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BBegeHue. NamaTtb. Cuctembl namMaTu coBpemMeHHbIX IBM

MamsaTb, 3anomunHaowme yctponctaa (3Y) [anra. memory, storage] - cpeaa mim
(dbyHkImoHanpHas yactb DBM, npenHazHaueHHas 1)1l mpreMa, XpaHeHUs 1
M30MpaTeIbHOM BBIIAYM JIAHHBIX.

CuctemMbl namaTn coBpeMeHHbIX OBM npeacrapisiior co00if COBOKYNHOCTH
annapaTHbIX CPeICTB, TPEIHA3HAYCHHBIX JIS XpaHEHUs HCIoib3yeMoili B DOBM
nHdopmaruu. K satoit madopmanmm oTHocsATCS oOpabaThiBaeMble JJaHHbBIC, PUKIIATHBIC
MpOTrpaMMbl, CHUCTEMHOE MpOorpaMMHOE obOecredeHrne u CciykeOHas wuHbopMaIus
pasnmuyHoro HasHadeHus. K cucTeMe mamMsiTH MOKHO OTHECTHM M NPOTrpPaMMHBbIe
CpeACTBA, OPraHU3YIONIME yHpaBJjieHHe e¢ paboToil B IIEJIOM, a TaKXke ApaiiBepbl
pa3IMYHBIX BUJOB 3aIIOMUHAIONUX YCTPOMCTB.

[TamsaTe mpeacTaBiasieT coOO0H OJHY M3 BaKHEHUIIUX nojcucteM DOBM, Bo MHOTOM
ONPEAETSAIONIYI0O UX TMPOU3BOJIUTEIBHOCTh. T€M HE MEHEE B TE€UCHHE BCEH HCTOpPUU
Pa3BUTHS BBIYUCIUTENBHBIX MAILIMH OHA TPAJAULIMOHHO CUUTAETCA UX "V3KUM MECmOoM' .

KiroueBbIM MPUHLKIIOM MOCTpOeHUs namsaTd DBM sBisieTcs ee nepapxuyeckas
opranuzanus (mpuHIuM, chopmynupoBaHHbii emie /[>xonom ¢on Helimanom), kotopas
MPEANOAraeT HCIOJIb30BAaHUE B CHUCTEME NaMATH KOMIIBIOTEPA 3alIOMUHAOIINX
ycTpoiicTB (3Y) ¢ pa3au4HbIMUA XapakTepucTUKaMHu. [IpryeM ¢ pa3BUTHEM TEXHOJIOTH,
MOSIBJIEHUEM HOBBIX BHJIOB 3Y W COBEPIICHCTBOBAHUEM CTPYKTYPHOW OpraHH3aluu
OBM konunuecTBO ypoBHEW B mepapxuu mamsatd OBM ysennuuBaercs. Hanpumep,
cBepxonepatuBHble 3Y Oonpmnx IBM 50-60-x rogoB 3ameHsieT 1ByXypOBHEBas K3LI-
namsTh nepcoHanbHbIX OBM 90-x rogoB u TpexypoBHeBbIM ka1l [I9BM u padoumnx
craHiui, HaynHas ¢ 2000-2001rT .
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[TpuBenem knaccudukaiuio 3Y ¢ TOUYKH 3pEHUS OCOOCHHOCTEW WX OpraHU3AINH
Y UCITOJIb30BaHUS.

Jlanee paccMOTpUM THIOBBIE CTPYKTYpbl cucTeM mamsitu OBM, a Ttakxe
OCHOBHBIE TTapaMEeTPhbl U KPUTEPUU OIIEHKH 3alIOMHHAIONIUX YCTPOUCTB U CUCTEM.

1. OCHOBHbI€ XapaKTepPUCTUKU 3aNOMUHAKOLUX YCTPOUCTB

3anomuHaowme  yctponctea  (3Y)  xapakTepusylTcs  psSgoM  rnapameTpos,
onpenensrmnx BO3MOXHbIe 00nacT NPUMEHEHUs pasnu4YHbIX TUMOB Takux ycTponcTs. K
OCHOBHbIM MapameTpaM, MO KOTOpbIM Mpou3BoANTCSA Hambonee obwaa oueHka 3Y,
OTHOCATCS UX

e nHdopmaumnoHHas emkocTb (E),
e Bpems obpaiieHus (T) n
e ctoumocTb (C).

Moo wHcdopMauMoOHHON eMKOCTb 3Y MNOHMMAKT KOMMYEeCcTBO MHopmMaumn,
namepsiemoe B 0Oantax, kunobamtax, merabamtax wnum rurabantax, KOTOpoe MOXeT
XPaHUTbCS B 3aMOMUHAIOLLIEM YCTPOUCTBE.

Ob6bIYHO UHOPMaUUOHHas €eMKOCmb y4umbleaem mOJibKO [10f1e3HbIl 0b6bem
XpaHumoU UHopmayuu, Komopbll He ekrdaem obbeM namsmu, pacxoldyembll Ha
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CryxebHyr UHopmMauur, KOHMPOIsbHble pa3psdbl unu 6alimel, pe3epeHbie obnacmu
(Hanpumep, uHmMepeas Mex0y KOHUOM OOpPOXKU Oucka U ee Ha4dasrioM), OOpPOXKU
CUHXpocuzHaros u rip.

Bpems obpalueHums k 3Y pasnuyHbix TUNOB ONpeaenseTcsa no-pasHomy.
B kauyecTtBe npnmepa MOXXHO pacCcMOTpPeTb ornepaTuBHble 3Y U XKeCTKUe AUCKN.

OnepaTtuBHble 3Y 06bI4YHO peanuaytoTcs kak 3Y ¢ NpOn3BOSbHbIM. OTO O3HAYaEeT, YTo
AOCTYN K AaHHbIM, (OU3NYECKM OpPraHn3oBaHHbIM B BMAE OBYMEPHOro maccmBa (MaTpuubl
3N1eMEHTOB NaMsTh), MPOM3BOAUTCS C MOMOLLbIO CXeM Aelumdpanmm, BbloMpaoLwmx HyXHble
CTpOKy M ctonbel maccvmBa No MX HOMepam (agpecam), Kak nokasaHo Ha puc.1. Noatomy
BpeMsi Toep OOpaLlEeHnss K HUM onpefenseTcs, B Clyvyae OTCYTCTBMSA [AOMNOMHUTENbHbIX
aTanoB (Takux, HanNpumep, Kak nepegadya agpeca 3a ABa TakTa), BpeMeHeM cpabaTbiBaHuS
cxem gewmdpaumm agpeca n co6CTBEHHO BpeMEHaMu1 3anucu UM CHUTbIBAHUS AaHHbIX.
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Puc. 1. IlpousBonpHER QoCTVI E MACCHEY
SIEMEHTOE MaMATH 3

Emkocmu onepamugHbix 3Y - nopsidka 256 M6 — 8 I6.

Mpouecc obGpalleHns (YTeHUA UNun 3anucun) K XXeCTKoOMy AUCKY BKtovaeT B cebs 3
aTana:

(a)nepemelleHve 6rioka rorioBOK YTEHUSA/3annCKU Ha HYXXHYI0 JOPOXKY (&),
(6) oxxmnpgaHue nogxoga TpebyemMoro cektopa nog rofioBku YteHusi/3anucu (6) u
(B) cobCcTBEHHO Nepeaaya AaHHbIX, CYUTbIBAEMbIX/3anncbiBaeMbIX.

Kaxnprii w3 STUX D3TamoB 3aHUMaeT ONPENEICHHOE BpeMs, BXOIfAIIee B 00IIee BpeMs
oOpamieHusi K TUCKy. Bce STambl Tak WM WHAYe CBS3aHBI C MEXaHMYECKHMMH TEPEMEIICHHSIMH,
MMOATOMY MX BPEMEHA CPaBHUTEIHHO BEJIMKU M COCTABIIIOT BETMYMHBI TTOPSIIKA €TMHHUI] MUJUTHCEKYH]I.



Puc. 2. Obpamense ¥ HecTHOMY THCEY
{1- mmacTHHa DHCKA, 2 - BIIOK DOMOEOK 4T0, 3 - DopoXka (WHIHEAR), 4 - dafn;

@ - IOHCKE JOpOXKH (IepeMelieHHe DIoka TONOBOK 9T/30, £ - CEHIAHHE NOgX0Ta
bafina nog GOk Fol0BCK, & - Nepefada QJaHHEXH )

Bpemsa nepemellenna 6noka ronoBok, 06bIYHO Ha3biIBAEMOE U3rOTOBUTENSAMU ANCKOB
BpemMeHeM noucka (seek time), 3aBUCMT OT KONMMYECTBa [OOPOXKEK, Ha KOTOpoe Haao
nepemectutb 6nok ronosok. MnHmanbHoe Bpems 3aTpayMBaeTCcs Ha nepemelleHne 6roka
rOfIOBOK Ha COCEAHION OOPOXKKY (UMNUHAP) - cocTaBnseT nopsgka 1-2 mc. MakcumanbHoe
Bpems TpebyeTca Ha nepemelleHne 6noka ronoBOK OT KpamHeW OOPOXKKW K LieHTpanbHON
nnnm HaobopoT - MOXeT cocTaBnAaTb nopsaka 15-20 mc. CpegHee Bpemsi nowvcka
(nepemelLeHnst ronoBoOK) cocTasnseT nopsaka 8-10 mc.

Bpemsa oxugaHua nogsoaa davna (TouHee, ero nepBoro cekropa) nog 6roK ronoBok
Npoun3BoaMTENN Ha3bIBalOT TaKke BpeMeHeM 3aaepxku (latency time). 3To Bpems B cpefHeEM
paBHO BpPEMEHW MONnoBMHbI 0BOpOTa AucKa, 4YTO, Hanpumep, NPU CKOPOCTM BpalleHUs
(wnuHaens) aucka 7200 ob6opoTtos/MuH, unn 120 obopoTos/c, coctaBndaeT 4,2 Mc.

HakoHeu, Bpems nepegaym OaHHbIX 3aBUCUT OT KONMUYECTBa NepedaBaeMblX AaHHbIX
(pa3mepa hainna, ecnm oH pacnonaraeTcsa LennMKoM Ha nocnefoBaTenbHbIX CEKTOPax OAHOM
OOPOXKN OMCKAa) U CKOPOCTM nepefadvn. M3-3a 3aBMCMMOCTM 3TOrO BPEMEHU OT pasmepa
anvna u ero pasmMelleHUss Ha OWUCKE B KayecTBE XapaKTepUCTUKM OMCKa WUCMONb3YykT
CKOPOCTb Nepefayn fgaHHbix (transfer rate). 3ta cKOpPOCTb onpeaendeTcs Kak napameTpamu
TpakTa cBsA3n ¢ OBM, Tak 1 CKOPOCTbIO CYMTbIBAHNA LaHHbIX C AMCKA UMW 3anucu AaHHbIX Ha
anck. O6bl4HO NOMb3YKTCA MMEHHO 3TUMM NapameTpamMu, TakK Kak KaHanbl nepegayu
A0CTaTOYHO BbICTpble, YTOObI CHMXATb CKOPOCTb Nepenayn, a auckn umerot BydepHole 3Y
(kaw pgucka), ckopocTb OBMeHa AaHHbIMM C KOTOPbIM 3aMEeTHO MpPEBbLIWAET CKOPOCTb
CUYMTbIBaAHUSA C AUCKA U 3annCcK Ha OUCK.

B cBot ouyepedb, ckopocTb oBMeHa C AMCKOM ONpedensieTcsl CKOPOCTbi €ero
BpaLLeHNss 1 NNOTHOCTbIO 3anucy MHdopMauum Ha Hero. O6e 3TN BENMYMHbI HEMPEPBLIBHO
BO3pacTaloT C pa3BUTUEM TEXHONOIMIA M3rOTOBIEHNS KECTKMX OUCKOB.

[MnoTHOCTb 3anucu MHopmaumMm Ha OUCK yaBavBanacb NPUMEPHO Kaxabl rog —
nonrtopa.



CtoumocCTb 3anoOMUHaKLWMX YCTPOMCTB Takke npeacraBnser cobon BaxKHyLO
Xapaktepuctuky. MIMeHHO oHa sBNAeTCA OL4HOW U3 MPUYUH MepapXMYEecKon opraHusaumm
namaTtn 3BM.

[enctBnutenbHO, XOPOLO NMETb BbICTPYIO M eMKY0 NamMsTb. HyXHO, 4ToObl OHa Gbina
N OTHOCUTENBHO AeleBon. NMoHATHO, YTO 3T NnapamMeTpbl NpoTMBOpeYunBbl. [loaTomy B O9BM
N CTPOAT Nepapxuio NamsaTun.

OnpepenexHnss poporme W [JeweBble MNOHMMAKTCA He B abconiTHOM, a B
OTHOCUTENbHOM W3MEPEHUN, WUCXOAS W3 CTOUMMOCTU XpaHeHUs efuHuubl WHdopMaLmu
(yoenbHom ctoumocTun) B 3Y. CtommocTtb xpaHeHuss 1 Mbarita nHgpopmauumn B onepaTmBHbIX
3Y 1 Ha XeCTKux guckax pasnuyatotca npumepHo B 100 pas.

KoHe4YHO, NOMUMO eMKOCTN, BpeMeHun o6pau.|,eH|/|ﬂ N CTOMMOCTHU, CyLLECTBYIOT U Apyrne
XapaKTepUCTukmn naMAaTn Takme, Kak

HaOEeXHOCTb,
SHepronoTpebneHwne,

rabapuThl,

BpeMsi XpaHeHust HcpopMaLmu,

CMOCOBHOCTb COXPaHATb ee Mpu OTKMOYEHUN NUTAHKSA U Opyrue.

Mpn onpeneneHHbIX YyCNoBMAX 3TU XapakTEPUCTUKM MOTYT MUMETb BaXKHOE 3HaYeHue.
Hanpumep, 0ns Hoymbykoe sHepzoriompebrieHue u e2abapumbl UrparwT CYLLECTBEHHYHO
ponb, 4YTO npu obecneyeHnn TpebyeMbix 3HAYEHUN ITUX MOKasaTenen npueBoauT K Gonee
BbICOKOW CTOMMOCTM YCTPOWCTB Takoro kracca. Hanpotus, 0s5151 cepgepog Ha nepsBbin NnaH
BblABUraeTca mpebogaHue HadexXHOCmMU CoOXpaHeHnsa NHopmMaunn.



2. Knaccudumkaumsa sanommHarowmx yCTpoMCcTB

CyuwlectByeT 60MnbLIOE KONMMYECTBO pas3nuyHbiXx TunoB 3Y, ucnonbdyembix B IBM un
cucTemax. OTU YCTPOMCTBA pasnmyarnTcs psagomM NPU3HaKoB:

" MPUHUMNOM AENCTBUS,

"  I0rMYecKon opraHusaumen,

" KOHCTPYKTUBHOM U

"  TEeXHONOrMYeCcKon peanunsaumnen,

*  (PYHKLMOHANbHbIM HAa3Ha4YeHNeM U T.4.

Bonbwoe konuyectBo cyuwecTtByowmnx TmnoB 3Y obycnoenvBaeT pasnuuua B
CTPYKTYPHOM W JOrMYeckon opraHmsauum (cuctem) namsatu O3OBM.  Tpebyewmsbie
XxapakmepucmuKku namMsimu [OCTUraloTCHd He MmOJIbKO 3a cyem npumeHeHusi 3Y ¢
coomeemcmeyrouuMu xapaKkmepucmuKamMu, HO B 3HA4YMTENbHOW CTeneHn 3a cyem
ocobeHHOCcmMel ee cmpyKmypbl U afi20pummoe hyHKUUOHUPOBAHUSI.

