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Jlekums 1. OCHOBHbIe MOHATUS

1.1. BBeaeHue

B Bek uHMoOpmMauum HenpepbiBHO MPOU3BOAATCA M COOGMPAOTCA pas/IMyHble [LaHHble B
npouecce AeATe/IbHOCTU NKO4ei. JIIOAM WM opraHu3auny HY>XAAKTCA B aKTyallbHbIX [aHHbIX A1
PeWweHns CBOWX MOBCeAHEBHbIX 3afay. CobpaHHble [aHHble WCNOMb3YITCA AN MNONyYeHUs
UHopmauun. Ong NPUHATUA NPaBUMIbHbIX pelleHnin TpebyeTcA akTyanbHasd M [OCTOBEpHas
NH(opMaLns.

Ona XxXpaHeHuWs W ynpaBneHUs [aHHbIMU B COBPEMEHHbIX KOMMbIOTEPHbIX CUCTeMax
NpUMeHAI0TCS 6a3bl AaHHbIX. basbl AaHHbIX Y4acTBYHOT MOYTM BO BCeX 06/1aCTAX HaLUel XU3HU: B
y4ebHbIX 3aBefleHnsX, B yrpasieHU 6U3HECOM UM NPON3BOLCTBOM, B 6aHKOBCKOM fieNe, B peLleHunn
Hay4YHbIX, WHXEHepHbIX W MeAUUMHCKUX 3afay. basbl faHHbIX BO3HUKIN W3-32 HEOO6XOAUMOCTU

ynpaBnsTb 60/bWMMU 06bEMAaMUN AaHHbIX B OPraHN30BaHHOM U 3(h(heKTUBHOM BUAE.

1.2. Obnacti npnumeHeHus 6a3 AaHHbIX

O6bem reHepMpyeMbiX AaHHbIX MOCTOSAHHO pacTeT. [aHHble cobuparTcs U3 pasHbIX
MCTOYHMKOB: paboTa 1 yyeba, coumnanbHble CeTU, MarasuHbl, anTekn, TYPUCTUYECKUE (PUPMbI, HaLLW
Apy3bS M POACTBEHHWUKM MpPeAOCTaBAT Ham 00UbHbIA 00beM faHHbIX. peanpuatTva Toxe
paboTalT ¢ AaHHbIMU. OHW BeAyT YUYET KINEHTOB, npeaaaraemblX yCayr n npogyKToB, paboTHUKOB
N LeHeXHbIX cpefcTs. OpraHu3aumu [O/MKHbI XPaHUTb 3TU W MHOrMe Apyrue faHHble. Jlroaw,
3aHATbIE B YMPaBAEHUN, HY)XXAAKTCA B faHHbIX AN NPUHATUSA BaXXHbIX PELLUEHNA.

OnepaTopbl COTOBOW CBA3M, TakuMe Kak MeragoH, bunainH n1 MTC, Kak M3BECTHO, XpPaHsT
JaHHble AeCATKOB MWUIMOHOB KAWEHTOB O MUnnvaphax TefeOHHbIX 3BOHKOB, & HOBble [aHHble
L06aBNAOTCA €XeCeKyHAHO. DTUM KOMMNAHUAM HY>XHO He TO/IbKO XPaHUTb OrPOMHOE KO/IMYEeCTBO
JaHHbIX W YNpaBnsaTb UM, HO M YMeTb ObICTPO HaXO4UTb B HUX N06bIe faHHble. CounanbHble CETH,
kak Facebook mnn BKoHTakTe, XpaHAT U 06pabarbiBalOT MWUANMOHbLI MOCTOB B feHb. [1OMCKOBbIE
cuctemsbl, Kak Google nnn AHpekc, obpabaTbiBalOT MUNIMOHbLI 3aMPOCOB B fieHb, a pe3ynbTarthl JaloT
NPaKTUYeCKN MIHOBEHHO.

Kak M0XHO 06paboTaTh CTONbKO AaHHbIX? Kak MOXHO HalTK cpean OrpOMHON0 KOnMyecTBa
JaHHbIX MCKOMOe? [nd pelweHua 3TUX 3afay WUCNONb3yTCAa 6a3bl JaHHbIX. ba3bl AaHHbIX -
cneyuanbHble CTPYKTYpPbl, KOTOPble NMO3BO/IAKOT KOMMbIOTEPHLIM CUCTEMAaM XpaHWUTb, YNPaBaATb U
N3BNeKaTb AaHHble 0YeHb ObICTPO. COBPEMEHHble MHPOPMALMOHHbIE CUCTEMbI OCHOBbIBAKOTCA Ha
6asax faHHbIX. Ana crneumanucta B 061aCTM MHOPMaUMOHHbBIX CUCTEM BaXHO MOHMMAaTb, Kak
C034al0TCA N Kak 3DPEKTUBHO UCNONb3YTCA 6a3bl AaHHbIX.

1.3. [JaHHble 1 UH(opmMaums

[ns npaBnnbLHOIO NPOEKTMPOBaHMA 6a3 AaHHbIX HYXXHO MOHUMATb PasHULY MeXAY AaHHbIMM
N nHopmaymeid. laHHble COCTOAT N3 HeobpaboTaHHbIX PakToB. Hanpumep, NpeAnon0XnM, 4TO ecTb

TEPMOMETP Ha y/nuue, KOTOPbI NEpUOLMYECKM OTNpPaBAsieT CMapT(HOHY YNMUHYH TemnepaTypy,



BJIQXHOCTb, JaBjeHHe W T.A. B mamsatu cmapTdoHA XpaHATCS UUCIA PA3HOTO 3HAYEHUS,
CJIEAOBATENbHO, €CTh (PAaKThl, HO OHM He 0CO0O moye3Hbl B TakoM ¢opmare. Uncino 20 HE OUEHb
MH(POPMATUBHO, HO, €CJIH CKa3aTh, YTO «ceiuac Ha yule Temnepatypa 20 C Bbile HyJis» — DaHHbIE
MIMEIOT CMBICIL

Hngpopmayusn — pesynbrar 00pabOTKU JaHHBIX C LEJBbIO BbIABJIEHUS ee cMbicia. OOpaboTka
IOaHHBIX MOXET OBITb IPOCTOH, HampuMep, BBIUUCICHHE CPEJHErO 3HAUCHUs, WM CJIOXKHOH,
HanpyuMep, COCTaBJIEHHE IIPOTHO30B WJIX BBIBOJ C MPUMEHEHHEM CTATUCTHYECKOTO MOJEITHPOBAHUSL.
UroOr! packpbITh cMbICT HHPOpMauuy, Tpedyercs KOHTeKCT. Tak, moka3aHue cpeqHel TeMIepaTypbl
20 rpamycoB HHYEro HE 3HAYUT, €CJI HEM3BECTEH €ro KOHTEKCT: B rpagycax no DapeHreiTy win
enscuro? JT0 TemmepaTypa KOMHATBI, BOIbI MJIH HapyskHOTO Bo3ayxa? MHpopmaus MoxeT ObITh
HICIIOJIB30BAHA B Ka4eCTBE OCHOBBI IUIA NPHHATHS peureHuii. Hampumep, y3HaB Temmeparypy Ha
yJIHLIE, MOJKHO PELINTh, KAaKyI0 OOEKAY HANETh.

HeobpaboranHble naHHBIE MOMKHBI OBITH MPABHJIBHO OT(POPMATHPOBAHBI IJIST XPAHEHUS,
o0paboTku u mpexacrasieHus. Hampumep, AaTbl MOTYT XpaHUTbCS B (POpMaTe TPUTOPHAHCKOTO
KajeHnaps B 0ase NaHHBIX, HO OTOOPaXaThCs B PA3IMUYHBIX (hopMaTax, TAKHX KaK «IEHb-MECSL-TO»
M «MecsLy/neHs/rony. OTBeThl peCioHAeHTOB, Kak «/la/Her», MoryT Hyknarbcs B mpeoOpa3oBaHUH
B dopmar «Y/N» unmu «0/1» nnst xpanenusi. bonee cnoxnoe (opmarupoBanue tpedyercs, Koraa
00pabaThIBAIOTCS CIOKHBIE TUITHI JAHHBIX, TAKUE KaK 3BYKH, BUACO WA H300pasKEHMUSL.

B coBpemeHHOM WH(POPMALMOHHOM BEKE€ NPOM3BOJICTBO TOYHOW, AaKTYaIbHOH H
CBOEBPEMEHHOW MH(OpPMAIMN — KJIIOY K MPAaBIJILHOMY NPUHSTHIO pemieHuii. B cBoio ouepeny,
NPABIWIPHOE MPUHATHE PEIIEHUH SIBIISETCS KIIOYOM K YCIexy.

JIaHHbBIE SBJIAIOTCS] OCHOBOI HH(POPMALIUH, KOTOPAs SIBJISIETCS] OCHOBOI 3x#aHuil, nHpOpMan
1 (akTOB O KOHKPETHOIl TeMe. 3HaHHEe MOAPa3yMEBaeT 3HAKOMCTBO, OCO3HAHHE U IMOHHUMaHHUE
uHpOpPMaLMU NPUMEHHUTENBHO K OKpy:katolieil cpene. KinroueBbiM CBOWCTBOM 3HaHUI SABJISIETCSA TO,
YTO HOBBIE» 3HAHUS MOTYT ObITh MOJYYEHBI U3 KCTAPBIX».

Ha ocHOBe BbILIETIEPEUHCIEHHOTO, MOXKHO MOABECTH UTOTH:

0 Huadopmanms npousBonutcs myreM oOpaboTKH JaHHBIX.

0 Tounas, akTyanbHas U CBOEBpeMeHHass WH(poOpMauMs SBISAETCA KJIHOUYOM K MPHHATHIO

NPaBUJIbHBIX PELUCHUI.

O IlpaBuibHOE NPHHATHE PEIIEHHH SBJIAETCS KIIOYOM K YCIIEXY.

3Hanus u napopmauus TpeOyIOT CBOEBPEMEHHBIX H TOYHBIX JaHHBIX. JlJaHHbIE TOJIKHBI OBITH
MPaBUJIbHO CTEHEPUPOBAHBI U COXPaHEeHBI B JOCTYMHOM (opmate. Cpena XpaHeHHs JaHHbIX JOJDKHA
TLIATEJIBHO YIPABISAThCA. Ynpaenenue OanHvimu — 3TO AUCLMIUIMHA, KOTOpas (okycupyercs Ha
HPABIJIBHOM CO3[aHWHM, XPAaHEHHH M W3BJIEYEHUH MAAHHBIX. YTpaBlieHHE NAHHBIMH SBIISETCS
OCHOBHBIM BHJIOM JISITEJILHOCTH IS JIIOOOro OM3Heca, rocy IapCTBEHHOTO YUPEXKIEHHs, CEPBHCHON
KOMITaHUH HJIM Y4eOHOH OpraHu3aLui.

basa oannvix (b/]) — 310 NOCTyNHAs!, UHTETPUPOBAHHAS CTPYKTYPa, KOTOPasi COCTOUT U3 ABYX
4acTeil:

[1 Jlaubie — HeoOpaboTaHHbIE (PaKTHI.



[J MeTagaHHble nnu fjaHHbIe 0 JaHHbIX, C MOMOLLLI KOTOPbIX AaHHbIE UHTErpupyoTcs
N ynpaBnsTCA.

MeTafiaHHble CoAepXKaT XapaKTepUCTUKN LaHHbIX U HAO0P OTHOLUEHWUI, KOTOPbIE CBA3LIBAOT
JaHHble. Hanpumep, MeTafaHHble XPaHAT WUMS KaXAoro anemMeHTa fAaHHbIX, TUM 3HaYeHUN
(umcnoseble, gaTbl UK TekCT). Takum 06pa3om, MmeTajaHHble NPeLCcTaBNAaoT 60/ee NOMHYHO KapTUHY
JaHHbIX B B, YunTbiBad onpegeneHne MeTafaHHbIX, MOXHO onpefenntb BJ1 Kak «KOANEKLUto

OaHHbIX C CaMOOMncaHnem».

1.4. Cuctema ynpasneHus 6asamu faHHbIX

CucTemaynpasneHns 6azamu gaHHbix (CYB/) - 3To Habop nporpamm, KOTOpble YNpaBasoT
CTPYKTYpOil Bl ¥ KOHTPONIMPYIOT AOCTYN K AaHHbIM, XpaHsawmmMcsa B b/.

CYB/[, cny>XnT nocpefHNUKOM Mexay nonb3osatenem u Bl. Cama cTpykTtypa B[} xpaHuTcs B
BUAe Habopa (ainnos, N eAMHCTBEHHbIN CNOCO6 NOMYUNTbL AOCTYN K AAHHBIM B 3TUX (Paitnax - yepes
CYbA. OHa npeactaBnseT KOHEYHOMY MOAb30BaTeNt0 (MAM MPUKNAAHOW MporpaMme) eamHoe
WHTErpupoBaHHoOe MpeAcTaBneHne fAaHHbiXx B BA. CYB/[ nonydvaer 3anpocbl MPUNOXKEHWUA 1
nepeBOAUT UX B CNOXHbIE Onepaunn, HeobXxoguMble A8 BbINOMHEHUA. OHa CKpblBaeT 60/bLUYIO
4aCTb BHYTPEHHeil cnoxHocTu BJ OoT npuKnafgHbIX nporpaMMm W nonb3osaTeneid. MpuknagHas
nporpamma Mo>XeT 6bITb HanncaHa NPOrpaMMmUCTOM C UCMOL30BaAHWEM A3biKa NMPOrpaMMUpoBaHns
BbICOKOr0 YPOBHS, TaKoro kak Python, Java wnn C#, nnm oHa MOXeT 6bITb CO34aHa C NMOMOLLbIO
nHcTpymeHTOoB CYB/.

Hannune CYB[ wmexpgy npuioxeHuamu nonb3osatend v BJl faeT HeKOTOpble BaXKHble
npevmyulectsa. Bo-nepsbix, CYB/] n03B0nS€T COBMECTHO MCNO/b30BaTh AaHHble B B[] HECKONLKUM
NPUIOXKEHUAM WKW nonb3oBatensMm. Bo-BTopbix, CYBJ[, 06beAnHsAeT npeAcTaBieHUA AaHHbIX
pasHbiX NO/Mb30BaTeNeil B 4NHbIA YHUBEPCa/IbHbIA PENO3UTOPUIA AaHHbIX.

M3 npeumyLects ncrnosb3osaHna CYB/[, MOXHO nepeyncnuTh clegyoLue:

L[] YnyuweHHblii 06mMeH fAaHHbiMM. CYBJl nomoraeT co3faTb cpegy, B KOTOpPOM

Nnonb30BaTeNn MoayyarT AOCTYN K YNpaB/iseMblM LaHHbIM.

(1 YnyduweHHas 6e30MacHOCTb faHHbIX. YeM 60/bLie NMonb30BaTe/eid noayyaT 4OCTyn K
[OaHHbIM, TEM BbIlLEe PUCK HapyLweHunsa 6esonacHocTn. CYB/J, ob6ecneynsaeT cobnogeHne
MOMUTUKN KOH(MAEHLUNANBHOCTU 1 6€30MacHOCTUN AaHHbIX.

(1 YnydweHHas uHTerpauus gaHHbIX. Bonee LIMPOKMIA [OCTYN K XOPOLIO YNPaBifeMbIM
[AaHHbIM 06ecneynBaeT UHTErpUPOBaHHOE NpesCcTaB/ieHNE O LeATe/IbHOCTM OpraHu3aLmnm
1 60nee YeTKoe NpefcTaBneHne 06 obLLel KapTUHe.

(1 MwuHMMM3ALMSA HECOrNACOBAHHOCTM [jaHHbIX. HEeCornacoBaHHOCTb [JaHHbIX CyLIECTBYET,
KOrga pasHble BepCUM OfHUX W TeX Xe [aHHbIX MOABNAKTCA B pPa3HbIX MecTax.
Hanpumep, HecornacoBaHHOCTb AaHHbIX BO3HMKAeT, KOrAa OTAes MPoAaX XpaHUT ums
TOProsoro npeacraeuTens Kak «Catua MiBaHOB», a OTAeNl KaApOB XPaHUT UMS TOro Xe
yenoseka Kak «lBaHoB AnekcaHap [1eTpoBmy». BepoATHOCTb HeCOrnacoBaHHOCTM

AaHHbIX 3HAYNTENIbHO CHUXXAETCS B MPaBUbHO CNPOeKTUPOBaHHOM B/,



YNnydweHHbI JOCTYN K AaHHbIM. CYBJ, no3sonseT O6bICTPO Mony4vaTb OTBEThbl Ha
cneymanbHble 3anpocbl. C TOouku 3peHus BM, 3anpoc - 310 ocoboe TpeboBaHwue,
BblgaHHoe CYBJ[l Ana MaHUNynMpoBaHUA [aHHbIMUW, Hanpumep, A0S UYTEeHUA UK
o6HOBNeHUs paHHbIX. CYBJ, oTnpaenseT oTeeT (Habop pe3ynbTaTOB 3anpoca) B
npunoxexHue. Hanpumep, npu pabote ¢ 60nbWUMKM 06BLEMAMU AaHHbIX O MPOAAXKaXx,
nonb3oBaTensiM MOryT noTpeboBaTbCA OTBETbI HA BOMPOCHI:

- KakoB 6bl/1 06beM Npojax no NpoAyKTam 3a nocrefHue WecTb MecsALeB?

- KakoBa BennmumnHa 60Hyca Npojax AN KaXAoro u3 npojasLoB 3a NocnejHue Tpu

mecsaua?

- Y CKONbKUX U3 KIMEHTOB JONTr COCTaBNseT 3 MUANOHA py6eit n 6onee?
YnyylleHHOe NPUHATWE PeLUeHWd. YNyulleHHbIA JOCTYN K ynpaBasieMbiM [AaHHbIM
MO3BOJIAIOT FEHEPUPOBATb KAaYeCTBEHHYH WH(OpMaLuio AN8 NPUHATUA MPaBUNbHbIX
peweHuid. KayecTBo reHepupyemoi MHGpopMaL MM 3aBUCUT OT KayecTBa fiexawux B
OCHOBE [aHHbIX. KayeCTBO AaHHbIX - 3TO KOMIMJEKCHbIA MNOAXOA K MOBbILIEHWNIO
TOYHOCTW, AOCTOBEPHOCTU N aKTYaSlbHOCTU JaHHbIX.

MoBbILEHNE NPON3BOANTENLHOCT N NONb30BATENA. JOCTYNHOCTb AaHHbIX B COYeTaHUU
C MHCTPYMeHTamu, KOTopble npeobpas3ytoT AaHHble B MOJIE3HYI WH(popMauuio, naet

BO3MOXXHOCTb N0ONb30BaTENAM NMPUHNMATb 6bICprIe, 060CHOBaHHbIE peLweHnA.

1.5. PasHoBugHocTM B/1

CYB MOXeT ucnonb3oBaTbCA [ANA co3faHus pasHbiX Tunos bA. Kaxpasa B[ xpaHut

OnpeAeneHHy KOMNEKLMUIO AaHHbIX U UCMONMb3YeTCs ANS OnpefeneHHol uenn. Mo Mepe pasBuTus

TEXHONOTUI, ans Knaccugumkaymm b, ncnonb3oBannchb pasHole metoabl. Hanpumep, b4, MoryT 6bITb

KnaccumumMpoBaHbl MO KOMMYECTBY MOAAEPXMBAEMbIX NONb30BaTeNeil, N0 MeCTy PacrofioXeHus

OaHHBbIX, MO TUNY XPaHUMbIX AaHHbIX WX CTENEHN CTPYKTYPUPOBaHHOCTU AaHHBIX.

B 3aBMCMMOCTYM OT KONMYecTBa nosnb3osateneid, b, knaccupuumpyoTcs:

O

OpfHononb3oBaTensckaa b - nopgepxuBaeT TOMIBKO OAHOrO  MONb30BaTeNs
OA4HOBpPeMEHHO. [pyrumu cnosamu, ecnM nonb3osatens A ucnonb3yetr b/,
nonb3oBatenn B n C [OMKHBbI XAaTb, NOKa Monb3oBaTenb A He 3aBeplwuT paboty.
OpHononb3oBaTensckaa bBJ], KoTopas paboTaeT Ha MepcoHaNbHOM KOMMbIOTEpE,
Ha3blBaeTCs nepcoHansHol B,

MHorononeb3osaTensckaas B[l -  nogaepXxuBaeT  HECKONbKO — MONb30BaTenei
ofgHoBpemeHHO. Korga MmHorononb3oBaTensckas bBJ1 nofaep>XvBaeT OTHOCUTENIbHO
He60NbLOe KONNYeCTBO Nnosb3oBateneli (06bIYHO MeHee 50) unm onpegeneHHbIn oTaen
B OopraHm3aummn, oHa HasbiBaeTcs B[] paboueit rpynnbl. Korga B/, ncnonb3yetcs Bceid
opraHusaumeri M nNoAfepXMBaeT MHOXECTBO Monb3oBaTenein (6onee 50, 06bIYHO

HECKO/IbKO COTeH) BO MHOFMX OTAefnax, OHa Ha3blBaeTCs KOpnopaTwBHON B/,

Pacnono)keHne TakXKe MOXeT ObITb MCNOMb30BAHO AN18 Knaccuukauymm bA:

O

LleHTpannsosaHHasa b [ - nogfep>xuBaeT faHHble, PacrnofioXeHHble Ha O4HOM CepBepe.



O Pacnpeoenennas b/[ — mopnmepkKuBaeT HaHHBIE, PACIPENETCHHBIE 10 HECKOJIBKUM
Pa3JIUYHBIM CEPBEPOM.

Kak wnenTpanusoBaHHble, Tak U pachpeneneHHble BJ] TpeOyroT dHeTko omnpemeaeHHOMH
UHGPaCTPyKTYpHI (anmapaTHoe oOecreueH e, ONePaLIOHHbIE CUCTEMBI, CETEBbIE TEXHOJIOTHH U T.A.)
s peanmsanmu W okcmuryaraumu B Kak mpaBuo, uH(pacTpykTypa NpPUHAIJIEKHUT H
NONJEPKUBAETCST OpraHM3alMen, koropas cosgaer u ynpasimser BJl. Ho B mocnennme roasr
MOIYJIIPHOCTD UCTIOIB30BaHuUs oOnavHbIx BJ1 pacrer.

Obaaunas bJ] —3to BJ1, koTOpast co3gaeTcs U MOAAEPIKUBAETCS C UCIIOIb30BAHHUEM O0JIAYHbIX
ciy>k0 maHHbIX, Takux Kak Yandex Object Storage, Microsoft Azure i Amazon AWS. Bragenbisr
IaHHBIX HE JOJDKHBI 3HATh WM OECHOKOHTBCS O TOM, Kakoe AamnmapaTHOE U IpPOrpaMMHOE
obecrieueHne NCIIOab3yeTCs Al moanepkku ux BT,

B HEKOTOPBIX KOHTEKCTAX, TAKMX KaK HCCIENOBATEIbCKUE Cpelbl, MOMYJSIPHBIM CIIOCOOOM
kinaccudpukanuu bJl sBIsieTcs THN NaHHBIX, XpaHAMMXCS B HUX. Mcnonb3ys stotr kpurepuid, bJ|
IPYIIHPYIOTCS B IBE KATETOPUU:

1) Vuueepcanvnvie bJ{ — comepxaT IIUPOKUN CHEKTP HAHHBIX, HCMOJNb3YEMBIX B Pa3HBIX
obmactsax, Hampumep, bJ[ mepemucu HaceneHus, KOTOpas COAEpXHT obmme
neMorpaduyuecKue JaHHbIE,

O Chreyuansuwie 5/[ — conepxar naHHble, OPUEHTHPOBAHHBIE HA KOHKPETHBIE MPEIMETHBIE
obnactu. [lanHsle B /1 3TOro THIA HCMONB3YIOTCS IIABHBIM 00pa30M IJIs aKaIEMHIIECKIX
UM uccineposarenbckux nenei. Ilpumepom cneuumaneHeix b/l Moxxkno mokasare b/l
reorpadpuuecknx  uH(popMammonubx cucrem (THUC), B  KOTOpPBIX  XpaHATCA
reONpPOCTPAHCTBEHHBIE TAHHBIE.

Haubomnee nonynspHbiii ciocob kinaccudukaimu bJl ceromaHst OCHOBaH Ha TOM, Kak OHH OynyT
UCIIOJIB30BATHCS, HA UYyBCTBUTEIBHOCTH KO BPEMEHH MOJY4aeMOi OT HUX WH(POPMALUU:

[ Onepamuenass bJ[ — npeaHasHadeHa Ui TOAACPIKKH ITOBCETHEBHBIX OMNepaLyii
KOMIIAaHHMHM, TAaKXKe W3BeCTHas Kak bJ| onepamuenoii obpabomxu mpaunzarxyuii (online
transaction processing — OLTP), mpansaxyuonnasn b/ vim npoussoocmeennasn b/[.

O Awnanumuueckasn bJ] — opueHTHpOBaHA Ha XPaHEHHE UCTOPUYECKHX NAaHHBIX U OH3HecC-
MOKa3areyeil, UCTONb3yEMbIX Ui MPUHATHS perneHuii. Takoi ananu3 oObiuHO TpebyeT
pacuipeHHyr0 o0paboTKy maHHBIX AJsl monydeHus uHopmarun. AHamurmdyeckue BJI
MO3BOJIIIOT TMOJIb30BATENIO BBIMOJHATh PACIIUPEHHBIA aHaiu3 OW3HEC-IaHHBIX C
HCTOJIb30BAHUEM CJIOKHBIX HHCTPYMEHTOB.

Anamutnueckue bBJ| BKIIOYAIOT /ABa OCHOBHBIX KOMIIOHEHTA. XPaHWJMLIE IaHHBIX MU
WHCTPYMEHTBI aHAJIUTHIECKOH 00paboTku:

O Xpanunuwe oanneix (X/[) — 310 cnennanusuposanHast bJ1, B KOTOpo# XpaHsTCS JaHHbIE B
dopMmaTe, ONTUMH3MPOBAHHOM ISl MOAACPKKH NpUHSTHA pemieHuil. XJI comepxur
HUCTOPUYECKHE NaHHBIC, TIOJyYECHHBbIC U3 ONMepaTUBHBIX b/, a Takke NaHHBIE U3 IPYTUX
BHELIHUX HCTOYHHKOB.

(1 Ananumuueckas obpabomka 6 peanvnom epemenu (online analytical processing — OLAP)
— 3T0 HaboOp HHCTPYMEHTOB, KOTOpbIE paboTalOT BMecTe, 4YTOOBI O0ecnedHTh

PacLIMPEHHYIO CPelly aHAJIM3a JAHHBIX U W3BJICUEHUs, 0OpabOTKH M MOIEIMPOBAHUS



fJaHHbIX 13 X/[. B nocnefHee Bpemsa aTa 061acTb npuMmeHeHUsa B Bblpocna B BAXXHOCTU
¥ UCMONb30BAHMM, BNIOTb 40 TOr0, YTO OHA NpeBpaTUiach B COGCTBEHHYIO AUCLUMNINHY,
6n3Hec-aHaNUTUKY. TepMuH OU3HEC-aHAIMTWKA OMWCbIBAET KOMMIEKCHbIA MOAX0[L K
coopy n 006paboTke OU3HEC-AAHHBIX C LENbI TFEeHEepUpPOBaHUA WHGoOpMaLuu Ans
NOAAEPXKN NPUHATNA OU3HEC-PELLEHWIA.

B[ Takxe MOryt ObITb KnacCupuuupoBaHbl ANA OTPAXEHUA CTEMEHW CTPYKTYPUPOBaHUA
LAaHHbIX.

O HecTpyKTypupoBaHHble [aHHble - 3TO [JaHHble, KOTOPble CYLLEeCTBYHOT B WCXOLHOM
(Heo6paboTaHHOM) COCTOSIHMM, TO €CTb B TOM (hopmaTe, B KOTOPOM OHU OblNn COOpaHbI.
CnepoBate/ibHO, HECTPYKTYPUPOBAHHbIE laHHble CYLLeCTBYIOT B (popmarte, KOTOpPbIA He
nogpaetca 06paboTke, AatoLein MHHopMaLmio.

O CTpyKTYpUpoBaHHble AaHHble - 3To pesynbTar (hopmaTmpoBaHus
HECTPYKTYPUPOBaHHbIX [aHHbIX AN O00NeryeHMs XpaHeHwus, WCMNOJb30BaHUA U
reHepauuy nHpopmauun.

O [lonyCTpPYyKTYpPUPOBaAHHbIE AAHHbIE - faHHble, 06paboTaHHbIe B ONPeLeNeHHOW CTENeHN.
Hanpvwmep, ecnu nNoCMOTPeTb Ha TUMUYHYK  Beb-CTpaHuuy, [faHHble OyayT
npeAcTaBfieHbl B 3apaHee MOArOTOB/MIEHHOM (opmaTe ANA Mepejayn HeKoTopoWn
NH(opMaLmu.

YKasaHHble Bblwe Tunbl BJl  cocpegoTOYEHbI  Ha  XPaHeHWM U ynpasieHuu
BbICOKOCTPYKTYPUPOBAHHbLIMW ~ JAHHbIMMW. OfHako  opraHuMsauuMm  TakXe  UCMOMb3YHT
MONYCTPYKTYPUPOBaHHbIE W HECTPYKTYPUPOBaHHbIE AaHHble. CyLecTBYHOT 60/bLLIOE KO/MYECTBO
LLeHHON MHopMaLnUn, KOTOPYK MOXHO HalMTW B 3NEKTPOHHbIX MUCbMax, 3aMeTKax U JOKYMeHTax
KOMMaHun. HecTpyKTypupOBaHHblE W MONYCTPYKTYPUPOBaHHbIE MOTPEOHOCTU XpaHeHus U
ynpas/ieHNs JaHHbIMUW PeLakTCa C MOMOLLbI0 HOBOr0 NOKO/EHNA 6a3 AaHHbIX, N3BECTHbIX KaK 6a3bl
AaHHbIX XML. PaclumpeHHbli a3bikpazMmeTKu (XML) - 370 cneuunanbHblii A3blK, UCMOMb3yeMbli Ans
npegcTaBneHnsa 1 06paboTKM 3/1EMEHTOB AaHHbIX B TeKCTOBOM (opmate. B XML nogaepxusaet
XpaHeHue 1 ynpasneHne NonycTpykTypuposaHHbIMN XML -gaHHbIMA.

Tabnuua 1
CpaBHeHMe n3BecTHbIX CYB/
Konunyectso Vcnonb3oBaHue
. PacnonoxeHue gaHHbIX
B/, nonb3oBaTenen AaHHbIX XML
OnovH MHoro LleHTpan. Pacripeg. Onepar. AHanuT.
MS Access Ja Ja Ja a
MS SQL Server Ja Ja Ja Ja [a [a [a
IMBDB?2 Oa Oa Oa Ja Ja na ba
Oracle RDBMS JiE} [Ja Oa [a Na Oa Ja
PostgreSQL Ja Ja Ja Oa Oa Oa Oa

Basa faHHbIX - 3TO KOMMbIOTEPHas CTPYKTypa, B KOTOPOW XPaHATCA AaHHble KOHEYHOro

nosnb30oBaTenid N OCYLLECTBNAETCA yNnpaBneHNe NMN. OpHa un3 nepBbIX 3afay cnelnanncTa no 6asam
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JaHHbIX - 06ecnevynTb NPaBUMbHYIO CTPYKTYPY AaHHbIX KOHEYHOr0 Monb3oBaTens 418 nofyyeHus
[OCTOBEPHON WM CBOEBPEMEHHON WHGpopMauun. LOns 3TOro Heo6Xo4MM XOpowui Au3aiiH 6a3sbl
AaHHbIX.

1.6. MNMpoekTnposaHne b/,

lMpoekTuUpoBaHne b [, - paspaboTka CTpykTypbl BJl, KOTOpas 6yfeT WCMo/b30BaTbCAa AN1A
XpaHeHWa LaHHbIX W ynpasneHus vMun. MNpoekTuposaHue B[l ABNAETCA OYEHb BaXKHbIM acreKToM
paboTbl ¢ B]. Aaxe xopowas CYB/[, 6yaeT nnoxo pabotaTb C MNI0X0 CNPOEKTUPOBaHHOMN B/,

[aHHble ABNAOTCA OLHUM U3 Hanboee LieHHbIX aKTUBOB OpraHu3auumn. [laHHble 0 KWeHTax,
COTPYLHMKaX, 3aKa3ax W KBUTAHLMAX WMMEKT XWU3HEHHO BaXHOE 3HauyeHuwe AN CYLLeCTBOBaHMWSA
npeanpuaTusa. OTCneXxuBaHWe KIKOYEBbIX MoKasaTenei pocta U aPHeKTUBHOCTU Heo6X0AUMO ANnA
cTpaTermyeckux W TaKTUYeCKMX MaHOB; C/ef0BaTe/IbHO, [AaHHble OpraHu3auuy He [OSDKHbI
obpabaTbiBaTbCA HEGPEXHO.

CoBpemeHHble CYB/[l fLOCTATOYHO MPOCTblI B MCMONb30BaHWUW, MO3TOMY MHOTME OMbITHbIE
nonb3oBaTenn MpPUOBpPEeTardT J/IOXKHOE 4YYBCTBO YBEPEHHOCTW O CBOEW CMOCOGHOCTM C€034aThb
(hYHKUMOHANbHYO  6a3y  faHHbIX. BOMbWWHCTBO  nosib3oBaTened  MOryT  3(eKTUBHO
OpPVEeHTUPOBATLCA B CO34aHMM 06beKTOB B/J], HO 6€3 fO/PKHOI0 MOHUMaHWA CTPYKTYpbl b1 OHY YacTo
CO34al0T HEKOPPEKTHbIe, YPe3MepHO YMpPOLLeHHbIe CTPYKTYpbl, KOTOpble MellaloT CcuUcTteme
npaBubHO XPaHWUTb AaHHbIE, M 3TO NPUBOAMUT K HEMOJIHBLIM UM OLNOOYHBIM pesyfibTatam.

MpaBunbHbIA Au3aliH 6a3bl faHHbIX TpebyeT OT pa3paboTymMka TOYHOrO OnpeAeneHus
npegnosaraemoro ncnonb3osaHua BA. Mpu nNpoekTUpoBaHUU onepaTUBHOW B[, HY>XXHO yUYuTbIBaTb
TOYHOCTb W COrM1ACOBAHHOCTb [aHHbIX W CKOPOCTb paboTbl. [MpoekTupoBaHue 6a3bl LaHHbIX
XPaHUNNLLa AaHHbIX YYUTbIBAET MCMO/b30BAHME UCTOPUYECKNX U arpernpoBaHHbIX LaHHbIX.

MpoeKTMpOoBaHWe CTPYKTYP [aHHbIX C WCMOMb30BaHWEM [ABYMEPHbLIX CTPYKTyp Tabnuy,
ABMAETCA NPOLLECCOM AeKOMNO3uUUUN. JaHHble LO/MKHbI ObITb NPaBUIbHO PA3/N0XeHbl Ha COCTaBHbIE
4acTW, KaxKgas 4YacTb [LO/DKHA XPaHUTbCSA B CBOE CO6CTBEHHOW Tabnuue. Kpome TOro, OTHOLIEHUSA
Mexay 3TUMu Tabnimuamm LO/MKHbI ObITb BHUMATE/IbHO PACCMOTPEHbI U peasin30oBaHbl.

Xopowo cnpoekTuposaHHaa b/} obneryaet ynpasneHue LaHHbIMU U TEeHEPUPYET TOUHYIO U
LEeHHYI WH(popmauuto. T10X0 cnpoekTupoBaHHas B[, MOXeT cTaTb MNPUYUHOA Ans TPYAHO
OTCNEXMBAEMbIX OLWIMOOK, KOTOPble MOryT NPUBECTU K HENPaBU/IbHOMY MPUHATUIO PelleHui, a
nioxoe NPUHATUE PELLEHUI MOXET NPUBECTU K Kpaxy opraHu3auuu.

1.7. ®aiinoBble CUCTEMbI XPaHEHUS AaHHbIX

MpoekTupoBaHue B/}, N03BONAOLIMX M36eXaTb OWNOOK Npeablgywmnx cuctem, TpedyeT ot
paspaboTyrKa NOHMMaHUA 3TUX NPo6aeM 1 CMOCO60B NX YCTPaHEHWS.

[nsa peanusauumm cBoMX 3afady, opraHm3aumsa Jo/MkHa paboTaTb C AaHHbIMW. [lo MosBAeHWA
KOMMbIOTEPOB  MCNOMb30BaANCh  OYMaXKHO-KapaHfallHble  CUCTeMbl.  JLOKYMeHTbl  6blin
opraHm3oBaHbl B nNanku ¢ ainnamm u KapToTekoh. [1OCKONMbKY KOMMYECTBO [aHHbIX Oblo

OTHOCUTENIbHO Mano, py4dyHaa CUCTeMa BbIMOJIHANA CBOKO POJIb B Ka4Ye€CTBE XpPaHuUNuiia AaHHbLIX.
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OpaHako No Mepe pocTa OpPraHM3auUnili 1 YCNOXHEHUS TPebOBaHWU K OTYHETHOCTU OTCNEXUBaHMWeE
[aHHbIX B pyYHO (haliNoBOW cMCTeMe CTAHOBU/IOCH BCE TPYAHEE.

Co3pfaHne OT4YETOB U3 (haiioBbIX CUCTEM BPYYHYIO OblI0 MEAJ/IEHHBIM U [POMO3AKUM.
Hanpumep, paboTa 6yxrantepa Tpe6oBasna HefleNn NHTEHCUBHbIX YCUINIA KaXAbIA KBapTa, Aaxe Korga
MCNONb30BaNaCb XOPOLIO paspaboTaHHas py4yHas cucTema. [MoaTomy ObII0 HEOBXOAMMO CO34aThb
KOMMNbIOTEPHYO CUCTEMY, KOTOpas Obl OTCNEXMBaNa laHHbIE U CO3[aBana He0O6X0ANMbIe OTHETbI.

MepBOHaYanbHO KOMMbIOTEPHbIE (aiifibl ObIIM MOXO0XW Ha Py4YHble AOKyMeHTbl. Korpga
nonb30BaTeNn XOTeNM NONYUYUTb AaHHbIE U3 KOMMbIOTEPa, OHW OTNPaBAAAN 3aNpochl K CNeLuanucTy
06paboTku faHHbIx (Of). Ansa kaxgoro sanpoca cneymanuct O 4onxeH 6bin co3gaBaTb NPOrpamMmbl
AN N3BMEYEHUS faHHbIX U3 (baiina, 06pabaTbiBaTb M NPEACTaBNATb UX B BUAE NMEYaTHOro oTyeTa.

YuntbiBas, YTO KaxAbli (aiin B CUCTEME UCNOMb30Basl CBOK COOGCTBEHHYH MNPUKNAAHYIO
nporpammy Ans XpaHeHus, U3BNEYEHNS N U3MEHEHUSA AaHHbIX, MO Mepe pa3paboTKy BCe 6OMbLLETO
yncna KOMMbOTEPHbIX (DaitIoB NOSBUANCH NPO6EMbI KOHTPONA M yNpaBiaeHUsa AaHHbIMU. KpuTuka
mMeToAa (halinoBOM CUCTEMbI CAYXXUT ABYM OCHOBHbIM LieNIIM:

00 TlMoHMMaHWe HefocTaTKOB  (DailNoBOM  CUCTEMbl  MO3BONSET MOHATb  pasBUTHE

coBpeMeHHbIX B/.

O HenoHumaHMWe TakMxX Npo6aemMm MOXET NPUBECTU K MX Ay6nupoBaHuio B cpeae bA.

daiinoBbIM CUCTEMAM NPUCYLLN CNeAYHOLLME OFPaHUYEHUS:

(] AnvTenbHble cpokn pa3paGoTku. Camaa npocTas 3ajada MOWCKA [aHHbIX TpebyeTt
06LWMpHOro nporpaMMmpoBaHnsa. B haiinoBbIX cucTeMax nporpammMucTaM nNpuxoLuIoCh
yKasblBaTb, YTO HY>XHO fefaTb MU Kak 370 AenaTb. CoBpeMeHHble B[l NCnonb3yroT A3bIK
MaHUNynMpoBaHUs [AaHHbIMW, KOTOPbLIA MO3BOMIAET MO/Ib30BATEN0 YKasblBaTb, 4TO
[IO/XHO ObIThb CAeNaHo.

(] TpyaHocTb nonyyeHnst GbICTPbIX 0TBETOB. HE06XOAMMOCTL HanMcaHUs NPoOrpamm Ans
CO34aHMA Aaxe caMblX MPOCTbIX OTYETOB [€NaeT HEBO3MOXHbIMM CNelnanbHbie 3anpochl.
Ecnm cpoyHO HyXHa WH(popMauus, ee MONy4YeHWe Ha CRefyloullein Heaene unuM B
cnefytoliem mecsue He 6yfeT oTBeyaTb TPe6OBaHUAM.

[] KomnnekcHoe CUCTEMHOE afAMUHUCTpPUPOBaHNe. CUCTEMHOE aAMUHUCTPUPOBaHME
CTaHOBUTCH 60Jiee CMIOXHbIM, TaK Kak KO/M4YecTBO (Paii/ioB B CUCTEME YBENUYMBAETCA.
Kaxpablin (aiin fo/mKeH MMeTb CBOM COOGCTBEHHbIE MpOrpamMmMmbl yrpasieHUs (ainnamu,
KOTOpble MO3BONIAIOT NOMb30BaTeNt0  A06aBNATb, W3MEHATb W YAanATb  3anucu;
nepeyvncnnTb Ccofepxumoe aiina;, M cosgaBaTb OT4YeTbl. [MOCKONIbKY cheuunanbHble
3anpocbl HEBO3MOXHbI, MPOrpaMMmbl CO34aHWA OT4YeTOB O hainax MOryT 6bICTPO
pasMHOXaTbCH.

[J OTcyTcTBMe 6e30MacHOCTMW M OrpaHUueHHbIi 06MeH 6aHHbIMK. Elje ogHa npobrema
XpaHWInLa faHHbIX (DaikifioBOi CUCTEMbI - OTCYTCTBME 6€30MaCHOCTU U OrpaHUYeHHbIN
06MeH faHHbIMW. OOMEH AaHHLIMU MeXAy HECKONbKMMW MOnb30BaTensiMm cosgaet
MHOFO pUCKOB Ans 6e3onacHocTU. C TOYKM 3pEHMA CO3AaHWA NMporpaMM ynpaBneHus
JAHHBIMW 1N COCTaB/IEHUA OTYETOB, (PYHKLMM 6€30MNacHOCTM U COBMECTHOTO
MCNONb30BaHWA [aHHbIX C/0XHO MpOrpaMMMpoBaTb W, CNef0OBaTeNbHO, OHM 4acTo
NCKNKYaTCa M3 cpeabl (hainnoBoil CUCTEMBI.
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[ O6wupHoe nporpammMupoBaHue. Jllo60e n3mMeHeHne CTPYKTYpbI (aiina, He3aBucMMo OT
TOro, HAaCKO/IbKO OHO HEe3HauyuTe/lbHOE, BbI3blBAeT M3MEHEHWA BO BCEX MNporpammax,
KOTOpPblE MCNOMb3YIOT [aHHble B 3TOM (harine. Mogugukaumm moryTt MpuBOAUTL K
owmnbkam (6aram), 1 4ONOMHUTENIbHOE BPeMS TPATUTCA Ha OTNAAKY 3TUX OWMOOK.

3TN orpaHW4YeHus, B CBOK O4yepedb, NPUBOAAT K npo6nemam CTPYKTYpHOW W
NH(OPMaLMOHHOW 3aBUCMMOCTU. PalifioBas cucTema LEMOHCTPUPYET CTPYKTYPHYIO 3aBUCUMOCTb,
4TO 03HA4aeT, YTo AOCTYN K (haitny 3aBUCUT OT ero CTPYKTYpbl. MpuKnagHble NporpaMmmbl hainoBoi
CUCTeMbl NOABEPXEHbl W3MEHEHUAM B (hai/loBOM CTPYKTYpe, OHW MPOABAAT CTPYKTYPHYHO
3aBUCUMOCTb.

[axe W3MeHeHUA XapaKTepuUCTUK [AaHHbIX, Takue KakK W3MeHeHWe MNong C Lenoro Ha
[ecATUYHOE, TPeOYOT N3MEHEHMIA BO BCeX MporpammMax, KoTopble obpalyatotcs K ainy. MocKonbKy
BCe MporpaMmMbl 40CTyna K faHHbIM MOTYT U3MEHATLCA MPU U3MEHeHUU Tuna JaHHbIX, 03Havaer,
4yTo (painsioBas cMCTEMa LEMOHCTPUPYET 3aBUCUMOCTbL OT [aHHbIX. I Hao6opoT, HE3aBUCUMOCTb
[aHHbIX CYLLEeCTBYeT, KOrja MOXHO M3MeHATb XapakTePUCTUKN AaHHbIX, HE BANAS Ha CNOCO6HOCTb
nporpaMMbl Nosiyyatb JOCTYN K AaHHbIM.

MpakTnyeckas 3HAYMMOCTb 3aBUCMMOCTM [aHHbIX 3aK/N0YaeTCAd B pasHuLe Mexay
NIOTMYecKMM (POpMaTOM [aHHblX (TO, Kak 4YenoBeK paccmaTpvBaeT [aHHbie) U (PU3NYECKUM
hopmMaTOoM [aHHbIX (Kak KOMNblOTEP AO/MKeH paboTaTb € AaHHbIMK). Jllo6as nporpamma, KoTopas
obpallaeTcs K ainny (painoBoil CUCTEMBI, [O/MKHA YKa3biBaTb KOMMbIOTEPY HE TO/IbKO, YTO fenaTb,
HO W Kak 3To Aenarb.

CTpykTypa (aifioBoil cucTembl 3aTpyfHAeT o06befMHeHWe [aHHbIX W3 HECKONbKUX
MCTOYHMKOB, a OTCYTCTBME 6e30NacHOCTM fAenaeT (DailioBYt0 CUCTeMY YA3BMMOWM ANA HapyLUeHWUi
6e3onacHocTu. OpraHu3aLMoHHas CTPYKTypa CnocoOCTBYeT XPAHEHMIO OLHUX U TeX XXe [aHHbIX B
pasHbiX MecTax. M36bITOYHOCTb [aHHbIX CyLlecTBYeT, KOF4a OLHMW W Te e JaHHble XpaHATcs 6e3
Heob6Xxo4MMOCTH B pasHbIX MecTax.

HekoHTponupyemas n36bITOYHOCTb JAaHHbIX CO3[aeT YCNOBUSA A/18 CNeAYoLero:

[] HapyuwleHus 6e30nacHOCTU AaHHbIX. Hanuumne HeCKOMbKNX KOMWii AaHHbIX YBeMUnBaeT
BEPOATHOCTb TOr0, YTO KOMUSA [aHHbIX OyAeT MojBepXXeHa HecaHKLVOHUPOBaHHOMY
joctyny.

[] HecornacoBaHHOCTb flaHHbIX. HeCornacoBaHHOCTb AaHHbIX CYLLECTBYET, KOra pasHble 1
KOH(INKTYIOLWMNE BEPCUN OLHUX W TeX Xe [aHHbIX MNOABNAKTCA B pa3HbiX MecTax.
OTueTbl 6yayT faBaTb NPOTUBOpPeYMBbLIE pe3y/bTaTbl, KOTOPble 3aBUCAT OT TOr0, Kakas
Bepcus faHHbIX UCMOMb3YeTCs.

(] Owwu6kn BBOAA fAaHHbIX. OWMGKM BBOAA AaHHLIX Yallle BO3HWUKAKOT, KOrga CNOXHbIe
3anucu (Hanpumep, 10-3Ha4YHble HOMepa TeneMOoHOB) CAefaHbl B HECKOJIbKUX pPasHbIX
(hainnax.

B npeane, n3ameHeHune 3Ha4eHMA NONA LOMKHO ObITb CLENaHO TONbKO B 04HOM MecTe. OfiHaKo
M36bITOYHOCTb [JaHHbIX CMOCOOCTBYET BO3HWKHOBEHUID HEHOPMasibHbIX YCNOBWUIA, 3acTaBnss
M3MEHEHUS 3HAYEHWUIN MONei BO MHOTMX pasHbIX MecTax. AHOManuu AaHHbIX Knaccuguumpyertcs
cnegyrowmm obpasom:
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(1 AHomanus oGHoBNEHNS.
(1 AHomanus fo6asneHus.
(1 AHomanus ynanexus.

1.8. CncteMbl 6a3 AaHHbIX

Mpob6nembl, npucyuine ¢anfoBbiM cUCTEMaM, CTaln NPUYNUHOA MOABNEHUS CUCTEMbl 6a3
faHHbIX (BA). B oTnnume oT hailNloBOM CUCTEMbI C €6 MHOXXECTBOM OTAE/IbHbIX WM HECBA3aHHbIX
(harinos, cuctema b/ COCTOMT M3 NOTNYECKM CBA3AHHBIX AaHHbIX, XPaHALLUXCS B O4HOM XpaHuauLe
NOTNYECKUX [AaHHbIX. TEPMUH «/OTMYECKUN» 03HAYaeT, YTO XPaHUNULLE AaHHbIX NPeACTaBAAETCA
eAVHBbIM LeNbIM, a faHHble MOTYT ObITb (PU3NYECKMN pacnpefenieHbl N0 HECKONbKUM XpaHuauwam un
pacnonoXxeHusiMm. [MOCKONbKY XpaHWIWLWe [AaHHbIX MpeAcTaBnsieT CO60A eAUHYK NOrMYEecKyto
eanHuuy, B npeacTaBnseT cepbe3HOe U3MeHeHMe B cnocobe XpaHeHWUs, focTyna v ynpaBneHus
JaHHbIMW.

CucTema 6asbl AaHHbIX - onpefensieT U perynupyeT cbop, XpaHeHWe, ynpasieHUe W
ncnonb3oBaHme AaHHbIX B cpege BA. C TOUKM 3peHMs o0OWero ynpasneHus, cuctema 6a3 faHHbIX
COCTOUT M3 MNATU OCHOBHbLIX YacTeil, MOKasaHHbIX Ha PUCYHKe 1. annapaTtHoe o6ecneyeHue,
nporpaMmmHoe o6ecneyeHue, 04X, NpoLeaypbl U AaHHbIE.

Bosrnaenset

MpoLeaypb! 1 MALWET 1 NpUMeHsieT
CcTaHgapTbl CUCTEMHBI aMUHUCTPaTOp

ApXuTEKTOP B,
AamuHucTpartop b/

Ynpasnser

LI1] J'LJ.LL _ MpoekTupyet

|—> |:| —%Annapawoe o6ecneyeHune

Monb3oBatenu MporpammucTbl ¢ 1

| MpuknagHble

Mcnonbaytot nporpammbl Muwyt

==

UHcTpymeHTbl CYB/],

O6paluatorcs

Puc. 1. OKpy>xeHue cucTeMbl 6a3bl JaHHbIX

MMATb KOMNOHEHTOB, NMOKasaHHbIX Ha PUCYHKe 1.

[J AnnapaTHoe o6ecrnedyeHne. AnnapaTtHoe o6ecreyeHne 0OTHOCUTCH KO BCEM (PU3UYECKUM
yCTpOMCTBaM, BKNOYaA KOMMbOTEPb! (cepBepbl, MK, nnaHweTbl, paboyne cTaHuUM K
T.4.), YCTPOWCTBa XpaHeHUs [aHHbIX, MPUHTEPbl, CeTeBble YCTPOMCTBA U [Jpyrue
ycTpoicTsa (6aHkomaTsl, LL-pugepsbl, n T.4.).
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[] MporpammHoe o6ecrnedyeHne. A8 MNONHOLEHHOrO (YHKLMOHMPOBAHWA cUCTeMbl B[]
HeobXoAMMbI TPX TUNa NpPorpaMmMHOro obecnedveHusa: onepayuoHHas cuctema, CYBU,
npuKnagHblie NporpaMmmsi.

OnepaunoHHaa cucTema ynpaBnseT BCEMU annapaTHbIMWU KOMMOHEHTaAMU W
Mo3BOJIAET 3anycKaTb BCE OCTa/lbHOE NPOrpaMMHoe o6ecrevyeHne Ha KOMMNbIOTepax.
Mpumepamu asnatotca Microsoft Windows, Linux, Mac OS, UNIX n LLUM z/OS.
CYB/[, ynpaBnset 6a3oi faHHbIX B cucteme bJl. HekotopbiMmu npumepamu CYB/[,
asnaotca Microsoft SQL Server, Oracle RDBMS, Oracle MySQL, IBM DB2 nu
PostgreSQL.

- [puknagHble nporpammbl MCNOMb3YKTCA A1 JOCTyna K AaHHbiM B CYB[ w
ynpasneHus umun. [lpuknagHble nporpamMmbl Yalle BCEro WCMNONb3yTCA ANf
CO34aHMsA O0TYeTOB, Tabnuy W ApYro wuHpopmauuu, obneryarowern NPUHATHE
peLLueHuni.

O Jliogn. 3TOT KOMMOHEHT BK/OYaeT B ceba Bcex nosb3oBateneit cuctemsl 6. Ha ocHoBe
pabounx PyHKLMiA B cucTeme B, MOryT 6bITb OnpeaesneHbl NATb TUMOB NONb30BaTENEN:
CUCTEMHblE afMWHWUCTPATOPbl, afMWHUCTPaTOpbl 6a3 [aHHbIX, apxutekTopbl bA,
CUCTEMHblE aHaMTUKU/NporpaMMucTel U Apyrue nonb3osatenn. Kaxabli  Tun

MoNb30BaTeNs BbINOMHAET KaK YHUKa/bHbIE, TaK U J0NONHUTENbHbIE (YHKLIWM.
CUCTEMHbIE aAMUHUCTPATOPbl KOHTPONMPYIOT 06l Me onepauun cuctembl BJ.

- AomuHucTpaTopbl 6a3bl AaHHbIX (database administrator - dba) ynpasnatwoT CYB/

1 06ecneynBatoT NpaBUIbHOE PYHKLMOHMPOBaHME 6a3bl faHHbIX.

- ApxuTeKTOpbl 6a3 AaHHbIX NpOeKTMpPYKT CcTpykTypy bBJ. Ecnu apxutekTypa
nnoxad, HeBO3MOXHO co3faTb nofesHyo cpeay B/l TlTockonbKy opraHusauunm
CTPEMATCA ONTUMMU3NPOBATL CBOM PECYPChI AaHHbIX, ONncaHne paboTbl apxXMTEKTOpa
6a3bl faHHbIX OblII0 paclUMpPeHo, YTOObl OXBATUTb HOBble U3MEPEHUS W pacTylime
0653aHHOCTMN.

CuUCTeMHble aHanUTWKXW W NporpamMMUCTbl  pa3pabaTbiBalOT U BHEAPSAOT
npuknagHolie nporpamMmbl. OHWM NPOEKTUPYIOT M CO34al0T 3KpaHbl BBOAA AaHHbIX,
OT4YeTbl W Mnpoueaypbl, C MOMOLLbIO KOTOPbLIX MONbL30BaTeNN MNoay4yarT JOCTYN K
JaHHbIM Bl 1 MAaHUNYNUPYIOT UMW,

- [lonb3oBaTenn - 310 NOAWN, KOTOPbIe WCMONL3YIOT MPUKNaAHbIE NPOrpaMmMbl A
noBcefHeBHON paboTbl oOpraHWsauun. Hanpumep, nNpoAasLbl, PYKOBOAUTENMN,
MeHe[pKepbl 1 AMPeKTopa KnacCMMUUMpYTCA Kak nosib3osartenun. lMonb3oBatenu
BbICOKOrO paHra WCrnosib3yrT WH(pOpMauunto, nonyyeHHyw us b, And npuHATUSA
TAKTUYECKUX N CTPATErMYECKUX PELLEHW.

O [lpouefypbl - 3TO WHCTPYKLUMM W TMpaBuna, KOTOPblE OMPefefiaioT CTPYKTYpy MU
ncrnonb3osaHne cuctembl Bf. Tlpoueaypbl ABAAOTCA KPUTUYECKUM KOMMOHEHTOM
cuctembl. [pouedypbl WrpawT BaXKHYO ponb B KOMMAaHWU, MOCKONbKY OHMU
obecneunBaloT CO6MIOAEHNE CTaH4ApTOB, MO KOTOPbIM BefeTcss O6U3HEC BHYTpPU
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opraHusaumm u c KaveHTamu. [pouedypbl TakXe MOMOralwT rapaHTUMpoBaTb, YTO
KOMMNaHUN MMEKT OPraHn30BaHHbIA CNOCO6 MOHUTOPUHIA W ayAuTa AaHHbIX, KOTOpPble
noctynatoT B BJl, 1 nHhopmauuu, NoNyYeHHON U3 ITUX AaHHbIX.

(] JaHHble - 0xBaTbiBalOT C60P (haKTOB, XpaHsalmMxca B BJl. MOCKObKY AaHHbIE ABNAOTCA

MCXOAHbIM MaTepuasoM, M3 KOTOPOro reHepupyeTcs MH(opmaLus, onpejeneHune Toro,
Kakue faHHble BBOAWUTb B B/} 1 Kak OpraH1M30BaTh 3TV [JaHHble, ABNAETCA BaXKHOW 4acTbio
paboTbl apxuTtekTopa b/,

Cuctema B[l pob6aBnseT HOBOe W3MeEPEHWe B CTPYKTYpYy YnpasneHWs opraHusauuu.
CNOXHOCTb 3TOWN ynpaB/fieHYeCKOW CTPYKTYpbl 3aBUCUT OT pasMepa opraHusaumm, ee QyHKUUA ©
KopropaTvBHOW KynbTypbl. CnefoBaTtesibHO, cucTeMbl Bl MOryT co3gaBaTbCs M ynpasBnsaTbCA Ha
Pa3HbIX YPOBHAX CNOXHOCTU U C pa3HbIM CO60[4EHNEM TOYHbIX CTaHAAPTOB.

B fnononHeHve K pasiMyHbIM YPOBHAM C/IOXHOCTU cucTeMbl bl MeHeKepbl TaKXKe JONXKHbI
YyUnTbIBaTb €lle OAWH BaXXHbI (aKT: pewweHns LO/MKHbl OblTb 3KOHOMWUYECKU, TAKTUYECKU W
cTpaTernyeckm 3(@eKTUBHbIMK. HaKOHel, TEeXHO/IOrus, KOoTopas YXe WCMOoMb3yeTcs, MOXeT
NoBMNATL Ha BbIGOp cucTembl B,

1.9. MNpeumyulectsa 1 Hegoctatku CYB/1

CYB/[], BbIMONHAET HECKONbKO BaXHbIX (YHKLMWIA, KOTOPble rapaHTUPYHT LeSIOCTHOCTb U
COrNacoBaHHOCTb AaHHbIX B B, BONbLWKWHCTBO U3 3TUX (DYHKLMIA NPO3payHbl NS MoMb30BaTeNel, 1
OHW MOTYT 6bITb peann3oBaHbl TOMbKO 3a cYeT ucnosb3oBaHua CYB/M. 3Tu 3afaunm BKAOYaOT
ynpaB/ieHWe CNoBapemM [aHHbIX, YMNpaBNeHWe XPaHeHWeM [aHHbIX, MpeobpasoBaHne U
npeAcTasfieHne [aHHbIX, YyrpaBneHne 6e30MacHOCTbIO, YMpaB/ieHVe MHOronosb30BaTeIbCKUM
[JOCTYMNOM,  ynpasneHue pe3epBHbIM  KOMWPOBaHWEM W BOCCTAHOBNEHWEM, YMpaBfieHne
LLe/IOCTHOCTbIO AaHHbIX, A3bIKM A0CTyna K 6a3e AaHHbIX, a Takke uHTepdelicsl cBasu ¢ bl. Kaxpas

13 3TUX (DYHKLMIA 06BACHAETCS Cefyrowmm 06pasom:

YnpaeneHve cnosapem 6aHHbiX. CYBJ, XpaHWUT onpefeneHns 3N1EMEHTOB fAaHHbIX U WX
oTHowWeHNn {MeTafaHHbIX) B CNOBape AaHHbIX. B CBOO o4yepefb, BCE NPOrpaMMbl, KOTOPbIE
obpawtatoTca K faHHbIM B B/1, paboTtatoT uepes CYb/. CYB/[ ncnonb3yeT coBapb JaHHbIX
N5 MOMCKa HeoOXOAMMbBIX CTPYKTYP U CBSi3eil KOMMOHEHTOB [aHHbIX, 4YTO M36aBnseT oT
HeoOXOAMMOCTU KOAMPOBATb TaKMe CNOXHble OTHOLWEHMA B Kaxaow nporpamme. CYbB/
obecneuynBaeT abcTparMpoBaHMe [aHHbIX W YCTpaHAeT CTPYKTYPHYK 3aBUCUMOCTb, M
3aBMCMMOCTb OT AaHHbIX U3 CUCTeMbl. Hanpumep, Ha pucyHKe 2 nokasaHo, Kak Microsoft
SQL Server npefctaBnseT onpefenieHne faHHbIX 418 Tabnuubl «CTpaHbl».

(1 YnpasneHue xpaHeHneMm AaHHbIX. CYB[, c0o34aeT U ynpasifeT CMAOXKHLIMU CTPYKTypami,
HEeoOXOANMBIMUN AN XPAHEHWA AaHHbIX, YTO n36aBnseT pa3paboTynka OT CNOXKHON 3aga4u
OMpefeneHns U1 MporpaMMupoOBaHNA  (U3NYECKUX XapakTepUCTMK AaHHbIX. XoTH
nosib3oBatens BuANT b/l Kak efuMHoe XxpaHunuile aaHHbiX, CYB/ (hakTuyeckn XxpaHuT ee B
HECKO/IbKMX (h3nYecKnx ainnax faHHbiX. Takue aifibl JaHHBIX MOTYT Jaxe XpaHWUTbCA

Ha pasHbix HocuTensax. CYB/[ mMoXeT BbINOMHATL 3anpockl K Bl napannencHo.
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0OGo3peBartenb 06bEKTOB X1 1REM-DESKTOP\MSS...Hafl - 6b0.CTpaHbl -l X REM-DESKTDPVIVISS. W \Csoiictsa T Jq
Coepuhmtel T T G PaspewnTs... [Tbl] dbo-Crpatib!
© bl REM-DESKTOPWSSQLSERVEROL (SQL Server 15.0.2070.41 1 varchar(50] n 1] 5*|>
El HIT Basbl aHHbIX Cronmua varchar(50) 0 O (UgeHTngukatop)
E ® CUCTeMHbIE 6a3bl AAHHBIX Mnowage float 0 () fa—"
E lui MomeHTanbHble CHUMKN 6a3bl AaHHBIX
HaceneHne [e) Wms 6a3bl faHHbIX YuebHan
Ele Yuebuan Wwms cepsepa rem-deslctop\m
W 1 AvarpaMmbl 6a3 faHHbIX KOHTUHeHT varchar(50] o
Onwucatne
El M Tabmupi n
U Wi CucTeMHble TabMMLb! Cxema dbo
El m FileTables B KoHcTpykTop Tabnuy
S m BHelwHeTa6nmMubl Vikpekcupyemelii - fla
El 8 Ipacosbie Tabnyup! Pennuumposako  Het
Ei N dbo.MyTable B Cneuudmkaums pe PRIMARY
El 9 dbo.Uch Cron6ey, ROWGUIE
El H dbo.Akagemukun CronGe, ngeHTndi
E A ribo.AucuvnnuHa YkpynHerue 6nok» Tabnuua
E H ribo.3as_kagespoii ®aiinosas rpynna’ PRIMARY
E 35 dbo.3asBKa
E A dbo.NHxeHep
E W1 dbo.Katenpa
E 35 dbc.Mpenopasatens
E 35 dbo.CotpyaHuk
E 35 dbo.CneuuanbHocTb
E 35 dbo.CrpaHbi
s LLldbo.CiyfleHT
E S bbo.YueHukn MeTaganHsie
E S dbotDaicyflbTeT
E S 6bo.3k3ameH = 1 —_—
E UJI'IpeAcTaBneHm
Sl B BHewHMe pecypcbl
E i.i CuHoHUMbI
E H TMporpammuposaHie ,
E | KomnoHeH Service Broker Ceoficrea cTonua
E UJXpaHMnmqe
E B bBesonacHocTb
E L4 BesonacHocTb v (Obuwe) n
E | OGueKThl cepsepa (Vims) Hassative
LUl BY Pennmkauws Anmra 50
E Ii PolyBase 3HaueHue N0 YMONUAHMIO W NPUBS3KA
E | BbiCOKMiA ypOBEHb JOCTYNHOCTH Always On PaspewnTb 3Hauenma NULL Her
LW | Ynpasnenne Tvn AaHHbIX varchar

E | Karanoru cnyx6 Integration Services

[ AreHt SQL Server (paclunpeHHble XpaHUMble NPoLeu
E A Mpodunnposuimk XEvent

<

[] lotoso

I (Maentnnrarop)

>

Puc. 2. MetagaHHble B MS SQL Server

O [MpeobpasoBaHue n npeacTasneHne 6aHHbIX. CYB/[, npeobpasyeT BBEAEHHbIE AaHHble B

COOTBETCTBMU C TpebyeMbIMU CTPYKTYpaMy [AaHHbIX, U Takum obpa3om, usbasnser
paspaboTymKa OT PYTUHHOM paboTbl NO pas/IMUYEHUIO NOTMYeCKOro gopmaTa AaHHbIX U
thuamnyeckoro topmarta gaHHbix. To ecTb CYB/[, thopmatupyet (hn3nyYeckn n3BnedYeHHble

[aHHbIE, 4yTOOblI OHW COOTBETCTBOBA/N /IOTUYECKUM OXNAaaHNAM MOoNb30BaTeNA.

YnpaeneHvne 6e3onacHocTbio. CYB/[, co3gaeT cuctemy 6e3onacHocTW, KoTopas
obecneynBaeT 6e30MaCHOCTb NOMb30BaTENEN U KOHPUAEHLMANbHOCTb AaHHbIX. MpaBuna
6e30NacHOCTM ONpeAensatoT, Kakue nonb3oBaTeNIn K KakuMm 3/eMeHTaM [aHHbIX MOryT
obpaliaTbCAa M Kakue onepauyumm c fJaHHbIMU (4TeHue, AobGaBneHwe, yaaneHue wan
N3MEHEHNEe) MOTyT BbIMONHATb. ITO OCOBEHHO BaXHO B MHOrOMO/Ab30BaTENIbCKUX
cuctemax b[. Bce nonb3osatenu B Moryt 6biTb ayTeHTuduumposaHbl B CYB/[, ¢
NMOMOLLbKD WMEHM TMOMb30BaTeNs W Mapons WAM C MNOMOLWLb0  OGUOMeTPUYECKON
ayTEHTU(PMKALMN, TAKON KaK CKaHMpPOBaHWe 0TNe4YaTKoB nanbues. CYB/M ncnonb3yer aty
NH(OPMaLMIo AN Ha3HaYeHUs npas LOCTyna pasIMyHbIM KOMMOHeHTaMm B/, TakuM Kak

3anpocbl N OTYETHI.

MHOrononb30BaTEeNbCKNA KOHTPOAb AocTyna. UTo6bl 06ecnevynTb LENOCTHOCTb W
COrnacoBaHHOCTb fJaHHbIX, CYB/[ ncnonb3yet CAOXKHbIE anroputmbl, obecneynsaroLme

OA4HOBPEMEHHBI AOCTYN HECKONbKUX NONb3oBaTenei kK b/, He HapyLuas ee LeN0CTHOCTH.
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Pe3epBHoe KonupoBaHWe W ynpasieHWe BOCCTAaHOBNEHUEM. COBpeMEHHblE CUCTEMbI
CYB/[] npefoctaBnsalT cneymanbHble YTUAUTBI, KOTOPbie MO3BONAKT aAMUHUCTPATOPaM

B/, BbINONMHATL NpoOLEeAYpPbl Pe3ePBHOI0 KOMMPOBAHNSA 1 BOCCTAHOB/IEHUS.

YnpasneHue UeNoCTHOCTbI GaHHbIX. CYB/[, npoasuraeT n obecneynBaeT cobnoaeHNe
npasufi  LeENOCTHOCTW, YMeHbllaeT  M30bITOYHOCTb  AAHHbIX U YBeNu4ymBaeT
COrnacoBaHHOCTb [faHHbIX. CBA3M  [aHHbIX, XpaHAWMeca B C/oBape [aHHbIX,

ncnonb3yrTCca anA obecrneyeHus LeNnoCTHOCTN AaHHbIX.

A3blkn gocTyna K BA. CYB/[] obecneunBaeT LOCTYN K JaHHbIM 4yepe3 A3blK 3aMNpoCcos.
A3bIK 3anpocoB - 3TO HeNnpouefypHbld fA3blK, KOTOPbIA MO3BO/SAET M0Nb30BATENO
yKasaTb, 4TO [AO/MKHO 6bITb CAENaHo, He YyKasaB, KaK. HA3blK CTPYKTYPUPOBAHHbIX
3anpocos (structured query language - SQL) sBnsieTcs ge-hakTo A3bIKOM 3anpocoB U
CTaHAapTOM [OCTyna K [JaHHbIM, MOAAepXuBaeMbiM 6GONbWMHCTBOM MOCTaBLYMKOB
CybA.

WHTepdelicbl cBasn ¢ 6as3oii 6aHHbIX. CoBpeMeHHble CYB/[l npuHMMalOT 3anpochl
Nnonb30BaTeNeil 4yepe3 HECKONbKO pasHbIX ceTeBbiX cped. Hanpumep, CYB[, MoxeT
npegocTaBnaTh foctyn Kk b yepe3 MHTepHeT ¢ noMoL b0 Beb-6pay3epos.

Cuctema 6a3bl JaHHbIX MO3BOJIAET pewarb ropasfo 60see CoXHbIe 3a4a4M UCNOb30BaHMA

PECYPCOB [aHHbIX, 4eM (aiinoBble CUCTEMbl XpaHUAUWA AaHHbIX. HO u y cuctemsbl BJ ecTb

HefOoCTaTKN:

|

YBennyeHne pacxonos. Cuctembl b, TpebyOT CNOXKHOIO annapaTtHOro U NporpaMMHoro
obecrneyeHnss M BbICOKOKBaNIM(ULMPOBAHHOIO MepcoHana. 3aTpatbl Ha 00y4yeHwue,
NNLEH3MPOBAHNE N COOTBETCTBME HOPMATUBHbLIM TPe60OBaHMAM YaCTO UTHOPUPYIOTCA NPU

BHeJpeHNN CUCTeM 6a3 AaHHbIX.

Cno>kHocTb ynpasneHus. Cuctemsl B/ cofep>kat BaXHble faHHble KOMNaHUKU, JOCTyn K
KOTOPbIM OCYLLECTB/IAETCA M3 pasHblX TOYek, TpeboBaHWA K 6e30MacHOCTM AOMXKHbI

TUwaTeslbHO co6M0AATHCS.

MNMopaep>kaHve akTyanbHOCTU. UTo6bl yBEeNMUUTL 3PHEKTUBHOCTL cuctembl bJ oHa
LOMKHA ObITh B aKTyaNbHOM COCTOSAHUW. HY>XHO CBOEBPeMEHHO 0O6HOB/ATL U MPUMEHATL

nocnegHne ncnpaBneHna ona BCeEX KOMMNOHEHTOB.

3aBNCMMOCTb OT MOCTaBLWMKA. YuuUTbiBaA pasMepbl WUHBECTUUUM B TEXHONOTUU U
00y4YeHne nepcoHana, NpeanpuaATMS HEOXOTHO MEHSOT NoCcTaBWMKoOB BJ]. B pe3ynbTaTe

KNIMEHTbl OrpaHNYeHbl B BbIGOPE KOMMOHEHTOB cUCTeMbI B/,

YacTble LMKNbI 06HOBNEHMS 3ameHbl. lMocTaBwukn CYBJM 4yacto 06HOBAAKT CBOU
NPOAYKTbl, A06aBNss HOBble (PYHKLMOHANbHbIE BO3MOXHOCTW. HOBble Bepcun MOryT

TpeboBaTb 0OHOBNEHNS 060PYAOBaHNS U 00YYEHUS NepcoHana.
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1.10. tormn

[aHHble COCTOAT M3 HeobpaboTaHHbIX (hakTOB. MHMopMauus sBaseTca pesy/bTaToM
06paboTKM fAaHHbIX. TO4YHasA, akTya/lbHas W CBOEBPEMEHHas WH(opMauus ABNSETCS
K/I0OYOM K NPaBUIbHOMY NMPUHATUIO PeLLEHWA.

JaHHble 06bl4HO XpaHATcA B BA. Ona co3paHua Bl v ynpaBneHns ee COLEPXUMbIM
HeobxoAuMa cucTema YynpaeneHus 6aszamu fgaHHbiXx (CYBA). CYBLO cnyxut
nocpesHMKOM Mexay nosb3osatenem v 6. b, cofepXuT faHHble N «aHHble 0 JaHHbIX»

- MéTagaHHbIE.

Xopowo cnpoekTuposaHHas b/l obneryaer ynpasfieHne JaHHbIMW U TEHEPUPYET TOUHYIO
N LEHHY WHpopmauuto. Mnoxo cnpoektupoBaHHasa bl MOXeT NMpuMBECTU K MIOXOMY
MPUHATUIO peLleHnid, a M0oX0e MPUHATAE PpeLueHUiA MOXeT MPUBECTUM K Kpaxy
opraHum3auum.

B, MOryT 6bITb KnaccuuLMpoBaHbl B COOTBETCTBMU C KOJIMYECTBOM MOALEPXKMBAEMbIX
nonb3oBatesieid, pPacnonoXeHWeM W TWUMOM [JaHHbIX, CMELWaNbHOCTbI W CTENEeHbH
CTPYKTYPUPOBAHHOCTYU faHHbIX.

B[, pa3BMBanMCb U3 Py4HOIl, a 3aTeM KOMMNbHOTEPU3NPOBAHHON (halinoBoi cuctembl. B
(hainnoBOl CMCTEME [aHHble XPaHSATCHA B He3aBMCUMbIX (halinax, KaXAblil U3 KOTOPbIX
TpebyeT CBOMX COOGCTBEHHbIX MPOrpaMMm YynpaBfeHUs AaHHbIMW. XOTA 3TOT METOoj
ynpaBneHWs [aHHbIMW B 3HAYUTENIbHOM CTeneHW YycTapen, MNOHMMaHWe €ero

XapaKTepuUCcTMK 06neryaet NOHMMaHMe CTPYKTypbl BA.

daitnosas cuctema TpebyeT OOWIMPHOro NPOrpamMMMpoOBaHUsA, BHOCUTb W3MEHEHUs B
CYLLECTBYIOLLME CTPYKTYPbI CNOXHO, CO6104eHMe 6e30NacHOCTM TPyAHO. He3aBucMMble
(halinbl cofgepXat M30bITOYHbIE AaHHble, YTO NPUBOAMT K NpobiemaM CTPYKTYPHON U
NH(OPMaLMOHHOM 3aBUCMMOCTMW.

CYB/ 6binn pa3paboTaHbl 4N5 yCTpaHEHUS HELOCTATKOB, NPUCYLLMX (haliNoBOI cUcTeME.
OHa npeactasnset b/l nonb3o0Bartento B BUAe eAMHOT0 XpaHuauuia gaHHbIX. Kpome Toro,
CYB/[, obecneyumBaeT LEeNOCTHOCTb AAaHHbIX, YCTPaHAET U3bbITOYHOCTL U 0b6ecneynBaeT
6e30MacHOCTb AaHHbIX.
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Jlekumsa 2. Mogenu faHHbIX

2.1. BeeneHue

MogenupoBaHue JaHHbIX - 3TO MNepBbll LWar B npoLlecce NpoekTupoBanusa b, cnyxatymii
MOCTOM MeXAy 06beKTamun peasibHOro Mupa v KOMMbOTEPHON CUCTEMON.

ApPXUTEKTOPbI, NPOrpaMMWUCTbl W MONb30BATENN BUAAT [aHHble NO0-pasHOMYy. PasHble
npeacTaBneHns 06 OfHUX U TEX XKe AaHHbIX MOTYT NPUBECTU K NPOeKTam 6a3 JaHHbIX, KOTOpble He
OTpaxarT (PaKTUYeCKyo [eATeNbHOCTb OpraHm3aunu, He NO3BONAKT YA0BETBOPUTbL NOTPeOHOCTH
KOHe4YHbIX nosib3oBaTenied U TpeboBaHUA K 3((PEKTUBHOCTU [aHHbIX. UYT0Obl M36exaTb Takux
npobnem, apxuTekTopbl B, [O/MKHbI NOMYYUTb TOYHOE OMUCAHWE CBOWCTBA AaHHbIX. ObuieHue
Mexfay apxutektopamu B[, nporpammucTtaMuM U MOMb30BaTENAMU [OMKHO 6bITb 4YacTbiM U
MOHATHbIM. MofenupoBaHue [AaHHbIX MPOACHAET Takoe B3aUMOLENCTBME, CBOAA C/I0XHOCTM
NPOeKTUPOBaHUA 6a3bl JaHHbIX K 601ee NOHATHbIM a6CTPaKLMUAM, KOTOPbIE ONPESENAoT CYLHOCTH,

OTHOLUEHMS U NPeo6pa3oBaHUs AaHHbIX.

2.2. Mojgenwn faHHbIX 1 MOJeNMpoBaHme

Mpu npoektnpoBaHun BJ] OCHOBHOE BHMMaHWe yfenseTca TOMY, KakK CTPyKTypa 6yper
NCNONb30BaTbCA AN XPAHEHUSA W yNpaBneHns AaHHbIMW. MofenmpoBaHe 6aHHbIX - MePBbINA Wwar B
NMPOEeKTUPOBaHUM 6a3bl faHHbIX, OTHOCUTCA K MpoLeccy CO3aHNA KOHKPETHOW MOAeNy faHHbIX Ans
onpegeneHHoli obnactu. Mofenb AaHHbIX - abcTpakuus 60nee CNOXHOro o6bekTa UM cobblTnA
peanbHOro wmwupa. B cpege B[, mofenb fAaHHbIX MpeAcTaBAsieT CTPYKTYpbl fAaHHbIX W WX
XapakTePUCTMKKN, CBA3KW, OrpaHuyeHus, npeobpas3oBaHns W [PYrve KOHCTPYKUUW C  LENbH
nojAepXXKy KOHKPETHOW o06nacTu.

MogenvpoBaHue fAaHHbIX - 3TO MTepaTMBHbIA npouecc. Mpu NpaBUILHOM BbIMOAHEHWUN
OKOHYaTe/IbHas MOfeNb AaHHbIX NpeACcTaBfeT Co60M NPOEKT CO BCEMU UHCTPYKLMAMY MO CO34aHUI0
6a3bl AaHHbIX, KOTOpas OyaeT oTBeyaTb BCeM Tpe6oBaHUAM mnonb3oBaTend. Mpoekt B Hocut
COLEPXUT KaK TEKCTOBble OMMUCaHWA Ha SICHOM (PopMe, TaK M MOHATHbIE, MOMe3Hble AnarpaMmmsl,
n306paxkaroLie OCHOBHbIE 3/1EMEHTbI JaHHbIX.

TpaguuMoHHO apxmuTeKkTopbl B/, 4TOObLI pazpaboTaTh XOPOLIY MOAENb AaHHbIX, Nofarainch
Ha 34paBblii cMbICN. K cOoXaneHuto, 34paBblil CMbIC/T pa3BmBaeTCcs nocne AOArnX npob v owmookK.
Hanpumep, ecnn Kaxgiblii CTyLeHT B Knacce LO/MDKEH c034aTb MOAeNb AaHHbIX ANf 6UGInMoTeKw,
OY€eHb BEPOSITHO, YTO KaX/Abl U3 HUX NPUAYMAET CBOK Mofenb. Kakas n3 HUX 6yaeT npaBuibHON?
MpocToil oTBeT: «Ta, KOTOpas OTBe4yaeT BCeEM TpebOBaHMAM KOHEYHOro Mosb30BaTeNig», U MOXeT
ObITb 60/1€€ O4HOr0 NpaBubHOrO pewweHnsa! K cyacTblo, pa3paboTyumku 6a3 faHHbIX UCMOMb3YIOT
CyWecTBYHOWME KOHCTPYKUMU [ANS  MOLENMPOBaHWA AaHHbIX W MOWHbIE  WUHCTPYMEHTbI
NPOeKTUpoBaHMA 6a3 faHHbIX, KOTOpble 3HAYMTENbHO YMEHbLUIAIT BEPOATHOCTb OWMOOK Mpu

MOAeNMpoBaHMM 6a3 faHHbIX.
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Mogenv faHHbIX MOTYT 06/1er4nTb B3aMMOLENCTBUE MEXAY apXUTEKTOPOM, NPOrpaMmmMmucTomM
NPUNOXeHWA © nonb3oBatenem. Xopowo paspaboTaHHas MOLeNb [JaHHbIX MOXeT [axe
CNoco6CTBOBATL /IyULLIEMY MOHMMaHWUIO OpraHu3aLmm, 4 KOTOpoi paspabaTtbiBaeTcs NpoekT bA.

BaXHOCTb MOAeNnpoBaHUA [aHHbIX HEBO3MOXHO MepeoueHnTb. [laHHble NpeacTaBfifloT
COo60  OCHOBHYK MWH(OPMaUuio, WCMNONb3yeMyt CcucTemol. [lpunoxeHus cosgalTtcs  Ans
YNpaB/ieHNs faHHBIMY 1 NOMOTar0T Npeobpa3oBbIBaTh AaHHbIE B MH(POPMALUIO.

YuntbiBasd pacnofioXXeHve f[aHHbIX, (opmaTMpoBaHWe W KOHKPEeTHbIX TpeboBaHUAX K
OTYETHOCTMW, pa3paboTUMKN MPUIOXKEHWUIA MMEKT CBOWM MpeAcTaBneHUs fAaHHbIX. [MpuknagHble
NPOrpaMmMunCTbl  MepeBOAAT MNOAUTUKY W npouefypbl KOMNaHWUM W3 pasHbIX WCTOYHUKOB B
COOTBETCTBYHOLME NHTEP(ENCHI, OTHETbI U IKpPaHbl 3anpOCOoB.

Mogenb AaHHbIX ABNseTcA abcTpakumein, HEBO3IMOXHO U3B/MeYb HEOOXOAUMbIE faHHblE U3
MOZLENN faHHbIX.

OCHOBHbIMW 31eMEHTaMW  MOJENN [aHHbIX SBAAKTCA CYWHOCTW, aTpubyTbl, CBS3U
(oTHOWeEHMA) 1 orpaHnyeHmns. CYWHOCTb - 3TO YenoBeK, MECTO, Belb WAM COBbITUE, O KOTOPbIX
OyayT cobupatbCA U XpPaHUTLCA faHHble. CyLWHOCTb NPeAcTaBNfeT KOHKPETHbIA Tun 06bekTa B
peanbHOM MUpe, KaXAbl 3K3eMNAAP CYLHOCTU YHUKaNeH. CyLHOCTU MOTyT ObiTb (hU3NYECKUMU
06BbEKTaMU, TAKUMU KaK KINEHTbI UM MPOAYKTbI, HO TaKXe MOTyT 6bITb abCTpakumMaMn, TaKMMIN Kak
MapLUpPYTbl MOJIETOB UMW MY3blKa/lbHblE KOHLePThI.

ATpubyT - 9BNAeTca CBOWCTBOM 06bekTa. Hanpumep, cyuwHocTb «CTyaeHT» OypgeT
OMUCbIBATLCA TAKMMU aTpnbyTamu, Kak haMuins, UMs, HOMep 3a4eTHOW KHUXKKW, KypC 1 rpynna.

CBA3b - ONnuMCbIBaeT OTHOLLEHNE MeX Ay CyLHOCTAMU. Hanpumep, CyLwecTBYeT CBA3b MEXAY
CTyZleHTamn ¥ KypaTopamu, KOTOPYK MOXHO onucatb CheAytolmnmMm 06pa3oMm: KypaTtop MOXeT
KypupoBaTb MHOFO CTYAEHTOB, W KaXAbll CTYLEHT MOXeT KypupoBaTbCA OAHUM KypaTOPOM.
Mofenn AaHHbIX WUCMOMb3YIOT TPU TuMa CBA3W: OAWH-KO-MHOTUM, MHOTMe-KO-MHOTUM W OfWH-K-
o4HOMY. ApxuTekTopbl B/, MCNONb3YIOT COKpaLleHHble 0603HaUYeHna 1:M nam 1.%, M:N uamn *.* un
1:1 vnn 1.1 cooTBeTcTBEHHO. BMecTo M:N MOXHO ncnonb3osatb «M:M». CnegytoLwne npumepsl
WNNKOCTPUPYIOT Pasnnumnsg Mexay aTUMu TpeMs TUnamu:

O Csa3b 04UH-KO-MHOTUM (1:Mwunu /..*). B cTpaHe HaXOAWUTCA MHOIO FOPOAOB, HO KaX.blN
ropof, Haxo4mMTCs TONbKO B OA4HOW cTpaHe. Takum o6pa3om, cTpaHa («0AuH») CBA3aHa C
ropogamu («MHorue»). lloatomy apxutektopbl BJ] nomeuyatwoT cBsasb «B CTPAHE
Haxoautca TOPO/O» kak 1:M. MimeHa CyLHOCTEN YacTo MULWYTCA C 3arfiaBHON GYKBbI,
4yToObl WX JIErKO WAEHTU(UUMPOBaTb. AHANOTMYHO, KypaTtop («OAWH») MOXeT
KypupoBaTb MHOIO CTYLEHTOB, HO KaXAbllh CTYAeHT («MHOro») KypupyeTcs TO/bKO
ofHUM kypatopoMm. OTHoweHne «KYPATOP kypupyer CTYLEHTA» Takxe 6yget
nomeyeHo Kak 1:M.

O ("BA3b MHOr0-KO-MHOrMM (M:N nam *..*). CTyaeHT MOXeT M3yyaTb MHOIO AUCLUMNAWH, 1
Kaxgas AMCUMMIMHA MOXET ObiTb M3yyeHa MHOTUMWU CTyfAeHTamu. ApxuTektopsl B,
o0603HavatoT cBA3b «CTYAEHT unsyvaet ANCUVNINHY » kak M:N.

0O CsA3b 0guH-K-og4HOMY (1:1 vnm 1..1). B yHMBepcuTeTe KaxKablii (hakynbTeT ynpasnsercs

0O4HUM AekaHOM. B cBOK ouepedpb, KaxAblii AekaH, KOTOPbIA SBNSETCS COTPYAHUKOM,
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yrnpasnseT TONIbKO O4HUM (hakynbTeToM. CnefoBaTtefisHO, OTHoweHne «COTPY AHUK
ynpasnsgeT PAKYJIbTETOM» 0603HayeHo Kak 1:1.
Mpeabigyliee 06CyXAeHUEe ONpefennno Kaxpaas cBA3b B 060MX HanpasfeHMsAX; TO ecTb
OTHOLLEHWA ABNAKTCA ABYHANpPaB/leHHbIMU:
O OpuH KYPATOP moxet kypuposaTb MHoro CTYJEHTOB.
O Kaxpablii n3 mHoxectBa CTYAEHTOB Kypupyetcsa T01bK0 ogHumMm KYPATOPOM.
OrpaHuyeHve - 370 MMUTLI Ha faHHble. OrpaHWyYeHns BaXKHbl, MOTOMY YTO OHU NOMOraT

06ecneynTb LeNoCTHOCTb AaHHbIX. OrpaHnYeHuns 06bIYHO BbIpaXatTCs B BUAE NpaBu:
| 3apaboTHas nnata paboTHMKA AO/MHKHA UMETb 3Ha4YeHMs oT 6000 fo 350000 pybneir.
| CpefHuii 6ann cTyfieHTa LO/MKeH cocTaBnAaTh oT 2.00 go 5.00.

| B KaXaoM Knacce J0/mKeH 6bITb O4WH U TONbKO OAUH YUYUTESb.

[ns npaBMNbHOIrO onpegeneHns CywHoOCTeN, aTpubyTOB, OTHOLIEHUA U OrPaHUYEHUS, HYXXHO
TOYHOe onpegenieHne 6U3Hec-NpaBun AN 061acTu, KOTOPYH MOLENMPYIOT.

[na onpeaeneHns CyuwlHOCTein, aTpubyTOB M OTHOLUEHWIA, KOTOpble 6YAYyT MCMONb30BaTbCS
AN NOCTPOEHUS MOAENU [aHHbIX, apXuTekTopbl BJ, AO/MKHbI M3y4yaTb TUMbl CYLLECTBYHLWMX
[aHHbIX, KaK U KOrja OHU UCNonb3yTcsa. Ho Takue gaHHble M MHOpMauns camu no cebe He fatoT
Heob6xo4AMMOro noHMMaHua Bcero npouecca. C TOYKM 3peHus B[, cbop [aHHbIX CTAHOBUTCH
3Ha4YMMbIM TO/IbKO TOTAa, KOrja OH OTpaXKaeT NpaBW/bHO OnpefeneHHble 6u3Hec-npasuna. busHec-
Mpasw/o - 3TO KpaTkoe, TOYHOE N OHO3HAYHOE ONncaHne NOANTUKKN, NPOLESYpbl UIN CTAHAAPTOB B
KOHKpeTHOM opraHusaumu. busHec-npaBuna [JO/MKHbI ObiTb O(OPM/IEHbI B MUCbMEHHOM BUJE.
MpaBWUbHO HanucaHHble 6U3HeC-MpaBusIa UCNOb3YTCA 415 ONpefeNneHuns CyLWHOCTel, aTpubyToB,
CBA3eN 1 orpaHuYeHuni

OCHOBHbIMW  UCTOYHMKAMU  OGU3HEC-MpaBu  ABNAKOTCA PYKOBOAUTENU NPeAnpuUATUi,
NONUTUKMN, 3aBeaytoLime OTAEN0B U MUCbMEHHas LOKYMeHTaumMs, Takas Kak npouegypsl, CTaHAapThl
M PyKOBOACTBa NoO akcnnyaTaymm. CambiM GbICTPbIM METOLOM AN OonpefdeneHns GusHec-npasun,
ABNAKTCA MPsAMble UHTEPBLIO C NOMib3oBaTeNnsamMu. K coxaneHuto, 1U3-3a pa3nnyunii B BOCNPUATUN -
NONb30BaTeNIN WHOrAA SIBAAKOTCA MeHee HafeXHbIM WMCTOYHUMKOM. Hanpumep, 3neKTpUK MOXeT
nonaratb, YTO 060N 3NEKTPUK MOXXET PEMOHTUPOBATb BbICOKOBO/IbTHYIO JIMHUIO, KOTAa Ha CamMOM
Jene Takyl 3afavy MOryT BbINOMHATL TONbKO 3NEKTPUKK C paspelleHneM. Takoe pasnnymne moxet
nokasaTbCs TPUBMA/IbHbIM, HO OHO MOXET UMETb Cepbe3Hble NOCNeACTBUA. XOTS MONb30BaTeNN
BHOCAT pellalowmini  BKNag B pa3paboTky OW3Hec-npaBwu/, CTOMT TMPOBEPUTb BOCNPUATME
nonb3osatens. VHorga cobecefoBaHUs C HECKO/IbKUMW NIOAbMU, BbIMOHAKOWMMY OLHY U Ty Xe
paboTy, fal0T COBEPLUEHHO pasHble NpefcTaBeHns 0 CBOMCTBaxX paboTbl. 3agaya apxutekrtopa b/, -
cornacoBaTtb pasiMyuma U NPOBEPUTbL pe3yNbTaTbl CBEPKU, YTOObLI yOeanTbCs, 4TO BM3HEec-npaBuna
ABNAKTCA MNPaBUNbHLIMU U TOYHBIMMU.

Mpouecc  wAaeHTUUKALMM WU [AOKYMEHTUPOBaHWA  OGU3HeC-MpaBui  BaXeH  A1A
NPOeKTUPOBaHUA 6a3bl JAHHbIX N0 HECKO/IbKUM NPUUYNHAM:

O [lMomoraeT cTaHAapTU3NPOBaTL NPEACTaBIEHME O faHHbIX.

0 To3BONsSeT NOHATb NPUPOAY, PO/b U 06BEM AAHHBIX.
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0 To3BonsieT NoHMMaTb B6M3HEC-NPOLECCHI.

O [Mos3sonset pa3paboTaTb COOTBETCTBYIOLLME NpPaBUia U OrPaHUYEHNs, Y4acTUs B CBA3AX
1 C034aTb TOYHYIO MOJE/Nb LaHHbIX.

Bu3Hec-npaBuna ycTaHaBNMBalOT OCHOBY [N MPaBUIbHOW WAEHTU(PUKALUN CYLLHOCTEMN,
aTpubyTOB, OTHOLUEHWI 1 orpaHnYeHmnii. Kak npasunio, AN onpegeneHns cyLwHoOCTeiln Ncnonb3yeTcs
CYLLECTBUTE/IbHOE, a CBA3N MeXAY CYLLHOCTAMU ONpefensTca ¢ NOMOLLbI0 rnarona. Hanpumep,
OU3HeC-NpaBuIo «KypaTop MOXeT KyprpoBaTb MHOTO CTYAEHTOB» COLEPXUT ABa CYLLECTBUTENbHbIX
(Kypatop ¥ CTYAeHT) u rnaron (KypupoBaTb), KOTOPbIA CBA3bIBAET CYyLLeCTBUTENbHbIE. 3 3TOro
Ou3Hec-npasuia MOXHO cenatb CnefyoL e BblBOAbI:

O KypaTop U CTyaeHT ABNAOTCA 06beKTamMu, NPeACTaBAAWMUMY UHTEPEC, N AO/KHbI 6bITh
npefcTaBneHbl MX COOTBETCTBYOLW MMM CYLLHOCTAMMU.

O CyLlLecTBYeT CBA3b MEXAY KypaTOpOM v CTYAEHTOM.

UTo6bl MpaBUAbHO OMPEAenUTb TUM CBS3U, HY)XXHO YUWTbIBaTb, YTO CBS3b SB/SETCS
[BYyHanpasieHHOoW. Hanpumep, 6U3HEC-NPaBUIO «KYPaTOP MOXET KypupoBaTb MHOrO CTYAEHTOB»
[OMNONHAETCA BU3HEC-MPABUIOM «CTYAEHT KypupyeTcs TONbKO OLHUM KypaTopoM». B aToM cnyuvae
OTHOLLEHUNE OANH-KO-MHOTrUM (1:M). KypaTop - cTOpoHa «1», a CTYAeHT - CTOPOHA «MHOF0».

UT06bl NPaBUIbHO OMNPeAENnUTL TUM CBA3M, HYXXHO 3afaTb fBa BOMpPOCa:

O CKO/bKO 3K3eMnasapoB B cBA3aHO ¢ 04HMM 3K3emnasapom A?

O CKO/bKO 3K3eMNasapoB A CBA3aHO C O4HUM 3K3emnaspom B?
Hanpumep, MOXHO OLEHUTL OTHOLUEHUSA MEXAY YYEHUKOM N KNaccom, 3a4as [Ba Bonpoca:

Mo CKOMbKO AUCLUMANH MOXET U3yyaTb OAUH CTYAeHT? OTBET: MHOIO AUCLUNVH.

U CKO/bKO CTYEHTOB MOTYT U3yyatb OAHY aucumnanHy? OTBeT: MHOro CTY/[EHTOB.

CnepoBatesibHO, OTHOLUEHUS MeXAY CTYAEHTOM U AUCLUNANHOW MHOTUe-Ko-MHorum (M:N).

MmeHa cyuwHOCTeid AO/MHKHbI OMUCbIBaTb 06BLEKTbI M3 peasbHOr0 mMupa WM KUCNOJb30BaTb
TEPMUHOMOINIO, 3HAKOMYI MO/b30BaTensiM. ATPUOYTbl TakXKe [LOMKHbI OMNUCbIBATb [aHHbIe,
npefcTaBieHHble UMW, XOpOoLlei NpakTUKOWA Takxe fABNseTca fobaBneHuMe npedukca MMeHU
aTpubyTa K MMeHU UM cokpalieHnto 06bekTa, B KOTOPOM OH BCTpeyaeTcs. Hanpumep, B CyLLHOCTH
CTYAEHT cpeaHunit 6an moxeT HasbiBaTbcss CT CPEAHWW BAJ. CT ykasbiBaeT, 4To aTpubyT
SBNSAETCA CBOWCTBOM Ans cyulHoctm CTYAEHT, a CPEAHWI BAJT o6neryaet pacno3HaBaHue
[aHHbIX, KOoTopble OyayT cofepxaTbCa B aTpubyTe. Mcnonb3oBaHue cornaweHus 06 uMeHax
YNYULWNT CNOCOOGHOCTb MOAENN [AaHHbIX 06/1IerYnTb B3aMMOJeincTBMe Mexay pas3paboTynMkom U
nonb3osatenem. [MpaBuibHOe cornaweHne 06 MMeHax WMeeT 60/blOe 3HayYeHUe And
CaMOLOKYMEHTUPOBAHMA.

2.3. Pa3BuTUe MOJeNein AaHHbIX

CTpemsieHne K Nyywemy YnpaBfeHUO AaHHbIMU MPUBENO K MOABNEHUK HECKONbKUX
MOJeneil, KOTOpble MbITAOTCA YCTPaHUTb KPUTMYECKMe HeaocTaTKu npeabligyliein mogenn. B
Tabnuue 2 NpocneXxmBaeTcs IBONOLNSA OCHOBHbIX MOAENEN AaHHbIX.
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[NMokoneHune
MepBoe

BTopoe

TpeTbe

YeTtBepToe

Matoe

HoBble
MOJenn:
NoSQL

Bpems
1960-
1970-e rogpl

1970-e rogpl

CepepfmHa
1970-x
rogos

CepegnHa
1980-x
rofos

CepepfmHa
1990-x
rogos

C 2000-x
rogos, o
HaLlero
BPEMEHM

Tabnuua 2

JBONOLMA OCHOBHbIX MOAENEN AaHHbIX

Mogenb faHHbIX
daiinoBast cuctema

Nepapxuyeckuidi un  IMS

CeTeBOWA ADABAS
IDS-11
PensiunoHHbIN DB2
Oracle
MS SQL Server
MySQL
O6beKTHO- Versant
OpueHTMpOBaHHbIA.  Objectivity/DB
O6bekTHO/ DB2 UDB
PeNALMNOHHbIN Oracle 12c
(0/R)
MmépugHas XML dbXML
CYb/A Tamino
DB2 UDB
Oracle 12¢
MS SQL Server
XpaHunuie SimpleDB
K/oYeli-3HaveHnin.  (Amazon)
XpaHunuiie BigTable
CTON6LIOB (Google)
KaccaHppa
(Apache)
MongoDB
Prak

Mpumepbl
VMS/VSAM

KommMeHTapuu
Vcnonb3yeTtcs B OCHOBHOM B
cucTeMax maHppeiimos IBM.
Ynpasnsemble 3anuicu, a He
OTHOLLIEHWS.

PaHHue cucTeMbl 6a3 AaHHbIX.
HaBuraumoHHbIA gocTyn.

KoHuenTyanbHas npocToTa.
MogenvpoBaHne  CYLLHOCTHbIX
oTHoweHuin (ER) n nopaepxka
PENIAILMOHHOIO  MOAEMPOBaHNSA
[aHHbIX.
O6bekTHas/pensumMoHHan
noAjepXka  TWUMOB
06BLEKTOB.

Mopnepxka Star Schema pns
XPaHUINLLY, JaHHbIX.

MosensoTcs Be6-B/.
Mopaepxka
HECTPYKTYPMPOBaHHbIX AaHHbIX.
Mogens 0/R  nopgaepxusaet
XML-LOKYMEHTHbL.

MmbpugHas CYBJ, pobasnser
nHTepgeiic 00bekTa B
PeNALMOHHbIE 6a3bl AaHHbIX.
Moppepkka  GOMbLLMX 6a3
JaHHbIX (pa3mep B TepabaiiTax).

AaHHbIX

PacnpegeneHHas, NEerko
macLuTabmpyemas.

BbicOkass NpOW3BOAMTENBHOCTD,
0TKa30yCTOMYNBOCTb.

OueHb  60/bLIOE  XpaHWKLLE
(neTabaiTbl).

MoaxoauT  4Nns  paspeXKeHHbIX
[aHHbIX.

Co6CTBEHHbIN nHTEpeinc
NPVKIaLHOTo

nporpammupoBaHus (API).

Mepapxnyeckasa mofens Oblna paspabotaHa B 1960-x rogax ans ynpasieHus 60/blWIMMK

06beMaMmn JaHHbIX AN CMOXHbIX NMPOU3BOACTBEHHbIX MPOeKTOB. OCHOBHAs lormyeckas CTPyKTypa

MOJENu npefcTaBieHa NepeBepHYThbIM fepeBoM. Mepapxuueckas CTPYKTypa COAEPXUT YPOBHU WK

cermMeHTbl. CerMmeHT SIBNSETCA 3KBMBANIEHTOM TuMa 3anucu (aiinoBoii cucTeMbl. BHYTpU mnepapxum
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Oonee BBICOKMI ypOBEHb BOCIPUHUMAETCS KaK PONUTENIBCKHI CErMEHT, a HENOCPEACTBEHHO MO
HIM, nodepHuii. Uepapxudeckas Mozaenb oToOpakaer Habop OTHOIWEHUH KOAUH-KO-MHOTUMY (1:M)
MEXIY POIOUTENBLCKUM H €r0 HJOYEPHHMH CerMEHTaMH. Y Ka)KIOrO PONUTENs MOXKET ObITh MHOTO
neTei, HO y KaKIoro pebeHka TOIBKO OAMH POIUTENb.

Cemesas moOens Obna co3paHa i 6onee 3¢p(eKTHBHOTO MPeACTaBICHHs CIOXKHBIX CBsI3eil
JAHHBIX, Y€M Hepapxuveckas Mojelb. B ceTreBoil Moaeny noap30BaTeNlb BOCIPUHUMAET CETEBYIO
0a3y maHHBIX Kak Habop 3amuced B oTHoweHUsAX 1:M. OmHako, B OT/IMYME OT HEPapXHYECKOH
MOZIEJIH, CeTeBasi MOIENb MO3BOJISIET 3aMUCH HMeTh OoJiee OqHOro poauTesi. XOTs MOJENb CEeTeBOH
0a3bl JaHHBIX B HACTOsALIEE BpeMs OOBIMHO He HCIOJb3YeTC s, ONMPeNesIeHNs CTAHAAPTHBIX KOHLCTIIHI
0a3bl JaHHBIX, TOSIBIBLIHECS B CETEBOH MOAENH, BCE €LIe UCTIONB3YIOTCS COBPEMEHHBIMH MOACIISIMU

TAHHBIX
(] Cxema — 310 KOHUENTYaIBHBII MPOEKT Beeii BT,
[ IToocxema — vacte BJ1, nOCTynHas MPUKJIATHBIM MPOrPaMMaM.

[ Aszvix manunyruposanusn Ooannvimu (DML) — cpema, B KOTOPOM MOXHO YIPaBISTh

JaHHBIMH.

LI A3wix ompedenenus Oannvix cxemwvr (DDL) — cpema, B KOTOpOW MOMHO YHPaBJISTH
METaaHHbIMU.

CereBas MozeNTb He CMOTJIa OTBEYATh HA pacTyLine HH(POPMALHOHHbIE TOTPEOHOCTH, TaK KaK
mo0oe CTPYKTYpPHOE M3MEHEHHE MOTJIO Obl MPUBECTH K Xa0CYy BO BCEX MPHKJIAJHBIX MPOrpaMmax.
W3-3a HEOOCTAaTKOB Hepapxudeckoil u cereBoil mozeneil B 1980-x romax oHW ObUTH 3aMeHEHBI
PENALMOHHON MOJIENIbIO JAHHBIX.

Pensyuonnas mooens Opuia Bemena B 1970 r. 2.®@ Kommom u3 IBM B ero pabore
«PensuroHHast MOJIE b NAHHBIX Ui OoNbIINX o0mux 6ankoB maHHbIX» (Communications of ACM,
uroHb 1970 ., ctp. 377-387). PensiumonHast Moiesb mpeacTasisieT co0oit OO MPOPHIB KaK Jist
MOJIb30BATENEH, TaK U U1 apXUTEKTOPOB. Ero KoHLENTyanbHas MPOCTOTA 3aJI0KUJIA OCHOBY IS
HACTOSIIIEH PEBOIOLIMH B 001acTH 0a3 JaHHBIX.

OCHOBOI PENLMOHHON MOIENH SIBISIETCS MaTeMaTH4YeCKas KOHLEMLUS, W3BECTHas Kak
oTtHoweHHe. YToObl HU30€k)aTh CIOXKHOCTH aOCTPAKTHOW MAaTEMaTHYECKOW TEOPHH, MOXKHO
NPEACTABUTL OmHoutere (MHOTAA Ha3bIBAEMOE mad.iuyeil) Kak IBYMEPHYIO CTPYKTYPY, COCTOSIIYIO
U3 TEePECEeKAINXCs CTPOK W CTONONOB. Kakablil psii B OTHOIIEHUH HA3bIBAETCS KOPMENCEM.
Kaxnpiii cronber npencrasisieT ampubym. PensuoHHas MOZENb TaK)Ke OMHCHIBAET TOYHbII HAOOP
KOHCTPYKLMH MaHUITYJIMPOBAHUS TaHHBIMH, OCHOBAHHBIX HA MATEMATUYECKUX KOHLIEMIIHSIX.

B 1970 rony pabora Kogna cunranach reHuaipbHOHN, HO HenmpakTuuHOM. KomrmbproTepam B TO
BpeMsl HE XBATaJlO BO3MOKHOCTEH MU PeaM3aluy PessLUOHHON Moaenu. K c4acThro, MOIIHOCTD
KOMITBIOTEPOB 1 3P (PEKTHBHOCTD ONEPALIMOHHOIN CUCTEMBI BHIPOCTIA B TEOMETPUYECKOM MPOTPECCHH,
a CTOMMOCTb KOMITbIOTEpOB yMeHblnanach. Ceromus naxe IIK Moxxer 3amyckarb CIOKHBIE
IPOTrpaMMBbl PEJILMOHHBIX 0a3 naHHbIX, Takue kak Oracle, DB2, Microsoft SQL Server, MySQL u
OpPyTUe PENSUOHHbIEC IPOTPAMMBL

Monenb pensLMOHHBIX JAHHBIX PEATN3yeTCsl C IOMOLIBI0 OUEHb CJIOKHON cucmemsl

ynpasnenus pensyuonnvimy oazamu oaunvix (RDBMS — CVPJ[b). CYPB]] BbINOJHSAET TE Xe
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OCHOBHble (DYHKL MK, KOTOPblE NPeLOCTaBAAOTCA NepapxXnyeckumm n ceteBbiMm cuctemamun CYb/,
B [LOMNOJIHEHWE K MHOXeCTBY [APYrMx QYHKUWA, obneryvawwmx MOHUMAHME W pean3aunio
pPensuMOHHON MOAENN faHHbIX.
Haunb6onee BaxkHbIM npenmyLiectsoM CYB/[ fiBnseTcsa ee CNOCO6HOCTb CKPbIBaTb C/I0XKHOCTM
pensunoHHon mogenn ot nonb3osatens. CYB/[, npeAcTaBnseT pensunMoHHYI 6a3y faHHbIX Kak
Habop Tabnuy, B KOTOPbIX XPaHATCA AaHHble. [1onb30BaTe/lb MOXET MaHunynuposatb W
3anpawmnBaTh faHHble CNoco60M, KOTOPbIA KaXKeTCA UHTYUTUBHO MOHATHbLIM M JIOTUYHbIM.
Tabnuubl cBA3aHbl ApYr C APYrom 4epe3 o6wWuii atpubyTt (3HavyeHue B cTonbue). Tun
oTHoweHua (1:1, 1:M wunn M:N) yacTo oTO6pakaeTcs B pensuUMOHHON cxeme. PenauuoHHas
avarpamma - 3To npefcTaBieHue CyLWHOCTeN pensunoHHON 6a3bl AaHHbIX, aTpUOYTOB BHYTPU 3TUX
CYLLLHOCTEM W OTHOLUEHWUI MeXAY 3TUMU CYLLHOCTSAMU.
PensymMoHHas Tabnmua XpaHWUT KOMNEKUMIO CBS3aHHbIX CyUlHOCTeW. B 3TOM OTHOWeEHUN
Tabnuua pensiuMoHHON 6a3bl JaHHbIX HaMmoOMWHaeT (ailn, HO Mexay Tabnuuein U annom ecTb
CyLeCcTBEHHOE pa3nunyme: Tabnuua gaet NosiHble fAaHHble U CTPYKTYPHYH HE3aBUCUMOCTb, NOTOMY
4TO 3TO YMCTO NIOFMYecKas CTPYKTypa. TO, Kak AaHHble (hU3MYEeCKU XpaHATCA B 6ase [JaHHbIX, He
MMeeT 3HaYeHUa AN NoNb30BaTeNs UM paspaboTymka.
Ewe ogHOM NPUYMHON LOMUHNPOBAHNSA PENALNOHHON MOLENN faHHbIX ABNSETCA €€ MOLLHbIV
N TMOKUIA A3bIK 3aMpPOCOB.
C TOUKM 3pEHMA KOHEYHOro nonb3oBaTens ntboe NpuoXKeHne pensaunoHHON 6asbl AaHHbIX
Ha ocHoBe SQL cocTouMT M3 Tpex uacTeil: MOMb30BaTe/IbCKUMA WHTepdeinc, Habop Tabnuu,
XpaHsLWmxcs B 6a3e AaHHbIX, U «4BMKOK» SQL. Kaxpaas n3 aTux yacTteit 06bACHAETCA Ceayowmnm
obpasom:
O WHTepdeiic KOHeYHOro nonb3oBaTens. VHTepdeiic, aBTOMATUYECKN TEHepupys Koj
SQL, no3BoNSeT N0Nb30BATENO B3aMMOAENCTBOBATb C AaHHbIMU,

0O Hab6op Tabnuu, xpaHawmxcs B 6ase gaHHbIX. B pensunoHHoi B/ Bce faHHbIE XpaHATCS
B Tabnuuax. Kaxaasa tabnuua Hesasmcuma. CTPOKM B pasHbIX Tabnuuax cBsizaHbl 06 UMK
3HaYeHNAMN B 06LWKNX aTpubyTax.

O SQL-gBm>koK. MexaHu3m SQL sBngetca yacTbio nporpamMmHoro o6ecnevyeHuns CYB/[ u

BbIMOIHAET 3anpochkl AaHHbIX. Monb3oBatenb ucnonb3yet SQL ana co3gaHnsa CTPYKTyp
TabnuL 1 Ana 4oCTyna K AaHHbIM 1 06CnyXuBaHusa Tabnumy,.

BbicTpo pacTtywme TpeboBaHMA K TpaH3akuMaM U MHGpOpMaLUWU co3fann NoTpebHOCTb B
60/iee CNOXHBIX CTPYKTypax peanu3auum 6asbl fJaHHbIX W HeobX0AWMOCTb 3PNEKTUBHbLIX
MHCTPYMEHTOB NPOEKTUPOBaHUS 6a3 faHHbIX.

CnoXHble MPOEKTHble paboTbl TPebylT KOHUENTyanbHOMW MNPOCTOTbl ANS MNOAYYeHUs
yCcrnewHbIX pe3ynbtatoB. Pa3paboTumkn 6a3 faHHbIX NPegnoyMTatoT MCNOob30BaTh rpaduyeckuii
WHCTPYMEHT, B KOTOPOM M3006paxkatoTCA 00beKTbI M UX OTHOLWEHUS. LLIMPOKO NPUHATBLIM CTaH4apToOM
ANS MOAENMPOBaHUA AaHHbIX ABNSETCA MOAENb CYWHOCTb-CBA3b (entity-relationship - ER), wnan
ERM.

Mutep YeHn (Peter Chen) BnepBble npeAcTaBu/i Mogenb faHHbIXx ER B 1976 ropy;
rpauyeckoe npeacTaB/ieHMe CYLLHOCTEM U MX B3aMMOCBSA3€ei B CTPYKType 6asbl JaHHbIX ObICTPO
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CTano NonynspHbIM, MOCKONbKY OHO LOMOJSIHANO MOHATUSA PENALUOHHON MOAeNN faHHbIX. Mogenu
ER 06bl4HO npeAcTaBfieHbl B Avarpamme B3auMocBsseii 06bekToB (ERD), koTopas mcnonb3yet
rpagyMyeckmne npegcrasneHns 414 MOAeNMPoBaHNSA KOMMNOHEHTOB 6a3bl JaHHbIX.

Mogens ER ocHOBaHa Ha cnefyowmx KOMMNOHEHTaxX:

O CywHocTb - npeacTtasneHa B ERD  npamoyronbHukom. MWima  cywHoctu -
CYLLLEeCTBUTE/IbHOE, HANNCaHO B LLEHTPE NPSAMOYTO/ibHUKA. IMA CYLHOCTM 06bIYHO NULLETCA
3arnaBHbIMM OyKBamMn B UMEHUTENIbHOM Majexe v B eAUHCTBEHHOM uucne: CTYAEHT, a
He CTYAEHTbI, n COTPYAHWK, a He COTPY AHNKW. O6bI4HO Npu npuMeHeHnn ERD
K pensyMOHHO MOAENN CYLWHOCTb cornocTaBnseTca ¢ Tabnuueid. Kaxpas cTpoka B
PensiLMOHHONM TabnmLe HasbiBaeTCA 3K3EMNNAPOM CYLLHOCTY B Mogenun ER.

O ATpubyThl. Kaxpgas CywHOCTb COCTOMT M3 Habopa aTpuMbOyTOB, KOTOPbIE OMUCLIBAKOT
KOHKpPETHbIe CBOMCTBa cyuwHocTu. Hanpumep, cywHoctb COTPYAHWK 6yaetr nmetb
Takue aTpmbyTbl, KaK CTPaxoBOi HOMeEP, (haMUIns n nms.

O CsA3b - ONMWCbIBaeT OTHOLUEHWE MeXAYy LaHHbIMU. BONbLWIWHCTBO CBA3EM OMNUCLIBAIOT
accoumnaumy Mexay AByMa o6bekTamun. B pensiuMoHHOM MOAenn NCNoib3yrTCa TpU Tuna
CBA3N: OAMH-KO-MHOIUM (1:M), MHOro-ko-mHorum (M:N) u opuH-k-ogHomy (1:1).
Ha3BaHne OTHOWEHWUA O06ObLIYHO SBAAETCH aKTUBHbIM WAM MNACCUBHLIM  [NarosoM.
Hanpumep, KYPATOP kypupyet mHoro CTYAEHTOB, CTYAEHT u3yyaeT MHOro
ONCUUNAWH, a MPEMNOAABATE/Ib ynpasnser KAGEAPOW.

Ha pucyHke 3 nokasaHbl pa3finyHble TUMbl OTHOLIEHWIA C UCNO/Nb30BaHMEM TpeX HOoTaumii ER:

ncxofgHaa HoTauus Yeda, HoTauma Crow's Foot n 6onee Hosasa HoTauua UML Class Diagram,
KOoTopas ABNAETCA YacTbto A3blKa YHUDULMPOBAHHOTO MOAENNPOBAHWS.

HoTaupsa YeHa Hotauma Crow's Foot Hotaupa UML Class Diagram
KYPATOP kypupyet mHoro CTYEHTOB,
343b 0A4MH-KO-MHOrum Kaxabiii CTYIEHT KypupyeTcsi Tonbko ogHm KYPATOPOM

cveator 1 M J— KYPATOP | o ouover CTYAEHT KYPATOP i . CTYZEHT

KypupyeT  Kypwupyetcsa

CTYAEHT wmsyyaeTt mHoro AUCUUNAWH,
Kaxaaa AUCUUMNUHA nsyyaetca mHormimmn CTYAEHTAMU

naydaet nsy4vaetca

MPENOAABATE/b BosrnaenseT ogHy KADEAPY,
kaxkgaa KAGE[PA Bosrnasnaetca ogHum NMPENOAABATENEM

MPEMOAABATEN
NIPENOMABATEN 1 ' | kaoEnpa ARBATEN  stnasnser| KA®EZPA MPENOJABATEND |, | . KA®EAPA

BO3rn1assiaeT
BO3raaenAaeTca

Puc. 3. Hotauuu ER gnarpamm

JNeBas cTopoHa fAnarpammbl ER nokasbiBaeT HOTaLMo YeHa, 0CHOBaHHYK Ha UCTOPUYECKOM
JOKyMeHTe MuTepa YeHa. B 3TOi HOTauMM CBA3M NULIYTCA PSAOM C KaXKAOM CYWHOCTb. CBA3n
npeacTasneHbl pOMOOM, COefVHEHHbIM C CYLLHOCTAMM C MOMOLLbLIO NUHWUIA. IMA CBA3M HanucaHo
BHYTpU pomba.
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CepenuHa pucyska wunoctpupyet Homayuio Crow's Foot (Boponbu Hori). Hazsanue Crow's
Foot nonyueHo u3 Tpe3yOoro CMMBOJIA, HCHONB3YeMOro Ui 0003HA4YeHHsT «MHOTUX». MMst CBsi3u
HAMUCAaHO HAaJ JUHUEH.

B npasoii yactu pucynka nokasana romayus UML Class Diagram. O0paTiuTe BHUMaHHE, YTO
cBs3p mpencrasneHa ¢ cumsoiamu (1.1, 1.*). Kpome toro, B noraiuu UML Class Diagram
UCIIOJIB3YIOTCS KMEHA 10 00€ CTOPOHBI OTHOLICHHUSI.

Ha pucyHke 3 CyIIHOCTH M CBSI3HM IOKa3aHbl B TOPU3OHTAILHOM ()OpMaTe, HO OHU TaKKeE
MOTYT OBITh BEPTUKAIBHBIMI. MeCTONoJIOXeHHE 00beKTa U HOPSIOK €ro NPeACTaBIeHHs HE HMEIOT
3HAYEHUSI.

IMpocrora ER-Monenu nemaer ee AOMHHHUPYIOIIUM HHCTPYMEHTOM MOIEIHUPOBAHUS H
npoekTupoBaHus 6a3 naHHbIX. TeM He MeHee, MOUCK JIYYLIMX WHCTPYMEHTOB Ul MOAETUPOBAHMSA
JaHHBIX nponospkaercs, Tak kak CYB/I npogonkaer pa3BuBaThCS.

Cnoxsele mpoOneMbl MPOU3BOACTBA HPONEMOHCTPUPOBAIN HEOOXOAUMOCTH B MOAENH
IOaHHBIX, KOTOpas Ooiee TOYHO NpEACTaBisuUIA Obl OOBEKTHI peayibHOrO Mupa. B obwexmuo-
opuenmuposannoti mooenu oannwvtx (OOMJ]) w naHHble, ¥ WX CBSI3U COMEPKATCS B €MUHOM
CTPYKTYp€, U3BECTHOH Kak ob6vexm. B cBowo ouepenp, OOM/] siBisieTcsi OCHOBOM Uit 00beKMHO-
opuenmuposannoti cucmemut ynpaenenus oazamu oannvix (OOCYE]]).

OOM/1 oTpakaeT COBEPIIEHHO APYroi crocod onpeneseHus U UCIOIb30BAHMS CYIITHOCTEH.
Kak u cyIHOCTb pesuOHHOM MOozieH, OOBEKT OMUCBIBAETCs ero pakTuueckum coaepskanuem. Ho,
B OTJINYHE OT CYIIHOCTH, OOBEKT BKIIIOYAET B ce0si HHPOPMALIHIO 00 OTHOLIEHUSIX MEXKIY pakTamMu
BHYTpH OOBEKTa, a Takke HHPOPMALHMIO O €ro OTHOIEHWsSX ¢ Apyrumu obbekrtamu. OOMI[
Ha3BIBAETCS MOOENIbIO CEMAHMUYECKUX OaHHBIX, TIOTOMY YTO CEMAHTHKA YKa3bIBae€T Ha 3HAUEHHE.

OOM/I ocHOBaHa Ha CIEAYIOLIUX KOMIIOHEHTAX

O Obwexr — 310 abcTpakuus CYIMHOCTH peajbHOro Mupa. OOBEKT MOXET CUMUTATHCS
SKBUBAJICHTHBIM CyITHOCTH Mozeu ER.

O  AtpulyTs! onuchIBaroOT CBOiCTBA 00bekTa. Hampumep, oovexr COTPYIHUK Brimrouaer
B ce0s1 arpudytor Ums, @avunus u Jarta poxaeHus.

0 OOBexTsl, KOTOpbIE IMEIOT CXOIHBIE CBOWCTBA, CIPYIIUPOBAHbI B Kiacchl. Kracc — 3To
HabOp mHOXOkMX OOBEKTOB ¢ oOweil cTpykTypoil (atpubyramMu) U MOBEICHHUEM
(meromamm). Knacc oTnmuaercss ot HaOopa CYIIHOCTEH TeM, YTO OH COIEPIKHUT
IpOLEenyphl, U3BECTHBIE KaK METOAbL. Memoo knacca mpeacTasisieT coboil peambHOE
IelCTBHe, TaKOe KaK MOUCK, U3MEHEHHE UMEHH WM TMevarthb aapeca. JIpyruMu cioBamuy,
METOABl  SBJIAIOTCS  SKBHBAJIEHTOM  MPOLENYpP B  TPAJULMOHHBIX  SI3bIKAX
IPOTPaMMUPOBAHUSI.

[] Kiaccel OpraHu3OBaHbl B HEPApXHI0 KJIAccoB. Hepapxus Kiacco8 HAIIOMUHAET
IIepEeBEPHYTOE AEPEeBO, B KOTOPOM KAXKABIA KJIACC MMEET TOJbKO OZHOTO POXUTEII.
Hanpuwmep, xnacc ITIPETIOJABATEJIb u knacc ACCUCTEHT coBMeCTHO UCHONB3VIOT
ponurensckuii kacc COTPY JHUK.

[l Hacneoosanue — 310 ciocoOHOCTh 00BEKTA B HEPAPXUH KIIACCOB HACIENOBAThH aTPUOYTHI

U MeTonmbl poauTenbckoro kiacca. Hampumep, nBa kiacca, [IPEIIOJABATEJIb u
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ACCHUCTEHT wmoryt OvITh co3manbl kak noaxnaccel kiaacca COTPY/IHUK. B stom
cnyuyae [TPEITOJIABATEJIb u ACCUCTEHT Oynytr HacnemoBaTh Bce aTpuOyThI U
metonabl ot knacca COTPYIHUK.

(1 OOBEKTHO-OPUEHTHPOBAHHBIE  MONEIM  JAHHBIX  OOBIMHO  M300paXKawTCs  C

UCTIONb30BaHHeM nuarpamm knaccos Unified Modeling Language (UML). UML - 3T0
sI3bIK, OCHOBaHHbIM Ha KoHUemwu OO, KOTOpbI oOmnHChIBaeT HAOOp AHMArpaMMm U
CHMBOJIOB, KOTOPbIE€ MOYKHO UCTIOIB30BATH s rPapUuecKOro MOIETUPOBAHUS CUCTEMBI.
Juacpammer  knaccoé UML WMCTIONB3YIOTCSL OISl TPEACTAaBISHUS JAHHBIX W HX
B3aMMOCBsI3eH B s3bIke Moaenuposanus UML.

CTONKHYBIIUCH ¢ HEOOXOIUMOCTBIO MOANEPKKHU Oojiee CIOKHBIX IPENCTABICHUIN NaHHBIX,
OCHOBHbIE ITOCTABIIUKH PEJSIIMOHHONW MOIENU MPEmIAraloT PACUIUPEHHYIO MOOeb PeisuOHHbIX
oannvix (PMP]]). PMP]1 — nognepxuBaroT Takue pyHkunn OO, kak 0ObEKThI, pacIIupsieMble THITBI
IaHHBIX Ha OCHOBe kyaccoB U HacienoBaHus. CYB]] na ocHoBe PMPJ] yacTto onuceiBaercsi Kak
cucmema ynpasietist 0ovekmuvimu/peasyuonnvimu 6azamu oannvix (CYL/[ O/P).

BONBIIMHCTBO COBPEMEHHBIX PENSLHOHHBIX 0a3 JIAHHBIX MOXHO KJIACCHQHUIMPOBATh Kak
obowextHble/pessiunonnble. Yenex CYBJ] O/P M0OxHO OOBSCHHTH KOHIENTYaJbHOW MPOCTOTOM
MOZENH, LENOCTHOCTBIO MAaHHBIX, MPOCTBIM B HCIIOJIB30BAHHH SI3BIKOM 3alPOCOB, BBICOKOH
IPOU3BOAUTENBHOCTBIO, BBICOKOH IOCTYIHOCTBIO, O€30MaCHOCTBIO, MAacCIITa0HUPYEMOCTBIO U
pacmupsiemocteio. CYBJ] OO momnp3yercss MOIMyJISPHOCTBIO HAa CHENMAIM3MPOBAHHBIX 00JACTIX,
takux Kak Cucmemvr Aemomamusupoeannozo IIpoexmuposanue (CAIIP — CAD/CAM),
reorpaduueckre uHpopMmauuoHHbie cucrembl (IMC), TenekOMMyHHUKaLUH W MYyJIbTHMEHA,
KOTOpBIE TPeOYIOT MOAAEPIKKH 0OJIee CIOKHBIX OOBEKTOB.

Hcnonb3oBanme CIOKHBIX O0OBEKTOB MOJMY4YHIIO UMITYJIbe Onaronaps UurepHer. B sToii cpene
pacuupennviii - A3k pazmemxu  (XMIL) cran cranmaptrom msi 3¢p¢EeKTHBHOrO oOMeHa
CTPYKTYPHUPOBAHHBIMU, MOJYCTPYKTYPHUPOBAHHBIMU M HECTPYKTYpUpOBaHHBIMU naHHbIMU. B CYB/]
O/P nobaBnena noanep:kka JOKYMEHTOB Ha OCHOBE XML B UX PeNSLIUOHHON CTPYKTYpe NaHHBIX.

XOTsl pessiiMOHHBbIE U OOBEKTHO-PENALMOHHBIE 0a3bl NAaHHBIX OTBEYAIOT OOJBLIMHCTBY
TeKylHnx norpedHocTeil B 00padOTKe MaHHBIX, MOSIBUJIOCH HOBOE MOKOJEHHE 0a3 AaHHBIX s
peLIeHns] HEKOTOPhIX BeChbMa CHEUU(PUUIECKHX MPOoOeM, ¢ KOTOPBIMH CTaJIKUBAIOTCS HEKOTOpHIE
opraHusanuu 3noxu HMurepuera.

Beb-nannble B (hopMe MCTOpPHM MOKYIOK, MPEANOYTEHUH KIMEHTOB, MOAEJEH MOBEAEHHs,
TaHHBIE COLMAIBHBIX CEeTeH, MOOMJIbHBIC TEXHOJIOTMH, TAKHE KaK CMAapT(HOHBI U IUIAHIIETHI, JATYHKH
GPS, cucremsl RFID, natunku noroasl, OHOMEIUIIMHCKHE YCTPOWCTBA, a TAKXKE APYTHe YCTPOICTBa,
NOAKIIOYeHHble K VIHTepHETY M COTOBOH CBS3H, SIBJISIFOTCS MCTOYHMKAMH OIPOMHBIX OOBEMOB
IOaHHBIX B pPasHbIX (opmarax (TEKCT, KapTHHKH, 3BYK, BHAeo U T.1.). KonndecTBo cobupaembIx
IaHHBIX PaCcTeT 3KCIIOHEHLUAIBHO € K&XKAbIM THeM. HeoOXoauMOoCTh yripaBieH!s ¥ UCIIOIb30BAHUSA
STHX [aHHBIX IpUBeNa K IIOABJICHUIO SIBJICHHs, Ha3biBaeMOro «OoJpluive HAaHHbIE». TepMuH
«bonvuiue OaHHbIE» O3HAYAET IIOMCK HOBBIX M 0OJiee COBEpPLICHHBIX CIOCOOOB YIPaBIICHUS
Oompmumy o0beMaMy JaHHBIX, M U3BJCYCHHUS] M3 HUX MH(OpMALMH, OTHOBPEMEHHO obecrednBas

BBICOKYIO ITPOU3BOAUTENLHOCTD U MACIITAOUPYEMOCTh MPH PAa3yMHBIX 3aTpaTax.
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TepMuUH «b60nblINe faHHbIE» WCMONb3YETCA BO MHOMMX pas/iMYHbIX cdepax, OoT npasa Ao
CTaTUCTUKN, IKOHOMUKMN W BbIYUCIIUTENBHON TEXHUKN. AHanUTUK n3 Gartner Group Ayrnac JleitHu
(Douglas Laney) onucan OCHOBHble XapakTepuCcTukn B[, Bonblwnx faHHbIX: 06vem (volume),
ckopocTb (velocity) n pasHoo6pasue (variety), nnm 3V:

[] O6beM OTHOCMTCA K KOMMYECTBY [AaHHbIX. Ha MPOTSXXKEHWU MHOTUX NIeT [aHHble O
MWNNMOHAX 3NEKTPOHHbIX Oonepauusx exefHEeBHO XpaHUIMCb B BJ. 3TOT MOCTOSHHO

pacTyLiuii 06bem AaHHbIX O6bLICTPO AOCTUTan pa3mepa neTabarTa U NPOAOMKAET PacTu.

[ ] CKOpoCTb OTHOCMTCA He TONbKO K CKOPOCTM, C KOTOPOiI faHHble pacTyT, HO W K
HE0O6X0ANMOCTM ObICTPON 006PabOTKM 3TUX [aHHbIX AAS MOAYYEHUS WHGPOpMaUUKU W
aHanusa. OpraHusaynsam Heo6xo4MMO He TO/IbKO XPaHUTb 60/bLUNe 06beMbI AaHHbIX, HO

1 6bICTPO 06pabaTbiBaTh MX.

[] PasHooGpasne OTHOCWUTCA K TOMY (DaKTy, 4TO COBUpaeMble AaHHble MpefCcTaB/ieHbl B
pasHbiX (opmaTax. bonbwas 4YacTb 3TWMX f[aHHbIX MocTynaeT B (opmaTax, He
NoAXOAAWMX AN 06pabOTKM TUNUYHLIMW ONepaLnoHHbIMK B/} Ha OCHOBE PeNALNOHHOW
MoZLenu.

