxnao epaghiunoeo 306paxcenns “B-oepeso”

Xenr-radnuii, 3 iHmoro 00Ky, MOXYTh NMPHUIIBUANIYBATH TONIYK, aje BOHU CTalOTh MEHIN e(ek-
TUBHHMMH 32 BEJIMKOI KiJIbKOCTI KOJI3ii XeuryBanHs (puc. 2).

keys buckets
000
001 | Lisa Smith | 521-8976
John Smith 002
Lisa Smith 151
83| John Smith | 521-1234
sam Doe =88] | sandra Dee | 521-9655
154 | Ted Baker | 418-4165
Sandra Dee 155
Ted Baker 253
254 | SsamDoe | 521-5030
255

Puc. 2. llpuxnao epaghiunoco 300pasicenns “Xew-mabauyi”

TeKkcTOBI 1HAEKCH JAF0Th 3MOTY IIBHIKO 3HAXOUTH TEKCTOBY 1H(OpPMAILIit0, ajie MOKIUBI 00MEKEH-
HS 111010 PO31IOBUX CUMBOJIIB Ta 00CATY 1HACKCOBAHUX JTaHUX.

Kpim TOro, nesiki TexHIKM iHJeKcamii MOXYTh TOTpeOyBaTH 3HAYHUX peCcypciB mam’ari adbo
00YHCITIOBATIbHOT TIOTYXKHOCTI JIJISl CTBOPEHHSI Ta MiATPUMKH iHAekcy. Hanpukman, moOymoBa B-nmepes
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notpedye 3HauYHMX OOYHMCIIOBAIBFHUX PECYpCiB Ta yacy IJisi BENMKHX OOCSTiB AaHuX. Takox Tpeba
BpaxOBYBATH, L0 €Ki THIIM 1HAEKCIB MOXKYTh OyTH MEHII e(eKTHBHUMH JUIs TIEBHUX THIIIB 3alUTIB X
CTPYKTYp JaHUX.

Takox cIiJi BpaxoBYyBaTH, IO AESKI THIIM 1HAEKCIB MOXKYTh OyTH MEHII e€()eKTUBHUMH ISl TIEBHUX
THUIIB 3aIIUTIB YU CTPYKTYp NaHux. Hampuknan, B-mgepesa, xoua i 3a0e3medytoTh MBUAKHHA TOCTYI 1O Ja-
HUX Ta e(peKTHBHE BUKOHAHHS OTEpalliii BCTABJISIHHS Ta BUAAICHHS, MOKYTh CTaTH MEHII ¢()eKTUBHIMU 32
HIMPOKOTO Jliaria30Hy 3HAUeHb, KOMU y PSAIKY KIIoua BEJMKA KUTbKICTh IOBTOPIOBAaHHMX 3HAYCHb. Y TAaKUX BH-
najKax, MBUALIE 32 Bce, Kpallle BAKOPHCTOBYBATH XEII-TaOJHIIi, SIKi MOXKYTh 3a0€3MEeUMTH MIBUAKUI JOCTYII
J0 JaHUX 32 KOHKPETHHM XeHI-KiroueM. [IpoTe xem-Tabiauii TakoK MOXKYTh OyTH MEHII e(eKTHBHUMH,
KOJIM TIOTPIOHO BUKOHATH JTialla30HHMI TOIIYK a00 COPTYBaHHS MaHMX 3a KiroueM [9].

JonaTkoBO TEKCTOBI iHAEKCH MOXKYTh CTaTH Hee(peKTUBHUMHU Yy BHIIAJKY 3HAYHOTO OOCATY TEKCTO-
Boi iH(opMarii 3 BETHKOIO KiJIbKICTIO YHIKaJbHHUX CIiB a0o ¢pa3. Y Takux CUTyalisx MOKe BUHHKHYTU
npobiema 3 006cAroM mam’sTi, MoTpiOHOTrO AJIs MIATPUMKH 1HACKCY, 8 TAKOXK 31 MBHUIKICTIO MOLIYKY Yepes
BEJIMKY KUIBKICTh 3aITUCIB Y 1HJCKCI.

