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512GB WD Black PCle Gen3 x4 NVMe SSD

Nyuwne SSD-gucku
ANA YCKOPEHUA CUCTEMBI

TeeppoTenbHble HAKONUTENN, KaK B BUAeE BbICOKOCKOPOCTHbIX M.2, Tak 1 B BUAE BOCTYMHbIX
SATA, — 370 NlyylLee peweHmne ans yckopeHus paboTel KoMnbioTepa. Mbl paccKkaXeM, Kak
noao6paTb U YCTAaHOBUTb Takon HocuTenb B cBoiA MK.
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HOTHeE TOJIb30BATEeNIU IPe3dT 0 ToM, yToObl ux [1K oTkinkan-

¢ ¥ 3aITycKaJl IPUJIOKEHUS TaK e ObICTPO, KaK, HAllpuMep,

COBpeMEHHBIC CMapT(OHBI U TUTAHIIIETHI. A ITyTh K UCITOJTHE-
HUIO 3TOTO JKeJIaHMS JIEXKNT, KaK TIPaBUIIO, He yepe3 00s1ee MOIIHBIM
LIIT u naxxe He yepe3 orepaTuBHYIO MaMsITh Oosblliero oobema. Hau-
JIYYIIMI pe3ybTaT IPUHOCUT 3aMeHa HepacTtoporHoro HDD (v
craporo SSD) Ha 1eiCTBUTENIbHO ObICTPBII TBEPIOTEIbHBII HAKOITH-
Teb. MepuioM Beex Belllell B TOM OTHOILIEHUU SIBJISIIOTCSI MOIYJIM C
uHTepdeiicom M.2, pabotatoiue o cnetmdukainu NVMe. [luHa
PCI Express 1 cienMajbHO MpeaHa3HaYeHHBIN 1151 TOIKIIOUEHHbIX
MO Hell TBEPIOTEJIbHbIX HAKOIUTENEH MPOTOKOJ Mepenadr JaHHbIX
MPOPHIBAIOT BCE OTPAHUYECHUS, U3-32 KOTOPBIX OOBIYHBIE TBEPHO-
TeJIbHbIE HAKOTIUTENIU ¢ Tonaep:kKoit SATA He MOTYT pa3BUTh CKO-
pocTb Bhie 550 M6aiit/c 1 KOTOpBIe TIPENCTABIISIIOT Y3KOe MECTO
MpY TTapaJIeJIbHBIX 3aIpocax Ha MHOTOSIIEPHBIX cuctemax. Ho Ta-
kue SSD, Kak mpaBuIIo, 3aMETHO IOPOKE, YeM TBEPIOTEIbHBIE HAKO-
mutenn ¢ SATA-TIOIKITIOYeHUEM U TPEOYIOT HATUYUSI COBPEMEHHOM
MaTepUHCKOI IIaThl. Jlanee Mbl paccKaxkeM, Ul KAKUX KOMITbIOTe-
POB TMOIXOAUT TOT WM WHOI TUIT TUCKOB M HACKOJBKO BeJIMKa pa3-
HUIIA B CKOPOCTSIX Ha IMpaKTUKe. 3aTeM Mbl MIPUBOIMM DPE3YJILTAThl
TECTOB TBEPAOTEIbHBIX HAKOIMMUTENEH, pabOTaIOLIUX MO MPOTOKOJY
NVMe, u B 3aK/I104€HHE COBETYEM, KaK MPOIIE BCETO MEPEHECTU CHU-
creMy co ctaporo HDD wimn SSD Ha HOBBII.

Bbi6op nyyweint texHonorum: NVMe unu SATA

Br160p THIAa HAKOMUTEST 3aBUCUT OT CUCTEMBI, KOTOPYIO BbI HaMe-
PEHBI TTIePEeOCHACTUTh. BONBITMHCTBO HOYTOYKOB (TTPEsKiIe BCETo CTa-
pbie) OCHAILEHBI TOJBKO OMHUM pazbeMoM SATA M oTCekoM ISt
JKECTKOTO JMcKa. B TakoM ciyyae AMCK MOXHO 3aMEHUTh TOJBKO
2,5-nroitmoBeiM SATA SSD (cM. peiituHr SSD Ha ichip.ru). D10 ke
Kacaetcs 1 oonbinuHcTBa [1K Briiots 1o nokoaeHust Intel Broadwell,
JaXe eclid Ha HEKOTOPBIX TOPOTMX MaTePUMHCKUX I1aTax MpeaycMo-
TpeH ciioT M.2 (B HeMm Hapsiny ¢ auHusiMu PCle MoxeT ucrosb3o-
Batbcs U SATA ¢ XxapakKTepHbIMU UTl HEro orpaHudyeHussmMu). Ecimn
COBpPEMEHHOTO cjioTa M.2 Ha 1u1ate HeT, MOXKHO MOIKJIIOUYUTb MOIY/b
¢dopm-pakropa M.2 k ciory PCle uepes agantep (cM. cripaBa).

Ecnu BB coOMpaeTech NCTIOMH30BaTh TBEPAOTEIbHBIN HAKOTIN -
Tenb NVMe B kauectBe cucteMHoro mucka, To B UEFI momkna
OBITh TTOIAepKKa 3arpy3kn ¢ NVMe — yOeauThes B 3TOM CIIEayeT
Ha caiiTe mpou3BOAUTEISI MaTepUHCKOI 1aThl (omius NVMe Boot).
B nportuBHOM ciydyae MOXHO Mcmojib3oBaTh SSD B KavecTBe 110-
MOJIHUTEIBLHOTO IMCKa Moj ynpasieHueM Windows, HO omnpaBaaH-
HO 3TO OYIET TOJIBKO B OTAEIBHBIX CyYasiX.

Cnot M.2 cTajt IMpOKO UCTOJIb30BaThes B TuiaThopMax, HauK-
Hasi ¢ mokojieHust Skylake (coker LGA 1151) — uHgpopMaLmio MOKHO
HaTH B TEXHMYECKMX XapaKTepucTrKax riaTel. Ho Oymbre BHUMA-
TeJIbHbI: M.2 — 3TO B IepBylo ouepenab odo3HaueHue popM-pakrTo-
pa kapTthl (22x80 mm). Mx cymiectByer aBa Tuna. Moaynb M.2 ¢ Tak
Ha3bIBacMbIM KJTIOUOM «B» Tommep:kuBaeT OOBIYHYIO TEXHOJIOTUIO
AHCI, kotopast nCTiob3yeTcs ST TTOOKITIOYCHUST HaKOITUTENIEH 110
uHTepdeiicy SATA. [TomoOHBIe TUCKM HA3BIBAIOTCS TaK Xe, KaK MX
2,5-mroitmoBeie aHanoru SATA (Hampumep: Crucial MX300 M.2,
Samsung SSD 850 Evo M.2) 1 110 CKOpOCTH OT HUX HE OTJIMYAIOTCS.
WX npenmyIiecTBO B TOM, YTO C 3TUMM HAKOMUTEISIMU MPOOJIEM C
COBMECTUMOCTbIO WJIH IpaiiBepaMu He BO3HUKAET, U JaxKe yCTAaHOBKA
Windows 7 nmpoucxoaut 6e3 mpooJieM.