Mamate 3BM noytn Bcerga €aBnsetca  "y3kMM  MecCcTOM", OrpaHuYvMBalownm
NPOM3BOANTENBHOCTL KOMMbiOTepa. [loaToMy B ee opraHusaumMu ucnonb3dyetca psag
npuemoB, YynyylwawlWmnX BpeMeHHble XapakTepUCTUKM MaMsaTM W, CcregoBaTernbHo,
noBbILIaKLWLMX NponssoanTenbHocTb IBM B uenom.

Knaccudgukaums sanoMuHaooLwwmx YCTPOMUCTB U CUCTEM MaMsTV NO3BONSET BblOENUTb
obwne n xapakTepHble OCOGEHHOCTM WX oOpraHusauunM, CcucTeMaTusMpoBaTb GasoBble
MPUHLMMNbLI U METOAbI, NMOSOXXEHHbIE B OCHOBY MX peanu3aumm 1 UCnonb3oBaHus.

OanH 13 BO3MOXHbIX BapuaHTOB Knaccudukaumm 3Y npencraeBneH Ha puc.3. B Hem
yCTPOMCTBA NaMATU  NoApasfensdlTcd Nno  [ABYM  OCHOBHbIM  KpUTEPUAM: MO
PYHKUYUOHa/IbHOMY Ha3Ha4yeHuro (Ponv UNuU MecTy B uMepapxuum namsaTun) u rnpuHyuny
ope2aHu3auyuu.
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C paccnoEHWEM afpecoE

Puc 3 Knaccuduranua samoe MHHAIOIHE YCTPOoRCTE

2.1. Knaccugpukayus 3Y no ¢pyHKUUOHasrIbHOMY Ha3Ha4YeHUro

Mpn pasgenexHnn 3Y no PyHKUMOHANbHOMY Ha3Ha4YeHuo MHOr4a paccMmaTpuBaloT aBa
Knacca: BHyTpeHHue u BHewHue 3Y OBM. Takoe geneHve nepsBoHavanbHO OCHOBbLIBANoCh
Ha pasfIMYHOM KOHCTPYKTMBHOM pacronoxeHun nx B8 9BM. B HacTosiuee Bpems, Hanpumep,
HaKOMUTENW Ha XECTKUX MarHUTHbIX AMcKaxX, TPaguMUMOHHO OTHOCMMblEe K BHelwHum 3Y,
KOHCTPYKTMBHO pacnonaralTcsa HenoCpeacTBEHHO B OCHOBHOM 6roke KOMMblOTepa.
MoaToMy pasgeneHve Ha BHELWHME W BHYTpeHHue 3Y wumMeeT B psge crydaes
OMHoOCcUMEsbHbIU, yCcroeHbll xapakmep. OObIMHO K BHYTPEHHMM 3Y OTHOCAT YCTPOWCTBA,
HenocpeacTBEHHO AOCTYMHbIE MPOLIECCOPY, a K BHEWHUM — Takue, obmMeH nHpopmaumen
KOTOPbIX C MPOLECCOPOM NPOUCXOOUT Yepes BHYTpeHHne 3Y.

Obwun Bug mepapxum namatm OBM npeactaBneH Ha puc.4d. Ha Hem nokasaHbl
pas3nuyHble Tunbl 3Y, MpUYEM TMOCKONbKY PUCYHOK OOOOLLUEHHbIN, TO He BCe Wu3
npeacTtaBneHHbIX Ha Hem 3Y 0bs3aTenbHO BXoaAaT B coctaB OBM, a xapaktep cBa3en mexay
YCTPONCTBaAMM MOXET OTNMYaTLCA OT MOKA3aHHOIO Ha PUCYHKE.
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Puc. 4. BoamoxHbIh cocTaB cuctemMmbl namatv 3BM

1. BepxHee MecTO B uMepapxum NamsaTn 3aHUMalT peaucmposeblie 3Y, KoTopble
BXOOAT B COCTaB NpoLeccopa 1 4acTo pacCMaTpMBalOTCA He Kak caMoCTOsTeNbHbIM 6ok 3Y,
a npocto kak Habop peructpoB npoueccopa. Takme 3Y B OONbLUMHCTBE CcllyvYaeB
peanu3oBaHbl HA TOM Xe KpucTanse, YTo U npoueccop, 1 npeaHasHavyeHbl Ans XpaHeHus
HebonbLOoro KonuMyecTBa uHpoOpMauMn (40 HECKONMbKMX pecAaTkoB cnoB, a B RISC-
apxuTeKkTypax — A0 COTHW), koTopas obpabaTbiBaeTcs B TEKYLUMA MOMEHT BPEMEHM UMK
4acTo WCMNoNb3yeTcs MpPoLeccopoM. J3TO MO3BOMSIET COKPaTUTb BPEMS  BbIMOSIHEHMS
nporpaMmbl 3a CYET MCMNOSb30BaHNA KOMaHA TUNa PerncTp-perncTp U yMeHbLUNTb 4acToTy
obmeHoB wuHdopmauuen c 6bonee megneHHbiMm 3Y OBM. O6paiwenHune k atum 3Y
NpoOn3BOAMTCA HENOCPEACTBEHHO NO KOMaHAaM npoueccopa.

PeructpoBas — 64-256 cnos, 1 TakT

Ko 1-ro yposus — 8 Kcinos, 1-2 Takra
Ko 2-ro ypoBHs — 256 Kcnos, 3-5 TakToB
Ko 3-ro ypoBus — 1 Mcnos, 6-11 takToB
OcHoBHas namaTh — 4 I'citoB, 12-55 TakToB
Bremusag maMmates — kK Tciios, oT 10° cros

2. Cnegylowyo nosvumio B nepapxum saHmmaiot 6ygpepHbie 3Y. VIX HasHayeHue
COCTOUT B COKpalleHUn BpeMeHu nepejaydn uHopmaumm mexagy npoueccopom u bonee
MeANeHHbIMU YPOBHSAMW NamMATU KOMMbloTepa. bydepHas namaTbe MOXET yCTaHaBnMBaTbLCA
Ha pasfMyHbIX YPOBHAX, HO 34eCb peyvb MAET UMEeHHO 00 ykazaHHOM ee MeCTOMOSOXKEHUN.
PaHee Takne  OydepHble 3Y B OTEYECTBEHHOW  nuTepaType HasblBanNu
ceepxornepamueHbimMu(CO3Y), cenvac 3TO Ha3BaHWE MPAKTUYECKM MOSTHOCTBIO BbITECHWUI
TEPMUH "KaLL-NaMATb" UKW NPOCTO KaW.

[Tpunun ucnonb3o0BaHus Oy(epHOM MaMATH BO BCEX CIy4asiX CBOJUTCSA K OTHOMY U TOMY
xe. bydep npencrasnser coboii 6osiee ObIcTpoE (a2 3HAYHT, U OoJiee JOpoToe), HO MEeHee
emkoe 3V, ueM To, /Ui yCKOPEHUs: paboThl KOTOPOTo OH npenHazHadeH. [Ipu sTom B
Oydepe pazmemaercs TOIBKO Ta YacTh HHPopMauu u3 6osee MeasieHHoro 3V, kotopas
UCIIOJIb3YETCsI B HACTOSIINN MOMEHT. Ecii o h oOpamienuit k mamMsté co CTOPOHBI
mporieccopa, yI0BICTBOPSIEMBIX HEMOCPEICTBEHHO Oydepom (kamiem) Beicoka (0,9 u
Oosee), TO cpeaHee BpeMs Il BCeX OOpaIlleHUi OKa3bIBaeTCs OJM3KUM KO BpEMEHH
oOpareHus K K31y, a He K 0oJiee MeayiecHHOMY 3Y.



[TycTh NBYXypOBHEBAs MAaMATh COCTOMT U3 KAIII U ONIEPATHBHOMN ITAMSTH, KaK MMOKa3aHO Ha
puc.5. U mycts, Hanpumep, BpeMs oOpamenus K kamry tc = 1 aHe (10-9 c), Bpems tm oOpateHust K
OoJiee MEUIEHHOW aMSTH B A€CATH pa3 O6onbiie — tym = 10 He, a 107151 0OpalieHuid, yI0BIETBOPSIEMbIX
xomeMm, h = 0,95.

Torna cpennee BpeMsi oOpallieHHs K TAKOH IBYXYPOBHEBOM NaMATH | ¢p COCTABHUT
Tep =1%0.95+10*(1-0.95) =145 nc,
T.€. Bcero Ha 45% Oouibllie BpeMEeHU O0palleHus K K31y, 3HadeHue N 3aBUCHT OT pa3mepa

K3IIIa M XapaKTepa BBITIOIHAEMBIX IPOrPAMM U MHOT/Ia Ha3bIBACTCS OTHOIICHUEM YCIIEXOB HITH
nomaganui (hit ratio).

m
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Puc.5. K pacueTty cpegHero BpemeHu obpalleHusi(t, — Bpems obpalleHms K Kalw-namsTiu, t,, — Bpemsi
obpalueHus k Ol, h — nonga obpalleHns, obcnyxMBaemMbIX KILL-NAMATbIO,
1 — h — pons o6palueHni, obenyxmsaemblx OlT)

Pasmepbl K3lW-NnaMATU CyLLECTBEHHO W3MEHAKTCA C pasBUTUEM TexHonorum. Tak,
ecnu B nepBbix OBM, raoe 6bina yctaHoBneHa Kal-namsiTb, BO BTOpou nonosuHe 1960-x
rogoB (6bonbwmne IBM cemencrtea IBM-360) ee emkocTb coctaBnsana scero ot 8 go 16
KBaunt, 10 ye Bo BTOpon nonosuHe 1990-x rogoB eMKOCTb K3lla pAgoBbIX MepCcoHarnbHbIX
OBM coctasnsana 512 Kbawnt. lNpuyem cama Kaw-namsaTb MOXET COCTOATb M3 ABYX (a B
CepBepHbIX cUCTemMax — Aaxe Tpex- Itanium) yposHewn: nepsoro (L1) n BToporo (L2), Takxe
OTIIMYAIOLLMXCA CBOEN eMKOCTbIO 1 BpEMEHEM obpalLleHus.

KOLW nogpobHo

KoHCTpYKTUBHO K3 ypoBHA L1 BXxOAUT B cocTaB npoueccopa (Mo3TOMYy ero uHorga
Ha3bIBalOT BHYyTpeHHMM). Kaw ypoBHa L2 nnbo Takke BXOAUT B MUKPOCXEMY MpoLeccopa,
nmbo moxeT ObITb peanu3oBaH B Buae oTaenbHon namatu. Kak npaBuno, Ha napameTpbl
ObicTpoaencTBmna npoueccopa bonbluee BMSAHME OKa3bIBAOT XapaKTEPUCTUKM KILL-MNaMATU
NnepBoro ypoBHS.

Bpemsa obpaiwieHms K Kkaw-namatv, Kotopas o6blMHO paboTtaeT Ha 4actoTe
npoLeccopa, COCTaBNAeT OT AeCATbIX JONeN A0 €AMHUL, HAHOCEKYyHA, T.e. He npeBbiaeT
ANUTENBHOCTN OOQHOrO LMKNa npoleccopa.

O6bmeH wuvHopmaumen wmMexagy kKaw-namsatelo M 6onee megneHHoiMmn 3Y  Ons
YNy4dlWEHNS BPEMEHHbIX XapakTepPUCTUK BbINONHAETCA 6nokammn, a He 6Gantamu wunu
cnosamu. YnpaBnsawT 3TuM 06MeHOM annapaTHble CpefCcTBa npoueccopa M onepaunoHHas
cucTemMa, W BMeLWATENbCTBO  MPUKMIAAHOM nporpamMmbl  He  Tpebyetcda. [lpudem
HenocpeacTBEHHO KOMaHAaM Mpoueccopa Kaw-namaTb HeAoCTynHa, T.e. nporpamma He
MOXET SIBHO yKasaTb YTEHMEe WM 3anncb B KILW-NaMsTK, KOTopas SBNAETCA ONA Hee, Kak
MHorga roBopAaT, “‘npo3padHon” (NpssAMOW  NepeBof WCNOSb3YeMOro B AHMNOA3bIYHOMN
nutepaType crnosa transparent).



3. Ewe ogHvM (BHYTPEHHMM) YPOBHEM NaMATU ABNAOTCA cayxebHbie 3Y. OHn moryT
UMeTb pasnnMYHoe HasHa4vYeHue.

OgHMM M3 MPUMMEPOB TakMX YCTPOUCTB ABNSATCA 3Y MUKpONporpamm, KoTopble
WHOrga HasbIBaloT ynpasnsoLwen namsaTbio. [Apyrum — sBcnomoratenbHble 3Y, UCNofb3yeMble
ANs ynpaBneHns MHOrOypoBHEBOW NaMATLIO.

B ynpaBnswowen namatn, ucnonbaywowenca B 3IBM ¢ MukponporpamMmMHbIM
ynpaBneHneM, XpaHAaTCA MUKPOMpOrpamMmbl BbIMOMHEHUA KOMaHZ npoueccopa, a Takke
pasnnyHbIX Cry>KeOHbIX onepawmn.

BcnomorateneHble 3Y aOna ynpaBneHus namAatbio (Hanpumep, Terosas nNamsThb,
nucnonb3yemasi Angd ynpasneHusa Kaw-namsTtbio, Oycdep nepeagpecauun TLB — translation
location buffer) npegcrtaBnaoT cobon pasnuyHble Tabnuubl, UCNONb3yeMble ANns BbICTPOro
noucka nHopmauum B pasHblX CTyNeHAX NamMsaTn, OToOOpaXeHus ee CBOWUCTB, O4epedHOCTH
nepemMeLLeHna mexay CTyneHsaMm u np.

EmkocTn n BpemeHa obpalieHns Kk Takum 3Y 3aBUCAT OT UX HasHaveHusi. OBbIYHO —
3T0 Hebonbwune (oo Heckonbkmx Kb6awnTt), Ho ObicTpogencTeyowme 3Y. Cneuunduka
Ha3HavyeHus npeanosnaraeT HeAOCTYNMHOCTb UX KOMaHAaM npoueccopa.

4. CnegylowM YpOBHEM Mepapxun namsaTu SBNAeTCs orepamueHasi naMsimb.
OnepatnBHoe 3Y (O3Y) saBnsgeTcsa OCHOBHbIM 3anomMuHawowWmMm yctpouctsom OIBM, B
KOTOPOM XpaHATCA BbINOSIHAEMblE B HACTOSALMA MOMEHT MNPOLIECCOPOM nNporpamMmbl U
obpabaTbiBaemMble faHHble, pe3naeHTHble NporpamMmMbl, MOAYNM ONepaumoHHON CUCTEMbI U
T.n. HasBaHue onepatMBHOM MNaMATM TaKKe HECKONbKO WM3MEHSNOCb BO BpemeHu. B
HeKoTopbIX cemenctBax OBM ee HasbiBanM OCHOBHOW MaMsATbi, OCHOBHOW OnepaTuBHON
namMsaTbio M Np. B aHrnosasblMHOM nuTepaType Takke ucnonb3yetcs TepmuH RAM (random
access memory), o3HavyarLwmm namsaTb C NPOU3BOSTbHLIM AOCTYMNOM.

OTa NnamMATb UCMNONb3yeTCA B Ka4yeCcTBE OCHOBHOMO 3anomMuHarolero ycrponcrsa 3BM
AN XpaHeHUsa Nporpamm, BbINOSTHAEMbIX UIIM FTOTOBbLIX K BbIMOMHEHUIO B TEKYLLUMA MOMEHT
BPEMEHN, U OTHOCSALUMXCA K HUM [OaHHbIX. B onepaTtvMBHOM namaTy pacnonaratTcs Wt
KOMMOHEHTbl OnepauMoOHHOW CUCTEMbI, Heobxoaumble AN ee HopManbHOW paboTbl.
UHdopmaumnna, Haxogsawasca B O3Y, HenocpeACTBEHHO [AOCTynHa KomaHaam
npoueccopa, npu ycrnosun coénoaeHns TpedboBaHnmn 3awmTbl.

