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60 POKIB BA3AM JIAHUX (yacTuHa nepiua)

HaBonuTscs ormsan mociikeHb 1 po3po0ok 6a3 maHWX 3 MOMEHTY iX BHHHKHEHHS B 60-X pOKax MHHYIIOTO
CTOJNITTA 1 TIO TeTepilmHii 9ac. BUAINAIOTECSA HACTYNHI eTany: BUHUKHEHHS 1 CTAHOBJICHHS, OypXIUBUH PO3-
BHTOK, €TI0Xa PEIAIiHNX 0a3 NaHUX, PO3MIUPEH] PesALiiHI 6a3u TaHUX, HOCTPEIAMiitHI 0a3u JaHUX 1 BETHKi
nmani. Ha etami ctanoBneHHs onucyotbesa cucremu IDS, IMS, Total i Adabas. Ha erarmi 6ypximBoro po3BUTKY
BHCBIiTIEHI uTaHHA apxiTekTypu 6a3 manux ANSI/X3/SPARC, npomosuniit KOAACWJI, xoHuemnii i MOB
KOHIICTITYaJIbHOTO MOJeoBaHH:. Ha erani enoxu pensuiiHux 6a3 JTaHUX pO3KPUBAIOTHCS PE3yNbTaTH HAYKO-
Boi mistmeHOCTI E. Konmna, Teopist 3anesxxHOCTEH 1 HOpMabHUX (hOPM, MOBH 3aIIUTIB, €KCIIEPUMEHTANbHI T0CTi-
JUKCHHS 1 pO3pO0KH, ONTHMI3AIlisl Ta CTAaHAAp "THU3allid, YIPaBIiHHSA TpaH3akUuisMu. ETan po3mupeHux pemis-
LiifHUX 0a3 JaHWX MPUCBAYCHUN ONMUCY TEMIOPAIBbHUX, IIPOCTOPOBHX, NEAYKTHBHUX, aKTUBHHUX, 00’ €KTHHX,
PO3MOAIIEHNX Ta CTAaTUCTHYHUX 0a3 maHWX, 0a3 MTaHMX MacHBiB, MamIMH 0a3 MaHWX i CXOBHII HaHUX. Ha
HACTYITHOMY €Talli po3KpUTa MpodiieMaTHKa NoCTpesiitHnx 0a3 mannx, a came, NOSQL-, NewSQL- i on-
TosoriyHux 0a3 maHux. LllocTuii eTan npucBIYeHUH PO3KPUTTIO NPUYUH BUHUKHEHHS, XapaKTePHUX BIACTHU-
BOCTeH, Kimacu(ikamii, IPUHIMITB poOOTH, METOAIB 1 TEXHONOTIH BeTMKUX HaHUX. HapemiTi, B oCTaHHBOMY
PO31iJIi Ja€THCA KOPOTKHUMA OTIIA AOCTiIKEHB 1 po3po0ok 1o 6a3ax manux B Pagsacrkomy Corosi.

KirtowoBi cnoBa. Tunu 6a3 gaHux: iepapxidHa, MepexeBa, pediliifHa, HaBiraliiiHa, TeMIopaibHa, IPOCTOPO-
Ba, IPOCTOPOBO-TEMITOPATbHA, IIPOCTOPOBO-MEPEXKEBA, 00’ €KTIB, IO MEPEMINTYIOTECA, IeAYKTHBHA, aKTUBHA,
00’ €KTHO-Opi€HTOBaHA, 00’ €KTHO-pEIAIiiHA, pPO3MOiICHA, TapaielbHa, MACHBIB, CTATUCTUYHA, OaraToBU-
MipHa, MamuHa 0a3 JaHuX, CXOBUIIA JaHUX, NoSQL, KiIrod-3HaueHHs, CTOBIYHUKOBA, JOKYMEHTHO-OPi€HTOBA-
Ha, TpadoBa, MyITBFTUMOJIEIbHA, XMapHa, HaykoBa, Oarato3Hauna, XML, NewSQL, oHTONIOTIgHA, BETUKI JaHi.

Eran 1. CtaHoBjeHHs 0a3 JaHUX
(1960 — 1970)

60-i poxu — ye nepiod ycgioomien-
HSl HeoOXiOHOCmI B8i0OKpeMIeHHs OAHUX 8i0
npoepam, Kpucmanizayii eumoz 00 Mmakoi
He3aedcHoi cyKynHocmi oanux. Biomax, ye
nepioo 3apo0dceHHss U YCRIWHO20 CMAHO8-
JIeHHs1 mexHonoz2iu 6a3 OaHux, opmysanhs
iIXHIX MemoOon02IYHUX OCHO8, CMAHOBIEHHS
KOHYenyii Mooeni Oanux i nosiéu nepuux 080x
KJLACUYHUX MOOeell — IEpapxXiunoi i mepedice-
60i, HApPOOXMCeHHs [HOYCMPII NPOCPAMHO20
3abesneuenus cucmem 06a3 OAHUX, A MAKONC
— opeanizayiinoco Gopmysanus ChnilbHOMU
cneyianicmis yiei 2anysi.

Ha mouatky 60-X pokiB KOMI IOT€pH
MoYyajau BIPOBAKYBATUCS HAa BUPOOHUIITBI.
3BICHO, II€ 3A1MCHIOBAJIM BEJHWKI KOMIIaHIi,
3MaTHI TMpua0aTH Take Aopore oOIaJHaHHS.
Komm’toTepu moyaiam BHKOPUCTOBYBATUCH
JUIs. aBTOMAaTH3aIlli BUPOOHWYUX TMPOILECIB,
BKJIFOYHO 3 OOJIIKOM OTPHUMYBaHO1 CHPOBUHH 1
JeTanei, BUpoOieHoi NpoayKIlii, mepcoHarna,
tomo. Komm’iorepu crtaBajgu iHCTPYMEHTOM
30epexeHHsI 1 00pOOKH BETUKHUX OOCHTIB Ja-
HUX. J[0 TOTO0 3 CTano OYEBUIHUM, 1110 TEXHO-
JIOTisI CTBOPEHHSI aBTOMAaTHU30BAaHUX CHCTEM,
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3a AKOi ICHYBaB TICHUU 3BSI30K MiX NaHUMH
1 Tmporpamami, siki iX BUKOPHCTOBYIOTb, € He-
KUTTE3AATHOO. Apke Oyap — SIKI HE3HA4YHI
3MiHH B CTPYKTYpi 0a3 TaHUX MPU3BOAUIIH 10
HEOoOX1THOCTI IepenucyBaTi nporpamu. 3 mno-
CTYNOBHUM YCKJIaJHEHHSIM CTPYKTYpHU JaHUX 1
3pOCTaHHAM iXHBOTO 00’€My, 30UIBIICHHSIM
KUJTBKOCT1 KOPHCTYBayiB, a TAKOX — IHTEHCHB-
HOCT1 BUKOPHCTAHHSI TaHUX, MOAIOHUN TT1J1X1]T
MPHU3BOJIUB JI0 KPaxy CHCTEM.

Ile BUKIMKAIO YCBiIOMJIEHHS TOTO,
0 HEOOXiAHO pO3ipBaTH TaKWUW 3B’SI30K 1
YMOXJIUBUTH HE3aJ€KHE ICHYBaHHS JaHUX 1
mporpam, o i CTaJo OCHOBOIO IMOSIBH B iH-
(hopMaTULIiHATIPAMKY, SKHI 3T0I0M OTpUMaB
Ha3By «0a3u JaHUX.

AOu 3po3yMiTH, B SKHX yMOBax 3a-
pomxyBanucs 0a3u JaHUX, 3a3HAYUMO, IO
e OyB yac KOMIT IOTepiB pakTH4HO O€e3 ore-
pauiitnoi cucremu, 3 64 Kb oneparuBHOi
nam’sTi. HocissMu BBeleHHsS maHUX Oynu
neppokaptu 1 neppocTpiuku, a BiANOBI-
JNaJbHUMHU 3a 30BHIIIHIO NaMsITh Oynu Iie-
peBakHO MarHiTHI CTpiuku. | nume npeski
KoMIaHii MoOriM M03BOMUTH cO00l Mar”iTHi
nucku 3 00’emoMm y 5 Mb 1 po3mipamu, 1110
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Mopnedi Ta 3aco0u cucTeM 0a3 1aHHUX i 3HAHL

MEePEBUIIYBAJIN TPUCTYIKOBY mady pa3om i3
AHTPECOJIIMU. 3PEIITOI0 CITKYBaHHS JIFO/IH-
HU 3 KOMIT I0T€pOM Bi10yBanocs 4yepes3 mynbT
yrpaBiaiHHSA a00, B KpaIlioMy BHIAJKY, 4epes
JpyKapChbKy MAaIlUHKY.

3aBaHTaXEHHS KOPCTKOTO TUCKY
Ha SMbB xomnanii IBM

Cucremu IDS. 1960-ro poxy HeBenu-
ka xomanga i3 General Electric, sika aBTOMa-
THU3yBaja Oi13HEC-TPOIECH, PO3IOYaIa MPOEK-
TyBaHHs cucteMu Integrated Data Store (IDS)
— IHTETpOBaHE CXOBUIIE AAHUX MiJ KEPiBHU-
urBom Yapnwsza baxmana (Charles William
Bachman). Hanpuxkinni 1962 poky nporotun
miei cucreMu OyB 3aBeplUICHHH, a Ha MOYaT-
Ky 1964 poky BumylleHa nepiia IpOMHCIO-
Ba Bepcia IDS [14-16]. I nossa 3HamenyBana
epy 0a3 maHux i 3ipkoBuii nuisix baxmana.

Yapnbs baxman

B IDS Oymno Bmepuie BTUIEHO Te, IO
HUHI BB@)XAETHCS OCHOBHUMHU (QYHKIISIMH
CUCTEMH ylpaBiiHHs 6a3amu gaHux. IDS Bu-
KOHyBasia (yHKIIFO TTOCEpEeaHUKA MK TPHU-
KJIaJIHUMU TporpaMaMu 1 (aitnamu, B SIKHX
30epiranucs nasi. [Iporpamu He MorIM Ha-
npsiMy MaHIMyNnoBaTH AaHUMU. HaTomicThb
BOHU MaJlu 3BepTarucs ao cucremu IDS, abu
Ta BUKOHYBaja BiANOBiAHI Mii BiJ iX iMeHi.
Sk 1 cywacHl cucTeMM YIpaBiiHHA Oa3amu
nanux, IDS nosBomsima cTBOproBarm, 30e-
piraTé i MaHINMyJTIOBaTH METAaJaHUMH, XOua
poOunocs 1e 3a"aaro npumitusHo. B IDS y
HaWmpocCTiIoMy BUINISIAI Oynu pealli3oBaHi
(GyHKIIOHATBbHI MOXJIMBOCTI, KOTPI 3T0J0M
OTpUMAaJi Ha3BYy «HE3aJEKHOCTI JaHHUX BiJ
nporpam». baxman po3po6us y IDS inHoO-
BaIllifHy Ha TOW 4ac cuctemy «Jlucmeruep
npobnem» (Problem Controller), mo crama
npooOpa3oM CUCTEMHU YIpaBIiHHSA TpaH3aK-
nismMu. B IDS Takox Oyna crpoekToBaHa 1
pearizoBaHa cHCTEMa PE3EpPBHOTO KOIIiIO-
BaHHA 1 BIATBOPEHHS JaHUX HA MarHiTHUX
cTpiukax. 3pemToto, Oyma mnependayeHa
¢byHK111sS 3a00pOHU JOCTYIY 10 MEBHUX Yac-
TUH 0231 JaHUX KOHKPETHUM KOPHCTYBadaM.
IDS crana npoo6pa3oM CUCTEMHU YIPaBIiHHS
0azaMu JaHWX, IO MIATPUMYBaja MEPEIKEBY
mozaens ganux. Cucrema IDS po3BuBanace,
YIOCKOHAJIIOBAJach 1 BHUKOPHUCTOBYBAJIach
YIpOAOBX JecsATKIB pokiB. | HuuHi IDS BHKO-
PUCTOBYETBHCS B JAESKUX KOMITaHISAX 1 AEMOH-
CTpYE€ BIIMiHHI pe3yabTaTH MPOJYyKTUBHOCTI
Ha TepabalTHMX MacuBaXx JaHUX.

1973 poky baxman OyB Haropojke-
HUW HAaWMPECTHXKHIMIOW B Tamy3i iHpopma-
TUKH Tpemieto Anana TelopiHra 3a BHAAT-
HUM BHECOK y TexHosorito 0a3 manux. Bin
OyB mepuuM JaypeatoM mpemii ThbiopiHra
6e3 cTyneHto gokropa ginocodii, mepmum i3
JIOCB1JIOM pOOOTH B raiy3i TeXHIKH, a HE Ha-
YKH, i IepIIuM, 4us Kap’epa Oysa MOBHICTIO
MoB’s13aHa 3 MMPOMHUCIIOBICTIO, @ HE 3 HAYKOIO
ab0 HaykoBUM cepenoBuuieM. BiH Takox
MepUIni, XTO OTPUMAB 1[I0 IPEMito 32 poOOTy
3 0a3aMu JaHUX.

Cucrtema IMS. 1965 poky xoMmmaHis
IBM orpumana 3aMOBJIE€HHS HAa CTBOPECHHSA
ABTOMATH30BAaHOT CUCTEMH IUJIsI OOJIKY Be-
JTUYE3HOT KITBKOCTI BUPOOiB, AeTane i Ma-
TepiaiB, 10 Malld BUKOPUCTOBYBATUCS i
yac BUKOHAaHHs KocMiuHOiT nporpamu HACA
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MoneJi Ta 3aco0u cucreM 0a3 1aHHUX i 3HAHL

«ATIOJIOH» - TIONBOTY JIIOAWHU Ha MicsIlb.
s cuctema momepenHbO OTpUMana Has3BY
Information Control System — IMS (cuc-
TeMa ympaBiiHHA iHpopMmaliero). Biamo-
BigHO 10 [1] B ocHOBy IMS Oyno moxna-
JI€HO MOJIedb JTaHUX, PO3pOOJIeHy B cepel-
uHi 60-x pokiB komnaHiero North American
Rockwell. 1968 poxy IMS 0Oyna Hagana 3a-
MOBHHKY, a Bxke 1969 poky crana gocTyi-
HOIO Yy cdepi iHGOopMaIIHHUX TEXHOJOTIH
[17 - 19]. BigTroai ¥ mpakTHYHO IO CHOTOIH1
kommadis IBM Brnockonantoe IMS, nepeno-
CUTH Ha pi3HI IaTdopMu i B pi3HI omepa-
LHifiHI CHCTeMH, pO3MupIoe (QyHKIIOHAb-
Hi MoxumBocTi. Ile, BmacHe, Oyna mepima
yCIHiIIHA crpoba CTBOPEHHS MPOMHCIOBOTO
Bapianty CYBJ], xoua Ha To#l yac Tak He
HasuBanacs. [osoBHUM apxiTektopom IMS
o0yB Bepu Yorrc (Vern Watts). Bin ovouto-
BaB 110 pOOOTY 3 MOMEHTY ii IPOEKTYBaHHS
ax 1o cBoei cmepti 2009 poky.

BepH Yorre

IMS nmiatpumye iepapxiuHy MoO-
Jenb JaHuX. BoHa ckimanaeThes 31 cXeMu
i exzemiusipiB. Ha cxeMHOMy piBHI OCHO-
BHUM OyliBEeTbHUM OJIOKOM € CErMEHT, KU
CKJIQIa€ThCs 13 CyKymHOCTI momiB. Cermes-
TH 3B’A3YIOThCS HANpaBlICeHUMH OlHApPHU-
MH 3B’si3kaMH. CerMeHT, i3 SIKOTO BHXOJUTH
3B’SI30K HA3UBAETHCS OAaThbKIBCBKUM, a KU
NpUETHY€ETbCA — Ao4dipHIM. KokeH cermeHT
MOKE MaTH He OlJIplie OQHOro 0AaTbKiIBCHKOIO
CerMeHTy H BENMKy KUIbKiCTh godipHix. Cer-
MeHT 0e3 0aTbka HAa3MBAETHCS KOPEHEBHUM, a
0e3 JoUipHIX CEerMeHTiB — JucTaM. Ha piBHI
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€K3EeMIUISIPIB 3B 30K MK CETMEHTaMH O3Ha-
4ae, M0 OJIUH €K3eMIUIIp OaTbKiBCHKOTO Cer-
MEHTY 3B’S3y€ThCA 3 OaraTbMa eK3eMILISIpaMHu
JOYipHBOTO cerMeHTy. Ex3zemmuisip iepapxiu-
HOT CTPYKTYPH MICTUTH OJIMH €K3EMILISIp KO-
peneBoro cermenrty. OTxe, iepapxiyHa MO-
JeNb MPUPOAHO MPECTABIs€ 3B A3KU «OAUH
no Oararpox». Ciij 3a3HAYMUTH, IO JKOPCTKA
¢dopmanbHa cnenudikamis iepapxiyHoi moje-
Ji TaHWX BiJICYTHS, 1 BOHA, 3a3BUYail BUCBIT-
JIOETHCS TaK, SK I1e Oyo BU3HaueHo B IMS.

Cucrema Total. 1968 poky Tomac
Hic (Tomas Nies), Knon borapayc (Cloud
Bogardus) 1 Tom Piuni (Tom Richley) 3a-
cHyBanu kommasito Cincom Systems, a Bxe
1969-ro Oyno BHUIYIIEHO TeEpITy BepCito
CYB/] Total [20].

