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VJIK 004.33

Hacvipos  HU.H., npogheccop,  0okmop  dKOHOMUYECKUX  HAVK,  OOYeHm,
Habepeorcnouennunckut uncmumym @I'AOY BO «Kazanckuii (Ilpusonsicckuii)
@edepanvhvlii yHUBEpCUMEM»

Hacvipoe U.U., doyenm, kanouoam mexunuueckux Hayk, Habepesicnouernuncxkui
uncmumym OI'AOY BO «Kaszanckuu (IIpusondcckuii) ghedepanvhuiii yHueepcumemy»

Hacvipose P.U., cmapwuii npenooasamens, Habepesxcnouenrnunckuti uHcmumym
@I'A0Y BO «Kazanckuii (Ilpusonsxcckuil) pedepanbrwiii yHugepcumemy»

ITPUKJIAZAHBIE ITPOBJIEMbI OBECIIEUEHUWA SOPEKTUBHOCTU
XPAHEHUA NUHOOPMAIIMUN B DATA-IIEHTPAX

Annomayus: IKCNOHeHYUuaibHoe yeeludeHue 0o0vema 2eHepupyemuvix 8 Mupe OaHHbIX
obycnasnusaem HeoOX0O0UMOCMb PACULUPEHUS CYUeCmMBYIOWUX U NOSABIEeHUs HOBbIX
PACHPEeOeNieHHblX U YeHmpAalu308anHulx  (data-yenmpos) cucmem  XpaHeHusl
ungopmayuu. Ilpu smom u3-3a NOCMOAHHOU 3AMEHbl GbIUEOWUX U3 CMPOs
Hakonumesel uH@opmayuu Ha Ho8ble, C VIVYUIEHHLIMU XAPAKMEPUCMUKAMU, UX
cocmas ¢ medeHueM 6peMeHU 6 OMUX CUCeMax Heu30excHo CmaHos8Uumcs
eemepoeennbiM. Kpome amoeo paznvle npoussooumenu 6K1a0vl8arom HeoOUHAKO0B8blU
CMbICTL 8 NApaAMempbvl HA0EHCHOCMU HaAKonumeeu, Xomsa u umeoujue 0OUHAKOBbIe
HaumMeHo8aHus. B cea3u ¢ smum Ansiemcs aKmyaibHbIM peuienue npooaembl
HeOOHO3HAYHOCMU U HENOTHOMbL 3HAYEHU NApAMempPO8 HAOEHCHOCMU 2emepPO2eHHbIX
Habopoe Haxonumeneu uH@opmayuu 6 data-yenmpax. Hayunaa noeusna
uccne008anull 3aKuoyaemcs 6 papadbomke 3¢hghekmusHvix cnoco608 0Jisl 8bIAGIEHUSA
U YyCMpaHeHUsi 8cex PealbHblX OWUOOK 6 3HAUEeHUSX NapamMempos HAOeHCHOCMmU,
OMIUYAIOUUXCS YUEeMOM UX HEOOHOZHAYHOCMU U USMEHYUBOCU 60 8DEMEHU, UMO
N0360J5em NOBbICUMb KAYECMBO OAHHBIX U CHOPMYIUPOBAMb MOOenU OAHHBIX Ol
2emepo2eHHbiX HAbopos8 HaKonumeJel ungopmayuu 8 data-yenmpax.

Knrouesvie cnosa: owcecmkuti Ouck, Haxonumenvb, UHGOpMAYUs, HAOEHCHOCHD,
napamemp, s¢hgpexmusnocmes, data-yenmp.

