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BBenenue

B coBpeMeHHBII KOMIBIOTEp ONEpATHBHAS MaMATh YCTAHABIMBAETCS C ITOMOILBIO
CIIEHHAIBHBIX MOJYJIEM B COOTBETCTBYIOIIME pa3beMbl Ha MaTEpUHCKON muiare. U,
€CTECTBEHHO, Mbl C BaMu u3yyuM, Kak 3T MOZYJIM HAa3bIBAKOTCS, 4eM oTiH4aroTca. Ho
MOJYJIb MAaMSTH - 3TO BCEro JHIIb JOTOBOPEHHOCTh O (pOpME M pa3Mepax MaJeHBKOM
IJ1aThl C MPUINIASHHBIMU YMIIAMU U O pa3beMe, Ky/la OHA yCTaHaBiIuBaeTca. Benb B nepByro
ouepeib MOJIYJIb COCTOUT U3 MUKPOCXEM IMaMsITH, U UMEHHO MapaMeTpbl MUKpocxeM (uX
apXUTEKTypa U ObICTpOJEHCTBHE) OonpeaesitoT 3 (HEKTUBHOCTh TOTO WIIMA HHOTO MOJTYJISL.

AKTyaJ'IbHOCTb HCCJICI0OBAHMA. TaHHOC UCCICAOBAHUC ABJIICTCA aKTYaJIbHBIM B CBsI3H
C 06HII/IpHBIM IMPUMCHCHUCM OHCpaTHBHOﬁ maMATU HC TOJBKO B KOMIIBTCpPAX, HO M BO
MHOT'UX COBPCMCHHBIX TCXHOJIOTUAX.

Heap uccien0BaHUA. H3YYECHUE OCHOBHBIX XAPAKTEPUCTUK OINEPATUBHOM ITaMSITH
IIEPCOHATIBHOTO KOMIIBIOTEPA.

3aaauu uccjaeI0BAHUA:

1. [Ipoananu3upoBath HHPOpPMALIKIO 00 ONEPATUBHON NAMSATH EPCOHATIBHOTO
KOMIIBIOTEPA.

2. BoIsIBUTH OCOOEHHOCTH padOTHI ONEPATUBHON NAMSTH.

3. [IpoBecTu cOOp U aHAJIN3 TaHHBIX 00 OCHOBHBIX XapaKTEPUCTUKAX ONEPATUBHON
MaMATH EPCOHAIIBHOTO KOMITbIOTEPA.

4. CucteMaTU3UpOBaTh HH(POPMAITHIO O MOJIETISIX ONEPATUBHOMN MaMSITH 0 MX
XapaKTEPUCTHUKAM.
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1. OnepaTuBHasi NIaMATH MEPCOHAIBHOI0 KOMIILIOTEPA

OnepaTtuBHas namsaTh (Take e€ Ha3piBaloT O3Y - onepaTUBHOE 3aITOMUHAIOIIEE
YCTPOMCTBO) — DHEPro3aBHCHUMAs YACTh CUCTEMbI KOMITBIOTEPHOM MaMSITH, B KOTOPO# BO
BpeMsi pabOThl KOMIIBIOTEPA XPAHUTCS BBITIOJIHIEMbIA MAIIMHHBIN KO/ (IPOrpaMMBl), a
TaK>Ke BXOJHbBIC, BEIXOJHBIC U MPOMEKYTOUHbIE JaHHbIE, 00pabaThiBaeMble IPOLIECCOPOM.

OOmeH JaHHBIMH MCKIY IIPOICCCOPOM U OﬂepaTHBHOﬁ IMaMATBIO ITPOU3BOAUTCAL

e HEMOCPEACTBEHHO;
o uepe3 cBepXObICcTpyIO mamsaTh 0-ro ypoBHS — peructpsl B AJIY, 6o npu
HaJIMYMU alllapaTHOrO K3Ia IMIPOLECCOPa — Yepe3 KIIIL.

Coneprxaiuecs B COBPEMEHHOM MOJTYNPOBOAHUKOBOM OIEPAaTUBHOM MaMsATH JaHHBIE
JNOCTYTIHBI U COXPAHSAIOTCS TOJIBKO TOTJA, KOTJa Ha MOAYJIM MTaMTH MOAAETCS
HaIpsKEHUE. BBIKITFOUEHUE TMTaHUsI OTIEPATUBHOM NIaMATH, 1a’K€ KPATKOBPEMEHHOE,
MPUBOAMT K UCKAXKEHUIO JTMOO MOJTHOMY pa3pyLIEHUIO XPaHUMOU HHPOPMALIUH.

DHeprocOeperarnme pexuMbl padoTbl MATEPUHCKOM TUIATHI KOMITBIOTEPA MO3BOJISIOT
MEPEBOIUTH €0 B PEKUM CHA, YTO 3HAYUTEIBHO COKPAIAET YPOBEHb MOTPEOICHUS
KOMITBIOTEPOM 3JIEKTpo3Heprun. B pexxnme rudepnanuu nuranue O3Y otkinrovaercs. B
ATOM cilydae Juisi coxpaHeHus conepxxkumoro O3V oneparmonnas cucrema (OC) nepen
OTKJIFOYEHHEM MUTAHUS 3alUCHIBAECT coaepkumoe O3Y Ha yCTpOHUCTBO MOCTOSTHHOTO
XpaHEeHUs JaHHBIX (KaK MpaBuiio, xEcTkmii auck). Hampumep, B OC Windows
XP conepxumoe mamsitu coxpansiercs: B aiin hiberfil.sys, B OC cemeiictBa Unix — Ha
CIIeUAJILHBINA SWap-pa3aelt )KECTKOro JUCKa.

