[bookmark: _GoBack][image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
image7.png
BYIOT cllelHaJIbHbIe MOAYJIH sAApa. B omepaliMOHHBIX CHUCTeMax
Windows noazepxuBaerca nporpammEBi RAID 0, RAID 1
n RAID 5.

ITporpammueii RAID nmeeT cBOM JOCTOMHCTBA M HEJOCTAT-
Ku. C ogHOHl CTOPOHBI, AJIA ero peaJlMs3amuu He TpedOyrOTCA
IOMOJIHUTEJbHLIE JeHEeXHble 3aTpaThl (B OTJHUYME OT XOPOIIHX
RAID-xoHTpOJIEpPOB). C Apyroi cTopoHsl, nporpammubiii RAID
JICITOJIB3YET PEeCcypChl IEeHTPaJBHOI'O IIpolleccopa, 1 B MOMEHTEI
IIMKOBOM HArpy3KM Ha JHMCKOBYIO CHCTEMY IPOIIECCOP MOYKET IO
50% wmMomHOCTH TpPaTHTh Ha obcaysxkuBaHume RAID-ycTpoiicTs.

OCHOBHEBIM CIIOCOOOM BOCCTaHOBJIeHUA HaHHBIX ¢ RAID aBns-
eTcs mporpaMMHas cOopka obpa3a MacCHBa, KOrZia IpM IIOMOIIH
IIPOrpaMMHBIX CPeJACTB OJIOKH C Pa3HBIX AHCKOB BEICTPANBAIOTCSA
B HY»KHOHU nocJiegoBaTeibHoCTH. IlopAagoxk 6JJOKOB B MaccHuBe 3a-
BHCHUT OT PACIOJIOKEHUS AMCKOB Ha KaHaJaxX U OT aJIr0OpHUTMAa
paboThl CaMOro KOHTpPOJLIEepAa.

IIpn BoccranoBieHNN AaHHBIX 13 RAID-MmaccuBa, nmpexze uem
IIPUCTYIIATh K padoTe, sKeJjlaTeJIbHO CO3aTh KJOHBI BCEX AWCKOB,
yTOOBI 00€30IIaCHUTh ce0sa OT HEeBEPHBIX JAeHcTBUHl. Takue KoOInH
MOXKHO JeJjiaTh KaK B BuZe (pailjioB, TaK ¥ HEMOCPEACTBEHHO HAa
IPyrUX HaKomurejasax. [lajee Jydile HCHOJIb30BATh HpH padore
MMEHHO 3TH KOIINH, TaK KaK eCJIM Ha MCXOIHBLIX HOCHUTEJISIX B He-
KOTOPBIX CEKTOpPax HaXOAWJIHCh «03x-0I0KM», TO paboTa ¢ TaKu-
MU JUCKaMH MOXKeT 3HAUMTEJIbHO YXYIIIINTh UX cocToaHue. Eciau

"IpM 3TOM BBI 3HaeTe IapaMeTpPhl, ¢ KOTOPBIMM CO3JaBaJICsI Mac-
CHB, TO 3TO YCKOPHMT IIpolecC cOOpKM OJIOKOB JaHHBIX.

Cy1iecTBYIOT aBTOMaTHUYeCKIe CPeJCTBa IIOMCKa KOH(pHTrypa-
uu 1 BocctaHoBjieHna RAID, — manpumep, nporpamma RAID
Reconstructor. Eciau 3amaTe B Heil ypoBeHbL MacCHBa, TO OHA
IBITAETCA HAWTH IIePBOHAYAJBHYIO IIOCJEAOBATEJIbHOCTH UC-
KOB, pa3Mep 0JiIoOKa M IPeAIIOJIOKHUTL AJITOPHUTM 3anucu MHOOP-
Manuu Ha ANCKH. Jlajmee HeoOxoammo b0 mepenucatb od6pas
MaccuBa B daiy, Jub60 3anucaTh ero Ha JUCK HJIN MacCHB, JHU0O0
co3aaTh (pailyl BUPTyaJbHOro ob6pasa M IPOJOJKHUTL €ro pasdop
npu nomorty yruaut Captain Nemo, Get Data Back niau Disc-
Editor. MoxHO Tak’Xe, UCHOJIB3YA 3HAHUA O PACHOJOKEHHH
INCKOB, aJITOPUTMe 3aIMCcH U pasMepe 0JI0OKA, BOCCTAHOBHUTDb
RAID, ucnoas3ysa nporpammy mnop HazBaHuem UFS Explorer.
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Ecau maccuB coOpaH mpaBMJIBHO, a (pa¥jiOBbIe CHCTEMBI Ha
HeM He MMEIOT JIOTHYeCKHX HNOBPEeKAEHUM, TO BbI MOMKETe IIOJY-
YUTHh JOCTYN K JAaHHBIM CTaHIapTHBIMH cnmocob6amu. B yacTHOC-
TH, eCJIi 00pa3 CKONMHMPOBAH Ha KECTKHM OUCK, TO AOCTATOYHO
IMOAKJIOYNTh €ro K KoMnbioTepy n nepesarpysuts OC (ecau He
MOAZIEPKUBAETCS ropsiyee NoaxAo4YeHne). OfHaKO MU3JI0KEeHHBIM
BbIIIIe CHOCOOOM MOXKHO BoccTaHOBHTh RAID TONBKO B camMbIxX
IIPOCTHIX CJydasX.

