KOMIMbIOTEPBI 1 OPITEXHMKA

COBPEMEHHbBIE HAKOINUTEN
HA XXECTKUX MATHUTHBIX AUNCKAX (uacrts 1)

Baaum Mopo3sos, Ceprei SlueHko (r. Poctos-Ha-[oHy)

Mpuctynaem k nybnuvkaymy 60bLLOR CTAaTbU, U3 KO—
TOpovi Bbl ysHaeTe Bce 06 ycTpovicTBe, aKcrnyaTaumu,
[eekTax HakonuTenen Ha XeCTKUX MarHUTHbIX QUCKaX
Y MeTo[ax BOCCTaHOBIEHWS MHGHOPMaUmn Ha Hux. Ma—
Tepman MoXeT 6bITb MHTEPECEH Kak creynancTam, 06—
CINYXNBAaIOLYMM KOMIbIOTEPHYIO TEXHUKY, TaK U «NpoaBu—
HYTbIM» 10/1b30BaTESAM, XENatoLUM NoayYnTb npes—
cTaBneHne o Hawbonee CrOXHOV [eTanu CBOEero
KOMMbOTEPA.

Ha ceropgHsawHWn neHb Hanbonee pacnpocTpaHeH—
Hble ONepauVoHHbIE CUCTEMbI ABASKOTCA AUCKOBLIMY, T.€.
3arnyckatTcsa € XEeCTKOro avcka KomnbloTepa. Pesynb—
TaTbl paboThbl NO6bIX NPUKNagHbIX Nporpamm, 6yae To
Byxrantepua Unu QU3anH, TakKe COXPaHATCA Ha aAMc—
ke. [ToaTomy HapgexHocTb, BbiICTpoAencTBmne N MHHOP—
MaLuMOHHAsA eMKOCTb HAKOMUTENEeN Ha XECTKUX MarHnT—
HbIx gmnckax (HXM[O) asnsatoTcsa onpepensowmmm na—
pameTpamMu KadyecTBa Nb6oro KoMnboTepa.

YCTPOWCTBO HAKOMUTENEN

KoHcTpykTtBHo HXXM[ (unn «BrHYecTep») cocTouT
N3 MexaHW4eckomn 4acTv — repMeTM3npoBaHHoro 6no-
ka (HDA) v nnatbl anektpoHukun (PCB). B repmobnoke
pa3MeLleHa BCA MexaHuka BUHYEeCcTepa, a Takxe MUK—
pocxema npegBapuUTENbHOro yCunuTens,/ KommMmyTaTopa.
Ha nnaTe 3aneKTpPoOHUKM yCTaHOBNEHbI MUKPOCXEMBbI,
yrnpaBnsioLme MexaHU4eckMmn yanamm, KognpoBaHn—
eM/ 0eKOAMpoBaHNEM AaHHbIX C MarHUTHONO HOCUTENs
1 npuemMoM/nepefaden nHhopMmaLmm Yepes BHELUHUI
nHTepdpenc. [NnaTa anekTpoHKM pasmeLLaeTca 3a npe—
Lenamu repMmobroka, — Kak NpaBuIo, B HUXHEN ero 4a—
cTn. B HekoTopbIx MOfgensax BUHYECTEPOB, HAaNpuUMep
n3BecTHon cepumn Barracuda cdmpmbl Seagate, KOH-
Tponnep 3akpbIT METANIMYECKON KPbILLKOW, 3alyuLLan—
e aneKTPOHUKY OT HaBOAOK W MOBPEXOEHWN.

MexaHn4yeckas 4acTb

OcHoBY BCEWN KOHCTPYKLMW COCTaBMnsAeT NUToN Me—
TanIMYecKuin Kopnyc, NPefoXpaHsloLLMA TOYHYH Mexa—
HWKY OT BO3OENCTBMA OKPYXatLlen cpefbl. BHyTpeH-
HUM 06bEM KOpryca 3amnofiHEH OYULLEHHbLIM OT MbIfK
Bo3ayxom. C60pka MexaHWKN OCYLLECTBASETCH B LIEXE,
roe Ha opuH Ky6uveckum MeTp BO34yxa NpUXoauTcs
MeHee CTa MbINMHOK (T.H. YncTom 3oHe knacca 100).

B repmo6noke pa3mMeLlaeTcst NakeT MarHUTHbIX ANCc—
KOB, HACaXEHHbIN Ha WNWHAENb OBUraTens, MarHUTHbIE
rONoBKM C CUCTEMOW MO3ULWOHMPOBAHWA U Npedycu-
nUTENb,/ KOMMYTATOp, 06ECNEeYNBaOLLNA YCUNIEHNE CUTM—
Hana c rofoBOK W MepekIIiYeEHNE MeXIy HUMM.

