NMHO®OPMALIMOHHbIE
TEXHOJIIOI'nH

Nexkuuna 7. ba3bl AaHHbLIX U1 CUCTEMbI
ynpaBneHna uMu. TpaH3aKLuuu.
MeToabl 1 atanbl npoekTuposanua AC

Kypc nekuun



ba3bl AaHHbIX

Basza paHHbix (B[) - COBOKYMHOCTb oOnpeaeneHHbiIM obpasom
OpraHn3oBaHHOW WHMOPMaLUUKM Ha Kakyl-To Temy. OHa cocTaBnsier
BaXHenLwnn komnoHeHT UC.

NMpeameTHana obnacTtb B - ee TemaTuka.
[Mpnmepsi:
. 0asa gaHHbIX KHWKHOro poHaa OnMbnmoTeku;
. 6asa gaHHbIX KaOpOBOro CoCTaBa yypexaeHus,

. 6as3a pgaHHbIX 3aKkoHoAAaTenbHbIX akToB B obnactn npaea (KoHcynbraHT
NnKC);

. 6asa gaHHbIX COBPEMEHHOW 3CTPaHOM MECHMU.
basbl gaHHbIX ObIBaOT pakTorpapPuyeckuMmm u AoKyMeHTanbHbIMM.

daktorpacuyeckne Bl cogepxaTt KpaTkme cBegeHns ob onmucbiBaeMblX
obObekTax, NpeacTaBneHHble B CTPOro onpeneneHHoMm dopmare (nepsble 2
npumepa).

[okymeHTansHble B cogepxaT wnHMopmauuko camMoro pasHoro Tuna:
TEKCTOBYI, rpaduyeckyto, 3BYKOBYI, MynbTUMeaurnHylo (BTopble 2
npumepa).

[paHuubl Mmexay obonmn Tunamu B pasmbIThbl.
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KomnetotepHaa bBL — 9TO opraHM3oBaHHaAd COBOKYMHOCTb AdaHHbIX,
npegHasHavyeHHas ansa AnuTenbHOro XpaHeHnst BO BHELWWHEN namatn OBM u
NOCTOSIHHOrO npuMeHeHusi. Ona xpaHeHns B MOXeT Mcnonb30BaTbCA Kak
OAWH KOMMbKTEP, TaK M MHOXECTBO B3aMMOCBA3aHHbIX KOMMbIOTEPOB. B
nocneaHem crnyydyae bl Ha3biBaeTcs pacnpeneneHHon.

Boobuie roBops, [MOaHHble MOryT ObiTb CTPYKTYPUPOBaAHHBLIMU W
HECTPYKTYPUPOBAHHbLIMN.

[MpMmep HECTPYKTYPUPOBAHHbLIX AAaHHbLIX NPUBEOEH HAa PUCYHKE.

KomnbloTepHble Bl — 3T0, KakK

HeCcTpyKTYpHpPOBAHHBIC npasuIo, CTPYKTYyppOBaHHbIE
P P naHHble (Kpome bonblinx aaHHbIX).

AAHHBIC Tpu TMNa CTPYKTYp:
T 1. PensumonHble Bl - cuctema
@_[K} mu\u] CBsi3aHHbIX Tabnuu,.
roayoom | | 75 2. WNepapxuyeckne Bl - oguH Tvn
© oObekTa SABNSAETCA [MaBHbIM,
ZOTTPC‘BHHQ l BCE HUKenexalme -

noA4YNHEHHbIMW.

3. CeteBble B[l - nwbon Tun
OAHHbIX OOHOBPEMEHHO MOXET
ObITb rMaBHbIM N NOAYNHEHHBLIM.

ACPCBO GQICI bl
KPaCHBIH | KVIJTbI
[UracTMacca
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NMpumepbl cTpykTyp BA

PengaunoHHas:

CTtpoka - 3anucb, ctonbeu - none. llong -

aTpnbyTbl obbekTa. [MaBHbIM ko4 B Bl - none i
NN COBOKYMHOCTb Morien, 3Ha4YeHne KOTOporo He
NOBTOPSIETCA Y pPa3sHbIX 3arnncen. ] i

WUnsa

[Mpumep - pacnmncaHue, TenedOoHHbLIN CrpaBOYHUK.