3V nnncTpupyeT 10, YTO 06BLEM [aHHbIX, cOOMpaemMblX B 6a3bl faHHbIX, 3KCMOHEHLMabHO

pacTeT B pasmepe N CMOXHOCTU. TpaAuLNOHHbIE pensiuMoHHble 6a3bl AaHHbIX NpefHasHavyeHbl A5
yNpaB/ieHNs CTPYKTYPUPOBAHHbLIMMW AaHHbIMUW, HO HE OYEHb MOAXOAAT AN5 yrpaBieHUs n 06paboTkm

06bEMOB M TUMOB JaHHbIX, COOMPAEMbIX B COBPEMEHHON GU3HeC-cpeae:

0 HeBO3MOXHO BMMcaTb HECTPYKTYPMPOBAHHble [AaHHble W3 COLMANbHbIX CETen unu
CreHepupoBaHHbIe AaTYNKOM [laHHble B PENALMOHHYI CTPYKTYPY CTPOK M CTONGLOB.

0O ExepgHeBHOe fo6aBfeHNE MWUAIMOHOB CTPOK MY/IbTU-POPMATHLIX AaHHbIX Hens36exHo
npueefeT K HeOOXOAMMOCTM 6ONbLIEr0 O0O0bemMa XpaHWIWLLA, BbIYNCIUTENBHOM
MOLLLHOCTM U C/MIOXHbIX MHCTPYMEHTOB aHann3a JaHHbIX, KOTOPble 4acTO HeAOoCTYMHbI B
pensunoOHHON cpege.

O AHanu3 fJaHHbIX Ha ocHoBe WHCTpymeHToB OLAP o0Ka3ancd o4yeHb YyCnewHbIM B
PENAUMOHHBIX Cpefax C BbICOKO CTPYKTYPUPOBaHHbIMW JaHHbIMW. OfHaKo f[obblya
NOMe3HbIX AaHHbIX B OTPOMHbIX 06beMax HECTPYKTYPUPOBAHHbIX JaHHbIX, COBpPaHHbIX U3
Be6-MCTOYHNKOB, TPEOYET APYroro noaxoaa.

[na co3gaHns LeHHOCTU M3 60NbLUINX AaHHbIX UCMOMb3YHTCA HOBble TEXHONOTMU 60NbLLINX

JlaHHbIX - Hadoop, MapReduce n NoSQL.

00 Hadoop - 3TO BbICOKOCKOPOCTHOE, OTKa30yCTOMUYMBOE pacrnpefeneHHOe XpaHWIuLe u
BblUMCNIUTENIbHAA Ccpefia Ha OCHOBe Java C OTKPbITbIM MCXOAHbIM Kofgom. Hadoop
ncnonb3yeTr Hepgoporoe obopyfgoBaHMe ANnA  CO3[4aHMA  KNacTepoB M3 ThicsY
KOMMbIOTEPHbIX Y3/10B AN1A XpPaHEHUS 1 06paboTKM AaHHbIX. Hadoop MMeeT HeCKO/bKO
mMofynen, HO ABYMS OCHOBHbIMW KOMMOHEHTaMW ABNAKTCA pacnpejeneHHas ¢arinosas
cuctema Hadoop (HDFS) n MapReduce.

O PacnpegeneHHas aiinosass cuctema Hadoop (HDFS) - 3To pacnpepgeneHHas,

0TKa30yCTOMYMBas CUCTEMA XpaHeHUs (aiinoB, npejHas3HayeHHas ANS ynNpaBneHWS
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SonpiinmMi 00beMaMi JaHHBIX C BBICOKOM ckopocThio. HDFS ucrnonssyet nsams munog
Y37106. y3ell UMEHH, B KOTOPOM XPaHATCS BCe MeTafaHHble O (PaiiJIoBOI CHCTEME; y3el
KOHTPOJIbHON TOYKM, KOTOpBIM IpenHasHaueH il NPOBEPKH KOHTPOJBbHBIX TOUYEK
METalaHHbIX (DaiiIOBOM CHCTEMBI, y3eNl JaHHBIX, B KOTOPOM XpaHSTCsA OJOKM HaHHBIX
(bUKCUPOBAaHHOTO pa3Mepa;, KIMEHTCKHI y3€Jl, KOTOpBIA [OefCTBYeT Kak HHTepdeiic
MeKAy Nosb30BaTenbekuM mpuioxernneM u HDFS; u Tpexep 3anad — momunHEHHBIN y3e

KJIMEHTCKOTO y3Jia.

U MapReduce — sto untepdeiic npuxnaasoro nporpammuposanust (API) ¢ OTKPBITBIM
UCXOIHBIM KOAOM, obecreunBaroimuii ObICTpble YCIyrH aHanu3a AaHHbix. MapReduce
pacripeniensier oOpaOOTKy JaHHBIX MEXAY ThICSUaMH Y3JIOB MapajiesibHO, paboTaeT co
CTPYKTYPHPOBAaHHbIMU U HECTPYKTYPHPOBaHHbIMU NaHHbIMU. ®peiimBopk MapReduce
NPENOCTaBIIET ABe OCHOBHbIe (pyHkumu: map u reduce. MyHKIUS maAp MPUHUMAET
3aJ]aHuE U JIENUT ero Ha Ooyiee Menkue enuHULbI paboTel, a QyHKuus reduce cobupaer
BCE€ BBIXOJHBIE PE3YJIbTaThl, CFCHEPHUPOBAHHBIE U3 Y3JIOB, 1 OOBEAMHIET UX B CAMHBINA

HaOOp Pe3yJIbTaTOB.

[1 NoSQL — 3to xpynHOoMmaciuTabHasi CHCTEMa paclpelesieHHbX 0a3 JaHHBIX, KOTOpas
3¢ (PeKTUBHO XPaHUT CTPYKTYPHUPOBAHHBIE U HECTPYKTYPHUPOBAHHbBIE JAHHBIE.

Texnonornu Hadoop obecrneunBaroT OCHOBY AJisi aHATUTHKKA OOJIBIINX JAHHBIX, B KOTOPOii
TaHHBIE PAaCHPeneNATCS, PEIUTHLUPYIOTCS U obpabaTsiBaroTcs napayuiensuo. Hadoop npencrasun
HOBBbIE CIOCOOBI XpaHEHUs HAHHBIX M YIPABJICHUS WMH, a TEXHOJOrHH, cBsizaHHbie ¢ Hadoop,
NIOPOAMIIN CHCTEMBI 0a3 NaHHBIX HOBOro nokoyieHus. Hadoop — pacnpenenenHas Moaenb XpaHeHHsI
u 06paboTku Daiinos.

Tepmua NoSQL ucnoneayercs 1ist 0603HadeHus1 6a3 JaHHBIX HOBOTO MOKOJICHHS, KOTOPbHIE
pelIalOT KOHKPETHbIE 3ajadll 3M0XH OOJBINMX MJAaHHBIX M HMMET CJICAyIoIue o0lue

XaPaKTEPUCTUKH:
] He ocHoBaHbI Ha pesiinonHoi momenu u SQL, orcrona u nazeanue NoSQL.
] Tlommep»uBarOT BBICOKOpACHpeneNeHHbIe apXUuTekTypsl B]1,

[] OOecneunBaroT  JHMHEHHYHO  MacITaOUPYEMOCTb,  BBICOKYKO  JOCTYMHOCTb U

OTKa30yCTOMYHBOCTb.
] Tlommep»kuBaroT O4eHb OONBIIHE OOBEMBI PA3PEKEHHBIX TAHHbIX.

] OpueHTHpOBaHbBI HA IPOU3BOAUTEIBLHOCTD, & HE HA TOC/IENOBATENLHOCTD TPAH3AKLIHIA.

B ormmuue ot pensiumonnon moaenu, moaens NoSQL npencrasnser pasnudHbie MOAXOJbI K
XPaHEHUIO ¥ MaHUITyJHPOBAHUIO NaHHbIMU. Hambonee pacnpocTpaHeHHBIMH W3 3THX MOIXOIOB
SBJIIFOTCS XPAHWININA 3HAYEHUH KiFo4el, 6a3bl JAHHBIX JOKYMEHTOB, CTOJIOLIOBbIE 1 rpadhoBbIie Oa3bl
IaHHBIX.

Paseutne CYB/] Bcerna Obu1o 0OyCJIOBJIEHO MOMCKOM HOBBIX CIIOCOOOB MOAETHPOBAHMS U
yIpaBjieHUs1 Bce OoJiee CIIOXKHBIMH JAaHHBIMHU peasbHOro Mupa. HMCTopuueckuii myTh pasBHTHS

Hanboree pacrpOCTPaHEHHBIX MOAIENIEH NaHHBIX TOKAa3aH Ha PUCYHKE 4:
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CemaHThKa B

KommeHTapuii
MOZAENN AaHHbIX

MeHblW e
Nepapxnyeckas TpyAHO NnpeacTaBuTb CBA3b M:N

CTPYKTYypHas 3aBUCUMOCTb YPOBHSA
———— HeT cneyunanbHbiX A3bIK 3aNpOCOB
Ceresan MpeponpefeneHHblil (HABUTALMOHHbBIA) gocTyn

KoHuenTyanbHas npocroTa
CTPYKTypHas He3aBUCUMOCTb
CneunanbHble 3anpochl (SQL)

CeT-OpUEHTUPOBAHHbLIA gocTyn

< [loHATHas cxema (60nblie CEMAHTUKN)
CywHOCTb-CBA3b
e OrpaHWyYeHO KOHLEeNTyanbHbIM MOJENUPOBaHNEM

bonbwe cemaHTUKN B MOoAenn faHHbIX

1983 Noapsepxka CNOXHbLIX 06bEKTOB

Nossnenne UHTepHeTa
1 HacneposaHune (Mepapxma Knaccos)

.\Z 1985 1990 MeTtogbl
PacwupeHnHan
pensuuoHHas HecTpyKTypupoBaHHble AaHHble (XML)

(CYBA O/P)

6onblle O6beKTHO-
OpUeHTUpOBaHHasA

O6MeH faHHbIMU XML

« Pewaet npo6nemy 60NbWKNX JaHHbIX

Bonbwue faHHblie
2009 NoSQL . MeHble ceMaHTUKN B MOAENN AaHHbIX

. PacnpegeneHHoe xpaHunuuje AaHHbIX

Puc. 4. PazButre mogenei gaHHbIX

2.4, ABCTpaKUmMs OaHHbIX

YT06bI NPOUINIOCTPUPOBATL CMbICN a6CTPaKL MM AaHHbIX, PACCMOTPUM B KayecTBe npumepa
NPoeKTUpoBaHMe camosneTa. WHXeHep-NnpoeKTUPOBLLMK CHayana YepTUT KOHLENUMIO camonera,
KOTOpbIi 6yfeT co3gaH. 3ateM paspabaTbiBatOT AeTasiv, KOTOPble MOMOralT NepeHecT OCHOBHYHO
KOHLUENUM B CTPYKTYpy, KoTopas OyAeT npousBefeHa. HakoOHel, TEXHUYECKME YepTexu
nepeBoJATCA B MPOU3BOACTBEHHbIE cneundukaumy ANA WCMNonb3oBaHMA Ha 3asoge. [lpouecc
Nnpon3BOACTBAa CaMO/eTa HAaYMHAETCA C BbICOKOrO YPOBHA abCcTpakuuu M NpoLo/HKaeTcs LO BCe
BO3pacTaloLLero yposHsa getanusaumu. Npouecc nponM3BoACTBa Ha 3aBOAE HE MOXET NPOoLo/HKaThHCA,
ecnv fetanu He onpefeneHbl LO/MDKHbIM 06pa3oM, a [eTann He MOTyT cyllecTBoBaTb 6e3 6a30BOWA
KOHLLenTyanbHOW OCHOBBI.

Paspabotka B[] npoucxogut Mo TOMY >Xe npuHuuny. Apxutektop bJl HauuHaeT cC
abCTpakTHOro npejcTaBneHUs BCel cpefbl faHHbIX W A06aBnfeT getann No mMepe NPUOBANKeHUS
npoeKTa K peanu3aunn. Vicnonb3oBaHne ypoBHel abCTpakLMm TakXKe MOXeT OblTb OYEHb MO/e3HbIM
Npu MHTerpauuy HecKo/ibKUX NpeacTaBneHnin AaHHbIX Ha pasHbIX YPOBHAX OpraHu3auuu.

B craHgapte FOCT 34.320-96 onpefenieHbl TPU YPOBHS abCTpakuMM AaHHbIX: BHELIHWH,
KOHLeNTyanbHbI 1 BHYTPeHHWUA. MOXHO MCMO1b30BaTh 3Ty NAaThopMy A5 Ny4ylero NoHUMaHus
Mofenein 6a3 AaHHbIX.

BHewHAs Mogenb - npefcTaBfieHMe Mofb3oBaTenied 0 cpefe  AaHHbIX.  TepMuH
«M0Mb30BaTeNIN» OTHOCUTCA K J/IIOAAM, KOTOpble WCNOMb3YIOT NPUKNafHble NporpaMmmbl Ans
MaHWNynMpoBaHMA LaHHbIMWU W FeHepupoBaHWA MHpopMauuun. MpeacTaBneHMe BHELWHEN MOAenu
Ha3blBAETCS BHELLHEN CXeMONA.
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KoHuenTyanbHaa mofens npeactaBnseT coboli obuiee npeacraBneHne KopnopaTneHon bA.
To ecTb KOHUenTyanbHad Mofenb O06befuHAeT BCe BHELWHWe TMpefCcTaBfeHns B eAnHoe
npefcTaBfeHNe [AaHHbIX Ha YPOBHe npefanpuatuu. [pefcTaBneHne KOHUEMTYyanbHON MOAeNu
Ha3biBaeTCAa KOHUENTYanbHasa cxemMa. Hanbosee WMPOKO NCNOb3yemMas KOHLUenTyanbHas MoLensb -
mofens ER. KoHuenTtyanbHas mofenb faeT MpefcTaBfieHNe 0 cpede AaHHbIX (Ha MakpoypoBHe).
KoHuenTyanbHas MOAeNb He 3aBUCMT OT MNPOrpaMMHOr0 W annapatHoro ob6ecnevyeHus.
MporpammMHas He3aBUCUMOCTb O3Ha4yaeT, YTO MOLENb HEe 3aBUCUT OT NPOrpamMHOro obecneyeHus
CYb/A, ncnonb3oBaHHOrO Ans peanusaunu Mogenun. AnnapaTHasd He3aBMCUMMOCTbL O3HauyaeT, yuTo
MOfeNnb He 3aBMCWUT OT annapaTHOro ob6ecneyeHus, WUCMOb3YeMOro npu peannsauum MOLENw.
CnepoBaTefibHO, U3MEHEHUS B annapaTHOM ob6ecnevyeHUN UAM nporpaMMHomM obecnedeHun CYB/,
He OKaXYT BIUAHUA Ha CTPYKTYpY 6a3bl JaHHbIX HA KOHLeNTya/lbHOM ypoBHe. Kak npaBunio, TepMuH
NIOTNYECKOe NPOEeKTMPOBAHME OTHOCUTCS K 3ajadve CO34aHUS KOHUenTyaSbHOW MOLENN [aHHbIX,
KOTOpasi MOXeT ObITb peann3oBaHa B no60i CYb/.

BHYTpeHHAS MOfenb - 370 npepacTaBineHne 6asbl faHHbIX €O CTOPOHbI CYB/[,. BHYTpeHHAS
mMofenb TpebyeT OT apxuTeKTopa COOTBETCTBUS XapaKTEPUCTUK KOHLUENTyalbHON Mogenn W
orpaHu4YeHnii BbIOpaHHOW Mofenu peanu3auuu. BHYTpeHHAA cxema oTobpaxkaeT KOHKpeTHoe
npefcTaBfieHNe BHYTPEHHEW MOLeNM C  WCMONb30BaHWEM  KOHCTPYKUMIUA  6a3bl  JaHHbIX,
NoAAepXXnBaeMbIX BblOpaHHOM 6230/ AaHHbIX.

MOCKO/IbKY BHYTPEHHAS MOJe/b 3aBUCUT OT KOHKPETHOr0 nporpaMMHoro obecneyeHus 6asbl
JaHHbIX, OHA Ha3blBaeTCcA MPOrpaMMHO-3aBUCUMON. [103TOMY AN U3MEHEHUSt MPOrpPaMMHOro
ob6ecneveHuss CYb/[ Heob6XxoaMmM0O M3MEHUTb BHYTPEHHKOK MOJeNb, 4YTOObl OHa COOTBETCTBOBana
XapakTtepuctukam n TpeboBaHMAM MOZenn 6asbl faHHbIX peanu3aumn. BO3MOXHOCTb M3MEHEHMUS
BHYTPEHHE Mofenu, He 3aTparvBas KOHLENTyalbHYH MOAEeNb Ha3blBAeTCA NOrMYeCcKOi
HE3aBMCUMOCTbIO. BHYTpEHHAA MOe/b He 3aBUCUT OT 060pYA0BaHUSA, NMOCKO/bKY Ha HEE HEe BINAET
TWUM KOMMbIOTEPA, HA KOTOPOM YCTAHOBJIEHO NMporpaMmHoe obecrneyeHue. 103TOMy M3MeHeHue B
YCTPOMCTBAX XpaHeHUs WM Jaxe W3MeHeHWe B OMNepauMoHHbIX CUCTEMax He MOBAUSET Ha
BHYTPEHHIOKO MOAENb.

du3nyeckas Mofenb paboTaeT Ha CaMOM HM3KOM YPOBHe abCTpakuuu, onucbiBas Ccnocob
COXPaHEHMS [aHHbIX Ha HOCUTENsX [faHHbIX. Puanyeckas mogenb TpebyeT onpeaeneHns Kak
3anoMMHaloLWmnX yCTPOWCTB, TaK U MeTOLOB LOCTyna, HeOOXOAUMbIX A8 LOCTYNa K AaHHbIM B 3TUX
YCTPOWNCTBax, YTO fenaeT ero 3aByCUMbIM KaK OT NPOrpaMMHOro, Tak U 0T annapaTHoro obecneyeHus.
Mcnonb3yemble CTPYKTYpbl XpaHeHWS 3aBUCAT OT NporpaMMHoro obecrneveHuns (CYB/, v onepauoHHOM
CUCTEMbI) 1 OT TUNA YCTPONCTB XPaHeHWUs, C KOTOPbIMU MOXET paboTaTb KOMMbIOTEP.

XoTs penfyMoHHas MofeNnb He TpebyeT OT pa3paboTumka 3a60TUTLCA O (DU3NYECKUX
XapaKTepUCTUKaxX XPaHeHWs [aHHbIX, peanun3ayns pensumoHHON MOLEeNn MOXeT noTpeboBaTb
TOYHOW HaCTPOMNKN (PU3NYECKOT0 YPOBHS 415 NOBbILEHNA NPOU3BOAUTENIBHOCTH.

dusmyeckas mogens 3aBucut oT CYB/, MeTofoB AocTyna K ainam u TUNoB annapaTHbIX
YCTPOWACTB XpaHeHWsi, NOALEPXMBAeMblX OMNepauuMoHHONW CcUCTeMOW. BO3MOXHOCTb W3MEHUTH
(hM3nyeckylo Mofenb, He 3aTparMBas BHYTPEHHIOK MOAeNb, Ha3blBaeTcsi  (PM3NYECKON
He3aBUCUMOCT bHO.
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2.5. Ntorm

Mogenb [aHHbIX - 3TO abCcTpakuus peanbHOro mupa B cpefe AaHHbIX. OCHOBHbIMU
KOMMOHEeHTaM/W MOJENMPOBaHUS [aHHbIX ABNAKOTCA CYLHOCTW, aTpubyTbl, CBS3U W
orpaHuyeHus. BusHec-npaBuna MCNONbL3YHTCA ANS ONpefeneHns W UAeHTUpUKaLmmn

OCHOBHbIX KOMMOHEHTOB MO/IENMPOBAHMNS B KOHKPETHOI peanbHOW cpege.

Nepapxmyeckne 1 ceTeBble MOAENN AaHHbIX GblIY PAHHUMMW MOLENSMU, KOTOPbIe 60/bLUe
HE MCNONb3YKTCA, HO HEKOTOPbIe KOHLEMLMM BCTPEYAOTCA B COBPEMEHHbLIX MOAENSAX

JaHHbIX.

PensaunmoHHas mofenb ABMAETCA TeKyLWWUM CTaHZapToM peanu3aumu 6a3bl faHHbIX. B
PeNsLMOHHOW MOZENN faHHble XpaHATca B Tabnuuax. Tabnuubl cBA3aHbl APYT C APYroMm
nocpefCcTBOM 00WMX 3HayeHM B obuwux atpubytax. Mogenb cywHocTb-cBA3b (ER)
ABNAETCA MONYNAPHbIM TPaUyecKUM WHCTPYMEHTOM A1 MOLENUPOBAHUA [aHHbIX,
KOTOpbI/ JOMOMHAET PENSLNOHHYIO MOAENb.

OO6beKTHO-OpMEHTMpPOBaHHaA Mojenb AaHHbIX (OOM /M) ncnonb3yeT 06BLEKTHI B KayecTse
6a30BOI CTPYKTYpbl MofennmpoBaHus. Kak n CyWHOCTb PensiuMOHHONW MOAeNnn, 006bekT
OMUCLIBAETCH €ro (hakTUYecKnMm cogepxaHmem. OfHaKo, B OT/INYME OT CYLLHOCTU, 00BEKT
TaKXXe BK/IOYaeT B CebA MHMOpMaLUIO O CBA3AX Mexay (aktamu, U C LPYrumu
06beKTamu, YTO NpuaaeT ero faHHbIM 60/bLUE 3HAYEHNS.

PendunoHHas Moaenb NpUHsANa MHOTO 06bEeKTHO-0pMEHTMPOBaHHbIX (00) paclunpeHunii,
4yTOObI CTaTh PACLUIMPEHHON PensiuMOHHON MOoAenblo AaHHbIX (PPMA). Ana peannsauum
PPM [ 6binn pa3paboTaHbl CUCTEMbI YNIPaBEHNS 00BbEKTHLIMU / PENSILMOHHBIMKU 6a3amm
JaHHbIX (CYBA O/P). Ha paHHbili momeHT OOM/J, B OCHOBHOM MWCMOMb3yeTcs B
CMeLnanmsnpoBaHHbIX NHXEHEPHbLIX N Hay4YHbIX NMPUI0XKeHUAX, B TO BpeMda Kak PPM /[ B

MepByto ouepeflb OPUEHTUPOBAHA Ha GU3HEC-TIPUNOXKEHMS.

TexHonorum 60nbWNX faHHbIX, Takne kak Hadoop, MapReduce n NoSQL obecneunBatoT
pacnpefeneHHyt0, OTKa30yCTOMUYMBYHDO U 3PHEKTUBHYIO MNOALEPXKY ANsS aHanmsa
6onbwmnx AaHHbIX. NOSQL - 370 6asbl AaHHbIX HOBOrO MOKOJIEHUS, KOTOpble He
MCNOMb3YIOT  PEeNAUMOHHYIO  MOJenb W npefHasHayeHbl AN  YLO0BIETBOPEHUA
cneundunyeckux NOoTpebHOCTEN opraHu3almnii 60ablINX AaHHbIX. Bbasbl gaHHbIX NoSQL
npegnaralT pacnpefefieHHble XpaHUNuLLa AaHHbIX, KOTOpble 06ecneymBaloT BbICOKYHO
MaclTabupyemMocTb, AOCTYMHOCTb U 0TKA30yCTOMUYMBOCTb, XKEPTBYS COrNacoBaHHOCTbLIO
JaHHbIX W nepeHocs 6pemMs MOAAEPXKM OTHOLIEHMIA W LEeNOCTHOCTU [AaHHbIX Ha

NPOrpaMMHbIA Koz

Tpe6boBaHMs K MOLENUPOBAHUIO  AaHHbIX  ABAAKOTCA  (QYHKUMWEH  pasnnyHbIX
npeLCcTaBNeHNn AaHHbIX U YpOBHen abcTpakumm gaHHbIX. TOCT 34.320-96 onwucbiBaeT
TPU YPOBHA abCTpPaKUMM fAaHHbIX: BHEWHWA, KOHLENTyaNbHbIA W BHYTPEHHWUIA.
UeTBEPTbI M CaMblil HU3KWIA YPOBEHb abCTPaKLUMK AaHHbIX, Ha3blBaEMbIA (HU3NYECKNM

YPOBHEM, CBSi3aH UCKNHOUNTENBHO C (hU3NYECKUMUN METOAAMYU XPaHEeHNS.
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Jlekumst 3. PensiuyoHHble 6a3bl JaHHbIX

3/1. BeegeHve

basa faHHbIX XpaHUT 1 ynpasnfeT Kak faHHbIMWU, Tak U MeTagaHHbIMKU. CYB/[, ynpaBnset u
KOHTPONUPYeT [OCTYN K AaHHbIM W CTPYKType 6asbl AaHHbIX. PacrnonoxeHue CYB[ wmexay
NpuaoXeHnemM n 6a30i fJaHHbIX YCTpaHAeT OGO0NbLIMHCTBO OrpaHWYeHuid, NpUCYLWKNX ¢arinoBoin
cucteme. PesynbTaTOM TaKoW rMOKOCTW, OfHAKO, ABASETCA ropas3fo 60/ee CnoXxHaa usnyeckas
CTPYKTypa. PensaumoHHas Mofenb [JaHHbIX [M03BONAET pa3paboTuMKy COCPefOTOUMTLCA Ha
NOrMYecKoM npeAcTaBleHUN JaHHbIX U UX B3aMMOCBA3M, a He Ha AeTanaX PU3NYecKoro XpaHeHus.

MpakTnyeckoe 3Ha4YeHue IOrMYecKoro npeAcTaBeHns 3aKN0YaeTCA B TOM, YTO OHO CNYXUT
HanoMVHaHWeM 0 NPOCTON KOHLeNUUN XpaHEeHUA faHHbIX B (haitnax. XoTa ucnosib3oBaHune Tabnuupbl,
COBEpPLUEHHO He TOXO0Xee Ha WCNoNb3oBaHWe aina, WMeeT nNpenMyLLecTBa CTPYKTYPHOW
He3aBUCMMOCTM W He3aBUCMMOCTU [aHHbIX. Tabnuua [eACTBUTENIbHO HanoMUHaeT (ain ¢
KOHLeNnTyanbHOW TOYKM 3peHus. T[MOCKONbKY MOXHO paccMaTpuMBaTb CBfA3aHHble 3anucy Kak
XpaHsLmecs B He3aBUCUMbIX Tabnuuax, Mofesb PefigLuMOHHON 6a3bl AaHHbIX TOpPa3fo Nerye NoHATh,
YEeM MepapXMUecKyto W CeTeBYH Mofenu. Jlormyeckasd npocTtota MNPUBOAWUT K MPOCTbIM W

3 (heKTUBHbIM METOA0/OMMSIM NPOEKTUPOBAHMS 6a3 AaHHBbIX.

3.2. Tabnuupl 1 UX XapakKTePUCTUKN

Jlornueckoe npefacTaBfieHUE PENsSUMOHHONM 6asbl AaHHbIX 06M1EryaeTcs co3faHMeM CBA3WN
JaHHbIX Ha OCHOBE NNOTMYeCKON KOHCTPYKLMU, N3BECTHOW KaK OTHOWEHMeE. MOCKO/IbKY OTHOLIEeHMe
ABNAETCA MaTeMaTU4yeCcKUM MOHATUEM, MOSb30BATENAM ropasfo Npolie NpefcTaBUTb OTHOLIEHMWE
Kak Tabnuuy.

Tabnuua - JABYMepHas CTPYKTypa, COCToAWwas M3 CTPOK M cToNbuoB. Tabnuuy Takxe
Ha3blBalOT OTHOLUEHMEM, NOTOMY YTO cOo3f4aTeNb pensiynoHHo mogenn 3.®@. Kogg ncnons3osan oba
TepMMHa B Ka4ecTBe CMHOHMMOB. Tabnuua COAEPXMUT KONNEKLUIO CBSI3aHHbIX CYLHOCTEN, TO eCTb
MHOX€eCTBO cyuwHocTeil. Hanpumep, Tabnmya CTYLAEHT cOofepXUT MHOXECTBO 3K3eMNNspoB
CYLLHOCTEN, KaXAabll N3 KOTOPbLIX NpeAcTaBnseT cTyAeHTa. 10 aTOl NpuyYnMHe TepMUHbLI MHOXKECTBO
CyWHOCTel 1 Tabnruia 4acTo B3anMo3aMeHsieMbl.

TabnnyHoe npeacTaBfieHNe AaHHbIX MO3BOMAET NErkKo OnpefensTb CBA3WM CYLHOCTEW, TeM
caMbiM 3HA4YMTeNbHO YynpowaeT 3agadyy MNPOeKTMpoBaHMA 06asbl [aHHbIX. XapaKTepucTuku

pensunoHHON Tabnnubl NpueBeaeHbl B Tabnumue 3.
Tabnuua 3
XapakKTepucTukmn pensaunoHHom Tabnnubl

Tabnuua - AByMepHas CTPYKTypa, COCTOALLAas U3 CTPOK U CTONOLIOB.

2 Kaxpgad cTtpoka Tabnmubl (KOpTeX) nNpefcTaBnseT COO0M OTAeNbHOE BXOXAEHME CYLWHOCTU B
MHOXECTBO.

3 Kaxgblii ctonbew, Tabnuubl NpeacTaBnseT aTpuoyT 1 UMeeT CO6CTBEHHOE UMS.
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Kaxxgoe nepeceyeHve CTPOKM M CToNOLA NPeACcTaBAseT OAHO 3HaYeHMe AaHHbIX.

Bce 3HaueHus B CTONGLE JO/MKHBI COOTBETCTBOBATb OAHOMY M TOMY XKe (hopMaTy AaHHbIX.
Kaxaplin cTonbeL, MeeT onpefeneHHbIn AnanasoH 3Ha4eHWiA, N3BECTHbIV KakK JOMEH aTpubyTa.
MopsaoK CTPOK U CTOMOLL0B He UMeeT 3HadeHus ana CYBA.

o N oo o1 b~

Kaxgaa Tabnuua fo/HKHa MMeTb aTpubyT WM KOMOMHaUMKi0 aTpubyToB, KOTOpble OAHO3HAYHO
OnpesenstoT KaxXayro CTPOKY.

Wcnonb3ys tabnmyy CTYAEHT, nokasaHHYH Ha pUCYHKe 5, MOXHO cfenatb cnegytouue

BbIBO/bl, COOTBETCTBYHOLLME NYHKTaM B Tabnuue 3:

Tabnumua: CTYQEHT ba3a gaHHbIX: HBIY
cT_KoOf CT_M4 CT_®AM cT_oTy CTAUP CT_MPYm CT_KYPC CT_MEP  MP_KOA4
6-190701  AHaTOnMit KaHaeB ApceHveBuy 11.03.2003 3902 2 0 9015
6-190702  [lasen MaTBreHko MoTanosuy 15.05.2003 3902 2 0 9015
6-190703 Kapn Ca/lbHUKOB TpodmmoBuY 25.01.2003 3902 2 0 9015
6-190704  Bnagumup KnnHCKmx borpaHoBuY 30.12.2002 3902 2 0 9015
6-190706  Bacwmca CotoBa BnagummposHa — 06.11.2002 3902 2 0 9015
6-190707  OkcaHa Xypasnesa MNaBnoBHa 31.10.2002 3902 2 0 9015
6-190708  [apbA KyapvHa dnnmnnosHa 10.09.2003 3902 2 0 9015
6-190709  BuKTOpUMA HukuTUHa JleoHngoBHa 22.05.2003 3902 2 0 9015
6-190710  MatBeil innees Eroposuwy 21.03.2003 3902 2 1 9015
6-190745  CBATOCNAB banH MaTBeeBuy 28.06.2003 3902 2 1 9015
CT_KOA = Kog crtygeHTa

CT_Wm4 = /va cTygeHTa

CT_oAM = damunua cTygeHTa

CT_0Ty, = OTYecTBO CTyAeHTa

cT_ap = [laTa poxfeHusa CcTyfeHTa

CT_Ipyn = Homep rpynnsl

CT_KYPC = Kypc

CT_MNEP = [lepeBegeH u3 gpyroro BY3-a

MP_Ko4 = Kopg kypatopa

Puc. 5. Tabnuua CTYAEHT

1 Tabnuua CTYLAEHT - gBymepHas CTpPyKTypa, cocToawas m3 10 cTpok (KopTexen) n 9
cT0n6u08B (aTpnMbyTOB).

2. Kaxpasa cTpoka B Tabnuue CTYAEHT onucbiBaeT O4HO BXOXAEHWe CYLLHOCTU BO
MHOXECTBO CylLHOCTel. Hanpumep, CTpoka 4 Ha pUCYHKe 5 OnucbiBaeT CTyAeHTa N0 MMEHU
«Bnagnmunp borgaHoBny KAMHCKUX». YUUTbIBas COAEPXUMOe Tabnivubl, MHOXECTBO CYLLHOCTEN
CTYLOEHT BkntoyaeT B cebs AecaTb OTAENbHbIX CYLHOCTEN (CTPOK) UAN CTYLEHTOB.

3. Kaxpgblii cTonbey npefctaBnseT atpubyT U MMeeT OTAE/bHOE UMS.

4. Bce 3Ha4yeHUs B CTONOLE COOTBETCTBYIOT XapakTepucTukKam atpmbyTa. [aHHble JO/MKHbI
ObITb KNacCU(MLUMPOBaHbl B COOTBETCTBUN C MX hopMaToM K hyHKUMel. XoTs pasHble CYB/[, moryT
NOALEPXUBaTb pPas3Hble TUMbl aHHbIX, GOMbLWMHCTBO U3 HUX NOAAEPXKMBAKT MO KpaiHein mepe
cnegytouyue:

a) Uncnosoii. M0oXHO MCNONb30BaTb YNCNOBbIE JaHHbIE /151 BbINOHEHUS apUPMeTUYECKNX
npoueayp.
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b) CumBon. CuMBONbHbIE AaHHble, VAN TEKCTOBblE [aHHble MOryT COAepXaTb 0600
CUMBOJI UM CUMBOJI, He NpefHa3HaYeHHbIN ANS MaTemMaTU4ecKnx onepawui.

c) [aTa. ATpubyTbl AaTbl cofep>kaT Ka/leHAapHble AaTbl, XpaHALWMecs B CreunanbHoM
thopmare.

d) Jlornyeckuid. lornyeckume gaHHbIe MOTYT UMETb TONIbKO UCTUHHbIE/ NOXHbIE (Aa/HET 1w
1/0) 3HaueHuA.

5. [Owuana3oH [ONYCTUMbIX 3Ha4YeHWn CcTONOLA HasblBaeTcA ero AOMeHOM. [10CKOJIbKY
3HaveHna CT KYPC orpaHuyeHbl gnanas3oHoMm 1-4 BKAKOUUTENbHO, LOMeHOM ABnseTcs [1,4].

6. TopsAfOK CTPOK M CTONOLLOB He MMeeT 3Ha4YeHUa ANS No/b30BaTens.

7. Kaxpas Tabnuua [OMKHA MMeTb NepBUYHbIA Kntou. epBuuHbid Koy (PK) - 3To
aTpuoyT MM KoMbuHaumsa aTpmbyToB, KOTOPble OLHO3HAYHO UAEHTUDULUPYIOT AaHHY CTPoKy. B

atom cnyvyae CTKO [ (Kog CTyjeHTa) ABMISETCA NepBUYHBIM KTHOYOM.

3.3. Knouun

B pensunoHHON MOAeNn KUM UCNONb3YTCS ANA 06ecneyeHns NAeHTUGUKaLUN KX 40N
CTPOKWU ¥ ANSi yCTAHOBMEHUS CBA3EN mexay Tabnuuamu. KNy cocTonT M3 O4HOM0 MM HECKONTbKUX
atpubyToB, KOTOpble WAEHTUPUUUPYIOT Apyrve atpubyTtbl. Hanpumep, Ko CTyfeHTa
NOEHTUDULUPYET BCe aTpMOYThl CTYLEHTa, Takne Kak UMSA 1 faTa POXAEHUA.

Ponb KnO4Ya OCHOBaHa Ha KoHuenuuu onpegeneHus. OnpefeneHve - 3710 COCTOSHME, B
KOTOPOM 3HaHWe 3HayeHus OfHOro arpubyTa NO3BONIAET OMpefenuTb 3HavyeHue apyroro. Mpes
onpefeneHNs He YHUKanbHa Ana cpedbl 6a3bl AaHHbIX. Hampumep, no dgopmyne: {Bblpyuka -
ceb6ecTOMMOCTb =nNpUbbINbL}, eCnun faHbl BbIpyYKa U Ce6eCTOMMOCTb, MOXHO ONpeAennTb NPUGLINb.
Ecnv n3BecTHbl NpubbISib U BbIPYYKA, MOXXHO OMPefennTb ce6ecToMMOCTb. YUunTbiBaa Nobble ABa
3HauyeHUs, MOXHO onpefenuTb Tpetbe. OAHAKO onpefenieHne B cpefe 6asbl AaHHbIX 06bIYHO
OCHOBbLIBAETCA He Ha (DOpPMY/e, a Ha OTHOLLEHMAX MeXay aTpubyTamu.

Ecnn nocmotpets atpubytbl Tabnuubl CTYAEHT Ha pucyHke 5, MOXHO YBUAETb
B3aMMOCBSA3b MexXxpay aTpubytamu. Ecnm paHo 3HaveHue gna CT KOJ, To MOXHO onpegenvtb
3HauveHue ana CTUM A, NOCKONbKY O4HO U TONLKO 0f4HO 3HayeHne CTUM A cBa3aHO € 3ajaHHbIM
3HadyeHnem CT KOJ. OnpegeneHHas TepMUHONOTMA U 0603HAYEHUS MCNONMB3YOTCA AN1S OnucaHus
CBSI3W Ha OcHoBe onpeaeneHus. CBs3b Ha3blBaeTcs (PYHKLMOHAAbHOW 3aBMCMMOCTbIO, KOoTopas
03HayaeT, YTO 3HA4YeHMEe OAHOr0 MM HECKONbKUX aTpubyToB onpeaenser 3HavyeHUe OAHOro Uau
HECKONbKNX ApYyrux atpubytosB. CTaHfjapTHas 3anucb AN18 MpeacTaB/ieHNs 3aBUCUMOCTU MeXAy
CT KOA v CT_MM4 BbIrnagnT cnefyowmm obpasom:

CT KOQA -> CT M4

B 310 (hyHKUMOHANbHOW 3aBUCMMOCTW aTpubyT, 3HaYeHWe KOTOPOro onpefenser Lpyroe,
Ha3blBaeTCA ONpefenMTenemM Wanm Kao4voMm. ATpubYyT, 3Ha4YeHMEe KOTOPOro onpefensercs Apyrum
aTpnbyTOM, Ha3blBaeTCs 3aBUCUMBIM. ICNONb3ys 3Ty TEPMUHONOTUIO, 6bIN0 Obl NPaBU/IbHO CKa3aTb,
yto CT KOJA sasnsetrca onpegenutenem, a CT WUMA asnsetrca 3asucumbim. CT KO/
(hyHKUMOHanbHo onpegenser CT MMA, a CT UMA dyHKyMoHanbHo 3aBucut ot CT KOL.

®yYHKUMOHaNbHaA 3aBUCUMOCTb MOXET BK/OUaTb ONpeaennTeNb, KOTOPbI/ COAEPXNT 60iee OAHOTO
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aTpuOyTa 1 HECKOJIBKO 3aBHCUMBIX aTpuOyToB. OOpatutech k Tabmuue CTYIEHT nis cienyromero
npumepa:
CT KOA — (CT M4, CT @AM, CT_JIP)
u
(CT UM, CT_®AM, CT_JIP, CT I'PVII) — (CT_KVPC, CT_IIEP).

Ompenenurenu, cocrosmue wu3 Oojee deM omHoro arpubyra, Tpedyoor ocoboro
paccMmoTpenus. Bo3mokHa (pyHKIMOHANBbHAs 3aBHCHMOCTb, B KOTOPOH ONpeNenTelb COOEPKUT
aTpuOyThl, HE SBJAIOLINECS HEOOXOOMMBIMHU MJIsl OTHOWIEHHWsA. PaccMoTpuMm crenmyiouine aBe
(yHKIMOHATBHBIE 3aBUCUMOCTH!

CT KOO — CT_[p
(CT_KOA, CT UMA) — CT_JP.

Bo Bropoii QyHKIHOHAIBHONH 3aBUCHMOCTH onpenenutenb Bkmoudaer CT _HMMA, Ho 3tor
aTpuOyT He sBisieTCsl OO0s3aTeNbHbIM U1 B3aUMOCBSI3H. (DOYHKLUHOHANbHAsA 3aBUCHMOCTb
AeiCTBUTENbHA, MOCKONbKY Npu Haauuuu napbl 3HaueHuit ast CT KO u CT UM ana CT_JIP
BO3MOXKHO TOJIBKO OJHO 3HaueHHe. bojiee KOHKPETHbI TEPMHH — HOMHASA (DYHKYUOHANBHAA
3Q6UCUMOCHb — UCTIONB3YETCs U1t 0003HaUYeHH (PYHKLIMOHAJIBHBIX 3aBUCHMOCTEH, B KOTOPBIX BECh
Habop arpuOyTroB B ompenenutesne Heodxomum s cBsi3u. ClenoBaTeNbHO, 3aBHCUMOCTD,
MOKa3aHHAs B MPENbINyIIeM puMepe, IBIseTCs (PyHKIHOHAIBHON 3aBUCHMOCTBIO, HO HE SIBJIAETCS
NOJTHOH (PYHKIIMOHAJIBHOHN 3aBHCUMOCTBIO.

Heckonbko pa3HbIX TUNOB KJIKOUYEH UCIMIONB3YETCS B PEJSIIUOHHON MOACIIH.

CocmagHoti k1104 — 3TO KIIF0Y, COCTOSIIUI U3 HECKOJNBKUX aTpuOyTOB. ATpUOYT, KOTOPBIIi
SIBJISIETCS YaCTBIO KJII0Ya, Ha3bIBaeTCs aTpubyToM kiroua. Hanpumep,

CT KOO — CT_[p
(CT_nMA, CT _®AM, CT AP, CT I'PVYII) — CT _IIEP.

B mnepBoii ¢ynkumonanvHoii 3aBucumoctn CT _KOJ| saBnsercs mnpumMepoM KIKO4a,
COCTOSIILIET0 TOJIBKO M3 OOHOro arpuOyTta kito4a. Bo BTOpoil (yHKUHOHAIBHOH 3aBHCHMOCTH
(CT_NMHA, CT_®©AM, CT_JP, CT I'PVII) npencrasnser coboii COCTABHON KJIFOY, COCTOSIIIUN U3
YeThIPEX KIIFOUEBBIX aTPUOYTOB.

Cyneprnioy — 3TO KIIFOY, KOTOPbI MOKET OTHO3HAYHO UAEHTU(ULUPOBATD JTIOOYIO CTPOKY B
tabmuue. Jpyrumu cioBaMu, Cynepkiitod (pyHKIIMOHATIBHO ONpenenseT KaKablil aTpudyT B CTPOKe.
B Tabmnue CTYAEHT CT_KO/J - sto cynepkitoy, kak u coctaBHele kiroud (CT_KOJ[, CT_UMA),
(CT_KOA, CT M, CT ©AM) u (CT KOO, CT @AM, CT 1P, CT KYPC). daktuueckw,
nockosbky CT KO/l oguH siBsieTCs CynepKIIoUuoM, 00 COCTaBHOMN KITFOY, B KOTOPOM B KAYECTBE
arpubyra xmoda ykaszan CT KOJI, takxe Oyner cymepkiodoM. He Bce Kimouu SIBISIOTCA
cynepkmodamu. Hanpumep, HBI'Y onpenenser Homep rpynmnel Ha 0cHOBe Kypca. 11osTomy MOXkHO
HaIMCcaTh:

CT KYPC — CT_I'PVIL
OnHako HOMep IpPYIIBl KOHKPETHOTO CTYAEHTa HE 3aBUCUT OT Kypca. BrojHe BO3MOXHO

HaWTU CTYIEHTA C HECOOTBETCTBYIOIIIUM HOMEPOM TPYIIIIBI.
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Ocobblit TUN cymepkiroya Ha3bIBAETCSl KIFOUOM-KaHAUAATOM. Kirou-kamoudam — 3TO
MHUHHMAJIbHBIM CYNEPKIIOY, TO €CTh CYNEPKIoY 0e3 Kakux-IiuO0 HeHyXHbIX aTpuOyToB. Kiou-
KaHIWOAT OCHOBAaH Ha IONHOW (yHKUMOHaNbHON 3aBucuMocTH. Hampumep, CT KOJ[ Oyzmer
kmouoM-kauaugaroM. (CT KO, CT M) — 3To cymepkiiiod, HO OH HE SIBJISICTCSA KIIOYOM-
kaHauaarom, nockosibky CT MM moxker ObITh yAalieH, a KJIKY BCE PaBHO OyIET CYNMEepKIIOYOM.
Tabauia MoxxeT UMETh MHOTO pa3HbIX kirodeii-kanaunaros. Eciau B Tabmuy CTYJIEHT Brirouats
HoMepa nacropTtoB yuammxcs B Buge CT ITAC, To 310 Toxe Oyner kmou-kanaupmar. Kimoun-
KaHIUAAThl HAa3bIBAIOTCS KAHAMOATAMM, NMOTOMY YTO OHH SIBJIAKOTCA NPHEMIIEMBIMH BapHAHTAMH,
koTopele apxurekrop b/l BeiOeper mpu onpeneneHun nepBUUHOrO Kioda. IlepBudHbIN KIFOY — 3TO
KJIIOY-KaHIUJAT, BBIOPAHHBIH B KAY€CTBE OCHOBHOTO CPEICTBA YHUKAIBHOW MIEHTH(UKALIMN CTPOK
TaOJINLIBL

lenocmuocms cywynocmu — 3TO yCJIOBHE, MPU KOTOPOM KaX1asi CTPOKa B TaOiuIle uMeer
CBOH yHHKaJIbHBIH uaeHtupukarop. a1 obecrnieueHHs LeNOCTHOCTH OOBEKTa MEPBHYHBIA KIFOY
uMeeT Ba TPeOOBaHUS:

1. Bce 3HaueHUs B IEPBUYHOM KJIIOYE AOJKHBI OBbITh YHUKAIBHBIMH,

2. Hu onuH atpulyT Kir04Ya B IEPBUYHOM KITIOYE HE MOXKET OBbITh IyCTHIM.

IlycTeie 3HaueHuss npoOieMaTH4dHbl B pensiuoHHOM Mmonenu. NULL — 3T0 OTCyTCTBHE
KaKoro-mmdo 3HA4YEHHUS JaHHBIX, 1 OHO HUKOIZA HE JOMYCKaeTCsl HU B OJHOM 4acTU MEPBUYHOIO
kmoya. C TEOpeTHYeCKOH TOYKU 3pEeHHUs] MOXKHO YTBEpPXJaTh, YTO TAONHIA, KOTOPask COMEPXKHT
NULL, BooOiie He siBisieTcst pensiiuonHol Tabmuueit. OnHako B mpaktuke Hekoropbie NULL
3HaueHusi HenzOexkHbl. Hampumep, He y BCeX CTYACHTOB OIIpeneNeHbl KypaTopbl. bosbliuoe
komuecTBO NULL-3HaueHwmit sipiisieTcs mpusHaKkoM miioxoro auszaitaa. NULL mMoxeT npeacTaBiaTh

mr000€e U3 CIEAYIOLIEro:
] HewusBecTHOE 3HaU€HHE aTPUOYTA;
] HsBecTHOE, HO OTCYTCTBYIOLIEE 3HAUEHHE aTpudyTa,

[ VcnoBue «HEMPUMEHUMOY.
NULL-3Ha4eH:sI MOTYT CO3/aBaTh MPOOJIEMbl MPY HCHONB30BAHNH arperaTHhIX (QyHKLHUI.
NULL-3HaueHUst MOTYT CO3AaBaTh JIOTHYECKUE NPOOJIEMBI, KOTAA PEIALMOHHbIE TAOIHLIBI CBSI3aHbI

MeEXKIy COOOH.
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Ta6nmua: CTYEHT

OcHoBHoli K- CT_KOZ4 baza gaHHbIX = HBIY
BHewHwnid kiou: MPKOA

CT_KOf CT_WM4A CT_0AM cT_oTy CT_Op CT_IPYM CT_KYPC CTJIEP  TP_KOA 1
6-190701  AHaToMiA KaHaes ApceHneBuny 11.03.2003 3902 2 0 9015
6-190702  [aBen MarsvieHko lMoTanosuy 15.05.2003 3902 2 0 9015
6-190703  Kapn CanbHUKOB Tpoghumosuy 25.01.2003 3902 2 0 9015
6-190704  Bnagumup KnmnHckmx BorgaHoBny 30.12.2002 3902 2 0 9015
6-190706  Bacumca Corosa BnagumuposHa  06.11.2002 3902 2 0 9015
6-190707  OkcaHa XXypasnesa [NaBnoBHa 31.10.2002 3902 2 0 9015
6-190708  [lapbA KyapuHa dunmMnnosHa 10.09.2003 3902 2 0 9015
6-190709  BukTOpUYA HukuntHa JeoHnpoBHa 22.05.2003 3902 2 0 9015
6-190710  MarBeii LLinnees Eroposu 21.03.2003 3902 2 1 9015
6-190745  CBATOC/NAB BanvH MarBeeB 28.06.2003 3902 2 1 9015

Tabnvua: NPENOLABATEND
OcHoBHoIi Knioy: NMP_KO[
BHewHune kmoun: 3B_KOA, ANK_KOA, KA®_KO[

npP_Kop np_nma npP_oAM np_oTL, 3B_KOf anx_kog MNP_TEN KA®_KOJ
4995  BuTanuii Arnees [exncosny 2 2 73466756646 3
5685 Harams LLly6uHa HOpbeBHa 2 1 73466374030 3
7451  MapuaHHa KokopumHa PoavoHoBHa 3 2 73466481750 4
8256 [leHnc KapeTH1KoB ®enoposi 1 2 73466087024 3
8954 MapuHa MeHuKoBa [MaxomoBHa 1 3 73466874437 4
9524  KOHCTaHTWH CrpenbLoB Mapkosuny 1 2 73466563452 5
9562  Bacunmii lMpasgHuKoB BceBosnogosuy 1 2 73466368287 4

Puc. 6. Mpumep pensaumoHHon b,

MomMnUMO CBOel ponnM B MNpPefoCTaB/eHUM YHUKANbHOIO MAEHTU(UKATOpa KaXK4ON CTpoke
TabMLbl, MEPBUYHbINA K/THOY MOXET UrpaTb A4ONOSHUTENbHYIO PO/ib B YNpPaB/iseMOoil N36bITOYHOCTH,
KOoTopas no3BonseT paboTaTb pefauMoHHON Mogenn. OTANYUTENbHOR YepTOi PensaLMoHHOK Mogenu
ABNAETCA TO, YTO OTHOLWIEHMA MeXAay Tabnuuamy peannsyroTca C MOMOLLbO 06WKUX aTpubyToB.
Hanpumep, Ha pucyHke 6 nokasaHbl Tabnuubl CTYAEHT n MPEMOALAABATE/b, cBA3aHHbIE Yepes
obwunin arpnoyt MNP KOA. B Ttabnuue CTYAEHT atpuoyt MNP KOJ Ha3biBaeTCs BHELIHUM
kntoyom. BHewHunin knou (foreign key - FK) - nepBUYHbIA KNHOY OfHOW Tabnuubl, KOTOPbIA OblN
noMelleH B Apyryw Tabnuuy pans cosgaHus obuiero atpmbyta. OLHMM U3 NPeuMyLLecTs
MCMONb30BaHMUSA NPaBU/IbHOTO COrnaweHns o6 nMeHax Ans atpubyToB Tabnuubl ABNAETCA TO, YTO
MOXHO flerye WAEHTU(PMUMPOBATL BHEWHME KAw4yu. Hanpumep, NOCKOAbKY B Tabnuue
MPEMNOOABATE/Ib Ha pucyHKe 6 MCMONb3yeTcs MPaBW/IbHOE COrnaleHne 06 MMeHax, MOXHO
ngeHTUUUMpoBaTek TpU BHewHUx knwya (3B KOA, AO/DK KOO un KA® KO[), KoTopble
nofgpasymeBarOT Hanuuuve Tpex Apyrux Ttabnuy B 6ase gaHHbiXx (3BAHWE, AO/DKHOCTb u
KA®ELPA), cBsizaHHbIX ¢ Tabnuyein MPEMNOOABATE/b.

B o6ecneyeHnn LefIoCTHOCTM 6a3bl JAHHbIX MEPBUYHbBIA Y BHELLIHWIA KTHOUYM UTPaKOT BaXKHYHO
posib. BHeLWHMe KKOUM NCNONb3YHTCS A8 06eCneveHuns CCbINOYHON LeNOCTHOCTY - YCNoBUS, Npu
KOTOPOM KaXfas CCbl/IKa Ha 3K3eMNAAP CYLWHOCTU ABNSETCA AeNCTBUTENbHON. [pyrumm cnosamu,
KaXk/10€ 3HauYeHNe BHELIHErO KaoYa A0MKHO 6biTh 60 NULL, nmbo aeAcTBUTENbHBIM 3HAYEHUEM
B NEPBMYHOM K/HOYE CBSA3AHHON Tabnunubl.
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3.4. paBuna LenocTHOCTH

MpaBuna LeNoCTHOCTY PensuMOHHOK 6a3bl AaHHbIX OYeHb BaXkKHbl A/ XOPOLUEro npoekTa

6a3bl JaHHbIX. Cuctembl ynpaBneHna penaumnoHHbIMN 6azamu AaHHbIX aBTOMaTUYECKN NMPUMEHAKOT

rnpaBuna LefoCTHOCTH, HO ropaso 6esonacHee y6eAnTLCS, UTO NPOeKT B/l COOTBETCTBYET NpaBuIam

CYLLHOCTU U CCbIIOYHOW LLeNOCTHOCTM. DTW NpaBuna NpuBefeHbl B Tabnuue 4.

TpeboBaHme

Bce 3anucum nepsrMYHOro Kwo4a
[OMMKHbI ABNATHCSA YHUKAIbHBIMMU,
HUKaKas YacCTb NepPBUYHOIO K/ova
HEe MOXeT ObITb HY/IEBON.

BHeWwHWIA KoY MOXET NMETb
6O NycToe 3HaYeHUE, eC/IN OH He
SIBNISIETCA YaCTbi0 NEPBUYHOIO
K/t0Ya cBoeli Tabnuupl, Mo
3HaueHne, KOTOPOe COOTBETCTBYET
NePBUYHOMY K/IHOUY B Tabnuue, ¢
KOTOpOM OH cBsi3aH. Kaxgoe
HEHY/IEBOE 3HAYeHVe BHELLIHErO
K/IHo4a AO/MKHO MMETb CChIIKY Ha
CYLLECTBYHOLLEE 3HAYEHME
MepBUYHOTO K/oYa.

Mpasuna LEeNnocTHOCTH

Llenb
LIenocTHOCTb CyLIHOCTH
Kaxpgaa cTpoka Oyger uMeTb
YHUKa/bHbIA  naeHTUMKaTop, U
3Ha4yeHnA BHELLHEro Knko4a A0/KHbI
npaBubHO CCbiNaTbCA Ha 3Ha4YeHWUA
MEepPBUYHOTO K/oYa.

CcblnoyHast LenocTHOCTb
ATpUBYT MOXET He UMETb
COOTBETCTBYIOLLEr0 3HAYEHNUS, HO
3HayeHVe He MyCcTOoe, OHO O/HKHO
COBMazaTb C COOTBETCTBYIOLLUM
MePBUYHbLIM KIKOHOM. MpumeHeHNe
npaBuna CCbISIOYHON LLeNIOCTHOCTM
[enaeT HeBO3MOXHbIM Y/aNieH e
CTPOKW B OAHOW Tabnmue,
MePBUYHBIA KNHOY KOTOPOW MMeeT
06s13aTe/bHbIE COBMaatoLLme
3HaYeHVS BHELLHEro K/o4a B
Apyron Tabnuuge.

Tabnuua 4

Mprmvep

Y  Kakporo - CTydeHTa
YHUKa/IbHbIA HOMEP, U Npu
3TOM OH He MOXET 6blTb
HYNeBbIM; C/ef0BaTesbLHO,
BCE CTYAEHTbl O4HO3HAYHO
NAeHTUMUMPYIOTCA no
HoMepy.

Y CTyAeHTa eLLe MOXET He
ObITb Ha3HAYEHHOIO
Kypatopa (Homep), HO
He/b3s NOCTaBUTb HOMEP
HECYLLeCTBYHOLLIETO
KypaTopa.

UT06bl n36exaTb HYNEBbIX 3HAUEHWIA, HEKOTOPbIE pPa3paboTUMKM UCMOMb3YIOT CrelmnanbHble

KOAbl, N3BECTHbIe KaK hnarv, Ans yKazaHUs OTCYTCTBUS KaKOro-iMb0 3Ha4YeHus.

ApyrMmun npaBunamMu  LeNoCTHOCTM,

KOTOpble MNPUMEHSAIOTCA B PENSALMUOHHOK Mogenu,

asnaoTca orpaHmyeHna NOT NULL m UNIQUE. OrpaHuyeHue NOT NULL rapaHTupyert, yTo
Kak[as CTpoka B Tabniviue nMmeeT 3HaYeHue Ana atoro cronbua. OrpaHnyeHne UNIQUE rapaHTupyeT

OTCYTCTBME NOBTOPSAIOLLMXCS 3HAUYEHUIA ANsg 3TOro cTonbua.
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3.5. PensumoHHasa anrebpa

[laHHble He UMeKT LLeHHOCTHU, ecii UMW Helb3 MaHWUNYUPOoBaTb A8 NONYYEHUS NONEe3HON
nHopmauun. PenaumoHHas anrebpa onpegenseT TeOPeTMYECKMiA C€Nocob MaHMNynMpoBaHUs
COZlepXVMbIM TabnunLbl C NUCNOJIb30BAHNEM PENALMOHHbLIX ONEepaTopos.

PensuMoHHas MoOfeflb OCHOBaHa Ha MaTemMaTUYecKUX MPUHLMMax, a MaHUMyaMpoBaHue
JaHHbIMU B 6a3e faHHbIX MOXET ObiTb ONMMCAHO B MaTtemMaTUYyecKux TepmuHax. MNMporpammucTam B
obnactu 6a3 flaHHbIX HE HYXXHO nucaTb MaTemaTuyeckue popmysbl A5 paboTbl € JaHHbIMU. JaHHble
obpabaTbiBalOTCA C MCMNO/Mb30BAHMEM MOLLHbIX A3bIKOB, TakuMx Kak SQL, KOoTopble CKpblBatlOT
OCHOBHYI0 Matematuky. OfHaKo Ans co3faHusa sPPEeKTUBHBIX U pe3ynbTaTUBHbIX 3anpoCcoB, BaXKHO
MOHMMaHNe OCHOBOMO/AraroLLLnMX NPUHLMNOB.

PensaunoHHbIe OrnepaTopbl MMEKT CBOMNCTBO 3aMbIKaHUSA; TO eCTb pPe3y/bTaTOM NMPUMEHEHUS
onepaTopoB PenALMOHHON anrebpbl Ha CyllecTBylOWMe Tabnuubl ABNAOTCA HOBble OTHOLLEHWS.
HekoTopble onepaTopbl ABNAKOTCA (YHAAMEHTANbHbIMU, APYrMe MOryT OblTb MOMyYeHbl C
“Ccnonb3oBaHveM yHAaMeHTalbHbIX ONepaTopos.

SELECT RESTRICT (Bbl60Op) - yHapHblii onepaTop, MCMOAb3yeT TONbKO OAHY Tabnuuy B
KayecTBe BBOJAa. Bo3BpaliaeT 3HauyeHWs [N BCeX CTPOK, HaAeHHbIX B Tabnuue, KoTopble
YLOBNETBOPAT 3agaHHOMY ycnosuo. SELECT moXKeT ucnosb3oBaTbCA 419 BbIBOAA CMMCKA BCEX
CTPOK WM MOXeT BblfjaBaTb TO/IbKO Te CTPOKW, KOTOPble COOTBETCTBYHOT YKa3aHHOMY KPUTEPUIO.
Opyrumn cnosamn, SELECT Bo3Bpalyaet ropusoHTasbHoe nogMHOXecTBo Tabnuubl. SELECT He
OyfeT orpaHn4BaTh BO3BpaLlaeMble aTpubyThbl, MO3TOMY BCe aTPUOYThl TabNNLbl BYLYT BK/IHOYEHbI
B pe3y/nbTarT.

dopmansHo SELECT 0603HavaeTcs CTPOYHON rpeyeckoi 6ykeoi a (curma). 3a o cnegyeT
yCnoBMe, KOTOpPOe MULLETCA B MHAEKCE, a MOTOM OTHOLUEHMe B CKOO6Kax. Hanpumep, 4Tto6bl BbIOpaTh
BCe CTPokKu B Tabnunue CTYAEHT, KoTopble UMEOT 3HaUYeHne «2» B aTpubyte CTKYPC, Hy>XHO
Hanucatb crefytoluee:

OcTKypc =2(CTy,CI,eHT).

PROJECT (npoeLnpoBaHne) - BO3BpallaeT BCe 3HAYEHUA AN BblOpaHHbIX aTpnbyTOB. 3TO
TaKXXe YHapHbIil onepaTtop, NPUHUMaKOLWNA B Ka4eCTBE BXOAHbIX AaHHbIX TO/IbKO OAHY Tabnuuy.
PROJECT BoO3BpaliaeT TO/IbKO 3anpollueHHble aTpubyTbl B TOM MOPsAfLKe, B KOTOPOM OHMU
3anpawmsatotca. Apyrumu cnosamu, PROJECT BbifaeT BepTUKaNbHOE NMOAMHOXECTBO Tabnuubl
PROJECT He orpaHu4nBaeT BO3Bpallaemble CTPOKMW, NO3ITOMY BCE CTPOKWM YKa3zaHHbIX aTpubyTOB
OyAyT BKNKOYEHbl B pe3ynbTar.

dopmanbHo PROJECT o0603HavaeTcst rpeyeckoii 6yksoit n (nu). Mocne n cnegyetr cNncok
aTpmbyTOB, KOTOpbIe NMULIYTCA B MHAEKCE, a MOTOM OTHOLUEHMWE, YKa3aHHOe B CKobkax. Hanpumep,
4yTo6bl NpoeympoBatb atpubytel CT UMA n CT ®AM B Tabnuye CTYLEHT, Hy)XHO HanucaTb
crepytoLee:

7ict wms, ci am (CTYAEHT).
MOCKONbKY PensLMOoHHbIe ONepaTopbl MMeKT CBOWCTBO 3aMblKaHUSA, TO €CTb OHU NPUHUMAIOT

OTHOLWIEeHNA B KayeCTBe BXOAHbLIX AaHHbIX, N CO34alOT OTHOLWEHUA B Ka4eCTBE BbIXOAHbIX AaHHbIX,
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onepaTopbl MOXHO KOMOUHMPOBaTb. Hanprvmep, MOXXHO 06beANHUTL ABa NPeLbIAYLLMX OrnepaTopa,
4TOObl HANTU UMSA U DaMUINIO CTY[EHTA C KOAOM «6-190701»:
SlcT umA, cT dam (OcT kog =6-190701 (CTYAEHT)).

UNION (ob6beauHeHne) - o0beAWHSieT BCe CTPOKM M3 [ABYX Tabnuy, UCKKYas
nostopstowmecs cTpokn. Ana mncnonsv3osaHns B UNION Tabnuubl AOMKHbI UMETb OWHAKOBbIE
aTpubyTbl; APYrMMuU cnoBamu, CTON6UbI M LOMEHbI AO/MKHbI 6biTb COBMeCTUMbI. Korga gse unu
6onee Tabnuy MMeET O4MHAKOBOE KO/MMYECTBO CTONOLOB M WX COOTBETCTBYHOLME CTONOUbI
MCNONMb3YKT OAWHAKOBbIE WAN COBMECTUMblE [OMEHbl, OHW Ha3blBatOTCH COBMECTUMbIMUA C
06beIMHEHNEM.

UNION o603HauvaeTtcsi cumeonom U. Ecnn oTHoweHnns CTYOAEHT v MPEMNOAABATE/b
COBMECTUMbI C 00befHeHNEM, TO 00befMHEHNE MeXAY HUMKU OyfeT 0603Ha4YaTbCA CrefyroLwmum
obpa3om:

cTyfeHT U npenojgasaTesib.

INTERSECT (nepeceyeHue) - Bo3BpaliaeT TONbKO Te CTPOKM, KOTOpble eCcTb B 06eunx
Tabnmuax. Kak u B cnyyae ¢ UNION, Tabnuubl AOMKHbI ObITb COBMECTUMbI C 00bEJUHEHNEM ANS
nony4vyeHNs npasubHbIX pe3ynbTatoB. Hanpumep, Henb3s ucnonb3oBatb INTERSECT, ecnn oguH
M3 aTpubyToB HABNAETCA YMUCNOBbIM, a APYrOM - CUMBOJbHbIM. YTO6bI CTPOKM CUMTANUCH
OINHAKOBbIMWU B 06enx Tabnuuax u nosensanncek B pesynbtate INTERSECT, BCe CTPOKM AO/MKHbI
ObITb TOUHbIMU AyBNMKaTAMN.

INTERSECT o6o03Havaetcd cumBonom [Tl Ecnm otHoweHus CTYOEHT n
MPEMOOABATE/Ib coBMecTUMbl C OObefWHEHMEM, TO [MepeceyeHne Mexay Humu 06yger
0603HavaTbCA cnefytownum obpasom:

cTyfeHT I npenogasaTess.

DIFFERENT E (pa3HoCTb) - BblfaeT BCe CTPOKM B OAHOI Tabnuue, KOTOpble He HalAeHbl B
Apyroi Tabnuue; To ecTb BbluMTaeT OAHY Tabnuuy m3 apyroin. Kak n B cnyydae ¢ UNION, Tabnuusbl
LOMKHbI ObITb COBMECTUMbI C 06bEAUHEHNEM AN NONYYEHUSA NPaBUbHbLIX PE3y/bTaToB.

DIFFERENCE o0603Havaetca cumBosioM MuHyc (-). Ecnu otHoweHus CTYOEHT w
MPEMOOABATE/Ib coBMeCTUMbI C 06beJMHEHNEM, TOTAa Pa3HOCTb MeXAYy HUMK ByfeT 3anucaHa
cnegfylowmm obpasom:

CTYZEHT - npenojasaTesb.

PRODUCT (YMHO>XeHWE) - WAn [ekapTOBO NpPOM3BefeHMe BO3BpaliaeT BCe BO3MOXHbIe
napbl CTPOK 13 AByx Tabnuu. CnefoBaTefibHO, eCnv B 04HOMN Tabnumue 6 CTPOK, a B 4pYroin 3 CTPOKM,
PRODUCT BblgaeT CNUCOK, COCTOAWMIA M3 6 X 3 = 18 CTPOK.

PRODUCT 0603Ha4yaeTcsd CUMBO/IOM YMHOXEHNS (X). YMHOXeHUe oTHoweHni CTYAEHT
n MPEMNOOABATE/b 6yaeT 3anncaHo cneaytoLlum o6pasom:

CTYZEHT X npenogasaTesb.

JOIN (coeauHeHue) - no3BonsieT 06beANHATL MH(OPMaL MO 13 ABYX Unmn 6onee Tabnuy. JOIN
- peanbHasa cuna pensuMoHHOW B[, NO03BOMAKOLWAS WCMNONb30BaTb He3aBUCUMble Tabnuupbl,
CBA3aHHble o6wumMun atpubyTtamu. Tabnuubl CTYOAEHT v NMPEMOLABATE/Ib, nokasaHHble Ha
PUCYHKe 6, OyAyT MCMONb30BaHbl A4/1 UINKOCTPALUN HECKONIbKUX TUMOB 06beNHEHWA.
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EcTecTBeHHOe 00befMHEHME CBA3bIBAET Tabnuubl, BbloMpas TONbKO CTPOKU C 06LMUMMU
3HaYeHUAMU B UX 06wWKnx aTtpubyTtax. EcCTecTBeHHOe 060befuHeHUe SABAAETCA pe3y/bTaToM
TpexaTanHoro npouecca:
1 BuinonHsetrca PRODUCT Tabnuu.
2. BbinonHsaetca SELECT Hapg pesynbTtaTamu wara 1, 4To6bl NONYYUTH TOIbKO T€ CTPOKM,
Ans KoTopbix 3HauyeHusa MP KO/, paBHbl. O6uime ctonbubl HasbiBatOTCS CTON6LAMU
COeLMHEHNS.

3. BbinonHsietca PROJECT Hapg pesynbTaTamy wara 2, 4Tobbl MONYYUTb OAHY KOMUKO
KaXkgoro atpubyTa, TeM caMbiM yCTpaHaa ay6amkaTbl CTONOLOB.

OKOHYaTe/IbHbI/ pe3ynbTaT eCTeCTBEHHOro 00beMHEHUS NPUBOAUT K Tabnuue, KoTopas He
BK/IlOYaeT HECONOCTaB/IEHHbIE Napbl U NPeAoCTaBNSeT TO/IbKO COBMafeHMS.

EcTecTBeHHOe coegnHeHMe 06bIYHO ynoMuHaeTcs Kak JOIN B ¢opmanbHbiXx 06paboTKax.
JOIN o6o3Hauaetcsi cumBonom N. CoeamHeHue oTHoweHuin CTYOAEHT wn MPEMNOAABATE/b
OyfeT MMeTb CneayoLwnin sung;

cTygeHT N npenogasaresib.

JOIN He siBnseTcsa hyHAAMEHTaNbHbLIM OMNepaTopoM PeNALNUOHHON anredpbl, OH MOXET ObiTb
NONYYeH U3 ApYrux.

[Opyras (opma 06befuHeHWs, M3BECTHas Kak equijoin, cBA3biBaeT Tabnuubl Ha OCHOBE
YCNOBMSA paBeHCTBA, KOTOpPOe CpaBHMBaeT yKa3aHHble CTONOUbI KaXAoW Tabnuubl. PesynbTat He
yCTpaHsaeT NoBTopsAtoLmMecs ctonbubl, 1 YCNOBUE UAWU KPUTEPUIA, NCNOMb3yeMble NS 00beUHEHNS
Tabnuu, AO/MKHbI ObITb ABHO onpefeneHsbl. Equijoin 6epeT cBoe MMA OT onepartopa CpaBHEHUS
paBeHCTBa (=), UICNO/Mb3YEMOr0 B yCNOBMMW. ECnn ncnonb3yeTcs Nt060i fpyroii onepaTop cpaBHEHMS,
COefMHEeHMe Ha3blBaeTCa TITa-coeuHeHnem(O).

dopmanbHO ©-coeAMHEHME CcuyMTaeTcsa MPOAO/HKEHUEM eCTECTBEHHOrO  COefMHEHUS.
©-coeguHeHne o0603HauvaeTca gobasneHneMm O-uHpekca nocne cumeona JOIN: Ke. equijoin - 3To
0COObIV TUN ©-CoeANHEHMS.

Mpepblaywine 06beANMHEHUS 4acTO KacCUUUMPYHOTCA KakK BHYTPeHHee 06befUHEHMe.
BHyTpeHHee coefVHeHVe BO3BpallaeT TOAbKO CcOBMafatoline 3anucum w3 Tabnuy, KoTopble
06begnHATCA. BO BHELHEM COefMHeHMU coBMajarowimMe napbl OyAyT COXpaHeHbl, a Nobble
HeconocTaBNEHHbIE 3HAYeHUs B APYroi Tabnuue oCTaHYTCA MyCTbIMU. BHelHee cCoefUMHEHUEe He
ABNAETCA NPOTUBOMOJSIOXHOCTbID BHYTPEHHEro CoeAnHeHus. [MpaBWIbHO AymMaTb O BHELIHEM
COeVHEHUN KaK O «BHYTPEHHEM COefWHeHUM nac». BHewHee coefnHeHVe BO3BpalLaeT BCe
COMOCTaB/IEHHbIE 3aMnCK, KOTOPbIE BO3BpaLLaeT BHYTPEHHEE COeAMHEHME, M/HOC HECOMOCTaB/IeHHbIe
3anncu ogHoi u3 Tabnuuy,. Ecnn ana ta6nuy CTYAEHT n MPEMNOAABATE/b co3gaetcs BHeLlHee
COeflHeHNe, BO3MOXHbI 1Ba CLEeHapus:

* JleBOe BHelUHee coefiMHeHWe faeT Bce cTpoku B Tabnunue CTYAEHT, Bktouas Te, KOTOpble
He MMEIT coBMnajarlLero sHayeHns B tabnuue NMPEMOOABATE/b.

* [paBoe BHeLIHee coefuMHeHWe Aaet Bce CTpoku B Tabnuue NMPEMOAABATE/Ib, Bknovas
Te, KOTOpble He UMEIDT coBNagarLWwmx 3HadeHunli B Tabnuue CTYAEHT.

44



DIVIDE (Pa36enTb) - ncnonb3yeTcsa AAs NOAYYEHUS OTHOLUEHWUS,, KOTOPOe COCTOMT M3
YHapHbIX KOPTeXeW, BKIYaKWMX TakKuMe 3Ha4YeHUs MepBOro arpubyTta KOpTeXein nepsoro
orepaHpa, YTO MHOXECTBO 3Ha4YeHWn BTOporo aTpubyTa (Npu PUKCMPOBAHHOM 3HAYeHUN MepBOro
aTpubyTa) BK/IHOUAET MHOXXECTBO 3HAYEHWNIH BTOPOro onepaHja.

Onepatop DIVIDE 0603Ha4aeTcs CUMBO/IOM [eNleHNS -K YUunTbiBas ABa OTHOWEHNS R n S,
pasfeneHue nx 6yfer 3anmcaHo Kak r+ s.

3.6. CnoBapb AaHHbIX N CUCTEMHbI KaTanor

CnoBapb 6aHHbIX MpeaocTaBnseT onucaHWe Bcex Tabnuuy B 6a3e [aHHbIX, CO3[aHHOW
apxutektopom bJ[l. Takum 06pa3om, CnoBapb [faHHbIX COAEPXUT MeTaflaHHble - BCE MMeHa U
XapaKTepucTMKM aTpubyToB ANA KaXKA0N Tabnnubl B cUCTEME.

CnoBapb faHHbIX MHOTAA ONUCbiBaeTCs Kak «b6asa faHHbIX paspaboTyunka bA», NoTOMy 4TO
OH 3anuncCbiBaeT NPOEKTHbIE peLleHns 0 Tabaunuax u nx CTpykTypax.

Kak 1 cnoeapb faHHbIX, CUCTEMHbI KaTanor COAEPXMUT MeTafaHHble. CUCTEMHbI KaTanor
MOXeT OblTb ONMCaH Kak NOAPOO6HbIA CMoBapb CUCTEMHbLIX AaHHbIX, KOTOPbIA ONUCbiBaeT BCe
06beKTbl B 6a3e AaHHbIX, BKAOUasa AaHHble 06 MMeHax Tabnul, co3gatene n gate co3gaHua Tabnumubl,
Ko/inyecTBe CTO/I6LOB B KaXKAoW Tabnuue, TUNe [AaHHbIX, COOTBETCTBYIOLWMNX KaXLOMY CTON6LY,
MMeHax (aiinoB MHAeEKCa, MHAEKCe co3jaTtens, aBTOPU30BaHHbIX MO/b30BaTE/NAX U NpaBe JOCTyna.

MOCKONbKY CUCTEMHbI KaTanor COAEPXWUT BCH HEOOXOAUMYH WH(OpMaLuto CnoBaps
[aHHbIX, TEPMUHbI CUCTEMHbIV KaTanor 1 c/10Bapb AaHHbIX YacTO UCMO/b3YHOTCS B3aM0O3aMeHAeMO.
CoBpemMeHHble CYB/[l 06bI4HO MpPefoCcTaBNAT TO/IbKO CUCTEMHbIA KaTanor, U3 KOTOPOro MOXeT
ObITb NOSly4YeHa MH(OPMaLMsA U CNoBapb AaHHbIX.

CWCTEMHBIN KaTanor aBTOMaTU4YeCKM co3fjaeT [LOKYMeHTauuio 6asbl faHHbIX. 1o Mepe
fo6aBneHna HOBbIX Tabnuy B 6a3y fAaHHbIX 3Ta LOKYMeHTaumusa Takke nossonsetr CYB/[, npoBepaTb
N YyCTpaHATb OMOHWMbI U CUHOHWMbI. OMOHWMbI - 3TO CNOBa C OAMHAKOBbLIM HanWCaHUEM U
3BY4YaHMeM, HO pasHble MO 3HaYeHUI0 - Takue, Kak 60p (COCHOBbIV NeC N XUMUYECKUI 3NIEMEHT), UK
KoY (OTKpblBaTeNlb U POAHUK). B KOHTekcTe 6asbl fJaHHbIX CMI0BO «OMOHMM» YKa3blBaeT Ha
MCNosib30BaHMe 04HOM0 M TOTO XXe UMEHU AN 0603HAYEHNA pa3HbIX aTpubyToB. Hanpumep, MOXHO
ncnonb3osatb MNP KO/L ansa atpubyTta "kog npenogasatena” B tabnuue MPEMOAABATEDb n gns
atpubyta "kog npegmerta” B Tabnuue MPEAMET. Pa3pabotunku b, fomKHbI n3beratb OMOHVMOB;
CfI0Bapb faHHbIX OYeHb MOJIE3EH B 3TOM OTHOLUEHUM

B KoHTeKkcTe 6a3bl faHHbIX CUHOHUM ABNAETCSH NPOTUBOMOIOXHOCTLI0O OMOHUMA U YKa3blBaeT
Ha WCNo/ib30BaHWe pasHbIX WMEH A9 OMucaHud OAHOro W TOro e atpubyta. Hanpumep,
AVCUMNANHA U NpeaMeT OTHOCATCA K OAHOW M TOM e cywHoCTU. CUHOHUMMOB cneayeT m3beratb
BCAKMIA pa3, KOrga aTo BO3MOXHO.

3.7. CBsi3K B PensiLMOHHON 6a3e AaHHbIX

CBA3M KnaccupuumnpyroTcs Kak oguH-k-ogHomy (1:1), oguH-Ko-MmHorum (1:M) n MHorune-Ko-
MHorum (M:N nin M:M).
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O Csasb 1:M gaBnsetca uaeancHoOM B pensiyuMoHHONW Mogenn. CnefoBaTtenibHO, 3TOT TuN
CBSA3M JO/MKEH ObITb HOPMOI B NOG0OM NPOeKTe pensynoHHol BA,.

Cssasb 1:1 fomkHa 6bITb PeKOi B N060OM NPoeKTe pensymoHHon B,

CBsA3b M:N He MOXEeT 6bITb peann3oBaHa B PeNsauMoHHON moaenn. Jlrobyto cBAasb M:N
MOXHO 3aMEHUTb ABYMA CBA3AMU 1:M.
CBsA3b 1:M sBNsieTcs HOPMOW ANs PEensUUOHHbIX 6a3 fgaHHbIX. YT0Obl yBUAETb, Kak
MOLENNPYIOTCA N peanu3yroTcs Takue csdAsu, paccmotpum npumep KAPTUHA n XY OOXHUK,
MOKa3aHHbIN Ha PUCYHKe 7.

XYOOXHNK KAPTUHA

Puc. 7. CBa3b 1:M mexay KypaTopoM U CTyLEHTOM

Peanusauus aHHOM MoAeny nokasaHa Ha pUCyHKe 8:

Ta6bnuua: XYAOXHUK

OcHOBHOI Kntou: XY _KOA4 basa gaHHbIX: My3eit
BHewWHWiA Knou: HeT

xya.koa Xyguma xXyn oAM Xy _OTh,

/BaH AiiBa30BCKMit KoHCTaHTMHOBMY
259 UBaH BunnéuH fikoBneBNY
261 Bnagumup BuanHeeB HvkonaeBuy
258 nNeTtp KoHuanoBckuin  MeTpoBuy
260 Cepreit Conomko Cepreesuy
257 Bacwnmii TPOMUHWH AHZipeeBuY

Ta6bnunua: KAPTUHA
OcHoBHol Kntou: KAP_KO/[,
BHewHuiA kntou: XY KO/

2565 B mope ocTpoB Bkin KpYTOM, HENPUBONEHKIA, HEXKMNOMA 260
2569  HopabnekpyweHwe 256 =
2568 JlegaHble ropel B AHTApKTMAOE 256-
2564 OH Hag, HE My HHUT, KDYHUT 260
2567 Cpegw BOMH 256 =
2566 YepHoe mope 256+

Puc. 8. CsaAsb 1:M - KAPTUHA n XY LOXHWK
Mpu n3yyeHun cogepxumoro tabnunubl XY OJOXHUK n KAPTUHA Ha pucyHKe 8 HYXHO
00paTnUTb BHUMaHWe Ha crefytolme 0CO6eHHOCTH:

| Kaxpas kKapTuHa 6blna cosfjaHa OAHUM U TONIbKO OAHUM XYAOXHUKOM, HO KaXKAblid
XYLOXHMK MOr CO034aTb MHOI0 KapTuH. Hanpumep, XyAOXHWK C Kofom 256
(N.K. AiiBa30BCKUNi1) MMeET YeTbipe paboThbl, XpaHauimecs B Tabnuue KAPTUHA.
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0O CyuwecTByeT TONbKO ofHa cTpoka B Tabnuue XY LOXHWK gns nto60oi gaHHON CTPOKKU B
Tabnuue KAPTWUHA, HO MOXeT 6bITb MHOroO CTpok B Tabnuue KAPTUHA pgns nio6oin
JlaHHOM cTpokK B Tabnuue XY OOXHUK.

OTHOLWeEHNE «OfUH-KO-MHOTUM» (1:M) nerko peanusyeTcs B PensilMOHHOW MOAenun, ecnv
NMOMECTUTb MEePBUYHbLIA K/OY CTOPOHbI «1» B Tabnuuy CTOPOHbI «MHOFMX» B KaYeCTBe BHELUHEro
KoYa.

CywHocTh B cBsA3M 1.1 MOXeT ObiTb CBSi3aHa TONIbKO C OAHONM CyLHOCTbiO. Hanpumep,
npenofasaTe/slb MOXXeT BO3r/1aBNATb TONbKO OAUH (hakynbTeT, a PakynbTeT MOXET UMETb TObKO
OHOTO AeKaHa. Takum o6pasom, cyuiHocTn MPEMNOAABATE/Tb n ®AKYNBTET gemMoHCTpUpPYIOT
cBA3b 1:1. KoHeuyHO, He Bce npenojasaTen BO3rNaBfAsOT, W He BCe 0053aHbl BO3rNaBfAThb
(hakynbTeT. TO eCTb CBA3b MeXAY [BYMS CYLLHOCTAMMU He ABNAETCA 0653aTeNbHON. O4HAKO Ha 3TOM
aTane 06CYy)XAEHMSA HYXXHO COCPefOTOUYNTbL CBOE BHMMaHMe Ha cBs3n 1:1. Ceasb 1:1 cMofenmpoBaHa
Ha pUcCyHke 9:

NPEMOAABATE/b QAKYNIbTET

Bosrnabnuer

Puc. 9. CeaA3sb 1:1 Mesedy npenogasatenem n Kaheapoi

Peannsauma gaHHOW Moaenn nokasaHa Ha pucyHke 10:

Tabnuuya: MPENOOABATE/Nb
OcHoeHolt kntoy: MP_KO[, basa gaHHbIX: HBI'Y
BHewHnin knou: KA®_KOL

np_KoA4 MP_CMEL, Mp_yyc  MpP_OTP MP_AJK KA®_KO[

12 PucoBaHue, yepyeHue, Tpya [OKTOP nefarornyecknx Hayk npoceccop ALON
14  KynbTypHO-NpoCBeTUTENbCKAA paboTa KaHAMAAT — Nejaroruyeckux Hayk  AoueHT nnco
15 ®wunonorua KaHAMAaT  (UNONOTNYECKMX HayK  [OLeHT OMK
16 MalnHbl 1 annapartbl MULLEBbIX NPON3BOACTB KaHAn4aT — TeXHUYEecKux Hayk foue HT HA

15 WUCTOPUSA, aHTNUACKIIA A3bIK KaHAnaaT — MCTOPUYECKUX Hayk aoue HT nnco'
20 dwnonorus KaHAMAaT  (UNONOTNYECKMX HayK  AoLe HT ®MK
21 [pombliNeHHas TensosHepreTmka KaHAMAaT  TeXHUYECKNX Hayk foue HT SHEPT
22 dwunonorua KaHaugat  (QUNONOTMYEcKUX HayK  CT. npenofasatens  ®MK
23 V1306pa3nTenbHoe UCKYCCTBO U YepyeHne KaHAuAaT — nefarorvMyeckux Hayk — AoLe HT ALAN
25 [lowwKonbHas neAarornka 1 Ncuxonorus KaHAUAAT — nejaroruyeckux Hayk  AoleHT nnco
26 JleyebHO-NpodunakTUueckoe Aeno [lOKTOp MEeANLMHCKNX HayK npodeccop nowp
27 wnctopus KaHAnaaT — NCTOPUYECKNX Hayk foue HT npP

29 ABTOMATMKA 1 TefieMexaHuKa [LOKTOP TEXHUYECKUX HayK npodeccop SHEPT
30 ®unocodms [IOKTOP HUNOCOMCKUX HayK npoceccop K®CH

Tabnuua: ®AKYNbTET
OcHOBHOI Kntou: ®K/1 KOL4
BHewHnit knou: NMP_KOA

OKN_KoA ®KI_HA3B ®K/1_COKP MP_KOA,
1 TyMaHWTapHbIi (hakynbTeT re 72
2 ®aKynbTeT VCKYCCTB W An3aiiHa onng 209
3 dakynbTeT nefarorvikn 1 Ncyxosormmn ®rvr 103
4 dakynbTeT (M3NYECKON KyNbTypbl 1 CropTa dPHC 63
5  ®akynbTeT MHDOPMALIMOHHBIX TEXHONOTWIA 1 MaTeMaTki — OUATM 301
6 ®PaKynbTeT 3KOMOMMN N MHXNHUPUHTA [oXT7] 96
7 PakynbTeT [OMNONHUTENBHOrO 06pa3oBaHA chqo 235

Puc. 10. Cea3b 1:M - MPEMNOAABATEJIb n ®AKYJIbTET
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N3yuas Tabnuubl Ha puc. 10, HY)XXHO 00paTUTb BHMMAHWE HA HECKOMbKO BaXHbIX
0C06eHHOCTEN:

* CBasb 1.1 «MPEMOAABATE/b Bo3rnasnsetr ®AKY/IbTET» peanusyetca npn Hannumu
BHewwHero knova MNP KO/ B tabnuue ®AKYJ/IbTET. Ceasb 1:1 paccmaTpuBaeTCsi KaK YacCTHbIVA
cy4yaii oTHOWeHuUa 1:M, B KOTOPOM CTOPOHA «MHOrME» OrpaHuyeHa OLHUM ClyYaeMm.

e Tabnuua MPEMNOOABATE/Ib cogepXuT BHewHUn knod KAP® KOL ana peanusaymu
oTHoweHns 1:M «MPEMOAABATE/Ib oTHocuTcs K KADEAPE». 3TO XOPOLIMA NpUMep TOro, Kak
CYLWHOCTb MOXET y4yacTBOBaTh B ABYX (U 60/nee) cBA3AX OLHOBPEMEHHO.

CBsi3b «MHOTrMe Ko MHOorum» (M:N) He NoaaepXXunBaeTca HanpsAMyt B PefaLMOHHON cpefe,
HO MOXET 6biTb peann3oBaHa NyTem CO34aHUS HOBOW CYLLHOCTM B OTHOLWEHUAX 1:M ¢ MCXO4HbIMM
cylwHoctamn. Csasb M:N cmogenvpoBaHa Ha pucyHke 11:

CTYLAEHT ANCUUNANHA
nrryakT

Puc. 11. CBs3b M:N mMexay CTYAeHTOM W AUCLUNIVHOA

Oco6eHHOCTb AuarpamMmmbl Ha pUCYHKe 11 3akn04aeTcs B TOM, YTO KaXAYH AUCLUNINHY
MOXET M3yyaTb MHOIO CTYAEHTOB, U KaXAbl CTYAEHT MOXET U3yyaTb MHOIO AUCLUMNIINH.

Cssizan M:N peanusyoTcsi ¢ NOMOLLbI COCTAaBHON CYLIHOCTU (CBA3YHOLEN CYLLHOCTU WUAN
accoumaTMBHOW cywHOCTK). Takaa Tabnuua UCnosb3yeTca 419 CBA3bIBAHUSA Tabnul, WU BKIKOYaET B
KayecTBe BHELHMWX K/KOYeN MepBUYHbIE KNHOUYM Tabnuy, KOTOpble AO/DKHbI ObiTb CBA3aHbl. Mpu
onpefeneHnn MepBUYHOIO K/KOYa COCTaBHOW Tabnuubl y pa3paboTymka 6a3bl faHHbIX eCTb [Ba
OCHOBHbIX MapameTpa: MCNoJ/ib30BaHWe KOMOUHALMMN 3TUX BHELIHWUX K/OYel UM co3jaHue HOBOro

NnepBUYHOro Knkya.

Ta6bnuua: CTYAEHT
OcHoBHOW kntou: CT_KOJ, Basa gaHHbIx: HBIY
BHeLWHNiA Kou: HeT

cT.KOA CT.©oAM CT.reyn  CT.KyPC

6-190701  Kanaes 3902 2

Tabnuua: PETUCTPALINA

OcHoBHoI kmou: ANC_KOA4+ CT_KO/A
BHewHwii ktou: ANC_KO/A, CT_KOA
AVC_KOA CT_Kop,

6-190701

6-190702 MaTeueHko 3902 2
6-190709  CanbHukos 3902 2
6-190704  Knumckux 3902 2

6-190706  CoTosa 3902 2]
6-190703
6-190707  Xypasnesa 3902 2
6-190703
6-190708  KyapuHa 3902 21
6-190704
6-190709  HukuTuHa 3902 2
6-190701
6-190710 Wunees 3902 21
6-190702
6-190745  Banun 3902 2
6-190702

Tabnuua: ANCLUUNNAVHA
OcHoBHoli Kntou: ANC_KOL,
BHeLHWIA Ktoy: HeT

6-190701

6-190704

W N O AW AR N R oW

6-190703
AUC.KOA AWC.UHA ANC_HA3B [AVC_HAC 4 6-190703
1 B1.B.9 Web-npoektuposaHne 36 21 6-190709
2 B1.B.5 ApXUTEKTYpa MHDOPMALMOHHBIX CUCTEM 36 24 6-190706
3 B1.6.17 Basbl AaHHbix 36 23 6-190707
4 pB1.B.11 Bu3yansHbie Cpeabl NPOrpaMMupoBanHmns 36 26 6-190704
5 B1.8.10 3awuta undopmauun 27 27 6-190703
10 B1.B.9 KoMnbioTepHoe MOAennpoBaHme 36 27 6-190704
11 BI.B.17 KOMNbIOTEpHbIe CeTU U MHTEpPHeT-TeXHONornn 27 24 6-190707
13 B1.5.16 MeToabl paspaBoTKu W OLEHKN anropuTmMos 27 25 6-190706
15 B1.8.8 O6LEKTHO-0PUEHTUPOBAHHOE NPOrpaMMUpPOBAHIE 36 22 6-190709
16 651.5.19 Onepauuomnnbie cucTemsl 36 23 6-190708
36

17 51.B.13 OcHOBLI web-nporpammuposanus 21 6-190710

Puc. 12. Csa3b M:N - CTYAEHT n ANCUNTTNNHA
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Kaxpgas cyuHocTb B ERM npeacTaBneHa Tabnuuein. Mo3aToMy HyXHO co3faTh COCTaBHYH
Tabnuuy PETVICTPALWA, nokaszaHHY Ha pucyHKe 12, uTo6bl cBaszaTh Tabnuusl JUCLUNMNTNHA
n CTYOEHT. B 3Tom npumepe nepBuYHbIA Knwod Tabnuubl PEEVNCTPAUNA sasnsetcd
KOMOWHauwueit ee BHewHUX knoven ANC KOO n CT KOA. OaHako pa3paboTynk mor 6bl penTb
co34aTb HOBbIV NEPBUYHbLIA KUY C O4HUM aTpubyTOoM, Takoh Kak PEEKO/, ucnonb3ys gpyroe
3HayeHue CTPOKM AN18 YHUKANbHOW NAEHTUMUKALMUM KXKLON CTPOKMU.

Mockonbky Tabnuua PEENCTPAUNA Ha pucyHke 12 cBfA3biBaeT fABe Tabnuubl,
AVNCUNNNIMHA n CTYAEHT, oHa TakXe Ha3blBaeTcs Tabnuueli cBsisn. Tabnuua CBS3ei - 370
peann3aumna COCTaBHOM CYLLHOCTH.

Momumo atpmbyToB CBA3M, cocTaBHaa Tabnnua PEEVCTPALLNA moxeT cofepxaTb gpyrue
aTpuobyThl, KakK OLEHKa, fjata OueHkM u T.4. CocTaBHas Tabnuua MOXeT coaepxkaTb ntoboe
KO/INYecTBO aTpMOYTOB, KOTOPbIE Pa3paboTUMK XOUET OTCNEXMUBATH.

3.8. NHAeKcbl

VIHOeKC - 3To ynopsLoYeHHOe pacnosioXeHne, UCronb3yemMoe 414 I0rMYeckoro Aoctyna K
CTpokam B Tabnumue. VMIHAeKC COCTOMT U3 KoYa MHAeKca u Habopa ykasaTeneil. bonee gpopmanbHo,
MHAEKC - 3TO YNOPALOYEHHOE pacnonoXeHne KNtyein n ykasatenein. Kaxablil KNoY yKasbiBaeT Ha
MeCTOMNO/IOXEHME faHHbIX, NAEHTUDULNPOBAHHBIX K/HOYOM.

Hanpumep, 4To6bl MOCMOTPETb BCE KapTWHbI, CO3faHHble OMNpefefieHHbIM XYAOXXHUKOM B
6a3e faHHbIX «Mys3eil» 6e3 MHAeKCa, HY>XXHO NpoyYnTaTh KaXayk cTpoky B Tabnuue KAPTUHA n
nocMoTpeTb, cooTeetcTByeT M XY KOJ 3anpowleHHOMY XyAOXHUKY. OpfHako, ecnu
nHaekcmposaTb Tabnuuy KAPTUHA wn ncnonb3oBaTh KAOY MHAekca XY O KO/, Bam npocTo
HY>XHO HaTh HYXXHbIA UHAEKC N COOTBETCTBYIOLLME YKa3aTeNn

CYB/A ncnonb3yoT UHAEKCHI AN5 pasHbIX Lenei. MMHAeKC MOXeT Mcrnonb3oBaTbes Ans 6onee
3P(eKTUBHOIO M3BNEYEHUSA [aHHbIX, HO WHAEKCbl TakXe MOryTt wucnone3osatecd CYBM ana
NONMyYeHUs AaHHbIX, YNOPAA0YEHHbIX N0 ONpefeNieHHbIM aTpubyTam. Hanpumep, co3faHue nHaekca
no hamuanmn KAneHTa No3BoINT NOJlyyaTb AaHHble 0 KIMeHTax B afPaBUTHOM NOpsALKe No haMuinm.
NHAEKCHBIN KNHOY MOXET COCTOATb U3 OAHOIO UM HECKO/bKUX aTpubyTOB.

NHaekcbl urpaloT BaxHyt ponb B CYB/[, ana peanusaumy nepBUYHbIX Katouei. Korpga
onpefenieH NepBuYHbIA KoY Tabnuubl, CYB/[, aBTOMaTUYeCKN COo34aeT YHUKaNIbHbIA UHAEKC ANS
CTON6L0B MepBMYHOIo Kto4a. B yHUKaNbHOM MHAEKCE, Kak creflyeT U3 ero UMeHu, K4 UHaeKca
MOXeT UMeTb TO/IbKO OAHO 3Ha4YeHWe yKasaTens (CTPOKy), CBA3aHHOe C HUM. Tabnuua MOXeT UMeTb
MHOIO MHEKCOB, HO KaX/blil MHAEKC CBSI3aH TOMbKO C OAHOMN Tabnuuei.

3.9. 12 npasun Kogga

B 1985 rogy ap. 9.®. Kogg ony6nvMkosan cnucok m3 12 npaBun A4na onpegesieHa cMCcTeMbl
PensuUnMOHHbIX 6a3 faHHbIX. OH ony6aMKoBan CMUCOK, Onacascb, 4YTO MHOrMe MNOCTaBLLUKN
PeKNaMUPYOT MPOAYKTbl KaK «pPensiuMOHHbIe», AaXe eclin 3TW NPOAYKTbl He COOTBETCTBYHOT
PENAUMOHHbIM CcTaHaapTam. Cnucok aokTopa Kopgga, nokasaHHbIA B Tabnuue 5, saBnsertcs
OPVEHTUPOM [NS TOr0, Kakol A0/HKHa OblTb AENCTBUTENbHO pensaunoHHas 6as3a faHHbiX. Ho gaxe
LOMUHMPYIOLLLME NOCTaBLIMKK 6a3 JaHHbIX HE MOMHOCTLIO NOALepPXMBaKOT BCe 12 npasui.
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Mpasuno
1

10

HasBaHune npasunia
WHdopmaumoHHoe
npaswno

["apaHTMPOBaHHBbII
joctyn

CuncremMaTuyeckoe
NeyeHne Hynen
[OnHaMnyeckunin - oHnaliH-
Kataior Ha  OCHOBe
PENSALMOHHOW MOAENN

KoMmnneKcHbIli NoabssbiK
AaHHbIX

B03MOXHOCTb
N3MeHeHus
npescTaB/ieHniA

BbicokoypoBHeBas
BCTaBKa, OOHOBMEHME W
yaaneHve

dusunyeckan
He3aBUCUMOCTb [aHHbIX

He3aBncuMoCTb
NOTNYECKUX JaHHbIX

HezaBncuMoCTb
KOHTPO/S Le/IOCTHOCTK

He3aBncMmMocTb oT
pacrnosioXKeHus

Tabnuuya 5
12 npasun Kogga

OnwucaHue
Bcs mHopmaumsa B pensuymoHHol B Ha N0rMyeckoM ypoBHE
[O/MKHa OblTb ABHO MpefCcTaB/ieHa eAWHCTBEHHLIM CrOCOOOM:
3HaYEHUAMU B TabnnLax.
B pensumoHHoli B, Kaxgoe oTaenbHoe (aToMapHOe) 3HauveHue
[aHHbIX [0/MKHO OblTb JIOTMYECKM [JOCTYNMHO C  MOMOLLBHO
KOMOVHaLMM MUMeHU Tabnmubl, 3Ha4YeHWs MEePBUYHOrO K/oYa U
NMeHU cTonobua.
3HaveHnss NULL fomkHbl ObITb NpefcTaBfieHbl 1 06paboTaHsbl
CUCTEMATMYECKM, HE3aBUCMMO OT TUMa AaHHbIX.
MeTagaHHble [O/DKHbI XPaHUTLCA U YNPaBNATHCA KakK 0OblYHbIE
JaHHble, TO ecTb B Tabnmuax B B[, fO/MKHbI 6bITb LOCTYMHbI
aBTOPW30BaHHbLIM M0/1b30BATE/IAAM, UCMO/Nb3YIOLLMM CTaH4APTHbIA
A3bIK PENIALMOHHbIX 6a3 JaHHbIX.
PenaumoHHas 6a3a JaHHbIX MOXET MOLAEPXMNBaTb MHOTO A3bIKOB;
OlHaKO OH [J0/DKEH MOLAePXMBaTb OAWH [eKNapaTUBHbIA A3bIK
L0198 onpefeneHns AaHHbIX U NPeACcTaBneHns, MaHUMyMpoBaHus
JAHHLIMU  (VMHTEPaKTMBHBLIX W MPOrpaMMHbIX), OrpaHuyeHus
LIeNIOCTHOCTK,  aBTOpM3auuMnM W YNpasfieHUd  TpaH3aKuuaMu
(Hayano, NPUHATME N OTKAT).
Kaxgoe npegcrtasneHne JOMKHO MOAAEPXMBaTL BCE onepauuu
MaHWNy/MpoBaHUA  [aHHbIMK,  KOTOpble  MOAAEPXMBAKOT
PensuMoHHble  Tabnuubl:  Onepauun  BbIGOPKWM,  BCTaBKW,
N3MEHEHUA N YaNeHNS faHHbIX.
Bba3a AaHHbIX [O/DKHA NOAAEPXMBATb BCTaBKW, OGHOB/IEHMA U
yAaneHnsi Ha ypoBHe Habopa.

MpUNOXeHNs He JOMKHbI 3aBUCETb OT MCMO/b3YeMbIX CNOCO60B
XpaHeHMsa JaHHbIX Ha HOCUTENsX, OT annapaTHoOro obecrneyeHus
KOMMbIOTEPOB, HA KOTOPbIX HAxXOAMTCA pensauMoHHas 6asa
JaHHbIX.

MpeacTaBneHne AaHHbIX B NPUIOXKEHUN He JO/MKHO 3aBUCETH OT
CTPYKTYpbl  PenuMOoHHbIX  Tabnuy. Ecnm B npouecce
HOpMa/IM3aumn ofjHa pensuyoHHas Tabnuua pasaenseTcsa Ha fise,
npeLCcTaBieHne JOMKHO 06ecneynTb 06beAUHEHNE ITUX AaHHbIX,
4TO6bl M3MEHEHWe CTPYKTYpPbl PEeNAUMOHHBIX Tabnuy, He
CKa3bIBa/10Cb Ha paboTe MPUIOXKEHWIA.

Bce orpaHuyeHVs peniLMOHHOM LIEIOCTHOCTU [OMKHbI OblTb
onpeseneHbl Ha PeNsLLMOHHOM A3blKe U XPaHUTLCA B CUCTEMHOM
KaTasiore, a He Ha YPOBHE MPUIOXKEHUS.

KOHeuYHble NoNb30BaTeNy 1 NpUKNagHbIe MPOrpamMmMbl He 3HaOT U
He 3aBWCAT OT PacrofiOXKeHWs AaHHbIX (pacrnpefeneHHbIX U
NOKa/TbHbIX 6a3 faHHbIX).
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lNpaBuio HassaHvie npasuia OnucaHve

12 CornacoBaHve S3bIKOBbIX ECAM cucTema nNOAJEPXKMBAET HM3KOYPOBHEBLIA AOCTYN K

YPOBHel [aHHbIM, NOMb30BaTENAM Hefb3si paspeluaTb 06X04uTb npasunia
LleNoCTHOCTY 6a3bl JaHHbIX.

13 MpaBuno HosMb Bce npeablayLime npaBuia 0OCHOBaHbI Ha NMOHATWK, YTO A1 TOrO,

4TOObI CUMTATLCS PENsiLMOHHOW, B, A0/MKHA 1CMOoNb30BaTb NS
yNpaBneHns UCKMKOUNTENBHO CBOV PENSILIMOHHbIE BO3MOXHOCTMW.

3.10. Utorwm

O Tabnuubl ABNAKOTCA OCHOBHbLIMU CTPOUTENIbHbIMU 6/10Kamun pensunoHHoin bBA. Habop
CYLHOCTU coxpaHseTcs B Tabnuue. PendunoHHas Tabnuua COCTOMT W3 MepeceKkaroLmnxcs CTPoK
(kopTexeit) n ctonbuos. Kaxaas cTpoka npeAcTaBnseT OTAENbHYI CYLWLHOCTb, & KaXAblli cTon6el,
npeAcTaBNseT XapakTepucTuKM (aTpmubyThbl) CYLLHOCTEN.

O Knwoun onpefenatoT PYyHKUNOHANbHbIE 3aBUCMMOCTHU; TO €CTb Apyrune atpubyThl 3aBUCAT
OT K/KYa ¥ MO3TOMY MOTYT 6biTb HalfeHbl, CNN U3BECTHO 3Ha4YeHue Knw4va. Kny MoxeT 6biTb
KnaccugpuumpoBaH Kak CYMNepKIY, KAKY-KaHAMAAT, MEepBUYHbIN KOY, BTOPUYHBLIA KAKOY UK
BHELLHWIA KNHO.

O Kaxpas cTpoka Tabnuubl AO0MKHA WMeTb MepPBUYHBIA K4, [MepBUUHbIA K4 -
aTpnbyT nam KombuHaumsa aTpnbyToB, KOTOPbIE OAHO3HAYHO MAEHTU(PULMPYIOT BCe OCTaBLUMECA
atpubyTbl B AaHHOI CTPOKe. MOCKONbKY MepPBUYHbIA KAHOY AO/MKEH ObiTb YHUKANbHbIM, MYCTble
3Ha4YeHMs He 4OMycKakTCA.

O Tabnuubl MOryT 6bITb CBfi3aHbl 06W MKMW aTpubyTamu. Takum 06pa3oM, MEPBUYHLIN
K/t0Y OZHOM Tabnuubl MOXET 0TOOpaXaTbCsA KaK BHELUHWIA KN4 B ApYroi Tabnuue, ¢ KOTOPOM OH
cBsizaH. CcblOYHAA LENOCTHOCTb AWMKTYET, YTO BHELHWI KNKOY [O/KEH COAepXaTb 3HauveHus,
KOTOpPbIE COOTBETCTBYIOT NEPBUUYHOMY K/IOUY B CBA3AHHON TabnunLe Uav AONXHbI COAEPXaTb HYN.

O PenaunoHHas Mofenb MOALEPXUBAET HECKONbKO (DYHKLUWIA pensiLmoHHOWN anrebpbl, B
Tom umcne SELECT, PROJECT, JOIN, INTERSECT, UNION, DIFFERENCE, PRODUCT wu
DIVIDE. TOHUMaHWe OCHOBHbIX MaTemMaTU4eckmx (opm 3TUX (YHKUWIA faeT 60fiee LIMPOKOe
MOHMMaHWe BapvaHTOB MaHUMNyNMPOBaHWUA JaHHbIMU.

O [MpoekTupoBaHue pensaunoHHbIX Bl HaunmHaeTca C ONpefeneHns COOTBETCTBYIOLLUX
CywHoCTel 1 nx aTpubyToB, a 3aTeM CBA3ein Mexay cywHoctamu. Csasm (1:1, 1:M n M:N) moryT
ObITb NpeACTaBeHbl C UCnonb3oBaHnem ERD.
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JNlekuma 4. Mogenb CyLLUHOCTb-CBA3b

4.1. BBefneHue

Mpexge, 4em npucTynatb K CO34aHWO CUCTeMbl aBTOMATU3MPOBAHHOW 06paboTKu
NHopMaumu, paspaboTumk AO/MHKeH cPOpPMMPOBATL NOHATMA O MpeamMeTax, akTax U cobbITUAX,
KOTOpbIMM ByAeT onepupoBaTth faHHad cuctema. [18 Toro, 4ytobbl NPUBECTU 3TU NMOHATUA K MOZENN
[OaHHbIX, Heo6X0AMMO 3aMeHUTb WX WH(POPMALMOHHbIMW nNpeAcTaBneHnaMn. MogennposaHue
JaHHbIX - 3TO NepBbIi War B NpoLecce NpoekTUpoBaHna 6asbl AaHHbIX, CAy>Kaluii MOCTOM MeXay
00beKTaMu peasibHOro MuUpa U MOLenbo 6asbl AaHHbIX B KOMMNbOTepe. M03TOMY BaXXHOCTb feTanel
MO/ZENMPOBAHNA AaHHbIX, BbIPpaXEHHbIX rpaMyeckn yepes gumarpaMmMbl B3aMMOCBA3el 0OBLEKTOB
(ERD), HeBO3MOXHO NepeoL,eHNTb.

KoHuenTyanbHble Mogenun, Takne Kak ERM, mMoryT 6biTb UCNO/b30BaHbI 4718 MOHUMAHUA U
pa3paboTky TpeboBaHW K AaHHbIM. ERM He 3aBUCUT OT Tuna 6asbl faHHbIX. KOHUenTyanbHble
MOLENN WCMONb3YTCA B KOHLUENTyasbHOM MNPOEKTMPOBaHMM 06a3 [aHHbIX, B TO BpeMsA Kak
pensunOHHbIE MOAENN UCNOMNb3YTCSA B TOrMYECKOM NPOEKTUPOBaHMUY 6a3 AaHHbIX.

4.2. Mofenb CcylHOCTb-CBSA3b

Mogenb cyuiHocTb-cBA3b (ERM) npeactaBnsieT KOHUENTyanbHYH 6a3y fAaHHbIX C TOYKU
3peHuna nonb3osatenss. OHa 0TO6paXKaeT OCHOBHbIE KOMMOHEHThI B/1: CYLLHOCTW, aTPpUBYThl U CBA3U.
MMOCKOMbKY CYLLHOCTb MpefcTaB/isieT 00beKT peasbHOro Mupa, CNoBa CYLWHOCTb M 0OBEKT 4acTo
NCMNONb3YHTCA B3aMMO3aMEHAEMO.

CyWHOCTb - 3T0 06bEKT, NpeACTaBNAWMNIA UHTepec A4Nna nonb3oBatensd. CyuwHocTs B ERM
cooTBeTcTByeT Tabnuue. ERM ccbinaetca Ha CTPOKY Tabnuubl Kak 3K3eMnsp cywHoctu. B
HoTaumax YeHa, Crow's Foot 1 UML cywHoCTb npeacTtasneHa NpAMOYrosibHUKOM, CofepKalinm
NUMSA CYLLHOCTU. VIMA CYLWHOCTK, CYLWEeCTBUTE/IbHOE, 00bIYHO MULLETCA 3ar1aBHbIMU GYKBaMK.

ATpuOYTbl ABNAOTCS CBOMCTBAMM CyLWHOCTel. Hanpumep, cywHocts CTY AEHT BkntouyaeT
B ceba atpubytel CT UMA, CT ®AM, CT_AP un mHorve gpyrme. B HoTaumm YeHa aTpubyTbl
npeAcTasneHbl 0BalaMU U CBA3aHbl C CYLLHOCTbIO NUHMER. KaXablii 0Ban COLEPXUT UMA aTpubyTa,
KOTOpbI OH NpefcTaBnset. B HoTayumy Crow's Foot aTpubyThl 3anncbiBalOTCA B M0e aTpubyTOB Noj
Ha3BaHMEeM CyLHOCTU. MOCKONbKY HOoTauus YeHa 3aHMmaeT 60/blie MecTa, paspaboTumku B/,

ncnonb3yroT HoTaumo Crow's Foot.
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Hotauuna YeHa Hotaunsa Crow's Foot

CTYLEHT

B CT_Kog

CT UvA

CT 0AM

CT Af®

CT_TEN

Puc. 13. CywHocte CTYAEHT: HoTauuu YeHa n Crow's Foot

Ob6s3aTenbHble 1 HeobsizaTenbHble aTpubyThl. ObA3aTENbHbIA aTPUOYT AOMKEH UMETH
3HayeHune; ApYrMMu cnoBamun, ero Henb3s ocTaBnATh nyctbiM. Hanpumep, CT UMA n CT ®AM
TpeOylOT BBOJA [aHHbIX, MOCKO/bKY MpeanonaraeTcs, 4to BCe CTYLEHTbl UMeT UMA U (HaMUInio.
Takue atpubyTbl BbIAENAOTCA XUPHbIM WpPUPTOM. OLHAKO Y CTYAEHTOB MOXEeT He ObiTb HOMepa
TenedoHa U agpeca 3/IEKTPOHHON nouTbl. HeobA3aTeNbHbIN aTPUbyT - 3TO aTpubyT, KOTOPbIA He
TpebyeT 3HaYeHUs; CnefoBaTe/IbHO, ero MOXHO OCTaBUTb MYCTbIM.

[lomMeHbl. ATpubYTbl UMetOT AOMeH. [JOMeH - 3T0 Habop BO3MOXHbIX 3HAYEHWI 415 LaHHOTO
atpubyta. Hanpumep, gomeH ansa atpubyTa cpegHero 6anna 3anucbiBaeTca (2, 5), MOCKOMbKY
MWHMMa/IbHO BO3MOXXHOE 3HaUY€eHMe PaBHO 2, a MaKCMMaslbHO BO3MOXHOe 3HayeHne paBHo 5. [lomeH
AN NONOBOro atpubyTa COCTOUT M3 ABYX BO3MOXHOCTein: M wnm XK. [lomeH ana atpubyTta gatbl
MOCTYM/IEHNA COCTOUT M3 BCEX faT, KOTOPble COOTBETCTBYIT Aunanas3oHy (Hanpumep, OT AaTbl
OCHOBaHWA yHUBepcuTeTa A0 Tekyuiel gatbl). ATpUOYTbl MOryT COBMECTHO MCMO/b30BaTh [JOMEH.
Hanpumep, agpec CTyfeHTa u agpec npenojasaresis COBMECTHO MCMO/Mb3YHOT OANH U TOT XKe [OMEeH
BCEX BO3MOXXHbIX aApecos.

NpoeHTudrkaTopel. ERM  umcnonb3yeT WAEHTUMUKATOPbI - OLWH WAU  HECKO/bKO
aTpubyTOB, KOTOPbIE YHUKANIbHO MAEHTUDNLUPYIOT KaX bl 3K3eMNIAP CYLWHOCTU. B peniynoHHOW
MOJeNu CYLWHOCT 0ToOpaxarTcs B BUAe Tab/mubl, a MAEHTU(PUKATOP CYLLHOCTM 0TOBpaxaeTcs Kak
nepBUYHbIN KoY Tabnuubl (PK). aeHTupunKaTopbl nogyepkHyTsl B ERD

CocTasHble UaeHTUPUKaTOPbl. NaeHTudgukaTtop 4acto cocTouT U3 ofHoro atpubyta. Ho
MOXHO UCMO/b30BaTb COCTABHOW MAEHTUMPUKATOP - NEPBUYHbIA KUY, COCTOALLUIA U3 HECKOMbKUX
aTpubyToB. Hanpumep, agMmuHMUCTpaTOp 6a3bl AaHHbIX MOXET pelwmnTb NAEHTUPULUPOBATL KaXAbIN
ak3emnaap cywHoctn CTYAEHT, ncnonb3ysa coctaBHoM nepBuydHbIin kntod CTKO 4 n CTKYPC.
Kom6uHaums CT KOA n CT KYPC apnsdeTcs NoAX0AALLMM KTHOUYOM-KaHANAATOM.

CocTaBHble U MpPOCTble aTpubyTbl. ATpubyTbl KnacCMpuuUUpyrOTCs Ha NpPoCTble U
cocTaBHble. CoCTaBHOW aTpubyT - aTpuMbyT, KOTOPbIA MOXET OblTb pa3feneH ANns Mnony4veHus
JOMOMHUTENbHbIX aTpubyToB. Hanpumep, atpnbyt CT ALPEC MOXHO pa3faennTb Ha yauLy, ropoa,
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061acTb M NOYTOBbIN MHAEKC. AHanornyHo, atpubytT CT TEJ1 MOXHO pasfennTb Ha Ko ropoga u
HoMep aboHeHTa. [pocToi aTpubyT - aTpubyT, KOTOPbIA HeNb3s pasgenuTb. Hanpumep, Bo3pacT,
nMon W CeMenHoe MOJIOXKeHWe - MNpocTble aTpubyTbl. [ANA YNpoOLWEHUs CMNO0XHbIX 3anpocoB
LlesiecoobpasHo 3aMEHUTb COCTaBHbIe aTPUOYTbI Ha MPOCTHIE.

OfHo3HauHble aTpubyThl. OLHO3HAYHLIA aTpubyT - aTpubyT, KOTOPbIA MOXET MMEeTb
TO/IbKO OJHO 3HayYeHue. Hanpumep, y CTyleHTa MOXET ObITb TO/IbKO OfWUH HOMEP 3a4ETHOW KHVKKMW.
OfHO3Ha4YHbIM aTpubyT He 0653aTeNIbHO ABNSETCA NPOCTbIM aTpubyTOM. HOoMep rpynnbl (Hanpumep,
3912) ABnsieTcA OAHO3HAYHbIM, HO OH ABASETCSA COCTaBHbIM aTpubyTOM, MOCKO/IbKY €ro MOXHO
nogpasfennTe Ha hakynbTeT (3), rog noctynneHus (9), HanpasneHue (2) n nogrpynny (1).

MHOro3HayHble aTpuoyTbl. MHOrO3HauYHbIl aTPUOYT - aTpUBYT, KOTOPbIA MOXET MMETb
MHOrO0 3HayeHWil. Hanpumep, y 4enoBeka MOXeT ObiTb HECKO/IbKO TeNIePOHOB, KaXKAblii CO CBOUM
HOMepoM. TOYHO TaK e LBeT aBTOMO6MNS MOXeT ObiTb pasfesieH Ha MHOXeCTBO LBETOB [ANs
KpbIWK, Ky30Ba 1 OTAeNKN. B HOTaumMm YeHa MHOr0O3HayHble aTpuobyThbl MOKa3aHbl A4BONHON NUHUEN,
coefvHsAOWEN aTpnbYT € cywHocTblo. HoTayms Crow's Foot He MAeHTUHULUPYET MHOTO3HaYHbIe
aTpubyThl.

Peann3zayns MHOro3HauHblXx aTpubyTOB. B pensiumoHHOl Tabnuue Kaxaoe nepeceyeHue
CTON6LOB ¥ CTPOK MNpeAcTaBNseT OLHO 3HayeHWe [JaHHbIX. Ecny cywecTBYHOT MHOrO3HauYHble
aTpuoyThl, pa3paboTUMK AOMKEH BblOpaTh OAMH U3 ABYX BO3MOXHbIX BAPMAHTOB AeCTBUIA:

1 B ncxofHONM CywHOCTU CO34aTh HOBble aTpUBYThI, MO OAHOMY A/18 K&XXA0ro KOMMOHEHTa
NCXOLHOr0 MHOro3Ha4yHoro arpubyra. Hanpumep, atpubyt CT AAP cywHoctn CTYQEHT moxert
ObITb pasgeneH Ha HoBble aTpnbyTbl CT_FPA, CT Y1 n CT_OBJ1. 3T0 LONYCTUMO, €CNN Y KaXKAO0W
CYLWHOCTM O4MHAKOBOE KO/IMYECTBO 3HAYEHWNI 411 MHOFO3HAYHOro aTpmbyTa.

2. Co3patb HOBYK CYLHOCTb, COCTOALLYHO W3 KOMIMOHEHTOB WMCXOAHOr0 MHOI03Ha4yHOro
aTpmbyTta. OHa No3BONUT pa3paboTumnKy onpefenaTb 3Ha4YeHWEe A/1A pa3HbIX YacTeil agpeca. MoTom
HoBas cywHocTb AAPEC cBsA3aHa ¢ UCXOA4HON cywHocThto CTY AEHT cBAsbio 1:M.

MpousBogHble aTpubyThl. [pou3BOAHbIA aTpubyT - aTpubyT, 3Ha4YeHWE KOTOPOro
BblUMCNAeTCS U3 Apyrnx atpuoytoB. OH He JO/MKEH (M3NYecKn XpaHUTbCA B 6ase faHHbIX; BMECTO
3TOr0 ero MOXHO MOJly4nMTb C NOMOLLbIO anroputma. Hanpumep, Bo3pact ctygeHTta - CT B O3,
MOXET OblTb HalfeH NyTeM BblYMCNEHMUA pasHULbl MeXAy Tekyulei gatoi n CT_AP. B HOoTayuu
YeHa Npon3BOAHbIA aTpUOYT COeAMHAETCS CO CYLLHOCTbIO MYHKTUPHON NnHMein. B HoTayum Crow's
Foot oTcyTCTBYET MeTO4, NO3BONAOLMNIA OT/INYNTL NPOU3BOAHLIN aTpUOYT OT APYruxX aTpuobyToB.

CBA3b - 3TO accoumaumsi, yCTaHOB/IEHHAs MEXAY HEeCKONbKUMMK CyuiHOCTAMM. MS CBA3M
ABMIAETCA aKTUBHLIM MM NAacCUBHLIM rnarosiom; Hanpumep, CTYAEHT wnsyvaet JNCUUTTTTNHY,
MPEMOAABATE/Ib npenogaet ANCUnNnINHY, KA®EAPA BO3r/1aBfisercs
MPENOOABATENEM, aMNOE3/[ ynpasnsercs MALLVMHNCTOM.

CBsi3b MeX/Jy CYLWHOCTAMKN BCerga AecTBYIOT B 060MX HanpaBneHuax. YTobbl onpegenunTb
Tin ceasn mexay cywHoctamm KAPTUHA n XY AOXHWK, Hy>XHO yKa3aTb, UTO:

e XY NOXHWK moxet pucosatb mHOro KAPTUH.

* Kaxpgaa KAPTUHA pucyetca ogHum XY JOXHUKOM.
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MOCKONbKY M3BECTHbI 06a HanpasneHus cBasn mexay XYOOXHUKOM n KAPTUHOWN,
JIerKo yBuAeTh, 4TO 3TO CBA3b TUNa 1:M.

TpyLHO YCTAHOBUTL TUM CBA3W, C/IN U3BECTHA TO/IbKO OfHAa CTOpoHa. Hanpumep:

KA®EZIPOW 3aseayet ogud MPEMOJABATE/b

Hewn3secTHO, ABAAOTCA M 3TN OTHOWeHuUA 1:1 unm 1:M. MoaTtomy cnepyer 3afatb BOMpocC
«MoxeT nn npenojasatenb ynpaenAaTb 60/ee YeM OAHON Kadeapoin?». Ecnm 0oTBeT «jAa», CBA3b
nmeet Tun 1:M, a BTOpasd 4yacTb NULLETCH Kak:

MPEMOAABATE/Ib moxeT 3aBegoBatb MHOrMMun KAGEAPAMMW.

Ecnn npenopgasatenb He MOXET 3aBefoBaTb 60nee YemM OAHOW KaeLpOoi, CBA3b UMeEET TuN
1:1, a BTOpasa YacTb NULLETCA Kak:

MPEMOAABATE/Ib MoXeT 3aBej0BaTb TONbKO 04HON KADELPOW.

MOLLHOCTb BblpaXaeT MUHMMa/IbHOE N MaKCUMaibHOe KOJIMYECTBO BXOXAEHWUI CYLHOCTU B
cBa3b. B ERD KOMMYeCcTBO 31€MEHTOB YKa3biBaeTCH MyTeM pasMelleHUs COOTBETCTBYHLWUX YuCen
pPAAOM C cyLWHOCTAMU B popMaTe (X, y). lMepBoe 3HavyeHue NpeLCTaB/geT MUHMMAbHOE, a BTOpOe -
MaKCMManbHOe  KOMNYEeCTBO CBSI3aHHbIX O00bLEKTOB. BOMbWMHCTBO  pa3paboTumkos b,
ncnone3ywouwme Hotauuwo Crow’s Foot, He 0TOOpaXKaldT KOHKPETHble MOLLHOCTM Ha CcaMol
gnarpamme ER, nNOTOMY 4TO KOHKpeTHble OrpaHW4YeHWs He MOryT ObiTb peasn3oBaHbl Yepes
cTpykTypy bBJ. CO0OTBETCTBEHHO, HEKOTOPble MHCTPYMeHTbl MogenuposaHma Crow's Foot He
neyatarT YMCIOBOM fMana3oH MOLLHOCTU Ha fuarpamme.

3HaHMe MWHMMaNbHOro Y MakCUMManbHOro KOJIMYeCTBA BXOXAEHWW CYLLHOCTeA O4eHb
Mofie3HO Ha YPOBHE MPUKIaAHOro nNporpaMMHoro obecneveHusi. Hanpumep, HBI'Y TpebyeT, uto B
KaX4oM Knacce oby4yanocb He MeHee 5 CTyfleHTOB. Ecnu ayanTopms MOXET BMeCTUTb To/IbKo 30
CTYLEHTOB, MPWKNaAHOe nporpaMmmHoe obecneyeHne [AO/HKHO WCMNO/Mb30BaTb 3TO KOJINYECTBO
3N1EMEHTOB ANs orpaHuyeHuns konudectsa. OpgHako, CYB/[ He mMoXxeT o6pabaTbiBaTb peanusayuio
MOLLHOCTEeW Ha ypOBHe TabnuL, - 3Ta BO3MOXHOCTb MPeAoCTaB/AeTCA NPUKNAAHbIM MPOrpaMmMHbIM
obecneyeHunem.

Pa3melleHne mMowHoOCTel B guarpamme ER aBnsetca ycnoBHbIM. HoTauma YeHa nomewaet
MOLWHOCTM Ha CTOpPOHe CBA3aHHOW cyuwHocTu. Auarpammbl Crow's Foot m UML pacnonaratoT
MOLLHOCTM PAAOM C CYLLHOCTbIO, K KOTOPOI OHN MPUMEHSAOTCA.

Ecnu cywectsoBaHue CYLHOCTU 3aBUCUT OT CYLLECTBOBaAHWA APYroi CYLWHOCTH, TO Mnepsas
Ha3blBaeTCA 3aBMCMMOM CYUHOCTbIO. B TepMMHax peanusayuMm CyLHOCTb 3aBMUCUT OT
CYLeCTBOBAHUA, €CNM Yy HEro ecTb 006A3aTeNlbHblil BHEWHWIA K4, KOTOPbIA He MOXeT ObITb
HyneBbIM. Hanpumep, ecnv paboTHUK Xo4eT NpeabsaBUTbL OLHOMO Uan 6onee MXXAMBEHLEB B Lenax
yAepXXaHna Hanoroe, yMecTHbIM 6yfeT cooTHoweHne «<y PABOTHUKA ectb DKOVNBEHEL». B
3TOM cnydyae 3aBucumas cywHocts VODKAWMBEHEL, 3aBucuT OT CYL,ECTBOBAHWA CYLLHOCTH
PABOTHWK, nockonbKy OHa He MOXET CyL,ecTBOBaTb OTAE/NbHO OT Hero B b/,

Ecnn cywHOCTb MOXeT CyLLecTBOBaTb OTAENbHO OT BCEX CBA3aHHbLIX C HEM CYLLHOCTEW, TO
OHa HesaBMCMMa OT CyLIECTBOBAHWA W Ha3blBAETCA CWNbHOW MNW PErYyASPHOWA CYWHOCTbHO.
Hanpvmep, npeanonoXxum, 4To MpeanpuatMe WUCNoNb3yeT pgeTann NS NPOWU3BOACTBA CBOEWA

npoaykumn. Kpome TOro, npeAnofioXMM, UTO HEKOTOpble U3 3TUX AeTaneid MNpPoOU3BOAATCS
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COOCTBEHHbIMM CWNamu, a [pyrue 3akynawmTcd Yy mnocTasBwukoB. B 3tom cueHapuu BRosHe
BO3MOXHO, uT06bl AETAJIb cylwecteoBana He3aBucumo oT MOCTABLULUNKA B cBsAsn «JETAJb
nocrtasngetca MNOCTABLMNKOM», NOCKO/bKY, HEKOTOPbIE AeTasn He MMEIKOT MOCTaBLMKA. Takum
o6pasom, AETAJIb He 3aBucuT oT cywecteoBaHua MOCTABLUNKA.

KoHuenuuns cunbl CBA3M OCHOBaHa Ha TOM, Kak OMnpejenseTcs NepBUYHbIN K/IOY CBA3aHHOIO
o6bekTa. [ns peannsaumm cBA3M NEPBMUYHbBIN KNKOY OAHOT0 06beKTa (POANTENLCKNIA 06BEKT, 0ObIYHO
Ha CTOpoHe «1» cBA3xM 1:M») 0TO6paxaeTcsd Kak BHELIHWUIA KNOY B CBA3AHHOM 006beKkTe (J0YepHuii
06bEKT, B OCHOBHOM, 00bEKT Ha CTOpOHE «M» B OTHOWEeHUsAX 1:M). HOTAa BHELWHUI K1Y TakxXe
ABNAETCA KOMMOHEHTOM MEPBUYHOr0 K0Ya B CBA3aHHOM 06bekKTe.

Cnabasi cBA3b CyLECTBYeT, €ClM MEPBWYHbIA KMOY CBA3AHHOW CYLLHOCTM HE COAEPXWUT
KOMMOHEHT NEepPBUYHOI0 K/0Ua POAUTENIbCKOM CYLLHOCTMW.

CunbHas CBA3b CyllecTBYeT, KoOrja MNepBUMYHbIA KN4 CBA3aHHOW CYLLHOCTU COLEPXUT
KOMMOHEHT NEepPBUYHOI0 K/0Ua POAUTENIbCKOM CYLLHOCTMW.

MopsALoK co34aHNA 1 3an0/IHEHUS TabnL, 04eHb BaxkeH. CHavana HY>KHO 3ano/IHUTb faHHble
CO CTOPOHbl «1» B OTHOWeEHMM 1:M, 4ToObI M36eXaTb BO3MOXHOCTM OLMOOK CCbITIOYHON
LLeSIOCTHOCTUN, HE3aBUCUMO OT TOFO, SIB/IAKOTCA I 3TU OTHOLLEHUA CNabbIMU MU CUbHBIMMU.

YyacTue B CBA3SX MOXET 6bITb 00513aTENbHbIM UM HE06513aTeNnbHbIM. CBSA3b paboTaeT B ABYX
HanpaeneHunax. Ecan XYLAOXHWK pucyetr KAPTUHY, 10 no onpegenednto KAPTUHA
oTHocuTcs K XYOOXHWNKY. N3-3a gByHanpasfieHHOW NpUpoLbl CBA3N HEOOXOAMMO OnpesenTb
cBa3HoCTb 0T KAPTUHbBI kK XY AOXHUKY u ceasHocTb o1 XY JOXHUKA kK KAPTUHE.

Heobs3aTenbHOe yyacTWe O03HayaeT, 4YTO OAHO BXOXAEHME CYLIHOCTU He Tpebyer
COOTBETCTBYHOLLErN0 BXOXAEHWUA KaXAO0W CYLHOCTU B KOHKPETHYK CBfi3b. Hanpumep, B CBS3N
«MPEMOAABATE/b 3aBeayet KADEOPOW», He Bce npenofasaTeny 3asefyloT Kadenpoii. B
HoTauum Crow's Foot Heo653aTe/IbHOE yYacTue NoKasbiBalTCA NYTEM PUCOBAHUA MaNeHbKOro Kpyra
(O) Ha cTopoHe HeobA3aTeNbHOM CyWwHOCTU. Hannune Heo653aTeNIbHON CYLHOCTH YKa3blBaeT, YTO
ee MMHMUMaNbHOE KONnM4yecTso pasHo 0.