B kopnyce repmo6noka UMeeTcs 0TBEPCTUE, 3aKpbl-
Toe NNoTHbIM hunbTpoM, obecrnevnBatoLLiee BbipaBHN—
BaHVE BHYTPEHHEro JaBlieHUs BO3Jyxa c aTMochep-
HbIM gaBneHueM. (VIMeHHo Yepes 3To 0TBEPCTUE BHYTPb

HaKonuTens MoXeT nonacTb Boaa.) [Npw BpalLeHun gnc-
KOB CO3[AeTcs NMoTOoK BO3[yxa, KOTOPbIA LMpKynupyeT
BHYTPM KOpryca 1, MOCTOSHHO NPOX0As Yepes eLle oavH
thunbTp, JONOMHUTENBHO OYMLLAETCH OT MbINK.

MarnuTHbIVi Auck NpepgcTaBnaeT cobor Kpyrnyo nna—
CTMHY U3 aniMUHNS (B PESKUX Cry4Yasx U3 Kepamuku
WNU CneunanbHoro CTekna), MoBEPXHOCTb KOTOPOM 06—
paboTaHa No MakcUMarnbHO BO3MOXHOMY KNaccy To4—
HOCTW, 3@ UCKITIIOHYEHUEM 30HbI MAPKOBKK (ecrnv TakoBas
nmeetcs). /13-3a akcTpemManbHoM 4McToThl 06paboTkm
NMOBEPXHOCTEN AMCKOB U MarHWTHbIX FOMOBOK, OHU MO—
ryT npununaTe Opyr K Opyry BCNEACTBUE CUM MONeKky—
NSipHOro NpuTsXXeHus. [ns npefoTBpalleHns 3Toro siB—
NEHUSI 30HA KOHTaKTa FofoBOK U AMCKA UMEET UCKYCCT—
BEHHYIO LLUEPOXOBATOCTb — CMELUManbHY0 NasepHy
Haceuky.

Y1066l NpMAaTh NOBEPXHOCTW AWCKA MarHUTHbIE
CBOMCTBA, €€ MOKPbIBAOT (DEPPOCNIABOM Ha OCHOBE
OKCMAa XpoOMa WiN BaKyyMHbIM HamMbIIEHUEM HaHOCST
cnon ko6anbTa. Takoe NoKpbITUE UMEET BbICOKYH TBEP—
LOCTb W CYLLECTBEHHO GOMbLUYH N3HOCOCTOMKOCTb, YEM
y PaHHUX MOLENEN BMHYECTEPOB, B KOTOPbIX MAaCTUHbI
MOKPbLIBANMChb CIOEM HE OYEHb CTOMKOro MarHUTHOrO
naka Ha OCHOBE OKMCU Xenesa.

BpalueHre OnCKOB OCYLIECTBNASET CreunanbHbIn
3—-thazHbI anekTpogsuratens. CtaTop gBUraTens cogep-
XUT TpU 06MOTKM, BKITKOYEHHbIE 3BE3A0M C OTBOLOM MO—
cepeaviHe, @ poTOp — MOCTOSIHHBIA CEKUMOHHBIA MarHuT
13 pepko3eMernbHbiX MeTannos. [nsa o6ecneverHnsa ma—
noro 6ueHns Ha BbICOKKX 060poTax B ABUraTene Ucrosb—
3ylOTCA crneumanbHble MOALIMMHMKKY, KOTOPbIE MOTYT BbITb
KaK LIapuvKoBbIMY, Tak 1 6onee CoBEpLUEHHbIMU — XUL-
KOCTHbIMM (BMECTO LUAPMKOB B HWUX UCMONb3YETCSA Cre—
LManbHOe Macno, NornoLLaLLee yaapHbIe Harpy3Kkuy, YTo
yBENVYUBAET LONTOBEYHOCTb ABuraTens). )KnugkocTHble
NOALUMMHUKLA UMEIOT BOMNee HU3KUIA YypOBEHb LLIyMa U no-—
YTW He BbILENSIIOT TENNo Bo BpeMs paboTbl. CkopocTs Bpa—
LLeHUst ABUraTenss B COBPEMEHHbIX HAKOMUTENAX C NH—
Tepchencom IDE coctaenaet 5400 vnn 7200 06./MuH, ©
nHTepdencom SCSI — 10 000 unm 15 000 06./ MUH.

