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AHHOTaUMA. Bonblune faHHble ABASKOTCA OCHOBOW LUWPOBOK 3KOHOMWMKM. B €BA3M € 3TuM BOMpocC
HafeXHOCTU XpaHeHUs CcobupaemblX [AaHHbIX BecbMa akTyasieH. OfHAaKo Mnpu OLEHKe HaAeXHOCTH
HakonuTenein uMHpopmauumn cylwecTsyeT npobsemMa HEOAHO3HAYHOCTU CMbICNA, BKNAAbIBAEMOTO Pa3HbIMU
npou3BoauTeNssMW B NapaMeTpbl COCTOAHMA C OfWHAKOBbLIMW HauMeHoBaHuamu. OTcloja LUefblo
nccnenoBaHusa ABASETCA BbIB/IEHWE TaKoro Habopa napamMeTpoB, KOTOPbI 6bla Bbl yHNBEPCANEH B Ka4ecTBe
nokasatenei HafleXHOCTH ANa NOOOA MapKku HakonuTenei noboro npoussoauTens. Moa6op yHMBEPCabHbIX
nokasaTeneil HafleXXHOCTW HakonuTenein NHHOPMaLUM BbINOTHEH HA OCHOBE COOTHOLWEHMUA OTHOCUTE/bHbBIX
3HayeHuMin SMART-napameTpoB, NpeAcTaBeHHbIX B OTKPbITOM focTyne data-ueHTpamu komnaHum Backblaze
3a AnuTenbHbI nepuofd. B pe3ynbTate aHanusa BbifBAeHbl Haubonee nogxonsliMe B 3TOM KayecTBe
napameTtpbl HDD: 1 Read error rate, 5 Reallocated sectors count, 7 Seek error rate, 10 Spin retry count, 196
Reallocation event count, 197 Current pending sector count, 198 Uncorrectable sector count. Ans SSD
YHUBepCanbHbIM fiBAsieTca napameTp 194 Temperature, HO co ¢nabo BbipaxeHHON guddeperymnaunein. ToT
Habop napameTpoOB NO3BOMSET BbINONHUTL CPABHUTENbHYIO OLEHKY HafeXHOCTW KaK no OTAeNbHbIM MapKam,
Tak 1 B LE/IOM M0 NPOM3BOANUTENSAM HAKONUTENel nHhopMaLun.

KnoueBble C€/i0Ba: 6Gonblioil 06bEM [AaHHbIX, HaKonuTenb WH(opmauyun, data-UeHTp, HafeXHOCTb,
napameTp, nokasartesnb
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Abstract. Big data is the basis of the digital economy. In this regard, the issue of collected data storage
reliability is very relevant. However, when assessing the information storage device reliability, there is a
problem of meaning ambiguity put by different manufacturers in the state parameters with the same names.
Hence, the purpose of the study is to identify such a set of parameters that would be universal as reliability
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indicators for any drives brand from any manufacturer. Universal indicators selection of information storage
device reliability is based on relative values ratios of SMART parameters presented in the public domain by
Backblaze data centers over a long period. The analysis revealed the most suitable HDD parameters in this
capacity: 1Read error rate, 5 Reallocated sectors count, 7 Seek error rate, 10 Spin retry count, 196 Reallocation
event count, 197 Current pending sector count, 198 Uncorrectable sector count. For SSD, the 194 Temperature
parameter is universal, butwith a weakly expressed differentiation. This set of parameters makes it possible to
perform a comparative reliability assessment both for individual brands and for manufacturers ofinformation
storage devices in general.

Keywords: big volume data, data storage device, data center, reliability, parameter, indicator

For citation: Nasyrov I.N., Nasyrov I.I., Nasyrov R.l. 2024. Universal Reliability Indicators of Information
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BBegeHune

AKTYa/IbHOCTb UCC/Ief0BaHNA 00YC/10B/IeHa HeOOXOAMMOCTLIO OLEHKM M MPOrHO3MpOBaHUA
HaJEeXXHOCTN reTeporeHHOro Habopa HakonuTenel MHGoOpMauuM B cUcTeMax LEHTPasIM30BaHHOMO
XpaHeHus (data-ueHTpax) reHepMpyeMbIX B LUPPOBO 3KOHOMUKE 60/1bLUNX 06beMOB JaHHbIX. 1S
3TOr0 PerynsipHoO CHUMAKTCHA U 3anuUCbIBAKOTCA CBeAeHUA 06 MX COCTOSHMU. HayuHoW npobnemMoi
AB/IAETCA 3HAYMTE/IbHOE KOIMYECTBO HAMMEHOBaHUI NapameTpoB COCTOAHMA (MOTeHLMaIbHO 40 256,
peasibHO Mcnosb3yembix 87, kKoTopoe ¢ 01.04.2023 yBenuumnock eule Ha 5 WwTyk [Hacbipos n gp.,
20236]) n NonHOe MAM 4YaCTUYHOE OTCYTCTBME 3HAYEHWUI 3TUX NapamMeTpoB A1l CYLLECTBEHHOIO
yucna HakonuTenel pasHbIX TOProBbIX MapoK pasn4yHbIX npoussoauTenen [Nasyrov et al., 2019].
Llenb nccnefoBaHnsa cocTouT B Bbibope Hanbosiee NPeAnoUTUTENbHBLIX U3 HUX 415 MOCNEAYIOLLLErO
NCMONb30BaHMS B Ka4ecTBe YHUBEPCA/IbHbIX MoKasaTenell HafeXXHOCTU, T. €. UMEKLMX HenycTble
3Ha4YeHUs N OAMHAKOBYIO MHTEPMpPEeTaLUNIO 418 BCeX Mofenel HakonuTenei [Hacblpos u gp., 2023 a].