Ob6sasaTenbHoe yyacTue O3Ha4yaeT, uUTO BXOXAEHWe OAHOro ob6bekTa TpebyeT
COOTBETCTBYIOLLEr0o BXOXAEHUA 00bekTa B OMNpefAesieHHbIX OTHOWeHusx. Ecnan  cumson
Heo653aTe/IbHOCTU He YyKasaH, nNpejnofsiaraeTcs, YTO CYLWHOCTb CYLLeCTBYeT B 0653aTeNbHbIX
OoTHOWweHusX. Oba3aTenbHOe yyacTre oTob6paxaeTcs B BUAE HEOGOMbLIOW METKM Ha IMHUN CBA3MW.
Hanunune 0653aTe/bHOr0 OTHOLIEHUS YKa3blBaeT, YTO MUHMMa/IbHOE KO/IMYECTBO 3/1IEMEHTOB PaBHO

no KpanHein mepe 1

Tabnuua 6
Cumsonbl Crow's Foot
Cumson MouHocTb OnwucaHue
k> (O,N) 0 WM MHOTO; CTOPOHA «MHOTO» He 06s3aTe/bHa
t (1,N) 1 1m MHOrO; CTOPOHa «MHOr0» 06s3aTe/lbHa
-w- 1,1 11 TONBKO 1; CTOpOHA «1» 0653aTeNbHa
at ©, 1) 0 vnm 1; cTopoHa 19BnseTca Heobs3aTebHOM
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CTeneHb CBA3M yKa3biBaeT KOIMYECTBO CYLLHOCTEN, acCOLMMPOBAHHbIX CO CBA3bID. YHapHas
CBA3b CYLLEeCTBYeT, KOrja CBA3b CyLLeCTBYEeT BHYTPU O4HOW CywHOCTW. BuHapHas cBA3b CyLlecTByeT,
Korfa [iBe pasHble CyLLHOCTU CBA3aHbl. TepHapHasa CBA3b CYLLeCTBYeT, KOrja TPW CYLLHOCTM CBA3aHbI.
XO0TA CyLecTBYOT U 60/ee BbICOKME CTEMEHW, OHU PefiKn U He UMEKT KOHKPETHbIX Ha3BaHWA.
(Hanpumep, accouunauus 4YeTbipex O0O6BEKTOB OMUCbIBAETCA MPOCTO KakK CBA3b C YeTbIpbMA
cTeneHsiMn). PUCYHOK 14 MoKa3blBaeT 3TV TUMbI CTEMEHEN CBA3N.

YHapHas cBA3b BuHapHas cBA3b

yMNpaBnseT--------

XYOOXHNK KAPTMHA

TepHapHasa cBA3b (KOHLenTyabHas)

BPAH MAUVEHT
auardoctupyert

1
1

£

BOJIE3Hb

Puc. 14. Tunbl cBa3eii

YHapHasd cBasb. B cnyyae yHapHbIX CBA3ei, NoKasaHHbIX Ha pUCyHKe 14, COTPYLHUK ABNSETCA
HavyaNbHWKOM OJHOI0 UM HECKONbKUX COTPYAHUKOB B 3TO opraHusauuun. B aTom cnyyae Hanuuyue
CBA3M «ynpaBnseT» o3HayaeT, COTPYAHWK nmeeT cBs3b C caMUM CO60I. Takume CBA3N M3BECTHbI
KaK pPEKYPCUBHbIE.

BrvHapHasa cBA3b. BUHapHbIe CBA3W CYLLECTBYIOT, KOrAa [Be CYLWHOCTM CBA3aHbl. BUHapHbIe
CBA3N ABNAIOTCA Hambonee pacnpocTpaHeHHbIMW. BONbLWIWHCTBO CBA3EM BbICLIEro MNopsjKa
(TepHapHble 1 60/1ee BbICOKME) MO BO3MOXHOCTW pa3fiaratoTcs Ha 3KBUBasSIeHTHble GMHapHbIe CBA3N.
Ha pucyHke 14 «XYOOXHWK pucyet ogHy nnn Heckonbko KAPTWH» npegctasnset 6uHapHyto
CBS3b.

TepHapHas cBA3b. XOTA OGOMbLIMHCTBO CBA3EN ABNAKTCA OUHAPHBIMWU, WCMONb30BAHUE
TepHapHbIX U 60/ee BbICOKUX CTEeMeHeil CBs3e faeT pa3paboTUMKYy HeKOoTopyw cBo6ody B
OTHOLUEHUN CEMaHTUKM Npob6eMbl. TepHapHas CBA3b NogpasyMeBaeT CBA3b MeXAY TPeMA pasHbIMU

06beKTaAMU
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Csasb M:N fABnseTca AOMNYCTUMOWA KOHCTPYKLMEN HA KOHLENTyasbHOM YPOBHE U MO3TOMY
4yacTo BCTpevaeTca B npouecce MogenuposaHus ER. OpHako ee peanmsauunsi, 0CO6EHHO B
PeNsLMOHHOW Mogenn, TpebyeT WCMONb30BaHWA accouMaTUBHOM CyLWHOCTU. AccoumaTuBHas
CYLLHOCTb Haxogutcs B CBA3M 1:M C poAMTENbCKMMW CYLIHOCTAMW M COCTOUT M3 aTtpubyTos
MepBUYHOro KNoYa Kaxaoro pogutens. Kpome Toro, accounaTtMBHas CyLLHOCTb MOXET UMETbL CBOM
CcOO6CTBEHHbIE aTpnbyThl. Mpu ncnonb3oBaHMm 0603HaveHns Crow’s Foot accoumaTmBHas CyLLHOCTb
onpejenseTca Kak CU/ibHas CBA3b.

4.3. PaclumpeHHaa MoAesb CyLHOCTb-CBA3N

MOCKOMbKY CNOXHOCTb MOAENNPYEMbIX CTPYKTYP JAaHHbIX BO3pocna, a TpeboBaHUA K
nNpuKNagHoOMy nporpaMMHoMy obecneyeHuUto ctann 6osee CTPOrMMuM, To U HeoBXOAMMOCTL cbopa
60/1bLIEro KoMYecTBa MH(popMaL M B MOAENN AaHHbIX BO3pocna. PaclumpeHHas Mmogens CyLHOCTb-
ceasm (EERM) sdaBnseTcs pesynbTatoM [06aBneHUs 6OMbLIEr0 KO/MMYECTBAa CEMAHTMYECKMX
KOHCTPYKLMA B UCXOAHYO Mogenb ER. [Omnarpamma paclivpeHHOW MOAenn CyLHOCTb-CBS3M
HasblBaeTca gnarpammoii EER (EERD).

COTpyAHUKM  NpefnpuaTM  06najaldT  pasHbIMW - HaBblKamMu U cneuuanbHbIMU
KBanmpukaumamu. Pa3paboTumkn BJ [O/MKHBI HalWTU cnocobbl rpynnupoBKU COTPYLHUKOB.
Hanpumep,  yHUBEpPCUTET  MOXeT  rpynnupoBaTb  COTPYLHWMKOB  KaK  npernojasaTesniei,
aAMUHUCTPATUBHbIX PabOTHUMKOB W BHELWHWX COBMeCTUTenel. EpynnupoBka COTPYLHWMKOB MO
pas3fIMyHbIM TUMaM faeT [Ba BaXHbIX NPeMMYyLLeCcTBa:

O WN36eraTb HeHyXHbix NULL 3HauyeHult B atpmbyTax, Korga HEKOTOpble COTPYLHUKM

MMEKT XapaKTEPUCTUKWN, OCTaslbHbIE - HET.

O PaspewnTb onpefesieHHOMY TUNY COTPYAHWKA y4acTBOBaTb B CBA3AX, KOTOPbIE ABMIAIOTCA
YHUKaNbHbIMK 415 3TOr0 TUMNa COTPYAHUKA.

Hanpuwmep, B aBuMakomnaHuu, B KOTOPOW paboTaldT NUAOTbl, MEXaHUKW, CeKpeTapw,
oyxranTtepbl, MeHeKepbl 6a3 fJaHHbIX U MHOTMe Apyrue COTPYLHUKU, NMUNOTbI UMEKOT Of4MHAKOBbIe
aTpnbyTbl C APYrMMM COTPYyAHMKamM, Takumu kak amununa (CTP ®PAM) u pata Hailima
(CTP_AT_HAWM). Ho, y NUN0OTOB eCTb Apyrue atpubyTbl, KOTOPbIX HET Yy APYrUX COTPYAHUKOB.
Hanpvmep, NunoTbl AO/HKHbI COOTBETCTBOBAaTb 0CO6GbIM TpeboBaHWAM, TaKMM KaK OrpaHuyeHue
NeTHOro BPEeMeHW, NpoBepka noseta WM nepuoamyeckoe obydeHue. Ecnm Bcex COTPYAHUKOB
coXpaHutb B ofHoi cywHoctn COTPYAHWK, Torga 6bi10 661 MHOro NULL 3HavyeHuid wnwu
NPULWNOCL Bbl CO34aBaTb MHOIO HEHYXXHbIX PUKTUBHbIX 3anunCceil.

Mcxoas w3 npeabiayulero obcyaeHus, cywHocts MAJIOT nMeeT TONbKO aTpubyThl,
YHUKanbHble Ans nunotoB, M cywHocte COTPYAHWMK wumeer atpmbyTbl, 06LKMe AnA BCEX
COTPYAHMKOB. OCHOBbIBasACb Ha 3TO MepapXxum, MOXHO caenatb BbiBoA, 4uTo MWJIOT sBnsetcs
nogtunom COTPYAHWKA, a COTPYOAHWK saendetca cyneptunom MUNJOTA. B TepmuHax
MOLEeNnpoBaHns CynepTun CyLHOCTU - 3TO OOWMIA TUM CYLWHOCTU, KOTOPbIN CBA3aH C OAHUM WK
HECKONbKUMMK NoATUNaMK CylWHOCTKW. CynepTun CyLWHOCTA COLEPXMUT 00 Me XapaKTepUCTUKK, U
KaX[bli1 U3 MOATUMNOB CYLLHOCTU COLEPXUT CBOU COBCTBEHHbIE YHUKA/IbHbIE XapaKTepUCTUKN.
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[lBa KpuTepus NOMOrawT pa3paboTuMky OnpefenuTb, KOrja UCMnonb3oBaTb MOATMMLI W
CynepTunbl:

O C TOYKM 3peHNs NOMb30BaTENS AO/MKHbI OblTb Pa3Hble TUMbl CYLLHOCTEN.

O Kaxabli “3 TUNOB 3K3eMNNSPOB AO/DKEH WMETb OAWH WM HECKONbKO aTpubyTos,
YHUKaNbHbIX A48 3TOro Tumna.

B npegbigylwiem npumepe, MOCKO/IbKY MWUNOTbI OTBeYatdT 060MM KPUTEPUSM TOro, YTOObI
ObITb cneymanbHbIM BUAOM COTPYAHUKOB U UMETb YHUKa/IbHbIe aTpubyThbl, KOTOPLIMWU He 061ajatoT
Apyrue coTpyaHuku, uenecoobpasHo cosgatb MUIOT kak nogtnn COTPYAHUKA.

CynepTunbl U NOATUNbI CYLLHOCTE OpraHMW30BaHbl B MEPApXWI0 creuuannsayuii, Kotopas
O0TOOpaXKaeT pPacrnonoXeHWe POAUTENbCKUX CYLIHOCTEA W [JOYEepHUX cyulHocTeld. CBA3b,
oTobpaxaemas B uvepapxuum cneyuanmsaymm, WHOrLa OMNUCbIBaeTCS B TEPMWHAX OTHOLUEHWUNA
«ABnseTcA». Hanpumep, NunoT ABAsSETCA PabOTHUKOM, MeXaHWK ABNAeTCA paboTHUKOM, Byxrantep
ABndeTcqd paboTHMKOM. B uvepapxum cneyuanmnsauum MOLTUN MOXET CyLlecTBOBaTb TO/bKO B
KOHTEKCTe cynepTuna, U KaxAblii NOATUN MOXeT MMeTb TONbKO Of4WMH CynepTun, ¢ KOTOPbIM OH
HenocpeAcTBEHHO cBfA3aH. OJHAKO uMepapxua chneuuannsaunum MOXeT MMeTb MHOr0 YpPOBHeMN
OTHOLUEHWIA cynepTuna uamn MoATUNa, TO eCTb MOXET 6bITb Mepapxusa cneyuanmsaymm, B KOTOPOM
cynepTun MmeeT MHOro NOATUNOB. B CBOIO oyepedb, O4MH M3 MOATUMNOB MOXET CTaTb CYNepTUMNom
B OTHOLUEHUWN K APYrUM NoATUNAM 60/iee HU3KOrO YPOBHS.

Wepapxun cneymanmsaunmm no3sBoNAsOT MOAENWN AaHHbIX 3axBaTblBaTb AOMOJHUTENbHbIN
cMbicn B ERD. VMepapxusa cneynanmsauunm npefoctasnseT cpeactsa Ans:

| MoaaepXXKn aTpnbyTOB HAacnea0BaHKs.

O OnpeaeneHns cneunanbHOro aTpubyta cynepTuna, M3BECTHOrO Kak AWCKPUMUHATOP
noatuna.

0O OnpegeneHns HenepecekawWmMXca WAN NepPeKpbIBaOLNXCA OrpaHUYeHUi, U NOMHbIX
NN YaCTUYHBIX OrPaHUYEHNA.

CBOWCTBO HacnefoBaHWA MO3BOMSET MOATUMNY CYWHOCTW HacneoBatb aTpubyTbl U CBA3M
cyneptuna. Bce noaTunbl CyuwHOCTei HacneaytT aTpubyT MNEPBUYHOr0 KAK4a OT CBOEro
cyneptuna. Ha ypoBHe peanu3auum cynepTun u ero MNOATUMbI B UMepapxuu cneymnannsauuu,
NOALEP>XKUBAKOT COOTHOLWEHMe 1:1.

MoATWUNbI CYLLHOCTEN HAaCNeayT BCe CBA3M, B KOTOPbIX y4acTBYeT CyLLHOCTb cynepTuna. B
nepapxmsax cneymanmsaumm C HeCKONbKMMW YPOBHSIMW cynepTuna v NoATMNOB, nogtun 6onee
HU3KOr0 YPOBHA HacnefyeT BCe aTpUbOyTbl U CBA3M OT BCEX CBOMX CYNEpPTUNOB BEPXHEro YPOBHA.
MoATUNbI MOTYT UMeTb COOCTBEHHbIE CBA3W.

AnckpumnHaTOp NnogTwuna - 370 aTpMbyT y CYLLHOCTU cynepTuna, KOTOPbIA onpeaenseT, K
KakoMy NOATWMNY OTHOCUTCS BO3HWMKHOBEHMEe cynepTuna. Hanpumep, Ana COTPYLHUKOB
ANCKPUMMHATOPOM NOATMNA ABNSETCA TUN COTPYAHMKA

CynepTun CyLHOCTU MOXEeT UMETb HemnepecekaroLwmecs Uan nepekpbiBatoLLinecs NOATUNLI
CywHocTn. B aBMauMOHHOM nNpumepe CAYXaWWUil MOXeT ObiTb MWUIOTOM, MeXaHUKOM WU
oyxrantepom. Ecnn 6u3Hec-npaBMno npeanucbiBaeT, UTO COTPYAHWK He MOXET MpUHaanexatb

6onee uyem OAHOMY MOATUMY OAHOBPEMEHHO, TOrga PabOTHUK He MOXEeT OblTb MUIOTOM U
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MexXaHWKOM  OAHOBpeMeHHO. Henepecekalwowwueca NOANUTLI, TakKXe  U3BECTHblE  Kak
HenepekpbiBaKLWeca MNOATUMbI, ABAAKTCA MNOATMMAMW, KOTOPble COAepXaT YHWUKanbHOe
NOAMHOXECTBO Habopa CYLU,HOCTei cynepTuna; ApYrumMmmn CnoBaMu, KaXAblili 3K3eMNasp CYLHOCTM
cynepTuna MOXeT NOSABMATLCA TO/IbKO B OAHOM U3 MOATUMOB.

Ecnn  6u3Hec-npaBMiIOo  yKasblBaeT, UTO COTPYAHUKM  MOTYT MMeTb  HEeCKO/IbKO
Knaccumkaymii, cyneptun COTPYOHWK MoxeT cofgep)aTb MNepekpbiBatoLimecs MnoATUMbI
Knaccugpukauum fomkHocTeid. NepekpbiBatowmecs NOLTUMNbI - 3TO NOATUNbI, KOTOPble Cofepxat
HeyHMKa/ibHble MOAMHOXecTBa Habopa CyLWHOCTeNW CcynepTuna; TO €eCTb KaXAbli 3K3eMnnsap
CYLLHOCTW cyrnepTuna MOXeT MOsABMAATLCA B HECKONbKMX nofTunax. Hanpumep, B yHMBepcuUteTte
4eNnoBEK MOXET ObITb COTPYAHUKOM, CTYLEHTOM UMW U TeM, 1 ApyruM. B cBoo oyepefb, COTPYAHUK
MOXEeT 6bITb MpenojasaTesieM, a TakXe aAMUHUCTPATOPOM. [1OCKO/MbKY COTPYLHUK Takxe MOXeT
6bITb cTygeHtom, CTYAEHT n COTPYAHWK aBnAlOTCA nNepekpbiBalOWMMUCA MNO4TUNAMU
cyneptuna NINUO, TouHo Tak xe, kak NMPEMOAABATE/Ib 1 AAMUWUHNCTPATOP asnatoTca
nepekpbiBaowmmnca nogrunamu cyneptuna COTPY AHUK.

Peanusaumsa  HenepecekawwWWxcs  MNOATUNOB  OCHOBAHAa Ha  3HayeHUM  atpubyta
AUCKpMMUHaTOopa noaTtuna B cyneptune. OfHaKo peanu3auus nNepekpbiBarOLLMXCA MOATUMOB
TpebyeT UCNO/b30BAHUA OQHOI0 aTpmMbyTa AUCKPUMUHATOPA 418 KaXA0ro noATMna.

OrpaHuyeHve 3aBepLUeHHOCTW onpefenseT, LO/DKEH NI KaxAbll 3K3emnasp cyneptmna
CYLWHOCTM TakXe ObITb YNEHOM XOTA Obl OAHOro nogruna. OrpaHuyeHre MOMHOTbI MOXET ObiTb
4YaCTUYHbLIM MAN MONHbIM. YacTuyHaa 3aBepLUEHHOCTb O03Ha4yaeT, YTO He KaXA0e BXOXAeHue
cynepTuna ABNSETCA YNeHOM NOATUNA; HEKOTOPbIE BXOXAEHUA CynepTuna He MOryT 6bITb YneHamu
Kakoro-nnéo noatuna. lMonHaa 3aBepLleHHOCTb O03Ha4yaeT, YTO KaAoe BXOXAeHWe cynepTuna
LOMKHO ObITb YIeHOM X0TS 6bl O4HOr0 NOATUNA.

MOXHO WCMnoNb30BaTh pasHble MOAXOAbl AN pa3paboTKu CynepTunos W MOATUMNOB
CyLLHOCTel. Hanpumep, cHayana MOXHO ONpefenuTb CYyLLHOCTb, a 3aTeM OnpejeinTb BCe NOATUMbI
CYLLHOCTM Ha OCHOBe WX OT/INUMTE/IbHbIX CBOWCTB. TakXe MOXHO HayaTb C OnpefeneHus
HECKO/IbKMX TUMOB CYLLHOCTEN, a 3aTeM M3B/eYb 00LLMe XapaKTEPUCTUKN 3TUX CYLLHOCTEN, YTOObI
C034aTb CYLLHOCTb cynepTuna 60nee BbICOKOT0 YPOBHS.

Cneuvanusaums - 370 HUCXOAAWMIA NpoLecc onpefeneHns cneynpuyeckux NOATUMOB U3
cynepTtuna cywHocT. Cneumnanmsaumsa 0CHOBaHa Ha rpynnupoBaHnN YHUKaNbHbIX XapakKTePUCTUK
1 cBA3n noaTnnos. O6O6LLEHNE - 3TO BOCXOAALMIA MpoLecc onpeaeneHus obuiero cynepTuna m3
noaTunos. O606LLeHNe OCHOBAHO Ha rpynnupoBaHnn obLmnx aTpubyToB U1 CBA3EW NOATUMOB.

Pa3paboTka gmarpamMmmbl ER BneyeT 3a co60il 0OHapyXeHMe, BO3MOXHO COTEH TUMOB
cywHocteld n ux ceaseil. HadvanbHas ERD cofepXWT HECKONbKO CyuwHocTel. Korga npoekT
npubnuxaeTcs K 3aBeplweHunto, ERE) 6yfger cofepXaTb COTHW CYLHOCTEA W CBA3El, KOTOpble
3anoNHAT gnarpaMMy A0 TaKOW CTEMeHW, YTO OHA CTAHOBUTCH HeYnTaemon U Hea(h(PeKTUBHON B
KayecTBe MHCTPYMEHTa KOMMYHUKauun. B aTux cnyyasx MOXHO MCNO/b30BaTb KnacTepbl 06beKTOB,
4TO6bl MUMHUMU3NPOBATHL KOIMYECTBO 06HbEKTOB, 0TO6paxaemMbix B ERD.

KnacTep cywHOCTel - 3TO «BMPTYyaNbHbI» TWUM CYWHOCTU, WCMONb3yeMblli Ans
npeAcTaB/ieHNs HECKOMbKUX CyLLHOCTel 1 cBA3eil B ERD. KnacTep cylwHocTel hopmupyeTcs nyTem

60



06beANHEHNS HECKO/IbKUX B3aMMOCBSA3aHHbIX CYLLHOCTEN B OfHY abCTPaKTHYH CyLWHOCTb. OH He
ABNAETCA CYLIHOCTLIO B OKOH4YaTenbHoM ERD 370 BpemeHHas CYLWHOCTb, WCMOMAb3yeMas ANd
npeLcTaB/eHNs HECKONbKMX CYLLHOCTEA W B3aMMOCBS3ei C LUenblo  ynpouweHus ERD w,

cnefoBaTeslbHO, MOBbIWEHNSA €r0 YATA6ENbHOCTMN.

4.4, Bblbop nepBUYHbIX K/THOYEi

MepBUYHBbIA KN4 Haubonee BaXHbIA aTpubyT CcywHOCcTU. OH YHUKa/ibHbIM 06pas3om
NOEHTUDUUUPYET KaXKAblA 3K3eMNAAP CYLLHOCTU. PYHKUMA NEPBUYHOIO K/KO4a - rapaHTMpoBaThb
LLe/IOCTHOCTb 06bekTa. KpomMe TOro, nepBUYHbIe KNHOUYM U BHELIHWE KNHOUYM paboTaloT BMecTe AN
peanusauuy cBf3eid B pensaumoHHoOn mogenun. CnefoBaTenbHO, BaXXHOCTb MPaBWUIbHOrO Bbl6opa
MepBUYHOr0 K/H0Ya HanpsaMyro BvAeT Ha 3 (PeKTUBHOCTL peanusaumu bA.

KoHuenuuns yHWKanbHOro MaeHTU(MKaTopa BCTpeyaeTca U B peanbHOM Mupe. Hanpuwmep,
HOMepa CYeTOB-(PaKTyp ANA OnpefeneHns KOHKPEeTHbIX CYeTOB-(hakTyp W HOMepa CYeToB [ANA
NOEHTUMOUKALUN KPeLUTHbIX KapT. OTWU NPUMepbl UNMKOCTPUPYIOT eCTECTBEHHbIE UAEHTU(MKATOPDI
nan KNwun. ECTECTBEHHbIN KMOY MM eCTeCTBEHHbIi WAEHTUMUKATOP - O06LLENPUHATDIN
NLEHTU(MKATOP PeasbHOro Mupa, UCMosb3yemblidi AN YHUKANbHON UAEHTU(MUKALUN CYLLHOCTeN
peanbHOro Mupa. ECTECTBEHHbIN K/OY 3HAKOM MO/Mib30BaTeNiAM U ABNSETCA 4acTblo WX
MOBCEJHEBHON [eflOBON NeKCUKW. EcCnnm CywHOCTb MMEEeT eCTeCTBEHHbIN uaeHTUdUKaTop,
pa3paboTyMK MCNOMb3YyeT ero B Ka4eCcTBe MEPBMYHONO KHOYa.

MepBMYHbIA KNOY - 3TO aTpubyT WAM KOMOMHauWs aTpubyToB, KOTOPblE OAHO3HAYHO
NOEHTUOUUUPYIOT 3K3EMMIAPBI CYLLLHOCTN BO MHOXECTBe CYLLHOCTel. PYHKLMA NepBUYHOIO KN0Ya
- rapaHTupoBaTtb Le/IOCTHOCTb 06BEKTA, & He «OMUCbIBaTb» OOBEKT.

MepBUYHbIE K/OYM W BHELUHWE KIHOYM MCMOMb3YIOTCA ANF peanv3auumn CBs3er Mexay
CyLiHOCTAMU. B peanbHOM Mupe Nonb3oBaTtenn UAEHTUHOUUUPYIOT CYLLHOCTU HA OCHOBE CBOWCTB,
KOTOpbI€ OHW 3HAKOT. Tabnuua 7 LeMOHCTPUPYET XenaTelbHble CBONCTBA NEPBUYHOIO K/HOYa.

Tabnuua 7
CBolicTBa NEPBUYHOIO KkoYa

CBoiicTBa NEPBMYHOIO
O6bAcHeHue
Knoyva

YHUuKanbHoe 3HaueHne  PK go/mkeH 04HO3HAYHO MAEHTU(NLMPOBATD KaXK/bIA IK3EMMNAP CYLLHOCTMW.
MepBUYHbIN KIHOY JO/MKEH MMETb BO3MOXHOCTb FapaHTUPOBaTh YHUKa/IbHbIE
3HaueHus. OH He MoxXeT cofepxatb NULL 3HayeHus.

He nHTennekTyanbHbll ~ PK He 4O/MKEH MMETb BCTPOEHHOIO CEMAHTWMYECKOro 3HayeHUs, KpOMe Kak
AN YHVUKaNTbHOWN MAEHTUDMKALMN KXKAOM0 aK3eMnaspa 06bekTa. ATpMoyT o
BCTPOEHHbIM CEMaHTUYECKUM 3HAUYEHNEM, BEPOSTHO, NyYLle UCMO/b30BaTh B
KayecTBe ONWCATE/NIbHON XapaKTepuCTUKM O0O0beKTa, 4YeM B Ka4yecTse
naeHTUQrKaTopa.

Bes  u3MeHeHuin  co Ecnm atpubyT MMeeT CeMaHTMYECKOe 3HAuYeHWe, OH MOXET NOABepratbes

BpeMeHeM OGHOBNEHMAM, MNO3TOMY WMEHa He SBNAKTCA XOPOLWMMU MEepBUYHBLIMU
Knovamn. ECM NepBMYHBLIA  KMOY  NOANEXUT  U3MEHEHUID, 3HAYeHWs
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CsoiicTBa NepBUYHOr0
Ob6bAcHeHWe
Knoyva

BHELLHEro K/o4a JO/MKHb! 6bITb 06HOB/IEHBI, YTO YBE/IMUMBAET Harpysky Ha
6a3y AaHHbIX. PK f0/MKeH 6bITb MOCTOAHHBIM U HEU3MEHHBIM.

MpeanoyTUTENbHO OANH  TepBUYHBIA KNHOY LO/DKEH MMETb MUHMMa/IbHOE KOJIMYECTBO BO3MOXHbIX

aTpubyT aTpubyToB. [MepBMYHbIE KNHOYM C OAHWUM aTpuMOYTOM >KenaTefibHbl, HO He
06s3aTeNlbHbl.  [1epBUYHbIE  K/IKOUM C  O4HWM  aTpubyToM  ynpoLyatoT
peanmM3aumio  BHELIHUX  KHO4Yeld. Hanuume nepBUYHBLIX  KIOYeld ¢
HECKONbKMMW aTpubyTaMn MOXET MPUBECTU K POCTY MEPBUYHbLIX KIIHOYel
CBs3aHHbIX 0OBEKTOB 3a CHET BO3MOXHOr0 J06aBNneHNs MHOrMX aTpubyTos,

YTO yBENMUMBAET Harpy3Ky Ha 6as3y AaHHbIX W fenaeT NPUNoXeHUs Gonee

rPOMO3KMNM.
MpeanoYTUTENBHO YHUWKaNbHbIEe 3HAYeHUs MOTYT flyulle YNpaBfsiTbCsi, KOTAa OHU YKC/OBbIE,
YMCNOBOA MOTOMY UTO 6a3a AaHHbIX MOXET MCMO/b30BaTh BHYTPEHHWE NOAMNPOrpamMMbl

4N peanm3aumm  atpubyTa CUETHOrO CTW/SA, KOTOPbIA aBTOMATUYECKM
YBENNUMBAET 3HAYeHMs NPy [00aBMNEHWM  KaXAOM HOBOW  CTPOKW.
PakTNYeCcKn, BOMbLUMHCTBO cuUCTeM 6a3 AaHHbIX BK/IHOYaeT BO3MOXHOCTb
MCNOMb30BaHNSA CreuuanbHbIX KOHCTPYKLMA, TakuMxX Kak Autonumber B
Microsoft Access, sequence B Oracle nnu identity 8 MS SQL Server, ans
NOLAEPXKKN aBTOMATUYECKNX aTPUOYTOB MEPBUYHOIO K/toua.

Be3zonacHoCTb- BblOpaHHbIi MEPBUYHBLIA K4 He [O/DKEH COCTOATb M3 Kakux-imbo

COBMECTUMbIN aTpmbyToB, KOTOpble MOrYT paccMaTpuBaTbCA Kak yrposa WM HapylueHue
6esonacHocTn. Hanpmmep, UCronb30BaHWe HoMepa nacropTta B Kayectse PK
B Tabnmue COTPYHWK HegonycTumo.

nepBMLIHbIVI KoY A0/1>XKeH NCNoJsib3oBaTb MUHUMa/IbHO BO3MO>XXHO€ KOJINYECTBO anI/I6yTOB.
CocTaBHble NMepBUYHbIE K/THOYM MONE3HbI B ABYX C/yYanX:

0O B KayecTBe WAEHTU(HUKATOPOB acCCOLMATUBHBIX CYLLHOCTEA, B KOTOPbIX Kaxpjas

KOMOWHALMA NEPBUYHBIX K/OUel A0NyCKaeTcs TONbKO OAUH pa3 B OTHOLWEHUN M:N.

O Kak ngeHtudunkatopbl cnabbliX CyLHOCTEN, B KOTOPbIX cnabas CyLHOCTb UMEET CUJIbHbIE
NOEHTUOUUUPYIOLLME OTHOLLEHWSA C POAUTENEM

B MHOrux cnyyasax nepBuYHbIN KNOY He CYLLeCTBYET B pealbHOM MUPE, WY CYLLECTBY LN
€CTECTBEHHbIN KNHOY He MOXET ObiTb MOAXOAALMM MEePBUYHLIM K/IOYOM. B aTux cnydasx
cTaHAapTHas NpaKTMKa - Co3faHue CypporaTtHoro knyda. CypporaTHbIN KN4 - NePBUYHbIA KO,
CO34aHHbIA  pa3paboTYMKOM A8 YNPOWEHUS MWAEHTU(PMKALUM  3K3EMNNSPOB  CYLLHOCTMW.
CypporaTtHbIil K/l0Y He MMeeT 3HaYeHUA C TOYKM 3peHus nonb3osatensd. OLHUM U3 NPaAKTUYECKUX
NpevmyLLecTB CypporatHoro Kitoua asnsgerca 10, 4to CYB/[l MOXeT reHepupoBaTb ero 3HayeHus,
4TOObI BCErAa NpefocTaBNATb YHUKAbHbIE 3HAYEHUS.

CypporaTtHble MepBUYHbIE KIOUYU ABNAKOTCA O6LLENPUHATON NPaKTUKON B COBPEMEHHbIX
CMIOXHBbIX cpefax nepefayn faHHbIX. OHM O0COGEHHO MOfe3Hbl, KOrja HeT eCTeCTBEHHOr0 K/ua,
Korfa BblGpaHHbIM KNIOY-KaHAMAAT UMEeT BCTPOEHHOe CEMaHTMUYECKOe COAEePXMMOE UIN CULLIKOM
ONVHHBIA. CyLecTByeT KOMNPOMUCC: ec/ii UCNO/b30BaTb CYPPOraTHbIN KNKOY, HYXXHO y6eanTbCs,
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YTO K/HOY-KaHAMAAT paccMaTpuMBaeMOl CyLHOCTW pa6oTaeT [AO/MKHbIM 06pasoM, MCMonb3ys

OrpaHNYeHns «yHUKaNbHbIA UHAEKC» U «HE HOMb».

4.5. T1po6nembl NPOEKTUPOBaHMA 6a3bl AaHHbIX

Pa3paboTumku B/l 4acTo LO/DKHbI MATU HA KOMMNPOMWUCCHI, BbI3BAHHbIE NPOTMBOPEYNBLIMU
LensiMun, TaKMMK Kak cob6/1t0jeHne CTaH4apTOB NPOEKTUPOBAHUSA, CKOPOCTb 06paboTky 1 TpeboBaHUS
K UH(hopmaLmu.

O CTaHjgapTbl npoekTuposaHuda. MpoekT B [OMKeH COOTBETCTBOBATb CTaHAapTam.
Takue cTaHfapTbl NOMOrarlT B pa3paboTKe NOrMYecKUx CTPYKTYpP, KOTOPble CBOAAT K MUHUMYMY
M36bITOYHOCTb [aHHbIX, TEM CaMblM CBOAA K MUHUMYMY BEPOATHOCTb BO3HWKHOBEHWUA aHOManwii
JaHHbIX. CTaHAapTbl NMPOEKTMPOBAHUSA MO3BONIAOT paboTaTb C OnpeAesieHHbIMU KOMMOHEHTamMun 1
OLleHMBATb B3aMMOAENCTBME MX C ONPefeNeHHOW TOYHOCTbIO

O CkopocTb 06paboTKn. Bo MHOrMX npegnpuatusx, OCO6EHHO B TeX, KOTopble
reHepupyrT 60/blLIOE KOMMYECTBO OMepaunii, BbiCOKas CKOPOCTb 00pabOoTKM 4acTo sBMseTCS
rNaBHbIM NPUOPUTETOM MPU MNPOEKTUPOBAHUN 6a3bl JaHHbIX.

O WHpopmaynoHHble TpeboBaHus. MNMOUCK CBOEBPEMEHHON MH(pOPMaLUN MOXET ObiTb B
LLeHTpe BHUMaHUA npu pa3paboTke 6a3bl gaHHbIX. CMOXHbIe MH(OPMaLMOHHbIe TpeboBaHMUA MOTYT
AVKTOBaTb Npeobpa3oBaHns fAaHHbIX, 1 OHWU MOTYT YBE/IMYNTb KOMYEeCTBO 06bEKTOB M aTpUbYTOB B
NpoeKTe.

MpoeKT, KOTOPbI/ OTBEYaeT BCEM IOFMYEeCKUM TpebOBaHUAM 1 NpaBuiaM NpoOeKTUPOBaHMSA,
AB/IAETCA BXKHOM LeNblo. TemM He MeHee, ec/iv 3TOT COBepLLEHHbIV NPOEKT He 0TBeYaeT TpeboBaHMAM
K CKOPOCTU W MH(opMaLmu, NpeabaBnseMbiM 3aKa3umMKoM, pa3paboTumk He OyAeT BbIMOMHATH
Hagnexatlyt paboTy C TOYKM 3peHus nosnb3osaTesid. KOMNpPOMUCChI - 3TO (haKT XXU3HU B peasibHOM
MUpe NPOeKTUPOBaHNA 6a3 faHHbIX.

Pa3paboTumk  [JO/DKEH  yuuTbiBaTb  TpeboBaHMA  MO/b30BaTend,  Takue, Kak
NPOU3BOAUTENbHOCTb, 6€30MacHOCTb, O6LMIA LOCTYN U LENOCTHOCTb fAaHHbIX, U y6eAuTbCs, 4TO
[OCTYMHbI BCe napaMeTpbl 06HOBNEHWA, NOUCKA W yaaneHus. Au3aliH He nMeeT 0CO60M LEHHOCTH,
€C/IM KOHEeYHbIN NPOLYKT He MOXeT BbIMO/HUTL BCE YKa3aHHble Tpe60BaHUA K 3arnpocam M oTHeTam.
[axe camblii NyyLWnin NnpoLecc NPOeKTMPOBaHNA TpebyeT falbHEALWNX NU3MEHEHWNIA B COOTBETCTBUM

C 3KcnnyataynoHHbIMN Tpe6OBaHVIFIMVI.

45. 'torun

O ERM wucnonb3yer ERD ansi npeactaBneHMs KOHUENTYanbHOW 6a3bl AaHHbIX C TOYKK
3peHuns nonb3osarens. OCHOBHbIMU KOMMOHeHTaMn ERM fBnAwOTCA CYLWHOCTW, OTHOLUEHMA U
atpnbyTbl. ERD BK/OYaeT B cebs HOTaLMM CBA3HOCTU M MOLLHOCTU, a TaKXe MOXET MoKasblBaTb
Cuny cBA3el, yyacTue B CBA3AX (HeobsA3aTenbHOe MM 0643aTeNbHOE) M CTeneHb CBS3eil (YHapHbIe,
OUHapHbIe NN TEPHAPHbLIE).

O Csa3b onucbiBaeT knaccuukaumio accouymaymin (1:1, 1:M wam M:N). Konuyectso
3/1EMEHTOB BblpaXKaeT KOHKPETHOE YMC/I0 BXOXAEHWUIA CyLWHOCTU. CBA3HOCTU M MOLLHOCTM 0BbIYHO
OCHOBaHbl Ha 6M3Hec-npaBunax.

63



[ B ERM otHomenne M:N neiicTByeT Ha KOHLENTYajbHOM ypoBHe. Ilpu peanuszauun
ERM B pensiunoHHOH 0a3e manHbIX oTHOmeHne M:N nomkHo ObITh conocTaBieHo ¢ HabOpPOM CBsi3eil
1:M 4gepe3 acCOLMATUBHYIO CYLIHOCTD.

] Paspaboruuku 0a3 HaHHBIX, HE3ABHCHMO OT TOrO, HACKOJBKO XOpPOLIO OHM MOIYT
CO37aBaTh MPOEKTHI, COOTBETCTBYIOLIIE BCEM IPUMEHUMBIM COTJIAIICHUSIM O MOAEIUPOBAHIH, YaCTO
BBIHY>KIE€Hbl MATU HA KOMIIPOMHCCHL. OTH KOMIIPOMHCCHI HEOOXOIMMBI, KOTAA IOJIb30BATENN
NPENBSBISIOT JKU3HEHHO BakHble TpeOOBaHMSI K CKOpocTH o0paboTku u  HHOpMALUH.
Paspabotunku B/l ZOKHBI HCIIONB30BATH CBOE MPO(PECCHOHANBHOE CY KIEHHE, YTOObI OMPEAeUTb,
KaK U B KaKO CTENEHHU COTJIALIEHIS O MOAEIMPOBAHUN MOTYT OBITh H3MEHEHDL.

] Mogensb paciupenHoro otHouenus oobekta (EER) nobasnsier cemanTuky k momenu ER
yepe3 CyMepTHUIIbl, IOATHUIIBI ¥ Ki1acTepbl o0bekTa. CynepTun CymHOCTH — OOIIMIA THIT CYLIHOCTEH,
KOTOPBIH CBSI3aH C OMHIM TN HECKOJIbKIMU ITOATHIIAMH.

] Hepapxus crienpaanzaniy 0ToOpakaeT pacronoKeHHe U CBSI3H MEX/Ty CYNEPTHIIAMH H
noxTunamu cyuHocte. HacnenoBanue o3Ha4aeT, YTO MOATHIT CYLIHOCTH HACJEAyeT arpudyThl U
cBsi3u cyrmeprurna. I[IOATHUIBI MOTYT OBITH HENEPECEKAIOIMMHUCA WM MEPEKPBHIBAIOLIMMICS.
JIUCKPUMUHATOP TOATHIIA HUCIIONB3YETCS IJIsI ONMpPEAETCHHs TOro, K KAaKOMy MOATHITY OTHOCHTCS
IK3eMIUIAp  cymepruma. IIOATHIIBI MOTYT [OEMOHCTPHPOBaTb YaCTUYHYK) WJHM  [OJHYHO
3aBepiIeHHOCTh. CyIIecTBYeT IBa OCHOBHBIX MOAXOAA K pa3pabOTkKe HepapXuu CyNEpPTUIOB H
MOATUIIOB CYLIHOCTEN: crienuaan3anus u oboduenue.

] Knacrep OOBEKTOB — 3TO «BHPTYalbHbII» THN OObEKTa, HCHOAb3YEMBI ISt
Npe/CTaBIeHN HECKOJIBbKUX CyInHOCcTel U cBsizeit B ERD. Knacrep cymHocTeii popmupyercs myrem
00BpenUHEHNsT HECKOJIBKIX B3aUMOCBSI3aHHBIX CYLTHOCTEH M CBA3EH B OIHY aOCTPAKTHYIO CYIHOCTb.

D EcTecTBEeHHBIE KITFOYUH — CYLECTBYIOT B p€aJIbHOM MHUPE. EcTtecTBeHHBIE KIIIOUH HHOTrAa
ACTA0T XOPOLIUE NEPBUYHBIC KJIFOYH, HO HE BCCT Aa. HepBI/ILIHbIC KJIFOYH JOJIKHBI HUMETh YHUKAJIbHBIC
3HAQYCHUsA, OHHU HE JOJIXKHBI 6bITb WHTCJUICKTYAJIbHBIMH, OHU HC JOJIXKHbI U3MCHATBHCA CO BPEMCHCM,
" OHU IPEANOUYTUTECIILHO ABJIAKOTCA YUCITIOBBIMU, U COCTOAT U3 OAHOT'O anI/I6YTa.

] CocraBHbIE KJIFOYHM TIOJNIE€3HBI ISl TIPEACTaBaeHus1 oTHomeHud M:N u cnabbix (cTtporo
UICHTUPUIHUPYIOLINX) CYLITHOCTEH.

] CypporarHbie epBHYHbIE KIIFOYH MOJIE3HBI, KOT/Ia HET ECTECTBEHHOTO KJIF04a, KOTOPbIii
CO3a€eT MOIXOIAIINI MEPBUYHBIN KIFOU, KOTIa MIEPBUYHBIN KIJTFOY SBJIIETCS COCTABHBIM MIEPBHUYHBIM
KJFOYOM C HECKOJBKMMH THUIIAMH JAHHBIX HIIM CJIMIIKOM JUIMHHBIM, Y4TOOBI €ro MOXHO OBLIO
HCIIOJIb30BATb.
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Nekunsa 5. Hopmanusaumsa tabnuu

5J1. BBegeHune

Xopowwnii au3ailiH 6a3bl fAaHHbIX AO/MKEH COOTBETCTBOBATb XOPOLUER CTPYKType Tabnuu.
UT06bl [OCTMYL 3TOW Lenu, Hy>XXHO paspabaTbiBaTb XOpOLIME CTPYKTYpbl Tabnuy A KOHTpoNs
M36bITOYHOCTM AaHHbIX, KOTOPbIV NO3BONUT U36eXaTb aHOMannin faHHbIX. [pouecc, KOTopbIl faeT
TaKue XKenaTesbHble pe3ynbTaTtbl, U3BECTEH KaK HOpManu3auus.

Hannune xopollero nporpamMMHOro obecneyvyeHus And pensuumoHHbIX BJ HefoCTaTO4HO,
4TO6bl M36eXaTb M3ObITOYHOCTU faHHbIX. Ecnn Tabnuubl B, CNpoeKTUpoBaHbl TakK, Kak (ainbl B
(haiifioBON cucTeMe, CMCTeMa ynpaBneHuUs pensiyMoHHbIMKU 6a3amun faHHbix (CYPB/) Hukorga He
CMOXET NPOAEMOHCTPUPOBATL CBOM MPEBOCXOHbIE BO3MOXHOCTM 06paboTKM JaHHbIX.

Tabnunua ABNSeTCA OCHOBHbLIM CTPOUTENbHLIM 6/10KOM NpoekTMpoBaHua bJ. CnegosaTenibHO,
CTPYKTypa Tabnuubl npeacTasnseT 60/blLION MHTepec. B naeane npouecc npoekTuposanusa b, faet
XOpoLlue CTPYKTYpbl Tabnuy,. Tem He MeHee, MOXHO CcO3faBaTb MAOXME CTPYKTYpbl Tabnuu gaxe
npu xopowem amnsaliHe b/,

Hopmanu3auusa - npouecc OLEHKU U UCNPaB/IEHUs CTPYKTYP Tabnuu, € Lenbio MAHUMAU3AL MK
M36bITOYHOCTU [aHHbIX, TeM CaMblM CHWXas BEPOATHOCTb aHoManuii [aHHbIX. [lpouecc
HOpManun3aummn BKIOYAET Ha3HavyeHne aTpubyToB TabnL,aM Ha OCHOBe KOHLEMUUIA onpeaeneHns n
(hYHKLMOHANbHOW 3aBUCUMOCTMW.

Hopmanusayua paboTtaert yepes psf 3Tanos, Ha3blBaeMbiX HOpMasibHbIMU (hopmamu. Mepsble
TPU CTaAuM OnucaHbl Kak nepsas HopmasbHasa opma (1H®), BTopas HopmasnbHasa gopma (2HD) m
TpeTbs HopMasbHaa opma (3H®P). Co CTPYKTYpHOW ToUKY 3peHus 2H® nyduwe, yem 1H®, a 3HP
nyywe, yem 2H®. [na 60nbWIMHCTBA Leneli B NPpoeKTupoBaHUn 6msHec-bJ, 3H® - gocTaTOYHbIA
YPOBEHb.

X0Ta HOpManu3auus ABAAETCA OYeHb BaXKHbIM KOMMOHEHTOM MpPU MPOeKTMpPOBaHUN 6asbl
[aHHbIX, He cnejyeTt nonaratb, YTO Camblii BbICOKWI YPOBEHb HOpManu3auuu Bcerja SiBNAETCA
Haunbornee XenatenbHbIM. Kak npaBuio, 4eM Bbille HOpManbHas opma, TeM 60/bLUe peNALNOHHbIX
onepaumii COeMHEHUS, N COOTBETCTBEHHO, 60/bLLE PeCYpCOB HEOOXOAMMO A/A NOMyYeHUs OTBeTa
Ha 3anpoc. YCrewHbll Au3aiiH TakXe [O/DKEH Y4uTbiBaTb CMPOC MO/ib30BaTeNsl Ha BbICOKYHO
NPOU3BOANTENBbHOCTb. [103TOMY MHOrga noTpebyetca [eHOPManun3oBaTb HEKOTOPble 4acTu
CTPYKTYypbl BA. [leHopManu3aunsa nponsBoanT 601ee HU3KYH HOPMasbHY (opmy; TO ecTb 3H®
b6ynet npeobpasosaHa BO 2H®. [MoBbilWeHMe NPOU3BOAUTENLHOCTM 3a CYeT [eHopManusauuu
cobnrogaeTcsa ¢ 60MbLIOA N3ObITOYHOCTLIO AaHHbIX.

5.2. BaXXHOCTb HOpMa/IM3aLmm

Hopmanusaumnss 06bl4HO MCMNOMb3YeTCS BMECTE C MOAENMPOBAHMEM CBSI3eil CYLIHOCTEIA.
Pa3paboTumkn B[] ncnonb3yT HOpManuM3auuio B ABYX cuTyauuax. MNMpu npoeKTMpoBaHUM HOBOWA
CTPYKTYypbl BM, pa3paboTumk B[] cHauyana co3gaeT MOfeNb AaHHbIX. [1ocne TOro, Kak UCXOAHbIN
NPOEKT 3aBepLUeH, pa3paboTynK NPOBOANT aHaNN3 CBA3EN Mexay aTpubyTaMu B KaXX4ON CYLLHOCTM
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W OonpegensieT, MOXHO NV YNy4ywWTb CTPYKTYpy MNOCPeACTBOM HoOpmanusaumu. Takxke oT
pa3paboTunkos b/l yacTo TPeOyT M3MEHUTH CYLLECTBYIOLLNE CTPYKTYPbI AaHHbIX, KOTOPbIE MOTYT
ObITb B (DOpMe TEKCTOBbIX (haifioB, 3NeKTPOHHbIX Tabnuy nnm 6onee ctapbix cTpyKTyp BA4. OnaTb
Xe, aHanmM3upys CBA3M Mexay aTpubytamu uan nonsmu B CTPYKTYpe faHHbIX, paspaboTyuuk B[
MOXeT WCNo/b30BaTh NpoUecc Hopmanusauuu, 4To6bl YNY4YWWUTb CYLLECTBYHOLWLYIO CTPYKTYpYy
JaHHbIX 1 co34aTbh COOTBETCTBYHOLWMI NPOoeKT BJ]. HesaBncUMO OT 3ajayun, NpoLecc Hopmanusaymmu
O[MHAaKOB.

OCHOBHOI LeNbl HOpManusauum sBAseTCA YCTpaHEHWe aHOManWii AaHHbIX, MNyTeM
YCTPAHEHMSA HEHYXXHbIX MW HeXeNaTe/lbHbIX N30bITOYHOCTEN. 14 06ecneyeHmns 3asBeHHbIX Lenei
npoekTupoBaHma b, HopManusayua MCMNoNb3yeT KOHLENUUI (YHKLWOHANbHbIX 3aBUCUMOCTEN,
4yTOObI OMpeaennTh, Kakoil aTpnoyT (Mnn Habop aTpnbyToB) onpeaenseT Apyrne aTpuoyThi.

UTo6bl NONYyYMTb flydllee MpefcTaBfeHNe O Mpouecce Hopmanmsauuu, MOXKHO B3SiTb B
KayecTBe npuMepa YMPOLLEHHYK OTYeTHOCTb Ana ACY npeanpuatus, KoTopas ynpasnseT
HECKOMbKUMW npoekTamu. KaXablii MPOeKT WMeeT CBOW COOGCTBEHHbLI HOMEP MPOEKTa, MM,
Ha3HayeHHbIX COTPYAHWKOB W TakK Janee. Y Kaxoro COTpPyLHWKA eCTb HOMEP, MMSA U AOJIKHOCT,
Hanpumep, NHXXEHeP UK CUCTEMHbIN afMUHUCTPATOP.

MpesnpusaTUe BbICTABASET CHET CBOMM K/IMEHTAM, yUUTbIBAs Yachl, MOTPAYeHHbIE HA KaXX /bl
KOHTpakT. lMoyacosas onsara 3aBMCUT OT KnacCupuKauuy OMKHOCTeR cCOTpyHMKa. [Nepnogmyecku
CO3/aeTca OTYET, KOTOPbIA COAEPXMUT AaHHble A48 KaXA0ro npoekta B CBOAHOM (opmate, B BUAE

Tabnnybl 8.
Tabnuua 8
MpuMepHbI OTYeT
Ne
HassaHune dMO JomkHoCTb CrommocTb  Kor-Bo
No npoekTa COTpg;'HV" COTPYAHMKA COTPYAHMKA 1uaca yacoB ViToro

8951 K.C.KoneHko [MNporpammmcT 650,00 P 185 12 025,00 P

8547 M., Yaiika Pmpfﬁw”" 120000P 143 17 160,00P

1l VaEray 875 ®3Byxapos '_“'AF;O:G';;“(:;J"' 930,00P 250  2325000P
8685  EHMaxomos  CCTEMHBM  g7500p 203 1766L,00P

AHVTUK
8012 MEVeasos /MBI 4sh00p 160 720000P
aAMUHNCTPATOP

Toro 3a npoekT 77 296,00 P

8624 KABo/bHakoB  [MporpamMmmcT 650,00 P 231 15 015,00 P

8912 T.H.Ko3uH Bogutenb 320,00 P 151 4 832,00 P

[MpoeKTHb I
.9 930,00 P 38,8 36 084,00 P
542 KHC4z2 O PIBYXAPOB ey enpkep
8685  OF.LLurassa Pmp?ﬁ““"" 120000P 313  37560,00 P
CuCTEMHb I

8475 O.K UynpmHa AHATVTVK 870,00 P 48,1 41 847,00 P
WToro 3a npoekT 135 338,00 P
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Ne

HasBaHuve 0]/[0] JomkHoCcTb Croumoctb  Kon-BO
No npoeKTa COTpg;'HM' COTpYAHMKA COTPYAHMKA 1 yaca yacoB Vitoro
8951 P.KBobbleB [MporpammmcT 650,00 P 47,2 30 680,00 P
8547 M,[L Yaiika Pmpasﬁm”" 120000P 137  16440,00 P
23 [HozL 84S TnCwm (PR w000P 42 4110600P
8685 B.KComHmkos ~ C/eTeMHbI 870,00 P 459  3993300P
aHaNINTUK

CUCTEMHBIN
8012 B.®.pbRYHOB AIMVHICTPATOp 450,00 P 40,1 18 045,00 P
VToro 3a npoeKT 146 204,00 p
8952 K.C.KorieHko MporpammmcT 650,00 P 20,0 13 000,00 P
8912 T.H.Ko3nH Bogutenb 320,00 P 38,0 12 160,00 P

[MpOEKTHb I
8745 ®.2.Bbyxapos MeHemKep 930,00 P 24,6 22 878,00 P

Pa3paboTunk
ysaa KHC-528 8685 O.E.LLivraesa 511 1200,00 P 444 53 280,00 P
8547 M., Yaiika Pmpasﬁol””" 120000P 320  38400,00 P
8475 SKUynpuHa ~ CreTemHel 87000P 500 43 500,00 P

aHaNInNTUK

CUCTEMHBIN
8012 M.I".VBaHoB AIMVHCTPATOp 450,00 P 421 18 945,00 P
NToro 3a npoekT 202 163,00 P
NTOIro 561 001,00 p

B aTom cnyuvae pa3paboTumKy nopydaeTtca co3gath Bl ans nogaep>XXKu 3TOM OTUETHOCTMW.
CHayvana Hy>HO COCpefoTOUUTLCSA HA OCHOBHbLIX JaHHbIX, HEOOXOAUMbBIX ANA COCTaBNEHUS OTYeTa.
NTorn, npoMexxyTouHble UTOrM 1 06LLMe UTOTN ABMAIOTCA BblUMCIAEMbIMUA AaHHbIMU. Kak TONbKO
Haya/ibHbI MPOEKT 3aBepLUeH, pa3paboTUMK MOXET MPUHATb NMPOEKTHble PeleHns 0 TOM, Kakue
BblUMCNAeMble AaHHble XPaHUTb U KaKue BbIYUCNATL NP He06Xo4MMOCTU. B aTOM cny4vae OCHOBHbIe
[laHHble MoKa3aHbl Ha pucyHKe 15.

Ta6bnuua: OTUET Basa gaHHbIX: ACY

NPO_KoA4 MPO_HA3B COTP_KOA COTP_oUVO AK_HA3B PAB_CTM PAB_KON

2541 YH-Eran 8951, 8547, K.C.KoneHko, M.[.Yaiika, Mporpammuct, Paspa6oTunk B[, 650,1200, 930, 18.5,14.3,
8745, 8685, ®.3.byxapos, E.H.MMaxomos, MpoeKkTHbI MeHemxep, CUCTEMHBbI 870,450 25.0, 20.3,16.0
8012 M.l .NBaHOe aHanMTNK, CUCTEMHbIW agMUHUCTpaTop

2542 KHC-432 8624, 8912, K.A.Bonbivakos, T.H.Ko3uH, Mporpammuct, Bogutenb, MpoeKTHbIR 650, 320, 930, 23.1,15.1,
8745, 8685, ®.3.byxapos, O.E.lUuraesa, MeHepaxep, Paspa6oTumk B[, 1200,870 38.8,31.3,48.1
8475 3.K.UynpuHa CUCTeMHbIi aHaNUTUK

2543 AHC-21 8951, 8547, P.K.Bo6bines, M.[.Yaiika, MporpammucT, Paspa6oTunk BJ, 650,1200, 930, 47.2,13.7,
8456, 8685, T.M.CtauH, B.K.CbITHUKOB, MpoeKkTHbI MeHemxep, CUCTEMHBbI 870,450 44.2,45.9,40.1
8012 B.®.IpbI3yHOB aHanMTUK. CUCTEMHbIW agMUHUCTpaTop

2544 KHC-528 8952, 8912, K.C.KoneHko, T.H.K03uH, Mporpammuct, Bogutenb, MpoeKTHbIR 650, 320, 930, 20.0, 38.0,
8745, 8685, ®.3.byxapos, O.E.lluraesa, MeHeaxep. Paspa6oTumk BJ, 1200,1200, 870, 24.6, 44.4,
8547, 8475, M.[.Yaiika, 3.K.YynpuHa, Paspa6oTunk BJ], CUCTEMHbIN aHANNTUK, 450 32.0, 50.0, 42.1
8012 M.l .NBaHOe CuCTeMHbIli agMuHMUcTpaTop

Puc. 15. OCHOBHbIE faHHbIe 4151 OTYETHOCTHU

ba3oBble AaHHble Ha pucyHKe 15 opraHuW3oBaHbl BOKPYr MPOEKTOB TaK >Xe, KakK Obln

OpraHn3oBaH OTYET, MPW 3TOM KaX[blii NPOEKT MMEEeT OAHY CTPOKY ANA NPeACTaBNEeHUS AaHHbIX,
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CBA3aHHbIX C 3TUM MPOEKTOM. VICX0fHble AaHHbIe NOKa3biBAKT, YTO MPOEKTY Ha3HAYEHO HECKO/IbKO
cCOTpyAHUKOB. ObpaTuTe BHUMAHMWE, YTO AaHHbIEe Ha PUCYHKe 15 ABMAKOTCA HEHOPMAaNN30BaHHbLIMU
OaHHBIMUW, 4YTO OTPAXaeTcd B CYLLECTBOBAHMM HECKO/bKMX MHOTO3HaYHbIX 3/IEMEHTOB [aHHbIX
(COTP_KOA, COTP_oWO, ANXHA3B, PAB CTM, PAE KO).

CTpyKTypa fAaHHbIX, M306paKeHHas Ha pUCYHKe 15, He COOTBETCTBYeT TpeGOBaHWAM K
PeNALMOHHBbIM TabnMuam, 1 NO3TOMY He NOAXOAUT ANSA NpaBubHOW 06paboTKM fAaHHbIX. OHa nMeeT
cnefytoLne HefoCTaTKN:

O CTpyKTypa [aHHbIX [OMNycKaeT HECOOTBETCTBMe [JaHHbIX. Hanpumep, 3HauveHue
OJ/DK HA3B «PaspaboTunk b» moxeT ObITb BBefeH Kak «Pa3p.b» nnn gaxe «Pb0».
CtpykTtypa nossonuna 6ol O.E.LLUwnraesoii n M.[.Yaiike B npoekte KHC-528 B3umaTb
pasHble CTaBKW, AaXe €CNN Y HUX Of4MHAaKOBaa Knaccugukaumsa LOMKHOCTEN.

0O CTpyKTypa [aHHbIX COAEPXMWT HEeCKO/IbKO MHOTF03Ha4YHbIX aTpUOYTOB, KOTOPbIE OYEHb
YCNOXHAT 3a4aun ynpaeneHUs AaHHbIMU. MOCKONbKY BCe COTPYAHMKMK, paboTarolyne
Haj NPOEKTOM, HaxoAATCS B OAHON sAueiike, TPYAHO WAEHTUPUUMPOBATb KaXKAoro
COTPYAHMKA UHAMBMAYaANbHO, a ANS 6a3bl AaHHbIX OTBETUTb Ha TakWMe BOMPOCHI, Kak

«CKONbKO COTPYAHMKOB paboTaeT Hag npoektom AHC-217».

0O [aHHble 0 COTPYAHUKaX B Tabnunue n3bbITOUYHbI, MOCKO/bKY COTPYAHMKM MOTYT paboTtaTtb
Haf HECKO/IbKMMU npoekTaMu. ob6aBneHne, 06HOBNEHME W yaaneHWe JaHHbIX, BEPOATHO,
O6yfeT o4YeHb FPOMO3AKMM C MCMONb30BAaHMEM 3TONM CTPYKTYpbl. Hanpumep, nsMeHeHue
Knaccumkaumm fomkHocTen gns @.3.6yxaposa notpebyeT 0OHOBMEHUS KaK MUHUMYM
Tpex CTPOK.

OueBMAHO, YTO 3Ta CTPYKTYpa NPUBOAMT K HECOOTBETCTBUAM faHHbIX. OTUET MOXeT faBaTb
pasHble pe3ynbTaTbl B 3aBUCUMOCTM OT TOFO, Kakas aHOManums [aHHbIX npousowna. AHoManuu
OTYETHOCTW BbI3bIBAOT MHOXECTBO MNPO6GAEM Yy MeHe[KepoB - He MOryT OblTb WCMpPaBieHbl C
NMOMOLLbI MPUKNAAHOTO NPOrpaMMnpPoOBaHuns

Mpo6nembl LENOCTHOCTW, U3OLITOYHOCTU W HECOrsacoBaHHOCTM AAaHHbLIX A0/KHbI ObITb
peLleHbl BO BpemMs npoekTuposaHus BA.

5.3. lNpouecc HopManu3auum

Llenbto  HOpManusauum  aBnsetcs  obecrevyeHuWe TOro, 4tobbl Kaxpasa Tabnuua
COOTBETCTBOBA/A KOHLeNUMY NpaBunibHO CHOPMMPOBAHHbIX CBA3eA. Tabnuubl Nocne HopManmnsaumnm
LOMKHbI UMETh CNefytoline XapakTepucTuKu:

O Kaxpgaa T1abnuua npeactaBnser OTAeNbHYH  CyWHOCTb. Hanpumep, Tabnuua
OANCUWNNNNHA 6ypeT cogepXaTb TONbKO [AaHHble, KOTOpble HenocpefCTBEHHO
OTHOCATCS K AucumnamHam. AHanornyHo, Tabnunua CTYAEHT 6yaet cogep)XaTb TONbKO
JlaHHble 06 YYeHUKax.

O Kaxpoe nepeceyeHne CTPOKWU/CTONGLA COAEPXMUT TOMLKO OAHO 3HAYEHMe, a He Tpynny

3HAUYEHUN.
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O Hu ofWH 3NeMeHT AaHHbIX He OyfAeT U3NULWHEe COXpaHeH B 60nee Yem OAHOW Tabnuue.

[laHHble 06HOBNAOTCA TO/ILKO B OIHOM MecTe.

O Bce HekntoueBble anI/I6yTbI B Ta6n|/|u,e 3aBUCAT TO/IbKO OT NMEPBUYHOIO K/kO4a. [aHHble

YHUKanbHO VI,EI,GHTVIqJI/ILl'VIpyI-OTCﬂ no 3Ha4YeHNIO NEPBUYHOrO Kto4a.

O Kaxpgas Tabnmua He MMeeT aHOManuil BCTaBKWM, OOHOBAEHUS WAW YAaneHWus, 4TO

obecrneynBaeT LEeNOCTHOCTb U COr1acOBAHHOCTb JaHHbIX.

AN [OCTUXKEHWUA 3TUX Lenell npouecc HopmanusauuMm NpPoBOAMTCS 4Yepe3 Laru, KoTopble

NPUBOAST K NocnefoBaTeNbHO 60/1ee BbICOKMM HOpMasbHbiM hopmaM. Hanbonee pacnpocTpaHeHHble

HOpPManbHble hOPMbl U UX OCHOBHbIE XapaKTepUCTUKK NepedncneHsl B Tabnuue 9.

HopmanbHasa hopma

MepBafg  HopmasnbHad  Qopma
(1H®D)
Btopaa  HopmanbHas  gopma
(2H®D)
Tpetba  HOpMasbHad  opma
(3H®D)

HopmanbHasa opma boiica-Koaga
(HPBK)

YeTBepTas
(4H®D)

HOopMmanbHas Qopma

MaTtas HopmanbHaa gopma (SHD)

Tabnuua 9

HopmanbHble opmbl

OnucaHue

Tabnmua Haxogutea B 1H®, ecnm Bce ee aTpubyTbl ABNAKOTCA
NPOCTbIMK, BCE UCMONb3yeMble [OMEHbI [O/MKHbI COdepXaTb
TO/IbKO CKa/IipHble 3HaveHns. He JO/MKHO ObITb NOBTOPEHUIA CTPOK
B Tabnuue.

Tabnuua Haxoautcs B0 2H®, ecnm oHa Haxoautcs B 1HD 1
KaXAbIi HEKNKOYeBON aTpmbyT 3aBucuT OT MepBUYHOro Kiroua
(MK).

Tabnmua HaxoguTea B 3HD, Korga HaxoauTes Bo 2H® 1 Kaxabll
HEK/OYEBOW aTpubyT HETPaH3UTUBHO 3aBUCUT OT MEPBMYHOIO
K/oYa.

Tabnmua HaxoguTca B HPBK, Korga Kakgas HeTpuvBMasibHas U
HenpueoAMMasn cneBa (hyHKLMOHaNbHas 3aBUCMMOCTb 06n1afaeT
NoTeHUMabHbIM K/IKOUOM B KayecTBe JeTepMUHaHTA.

Tabnuua Haxogutca B 4H®, ecnn oHa HaxoamTes B HPBK 1 Bee
HeTpuBMabHble
ABNATCA  (DYHKUMOHA/IbHLIMK

MHOrO3HauHble  3aBUCMMOCTU  (PAKTUYECKM
3aBMCUMOCTAMM  OT  ee
NOTEHUMaNbHbIX K/IHOYEN.

Tabnuua Haxogutcs B S5H®, ecnn oHa HaxoguTcs B 4HD n
OTCYTCTBYIOT Mexay

aTpubyTtamu.

CNoXXHble  3aBUCUMble  COegUHEHUA

B 06CyXAeHUM HOopManusauumy KOHUenuus Ka4eid SBAseTcs OCHOBHOW Temoi. Knwou-

KaHAMAaT SBNSETCA MUHMMAabHbIM (HENPUBOAUMBIM) Cynepkatoyem. MepBUUHbIA KU - K/Hou-

KaHAMAaT, BbIGpPaHHbIA B KayeCcTBE OCHOBHOFO, MCMOMb3YyemMOro Ans MAeHTUdMKaLUKM CTPOK B

Tabnuue. XoTa HopManusauus 06bIYHO NpeACcTaBNAeTCs C TOUKM 3PeHUs Katouei-KaHAnaaToB, 3T0

obCcyXAeHne npeanonaraeTcs Ana MPOCTOThbl, YTO Kaxpjas Tabnvmua vMeeT TONbKO OAUH K/HOu-

KaHaunaaT; CneaoBatesibHO, 3TOT KAKOY-KaHAnAaT ABNAEeTCA NEPBUYHLIM K/THOYOM.
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C TO4YKM 3peHus paspaboTymka [aHHbIX, Leflb HOopManusauuu - obecneyunTb, 4YTOObI BCe
Tabnuubl 66N Kak MUHUMYM B 3H®. CyLlecTBYOT HOpMasibHble (hOPMbl faxe 60/ee BbICOKOro
ypoBHA. OfHaKo HOpMasbHble (DOPMbI, TaKUE KaK natad HopmanbHas gopma (SH®) n HopmanbHasa
(opma Knoya gomeHa (KOAH®), Bpag v BCTPETATCA Ha NPakTUKe, W NPeAcTaBNAOT B OCHOBHOM
TEOpPeTMYECKUA WHTepec. Takue 60/Mee BbICOKME HOpPMabHble (OPMbl O0ObIYHO YBENUYMUBAKOT
KO/INYecTBO Tabnuy, 1 CBA3EN, YTO CHUXAeT NPOM3BOAUTE/IbHOCTb, He 106aBNsAs HUKAKON LLEHHOCTH
B YCTPaHEHUU W36bITOYHOCTU [AaHHbIX. HEKOTOpble O0YeHb CMeuuann3vpoBaHHble MPUTOXEHNS,
TaKue Kak CTaTUCTUYeCKMe UCCNefoBaHUsA, MOTyT TpeboBaTb HopManu3aunm 3a npegenamu 4H®, Ho
3TN NPUNOXEHUS BbIXOAAT 38 paMKy 60/bLUNHCTBA BU3HEC-0nepaLuii.

Mpexzge 4yem obpucoBaTb B OO6WMX 4YepTax MnNpoLecc Hopmanu3auuun, peKoMeHAyeTcs
paccMOTPeTb KOHLENUUN onpeseneHmsa n PyHKLMOHanbHOM 3aBucumocTu. B Tabnmue 10 0606LLeHbI
OCHOBHble KOHLeNuuu.

Tabnuua 10
KoHuenuuna yHKLMOHaNbHOW 3aBUCUMOCTH
KoHuenuyums OnpepeneHune
®PyHKUMOHaNbHAasA ATpr6yT B MONHOCTbIO (DYHKLMOHANBHO 3aBUCUT OT aTpubyta A, ecnin Kaxzaoe
3aBUCMMOCTb 3HayveHne A ornpeaensieT 04HO Y TONbKO OAHO 3HaueHwe B.

Mpumep: MPO_KOA, -> MNMPO_HA3B
(uutaetca kak MPO KO/ (yHKUmMoHanbHO onpegenset MPOHA3B)
B atom cnyuvae atpubyt MPO KOJ sABnsetcs onpepenvTenem, a arpuoyt
MPO HAS3B 3aBUCUMbBIM.
P yHKUMOHaNbHAsA ATpnbyT A onpegensieT atpmbyT B (To ecTb B yHKUMOHaNbHO 3aBmcHT 0T A),

3aBMCMMOCTb ecnn Bce (0600LLEHHOe onpefenieHne) CTPOKM B Tabsmue, KOTopble COBNAAakoT Mo
(0606LLeHHOe 3HaYEHWNIO ANA aTpmbyTaA, TakKe COBMagatoT Nno 3HaveHuto ans atpnbyta B.
ornpeseneHue)

MonHocTbio Ecnn atpnbyT B (hyHKUMOHAaNLHO 3aBMCUT OT COCTABHOrO Kntoya A, HO He OT
(hYHKLUMOHaNbHas KaKoro-nmbo noAgMHOXeCTBa 3TOM0 COCTAaBHOIO K/toya, atpubyT B nosHOCTbLIO
3aBUCUMMOCTb (hYHKLMOHA/TbHO 3aBUCUT OT A.

(cocTaBHOM KNtOY)

KpaiiHe BaXHO MOHMMAaTb 3TV KOHLEMNUWUW, MNOCKONMbKY OHWM MCMONb3YKTCA ANS MONYyYeHUs
Habopa (hyHKUMOHaNbHbIX 3aBUCUMOCTEN ANa AaHHOM Tabnuubl. Mpouecc HopManusayum paboTtaeT
no OfHOW Tabnuue 3a pas, BbISBNSAA 3aBUCUMOCTM M HOpManusys ee. Hopmanmnsaumsa HauyMHaeTcs ¢
onpeaeneHns 3aBUCUMOCTEN AAaHHOW Tabnuubl U MOCTENEHHOro pas3bueHns ee Ha Habop HOBbLIX
Tabnuu, Ha OCHOBE 3aBUCMMOCTEN.

[OBa Tuna ¢YHKUMOHANbHbIX 3aBUCMMOCTEA MNpPeACcTaBNAlOT O0COObIi  WHTEpec npwu
HOpManM3auuMm - 4YacTUYHble W TPaH3UTUBHbIE 3aBUCMMOCTU. YacTuyHasa 3aBUCUMOCTb
CyLLeCTBYeT, Korja CyLiecTByeT (DyHKLNOHaNbHAsA 3aBUCMMOCTb, B KOTOPOW OnpesennTesb ABAETCA
TO/IbKO 4YacTbO MepBMYHOro knto4a. Hanpumep, ecnn (A, B) —(C, D), B —C u (A, B) asnsetcs

MePBMYHLIM  KIHOYOM, TO (DYHKLMOHanNbHas 3aBUMCUMOCTb B —> C dBnsetcs 4acTUUHOI
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3aBMCMMOCTbIO, MOCKO/bKY TPebyeTCs TOMbKO YacTblo NepBUYHOrO Ktoya (B) onpefenuts 3HaueHme
C. YacTu4Hble 3aBUCUMOCTU, Kak NpaBuao, NPoCTbl U UX NIerko NAEHTU(HNLMPOBATD.

TpaHsUTUBHAA 3aBUCMMOCTbL  CYLLECTBYeT, KOrja CyLeCcTBYOT (YHKLMWOHaNbHbIE
3aBMCMMOCTU, Takne Kak X —>F, Y —Z N X ABNseTcq MNepBUYHLIM KIOYOM. B aTom cnyuae
3aBUCUMOCTb X —>Z ABNAETCA TPaH3UTUBHOM 3aBUCUMOCTbIO, NOCKO/bKY X onpejaenseT 3HaveHue Z
yepe3 Y. B 0T/MuMe OT YaCTUYHbIX 3aBUCUMOCTEW, TPaH3UTWUBHbIE 3aBUCUMOCTU TpYAHee
noeHTUpuumposatb. HoO cyuiecTByeT 3(P(EKTUBHbLIA CcNOCO6  BbIABMEHUS  TPAH3UTUBHbIX
3aBMCMMOCTEN: OHM BO3HWMKAKOT TONbKO B TOM C/yyae, ecii CpeAu HeKueBbiX aTpuoyToB
cywecTByeT PYHKLMOHaNbHasA 3aBUCMMOCTb. B npegbigyLieM npumepe akTUUYecKo TpaH3UTUBHOM
3aBUCUMOCTbIO ABNAeTca X —>Z. OgHaKo 3aBUCUMOCTb Y —>Z CUTHANU3NPYeET O CYLLeCTBOBaHMUM
TPaH3UTUBHOW  3aBUCUMOCTW. [Na  pewweHUs npobneM, CBA3aHHbIX C  TPAH3UTUBHbLIMU
3aBMCMMOCTAMM, WU3MEHEHUA B CTPYKType Tabnuubl fenatoTcAd Ha OCHOBe (YHKLMWOHANbHOW
3aBMCMMOCTHU, KOTOpas ABASETCA NPU3HAKOM CYLLeCTBOBAHWUA TPAH3UTUBHOWN 3aBUCMMOCTM.

PensiuMoHHas Mofenb paccmaTpuBaeT JaHHble KaK YacTb Tabnuubl UK Konnekumm Tabnuy, B
KOTOPbIX AO/MXKHbI 6bITb MAEHTUHOULMPOBaHbLI BCE KtOUeBble 3HaYeHns. Ha pucyHke 15 cogepxarcs
Tak HasblBaeMble NOBTOPAOLWMecs rpynnbl. oBTOpAIOLWAncs rpynna nosyyaet cBoe UMa U3 TOro
(hakTa, 4TO A4N4 NO60ro BXOXAEeHUSA aTpubyTa KNoYa MOXKET CyL,ecTBOBaTb rpynna u3 HeCKONbKNX
3anuceit OA4HOI0 MM HECKONbKMUX TUNOB. Ha pucyHkKe 15 KaXkjoe BXOXAeHMe O4HOro Koja npoekra
(MPO KOJ) MOXeT ccblnatbCq Ha rpynny CBA3aHHbLIX AaHHbIX B CTONOLE Kofda COTPYLHUKA, UMA
COTPYLHUKA, Kiaccuukauma paboTel U onnarta 3a vac. Hanpumep, npoekt AHC-21 (MPO KOA =
2543) coflepXXUT NATb 3HAYEHUI A1 K&XKA0M0 M3 3TUX aTpubyToB.

Hopmanusaumsa  CTpyKTypbl  Tabnuubl  YMeHbLWWUT  M3ObITOYHOCTb  AaHHbIX. Ecnu
MOBTOPAIOLLMECH TPYMNMbl CYLIECTBYHOT, MX HEOOXOAMMO YCTPaHWUTb, YOeAMBLUWCH, YTO Kaxaas
CTpOKa onpejgenser OAWH 3K3eMMAAP CYLWHOCTM M YTO HA KaXAOM MNepecevyeHUn CTPOKU-CTON6LA
Haxo4uTCA TO/MIbKO OAHO 3HauyeHue. 3aBUCUMOCTU AO/DKHbI ObiTb MAEHTUPULMPOBAHbLI ANA
ANArHOCTUKN HOPMasibHOWN (hopMbl. iaeHTurKaLma HopManbHOW (hopMbl NO3BONAET Y3HATb MECTO
HaxoXJeHna B npouecce HopManu3auuu. Hopmanusaums HayMHaeTcsa C MPOCTON TpexwaroBOl
npoueaypbl.

War 1. YcTpaHeHne NOBTOPAOLWMXCA rpynn. HY>XHO HayaTb C NpeAcTaB/ieHUs LaHHbIX B
TabnmyHoM hopmaTe, rae Kaxpgas Adyeiika MMeeT OAHO 3HAYEeHWEe U HEeT MOBTOPAKLWMXCA rpynnm.
YT0ObI MCKMOUYNTL MOBTOPAKOLLMECA TPYMMbl, HYXHO M3MEHUTb Tabnuuy ¢ (okyca NpoekTa Ha
(hOKYC HaszHayeHus, TO eCTb CO34aTb OTAE/NbHblE CTPOKU A8 KaXKAOro COTPYAHMKA, HAa3Ha4YeHHOro
KaX4oMy nNpoekTy, npeobpa3oBaB MHOr03HauyHble aTpubyTbl B OAHO3HauyHble aTpubyTbl. ITO

n3MeHeHne npeobpasyeT Tabnuy Ha pucyHke 15 B 1H®, Kak nokasaHO Ha pucyHke 16.
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Tabnuua: OTYET basa gaHHbIX: ACY

MPO_KOJA4 nNPO_HA3B COTP_KOL COTP_®NO OJ1K_HA3B PAB_CTM PAB_KON
2541 YH-EraH 8951 K.CKoneHnko MporpavmncT 650,00 P 184
2541 YH-EraH 8547 M [.Yaika Paspa6oTunk b 1 200,00 P 14,3
2541 Yu-EraH 8745 ¢.3.BbyxapoB MPOeKTHbI MeHemxep 930,009 25,0
2541 YH-EraH 8685 E.H.MaxomoB CUCTEMHbI aHaNMTUK 870,009 20,3
2541  Yu-EraH 8012 M.I".ViBaHOB CUCTEMHbI agMUHUCTPaTOop 450,00 9 16,0
2542 KHC-432 8624 K-A.bonbwakos MporpavmmcT 650,00 9 23,1
2542 KHCY32 8912 T.H.Ko3uH Bogutens 320,009 15,1
2542 KHC-432 8745 ¢.3.BbyxapoB MPOeKTHbI MeHemxep 930,009 3,8
2542 KHC-432 8685 0.E.luraesa Paspa6oTunk b 1 200,00 P 31,3
2542 KHC-432 8475 3.K.UynpuHa CUCTEMHbI aHaNMTUK 870,00 P 48,1
2543 [HC-21 8951 P_K.bo6biNeB MporpavmncT 650,00 P 47,2
2543 [HC-21 8547 M [.Yaika Paspa6oTunk b 1200,00P 13,7
2543 [HC-21 8456 T.N.Cramm MPOEeKTHLI MeHeaxep 930,00P 4,2
2543 [HC-21 8685 B.K.CbITHV/KOB CUCTEMHbI aHaNMTUK 870,00 P 45,9
2543 [HC-21 8012 b.¢.IpbI3yHOB CUCTEMHbI agMUHUCTPaTop 450,00 P 40,1
2544 KHC-528 8952 K.CKoneHko MporpavmmncT 650,00 P 20,0
2544 KHC-528 8912 T.H.Ko3nH Bogutens 320,00 P 38,0
2544  KHC-528 8745 ©.3.Byxapos MPOeKTHbI MeHeaxep 930,00 P 24,6
2544  KHC-528 8685 0.E.luraesa Paspa6oTunk b 1 200,00 P 4.4
2544  KHC-528 8547 M [.Yaika Paspa6oTunk b 1 200,00 P 32,0
2544  KHC-528 8475 3.K.YynpuHa CUCTEMHbI aHaNMTUK 870,00 P 50,0
2544 KHC-528 8012 M.T ./BaHOB CUCTEMHbI agMUHUCTPaTOop 450,00 P 12,1

Puc. 16. Tabnuua B nepsoli HopManbHoW (opme (IHD)

War 2: OnpegeneHne nepsMyHOro Knya. Ecnm nocMoTpeTb Ha pUCYHOK 16, 3aMeTHO, 4TO
MPO KOJ He fABndetcs afeKBaTHbIM MNEPBUMYHLIM K/IHOYOM, MOTOMY 4YTO HOMEp MpOeKTa He
YHUKaNbHO WAEHTUULUPYET KaxAayt CTpoky. Hanpumep, 3HauveHue 2543 TIPO KOJ wmoxeT
naeHTUGUUMpoBaTh NO6YHD M3 MATM CTPOK, COAEepXalux COTPYLHUKOB, paboTalwLwmx Hap
npoektom AHC-21. YT106bI noagepXuBaTb MPaBW/bHbIA MEePBMYHBIA KNOY, KOTOPbIA 6yaeT
0f4HO3HAYHO MAeHTUGUUMPOBaTb Nt060e 3HayYeHWe aTpubyTa, HOBbLIA KU [LOMKEH COCTOATb W3
KoMmbuHaumm PO KOA4 wn COTPKOJ. Hanpumep, uCnonb3ys [aHHble, MOKa3aHHble Ha
pucyHke 16, ecnu n3sectHo, 4to NMPO KO =2543 n COTP KO/ = 8547, 3HaueHua 4na atpubyTtos
NMPO HA3B, COTP ®WVO, ANXHA3B, PABCTM un PABKO/ po/mkHbl 6biTb «AHC-21»,
«M.[.Yalika», «Pa3pab6oTunk BA», 1200 p. n 13.7 COOTBETCTBEHHO.

Lar 3. OnpeaeneHne Bcex 3aBUCUMOCTEi. MaeHTugukaumna MK Ha ware 2 03HavaeT, 4To
yXXe onpejeneHa crefytollas 3aBUCUMOCTb:

nPO_KoOA4, COTP_KOA -> MPOHA3B, COTP_oWO, A/ HA3B, PAB CTM,
PABKO.

To ecTb Bce 3HayeHus NMPO HA3B, COTP MO, A/1XK HA3B, PAB CTM n PAB KO/
3aBucat oT coyvetaHusa NMPO KOO n COTP KO/ v onpegensroTca uUMm.

LocTmxeHne 1H® HefoCTaTOYHO A8 YCTPaHEHMs BCeX aHOMasuiA, KOTOpble CyLecTBOBaIn

B UCXOAHOI CTPyKType. 1H® paboTaeT c NOBTOPAOWMMKCSA TPyNNaMn 1 rapaHTUMpPYeT, 4To Tabanua
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COOTBETCTBYET TpebOBaHUAM [15 PensiuMoHHON Tabnuubl. OfHAKO aHOManuu COXPaHAKTCS.
Hanpumep, Kaxiblii pa3, Korga ApYron COTPYAHUK Ha3HayaeTcs MNPOEKTY, HEKOTOpble 3anucu
haHHbIX (Takme kak MPOHA3B, COTP ®MO, mPABCTM) nosTopsatTCcA 6e3 HeobxoanmocTu. B
nieane, 3anncb HoMepa COTPYAHMKA LO/MKHA ObITb 4OCTATOYHOW AN UAEHTUDUKALUMN, HANpUMep:
M.[.Yaiika, onucaHune ee paboTbl U ee MOYaCOBOM onnaTbl. [TOCKONbKY Kof 8547 naeHTUGUUMpyeT
TO/IbKO OJHOTO YesnioBeKa, ero atpuoéyTbl (MMS, LOMXKHOCTb U T.4.) He HYXXHO BBOAUTb KaXAbl pa3
npu fgo6asneHnn nam 06HOBNEHUN 3aJaHUS.

AHOManMu, KOTOpble OCTatTCA, CYLECTBYHOT, MOTOMY YTO €CTb [AOMOSHUTENbHbIE
3aBMCUMOCTM. Hanpumep, Koj npoekTa onpeenseT Ha3BaHWe npoekta. Lpyrumu cnosamu, UMs
npoeKTa 3aBUCUT OT Kofa npoekta. MoXHO 3anucatb 3Ty 3aBUCMMOCTb Kak:

MPO_KOA -> NMPO HA3B.

Kpome TOro, ecnum u3BecTeH KOZ COTPYAHWKA, MOXHO ONpefennTb UMS ero, AO/KHOCTb U
nnaTy 3a 4yac. CrnegosaTe/lbHO, MOXHO ONPeAeNNTb 3aBUCMMOCTb, MOKa3aHHYH HUXKe:

COTP_KOA -> COTP_®UNO, A/1K HA3B, PAB CTM.

MpoLle roBops, y COTPYAHMKA eCcTb crieaytolue atpubyTbl: HOMepP, UMSA, AO/XKHOCTb U nniaTta
3a yac.

HekoTopble 3aBMCMMOCTWU 0o0fee 04YeBMAHbI, Yem [Jpyruve. Hanpumep, Ou3Hec-npasuno
«Kaxgas 4oMKHOCTb MMEET ONpeAeNieHHY0 MnaTy B Yac» NoApasyMeBaeT, YTo MnaTa 3a yac 3aBUCUT
OT fO/HKHOCTU. OfIHAKO, 06CYXX/EHNA OCHOBAHbI HA TOYKE 3peHUA npoLecca HopManmnsauum u ciyxart
ANA [EMOHCTpaLUK TOro, Kak HopManu3awumna MOXXET TakXKe NOMOYb B NpoBepKe GU3Hec-npasul.

N3yumB faHHble Ha pUCyHKe 16, BUAHO, YTO 3HAHME JO/DKHOCTe 03HayaeT 3HaHMe nnaThbl 3a
yac Ana Hux. (Hanpumep, BCe CMUCTEMHble aHaMTUKW WAN NPOrpammMuUCTbl UMEKT OAWHAKOBYHO
nnaTy 3a 4yac He3aBMCUMO OT MPOeKTa WAKM COTPYAHUKA). ApyruMu cnoBamu, nnarta 3a yac 3aBUCUT
OT Kjaccuukaumm [OMKHOCTEN, a He OT coTpyAHuka. CnefoBaTenbHO, MOXHO OnpefennTb
MoCnefHo 3aBMCMMOCTb:

ONXHA3B -> PABCTM.

OfHako 93Ta 3aBUCMMOCTb CYLLeCTBYeT MeXAy [ABYMA HEK/YeBbIMU aTpubyTtamu;
cnefoBaTe/lbHO, 3TO FOBOPUT O TOM, YTO CYLLECTBYET TpPaH3UTWBHASA 3aBUCMMOCTb. 3aBUCUMOCTU
nokKasaHbl Ha pucyHke 17. NOCKONbKY Takas Auarpamma oTobpaxaeT BCe 3aBUCMMOCTU, HaleHHble
B [AHHON CTPYKType Tabnuubl, OHa Ha3blBaeTCs [AuarpaMMoii 3aBuCMMOCTEN. [uarpammsl
3aBMCMMOCTEN OYeHb MONe3Hbl ANA NOMYYEeHUA BCEX CBA3EM Mexnay aTpmbytamu Tabnuubl, n nx

MCNosb30BaHWEe CHUMXXaeT BEPOATHOCTb NpPonycKa BaXKHOW 3aBMCUMOCTH.
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f | |

MPO KO, MPO_HA3B COTP KOf COTP ®10 ANXHA3B PAB_CIM PAE KON
iL k JL il4 + jk J K

YacTuyHaa 3aBMCUMOCTb 3aBNCUMOCTb

YacTuyHaa 3aBMCUMOCTb

1H® (MPO KO/ NPO HA3B.COTP KOA, COTP ®NO.[ANX HA3B. PABCTM, PAB_KOM)

YacTUYHbIe 3aBUCUMOCTIU:
(MPO_KOJ -A MPO_HA3B)
(COTP_KOJ] -A COTP_oMO, ANX_HA3B, PAB_CTM]

TpaH3UTUBHbIE 3aBUCMMOCTL:

(LX_HA3B -A PAB_CTM)

Puc. 17.1H® [Anarpamma 3aBUCUMOCTU

N3yuas pucyHoOK 17, Hy>XHO 06paTUTb BHUMaHWe Ha ClefyoLline 0CO6EHHOCTH AuarpaMmbl:

1 ATpubyTbl NEPBUYHOIO K/HOUa BblAENEHbI XXUPHLIM WPUPTOM, NOAYEPKHYTbl U UMEKT
APYTron LBeT.

2. CTpenku Hap atpubyTamum YyKasblBalOT Ha BCe >Xefaemble 3aBUCMMOCTM, TO €eCTb
3aBMCMMOCTM, OCHOBaHHble Ha MNEpPBMYHOM K/Ye. B 3TOM cnydvae Hago 06paTuThb
BHMMaHWe Ha TO, 4TO aTtpubyTbl CYWHOCTW 3aBUCAT OT KoM6GuHauum MPO KOL4 wu
COTPKOA.

3. CTpenkm nopj [fuarpaMMoOi yKasblBalOT Ha MEHee >KefaTefibHble 3aBUCUMOCTW.
CyuiecTByeT ABa TNa TaknxX 3aBUCUMOCTEIA:

a) YacTwuyHble 3aBUCUMOCTU. HyXHO 3HaTb Tonbko MPO KO/, 4To6bl onpeaennTb
MPOHAS3B,; 10 ectb MTPOHA3B 3aBUCUT TONLKO OT 4acTW MepPBUYHOrO K/HOYa.
Kpome TOro, HyXHo 3Hatb TOnbko COTP KOJ, 4t06bl Haiitm COTP ®UO,
OJ1K HA3B n PAB CTM. 3aBMCMMOCTb, OCHOBaHHasA TO/IbKO Ha 4aCcTW COCTABHOTO
NepBUYHOI0 K/to4a, ABNAETCA YaCTUUYHON 3aBUCUMMOCTLIHO.

b) TpaH3nTuBHLIE 3aBucumocTU. PAB CTM 3aBucut ot AJDK HA3B. MM0OCKO/bKY HK
PAB CTM, Hu [OJ/DK HA3B He 4ABNAKOTCA K/AHOYEBbIM aTtpubyToMm, Yycnosue
yKasblBaeT Ha TPaH3UTUBHYK 3aBUCUMOCTb. [pyrumu cnosamu, TpaH3UTUBHaA
3aBMCMMOCTb CYLLECTBYET, KOra ()yHKLMNOHaIbHasA 3aBUCMOCTb CYLLLECTBYET TO/IbKO
CpeAu Hekto4veBbiX aTpubyToB. M3-3a TPaH3UTMBHbLIX 3aBUCUMOCTEN MONYyYarTCH
aHOManInn faHHbIX.

TepmuH nepsas HopmanbHas gopma (LH®P) onwucebiBaeT TabAnuHbIA (opmart, KOTOPbIA

COOTBETCTBYET ONpPeAeNeHN0 pensiuMoOHHON TabnuLbl, B KOTOPOIA:

| Bce Kk/itoueBble aTpUOYThl ONpPeseneHsl.

O B Tabnuue HeT noBTOpAlOWMXCH rpynn. [ApyrMMu cnoBamu, Kaxzjoe nepeceyveHue

CTpOKM/CTONGLA COAEPXNUT OAHO U TONIbKO OfIHO 3HAYEHNe.

O Bce aTpubyTbl 3aBUCAT OT NEPBUYHOTO K/IHOYA.
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PucyHoK 17 BKNOYaeT B ce6s pensauMoHHYI0 cXeMy and 1abnuubl B IH® 1 TeKCTOBYHO 3annch
ANS KOKA0W MAEHTUMPULMPOBAHHOM 3aBUCMMOCTMN.

Bce penauuoHHble Tabnuubl yaosnetsopAoT TpebosaHuam 1H®. Xotd gaHHble 1H® Ha
PUCYHKe 16 SBNAKOTCA Y/y4lleHUMem MO CPaBHEHUIO C HEHOPMa/IM30BaHHbIMW [aHHbIMU Ha
pUCYHKe 15, OHM MO-NpeXXHeMY UMerT HexenaTe/bHble MPo6/eMbl, KOTOPbIE BbI3bIBAKOT aHOMaNNN
JaHHbIX.

XO0TS  4YacTU4YHble  3aBMCMMOCTM  MHOTAa  MCMONbL3YTCA MO COOOPaXKeHUAM
NPOW3BOAUTENILHOCTU, WX ClefyeT WUCNOMb30BaTb C OCTOPOXHOCTbK, MOCKOMbKY Tabnuua,
cofepxaliasd 4YacTU4Hble 3aBUMCMMOCTW, BCe elle MoABepXKeHa W36bITOYHOCTM [aHHbIX W,
cnefoBaTeNibHO, pa3HbIM aHOMannaM. B npumepe ecTb crnegyroLime aHoOManuu:

a) AHomanuu o6HoBneHns. Mopaudunkauns AJ/K HA3B ana cotpyaHuka M.[.Yaliku
TpebyeT O0OHOBMEHUS MHOIMMX 3anuceil; B MPOTUBHOM Cfyyae 3TO MNpuBeaeT K
HEeCOOTBETCTBUAM [aHHbIX.

b) AHOManuu n3MeHeHus. [o6aBneHne HOBOro COTPYAHMKa TpebyeT, YTo6bl COTPYAHUK Obln
Ha3HayeH A5 NpoeKTa W, CnefoBaTeNbHO, BBOAWUA AY6/MKATbl MHOPMaLUmM O MPOEKTE.
Ecnn coTpyAHUK eLle He HasHayeH NPOeKTY, ANS 3aBepLUeHns BBOAA AaHHbIX COTPYAHMKA
HEe06X0ANMO CO3AaTb HECYLLECTBYHOLLLNIA NPOEKT.

c) AHOManuu ypaneHus. MNpefnonoXum, 4TO TOMbKO OAWH COTPYAHUK CBfi3aH C AaHHbIM
NPOeKTOM. Ecnn 3TOT COTPYLHMK yaneH, MHpopmaLus o NpoekTe Takxxe 6yeT yaaneHa.

N36bITOYHOCTb [aHHbIX BO3HMKaeT MNOTOMY, UTO Kaxjas 3anucb CTPOKU TpebyeT
AybnupoBaHUs [aHHbIX. B pe3ynbTaTe MOryT MNOSABUTLCA pasHble BEPCUU WMMEHU COTPYLHUKA,
AO/MKHOCTU MM NoYacoBoOi onnatel. Hanpumep, nma cotpygHuka gnd COTP KOJ = 8547 moxet
6bITb BBeAEHO Kak «M.[.Yalika», «Yaiika M.O.» unm «Mapua OmuTtpueBHa Yaika». HasBaHue
NpoeKTa TakXKe MOXeT ObiTb BBEAEHO MpPaBUIbHO KakK «[AHC-21» unu ¢ ownokKoi Kak «JHC21».
Takne aHOMa/IMY faHHbIX HapyLIAKT NpaBuia LesoCTHOCTA U COMNacoBaHHOCTY PeNALNOHHONM 6a3bl
JaHHbIX.

Mpeo6bpaszoBaHne B 2H® npoucxoauT TONbKO TOrga, korga 1H® wmmeeT cocTaBHOM
NepBUYHbLIA KN4y, Ecnm 1H® ummeeT NepBUYHBLIA KIOY C OAHMM aTpubyTom, TO Tabnuua
aBToMatuyeckn ctaHoeutca 2H®. lMNpeobpasosaHne 1H® B 2HD aoBONLHO MpocToe. HaumHasa ¢
(opmarta 1H®, NnoKa3aHHOro Ha PUCyHKe 17, HY>KHO [enaTb C/efyloL e Warn:

LLlar 1. Co3gaHne HOBbIX Tabauy AnsgycTpaHeHns YacTUYHbIX 3aBUCMMOCT A, [Nna Kaaoro
KOMMOHEHTa NepBMYHOr0 K/koYa, KOTOPbIA AeNCTBYeT KakK onpeAennTesib YaCTUUYHON 3aBUCUMOCTMH,
HY>XHO C03[aTb HOBYO Tabamnuy ¢ KONuer 3TOro KOMMNOHEHTa B KayecTBe MePBUYHONO Ktova. XoTs
3TN KOMMNOHEHTbI pa3MeLLeHbl B HOBbIX Tabnunuax, BaXKHO, YTOObI OHM TakK)Ke 0CTaBa/MCb B UCXO4HOW
Tabnuue. OnpegenuTenn [OMXKHbI 0CTaBaTbCS B WCXOAHOW Tabnuue, MOCKOMbKY OHW 6yayT
BHELUHUMMW KNHOYaMW A151 OTHOLLIEHWIA, HEOOXOAUMBIX ANS CBA3WM 3TUX HOBbIX TabnuL, C MCXOAHOM
Tabnuuen. YTo6bl MOCTPOUTL MEPECMOTPEHHYI AuMarpamMmmy 3aBMCUMOCTEN, HYXHO 3anucaTb
KaXX/blA KAOYEeBOW KOMMOHEHT B OTAENbHON CTPOKe, a 3aTeM WCXOAHbIA (COCTaBHOM) KAWOY B
nocneaHei ctpoke. Hanpumep:
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MNPO KO[

COTP KO[J

MPO KOA COTP KOA.

KaXablii KOMMOHEHT CTaHEeT K/YOM B HOBOWN Tabnuue. Apyrumu crnosamu, WUCXOAHas
Tabnuua Tenepsb pasgeneHa Ha Tpu Tabaumybl (MPOEKT, COTPYAHUVK n HASHAYEHWE).

LWar 2 TlepeHa3HayeHWe COOTBETCTBYIOLWMX 3aBUCUMbIX aTpubyTOB. MOXHO
Mcnonb3oBaTb PUCYHOK 17 Aana onpegeneHus atpubyToB, KOTOpble BXOAAT B 4YacTU4HbIE
3aBMCMMOCTU. 3aBUCUMOCTU AN UCXOAHbLIX KHOYEBbIX KOMMOHEHTOB Haxo4aTca NnyTem M3yyeHus
CTPeNoK nog AuarpaMmMoii 3aBUCUMOCTEN, NOKa3aHHON Ha pucyHKe 17. ATpubyTbl, KOTOPble BXOAAT
B YaCTMYHble 3aBUCMMOCTH, YAANAKOTCA U3 UCXOLHOM Tabnumubl 1 NOMELLAKOTCSA B HOBYHO Tabnuuy C
onpefennTenem 3aBUCMMOCTU. J1to6ble aTpubyThl, KOTOPblE HE BXOAAT B YaCTUUYHbIE 3aBUCMMOCTH,
OCTaHyTCsi B UCXOA4HON Tabnuue. Apyrumu cnoBamu, Tpu Tabnuubl, NOMyYeHHble B pe3y/bTaTe
npeo6bpasosaHus B 2H®, wumewdT cooTeeTcTBYOWMEe uMeHa (MPOEKT, COTPYAHWK wu
HA3SHAYEHWE) 1 onucbiBaloTCs cnegyowmumMmmn penaymMoHHbIMU CXEMaMMK:

MPOEKT (MPO KOA. MPO HA3B)

COTPYAHUK (COTP KOA. COTP ®MO, A/1K HA3B, PAB CTM)

HA3HAYEHWE (MPO KOA. COTP KO/A. HA3 YACHI).

MOCKONbKY KOMMYECTBO 4acoB, MOTPAYEHHbIX HAa KaX[bli NMPOEKT KaXAblM COTPYLHUKOM,
3aBucuT Kak ot MNMPO KO, tak nu oT COTPKO/, HY)XHO OCTaBWUTb 3TOT aTpuobyT B Tabnuue
HA3HAYEHWE kak HA3 YACbHbI. Ta6nuua HASHAYEHWE copfepXUT cOCTaBHOW MepBUYHbIN
KoY, coctoAwmii n3 atpmbytos NMPO KOJA, COTP KOZA. OcTaBuMB AeTepMUHAaHTbl B MCXOAHOM
Tabnmue, aTakxe cfienas X NEPBUUYHbLIMUN K/TKOYAMUW HOBbIX Tabnuu, 6blna co3gaHa CBA3b NepBUYHbIA
KNoY/BHEWHUI KN4, Hanpumep, B Tabnmue COTPYAHWK COTP KO/ aBnseTcs nepBUYHbLIM
knoyom. B Ttabnnue HABHAUEHWE COTP KO/[, aBnseTca 4acTbld COCTABHOrNO MepBUYHOrO
knwoua (MPO KOA, COTP KOJ) u fBnsfetcqd BHEWHMM K/IKOYOM, CBfA3bIBalOWUM Tabnuuy
COTPYAHWK c tabnuueit HABHAYEHUE.

Pe3synbTathl Wwaros 1u 2 nokasaHbl Ha pucyHke 18. Ha 3ToM atane 601bLWIMHCTBO aHOMasNMN,
006CYy)XAEeHHbIX paHee, 6blM ycTpaHeHbl. Hanpumep, ecnv Heo6xoAMMO A06aBUTb, U3MEHUTb UK
YAanUTb NPOEKT, HY)XXHO NepeinTn Tonbko K Tabnuuye MPOEKT 1 BHECTW U3MEHEHUS TONbKO B OfHY

CTPOKY.
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Ta6nuy: MPOEKT MPOEKT (MPO KOQ. MPO HA3B)

—
NPO_HA3B
Tabnnua: COTPYAHVIK COTPYAHWK (COTP KOpA. COTP_®WO, AN1XK_HA3BIPAB_CLL)
I + + * TpaH3UTUBHbIE 3aBUCUMOCTU:
(O/DK_HA3B A»PAB CTTvl)

JUTHK_HA3B

COTP_OMO

TpaH3uTuBHas
3aBUCUMOCTb

Ta6nnyy: HASHAYEHUE HA3HAYEHUE (MPO KOA. COTP KOA. HA3_YACbHI)

Puc. 18. BTopas HopmasnbHasa gopma (2HP)

MOCKO/MbKY 4acTM4Has 3aBMCUMOCTb MOXET CyL,ecTBOBaTb TO/bKO B TOM Cny4ae, ecniu
NEPBUYHbBIA KNOY Tabnuubl COCTOMT M3 HECKONbKUX aTpubyToB, Tabnuua, KOTOpas HaxoAuTcs B
1H® 1 nepBMYHbIV KNOY COCTOUT TOILKO M3 O4HOr0 aTpubyTa, aBTOMaTuyecku nonagaet B 2H®.

Tabnuua HaxoaMTCA BO BTOPOI HOpManbHol hopme (2H®), koraa:

O OnHa Haxogutcs B 1H®;

O He cofepXuT YaCTUYHbIX 3aBUCUMOCTEN; TO €CTb HU O4UH aTpuOYT He 3aBUCUT TOJIbKO
OT YaCTW MepBUYHOTO K/Houa.

PucyHok 18 no-npexHemy noKasblBaeT TPaH3UTMBHYIO 3aBUCMMOCTb, KOTOpas MOXeT
reHepuposatb aHoManuu. Hanpumep, ecnu onsara 3a 4Yac M3MeHsAeTcs [ANA  Knaccudukauumm
[O/KHOCTEN, MPOBOAMMON MHOTMMMW COTPYAHMKAaMW, 3TO U3MEHEHMWE [O/DKHO OblTb CAeNnaHo Ans
KaX[0ro 13 aTUX COTPYAHUKOB. ECn nponycTuTh 0GHOB/IEHNSA HEKOTOPBIX 3aMnceil 0 COTPYAHMKAX,
Ha KOTOpble B/MAET WM3MeHeHMe onnatbl 3a 4ac, TO, AN PasHbIX COTPYLHWUKOB C OAUHAKOBOW
[O/HKHOCTbIO OYAYT pasHble M0YacoBble MAaTexu.

AHOManUN faHHbIX, CO34aHHble opraHu3auueid 6a3bl AaHHbIX, NOKa3aHHOW Ha pUcyHke 18,
NEerko yCTpaHuTb, BbINOMHUB CNeayloLLme ABa Liara:

LWar 1 CosgaHue HOBbIX Tabnauy AN yCTpPaHeHWs TPaH3UMTUBHbIX 3aBUCUMOCTER. [Ans
KaXA0M TPaH3UTUBHOM 3aBMCMMOCTM HYXXHO 3anucatb KOMWIO ee [eTepMUHAHTa B KayecTBe
NepBMYHOIO KtoYa A48 HOBOW Tabnuubl. leTepMUHaAHT - 3T0 Nt060I aTpubyT, 3HaYeHMe KOTOPOro
onpejenser Apyrue 3HayeHMs B CTpoke. Ecnu cywecTBylT Tpu pasHble TPaH3UTUBHbIE
3aBUCMMOCTU, TO ByayT TpM pasHbIX AeTepMuHaHTa. Kak n npu npeobpasoBaHun B 2H®, BaXHO,

YTOObI AETEPMWHAHT OCTaBaficad B WCXOAHOW Tabnuue, 4TOObl CAYXWUTb BHELIHUMM Ko4vom. Ha
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pucyHke 18 nokasaHa TO/MbKO OfHa Tabnivua, KOTopas COAEPXWUT TPaH3UTUBHYK 3aBUCUMOCTb.
Hy>XHO 3anucaTb AeTepMUHAHT A4 3TOW TPAH3UTUBHOW 3aBUCMMOCTU Kak:

AKX HA3B.

LWar 2 TlepeHa3HayeHWe COOTBETCTBYKOLWMX 3aBUCUMbIX aTpubyToB. KVcnonb3ys
PUCYHOK 18, HY)XXHO onpegennTb atpubyTbl, KOTOpble 3aBUCAT OT KaXAoro AeTepMUHaHTa,
onpefeneHHoro Ha ware 1 TomecTuTb 3aBUCKUMble aTpUOyTbl B HOBble Tabnuubl € UX
JeTepMUHaHTaMK, U YAaiuTb UX W3 UCXOAHbIX Tabnuu. B 3TOM npumepe HYXHO WCKIHOUYUTb
PABCTM wu3 tabnuubl COTPYAHWK, nokasaHHON Ha pucyHKe 18, n 0CTaBMTb OnpeaeneHune
cnefyoLwmnm obpasom:

COTP KOJ -> COTP_oUWNO, ANXKXHASB.

Ha pucyHke 19 mokasaHa gmarpaMma 3aBMCMMOCTEN, cofepikalllas BCe Tabnuubl, KOTOpble
onpegeneHbl B warax 1 n 2. Ana HoBoil Tabnuuybl noaxopsauiee ums: AOJIKHOCTbL. Kaxpgas
Tabnmua MMeeT eTEPMUHAHT, U HU OfHa Tabnunua He COLEPXMUT HELONYCTUMbIX 3aBUCUMOCTEN.

Tabmuua: NMPOEKT Tabnmua: COTPYHUK
NPOEKT (NMPO KOZ. MPOHA3B) COTPY[IHWK (COTP KOJ. COTP_oUO, LNX HA3B
| * | 1-~T
MPO KOL MPO_HA3B COTP_KOL COTP_oWO ONX_HA3B
Tabmmua: HASHAYEHUE Tabmmua: JONKHOCTb
HA3HAYEHUE (MPO KOJ,COTP KOJ. HA3_UYACH) JONKHOCTb (471X HA3B. PAB_CTM)

| | | X HA3B PAE CTIY

Puc. 19. TpeTbs HopMasibHas opma

Opyrumu cnosamu, nocfie 3aBeplleHMa npeobpasoBaHua 3H®, 6asa fdaHHbIX OygeT
cofep>kaTb YeTbipe TabNnUbI:

MPOEKT (MPO KOA. MPO HA3B)

COTPYAHUK (COTP KOA. COTP ®UNO, A/1K HA3B)

OOJ/DKHOCTbL (4/1)K HA3B. PAE CTM)

HA3HAUYEHUWE (MPO KOA. COTP KOA. HA3 YACHI)

[aHHoe npeo6pa3oBaHMe YCTPaHUIO TPaH3UTMBHYH 3aBUCMMOCTb WCXOLHOW Tabauubl
COTPYAHWK. Takum o6pa3om, TabnuLbl HAX0AATCA B TPeTbeli HopManbHOW opme (SHD).

Tabnunua HaxoAUTCS B TPeTbeil HopmanbHoI thopme (3H®D), Korpa:

I OHa Haxogutcs B 2HO;

He coaepXuT TPaH3UTUBHbIX 3aBUCUMOCTEN
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EcTb cxoAcTBO MexXay peweHnem npobnem 2H® n 3H®. YTo6bl NpeobpasoBaTs Tabnmuy us
1H® B 2H®, Heo6X0AMMO yLaNUTb YacTUYHbIe 3aBUCUMOCTU. YTOObI NpeobpasosaTb TabnnLy w3
2H® B 3H®, He06XO0ANMO YAANUTL TPAH3UTUBHbIE 3aBUCUMOCTIN. He3aBUCMMO OT TOr0, ABSEeTCS N
«npobaemHas» 3aBUCUMOCTb YaCTUUYHON WIWN TPAH3UTUBHON, pelleHne 0CTaeTCa OLHUM N TEM Xe:
co34aTb HOBYK Tabnuuy ANS Kaxgol nNpob6neMHOW 3aBUCUMOCTU. [eTepMUHAHT 3aBUCMMOCTU
npo6/ieMbl OCTaeTCHd B UCXOAHOM Tabnvue v NOMEeLLaeTcs B KayecTBe MEepBUYHOIO K/o4a HOBOM
Tabnnubl. 3aBUCUMbIE 3IEMEHTbI YAANAKTCA M3 UCXOAHOW Tabnuubl U NOMELLATCA B HOBYHO
TabnnLy Kak Heknto4veBble aTpubyThl.

Mpexge yem neperitn K 3HP, o653atenbHO, 4TO6Ll 2H® Gblna gocTurHyTa. Heob6xogumo
paspelnTb YaCTUYHbIE 3aBUCUMOCTUN MNepes paspelleHneM TPaH3UTUBHbLIX 3aBUCUMOCTeRn. Kaxpaas

Ta6nv|u,a AO/DKHa UMETb TOJ/IbKO OANH KNHOY-KaHAUnaaT, KOTOprI7I ABNAETCA NEPBUYHBIM K/THOYOM.

5.4. YnyuduleHune npoekTa

Korga cTpyKTypbl Tabnuy 6bliv 0UYNMLLEHbl ANS YCTPaHeHUs Npo6/ieMHbIX YaCTUYHBIX W
TPaH3UTUBHbIX 3aBUCUMOCTEN, MOXXHO COCPEAOTOUUTLCA Ha YNydleHun npoekTa b/.

MpoBepka NepBUYHbIX KMOuel. Kaxablit pas, korga B Tabnuuy COTPYAHWK BBOAgUTCS
HOBbI1 COTPYAHWK, HEOOX0AMMO BBecTM 3HadeHue OJIXXHAS3B. K coxaneHuto, CAULIKOM Nerko
coBepLlaTb OWMOKM BBOAA AAHHbIX, KOTOPbIE NMPUBOAAT K HapyLUEHUAM CCbIIOYHOM LLeNOCTHOCTMW.
Hanpumep, BBoa «CucagmmH» BMecTO «CUCTEMHbIN agMUHUCTpaTOp» Ana atpubyTta /1K _HAS3B
B Tabnunue COTPY HWVK Bbi30BeT Takoe HapyLeHue. [10aTomy, 661710 6bl Nyylle 06aBUTL aTPUOYT
OMKKO/L ana co3faHusa YHMKanbHOro maeHTugukatopa. flo6asneHue atpubyTta A/1XKKOL
CO3[Ja€eT CNeAyHoLLy 3aBUCMMOCTb:

OJDK KOfA -> A/ HA3B, PABECTM

Hannune [AJ/1K KOJ, 3HauuTeNlbHO CHWMXaeT BEPOATHOCTb HAapYLEHWUI  CCbIJIOYHOM
uenoctHocTu. Hoead Tabnuua AOJ/DKHOCTD Tenepb umeeT ABa BO3MOXHbIX Ktova - O/1DK KO/
n O/1K HA3B. B atom cnyyae /1)K KO/, ABnsetca BbIOpaHHbIM NMEPBUYHBIM K/IHOYOM, a TakKXe
cypporaTHbiM  Kto4yom. CypporatHblil — KAW4Y - WUCKYCCTBeHHbIM [K, npeacTaB/ieHHbIN
pa3paboTyMKOM C Lenblo ynpoweHusa. CypporatHble K4y 00bIYHO ABMAKTCA YUCNOBLIMU, OHU
yacTo reHepupytotcs CYB/[] aBTOMaTn4ecku, OHM CBO6OHbI OT CEMAHTUUYECKOT0 COAEPXXMMOro (OHM
He MMeKT 0C060ro 3Ha4YeHUs) U 00bIYHO CKPbITbl OT KOHEYHbIX MO/b30BaTenei.

MpoBepka cornaweHuii 06 MMeHax. Hy>XXHO nNpuaepXXMBaTbCs COrNalleHnin 06 MMeHax.
Moatomy PAB CTM OypeT usMeHeH Ha OJ1)XK CTM, uTo6bl yKasaTb ero cBa3b C Tabnuuei
OOMKHOCTbL. Kpome Toro, uto PAB KOJI1 6bin1 nsmeHeH Ha HA3 YACHI npu npeobpasoBaHum
n3 1H® B 2H®. 3T0 wM3MeHeHMe MO3BONSAET CBA3aTb OTpaboTaHHble 4acbl € Tabnuuen
HA3HAYEHWE.

lMpoBepka aToOMapHOCTM aTpubyTa. Kak npasunno, pekoMmeHayeTcs obpaliaTb BHMUMaHMe Ha
TpeboBaHMe aTOMapHOCTW. ATOMapHbI aTpubyT - aTtpubyT, KOTOPbIA He MOXeT OblTb Janee
nogpasgeneH. FOBOPAT, YTO Takoil arpubyT MMeeT aTOMAPHOCTb. FACHO, YTO MCMNONb30BaHWe
COTP ®WNO B Tabnnue COTPYOAHWMK He sBnseTcsa atomapHbiM, NocKosibky COTP ®UNO MOXHO

pas3noXXnTb Ha q)amvmmo, MMA N OTYecTBO. BbICLIaa CTeneHb aTOMapHOCTM MO3BOJISAET BbIMOMHATL
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rmékocTtb 3anpocos. Hanpumep, ecnu COTPPUNO pasgennts Ha COTP®AM, COTP UM4A u
COTP OTY, MOXHO flerko cosgaeaTb CMUCKU TeNeOHOB, COPTMPYSA hamuanm, MMeHa 1 OTUeCTBa.
Takas 3agaya 6bina Obl 0YeHb CNOXKHOM, ecnn Obl KOMMOHEHTbl UMEHW OblIM BHYTPU OAHOTO
aTpmbyTa. O6bIYHO pa3paboTUMKK NPeLNnoYNTaOT UCNO/b30BaTb NPOCTbIE OAHO3HAUYHbIE aTPUbyThI,
KaK yKaszaHo B 6M3Hec-npasBmnax n Tpe6oBaHmaxX K 06paboTke.

OnpegeneHve HoBbIX aTpubyToB. Ecnm 661 Tabnuua COTPYAHWK ucnonb3osanach B
peanbHOW cpefe, HeobxoamMmo 6bin0 6bl A06aBUTb HECKONbKO Apyrux atpubytos. Hanpumep,
)KenatenbHbl BbiNAaTbl 3apnaathl ¢ Havyana roga, Bbinaatbl N0 MEHCUOHHOMY (DOHAY W BbINAaThl N0
npogcotody. ATpubyT paatbl Harima coTpygHuka (COTP HAT) MOXHO uCnonb3oBaTb A
OTCNEeXMBAHUA NPOLO/MKUTENLHOCTU PaboTbl COTPYAHMKA, U OH MOXET C/YXXUTb OCHOBOW ANS
NPUCYXAEHNS NPeEMUn paboTHMKAM, paboTaroLMM Ha NOCTOSHHOM OCHOBe, W Ans APYyrux mep. ToT
Xe MPUHUMN AO/HKEH NPUMEHATLCS KO BCEM APYrMM Tabnuuam B NPOEKTE.

OnpefeneHne HOBbIX CBfA3eil. CoOrnacHo MCXOAHOMY OTYeTy, MNOJSb30BaTeNN AO/MKHbI
OTC/IeXMBaTb, KaKol COTPYAHMK BbICTYNaeT B PO/M PYKOBOAWUTENS KAXAOro NpoekTa. 3TO MOXET
ObITb peann3oBaHO Kak cBA3b Mexay Tabnuuamum COTPYAHWNK n MPOEKT. N3 ncxoaHoro otyeTa
BUAHO, 4YTO Y KaXXOro npoekTa eCTb TO/MbKO OA4UH MeHemkep. TakMm 06pa3om, CNOCO6HOCTb
CUCTEMbI NPefoCcTaBNATL NOAPOOHY MHOPMAL IO 0 KaXA0M MeHeKepe npoekTa obecrneynBaeTcs
ncnonb3oBaHnem COTPKO/J B kKauecTBe BHellHero knwo4va B [MPOEKT. 3710 peiictBue
rapaHTUpPyeT, YTO MOXHO NOMYYUTb AOCTYN K AeTanam AaHHbIX pykoBoautena kaxaoro NMPOEKTA
6e3 HEHY>XHOTO U HeXenaTeNbHOro Ay61mpoBaHns gaHHbIX. Pa3paboTumK AO/KEH N03ab0TUTLCA O
TOM, 4TOObI MOMECTUTb MpaBwU/ibHble aTpubyTbl B NpaBuibHble TabMWLbl, UCMNOMb3YA MPUHLMMbI
HOpManu3aluu.

YTOuHeHne NepBUYHbIX Koueldk Ond rpaHynspHOCTW. [paHynspHOCTb - 3TO YpPOBEHb
jeTanusauun, npeacTaBNeHHbIA 3HAYEHUAMU, XpaHAWMMUCA B CTPOKe Tabnuubl. [aHHble,
XpaHALmMecs Ha CaMOM HM3KOM YPOBHE [eTanv3auuu, HasbiBalTCA artoOMapHbIMU [JaHHbIMW, Kak
obbAcHANOCL paHee. Ha pucyHke 19 Tabnumuya HA3HAYEHWE B 3H® wucnonb3yetr atpubyt
HA3 YACbI gna npefacTaB/ieHMs 4acoB, 0TpaboTaHHbIX fJaHHbIM COTPYAHUKOM B AHHOM MpPOEeKTe.
OpHako 3anucaHbl M 3TW 3Ha4YeHUs Ha CaMOM HMU3KOM YpPOBHe geTanusauun? Lpyrumu cnobamu,
npegctasnset nm HA3 YACbI noyacoBoi UTor, JHEBHON UTON, HeAENbHbIA UTOF, MECAYHbIA UTOT
nnu rogosoii ntor? OyesnpgHo, yto HA3 YACDI TpebyeT 60nee TWaTeNbHOro onpeaeneHns. B atom
C/flyyae COOTBETCTBYIOLLMIA BONPOC OYAET CneayoLwmnm: 418 KaKoro nepuoja BpemMeHu - 4ac, AeHb,
Hefens, Mecay n T.4. - HY>XHO 3anucatb faHHble HA3 YACHI?

Hanpumep, kombuHauma COTP KO v MPO KO/L asndetcs npuemsieMbiM (COCTaBHbIM)
nepBuMyHbIM Kntoyom B Tabnmue HA3SHAUEHWE. 3TOT nNepBUMYHbIA  KIKOY MNOMIE3eH ANA
npefcTaBaeHNsa TONbKO 06LLero KoimyecTsa 4acoB, KOTOpble COTPYAHMUK paboTan Hafg NPOeKToM C
MOMeHTa ero 3anycka. lcnonb3oBaHme cypporatHoro nepsuyHoro knw4va HA3KOQ.A,
obecneynBaeT MeHbLUYH CTeneHb AeTanu3auum n 60MblUY TMOKOCTb. Hanpumep, KomMoGuHauus
COTP KOA nTMPO KOA ncnonb3yetcsa B KAYECTBE NEPBUYHOIO K/tOYa, a 3aTeM COTPYAHUK AenaeT
[Be 3anucu «oTpaboTaHHble 4acbl» B Tabnuue HA3HAYUEHWE. 3710 pgeiicTBue HapylwaeT

TpeboBaHMe LENOCTHOCTU cywHocTu. Aaxe ecnm go6asute HA3 AT Kak uyacTb cocTaBHOro MK,
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HapyLLeHVe LeNoCTHOCTU CYLLHOCTMN BCE paBHO 6yfeT CreHepupoBaHo, eC/IN Kako-11mbo CoOTPYAHUK
cAenaet ABe Wan 6onee 3anucu A4ss OAHOTO M TOTO XKe NPoeKTa B OANH U TOT e feHb. (BO3MOXHO,
COTPYAHMK paboTan Haj NPOeKTOM HECKO/IbKO YacoB YTPOM, a 3aTeM CHOBa paboTan Haf HAUM No3xe
B TOT >e feHb). lMpu TakoMm e BBOAe AAaHHbIX He BO3HWMKHeT npob6nem, echrm HA3 KO[
MCMOJIb3YeTCs B Ka4YeCTBE NEPBUYHOIO K/toYa.

B naeanbHOM npoekTe B[, ypoBeHb XXenaemoi cTeneHu fetanusauuu Oynet onpefenstbes
BO BpeMsi KOHLENTYyanbHOro NpOeKTMpoBaHMUa unu Bo BpemMsa cbopa TpeboBaHuii. OfHaKo, MHOrue
npoekTbl B/, BKAOYalOT B ce65 YTOUHEHME CYLeCTBYOLWMX TpeboBaHUN K fJaHHbIM, YTO Bbl3blBaeT
M3MeHeHUs B MpoekTe. B peanbHOl cpege M3MeHsAwoWMecs TpeboBaHUA K FpaHyNsapHOCTA MOTyT
OVWKTOBaTb U3MEHEHUSA B BbIOOpe MEPBMYHOIO K/to4va, U 3TU U3MEHEHUS B KOHEYHOM UTOre MOryT
noTpe6oBaTh MCMOb30BAHNS CYPPOraTHbIX KHOUeil.

CoxpaHeHMe WUCTOPUYECKON TOYHOCTU. BHeceHue onnatbl 3a paboTy B 4ac B Tabauyy
HA3HAUYEHWE umeeT pewwatoliee 3Ha4eHUe 414 NOALEPXKAHWUA UCTOPUYECKOW TOYHOCTU AaHHbIX
Tabnunubl. Bbino 6bl LenecoobpasHo HasBaTb ATOT aTpnOYT HA3CTM. XoTS 3TOT aTpubyT MOXeT
NMeTb TO >Xe 3HadyeHue, yto M ANIXKCTM, 3TO BEpPHO TONLKO B TOM C/lyyae, ecivM 3HayeHue
ONXCTM ocTaeTcs HEM3MEHHbIM BCerga. Pa3symMHO NpeanonoXunTb, YTO CTOMMOCTb paboThl 3a Yac
OyLeT MeHATbCA CO BpeMeHeM. Ecnm pacxofbl MO KaXAoMy MNPOekTy O6yAyT paccymTaHbl NyTem
YMHOXEHUS 0TpaboTaHHbIX YacoB u3 Tabnunubl HASHAYEHWE Ha cTouMoCTb B Yac 13 Tabnuubl
OJOJ/DKHOCTDb, Torga oHM Bcerga OyayT oTobpaxarb TeKylyk CTOMMOCTb PaboThl 3a uyac,
coxpaHeHHyt B Tabnuue AOSIXKHOCTD, a He cTOMMOCTh paboThl 3a Yac, KOTOPbIA JeicTBOBaN Ha
MOMEHT Ha3HauYeHus.

[lobaBneHne Npou3BOAHbLIX aTpPUOYTOB. MOXHO MCNOMb30BaTb MPOM3BOAHbIA aTpMbyT B
Tabnmue HASHAYEHWME gnsa xpaHeHMsa (hakTUYecKoro HaunmcneHus 3a NpoekT. ATOT NPOM3BOAHbIN
atpnoéyTt ¢ umeHem HA3OM T asndetca pesynbtatoMm ymHoxeHns HA3YACDHI Ha HA3 CTM.
370 co3faeT TPAH3UTUBHYHO 3aBUCKMMOCTb:

(HA3 OMnnAT + HA3 YACbI) -> HA3 CTM.

C TOYKM 3peHus PYHKLMOHANLHOCTM CUCTEMbI, TaKMe NPOU3BOLHbIE 3HAYEHMA aTpPUOyTOB
MOTYT 6bITb paccumMTaHbl, KOrja OHW Heob6XoA4uMbl AN HanucaHuWa oT4yeToB. OHAKO COXpaHeHue
npousBoAHOro aTpubyrta B Tabnuue ob6fervyaetr HanucaHne MPUKNALHOIO MPOrpaMMHOro
obecneyeHns ONA MONYyYeHUS dKeflaeMblX pe3ynbTatoB. Kpome Toro, ecnv MHoOrue onepayuu
arpermpoBatb, MNPOU3BOAHbLIA aTPUOYT CIKOHOMMUT BpemMsi OTYeTHOCTU. EcCnnM  BbluMCNEHME
BbINOJIHAETCA BO BPEMA BBOAA [aHHbIX, OHO Oy[eT 3aBepLleHO, KOrja MoJib30BaTe/lb HaXMeT
Knasuwy Enter, 4To yCKOPUT npoLiecc.

YnydlweHus, onucaHHble B NpeabiayLnx pasfenax, rnokasadbl B Tabnuuax um guarpammax
3aBMCMMOCTEN, MOKa3aHHbIX Ha pucyHke 20.
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Ta6nuua: MPOEKT Ta6nuuya: COTPYAHNK Basa gaHHbIx: ACY

_IT ~— 1  ~I—=

nPO kop MPO HA3B COTP kopg 1 Q9. Kof COTP_®AM COTP_NMSA COTP_OTY loTp_HaT ANK_KOA
oW ow T oW
npo KO MPO_HA3B  COTP_KOA COTP_KOJT COTP_®AM COTP_MMSI COTP_OTY coTp_HAT  ANALKOA
2541 YH-EraH 8745 8012 rpbI3yHOB Bopvc depoposuy 17.07.2020 104
2542 KHC-432 8745 8115 VBaHoB Muxaun Tpuropsesuny 05.12.2014 104
2543 AHC-21 8456 8456 CraiiH TaTbsaHa MeTpoBHa 06.02.2010 102
2544 KHC-528 8745 8475 YynpuHa Annapa KoHcTaHTuHOBHa 14.03.2019 103
Ta6muua: LOMKHOCTb 8547 Yarika Mapus AMuTtpuesHa 11.03.2011 101
8624 Bonblua KoB Kupunn AHppeeBny 31.08.2018 100
I * + 8685 Naxomos Eropb HvikonaeBuy 14.08.2016 103
A¥ HA3B n ™M 8659 CbITHUKOB BuTanuii KynpuanOBw®y 09.12.2014 103
. . 8685 Lnraesa Onera EcppemoBHa 18.06.2019 101
OJDK_KOJ, OJIK_HA3B OJ1K_CTM 8745 Byxapos duamnn 3pyapaosuy 15.10.2015 102
100 Mporpammuct 650,00P 8912 Ko3zuH Tumodbeii HukoHoBMY 25.04.2017 105
101 Paspa6oTumk B[l 1200,00P 8950 Bo6bineB PomaH Kasumosuny 04.11.2019 100
102 TIPOEKTHbIN MeHeaKep 930,00P 8951 KoneH ko KoHcTaHTVH Cepreesuy 08.06.2012 100
103 CUCTEMHbIN aHaIUTUK 870,00P
104 CwucTeMHbIi agMuHUCTpaTop 450,00 P
105 Bogutenb 320,00P
Tabnuua: HABHAYEHUE
~ r -~
" HA3 KO HA3_AT nPO_KOA, COTP_KO[, HA3_UAChI HA3_CTM HA3OMANT
1
HA3.KO4, HA3_AT MPO_KOA COTP_KOA HA3 YACbl HA3JTTM HA3_onnt
10001 05.07.2020 2541 8951 18,5 650,00 P 12025,00P
10002 05.07.2020 2541 8547 14,3 1200,00P 17 160,00P
10003 05.07.2020 2541 8745 25,0 930,00 P 23 250,00P
10004 05.07.2020 2541 8685 20,3 870,00P 17 661,00P
10005 05.07.2020 2541 8012 16,0 450,00 P 7 200,00P

Puc. 20. MpoekT 6a3bl AaHHbIX

PucyHok 20 npeactaBnseT CO060W 3HAYUTENbHOE Y/yYlWIEHWE MO CPaBHEHU ¢
nepBoHavanbHbIM MpoekToMm BJ. EcnuM npuknagHoe nporpammHoe obecnedvyeHue paspaboTaHo
npaBuabHO, Ans camoi akTuBHOMW Tabnuubl (HASHAUYEHWE) TpebyeTcs BBOJ TO/MbKO 3HAYeHWA
MPO KOA, COTP KOA n HA3YACHI. 3HaueHusa gna atpubytos HA3 KOA4 v HA3_AT moryTt
ObITb CreHepupoBaHbl npunoxeHvem. Hanpumep, HA3_KO/J MoxeT 6biTb co3faH C
ncnonb3oBaHmem cyetumka, a HA3_AT MoOXeT O6biITb CUCTEMHOW [aTOW, CUYUTbIBAEMOM
NPUIOXEHNEM 1 aBTOMaTU4eckn Beogumol B Tabnmyy HA3HAUYEHWE. Kpome Toro, npuknagHoe
nporpaMmHoe obecneyeHne MOXKeT aBTOMATMUYECKWM BCTaBUTb NpaBuibHoOe 3HaveHune HA3 CTM,
3anucas 3HavyeHne OJDK CTM u3 tabnuybl O/HDKHOCTD B Tabnnuy HABHAUYEHWE. Tabnuubl
OO/MKHOCTb n HA3HAUEHWE cBasaHbl 4epe3 atpubyt AJ/DK KOA. Ecnam  3HayeHue
OJDK CTM Ttabnuybl AO/DKHOCTDL nsmeHuTcs, cnefytowias BcTaBka 3TOro 3HadyeHus B tabnuuy
HA3HAYEHWE oTpa3uT 3T0O M3MeHeHWe aBTOMaTu4yecku. Takmm o6pa3om, CTpPyKTypa Tabnuubl
CBOAWUT K MUHUMYMY HEOOXOAMMOCTb BMeLLATEIbCTBA YeNOBEKaA.

Tabnuubl B 3H® 6ygyT nogxogawmnm obpasom paboTtath B BJ] 6M3Hec-onepaymii. Tem He
MeHee, 60/1ee BbICOKME HOpPMa/bHble (DOPMbl MHOTAA MOME3HbI.