MarnuTtHas ronoska npepcTaBnsaeT cobor CrnoxHy
KOHCTPYKLMIO, COCTOSILLYIO U3 MHOXECTBA AeTanen. 3t
LeTanu HacToNbKO Marsbl, 4TO U3roTaBnNMBaKTCH METO—
pom chotonuTorpadum (kak Mnkpocxemel). Pabo4van no—
BEPXHOCTb KEPAMMWYECKOr0 KOPMyca rofioBKX OTnonm-
pOBaHa C TaKOW Xe BbICOKOW CTEMNEHbH TOYHOCTY, HTO U1
puck. [NpuBop ronoBok NpeacTaBnaeT cobor NNockKyw
KaTyLLKY, MOMELLEHHYK MeXZy NoKcaMu NOCTOSAHHOMO
MarHuTa 1 3aKpenyieHHy Ha KOHUE pblvara, Bpallal-
Lerocsa Ha noALwnnHUKe. Ha gpyrom KoHuUe pblyara Ha-
X0OWTCS MOABEC C MarHUTHbIMK ronoeBkamu. Cam nop-—
BEC MOAMPY>XWHEH C OMNpefdesieHHbIM YyCUMMeM, 4To no-
3BOJISIET rOI0BKaM «MEeTeTbY HA BbICOTE B AECATLIE 4O
MUKpPOMETpa Haf NMOBEPXHOCTbLI AMCKa.
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MpvBoA, NepemeLLatoLLmin 610K ronoBOK, MOMy4nn Ha—
3BaHve Voice Coil (¢«3ByKOBasi kaTyLuka») — n3—3a npsmom
aHanorumM ¢ yCTpoMCTBOM 3MNeKTPOANHAMUYECKOr0 FPOM—
koroopuTens. O6MoTKy NO3ULMOHEPA OKPYXaeT NoCTosH—
HbI MarHWT. pn Nogaye Ha KaTyLLKY TOKa OnpefeneHHoN
BENMYMHBI 1 MOMNAPHOCTM pbl4ar MOBOPaYMBAaETCA B COOT—
BETCTBYIOLLYIO CTOPOHY C OMPEAENEHHBIM YCKOPEHUEM.
V13meHsist Tok B 06MOTKE, MOXXHO YCTaHaBIMBaTb rOMNOBKM B
ntoboe NonoxeHne Ha TPAEKTOPUM B MIOCKOCTM AMcKa.

Ona cdmkcaumm ronosok B Hepabo4eM cocToAHUN (B
30HE MapKkoBKW) MCNOMb3YHTCA cneynanbHble 3aLlen—
k1. Hanbonbluee pacnpocTpaHeHWe Nony4unu gea Tuna
3aLlenok — MarHuTHble 1 Bo3pyLUHble. MarHuTHas 3a—
Lenka npeacTasnaeT cobo ManeHbKMi MOCTOSAHHbIN
MarHuT, KOTOpPbIN B MOMNOXEHUM NAPKOBKW MONOBOK NpU-—
TArMBAET XENe3Hy NNacTUHKY — naxok, yCTaHOBNeH—
HbI Ha kopnyce o6moTku. BoapywHana 3awenka (unu
BO3AYLUHbIA 3aMOK) Takxe MKCcUpyeT No3nLMOHED B
NnapkoBO4YHOW 30He, He faBas eMy nepemewatbcs. C
Ha4anom BpalleHWs AUCKOB CO3[aBaeMblii UMW BO3-
OYLLUHBIA NOTOK OTKMOHSAET «Mapyc» BO3AyLUHOM 3aLien—
K1 1 0cBOBOXAAET CMCTEMY MO3ULMOHUPOBAHNS.

B repmobnoke HaxoguTca npegycunutens,/KOMMY—
TaTop CUrHanoB C MarHUTHbIX FONOBOK. 3TO Heobxoan—
MO, 4T06bl YMEHbLNTb HABOAKM Ha TMBKUI wnend
(Nnockumn kabenb), MBYLLMIA OT FONOBOK K OCHOBHOWM nna-—
Te. K aTomy xe wnendy NogknioveHa «3ByKoBas KaTyLL—
Ka», a nHorpa v WnuHaensHbin gsuratens. OgHako B
6onbLUMHCTBE HaKoOMUTENEN NUTaHWe Ha ABUraTenb Nno-—
[faeTca Yepes OTAenbHbIN LWnend), N03aToMy NOAKIHYe—
Hue repmobnoka Kk nnaTe ynpasBneHus, Kak nNpaBuno,
OCYLLECTBNAETCA ABYMSA pa3bemamu.

lMnata anekTpoHuKu

CxeMOTexXHMKa COBPEMEHHbIX HAKOMWUTENEeN OTInYa—
eTCA NPUMEHEeHNeM HeBoNbLIOro YMcna MUKPOCXEM
pasHom cTeneHn uHTerpaumn. CTpykTypHas cXxema anek-—
TPOHHOW 4YacTu NpuBEREHa Ha puc. 1.