O6beKTbl U MeTOAbI UCCef0BaHUS

VHdopmaumoHHoM 6a30i nccneoBaHUS MOCNYXUN eXXeHEBHO 3anucbiBaeMble SMART-faHHble
(self-monitoring, analysis and reporting technology - TEXHOIOTA CAMOKOHTPO/SA, aHa/n3a U OTYETHOCTN)
HaKonuTesnel, Haxofsawmecs B CBOOOAHOM [OCTYyMne Ha caiTe OLHOW M3 KPYMNHEMWMX B Mype rpynn
KoMMepyecknx data-ueHTpoB KomnaHun Backblaze (https://www.backblaze.com/b2/hard-drive-test-
data.html). OHW ygoBReTBOPSAIOT BCEM TpeboBaHMAM /151 NporHo3upoBaHus c6oe [Diallo et al., 2021], B
CBSI3U C YeM MCCefoBaTe/IN CO BCEro MUpa aKTMBHO MCMOMb3YHOT UX B CBOE paboTe B caMbiX pasHbIX
obnactsax. B KayecTBe MeTOLOB WCC/eLOBaHUSA BblopaHbl rPynnupPoBKa, YCPeaHeHWe, CpaBHeHVe W
BU3ya/iM3aumsa OTHOCUTE/IbHbBIX 3HAYEHUI NapameTpoB COCTOSHWUA MPOLO/HKAOLMX (DYHKLMOHMPOBATD,
CHATbIX JOCPOYHO W OTKasaBLUMX Hakonutenei nHgopmauum 3a nepuog ¢ 10.04.2013 no 30.06.2022.
HakonuTenn Ha xecTkux gnckax (HDD - hard disk drive) g/1s «xonogHOro» xpaHeHUs: U TBepAoTe/IbHble
Ha MuKpocxemax (SSD - solid state drive) nns OnepaTMBHOIO WCMOMb30BaHUA WH(OpMaLIMn
paccMaTpMBa/INCb  pasfesibHo. Mcxoga M3 MMEIOLLEro MecTo pas/inuvsa Mo TOProBbIM  MapKam
COOTHOLLIEHME OTHOCUTENIbHBLIX 3HAYeHW MapameTpoB M3y4vasiocb AvddepeHunpoBaHHo: 00MDOO,
HGST, Hitachi, Samsung, ST, Toshiba, WDC pgns HDD Hakonuteneii n CT, DELLBOSS, HP,
MTFDDAYV, Samsung SSD, Seagate, SSDSCKKB pgnss SSD HakonuTeneil. CHayana BbIYUCIS/IUC
CpefHWe 3HaYeHWs Ha OAWH HaKOMUTelb Ae/leHNEM CyMMbl 3HAYeHWA MapameTpoB Ha KO/IMYECTBO
NPOJO/HKAKLLMX (PYHKLMOHNPOBATL, CHATBLIX JOCPOYHO M 0TKa3aBLLMX HaKoNuTenen oTaenbHo. MoToMm rx
JeNnnn Ha MaKCMaslbHOe M3 TPexX CpefHee 3HauyeHVie B KadK4OW rpymre, TeM camMbIM npeobpasys B
OTHOCUTE/IbHbIE BE/IMYUHBI, YA00HbIE /19 CPaBHEHUSA MEXY pasHbIMM TOProBbIMM Mapkamu [Nasyrov et
al., 2018]. 3atem onpegensanucb NapamMeTpbl, B KOTOPbIX CpPeAHMEe OTHOCUTESIbHble 3HAaYeHUs /1A
OTKas3aBLLMX HAaKoMNUTe el NpeBbILLa/IN TaKoBbIe A1 (DYHKLMOHUPYHOLLWX.
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PesynbTaTbl

Mony4yeHo, UTO AeACTBUTENIbHO MMEKTCS MapaMeTpbl, 3HAYEHMS KOTOPbIX Y OTKasaBLUMX
HaKoMUTeNel NPEBbLILLAKT 3HAYEHMS Y HOPMAIbHO (hYHKLMOHMPYOLWMX. HoMepa Takux napameTpoB
N UX KONIMYECTBO NpUBEAEHbI B Tabn. 1.

Tabnuua 1
Table 1
Homepa 1 Konm4yecTBO NapameTpoB, 3HAUEHWS KOTOPbIX Y 0TKa3aBLUMX HaKONUTeNel NpeBbILaoT
3HaYeHUA Yy HOPMa/TbHO (PYHKLMOHUPYIOLLMX, LLUIT.
The numbers and amount of parameters whose values for failed drives exceed
the values for normally functioning ones, pcs.