OnepaTtmBHas NamsiTb peanuayetcsd Ha MOosynpoBOAHMKAX (MHTerparbHbIX CXemax),
CTaHOapTHble 06beMbl ee cocTaBnAoT (B Havane 2000-x rogoB) COTHWM MerabanT — eguUHNULbI
rmrabanT, a BpemeHa obpalleHus — eANHULbI+-O0ECATKU HAHOCEKYHS,.

5. Ewe ogHUM ypoBHEM nepapxumn 3Y MoxeT SBNATbCs 0onosIHUmMesibHasi namMmsima,
KOTOPYK MHOrga HasbiBanu pacluMpeHHoW unum maccoBoW. [lepsoHauvarnbHo (1970-e rogbl)
3Ta CTyneHb WCMNoNb3oBanacb [Afs HapawuMBaHWA €MKOCTM OnepaTtMBHOM NaMATM [0
BESIMYUHbI, COOTBETCTBYIOLLEN aApeCHOMY MPOCTPaHCTBY (Hanpumep, 24-6utHoro agpeca)
KOMaHA, C NOMOLLbIO NOoAKNYeHus 6onee geweBoro u emkoro, yem O3Y, 3anoMmHaroLero
ycTponcrea.

910 morna 6bITb heppuToBas NamsATb MMM Aaxe MaMATb Ha MarHUTHbIX OWMCKax.
KoHeuHO, oHa Obina 6Gonee MeaneHHoOW, a XxpaHMmas B Hen WHdopmauus cnepsa
nepegaBanacb B OrnepaTyMBHYI NamsATb M TOMbKO OTTyda nonagana B npoueccop. [pu
3anucum nyTb 6bin 06paTHbIN.
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3aTteMm, B paHHMX mogensax N3OBM, gononHuTenbHaa namsaTb Takke MCnofb3oBanach
ana  HapawwmaHua emkoctu O3Y U1 npegcrtaBnsana  cobon OTAENbHy nnaty c
MUKpOCXeMaMM NamaTU. A elle no3xe TepMUH OO0NoNHUTENbHaa namaTb (extended wnm
expanded memory) ctan ob6o3HavyaTb obnacTtb onepaTtusHoro 3Y ¢ agpecamu Bblle OQHOMO
merabanTa. KoHe4Ho, 3TOT TEPMUH NpUMeEHNM Tonbko Kk IBM PC coBmecTmbiv M3BM.

6. B coctaB namatu OBM Bxogar Takke 3Y, npuHadnexauwjue omoesibHbIM
pYHKYUOHanbHbIM 6510kaM KoMnbloTepa. PopmanbHO 3T YCTPOMCTBA HEMOCPEACTBEHHO
He 0OCny>XMBaKT OCHOBHbIE MOTOKU OAHHbLIX M KOMaHA, Npoxoasimne vyepes npoueccop. Ux
HasHayeHne oObl4HO cBoAUTCA K Oydbepmsauum OaHHbIX, M3BIEKAeMblX M3 Kakux-nmbo
YCTPOWCTB 1 MNOCTYNALWNX B HUX.

TUNUYHBIM NpMMEpPOM Takol namsaTn sBrsieTcs eudeonamsimb rpadUHeCKOro
afanTepa, KoTopas ncrnonb3yeTcsl B kadecTBe OydepHON NamMaTh AS CHWKEHWUSI HAarpy3ky Ha
OCHOBHYIO NamsiTb M CUCTEMHYIO LUMHY NpoLieccopa.

Opyrumn npumepamm Takmx YCTPOMCTB MOryT CInyxutb 6yghepHass namsimb
KOHTPONNEPOB KECTKMX [OWCKOB, a TaKke namMsaTb, WCMNOMb30BaBLIAsACA B KaHanax
(npoueccopax) BBoAa-BbIBOAA AN OpraHu3aumMM OLHOBPEMEHHOM paboTbl HECKOSbKUX
BHELLHNX YCTPOWUCTB.

Emkoctm 1 ObicTpogencTBMe 3TMX BWOOB MNaMsATM  3aBUCAT OT  KOHKPETHOrO
(PyHKUMOHANBHOIO Ha3Ha4YeHUss OOCNyXMBAaeMblX UMW YCTpOWCTB. [ns Buaeonamsitu,
HanpuMmep, OOGbEM MOXET [AOCTUraTb BENUYMH, CPaBHUMbIX C onepaTuBHbiMM 3Y, a
ObICTpOAENCTBUNE — AaXKe NPEBOCXOANTbL ObICTPOAENCTBME MOCHEaHMX.

7. Cnepyrwowen CTyneHbi NamAatTn, CTaBlen (akTU4eckn cTaHgapToM Ans nobbix
OBM, sBnswTca xecmkue Oducku. B atux 3Y xpaHUTCA npakTuyeckn BCA MHOpmaums,
KoTopasi ucnosnb3yeTtca bonee unm MeHee akTUBHO, Ha4YMHas OT ornepalMOHHON CUCTEMbI U
OCHOBHbIX MpUKNagHbIX MporpaMM W KOHYasi pedko UCNOoSb3yeMbiMUM  MakeTamMn W
CMpaBOYHbIMW OAHHBIMW.

EMKOCTb 9TOM CTyneHn namsiTu, KoTopas MOXeT BKIYaTb B CBOM COCTaB [0 AECATKOB
Aanckos, obecneunBas XxpaHeHne o4YeHb 6ONbLIOro KonM4YecTBa AaHHbIX, 3aBUCUT OT obnactu
npumMmeHeHna IBM. TunoBasa eMKOCTb XeCTKOro Aucka, cocrtasnsawowas Ha Hadvano 2000-x
roqoB AECATKN rurabanT, yaBanBaeTcs NPMMEpPHO Kaxable nonTopa roaa.

Co BpemeHamu obpauieHns Oeno oOCTOUT HECKONbKO WHa4ye: KOMMOHEHTbl 3TOro
BpeMeHn, oBycrnoBrneHHble nepemMelleHnemM 6rioka ronoBOK YTEHUSA-3anUcuM YMEHbLUAKTCA
CpaBHUTENBHO MenaneHHo (npumepHo BABoe 3a 10 net). KomnoHeHTa, obycrnoBneHHas
BPEMEHEM MNOABOAA CEKTOpA M 3aBUCSLLAs OT CKOPOCTW BpaLLEHUS LWINNHAENSA ANCKa, Takke
YMEHbLUAeTCs C POCTOM 3TOW CKOPOCTM MPUMEPHO TakuMu Xe Temnamun. A CKOpOCTb
nepefayv OaHHbIX pacTeT 3HauYUTENbHO ObICTpee, YTO CBA3AHO C yBENMYEHUEM MIIOTHOCTH
3anmMcu nHopmMaLuum Ha AUCKMN.

8. Bce ocTanbHble 3anoMuHalowme yCTPpOMCTBA MOXHO O6beanHUTb C TOYKM 3pEHUs
PYHKUMOHANBHOrO Ha3HayeHuss B OofHYy OOLLyl rpynny, oxapakTepusoBaB ee KaK rpynny
eHewHux 3Y. [log crnosom “BHewHWe” cnefyet nogpasymeBaTb TO, YTO WHdOpMauus,
XpaHumas B 3aTux 3Y, B 00LLEeM criyyae pacrnorioxXeHa Ha HOCUTENSAX He ABMSOLWMXCA YacTblo
cobctBeHHOo OBM. [Mog 3to onpegoeneHne nognagarT rMOKME OWUCKW, KOMMNAKT AWNCKM,
HaKOMUTENW Ha CMEHHbIX MarHUTHbIX AUCKax U MarHUTOONTUYECKME OANCKWU, TBEPAOTENbHbIE
(cbnaw) guckn n naww-kapTbl, CTPMMEPDI, BHELLIHWE BUHYecTepbl U Ap. EcTecTBeHHO, 4TO
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napameTpbl 3TUX YCTPOWCTB AOCTATOMHO pasnuyHbl. PyHKUMOHANbHOE Ha3HaYeHne ux
00Obl4HO CBOAMTCA NMOO K apXMBHOMY XpaHEHWUO MHopMauumn, NMbo K nepeHocy ee of
OLHOro KOMMbIOTEPA K OPYromMy.

HekoTopble COMHEHUs B NPUHAONEXHOCTM K [OAaHHOW KaTeropum MOryT BbI3BaTb
CMEHHbIe OUCKM, yCTaHaBnuBaemble B canasku (rack). Takne Avcku, 0eNCTBUTENbHO, nydlle
OTHECTM K NpeablayLien (cegbmon) rpynne.

2.2. Knaccugpukayus 3Y no npuHyuny op2aHusayuu

OcobeHHOoCTU opraHmsauumn 3Y onpeaensioTcd, B NEPBYO o4epenb, MCNONb3yeMbIMU
TEXHOMOrMSAMU, JIOMMKOWN MX (PYHKLUMOHMPOBAHUS, @ TakKe HEKOTOPbIMU APYrMMuK bakTopamu.
3TN 0COBEHHOCTN N COOTBETCTBYHOLME PA3HOBMAHOCTM 3Y NepedncnsoTcs HUXe.

1. MNo ¢pyHKYUOHaNIBbHBLIM 803MOXHOCMSAM 3Y MOXHO pasfnenarb:

e Ha rnpocmsie, 0orycKarouue moJsibKo XxpaHeHue UuHgopmayuu;

e MHO20QbYHKUUOHa/IbHbIe, KOTOpble MO3BOMAKT HE TOMbKO XPaHWTb, HO W
nepepabatbiBaTb  XpaHUMyO  UHGopmauuio  6e3  yyacTua  npoueccopa
HenocpeacTBEeHHO B camux 3Y

Mooxon, mncnonb3yembin BO BTOopou rpynne 3Y, B MNpuHUMNe, no3BondeT co3faTb
NPOM3BOAMTESNbHbLIE CUCTEMbI C NapannensHon obpadoTkon gaHHbIX. B YacTHOCTM, noxoxune
noaxoAbl UCMOMNb3YITCHA B Pa3NUYHbIX YacTaX BUAEOTpaKTa KOMMboTepa.

2. [lo eo3MoOXHOCMU U3MeHeHUs1 UH¢hopmayuu pasnuyatoT 3Y:

® [I0CMOSIHHbIE (USlU C OOHOKPamHoU 3arnuchbto);
e 00HOCMOPOHHUE (C nepe3aruchkro Unu nepernpospamMmmupyemsle);
e 08YCMOPOHHUE.

B nocmosiHHbix 3Y (MN3Y) uHpopmauma saHocuTca nvbo npu M3rotoBrneHuun, nmbo
NOCPeACcTBOM 3anucu (UNu, Kak MHaye HasblBaloT 3Ty npouenypy, NporpaMmMMpoBaHUS UIu
npoxura), Kotopas MoXeT OblTb BbINONHEHa TONbKO OAHOKpaTHO. B xoge Takon 3anucu
N3MEHSIETCA CaM HocUTeNb MWHQOpMauuK, Hanpumep, nepexurarTcad MNPOBOAHUKN B
Mukpocxemax MN3Y unu oopmupyoTca NyHkn B oTpaxatowiem cnoe CD-ROM.

OOHOCMOpOHHUMU Ha3biBaT 3Y, KOTOPblE UMEIOT CYLLLECTBEHHO pasfiUyHble BpeMeHa
3anucuM 1 cunTbiBaHnsa mHdopmaumn. Hanbonee pacnpocTpaHeHHbIMW Tunamu Takmx 3Y
ABNAITCA NepenporpaMmMmupyemMble NOCTOSHHbIe 3Y MW KOMNAaKT-AMCKUM C nepesanucbio —
CD-RW. Bpems 3anucm B YCTPOMCTBaX 3TUX TUMOB 3HAYUTESIbHO MpeBbIlaeT BpeMms
CUYUTbIBAHMSA UHOPMaLUWK.

K ogHoCTOpOHHUM 3Y MOXHO oTHecTu n 3Y Ha npubopax ¢ 3apsagoson ceasbio (M3C),
B KOTOpbIX Bpemsi 3anucu (dopmupoBaHus n3obpaxeHusi), BoobLie roBopsi, 3amMeTHO
MeHbLUE BPEMEHN CYNTbIBAHNSA (Nepedaydn n3obpaxeHns).

LeycmopoHHue 3Y nmerT O6nuakne 3HayveHUs BPpEMEH YTEHUS M 3anucu. TUNUYHBIMU
npegcrasutenaMmm Taknx 3Y asnatotca onepatmBHble 3Y n 3Y Ha XeCTKMUX gUCKaX.
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3. Mo cnocoby docmyna pasnuyatot 3Y:

e C aOpecHbIM OocmyrioM;
e C accoyuamueHbIM OOCMYroM.

Mpwn adpecHom docmyre ons 3annucu UM YTEHNA MECTO pacrnosnoXeHus nHpopmaumnm
B 3Y onpenensietca ee agpecoMm. Jlormyeckn agpec MOXeET MMETb PasfnM4YHYylO CTPYKTYpY.
Hanpumep, B onepaTtuBHbix 3Y agpec npeacrtaBnseTr cobon OBOUYHLIA KOA, OOHA 4acTb
pas3psaoB KOTOPOro ykasbiBatoT CTPOKY MaTpuubl 3fIEMEHTOB NamsaTh, a gpyrasi — ctonbey,
aTon MaTtpuubl. Ha nepeceyeHum 3apaHHbIX CTPOKM WM cTonbua HaxoAMTCA WUCKOoMas
nHdpopmauusa (cm. puc.1). B 3Y Ha MarHUTHbIX OUCKax agpec MOXeT npeacraBndatb cobomn
nmbo KOMOMHAUMIO HOMEPOB UMNMHAPA, TOMOBKM W cekTopa (Tak HasbiBaemass CHS-
reometpud), nnbo nornvecknn Homep cektopa (LBA-agpecaumsa). BO3MOXHbI M WUHblE
BapUaHTbI.

B nwobom cnyyae, 3agaHHbii agpec oTpabaTtbiBaeTca cxemamm goctyna  3Y
(oewndpaTtopom, 6NOKOM MNO3ULMOHUPOBAHUA TOMOBOK W T.N.) TakuMm obpasom, 4TO B
onepauun y4acTtByeT COOTBETCTByHLlaa agpecy obnactb MaTpuvubl 31EMEHTOB NamsaTw,
3anomMuHaroLen cpeabl UM HocuTensa MHopmMaumn.

Mpn aTom, B 3aBUCMMOCTM OT TOro, Kak UMEHHO cpabaTbiBaeT MexaHu3M [OoCTyna,
pasnuyatoT cneayroLume Buabl agpecHoro Aoctyna:

e [POU3BOJSIbHbIN;
® MPAMON (LIMKITNYECKUN);
e nocrnenoBaTerbHbIN.

TepMnH “namate ¢ Npou3BOSibHBIM AdocTyrnom” (random access memory — RAM)
npumeHsaloT Kk 3Y, B KOTOPbIX BbIOOp MecTa XpaHeHus uHdopMauMm npou3BoAnTCA
HenocpeaCcTBEHHbIM NOAKNIOYEHNEM BXOOO0B U BbIXOOOB 3fIeMEHTOB NaMATh (Yepes bydepsl,
YCUNUTENN N NIOTUYECKNE ANIEMEHTbI) K BXOAHBbIM U BbIXOAHbIM WnHam 3Y. 310 Haubonee
ObICTPLIN BUA agpecHOro JocTyna, NPUMeEHSIEMbIN B onepaTuBHbIX 3Y U KaLL-NaMATU.

Mpn npamomMm (UMKIMYECKOM) [O0CTyrne HenocpeaCTBEHHONM KOMMYyTaLMM CBA3EWN
oKa3sblBaeTCa HeAoCTaTo4Ho. B Takmx 3Y 0Bbl4HO NpONCXOANT eLle 1 NnepemMeLleHne aHHbIX
OTHOCUTENNIbHO MeXaHm3mMa uJTeHusd/3anucu, MexaHum3amMa 4TeHus/3annucu OTHOCUTENbHO
AAHHBIX UM 1 TO 1 gpyroe. Pnandeckn 3aTo MoOXeT ObITb Kak MEXaHMYeckoe nepemeLleHme,
Hanpumep, B XeCTKUX AucKax, nepemelleHne obnactem HamarHM4YeHHOCTU, kak B 3Y Ha
MarHUTHbIX JOMEHaXx, NepeHoc 3apsaoB 1 ap.