JlonaTkoBO 3a3Ha4YMMO, 1110 €(DEKTHBHICTh PI3HHMX THUIIB i1HJEKCIB MOXKE 3MIHIOBATUCS 3aJIC)KHO BiJ
KOHKPETHOT apXiTeKTypH CUCTeMH 0a3 JaHWX Ta XapaKTEPUCTHK amapaTHoro 3abesneueHHs. Hampukman,
HAsBHICTh Kell-1am’sITi a00 piBHsI PO3MOIIJICHHS JaHUX Ha JUCKY MOXKE BIUIMHYTH Ha MIBUIKOIIIO JACSIKUX
THIIIB 1HIEKCIB.

Kpim Toro, po3poOHUKH TOCTIHHO MPAIFOOTh HAJl CTBOPEHHSM HOBUX TEXHOJIOTIH 1 METOIIB iHIeK allil,
CHPSIMOBAHUX Ha BIOCKOHAJIEHHS MPOAYKTUBHOCTI Ta epeKTUBHOCTI poboTH 3 Oazamu manvx. Hampukoan, iH-
JIeKcallisi BEKTOPHOTO TIPOCTOpPY, BUKOPHUCTOBYBAaHA B aHANI31 TEKCTIB a00 300paskeHb, BiIKPUBAE HOBI MOXKITH-
BOCTI JUIs IBUAIKOTO Ta €(PEKTUBHOIO MOLIYKY 32 BEKTOPHUMH IPEACTABICHHAMHU JaHUX.

Kpim Toro, ingexcarist 11t podoTH 3 TpaOBUMHU CTPYKTypaMu HaOyBa€e Bce OLTBIIOI MOMYISIPHOCTI,
0COOJIMBO B KOHTEKCTI aHaNi3y COIalbHUX MEpeX, TPAaHCHOPTHHX CHCTeM abo OiOJOTIYHHX Mepex.
Buxopucrtannsa crieniamizoBanux rpadoBux 0a3 JaHWX Ta METOMIB iHIAEKcCAIii mae 3Mory e(eKTHBHO
aHaJi3yBaTH Ta ONTUMIi3yBaTH Benuki rpadu nanux [10].

AHai3 BINIMBY Ha Yac BUKOHAHHS 3aITUTIB KPUTUYHO BAXKIMBUI Y KOHTEKCTI ONTHMi3allii mpoIyK-
TUBHOCTI 0a3 manux. Yac BUKOHAHHS 3amuUTy MOXe OyTH Oe3rmocepenHbo MOB’sA3aHUH 13 pi3HUME (PaKTo-
pamu, 30KpeMa THIIAMU Ta KiJbKICTIO iHAEKCIB, 00CSITOM NaHUX, apXiTEKTypOI CHCTEMHU 0a3 JaHuX, a
TaKOX CIEIU(IYHIMH BIACTUBOCTSIMH 3aITUTIB.

HasiBHicTh iHIIEKCIB MOXKE ICTOTHO 3MEHIIINTH YaC BUKOHAHHS 3alWTiB, OCKUTEKA BOHHU JIO3BOJISIOTH
0a3i gaHux eeKTUBHO LIyKaTH Ta QinpTpyBaTH AaHi. OfHAK BEMUKA KUJIBKICTh 1HAEKCIB MOXKE HMPU3BECTH
[0 301JIbIIEHHS Yacy Ha BCTaBJISIHHS, OHOBJICHHS Ta BUAAJICHHS JAHUX, TOMY ONTUMAajbHE BUKOPUCTAHHS
1HJeKCiB ToTpeOye 30aIaHCOBAaHOTO MIXOTY.

OOcAar naHmx TakoX ICTOTHO BIUIMBA€ HA Yac BUKOHAHHS 3amuTiB. 31 3pOCTaHHSAM 0OCATY JaHHMX
3a3BUYail 30UTBIIYEThCS YaC BUKOHAHHS, OCKUIBKH 0a3a MaHUX MMOBHHHA 00poOisiTH Oinbiie iH(popMariii.
Benuki o0csitn TaHWX Tako)K MOXKYTh IMPU3BECTH 10 HEOOXiTHOCTI ONTHMI3allii 3alUTiB Ta BUKOPHUCTAHHS
e()eKTUBHINTNX METOJIIB OMPAIIOBAHHS JaHUX.