Toproeas Mapka BCEro 0TKa3 HOMepa napaMmeTpoB nToro

00MDO0O 2 0 0

HGST 53405 829 1,2, 3,4,5 7,8, 10, 12, 196, 197, 198, 199 13

Hitachi 13246 541 1,4,5,7, 10, 192, 193, 194, 196, 197, 198, 199 12

Samsung 18 1 1,3/4,9, 11, 12, 13, 183, 187, 190, 194, 195, 197, 14
201

ST 179810 12098 1,3, 4,5,7, 10, 11, 12, 15, 183, 184, 187, 188, 189, 30

193, 195, 196, 197, 198, 199, 200, 223, 225, 240, 241,
242, 251, 252, 253, 255

Toshiba 53230 1125 1, 2,4,5,8,9, 10, 12, 193, 196, 197, 198, 222 13
WDC 16419 532 1,3,4,5,7,9, 12, 188, 190, 191, 193, 196, 197, 198, 17
199,200,240
Bcero HDD 316130 15126
CT 294 1 194
DELLBOSS 351 0 0
HP 110 108 1,5,9, 12, 160, 161, 163, 164, 165, 166, 167, 168, 24
169, 178, 192, 194, 196, 197, 198, 199, 232, 241, 242,
245
MTFDDAV 99 9 173, 174, 175, 188, 194, 235, 241, 245, 247, 248 10
Samsung 10 10 9, 12, 177, 190, 235, 241 6
Seagate 1828 21 170, 177, 194, 231, 232
SSDSCKKB 4 0
Bcero SSD 2696 149

M3 Tabn. 1 BMAHO, 4YTO MMeKOTCA napamMeTpbl, o0b6najawLline OLHUM U3  TMPU3HAKOB
YHMBEPCA/IbHOCTU, T. K. OHM MOBTOPSIOTCS 471 HAKONUTENEN pasHbIX TOProBbIX Mapok. Y HDD 310
napameTpsbl 1, 4, 197 ¢ wecTbio nosTopamu, 5, 12, 196, 198 ¢ nartbio nosTopamu, 3, 7, 10, 193, 199
C YeTblpbMA NoBTOpamu, 9 ¢ Tpema nosTtopamu, 2, 8, 11, 183, 187, 188, 190, 194, 195, 200, 240 c
AByMs noBTtopamn. Y SSD 3T0o napameTpbl 194 ¢ YyeTblpbMs NoBTopammn, 241 ¢ Tpems nosTopamu, 9,
12, 177, 232, 235, 245 c gBymMs noBTOpamu.

[Nsi yHMBEPCaNIbHOCTM TaKXXe HYXXHO He MPOCTO Ha/lnymne HenycTblX 3Ha4YeHUn y napameTpoB
[Cahyadi, Forshaw, 2021], a 4To6bl OHM 6bINN Y GONBLLUNHCTBA HAKOMNUTENEN 60/1ee YEM MOMOBMHbI
TOProBbIX MapoK. C 3Toi TouKu 3peHns ansad HDD yHuBepcanbHbIMW NapameTpaMmu ABASOTCA 1, 3,
4,5 7,9, 10, 12, 194, 197, 198, 199 ona cemun TOProebixX Mapok, 192, 193 ana wectn, 8, 196 ansa
nATY, 2 418 YeTbIpex.

C y4yeTom TOro, UTO y HakonuTeneh Toprosoii mapkn DELLBOSS Hukakune napameTpbl He
3anuncbliBa/INCb, TO ANA SSD yHMBepCcasibHbIMK NapameTpamMn ABNATCA 9, 12 anA WecTu TOProBbIX
Mapok, 1, 5, 194, 199 ana natu, 181, 182, 195, 198, 241 anAa 4yeTbipex.
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Ona  Busyanmsaunm  npeaBapuTeNlbHO  OTOOpPaHHbIX W MEPCreKTUBHbLIX B Ka4decTse
YHUBEPCa/IbHbIX NOKas3aTesieln HafeXXHOCTU Ha puc. 1-6 npuBefeHbl COOTHOLIEHUA OTHOCUTE/IbHbIX
3HaYeHM napamMeTpoB COCTOAHMA MPOAO/KAWMNX (YHKUMOHMPOBATb, CHATbIX [LOCPOYHO W
oTKaszaBLUux HDD u SSD HakonuTene.

Puc. 1. CoOOTHOWeEHUA 3Ha4YeHnii napameTpoB 1, 2, 3, 4, 5, 7 npOoA0MXaKLWNX HOPMANbHO (DYHKLWOHMPOBaTb
(Bble/IeHO 3e/1eHbIM LBETOM), CHATbLIX JOCPOYHO (OpPaHXEBbIM)
M OTKasaBlWMX (KpacHbiM) HD D HakonuTeneii, OTH. eg,
Fig. 1. Ratios of parameters 1, 2, 3, 4, 5, 7 values for continuing to function normally (highlighted in green),
removed ahead of schedule (orange) and failed (red) HDD drives,
rel. units
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OTH. ef.