AbTepHAaTHBOM CO3JaHUIO O0pasa MOXKeT OBITh almapaTHas
coopka. OgxHako 6e3 3HAHMA AJropuTMa paboOThl KOHTpPOJLIEpa
an6o 6e3 HANIMYHUA PEe3ePBHOM KoOmHMU a0OCOJIOTHO BCEX OHCKOB
MacCHBa HOJIb30BATHCSA 3THM METOJOM KaTeropmiyecKy He PeKo-
MEeHJyeTcA, TaK KaK MOYXHO BHECTH TaKHue M3MEeHEeHHS Ha JAuC-
KaX, B pe3yJbTaTe KOTOPhIX BBl y)Ke He BepHeTe JaHHBIX, JaKe
o0paTHBIINCH K CIEIHMAJHCTAM.

AnnapaTHbBIA MeTOJ 3aKJIIOYaeTCA B TOM, YTO MACCHB IIepe-
co3JaeTcs Ha KOHTPOoJLJepe 3aHOBO, C IapaMeTpaMi, MOJHOCTHIO
AHAJOMYHBEIMH NpoIIoii KoHburypanuu. Ecam xe nmpu cosaa-
Hun Oyzer 3anynieH «rebuild» (mepecrpoenmne RAID-maccusa),
TO IMAaHCOB, YTO BAIIlA JaHHBIE YIIEJIEIOT, O4eHb HeMHOro. Heko-
topeie moaesn RAID-KOHTpoJJiepOB mocjie cO3ZaHUS HOBOI'O
MACCHBAa aBTOMAaTHYECKH BBIMNOJHAIOT €ro MHAIHAJINIAINI0, YTO
TaK)Xe MOYKeT IPHBECTH K HeoOpaTHMMOM HoTepe NaHHBIX.

Ecax Bce JHCKH MaccHuBa OBIJIM HCIIPABHBI, TO MMEETCA BEPO-
ATHOCTb, UTO HOCJI€ BHIIOJHEHHUSA annapaTHOM nepebOpKH Mac-
cuBa 0e3 KaKHX-JIN00 JOMOJHHUTEJNbHBIX JeMCTBHM Bhl BHOBb IIO-
JyuuTe poctyn K mHbopmanum. Ho He HCKJIII04eHO, YTO IIPHUIET-
cA ¥ mopaboTaTh ¢ TaKUMHU yTujauTaMn, Kak R-Studio, Get Data
Back sm6o aHaJOrMYHBIMH.

B cayuaax ¢ RAID naroro ypoBHs, KOrga OGHH M3 JHCKOB
HeMcIIpaBeH, MOXHO CO3ZlaTh MAaCCHB C 3aMeHO#l ANCKa Ha aHa-
JIOTHYHBIN McnpaBHBI. Korma maccus Oyger co3gaH (6e3 mpoBe-
neaua rebuild!), mocisie 3anycka omepamHOHHOII CHCTEMBI 3TOT
OIMCK HY)XHO OyZeT OTKJIOUYNTHL «B ropsuyoo». B peayjbrarte
ONATH K€ BhI MOYKETe IMOJIYUYHTD JOCTYII K CBOMM JaHHBIM Cpa3y
(mockoJibKYy cpaboTaeT «IITaTHasA» Oporeiypa MX BOCCTAHOB-
JIeHus) In60 IoCpeACTBOM HCIOJb30BaHUA IIpOorpaMMm AJif JIOTHU-
1eCKOI'0 BOCCTAaHOBJIEHUsI MH(pOpMaHUH.
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3.2. CnocoObl BbISIBNEHUA HEeUCnpaBHOCTEN
Ha padouux cTtaHuuax

Ecsu nosip30BaTes I CETH JKAJYIOTCSA, UTO IIPUJIOXKEHUA padoTa-
IOT MeJAJIEHHO, IIEPHOJHUYECKH «C00AT», a OOJHY M Ty Ke pabory
IIPUXOAUTCA BBHINOJIHATH II0 HECKOJNIBKY pa3, TO 3TO O3HAUaeT,
YTO IOpa BHIABJATH HEMCIPABHOCTH Ha paboOuyMX CTAaHINAX.