VlepapqueCKaﬂ: SERGEIS A
[Mpymep - CTPYKTypa PUpMbl, CTPYKTYypa opraHu3aumnu T‘% e o [T
~ 001 Benses A.P. 3se3pa K3U 1990 3
npocMoTpa nporpamMmm 1 pannos B KOMIMbIOTEPE. 002 | Onewa 0K | Tissponwoe | 198715
003 Bensaes A.P. W3bpanHoe 1994 1
8% 0630p - Moit komnboTEp e T "B B «[loMatunana GuonitoTexan ) Y PaIHBIX KHUE MOTYT
J Qm'?‘n [paska .EMA_ ﬂepez.i; Msﬁpam;e : Cgpem: Cnpes ”q coBnagam 3“3%":\';;’:‘:’39’;“’:3 ::':::“Tap"b‘“ HoMep y
e 3 LE i
‘[__I-f.\ian X (5l of cag e ' _Beepx, ﬁgpe;urn ‘Kor!u-gua.,. AN f
I e - |
| Manku x | f9Quec 35 (A)
_dpa PO
.J

4 ;3 Mowt nokymew
+ 24 CeTesoe oxpyxeHue
i 3}Kop3mua

i

'ébsﬁgha{w TS s {15 Mow xomnbioTep B
CeTteBag:
[Tpymep - ogHOopaHroBas KOMMNbKOTEPHAA CETb,
NHTepHeT. ; '
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[JoCTOBEPHOCTL U
HENPOTUBOPEYUBOCTL AaHHbLIX

[Mpobnema: kak obecneunTb paboTy KpynHbIXx WMC C BO3MOXHOCTbLIO
OOHOBPEMEHHOW pPaboTbl C HECKONMbKUX paboynx MecT B KOTOPbIX
OOHOBPEMEHHO un3MeHsieTca cogepxumoe B[l (BBogsaTcs, oOHOBRANTCH,
yOansoTCa AaHHbIE U NPon3BoauUTCS Bblbopka 13 Bl).

Pe3ynbraThl, nonyvyaemole ot IC, ByayT 4OCTOBEPHBI U HENPOTUBOPEYMBEI,
eCIn KONnneKkTnBHas pabota aBTomaTnyecky npon3BoauUTCs CorfacoBaHHo, T.e.:

0 orlepaTop, enawLuin 0OHOBUTb UMW yaannTb AaHHbIE, HE MOXET BbINOMHUTL
onepauuio 4o TexX nop, Noka He 3aKOHYUTCA aHanormyHas onepauust Hag TeMu
)Xe JaHHbIMW, KOTOPYHO paHee Hayarl, HO elle He 3aKOHYMN ApYron oneparop,

0 onepaTtop, POPMUPYHOLLIMA OTYETbI, HE CMOXET BOCMONb30BaTbCA AaHHbLIMU,
KOTOPble Hayar, HO ellle He 3aKoH4YMn dopMMnpoBaTh ApPYro oneparop,

0 onepaTop (OPMUPYIOLLNIA OaHHbIE, HE CMOXET BbIMOMHUTL Onepauuo Haj
OaHHbIMKW, KOTOPbLIMW MONb3yeTcsd APYronm ornepartop, HavasBLUW, HO He
3aKOHYMBLLMIA HOPMUPOBATL OTYET.

B atomM cny4ae Bce pesynbratbl, nonyvdaemole ot WC, 0Oyayr
COOTBETCTBOBATbL COrfacoBaHHOMY COCTOAHMIO B/I.
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Knaccu4yeckasa TpaH3akuus

Knaccuyeckass TpaH3akuusi - nocregoBaTenbHOCTb W3MeHeHnss B wn/unu
BblIOOPKM M3 Oasbl JaHHbIX, BOCMPUHUMaemMasa CUCTEMOW ynpaBneHus Gason
naHHbIX (CYBO) kak epuHoe (atomapHoe) penctBue. Bl Haxogutca B
LeNOCTHOM COCTOAHMW NPWU YCMNOBWUK YCMNELLUHOro 3aBepLUEeHUA TpaH3aKuuW.
Ecnu TpaH3akuus He moxeT ObiTb 3aBeplueHa, To CYB[ npon3soauT NOMHbLIN
ee oTkaT, nukenaupys B BIl pesynbratbl Bcex onepaunn WU3MEHEeHUd,
Npon3BeaEHHbIX NPU BbINOHEHUN TPaH3aKUUN.