Tomac Hic

Ha nymky Oararbox KOpHCTYBadiB i
creuiaiicris, cuctema Total Oyna cepiio3HUM
koHKypeHToM IMS Ha xomn’rorepax IBM. Ha
BimMiHy Big IMS i1 OumemocTi iHmmx CYBJ
Toro yacy Total He oOMexyBanach OAHUM TH-
oM komr '1otepiB. [lopiBHsHO 3 IMS BnpaBis-
tucs 3 Total Oyio g0BoJi JIeTKO 1 €(hEeKTUBHO.

bazoBoto crpykryporo manux Total €
JIBOPIBHEBA i€papXis, IO MICTUTh OJUH 3a-
MMc — BJacHUKa (master) 1 BeNUKY KUIbKICTb
3anuciB — wieHiB (details). Ili Tunm 3amucis
MOXYTh OyTH NOB'A3aHi Tak, IOOH CTBOPIO-
BaTH CKJIAJHI CTPYKTypHu naHux. L{g cTpykry-
pa HaraJxyBajla MEPEXXEBY CTPYKTYpPY MepIInX
Bepciit IDS.

VY Total miaTpumMyBanocs y3romKeHHs
13 Cobol, Fortran, PL/1 1 Assembler. MoBa
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MaHINyJIIOBAaHHS HarajayBajia crerudikaiito
Codasyl. Byno peanizoBaHO MeXaHI3M 3aXHC-
Ty 0a3u JaHUX, IKUH BKIIOYaB AUHAMIYHY pe-
€CTpallito, MepioAUYHE PE3EPBHE KOMIOBAHHS
(mamm) 1 pecTapt, 3amo0iraHHs OTHOYACHOMY
OHOBIICHHIO JaHuX. [liATpuMyBaBcs peKUM
OJTHOYACHOI poOOTHM OararboX MPHUKIATHUX
nporpam. byio Takox peanizoBaHO MEXaHi3M
HE3aJIe)KHOCTI Ha PiBHI OKPEeMHX E€JIEMEHTIB
naHux. J{nms KOKHOI mporpaMu MoxkHa Oymo
BUJIUTUTH JIOCTYMHY IMYUCEIbHICTh 0a3u
JAHUX 3 JOIIOMOrOK MEXaHi3My, MOAI0HOMY
MiCXeMaM.

Ha nouatox 70-x pokis Total masa Haii-
OUTBbIIY KIJTBKICTh KOPUCTYBadiB cepen ycix
nirounx toni CYBJl. BBaxkaeThbes, 1o Ha 110-
yaTrkoBoMy eTami komnadis Cincom Systems
3poOusa cyTTeBui BHECOK y po3BUTOK CYB/I.

Cucrema Adabas. Adabas ( database
system — ajanTWBHA cCUCTeMa 0a3 JaHUX) —
cHcTeMa ynpaBJIiHHS 0a3aMu JaHUX KOMITaHii
Software AG, Himeuunna.

VYnepuie BuIylieHa sl MeHH(pen-
MmiB IBM 1971 poky. I[louarkoBa mozaens aa-
HUX — Ha 0a3i iHBepTOBaHOTO iHAEKCY. [liaxin
Adabas BigmiHHUN Big MepekeBoi Mozeni
JaHUX, OJIHAaK 3a0e3redye MOXJIHMBICTH Mif-
TPUMKH MOBHOT MEPEKEBOI CTPYKTYpH 3a pa-
XYHOK HESIBHUX BigHOCWH. Ha MOMEHT cTBO-
peHHsl MoBa MaHimymtoBaHHs Adabas sBisna
coboro posmupenHs moB Cobol i PL/1. ¥V
1980-1 poku MOMOBHEHA €JIEMEHTAMHU peisi-
iHOT Mozeni. Ha 31eTi monmyasipHOCTI peis-
uitnux CYB/l B cepeauni 80-X pokiB, BOHa
Oyna omHi€r0 3 HAWOLIBII 3aTpeOyBaHUX CHC-
TeM ymnpasiiHHS 0azamu nanux. IDS, IMS,
Total, Adabas Hanexarp 10 ckiiaxy Tak 3Ba-
HUX Hasieayitnux 6asz oanux. lleit Tepmin OyB
BBeAeHU Yapnb3om baxmManoMm y #ioro cTarTi
[21], mpucBsiueHiii oTpuManHio npemii Trio-
punra. CyTh I[bOTO KJAcCy MOIATae B TOMY,
10 3alKMCH JTaHUX MOXYTh 3B'A3YBATHUCh MIX
c00010 PI3HUMH TMMOCHJIAHHSIMH, THUM CaMUM
CTBOPIOIOYM CKIIAHy CTPYKTYpy MAaHHX, a
MOBa MaHIMyIIOBaHHS J103BOJISE 3A1HCHIOBATH
JIOBUIbHY HAaBITAIlI0 32 UMW MOCHJIAHHSIMU
JUIS. OTPUMAHHS JOCTYIMY 10 MOTPiOHMX 3a-
nuciB. Ines HaBiramiiHux cucrtem Oyiia mo-
POJKEHA TIOSIBOIO MAarHiTHUX JIUCKIB, 5Ki, HA
BiIMiHYy BiJ] MarHiTHUX CTPivoOK, nepdocrpi-
4OK 1 mep(okapT i3 MOCIITOBHUM JIOCTYIIOM,
HaJ[aBajy NpsIMUN JOCTYIIL.

Ha 3aBepiueHHs LbOro po3nuly 3a3Ha-
YIMO, III0 caM TepMiH «0a3a qanux» (database)
3's;BUBCs Ha mouarky 60-x pokiB. Ha mymky
Bimesima Omte (T. William Olle) [1] ue#t Tep-
MiH ymepiie OyJlo BBEIEHO y BKUTOK Ha CHM-
no3iymMax, OpraHi30BaHMX KOMIIaHi€0 System
Development Corporation (SDC) y 1963 1 1965
pOKax, Xo4a CIIOYaTKy CHpPHIIMaBCsl y ITOBOII
BY3bKOMY CEHCI. B IIMpOKHI yXHTOK TepMiH
YBIHIIOB Juie Ha movyatky 1970-x pokis [22].

Eran 2. BypxiiuBuii po3BUTOK
(1970 — 1980)

70-i poxu — ye poku Oypxaueo2co pos-
sumky 6a3 OaHux , CMOPeHHs OCHO8 meXx-
Honoeii 6az Oanux. Boumu osznamenysanucs
nepeooscim 00CiOHCeHHAMU poboyoi 2epy-
nu CODASYL no 6azax oanux (CODASYL
DBTG), sxa cneyughikysana mepedxcesy
MOoOenb, MOBU BUSHAYEHHA | MAHINY108aH-
HA OaHumu.B yeil nepiod O6yn0 6uUsHAUEHO i
BUBYUEHO 3HAYHY KINbKICMb Mooeneu OaHUux,
BKIIO4UHO 13 cemanmuynumu. 1876 poky Ile-
mep Yen eusnauug ER — moodens. Byna cne-
yugixosana mpupienesa apximexkmypa 0a3
oanux ANSI/X3/SPARC, sika cmana xaacuy-
HOM0, 30IUCHeHI O0O0CNIONCeHH w000 KOH-
YenmyaibHo20 MOOENOBAHHA NPEOMEMHUX
eanysetl. 3aknadeni 0CHO8U IHOYCMPIATbHO20
supoornuymea CYBJ/] ma inuo2o npoepamno-
20 3abe3neuenns 6a3 oanux. 3pewmoro, 6yiu
peanizosani uyucnenni npomucnogi CYE]],
KOMpI 8UABUNUCS 3ampeOy8aHuMU HACMYNHI
Kinbka decamkie pokis. 1973 poxy, ax yoice
3eadyesanocs suwje, Yapnvs Binvam Baxman
0y8 Ha20pOoOIHCeHUll HAUNPECMUNICHIULON 6
eanysi ingpopmamuxu npemieto Tvropinea 3a
BUOAMHUL BHECOK Y MEXHON02i10 6a3 OAHUX.

o xiamg 60-X pokiB HAyKOBE CIIiB-
TOBApUCTBO MIHIIO BHCHOBKY, 1[0 CHCTEMHU
ynpasiiHHsa 6asamu nanux (CYBJl) cramm
LEHTPaJIbHOIO JIAHKOI B aBTOMATH30BAHHMX
iH(popMmariiiHux cuctemax. OHaK TOI 1Ie He
OyJI0 TIOBHOTO YCBIJJOMJIGHHSI TOTO, [0 CaMe
sBisie coboro CYBJl, siki BUMOTH BOHH MY-
CSITh 3aJ0BOJILHSTH, SIK1 MOJEI JaHUX MAIOTh
HiATPUMYBaTH, SKUM apXiTEKTYpHUM pillleH-
HSAIM MArOTh BiAIIOBIJATH.

Ane Bxe Haodarky 70-X pOKiB 3'sBUITHCS
nepmr 3BiTW W cCTarTi, A€ pPOOWIMCS TIpHITY-
IIEHHS 13 KOHKPETHHX cucteM [23], a Takox
dhopmymosanucs Bumoru 10 CYB/] [24,25].
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Indgonoriuni W paranoriyni mo-
aeai. Yxke y 60-i poku BUeHi, KOTpi mpa-
[IOBAJM B Tayy3l iHPOPMALIHHUX CUCTEM,
3pO3yMiliM, M0 B KOMI'IOTEpHINA cHUCTEeMI
MaioTh OyTH TpEACTaBIICHI HE JUIIE JaHi,
a i ixaHs cemanTuka. B cepenuni 60-x po-
KiB mBeackkuii BueHuit bopxke Jlanredopce
(Borje Langefors) BBiB mOHATTA iH(]oIOTIU-
HOi 1 mara moriunoi moxenel (infological
and datalogical models), siki BiH po3BUBaB
ynponoBx 15 pokis [26 - 28].

Bopxe Jlanredopc

Jlaranoriydi mMofeni — 1e CyKymHICTh
CTPYKTYPOBAaHHX 1 B3a€EMOIIOB’ I3aHUX JaHUX 1
criocobu onepyBanHs HUMH. [H(DOIOTIgHI MO-
Jielti — e MoJiesi IpeaCcTaBiIeHHs 1HpopMarii
(TobT0 — cemaHTHKH) npo aAaHi. Lli TepMiHM
BUKOPHCTOBYIOThCS 1 TI0 CHOTO/HI, X04a 3 4a-
COM 3'SIBHBCSI TEPMiH «CEMaHTHYHA MOJEIb)
K MOJeNb NPEeIMETHOI raiysi, Mpu3HaueHa
JUIS TIPEACTaBICHHSA CEMAaHTUKU MPEAMETHOI
rajry3i Ha HaiBHIIOMY piBHi aOcTpakii. 1999
poky b. Jlanredopc oTpumaB MNpeCcTHKHY
npemito LEO 3a BUgaTHi JOCSATHEHHS B rantysi
iHQopMamiiHuX cucteM MiXHapOIHOT acoIIi-
anii 3 iHpopmaniitnux cucrem. A 2010 poky
IIBEJICbKa aKaaeMmis 3 iHpopMaLiHHUX CUCTEM
3acHyBajia npemiro b.Jlanredopca 3a kpamry
JTOKTOpPChKY aucepraiito [lIBerrii B ramysi iH-
dbopmaTuku i iHPOPMALIHHUX CUCTEM.

Inei Jlanredopca 3romom Oyiau po3-
BHHYTI W aJlaliTOBaHi 10 TEXHOJOTIHA 0a3 jaa-
Hux 1mBeacbkuM yueHuM b. Cynarpenom (Bo
Sundgren) [29].
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bo Cynarpen

Apxitexktypa 0a3 mamux ANSI/X3/
SPARC. I3 nosBoro CYBJ/l BUHUKIIO HOBE TO-
HATTS — CXeMa JaHuX (OIMHC JaHUX), sIKe Bij-
CyTHe y (haiinoBiii opranizaimii nanux. Cre-
nu@ikaiisa i€l cXeMu 1 MaHIMyJIIOBaHHS Ja-
HUMU BHUKOHYIOTHCSI BXKE MOBHUMH 3ac00aMu
CYBA — MO/ (moBa omucy nanux) i MM/J]
(MoBa MmaHinmynmtoBaHHS JaHUMU). B3aemonis
CVYB/I i3 npuKIaIHOI MPOrpamMoro 3I1HCHIO-
€THCSI 32 JJOTIOMOTOI0 PO3POOKH CIeIiaTbHOTO
iHTepdeiicHoro Moy, B SIKOMY CHenudi-
KYIOTbCSl 00’€KTH 0a3u JaHUX, MOTPiOHI wiif
nmporpami, a TakoX HeoOXifHl omeparrii Haxa
muMu 00’ exkTamu. 30Kpema, K e pOOUThCS
B CYB/l Adabas. [Tpuknanna nporpama 3sep-
TAETHCS J0 IHOTO MOIYJIIO Yepe3 BiAMOBIIHY
TOYKY BXOIy 1 mepenae iomy MeBHI mapame-
TPH, 110 YTOYHIOIOTH 3aIUT. Y BIAMOBIAb MPO-
rpaMa oTpuMye noTpiOHi Aaxi. Lle Tak 3BaHa
ONTHOpIBHEBA apxiTekTypa. llelt eguuumii pi-
BEHb CKJIaaae cxeMa 0a3u panux. HactymHum
KPOKOM JI0 BIOCKOHAJICHHsSI Oyn0 BBEICHHS
nBopiBHEBOI apxitekTypu. CyTh ii momnsrae B
TOMY, III0 KPiM PiBHS CX€MHU BBOJUTHCS PiBEHB
MiJCXeMH - pparMeHTa 3araibHOT CXeMHU, SIKUi
CTBOPIOETHCS ISl KOXKHOTO JIOJIATKY 1 OTHCY€E
naHi, TOTPiOHI bOMY A0JaTKOBi. J[BOpiBHEBa
apxitektypa Oyna npuitsata B IMS. I Hapemri
B ANSI Oyna Bu3HaueHa TpUpiBHEBA apXiTeK-
Typa 6a3 TaHuX, [0 CTajla KJIaCUYHOIO Ha Oa-
raTo JeCATHpIY 1 Mpo SKy MOBa IIijie Jai.

VY nucromaai 1972 poky migkomiTeT
SPARC (Standard Planning and Requirements
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Committee) xomitety X3 (Committee on
Computers and Information Processing)
Awmepukancbkoro HamionaneHoro [HCTUTYTY
CrangaptiB (ANSI) cTBOpUB pobouy rpymy
ANSI/X3/SPARC DBMS mis mocuioKeHHS
MOYJIMBOCTEH 1 PO3pOOKM peKoMeHAaliil 1o
cragmaptu3anii CYB/I[. Crodarky rpymy o4o-
nuB Tomac Ctin (Tomas B. Steel, Jr), a 3romom
Hionicioc Hukputsuc (Dionysios Tsichritzis).

Hiownicioc [{ukpur3uc

[TouaTkoBUM 3aBIaHHSM Tpymu Oyio
JOCITII)KeHHSI TUTAHHS, Y¥ BapTO B3araji BU-
pimyBatu npobiemy cranaaptuzamii CYB/I.
SAxmo Tak, To MO caMe Mae OyTH CTaHAAPTH-
30BaHe. B pesynbrari rpymna Aidinmia BUCHO-
BKY, III0 CTaHJapTU3aii MOXyTh OyTH mijaja-
Hi nume iHTepdeticHi ckimanosi CYB/I [30].