Bo3moxxHEI Tpu cnocoba pelreHHA AaHHOM IMpoOJeMBl
(puc. 3.95):

e anmapaTHBIH;
e IIPOrPAaMMHBIN;
¢ KOMOMHHNPOBAHHBINI.

IIpu annapamnom cnocobe 3aMeHSIIOT HEHCIIPABHBIE KOMIIO-
HEHTbl pabouyMX CTAaHIIMM M IIaCCHUBHOIo O0OpyAOBAHHA CeTH, a
TaKKe 3aHHMMAIOTCs IEePeyCTAaHOBKOM IporpaMMHOro obecmeue-
HuA. K anmapatHOMy cmocofy Tak:Ke OTHOCATCS NMPOodHIaKTH-
YyecKoe o0cJIy’KnBaHHe pabounXx CTaHIIMM M CeTH, UX TeCTHPOBa-
"HHe alllapaTHBIMHU CPEeACTBAMHU M, IIPU HeOOGXOANMOCTH, PEMOHT.

IIpn npozpammmrom cnocobe McHoJIbL3YIOT pasIMYHBIE IIPO-
rpaMMHBIE JHATrHOCTHUECKHE CpeZicTBa IJA TECTHPOBAHUSA He
TOJIBKO CeTH, HO M CaMMX paboumx CTaAHIIUM.

KombunupoearnHnulil cnocob coueTaeT B cebe KaK alnapaTHYIO,
TaK U IIPOrPaMMHYIO IIOANEPKKY.

Bce mHOTOOOpa3ue nedekToB B QYHKIITMOHUPOBAHNHM padounx
CTAHIIUM MOYKHO YCJIOBHO Pa3JeJINTh Ha JABE KATeropuu: «CKpHI-
ThIe» U «SABHBIe». K KaTeropmu «ABHBIX» OTHOCATCA AedeKTHI,
CJIEACTBHEM KOTOPBIX SBJIAETCSA MCKaKe€HHEe KaZipoB B IIpollecce
AX Iepemadyu o ceTu (HanmpuMep HEHCIIPaBHOCTH CeTeBOM Kap-
ThI). llepeKTHI sKe, OTHOCAIIHNECA K KaTEerOPUH «CKPBITHIX», 3a-
MeAJNAT paboTy ceTH, HO He BBI3BIBAIOT IOSBJIEHUS HNCKAYKEH-
HBIX KaJpOB.
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[ Cnocobbl BLIABNEHUSA HEUCTIPABHOCTEM Ha PabOuMX CTAHUUAX ]
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Puc. 3.5. Cnoco6bl BbiSBNEHWUSI HEUCNPABHOCTEN Ha paGo4mx CTaHUMAX

Jna BHISIBJIEHWs HEHUCIPaBHOCTEH IPOrpaMMHBIM CIOCOGOM
HCIIOJIB3YIOTCA CJIEAYIONIINe METOAEI:
® ITACCUBHOI'O0 AVUArHOCTMPOBAHUA;
® AaKTHUBHOI'O AMATHOCTHPOBAHMA;
® CTDPECCOBOr'0 TECTHMPOBAHMS.

ITouck nedeKTOB M «y3KUX MECT» CETH C IOMOLILIO NaAccus-
HbLX cpedcme JuazHOCMUKY MOMHO 0XapaKTePU30BATh KaK IIO-
HCK «OT IIPOTHBHOTO». JTO 03HAYAET, UTO O KadecTBe QyHKIMO-
HUPOBAaHUSA PabOUMX CTAHIMIA B CETH CYAAT IO OTCYTCTBUIO CHMII-
TOMOB JiepeKToB. IPPEeKTHBHOCTE JAHHOTO METOAA 3aBHUCHUT OT
ABYX OCHOBHBIX (haKTOPOB:

® OT BO3MOXXHOCTH HCIIOJIb3yeMOIr'o JUArHOCTUYECKOrO CPEACT-

Ba 110 (pMKcanuu CUMITOMOB IIpo0jieM — 4YeM GoJibIlle CHMII-

TOMOB MOXKET BBIABHUTH 3TO JUATHOCTHUYECKOE CPEJCTBO U UYeM

GoJibIlle KOMIIOHEHTOB CEeTH MM OXBATHIBAETCH, TEM OHO 3(-

tdexTUBHEE;

® OT yMEHHA aJMHHHUCTPATOPa CeTH NPaBUJIBHO MHTEPIPETHUPO-

BaTh IIOJy4YaeMyIO C IOMOIIbI0 AMArHOCTHYECKOI'O CpPejiCcTBa

uHbOpPManuIo.