B o6mem ciiyuae, O3V conepxut nporpaMmmbl U Janubie OC U 3amylieHHbIe
MPUKJIAAHbIE IPOTPAMMBbI MOJIB30BATENS U JAHHBIE ITUX MPOTPaMM, TOITOMY OT 00bEMA
OMEepaTUBHOM MaMATH 3aBUCUT KOJIMYECTBO 3a/1a4, KOTOPbIE OJJHOBPEMEHHO MOXKET
BBITIOJIHATH KOMIBIOTEP N0 ynpasiaeHuem OC.


https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%BE%D0%BD%D0%B5%D0%B7%D0%B0%D0%B2%D0%B8%D1%81%D0%B8%D0%BC%D0%B0%D1%8F_%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B3%D0%B8%D1%81%D1%82%D1%80_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D1%8D%D1%88_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B1%D0%B5%D1%80%D0%BD%D0%B0%D1%86%D0%B8%D1%8F_(%D0%BE%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B5_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B)
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%96%D1%91%D1%81%D1%82%D0%BA%D0%B8%D0%B9_%D0%B4%D0%B8%D1%81%D0%BA
https://ru.wikipedia.org/wiki/Windows_XP
https://ru.wikipedia.org/wiki/Windows_XP
https://ru.wikipedia.org/wiki/Unix
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%BE%D0%BF_(%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D1%8B)#Unix

5

2. OcobeHHOCTH PadOTHI ONIEPATUBHON NAMATH

OnepatuBHass MNaMiAThb MOXET COXPAHATHh [JAHHbBIE JIMIIb [PUH BKIKOYEHHOM
koMmmbioTepe. [loaToMy mpu ero BBIKIIOYECHUH 00pabaThiBaeMble MJaHHBIE CIEAYEeT
COXPaHATh Ha MKECTKOM JMAHCKE WM ApyroM Hocutene wundopmammu. Ilpu 3amycke
nporpamMM uHpopmanus nocrymnaer B O3V, Hampumep, ¢ KECTKOTO JUCKa KOMITBIOTEpA.
[Tokxa maer pabora ¢ mporpaMMoil OHa MPHUCYTCTBYET B OMEPATUBHON MaMsTH (OOBIYHO).
Kak Tompko paboTa ¢ Hell 3aKOHUEHA, JAHHBIE IEPE3ANUCHIBAIOTCA Ha YKECTKUM JMCK.
JpyruMu cioBaMu, NOTOKM UH(POPMAIMK B ONIEPATUBHOM MaMITH OYE€Hb JUHAMHUYHBI.

O3V npenacrapisieT cob0ii 3aI0MUHAIOIIEE YCTPOMCTBO € MPOU3BOJILHBIM 10CTYIIOM.
DTO 03HAYaeT, YTO MPOYUTATh/3aMMCcaTh JaHHBIE MOXKHO U3 JII00oH stueliku O3Y B mo00it
MOMEHT BpeMmeHH. JlIg cpaBHEHHsS, HampuMep, MarHuTHas JICHTa  SBISETCS
3alIOMUHAIOIIUM YCTPOUCTBOM C TIOCJIEIOBATEIHHBIM JTOCTYIIOM.



3. Tunbl onepaTUBHOM MaMATH

DDR - sBisieTcst caMbIM CTapbIM BUJIOM ONEPATUBHOM NMaMATH, KOTOPYIO MOXKHO €I11e
CEroJIHsI KyIIUTh, HO €€ PACCBET Y KE IIPOIIEI, U 3TO CAMBIM CTapblid BUJ OIIEPATUBHOU
IIaMSITH, KOTOPBIA MBI PaCCMOTPUM. Bam npuaercss HauTH 1ajaeKko HE HOBbIE
MAaTEpPUHCKHUE IUIATHI U IPOLIECCOPHI KOTOPHIE UCIIOIB3YIOT ATOT BUJ OTIEPATUBHOMN
MaMSITH, XOTS MHOXKECTBO CYIIECTBYIOIIMX CUCTEM HCTIONB3YIOT DDR onepaTuBHyto
namaTh. Pabouee Hanpspkenne DDR - 2.5 BoabT (0OBIYHO YBETUUMBAETCS MIPU PA3TOHE
Ipoleccopa), U ABJISAETCS HAUOOBIINM MOTPEOUTENIEM AIIEKTPOIHEPTUU U3
paccMaTpUBaEeMbIX HAMHU 3 BUJIOB ITAMSTH.

DDR?2 - 5To Haubomnee pacnpoCTpaHEHHBIN BUJ] MAMSITH, KOTOPBIA UCIIOIB3YETCS B
COBPEMEHHBIX KOMITbIOTEpPAX. ITO HE CaMbIi CTaphIil, HO U HE HOBEHIIINI BUT
onepatuBHOM namsatu. DDR2 B 06mem padortaer 6picTpee uem DDR, u moatomy DDR2
MMEET CKOPOCTh Mepeaadyn JaHHbBIX OOJIbIIE YeM B MPEIbIAyLIei Moienu (camas
MeneHHast mojesib DDR2 1o cBoeli ckopoctu paBHa camoit 0bicTpoit Mogenu DDR).
DDR2 notpe0basier 1.8 BosbT U, kak B DDR, 00bI4HO yBETMUMBAETCS HANIPSKEHUE TIPU
pasroHe mporeccopa.

DDR3 - 6sicTphiii 1 HOBBIHM TuM namsaTi. Onate xe, DDR3 pa3BuBaet ckopocTsh
oonpie ueM DDR2, u Takum 00pa3zom camasi HU3Kasi CKOPOCTh Takasi )K€, Kak U camasi
obicTpas ckopocth DDR2. DDR3 notpe6iisieT 31eKTpOIHEPTHIO MEHBIIIE IPYTUX BUIOB
onepatuBHOM namatu. DDR3 notpebaser 1.5 BosbT, 1 HEMHOTO 0OJIbLIE TIPU PAa3TOHE
npoueccopa / Tabmuna 1/.