B nepcoHanbHbix Bl BO3MOXEH OTKaT TpaH3aKunu B criyyaax:

0 HapyLeHMe LEenoCTHOCTM Ba3sbl AaHHbIX NPU OKOHYaHUU TPpaH3aKUuu,
0 aBapUUHOE BbIKITIOYEHWE NUTAHKS,
0 aBapuun BHellHero Hocutensa bL.

[Tpowte Bcero obpabaTbiBaTh 3anpockl NocrneaoBaTeribHO, HO CYLLECTBYIOT METOAbI
(meTon nonHoW cepuanusaunn), NO3BOMALIME MaKCMMarbHO NepemMellunBaTh
3anpocbl 1 onepartopbl n3ameHeHusa B, nocTynaroLine oT pasHbiX TpaH3aKuun,
C TEM NULLb YCINOBMEM, YTO KOHEYHbIN pesynbTaT BbINOIHEHUS BCEro Habopa

TpaH3aKLI,I/Il7I 6y,qu IKBMBAlIEHTEH pe3yribraty WX nocrsiegoBaresibHOro
BbIMOJTHEHUA.

NHorga cosgaetca OOMNOMHUTENbHbIA oanun BHeLWHen namaTtv - XypHan B, B
KOTOpPbIM MNOMELLalTCsd 3anucu, COOTBETCTBYHLUME Kaxaou onepauun
nameHeHna bl], a Takke 3anucum 0 Havane u KoHUE KaXkgon TpaH3aKuuw.
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Cuctembl ynpaBneHma 0azamu AaHHbIX

[Ona B3anmogencTsus nonb3oBartend ¢ 6azamu gaHHbIX UCMONb3YKOT CUCTEMbI YIPaBIEHUS
fanHbivMy (CYB[). CYB[] - ato MO, npeaHasHauyeHHoe Ans cosaaHus Ha 9BM obuuei
0a3bl OdaHHbIX AN MHOXECTBA MPUIIOXKEHUW, NoadepXaHna €ee B akTyasllbHOM
COCTOSIHUM K obecnedeHnsa aPPEKTUBHOIO 4OCTyNa Nofb3oBaTenen K cogepxalimumcs
B HEW OaHHbIM B pamMKax NpeaocTaBrieHHbIX MM nonHomouun. CYB[ mncnonbaytoTcs
ana Toro, 4tobbl HE MOBTOPSATbL OOHM M Te Xe cnocobbl XpaHeHusi, Bblbopa WU
MOAMMUKALMKN CMOXKHBIX AAaHHbBIX B KQXKAOM NPUITOXKEHUN.

CYB[] sBnalTca nocpeaHukamy Mexay NorMyeckoit CTPYKTYPOW AaHHbIX, HEOBXOoauMbIX
pa3HbIM NPUMNOXEHUSM, U (PU3NYECKUMN XPaHUNULLAMWN OaHHbIX (cbavmosom cucTemom
NnepcoHanbHOro KOMMbOTEPA, CEpPBEPA UNK FPYNMnbl CEPBEPOB).

PyHkuuu CYB[:

0 ynpaBreHMe AaHHbIMM BO BHELUHEW namaTtu - obecredyeHne HeobXOOAUMBLIX CTPYKTYP
BHELLUHEN MaMATU KaK ONA XpaHeHWa HenoCpPeACTBEHHbIX AAHHbIX, TaKk U ONs CIy>KeOHbIX
Lenen, Hanpumep, ANa YCKOpeHUst JoCTyna K 4aHHbIM;

0 ynpaBneHue TpaH3aKuuMsaMu - ycroBme OCOBEHHO BaXHOE€ B MHOrOMosib30BaTeSNIbCKUX
CYBL; npn CcOOTBETCTBYIOLLEM MEXaAHM3ME YrpaBfiEHUS TPaH3aKUMSAMKU MONb30BaTesb
MOXET NoYyBCTBOBaTb ce0sl eAnHCTBEHHbIM nonb3oBatenem CYB/;

0 XypHanu3auma u BoccTtaHoBneHme B[l nocne c6oeB - cnocobHoctb CYB[
BOCCTAaHOBUTb MNOCMeAHEE COrNacoBaHHOE COCTOsSIHME MNOCMfe  annapaTtHoro  Unu
nporpaMMHoOro cbos; BO BCeX Ccrnydasx MNpUAOEPXMBAOTCA 'ynpexaawowen' 3anicu B
KYPHan cyTb KOTOPOW 3aKn4aeTcsl B TOM, YTO 3anucb 06 nameHeHun nwoboro obvekta bl