BBenenue

Pacmivpenre CymiecTBYIOIIUX M TMOSIBICHUE HOBBIX pACHPENICICHHbIX U
[EHTpaTN30BaHHbIX (data-IeHTPOB) CUCTEM XpaHEHHUS HHQPOPMAIUH OO0YCIOBICHO
AKCIOHEHIMATBHBIM yBEJIMYEHUEM 00beMa TeHepUpyeMbIX HAaHHBIX. [Ipu 3TOM H3-3a
MIOCTOSIHHOM 3aMEHbI BBILIEJIINX W3 CTPOsI HAKOMUTeNeW MH(OpMalny Ha HOBBIE, C

YIYUYIICHHBIMHU XapPaKTCPUCTUKAMH, HMX COCTaB C TCYCHHUCM BPCMCHU HEN30EKHO
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CTAHOBUTCSI TETEPOreHHBIM. KpoMe 3TOro pasHele NPOU3BOJMTENIH BKJIAABIBAIOT
HeoMHakoBbIH cMbich B SMART-napamerpsi (Self-monitoring, analysis and reporting
technology — TexHomoruss CamMOKOHTpOJIS, aHAJW3a M OTYETHOCTH) HAJACIKHOCTH
HAaKOINMTENEH, XOTSA U UMEIOLINE OJUHAKOBBIE Ha3BaHuA. boiiee Toro, naxke y ONHUX U
TEX K€ MPOU3BOAUTENICH pa3HbIe MAPKU HAKOMUTENECH MMEIOT KaK pa3IMyHbId HAOOP
CaMHX IapaMeTpOB, TaK M Pa3IMYHOE CMBICIOBOE COJEpKaHUE ITUX NapameTpoB. B
CBSA3M C JTUM BO3HHMKaeT MpoOiemMa HEOJHO3HAYHOCTH M HEMOJHOThl 3HAYEHUH
napaMeTpoB HAJEKHOCTU reTEPOreHHbIX Ha0OpOB HakonuTenel nudopmanuu B data-
LEHTpax, Ha PEIICHNE KOTOPOM HAIPABJIECHO TAHHOE MCCIIEI0BAHUE.

B cooTrBercTBUM C OOLIEMUPOBON TEHAEHIMEH MOBCEMECTHOTO POCTa yucia
CUCTeM XpaHeHus wWHPOpPMAIlUM, B Pa3HbIX pPETHOHAX HAIeH CTpaHbl TaKXKe
pa3BopaunBaeTcsi ceTh data-nieHTpoB. OHM OyayT M YK€ HCIOJB3YIOTCS Kak JUis
COOCTBEHHBIX HYXJ Pa3IMYHBIX OTpaciiel HapoJHOTo Xo3siicTBa Poccuu, Tak u st
BHEITHUX KOMMEpPYECKHUX 3aKa3urMKoB. B wacTHocTH, co3maercs data-1ieHTp B ropoje
HNuHonomnuc (Pecry6nuka Tartapcran) KaKk  pedepeHTHBII MPOTOTHII
cpenHepasMmepHoro data-nieHTpa peruoHajdbHOro MacmTaba i BHYTPEHHUX U
3apyOeKHBIX IPOEKTOB. [manupyercst 00KkaTaHHYIO 3/1€Ch TEXHOJIOT IO THPAXKUPOBATH
Ha TIPOEKThl B psJi€ CTpaH, OTKyAa YK€ MOCTynuwiIu 3asBku. Mcxoas w3 3TOro
aKTyaJIbHOCTh HCCIIEIOBAaHUS MPOOJIEMbl HEOJHO3HAYHOCTH W HETOTHOTHI 3HaYEHUU
napaMeTpOB HaJIeKHOCTH IeTePOTreHHBIX HAOOPOB HakonuTeael nHpopmaruu B data-
[IEHTpaxX BeCchMa BhICOKA. HaydHasi 3HAUMMOCTh pelIeHus! 3TON MPOOIEMbI COCTOUT B
MOSIBJICHUM  HAydyHOTO (yHmameHTa Juisi  pa3paboTKu MeToja OUEHKH W
MPOTHO3UPOBAHUS  HANEKHOCTH HAKONMUTeNneW wuHbopManuu Kak HauOolee

OTBETCTBEHHOM YaCTH yKa3aHHOU KPUTUUYECKON MHDOPMAITMOHHON HHOPACTPYKTYPHI.
IIpennaraemsbie MOAX0AbI © METOABI HCCJIEA0BAHUSA