DDR DDR2 DDR3
HomuHanbHast CKOPOCTh 100-400 400-800 800-1600
DNeKTp. HAPsDKEHNE 2.5v +/- 0.1V 1.8V +/- 0.1V 1.5V +/- 0.075V
BrayTp. 6510KH 4 4 8
Termination OTPaHUYCHO OTPaHUYCHO Bce DQ curnams
Tomomorust TSOP TSOP or Fly-by Fly-by
CamoxannOpoBKa ¢
VYmpasnenue - OCD kanubpoBka 70
Tepmo cencop Her Her a (aeo0s3aTeTHbIN)

Tabnuna 1: TexHnyeckue XxapakTepUCTUKU OnlepaTUBHOM namsatu no ctanaaptam JEDEC
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4. OCHOBHBIE XAPAKTEPUCTUKHU ONIEPATUBHOM ITAMSATH

Baxnerimen xapakTepucTUKOM, OT KOTOPOM 3aBUCUT IIPOU3BOIUTEIIBHOCTD MAMSITH,
SBJISICTCSI €€ MPOTYCKHAsl CTIOCOOHOCTH, BBIPAKAIOMIASACS KaK MIPOU3BEJCHUE YaCTOTHI
CHUCTEMHOM IMUHBI HAa 00BEM JAHHBIX, MIEpeaBaeMbIX 3a OJIMH TakT. COBpEeMEHHas MaMsTh
UMEET IIMHY IUPUHOHN 64 OuTa (Miau 8 0aiT), MOATOMY MPOIYCKHAsI CIIOCOOHOCTh MaMSTH
turta DDR400, coctaBisier 400 MI't x 8 baiit = 3200 Moaiit B cekyHay (vim 3.2
['Gaiit/c). OTcrona, cneayeT u apyroe oobo3HaueHue namsati takoro tuna - PC3200. B
MOCJIETHEE BPEMS YaCTO UCIIOIB3YETCS ABYXKAaHAIBHOE MOAKIIOYCHUE TTAMSTH, TIPH
KOTOPOM €€ MPOIyCKHasl CIIOCOOHOCTH (TeopeTudeckas) yaBauBaeTcs. Takum o0pa3om, B
ciydae ¢ 1ByMs Mmoaysisimu DDR400 Mbl moydyuM MakCUMaibHO BO3MOKHYIO CKOPOCTh
oOMeHa maHHbIX 6.4 ['0aiit/c.

Ho Ha MakcuMalibHYIO IPOU3BOAUTEIBHOCTD IMAMSATH TAK)KE BIUACT TAKUE BAXKHBIN
IMapaMeTphl KaK "TAMMUHTHY ITaMSITH .

N3BecTHO, YTO JIOTMYECKasi CTPYKTypa OaHKa maMsATH MPEICTaBISIET COOOM TBYMEpPHbIN
MacCCHUB - IPOCTEUIITYIO MATPHILY, KaXK/as siueika KOTOPOl UMEET CBOM ajjpec, HOMEP
CTPOKH U HOMEp CcTOJI011a. UTOOBI CUUTATH COJIEPKMUMOE MPOU3BOJIBLHOMN STYEHKN MacCUBa,
KOHTPOJUIEp MaMsTH JOJKEH 3aaaTh Homep cTpoku RAS (Row Adress Strobe) u Homep
ctosida CAS (Column Adress Strobe), U3 KOTOPBIX U CUUTHIBAIOTCS JaHHbIE. [IOHATHO,
YTO MEXKy MoJa4ueil KOMaH/Ibl ¥ €€ BBIMOJIHEHUEM Beeria OyIeT Kakas-To 3aJIepiKKa
(JTaTEeHTHOCTH MIAMSITH ), BOT €€-TO M XapaKTEePU3YIOT ATU camble TaUMHUHTU. CyIIeCTBYET
MHOKECTBO Pa3IMYHBIX TaPAMETPOB, KOTOPHIE OMPEACIISIOT TAMMUHTH, HO YaIlle BCETO
HCITOJTB3YIOTCS YETHIPE U3 HUX:

« CAS Latency (CAS) - 3amepxka B TakTax MKy nojaueii curtana CAS u
HEIMOCPEACTBEHHO BbIIaU€H IAaHHBIX U3 COOTBETCTBYIOLIEH Aueiiku. OHa U3
BOKHEUIITUX XapaKTEPUCTUK JTFOO0TO MOJTYJISI TAMSITH;

« RASto CAS Delay (tRCD) - xoin4ecTBO TaKTOB IIHHBI ITAMSTH, KOTOPBIC JTOJKHBI
MPONTHU TocIe nogaun curHaita RAS mo toro, kak MoxkHo Oyaet nojaats curHan CAS;

« Row Precharge (tRP) - Bpems 3aKkpbITHsI CTPaHHUIIBI TAMSITH B TIpe/ieiax OJJHOrO OaHKa,
TpaTsIIeecs Ha ero nmepe3apsiKy;

« Activate to Precharge (tRAS) - Bpemst akTuBHOCTH CcTpoOa. MUHHUMAILHOE KOJUYECTBO
IIUKJIOB MeX Ay komauou aktuBanuu (RAS) n komannoit moazapsiaku (Precharge),
KOTOPOU 3aKaH4YMBAETCS pabOTa C 3TON CTPOKOM, WIIH 3aKPBITHUSI OJTHOTO M TOTO e
OaHKa.

Ecnu BbI yBUIMTE Ha MOAYISIX 0003HaYeHus ""2-2-2-5" unn "3-4-4-7", moxeTe He
COMHEBaThCsA, 3TO ynoMsHyThie Bbilie napamerpbl: CAS-tRCD-tRP-tRAS.