OOMKHA NonacTb BO BHELLHIOK MNaMATb XXypHana paHblle, YemM OHa nonageT BO BHELLUHIOW
namMaTb OCHOBHOWM YacTtu b/;

0 nogAepikka crneumanbHbIX A3bikoB B[, cogepxallinx Bce Heobxoanmble cpeacTBa Ans
paboTbl ¢ B[] 1 obecneumBatonx 6a3oBbIN NOMb30BaTENLCKNUN UHTEpPdenc ¢ Bl.
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Tpe6OBaH ns K CYE.U,

NMpousBoaNTENbLHOCTbL roTOBHOCTb -  3anpochl nonb3osartensa bl
YAOBIIETBOPAIOTCHA C TaKOW CKOpOCTb}O, KOoTopasi TpebyeTcs ,EU'IFl I/ICI'IOJ'Ib3OBaHVIF| AaHHbIX
(kak npaBuno, B pearilbHOM MacLiTabe BpeMEHMN).

MuHMManbHble 3aTpaTthbl - HA3Kas CTOMMOCTb CO3[aHWUs, XpPaHEeHUs U UCMONIb30BaHUS
NaHHbIX.

npOCTOTa N NEerKkoctb Ucnosfib3oBaHusA - OOCTYN K AaHHbIM OOJDKEH ObITb NMPOCTbIM,
NCKMIOYaoLWMUM BO3MOXHbIE OLLUMOKK CO CTOPOHbI AaXXe HE O4YEHb KBaJ'II/ICbVILI,VIpOBaHHOI'O
nornb30BaTer4.

BepTukanbHoe U ropusoHTanbHoe MacwTtabupoBaHue - bl MOXeT yBenuuneaTbCa U
N3MeHATbCA 6e3 HapyLLEHUS UMEKOLLMXCS crnocoboB NCNOSb30BaHNA AaHHbIX.

LlenocTHOCTb - npu paboTe C MHOrMMK MOMNb30OBaTENSIMU 3MIEMEHTbI AaHHbLIX U CBS3U
MeXdy HUMM He AOMKHbl HapyllaTbCH, a annapaTHble OWWnbKM KU cny4darHble coon He
[OIMKHbI MPUBOAUTL K HEOOPaTUMbIM NOTEPSM AAHHbIX.

be3onacHocTb - 3alintTa OdaHHbIX OT cnyqaﬁHoro nnan npegHamepeHHoro
HECaHKUMOHMPOBAHHOIO AOCTYnNa.

A3bik Ana paboTbl C peNALUMOHHbLIMMU

=1

[Ona cospganus, mogmdukaumm v ynpasneHus gaHHbIM1 B NPOM3BOSIbHON pensuuoHHon b
S13blK NpOrpaMMmnpoBaHust, ynpaesnsemon cootsetctaytowen CYB, ncnonbsyercsa, A3bIK
SQL (structured query language), T.e a3blk CTPYKTYPUPOBaHHLIX 3aMPOCOB.
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TpaanunoHHblie CYB[

TpaguumoHHble CYB]l opueHTupytotcs Ha TpedosaHus ACID

O

K TpaH3aKLUMOHHOWN CUCTEME:

Atomicity - aTomapHOCTb (TpaH3akuusa He OUKCUpyeTCs B
CUCTEME YaCTUYHO);

Consistency — cornacoBaHHOCTbL  (TpaH3aKkuug
gocTuvratowlasa  CBOEro  HopMasibHOro  3aBeplueHus
COXPaHSIET cornacoBaHHOCTb 6a3sbl AaHHbIX);

Isolation — n3onnpoBaHHOCTL (BO BPeEMS BbIMOSTHEHUS
TpaH3aKkuun napannenbHble TPpaH3akuMu He OKasbiBalT
BNUAHMNE Ha €€ pesyrnbTarT);

Durability — HagéXHoOCTb (M3MeHeHUsl, caenaHHble
yCnelwHo 3aBepLUEHHOW TpaH3aKuuen, OOrmKHbl OCTaTbCH
COXPaHEHHbLIMUW MOCsie BO3BpaLLEeHNs CUCTEMbI B paboTy).