Meron axmueHnozo duazHOCMUPOBAHUA cemi COCTOUT B TOM,
YTO BEIBOJBI O HAJINYUU B CETH «CKPBITHIX NeGeKTOB» M «y3KHX
MecCT» JeJaloTCs He TOJIBKO B Pe3yJbTaTe MACCHBHOrO HabJiofe-
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HUA 332 QYHKIIMOHMPOBAHHUEM pabouyHXx CTAaHIUI, HO M1 HA OCHO-
BAHUM HU3MEPEHHA CKOPOCTH paboThI ceTH B IpOIecce ee dKcC-
IJIyaTamumn.

MeTomosiorusi aKTHBHOTO TECTUPOBAHHSA B YeM-TO AHAJIOTHY-
Ha IIOMCKY HEHCIIPABHOCTEHl B 3JIeKTPOHHOM ycrTpoicrtBe. IIpo-
deccHOHANIBHBIN «3JIEKTPOHOIUK» PEJAKO OrpaHHMYMBAETCSA Iac-
cuBHBIM MeTozoM. Ilonck HeumcnpaBHOCTell OOBIYHO TOJIBKO HAa-
YNHAETCA C OPOBEPKH HAJHUUUA HJIHM OTCYTCTBUA CHUIHAJIOB B
HEKHNX OIOPHBIX TOUYKaX (MeToZ «OT IpOoTHBHOro»). IIpm orcyr-
CTBHH PEe3yJbTATa INEPBHYHON IIPOBEPKH «3JIEKTPOHIIMK», KaK
IIPaBHUJIO, YCTAHABJINBAE€T IN'€eHEPATOP CHUTHAJIOB MJIH 3alyCKaeT
TECTOBYIO HIpOrpaMMy M B COOTBETCTBHM € NPHHIUANNAJBHOH
3JIEKTPHYECKON CXEeMOM YCTPOMCTBa IpOBepseT NPOXOKIeHne
CUTHAJIOB MO BceM IenaM. [[pyruMu cjaoBaMu, 3Has, Kak
YCTPOMCTBO NOJI’KHO paboTaTh, OH IIpOBepsieT, KAK OHO paboTaeT
peayibHO. A 3T0 — yKe He METOJ «OT IPOTHBHOIO», a METOJ aK-
TABHOI'O TECTHPOBaHHA! AHAJOTMYHO BCe XapaKTEePHUCTHKM, H3-
MepsaeMble IIaCCHUBHBIMH CPeACTBAMM JAMArHOCTHUKH, SABJISAIOTCA
KOCBeHHBIMH INPHU3HAKaMM TOro, Kak paboraroT pabouume craH-
IIHA B CETH, HO OCHOBHEIM (<«IPSMBIM» ) IOKa3aTeJIEM COCTOIHHUA
CETH CJYKUT MMEHHO CKOPOCTh CE€TH, T.€e. TO, KaK OBICTPO ceThb
ob6pabaTeiBaeT 3asBKHM IOJIb30BATEJLCKUX IPHUJIOXKEHHH ¢ pabo-
ynx cranui. Ilosromy, 3HasA, ¢ KaKOil CKOPOCTHIO CETh HOJI’KHA
paboraTs, 1 U3MEPHB, KaK CeTh paboTaeT peajbHO, MOKHO CIe-
.JIATh BBIBOJBI O HAJIMYHUU B CeTH Ne(PEeKTOB NJIH <«Y3KHX MECT».
ITocjie aToro 6oJiee AeTadbHAA JOKAJIN3AINA Je(PEKTOB N «y3KUX
MECT» OCYINECTBJISAETCA CpPeACTBAMH IIaCCHBHOH AMAarHOCTHKM.