KoHkpeTHbIMU 3a1a4aMu B paMKax 0003HAYEHHOU MTPOOTIEMBI SIBIISIFOTCS :
1) BbIsIBIIEHME pa3HULIBI B CTPYKTYpE MapaMeTpOB HAJEKHOCTU HAKOMHTENEH
uH(pOopMaI, COOPaHHBIX B Pa3IMUHBIE BPEMEHHBIC TIEPUO/IBI;

2) mnpuBelECHHE TMapaMeTpPOB HAJEKHOCTU HAKONHUTENe uHpopManuu K
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OJIMHAKOBOM CTPYKTYpPE M MHTETpallvsl JaHHBIX B €AMHYIO 0a3y;

3) aHanu3 NapaMeTpoB HAJEHKHOCTU HAKOMUTENEH HHPOPMALIMA HA HEMOJIHOTY
M OIIMOOYHOCTH 3HAYCHUI;

4) MOBBIIIIEHNE KaueCcTBa JJAHHBIX 32 CUET YCTPAHEHUS BBISBICHHBIX OIIUOOK B
3HAYCHUSIX TapaMeTPOB;

5) aHanmM3 HEOJHO3HAYHOCTU MApaMETPOB  HAJEKHOCTH  BCIICICTBUE
reTEPOreHHOCTH HAKOMUTeeH nHOopMaIni;

6) dopMmynupoBaHue MojeNIeH JAHHBIX JJISI TETEPOreHHBIX HAOOPOB
HaKoMUTeJIeH nHGOpMAaIIUH.

3HaunTEeNBHBIN MacIITad 3a1a4u ONpeNeNsieTcs] CPeIHUMU (PETMOHATBHBIMU) U
KPpYIOHBIMH  (CTPAHOBBIMHM)  pa3MepaMu  paccMmaTpuBaeMbix  data-TieHTpoB.
KomrmuiekcHOCTh KaXI0M M3 3a7ay 3aKJIHYaeTcs B HEOOXOIUMOCTH pa3pabOTKH |
UCIIOJIb30BaHUSI Cpa3y HECKOJBKMX CHOCOOOB aHajiu3a IMapaMeTpoB W BapUAHTOB
MOJIeJIEN NJaHHBIX.

JIns pemieHusi yKa3aHHBIX 3aJay Ipe[iaraeTcsl HCIOJIb30BaTh CIHEAYIOIINE
METOJbI: KIaCTEPU3ALNH, TPYIIIUPOBKH, CTPYKTYpPHU3ALIUH.

Nudopmarmonnoii 0a3oii  uccleOBaHUS SBIAIOTCS OIyOJMKOBaHHBIE B
OTKPBITOM JocTyrne exenHeBHble 3anmucu SMART-nannbix 6onee yem 100 Thicsd
HaKomnuTele napopmaruu data-1eHTpOB OJHOU M3 KPYMHEHIITUX B MUPE KOMITAHUMA
Backblaze (https://www.backblaze.com/b2/hard-drive-test-data.html) 3a nepuox c
01.04.2013 mo 31.12.2021, oGecrieunBarOIIMX XpaHEHUE CBBIIIE OJIHOTO 3eTTabaiTa
(10 B 21 crenenu GalT) coOMpaeMbIX CO BCEH TUIaHETHI cBeneHui. Mcmonab3oBaHue
MCCJIeIOBATENSIMA 110 BCEMY MHUPY OJHON W TOW jk€ 0a3bpl MaHHBIX IO3BOJISET
aJIeKBaTHO CPAaBHUBATHh IIOJYYEHHbIE HUMHU BBIBOJABI, YTO SIBISETCA HECOMHEHHBIM
JOCTOMHCTBOM C TOYKHM 3PEHMS JOKa3aTeIbCTBA HAYYHOW HOBU3HBI, MPAKTUYECKOU
MPUMEHUMOCTH U TJIO0ATBHOCTU PE3YNIHTATOB UCCIEAOBAHUS B YCIOBUAX ITUMPOBOMA
AKOHOMUKH.