Monynb ke ¢ KiouyoMm «M» 1 noanepxkoii nporokoia NVMe
MOXKET UCIoab30BaTh 10 4yeThipex JuHuii PCle 3.0. BonbimHcTBO
COBPEMEHHBIX MAaTePUHCKHUX TUIAT U MHOTME HOYTOYKM OCHALIEHBI
CJIOTaMU C 3aTTYIIKON B TIO3UIUU «M», TO €CTh B TIPUHITUTIE COBME-

ctuMbl ¢ nuckamu NVMe. Ho B sto0oM ciayyae mepen MOKYINKOM —
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TBeppoTenbHble HakonuTtenu SATA Ha 2,5 froinma

06bI4HbIE TBEpAOTENbHbIE HaKonuTenu B popM-(haKTope AUCKOB

2,5 pioiima B 60NbIIMHCTBE CIyYaeB ABNAIOTCA EANHCTBEHHbIM BapUaH-
TOM ANnA HoyT6YKOB U cTapbix MK

¢ NVMeSSD

960

N

— Mogynb M.2 c TexHonoruein NVMe

Ecnu Ha matepunckoi nnate MK unu HoyT6yKe npepycmMoTpeH
cnoT M.2, onTMManbHbIM ByAeET pelweHne yCTaHOBUTb B HEro
BbICOKOCKOpOCTHOI SSD ¢ noppepxkon cneyndukaymu NVMe

Apantep M.2-PCle
MpocTble Hepoporue agantepbl (ot 300 py6.) Nno3BoNsAOT UCNONB30BaATbL

Hakonutenu M.2 B cnotax PCle Ha MK. YTo6b1 MOXKHO 6bIN0 3arpyatb-
ca ¢ Hux, B BIOS UEFI gonkHa 6bITb NpeaycmoTpeHa noaaep:kka NVMe

NVMe npotuB SATA: OCHOBHbIE OTANYUA

WUHTepdeiic SATA 6bin paspaboTtaH ana nocnefoBaTeNbHOro AoCTyna K
HDD. Npotokon NVMe o6ecneynBaeT napannenbHbiit 4ocTyn K SSD

Pasbem/npotokon M.2/NVMe SATA/AHCI

®opm-thaktop KapTa 22x80 MM kopnyc 2,5" 70x100 MM

Kabenb nepeaayu AaHHbix SATA +

Moakniouenve cnor M.2 Kabenb nutaHua SATA
WUnTepdeiic PCI Express 3.0 x4 Serial ATA
2":;‘;;6":’;’;'7{“‘“3" 4 T6aitt/c 600 M6aiit/c
Ouepean 10 64 000 NOTOKOB C 0Yepefbio 1 NOTOK C 04epefbio rybuHoi B

rny6uHoit B 64 000 KOMaHA 32 KOMaHAb!

NapannenbHblin

aocryn BO3MOXeH

HEBO3MOXEH

Windows Vista u Bbiwe,
Linux 2.6.19 u Bblwe

BcTpoeHHas nop-
Aepxka 0C

Windows 8.1 v Bbiwe,
sapo Linux 3.3 1 Bblwe
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NVMe npotus SATA: npakTuyeckue acneKTbl

Mpeumyuectsa B ckopocTu aucka NVMe (Samsung) otpaatotca u npu
3anycke nporpamm. lpu konupoBaHum Ha SSD ctanpapt NVMe 3ameTHO
npesocxoauT coBpemeHHbiit (Crucial) u ctapeiit (Intel) pucku SATA

Bpems 3arpy3ku Windows 10

Samsung SSD 960

Evo 500 GB 86¢c

Crucial MX300

525 GB 11.5¢

Intel X-25M

G280 GB 17.3¢

Konuposauue nanku «lporpammbi» (1,66 I'6aiit, 9101 daiin)

Samsung SSD 960

Evo 500 GB 13.2¢

Crucial MX300

525 GB 38,8¢c

Intel X-25M

G280 GB 50,7 ¢
[3 v|[16B  v|[D: 0% (0/238GB) v|

Read [MB/s] Write [MB/s]

12601 1444
'537.5 444.1

B necsaTb pa3 6onbue ckopoctu, yem y HDD
TBepaoTenbHble Hakonutenu Ha NVMe (3aecwb: Toshiba 0CZ RD400
256GB) unTaloT M 3aNMCbIBAIOT O4eHb GbICTPO — 3TO AEMOHCTpUpYeT
cneyuanbHoe Tectosoe M0

Motherboard Temp - wy
o3 |—]"C )" use ™ [ B use

Settings\Advanced\Windows OS5 Configuration HOTKEY 1 %
Windows 10 WHQL Support [Enabled]

MSlFastBoot ~~~~~~~~~~~~ [Enabled]

al GOP Configuration
ure Boot

3apepika 3arpy3ku BIOS/UEFI

OnepauuoHHas cuctema A0MKHA 6bITb ycTaHOBNEHA B pexxume UEFI,

a cam UEFI gomkeH 6bITb NpaBUIbHO HACTPOEH, 4TO6bI cUCTEMA BbICTPO
3arpyanacb

HaKOIUTeNIs ¢ oaaepxkkoit NVMe crieayeT U3yduTh IOKYMEHTALIUIO
MPOM3BOAUTEIISI U HEMTPEMEHHO MIPUHATh BO BHUMAaHUE CJEAYIOIIee:
nepBoHavasibHO ycTaHOBUTh OC Windows 7 Ha auck NVMe cl1oXHO.
Eciu xxe Windows 7 yke ycTaHOBJIEHA Ha JOOCHALLIAEMbI KOMITbIO-
Tep, TO MOXHO TIEPEHECTH CUCTEMY Ha TBePIOTEJIbHBIM HAKOITUTEh
NVMe, caenys Halliemy Ty 1o rnepeHocy (ctp. 74).