VY 3B’53Ky 3 UM OyJiO TMOCTaBICHO 3a-
BIAHHS BU3HAYCHHS MHOXUHH KOMIIOHCHTIB,
3 skux Mae ckianatucs CYBJl, intepdeii-
CH, MK SKHMH MOIIM O crtatm 00’ €KTamu
cTaHaapTu3aiii.B OCHOBY BHSIBICHHS IHX
KOMIIOHEHTIB OyJM IMOKJIaZieHl HACTYINHI KOH-
HenTyalbHl nojokeHHsa. [lo-mepmie, icHye
peanpHUI CBIT, iHQOpMAIIIifHA MOJIENh SIKOTO
Ma€ 3HANUTHU CBOE BiIOOpaXkeHHs B 0a3i TaHUX.
[To-npyre, BpaxoByrOUM KOHKPETHI IOTpeOH, B
CBIJJOMOCTI JIIO/Iel BiIOOpaxaroThCs iXHI 0CO-
OMCTI ySBIEHHS PO T€, IKUM € PeabHUH CBIT.
3pemToro 1ei peaabHUll CBIT MaTepiani3yeTh-
Csl Yy BUIVISAJIl CYKyIHOCTI CUMBOJIIB, Y TEKCTO-
BOMYy a0o eyekTpoHHOMY Bumnmani. Came 1
TPUEIHICTh 3HAMIIA BiIOOpa)KeHHs B 3ampo-
MOHOBaHIN TPYNOI0 3KOMIIOHEHTHOI CTPYKTY-

pu 6a3 naHux, o Oylia Ha3BaHa TPUPIBHEBOIO
apxitektyporo 6a3 manux ANSI-SPARC, i sixa
oTpuMaJa 3arajbHe BH3HAHHS Cepel po3poo-
HukiB CYBJI. L{a apxiTekTypa € akTyaJbHOIO
i noci. Bona nepen0auae HasiBHICTh KOHIIETI-
TYaJbHOTO, 30BHIIIHBOTO 1 BHYTPILIIHBOTO PiB-
HiB. KoHuenTtyanpHuil piBeHb NpPU3HAYCHUN
JUISL ONUCY KOHIENTyaJIbHOI 1H(opMaIiiiHol
mozeni npeamerHoi ramysi (I17). 3oBHimHiH
piBEHb BU3HAYAE MPEACTABICHY KOPUCTYBaYEM
B. le Ta yactuna b/, sika Biamosimae morpe-
0aM KOHKpPETHOTO KopucTyBada. [Ipuaomy s
YaCTUHA TOMAETHCS B 3PYYHOMY IS KOPHC-
TyBaua BUJIAAI. BHYyTpimiHiN piBeHb MpH3Ha-
yeHuil ans onucy (izuunoro 30epiranus b/l
Mix MMM PIBHSMHU ICHYIOTH BiOOpa>keHHS:
KOHIICTITya TbHUI — 30BHILIHIHN 1 KOHIIENTYal b-
HO — BHYTpimHid. [ TpupiBHEBa apXiTeKTypa
3a0e3mneuye HEOOXi/IHI YMOBH JIJIs TOCSTHEHHS
JIOTIYHOI 1 (hI3MYHOT HE3aJEeKHOCTI JaHUX Bif
nporpam. Y CBOIO 4epry, JIi€BICTh MEXaHI3MiB
OTUCY Bi0OpakeHb BU3HAYAE CTYIIIHb IOCTAT-
HOCTI1 JTOCSITHCHHSI BUIIE3TaIaHUX JIBOX BUIB
He3aNeXXHOCTI. Pe3ynbraru AisiibHOCTI 1€l po-
60uoi rpynu Oynu HazxaHi y 3BiTax. 1977 poky
Tomac Crin orpumaB «Haropoxy 3a BuaaTHi
3acayru» (Distinguished Service Award) aco-
miamii ACM.

Hponozunii  KOJACHJL. Bre-
cok CODASYL y Ttexunomorito 6a3 gaHUX
MOB’SI3YIOTh 13 CTBOPEHHSAM MEPEKeBO1 MOei
nanux. 1967 poxy B KOJACHUJI (CODASYL -
Conference on Data Systems Languages) Oymna
CTBOpEHA clielliagbHa podoya rpymna 3 MUTaHb
6a3 nanux (CODASYL Data Base Task Group
— DBTG). OnHuM i3 mepuioyeproBux 3a-
BIaHb po004oi rpymnu OyJI0 CTBOPEHHSI 3aCO0iB
yopaBmiHHS 0azamMu JaHux i MoBu KoOor.
3rozioM 11s 3aAa4a Oysia CyTTEBO PO3LIMpPEHA 1
chopMynboBaHa K pO3poOKa KOHIICTIIi, ap-
XITEKTYpH 1 MOBHHX crienuikariii 6a3 nanux
3arajbHOro mnpusHadeHHs. 1971 poky, ycBi-
JOMJTIOIOYH BaXKJIMBICTh JIOCIIDKEHB 31 CHelli-
¢ikanii MoBHHX 3ac00iB 6a3 qaHuX, OyJI0 CTBO-
peno Komiter KOJACHIJI i3 MmoBHU omucy na-
Hux (CODASYL Data Description Language
Committee). B pesynbraTi AisTIBHOCTI LHX
IBOX rpyn Oynu omyOmikoBaHi 3BiTH [23, 33,
34], saKi BUKIMKaJIA 3HAYHUI pe3oHaHC, Oynu
3aciy’KeHO BHU3HaHI (haxiBIsiMu 3 0a3 JaHUX
1 HAJIOBro CTaiu 3pas3koM crenudikamii 06a3
IaHux. Y IHX 3BiTax, BUXOOAYM 31 CIIJIBHUX
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MO3HUIIIA 1 y TICHOMY B3a€MO3B’SI3KY, BIEpIIE
Oynu cTporo crierugikoBaHi:

- MepexxeBa MoJiesb JaHUX, 11ei kol
oymu 3aknazaeHi U. baxmanom y cuctemi IDS,
o i orpuMana Ha3py mojeni maanx KOJA-
CHJI (CODASYL Data Model);

- TpupiBHEBa apxiTekTypa 0a3 na-
HHUX, 110 3r0/I0M OyJia pUHHSTA 1 pO3BUHYTA
B ANSI/X3/SPARC DBMS;

- MoBu onucy nanux (MOJI) Ha Bcix
TPbOX PIBHAX (MOBa CXEMH, MOBa ITiJICXEMH,
MOBa CXeMH 30epiranHus);

- BkmoueHi B MO/] taki gpyHkuii, ik
byHKIIS aqMiHICTPYBaHHS, IEPEBIPKH JOCTO-
BIPHOCTI, yHpaBIiHHSA JOCTYIOM, HaJaIlTy-
BaHHS, PO3MOAUTY PECypcCiB, 3aXUCTY JaHUX,
LIUTICHOCTI TaHUX;

- BiZOOpakeHHS MK CXEMOIO 1 MiJI-
CXEMOI0, a TAKOX CXEMOIO 1 cXeMor 30epe-
JKEHHS

- MOBa MaHINYITIOBaHHSI JaHUMH,
npu3HaYeHa I HaBiramii  MepeXeBHOIO
CTPYKTYpOIO 3 METOIO crienudikanii HeoOxi-
HOTO 3aIlUCy JUIsl HOr0 OHOBJICHHS, BUAJICH-
Hs1, 200 K BCTaBKH HOBOTO 3aITUCY.

3a pe3ynpraraMHpOOOTH KOMITETiB
KO ACWIJI Gynu omy6iikoBaH1 YUCIEHH] Ma-
Tepiaym, cepell AKUX BiAMITUMO MOHOTpadito
Bimesma Ome (T. William Olle) [1]. Iin-
kpecnumo, 1o npono3unii KOJACWJI Gynu
crenrdikoBaHi sl CUCTEM 13 BKJIIOYAIOUOIO
MOBOIO, TOOTO BOHH MPHUITYCKaIH, 1[0 poOOTa
3 0a3010 JaHUX 3MiMCHIOBAJIaCh Yepe3 MOBY
nporpamyBaHHs. Lle MOBHICTIO BigIOBiAANIO
MPUUAHATINA TOJI TEXHOJIOT1i 00pOOKH MaHMX 1
TOMY CTIpUsiIo e(peKTHBHIN pearizamii B iCHY-
I0YOMY BHUHUCITIOBATHHOMY CEpPEIOBHUIIII.

Bineam Omne
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MepexkeBi CYBI. Bignmosimno 10
cnenudikamniii KOJACHUJII 6yna peanizoBaHa
nuszka CYB/I, cepen sxkux: IDMS (Integrated
Database Management System) komnanii
Cullinane Database Systems, 110 cTanga oCHO-
BHOIO MepexkeBoro CYB/I aiis meitnppeiimiB 1
HalnonyspHimor B 70 — 80 —1 poku MHUHY-
soro cromittss DMS 1100 (UNIVAC), IDS/II
(Honeywell), DBMS 10/20 (DEC).

Konuenrtyanbhe MO/IeJTI0BAHHSI.
VY muctomaai 1977 poky komitetr ISO 3 MoB
MPOrpaMyBaHHs IPUUHSB PILIICHHS PO CTBO-
peHHs pob0oYOoi rpynu 3 MUTaHb J1OCTIKEHHS
pI3HUX AacHeKTiB BHUKOPUCTAHHS KOHIIETTY-
aJTbHHUX CXEM y CHCTEeMax YIpaBliHHS 0a3zaMu
JAHUX 3 METOI0 3a0e3MEeUeHHS OCHOBU ISt
cTaHjapTu3alii B n1aHiif ramysi. Crodarky 1o
rpyny ouosnmB T.b.Ctin - monoammwii, a 3ro-
noMm JI.A . XKapain (D.A.Jardine). Pesynsratom
TISTBHOCTI I[i€1 TPYIX CTaB 3BiT, BUMTYIICHUI
1982 poky min pemakmiero Ix. I'puiitycena
(Joost J. Van Griethyusen).

Jox. I'puititycen

VY 3BiTi OMMHCYIOTHCS POJIH 1 3MICT KOH-
LENTyaJbHOI CXEMH, a TaKOX BH3HAYAETHCS
3B'30K KOHIIENTyaJbHOI CXeMH 3 iH(popma-
MIAHAM MOJEIIOBAHHAM 1 CEMAHTHUKOIO [a-
HuX. [ligKpeciroeTbest BaXKIMBICT TOYHOTO
BHU3HAUCHHS SIK CTATUCTUYHUX, TAK 1 TUHAMIY-
HUX TPaBWI Y KOHIIETITYaJbHIN CXeMi:

- 1€ CIiJIbHa OCHOBA OJHO3HAYHOTO
po3yMiHHs cyTi npeaMertHoi ranysi (IIT7) Bei-
Ma 3aIliKaBIeHUMHU CTOPOHAMHU;

- BOHA BKJIIOYA€ JIMINE KOHIICTITY-
aJTpHO peneBaHTHI acriekTH [T

- 1e cnoci0 BH3HAUEHHs JOMYyCTH-
Moi eBoutoIrii 1HGopMaIiiiHoi 0a3u JaHuX 1
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JI03BOJICHOTO MaHIMyJIIOBaHHs 1H(GOpMAIIi€I0
npo III;

- me 0a3uc nus iHTepmperanii 30-
BHINIHIX 1 BHYTPIIIHIX CXEM;

- IIe OCHOBA BiJIOOpaKEHHS 30BHIIII-
HIX CXeM Y BHYTPILIHIO 1 HABIAKH.

Mopaeai nanux. Bignosinno [13] Tep-
MiH «MOJIE€TIb JAHHUX) [T0YaB BUKOPHCTOBYBa-
TUCA Ha mo4yaTKy 70-X pokiB micis myOmika-
uii pyngamentanbHoi podotu Enrapa Kogna
(E. Codd) [59]. Ongnak mie B npyriid Mmojio-
BUHI 60-X pOKIB modanu 3'SBIATHCS Tep-
i Mozeni JaHuxX. Y pe3ynabTaTi pO3BUTKY
TeXHOoJIOrii 6a3 maHux Oylo 3ampOINOHOBAHO
YUMajao 3aco0IB 1 METOMOJIOTIM KOHIETTY-
aJBbHOTO MOJIETIOBAHHS. 30KpEeM, cepell HUX
HacTynHi Mozeni: moaenb «OO0'ekTiB — po-
neit» (OPM — Object — Role Model) Exxapna
J.@onken6epra (Folkenberg, Eckhard D.)
[36,37], ska Oy;na po3BUHYTA IHIIUMHU BUCHU-
mu (C. Heiiccen, P.Meepcman, JI.Bepmeiip,
T.Xammin (Sjir Nijssen, Robert Meersman,
Dirk Vermeir, Terry Halpin). ORM mnepen-
Oauae mpeacTaBleHHs 1HQOpMaLIHHOI Mo-
neni y BUTISIAI 00'€kTiB (CYTHOCTEH), KOTpi
BIIIrparoTh Ty YM 1HINY poJib (IIpencTaBICH]
y BUMISAL 3B's13KiB Mik 00'ekramu). Ha Big-
MiHY BiJl 00'€KTHO-OPIEHTOBAHOTO MIAXOMY 1
MiIX0Qy CYTHICTh-3B's130k ORM He mependa-
yae iCHyBaHHs aTpHOyTiB, BOHH MOJAIOTHCS
y BUIVISAL posieil pakTiB, sKi pa3oM 13 IpaBu-
JaMH MOJEIIOIOTHCS Y BUITISAL HMPUPOTHHUX
MPOTIO3HIIIH, JIETKUX ISl pO3yMiHHS 1 mepe-
BIPKH KOPUCTYBauyaMH.

i

Exxapn [.@onkendepr

Mogear aaHWX, 3acCHOBaHa Ha 0i-
HApPHHUX 3B'fA3Kax. Bijgsg BUTOKIB MOXOIKCH-
Ha mojem OiHapHux 3B's3kiB (BR - Binary
Relations) Oynu mpami Takux aBTOpIB, fK
Ao6pians [38] (cemanTnyHa GiHapHA MOJICIIb),
Bbpauuai [39], Hypxonen [40]. CyTh 1BOTO
MiIX0AY 0 MOJEIIOBAHHS B TOMY, IIO Oyab-
SKAA «eJeMeHT» 1HdopMallii MpeacTaBis-
€THCS 3 JIOMOMOTOI0 €K3eMIUIIPIB OiHApHUX
acoliamiii, To0TO BHCIIOBIIOBaHb, OO CKJia-
Iy SKUX BXOASAThH TUIBKU JBa T€PMHU. 30Kpe-
ma, M.Cenko B mexax npoektry DIAM (Data
Independence Access Method) BusHaumB 0i-
HapHy MEpEXeBYy MOJeNb, PO3poOUB Ha 0asi
miei momeni MoBy FORAL 1 mocmianB Mox-
JUBOCTI KOPUCTYBIBHHUIILKOTO 1HTEpQENCY,
SIKUW Ha Hili 0aszyeTnes [41, 42, 43].

CemanTuuni mogeai. Bigznaunmo
pob6oru JIx. Cwmita i JI. Cmita 1Mo mMomensx
a0cTpakiii, arperamii i y3arajdbHEHHS Jaa-
Hux [44, 45], a Tako)X CEMaHTHU4YHY MOJEJb
nannx SDM Xawmepa i MaxkJleona [46]. ¥V
crarTi [47] HaBOOUTHCS Tepelik Onm3pko 20
CEeMaHTUYHUX Mojenei 0a3 maHux. Pesyinb-
TaTOM PO3BHUTKY MOJENIeH JaHHUX JIO MOYATKY
80-x poKiB HaBejleHI B IIUPOKO BIJIOMIM MO-
Horpadii J[.Ilukput3uca i ®@pena JloxoBcki
(F.Lochovsky) [2].

®pen JloxoBcki

ER — moaens. BogHouac, HalOIbIIy
HOMYJSPHICTH 3aCIyKEeHO 3100yB MiXid CyT-
HICTb — aTpuOyT - 3B'S130K, Ha3BaHUU SK MiJ-
X1 CyTHICTB - 3B"s130K (ER — minxix). CBiit mmo-
4aToK BiH Oepe BiA JiarpaM CTPYKTYp JaHUX
baxmana [48], a Takoxx mozeni [urneca [49].
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Brepuie Haitmupiie o MoAeab Onu-
caB [L.I1.YUen (Peter Pin- Shen Chen) [50].

IIetep Uen

ER — Monmens gaHux craja 3arajbHo-
BHU3HAHOIO B CBITI 1 € OCHOBOIO 0ararbox Me-
TOJUK CHCTEMHOTO aHalli3y, KOHIENTyalbHO-
rO MOJICTIIOBaHHS i MPOEKTYyBaHHA 0a3 JaHUX.
Bona 0a3yeTbcsa Ha mpocTii 1€, 1o CTPYK-
TypHa CKJaJ0Ba KOHLENTYyaJdbHOI Mojemi
peIMETHOI rany3i Moxe OyTH Ipe/cTaBlIeHa
y BUIJISIAI CYTHOCTEH, arpuOyTiB 1 3B'A3KiB.
CytHicTh — 11e Oyab-SIKUi peanbHuil abo ao-
CTPAaKTHHH 00'€KT MOBUIBHOI MPUPOAHU, KU
MPEACTABIISIE CaMOCTIMHHMHI 1HTEpec. ATpu-
OyT — 1€ BJIaCTUBICTb CYyTHOCTI, IO CIpHUSE
SAKICHOMY a00 KUIbKiICHOMY i1 OMUCY, 11€HTH-
dikamii, knacudikarii abo BimoOpaxeHHIO 1i
crany. HapemTi 3B'5130K — 11€ eBHa acomiaris
MiX pI3HUMH CYTHOCTSIMHU (KJIacaMH CYTHOC-
Teil), 0 CTAaHOBUTH MEBHUH 1HTEpEC.

[Tlicna  myOmikamii  crarti  YeHa
3'IBUIJIOCS YMMAJIO CTaTe, MPUCBIYEHUX JI0-
CIIKEHHIO pi3HUX acrnekTiB ER - monemnto-
BaHHS MpeIMETHUX ranyseil. Hampuknan, B
3araJlbHOMY BUIAJAKYy MPUIYCKAETHCS I1CHY-
BaHHS N — apHUX 3B'sA3KiB, a Piuapa bapkep
(Barker Richard) 3ampononyBas ER monens
TUTBKH 3 O1HapHUMH 3B's13kamu [51], sika Mae
IIEBHI IlepeBar.