Cranpaprasie 3HaueHus CAS Latency nns mamsitu DDR - 2 u 2.5 Takra, roe CAS
Latency 2 o3Haydaert, 4To JaHHbIE OYYT IOJyYEHBI TOJIBKO YepE3 J1BA TaKTa I10CIIE
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nosyueHus: komaHbl Read. B HekoTOphIX cucTeMax BO3MOXHBI 3HaueHus 3 wiun 1.5, a quis
DDR2-800, k npumepy, nocnenusis Bepcus cranfgapra JEDEC onpezenser 3ToT napametp
B JIManazoHe oT 4 10 6 TaKTOB, PU TOM, YTO 4 - SIKCTPEMAJIbHBIA BAPUAHT AJII OTOOPHBIX
"oBepkiokepckux" Mukpocxem. 3anep:xkka RAS-CAS u RAS Precharge o06b14HO ObIBaeT
2, 3,4 wim 5 TakToB, a tRAS - uyTh OosbIe, OT 5 10 15 TakToB.  EcTecTBeHHO, ueM
HWKE 3TH TAUMHUHTY (IPU OJHOM U TOH 7K€ TAKTOBOW YaCTOTE), TEM BBIILIE
MIPOM3BOIUTENILHOCTH MaMaATu. Hanpumep, Moaynb ¢ mareHTHOCTBIO CAS 2,5 00b19HO
paboTaer myuiie, 4eM ¢ JaTeHTHOCThIo 3,0. bosee Toro, B 11€10M psizie citydaeB OblcTpee
OKa3bIBACTCsl MaMATh C MEHBIIMMH TaHMUHIaMHU, padoTarolas Jaxke Ha 0osee HU3KOu
TaKTOBOM 4acCTOTE.

B tabnumax 2-4 npenocraieHsl o61ue ckopoctd namatu DDR, DDR2, DDR3 u

crienuQpuKaIuu:

Yacrora CxkopocThb nepeayun .
Tun TaiiMuHIrH | 3aMeTKH

IIMHBI JAHHBIX
PC2100 133 266 2.5-3-3-7 | Crapsie 11K, HOyTOYyKH
PC2700 166 333 2.5-3-3-7 | Crapsie IIK, HOyTOYyKH
PC3200 200 400 2.5-3-3-8 | IlonmynspHas crangapT
PC3500 217 433 2.5-3-3-7
PC3700 233 466 2.5-3-3-7
PC4000 250 500 2.5-3-3-7 OBepiriokepHEIe

CTaHIapThI

PC4400 275 550 2.5-3-3-7
PC4800 300 600 2.5-4-4-10

Tabmuma 2: O6mue ckopoctu namatu DDR u cnenudukanum



Yacrora CkopocThb nepenaun .
Tun Taiimunarn | 3aMmeTkn
IINHBI JTAHHBIX
PC2-3200 200 400 3-3-3-12 Penko BcTpeuaercst
PC2-4200 267 533 4-4-4-12 IlonynspHas crangapT
PC2-5300 333 667 5-5-5-15 [IIupoko ucnoisib3yemblie
PC2-6400 400 800 5-5-5-15 [Mocneauwmii ctanmapT
PC2-8000 500 1000 5-5-5-15
PC2-8500 533 1066 5-5-5-15
PC2-8888 556 1111 5-5-5-15 OBepKIIOKEepHbBIE CTAHIAPTHI
PC2-9136 571 1142 5-5-5-15
P2 625 1250 5-5-5-18
10000
Tab6muma 3: O6mmume ckopoctu namsatu DDR2 u cnenudukarum
q
Tun acrora CkopocTthb nepeaaumn Taiinarrn | 3anericn
IIMHBI JAHHBIX
PC3- yale Ha3bIBaeMbIE
533 1066 7-7-7-20
8500 DDR3-1066
PC3- yale Ha3bIBaeMbIE
667 1333 7-7-7-20
10666 DDR3-1333
PC3- yare Ha3bIBaeMble
800 1600 9-9-9-24
12800 DDR3-1600
PC3- yare Ha3bIBaeMble
1 -9-9-24
14400 900 800 9-9-9 DDR3-1800
PC3- yalle Ha3bIBaeMEbIE
1000 2000 TBD
16000 DDR3-2000

Tabnuna 4: O6mue ckopoctu namsatu DDR3 u crienuukanuu
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DDR4 — ouepeanasi 3BOJIIOIUA

Hakonerr, Mb1 10Opaiich 0 COBEPIICHHO HOBOM mamsitu Tuna DDR4.

DDR4 — HOBBIH THIT OIIEPATUBHON MaMSTH, SBISIOIMIUICS YBOTIOIMOHHBIM Pa3BUTHEM
npeapaynmx nokojgenuii DDR. OTianyaercs NoBbIIIEHHBIMUA YaCTOTHBIMU
XapaKTEPUCTUKAMU Y MMOHM>KEHHBIM HAIIPSHXKECHUEM TTUTAHUS.

Ocnosuoe otiauurie DDR4 ot mpeasiayiero crangapra DDR3 3akimtodaercst B y1BOEHHOM
10 16 yucie 6aHkoB (B 2 rpynmax 0aHKOB), YTO MO3BOJIUIIO YBEIUYUTH CKOPOCTh
nepenayu. [Ipomyckuas cnocoOHocTh amsatu DDR4 B niepcrieKTHBE MOXKET JIOCTUTATh
25,6 I'b / ¢ (B cimyuyae mOBBIIIEHUS MaKCUMaIbHOM 3 dexkTrBHOM yacToThl A0 3200 MI'1).
Kpome Toro, noBeIiieHa HaI€KHOCTh pabOTHI 32 CUET BBEJICHUSI MEXaHHU3Ma KOHTPOJIS
YETHOCTH Ha IIMHAX ajipeca u komaua. M3HavanbHo ctanapt DDR4 onpenensiin 4acToThI
oT 1600 no 2400 MI'1 ¢ mepcnekTrBoi pocta g0 3200 MI 1.