MeTon cmpecco6ozo mecmupo8aHus ABIAETCA YACTHRIM CJIY-
YaeM MEeTOJa aKTHBHOI'O TeCTHPOBaHMA ceTH. l1losie3aHOCTH 3TOrO
METOJA NJA BHIABJICHUA «CKPBITHIX Ae(dEKTOB» U «Y3KHUX MECT»
CeTH CJIOKHO IepeoneHuTb. OHAKO Y MeTOZa CTPEecCOBOro Tec-
THPOBAHMNS €CTh ONUH CePhe3HLIN HEJOCTATOK: €ro MOXKHO IIpH-
MEHATH, TOJIBKO KOI'JIa B CeTH HEeT APYTruX paboTalomux HoJIb30-
BaTeJiell (aHAJIOTHYHO IIpoLeype TeCTHPOBAHUA KabeJLHOM cHuc-
TE€MBbI).

PaccMmoTpeHHBIE BBIIIE CHOCOOBI IIO3BOJISIOT HE TOJIBKO AHA-
FHOCTHPOBATL pabouuie CTAHIIUM M BHIABJIATHP HENCIPABHOCTH,
HO U HNOANEpKMBaTh UX B paboueM COCTOSAHMH.
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3.1. O0cnyxuBaHmne ANCKOBbLIX CUCTEM cCepBepoB

BezoTka3sHocTs B paboTe — 3TO BaKHeHMINIadA XapaKTepPHCTHKA,
otanualIaa cepsep ot npocro moiHoro IIK. Ecau Hencrpas-
HOCTb pabouyell CTaHIIUY SBJIAETCA KPUTUYHOM TOJIBKO AJISA OQHO-
r'o IOJIL30BATEJIsI, TO BBIXOJ] U3 CTPOA cepBepa MOYKET Imapain3o-
BaTh paboTy Bceil ceTH M IPUBECTH K yTpaTe IEeHHBIX JAaHHBIX,
CTOMMOCTBH KOTOPBIX MOXKET OKa3aThbCs BBIIIE CTOMMOCTH CaAMOI0
cepBepa. Bcienctsue aToro mpobiema 6e30TKasHOCTH pabOThI
cepBepa M NOBLIIIEHUSA HAJEKHOCTH XPaHEHHs JAHHBIX IPHOO-
peTaeT IIepBOCTEIIEHHOE 3Ha4YeHHe.
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IloBhINIeHME HaZe:KHOCTHA paboTHI cepBepa OCHOBAHO HA IIPOC-
TelImeM MeToje N30LITOYHOCTH 3a CUeT AYO0JIMPOBaHUA KU3HEHHO
Ba)KHBIX KOMIIOHEHTOB cepBepa. TaK, MHOTHEe CepBepbl YPOBHSA
paboumnx rpymnmn OCHAIAIOTCSA PEe3epPBHLBIMH HWCTOYHHMKAMH IIUTA-
HUA (HAlIpuMep ABYMs OJIOKaMH IIHTAaHUA) ¢ Oe3bIHEPIIMOHHBLIM
IIEpPEeKJI0YeHNEeM B cJIydyae BBIXOJA M3 CTPOos ogHOro m3 Hux. Or-
KasaBIINil OJIOK MHUTAHUSA MOKHO 3aMEHHTH, HE BBIKJIIOYASA Cep-
Bep (B pexxuMe «ropsdeit» 3amednsl — Hot Swap).

ITpobseMa COXPaHHOCTH JAHHBIX M 0€30TKA3HOCTH PabOTHI
IUCKOBOM IIOJCHCTEMEI cepBepa OOBIYHO peliaeTcd IIOCTPOCHHEM
RAID-maccueos Ha SCSI-mucrax, Take C BO3MOYXHOCTBIO HX
«<ropsyeit» 3amMeHbl. IIpu 3TOM BBIXOA M3 CTPOS OJHOIO U3 AUC-
KOB JINIIH 3aMeJiseT pabdoTy JHCKOBOM MOACHCTEMBI, HO He 0JI0-
Kupyetr ee. HencnpaBHBIN AMCK MOYKHO 3aMEHHTb, HE OCTAHAaB-
JInBasi paboTy cepBepa, a JaHHBIe HA HeM OyAyT aBTOMaTHYECKH
BoccTanoBJeHEI RAID-xoHTpONIepoMm. IlogobHBIE AHUCKH «TOpPSA-
yeil» 3aMeHBI YCTAaHABJIHBAIOTCA B cliellnajibHbie kKop3uHbl (Rack
Mount), Tak 4TO AJIA AOCTYIIa K HUM He TpeOyeTcA OTKPHLIBATH
KOpPIIyC cepBepa.