VY 3B'A3Ky 3 IIMPOKUM BHUKOPUCTAH-
HaM ER- monemi [3] Oymno 3ampornoHOBaHO
Oarato pi3HMX 1i pO3MIMPEHH 1 y3arajlbHEHb
[52 - 55], AKi 3pemTor NpUBEIN A0 BH3HA-
yeHHs iepapxiynoi ER- moneni (ER- moneni
BHUIOTO Topsaky) [55]. ¥V crarti [56] ER-
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MOJIETIb PO3IIMPEHA €JIEMEHTaMH CEMaHTH-
3amii manux. Takox Oyma 3ampomnoHOBaHA
TemnopanbpHo-po3muperna ER- monens [57],
sKa Ja€ MOXJIMBICTh BKIOYATH TEMIIOPalb-
HYy iHGOpPMAIlif0 B KOHIIEITYalIbHY iH(pOopMa-
[IHY MOJENb 1 MPEACTABIATH i1 B PeJIsIiii-
Hiit Mozeni. J[JIst mMATPUMKHA TEMIOPATbHHUX
3anuTiB MoBa SQL Oyna po3mupena MoxJiu-
BOCTSIMU BU3HAUYCHHS, IONIYKY ¥ yIIpaBIIiHHS
ICTOpUYHUMHU BiIHOCHMHaMH. I3 "acom Oyio
3aMpoOBaPKCHO Ie KiTbKa TEeMIIOPAJbHUX
er — MoJieJIeH, OIS AKUX HaBeAeHo B [58].
3pemroto, icHye mpoctopoBa ER - momens
(muB.: «[IpocTopoBi 6a3u gaHUXY).

Eran 3. Enoxa peasiniiHux

0a3 ganux (1970 - 1990+)

Ha nouamxky 80-x pokie 3'aeunucs nep-
wi npomucnosi perayitini CYB/], axi 0o Kinys
80-x cmpimko 3aso1068anu punox i cmanu na-
HIBHUMU NPAKMUYHO HA 6CIX NOULUPEHUX and-
PAMHO-NPOCPAMHUX nAam@opmax i He empa-
MUY C8010 nepesazy Ui no cbo2ooHi. Ilonpu ye,
OCHOBU PenaYitiHOl MOOeNi OAHUX | peayiliHux
CVB]] 6ynu 3axknadeni 6 nonepeoHbomy oOe-
camupiuyi, poooHadanvHuxkom ix 0ye Eodeap
@pank Kooo. Bin suznayue penayitiny cmpyk-
mypy OaHux, aneedpy i 0OYUCNIeHHs, 3AKI1A8
OCHOBU meopii 3anexcHocmeu i HOPMATbHUX
dopm, chopmynoeas eumocu penrayiiHoCmi
0az oanux. Lfi ma inwi docnioxcenHs KiHeywb
KiHyeM npueenu 00 CMEOpeHHs meopii pes-
yitinux 6a3 danux. bazu oanux nepemeopunucs
3 ONUCOB0I HAYKU )Y POPMATbHY.

1981 poky Eodeapa ®@panxa Koooa
byno Hazopoodiceno npemieto Tvropinea 3a
QyHoamenmanvHull i Mpuealuli 6HEcoK 8
meopito i NpaKmuky cucmem YnpaeiinHsa oa-
3aMu OaHUx, 0COOIUBO peNAYIUHO20 MUN).
byno giokpumo 6acamo npoexmis i3 0ocii-
0JICeHHsl | CMBOPEHHs eKCNnepUMeHMAlbHUX
CVb]], sanpononosano eenuxy KilbKicmb
MO8 3anumis peiayitiHux 6a3 OaHUx, 6UE4UEeHO
NUMAHHA ONMUMI3AYI] BUKOHAHHA 3ANUMIE,
cmpykmypu 30epieanus, memoois 00Cmyny,
3axucmy, 30epexiceHHs YiiCHOCMI.

1986 poky 3’aeuecs nepwiuti cman-
oapm SQL i 8i0mo0di 8in cmag €ourow oghi-
YIliHOIO MOB010 308HIUHLO2O [HMeppelcy
penayiunux CYB/].

byno nmposedeno uucnenni Odocii-
O0CeHHS 3 YNPABNIHHA MPAH3AKYIAMU, 3A K]
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1998 poky [cetimc Hixonac I'peii ompumas
npemiio Teropinea.

Peasiniiini 0a3u ganmux. Y 70-x po-
Kax yd4eHi, sKki mpaioBanu y cdepi 6a3 ga-
HUX, Oyl1u mepekoHaHl, 0 MalOyTHe 0a3
JaHUX — 3a CTBOPEHHSIM ycCe€ CKJIaIHINIUX
CTPYKTYp AaHHUX, SIKI JO3BOJISUIU O afeKkBat-
HO NpEeJCTaBIATH 1HPOPMALINHY MOJEb
JAHUX JOBITBHUX NPEAMETHH X Traly3eil.
BucnosnroBanucs 1yMKH, M0 HAHOIMKIUM
4acoM CTPYKTypH OyAyTh HACTIJIbKHU CKJIaJ-
HUMH, 110 B 0a3ax JaHMUX CIIIBBIAHOIIEHHS
KOpHCHO1 iH(popMalii Ta Tiei, mo i1 miaTpu-
mye, Oyne 1 : 30.

Buecok E.®.Konna B peasiniiini 6a3u
nanux. I ocp Ha mpomy i 1970 poky my6ii-
Ky€eTbCsL CTaTTs [59] MamoBimomoro Ha TOU
yac OpurtaHchkoro BueHoro Exrapa dpanka
Komna (Edgar Frank Kodd) 3 kommnanii IBM,
B K1l BiH 3alpONOHYBaB MPOCTILITY CTPYKTY-
py nanux. Ls crpykrypa siBisiia co60r0 oiHO-
MIpHY, IJIOCKY, HOpMaJi30BaHy TaOJIUIIIO.

Enrap ®pank Koan

OnHOMIpHICTH O3HAYAE, 110 ICHYE JIUIIIS
OJIHA, TOPU3OHTAJIbHA IIANKA 1 He MOXe OyTH
BEPTUKAIBHOI, K, CKa)XIMO, B HaBYaJIbHUX
maHax BY3y. [TmockicTh CBITYHUTH MPO TE, 110
B ILIANI[i HEe Ma€ OyTH IOJIIB, 1110 CKJIAJAAI0ThCS 3
6ararpox mianomnis. [Ipumipom, abu none I11b
cknananocs 3 mianoniB [lpizBumie, Im's, mo-
barpkoBi. I, HapemTi, HOpMai30BaHICTh CBiJ-
YUTh MPO T€, IO B OCEpeAKax TaOIHIll MOXKe
OyTH TIJIbKU aTOMapHe (€11He) 3HaYeHHA. Taka
CTPYKTYypa JicTajia Ha3By PEJAIIHHOTO BigHO-

mieHHs1, 00 BOHAa Harajaye MareMaTH4He TI0-
HATTS BigHOMIEHHS. Takok Oyn0 TOMOBJICHO
BBA)KaTH, 1110 TaKi BIJTHOCHHH ICHYIOTh Y Iep-
it HopmanbHi dopmi (First Normal Form
— INF). V¥ miif e npami BiH oOTpyHTYBaB ic-
HYBaHHSI JIBOX CIMEHCTB pENSIiHUX MOB, SKi
ni3Hie OyJau Ha3BaHI PeSALIMHIM 00YHCIICH-
HSIM 1 peJIsIiitHO0 anreGporo.

1871 poky Komn myOmikye cTarTio
[60], B sKili HABOAUTH MPHUKIAA TOTO, 5K JIO-
rika oOYMCJICHHS MPEIUKaTIiB MOXe OyTH BH-
KOPUCTAaHA I CTBOPEHHS BHCOKOPIBHEBOL
MOBH peJIsLiiiHOi 6a3u JaHUX.

Onucana Hum moBa ALPHA Oyna nep-
II0}0 MOBOIO KJIacy peJsiliMHOro 004HCIIEH-
Hs1. Xoua ALPHA ne Oyna peasnizoBaHa, oj-
HAK BOHA MaJjia 3HaYHHUI BIUIMB Ha CTBOPEHHS
HACTYITHUX KOMEPUIHHUX PEIISIIIIHHIX MOB.

1972 poxy Konn myOGmikye HacTymHy
CBOIO BXJIUBY CcTarTiO [61], e BiH:

- nae hopmasibHEe BU3SHAYCHHS pesi-
MIMHOT anreOpu 1 pessuiitHOTO OOYHMCICHHS
(KOPTEXHO - OPIEHTOBAHOTO);

- dopmyIro€e Te3y PpeNSIiiHOI 1o-
BHOTH CEJICKTUBHHX MOXXJIUBOCTEH MOB 3a-
MUTIB J0 peJsAliiHol 0a3u JaHWX HA OCHOBI
pensuiiiHoro oduncnenus. L Teza Oyna ox-
HOCTAMHO CIpUHHATA BYCHUMH CBITY 1 B I1O-
JaJIbIIOMY BCl CTBOPIOBaH1 MOBH 3aIUTIB I1e-
peBipsUIHCA Ha PENsLiiHY TOBHOTY;

- HaBOAUTH AJITOPUTM PEAYKIIi J0-
BUIBHOTO BUPAKEHHS PEJALITHOro 004YHCIIeH-
HS B CEMAaHTHUYHO €KBIBaJICHTHE BHPaKEHHS
pensniiHoi anreOpu, TUM caMUM BCTaHOB-
JIOI0uH 11 pensiiiny moBHOTY. L{ei pe3ynprar
3rozoM Oyiio Ha3zBaHo Teopieto Komma. I1i3Hi-
mie — [lanepmo (Palermo) [62] ynockoHnanus
el aaropuT™M 3 TOYKH 30py IiJBUIIEHHS
Horo e(eKTUBHOCTI.

PensuiiiHa Mozenb BiANOYAaTKy KpH-
TUKyBajacs 3a IMPOCTOTYy 1ii CTPYKTypH.
Ile, 30kpema, BimOynocs W Ha KoHdepeHIii
1974 poxy «SIGMOD Workshop on Data
Description, Access and Control», e Bu-
HUKJIW 1e0aT MDK NPUXWIBHUKAMHU PEsi-
IIHHOTO 1 MEPEKEBOTO MiIX0IIB, TOJIOBHUMHU
crikepamu sikux BucTymn Koan i baxmas.
[To3umis Kogna Ha mux nedarax BimoOpaxke-
Ha y crtarTi [63]. 3pemToto, pensiiiHa MO-
nenb 3100yna 3aranbHe Bu3HaHHSA. Lle Mox-
Ha MOSICHUTH THM, IO B Hill BOajgocs cdop-
MYJIFOBaTH MOBH BHCOKOTO piBHS (anrebpa,
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o0uncieHHs). A 1€ M03BOJUIJIO HANOIIbII
NOBHO BHPIMIUTA Ty OCHOBHY MpoOiemy,
sika OyJa mocraBieHa mepen 0azaMu JaHUX,
a caMe — JOCSATHEHHS HEe3aJIe)KHOCT1 JTaHUX
Bil mporpaMm. Y CBOIO 4epry, IiJBUIICHHSI
CKJIATHOCTI CTPYKTYpH AaHUX HPHU3BOAHUTH
10 HEMUHYYOTO 3HM)KEHHS PiBHS MOBHU Ma-
HIMTYJIFOBaHHS, M0 3HIKY€E MOXIJIHBOCTI J10-
CATHEHHS TaKOi HE3aJIeHKHOCTI.

Hamararounces HagaT 101aTKOBI MOXK-
nuBocTi, y mipani [64] E. Koxnx 3anmpononyBas
MIJBUIIATA CEMAHTHKY PeJSAiHHOI Moje,
171e1 IK0oi BUKOPHCTOBYIOTbCS i HUHI B KOMEp-
uiiaux pensmiiaux CYB/.

Teopisn 3aae:kHOCTI i HOpMAJBbHUX
¢opm. Pemsiiina Monens nana cepro3HUi
MOMITOBX JJIsi PO3BUTKY MPOEKTYBaHHA 0a3
JaHuX. Yrmepuie 3ajadya JOT1YHOTO MPOEK-
tyBaHHs b/l mictama crporo dopmanbHUI
niaxia. CyTe 1i€i Teopii mossirana B TOMY,
mo0 Ha OCHOB1 aHami3dy pi3HUX BHUIIB 3a-
JeXHOCTEeH (0OMEXeHb IIJIICHOCTI), fAKi ic-
HYIOTh BCEPEIHMHI PENAlMiHHUX BITHOCHH 1
MK HUMU, BUSABISATH HeOakaHi cuTyalii Ta
yCyBaTH iX 3a JIOMOMOTOI0 OOTPYHTOBAaHMU X
IpoLeayp €KBIBaJICHTHUX NEPETBOPEHB. 3a-
3BMYall TaKOIO MPOLEYPOIO € IEKOMIIO3ULIIS
BIJHOCHH, TOOTO pPO3MEXYBaHHS BIJTHOCHH
Ha JeKinbka. OCHOBOIOJIOXHUKOM ITi€i Te-
opii craB E.®.Koga, onmyOmikyBaBmu mpa-
i [65 - 67]. B HUX BiH BHU3HAUYUB MOHSTTA
¢ynkmionaasHoi 3anexHocti (Functional
Dependency — FD) B pensmifinomy BigHO-
HIeHHI, cQOpMYIIOBaB TaK 3BaHI aHOMaii
MaHINyJIOBaHHS BIJHOIIEHHSMH, BHUSBUB
nBa HebaxaHi pizHoBuau FD i TpaH3uTHBHI
FD, xoTpi nopoxyIoTh 1i aHoMamii. A came
— nenoBHi FDi Tpan3utusHi FD, 1 3anpomno-
HYBaB MPOLEAYpPY JEKOMIIO3HIIii, IO yCyBae
i pisHoBuau FD y pesynbTyrouux BiJIHO-
HIeHHAX. BigHomeHHs, Ae BiJCYTHI HENOBHI
FD, orpumanu Ha3By BIIHOIIEHb y JPYTiH
HopManbHii Qopmi (2NF), a Tam, ge Bina-
CYTHI HenoBHI ¥ Tpan3uTuBHi FD — y Tperiit
HopMmalbHiKi ¢popmi (3NF).

1981 poxy Komn OyB HaropokeHWi
npemiero ThropiHra 3a (QyHIaMEHTAJIbHUN 1
TPUBAJIMNA BHECOK B TEOPIIO 1 MPAKTHUKY CHC-
TEM YTpaBIiHHS 0a3aMu JaHUX, 0COOIMBO pe-
nasuiiHoro tuny. Kpuctodep /et nanmcas
KHUTY[68] — ICTOpUYHUHN OIS HAyKOBOTO
BHecKy Kozza B pensiiiiHy TeXHOJIOT1I0.
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3 TOYKH 30py CTPYKTypH (YHKIIIO-
HalbHUX 3anexHocTed 3NF Bce x Mana nes-
Hi aHoMautii. 3 onsiay Ha 1e, 1974 poxy Koan
pa3om i3 Paitmongom boricom (Raymond F.
Boyce) 3anpononyBanu mincunutu 3NF. Pe-
3yJIbTOBaHA HOpMalibHa popMa JlicTalia Ha3By
HopManbHOI popmu boiica — Kogna (Boyce —
Kodd Normal Form — BCNF) [69].

Paiimonn Boiic

Sk cnymHo 3a3HadaB [leWT, crioyarky
1110 HopMastbHY dopmy BuzHauuB SAH Xit (Ian
Heath) y crarti [70]. Takox 3a3Ha4mMo, 10 B
ii CcTaTTi BiH JOBIB TEOpPEMY MPO JACKOMIIO-
3M1it0 0€3 BTpAaT pessALifHOrO BiJHOLIEHHS 3a
HasBHOCTI FD, ToOTO neKOMITO3HIIi1, sIKa € €K-
BIBaJICHTHOIO 3a AaHuMH. L{ro Teopemy Oyno
Ha3BaHo Horo imM'aMm (Teopema Xita). Bona
3aCTOCOBYETHCS TIPU MPOBEICHHI BiJHOIIECHD
B 2NF, 3NF i BCNF.
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1974 poxy BimesiMm  ApMCTpOHT
(William Ward Armstrong) y crarti [71] 3a-
npornoHyBaB cucreMy akcioM FD (miHiMamb-
HO MOBHUH HaO1p nmpaBui BUBoay HoBUX FD i3
3aannx). BoHu micramu Ha3By akcioM Apwm-
crponra. Li akcioMu NO3BONHIM BU3HAYUTH
1 JOCHIAUTH Taki MOHATTA 3 cucreMu FD, sk
BHBOJUMICTh, TOBHOTA, 3aMUKaHHS, (MiHi-
MajbHE) MOKPUTTS, €KBiBaJleHTHICTh. OTpH-
MaHi B [IbOMY HaIIPSIMKY PE3yJIbTaTH CIPHUSIN
BHUPIIICHHIO 3aj[adi aBTOMAaTH3allii MPOEKTY-
BaHHS 0a3 JTaHHX.

Binesam ApmcTpoHT

1977 poxy Ponansn @emxun (Ronald
Fagin) y crarti [72] BU3HAYUB HOBUW BH]
3aJIEKHOCTI — Oararo3HayHy 3aJIeKHICTh
(multivalued dependency MVD), HasBHICTb
SKO1 y BIJHOIICHHSAX BHUKJIWKA€E aHoMamii
MaHINyJIOBaHHS. 3alpoIIOHOBaHa HUM (op-
Ma, 110 yCyBa€ L0 CUTYyalilo, Oyia Ha3BaHa
YEeTBEPTHOI HOpMaibHOW (opmoio (Forth
Normal Form — 4NF), a anroput™m mnpuse-
nenns B 4NF Ga3yBaBcs Ha MOBeleHIN HUM
TeopeMi (Teopema DemxuHa). B HacTymHii
crarTi [73] Oyna 3anmpomnoHOBaHa IMOBHA CHC-
TeMa akcioM MVD, a Takox JBi aKCIOMH, 5IK1
noB's3y1otk FD 1 MVD (BuBenenns MVD i3
FD i naBnakmn).