3HaueHue,

Puc. 2. COOTHOWEHUS 3HaYeHnii napameTpoB 8, 9, 10, 11, 12, 183 npogo/xalwmnx HopMaabHO
(pbyHKUMOHMPOBATL (BblAENEeHO 3e1EeHbIM LBETOM), CHATbLIX LOCPOYHO (OpaHXeBbIM)
M 0TKasaBWMX (KpacHbIM) HDD HakonuTesnei, OTH. ef.
Fig. 2. Ratios of parameters 8, 9, 10, 11, 12, 183 values for continuing to function normally (highlighted
in green), removed ahead of schedule (orange) and failed (red) HDD drives,
rel. units
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Puc. 3. COOTHOWEHUS 3HaYeHnii napameTpos 187, 188, 190, 193, 194, 195 npogonxakwwWwmx HOpMasbHO
(OYHKLMOHMPOBaATb (BblAe/NIeHO 3e/1eHbIM LBETOM), CHATbLIX JOCPOYHO (OpaHXeBbIM) U OTKa3aBLIUX
(kpacHbiM) HDD HakonuTesneii, OTH. ef,

Fig. 3. Ratios of parameters 187, 188, 190, 193, 194, 195 values for continuing to function normally
(highlighted in green), removed ahead of schedule (orange) and failed (red) HDD drives, rel. units
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Puc. 4. COOTHOWEHUS 3HaYeHnii napameTpos 196, 197, 198, 199, 200, 240 npogonXakLWmMX HOPMasbHO
(pyHKLMOHNPOBATL (Bbl4ENEHO 3e/1eHbIM LBETOM), CHATLIX JOCPOYHO (OpaHXeBbIM) M 0TKa3aBLUMWX
(kpacHbiM) HDD HakonuTesneii, OTH. ef,

Fig. 4. Ratios of parameters 196, 197, 198, 199, 200, 240 values for continuing to function normally
(highlighted in green), removed ahead of schedule (orange) and failed (red) HDD drives, rel. units
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OTH. ef.

3HayeHue,

Puc. 5. COOTHOWEHNS 3HaYeHnii napameTpoB 1, 5, 9, 12, 177, 194 npogo/mxawmux HopMmaabHO
(pbyHKUMOHMPOBATL (BblAENEeHO 3e1EeHbIM LBETOM), CHATbLIX LOCPOYHO (OpaHXeBbIM)
M OTKasaBLWMWX (KpacHbIM) SSD HakonuTesne, OTH. ef,
Fig. 5. Ratios of parameters 1, 5, 9, 12, 177, 194 values for continuing to function normally (highlighted
in green), removed ahead of schedule (orange) and failed (red) SSD drives, rel. units
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Puc. 6. CooTHOWeEHUS 3Ha4YeHuii napameTpos 198, 199, 232, 235, 241, 245 npoAonxalLwnX HOPManbHO
(pyHKLMOHMPOBATL (BbILENEHO 3€M1EHBIM LBETOM), CHATLIX JOCPOYHO (OpaHXeBbIM) U OTKa3aBLLMNX
(kpacHbIM) SSD HakonuTenen, OTH. eg.

Fig. 6. Ratios of parameters 198, 199, 232, 235, 241, 245 values for continuing to function normally
(highlighted in green), removed ahead of schedule (orange) and failed (red) SSD drives, rel. units

Mapamvetp 192 gna HDD He paccmatpuBasicd M3-3a OTCYTCTBMA YHUBEPCasIbHOCTU MO
NPU3HaKy  MpPeBbIWEHNS  3HAYEHWA B OTKa3aBLUMX  HAKOMUTENAX  Hajg  HOpMasibHO
DYHKLUVOHMPYHOLWNMUK (ECTb TONIbKO ANs1 0HOM TOproeoi mapku Hitachi). MapameTpbl 181, 182, 195
ans SSD He paccMaTpmBasIvCb M3-3a MOMIHOFO OTCYTCTBUSA MPEBbILLEHMSA 3HAYEHUI B OTKasaBLUMX
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HaKOMUTENSIX Haj HOPMaIbHO (DYHKLMOHMPYHOLWMMU. YUT06bI M36exaTb BAUAHUS NMPUMEHSEMbIX
Pa3IMYHbIMM  MPOM3BOAUTENSIMM  Pa3HbIX CMOCO60B HOpManu3aumMu Be3fe MNPUHUMAINCL BO
BHUMaHMe TO/IbKO TaK Ha3blBaeMble «CbIpble» AaHHbIE.

O6cyxaeHne 1 BbIBOAbI

3afjaya NPOrHO3MPOBaHUA OCTATOYHOIO CPOKa MOMEe3HOM CyXObl AUCKOBbIX HaKonuTenel
[aHHbIX YacTo paccmaTpmuBaeTCs Npu 06y4YeHUN HEMPOHHbIX ceTel [demngoBa, ®ypcos, 2021, 2023;
Zhang et al., 2023]. Takke Ans aHaam3a BbDKMBAEMOCTM AMCKOBbIX HAKOMUTENE MCMONb3yTCs
pasnnyHble cTaTucTuyeckne Metodbl [AdemungoBa, Punatos, 2023], apyrve MeTodbl MalUWHHOIO
006y4veHus [PypcoB, Punartos, 2023; HOpkos, MeTpos, 2021]. OgHaKo AeTasibHOro 060CHOBaHUA
BblOpaHHbIX /15 aHaIM3a napameTpoB He NPUBOLUTCS.