B niepBoe BpemsT CyliecTBOBaHUST TBEPIOTEIbHBIX HAKOTTUTE e
13-3a UX OTPAHUYEHHBIX BOBMOXKXHOCTEM 1 BEICOKOI CTOMMOCTHU ObI-
JIO TIOIY/ISIPHO KMCIIOJIBb30BaTh Mapa/ule/IbHO OOUH HeGobinoil SSD
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non OC u onun HDD non dpaitnbl. Ceituac 3T0T BapuaHT, Kak U rpe-
X7e, UMeeT TPaBo Ha CYIIECTBOBAHME, HO M3-3a CHIDKCHUS 1LICH Ha
TBEPIOTEIbHBIC HAKOITUTEIM OH TepsieT MpUBJIeKaTeIbHOCTh. CaMast
BBITOIHAS 1IeHA 32 ONMH TUTabaiiT B HACTOSIIIEE BpeMsT — Y TBEpPIO-
TeNbHBIX HakonuTeneit SATA emKocThio okoso 1 T6aiiT: 3t Monenun
MOXHO Kynuth oT 17 000 py6neit. [Ins aecKTonoB U HOYTOYKOB CO
caotroM M.2 M oTcekoM 2,5 aioiiMa oIpaBoaHO TakKXe CouyeTaHue
TBepaoTeabHoro Hakonurtesst moa OC u nporpamMmbl 1 HDD 60b-
LLIOI eMKOCTH IO/ (paiisibl.

C apyroit CTOpoHbI, pa3HUlIa B LIeHe Ha HOBBII TepaOailTHBIN
XecTKHit muck (okoso 2500 py6reit) m 256-TuraGaiiTHBIN TBepIo-
TeJIbHBII HakonuTes b (okojo 5500 pyOsieii) ¢ OMHOI CTOPOHBI U Te-
pabaiitHeiii SSD (ot 17 000 pyGieii) — c apyroii moka 10CTaTOYHO
BeJIKa, ITO3TOMY BapyaHT C ABYMSI IMCKaMU Bee ellle akTyaieH. On-
HaKO HEKOTOPHIM ITOJIb30BaTeIsIM ynooHee, Korma OC, mporpaMmbl
1 (aityIbl HAXOMSITCST HA OMHOM HAKOIUTEJIE.

Tlepen BramenbliaMu COBPEMEHHBIX CHCTEM, KEJIAIOIIMMU TIe-
peitt Ha SSD NVMe, crout Be160p. C OIHOI CTOPOHBI, CYILIECTBY-
10T BBICOKOIIPOM3BOAUTENbHBIE U goporue SSD-Hakonurenu (Ha-
npumMep, TuHelky Samsung 960), KOTOpbIE MTOJHOCTbIO UCIIONb3YIOT
noteHman NVMe. C npyroit croponsl, Intel mpeanaraer cepuio
NVMe-HakonuTteneir moa Ha3BaHueM 600p, KOTOpbIe MHTEPECHBI
ONTUMAJIBHOM CTOMMOCTBIO TUTabaiiTa maMsITH, COOTHOCHUMOI C 11e-
HoOi1 3a ruradaiiT Hakonuresel ¢ uHTepdeiicom SATA, a ux cko-
POCTh B 3aBUCHMOCTH OT CIIEHApHsI UCITOJIb30BaHUS KOJIEOIEeTCS OT
«3HAYUTENBHO OoJiee BLICOKOI, ueM SATA» 1o «Huxe, ueM SATA».

MpakTnueckoe cpaBHenue SSD pa3HbIX TUNOB

CkopocTb nepenauyn 1aHHbIX ¥ 3HaueHust IOPS Hakonmteneit NVMe
«Ha Oymare» BrieuaTsiioT. Ho Kakue rnpenmyiiecTBa y 9TUX HaKOIu-
Teneil B aelictBUTeNbHOCTU? B mepByio odepenb B UMCTO BHELIHEM
cpaBHeHMU C 2,5-mioiiMoBbiMU SATA-HakonuTe siMU oOpalaeT Ha
cebs1 BHUMaHUe MPaKTUYHOCTh (popM-akTopa: Moayab M.2 akky-
paTHO pacIoiaraeTcs MpsiMo B CJIOTe MaTePUHCKOM TUIATHI, TOTIA Kak
SATA tpebyet ucnonb3zoBaHus B Kopryce [1K kabenst muraHust, Ko-
TOPBIIi NTABHBIM 00pa3oM U Mewiaet. J1jist Toro, YToObl HAISIAHO T0-
Ka3aTh MPEUMYIIECTBA B CKOPOCTH, MbI CPABHUJIM TPU TBEPIOTEIb-
HbIX HAKOTIUTEJISI: paHHero nmokoyieHus u3 cemeiictsa Intel Postville,
coBpemeHHoro Crucial MX300, a Takke CBEepXCKOPOCTHOTO C ITOJI-
nepxxkoit NVMe Samsung 960 Evo 500 GB.

IIpeumytiiecTBO B CKOPOCTH JOIKHO OBLTIO MIPOSIBUTHCS €111e BO
BpeMms 3arpy3ku 1K, Ho B mmpoliecce MpakTUYECKOro TeCTUPOBAHMS
MbI HaTOJIKHYJIMCh Ha MpensTcTBusl. B kauectBe muiardopmbr M.2/
NVMe y Hac Oblia TonbKo HoBelilas cuctema AMD Ryzen, marte-
pUHCKasl TUlaTa KOTOPO ¢ MOMEHTA BKJIIOUEHUSI A0 MPUBEACHUS
JIECKTOIa B TOTOBHOCTD MOTPAaTHJIa LEIbIX 25 CeKyH/ Ha MHUIIMATM-
3auuio UEFI. Y 3170 HecMOTps Ha Bce ONTUMU3UPOBAHHBIE O] yBe-
JIn4eHre ckopocTu napameTrpbl: Windows 10 Obu1a ycTaHOBIIEHA B pe-
xxume UEFI (To ecTb U yCTAHOBOYHBIN HOCUTENb, U TBEPIOTEIbHBIMI
HaKOTUTETh MHULIMATN3UPOBAINCH KaK TOAIePKUBAIONINE CTaH-
napt GPT), texnonorust UEFI Gbi1a HacTpoeHa Ha TOIACPXKKY
Windows 10 u GbIcTpyto 3arpy3ky u T. A. Crienyroimire oOHOBICHUS
UEFI nomxHbI cokpatuth nay3sl. J1st NVMe-Hakonurens Samsung
yrcToe BpeMsd 3arpysku Windows cocrasiser 8,6 cekynnpl. CoBpe-
MeHHOMY SSD ¢ SATA (Crucial) TpeGyetcst Ha 33% GoJibliie BpeMe-
HU, a HakonuTe o Intel Postville n3-3a HEBBICOKOI CKOPOCTH Tepe-
ayu JaHHBIX — BooOule BABoe Oosblie. JIpyrumMu cioBamu, Mpu
MOBCEIHEBHOM HMCITOJIb30BAaHWU pa3HUIIA TIOBOJIBHO OLIYTUMA.