3a3znaunMo, 1o okpimM DemxuHa Oa-
raTo3Ha4YHy 3aJIeKHICTh TOCIIIKYBaB Ta-
kok 3aniono [74]. Kpim Ttoro, Jlemoben
[75] BU3HAYUB TOHATTI «i€papxidHoi Je-

KOMITO3HIIIT MEepPIIOTO MOPSIAKY», SIKE TaKOX
[OB's13aHe 3 KOHLEIIIEK 0araro3Haynoi 3a-
JIEKHOCTI.

Ponanpn Oemxun

1978 poxy Mopma Piccanen (Jorma
Rissanen)  BHM3HAuuWB  3aJeXHICTH  3a
3'ennanHsM (join dependency — JD) [76],
sKa cTana ysaransHeHHSIM MVD (MVD e 6i-
HapHoto JD). Ha ii ocnoBi ®emxun y crar-
Ti [77] BU3HAYMB 1 JOCTIAWB TPOEKIIIHO-
3'eqHyBanIbHY HopMasbHY popmy (Projection-
Join Normal Form — PJ/NF), sixa 3 uacom jic-
Taja Ha3By n'stoi HopManbsHOI hopmu (Fifth
Normal Form — 5NF).

Hopwma Piccanen
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3pemToro, Kpucrtodep et
(Christopher Date) Bu3HauMB WIOCTYy HOp-
manbHy opmy (Sixth Normal Form — 6NF)
K (GopMy, e BIACYTHI HETpHUBIAIbHI 3aJI€K-
HOCTI 13 3'e¢aHaHHSA. SIK MiIKPECIIOITh YHC-
JICHH1 JOCIIHUKY, 111 HOpMasibHa ¢hopmMa BH-
SIBIJIACS. KOPUCHOK B TEMIOpaJbHHUX 0a3zax
nanux. 3a ctBepmkeHHsMm Jlewta [78], 6NF
PIBHOCHWJIBHA JIOMEHHO-KJIIOYOBIH HOpMalb-
Hill popmi (DK/NF) Oemxuna (quB. qami).

Kpucrodep Heiit

HaBeneni Buie 3ajeXHOCTI 1 HOp-
ManapHI (OpMH HalexaTh 1O TaK 3BaHUX
KinacuyHuX. HaBenemo 1ie Kigpka BHU3HA-
YeHNX 1 MOCIIHKEHUX BUIIB 3aJI€KHOCTEH.
[3 iX MOKIagHUM aHATI30M Ta CTPYKTYpPOIO
B32€MO3B'S3KIB M’k HUMU MOXKHA O3HalOMH-
THCS B poboTi [79]:

- mommiera 3NF (Improved 3NF) [80];

- HopMmasibHa (opMa eIeMEeHTapHO-
ro kimova (Elementary Key Normal Form —
EKNF) [81];

- HopMmaibHa (opma cymnepkioda
(Super Key Normal Form — SKNF) [82];

- mpuBeneHa ¢opma SNF (reduced
SNF - 5NFR) [83];

- HopMmaibHa ¢opma 0e3 HaIHII-
koBocTi (Redundancy Free Normal Form —
RFNF) [84];

- HOpMasibHa ¢opMa i3 CYTTEBHMHU
koprexamu (Essential Tuple Norm Form —
ETNF) [85];

- JOMEHHO-KJIO4OBa  HOpMajbHa
dopma Pemxuna (Domain — Key Normal
Form — DK/NF) [86];
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- lepapxivyHa 3ayiexHICTh [87] Ta i
3B'S130K 13 1€PAPXIUYHOI0 CTPYKTYPOIO JaHUX
[88];

- 3aJIeKHICTh MO BKJIIOYEHHIO 1 HOP-
mManbHi (opmu mo BriroueHHIO (Inclusion
Normal Forms) [90 - 92].

Hacamkineup 3a3HauyuMo, 110 MU Ha-
BEJIU JIMIIE HE3HAYHY KITBKICTh JIOCIIKEHUX
3anexkHoctel. Y kHusi [93] HaBeaeHuit nepe-
aik nmonan 600 craTeil, MPUCBIYEHUX TeOpil
3aJIeKHOCTEH 1 HOpMaTBHUX (HOPM, a B MOHO-
rpadii [94] anami3yerbcs 0mu3bko 90 3amex-
HOCTEH.

Moga 3anuTiB peJsuiiHOl Moaei.
Pensmiitna Moiesib nana CyTTEBUU TOIITOBX
JTOCITIPKEHHSIM 31 CTBOPEHHS MOB 3aIlUTiB.
VY cBoemy oraai [95] Honansa Yembepnen
(Donald D. Chemberlin) 3anpononyBaB Ha-
CTYIHY Kiacu]ikaiito MOB pensiuiiHux 0a3
JAHUX: MOBU peNsIiiHOl anreOpu, MOBHU pe-
JAMIAHUX 00YHCIIeHb, TpadiuyHi MOBU 1 MOBH,
Opi€HTOBaHI Ha BioOpaxkeHHs. J[aeMo KOopoT-
KW OTJISI]] MOB ITUX KJIACiB.

|||| "
| I'lll-lllh i kil g
JHonans YembepiieHn

Mosu peasinifinoi auaredpu. bymu
3alpONOHOBaHI i €KCIIEPUMEHTAIBHO OINPO-
O0oBaHI HAcCTymHI MOBH/CHUCTEMH, IO Oa-
3yIOTbCSl Ha pesliiHill anre0pi: cucrema
VACAIMS [96] pospobnena B MIT, cuc-
temu [S/1 PRTV (Peterlee Relational Test
Vehicle) [98], po3pobiieHi B HAYKOBOMY IIE€H-
Tpi IBM B [liTepni (Anrmnis), cuctrema RDMS
[99] cTBOpeHa B moCHiIHUIIBKIHM TabopaTopii
General Motors. B 6aratbox cucrtemax po3-
HMIUPIOEThCA HaOip omepamiit pensuiiHol
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anreOpyu NUISXOM BBEICHHS crenupidHUX.
[TapanensHO TPOBOAMINCH JOCIHIKEHHS 3
ONTUMI3allil BUKOHAHHS BUPAXXEHb PEISIiii-
Hoi anre6pu [101 - 104]. B [105] HaBOonHTh-
Cs IMHUPOKHH OTISAA JOCHIKEHBb 3 aHaII3y
CKJIQHOCTI omepaliil Ta onTumizaiii 3amnu-
CiB y pessiiiHuX 0a3ax JMaHUX.

MoBu peasiniiHOro o04YMCJIEHHS.
Sk MM Bk€ 3a3Ha4yaJiM BUUIE, MEPLUIOID MO-
BOIO 3aIUTIB pessiliiiHoi Moneni Oyna MoBa
ALPHA Kogna [60], sika Oe3mocepeaHbo
0a3yeTbcsi Ha peNAiiHOMY OOYHCIICHHI.
ALPHA no3Bojsie KOpuUCTyBaueBi, 3acTo-
COBYIOUHM TaKi MOHATTA, SK 3MIHIOBAaHICTD 1
KBaHTOPH, (hOpMyBaTU HEMPOLEAYPHI 3alu-
TH. 3r010M OyNH 3aIIpONOHOBAHI 1HIII MOBH,
o, sk 1 ALPHA, 6a3yBanucst Ha pensiiii-
HoMy obOuuncnenHi. Jlo Hux Hanexars QUEL
[106], cTBOpeHa B paMKax HayKOBO-JOCIi-
Hunbkoro mnpoekty Ingres B Kanidophiii-
cbkoMy yHiBepcuteTi B bepkni, COLARD
(Calculus Oriented Language for Rational
Data) [107], RIL [108].

I'pa¢iuni moBu. B MmoBax, koTpi Bi-
HOCATbCSA 710 TpadiuHUX, (OPMYITIOBAHHSA
3amuUTIB Bi10yBa€THCS HE 3 BUKOPHUCTAHHIM
TPaAUIIIHOTO JIIHITHOTO CHHTAKCHUCY, a i3
3alIOBHEHHSIM OCEpeaKiB (sueek) y OyaH-
kax Ttabmune.MoBa CUPID (Casual User
Pictorial Interface Design — po6ora 3 rpa-
biuyaum iHTEepdeticom HenpodeciiiHOTO KO-
puctyBaua) [109 - 112] Hanae xopucrysa-
yeBi rpadiuny Moy 3anutiB. CUPID mae
BHCOKOPIBHEBY MEHIO — 00pa3Hy MiJMOBY,
sIKa € 30BHINIHIM 1HTEep(ercoM 0 CHCTEMHU
INGRES.

Ines moBu QBE (Query by Example
— 3anuT 3a 3pa3kom) [113 - 117], po3poOie-
Ha Mome M. 3nypom (Moshe M/ Zloof),
nonsirae B HacTynHomy. KopuctyBauesi
HaIaroTbCd 4YHCTI OllaHKW Tabmnunp Oasu
naHux. QopmMyIOBaHHA 3alUTY — 1€ 3aI0-
BHEHHS OJIaHKIB OJHIEI0 MPaBUJIBHOIO BiJl-
MOBIAAI0, a 3aJlada CUCTEMH — Ha MiJAcTaBi
[IHOT0 MPHUKJIANY — BUBECTH BCi MOXKJIMBI
NpaBWIbHI psaaku Tabmunb. [lompu odge-
BHIHY IPOCTOTY, Oyio goBeneno [113], oo
QBE € pensniiiHo moBHOIO MOBOK. PizHO-
BUAU i€l MmoBU Oynu peanizoBani B CYB/]
PARADOX, DBASE IV, ACCESS. Ocrasn-
HA BXOAMTh a0 ckiany Microsoft Office.
M.M.3nyd po3pobuB Ttakox moBy OBE

(Office-by-Example — odic 3a 3pa3kom)
[118], sixa ctana po3mupenHsm QBE s
0(iCHUX MPOMO3UIIH.

Momre M. 3nyd

MoBu, opiecHTOBaHi Ha BigoOpaxKeH-
He. 1973 poky konern Kogna 3 mabGoparopii
IBM y Can Xoce Paitmonn boiic, [lonanbn
YemOepain 1 Binesam Kinr (William F. King)
pospobunu Moy SQUARE (Specifying
Queries As Relational Expressions - cnerudi-
Kallisl 3aIUTIB y BUIIISIII PENSIIIIHHUX BUPa3iB)
[119, 120].

Buxopucranus SQUARE — noniOHoi
MOBH JIsl OTIMCY YUCJICHHUX YSBJICHB (TIOTIIS-
IiB), @ TAKOXK KEPYBaHHSI LITICHICTIO TAHUX Ta
iX aBTOMaTu3alli€lo omnucaHe B crarti [121].
Ha BinmMiHy BiJ pensiifHOTO OOYHCIICHHS,
SQUARE He BHKOpPHCTOBY€ KBaHTOPIB Ta
3B's13aHUX 3MIHHHMX 1 TOMYy He ToTpelye Bia-
HOBIJHOI MareMaTu4HoOl IIIArOTOBKM. B MOBI
3alUTH BUCJIOBIIOIOTHCA y BUINISAII MPHPOJI-
HIX TPUMITUBHUX OIEpaIid, SKUMHU JIOIU
KOPUCTYIOThCS MiJ] 4ac MoIyKy iHdopmariii B
TaOMUIAX. BITBIIICTh CEMAaHTHYHUX MPOCTUX
3aIMUTIB BiJOOpakatoThCs B MOBI POCTO i J1a-
koHI4HO. Pa3om 3 Tum SQUARE € pesnsiitino
MoBHOIO MOBo¥O [120].

VY 1974 poui boiic i Yembepnin npen-
ctaBuiu MoBy SEQUEL (Structured English
QUEry Language — cTpykTypoBaHa aHTIJ1ii-
Cbka MoBa 3amuTiB) [122], sika cTama ymo-
ckoHajieHuM BapianToM MoBu SQUARE.
3MimaHuid CHHTAKCHUC MOBH OyJI0 Ha3BaHO
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0JIOYHO — CTPYKTYPOBAHUM CHHTAKCHCOM
KJIFOYOBUX CIiB aHDTiHchkoi MOBU. SQUARE
1 SEQUEL Oynu nexiapaTUBHUMU MOBaMH.
ToOto, B HUX (DOPMYIIOETBCS «II0» Tpeba
3HAWTHU, a HE «JIK» IIe 3pOOUTH, XapakTep-
HE JUIs IpoueaypHux MoB. 1975 poky Oyio
peani3oBaHO EeKCIIepeMEHTalbHUN BapiaHT
SEQUEL na 6a3i po3po06ieHoro iHTepmpe-
taropa [123]. 3aBnanHs iHTeprnpeTaTopa —
MiHIMi3yBaTl BUKOHAHHS OTMepaliil JocTy-
My 70 JaHWX ITiJT YaC BUKOHAHHS 3alHUTiB
3a paxyHOK 3BYXKEHHS MPOCTOPY IOIIYKY.
3ans uporo Oynu JMOCHIJXKEHI CrelialbHi
onTumizytouu aaroputmu. Cam iHTepmpeTa-
top SEQUEL 6a3yeTtbcs Ha XRM (Extended
n-ary Relational Memory [124, 125]) — cuc-
TeMi, sfKa HaJae e(PEeKTHBHUHU acoIliaTHB-
HUM nocTyn ao OiHapHUX BigHomeHb. Ha-
pemti 1976 poky Oyno mpeacTaBiIeHO MOBY
SEQUEL?2 [128], B sKiil yxke Oynu BKIIOYE-
Hi BC1 OCHOBHI 3ac0o0u JJIsi onepyBaHHs Oa-
3aMH JIaHUX: BU3HAYCHHS, MaHIMYJIIOBaHHSI
1 KepyBaHHS.

OpwurinanbHu# miaxia 6yB 3aMponoHO-
Banuil y MoB1 APPLE (Access Path Producing
Language — MoBa, sika TIOPOKY€E MUISIX JO-
ctymy) [129], omHuM 3 aBTOpiB SKOTO OYyB
Kapn Po6ept Kapiicon (Carl Robert Carlson).
MoBa mnependadae BHKOPHUCTAHHS B 3aIlUTI
TUTBKM iIMEHa aTpuOyTiB BITHOIICHH 0a3u Ja-
HUX. 3a/laya CUCTEMHU — HA OCHOBI CTPYKTypH
0a3u JaHWX BU3HAYWTHU YHMCJIEHHI BiIHOIIEH-
Hsl, HEOOXITHI JI7Ii BUKOHAHHS 3aIlUTY, 1 BH-
3HAYUTH IUIAX JOCTYIY J0 HUX.

Kapa Po6ept Kapicon
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ExcnepemMeHTaJbHI JOCTIIKEHHA |
po3podku. Bxxe Ha moyatky 70-X pokiB Oysio
peanizoBaHO HU3KY paHHIX peSLiiHUX cHc-
teM - MacAIMS (1970 p.), IS/1 (1972 p.) u
PRTV, RENDEZVOUS (1974 p.) Tomo.

IS/1i PRTV. IS/1 Oyna nepiioro B CBITi
EKCTIIEPUMEHTAIbHOIO PEIALIHHOI0 CUCTEMOIO
0a3 maHuX 3 OOMEXKEHUMH MOXKIUBOCTIMH,
peaiizoBaHOIO B HaykoBoMYy 1ieHTpi IBM y ITi-
tepii, BenukoOpuranis B 1970 — 1972 pokax
[130]. I3 ypaxyBaHHSM pe3ynbTaTiB, OTpUMa-
HUX M7 yac peanizaiii [S/1, 6yna po3pobiena
CYBI PRTV (Peterlee Relational Test Vehicle)
[131], mo no3Bossia onepyBaTH BEITUKUMHU
oOcsiramMu JIaHUX, MaJia CBOIO BJIaCHY MOBY 3a-
nuciB ISBL piBHs pernsuiiiHoi anreOpu 1 Oyna
MpU3HAYeHa 7151 OJHOTO KOPHCTyBaya.

System/R i DB2. 1974 poky B mocmi-
HULbKi naboparopii B Can Xoce kommaii
IBM OyB ininifioBanuii mpoext System/R 3i
cTBOpeHHs1 excnepuMenTanbHoi CYB/I. Horo
3a/1auero Oyio MPOJEMOHCTPYBATH MOYKIJIUBICTh
CTBOPEHHSI BHCOKOIIPOAYKTUBHUX ITPOMHCIIO-
Bux pemsnidaux CYB/I. 3a ocHoBy Oyno B3sTO
moBy SEQUEL, sxa B mporeci o0poOku Oyra
nepeiiMenoBana Ha SQL, BUXonsauu 3 1opuand-
Hux MipkyBaHb. [lo 1975 poky Oyno peanizo-
BaHO MOBHOQYHKIIOHAJIBHY Bepcito System/R
Ui Oaratbox kopuctyBadiB [132]. 3pemiroro,
npotsiroM 1978-79 pokiB System/R Butpuma-
7a BceOluHy MpakTHyHy arpooarito [133, 134],
PE3YNbTaTH SKOi MPOIEMOHCTPYBAIIH, 110 PEJIsi-
uiitai CYBJ] 3natHi 3a0e3ne4nT BUCOKY TIPO-
OyKTHBHICTB. 1979 poky mpoekt System/R Gyio
3aBepieHo. [1i3Hile KopoTKa iCTopisi eKCIepu-
MEHTaJBHUX JOCIiKEeHb TpoekTy System/R
Oyna BukinageHa YeMOepIiHOM 1 HOTO KoJleraMu
B crarTi [ 135]. BpaxoByroun oTpumMaHuii 10CBi,
xomriaist IBM 1980 poky novana, a 1982 poky
BUITyCTWIIA TIpOoMHCIOBY persitiiiny CYB/] mig
Ha3Bor SQL/DS, sika 3romom Oyna nepeiiMeHo-
BaHa Ha DB2 1 miarpumyeThcs Ha CHOTOHI Ha
pi3HUX Mmardopmax 1 B pi3HUX KOHPIryparisx.
Bona crana crparerivHuM NpOrpaMHUM TIPO-
IykToM Kommadii IBM.