Tabnuua HaxoAuTcs B HOpManbHOW hopme boiica-Kogaga (H®PBK), korga Kaxablit
JeTEPMUHAHT B Tabnuue £ABNAeTCA KAOYOM-KaHAMAAToM. Knwu-kaHaugat uMeeT Te ke
XapaKTEPUCTUKN, YTO U MEPBUYHbLIA K4, HO MO OMPEeAeNieHHOl MPUYMHE OH He OblN BbiGpaH B

KayecTBe MNepBMYHOro Kawua. Korga tabnuua coaepXWT TONbKO OAUH KAOu-KaHaugaT, 3HD u
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H®BEK akBuBaneHTHbl. Apyrumu cnosamn, HOBEK MoXeT ObiTb HapylleHa TO/bKO Torga, Korpga
Tabnunua cofepXxmnT 6osee 04HON0 K/KYa-KaHamaara.

Tabnvua HaxoAUTCA B YETBEPTOW HOpManbHOW opme (AH®), Korga oHa Haxoautcs B 3HP
1 He MeeT MHOT03HaYHbIX 3aBUCUMOCTENA.

Tabnuua HaxoauTcs B NATOMW HOopManbHOW (opme (S5H®), ecnn oHa HaxoguTcs B 4H®D u
OTCYTCTBYHOT CNOXHble 3aBUCUMblIE COEANHEHUSA MeXAY aTpubyTamu.

5.5. [leHopmanmsaumsa

OnTumanbHaa peanusauns pensaunoHHoin bJ, TpebyeT, uTOObI BCe Tabnuubl OblIN Kak
MUHUMym B 3H®. CospemeHHble CYPB[I OTAMYHO CMPaBAAOTCA C  yMpasfieHUeM
HOpMann3oBaHHbIMKU Tabnuuamun. CosfaHne HOPManuM30BaHHbIX TabNWL, ABNSETCA BaXHOW LENbio
NpoeKkTupoBaHusa B/}, HO 3TO TO/IbKO OAHA U3 MHOTUX TakuX uenei. MpoekT B/, LO/MKEH YYNTbIBaTb
Tpeb6oBaHMs K WH(POPMALMOHHOCTM, CKOpPOCTb 06paboTku. [Mpobnema ¢ HopMmanu3auuen
3aK1to4aeTcs B TOM, 4YTO MPW pas3fioXeHnn Tabnumy B COOTBETCTBMY C TpebOBaHUSAMY HOpManusauum,
yncno Tabnuy ysennumsaetcsa. CnefosartenbHoO, A5 reHepaymm nHhopmalmm Heo6xoammo cobpatb
[laHHble 13 pa3HbiX Tabnuy. O6beanHeHNEe BONbLLIONO KONMYECTBA Tabnny TpebyeT 4OMNONHUTENbHbIX
onepauuin BBOAa/BbIBOJA U IOFMKKM 06pabOTKM, TEM CamMbiM CHMWXas CKOPOCTb PaboTbl CUCTEMBI.
BONbWNHCTBO CUCTEM pPensumoHHbIX BJ cnocobHO o6pabaTbiBaTb 060bEAUHEHUS O4YEHb
ahhekTMBHO. OfHAKO HEKOTOopble 06CTOATENbCTBA MOrYT TpeboBaTb OMNpefesieHHYK CTeneHb
AeHopManusayuu.

MpenmMyLecTBO 60/€e BbICOKON CKOPOCTM 06paboTKM A0MXKHO ObiTb TLLATENBbHO B3BELLIEHO C
HefOoCTaTKOM aHOMaNuii faHHbIX. C A4pYroi CTOPOHbI, HEKOTOPble aHOMaNNKN NPeLCTaBASOT TONbKO
TEOpeTUYecKnii uMHTepec. Hanpumep, AOMKHbI M pa3paboTunku bBJl 6ecnokKoMTbCAa O TOM, 4TO
nHAekc onpegenset ropog B Tabnuue KJIMEHT, nepBMYHbIM KIHOUYOM KOTOPOI SABMSETCA KOA
KnveHTa? [eliCTBUTENbHO N NPaKTUYHO MPOU3BOANTL OTAE/NbHYIO Tabnuuy ans

NWHAOEKC (MHA KOA, rorPOo4).

Mpo6reMa ¢ HEHOPMaN30BaHHbIMW OTHOLLIEHUAMW U N36bITOYHBIMU AaHHBIMU 3aKH0YaEeTCH
B TOM, YTO LeNOCTHOCTb aHHbIX MOXET OblTb HapyLLeHa 13-3a BO3MOXHOCTW BCTaBKW, 0OHOBNEHUSA
N ypaneHus aHoManuu.

Kpome Toro, npouecc npoekTMpoBaHuna 6a3bl JaHHbIX MOXET, B HEKOTOPbIX C/y4asX, BBOAUTb
HEKOTOPYHD HeO6O0/MbLIYK CTeneHb W3BbITOYHLIX [AaHHbIX B MOgenb. 3TO, MO CYTW, CO34aeT
«[leHOPMa/iIN30BaHHbIE» OTHOLLEHNS.

KOHMINKTBI MeXAY 3P(HeKTUBHOCTbIO NMPOEKTUPOBaHUA, TpebOBaHMAMM K MHDOpMaLnmn un
NPOM3BOANTENLHOCTbLIO YAacTO paspeLlatnTcs ¢ NOMOLLbI KOMIPOMUCCOB, KOTOPblE MOTYT BK/IKOYaTb
JeHopmanusaunio. B aTom cnydae, U Npu ycnoBUKM, YTO MecTa A8 XpaHeHWsa LOCTaTO4YHO, Bbl6op
paspaboTumKa MOXeT BbITb CYXXeH [0 BapnaHTOB:

1 XpaHuTb faHHble B NOCTOSAHHOM AeHOPMann30BaHHON Tabnmue. OTO He peKOMeHAyemoe
pelleHne, NOTOMY 4YTO AeHOPMann3oBaHHas Tabnuua nofBep)KeHa aHOMaivMAM AaHHbIX (BCTaBKa,
OOHOBMIEHWE W yjaneHue). ITO pelleHMe SBASETCH  XKM3HECMNOCOOHLIM, TONIbKO  ec/u

NPON3BOANTENBHOCTb ABNSETCA NPOBIEMOIA.
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2. Co3paTb BPEMEHHYO AeHOpPMann30BaHHY Tabnnuy M3 NOCTOAHHBIX HOPMasM30BaHHbIX
Tabnuy,. [eHopmanusoBaHHaa Tabnuua CyLecTBYyeT TOMIbKO CTO/bKO BPeMeHU, CKOMbKO TpebyeTcs
N5 CO3JaHMA OTYeTa; OHa MCYe3aeT Mmocne coctaefieHns otyeta. CneposaTesibHO, HeT nNpobnem c
aHoMasnuel faHHbIX. JTO peLleHne NPakTUYHO TObKO B TOM C/lyyae, ecii Npon3BOAUTENIbHOCTb He
ABNAETCA NPO6NEMON U HEeT APYTUX XMU3HECNOCOOHbIX BapnaHTOB 06paboTKM.

UnctoTy HOpManusaumMyM 4acto TPYAHO NOAAEPXMBaTb B COBpPeMeHHOW cpege B. B
cneumann3mpoBaHHbiX b/, Ha3blBaEMbIX XpaHWUIMLLAMWN AaHHbIX, BCTpevarTcs (U faxe TpebytoTcs)
6ofee HU3KUe opMbl HopManusauuu. Takue cneymanuanposaHHble B[l oTpakaldT NOCTOAHHO
pacTyLuii cnpoc Ha 60bLNA 06bEM U TNYOUHY AaHHbIX, HAa KOTOPble BCe Yallle 0nmparTCs CUCTEMBI
NOALEPXKN NPUHATUA peLleHnid. XpaHWUuLLe AaHHbIX PerynspHo UCNosib3yeT CTpyKTypbl 2H® B
CBOEN CNOXHOW MHOIOYPOBHEBOW Cpefe C HECKO/IbKUMWU UCTOYHUKaMU faHHbIX.

Momumo BO3MOXHOCTHU BO3HUKHOBEHUSA npo6/ieMHbIX aHoManum [aHHbIX,
HeHOpMann3oBaHHble Tabnuubl CTpafatoT OT CNefyoWwmnx AedeKToB:

OG6HOBNEHNSA AaHHbIX MeHee 3(h(eKTUBHbI, MOTOMY YTO MPOrpamMMbl, KOTOPbIE YATAKOT U

00HOBNAT TabULbI, AOMKHbLI paboTaTh ¢ 60bWNMMN TabMLamMu.,

NHpekcmpoBaHune ABnseTca 6onee rpomMo3gkuM. MpocTo HelenecoobpasHo co34aBaThb BCe
MHAEKCbI, HEOOXOoA4MMblEe AN MHOXEeCTBa aTpubyToB, KOTOpble MOFYT HaXOAWTbCS B
OZHOV HEHOpMaNN30BaHHOW Tabnuue.

HeHopManun3oBaHHbIe TabMMLbl He Aat0T NPOCTbIX CTpaTernii AN co3faHuns BUPTyanbHbIX

TabnUL, N3BECTHbIX KaK MpeACTaBNEHUS.
HeHopManu3oBaHHble TabMMLUbl 4acTO MNPMBOAAT K pasHbiM 06efACTBMSM W3ObITOYHOCTHU
JAaHHbIX B TMPOU3BOACTBEHHbIX BJ. HYyXHO wnCNoNb30BaTb [AeHOPManu3aumnio OCTOPOXKHO WU
y6eamnTbcs, 4TO ecTb pasyMHOe 00bACHEeHWe, MoyYeMy HeHOPManu3oBaHHble Tabnulbl ABASOTCA

NyYLW MM BbIGOPOM B ONPeAeNeHHbIX CUTYaLMsaX, YeM X HOPMaNN30BaHHbIe aHaNoru.

5.6. KOHTPO/IbHbIA CAXCOK MOAENMPOBAHNS AaHHbIX

MogenmpoBaHue [aHHbIX NpeobpasyeT KOHKPETHYK Cpeay peasbHOro Mupa B MOAenb
[aHHbIX, KOTOpas NpeACcTaBNseT peasibHble AaHHbIE, NOMb30BaTeNel, NPOLECCHl U B3aMMOAERCTBUS.
MeToabl MOLENMPOBAHUA MpeAnaratdT MHCTPYMEHTbl, HEO06X0AMMbIE AN CO34aHUA YCMELIHbIX
npoekToB BJl. KOHTPONbHbIA CNWCOK MOAENUPOBAHUS AaHHbLIX MOMOXET YCMeLWHO BbINOMHATb
3afja4y” MOAeNMpPoBaHMs AaHHbIX Ha OCHOBE MMEOLLIUXCS KOHLEMNUUA U MHCTPYMEHTOB.

busHec-npasuna:
MpaBuNbLHO LOKYMEHTUPOBATbL U NPOBEPATH BCe GU3HEC-MpaBmaa ¢ Nonb30BaTeNSIMMU.

Y6enuTbCs, UTO BCe GU3HeC-NpaBuia HanucaHbl TOYHO, YETKO M NPOCTOo. busHec-npasuna
BO/MKHbI MOMOTraTh UAEHTU(ULMPOBATb CYLLHOCTM, aTpUBYThl, CBA3U U OrpaHUYEHNS.

OnpefennuTb UCTOYHMK BCEX GU3HeC-NpaBuA U yO6eauTbCs, YTO Kaxaoe 6U3Hec-nNpasuio
060CHOBaHO, 4aTMPOBAHO U MOAMMUCAHO YTBEPXKAAKLLMM OPraHoM.

84



MogenupoBaHue JaHHBIX:
1. Cornamenus o6 umeHax: Bce mMeHa NOJKHBI OBITH OIpaHHYEHBI MO JJIMHE (pasmep
3aBUCHUT OT Oa3bl JaHHBIX).
* HmeHna cymHoCTelH:
* JloJKHBI OBITH CYINECTBUTEIbHBIMU, IOHITHBIMH, KPATKUMH U 3HAYUMBIMU.
* JIoJKHBI JOKYMEHTHPOBATBHCS COKPAILEHMs], CHHOHUMBI M TICEBIOHUMBI ISt
KaX1I0ro oOBeKTa.
* JlomKHBI OBITh YHUKAJIbHBIMH B MOZEJIH.
» Jlns COCTaBHBIX OOBEKTOB MOIYT BKIHOYaTh B CceOsd KOMOHHAIMIO
COKpPAILEHHBIX UMEH OOBEKTOB, CBSI3aHHBIX YepPe3 COCTABHOM OOBEKT.
* Hwmena atpubyToB:
* JlomKHBI OBITh YHUKAJIBHBIME B pAMKaX OpraHU3alkH.
* (Cnenyer UCnoJab30BaTh a00peBUaTypy 0OBbEKTa B KauecTBe npedukca.
* JIOJKHBI ONTUCHIBATD XAPAKTEPUCTUKH.
* Caenyer ucnons3zosatsb cypdukcel, Takue kak _KOJ[, HOMEP unu ID pns
atpuOyra I1K.
* He nomKkHBI ObITh 3ape3epBUPOBAHHBIM CIIOBOM.
* He momkHBI comep:kaTh MPOOENIOB WM CHENUANbHBIX CHMBOJIOB, TAKUX Kak
@, wn &.
* Hwmena cpszeit:
* JlomwkHbl OBbITb AKTUBHBIMH WJHM ITACCUBHBIMH  [JIATOJIAMH, YETKO
YKa3bIBalOLMMU Ha XapakTep OTHOLICHUI.
2. CymHocTtH:
» Kaxpgas cymHocTs TOJDKHA NPEACTABIATh OAMH TUI O0BbEeKTa.
* Kaxpgas cymHOCTb IOJDKHA MPEACTaBJIATh MHOXECTBO OTAENBHBIX HK3EMILISPOB
oObekTa.
* Bce cymuoctu nomxubl ObiTh B 3SH® wiu Beie. Jo6bie cymuoctn Hike 3HO
IOJKHBI OBITE 0OOCHOBAHBI.
* I'paHyssipHOCTH HOKHA OBITH YETKO OMpeAesIeHa.
* IIK nomxeH ObITh YETKO ONpEAESICH U NOAAEPKUBATh BHIOPAHHYIO ACTATHU3ALHIO
IOAHHBIX.
3. ATpuOyTsi
*  JlomxHbI OBITH MPOCTHIMU M OIHO3HAYHBIMHU (ATOMAaPHOCTD).
* JIOMXHBI JOKYMEHTHPOBAaTbCS 3HAYEHHUS IO YMONYAHUIO, OTPAHMYEHUS],
CHHOHHMMBI H TICEBAOHUMBI.
* IlpousBomuble aTpuOyThl OOJUKHBI OBITH YETKO OIPEneNeHbl U BKJIIOYAThb
HCTOYHUK.
* He nomxubl ObITh H3OBLITOUHBIMH, €CIM 3TO He TpeOyeTcss IIsi TOYHOCTH
TPaH3aKIHH, TPOU3BOOUTEIBHOCTH UM BEIEHUS NCTOPHH.

* HexuroueBble aTpuOyThI TOJIKHBI IOJHOCTBIO 3aBHUCETH OT atpudyTa I1K.
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4. Csasu:
e J1O/DKHbI YETKO UAEHTU(HULNPOBATL CTOPOHbI CBA3W.
e J10/DKHbI YETKO OnpeaensTb yvyacTve, BO3MOXHOCTU MOAKIOUYEHMSA N KONNYECTBO
LOKYMEHTOB.
5. ER mopgens:
e Jlo/mkHa ObiTb NPOBEpPEHA Ha COOTBETCTBME 0XMAAEMbIM MpoueccamM, TakUM Kak
BCTaBKW, 0OHOBNEHUSA U yaaneHns.
o CnepyeT OUEHUTb, rAe, KOrga n Kak BeCTu UCTOpPWIO.
* He pomkHa cogepxaTb M30bITOYHbIX OTHOLUEHWI, 3a WCKIHOYEHUEM CNy4aes,
Korpa ato TpebyeTcs.
» Cnefyet CBeCTU K MUHUMYMY M36bITOYHOCTb AaHHbIX A4 o6ecnevyeHUs eAUHOro
06HOBNEHMS.
* Jlo/HKHa COOTBETCTBOBaTb MPaBWMAy MUHUMasbHbIX AaHHbIX: BCE, YTO HYXXHO,

eCTb, U BCE, YTO €CThb, HYXXHO.

5.7. Ntorn

O Hopmanusauusa - 3TO MeTOA, WCMofb3yemblii Ans pa3paboTky Tabnuy, B KOTOPbIX
M36bITOYHOCTb JaHHbIX CBefeHa K MUHMMYyMY. [epBble TpU HOpMasbHble Gopmbl (IHD, 2ZHD
3H®) sdaBnatTca Hanbonee npakTUYHbIMU. CO CTPYKTYPHOW TOYKW 3peHus 6Gonee BbICOKME
HOpManbHble OPMbI fiydlle, Yem 60Jiee HU3KMe HOPMa/bHble (DOPMbI, MOTOMY UTO 60Nee BbICOKUE
HOpMasibHble (POPMbl Aat0OT OTHOCUTE/IbHO MEHbLUEe KOINYeCTBO W36bITOUYHLIX [AaHHbIX B 6ase
JaHHbIX. Moyt Bce OGWM3HEC-MPOEKTbl UCNONb3YT 3H® Kak uAeanbHYl HOpMaibHYH (opmy.
Takxe Mcnonb3yeTtca crneunanbHas, 6onee orpaHnyeHHas 3H®D, nsBecTHasa Kak HopManbHas opma

bolica-Koaaa nnm HPBK.

0O Tabnuua Haxogutcs B 1H® korga onpegeneHbl Bce K/KOYeBble aTpubyTbl, a Bce
ocTaNbHble aTpubyThbl 3aBUCAT OT NepBMYHOro Knwva. OgHako Tabnuua B IH® MoXeT cogep)aTtb
KaK YaCTUYHble, TaK U TPAH3UTUBHbIE 3aBUCUMOCTU. YacTUYHaa 3aBUCUMOCTb - 3TO 3aBUCUMOCTb, B
KOTOpOW aTpubyT (PYHKLMOHANBbHO 3aBUCUT TOMILKO OT 4acTu MepBUYHOrO K/toya C HECKObKUMU
aTpmbytamu. TpaH3MTMBHAA 3aBUCUMOCTb - 3TO 3aBUCUMOCTb, B KOTOPOW aTpUBYyT PYHKLMOHANBHO
3aBMCUT OT ApYroro Heknw4yeBoro atpubyra. Tabnuua ¢ NepBUYHbIM KIKOHYOM C OLHUM aTpUbyTOM

He MOXXET MMEeTb YaCTUYHbIX 3aBUCMMOCTEIA.

0O Tabnuua HaxoguTtca B 2H®, korga oHa B 1H® 1 He COAEPXUT YaCTUYHbIX 3aBUCMMOCTEA.
CnepoBatenbHo, Tabnuua 1H® aBTOMaTuuyeckn nepexogut B 2H®, ecnu ee MepBUYHBINA K/HOY
OCHOBaH TOJ/IbKO Ha Of4HOM aTpubyTe. Tabnnua B 2H® Bce elle MOXET cofep>kaTb TPAH3UTUBHbIE
3aBMCUMOCTM.

O Tabnuua Haxogutca B 3H®, korga oHa B 2H® M He COAEPXUT TPaH3UTUBHbLIX
3aBMCUMOCTEN. YunTbiBas 3TO onpegeneHve, HopmanbHasa opma boica-Kogaa (HPEK) - ocobblii
cnyyain 3H®, B KOTOpPOI BCe OMNpefenstolmne KNUM ABNATCA KoyYamu-KaHangatamu. Korpa
Tabnmua UMeeT TONbKO OAUH KNKY-KaHamaaT, Tabnmya 3H® asTomaTuveckn nepexogut B HOBK.
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| Tabmuua, kotopas He BxoauT B 3H®, MoskeT ObITh pa3OuTa Ha HOBBIE TAONHIIBI, ITOKA BCE

Tabnuibl He OyAyT cooTBeTCTBOBaTh TpeboBaHusM 3HO.

| Hopmanusauusi sIBISI€TCS Ba)KHOW YAacTbIO MpoLecca NpoekTupoBaHus. I10CKONbKY
CYIIHOCTH M aTpHOyThl OMpENeNsIOTCs B mpouecce moxenuposanusi ER, kaxpmas CymHOCTb

MOABEPTAETCS IPOBEPKAM HOPMaIH3aUUH H (OPMHUPYET HOBbIE CYLIHOCTH M0 Mepe HEOOX OTUMOCTH.

] Tabnuua B 3H® moskeT comepkaTh MHOTO3HAYHbBIE 3aBHCHMOCTH, KOTOPbIE CO3/IAI0T JIHOO
MHOI'OYHUCIIEHHBIE HYJIEBbIC 3HAYEHUsI, TU00 U30bITO4HbIE NaHHbIe. [T03TOMY MOXKHO npeoOpa3oBaTh
tabnuy 3H® B yerBepryro HOpManbHyK ¢opmy (4HD), paspenus tabiwmiyy, 4ToOBl YOAIHATbh
MHOTO3Ha4HbIe 3aBUCUMOCTH. Takum oOpa3om, Tabmuma Haxoautcs B 4H®, koryma oHa HaxoouTcs B

3H® u He conepKUT MHOTO3HAYHBIX 3aBUCUMOCTEM.

] Yem Gosbiire Tabuui, Tem OOJbIIE AOTOJHUTENBHBIX OMEPaLHii BBOJA-BbIBOAA U JIOTHKH
obpabotku HeoOxonuMO it ux coenuHenus. [loaromy TabiuLbl HHOTAA AEHOPMAIU3YIOTCS, YTOOBI
YMEHBIIUTh BBOA-BBIBOJ [IJIs1 YBEJIMYEHHS CKOPOCTH 00paboTku. JeHopManu3arus 60abux TabamL
yBEJIMYMBAET CKOPOCTb OOpabOTKH, HO [enaer OOHOBJEHHS NaHHbIX MeHee 3((eKTHBHBIMU,
UHIEKCHpOBaHue Oojee IPOMO3IKMM W MPUBOOUT K H3OBITOYHOCTH HOAHHBIX, KOTOpas MOJXKET
npuBecTH K aHoMammsiM. [IpM TpOEKTHPOBaHMM TNPOU3BOACTBEHHBIX 0a3 JaHHBIX HYXKHO

HCIIOJB30BaTh A€HOPMAIN3alui0 ¢ OCTOPOKHOCTHIO.

[] KOHTpPONbHEIM CIHCOK IJIsi MOJEIMPOBAHMS JAHHBIX MPENOCTABISIET Pa3paboTUHKy

BO3MOXXHOCTb NPOBEPUTH, cooTBeTcTBYET 11 ERD Habop MuHMMAaNbHBIX TPEOOBaAHUIA.
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Jlekums 6. MNpoekTrpoBaHMe 6a3 AaHHbIX

6.1. BBeaeHwue

Basbl faHHbIX ABNAKOTCA YacTbio 06LLEel KapTUHbI, HA3bIBAEMOW MH(OPMALMOHHOW CUCTEMOIA.
MpoekTbl 6a3 faHHbIX, KOTOpPble He pacno3HawT 3TOT (akT, BpAg v OyAyT YCMEewWwHbIMN.
Pa3paboTumky 6a3bl AaHHbIX [O/DKHbI MNPU3HaTb, 4YTO 6asa [AaHHbIX SABMAETCA KPUTUYECKUM
CPeLACTBOM A/18 LOCTVXKEHUS LeNin, a He caMO Lienbio.

WNH(popmaLoHHbIE CUCTEMbI ABNAIOTCA NPOAYKTOM TLLAaTeNbHO OpraHn3oBaHHOro npouecca
pa3paboTku. CUCTEMHbIN aHann3 UCMOMb3yeTcsa ANa onpeaeneHns NnoTpebHOCTN B MHPOPMALLMOHHO
CUCTEME W YCTaHOB/IEHMA ee oOrpaHuWyeHuii. B pamkKax CUCTEMHOro aHanusa (akTuyeckas
NH(OpPMaLMOHHaa cucTeMa CO34aeTCs C MOMOLLbIO MpoLecca, N3BECTHOr0 Kak paspaboTka CucTeMm.

Co3faHve 1 pa3BuTMe MHMOPMALMUOHHBLIX CUCTEM MPOUCXOLUT MO UTEPALMOHHON Cxeme,
Ha3blBAEMOW >XXU3HEHHbIM LUKNOM WHGopMaunoHHbIX cuctem (KL, LC), koTopas npeacTtasnset
co60/li HenpepbIBHbLIV NPoOLEcC Co34aHns, 06CNYXUBaHNSA, YNYUYLEHNA U 3aMeHbl MH(HOPMaLMOHHOM
cucTembl. AHaNOrM4YHbIA UUKN npuMmeHseTcs K B[ 6a3a AaHHbIX CcO34aeTcsi, MOAAEpPXKMUBaeTCH,
COBEPLUEHCTBYETCA M B KOHEYHOM MTOre 3ameHsieTcs. XKM3HEHHbIA UMK 6a3bl gaHHbiXx (OKLL BA)
HY>XHO M3y4YaTb B KOHTEKCTe 60/1ee LUMPOKOr0 XMU3HEHHOIO LMKNa pa3paboTKn CUCTEM.

basa [faHHbIX - 3TO TWATE/NIbHO CMNPOEKTUPOBAHHOE W CKOHCTPYMPOBAHHOE XpaHunuuie
(hakTOB. Basa [aHHbIX ABAAETCA 4aCTbl OOMbLUEr0 LEeN0ro, M3BECTHOrO0 Kak WH(hOpMaLMOoHHas
cuctema (MC), koTopas obGecneumBaeT c6op, XpaHeHWe, npeobpa3oBaHME U MOUCK [AaHHbIX.
MHhopmaLnoHHasa cucTema TakxXe nMnomoraeT npeobpasoBbiBaTh [faHHble B MHGpoOpMauuto wu
no3BofifeT YyNpaBnATb KakK [aHHbIMW, Tak W WHpopmaumein. Takum o6pas3om, MosnHas
NH(OpPMaLMOHHas cucTeMa COCTOUT M3 NK0Aein, 06opyLoBaHKA, NPOrpaMMHOro obecneyeHuns, 6asbl
[aHHbIX, NPUWKNagHbIX nporpamm U npoueayp. CUCTEMHbIA aHanu3 - npouecc, KOTOpbIi
yCTaHaBnMBaeT NOTPeBHOCTb B MHMOpPMaUMOHHOW cucTeme u ee 00beM. [lpouecc co3gaHus
MHDOPMALMOHHOW CUCTEMbl M3BECTEH Kak pa3paboTka CUCTEM.

OfHOMN M3 KMKOYEBbIX XapaKTEPUCTUK COBPEMEHHbIX MH(OPMaLUMOHHbLIX CUCTEM ABNAETCS
cTpaTermyeckas LEHHOCTb WH(opmayun B 3noxy rnobanusaunn. MosaTomy WHPOPMAaLUOHHbIE
CUCTEMbI AO/MKHbI COOTBETCTBOBATH CTPaTErMYeckon 6usHec-muccun n uensam. 30nmpoBaHHbie U
He3aBUCMMblE  WH(MOPMALUOHHbIE CUCTEMbl  OO/blle He AeAcTBUTENbHbl. COBpeMeHHble
NH(OPMaLMOHHbIE CUCTEMbI BCETAa LO/MKHbI ObITb UHTErPUPOBaHbLI C KOPMOPATUBHOW apXUTEKTYPONA
NH(OPMaLMOHHBIX CUCTEM KOMMAHUN.

B pamkax pa3paboTKu cuctem, NPUIOXKEHNS NpeobpasyroT AaHHble B MH(POpMaLnio, KoTopas
CNY>XWUT OCHOBOW A5t NPUHATUA peLleHnii. MpunoXxeHns 06bIYHO TeHEPUPYIOT (hOpMabHble OTYETH!,
Tabnuubl 1 rpauyeckne Hopmbl, NpegHazHaYeHHbIe 415 NoydYeHUs nHhopmaumm. Ha pucyHke 21
NMoKas3aHo, YTO KaXAoe MpPUI0XeHUe COCTOUT M3 ABYX YacTeil: AaHHbIX U Koda (MporpaMMHbIX
WHCTPYKLUKUI), C MOMOLLbI KOTOPbIX AaHHble MNpeobpasytoTcs B WHGpoOpMauuto. [aHHble M Kog,
paboTaloT BMecTe, YTOObI NPeACTaBUTbL peanbHble 6U3HeC-OYHKUUM 1 AeAcTBUSA. B nto60ii MOMEHT
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BPEMEHN (PU3NYECKN XPaHUMble AaHHble MPeACTaBNAT CO60M CHUMOK OM3Heca, HO KapTUHa He
ABNAETCA NOSIHON 6e3 NOHMMaHNs 6U3Hec-onepaunin, NpeacTaBNeHHbIX KOLOM.

0101110101001110
0110111101110001
0010111000100001
1010000111011010
1101100110101100
1111010101100101
0001010010011101
1010100100101000
1111011011011111
0011110011000110
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1100100100000010
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0001011100100101 "
1100101110110001 npOFpaMMHbII/I KOA

[JaHHble

WHpopmauumsa

MpuHATHE pelueHne

Puc. 21. MpuHATHE peLLeHne Ha OCHOBE AaHHbIX

Mpon3BoAMTENbHOCTb MH(OPMALVUOHHOW CUCTEMBI 3aBUCUT OT TPeX (HaKTOPOB:

1. MpoekTpoBaHMe N peanmsaumsa 6asbl gaHHbIX.

2. Pa3paboTka v BHeipeHNe NPUIoxeHu.

3. AGMUHUCTpaTUBHbIE NPOLEaYpbI.

B0O3MOXHO, caMblli BaXHbIl U3 TpexX (HhakTOpoB - MNPOeKTMpOBaHWe U peanusayus 6asbl
JaHHbIX. Co3aHne HaeXXHON MHPOPMALIMOHHOM CUCTEMBI - TsXKenas paboTa: CUCTEMHbIA aHaNU3 1
pa3paboTka TpebyoT 06LWMPHOrO NAaHMPOBaHWUS, YTOObI rapaHTUPOBaTb, YTO BCE AEWCTBMA OyayT
B3aMMOAeNCcTBOBaTbL APYT C APYroM, AONOMHATL APYT APYra W BbINONHATHCS BOBPEMS.

B wwupokom cmbicne TepMuH paspaboTka 6as3bl fAaHHbIX OMNUCbiBaeT Mpouecc
NpoekTupoBaHma un peanusayum BM. OCHOBHOIN 3afjayveli nNpu nNpoekTMpoBaHun B[, ABnsetcs
co3faHne 3aKOHYEHHbIX, HOPMa/in30BaHHbIX, UHTErpUPOBaHHbIX KOHLENTYalbHbIX, JIOTUYECKUX K
(hm3nyecknx mMogeneli 6a3 faHHbIX. JTan peannsaluy BKIOYaeT Co3aHne CTPYKTYpbl XpaHeHus B/,
3arpysky [JaHHbIX U o6ecrneyeHve ynpasneHUs [aHHbIMU. BOMBWMHCTBO MNPOEKTOB 06bIYHO
OPVEHTMPOBaHbl Ha peLleHne TeKylWMX npobnem, HO BaXHO €O34aTb MPOEKT, KOTOPbIA 6yner
[JOCTATOYHO FMB6KUM 418 afanTaunn K 6yayLmnm 3MeHeHUAM.
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6.2. YKM3HEHHbIN LMK MHPOPMALMOHHBIX CUCTEM

JKU3HEHHbIA  UMKN  MHGOpMaunoHHbIX cucTem (KL, WC) oTtcnexusaeT umctopuio
NH(popmaymMoHHOM cuctembl. XL NC - 310 06wWas CTPyKTypa, C NMOMOLbO KOTOPOM MOXHO
OTCNeXmBaTb M NOHUMATb AEACTBMSA, HEO6XOAUMbIE NS pa3paboTkyu n obcnyxueaHma NC. B aTux
pamMKax CyL,eCTBYeT HECKO/IbKO Crnoco00B BbIMOMHEHMA pa3nnyHbIX 3agaHuii B XL NC. Kpome
mogenmpoaHua ER, ecTb anbTepHaTMBHbIE METOLONOTNW:

Unified Modeling Language (UML) npegocTtaBniser 06beKTHO-OPUEHTUPOBaHHbIE
WHCTPYMEHTBbI N5 NOAAEPXKKN 3afa4, CBA3AHHbIX C pa3paboTKON MH(HOPMALNOHHbIX CUCTEM.

BbicTpas paspaboTka npunoxeHunin (RAD) - 3T0 METOA0NOMNA UTepaTUBHON pa3paboTKm
nporpaMMHOro o6ecnevyeHns, B KOTOPOW AN pa3paboTKM CUCTEM MPUIOXKEHUN
MCNONb3YTCA NPOTOTUNLI, WMHCTPyMeHTbl CASE u rubkoe ynpasneHve. RAD -
anbTepHaTMBa TPaAULIMOHHOW CTPYKTYPUPOBaHHOI pa3paboTKu, KoTopas cTpajana oT
ONUTENbHBIX CPOKOB MOCTaBKM N HEBLIMO/IHEHHbIX TPpe6oBaHWIA.

Agile Software Development - rubkas metogonorus gns paspaboTkyu NporpamMHbIX
NPUNOXKEHNI, KOTOpas AenvuT paboTy Ha 60nee Menkue NOAMNPOEKTbI, YTOObI NOAYUNTb
pe3ynbTaTbl 3a 60/ee KOPOTKOE BPEMSA W C /ydlleld COrnacoBaHHOCTbID. DTOT METO[
NoAYEpPKMNBAET TeCHOE 06 EeHNe MEXAY BCEMM MOMb30BATENSAMU N MOCTOSHHYHO OLEHKY C
LieJIbi0 MOBbIWEHWA Y0B/IETBOPEHHOCTU KI/IMEHTOB.

XoTa MmeTofonorun paspaboTku MOryT M3MeHATbCA, 6a30Bas CTPYKTypa, B KOTOPOW OHWU
MCNOMb3YITCH, HE MEHAETCH.

Kak noka3aHO Ha PUCYHKe 22, TpaguuuoHHbin XL, WMC pasgeneH Ha naTb 3Tanos:
nnaHupoBaHwWe, aHanus, [eTasbHOe TMPOEKTUPOBaHME CUCTEM, pa3paboTka, BHELpPEHVE W
o6cnyxunsaHue. XL, NC - aTo nTepaTuBHbINA NpoLecc, a He NOCnea0BaTeNbHbIN Npouecc. Hanpumep,
noApo6HOCTN TEXHWKO-3KOHOMWUYECKOro 060CHOBAHMA MOTYT MOMOYb YTOUYHUTL Haya/ibHYHO
OUEHKY, a feTann, obHapyXeHHble BO BpeMs 4yacTu TpeboBaHwuint nonb3osatens XL, NC, moryT
NMOMOYb YTOYHUTb TEXHUKO-3KOHOMMYECKOEe 060CHOBaHME.

MOCKOMbKY XMW3HEHHbIM LMKN 6a3bl JaHHbIX NOAXO0AMT U HanomuHaeT XL, NC, npuBeaeHo
KpaTtkoe onucaHue XL NC.

MocTaHoBKa 3afaun. Mepsaa dasza XKL, NC pgaeT 06wumnin 0630p npegnpuaTnini n ee Lenei.
MepBOHavanbHasa oueHKa TpeboBaHUN K NOTOKY U 06bemMy MH(OPMaLMM AO/MKHA 6bITb cAenaHa BO
Bpema faHHoro atana XL NC. Takasa oueHKa 401KHA OTBETUTbL Ha HECKOJ/IbKO BaXXHbIX BOMPOCOB:

CnegyeT v Npojon>kaThb CYLLeCTBYIOLWYO cucTemy? Ecnu reHepatop MHGopMauum
[enaeT CBOK paboTy XOPOLLO, HET CMbIC/1Aa U3MEHATb MU 3aMEHATH ero.

CnegyeT A M3MEHUTbL CYLLECTBYIOLWYH cucTemy? Ecim nepBoHadvanbHas OLEHKA
YyKa3blBaeT Ha HefocTaTKu B 06bEMe M MOTOKE WH(OpMauumn, mMoryt notpeboBaTbCs
He3HauuTeNbHble (MW faXKe 3HaYNTENbHbIE) M3MEHEHUA. [1pu pacCMOTPeHUN N3MEHEHU
YYaCTHUKMN nepBOHaqaanoﬁ OLUEHKWN AO/DKHbI MOMHUTbL O PpasHULUE MeXAy XenaHNnAMn 1
NOTPEOHOCTAMMU.

CneflyeT NN 3aMeHUTb CyLLECTBYHOLWYK cucTemy? [MepBoHauanbHas OLEHKA MOXeET
yKasblBaTb Ha TO, YTO HEOCTATKN HbIHELWHEA CMCTEMbI HE MOANeXaT NCMPaBEHNIO.
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"DCTBHDBRE NcxoaHoe onpefeneHune

3a0a4M Te XH MKO-3KOH Cluu Yeckoe OBOCH OBaHue

TpebGosakus nonviosarened

AHanuz
TpeboBaHWiA

Adanuws cyuw ecrsyowy wy cucren,

Norwseckoe npoexTnposarue

[poekTMpoBaHue . MoapobHasn cneunpuKaums CUCTEMbI

Koguposanue

Paspabotka Tectnposasne

Ownawa cheremy

YcTaHoBKa

BHegpeHue
ConpoBoxaeHue

Puc. 22. )Kn3HeHHbIN LMK pa3paboTKn CUCTEM

YuutbiBag ycunus, Heob6xogumble AN CO34aHWA HOBOW CUCTEMbl, TuiaTelbHOe
pasrpaHuyeHne Mexay noxxenaHnsaMm m NOTPebHOCTAMK, BOSMOXHO, Aaxe 60/1ee BaXKHO
B 3TOM C/lyyae, YeM Npu Mognpukaymm cMCcTeMbI.
YyacTHUKN nepBoHayanbHoM oueHkn XL, NC Ao/mKHbI HayaTb M3yyaTb M OLEHMBaTb
anbTepHaTUBHbIe pelieHns. Ecnm HoBas cucTema Heo6Xxoamma, To Cneayrowmii BONpPoc - BO3MOXHO
NN 3T0? TEeXHUKO-3KOHOMMUYECKOe 060CHOBaHMe LO/MKHO KacaTbCs ClefyoLLero:

TexHuuyeckne acnekTbl TpeboBaHUI K annapaTHOMY W NPOrpammHOMY 06GecneyeHuto.
PelueHns MOTYT ellle He 3aBUCeTb OT MOCTABLLMKA, HO OHU [O/MKHbI YYNTbIBaTb NPUPOLY
Tpe6oBaHU K 060pyA0BaHNI0 (HACTONbHBIN KOMMNbIOTEP, MINH(PENM, CynepKOMNbOTEP
unn  MobunbHOe YCTPOMCTBO) W TpeboBaHMA K MporpaMMHOMY o6GecneyeHuto
(ogHOMONb30BaTEIbCKME WA MHOTOMO/b30BATE/IbCKME OMepauuoHHble CUCTEMbI, TUM
6a3bl fJaHHbIX ¥ NporpaMmmHoe obecneyeHue, A3bIKW NPOrpaMMUPOBaHNA, UCMOMb3YeMble

NPUIOXEHNAMN U T.4.).
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CTomMMoCTb cucTembl. O6Lenpu3HaHHbI NPU3eMIEHHbI BONpoc «MoXKeM 1 Mbl cebe
3TO NO03BONNUTL?» ABNAeTCSA pewatowym. OTBET MOXeT Bbi3BaTb TWATENbHbIA aHanun3
nepBoHavasbHON OLEHKWU. B KaKOW-TO MOMEHT pelleHne MOXET OblTb MPUHATO MeXay
CO3/1aHNEM COOCTBEHHOI CUCTEMbI UM MOKYNKOW (M HACTPOMKOIN) CMCTEMbI CTOPOHHMX
nocTaBWMKOB. B [0NrocpoyHoli nepcnekTMBe HEOOXOAUMO HaWTU 3KOHOMUYECKMU
3 (PeKTUBHOE peLleHWe, KOTOPOe Hauny4ywum o6pa3om oOTBevaeT MOTPeOHOCTAM
(HacToAWMM 1 BYAYLLMM) OpraHusaLmn.

OnepauunoHHble pacxoabl. Ob6nagaet v NpeanpuUATUE YeN0BEYECKUMUN, TEXHUYECKUMUN U
(hMHaHCOBbIMM pecypcamn ans NogaepxaHma paboTocnoco6HOCTU CUCTEMBI? [LO/HKHO NN
TEXHUKO-3KOHOMMYeCKOe 060CHOBaHMeE BKIOYaTh 3aTpaThbl Ha yNpaBieHne 1 NOAAEPXKKY
KOHEYHOro nosib3oBaTens, Heob6XxoanMMble NS BHeAPEHUA OnepaLyoHHbIX Npoueayp Ans
obecneyeHuns ycnexa aToi cucteMbl? HapofHOe CONpPOTMB/IEHNE NEPEMEHaM HUKOra He
cnefyeT HelOOLEHMBATb.

[axe ecnu pelleHO «MNoKynaTb», a He «CTPOWUTb», BHEAPEHWE CUCTEMbl AO/MKHO ObiThb
TWaTenbHO CNAAHUPOBAHO, YTOObLI OHa Oblfa yCMewHoN. Kakum 6bl HU 6blN BbIOPaHHbLIA BapuaHT
(mocTpouTb WAM  KyNWTb), HEOOXOAMMO MNPOBECTUM aHanu3, 4ToObl pa3BepHYTb pelleHne B
opraHusaumm Takum o6pa3om, YTOObl YMEHbLWWTb 3aTpaTbl U USMEHEHWSA B KY/IbTYpe, O4HOBPEMEHHO
yBenumyumeas LuUeHHocTb. XKL NC obGecneuynmBaeT OCHOBY [AAs TWaTebHOro NAaHUPOBAHUA WU
peannsaunm.

AHanui3 TpeboBaHuii. Mpobnembl, onpeaeneHHble Ha MNepBOM 3Tane, paccMaTpMBaOTCH
6onee nofpobHO Ha 3Tane aHanM3a. MakpoaHanu3s LO/MKEH NPOBOAUTLCA Kak N0 MHAUBUAYaA/IbHbBIM
NOTPe6bHOCTAM, TaK 1 N0 OpPraHN3auNOHHbLIM MNOTPEOGHOCTAM, 3aTparnsas Takme BOMpoChl, Kak

KakoBbl Tpeb0oBaHUS NONb30BATENEN TEKYLLEN CUCTEMBI?

BnucbiBatoTca M 3T TpeboBaHUA B 06w me TpeboBaHUA K MHOpMaLumn?

daza aHanmsa XL, IC - TwaTensHbll aygut Tpe6oBaHMiA NoMb30BaTeNei.

CyliecTBytoLme annapaTHble 1 NPOrpamMMHble CUCTEMbI TAKXe M3Y4aloTCa Ha aTane aHanusa.
Pe3ynbTaToOM aHanm3a [O0/KHO CTaTb /iyyllee MOHMMaHWe (YHKUMOHAaNbHbIX 06/1acTeil CUCTEMBI,
peanbHbIX Y NOTeHUManbHbIX NPo61eM M BO3MOXHOCTEN.

KoHeuHble nonb3oBaTennM u pa3paboTynmky CUCTEM [O/MKHbI paboTatb BMecTe, 4TOObI
NOEHTUMOUUMPOBATL MNPOLECCHl W PacKpbiTb MNOTeHUMaNbHble MpobnemHble o06nacTn. Takoe
COTPYLHMNYECTBO MMeeT XMN3HEHHO BaXKHOe 3HaYeHue 418 onpefeneHns COOTBETCTBYIOLWUX LiefieBbIX
nokasaresnei apPeKTUBHOCTMU, MO KOTOPbIM MOXHO CYANTb O HOBOW CUCTEME.

Hapsigy ¢ nsyyeHnem TpeboBaHWUn MONb30BaTENEN M CYLLECTBYHOLLINX CUCTEM, (pa3a aHanm3a
TakKXXe BK/OYaeT CO3f4aHue NOrMYecKoro npoeKTUPOBaHWA CUCTEM. JIOTMYECKWUA fU3aillH LO/KEH
yKasblBaTb COOTBETCTBYIOLLYH KOHLEMNTYaNbHYI0 MOAe/Nb [aHHbIX, BXOAHbIE faHHble, NPoLecchl U
OXujaemble BbIXOAHble Tpe60BaHMA.

Mpn co3gaHUyM NIOTMYECKOro NpoekTa pa3paboTyMK MOXET UCNo/Mb30BaTbh  Takue
WHCTPYMEHTbI, KakK gmarpaMmbl NOTOKOB AaHHbIX (DFD), gnarpaMmbl nepapxuyeckoro npouecca
BBOZAa-BbIBOAA (HIPO), anarpammbl OTHOWeEHUA cyuwHocTein (ER) 1 gaxe HeEKOTopble NPOTOTUMBI
NPUN0XeHWA. Ha 3ToM 3Tane BbINONHATCA AeACTBUSA NO MOLENMPOBaHUIO NpoekTa 6a3bl AaHHbIX,
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9TOOBI OOHAPYKUTH U OTHCATh BCE CYLTHOCTU U MX aTPUOYTHL, & TAKXKE CBSI3U MEXKIY CYLIHOCTSIMHU B
0a3e MaHHBIX.

OmnpeneneHue JTOTHUECKON CHCTEMBbI TaKKe AaeT (yHKLHUOHAIbHBIE OMTUCAHKS KOMIOHEHTOB
cucreMsl (Moayeit) st kaknoro npornecca B cpene b/ Bee mpeobpasoBanus (mpomecchl) JaHHBIX
OIMUCBIBAIOTCS U JOKYMEHTUPYIOTCS C UCIIOJIb30BAHUEM HHCTPYMEHTOB CUCTEMHOIO aHAJIN3a, TAKUX
kak DFD. KoHuenTyanbHasi MOJIeSb JAHHBIX MPOBEPSAETCS HA COOTBETCTBUE STHM MPOLECCAM.

Hemanvnoe npoexmuposeanue cucmem. Ha sTane nerajibHOrO NPOEKTHPOBAHHS CHCTEM
MPOEKTHUPOBLIKK 3aBEePIIACT MPOSKTUPOBAHUE MPOLIECCOB cucTeMbl. KOHCTpyKLis BKIIFO4aEeT B cebst
BCE HEOOXOOMMBbIC TEXHHYECKHUE CIIeLM(PUKALIMHA [T IKPAHOB, MEHIO, OTYETOB U JPYTHX YCTPOMCTB,
KOTOpbl€ MOTYT IOMOYb C/IENATh cUcTeMy Oonee 3¢ deKTHBHBIM reHepaTopoM HH(POpMaLUH. JTarbl
U3JI0KEHBI AJIs1 MpeoOpa3oBaHusl U3 CTAPON CHCTEMbI B HOBYIO CHCTeMy. [IpHHLMIBI 1 METONMKH
00y4eHus TakKe IUIAHUPYIOTCS U MPEACTABIISIOTCS HA YTBEPIKACHHE PYKOBOJACTBY.

Ipu pa3pabotke pemenuii pa3paboTunk 6a3bl JAHHBIX JOJDKEH UCKATh UCTOYHUK MPOoOieM.
MHorue cucreMbl 0a3 TaHHBIX HE CMOTJIM YIOBJIETBOPUTH MOJb30BAaTENeH, MOTOMY YTO OHH ObLIH
pa3paboTaHbl is1 JieueHHsi CAMIITOMOB Npo0JIeM, a He MX HCTOYHHKA.

Pazpabomxa. Ha »srtane pa3paboTku yCTaHaBIMBAIOTCS ammapaTtHoe olecnedeHue,
nporpammuoe obecnieuenne CYBJ] u npukiagHbie MpOrpaMMbl, a TaKXKe pPealn3yercs MpoeKT 0a3bl
naHHbIX. Ha HauanbHBIX 3Tanax CUCTEMa BXOAMT B IIMKJI KOAHPOBAHUSA, TECTUPOBAHMS M OTIIAJKH,
noka He Oyzer rorosa k aocraBke. @akrudeckas 0a3a JAaHHBIX CO3MAETCS, a CHCTEMA HACTPaUBaETCs
IyTeM CO3aaHus TaOJIUI U MPEICTABICHHIA, aBTOPH3ALIMH MOJIb30BATENEH U TaK Jajee.

Conepxumoe 0a3bl TaHHBIX MOXKET ObITh 3arpy’kK€HO B WHTEPAKTUBHOM WJIM TMAaKETHOM

peXHMe C UCTIOJIB30BAHNEM Pa3HBIX METOAOB U YCTPOHCTB:
_ VHauBuayasibHbIE [TOIB30BATEIBCKIE IPOrPAMMBL.
_ TIporpammer unrepdetica 6a3bl TaHHBIX.

_ TIporpaMmsl npeoOpa3oBaHusi, KOTOpble MMIIOPTHPYIOT HaHHbIE U3 Apyroi (aiinosoii
CTPYKTYPBI, UCITOJIB3YS [TAKETHBIE MPOTPAMMBIL, YTHINTY 0a3bl JAHHBIX WU U TO, U IPYTOE.
Cucrema NOZIBEpraeTcsi TINATEILHOMY TECTHPOBAHUIO 1O TEX IOp, IOKa He Oyaer rotosa K
UCIMOJIB30BAHUI0. TPamUIIOHHO OTJIANKa M TECTUPOBAHNE HOBOH CUCTEMBI 3aHUMAKOT OT 50 1o 60%
obmero BpemeHH pa3paborku. OmHAKO TOSABIEHUE CJIOXHBIX TE€HEPATOPOB NPUIIOKECHHH H
UHCTPYMEHTOB OTJIaJKU CYIIECTBEHHO COKPAaTWJIO BpeMsl KOAMPOBaHHUs U Tectuposanus. Ilocne
3aBEepIICHUS] TECTUPOBAHMS OKOHYATENbHAS MOKYMEHTALUsl MPOBEPSETCS W PACIEdaThIBACTCS, a
TI0JIb30BATENHM MPOXOMAT o0yueHue. B KOHIIe 3TOro 3Tama crucTeMa IOJHOCThIO paboTaeT, HO OHA
OymeT MOCTOSIHHO OLIEHUBAThCS U HACTPAUBATHCS.
Bueopenue. Kax Tonpko cucremMa 3apaboTaer, NOJNb30BATENH HAYHYT 3alpallvBaTh
W3MEHEHUsI B Heil. OTU M3MEHEHHs MOPOXKAAI0T NeHCTBUSI MO OOCIY)KUBAHUIO CUCTEMBI, KOTOPBIE

MOJKHO CTPYIIIHPOBATh B TPH THIIA!
_ Koppexmupyiowee o6ciyscuéanue B OTBET Ha CHCTEMHBIE OIIHOKH.
_ Aoanmuenoe obcnydcueanie B CBA3U C U3MEHEHUsIMU B OU3HEC-CPene.

_ Ilepgpexmuesnoe obcnysncusanue s yIydImeHUs] CHCTEMBL.
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MOCKONbKY KaX[blil 3anpoC Ha CTPYKTYpPHble W3MeHeHUs TpebyeT nepecmMoTpa 3Tanos
XL NC, B HEKOTOPOM CMbICNE CUCTEMA BCerfja HaxoaMTca Ha HeKOTopoit ctagum XKL UC.

6.3. YKM3HEHHbI UMK 6asbl JaHHbIX

B 60nee KpynHoW MHPOPMaLMOHHOM cucTeMe 6asa JaHHbIX TaKXe NofBepXKeHa XXU3HEHHOMY
umkny. XXu3HeHHbI uukn 6asbl 6aHHbIX (OKL, BJl) cocTouT M3 wecTn a3, Kak MokKasaHo Ha
PUCYHKe 23: n3yyeHue cpefbl 6a3bl JaHHbIX, NMPOEKTMPOBaHMe 6asbl JaHHbIX, ee peanu3auuns u
3arpyska, TeCTUpPOBaHME M OLEHKa, IKCMyaTaums, a Takxxe 06CnyXnBaHne n passuTue.

AHanuws curyaynn wa npegnpunsrnd

1
N3yuyeHwne cpeabl
6a3b|p|aHHb|X Onpegenenne yened

Onpegenesne npoGaem n orpakhyednud

Onpegenesne coneynd nkn

Cosfatkme kowyuentyanshodh mogen
MpoekTnpoBaHne
6a3bl AaHHbIX

Bubop nporpammuoro obecnevenns CYBJ
Cosganme norwyeckod mopgent

Cospanme G wanveckodh mogen

Yerakhoska o wacrpoika CYBJ

Peanusauns Cotganne §]

Jarpyina 0o KOHBeEepTALWE FakHuX

Tecrinposatdue
HacTpolika 1
TectupoBaHune bJ,

Hacrpoiira

Oyenva 5f

3KC|‘|]‘|yaTaL|||/|F| Npov3BeneHne He06X0AMMOI0 NOTOKA MHopMaLUn
I'Io,u,,u,ep>KKa n BHeCTV n3meHeHus
pa3Butne CoenaTb ynyuleHust

Puc. 23. X)KN3HEHHbIN LUMKN 6a3bl AaHHbIX

N3yyeHve cpegbl 6asbl AaHHbIX. Ecnu Bbi3BaH pa3paboTumk B[, eCcTb BEpPOATHOCTb, YTO
TeKylwasa cucTema He CMOr/aa BbIMNOMHUTL (YHKUWUWU, KOTOPble KOMMAHWUA CYMTaeT >XW3HEHHO
BaXHbIMW. [M03TOMY, MOMUMO M3yYeHUS Tekylleld paboTbl CUCTeMbl B KOMMaHuu, pa3paboTumk
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[OJDKEH ONpefennTb, Kak 1 NoYeMy TeKyLLas CUCTEMA BbIXOAUT U3 CTPOA. ITO 03HAYAET, YTO HYXKHO
TPaTUTb MHOIO BPeMeHU Ha 0bLLeHune ¢ nonb3oBaTendsMu. HecmMoTps Ha To, YTO NpoeKTUpoBaHue b/
- TeXHU4YeckKas [eATeNlbHOCTb, OHO TaKXe OPMEHTUPOBAHO Ha Ntofei. PazpaboTumku B, fOMKHBI
MMETb HaBbIKM 06LLEHUS C KNNEHTAMMU.

B 3aBMCMMOCTU OT CNOXHOCTU M 06beMa paboTbl, pa3paboTUMK MOXET AeNCTBOBaTb OAMH
WK KaK 4acTb rpynnbl, COCTOALLEN M3 PYKOBOAUTENA NPOEKTA, OAHOMO MM HECKONIbKUX CUCTEMHbIX
aHafIMTUKOB, NPOrpamMMunCTOB.

O6was uenb nsydeHue cpefbl 6a3bl JaHHbIX COCTOUT B TOM, YTOObI:
AHannsnpoBaTb CUTyaLMIO0 Ha NpeanpusaTun.
OnpegenuTb NPo6aemMbl U OrpaHNYeHUS.
MocTaBnuTb Lenu.
OnpegenuTb cneunguky.
AHanm3 cuTyauun Ha npeagnpuaTun. Cutyauns Ha npeanpuaTumn onucbiBaeT obLMe ycnoBsus,
B KOTOPbIX OHO paboTaeT, ero opraHU3aLoHHYI CTPYKTYpPY U MUCCUIO. YTOObI NpoaHanm3nposatb
cutyaumto, paspaboTumk B [O/MKEH U3Yy4YnUTb ONEpaLuoOHHbIE KOMMOHEHTblI KOMMNaHWW, Kak OHU

(DYHKLMOHMPYIOT 1 B3aMOLENCTBYIOT.
Cnepytouime npo6aembl AO/MHKHbI 6bITh PELUEHbI:

KakoBa 06Lwas onepaynoHHasi cpefa opraHv3alnm 1 KakoBa ee Muccus B 3TON cpeae?
KOHCTpyKUMa  fOo/KHa  Y[AOBNETBOPATb  3KCMAyaTaUMOHHbIM  TpPebOBaHUAM,
npeAbsBASEMbIM MUCCUE opraHusauun. Hanpumep, 6M3HeC MO NOYTOBLIM 3aKasaM,
BEpPOATHO, MMeEeT onepaLMoHHble TpeboBaHUA K CBOeli 6a3e AaHHbIX, KOTOPble CU/IbHO

OT/InYaKTCA OT TpeboBaHMi NPON3BOLCTBEHHOIO OM3Heca.

KakoBa CTpyKTypa opraHusarwu? 3HaHuMe TOro, KTO KOHTPOAMPYET, 4YTO WU KTO
OTUYMTbIBAETCA Nepej KeM, BecbMa MOJIe3HO, KOrja HYXHO onpefennTb He06XOAWMble
MH(OPMaLMOHHbIe NOTOKW, KOHKPeTHbIE (hopMaTbl OTYETOB U 3arpoCcoB U T.4.

Onpepgenexne npobnem U OrpaHuyeHwii. Y paspaboTumka ecTb Kak (popManbHble, Tak W
HedopManbHble MCTOYHMKN MHOPMauun. Ecnn npeanpuaTre CyLWecTByeT Kakoe-TO BPeMs, Y Hero
yXe ecTb cucteMa (pyyHas unm KomnbtoTepHas). Kak (yHKUMOHMPYeT cyliecTBytolas cuctema?
Kakoii BBog TpebyeT cuctema? Kakume JOKYMeHTbI reHepupyeT cucteMa? Kem v Kak MCMonb3yeTcs
BbIXO[L, CUCTeMbl? M3yyeHne OyMaxHOro crnefa MOXeT OblTb OYeHb WH(POPMATUBHbIM. MMOMMMO
ouumanbHol Bepcun paboTbl CUCTEMbI, CyLLeCTBYeT M 60see HethopManbHas, BO3MOXHO, 60see
peanbHas Bepcus; pa3paboTymMK A0NMXKeH ObiTb JOCTATOYHO MPOHULATENbHBIM, YTOObI MOHATL, YEM
OHMW OT/IYaloTCA.

Mpouecc onpegeneHns npobnemM M3HavyaibHO MOXET NOKa3aTbCsA HECTPYKTYPUPOBAHHbIM.
Monb3oBaTenn NpeaAnpUATAS 4acTO HE MOTYT TOYHO onucatb 60/bLINIA 06beM onepalmnii KOMANaHUK
WM OonpejennTb peanbHble Mpobnembl, BO3HMKalOWMe B Xxohe paboTbl KoMnaHuu. YacTo
ynpaB/fieHYeCKUI B3rNag Ha [eATeNlbHOCTb KOMMaHUM W ee Npob6ieMbl OTNMYaeTcs OT B3rnsja
NoNb30BaTeNeil, KOTOPble BbIMOMHAT 00bIYHYI0 PYTUHHYIO paboTy.
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Bo Bpems HauyanbHOro npouecca onpegeneHus npobnembl pa3paboTynk MOXET cobupatb
OYeHb LIMPOKME onucaHus npobnem. [lMpouecc onpefeneHus npobnembl 6bICTPO MPUBOAUT K
MHOXeCTBY 06WuMX onucaHuii npobnem. Mocne nepBoHavanbHbIX AeKnapauunii paspaboTymk 6asbl
JaHHbIX [O/HKEH NMPOAO/MKATb TUlaTe/bHO MUCCNefoBaTb, YTOObI CreHepMpPoBaTb AOMOHUTENbHYHO
MH(opMaLuto, KoTopas MOMOXET onpeAennTb Npobaembl B 60/1ee LUMPOKMX pamKax AesaTeslbHOCTU
KOMMNaHuu.

BaXHO HalTW TOYHble OTBETbl, 0CO6EHHO B cepe ONepauMOHHbIX OTHOLIEHWI MeXAay
6usHec-egMHMLaMn. Ecnn npepnoXxeHHas cuctema pewnt npobnembl OTAena MapKeTUHra, Ho
ycyrybuTt npo6aembl NPOU3BOACTBEHHOIO 0TAeNa, He 6yAeT AOCTUITHYTO 3HaYMTE/IbHOrO Mporpecca.

[axe camoe nosiHoe ¥ TOYHOe onpegeneHne NpobaemMbl He Bcerga NPUBOAUT K MaeanbHOMY
pelleHnto. PeanbHbli MUP 0ObIMHO BMELLMBAETCA, 4YTOObI OrpaHUYUTL MNPOEKT AaXe Ccamoi
3neraHTHOM 6asbl JaHHbIX, HakKnafblBas OrpaHUYeHUs, Takme Kak Bpems, OLOKET W nepcoHar.
Pa3paboTumK JO/HKEH HAYYUTbCS pa3nnyaTh, YTO UAEaNbHO Y YTO BO3MOXHO.

Onpepgenexue ueneii. Mpepnaraemas cuctema b/, fo/mMKHa ObITb CMPOEKTMPOBaHA TakK, YTOObI
MOMOYb PeLnTb XOTH Obl OCHOBHbIE MPO6/IEMbI, BbISIBIEHHbIE B MPOLecce 06Hapy>XeHUs npobsem.
MMocKonbKy CnUCOK NpobsieMm pasBopayvMBaeTcs, HECKONbKO OOLMX UCTOYHMKOB, BEpOATHO, ByayT
0BGHapy>KeHbI.

Mpu pa3paboTke pelleHUn pa3paboTumk B[, [O/MKEH UCKAaTb UCTOYHUK NpobreMm. MHorume
cuctembl bl He cmMornv yLoBNeTBOPUTL MONb30BATE/ER, NOTOMY YTO OHU OblK pa3paboTaHbl 41
NneyeHUs CUMNTOMOB NPO6eM, a He UX UCTOYHUKA.

HauvanbHas (asa uccnefoBaHWA TakXKe [aeT npeasiaraemble pewweHus npobnem. 3agadva
pa3paboTynMKa COCTOUT B TOM, YTOObI Y6eauTbCA, YTO ero uenun cuctembl B COOTBETCTBYIOT TeM,
KOTOpble NpefycMOTpeHbl Nofb3oBaTeneM. B nobom cnyvae, paspabotumk Bl [O/MKeH Hayatb
pewaTtb CnefytoLime BONpochl:

KakoBa nepBoHavanbHas Lenb npeanaraemoi cUcTeMbl?

ByneT N cucTema B3aMMOAENCTBOBATb C APYTMMU CYLLECTBYHOLWMUMU UAK ByayLLMMA

cuctemMamu B KOMMnaHum?

_ bypet nu cuctema genntbca faHHbIMU C APYTUMU CUCTEMAMU U NOJIb30BaTENAMU?

OnpepeneHne cneundmkn. Pa3paboTumK [O/MKEH pacno3HaBaTb ABa Habopa OrpaHUYeHWi:
obnactb geiicTBMA U rpaHuubl. O6nacTb NPUMEHEHWUSA CUCTEMbl ONpejenseT CTeneHb NpoekTa B
COOTBETCTBUMU C 3KCMNyaTaLMOHHbIMU TpeboBaHMAMU. ByfeT nn NpoekT 6a3bl AaHHbIX 0XBaTbiBaTb
BCIO OpraHu3auuio, OLWMH WM HEeCKONbKO OTAeN0B BHYTPU OpraHusauum uam QyHKUUA OQHOTO
otgena? 3HaHve 061acTU MOMOraeT OMNpefennuTb HeobXOAWMbIe CTPYKTYpbl faHHbIX, TUM W
KONMYEeCTBO CYLLHOCTeW, Pu3nmyeckuin pasmep 6asbl JaHHbIX U T.4.

Mpegnaraemas cucTema TakxXe MNOLBEPXEHA OrpaHUYeHUsM, W3BECTHbIM KaK rpaHulbl,
KOTOpble ABMAKTCA BHEWHUMMW MO OTHOWEHUIO K cucTeMe. Kpome BpemeHu, GrofxeTa v Kagpos,
rpaHMLbl TaKXXe HakKNafblBalOTCA CYLLEeCTBYHOLLMM annapaTtHbiM U NporpaMmmHbiM obecneyeHunem. B
naeane paspaboTynK MOXET Bbl6paTb annapaTHOe U MporpammHoe obecrnedveHue, KoTopoe 6ypget
HamnyylwmMm 06pa3oM BbINOMHATL CUCTEMHble 3ajayn. PakTuyecku, BbIGOP MNPOrpaMMHOro

obecneyeHns SBASETCA BaXXHbIM aCMEKTOM XXWU3HEHHOr0 LunKna pa3pa60TKv| cuctem. K coxaneHuto,
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B pea/ibHOM MUpe CUCTEMa 4acTo Ao/HKHa ObiTb pa3paboTaHa Ha OCHOBE CYLLECTBYHOLLErO
o6opypoBaHusa. Takum o6pa3om, 06n1acTb AeCTBUS U rpaHuLbl CTAHOBATCA (hakTopamu, W 3afjava
pa3paboTynKa COCTOUT B TOM, YTOObI CIPOEKTMPOBATb HAUYULIYHO BO3MOXHYH CUCTEMY C YYETOM
3TUX OrpaHNYeHu.

MpoekTunpoBaHne 6asbl AaHHbIX. BTopoi atan XKL, B[l cokycupyetcs Ha paspaboTke
mogenu 6asbl [aHHbIX, KoTopas OyneT nojdepXusatb onepauuu v Uenu npeanpuatus. 3To,
noxanym, camblii BaxHbld aTan XL, BJ: y6eguTbcA, YTO KOHEYHbI MPOAYKT COOTBETCTBYET
TpeboBaHMAM Nofb30BaTeNs U cuctembl. B npouecce npoektupoBaHuns Bl pa3paboTumKk [AOMKEH
COCPeAoTOUYNTLCA HA CBOMCTBAX [aHHbIX, HEO6XOANMBIX A5 NOCTPOEHUs Mofenn. Ha aTom aTtane B
CUCTeMe CYLLeCTBYeT [iBa NpefCTaBNeHNs AaHHbIX: GU3HeC-NpecTaB/ieHNe [aHHbIX KakK UCTOYHMKA
UH(OpMaLMM 1 npeacTaBneHne pa3paboTumka O CTPYKTYpe [aHHbIX, ee AoCTyrne u AeicTBusx,
Heob6Xxo4uMbIX A8 npeobpa3oBaHUs AaHHbIX B WMHMOpmauuio. OnpefeneHne faHHbIX ABAseTCA
HeoTbeM/IEMOIA YacTbio BTOPON (hasbl XKLL BA.

Mpu n3yvyeHUn npouesyp, He0OXOANUMbIX 415 3aBepLUeHNs aTana NpoekTuposanma B XL, B,

MOMHUTE CNefyroLL e MOMEHTbI:

Mpouecc npoekTupoBaHua B cnabo cBsA3aH C aHa/iM30M W NPOEKTMPOBaHMEM 6onee
KPYnHOW cucTemMbl. KOMMNOHEHT [aHHbIX - 3TO TONbKO OAWH 3/1EMeHT 60/1ee KPYMHOM

NH(OPMaLMOHHOW CUCTEMBI.

CucTemMHble aHaIMTUKK MW CUCTEMHbIE MPOrpPamMMMCThbl OTBEYAKOT 38 paspaboTKy Apyrux
KOMMOHEHTOB cucTembl. WX [eATenbHOCTb co3faeT Npoueaypsbl, KOTOpble MOMOryT
npeobpasosaTb AaHHble B B/l B Mone3Hy0 MHMOpMaLMIO.

MpoekT BJl He ABnseTcA MocnegoBaTenbHbIM npoueccoM. CKopee, 3TO UTepPaTMBHbIiA
npoLecc, KOTOpblii 06ecneymBaeT HENPEPbIBHYIO 00paTHYH CBSA3b, NpeaHa3HaYeHHYH
N5 OTCNeXUBaHWUS NpeablAyLIMX Laros.

Mpouecc NPoeKTMpOBaHUSA 6a3bl AaHHbIX N306paXKeH Ha pUCYHKe 24. Ha pucyHKe MoKasaHo,
4YTO CYUleCTBYET TPWU OCHOBHbIX 3Tana: KOHUenTyanbHOe, JIOrMYeckoe W  (PuU3nyeckoe
NPOeKTUPOBaHME, a TaKXe peleHne o0 Bbibope CYB/], KOTOpoe MMeeT pellarollee 3HayeHne Ans
onpegeneHns Tuna NOrmYecknx n YU3NYecknux nNpoekTos. MNpoLecc NPOEKTUPOBAHUA HAYMHAETCA C
KOHLENTYyanbHOro MnpoeKTUPOBAHMA, W MepexoauT K 3Ttanam J0rnmyeckoro u (U3NYeckoro
NPoeKTUpoBaHMWa. Ha Kaxgom 3Tane onpegenserca W [JOKYMeHTUpyeTca 6onee nogpobHas
NH(opMaLMa 0 NMPOEKTe MOAeNn AaHHbIX. MOXHO paccmaTpmBaTb KOHLUENTyanbHbI MPOEKT Kak
obuime faHHble, BUAUMbIE NOMb30BATENIO; TOrMYECKUA NPOEKT - Kak AaHHble, BugMmMble CYB/; un
(hM3MYECKUIA NPOEKT - KaK [aHHble, BWAMMblE YCTPONCTBAMMU YMNpaB/ieHUS XpaHeHWeMm
onepaunoHHOR CUCTEMBI.
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1 KoHuenTyanbHoe < AHaIM3 AaHHbIX 1 TpeGOBaHNSA Onpe/en1Tb NPeACTaBNeHs NONb30BATENS, BbIXOAbI TPAH3AKL N

| NPOEKTUPOBAHUE o MosenMpOBaHME CYLIHOCTL-CBSI3b U HOPMAIM3ALS! OnpeAenu1Thb CyLYHOCTH, aTpnGyThl, JOMEHBI 1 OTHOLLEHWS ;
OTHOWeHMi Cosparb ER gnarpammbl; HopManusosartb aTpubyThl CyLyHOCTEl

NaeHTuduumposats Mogynn ER v nposepsiTb npaBuna BCTaBKM, OGHOBNEHNS W yAaNeHNs!.

*  Bepudukauus MoAeNM faHHbIX
MpoBepATL OTYEThI, 3aNPOCbI, NPEACTaBNEHNS, LLENOCTHOCTb, AOCTYN 1 6e30MacHoCTb

« TpoeKTpoBaHu1e pacnpeaeneHHbix bf,

Hesasucmo ot CYB/] 1 annapatHoro o6ecneyeHns

op CVYE, Onpegenutb CYB/, 1 Mofienb AaHHbIX

CYB/}-3aBUCUMBbI i1

OnpeaenuTb TabnNLbl, CTONGLIbI, CBA3M 1 OrpaHNYeHUs ‘

Onpe/enuTL CTpaTernto parmMeHTaLyi u pacnpegeneHus |

Jloryueckoe « ConoctaBnTb KOHLENTyasbHY0 MOZEeNb C KOMMNOHEHTaM1
I0TNYecKOl Mogenu
« [poBepKa JIOrM4ecKoii MOAENM C UCMO/b30BAHMEM HopManu3oBaHHbIi Habop Tabauy
HOpMa/n3aLum
= [poBepKa orpaHNyeHnit LLeNIOCTHOCTI NIOTMYECKON Mogenu 06ecneunThb LIeNOCTHOCTb CYLIHOCTM U CCbINIOYHOI LIeNIOCTHOCTY;
« [poBEpATLIOrMYECKYH0 MOZE/b HA COOTBETCTBUE
Tpe6OBaHMAM NONb3OBATENS. O6ecrneunTb COOTBETCTBUE MOAEN KTPeGOBaHMSM M0/b30BaTeNst
3aBMCUT OT annaparHoro o6ecneyeHns
Tr
Drayyeckoe «  OnpesenuTL OpraH3aLInio XPaHEHS JaHHbIX OnpefentTb H13NYecKyl0 OPraHM3aLyio TabnL, UHAEKCOB U NpeACcTaBNeHun AN
MPOEKTUPOBaHVE

« OnpefenuTb Mepbl LENOCTHOCT 1 6e30MmacHoCTH o
Onpe/ien1Tb Nonb3oBaTeneid, rpynnbl GE30MacHOCTX, PONK 1 3NEMEHTbI yNpaBneHus A0CTynoM

« OnpefenuTb Nokasarenu sheKTMBHOCTU
Onpefen1Tb napameTpbl 6asbl aHHbIX W BbINONHEHNS 3aNPOCOB

Puc. 24. MNMpouecc npoekTnposaHua b/

BaXHO 0TMeTWUTb, YTO nofasnstoliee 60/IbLUIMHCTBO NPOEKTOB M peanusauuii 6a3 faHHbIX
OCHOBaHbI Ha PeNALMOHHON MOLENN, N NO3TOMY UCMNO/b3YIOT UMEHHO ee KOHCTPYKLUUWU U METOLbI.

Peanusauud. PesynbTaToM 3Tana npoekTnpoBaHus b/, aBnsetca pag UHCTPYKLUMIA, NOAPO6HO
onucbiBalWMX co3gaHue Tabnuy, atpubyTos, LOMEHOB, NpeAcTaBNeHWUA, UHAEKCOB, OrpaHNYeHuni
6e30NacHOCTM 1 peKOMeHaUMin No XpaHEHWIO 1 NPOU3BOAMTENLHOCTW. Ha 3TOM 3Tane peannsyrTcs
BCe cneyudurKaLmm npoekra.

YcTadHoska CYWA, 371oT war TpebyeTcd TONLKO B TOM Cay4yae, ecnv Al CUCTEMbI
HeoOXOAUM HOBbI BblfeneHHbln ak3emnnap CYB[. Bo MHOrmMx cnydasax opraHusauus fenaet
KOHKpeTHyt0 CYbB[ cTaHfapToMm, 4YTOObl MCMO/Ib30BaTb WMHBECTULMM B TEXHONOrMU U HaBbIKK,
KOTOpble COTPYAHUKK YXXe pa3sunn. CYB/[ MoXeT 6bITb YyCTaHOB/NEHA HAa HOBOM CepBepe WM Ha
cywectBylowmx cepgepax. OpfHa W3 TeKywWwWX TeHAEHUMI Ha3biBaeTCA BUpPTyanm3aunen.
BupTyanusauua - 3To0 MeTOA, KOTOPbIA CO34aeT /Nornyeckue npefctaBieHUs BblYUCIUTENbHbIX
pecypcoB, He 3aBucAlwMe OT 6a30BbIX (U3NYECKUX BbIYUCIUTENbHBIX PECYPCOB. ITOT METO[
NCNONb3yeTCHd BO MHOMMX 061acTAX BbIYMCAEHWUN, TaKUX Kak CO3faHue BUPTYyalbHbIX CEPBEPOB,
BUPTYaslbHbIX XpaHUINLY, Y BUPTYaNibHbIX YacTHbIX ceTell. B cpege B nop sBupTyanusauuein 6asbl
[JaHHbIX MOHMMAaeTCA ycTaHOBKa HOBOTO ak3emnnapa CYB/ Ha BupTyanbHOM cepBepe, paboTaroLem
Ha obwem ob6opypoBaHun. OObLIYHO 3TO 3ajaya, KoTopad TpebyeT OT CUCTEMHbIX W CEeTeBbIX
aAMWUHNCTPATOPOB CO34aHWA COOTBETCTBYIOLMX TPYNN Monb3oBaTenein n cnyxo6 B KOHpUrypauuu
cepBepa M CeTeBOM MapwpyTu3auuun. [pyroii pacnpocTpaHEHHOW TeHAeHUMeln sBnseTcs
ncnonb3oBaHue 0bnayvHbIX Cyx6 6a3 fAaHHbIX, TaKUX Kak cny>kba 6a3 gaHHbIX Microsoft Azure unu
Amazon Relational Database Services (RDS). 3To HOBOe MOKO/NeHWe CEPBUCOB MO3BONAET
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Monb30BaTeN0 Cco3daBaTb 6asbl JaHHbIX, KOTOPbIMW MOXHO JIerkKo YnpasBisfiTb, TECTUPOBaTb U
mMacLTabupoBsaTb Mo Mepe Heo6X04MMOCTMH.

Co3faHne 6a3bl 6aHHbIX. B 60/1bLUIMHCTBE COBPEMEHHbIX pensunoHHbix CYB/[, peanusauus
HoBol BJl TpebyeT co3gaHWA cneumanbHbIX KOHCTPYKLMWIWA, CBA3aHHbIX C XpaHeHwem, [Ans
pasmewieHns Tabnuy nonb3osatend. KOHCTPYKUMM O06bLIYHO BK/IKOYAKT TPYMMy XpaHeHus (uium
rpynnbl ainnos), TabMYHbIE MPOCTPAHCTBA U TabNMULbI.

3arpyska v KoHsepTauua faHHbIX. Mocne co3faHns b/, faHHble LO/MKHBI ObITb 3arpy>KeHbl B
Tabnunubl. Kak npaBunio, AaHHble AO/MKHbI OblTb MepeHeceHbl U3 NpeabligyLieil BEPCUN CUCTEMBbI.
YacTo faHHble, KOTOpble AOMXKHbI ObiTb BK/OYEHbl B CUCTEMY, 0O0BLEAUHAIOTCA M3 HECKONbKUX
MCTOYHMKOB. B nyywem cnydyae Bce faHHble 6YAyT HaxoAUTLCA B PensauumoHHon BJ, 4Tobbl MnX
MOXHO ObI/I0 NIerko nepeHecT B HOBYK BJl. OfHaKO B HEKOTOPbLIX C/yvasix AaHHble, BO3MOXHO,
nNpUAeTCa UMMOPTMPOBATb M3 APYrUX PeNAUMOHHbLIX, HepensaunoHHbIX B[, TeKCTOBbIX (aiifos,
yCTapeBLUNX CUCTEM UMW AaXe PYYHbIX CUCTEM «bBymara u kapaHgaw». Ecnm dopmart faHHbIX He
nogAepXXueaeT npsMorM wMMNopT B HOBYK B[, MOXeT noTpeboBaTbCAa cO3faHuWe nporpaMmm
npeobpa3oBaHus 4NA (OPMaTMPOBAHMA AaHHbIX A4 uMnopTa. B Xygwem cnydae 60/bluas YacTb
JlaHHbIX MOXEeT ObiTb BPY4YHYH BBefeHa B BJl. Mocne 3arpys3ku AaHHbIX agMuHucTpatop b/
paboTaeT ¢ pa3paboTyMKaMum NPUNOXEHUI ANA NPOBEPKN U OLEHKMN UX.

3arpyska CyLIeCTBYHLNX AaHHbIX B 061a4HYy0 6a3y AaHHbIX MHOMAA MOXET ObiTh AOPOrOiA.
MprvynHa 3TOro 3aKn4aeTca B TOM, YTO CTOMMOCTb 60MbLWMHCTBA 061a4HbIX YCYT OnpejenseTcs
He TO/IbKO 06BEMOM XPaHUMbIX AaHHbIX, HO U 06bEMOM [aHHbIX, NepefaBaeMblX Mo CeTU. B Takmx
cny4yaax 3arpyska 6asbl faHHbIX 06bemMoMm 1 TB MOXKeT 0Ka3aTbCA OYeHb LOPOrMM MpeasioXeHUeMm.
Mo3TOMy CMCTEMHbIe aAMUHWUCTPATOPbl LO/DKHbI ObITb 0YEHb BHMMATE/IbHbIMW MPU YTEHUU U
cornacoBaHuy yCNOBUIN KOHTPAKTOB Ha 06/1a4Hble CEPBUCHI, YTOObI HE ObINI0 «CKPbITbIX» 3aTpaT.

TecTupoBaHne W oueHKa. Ha 3Ttane nNpPOEKTMPOBAHMA ObINW MPUHATHI peLleHus And
obecneyeHns LLeIOCTHOCTK, 6€30MacHOCTH, NPOU3BOAUTENILBHOCTU Y BO3MOXHOCTM BOCCTAHOB/IEHUA
B/l. Bo Bpems peanusauunm v 3arpy3ku 3Tu naaHbl Obinn peann3osaHbl. [1pu TeCTUPOBAHUN U OLLeHKe
agMuHucTpatop b TecTupyeT n HacTpamBaeT B[], 4T06bl yoeAnTbCA, YTO OHa paboTaeT LO/MKHbLIM
obpasom. OTOT 3Tan MNPOUCXOLUT B COYETaHUM C MPUKNALHbIM  MPOrpaMMUpOBaHUEM.
MporpamMunUCTbl UCMONL3YIOT MHCTPYMEHTbI B[l N4 co3faHUs NPOTOTUNOB NPUIOXEHWIA BO BpeMS
KOANPOBaHUS nporpamMm. Takue WHCTPYMEHTbl, KakK reHepaTtopbl OTYETOB, 3KpaHHble (OpPMbl ©
reHepaTopbl MeHIO 0COO6EHHO NOoMe3Hbl 415 NPOrpaMMUCTOB MPUIOXKEHWIA.

TecTwupoBaHune 6asbl 6aHHbIX. Ha aToM aTane agmuHucTpaTop B/ TecTupyeT 6a3y faHHbIX,
4yToObl Y6eAUTLCHA, YTO OHA MOAAEePXMUBaeT LefOCTHOCTb U 6e30NacHOCTb faHHbIX. LLenocTHOCTb
JaHHbIX ob6ecneumBaetcs CYB/J, nyTem npaBWIbHOTO WMCNO/Mb30BaHWS MEPBUYHOIO U BHELUHEro
Kntoueir. MHorne CYB/[] TakxKe MOAAep>XUBAKOT CO34aHNEe OrpaHUYeHni A AOMeHa 1 Tpurrepos b/.
TecTupoBaHue 6yfeT rapaHTMPOBaTh, YTO 3TW OrpaHUYeHuns OblNN NPaBUIbHO CNPOEKTUPOBaHbI U
peann3oBaHbl. LLeNOCTHOCTb [aHHbIX TakXe SBAAETCA pe3y/ibTaTOM MNpPaBW/IbHO peasin3oBaHHOM
NONMTUKOA ynpaBneHUs [aHHbIMW, KOTOpble SBAAKTCA 4YacTbld KOMMIEKCHOW CTPYKTYpbI
YyNpaB/ieHNs AaHHbIMK
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PaHee nonb3oBaTeny v ponv CO34aBanuch 418 NpeAocTaBNeHMs LOCTyNa K JaHHbIM. Ha aTom
3Tane AO0MXHbl OblTb MPOBEPEHbI HE TONMLKO 3TV MPUBWUAETNN, HO W GONee LINPOKWIA B3rNS4 Ha
KOH(MAEHLMNANbHOCTb 1 6€30MacHOCTb AaHHbIX. [aHHble, XxpaHsauwmnecs B b, npegnpuaTus, AOMKHbI
ObITb 3aLMLLEHbI OT 4OCTYNa NOCTOPOHHMX MO/b3oBaTeneli. CneaoBaTeNibHO, HY)XHO NPOBEPUTbL MO
KpainHeli mepe cnegytoluee:

[] dusnmueckas 6Ge30nacHOCTH paspeliaeT TONbKO aBTOPM30BAHHOMY  MepcoHany

(m3nmyeckunii gocTyn B ONpeAeneHHble 30Hbl. OAHaKo, B 3aBUCMMOCTW OT Tuna
peanusaymmn 6a3bl AaHHbIX, HM3MYECKan 3aLLMTa He BCErAa MOXKET ObiTb MPaKTUYHONA.

(] 3awuTa naponeM nossonseT HasHayaTb NpaBa AOCTYyNa  OMNPeAesneHHbIM
aBTOPW30BaHHbLIM M0Mb30BaTeNsIM. Be3onacHOCTb Napons 06blYHO 06GecrneunmBaeTcs BO

BpeMSs BX04a B CUCTEMY Ha YPOBHE OMepaLMoOHHOW CUCTEMbI.

(] MpaBa gocTyna MoryT 6biTh YCTAHOB/IEHbI C MOMOLLbIO MNPOrpaMMHOro o6ecrneyeHus
6a3bl AaHHbIX. HasHayeHue npas fOCTyna MOXeT orpaHuymsatb onepauum (CREATE,
UPDATE, DELETE u T.4.) Hag 3apaHee onpegeneHHbIMWU 00beKTaMun, TaKUMKU Kak 6a3bl
[aHHbIX, Tabnuubl, NpecTaBeHns, 3anpockl U OTYETHI.

[] KOoHTponbHble >KypHanbl 06bl4HO npegocTaBnaoTcs CYB/, Ans NpoBepKu HapyLLeHwii
poctyna. HecMoTps Ha TO, UYTO KOHTPOJIbHbIA >KypHan ABAAETCA MOCT(AKTYyMHbIM
YCTPONCTBOM, ero npocroe CylLecTBOBaHMe MOXET npenaTCcTBOBATb
HecaHKLMOHMPOBAHHOMY MCMO/b30BaHUIO.

L] LndpoBaHne faHHbIX MOXET CAenaTh AaHHble 6eCrone3HbIMU Ans HeaBTOPM30BaHHbIX
nonb3oBaTesieil, KOTOpPble MOMAM HapYLWUTb HEKOTOPble YPOBHM 06e30MacHOCTU 6asbl
JaHHbIX.

[] Be3anckoBble TepMUHANblI MO3BOMAT KOHEUYHLIM MO/b30BaTeNAM MOMyYaTb AOCTYN K
B/, He UMes BO3MOXHOCTH 3arpy>artb MH(HOPMaLMI0 CO CBOMX paboumx CTaHLMiA.

HacTpoiika 6a3bl 6aHHbIX. MPON3BOANTENLHOCTL Bl MOXET 6bITb TPYAHO OLEHWUTL, MOTOMY
4TO HEeT CTaHAapTOB A4/1A ee U3MEPEHUA, HO, KaK MpaBuio, 3TO0 04UH U3 Hanbonee BaXKHbIX (PaKTOpPOB
B peanusauumn. Pa3Hble cucTembl 6yAyT  pasmewiaTb  COOCTBEHHble  TpeboBaHMA K
NPOn3BOANTENILHOCTU. CUCTEMBI, NOLAEPXKMBaAKOLWMe ObICTPbIe TPaH3aKLUKN, NOTPebyoT BHeAPEHNS
B, uTo6blI 0b6ecrneuynTb MNPUEMIEMYHO MPOU3BOAMTENBHOCTb NpM 60MbLWIMX 06beMax BCTaBOK,
06HOBMEHWUIA 1 yaaneHuin. Apyrue cucTeMbl, Takue Kak CUCTEMbl NOAAEPXKKN MPUHATUS PeLLleHWiA,
MOryT Tpe6oBaTb NPYEMNEMYIO MPON3BOAUTENIBHOCTU ANA CMOXHbIX 3a4a4 NouckKa faHHbiX. MHorue
(hakTOpbl MOTYT B/IUATb Ha MPOU3BOAUTENbHOCTb 6a3bl AaHHbIX MPW BbINMOMHEHUMW Pa3HbIX 3ajad,
BK/MKOYas annapaTHYK W MporpaMmHyt0 cpegy, B KoTopoi B[l cyulecTByeT. ECTECTBEHHO,
XapakTepucTUKM N 06bEM AaHHbIX TaKXXe BAUAKOT HA NPOU3BOAUTENbHOCTb 6a3bl JaHHbIX: MOWUCK N0
10 kopTexxam ObicTpee, 4yeM nouck no 100 000 kopTexel. [pyrue BaxKHble (HaKTOpb
npoussoguTensHoctM B[l BKAOYAKOT napameTpbl KOH@Urypauuu cuctembl n BJl, Takue Kak
pasmelleHve JaHHbIX, onpeeneHune nyTn 4OCTyna, UCNo/b30BaHWe UHAEKCOB 1 pa3mep Oydepa.

OneHka 6a3bl 6aHHbIX 1 ee NpUKNagHbIX nporpaMmM. Mo mepe Toro, kak BJl n npuknagHbie
nporpaMmMbl CO34at0TCH MU TECTUPYIOTCH, CUCTEMA TaKXe LO/DKHA OLEeHWBATbCA C MUCMO/b30BAHUEM
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6onee UenocTHOro noaxopa. TecTMpPOBaHME W OUEHKa OTAeNbHbIX KOMMOHEHTOB [O/DKHbI
3aBepLlaTbCa MHOXXeCTBOM 60/iee LIMPOKMX CUCTEMHbIX TECTOB, YTOOblI rapaHTupoBaTb, YTO BCe
KOMMOHEHTbl  B3aMMOJENCTBYIOT [LO/DKHbIM 06pa3soM [Ans  y40BAeTBOPEHWUS MOTpebHOCTew
nonb3oBateneii. Ha 3TOM 3Tane YTOYHAKTCA BOMPOCbI MHTErpauuMm W naaHbl pa3BepTbiBaHMA,
npoBOAUTCA 06y4yeHMe Mnonb3oBaTenein u gopabarbiBaeTcs CUCTEMHas JOKYMeHTauus. Kak TonbKo
cucTema nony4vaeT OKOHYaTe/lbHOe OA06peHMe, OHAa [O/HKHA CTaTb YCTOMYMBBLIM Pecypcom Ans
opraHmsauun. Utobbl ybeanTbCsi, 4YTO fdaHHble, cogepxawmecs B B[, 3awjuuweHbl OT MOTepw,
NPOBepPATCA NaHbl Pe3epPBHON0 KONMPOBAHUA M BOCCTAHOBEHMWS.

CBoeBpeMeHHass [OCTYNMHOCTb AaHHbIX WMeeT pelwlarliee 3HauYeHMe MNpPaKTUYeCKn A4
Kaxpon BA. K coxaneHuto, B MOXeT noTepATb AaHHble B pe3ysibTaTe HernpejHaMepeHHOro
yAaneHus, OTKNOYEHUS NMUTaHUMA W APYrux npuyunH. Mpouefypbl pe3epBHOro KONMpPOBaHWUA W
BOCCTAHOB/NIEHMA AAaHHbIX CO34al0T NPeaoXpaHUTeNbHbIA KnanaH, o6ecrnevynBaloLnin LOCTYNHOCTb
COrnacoBaHHbIX AaHHbIX. Kak npasuno, noctaswukn BJ1  noowpsarwdT  MUCNOMbL30BaHWNE
OTKa30yCTOMYMBLIX KOMMOHEHTOB, TakKMX KakK WCTOYHMKKM OGecnepeboitHoro nutauua (MBM),
ycTpoiicTBa xpaHeHnss RAID, KnacTepHble cepBepbl M TEXHONOrUM PENMKALUN AaHHbIX, YTOObI
obecneynTb HEMpepbIBHYH paboTy B/l B cny4yae c60a o6opyaoBaHus. Jaxe ¢ 3TUMM KOMMOHEHTaAMU
(DYHKUMM pe3epBHOr0 KOMWPOBaHUS W BOCCTAHOB/IEHWA COCTABNAAT OYEHb BaXKHYK 4acTb
eXefHeBHbIX onepaunin ¢ bJ. Hekotopble CYB/[, npegoctaBnstoT QYHKUNKN, KOTOPbIE MO3BONSAIOT
agmuHucTpatopy bJl nnaHupoBaTb aBTOMATMYECKOE pe3epBHOE KOMMPOBaHWE Ha BHELIHUe
YCTPONCTBA XpaHeHud, Takue Kak Auncku, CD/DVD, MarHuUTHble fIEHTbl U OHMANH-XpaHWUANLLe.
Pe3epBHOe KonupoBaHue bJ, MOXET BbINOMHATLCA HA Pa3HbIX YPOBHAX:

L] MonHas pe3epBHas Konus unu gamn Bcelt 6asbl faHHbIX. B 3TOM cnydae Bce 06beKTbl B/l

MOJTHOCTbKO COXPaHAKTCA.

(1 AndbdpepeTuipoBaHHOe pe3epBHOe KonuposaHue B[, B KOTOPOM KOMMUPYKOTCA TOMLKO
00beKTbI, KOTOpble OblI 0BGHOBMEHbI UMW U3MEHEHbI C MOMEHTA MOC/ie4HEro NosHOro
Pe3epBHOr0 KOMUPOBaHWUA.

[] PesepsHas Konus »KypHana TpaH3akLuii, KoTopas Co3faeT pe3epBHble KOMNUN TONbKO TexX
onepauuii XXypHana, KOTOpble He OTPaXKeHbl B NpeablayLieli pe3epBHOM kKonuu bA. B aTom
Cny4yae HMUKakue gpyrue oobvekTbl bl He pe3epBUpyoTCS.

PesepBHasa konua bJ, xpaHuTca B 6e30MacHOM MecTe, 06bIYHO B APYrOM 34aHUK, YeM cama
B/, 1 3aliunlieHa OT TaKMX OMacHOCTEN, Kak noxap, Kpaxa, HaBOLHEHWEe 1 APYTUX NOTeHLMaNbHbIX
6encTBuii. OCHOBHas Lenb Pe3epBHOr0 KOMNMPOBaHWUA - rapaHTMpPOBaTb BOCCTaHOBNeHMe B[, nocne
annaparHoro uauv nNporpaMmMHoOro c6os.

Céon, kKoTtopble MewarwT pabote B u cuctem, 06bIYHO BbI3BaHbI MPOTrPaAMMHbIM
obecrneyeHnem, 060pyA0BaHMEM, NPOrPaMMHbLIMU UCKAKOUYEHUAMN, TPaH3aKLUAMN WU BHELUHUMU
(hakTopamun. B Tabnuue 11 npueefeHbl Hanbonee pacnpocTpaHeHHble WCTOYHMKM c60s 6asbl
[aHHbIX.

101



AnnapaTtHble

Tabnuua 11

PacnpocTpaHeHHble UCTOYHUKM c60A 6a3sbl JaHHbIX

McTouHunK OnwucaHune Mpumep

MporpammHoe  C6ow, Bbi3BaHHbIE MporpaMmHbiM B anpene 2017 roga B Oracle E-Business Suite

obecrieyeHmne obecneyeHuem, MOFyT  OblTb Oblna  O6Hapy)xeHa  HOBas  YA3BUMOCTb,
CcBA3aHbI c onepauMoHHOM  MO3BONAOLLASA 3N10YMbILLIEHHUKY, He
CUCTEMOM, NporpaMmmMHbIM — MpOLLeLLemMy MpoBepKy MOLJ/IMHHOCTH,
obecreyeHneM CYB/[, co3aaBaTh, U3MEHATb UNN YAANATbL KPUTUYECKME
NPUKNaLHbIMU MporpaMMaMn WM AaHHbIe.
BUpycamu 7 ApyrviMm

BPELOHOCHLIMU NpOrpaMMamu.
AnnapaTHble c60u MOryT BK/HOYaTb

paspyLLEHIO B pe3y/ibTaTe noxapa,
3eM/IETPSICEHUS,, HABOAHEHUS WK
APYroro CTUXMIAHOTO 6eACTBMS.

HeuncnpaBHblii MoAy /b namsiTu nnm

cpeacTsa OLUMOKM  MUKPOCXEMbI  MaMATW, MHOXECTBEHHbI COOM XKeCTKoro Aucka B
cbom  ancKa,  MOBPEXAEHHble CcucTeMe 6a3bl AaHHbIX MOXET NPUBECTU K ero
ceKkTopa  AMCKa W OWWGKM  BHE3arHoW OCTaHOBKE.
nepenosiHeHns aucka.

MporpammHble  [puknagHble  nporpamMmbl - uav B espane 2016 roga rpynna HeomosHaHHbIX

NCKNHOYEHNS KOHeYHble MO/b30BaTe/IM  MOTYT XakepoB  OO6MaHHbIM  MyTeM  nopyyunia
OTKaTbiBaTb  TpaH3akumn npu  degepanbHOMY pesepBHOMY 6aHKy Hbto-Mopka
onpeneneHHbIX ycnosmax. nepesectv 8l MWAIMOH  [0N1apOB U3
MporpaMMHbIe UCK/KOYEHUS TaKkxKe LeHTpaibHOro 6aHka baHrnagewl Ha cyeta Ha
MoryT ObITb BbI3BaHbl ~ PUAUNMNUHAX Xakepbl 1CNob30Ba/In
3N0HaMepeHHbIM MM HENpPaBWIbHO  MOLLEHHWUYECKME  COOOLLEHWS,,  BHeApeHHble
MPOTECTMPOBaHHBIM KOZIOM,  BPEfOHOCHBIMW MNporpaMmamu, 3amacKupoBaH-
KOTOpbIA MOXET ObITb UCMO/b30BaH  HbIMU A4N8 YTeHus PDF.

Xakepamu.

TpaH3akumu Cuctema 06Hapy>XmBaeT TynMKW U TYNUK BO3HMKAET NPV BbINOSIHEHWUN HECKO/bKMX
npepbIBaeT Of4HY W3 TpaH3aKLUWIA. OAHOBPEMEHHbIX TpaH3aKLMI.

BHellHwWe PesepBHble ~ Konuu  ocobeHHo B asrycte 2015 roga MoiHWA yaapusa no ceTke

(hakTopbl BaXKHbl, Korga CUCTEMA MECTHOr0 MOCTaBLUMKA KOMMYHa/IbHbIX YCnyr
nojgepraercs nofHOMYy psigom C faTa-ueHtpamu Google B Benbrum.

HecmoTpsi Ha TO, UTO pPe3epBHOE KOMWpOBaHIe
BK/10YQ/I0Ch aBTOMATUUECKU, NpepbiBaHue 6bi1o
[OCTaTOYHO  A/IMTENbHBIM, UTOObI  BbI3BATh
MOCTOSHHYIO TMOTEPI0  AaHHbIX B YS3BUMbIX
cucTemax.

B 3aBMCUMMOCTYM OT TUNa u cTeneHn c60a NPoLecc BOCCTAHOB/EHNSA MOXET BapbMpoBaThbCs OT
He3Ha4YnTeIbHOro KPaTKOBPEMEHHOI0 Heya06CTBa 0 Cepbe3HOro LONTOCPOYHOr0 BOCCTAHOB/EHMS.
He3aBMCMMO OT CTENeHU HEOO6XOAMMOro npouecca BOCCTAHOBNEHMSA, BOCCTAHOB/IEHWE HEBO3MOXKHO
6€e3 None3HoN pe3epBHON KONUN.

BocctaHoBneHue bJ, 06bIYHO npoucxoauMT NO MpefAcka3yeMomy cueHaputo. CHauvana

onpeaensitoTCca TUM W CTeneHb HeobX0AMMOro BOCCTaHOBNeHWs. Ecnu Bco BJl Heobxoaumo
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BOCCTAHOBWTb [0 COr/1aCOBAHHOI0 COCTOAHUSA, A/19 BOCCTAHOB/IEHWA UCMOJb3YeTCsA camas nocnefHas
pesepBHas konus /] B 3BECTHOM COrnacoBaHHOM COCTOAHUW. 3aTeM pe3epBHas KOMus nepeHocmTcs
AN5 BOCCTAHOB/IEHWNA BCEX MOCNeAYHOLWMX TpaH3aKUUiA ¢ UCMOMb30BAHMEM MH(OPMAaLUN XypHana
TpaH3akuuii. Ecnn TpebyeTcs BocCTaHOBUTL B[], HO noaTBepXAeHHas 4vacTb Bl no-npexHemy
npurofHa ANs UCNONb30BaHWS, MPOLECC BOCCTAHOBAEHUS MCMNOJMb3YeT XYypHan TpaH3akuuin ans
«OTMeHbI» BCeX TpaH3aKLMWii, KOTopble He Obln 3aUKCMPOBaHbI.

B KoHLe 3TOro atana 6asa flaHHbIX 3aBepLUAET UTEPATMUBHbIN NMPOLECC TECTUPOBAHUSA, OLEHKM
N Mogmdukaymm, KoTopbli Npoao/mHKaeTca A0 Tex nop, noka cuctema He O6yfeT cepTuuLmpoBaHa
Kak rotoBas K BBOAY B aKCnayatauuio.

JkcnnyaTauma. Kak Tonbko B/, npolia aTan OuUeHKW, OHa cuMTaeTca [LelCTBYHOLWed. Ha
aTom atane b/, ee ynpasneHune, NoNb30BaTeNN U NPUKNAAHbIE MPOrpaMMbl COCTABMAIOT LLeNOCTHYHO
NHOPMALMOHHYIO CUCTEMY.

Hauano aTana akcnayartaunm Hem3MeHHO 3anyCKaeT NPoLecc 3BONOLUN cUCTeMbI. Kak TONbKO
BCe LieNeBble Mob30BaTeIn BOWAW B pabouyto hasy, npobnembl, KOTOPbIe HeMb3s OblN0 NpeaBUAeTb
BO BpeMms (ha3bl TECTUPOBAHUS, HAUNHAKOT NOABNATLCSA. HekoTopble 13 Npobaem 40CTaTOYHO CePbe3Hbl,
B TO BpemMsa Kak Apyrve - npocTO He3HauyuTe/bHOEe pasgpaxeHue. Hanpumep, ecnu npoekt b
peann3oBaH AN B3aMMOAENCTBUA C CETbIO, CaM 00bEM TpaH3aKLUMiA MOXET MPUBECTU K 3aBUCAHUIO
[aXe XOpOoLO CrPOeKTUPOBAHHOW CMCTeMbl. B 3TOM criyyae NPOEKTUPOBLYMKIN LO/DKHbLI ONPeaennTb
MCTOYHMK Y3KOr0 MecTa W BbipaboTaTb anbTepPHATUBHbIE PeLleHnsd. DTW peleHnsd MOryT BK/OYaTb
MCMoNb30BaHWe MnporpaMMHoOro obecneyeHns and 6anaHCMPOBKM Harpys3ku [And pacnpepeneHus
TpaH3aKLuMili MeXAy HECKONbKMMWU KOMMNbITEPaMW, YBEIMYEHMSA AOCTYMHOro Kawa and CYBb/M v Tak
Janee. MoTpe6HOCTb B MU3MEHEHUAX ABNAETCA NMOCTOAHHON 3a60TOI AM3aliHepa, YTO NPUBOAUT K (hase
6, TEXHUYECKOMY 06CNYXUBAHUIO U Pa3BUTUIO.

Mopfep>kka u passuTwue. ApgmumHuctpatop b, [o/MKeH ObiTb TFOTOB K BbIMNO/MHEHUIO
NNaHoBbIX AeNCTBMIA N0 06CcnyxusaHuto B bl. HekoTopble N3 HEO6XOAMMbIX MEPUOLUYECKUX PaboT
Mo TEXHUYECKOMY 06CNY>XMBAHUIO BK/IOYAKOT B CEOA:

O [MpodurnakTnyeckoe o6cnyXmBaHme (pe3epBHOE KONMPOBaHME).

0O KoppekTupytouee o6cny>xupaHme (BOCCTaHOB/IEHUE).

O AfjanTuBHOe  o6cnyxuBaHue  (NOBbIWEHME  MPOU3BOAUTENBHOCTM,  fo6GaBreHue
cywHocTel n atpubyToB, U T.4.).

0O HasHayeHue npas A0OCTyna uU Ux 06CNyXMBaHWE A/19 HOBbIX W CTapbIX M0ONb30BaTeNeN.

Co3faHme cTaTUCTUKM fgocTyna K B Ans noBbliWeHUs 3(HEeKTUBHOCTM 1 NONE3HOCTU

CUCTEMHbIX ayANTOB U MOHUTOPWHTIA NPOWU3BOAMTENLHOCTUA CUCTEMBI.
Meprognyeckne NPoBepKy 6e30MacHOCT Ha OCHOBE CUCTEMHOW CTaTUCTUKM,

EXXemecsuHble, KBapTa/ibHble WAN TOAOBbIe CBOAKM MO MCMNONb30BAHUIKD CUCTEMbI ANS
BHYTPEHHEr0 BbICTaB/IEHUS CYETOB U/IN COCTaBNEHUA GIOAKETa.
BepoATHOCTb MOSIBNIEHUS HOBbIX MH(OPMALMOHHbLIX TpeboBaHWUA, a TakKe MOTPeOGHOCTL B
AOMONHUTE/bHBIX OTYETaX U HOBbIX (hopmMaTax 3arnpocoB, TPe6GYT M3MEHEHWIA B MPUNOXEHUN U
BO3MOXHbIX He3HauyMUTeNbHbIX W3MeHEeHWA B KOMMOHEHTaX W COAEPXMMOM 6asbl AaHHbIX. ITU

103



N3MEHEeHNs MOTyT ObITb IEFKO peann3oBaHbl, TOIbKO eCnn CTPyKTypa bl ABnseTca rubkoi, n Korga
BCA AOKYMeHTauus oBHOBNSETCA U LOCTynHa. B KOHLUE KOHLOB, Aaxe camas nydiwias cpefa bJ
60/blLie HE CMOXKET BK/KOUATb Takne M3MEHEeHUd, U Torja Becb npouecc XKL, B/ HauMHaeTca 3aHOBO.

6.4. KoHuUenTyasbHOE NPOEKTUpPOBaHMe

HanomHum, yto BTOpoi aTan XKLL B/}, - 370 npoekTUpoBaHue 6a3bl aHHbIX, KOTOPas COCTOUT
M3 Tpex 3TanoB: KOHLEMTya/ibHOe NPOEKTUPOBaHMWE, SIOFMYECKOe MPOEKTUPOBaHUE U (hU3NYECKoe
NPOEKTUPOBaHMe, a TakKXe KPpUTUYECKOe peLleHne o Bbibope CYB/,.

KoHuenTyanbHOe NPOEKTUPOBaHWE fABAAETCS NepBbIM 3TanoM npouecca MpPOeKTUPOBaHMA
6a3bl faHHbIX. Llenb Ha aTOM 3Tane - co3gatb /], KOTOpas He 3aBUCUT OT NPOrpamMMHOro obecneveHus
N (M3NYECKUX AaHHbIX. Pe3ynbTaToOM 3TOro npouecca ABNSETCA KOHUENTyanbHas MOAeNb AaHHbIX,
KOTOpas OMUCbIBAET OCHOBHble CYUHOCTW, aTpubyTbl, OTHOLIEHWA W OrpaHU4YeHUs [aHHOM
nNpo6/ieMHO 061acTW. DTOT MNPOEKT HOCUT ONMcaTe/IbHbIA 1 NOBECTBOBATE/IbHbIN XapakTep. Apyrumu
cnoBaMu, OH 0ObIYHO COCTOUT M3 rpafmyeckoro NpPeacTaBNeHUs, a TakXe TEKCTOBbIX OMUCaHWiA
OCHOBHbIX 3/IEMEHTOB aHHbIX, OTHOLUEHWUIA N OrpaHUYeHNIA.

Ha aTom aTane ucnosb3yeTcs MOAeNMpoBaHME fAaHHbIX A/11 CO34aHUs abCTPaKTHOM CTPYKTYPbl
B, koTopas npeacTaBnsieT 0ObLEKTbl peanbHOro Mupa Hambonee peannuCTUYHbIM CMOCOOOM.
KoHuenTyanbHas MofeNlb LO/MKHA 3aKN04aTb B cebe YeTKoe NMOHMMaHue npeameTHon obnactu. Ha
3TOM YypoBHe abCcTpakuum TUn KCMonb3yeMoro obopypoBaHus U Mogenn bJl, BO3MOXHO, elle He
onpegeneHbl. 03TOMYy NPOEKT A0MXeH OblTb HE3aBUCUMbIM OT MPOrpaMMHOro W annapaTHoOro
obecneyeHuns, 4To6bl cucTemMa Morna 6biTb HACTPOEHA Ha M0G0 NnaTopme, BbIGPAHHON NO3Xe.

[MpaBnno MUHUMaNbHBIX faHHbIX'. BCe, 4TO Hy>KHO, Tam, ¥ BCe, YTO Tam, Hy>KHO.

Lpyrumu cnosamu, HY>XXHO y6einTbCs, YTO BCe HEOOXOAMMbIE JaHHble HAXOAATCA B MOZENN
M 4TO BCE [laHHble B MOZENN Heob6XxoAnMbl. Bce anemeHTbl AaHHbIX, Tpebyemble TpaH3akuuamm b/,
[O/DKHbI ObITb ONpefeneHbl B MOLE/NN, a BCE 3/IEMEHTbI [aHHbIX, ONpefAe/ieHHble B MOAENN, JO/IKHbI
MCNONb30BaTbCs XOTA 6bl O4HOM TpaH3akunein B/,

OfHaKo, MNPUMMEHAS MpPaBuI0 MUHUMA/bHbBIX [aHHbIX, HYXHO u36eratb 4pe3mepHOro
KpPaTKOCPOYHOro cMmelleHns. Heo6XoaMMO COCPefOTOYMTLCA HE TONIbKO Ha TEKYLWWMX, HO MU Ha
Oyaywmnx faHHbiX. Takum 06pa3oM, MPoeKT 6a3bl AaHHbIX LO/MKEH OCTaBUTb MeCTO ANA 6yayuwumx
MOAM(UKALUA ¥ LONONMHEHWR, rapaHTUPYOLWKUX, 4YTO WH(POPMaLUOHHbIE pecypcbl 6yayT
YBE/IMUYMBATbLCA.

KoHuenTyanbHOe NPOEKTUPOBaHME COCTOUT M3 YeTbipex 3TanoB, KOTOPble MepeyvnucrieHbl B
Tabnuue 12.

Tabnuua 12
ATanbl KOHUENTYalbHOro NPOEKTUPOBaHUSA
Jran [Jenctere
AHann3 faHHbIX 1 TPeb6oBaHW.
MogennpoBaHvie ¥ HopmasM3aums CBsA3elt MeXay CyLHOCTAMU.
Bepudmkaums mofenu faHHbIX.
MpoekTnpoBaHWe pacnpefesieHHbIX 6a3bl aHHbIX.

A WO N R
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AHanu3 faHHbIX U TpeboBaHuii. MepBbIM WAroM B KOHLENTyalbHOM fu3aliHe ABAseTCS
BbISIBIEHME CBOWCTB 3/1IEMEHTOB AaHHbIX. dPeKTnBHaA b, - nHhopmaunoHHas pabprka, KoTopas
NMPOU3BOAMUT K/OYEBble KOMMOHEHTbI A1 YCMNELWHOro NPpUHATUSA peweHnid. Mogxoadauime cBoicTea
3/IEMEHTOB [aHHbIX MOTyT 6bITb Mpeo6pa3oBaHbl B COOTBETCTBYHOLWY MHMOpMauuio. Noatomy
ycunusa pas3paboTymka HarnpaBfeHbl Ha:

L] NHdhopmaunoHHble MOTPeGHOCTN. Kakas MH(popmauna HyxHa? Kakue BbIXOAHbIE
AaHHble (0TYEeTbl M 3aNpoChl) AO/KHbI TEHEPMPOBATLCSA CUCTEMON, KaKyt MH(OopMaL o
reHepupyeT TeKyllas CUCTeMa, U B KaKOW CTeNeHN 3Ta MH(opMaLms afeKBaTHa?

L] Monb3osaTenn nHdopmauuu. Ko 6yaeTt ncnonb3osaTh MHhopMauuio? Kak HpopmaLma
Oypnet ncnonb3oBaTbcA? KakoBbl pasfivyHble NpecTaBieHns JaHHbIX M01b30BaTeNna?

L] McTouHukn uHdopmauuu. Fae Haiitu mHpopmaumio? Kak noayunts MHHOPMaLmMIo,
Korga oHa HarjeHa?

[] CocTas wHtpopMauun. Kakue 371€MEHTbl faHHbIX HEO6XOAWUMbI ANs MONyuYeHNs
nH(opmauun? Kakosbl aTpubyThl JaHHbIX? Kakue CBA3W CYLLEeCTBYIOT B JaHHbIX? Kakoi
06bemM JaHHbIX? Kak 4acTo MCMonb3ylTcs AaHHble? Kakue npeobpa3oBaHUA JaHHbIX
OyAyT MCNOMb30BaTbCA A/15 reHepauMm Heo6XoaumMon nHpopmaLun?

Pa3paboTumK nonyyaeT OTBeTbl Ha 3TU BOMPOCHbI M3 Pas3HbIX WCTOYHMKOB, YTOObLI cobpaTtb

HeobXoAMMY UH(OPMaLUIO:

[] Paspa6oTka M c6bop npeacTasneHWii AaHHbIX. Paspa6oTumk BJ ¥ nonb3osatenb
COBMeCTHO pa3pabaTtbiBatoT TOYHOE ONMcaHne NpeacTaBieHNn JaHHbIX, KOTOPbIE, B CBOO
oyepefb, UCMOMb3YIOTCA AN18 OnpejesieHns OCHOBHbIX 31eMeHTOB B/,

[] HenocpeAcTBeHHOE HabOAEHME 3@ TEKYLLER CUCTEMOIA: CYLLLECTBYHOLMIA 1 XKenaeMbiii
pesynbTaT. lMonb3oBaTeslb 06bIYHO MMEET CYLLECTBYIOLWYO cCUCTeMy, 6yAb TO py4Has
UM KoMmnbloTepHas. Pa3paboTunMK aHanM3vmpyet CYLEeCTBYHOLLYHO CUCTEMY, 4TOObI
onpefennTb AaHHble 1 ee cBOMCTBA. OH NPOBepPSeT BXOAHbIE (hOpMbl U (halinbl (Tabnuubl),
4yTo6bI OnpegennTb TUN U 00bEM faHHbIX. Ecnn  nonb3oBatenb yxe uMeeT
aBTOMaTU3MPOBAaHHYK CUCTeMy, pa3paboTuMK TLLATENbHO W3Yy4YaeT Tekylue U
TpebyeMble OTYeTbl, YTOObI ONMUcaTh faHHble, HEOOXOAUMbIE A/1A MOAAEPXKN OTYETOB.

(1 BsaumogeiicTeie c rpynnoii paspa6oTuukos [O. [pouecc npoekTuposaHus B[
aBnseTcs yacTbto XKL, MC. B HEKOTOPbIX Cny4vyasX CUCTEMHbIA aHaIMTUK, OTBeYaroLWwuii
3a pa3paboTKy HOBOW CMCTEMbI, TaKXXe paspabaTbiBaeT KOHUeNTyanbHY0 Mogens b/. B
ApYyrux cnydasx npoektuposaHue B[, cumTaetca yacTbio paboTel agMmuHUcTpartopa bA.
Hannune ABJ, 06bl4HO nopgpasymeBaeT Hanmuume (opMasnbHOro oTAena o06paboTKm
JaHHbIX. ABJ, npoekTupyeT 6a3y faHHbIX B COOTBETCTBMM CO cheyupukaunsmu,
CO34aHHbIMU CUCTEMHbBIM aHA/IMTUKOM.

UTto6bl pa3paboTaTb TOYHYK MOJENb [AaHHbIX, Pa3pPaboTuUMK [JO/MKEH WMETb MOMHOE
npeacTasneHne 0 TMNax faHHbIX, UX 06bemMe U UCronb3oBaHUN. Ho faHHble caMu no cebe He fatoT
Heo6Xxo4MMOro noHMMaHus Bcero npotecca. C Touky 3peHns b, c6op faHHbIX UMEET CMbICN TOJIbKO
TOrga, Korga onpegeneHol 6usHec-npasuna. busHec-npaBuio - 3TO KpaTKoe WM TOYHOE OMucaHue
NOANTUKK, NpoLUeAypbl WAN MPUHLMUMOB B Cpefe KOHKPETHOW opraHu3auuu. BusHec-npasuna,
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OCHOBaHHBIE HA MOAPOOHOM OIMMCAHWM OMEpaLuil OpraHMW3aliy, NOMOTAlT CO3/aBaTh U
obecnieunBaTh BHIOJHEHHUE ICIHCTBHIA B cpezie 3Toil opranusamyn. Koraa Ou3Hec-npaBuiia HalMCaHbl
NPaBWILHO, OHU ONPENENSIOT CYILIHOCTH, aTPHOYThI, OTHOLIEHUS], CBS3H, MOLHOCTH 1 OTPAaHUYICHUS.

UroOb1 ObITh 3¢ ek THBHBIMU, OM3HEC-TPABUIIAa JOJIKHBI OBITh MIPOCTBHIMH JIJIsl HOHUMAHHS U
HIMPOKO PAaCHpPOCTPAHATLCS, YTOOBI TapaHTUPOBAaTb, YTO KAXIbIA COTPYAHUK OpraHU3aLMd
pasnesier oOLyro HHTepIIpeTauuio npasmi. Fcrnonb3ys npocToii sSi3bIk, OM3HEC-TIPaBHIa ONUCHIBAIOT
OCHOBHBIE M OTJIMYUTENbHBIE XAPAaKTEPUCTHKH NAHHBIX C TOYKU 3peHust kommanuu. IIpumepst
Ou3HEC-TIPaBHIT:

* KinmmeHT MOXKET cenaTh MHOTO TUIaTEXel Ha CYET.

» Kaxxaplil miaTex Ha CUETy 3aYUCIISETCS TOJBKO OOHOMY KJIUEHTY.

* KinmeHT MOXKET T€HEPHPOBATh MHOTO CHETOB.

» Kaxxplil cuer reHepupyercs TOJAbKO OAHUM KJIUEHTOM.

Y4uThIBast MX BAXKHYIO poJib B pa3paboTtke B/l, OusHec-npaBuiia He JOIDKHBI yCTAHABIMBATHCS
ciydaiiHo. HenpaBwibHO oOmpeneneHHble WIH HETOYHbIE OW3HEC-TpaBMJIa MPHUBOIAT K
NPOEKTUPOBAHUIO M peamm3auud bJl, KkoTopple He OTBEYAOT NOTPEOHOCTSM KOHEYHBIX
MOJIb30BaTENEN OpraHNu3aLMH.

B upeane OusHec-mpaBusia OCHOBaHbI Ha (hOPMAIBHOM ONHMCAHWH ONEPalni, KOTOpOe
NpeAcTaBisieT COOOHW  JIOKYMEHT, coOep:kKauluii TOYHOe, OOHOBJEHHOE W  TILATENBHO
NPOAHAIU3UPOBAHHOE OMUCAHHE NEHCTBHI, ONpEAesIOIUX ONEPALIMOHHYIO Cpelly OpraHU3aLHH.
EctecTBeHHO, onepaluoHHas cpena OpraHu3alMy 3aBUCUT OT muccuu opranusauuu. Hampumep,
OIlepaIiOHHas Cpefa YHHBepCcUTeTa OyAeT CHIIbHO OTJIMYATbCS OT Cpelbl MPOU3BOAMTENS CTAH,
aBHAKOMITAaHIH WJIH oM IpecTapenbix. Tem He MeHee, kakuMH Obl pa3HBIMH HH OBbLIIM OPTaHU3aLINY,
KOMIIOHEHT aHaJii3a JJaHHbIX U TpeboBaHuii B cTpykrype BJI ynydiaercs, korna cpena JaHHBIX U
HCITIOJIB30BaHUE AHHBIX ONUCBHIBAIOTCS TOYHO B ONMCAHUH ONEepaLvii.

B 6u3Hec-cpene OCHOBHBIMU MCTOYHUKAMK HHGOPMALINH TS ONMHCAHHS ONePALHii SIBJISTFOTCS
PYKOBOIOUTENN KOMITAHUH, NOJUTHKH, PyKOBOAHUTENH OTAENIOB U MUCbMEHHAsl JOKYMEHTALMs, TaKast
Kak MpOLeAypbl, CTAHAApThl M PYKOBOACTBA MO JKCIUTyaTalWH KoMmmaHuH. bonee ObicTpbM 1
NPsAAMBIM HCTOYHHUKOM OH3HEC-TIPABIUI SIBJISTIOTCS. MHTEPBBIO C MoJib3oBaTensaMu. K coxxanenuro, us-3a
pasanuuii B BOCHPHUATHH IOJIb30BATENIb MOXKET ObITb MeHee HAaOeKHbIM HCTOYHHUKOM IIPH
omnpeneneHnu busHec-mpasuil. Hanpumep, MexaHUK OTaeNna TeX0OCTyKHBaHHUs MOXKET MOJIaraTh, 4TO
mo60ii MEXaHHUK MOXKET HHULMHPOBATh NPOLEeAypY TeX00CTy )KUBaHUSA, KOTIa Ha CAMOM JIeJIe TaKYIO
3a/1a4y JOJIKHbBI BBIITOJHATE TOJBKO MEXaHUKHU C pa3pelieHHeM Ha MPOBEPKY. DTO Pa3Iuinue MOXKET
MOKa3aThbCs TPUBHAIBHBIM, HO OHO UMEET CEPbE3HbI€ MPAaBOBBIE MOCHEACTBUA. XOTs MOJIb30BaTENN
BHOCAT peLIAloLMid BKJIaA B pa3paboTKy OH3HEC-MpaBm, CTOHT MpPOBEPHTb HX BOCHPHSTHE.
3agactyio cobeceoBaHHs C HECKOJIbKUMH JIFOABMH, BBIMOJHAIOLUIMMU OJHY U Ty k€ paboTy, NaroT
COBEpLICHHO pa3Hble MpeACTaBleHns 00 UX pabouYnMX KOMIOHEHTaX. XOTS TaKO€ OTKPBITHE MOXKET
yKa3bIBaTh Ha «IpoOJIeMBbI yIpaBIeHUs», 5Ta 00LIas AMarHOCTHKA He moMoraeT paspaboruuky B/I,
VuautbiBass OOHapykeHume Takux mpodOsieM, 3amaya paspabotumka BJ[ coctromt B TOM, 4TOOBI
COIJIACOBATh PA3jIM4Ms U MPOBEPUTh PE3YJIbTaThl CBEPKH, YTOObI yOenuThes, 4To OU3HEC-NpaBUiIa

SIBJISIFOTCS MPABUIBHBIMYA U TOUHBIMH.
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3HaHVe BU3Hec-nNpaBua NO3BOMIAET Pa3paboTUNKY MONHOCTLIO MOHATL, Kak paboTaeT 6U3Hec
M KaKyl pofib UFPatoT [aHHble B AeATENbHOCTM KoMnaHun. CnepgoBaTensHo, pa3paboTumk AO/MKEH
onpeaennTb 6M3Hec-nNpaBMna KOMMaHUW U NpOoaHann3MpoBaTb MX BAWSHME Ha XapaKTep, pPoib W
06beM [aHHbIX.

Bn3Hec-npaBuna gadT HECKO/IbKO BaXXHbIX NPEVMYLLECTB MPU pa3paboTKe HOBbIX CUCTEM:

O OHM noMorawT CTaHAAapTU3MPOBaThL NpeAcTaBieHe KOMNaHUY 0 faHHbIX.

OHM npefcTaBNsAOT CO60M MHCTPYMEHT CBA3M MeXAY MOnb30BaTeNsIMN U fu3ailHepamu.
OHM N03BONAKT pas3paboTUMKy NOHATbL NPUPOLY, PO/b M 06bEM AaHHbIX.

OHV No3BONAOT PaspaboTUMKY NOHMMATb GU3HEC-NPOLECCHI.

OHM No3BONIAIT pa3paboTunKy ChopMMpOBaTb COOTBETCTBYIOLLME MpaBuia yyacTus B
CBA3AX M OrpaHNYeHNs BHELLHEro K/ouya.

rMocnefgHUin NyHKT 0COOGEHHO MpuMevaTeneH: ABAAeTCS M [aHHOe OTHOLWEHKue
0653aTeNbHbIM WX Heobs3aTelbHbIM, 00bIYHO ABNSETCA PYHKLUMEA NPUMEHMMOTO BU3HeC-NpaBuna.

MogenmpoBaHne U HopManusauua cBsi3eld MedXKAy CcyluHocTaMM. [leped co3faHMEM
mofenn ER pa3paboTumKk [O/MKEH M3yvaTb U BHEAPWUTb COOTBETCTBYHOLLME CTaHAAPTbl, KOTOpbIe
OyLyT MCNOMIb30BATLCA B JOKYMEHTaL MM npoekTa. CTaH4apTbl BKAKOYAKT UCMONb30BaHUe fuarpamm
M CMMBONOB, CTUAS HanucaHWa LOKYMeHTauuu, MakeTa U No6bIX APYrUX COrnalleHunii, KOTOpbIM
Heo6XxoAMMO cnefoBaTbh NPW LOKYMEHTUPOBaHUW. Pa3paboTumMky 4acTo UFHOPUPYIOT 3TO OYEHb
BaXHoe TpeboBaHMe, 0C0O6EHHO Korga oOHWM pabortaldT B KOMaHfe. Hecnoco6HOCTb
CTaH4apTU3NpPoBaTh AOKYMEHTALMIO YacTO 03Ha4YaeT HeCnocobHOCTbL 06LWaTbes, a cbom CBA3N YacTo
NPMBOAAT K MJOXON NPOEKTHON paboTe. HanpoTws, 4YeTKO ONpefeneHHble U cobntojaemble
CTaHAapTbl 061eryat0T NPOEKTHYIO paboTy 1 06ewatoT (HO He rapaHTUPYHOT) NIaBHYI MHTErpauuto
BCEX KOMMOHEHTOB CUCTEMbI.

MockonbKy 6M3Hec-npaBunia 06bIYHO OMPefensAtoT XapakTep CBA3el MeXAy CYLLHOCTAMW,
paspaboTumMK LO/MKEH BKAKUUTL MX B KOHUeNTyalbHYt Mogens. [pouecc onpepeneHns 6usHec-
npaBua 1 paspaboTKN KOHLENTYyanbHON MOAENN C UCNOMb30BaHWEM ER-guarpaMm MOXHO onucaTb
C MOMOLLLbIO LWAroB, NoKasaHHbIX B Tabnuue 13.

Tabnuua 13
Pa3paboTka KOHLEeNTyalbHOMW MOAenu ¢ ucnonb3oBaHuem ER gnarpamm
JTan [Oeinctene
1 OnpepenuTb, NpoaHa/IM3nMpoBaTb U YTOUHUTL BU3HEC-NpaBua.
OnpefenuTb OCHOBHbIE CYLLHOCTU, UCMOMb3YA pe3ynbTaThl Wwara 1
OnpefenuTb CBA3M MeXAY CYLLHOCTAMW, NCMONb3YS Pe3ynbTaThl Waros 1u 2.
OnpepenuTb aTpubyTbl, NEPBUYHbIE Y BHELLHME KNHOUN ANS KaXKAOM CYLLHOCTW.
Hopmannsosatb CyLLHOCTN.
3anonHNTbL NCXoAHYH anarpammy ER.

~N o o B DN

MpoBepka Mogenu ER Ha coOTBETCTBME TpebOBaHMAM MNOMb30BaTeneld K MHQopMayum 1
obpaboTke.
8 M3meHnTb Mogenb ER, ncnonb3ysa pesynbtathl wara 7.
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HekoTopble W3 3Tanos, MepeyncneHHbix B Tabnuue 13, BbIMNONHAKTCA OAHOBPEMEHHO, a
HeKOTOpble, TakKWe KakK Mpouecc Hopmanusauuui, MOryT reHepupoBaTb MOTPebHOCTL B
OOMOMTHUTENbHBIX CYLHOCTAX WM aTtpubyTtax, B pe3y/nbTaTe 4Yero paspaboTuuk nepecmaTpusaet
mogenb ER.

Bce 06bekTbl (CYLWHOCTU, aTpubyTbl, OTHOLIEHUS, MpeAcTaBfeHMs U T.4.) OonpejeneHbl B
croBape [aHHbIX, KOTOPbIA MCNO/Mb3yeTCA B TaHAEeMe C NPOLECcCOM HopManusaumu, 4Tobbl MOMOYb
YCTPaHWTb aHOManuMu faHHbIX UK npobnembl KM36bITOYHOCTU. BO Bpems 3TOro npotecca

mogenvupoBaHuns ER pa3paboTumK LOSKEH:
| OnpegennTb CYLWHOCTH, aTPUOYThI, MEPBUYHbBIE N BHELLHWE KU,

| MpuHUMaTL peweHns 0 A06aBNEHUM HOBbIX aTPMOYTOB MNEPBUMYHOIO K/Ya [As

yA0BNeTBOPEHUSI Tpeb0oBaHM NONb30BaTENSA U 00PAabOTKN.

MpuHMMaTb pelleHns 06 06paboTKe COCTaBHbIX Y MHOFO3HAYHbIX aTPUGYTOB.

O TllpuHMMaTbL peweHns o fobaBfieHUM MPOU3BOLAHbLIX aTtpubyToB AN YAOBIETBOPEHUS
TpeboBaHuii 06paboTKMU.

O T[MpuHMMAaTb pPeLleHns 0 pa3MeLLLEHNM BHELLIHMX KNoYein B cBasax 1:1.

0O WN36eraTb HEHY)XXHbIX TEPHAPHbIX CBA3EMN.

O l0oTOBUTbL COOTBETCTBYIOLWYIO Aunarpammy ER.

O Hopmanu3oBaTtb CYLLHOCTMW.

O BKNOYXTL BCE ONPELENeHNs 3/IEMEHTOB JaHHbIX B C/I0Bapb AaHHbIX.

O TMpuvHUMaTb pelleHns 0 CTaHAAPTHBIX COrnaleHnsax 06 nMeHax.

BaxHbIM aBNsieTCA TpeboBaHMe K cornaleHnsam 06 nMeHax, 0HaKo OHO YacTo UTHOPUPYeTCH
Ha pUCK paspaboTunka. PeanbHoe npoekTupoBaHue B/, 06bIYHO BbIMNONHAETCA KOMaH4amMu. Mo3aTomy
BaXHO y06efMTbCA, YTO U/eHbl KOMaHAbl paboTatoT B cpefe, B KOTOPOW CTaHAapTbl MMeHOBaHUA
onpegeneHbl U MNpuUMeHAOTCA. Hapnexawias AOKYMeHTauus WMMeeT pellarollee 3HayeHue [Ans
YCMELWHOro 3aBepLieHnss MNPOEeKTUPOBAHMSA, W COOMIOAEHME COrnaweHnii 06 MMeHax XOpoLlo
nomoraet paspaboTyumkam bJl.

Bepupmkauns mofenn [faHHbIX. Bepudukaums Mopenu [aHHbIX SBNSETCH OAHUM M3
Moc/iefHNX 3TarnoB Ha 3Tane KOHLUENTYanbHOro NPOEeKTUPOBaHUA N ABNAETCA OAHUM U3 Hambonee
BaXHbIX. Ha 3aTom 3Tane mogens ER pgo/mkHa ObiTb MpoBepeHa Ha COOTBETCTBME Mpejasiaraembim
CUCTEMHbIM MpoLeccam, 4To6bl MOATBEPAWUTL, YTO OHW MOTYyT nNoAfepXuBaTbCA Mogenoio B/,
MpoBepka TpebyeT, UTOOLI MOAENb MPOLLNA CEPUID TECTOB Ha:

O TlpencTtaBneHWa faHHbIX NOMb30BaTENS.
O Bce Heobxogumble TpaH3akuuu: onepaunn SELECT, INSERT, UPDATE v DELETE.
O T[lpasa goctyna 1 6e30MacHoOCTb.

O [enosble Tpeb0BaHNA K AAHHBIM U OrpaHUYeHNA.
MockonbKy peasbHOe nNpoekTMpoBaHue BJ]  06bIYHO  BbIMOMHAETCA  KOMaHZamu,
npoekTuposaHue B[, BepoATHO, pa3fefieHO Ha OCHOBHbIE KOMMOHEHTbI, U3BECTHbIe KaK MOAY/N.