C nornyeckom TOYKM 3peHus Takme 3Y MOXHO ComnocTaBuTb Habopy caBuraromx
pPerncTpoB, MHOpMaLMs B KOTOPbIX COBUraeTCs LMKINYECKN N MOXET BBOAUTLCSA B PETUCTP
NN BbIBOAUTBLCS M3 HEro TOSIbKO B OQHOM M3 pa3psgoB. TepMuHbl “UMKNIMYecknin” n “npsamomn”
AOCTyN 6rM3KN NO COAEPXKaHMUIO, XOTS “NpsiMon JOCTYN” — nmeeT Gonee LWMPOKUIA CMbICH.

lMocnepoBaTenbHbIN - JOCTYN XapakTtepeH ana 3Y, UCNOoNb3ywuwux B KadecTse
HocUTENs WHGopMauuM (3anoMuHalrowen cpefbl) MarHATHYH FeHTy, Hanpumep, Ans
cTpumepoB. B Takux 3Y anga goctyna K 6rnokKy gaHHbIX HE06X04MMO NepeMecTUTb HOCUTESb
Tak, YTObbl y4acToOK, Ha KOTOPOM pacrnonaraeTcs Tpebyembi BMOK AaHHbIX, OKasancs nog
6GrOKOM rofoBOK YTEHMsA/3anncu.

13



Kpome Toro, npu Bcex hopmax agpecHoro Joctyna agpecyeMbiM 31IEMEHTOM MOXeT
OblTb HEe TONbKO GanT MM CrOBO (Kak B OnepaTUBHOW NaMSATU U K3LWI-NAMATU), HO LIESbIN
6noK AaHHbIX. OTO 0ObIYHO CBA3aHO NMMBO C KOHCTPYKTMBHbIMU ocobeHHocTamn 3Y, nnbo ¢
GonbLUnMM BpeMeHeM AOCTyna.

Mpwn accoyuamusHom docmyrie MeCTo XpaHeHUs MHopMaLmMm Npyu YTEHUN U 3anucu
onpegenseTcs He agpecoM, a 3Ha4YeHNneM HEKOTOPOro Krto4va novcka. Kaxgoe 3anncaHHoe u
XpaHMMOe B accouMaTMBHOW MNaMATM CrOBO MMeEeT Mosle Krya. 3HavyeHue 3Toro Kroya
CpaBHMBAETCHA CO 3HAYEHMEM Kriloda MOMCKa MNPU YTEHMM LaHHbIX U3 namatn. B cnyvae
coBMnageHus cpaBHMBAEMbIX 3HAYEHUIN MHpOPMaLMSA CYNTLIBAETCSA U3 NaMATH.

AccoumaTtuBHasa namsitb adppekTMBHA ONS peleHns 3agayv, CBsA3aHHbIX C NMOMCKOM
AaHHbIX. OgHako ee uCnoNb3oBaHWE OrpaHUYEHO B CUIy CpaBHUTENbHO BbICOKOW ee
CITOXXHOCTW.

[denctButenbHO, C annapaTHOW TOYKW 3pEHMS CaM MOUCK MOXeT ObiTb OpraHM3oBaH
no-pasHoMy: rnocnegoBaTenbHO Mo pa3psagam KIyeBblX Nonen nnu napannesnibHo no BCeM
Kntovam BO BCeEM maccmBe namsitu. Btopon cnocob, koHeyHo, 6onee GbICTpbIn, HO TpebyeT
COOTBETCTBYHOLLEN OpraHu3auuu (KrYeBOW 4acTu) namsaTu, KOTopas AOSMKHa MMeTb ANS
3TOr0 B KIOYEBOW YacCTM KaXOoro XpaHMMoOro crnoBa CXembl CpaBHEHUs. VIMEHHO noaTomy
Takasg namMsaTb CylWeCTBEHHO Oornee pfoporasd, 4Yem onepaTtvBHad, M WUCNOMb3yeTcs B
OCHOBHOM [Nsi pelueHus 3agad, Tpebyrowmx ObiICTporo noucka B Hebomnblwmnx obbemax
nHopmauum.

OgHMM M3 4acTbiX NPUMEHEHUW accouuaTUBHOW nNamMaTU aBnseTca  ObicTpoe
npeobpasoBaHMe nornMyecknx (NMMHENHbIX) aapecoB OaHHbIX B um3ndeckue (T.e. agpeca
A4YeeKk NamATW), BbLINOMHAEMOe, Hanpumep, TaK Ha3blBaeMbiM OydepoMm TpaHCcnsaumm
agpecoB. [pyron 6nu3kon 3agadven ABNsSETCS onpegernieHne Toro, umeetcs nu Tpebyemas
MHopmauusa B BEpXHUX YpOBHAX 3Y unu Heobxoamma ee nopkadka n3 6onee meaneHHbIx
3Y.

4. o opeaHusayuu Hocumerns pasnu4yarom 3Y:

e C HeroO8UXHbIM HOcumesnem,
e C [M00BUXHbIM HOCcUMmersrem.

B nepBbIX U3 HUX HOCUTENb MEXaHUYECKN HEMOABWXEH B MPOLIECCe YTEHUS U 3anncy
MHOPMaLUKN, YTO UMEEeT MEeCTO, Hanpumep, B onepaTuMBHbIX U k3w 3Y, TBEpAOTENbHbIX
avckax, 3Y ¢ nepeHocom 3apsaos U ap.

Onsa 3Y BTOpOM rpynnbl 4YTEeHME W 3anucb WHMOpMauMnm ConpoBOXOAKTCA
MEXaHNYECKMM MEPEMELLEHNEM HOCUTENS, YTO OObLIYHO MMEET MEeCTO B pasnuuHbix 3Y C
MarHUTHOW 3anucblo, HaNpUMep B XXECTKUX MU TMOKMX OnCKax.

OpHako, BO3MOXHbI U UHble BapuaHTbl. Hanpumep, dupmon IBM paspabaTbiBaeTcs
3Y ¢ MexaHW4yecKMM MnepeMeLLleHNEM 3anucbiBaloWMX W CUYMTbIBAKOWMUX INIEMEHTOB
(MUKpoUrn) 1 HeNOABWMXHBLIM HOCUTENEM UHGopMaLmm (NIaCTUKOBOW NNEHKON).

5. No eo3moxxkHOCMuU cMeHbl Hocumerisi 3Y MOryT ObITb:

® C [IOCMOAHHbLIM HOCUumMersieM,
® CO CMEeHHbIM Hocumersiem.
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B 3Y nepBoro Bvaa HocUTErNb SBMSIETCA YaCTbi0 CaMOro YCTPONCTBA U HE MOXET ObITb
n3BreYyeH M3 Hero B npouecce HOopMarnbHOro YHKUMOHMPOBaHUA (onepatuBHble 3Y,
XEeCTKNe ONCKN).

B 3Y BTOpow rpynnbl HOCUTENb HE ABNSAETCA COOCTBEHHOW 4YacTbi YCTPOMUCTBA U
MOXeT ycTaHaBnmBaTtbCs B 3Y U M3BMeKaTbCA U3 HEro B npouecce pabotbl (rMbkue guckn,
CD-ROM-aunckoBofbl, KapTbl NAMATU, MarHMTO-ONTUYECKUE ANCKN).

6. Mo cnocoby nodknrovyeHus k cucteme 3Y gensTcs:

e Ha 8HYmMpeHHuUe (cmauyuoHapHbIE);
e BHEWHUEe (CbeMHbIE).

B nepsBom cnyyae 3Y, kak npaBuno, sBnaetca obasaTtenbHblIM  KOMMOHEHTOM
BbIYMCIIUTENBHON CUCTEMBI, YCTAHaBMMBaETCa B KOpryce cucteMbl (HanpuMmep, onepaTtMBHas
namMsiTb) NN MHTErpUpyeTCcs ¢ APYrMMn ee KOMNoHeHTaMu (Hanpumep, Kaw-namaTb).

Bo BTOpOoM crnyvyae YCTPOMCTBO MOAKMNOYAETCSA K CUCTEME [LOMOSHUTENbHO W
npeactaensetr cobow oTaenbHbln 6nok. [lMogkniodeHve (M oTknodeHne) Takux 3Y, B
3aBMCUMOCTU OT OCOBEHHOCTM UMX peanu3aumm, MOXeT NPOU3BOAUTLCA Kak npu
BbIKIMIOYEHHON CUCTEME — TaK Ha3biBAaeMOE “XONnoaHOe NOoAKM4YeHne”, Tak u B paboTatoLuen
cucteme — “ropsiiee noaknoveHune”.

MocnenHwi BapraHT B CepBepPHbIX CMCTeMax NpeaycMaTpuBaT U ANs CTauMOHaPHbIX
3Y (KecTKux AMCKOB).

7. No konuyecmey 650K08, OOpasylOLWMNX MOAYNb WUNN CTyNeHb NamsATH, MOXHO
pasnu4yaTb:

e 00HOb6I0YHbIE 3Y;
e MHO2065104HbIE 3Y.

Takoe pasgeneHne MOXeT npeacTtaBnAaTb MHTEpeC B TOM criyvyae, Korga B
MHorobnoyHoe 3Y BxogaT 6noku (unu 6aHKM namaTn), gonyckawowue BO3MOXHOCTb
napannensHon paboTbl. B aToM crnyyae 3a cyeT ogHOBPEMEHHON paboTbl GMIOKOB MOXHO
noBbICUTbL 0OLLYI0 MPOM3BOAUTENBHOCTL MOAyns (cTyneHu) 3Y, nHavye HasbiBAaeMyl €ero
NPOMYCKHOM CMOCOBHOCTLI0O U M3MEPSIEMYIO KONMYECTBOM MHGOPMaLMK, KOTOPOE MOAYIb
MOXeT 3anucaTb UMK CYNTaTb B €OUHNLYY BPEMEHN.

Ho BO3MOXHOCTb 0gHOBPEMEHHOWN paboThbl GNOKOB elle He 03HAYaeT, YTO OHN UMEHHO
Tak n 6ygyt paboTtaTtb. UTOGBLI 3TO NPON3OLLNO, HEOH6XOAMMO 0OpaLLEHNA CUCTEMbI K NAMSTL
bonee vnNM MeHee paBHOMEPHO pacnpedensaTb MO pasnuyHbiM Grokam. [OCTuyb 3TOro
MOXHO pasfnuyHbiMn cnocobamu, Hanpumep 3anycTuTb napanfenbHble 3ajayn  unm
npouecchl (threads), paboTatowme ¢ pasHbiMu Grokamu, NMMbO pasmecTuTb MHOpPMaLnIo,
OTHOCSLLYHOCS K OQHOMY NpoLeccy, B pa3Hbix Griokax.

OpHako, MOCKONbKy napannenbHble MpPoLecchbl B AEWCTBUTENBHOCTM BbIMOSHAOTCS
napannenbHo TOMbKO B  MHOrONPOLECCOPHbIX cuctemax (B KpanWHeM criyyae, B
TMNEepnoTOYHbIX, MHOTOSAEPHbIX apxXUTeKTypax), TO 4YacTOo WCMNOMb3ylT BTOPON MyThb,
npuberasi K Tak HasbiBaeMoMy 4YepegoBaHutio (interleave) agpecoB mexagy Gnokamu. T.e.
nocnegoBaTenbHble agpeca MW rpynnbl agpecoB aapecHOro NMpoCTpaHCTBa Ha3HayalT B
pasnuyHble BoKM NamATK Tak, Kak 3TO Mokas3aHo Ha puc. 6,6. Ha aTtom pucyHke nokasaHa
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namsiTb, COCTosALLAs M3 ABYyX OrOKOB, HO Ha MpaKTUKE M3BECTHbl CUCTEMbI, OOMNycKawoLlmne
paccrioeHune no wecTHaguaTy 6rokam.

AcHo, 4TO B Crny4ae TakKOro HasHa4YeHUsi agpecoB MNPV BbIMOSIHEHUM KaKOW-Nnbo
nporpammbl  obpalieHns K namatm OyayT pacnpegenatbcs no 6rnokam  OOCTaTOYHO
paBHOMepHO. A nNpu obMeHe GMOKOM [aHHbIX C APYron CTyneHbit namstv obpalieHus no
nocnegoBaTenbHbIM agpecam Tem 6onee 6yayT nonagaTb B pasnuyHble 6rokn namMaTu.

PaccmaTtpuBasi paccnoeHme agpecoB, MOXHO OTMETUTb €ro aHasnorni ¢ HEKOTOPbIMU
pexnmamu padoTtbl RAID-KOHTpONnepos.

a) Enox 0 Enox 1 &) Enox 0 Emox 1
. 0 7 . 0 I
o 1 2+1 - 2 3
Sy 2 5+ 2 =y 4 3
-1 -0
m-2 ap-2 dmp-4 ap-3
n-1 am-1 dp-2 2pm-1

Puc. 6. PacnpeneneHne agpecoB agpeCcHoOro NpocTpaHcTBa namMmsTy no 6nokam
(a — nocnegoBatenbHoe, 6 — C paccnoeHnem no 6rokam)

KoHeyHO, 3a npegenamun NpuBELEHHON Kraccudukaumm oCTanucb Takme OOBOJSIbHO
npeactaBuTernbHblE NPU3HAKK, Kak

*  pusnyeckne NPUHLMNbLI peanusauum,

*  YpOBEHb NOTPEONAEMON MOLLHOCTH,

* paguaunoHHasi YCTOMYMBOCTb M HEKOTopble Apyrie, KoTopble B onpeaerneHHbIX
crny4yasix MoOryT UMeTb HemMaroBa)XHOe 3Ha4YeHue.

1.3. Cuctembl namMaTU: Knaccudukaums, KpUTEpUmn OLEeHKU

Ons cuctem namsatu (CI) xapaktepHa nepapxmyeckas opraHusaumsi, No3BondoLlas
AOCTMYb  MPUEMSIEMOrO  KOMMApPOMMCCA  MeXOY  OCHOBHbIMW  XapakTepucTukamu
3anomMuHalowmnx yCTponcTs. [pu aTom pasnuune TpeboBaHUN K MH(POPMALNOHHBIM NOTOKaM
Npu peLLeHnn pasHbiX KnaccoB 3agay obyCcroBnvMBaeT U pasfiMyns B opraHM3aumm namsatu
OBM, OpneHTUPOBAHHbLIX HA T€ UMW MHblE Kracchl 3adau.

OcoBEeHHOCTN MOCTPOEHUSI CUCTEM MNaMSATU MOryT 3aTparmBaTb WX CTPYKTYpY,
NPUHUUNBI - YHKUMOHMPOBAHUS, NOMMYecKoro B3auMMOAEWCTBUS U apyrve acnektbl. K
OCHOBHbIM KnaccuuKkaLuMoHHbIM NPU3HakaM CMCTEM NaMsATU MOXHO OTHECTM crieaytoLume.

1. Konuyecmeo ypoeHell, T.e. OTAMYHbIX MO CBOEMY Ha3HAYEHUO UMK
KOHCTPYKTUBHbIM XapaKTepucTukaM 3anoMUHaLWmMX YCTPOUCTB. 1o 3ToOMy Npu3HaKky MOXHO
pasgensate CI Ha 00HOypoeHeebie N MHO20ypoeHeeble. Ha npakTuke oOHOYpPOBHEBLIE
CMCTEMbI MamMATU, NpeacTaBnsowme cobo ogHO uUnu rpynny oamMHakoBbix 3Y, BCTpeyatoTcs
NYLWb B CNeuManmM3npoBaHHbIX CUCTEMAX.
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Cpeaun mHoroypoBHeBbIx CI1 nHorga BblAensoT CUCTEMbI C OAHUM UMW HECKOSTbKUMU
UCrosIHUMe IbHbIMU YPOBHAMU, T.€. YPOBHSAMU, HENOCPEACTBEHHO OOCTYMNHBLIMU NPOLECCOopY.
LLnpoko wm3BECTHbIM MPUMEPOM TakoOM cuUcTeMbl aBndetcsa namsate [MOBM, B koTopown
npoueccop MMeeT HemnocpeACTBEHHbIN AOCTYM Kak K K3l NaMsaTv, Tak U K onepaTuBHOW

namMmAaTn.