Oracle. 1974 poky Tpoe Monoaux mpo-
IpaMiCTiB 13 aMEPUKAHCHKOT €JICeKTPOHHOI KOM-
nanii Ampex Corporation Jlappi Emicon (Larry
Ellison), o6 Maiinep (Bob Miner) ta Ex Oytc
(Ed Oats), oxpuineni inesmu Komna, 3acHyBaiu
kommanito Software Development Laboratories
(SDL) nnst crBopenns pensiiitnoro CYB/I i B3s-
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JIUCS 32 PO3POOKY 1 MapKeTHHT Tiporpamu. 1979
POKy KOMITaHist jicTana HOBy Ha3By — Relational
Software Inc. Toro >k poky koMIaHisi BUIyCTHIIA
Oracle, nepmry xkomepitiiiny pemsiiiny CYB/I,
ne BukopuctoByBajacsi moBa SQL. Ilporpa-
Ma JTy’Ke MBUAKO Halyna momyssipHocTi. 1982
POKY KOMIIaHisi 3HOBY Oysa mepeiiMeHOoBaHa Ha
Oracle Systems Corporation. Bigroai Oracle
€ HAMOUTBIINM TOCTAaYaIbHUKOM PEISIIiHHUX
CYB/l na 6a3i SQL.

Ingress. 1973 poky JABO€ BYeHHUX
JocaigHunbKoi JlabopaTtopii KanidopHin-
cbKoro yHiBepcurteTy B bepkui Manka Cto-
yHOpeiikep (Michael Ralph Stonebraker) i
HOpxun Bour (Eugene Wong), 3anikaBuB-
much gocaigxkeHHamu Kogpa 1 pesyiib-
TaTaMM CBOIX KoJier i3 IBM 3i cTBopeHHd
System R, BUpiliniu noyaTy BJAaCHUM NpoO-
eKT 31 cTBopeHHd pesianinHoi CYB/.

IOmxun Bonr

Po3po0GimoBany EKCIIEPUMEHTAIbHY
CYBJ Oyno nazeano INGRES (Interactive
Graphics and REtrieval System).

3a HACTYIHI JABa POKU OyJIW TpOBEIEHI
EKCTIEPUMEHTAJIbHI JTOCII/PKEHHS 1 PO3pOOKH.
Byno npuitasaro npoexTHi pimenns [136, 137],
pPO3pO0JICHI CTPYKTYpH 30€piraHHs 1 METOAH
noctymy [138]. Takox Oyio po3pobaeHo onTH-
Mi3alliifHANA aJTOPUTM BHUKOHAHHS OMeparlii
TIO€IHAHHS BiJTHOUICHD, SIKMH OTPUMaB Ha3BY
anroput™m Bonra — FOcedi (Wong — Youssefi
algorithm) [139], nocnimxeHo MexaHi3M Ha-
JMaHHS aJbTePHATUBHUX MOMISAIIB uepe3 Mif-
CTaHOBKY B 3aIlTUTH KOPUCTYBaYiB IXHIX BU3HA-
yeHb nonsiAiB [ 140]. ABTopu3aiiisi 1 KOHTPOJIb
IUTICHOCTI 3a0e31euyBaBcsi BUKOPHCTAHHIM
JIOMIATKOBUX TPEIMKATUBIB JIO 3aIUTy KOPHC-
tTyBauda [141]. PeanizoBano mexaHi3m Oe3red-
HOTO OJHOYAaCHOTO OHOBIEHHS 0a3u ITaHUX
[142], a takox cuctema 3axucty [143]. o
1976 poky Oyma peayizoBaHa EKCIIEPUMECH-
tanbpHa Bepeia Ingress [144]5ka miaTpumysa-
aa moBy QUEL. 1980 poky uyacTuHa cCIiBpo-
OiTHUKIB 1€ abopatopii 3acHyBaiu (ipmy
Relational Technology, sika 1981 poky Bu-
nyctuna npomucioBy CYBJ] INGRESS. 1986
poky INGRESS Oyno mepeBeneno na SQL.
Kineka xirouoBux imeit 3 INGRESS noci mu-
POKO BUKOPHCTOBYIOTHCS B PEJIIIMHNX CUCTE-
max. Hanpukinan, B Non Stop SQL, Sybase i
Microsoft SQL Server.

Postgres. Ilicis ctBopenns Relational
Technology CroynOpeiikep pazom i3 Jloypen-
coMm A. Poy (Lowrence A. Rowe) mouanu fo-
CJIPKyBaTH MOXKJIUBOCTI YCYHEHHSI OOMEKEHb
PeSIIIHOT MOJIeTi.

Jloypenc A. Poy
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HoBuii npoekt agictaB Ha3By Postgres
(POST inGRES). Bynu po3po0neHi KoHIemn-
TyaJbHI NMpPOEKTHI pimeHHs [145], 3ampono-
HOBaHa 00 ’€KTUBHO — peJAIiifHA MOJENb 31
CKJIaIHUMHU TUnamu JaHux [146], po3polbieHi
CTpYyKTypa 30epexxenHs aanux [147] i cuctema
npaBu [ 148] (Tpurepir), sika 103BOJIsIE BU3HA-
yaTu JOJATKOBI1 ii, 1HiLifioBaHl miJ Yac BHKO-
HAHHS Omepalliii BCTaBKHU, OHOBJICHHS 200 BH-
JAJCHHS B TaONMUIX 0a3u JaHUX.

[TomepBax moBor 3amuTiB Postgres
oyna PostQUEL. Mosa Oyna po3pobieHa
1985 poxy B KanidopHiiicbkkoMy yHiBepcH-
teTi B bepkuni mia kepiBHunTBoM M. CTOYHO-
petikepa. PostQUEL 6a3yBanacs Ha MOBi 3a-
nutiB QUEL. 1987 poky Oyna peanizoBana
nepma Bepcist CYB/] Postgres, sika mpoTsirom
HAaCTYMMHHUX KIJbKOX POKIB YIOCKOHAJIOBa-
nack [149]. Postgres movana mHUPOKO BHKO-
PUCTOBYBAaTHUCh B €KOHOMIIli, IPOMHCIIOBOC-
Ti, MeIHIMHI, (HIHAHCOBIN cmpaBi, aCTPOHO-
Mii 1 B 0ararbox IHIIMX rajgy3sx. A TaKoX
BUKOPHCTOBYBajlacs B HaBYAJIHLHOMY IpOIle-
ci. 1991 poky Oyno nomaHo iHTEpPHpETaTOP
MoBu SQL, a 1996 — nporpamHuii NpoayKT
Oyno nepeitmenoBano Ha PostgreSQL. 2014
poky Maiikn CtoyHOpelikep craB naypea-
ToM npemii TrropuHTa 3a PyHIaMEHTAIBHUN
BHECOK y KOHIICMIIIT 1 METOMIH, IO JISkKATh B
OCHOBI CydacHUX cucteMm 0a3 manux [150].

CYB/J pas IIK. o 1980 poky no-
CIIJKEHHS, eKCIEepUMEHTalbHI ¥ INpoMuc-
noBi po3pobku CYBJl mpoBomumucs s
BEJIMKHX 1 cepeaHix komn'toTepiB. Ha mouat-
Ky 80-x 3'sBunucs IBM PC i cymicHi 3 HUM
IIK, ocnameni OC MS-DOS, mo mpuseno
no nosiBu CYBJl nna IIK. 1981 poky xom-
nanis Ashton-Tale Bunyctuna dBase II mus
IIK. II e MoskHa Oyn0 Ha3BaTH CHPABKHHOIO
CYB/l, 60 uyuMano BaXJIUBUX (YHKIIH He
ninTpumyBaiuchk, onnak ang [1IK toro ugacy
e Oymno 3HayHOIO mofiero. Dbase 11 3mo0yna
BEJIUKY MOmyJsipHicTb. 1984 poky Oyno Bu-
nymeHo aockoHanimy Bepcito dBase III, B
1986 — ii posmmupenuii Bapiant dBase III+,
a 1998 - dBase IV. Bonu cranu mominyto-
yumu CYBJ] nns IBM PC. Yenix dBase 11+
00yMOBUB TOSIBYy Ha PUHKY YHCJICHUX aHa-
JIOT1B, CYMICHHX 3a MOBOIO 1 CTPYKTYpOIO
¢aiinie 6a3u gaHux. Jlo HUX BITHOCATHCSA
FoxBASE (1984), FoxPro (1990) xomma-
Hii Fox Software, Clipper (1985) xomnanii
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Nantucker Corporation. 3rogom BoHH Oynu
o0'eqHani momynspHUM cepen npodecio-
HaliB NMOHATTAM “XxBase”. Tennmeniis ctBo-
pPEHHS TPOMYKTIB — aHAJIOTIB 1 BEJIMKa TIO-
nyJsIpHICT, XBase akTuBizyBasa MisIIBHICT
31 CTBOpPEHHS cTaHAapTy. byno 3pobieHo aBi
cripobu cranmapru3zaiii moBu xBase y 1987
— 198811992 poxkax, ane BOHH HE MaJu ycCIIi-
xy. Tox y 80-X pokax AOMiHYyIO4Yy pOJb Ha
punky CYBJl nna IBM PC mano cimeiictBo
CVYB/I xBase.

1985 poky kommnanis Ansa Software
Bunyctuina CYBJl Paradox. Lleit Bucokoe-
(GbeKTUBHUI MPOAYKT NJii CTBOPEHHS pens-
HiHUX 0a3 naHux OyB NPUMITHUH CBOEIO
MoBot0 QBE (Query By Example) i moBoto
po3poOku AoaaTkiB. Bin OyB momynsipHUil y
kiHIi 80-x — mouarky 90-X pOKiB 1 KOHKYPY-
BaB i3 cimeiicTBoM xBase.

Onrumizanisi. Pemsmiiiai  cuctemu
0a3yloThCs Ha BHCOKOPIBHEBOMY HEMpPO-
neaypHoMy iHTepderici, iXHI MOBH 3amuciB
neknaparuBHi. Yepes 1€ B TaKMX CHUCTEMax
OPUHLHUIIOBO BAXJTMBUM € MUTAHHS ONTUMI-
3amii BUKOHaHHA 3amuTiB. Y 70 — 80 poxwm
MUHYJIOTO CTONITTS OyJau MPOBEIEHI YUCIICH-
HI JOCTiKeHHs 1 omyOiikoBaHa BelHUYe3Ha
KUIBKICTh CTaTell 13 I[bOr0 MUTaHHA. MU He
3yNUHSEMOCS B WLIM CTaTTI Ha JaHid mpo-
OreMi i MOCHJIAEMO YHMTa4a JO 3MICTOBHOTO
ormsany C./J.Ky3nenona [151].

Cranpaprusanis. Y tpaBai 1979
poKy Oyna cTBOopeHa pobodya rpyrma i3 pes-
nitHux 6a3 ganux (RTG) ANSI/X3/SPARC
DBS-SG mnix kepiBHuintBoM Maiikina bpo-
yai (Michael L.Brodie) nnst mpoBeneHHs
JOCTIJKEHb 3 OOTPYHTYBaHHS MOXJIUBOCTI
CTBOPEHHsI CTaHAApTy MO pensiuidHux Oa-
3ax gaHux. 1981 poky us rpymna ckiana 3BIT
[152], ne miaTBepaKyBaiach Taka HEOOXi-
HiCTh. J{J11 HacTyNmHOro cnpusiHHA B poOOTi
31 CTBOPEHHS TAKOTO CTaHAApTy Oyno po3-
pobneno «Karamor QyHKUIN pensmiiHux
KOHIICII[IM, MOB 1 CHCTEM», SIKMii MaB Ou
JIOTIOMOITH BHUSIBUTH 1 BCTAHOBUTHU Ti ac-
NEKTH, K caMol pessiuiiiHoi Mojeni, Tak 1
pensuiiHux 6a3 MaHuX, AIKi MOXYTb PO3TJIs-
JNaTUCs KaHAWJATaMu IS CTaHJaapTU3allii.
o moyatky 80-X poKiB y 3B’SI3KY 13 IIHUPO-
KHM pO3MoBCIokeHHIM pensaninaux CYB]]
BUHMKJIa HEOOXIJHICTh aHalli3y MOXJIUBOC-
Ti cTaHIapTu3amii MOBHU IJs YHpaBIiHHS
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pensuiiHuMu 6a3zaMu JaHUX 1 PO3POOKH
TaKOTO CTAHJAPTy, SAKMIO 1e Oyne BHU3HAHO
JOIIJIBHUM.

Maiikn Bpoyni

VY 3B’sa3Kky 3 uum 1982 poky Amepu-
KaHCHKWM HaIIOHAJbHUM 1HCTHTYT CTaH-
naptiB  (American National Standards
Institute — ANSI) ctBopuB komiter X3H2,
nepen SKuM Oyiio MOCTaBJIEHE IIe 3aBIaH-
Ha. Bopomosxk 11 pokiB KoMiTeT 04OIIO-
BaB Jlonansa P. Jloitu (Donald R.Deutsch).
KomiTteT MaB po3rissHYTH pi3HI peasiiiHi
MOBH, ONHMCaHI 1 peani3oBaHi Ha TOW Hac.
OnHak, BpaxoOBYIOUM HIMPOKY pO3IMOBCIO-
mkeHicte SQL y nmpomucnoBux CYBJ i
TOU (akT, Mo ToAl BiH (AKTHYHO BXKE CTaB
CTaHJapTOM, KOMITET 3yIUHHUB CBili BHUOIp
caMme Ha 11iii MOBi. Y35IBIIIM 32 OCHOBY i1 nia-
nexT, peanizoBanuit B CYBJ] DB2, komiter
NparHyB HOTO y3arajJbHUTH, BPaXOBYIOUH
peamizoBani B iHmux pensuiitaux CYB/]
MOXJIUBOCTI. Ilicis 9oTUpHOX pPOKiB poOoO-
tH, 1986 poKy 3anpomnoHOBaHUN KOMITETOM
BapianT SQL, Oyno odiniiiHO 3aTBEPAKEHO
ak ctangapt ANSI, a 1987 poky BiH OyB
y3aTHH 3a cTaHAapT MIDKHapOAHOI OopraHi-
3amii cranmaptiB (International Standards
Organization — ISO). 3romom cTaHgapt
ANSI/ISO B3sB ypsaa CUIA 3a ¢enepanb-
HHUM cTaHAapT B ramxy3i oOpoOkm iHpOp-
manii (Federal Information Processing
Standard — FIPS). 1989 poky crannapt OyB
nenro 3MiHeHu# 1 gictaB Ha3By SQL — 89 (
abo SQL1).

Biaroni SQL Oyno BH3HAHO €IMHOIO
MOBOIO 30BHINIHIX 1HTEP(HEHCIB peIIsIiHHIX

6a3 marux. ANSI/ISO mocriitHO Tiparoe Haxa
il yIOCKOHAJEHHSM 1 BUITYCKOM HOBUX Bep-
ciifi. 3a 35 pokiB Oyno BumymieHo 10 Bepciit
SQL (1986, 1989, 1999, 2003, 2006, 2008,
2011, 2016, 2019).

Jonanbng P. Jloiu

Ha 3aBepieHHs 1IbOrO pO3/ily 3a3Ha-
YUMO, 0 10 mo4yaTky 80-X pPOKIB Ha PUHKY
3'ssuiucs 1Bi mpomucioBi pemsmiitai CYB/:
Oracle i DB2. 3rogom 3'sBunucst Postgress,
Informix Ttomo. Ilouanacs epa pensiiHHX
CYB/, sixi i O CHOTOAHI € HAWOIIBII TOIY-
JSIPHUMH HA PUHKY 0a3 JaHUX.

YupapiinHs TpaH3aKIisiMH.

BaxnuBorw (yHKIIIEIO BUKOPHCTaHHS
B/l € ynpaBiiHHs TpaH3akuissMu. TpaH3ak-
mist (Transaction) — 1e JOriYHa OAWHUIIS PO-
060TH, 110 SABJIsIE COOOIO TPYITY IMOCHTITOBHUX
omepaniii Haj ganumu bJl, sgxa moxe OyTH
a00 BUKOpHCTaHa MOBHICTIO W YCIIIIHO, JO-
TPUMYIOUHCH LUIICHOCTI JaHUX 1 HE3aJIEKHO
BiJI IHITUX MMapajelbHO MPAIIOI0UNX TPaH3aK-
ik, abo He BUKOpHCTaHA 30BciM. Toai BOHa
He MmatuMme Hisikoro edekty. [loHsaTTs Tpan-
3aKmii Boepiie Oylo BBEICHE i OOTOBOpPCHE
Jbxumom I'peem (Jim Grey) 1 #oro xosneramu
B mpaugx [153, 155, 158].