Boicokasa ckopocTb KonupoBaHua NVMe
OcobeHHO APKHMMHU OKa3aJIMCh OTJIMYUA BO BPEMA KOIIMPOBAHUA HaA
HaKOITUTE/IN IIallKu C IIporpaMMamMu. l_[pI/I napaui€JibHOM 4YTCHUU
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u 3amicu HakoruTenb NVMe nponeMOHCTPUPOBaJ CBOU HECPaBHEH-
HbIC BO3MOKHOCTH MHOT033adaYHOCTH, JOCTUTHYB CKOPOCTH, B TPU 1
YeThIpe pa3a MpEeBBILIAIONICH TTOKa3aTeIM COBPEMEHHOTO U CTApOTo
SATA-HakomuTeneil COoTBeTCTBeHHO. Ho TeM ynuBUTeIbHEeM 0Ka3a-
JIoch HeboJbIoe npenmyinectBo NVMe nipu ycraHoBke LibreOffice.
ITocne BbI30Ba ycTaHOBOYHOTO NakeTa MSI ¢ mapameTpoMm «/passives»
cpasy HauMHaeTCsl TTPoLIecC YCTAaHOBKU 0€3 3ampocoB, MpUYeM 00a
COBPEMEHHBIX HAKOIUTENs 0 CKOPOCTU 3aMETHO OTOPBAJIUCH OT
crapeHbkoro Intel — 23 cekyHabl y Crucial u 22,2 ceKyHabl y Samsung
npotuB 38,7 cekyHnbl y Intel.

IIpu ckaHupoBaHUM TIpU MoMolu 3aimuTHUKa Windows Ko-
nuu nanku «I[IporpaMmmel» BOoOIle 0OHAPYKUIOCH, UTO CUJIBI Ha-
KOTIUTENel paBHBI — Jake HEBBICOKYIO CKOPOCTh CTAPOTO HAKOTIH -
Tenst SATA 3allUTHUK WCIIOJIb3yeT B HE3HAUYMTEIbHOI CTEIEeHU.
BricokonpousBoautenbHbiit BocbMmusinepHbiit LITT Ryzen kak y3koe
MECTO MOXHO MCKIIOUNTh. Ho B mpoliecce gaqbHEHIIIETO TECTUPO-
BaHMUSI BBIIBUIIOCH, YTO ecii SATA-HAKOMUTENb IMOJTHOCTBIO 3aHST
CKaHUPOBAHUEM, TO CUCTEMA BBIMIOJHSIET APYTUe 3aMpochl (Harpu-
Mep, 3aIycK IPOrpaMM) CO 3HAUMTETbHOI 3a1epkKoii. Cuctema ke
¢ HakonuTesaeM Ha NVMe npono/kaeT OTKIMKAThCsl He3aMemLIr-
TeabHO. M3-3a 3TOl OLIyTMMOM TJIAaBHOCTU W TEPCIEeKTUBHOCTH
TEXHOJIOTUW MBI pEeKOMEHyeM MPUOOPeCTH HAKOITUTENb, KOTOPHII
paboraet no crietudukanuu NVMe — KOHEUHO, TIpY YCJIOBUU CO-
BMECTUMOCTHU C CUCTEMOM.

HMMeHHO Mo3TOMY B CIIEMyIONIeil YaCTH CTaThU MBI TIOAPOOHO
pacckaxkeM O pesyibraTtax TecTupoBaHUs NVMe-HaKoNUTENeH,
npoBeneHHOro B TecToBoM IieHTpe CHIP. Ho maxke eciu BBl xoTUTE
COKOHOMHUTH WJIM Ballla CUCTEMa HE COBMECTMMA C HAKOIUTEISIMU
M.2 ¢ monnepxkoit NVMe, coBpeMeHHBII TBEPIOTEIbHBIN HaKO-
nutenb ¢ uartepdeiicom SATA BaMm He ToMelllaeT, TeM 0oJiee 4To
OHM CTOSIT OTHOCUTEIBHO Henoporo (cMm. Tor-10 cripaga).

Ha BbICOKMX CKOPOCTAX: UCNbITaHUE
Hakonutenen NVMe Ha BbIHOCAUBOCTb

Ecnu ot nucka TpebyeTrcst Ipexie BCero BEICOKasi CKOPOCTh Tiepena-
YU JIaHHBIX, TOTIA 3TO NOJDKEH OBITh TBEPIOTENIbHBIM HAKOITUTETD,
pabotatoiuii mo mporokosy NVMe. Eciiu noHavyany Ha pblHKe ObUIO
MPEICTaBICHO COBCEM HEOOJBIIOE KOJTUIECTBO TTOMOOHBIX MOIEICH
(IpryeM HememieBbIX), TO B HACTOSIIEE BPeMsT BHIOOP CTal 3HAYM-
TeJIbHO Oosiee pa3HOoOpasHbIM. CBOM MOIETM TpemIararT Haxe
MeJIKMe TTOCTaBIIMKK. Halre TecTpoBaHue MOKaXeT, Kakasi MOJIEb
ONTUMAJIBHO MOAXOAMT JJIs1 BHITIOJHEHMSI ONpeNeIeHHbIX 3a1a4. Mbl
PEeLIMIM OrPaHUYUTLCS MOAEIIMU I ciiota M.2. OHM NpearnovT-
TesbHee 9K30ThuYecKuX noporux kapt PCle (cM. cripaBa), MOCKOJIbKY
HMX MOXHO YCTaHOBUTb Ha MaTepUHCKHUE IIaThl M B HOYTOYKM Kak
B cioT M.2, Tak u yepe3 agarrep B ciot PCle.

TexHuuecKue BONPOCbI: KOHTpPonnep u hnew-namaTb
3amayn yIpapJsIIONIErO 3JIEMEHTa TBEPAOTEIIBHOTO HAKOIUTEST —
KOHTpOJIIepa — 3aKJII0Yal0TCsI B 0OMEHE TaHHBIMM C ITPOIIECCOPOM
T1K mo unTtepdeiicy PCle, a Takke B mpou3BeIeHUM 3aTTUCH B STUeii-
KU TIaMATA WM CUYMTHIBAHMM M3 HUX JaHHBIX. Ero mpomsBomuTenb-
HOCTb UT'paeT 0COOYIO poJib IIPY paboTe C OOIBIINMU 0ObeMaMU JaH-
HBIX U TIapa/uleJIbHOM JOCTYIe Ha YTeHue M 3amuch. Hamr tect
OXBaThIBa€T LIMPOKUI aCCOPTUMEHT COBPEMEHHbBIX HAKOMUTENeH ¢
MATHIO PA3TMYHBIMU TUTIAMU KOHTPOJLJIEPOB.