2. Xapakmep cesizeli Mexx@y ypoeHsiMu. CBA3N MexXay YPOBHSAMU CUCTEMbI NaMATH,
gonyckawwme obmeH uHdopMauuen Mexagy HUMW, ONpeaenstoT AO0NyCTUMble MOTOKM
AaHHbIX B CUCTEME U €€ CTPYKTYpPY.

Mo xapakTepy CBSi3eil MOXHO BblOENUTD:

v

v

v

ueHmparsnusoeaHHble CI1, B KoTOpbix 0OOMeH wuHpopmauven wmexagy 3Y
pasnU4YHbIX YPOBHEN OCYyLLECTBMsSieTCa 4epes3 Kakoe-nubo ogHo 3Y, oO6bI4HO
Yyepes ornepaTUBHYIO NaMATb;

nuHetHble Cl1, B KOTOpbIX OOMEH WHGOpPMauMEn BO3MOXEH TOMbKO MexXay
CMEXHbIMW YPOBHSAMU CUCTEMbI (Hanpumep, KW — onepaTuBHas NamsaTb —
XeCcTKue ANCKN);

cmewaHHble Cll, obnagawowme CBA3AMKW, XapaKTepHbIMM  Kak  Ons
LeHTpann3oBaHHbIX, Tak U ans nuHenHolx CI1 (Hanpymep, koW — onepaTtvBHas
namatb — Xectkmn guck m CD ROM, wumewwme oauHakoBble CBA3UM C
ornepaTtMBHOM NAMATLIO);

Cl1 co cmpykmypol mnosHo2o0 epagha, BKNovawowme B cebs yCTpOWCTBA,
NO3BONSAOLIMNE YCTaHABNMBATb CBA3M A1 obMeHa nHdopmMmaumen mexay AByMs
NoBbLIMN YPOBHAMKU. DTU CUCTEMbI MOTYT pasnuyaTbCs nNo cnocoby peanuaaumm
Takux cBA3eun Ha

» MaeaucmparlbHble, B KOTOPbIX OAHa wnn O6onbllee KONMYecTBO LUUH
pasgensaiTca BO BPEMEHW MeXAy BCEMU MNOLKIHOYEHHBIMU K HUM
ycTponcTesamu,

» MampuyHble, UMetoLLMe KOMMYTaUNOHHYIO MaTpuLy.

3. Tun pa3bueHusi adpecHoz2o npocmpaHcmea namsimu. OObIMHO NaMSATb
pasgensieTcsl Ha rnorMyeckue ONOKM Ons YNpPOLWEeHWUst ynpaBreHus, Npudem noadepikka
Takoro pasbueHusi obecneymBaeTcsl He TONbKO CO CTOPOHbI OMNEPaLMOHHOM CUCTEMbI, HO U
annapaTHoM YacTbto. 1o 3TOMy NpU3HaAKy pa3nuyatoT CUCTEMbI NAMSTH :

v
v

v

v

6e3 pa3denieHus Nons NaMmsaT Ha 61oku;

CO CmpaHuU4yHoU mnamMsimbio, afpecHoe NPOCTPAHCTBO KOTOPbIX pa3feneHo Ha
y4YacTKM O4MHAKOBOro pa3mMepa, Ha3biBaeMble CTpaHuuamu;

C ceaMeHmuposaHUeM namMsimu, B KOTOPbIX NaMsTb pas3fensaeTcsi Ha CErMeHThl,
pasmep KOTOPbIX XECTKO He 3a4aeTCs;

c 08yxypo8Hee8bIM (CTPaHUYHO-CErMEHTHbIM) pa3desieHueM Nons NaMmsaTu.

4. Konuyecmeo ob6cnyxueaeMbix cucmeMol namsmu rpoyeccopoe — npusHak,
no Kotopomy pasnuyatot Cl1:

v' 0OHOMNPOUECCOPHbIX W
v MHoeorpoueccopHbix ABM n cuctem.

B cnyuyasx, korga MynbTUMNPOLECCMpOBaHME He $BMsSieTCs MNPOCTO CPeACTBOM
MOBbILLIEHNS HaOEeXHOCTU 3a cyeT AybnupoBaHus BblumMcneHun, CI1, no cytu, siBnsieTcs
LEHTPOM CBSI3N CUCTEMbl B eAuHoe uenoe. B Takux ycnosusix CI gormkHa obecneyvBaTtb
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MHOrOKaHanbHbIW ~ OOCTYNn K uMHoOpMauuMM € NOOAEPXKOW  LUErnoCTHOCTM 1
HENpPOTMBOPEYNBOCTU (KOFePEHTHOCTU) AaHHbIX Ha BCEX YPOBHAX CUCTEMBbI.

5. lMopsidok obcnyxueaHusi obpawieHull kK 3Y HWKHUX ypoOeHel TaKke MOXeT
ncnonb3oBatbcsa Ansa nogpasgenenuns Cll. Mo aToMy nNpu3HaKy MOXHO pasnmyatb CUCTEMbI C
obcnyxunsaHnem obpatleHun

v’ 8 rnopsidke nocmyrnieHusi n

v’ ¢ ducnemuyepusauueli obpauweHull, T.e. obcnyxmpaHMem uxX B TOM MOpsiake,
KOTOPbLIN MNO3BOMUT YMEHbLUWTb CpedHee BpeMsi OXuaaHust OOCNyXMBaHUS
obpalleHus.

K aTon kaTeropum MOXHO OTHECTM M Ha3HadeHue aapecoB B AMCKOBOM MacCuBe,
KOTOpPOE MOXET ObITb

v’ niocriedogameribHbIM UuU
v’ ¢ paccrioeHueMm agpecos no ANCKOBOAAM.

[lpu ebibope cmpykmypbl, cocmaea U Xxapakmepucmuk cucmem rnamsmu
cnedyem yyumsbleamb, 4YmMO  [IPOMUBOPEYUBOCMb  MPEOBLSASISAEMbIX K  HUM
mpebosaHul u  b6osiblioe  Konudyecmeo  ¢hakmopos,  BUSWUX  Ha  UX
xapakmepucmuku,  obycrioenuearom  C/I0XHOCMb  MOslydeHuUs  ocmamo4yHO
06BEKMUBHBIX U MOYHbIX KOMIIIIEKCHbLIX oueHOoK CI1.

Hanpumep, puc. 7 pgaeT npeacrtaeneHve O pakTtopax, BAMSIOWWUX  Ha
pabotocnocobHocTb 3Y, pasgeneHHblX B COOTBETCTBUM Ha rPYnnbl, KOTOpbIE OnpeaenstoT
MH(POPMALNOHHYIO M KOHCTPYKTUBHYKO HadeXHOCTb M 3pdeKkTMBHOCTb. [1pn o6begnHeHun
oTaenbHbIX 3Y B cucTeMy K aTuMm dhaktopam gobasnsieTcs elle uenbii psg, CBsA3aHHbIA CO
B3ammogenctanem 3Y mexay cobon B cocTaBe CUCTEMbI MAMATMU.
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PaborocnocobrocTe,

2 EKTHEHO CTE GKEH%&TMDMIE}—» HagesmocTs

ARTOPEI
Hadoprarmpomsas Fonmcrpyemmnar Hudopmarponsas Fonmerpyerenar
3¢ b eETHEHD CTE 3 eRTHBHOCTE HAaJeHH0 CTE HAJEHEHO CTE
OITHONIEHHE OmacEOCTE OTEASO0F
Evmocts — [ [ebapure cHTHa/moMexa | | [ |>nersETos cmererm
Bperan HEE Macea sompryeroli- | | | | Komniectso
obpanrera eE 0H paboTer STEMEHTOE
CropocTs | | || HMorpebnaeras Hadoprarm:- Peraomronprrog-
ofineEa MOITHOCTE OHHAA M30BI- | | HOCTE KOHCTRVE-
TOHHOCTE LR
MTerprma | | || Bsammaosaraere-
ERIDOpER M0 CTE SIEMEHTOE HaparrepucTiom | | ArmmaparHas
Tepegarmt — Mz ABITONHOCTE
Mommeaoere | | [ | CrpyerypHas SIEMEHTOE
KOHCT VELEEH H3OBITOTNEOCTE FometpyETopoKo-
Bpenta Besor- | TEXEICIIOTERIE CEEHL
D YHEITH O HAITE- CTETIEHE MHTETPA- Kasnod paborer [ VHOEEHE
HBI& BOTMOE- [— — LREH SMEMEHTOE
HOCTH TIALIATH | | Bpenabesor-
KasHOH paboTe
C OBME CTHIIO CTE Konmerpyeroporo-
¢ YCTROHCTEARDL | | ] TeXEOmoTHMe CEIE
BpYTHE HRTOTO- VHOEEHE
EHTeNeH
| | VaemeHaz
Hudoprarmng:- CTOMLI0CTE
oHHaA HEOBI-
TOHHOCTE

Puc 7. Dapropw, onpegenmomne paboTocnocobiocTs 39

MoaTtomy c Lenbto 6onee NOMHOro yyeta xapaktepa PYHKLNOHUPOBAHNSI U OKPYXKEHUS
CI npu BbIGOpE KPUTEPUS €€ OLEHKM creayeT paccMaTpuBaTh 3Ty CUCTEMY Kak KOMMOHEHTY
BbIYMCIIUTENBbHOM MaLUUHbI (CUCTEMbI), OPUEHTUPYSCH HA Ha3Ha4YeHUe nocneaHen.

JTrobown KpuTepmi OLEHKN OOSMKEH BKMOYATb OCHOBHbIE XapaKTEPUCTMKN OLleHMBAEMON
CUCTEMBI, K KOTOPbIM OTHOCATCS:

eMKocmb cucmembl namsimu,
cpedHee epemMsi obpauweHusi K Hell,
nponyckHasi cnrocobHocmb,
cmoumocms u

HadeXXHocmb.

ANANENENEN

Psn xapakTepucTuk, Hanpumep paavalMoHHasi YCTOMYMBOCTb, rabapuTbl, Macca,
aHepronoTpebneHve, B TUMNOBbIX NPUMEHEHUSX MOTYT He YYUTbiBaTbCs. XOTS, €Crv peyb
naeT, HanpuMep O MOOWUNbHBLIX CUCTEMaXx, MOCMeAHMEe TPU U3 Ha3BaHHbLIX XapaKTepPUCTUK
NMEIT BaXKHOE 3HaAYEHUeE.

Emkocmb Ecp cucteMbl NamMAaTU MOXHO paccMaTpuBaTb B ABYX acrektax: nmbo kak
cymmy obbemoB Bcex 3Y, Bxogawmx B coctaB Cll, nubo kak KONUYECTBO MHAOpPMaLUK
(mMporpamMm 1 _OaHHbIX), KOTOPOe MOXHO pasMecTuTb B cucteme. B nepBom crnyyae MOXHO
roBopuTb 0 mexHu4yeckol emkocmu CI1, Bo BTopom — 00 aghgbekmuesHou emkocmu. MNOHATHO,
4TO aPdEeKTUBHAA €MKOCTb BCerga MeHblUe TEXHUYECKOW, TaK Kak OHa onpeaensieTcsl He
Tonbko cobcTBeHHO coctaBom CIl, HO M MeTogamMu OpraHM3aumm XpaHEeHUs AaHHbIX,
MeTodamMu yrnpasfieHNa namaTbio U Ap. Hanpumep, MOXHO BCMOMHUTL O (PannoBbIX
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cucTtemax, KOTopble HaknagblBalT OrpaHUYeHuUst CHU3Y Ha MeCTO Ha AucKe, 3aHMMaemoe
aaxke cambiM HEGONbLIMM dhannom.

CpedHee epemsi obpawjeHusi Toep K CI1 MOXHO onpegenuTb 4Yepes YacToThl
obpalleHnn K OTAEeNbHbIM YCTPOWCTBAM CUCTEMbI M BpemMeHa obpalleHUn tospi K 3TUM
yCTpONCTBaM Kak

Tosp = Zi fi tospi / Zi fi,

roe fi ecTb cpegHee konnyecTBo obpaleHun K i-my 3Y B egmHuuy BpeMeHn. O4eBnaHo, 4YTo
B 9TOM cny4ae Tobp B 3HAYMTENbHOW CTENEHN 3aBUCUT OT OTHOCUTESbHbBIX YacToT
obpalleHns K pasnuyHbiv 3Y, a He TONbKO OT BPEMEHN 06paLLEHUS K HUM.

CpedHel nponyckHou cnocobHocmbio B cucTeMbl NaMsiTM Ha3bliBaOT KONNMYECTBO
MHdopMauuu, Kotopoe MOXHo nepegatb B Cl1 unu nssneyvb U3 Hee B eguHULy BpemeHu. B
obwem Buae B MOXHO onpegenuTb, yCpeaHuB (B3BELUEHHO) MPOMYCKHblE CMOCOOHOCTU
otaenbHbix 3Y, Bxoaswmx B cocta Cr1.

Cmoumocmb Ccp cuCTeMbl NaMsaTU ONpefensieTcs Kak CyMMa CTOMMOCTEN BCeX
BXOAAWMX B ee coctaB 3Y, KOHTPONNEpoB M AONOMHWUTENbHbLIX annapaTHbIX CPencTs,
nucnomnb3dyemblX AOna  yrnpaerneHuss namaTtbo. CTporo roesops, HeKoTopble cpeacTsea
ynpasneHus namatbio, Kak n camu 3Y, MoryT OblTb WMHTErpupoBaHbl B MpPoOLEccop unu B
CUCTEMHblE MUKPOCXeMbl (MUKpOCXeMbl udunceTa unu gp.). B atom cnyyae cobCTBeHHO
ctoumocTb 3Y W cpefcTB ynpaBneHus UMW NpuxoauTca onpefenaTb NyTeM CpaBHEHUS C
aHanorMyHbIMM MMKpocxemamu, obrnagarowmMm Apyrumy napameTpamu, unv npubnmxeHHo.

HadexHocms CI1 onpenensietca HageXHOCTbIO COCTaBMNAIOLLMX ee BrOoKOB.

Bce xapakTepuctMkm cuUCTeM MamsAaTU B3aMMOCBS3aHbl Mexay cobon u umeroT
NPOTUBOPEYMBLIN XxapakTtep. Hanpumep, ymeHbweHune BpemeHu obGpaweHusa k CI1
CBSI3aHO C WUCMNONb30BaHMEM Oonee ObICTPOAEUCTBYHOLWMX, a cregoBaTesibHO, WU
aoporocrosAwmx 3Y. YBenuuyeHusi NMPOMNYyCKHOW CMOCOOGHOCTU OUCKOBbIX 3Y MOXHO
AOCTMYb, UCMONb3ya annapaTHble UM anropuTMMUYEecKne MeToabl AucneTyepusaumm, 4To
NpMBOANT NMBO K POCTY CTOMMOCTU U CHUXXKEeHUI HaaexHocTu CI1, nnbo Kk yBenum4yeHuio
pacxonoB BpeMeHU Ha paboTy onepauMoOHHON CUCTEMbI.

'pad B3anmocessu xapaktepuctuk Cl n onpegensawowmnx nx pakTtopoB npuBedeH Ha
puc. 8.
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_;":'U'Il'“Clp HTMHYECKHE

CJICHOBHELR
FapaKTepH-
cturn CII

AnnapaTHEIE
faKTop

Puc. & T'pad BsauMoCESIH XapaKTEpHOTHE H DapaMeTPoE CHOTEM DaMATH

Kputepun oueHkun acpdektmaHocTn CIT moryT 6bITh pasgeneHbl Ha

v’ 8peMeHHble,
v’ CmMouMOCMmHbIe U
v’ UHMeeparsbHble.