Busyanmsauma COOTHOLUEHWIA OTHOCUTENIbHBLIX 3HAa4YeHWU MO3BONSET BMOJHE OrpefesieHHO
BbIbpaTb napameTpsbl 1, 5, 7, 10, 196, 197, 198 kak Hanbonee yHMBEPCa/IbHbIE M0 NMPU3HAKY MPEBbILLIEHNSA
3HaYeHWn B OTKasaBwMx HDD Hakonutensx Haz HOPMasibHO (YHKUMOHUPYIOLWMMW. Y HUX 3TO
NPEBbLILLIEHNE BbIPAXKEHO MaKCMMallbHO B OT/IM4YMe OT napameTpoB 4, 12, 193, 199 co cna6on
anddepeHumaumen. Mo Npu3Haky NOMHOTbI 0XBaTa Pas3HbIX TOProBbIX MapoK yKasaHHble napameTpbl
TakXke npegnoyTuTeNnbHee, Yem napametpbl 11, 183, 188, 195, 200, 240, nmetoLLmnecs B HaNMUNK BCEro
4NA OBYX TOProBbIX Mapok. OfHaKo B C/lyvae €C/iM paccMaTpuBatOTCA HAKOMUTENM TOMbKO OAHOW
TOProBOV MapKu, TO MOC/egHMe napameTpbl OKasblBalOTCA BMOHE NpurogHbiMu [Arifuzzaman et al.,
2022; Ircio et al., 2022]. Takke ecnun uccnefoBaTeny He AUM{ePeHLMPYOT HAKOMUTENW MO TOProBbIM
MapKaMm, a 0fHa U3 HUX 3HaYNTENbHO NPeBaINPYeT, TO NOC/AEAHVE MapaMeTpPbl MOKaXKYTCA UM O4YeHb
faxe npuemneMbiMy. VIMEHHO Takas cuTyauust UMeeT MeCTO ObITb B FeTeporeHHoM Habope AaHHbIX
KomnaHun Backblaze, rge Hakonutenn Toprooii Mapku ST (Seagate) cocTaBnsHOT 60/1bLUMHCTBO.

[na SSD HakonuTenel eCTb TONbKO O4UH YHUBEPCA/TbHBIN A4/151 60/1bLUIMHCTBA TOPrOBbIX MapoK
napameTp 194, HO co cNabo BbIPaXKEHHbIM NPEBbILLEHEM 3HAYEHWNI B 0TKa3aBLUMX HAKOMUTENAX Haf
HOPMa/TbHO (DYHKUVOHUPYOLWMMKN. Bonee ApKO BbIpaXKeHHOe MNPeBbILLEHWE eCTb Y NapameTpoB 232,
245 ana aByx TOproBbIX mMapok, 198, 199 ana ogHon (HP). CnefyeT OTMETUTb, YTO CTaTUCTMKA MO
SSD HakonuTensam noka mana.

Kpome 3Toro, Haflo y4ecTb, UTO 3Ha4YeHUA napameTpoB 197 n 198 B 60/bLUEA CBOEN HacTu
coBnagatoT [Ji et al., 2022]. TakXke BeCbMa HeOXMAHHbLIM SABNAETCA TO, YTO XOTHA MO OnpesesieHnto
HaeXXHOCTbI CUMTaeTCs BpPemMsi HapaboTKu Ha oTka3 [Pinciroli et al.,, 2022], ogHakKo 3Ha4eHUs
napametpa 9 Power-On Hours (4Mc/1o vacos, MPoBeAeHHbIX BO BK/IKOYEHHOM COCTOSIHUMW) Bblille B
0TKa3aBLUMX HaKOMUTENAX Hah HOPMa/lbHO (YHKLUMOHMPYOLWMMW TOMLKO Y TOProBbIX MapoK
Samsung, Toshiba, WDC gna HDD n HP, Samsung gnsa SSD.

Tem He MeHee MOXHO cfienlaTb 06LLMIA BbIBOA O CyLLLECTBOBaHUU Habopa napameTpoBs, BrOJIHE
NPUrOAHbIX AN MPAKTUYECKOro NPUMEHEHUS B KAYeCTBe YHMUBEPCA/IbHbIX NoKa3aTesieil HafeXXHOCTU
HakonuTene nHgopmaLmm B data-LeHTpax.