OCHOBHBIM MHCTPYMEHTOM JUIsl 3arpy3Kd, OOpaOOTKM W aHamm3a OOJBIINX
JAHHBIX, MOJACIUPOBAHUS, OGOPMIICHHS M BBIAAYM PE3yJIbTATOB HCCICAOBAHHS B

YUCJIOBOM U Tpaduueckoil (opMme SBISETCS JHIEH3UOHHAs BEPCHUS MaTPUYHOU
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naboparopuu MATLAB.
Pe3yabTaThl HCCIIET0BAHUS

Nnesa 3anuceiBate SMART-napamerpsl 175 aHanu3a UX 3HAYCHHWM MpuOuia K
pa3paboTynkaM H dKCIUTyaTaHTaMm data-IIeHTpoB He cpasy. [loaToMy B mepBble TOMBI
(YHKIIMOHUPOBAHUS TAKHX CHCTEM XPAHCHUS JaHHBIX PEryJIIPHOCTh 3aIlKCH U HA0Op
3allUCHIBAEMBIX TApaMETPOB OBUIM HU3KHE. 3aTeM II0 Mepe HCIOIb30BAHUS
COXPAaHCHHBIX 3HAYCHHWH B IENIAX OICHKA M TPOTHO3HPOBAHUS HAJCIKHOCTH
HakomnuTenei napopmanuu Ha sxecTkux quckax (HDD - hard disk drive) 3anuce cranu
BECTH ©XKEAHEBHO. KOIMYECTBO 3amMChIBACMBIX MapaMETPOB TAKXKE C TEUYCHHEM
BPEMEHHM yBEIUYMBaJIOCh. [l03TOMy B mepByw ouepelb HEOOXOIUMO TPHUHSITH BO
BHUMAaHHUE YKa3aHHYIO Pa3HUIYy B CTPYKTYpE MapaMeTpOB HAJCKHOCTH HAKOMUTENICH
uH(pOpMaIuK, COOPaHHBIX B pa3IHUHbIC BpEeMEHHbIE IEPHO/Ibl. B TabuIe npuBeaeHbI
KOHKPETHBIC JaThl JOOABJICHUS U HOMepa J00aBJIeHHBIX mapameTpoB. COOTBETCTBHE

HaMEHOBaHUM mapamMcTpoOB )41 nx HOMCPOB CCTh B BI/IKI/II'IGI[I/II/I

https://en.wikipedia.org/wiki/S.M.A.R.T.#ATA_S.M.A.R.T._attributes).

Tabnuna. JluHamuka n3MeHEHUs! CTPYKTYPBI TapaMeTpOB

Hata no6aBieHus Bcero Homepa n1o06aBiieHHBIX TapaMeTphbI
napaMmeTpoB
10.04.2013 40 1-5, 7-13, 15, 183, 184, 187-201, 223, 225,
240-242, 250-252, 254, 255
01.01.2015 45 22, 220, 222, 224, 226
01.01.2018 50 177,179, 181, 182, 235
01.04.2018 52 23,24
01.10.2018 62 16, 17, 168, 170, 173, 174, 218, 231-233
01.10.2019 63 18
01.10.2020 72 175, 180, 202, 206, 210, 234, 245, 247, 248
01.07.2021 82 160, 161, 163-167, 169, 176, 178
01.10.2021 87 171,172, 230, 244, 246

BrIsicHUIOCH, YTO KOJIWYECTBO JAHHBIX OKA3aJlOCh OYEHH OOJBIINM, BCETO
287 145 360 cTpoK, B CBSI3M C YeM WX MPHUIILIOCH TPYNTIUPOBATH B OTACIbHBIC (Pailiibl
MIPUEMIIEMOT0 pa3Mepa oT 3,5 10 4,5 MIIITHOHOB CTPOK. /{15 mpuBeaeHNs mapaMeTpoB
K OJIMHAKOBOM CTPYKTYPE CO3/1aBAMCh (haiJIbl C TAKUMH XK€ YHUCIAMHU CTPOK, HO C
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MaKCUMAJIbHBIM YHCJIOM TapaMeTpoOB U C MYCTHIMH 3HAYEHUSAMHU. 3aTe€M B HHX
KOMUPOBAJIUCH B HY>KHBIC TMO3UIIMU CTONOIBI U3 (HAMIIOB ¢ UCXOAHBIMU JaHHBIMHU.