Samsung pa3pabaTbiBaeT U MPOU3BOIUT HE TOJIHKO MUKPOCXE-
MBI TTaMATH, HO M COOCTBEHHBIE KOHTPOJUIEPHI C ISATHUSACPHBIM
MpoLECcCOpoOM Ha MUKpoapxuTekType ARM — caMbIM MOIIIHBIM U3
TECTUPYEMBIX, KOTOPBI TPAKTUYECKU IO KaXIoMy OeHYMapKy
MOCTOSTHHO BBITACT BBICOKME pe3yibraTthl. Hakormrenu Corsair -
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TBEPAOTEJIbHbIE HAKONMUTENWN SATA
A0 10 000 PYBJIEN

s |8 | £ |z

: (¢ |8 |g |5 |8 |€

© = £ £a H = © ©

> T S o~ =S~ c =
NIRRT
g |55 58| 58 eyl 8% 82

| £=| 82| 88| 85| 85| 5| 8

5 | 2|33 35|53 |5858| &8z 3¢:

S | 8% | 5| &8 |32 |32 | aF | &8
1 | ADATA Ultimate SU800 256GB 96 | 7300 | 97 90 | 547 | 506 | 0,044 | 0,045
2 | SanDisk SSD Plus 240GB 91,2 | 5600 | 96 | 71 | 545 | 430 |0,059 | 3,107
3 | Samsung 750 Evo 250GB 90,7 | 7200 | 98 61 | 544 | 262 |0,036|0,026
4 | Samsung 850 Evo 250GB 90,5 | 8000 | 92 | 83 | 541 | 359 [0,038]0,027
5 | Kingston HyperX Savage 120GB 89,6 | 6500 | 96 66 | 548 | 348 | 0,091 | 0,087
6 | Samsung 750 Evo 120GB 86,6 | 6500 | 98 | 43 | 543 | 154 | 0,041 |0,039
7 | Intenso Top III 256GB 85,9 | 8700 | 87 | 82 | 545 | 434 | 0,142 | 0,035
8 | SanDisk X400 256GB 84,3 | 5900 | 93 50 | 530 | 212 | 0,057 | 0,154
9 | SanDisk Z400s 128GB 84,1 | 4000 | 96 37 | 545 | 185 | 0,064 | 5,449
10 | Toshiba Q300 120GB 83,5 | 6000 | 95 36 | 550 | 103 | 0,053 0,090

Bbicwnit knacc (100-90) Bbicokuit knacc (89-75)
HauanbHbiit knacc (59-45) []He pekomenpyetca (44-0)
Bce oueHku B 6annax (Makcumym — 100)

CpepHuit knacc (74-60)

Hakonutenn NVMe: pa3Hble KOHTponiepbl
Npou3BoaUTENbHOCT TBEPAOTENbHBIX HAKONUTE-
neit NVMe Bo MHOrOM 3aBUCHUT OT MCMONb3YEMOTO
KoHTposnepa. HauGonbwwmit noTeHyman npegnaraer
Samsung Polaris ¢ naTblo AfpaMu Ha apxuUTeKTYpe
ARM. Yun Silicon Motion Hakonutena Intel 600p
(Ha p1CYHKe) 3KOHOMUYEH U AOCTYMEH, HO 3TO OAMH
U3 CaMbIX MEAJIMTENbHbIX KOHTPOJINEPOB

o swsbagician O6HoBNEHME
NPOrpaMmMHOro
obecneyeHus

Momumo mouwHoro anna-
paTHoro o6ecneyeHus
BaXKHOE 3HaYeHue umerT
TaKKe xopolue apaiBepbl
1 06HOBNIEHUA NPOLINBKY,
C 4eM KpynHble Npou3Bo-
AUTENU CNPaBAAIOTCA NyY-
e BCex Apyrux

6Tapa9 Bep.

EXMOZBEQ

WTepgeht

SATA B.0Gkcex. Bumoueno
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TBep,D,OTe}'I bHbl€
HaKonutenun
ansa cnotos PCle
Hakonutenu NVMe B Bupe kapt PCle,
Hanpumep, Zotac Sonix (Ha pucyHke)
unu Intel 750, Toxe xapakTepusylotca
BbICOKUMMU CKOPOCTAMM, HO CTOAT f10-
poxe, yem moaynu M.2
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CKOpOCTb nepenayn AaHHbIX: HEAOCTATKU NMPpU 3anunucu

Npu utenunn Corsair efBa 3aMeTHO BbIPbIBAETCA BNEpes, a AOCTYNHbINA
Intel noutu He oTcTaert. Mpu 3anncKH KapTMHA COBEPLUEHHO Apyras

YreHue, M6aiit/c

Samsung SSD 960
Pro1TB

Corsair MP500
240 GB

Intel 600p

512 GB

3anuce, M6ait/c

Samsung SSD 960
Pro1TB

Corsair MP500
240 GB

Intel 600p

512 GB

2731

2761

1586

2123
945

307

Ouncku c namateto TLC 3ameTHO MefneHHee

Yactb namatu TLC-auCKoB oTBOANTCA NoA 6bicTpblif SLC-kew. Koraa oH
nepenosiHAeTCA, CKOPOCTb 3aMETHO CHUXKAETCA

YreHue, IOPS (KonuyecTBO Onepauuii BBOAA-BbIBOAA B CEKYHAY)

Samsung SSD 960

Pro1TB 34986
Corsair MP500
240GB 29571
Intel 600p
512 GB 16 808
3anuce, IOPS (konuyecTBo onepaumit BBOAA-BbIBOAA B CEKYHAY)
Samsung SSD 960
Pro1TB 49 068
Corsair MP500
240GB 33121
Intel 600p
512 GB 8441
Mé6aitt/c
2s00[—— 3acTon Tenna B
Samsung SSD 960 Pro 1 T|
. thopm-akTope M.2
2000 -«
B npouecce UHTEHCUBHOU
1500 ] 3anucu nop JONromn Ha-
Corsair MP500 480 GB rPY3KOi JOCTYNHbIE HaKO-
1000 nutenu M.2 Harpesatotca
u C6paCblBaIOT CKOpPOCThb,
500 Ho Samsung Pro 310 noytu
COBCEM He KacaeTtca
0 CgKyHgm

0 10 20 30 40 50 60 70 80 90 100

®new-namars: MLC, TLC u gpyras

TBepaoTeNbHble HAKONUTENM UCTIONb-
3yi0T (hnelw-namaTb pa3NnUyYHON NoT-
HOCTY 3anucK, KOTOpas 3aBUCUT OT
CTYNeHW pa3BUTUSA TEXHONOMUN.