3aKnyeHne

Takum o06pasom, B pesy/bTaTte WCCNef0BaHWUSI COOTHOLUEHWIA OTHOCUTENbHbIX 3HAYeHWI
BbISIB/IEHO, UTO CyLlecTBYeT Habop SMART-napameTpoB, Hanbosiee NOAXOAALLMX AN1A NPAKTUYECKOro
NPVYIMEHEHWSA B Ka4eCTBe YHVBePCa/IbHbIX MoKasaTesieil HafeXXHOCTU HakonuTenein nHgpopmauun. Ans
HDD 3t0: 1Read error rate (4acToTa OLLUMGOK NPY YTEHUWN AAHHbIX C AUCKA, MPOUCXOXKAEHNE KOTOPbIX
06yc/ioB/fIEHO annapaTHOM 4YacTblo Aucka), 5 Reallocated sectors count (4Mcnio onepaywi
nepeHasHa4eHus CeKTopoB), 7 Seek error rate (4actoTa OWWMOOK MpPU MO3ULMOHMPOBaHUN 6/10Ka
MarHuUTHbIX ro/10BOK), 10 Spin retry count (4MC/10 NOBTOPHbIX MOMbITOK PACKPYTKM ANCKOB 10 paboyeit
CKOPOCTY B C/lyyae, eCcnin nepsast norbiTKa 6blia HeygavHoi), 196 Reallocation event count (4ncno
YCMELLHbIX M HeycnewHbIX onepauuni nepeHasHadeHus), 197 Current pending sector count (4mcno
CEeKTOPOB, ABMANOLWMXCA KaHAMjaTamy Ha 3ameHy), 198 Uncorrectable sector count (4ucno
HEKOPPEKTMPYEMbIX CpefcTBaMM [OUCKa CEKTOPOB). YKasaHHble MNapamMeTpbl XapakTepusyroT Kak
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COCTOsIHME noBepxHoCTM gauckos (1, 5, 196, 197, 198), TaKk M MarHUTHbIX TO/I0BOK (7) W
anekTpogsurartens (10).

Ona SSD ato napameTp 194 Temperature (Temnepatypa BHYTpWU Kopnyca SSD wiu
TemrepaTypa neyaTHol nnatbl, 4N HDD 3To nokasaHuWs BCTPOEHHOro TepMogaTymKa, KOTOpbIM
CNY>XUT 0OfHAa W3 MarHUTHbIX TFO/I0BOK - O06bIYHO HWXHASA), HO CO C/1ab0 BbIPaXKEHHOM
anddepeHumaL et 3Ha4eHNA.

Cnuncok nutepartypsbl

Oemunpgosa J1.A., ®unatoB A.B. 2023. AHann3 BbIXNBAEMOCTI AMCKOBbIX HAaKONMTENE C MOMOLLbI MeToda
KannaHna-Meiiepa. BbICOKONPON3BOAUTENbHbIE BbIYUCANTENbHbLIE CUCTEMbI U TexHonoruu. 7(1): 18-
24. EDN XYBFNY.

Jemupgosa /1.A., dypcos WN.A. 2021. Pa3paboTka MOAENM NPOrHO3NPOBAHUSA OCTATOYHOTO CpoKa CMyX6bl
HakonuTenel [aHHbIX C WCNO/Ib30BAHWEM TEXHONIOTUW PEKYPPEHTHbIX HeRpOHHbIX CceTeil.
BbiCcOKONpoOn3BOAUTENbHBIE BbIYUCUTENbHBIE CUCTEMbI U TexHonoruu. 5(1): 43-48. EDN CXSKCF.

Jemunpgosa J1.A., ®ypcos WN.A. 2023. MawunHa 3KCTpeManbHOro 06y4YeHMA B 3ajayax npefckasaHus
OCTaTOYHOr0 Cpoka Mo/se3HON Ccnyx6bl AWCKOBbIX HakonuTeneii. BecTHuk PsasaHckoro
rocyflapCTBeHHOro pagmortexHuuyeckoro yHusepcuteta. Ne 83: 22-35. DOI 10.21667/1995-4565-
2023-83-22-35. EDN TYAOZM.

Hacbipos W.H., HacbipoB W.1., Hacbipos P.W. 2023. KpuTepun paHxmpoBaHus HakonuTenei nHpopmaymm B
data-LeHTpax no HafexHocTu. Tpyabl WHCTUTYTa CUCTEMHOrO aHanu3a POCCUIACKO akageMun Hayk.
73(3): 59-68. DO 10.14357/20790279230307. EDN LZLVJC.

Hacbipos W.H., HacbipoB W.W., HacbipoB P.W. 2023. HenuHeilHblii POCT [aHHbIX NO HaAeXHOCTM
HakonuTenen uHpopmauum B data-ueHTpax. LudpoBas 3akoHomumka. Ne S5(26): 38-44. DOI
10.34706/DE-2023-05-05. EDN MVMIDE.

®ypcos N.A., dunatos A.B. 2023. AnroputMuyeckume v nporpaMmHbie CpeAcTBa OnpefeneHns 0CTaTo4HOro
BPEMEHW XWN3HU TEXHNYECKMX YCTPOACTB. INEKTPOHHOE NH(OPMALMOHHOE MPOCTPAHCTBO AJ/15 HayKH,
obpasoBaHus, KynbTypbl: c6. mMar. X Mexj. Hayd.-npak. koHd. (Opén, 14 pekabpa 2023). Opén:
®efepanbHoe rocyfapcTBeHHOe 610XeTHOe 06pa3oBaTe/lbHOe YUpeXAeHue BbICLEro 06pa3oBaHns
«OpNOBCKUIA rOCYyapCTBEHHbI MHCTUTYT KyNbTypbl». 121-126. EDN DYTYEF.

tOpkoB A.A., Metpos A.B. 2021. MOHUTOPUHT 340POBbA XECTKUX AUCKOB. COBPEMEHHbIE TEXHO/OTUN B
TEOPUM W MPaKTUKe NPOrpaMMupoBaHus: c6. mat. Hayy.-npak. KoHM. (CaHkT-MeTepbypr, 22 anpens
2021). CaHkT-NMeTepbypr: degepanbHOe TOCYLapCTBEHHOE aBTOHOMHOE 06pasoBaTe/ibHoe
yupexgeHue Bbicwero obpasoBaHna «CaHkT-MeTepbypreckuii noAnTeXHNYeCKUin yHneepcuteT MeTpa
Benukoro». 228-229. EDN ORSHGC.