Kak npaBuno, Kputepum, OTHOCSLWMECS K NEePBbIM ABYM rpynnam, MCNonb3yTcsa Ons
OLEHKM CUCTEM CNeuManm3npoBaHHOINO Ha3Ha4YeHUss W Yy4YUTbIBaKOT cneumduryeckune
TpeboBaHus.

YacTto ucnonbdyemas B nutepaType dopMa WHTErpanbHOro KpuUTepusi OLIeHKWU
CAUCTEMbI MNaMATM TuUMA OTHOWEHUA MNPOU3BOAUTENIbHOCTL/CTOMMOCTb, MNO3BOSISS
cpaBHMBaTb pasnuyHble Cl1, TeM He MeHee efBa N MOXET pacCcMaTpuBaTbCA B KayecTse
Kputepus, onpegenstowero npurogHocte CI1 gna kKoHkpeTHon OBM mnu BblYMCNNTENBHON
cuctembl. Hanpumep, CI1, obnagatowasn nyywnm 3HayeHnem 3TOro nokasaTtensi, MOXeT He
OoTBeYaTb 3aJaHHbIM OrpaHNYEHNSM.

lMockonbky cuctema namatM paboTtaeT He cama no cebe, a BXoAUT B COCTaB
HekoTopor OBM (Mnu BbIMMCANTENBHOIO KOMMNIEKca), TO BblIOOp ee XapaKTepUCTUK AOSMKEH
OblTb yBSAI3aH C xapakTepucTukamu atom OBM, a Takke C Knaccom 3ajad, Ha pelleHue
KOTOPbIX OHa OPUEHTUPYETCA.

KoHe4uHO, ecnn Kpyr peluaemblX 3agay YeTKO onpederneH, TO OUEeHKY Bblbupaemon
naMsTM MOXHO nNpoBecTM ToyHee. Ho un B obwem cnyyae uenecoobpasHo
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PYKOBOACTBOBATbLCSA 06LWMUM coobpakeHnemM 0 HeobxoammocTn cbanaHcupoBaTb nokasaTtenm
namMaTy U OCTanbHOM CUCTEMBI.

Bonee gopmanbHO 3TO COOBpaXxeHne MOXHO NpeacTaBuTb crieayowmnm o6pasom.

[Tyctb 11 mpocToThl OyAYyT paccMaTPUBATHCS TOJIBKO XapAKTEPUCTUKH CTOMMOCTH U
NPOM3BOAUTEIBHOCTH CHCTEMbI MAMSITH (XOMsi 60NPOCHL HAOEHCHOCMU, (DYHKYUOHATLHBIX
BO3MOIHCHOCMEU, CIMOUMOCTIU IKCHIYAMAYUU, KOHEYHO, MAKAHCe USPAIOM C80U POILL).

Torma, B KadecTBe KpUTCPHUA BI>I60pa CII MOXXHO HCIOJb30BaTh MHHHUMU3AIINIO
CTOMMOCTH peleHusa 3aaa4v Ha 5BM npu ycjJioBum COﬁJ’IlOI[eHI/lﬂ OFpaHl/I‘lEHI/Iﬁ Ha
MAaKCUMAJbHO JOIIYCTUMO€ BPEMS PCIICHUA U CTOUMOCTH OBM.

[Tycts C — croumocts DBM, ckiansiBaroniascss u3 IByX KOMIOHEHT: C; — CTOUMOCTH
cuctembl mamsITH U C, — CTOMMOCTH OCTaJIbHOM wacT DBM: mpomeccopa, cCUCTeMBbI BBOA-
BbIBOZA W Jp. [Ipym HEOOXOAMMOCTH MOXKHO aHaJOTUYHBIM 00pa30M BBIHECTH B OTHAEIbHYIO
TPYIIY JIFOOBIE IPyTrue KOMIOHEHTHI.

[Tyctb manee t — cpenHee BpeMsl BBIMOJIHEHUSI KOMaH/bI 1Jisi paccMaTpuBaemoir DBM,

IPUYEM 3TO BPEMSI TAKXKE CUMTACTCS COCTOSIIIMM K3 JIBYX KOMIIOHEHT W ONPEIEISIeTCs
CHEAYIOLIUM BBIPAXKEHUEM

t=t, n+1,,
rac tl — CpCaHCC BpEMA O6pameHI/I}I K I[IaMsATH, t2 — Cp€aAHCC BpEMs BBIIIOJIHCHUA KOMAH/bI, HC
COBMEIIaeMoO€ C O6paHIeHI/IeM K mamMsTu, a N — CPCAHCC KOJIUYICCTBO O6paH1€HI/II71 K ITaMsATH,

MMPON3BOJANMBIX ITPH BBIITOJIHCHUH OI[HOﬁ KOMaH/BbI.

Torna BpeMs t; penenns 3anauu, Tpedyroei BoinonHenus N KOMaH I, COCTaBUT
tt =N (t]_ n-+ tz),
d CTOUMOCTDbH Ct ATOT'O peHIeHI/IH 6y,ZleT

Ct =C tt kO/T, rae Ko — koadduimenT pacxomoB Ha skcmyarainuio 9BM, a T —
CPOK €€ CITYXKOBI.

[Tonaras nanee ans ynpomieHus Ko 1 T oguHakoBeIMU a1 BceX DBM (umo, koueuno,
cnpaseonu8o moavko 6 pamkax IBM oowmoco knacca), MOXKHO yCTaHOBUTH, YTO CTOMMOCTH
pElIeHUs OAHON U TOU e 3a7]a4ui JUHEHHO 3aBUCUT OT MPOU3BEICHUS

Ct= (Cl + Cz) (tl n+ t2)=C1 t; ntCoty NtC; 6+ C) 1.
Ecnu JonycTuTh Takxke, uro npousseneHuss Cit; u Cot, ocTaroTcs NOCTOSHHBIMHU B

HEKOTOpOW y3KOW 00JacTH, TO MPH BBHIOOPE CHUCTEMBI MAMSITH CJIEAyeT MHHHMHU3UPOBATH
cymmy “niepexpectHbIX”’ mpousBenenuii Cit, u Coty n.
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OTu co00paKkeHus1, BKIIIOYAIOIIKE B ¢€0s Psi/i JOMYIIEHHI, MOT'YT CIIy’KUTh OCHOBOM /17151
rpy0oOil OLIEHKM IapaMeTpoB BBIOMPAEMOM CHUCTEMBI MaMATH. XOTS JaXe U C Y4ETOM
MPUHATBIX YIPOILLEHUH, OLIEHKA 3HaUeHUH ty, t, 1 N He sBisieTcst NpocToi 3a1aueil, 0COOEHHO C
Y4€TOM 3aBHCHMOCTH BCEX 3TUX BEJIMUMH OT KJIacca PelIaeMbIX 3a/1ad.

Tem He MeHee, oOIIMN CMBICT 3TUX PACCYKJICHHUM B 1I€JIOM MOATBEP)KIAET U TOT (akT,
y10 DBM OIU3KHX KJIACCOB UMEIOT U CXOXKHUE MapaMeTpbl OCHOBHBIX KOMITOHEHT.

Konen nexmmn 13

MpunoxeHue K nekumn 15

Cnpaeounuliit mamepuai no yCmpoiucmeam namamu

B 3aseucumocmu om 803MOXXHOCMU 3anucu u nepe3anucu aHHbIX,
ycmpolicmea namsimu rnoopa3sdesisiemcsi Ha criedyroujue munbi:

3V ¢ sanucwio-cuumvoieanuem [read-write memory] - tun namsrtu, naromeit
BO3MO)KHOCTb IOJIb30BATEIIF0 TOMUMO CUUTBHIBAHUS TAHHBIX POU3BONTH HX UCXOTHYIO 3aIUCh,
cTupaHue u-wim ooHoBieHHe. K 9ToMy By MOTYT OBITh OTHECEHBI OTlepaTHBHAs namMsTh, O3Y
[random access memory, RAM], kamr-mamste [cache memory], a Takxe IpOrpaMMHUpPyeMOe
MOCTOSTHHOE 3aroMuHaromiee ycrpoictso, [1I13Y [programmable read only memory, PROM].

113V - tun namsitu 3V, ipeiHa3HAYEHHbBIN JIJI1 XPAHEHUSI U CYMTHIBAHUS TaHHBIX, KOTOPbHIE
HUKOI'/1a He usmeHnsomcs. 3anuch 1aHHbelxX Ha [13Y npousBoauTcs B polecce ero U3roToBJIEHUS,
M03TOMY MOJIb30BaTeIeM U3MEHAThCS He MoxkeT. Hanbonee pacnipoctpanenst [13VY, BeinoaHeHHBIE Ha
uHTerpaibHbX MuKpocxemax (BUC, CBUC) u ontuyeckux nuckax CD-ROM u DVD-ROM.

[II3Y - Tun naMATH, B KOTOPOM BO3MO>KHA 3aMMMCh WM CMEHA JaHHBIX MyTeM BO3JICHCTBUS Ha
HOCHTETh NHPOPMAITUH STEKTPHUESCKUMU, MATHUTHBIMH U-WJIH SJIEKTPOMArHUTHBIMHE (B TOM YHUCIIE
YIbTPaQUOICTOBBIMU WIIH IPYTUMH ) TIOJISIMH TI0]T YIIPABJIICHUEM CTICITHATBHOM MPOTPAMMBI.
Paznuuatot I1T13Y ¢ ogHOokpaTHOi#t 3anuckio u ctupaemsie 1113V [EPROM, Erasable PROM], B Tom
qHCe:

0 anektpuuecku nporpammupyemoe 13V, DIIT3Y [Electrically Alterable Read
Only Memory, EAROM]

O aJeKTpHuecKHu ctupaemoe nporpammupyemoe [13Y, DCII3Y [Electrically
Erasable Programmable Read-Only Memory, EEPROM)]

[Tpumeuanue: K crupaembim I3V Takxke oTHOCATCS MUKpocxembl (idmi-mmamsTH [flash
memory|, OTIMYarONIHecst BRICOKOM CKOPOCTBIO JIOCTYIIA U BO3MOKHOCTBIO OBICTPOTO CTHPAHUS
JTAHHBIX.

Budbi namsimu, pasnu4yaemsie o npu3Haky 3asucuMocmu
coxpaHeHUs1 3anucu rnpu CHAMUU 3/1eKMpPonumMaHusi:

OHepeoneszasucumas namams [nonvolatile storage] - 3V, 3anucu B KOTOPBIX HE CTUPAIOTCS
IIPU CHATUH IeKTponuTanus. K aToMy tuny namsitu otHocsTcs Bee Buabl 113V u ITII3Y.
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OHepeoszasucumas namams [volatile storage] - 3V, 3anmucu B KOTOPBIX CTHPAIOTCS PH
CHATHUY AeKTponuTanus. K atomy tumy namsatu otHocutest O3V, Ka1I-1aMsITh.

JHunamuueckas namsams [dynamic storage] - pa3HOBUIHOCTH SHEPTO3aBHCUMOM
MOJTYITPOBOTHUKOBON NIAMATH, B KOTOPOW XpaHUMasi HH(OpMAIUs C TeYEHUEM BPEMEHH pa3pyliaercs,
IMO3TOMY IJIsd COXpPAaHCHUA 3anucen HCO6XO,I[I/IMO IMPOU3BOJAUTH UX IEPUOINICCKOC BOCCTAHOBJIICHUEC
(per eHepaumo), KOTOPOC BBITIOJHACTCA IO YIIPABJIICHHUEM CIICHUAILHBIX BHCITHUX CXCMHBIX
DJICMCHTOB.

Pa3nu4usi eudoe namsimu no eudy ¢huzu4ecKko20 Hocumerssi u
criocoba 3anucu GaHHbIX:

Axycmuueckas namsams [acoustic storage] - B kauecTBe CpeJibl IS 3aMUCH M XPaHEHUsI
JAaHHBIX UCIIOJB3YIOTCA 3aMKHYTBIC aKyCTUYCCKUEC IMHUU 3a1CPIKKH.

lonoepaghuueckas namsams [holographic storage] - B kauecTBe cpejpl 115 3amucu u
XpaHEHUs UCTIOIb3YyeTCs MPOCTPAHCTBEHHAs Tpaduueckast HH(HOPMAIIHS TOJIOTPaAMM.

Emkocmuas namsme [capacitor storage] - Bua 3V, HCHonb3ylomuil B KaUecTBe CPeIbl IS
3alMMCU U XPAHCHUSA JAHHBIX 3JICMCHTBI BHGKTqueCKOﬁ LCIH - KOHACHCATOPHI.

Kpuocennas namsams [cryogenic storage] - B kauecTBe cpeibl 115t 3aMMCU U XPAHEHHS
JaHHBIX UCIIONIB3YIOTCS MaTePHaIbl, 00JIaAaoIie CBEPXIPOBOAUMOCTBIO.

Jlasepuas namames [laser storage] - Buj mamsti, B KOTOPOM 3aIIUCh M CYUTHIBAHUE JAHHBIX
npousBosTcs ydom sazepa (CD-R/RW, DVD+R/RW, DVD-RAM).

Maecnumnas namsams [magnetic storage] - Bux mamMsaTi, UCIIOABL3YIOIIMN B KAYECTBE CPEIbI
JUIS 3aIMCH U XpAaHEHHsI TaHHBIX MarHUTHBIN MaTepual. Pa3HOBUAHOCTSIMU 3TOTO BUAA MTaMATH
SIBIIIFOTCSI TAMATh Ha MarHUTHOM MpoBoJjioke [plated wire memory], mamMsITh Ha MATHUTHOM TUICHKE
[thin-film memory], HaHOCKUMO Ha HEKOTOPYIO MOJIOXKKY, HAIPUMEpP CTeKIIssHHY0. Hanbomee
LIMPOKO MCTIONB3YIOIUMUCS YCTPOWCTBAMHU PEAIM3alli MarHUTHOM MMaMATH B COBpeMeHHbIX OBM
SIBJISIFOTCS. HAKOTIMTENIW Ha MarHUTHBIX JieHTax (HMJI), MarHuTHBIX (()KECTKMX U THOKUX) IHCKaX
(HXXKM/] u HTMT).

Maenumoonmuueckas namsams [magnetooptics storage] - Bua namMsaTH, KCIONL3YIOIIUIA
MarHUTHBIN MaTepuall, 3aluch JAHHBIX HAa KOTOPBIA BO3MOKHA TOJILKO IIPU HArpeBe J0 TeMIepaTyphbl
Kiopu (nopsiaxa 145° C), ocyIIecTBIsIEeMOM B TOUYKE 3aIHCH JTy4OM J1a3epa (00beM 3aIuc Ha
crangapTHeie 3.5 u 5.25 M0iMOBBIE THOKHUE TUCKH COCTABIISET MIPU 3TOM COOTBETCTBEHHO 10 600 MO
u 1.3 T0). B 2002 r. xomnanus FujitSu BeimycTHiia MarHuTOONTHYECKHE HakonuTenu DynaMO
2300U2 u mucKeTsl K HUM (CTaHIapTHBIA pa3Mep aucker — 3.5 mroitma) eMKocThio 2.3 ['6ailT.