Crucial” DDR4 Memory Technology

/
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m/ =
m =
& m
E =
mE =
- =
E =
E =
E =
E =
E =
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E =

T the nombers. " 3 28% 50.3% 100% ) 16.6% 166.5% 300% j 20% 100% 300%

s s DECREASE  INCREASE  INCREASE DECREASE  INCREASE  INCREASE DECREASE  INCREASE  INCREASE
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Ha »ToM pHcyHKE MOKHO IPOCIEANTH DBOJIONNIO TexHosorud DDR: kak MEeHsUIHCh TOKa3aTeIn
HapPsDKEHUsI, YaCTOTHI U EMKOCTH



https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D1%8C
https://ru.wikipedia.org/wiki/DDR3
http://www.ferra.ru/photo/system/review/ddr4-new-age-how-it-works/16344/398466
http://www.ferra.ru/photo/system/review/ddr4-new-age-how-it-works/16344/398466
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Ho u o Takux BaXHBIX XapaKTEPUCTHKaX, KaK 3HEPronorpebieHHe MOAyJIel u ux
oobem. Kak mMoxxHO yOenuThcs M3 AaHHOW nuarpammsbl, maHkd DDR4 o0xonst cBoux
IIPEAIECTBEHHUKOB 110 BCEM IIapAMETPAM.

YBeJuueHne NPOMyCKHOH CIOCOOHOCTH

DDR3-2133

32057
] i
DDR3-1866 29246 B write

I 512 Read
DDR3-1600

0 5000 10000 15000 20000 25000 30000 35000 40000

Bandwidth in MB/sec

Figure 4: Intel Core i7-4770K, dual-channel DDR3 bandwidth measured in AIDA64.

[TpomyckHas CHOCOOHOCTH MOACUCTEMBI MTAMSITH HAMPSIMYIO 3aBUCUT OT CKOPOCTH
pabOThI MOJTYJICH: YeM OHa BBIIIE, TEM OBICTPEE OCYIIECTBIISIETCS 3aMMCh U YTCHUE U3
namatu. Koneuno, nanexo He BCe MPUIIOKEHHS MTOCTOSSHHO OOMEHUBAIOTCST OOJBIITUMU
MacCHBaMH JTAHHBIX, IOATOMY B PEATBHBIX YCIOBHUAX IKCIUTyaTaIlUU MTOJIH30BATEIh MOKET
Y HE OIIYTUTh MPEUMYIIECTBA OT YCTAHOBKH 00JIee MMPOU3BOAUTEILHBIX KOMIUIEKTOB. Ho
€CJI MBI TOBOPHUM O CIIEIUATIM3UPOBAHHBIX MPOTPaMMax Hamo100ue BUACO- U
dbotopenakropoB, CAD-cuctem wim cpeAcTB s co3nanus 3D-aHumanuu, To pe3yibTar
OT MMPUMEHEHHUS CKOPOCTHBIX MOJIYJICH YK€ OKaKEeTCs Ky/Ia CylecTBeHHee. Takxe
BBICOKAsI MTPOITYCKHAS CTIOCOOHOCTH IMOACUCTEMBI ITAMSITH Ba)KHA MPH UCIIOJIb30BAHUHT
BcTpoeHHoM rpaduku. Benb y iGPU net noctyna k Osictpbim unmiam GDDRS, moatomy
BCSI HEOOX0uMasi eMy HHGOpMAIHs MOMEIAeTcsl B onepatuBHyo namsith [1K.
COOTBETCTBEHHO, B JAHHOM CJTydae YCTaHOBKA 0oJjiee MPOU3BOIUTEIBHBIX KOMITJIEKTOB
MaMsTH HaMpsMYyIo OyzieT BIUATh Ha kKoaudecTBO FPS Ha skpane.
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DDR4

DDR3

DDR2

667 800 1066 1333 1600 1866 2133 2400 2666 2800 3000 3200 3333 4000+

JEDEC Spec Overclocking XMP l Overclocking Extreme

Figure 2: A history of DDR SDRAM memory speeds.

Hns popmata DDR3 crangapTHeIMU ABIISIIOTCS 4acTOThl OT 1066 MI't o 1600 MI'n, u
JUIIb HeAaBHO 00aBuiiock 3HaueHue 1866 MI'u. [lns DDR4 jxe MuHUManbHasi CKOpOCTh
paboTel HaunmHaeTcss ¢ otMeTku 2133 MI'u. [la, Bl ckaxere, yto moxyiu DDR3 moryt
HaBEPCTATh PA3HUILY C MOMOIIBIO pa3roHa. Ho Beap To ke caMoe NJOCTYIHO U JJIsl TUIAHOK
DDR4, y KOTOpBIX W Pa3rOHHBIN MOTEHIMAN BblIIE. Beap ¢ MOMOIIBIO ONTUMHU3ALNHU
napameTpoB Moy DDR3 o6bsruno Oepyt mianky B 2400 — 2666 MI'n, nins DDR4 6e3
npo6JieM nokopsitorcst BeICOTh B 2800 — 3000 MI 1.

Ecmu cpaBuuBate cranmaptel DDR4 wm DDR3 ¢ TO4YkM 3peHUST JHTY3MacTOB-
OBEPKJIOKEpOB, TO U TYT mepeBec Oyaer Ha cropoHe DDR4. Vike celiuac HOCTUTHYTO
3HaueHue B 4838 MI'11, a Beib MpoIes TOJIBKO OJWH roj MOCje aHOHCAa HOBOTo dopmara.
Hanomuum, pexopaHoi wactotoil pasrona mis moxyneit DDR3 gasnsercs 4620 MI'h,
KoTopasi Obla 3auKcUpoBaHa JUIIL yepe3 7 JieT mocie 3amycka ctangapta DDR3 B
pou3BoACTBO. OHUM CIIOBOM, B IUIAHE CKOPOCTH pabOThl moTeHuuan y namsatu DDR4
OUY€Hb OOJIBIIOM.
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Yayuumenue 3Heprodg@exruBHOCTH

DDR

DDR2

DDR3

12V 135V 1.5V 1.65V 1.8V 25V

DDR4

Figure 1: Operating voltage of DDR standards.