> SLC (Single Level Cell) — camas
ObICTPas M HafexHas hrew-namaThb.
Kaxpas syeitka xpaHuUT OfnH OUT.

B HacToswee Bpems SLC ucnonb3yet-
CA UAW B OYEHb JOPOTUX [UCKAX, UK
B B KayecTBe ObICTPOro Kelwa.

> MLC (Multi Level Cell) — namsatb
C HECKONbKMUMU YPOBHAMM 3apAfa,
XpaHALWas ABa 6uTa Ha aveiiky.

38 >

>TLC (Triple Level Cell) c 6onbwum
KONIMYeCTBOM YpOBHell 3apaaa coxpa-
HAET no Tpu 6uTa Ha AYeliky, u3-3a
yero paboTaeT MeaieHHee 1 OKas3bl-
BaeTcsa yyBcTBUTENbHEE, Yem MLC.

> 3D-MLC unu 3D-TLC o3HauaeT, 4to
AYEKM pacnonaratTca He TONbKO B
O[HOI MIOCKOCTH, HO €L U CI0AMMU.
TpexmepHas CTPYKTypa obecneynsa-
eT 6onee BbICOKYIO MIOTHOCTb U Ha-
JIeXHOCTb 3anucu 1 6onee KOPOTKYIO
JIMHUIO Nepefayv faHHbIX, @ 3HAYMT,
1 6onee BbICOKYIO €e CKOPOCTb.
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u Patriot ¢ koHTposIepom Phison no ckopocTu YTeHUs U Tiepefadyn
NMAHHBIX, & TAKXKXe KOJIMYECTBY BBITTOHSIEMBIX OTIEpAIVil B CEKYHILY
KOHKYPEHIIMIO Samsung COCTaBUTh MOTYT — HO, TeM He MeHee,
CKOPOCTH 3aIMCH Y HUX OKa3aJIMCh Topas3no Huxe. OmHako 3Ta pas-
HUlIa TpY paboTe Ha JoMallHeM aeckTorne uiu urposom 1K oyner
3aMeTHa B KpaifHe peaKMX caydasx. B aToT psix ycTpoMCTB ¢ mpous-
BOAUTEIbHOCTBIO U TOMETKOM «O4YeHb XOPOIIO» IMOMaaaeT TakKxkKe
Toshiba OCZ RD400 ¢ kontpomiepom Toshiba, KoTopslit 0OHapy-
JKMBaeT CXOACTBO ¢ ynnoM Marvell.

B nameit Tabaune Hike Toshiba npocnexuBaeTcst BUIUMBIN 1
OIIyTUMBIII OTPHIB B OOIIEI OIIEHKe, KOTOpash UCXOMMT B IEPBYIO
ouepens U3 MPOU3BOIUTEILHOCTU: HAKOIUTEN ¢ KOHTPOJUIEpaMU
Marvell u Silicon Motion (HauuHas ot Plextor u no WD) otcTatoT Ha
TMOOPBIX TecsTh 6aJUTOB OT Mpenblayieit mo3utuu. Ho ciemyet yuecTs,
YTO 1O KpaifHeil Mepe lieHa 3a ONWH TUrabailT y HUX 3HAYUTEILHO
Hizke. Tem He MeHee Plextor cMIITkoM MaJIOMOIIEeH TS CBOE# 1IeHBI
3a rurabait. [103ToMy BBITOIHBIM TMpEIIOXKeHeM cTaHOBUTCs Intel
600p, croMMoOCTh TMTabaiiTa KOTOPOro HAXOIMUTCS Ha YPOBHE HAKO-
nuteneii SATA — mipaBaa, xapakTepHylo JUisi HakonuTeneii NVMe
MPOU3BOAUTENLHOCTh 3TOT IMCK BBIAAET COBCEM HeHanouro. [leno
B cienytomem: Intel Mcronb3yeT MHOTOYPOBHEBYIO TEXHOJIOTHIO
dnewr-namsitu Triple Level Cell, B siueiike KOTOpoii XpaHSTCS TpU
outa. [TockobKy 3Ta TEXHOJOTUs OoJiee CIOXKHast, YeM OOBIYHO MC-
nosb3yemas nByxoutoas namsatb Multi Level Cell, npouecc 3anucu
rpoxoaut MemieHHee. YToObl ucrpasuTh curyanuio, Intel 600p 3a-
NeicTBYeT ompenesieHHyIo JacTb sueek mon SLC-kenr (Single Level
Cell — omHOOMTOBasT OMHOYPOBHEBAS sTUEiTKa), KOTOPBII 3aITOTHSIET-
cs1 oueHb ObIcTpO. Bee mocTymaronue naHHbIe CHAYaIa OKa3bIBAIOTCS
37eCh, a MOTOM TIOCTETIEHHO COXpaHsSIOTCS B cTaHmapTHyio TLC-
namsTh. IToka 3ToT Tpiok cpabaTbiBaeT, Intel Mo ckopocTu JoCTUraeT
ypoBHst NVMe-Hakonureneit. Ho kak ToJIbko 00beM TaHHBIX YBEJIM-
YMBAETCs, Kelll MepecTaeT CIpaBisIThesl. B aToM citydae Kenr npuxo-
TIUTCSI BBICBOOOXKIATH (a 3TO BECbMa TPYIOEMKUI MpoLecc), U TOb-
KO TTOTOM OH CMOXKET IPUHSITh HOBBIE JaHHBIE. A TTOCKOJBKY 3TO
TeperpykaeT KOHTPOJUIEp, Kelll, KOTOPBIA caM T0 cebe SIBISeTCS
OTIPaBIaHHBIM pEllIeHUEM, IPEBPAIAeTCs B Y3KOE MECTO, 2 CKOPOCTh
paboThI CHIKAETCS 10 YPOBHS HIKe HakonuTesst SATA.