ApxiTekTypa cucTeMu 0a3 JaHWX TaKOoXX BIUIMBAa€ HAa 4Yac BUKOHAHHSA 3amuTiB. Hampuknan, y
PO3MOIIJICHUX CUCTeMax 0a3 JaHUX 1HOJI CKIIAIHIIINN MEXaHi3M OOMIHY JaHUMH MK BYy3JIaMH, 1110 MOXE
NPU3BECTH J0 3aTPUMOK Y BUKOHAHHI 3aITUTIB.

Haperuri, crienudivai BIaCTHBOCTI 3alUTIB TEX MOXYTh iCTOTHO BIUIMBATH Ha Yac iX BHKOHAHHSI.
Hanpuknan, ckiagHicTh YMOB, BBEICHUX Y 3aIUT, MOXE CYTTEBO BIUIMHYTH HA MPOAYKTHBHICTh. 3aIIUTH 3
OarathbMa CKJIaJHUMH YMOBaMH a00 00’€IHAHHSIMH 1HOAI MOTPEOYIOTH OUIBIINX OOYHCITFOBAIBHOT
MOTYXXHOCTI Ta pecypciB 0a3u TaHuX Ist iX BuKoHaHHs [11].

Kpim toro, oOcsr ganux, siki MOTPIOHO BUOMpATH, TAKOXK BIUIMBAE HA Yac BUKOHAHHS 3amuTy. Be-
JIUKI 00CATH JJAaHUX MOXKYTb 301IbIIYBATH Yac, HEOOXITHUHN 11 iX 00pOOJICHHS Ta NepeIaBaHHs, OCOOIMBO
B pa3i BUKOHAHHS 3allUTIiB Ha BETMKUX 00Csrax JaHux abo i3 BUKOPUCTAHHSIM arperaTHuX QyHKIIIH.
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Tun omepariii TakoXXk MOXKE€ MaTH 3HAYCHHS IS Yacy BUKOHAHHs 3amuTy. Hampukman, omeparii 3
00’€THaHHAM, TPYIIYBaHHSM Ta COPTYBAHHIM JIaHUX 3a3BUYall MOTPEOYIOTh JOJATKOBUX OOYHCIIOBATBHUX
pecypciB Ta MOXKYTh 30UTBIITYBATH YaC BUKOHAHHS 3aITUTY.

VYeci ni pakTopu mMoTpeOyOTh YBAXKHOTO aHAI3y Ta ONTHUMI3aIlii 1 3a0€3MeYeHHsS MaKCHMAaTbHOI
MPOAYKTUBHOCTI Ta IIBHKOJii BUKOHAHHS 3amlMTiB 10 0a3 manux. Lle Moxe nepenbayaTu BUKOPUCTAHHS
IHJICKCIB, ONTHMI3allil0 CTPYKTypu Oa3u JaHWX, a TAaKOXK BJIOCKOHAJICHHS 3alUTiB IS ONTHMAILHOTO
BUKOPHCTaHHS PECypPCiB.

Kpim Toro, BayKIMBO BpaXxOBYBAaTH, 110 €(h)EKTUBHICTh BUKOHAHHS 3aITUTIB MOKE 3aJICKATH BiJ| TOTO,
Y¥ BUKOPUCTOBYIOTH MapalieibHi OOYUCIICHHS. Y MapajellbHUX CUCTeMax 0a3 JaHWX 3alluTH MOXYTh 00-
pOOASATH OJJHOYACHO Pi3HI MPOIECOpH abo By3JIH, IO MOXKE ICTOTHO 3MEHIITUTH YaC BUKOHAHHS, OCOOJIMBO
JUISL BEJIMKUX OOCSTIB JaHMX Ta CKJIaJHHUX 3aIlUTIB.