Arifuzzaman M., Bhuiyan M., Gumus M., Arslan E. 2022. Be SMART, Save I/0: A probabilistic approach to
avoid uncorrectable errors in storage systems. Proc. IEEE International Conference on Cluster
Computing (CLUSTER). P. 256-266. DOI 10.1109/CLUSTER51413.2022.00038.

Cahyadi, Forshaw M. 2021. Hard disk failure prediction on highly imbalanced data using LSTM network.
Proc. IEEE International Conference on Big Data (Big Data, 15-18 December 2021, Orlando, FL,
USA). P. 3985-3991. DOI: 10.1109/BigData52589.2021.9671555.

Diallo M.S., Mokeddem S.A., Braud A., Frey G., Lachiche N. 2021. Identifying benchmarks for failure
prediction in industry 4.0. Informatics. 8(4). P. 68. DOI: 10.3390/informatics8040068.

Ircio J., Lojo A., Lozano J.A., Mori U., Lozano J.A. 2022. A multivariate time series streaming classifier for
predicting hard drive failures [Application notes]. IEEE Computational Intelligence Magazine. 17(1).
P. 102-114. DOI 10.1109/MCI.2021.3129962.

Ji S., Zuo X., Huang H. 2022. Disk failure prediction via lightGBM model. Proc. SPIE 12331. International
Conference on Mechanisms and Robotics (ICMAR 2022). 123313G (10 November 2022). DOI
10.1117/12.2652965.

Nasyrov I.N., Nasyrov I.I., Nasyrov R.l., Khairullin B.A. 2018. Data mining for information storage reliability
assessment by relative values. International Journal of Engineering and Technology (UAE). 7(4.7 Sp.
Is. 7). P. 204-208. DO 10.14419/ijet.v7i4.7.20545.

Nasyrov I.N., Nasyrov I.I., Nasyrov R.l., Khairullin B.A. 2019. Study of failure hazard degree in large data
centers. Helix. 9(5). P. 5345-5349. DO 10.29042/2019-5345-5349.

Pinciroli R., Yang L., Alter J.,, Smirni E. 2022. Machine learning models for SSD and HDD reliability

732



JKkoHOMUKa. VMHpopmaTuka. 2024, T. 51, No 3 (722-734)
Economics. Information technologies. 2024. V. 51, No. 3 (722-734)

prediction. Annual Reliability and Maintainability Symposium (RAMS). P. 1-7. DOl
10.1109/RAMS51457.2022.9893942.

Zhang M., Ge W., Tang R., Liu P. 2023. Hard Disk Failure Prediction Based on Blending Ensemble Learning.
Applied Sciences (Switzerland). 13(5). P. 3288. DO 10.3390/app13053288. EDN PRNOSV.

References

Demidova L.A., Filatov A.V. 2023. Analysis of the survival rate of disk drives using the Kaplan-Meyer
method. High-performance computing systems and technologies. 7(1): 18-24. (in Russian).

Demidova L.A., Fursov I.A. 2021. Development ofamodel for predicting the residual useful life ofdata drives
using recurrent neural network technology. High-performance computing systems and technologies.
5(1): 43-48. (in Russian).

Demidova L.A., Fursov I.A. 2023. ELM neural networks in the problems of predicting residual useful life of
disk drives. Vestnik of RSREU. No. 83: 22-35. DOl 10.21667/1995-4565-2023-83-22-35. (in
Russian).

Nasyrov I.N., Nasyrov I.I., Nasyrov R.l. 2023. Criteria for ranking information storage devices in data centers
by reliability. Proceedings of the Institute for Systems Analysis Russian Academy of Sciences (ISA
RAS). 73(3): 59-68. DO 10.14357/20790279230307. (in Russian).

Nasyrov I.N., Nasyrov I.I., Nasyrov R.l. 2023. Data nonlinear growth on storage devices reliability in data
centers. Cifrovaya ekonomika. No. S5(26): 38-44. DOI 10.34706/DE-2023-05-05. (in Russian).

Fursov ILA., Filatov A.V. 2022. Algorithmic and software tools for determining the remaining life time of
technical devices. Ehlektronnoe informacionnoe prostranstvo dlya nauki, obrazovaniya, kul'tury:
sbornik materialov X mezhdunarodnoy nauchno-prakticheskoy konferentsii (Oryol, 14 December
2023). Oryol: Oryol State Institute of Culture. P. 121-126.