Mpo6nema Harpeea U y3Koe MeCTO NaMATH

Tlocnenusst mpoGieMa He KacaeTcsi HAKOTIUTENel, KOTOPbIE MCTIONb-
3y1oT TexHojoruio MLC Ha nmocTosiHHOM ocHoBe. Ho 3aT0 MM yrpo-
JKAIOT HeMPUSITHOCTY U3-3a HarpeBa. Jloaruii mporecce 3anucu 10Bo-
UT KOHTPOJIJIEP IO MaKCUMAaJbHO BO3MOXHOW TeMIIepaTypbl, a Ha
HEOOJIBLIOM MOMYJIE C YUCTO MACCUBHBIM OXJaXIEHUEM TEeIIo He
MOXET OBITb OTBeIeHO 3(h(HEKTUBHO, U ITOITOMY KOHTPOJLJIEP yOaB-
JISIET CKOPOCTh, YTOOBI oXJ1aauThesi. Ho B MoBcenHEBHOM KCIuTyaTa-
LIMM BPSiAL JiK Takoe OyneT yacto ciaydatbesi: Corsair MP500 480 GB
NEMOHCTPUPYET TaKoe pe3Koe MajeHue mociie mpuMepHo 50 ceKyHI
HETIPephIBHON 3alMCU Ha MaKCUMaJbHO BO3MOXHOU CKOPOCTH —
a Gyaromapsi BICOKOW CKOPOCTH TIepeIavyr TaHHBIX 3TOT MTPOMEXY-
TOK BPEMEHM COOTBETCTBYET 3anucu 64 ['0ailT.

Kommanus Samsung cama pa3pabaTbiBaeT W TPOW3BOIUT Tia-
MSTh U KOHTPOJIIEPHI, TTIO3TOMY €€ TIPOLYKIINSI OOXOMUT OONbIITNH-
CTBO COTIEPHUKOB. B ee MOMysIX MCMOMB3YeTCsl TEXHOIOTHST TPeX-
MepHOI (ienI-naMsiTi, KOTopasi IO3BOJISIET pacriosararth SYeky He
TOJIbKO B IJIOCKOCTH, HO €lIe U CI0SIMU, Gylarofapsi 4eMy cokpania-
eTcsl JUTMHA JIMHUU Mepeayy JaHHBIX U MOBBIIIAETCS €€ CKOPOCTb.
Bepcuss MLC (aBa 6uta Ha sueiiky) mpeaHasHauyeHa Il JTOPOTrUx
Morereii 960 Pro, KoTopble paccuuTaHbl Ha TO, YTOOBI BBIICPKUBATH
Jake BBICOKME HATpy3KW Ha paboumX CTAHIIMSIX WU cepBepax. Mo-
neiu 960 Evo paboratoT Ha Gosiee elieBOi BEpCHM TPEXMEPHOI ma-
Matn TLC (Tpu OuTa Ha sS4eiiky), MX CKOPOCTb OILIYTUMO HITKE,
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u nostomy, kak u Intel, Samsung npubGeraer k SLC-keury. Ha
500-rurab6aittHom Evo oueHb Xopoino 3aMmeTHO, Korma SLC-kerr
nepenojHseTcs: yepe3 11 cekyHn, wiu nmpumepHo 20 ['Gaiit, 3anucu
(HecXKUMaeMbIX JaHHBIX) CKOpocTh TamaeT ¢ 1800 MakcMMaibHO
BO3MOXHBIX 10 630 MGaiit/c. DTa CKOPOCTh OcTaeTcs: (PUKCUPO-
BaHHOI1, YTO TOBOPUT O TOM, YTO TaHHbBIE 3aTEM COXPAHSIOTCS TpPsi-
Mo B TpexmepHyio TLC-mamsars. Ha 960 Evo ¢ emkocthio 1 TGaiit
npenycmoTrpeH SLC-keln 6oiblero oobeMa U B IBa pasa 0oJblie
MO[yJIeil MaMsITh, Ha KOTOpble HAKOMUTEb YMEET 3alUChIBaTh Ofl-
HOBpeMeHHO. PaKTUIeCK HAKOIMUTENIb YIEePKUBAaeT CKOPOCTh Ha
ypoBHe 1800 M6GaiiT/c mpuMepHO B ABa pasa noJblie (23 ceKyHIb),
a 3aTeM OHa CHMXAETCs 10 YPOBHS, IPUMEPHO B JIBa pas3a MpeBbI-
11aI01IEer0 MUHUMAJIbHYI0 CKOPOCTh MOJIeIM eMKOCThbio 500 T'6aitT.
Ho u B 3TOM cityyae Hy>KHO KONTMPOBATh IECSATKU TUTA0ANTOB TaH-
HBIX U3 UCTOYHUKA, CKOPOCTH KOTOPOTO COOTBETCTBYET WJI TIPEBHI-
1aeT CKOpPOCTh TBepaoTenbHOro Hakorutens NVMe, 4ToObl mo-
CTUYb Y3KOTO MECTa MaMsITH — a 9TO B OOBIYHOM HCTIOTb30BAHUM
elBa JI1 KOrna-HuOyab MPOU30M/IeT.

CepBuc U ycnoBus rapaHTum

Ecnu BBl MmokymnaeTe 10pOroil HaKOMUTENIb C 3aleJIOM Ha Oymyliee,
MPOCJIENNUTE 32 TEM, YTOObI CPOK FAPAHTUU BallIerO YCTPOMUCTBA ObLT
oonbiuM. BooO1ie, TBepnoTeabHbIe HAKOMUTEIM U UX hiell-mna-
MSTh B MIOCTIEAHEE BPEMSI HE TOCTABJISIIOT OCOOBIX HEYI0OCTB, MOATO-
My HEKOTOpble IpousBonutesin — Harpumep, ADATA, Intel, Plextor
un Western Digital — garoT Ha HUX LIEJIBIX MISITh JIET rapaHTun. Toshiba
OCZ B TeuyeHHE CcpoKa Jaxke OECIUTATHO TpeuiaracT HEMEIJICHHO
TMIOMEHSITh YCTPOMCTBO: BHI TTOJTydaeTe HOBBIM TUCK IO TOTO, KaK OT-
npaBuTe HeucrnpaBHbIi. Ha momenn Samsung Pro Toxe neiicTByeT
MSATWIETHSISI TapaHTUSI — TIpaBaa, ¢ YCJIOBUEM, YTO OHA TiepecTaeT
NeHCTBOBATh, KOTJIa HAKOIIUTEb MPEBbIIAET YCTAHOBJICHHBII MOPOT
o0111ero KonuyecTBa 3anucaHHbIx 6aiitoB (Total Bytes Written). Jlis
960 Pro 512 I'Gaiit 3HaYeHMe Topora cocTapisieT Heabix 400 ToaiAT.
To ecTb, YTOOBI TOCPOYHO 3aKOHUUTH TAPAHTUIO, HY>KHO B TEUCHUE
MSITU JIET KaXXAbli IeHb 3amucbiBath Ha SSD He MeHee 220 I'GaiiT.
Tak wim Have, BBICOKAsI CKOPOCTh TBEPIOTEbHBIX HAKOITUTENEH,
paboratomux Ha NVMe, obecrieynBaeT MX IMEPCHEKTUBHOCTh Ha
cienymoolnme Heckoiabko JieT. Kak mepernectn Banry OC Ha HOBBINM
IIMCK, MBI paccKaxeM Ha ctp. 74. (3

TBEPAOTEJbHbBIE HAKONUTENN M.2/NVME

TBEPAOTEJIbHBIE HAKONUTEJIN < TECThHI

byayuiee TBepAOTENIbHBIX

HaKonuTeneu

Kak nokasbiBatot BbINyLEHHbIE N
dHOHCUPOBAHHbIE NPOAYKTbI, HOBbIE
BUAbI NAMATU OTKPbIBAKOT HOBbIE BO3-
MOXHOCTW UCnonb3oBaHUA AUCKOB.