BroppiM  BaxkHBIM npeumymiectBoM wmoayien DDR4  gBnseTcs  BO3MOXKHOCTB
(GYHKIMOHUPOBAHUS HA HU3KUX HANpsDKeHHsX. Tak, JUIsi UX KOPPEKTHOM paboThl Ha
HOMUHaAIBHBIX yacToTax (2133 — 2400 MI'1) nocraTtouno Bcero nuiib 1,2 B, uto Ha 20%
MeHbIIIe, yeM y ux mnpenmectseHHukoB (1,5 B). IlpaBna, co BpemeHeM Ha pBIHOK ObLia
BbIBeJIcHA dHeprodddextuBHas namsiath ctangaproB DDR3L u DDR3U c Hamnpsikenuem
nutanus 1,35 u 1,25 B coorBercTBeHHO. OJHAKO OHA CTOUT JOPOXKE M HUMEET P
OrpaHUYeHMI (Kak mpaBuio, ee yactora He npesbimaer 1600 MI ).

Taxxxe namarb DDR4 nonyunna noaaep:kKy HOBBIX SHEProcOEperarmmux TeXHOIOTUuH.
Hanpumep, monyns DDR3 ucnonb3yer Toiabko ogHO HampspbkeHue Vddr, kotopoe mis
BBIMIOJIHEHHUSI ~ HEKOTOPBIX  ONEpaluid  MOBBIIIAETCS C  [OMOINbI0  BHYTPEHHHX
npeoOpaszoBareneil. Tem camMblM TeHEpUpyeTCs JHIIHEE TEIJIO M yMEHbLIaeTcsl o01as
3 PeKTUBHOCTh TOACHCTEMBbI MaMmsATH. [l mumanku crangapra DDR4 cnenudukarus
MpeaycMaTpuBaeT BO3MOXKHOCTh MOTy4YeHUs1 3Toro HampstkeHust (Vpp, paBaoe 2,5 B) ot
BHEILIHETr0 Mpeo0pa3oBaTessi MUTaHUS.

DDR3 - Push-Pull DDR4 - Pseudo Open Drain

— —

> DRIVER () cranneL | >
0 RECEIVER — RECEIVER

\V4 V
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[Tamsate DDR4 Takke mosyumia yCOBEpIICHCTBOBAHHBIN HHTep(delic BBOJa/BbIBOIA
naHHBIX 1o HazBaHueM «Pseudo-Open Drain» (POD). Ot ucnons3yemoro panee Series-
Stub Terminated Logic (SSTL) oH oTnuyaercs OTCYTCTBHEM YyTE€UKH TOKA HA YpOBHE
ApaiiBepOB siUEEK MaMSTH.

B 1menoMm ke uCHONb30BaHHE BCErOo KOMIUIEKCA SHEProdd(EeKTUBHBIX TEXHOJIOTUN
n0JKHO TpuBecTH K 30%-0My BBIMTPHINLY B dHEpromnotpedieHuu. Bo3moxkHo, B paMmkax
HacTosibHOrO IIK 3TO mokaxkeTcs: HeCyleCTBEHHOM AKOHOMHEH, HO €ClIU pedb UIET O
MOPTAaTUBHBIX YCTPONCTBax (HOYTOyKH, HETOYKH), TO 30% — HEe Takoe YK U MaJieHbKOE
3HAYCHUE.

MopaepHu3upoBaHHAasi CTPYKTypa

B makcumanbHol koHburypanuu yunt DDR3 coxepxut § 6aHKOB mamsiTH, TOrJa Kak
st DDR4 noctynno yxe 16 6ankoB. [lpu aTom maymnHa ctpoku B cTpykrype uuna DDR3
cocraBisier 2048 Oaiit, a B DDR4 — 512 Gaiit. B pe3ynbTate HOBBI THUI HaMATH
MO3BOJISIET OBICTpEE NEPEKITIoYaThCd MEXIy OaHKaMU U OTKPBIBAaTh IPOHU3BOJIbHBIC
CTPOKH.

Module Size (GB)
20
16
12

DDR2 DDR3 DDR4
2006 2011 2015

Figure 5: Maximum mainstream module size.

Muxkpoapxurektypa DDR4 npeanonaraer ucrnonb30BaHrue §-TUraOUTHBIX YUIIOB, B TO
BpeMsi Kak MoAyiu crannapta DDR3, kak mpaBuiio, co3Jat0TCsl HA OCHOBE MUKPOCXEM
eMKocTbI0 4 ['0ut. To ecTh Npu OJIMHAKOBOM KOJIMYECTBE YMIIOB MbI TIOJIyYHM B JIBa pas3a
OonpMii 00beM. Ha cerognsimnamii 1eHb Hanbosiee pacupoOCTpaHEHHBIMU SIBISIOTCA 4-
rurabanTHeIe MOYNHU (K CJIOBY, ’TO MUHHMAJIbHASI €MKOCTh JIJISI TIAHKU TTaMSITH
cranaapta DDR4). Ho B psizie 3apyOekHBIX CTpaH MpeajaraloTcs y)ke u 00Jiee eMKue
Moaysin: Ha 8 1 naxe Ha 16 I'b. 3ameThTe, 4TO MPU ’TOM MBI TOBOPUM O MacCOBOM
CErMEHTE PhIHKA.
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5. CpaBHenmne npouspoaurtejbHocTH Namsatu DDR4 u DDR3

I[JIH MPOBCACHUA TCCTOB MbI UCITOJIB30BAJIN TAKYTO KOH(l)Hl"ypaI_II/IIO CTCHAA.