Ao66peBuarypa «RAID» m3HauaspbHO pacmu(}ppoOBhIBAIACH
KaK «H30BITOUHBIN (pe3ePBHBINM) MAacCHB HEHOPOTHX IMCKOB»,
TAK KaK OHM OBIJIM Tropasfo JellleBJie OIepaTHBHOM NHaMATH.
Co BpemeneM «RAID» cramu pacmudpoBeiBaTh Kak «Redun-
dant Array of Independent Disks» («u30nITOUHEBINA (pPe3epPBHBII)
MAaCCHUB HE3aBUCHUMBLIX AUCKOB»), IOTOMY YTO JJIA TAKHUX AUCKO-
BBIX MAaCCHBOB IIPUXONJIOCHh HCIOJIB30BATh H AOPOroe o00pyHo-
BaHHe (IIOJ «HeJOPOTHMH» Ke IOAPa3yMeBaJIUCh JKECTKUE AMC-
Ky aaa II9BM).

B Kasmmdopuuiickom yHusepcurere Bepkin Oblja pa3dpabora-
Ha cjeayomasa kaaccupuxkayus RAID:

e RAID 0 — HeoTKa30yCTOMYHBBIHA IOCJIEAOBATEJbHBIN JUCKO-
BbIA MAacCCHUB;

e RAID 1 — 3epkaJbHEBINM JHCKOBBEINI MAaCCHB;

e RAID 2 — maccuB, B KOTOPOM IIPUMeHsETCA Ko XeMMUHra;

e RAID 3, 4, 5 — MaccuBBI, HCHOJIL3YIOIIIHAEe KOHTPOJIb YETHOC-
T AJA 3aIUTHI JAHHBIX OT ONIMOOK B OJMMHOUYHBIX OMTaX;

e RAID 6 — maccuB, MCIIOJIB3YIONINN KOHTPOJIb YETHOCTH OJIA
3alIUTHl JAHHEBIX OT ABOMHBIX OHIMOOK.
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PaccmoTpuM moapo6Hee HamboJiee pacnpoOCTpaHEHHBIE U3
aTux TunoB RAID-maccuBoB.

RAID 0. O6sruno B coctaB RAID 0 sxomsaT aBa uau GoJee
JKeCTKUX AUCKOB. IIpu 3ammcu daiiia ero cogepxmmoe pasou-
BAaEeTCs Ha HECKOJIBKO GJIOKOB, KOTOPBle OZHOBPEMEHHO 3aMMCHI-
BalOTCA Ha JKecTKue aucku (puc. 3.1). Hanpumep, nycts ume-
erca maccuB RAID 0, cocrosimuit u3 AByX AMCKOB, U daiti, Ko-
TOPBIA IIPM 3amucH pa30MBaeTCA OMEPALMOHHON CUCTEMOM HJIH
KOHTDPOJIJIEPOM Ha BoceMb GioxkoB AI—A8. Torza mpu mepsoM
TaKTe NMPOMCXOAUT OAHOBPEMeHHas 3amuch 6joxa Al Ha mep-
BEIH AUCK, a 610ka A2 — Ha Bropoii. IIpu BTopoM TaKkTe mpous-
BOAUTCA 3amuch 6J10ka A3 Ha NepBHIA AUCK, a 6j10Ka A4 — Ha
BTOpPO#, U T.A. Ilpomecc YTeHMA NMPOM3BOAUTCA AHAJOTUUYHO.
Brarogaps TakoMy «pachapajule/IdBaHHIO» CYI[ECTBEHHO BO3-
pacTaeT NPOU3BOAUTEIbHOCTh, KOTOPas PAMO IPOIOPIOHAIE-
Ha KOJIMYECTBY AUCKOB B MaccuBe. OZHAKO IPH 3TOM CYIIECT-
BE€HHO CHHI’KaeTCA HANeXXHOCTh XpaHEeHUs HMHGOpManuu, Tak
KaK HEHCIPaBHOCTb OJHOr0 M3 JUCKOB IIPUBOJUT K IIOJIHOM ee
yTpare.

Puc. 3.1. Cxema RAID 0

RAID 1 (puc. 3.2) aBisercsa B IPUBEJEHHON BhIIIE KJIACCH-
duKanuu mo-HacTOAMmeMy HM30HITOYHBIM MaccuBoM. OH TaKiKe
COCTOHUT M3 JBYX MJIM Gojiee JKE€CTKUX AUCKOB, HO MX COJEPIKH-
MOe ITOJIHOCTBHIO MAEeHTHYHO. PaccMoTpuM mporiece 3anucu (aii-
Jla, COCTOAIETO TaKKe M3 BocbMH 6i0KoB AI-A8. IIpu mepsoM
TaKTe IIPOMCXOLUT OZHOBpEeMEHHas 3amuch Gjoka Al Ha Bce
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Puc. 3.2. Cxema RAID 1