> Intel Optane — Ha3BaHue TexHo-
norun pns auckos M.2, pabotarowux
Ha HoBoit namaTn 3D XPoint ¢ MrHo-
BeHHbIM OTKANKoM. Mogynum Optane,
OfiHAaKO, NpefHa3HayeHbl He Ana uc-
noNb30BaHMA B Ka4yecTBe HaKonuTe-

nen, a Kak ObICTPbIN Kelw A5 4acTo
1cnonb3yembix hannos, XpaHALWMX-
cs Ha HDD unu SSD.

> Samsung Z-NAND — cnepytowuit
3Tan pa3Butusa pnew-namaTu. Hako-
nutens ¢ namaTblo Z-NAND emko-
cTbio 800 6aiiT obellaet cCKOpoCTb
no 3,2 [6ait/c n 750 000 onepaumit
BBOJa/BbIBOAA B CeKyHAY. MpaBpa,
Korfa oH BbIJET, NOKa HesACHoO.

MakcumanbHas Npon3BOANUTENIBHOCTb

C NpaBWUJIbHbIM PaiBEPOM

B Windows 10 ecTb apaitBep ana NVMe, Ho onTUManbHylo Nnpoussoau-
TeNbHOCTb MOXHO OCTUYB TOJILKO C ApaiBepamMu Npou3BoAuTENs

NVMe SSD
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5% | 8 |EF|E8| 62| X 2 g | F| & F S | F2 | 52| &2 | &8
1 | Samsung 960 Pro 1TB (MZ-V6P1TOBW) 42900 [ 98,6 | 98 | 100 | 953,9 (42,9 Samsung Polaris 3D MLC| 2731 | 2123 | 0,026 | 0,019 | 38 707 |34 986 | 52 107 | 49 068
2 | Samsung 960 Pro 512GB (MZ-V6P512) 22900 | 97,4 | 97 | 98 |476,9 | 44,7 Samsung Polaris 3D MLC| 2703 {2035 0,033 | 0,023 | 30 606 | 27 861 | 43 313 | 41 039
3 | Samsung 960 EVO 1TB (MZ-V6E1TO) 30800 | 95,7 | 95 | 98 |931,5|30,8 Samsung Polaris 3D MLC| 2356 | 1777 | 0,030 | 0,024 | 33 595 |30 808 |42 386 | 40 210
4 | Corsair MP500 480GB (F480GBMP500) 20300 | 95,4 | 97 | 88 | 4471 |42,2 Phison PS5007-E7 MLC | 2714 | 971 | 0,033 | 0,034 | 30 367 |30 129 | 29 474 | 33 066
5 | Patriot Hellfire M2 480GB (PH480GPM280SSDR) 14200 | 95,4 | 98 | 87 | 4471 (29,5 Phison PS5007-E7 MLC |2693| 920 | 0,031 | 0,033 | 32095 |31 942 |30 766 | 35 133
6 | Patriot Hellfire M2 240GB (PH240GPM280SSDR) 8500 | 95,2 | 97 | 87 |223,6(354| Phison PS5007-E7 MLC | 2745 | 969 | 0,033 | 0,033 | 30 479 |30 184 30 137 |34 193
7 | Corsair MP500 240GB (F240GBMP500) 10700 | 95,1 | 97 | 87 |223,6 |44,5 Phison PS5007-E7 MLC | 2761 | 945 | 0,034 | 0,034 | 29 842 |29 571 |29 361 |33 121
8 | Corsair MP500 120GB (F120GBMP500) 6800 | 94,6 | 97 | 84 |111,8|56,6 Phison PS5007-E7 MLC | 2713 | 908 | 0,034 | 0,033 | 29 619 | 29 266 | 30 159 | 34 003
9 | Samsung 960 EVO 500GB (MZ-V6E500BW) 16900 | 94,5 | 97 | 83 |465,8 (33,8 Samsung Polaris 3DTLC| 2609 | 639 | 0,029 | 0,019 | 34 250 | 26 727 | 51 645 | 48 328
10 | Toshiba 0CZ RD400 256GB (RVD400-M22280-256G) | 11 600 | 93,7 | 94 | 91 |238,5|45,3 Toshiba Fujisan MLC | 2396 | 1187 | 0,037 | 0,023 | 26 763 | 24 024 | 44 097 | 44 584
11 | Plextor M8Pe 256GB (PX-256M8PeG) 9900 | 82,8 | 83 | 83 |238,5/38,6 Marvell 88551093 MLC | 1497 | 827 | 0,033 | 0,025 | 30 714 | 27 277 | 40 356 | 40 801
12 | ADATA SX8000 512GB (ASX8000NP-512GM-C) 16 600 | 77,5 | 76 | 84 | 476,9 |32,4 | Silicon Motion SM2260 | MLC | 992 | 870 | 0,036 | 0,024 | 27 639 |25 298 | 41 837 | 37 489
13 | Intel 600p 512GB (SSDPEKKW512G7X1) 13000 | 72,3 | 81 | 37 |476,9|25,3| Silicon Motion SM2260 | 3D TLC | 1586 | 307 | 0,054 | 0,104 | 18 642 |16 808 | 9632 | 8441
14 | Western Digital Black PCIe 512GB (WDS512G1X0C) | 16 000 | 69,3 | 72 | 58 |476,9 | 31,2 Marvell 88551093 TLC |1384| 404 | 0,086 | 0,088 | 11593 | 7 130 |11 342 |32 300
15 | Western Digital Black PCIe 256GB (WDS256G1X0C) | 9900 | 67,8 | 75 | 38 |238,5|38,6 Marvell 88551093 TLC | 1168 | 235 | 0,055 | 0,088 | 18 272 |15 566 | 11 371 | 32 699
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