JIns mepBOHAYANIBHBIX II€JIEM MCCIENOBaHUS M3 ATUX (DAIIOB BBIIETSIUCH
CTPOKH TOJBKO C MOCJIEAHUMHU IO BPEMEHU 3HAUYCHHUSIMHU MapaMeTpPOB OTIEIBHO IO
KaXJ10M Mapke HakomnuTesst. Tem He MeHee, Jaxe Mpu TakoM cxkatuu (110 30 pa3) uncio
CTPOK OCTaBaJIOCh OY€Hb O0JbIIUM. [l09TOMY MOTydeHHBIE U3 pa3HbIX (DAIIOB TaHHBIC
CHOBa OOBEIUHSIIUCh U U3 HUX TMOBTOPHO BBIJEISIUCH CTPOKH C MOCIEIHUMH TIO
BPEMEHHM 3HAUYCHUSIMU TapamMeTpoB. B KOHEUHOM HTOre y/aBajoCh OCYIIECTBUTH
WHTETPAIUIO IAHHBIX B €IUHYIO 0a3y ¢ MPUEMJIEMBIM JIJISI UCCJICIOBAHUS PAa3MEPOM.

OnHako naxke Takasi mpocTas npeaBapuTeabHas 00padoTKa TaHHBIX 3aHUMAET
HACTOJILKO Oojbiioe Bpems (IO OIEHKaM — CBBIIIE YETHIPEX MECSIEB), 4YTO
3asBJICHHBIC B paboTe C TPEeThel MO MIECTOW 3aJaud IETUKOM OYAYyT BBITTOJHEHBI
nmo3jHee. 3/IeCh K€ MPUBEICHBI PE3YJbTAThl KMCCIEIOBAaHHUS TOJBKO IO YacTH
MCXOJIHBIX JaHHBIX 3a BpeMeHHou oTpe3ok ¢ 01.04.2013 mo 31.12.2016.

B nocneanee Bpems B CBA3U C MIMPOKUM PACIIPOCTPAHEHUEM TBEPAOTEIbHBIX
Hakonutenen nupopmanuu (SSD - solid state drive) ux mapaMeTpsl ¢ OIIEPaTOPCKUX
1 00CITyKUBAIOLIMX KOMIIbIOTEPOB data-IeHTPOB TOXKe CTaIH coxXpaHAThcsa. Ho xoTs
HauMmeHoBaHus B cucteMe SMART y HUX Takue ke, KaKk U Yy )KeCTKUX TUCKOB, TEM
HE MEHEe MX HaJl0 BBIACIUTH B OTACIBHYIO TPYIIY, T.K. (U3UKA MPOLIECCOB B HUX
coBepiieHHo uHas. [loatomy Tpebyercs paszaenuts manubie mo HDD u SSD u
IPUBECTU CTPYKTYPY 3alMCHIBAEMBIX MMapaMeTpOB HAJIEKHOCTH HAKOMUTEIeH
WH(pOpMAIIUKA B COOTBETCTBHUE C KAXOM IPYIINON, a TAK)KE HAKATIUBAThH JJAHHBIC B
OT/ENbHBIE 0a3bl, €IMHBIC TIO KAXKIOW TpyTIIe.