JUCKU MaccuBa, DU BTOPOM TaKTe — OJHOBDEMEeHHAas 3aIUCh
Ha Bce QUCKH 6jioKa A2 U T. ., T. €. Ha KaAXKAOM JUCKe MacCH-
Ba OyAeT MMeTHCA TOUHAA KONMS 3TOM MHPOpPMAIMHU, IO3TOMY
NIPU OTKAa3e OJHOTO M3 AWCKOB MHGoOpMAanus MOXKeT GhIThH Ges
moTeph cUMTaHa ¢ Apyroro aucka. IIpu mepBoM TakTe 4TeHHUS
NIPOMCXOAUT OJHOBPEMEHHOE CUMUTHIBaHME 0JIoKa Al ¢ mepBoro
[uCKa, a 61oka A2 — co Broporo aucka. Takum o6pasom, Bo3-
pacTaeT He TOJbKO HaZeXXHOCTh XpPaHeHHUs JAaHHHIX (IO CpaB-
HEHHIO ¢ OJMHOYHBIM JHCKOM), HO M CKOPOCTb MX YTEHHS,
XOTHA CKOPOCTH 3aIIMCH OCTAETCA TAKOM JKe, KaK U JJIA OZHOTO
HAKOIMMUTENA.

OcHoBHEIM HegocTaTkoM RAID 1 aBisercsa yBeamueHHe
CTOMMOCTH II0JIE3HOTO 00'beMa AMCKOBOr'0 IPOCTPAHCTBA B ABa KU
6os1ee pas. Hanpumep, npu 06beAMHEHUH ABYX JKECTKUX JUCKOB
o6semom 80 I'G B maccuB RAID 1 MBI mOsTy4uM mOJIe3HBIH 06BeM
80 I'G 3a aBOifHYIO LieHY.

Hepocratkn RAID 0 u RAID 1 M0XHO MCIpaBUTbH, IpPUMeE-
HAd KoHpurypanuio RAID 0+1 umu RAID 1+0. B nepsom cay-
yae maccuBbl RAID 1 o6pegunsiorca B maccus RAID 0, a Bo
BTOopoM — MaccuB RAID 1 coszaeTca m3 HECKOJBKHUX MACCUBOB
RAID 0. Takum o6pasom, maccuB RAID 1+0 coueraer B ceGe
TEXHOJIOTMH M COOTBeTCTBeHHO AocrouHcTtBa RAID 0 u RAID 1:
OT IEPBOT'O OH GEPET BHICOKYIO CKOPOCTh, & OT BTOPOr0 — HAafeX-
HOCTh XpaHeHHus AaHHBIX. OZHAKO KOJHYECTBO AVCKOB, 00BEeHU-
uaeMsix B RAID 0+1 niau RAID 140, no/KHO GBITH YETHBIM
1 He MeHee YeTHIPeX; COOTBETCTBEHHO BO3PACcTaeT U CTOMMOCTH
OUCKOBOI'O IIPOCTPAHCTBA.
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Puc. 3.3. Cxema RAID 5

Crpykrypa maccusa RAID 5 (puc. 3.3) cocrouT Kak MUHHU-
MyYM K3 TPeX AHMCKOB, Ha KOTOPEIX PAaBHOMEDHO pacIpefesieHB
cob6cTBeHHO MHGOpPMaIUA U ee GJIOKH 4eTHOCTH. B mpoiecce 3a-
nucu ¢aiiyia MIpU MepBOM TaKTe MPOMCXOAUT 3amuch Oyioka Al
Ha MepBHIi AUCK, A2 — Ha BTOPOI AUCK, a HA TPETHUI JUCK IIPO-
M3BOAMUTCA 3amMch 0JioKa 4YeTHOCTH P1, mpejcTaBAAIOIIETO CO-
6oit pesyabraT oO6paboTkm; 60K0oB Al u A2. Bo BpeMs BTOPOro
TaKTa IPOMCXOAUT 3aIKCh 6;10Ka A3 Ha nepBhIi AucK, A4 — Ha
TPeTH#l AHWCK, a HAa BTOPOM AUCK IPOM3BOAUTCA 3amUcCh GJoKa
yerHocTd P2. Bo BpeMs TpeThero TaKTa NPOUCXOAUT 3aIHUCh
6y0Ka A5 Ha BTOpO#i Auck, A6 — Ha TpeTHil AUCK, a Ha IepPBHIi
AWCK IPOM3BOAUTCA 3amuch Gioka deTHOCTH P3. Posb Gioka
YETHOCTH COCTOMT B TOM, UTO IIO HEMY M IIO OJHOMY K3 MMEIOIIX-
ca 6JI0KOB MHGOPMAIMM MOYKHO BOCCTAHOBHUTEH YyTPAYEHHEIH OJIOK.
Hanpumep, npu Hanmyuu 6710k0B A2 n Pl MOXXHO BOCCTAHOBHUTH
uabopmanuio us 6ioka Al.