Mounexynapuasa namsams [molecular storage] — Bu naMsTH, HCIOIB3YIOIIEH TEXHOIOTHIO
"aTOMHOM TYHEIbHON MUKPOCKOINHHU", B COOTBETCTBUU C KOTOPOH 3aIIUCh U CUNTHIBAHUE JaHHBIX
MIPOM3BOJIUTCS Ha MOJIEKYJISIpHOM ypoBHe. Hocutensimu nHbopManuu sBiIsitoTCs CrieliiaibHble BUbI
TUICHOK. ['0JI0BKY, CYMTHIBAIOIIUE TaHHBIC, CKAHUPYIOT MMOBEPXHOCTH MJICHKHU. VX 4yBCTBUTEIHHOCTh
MO3BOJISIET OMPEENATh HAIUYUE UM OTCYTCTBUE B MOJIEKYJIaX OT/IEIbHBIX aTOMOB, HA YeM U OCHOBAH
TIPUHIIMIT 3aITUCHU-CYUTHIBAaHUS TaHHBIX. B cepenune 1999 r. ata TexHonorus Obuia
npoeMoHCcTpupoBana kommanueii Nanochip. B ocHOBe apXUTEKTyphl YCTPOWCTB 3aUCH-CUNTHIBAHUS
nexut texnonoruss MARE (Molecular Array Read-Write Engine). JlocTurayThI crieayromiue
MTOKa3aTeH 0 TJIOTHOCTH YITaKOBKH: ~ 40 I'Gut/cm® B yCTpoHCTBax YTeHUs/3anucu u 128 I'Gut/cm® B
YCTPOMCTBAX C OAHOKPATHOM 3aMKMChI0, YTO CYMTACTCS B 6 pa3 BHIIIE, YeM Y IKCIIEPUMEHTAITbHBIX
00pa3IoB, KOTOPbIE OCHOBaHBI HAa KJIACCHUECKOW TEXHOJIOTMH MarHUTHOW 3amucH, B 0osiee yeM B 25
pa3 mPEeBOCXOIUT JIyUIIHe €€ 00pa3Ilbl, HAXOSAIIUECs B CEPUIHOM MPOU3BOJICTBE.

24


http://www.fujitsu.com/�
http://www.nanochip.com/�

Tonynposoonuxosas namsams [semiconductor storage] - Bua nmamsity, UCTIOJB3YIOIIHI B
Ka4yecTBE CPE/CTB 3allUCH U XPaHEHUs JaHHBIX MUKPO3JIEKTPOHHbIE HHTErpanbHbie cxeMsl (BUC u
CBUC). [IpenmyiiecTBEHHOE TPUMEHEHHE ITOT BUA naMsaTu nouayunia B [13Y u O3V OBM,
IIOCKOJIBKY OH XapaKTepU3yeTCsl BBICOKMM ObICTpoieiicTBEM. CpaBHUTENIBHO HEAABHO 00BEM MMaMsTH,
peanu3yemMoil Ha OJJHOM TBEPIOTENbHOM (ITOTYITPOBOIHUKOBOM ) IJIaTE, OTPAHUYUBAIICS €IUHUIIAMHI
Mo6aiit. OgHako B HacTosiee BpeMs psgom ¢upm CIIA, SAnonun u EBpomnsl pazpaborana
MUHHATIOpHAs [U1aTa maMsaTu ¢ rabaputamu 38x33x3.5 MM, o0beMoM namsTu 10 64 MoOut u yxe
IIPUHAT COOTBETCTBYIOIIMM MEKAYHAPOIHBIN CTAaHAAPT. DTO MO3BOJISAET CYHIECTBEHHO PACIIMPUTH
HCI0JIb30BaHNE TBEPIOTEIBHON MTaMATH, B TOM YHCJIE B KAUE€CTBE yCTpOCcTB BHelHeN namstu [I9BM
U B APYTUX NIPUMEHEHUSX.

Deppumosas namams [core storage] - Bug O3V Ha HeppUTOBBIX CepICUHUKAX.

Daszounsepcnas namsams [Phase Change Rewritable storage, PCR] - pastosuaHocTs
Ja3epHOH (IMCKOBOM) MaMATH, UCIOJIb3YIOIIEH CBOMCTBA HEKOTOPHIX MOJIMMEPHBIX MATEPHATIOB B
TOUKE JIa3epHOI0 HarpeBa B 3aBUCMOCTH OT TEMIIepaTypbl U3MEHATh (pa30BOE COCTOSIHME BEIECTBA (B
YaCTHOCTH KPHUCTAJIN30BaThCS WM IIJIaBUTHCS C BO3BPALIEHUEM B HCXOJIHOE COCTOSIHUE), & BMECTE C
HUM - U XapaKTEPUCTUKHU OTPAKEHUS. Y Ka3aHHAS TEXHOJIOTH ITO3BOJISIET CO3aBaTh ONTHYECKHE
aucku (650 MO) 1t MHOTOKpaTHOH Tepe3anucy JaHHbIX. Pa3paboTkol JaHHOW TEXHOJIOTHH
3aHUMAECTCs PsIJI KOMITaHH#, BKIro9as Panasonic u Toshiba.

Inekmpocmamuieckas namsms [electrostatic storage] - Bux namsti, B KOTOpOM
HOCUTCIIAMU JAaHHBIX SABJIAKOTCSA HAKOIIJICHHBIC 3apAAbl CTATUYCCKOI'O SJICKTPUUCCTBA HA TOBCPXHOCTHU
AUDJICKTPHKA.

Mo Ha3Ha4YeHur, Op2aHu3ayuu namMssmu u/unu docmyna K Hel
pasnu4arom cnedyroujue eulbl Nnamsimu:

Asmonommnoe 3Y [off-line storage] - Bun namsTH, He JOMYCKAIOMIMI MPAMOTO TOCTYIA K HEH
CO CTOPOHBI IEHTPAIILHOTO IIPOIIECCOpa: OOpalleH e K Heil, a TAK/KE YIIPaBJICHHE €10 TIPOM3BOIUTCS
BBOJIOM B CHCTEMY CIHEMATBHBIX KOMaH/I i Yepe3 MOCPEICTBO ONEPaTHBHOMN MaMSTH.

Aopecyemasn namsams [addressed memory] - Bun namsTy, K KOTOPOH MOKET
HETIOCPEICTBEHHO 00paIaThCs MEHTPATBHBIN MPOIECCOP.

Accoyuamusrnoe 3Y, A3Y [associative memory, content-addressable memory, CAM] - Bun
MMaMATH, B KOTOPOM aApccanus OCYIICCTBIISICTCS HA OCHOBC COACPIKAaHU NaHHbBIX, a4 HC UX
MECTOTIOJIOKEHUS, YeM 00ECIIeYMBACTCSI YCKOPEHUE TIOMCKA He0OX0AMMBIX 3anucei. C ykazaHHON
O CJIbIO ITIOUCK B aCCOHHaTHBHOﬁ MaMATH TPOU3BOJUTCA HA OCHOBC OIIPCACIICHUA COLACPIKAHUS JIN B TOU
WM UHOM ee 00J1acTH (sueiike mamsTH) CI0Ba, CIIOBOCOYETAHUS, CUMBOJIA U T.II., IBJISIOLINXCS
IO CKOBBIM ITPU3HAKOM.

CylecTBYIOT pa3IMuHbIe METOAbI peanu3anuu A3Y, B TOM YHCII€ HCTIOJIb3YIOIINE METOIbI TOUCKA
OCHOBaHHBIE Ha "TOYHOM coBHageHuu", "OIU3KOM coBHaeHNH", "MacKpoBaHUN" CIOBa-TIPHU3HAKA U
T.J., @ TAK)KE pa3IyHble MPOLEIYPhl peal3alliy MOUCKa, HAPUMEp, KIIIUPOBAHUS C LIETbIO
IIPOM3BOJICTBA “‘HAMJTyUIIeN OLEHKN MCTHUHHOTIO aJipeca, 3a KOTOPOH CleAyeT IPOBEPKA COAEPKUMOTO
SIYEMKH C BRIYMCICHHBIM afpecoM. Hekotopeie acconnatuBHbie 3Y CTPOSTCA MO NPUHITUITY
MOoCJICAO0BATCIILHOTO, APYTUC - MAPAJUICIIBHOTO CpaBHCHUS ITPU3HAKOB ITOHCKA (TaK Ha3bIBA€MBbIC
oproronansHbie 3Y). [lapannenpHbie accoruaTuBHbIe 3Y HAILIM TPUMEHEHUE B OpraHU3aIMH KAIII-
[IaMATU U BUPTYaJIbHOU ITAMSTH.

bygepnoe 3V [buffer storage] - Bun 3V, npenHazHaueHHBIN JJ151 BpEMEHHOTO
XpaHEHUs JTaHHBIX TTPU OOMEHE MMM MEX/Ty PasIndHbIME ycTpolictBamu DBM

BupryajabHas namMaTh [virtual memory]:
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1. Crnocob opraHu3anuy MaMsATH, B COOTBETCTBUU C KOTOPBIM YacTh BHEIIHEH maMatu DBM
WCIIONB3YETCS I paciiupeHus ee "BHyTpeHHEeH" (OCHOBHOM, ONepaTUBHOMN ) TAMSITH.
Hanpuwmep, copep:xumoe HEKOTOPOI 001acTH, HE UCIIOJIb3YeMOM B TaHHBII MOMEHT BpEeMEHHU
"BHYTpEHHEH" MaMATH, XPaHUTCS Ha )KECTKOM JIUCKE M BO3BPAILAETCS B ONEPATUBHYIO AMSATh
0 Mepe HEOOXOAMMOCTH.

2. OO6mactp (MPOCTPAHCTBO) MAMATH, IPEAOCTABIIIEMAas OT/ICTLHOMY IOJIB30BATEI0 WIIN TPYIITIS
I10JIb30BATENEHN U COCTOSAIIAsI U3 OCHOBHOW M BHEIIHEN namsaTtu OBM, Mex1y KOTopbIMU
OpraHW30BaH TaK Ha3bIBA€MbIN NTOCTPAHUYHBIN 0OMeH JaHHbIMHU. C yKa3aHHOM IIEJIbI0 BCE
aZipeCHOE IPOCTPAHCTBO JAEIUTCS Ha CTpaHULIbI MaMsTH. [Tonck anpecoB cTpaHuIl
MIPOU3BOJIUTCS B ACCOI[MATUBHON MaMSITH.

BpemenHnasi namsTh [temporary storage] - crenuanbHOe 3aMOMUHAOIIEE YCTPOUCTBO HITH
4acThb ONEPATUBHOU ITAMATH, PE3EPBUPYEMBIC IS XPAHCHUS IIPOMEKYTOUYHBIX PE3YJILTATOB
00paboTKH.

BcenomoraresnbHast namathb [auxiliary storage] - wacts mamsatu DBM, oxBaThiBaromias
BHEIITHIOIO U HAPAIIICHHYIO OMEPATUBHYIO MTAMSTh.

BropuuHnasi mamsith [Secondary storage] - Bua namsiTi, KOTOPBIi B OTJIMYUE OT OCHOBHOM
MaMsATH UMeeT OOJIbIIIee BPeMs IOCTYIa, OCHOBBIBACTCS Ha OJIOUHOM OOMEHE, XapaKTepU3yeTCs
OOJIBIITMM 0O0BEMOM M CITY)KUT JIJISl pa3rpy3KH OCHOBHOM MTaMSITH.

I'nokast mamsite [elastic storage] - Bua maMsTH, Mo3BOJISAIOIIECH XPAaHUTh IEPEMEHHOE YHCIIO
JAHHBIX, TIEPEChLIATh (BbIaBaTh) UX B TOM e MOCIEA0BATEIbHOCTH, B KOTOPOW MPUHUMAET, U
BapbMPOBATh CKOPOCTH BBIBOJIA.

JlonosHuTeIbHAsA maMaTh [add-in memory] - Bua ycTpoiicTBa maMsTH, MpeIHa3HAYeHHOTO
JUIsL yBETHMUYEHHSI 00beMa OCHOBHOMW OTIEPaTUBHOW WIJIM BHEIIHEH MaMsATH Ha )KECTKOM MarHUTHOM
nucke (QKM/I), BXoAsIIMX B OCHOBHOM KOMILJIEKT mocTaBku DBM.

Hepapxuueckasi mamathb [hierarchical storage] - Bua mamsaTu, HMErOIEl HepapXuIECKyIo
CTPYKTYpY, Ha BEpXHEM YPOBHE KOTOPOH MCIOIB3YETCS CBEPXOIMEPATUBHOE 3aIIOMHHAIOIIIEE
YCTPOWCTBO, @ HAa HMYKHEM YPOBHE - apXuBHOE 3Y CBEpXOO0JIBIIONH EMKOCTH.

KoanexkTuBHasi (MaccoBasi) maMATh, TaMsITh KOJUIGKTHBHOTO qocTyma [shared memory]:

1. TlamsTh, JOCTyITHAS MHOXECTBY MOJIB30BaTENICH, KOTOPBIE MOTYT 00paIiaThCcsl K Her
OIHOBPCMCHHO HUJIH ITOCJICAOBATCIIBHO.

2. ITlamATb, CBsI3aHHASI OJHOBPEMEHHO C HECKOJIBKUMH MPOIIECCOPaMU JIsl 00eCTIeUeHUS UX
B3aMMO/ICHCTBUS MPU COBMECTHO PEIIaeMbIX UMU 33J1a4aX U MCIIOIh30BAHUH OOIIUX TSI HUX
MIPOTPAaMMHBIX CPEJICTB.

KoppexkTupyomas nmamarh [patch memory] - vacts namsti DBM, nipeanasHadeHHas s
XPAaHEHMS aJIPECOB HEUCIIPABHBIX sIY€EK OCHOBHOM IAMSATH.

JlokaabHas mamsars [local memory] - "BHyTpeHHsA" aMATh OTAEIBHOTO ycTpoiictBa DBM
(mpornieccopa, KaHana ¥ T.I1.), IpeAHa3HauCHHAs I XPaHEHHS YIPABIAIONINX STHM YCTPOHCTBOM
KOMaH/I, a TAK)KE€ CBEJIEHUIN O COCTOSIHUM YCTPOKCTBA.

Marasunnas (cTekoBasi) mamMsTh [pushdown storage] - Bux namsiTu, SIBISTFOLITUICS
anmapaTHOHN peanu3aliiell MarasMHHOTO CITMCKA - CTEKa, 3aliCh U CYMTHIBAHKE B KOTOPOM
OCYIIECTBIIIOTCS Yepe3 OHY U Ty XK€ SUCHKY - BEPIIMHY CTEKa.

MarpuuyHasi naMATh [matrix storage| - Bua naMsartu, 3JIEMEHTHI (STYEHKH) KOTOPO UMEIOT
TaKO€ PacIoJIOKEHHE, YTO JOCTYI K HUM OCYIIECTBIISIETCS 110 ABYM MJIU 0oJiee KOOpAMHATAM.
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Mmuorodaounast namats [multibunk memory] - Bua onepaTBHOM MaMsATH, OpraHU30BaHHON
U3 HECKOJIbKUX HE3aBUCHMBIX OJIOKOB, JOMYCKAIOUIMX OJHOBPEMEHHOE 00pAIIeHUE K HUM, YTO
MOBBIIIACT €€ MPOMYCKHYI0 CIOCOOHOCTb.

MmuorosxoaoBasi mamsith [Multiport storage memory] - ycTpoiicTBO mamsITH, J0IMyCKaroIiee
HE3aBHCHUMOE 00paIlieHre ¢ HECKOJIBKUX HaIlpaBJIeHuU (BX0I0B), TpUYeM 00CTYKUBAHKE 3aIIPOCOB
MPOU3BOIUTCS B TIOPSIJIKE X IPUOPUTETA.

MuoroyposueBasi namsth [multilevel memory] - opranuszanus namstu, cocrosmias u3
HECKOJIBKMX YPOBHEH 3aIIOMUHAOIINX YCTPOMCTB C PA3IMYHBIMUA XapaAKTEPUCTUKAMHU U
paccMmaTpuBaemasi Co CTOPOHBI IOJIb30BaTENEH KaK €IMHOE 1eN0¢e. /[ MHOTOypOBHEBOM MTaMsITH
XapakTepHa CTpaHUYHas OpraHu3aIus, o0ecreunBaroIias "mpo3payHoCcTs" 0OMEHa TaHHBIMU MEXKTY
3V pa3HbIX ypOBHEM.