ITpoueccop

MaTepI/IHCKI/IC I1J1aThI

KomriekTel OHCpaTHBHOﬁ
IHaMsiTHu

Kynep

I'paduueckuii aganrep
KecTkuit quck

baok nutanus

OnepanmoHHas cucrema

Intel Core i7-6700K (Socket LGA1151) @ 4,0 I'T

ASUS MAXIMUS VIII GENE (DDRA4)
ASUS Z170-P D3 (DDR3)

DDR3L-1600 HyperX Fury HX316LC10FBK?2/16
DDR3-2400 G.SKILL Ripjaws X F3-2400C11D-16GXM
DDR4-2400 HyperX Fury HX424C15FBK2/16
DDRA4-3200 KINGMAX Nano Gaming RAM GLOF63F-
DSKAGA

Scythe Muhen 3
Intel HD Graphics 530
Seagate Barracuda 7200.12 ST3500418AS
Seasonic X-660 (660 Br)
Microsoft Windows 7 (64-6utHast Bepcus)
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[TepBoouepeaHOMN 1ETBIO TAHHOTO SKCIEPUMEHTA, KOHEUHO XK€, SIBJISLIIOCh CPaBHEHUE
BO3MOKHOCTEH KoMILIEKTOB mamsati DDR4 u DDR3 na oamHakoBbIX 4yacToTax. UTOOBI
MOJIYYUTh OoJiee OOBEKTUBHYIO KapTHHY IpOBEpKa ObLla Tpou3BeJeHA B HamOolee
MOMYJISIPHBIX pekUMax padboThl moacucteMbl maMaTu: 1600 MI'n, 2133 MI't u 2400 MI1:

CxopocThb
KomrmiekT mamsati Tun pabotel, = HaGop 3amepxex
MI'q
1600 11-10-10-28
DDR4-2400 HyperX Fury EYEY
HX424C15FBK2/16 (2 x 8 I'b) DDR4 2133 14-14-14-33
2400 15-15-15-35
1600 9-9-9-28
DDR3-2400 G.SKILL Ripjaws X F3- 1214
2400C11D-16GXM (2 x 8 I'b) DDR3 2133 11-13-13-31
2400 11-13-13-31

AlDABYL Cache & Memory Benchmarkv.5.30.3538 Beta

Real Read, MB/s

Real Write, MB/s

Real Copy, MB/s

o] 10000 20000

. 24551

- zs160

35045

31594

30000

= DDR4-1600 HyperX Fury HX42A4C15FBK2/16 2x8GEBE 11-10-10-28

= DDR4-2133 HyperX Fury HX42A4C15FBK2/16 2x8GB 14-14-14-33

DDRA-2400 HyperX Fury HX42AC15FBK2/16 2x8GEB 15-15-15-35

40000

m DDR3-1600 G.SKILL Ripjaws X F32-2400C11D-16GXM 2x8GEB 9-9-9-28
m DDR3-2133 G.SKILL Ripjaws X F3-2400C11D-16GXM 2x8GB 11-13-13-31

m DDR3-2400 G.5KILL Ripjaws X F3-2400C11D-16GXM 2x8GB 11-13-13-31



http://ru.gecid.com/ram/ddr3-2400_gskill_ripjawsx_f3-2400c11d-16gxm/
http://ru.gecid.com/ram/ddr3-2400_gskill_ripjawsx_f3-2400c11d-16gxm/
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Cache Burst 32

| | |
[ 3503
2

e 2o
IF093
R B, = G5 3
i =7 103
R = 7 0.5
R 26527
i 26557
- 27045
e s | > &5 15
R 2G5 =
> &7 01
S 21268
21694
22008
COPYMB/S | > 0505
e
I 21553
o 10000 20000 20000 40000

DDRA-1600 HyperX Fury HX42ACI1ISFBK2/16 2x8GE 11-10-10-28
= DDRA-2133 HyperX Fury HXA2ACI1ISFBK2/16 2x8GE 14-14-14-33
DDRA-2400 HyperX Fury HX4AZ2ACISFBK2/16 2=x8GE 15-15-15-35
DDR3-1600 G.SKILL Ripjaws X F3-2400C11D-16GXM 2x8GE 9-9-9-28 ot

DDR3-2133 G.SKILL Ripjaws X F3-2400C11D-16GXMN 2x86G8B 11-13-13-31
m DDR3-2400 G.SKILL Ripjaws X F3-2400C11D-16GXMN 2x8GEB 11-13-13-21

B OeHumapkax, HampsAMYIO 3aBUCAIIMX OT YACTOThI MOJYJIEH MaMsITH, 00a KOMIUIEKTa
MIPOJIEMOHCTPUPOBAJIM COITOCTABUMBIE PE3YJIbTATHI, PUYEM BO BCEX pexumax. B
OOJBITMHCTBE CITy4YaeB pa3HUIla cocTaBisuia He 6osbme 0,5%, Tak 94To 374eCh MEXITY
DDR4 u DDR3 nabmomaercs mapuTeT.