Mopynb - KOMMOHEHT WH(POPMALMNOHHON CUCTEMbI, KOTOpPbIA 06pabaTbiBaeT ONpefe/eHHble
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($yHKLUH, Takie KaK WHBEHTApU3alMs, 3aKa3bl WK pacyeT 3apabOTHOM miatel. B 3TuX ycnoBusix
KaXAbIH MOAYJIb MOAJNEPKHUBAECTCA cerMeHTOM ER, KOTOpbIi sBisieTcs NOAMHOXKECTBOM WU
(dbparmenTomM koprnopatuBHoW Momenu ER. PaGota ¢ MOaysisiMu BBINOJHSET HECKOJBKO BaXKHBIX

3agay:

[1 Moxmynu Moryt ObiThb HeJerMpOBaHBI IPyIaM Pa3pabOTYHUKOB BHYTPH KOMAHI, HTO
3HAYUTEJbHO YCKOPsET pa3paboTKy.

[ Mogynu ynpowarT mnpoektasie paborel. Kaxmenii momyne copepxkur Ooee
YIPaBIsIEMOE KOJIUYECTBO OOBEKTOB.

] Monmynu MoryT ObiTb ObICTPO co3naHbl. IIpoOieMHble 00JacTH peanu3anud |

MPUKJIAZHOTO MPOrPaMMHPOBAHUS MOT'YT OBITH OpEeNieHbI O0JIee JIETKO.

] Jlaske ecnu BCIO CHCTEMy HEBO3MOXKHO OBICTPO Peayii30BaTh, BHEIPEHHE ONHOTO HWIIH
HECKOJIbKUX MOZNYJIEH MOKAXeT, YTO AOCTHTHYT OIMpPEACJCHHBIA MPOrpecc M 4To, MO

KpaifHel Mepe, 4aCThb CHCTEMBI T'OTOBA HaYaTh OOCITYyKMBAHUE MOJIB30BATENEH.
Kak Obl HU ObUTH MOJIE3HBI MOJYJIH, OHH MPEACTABISIIOT COOO CBOOOMHYIO KOJUIEKITHIO
(dparmentos moaenu ER, KOTopbie MOTyT MPUBECTH K XaoCy B 0a3e JAHHBIX, €CJIH UX HE OCTAHOBHTD.

Hanpuwmep, ¢pparmentsl Monenu ER:

[] Moser mnpencTaBisiTe MepeKpbIBarONyecs, AyOJHPOBaHHBIE WM MPOTHBOPEUYHBBIE

NPEACTABJICHUSA OHUX U TEX K€ NAHHBIX.

[] Mo2keT He MOAIeP KUBATH BCE MPOLIECCHI B MOAYJISIX CHCTEMBIL

Urtobb! m3bexats aTux mpodiem, nydine oOvenuHuTh GparmMeHTsl ER Monyneii B enuHyio
KopriopaTuBHy0 Mozenb ER. Ortor mponecc Haunnaercst ¢ BbIOOpa LEHTPAJBbHOTO CErMEHTa U
uTepaTuBHOro nobamneHuss (parMeHToB. Ha kaxmom atame [Jsi KakIOH HOBOH CYIIHOCTH,
nobaBisieMoli B MOeNb, HEOOXOAUMO MIPOBEPATh, YTOOBI HOBASI CYLIIHOCTh HE MEePEeKPbIBATIACh U HE
KOH(IMKTOBAJIA C paHee UASHTU(ULIUPOBAHHON CYLTHOCTBIO B KOPHOpaTHBHOM Mozaenu ER.

Ob6benunenne cermentoB Mozenu ER B koprnopatuBHyto mozesib ER BbI3bIBaeT TIATEIBHYIO
MIEPEOLIEHKY CYIIHOCTEH C NOCIeAYONIM NOAPOOHBIM H3y4YeHHEM aTpUOYTOB, KOTOPbIE OMMUCHIBAIOT

STHU CYLUTHOCTU. DTOT MPOLECC CIYKUT HECKOJIBKUM BaXKHBIM LIETISIM:

] TlosiBnenue neraneii arpulyTa MOXKET TPHBECTH K IEPECMOTPY CaMUX CYIIHOCTEM.
Bo3MOXXHO, HEKOTOpblE W3 KOMIIOHEHTOB, KOTOpbIE IE€PBOHAYAIBHO CUHUTAJIUCH
CYILIHOCTSIMU, BMECTO 3TOTO OKaXYTCs aTpuOyTamu BHYTPU APYTHX CyI(HOCTeW. Mnm
KOMIIOHEHT, KOTOpBIH MMEepPBOHAYAJIBHO CUUTAJICS aTPHOYTOM, MOXKET COmepIKaThb
JIOCTATOYHOE KOJIMYECTBO MOJKOMIIOHEHTOB, YTOOBI TAPAHTHPOBATH BBEIEHUE OTHON MU

HECKOJIbKUX HOBBIX CYIIITHOCTEH.

'] CocpenoTouenne Ha meransx aTpuOyTa MOKET HaTh IMOACKA3KH O TPUPOAE CBSI3EH,
MIOCKOJIBKY OHHM OIpPEHENSIOTCS TMEPBUYHBIM W BHEIIHMM KiOo4amu. HempaBHiIbHO
OTpefesieHHbIe CBSI3M BHaudaje NPUBOAST K MpolieMaM ¢ peajum3aluei, a 3aTeM K

npoOnemMaM pa3pabOTKU MPIIIOKEHUIN.

] Yrobsl ynoBieTBOpUTh TpeGoBaHusi 0OpabOTKH M MOJIb30BATENSI, MOJKET OBITH MOJE3HO

CO3/1aTh HOBBIN NMEPBUYHBIN KJIIOU AJI 3aMEHBI CYIIECTBYIOLIEr0 MePBUYHOIO KIIIOYA.
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O Ecnu petann cywHocTu (aTpubyTbl M UX XapaKTEPUCTWUKM) He OnpeaesneHbl TOYHO,
TPYAHO OLEHUTb CTENeHb HopManu3auuu MpoekTa. 3HaHWe YPOBHei HopManu3auum

NoMOoraeT n3bexarb HeXenaTeNnbHbIX YMEHbLUEHWUIA.

O TuwartenbHblA aHann3 NpUMepHOro npoekta B MOXeT MpMBECTU K NepecmMoTpy. IOTu
M3MEHEHMSA NOMOryT 06ecneynTb COOTBETCTBME NPOEKTa TpeboBaHWAM MO/Ib30BaTENA.
Mocne 3aBeplleHNs Npouecca CANAHUA MONYYEHHAsd B pe3y/bTaTte KopnopaTtuBHas MOAe/b
ER cBepseTca ¢ KaxabiM M3 npoueccos moayns. Mpouecc nposepkn mogenn ER nogpobHo onucaH
B Tabnmue 14:
Tabnuua 14
Mpouecc Bepudukayum ER mogenu
Jran [Jeiictere
OnpegenuTb LEHTPaIbHYIO CYLLHOCTL Mofenu ER.
OnpefennTb KaXabli MOAY b U ero KOMMOHEHTBI.
OnpefenvTb TPe6oBaHUSA K OrepaLmaM Kaxzaoro Mogyns:
BHyTpeHHWIA: 06HOBNeHNs / jo6asneHns / yaaneHus / 3anpocbl / OTHETbI
BHeLuHWiA: nHTepdeitc moaynei
MpoBepuTb BCe MPOLIECChI HA COOTBETCTBME TPe6OBaHMAM MOAY/S K 06paboTKe 1 OTUYETHOCTU.
5 BHecTun Bce HEOOXOAMMbIE M3MEHEHMS, NPeANOKEHHbIe B Lare 4.
6 MoBTOPUTL Waru 2-5 419 BCeX Moy ei.

Mpouecc TpebyeT NOCTOSSHHOM NPOBEPKM OW3HEC-TpaH3aKUWil, a TakXe CUCTEMHbLIX WU
nonb3oBaTenbCkmx TpeboBaHuiA. lMocnefoBaTeNbHOCTb MPOBEPKM [OMXKHA ObiTb NOBTOpeHa AN
KaXJ0ro u3 Moaynei CUCTEMBbI.

Mpouecc NPOBEPKN HaYMHAEeTCA C Bbibopa LeHTpanbHON (Hanbonee BaXXHOW) CYLLHOCTH, Ha
KOTOPOIi cOCpeaoTo4eHO B0NbLIMHCTBO Onepaunin cMcTemsl.

UT06bl MAEHTU(HULMPOBATL LEHTPaNbHYK CYLHOCTb, pa3paboTynk BblGUPAET CYLLHOCTb,
yyacTByloWy B Haubonbwem uyucne cesaseii. Ha pmarpamme ER 3T0 CywHOCTb, K KOTOPOW
NOAK/OYEHO 60MbLUE NUHWIA, YeM K NHO6OI ApYroii.

CnefylowmmM LWwarom ABAsSeTCA ONpefeneHne MOAYNA WAW MNOACUCTEMbI, K KOTOPOW
MPUHAANEXUT LeHTpanbHas CyLHOCTb, U ONpeAeneHne rpaHnL, u 061acTu L4efNCcTBUS 3TOr0 MOAYNS.
CyLWHOCTb MPMHAANEXUT MOLYNI0, KOTOPbIA MCMONb3yeT ee yale Bcero. Kak TONbKO KaX[blli
MOAYNb WAEHTUMUUMPOBAH, LEHTpasbHas CYLWHOCTb MOMELLAeTCA B CTPYKTYPY MOAYNS, 4TOOb
pa3paboTymMK MOr COCPefOTOUMNTLCA Ha LeTansax Moayns.

B pamkax LeHTpanbHON CyLHOCTU/MOAYNA pa3paboTUMK LO/DKEH:

[] O6ecneunTb KOreaMBHOCTH MoAyns. TepMUH KOTe3WBHOCTb OMMCLIBAET CUMY CBA3M,
06HapY>XMBAeMOI Mexay CyWHOCTAMU Moayns. Mofynb [O/MKEH 0TO6paXkaTb BbICOKYHO
KOre3amBHOCTb, TO €CTb CYLYHOCTW AO/KHbI 6bITb TECHO CBSI3aHbl, @ MOAY/b [O/IKEH BbiTb
MO/IHbIM M CaMOAOCTATOUYHbIM.

(] AHanuanMpoBaTb CBA3M KadKAOro MoAyns C ApyruMu MOAyNsMu, 4To6bl PelunTb
npo6nemy cBs3blBaHUA Moayneil. CBsisblBaHWe MOAYNeN ONUCbIBAeT CTeneHb, B KOTOPO
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MOLYNN HEe3aBUCUMbI Apyr OT Apyra. MoAynu [OMKHbI 0TOGpaXkaTb HU3KYK CBSi3b,
yKasblBas, YTO OHU He 3aBUCAT OT APYrunx Moayneii. Hn3kas cBs3b YMEHbLLAET HEHYXXHbIE
MEXMOAY/bHbIe 3aBUCUMOCTM, 4YTO MNO3BOMSET CO34aTb AENCTBUTENILHO MOAY/bHYH
CUCTEMY U YCTPAHUTb HEHYXXHble CBS3U MeXAY CYLLHOCTAMMW.

Mpoueccbl MOTYT GbITb KNacCUPULNPOBaHbI B COOTBETCTBUU C UX:
[0 4acTOTOW (eXefHEBHO, eXKeHefeNlbHO, eXXeMeCsAYHO, eXXeroAHO UAW NCKNHOYEHUS);

O Ttunom onepauymn (INSERT wnn ADD, UPDATE wnnn CHANGE, DELETE, 3anpockl u
OTYETbI, MNakKeTbl, 06CNYXUBaHWNE N Pe3EPBHbLIE KOMUN).

Bce naeHTMdUUMPOBaHHbIE MPOLLECChI AO/MKHbI ObITb MPOBepeHbl Mo mogenn ER. Mpwu
HeobX0AMMOCTK,  COOTBETCTBYHOLULME W3MEHEeHUs  ocyuecTBastoTca. [lpoBepka npouecca
nosTopseTcs AN BCEX MoAyned mogenn. MOXHO 0XugaTb, YTO LOMONHUTE/IbHbIE CYLLHOCTU W
aTpnoyTbl 6YAYT BK/IOYEHbI B KOHLENTYa/lbHY0 MOAENb BO BPEMSA €€ MPOBEPKMU.

Ha 3aTom 3Tane KOHUEeMTyanbHas MOAenb 6bifa onpefeneHa Kak annapaTtHo-nporpaMmHas
HesaBMcumasa. Takaa  He3aBMCMMOCTb 06ecrneymBaeT MEPEHOCMMOCTb  CUCTEMbI  MEXAY
nnatopmamu. MNMepeHoCMMOCTb MOXET MPOAINTL CPOK CyX6bl B[], cienas BO3MOXHbIM NEPEX0s,
Ha apyryto CYbB/[ 1 annapatHyto nnatgopmy.

MpoekTMpoBaHWe pacnpefeneHHblX 6a3 faHHbIX. XO0TA 3T0 U He ABNAeTCA 06A3aTeNbHbIM
TpeboBaHvem pAna 6GonbwuHcTBa BJl, HeKoTOpble M3 HUX MOryT ObiTb pacnpegesneHbl no
reorpauyeckm pasposHeHHbIM MecTaM. [lpoueccbl, KoTopble o6pauiaoTcd K B, Takxe Moryr
BapbMpoOBaTbCA OT OLHOr0 MEeCTOMOJIOXEHUS K Apyromy. Hanpumep, npoueccbl PO3HUYHOW
TOProB/iv 1 MPOLECCHI CKNAACKOrO XPaHEHWA, BEPOATHO, HaXOAATCA B Pa3HbIX PU3NYECKUX MecTax.
Ecnn pgaHHble n npoueccol B, 6yayT pacnpefefieHbl Mo Bcel cucteme, gparmMeHTbl B, moryt
Haxo4UTbCA B HECKONbKMX (PU3MYeCKnx mecTax. dparmeHT 6asbl faHHbIX - nogMHoOXecTso b/,
KOTOpOE XpaHUTCA B fAaHHOM MecTe. dparmeHT B[] MOXeT 6biTb NMOAMHOXECTBOM CTPOK WU
CTONG6LOB U3 OHOW MM HECKONbKMX Tabnu,.

CTpykTypa pacnpefeneHHoi B[, onpefenser ONTUMasbHYK CTpaTerMito pasMeLleHuns
(bparmeHToB B/} And obecrnevyeHns LeNOCTHOCTM, 6€30NacCHOCTM U MPOU3BOAUTENLHOCTU. CTpaTerns

pacnpefeneHuns onpeaensieT, Kak pa3genuTb B 1 rae XpaHuTb Kaxablii (parMeHT.

6.5. Bbi6op nporpamMmHoro obecneveHus CYb/,

Bbibop nporpammHoro obecneyeHus CYBJ[, uvMeeT pelwarouiee 3HavyeHue Ans
6ecnepe6oiiHO paboTbl MHPOPMALMOHHON cucTembl. CrnefoBaTelbHO, AOCTOUHCTBA U HEAOCTaTKM
npegnaraemMoro nporpammHoro o6ecrnieyeHns CYB[ [OMKHbI 6bITb TWATENbHO M3ydeHbl. YTOObI
n3bexaTb NOXHbIX 0XMAAHWIA, NMONb30BaTeNb [JO0MXEH ObiTb OCBeAOM/IEH 00 OrpaHUYEHUsIX Kak
Cyb/, tak n bA.

XO0TH (hakTopbl, BAUSAIOLWME Ha peLleHne 0 NOKYNKe, BapbUPYOTCS OT KOMMNaHMM K KOMMaHuMu,
HeKoTopble U3 Hanbonee pacnpocTpaHeHHbIX:

[ CToumocTb. BkntouaeT B cebst nepBoOHauanbHy0 CTOMMOCTb MOKYMKM, a TAKXKe PacXofbl
Ha TEXHWYECKOe 06CNyXMBaHWe, 3KCMyaTauuio, NULEH3UI, YCTaHOBKY, 06y4eHue W
KOHBEPCUIO
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[J OcobeHHOCTH ¥ MHCTpPYMeHTbI CYB/[. HekoTopoe nporpammHoe o6ecreuyeHune 6asbl
JaHHbIX BK/HOYaeT B ce651 MHOXECTBO MHCTPYMEHTOB, KOTOpble 06/1eryatoT paspaboTky
npunoxeHuuii. Cpeactsa agMuHUCTpUpoBaHua B[, cpefcTBa 3anpocoB, NpoOCTOTa
MCMOMb30BaHUA, MNPOU3BOAUTENIBHOCTb, 6e30MacHOCTb, KOHTPO/b  Mapannennsma,
06paboTKa TpaH3aKUWin 1 Nogaep>KKa CTOPOHHUX MPOM3BOAMUTENen BAUSKOT Ha BbIGOP

nporpaMmHoro o6ecnevexHus CYb/.

[ ] BasoBas MofleNb. 3TO MOXET 6biTh MepapxMyeckasi, CeTesas, PeNnsLUOHHas, 06bEKTHO-

peNsLMOHHas NN 06bEKTHO-OPUEHTUPOBAHHAS.

(] MopTaTneHOCTb. CYB/, MOXET 6biTh NEPEHOCUMOIi Ha pasHbIe NaTPOPMbI, CUCTEMbI 1

A3bIKN.

[] Tpe6osanus Kk o6opygoBaHnio CYB[. 3nemeHTbl, KOTOpble CrefyeT YUWTbIBAT,

BK/tOYaOT npoueccop(bl), onepaTUBHY NamsTb, JUCKOBOE NMPOCTPAHCTBO U T.A4.

6.6. JTornyeckoe npoeKTMpoBaHue

Jlornyeckoe NpoekTUpPOBaHME ABNAETCA BTOPbIM 3TanoM B Mpouecce nNpoekTuposaHua B,
Llenblo N10rMyeckoro npoekTUpPOBaHUA ABNfeTCcA co3gaHue bBJl B MacwTtabax npeanpuaTus,
OCHOBAHHOMN Ha KOHKPETHOW MOLEeNN [LaHHbIX, HO He3aBUCALLel OT AeTasnell (PU3NYECKOro YpPOBHS.
Nornyeckoe npoekTupoBaHue TpebyeT, 4TOObI BCe CYLLHOCTW B KOHLENTyalbHOW MoZenu 6blnu
COMOCTaB/eHbl C KOHKPETHbIMU KOHCTPYKLUMUAMM, UCNOMb3yeMbIMWU BblOpaHHOW Mogenbio B/,
Hanpumep, nornyeckoe NpoekTMpoBaHue ana pensymoHHoi CY B/, BkatovaeT B ce6s cneungmkaymm
Ans Tabnuy, CBS3e U OrpaHNYeHuiA.

Nornyeckoe nNpoekTMpoBaHMe 06bIYHO BbINOJIHAETCA B YETbIPE 3Tana, KOTOpble NepeynceHbl
B Tabnuue 15.

Tabnuua 15
3Tanbl 10rMYecKOro NPoeKTUPOBaHNA
JTan [OeicTeue
1 ConocTaBuTb KOHLENTYa/IbHYH MOAE/b C KOMMOHEHTaMM /TI0rMYeCcKOo MOAENN.
2 MoaTBEpAWTL NOrMYECKYHO MOAE/b C MOMOLLGH HOpMaM3aLmm.
3 MoATBEPANTL OrpaHNYeHns LieIOCTHOCTIU TOrMYECKOin MOAENMN.
4 MpoBEPUTL IOFMYECKYHO MOZE/b Ha COOTBETCTBUE TPebOBaHMSAM MO/b30BATESIS.

Takve 3atanbl, Kak U G0NbLIMHCTBO MPOLECCOB MOAENNPOBAHUA [AHHbIX, HE 0643aTeNbHO
BbIMOIHAKOTCA NOCNeA0BaTe/IbHO, HO UTEPATUBHO.

ConocTaBnTb KOHUENTYalbHYl0 MOAENb C NOrMYecKOm Mofenbto. [MepBbiM LWaroMm B
CO3aHuM NOTMYEeCcKOro NpoeKTa ABNAETCA CONOCTaBNeHNe KOHLeNTyanbHON MOLenn ¢ BbIGpaHHbIMU
KOHCTpYyKumaMu BJl. B peanbHOM MUpe NOrM4Yeckoe NPOeKTUpoBaHME 06bIYHO BK/KOYAET MepeBof,
mogenu ER B Habop Tabnuu, CToN6L0B U OrpaHUYeHNA.

MepBbIM LWWArOM Ha 3Tane /IorMYeckKoro NPOeKTUPOBaHNA ABIAETCA COMOCTAB/EHMNE CUMBbHbIX

CyLyHOCTel ¢ Tabnuuamun. CunbHas CyLWHOCTb - 3TO CYLLHOCTb, KOTOpPasi HAX0AMTCSA Ha CTOPOHE «1»
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BCeX ero CBfi3el, TO eCTb CYLIHOCTb, Yy KOTOpOM HeT 06s3aTenbHOro arpubyrta, fBAAOLLErocs
BHELUHMM K/HOYOM N5 APYTOi Tabnmubl.

Kak ToNbKO BCe CU/bHbIE CYLLHOCTU CONOCTaB/IEHbI, MOXHO 0TOOPa3nUTb Nt0ObIE CYLLHOCTH,
BOB/IEYEHHbIE B CBA3AX CYMepTUn/nogrun, unm niobole cnabble CYyLHOCTH.

3atem oTobpaxaroTcad Bce OGMHapHble cBA3W. lMpouecc MPOLO/MHKAETCA CO CBA3AMU MexXay
Tpems unu 60nee CyLHOCTAMU, MOKa BCe CBA3N B MOAeNN He ByAyT YeTKO onpeseneHbl. KOHEeYHbIM
pe3ynbTaTOM 3TOr0 npouecca SBASeTCA CAUCOK Tabnuy, aTtpubyTOB W CBSI3eW, KOTOPblE CTaHyT
OCHOBOWA AN cnefytoLwero wara.

lMpoBepKa Nornyeckoim Mofenn ¢ NOMOLLb HopManu3aunumn. JTorMYeckunii NpoekT AOMXKeH
cofepXaTb TO/IbKO  NpaBW/IbHO  HOpPManu3oBaHHble Tabnuubl. [pouecc conocTaBieHUs
KOHLEeNTyanbHOMW MOAENN C NIOFMYECKO MOAENIbI0 MOXET PacKpbiTb HEKOTOPbIE HOBble aTpuoyThl
NN OTKPbITUE HOBbIX MHOFO3HAaYHbIX M/ COCTaBHbIX aTpubyToB. CnefoBaTe/lbHO, O4YEHb BEPOATHO,
4YTO HOBble aTpPMOYTbl MOTYT ObiTb J06aBNEHbl B TabnuLUbl UAW YTO Liefible HOBble Tabanubl MOryT
ObITb f06aBNEHbI B NIOFMYECKY0 MOAeNb. [NA KaK40N MAeHTUPULMPOBaHHOW Tabnuubl (CTapoi K
HOBOI1) pa3paboTUMK AOMKEH yOeAnTbCS, YTO BCe aTPUOYTbl MOMHOCTHK 3aBUCAT OT MEPBMYHOIO
KNoYa, 1 Tabnmubl MMET KaK MUHUMYM TPEeTbi0 HOpManbHYy gopmy (SH®D).

MpoekTupoBaHue 6a3bl AaHHbIX ABNAETCA UTEPATUBHbLIM NPOLECCOM. Takue LelCTBUSA, Kak
HOpManm3aumsa NpPoOUCXOAAT Ha pasHbiX 3Tanax npouecca nNpoekTupoBaHusa. Kaxablii pas, Korga
noBTOpsAeTCs LWar, MoAenb [AONOMHUTENIbHO YTOYHAETCS W nydlle AOKYMeHTupyeTcs. HoBble
aTpuoéyTbl MOryT ObiTb CO34aHbl M Ha3Ha4YeHbl COOTBETCTBYHLWMUM 006beKTaM. D YHKLMOHA/bHbIE
3aBMCUMOCTM MeXAy AeTepMUHaHTamu W 3aBUCUMbIMU aTpUbyTammn OLEHMBAKOTCA, U aHOManuu
[aHHbIX MpeaoTBpaLLaTca NocpeLCcTBOM HOpMaIM3aunu.

MpoBepka OrpaHWYeHnin LUEeNOCTHOCTY NOTrMYecKo Moaenn. MepeBos KOHLENTyanbHO
MOJenu B JIOTUYECKYK MOJenb Takxke TpebyeT onpejeneHus obnactein arpubyToB K
COOTBETCTBYHOLLIMX OrpaHU4yeHnid. Ha 3Tom 3Tane onpegensercs, Kakue aTpubyTbl ABNAAOTCA
0653aTeNbHbIMK, @ Kakue - Heo6s3aTe/lbHbIMU, N rapaHTUPYeTCs, YTO BCE CYLLHOCTU NOLAEPXKMNBAIOT
LLeNIOCTHOCTb CYLHOCTEN N CCbINOK.

MpaBo Ha MWCMonb3oBaHMe 6a3bl AaHHbIX TakXe YKa3blBaeTca Ha 3Tane J/10rM4eckoro
npoekTupoBaHua. Komy OyaeT paspelleHo MCNosb3oBaTb Tabnuubl, U Kakue YacTu Tabnuy 6yayt
JOCTYMHbI ANA KaKUX Nofb3oBaTesnien? B pefsaunMoHHbIX paMKax OTBETbl Ha 3TW BOMPOCHI TPebytoT
onpefeneHns COOTBETCTBYHOLLUX B3rNSA0B.

Ha atom aTane Tpebyetcs ocob6oe BHMMaHMe, YTOObl 06eCcneynTb BOSMOXXHOCTb paspeLleHuns
BCeX MpeAcTaBfieHNin n obecneyeHns 6GesonacHoCcTM Ansa obecrnevyeHUs KOH(UAEHUMANbHOCTH
JaHHbIX. Kpome TOro, B NpoekTe pacnpefefieHHON 6a3bl JaHHbIX, AaHHble MOryT XPaHUTbCHA B
HECKO/IbKMX MeCcTaX, U B KaXA0M MecTe MOryT OblTb pa3Hble orpaHu4eHns 6e30nacHOCTH.

lMpoBepka NOrMYyeckoil MOAENM Ha COOTBETCTBME TpPebOBaHWAM MNOMb30BATENS.
Nlornyeckoe NpoeKTMpOBaHMEe NepPeBOAMT MPOrpaMMHO-HE3aBUCMMY KOHLENTYalbHYH MOAe/b B
NporpaMmMHO-3aBUCUMY0 Mofenb. [locnefgHUin war B npouecce IOrMYecKOro MpPOeKTUPOBaHMS
3aK/1t04aeTcs B NPOBEPKe BCEX ONpefesieHniA N0rMyeckoin Mogenn no BcemM Tpe6OBaHUAM K JaHHbIM,
TpaH3akKumMam n 6e3onacHoOCTM nonb3osaTens. Mpouecc, aHanorMyHbIn NoKasaHHOMY B Tabnuue 14,
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noBTOpsieTca AN obecrneyeHUs NPaBUIbHOCTU NIOFMYECKO mogenn. Tenepb 3Tan HACTPOEH Ha
onpefeneHve @usnyeckux TpebOBaHWIA, KOTOPble MO3BOMAKT CUCTEME (YHKLMOHWPOBaTb B
Bbl6paHHON cpege CYB[ / annapaTtHoe obecneyeHme.

6.7. PU3MYECKOe NPOEKTUPOBaHME

dusnyeckoe NPOEKTUPOBAHMNE - 3TO MpoLecC onpefeneHNa opraHu3aLnumn XpaHeHns faHHbIX
M XapakKTepucTUK AocTyna K 6ase gaHHbIX ANnA obecrnevyeHUs ee LLeNIOCTHOCTM, 6e30MacHOCTU K
NPOM3BOANTENILHOCTU. ITO NOCMEeAHUIA 3Tan B MNpouecce MNPOEKTMPOBaHMA 6asbl  JaHHbIX.
XapakTepuCTUKM XpaHeHNS ABNAOTCA PYHKLMEN TUNOB YCTPOWCTB, NOAAEPXKMBAEMbIX annapaTHbIM
obecrneyeHnam, TUNOB MeTOAOB [OCTyna K [faHHbIM, NOAAepXUBaembiX cuctemoin u CYB/.
®n3nYyecKoe NPOEKTUPOBAHMNE MOXET CTaTb O4YEeHb TEXHUYECKOW 3adaYelt, KoTopas BAMsAeT He TO/IbKO
Ha AOCTYMHOCTb AaHHbIX B 3aMOMUHalOLEeM yCTpPocTBe(ax), HO U Ha NPOU3BOAUTENIbHOCTb CUCTEMbI.

3Tan Ppur3n4eckoro NPoOeKTUPOBaHNA COCTOUT M3 LWaros B Tabnumuye 16.

Tabnuua 16
ATanbl ()M3MYECKOro NPOEKTUPOBaHUA
JTan [OelicTBue
1 OnpegenuTb opraHn3aLnio XpaHeHNsa faHHbIX.
2 Onpefenutb Mepbl LIeNIOCTHOCTU U 6e30MacHOCTU.
3 Onpenenntb N3MepeHNs NPOU3BOANTENBHOCTN.

OnpefeneHve opraHusauuy XxpaHeHus faHHbIX. Mpexzae 4yem onpefennTb OpraHu3auuio
XpaHeHWs [aHHbIX, Heo6X0AMMO OnNpeAenuTb 06bEM [aHHbIX AN YNPaBAE€HUS W LWABGIOHbI

ncnonb3oBaHNA AaHHbIX.

M 3HaHMe 06beMa AaHHbIX MOMOXET ONnpefennTb, CKOMbKO MecTa ANs XPaHEHUSA HYXHO
3apesepsupoBatb And B. Ana atoro paspaboTyuk cnefyeT npoweccy, aHaJorMyHomy
TOMY, KOTOPbI NCNONb30BanCcs Npu nposepke mogenn ER. Ana KaxXgoin Tabnnubl HY>XKHO
ONpefennTb BCe BO3MOXHbIe TpaH3aKLUNKN, X 4acTOTy U 06beM. [18 KaXA0WN TpaH3aKLnn
onpepensetrca 06beM [daHHbIX, KOTOpble OyayT fobasneHbl UM ypaneHbl K3 6asbl
JaHHbIX. 3Ta WMHGpopmaLMs NOMOXeT onpefennTb 00bEM [aHHbIX, KOTOpble OyayT

COXpaHeHbl B COOTBETCTBYHOLWEW Tabnuue.

I 1 HaobopoT, 3HaHWe TOro, Kak 4acTO HOBble JaHHble BCTaBAAKTCHA, OOHOBNANTCA U
N3BNEeKalTCA, MOMOXET pa3paboTumKy onpefennTh WabfoHbl UCMO/b30BaHWNA AaHHbIX.
LLIa610HbI UCNOMb30BaHNS MMEKT pellatolee 3HayeHne, 0COGEHHO B MPOEKTUPOBaHUN
pacnpefeneHHblx b. Hanpumep, HY>XHO N1 TeHepupoBaTb Kakune-nnbo exeHepdesbHble
NakeTHbIE 3arpy3Kn UIM exxeMecsauHble 0TUYeThl 06 arperaymm? Kak 4acTo HOBble JaHHble
[06aBNATCA B cUCTEMy?

O60pyA0BaHHbIN ABYMSA NpeAblAYyWUMY NOPLUAMN MHPOPMaL UK, pa3paboTUNK LOMKEH:

(] OnpegennTb MeCTOMONOXEHME U (DU3NYECKYIO OpraHM3almio XpaHeHus Ans KaXK/ioil
Tabnmubl. Tabnuubl XpaHATCA B TaBNUYHbBIX NPOCTPAHCTBAX, M Tab/IMYHOE NPOCTPAHCTBO
MOXeT cofepXaTb [AaHHblE W3 HECKONbKUX Tabnuu. Ha 3tom 3tane paspaboTymk
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Ha3HayaeT, Kakue Tabnuubl OyAyT UCMONAb30BaTb Kakue Tab/iMuHble NMPOCTPaHCTBa, M
Ha3HayaeT pacnonoXeHme 3TUX TabNMUHbLIX MpPOCTpaHCcTB. Hanpumep, NONE3HbIM
METOAOM, [AOCTYMHbIM B OONbLIMHCTBE PEeNAUUOHHBLIX 6a3  [aHHbIX, ABNAeTCS
MCNONb30BaHMe KnacTepHbix Tabnuy. KnacTepHble Tabnuubl XpaHAT CBA3aHHbIE CTPOKM
N3 ABYX CBA3AHHbIX Ta6ML B CMEXHbIX 6/10Kax AaHHbIX Ha AUCKe. DTO rapaHTUpyeT, UTo
[laHHble XpaHATCA B MOC/Me[0BaTe/IbHO CMEXHbIX MecTaX, UTO COKpallaeT BpeMsa gocTyna
K AaHHbIM ¥ MOBbILWaeT NPOMU3BOAUTENLHOCTb CUCTEMBI.

(] OnpegenvTb UHAEKCHI 1 TUN WHAEKCOB, KOTOPble 6YAyT MCMONb30BATHLCA N8 KadK oM
Tabnmubl. MIHAEKCbl NOMe3Hbl AN 06eCrneYeHnss YHUKANbHOCTM 3HAYEHWI AaHHbIX B
cTonbue n ana obneryeHns noncka gaHHolx. CYb /[ aBToMaTUUYeCKN CO34aeT YHUKANbHbIN
MHAEKC [ANA NepBUMYHOr0 KAw4va Kaxpaoi Tabnuubl. Ha aTom aTane paspaboTyumk
onpefenser BCe HeobOXoAWMble WHAEKCbI W Ay4qWwuWiA TUN  opraHusayum  gns

ncnonb3oBaHMA AaHHbIX U Tpe6OBaHI/II7I K NPON3BOANTE/TIbHOCTW.

(] OnpegenvTb Tun npeacTasneHWid, KoTopble 6OyayT WCMOMb30BATLCA B KadKAoM
Tabnuue. MpeacTaBneHWe NONME3HO ANS OFpaHWYEHMA AOCTyNa K AaHHbIM Ha OCHOBE
notpebHoCTEel Monb3oBaTenei WAM  TpaH3akuuii. [MpeacTaBfeHUs TakXkKe MOryT
MCNONb30BaTbCA ANA YyNpoLlieHns 06paboTKM M AoCTyna K AaHHbIM nonb3oBatens. Ha
3TOM 3Tane pa3paboTyuMK [O/KeH ybeamTbCs, UTO BCE MNPeACcTaBleHUSs MOTYT ObiTb
peann3oBaHbl, MU YTO OHW NPeAOCTaBNAT TONbLKO HEOOXOAMMbIE AaHHble. PazpaboTumk
TakKXXe [0/KEH 03HAaKOMUTLCS C TMNaMu NpefcTaBneHnin, nogaepxumeaemoimn CYB/, un
TeM, KakK OHY MOTYT NOMOYb B JOCTMIXKEHUN CUCTEMHBIX LiENe.

OnpepfeneHvie Mepbl LeN0CTHOCTY 1 6e30NacHOCTW. Kak To/bKO (hU3nyeckas opraHusalus
Tabnny, NHAEKCOB M NpeAcTaB/ieHNin onpefeneHa, 6as3a aHHbIX roToBa 415 Nonb3oBateneid. Mpexae
4yeM MOMb30BaTeNN CMOTYT MOAYYUTb AOCTYN K AaHHbIM B B[, OHW [OMKHbI 6bITh Hagaexawum
06pa3om ayTeHTUPULMPOBaHbI. Ha 3TOM 3Tane U3nYeckoro NPoeKTUPOBaHUS HEOOXOLMMO PeLnTb
ABe 3ajaun:

(] OnpemenvTb rpynnbl  nonb3oBaTeneil, 6e30MacHOCTbL W POAU.  YnpasreHue
NoNb30BaTeNs MU - CKopee (PYHKUMA afgMUHUCTpupoBaHua B, yem MpoeKTMPOBaHMS.
OpHako, pa3paboTyUMK JO/MKEH 3HATb pasHble TUMbl U FPYNMbl NO/Ib30BaTeei, YTOObI
0O/MKHbIM 06pa3om obecneunTb 6e3onacHocTb BJ. bonbwuHcTBO peanunsauynini CYb/L
noaAep>XMBaeT UCNONb30BaHMe poneid. Ponb 6asbl flaHHbIX- HA6OP NPUBUNETNIA, KOTOPbIE
MOXXHO Ha3Ha4YMTb NOSIb30BATENO WAN TPYNMe Kak eauHOMY Lenomy.

[] HasHaunTb Mepbl 6e3onacHocTu. CYB/ Takxe NMo3BonseT aAMUHUCTPATOPaM HasHavaThb
onpefesfieHHble npasa fOCTyna A8 06bLEKTOB 6a3bl AaHHbIX NOMb30BATENO UMW Tpymnne
nonb3oBaTeniel. paBo [oCTyna TakXe MOXET ObiTb 0TO3BaHO Y OMNpefeseHHOro
NoNb30BaTeNs AN TPYNMbl NoNb30BaTeNei. ATa PYHKUNSA MOXET NPUTOANTLCS BO BpPEMS
pe3epBHOro KonuposaHua b/, 3annaHMpoBaHHbIX MEPONPUATUIA MO 06CNYXKMUBAHUIO UK
JaXe BO BPeMSi MHUUAEHTOB C YTEUYKOM AaHHbIX.

Onpepaenexnne nokasaTenen ahheKTUBHOCTU. PU3NYECKOe NPOEKTUPOBAHNE CTAHOBUTCA

6ofiee  CMOXHBIM, KOrga [aHHble pacnpoCcTpaHATCA B pasHbIX  MecTaX, MOCKO/bKY
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NMPOU3BOAMTENbHOCTb 3aBUCUT OT MPOMYCKHOW CNOCOOHOCTM KOMMYHUKaLUOHHBIX Cpel. Y4nUTbiBas
TaKue CMNOXHOCTU, HEYAUBUTENbLHO, YTO pPa3paboTymMkm NpPeanoynTaloT NporpaMMHoe obecneyeHume
ons b, KOTOpoe CKpbIBaeT KakK MOXHO 60/bLue AeACTBUIA HA PM3NYECKOM YpOBHE. HecMOTps Ha To,
4YTO pPensiLMOHHbIE MOLENN UMEIKOT TEHAEHUUIO CKPbIBaTb CNOXHOCTU (DU3NYECKUX XapaKTepucTUK
KOMMNbIOTEPA, Ha MNPOM3BOAUTENbHOCTb PENALMOHHBIX BJ, BAMAKOT CcBOWCTBA (U3UYECKOTO
XpaHunuwa. Hanpumep, Ha NPOU3BOAUTENLHOCTb MOTYT B/IUATL XapaKTepPUCTUKN HOCUTENA, Takue
KaK Bpems noucka, pasmep cektopa v 6n0ka (CTpaHuubl), pasmep nyna OydepoB, a Takxe
KONMMYeCTBO AMCKOBbLIX MAACTUH W TONOBOK uYTeHusi/3anucu. Kpome ToOro, Takue (hakTopbl, Kak
co3faHue UHAeKca MOTyT oKasaTb 3Ha4YMTe/IbHOE BNSIHWME Ha NPOU3BOAUTENIbHOCTb PEeNALMOHHON
B/, TO eCTb CKOPOCTb N 3h(PEKTUBHOCTb A0CTYNa K AAHHbIM.

Takum 06pa3oM, N3MepeHre NMPOU3BOANTENBHOCTA (PU3NYECKOTO NPOEKTMPOBAHMA KacaeTcs
TOHKOI HacTpolikn CYB/[ n 3anpocoB, YTo6bl rapaHTMPOBaTb, YTO OHW OYAYT COOTBETCTBOBATb

Tpe6oBaHUAM NPOM3BOAUTENLHOCTM NONb30BATENS.

6.8. CTpaTernm npoeKTMpoBaHMsA 6a3 AaHHbIX

CyLiecTByeT fiBa KnacCMUYeckMx noaxona K NpoeKTUPoBaHMIO 6a3 faHHbIX:

O Hwucxopadllee NPOEKTUPOBaHNE HAUMHAETCA C MAEHTUPMKALMM HABOPOB AaHHbLIX, a 3aTeM
onpeenseTt afeMeHTbl faHHbIX AN1F KaXA0ro n3 aTux Habopos. DTOT npoLecc BKYaeT
B Cebs MAEHTU(PMKALMIO pasHbIX TUNOB CYLWHOCTE U onpejeneHne atpubyToB KaxoMn
CYLLHOCTH.

O Bocxogsliee NpoeKTUPOBaHWE cHayana MAEHTUDULUPYET 3NIeMEHTbl AaHHbIX, & 3aTem
rpynnupyet ux B Habopbl JAaHHbIX. [ApyrumMu cnoBamu, OH CHayana onpegenset
aTpubyThbl, a 3aTeEM rpynnupyeTt Ux A4as GOPMUPOBAHUS CYLLHOCTEN.

3Tn [Be METOLONOrUN ABNSAKTCA B3aMMOLOMNONHAOWMMK, & HE B3aMMOUCK/IYAKLWUMMK,
OCHOBHOW aKLeHT Ha BOCXOAALLEM NOAX0Ae MOXeT OblTb 60/1€e NPOAYKTUBHBLIM 415 Hebonbwnx b/
C He6O/MbWNM KOMMYECTBOM CYLLHOCTE, aTpubyToB, CBSi3e W TpaH3akuuii. Ona cuTyauuin, B
KOTOPbIX KO/IMYECTBO, pa3HO06pasme N CNOXHOCTb CYLLHOCTEl, OTHOLLEHWIA N TpaH3aKL Ui ABNAOTCA
NoAaBNALWNMK, B MEPBYIO 04epedb MOXET ObiTb MpoLie MOAXOL CBEPXY BHM3. Y 6GO0/bLUIMHCTBA
KOMMaHUM yxe eCcTb CTaHAapThbl 4N pa3paboTKu cucTem 1M NpoekTupoBaHus b,

[Jaxe npu BbibOpe B OCHOBHOM HMUCXOAALLEro MoAxofa Mpouecc Hopmanusauuun, KoTopbli
nepecmMaTpuBaeT CyLLeCTBYIOLLME CTPYKTYPbl TabanL, HEM36eXHO ABNAETCA BOCXOAAL MM METOLOM.
Mogenu ER cocTaBnfoT HUCXOAALLUIA NpoLece, AaXe KOorja Bbl6op aTpubyToB U CYLLHOCTEN MOXeT
ObITb OMMcaH Kak BoCXoAswwMid. [ockonbKy kak Mogens ER, Tak v meToabl HOpmanm3auum
COCTaB/IAOT OCHOBY N5 GOMbLUIMHCTBA MPOEKTOB, Ae6aTbl «CBEPXY-BHU3» U «CHU3Y-BBEPX» MOTYT
OCHOBbIBaTbCS Ha TEOPETUYECKUX, @ HE HA PAKTUYECKMX Pa3nymsx.

[Ba 06w Kx Nogxoaa K NpOeKTUPOBaHNi0 6asbl AaHHbIX (CHU3Y-BBEPX U CBEPXY-BHU3) MOTYyT
3aBMCeTb OT TakuMX (haKTOpoB, Kak 0OBEM W pasmep CUCTEMbl, CTU/b YMNpaBfieHUs U CTPYKTypa
KoMnaHuu (LeHTpanu3oBaHHaa WNW [eueHTpann3oBaHHas). B 3aBUCMMOCTM OT 3TUX (PaKTOPOB
npoekT bBbJ] MOXeT OCHOBbIBaTbCA Ha [ABYX OYEHb pasHbIX MPUHLMUNAX MPOEKTUPOBAHUS:
LLeHTpann30BaHHOM U [eLeHTpasN30BaHHOM.
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LleHTpann3oBaHHOE NPOEKTUPOBAHNE ABNAETCA NPOLYKTUBHbLIM, KOrfa KOMMOHEHT AaHHbIX
MMeeT OTHOCUTENbHO HebOo/blIOoe KOMWYECTBO CYLLHOCTe M npouefyp. MpoekT MOXeT ObiTb
BbIMOJ/IHEH U NpPeACTaB/eH B JOBO/IbHO NPOCTON 6a3e faHHbIX. LieHTpann3oBaHHOE NMPOeKTMpPOBaHue
TUMWUYHO AN OTHOCUTENIbHO NMPOCTbIX, He60bWUX B, 1 MOXET 6bITb YCMNELIHO BbIMO/IHEHO O4HUM
agMmuHucTpatopom B, nnn HebonbLION, He(hopManbHOW KOMaHAO0M pa3paboTunkoB. [esTenbHOCTb
KOMNaHun n macwTabbl Npobnembl AOCTATOYHO OrpaHWYeHbl, YTOObI MO3BONUTL [aXe O4HOMY
pa3paboTumKy onpesennuTb NpobaeMy, co34aTb KOHLENTYaNbHY0 MOE/b, NMPOBEPUTL €€ C MOMOLLbIO
NoNb30BaTeNbCKUX MPeACTaBNEHNI, ONPeSeNTb CUCTEMHbIE NPOLECCHI N OFPaHUYEHUS AaHHbIX AN
obecnevyeHnss ahPeKTUBHOCTN Aun3aiiHa, U yOeaAUTbCA, YTO MPOEKT OyAeT COOTBETCTBOBAaTb BCEM
TpeboBaHUSAM.

[JeueHTpan3oBaHHOE NMPOEKTUPOBAHNE MOXET UCMOMb30BATLCA, KOrAa KOMMNOHEHT AaHHbIX
CUCTEMbl WMeeT 3HAuYUTe/lbHOE KO/MYEeCTBO CYLLHOCTEA W C/OXHble CBA3W, HaL KOTOPbIMU
BbIMOMIHAIOTCA OYEHb C/IOXKHblE onepauun. [eueHTpasvM30BaHHbIA AM3aliH  TakXe 4acTo
Mcnosb3yeTca, Korga cama npob6sema pacnpocTpaHAeTcs Ha HECKOIbKO paboumx MeCT, U KaxAbli
3N1eMEHT ABNSAETCHA NMOLMHOXECTBOM BCero Habopa faHHbIX.

B 60/1bLLINX M CNOXHbIX MPOEKTax 6a3a JaHHbIX 0ObIMHO HE MOXKET ObITh pa3paboTaHa TONbLKO
OfIHMM Ye/I0BEKOM. BMECTO 3TOro TuaTelbHO 0TOOpPaHHasA KomaHaa pa3paboTumkos b/l 3aHMMaeTca
CMIOXHbIM MPOEKTOM 6a3bl JaHHbIX. B pamkax AeLeHTpasiM30BaHHOW CTPYKTYpPbl MPOEKTUPOBaHMA
3aflaya pasfefieHa Ha HecKo/ibKo Mogyneld. locne TOro, Kak KpuUTEpUWU MPOEKTUPOBAHUS Oblin
YCTaHOBJIEHbI, BeAyL Wi pa3paboTunK Ha3Ha4yaeT MOAYAUN AN pa3paboTKU BHYTPW rpynnbl.

MoCKONbKY Kaxkjas rpynna paspaboTku hoKycmpyeTcs Ha MOZe/MPOBaHUN NOLAMHOXECTBa
CUCTEMbI, OnpejenieHne rpaHuL U B3avMOCBA3M MeXAY MOLMHOXEeCTBaMU LaHHbIX LO/DKHO OblTb
OYeHb TOYHbIM. Kaxgasa rpynna pa3paboTKu cO3[4aeT KOHUENTyaSbHYH MOfe/b [AaHHbIX,
COOTBETCTBYIOLLYIO MOAENNPYEMOMY MOAMHOXECTBY. 3aTeM Kaxjas KOHUenTya/bHas MOJesb
NnpoBepseTcs WHAWBUAYaNbHO C YYETOM MO0Mb30BaTeNbCKUX MNpPeLCTaBNeHUA, NpoLeccoB U
OrpaHWYeHni Ana Kaxgoro m3 mogynei. ocne 3aBeplleHMs Mnpouecca NPOBEPKM BCe MOAYNU
06beANHAIOTCA B OfHY KOHUeNnTyanbHYH MoAenb. [MOCKONbKY CNoBapb [aHHbIX OMWUCbIBAET
XapakTepuCcTUKM BCEX CYLLIHOCTEN B KOHLEeNTyalbHOW MOAENN [aHHbIX, OH WUrpaeT >XWU3HEeHHO
BaXHYIO pONb B npouecce WHTerpauuu. Mocne ob6beAnHEHUS MOAMHOXECTB B 60/iee KPYMHYHO
KOHLeNTYyanbHY0 MOJeNb BeAyLW il pa3paboTumk LO/MKeH Y6eANTLCA, YTO OH MO-NPeXHEMY MOXET
noajepXuBatb BCce HEOOXO4MMble TpaH3aKLuun.

Mpouecc arpermpoBaHuns TpebyeT, 4TOObI pa3paboTyMK co3fan efuHY MOAeNb, B KOTOPOM
[O/DKHbI ObITh peLleHbl pasinyHble NpobaemMbl arpermpoBaHus.

O CUWHOHUMbI N OMOHWMbI. Pa3Hble OTAeNbl MOTYT 3HaTb OfHY W Ty >X€ CYLHOCTb MOA
pasHbIMU MMeHaMy (CMHOHUMaMW) WX MOTYT UCMO/b30BaTb OAHO W TO >Xe UMSA ANA
agpecaunn pasHbIX CyLiHOCTen (OMOHUMOB).

00 CyWHOCTb M NOATUMbI CyWHOCTKW. MOATMN CYLUIHOCTM MOXET pPaccMaTpuBaTbCsl Kak
OT/A€NbHAs CYLUHOCTb OAHWM WAN HECKONbKUMK OTAenaMu. Pas3paboTuMK [0MXKeH

MHTErpMpoBaTh Takme NOATUMbI B CYLLHOCTb 60/1ee BbICOKOTO YPOBHS.
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KoHamkTyloWwme onpeseneHns 06beKToB. ATpMOYTbl MOTYT ObITh 3aNMncaHbl Kak pasHble
TUNbl (CUMBOJIbHbIE, YNC/IOBLIE), Pa3Hble JOMEHbI MOTYT ObITb OMpeAeneHbl 415 OLHOMO U
TOro Xe atpubyta. OnpegeneHns orpaHNYeHN TakxXe MOTyT pa3nnyaTbes. PazpaboTumk
LO/MKEH yAanuTb Takne KOHMINKTbI U3 MOZENW.

6.9. Utorun

NHpopmaunoHHas cuctemMa npn3saHa NoMoYb Npeobpa3oBaTh faHHble B MHOPMaL MO U
ynpaBnsiTb KakK AaHHbIMU, TaK U MHGopMaLmeil. Takum obpasom, 6a3a faHHbIX ABASETCA
OYeHb BAXHOI 4aCTbl0 MH(OPMALMOHHON cUCTeMbl. CUCTEMHbI aHann3 ycTaHaBnuBaeT
noTpebHOCTb B MH(OPMALMOHHOW cucTeme 1 ee 06beM. Pa3paboTka cucteM - npouecc
C034aHUs UHPOPMALMOHHON CUCTEMBI.

XKV3HEHHbIR UMKN WMHGpopmayuoHHOl cuctembl (KL, MC) oTcnexusaer WUCTOPUIO
NPUIOXEHNA B MHDOpMaLNoHHON cucteme. XKLL MC MOXHO pa3fennTb Ha NSATb 3TanoB.:
nMocTaHOBKa 3afjayun, aHanu3 TpeboBaHWiA, NPOEKTUPOBaHUe, pa3paboTKa W BHEAPEHMe.
XL WNC - aTo ntepatmBHbIiA, a He NocnefoBaTe/IbHbIA NpoLecc.

XKn3HeHHbIR uMKn 6a3bl gaHHbix (KL, BJ]) onucbiBaeT ucTopuio 6asbl faHHbIX B
NH(opMaLoHHONM cucteme. XKL, Bl cOCTOUT M3 LWWECTM 3TanoB: M3y4veHue cpefbl 6asbl
[aHHbIX, MPOEKTUPOBaHWe, peanu3auuns, TeCTUpPOBaHME W HACTPOiKa, aKcnayaTtayus,
obcnyxxkmnsaHue n passutue. Kak n XL NC, XL B[] aABndeTcqd uTepaTMBHbIM, a He

nocnegoBaTes/ibHbIM.

KoHuenTyanbHas 4acTb NpoekTa MOXEeT MO/ABepraTbCs HeCKO/IbKMUM Bapuauusam,
OCHOBaHHbIM Ha [BYX OCHOBHbIX NPMHLMNAX MPOEKTUPOBAHUA: BOCXOAALLMIA NPOTMB

HUCXOAALLEro, U LeHTPann3oBaHHbI NPOTVB AeLeHTPann30BaHHOrO.
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Jlekuna 7. YnpaBneHne TpaH3aKumMamun

7.1. BBefeHue

AHanusnpys pensiuMoHHY AuarpaMMy Ha pucyHke 25, HE06X0AMMO 06paTUTbL BHUMaHWE Ha

cnefytoume oCo6eHHOCTH:

2 KAW3A
KOLLGM
MHALW
OKOH
KH AP
OHTEN

UYEK CTPOKA
? UKKY, B ® ? W\eay
WHKQ, 4y cra
<«HCOATA roejwfl
oM CP KON
UEHT OPLEHA
YEKIMT CIP.OM
KTV 1 T8 <0p
TOBHA3B
ToB /M
TOB_OCT
TOB_LIEHA
TOB_CKA,
ONNATA MOCTABLLMK MCT.KOA
? Ak S MCT.KOp,
QN maTA MCTHAZ3
gH1A MCT.CHN
on.n cT>ap
orvmucym ICTTED,

Puc. 25. inarpamma 6a3bl gaHHbIx TOPTOBJ14

MpoekT coxpaHseT 6anaHc kKnneHTta (K/TH_AOJT) B Tabnmue KIMEHT, 4To6bl yKas3aTb
obwwnin gonr knuenta. AtpuoyTt KJIH_AOJII yBennumnBaeTcs, KOraa KAMeHT COBepLUAEeT
MOKYMKY B KpeaWuT, U YMEeHbLUAeTCs, KOrfja KAWeHT coBepluaeT nnaTeXx. BkntoyeHue
TeKylwero fponra KnveHta B Tabnuuy KAWMEHT nossonseT HanucaTb 3anpoc Ans
onpefeneHnsa Aonra nto60oro KAMeHTa 1 Co3f4aHnsA BaXHbIX CBOAOK, TAKUX KakK UTOrOBbIe,
CpefjHVe, MUHMA/IbHbIE N MaKCMMasibHble OCTaTKMW.

B tabnuue OTNJIATA 3anucbiBaloTCs BCe MNAaTeXu KAWEHTOB, 4TOOblI OTCNEXWUBAThb

AeTanu onepauuii No y4eTHbIM 3anmncaAM KINEHTOB.

Mpopaaxka ToBapa KANEHTY MO KPeanTy COCTOUT M3 CefyHoLL X LIaroB.:

|

|

O

Co3fatb HOBbI YeK C TUMOM "KpeauT".
YMeHbLNTb KONMYECTBO TOBApa.

YBeNMUNTb LONT KNMeHTa

Onepauymsa npogaxun gomKHa 6blTb 0OTpaxeHa B 6a3e faHHbIX. C TOUKY 3peHns 6a3bl AaHHbIX,

TpaH3akuus - 370 Nt060e AeACTBME, KOTOPOE YNTAET UM 3anucbiBaeT B 6a3y JaHHbIX. TpaH3akuus

MOXXeT COCTOSITb U3 CNeaytoL X YacTei:

|

|

Onepatop SELECT ans reHepauum cnmcka coep>XXnmoro tabnuubi.

Cepus cBsizaHHbIX onepatopoB UPDATE fand n3aMeHeHWs 3Ha4YeHuiA aTpubyToB B pasHbIX

Tabnuuax.

Cepus onepatopoB INSERT gns fo6aeneHus CTPOK B O4HY UM HECKOJ/IbKO Tabnuu,.
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O Komb6uHauusa onepatopos SELECT, UPDATE un INSERT.

Mpumep TpaH3aKLUMM NPOAaXKKN BKIOUAeT KOMOUHauuio onepatopoB INSERT n UPDATE.

YuntbiBad npegbigyuiee 006CyXAeHMe, MOXHO [AOMOMHWUTbL OMpefeneHne TpaH3akuuu.
TpaH3akuusa - 310 fornyeckas eguHuLa pabotsl, KOTOpas J0/MKHA ObITb MOTHOCTLIO 3aBepLUEHa UK
MOJIHOCTLK NpepBaHa; MNPOMEXYTOYHbIE COCTOAHUS He MNpPUHUMAlOTCA. [Opyrumu  cnoBamu,
MHOTFOKOMMOHEHTHAaa TpaH3aKuua, Takas Kak paHee YNoMsHyTas npojaxa, He [Oo/HKHa OblTb
4acTU4YHO 3aBeplieHa. OGHOBEHME TObKO TOBAPOB MM TONbKO 3al0/HKEHHOCTY HegonycTumo. Bee
onepatopbl SQL B TpaH3akuuu AO/MKHbI OblTb YCMEWHO BbINOMHEHbI. EcAn Kakoin-nnbéo wu3
onepatopoB SQL He BbINOMHAGTCA, BCA TPaH3aKLMsA BO3BPaALLAETCA K MCXOLHOMY COCTOAHUIO 6asbl
[aHHbIX, KOTOpPOEe CyLLeCcTBOBA/IO L0 ee Havyana. YCcrewHasa TpaH3akumsa nepesogmt 6asy faHHbIX 13
OAHOr0 COrnacoBaHHOro cocTosHusA B fpyroe. CornacoBaHHOe COCTOSiHMe 6asbl AaHHbIX - 3TO
COCTOSIHME, B KOTOPOM BCe OTPaHMYEHUA LLeNOCTHOCTU AaHHbIX BbIMOJHAKTCS.

YTto6bl 06ecneuynTb COrNacoBaHHOCTb 6a3bl  [aHHbIX, KaXaas TpaH3akuusa [OJKHA
HauyMHaTbCA C 6a3bl JaHHbIX B W3BECTHOM COrnacoBaHHOM COCTOAHWW. Ecnu 6asa AaHHbIX He
HaxoA4uTCA B COrNacoBaHHOM COCTOSIHWMM, TpaH3akKumsa npueedeT K HECOBMECTUMOCTY 6asbl AaHHbIX,
KOTopas HapyllaeT ee LefoCTHOCTb. 10 3TOW MpUYKMHE, C YYEeTOM OrpaHuMyeHuii, KoTopble OyayT
06Cy)XaaTbCA MNO3Xe, BCe TpaH3aKUUMM KOHTPONMPYHTCA W BbinonHAwTcs CYB/[, 4To6bl
rapaHTMpoBaTh LLeNO0CTHOCTb 6a3bl AaHHbIX.

BONbLWWHCTBO peanbHbIX TpaH3akuui 6asbl AaHHbIX (OPMUPYHOTCA ABYMSA WAn 6Gonee
3anpocamm 6asbl faHHbIX. 3anpoc K 6a3e faHHbIX ABNSETCA 3KBUBaIEHTOM OA4HOro onepatopa SQL
B NPWKNaAHON nporpamMme WAW TpaH3akyuu. Hanpumep, ecnm TpaH3akKuus COCTOUT M3 [BYX
onepatopoB UPDATE u ogHoro onepatopa INSERT, TpaH3akuua ncnonb3yeT Tpu 3anpoca K 6ase
JaHHbIX. B CBOK o4epedb, KaXAblil 3anpoc K 6ase faHHbIX FeHepupyeT HECKO/IbKO onepawunii
BBoga/BbiBoga (1/0), KOTOpbIe YNTAKT UK 3aMUCLIBAIOT HA (DU3NYECKNIA HOCUTENb.

OueHKa pe3ynbTaTOB TpaH3akumMn. He Bce TpaH3akuuMu OOHOBAAKT 6asy AaHHbIX.
Hanpumep, nsyuyernune tabnuubl KJIMEHT, 4T06bl ONpeaennTs TEKYLLWIA JONAT AN KNWEHTa C KOAOM
4591 MOXeT 6bITb C MOMOLLbIO creaytolero koga SQL:

SELECT KNHKOA, KNIH~AONT

FROM K/IMEHT

WHERE K/1H KOJ, = 4591;

XO0TA 3aNpoC He BHOCUT HUKaKMX n3meHeHnin B Tabnuuy KIMEHT, kog SQL npeacTtasnseT
TpaH3akLui, MOCKO/IbKY OH obpaliaeTcd K 6ase pgaHHbiX. Ecny 6a3a faHHbIX Haxogmnacb B
COrnacoBaHHOM COCTOSIHMM [0 AocTyna, 6a3a AaHHbIX OCTAeTCA B COr/lacoBaHHOM COCTOSHWUW Noc/e

[0CTYyNa, NOCKONbKY TpaH3aKLus He n3MeHuna 6asy JaHHbIX.
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Ba3a fgaHHbIX: Toprossis

Ta6bnuua: YEK Ta6nuua: CTPOKA
YEK_KOJ[ KJ/H_KOJA YEK,OATA UEK_CYM YEK CKA, YEK WUTT YEK_TUN YEK_KOJ CTP_KOJ Toe_kops CTP_KOMN CTP_LEHA CTP_CYM
35647 4587 2020-07-20 80000 9020 70980 Han. 35647 1 65343 1 80000 80000
35648 4588 2020-07-25 72000 7500 64500 6GesHan. 35648 1 65335 1 50000 50000
35649 4589  2020-08-02 102500 10000 92500 kpeauT 35648 2 65336 1 22000 22000
35650 4595 2020-08-03 725200 72500 652700 KpeauT 35649 1 65330 1 52500 52500
35651 4591  2020-08-03 18000 0 18000 ypemur 1 35649 2 65335 1 50000 50000
35650 1 65343 2 80000 160000
35650 2 65332 5 101600 508000
35650 3 65335 1 50000 50000
35650 4 65339 1 7200 7200
35651 1 65337 1 18000 18000
Ta6bnuua: TOBAP
TOB_KOJZ, TOBHA3B T08_g1n TOBJXT TOBUEHA TOB_CKAO nert_ko}
65324 HoyTt6yk HP 17-cal1030,,. 04.07.2020 5 48700 10 6534
65325 HoyTt6yk Lenovo IdeaP... 15.07.2020 6 49900 10 6534
65326 HoyTtbyk G717-3875 DE... 30.06.2020 2 206999 10 6534
65327 HoyT6yk Lenovo IdeaP... 05.06.2020 4 98799 10 6534
65328 HoyT6yk HP 17-by3Q22... 06.06.2020 8 48199 10 6534
65329 HoyTt6yk ASUS M509DJ... 10.05.2020 5 44400 10 6535
65330 HoyT6yk HP 255 G7 <... 04.04.2020 2 52500 10 6535
65331 HoyTt6yk Lenovo IdeaP... 09.06.2020 6 43600 5 6535
65332 HoyTt6yk HP EliteBook... 03.06.2020 9 101600 ID 6534
65333 HoyTbyk Acer Aspire ... 25.06,2020 7 46999 10 6534
65334 TMnaHweT Huawei MateP... 08.06.2020 5 42500 10 6536
65335 [MnaHweTt Samsung Gala... 11.07.2020 2 50000 5 6536
65336 [naHweT Huawei MateP... 28.07.2020 4 22000 0 6536
65337 MnaHweTt Huawei Media... 09.07.2020 6 18000 0 6534
65338 [MnaHweT Samsung Gala... 11.06.2020 5 11700 0 6534
65339 MMnaHweT Lenovo TAB 7... 23.06.2020 8 7200 5 6535
65340 MnaHwerT Prestigio Wi... 08.06.2020 2 4500 5 6536
65341 [naHweT Digma Plane... 25.07.2020 4 5100 3 6535
65342 MnaHweT IRBIS <TZ89... 19.05.2020 6 6400 3 6534
65343 MnaHweT 1LVISEA#ACB ... 12.07.2020 4 80000 10 6534
Nonnua~NKANPHT
K/TH_KOA, K/TH_®AM KNMH_MA KnK_0Ty K/TH_AOP KNH_TEN Knh_gonts
4587 Crapogy60oB VBaH MaxomoBnY HwxHesapToBCK, Y1 Mupa, n0mM456, k8. 45 3466-079672 0
4588 bBesyknafHUKoOB  JleoHup AppviaHoBuY HwxHeBapToBCK, yn /leHuHa, Aom 386, kB. 14 3466-790681 0o
4589  OceHHbIX Hvikonaii CepadmmoBny HwKHeBapToBCK, Y/ MHTepHauvoHanbHas, 4om 332, kB. 25 3466-127339 92500
4590 TeHKuH FaBpynn MatBeeBunY HwxHeBapToBCK, YN CeBepHas, Aom 326, kB. 12 3466-729121 0
4591 Cepbix JyKbsAH KoHapatosuy HwxHeBapTOBCK, yn tOxHas, Aom 5, kB. 69 3466-163133 18000 1
4592  BpatueB Ecbpem Bnagummposuy HwxHeBapTOBCK, Yy flecHas, oM 6, kB. 5 3466-143952 0]
4593  UmKNKOB Bcesonog ®denotoBuY HwkHeBapTOBCK, YN BeceHHast, oM 12, kB. 63 3466-351466 242000
4594 TMonkos Aasung CemeHoBUY HwkHeBapToBCK, YN Mupa, Aom 636, kB. 50 3466-279008 158500
4595 KoHgparos Mnnonnt Kazvmuposuy HwxHeBapToBCK, YN 3anagHas, oM 2, kB. 25 3466-205378 652700
4596 JleBULKWMiA Epodpei CaBesibeBunY HwxHeBapToBCK, YN MHaycTpuanbHas, oM 45, k8. 652 3466-200245 0o

Puc. 26. TpaH3akyus B 6a3e gaHHbIX TOPIOBJIA

TpaH3aKLMa MOXeT COCTOATbL U3 04HOro onepatopa SQL mnmn Habopa cBA3aHHbIX 0NepaTopoB
SQL. B npeabigyLliem npuMepe npojax, UANKCTPUPYHOLEM CNOXHYIO TpaH3akLuuio B 6a3e AaHHbIX
TOPIrOB/A, 3 aBrycta 2020 rofa 3apeructpmpoBaHa npofaxa B KpeauT OAHOM e4UHULbI NPOAYKTa
65537 nokynatento 4591 3a 18000 pyb6neli. Tpebyemas TpaH3akuus BAWsSeT Ha Tabnuubl YEK,
CTPOKA, TOBAP un K/NIMEHT. Onepatopbl SQL, KOTOpble MPeAcTaBfAaAOT 3Ty TpaH3akuuio,
crnegytoume:

INSERT INTO YEK VALUES (35651, 4591, ‘2020-08-03’, 18000, 0, 18000, ‘kpeaut’);

INSERT INTO CTPOKA VALUES (35651, 1, 65337, 1, 18000, 18000);

UPDATE TOBAP SET TOB OCT =TOB OCT - 1WHERE TOB KOJ = 65337;

UPDATE KNIMEHT SET KNH~ONT = KNH”ONT + 18000 WHERE KJ/TH KO/ = 4591,

COMMIT.
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Pe3ynbraThl yCneHO 3aBEPIICHHON TPAaH3aKLUM MOKa3aHbl HA pUCyHKe 26. Bce 3ammcwy,
YYaCTBYIOINHE B TPAH3aKLIUHU, BbIACJICHBI KPACHBIM.

UroObl Jiydllle MOHSITH PE3yJbTAaThl TPAH3AKIUH, HEOOXOAMMO oOpaTWTh BHUMAaHHE Ha
cieaymwmuiee:

[1 Hosas ctpoka 35651 Obuia nobasiena B Tabiauy YEK.

[1 Beita mobasiieHa cTpoka ajs 4eka 35651, yroObl OTpa3uTh MOKYIMKY OAHOH €TWHHLIbI
ToBapa 65337 no uene 18000 pyOneii.

[1 Ocratok ToBapa 65337 B Tabnuue TOBAP Obu1 yMeHblleH Ha oauH, ¢ 7 10 6.

[1 JTonr knuenta 4591 61 oOHOBIIEH myTeM nobasienus 18000 py6ieii k CylecTByroIeMy

noary (nepBoHavyanbHOe 3HaueHue coctaBisuio 0,00 pyoneii).

'] Omneparop COMMIT ucnonb30Bajics AJsl 3aBEPLICHUS YCIIEIHOM TPaH3aKLIUH.

Ecnu mocne 3aBepiieHus nepBeIX Tpex onepaTopos SQL, BO BpeMsi BbINOJIHEHHS YETBEPTOTO
oreparopa KOMIIBIOTEPHAs CHUCTEMa TepseT DSJIEKTPOIHEPTUI0, TpPaH3aKLUUsg He MOXeT ObITh
3aBepureHa. boutn nobasnens! crpokn UEK u CTPOKA, tabnuua TOBAP Obuia 0OHOBNIEHA, HO Y
kiuenta 4591 He Obin oOHOBNeH amoar. CoorBercTBeHHO, BJl HaXOmHTCS B HECOBMECTHMOM
COCTOSIHUM M HE MOXET UCIONb30BaThCA AJIs nocnenyoumx Tpansakuuil. [Ipennonaras, uro CYB/]
MO IePKUBAET yIIpaBiieHue Tpan3akiusaMu, CYB ]l BBIMOJHUT OTKAT 0a3bl JaHHBIX 0 MPEObIAYINEro
COTJIaCOBAHHOI'O COCTOSIHHSI.

Bce ussectabie CYB]], Brmouas MS Access, Oracle, SQL Server u DB2, nogaep>xuBaroT
VIIPaBJIEHUE TPAH3aKIUSAMHU.

Xors CYBJ] mpenHa3sHaueHa JUIsi BOCCTAaHOBJIEHHMsS 0a3bl NAHHBIX IO NPEABIAYLIETO
COTJIACOBAHHOT'O COCTOSIHMS, KOT/Ia MpephIBaHUE IMPENOTBPAIIACT 3aBePLICHHE TPAH3aKIMH, caMa
TPaH3aKIMsI OMPEAeISsIeTCs] MOJIb30BATENEM WIM HNPOrPaMMHUCTOM M JNOJDKHA OBITh CEMaHTHYECKU
npaBuiibHON. CYBJ] HE MOXET rapaHTUpPOBaTb, YTO CEMAHTHYECKHH CMBICT TPaH3aKLHUU
IEeHCTBUTENBLHO NMPEACTABISIET pealibHoe coObrTue. Hanpumep, npeanonokum, 9To mocjie mpotaxu
10 emunun nponykra 65337 xomanga UPDATE st oOHOBneHus Oblna HamucaHa CIEAYHOLIMM
obpazomM:

UPDATE TOBAP

SET TOB OCT =TOB_OCT + 10

WHERE TOB_KOJI = 65337.

IMponaxka noypkHA ObLUIA YMEHBIIMTh OCTaTOK Il mpoaykra 65337 Ha 10. Bmecro storo
UPDATE no6asun 10 k 3Hagenno TOB_OCT.

Xots cuntakcuc komaunasl UPDATE mnpaBunbHbBIN, €€ HCMOIB30BaHHE HAET HEBEPHBIE
pe3yJabTaThl, TO €CTh 0a3a JAHHBIX HE COOTBETCTBYET peajbHOMYy CoObiTHIO. Tem He meHee, CYB]]
BBIMTOJIHUT TpaH3akiuio B mobom ciydae. CYB/] He MOXKET OLEHUTh, MPABUIBHO JIM TPaH3aKLUs
NPEACTaBJIsIeT peajbHOe COOBITHE, 3TO OTBETCTBEHHOCTb MOJIb30OBaTeNns. Ilonmp3oBarenu u
NPOTrPaMMUCTBI CITOCOOHBI BHOCHTH MHOT'O OITHOOK TaKUM CIIOCOOOM.

HermnpasunbHble TpaH3aKIMy MOTYT UMETh Pa3pyLINTENbHbIE MOCIEACTBUS sl IEIOCTHOCTH
6a3pl maHHbIX. Hekoropbie CYBJ], 0coOeHHO pensduuoHHAs Pa3sHOBHOHOCTb, MPENOCTABISIIOT

cpeacTra, ¢ NOMOMIbIO KOTOPBIX MOJIB30BATCIIb MOXKET ONPCAC/IATE NPUHYAUTCJIBHBIC OrPpaHUYICHUA

122



Ha OCHoBe 6u3Hec-npasun. [pyrve npasuia LENOCTHOCTW, TaKWe KakK Mnpasunia, perynupyroLne
CCbIJIOYHY LeSIOCTHOCTb WM LIeSIOCTHOCTbL 0ObLEKTOB, aBTOMATMYecku npumeHstotTca CYB npu
npaBuIbLHOM OMpejeneHnn CTpyKTyp Tabnuy, 4yto nos3sonset CYBJ npoBepATb HEKOTOPble
TpaH3akuuMu. Hanpumep, ecnv TpaH3akuusa BCTaBAAeT HOBbIA KO K/vWeHTa B Tabnuuy KAMEHTOB, U
3TOT HOMep yXe cyuwecTtsyeT, CYB/[] 3aBeplnT TpaH3aKuMi0 KOAOM OLWMOKMK, YKasblBalOLWUM Ha
HapyLeHne npasunna LenoCTHOCTM MePBUYHOIO Koua.

CeoilcTBa TpaH3akuun. Kaxpas oTgenbHas TpaH3akuus A0/MKHA 0To6paxaTb
aTOMapHOCTb, COr/laCOBaHHOCTb, W30MAUMIO U [LONTOBEYHOCTb. IOTU 4eTblpe CBOWCTBa WHOrAa
HasblBatOT TecToM ACLL. [laBainTe KpaTKo pacCMOTPUM KaXK[0€e 13 CBOMCTB.

* ATOMapHoCTb Tpebyer, 4TOObl BCe onepauun (3anpocbl SQL) TpaH3akuuu 6biu
3aBepLUEHbIl; ecnv HeT - TpaH3akuua oTMmeHseTca. Ecnum TpaHsakuma Ti nmeet yeTbipe 3anpoca SQL,
BCe YeTblpe 3anpoca AO/KHbl OblTb YCMELWHO 3aBepLUeHbl; B NPOTUBHOM C/lyyae BCA TpaH3aKLuua
npepbiBaeTcs. ApyruMu cnosamm, TpaH3akLMsa pacCMaTpMBaETCA Kak eanHas Hejenmmas normyeckas
efnHuMUa paboThbl.

» COrnacoBaHHOCTb yKa3blBaeT Ha NOCTOAHCTBO COr/laCOBaHHOr0 COCTOSHMA 6a3bl AaHHbIX.
TpaH3akyua nepeBoAUT 6asy [faHHbIX M3 O4HOr0 COrfiacoBaHHOro COCTOsSHMA B Apyroe. Korpga
TpaH3aKuus 3aBepLueHa, 6a3a faHHbIX J0/MKHA OblTb B COrlacOBaHHOM COCTOAHUW. Ecnn Kakaa-nnm6o
M3 YacTel TpaH3aKLMN HapyLlaeT OrpaHMYeHmne LenoCTHOCTH, BCA TpaH3aKLmsa npepbiBaeTcs.

* 130NMPOBAHHOCTb 03HAayaeT, 4TO [aHHble, WCMOMb3yeMble BO BpPeMf BbINOJIHEHUS
TpaH3aKuMu, He MOTYT UCNOMb30BaTbCA BTOPOW TpaH3aKuueln, noka nepsas He 6yeT 3aBepLleHa.
Opyrumun cnosamu, ecnu TpaH3akums Ti BbIMOMHAEGTCA M UCNOMb3YET 3MIEMEHT faHHbIX X, 3TOT
3/1EMEHT AaHHbIX He MOXKeT ObITb AOCTYMeH N060I apyroii TpaH3akuum (T2... Tn) Ao Tex nop, noka
He 3aKOHUYMTCA Ti. 9TO CBOWNCTBO OCO6EHHO NOJ/IE3HO B MHOTOMNO/Mb30BaTENbCKUX Cpefax 6a3 faHHbIX,
NMOCKONbKY NoMb30BaTe/In MOTyT OLHOBPEMEHHO 06palLaTbcs K 6a3e AaHHbIX M 0OHOB/MATHL €e.

» [10NroBeYHOCTb rapaHTUMpyeT, 4YTO MOCNe BHECEHWUA W MOATBEPXAEHUS W3MEHEHWN
TPaH3aKLUW UX HENb3S OTMEHUTL UM NOTEPATH, AaXe B C/iyyae c605 CUCTEMbI.

B pononHeHne K OTAeNlbHbIM CBOMCTBAM TpaH3aKUWMW, YKa3aHHbIM BbIlle, eCTb elie Of4HO
BaXHOE CBOMCTBO, KOTOpPOe TMNPUMEHSAETCA MNpY OLHOBPEMEHHOM BbINONHEHUN HECKOJIbKUX
TpaH3akuuii. Hanpumep, npegnonoxum, uto CYBJ wumeer Tpu TpaH3akuymm (Ti, Tr n T3),
BbINOJIHAKOLWMECA OAHOBPEMEHHO. [ MpaBUNbHOrO BbINOMHEHUS TpaH3akumin CYB[ pomkHa
nnaHUpoBaTh NapannenbHoe BbIMONHEHME ONepaLmnii TpaH3akunn. B aTom cnydae Kaxaas oTAeNbHas
TpaH3aKLmMa LO/MKHA COOTBETCTBOBATH cBOMCcTBaM ACLL, 1 B TO e Bpems rpauk Takux onepaumii
C HECKOMbKMMW TpaH3akuusaMW [O/XKEH [eMOHCTpUpOBaTb CBOMCTBO  CEpMann3yemMocTH.
CepuannsyemoCTb rapaHTupyeT, 4To rpagMkK OLHOBPEMEHHOrO BbINOMHEHUSA TpaH3akuui [acT
cornacoBaHHble pe3ynbTaTbl. ATO CBOWCTBO BaXXHO B MHOIOMNO/b30BaTE/IbCKUX W pacnpeesieHHbIX
6asax [aHHbIX, B KOTOPbIX HECKONbKO TpaH3aKUMin MOryT BbINOMHATLCA OLHOBPEMEHHO.
EcTecTBEHHO, ecnM BbIMOMHAETCA TONbKO OfHa TpaH3akuus, cepuann3yeMocTb He SABSETCH
npo6nemoii.

Cuctema OfHOMONb30BATENbCKOM  6a3bl  [JaHHbIX  aBTOMaTUYyeckuM  obecrneymBaeT

cepmann3yemMocTb M M30/18UNI0 6a3bl AaHHbIX, MOCKO/bKY OfJHOBPEMEHHO BbINONHAETCA TONbKO 0AHA
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TpaH3akuyMa. ATOMapHOCTb, COrNacoBaHHOCTb W AONITOBEYHOCTb  TPaH3aKuMi  AOSDKHbI
rapaHTuMpoBartbCs ofHONONb30BaTeNsCkuMn CYB/A. (Oaxe ogHononb3oBaTensckaa CYB/[ fo/mkHa
ynpaBnifaTb BOCCTAHOB/IEHNEM MOC/e OLWNOOK, BbI3BaHHbIX MPepbiBAHUAMM, CO0AMM ONepaLnoHHON
cUcCTeMbl, NepebosiMu B MUTAHUMN M HEHOPMabHbIMY 3aBEPLUEHUSMU NN COOAMMN MPUNOXKEHUIA).

MHoronosnb3oBaTesnibCKue 6a3bl JaHHbIX 00bIYHO MOLBEPratoTCA HECKONIbKUM Mapasne/ibHbiM
TpaH3akuuam. CrnegoBaTenbHO, MHOronosbs3oBatensckas CYB/ fonKHa peanv3oBbiBaTb 3/1EMEHThI
ynpasfieHns pans obecrnevyeHns cepmann3yeMocTV U U30NALUW TpaH3akuuii - B AOMNOJIHEHME K
aTOMapHOCTU W AONITOBEYHOCTM - AN1a obecneyeHMs CBOe LEeNOCTHOCTU W LEeNoCTHOCTU 6asbl
JaHHbIX. Hanpumep, ecniv HECKONbKO napanfieNlbHblX TpaH3aKuuii BbINOMHAKTCA A4NA O4HOM0 U TOro
e Habopa fJaHHbIX, a BTOpas TpaH3akuua 06HoBNsfeT 6a3y [faHHbIX A0 3aBeplieHUs MnepBol
TpaH3akKuUun, CBOMCTBO M30MSUMN HapyllaeTcsi, U 6as3a AaHHbIX MepecTtaeT ObiTb COrNacoBaHHONA.
CYb/[, nomkHa ynpasnaTe TpaH3aKUMAaAMU, NCNONb3YS METO/bl YNpaBaeHns napannenn3Mom, YToosl
n3bexaTb HeXenaTenbHbIX CUTYaLUIA.

Ynpasnenve TpaH3akunamu ¢ nomouwbio SQL. ANSI onpegenun ctaHgapTbl, KOTOpble
YyNpaBnAawT TpaH3akumsaMmy 6asbl gaHHbiXx SQL. MopaepXka TpaH3akuuii obecneynBaeTca ABYMS
onepatopamu SQL: COMMIT un ROLLBACK. CraHgaptel ANSI TpebywT, uT06bI, KOrga
nocnefoBaTe/lbHOCTb TPaH3aKLUMIA MHULMMPOBANach Mob30BaTeNeM UMW MPUKIaAHOW NporpaMMon,
nocnefoBaTe/IbHOCTb NPOAO/MKANach Yepes Bce nocnegytolmne onepatopbl SQL Ao Tex nop, noka He
NPOM30AAET O4HO U3 CNeAYIOLNX YeTbIpex COObITHIA:

0O Onepatop COMMIT pgocturaetcs, 1 B3TOM Clyyae BCe U3MEHEHMS 3anncbiBaoTCcs B 6asy
JaHHbIX. Onepatop COMMIT aBTOMaTMyecku 3aBepluaeTt TpaHsakuuo SQL.

Onepatop ROLLBACK [OCTUTHYT, 1 B3TOM C/lyyae BCe U3MEHEHMA OTMEHAKOTCSA, 1 6a3a
JaHHbIX BO3BpalaeTca K CBOEMY npefblayLemMy COrnacoBaHHOMY COCTOSAHMIO.

| KoHel nporpammbl ycnewHo AOCTUTHYT, 1 B 3TOM CNy4ae BCe M3MEHEHMA 3annCbiBalOTCA
B 6a3y faHHbIX. ITO AeicTBme akBMBaneHTHO COMMIT.

| Mporpamma aBapuilHO 3aBepLleHa, WM B 3TOM C/ly4yae MW3MeHeHUs 6asbl AaHHbIX
OTMeHAITCA, U 6as3a AaHHbIX BO3BpalLaeTCs K CBOEMY NpefbligyLiemy COrfiacOBaHHOMY
COCTOSIHMIO. ITO aeicTBUe 3KBMBaneHTHO ROLLBACK.

Wcnonb3osaHne COMMIT nnntoctprupyeTca B cnefyroLlem yrnpoLweHHOM NpuMepe npojax,
KOTOpbIA 0OHOBAAET KONMYeCcTBO ToBapa B Hannumm (TOBOCT) n JONr KAMeHTa, Korga KaneHT
nokynaeT ABe efuHuUbl npogykta 65335 no yeHe 50000 py6nein 3a eguHULy (Ha 06LWY0 CyMMy
100000 py6neir):

UPDATE TOBAP

SET TOB OCT =TOB OCT- 2

WHERE TOB KO/ = 65535;

UPDATE KNIMEHT

SET KNTHAONT = KNHAOANT + 100000

WHERE K/THKO I = 4589;

COMMIT.
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Onepatop COMMIT, uCNONb30BaHHbLIN B NpeAblgywemM npumepe, He SBAdeTCS
o6sa3atenbHbIM, ecnu onepatop UPDATE saBndetcs NOCNegHUM [eACTBMEM MNPUIOXKEHUS, 1
NpUIoXeHne HOopMasnbHO 3aBepllaeTca. OfHaKO XOopoLas npakTukKa NporpaMMmnpoBaHus Tpebyer,
4yTo6b! BKNOYanu onepatop COMMIT B KOHUe 06bABNEHUA TPaH3aKLUN,

TpaH3akuMa HauyMHaeTCAa HeABHO, KOrja BCTpeyaeTcs nepBblii onepatop SQL. He Bce
peanusaumn SQL cooTteeTcTBYIOT cTaHaapty ANSI; Hekotopbie (Hanpumep, SQL  Server)
MCNONMb3YKT OnepaTopbl YMpaBfeHWs TpaH3akuuMaMKU, Takue, Kak crnefytouime, 4TobObl yKasaTb
Hayasio HOBOW TpaH3aKUun:

BEGIN TRANSACTION.

Opyrve peanusauumm SQL no3BONAKT Ha3HayaTb XapakKTepUCTUKU ANa TpaH3akuui B
KauyecTBe napameTpos onepatopa BEGIN. Hanpumep, CYB/[, Oracle ncnonbsyet nHcTpykuuo SET
TRANSACTION ana 06bsBneHNA Hayana HOBOWM TpaH3aKLMy 1 ee CBOMCTB.

XXypHan TpaHsakynii. CYB[, ncnonb3yet >ypHan TpaH3akuuil ans oTCNeXuBaHUsS BCeEX
TpaH3aKLWii, KoTopble 06HOBAAIOT 6a3y AaHHbIX. CY B/ ncnonb3yeTt NHPOPMaLNIO, XpaHAaLLYyCcs B
3TOM )KypHane, Ans TpeboBaHUS BOCCTAHOBMEHWUS, BbI3BaHHOr0 onepatopom ROLLBACK,
HeHOpPMasibHbIM 3aBEPLUEHMEM MPOrpaMMbl UM CUCTEMHBLIM OTKa30M, TaKMM Kak owunbka cetn unu
cooin aucka. Hekotopble CYPB/J, ncnonb3ylT XYypHan TpaH3akKuuii Ans BOCCTAaHOB/EHUS 6as3bl
JaHHbIX [0 TeKyLWero CcornacoBaHHOro cocTtosHus. Hanpumep, nocne c6os cepsepa Oracle
aBTOMaTUYeCKM OTKaTbiBaeT He3aMKCMPOBaHHbIE TPaH3aKL UM N 0TKaTbIBaeT TPaH3aKLUUN, KOTopble
OblI 3ahMKCUPOBAHbI, HO elle He 3anucaHbl B (PM3MYecKyto 6a3y JaHHbIX. Takoe noBefeHue
TpebyeTcs 415 KOPPEKTHOCTU TpaH3aKuMu U TUNMYHO A4Na Nto60i TpaH3akuymoHHol CYB/.

XoTa CYB/[ BbINOAHSET TpaH3aKLMK, KOTOpPble W3MEHAT 6a3y [AaHHbIX, OHa TaKXe
aBTOMaTUYeCKn 06HOB/IAET XYpHaN TpaH3akuuin. B XypHase TpaH3aKLnil XpaHUTCS cregytoLlee:

I 3anucb 0 Hayase TpaH3aKuuu.

| [nga Kaxaoro KOMNoHeHTa TpaH3akuun (onepatop SQL):
* Twn BbinonHsemow onepayumn (INSERT, UPDATE, DELETE).
* VIMeHa 00bEKTOB, 3aTPOHYTbIX TpaH3akumel (HasBaHue TabnmLbl).
e 3HauyeHuns «I0» U «M0oCne» Ans 06HOBASAEMbIX MOMEN.
e YKasatenu Ha npefblAyLLy0 U CNefylOULyt0 3anucy XypHana TpaH3akuuin ans
TOW Ke TpaH3aKuuu.

O OkoHyaHue (COMMIT) TpaH3akuuu.

XO0Ta MCnonb3oBaHUe XXypHana TpaH3akuuid yBennumBaeT Harpysky Ha obpabotky CYB/,
BO3MOXXHOCTb BOCCTAHOBNEHUS MOBPEXAEHHON 6a3bl JaHHbIX CTOUT CBOKO LiEHY.

Ecnv nponcxoauT cucteMHblii cooin, CYB /[ npoBepuT XypHan TpaH3akuuii Ha npegMeT BcexX
He3aBepLUEeHHbIX UM HeNOATBEPXAEHHbIX TpaH3akumnii n socctaHoBuT (ROLLBACK) 6a3y faHHbIX
[0 ee npefblfyLlero COCTOAHWA Ha OCHOBE 3TOW WH(opmauun. [0 3aBeplieHMM npoLecca
BoccTaHoBneHns CYB/ 3anuileT B XXypHan BCe NOATBEPXKAEHHble TPaH3aKUMU, KOTOPbIEe He Oblnn
(hM3nYecKM 3anucaHbl B 6a3y faHHbIX 40 BO3HUKHOBEHMUSA CHOS.
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Ecnn ROLLBACK Bbigaetcs fo 3aBeplueHunsa TpaH3akumu, CYB/J] BOCCTaHOBMT 6a3y faHHbIX
TO/IbKO N1 3TOM KOHKPEeTHOM TpaH3akKLmu, a He A4/18 BCeX U3 HUX, YTO6bl COXPaHUTb JO/ITOBEYHOCTb
npeablayLwmx TpaH3akymin. pyrumm cnoBamu, COBEpPLUEHHbIE TPaH3aKLUN He 0TKaTbIBAKOTCS.

YKypHan TpaH3akLuii ABNAETCA BXXHOW YacTbio 6a3bl aHHbIX, 1 OH 006bIYHO peann3yeTcs Kak
Of4VMH VAN HECKONbKO (haiifioB, KOTOPble YNpaBnalTCAa OTAENbHO OT (hakTuyeckux haiifioB 6asbl
JaHHbIX. JKypHan TpaH3akuuii nNofBepXeH pacnpoCTpaHEeHHbIM OMacHOCTAM, TakKUM  Kak
nepenosiHeHNe Aucka u c6oi auncka. MOCKOMbKY >KypHan TpaH3akKuuil COLepXUT HEKOTopble
Hanbonee BaXHble AaHHble B CYB[, HekoTOpble peannsauun MNOALEPXKMBAKT >XKYpHaibl Ha
HECKO/IbKMX pasHbIX AWUCKaX, YTOObl yMEHbLUUTb MOCNeACTBUA COHOA CUCTEMBI.

7.2. TlapannenbHble TpaH3aKLmn

KoopgmHauusa OQHOBPEMEHHOrO BbIMO/HEHWUA TpaH3aKUWMin B MHOr0OMo/b30BaTe/IbCKOM
cucteme 6a3 faHHbIX Ha3blBaeTcs KOHTPONEM napannenusma. Lienbto KOHTpONs napannennsma
ABNSeTCA obecneyveHne Ccepuann3yemocTn TpaH3aKuUMiAi B MHOrOMOMb30BaTeNbCKOM cpede 6a3
JaHHbIX. [ONnd LOCTWKEHUS 3TOM Lenn 60/bLIMHCTBO MeTOLO0B YNpaBieHWUs napanienn3Mom
OPVMEHTUPOBAHbl Ha COXpaHeHWe CBOWCTBA W30NSLMW  NPU  OAHOBPEMEHHOM  BbIMONHEHUN
TpaH3akuuii. KOHTponb napannennsMa BaXeH, MOTOMY 4YTO OJHOBPEMEHHOE BbIMO/HEHUE
TpaH3aKUWnin Hag obLeli 6a30i JaHHbIX MOXET c03[aTb HECKObKO NP06/1emM LeIOCTHOCTU AaHHbIX U
COrnacoBaHHOCTU. Tpu OCHOBHble NPOGAEMbI - 3TO NOTEPAHHbIE 0OHOBEHNSA, He3aPUKCUPOBaHHbIe
JAaHHble N HenocnefoBaTe IbHbIN MOUCK.

MoTepsHHble 06HOBNEHMA. [pobnema MNOTEPSHHOrO OOHOBNEHUS BO3HMKAeT, Korga ABe
napannenbHble TpaH3akuum Ti u Tr, 06HOBAAKT OAUH W TOT XK€ 3/EeMEHT [aHHbIX, U OAHO W3
06HOBNEHWIA TepsaeTca (MepesanucbiBaeTcs APYrov TpaH3akumel). YTobbl yBUAeTb UAMKOCTPaLuio
NOTEPAHHbIX 0OHOBNEHWI, MOXHO MOCMOTpeTb Tabnuyy TOBAP. OgHum 13 aTpubyToB Tabnumubl
ABNAeTCA KoNmM4yecTBo ToBapa B Hanmumm (TOBOCT). MNMpednosioXnm, 4To ecTb TOBAp C TEKYLLMM
3HayeHnem TOB OCT 25. Takxe npegnonoXum, YTo NPOUCXOAAT ABe napasfiefibHble TpaH3akuum,
Ti n T2 n 06HOBAAKT 3HayeHne TOB OCT pna HekoToporo anemeHTta B Tabnuue TOBAP.
TpaH3akuMy nokasaHbl B Tabnuue 17.

Tabnuua 17
[Be napannenbHble TpaH3akuum Hag TOB OCT
TpaHsakumna BbluncneHue
Tb Mokynka 50 egnHuL, TOB OCT =TOB_OCT + 50
Tr. Mpogaxa 20 egnHny, TOB OCT=TOB OCT-20

Tabnuua 18 nokasbiBaeT MocnefoBaTe/bHOe BbIMOSHEHWE TpaH3akuuidi Npy HOPManbHbIX
06CTOATENbCTBAX, BblAaeT NpaBuabHbIA 0TBeT TOB OCT = 55.
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Tabnuua 18
MocnefoBaTe/lbHOE BbINOHEHME ABYX TPaH3aKLNii

LWar TpaH3akuma KomaHaa Pesynbtar
1 T, UteHne TOB OCT 25
2 T, TOB_OCT=25+50
3 T, 3annce TOB OCT 75
4 T2 UteHne TOB OCT 75
5 T2 TOB OCT=75-20
6 T2 3annce TOB OCT 55

MpeanonoXxum, 4To TpaH3akumMa MoXeT npoynTaTb 3HadyeHne TOBOCT wu3 Tabnuubl fo
TOro, Kak Oblna coBepleHa npedblgywias TpaH3akuuMsa, WCNOMAb3ys TOT >Ke  ToBap.
MocnefoBaTeNbHOCTb, 3anMcaHHasa B Tabnuue 19, NokasbiBaeT, Kak MOXeT BOSHUKHYTb npobiema c
NOTePAHHbIM 06HOBNEHMEM. HY>XXHO 06paTUTb BHUMaHMe, YTO nepBas TpaH3akyma (Ti) ewie He 6bina
3ahMKcMpoBaHa npu BbINOMIHEHMM BTOPOWA TpaH3akuum (Tr). CnegosatenbHo, T2 Bce ewe paboTaet
CO 3HayeHuneM 25, 1 ero BblunTaHe faeT 5 B namATh. TeM BpeMeHeM, Ti 3anucbiBaeT 3HavyeHue 75

Ha AUCK, KOTOPbIN 6bICTPO nepesanucbiBaeTca Tr. A go6asneHve 50 efUHUL, «TepseTCA» BO Bpems

npovecca.
Tabnuua 19
MoTepsAHHbIE 06HOBNEHNA
LWar TpaH3akuns KomaHpa PesynbTat
1 b YteHne TOB OCT 25
2 T2 YteHne TOB OCT 25
3 b TOB OCT=25+50
4 T2 TOB OCT=25-20
5 b 3anuce TOB OCT 75
6 T2 3anuncs TOB OCT 5

HesaukcupoBaHHble faHHble. ABfeHMe He3aPUKCMPOBAHHbLIX AaHHbIX MPOMCXOAWUT TOrAa,
Korga ABe TpaHsakuuu Ti v Tr BbINOMHAKTCA OLHOBPEMEHHO, W nepsas TpaH3akuusa (Ti)
OTKaTblBaeTCa nocne TOro, Kak BTopad TpaHs3akuua (Tr) yxe nonyydmna pfoctyn K
He3aMKCUMPOBAHHbLIM AaHHbIM, YTO HapyLlaeT CBOMCTBO M30M1ALUMN TpaH3akuuin. Mpumepom 6yayT
Te XKe TpaH3aKUuKn, KoTopble OnucaHbl BO BpeMs 06CYXAEHUA NOTEPSAHHbIX 06HOBNEHUA. Ti nmeeT
[Be aTOMapHble YyacTu, nepsas - 06HOBNEHME OCTATKa TOBapa; BTOpas - OOHOB/IEHNE CYMMbl Yeka.
Ti BbIHYX/[€EH OTKaTUTbCA M3-3a OWMOGKN Npu 0OOGHOBMEHUN CYMMbl; OH MOMHOCTbLI OTKaTbiBaeTCH,
OTMeH#Aa TakXKe 06HOB/IEHMe OCTAaTKOB ToBapa. Ha 3ToT pa3 TpaH3akums Ti OTKaTbiBaeTCs, 4TO6bI
NCKNUYNTL gobasneHne 50 egnHuy - Ttabnuua 20. MockonbKy Tr BbluMTaeT 20 U3 UCXOLHbIX 25

eANHNL, NPaBUbHbIA OTBET JO/MKEH ObITb 5
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Tabnuua 20
TpaH3akuun, cozgarolme cuTyaumo "He3aUKCUPOBaHHbIE JaHHble"

TpaHsakuns BbluncneHune
Tb Mokynka 50 egnHnL, TOB OCT =TOB OCT + 50 (OTMEHEH)
T2 Mpopaxa 20 eanHUL TOB OCT=TOB OCT -20

Tabnuua 21 nokasbiBaeT, Kak MocnefoBaTe/bHOE BbIMNOSIHEHWE 3TUX TpPaH3aKUWii AaeT
NpaBUbHbIA OTBET NPU HOPMasbHbIX 06CTOATENLCTBAX.

Tabnuua 21
MpaBunnbHOE BbIMOMHEHWE BYX TPaH3aKLINIA
LWar TpaHsakuma KomaHga Pesynbtar

1 Ti Urenne TOB OCT 25
2 Ti TOB_OCT=25+50

3 Ti 3anuce TOB OCT 75
4 Ti ROLLBACK 25
5 b YteHne TOB OCT 25
6 b TOB_OCT=25-20

7 b 3anucs TOB OCT 5

B Tabnuue 22 nokasaHO, KaKk MOXeT BO3HWKHYTb npob6rema C He3aPUKCUPOBAHHbIMM
faHHbIMK, korga ROLLBACK 3aBeplueH nocse 1oro, Kak Tr Hayan CBOE BbIMOJIHEHME.

Tabnuua 22
Cutyaumsa "He3a(MKCMPOBaHHbIE AaHHbIe"
LWar TpaH3akyns KomaHga PesynbTtar

1 Ti YteHne TOB OCT 25
2 Ti TOB OCT=25+50

3 Ti 3anucs TOB OCT 75
4 T2 YteHre TOB OCT (HesahmKcmMpoBaHHbIE faHHbIe) 75
5 T2 TOB OCT=25-20

6 Ti ROLLBACK 25
7 T2 3anuce TOB OCT 55

HecoBmecTuMble K3BNeYeHUSA. HecornacoBaHHble  M3BMEYEHUA MNPOMCXOAAT, Korga
TpaH3akuus obpaliaeTcs K JaHHbIM O M MOCNe TOro, Kak OfHa UaN HECKObKO APYTUX TpaH3aKLuii
3aKaH4MBalT paboTy C TaKUMU JaHHbIMW. Hanpumep, HECOrnacoBaHHbIN MOUCK MOXET MPOU30NTH,
eCcnn TpaH3akuusa Ti BblUMCAAET HEKOTOPYH arperatHyt (YHKUUIO, B TO Bpems KakK fgpyras
TpaH3akuus (T2) 06HOBNSAET Te Xe AaHHble. [pobaema 3aknoyaeTcs B TOM, YTO TpaH3aKLMs MOXeT
NPoOYMTaTb HEKOTOPbIE AaHHble A0 TOro, Kak OHW OyAyT U3MEHEHbI, N APYrue AaHHble nocne Toro,
Kak OHV Oy[yT U3MeHeHbl, YTO NPUBELET K NMPOTMBOPEYMBbLIM pe3yfbTaram.

Cnepytouime ycnosumsa NpoulOCTPUPYOT npobnemy:

1 Ti Bbluncnset obLiee KOMYeCTBO TOBAPOB, XpaHAwmxca B Tabnnue TOBAP.

2. B 10 e Bpemsa Tr o6HOBNAET uMetoLeeca konmyectso (TOB OCT) gns 4BYyX TOBapoOB.
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[Be TpaH3akuMy nokasaHbl B Tabnuue 23.
Tabnuua 23
3BneyeHve Bo BpeMs 0OHOB/IEHNUSA
TpaH3sakumns Ti TpaH3akung T3

SELECT SUM(TOB OCT) FROM TOBAP UPDATE TOBAP
SETTOB OCT=TOB OCT+5
WHERE TOB KO/= 65330
UPDATE TOBAP
SETTOB OCT=TOB OCT -5
WHERE TOB KOJ= 65338
COMMIT

B 10 Bpems kak Ti BblYMCNAET CyMMapHbIli ocTaTok ToBapoB (TOBOCT) ans Bcex No3uuumi,
Tr npefCcTaBnseT ncrnpasaeHne oWNOKN MeyvaTn: nosb3oBaTesb o6asun 5 WTYK K ToBapy 65338, HO
HamepeBancd [06aBUTb 5 WTYK K ToBapy 65330. YT06bI ycTpaHUTL npobnemy, MNoJsib30BaTe/Nb
pobasndeT 5 k ToBapy 65330 u BblunTaeT 5 13 ToBapa 65338. Hauya/ibHble U KOHEYHbIE 3HAYeHUd
TOB OCT oTpaxeHbl B Tabnuue 24.

Tabnuua 24
PesynbTat TpaH3akuum
Jo Mocne

TOB KO/J TOB_OCT TOB_OCT

65330 2 2+5—p7
65331 6 6
65332 9 9
65333 7 7
65334 5 5
65335 2 2
65336 4 4
65337 6 6

65338 5 §9E — o
NTOro 46 46

XO0TSi OKOHYaTe/lbHble pe3ynbTaTbl, NOKasaHHble B Tabnuue 24, BepHbl NOCNE KOPPEKTUPOBKMU,
Tabnuua 25 nokasbiBaeT, YTO BO BPEMSA BbIMONHEHMUA TpaH3aKLMW BO3MOXHbI HECOr/lacoBaHHbIe
M3BNEYEHNA, 4YTO AenaeT pe3ynbTaT BbINOAHEHMA Ti HeKOppeKTHbIM. CymmupoBaHue «[llocne»,
nokasaHHoe B Tabnuue 25, oTpaxkaeT To, YTO 3HavyeHue 0 gna ToBapa 65338 6bINO NpoYMTaHO Nocre
BbInonHeHus onepatopa UPDATE. Takum o6pa3om, nTorosoe 3HayeHue «llocne» pasHo 41 + 0 = 41.
MTorosoe 3HaueHue «[lo» oTpaxkaeT To, YTO 3HaYeHue 2 4514 ToBapa 65330 6b1710 MPOUYMTAHO [0 TOrO,
Kak 6blna BbiNOMHeHa cnegytowas kKomaHga UPDATE, uTo6bl MCNpaBUTh 3Ha4YeHWe Ha 7.
CneposatenbHO, ntoro «flo» cocraenaetr 0 + 2 = 2.
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Tabnuua 25
HecoBmecTumoe n3BneveHme

LWar TpaH3akuns KomaHpa 3HaueHune WToro
1 Ti UreHne TOB OCT gna TOB_KOA=65330 2 2 (0o)
2 Ti UteHne TOB OCT gna TOB_KO/[=65331 6 8
3 Ti UrteHne TOB OCT gna TOB KOA=65332 9 17
4 T2 UreHne TOB OCT gna TOBKO/4=6533() 2
5 T2 TOB OCT=2+5
6 T2 3anuce TOB OCT gna TOB_KOA=6533() 7
7 Ti Urtenne TOB OCT gna TOB_KO/=65333 7 24
8 Ti UrteHrne TOB OCT gna TOB_KO/4=65334 5 29
9 Ti Urenne TOB OCT gna TOB_KO/=65335 2 31
10 T2 Urenne TOB OCT gna TOB_KO/=65338 5
n T2 TOB OCT=5-5
12 T2 3anucs TOB OCT ana TOB_KO/4=65338 0
13 T2 COMMIT
14 Ti Urtenne TOB OCT gna TOB_KO/A=65336 4 35
15 Ti UreHne TOB OCT gna TOB KOA=65337 6 41
16 Ti Urenne TOB OCT gna TOB KOA=65338 0 41 (Mocne)

BbluncneHHbln oTBET 41, 04YeBMAHO, HEBEPEH, MOCKONbKY M3 Tabnuubl 24 W3BECTHO, 4TO
npaBuibHbIN 0oTBeT = 46. Ecnv CYBJ[ He ocywecTBiseT KOHTPO/Ab nNapannenusma, cpefa
MHOr0nob30BaTeIbCKOW 6a3bl AaHHbIX MOXET C034aTb XaoC B MH(OPMaLMOHHOW CUCTEME.

MnaHupoBLMK. CepbesHble MPO6eMbl MOTYT BO3HUKHYTb NPU BbINOIHEHUN LBYX UK 60n1ee
napanfenbHblX TpaH3akumii. TpaH3akuusa 6asbl AaHHbIX BKIKOYaeT B ceba pafg onepaunin Beoga-
BbIBOJA, KOTOpble MepeBOAAT 6a3y fAaHHbIX W3 O4HOr0 COrnacoBaHHOr0 COCTOSIHUA B ApYroe.
CornacoBaHHOCTb 6a3bl AaHHbIX MOXET ObiTb 0OecneyvyeHa TOMbKO A0 M MNOC/Ae BbIMOMHEHMUS
TpaH3akuuii. basza pJaHHbIX BCerga MpPOXOAWUT u4epe3 HeusbeXHoe BPEeMEHHOe COCTOSAHUue
HEecoOTBETCTBMA BO BPEMSA BbINOMHEHUS TPaH3aKL MK, eCcnv Takaa TpaH3akuma 06HOBASET HECKObKO
Tabnuy M CTPOK. BpeMeHHOe HeCOOTBETCTBME CYLLEeCTBYeT, MOCKO/IbKY KOMMbIOTEP BbIMOHSAET
onepauun nocnefosaTefibHO, OAWH 3a ApyruMm. Bo Bpemsa 3Toro nocnefoBaTeslbHOro npouecca
CBOWCTBO M30MAUUM TpaH3aKUMA He MO03BOMSET WM MOMAyYaTb AOCTYN K AaHHbIM, elle
HEBbIMYLLEHHbIM APYTMMW TpaH3aKuuaMK. 3TO COOOpakeHue elle 60/ee BaXXHO CEroAHs C
NCNONb30BaHMEM MHOTOSIIEPHbIX NPOLECCOPOB, KOTOPbIE MOTYT BbIMOHATb HECKO/TbKO UHCTPYKLIUTA
OIHOBpPeMEHHO. YTO npous3oingeT, ecnu [ABe TpaH3aKUWW BbIMOAHAKTCA OJHOBPEMEHHO, U OHMU
nony4yatT JOCTYN K O4HUM U TeM Xe faHHbIM?

B npegbigywinx npumMepax ornepawlum BHYTPWU TpPaH3aKLWUW BbIMOMIHAMUCL B NMPOWU3BOLHOM
nopsgke. MNoka gBe TpaHsakuuu, Ti u Tr, 06pawjatoTCd K HECBA3aHHbIM fAaHHbIM, KOH(AMKT
OTCYTCTBYET, Y NOPALOK BbINONHEHNS HE MMEET OTHOLIEHUWSA K KOHEYHOMY pe3ynbTaty. OfHaKo, ecu
TpaH3akuum paboTaldT C COOTBETCTBYHOLWWMU [AHHBIMWU WAN OQHUMW W TEMMW >Xe [aHHbIMWU,
BO3MOXEH KOHMIMKT MeXy KOMMOHeHTaMu TpaH3akuumn, u Bbl6Op O4HOro NopsagKa BbIMOJIHEHMA
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Haf APYrMM MOXET WMETb HeKOTOpble HexenaTefbHble mnocneacTsuda. Kak onpegensetcs
npaBU/bHbIA MOPAAOK, N KTO onpedenseT aToT nopsagok? K cyacteto, CYB/[, cnpaBnserca ¢ aTuUM
CNOXHbIM Ha3Ha4YeHMem C NOMOLLbH BCTPOEHHOI0 NaHUPOBLLMKA.

MnaHnpoBLUMK - 3TO 0co6bIv npouecc CYB/, KOTOpbIA ycTaHaBNMBaeT NOPALOK, B KOTOPOM
onepauun BbIMOMHAKTCA B NapafiefibHbiX TpaH3akumax. MaaHupoBLMK YepeayeT BbINOSHEHME
onepaunin 6asbl faHHbIX, YTOObI 06ecneuynTb Cepnann3yeMocTb U U30NALMI0 TpaH3akuuid. YToobbl
onpefennTb COOTBETCTBYHOLWMIA NOPAAOK, MIaHUPOBLWMK OCHOBbIBAET CBOM [AENCTBUA Ha
anropuTMax ynpasfieHUs napanfieIM3MoM Takux, Kak MeTofbl 6/I0KUPOBKM UAN OTMETKW BPEMEHM.
OfiHaKo BaXKHO MOHUMaTb, YTO He BCe TpaH3akKuuu asnarTcs cepmannsyemoimn. CYB/l onpenenser,
Kakme TpaH3akuun SBNAKOTCA TakKMMK, M MO o4vepean BbINoAHAeT ux. OCHOBHas 3afjava
NAaHUPOBLLMKA 3aK/H0YaeTCa B CO3J4aHMM Cepuann3yemoro pacnucaHus onepauuii TpaH3akuum, B
KOTOPOM YepefoBaHHOE BbINOMHeHWe TpaH3akuyuii (Ti, Tr, T3 1 T.4.) AaeT Te Xe pe3ynbTaTbl, Kak
ecnu 6bl TpaH3aKLMKN BbIMONHANNCL B NOCNeA0BaTE/IbHOM MOPSLKe.

MnaHnpoBLYMK TakXKe obecrneymBaeT 3(P(PEKTUBHOE WCMONb30BaHME LEHTPanbHOro
npoueccopa KoMnbioTepa U namaTn. Ecnm 6bl He BbII0 BO3MOXHOCTM 3anjaHMpPoBaTh BbIMO/HEHWE
TpaH3aKUuWii, BCe OHWM OblN Obl BbIMOMHEHbLI B MOPAAKe NocTynneHus. MNMpobnema 3TOro noaxoga
3aKno4vaeTcs B TOM, 4YTO Bpems 06pabOTKM TepseTcs, Korfga npoLeccop OXuAaeT 3aBepLueHus
onepaunn READ wnn WRITE, Tem caMblM Tepasd HECKONbKO LWMKAOB. [M1aHWpOBaHWE «MepBbIM
npuwen, NepebiM 06CNYXeH» B MHOronosib3oBaTenbCKoi cpege CYB/ npuBoanT K HeAOMYCTUMOMY
BPeMeHU OTKNuKa. [o3aTomy AN NoBblWeHUs 3 (HeKTUBHOCTM BCEN CUCTEMbI HEOOXOANM KaKON-TO
ApYrov meToA niaHupoBaHMA.

Kpome TOro, nnaHMpoBLLMK 06/1€ryaeT M30MALMI0 [aHHbIX, YTOOblI [Be TpaH3akuuu He
OBGHOBNANM OAWH W TOT XXe 3/IeMeHT [aHHbIX OAHOBpPEMeHHO. Onepauuu ¢ 6a30i JaHHbIX MOTyT
notpe6osatb feincteuii READ u/vunn WRITE, KoTopble BbI3blBAOT KOH(AMKTLI. Hanpumep, B
Tabnuue 26 nokasaHbl BO3MOXHble CLEHapun KOH(AWKTa, KOrga fAse TpaH3akuum Ti wn Tr,
BbIMOJIHAKTCA OLHOBPEMEHHO ANA O4HUX U TeX Xe AaHHbIX. ObpaTtnTe BHMMaHWe, 4To B Tabnnue 26
[Be orepaumnn Haxo4AaTCa B KOH(/IMKTE, KOrAa OHW NOJy4alT OCTYN K OA4HUM U TEM XKe [aHHbIM, U
Nno KpaiHein mepe ofHa U3 HUX siBndeTcs onepayveid WRITE.

Tabnuua 26
KOH(ANKT uTeHune/3anuco
TpaH3akymn
Ti T2 PesynbTar
UteHune YTeHue be3 KoH(MKTa
UteHune 3anucb KoHhnnkT
Onepauus
3anmcb UTeHune KoHhnnkT
3anuco 3anuco KoHimkr

BbiNo NpeasoXeHO HECKONbKO MeTOALOB A8 NNaHUPOBAHWUSA BbINMONHEHUS KOHPNNKTYHOLNX
onepauyuii B napannefbHbIX TpaH3akKUuMax. IOTU MeToAbl KnaccuuuupytoTcs Kak 6/10KMPOBKa,
OTMETKa BPEMEHM M ONTUMUCTUYHbIe. MeToAbl 6IOKMPOBKM, 06CYXaaemble fanee, UCNOJb3YHTCS

Yyatlle BCEro.
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7.3. YnpaBneHve ¢ MeToaaMmn 6/10KMPOBKU

MeToAbl 610KMPOBKN SBAAKOTCA OAHMM W3 Hambonee pacrnpoCTPaHEHHbIX METOLOB,
MCNOMIb3yeMbIX B yMpaBfeHUN napannesn3aMoM, NOCKObKY OHM 061eryatoT U30ALNI0 3/IEMEHTOB
JaHHbIX, UCMONb3YeMbIX NPU OAHOBPEMEHHOM BbINOSIHEHUMN TpaH3aKumWii. BIOKMPOBKa rapaHTupyeT
NCKNOYNTENIbHOE UCNO/b30BaHME 3/1eMeHTa AaHHbIX 415 TeKyLel TpaH3akuumn. pyrumm cnosamu,
TpaH3akuus T2 He MMeeT J0CTyna K 31eMeHTY AaHHbIX, KOTOPbIA B faHHbIi MOMEHT UCNOMb3YyeTCs
TpaH3akumein Ti. TpaH3akyMa nonyvaeT OM0KMPOBKY [0 [OCTyMa K faHHbIM; 6/10KMPOBKa
CHMMaeTCA, Korga TpaH3aKuus 3aBepluiaeTcsi, TaKk 4TO Apyras TpaH3akuusa MOXeT 3ab6/10KuMpoBathb
3N1eMEHT AaHHbIX AN er0 UCKIKUYNTENbHOIO UCMONb30BaHUA. JTa cepus 6NOKUPYHOWUX AeNCTBUN
npegnonaraet, YTO NapanfefibHble TpaH3aKLMM MOTYT MbITaTbCA MaHUMNY/IMPOBaTb OAHUM U TEM XKe
3/1EMEHTOM [aHHbIX B OAHO M TO >Xe BpemsA. Mcnonib3oBaHMe G610KMPOBOK, OCHOBAHHbLIX Ha
NPesnooOXXeHNN O BEPOATHOCTU KOH(AMKTA MeXAY TpaH3akumsMu, 06bIYHO HasblBaloT
NecCMMUCT UYECKOI BNOKMPOBKOIA.

CornacoBaHHOCTb [aHHbIX He MOXeT OblTb rapaHTMpoBaHa BO Bpemsa TpaH3akuuu; 6asa
JaHHbIX MOXET Haxo4uTbCs BO BPEMEHHOM HECOBMECTMMOM COCTOSIHAWM MpU  BbINOJHEHUN
HECKONbKNX 06HOBNeHWUIA. CnenoBaTenibHO, 6/TOKMPOBKU HEOBXOANUMbI 415 MPEAOTBPALLEHNS UTEHNS
HecornacoBaHHbIMU AaHHLIMW 4PYTO TpaH3aKLuuu.

CoBpeMeHHble CYB /[l aBTOMaTUYECKN MHULMUPYIOT 1 NPUMEHSIIOT Npoueaypbl 6/1I0KMPOBKU.
Bcs nHdopmaymsa o 610KMpoBKe 06pabaTbiBaeTcsi MeHeA>XKEPOM 6/10KMPOBOK, KOTOPbIA 0TBEYaeT 3a
Ha3HayeHue N KOHTPO/b 6I0KMPOBOK, MCMO/b3YEeMbIX TPaH3aKLMAMN.

CTeneHb fgeTanusauumm 6n10KMpoBKW. CTeneHb AeTanu3auum ONOKMPOBKM MNoOKasbiBaeT
YPOBEHb UCNOMb30BaHUSA ONOKMPOBKU. BNOKMPOBKA MOXET OCYLLeCTBAATLCA Ha Chefytowmx
YPOBHAX: 6a3a faHHbIX, Tabnuua, cTpaHuua, CTpokKa unu gaxe nosne (arpmobyr).

Mpwn 6NOKMPOBKE YPOBHA 6asbl fiaHHbIX BCS 6a3a AaHHbIX 6/10KMpyeTCs, YTO NpefoTBpaLLaeT
ncnonb3oBaHme NO6bLIX Tabnuy B 6a3e fJaHHbIX TpaH3aKuMein T2 BO BpeMs BbIMONHEHWUS TPaH3aKL MM
Ti. OTOT ypoBeHb OMIOKMPOBKM XOpOW [ANS MNaKeTHbIX MPOLECcCOB, HO He MNOAXOAWUT ANs
MHoOrononb3oBarenbckux CYB/.

Mpwn 6NOKMPOBKe Ha ypoBHe Tabnuubl Bca Tabnuua 6n10KMpyeTcs, NpeaoTepalas A4octyn K
Nto60ol CTPOKe TpaH3akumm Tr, noka TpaH3akumus Tincnonb3yeT Tabnuyy. Ecnm TpaH3akumsa TpebyeT
JOCTyna K HeckonbkuM Tabnuuam, Kaxpgas tabnuvua moxeT 6biTb 3abnokupoBaHa. OpHako fase
TpaH3akuum mMoryT obpawiaTbCa K OAHOM M TOM e 6a3e AaHHbIX, €C/IM OHW 06palLatoTCA K pasHbIM
Tabnuuam. BNOKMPOBKM Ha YPOBHe Tabnuubl, XOTA U MeHee CTporue, 4em 6/I0KMPOBKM Ha YpOBHE
6a3bl AaHHbIX, BbI3bIBAIOT NPOOKM, KOrAa MHOIMe TpaH3aKLMy 0XUAAKT J0CTYNa K O4HON U TOM e
Tabnuue. Takoe ycnoBme 0COGEHHO YTOMUTENIbHO, ecin 6/10KMPOBKA Bbi3blBaeT 3aflepXKKy, Korga
pasHble TpaH3aKUUW TPebyT A0CTYyNa K pa3HbIM 4acTsaM OAHON M TOW e Tabnuubl, TO eCTb Korja
TpaH3akuum He 6ygyT Mewatb Apyr apyry. CnegoBatenbHo, 6/10KMPOBKM Ha YPOBHe Tabnuubl He
noaxoAAT Ana MHOrononb3oBatensckux CYb/,

Mpwn 6N0KMPOBKE HaypoBHe cTpaHuubl CYB/, 6noknpyeT BClO cTpaHuuy gucka. CTpaHuya
AMCKa, Unn cTpaHuua, SBNseTca 3KBMBA/EHTOM AMCKOBOro 6/10Ka, KOTOPbIA MOXeT ObliTb OnucaH

KaK HemnocpeiCTBEHHO afpecyeMblii pa3gen aucka. CTpaHuuLa UMeeT (IMKCUPOBAHHbIA pasmep,
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Hanpumep, 4Kb, 8Kb mnn 16KB. Hanpumep, ecnn Heobxoammo 3anucaTb TONbKO 73 GaiTa Ha
cTpaHuyy 4Kb, BClO CTpaHuuy Heo6X0AMMO npoyunTaTh C AMCKA, 06HOBUTL B MamAaTU W 3anucatb
06paTHO Ha gucK. Tabnuua MOXeT 3aHMMaTb HECKO/IbKO CTpaHuL, a CTpaHuua MOXET CofepXaTb
HECKOJ/IbKO CTPOK OLHOM UMW HeCcKONbKUX Tabnuy. B HacToswee BpeMsi 6/10KMPOBKM Ha YPOBHe
cTpaHuy  sBNAOTCA  Haubosee  4acTo  MCNOMIb3yeMbIM — MeTO4OM  O/IOKMPOBKM  AnA
MHOronosb3osaTensckux CYBU.

bBnokumpoBka Ha ypoOBHe CTPOK ropasfjo MeHee orpaHuyutensHad. CYB/[, no3sonsert
OLLHOBPEMEHHbIM TpaH3aKUWAM Mosnyyarb AOCTYN K pasHbIM CTPOKaM OAHOW W TOW Xe Tabnuupbl,
Jaxe ecnn CTPOKW pacrnonoXXeHbl Ha O4HOW cTpaHuue. XoTa noaxos 6/10KUPOBKU Ha YPOBHe CTPOK
ynyywaeT [OCTYMHOCTb [aHHbIX, €ro yrnpaeneHue TpebyeT 60/bLIMX HaKMafHbIX PacxXonos,
MOCKO/IbKY CYLLeCTBYeT B6/IOKMPOBKaA 4151 K&XXA0W CTPOKM B Tabnumue 6a3bl faHHbIX, Y4aCTBYOLLEN B
KOH(MIMKTYOLW e TpaH3akunn. CoBpemeHHble CYBJ], aBTOMaTnu4yecky MOBbILWAKT 6/I0KMPOBKY C
YPOBHA CTPOKW [0 YPOBHA CTpaHuLbl, KOrga CeaHC TMPUIOXEHUSA 3anpallvBaeT HeCcKO/IbKO
6/10KMPOBOK Ha OAHOI CTpaHuLe.

BnoknpoBKa Ha ypoBHE NOAA Mo3Bo/seT OLHOBPEMEHHbLIM TpaH3akKLMaM nosiyyarb JOCTYN K
OHOW W TOW >Xe CTPOKe, eCNn OHWM TPebylT UCMOMb30BaHMA pasHbiX Monel (aTpubyToB) B 3TON
CTpOKe. XOTS O/0KMPOBKA Ha YPOBHE MONS OfHO3HA4YHO o6ecneymBaeT Hambonee rUOKWIA
MHOIOMNo0Mb30BaTeNbCKUIA AOCTYN K AaHHbIM, OHa peako peanunsyetcs B CYB/M, nockonbky TpebyeT
Ype3BblYaNHO BbICOKOI0 YPOBHSA U34epXeK KOMMbOTEPA U NOTOMY YTO 6/10KMPOBKA Ha YPOBHE CTPOK
ropasgo 6osnee nonesHa Ha NpPakTuKe.

Tunbl 3aMKOB. He3aBucMMO OT ypoBHA 6/710kMpoBkK, CYB/[] MOXeT 1UCnosb30oBaTb pasHble
TUNbI U PEXUMbI 6TOKMPOBKU: LBOMYHAA UK pa3fenseMas/McKIioUYnTebHas.

[lBoMyHasa 6NOKMpOBKA WMeeT TONbKO [Ba COCTOAHMS: 3abnokuMpoBaHo (1) wnm
pas6nokuposaHo (0). Ecnm 06bekT, Takoh Kak 6as3a faHHbIX, Tabnuua, cTpaHuua UM CTpokKa
3a610KMPOBaH TpaH3akuueil, HUKakasa Apyras TpaH3akumsa He MOXeT MUCMOo/b30BaTb 3TOT OOBLEKT.
Ecnn 06bekT pa3bnokumposaH, nbas TpaH3akuusa MOXeT 3ab/0KupoBaTb O00BEKT AN €ero
ncnonb3oBaHusa. Kaxpgas onepauus ¢ 6a3oi AaHHbIX TpebyeT, 4TOObl YA3BUMbIA O6GBLEKT Obln
3abnokuposaH. Kak npaeuno, TpaH3akLuusa Lo/mKHa pa3bnokmpoBaTb 06BEKT MOC/E ero 3aBepLueHuns.
MoaTomMy Kaxpjas TpaH3akuus TpebyeT onepauuu GNOKMPOBKM M pa3biOKMPOBKW [ANA KaXKAoro
afeMeHTa [aHHbIX, K KOTOPOMY OCYLLlecTBAseTCcA [AOCTyn. Takue onepayuMm aBTOMAaTUYeCKM
ynpasnstoTca n nnaHupytoTcs CYB/; nonb3oBatent He 6/10KMPYeET M He pa3bnioKMpyeT 3N1eMEHTHI
[aHHbIX.

cknounTensHaa 6/10KMpOBKa CcyLLecTBYyeT, KOrAa fOCTYN 3ape3epBMpOBaH cneuuansHo Ans
TpaH3akuMu, KoTopas 3abnokumpoBana o00bekT. WcknwuuTenbHas OGAOKMPOBKA — AO/MKHA
MCMOoMb30BaThCA, KOrfa CyLleCcTBYeT BEpPOATHOCTb KOH(ukTa. O6Las 6/10KMpOBKA CyLLecTBYeT,
Korga napansieflbHblM TpaH3akumaMm npefocTaBiAseTcs [OCTYN Ha YTeHWe Ha OCHOBE 06Lel
6nokmpoBku. O6LWas 6/10KMPOBKA He BbI3blBAET KOH(/IMKTA, €C/v BCe napansiefibHble TpaH3aKuum
[AOCTYMHbI TONbKO A1 YTEHUSA.

O6waa 6/10KMPOBKA BbIJaeTCA, KOrga TpaH3akuus XoyeT npoynTatb [JaHHble U3 6asbl
[aHHbIX, W [ONA 3TOr0 3/1eMeHTa [aHHbIX He YCTaHOB/EeHA WCKI4YnUTeNbHas ON10KMPOBKa.
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NcknounTtenbHas 610KMPOBKa BblAaeTCcs, KOrfa TpaH3akumsa Xo4yeT 06HOBUTL (3amucaTb) 3NeMeHT
JaHHbIX, W B HaCTOAWMIA MOMEHT HUKakme O6MOKMPOBKM AN 3TOr0 371emMeHTa [AaHHbIX He
YOEPXMUBAIOTCA KaKoM-nm60 Apyroi TpaH3akumein. cnonb3ys KOHLUeNuUo o6Lwen/McknioYnTenbHo
6110KMPOBKK, OGIOKMPOBKA MOXET MMeTb TPW COCTOAHMA: pa3bnokupoBaHa, o6was (4TeHue) u
NCKOYNTENbHAdA (3anuch).

[Be TpaH3akuuyM KOH(MAMKTYIOT TONbKO TOrAa, Korga xoTd 6bl 0fHa TpaH3akuusa fBnseTcs
3anncblo. MOCKOMbKY ABe TpaH3aKuumn YTeHUa MOryT OblTb 6€30MNacHO BbIMOSIHEHbI O4HOBPEMEHHO,
obuwme 610KMPOBKN MO3BONAKT HECKONbKUM TpaH3aKLMAM YTeHUS O4HOBPEMEHHO CUUTLIBaTh OAWH
M TOT Xe 3N1eMeHT faHHbIX. Hanpumep, ecnun TpaH3akuma Ti nmeeT 06Lyt0 6/10KMPOBKY 3fieMeHTa X
[aHHbIX, N TpaH3akKumnsa T2 X04eT NpoUnTaTh a1eMeHT X AaHHbIX, TT TaKXKe MOXeT NoyUYnTb 00 Y0
6/10KMPOBKY 3/ieMeHTa X AaHHbIX.

Ecnn TpaH3akumMa T2 06HOBASET 3/1eMEHT faHHbiX X, Tr TpebyeT WCKAOUYNTENbHYH
6/10KMPOBKY [Ans 3nemMeHTa faHHbiXx X. VIcknwouuTenbHas OG/I0KMPOBKa NpefoCcTaBfseTcs, ecnu
HUKakune apyrue 6 10KMPOBKUN He yAepXXMBaKOTCA AN1A 3/1eMeHTa faHHbIX (3TO YCNOBME U3BECTHO, Kak
npaBuio B3aMMOMUCKIOYaKLero AocTyna: TO/MbKO OfHAa TpaH3aKuusa 3a pa3 MOXeT BfafeTb
NCKNKYNTENbHOW GMOKMPOBKOI 06bekTa). CneaoBaTeNibHO, €C/IM COBMECTHO Mcnonb3yemas (Mam
NCKNOYNTeNbHAs) OGNI0KMPOBKA [AN1A 3/1IeMeHTa faHHbIX X YyXe YyjepxaHa TpaH3akuuen Ti,
NCKNOYNTeNbHas 610KMPOBKA HE MOXET 6bITb NpefocTaBeHa TpaH3akuum Tr, u T2 JO/MKHA XAaTb,
noka Ti He 3aBepwutca. Apyrumm cnosamu, obuwias 610KMpOBKA Bcerfga OypeT 3anpelaTb
NCK/TIOYNTENBHYIO 3anucb (3KCKMHO3MBHYKO O/IOKMPOBKY); Clef0BaTe/ibHO, NMPOUCXOAUT CHUKEHUe
napannennama TpaH3akLuuia.

X0Ts ncrnonb3oBaHue o6WMX GIOKMPOBOK fefiaeT JOCTYN K AaHHbIM 60/1ee 3 PEKTUBHBIM,
cXxema OOLWEei/3KCKNI03UBHOMW BNOKMPOBKU  yBENNMUMBAET HaKnajHble pacxofbl MeHegxepa

610KMPOBOK MO HECKOMIbKUM NPUYMHaM:
O Twn 6N10KMPOBKYK [OMXKeH ObiTb U3BECTEH [10 TOTO, KaK OHa MOXeT 6biTb NpeaoCTaB/eHa.

O CyuwecTBytoT Tpu onepauun 6nokuposkn: READ LOCK pgna npoBepku Tuna
6nokmposkn, WRITE LOCK - ang Bbigaun 6nokuposku, 1 UNLOCK - ana cHATud

6/I0KMPOBKWU.

O CxeMma 6bl/la yCOBEPLUEHCTBOBaHA, YTO6bI pa3pelmnTb 06HOBNEHNE 6IOKMPOBKY C 06LLel
Ha 3KCK/O3MBHYIO, N NOHMXEHNE 6NIOKMPOBKYM C IKCK/THO3MBHOM Ha 06LLYHO.
XoTs ONOKMPOBKM NpefoTBpalLaldT Cepbe3Hble HEeCOOTBETCTBUS [aHHbIX, OHW MOryT

MPUBECTM K IBYM OCHOBHbIM Npo6ieMam:
O WTOroBoe pacnucaHue TpaH3aKLMili MOXeT He 6biTb CepUan3yembiM.

O PacnucaHue MOXeT co3faTb Tynuku. B3aumHas 6/10KMpPOBKA BO3HMKaeT, Korga [fBe
TpaH3aKLum 6eCKOHEYHO XAYT ApYT Apyra, 4Tobbl pa3bnokmpoBaTh JaHHble. BoKMpoBKa
6a3bl JaHHbIX, KOTOpasd aHanornyHa 6,10KMPoBKe Tpahuka B 60N1bLLIOM FOpofe, BO3HUKAET,
Korga fiBe unv 6onee TpaH3akLUin XAYT Apyr Apyra, 4To6bl pa3b/oKMpoBaTh faHHbIE.