IMpaBuna ACID. Ogaum i3 Hainomu-
peHimmx HabopiB BUMOT 10 TPAH3aKIIiH i TpaH-
3akuiiiHuX cucrteM € HaOip ACID (Atomicity,
Consistency, Isolation, Durability).

- Atomicity — amomapnicms. Tpan-
3aKiisi a00 BUKOHYETHCS MOBHICTIO, ab0o He
BHKOHYETHCSI B3araji. 3 TOYKHA 30PY 30BHIIII-
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HBOT'O CIIPUHHSATTS, BOHA HE MA€ HISIKUX IPO-
MDKHUX CTaHIB.

- Consistency — y3e00dceHicmb.
Tpan3akitist 30epirac oOMeXeHHs HUITICHOCTI
6a3u nanux. [1o 3aBepiieHH1 poOOTH TpaH3aK-
1is 3anuiIae 6a3zy JaHUX y IUIICHOMY CTaHi.

- Isolation — i3onvo6anicmo. TpaH-
3aKIis Mpaloe Tak, HIOU He Oyio HISIKUX Of1-
HOYACHO MPAIIOIOUNX TPAH3AKIIiH.

- Durability —ooecompueanicms. 110
3aKiH4YeHHI poOOTH BCi 3p0OJIeHI TpaH3aKIIi-
€10 3MiHU 30epiraroThcs B 0a3i JaHUX Ha JIOB-
rOTpUBAJIi OCHOBI.

Bumoru ACID 6ynu chopmynboBaHi
nepeBakHo Ha moyarky 80-x pokiB [xumom
I'peem [153]. BogHouac icHYIOTH creliaabHi
CHCTEMHU 3 MOCIa0JeHUMH TPaH3aKI[Ii HUMHU
BIIacTUBOCTAMHU [ 154].

[3071p0BaHICTh TPAH3aKIIl — CUTYaIlis,
B SIKIH TpaH3aKIlisg 3aXHINeHa (3a 1301bOBaHA)
B il IHIIUX OJHOYACHO 3 HEI0 BUKOHYBa-
HUX TpaH3akmii. [HIuMu cmoBamMu, 130515
rapaHTye, 10 MPOMDKHI CTaHH TPaH3aKIIi €
HEBUJIMMHUMH 1HIIUM OJJHOYACHO MPALIOI0UUM
tTpan3akuisiM. CTymiHp 13071l TpaH3aKIil
BU3HAYAE€TbCA PIBHAMU 130Js1ii. AOM 10-
CATTH 130JIbOBAHOCTI TPAH3aKIlii, CIIiJl BHKO-
PUCTOBYBATH METOAM YIPABIiHHSA CIUIBHUM
BUKOHAHHSAM TpaH3akiid. [lnaH BUKOHAHHS
Ha0opy TpaH3aKI[ii HA3UBAETHCS CeplaTbHUM
y pa3i, SIKIIO pe3yibTaT CIIBHOTO BUKOHAH-
HS TpaH3aKIii EKBIBAJICHTHHHA pE3YJIBTATy
HEBHOTO IMOCIIIOBHOTO BUKOHAHHS LIUX TaKH
TpaH3aKIlIH.

Cepianizamis. Cepianmizaiiis TpaH3aK-
il — I[e MEXaHI3M TaKOT0 CHIJIBHOIO BUKOHAH-
HSl TpaH3aKI[iii, KOIU pe3yJabTaT eKBIBaJCHT-
HUI pe3yabTaTy MEeBHOTO MOCiJOBHOTO BUKO-
HaHHA [UX TpaH3akiii. 3a0e3neueHHs TaKoro
MEXaHi3My € OCHOBHOIO (DYHKIII€IO yNpaBIliH-
Hs TpaH3akuissMu. Cucrema, B Kl MATPUMY-
€ThCS ceplaizallis TpaH3akIii, 3ade3mneuye
peasibHy 130JIbOBaHICTh KOPUCTYBAYiB.

Konnenis cepiamnizaii Oyna chopmy-
JTbOBaHa 1 gociimkeHa ['peem 1 Horo konera-
MU B mipaiix [155, 158]. Oxpim 1poro, B mpa-
i [6] Oymo BU3Ha4eHO ABOGA3HUI MPOTOKOI
OJIOKyBaHHs, a TaKOX JOCII)KeHa TEXHIiKa
npeauKaTHOTO OyokyBaHHs. IluTaHHS Mexi
nii 670KyBaHHA (TpaHYISIPHOCTI) 0OTOBOpEHi
B cTarTax [155, 156].
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Moneai Tpan3akuii. Bapto 3a3Haun-
TH, 110 BC1 MOJIeJI TpaH3aKLii BU3HAYAJINCS,
SIK TIPaBUJIO, 3 YPaXyBaHHSM KJIaciB MPUKIIA-
HUX CUCTEM, JI€ BOHU 3aCTOCOBYIOThCS [11].
byno 3amporonoBaHo 1Bi ¢yHAaMEHTaIbHI
MOJIEJIi TPAaH3aKIIH — MOJIe]Ib CTOPIHKH 1 MO-
nenb 00'exty. [lepmia 3 HUIX — BUKOHaBYA MO-
NeNb, a Ipyra — KOHIIENTyalbHa.

Mopeab cropinok (Monens Read/
Write). bazyerbest Ha punyIeHHi, 110 OCHO-
BHI omepailii 6a3u JaHuX — 11 3aMuc 1 YUTaHHS
CTOPIHKH, KOTP1 MEPemaroThCsl MK 30BHIIII-
HBOIO 1 omepaTHBHOIO Mam'saTTi0. CTOpiHKO-
Ba MOJeNlb TpaH3aklii Oepe CBiif MOYaTOK y
npyrii mojmoBuHi 70-x pokiB 31 crareit Jxu-
Mma I'pes [153, 157] 1 Kanani EcBapan (Kapali
Eswaran) [158]. OgHOYacHO BUHHUKIO CIO-
piIHEeHEe MOHATTS — atoMmapHa mis [159, 160].
Konneniss cTopiHKOBOi Mojeni TpaH3aKIlii
cTaja mpeIMEeTOM IHTEHCUBHUX TEOPETUIHHX
nocmimkenb 80-x pokiB [161 - 164] 1 nieBa
JIoTenep, Xxoua i HaOymma KIJTbKOX PO3IMIUPEHb 1
Bapiartiii [165]. I3 orissiom 1ocimpKeHs 1 po3-
poOOK 1€l MOeNi MOXHA O3HAMOMUTHUCS B
npamsx [11, 166].

Vi HaBeneH1 gairi MoAelll HaJIeKaTh 10
KJIacy TaK 3BaHUX MOJEJICH 00'eKTiB.

InockiTpan3axkuii (Flat Transactions)
MalOTh €JUHUN PIBEHb YIPABISIHHS AN JO-
BUTBHOI KUJIBKOCTI €JIeMEHTapHUX Jiid. BoHun
HE MAarOTh BHYTPINIHBOI CTpyKTypH. Ilnoc-
Ki TpaH3akiii — OCHOBHI OymiBeIbHI OJOKH
JUIsl peanizalii NpUHLMIYY aToMapHOCTi. B
IUIOCKUX TPAH3aKIiAX aTOMapHICTh 1 JIOBTO-
TPUBAJICTh MIATPUMYIOTHCS MEXaHI3MOM Bij-
HOBJICHHsI, KWW 3a3BUYail 3a0e3medyeThes
BEJICHHSIM J>KYpPHAIIB ONEpariii OHOBIICHHS,
yepe3 M0 oreparlii TUMY «BIAMIHUTHY, IIO-
BTOPUTH» MOXHA BHKOHYBaTH 3a IMOTPeOH.
[3051b0BaHICTh 3a0€3MEUyEThCA MEXaH13MOM
yOpaBIiHHA  TapajenisMoM (concurrency
control), sKuii peanizyeTbCs 3 JOMOMOTOIO
OJIOKYBaHb.

Ornsin IOCHiKeHb 3  YNPaBIiHHS
mapajienizMoM HaBeleHo B mpami [167].
V3romkeHicTh 3a0e3meuyeThesi  MeXaHi3-
MOM YIpaBIiHHA HiTicHicCTIO. Byno 3ampo-
MOHOBAHO JBa MiAXOAW A0 YNPAaBIiHHS Ili-
JICHICTIO B TPaH3aKIisAX: BKIIOYEHHS I[bOTO
mexaHismy B CYBJl [168] 1 miaTpumaHHS
IIJIICHOCTI 3@ PaXyHOK 3yCHJIb pO3pOOHUKIB
nonatkis [11].
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[Imocki TpaH3akiii MOBHICTIO JAOTPHU-
myroTbest Beix nmpunnumiB ACID 1 e 1inkom
MOCTaTHIMU Juisi 0araThboX TPaAULIHHUX J0-
JIaTkiB 0a3 NMaHWX, y SKUX Yac BUKOHAHHS
TpaH3akKIii BiTHOCHO HETPUBAJIHA, KUIBKICTh
napajelbHUX TPaH3aKIii TOCUTh HEBEIHKa,
1 0aza manux He posnoniieHa. OmHaK Taki
ACID-tpan3akiii He B3MO31 MiATPUMYBa-
TH JOBTOYaCHI TPaH3aKIlii Ta TpaH3aKIii 3i
CKJIAJJHOIO BHYTPIIIHBOIO CTPYKTYPOIO 1 pO3-
[MOALIEHNMH Oa3aMH JaHUX.

Touku 30epexenns. lle Taki MmomeH-
TH B OOYHCITIOBAIbHOMY MpPOILIECi, MOYUHAIO-
YU 3 IKMX MOXJIMBHUH Mepe3amnyck 00YiCIeHb
y pa3l BUHUKHEHHS Oyab-SKUX MpoOieMm.
Bonu Bnepmie Oynu BusHaueHi 1976 poky B
SystemR [132]. V¥V pa3i BUHHKHEHHS 30010
B110yBa€ThCS BIAKAT O OCTaHHBLOI 30eperxe-
HOI TOYKH 3 BUBIIBHEHHSIM YCiX 3pOOJICHUX
michs 1€l TOYKU OIOKYyBaHb. X04a MEXaHi3M
TOUYOK 30€peKEHHS ITUPOKO BUKOPUCTOBYETh-
cs B IUIOCKMX TPaH3aKIisX, O/IHaK BiH HaOyB
HOBOTO 3BYYaHHS B PO3IIUPEHUX MOJEISIX
TpaH3aKUii, aki 3'apuincs y 80-x pokax.

VYci HaBeneH1 ali po3MIMpPeHi Mojeni
TPaH3aKIiid TPU3BOAATEH 10 OCIAOJICHHS THUX
uy 1HIMX ckiiagosux ACID.

Mogennb 0araTtoJIaHKOBHX TPaH3aK-
uiii (Chained Transactions) mogiOHa 10 Mojie-
Ji MJIOCKOT TpaH3aKIii 3 TOYKU 30epeskeHHs,
ajie BOHA He JIMIIE A€ MOXKJIUBICTh MO3HAYH-
TH OyIb-SKy TOYKY JIJII MOXIJIHBOTO ITOBTOP-
HOTO BUKOHAHHS, a i (pikcarmito Tiel yacTUHU
po0oTH, sika Oyina BUKOHAHA B MOMEHT JIOCST-
HEHHs i€l Toukd. BTiM Bigkar moxke OyTu
BUKOHAHUW JIUIIE JO0 OCTAHHBOI KOHTPOJIb-
Hoi ToukHU. B 11pboMy migxoni Oyio 3akiazneHo
17ICF0 JICKOMIIO3HUIIT BEJUMKUX TpaH3aKIlii Ha
JpiOHIMII TOCIIIOBHO BUKOHYBaHI CyOTpaH-
3aKIii, SKi BIANOBIJAIOTH IHTEpBaJaM MiX
TOYKaMu. Y pasi 30010 MOTOYHOI CyOTpaH3aK-
1ii, monepeaHs Bxxe Oyia 3adikcoBaHa 1 ii pe-
3ynbTaTH Oynu 30epexeHi B 0a3i JaHUX, TOMY
BiJIKaT MPOBOJUTHCS A0 ITi€i TOUKU 30epekeH-
Hs. 3a3HAYUMO, 110 B Il MOJIEJII aTOMAapHICTh
1 130JIbOBAHICTh HE TapaHTYIOThCSA ISl BCI€l
tpau3akiii. 3rigHo [11] iges GaraTonaHkoBOL
TpaH3akIlii BIepIIe peai3oBaHa B CHCTEMI
IMS xomrmanii IBM.

Bxiaaneni TpaH3akuil (Nested
Transactions). BaxiauBUM KpPOKOM Yy pO3BH-
TKy 0a30B0i moneni TpaH3akmii Oyino pos-

HIMPEeHHs IUIOCKOI (OIHOPIBHEBOI) Moje-
a1 B OaraTopiBHEBY CTpPyKTypy. Bkianena
TpaH3akuis Boepiie Oyna Bu3HaueHa 1981
poky Moccom (Moss) [169], a motim [170].
[i konnenuis 6asyBamacs Ha HOHATTI cdep
koHTpoIo (spheres of control) [171]. Bkina-
JIeHa TpaH3aKIlisl — [1e YUCTICHH] cyOTpaH3aK-
111, 0 3aTHI MICTUTH 1HIII CyOTpaH3aKIIii,
TaKUM YHWHOM YTBOPIOIOYH TpaH3aKIliiiHEe
nepeBo. JlodipHi TpaH3akiis 3alyCKaeThCs
micyist 0aTbKIBCHKOI, a OaThKiBChKa TPaH3aK-
Iis 3aBEPUIYETHCS JHIIE TICIS 3aBEPIICHHS
poOoTH Bcix 11 1odipHIX TpaH3akLid. Y pasi
aBapiMHOTrO 3aBepIIEHHS 0AaTHKIBCHKOI TpaH-
3akuii, BCl i JOYIpHI TpaHaKIii TakoX 3a-
BEpIIYIOTHCS aBapiifHO. Y pasi aBapiiiHOTO
3aBepIICHHs AOYipHbOI TpaH3akuii ii OaTk-
KO MOXE 00paTh albTepHATUBHUMN BapiaHT
(contingency subtransaction — TpaH3aKIIis
Ha HemepenOauyBaHMi BUNanok). Bxmane-
HI TpaH3akIlii 3a0e3nevyioTh MOBHY 130J1s-
1110 Ha mo0anbHOMY piBHI. J[J1 BKIIaieHUX
TpaH3akUii mociabneHa 37aTHICTH JOBIO-
tpuBanocti ACID.

Monenbs BKJIaJACHUX TpaH3aKI[Kd IO-
BHICTIO BIAINOBiZa€ aKTHBHUM 0Oa3aM IaHUX,
OCKIJIbKH 1€papxiyHa CTPYKTypa MoJeii J0-
3BOJIIE JIETKO TOTOJKYBAaTH 3B'SI30K  MIXK
OCHOBHOIO TPAHCAKIIE€IO 1 3alMyLIEHOI0 3 J0-
noMoroto tpurepa. B crarri [172] 3ampormno-
HOBaH1 HACTYIMHI BapiaHTH CHHXPOHI3aIIii 3a-
nycKy cyOTpaH3akuii Tpurepy i o0 OCHO-
BHOT TpaH3aKIIii:

- HeraiiHuii (immediate) - TpaH3ak-
11151 3aIMYCKAETHCS OJIpasy IMICJsl HAaCTaHHS TO-
nii Tpurepa;

- Biaknamaerbes (deffered) - 3amyck
cyOTpaH3aKIii BiAKIAIa€ThCS 10 3aBEPIICHHS
OCHOBHOI TpaH3aKIIii;

- npuyuHHO-He3anexkHa  (causally
independent) — cyOTpaH3akKiis Tpurepa 3amy-
Ca€THCH SK IIJIKOM CaMOCTIMHA TPpaH3aKIIis;

- NPUYIUMHHO-3AJIC)KHA (causally
dependent) — cyOTpaH3akuis Tpurepa 3armyc-
Ka€eTbCsl SIK CAMOCTIMHA TpaH3aKlisl, OAHaK ii
YCHIIIHE 3aBEpIIEHHS 3aJeXHUTh BIJ yCHIII-
HOTO 3aBEpIIEHHS OCHOBHOI TPaH3aKIIii.

Bigkputi BkuameHni  TpaH3akiuii
(Open Nested Transactions) [173] mocma6:mro-
I0Th BUMOTY 130JIbOBAHOCTI 4epe3 Te, 0 pe-
3yapTaTu 3a(ikCoBaHMX CyOTpaH3akLii cTa-
I0Tb BUJMMHMMH I1HIIMM OJHOYACHO IMpallto-
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I0YMM BKJAJeHUM TpaH3akuisMm. [Ipu npomy
JIOCSITA€THCSl BUCOKUH PiBEHD MapaelbHOCTI.