AlDABS Cashe & Memory Benchmark Real Latency v.5.30.3538 Beta

DDRA-1600 HyperX Fury | | | |

e e —

10-28

DDRA-2133 HyperX Fury

14-33

DDRA-2400 HyperX Fury

15-35 [ ————
400C11D 16GxM 2x8GE 5.0 9 25 [T <o
2400C11D-16GXM 2x86G8B 29-9-9-28 ’

DDR3-2133 G.SKILL Ripjaws X F3-

31

DDR3-2400 G.SKILL Ripjaws X F3-
2400C11D-16GXMN 2x8GEB 11-13-13-
31

u
W
W

0,0 20,0 40,0 60,0 20,0

= Real Latency, ns
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7Zip, Speed, KB/s

DDRA-1600 HyperX Fury
HXA2ACISFBK2/16 2x8GEB 11-10-
10-28

DDRA-2133 HyperX Fury
HXA424CI15FBK2/16 2x8GEB 14-14-
14-33

DDRA-2400 HyperX Fury
HXA2ACI5FBK2/16 2x8GB 15-15-
15-35

DDR3-1600 G.SKILL Ripjaws X F3-
2400C11D-16GXMN 2x8Gc8B 9-9-9-28

DDR3-2133 G.SKILL Ripjaws X F3-
2400C11D-16GXM 2x8GEB 11-13-
12-21

DDR3-2400 G.SKILL Ripjaws X F3-
2400C11D-16GXMN 2x8GE 11-13-
13-21

= packing, KBSs

(o] A00000

21615
217743

22612
218965

215552

2165458

200000
= unpacking, KB/Ss

WWinRAR, Speed, KB/s

DDRA-1600 HyperX Fury
HXAZ2ACI5FBK2/16 2x8GEB 11-10-
10-28

DDRA-2133 HyperX Fury
HXA2ACI5FBK2/16 2x8GEB 14-14-
14-33

DDRA4-2400 HyperX Fury
HXAZ2ACIS5FBK2/16 2x86G8B 15-15-
15-35

DDR3-1600 G.SKILL Ripjaws X F3-
2400C11D-16GXMN 2xB8GEB 2-9-9-28

DDR3-2133 G.SKILL Ripjaws X F3-
2400C11D-16GXMNM 2x8GEB 11-13-
12-21

DDR3-2400 G.SKILL Ripjaws X F3-
2400C11D-16GXMN 2x8GEB 11-13-
13-31

291

g41a2

2000 000
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pelele] AO00- - 5000
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B tectax, riae usmepsiercs 3aJepkKa Mpu YTEHUHU MPOIIECCOPOM JIAaHHBIX U3 MaMSITU U
ckopocThb pabotsl [1K B 3a1auax, cBsSI3aHHBIX C apXUBUPOBAHUEM, NepeBec ObLT Ha
cropoHe Moaynel cranaapta DDR3. B cpeanem pasznuna cocrasisina 4-5%. Takoi
pa3pbIB OOBACHAETCS TEM, YTO JUTsl PYHKIIMOHUPOBAHMS HA OJUHAKOBON YacTOTE TaMSTH
DDR3 Tpebyrotcs 6onee HU3kue TaitMuHry, uem DDR4.

CINEBENCH 11.5

DDR4-1600 HyperX Fury | | 14 o1 ‘
HX42AC15FBK2/16 2x8GB 11-10- ’

10-28 F IS
DDR4-2133 HyperX Fury
HX424C15FBK2/16 2x8GB 14-14-
14-33

14,39

\

9,66

DDRA4-2400 HyperX Fury
HX424C15FBK2/16 2x8GB 15-15-
15-35

14,62

————

9,72

DDR3-1600 G.SKILL Ripjaws X F3-
2400C11D-16GXM 2x8GB 9-9-9-28

14,02

DDR3-2133 G.SKILL Ripjaws X F3-
2400C11D-16GXM 2x8GB 11-13-
13-31

14,53

DDR3-2400 G.SKILL Ripjaws X F3-
2400C11D-16GXM 2x8GB 11-13-
13-31

14,71

o
Ln
=

0 15758~ 20

m OpenGL m CPU

[Tpunosxxenus, KOTOPbIE UCTIOIB3YIOTCS I MOACIUPOBAHUS OOBEKTOB M BHITTOTHEHUS
CJIOKHBIX PACUeTOB, JIYUIII€ PEarupyioT Ha MOBBIIICHUE YAaCTOThHI TAMSITH, YeM Ha
M3MeHeHue Habopa 3aaepkek. [ToaTomy B TaHHOM citydae paboTa Ha 60Jee HU3KUX
TaiiMuHrax g namMatu DDR3 He npuHecna npakTH4eCcKy HUKaKuX AUBUACHIO0B. [1o
KpaitHel Mepe, nepeBec Ha ypoBHE 0,6 — 0,9% MbI HE CKIIOHHBI CYUTATh TEM
MIPEUMYIIECTBOM, Ha KOTOPOE CTOUT 00paIaTh CEphe3HOE BHUMAHUE.
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3akJIoueHue

OI[HI/IM N3 OCHOBHBIX 3JICMCHTOB KOMIIBIOTCPA, ITO3BOJIAIOINUM EMY HOPMAJIbHO
(I)YHKHI/IOHI/IPOBaTL, SABJEACTCA IIAMATD.

Bce nepconanbHble KOMIBIOTEPHI UCIIONIB3YIOT TPU BHJIAa TAMSTH: ONIEPATUBHYIO,
MTOCTOSIHHYIO U BHEIIHIOIO (Pa3IMYHbIE HAKOITUTENH ).

BHyTpeHHsA naMsATh KOMIBIOTEPA - ITO MECTO XpaHEHUs] UHPOPMAILIH, ¢ KOTOPOU OH
pabotaet. BHemHss namsaTh (pa3iandHble HAKOMUTENN) peHa3HAYCHA IS
JOJTOBPEMEHHOT0 XpaHeHUs nHpopmai. KoMipiorepHas mamMsTh 00ecrieyuBacT
MOJIEPKKY OJTHOW M3 HaWBAXHEHIINX (PYHKIHI COBPEMEHHOTO KOMIIBIOTEPA, -
CHOCOOHOCTH ITUTENFHOTO XpaHeHus nHpopmanuu. BMecTte ¢ ieHTpalibHbIM
IIPOLIECCOPOM 3AIIOMUHAIOLIEE YCTPOUCTBO SBIIAIOTCS KIIFOYEBBIMU 3BEHBSIMH.
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