Ho cBonctBa ACID npaktnyeckm  HEBO3MOXHO
obecrneuntb B cCUCTEMAxXx C MHOTOMUIITIMOHHOW BED-
ayanTopuen, Bpoae NOUCKOBbIX CUCTEM UM amazon.com.
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HepensaunoHHbie CYB

HepensuuoHHblie CYB[ (no relational database management

a

system - NRDBMS) o6bi4HO HasbiBatoT NoSQL (No mnu Not
Only Structured Query Language — He CTPYKTYPUPOBaHHbLIN

A3blK 3anpocoB). OH opueHTUpyeTcs Ha TpeboBaHna BASE, a
He ACID :

Basic availability - 6asoBasi goctynHocTb (Kaxabl 3anpoc
rapaHTUPOBaHHO 3aBepLUaeTCcs ycrnewHo unu 6esycneLlHo).

Soft state - rMbkoe cocTossHME (COCTOSIHME CUCTEMbI MOXET
N3MEHATLCS CO BPEMEHEM, Oaxe 0e3 BBoAa HOBbIX AaHHbIX,
ONA OOCTMXKEHUA cornacoBaHnst AaHHbIX);

Eventual consistency - cormacoBaHHOCTb B KOHEYHOM CYETE
(OaHHble MOryT ObITb HEKOTOPOE BPEMS paccorfiacoBaHbl).

CornacHo Teopeme bBpioepa B pacnpenenéHHbIX BblIYUCNEHUSAX

MOXHO oDecneuntb TONMbLKO OBa W3 TPEX CBOWUCTB.
[MPOEKTUPOBLLMKN NoSQL-cuctem XepTBYIOT
COrMacoBaHHOCTbLID AaHHbIX paan AOCTWXKEHUA AOBYX OPYrux
ceoncTtB. HepenaunoHHble CYB[ nossonsatT pabdotatb ¢ b
NMELLMMUN NepapXnYeCKyro U CETEBYIO CTPYKTYPY.
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®YHKLUMOHANbLHO ONOYHbLIN
MmeTon co3naHua UC

Ona kaxgoro  npurnoxeHust  paspabaTbiBatotcd MO
He3aBUCUMbIE dyHKUMOHanbHbIE NPOAYKThI, nmoéo
NCNOMb3YHTCS NOTOBbIE CUCTEMbI U NAKETbl, 00 bEANHSIEMBIE C
NOMOLLLbIO cneunanbHbIX NHTEPJENCHbIX Moayneu.
[MpuknagHele nporpamMmbl, peanuayrwme dQyHKUMOHANbHbIE
TpeboBaHMA Kaxgoro 6rioka, paspabdaTbiBaloTCa B OTPbIBE APYr
OT Apyra un 4yacto B pasHoe Bpemsd. COOTBETCTBEHHO, KaKaoe
NPUNOXXEHNE MMEET N CBOM COOCTBEeHHble cpeacTBa
obecneyeHus pgoctyna K b/l.

HepoctaTtku: He obecnevymBaeTcs KOHUEeNTyasribHoe
eauHcTBo co3gaBaemon WC, 4YTO CHWXKET HaOeXHOoCTb,
NPOU3BOANTENBLHOCTb,  LENOCTHOCTb, TEXHOMOMMYHOCTb W
YCIOXHSIET 3KCMyaTtauuio.

B HacTosillee Bpemsi NPUMEHSIETCA, KakK npaBumio, Ans
CpaBHUTENbHO HebOMNbLIMX N AocTato4Ho npocTbix KC.
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I[l1ocTOMHCTBA UCNONb30BaHUA
CYB/:

BO3MOXXHOCTb cAenartb nporpamMmbl BBOAA, Moaudukauum u
noncka OaHHbIX He3aBUCUMbIMU oT nporpamm
coaepxaTtenbHon o6paboTKn NPUNOXKEHUN,

MUHUMU3NPOBATL OBOBEM  XpaHUMbIX AaHHBLIX MyTEM
NCKITIOYEHNS ux aybnmpoBaHus,

n3dexartb NPOTUBOPEYUA B XPaHUMBbIX JAHHbIX;
obecrnevynTb COXPaHHOCTb N LLENOCTHOCTb UHdOPMaLINK:

MHOIOKpatTHO WCMNoJib3oBatTb OAHU W T€ € [OadHHbIE
pPa3siIMdHbIMI NMPUKINaaHbIMA NMPporpaMmmamMm,

obecrneunTb rMOKOCTbL U adanTUBHOCTb CTPYKTYPbl AaHHbIX K
N3MEHALNMCS NHJOPMAaLIMOHHBLIM noTpebHOCTAM
Nnonb30oBaTENeun:;

obecneuntb 3aWNTy [OaHHbIX OT HECaHKLMOHMPOBAHHOIO
aocTyna.
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JTanbkl npoekTtuposanua UC

KoHuUenTyanbHoe MNpPoeKTUpoBaHUeE - paspabdboTtka mMoaenu
Hanboriee BbLICOKOrO YPOBHSI ©e€3 OpuMeHTauuMn Ha KaKyio-
nnbo koHkpeTHyto CYB n mogenb AaHHbLIX.

Jlormyeckoe npoekTupoBaHME - co3daHue Iornyeckou
Mo4enu opraHusauMm U B3aMMOAENCTBUA UHOPpMaUUnN B
Kopriopauuu, ansi kotopom co3gaetcsas WNC Ha ocHoBe
aHanumsa nOTOKOB JAaHHbLIX BHYTPWM Koprnopauwun, OLEHKU

obbemoB MHopMaLmu, noaaepXmuBaembix 7
obpabaTbiBaembix VC.
dunamnyeckoe  npoekTmpoBaHue - BbIbop cnocoboB

peanusaunn NC, meTtogoB AocCcTyna K AaHHbIM, KOHKPETHOM
CYB[Ll. MoxeT BNUATbL HA NOrMYECKYI0 CTPYKTYPY.

[TpoekTupoBaHne u paspaboTka uHTEpdenca - BbIOOpP
NHCTPYMEHTAanbHbIX cpeacTs ans bbiCcTpOU
adppeKkTuBHOM  peanusaumn.  [lpomsBoauTtcsd,  Kak
npaBusio, ¢ NOMoLLb nonydadbpukaTos.
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Pe3rome:

OcHoBy nwbon WC coctaBnawT BL - COBOKYNMHOCTbL onpeaesieHHbIM
oOpa3omM opraHM3oBaHHOM MHOPMaUNUM Ha Kakylo-TO TEMY; AN AocTyna K
N ynpaeBneHnst UMM Ucnonb3yeTcs crneuyuanuamposaHHoe 10 — CYBL.
Tematuka B[l Ha3biBaeTcs ee NpeaMeTHON obnacTbio.

Bl ObiBaloT aktorpadpuyeckumn v OOKYMEHTallbHbIMU, XOTH pasnunyue
Mexay aTumm Tunamu B ycnoBHa u pasmbliTa.

KomnbtoTepHble B[l, kak npaBuno CTPyKTypupoBaHHble. CyliectByeTr 3
OCHOBHbIX TUNA CTPYKTYP — PENALMNOHHbIE, MepapXUveckmue n CeTesble.

B ocHoBe NC nexut, ¢ oaHoOMn CTOPOHbI, Cpeaa XpaHeHWs u [ocTyna K
AaHHbiM T.e. Bl n CYB[M, a c pgpyron - npoctou, yAOOHbIM, Ierko
oCBanBaeMbI MHTepdenc.

[Mpn dyHKUMOHaNbHO OMNodYHOM MeTode cosgaHus WC ana kaxgoro
NPUNOXEHNS paspabartbliBatoTCS He3aBUCUMbIe dYHKUMOHanNbHLIE
NpoayKTbl, 0ObeAuHsiEMble C MOMOLLbLID CneunanbHbIX WHTEPdENCHBIX
Moayrneun.

bonee coBpemeHHbIn crnocob co3gaHns UC - ucnonb3oBaHne CYBL ans
noaaepPXXKN HEe3aBUCUMOCTW, LIENTOCTHOCTU U HENPOTUBOPEYUBOCTU OAHHbIX
B YCNOBUAX KONMNMEKTUBHOIO UCMOMb30BaHUS.

Otanbl  npoektupoBaHuss WC  Bkno4alwwT dTanbl  KOHLENTyanbHOro,
NorMyeckoro, M3nN4Yeckoro NPOEKTUPOBaHNA N pa3paboTKy nHTepdenca.
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