K cuacTbto, 06enmun npobnemamum MOXHO YNpaBfATb: Cepuann3yemocTb LOCTUraeTcs C

MOMOLLbI MPOTOKONA GOKMPOBKMW, W3BECTHOrO Kak [AByX(as3Has ONOKMPOBKA, a TYMUKOBLIMU
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CUTYyaLUAMUN MOXHO YNpPaB/iAaTh C NOMOLLbIO METOLOB 06HApYXeHUs 1 NpefoTBpaLLeHNs B3aUMHbIX
6/10KMPOBOK. DTW METOAbl pacCMaTPUBAIOTCS B CeAYOLWNX ABYX pa3fenax.

AByxa3Hana 6nokmposka. [ByxasHaa 6nokuposka (2Pb) onpegensert, Kak TpaH3akuum
nony4varT U CHUMaKOT 610KUPOBKK. [Byx®Ma3Hasd 6/10KMPOBKA rapaHTUpyeT Cepuanm3yemMocTb, HO
He npejoTBpaLLaeT B3anMo6/OKMPOBKKM. [Be (hasbl:

1. PacTywas (basa, Ha KOTOPOW TpaH3akumsa nony4vaeT BCe HEOO6X0AMMble 6/10KMPOBKN 6e3
pa3bNOKMPOBKN KaKMX-NM60 AaHHbIX. Kak TONbKO BCe GMIOKUPOBKM ObINN MONYYEHbI,
TpaH3aKUns HaxoaMTCA B CBOEN 3a6/I0KMPOBAHHOM TOYKe.

2. ®asza cxatus, Npu KOTOPOK TpaH3aKUMs CHUMAET BCe 6/I0KMPOBKM U He MOXKET MONYYUTb
HOBYIO G/IOKUPOBKY.

MpoTokon aByxdasHoli 6/10KMPOBKIN PerynupyeTcs CAefyoLwummy npaBuiamu:
O [lBe TpaH3aKLMM He MOTYT UMETb KOH(MNKTYHOLWME 610KMPOBKU.

O Onepauunsi 610KUPOBKN HE MOXET MpeALlecTBOBaTb onepaunun GMOKMPOBKM B TOM Xe
TpaH3aKuuu.

0O Ha gaHHble He BAUSIOT, MOKa He OyayT nonyyeHbl Bce 61OKMPOBKN, TO eCTb A0 TexX nop,

noKa TpaH3aKLmMsa He OKaXKeTCA B CBOei 3a6/10KMPOBaHHOM TOUKE.

Tynukun. B3anMHas 6/10KMPOBKa BO3HUKAET, KOrfa fBe TpaH3aKLuMn 6eCKOHEUYHO XAYT ApYr
Apyra, 4tobbl pa3bnokupoBaTh AaHHble. HanpumMep, TYNUK BO3HMKaeT, KOr4a ABe TpaHsakuum Ti v
Tr CyW,ecTBYIOT B CNeAYIOLLEM PEXUME:

Ti = LOCTYN K 3N1eMeHTaM JaHHbIX X 1Y,

T2 = gocTyn K 3fieMeHTaM faHHbIX Y u X.

Ecnn Ti He nmeeT pa3bnoKMPOBAHHOIO 3/ieMeHTa AaHHbIX Y, TT He MOXEeT HavaTbcs; ecnm Tr
He pa3b/ioKnpoBana aneMeHT faHHbIX X, Ti He MOXeT NpoAo/MKuTLeA. CnegosatensHo, u Ti, n Tr
XKAYT, MNOKa 0f1HA U3 HUX Pa3bnoKupyeT TpebyeMblil 3NEMEHT AaHHbIX. Takoi TYNMK TaKXe N3BECTeH
KaK CMepTe/bHble 06bATUS.

B CYB/[, 04HOBPEMEHHO MOXET ObiTb BbINOMHEHO ropas3fo 60/blie TpaH3aKUWin, 4TO
YBENNYMBAET BEPOATHOCTb BO3HUKHOBEHUS TYMUKOBbLIX CUTYaLnin. B3anmMo61OKMPOBKM BO3MOXHbI
TONbKO TOrfa, Korga ogHa M3 TpaH3akuuii X04YeT Moay4ynTb MOHOMOJIbHYIO GNOKMPOBKY 3/1EMEHTa
JaHHbIX; MeXAy 06WMnMM 6N10KMPOBKaAMU He MOXET ObITb TYNMUKOBbIX YC/TOBUIA.

Tpu OCHOBHBIX MeTOAa YNpas/ieHUs TYyNUKamu:

(] MpegoTspalleHne TYnNWKOBOM CUTyauuu. TpaH3akuus, 3anpawinBaiollas HOBYIO
6NOKMPOBKY, NpepbiBaeTcs, Korfja CyWeCcTBYeT BEpPOATHOCTb BO3HWMKHOBEHWA TyMuKa.
Ecnn  TpaH3akuMs OTMEHSEeTCs, BCE W3MEHEeHUsi, CAenaHHble 3TOW TpaH3akuuen,
OTKaTblBalOTCA M BCE O/IOKMPOBKKU, MNOMYYEHHblE TpaH3aKuWein, cCHuMMaroTCcA. 3aTem
TpaH3aKUMs MepeHoCMTCAa Ha wucnonHeHue. [MpefoTBpawieHne B3aMMOOGIOKUMPOBKY
paboTaeT, NOTOMY YTO OHO M36eraeT yCcnoBuiA, KOTOPbIE NPUBOAAT K B3aMMOGIOKMPOBKE.

[] O6Hapy>keHue Tynuka. CYB/[l nepuofuyecku nposepseT 6asy AaHHbIX Ha Hanuuume
B3aMMOONOKMPOBOK. Ecnm o6HapyXeHa B3aMMOOIOKMPOBKA, TPaH3aKUUS «KEepPTBbI»
npepbiBaeTca (0TKATbIBAETCA W Nepe3anyckaeTcs), a Apyras TpaH3akumna npofomKaeTcs.
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[] M3beraHve oT TYNUKOBOWA cUTyauun. TpaH3aKLWA 4OKHA NONYYUTh BCE HEOBXOAUMbIE
6/10KMPOBKM, NPeXx e YeM OHa MOXKET ObITb BbINO/IHEHA. DTOT METO/ MO3BONSET N36eXKaTb
OoTKaTa KOHMIMKTYHOLWNX TpaH3aKuuii, Tpebys, 4ToO6bl 6MO0KMPOBKM ObIAN MOMYYEHbI
nocneposaTenbHo. OHAKO Ha3HauyeHWe NocnefoBaTenbHOW GNO0KMPOBKMK, HEOOXOAMMOE
4NS NpefoTBpalleHmns TynuKka, yBeiMumBaeT BpeMsa OTK/IMKA Ha feidcTBue.

Bbibop 1cnonb3yemMoro meTofa ynpas/ieHUs B3aMMOG/IOKMPOBKOM 3aBUCUT OT cpefbl 6a3bl
JaHHbIX. Ecnn  BepoATHOCTb  B3aMMOOGNOKMPOBKM  HU3KasA, pPeKOMeHAyeTcs OOHapyXXeHue
B3aMMOG/IOKMPOBKN.  EcnmM  BepoATHOCTb  B3aMMOOG/IOKMPOBKM  BbICOKA,  PEKOMeHAyeTcs
npegoTepalieHme B3auMO6GIOKMPOBKU. EcCnu Bpems OTKAIMKA He ABNAETCA BbICOKMM B CNUCKE
NMPUOPUTETOB CUCTEMbI, MOXET OblTb MCMOb30BAHO NpPeAoTBpaLleHne TYNUKOBbIX CUTyauunid. Bece
cywecteywowme CYB[, noafepXuBalT 06Hapy>XeHuWe B3aMOO/IOKMPOBOK B TpaH3aKLMOHHbIX
6azax fJaHHbIX, B TO BpeMsa Kak Hekotopble CYBJ wuCNonb3ywT co4vyeTaHWe MeTOLO0B
npefoTBpaLleHns B3aMMOGMOKMPOBKM W NpPefoTBpaleHns NS APYrux TUNOB AaHHbIX, TaKMX Kak

XpaHuInLa JaHHbIX UM gaHHble XML.

7.4. YnpasneHue ¢ MeTKamMy BPEMEHU N C ONTUMUCTUYHBLIMU METO4amMu

Mogxof4 C MeTKaMu BPeMeHW ANnA NaaHWupOoBaHUS napanfenbHblX TpaH3akUWii HasHavaet
rnobanbHy YHUKa/IbHYI0 MEeTKY BPEMEHWN KaXA0M TpaH3akuun. 3Ha4yeHne MeTKU BPEMEHU CO34aeT
SBHbIN NOPALOK, B KOTOPOM TpaH3akuuu nepegatotca B CYB. MeTKy BpeMeHU LO/MKHbI UMEeTb ABa
CBOWCTBA: YHUKaNbHOCTb U MOHOTOHHOCTb. YHWKa/IbHOCTb rapaHTupyeT, YTO paBHble 3HAYEeHUS
MEeTOK BPeMEHW He MOryT CyL,ecTBOBaTb, @ MOHOTOHHOCTb rapaHTUpyeT, YTO 3HAYEHUA METOK
BpPeMeHM Bcerfa yBennymBaroTCS.

Bce onepauumn ¢ 6a30i AaHHbIX (YTEHME W 3anMCb) B pamMKaxX OAHON TpaH3aKLUW AOMKHbI
NMeTb OAMHAKOBYH OTMeTKY BpemeHU. CYB/[l BbIMOMHAET KOH(IUKTYIOWME onepaLun B Nopsike
OTMeTKM BpeMeHu, ob6ecreymBas TemM cambiM Cepuann3yemocTb TpaH3akuuii. Ecnv gBe TpaH3akuum
KOH(UKTYIOT, OfHAa OCTaHaB/MBaeTCs, OTKaTbiBaeTCH, NepennaHupyeTcsd U HasHavaeTcs HOBOe
3HaYeHne MeTKUN BPeMeHu.

HepoctaTok nogxoga ¢ OTMeTKamMu BPeMEHW COCTOWUT B TOM, YTO A/1A KaXAOro 3HaveHwus,
XpaHsauwerocs B 6ase AaHHbIX, TPeOYHOTCA ABa AOMONHUTE/NbHbLIX NOMA OTMETKU BPEMEHW: OLHO ANA
nocnefHero BPEMEHW UTEHUA NONA W OAHO ANA nocnefHero 06HOBNeHWA. Takum o06pas3om,
BPEMEHHbIE METKM YBENNYMNBAKOT NOTPEOHOCTL B NaMATU U HaKNla4Hble pacxoibl Ha 06paboTKy 6a3bl
JaHHbIX. BpemeHHas MeTKa TpebyeT MHOI0 CUCTEMHbIX PecypcoB, MOTOMY YTO MHOrMe TpaH3aKLuu
MOTYT 6bITb OCTAHOB/IEHbI, NMEPEeHECEHbI U MepeniaHUpPOoBaHbl.

ONTUMUCTMYECKUIA NOAXO OCHOBAH Ha NPeAnonoXeHUn, YTo 60NbLINHCTBO onepawuii 6asbl
JaHHbIX He KOH(AUKTYHT. ONTUMUCTUYECKMIA NOAX0H He TpebyeT HM MeTOA0B G/IOKMPOBKU, HU
BPEMEHHbIX METOK. BMECTO 3TOro TpaH3akumns BbiNoMHAeTCS 6e3 orpaHUYeHUn, noka oHa He 6yaeT
3amkcupoBaHa. Mcnonb3ysa onTUMUCTUYECKUIA MOAX0A, KaXKas TpaH3aKLMa NPOXOAUT 4Be UK TPU

(hasbl, HasblBaeMble YTEHMEM, NMPOBEPKOW 1 3aMmnChIO.

O Ha artane u4teHus TPpaH3akKuna CUYUTbIBaeT 6a3y OaHHbIX, BbIMONHAET HGO6XO,EI,I/IMbIe
BblUMCNEHNS U OBHOBNSET YaCTHYO KONnuto 3Ha4YeHuni Hasbl JaHHbIX. Bce onepaynn
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0OHOBMIEHNS TPaH3aKLUM 3aNNCbIBAlOTCA BO BPEMEHHbIN (haiin 06HOBNEHUS, K KOTOpOMY
He obpalLatoTcs ocTa/ibHble TpaH3aKLuu.

00 Ha 3Tane npoBepKyM TpaH3aKuWs MpPoBepsieTcs, 4TOObl y6eAMTbCSi, UTO BHECEHHble
M3MEHEHWsS He MOBMMSIOT Ha LeNOCTHOCTb M COFNacoBaHHOCTb 6asbl AaHHbIX. Ecnu
MPOBEPOYHbI TECT MOMOXMWTENbHbIA, TpaH3akuus nepexoauT B a3y 3anucu. Ecnm
MPOBEPOYHbIi TecT OoTpuuaTeNbHbI/A, TpaH3aKLMs nepe3anyckaeTcsi U WU3MeHeHUs
OTMeHSTCS.

O Ha atane 3annucu N3MeHEHUs MOCTOAHHO MPUMEHATCA K 6a3e JaHHbIX.

ONTUMUCTNYECKWIA NOAXOL ABNAETCA NPUEMIEMbIM A/ O0/bLIWHCTBA CUCTEM 6a3 faHHbIX
ANA YTeHUs WM 3anpoca, KoTopble TpebyrT Mano TpaH3akuuii 06HOBMEHUSA. B WHTEHCUBHO
ncnonbdyemon cpege CYB[M ynpasneHue B3auMMOOGMIOKMPOBKamMM - WX MNpeaoTBpalieHne u

oOHapy)XeHune - cocTaBseT BaxHy yHkuuio CYB/,.

7.5. YpOBHU N30M14UMN TPaH3aKLNIA

CraHgapt ANSI SQL (1992) onpesenset ynpasneHue TpaH3akLMAMU Ha OCHOBE YPOBHEN
N30N1ALMNN TpaH3aKUUA. YPOBHU M30NALMN TpaH3aKLMii OTHOCATCA K CTereHW, B KOTOPOMN AaHHble
TpaH3aKUMil «3alMLieHbl UAU U30/IMPOBaHbI» OT APYTUX OAHOBPEMEHHbIX TpaH3akuuii. Y poBHU
M30M1ALMN ONMCaHbl HA OCHOBE TOrO, Kakue faHHble Apyrue TpaH3akuum MoryT Buetb (UnTaTb) BO
BPEMSA BbINO/IHEHUA. TOYHee, YPOBHM W30NALUM TpaH3aKLMM OMUCLIBAKOTCA TUMOM «YTEHUA,
KOTOPbI/ TpaH3aKLm1s No3BONSET MU HeT. TUMbl onepaluii YTeHUS:
O [pA3HOe YTeHWe', TpaH3aKLMa MOXET YnTaTb AaHHbIe, KOTOPbIe elle He 3aUKCUPOBaHbI.
O HenoBToOpsemMoe YTEHMUe: TpaH3aKLMA YnTaeT AaHHYK CTPOKY B MOMEHT BpeMeHw ti, a
3aTeM ynTaeT OfHY M Ty XK€ CTPOKY B MOMEHT BPeMeHU t2, nonyyas pasHble pe3ynbTarhl.
NcxopgHaa cTpoka MOXeT 6biTb 06HOBNEHA UMW yAaNleHa.

O @PaHTOMHOe YTeHue: TpaH3aKLMsa BbIMOMHAET 3aNpoC B MOMEHT BpeMeHM ti, a 3aTem
BbIMO/IHAET TOT XK€ 3arnpoCc B MOMEHT BPEMEHW t2, nmonyyas AOMONHUTENIbHbIE CTPOKM,
KOTOpble YA0B/IETBOPAIOT 3arpocy.

OcHoBbIBasicb Ha BbILWEYNOMAHYTLIX onepaunax, ANSI onpegennna 4eTbipe YpPOBHA
N30M1AUUN TPaH3aKLUA: YTeHUe He3aMKCUPOBAHO, YTeHUe 3aPUKCUPOBAHO, MOBTOPHOE YTEHME U
cepuanusyemoe YTeHue. CyLlecTBYeT eLle AOMNONHUTE/bHbIA YPOBEHb U30M1ALMK, 06ecneynBaemMbli
6a3amn gaHHbIX Oracle 1 MS SQL Server.

Read Uncommitted 6ygeT cunTbiBaTh He3aMKCUPOBaHHbIE AaHHbIE U3 APYTNX TPaH3aKLWiA.
Ha aTom ypoBHe wu3onaumm 6a3a [aHHbIX He ONOKMPYeT [JaHHble, 4YTO MOBbIWAET
NPOU3BOAMTENLHOCTb TpaH3aKLMWil, HO 3a CYeT COrfacoBaHHOCTM paHHbIX. Read Committed
3acTaBnsfeT TpaH3akKuMM 4uTaTb TONbKO 3a)MKCUPOBaHHblE [aHHble. 3TO pexum paboTbl Mo
yMon4aHuto gns 60nblIMHCTBA 6a3 faHHbIX. Ha aToM ypoBHe 6a3a faHHbIX 6yAeT MCNONb30BaTb
9KCK/IO3MBHbIe OGMIOKUPOBKW [AaHHbIX, 3acTaBifas Apyrue TpaH3akuMW >XAaTb, MOKa MWCXOAHas
TpaH3akuma He 6yaeT 3adMKcupoBaHa. YpoBeHb u3onauum Repeatable Read rapaHTupyeT, uTto
3anpochbl BO3BPALLAOT COrfiacoBaHHbIe pe3ynbTaTbl. ATOT TUN YPOBHA U30NALUMN UCMONb3YeT 06Lwme

6/10KMPOBKM, UTOObI Apyrue TpaH3akKuUMyM He 06HOBAAAN CTPOKY NOCMe TOro, Kak MCXOAHbIA 3anpoc

137



ee uutaet. OfHaKO HOBble CTPOKWM 4ymuTaloTcA ((hpaHTOMHOE UTeHWe), TaK KakK 3TW CTPOKU He
CyLLeCcTBOBaIM, KOrja BbIMOMHANCA MNepBblid 3anpoc. Serializable ypoBeHb wu3onsuumn sBnsetcs
Hambonee orpaHUYUTENbHBLIM YPOBHEM, onpefenieHHbIM cTaHgapToMm ANSI SQL. Tem He MeHee,
BaXHO OTMeTWUTb, uYTO fJaxe npu Serializable ypoBHe wu3onAuMKM  Bcerga BO3MOXHbI
B3aMMOG/MIOKMPOBKNA.  BOnbWIKMHCTBO  6a3  AaHHbIX  WCMOMb3YKT  MNOAXO4  O6HapyXeHus
B3aMMOG/I0KMPOBOK K YNpaB/ieHUIO TpaH3aKuusMu, U, CnefoBaTeNibHO, OHM G6yayT O6HapyXuBaThb
«B3aMMO6/IOKMPOBKMN» Ha 3Tane NpPoBepKM TpaH3aKLuM 1 nepennaHMpoBaTh TPaH3aKLmHo.

MpuunvHa pasHbIX YPOBHe M30M1AUMM  3aK/4yaeTca B MOBbIWEHWW NapannenvMsma
TpaH3aKuMii. Y POBHU U30M1ALNN NEPEXOAAT OT HaMMeHee orpaHmnymBarowero (Read Uncommitted) Kk
6onee orpaHnumBatowiemy (Serializable). Yem Bbilwe ypoBeHb n30n1auuKn, TeM 60/blie 6/10KMPOBOK
(06WwMX W MCKNOYUNTENbHBLIX) TpebyeTcs ANA YNy4ylleHUs COrnacoBaHHOCTM [AaHHbIX 3a CyeT
NMPOM3BOAMTENBHOCTU Napansiennsma TpaH3akLuii. Y poBeHb N301ALUM TpaH3aKL MM onpeaenserTcs B
onepartope TpaH3akuuMu, Hanpumep, ¢ UCNONb30BaHMeM obwero cmHTakcmca ANSI SQL:

BEGIN TRANSACTION ISOLATION LEVEL READ COMMITTED

... SQL KOMAHAbI.

COMMIT TRANSACTION.

Oracle 1 MS SQL Server ncnonb3ytoT MHCTPYKUMo SET TRANSACTION ISOLATION
LEVEL pna onpegeneHus ypoBHs wusonauun. SQL Server noffep>XuBaeT BCE YeTbipe YPOBHSA
nsonauum ANSI. Mo ymonuaHuto Oracle ob6ecneunmBaeT cOrnacoBaHHOe 4YTEHWe Ha YpPOBHe
WHCTPYKUMI ana obecnevyeHus TpaH3akuuii Read Committed n Repeatable Read. MySQL
ncnonbdyetr START TRANSACTION WITH CONSISTENT SNAPSHOT pgna o6ecneveHuns
TpaH3aKLUWin ¢ COrnacoBaHHbIM YTEHMEM; TO €CTb TpaH3aKLuus MOXeT BUAETb 3a(UKCMPOBaHHbIE
[aHHble TO/IbKO BO BPEMS €€ 3amnycka.

7.6. ¥YnpasneHne BOCCTaHOB/EHNEM 0a3bl AaHHbIX

BoccTaHoBneHne 6a3bl JaHHbIX 13 334aHHOM0 COCTOAHNSA (06bIYHO HECOBMECTUMOTO) B paHee
corsacoBaHHoe COCTOsiHMe. MeToabl BOCCTAHOBNEHUS OCHOBaHbl Ha aTrOMapHOM CBOWCTBe
TpaH3aKuuMmn: BCe YacTu TpaH3aKUMW AO0MKHbI paccMaTpmBaTbCA KakK efiMHas fornyeckas efuvHuLa
paboTbl, B KOTOPOW BCe onepaLyu NPUMEHAKOTCA W BbINOMHAKTCA 415 CO3[aHWUA COrnacoBaHHOW
6a3bl faHHbIX. Ecnu onepauuns no Kakon-nmbo npuyvHe He MOXeT ObiTb 3aBeplLUeHa, TpaH3aKums
[O/DKHa ObITb MpepBaHa, a No6ble U3MeHeHUA B 6a3e AaHHbIX LO/KHbI 6bITb OTMEHeHbl. Kopoue
roBops, BOCCTAHOB/IEHME TPaH3aKL U/ OTMEHSAET BCe M3MEHEHWSA, KOTOPble TpaH3akKLums BHecna B 6asy
[aHHbIX 40 TOro, Kak TpaH3akuua 6blna npepsaHa.

MeToabl BOCCTAHOBNEHUSA TakKXe MPUMEHATCA K 6ase [aHHbIX W CUCTeMe nocne
BO3HWKHOBEHUA KPUTUYECKUX OLWNBOK onpefeneHHoro Ttuna. Kputuyeckme cobbITUA MOryT
NMPUBECTU K MpeKpaLieHntio paboTbl 6a3bl AaHHbIX W HapYyLUEeHUI0 LEeNOCTHOCTU AaHHbIX. MpuMepsl

KPUTUYECKNX COObITUIA:

| AnnapaTHble/nporpaMmHble cbon. OTkas Takoro Tuna MOXeT ObiTb OTKa30M XXECTKOro
AMCKa, HeMcnpaBHbIM KOHAEHCATOPOM Ha MaTePMHCKO NaaTe Uam HemcrnpaBHbIM 6aHKOM
namaTu. Apyrue npuynHbl OWMBGOK B 3TON KaTeropumn BKAKOYAKOT OWMNGKN NpUKNagHOW
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nporpamMmMbl UM ONepaLMoOHHO CUCTEMBI, KOTOPbIe MPUBOAAT K Nepe3anuc, yaaneHuw
WK NOTepe AaHHbIX. HeKOTOpble aAMUHUCTPATOPbl 6a3 AaHHbIX YTBEPXKAAKT, YTO 3TO
OAVH 13 Hanbonee pacnpoCTPaHeHHbIX NCTOYHWUKOB NPO6/IeM ¢ 6a3amy AaHHBbIX.

[0 TexHOreHHble MHUMAEHTHI. Co6bITME TakKOro TWMAa MOXHO OTHECTU K KaTeropuu
HenpeaHaMepPEeHHbIX UK NpeaHaMepeHHbIX

HenpegHaMmepeHHbIi c60ii Bbi3BaH HEOCTOPOXHbIM KOHEYHbIM Monb3oBaTenem. K

TakKUM OLWIMGKAM OTHOCATCA YyfaneHue HenpaBUAbHbIX CTPOK U3 Tabnuubl,

Ha)xaTue HemnpaBW/IbHOW KNaBMLIM Ha KnaBuaType WM aBapuiiHoe 3aBeplLueHue

paboTbl OCHOBHOIO cepBepa 6a3bl faHHbIX.

- [peaHaMepeHHble COObITUS WUMEKT 60/ee CepbesHbli XapakTep W 00bIYHO
YKasblBalOT Ha TO, YTO fJaHHble KOMMNaHUM NOABEPratdTCA CEPbe3HOMY PUCKY. B
3Ty KaTeropuid BXOAAT yrposbl 6e30MacHOCTU, Bbl3BaHHbIe XaKepamu,
NbITAOLLMUMUKCA NOMYUYNTb HECAHKLMOHUPOBAHHbIN JOCTYN K pecypcam AaHHbIX, U
BMPYCHbIE aTakW, Bbl3BaHHble HEAOBOJIbHbIMU COTPYAHMKAMM, MNbiTalOLMMUCA
CKOMMPOMETUPOBaTb PaboTy 6a3bl AaHHbIX U HAHECTM YLLEPO KOMNaHUW.

O CTuxuitHble 6eAcTBMA. K 3TOI KaTeropuMm OTHOCSATCA MOXapbl, 3eMIeTpsceHus,
HaBOJHEHWS 1 Nepebou B NoJaye 3/1EKTPOIHEPTUN.

BoccTaHoBNEHMe TpaH3akuuuM. BoccTaHOBNEHMe TpaH3aKUuii 6asbl AaHHbIX MUCMONMb3yeT
[aHHbIe B XXypHase TpaH3aKLMil Ans BOCCTAaHOBNEHUSA 6a3bl AaHHbIX N3 HECOBMECTUMOIO COCTOSHMS
B COrN1aCOBAHHOE COCTOSHME.

Mpexze 4em NPoAO/MKNTb, HE06XO0ANMO U3YUNTb YeTbIPe BaXKHbIE MOHATUS, KOTOPbIE BAUAIOT
Ha NPOLECC BOCCTAHOB/IEHUS:

(] MpoToKon Nor ¢ onepex<eHnem 3anucy rapaHTUpyeT, YTo XypHasbl TPaH3akLuii Bcerga
3anucbiBatlOTCA A0 TOro, Kak Kakue-nubo faHHble 6asbl JaHHbIX OyayT (hakTU4ecKu
0GHOBMEHbI. DTOT NPOTOKON rapaHTUPYET, UTO B Cy4yae c60s 6a3a AaHHbIX MOXET ObIThb
BMOCNEACTBMM BOCCTAHOB/IEHA [0 COrNacoBaHHOrO COCTOSIHUSA C  MCMNOMb30BaHUEM

AaHHbIX B XXYpHane TpaH3aKLuii.

[] M36bITOUHbIE >KYypHanbl TpaH3akuuii (HECKONbKO KOMWA XXKypHana TpaH3aKLuit)
rapaHTUpPyrT, 4YTO COOM (hM3MYECKOro AMcKa He MoBAMseT Ha crnocobHocTb CYB/,

BOCCTaHaBNMBaTb AaHHbIE.

(] Bydepbl 6a3bl AaHHbIX - BPeMeHHbIe 06/1aCTU B OCHOBHOI MaMsTX, UCMONb3yeMble /1A
YCKOPEeHUA AUCKOBbIX Onepauunii. [nsa cokpaw,eHus BpeMeHn 06paboTkyu nporpaMMHoe
obecneyvernne CYB/] cumTbiBaeT AaHHble C (PU3NYECKOTO AUCKA Y COXPAHAET UX KOMUIO B
«byepe» B namaTn. Korga TpaH3akuus 06HOBNAET JaHHble, OHA PaKTUUYecKn 06HOBNsET
KOMWIO AaHHbIX B Oyhepe, MOTOMY YTO 3TOT NPOLLECC HAMHOIO ObICTPEe, YeM KaXKAblil pas
JOCTYN K (hm3nyeckomMy AUCKY. Bbydepbl, KoTopble cogepkaT OOHOBJIEHHbIE AaHHbIE,
3anncbiBatlOTCA Ha (PU3NYECKUIA JUCK BO BPEMSA OLHOW onepauun, TeM CaMbiM 3KOHOMS
3HauYnTeNbHOe BpeMsa 06paboTKu.
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[ ] KOHTpO/bHbIE TOUKM 6a3bl GaHHbIX - 3TO onepauumn, B KOTopbix CYB/] 3anucbiBaeT Bee
CBOM 0OHOBNEHHbIE Oyepbl B NaMsATh (TakXKe U3BECTHbIE KaK FPsidHble OY(epbl) Ha AUCK.
Moka ato npoucxoaut, CYB/[, He BbIMOMHAGT HUKaAKMX Apyrux 3anpocos. Onepauums
KOHTPO/IbHOM TOYKM TaKXXe PermcTpmpyeTcsa B XKypHane TpaH3akuuii. B pe3ynbTaTe 3Toi
onepauumn pusnyeckas 6a3a faHHbIX U XYpHaI TpaH3akunii 6yayT CUHXPOHU3UPOBAHDI.
JTa CUHXpOHM3auMa HeobxoAuma, MOTOMY 4TO oOnepauum O6HOBNEHWA OOHOBMAKT
KOMWUIO AaHHbIX B Oyepax, a He B ()M3myeckol 6ase AaHHbIX. KOHTPONbHbIE TOYKMK
aBTOMAaTM4YeckKu 1 rnepuoguyecku BbinonHawTca CYBJ B cooTBeTCTBUM  C
onpejesnieHHbIMK OMepaLMoHHbIMU MapaMeTpamn (TakKMMW Kak BEPXHWIA BOAAHON 3HaK
ANa pasmepa XypHana TpaH3akuuii nnm obbeMa He3aBepLUEHHbIX TPaH3aKLMiA), HO Takxe
MOTYT BbINO/IHATLCA ABHO (KaK 4acTb ornepaTopa TpaH3akuum 6asbl JaHHbIX) UIU HESABHO
(kak 4acTb onepauuu pe3epBHOr0 KONMpoBaHWUA 6asbl AaHHbIX). KOHEYHO, CAMLWKOM
4yacTble KOHTPOJIbHbIE TOUYKM MOTYT MOBAMATH Ha MPOM3BOAUTENLHOCTbL TPaH3aKLWUiA;
CNNLWKOM pefKMe KOHTPO/IbHble TOYKM MOTryT MOBAMATL Ha MPOM3BOAUTENBHOCTb
BOCCTaHOBNEHMA 6a3bl AaHHbIX. B n060M cnyyvae, KOHTPOAbHO-NPOMNYCKHbIE MYHKTbI
BbIMOMIHAKOT OYeHb MNPaKTUYECKYt (YHKLMIO. KOHTPONbHbIE TOYKM Takxe wWrpakwT
BaXXHY0 POJib B BOCCTAHOB/IEHMUM TPaH3aKLNil
Mpouecc BoccTaHOBNEHMA 6a3sbl AaHHbIX BKAO4YaeT B ceba npusefeHue 6asbl faHHbIX B
cornacoBaHHoe CcoCTosiHMe nocne c6os. [poueaypbl BOCCTaHOBNEHMSA TpaH3akuuii 00bIYHO
MCNOMb3YKT METOAbl OT/IOXEHHON 3anncu U CKBO3HOW 3anucu

Korga npoueaypa BOCCTaHOBNEHWS MCMOMb3yeT MeTO4 OTNOXEHHOW 3anucn (Takxke
Ha3blBaeMblli OT/IOXKEHHbIM OGHOB/MEHWEM), oONepauun TpaH3aKumy He cpasy OOHOBAAKT
(hm3myeckyto 6a3y AaHHbIX. BMecTo 3TOro 06HOBAAETCS TONLKO XYpHan TpaH3akuyuii. basa gaHHbIX
(hn3nyeckn O6GHOBNAETCA TOMbKO [AaHHbIMW M3  3aUKCUPOBAHHbLIX TpPaH3akuuid, WCNONb3ys
NH(OpMaLMIo U3 XypHana TpaH3akuuii. Ecnu TpaH3akums npepbiBaeTca A0 TOro, Kak LOCTUTHET
TOYKM (hmKcaummn, B 6a3y [JaHHbIX He HYXXHO BHOCUTb HUKAKMUX u3MeHeHuin (6e3 ROLLBACK),
MOCKO/IbKY OHa HMKOrga He o6GHOBAAnacb. lMpouecc BOCCTAHOBMEHWUA ANA BCEX 3anyLeHHbIX W
NOATBEPXKAEHHbIX TpaH3aKLMin (40 c605) COCTOMT M3 CReAyOLWNX LAroB:

1. OnpegenuTb NOCNEAHIOK KOHTPO/bHYIO TOUKY B XypHane TpaH3akuuii. 3TO NocnegHnin
pas3, Korja faHHble TpaH3akumy 66111 PU3NYECKN COXPaHEHbI Ha AUCK.

2. [ns TpaH3akuuu, KoTopas Havanacb 1 6bisia 3apMKcMpoBaHa 40 nocnefHeli KOHTPObHOW
TOYKW, HNYEro AefiaTb He HYXHO, NOCKO/IbKY JaHHbIE Y)Xe COXPaHEeHbI.

3. Ana TpaH3akuuu, KOTOpas BbIMOAHMNA oOMepayuto ukcayuyu nocne nocnegHen
KOHTPO/IbHOM TOUKKN, CYB/[] ncnonb3yeT 3anucu XXypHana TpaH3akumid, 4To6bl NOBTOPUTL
TpaH3akuMo ¥ 06HOBUTL 6a3y [AaHHbIX, WCMOJMIb3YA 3HAYEHWUA «MOCNE» B XXypHane
TpaH3akumnin. M3meHeHUs BHOCATCA B MOpPsiAKe BO3pacTaHWsd, OT caMOro CTaporo Ao
Camoro HOBOTO.

4. Ons no6oli TpaH3akuuu, B KOTOpoi BbinonHanacb onepaums ROLLBACK nocne
nocnefHelt KOHTPONIbHOW TOUKM MK KOTOpas ocTaBanacb akTuBHoi (6e3 COMMIT unu
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ROLLBACK) 80 BO3HMKHOBEHUA OLWIMOGKN, HAYETO HE HYXHO fAenatb, MOCKOMbKY 6asa
[JaHHbIX HAKOraa He 06HOBMANACK.

Korga npoueaypa BOCCTaHOBNEHUS WCMONb3yeT METO CKBO3HOM 3anucu  (Takxe

Ha3blBaeMblli HeMe[/eHHbIM OOHOBNEHWEM), 6a3a AaHHbIX HEMeA/IEHHO O0OHOBAAETCH OnepauusMu

TpaH3aKUMM BO BPEMS BbIMOSIHEHWS TpaH3aKUMK, AaXe A0 TOro, Kak TpaH3aKuus AOCTUraeT CBOel

TOUYKM hukcaumn. Ecnu TpaH3akLus npepbiBaeTcs [0 TOro, Kak AOCTUIHET TOUKM huKcauuu,

HeobXxoAuMO BbINONHUTL onepaunio ROLLBACK, u4T06bl BOCCTAHOBUTH 6a3y [JaHHbIX B

cornacoBaHHoe coCTosiHMe. B aToMm cnyyae onepaunsd ROLLBACK 6yfet ncnonb3oBaTb 3HaYeHUA

«[,0» XYpHana TpaH3akumii. Mpouecc BOCCTAHOBMEHUS COCTOMT U3 CNEAYHOLLUX LUAroB:

1

OnpegeneHune nocnefHein KOHTPOIbHOW TOUKM B XXYpHasie TpaH3akuuin. 3To NocnegHui
pas, Korga flaHHble TpaH3akyun 66111 PU3NYECKN COXPaHEeHbl Ha ANCK.

[nsa TpaH3aKumu, KoTopas Hadyanacb v 6bl1a 3ahMKCMpPOBaHa 10 NOCNeHe KOHTPO/bHOW
TOYKMW, HUYEro genaTb He HY)XKHO, MOCKO/IbKY faHHbIe Y)Ke COXPaHEHbI.

[na TpaH3akuuun, Kotopas 6bina 3auMKcMpoBaHa nocne nocnefHei KOHTPObHOM TOYKM,
CYB/Jl noBTOPHO BbLINOJMIHAET TPaH3aKUMIO, WCMOMb3YyA 3HAYEHUA «MNOCMe» >XypHana
TpaH3akuuii. I3MeHeHMa NPUMEHSIOTCA B NOpsALKe BO3pacTaHus, 0T CaMOro cTaporo Ao
camMoro HOBOrO.

Ona nwoboli TpaH3akuwum, B KOTOPOW BbinonHsinacb onepauns ROLLBACK nocne
nocnefHelt KOHTPObHOM TOUKM MU KOTOpas ocTaBanacb akTuBHON (6e3 COMMIT nnu
ROLLBACK) [0 BO3HUWKHOBeHMs owunbkn, CYB[ ucnonb3yeT 3anucu XypHana
TpaH3akynin and ROLLBACK wunu OTMeHbl Oonepauunin, MCnonb3ys 3HaYeHUs «[o» B
XypHane TpaH3akumnii. I3aMeHeHna NpUMeHA0TCA B 06paTHOM NopsgKe, 0T camMbIX HOBbIX
[0 camblX CTapbIX.

1.7. 'torn

TpaH3akuua - 3T0 NOCNeA0BaTeIbHOCTb ONepaunin 6asbl AaHHbIX, KOTOPble 06pallalTCs
K 6a3e faHHbIX. TpaH3akuusa - 3TO fIOrMYeckas eanHMUa paboTbl; TO ecTb BCE 4acTu
BbIMO/IHAKTCA WAM OTMeHseTcAa. TpaH3akyua nepeBoAMT 6a3y fAaHHbIX W3 OAHOrO
COrn1acoBaHHOIO COCTOSHMA B Apyroe. CornacoBaHHOE COCTOSiHME 6a3bl JaHHbIX - 3TO
COCTOSIHME, B KOTOPOM BCe OFpaHMYeHns LeNOCTHOCTU AaHHbIX BbIMOMHAOTCS.

TpaH3akuMy¥ WUMelT YeTbipe OCHOBHbIX CBOICTBA: aTOMapHOCTb, COr1acoBaHHOCTb,
M30/1MPOBAHHOCTb M [JO/ITOBEYHOCTb. ATOMApPHOCTb O3Ha4aeT, UTO BCE YacTy TpaH3aKLum
AO/MKHbI  OblTb  BbIMOMHEHbI, B MPOTMBHOM C/lyyae TpaH3aKLUs nNpepbiBaeTcs.
CornacoBaHHOCTb - KOrja COrjacoBaHHOe COCTOsIHME 6a3bl JaHHbIX MOAAEPXKUBaeTCs.
N30N11MpOBaHHOCTb 03HAYaeT, YTO flaHHbIe, UCNONb3yeMble OfHO TpaH3aKLuel, He MoryT
ObITb LOCTYNHbI APYroii TpaH3aKL MK, NOKa NepBas He 6yaeT 3aBepLUeHa, a 40NTOBEYHOCTb
- YTO M3MEHEHMs, BHECEHHbIe TpaH3aKLNeld, He MOTYT GblTb OTMEHEHbI noce duKcaymm
TpaH3akuunm. Kpome TOro, pacnucaHus TpaH3akuuii  061ajat0T  CBOWCTBOM
cepmann3yemocTu - pe3ynbTaT OAHOBPEMEHHOTO BbIMOMHEHWNA TPaH3aKLUIA TaKoW Xe, Kak
W'y TpaH3aKLUWiA, BbIMONHAEMbIX B MOC/eA0BaTE/IbHOM MOPS/KE.
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[1 SQL obecneunBaer moanep:KKy TPaH3aKIMid ¢ MOMOIILI0 ABYX oneparopos. COMMIT,
KOTOpBII coxpaHseT usMeHeHus Ha jucke, ¥ ROLLBACK, KoTopsIii BOCCTaHABIMBAET
npeabiayinee coctosHue 6a3bl AaHHbX. Tpanzakiun SQL GopMHPYIOTCS HECKONBKUMHE
oneparopamu SQL wunu 3ampocamu 6a3el naHHbIX. Kakaeiii 3ampoc x 0a3e maHHBIX
WHHULUHPYET HECKOJIbKO Oneparuii ¢ 0a30ii AaHHBIX BBOAA/BbIBOAA. JKypHai TpaH3akLuii
OTCJIe)KMBAECT BCE TPAH3aKIMH, KOTOpble W3MeHstoT 0Oasy manHbix. HMHpopmalms,

XpaHsAW@AsACA B JKypHaJle TPaH3aKLMH, HCIONb3yeTCsl Ul Ieyiell BOCCTAHOBJIEHUS
(ROLLBACK).

[1 KoHTposne mnapajiesnsMa KOOPAWHHUPYET ONHOBPEMEHHOE BBIIOJHEHHWE TPAH3AKLMIA.
OnHOBpeMEHHOE BBIMOJHEHHE TPAH3AKLMH MOXET MNPHBECTH K TPEM OCHOBHBIM
npobiemMaM:  TOTepsiHHbIE  OOHOBNiEHHsS,  He3aUKCHUPOBAHHbIE  NAHHbIE  H
HECOTJIaCOBaHHbIe MOUCKW. [IIaHUpPOBINMK OTBEYaeT 3a YCTAHOBJIEHHE TMOPSAKA, B
KOTOPOM BBINOJHAIOTCA MapajuiesbHble TpaH3akiuy. [1opsaoK BbIMOMHEHHS TPpaH3aK L
UMeeT pelarolee 3HauYeHWe | 00ecrmedyrBaeT MEJOCTHOCTb 0a3bl HaHHBIX B
MHOTOTIOJIb30BATENIbCKUX CcHCTeMax 0a3 naHHbIX. [IIaHUPOBIIMK HCMONB3YET METOIbI
OJIOKMPOBKM, OTMETKH BpPEMEHH U ONTHMUCTHYHbIE METOAbI NS olecreveHwus

CEepPUaIM3yeMOCTH TPaH3aKLIMIA.

[] BrOKMpOBKa TrapaHTUPYET YHHUKAJIbHBIA JOCTYI K 3JIEMEHTY AAHHBIX TOCPEICTBOM
TpaH3aKIMK. BJIOKMpOBKAa HE MO3BOJISIET OJHOM TPAH3aKUUH HCIOJb30BATh DJIEMEHT
IOaHHBIX, B TO BpeMsl KaK JApyras TPaH3aKLus UCMob3yeT ero. CylecTByeT HECKONBKO
ypOBHei OJokHupoBKY: 0a3a TaHHBIX, TAONHIIA, CTPpAaHHLA, CTPOKA U none. B cucremax 6a3
JAHHBIX MOTYT MCIIOJIb30BaTbCsl [1Ba THNA OJIOKUPOBOK: OWHApHbIE OJIOKUPOBKH U
001 ue/5KCKITIO3MBHbIE OJIOKUPOBKU. J[BOm4Hasi OJOKMPOBKA MOXKET UMETh TOJIbKO ABa
cocrostHms:  3abmokupoBaHo (1) mmm  pasOnokupoBano (0). OOuiass Oj0KuUpOBKA
UCTIONIb3YeTCsl, KOrla TPAH3aKUKUs XO4€eT IIPOYUTaTh AaHHbIE U3 0a3bl JaAHHBIX, M HUKaKasl
Apyras TpaH3akLUs He OOHOBJIAET 3TU AaHHbIe. J{JIsl ONMpeneneHHOro dJIEMEHTa MOTYT
CYIECTBOBATh HECKOJBbKO OOIMX MM «YHTAeMbIX» OJIOKMPOBOK. MCKITHOUMUTENbHAS
OJIOKMPOBKA BBINAETCs], KOTAa TPAH3aKLUUs XO04eT OOHOBUTH (3amucaTh) 06a3y AaHHBIX, U
HHUKakue apyrue OmokupoBky (OOIIMe WM HCKIIOYWTEIbHbIE) HE COXPAHSIOTCS ISt

NAHHBIX.

] Cepuanusyemocts rpaukoB rapaHTupyercsi Onaropapsi UCMOJb30BaHUIO NByX(asHOM
6nokupoBku. Cxema nByx(asHoil OJOKHMPOBKM HMeeT pacTywyio (asy, B KOTOpOii
TPaH3aKIL¥s MOJydaeT BCe HeoOXomumble el OJOKUPOBKU 0e3 pa3OiIOKHUPOBKHM KaKHX-
mb0 JaHHBIX, U a3y CXKATHA, B KOTOPOIl TPaH3aKLUKS CHUMAET BCe OJIOKUPOBKH Oe3
NOoJTyueHHs1 HOBBIX OnokupoBok. Korza nBe wim Gosee TpaH3akuuu OECKOHEYHO KIYT
APYT Apyra, 9TOOBI CHATH OJIOKUPOBKY, OHH OKa3bIBAIOTCS B TYIHKE, TAK)KE HA3bIBAEMOM
cMepTenbHBIM 00bsATHeM. CylIecTByeT TpuU MeTOma KOHTPOJIS TYMHKOBBIX CHTYAI[HIA:

npeaoTBpalieHue, OOHapy)KeHHe U U30eraHue.

[] Vnpasnenne mnapasenn3MOM C  HCIOJb30BAHMEM METOK BPEMEHU HA3HAYAET

YHMKQJIbHY0O METKYy BPEMEHH KaXkIOW TpPaH3aKUMU M IUIAHUPYET BBIMOJHEHUE
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KOH(IMKTYIOLIMX TPAaH3aKLHI B IOPsIKE METOK BpeMeHH. [t onpenesieHHs Toro, Kakas
TPaH3aKLMs OTKATBIBAETCs, a4 Kakas MPOAOJIKAET BBIMOJHATHCA, HUCIONb3YIOTCS IBE

CXEMbI. CX€Ma OXXHJaHMsI/3aBEPLICHUST U CXeMa OOMOTKH/OKUMAHUS.

Kontpons mnapamnenusmMa ¢ ONTHMHCTHYECKUMH METONAMHU IPEANONaraeT, 4ro
OONBIIMHCTBO TpaH3akuuil Oa3bl OAHHBIX HE KOH(JIUKTYIOT ¥ HYTO TPaH3AKIUU
BBIMOJIHSIOTCS] OMHOBPEMEHHO C UCIOIb30BAHUEM YACTHBIX BPEMEHHBIX KOMUIN JaHHbIX.
Bo Bpemsi ¢ukcanmm mudHBIE KOIMHH OOHOBIsIOTCA B Oase manHbix. Cranmapt ANSI
OTIpeNeNsIeT YeThIpe YPOBHS M30JIALUN TPAH3aKIMU. YTeHUE He3a(UKCHPOBAHO, YTEHUE

3a()KCUPOBAHO, IOBTOPHOE UTEHHE U CEPUATH3YEMOE.

BoccraHoBneHne 6a3pl JaHHBIX BOCCTAHABIMBAET 0a3y JaHHBIX U3 3aJaHHOTO COCTOSTHUS
B IIpebIAyIIEe COTJIaCOBAaHHOE COCTOsIHUE. BoccTaHOBNIEHNE Ga3bl MAaHHBIX 3aITyCKAETCS
NP BO3HHUKHOBEHUH KPUTMYECKOTO COOBITHS, TAKOrO Kak amnmapaTHas OLHOKa WM

OLIHNOKA TPUIIOKEHHUSI,
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Jlekuymsa 8. OnTummsauma b

8.1. BeegeHve

HacTpoiika npon3BOAUTENIbHOCTM 6a3bl [aHHbIX ABMAETCH KPUTUYECKU BaXKHON TeMOW,
0fHAaKO OHa 06bIYHO NOyyYaeT MUHUMa/IbHOE OCBeLLeHMe B y4eOHOM nporpamme no 6asam faHHbIX.
BonbWMHCTBO 6a3 AaHHbIX, UCMOMb3YeMblX B YHUBEPCUTETE, UMEIOT TOIbKO HECKO/IbKO 3anucei Ha
Tabnuuy. B pesynbTate OCHOBHOe BHMMaHWe 4acTo yfAenseTcd TOomy, u4ToObl 3anpocbl SQL
BbIMOMIHANW HaMeYeHHYI0 3afady 6e3 yyeta ah(peKTUBHOCTM npouecca 3anpoca. PakTUYECKn, Jaxe
camas a(pdeKTMBHAA cpefa 3anpocoB He AaeT BUAUMbBIX YYyYLIeHWA Npou3BOAUTENIbHOCTM MO
CPaBHEHMIO C HammeHee 3 (eKTUBHOM Cpefol 3anpocoB, Korga sanpawmeaeTcd Tobko 20 namn 30
CTPOK (3anuceid) Tabnuuybl. OTCYTCTBUE BHUMAHUA K 3)(PEKTUBHOCTY 3aMpoCOB MOXET NPUBECTU K
HeLONyCTUMO MefIeHHbIM pe3y/nbTaTaM B peasibHOM MWpe, KOrfa 3anpochbl BbIMOMHAKTCA A/14
[EeCATKOB MUJ/IIMOHOB 3amnucei.

OLHOM M3 OCHOBHbIX (YHKUWIA cucTembl 6a3 [aHHbIX ABASETCA MpeAocTaBfieHne
CBOEBPEMEHHbIX OTBETOB NOMb30BaTensM. [onb3oBaTenu B3anmoaeincTeyoT ¢ CYB/J ¢ nomollbto
3arnpocoB A1 reHepauun nHpopmawuu, NCnonb3ys CneayoLwyo nocnefoBaTeslbHOCTb:

1 KneHTCKOe NpUIoXKeHne reHepmpyeT 3anpoc.

2. 3anpoc otnpasnsetcsa B CYB/] (cepBepHas 4acTh).

3. CYB/ (cepBepHas 4acTb) BbIMOJHAET 3anpoc.

4. CYBJ, oTtnpaBnfet pe3ynbTUPYHOLWMA Habop [aHHbIX B MPUI0XKeEHUEe (Ha CTOpPOHe

K/IMEHTA).

Monb3oBaTen OXWAarwT, 4TO WMX 3anpocbl O6yAyT BO3Bpawatb pPe3y/nbTaTbl Kak MOXHO
ObICcTpee. XOpoLWyH NPOM3BOAMTENILHOCTb 6a3bl JaHHbIX C/I0XKHO OLeHUTb. Kak y3HaTtb, L0CTaTo4yHO
/1N BpemMeHM oTBeTa Ha 3anpoc B 1,06 cekyHAbl? flerye onpefennTtb NAOXYH NMPOU3BOAUTENLHOCTb
6a3bl AaHHbIX, YeM XOPOLYIO - LOCTATOYHO NN XKanob nonbL30BaTens Ha MeAsIeHHble pesyibTarhl
3anpocoB. K coxkaneHuto, OANH M TOT Xe 3anpoc MOXeT paboTaTb XOPOLO OAWH [EeHb U He Tak
Xopowo fBa Mecsaua cnyctd. HesaBucumMo  OT  BOCMPMATUSA  MOMb30BAaTeNsA,  LENbH
NMPOV3BOAUTENLHOCTU 6a3bl AaHHbIX SB/AETCA BbINOJIHEHNE 3aNPOCOB MaKCMMasibHO 6bICTPO.
Mo3ToMy NpOM3BOAMTENILHOCTb 6a3bl fJaHHbIX LO/KHA TWaTe/lbHO KOHTPOIMPOBATLCA U PEryApHO
HacTpauBaTtbca. HacTpoiika Npon3BoaNTENbHOCTU 6a3bl 6aHHbIX OTHOCUTCA K Habopy AeNCTBUIA 1
npouenyp, nNpefgHa3HaYeHHbIX NS COKPALleHNs BPEMEHU OTKIMKA CUCTeMbl 6a3bl AaHHbIX, TO eCcTb
Ans obecneyeHuns Toro, 4Tobbl 3anpoc nonb3oBatens obpadatbiBancd CYB/[, B MUHUMaNIbHOE BPeEMS.

Bpems, Heobxofumoe 3anpocy A8 Bo3Bpata Habopa pe3ynbTaToB, 3aBUCUT OT MHOIMMUX
(haKTOpOB, KOTOPbIE, KaK NpaBn/io, UMEIKT LWMPOKUIA Mana3oH 1 3aBUCAT OT CPefbl U NOCTABLLNKOB.
B uenom, npon3BoAUTENbHOCTb TUNMYHOW CYB[M orpaHu4vyeHa TPeMS OCHOBHbIMU (DaKTOpPaMu:
BbIYUCANTENIbHON MOLLHOCTbI Mpoueccopa, AOCTYMHOW ONepaTUBHOW NamsATbO U MPOMYCKHOM
CNoCOBHOCTLIO BBOAA/BbIBOAA (KECTKOr0O AMUCKA U CETH).

EctecTBeHHO, cucTema OyaeT paboTaTb nydlle, Korga ee annapatHble UM MporpamMmmHble
pecypcbl 6yayT onTUMU3mMpoBaHbl. OfHaKO 3TW pecypcbl orpaHuyeHbl. CUCTEMHbIE KOMMOHEHTbI
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[JO/DKHbI  OblTb  ONTUMWU3NMPOBAHbI AN NONYYEHUS MaKCUManbHO BO3MOXHOW MPOMYCKHOM
CNOCOGHOCTM C CYLLeCTBYHOLMMM (M 4YacTO OrpaHWYeHHbIMM) pecypcamu, MO3ITOMY HacTpolika
NPOM3BOANTENbHOCTM 6a3bl JaHHbIX BaXHa.

To4yHasa HacTpoika MPOM3BOAUTENILHOCTM CUCTEMbI TpebyeT LENOCTHOro nogxoga. Bce
(haKTOpb! AO/HKHbI ObITb MPOBEPEHbI, YTOObLI rapaHTUPOBATb, YTO KaXAbli U3 HUX paboTaeT Ha CBOEM
ONTUMaNbHOM YPOBHE UM MMeeT [OCTaTOYHble pecypchbl, YTOObI MUHUMU3NPOBATb BO3HWKHOBEHMWE
Y3KMX MeCT. ApxuTekTypa 0a3bl [aHHbIX SBASETCA BaXHbIM (haKTOpoOM, Onpeaensatowmm
3 (heKTUBHOCTb pPaboThl CUCTEMbI 6a3 AaHHbIX.

XopoLas npon3BoAMTENbHOCTb b /] HaUMHae TCA C XOPOLLEro NpoekTe Hwukakme HaCTPOINKK
He MpuBeAyT K TOMY, YTO NAOXO cnpoekTupoBaHHasa B[, OyaeT paboTaTb TakK Xe XOpowo, Kak u
XOPOLLO CNPOEKTUPOBaHHas. OTO 0COGEHHO BEPHO MNPV MEPENPOEKTMPOBAHMYK cyllecTByOWmMX b,
KOrfa nosib3oBaTe/b 0XKMAaeT HepeasibHOro NPUPoOCTa NPOU3BOAUTENLHOCTU OT CTapbiX.

UTto npeacTaBnsieT cO60M XopoLwmniA, 3 PeKTMBHbINA NpoekT BA? C TOUKM 3pEHUSA HACTPOIKM
NPOW3BOANTENBHOCTU, pa3paboTunk B/, fomKeH yoeAnTbCS, YTO B MPOEKTE UCMO/b3YHOTCA PYHKL UK
CYB/, KoTopble rapaHTUPYIOT LENOCTHOCTb Y ONTUMa/bHYI0 NMPON3BOANTENLHOCTb.

HacTpoiika npou3BOANTENbHOCTMW: KAMEHT W cepBep. [elcTBMS MO HaCTpoiike
npou3BoAuTeNbHOCTU BJ] MOXHO pa3fennTb Ha AeiCTBUA Ha CTOPOHE K/IMEeHTa UM Ha CTOpOHe
cepsepa.

O Ha cTopoHe KNMeHTa LeNb COCTOUT B TOM, UTOObI CreHepupoBaTth 3anpoc SQL, KoTopblit

BO3BpaljaeT MNpaBW/bHbIA OTBET 3a HaMMEHbLUee BpPeMs, WUCNOb3ys MWHUMaNbHOE
KO/MIMYeCTBO PecypcoB Ha CTOpPOHe cepsepa. [encTsms, He0o6Xo4UMble ANA LOCTUXKEHUSA

3TOl Lenmn, 06blYHO Ha3blBalOT HACTPOIKOI Npon3BoANTEenbHOCTM SOL.

0O Ha cTtopoHe cepsepa - CYB/[ fo/mkHa 6bITb MpaBUAbLHO HAacTpPOeHa A/ MakKCUMa/bHO
ObICTPOro OTBeTa Ha 3anpocbl KAWMEHTOB MpU  ONTUManbHOM  WCMO/b30BAHUU
CYLLECTBYIOLWMX pecypcoB. [eicTBus, HeobXoAWMble AN AOCTUXEHUA 3TOW Uenu,
06bIYHO Ha3bIBalOT HACT POVKOW NpousBoanTensHocTU CYB[,

Peanuzauun CYB/M, kak npasuno, 605ee CAOXHbI, 4YeM TNPOCTO [BYXYypOBHeBas
KOH(urypauus "knueHt/cepsep”. CeTeBOM KOMMOHEHT UrpaeT BaXKHYIO POJib B JOCTaBKe COOOLLLeHN
MeXJy KIMeHTamu u cepBepamu; 3T0 0COOEHHO BaXKHO B pacnpefeneHHbix bl. B MHOroypoBHEBbIX
K/IMEeHT-CePBEPHbIX  Cpefax, KOTOpble COCTOAT U3  K/WEHTCKOW 4acTu, MPOMEXYTOYHOro
nporpamMHOro obecneyeHns NPUIOXKEHWUA W CcepBepHOn 4vacTu BJM, [eiACTBMA NO HacTpoiike
NPON3BOAMTENBHOCTM 4acTo AeNAaTca Ha nofjsajayu, 4tobbl 06ecneynTb MakCMManbHO 6bICTpoe
BPeMSA OTKAUKa MeXAy No6bIMU ABYMS KOMMOHEHTHbIMW TOYKamu. AamuHucTpatop b, gonxeH
TECHO COTPyAHWMYaTb C CETEBOW FPynmnoi, 4Tobbl o6ecneunTb 3aDPEKTUBHYO MNepedayy Tpaduka B
CeTeBOM WH(pacTpyKType. ITO eule 6osee BaXHO, ecnn Y4YecTb, YTO OONbWIMHCTBO cucTem B[
06CNY>XNBAKT reorpauueckn paspo3HeHHbIX NoMb3oBaTeNeil.

ApxutekTypa CYB/ Apxutektypa CYB[ npeacrtasneHa npoueccamu U CTpyKTypamm (B
OMepaTMBHOM WM MOCTOSHHOW NamATU), WUCMOMb3yemMbiMU ANA ynpasneHUs 6a30M faHHbIX. Takue
npoueccbl B3aUMOLEWCTBYIOT ApYr C APYroM A8 BbIMO/HEHUA OnpejenieHHbIX (QyHKuuiA. Ha
pUCYHKe 27 nokasaHa apxutektypa CYB/.
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KomnbioTep

Cepsep CYB
nons3oBarens peep A

MpoLieccs! nonb3osarens Mpoueccbl CYB/], B ornepaTnsBHON NamsATn

basa gaHHbIX

lMpouecc nonb3oBatensa  w e il
e e —

3anpoc
O6paboTUMK 3arnpocoB MeHepkep 6/10KMPOBOK i i i i
—N L

Onepauuu
MnaHnpoBLWIK Oontummnsatop BBOAA/BbIBOSA

Dainbl Bl 8 NOCTOAHHON NamATH
PesynbTarhl (BHEWHMI AKnck)

Kaww SQL KoLl gaHHbIX
oTnpaBnAlTCeA K aa

KNNeHTy

Puc. 27. Apxutektypa CYb

Heo6xoarMo 06paTUTb BHUMaHWE Ha CNeayHoLiie KOMNOHEHTbI 1 (hYHKLMMN Ha PUCYHKe 27:

0 Bce faHHble B 6ase [aHHbIX XpaHATCS B (hainax AaHHbIX. TunumyHas 6as3a AaHHbIX
npeanpuaTusS 06bIYHO COCTOUT M3 HECKONIbKUX (PainnoB faHHbIX. Pain faHHbIX MOXET
cofep>aTb CTPOKM M3 O4HOWN Tabnuubl UK CTPOKU U3 pasHbIX Tabnuy. AgMUHUCTpaATOP
6a3bl paHHbix (DBA) onpegenser HayanbHbld pasmep (aifioB faHHbIX, KOTOPbIE
cocTaBnAOT 6a3y AaHHbIX; OAHAKO (ai/ibl JaHHbIX MOryT aBTOMATUYeCKN pacllmpaTbCs
no mMepe Heo6XO4MMOCTU C 3apaHee onpefesieHHbIMU MpUpaLeHnaMun, U3BECTHLIMU Kak
3KCTeHTbl. Hanpumep, ecnn TpebyeTtcs 6oMblue MecTa, agMUHUCTPATOP 6a3bl AaHHbIX
MOXET OnpeAennTb, YTO KaXXAblil HOBbIV 9KCTEHT 6yaeT ¢ warom 10 KB nnn 10 Mb.

O dalinbl AaHHbIX 06bIYHO TPYNNUPYHOTCA B ailnoBble TPynnbl WUAXM  TabAUYHblE
npocTpaHcTBa. TabaMyHoe NPOCTPAHCTBO UK rpynna ainos - nornyeckas rpynna us
HECKONIbKUX  (hali/loB  [aHHbIX, B KOTOPbIX XPaHATCA [aHHble CO CXOLHbIMU
Xapaktepuctukamu. Hanpumep, B CUCTEMHOM Tab/IMYHOM MPOCTPAHCTBE XPaHATCH
MeTajaHHble, Tab/lM4yHOe MPOCTPAHCTBO MOJ/Ib30BATE/NIbCKMUX [aHHbIX A1 XpaHeHus
CO3faHHbIX nonb3oBatenem tabnaul, TabaMyHoe NPOCTPAHCTBO UHAEKCOB AN XPaHEHUSA
BCeX WHAEKCOB W BPeMeHHOe TabnnyHoe MPOCTPaHCTBO /1 BPEMEHHbIX COPTMPOBOK,
rpynnuposka u 1.4. Kaxablii pa3, Korga cosgaetcd Hosas bJ], CYB/[, aBTOMaTnyecku
C034aeT MUHUMaNbHbINA Habop TabNNYHbIX MPOCTPAHCTB.

(] Kaw fgaHHbIX nnv 6ydiepHblii KL, sBnseTca o6Lieli, 3ape3epBMpPOBaHHON 06/1aCcTbio
namsaTy, B KOTOPOW XpaHSATCA mocnefHue AOCTYMNHble 6/10KN aaHHbIX B O3Y. [aHHble,
CUMTaHHble U3 (haliNoB AaHHbIX, COXPAHATCA B K3lle AaHHbIX MOCMe TOro, Kak AaHHble
ObINM NpPOYMTaHbl MAM A0 TOrO, KakK fJaHHble OblM 3anucaHbl B (aiibl faHHbIX. Kaw
[OaHHbIX TaKXKe K3WMpYyeT AaHHble CUCTEMHOTrO KaTanora y CogepXXuMoe NHAEKCOB.

(] Kaw SOT, wnu Kaw npotjedyp, aBnaetcs o6Liel 3ape3epBUpoBaHHOl 061acTbio NaMaATH,
B KOTOPOM XpaHATCA MocnefHue BbINOSHEHHbIE onepatopbl SQL wam npouesypsl,
BKNKOYasa Tpurrepbl U yHkumm. Ksw SQL He xpaHUT Kof nonb3oBatensd. BmecTo atoro

B K3Lle XpaHUTcsa «ob6paboTaHHas» Bepcua SQL, KoTopasa rotoBa K BbinosHeHUt0 CYB/,.
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O [Ans paboTbl ¢ gaHHbiMn CYB/[, f0/MKHA N3BMeYb AaHHbIE U3 MOCTOAHHOIO XpaHUanLa u
NMOMECTUTb MX B OMepaTUBHYI NamaTb. Apyrumu cnosamu, AaHHble W3B/IEKAOTCA Y3

(haiinoB faHHbIX N NOMELLAOTCA B KLU AAHHBIX.

O [Ans nepemeLieHnsa AaHHbIX M3 NOCTOSHHOIO XpaHunuwa (annsl gaHHbIX) B O3Y (Kaww
fJaHHbIX) CYB[ BblgaeT 3anpocbl BBOAa-BbiBOJA M OXWAAET OTBETbl. 3anpoc
BBofa BbiBoga (1 O) - 3To onepauwa focTyna K fJaHHbIM HWU3KOr0 YPOBHA, KoTopas
CUMTbIBAET WM 3anucbiBaeT fAaHHble Ha (PU3NYEeCKMe HOCUTENN, TaKue Kak namsiTb,
XXEeCTKMe AUCKW, BUAEOYCTPONCTBa M NpuUHTepbl. Onepayus 4TeHUs C AWUCKa BBOAa-
BbIBOAA M3BNEKaeT BeCb O/IOK (DM3MYECKOr0 AMCKa, 06bIYHO cofepXawiuii HeCKO/bKO
CTPOK, M3 MOCTOAHHOrO XpaHUNULWia B K3W AaHHbIX, JaXe eC/IM HYXeH TO/MbKO OAMUH
aTpubyT TONbKO M3 OAHOW CTPOKWU. Pasmep 6/710ka (PU3NYECKOro [MCKa 3aBUCUT OT
onepaunoHHOR cuctemMbl U MOXeT 6biTb 4KB, 8KB, 16KB, 32KB, 64KE nnun gaxke 60nblLue.
Kpome Toro, B 3aBUCMMOCTU OT 06cTOATENLCTB, CYB /[l MOXET BbifaBaTb 0HO6M0UYHbIA

3anNpoC Ha YTEHME UM MHOTOBM0YHbIN 3aMPOC Ha UTEHMeE.

00 PaboTa ¢ faHHbIMW B K3lle JaHHbIX BO MHOro pa3 6bicTpee, yem paboTa C AaHHbIMU B
(halinax AaHHbIX, NOCKONbKY CYB[ He HY)XXHO XAaTb, NMOKa XXECTKUA [UCK u3Bfnevet
JaHHble; ANna paboTbl B K3lLe AaHHbIX He TpebyroTcs onepaunn BBOAa-BbIBOAA XKECTKOMO
Jmncka.

O bBOoNbWMHCTBO [eACTBUA MO HACTPOMKe MNPOWU3BOAWUTENIbLHOCTU  HanpaBfieHbl Ha
MUHUMWU3ALMIO KONIMYecTBa OMNepauuini BBOLA-BbIBOLA, MOCKOJ/IbKY WCMO/b30BaHWE
onepauuin BBOAa-BbIBOAA BO MHOI0 pa3 Me/JIEHHEe, YeM YTEHMWE JaHHbIX U3 K3Lla JaHHbIX.
HanpumMep, Ha MOMEHT HanucaHua cTatbi Bpems goctyna Kk O3Y Bapbuposanoch 0T 5 A0
50 HaHOCeKyHA, a BpemMsa [oCTyna K MarHUTHOMY XeCTKOMY AMCKY - oT 5 go 15
MUNNNCEKYHS, a Bpemsa goctyna K SSD - o1 35 Ao 100 MMKPOCEKYHA. STO 03HaYaeT, YTo
YKeCTKMEe AMCKN HA HECKOJ/IbKO MOpsAKoB MefnieHHee, yem O3Y.

Ha pucyHke 27 TakXe nokasaHbl HeKoTopble TuMWYHble npoueccbl CYB[. XoTts umucno

NMpoLeccoB M WX MMeHa BapbMPYKTCA OT MNOCTaBLWMKA K MOCTaBLUMKY, (YHKLMOHANbHOCTb

aHanornyHa. Cnefyrowme npouecchl NpeacTaBfieHbl Ha PUCYHKe 27:

| O6paboTumK 3anpocoB. O6paboTUMK NPUHMMAET 3aNPOChl KIMEHTOB M 06pabaTbiBaeT MX.
Kak TONnbKO 3anmpoc nonyyeH, 06paboTuMK MepefaeT 3anpoc COOTBETCTBYHLLEMY
Mo/b30BaTeNbCKOMY MpPOLIECCY.

I Mpouecc nonb3oBaTens. CYB/[ co3gaeT nonb3oBaTeNlbCKUIA Npouecc A8 ynpaBieHus
KaXblM ceaHCcOM  KnueHTta. [loatomy npu Bxoge B CYbJ HasHauvaertcd
Nonb30BaTENbCKNIA NpoLecc. ATOT npouecc obpabaTbiBaeT BCe 3aNpoChl, KOTOPbIE KANEHT
oTnpasnseT Ha cepsep. CyllecTByeT MHOIO MOMb30BaTENbCKUX NPOLECCOB, MO KpavHein

Mepe, OIVH Ha KaXX[0ro 3apermcTpMpoBaHHOIO KAUEHTa.

O T[llnaHuMpoBWMK. T[lpouecc naaHUMPOBLLMKA OpPraHU3yeT mnapanje/sibHoe BbIMOJIHEHWE
3anpocos SQL.
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O MeHea>kep  OGNOKMPOBOK.  3TOT  MNpoLecc ynpaBnseT BCeMM  GOKMPOBKaMy,

pa3MeLLeHHbIMM Ha 06bekTax 6a3bl AaHHbIX, BKOYAs CTPAHMLbI Ha ANCKE.

[] OnTummuzaTop. TMpouecc onTMMM3aTOpa aHanM3upyet 3anpockl SQL M HaxoguTt
Hanbonee a(heKTUBHbIV CNOCO6 JOCTYMNa K JaHHbIM.
Pe>XuMbl onTuMnsaumm 3anpocos K b/I. BOMbWNHCTBO anropuTMOoB, MPESI0XKEeHHbIX AN

onTuMunsaLnn 3anpocoB, 0OCHOBaHO Ha ABYX NpuHUunax:

(] Bbl60p OnNTUManbHOTO nopAaakKa UCMONIHEHUA ANA AOCTUXXKEHUA MakKCUMallbHO 6bICTpOFO
BPEMEHWN NCNONHEHNA

00 Bbl60p MCTOYHUKOB AaHHbIX AN 4OCTYyNa, YTOObl MMHUMW3NMPOBATb pPacxofbl Ha CBS3b.

B pamkax 3TuUX ABYX NPUHLWUMNOB anropuTmM ONTUMKU3aLMY 3aNPOCOB MOXET OLLeHMBATbLCS Ha
OCHOBe peXxunma ero paboTbl UM BPEMEHWN €ro ONTUMU3ALUN.

PeXXmmbl  paboTbl MOXHO KnaccugpuumpoBaTb KakK pyYHble WA aBTOMaTUYecKue.
ABTOMaTMYeckas onTumMmnsaumsa 3anpocos o3Havaet, 4yto CYB/[, HaxoanT Hanbonee ahPeKTUBHbIN
nyTb fgocTyna 6e3 BMellaTenbCTBa Nob3oBatensd. PyyHas onTuMusaymsa 3anpocos TpebyeT, 4ToObl
onTMMKU3aumMa 6bina BblbpaHa WM 3ansiaHMpoBaHa nosib3oBatesieM. C TOUKW 3peHUsA NOMb30BaTeNs,
aBToMaTMyeckas ONTMMM3aLMA 3anpocoB ABHO 0O0Jfiee >KefaTefbHa, HO LeHa Takoro ypo6ctea
3aK/1H04YAETCA B MOBbILWEHHbLIX HAKNAAHbIX pacxofax, KoTopble oHa HaknagbiBaeT Ha CYB/.

ANropuTMbl ONTUMU3ALMK 3aNPOCOB TakKXe MOTYT ObITb KNacCU(nUMpPoBaHbl B 3aBUCMMOCTH
0T TOr0, KOrja BbIMOMHAETCA ONTUMU3aLns. B paMkax 3TON BpeMeHHOW Knaccuukawunm anropuTtmbl
ONTUMM3aLMM 3aNPOCOB MOTYT ObITb CTAaTUYECKUMU UAN AUHAMUYECKUMNA.

(] OnTumusaums cTaTUUYeCKOro 3anpoca NpoucxXoAuT BO BPeMA KOMAUAALMKU. Opyrumu
cnosamu, nydwas cTpaTerus onTuMusauuy BblOMpaeTca Npu cocTaB/lieHUMM 3anpoca
CYB/l. 3T0oT noaxoa pacnpocTpaHeH, Korga onepatopbl SQL BCTpOeHbl B npoueaypHble
A3bIKW nporpamMMmnpoBaHua, Takue Kak C# mnnu Java. Korpga nporpamma nepegaetca B
CYB/ ana kKomnunsumm, oOHa co3faeT nnaH, HeoOXoAUMbIN Ans gocTtyna K 6ase faHHbIX.
Korga nporpamma BbinosiHaeTcd, CYB/[, vcnonb3yeT 3TOT NiaH ANna joctyna K 6ase
[aHHbIX.

L] AuHamuyeckas onTuUMU3aLMs 3anpOCOB NMPOUCXOANT BO BPEMS BbiMofHeHMs. CTpaTerus
JocTyna K 6ase AaHHbIX onpegensercsd nNpu 3anycke nporpaMmbl. Takum 06pasom,
cTpaterna poctyna AguHamuyeckn onpegendetrca CYBJ[ BO BpemMs BbIMOJIHEHUA,
MCNOMb3ya CaMyl) aKTyalbHYH WHMOpMauuo o 6ase AaHHbIX. XOTS AUHaMU4ecKas
oNTMMKU3aLMA 3aNpocoB 3 PEKTUBHA, ee CTOMMOCTb U3MEPAETCA U3ep>KKamu 06paboTKm
BO Bpems BbINOMHEHMA. Jlydlwas cTpaTterns OnpeaenseTcad Kaxiblid pas, Korga
BbINOJIHAETCS 3anMpoc; 3TO MOXeT MPOUCXOAUTb HECKONIbKO pa3 B OAHOW W TOW Xe
nporpamme.

HakoHeu, MeTOAbl ONTUMMK3ALLUMN 3aNPOCOB MOTYT 6bITb KNacCUpUUMPOBaHbl B COOTBETCTBUNU

C TMNOM MHQoOpMaLunU, KOTopas MCNonb3yeTcd AN ONTUMM3aALMKM 3anpoca. Hanpumep, 3anpocsl

MOTyT ObITb OCHOBaHbl Ha CTaTUCTUKE UMK Ha npasunax anropnTmMos.
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(] AnropuT™  ONTWMM3ALUMM  3aNPOCOB  HA  OCHOBE CTAaTWUCTWUKM  MCMONb3yeT
CcTaTUCTUYEeCKyto uHGopmaumo o bA. CratucTuka npefoctasnsgeT MHpopmauuto o
cBoilcTBax BJl, Takux Kak pa3Mep, KO/MYECTBO 3anuceil, cpefHee Bpems [OCTYyNa,
KO/IMYecTBO 06C/YXMBAEMbIX 3anpocoB M KOMWYECTBO MO/Sib30BaTeNleid C npasBamu
JocTtyna. 9TW cTaTUCTUYECKMe daHHble 3aTeM ucnosnb3ytotca CYB/[ ana onpegeneHus
Haunydlweid cTpaterum pgoctyna. B onTummusatopax, OCHOBAHHbIX Ha CTaTUCTUKe,
HekoTopble CYBJ, no3BONAT YCTAHOBUTL Lenb, 4TOObI yKasaTb, YTO ONTUMU3ATOP
[JO/DKEH MbITATbCA MUHUMMU3NPOBATL BPeMA A1 W3BJeYEHWUS NEpBON MAW nocnefHein
CTPOKU. MUHMMU3ALMA BPEMEHU MOJNyYEHUS NEepBOA CTPOKM YacTO WUCMOJMb3YyeTcs B
cucTemMax TpaH3akuuii U UHTepakTUBHbIX KIUMEHTCKMX cpefax. B aTux cnydyasx uenb
COCTOWT B TOM, YTOObI NPeACTaBUTL NMePBble HECKO/IbKO CTPOK M0/b30BaTE/N0 KaK MOXHO
bbicTpee. 3ateM, noka CYB/[] 0xXxupaet oT No/fib30BaTeNs NPOKPYTKU AAHHbLIX, OHA MOXET
13BfieYb Apyrue CTPOKK A4 3anpoca. Y CTaHOBKa Lenn ontummsaTtopa A1 MUHUMKU3aLum
N3BNeYeHUs nocnefHen CTPOKU O0ObIYHO BbINONHAETCA BO BCTPOEHHOM SQL u BHyTpu
XpaHUMbIX npouefyp. B aTux cnyyasx afemeHT ynpasfeHUs He OyeT BO3BpalatbCs
BblI3blBalOLLEMY NPUIOXEHWNIO, MOKa He 6YAYT MONyYeHbl BCe AaHHbIE; MO3TOMY BaXHO,
KaK MOXHO OblCTpee M3BMeYb BCe AaHHble U3 MOCNefHen CTPOKWU, YTOObI MOXHO 6blN0

BEPHYTb ynpaBfeHue.

O Cratuctuyeckaa nHgopmaumsa ynpasngetca CYB/[ v reHepupyeTcs B 04HOM U3 [ABYX
pasHbIX PeXWMOB: AUHAMWYECKOM WAN  pPy4YyHOM. B pe>kume AUHaAMUYECKOro
reHepupoBaHua crTaTucTukm CYBJl aBTOMaTuW4yeckuM oOueHUMBaeT U o06HOBNAET
CTaTUCTUKY MOCNe KaxoW onepauum [ocTyna K AaHHbIM. B pe>kume reHepauuu
CTATUCTUKN BPYYHYIO CTATMUCTUKA LO/DKHA NEPUOANYECKU OOHOBMATLCA C MOMOLLbLIO
BblGpaHHON Monb30BaTesemM YTUAUTbI, Takol kak KomaHga LUM RUNSTAT, koTtopas
ncnonb3yetca CYb/J DB2.

(] AnropuTm onTuMM3aLMM  3aNpOCOB HA OCHOBE MpaBWA OCHOBaH Ha Ha6ope
NMoNb30BaTe/IbCKUX MNpaBui A0S ONpefeneHUs Haunydlei cTpaternm poctyna K
3anpocam. [Npasuna BBOAATCA NOMb30BATENIEM UAN agMUHUCTpPaTOpoM B/1, 1 OHM 06bIYHO
HOCAT 06L NI XapaKTep.

CTaTucTunka 6asbl gaHHblX. Ewe ogmH npouecc CYB/, KOTOpbIA UrpaeT BaXHYH po/ib B
ONTMMMK3aLMKN 3aNpocoB, - cbop cTaTucTukn BA. TepMmH cTaTUCTMKA 6a3bl 6GaHHbIX OTHOCUTCA K
pagy u3mepeHuid 06 o6bekTax B[, TakMx KakK 4YMC/IO WUCMO/b3yeMbIX MNPOLECCOPOB, CKOPOCTb
npoweccopa ¥ LOCTYNMHOE BPeMEHHOE MPOCTPaHCTBO. Takas CTaTUCTUKa MpefoCcTaB/IsieT CHUMOK
xapakTtepuctuk b/.

CYB/A wvcnonb3yeT 3Ty CTaTUCTUKY ANA MPUHATUS BaXKHbIX PeLeHUA MO MNOBbIWEHUIO
ahekTUBHOCTN 06paboTKM 3anpocoB. Cratuctmka B MoxeT O6bITb cobpaHa BpPYUHYHO
aAMUHUCTPATOPOM WM aBTOMaTuyecku. Hanpumep, mHorve noctasuwmkyn CYB[ nopnep>xusaroT
komaHgy ANALYZE B SQL gns c6opa ctatucTkn. Kpome TOro, MHOr“e nocTaBLMKN UMeOT CBOU
coO6CTBEHHbIE Mpoueaypbl 4na céopa cratuctukn. Hanpumep, LM DB2 ucnonb3yet npouesypy
RUNSTATS, BT0 Bpems kak Microsoft SQL Server ncnons3yet npoueaypy UPDATE STATISTICS
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W MpefocTaBfiseT mnapamMeTpbl aBTOMAaTUYecKoro OO6GHOBNEHWA W aBTOMATUMYECKOro Co3faHus
CTaTUCTUKW B CBOMX MapameTpax MHuuuanusaumn. NMpumMepsl napametpos, Kotopble CYB/[ moxeT
cobupatb AN pasHbiX 06bEKTOB 6a3bl AaHHbIX, NOKa3aH B Tabnuue 27.

Tabnuua 27
MpuMepbl NapaMeTpoB A4 CTaTUCTUKK B
O6wekT B, MprMepHbIe MapameTpsbl
Tabnuua KonnyecTBo CTPOK, KOMMYECTBO WCMO/b3yeMbIX AMCKOBbIX O/I0KOB, ANNHA CTPOKMU,

KOMIMYECTBO CTOMOLOB B KaXKOM CTPOKE, KOMIMYECTBO OTAE/bHbIX 3HAYEHUIA B KaXKA0M
CTONGLE, MaKCMMasbHOE U MUHMMa/bHOE 3HAYeHWe B KaXAOM CTONOLE, U CTON6LbI,
VIMetoLLME UHAEKCBI.

NHpekc KonunyecTso 1 Mvs CTON6L0B B K/HOYe MHAEKCA, KOIMYECTBO 3HAYEHMIA K/koUa B MHAEKCE,
KOMIMYECTBO OTAE/IbHbIX 3HAYEHWUI K/oYa B K/OYe MHAEKCA, rMcTorpamma 3HavyeHui
K/H0Ya B MHAEKCE M KOIMYECTBO CTPaHWL, ANCKA, NCMO/Mb3YEMbIX MHAEKCOM.

Pecypc Pa3mep 6/10Ka NOrMYeCcKOro 1 (hU3MYeCKOro AMCcKa, pacnosiokeHve 1 pasvep (ainnos
[aHHbIX, a TAKXKe KOIMYECTBO PacLUMPEHWIA Ha (halin AaHHbIX.

Ecnn ctatuctnka o6bLekToB cyuwectsyeT, CYB/[ 6yaeTr ucnonb3oBaTb ee npu o6paboTke
3anpocoB. bonbwmnHcTBo HOBbIX CYBJ (Takmx kKak Oracle, MySQL, SQL Server n DB2)
aBTOMaTUYeCKNn coOMpalOT CTaTUCTMKY; Apyrve TpebyrT, 4Tobbl agMmuHucTpatop bJ, cobupan
CTATUCTUKY BPYUHYLO. [And reHepaumm cTaTUCTUKN 06bEeKTOB 6a3bl JaHHbIX BPYUYHYO Kaxaad CYB/
MMEET CBOM COBCTBEHHbIE KOMaHAPbI.

B Oracle: ANALYZE <TABLE/INDEX> nmsi 06bekta COMPUTE STATISTICS;

B MySQL: ANALYZE TABLE <umsa Tabnuubl>

B SQL Server: UPDATE STATISTICS <umsi_o6bekTa>, rge umsi 006bekTa OTHOCUTCS K
Tabnuue nm NPeLCcTaBieHNIO.

Hanpumep, 4To6bl creHepnpoBaTb CTaTUCTUKY Anga Tabnuubl MOCTABLL UMK, Heobxoanmo
MCMonb30BaTh:

B Oracle: ANALYZE TABLE NOCTABLWMNK COMPUTE STATISTICS;

B MySQL: ANALYZE TABLE NMOCTABLUNK

B SQL Server: UPDATE STATISTICS MOCTABLLUK.

Korga reHepupyetca cTaTUCTMKa Ans Tabnuubl, BCe CBA3AHHbIE WHAEKCbI TaKXe
aHanusupytotcd. OfHAKO MOXHO CreHepupoBaTb CTATUCTUKY A8 OAHOI0 WHAEKCa, WUCMONb3ys
cnefyrowyo KomaHay, rgpe nOCT NDX - 3To uma nHaekca:

ANALYZE INDEX MOCT NDX COMPUTE STATISTICS;

B SQL Server Hy>xHO mncnonb3oBate UPDATE STATISTICS. Npumepom KomaHabl MOXeT
6b61Tb UPDATE STATISTICS MOCTABLWWK MOCT NDX.

Cratuctuka B[l XpaHUTCA B CMCTEMHOM KaTasore B cneyuasbHO OTBeAEHHbIX Tabnuuax.
O6bIYHO NEPMOAMNYECKN BOCCTAHABIMBAKOT CTATUCTUKY ANS 00beKTOB 6a3bl AaHHbIX, 0COGEHHO ANA
TeX, KOTOpble 4acTo M3meHsTcA. Hanpumep, ecnn ectb CYB[ pna npokara BMAEO, CUCTEMa,
BEPOSATHO, OyAeT ncnonb3oBath Tabnuuy APEHAA ana XpaHeHUs exeAHeBHbIX MPOKaTOB BMAEO.
dTa Tabnuua, W cBA3aHHble C HEM WHAeKCbl, OyAyT noABepraTbCi MOCTOSAAHHbIM BCTaBKam W
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06HOB/IEHMAM, KOTAa PerucTpupyeTcs exefHeBHble apeH/Hble NnaTbl ¥ BO3BpaThbl. Taknm 06pas3om,
cTatuctmka Tabnuubl APEH[A, KOTOpylt CreHepupoBanM Ha MPOLWIOW Heaene, TOYHO He
oTobpaxaeT Tabnuuy B TOM BUAE, B KAKOM OHA CYyLLeCTBYeT CerofHs. Yem akTyasbHee CTaTUCTUKA,
TeM 6onble waHcoB, 4To CYBJ, npaBunbHO BbiGepeT caMblii GbICTPbIA CNOCO6 BbINOHEHUA
[aHHOro 3anpoca.

8.2. Ob6paboTKa 3anpocos

Mpy NnonyyYeHMn KNMEHTCKON KomaHabl SQL, CYB/[ obpabaTbiBaeT ee B TpKU 3Tana:

1 Pas6op. CYb/, aHanu3upyeT 3anpoc SQL u Bbl6upaeT Hanbonee apPeKTUBHBIA MnaH
LOCTYyNa/BbINOIHEHUS.

2. WcnonHenne. CYB/A BbinonHAeT 3anpoc SQL ¢ Mcnofib3oBaHWeM BbIOPaHHOro nnaHa
BbINO/IHEHUS.

3. [OocTaBka. CYbB/[ BbiOMpaeT faHHble M OTNpasisieT Habop pe3ynbTatoB 06paTHO
K/IMEHTY.

O6paboTka onepatopoB SQL DDL (takux kak CREATE TABLE) oTnnyaeTcs oT 06paboTkuy,
Tpebyemoin onepatopamu DML. Pa3Huua B TOM, 4TO onepatop DDL eakTuyeckm o6HOBNsAeT
TabnnLbl CNnoBaps AaHHbIX U CUCTEMHBIN KaTtanor, Torga Kak onepatop DML (SELECT, INSERT,
UPDATE wnn DELETE) B OCHOBHOM MaHWMNy/WPYeT AaHHbIMWU Mofb3oBatens. Ha pucyHke 28
nokasaHbl obuime warn, Heobxoammble AN 06paboTKM 3aMpoCcoB.

@eeeeeeceececccccececcecceccecccccccccceccccccccccccccccccccsacaan

basa gaHHbix

———— e —
ek ) i s

MNnaH BbINOAHEHWA Kaw aAaHHbIX

Mposepka cunTakcuca - Onepauwu BBOALI/BHBOAA - TleHepauus pesynstatos
Mposepka umen - Ynpasnewue Tpansakymamu

Nposepka npas - MonydyeHnne 6N0KOB faHHbIX

Nekomnosuuna uananus - CoxpaHeHue gaHHbIX B KIWwe

Cospanme nnana BuNONHEHUSR

CoxpaHenue nnaHa s kawe SQL

Puc. 28. BoinonHeHune 3anpoca
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da3a CMHTaKCUYecKoro aHannsa. Mpowecc onTuMu3saLmnm BkItoYaeT B ceb6s pa3bop 3anpoca
Ha 6onee Menkne eauHULbI N Npeobpa3oBaHMe NCXOAHOTO0 3anpoca SQL B HECKO/IbKO MHYIO BEpCUIO
ncxogHoro kofga SQL, HO MNOMHOCTbIO 3KBUBANIEHTHYHO U 60fee 3(hPeKTUBHYHO. [MONHOCTLIO
9KBMBANEHTHYIO 03HayaeT, 4YTO OMTMMWU3MPOBaHHbIE pe3ynbTaTbl 3anpoca Bcerfja coBnafjakwT C
NCXOAHbIM 3anpocoM. bonee apdeKTUBHYIO O03HAYaeT, YTO ONTUMWU3MPOBAHHbLIA 3aNpPOC MOYTU
Bcerga OyfeT BbINOMHATHCA ObICTPee, YeM WCXOAHbIA 3anpoc. YTobbl onpefenntb Haubonee
3th(heKTUBHbIN cNOco6 Ans BbiMOMHeHMA 3anpoca CYB/[, MOXHO MCNOMb30BaTb CTaTUCTUKY 0asbl
JaHHbIX.

[elicTBua CUHTaKcM4yeckoro aHvanmsa SQL BbIMOAHAKTCA ONTMMW3ATOPOM 3anpocos,
KOTOpPbI aHaNM3NPYyeT 3anpoc N HAXO4UT Hanbosee A MEeKTUBHBIN CNOCOO6 AOCTYNa K faHHbIM. JTOT
npolecc sBnNseTcs Hambonee TpyaOeMKMM 3Tanom B 06paboTke 3anpocoB. Pasbop SQL-3anpoca

TpebyeT HECKOMbKUX LLAroB, B KOTOPbIX SQL-3anpoc:
I TpoBepseTca Ha COOTBETCTBME CUHTAKCUCY;

| MpoBepsieTcs MO CMOBAPH fAaHHbIX, YTOObl Y6eAUTLCS, YTO MMeHa Tabnuy U cTon6LoB

MpaBW/bHbIE;

| MMpoBepsieTcA NO CNOBAapH [aHHbIX, YTOObI rapaHTUpPOBaTb, YTO MO/b30BaTeNb MMeEeT
Hagnexalyme npasa foCcTyna;

| AHanusumpytoTcs 1 pasnaraoTca Ha 60see aTOMapHble KOMMOHEHTHI;

O OnTummampyeTcs 3a CYeT npeobpasoBaHMA B MOSIHOCTbIO 3KBUBANEHTHbIN, HO 6Gonee
athhekTMBHBLIN SQL-3anpoc;

O [MopgrotaBnvBaeTcs K UCMNOSTHEHUIO NYTEM onpejefieHnsa Hanbonee aPPeKTUBHOIO NnaHa
BbIMO/IHEHNA UK fOCTyna

Mocne npeobpa3oBaHusa onepatopa SQL CYB/[ co3gaer nnaH BbiNoAHeHUs. [1naH
BbINONHEHNA - pe3ynbTaT aHanm3a onepatopa SQL; OH COAEPXWT NOCNeAoBaTebHOCTL LUAros,
KoTopble CYB/M 6yaeT ncnonb3oBatb A5 BbINOSHEHUS 3anpoca M Bo3Bpata Habopa pe3ynbTaToB
Hanbonee a)ekTUBHLIM cnocob6omM. CHavana CYB/[] npoBepseT, CyWwecTBYET /M yXKe NnaH focTyna
[Ana 3anpoca B Kawe SQL. Ecnn 310 Tak, CYB/] NOBTOPHO UCMO/b3YeT NaaH AoCTyna A1 3KOHOMUK
BpeMeHU. Ecnun 3To He TaK, ONTUMMU3ATOP OLLeHNBAET pa3Hble NaHbl, a3aTem peLllaeT, Kakue NHAEKChI
MCNONb30BaTb WM KakK Jlydlle BCero BbIMNOAHATL onepauuy 06befuHeHUs. Bbl6paHHbIA nnaH
BbIMO/IHEHNA [Ns 3anpoca 3aTeM nomeljaetca B Kaw SQL, u cTaHOBMTCA [OCTYMHbIM [AN11
MCNONb30BaHWA ¥ MOCNeLYOLWero NOBTOPHOrO UCMNONb30BaHUS.

MnaHbl BbINONHEHMA cneunduyHbl ana CYB/ n nepesoaat SQL-3anpoc KAneHTa B Cepuio
C/IOXHbIX Onepawuuii BBOLA-BbIBOLA, HEOOXOAUMbBIX AR YTEHUSA [AHHbIX M3 PU3nyeckux hannos
[aHHbIX U reHepauun Habopa pe3ynbTaTos.

da3a BbINOMHEHNA. Ha 3TOM 3Tane BbIMOMHAKTCA BCe ONepaLumn BBOLAa-BbIBOAA, YKa3aHHbIe
B MJiaHe BbIMONHeHUsA. Korga BbINOMHAGTCA MnaH, ANf [OCTyna K AaHHbIM npuobpertaroTcs
Hafnexatime 610KMPOBKY - NPY HEOOXOAUMOCTM - AaHHble U3BNeKaTCca 13 halinoB 1 NoMeLLaTcs
B K3W. Bce KomaHAbl ynpaBneHus TpaH3akuusamy obpabaTbiBatOTCA Ha 3Tanax adHanvsa u
BbINO/IHEHNA 06PabOTKM 3aNPOCOB.
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da3a [oCTaBKu pe3ynbTaToB. [locne 3aBeplleHNd 3Tan0B CUHTAKCUMYECKOro aHanmsa u
BbIMO/IHEHNS BCe CTPOKMW, COOTBETCTBYHOLLME YKa3aHHbIM YC/I0BUAM, W3B/IEKAIOTCH, COPTUPYHOTCS,
rpynnupytoTcs u, ecnu Tpebyetcd, arperumpytotcad. CYBL MOXeT uCnonb3oBaTb BPEMEHHOE
TabMyHOE NPOCTPAHCTBO A1 XpaHeHUs BpPEMEeHHbIX fAaHHbIX. Ha 3Tom 3atane cepsep b/
KOOPAMHUPYET MepemellieHne CTPOK pesy/ibTUPYHoLLero Habopa M3 Kalla cepsepa B K3l K/MeHTa.
Hanpumep, AaHHbI Habop pe3ynbTaToOB 3anpoca MOXeT cogepxaTb 9 000 cTpok; cepsep 6yget
oTnpasnaTb nepBble 100 CTPOK KAMEHTY, a 3aTEM X/aTb, NOKa K/IMEHT 3anNpoCuT crefytowmnin Habop
CTPOK, NOKa Becb Habop pe3ynbTaToOB He OyAeT OTNPaBAeH K/INEHTY.

Y3kne mecTa 06paboTku 3anpocoB. OCHOBHas 3afavya 06paboTKM 3anpoCOB - BbIMOAHUTD
JaHHbIA 3aMpoc MakKCMMaibHO ObICTPbIM CNOCO60M C HauMMEHbL WM KONMYEeCTBOM PeCypCOoB.
BbinonHeHune 3anpoca tpedyeT, 4To6bl CY B/, pazbuBana 3anpoc Ha Ceputo onepawuii BBOAa-BbIBOAA,
KOTOpble AOMXKHbI BbINMOMHATLCA COBMECTHO. YeM CNnoXKHee 3anpoc, TEM C/IOXHee onepauun, 4to
03HayaeT, 4YTO y3KuMe MecTa 060nee BepPOATHbl. Y3KUM MeCTOM 06pabOTKM 3anpocoB ABASETCHA
3aflepXXKa, BO3HMKawowwas npu o06paboTKe onepauyuMy BBOAA-BbIBOAA, KOTOpas MNPUBOAMT K
3aMe/l/IeHMI0 paboTbl BCEN CUCTEMBI. TaKUM Xe 06pa3om, Yem 60/bLIE KOMMNOHEHTOB B CUCTEME, TEM
6onblwe TpebyeTca B3aMOLEACTBMA MEXAY KOMMOHEHTaMM, YTO YBENMYNBAET BEPOATHOCTb Y3KUX
MecT. B CYB/ naTb KOMMNOHEHTOB 00bIYHO BbI3bIBAIOT Y3KMe MeCTa:

O U MowHocTb ueHTpansHoro npoueccopa CYB/ fo/mKHa COOTBETCTBOBATb 0XUAAEMOW
paboyeir Harpyske cucTtembl. Bbicokas 3arpyska LI MOXeT yKasblBaTb Ha TO, 4TO
CKOpPOCTb Mpoueccopa CAUWKOM Mana Ans obbeMa BbIMOAHEHHON paboTbl. OAHaKo
BblcoKas 3arpyska LI MoxeT O6bITb Bbl3BaHa APYrMMy (akTopamu, TakMMW Kak
HencnpasHbIA KOMMOHEHT, HexBaTka O3Y (LM TpaTuT CAMWKOM MHOrO BpPeMEHM Ha
nepectaHoBKY 6/10KOB MamsaTU), MA0OXO HanWCaHHbIA ApaiBep YCTPOWCTBA WM
BPeAOHOCHbIN npouecc. Y3koe Mecto LIM nosnuset He Tonbko Ha CYBJ, HO n Ha Bce

npouecchl, paboTatoLine B CUCTEME.

O O3Y. CYb/[, BblgenseT namaTb A5 KOHKPETHOrO MWCMO/Mb30BaHUS, TakKOro Kak KaL
JaHHbIX K k3w SQL. OnepatvBHasa namATb AO/DKHa ObiTb pasfefieHa Mexay BCeMu
3anyLleHHbIMU  npoueccaMmu, BK/OYaa onepaumoHHyw cuctemy u CYBA. Ecnn
HegocTatoyHo O3Y, nepeMelyeHne faHHbIX MeXAY KOMMOHEHTaMMW, KOHKYPUPYOLWUMM
3a geduunt O3Y, MOXET c034aTb Y3KOe MECTO.

O XXeCTKuil gnck. Apyrumu pacnpocTpaHeHHbIMU MPUYMHAMM Y3KUX MECT SBNATCS
CKOPOCTb XECTKOro AMCKa M CKOPOCTb nepejadn AaHHbIX. COBpeMeHHas TeXHOOorus
XPaHeHMs Ha XXecTKOM AncKe obecneynBaeT 60/bLIYH0 EMKOCTb, YeM B MPOLLJIOM; O4HAKO
NMPOCTPAHCTBO Ha XECTKOM AUCKe WCMNO/Mb3YeTCs He TONbKO AN XpaHeHUs AaHHbIX
KOHEYHOro nosnb3oBatenid. COBpeMeHHble OnepaunoHHbIe CUCTEMbI TaKXe MCMONb3YT
XKECTKUI [UCK ANs BUPTYyanbHOW NamsaTW, 4YTO O3HavaeT KonupoBaHwe obnactei
onepaTMBHON NamMATM Ha XKECTKUI AUCK NO Mepe HeobXoAMMOCTW, 4YTO6bl 0CBOOGOAUTH
MecTO B OnepaTuBHOW MaMATh Ana 605ee HEOTNOXHbIX 3agay. CnefoBaTenbHO, 60MbLIe
MecTa Ha >XEeCTKOM AUCKe M 60nee BbiCOKas CKOPOCTb Mepefayy JaHHbIX YMeHbLUaT
BEPOSATHOCTb Y3KMX MECT.
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O (\'Tb. B cpeae 6a3bl gaHHbIX cepBep b/ v KNMeHTbI CBA3aHbl Yepes ceTb. Bce ceTn nmeroT
OrpaHMYeHHY MNPOMYCKHYK CMOCOBHOCTb, KOTOpas pacrnpejenserca Mexay BCeEMU
KnneHTamun. Korga MHOXeCTBO CETEeBbIX Y3/10B O4HOBPEMEHHO NOJy4atoT JOCTYN K CETH,
BO3MOXHbI Y3KNe MecTa.

(] Kop npunodkeHus. He Bce y3KMe MecTa BbI3BaHbl OrpaHWYeHHbLIMM annapaTHbIMY
pecypcamu. [BymMa Hanbonee pacnpoCTPaHEHHbIMW UCTOYHUKAMM Y3KUX MECT ABAAKOTCA
HeMoNHOLeHHbI KO MPUI0XKEHUSA U NI0X0 CNPOEKTUPOoBaHHble B/ HenpaBuibHbIN KoL
MOXeT OblTb Yy/ydlleH C NOMOLWbIO METOAOB ONTMMWU3aUUM Kofa, NpU YCNOBUW, UTO
OCHOBHOW NpoeKT b/J, aBnsetca HageXHbIM. O4HAaKO HUKAKOe KOMYeCcTBO KOAMPOBaHMUSA
He cenaeT NJ0X0 CNPOeKTMPOBaHHYO B[, 60nee ah(heKTUBHOIA.

Y3Kue MecTa ABAAKTCSA pe3ybTaTOM MHOFOYUCAEHHbIX TpaH3aKunin B, KOHKYPUPYHOLLNX
3a ucnonb3oBaHWe pecypcoB 6a3bl gaHHbIX (LM, O3Y, XeCcTKui AuCK, WHAEKCbl, GIOKUPOBKM,
oydepbl 1 T.40.). CYBJ]l ncnonb3yet MHOXeCTBO KOMMNOHEHTOB M CTPYKTYP A5 BbIMONHEHUS CBOUX
onepaumnii, TakMx Kak npoueccbl, 6ydepbl, 6/0KAPOBKM, TabNNUYHbIE NPOCTPAHCTBA, WHAEKCHI U
(haiNibl XypHasoB. ITWU Pecypcbl UCMONb3YIOTCA BCEMMW TpaH3aKLUSMW, BbINOMHSEMbIMU B 6ase
[OaHHbIX, W, CNnefoBaTelbHO, TpaH3aKuMM 4acTo KOHKYPUPYHOT 3a Takue pecypcbl. MOCKONMbKY
60/bWKNHCTBO (ecny He BCe) TpaH3akKuuMu paboTalT CO CTPOKaAMW JaHHbIX B Tabnuuax, OgHUM U3
Hanbosee TUMUYHBIX Y3KUX MECT ABMIAOTCA TPaH3aKLUW, KOHKYPUPYHOLLME 38 OLHU U Te Xe CTPOKU
JaHHbIX. [pyrum pacnpocTpaHeHHbIM WCTOYHWKOM pas3HOoriacuini ABNAKOTCA pecypecbl 06Lei
namaTh, B 4YacTHOCTW, 06wwue 6ydepbl U 6/10KMPOBKK. YTO6bLI YCKOPUTL Onepaunn 06HOBIEHUS
AaHHbIX, CYB/[ ncrnonb3yet 6ydepbl ANA KIWNPOBAHUA faHHbLIX. B TO Xe Bpems And ynpasfieHus
LJOCTYNOM K flaHHbiM CYB /] ncrnonb3yeT 6/10KMPOBKMU.

8.3. MHAeKChbl 1 onNTUMK3aLmMa 3anpocoB

NHAeKcbl MMeT pellarollee 3HaueHne A8 YCKOPeHUs A0CTyna K AaHHbIM, MOCKO/IbKY OHU
obneryalT MOWUCK, COPTUPOBKY W WCMOMb30BaHME arperaTHbiX (YHKUMIA W Jaxe onepawuu
06beMHeHNA. [MOBbIWEHWE CKOPOCTU A0CTYyNa K [AaHHbIM MPOUCXOAWUT MOTOMY, UYTO WHAEKC
npegacTaBnseT cob60i ynopsaaovYeHHbI HAabop 3HAYeHWI, KOTOPbIA COAEPXWUT KUY MHAEKca W
yKasaTenu. YKasatenum - 3T0 UAEHTU(PMKATOPbI CTPOK A/ PAKTUYECKUX CTPOK TabnumLbl.

CkaHupoBaHue wuHfekca 60nee 3(PeKTUBHO, YeM [MOJIHOe CKaHupoBaHwe Tabnuubl,
MOCKONbKY [laHHble MHAEKCa NnpeaBapuTesibHO ynopsfoyeHbl, 8 06beM JaHHbIX 0ObIYHO HAMHOIO
MeHblLUe. [Mo3ToMy npu BbinofiHeHUU noucka CY B/l noyTu Bcerfa fyylle Ucnonb3oBaTb NHAEKC ANA
jocTyna K Tabnuue, 4yeMm rnocnefoBaTe/lbHO CKaHWPOBAaTb BCe CTPOKW B Tabnuue. Hanpumep, Ha
pucyHKe 29 nokasaHo npeacTtaBneHne nHaekca tabnuuybl KIMEHT ¢ 40000 cTpoKamu U MHAEKCOM
FrPO _XK)X ana atpubyTta KJIH PA.
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Tabmmua; KIVEHT

KMH KOO, KMH_®AM KNH_MMA  KH_OTY KNH_rpa, KNH_aap KNH_Ten KNH_aonr

4587 Crapogy6os ViBaH MaxomoBu4 HvkHeBapToBCK YN Muypa, [oMm 456, k8. 45 3466-079672 ]

4588 besykngaHuKoB  JleoHus AnpuraHoBny HvokHeBapToBCK Y JleHnHa, aom 386, ke. 14 3466-790681 0]

Kiou Crpoka 4589 OceHHbIX Hikoraii  CepadmmoBY  HVDKHEBAPTOBCK YN VIHTEpHaLWIOHabHas, oM 332, kB. 25 3466-127339 92500

4590 TeHkH Faspyn Marseesi4 MervioH yn CesepHas, oM 326, k8. 12 3466-729121 ]

Nawrenac 4593 4591 Cepbix TyKbsaH KoHpgpartoBuy MervioH yn KowHas, Aom 5, k. 69 3466-163133 280000

4592 Bparues Edppem Briaaymvposud - JlaHrernac yn/JlecHas, fom 6, k8. 5 3466-143952 0

HwKHeBapToBCK 4587 4593  YvpkKoB Bcesorion,  denotoBuy JNarrenac yn BecerHsa, aom 12, k8. 63 3466-351466 242000

HuKHeBapTOBCK 4588 4594  TMorkos Jasun, CemeHoBAY Papys b yn Mupa, Aom 636, k8. 50 3466-279008 158500
HuKHeBapTOBCK 4589
HuHeBapToBCK 24595
HunxHesapToBek 38596

p. 24595  KoHpparoB nnonumr Kazymmposii HwiHeBapToBCK YN 3anaagHas, oM 2, kB. 25 3466-205378 652700

PapyHbIA 4594 ¢ _
38596 JleBuLymii Epocheit CaBerbeB/q HwKHeBapTOBCK YN VHayCTpuraribHas, AoM 45, Ke. 652 3466-200245 o]

Puc. 29. Mupekc ana tabnuubl KITMEHT

MprMepHbIRA 3anpoc K Tabnmuye KIVMEHT:

SELECT K/ITH ®AM, KNHALP, K/TH TEN

FROM KJIMEHT

WHERE K/IH P = 'HuxHeBapTOBCK'.

Ecnn nHgekc otcytctByeT, CYB/, BbINONHWUT NOJIHOE CKaHMPOBaHMe Tabnunubl U NpoynTaeT
Bce 40000 cTpok KnueHToB. lNpegnonaras, 4to nHgekc MPAAYHKOX cosgaH v npoaHanM3MpoBaH,
CYB/[l aBTOMaTMYECKN UCMNOJb3YET MHAEKC A4N1A OMnpefesieHNA MecTOrno/IOXEeHNSA NepBOro KnveHTta
n3 ropoga HwKHeBapTOBCK, a 3aTeM MPUCTyNaeT K YTEHWUIO BCeX NOCMeAyHLWMUX CTPOK Tabnuubl
KNWEHT, ncnonb3ysa naeHTUOUKATOPbI CTPOK B MHAeKce. Npeanonaras, YTo TONbKO MNSATb CTPOK
yaosneTsopsaoT ycnosuto KJIH _MPA = 'HuxHeBapTOBCK', CyLEeCTBYET NATb 06PALLEHNIA K MHAEKCY
N NATb 06pallleHniA K JaHHbIM, Bcero 10 o6palleHnin BBoga-BbiBoga. CYB /Ml 6yaeT cnaceHa OT UTeHUs
npunbnmsntensHo 40000 3anpocoB BBOAa-BbIBOAA, KOTOPble He COOTBETCTBYHOT KpuTepusm. 3ITO
MHOTO LMKNOB npoueccopal

Ecnn uHpekcbl Tak BaXHbl, Noyemy 6bl He WHAEKCUPOBATb KaXKAblli CTONGEL, B KaAoW
Tabnmue? MNpocToi OTBET 3aKNKYaeTcsd B TOM, UTO 3TO HEMPaKTUYHO. VIHAEKCMPOBaHME KaXKaoro
cTonbuya B Kaxgoin Tabnuue neperpyxaet CYB[ ¢ TOYKM 3peHUs 06paboTKyM 06CNYyXMBaHUS
MHAeKca, 0CO6eHHO ecnun TabnuLa MMeeT MHOIO aTpuOyToB U CTPOK UK TpebyeT MHOr0O BCTaBOK,
O6GHOB/IEHUI 1 yAANEHWIA.

OpHOM 13 mep, KOTOpas onpefenseT HEOOXOAMMOCTb WHAEKCA, ABMAETCA pa3peXeHHOCTb
[aHHbIX cTON6La, KOTOPbIA HAafo NPOMHAEKCMPOoBaTh. Paspe>keHHOCTb AaHHbIX OTHOCUTCS K YMCny
pasHbIX 3Ha4YeHWUI, KOTOpble MOXET MMeTb cTonbeu. Hanpumep, ctonbey CTA_MOJ B Tabnuuye
CTYOEHT MOXeT MMeTb TO/IbKO ABa BO3MOXHbIX 3HaYeHUs «M» nnun «X»; cnefosarteflHO, 3TOT
cTonbel, MMeeT HU3KYHO paspexeHHoCTb. HanpoTtus, ctonbey CTA_[P, B KOTOPOM XpaHUTCH AaTa
POXAEHWA CTYAEHTOB, MOXET MMeTb MHOIO pa3HbiX 3HAYEHWI AaT; CnefoBaTeNbHO, 3TOT CTON6eL
MMEET BbICOKYK Pa3peXXeHHOCTb. 3HaHMe pPa3peXXeHHOCTU MOMOraeT pewnTb, MOAXOAUT v

ncnonb3oBaHMe NHAEKCA.
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bonbwmnHcTBo CYB/[ peanusyloT MHAEKCbl, MUCNOMb3yd OLHY U3 CAefylowWwmnx CTPYKTYp
[JaHHbIX:

O Xel-MHAEKC. WHAeKC Xewa OCHOBaH Ha YNOPSIAOYEHHOM CMWCKE 3HAYeHWI Xella.
ANropuTM XelwmnpoBaHUA WCMONb3YeTCs A8 CO34aHMS 3HAUYEHUs Xew-(yHKLUU U3
KNOYeBOro cTonbua. AT0 3HaYeHMe yKasbiBaeT Ha 3anucb B Xel-Tabnuue, Kotopas, B
CBOI 0Yepefb, YKasbiBaeT Ha (PaKTUYECKOe PpacrnoioXeHne CTPOKM faHHbIX. Xell-UHAeKC
NoAXOAWUT ANA NPOCTbIX M BbICTPbIX OMepaLuii NOMCKa, OCHOBAHHbLIX Ha YCMOBUAX
paBeHCTBa.

O WHpekc B-pgepesa. WHpekc B-gepeBa -  ynopsfoyvyeHHas CTPYKTypa [aHHbIX,
opraHuM3oBaHHas Kak nepeBepHyTOe fepeBo. VMIHAEKCHOe AepeBO XPaHUTCA OTAE/IbHO OT
JaHHbIX. JINCTbl HMXXHEro YPOBHS uMHAeKca B-gepeBa cofep)aT YykasaTenm Ha
(hakTnyeckue CTPOKMU [aHHbIX. NHAaekcbl B-nepesa ABNAKOTCA
«CamMOypaBHOBELLIEHHbIMM», YTO 03Ha4aeT, 4YTO 415 fOCTyna K N0060l CTPoKe B MHAEKCe
TpebyeTcs MPMMEPHO OfMHAKOBOE KOMMYECTBO BPEMEHW. DTO CTaHAAPTHbLIA U camblii
pacnpoCTpaHeHHbI TUN MHAEKCa, UCNOMb3yeMblil B 6a3ax AaHHbIX. HAekc B-gepesa
ncnonb3yeTcad rnaBHbIM 06pa3oM B Tabnuuax, B KOTOPbIX 3HavyeHUA CT0/6L0B
NMOBTOPSAOTCA OTHOCUTE/NIbHO HEOO/bLIOE KOIMYECTBO Pas.

00 BbuTOBbIA MHAEKC. B 6UTOBOM MHAeEKCe McMnonb3yeTcs 6uToBbI MaccuB (0 u 1) ans
npeAcTaBfeHNs CYLLeCTBOBAHUSA 3HAYEHUSA WAWU YCNOBUA. DTU MHAEKCbl UCMOMb3YHTCA
rnaBHbIM 006pa3oM B MPUNOXKEHUAX XpaHuUAULLa [aHHbIX B Tabnuuax ¢ 601bWwUM
KONIMYeCTBOM CTPOK, B KOTOPbIX He60/bloe KOMMYeCTBO 3HAYEeHWid CTON6LOB
NMOBTOPAETCA MHOIO pa3. bUTOBble MHAEKCHI, KaK NpaBuio, NCNONb3YIOT MEHbLUE MeCTa,
yemM MHAeKcbl B-gepeBa, MOTOMY 4YTO OHW WCMOMAb3YHOT O6UTbl BMECTO 6aiToB ANS
XpaHeHUs CBOUX [aHHbIX.

Ncnonb3ys npegblgywime xapakTepucTuKM MHAeKca, pa3pabotyunk B, MOXeT onpefennTb
Hauny4ywuin TMn UHAeKca Ana ucrnonb3oBaHus. Hanpumep, Tabnuua KJIMEHT nMeeT HeCKONbKO
TbICAY CTPOK. Y Tabnuubl ABa cToN6La LUIMPOKO UCMONb3YHOTCA A1 3anpocos: K/TH® AM, KoTopblit
npeacraBnseT pamunnio knmeHTa,  KJTHCP [, KOTOPbI MOXeT UMEeTb OLHO U3 YeTbIPeX 3HaYeHU
(HwxHeBapToBCK, MervoH, PagyxHblii 1 JlaHrenac). OCHOBbIBasACb Ha 3TOW MH(OpMaLMn, MOXHO
cAenartb BbIBOf, YTO:

O MMockonbKy cTon6ey K/AH ®AM coaepXUT MHOFO pasHbIX 3HAYeHWA, KOTopble
NMOBTOPAKTCA OTHOCUTENIbHO HEe6O0/bLIOE KOMMYECTBO pa3 MO CPaBHEHMIO C 06 UM

4yMcnoMm CTPOK B Tabnuue, byAeT MCNONb30BaTbCA MHAEKC B-aepeBa.

O [ockonbky ctonbey KJ/IH TP cofepXWT TOMbKO HECKO/IbKO pasHbIX 3HauYeHWi,
KOTOpble NOBTOPAKTCA OTHOCUTE/IbLHO 60/1bLLIOE KOJIMYECTBO pPa3 Mo CPaBHEHUIO C 06 UM
4yMC/IOM CTPOK B Tabnumue, 6yAeT NCNoib30BaTbCs OUTOBbLIA MHAEKC.

CYB/[, Tekywero TmMOKOMEHUS [OCTAaTOYHO WHTeNNeKTya/lbHbl, 4YTO6Gbl OMpefennTb

ONTUMaNbHbIA TUN WHAEKCA A1S WCMONb30BaHUA MpU ONpefefieHHbIX 06CTOATENbCTBAX, NP

yCNoBUW, 4YTO O0OHOBMEHa cTaTucTuka bJ. He3aBMCMMO OT TOro, Kakoi mHaekc BblbpaH, CYB/
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onpegenseT Nyywwuii nnaH Ans BbINOMHEHUS AaHHOTO 3anpoca. B cnegytowem pasgene npusegeH
YMPOLLEHHbIV NpuMep TUNa Bbibopa, KOTOPbIA JO/KEH CAenaTb ONTUMKU3ATOP 3anpoCoB.

8.4. Bblbop onTtmm3aTopa

OnTummn3aL s 3anpocoB - 3TO rN1aBHOe [eCTBME Ha 3Tane aHanu3a npm o6paboTke 3anpocos.
Ha atom atane CYB/] fonXHa Bbl6paTbh, Kakue MHAEKChI UCMOJ/Ib30BaTh, KaK BbINMOMHATL Onepawum
COeflHEHMA, KaKyl Tabnuuy ncnonb3osatb nepBoi u T.4. Kaxpgas CYB/[, nMmeeT cBOM anropuTMbl
onpefeneHna Hanbonee aPpheKTUBHOIO cnocoba focTyna K faHHbIM. ONTUMMU3aTOpP 3aNPOCOB MOXET

paboTaTb B OHOM U3 [IBYX PEXMMOB:

O OnTvMM3aTOp Ha OCHOBE nNpaBWn WCNONb3yeT 3afaHHble MpaBuia U TOYKU AN4
onpegeneHnsa Haunydwero noaxofa K BbIMOAHEHUO 3anpoca. lpaBuna HasHavawT
«(UKCUPOBaHHYI CTOMMOCTb» KaXKgoi onepaumy SQL; 3aTem fo6aBndtoTCA 3aTparthl,
4TOO6bI NOYYNTb CTOMMOCTb NaHa BbIMOMHEHNS.

O OnNTuMM3aTOop Ha OCHOBE 3aTpPaT MCMOMNb3YeT C/I0XHbIE aifOPUTMbl, OCHOBaHHbIE Ha
CTaTUCTMKe 06 00beKTax, K KOTOPbIM OCYLLEeCTBAAETCA AOCTYM, A8 OnpefeseHns
Haunydlero noaxofa K BbINOSHEHWIO 3anpoca. B aToM cnyyae npouecc onTuMmnsatopa
CKNafAblBaeT CTOMMOCTb 06pabOTKM, 3aTpaThl Ha BBOA-BbIBOA W 3aTpaTbl pecypcoB (O3Y
N BPeMeHHOe MPOCTPaHCTBO), YTOObLI OnpeaennTb 06LW Y CTOMMOCTbL 33aHHOr0 MNaHa
BbIMO/IHEHUSA.

3afaya onTumm3atopa - HalTu anbTepHaTUBHbIE CNOCO6bLI BbIMONHEHUS 3aMpoca - OLEeHUTb
«CTOMMOCTb» KaX[O0I anbTepHaTUBbI, a 3aTeM BblOpaTb HAMMEHbLLYIO.

X0Ts onTUMmM3aTop 06bIYHO paboTaeT OYeHb XOPOLLO B 60/IbLLINHCTBE C/yYaeB, B HEKOTOPLIX
clyyasx ONTMMM3ATOpP MOXeT He BblOpaTb NyULW WA NiaH BbIMNONHEHUA. ONTUMKU3ATOP NPUHMMAET
peLleHns Ha OCHOBE CYLLEeCTBYHOL e CTaTUCTUKN. ECnn cTaTUCTMKa cTapas, ONnTUMKU3aTOP MOXEeT He
CNpaBuUTbCA C BbIGOPOM Nyyllero nnaHa BbINOMHEHMA. [axe C TeKyleidl CTaTUCTUKOW Bbl6Op
ONTMMU3aTOpPa MOXET OblTb He caMbiM 3PEKTUBHBIM. HOTAa Nonb3oBate/lb XO0TeN 6bl U3MEHUTH
pexKum ontummsaTopa And Tekyuiero onepartopa SQL. 118 3TOro HY>KHO MCMNOMb30BaTh MOACKA3KM.
MofcKaskyM onTMMK3aTopa - 3TO CreunanbHble MHCTPYKL MK, KOTOPbIE BCTPOEHb! B TEKCT KOMaHAbI.

8.5. HacTtpoiika nponssoantenibHoCTU SQL

HacTpoiika nponssogntenbHocT SQL oueHMBaETCA C TOUKM 3peHna KaneHTa. MoaTomy Lenb
COCTOMT B TOM, 4TOObl MPOUNNKOCTPUPOBATL HEKOTOPble PacrnpoCTPaHeHHble MPaKTUKW,
ncnonb3yemble A1 HanucaHua ap@ekTMBHOro kofa SQL. HecKo/ibKO CNOB MpefocTepexeHuns
YMECTHbI:

| BonbWKHCTBO penaunoHHbiX CYB/[ TeKyLero NnoOKONEHNS BbIMOHAOT aBTOMATUYECKYHO
ONTUMU3aLNI0 3aNPOCOB Ha CTOPOHE cepBsepa.

| BoMbWMHCTBO METOAOB ONTUMM3aLUK NponsBoguTensHocTn SQL 3aBucat ot CYB/J n,
cnefoBaTeNbHO, pPeAKo MEPEHOCUMbI AaXKe B pasHble Bepcum oaHol un Toih e CYB/.

O[fiHOW 13 NPUYMH TaKOro NOBeAEHUs ABNSAETCA NOCTOSAHHOE pa3BUTME TexHonoruii BA.
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O3HauaeT /11 370, YTO He HYXHO BeCrnoKoMTbLCA 0 TOM, Kak nuweTcs SQL-3anpoc, NoToMy 4TO
CYB[ Bcerga 6yget ero onTMmMusnpoBatb? HeT, NOTOMY UTO €CTb 3HAYUTE/IbHble BO3MOXHOCTU A/
ynydweHus. CYB/[ ncnonb3yet obwme MeTofbl ONTUMM3aLMK, a He POKYCMPYeTCS Ha KOHKPETHbIX
MeTofax, NPOANKTOBAHHbLIX 0COBLIMU 06CTOATENLCTBAMY BbINMOMHEHMSA 3anpoca. M10X0 HanucaHHbIM
SQL-3anpoc MOXeT KW, KaK MpaBuao, CTaBUT MOJ Yrposy cuctemy 6asbl faHHbIX C TOYKMW 3pEHUS
NPOV3BOAUTENBHOCTU. BOMBWMHCTBO TeKyLWmMx npobseM € Npou3BoAUTeNbHOCTbIO B[ cBfA3aHbl C
NA0X0 HanucaHHbIM Kogom SQL. CneposaTenbHo, xoTs CYB/[, npepoctaBnseT obuwime cny>x6bl
ONTUMM3aLUK, TULaTe/IbHO HaMMUCaHHbIN 3aMpoc NOYTK BCerga NPeBOCXOANT MNAOX0 HaMUCaHHBbINA.

CefeKTUBHOCTbL  MHAeKca. WMHAeKCbl  SBAAKOTCA  Hambonee  BaXHOW  TEXHUKOW,
MCNOMIb3yeMOn Npu onTummM3auum npomssoauTensHocTn SQL. Kak npaBwuio, WMHAEKCbI MOryT

NCMosb30BaTbCA:

| Korga uWHAeKcupyemblii CTonGely, NOSBASETCS B KPUTEpUsSX TMOMUCKA NpPeasoXeHus
WHERE nnn HAVING;

| Korpa nHgekcupyemblii ctonbeu, nossnsetca B npegnoxxediumn GROUP BY nnm ORDERBY;
O Korga pyHkuma MAX i MIN npuMeHseTcs K MHAEKCUPOBaHHOMY CToN6LY;

O Korpga pa3pexéHHOCTb faHHbIX B MHAEKCUPOBAHHOM CTO/6LE BbICOKA.

MHpeKebl 04eHb MOMe3Hbl, Korga Heo6XxoAnmo BblbpaTh HEOO/bLIOE MOLMHOXECTBO CTPOK U3
601bLWION TabNMUbl Ha OCHOBE 3aflaHHOro ycnosusa. Ecnu agna ctonbua, MCNnonb3yeMoro npu Bolbope,
cyuiectsyeTr uHaekc, CYBJl MOXeT BblOpaTb €ro MCnonb3oBaHue. Llenbio ABAseTcA co3daHue
WHLEKCOB C BbICOKOW CenekKTUBHOCTbIO. CenekKTUBHOCTbL WMHAEKCA - Mepa BEpPOATHOCTWU TOro, 4To
MHAeKC 6ydeT MCMONb30BaTbCA NpM 06paboTKe 3anpoca. HecKoNbKO 06WMX peKoMeHgauuin no

CO3aHVNK N NCMO/b30BaHNKD UHOEKCOB:

[] CosgaBaTb MHAEKCHI [0 KaXKAoro OTAENbHOro aTpubyTa, WMCMNoNb3yemoro B
npegno>xeunn WHERE, HAVING, ORDER BY unn GROUP BY. Ecnn co3gatb MHAEKChI
Nno BCEM OTAe/NbHbIM aTpubyTam, MUCNonb3yemblM B ycnoBuax noucka, CYB[ 6yget
obpawateca K Tabnuiue, WCNONb3ys CKaHWpOBaHWE WHAEKCa BMeCTO [MOJIHOro
cCKaHupoBaHus Tabnuubl. Hanpumep, ecnm ectb uHpekc ana TOBLEHA, ycnosue
TOBLUEHA > 1000 mOXeT ObiTb peweHO MyTem JocTyna K WHAEKCY BMECTO
nocnefoBaTe/lbHOro CKaHMPOBaHMA 1 NPOBEPKN BCeX CTPOK TabnuLbl.

[] He wucnonb3oBaTh MHAEKCHI B He6OMbLIMX TabnMuax WM Tabnumuax € HU3KOW
pa3pe>KeHHOCTbI0. ManeHbkne Tabnmubl 1 Tabnuubl C HU3KUM Pa3peXXeHWeM - 3TO He
OJHO 1 TO Xe. YcnoBume noucka B Tabnmue ¢ HU3KON pa3peXKeHHOCTbI0 MOXET B 1060M
cnyyae BepHYTb 60/bLION MPOLEHT CTPOK Tabnmubl, 4TO AenaeT OMepauuio MHAeKca
CMLIKOM [OpOrocTosilierd M [enaet NPOCMOTP BCel Tabnuubl XWU3HECMOCOOHbIM
BapuaHTOM. Vcnonb3ys Ty XXe N0TUKY, He HY)XXHO c03jaBaTb MHAEKCbl Ansd Tabnuy c
HECKOMIbKUMW CTPOKaMW UM HECKONbKMMM aTpubyTamyu - €eCnu TONbKO He HYXHO

obecneynTb Hanu4vmne YHUKanbHbIX 3Ha4YeHU B CTOI'I6LI,€.

[] O6bABNATL NepBUYHbIE 1 BHELLHWE KMOuWM, YTO06bl ONTUMWU3ATOP MOr WCMONb30BATh
WHAEKCbl B onepauusix COeAMHEHWs. Bce eCTeCTBEHHbIE 00bEAUHEHUS U 06bEAUHEHUS
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CTaporo CTU/A BbIMTPAKOT, €C/IY 06BABUTL NEPBUYHbIE KTHOYN Y BHELLHWE KUK, MOTOMY
yTo ONTUMMK3ATOP OYAET MCMNOMb30BaTb AOCTYMHble WMHAEKCHl BO BPEMS COELMHEHUS.
O6bsABNEHNE NEPBMYHOIO UMM BHELIHEro K/k4a aBTOMATMYEeCKM CO34acT MHAEKC ANs
cTonbua. Kpome TOro, no TOW >Ke MpUYMHE Nyywe nucaTb COeAMHEHUS, UCMO/b3yA
cuHTakcnce SQL JOIN.

[] O6bsBNAThL MHAEKChl B CTON6BLUAX COeAMHEHUs, OTANYHbIX OoT PK wmm FK. Ecnm
BbIMOJIHAKTCA Onepauuy COeAMHEHUA CO cTonbuamu, OT/INYHLIMW OT MEPBUYHOTO U
BHELLHEro K/to4en, nyywe 06bABUTb UHAEKCHI B 3TUX CTON6LAX.

He Bcerga MOXHO WCMNOMb30BaTbh WHAEKC A5 MOBbIWEHUA NPOM3BOAUTENbHOCTU. B
HekoTopbiXx CYB/, MHAEKCHI MTHOPUPYOTCA MPWU UCMOJIb30BAHUN (YHKLMIA B aTpnbyTax Tabnumupbl.
OcHoBHble CYbB/, Takue kak Oracle, SQL Server n DB2, nogaepXunBaloT UHAEKCbI Ha OCHOBE
(yHKUWiA. VIHOEKC Ha OCHOBE (PYHKUMIA - 3TO WMHAEKC, OCHOBAHHbIA Ha KOHKPETHOW (hYHKLUW UK
BblpaXeHun SQL. Hanpumep, MOXHO co3gatb uHaekc Ha YEAK.(UEK_AATA). OcHOBaHHble Ha
(hYHKUMUAX MHAEKCbI OCOBEHHO NoJie3Hbl Nnpu paboTe C NPOU3BOAHbIMU aTpubyTamu. Hanpumep,
MOXHO co3gatb uHgekc ana COTP 3P+ COTP B3HC.

CKO/IbKO MH[EeKCcOB Heobxoammo co3gaTb? CrefyeT NOBTOPWUTb, YTO HE CTOMUT CO3A4aBaTb
MHAEKC ANnA Kaxgoro ctonbua B Tabnuue. CnuwKoM 60/bLIOe KOIMYECTBO WHAEKCOB 3aMefnunT
onepauun INSERT, UPDATE n DELETE, oco6eHHO ecnun Tabnunua CogepXMT MHOIO ThiCAY CTPOK.
Kpome TOro, HekoTopble ONTUMWU3ATOPbI 3anpoOCOB BblGMPAIOT TONBKO OAWH WHAEKC B KayecTBe
ABVWXKYLLEro MHAeKca Ana 3anpoca, faxe ecnu 3anpoc MCNosb3yeT YCNOBUSA BO MHOMMX pPasHbIX
MHOEKCUPOBaHHbIX CcToNbUax. Kakoi WHAeKC wucnonb3yeT ontumusatop? Ecnu ucnonb3yetcs
ONTMMMK3ATOP Ha OCHOBE 3aTpar, OTBET OyAeT MeHATLCA CO BpeMeHeM Mo Mepe JobaBfieHUs unu
yAalleHUs HOBbIX CTPOK M3 Tabnuu. B ntobom cnyyae HY>KHO €034aTb MHAEKCbI BO BCEX CTONOLAX
MoucKa 1 3aTem rno3Bo/IMTb ONTUMU3ATOPY BblOMPaTh. BaXHO MOCTOAHHO OLLEHNBATb UCMONb30BaAHNE
MHAEKca - OTCNexwuBaTb, TECTUPOBATb, OLEHMBATb W ynyyllaTb €ro, ec/iv Npou3BOAUTENIbHOCTb
HefjoCTaTouHa.

YCNoBHble BbIPa>KEHUA. Y CNOBHOe BbIpaXeHWe O00bIYHO MOMeLLaeTca B MpPeAsioXeHus
WHERE nnn HAVING onepatopa SQL. TakxXe Kak yCNOBHble KPUTEPWUU, YCNOBHOE BblipaXKeHue
orpaHu4vBaeT BbIBOJ 3anpoca TO/bKO TeMW CTPOKamW, KOTOpble COOTBETCTBYHOT YC/I0BHbIM

KpuTepmam. Kak npaBuno, yCNoBHbIe KpUTEPUM UMEIOT POPMY, MOKa3aHHY B Tabnuue 28.