AHanu3 mapamMeTpoB HaJEKHOCTU HAKOMUTeNeH HHGOPMALIMY HAa HEMTOJTHOTY
U OMHMOOYHOCTh 3HAYEHHMI T[OKas3ajd, 4YTO WHOTJAA 3HAauYeHUs NapaMeTpoB
OTCYTCTBYIOT WJIM OHU Bce€ HyJieBble. KpoMe 3Toro ciaydaroTcs OMIMOKH 3amucH
nanabpix. Camasi dacTas W3 HHX CBs3aHa C 4YelOBeUYeCKHM (akTopoM, Koraa
BBILICAIINNA U3 CTPOSI HAKOMUTENb MMOMEYEH KaK OTKa3aBIIMN, HO HE 3aMEHEH
BOBpeMsi. B cBsI3M ¢ yeM JaHHbBIE 110 HEMY MOTYT HE 3alKChIBATHCS B 023y HECKOJIBKO

JTHEH.
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JI7s1 mOBBIIIEHUS KaueCTBa JAHHBIX HY)XHO KJIaCCU(PULIMPOBATH BBISIBICHHBIE
OIIMOKU U OMPEJENIUTh YAaCTOTYy UX IMOSIBICHUS. DTO 3HAUUTEIBLHO OOJIETUHUT HX
MOWCK MW wucHpaBicHUE. BO3MOXHO HEKOTOPBIE MNPOLEAYPHl IO YCTPAHCHUIO
TUMUYHBIX OIIMOOK yJacTcs aBTOMATU3UpOBaTh. DPPeKTUBHOCTH Oyaer
MOBBINMIATHCS 32 CYET YMEHBIIEHHS TMOCIEICTBUI OIMMOOK U 3a CYET IKOHOMUHU
BPEMEHHU MepCoHajia Ha 00CTyKUBAIOIINE MEPOTIPUSITHUS.

AHanu3  HEOJAHO3HAYHOCTHM  MApaMETPOB  HAJACKHOCTH  BCIIEACTBHUE
reTepOreHHOCTH  HakomuTeled  uHbopManuu  MoKaszajd, 4YTO  pas3jIuyHbIC
NPOU3BOJUTENN KECTKUX JTMCKOB BKJIAJBIBAIOT HE BCErJa OJIMHAKOBBIA CMBIC]I B
napaMeTphl C OJJTHUM M TEM K€ Ha3BaHHEM. bojee Toro, 1axe y OJJHOrO U TOTO K€
NPOU3BOJUTENSA HUCHOJB3YEMbBIE [JIsi Pa3HbIX MAapoOK JAUCKOBBIX HaKOMHUTEJEH
HaOOpHI MapaMeTPOB MOTYT pasziauuarbcs. [lomydaercs, 4To Bpojie ObI IO CMBICITY
HaJ0 HCIOJIb30BAaTh MPEIYCMOTPEHHBIN JIsi ATOTO MapaMeTp, a €ro 3HauYeHus y
Pa3HBIX MPOU3BOAUTENIEH OTINYAIOTCS HA HECKOJIBKO MOPSAIKOB MU UMEIOT pa3HbIN
THII - HAKAIUIMBAEMbIN UJIW TEKYIIUU.

[ToHSAITHO, YTO B TaKUX YCJIOBUSX MOJIEIU, OMUCHIBAIOIINE 3aBUCUMOCTHU
3HAYCHUH MMapaMeTPoOB OT BPEMEHH IKCIUTyaTalluy, OyAyT pa3IudyHBIMU JJIs1 Pa3HBIX
MPOU3BOJUTEICH U, BO3MOXKHO, TaXKe JJI Pa3HBIX MAPOK HAKOMUTEJIEH OJTHUX U TEX
xke mpousBoauTenei. [Ipemmaraercs cocTaBUTh KiIaCCHU(PHUKAIIMIO TaKUX MOJEIEH