Jlo1aTKOBO MOKITMBICTh KEIIyBaHHS PE3yJIbTATIB 3allUTIB TAKOK MOKE MTO3UTHBHO BIUIMHYTH HA Yac
ix BukoHaHHs. KemryBanHs nae 3Mory 30epiratu mornepeani pe3yibTaTy 3alHTiB y IBUIKOAIIOYIN mam’sTi,
10 JI03BOJISIE YHUKHYTH TTOBTOPHUX OOYHCIICHb y BHUIIAJIKy TTOBTOPHOTO 3alHTy, 3MCHIIYOYX Yac BiJAIO-
Bifi Ta BuKoHaHHs [11, 12].

Takox BapToO BpaxOBYBaTH, IO MPOAYKTUBHICTH 0a3 JaHUX MOKE 3aJIeKATH BiJl ONTUMI3allii caMoro
3anuTy. Hamnpuknan, BUKOPUCTaHHS ONTHMAJIbLHUX aJITOPUTMIB MOIIYKY Ta OOpPOOKHU JaHUX, a TAKOXK Ipa-
BUJIbHE BUKOPHUCTAHHS 1HJIEKCIB Y 3alMTaX iCTOTHO MiJBHIIYE 1X MPOAYKTUBHICTb.

Tox mns migBHICHHS €()EKTUBHOCTI PoOOTH 3 0a3aMM JaHMX HEOOXIiJHO BPaxOBYBaTH HE JIUIIC
cami JaHi Ta iX OmNpaIfoBaHHs], a W KOHTEKCT BUKOHAHHS 3alMTIB, 30KpeMa MOJIJIHMBICTH IapajieTbHUX
00YNCIIeHb, KeITyBaHHS PE3yJIbTATiB Ta ONTUMI3aIliF0 CAMOTO 3aIUTYy.

Takox 3a3HAYMMO, IO BpaXxyBaHHsS 00CATY MaHWUX Ta CTPYKTYpH 0a3W JaHWX Mae BEIHKE 3HAUCHHS
JUTSL aHANi3y Yacy BHKOHAHHS 3amuTiB. OOCST MaHWX MOKE BIUIMBATH HA MPOAYKTHUBHICTH depe3 30ib-
IIIEHHS Yacy Ha IMONIyK Ta 00poOKy iHdopMariii. Y BenuKux 0azax JaHUX 3a3BHYail HEOOXiTHO BUKOHYBATH
CKJIQ/IHI OTIepallii MomryKy Ta GpirbTparii, o MoKe IPU3BOAUTH 0 301IIbIIICHAS Yacy BUKOHAHHS 3aITUTIB.

Crpykrypa 0a3u TaHWX TaKOX BiJlirpae KIOYOBY POJb y BU3HAUYEHHI Yacy BUKOHAHHS 3amuTiB. Ha-
MIPUKIIA]], HOPMaJi30BaHi 0a3M JaHWX, sIKi JOTPUMYIOTHCS MPHUHIIMIIB HOpMAati3allil JaHWX, iHOJI MOTpe-
Oyr0Th OiNBINOI KIBKOCTI 00’€MHAHB TAONUIlL I BUKOHAHHS CKIIQJHHUX 3aIlUTIB, IO MOXE 30LTbIINTH
yac BHUKOHaHHA. Ha BimMiHY BiJ I[bOTO, JE€HOpMAaJi30BaHi 0a3n JaHWX MOXKYTh 3a0€3MedyBaTy HIBHIIIHIA
JIOCTYT 70 JaHWX 332 PaxyHOK 30epiraHHs MOB’S3aHHUX JAaHUX B OJHIM TaOJHIN, IO 3MEHIIYE KiIbKICTh
06’equans [13, 14].

Kpim Toro, BpaxyBaHHs 00CITy AaHHX Ta CTPYKTYpH 0a3u JaHWX TaKOX BAXKIUBE IS BHOODPY
ONTHMANBPHUX METOJIIB iHmeKcallii. Hampukman, Benuki Tabiauii MOXKYTh BUMaraTd BUKOPHCTAHHS KOMIIO-
3UTHHUX 1HJIEKCIB a00 1HJEKCIB, SKi ITOKPUBAIOTH OiJbIIIE BiJl OJTHOTO CTOBIYHKA, U €()EKTHUBHOTO TIOITYKY
Ta QiTBTpalii JaHuX.