Tabnuua 28
Y CNoBHbIE BblpaXXeHns
MepBblli ONepaH Onepartop cpaBHEHMS BTopoii onepaH
TOBLIEHA > 10.0
KJHIPA = "HuXHeBapTOBCK'
TOBHA3B LIKE Ten%'
TOB_OCT <= TOB MUH* 11

B Tabnuue 28 onepaHAoOM MOXeT ObITb:

O TlpocToe nma ctonbua, Hanpumep, TOBUEHA wvnn KJTHEP/.
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O JiuTepan unu KoHctaHTa, Hanpumep, 10.0 nam «HMXHEBAPTOBCK».

O BbipaxeHue, Hanpumep, TOBMUNH *1.1.

BONbWMWHCTBO METOLOB ONTUMM3ALMM 3aNpOCOB, YNOMAHYTBIX HUXe, NpeAHasHauvyeHbl ANd
ynpouieHmsa paboTel onTuMmusatopa. Cnegyrouime o6Lme NpakTUKM UCNOMb3YHOTCA ANF HANUcaHus
3 (PEeKTUBHBIX YCNOBHbIX BblpaXXeHU B Koge SQL.

(] Mcnonb3oBaHne NPocThbIX CTONGLOB UMM IMTEPANOB B KAYeCTBE ONepaH/o0B BYCNOBHOM
BbIpa>KEHUN - MO BO3MOXHOCTU cneAyeT wu3beratb UCMNOMb30BaHUA  YC/IOBHbIX
BbIpaXeHUN ¢ (yHKUuMAMU. CpaBHeHWe COAepXMMOro OLHOro crTonbua ¢ nuTepanom
NMPoOMCXOAMUT BbICTPEe, YeM CpaBHEHWE C BbipaxeHnamu. Hanpumep, TOBLEHA > 10.0
6bicTpee, yem TOBOCT > TOB MWH * 1.1, notomy uto CYB/[] fo/mkHa cHayana
BblUMCINTb BblpaxeHne TOB MUWH * 1.1. Vicnonb3oBaHne (YHKLWIA B BblpaXKEHUAX
TakXe yBenuumMBaeT 006LLee BPeMs BbINOJHEHWS 3anpoca. Hanpumep, ecnu ycnosue
LUPPEK(KTH NMA) = 'HUKONAW', nydwe ucnonszoate KIHUMHA = 'Hukonait',

ecnu Bce MMeHa B ctonbue K/TH M4 xpaHAaTcA ¢ npaBuAbHOM 3arnaBHOR 6YKBOIA.

(1 (’paBHEHMs YMCNOBLIX MONEN BbINONHATCA BbICTPEE, YUEM CPABHEHWUS CUMBOMOB, AAT U
3HaueHun NI1ILL. B ycnosBuax moucka CpaBHeEHWE 4KC/IOBOTO aTpmbyTta C YMC/I0BbIM
NNTEPAZIOM MPOUCXOAUT ObICTPEe, Yem CpaBHEHWe CUMBO/IBHOTO aTtpubyta C
CUMBO/IbHbIM NuTepasnom. Kak npasuno, npoueccop obpabarbiBaeT YAC/N0BbIE CPABHEHNSA
(uenbie n fecATUYHbIE) 6bICTPee, YeM CPaBHEHUS CUMBOIOB W AaT. [MOCKONbKY MHAEKCHI
He XpaHAT CCbI/IKWU Ha Hy/eBble 3HayYeHus, ycnosma NULL BKoYaloT AOMNONHUTENBHYIO
06paboTKy W, CnefoBaTeNbHO, UMEKT TEHAEHUUIO ObiTb CaMbiM MELJ/IEHHbIM U3 BCeX
YCNOBHbIX OMepaHfoB.

[] CpaBHeHusi paBeHCTBa 06bI4HO GbiCTpee, YeM CPABHEHWS HepaBeHCTBa. Hanpumep,
TOB LUEHA = 10.0 obpabatbiBaetca 6bicTpee, notomy 4to CYB/[, MOXeT BbINOMHATL
NPSMON NOWUCK C MCNOJIb30BaHNeM WHAeKCa B CTO/6Le. ECM HET TOYHbIX COBMNafeHu,
YC/I0B/e OLLeHNBAETCH KaK NI0XXHoe. O4HaKo, ecnn UCMnonb30BaTb CUMBOJ HEPABEHCTBA (>,
>=, <=, <), CYB/] fonXHa BbINOMHUTb AOMONHUTENbHYIO 06paboTKy AN BbIMOJIHEHUA
3anpoca, NoTOMy 4TO B MHAEKCe NouTu Bcerga 6ynet 60/blue 3HaYeHUN «BosbLle YeM»
WIN «MeHbLUe YeM», YeM «paBHble» 3HayeHus. 3a ucknwdeHmem NULL, cambiii
MeA/IeHHbIV 13 BCeX onepaTtopoB cpaBHeHus - LIKE ¢ noAgcTaHOBOYHbLIMU CMMBOAMMU,
kak B TOB HA3B LIKE «%HoyTbyk%». Kpome TOro, ucrnonb3oBaHuWe CUMBO/IA «He
paBHO» (<>) NPUBOAUT K 60Nnee MeANIeHHbIM MOMUCKaM, 0CO6eHHO, KOrja pas3pexxeHHOCTb
[aHHbIX BbICOKA, TO €CTb, KOrfa CyLliecTByeT HaMHOro 60/blie pasHbliX 3HAYEHWUR, Yem
paBHbIX 3HAYEHWIA.

(] Mo BO3MO>KHOCTM CrefyeT Npeo6pasoBbiBaTh YCNOBHbIE BbIPAXKEHWUS B NUTepanbl.
Hanpumep, ecnn ycnosne TOB OCT -10 =7, usmenntb ero Ha TOB OCT =17. Kpowme
TOro, ec/in ecTb COCTaBHOE YC/I0BME, TAKOE Kak:

TOB OCT < TOB MWH AND TOB MWH =TOB 3K3 AND TOB OCT = 10

MO>XXHO U3MEHWUTbL €ro Ha ycnosue

160



TOB OCT = 10 AND TOB MWNH =TOB 3K3 AND TOB OCT > 10

L] Mpu 1cnonb3o0BaHM HECKOMbKMX YCNOBHbIX BbIPa>KeHWii CHayana ykasbiBaTb YCNOBUS
paBeHCTBAa. HyXHO 006paTWTb BHWMaHWe, 4TO 3TO ObINO CAeNaHO B NpefblAyLem
npumepe. YCcnoBus paBeHCTBa 06pabaTbiBalOTCA ObICTPEe, YEM YC/OBMSA HEpaBEHCTBA.
XoTa 60nblWwKnHCTBO CYPB/[, aBTOMATMYeCKMU cAenakT 3TO, yAeNeHne BHUMaHUS 3TOl
fetannm obneryaet 3arpysky ontumusaTopa 3anpocoB. ONTMMWU3ATOPY He nNpuAeTcs

Aenatb TO, YTO YXKe caenaHo.

[] Ecnm ucnonbsyeTcs Heckonbko ycnosuit AND, cHauana HanucaTb YCNOBUE, KOTOPOE,
cKopee Bcero, OyaeT NO>KHbIM. Ecnm mcnonb3oBaTb 3Ty TexHuKy, CYB/[ npekpatut
OLUEHKY OCTaNnbHbIX YCMOBWIA, KaK TO/MbKO HaMAeT YCNOBHOE BbIpaXeHWe, KOTOpoe
OLIEHMBAETCS KaK NOXHoe. [1ns TOro, 4to6bl pe3ynbTaTbl HECKOAbKUX ycnosuit AND
OblMN  UCTUHHBLIMKW, BCE YC/IOBUA [LO/MKHbI WUCTUHHBbIMW. ECAM OJHO U3 YCNOBUIA
OLLeHMBAETCA KaK NOXHOE, BeCb HAbop yCNOBUIA OyAeT OLEeHUBaTbLCSA KaK NOXHbIA. Ecnu
ncnonb3oBatb 3Ty TexHUKY, CYB[ He 6yaeT TpaTuUTb BPEMS HA HEHY)XXHYH OLEHKY
LONONHUTENbHBIX YCNOBUIA. ECTECTBEHHO, UCMNO/Ib30BaHMe 3TOM0 MeToAa NojpasymMmeBaeT
3HaHWe pa3peXXxeHHOCTM Habopa AaHHbIX. Hanpumep, cneayrownii CnMcok yCnoBuia:
TOB LUEHA > 10 AND NOCT EP/J = 'HumXHeBapTOBCK'.

Ecnn n3BecTHo, 4TO B HWMXXHEBapTOBCKE HAXOA4MTCA BCEro HeCKO/IbKO MOCTaBLLYUKOB,
MO>XHO MepenucaTb 3TO YC/I0BME CNeayroLmM 06pasom:
MOCT NPA = 'HwmxkHeBapToBck' AND TOB LIEHA >10.

L] Mpu ncnonb3oBaHni HECKONbKMX yCnoBUii «OR» CHauyana CTaBuMT Hanbonee BeposiTHOeE
ycnosue. Takum obpasom, CYB/[] npekpaTuT OLEeHKY OCTaBLUMXCA YCNOBUM, KaK TONIbKO
Hal4eT YCNOBHOE BblpaXKEHME, KOTOPOE OLEeHMBAETCA KaK UCTUHHOE. [Ns HEeCKONbKUX
ycnosuii OR, uT06bl pe3ynbTaTt Obi/T MCTUHHBIM, TO/IbKO OAHO W3 YCNOBWIA AOMKHO ObITb

NCTUHHBbIM.

[] Mo BO3MO>KHOCTU cTapaThCs n3beraThb UCMONb30BaHNA N0rnyeckoro onepaTopa NOT.
Nyywe Bcero npeo6pasoBaTb BblpaxeHue SQL, cofepxxalliee N0rnveckuini oneparop
NOT, B 3KBUBaneHTHOe BbipaxkeHue. Hanpumep: NOT (TOB LIEHA > 10.0) MOXHO
3anucatb kak TOB LIEHA <= 10.0. Kpome T10ro, NOT (COTPIMO/T = 'M') MOXHO
3anucatb Kak COTP MOJ = XK.

8.6. d®opmynmpoBKa 3anpoca

3anpocbl 06bIYHO NULWYTCSA ANS OTBETA Ha BOMpoOCbl. Hanpumep, ecnn nonb3oBaTenb gaet
npyMMep BbIXOAHbIX [aHHbIX W npefgnaraeT COOTBETCTBOBATb 3TOMY BbIXOAHOMY opmarty,
HeobxoAMMO HanucaTb cooTBeTcTBYHOWMIA SQL. YT06bI BbINONHUTL PaboTy, HY)XHO TLLATENbHO
OLEeHNTb, Kakue CcTONOLUbI, Tabnuubl U BbIYMC/IEHUA HEOOXOAWMbI AN MONYYEHUSA >XKenaemoro
pesynbTarta. [14 3TOro Hago XOpPoL O NOHUMATb 6a3y JaHHbIX.

UTto6bl chopMynmpoBaTh 3anpoc, 06bIYHO BbIMOHAKTCA C/lefyIoLLmne Waru:
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1. OnpepgeneHvie HEO6XOANMbIX CTONOLIOB U BbIMACAEHWA. TMepBbIi War Heo6Xxo4MM, YTOGbI
YETKO ONpefennTb, Kakue 3HayeHWs AaHHbIX Hafo BepHYTb. HYXHO BepHYTb TONbKO
MMeHa 1 afipeca, Un HY>KHO TakXe BK/IHUYUTb HEKOTOPbIE BblunCeHnA? Bce cTonbubl B
onepatope SELECT ponxXHbl Bo3BpaLwaTh OTAEMbHbIE 3HAYEHUS.

a. Hy>XHbl NpocTble BbIpaXXeHMA? Hanpumep, HY>XXHO i1 YMHOXWUTb LIeHY Ha UMetoLLLeecs
KO/IMYecTBO, YTOObLI MONYYMTb 0OLLYHO CTOMMOCTb 3anacosB? Moryt noHafo6uTbes
HeKoTopble (YHKLUW OTAEeNbHbIX atpubyTos, Takne kak DATE(), SYSDATE() unun
ROUND().

b. HyXHbl arperatHble QYHKUMN? ECIM HY)XHO paccyuTatb 06Wwmii 06BbeM Npogax no
TOBapam, HYXHO ucnosnb3oBath npegnoxeHne GROUP BY. B HekKOTOpbIX ciy4yasx
MOXET NoHafo06MTbCA MCMOMb30BaTh NOA3arnpoc.

c. OnpefenuTb rpaHyNAPHOCTb MCXOAHbIX faHHbIX, HE06X04MMbIX ANs 3anpoca. Horga
MOXeT NMoHafo6uMTbCca 0606WMTb JaHHbIE, KOTOPbLIE He BCEraa AOCTYMHbI HX B OA4HOW
Tabnuue. B TakmMx cnyyasax MOXHO pa3buTb 3anpoc Ha HECKO/IbKO M0A3arnpocoB U
COXPaHWTb 3TW MOA3anpochbl B BUAE NpeAcTaB/eHWid. 3aTeM MOXHO €034aTb 3anpoc
BEPXHEro YpOBHA, KOTOPblIA 0ObeAUHAET 3TU MpeAcTaBleHUs W reHepupyer
OKOHYaTe/bHbIW pe3ynbTar.

2. Onpefenenne WCXof4HbIX Tabmmy. Kak TONbKO CTaHeT W3BECTHO, Kakue CTon6ubl
TPebyoTCa, MOXHO Oy[eT OnpefennTb UCXOLHble Tabnuubl, UCMNOJMb3yemble B 3anpoce.
HekoTopble aTpnbyThbl NOABNAKOTCA B 60/1ee YeM 04HOW Tabnuue. B aTUX cCnyyasx HY>KHO
MCMONb30BaTb HaMMEHbLUIee KO/MMYecTBO Tabnuy B 3anpoce, YTOObl MUHUMU3UPOBATb
KO/IMYeCcTBO ornepaumnin 06beAUHEHNS.

3. OnpepgeneHne cnocoba coefuHeHnss Tabnuu. Kak ToNbKO CTaHET W3BECTHO, Kakue
TabnMUbl HY>XHbI B 3anpoce, HaA0 MPaBW/bHO OMpPeAeNnTb, Kak COefUHUTb Tabnuubl. B
60NbLIMHCTBE C/lyYyaeB UCMO/b3yeTCsA BHYTPEHHEE COEAMHEHNE, HO B HEKOTOPbIX Cyyasax
MO>eT MoHafo6UTbCA BHELLHee COefMHEHNE.

4. OnpefeneHne HeobXoAuMbIX KpuTepues Bblbopa. B 60MbWIMHCTBE  3anpocoB
NCMONb3YIOTCA KPUTEPUM BblbOpa OMNpefefieHHOro Tuna. B 3ToM cnydvae Hy>XHO
onpefennTb, Kakue orepaHfibl U onepaTopbl HEOOXOAUMbI B KpUTepusx. Y b6eamTbca B
NPaBWIbHOCTW TUNA faHHbIX W CTeneHN AeTann3aunm JaHHbIX B KPUTEPUAX CPaBHEHUSA.
a. [lpocToe cpaBHeHMe. B 60/1bLUMHCTBE CNYyYaeB CPaBHUBAKTCA OTAE/IbHbIE 3HAYEHUS,

Hanpumep, TOBLUEHA > 10.

b. OfMH aTpuUbyT C HECKONbKMMMW 3HayeHUAMU. Ecnu cpaBHMBaeTCs OAWH aTpubyT C
HECKO/IbKUMMN  3HAYeHUAMU, MOXET noTpeboBaTbCA MCNO/b30BaTb OMeparop
cpaBHeHus IN, Hanpumep, KNH TPA IN (‘HuxHeBapToBck', 'MerunoH', 'flaHrenac').

c. Bno>keHHble cpaBHeHWA. MoXeT noTpeboBaTbCA Hanuuyme BNOXEHHbIX KPUTepUeB
BblbOpa, BKAOYaKLWMX nogsanpockl - Hanpumep, TOB LLEHA >= (SELECT AVG
(TOBUEHA) FROM TOBAP).
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d. Bblibopka CrpynnupoBaHHbIX AaHHbIX. B Apyrmx cnyyasx KpuTepum Bbibopa MOryT
NMPUMEHATLCA HE K UCXOLHbIM [JaHHbIM, @ K COBOKYMHbIM JaHHbIM. B 3aTux cnyuyasx
HY>XHO ucnonb3oBathb npepnoxeHme HAVING.

5. OnpejeneHve nopsafka 0To6parKeHNs BbIXOLHbIX faHHbIX. HakoHeL, TpebyeMblii BbIBOA
MOXeT ObITb YNOPAA0YEH OAHUM WM HECKONIbKUMU CTONOLAMK. B 3TUX Clyyaax HYXHO
ncnonb3osatb npeanoxeHne ORDER BY. MpegnoxeHne ORDER BY sABnsetca ogHomn
13 Hanbonee pecypcoeMkunx onepayuii gns CYbA.

8.7. Hactpoiika nponssoamTensHoctn CYb/

HacTpoiika npoussogutensHoct CYBJ, BKAO4YaeT 3ajayn, Takume Kak Yynpas/eHue
npoueccamn CYB/[, B nepBuYHOW namATu (BblAeNeHUe MNamMATU A0S Uefeil KIWUpoBaHUSA) W
ynpas/fieHne CTPYKTypamu B ()M3MYECKOl namsaTu (BblAeNieHne NpocTpaHCcTBa Ans (paifioB faHHbIX).

HacTpoiika npoussogutensHoct CYB/J, Ha CTOpOHe cepBepa HanpaBfieHa Ha HacTpPOMKy
napameTpoB, UCMONb3yEMbIX [N15:

[J Kaw AaHHbIX. Pazmep Kalia JaHHbIX A0/MKEH BbiTh JOCTATOYHO 6O/LLUUM, YTO6LI MOXKHO
66110 06CNyXMBaTb KakK MOXHO 60/blue 3anpocoB AaHHbIX. Kaxpas CYBJ[ umeet
HacCTPOMNKN, KOTOPble KOHTPOMMPYIOT pasMep Kialla AaHHbIX. OTOT K3W WUCNONb3yeTcs
BCEMM MO/b30BaTENAMU 6a3bl AaHHbIX.

O Koaw SQL. B kawe SQL xpaHATCA nocnegHue BbINOMHEHHbIe onepaTopbl SQL (nocne
TOro, Kak onTMMM3aTop npoaHanusmposan onepatopbl SQL). Kak npasuno, ecnu ectb
NPUI0XeHNE C HECKONbKUMM NONMb30BaTeNAMM, obpaliaowmnmmcsa K 6ase gaHHbIX, OANH
M TOT XK€ 3anpoc, BEPOATHO, OyAeT OoTnpas/ieH MHOMMMWU pasHbIMW Nofb3oBaTensiMmu. B
atux cnyvasax CYB/[, 6yfeT aHaM3MpoBaTh 3anpoc TONbKO OfMH pa3 U BbINOMHATL €ro
MHOr0 pas3, MCMonb3ysd OAWH WM TOT Xe nfaH fgoctyna. Takum o06pasom, BTOpPONK U
nocnegywowme 3anpocel SQL ang T10oro >e 3anpoca obcnyxmnsarotcs m3 kawa SQL,
nponyckas atan CMHTaKCMYeCKOro aHanunsa.

O Kaw copTuMpoBKKU. K3l COPTUPOBKK UCNONb3YyeTCA Kak 06/1acTb BPEMEHHOro XpaHeHus
ans onepaumnii ORDER BY nnn GROUP BY, a Takxe And (yHKUWIA cO3haHns NHAEKCA.

O Pe>xum onTumusaTopa. bonbwnHctBo CYB/[, paboTaloT B O4HOM M3 ABYX PEXMUMOB
ONTMMM3aUWUW: Ha OCHOBE 3aTpaT WAM Ha OCHOBe npasua. [pyrve aBTOMATUYECKU
OnpeaenaT pexuMm onTMMU3auuM B 3aBUCMMOCTU OT TOro, LOCTYMHA NN CTaTUCTUKA
6a3bl gaHHbIX. Hanpumep, agmuHuctpatop B[l oTBeyaeT 3a reHepauuio CTaTUCTUKWU,
KOTOpas MCNofib3yeTcd ONTMMM3aTOPOM Ha OCHOBe 3aTpar. Ecnu  crtatucTuka
HepocTynHa, CYB/[ ncnosb3yet ONTUMU3ATOP Ha OCHOBE Mpasui.

C TOYKM 3peHus npOou3BOAUTENIbHOCTU Obl0 Obl ONTUMaNbHbIM XpaHuTb BCO bl B
NMepBUYHON NaMATU, YTOObI MUHUMU3NPOBATL MeANEHHbIA LOCTYN K AUCKY. BOT noyemy HecKo/bKo
MoCTaBLYMKOB 6a3 AaHHbIX NpefnaraldT BapuaHTbl 6a3 faHHbIX B ONepaTUBHON NamMATH 418 CBOMX
npofykToB. CuctemMbl B/l B onepaTUBHON NamMATU ONTUMU3NPOBaHbI AN XPaHEHUSA 6ONbLINX YacTei
(ecnu He BCex) faHHbIX B onepaTusHoin namatn (RAM), a He BO BHelLHei (4MCKOBOI) nNaMATn. 3Tu
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CUCTEMbl CTAHOBATCA MOMYASPHLIMU U3-3a pacTywmx TpebGOBaHWMI K MPOU3BOLUTENIbLHOCTYU
COBPEMEHHbIX MPUNOXKEHUWA, CHMKEHWUA 3aTpaT U TEXHONOTMYECKUX AOCTUXKEHWI KOMMOHEHTOB
(TakMx Kak (naw-namsaTb WM TBepAOTe/lbHble Hakonutenu). Jaxe ecny 3Tuv Tunbl 6a3 AaHHbIX
YCTPaHAT Y3KMe MecTa B OCTyrMe K AUCKY, OHW NO-NpPexXHeMy MnoAnexar npasmnaMm ontuMusaymmu
3anpocoB W HaCTPOMKM NPOM3BOAUTENIBHOCTU, OCOOEHHO KOrfa CTalkuMBalTCA C M0XO
pas3paboTaHHbIMW B/} AKX N0X0 HanucaHHbIMK onepaTtopamu SQL.

XoTs B/l B naMATK 3aHUMalOT HULIY Ha OTAE/NbHbIX PbIHKaX, 60NbWWHCTBO peanusayuii b/
no-npeXHeMy nonaraeTca Ha JaHHble, XpaHAWMecs Ha guckax. BoT noyemy ynpasneHue getansmu
(h3MYEeCKOro xpaHeHus (aiiioB JaHHbIX UIpaeT BaXHYK PO/b B HAacTPOMKe NPOU3BOAUTENbHOCTHU
CYB/A. HyxHO 06paTuTb BHMMaHWe Ha cnegywolwme obliue pekomeHgauuu ans (U3NYECKOro
XpaHeHunsa 6a3 AaHHbIX:

| icnonb3oBaTb YCKOPUTENN BBOAA BbIBOAA. Y CTPOMCTBO 3TOF0 TUNa UCNOMAb3YyeT (hN3Ll-
HakonuTenu (SSD) ans xpaHeHus 6a3bl AaHHbIX. SSD He UMeeT ABUXYLUXCA YacTel 1,
cnefoBaTenbHO, BbIMOMHAET Onepalmn BBOAA-BbIBOAA C 60/1€e BbICOKOW CKOPOCTbIO, YeM
TpaguLNOHHbIe Bpallalouinmecs UCKOBOAbLI. Y CKOpUTeNu BBOAA/BbIBOAA obecneynBatoT
BbICOKYI0 MPOM3BOAUTENLHOCTL TPaH3aKUMIA U CHMKAOT KOHKYPEHLUWUIO, Bbl3BaHHYIO

TUNNYHBIMWN HaKOMUTENAMMN.

O Wcnonb3oBaTb RAID (M36bITOYHBIA MaccuB He3aBUCUMMbIX AUCKOB) AN obecnevyeHus
MOBbILLIEHNA MPON3BOAUTENIBHOCTU, 0TKA30YCTONUYMBOCTHU, a Takxe 6anaHca MeXay HUMK.
OTKa30yCTONYMBOCTb O3HAYAET, YTO B C/lyyae 605 AaHHble MOTYT 6bITb BOCCTAHOB/IEHbI.
Cuctembl RATO ncnonb3yoT HECKONbKO AWCKOB A/ CO34aHUA BUPTYasbHbIX LUCKOB
(TOMOB XpaHeHus), COCTOAWMX W3 HECKOJIbKUX OTAeNbHbIX AUCKOB. Tabnuua 29
onwucbiBaeT Hambosiee pacnpocTpaHeHHble KOH(puUrypauum RATO.

Tabnuua 29
OcHoBHble RAID ypoBHU
RAID
OnwucaHue
YPOBEHb
0 BNoKy paHHbIX pacnpefenieHbl MO OTAeNbHbIM AWUCKaM. TakKe M3BECTEH KaK nosiocatblii

MaccuB. O6GecrneynBaeT MOBbILLIEHHYHO MPOU3BOAUTENBHOCTb, HO HE OTKa30yCTOMYMBOCTb.
TpebyeTcs MUHUMYM [1Ba ANCKA.

1 OpMHaKoBble 610K AaHHbIX 3anucbiBatoTCs (Ay6NMPYHOTCS) Ha OTAENbHbIE ANCKU. Takxke
Ha3blBaeTCs  3epKaiMpoOBaHMEM  MAM  AynnekcoM.  OGecneyvBaeT  MOBbILUEHHYHO
NPOW3BOAUTENILHOCTb UTEHWSI U OTKA30YCTOWUMBOCTb Gniarofgapst M30bITOUYHOCTM [aHHBbIX.
TpebyeTcs MUHUMYM /1Ba ANCKA.

3 [JaHHble pacnpefensoTcs MO pasHbIM AWCKaM, a fAaHHble YETHOCTU BbIYUCAAKOTCS W
COXPaHAOTCA Ha BblAeNEHHOM AucKe. ([JaHHble YeTHOCTM - CreLuaibHO CreHepUpPOBaHHbIE
JaHHble, KOTOpble MO3BO/MAT BOCCTaHAB/MBATb MOBPEXAEHHbIE WAN OTCYTCTBYHOLLME
AaHHble). ObecneyrBaeT XOPOLUY NPOU3BOAUTENBHOCTb UYTEHWSI U OTKA30yCTOWUYMBOCTb
6narogaps NpoBepKe YeTHOCTU. TpebyeTcss MUHUMYM TPY AMCKa.
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RAID
ypPOBeHb

Onucanue

5

Jauubie u uHpOpMALMA HYETHOCTH PACMPEACIAIOTCA MEXKAY OTACIBHBIMH JHCKAMHU.
OGecneunBaeT XOpOUYIO MPOU3BOAUTCIIBHOCTD YTCHHI H OTKA30yCTOHIHBOCTD Garoaaps
yeTHOCTH. TpeGyeTcs MUHUMYM TpH AUCKA.

1+0

Bnoxu JAAHHBIX PaCHpPCAC/IAOTCA MO OTACIbHBIM JAHUCKAM H 3CPKATBbHO OTPAXKAKOTCA
(nyomupyrotea). Takoe pacmonokeHue OOECNCYMBACT KAaK  CKOPOCTb, Tak M
OTKa30yCTOMYHMBOCTb. JTO pekoMeHayemasn koupuryparms RAID ams GonbrumMHCTBA

YCTAHOBOK 0a3 JaHHBIX (€CTM CTOMMOCTD HE ABIACTCS MPOOICMOit).

O

MuHUMH3HPOBaTh KOHKYpPEHLHMIO Ha aucke. MCnonb30BaTh HECKOJBKO HE3ABUCHMbIX
TOMOB XPaHEHHS C HE3aBUCHMbIMHU LIMHUHAEISIMHU (BPALIAIOLMIMMUCS TUCKAMHU), YTOOBI
MHHUMH3HPOBATh LMKJbI JKECTKOrO AWCKA. ba3za MaHHBIX COCTOMT W3 MHOXECTBA
TaOJIMYHBIX MPOCTPAHCTB, KAXK/I0E U3 KOTOPBIX UMEET onpeesieHHyo QyHKLu0. B cBOIO
odepenb, KaXaoe TabJIMYHOE MPOCTPAHCTBO COCTOUT U3 HECKOJNBKHX (ailJIoB JaHHBIX, B
KOTOPBIX AaHHbIE (PaKTHUECKH XpaHATCs. ba3a MaHHBIX AOKHA UMETh KaK MUHHMYM
cnenyomue TabInIHbIE TPOCTPAHCTBA!

»  Cucmemnoe maobnuunoe npocmpancmeo. Ucnomnb3yercs 1ysi XpaHeHHs TaOJULL
METaJaHHbIX. JTO HanboJee 4acTo MCHONb3yeMoe TabJIMIHOE MPOCTPAHCTBO, U
€ro CJieyeT XpaHUTh B CBOEM COOCTBEHHOM TOME.

»  Tabnuunoe npocmpancmeo nonv3osamenvckux Oaunnvix. Hcnonpdyercs mis
XpaHeHUs] OaHHBIX MOJb3oBaTe/si. HeoOxoanmmo co3naTth CTONBKO TaOMMYHBIX
IPOCTPAHCTB MOJIb30BATEIbCKIX NaHHBIX U (PailJIOB JaHHBIX, CKOJILKO TpeOyeTcs
s obecrnedeHuss OajlaHCca MeEXAY IPOU3BOAMTENBHOCTBIO U yIOOCTBOM
UCIIOJIb30BaHMs. Hanprmep, MOXKHO CO34aTh U HA3HAYUTH OTAENbHOE Ta0IUYHOe
IPOCTPAHCTBO IOJIb30BATENbCKUX AAHHBIX JUISl KAXKAOTO MPIUIOKEHUS U KaXKIOH
OTHEJBbHOW TIPYIIBl IOJNb30BAaTeNeH, HO He O0s3aTeIbHO Ui Ka)IOro
IIOJIb30BATEIS.

*  Unoexc mabauunozo npocmpancmea. Vcnonb3yercs Aisi XpaHEHUs HHIEKCOB.
MOXHO cO31aTh ¥ HA3HAYUTh OTHENIbHOE TaOJUYHOE MPOCTPAHCTBO MHAEKCA IS
KQKAOrO MPUIOKEHWS W KaKAOHW TpyNmbl Monb3oBarened. Paiinpl HaHHBIX
TaOJIMYHOTrO MPOCTPAHCTBA MHIOEKCA JOJDKHBI XPAHUTHCS B TOME XPaHWIIHUINA,
OTHEJIBHOM OT (PaiiIOB MOJB30BATENbCKUX JAHHBIX WK (ailIoB CHCTEMHBIX
TaHHBIX.

* Bpemennoe mabauunoe npocmpancmeo. Hcnonb3yercs Kak —BpPEMEHHOE
XpaHWINIE [JI1 OIepauluil COeNAWHEHHUs, COPTHPOBKH WM Pe3yJIbTaTOB
arperaui. MOXHO CO3[aTh W HA3HAYMTH JAPYroe BPEMEHHOE TaOIUYHOE
IIPOCTPAHCTBO JJIs1 KAXKAOTO INPUIIOKEHUS U KaKI0M MpyIMIbl OJb30BATEIEH.

» Omxam ceemenma mabauuno2o  npocmpancmeq. Vicrome3yercs IS

BOCCTAHOBJICHUsI TPaH3aKLIUM.
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MomecTuTb Tabnuubl C BbICOKOW HAarpy3kol B CBOM COOGCTBEHHble TabaMyHble

MPOCTPaHCTBA, YTOObI 6a3a AaHHbIX MUHMMU3MPOBaNa KOHMAUKT ¢ APYrUMuy Tabnuyamu.

HasHaunTb oTfenbHble (haii/ibl JaHHbIX B OTAENbHbIX TOMaxX XpaHeHWUsA ANf WHAEKCOB,
CUCTEMHbIX Tabnuy v Tabnuy BbICOKOrO YPOBHA. OTO rapaHTUPYeT, YTO WHAEKCHble
onepauuun He 6yayT KOH(IMKTOBATb C JaHHbIMY M0/1b30BATENA AU ONepauuamMn goctyna
K Tabnmue cnosaps AaHHbIX. ELle Of4HUM NpenMyLLeCTBOM 3TOr0 nogxona ABNseTcs 1o,
4TO MOXXHO MCMNOJIb30BaThb AUCKM pa3HblX pa3mMepoB B pasHbiX TOMax. Hanpumep, 06bem
JaHHbIX MOXET MCMnonb3oBaTb pasmep 610ka 16KB, B TO BpemMs KaK MHAEKCHbIA 06bem
MOXEeT uCcnosib3oBatb pasmep 6510ka 8KB. Pa3mep 3anMcu WHAEKca, KakK MpaBwo,
MeHbLUe, W, WU3MeHAs pa3Mep 06/10Ka, YMeHblUaeTcs KOHMIUKT U MUHUMU3MPYETCH
onepauun BBOAA-BbIBOAA. OTO OYEHb BAXHO; MHOrMe afMUHUCTPATOpPbl 6a3 AaHHbIX
WUTHOPUPYIOT WHAEKCbl KaK WCTOYHWK pasHornacuin. WMcnonb3ysd oTAefbHble TOoMa
XpaHeHusa 1 6/10KN pasHbIX pa3mepoB, onepauuny BBOAAa-BbiBOAA 418 AaHHbIX U UHAEKCOB
OyAyT BbINONHATLCA aCUHXPOHHO (B pa3Hoe BpeMms); 6051ee BaXHO TO, YTO BEPOATHOCTb
onepauuin 3anucu, OGNOKMPYIOLWMX OnepaLmn UYTeHWUs, YMeHbLUaeTCs, MOCKONbKY

6/10KMPOBKW CTPaHUL, UMEOT TEHAEHLMUIO 6/T0KMPOBATb MEHbLLIEE KOMMYECTBO 3amnmnce.

Bocrnonb3oBatbCca MpeuMMyllecTBamn pPas3finyHbiX OpraHu3aunin  xpaHeHus Tabnuu,
poctynHelx B B. Hanpumep, B Oracle ncnonb3osaHve tabnuy, opraHM30BaHHbIX MO
nHgekcy (KOT); B SQL Server tabnuubl KNacTepHOro WHAeKca. YNOpsAoyeHHas no
nHgekcy Tabnmya (uam Tabnmua C KnacTepHbIM MHAEKCOM) npeacTaBnseT co60M
Tabnuuy, B KOTOPOWA [aHHble MO0/Mb30BaTens W [JaHHble WHAeKCa XpaHAaTca B
nocnefoBaTeNbHbIX PACMOMOXEHUAX B MOCTOAHHOM XpaHuuLwe. 3TOT TUM OpraHusaLuu
XpaHeHusa obecneynBaeT NPeMMyLLECTBO B NPOM3BOAUTENBHOCTMN 415 TabNnL, K KOTOPbIM
00bIYHO 06paLlaoTCa Yepes 3aaHHbIN NOPSA0K MHAEKCOB, MOCKONbKY MHAEKC COAEPXMNT
K04 MHAEKCA, a TaKXKe CTPOKU AaHHbIX. [1oaTomy CYB/[] BbINOMHAET MEHbLLIE ONepawui

BBOJA-BbIBOAA.

Tabnuubl pas3fenoB Ha OCHOBe Mcnonb3oBaHua. Hekotopble CYPB nopgepXusaroT
ropu3oHTanbHOe pa3bueHne Tabauy Ha OCHOBe aTpMobyToB. Takum 06pa3om, Of4MH 3anpoc
SQL MmoxeT o06pabaTbiBaTbCsi HECKONbKMMM 06paboTyMKaMu [aHHbIX. Pa3mMecTuTb

pasaensl Ta6!'II/ILI|bI 6nmKe K MECTY NX UCNONb30BaHUA.

Mpn He06X04MMOCTH UCMOMb30BaTb LEHOPMaNN30BaHHble Tabnuubl. ApyruMu cnosamu,
MOXHO YNy4ylWunTb MPOU3BOAUTENIBHOCTb, MNepemMecTuB Tabnuuy w3 60/iee BbICOKOM
HOpMasbHOW (PopMbl B 60/ee HU3KYK HOPMasbHY (OpMy - 06bIYHO W3 TpeTbeill BO
BTOPYHO HOpMasbHyl dopmy. 3TOT MeTofh AobasBnset Jy6/nMpoBaHME [aHHbIX, HO
MUHUMU3NPYET onepaunn CoeguHeHus.

XpaHUTb BbIYUC/IEHHbIE W arpernpoBaHHble aTpubyTbl B Tabnuuax. Kcnonb3oBaTb
Npou3BoAHbIe aTpubyThl B Tabnuuax. Hanpumep, MOXHO A06aBUTb MPOMEXYTOUHYHO
CYMMYy Yeka, CymMMy Hasora v uTtorosyw cymmy B Tabnuue YEK. Vcnonb3osaHue
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MPON3BOAHbIX anI/I6yTOB MWUHUMU3INPYET BbIYUCNIEHWA B 3anpocax W onepaumnax

coegunHeHunA, 0COBEHHO BO BPEMA BbINMONIHEHNA arperaTtHblX 3arnpocoB.

8.8. toru

HacTpolika npou3BOAUTENbHOCTU 0asbl [JaHHbIX OTHOCUTCA K Habopy [AeAcTBuii K
npoueayp, npeaHasHayeHHbIX A5 obecrnevyeHUss TOro, 4TOoObl 3anpoC KOHEYHOro
nonb3oBatensa obpabatbiBanca CYB/[, B HauMeHbllee KONNYEeCTBO BpeMeHN. HacTpoiika
nponssoamTenbHOCTM SQL oTHOCUTCA K [AEWCTBUSIM Ha CTOPOHE K/MEHTa, KOTOpble
npefHasHayeHbl Ans reHepaunn Koga SQL, KOTOpblil BO3BpalyaeT npaBu/bHbIA OTBET 3a
HanMeHbLlee KOMIMYECTBO BPEMEHW, UCMOMb3YS MUHUMaIbHOE KO/IMYECTBO PecypcoB Ha
CTOpOHe cepBepa. HacTpoiika nponssogutensHoct CYB/M oTHOCUTCS K AeACTBUAM Ha
CTOPOHe cepBepa, KOTOpble OpMEeHTUpOBaHbl TakuMm o6pa3om, 4tobbl CYB[ 6blna
LOMKHBIM 06pa3omM CKOH(UrypuposaHa [Ans ObICTPOro pearnpoBaHUs Ha 3anpochl
K/IMEHTOB MPY ONTUMA/IbHOM UCMO/b30BaHUW CYLLECTBYHLLNX PeCYpPCOB.

CtaTncTuka 6asbl JaHHbIX OTHOCMTCS K KOMMYECTBY W3MepeHuid, cobpaHHbix CYB/,
KOTOpble OMUCbIBAIOT MOMEHTa/IbHbI CHUMOK XapakKTepUCTUK 06BLEKTOB 6asbl AaHHbIX.
CYb/[], cobupaeT CTaTUCTUKY 06 00beKTax, TakKMX Kak Tabnuvubl, UHAEKCbI U JOCTYMHbIE
pecypcbl, KOTOpble BK/KYAKT YUC/IO WCMONb3yEMbIX MPOLECCOPOB, CKOPOCTb
npoueccopa 1 LOCTYNHOe BpeMeHHoe npocTpaHcTeo. CYB /[ ncnonb3yeT CTaTUCTUKY A4
MPUHATUA KPUTUYECKUX PEeLeHUi Mo MOBbIWEHNUO 3((eKTUBHOCTM 06paboTKm

3anpocos.

CYB/ obpabaTtbiBatoT 3anpockl B TpK 3Tana. Ha atane cuHTakcuyeckoro aHannsa CYB/,
aHanu3anpyet 3anpoc SQL un  Bbl6bupaeT Hambonee  IPMEKTUBHbLIA  nnaH
poctyna/sbinonHeHns. Ha atane soinonHeHns CY B/, BoinofiHAeT 3anpoc SQL, ncnonb3ys
BblOpaHHbIA NnaH BbIMNONHeHUs. Ha atane Bbl6opkn CYB[, BbibupaeT AaHHble U
OTnpasnseT Habop pe3y/bTaToB 06PATHO KINEHTY.

NHAeKCcbl MMelT pellalllee 3HayeHMe B MPOLECcCe, KOTOPbIA yCKopseT AocTyn K
AaHHbIM. VIHAEeKCbl 06neryaldT MNOWUCK, COPTUPOBKY W WCMO/Mb30BaHWE arperaTtHbliX
(GYyHKUMA 1 onepauunii 06beanHeHUsA. TMOBbILIEHME CKOPOCTM [OCTyna K fAaHHbIM
NPOMCXOAUT MOTOMY, 4YTO WHAEKC npefcTaBnsieT co60M ynopsafoYeHHbI Habop
3HAYEHWU, KOTOPbLIA COAEPXUT K4 WMHAEKCA WM yKasaTenu. Pa3pexXeHHOCTb AaHHbIX
OTHOCUTCS K YMC/Y PasNMUHbIX 3HAYEHWUI, KOTOpble MOXeT MMeTb cTonbel. MHAeKchbl
PEKOMEHAYHTCA B CTONOLAX BbICOKOW Pa3speXXeHHOCTW, MCMOMb3yeMbIX B YCNOBUAX

MONCKa.

Bo Bpemsa onTtumusaumm 3anpocoB CYBJ[ ponkHa BblOUpaTb, Kakue WHAEKCHI
NCNONb30BaTh, KaK BbIMONHATb onepayuy 06beguHEHMA, KakKyto Tabnnuy 1ncnonb3oBathb
nepgoi n T.4. Kaxpas CYBL wumeeT CBOM anroputmbl onpegeneHns Hambosnee
aekTMBHOro cnocoba focTyna K faHHbIM. [Bymsi Hambonee pacnpocTpaHeHHbIMU

noaxogamun ABnA0TCA oNTUMU3aLna Ha OCHOBE npaBw/ 1 3aTpar.
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[] OnTumuzaTop Ha OCHOBE MPABUJI HCIIOJB3yeT 3aJaHHbIE MpaBWia W TOYKH JUIA
OrpeneeH!s] HAaMTY4LIEro MOAXO0Aa K BBIMOJIHEHHIO 3anpoca. ONTUMHU3aTOp HA OCHOBE
3aTpaT HCIIOIB3YET CJIOXHBIE AITOPUTMbI, OCHOBaHHBIE HAa CTATUCTUKE 00 OOBeKTax, K
KOTOPBIM  OCYLIECTBJIIETCST [AOCTYI, MAJsl OMpPEAeJeHUs HauIy4dlIero IMoaxoma K
BBIMTOJIHEHHIO 3aIpoca. B 3TOM ciiydae mpoLecc ONTHMU3ATOPa CKJIAAbIBAET CTOUMOCTD
obpaboTku, 3aTparhl Ha BBOA/BBIBOA M 3arparbl pecypcoB (O3Y wu ksm), 4TOOBI

OnpeaAcC/INTh O6H.Iy1-0 CTOMMOCTD 3aJaHHOI'O IIJIaHA BBIITOJIHCHUA.

[] Hacrpoiika mpousBogutensHocTd SQL CBsi3aHa € HANKWCaHWEM 3aMPOCOB, KOTOPBIE
3¢ (EeKTUBHO HCIONB3YIOT CTATUCTHKY. B wacTHOCTH, 3ampockl HOKHBI 3¢ (ekTHBHO
UCTIONb30BaTh WHAEKCEL. HHAeKChl O4YeHb IIONE3HBbI, KOrma HeoOXoauMoO BBIOpaTh

HeOOJIbIIOe MOAMHOKECTBO CTPOK M3 OOJIBLIOH TaOJMLIbI HA OCHOBE YCJIOBHS.

[] ®opmyaupoBka 3ampoca MMEET [el0 C TeM, Kak MpeoOpa3oBaTh AENOBbIE BOMPOCHI B
kOHKpeTHbIN kon SQL mnst monydenust TpeOyembix pe3yibTaToB. UTOOBI cienars 3TO,
HY>KHO TIIATEJIbHO OLIEHUTh, KAKUE CTOJIOIBL, TAOIHLIbI M BBIYUCIIEHHS. HEOOXOMMMBI [IJIs]
CO3/1aHHUs XKEJNAeMOTr0 pe3ynbTarTa.

[] Hacrpoiixa npousBogurensHoct CYBJl BKIIOYaeT Takue 3a1aud, Kak YIPaBleHHE
npoueccamu CVYBJ] B omepatuBHOH mamsTH (BBIOEJIEHHE TMAMSATH JUId  Lielei
K3LIUPOBAHMUSI) U YNPaBIEHHE CTPYKTypaMH B (PHU3HUECKOH mNamsatu (BbIAEICHUE

IPOCTPAHCTBA JJIs1 (PalJIOB JaHHBIX).
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Nekuma 9. AoMnUHUCTpupoBaHue b/ 1 6e30nacHOCTb

0.1. BBeaeHue

[aHHble - 3TO Cblpbe, U3 KOTOPOro NPOU3BOAUTCA UH(OPMaLUA. MO3TOMY B COBPEMEHHOWA
NH(POPMaLMOHHOWN cpefie AaHHble ABMAKTCA LEHHbIM aKTUBOM, KOTOPbIA TpebyeT TuiaTeSlbHOro
ynpasneHus.

YT06bl OLEHUTb LEHHOCTb [aHHbIX, HAflo PaccMOTpeTb, YTO XpaHuTca B B npeanpuaTus:
[aHHble 0 KNMeHTax, NocTaBLyMKax, 3anacax, onepaumsax n tak ganee. CKonbKo BO3MOXHOCTeN byaeT
NnoTepsAHO B C/yvae NoTepu faHHbIX? KakoBa (pakTuyeckas CTOMMOCTb MOTepu AaHHbIX? Hanpumep,
Oyxrantepckas (upma, noTepsslUas BCIO CBOKW 6a3y AaHHbIX, MOHECET 3HAYUTeNbHble MPAMbIE U
KOCBEHHble pacxofbl. Mpobnembl pUpMbl 6yAYT ycyry6neHbl, ecnum noTeps LaHHbIX Npousowna B
TeyeHWe HaNoOroBoro ce3oHa. MoTepsa faHHbIX CTABUT IOOYI0 OpraHn3aLunio B CIOXKHOE MOJIOXKEHME.
MpeanpuaTue He MOXET 3PPEKTUBHO BbIMONHATL NOBCEAHEBHbIE OMnepaLum, OHO MOXET NOTepPATb
K/IMEHTOB, KOTOPbIM TpebyeTcsa 6bICTPOe M 3PPEKTUBHOE 06CNYXMBAHNE, U BOSMOXHOCTb NMPUBEYD
HOBbIX K/IMEHTOB.

[aHHble ABNAIOTCA LeHHbIM PECYpcoM, KOTOPbI MOXHO NepeBecTn B MH(opmauuto. Ecnm
NH(opMaL s ABNAETCA TOYHON U CBOEBPEMEHHOM, 3TO MOXET MOBLICUTb KOHKYPEHTOCMOCOOHOCTb 1
reHepuposatb 60ratcTso. B cylHOCTH, opraHn3aums nofsepraeTca LUKNY «JaHHble-nHhopmaLms-
PeLeHne»; TO ecTb NoJib30BaTes/ib NMPUMEHSAET aHAMTUKY K AaHHbIM A1 MONYYeHUs MHMOopMaLmu,
KOTOpas fBNSeTCA OCHOBOW 3HaHWMW, UCMOb3yeMbIX NPU NPUHATAW pelleHnid. ITOT LUK NoKasaH

Ha pucyHke 30.

Monb3oBaTtens

[US—— |

/I)I I

MNpuHaTHE peweHune

NpueidUT K

1ir

HelictBue

FeHepupyeTeue G6onbwe

[aHHbie : — WHdopmauua

Puc. 30. LLMKn gaHHble-MH(OpMaLna-nNpuHATE peLleHni
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PelweHns, NpPUHUMaeMble MeHe)Kepamun BbICOKOTO YPOBHS, WHULUWUPYIOT AEelCTBUSA Ha
HUKHUX YPOBHAX OpraHusauuun. Takue AeNCTBUS CO34al0T AOMONHUTENbHbIE AaHHble, KOTOPble
O6yayT MCNONb30BaTbCA A1 MOHUTOPUHIa [LeATeNbHOCTM opraHu3aumm. B cBO  ouvepefpb,
[ONONHUTENbHbIE fJaHHbIE JO0/MKHbI 6bITh NepepaboTaHbl B paMKax pelleHns «AaHHble-MHpopmalmsa-
peweHne». Takum 06pa3oM, faHHble 06pa3ytoT OCHOBY ANA MPUHATUS PeLLeHni, CTpaTernyeckoro
NNaHUPOBaHWA, KOHTPONS U MOHUTOPMHTIA Onepauuii.

AhheKTMBHOE yNpaBneHNe akTMBaMy MMEET peLlaroLLiee 3HaUYeHNe AN ycrnexa opraHu3anuu.
UT06bl yNpaBnATb [aHHbIMW KaK KOPMOPaTWBHbLIM aKTUBOM, MeHeLXepbl [AO/MKHbI MOHUMaTb
LLeHHOCTb uMHDopMaunni. [Ona HEKOTOPbIX KOMMNAHUA, TakKMX KaK KpeauTHble areHTcTBa, WX
€ANHCTBEHHbIM MPOAYKTOM IBIAETCA MHGOPMALMA, a UX yCneX ABNSETCA UCKNHOUNTENbHO (YHKLMENR
ynpaBneHns uHhopmaluei.

BONbWMHCTBO OpraHMsaynii MNOCTOSSHHO MLYT HOBble CMOCO6GbI MCMOMb30BaHWUA CBOUX
PECYPCOB AaHHbIX ANS NOAYYeHUs 60MbLIe NPMObLIAN. STOT pblvar MOXeT NPUHMMATbL pa3NnNyHble
(hOpMbI: OT XPaHUANLLY, AaHHbIX, KOTOPble NOAAEPXKMBAKOT Y/YULLIEHNE OTHOLEHWIA C KNMEHTaMK, A0
60nee TECHOM MHTerpauum € KAMEHTaMU M NOCTaBLWMKaMW B NOAAEPXKKY 3/MEKTPOHHONM LEnoYKu
nocTaBoK. MOCKONbKY OpraHu3aumm CTaHOBATCS BCe 601ee 3aBUCMMbIMUK OT MHOPMALUK, TOYHOCTb
3TON MHMOpMauUM CcTaHOBUTCH BCe 60nee BaXKHOW. [pA3Hble [aHHble WAWM [aHHble, KOTOpble
CTpagatoT OT HETOYHOCTEN M HECOOTBETCTBMIA, CTAHOBATCA ellle 60Mbluel Yrpo3oi. JaHHble MOryT
CTaTb FPSA3HLIMW NO MHOTUM MPUYUNHAM:

O OTcyTCcTBME TMNPUMEHEHUS OrpaHUYeHUin uUenocTHocT, Takmx Kak NOT NULL,

YHUKANbHOCTb M CCbINIOYHASA LIENOCTHOCTD;
O OwnbKM BBOAA AAHHbIX 1 ONeYyaTKu;
O Wcnonb3oBaHWe CUHOHVMOB M OMOHUMOB B pa3HbIX CUCTEMAX;
0 HecTaHAapTHOE MCMONb30BaHME COKPALLLEHWUIA B CUMBO/bHbBIX aHHbIX;

O Pa3Hoe pa3/ioXeHre COCTaBHbIX aTPUOYTOB Ha NPOCTbIe aTPpMbYThl B pa3HbIX CUCTEMAX.

HekoTopble MNPUYMHBI «TPA3HbLIX» [aHHbIX, TakuWe KakK HenpasBu/ibHas peanusayus
OrpaHMYeHunin, MoryT 6biTb yCTpaHeHbl B OTAeNbHOM 6a3e faHHbIX. OfHaKO ycTpaHeHue [pyrux
NPUYUH ABNseTCA 60nee CNOXHbIM. HekoTopas rpsasHas MH(OpMaLus BO3HWKAET B pe3yfbrarte
nepeMeLLeHns faHHbIX N0 cUCTeMaM, Hanpumep, NpyY CO3AaHUN XpaHUAULLA JaHHbIX. Y CUAUSA No
KOHTPOJIKO FPA3HBIX JaHHbIX 00bIYHO Ha3blBAOT NHMULMATMBAMM MO 06ECNeYeHNI0 KayecTBa AaHHbIX.

KayecTBO 6aHHbIX - KOMMEKCHbIA MOAX04 K 06ecnevyeHuto TOYHOCTU, AOCTOBEPHOCTU U
CBOEBPEMEHHOCTM [AaHHbIX. JTOT KOMMEKCHbI MOAXOA BaXKeH, MOTOMY YTO KayeCTBO AaHHbIX
noapasyMeBaeT He TO/IbKO OYUCTKY FPA3HbIX AaHHbIX; OH TaKXXe (hOKYCMPYEeTCs Ha NpefoTBpaLLeHNm
OyayLnX HETOYHOCTE M NOBbILIEHMN [OBEpUs Mo/b3oBaTeneil K gaHHbIM. KpynHomacwTabHble
MHMALMATUBLI NO 06eCneyeHV0 KayecTBa [aHHbIX, KaK MpaBu/io, SABAAOTCA CMOXHbIMA 1
LOPOrocTosAMMN NPOEKTaMK, NO3TOMY COracoBaHue 3TUX UHULMATUB C BM3HEC-LensaMu ABNseTCs
06s3aTeNlbHbIM, PaBHO KakK W Yy4yacTue BbICLIEr0 PYKOBOACTBa. XOTA yCuAMa No 06ecneyvyeHuto
KayecCTBa AaHHbIX CU/IbHO Pa3NNYaloTCs B PasHblX OpraHu3aumsax, 601bLMHCTBO U3 HUX BKIOYAKOT
crnesytollee:
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CTpyKTypa ynpasieHusa faHHbIMW, OTBeYaeT 3a KaueCTBO AaHHbIX;
Vi3mepeHns TeKyLLero KayecTsa fJaHHbIX;
OnpefenieHne cTaH4apTOB KayecTBa AaHHbIX B COOTBETCTBUN C OGU3HEC-LENAMMU;

00 BHeapeHWe MHCTPYMEHTOB M NPOLLECCOB A1 06ecrnevyeHns KavyecTBa JaHHbIX B OyayLlem.

PS4 MHCTPYMEHTOB MOXET MOMOYb B peannsauum MHULKATUB MO 06ecrneyeHU0 Ka4vecTsa
JaHHbIX. B 4yacTHOCTW, nporpammHoe obecrnevyeHue ans NpouINpoBaHUS LaHHbIX U yNpaB/eHns
OCHOBHbIMW [AaHHbIMX [AOCTYMHO Y MHOrMX MocTaBWnKoB. [lporpammHoe ob6ecrneyeHne [AHS
nponIMPOBaHNA faHHbIX cCO6MpaeT CTaTUCTUKY, aHaNU3NPYET CYLWECTBYOLWME NCTOUHUKN JAHHbIX
N MeTajaHHble AN onpefeneHnsa WwabnoHOB AaHHbIX U CpaBHUBAET Wab/oHbl C YCTaHOBNEHHbLIMU B
opraHusaumMm cTaHgaptaMmyu. JTOT aHaM3 MOXET MOMOYb OLEHUTb KayecTBO CYLLEeCTBYHLWMX
[aHHbIX M OMpefenuTb UCTOYHUKM TPSA3HBbIX AaHHbIX. YNpasneHue OCHOBHbIMW 6aHHbiMK (MDM)
noMoraet MpeAoTBPaTUTb 3arpsi3HeHWe [aHHbIX, KOOPAMHMPYA O06lWMe [aHHble B HECKO/bKUX
cuctemax. MporpammHoe o6ecneveHne MDM npegocTaBnseT «rNaBHY» KOMUIO CYLHOCTEN, TaKUX
KaK K/IMEHTbI, KOTOPbIe NOABAKTCA B MHOTOYMC/EHHbIX CUCTEMAX MO BCEW OpraHn3aLuu.

XOoTa 3TU TEeXHOMOrn4yeckme noaxonbl 06ecrneymBaloT BaXKHYH 4acTb KayecTBa [aHHbIX,
o6llee pelleHWe ONA BbICOKOKAYECTBEHHbIX [aHHbIX B OpraHu3auuum BCe ele B 3HAaYUTe/IbHOM

cTeneHun 3aBUCUT OT aAMUHNCTPUPOBaHNA N yNpaBNeHNA AaHHbIMW

9.2. HeobxoanmocTb 6a3bl faHHbIX 1 e pPosib B OpraHu3auuu

JaHHble MCNoMb3ylTCA pasHbIMW IIOAbMU B Pa3HbiX OTAeNax Mo pasHbIM MNPUYNHAM,
No3aToMy yrnpasneHune AaHHbIMW LO/HKHO YUYMUTbIBaTb KOHLEMUUIO 06WKX AaHHbIX. Heob6xoanmocTb
COBMECTHOI0 MCMNO/Ib30BaHWA [aHHbIX AenaeT ucnonb3oBaHve CYB[, NpakTUYecKn HEU30eXHbIM.
Mpu npasuibHOM ncnonb3osaHum CYB/[, obnervaer:

O WHTepnpeTtaumto 1 MnpeAcTaBfeHWe AaHHbIX B MOME3HbIX  (hopmaTtax MyTem
npeo6pasoBaHns HeobpaboTaHHbIX AaHHLIX B MH(OPMALMIO;

O MMepepayy AaHHbIX U MHHOPMALKUW HYXXHbBIM NTIOASIM B HY>XHOE BpeMS;

(] CoxpaHeHme [aHHbIX U NCNojb3oBaHMe AaHHbIX MOHUTOPWHIa B TEYEHWNE NPUEMIEMOTO

MPOMEXYTKa BPEMEHN;

0O KoHTponb 3a Ay6nMpoBaHMEM W UCNOMb30BaHMEM [aHHbIX, KaK BHYTpPWU, TaK W BHe

opraHusaymm.

HesaBucumMo 0T opraHuMsaumm pomuHupyowas ponbs bJl 3akni4yaetcs B NOALEPXKKe
NPUHATUSA yMpaBfeHYeCKNX PeleHnin Ha BCeX YPOBHAX oOpraHusayuu, npu COXpPaHeHUw
KOH(PMAEHUMaNBHOCTU U 6€30MaCHOCTU JaHHbIX.

YnpaBneHyeckas CTPYKTypa oOpraHusaumMy MoXeT ObiTb pasjeneHa Ha TPU YPOBHSA:
PYKOBOJCTBO BbICLLEr0 YPOBHA NMPUHUMAET CTpaTernyeckue peleHns, pykKoBoACTBO CpefHero 3seHa
- TaKTU4ecKue peLleHns, a onepaTMBHOE yrpas/eHNe OTBeYaeT 3a eXXeJHeBHble paboune peLleHus.
OnepaTuBHbIe peLleHns ABNAIOTCA KPATKOCPOUHLIMW: TaK, MEHEIXKep MOXET N3MEHUTH LieHY ToBapa,
4yTOOblI YOpaTh €ro M3 3anacoB. TakKTU4YeCKue pelleHus BKIYalT 60/ee AINTeNbHbIE BPEMEHHbIE
paMKu 1 BAMAKOT Ha 60nee MacliTabHble onepayuu, Hanpumep, N3MeHeHWe LeHbl NPoAyKTa B OTBET
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Ha KOHKYpeHTHoe fAaBneHune. CTpaTernyeckue pelleHns BAUAKT Ha AONTOCPOYHOE 6narononyq|/|e

KOMNaHNK NN faxxe Ha €e BbDKWBaHWE - Hanpumep, U3MEHEHME CTpaTermn Ll,eHOO6paSOBaHVIFI no

BCEM TOBapPHbLIM IMHUAM ANA 3aXBaTa A0/ PbIHKaA.

CYB/[, ponXHa npefoctaBnATh KaX4omMy YPOBHIO yMpasBieHUsA nose3Hoe npefcraB/ieHNe o

[aHHbIX W MOALepPXUBaTb HEO6XOAMMbIA YPOBEHb MPUHATUA pelleHnid. Cnepylowme [encTBus

ABNAKOTCA TUNUYHBIMW ANA KaXXA0ro ypoBHA ynpaBieHNA.

Ha BbiclieM ypoBHe ynpasfieHWUa B/l fo/mKHa 6bITb B COCTOSAHUN:

O

MpefocTaBnATb MHPOPMALMIO, HEOOXOAUMYH ANA NPUHATUS CTPATErMUYECKUX PELLEHW,
CTpaTernyeckoro NaaHMpPoBaHMUs, pa3paboTKM MONUTUKUN 1 ONpPeSeneHuns Leneil.

Ob6ecneunBaTtb [OCTYN K BHEWHUM W BHYTPEHHWM [JaHHbIM, 4TOObI OMpeAennTb
BO3MOXHOCTM poOCTa M HameTWTb ero HampasneHue. HanpaBneHne OTHOCUTCA K
XapakTepy  oOnepauuin:  cTaHeT M KOMMaHUA  CEePBUCHON  opraHu3auuei,
NPON3BOACTBEHHOW OpraHu3aumen Nam nx KoMouHaumen?

O6ecneunBaTb OCHOBY ANs ONpeaeneHnst U Co6MOAeHUS OpraHU3aLMOHHbIX MOMUTUK,

KOTOpble NepeBoAATCS B GU3HeC-NpaBmaa Ha 60/1ee HU3KUX YPOBHAX OpraHM3aLum.

[MoBblIWAaTh BEPOATHOCTU NMONOXUTENbHOI0 BO3BpaTa VIHBGCTI/ILI,I/II7I nyTem NonckKa HOBbIX

CrMocoB0B CHMXEHUS 3aTpaTt 1 NoBbILLEHWNA NPON3BOANTENBHOCTN TPyAa B KOMMNaHUN.

Ob6ecneymBaTb 06paTHY CBA3b, YTOObI OTC/NEXMBaTb AOCTUXEHME KOMMaHWein CBOMX
Lenei.

CpefHEM YpOBHe ynpaBneHns b, 4omKHa UMeTb BO3MOXHOCTb:
MpefocTaBnATb AaHHblE, HEOOXOAMMBIE 415 TAKTUYECKNX PELLEeHNIA 1 NNaHUPOBaHNS.

Habntoaatb U KOHTPONMPOBATb pacrpefesieHne U UCNoNb30BaHMe PecypcoB KOMMaHuM 1
OLEeHMBaTb paboTy pasIMYHbIX OTAENOB.

O6ecneunBaTb OCHOBY A1 06ecnevyeHns 6€30NaCHOCTM U KOHPUAEHLLMANIBHOCTU AaHHbIX
B BJ. BesonacHOCTb 03HavaeT 3aluUTy AaHHbIX OT C/ly4YalnHOro uan npegHaMepeHHoro
MCNO/Ib30BAHUA MOCTOPOHHMMW NoOMb30oBaTensiMu. B KOHTEKCTe afAMUHUCTPUPOBAHUA
6a3bl AaHHbIX KOH(UAEHUMANbHOCTb - CTeMeHb, B KOTOPO OTAENbHble nuuya WU
opraHu3auuMm UMEKT MpaBo OnpeAenaTb fAeTann MCMOoMb30BaHUA [faHHbIX (KTO, 4TO,
Korga, rae v Kak).

Ha ypoBHe onepaTMBHOIo ynpasneHus b/, 4o/mKHa MMeTb BO3MOXHOCTb:

MpeAcTaBNsSTb M MOALEPXKMBATL [eSTENbHOCTb KOMNAHUM Kak MOXHO 6amke. Mogenb
AaHHbIX J0MKHA 6bITb AOCTATOYHO FMOKOW, YTOGLI BKAOYATL BCE TEKylue U OyayLime
[aHHble.

Mpou3BogMTb  pesynbTaTbl  3anpoca B Mpedefiax  yKasaHHbIX  YpPOBHeW
npon3BOANTENbHOCTU. TpeboBaHMA K MPOM3BOAMTENLHOCTU BO3pacTalT A 6onee
HU3KMUX YPOBHEN ynpaBneHus n onepauunin. Takum obpasom, B, fo/mKHA NOALEPXUBATDL
ObICTpble OTBETbl Ha 60/blUee KONMYeCTBO TpaH3akuWii Ha YpOBHE OMepaTUBHOIO
ynpaBneHus.
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00 PacwupaTb  KPaTKOCPOYHble  oMepauun  KOMNaHWM  NyTEM  MPeaocTaBfeHuns
CBOEBPEMEHHOI WH(pOpMaUUM ANa NOALEPXKKMW KIMEHTOB, a TakKXe ANa pa3paboTKu
NPUIOXEHNI N KOMIMbIOTEPHbIX OMepaLuii.

O6uwel uenbto NGO 6a3bl AaHHLIX NBASETCA ob6ecrnedeHne 6ecnepe6OMHOrO MOTOKa

MH(OopMaL MK NO BCEl OpraHn3aLuu.

Basa faHHbIX KOMMaHUW TakKXe W3BECTHa KaK KoprnopaTuBHas unuM KopnopatuBHas bJ.
KopnopaTwuBHaa 6a3a filaHHbIX MOXeT ObITb ONpeAeneHa Kak NpeAcTaBneHe 4aHHbIX NPeAnpUATHS,
KoTopoe obecrneymBaeT MNOLAEPXKKY BCEX TEKYLWMX W OXuUAaeMblX Oyayuwiux ornepawui.
BO/IbLUMHCTBO CerofHAWHMX YCMeWHbIX OpraHn3anmii nonaraoTca Ha 6asy faHHbIX NpesnpuaTus
Ana obecnevyeHns MNoAAepXKW BCeX CBOUX onepauuid - OT MPOEKTUPOBAHUSA [0 BHEAPeHUs, OT
NPoAax 40 YCNyr, N OT eXeAHEeBHOro NPUHATUS peLUeHnid LO CTpaTernyeckoro niaHnpoBaHus.

9.3. BHeapeHue B/1

Hannune KoMnblOTepU3MPOBaHHOW CUCTEMbI YNpaBieHNs 6a3amun LaHHbIX He rapaHTupyer,
4YTO faHHble 6yAyT WCNO/Mb30BaHbl [LO/MKHbIM 06pa3oM Ans 00ecrneyeHUs NyYLUX peLleHui,
Tpebyembix MeHemkepamun. CYB[ - WHCTPYMEHT [ANA ynpaBfeHUs [aHHbIMU; Kak W N060W
WHCTPYMEHT, OHa A0/HKHA 3(h(PEKTUBHO UCNOMNb30BaTLCS A5 MONYYEHUSA XenaeMblX pe3ynbTatos. B
pyKax MA0THMKA MONOTOK MOXET NOMOYb B M3rOTOBIEHUN Mebenun, HO B pyKax pebeHKa OH MOXeT
HaHecTu yuwep6. PeweHnem npobnem KomMnaHWW ABAAETCS He MNPOCTO CyLLeCTBOBaHUe
KOMMbIOTEPHON CUCTEMbI UMK ee 6asbl AaHHbIX, a ee 3PHEKTUBHOE YNpaBieHe ¥ UCNONb30BaHMe.

BHegpeHne CYB/M npeactaBnsetr coboi 60nblivie M3MeHeHUs U npobnembl. Ha Bcio
opraHmsaumnto CYBJ[, MoXeT okas3aTb ry60Koe BUAHME, KOTOPOE MOXET OblTb MONOXUTENbHbLIM
UM oTpuuatesibHbIM B 3aBUCMMOCTW OT afMUHUCTPUPOBaHMA. Hanpumep, OAHUM K3 KNHOYEBbIX
coobpaxeHuii sengetca agantaumsa CYB[ K opraHusauuu, a He MNPUHYXAEeHWe opraHusayum K
apantaumm Kk CYBJ. OCHOBHO Npo6MemMOil AOMKHbI ObiTb MOTPEOHOCTWM OpraHuM3auuun, a He
TeXHM4Yeckune BO3MOXXHOCTN CYB/. TeM He MeHee, BHeapeHne CYB [, (BHYTpeHHee pasmeLleHne unm
ayTCOPCUHT B 06/1a4HOM CNy>K6e) He MOXKET BbITb BbINOMHEHO 6€3 BAUAHMSA Ha OpraHusauunto. NMoTok
HOBOM WH(opMauuyu okKa3blBaeT [/y60KOe BANAHME Ha (YHKLUWMOHWPOBAHME OpraHusauum W,
cnefoBaTeNibHO, Ha ee KOPNOpaTUBHYHO Ky/bTypy.

BHegpeHne CYB/[, 6bi10 OnMcaHO Kak MpoLecc, KOTOPbIA BKAOYAeT B Ce6s TpU BaXKHbIX
acnekTa:

| TexHONOrMYeckuin - nporpaMMHoe ¥ annapaTtHoe obecneyeHne CYB/;
| YnpaBneHYecKunii - agMUHUCTPATUBHbIE (YHKLNK;
I KynbTypHO-KOpnopaTWBHOE CONPOTUB/IEHNE U3MEHEHUAM.

TexXHONOrMYecKNin acnekT BKAOYaeT B ce6s BbIOOP, YCTAHOBKY, HAaCTPOMNKY U MOHUTOPUHT
CYB/[,, uTob6bl 06ecneynTb ee 3PPEKTUBHOE YyNpaB/eHWe XPaHeHWeM [aHHbIX, AOCTYNOM W
6e3onacHOCTblO. [epcoHan, oTBevatoLWwmnin 3a yctaHoBKY CYB/, fomKeH 06nafaTb TEXHUUYECKUMM

HaBblkaMy An8 o06ecrneyeHus afekBaTHOW NOAAEPXKKW pasHbiX MOMb30BATENIEN  CUCTEMbI:
MPOrpaMMnCcTOB, MEHE[)KEPOB U1 OnepaTopoB. Takum 06pasom, KafpoBoe o6GecrneyeHue
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agMuHucTpauun b, SBNAETCA KOUYEBbIM TEXHOMOrMYecKUM (akTopoM. Bbi6paHHbIV MepcoHan
[JO/KeH o6nafatb MpaBUIbHbIM COYeTaHWEM TEXHUYECKUX W ynpaslieHYeCKMX HaBblKOB, YTOObI
obecneynTb NMaBHbIN Nepexos K HOBOM cpefe. B coBpeMeHHOM Mupe AT TeXHONOrMYeckre acnekThbl
OyayT MPUMEHATLCA KakK K BHYTpeHHUM CYB/, Tak 1 K 06/1a4HbIM cpefiam AaHHbIX.

YnpaBneH4Yeckunii acnekT BHeapeHus CYB/[, He cnefyeT BOCMAPUHUMATbL JIETKOMbIC/IEHHO.
BbicokokavecTBeHHas CYB/l He rapaHTUpyeT KayeCTBEHHYI WH(OPMaUMOHHYI0 CUCTEMY, Kak U
Ha/Myme NyyLlero roHoYHOro aBTOMoOUIA He rapaHTUpPyeT nobefy B roHKe. Takue ynpaB/ieHYeCKue
acnekTbl TaKXe BKIOYAKT YNpaBneHne ycayraMm v OTHOLLIEHUA C NOCTaBLMKOM 06/1a4HbIX YCNyr
nepefayn faHHbIX.

BHegpeHve CYB/ TpebyeT TwateNibHOro naaHMpoBaHMsA AN CO34aHMs COOTBETCTBYHOLLEN
OpraHn3aLMoHHOW CTPYKTYpPbl M pa3melleHns nepcoHana, OTBeYalLero 3a agMUHUCTPUPOBaHME
CUCTEMbl. 3JTa CTPYKTypa TakXke [Jo/DKHa O6biTb NpesMeToM TuiaTenbHO pa3paboTaHHOro
MOHWUTOPUHIa W KOHTPONA. ALMWHUCTPATUBHbLIA MepcoHan fo/mKeH o06nagaTb OTAUYHBIMU
HaBblKaMN MeX/MYHOCTHOr0 06LLEHNSA B COYETAHUMN C LUMPOKUM MOHUMAHWEM OPraHu3aLnoHHbIX 1
[en0BbIX BOMPOCOB. Bbicllee pyKOBOACTBO AO0/KHO OblTb NMPUBEPXKEHO HOBOW CUCTEME, [LOJHKHO
OnpefensTb U NOALEPXUBATL (DYHKUUN aMUHUCTPUPOBAHUSA LaHHbIX, LENN 1 POan B OpraHmsauunm.

KynbTypHOE BAUSHWE HOBOW CUCTeMbl 6a3 aHHbIX A0/MKHO OLUEHNBAThCA TwatensHo. CYB/
MOXET BNUATb Ha Ntofer, PYHKLUUM 1 B3aMMOLeNCTBMA. Hanpumep, LONOMHUTENbHbIA NepcoHan
MOXeT ObITb HAHAT, HOBble POAM MOTyT ObITb pacnpefesfieHbl CYLECTBYHOLWEMY MepcoHany, a
3 (PEKTUBHOCTb paboThbl COTPYLHMKOB MOXET OLLeHNBATLCA C UCMO/b30BAHMEM HOBbIX CTaHAAapPTOB.

KynbTypHOe BO3AeiiCTBME BEPOSATHO, MOTOMY 4YTO MOAX0oA 6a3bl AaHHbIX CO34aeT 6onee
KOHTPONMPYEMbIA U CTPYKTYPUPOBaHHbLIA NOTOK MH(opMauuun. PyKoBOAUTENN OTAEN0B, KOTOPbIe
MPYBbLIKAN 06paLaTtbCa ¢ COBCTBEHHLIMU AaHHbIMW, AO/HKHbBI 0TKa3aTbCA OT npasa CO6GCTBEHHOCTU U
NnojennTbCa CBOMMU AaHHbIMW C OCTa/lbHOW 4acTblo KOMMNaHww. puknagHble NporpammucTbl
LOO/MKHbI YUYUTLCA M CNefoBaTb HOBbIM CTaHAapTaM MPOEKTUpPOoBaHUA U pa3paboTku. MeHemxepsl
MOryT BOCNPUHUMATb UHPOPMALMOHHYIO Meperpysky v Tpe6oBaTb BpeMeHU A48 afanTalum K HOBOWA
cpege.

Korga HoBas B/} nosBuTCA B CeTW, NIOAN MOTYT He 3aX0TETb UCMNO/b30BaTb ee MHOPMaL U0
M MOTYT MOCTaBUTb MOJ COMHEHMe ee LLeHHOCTb UM TOYHOCTb. MHOrne MoryT 6bITb pa3oyapoBaHbl
TEM, 4YTO MWHMOPMALUA He COOTBETCTBYET WX MPeAB3ATbIM MPeACcTaBNeHUAM U Yy6exAeHUAM.
AgMuHucTpaTopbl B A0NXHbBI ObITb FOTOBbI OTKPbITL CBOW ABEPY AN5 NO/b30BaTe el BbICNyLWaTb
UX Npobnembl, N0 BO3MOXHOCTU MPUHATbH MEPbl MO UX PeLUeHUt0 U 06BACHUTL UCMONb30BaHKE U

nperMyLLecTBa CUCTEMbI.

9.4. JBonouUNs ynpasneHns 6asamm aHHbIX

AIMWUHNUCTPUPOBAHME AaHHbIX YXOAWUT CBOVMMU KOPHAMMW B CTapblii, A€LEHTPaNIN30BaHHbI
Mup haitnoBoii cucTeMbl. CTOMMOCTb AiaHHbIX U y6NUPOBaHME aHHbIX B 3TUX CMCTEMAX NPUBENO K
LIEHTPaNN30BaHHOMY aAMWHUCTPUPOBAHMIO [aHHbIX, W3BECTHOMY KaK OTAEeN 3/eKTPOHHOM
06paboTKM AaHHbIX. 3afaya AaHHOrO OTAena 3akntouanacb B 06beAMHEHUMN BCEX KOMMbHOTEPHbIX
PEcCYpcoB [A/1s MOAAEPXKM BCeX AenapTaMeHTOB Ha OnepaTUBHOM YPOBHE. AAMWUHUCTPATOPI
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Moay4Ynn NONHOMOYUS YNPaBNATb BCEMMU (haliioBbIMU CUCTEMaMU KOMMaHMK, a TakxXe paspeluartb
KOHM/IMKTbI JaHHbIX W yNpaBieHns, BO3HMKaKOLWWe B pe3ynbTate Ay61MpoBaHNSa U HENpaBuUIbHOTO
MCNOMIb30BaHNA AAHHBbIX.

Mosenenve CYB[ n ee o6wero npefctaBneHUs O AaHHbIX MOPOAUIO HOBbIA YPOBEHb
CTIOXKHOCTM YNpaB/ieHNs AaHHbIMU 1 NPMBENO K CO3faHunio 0T ena nHopmaynoHHbix cuctem (MC).
O6sa3aHHOCTU oTAena MIC Obinn paclimpeHbl U Tenepb BKAKOYAKOT ClefytoLimne:

O CepsucHas (OYHKUWUA ONS NpefocTaBneHUs Mob30BaTensM MNOAAEPXKU ynpaBneHus

[aHHbIMK;

O T[pon3BOACTBEHHAA (PYHKUWUA ANS NpefoCTaBfeHUs MOMb30BaTeNsiM PeLeHUin ans umx
NHPOPMALMOHHbIX  MOTPeOHOCTEN  Yepe3  WHTErpupoBaHHble  NPUKNAAHbIE UK
ynpaB/ieHYeCKNe MH(HOPMALMOHHbIE CUCTEMBI.

dyHkuma otgena NC oTpasuiacb Ha €ero BHYTPEHHEW OpraHu3auuoHHOW CTPYKType.
CoBpemeHHas opraHusauoHHas cTpykTypa otaena IC B cpefHMX 1 KPYNMHbIX KOMNAHUAX NoKa3aHa

NHdopMaLMOHHbIe
cucTembl

PazpaboTka Onepa Cetb u ‘exHuuYecKoe
NPUNOKEHNIA BesonacHocTb obcnyxusarmne

Puc. 31. OpraHusaunoHHas cTpykTypa otgena NC

Ha pucyHke 31.

Mo mepe pocTa crnpoca, CeErMeHT pas3paboTkn npunoxeHuii C 6bln nogpasgeneH no tuny
CUCTEM, KOTOPbIE OH MOALEPXKMBAN: YUeT, UHBEHTapM3aLna, MapkeTUHr, XxpaHeHne faHHbIX, 61u3Hec-
aHanutuka n 1.4. OfHaKo 3TO 03Ha4yaeT, YTo 06A3aHHOCTM agMuHucTpaTopa b/ 6binn pasgeneHsbl.
CerMeHT pa3paboTKn NPUIOXeHWIA 0TBeYan 3a cbop TpeboBaHMil K 6a3e faHHbIX U 3a pa3paboTKy
NOrn4yeckoim 6asbl fJaHHbIX, TOrfa Kak CermeHT onepayuii ¢ 6aszaMy fdaHHbIX BKAO4Yan B cebs
BHepeHue, MOHUTOPUHT 1 yripasseHue onepauynavu CYBU.

Mo Mepe pocTa yucna NPUIOXKeHUn 6a3 AaHHbIX ynpaBneHWe AaHHbIMW CTAHOBM/IOCb BCE
60nee CNOXHbIM, YTO MPUBOAWIO K PasBUTUID agMUHUCTpUpoBaHns bll. YUenoBek, OTBETCTBEHHbIN
3a ynpas/ieHVe LeHTpann3oBaHHOM 1 06Leil 6a30i AaHHbIX, CTan a4MUHUCTPATOPOM 6asbl AaHHbIX
(ABL - DBA).

Pasmep v ponb @yHKumMyu ABJL BapbMpyloTCA OT KOMMAHWM K KOMMaHWW, paBHO KakK W ee
pasmelleHVe B OpPraHW3auMOHHON CTPYKType. Ha opraHusaumoHHol cxeme AB[ MoXeT OblTb
onpefeneH Kak KOHCYNbTaHT UAu pyKoBOAUTENb. B AO/MKHOCTY KOHCynbTaHTa AB/L yacTo 6epeT Ha
cebs KOHCYyNnbTaTMBHYK posib; ABJl MoXeT paspabaTbiBaTb CTpaTteruto agjMUHUCTPUPOBAHUSA
[aHHbIX, HO HE UMEET NOSIHOMOYMNIA AN5 ee NPUMEHEHUS UM pa3peLleHmns BOSMOXKHbIX KOH(DTMKTOB.
B nosnuyun pykosogutens AB/] HeceT Kak OTBETCTBEHHOCTb, TaK M MOJIHOMOYMXA MO NAAHUPOBAHUIO,
onpefeneHunto, peannsaunm 1 NPUMEHEHNIO NOAUTUK, CTAHAAPTOB, MU NPOLEAYP, NCMNOMb3YEMbIX MPU

aAMWUHNCTPUPOBAHNM AaHHbIX. [1Ba BO3MOXHbIX NofoxeHna ABJ, nokasaHbl Ha pucyHke 32.
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B ponu pykoBoguTens

MHbOpMaLIMOHHbIE
CUCTEMBI

Onepauuu N fnpasnewe
cbll b

PazpaboTKa
NPUNOKEHWUH

B ponn KoHcynbTaHTa

MHbOpPMaLIMOHHbIE
CMCTEMBI

YnpaeneHwne

b/,

PazpabotKa Onepauum
NPUNOHKEHWUH cbl,
Puc. 32. DyHKUMM agMuHUcTpaTopa 6asbl JaHHbIX

He cyuwecTtByeT cTaHjapta ANna onpegeneHua Toro, kak ABJ, fo/mKeH BMNUCbIBATLCA B
CTPYKTYpYy OpraHusaumu, 0T4acT NoToMY, 4TO caMa posib, BEPOSITHO, IBSETCA CaMOl AUHAMUYHON
M3 BCeX B opraHm3aumm. Ha camom pgene, 6bICTpble M3MeHeHWUA B TexHonorum CYB[ AUKTYOT
HeoOXO0ANUMOCTb U3MEHEHUS OpraHn3aLnoHHbIX cTUNen. Hanpumep:

0O Pa3suTue pacnpefeneHHbolx BJl MOXET BbIHYAUTb OpraHusauuio K JanbHelwen
JeueHTpanusayMn  ynpaeneHus faHHbiMW. PacnpegeneHHas bJ, TpebyeT, 4TO6bI
cucteMHbli AB/J] onpefenan v genernposan 0683aHHOCTU KaXAOro fokansHoro AB/,
TEeM caMbIM Hanaras HoBble 1 6011ee CNOXHbIE KOOPAUHUPYIOLNE AEACTBUS Ha Hero.

O PacTywee ncnonb3oBaHWe fAaHHbIX, AOCTYMHbLIX 4yepe3 VIHTepHeT, W pacTyLliee 4ucno
MPUNOXEHUI XPaHUNULL, [AaHHbIX, BEPOSATHO, pacwupAT pfedatenbHocTb AB[ no
MOAENNPOBaHNIO N NPOEKTUPOBAHUIO AaHHbIX.

O Pactywas wu3owpeHHocTb K wmowb naketoB CYBJ Ha O0CHOBe mMepcoHabHbIX
KOMMbIOTEPOB 0becneymBatoT MNPOCTYHD nnaTgpopmy Ans  paspaboTkm  YAO6HbIX,
9KOHOMUYHBIX U 3PDEeKTUBHbIX pewweHnidi. OfHAKO Takas cpefa TakXe [AonyckaeT
AybnupoBaHWe [aHHbIX, He roBopsA YyXe O npobnemax, co3faBaeMblX OAbMU, He
NMEeLWNMN TEXHUYECKON KBanupuKauum ansa cosgaHns Xopownx npoektos bJ. Hosas
BbluMCNTENbHAA cpefa TpebyeT oT AB/J, HOBOro Habopa TeXHUYECKUX U
YyNpaBNEHYECKNX HaBbIKOB.
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0O PacTywee wucnonb3oBaHMe 06na4yHbIX YCAYr nepefavyn [aHHbIX TO/SKaeT MHOrue
nnatopmbl B 1 MHPaACTPYKTYpbl B 061aK0. ITO MOXeT 0cBO60ANTL ABL OT MHOTMX
HWU3KOYPOBHEBbLIX TEXHONIOMMYECKNX 3afay, MOo3BONAS MM COCPefOTOYMTLCA Ha 6onee
BaXXHbIX CTpaTermyeckux sonpocax. B Takux cpegax ABJl cTaHOBUTCA MOCTaBLLMKOM

YCNyYT MO UCMOMb30BaHMIO aHHbIX N KOHCY/NIbTAHTOM /1 OpraHusauum.

O W HaobopoT, pacTyuiee MCNosib3oBaHUe OO0MbLIKX [aHHbIX B OPraHu3auuax MOXeT
3actaBuTb ABJl cTtaTb 60nee TEXHOIOTMYECKU OPUEeHTUPOBaHHbIM. lMpogo/mKaroLwmecs
YCUNA MO UHTerpaumm cuctem xpaHeHns Hadoop kak ¢ NoSQL, Tak 1 ¢ pefiayMoHHbIMU
6a3aMy faHHbIX TpebylT, YToObl AB/ 6bI1 3HAKOM C Npo6iemaMy XpaHeHUs 1 4ocTyna

HW3KOr0 YPOBHSA, KOTOPbIE BCE eLle AOMUHUPYIOT B 3TUX HOBbIX AUCLUMANHAX.
[OevictBus AB/L, 06bIYHO OMpefenstoTcs 1 AendaTcs B COOTBETCTBUMN C (Da3aMy XXU3HEHHOr0
umkna 6asbl gaHHbix (KL, BA). Ecnn ucnonb3yetca Tako noaxoa, pyHkums AB/L TpebyeT, 4ToObI

nepcoHas BbIMOMHAN clefytol e 4eACTBUSA:
O [lnaHupoBaHue B/, BKNOYaa onpefesieHe cTaH4apTOB, NPoUesyp Y NpaBoONpPUMEHEHNS;
C6op TpeboBaHuin K B 1 co3gaHne KOHUENTYyalbHON MOAENN;

Co3faHue NOrMYecKoin n TpaH3akyMoHHOW mogdenu BA;

O
O
0O CospgaHue (m3nyeckoin mogenn b, n ee peanmsauum;
O TecTtupoBaHue n otnagka b/,

O

Onepauuun ¢ B, ee obcnyxusaHue, BKAOYas YCTaHOBKY, KOHBEpPTaLUIO M MUTpauuio

[aHHbIX;
| ObyuyeHune, nogaep>xxuaHune bA;

I MOHUTOPUHT 1 ynpasBieHne Ka4eCTBOM AaHHbIX.

B opraHusaumy MOXeT O6biTb YCTaHOBMIEHO HECKONbKO HecoBMecTUMbIX CYB[, and
NOALEPXKM pasHbIX onepauuniti. Hanpumep, HeKOTOpble Kopriopauum uMetoT nepapxmyeckyto CYB/,
ONA NOAAEPXKW eXe[HeBHbIX TpaH3akKuuil Ha onepaumoHHOM YPOBHE W PeNAUMOHHYI0 ANS
noAAepXKy creunanbHbiX UHPOPMaLMOHHBIX NOTPeBHOCTEN CPefHEero M BbICLLIEr0 PYKOBOACTBA.
PasHble CYB/[ ans nepCcoHanbHbIX KOMMbHOTEPOB MOIYT ObiTb YCTAHOBMEHbI B Pa3HbIX OTAenax. B
Takoi cpefe and kaxapor CYBJ, KOMnaHMM MOXET OblTb HasHauyeH oguH AB/[,. eHepanbHOro
KoopauHatopa Bcex ABJ] nHorga HasbiBatoT CUCTEMHbBIM agMUHUCTPaTOPOM.

PacTter TeHfeHUMs K cneuyuvanusauMy B YNpaB/ieHUW  AaHHbIMW.  Hanpumep,
OpraHu3aLMoHHbIE fuarpamMmmbl, UCMOMb3yEMblE HEKOTOPbIMW KPYTMHBIMWU KOpnopauusamu, nposogaaT
pasnuuve mexay ABJ n agMUHUCTPATOPOM AaHHbix (A). AL, TakXKe M3BECTHbIA KakK MeHea>Kep
MH(hopMaLmMoHHbIX pecypcoB  (MWP), 06bl4HO NOAYMHAETCA HENOCPEeACTBEHHO  BbICLIEMY
PYKOBOACTBY M NofiyyaeT 60/1ee BbICOKYH CTeNeHb OTBETCTBEHHOCTW M NOTHOMOYMIA, YeM AB/[], XOTS
3TN [Be PO/ MOTYT MepeKpbIBaTLCS.

ALl oTBeyaeT 3a YynpaBneHue OOWMMMK pecypcamum KOPMoOpaTWBHbLIX [aHHbIX, Kak
KOMMNbIOTEPU3NPOBAHHbIMU, TaK U py4YHbIMWU. Takum obpasom, pabota ALl oxBaTbliBaeT 60Nblue
onepauuii, yem AB[L, nockonbky AJ, KOHTPOAMpPYeT AaHHble, Bbixoaswue 3a pamkun CYB[, B
[LOMO/IHEHME K KOMMbIOTEPU3NPOBAHHLIM JaHHbIM. B 3aBUCMMOCTU OT CTPYKTYpbl opraHusaumum Ab/L
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MOXeT oTtuuTbiBaThcA nepes AL, MWP, wmeHepxkepom WC wnmM HenocpeicTBEHHO Mepef

reHepanbHbIM ANPEKTOPOM KOMMNaHUN.

9.5. Yenoseyeckuii thakTop cpeapl b,

AhekTMBHOE AAMUHUCTPUPOBAHUE [AaHHbIX TpebyeT KaKk TEXHWYECKMX, TakK MU
ynpaB/ieHYeCKMX HaBblKOB. Hanpumep, pa6ota ALl 00bIYHO WMeeT CWUIbHYK YMpaB/iEHYECKYHO
OpUEeHTaLMI0 C 0XBATOM BCE KOMMaHWUW, a TaKXKe TEXHUYECKYI0 OpueHTaLuto, Kotopas nMmeet 6onee
y3Kyt0, cneuymuuHyto ana CYBJ[ ob6nacte. TemMm He wMeHee, ABJ[l TakXe [O/KEH WMeTb
3HauMTeNlbHble HaBblKWM ynpasneHusa nwabmu. Hanpumep, kak AL, tak n ABJ[l HanpasndioT u
KOHTPONMPYIOT Kafpbl, a TakXKe 06y4YeHune rnepcoHasna B COOTBETCTBYHOLWMNX AenapTameHTax.

ALl o6ecneuynBaeT rnobanbHyt U BCEOOBLEMIOLWLYIO afMUHUCTPATUBHYIO CTpaTeruto Ans
JaHHbIX opraHu3aunu. OH OTBeyaeT 3a KOHCO/MMAALMIO M COrlaCoOBAHHOCTb KaK PYYHbIX, Tak K
KOMMbIOTEPU3NPOBAHHBIX JaHHbIX.

ALl [OoMKeH YCTaHOBWUTb LUeNW aAMWUHUCTPUPOBAHUSA [aHHbIX. ITU Uenu onpefensTcs

TakMMy BONpocaMu, Kak:
| [OCTYNHOCTb AaHHbIX;
I CornacoBaHHOCTb U LE/IOCTHOCTb AaHHbIX;
Be3onacHOCTb ¥ KOHPUAEHLMANbHOCTb AaHHbIX;
Il CtaHgapTbl KayecTBa [JaHHbIX;

U CreneHb 1 TN UCNONb30BAHUSA LaHHbIX.

ECTecTBEHHO, CMWUCOK MOXHO pacwupuTb, 4YTOObI COOTBETCTBOBATb KOHKPETHbIM
NoTpebHOCTAM OpraHM3auum B JaHHbIX. He3aBUCUMMO OT TOro, Kak OCYLLEeCTBAAETCA ynpasieHune
JaHHbIMU - 1 HECMOTPSA Ha TOT akT, uTo y ALl nnn ABJ] 60MbLIMe NONHOMOYNA AN ONpeaeneHuns
M KOHTPONA cnocoba Ncrnonb30BaHWA aHHbIX KOMMNaHWUW - OHW He BliafetoT JaHHbIMU. BMecTo aTOro
X PYHKLMW onpesesieHbl, YTOObl MOAYEPKHYTb, UTO AaHHbIE ABMIAIOTCA OOLLMM aKTUBOM KOMMaHWUW.

He cywecTtByeT O06WENPUHATBIX agMWHMUCTPATUBHLIX cTaHgapTtos AL wn ABL. Ctunsb,
0653aHHOCTN, OpraHu3aLMoHHOe pa3MelleHne W BHYTPEHHAA CTPYKTypa 006enx (QYyHKUWi
BapbMpPyKTCA OT KOMMAHWW K KOMMaHuu. Hanpumep, MHOrMe KOMMaHUW pacnpefensioT
o6s3aHHOCTN AL, mexay ABL n meHemxepom NC.

ApbuTtpaxk B3aUMOLEWCTBUIA Mexay [BYyMA Haubosee BaXHbIMW aKTMBaMu 10600
opraHvsauumu - NAbMU U fJaHHbIMK, nomewiaet AB/J, B AMHAMUYECKYIO Cpefy, M300paXeHHY0 Ha
pucyHke 33.
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AB[,

onpeaensieT u NpuMeHsieT k

Mpoueaypbi U
CTaHAapTbHI

MpuKnagHble

[porpammumcTbl
nporpammbil

Mere pxepel v Nutepdeiic CYB/, AanHbie

PaboTHUKM

Tonssosatend

Puc. 33. Ponb AB/] B opraHunsaumnm

N3yyas pucyHok 33, He06X0AMMO 06paTUTb BHUMaHWE, YTO agMUHUCTPaTop 6a3 AaHHbIX
ABNAETCA LEHTPOM B3aMMOAENCTBUS AaHHbIX U nofib3osaTtenein. AB/L onpegenset n obecneynsaet
cobnofeHne npouesyp U CTaHZapTOB, KOTOPble LO/MKHbI MCMONb30BaTbCA MporpaMmucTamu u
nonb3oBatensiMmu npu pabote ¢ CYbJ[. ABJ, Takxe nposepsieT, 4YTo AOCTYN nporpammucTa u
Nnonb30BaTens COOTBETCTBYeT TpebyeMbIM CTaHapTam KayecTsa M 6e30MacHOCTH.

Monb3oBatenu bl MOryT 6bITh KnacCU(ULMPOBaHbI MO CefYOLUUM KPUTEPUAM:

N Tun Heo6Xo4UMOWA NOAAEePXKU MPUHATUSA pelleHnin (OnepaLnoHHbIR, TaKTUYECKUIA unu
cTpaTernyeckuii);

O CTeneHb KOMNbHOTEPHbIX 3HAHUIA (HOBUYOK, OMbITHbIVA UK 3KCMEPT);

0O YactoTa goctyna (Cny4vaiHblid, NEPUOANYECKUIA NN YaCTbIN).

3TN Knaccuukaumym He ABNAKOTCA UCKIOYUTENbHBIMU U 00bIYHO coBnajatoT. Hanpumep,
OMepaTUBHbIN NM0Nb30BaTE/Ib MOXET ObITb 3KCMEPTOM CO CNyYaliHbIM JOCTYNOM K B[, unvu meHemxep
BEPXHEro YpPOBHA MOXeT 6bITb CTpaTerMyecKMM HavyuMHaloWMUM No/b3oBaTesIeM C NEPUOSMYECKUM
poctynom K bA. C apyroi CTOPOHbI, NPUKNaAHOW nporpaMMucT B[l ABNfeTcA 3KcnepTom Mo
akcnnyataymu. Takum 06pa3som, B KaXKOW opraHusaumm paboTatoT NOAM, Yeid YPpOBEHb 3HaHWUI B
obnactu b/ oxBaTbiBaeT BeCb cnekTp. AB/] 4O/KeH yMeTb B3aMOeiNCTBOBaTb CO BCEMU, NOHUMATb
NX pasHble NOTPeOHOCTM, 0TBEYATb Ha BOMPOCHI HA BCEX YPOBHAX 3HAHWUIA U 3aP(eKTMBHO obLaTbca
C 3TUMU NIOAbMU.

Oevicteus  AB[l, wn306paxeHHble Ha pucyHKe 33, YyKasbiBalOT Ha HeoO6X0AUMOCTb
pasHoobpasHOro coveTaHUsi HaBblKOB. B KPYMHbIX KOMMNAHUSAX TaKue HaBblKW, BEPOSATHO, OyayT
pacnpefeneHbl Mexpay Heckonbkumu AB[, a B He60/MbIMX KOMMNAHMAX HaBblKM MOTYT OblTb
npeaMeToM ToNbKO oAHOro Ab/[l. HaBbikKM MOXHO pa3feninTb Ha [Be KaTeropun - ynpaeneHYeckue
N TEXHUYECKMeE.
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ABJl nonmkeH BbIMOMHATL [BE pasHble ponu. Ynpasaswlwas posib ero cocpefoToyeHa Ha
ynpas/fieHUN NepcoHanoM 1 B3aMMOLECTBUN C NOSIb30BaTENAMUN. TexXHUYecKas po/b 3aK/4vaeTcs B
ncnonb3oBaHun CYBJ - npoekTupoBaHuu, pas3paboTke M BHedpeHUU 6a3 [JaHHbIX, & TakKXe B
NPOn3BOACTBE, pa3paboTKe N UCNONb30BAHUW NPUKNALHbIX NMPOrpPaMM.

Ynpasnawwasa ponb AbJl. Kak meHemxep, ABJ] f0/KEH COCPefOTOUNTLCSA HA KOHTPOE 1
naaHUpoBaHUM agmMuHucTpuposaHua b. Moatomy agMmuHucTpaTop 6a3bl AaHHbIX OTBEYaeT 3a
crnepytoLee:

O KoopanHauus, MOHUTOPUHT 1 pacnpejeneHne pecypcos agMuHUcTpuposaHua b nogn

 AaHHble.

O OnpegeneHve  uenein n  (QopmMynmpoBaHuWe  cCTpaTermMyeckux  naaHoB  ANd
aAMUHUCTpUpoBaHua b/A.
ABJl oTBeyaeT 3a MAaHWpoBaHue, oOpraHM3auuito, TECTUPOBAHWE, MOHUTOPUHT U
npefocTaB/ieHNe A0BOJIbHO 60/1bLLION0 KOMMYECTBa YCNyr.
Mopaep>KKa nonb3oBaTeneil. ABJ, B3auMmofelicTBYeT C Mofb3oBaTensaMu, NpeaocTaBnss
JaHHble M MHMOPMaLUOHHYK NOAAEPXKY. [MOCKONbKY MO0Ab30BaTeNM OObIYHO WMMEKT pasHbIi

KOMMbIOTEPHbIM OMNbIT, CNYX0a NOAAEPXKN BKAOYAET B Cebs CneayoLee:

O Co6op TpeboBaHuii nonb3oBaTens. ABJL, gomkeH pa6oTaTb C NOMb30BaTeNAMM, 4YTOOLI
NMoMoYb cobpaTb AaHHble, HE0OX0ANMbIE ANA NAEHTUPUKALUN U ONUCAHUA X HACTOALLUX
n O6ygywmnx WHGOPMaLMOHHbLIX noTpebHOCTel. KOMMYHWKaUMOHHble HaBblkn AB[,
BaXHbl B TECHOM COTPYAHWYECTBE C JIOAbMW, KOTOpble WMEKT Pas3INYHbIN

KOMMbIOTEPHbIA (HOH U CTUb 06LLEHNA

O YKpenneHue [oBepus nonb3osaTensd. [loucK afeKBaTHbIX peweHuin npobnem
nonb3oBaTtenein noeblwaeT ux gosepve K AB[. OH TakxXe A0/KEH WH(POPMUPOBATb
nonb3oBaTenein o NpefoCTaBASEMbIX YC/yrax u 0 TOM, Kak OHW YNy4yllakT yrnpaBneHue
[AAaHHBIMWU 1 UX 6€30MacHOCTb.

0 Pas3spelueHne KOH(AMKTOB 1 npobnem. Monck peweHnin npo6iem nonb3oBaTenein B 04HOM
OTAeNle MOXeT BbI3BaTb KOHMAMKTbI C ApyruMmu oTgenamu. [Monb3oBaTenn 06bIYHO
03a604eHbl CBOMMM COOGCTBEHHLIMU MOTPEOHOCTAMU B [AHHbLIX, & HE NOTPEOGHOCTAMM
OPYTUX, Y OHW MOTYT He YYUTbIBaTb, KaK UX JaHHbIE MOTYT NOB/IUATL Ha APYTWe OTAeNbl
BHYTpM opraHmsaumnn. Korga Bo3HUKaKOT KOHPANKTLI, ABJ, LO/MKEH UMETbL NMOTHOMOYNA
M OTBETCTBEHHOCTb 3a UX pa3peLLeHue.

O TMouck peweHnidi ana MHOPMaLNOHHbIX NOTpPebHOoCcTEeN. CNoCcOBHOCTbL UM MOAHOMOYMS
paspewarts KOHMIMKTbI AaHHbIX no3sonset ABJ]l paspabaTtbiBaTb pelLleHMs, KOTOpble
OyoyT [O/MKHbIM 00pa3oM COOTBETCTBOBaTb CTPYKType YMNpaBieHWs [AaHHbIMU U
YA0BNETBOPATb MH(OPMALMOHHbIE MOTPEGHOCTU MOMb30BaTeNEN. YUnNTbIBasA pacTyLlyto
BaXHOCTb VIHTepHeTa, 3TV peLleHus, BEPOATHO, MOTPebylOT pa3paboTku 1 ynpasieHus
Be6-cepBepamu 418 B3aumogeiicteus ¢ b, Ha camom fene, B3pbIBHOW POCT 3/IEKTPOHHOW
KOMMepuun TpebyeT WUCNOMb30BaHUA AUHAMUYECKUX WHTepP(encoB ANA YNPOLLeHUs
MHTEPAKTUBHbIX 3aMPOCOB U NPOJAX NPOLYKTOB.
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O O6ecneyeHne KayecTBa W LUENOCTHOCTM [aHHbIX W MNPUIOdKEHWA. Kak TonbKo
npaBuW/bHOE pelleHne HalfeHo, OHO [O/DKHO OblTb MPaBWIbHO peann3oBaHO U
ncnonb3osaHo. ABJL pgomkeH pabotatb € MPUKNagHbIMKW - NporpaMmucTamu  u
nonb3oBaTeNamMu, 4tobbl 06yUNTL UX CTaHAAapTam u npouesypam b/, Heo6xoaMMbIM 415
KayecTBa [jaHHbIX, JOCTYNa K HUM M MaHUNYIMPOBaHUA AaHHbIMU. AB/ Takxe [O/KeH
ybeauTbCcs, 4TO TpaH3akuuu B He BAMAKOT OTPULATENIbHO Ha KayeCTBO [aHHbIX.
AHanornyHbim  06pas3om, CcepTU(MKALMA  KayecTBa  MPUKNAAHLIX  MpOrpamMm,
obpauwarowmxca K 6ase gaHHbIX, ABNSETCA BaXHON (yHKumnein ABL. Ocoboe BHUMaHMe
cnepyet yAenuTb WHTepHeT-uHTepdeiicam CYBJM, NOCKONbKY OHU MNOLBEPXEHbI
npo6semam ¢ 6€30MacHOCTbIO, 0COBEHHO NPU UCMNOIb30BAHUN 06/1a4HbIX C/YXO AaHHbIX.

O YnpaBneHvne o6yyeHneM U noaaep>kkKoin nonb3osaTeneid CYB[. OaHuM U3 Hambonee
TPyLOeMKuX fenicteuii AB/[, ABnsetcd o0y4yeHMe KOHEYHbIX MONb30BaTenein pabote C
6a30ii AaHHbIX. ABJl fomMKeH y6eanTbCs, YTO BCE MO/Mb30BATENN MOHMMAKOT OCHOBHbIE
hyHKUMK nporpammMHoro o6ecnedeHns CYb. ABJ]l KOOPANHUPYET U KOHTPONUPYET BCe
yuebHble MeponpuaTtua no CYb/.

MonnTuku, npoueOypbl U CTaHAAPTHI. YCnewHaa cTpaterns afMUHUCTPUPOBAHUA JaHHbIX
TpebyeT MNOCTOAHHOIO NPUMEHEHUS MONUTUK, NPOLEeAYP U CTaHLAPTOB AJ1A NPaBUIbHOTO CO3L4aHus,
MCNONb30BaHWA W pacnpocTpaHeHUs faHHbiX B 6a3e faHHbIX. ABJ[ [O/MKEH OnNpefenuTs,
3a[J0KyMEHTMPOBATb M COOOLLUTL CnefytoLiee, Npexae 4Yem UX MOXHO OyaeT NPUMEHATb:

O TloimMTuKK - obume NONOXKEHUA O HaNpaBNEHUW WU LelCTBUAX, KOTOPble CO06LLAa0T 1
nognep>xxusarT uenn ABJ]

0O CTaHaapThbl ONUCbIBAIOT MUHUMasbHble TpeboBaHUSA AN KOHKPETHON AeATeNIbHOCTU
AB/l; oHK 6osiee NOAPOGHBI N KOHKPETHbI, YeM NOAUTUKK. [0 CyTun, CcTaHdapTbl - 3TO
npasmna, KOTOPble OLEHMBAKOT KayecTBO AeATeNlbHOCTU. Hanpumep, cTaHzapTbl
onpejensT CTPYKTYpPY MPUKNafgHbIX Nporpamm W cornaweHns o6 mMeHax, KOTOpble
[0O/MKHbI UCNOMb30BaTh NPOrPaMMMUCThI.

O [pouedypbl - WHCTPYKUWKW, OMNUCbIBatOLLME MOCNeA0BaTe/bHOCTb LWaroB, KOTOpble
Heob6X0AMMO BbINMOMHUTL BO BPEMSA BbIMONHEHMA ONpPeAeneHHOro aencTensa. Mpoueaypsl
JOMKHbI  pa3pabaTbiBaTbCA B CYLWECTBYHOLWMX YCNOBUAX TPyAa, W OHU  LO/MDKHbI
NOAAEPXMUBATb M yNydwaTbh pabouyto cpeay.

Cnepgytouime npuMepsbl NPOUANKOCTPUPYIOT pasnnyuns Mexagy MOoAUTUKOW, cTaHfjapTamu u

npoueaypamu:
MonnTuKkKa
O Bce nonb3oBatenu 4OMKHbI UMeTb Naponun.

O Maponun LOMKHbI MEHATLCA KaXKAble LIeCTb MECALIEB.
CTaHgapThbl

O [Maponb JO/KeH cogepXaTb He MeHee 5 CUMBOJIOB.

O Maponb A0MKEH COAeEPXaTb He 6onee 12 CMMBO/OB.
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[]

HOMepa nacnopToB, UMCHA M AAaThl POXKACHHUA HE MOI'YT HUCIOJL30BATLCA B KAUCCTBE

napoJien.

IIpoyedyput

YroOb!I CO3aTh MApOIb;

1)
2)

3)

4)
5)

NOJIb30BaTeNb OTIpaBsieT ABJ] muCbMeHHbIH 3anpoc Ha CO3AaHNe YUeTHON 3aMUCH;
ABJI yTBep:KIaeT 3alpoc U HAIPABIISIET €ro OnepaTopy,

OMepaTop CO3MAET YYETHYKO 3aliCh, Ha3HA4aeT BPEMEHHBbIH Mapojb U OTIPABISET
uH(popMannio 00 y4eTHOH 3aIHCH MOJIb30BATEIIIO,

konust nHpopMauuu o0 yueTHol 3amucu otnpasisercs AB/L,

MOJIb30BATECJIb MCHSCT BpeMeHHbIﬁ napoJib Ha TTOCTOSIHHBIH.

Crangaptel u npouenypsl, onpeneneHHble ABJl, MPUMEHSIOTCS KO BCEM IOJIb30BAaTEINsM,

KOTOpbIe XOTAT ucnoib3oBaTh b/l CtanmapTel U MpoLenyphl AOJKHBI JOMONHATE APYT Apyra u

NpPEeNCTaBIsITh COOOH pacliupeHre MOJUTHK aIMUHHUCTPUPOBAHMS AaHHBIX. IIponenyps! DOKHBI

obserdats paboty mosw3oBateneii 1 ABJ]. ABJ] mokeH ompenenuTb, COOOIUTh U O0ECTIeYUTh

BBIMIOJIHEHHE MPOLIEAYP, KOTOPBIE OXBAThIBAIOT Takue 00JIacTy, Kak:

H

Coop mpebosanuii k b/] norvzoeamens. Kakast noxkymenranus tpedyercs? Kakue Gpopmsr

JOJI’KHBI OBITh UCITONB30BAHBI?

IIpoexmuposanue bJ] u mooeruposanue. Kaxas merogonorust npoektuposanus b/l Oyner
HICIIONB30BAaThCs (PENALIMOHHAs UM 00 BeKTHO-OpHeHTUpoBaHHas)? Kakue HHCTpYMEHTBI
6ynyt ucnonb3oBatbes (mHCTpyMeHTHI CASE, cnoBapu mansbx, auarpammsl UML nmm
ER)?

Jokymenmayusa u  coenauenus 00 umenax. Kaxas OOKyMeHTaLus JOJKHA
HCIMOJIb30BATHCS NIPH OMpPEACTICHUH BCEX 3JIEMEHTOB JAaHHBIX, HAOOPOB U MpPOTpamm,

KOTOpbIe 0OpaInarTCs K 6a3e JaHHBIX?

Paspabomxka, xoouposanue u mecmuposanie npuxiaouvix npocpamm 6az oannvix. ABJ1
IOJDKEH OMpPeAeUTh CTAHAAPThI KOOUPOBAHUSI MPUKJIAIHOMN MPOTrPaMMBbl, JOKYMEHTALUH
u TectupoBaHus. CTaHAapTbl U MPOLEAYPH MPENOCTABIAIOTCS MNPOTrPaMMHCTaM
npunoxenuii, u ABJI nomxken obecrneunBaTh COOMIOAEHHE 3TUX CTAHAAPTOB.

Bwibop npoepammnoeco obecnevenus bJ]. Boibpannas CYB/] nomkHa IOJKHBIM 00pa3oM
B3anMozneiicteoBate ¢ cymectByommM 10, umerp ¢yHKUNH, HEOOXOMUMEIE
opraHusauiu, U 00ecrneunBaTh MOJIOKUTENbHBIN BO3BpAT WHBECTULIHI. B coBpeMeHHOM
uHTepHeT-cpene ABJI Takke moymkeH paboTaTh C BeO- U CETEBBIMH aMHUHHCTPATOPAMH

s obecnieyeHus 3GPexTHBHOrO U 6e30MacHOro NOAKIIOUeH s K BeO- 1 o0naunbiM B/1.

bezonacnocme u yenocmnocme bJ|. ABJ] noyixkeH onpenevuTs MOJUTHKY, YIIPABISIOLIYIO
0Ee30IMacHOCTBI0 M IIEJIOCTHOCTBIO. be3omacHOCTh, 0asbl JaHHBIX OCOOEHHO BaKHA.
CrangapTel 6€30IaCHOCTH AOJDKHBI OBITH YETKO OMpeNeNeHbl U CTPOro COOJIOAATHCS.
IIpouenypbt Oe3omacHOCTH JOJDKHBI 00pabaThiBaTh MHOXECTBO CIICHAPHEB, YTOOBI
obecrnieynTh MUHUMH3AIMIO Ipo0JieM. XOTs HU OJHa CUCTEMA HE MOKET OBITh TIOJTHOCTBIO

0e30macHOM, MpoLEeAypbl JOJKHBI COOTBETCTBOBAaTh KPHUTHYECKMM CTaHIApPTaM.
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PacTyllee nCnonb3oBaHWe NHTEPHET-MHTepeicoB ans b/, 0TKpbiBaeT ABEPU A5 HOBbIX
yrpo3 6e30nacHOCTU, KOTOPble HAMHOIO C/I0XKHEE B YNpaB/ieHUM, YemM B TPagULMOHHBIX
NHTepdeiicax - 3TO 0CO6EHHO BaXHO Npu paboTe ¢ 061aYHBLIMU CAY>XOaMU [aHHbIX.
Moatomy ABJ] [O/MKEH TeCcHO COTPYAHMYaTb CO cneuwanucrtamu no 6e30nacHOCTU B

WNHTepHeTe, 4TOOLI 06ecneunTb Hagexallyto 3awmnTty B/, oT aTak.

Pe3epBHOe KonupoBaHue U BoccTaHosNeHWe B, Mpoueaypbl pe3epBHOro KOMMPOBaHUA
1 BOCCTaHOBNEHMS B/} AOMKHbLI BKNOUYATh MH(DOPMALNIO, rapaHTUPYHOLLYI0 NpaBUIbHOE
BbINOJIHEHWE W YNpaBieHne pe3epBHbIMM Konuamun. ABJ, LOMKEH TECHO COTPYAHUYaAThH C
N0ObIM NOCTABLLMKOM 06/1a4HbIX YCYT Mepejayn gaHHbIX, 4ToObl 06ecneynTb Hanu4vme
HaZnexawimx npoueayp ANna ynpasneHusa pe3epBHbIM KONMMPOBaHMEM M BOCCTaHOBNEHWEM
JaHHbIX, a TaKXke Ana obecrnevyeHns BnageHna n 6e30MacHOCTU AaHHbIX.

| O6cny>kuBanue u akcnnyaTauus BA. ExepgHeBHble onepaunn CYB/[, AOMKHbI 6biTb
4YEeTKO AOKYMEHTMpOBaHbl. OnepaTtopbl AO/MKHbI BECTWU XXYpPHabl 3afaHUil U JOMKHbI
nucatb MHCTPYKLMM M NpUMeYaHus AN onepaTopoB. Takue 3aMETKM MOMOrarT TOYHO
onpeAennTb NPUUYUHBI U peweHns npobaem. OnepaunoHHbIe NPOLEAYPbl TaKXe AO/MKHbI
BKNOYATb TOYHbIE WHCTPYKLUMM AN NPOUEAYyp Pe3epBHOr0  KOMMPOBaHUS U
BOCCTaHOB/IEHUS.

O O6yuyeHne nonb3oBaTenel. B opraHusaumm  fofXkHa  OblTb  YCTaHOB/fiEHa
NOMHOMYHKLMOHaNbHasA nporpaMMa 00y4yeHUsi, KOTopas [O/MDKHA OblTb  YeTKO
onpegeneHa. Kaxablii nonb3oBaTeNlb AOMKEH 3HATb O 4OCTYNHOCTU 06yYeHUs.

Mpouenypbl U CTaHAAPTbI AOMKHbI MepecMaTpmMBaTbLCA HE peXxxe OAHOro pasa B rof, 4Toosl

NOALEPXUBATb UX B aKTyaslbHOM COCTOSIHUWM W rapaHTUpOBaTb, YTO OpraHu3alus CMOXeT 6bICTPO
afanTmupoBaTbCa K MU3MEHEHUAM B paboyeli cpege. ECTeCTBEHHO, BHeAPEHME HOBOrO NPOrpaMmMHOro
ob6ecneveHuss CYB/, obHapy>KeHMe HapylleHnin 6e30NacHOCTU UAN LLeNOCTHOCTKM, peopraHu3aums
KOMMaHWi 1 NoA06HblIE N3MEHEHUNS TPEOYOT NepecMoTpa NpoLeayp 1 CTaHAapTOB.

be3onacHOCTb [aHHbIX, KOH(UAEHUMANbHOCTb W LENOCTHOCTb. be3onacHOCTb AaHHbIX,

KOH(WAEHUNANbHOCTL M LENOCTHOCTb UMEKT 60/bwoe 3HadyeHue and AB/J], KoTopblie ynpasnsaoT
yctaHoBkamn CYB[]. TexHonoruva ykasana nyTb K MOBbIWEHWO MPOU3BOAUTENLHOCTU 3a CYeT
ynpasfeHns uWHGopmMaLmeid U Mo3BonuNa pacrnpefensaTb faHHble MO HECKO/IbKUM calTam, 4To
3aTpyAHAeT noagepXaHve KOHTPoONs, 6€e30MacHOCT M LeNOCTHOCTU AaHHbIX. Takum obpasom, AB/
[LOMKEH MCNOMNb30BaTb MexXaHW3Mbl 6e30MacHOCTU M LeNnoCTHOCTU, npegocTtaensemble CYB/M, ana
obecneyeHns cobnOAeHUs MNONUTUK afMUHUCTpupoBaHus BJ. Kpome Toro, AB[ LO/MKHbI
00befMHUTBCA C 3KCrepTamu Mo 6e3onacHocT B VIHTepHeTe [ns co3jaHWA  MEXaHWM3MOB
6e30MacHOCTK, KOTOpble 3alWMLLaloT faHHble OT BO3MOXHbIX aTtakK UM HeCaHKLWOHUPOBAHHOIO
pocTtyna.

Pe3epBHOe KOMMpOBaHMe M BOCCTAaHOB/IEHME fAaHHbIX. Korga gaHHble HeAOCTYMHbI, KOMMaHUK

HecyT NOTeHLMaNbHO paspyLunTesibHble noTepu. MoaToMy npouesypbl Pe3epBHOI0 KONMPOBaHUA U
BOCCTaHOB/IEHMA [aHHbIX UMEIOT peLlaroLlee sHayeHne BO Bcex yctaHoBkax BJl. AB/] TakxXe fonXeH
obecrneynTb NOMIHOE BOCCTAHOBNEHME [AHHbIX B Clyyae NOTEPU AaHHbIX WX MOTEPU LEeNOCTHOCTHU

BA. 3T notepu MOryT 6biTb YaCTUUYHBIMU WKW OBLMMK; MO3TOMY MNPOLEAYPbl Pe3epBHOrO
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KONMPOBaHMUA W BOCCTaHOB/IEHUSA SBAAKOTCA CaMOW [elleBOi CTPaxoBKOM BJl, KOTOPYK MOXHO
KynuTb.

YnpasneHne  6e30MacHoOCTbIO, LLeNOCTHOCTbHO, pe3epBHbIM  KOMUPOBaHUEM 7
BOCCTaHOBfieHMeM bBJ] HaCcTONbKO BaXHO, 4YTO MHorue oTgensl ABJl co3gann  [LO/MKHOCT,
Ha3blBaeMyl COTpPYLHUKOM 6e3onacHocTM 6a3 faHHbix (CBBA). EgnHcTBeHHON 3agayveit CBBJ,
aBnseTca obecrneyeHne 6€30MaCHOCTU M LENOCTHOCTU 6a3bl JaHHbIX. B KpymHbIX opraHu3aumsax
peatenbHocTb CBB/ yacTo knaccuuumpyetcs Kak 60opbba ¢ aBapuimHbIMKU CUTYaLUAMU.

YnpasneHue aBapuiiHbIMKW CUTYyaumsamu BkoYaeT Bce AeiicTBus AB/L, npegHa3HayeHHble
Ana obecnevyeHns JOCTYMHOCTU [aHHbIX MOCNe (PU3NYECKOro c608 UM HapyLleHUs LeIoCTHOCTK
6a3bl JaHHbIX. YnpaeneHve 6efCTBMAMU BKNOYaeT B cebf BCe NnaHUpOBaHWe, OpraHu3auuto u
TeCTUpOBaHUe NMaHOB AENCTBUIA B Ype3BblYaMHbIX CUTyaLMax U npouefyp BOCCTAHOBEHUSA 6a3bl
JaHHbIX. Mepbl pe3epBHOro KOMUPOBaHWUA U BOCCTAHOB/IEHWUA [LO/KHbI BK/IHOYAaTh KaKk MUHUMYM

cneayolee:

O [Mepuognyeckune pesepaHble KOMUM AaHHbIX U NPUNO>KeHWIA. HekoTopble CYB/[, BKOYaOT
WHCTPYMEHTbI [N aBTOMATMYECKOro pe3epBHOro KOMWPOBaHWUA W BOCCTaHOBMeHUs BbJ.
Takue npofykTbl, Kak IBM DB2, fonycKalT pasHble TUMbl pPe3epBHOr0 KOMUPOBaHMUA:
MoNHOE, UHKPEMEHTHOE 1 napannenbHoe. [NonHaa pesepBHasa Konus, TakxXe N3BecTHas Kak
famn 6asbl [JaHHbIX, CO34aeT MOMHYK KOMWUIO Bceli 6as3bl AaHHbIX. HKpeMeHTHoe
pe3epBHOE KONUPOBaHWE CO3aeT Pe3epBHYIO KOMUIO BCEX AaHHbIX C MOMEHTA NOC/IELHErO
pe3epBHOro KonuposaHus. [lapannenbHoe pe3epBHOe KONWPOBAHWE MPOUCXOAMT, MOKa

nonb3oBatenb paboTaet ¢ b/.

O [MpaBunbHasa naeHTUGUKaring pesepBHoin Konun. PesepBHble KOMUK JOMIXKHbI 6bITb YETKO
NAEHTUHOULMPOBaHbI NOCPEACTBOM MOAPOOHbLIX ONUCAHWI U MHOPMaLUK O gaTte, 4yToO
nossonset AB/J] rapaHTUpoBaTb, YTO MpaBu/ibHbIe Pe3epBHbIe KOMUK UCMNONb3YTCA 418
BOCCTaHOBNEHMA 6asbl fJaHHbIX. CaMbiM pPacnpoCTpaHeHHbIM HOCUTENIEM PE3epPBHOr0
KONMPOBAHUA TPagULMOHHO Obla MarHWTHas JieHTa; OnepaTtopbl KOMMbIOTEPOB
cTapaTenbHO XpaHunuM W Mapkuposanum neHTol, a ABJ oTcnexusanu Tekyllee
MeCTOMNO/IOXeHMe NeHTbl. OfHAaKO opraHusauunmn, 4ocTaTouHo 6onblimne s Hailma ABL,
0ObIYHO He MCMONb3YKT NIeHTbl AN PEe3epPBHOr0 KOMMPOBaHMA npegnpuatusa. Lpyroe
pelweHne - ONTUYECKMe MU AUCKOBble YCTPOWCTBA Pe3epBHOr0 KOMMPOBAHUA, a TakKxke
OHNMaH-XpaHW/NLE Ha OCHOBE CETEBOr0 XpaHwiuwa, CeTell XpaHeHUs AaHHbIX W
061a4yHOr0 XpaHunuwa faHHbIX. [Nd pe3epBHOr0 KOMWPOBaHUSA NpeanpusaTUs
MCNOMb3YKT MHOTOYPOBHEBbIN NOAXOA, NPYU KOTOPOM [aHHble CHavana pe3epBUpyoTCS
Ha O6bICTpble AWCKOBble HOCUTENW AN MPOMEXYTOYHOrO0 XpaHeHWs Un  ObICTPOro

BOCCTaHOB/NEHUA, MO3XKE NepenaroTCa Ha NEHTY ANA apXUBHOI0 XpaHEeHNA.

00 YpobHoe n 6e3onacHoe pe3epBHOE XpaHunLlLe. TpebyeTcs HECKONbKO Pe3epBHbIX KOMWIA
OAHUX N TeX X€ AaHHbIX, KOTOPbI€ AO/IKHbI XPaHUTLCA B pPa3HbIX MeECTaX, Hanpumep,
caiTax opraHmsayuu 1 3a ee npegenamu. (XpaHeHue pasHbiX pe3epBHbIX KONUIA B OAHOM
N TOM XXe MeCTe oTpuuaTte/sibHO CKa3bIBaeTCA Ha H€O6XO,EI,I/IMOCTVI co3faHnAa HECKONMbKUX

pe3epBHbIX KOMuin). MecTa XpaHeHUs [O/MKHbI  ObITb  Hagaexawum obpasom
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MOArOTOB/IEHbI, OHW MOrYT BK/tOYaTbh B cebs noxapo6e3onacHble U CeliCMOCTOWKME
XpaHunuia, a TakXe CpeAcTBa KOHTPO/A BAAXXHOCTW U TemnepaTypbl. ABJ fo/iKeH
YCTaHOBUTb MONUTUKY A5 0TBeTa Ha fBa Bonpoca: (1) 'ae xpaHATcA pe3epBHble KOMUKU?
(2) Kak fonro JOMXKHbI XPaHUTLCA pe3epBHbIe Konunu?

0O du3nyeckas 3awmTa Kak annapaTHOro, Tak 1 nporpammHoro obecneyeHus. 3auwimTa
MOXET BK/IK0UYaTb MCMOJ/Ib30BaHME 3aKPbIThbIX YCTAHOBOK C OrpaHUYEeHHbIM AOCTYMNOM, a
TakXe MOArOTOBKY KOMMbIOTEPHbLIX NAOWafoK Ana obecneyeHns KOHAULMOHUPOBAHMUA
BO34yXa, PE3ePBHOI0 NMUTaHMA Y NPOTUBOMNOXKAPHON 3aLnTbl. PU3nyeckas 3alunuTta Takxe
BK/ItOYaeT B ce6a pe3epBHbIN KomnbtoTep  CYB/[, KoTopble 6yAyT MCNOb30BaTbCS B
Cnyyae yYpe3BblyaliHOW cUTyaymm.

[0 lMepcoHanbHbIi KOHTPOAb AOCTYyna K NporpaMMHOMY 06ecneveHuto yCTaHoBKM 6asbl
AaHHbIX. MHOTrOypOBHEBbIE NApPO/N 1 NPUBUETUM, a TAKXKE annapaTHbIe 1 MPOrpaMMHble
TOKEHbI 3anpoca/oTBeTa MOFyT MCMOMb30BaThCA A8 WAEHTUDMKALUM aBTOPM30BAHHbIX

nonb30oBaTenein pecypcos.

00 CTpaxoBoe MNOKPbITME [aHHbIX B 6ase faHHbIX. ABJL, wan COTPYAHUK CAyXObl
6e30nacHOCTU LO/MKEH NpuobpecTn CTpaxoBOM nonuc gns obecrnevyeHns HUHAHCOBOM
3aWwmnThl B cnyvae c60a 6a3bl faHHbiIX. CTpaxoBaHWe MOXET ObiTb AOPOrUMM, HO OHO
JelueBne, 4eM KaTacTpo®a, Bbl3BaHHass MacCOBOW NOTEPeN faHHbIX.

CtouTt cgenaTb ABa AONOJIHUTE/IbHbLIX 3aMeyaHus:

OO0 [naHbl BOCCTAHOB/EHMWS JaHHbIX W AeACTBUS B UPe3BbIUANHbIX CUTYaLUAX AO/MKHbI ObITb
TWATeNbHO NPOTECTUPOBaHbl M OLEHEHbl, U WX HEOOXOAMMO YacTO NPUMEHATb Ha
npakTuke. He cnefyeT 3aHMXaTb 0TPabOTKY MOXAPHbIX Y4YeHW, OHU TpebyrT
NnoALep>XKu 1 o6ecneyeHns NPoBefeHNst CO CTOPOHbI BbICLLEr0 PyKOBOACTBA.

| MporpammMa pe3epBHOro KONMPOBaHWA U BOCCTAHOBNEHUSA BPAL NN Oy [T 0XBaTbliBaThb BCE
KOMMOHEHTbl  MH(OPMALUOHHOW cucTeMbl. [103TOMY LefnecoobpasHO YCTaHOBUTH
NMPUOPUTETHI A/1A XapakTepa 1 CTerneHn BOCCTaHOB/IEHUS [AHHbIX.

PacnpeseneHve n Ucnonb3oBaHWe AaHHbIX. [laHHble MOMe3Hbl TOMbKO TOrfa, Korga OHM
CBOEBPEMEHHO AOXOAAT A0 HYXHbIX Monb3oBateneii. Ab/[l oTBeyaeT 3a obecneyeHne TOro, YToobl
[aHHble JOLWAN [0 HYXXKHbIX 0fie B HY)XXHOE BPeMS 1 B HYXXHOM (hopMmaTe. DT 3afja4m MOTYT 3aHATb
OYeHb MHOTO BPEMEHU, 0COH6EHHO Korja eMKOCTb [OCTaBKMW [aHHbIX OCHOBaHa Ha TUMWYHON cpeje
pa3paboTKn NPUNOXEHWI, TAe MONb30BaTeIN 3aBUCAT OT MNPOrpaMMMCTOB, MNpPefOCTaBNSAKLWMNX
nporpammbl ana pa6otsl ¢ BJl. XoTa VIHTEpPHET, ero BHYTPEHHWE 1 BHELLUHWe pacLunMpeHuns OTKPbIIN
6a3bl JaHHbIX 471 KOPNOPATUBHbIX N0ONb30BaTE/e, OHN TaKxXe CO3/a/n HOBbI Habop npobnem Ans
AB/.

CoBpemeHHas (unocopuma pacnpocTpaHeHUs [aHHbIX MO3BONSET aBTOPM30BaHHbLIM
nonb30BaTeNsiM fIerko nNonyyunTs goctyn K 6. OfHuM 13 cnocoboB peLleHns 3TON 3aga4u ABNseTcs
obneryeHne WMCNONb30BaHWA HOBbIX, 60/1€€ C/IOXKHbIX WHCTPYMEHTOB 3anpocoB W HOBbIX Be6-
NHTepeinicoB. OHM no3sonawT ABJ[ o00yyaTb nonb3oBaTenenl NPoOU3BOAUTL HEOOXOAUMYIO
MHOpMaLKno, He 3aBUCHA OT NporpamMmumcToB. EctecTBeHHO, ABJ, [O/MKEH rapaHTMpoBaTtb, 4TO

nonb30BaTeNn NPUAEPXXMBAKTCS COOTBETCTBYIOLMX CTaHAAPTOB M NpoLeayp.
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J1a ¢wunocopuma COBMECTHOrO MCMOMb30BaHNA [aHHbIX CErofHA pPacnpocTpaHeHa, W,
BEPOATHO, OHa CTaHeT 60nee pacnpoCcTpaHeHHOM Mo Mepe pasBUTUSA TexHonoruii bA. Takas cpega
aBnseTca 6onee rnbKoOM Ans NONb3oBaTeseidl; CTaHOBACL 60/1ee CaMOCTOATE/IbHBIMU B MONYYEHUUN U
MCMOJIb30BaHNWN JaHHbIX, OHU MOTYT NPUHMMaTbL 60/iee NpaBusibHbIe peweHns. Tem He meHee, 3aTa
«[1eMOKPaTUA [aHHbIX» MOXeT TakXe Bbl3BaTb HEKOTOPble HEeMpuATHbIe MOB0YHbIE 3NPEKTHI.
MpepfocTaBnieHne MNo/b30BaTeNIAIM BO3MOXHOCTW YMNpPaB/ifATb CBOMMM MOAMHOXECTBAMU [aHHbIX
MOXEeT HenpegHaMepeHHO pa3opBaTb CBA3b MeXAy 3TUMU NOMb30BaTeNIAMU U afMUHMUCTPaTOpamMu
JaHHbIX. Pabota ABJ, MOXeT cTaTb 60/1€e CNOXKHON, a 3 (PeKTUBHOCTb aMUHUCTPUPOBAHMNSA AaHHbIX
- nocTaefieHa nofg yrposy. Ay6numpoBaHue AaHHbIX MOXET CHOBa npouBeTatb 6e3 NMPOBEPOK Ha
OpraHu3aLMoHHOM YPOBHe, YTOObl 06ecneyYnTb YHUKANbHOCTb 3/IEMEHTOB faHHbIX. Taknum o6pasom,
nonb3oBaTeNI, KOTOPble He MOMHOCTbIO MOHMMAKT MPUPOAY U WUCTOYHWUKM [aHHbIX, MOryT
HenpasWIbHO MCMNO/b30BATb 3/1IEMEHTbI aHHbIX.