TaHHBIX.
OO0cy:k1eHue ¥ BHIBO/bI

JIs1 pereHus MoCTaBICHHBIX 3a/1a9 OBIIN MCTIOJIb30BaHBI TIOJTYYCHHBIC paHEe
pe3ynbTaThl KMCCIEIOBAaHMN IO crocobaM BbIOOpa TapaMeTpoOB ISl OIEHKH H
MIPOTHO3UPOBAHUS HAJIC)KHOCTH HAKOIMUTEICH MH(POPMAIIHHU TT0 OTHOCHTEIBHBIM [ 1]
U aOCOJIOTHBIM [2] 3HAYEeHUsM, MO 3aBUCHUMOCTH YHCJa TepeHa3HAYCHHBIX
CEKTOPOB OT BPEMEHHU IKCILTyaTaIlMH KECTKUX MAarHUTHBIX JUCKOB JIJISI aHAJIN3a UX
HaJCKHOCTH [3, 4], MO MOpSIAKY HHAWKAIIMK OIIMOOK TO3WIIMOHUPOBAHUS II0
4acToTe OMIMOOK MOMCKa M APYrHUM IMapaMeTpaM >KECTKOTOo AHucKa [S5], mo cBs3u

Yyycya MNOMNBITOK PACKPYTKM JUCKOB C JPYTHMH IapaMmeTpamu [6], MO CTEneHu
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OMAacHOCTH OTKAa30B Hakomutene [7], mo moadopy KpPUTEpUEB U MOCTPOECHUIO
MOJIEJIM U aJiTOPUTMa METOJIa MHOTOITapaMETPUUYECKON OLIEHKH JKECTKHUX JUCKOB IO
pucky otkaza [8, 9], mno SPPEeKTUBHOCTH NPUMEHEHHUS MPOrPaMMBI
MHOTONapaMeTPUYEeCKOW OIEHKH uX HajexxkHoctu [10] M HamOroo610KEeHUIO
MOJIOOHBIX PE3yIbTATOB MHTEIIEKTYaJIbHOM NESITeIbHOCTH NpH mipogaxke [11].

PesynbTaramu ucciienoBaHUs  SBIAIOTCS NOAOOpaHHAas  ONTUMAalbHas
CTPYKTypa MapaMeTpoB HaJIEXKHOCTH JHUCKOBBIX HaKomureneil wuHpopMalni,
eauHas 0a3a JNaHHBIX 3HAYEHUN MapaMeTpoOB HAJEKHOCTH KECTKUX AUCKOB IS
oTaenbHOTrO data-1eHTpa, YCTaHOBJEHHAs HEMOJHOTa M OIIMOOYHOCTh B 3THUX
3HAYEHUSIX, MOBBIIIEHHOE KauyeCTBO JAaHHBIX 3a CUET YCTPAHEHMS BBISBICHHBIX
OIKOOK, 3apEeruCTPUPOBAHHAS HEOJTHO3HAYHOCTh MapaMeTPOB HAJIEKHOCTH Pa3HbBIX
Opou3BOAUTENEH, CPOPMYIMPOBAHHBIE MOJEIN JaHHBIX [JII TE€TEePOTreHHBIX
Ha0OpOB HakomuTeNeH HHPOPMALIIH.

Hayunast HoOBHU3Ha Mcciie10BaHUs 3aKI0YaeTcsi B pa3pabdoTke cnocoOoB s
BBISIBJICHUST U YCTPAHEHHUS BCEX pealbHBIX OMMOOK B 3HAYEHUAX MapaMeTpoOB
HAJIe)KHOCTH, OTJIMYAIOIINXCS YYETOM MX HEOJHO3HAYHOCTU U U3MEHUYMBOCTHU BO
BPEMEHH, UTO MO3BOJISET MOBBICUTH KAYECTBO JAAHHBIX U CHOPMYIUPOBATH MOAECITU
JAHHBIX JIJISI T€TEPOTreHHBIX HAOOPOB HakomuTesnell nHGopMaluu B KpynHbeix data-

IEHTpax.
3aKJg04YeHue

Takum 00pa3oM, KOHKPETHBIMH HAyYHBIMU pPE3yJbTaTaMU HCCIEIOBAHUS
SBJISTFOTCS

1) BwisiBNeHHass W 3aUKCHpPOBAHHAS pa3HUIIA B CTPYKType IMapamMeTpoB
HaJIe)KHOCTU HAKOTUTENe HH(OPMAIINU 332 pa3InyHbIe BPEMEHHbBIE TIEPHOIBL;