Yurkov A.A., Petrov A.V. 2021. Monitoring zdorov'ya zhestkikh diskov [Monitoring the health of hard
drives]. Sovremennyye tekhnologii v teorii i praktike programmirovaniya: sbornik materialov
nauchno-prakticheskoy konferentsii (Saint Petersburg, 22 April 2021). Saint Petersburg: Peter the
Great St. Petersburg Polytechnic University, P. 228-229.

Arifuzzaman M., Bhuiyan M., Gumus M., Arslan E. 2022. Be SMART, Save I/0: A probabilistic approach to
avoid uncorrectable errors in storage systems. Proc. IEEE International Conference on Cluster
Computing (CLUSTER). P. 256-266. DOI 10.1109/CLUSTER51413.2022.00038.

Cahyadi, Forshaw M. 2021. Hard disk failure prediction on highly imbalanced data using LSTM network.
Proc. IEEE International Conference on Big Data (Big Data, 15-18 December 2021, Orlando, FL,
USA). P. 3985-3991. DOI: 10.1109/BigData52589.2021.9671555.

Diallo M.S., Mokeddem S.A., Braud A., Frey G., Lachiche N. 2021. Identifying benchmarks for failure
prediction in industry 4.0. Informatics. 8(4). P. 68. DOI: 10.3390/informatics8040068.

Ircio J., Lojo A., Lozano J.A., Mori U., Lozano J.A. 2022. A multivariate time series streaming classifier for
predicting hard drive failures [Application notes]. IEEE Computational Intelligence Magazine. 17(1).
P. 102-114. DOI 10.1109/MCI.2021.3129962.

Ji S., Zuo X., Huang H. 2022. Disk failure prediction via lightGBM model. Proc. SPIE 12331. International
Conference on Mechanisms and Robotics (ICMAR 2022). 123313G (10 November 2022). DOI
10.1117/12.2652965.

Nasyrov I.N., Nasyrov I.I., Nasyrov R.l., Khairullin B.A. 2018. Data mining for information storage reliability
assessment by relative values. International Journal of Engineering and Technology (UAE). 7(4.7 Sp.
Is. 7). P. 204-208. DO 10.14419/ijet.v7i4.7.20545.

Nasyrov I.N., Nasyrov I.I., Nasyrov R.l., Khairullin B.A. 2019. Study of failure hazard degree in large data
centers. Helix. 9(5). P. 5345-5349. DO 10.29042/2019-5345-5349.

Pinciroli R., Yang L., Alter J.,, Smirni E. 2022. Machine learning models for SSD and HDD reliability
prediction. Annual Reliability and Maintainability Symposium (RAMS). P. 1-7. DOI
10.1109/RAMS51457.2022.9893942.

Zhang M., Ge W ., Tang R., Liu P. 2023. Hard Disk Failure Prediction Based on Blending Ensemble Learning.
Applied Sciences (Switzerland). 13(5). P. 3288. DO 10.3390/app13053288. EDN PRNOSV.

KOH(NMKT MHTEPeCoB: 0 NoTeHUWaNbLHOM KOH(IMKTE MHTEPECOB He CO06LLaNoCh.
Conflict of interest: no potential conflict ofinterest related to this article was reported.

733



JkoHoMuKa. MHopmaTuka. 2024, T. 51, No 3 (722-734)
Economics. Information technologies. 2024. V. 51, No. 3 (722-734)

MocTtynuna B pegakyuto 07.07.2024
MocTtynuna nocne peueHsnposaHnsa 29.08.2024
MpuHAaTa K ny6nukaymm 06.09.2024

NHP®OPMALUNA OB ABTOPAX

HacbipoB  VickaHgap  Hawnosuuy,  goktop
3KOHOMUYECKMX HAYK, AOLEHT, npodeccop kadenpbl
3KOHOMMKM  NpegnpuaTMini 1 OpraHusayuni,
HabepexHOUYeMTHUHCKNIA UHCTUTYT (pmnman)
KasaHckoro (MpuBOMXCKOTO) thenepansHoro
yHuBepcuteTa, r. Kasanb, Poccus

KaHaugat
000

HacbipoB Wrnbgap WVickaHgapoBud,
TEXHUYECKUX  HayK, CepBuUC-MeHepxep
«Tenekom MHTerpauusa», r. KasaHb, Poccusa

HacblpoB Pyctam VckaHgapoBuy, pykoBoAnTeNb
noptpens npoektoB OO0 «lasnpomHedpTb -
Lndgposbie pewenna», Cankt-NMetepbypr, Poccus

Received July 07, 2024
Revised August 29, 2024
Accepted September 06, 2024

INFORMATION ABOUT THE AUTHORS

Iskandar N. Nasyrov, Doctor of Economics,
Associate Professor, Professor ofthe Department of
Economics of Enterprises and Organizations,
Naberezhnye Chelny Institute (branch) Kazan
(Volga Region) Federal University, Kazan, Russia

Ildar I. Nasyrov, Candidate of Technical Sciences,
Service Manager of Telecom Integration LLC,
Kazan, Russia

Rustam I. Nasyrov, Head ofthe Project Portfolio of
Gazpromneft - Digital Solutions LLC, St
Petersburg, Russia

734