HemnocpeacrBenHo ynpasJisieMasi (onepaTuBHO AocTynHas) mamsith [0On-line storage] -
MaMSTh, HEMOCPEICTBEHHO JOCTYIHAS B IAHHBIII MOMEHT BPEMEHU LIEHTPAIIBHOMY MPOLIECCOPY.

O0beKTHO-OpHEHTHPOBaHHANA MaMATh [0bject storage] - mamsaTh, cucreMa yrpaBiacHHS
KOTOPOI OPHEHTHPOBAHA Ha XpaHEeHHe 00bEKTOB. [IpH 3TOM Ka)Iblii 00BEKT XapaKTePU3yeTCsl THIIOM
U pa3MepoM 3aITiCH.

OgepJieiinasi namath [overlayable storage] - Bua mamsaT ¢ nepekpbITHEM BbI3bIBAEMBIX B
pa3Hoe BpeMsi MPOrpPaMMHBIX MOJTYJICH.

OnnoypoBHeBasi namsTh [one-level storage]:

1. Bun namsaTu ¢ euHOM aapecareit Juisl 3alTOMUHAIOIINX YCTPOMCTB PA3IMYHBIX TUIIOB B OJTHON
OBM.

2. Cwm. "BupryaibHas namsTh'".

IMamsaTe mapamienasHoro aeiicteus [parallel storage] - Bua mamstu, B KOTOpO# Bce 001acTi
IOorCKa MOr'yT 6BITI> JAOCTYIIHBI OTHOBPEMCHHO.

Ilepe3arpy:kaemas ynpasJsiioiasi namsatsb [reloadable control storage] - Bux nmamsitu,
IIpeAHA3HAYEHHBIN I XPAaHEHH] MUKPOIIPOrPAMM YIIPaBJICHUS U JOIYCKAIOIUNA MHOTOKPATHYIO
CMEHY COAEP>KMMOTI0 - aBTOMAaTUYECKHU WJIW TIOJ] yIpaBjieHueM oreparopa BM.

IMepememaemas namsathb [data-carrier storage] - Bug apXuBHO# aMsITH, B KOTOPO# TaHHbIC
XpaHATCs Ha epeMelniaeMom Hocutene. HemocpeacTBeHHbI J0CTyn K HUM 0T DBM oTcyTcTByeT.

IMamsaTe mociaenoBaTeJbLHOTO AeiicTBus [Sequential storage] - Bux mamstu, B KOTOpoi
JIaHHBIC 3aMUCHIBAIOTCS M BRIOMPAIOTCS TTOCIESIOBATEILHO — Pa3psil 3a pa3psioM.

IMamsaTh npoueccopa, MpoueccopHasi MaMsITh [Processor storage] - mamsiTh, SIBISIOIIASCS
4acThIO MPOLIECCOPA U NIPEIHA3HAYCHHAS [IUIs1 XPAaHEHH JaHHBIX, HEIIOCPEACTBECHHO y4aCTBYIOIIUX B
BBITTOJIHEHUH OTIepaliii, peain3yeMbIX apu(METHKO-TOTUYECKHM YCTPOHCTBOM M YCTPOHCTBOM
YIPaBIECHUS.

IMamMATH co BCTPOEHHOIH JIOTHKOI# , GYHKIIMOHATbHAS TaMsTh [logic-in-memory] - Buj
MaMsTH, COACPKaIUi BCTPOCHHBIC CPEICTBA JIOTHYECKOM 00paboTku (mpeodpa3oBaHms) TaHHBIX,
HampuMep UX MacTaOupoBaHus, IpeoOpa30BaHUs KOJOB, HAJIOKEHUS MOJIEH U Ap.

PaGouas (mpome:xyTounasi) mamsath [Working (intermediate) storage]:
1. Yacts namsatu DBM, npeaHa3HaueHHas A5 pa3MeIIeHUs] BpeMEHHBIX HAOOpOB TaHHBIX.

2. TlaMATh 1715t BpEMEHHOTO XPaHCHHS JTaHHBIX.
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PeanbHas mamsiTh [real storage] - Bcs gpusuueckas namsate IBM, BIIOUasi OCHOBHYIO U
BHEIIHIOIO MaMSITh, TOCTYITHAS JIJIsl IEHTPAIBHOTO MPOIIECCOpa U MPeAHa3HAUCHHAS JIJIsl PAa3MEIICHHSI
POrpaMM U JTaHHbBIX.

PerucrpoBasi namsth [register storage] - Bua mamstH, COCTOSINEH 3 PETHCTPOB OOIIETO
HAa3HA4YCHMS U PETUCTPOB C IIJIABAOILEH 3aITON.

CpobOoaHasi (TocTynmHasi) maMaTh [free space] - o6acTs uiu mpocTpaHCcTBO maMstu 3Y,
KOTOpas B ,Z[aHHBIﬁ MOMCEHT MOXKET 6BITB BBIACJICHA IS 3arpy3KH NpOorpaMMbl UJIW 3alIMCU JaHHBIX.

CemanTHYecKast NaMATh [Semantic storage] - Bua mamsTH, B KOTOPO# JaHHbBIE Pa3MEIaroTCs
U CIIACBIBAIOTCS B COOTBETCTBUU C HEKOTOPOH CTPYKTYPOU IOHATUWHBIX IIPU3HAKOB.

CoBMecTHO HCIoJIb3yemasi (pa3aesieMasi) mamMaTh [Shareable storage] - Bux namsitu,
JOIYCKAOIIUI 0THOBPEMEHHOE UCITOJIb30BAHUE €r0 HECKOJIBKHMH TPOIECCOPAMHU.

IMamsaTse ¢ 3ammToi, 3ammmennoe 3Y [protected storage] - Bua maMsti, UMEIOIIHIA
BCTPOCHHBIC CPEJICTBA 3aIUThI OT HECAHKIIMOHUPOBAHHOTO TOCTYIIA K JF000M U3 €ro sueekK.

IMamsaTh ¢ mocjieoBaTeIbLHBIM J0CTYNIOM [Sequential access storage] - Bua mamsrtu, B
KOTOPOH IOCIIEA0BAaTEILHOCTh OOPAIIEHHBIX K HUM BXO/JHBIX COOOIIEHUH U BEIOOPOK JTaHHBIX
COOTBETCTBYET IMOCIIEIOBATEIBHOCTH, B KOTOPOi OPraHn30BaHbl uXx 3anucu. OCHOBHOM METOJI TIOMCKa
JTAHHBIX B 3TOM BHJIC TIAMSITH - TTOCIIEA0BATEIHHBIN TIepeOop 3armrcei.

IMamsTh ¢ npsAMbIM aocTynom, 3Y ¢ npousBosibHOU BeIOOpKOI (3YIIB) [Random Access
Memory, RAM] - Bug namstu, B KOTOPOM HOCJIEA0BATEIILHOCTh 00PAIIEHHBIX K HUIM BXOTHBIX
coOOIIeHNH 1 BEIOOPOK JaHHBIX HE 3aBUCHUT OT IOCJIEI0BATEIBHOCTH, B KOTOPOM OPraHN30BaHbl UX
3aMHUCH WM UX MECTOIOJIOKEHUS.

IMamsaTh ¢ Moc/IOBHOI opranu3anueii [word-organized memory] - Bua namsiTi, B KOTOPOi
azipecalius, 3auch 1 BEIOOPKA JAaHHBIX MPOU3BOJUTCS HE MOOANTHO, a TOCIOBHO.

Craruuyeckast mnaMATh [Static storage] - By mamsaTH, B KOTOPOM IOJIOKEHHE JAHHBIX U UX
3HAYCHUC HC U3MCHSAIOTCA B IPOUCCCC XPAHCHUA U CHUTBIBAHUS. Pa3HOBI/II[HOCTBIO 9TOI0 BUJAa 1namMsTu
sBisiercs cratudeckoe 3YTIIB [static RAM].

CrpaHu4Hasi namMaTh [page memory] - namsrth, pa3ouTas Ha OJMHAKOBBIC 00JIACTH -
crpanuilbl. OOMEH ¢ TaKO# MaMsThIO OCYIIECTBISCTCS CTPAHUIIAMH.

Yupasasiromasi namathb [control storage] - mamste, copeprkanias yrnpasJsiFOIUe IporpaMmbl
iy MUKpornporpammbl. O0bdHO peanusyercs B Buje [13Y.

Pnaw-namsmsb, SCIIMN3Y [EEPROM, Electrically Erasable PROM,
flash memory]

Onekmpuuecku cmupaemoe nepenpozpammupyemoe 113Y: nonynpoBoaHukoBoe
3V, BBITIOJIHEHHOE B BUJIC MUKPOCXEMBI, B KOTOPYIO MOKHO 3aIlTMCHIBATh JIAHHBIE ¥ XPAHUTh HX
CKOJIb YTOAHO 1oJiro. CTUpaHUe MPOU3BOIUTCS IIEKTPUICCKUM PA3PSIIOM, TIOCTIE Y€Tr0 MOKHO
3anmuchIBaTh HOBbIC AaHHbie. HekoTopeie Buapl JCIIII3Y s ctupanus u
nepenporpaMMUpPOBaHUs TPEOYIOT UCIIOIB30BAHUS CHIEIIUATBHBIX YCTPONUCTB.

Jpyrue, COOCTBEHHO OTHOCSIIMECS K KATETOPHU QQASUL-NAMSAIMU, MOTYT CTUPAThCS H
nepenporpaMMuUpoBaThest HemocpeactBeHHOo B OBM. KoHcTpykTUBHO (iidi-naMsaTh 4acTto
BBITIOJIHSCTCS B BUJIC TAK Ha3bIBaeMbIX @idui-kapm [Flash-cards] win momyseit mamsity,
KOTOPBIE HCIIOJIB3YIOTCA B PA3JIMYHBIX YCTPOHCTBaX, HanpuMep, MoomnbHbIX [1K, nudposbix
(doTokamepax, COTOBBIX Tele(oHax, Nelpkepax, mienepax, HOpTaTUBHBIX HABUTALIMOHHBIX
npubopax u T. 1.
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OpnauM 13 HanboJliee MOMYISIPHBIX BAPHAHTOB peaan3aiuu GIdII-KapT ABISIOTCS
Memory Stick (MS) koMmanuu SONY, BBITYCK KOTOPBIX HAa4aT ¢ oceHu 1998 r. OTu kapTh
npounee SmartMedia (SM) u Solid State Floppy Disk (SSFDC) u xommnaktHee
CompactFlash (CF). IIpu Bece macturHok Memory Stick B 4 T ux rabapuThl COCTABIISIOT
50x21.5x2.8 MM. OHU NpeICTaBIISAIOT COOON JABE MUKPOCXEMBI (DIIAII-TTaMSTH, YITaKOBAaHHBIE
B macTukoBbId kKoprnyc. K Hagamy 2000 r. 6putn 1OCTYyITHBI KapTouku Memory Stick
eMKocThIO 4, 16, 32 1 64 MO6. B T0 3xe BpeMsi MO/ NAaMSATH psiia IPOU3BOIUTENCH,
narpumep Compact Flash (CF), kotopsie BeimyckatoTcs 6osiee yem 160 ¢pupmamu, o01agaroT

3HauUUTENbHBIMU O0beMamu naMsaTu: CF mogudukaruu [ — 256 M6, CF moguduxaruu 11 —
512 M6.

Bonpmioit momyasipHOCTBIO HA MUPOBOM phIHKE ToJb3ytoTess MultiMedia Card
(MMC) — cooTBETCTBYIOIIMIA CTaHAAPT, moaaepxkuBaercs ¢ 1997 r. aconmanueit MMCA,
ob0benuHsoNIel nopsinka 80 koMnaHuii, BKiItovas Takue, kak Nokia, Ericsson, Hitachi,
SanDisk, Motorola u ap. Kaptet MMC umetrot rabaputsl 32x24x 1.4 MM, CEMHUKOHTaKTHBII
1ocJe10BaTeNbHbIN nHTepdeiic u BecsT Beero 1.5 r. MakcumasnbHast eMKOCTh UX NAMSITH B
JaHHBII MOMEHT cocTaBiisieT 256 M6. Illupokoe npumenenne onn Hanu B MP3-mineepax,
U(PPOBBIX BUICOKAMEPAX, TUKTO(HOHAX, MOOMIIBHBIX TeJIeOoHaX, TOPTATUBHBIX
HaBUTAMOHHBIX cucteMax GPS u npyrux mudpoBeIX ycTpoiicTBax.

SecureDigital Card (SD) — crannapt Ha ¢udi-kapThl, papadorasn B 2000 .
kommanusmu Matsushita, SanDisk u Toshiba B passutue crangapra MMC. KapTsl
CHA0KEHBI KPUIITOTPa)UUECKIUMHU CPEICTBAMH 3AIUTHI JAHHBIX, BEICOKOTIPOYHBIM KOPITYCOM
U3 CICIMATbHOTO TUIACTHKA, ICBITHKOHTAKTHBIM TOCIIEI0BATEIbHO-TTAPAIIICIIbHBIM
uaTepdeiicom. JlaHHbIC MOTYT ITEpeIaBaThCs 10 OAHOM, ABYM, HJIH Y€THIPEM JIHHHSIM
oAHOBpeMeHHO Ha yactote 110 25 MI'u. Kapter SD coBmectumbl ¢ MMC.

USB-¢dmm-namsate, USB-namMsaTe —Tun (QusIi-HakonuTenei, mosBUBIIUXCS Ha
peiake B 2001 . KOHCTpYKTHBHO TIpeCcTaBIIsIeT co00i "Openok" mpogoaroBaToi GopMel,
COCTOSIINIA U3 3aIIUTHOTO KoJmadka u codctBeHHO Hakonutens ¢ USB-pazbeMom (o/1Ha win
nBe MUKpocxeMbl Gumm-namata 1 USB-koHTposuiep). JlocTOMHCTBOM HaKOMUTENEH 3TOTO
BU/JIA SIBJISIETCSA BO3MOXKHOCTD IOJKIIIOUEHHS MX HEMOCPEACTBEHHO K HacTosnbHOMY 1K s
nepeHoca JaHHBIX 0e3 MOMOIIM KaKuX-I100 Ipyrux ycrpoicTs. [Ipennonaraercs, 4ro B
Oynymem USB-maMsaTh MOXET CTaTh OCHOBHBIM CPEJICTBOM IepeHOca HEOOIbIINX 00BEMOB
3aluced JaHHbBIX.

MuoroypoHeBas ¢uu-namsaTs [StrataFlash] — ycoBepiiencTBoBanHas MUKpocxema
(udII-naMATH, OCHOBAHHAs HA UCIOJIb30BAHUY SIUEEK HE C IBYMsI YPOBHIMH COCTOSIHUS
"BKJIIOUEHO" M "BBIKJIIOYEHO", KAK 3TO UMEET MECTO B IEPBBIX IOKOJIEHUIX CXEM, a C
YETHIPHMsI (71Ba TTOJIOYKEHHUS "BKIIFOYCHO" M JIBa TOJIOXKEeHUS "BBIKIIFOYeHO'"). Takum oOpazom
KaXK/1as siueiika MOXKeT XpaHHUTh B JBa pa3a OOJIbIle TaHHBIX, YeM B OOBIYHON MUKPOCXEME.
Texuomnorust pazpadorana kommanuei Intel B 1997 r. OcnoBHast 001aCTh TPEANOIaraeMoro
npuMeHeHus - nudposbie poTokamepsl, kapmanHbie [1K, coToBbie Tenedonsl, uppoBse
aBTOOTBETYMKH.

dmdi-naMaTh ABoHON otHocTH [Double Density Flash Memory] —
YCOBEPIICHCTBOBAaHHAS MUKPOCXeMa (IIdI-IaMsTH, BeITycKaemas koMmmanuei SanDisk ¢
HOA0ps 1996 1. 1 OTHOCHUTCS K KaTETOPUH MHOTOYPOBHEBOH (DIISII-NIAMSITH.
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