BararopiBHeBi TpaH3akuii € Hali3a-
rajpHIIIMM BapiaHTOM BKJIaJICHUX TpPaH3aK-
it [173, 174]. CyOtpan3akiii 6araropiBHe-
BO1 TpaH3akUii 34aTHI IpoOBeCTH (iKcalito i
3BUIBHEHHS CBOiX PecypciB A0 3aBEpUICHHS
po6oTH TIobanpHOI TpaH3akiii. Skmo rio-
OanpHa TpaH3aKIis 3aBEepUIYETHCS aBapiil-
HO, TO JJIs HIATPUMKH aTOMAapHOCTI CIif
3poOHTH BiAKAT CyOTpaH3aKIlii 3almyCcKoM iX
KOMIICHCYIOUH cyOTpaH3akiiii. OqHak Bce kK
MOJKJIMBE MOPYILIEHHS IUTICHOCTI B 3B'A3KY 3
THUM, 110 TI€BHA 1HIIA TpaH3akKIlis Mana Jo-
CTyH JI0 pe3yJbTaTiB 3aBepLIEHUX CyOTpaH-
3aKlii, sKi MOTiM OynH BiJKaTaHi KOMIIEH-
cyrounMu cyorpan3akuismu. bymo 3ampomo-
HOBAaHO BUpIMICHHS I1i€l cuTyarlii. 3o0kpema,
BBEJICHHSM TOPU30HTAJIBHUX KOMIICHCATOPIB
[175]. Y monorpadii [176] HaBoaATHCS po3-
Mi3HaBaJIbHI O3HAKU OaraTOpiBHEBHX 1 BKJIa-
JNIEHUX TPaH3aKIIIH.

Po3noginbhi Tpan3akuii (Distributed
Transactions). lle cykymHicTh cyOTpaH3ak-
i¥, MpUB'A3aHUX JI0 JIOKAJbHUX 0a3 JaHHUX
1 3aranpHOi IM00aNbHOI TpaH3akmii. Y crarri
[177] momaeThes OIS PO3MOALICHUX TpaH-
3aKIIii, a TAKOX PO3MISTHYTa «MOJIeNb 0a3uc-
Hoi Tpan3akiii» (Base Transaction Model) 1
il posmmpenHs. 1996 poky Oyio 3anponoHo-
BaHO Mojesb X/Open Distributed Transaction
Processing (x/Open DTP) [178]. Lis moxens
€ CTaHJIapTOM [UJIs TMPOTOKONY JBO(a3HOL
¢ikcanii (2PC — Two Phase Commit).

'nyuki TpaH3akuii (Flexible
Transactions) [179, 180] — Oynu 3anpormnoHo-
BaH1 JUIsl pO3MOAiIEHUX 0a3 JaHuX. Y IbOMY
BUMAAKY Iio0aibHa TpaH3akilis € HabopoM
cyOTpaH3aKIlii, KOKHa 3 SKUX 31MCHIOE J10-
CTYII 0 IaHUX HA OJHOMY JIOKaJbHOMY BY3-
ai. Mogenb THy4koi TpaH3akIii MiATPUMYE
THYYKe YTpaBIiHHA OOYHCICHHSAM ILISXOM
crienudikallii 3aJe:)KHOCTEH ABOX THITIB MiX
cyOTpan3akuisMu: 1) 3a1eXHOCTI MOPSIKY
00YHCIIEHh MK JIBOMa CyOTpaH3aKIisIMH; 2)
3aJ1€KHOCTI aJIbTEPHATUB MK JBOMA Ili/IHA-
O6opamu cyOTpan3akuiid. bymo pospobieno
KiIbKa KOHKPETHHUX MOJieNiel THYUYKUX TpaH-
sakiii: Con Tracts, Flex Transaction, Split
Transaction, S-transaction Ta iHmi [179 -
183]. byna Takox 3amponoHoBaHa MoBa [PL
[184] nnsa cieruikariii THyYKUX TpaH3aKIlIH
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13 aTOMapHICTIO ¥ 130JIbOBAHICTIO, SIK1 BU3HA-
YaI0ThCS KOPUCTYBAYEM.

TpuBaai TpaH3akuii, KoMmeHca-
TOpHU i Moaesib Saga. [nes KOMIEHCYIOUnX
tpan3akmii (Compensation Transactions)
BIiepuie Oyla BHUCIOBIEHAa IpeeM y mparmi
[157], 3romom BoHa Oyna dopmanizoBaHa
B [185, 186] 1, 3pemiToro, BUKOpUCTaHA B
moxem Saga [187]. s Momensb HaleKUTh-
no tpuBanux Tpan3akuii (Long — Running
Transactions) [188]. Moxeni po3moaiibHUX
TPaH3aKIii BIAJIO CIPABISIOTHCS 3 KOPOTKO-
YaCHUMHU TPaH3aKUisIMHU, OJHAK, BOJHOYAC €
HENPUHHATHUMH JJIsl TPUBAJIUX TPaH3aKIIii.
B mMogeni Saga npornoHyeTbesi po3NOAUIATH
TpUBaJi TpaH3aKIii HAa KOpOTIIi. Saga CKJa-
JA€THCA 13 CYKYNHOCTI BopsiakoBanux ACID
cyOTpaH3aKIlii 1 CYKyImHOCTI KOMIICHCYIOUNX
cyOTpaH3aKIiii, Mo OAHINA Ha KOXKHY 3 OCHO-
BHUX cyOTpan3akiiii. Koopaunamisi BChoro
npolecy 3AIHCHIOETBCS 3a JIOMOMOTOK TO-
BIJOMJIEHh 1 THUMYAacCOBHX IIOMITOK. Saga
3aBEPIIYETHCS YCIIIIHO 32 YMOBH YCITilI-
HO1 (bikcarii Bcix cyOTpaH3akmiil. Skio x
KOTpach 13 CyOTpaH3akIliii 3aBepuIyeThCS
aBapiiiHO, TO BCi MOIMEpPEAHBO 3aBEpPILICHI
cyOTpaH3aKkilii BiIKOYYIOTHCS BUKOHAHHSIM
TaK 3BaHUX KOMIICHCYIOUH CyOTpaH3aKIIiil.
Saga mocnabiroe BUMOTH J0 1307b0BAaHOCTI
1 301bIIy€e MDKTpaH3aKUIHHUN Tapayieni3m.
VY mpaui [189] 3anponoHoBaHa BIOCKOHAJIE-
Ha MOJIeJIb — BKJIaJICHa Saga, sKa J03BOJISE
NPENCTABISATH JiHIHHY CTPYKTYpYy TPUBAIUX
TpaH3aKUii y BUMVISAI i€papXiuHOi TpaH3aK-
IHHOT CTPYKTYpPH.

Tpaunzakuii Split/Joint (po3ginu-
t/00'eqnatu). Konnenmis po3’enHanHsA/
00'eTHaHHS TpaH3aKLiil BOepie Oyna onuca-
Ha B [190], a BiATaK peTenbHO MponpanboBa-
HO B [191] nns Takux TpUBAIUX BUIB JisLIb-
HOCTI, fIK aBTOMAaTH30BaHE NPOEKTYBaHHS,
IH)KCHEpPHE TMPOEKTYBaHHS, NMPOEKTYBaHHS 1
po3poOka mporpaMHOTO 3a0€31e4eHHSs TOIIO.
Onmneparis Split po3aisise TpaH3akilito Ha JIBi
cepiai3oBaHi TpaH3akKIlii, sAKi (PiKCyrOThCS
a00 3aBepHIYIOTHCS aBapiiHO HE3aJeKHO
onHa Bij ogHoi. Onepaunis Joint 06'eqnye nBi
TpaH3akuii B oHy. Split BUKOpHUCTOBY€EThHCH,
HaMpuKIaa, 100 sKHaumBUAIIE 3adikcyBa-
TH pe3yNbTaTu poOOTH YACTUHHU TPAH3AKIIIH,
a60 1100 po3MoAIUTH POOOTY MK KiJIbKOMa
BUKOHABIAMU. 31 cBOTro OOKy Joint piBHO-
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CUJIBHUM TIepenadi Bciei poOOTH OJHOMY BH-
koHaBieBi [191]. 3romom omeparii Split Ta
Joint Oyno BKJIIOYEHO OO0 BKJIAJEHUX TpaH-
3aKI[IA JIJIT CTBOPEHHS KOMOIHOBAaHHMX MOJIE-
nei Tpan3zakuii [192].

KooneparuBni Tpan3akuii Oynu 3a-
npornoHoBaHi B [193] nns BuUKOpUCTaHHS B
CHUCTEMax, JIe ICKpaBO BUPaKEeHa MOTpeda y
B3a€MO/II1 MIXK TPaH3aKI[ISIMU, B KOONIEPATHUB-
HOMY IHTEPaKTUBHOMY pOOOYOMY CepeOBU-
mii. dyHaaMeHTanbHa nmpodiemMa, MmoB'si3aHa
3 KOOTIEPAaTUBHUMH TPAH3AKIISIMH — II€ BiJ-
CYTHICTh JJII HHUX YITKMX KpUTEpiiB y3ro-
JoKyBaHOCTi. JIJisi KOOmepaTUBHUX TpaH3aK-
il Oy10 3alpONOHOBAHO IXHIO CTPYKTYpHU-
3aIlii0 y BUIJIAJII IepeBa, HA3BaHOIO iepapxi-
€10 KoomnepaTuBHUX Tpan3akiiii (Cooperative
Transaction Hierarchy). B okpemomy Bumna-
Ky iepapxisi oOMexxeHa TphoMa PiBHAMH: KO-
piHb, OHa a0o Olblle TPaH3aKUIHHUX TPy
1 KiJbKa KoomepaTUBHUX Tpan3akmid. Ko-
ONEpaTUBHI TpaH3akilli yTBOPIOIOTH JHUCTA
iepapxii, sike 00'eqHy€eTHCS B rpynu. UneHu
TpyNH TpaH3aKIi{ MpauolTh pa3oM, BH-
KOHYIOYM MEBHY JIOTIYHY OJUHHUIII0 pOOOTH,
Ha3BaHy 3aJadero, KOTpa Moxe OyTH po3-
6uta Ha mia3agadi. KoxHa koomepaTuBHa
TpaH3aKIlig BIAMOBIaJbHA 33 KOHKPETHY
nig3agaqy. OCKiTBKM BHUMOTa aTOMapHOCTI
nocinabiaeHa, KoolepaTUBHA TpaH3aKLis He
3000B's13aHa 30epiraTu riodanabHE HEMPOTH-
piuust 0a3u naHux, TOOTO 3MiHH, 3pOOHUIIEH]
KOOTIEPAaTUBHOIO TPAH3AKIII€I0, OApa3y cTa-
I0Th BUAMMUMH IHIIUMHU KOOIMEPAaTHUBHUMHU
TpaH3akiigmu 1miei rpymu. 1lo6 pesynpratn
Oynu BHUIMMI 1032 TPYNOI, BUKOPHUCTOBY-
I0ThCSl TOUKHU 30epekeHHs. B iepapxii moxe
icCHyBaTH OunbIe TPHOX PIBHIB, TOOTO JMO-
MyCKAEThCA KUIbKA PIBHIB BKJIAJEHHS T'PYII.
KoomnepaTuBHi TpaH3akiii He 0O0OB'S3KOBO
MalTh OyTH cepiaiizoBaHUMH. Yepe3 CBOIO
IHTEpaKTUBHY NIPUPOAY, KOOTIEPATUBHI TPaH-
3aKlii TPUBAIOTh 3HAYHO JIOBIIE 3BUYAHHUX.
3ro0M, Ha BiAMIHY BiJ TpaAHI[IHHUX TpPaH-
3aKI[id, KOOTEpaTUBHI HE OOOB'S3KOBO Ma-
I0Th OyTH MOBHICTIO 130JIbOBAaHUMHU.

ACTA i il moxinni. ACTA [192, 194,
195] — e MeTa Moaeib, sika MOJETIIYE CIe-
nudikaiito, a”ami3 1 CHUHTE3 PO3IMIHUPEHHUX
moneneit Tpauzakuii. Popmamizsm ACTA
Ma€ 3a OCHOBY JIOTIKYy IEpIIOro MOPSAKY 3
BIJTHOIIICHHSIM TIepeOyBaHHS, SKE 103BOJISE

pPO3pPOOHUKY TpaH3aKIlii crenudiKyBaTH SK
BHCOKOPIBHEB1 BIIACTHBOCTI (BUMOTH) MO-
Jeni, Tak 1 HU3bKOPIBHEBI aCMEKTH MOBEIiH-
KM B TepMiHax akciom. OKpiM HiATPUMKH
cnenudikamii i aHaIi3y ICHYIOUHX MOJeNei
tpan3akiii, ACTA mae MOXIUBICTH CIEIH-
(ikyBaTH BUMOTH HOBHX TpaH3aKIliii HHUX
JOJJaTKIB Ta CHHTE3yBaTH MOJEINI, 0 3a/10-
BOJIBHSAIOTH 11i BUMOTH. B poGoTi [42] aBTO-
pH 3aIpOINOHYBAIU CHPOIIEHUH crnocid po3-
pOOKH PO3MUPEHUX TPaH3aKIiH, Ha3BaHUU
ASSET. Bin 06a3yeTbcsi Ha TpaH3aKTUBHUX
npumiTuBax, 3amno3uueHux y ASTA 1 moxe
BUKOPHCTOBYBATHUCS Ha PiBHI MpOrpamMyBaH-
He s cnenudikamii crneniani3oBaHuX s
KOHKPETHUX JOJATKIB MOJeel TpaH3aKIlii,
AK1 JTO3BOJISIIOTH MIATPUMYBATH KOOTIEPAIli0
1 B3aemomito. Y 90-1 poku BenMKa yBara npu-
JIIsiIacsl TPAH3aKI[iIM B CUCTEMaX peabHO-
ro yacy [197, 198, 199] i B MOOiIBHUX CHC-
temax 0a3 manux [200, 201].

Tpan3akuii Bed — cepsiciB. I3 mouar-
koM 2000-ux pokiB yce Oinplia yBara npu-
TINSA€ThCS BUKOPUCTAHHIO TpaH3aKLid s
cnaboroB's13aHUX BeO-CEPBICIB 13 METOIO 3a-
Oe3reyeHHsl MOrO)KYBaHOCTI M HaIiiHOCTI
BeO-cepBicHUX nonarkiB. Hapasi po3pobie-
HO TPU CTAaHJAAPTHU, IO MAIOTh BiJHOIIEHHS
710 TpaH3aKIIii BeO-cepBiciB.

Business Transaction Protocol (BTP)
[202, 203]. [Ilepma Bepcis po3poOieHa
2004 poxy B OASIS. Bona crocyeTbca fK
BeO-CepBiciB, Tak 1 JOBIIBHUX Oi3HEC Mpo-
necis. Lle npoTtokoin, 1o 0a3yeTbcs HA MOBI
XML, nns ommcy 1 ympaBiiHHS CKJIaJHH-
Mu OararokpokoBuMu B2B-tpan3akmisimMu
(business-to-business) B IuTepueri. Bin nae
MOXJIMBICTh KOOPJMHYBATH TpPaH3aKIlil MiX
OararbMa aBTOHOMHUMHU Ce€pBiCaMH, a BHU-
kopuctanHsi XML pobuts Horo npuaaTHUM
17151 BeO-cepBicHUX apxiTektyp [204].

Web Services Transactions (WS — Tx)
[205, 206]. Cnenudikamisi, cxBaiena 2007
poky, ckmamaetecs 3 WS — Coordination
(WS-C), WS-Atomic Transaction (WS -
AT), WS-Business Activity (WS — BA) Ta
po3pobnena B Microsoft, IBM i BEA. WS
— Tx BH3HAUYa€e MEXaHI3MHU TpaH3aAKIIHHOT
1HTepornepadenbHOCTI MIX Beb-cepBicaMu
Ta 3a0e31euye BIPOBAKEHHS IKICHUX TPaH-
3aKIiii HUX CepBiCiB A0 BeO=CEpBICHUX J0-
natkis. WS — Tx BH3Hayae mOCHILOBHICTH
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MOB1IOMJIEHb, L0 MEPENalThCsI CTOPOHAMHU
— YYaCHUKaMH B KOPOTKOCTPOKOBUX aToMap-
Hux Tpanzakiigx (WS — AT) i (TpuBanux)
613Hec — tpanzakiisgx (WS — BA). WS - C
BU3HA4Ya€ KOOPJMHAIIWHI HNPOTOKOJIM MOBI-
JIOMJICHb, SIKUMH OOMIHIOIOTBCSI CTOPOHHU —
y4yacHUKHU Tpan3akuii. WS — C miarpumye
pi3HI KoopauHauiitHi mozgeni [2007].

/) Composite Application
Framework (WS — CAF) [2008]. Crangapt
po3pobneno B OASIS 3a yyacti komIma-
Hiii SUN, Oracle, Arijuna ta inmux. Mera
CTaHAapTy — po3poOka iHTeporepadbenbHIX
1 MPOCTUX y BUKOPHUCTAHHI CKJIaJOBUX BeO-
CEepBICHUX JOAATKIB.

Byno 3xilicHeHO MOPIBHSIBHI JOCIHI-
JOKEHHS HaBEJIEHUX BUIIE TPHOX CTaHIAPTIB,
3 pe3ynbTaraMiu SIKUX MOXHa O3HallOMHUTHUCA
B cTartsx [209, 211].

1998 poky J[xeiimc Hikomac I'peit
(James Nicholas Gray) OyB HaropoxeHui
npemiero ThropiHTa 32 OCHOBOIIOJOXKHI 171€i
B Tayly3i 0a3 JaHuX, 3a JOCHIIKEHHS 3 00-
poOKM TpaH3aKLii 1 TeXHIYHE JIAEPCTBO B
peadnizarii cuctem.

Jxeiime Hikomac I'peit

( Aani o6yoe)
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