TexHuyeckasa ponb AB/[]. TexHuueckas ponb AB/[ TpebyeT WMPOKOro NOHUMaHUS PYHKL NI
CYB/[, KoHthurypauuun, f3bIKOB MPOrpamMmMupoBaHuUs, a TakXe MEeTOAO0/I0rMiA MOAENNMPOBaHUA W©
NPOEKTUPOBaHNS fAaHHbIX. Hanpumep, TexHu4yeckas pAeATenbHocTb ABJl BKAO4aeT BbI6GOP,
YCTAHOBKY, 3KcnayaTauuto, o6cnyxmeaHue n obHoeneHne CYB/M n cnyxebHOro nporpaMmHoOro
obecreyeHuns, a TaKXe MPOEKTUpPOBaHuMe, pa3paboTKy, BHeApeHWe W 06CNy>XuBaHWe NPUKNAAHbIX
nporpaMm, B3anMoAeiCTBYOLWMX C 62301 AaHHbIX.

MHorve w3 TexHU4YecKux Aencteuin  ABL ABNAKOTCA NOTMYECKMM  MPOAO/IHKEHUEM
ynpaBfieH4YecKoi featensHoctn AbJl. Hanpumep, OH 3aHUMaeTca 6€30MacHOCTbIO M LLeNOCTHOCTbHO
B/, pe3epBHbIM KOMUPOBaHWEM W BOCCTAHOB/IEHMEM, a TakxXe OOy4YeHVWEM W MNOAAEPXKOW.
TexHuyeckue acnekTbl paboTbl aAMMHUCTpPaTOpa 6asuMpyloTcs Ha cregyloumnx o6nactax
LeATeNbHOCTH:

0O OueHkKa, BbiI6op 1 ycTtaHoBKa CYB/[, 1 CBA3AHHbIX YTUANUT.
Pa3paboTKa 1 BHeagpeHue 6a3 faHHbIX Y MPUNOXKEHNIA.
TecTupoBaHMe 1 OLLeHKa 6a3 AaHHbIX 1 MPUNOXKEHWIA.

O
O
O Pa6otac CYB/[ yTunutamun v NpunoXKeHUaImu.
O

O6yueHune 1 noaLep>xKa nosb3oBaTenei.

O Moppepxka CYB/M yTUANT 1 NPUNOXKEHWIA.

B cnepytouimx pasgenax paccMaTpuBaroTCs AeTann Kaxaoi obnacTu.

OueHka, Bblbop 1 ycTaHoBka CYB[ v yTummT. OAHOW M3 NepBbliX U Hanbosiee BaXKHbIX
TeXHUYeCKMx o6s3aHHOCTelr AB[, daBnsetca Bblbop CYB[, CcnyXeb6HOro nporpaMmHoOro
obecneyeHns 1 BCriomorarte/isHOro o6opyfoBaHuns, KOTopoe 6yeT NCMONb30BaTLCA B OpraHu3aLmuu.
Boibop CYB/[ MOXeT TakXe BK/O4YaTb pacCMOTpeHMe 06/M1auyHbIX YCAyr nepefayn AaHHbIX. 3Ta
3afiaya TpebyeT Tw,aTeslbHOro NAaHUPOBaHWUS, KOTOPOe [LO/MHKHO OCHOBbIBATLCA HAa MOTPEBHOCTAX
opraHusaumu, a He Ha KOHKPEeTHbIX (hYHKLMAX NporpamMHOro v annaparHoro obecneveHusa. Ab/
[OO/DKEeH MpU3HaTb, YTO LeSIbi0 ABNAETCA pelleHne npobriemM, a He MOKYMKa KOMMbHTepa Wau
nporpammHoro obecneveHns CYBA. CYB[, - 3TO BaXHblli WHCTPYMEHT YMpaBfeHWUs, a He

TEXHO/MOIrN4YecKasa nrpyLika.
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IlepBbIii 1 caMblii BaXKHBIH MIar MlaHa — OnpeAesuTh norpednoctu komnanuu. ABJ] nomken
yOemuThCsl, 4TO B 3TOM MPOLIECCE YUACTBYIOT BCE MOJIb30BATENH, BKIIIOYasi MEHEI)KEPOB BBICIIETO U
cpennero 38eHa. Kak Tonpko norpeOHOCTH OnpeneieHsl, ey aIMIHICTPUPOBAHUS JAHHBIX MOTYT
ObITh yeTKko ycTaHoBnenbl, Toraa Gpyukuun CYBJ] u kputepun BEIOOpa MOTYT ObITH OINpPENEIEHBI.

UYrobs1 cornacosatb Bo3MokHOCTH CYB /] ¢ moTpeOHOCTAMYU OpraHu3aluy, aAMHUHUCTPATOPY
6a3bl naHHBIX ObLTO OBI HEnecooOpa3HO pa3paboTaTh KOHTPOJBHBIN CHHCOK TpeOyembix (yHKIuit
CYB/1, KOTOpBIi pemmaer 1o MeHbleld Mepe CeIyIoIUe MPOOIEMBI:

0 Mooens CYE]]. Y 10BneTBOPSIOT Ji MOTPEOHOCTAM KOMIIAHHH PEISIHOHHAsA, O0BEKTHO-
opuentupoBaHHasi, 00bekTHO-pesiunonHas CYB/] i CYBJ] NoSQL? Ecnu TpeOyercs
NPWIOKEHWE XPAHWINLIA MAAHHBIX, CJeQyeT WCHONb30BaTh PEeALHOHHYIO HJIH
mHoromepuyro CYBJ1? CVYB]/l noanmepkuBaeT cxeMbl THHA <«3Be3na»? UrtoObl
OIIPENENNThb, KaKasi MOIEJb JIy4llle, Hy>)KHO ONpPENeNUTh OCHOBHYIO LieJib MPUIIOKEHHS:
BBICOKasl JOCTYIIHOCTb, BBICOKas MPOU3BOAUTEIBHOCTb, TOYHOCTb TPaH3aAKLIHMiA
(mpumenenune ACID) win BO3SMOXHOCTb YIpPAaBJIATh Pa3sHbIMH THUMAMH AAaHHBIX H

CJIOKHBIMH OTHOIICHUAMH.

[ Obvem xpanunuma CYE]]. Kakxoii mMakcuMajbHblii pasMep Oucka u 6as3bl JaHHBIX
Tpebyercs? Kakoe MHHHManabHOE KOJHMYECTBO HE3aBHCHMBIX IHCKOB TpeOyercs s
«pexomenayemoi» ycraHoBku? KakoBel apyrue mnotpeOnocTn xpaHenusa? Ilpu
WICTIONIb30BAHUH YCIYTH 00JJaYHOTO X PaHMIHILA, IOMUMO HAdyaJIbHOTO pa3Mepa AaHHBIX,
oco0oe BHUMaHHUE CllefyeT YIOeNUTh OXHIAEMBbIM TEeMIIaM pOCTa HaHHBIX H3-3a
COKpAILlEHHBIX JOMOJHHUTEIbHBIX 3aTPaT Ha XpaHeHHe AaHHbIX. O0JavyHOe XpaHWIHIIE
IPENOCTABIISET TaKue NMPOOJIEMBbI, KaK MECTOIOJIOXKEHUE, OE30MacCHOCTD, PETUIMKALMSL,

HM30BITOYHOCTD U CUHXPOHU3AlUA JAHHbIX.

L1 Hoooepacka  paspabomrxu  npunoocenuti. Kakue  S3bIKH  TPOrPaMMHPOBAHUS
noanepxkuBatoTcsi?  Kakue WMHCTpYMEHTBHI pPa3pabOTKH TMPHIOKEHHH JTOCTYITHBI?
(Bapuantel BKIIOYAOT cXeMbl 0a3bl JAaHHBIX, CIIOBapb JAHHBIX, MOHHUTOPUHT
NPOM3BOIUTENLHOCTH U CPEACTBAa PUCOBAaHUS dKpaHa W MeHI0). llpemocraBnsroTcst nu
UHCTPYMEHTHI 3ampocoB noib3oBaremo? Ilpenocrasmser nmu CYBJ| nmoctym k BeO-
uHTepdeiicy?

[1 beszonacnocme u yenocmnocms. TlompepxkuBaer mu CYBJ] mpaBwia CChUIOYHOM
LEJIOCTHOCTH W LEJNOCTHOCTH CYIIHOCTEW, mpasa jmocryna u T.4.7 IlomnepxuBaer nm
CYB/] ucnionbs30BaHNe KOHTPOJIBHBIX JKYPHAJIOB ISl BHISIBJICHUS] OIIMOOK W HAPYIICHHI
6e3omacHocT? MOXHO JIM WU3MEHUTH pa3sMep KOHTposbHOroO kypHana? Ecimm nanHble

XpaHsATCs B 00ILIEIOCTYITHOM O0JIaKe, HACKOJIbKO OHHM O€e30MacHbI?

[l Pesepenoe ronupoeanue u soccmanognenue. ITlpenocrasnsier mu CYB]] HHCTpyMEHTHI
aBTOMAaTHYECKOrO PE3EPBHOIO KOMMPOBaHHS U BoccTaHoBieHusi? Ilopaep:kuBaer jn
CYB/] pe3epBHOE KOMMPOBAaHWE HA MATHUTHYIO JIEHTY, ONTHYECKUN AUCK WIH B CETb?

Coszpnaer u CYB/] aBTOMaTHIECKOE pe3epBHOE KOMHUPOBAHUE KYPHAJIOB TPAH3AKLM?
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U Koumponw napannenusma. Monnepxusaer mu CYBJ MHOronoas30BaTeNbCKH PeXIM?
Kakne ypoBHu usomsiumu (tabmuma, crpanuua, crtpoka) npemiaraer CYB/I? Ckonbko

PYHYHOTO KOAMPOBAaHHA HEOOXOAMMO B MPUKJIAAHBIX MPOrpaMmax?

L Ipouseooumensrnocme. Cxonpko TpaH3akuuii B cexyHny nopuepxusaer CYB? HysxHb
7M1 OOHOJIHUTENIbHBIE Mpoueccopbl TpaHsakuuii? Tpebyercst i Oa3a HaHHBIX B MAMATH

s obecreyeHnss MAaKCUMAJIbHOW TIPOH3BOAUTEIbHOCTH?

Ll Uucmpymenmor aomunucmpuposanus o6azvt oannwix. Ipennaraer nu CYB]] kakoii-mi6o
unrep¢eiic ympasnenuss ABJI? Kakoii tun uHdopmManmu mnpenoctaBisier HHTepderic
ABJ1? Ipenocrasisier au CYBJ] onosewmenus ABJ] nmpu BOZHUKHOBEHUH OLIMOOK HIH
HapyuieHui 6e30macHOCTH?

LI Cosmecmumocms u pacnpocmpanenue oannvix. Moxet nu CYB]l paboTtath ¢ Apyrumu
tunamu CYB/I B Toi1 xe cpene? Kakoil ypoBeHb COCyII€CTBOBaHUS HIIH B3aMMOAEHCTBYS
nocturnyt? Ilopnepxxusaer mu CYBJl onepauyu 4YTeHus M 3alUCH B APYrue MakeTbl
CYB/1? Ionnepxusaer mu CYB]/] apxutektypy «kiaueHt/cepep»? Byner mu obnauHast

ciy>k0a JaHHBIX JIyYIIMM BbIOOPOM AJisi JAHHOMH CHCTEMBI?

[ Hepenocumocms u cmanoapmer. Moxet i CYBJ] paboTaTh Ha pasHbIX OMEPALMOHHBIX
cucreMax u miargpopmax? Moxet nu CYB]] pabotate Ha MaiiH(peliMax, KOMIBIOTEPAX
CpPEHEr0 YpPOBHS M NEPCOHANbHBIX KommbioTepax? Moryt nu npunoxkenus CYB]]
pabdorate Oe3 w3MeHeHuil Ha Bcex muarpopmax? KakuMm oTpacieBbIM CTaHOApTam
coorBercTByeT CYB/I?

[l Annapammnoe obecneuenue. Kaxoe obopynosauue tpedyercs CYBJI? Moxer nu CYB]]
paborate Ha BUpTyanmbHOU MammHe? TpeOyer nu peammszamms CYBJ| ucnonb3oBaHus

annapaTHHIX KJIACTEPOB HJIHM PacCHpeneeHHOH cpenpbl?

"1 Crosaps oannvix. Ecte mu 8 CYBJ] «n0oCTynHbIIN» COBaph AaHHbIX? B3aumopeiicTByer
mu CYB] ¢ kakuM-1u0o WHCTPyMEHTOM ciioBaps AaHHbix? IlommepxuBaer mu CYBJ]

KakKue-1u00 OTKPBITbIE HHCTPYMEHTDI YIIPABJICHUS?

L1 IHoooepacka nocmaswuka u obyuenue. llpenanaraer au nponasel BHyTpeHHee 00yueHue?
Kakoli TMn u ypOBeHb MOAAEPKKU MNPEAOCTaBisieT MocTaBiiuk? Jlerko im 4yurtaTth

nokymenTaio no CYB/1? Kakosa monuTika OOHOBJIEHHS OCTABIUKA?

] Cmoponnue uncmpymenmer. Kaxue HOMONHUTENbHBIE HHCTPYMEHTHI MPENJIAraloT
CTOPOHHUE MOCTABIIMKU? BKIIFOYAIOT I OHU MHCTPYMEHTHI 3aMPOCOB, CJIOBAPb AAHHBIX,
CPEACTBA YIPABJCHUA JOCTYIIOM M KOHTPOJIEM, a TAaKXKe CpeACTBa YIpaBJICHUS
pacmpenencHueM naMaru?

L] Pacxoowvr. Kakue 3arpaThl CBsi3aHbl ¢ MPUOOPETEHHEM MPOrPAMMHOIO M almapaTHOro
obecnieuenus? CKOJIBKO IOMOJHUTEIBHOTO MEpPCoHaNa TpeOyercs, W Kakoil ypOBEHb
3HaHmii Tpebyerca or Hux? KakoBbl Tekyume pacxoawl? KaxoB okupmaemblit Cpok
OKyMaeMocTH?

Ecmu paccmarpuBaroTcs oOOnadHble CEpBUCHI JAHHBIX, CYLIECTBYIOT JOMOJHHTEIbHbIE

npoOieMbl, KOTOpble HEOOXOAMMO PELIHMTh JIOOOMY IOTEHIHAJIbHOMY TOCTaBIIMKY OOJaYHBIX
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ycnyr. Micnonb3oBaHue 06/1a4HbIX 6a3 flaHHbIX 0CBOOOXKAAET KAWEHTCKYIO OpraHu3auunio ot 3atpat
Ha nMpuobpeTeHMe U BHeApPeHUe WHMPACTPYKTYpbl, a TakKXe OT eXefHeBHbIX 3aTpaT Ha
obcnyxuaHne. OfHaKO 3TWU YCNYrM MNPUXOLAAT C MOTepeid KOHTPONA Hafh faHHbIMU U
NHPPaCTPYKTYypoi. J1toOble MOoTeHLManbHble 06/1a4Hble MOCTaBLWMUKN LO/MKHbI O6biTh OLEHEHbI Ha
OCHOBEe HECKOJIbKMX (PaKTOPOB, B TOM YUCIE:

0O WcTopua npocTod. Kak yacto cnyx6bl 061a4HOro nposarnjepa HefLOCTYMHbI, U Kakue

Mepbl OHM 6YAYyT NPUHMMATb, YTOObI BallW JaHHbIe Bceraa 6binn 4OCTYNHbI?

O besonacHoCTb. Kak noCTaBWMK 3aliuliaeT AaHHble C MNOMOLWbI 6GpaHAMay3pos,
ayTeHTU(MKaumnm, aygmuta 6esonacHocT v wudposaHma? KTo B 06/1a4HON KOMMaHUK
O6yaeT UMeTb A0CTYN K (paiinam AaHHbIX?

0O Cny>k6a noagep>kku. Kakme BapraHTbl NOLAEPXKKN KNUEHTOB AOCTYMHbI, €CN Y KNEHTA
ecTb NPo6aeMbl C NPefOCTaBASEMbIMI YCyTaMy Nepesayn AaHHbIX?

0O HenpeasuieHHble NOTEPU faHHbIX. Oxwupaetcd, 4TO 061a4HbI NpoBangep COXPaHUT
fJaHHble B 6e3onacHocTh. OfHaKo, 4YTO MNPOWU3OAAET, €CAN OHU MOTEPAT AaHHble
KnveHTta? Kakoi BWL KOMMeHcauuMm WAM  CTPaxoBKM  OT  NOTEPU  AaHHbIX
npegoctaenseTca? Kakve Tunbl N36bITOYHOCTEN M pe3epBHbIX KOMUIA UCNONb3YTCA 419
npefoTBpaLLeHna MOTEPU LaHHbIX? [Ae XpaHATCA pe3epBHble KOMUU U M3ObITOYHOCTH,
4TOObI rapaHTUPOBaTb, YTO CTUXMIIHOE 6eAcTBUE B OLAHOM reorpayeckom pernoHe He
MOXET NPUBECTU K MOTepe BCeX KOMUi faHHbIX?

MACbl U MUHYCbl HECKOJ/IbKUX aNbTepHaTUBHbIX PeLLeHnii 0N HbI OLLeHUBATLCA B NpoLecce
oTtbopa. [OCTynHble anbTEPHATMBLI YAaCTO OrpaHMyeHbl, NOTOMY 4YTO MPOrpaMMHOe obecneyeHue
JO/MKHO ObITb COBMECTUMO C CYLLECTBYHOLEA KOMMNbIOTEPHOW cucTemoi opraHusaumn. CYB[,
ABMAETCA NNLWb YaCTblO PeLleHns; A5 3TOro TpebyeTcd nojaep>Kka co CTOPOHbI CONYTCTBYHOLLErO
obopyzoBaHWA, NPUKNALHOro NPorpaMMHOro obecrneyvyeHns 1 cnyxebHbiX nporpamMmm. Hanpumep,
ncnonb3oBaHne CYB/], ckopee BCero, 6yaeT orpaHuMyeHo foctynHeimu LT cepBepa, npoueccopamm
KNMEHTCKMX MalWuH, BCMOMOrate/lbHbIMW 3aMOMWHAKOWNUMK  YCTPOKCTBaAMMK, YCTPOMCTBaMMU
nepefayn [aHHbIX, OMepayuoOHHOW CUCTEMOR, cUCTeMOi 06pabOTKM TpaH3aKUWin M Tak panee.
3atpartbl, CBA3aHHbIe C annapaTHbIMU ¥ NPOrpaMMHbIMU KOMMOHEHTaMU, LO/MKHbI 6biTb BK/IOYEHbI
B OLLEHKMN.

ABJl ponXeH KOHTPO/NMPOBaTb YCTAHOBKY BCEro MporpaMMHOro u annapaTrHoro
obecrneyeHns, KOTOpoe MNOALEPXKMBAET CcTpaTteruto agMUHUCTPUPOBAHUA [aHHbIX, W [0JKEH
TWaTe/NIbHO MOHWMATb YCTaHaB/IMBAaEMble KOMMOHEHTbI, BK/KOYadA npouesypbl WX YCTaHOBKW,
HacCTPOMKK 1 3anycka. Mpoueaypbl YCTaHOBKM BKKOYAKOT pacnofioXXeHne Gainnos pe3epBHbIX KON
W OKYpHanoB TpaH3akuuii, MHHOPMALUIO O KOHMUrypauum ceTu u CBefeHUs O (PU3NYECKOM
XpaHunuie.

MpoekTUpoBaHne ¥ peannsauna 6a3 gaHHbIX WU npuno>keHun. ABJL, Takxke npeaocTaBnseT
nofib30BaTenaM  YCNyrm  MOLENMpOBaHWA W MPOEKTUpPOBaHWA.  Takme  CAyxObl  4acTo
KOOPAUHUPYIOTCA C TPYnnoi paspaboTyMKOB MPUNIOXEHUIA B 0TAeNe 06paboTKM AaHHbIX. [103TOMy
OLHMM M3 OCHOBHbIX BUAOB feAaTenbHOCTM AB/[, ABnseTca onpegeneHne n obecneyeHne cobnogeHums
CTaHAapToB W npoueayp, KoTopble OyAyT ucnonb3oBaTbCA. Kak TONbKO  CTPYKTypa
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COOTBETCTBYIOLMX CTAHAAPTOB M npouesyp 6yaet co3gaHa, ABJ] fo/mKeH 06ecneyunTb BbIMONHEHUE
[eNcTBMIA NO MOLENUPOBaHMIO W NpoekTUpoBaHuto B[ B pamkax 3Toi CTpyKTypbl. 3atem Ab[
npejocTasnseT Heo6XO4MMYIO MOMOLb WM MOALEPXKY NPWU MNPOEKTUpOBaHWWU 6a3bl LaHHbIX Ha
KOHLeNnTyanbHOM, IOFMYECKOM U PU3NYECKOM YPOBHSX.

®dyHKkuma ABJ, 06bI4HO TpebyeT, 4TOObI HECKO/MbKO 4enoBeK Obiiv NOCBAWEHLI B
mMofenupoBaHue 6a3bl AaHHbIX W NPOEKTUPOBaHME. OTU NOAU MOryT OblTb CrpynnupoBaHbl B
COOTBETCTBUM C OpPraHu3aLMOHHbIMKU 06/1aCTAMMW, OXBATbIBAEMbIMU MPUNOXKEHMEM. Hanpumep,
nepcoHan Mo MOZENMPOBAHWIO W MPOEKTUPOBaHWUIO 6a3 [aHHbIX MOXeT OblTb Ha3HayeH Ha
NMPOU3BOACTBEHHbIE CWUCTEMbI, (MHAHCOBble W YMpaB/ieHYECKME CUCTEMbl WAU Ha CUCTEMbI
ynpas/ieHNs U NOLAEPXKKN NPUHATUSA pewweHnii. ABLL nnaHupyeT 3afiaHNs Ha MPOeKTUPOBaHWe A/s
KOOpPAMHAUUN [eiACTBUIA MO MPOEKTUPOBAHWUIO [AHHBIX U MOLENUPOBaHMIO. Takas KoopAuHauums
MOXeT noTpeboBaTb nepepacnpefeneHns MMEKLMNXCA PeCypCcoB Ha OCHOBE BHELUHUX NPUOPUTETOB.

AB/[] Takxe paboTaeT ¢ NPUKNAAHbIMW MPOrpaMMUCTamMun, 4To6bl 06ecneynTb KayecTBO U
LLe/IOCTHOCTb NpoeKTa 6a3bl aHHbIX M TpaH3aKLUuii. Takue cnyX6bl NOAAEPXKN BKIHOYAKOT NPOBEPKY

npoekTa 6a3bl faHHbIX, YTOObI YOeANTbLCA, UTO TpaH3aKLuun:
O BepHble. TpaH3akuum oTpaxarT peasbHble COBbITUSA.
O 3ekTuBHbIe. TpaH3akyum He neperpyxatT CYB/.

0O CooTBeTCTBYylOWMe. TpaH3akyuym COOTBETCTBYKT MpaBulam W cTaHgapTam
LLe/TIOCTHOCTMN.

3T feiicTBuA TpebyOT NepcoHana ¢ WHUPOKUMM HaBblKaMW NMPOEKTUPOBaHUA 6a3 faHHbIX U
nporpaMmMupoBaHus.

Peanusauus npunoXeHunin TpebyeT peannsaumm Gusnyeckon 6asbl gaHHbIX. CneaoBaTenbHO,
AB/l [omKeH 0KasblBaTb MOMOLLb U OCYLLLECTBAATb Haf30p BO BPEMSA (PU3NYECKOTr0 NPOEKTUPOBAHMS,
BK/IOYas onpefenieHne 1 co3gaHne NpoCcTpaHCTBa XpaHeHUs, CnyX6bl 3arpy3ku, npeobpasoBaHus u
mMurpauum 6a3 fgaHHbIX. 3agayn BHeapeHuss ABJ]l Take BKAOYAKOT Co3fJaHue, KOMOUAALUMIO W
XpaHeHue nnaHa foctyna npunoxeHus. MNnaH gocryna - Habop UHCTPYKLMIA, TeHepupyembixX npu
KOMNUAALUN NPUNOXEHNS, KOTOPbLIV NpesonpeaenseT, Kak NpunoXxeHue 6yaet obpawatbca K 5/, Bo
Bpems BbIMOMHEHNA. YToObl MMeTb BO3MOXHOCTb CO34aBaTb W MPOBepATb NaH [OCTyna,
MoJib30BaTeNb LO/MKeH 06/1afaTtb HEOOX0AMMBIMY NpaBaMu 415 JOCTyna K 6a3e AaHHbIX.

Mpexge 4yem npunoxeHwe 6yfeT NOAKNHOYEHO K cetu, ABJ, pomkeH pa3paboTaTs,
npoTecTMpoBaTb W BHeApUTb pabouve npouefypbl, HeOOXOAWMbIE AN HOBOW CUCTeMbl. Takue
npouesypbl  BKAOYAKOT MNiaHbl  00yyeHus, 6e30NacHOCTW, Pe3epBHOrN0  KOMWPOBAHUA WU
BOCCTAHOB/IEHUNSA, & TaKXXe pacnpejesieHMe OTBETCTBEHHOCTU 3a KOHTPO/ib U obcnyxunsanue B/,
HakoHey, ABJ [OMXKeH paspewunTb MN0/b30BaTeNsiM MPUAOXKeHUI aocTyn K B[, 13 KOoTopoW
NPUIOXEHNSA NONYyYaloT HEOO6X0AMMbIE AiaHHbIE.

[o6aBneHne HOBOW B[l MOXeT NoTpeboBaTb TOHKOW HAaCTPOVKK unu nepeHacTpolikn CYB/.
MomHute, uto CYBJ nomoraer BCEM TMPUIOXKEHUAM, YNpaensasd o6WMM KOPNOPaTUBHbLIM
XpaHUnuwem faHHbiX. M03ToMy, Korga CTPYKTYpbl faHHbIX Ao6aBnstoTcs uam nsmeHawted, CYb/,
MOXeT noTpeboBaTb Ha3HAaYeHWUA [AOMOSHUTENIbHLIX PECYPCOB ANs 06CNY>XMBAHUA HOBbIX U

OpPUTMHaJIbHbLIX NOJSb30BaTeNei ¢ paBHOM 3DPEKTUBHOCTbIO
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TecTupoBaHue 1 oueHKa 6a3 6aHHbIX 1 MPUNOXKeHMiA. AB[, TakXe [OMIXeH NpefoCcTaBATh
YCNYrn TeCTUPOBAHUSA U OLLeHKM ANA BCEX NPUNOXKEHUI 6a3 aHHbIX 1 NOb30BaTeNiell. TN CepBUCHI
ABNAKOTCA IOTMYECKUM MNPOLO/KEHNEM CEPBUCOB MNPOEKTMPOBAHMA, Pa3paboTKM W BHEAPEHWUS.
Mpouefypbl M CTaHAapTbl TECTUPOBAHMA YXKe [LO/MKHbI ObiTb B Hanuumu, npexpge dem ntobas
npuknagHas nporpammMa 6yget yTBepXAeHa 415 NUCNOob30BaHUA B KOMMaHWUN.

XoTa cnyX6bl TECTUPOBAHMA W OLLEHKM TECHO CBf3aHbl CO CyX6aMu MPOeKTMPOBaHUA U
peanusauun B, oHM O06bIMHO MOALEPXMBAKOTCA He3aBUCUMO. [lpuunHa Takoro pasgefieHus
3aKnto4aeTcs B TOM, YTO NPOrpaMMUCTbl U pa3paboTunky B[, 4acTo CAMWKOM 6/1M3KM K M3y4aeMoi
npo6neme, 4TOOblI O6GHAPYXUTb OLNOKN U YNYLLEHNSA.

TecTnpoBaHMe 0ObIYHO HauyMHaeTca C 3arpy3ku B[, «ucnbITaTeNbHOr0 CTeHAAa», KOTOPbIW
COLEPXWUT TecTOBble [aHHble ANS MPUNOXKEHWA. Ero uenbto ABNAeTCS NpoBepka OnpefeneHus
JaHHbIX ¥ NpaBua LenocTHocTn b v npuknagHbIX NPOrpamMmm.

TecTnpoBaHue 1 OLeHKa NpunoXeHna bJ, oxBaTblBalOT BCe aCMeKTbl CUCTEMbI, OT MPOCTOr0
cbopa M co3faHUs AaHHbIX 40 MX UCNOMb30BaHUS M BbIBOAA U3 3Kcnayatauumn. Mpouecc OueHKM
OXBaTbIBaET CNneaytoLee:

0O TexXHWYecKMe acnekTbl Kak NPUIOXKEHNIA, TaK 1 6a3bl AaHHbIX; pe3epBHOE KOMUpOBaHMe
N BOCCTaHOB/IeHMe, 6€30MacHOCTb W  LENOCTHOCTb, WUcnonb3oBaHne SQL u
NPOM3BOAUTENLHOCTb MPUIOXEHWI LOMKHbI ObITb OLEHEHbI.

O OueHKa NUCbMEHHOI AOKYMeHTaLUUy 1 npoueayp, YTobbl y6eanTbCs, YTO OHM TOYHBI U
NPOCTbl B NPUMEHEHUN.

O CobntoaeHne cTaHAaPTOB MMEHOBaHWS, AOKYMEHTUPOBAHNSA 1 KOLMPOBaHUS.
O [MpoBepka Ha fy61MpoBaHMe faHHbIX KOH(IUKTYHOWMX C CYLLeCTBYHOLMMUN JaHHbIMU.

O CobnogeHne Bcex npasua NPoOBEPKU LaHHbIX.

Mocne TWaTenbHOro TeCTUPOBAHMA BCEX MPWUIOXKEHWUI, 6a3bl AaHHbIX WU Npoueayp cucTema
006bABNsSeTCA paboTOCNOCOOHOM M MOXET 6bITb NpeAoCcTaB/ieHa KOHEYHbIM NOMb30BaTENAM.

Pa6oTa ¢ (1YB[, yTuamTamu n npuno>keHnsmn. Onepauymm ¢ CYB/[, MOXHO pa3fenuTb Ha

YeTblpe OCHOBHble 06/1aCTH:
| Moagepxka cucTembl,
| MOHUTOPWHT 1 HACTPOWKa NPON3BOAUTENIbHOCTU;
Pe3epBHOE KOMWPOBaHWE U BOCCTAHOB/IEHME;

| AyAWUT U MOHUTOPUHT 6€30MacHOCTH.
[eicTBMUA N0 NOALEP>KKE CUCTEMbI OXBaTbIBAKT BCE 3a4aun, HEMOCPEACTBEHHO CBA3aHHbIE
C noscefHeBHON paboToli CYBA W ee NPUNOXEHWA. ITW [eWACTBUA BKAKOYAKT 3anofiHeHUe
XYPHanoB 3aflaHWin, CMEeHY JIeHTbl K TMPOBEPKY COCTOAHWA KOMMbIOTEPHOro 060pyfoBaHMA,
OVCKOBBIX MakeToB W aBapWiiHbIX WCTOYHWKOB nuUTaHMA. CUCTeMHble [eiCTBUSA BK/OYaKOT
nepuoamnYeckue 3afaun, Takue Kak 3anyck crneuunanbHbliX NPorpamMmm 1 KOHQUrypaumm pecypcos s

HOBbIX 1 06GHOBAEHHbIX BEPCKIA NPUNOXeHNA B,
MOHATOPUHT 1 HacTpoika NPOU3BOAMTENLHOCTU TPeOYKT 3HAYUTENbHbIX YCUAWUK W
BpemeHn AB[. 3Tu aeicTBusA npefHasHayeHbl Ans obecrnevyeHUs YyA0BMETBOPUTENIbHOIO YPOBHSA

191



npousBonutenbHocTd CYBJ, yrumur u npunoxkeHuii. |1 BBINOJHEHUs 3a7ad MOHUTOpPHHIa U

HacTpoOIKu npousBoauTenbHOCTH ABJ] momkeH:
[J VYcranosurs nenu npoussoaurensaocta CYBI,
[ Bectu moruropuHr CYB/I st OLEHKH JOCTHXEHHS LIeJIeil MPOU3BOAUTELHOCTH.

[J H3onupoBarh mnpoOieMy M HAWTH pPEMICHHUs, €CJIM LENH TMPOM3BOAMTEILHOCTH He

NOCTUTHYTHIL.

[J BHenputh BEIOpaHHbIE PELICHHUS TPOHU3BONUTEIBHOCTH.

CYBJl 4yacTto BKIIOUAIOT WHCTPYMEHTHl MOHHTOPHHIA MPOU3BOAUTENLHOCTH, KOTOpPbIE
no3BoJisitoT ABJ] 3anpamuBarh nHpopmaiuio 06 ucnons3oBanud b/, UHCTpyMEHTBI MOHUTOPUHT
NPOU3BOIUTENbHOCTH JOCTYMHbI M3 pa3HbIXx HcrouHukoB: yTuinutbl CYBJl mpenocrabnsitoTcs
CTOPOHHUMH MOCTaBIIMKAMHU, WU MOTYT ObITh BKJIFOYEHBI B YTHJIUTHI ONIEPALIMOHHON CHCTEMBI HIIH
CpencTna 00paboTku TpaH3aKLH. BonpmmaCcTBO HHCTPYMEHTOB MOHUTOPHHTA
NPOU3BOIUTENbHOCTH NO3BONSIOT ABJl coCpenoTOuMThCS Ha ONpPENENIEHHBIX Y3KHX MeECTax
cucrembl. Haubonee pacmpocTpaHeHHbIe y3KHe MecTa B HacTpoiike mpousBompurensHocTd CYB/]
CBSI3aHbl C HCIOJNIb30BAHHUEM HMHIEKCOB, aJrOPUTMOB ONTHMM3AalIMM 3alpPOCOB M YNPAaBJICHUS
pecypcamMu XpaHEHHUS.

IMockonpKy HEMpaBUIbHBIH BBIOOP HHIOEKCAa MOXET OTPHULATENbHO IOBJIUSATH Ha
HNPOU3BOAUTENLHOCT CHCTeMbI, OONBIINHCTBO ycTaHOBOK CYBJl mpunep:kuBaercs TINATENHHO
OIIpeNeSeHHOTO TUIaHa CO3JaHHs U HUCTIOJIb30BaHUs HHAEKcA. Takol IuiaH OCOOEHHO BaXkeH B Cpefie
pensaunoHHbIX B/,

UrtoObl 00ecrnevuTh yIOBJIETBOPUTENIbHYIO NpOH3BOAMTENbHOCTb, ABJl Moxer oO0yuuthb
IPOTPAaMMHUCTOB H TIOJIb30BATENEH MMPaBUIBHOMY HCIIONIb30BaHMIO oneparopoB SQL. Kak mpasuio,
pykoBozcTsa no nporpammuposanuio CYB/l u pykoBojcTBa MO aAMUHUCTPUPOBAHHIO COAEPIKAT
NOJIE3HbIE PEKOMEHAALMU [0 TPOU3BOJUTENBHOCTH U IIPUMEPbI, KOTOpblE AEMOHCTPHUPYIOT
NPaBUJIBHOE HCIIONIb30BaHUe orneparopoB SQL kak B KOMaHIHON CTPOKE, Tak U B MPUKIAAHBIX
nporpammax. [IocKobKy peNsHOHHbIE CUCTEMBI He TIPEIOCTABIISIOT IIOJIB30BATEIIO BLIOOP HHAEKCA
B 3ampoce, CYBJ] nenaer BoiOop mHaekca ansa nonwp3oBatens. [lostomy ABJl momkeH co3maBaTh
WHJIEKChI, KOTOPBIE MOJKHO UCIIOJIb30BATh AJIS IOBBIICHUS IPOU3BOIUTEILHOCTH CUCTEMBL.

[Ipotienypsl ONTUMHU3ALUK 3alIpOCOB OObIMHO HHTerpupoBanel B CYBJ, uTo mo3Bonser
HCIIOJIb30BaTh MapaMeTpbl HAcTpoiku. Ilpoueaypel OmTMMH3aLUU 3alpOCOB OPHEHTHPOBAHBI Ha
yiay4iieHue onaHoBpeMeHHOro pgocryma Kk b/l IlapannenbHOCT Takke 3aBUCUT OT THUIIOB
OnoxkupoBok, ucnonpdyembix CYB/I 1 3ampainyBaeMblx MpuiioxeHUsAMU. I1ockompky napamienusm
BaxkeH auis1 3 dexruBHOi pabothl cuctembl, ABJ] nomkeH OBITh 3HAKOM € (PAKTOPAMH, BIUSIOIINMU
Ha Mapajuieu3M.

IIpu Hactpoiike npousBonutenbHocTH CYB/] ABJl Taxk:ke NOMKEH yUWUTBHIBATH AOCTYITHBIE
pecypchl XpaHeHHs Kak C TOUKY 3peHUsl OCHOBHOM, Tak U OMOJHUTENBHON NaMsTu. Pacnpenenenue
pecypcoB xpanenus onpenensercs: npu Hactpoiike CYB/I. [Tapamerpsl koHpUTYpauuu XpaHUIHIIA

MOT'yT UCTIOJIB30BaATbCA OJIA OIIPCHCIICHUA.

] Konunuecrsa 6a3 JaHHBIX, KOTOPbIE MOTYT ObITb OTKPBITHI OTHOBPEMEHHO.
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O KonuuyecTBa NpUKNagHblX MporpaMM  WAM  MoNb3oBaTeneid, NoAAepXunBaemMblx

O/HOBPEMEHHO.

0O O6bema onepaTtMBHON namATy (pasmep nyna OydepoB), Ha3HAYEHHOro Kaxpaon 6Gase
AaHHbIX 1 KaXXA0MY MnpoLeccy.

O Pa3mepa v pacnofioxxeHus haiina xypHana.

Mpo6nemMbl MOHUTOPUHIA NPOM3BOAUTENLHOCTU 3aBuUcAT oT CYB/. Moatomy AB/L fo/mKeH
03HaKOMUTbLCA C pykoBogcTtBamMu no CYB[, 4To6bl M3YyUnMTb TeXHUUYECKUEe AeTanu, CBA3aHHble C
MOHUTOPVHIOM MPON3BOAUTENILHOCTMU.

MOCKONbKY NOTEPS AaHHbIX MOXET UMETb pa3pyLUNTe/IbHbIE NOC/eACTBUA A1 OpraHu3auum,
onepaLuv pe3epBHOro KOnnpoBaHua N BOCCTaHOB/IEHNA UMEIOT NePBOCTENEHHOE 3HaYeHe BO BpPeMs
paboTbl CYB/[,. ABJ] LONXEH YCTAHOBUTbL pacnucaHue Aas pe3epBHOro KonnpoBaHus 6asbl JaHHbIX
M (halinoB >KYpHanoB 4epe3 COOTBETCTBYHOLLME MNPOMEXYTKM BpemeHW. YacToTa pe3epBHOro
KONMMPOBAHMWSA 3aBUCUT OT TUMA NPUNOXKEHNA U OTHOCUTENbHOWN BaXHOCTM flaHHbIX. Bce KpuTnyeckue
KOMMOHEHTbl cucTembl - B[, npunoxeHus 6asbl faHHbIX W XYypHa/ibl TPaH3aKUWA - LOKHbI
nepuoAnYeCcKN apxXmMBMpOBaTbCA

bonbwmnHcTeo CYB[ cofepXarT yTUnuThl, KOTOPbIE NAaHUPYIOT aBTOMaTUYECKOe pe3epBHOe
KonuposaHue BJl, NONHOE WUAN MHKPeMeHTHOe. HecMoTpsA Ha TO, YTO MHKPEMEHTHbIe pe3epBHble
KOMWUW BBINOMHAOTCA ObICTpee, YeM MOJIHble, A7 WHKPEMEHTHOrO pPe3epBHOr0 KOMUPOBaHWSA
TpebyeTcs Hanuyue NepuoLnMYecKoro NoJIHOro pPe3epBHOr0 KOMUPOBAHMWSA, YTO MONE3HO ANS Lenei
BOCCTaHOB/IEHUS.

BoccTaHoBneHve B nocne c60d HOCUTENA WAM CUCTEMbl TpebyeT NMPUMEHEHUS XypHana
TpaH3akuuin K npasunbHOW kKonuwu. AB[, [O/MKeH cCnnaHMpoBaTb, BHEAPUTb, NMPOTECTUPOBATbL U
BHEAPUTL «NyneHenpobrBaeMyto» npouesypy pPe3epBHOro KOMMPOBaHUSA U BOCCTaHOB/EHMWS.

AyauT U MOHUTOPUHT 6e30MacHOCTY MpeAnonaraldT COOTBETCTBYHOLLEe Ha3HauyeHue npas
Joctyna v npasBWbHOE WCMO/b30BaHME MpaB AoCTyna MporpaMMuMcTaMuM U Monb30BaTeNIAMMU.
TexHUYeckue acnekTbl ayauTa 1 MOHUTOPUHIa 6e30MacHOCTM BKIKOYAKOT CO3JaHune Nnosib30BaTtenei,
HasHayeHue npas JOCTyna M ucnofib3oBaHMe KomaHg SQL ans npefocTaBneHUs M OT3blBa Mpas
poctyna Ana nonb3oBaTeniell M 06bLEKTOB 6asbl faHHbIX. ABJl TakXe [O/MKEH Mepuoandecku
reHepupoBaTb OTYET XypHana ayauTa, 4Tobbl HakTV (hakTUYecKue UAn NpeanpuHATbIE HapyLleHns
6e3onacHocTu. Ecnu TakoBble 06HapyXeHbl, AB[l fO/MKEeH BbIACHWUTb, r4e NPOU30LWN HapyLUEeHWs
W, ec/in BO3MOXHO, KTO VX COBEPLLWA.

Ob6yueHne n noagep>kka nonb3oBaTenein. O6yueHue noaein ucnonb3obaHuto CYBM un ee
WHCTPYMEHTOB fBNIIETCA 4acTbl0 TexXHW4yecko pgeatensHoct ABL. Kpome Toro, AB[
obecneynBaeT TeEXHNUYECKOe 006yYeHMe NS NPUKAaLHbIX NPOrpaMMUCTOB NO UCNonb3oBaHuio CYB/
n ee ytunut. O6ydyeHne nporpaMmmucTa NPUIOXKeHWn oxBaTbiBaeT UCMNOJ/Ib30BaHNE WHCTPYMEHTOB
CYB/[, aTakxe npouefypbl U cTaHAapTbl, HeO6X0ANMbIe A8 NporpaMmupoBaHus b,

HesannaHupoBaHHasa TexHU4Yeckas MOALEpPXKa MO TpebOBaHWIO A8 NONb3oBaTeneil U
NporpaMMmMCTOB TaKXXe ABNAETCA YacTblo AeaTensHocTn AB/Ll. TexHnyeckas npouenypa ycTpaHeHus

Henonafok MOXeT ObiTb paspaboTaHa AnA o6neryeHus Takoi nopaepxku. lMpouefypa MoOXeT
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BK/OYATb pa3paboTKy TEXHUYeCKON 6a3bl JaHHbIX A1 MOUCKA PelleHui 06WUX TeXHUYECKUX
npo6nem.

YacTb nopgepxku obecneymsBaetca B3aumogeinctsmem ¢ noctaswumkamy CYBUA.
YCTaHOB/IEHWE XOPOLIMNX OTHOLIEHWIA C MOoCTaBLWMKaMM NPOrpaMMHOro obecrneyeHus - OAUH U3
cnoco6oB 06ecneynTb KOMMaHWI0 XOPOLWM WCTOYHMKOM BHeLWHen nogfepxku. [Mpogasubl
ABNAOTCA WUCTOYHMKOM aKTya/lbHON MHMOPMaLMM O HOBbIX MNPOAYKTaX W MepenoaroToBke
nepcoHana. XoOpowWe OTHOLWEHWUA MeXAy MNOCTaBWMKOM W KOMMNaHWen Takxe MOryT AaTb
opraHusaluam npemMmyLLecTsa B onpegeneHnn 0yayLiero HanpaeneHns passutus bA.

O6cny>kunsaHne CYBA, yTwuauT ©  NpunodXKeHuin.  O6GCNyXuBaHUe  SBNSETCS
NPOAO/HKEHNEM onepaunoHHOW gestenbHocT ABL. [esTenbHOCTb N0 06CNYyXXMBAHMIO NOCBALLEHA
coxpaHeHuto cpegbl CYB/.

Mepuogmnueckoe obcnyxmeanme CYB/[, BKAOYaeT ynpasneHne gu3nyecKummn ycTporicteamm
XpaHeHuns. OAHUM U3 Hambosiee pacnpoCTPaHEeHHbIX [AeACTBUIA MO 0OCNY>XUBAHWUIO SBMAETCA
peopraHusaums QuU3M4ecKoro pacrnonoXeHus faHHbiXx B BJMl. PeopraHumsauums B MoXeT ObiTb
npegHasHavyeHa [Ans BbIAENEHUS CMEXHbIX PACMONOXEHWUA cTpaHul Ha aucke ana CYbBA ans
MOBbIWEHNA MPOM3BOAUTENbHOCTU. [lpouecc peopraHusauum TakXe MOXET 0CB0O60AUTL
NPOCTPAaHCTBO, BblAeNeHHOe ANA YAaleHHbIX faHHbIX, YTO A4acT 60/bllie MecTa Ha ANCKEe ANA HOBbIX
[aHHbIX.

[OelictBus no 06CnyXuBaHUK TakKxXe BKA4YalOT o06HOoBMeHne CYBJ[ u cnyxebHOro
nporpaMMHoro otecneyeHus. A8 06HOBMEHUA MOXeT MOTpe60OBaTbCA YyCTAHOBKA HOBON Bepcumu
nporpamMmHoro otecrnevenHmsa CYBJ, unu nHTepteincHoro cpeactea B VIHTepHeTe; mnm co3gaHue
pononHuTensHoro wn3a CYBM, 4tobbl paspewnTtb goctyn K CYB/[, xocTa, paboTalowein Ha
APYroMm XocT-komnbloTepe. Ycnyrn wnwo3a CYBJ, o4yeHb pacnpocTpaHeHbl B pacnpefefieHHbIX
npunoxeHuax CYb[, pabotalowmux B cpege knumeHt/cepsep. Kpome toro, b/l HOBOro nokoneHus
BK/IIOYAKOT Takue (PYHKLMMW, KakK MofAep>XXKa MPOCTPAHCTBEHHbIX AAHHbIX, XPaHWUIULLE AaHHbIX U
NoALepXKa 3anpocoB TUna «3Be3fa», a TakXe nojjepxka UHTepdeincos nporpaMMupoBaHus Java
Ana pgoctyna B VIHTepHer.

[ 0BO/IbHO YacTO KOMMaHUM CTafIKUBAKTCA C HEOOX0AMMOCTLI0 06MeHa JaHHbIMU B pa3HbIX
(hopmatax unm mexpgy 6asamu faHHbiX. Ycunma ABJL no o6CcnyXuBaHuio BKIKOYaKOT B ceba ycnyru
no MUrpauunm W KOHBepTauumi [aHHbIX B HECOBMECTUMbIX (opmatax WAnM Ans  gpyroro
nporpammHoro o6ecrneveHuns CYB/[. Takue ycnoBus pacnpocTpaHeHbl, KOrjga cucteMa 06HoBAsSeTCA
C Of4HOWN BepcuMM Ha Apyryt, unm Korpa cywectsyrowas CYB/[ 3aMeHseTCA COBEPLUEHHO HOBOW
CYB/M. Ycnyrm no murpaunm v KoHeepTaumm MOTyT ObiTb BbINOJIHEHbI HAa SIOTMYECKOM YPOBHe
(cneuunnyHo gna CYBA vnn nporpaMMHOro obecneyeHuns) Uam Ha 3MYeCcKoOM ypoBHe (HOCUTENb
[laHHbIX UNKM onepaunoHHaa cuctema). CYB[ Tekyuwero nokoneHusa noggepxusatoT XML Kak

CTaHAAPTHbIV opmaTt Ans o6MeHa AaHHbIMU MeXAy CUcTeMamMU 6a3 JaHHbIX U NPUNOXKEHUSAMN.

9.6. be3onacHoOCTb

BesonacHOCTb WMH(OPMALMOHHOW CUCTEMbl OTHOCUTCA K [EWCTBUAM W Mepam, KOTopble
obecneunBaldT KOHMUAEHLUANbHOCTb, LeN0CTHOCTb U AOCTYMHOCTb UHPOPMALMOHHON CUCTEMBI 1
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ee OCHOBHOTO aKTMBA, jaHHbIX. 3aluTa JaHHbIX TpebyeT KOMMNIEKCHOro NOAX0Aa B MacluTabax BCell
KOMMNaHUW. TO eCTb HeNb3s 3aWMTUTb AaHHbIE, €C/IN He 3aLUTUTb BCE MPOLECCHl Y CUCTEMbI BOKPYT
HWUX, BK/KOYas annapaTHble CUCTEMbl, MPOrpaMMHble TPWUIOXEHUS, CETb W ee YCTPOIACTBa,
BHYTPEHHMX W BHELHWX MONb30BaTeNeil, Npoueaypsl W camu fAaHHble. UT06bl MOHATb cdepy

6e30NacHOCTM JaHHbIX, PACCMOTPUM KaXKAyt 13 Tpex ueneit 6esonacHocTy 60nee Noapo6HO:

O KOH(MAeHUNaNbHOCTb 03HayaeT, YTO [aHHble 3aliuLieHbl 0T HeCaHKLMOHMPOBAHHOIO
JocTyna, a eciiM K [JaHHbIM o6paliaeTcs aBTOPM30BaHHbLIA MNOJb30BaTe/lb, OHU
NCMONb3YITCA  TOMbKO  ANS  aBTOPWU30BAHHbLIX  LUenel.  [ApyrumMmu  cnoeamu,
KOH(MAEHUNANbHOCTb BNeYyeT 3a COO0M 3awWuTy [aHHbIX OT pasrnaweHus no6oi
WHpOpMaunKn, KoTopas  HapyliaeT npaBa YenoBeKa WAM  OpraHusauum  Ha
HEMPMKOCHOBEHHOCTb ~ YACTHOW  >XW3HW.  [laHHble  [O/DKHbl  OLEHMBATbCA U
KnaccuuuupoBatbCd B COOTBETCTBMU C YPOBHEM KOH(MAEHUMANbHOCTU: CTPOro
orpaHuyeHbl (04YeHb Mano NKAeM MMeKT [0CTYn), KOH(pMAeHUManbHbl (TONbKO
onpejesnieHHble TPynnbl UMeT JOCTYN) U OTKPbITbl (4OCTYN 415 BCEX MONb30BaTeNel).
COTpyAHUK MO 3aliMTe AaHHbIX TPaTUT MHOr0 BpPeMeHW Ha To, 4ToObl 06ecrneynTb
cobnofeHne opraHusayuein  TpebyemMbiXx YpOBHE  KOH(UAeHUnansHocTu. Tlog
COOTBETCTBMEM TMOHWMAKOTCA [AeiCTBMA, KOTOpble COOTBETCTBYKT MNpasBuiam

COCTaB/1IeEHNA OTHETOB O KOHCbVI,El'eHLI,VIafIbHOCTVI 1 6e30MacHoOCTH OaHHbIX.

O LlenoCTHOCTbL B paMKax CUCTeMbl 3alWWTbl AAHHbIX CBf3aHa C COXPaHEHWeM [aHHbIX
cornacoBaHHbIMM 1 CBOOOAHBLIMU OT OWINMGOK MAn aHoManuii. CYB/[, urpaet Kno4eByto
po/nb B OGECreyvYeHnn LEenoCTHOCTU AaHHbIX B 6a3e faHHbIX. OfHAKO C TOYKW 3pEHUA
6esonacHOCTW, OpraHn3aLMoHHbIe MPOLLeCChl, M01b30BaTENIN U WaB/IOHbI UCMO/b30BaHUA
TaKXe [O/MKHbl MNOAAEPXMBaTb LENOCTHOCTb. Hanpumep, paboTalowmnin Ha AoMy
COTPYAHWK, WCMONb3yeT VIHTepHeT pAns [OCTyna K CTOMMOCTM MpPOAYyKTa - Takoe
NCMONb30BaHNE CYUTAETCA MNpUeMIeMbIM; OLHAaKO CTaHAapTbl 6e30MacHOCTM MOryT
TpeboBaTb OT COTPYAHMKA MCMNONb30BaHWUA 3aLULLEHHOTO COEAUHEHUSA U COBMOAEeHNA
CTpOrMx npoueayp [ANS YNPaBNeHUA [aHHbIMW B [JOMALUHUX YC/IOBUAX, TaKUX Kak
YHUYTOXEHME MeyaTHbIX OTYETOB M WCMOMb30BaHWe LWWUMPOBAHUA A/ KOMUPOBAHUS
[AaHHbIX Ha NIOKa/IbHbIN XXeCTKUA auck. Mopaep>kaHue LeNoCTHOCTU AaHHbIX - npouecc,
KOTOpbI HauyMHaeTcqd €O cbopa AaHHbIX W MPOAO/KAETCA C XpaHeHUs, 06paboTky,
MCMONb30BaHUA U apXUBUPOBaHUSA AaHHbIX. O60CHOBaHMe LLe/IOCTHOCTU 3aK/104aeTcs B
TOM, 4YTO6bl paccmaTpuBaTb AaHHble Kak Haubo/fee LeHHbli aKTUB B OpraHu3auuun u
obecneymsaTh TLWATENbHYIO NMPOBEPKY AaHHbIX HA BCEX YPOBHAX BHYTPW OpraHu3alum.

O [OCTYnHOCTb 03HayaeT AOCTYMHOCTb [aHHbIX, KOrja 3To TpebyeTcs aBTOPM30BaHHbIM
nonb3oBaTensM W [ aBTOPU30BaHHbIX Lenein. YTo6bl 06ecneynTb [JOCTYMHOCTb
[aHHbIX, BCA CUCTeMa A0/MKHA ObITh 3aliMLLeHa OT YXYALWEHNS KauyecTBa 06CNyX1BaHUA
WM NpepbiBaHMS paboTbl, BbI3BAHHOTO 1H06bIM BHYTPEHHUM WM BHELUHUM UCTOYHUKOM.
MepepbiBbl B 06CNYXMBAHUU MOTYT OblTb OYEHb LOPOrOCTOAWMUMU KaK 418 KOMMNaHWUIA,
TaKk W AN nonb3oBaTeneil. [OCTYMHOCTb CUCTEMbl SIBASIETCA BaXHOW  LENbHO

6e30MacHOCTH.
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MonnTuka 6e3onacHocTU. O6LIYHO 3a4aun MO 3aLLNTe CUCTEMbI U LAHHbIX BbIMOHAKOTCS
coTpyaHUKom no 6esonacHocTn b, n ABJL, KoTopble paboTaloT BMecTe, YTOOblI CO34aTh eAUHYIO
cTpaTervto 6e30MacHOCTU [aHHbIX. Takas cTpaTerMs HauyuMHaetTcsa C ONpefesieHns pasyMHOW K
BCceoObeMnOWed nonutukyu 6esonacHoctu. [MonuTwuka 6e3onacHOCTM - Habop cTaHAapToB,
NOAUTUK W NpoLesyp, CO3AaHHbIX Ang obecrnevyeHns 6e30MacHOCTU CUCTEMBI U 06ecneveHns ayguTa
W COOTBETCTBMA TpeboBaHuAM. [lpouecc ayauta 06€30MacHOCTU HaUYMHAETCH C BblAB/IEHUA
YA3BUMOCTEN B UH(PACTPYKTYpPe UHPOPMALMOHHON CUCTEMbI OpPraHn3aLnmn n onpegeneHns mMep no
3aWmTe CUCTEMbI U flaHHbIX OT 3TUX YA3BUMOCTEN.

YA3BUMOCTb 6e30MacHOCTU. YA3BUMMOCTb B CUCTeMe 6e30MacHOCTU - 3To cnabocTb B
CUCTEMHOM KOMIMOHEHTEe, KOTOPYH MOXHO MCMO0Nb30BaThb A/19 HECAHKLMOHUPOBAHHOTO AOCTYNa UK
HapyweHunsa paboTbl cny>6bl. Takue ys3BUMOCTU MOTYT OblTb OTHECEHbI K OLHONM U3 CRefyroLmx

KaTeropui:
] TexHuyeckuit. MpuMepoM MOXET CNYXMWTb OLIMGKa B OMNepaLUOHHOW CMCTEMe WK Beb-
bpaysepe.
| YnpasneHuyeckuii. Hanpnumep, opraHu3anms MOXeT He MHDOPMUPOBATb NONb30BaTeNel 0

KpuUTU4Yecknx npobnemax 6e30nacHoOCTU.

| KynbTypHbIiA. Monb3oBaTeNn MOryT CKPbITb Maponu Moj CBOMMU KnaBuaTypamu UAu

3a0bITh YHUUTOXNTb KOHq)VI,EI,eHLl,VIafIbeIe OTYeTbl.

O [pouesypHbliA. Mpouefypbl KOMNaHWM MOTYT He Tpeb6oBaTb CIOXHbLIX Maponiein unm
MPoBepPKN NAEHTUDNKATOPOB NOMb30BaTESEA.
Ecnn ocTaBUTb ysA3BUMMOCTb 6€30MacHOCTM 6e3 BHMMaHWS, OHAa MOXET CTaTb Yrpo30i
6e3zonacHocTW. ¥Yrpo3a 6e30MacHOCTM ABNAETCS HeM36eXHbIM HapyLLUeHneM 6e30MacHOCTU.
HapylieHne 6e30nacHOCTM MPOUCXOAWUT, KOrfa yrposa 6e30macHOCTVM MCMOMb3yeTcs AfNs
TOro, 4TO6GbI MOCTaBUTbL MO Yrpo3y LENOCTHOCTb, KOH(PUAEHUMANbHOCTb WAM  JOCTYMHOCTb
cucTembl. HapylieHus 6e30nacHOCTU MOTYT NPMBECTU K Npo6iemaM B 6a3e faHHbIX, LEeN0CTHOCTb

KOTOpOI NM60 coxpaHeHa, Mb0o NoBpexeHa:

O CoxpaHeHa. B aTux cnyyasx Heo6XoAuUMO NpeAnpuUHATb AeicTBUS, 4TOObl M36exartb
MOBTOPEHUA NMOLO6HLIX NpobsieM 6€30MacHOCTM, HO BOCCTAHOB/IEHWE AAHHBIX MOXET He
notpeboBaTbcs. Ha camom pfene, GONbLUMHCTBO HapyLlleHWn 6e30MacHOCTU Bbl3BaHbI
HeCaHKLMOHUPOBaHHbIM N He3amMeYeHHbIM [OCTYNOM B WH(OPMALMOHHbLIX Lensx, Ho
Takoe OTC/eXnBaHWe He HapyLlaeT paboTy 6a3bl JaHHbIX.

0O T[loBpe>kaeHa. HeobxoAnmo npefnpuHATL AeNcTBMA, 4YTOObl M36eXaTb MNOBTOPEHUS
noAobHbIX nNpob6nem 6e30nNacHOCTU, U 6a3a AaHHbIX A0/MKHA ObiTb BOCCTAHOB/EHA [0
COrNacoBaHHOIO COCTOSIHMA. YA3BUMble HapyLleHna 6e30MacHOCTN BKIOYAKOT 4OCTYN K
6ase [aHHbIX KOMMbIOTEPHLIMW BUpyCaMM W XakepaMu, KOTOpble HaMepeBaroTCA
YHUUTOXUTb NN U3MEHUTb [aHHbIE.

Tabnuua 30 MANOCTPUPYET HEKOTOPbIE YA3BUMOCTU B 6€30NMaCHOCTU KOMMOHEHTOB CUCTEMBI

N TUNMUYHbIE MEPbI 3aLLUTbI OT HUX.
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Tab6nuua 30

TunoBble yA3BUMOCTU 6e30MacHOCTM 1 CBSA3aHHbIE C HUMK 3alNTHbIE MEpPbI

KOMMNOHEHT
CUCTEMBbI

o gun

Pabouas
cTaHumsa un

cepBepbl

OnepaunoHHas

cuncrtema

YAa3BMMOCTb 6€30MacHOCTH

Monb3oBaTtesb yCTaHaBNMBaET
MycTOW Naposb.

Maponb KOPOTKUIA NN COLEPXMNT
[aty poXxaeHus.

Monb3oBaTesib OCTaBNAET ABEPb
ohmca OTKPbITO BCe Bpems.
Monb3oBarens ocTaBnseTt
MH(OpMaLMIo 0 3apaboTHOI nnate
Ha 3KpaHe B TeYeHue ANNTeNbHbIX
NeproaoB BPEMEHMN.

Monb3oBaTesib KONUPYET AaHHble
Ha (pneLky.

Pabouas cTaHuusa UCMonb3yeTcs
HECKO/IbKMMW NOJb30BaTe1aMU.
C6oin nuTaHna NPUBOAUT K €00
KOMMbHOTEpA.
HecaHKLMOHMPOBaHHbIN NepcoHas!
MOXET WCMO/b30BaTb KOMMbIOTEP.
UyBCTBUTE/IbHbIE [laHHbIE XPaHATCA
Ha HoyTOYKe.

JaHHble TepAalTCa 13-3a Kpaxu
XECTKOro UCKa Un HoyToyKa.
MponcxoanT CTUXMIAHOe 6eACTBME.

ATaKun nepenonHeHns oydepa.
BupycHble ataku.

PYTKWTbI 1 aTakun YepBeil.
ATakn TMna «0TKas B
06CNY>XMBAHUN.

TpOSIHCKUE KOHW.

LLINnoHCKWe nporpaMmbl.
B3nomuymku naponei.
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Mepbl 6e30MacHOCTU

MpyYMeHEHWE CNOXHbIX NOMNTUK
naponei.

cnonb3oBaTb MHOMOYpPOBHEBYHO
ayTeHTUdUKaLmio.

cnonb3oBaThb 3alUMTHbIE 3KPaHbI U
3acTaBKMU.

O6yuaTb Nonb3oBaTenel
KOH(MAEHUMaNbHBIM AaHHbIM.
YCTaHOBUTb Kamepbl 6e30MacHOCTH.
Vcnonb3oBaTb aBTOMaTUYECKMNE
[BEPHbIE 3aMKM.

Vcnosnb3oBaTh rpynmnosble
NONIMTUKW NS O PaHUYEHNS
1CNO/b30BaHNSA (/IELLIEK.
HasHauuTb npasa goctyna
nonb3oBateseit K pabounm
CTaHLMAM.

YCTaHOBUTb NCTOYHUKM
6ecnepeboiiHoro nutaHusa (UBM).
[06aBnTb 3alUMTHbIE 6/TIOKMPOBKM
Ha KOMMbIOTEPBI.

Peann3oBatb nepeknoyaresib
YHUUTOXEHNSA AN YKpaLeHHbIX
HOYTOYKOB.

CosfaHne 1 TeCTUpOBaHWe NNaHoB
pe3epBHOr0 KOMUPOBaHNs U
BOCCTaHOB/IEHUS [aHHbIX.
3aWmUTTL CUCTEMY OT CTUXMUIAHBIX
6eacTBuWiA - UCMO/Mb30BaThb
cTpaTeruy COBMECTHOro
pasmeLLeHms.

MpUMeHATb UCMPaBeHNns n
06HOBNeHUA 6e3onacHocTn OC.
MprMeHATL UCnpaBieHns cepsepa
NPUIOXKEHUIA.

YCTaHOBUTb aHTUBMPYCHOE 1
aHTULLMNMOHCKOE NPOorpaMmMHOe
obecneyeHue.

MPUMEHSTb KOHTPO/bHbIE YXyPHabI
Ha KOMMbLOTepax.



KOMMOHEHT

CNCTEMBI

MpunoxeHunsa

CeTb

JaHHble

YA93BMMOCTb 6€30MacHOCTH

OWwwn6KM NPUIOXKEHUS -
nepenosiHeHne 6ydepa.
MHbekuma SQL, nepexsar ceaHca
nT.Ao.

YA3BUMOCTY NPUSIOXKEHUS -
MEXCaTOBbIA CKPUNTUHT,
HENOATBEPXKAEHHbIE [aHHbIe.
ATaKmn No 3N1eKTPOHHOI NoYTe -
cnam, OULLWHE U T.4.
DNEeKTPOHHbIE NUCbMa COLMaNbHOM
NHXXEHEPUN.

IP-crycpuHr.

MakeTHble cHU(dEepBbI.
Xakepckue aTaku.
YpaneHue naponeni B CeTU.

OO6MeH AaHHbIMY OTKPbIT 4151 BCEX
nosnb30BaTeneil.

[JaHHble MOryT 6bITb AOCTYMHbI
YANEHHO.

[aHHble MOryT 6bITb YAaNeHbl 13
06LLero pecypca.

Mepbl 6e30MacHOCTU

BbInonHATL nepuogmnyeckoe
pe3epBHOE KOMMPOBaHUE CUCTEMBI.
YcTaHaBNMBaTh TOSbKO
aBTOPU30BaHHbIE NMPUIOXKEHUS.
Vcnonb3oBaTh rpynmnosble
NOIUTUKN ANA NPeAoTBPaLLEeHNS
HeCaHKLMOHMPOBaHHbIX YCTaHOBOK.
TwaresnbHO TECTUPOBATH
NpUKNagHble NPorpammbi.
BCTpouTb Mepbl 3aWmTbl B KO,
MpoBoAMTb 06LUMPHOE
TeCTMpPOBaHWe yA3BUMOCTEN B
MPUIOXKEHUSAX.

YCTaHOBUTb CNam-thunibTpbl U
aHTMBMPYCHOE NPOrpaMMHOe
obecneyeHne ans CUCTEM
3NIEeKTPOHHON NOYTbI.
Vicnonb3oBatb MeToabl
6€30MacHOro KoupoBaHusl.
O6yuaTb Nosnb3oBatesieli atakam
COLMANbHOMN MHXEHEPUN.
YcTaHOBUTL GpaHAMay3pbl.
Wcnonb3oBaTb BUPTYasibHbIE
yacTHble ceTu (VPN).
Vcnonb3oBath cUCTEMBI
06Hapy>xeHus BTopxeHwiA (IDS).
cnonb3oBaTb KOHTPO/b AOCTYNA K
cetn (NAC).

cnonb3oBaTb MOHUTOPUHT
CeTeBOW aKTUBHOCTW.

Peann3osaTb 6€30MacHOCTb
(haiinoBOI CUCTEMBI.

Peann3osaTb 6€30MacHOCTb JOCTYMa
K 06LLKMM pecypcam.
cnonb3oBaTh paspeLueHve Ha
JocTyn.

LLIngppoBaTb AaHHbIE HA YPOBHE
hainnoBoi cucTeMbl UK 6asbl
[aHHbIX.

BesonacHocTb 6a3bl AaHHbIX. Be3onacHOCTb 6a3bl JaHHbIX oTHoCcUTCS K hyHKLMAM CY B/

n aopyrmm cBA3aHHbIM MepaM, KOTOpble COOTBETCTBYIOT TpeGOBaHVIHM 6esonacHoCTM opraHusayumn.
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C TOYKM 3peHna agMuHuUcTpaTopa 6a3 AaHHbIX, AO/HKHbI 6biTb MPUHATLI Mepbl 6€30NacHOCTM ANS
3alwmnTel CYB/[, OoT yxyAleHus kKavecTBa 0OCNY>XMBaHUA W 3aWUTbl 6asbl JaHHbIX OT MOTepH,
NoBpeXAeHUs WNM HenpaeBunbHOro obpaweHus. AB[ pomkeH 3awuwate CYBJ[ oT Havana
YCTaHOBKM [0 3KCnyatauuu n 06Cny>xKmBaHus.

Utobbl 3awmtute CYBJ[ OT CHMXeHUA Ka4vecTBa OOCNYXWMBaHWA, PEKOMEHAYHTCS
HeKoTopble Mepbl 6e3onacHocTn. Hanpumep:

O WI3MeHUTb CUCTEMHbIe Napon N0 YMONYaHMIO.

N3MeHUTb NyTH YCTAaHOBKU MO YMONYaHUIO.

MpuMeHATb NOCNeLHME NaTuu.

Be3onacHble yCTaHOBOYHbIE NaMnKu C COOTBETCTBYHOLLMMK NpaBaMu AOCTYynNa.
Y6eanTbcs, 4To paboTaroT TO/IbKO HEOOXOANMbIE CYXObI.

HacTponuTb XypHasnbl ayguTa.

HacTponTb BefjeHMe XypHana ceaHca.

O O o o o o o

TpeboBaTb WN(pOBaHME CeaHca.

Kpome Toro, ABJ, [onXeH TeCcHO CcOTpyfAHW4YaTb C CeTeBbIM agMWHMUCTPaTOpPOM ANA
obecneyeHns 6e3onacHOCTU ceTu, KoTopas 3awmwaetr CYB/, n Bce cnyxobl, paboTatowme B cetn. B
COBPEMEHHbIX OpraHu3auuax OAHWM W3 Hambosiee BaXHbIX KOMMOHEHTOB WH(OPMaLUOHHON
apXUTEKTYpbl ABNIAETCA CeTb.

3awmTta [aHHbIX B 6a3e [JaHHbIX ABNSETCA (YHKUMEN ynpasneHUs asTopu3aluen.
YnpasneHue aBTopu3aumneil onpefensiet npoueaypbl ANs 3alKUTbl U 06ecneveHns 6e30MacHOCTU, 1
uenoctHocT BAl. 3Ty npoueaypbl BKAKOYAKOT B Cebs cnegytoLLee:

O YnpasneHue JOCTYNOM NONb30BaTeNeN. dTa PYHKLUA NpejHa3HAYEHA ANS OFPaHUYeHNs
foctyna K BJ]; oHa BKNOYaeT cnefytolimne npouesypol:

OnpegenMTb Ka>K/0ro nonb3oBaTens B 6ase faHHbIX. AB/, BbINONHAET 3Ty (hYHKL MO

Ha YpOBHe ornepaynoHHOW cuctembl 1 Ha ypoBHe CYB/[. Ha ypoBHe onepayyoHHON

cuctembl ABJ] MOXeT 3anpoCcuTb CO3[4aHWe YHUKANbHOro MAeHTU@UKaTopa ans

KaXk10ro nonb3oBaTens, KOTOPbIi BXOAUT B CUCTEMY KomnbioTepa. Ha ypoBHe CYB/,

AB/[] MoXeT b0 co3gaTb APYro naeHTUMUKaTop, MM60 NCNONb30BaTb TOT Xe A/s

npegocTaBneHna nonb3osarento gocrtyna Kk CYB/.

- HasHauuTb naponu Ka>kaomy nonb3osaTento. ABJ, TakKe BbIMOMHAET 3Ty PYHKLMIO
KaK Ha YpOBHe OnepaluoOHHON CUCTeMbl, Tak M Ha ypoBHe CYB/. Maponun 6a3sbl
[AaHHbIX MOryT 6bITb Ha3Ha4yeHbl C 3apaHee YCTAHOB/IEHHbIMU JaTaMy UCTEYeHUs
CpOKa Aeincteus, 4To nossonset AB/[, nepuognmyecknm nNpoBepAaTb Nofnb3oBaTenel u
HanoMmMHaTb MM 06 UW3MEeHeHWW WX naposied, UTO CHMXAET BEPOATHOCTb
HeCcaHKLMOHMPOBAHHOIO JOCTYNa.

OnpegenvTb rpynnbl NoAb3oBaTenei. Knaccugukawums nons3osarteneit no rpynnam B
COOTBETCTBMM C 0OWMMW NOTPeBHOCTAMM fJocTyrna MOXeT nomouyb AB/L

KOHTPOIMpPOBaTb U ynpaBaATb NPUBUNIETMAMN AOCTYNa OTAE/IbHbIX nofb3oBaTene.
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Kpowme toro, ABJ] MokeT ucnonb30BaTh poiy O0a3bl JaHHBIX H OTPAHUYEHUS PECYPCOB
U1 MUHUMM3AIM{ BIMSHES MOINEHHHUYECKHX IOJIb30BaTeNel B CUCTEME.

- Hasnayume npasa oocmyna. ABJl| Ha3Hauaer mnpaBa IOCTyMa KOHKPETHBIM
MOJIb30BATENSIM /IS TOCTYTIA K ONpeAeTICHHbIM 0a3aM AaHHbIX. [IpaBa moctyna MoryT
OBITh OrpPaHWYEHBI TOJBKO JUI YTEHHs, WJIH aBTOPU30BAHHBIA OOCTYN MOXET
BKJIIOYaTh B ce0si MpaBa Ha dYTEHHWeE, 3amucb M yaaneHue. IlpaBa mocryma B
peNAIHMOHHBIX 0a3ax MaHHBIX Ha3HA4YaroTcs ¢ momoulplo koMaHa SQL GRANT wu
REVOKE.

- Koumpons ¢puzuueckozo oocmyna. ®usndeckas 6€30MacHOCTb MOXKET MPENOTBPATHTD
JOCTYII HEABTOPM30BAHHBIX MMOJIb30BaTeNel k yctaHoBke U cpencteam CYB /I, Obuias
¢busnieckas 3ammura A Oonpbmux 0a3 JAHHBIX BKJKOYAET 3aLIUILEHHbIE BXOIbI,
paboune CTaHIWY, 3aLMINCHHBIC TAPOJIEM, SJIEKTPOHHBIE MPOMYCKa i MePCOHaa,
BUCO C 3aMKHYTBIM KOHTYPOM, pAacClO3HaBaHHE rojioca W OHOMeTpUYecKue

TCXHOJIOTHUH.

L1 IIpocmomp onpedenenusn. ABJ] noJbKeH ONPENENUTD MPEACTABIEHHS JAHHBIX IS 3aIUThI
¥ KOHTpOJISI 00beMa TAHHBIX, AOCTYIHBIX JUIsl aBTOPU30BAHHOrO Mojib3oBatensa. CYB/]
IOJDKHA TPEAOCTABISITh WHCTPYMEHTHI, MO3BOJSIOIIUE OINPENeNiTh MPEeaCTaBIEHHS,
COCTOSIIME W3 OAHOH WJIM HECKONbKMX TaOJML, W Ha3Ha4yaTh MpaBa JOCTyMa
nonb3oBaremsiM. Komaana SQL CREATE VIEW ucnosns3yercst B pelsLIMOHHBIX 0a3ax
naHHbIX st onpenenenus npeacrasnenuid. CYBJ] Oracle npennaraer BHpTyajabHYHO
yacTHyl0 0Oasy maHHbIX (VPD), koTopas moO3BOJSIET CO3MaBaTh HACTPaHBaeMble
IPEICTABJICHUS JaHHBIX AJIS1 Pa3HbIX mojb3oBareseid. C momombio 3Toi pyHkunu ABJT
MOXKET OTpPaHHYUTb OOBIUHBIX MOJb30BaTeNIel, KOTOpBbIE 3ampalliuBalOT 0a3y MaHHBIX
3apaboTHOH MmIaThl, YTOOBI BUAETH TOJLKO HEOOXONAUMBIE CTPOKH U CTOJIOLBL, B TO BpeMsI
KaK pyKOBOAMTENH OTAENIOB Oy YT BUAETH TOJBKO CTPOKHU U CTOJIOLBI, OTHOCSIIHECS K HX

oTaCJIaM.

(] Kowmpoms oocmyna k CVBJ]. Jloctyn x 6a3e HaHHBIX MOKHO KOHTPOJHPOBATb,
yCTaHaBJIUBasi OrPAaHHUYEHHUs HAa MCHOJb30BAaHHE HHCTPYMEHTOB, 3allPOCOB U OTYETOB
CYB/J. AB/1 nomxkeH yOequTbesi, YTO HHCTPYMEHTbI HCTIONB3YIOTCS MPABUIIBHO U TOJIBKO

YIIOJTHOMOYCHHBIM NMEPCOHATIOM.

] Monumopune ucnonvzoeanus CYE/]. AB]] Takke OOMKEH MPOBEPHUTH HCIIOIb30BAHHE
nauHbiX B BJI. Muorue CYB/] comepkat pyHKUMH, MO3BOJSIOIHE CO3AABATh JKyPHAI
aynuTa, KOTOPBIH ABTOMATHUYECKH 3alUCBIBAET KPAaTKOE OMUCaHWe omepanuid 0a3bl
IAHHBIX, BbLIIOJHAEMBIX BCEMHU MOJB30BAaTENAMH. Takue KOHTPOJBHBIC >KYPHAJIbI
IIO3BOJITIOT TOYHO OMpPENessiTh HapyIIeHHs mpaB noctyna. JKypHaibl ayqura MOryT OBITh
amanTHPOBAHBI IS 3aMUCH BCeX oOpaleHuii kK 6a3e JaHHBIX WIH MPOCTO HEYAAYHbIX.

IlenoctHOCT, 0a3pl AaHHBIX MOXKET OBITh HapylleHa W3-3a BHEIIHHX (aKTOpPOB,

HennonkoHTposnbHBIX ABJI. Hanpumep, B/l Moxet ObITh MOBpeXIeHa WM pa3pyLIeHa B pe3ybTaTe

B3pbIBA, ITIOXapa WJIHA 3EMICTPACCHHA. Bbe3oTHOCHTEIBHO MPUYUHBIL, CHCKTP NOBPEKACHHSI HIIH
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paspyleHns 6asbl faHHbIX feflaeT npoueaypbl pe3epBHOr0 KOMUPOBAHWA W BOCCTAHOBJIEHUS
KPUTUYECKM BaxKHbIMU Ans ntoboro Ab/.

9.7. VIHCTPYMEHTbI afIMUHUCTPUPOBaHUSA 6a3bl AaHHbIX

BbICOKMIA pOCT AeATeNbHOCTW MO YNpaBAeHWK [aHHbIMW B OpraHu3auyusx npuBen K
HEOBXO0AMMOCTM yNyYLleHNs CTaHAAPTOB YNpaBneHWs, NPOLLECCOB M MHCTPYMEHTOB. 3a npoLuejLive
rogbl  BO3HMKNA  HOBas  WHAYCTPWUSA,  MOCBSALLEHHAs  UCKIOUYUTENbHO  MHCTPYMeEHTam
aflMUHUCTPUPOBAHMNS JaHHbIX. DTW UHCTPYMEHTbI OXBaTbIBAKT BECb CMEKTP 3aay, BK/IOUas Bblbop,
pa3BepTbiBaHWe, MWUTpPaLui0 ¥ MNOBCEAHEBHbIe onepauuu. Hanpumep, MOXHO HaiTW CNOXHble

WHCTPYMEHTbI aAMUHUCTPUPOBAHUNSA JaHHbIX ANS:
O MOHUTOPUHTA,;

Harpy3o4HOro TeCTUpOBaHus;

HacTpoiiky Npon3BOAUTENBHOCTH;

Ontumusaumm koga SQL;

OnpegeneHns n yctpaHeHUs Y3KMX MecT B 6a3e JaHHbIX;

MogennpoBaHua U npoekTuposaHua b/,

o 0O 0o o o o

3BneyeHuns, KOHBEPTAL WU U 3arpy3Kn LaHHbIX.

Bce Bblllenepeync/ieHHble MHCTPYMEHTbl UMEKT YTO-TO 06Lee. Bce oHM pacwimpsaoT 6asy
MeTafaHHbIX U C/I0Bapb AaHHbIX. BaXXHOCTb CnoBapsa AaHHbIX KaK MHCTpyMeHTa AB/l HEBO3MOXHO
MepeoLeHunTb.

CnoBapb faHHbIX. CnoBapb faHHbIX KOMMNOHeHT CYB[,, KOTOPbIA XpaHUT onpepgeneHue
CBOWCTBA AaHHbIX W OTHOLWEHWI. Takue faHHble 0 [aHHbIX Ha3blBalOTCA MeTafjaHHbiMU. CrnoBapb
JaHHbIX CYB/J] obecneynBaeT ee CBOICTBOM CaMOOMMUCAHUA

CylLecTBYIOT [iBa OCHOBHbIX TWNa CNoBapel AaHHbIX: WHTerpupoBaHHble U aBTOHOMHbIE.
WHTerpupoBaHHbIli cnoBapb faHHbIX BXoAnUT B cocTaB CYB/M. Hanpumep, Bce pensymoHHble CYB/[,
BK/IIOYAKOT B Ce6A BCTPOEHHbIN CMOBapb faHHbLIX WKW CUCTEMHbIA KaTanor, K kotopomy CYPB/
yacTo obpalaroTcd u 06HoBNAT. Apyrve CYB/[, 0co6eHHO CcTapble TUMbI, HE UMEKOT BCTPOEHHOTO
CnoBaps faHHbIX; BMecTo 3Toro AB/J] MOXeT UCcnosib30BaTb CTOPOHHNE aBTOHOMHbIE CUCTEMBI.

CrnoBapu faHHbIX TakXe MOryT ObITb KnacCUPuLMpoBaHbl KaK aKTWBHbIE WM NMACCUBHbIE.
AKTVBHbIN CNnoBapb O6aHHbIX aBTOMATMYeCKM OOHOBASETCA NPW KaXAoM AOCTyne K 6a3e [JaHHbIX.
MaccuBHbIN cnoBapb 6aHHbIX He 06HOBNSETCA aBTOMATUYECKM U 06bIYHO TPebYeT 3anycka NakeTHOro
npouecca. MHgopmauma o focTyne K C/IoBapl [JaHHbIX 00blYHO wucnonb3yetca CYB[ ans
OnNTUMM3aL MK 3anpoCcoB.

OcHOBHas (hyHKLMA cnoBaps f[aHHbIX - XpaHWTb OnucaHme BCeX O6GBLEKTOB, KOTOPble
B3aMMOLENCTBYIOT C 6a30/ fJaHHbIX. WIHTerpmpoBaHHble CNoBapyv faHHbIX, KakK MpaBuno,
OrpaHMYMBalOT CBOW MeTafaHHble AaHHbIMK, ynpasnsembiMu CYB[. ABTOHOMHbIE CUCTEMBbI
cnosapeil faHHbIX 00bl4HO 60nee rnbkue u nossonsatoT ABJ, onucbiBaTb W ynpaBnsTb BCEMU
JaHHbIMW OpraHu3auunmn, He3aBUCMMO OT TOr0, KOMMbKOTEPMU3NPOBAHbI OHU UAW HeT. Kakum 6bl HK

Obin opmaT cnoBaps [aHHbIX, OH NMpeaocTaBnsieT paspaboTymMkam 6a3 AaHHbIX M MO/b30BATENAM

201



3HAYMTENbHO YYYLIEeHHYK CnocobHOCTb o6wartbes. Kpome TOro, cnoBapb AaHHbIX SABNSETCH
WHCTPYMEHTOM, KOTOpbI/ noMmoraeT AB/l paspewatb KOHPAUKTbI JaHHbIX.

XOoTA HeT cTaHfapTHOro gopmara A8 MHGpopMauuu, XpaHfALLencs B CNoBape [aHHbIX,
HeKoTOpble PYHKUUN ABNAIOTCA 06WmMmn. Hanpumep, cnoBapb LaHHbIX 06bIYHO XPaHUT ONMUCaHUA
cregytouLero:

[0 OneMeHTbl AaHHbIX, OMpeAeneHHbIe BO Bcex Tabnnuax Bcex 6a3 AaHHbIX. B yacTHoOCTU, B
CNoBape [aHHbIX XPaHATCS VMMeHa 3M1eMeHTOB, TWUMbl AaHHbIX, hopMaT 0TOGpaXKeHUs,
(hopmat BHYTPEHHEro XpaHeHUs 1 npaBuna npoBepku. CnoBapb AaHHbIX 00BLACHSAET, rae
MCNONb3YyeTCA 3NEMEHT, KTO ero UCMosb30Ban U Tak jasnee.

O Tabnuupbl, onpeaeneHHble BO BCex 6asax faHHbIX. Hanpumep, cnoBapb flaHHbIX, BEPOSTHO,
6yAeT XpaHWUTb UMs co3faTens Tabnulbl, AaTy CO3JaHus, npasa fOCTyna U KOAUYecTBO

CTON6LOB.

O WHgekcbl, onpefeneHHble AN Ka>KAoW Tabnuubl 6a3bl faHHbIX. ONs KaXAoro mHaekca
CYB/[, XpaHUT KaK MUHUMYM UMSA UHAEKCA, UCNOMb3yeMble aTPUOYThl, MECTOMONOXEHNUE,

KOHKPETHbIE XapaKTEPUCTUKN NHOEKCA U AaTy CO3aaHUA.

0O OnpegeneHne 6asbl AaHHbIX. JTa UH(pOpMaLMa BKIKOYAET CBEAEHUS O TOM, KTO co3fan
KaXKayro 6asy faHHbIX, KOorfja oHa 6bina co3fjaHa, rge Haxoautcs 6asa faHHbiX, umsa AB/L,
nT.4.

O MMonb3oBaTenM W aAMUHACTpPATOPbl 6asbl AaHHbIX. dTa WHGpopMauyus onpegensieT

nonb3oBaTenei 6a3bl JaHHbIX.

MporpaMMbl, KOTOpble 06palLLaTCsa K 6a3e faHHbIX. Ta MHOPMALUS BKNOYAET B Ce6S

(hopMmatbl 3KpaHa, (hopmMaTbl 0TYETOB, NPUKIaAHbIe NporpaMmMel 1 3anpocbl SQL.

O JocTyn K aBTOpM3auum Ans BCeX Nonb3oBaTeneil Bcex 6a3 AaHHbIX. ATa UHGopMaLus
onpefensieT, KT0 MOXeT MaHUMynMpoBaTb, Kakue 06bEKTbl U Kakue TWUMbl Onepawuii

MOryT ObITb BbIMOJHEHBI.

CBA3M Me>K )y 3leMeHTaMun AiaHHbIX. OTa MH(popMaLMsa BKIHOYaeT CBeAeHNSA O TOM, KaKne
3N1EMEeHTbI 3a/le/iCTBOBaHbI, ABNSKOTCA NN CBA3N 0643aTENbHLIMU UK HEOBA3aTeNIbHbIMU,
a TaK)Ke TpeboBaHMA K CBA3HOCTU M KONIMYECTBY 3/1EMEHTOB.

Ecnu cnoBapb AaHHbIX MOXET ObiTb OpPraHM30BaH Tak, YTO6bl BKNKOYATb [JaHHble, BHELIHWE
Mo OTHOLWEHMIO K camoli CYB/], OH CTaHOBMTCA 0CO6GEHHO TMOKUM MHCTPYMEHTOM Ans 60/1ee obLuiero
ynpas/ieHNs KOpnopaTUBHbIMU pecypcamu. Takoil O6LUMPHBIA CnoBapb [aHHbIX, TaKuM 06pa3om,
no3BOJiAeT YNpaBiATb MWCMO/Mb30BAHWEM W pacnpefefieHMeM BCE WH(MOPMaLUM opraHusauuu,
He3aBMCMMO OT TOrO, MMeeT /I OHA CBOM KOPHW B AaHHbIX 6a3bl AaHHbIX. M0 3TOW NpuynHe
HEKOTOpble MeHe[Xepbl CYMTalOT C/0Bapb [AaHHbIX K/HOYEBbIM  3/1IEMEHTOM  YNpaBNeHUS
NHPOPMaLMOHHLIMX pecypcaMu, MO3TOMY C/0Bapb [aHHbIX MOXHO oOnucaTb Kak C/oBapb
MH(POPMaLMOHHBIX PeCypCoB.

MeTajaHHble, XpaHALLMECH B CNOBape JaHHbIX, YAaCTO ABNAKOTCA OCHOBOMW AN MOHUTOPUHTA
MCNONb30BaHWA 6asbl AaHHbIX U ANA Ha3HAYeHMs MnpaB A0CTyna nonb3oBaTensim. MHhopmauwms,

XpaHALWasnca B CnoBape [JaHHbIX, 0ObIYHO OCHOBaHa Ha (opmare PensiLUOHHBLIX Tabauy, uTo
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nossonset Ab/ 3anpawmeatb 6a3y AaHHbIX C NOMOLLbLD KoMaHg SQL. Hanpumep, komaHabl SQL
MOTYT UCMNO/Ib30BaTbCA A1 U3BNEYEHUA MH(DOPMALMM O NONb30BaTENAX KOHKPETHON Tabnunubl niv
npaeax A0OCTyMna KOHKPETHOro Nnosib30BaTesNs.

ABJl MOXeT MCnosib30BaThb CN0Bapb AaHHbIX [Af1A aHanu3a W MPOEKTUPOBAHUA [AHHbIX.
Hanpumep, ABJ mMoXeT c0o34aTb OTYeT, B KOTOPOM Mepeyuc/ieHbl BCE 3/IEMEHTHLI [aHHbIX, KOTOpble
OyAyT NCMOMNb30BaTbCA B KOHKPETHOM NPUIIOXKEHMM; CIUMCOK BCEX NOJIb30BaTENeN, MMerLWMNX AOCTYN
K onpeAenieHHON nporpamMe; O0TYeT, KOTOPbI NpoBepseT M30bITOYHOCTb AaHHbIX, 4y6nnpoBaHue u
MCNofb30oBaHMe OMOHMMOB W CUHOHWMOB;, W psAg APYrMX OTYeTOB, KOTOpble OMWUCLIBAKOT
Nofb30BaTeNneil AaHHbIX, 4OCTYN K AaHHbIM U CTPYKTYpPY fAaHHbIX. CnoBapb AaHHbIX TaKXKe MOXHO
ncnonb3oBatb A5 obecneyeHUs TOro, YTobbl NpUKNagHbIe NPOrpaMmMUCTbl CO6M0AaNN CTaHAapThI
MMEHOBaHWNA 3M1EMEHTOB [aHHbIX B 0a3e [aHHbIX, M 4YTOObI NpaBuaa MPOBEPKU [aHHbLIX Oblin
BepHbIMK. TakMM 06pa3om, CfoBapb faHHbIX MOXET UCNOo/b30BaThCA A8 MOLAEPXKKM LUMPOKOro
cnekTpa [AencTBWiA MO afMUHUCTPUPOBAHUIO [aHHbIX W A8 06/Mer4yeHns NPOeKTUPOBaAHUSA W
BHEAPEeHNA WHPOPMaLMOHHbIX cUcTeM. VIHTerpmpoBaHHble CNOBapy [aHHbIX TakXe BaXKHbl A/1A
MCNONb30BaHNSA MHCTPYMEHTOB CUCTEMHOTO MPOEKTUPOBAHUS.

Case cpegctea. CASE - Habop MHCTPYMEHTOB U MeTOA0B MPOrpamMMHON MHXEHepUn NS
NPOEKTUPOBaHMA MPOrpaMMHOro obecrneyvyeHns, KOTOpPbIA NoMoraeT 06ecneynTb BbICOKOE KavyecTBO
nporpaMm, OTCYTCTBME OLUMBOK M NPOCTOTY B 06CNYXXUBaHUN NPOrPaMMHbIX MPOAYKTOB. TakxXe nog,
CASE noHMMalT COBOKYNMHOCTH METOLOB U CPEACTB NPOEKTUPOBaHMA MHPOPMALMOHHBIX CUCTEM C
ncnonb3osaHnem CASE-nHcTpymeHToB. VIHCTpymeHT CASE obecneynBaeT aBTOMaTU3NPOBAHHYIO
cpeay XW3HeHHOro uukna paspabotkm cuctem (KL NC). CASE ncnonb3yeTt CTPYKTYpPUPOBaHHbIE
METOLONOrMN U MOLLHble rpajnyeckne MHTepdeicbl. MOCKONbKY OHM aBTOMATU3UPYIOT MHOrue
YTOMUTE/IbHbIE AENCTBUA MO MPOEKTUPOBAHWUIO U BHELPEHUIO CUCTEM, UHCTPYMeHTbl CASE urpatoT
BCe 60/iee BaXXKHYIO po/ib B pa3paboTKe MHPOPMALMOHHBIX CUCTEM.

NHcTpymeHTbl CASE 06bIYHO KNaccuuUuUpyrTCA B 3aBUCUMOCTU OT CTENEHU MOALEPXKKM,
KoTopyto OHW npegocTaBnsoT XL WC. Hanpumep, uHTepdeicHble WHCTpPyMeHTbl CASE
obecneunBaloT NOAAEPXKKY Ha aTanax MAaHUPOBaHWUS, aHann3a W MPOEKTUpoBaHUSA; BHYyTpeHHMe
MHCTpymMeHTbl CASE o6ecneumBaloT MoAAepXKy Ha 3Tanax KOAMPOBaHWUA W peanusayuu.

MpenmyLlecTBa, CBA3aHHble C MHCTpyMeHTaMu CASE, BK/OYaloOT B Cebs:
CokpalieHve BpeMeHy pa3paboTky v 3aTpar;
AsTomartusaumio XL, NC;

CTaHfapT13auMi0 MeTo0M0rNii pa3paboTKu CUCTEM;

o o o o

Bonee npocTtoe o6CnyXuBaHve MNPUKNALHLIX CUCTEM, pa3paboTaHHbIX C MOMOLLbLIO
nHctpymeHTos CASE.

OAHUM M3 Hambonee BaXHbIX KOMMOHEHTOB MHCTPyMeHTOB CASE aBnseTcs O6LIMPHBINA
CnoBapb [aHHbIX, KOTOPbIA OTCNeXuBaeT BCe OOBLEKTbI, CO34aHHble pa3paboTYMKOM CUCTEMBI.
Hanpumep, cnoBapb faHHbIX CASE xpaHuT gnarpaMmMbl NMOTOKOB [aHHbIX, CTPYKTYPHbLIE CXEMbI,
OMUCaHNSA BCEX BHEWHWX W BHYTPEHHUX OOBLEKTOB, XPaHWIMLWA AaHHbLIX, 3/1EMEHTbl AaHHbIX,
(hopmaTbl OTYETOB U popmathbl 3kpaHa. CnoBapb fAaHHbIXx CASE TakXe OMnucbiBaeT OTHOLIEHUA
MeXJy KOMMOHEHTaMW CUCTEMBI.
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Heckonbko unnctpymentoB CASE mpemocraBnsioT uHTEp(]ENCH, KOTOpble paboTaroT ¢
CVYB/, u nospomsitor MHCTpyMeHTY CASE XpauuTh HH(POPMALMIO CBOErO CJOBaps AAHHBIX C
ucnonezoBanueM CVYBJl. Taxoe B3aumopeiicTBue JEMOHCTPHPYET B3aUMO3aBHCHMOCTb,
CYILECTBYIOIIYIO MEXIY pa3paboTKoil cucTeM u 0a30#l JaHHBIX, U MOMOTAeT CO3aTh MOJHOCTHIO
UHTETPUPOBAHHYIO Cpeay pa3paboTki.

B cpene paspabotku CASE paspaGoruuku 0a3 OaHHBIX M TPUIOKEHHH HCIOIb3YIOT
unctpyMeHT CASE n5s1 XxpaHeHus: ONUCaHusi CXeMbl 0a3bl JAHHbBIX, 3JIEMEHTOB JAHHBIX, TPOLIECCOB
NPUJIOKEHNUS, 3KPAHOB, OTYETOB U APYTUX NAHHBIX, OTHOCSAIIHXCS K pazpadorke. UncTpymenT CASE
o0benuHAeT BCIO MHPOPMALIMIO O Pa3paboTKe CHCTEM B €WHOM X paHunuine, kotopoe ABJ] mosxker
NPOBEPUTH HA COTJIACOBAHHOCTh M TOYHOCTb.

B kauectBe nonosnHuTENRHOrO npeumyinectsa cpena CASE nMeeT TeHASHLMIO yay4llaTh
CTeNEeHb U KauecTBO CBsi3u Mexay ABJI, paspaborurkamu mpuiioskeHUH U mosb3oBaTensimu. ABJ]
MOKeT ucnonb3oBaTb UHCTPYMeHT CASE nist mpoBepku onpeneneHus: CXeMbl JaHHBIX MPIIOKEHHS,
coOroieHNsI cornatieHnii 00 nMeHax, NyOJUpOBaHUsI SIEMEHTOB JaHHBIX, MPABUII TPOBEPKH IS
3JIEMEHTOB IaHHBIX U MHOKECTBA APYT'HX MEPEMEHHBIX Pa3BUTHS U yripasyieHus. Korna mHCTpyMeHT
CASE ofHapyxuBaeT KOH(QIUKTBI, HAPYLICHHUs TPABHJI 1 HECOOTBETCTBHSI, OH 00JIer4aeT BHECCHHE
ucnpasieHuii. bonee Toro, uactpyment CASE mosxeT BHOCUTH HCHpaBJIEHMS U 3aT€M KacKaJHO
BO3AEHUCTBOBAaTh Ha BCIO Cpedy IPWIOKEHHWH, YTO 3HAYUTEJNbHO ympomaer pabdory ABJ| wu
pa3paboTHHKa MPUTOKEHUH.

Tunnanblit nHCTpyMeHT CASE conmep KuT miTh KOMIOHEHTOB!

LI T'paduky, npenHazHa4eHHYIO AJsI CO3OAHUS CTPYKTYPHPOBAHHBIX HAIPAMM, TAKHX KAk
auarpaMMbl MOTOKOB JaHHBIX, AuarpamMmbl ER, nmuarpamMmbl K1accoB W JuarpaMMel

00BEKTOB,

[J Cosmaremu osxpanHbIx (opM mis BBOOa M TEHEPATOPbl OTYETOB JUIsi BBIBOJAA

UH(OPMALIIOHHOH CHCTEMBI,

] VHTerpupoBaHHbIN PEeNO3UTOPHIl Ui XpaHEHHUS M MEPEKPECTHBIX CCHUIOK HA JAHHBIE

MMPOCKTUPOBAHUA CUCTEMBI,

[ Cermenr aHamusa pmias o0ecrneveHHs TOJHOCTBE) aBTOMAaTHYECKOW IPOBEPKH

COrjtaCoOBaHHOCTH, CHHTAKCHCA H IMOJIHOTHI CUCTCMBI,

U Teneparop mporpaMMHOIl TOKYMEHTALIUH.

BonbummacTBO  MHCTpyMeHTOB  CASE  CcO371al0T  MOJHOCTBIO  TOKYMEHTHPOBAHHbBIC
ER-nuarpaMmbl, KOTOpbIe MOTYT OTOOpakaTbCs Ha pa3HbIX ypoBHsx abcrpakiuuu. Hampumep, ERwin
Data Modeler or Computer Associates MOXeT cO3JaBaTh MOAPOOHbIE PENSIIHOHHBIE MPOEKTHI.
ITonb3oBaTeNb yka3plBaeT aTpUOYTHI U MEPBUYHBIE KIIOUM JJISI KaXAOTO OOBEKTa M OIMCHIBAET
orHOmeHuss. THCTpyMeHThl MOAENUPOBAHNS AAHHBIX TEKYILNEro MOKOJEHHUs Ha3HA4YalOT BHEIIHUE
KJIFOYM Ha OCHOBE YKa3aHHBIX OTHOLICHHI Mexay oObexTamu. 3MeHEeHHs B MEePBHYHBIX KIIOYAX
BCeraa OOHOBISIOTCA aBTOMAaTHYECKH MO Beell cucreme. B Tabmmue 31 npusenen xpaTkuid CIMCOK

JOCTYITHBIX MOCTABLIUKOB HHCTPYMEHTOB 1Jisi MoaenupoBaHust JaHHbIX CASE.
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Tab6nuua 31
MHcTpymeHTbl CASE

PaspaboTuunk MpogykKT Cait

Erwin Inc. erwin Evolve WWW.erwin.com

Idera Inc. ER/Studio Data Architect www.embarcadero.com/products/er-studio-data-architect
Microsoft Visio https://www.microsoft.com/ru-ru/microsoft-

365/visio/flowchart-software

Oracle SQL Developer Data https://www .oracle.com/database/
Modeler technologies/appdev/datamodeler.html

IBM Engineering Systems Design https://www.ibm.com/products/architect-for-software
Rhapsody

SAP Power Designer www.sap.com/products/powerdesigner-data-modeling-

tools.html

Visible Visible Analyst http://www .visiblesystemscorp.com/

Systems Products/Analyst/index.htm

Visual Visual Paradigm Community https://www.visual-

Paradigm Edition paradigm.com/download/communityjsp

OCHOBHble nocCTaBWMKK pendunoHHbix CYB[, Takue kak Oracle, B HacToslee Bpems
NpefoCcTaBfAOT  MOJIHOCTbIO  WHTErpupoBaHHble UHCTpyMeHTol CASE and  cobCTBEHHOro
nporpammHoro obecneyeHns CYB/, a takxe gns CYB/, noctaBnsemMbiX ApYrMMun nocTaBLLiMKaMK.
Hanpumep, nuctpymeHnTbl Oracle CASE MoXxHO ncnonb3oBatsk ¢ LUM DB2 1 Microsoft SQL Server
ON15 CO34aHNA MOJMIHOCTbIO [OKYMEHTMPOBAHHbLIX NPOEKTOB 6a3 JaHHbIX. HekoTopblie MOCTaBL KM
JaXke UCMOMb3YIOT HepensdunoHHble CYB/, paspabaTtbiBalOT CBOM CXEMbl M aBTOMATUYECKUN CO34al0T
9KBMBA/IEHTHbIE PE/IALMOHHbIE CXEMBI.

HeT COMHeHU B TOM, 4TO MHCTPYMeHTbl CASE noBbicuin 3pPeKTUBHOCTb pa3paboTunMKoB
6a3 faHHbIX ¥ NPUNOXeHUN. O4HAKO HEe3aBUCMMO OT TOr0, HACKONbKO CNOXeH MHCTpyMeHT CASE,
ero nosib30BaTeNin JO/XXHbI XOPOLLO pa3buparbCcs B KOHLEeNTyanbHOM [u3aiiHe. B pykax HOBUYKOB B
6a3e gaHHbIX MHCTpyMeHTbl CASE npon3BoAAT BNeyaTNAaoLWmiA, HO NIOX0W MPOEKT.

9.8. Pa3paboTKa cTpaTermm ynpas/eHnUs JaHHbIMU

[na ycnewHoin paboTbl NpeanpuaTAA ero AesTeNbHOCTb AO0/HKHA COOTBETCTBOBATb
OCHOBHbIM Lenam 1 3agadyam. MoaTomy, He3aBUCMMO OT MaclTaba KOMNaHUU, KPUTUYECKMN BaXKHbIM
lwarom ansa noboi opraHusauny aenseTcs obecrneyveHme Toro, 4To6bl ee MHHOpPMaLMOHHas cucTema
nofAepXxuBana cTpaternyeckue naaHbl Ansa Kaxgon obnactu 6usHeca.

CTpaTerms aAMWHUCTPMPOBaAHUS 6asbl AaHHbIX He [AO0/MKHA MNPOTMBOPEYUTL MlaHam
NHPOPMaLMOHHbIX CUCTEM. B KOHLE KOHL,OB, 3TU MNaHbl OCHOBaHbl Ha NOAPOGHOM aHanu3e Lenei
KOMMaHWW, ee COCTOSHMA WAW cuTyaumm U noTpebHocTeil 6u3Heca. CyllecTBYeT HECKO/bKO
MeTogoNnornii  gns  obecrnevyeHMs COBMECTUMOCTM MAAHOB aAMWHUCTPUPOBAHWUA [aHHbIX WU
NHPOPMALMOHHbLIX CUCTEM, a TakKXe ANS PYKOBOACTBa pa3pabOTKON CTpaTermyeckoro nnaHa.

Ham6onee yacTo Mcnonb3yemass METOLONOMMNSA U3BECTHA KaK MHPOPMAaLMOHHAA NHXEHEPUS.
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http://www.erwin.com
http://www.embarcadero.com/products/er-studio-data-architect
https://www.microsoft.com/ru-ru/microsoft-3
https://www.microsoft.com/ru-ru/microsoft-3
https://www.ibm.com/products/architect-for-software
http://www.sap.com/products/powerdesigner-data-modeling-
http://www.visiblesystemscorp.com/
https://www.visual-

MHopMaLmoHHaa MHXKeHepus no3BoNseT MepeBOAMTbL CTpaTernmyeckue Lenm KoMnaHuu B
JaHHble U NPUNOXEHUSA, KOTOPble MOMOTYT KOMMaHUN AOCTUYb 3TUX ueneii. OHa (hoKycupyeTcs Ha
onucaHWM KOPMopaTuBHbLIX AaHHbIX BMecTO npoueccoB. O60CHOBaHME NPOCTOe: TUMbl BM3Hec-
[aHHbIX O0ObIYHO OCTalTCA [OCTATOYHO CTabu/bHbIMW, HO MPOLECCbl YaCTO MEHSATCH W,
cnefoBaTefibHO, TPE6YIOT YacTon MOAM(UKALMMN CYLLECTBYHOLMUX CUCTeM. [lenas ynop Ha [aHHble,
NHPOPMaLMOHHAA WHXEHEPUS MOMOraeT YMeHbLUTb BUAHME Ha CUCTEMbl NPU U3MEHeHUU
npoL,eccos.

PesynbTatoM npouecca MHMOPMaUMOHHOW  MHXEHEpUM  ABNAETCA  apXMTeKkTypa
MHpopmaLnoHHblx cucTem (ANC), koTopas CAyXUT OCHOBOW ANA MAaHMpOBaHWs, pa3paboTku u
ynpasfieHns 6yaywmMm nHGHoOpMaLMOHHbIMU CUCTEMaMN.

BHegpeHne WMHMOPMALNOHHON WHXeHepun B OpraHusaumm [oporocToALWmnin  npouecc,
KOTOpbI BK/OYaeT MiaHUpoBaHWe, BblAefieHne pecypcoB, OTBETCTBEHHOCTb PYKOBOACTBA, YETKO
onpefenieHHble LUeNu, BbIABIEHME KPUTUYECKUX (HaKTOPOB U KOHTponb. AWNC npegoctaBnseT
nnargopmy, KoTopas BK/IIOYaeT  KOMMbIOTEPU3MPOBAHHbIE,  aBTOMaTU3MPOBaHHble U
WHTErpmpoBaHHbIe MHCTPYMEHTHI, TakKne Kak MHcTpyMeHTbl CYB/ n CASE.

Ycnex obuieid ctpaterum MHMOPMaUMOHHLIX CUCTEM M CcTpaTterum agMUHUCTPUPOBaHUSA
[aHHbIX 3aBUCUT OT HECKOJIbKMX KPUTUYECKMX (haKTOPOB ycrnexa, KoTopble ABJ, f0/MKeH NOHUMATb.
Kputuyeckne ¢akTopbl ycnexa BK/IOYalT  cregyrowme  npobnembl  yrnpaBieHYeCKo,

TEXHONOTMYECKOM 1 KOPNopaTUuBHOW KyNbTypbl:

00 TlMprBEP>KEHHOCTb PYKOBOACTBY. [prBEPXEHHOCTb PYKOBOACTBY BbICLIEIO YPOBHS
Heob6xoauMa Ans o6ecrneyeHus NPUMeHEeHWs CTaH4apToB, MPouUeAyp, NAaHWpPOBaHWS W

KOHTpoNs. MprMep JO/MKEH ObITb YCTAHOBNEH CBEPXY.

O TwaTenbHbIn aHann3 cuTyauun B KOMNaHun. Tekyliee COCTOSHUE afMUHUCTPUPOBaHNS
KOpPNopaTUBHbIX [aHHbIX LO/MKHO 6bITb NPOaHaIN3MPOBaHO, YTOObI MOHATb MO3ULUIO
KOMMNaHWN N UMeTb YeTKOE NpeLCcTaB/ieHne 0 TOM, YTO A0/IKHO 6bITh cAenaHo. Hanpumep,
Kak o6pabaTbiBaloTCa aHanu3 6asbl  AaHHbIX, MPOEKTUPOBaHWEe, [AOKYMeHTauus,
peanusauus, cTaHAapTbl, Koaudukauus u gpyrue Bonpocbl? CHavana Heo6XxoAnMOo
onpefennTb NOTPE6HOCTU U NPO6AeMbl, a 3aTeM OMNPeAeUTb X MPUOPUTETHOCTD.

| YyacTwve nonb3oBaTeneil. KakoBa CTeneHb OpPraHU3aLMOHHbIX U3MEHEHUIA? YcnewHoe

n3MeHeHue TpebyeT, 4TOObI MOAM ObIIXM B COCTOAHUM MNPUCMOCOOUTLCA K HeMmy.

Monb3oBaTenn LO/MKHbI UMETb OTKPbITbIA KaHan CBA3WU C BbICLIMM PYKOBOACTBOM /1A

obecneyeHns ycrnexa BHeApeHUs. Xopollee o6LLeHMe ABNAETCA K/OYOM K obuiemy
npoteccy.

O OnpefeneHHble cTadHgapThl. AHaIMTUKU U NPOrPamMMUCTbl AO/MKHbI 6bITb 3HAKOMbI C

COOTBETCTBYHOLLMMMN METOAONOTMAMMU, Npoueaypammn 1 cTaHgapTamu. Ecnm 3To He Tak,

UM MOXeT noTpeboBaTbCsA 06yUeHue.

O TloBblleHVe  KBauukauunm. lMocTaBwiMK — fOo/mKeH 06yunTb  nepcoHan AB/[
ncnonb3oBaHno CYB/ 1 apyrux MHCTPYMEHTOB. [0o1b30BaTeNN AONXKHbI OblTb 06YUEHbI
MCMOMb30BAHUIO MHCTPYMEHTOB, CTaHAAPTOB U npoueayp. KnoyeBoi nepcoHan Ao/mKeH
ObITb 00YYEH B NEPBYHO 0Yepellb, UTOObI OH MOr 06y4aTb APYruX.
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0O He60bLWOon NMNOTHbIA NPOEKT. He6oNbLION NPOEKT peKoMeHAyeTcs Ans obecneveHns
Toro, 4ytobbel CYBJ pab6oTana B KOMMaHWu, 4TO6Gbl OHA MPOM3BOAMNA OXWUAAEMbII
pesynbTaT, U 4TOObI NepcoHan 6bi1 JOMKHBIM 06pa30M NOArOTOB/IEH.

3TOT CNUCOK (haKTOPOB He AB/IAETCA MCYepnbiBaOLWMM, HO OH o6ecrneynBaeT OCHOBY A/if
pa3paboTKM yCcnewHoin cTpaTernn. HesaBMCMMO OT TOro, HAacKO/bKO BCeoOGbemawwMM OyaeT
CMWUCOK, OH [O/HKEH OCHOBbIBATbCHA Ha pa3paboTKe W peanu3auuun cTpatermm agMUHUCTPUPOBAHMUSA
JaHHbIX, KOTOpas TECHO MHTerpupoBaHa C 06WMM MNAaHMPOBaHWEM WHMOPMALMOHHBIX CUCTEM
opraHmsayum.

Pa3paboTKa KOMMJIEKCHON CTpaTermnm agMWHUCTPUPOBAHUA AaHHbIX B OpraHusauuu - 3T0
6o/bllOe HauyMHaHWe, BK/KOYalOLWee TeXHUYECKMe, oOnepauMoHHble K yrpaBneHYeckue posu.
CerogHs y npefnpuaTUin TakXKe eCTb BO3MOXHOCTb NEPEHECTU Liefible BblYNCANTENbHbIE PYHKL UK
(Hanpumep, cepBepbl, XpaHUNWULLE, pe3epBHOE KOMupoBaHWe W Jaxe 6a3y AaHHbIX) 3a npegens
npeanpuaTus n B 061ako.

9.9. Ponb AB/1 B 06nake

Mcnonb3oBaHne 061a4HbIX CEPBUCOB [aHHbIX OKa3blBAET CYLLECTBEHHOE B/INAHME HA POJib
AB/[l. Takue cepsBucbl, kak Microsoft Azure u Amazon Web Services (AWS), nossongioT
MCNONb30BaTb TEXHOMOTMIO 6a3 fJaHHbIX HA ayTCOPCUMHIe KakK BbICOKO MaclTabupyemyro ycnyry no
TpeboBaHUIO. B 3TOM HOBOM MWpe HEKOTOpPbIe 3afayun, KOTOpble KOrfa-To BbIMOAHANNCH B eUHOWA
«BHYTpeHHen» (yHkuun ABJ, Tenepb pasfefieHbl MeXAy BHYTPeHHUMW afMWHUCTpaTtopaMu u
MOCTaBLMKOM 06/1a4HbIX ycnyr. B pe3ynbTaTe, UCNonb30BaHUe 061a4HbIX CNYX6 faHHbBIX U3MEHSAET
N pacwmpseTr TUNUYHyto ponb ABJ[l B TeXHMYECKOM WM B ynpaBieHYeCcKoM acrektax. B uenom

KOMNaHWsA-NapTHep No 061a4HbIM CEepBKCaM NPesoCTaBNseT:

0 YcTaHoBKy W o6HoBneHme CYB[,. CYB/[, ycTaHOBNeHa Ha BMPTyanbHOM CepBepe
noctaBlWmMKoM ycnyr. Tlockonbky noctaBwmk CYB/[ BbinyckaeT HeobxoAnMble
06HOBNEHMA W MUcnpaBfeHMa 6e30MacHOCTU Ans nporpamMmHoro obecrnedveHus CYBA,
NOCTaBLMNK YCNYT ynpaBnseT NpMMeHeHneM 06HOBNEHWIA B npedenax yKazaHHOro OKHa
obcnyxkmBaHus. Tenepb ponb ABJL 3aknouvaeTcsd B TW,aTe/IbHON KOOPAWHALMMW TaKux
0OHOBNEHNI C BHELIHUM MOCTABLMKOM 06/1a4HbIX AaHHbIX.

YnpasneHve cepBepoM/ceTbio. MocTaBLMK YyCAYyTr HacTpauBaeT M ynpaBiseT CEepBEPOM,
Ha KoTopom Haxoamtcd CYB[, BKMYas wMaclwtabuposaHue 6asbl JaHHbIX MO
HEeCKO/IbKMM cepBepamM Mo mMepe HeobxoammocTu. Ecnu 6asa gaHHbIX pacnpefesieHa no
HECKO/IbKMM cepBepam, NMOCTaBLMK YCNYr MOXeT obecneunTb 6anaHCUPOBKY Harpysku
Ans  obecnevyeHUss BbICOKOTO YPOBHS MpousBoguTensHocTn. OpHako ABJ, [o/mkeH
paboTaTb C CeTeBbIM OTAENIOM CBOEM KOMMNaHWUW, YTOObl y6eanTbCS, YTO CeTb NPaBUbHO
HacTpoeHa fAnd obecneyeHns 6e30nacHOCTW, MPOM3BOAUTENIBHOCTU, [AOCTYMHOCTU U
ynpaBieHus.

J Onepauun pe3epBHOro KOMMPOBaHWSi N BOCCTAHOBNEHMS. OCTaBLW MK YCAYT BbINOAHAET
perynspHblie pe3epBHbIe KOMUW M XPaHWUT pe3epBHble KOMUKM B 6e30MacHbIX cpeacTBax.
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ABJl nomkeH ofecrednTs COOMIOAEHWE W TOAAEPKKY BHYTPEHHHX TOJUTHK
KOH(UAECHLMAIBHOCTH U XPAHEHUS JaHHDIX.

XOTs 5TH CEPBUCHI SIBIISIIOTCSA LIEHHBIMH B 0cBOOOXat0T ABJ] OT BhInoONHEHHs 3THX 3a1ad,
OCHOBHBIM ITPEUMYLIIECTBOM OOJIa4HBIX CEPBHUCOB AAHHBIX SABJIETCS HX CIIOCOOHOCTD MPENOCTABIATD
 yNpaBJsTh KOHPHUIypanueil KOMIIBIOTEPHOro 000pyAOBaHUS U MPOrPaMMHOIO O0eCTieueH sl pu
HM3KHX 3aTparax. [Ipenbinymue 3amaum — ToJabKO Manast 4acTh obs3anHocTeir ABJl; YV npasnstoias
posnb AB/] npakTHYECKH HE MEHSIETCsI, 8 HHOTAA AaXKe AOMOJHAETCS HOBbIM U3MEpPEHUEM 00JIauHbIX
cepBuCcoB JaHHbIX. [Tonb3oBarenbckue TpeOOBaHHA BCE €le NOJDKHBI ObITh COOpaHbI, pelueHus A
JAHHBIX BCE €IE AOJKHBI OBITh pa3pabOTaHbI; MOJb30BATENN HYXXIAIOTCS B O0yYeHUH, MOJUTHKH,
CTaHAAPTHI U MPOLENYPHI JOJIKHBI ObITh pa3paboTaHbl M BHEAPEHBI.

Haxe Texnuueckas ponb ABJI Bce emie CyLecTByeT ¢ HCIOJIb30BaHHEM O0JIauHbIX CEPBHCOB
naHHpIX. CyIeCTByeT MHOIO MOCTaBIMUKOB OOJIAYHBIX YCJYT Mepefavyd JaHHBIX, H HEKOTOpble
npeanaraoT pasnnusbie npoayktel CYBJI, BKimoyas nponpueTapHbie CUCTeMBbL. JIOCTYIHBI TOJBKO
HexoTopele Bepcun 3Tux CYB/I, Biirouas HeCKobko Bepcuil ogHow u Toi ke CYBJI. Hanpuwmep,
JAHHBIM TOCTaBIIKK yCIyTr MOXeT noaaepxkusath kak MySQL 5.1, rak u MySQL 5.5. B s1oii cpene
ABJI onenusaet pasHele CYBJI, 4ToObI ONpeneauTs, Kakoi NpOrpaMMHBINA NPOAYKT HUCIOJIb30BATh,
U OLEHMBaeT, y Kakoro nocrasmuka npuodpectn CYBJ. Kpome Toro, ABJ] nomken paGoratsh ¢
IIOCTAaBUIMKOM YCIyr OONAYHBIX JaHHBIX, YTOOBI COIJIACOBATh HEOOXOMUMbIE TEXHHYECKHE
XapaKTePUCTUKU Oa3bl JAHHBIX C TEMH, KOTOPBIE MOANEPKUBAKOTCS TOCTABIIMKOM YCIIYT 0OIaYHBIX
IaHHBIX, U 00ECNEeUNTb JOCTYIHOCTh, O€30MaCHOCTh U LIEJIOCTHOCTh JAHHBIX B PACLIMPEHHBIX
TPAHUIAX CETH KOMITaHWH.

IocTaBiuky ycnyr o0nadHbIX AAaHHBIX NPEIUIAararoT pasjiu4Hble CXEMbI EHOOOpa30BaHMSL.
IlenooOpazoBaHue OOBIMHO OCHOBBIBAETCS Ha Takux (akTopaX, Kak OObeM MaMsTH,
BpIUUCIUTENbHbIE pecypchl (mukiasl LTI u mamsATe) M pasmepbl NepenaBacMbIX HaHHBIX.
Ilonp3oBaTensiM cepBUCA €XKEMECSIYHO BBICTABISIETCS. CYET 3a KOJHYECTBO HCIOJIb30BAHHBIX
pecypcoB. IToCTaBIINKY YCIIYT 3aHTEPECOBAHbI B TOM, 4TOObI 0a3bl JAHHBIX MX KIIMEHTOB ObUIH KaK
MOXHO OosbIero pasmepa; Kpome Toro, oHu 3auHTEpEeCOBaHbI B TOM, YTOOBI CTPYKTYPhI 0a3 JaHHBIX
Obutn He3(pPexkTuBHBIMU pU 00pabOTKe 3ampOCOB, MOCKOJBKY KIHEHTaM MPHAETCS IMOKYIaTh
Ooubllle MAMATH U NIPOLIECCOPHBIX pecypcoB. IlocTaBImuku yCayr BHIMIPHIBAIOT, €Ciid 0a3a JaHHBIX
3all0JHEHA IUIOXO CIPOEKTHPOBAHHBIMH TaOJHMLAMH, KOTOPBIE COAEPKAT MHOIO HEHYKHBIX
M30BITOYHBIX JAHHBIX, C KaKAbIM WHIACKCHPYEMbIM aTPHOYTOM B Kaxkaoi TaOnuie W 3ampocamu,
KOTOpbIe TPEOYIOT MHOT'O BPEMEHH ISl 3aIlyCKa MM BO3BPALUAIOT THICSYHM CTPOK AAHHBIX, KOTOPBIE
IOJDKHBI OBITH MepenaHsl B uHTepericHOe MPUIIOXKEHHE I AOMOJIHUTENBHOM 00paboTku. Takum
obpasom, ABJ] MOXeT C3KOHOMHTb OpPraHH3allMM 3HAYUTEJbHOE BPEMsl W JEHbIH, O0ecrevnBast
NpaBUJIbHOE MPOEKTHpPOBaHWE 0a3 MaHHBIX C MHHHMAJIbHON H30BLITOYHOCTHIO M 3(dekTHBHOE
KoaupoBaHue 0a3 naHHbIX. O4YEBHAHO, YTO TEeXHWUYeCKas posb ABJ] mo-mpexHeMy BakHA IS
OpraHuzaluii, KOTOpble HCIONB3YIOT 0OauHble CykObl naHubX. Ycmmust ABJ] mo adpdexTruBHOMY
M pe3yJbTaTHBHOMY TMpPOCKTHUPOBAHHMIO 0a3bl  HNAaHHBIX, KOOMPOBAHHIO, MOHHMTOPHHIY

NPOU3BOAUTENBHOCTH 0a3bl NAHHBIX M HACTPOIKe 0a3bl JAHHBIX BCE €IIE BIUSIOT Ha CIIOCOOHOCTD
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opraHu3auMy WUCMNONbL30BaTh [aHHble M MHMOPMALUI0O B KauyecTBe pecypca, WU OHWM OKasblBalT

HenocpeACTBEHHOE BUAMMOE BNUAHUE Ha €XKEMECAYHbIN CYET 32 00CNYXUBaHWE AaHHbIX.
He3aBMCMMO OT TOro, XpaHuUTCsA N1 6asa faHHbIX HA cepBepe NpeanpuaTua uam B obnake,

aaMuHucTpaTop b, fonxeH obecrneynBaTb 4OCTYNHOCTb, 6€30MNaCHOCTb U LLe/IOCTHOCTb JaHHbIX.

9.10. UTtorun

O YnpasieHue JaHHbIMUW ABNAETCA KPUTUYECKN BAXKHbIM BULOM [eATeNIbHOCTU ANS NH060W
opraHu3sauun, No3ToMy AaHHble JO/DKHbI PACCMATPUBATLCA KaK KOPMNOpaTUBHbINA aKTUB.
LileHHOCTb Habopa [aHHbIX W3MepseTcs MOJIE3HOCTbI0 MH(pOpMauuu, MONYYEHHON U3
Hero. XopoLLee ynpasneHne faHHbIMW, BEPOATHO, AAaCT XOPOLLY MHpOopMaL Mo, KoTopas

ABNAETCA OCHOBOW Ans 60/1ee 3PHEKTUBHOIO NPUHATUA PELLEHWA.

0 KauyeCTBO [JaHHbIX - 3TO KOMMMEKCHbIA MoAXof K 06ecnevyeHutd TOUYHOCTH,
[JOCTOBEPHOCTM W CBOEBPEMEHHOCTM fAaHHbIX. KauyecTBO [aHHbIX (OKYCUPYeTCs Ha
MCNPaBNEHUWN TPSA3HBLIX AaHHbIX, NPeAoTBPALLEHUN OYAYLMX HETOYHOCTEN B AAaHHbIX W

yKpenneHnu foBepus Nonb3oBaTeneil K AaHHbIM.

O CYB/[, asnfetca Hambosiee 4acTo MCMONAb3YeMbIM WMHCTPYMEHTOM ANS YnpaBieHus
KoprnopaTuBHbiMKM  faHHbIMW. CYB[ nojnepXusaer MNPUHATUE CTPaTErMyeckux,
TAKTUYECKUX W OnepaTMBHbIX pelleHWii Ha BCEX YPOBHAX oOpraHusauun. BHegpeHue
CYB/[ B opraHusauui - [eno fgenukatHoe; sBnauaHue CYB[ Ha ynpasfiieHYeckue u

Ky/IbTYpHblE paMKU OpraHu3auum AOMKHO ObITh TLATENbHO U3YUEHO.

O AamuHucTpatop 6asbl gaHHbIX (ABJ]) oTBevaeT 3a ynpasneHue KopropaTtusHoW B/.
BHYTpeHHAA opraHusanmsa agMUHUCTPUPOBaHUA 6a3 AaHHbIX BapbuUpyeTcs OT KOMMNaHuu
K KOMnaHuu. XoTa CTaHAapTOB He CyllecTByeT, OObIYHON NpPaKTUKON ABNAeTcA
pasgeneHue onepauunint ABJ] B COOTBETCTBMU C (hazaMm XXM3HEHHOTO LuK/a 6a3bl JaHHbIX.
HekoTopble KOMNaHUM co3fann MonoXeHue ¢ 60/ee WMPOKUMU MOMHOMOYUAMU MO
ynpaB/ieHN0 KOMMbIOTEPU3NPOBAHHbIMU AaHHbIMU W APYTUMUW AaHHbIMW; 3TO AeicTBue
obpabaTbiBaeTca afMUHUCTPATOPOM AaHHbIX (AL).

O @dyHkumn AL v AB nmetoT TeHAeHUUIO nepekpbiBaTbcd. Boobuwe rosops, y Al ecTb
6onblle ynpaB/ieHYECKMX 33a4ay, YeM Yy TEeXHWYECKM opueHTupoBaHHbIX AB[. [lo
CpaBHEHMIO ¢ (hyHKumnen ABL yHkuma Al He 3aBucut oT CYB/ ¢ 60nee WNPOKOK ©
[0/ITOCPOYHOM HanpaBneHHoCcTblo. OHAaKO, KOra opraHu3anmns He BK/IOYaeT JOMHKHOCTb
AL, ABL BbINOMHAET BCe ero yHKuuMn. B 31O 06beauHeHHON ponn ABL [o/mKeH
o06nagaTb pasHOO6pa3HbIM COYEeTaHNEM TEXHUYECKMX U YNpaBNeHYeCKNUX HaBbIKOB.

O YnpasneH4yeckne ycnyrun AB/LL BKAOYalOT NOAAEPXKKY MOMb30BaTeNeld; onpeseneHme un
obecneyeHne cobnogeHns NONWUTMK, Npouesyp W cTtaHgaptoB Ana bJl; obecneyeHue
6e30nacHOCTN, KOH(MUAEHLMANBHOCTA U LeNIOCTHOCTU AaHHbIX; MPefoCTaB/ieHne yCcnyr
pe3epBHOr0 KOMMUPOBaHUSA M BOCCTAHOBNEHUA AaHHbLIX; U MOHUTOPUHT pacrnpocTpaHeHus
N UCMOJIb30BaHMA faHHbIX.
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Texnuueckas pons ABJ] Tpedyer y4yacTus mo kpaitHel Mepe B CIENYIOIINX OeHCTBUSX .
oueHka, BbIdop u ycranoska CYB]I; paspaboTka u BHeAPEHHE, TECTHPOBAHUE M OLIEHKA
b/l n npunoxenuit; skcrutyaranus u obciayxusanne CYBJl, yTHINT U NPHITIOKEHMUIA,

o0ydeHne U nmoaaep kKka mojib30BaTeeii.

besomacHOCT  OTHOCHTCS K OCWCTBUSIM M MepaM,  00eCreHYMBarOLINM
KOH(UAECHIINATBHOCTh, LEJIOCTHOCTh U IOCTYITHOCTb MH(POPMALMOHHON CHCTEMBI U €€
OCHOBHOIO pecypca — naHHbIX. [TomuTuka Oe3omacHocTH — 3TO HabOp CTaHOAPTOB,
NOJUTHK U IPAKTHK, KOTOPbIE FAPaHTUPYIOT OE30IIaCHOCTh CHCTEMBbI H 00ECIeunBaoT

ayJUT U COOTBETCTBHE TPEOOBAHMSIM.

VA3BUMOCTb B CHCTeMe 0€30MacHOCTH — 3TO €naboCTh B CUCTEMHOM KOMIIOHEHTE,
KOTOpass MOXeT OBITb HCIIONb30BaHA MJSI HECAHKIMOHUPOBAHHOIO IOCTyNa WIIH
HapylleHus paboThl CiykObl. Yrpoza 0e30macHOCTH — 3TO Hen30e)KHOe HapylIeHue
0e30IIacHOCTH,  BBI3BAHHOE  HEKOHTPOIUPYEMOH  YA3BUMOCTBIO.  YS3BUMOCTH
0€30MMacHOCTH CYIIECTBYIOT BO BCEX KOMIIOHEHTaX MH()OPMALMOHHON CHCTEMBIL. JIIOIH,
obopynosanune, mporpaMMmHoe obecredeHue, CeTb, MpPOLEAypbl U AaHHBIE. IlodTOMY
O4YeHb BAXXHO MMETh HAINEeXHYIO 3amury 0a3pl maHHbIX. besomacHocTs B oTHOCHTCS K
¢yukuuam CYB]] 1 COOTBETCTBYIOIIUM MepaM, KOTOPbIe COOTBETCTBYIOT TpeOOBaHUSIM
6e30macHOCTH OpraHU3aLuL.

PaspaboTka cTpaTernu afMUHUCTPUPOBAHUS JAHHBIX TECHO CBSI3aHA C MUCCHUEH U LIEIAIMU
xomranuu. IlosTomy cTparermdeckuil miaH TpeOyeT MAETAJbHOrO AaHaliM3a Lelnei
KOMIIAHUH, €€ CUTyaluu 1 norpedHocTeit OmsHeca. st pykoBoacTsa pa3paboTKoii 3TOro
IUlaHa aJMUHHUCTPUPOBAHMS JAHHBIX TpeOyeTcss HWHTErpupyrolias MeETOMOJOTHS.
Hamnbonee wyacto wHCHojb3yemas METOAOJIOTHS  MHTErpallid  HM3BECTHA  Kak

MH(POPMALIMOHHAS HH)KEHEPHSL.

Yrobbl MOMOYL MPeoOpa3oBaTh CTPATErHMYECKHE TUIAHBI B OomnepaTuBHble MiaHbl, ABJ]
HMEET JIOCTYN K apCeHaJly HHCTPYMEHTOB aamuHuctpuposanust bJl, Bkitouas cioBapb

JAHHBIX U MHCTPYMEHThI aBTOMATH3UPOBaHHOTO NpoekTrpoBanus cucreM (CASE).

C BBeeHHEM HAJEKHBIX O0NAYHBIX CEPBHCOB AAHHBIX poib ABJ/] Bhbiljia 3a mpenesns

KOPIIOPATUBHBIX CTCH.
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