Komno3uTHi iHAEKCH Jar0Th 3MOTY CTBOPIOBATH iHIEKC JUIS KOMOiHAmii NEeKiThbKOX CTOBIYHKIB Y
tabmuti [15]. Ile 0coOIMBO KOPHUCHO B CHUTYaIlisfX, KOJIW 3alUTH YaCTO BHKOPUCTOBYIOTH KUJIbKAa CTOBII-
YuKiB IS GinbTpaiii abo yMOB. 3aBISKA KOMITIO3UTHHUM iH/IEKCaM MOKHA 3HAYHO ITiBUIINTH IIBUIKOIIIO
TaKUX 3alUTIB, OCKIJIbKK 0a3a JaHWX IMIBUAKO JIOKAJTi3yBaTHMME MOTPIOHI 3amucH 3a JOMOMOTOI0 OJHOTO
IHJICKCY.

Kpim ToOro, iHaeKcH, sKi MOKPUBAIOTH OUIBIIE BiJl OJJHOTO CTOBITYMKA, TAKOK KOPUCHI JUISl BETUKUX
Tabyuib. BOHM 1ai0Th 3MOry ONTHMIi3yBaTH IOIIYK 3a JEKUIbKOMa KpUTEpisiMu ojHo4YacHO. Hampukian,
SIKIIIO TaOJIMIIS MICTUTh 1HPOPMALIIFO PO TOBAPH Ta IX I[iHHU, IHIEKC, IKUH OXOIUIIOE OOUIBA Ii CTOBIYUKH,
JIOTIOMOJKE IIBHIIIIC 3HAXOUTH TOBAPU B IEBHOMY I[IHOBOMY Jiara3oHi [16].

JloIaTKOBUM aCIIeKTOM, SIKUM BapTO BpaxyBaTH IiJa 4ac BUOOPY METOIB iHAEKCAIlil, € MOKJIMBICTh
BUKOPHMCTaHHS aJIbTEPHATUBHUX CTPYKTYP HaHUX Ul ONTHMI3allii MpoayKTHUBHOCTI 3anuTiB. Hampukian,
JUTSL TEKCTOBUX JIAHWX UM JIAHUX THITY “KITFOY-3HAYCHHS” MOXYTh OYTH BHKOPHCTaHI CIICI[ialli30BaHi TeKC-
TOBI iHJIEKCH ab0 XemI-TalJnIi, SIKi Jaf0Th 3MOTY €(EeKTHBHO IMyKAaTH Ta BUKOHYBATH 3allUTH JIO TAKUX
JaHUX.



TTiosuwenus npooykmusHocmi 3anumie 00 643 OAHUX: AHANI3 MEXHIK THOeKcayii 71

Jleski cydacHi cucTeMH yIpaBiIiHHS 0a3aMu JTaHUX TaKOXK HAIalOTh MOXKIHBICTH aBTOMAaTHIHOTO
CTBOPEHHS iHAEKCIB Ha MiJICTaBi aHali3y 3alUTiB Ta 3BiTiB MPO BUKOpHCTaHHs 0a3u AanuXx. Lle mae 3mory
CHCTEMI aIaliTyBaTHCS 10 3MIHHUX TOTPe0 KOPUCTYBadiB Ta OMTHMI3yBaTH MPOAYKTUBHICTH 0€3 HEOOXin-
HOCTI pyYHOTO BTpY4aHHs PO3POOHHKIB.

Kpim Toro, mis Aedkux clieHapiiB KOpHCHE BUKOPHCTAHHS PO3MOMIICHUX 0a3 JaHWX, Y SKHX JaHi
pO3IiieHi MiXK KiTbKOMa By3laMHu. Y TaKUX CUCTeMax iHAEKcallisi MoKe OyTH pO3MOAiJIeHa MK Pi3HUMH
BY3JIaMH, III0 JOTIOMAara€e po3MOAUIMTH HAaBAaHTAXCHH Ta MiABUIIUTH ITPOXYKTUBHICTH BUKOHAHHS 3aITUTIB.