Taxkum o6pasoM, npu 3anucu uHDopManuu Ha RAID 5 Tpa-
TATCA AOMOJHUTENbHEIE PECYPCHI AJIA BHIYUCIEHUS OJIOKOB YeT-
HOCTH, HO 3aTO IPU YTEHHHM MMEETCS BBIMIDHILI, IO CPAaBHEHHUIO
C OTAEJBHBIM AMCKOM, H3-3a paclapaUIeJMBaHHUA IIPOIecca.

Hepocrarkn RAID 5 nposBasdioTcA IPH BBIXOAE M3 CTPOSA
OZHOTO M3 JHCKOB, TAK KaK BeChb MAaCCHUB IIEPEXOAUT B KpH-
THYECKHI PeXKUM, BCe OIEepaliiy 3alUCH M YTeHUsS COIMPOBOMKAA-
I0TCS AONOJHUTEIbHBIMY MaHUIYJIANUAAMY, H PE3KO IHafaeT mpo-
HM3BOJHUTEIBLHOCTh. IIpKM 3TOM YPOBEHDb HAJEKHOCTH 3HAUMTEIb-
HO CHMJKAETCS M3-3a YMEHbINEHNA U30LITOYHOCTH MACCHBA: €CJIU
BO BpeMs BOCCTAHOBJIEHHSI MacCHBa, BBI3BAHHOTO BBIXOJOM
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U3 CTPOSI OAHOIO AVMCKA, BEIAAET U3 CTPOSI BTOPOIi JUCK, TO AaH-
Hble B MacCHBe PaspyIIalTCd IOJHOCTHIO.

W3 Bcex paccmorpeHHbix MaccuBoB RAID 1+0 — emumHCT-
BEHHBIH, KOTOPHIA CIIOCO0EH IPOJOJIKATh paboTy IpU OTKase
[0 TIOJIOBUHBI JUCKOB MAacCCHBa, IIPHU 3TOM IPAKTHUYECKH He Te-
pAd cBOeil mpousBOAUTEeNbHOCTU. PAKTUYECKH OH BBHIXOZUT K3
CTpOA ¢ ImoTepeil JaHHBIX TOJIBKO IIPY OJHOBPEMEHHOM OTKase
cpasy ABYX OIIPeJieJIEeHHBIX JUCKOB, 06pasyoIUX 3epPKaJbHYIO
napy. [JpyraMu cioBaMu, ero HaJeKHOCTb HEMHOTO HIKe, YeM
y RAID 1 (m3-3a GoJipliero 4mcja AWCKOB), HO BHIIIE, 4YeM
y RAID 5 (xoTophmlii pa3pymaeTcd NP OTKase JIOOBIX ABYX
JUCKOB).

Pasgen RAID1

Pasgen RAIDO

Puc. 3.4. Cxema Intel Matrix RAID

B HacTosIee BpeMs IOJIy4aeT pacupocTpaHeHNe TeXHOJIOTUSA
Matrix RAID (puc. 3.4), peanuszoBannas ¢upmoii Intel B cBoux
uquncerax HaynHasa ¢ ICH6R. Ctporo roBops, oHa He SBJIAETCS
HoBBIM ypoBHeM RAID, a juinpe HO3BOJIET, MCIIONB3Ys BCETO
JiBa [UCKa, OPraHM30BaTh OAHOBPEMEHHO OAMH WMJIM HECKOJIBKO
maccuBoB ypoBHA RAID 1 M OAMH MM HECKOJHBKO MAaCCHBOB
ypoBHsz RAID 0. Takum o6pasomM, HOABHJIACH BO3MOXKHOCTDH 34
CpPaBHUTEIbHO HEOOJbIINE AeHbrH 00eCIeYdTh AJIA OJHUX AaH-
IBIX IIOBHIMIEHHYIO HAIEXKHOCTD, a AJIA APYTUX — BHEICOKYIO CKO-
poCTh AOCTyIA.

IIpu peanusanuu RAID MOXHO NPUMEHATH HE TOJBKO amma-
paTHEBIE CPEACTBA, HO U MOJHOCTBHIO IPOrPAMMHEBIE KOMIIOHEHTHI
(npaitBepsr). Hanpumep, B cucremax Ha sigpe OC Linux cymect-