2) mnpuBeICHHBIE K OJWHAKOBOW CTPYKType TMapamMeTphl HaAEKHOCTH
HaKomuTeNle nH(OpMAINH, 3aNTMCaHHBIC B €NMHYIO 0a3y JTaHHBIX;

3) mpoaHANM3WPOBAHHBIC Ha HEMOJHOTY U OMHUOOYHOCTh 3HAYCHUU
nmapaMeTpsl HaJCKHOCTH HaKOMUTENeH nHpopmanuu ¢ knaccupukanueit ommodoxk;

4) AJAaHHBIC IIOBBIIICHHOI'O Ka4dYCCTBAa 3a CUCT YCTPAHCHHSA BbIABJICHHBIX
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OIIMOOK B 3HAUCHUSAX TAPAMETPOB C OLUEHKOUN 3 PEKTUBHOCTH;

5) npoaHanuM3MpOBAaHHBIE W  CIPYNIUPOBAHHBIE  HEOJHO3HAYHOCTH
NapaMeTpoB Ha/JEeKHOCTH, BO3HUKILINE BCIEICTBUE T'€TEPOTC€HHOCTU HAKOMHUTENEH
uHpopmanuu;

6) copmynupoBaHHbIE M NPOTECTUPOBAHHBIE MOJENH JAaHHBIX JJIs
reTepOreHHbIX HAOOPOB HaKOMUTENEH HHPOPMALINY;

3HAYUMOCTh PE3yJbTATOB MCCJIEJOBAHUS COCTOUT B BO3MOXXHOCTH HUX
NPUMCHECHHS KaK HeTOCPeJACTBCHHO B data-1ieHTpax, Tak u mepeHoca HapabOTaHHbIX
3HAaHUM, YMEHUH, HABBIKOB U CHOCOOOB Ha HMHBIE OOBEKTHl B BHJE TJIO0AJIBHO
pacnpeielieHHbIX CUCTEM XpaHEHMs JaHHBIX, Ha IpyTUe MpeAMeThl UCCleI0BaHuUs
HarmojgoO0ue MHTErpaludu JaHHBIX M3 BCEX MHOTOYHUCIECHHBIX pPa3HOPOIHBIX
IPOU3BOJCTBEHHBIX CTPYKTYp Oousiblnoro wmacmrtaba, Ha BbIOOp METOI0B
UCCIIEIOBaHUsl TUMA TECTUPOBAHHMS MoOJeied coOMpaeMbIX JaHHBIX IS
pa3HOOOpA3HBIX  MOApPA3JIENICHUH  KPYMHBIX  MPOMBIIIIEHHO-(UHAHCOBBIX
OopraHu3anuii ¢ COOTBETCTBYIOUIUM (OPMUPOBAHUEM UCCIEI0BATEIbCKON KOMaHbI
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APPLIED PROBLEMS OF ENSURING INFORMATION STORAGE DEVICES
EFFICIENCY IN DATA CENTERS

Abstract: The exponential increase in data volume generated in the world
necessitates the expansion of existing and the emergence of new distributed and
centralized (data centers) information storage systems. At the same time, due to the
constant replacement of failed data storage devices with new ones with improved
characteristics, their composition inevitably becomes heterogeneous over time in
these systems. In addition, different manufacturers put different meanings into
drives reliability parameters, although they have the same names. In this regard, it
Is urgent to solve the problem of ambiguity and incompleteness of reliability
parameters values of information storage devices heterogeneous sets in data
centers. The scientific novelty of the research lies in the development of effective
ways to identify and eliminate all real errors in reliability parameters values,
differing in their ambiguity and variability over time, which makes it possible to
improve data quality and formulate data models for information storages
heterogeneous sets in data centers.

Key words: hard disk drive; storage; information; reliability; parameter; efficiency;
data-center
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