Omxe, ypaxyBaHHs Pi3HOMaHITHUX aJIbTCPHATUBHUX METOIB iHAEKcallii Ta MOXIMBOCTI aBTOMa-
THU30BAaHOTO YMPABIiHHA 1HIEKCAMH J0TOMAarae AOCITTH iCTOTHOTO IMiJBHUILIECHHS MPOJYKTUBHOCTI 3aIlUTiB
Io 6a3 maHWX y PI3HMAX CIIEHAPISIX BUKOPUCTAHHS.

BucHoBkn

BukoHaBIyM neTalbHUN aHai3 TEXHIK IHACKcallii 0a3 JaHUX, MOKHA 3pOOUTH KiJIbKa BUCHOBKIB.

ITo-mrepire, po3rasHYTI Pi3HI THMHU 1HIEKCIB, TaKi sK B-mepeBa, xem-rabmuuili, Ta TEKCTOBI 1HIEKCH,
MaloTh TIICBHI YHIKaJIbHI TEpeBard Ta OOMEXKCHHS, sIKi TMOTPIOHO BpaxoBYBaTH Mij dYac BHOOpY
OINITHMAJIHOTO METO.Y JUISI KOHKPETHOI 0a3H JaHHX.

[To-npyre, aHami3 BIUIMBY Ha Yac BUKOHAHHS 3aITUTIB TIOKAa3aB, IO IIBHKOIiS BUKOHAHHS 3aJICKUTh
Bij OaratboX (haKkTOpiB, TAKUX SAK CKJIQJHICTh 3aIUTIB, 0OCAT JaHUX Ta TUN omnepauniid. Lle migkpeciroe
BaYXIMBICTh PETEIHHOTO BUOOPY THITY iIHAEKCY JUISI ONTHMI3alii PO yKTHBHOCTI.

Kpim TOro, BpaxyBaHHs 0OCATY JaHUX Ta CTPYKTYpH Oa3u JAaHWUX BH3HA4Ya€ MOKIHMBOCTI BHKO-
PUCTaHHS KOMITO3UTHHX IHAEKCIB Ta IHIIMX ambTepHATHBHUX TEXHIK iHAEKcalii s 3abe3meueHHs
e(eKTHBHOTO MOUIYKY Ta (pibTpalii JaHuX.

HapemTi, BpaxyBaHHS yciX 1uxX (hakTOpiB Ta BHUKOPHUCTAHHS BIiMIOBIMHWUX CTpaTerii iHAeKcamii
CIPUSITHME TI1IBUIICHHIO MPOAYKTUBHOCTI CUCTEM YIIPaBIiHHS 0a3aMu IaHUX, 3a0e3Meuyloun IBUIKUN Ta
e(eKTHBHUH TOCTYI 10 iHpopMarii A1 KOPUCTYBAYiB y PI3HHUX CLIEHAPisSX BUKOPHCTAHHSL.
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The need to enhance query performance in databases within the contemporary information
environment is crucial for ensuring efficient operations across various domains. This paper is dedicated
to an analysis of database indexing techniques aimed at understanding their impact on query
performance and efficiency. It meticulously examines various types of indexes, including B-trees, hash
tables, and textual indexes, analyzing their advantages and limitations. The investigation into the
influence of these techniques on query execution time reveals that performance depends on various
factors such as query complexity and data volume.

Special attention is given to selecting the optimal index type based on specific database needs and
characteristics. The research underscores the importance of considering data volume and database
structure in choosing effective indexing methods. Additionally, the advantages and disadvantages of
different indexing techniques are scrutinized, taking into account their impact on query execution speed
and efficiency.

Of the study indicate that the correct selection and utilization of appropriate indexing strategies
can significantly enhance the performance of database management systems, providing swift and efficient
access to information for users. Ultimately, this work makes a significant contribution to understanding
and practically applying indexing techniques to improve query performance in databases.

Key words: database indexing; query performance; data access; optimization techniques; information
retrieval; database management; effi ciency enhancement; data structure.
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