3neKkTpryeckas cxemMa COBPEMEHHbIX HaKonuTenewn,
Kak MpaBuo, peanM3oBaHa Ha 6 NHTerpanbHbIX MUKPO—
cxemax. OgHako B nocnegHux mogenax nossunucek BVIC
KOHTPONEPOB CUCTEMbI, COBMELLAIOLLIME KaHan YTeHns/
3anucu, MMKpokoHTponnep Ha ocHoee RISC-npouec-
copa 1 KOHTponnep BBOAA/BbiBoAa. Takum 06pasom,
konunyectso VIMC Ha nnate anektpoHukn HXXM[ co-
KpaTunocb [0 YeTblpex:

« KOHTpOMfep CUCTEMbI, BKNIOYAIOLMA KaHan 4Te—
HWA,/ 3aNMcK, KOHTPONNep BBOAA,/ BbIBOAA N MUKPOKOH—
Tponnep;

. mukpocxema 3lMM3Y, cogepxawaa MMKpoONpo—
rpammy;

« MUKpPOCXeMa ynpaBfieHust ABUraTenem 1 npmBo-—
LOM rOnoBOK;

. Mukpocxema O3VY.

HanbHenwee yBenM4yeHne CTENEHN MHTerpauum
MUWKPOCXEM HaKoNuUTens 3aTpyAHAETCA NPUHLMAMANLHO
pasHbIMU 3HEPreTUY4eckuMun pexvmamm paboTsl ero
hyHKLMOHaNbHbIX Yy3M0oB.

lMepBbIM COBMELLEHHLIM KOHTPONNEPOM CUCTEMBbI,
ncnonb30BaHHbIM B HakonuTensx, 6eina BVIC, paspa-
6oTaHHana cmpmon Cirrus Logic. K coxaneHuto, Hego—
cTaTo4HO oTpaboTaHHas MeToAauka MpUMEeHeHUs 3Town
BWC npuBena kK 4acTbiM OTKa3aM HakonuTenen cepumn
MPF3xxxAT n MPG dmpmbl Fujitsu.

MuKpOKOHTPOINEP COAEPXUT NPOLIECCOPHOE AP0,
peann3oBaHHoe Ha ocHoBe RISC-apxutekTypbl. [Nocne
noAaym NMTAOLLEro HanpsXXeHUs NNu akTMBM3aumum cur—
Hanom BHelUHero uHtepduenca, cxema cbpoca nopgaet
curHan RESET Ha MyuKpokoHTponnep, KoTopbin, oTpaba-—
TbiBas MUKpPoONporpammy, 3anucaHHy B M3V, Beinon-
HAeT caMoAMarHocTuKy, o4uwaeT pabo4yyo obnacTb
NamsaTU AaHHbIX, NPOrpaMMUpyeT AUCKOBbIA KOHTPOM-
nep v Apyrme MMKpPOCXeMbl, HAXOAALUMECA Ha BHYTPEeH—
Hen wnHe HXXML,.

[Mocne aToro MMKPOKOHTPONMEp onpaluneaeT yCT—
poncTBa HaKoMUTens u, eCNv HeT curHanos 06 aBapun—
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Puc. 1. CTpykTypHasi cxema HaKonuTens
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HbIX CMTyauMAX, BblAAeT CUrHan 3anycka Aasurartens.
Cnepytowumin atan paboTbl MUKPONPOrpaMmel — NpoBe—
peHve BHyTpeHHero Tecta O3V bydepa gaHHbIX U KO-
MaHf, KOHTponnepa ANcKa U COCTOSHWUS BXOAHbIX CUM—
HanoB CO CTOPOHbI BHELWHEro nHTeptenca. Janee
MUKPOKOHTPONNEp, U3Mepss Nepuos cnefoBaHns Um—
nynbcoB )as3Hbix 06MOTOK, 0OXMAAEeT, NOKa ABUraTenb
He HabepeT HOMMWHanNbHYO CKOPOCTb BpalleHus. [ocne
3TOro OH BblJaeT KOMaHAy Ha NepeMeLleHne MarHuT—
HbIX FOMOBOK B 30HY, rAe 3anucaHa cnyxebHas nHdop-
Mauus, 1 nepecbinaeT cHUTaHHble AaHHble B BydepHoe
O3YV. Tenepb MMKPOKOHTPOMMIEP FOTOB K MPUEMY CUTHa—
NnoB C BHeLUHero nHTepdenca. B atom pexunme KomaH-
[a, NpulleaLas oT LeHTpanbHoro npoueccopa KoMmb—
toTepa, NOpoXAaeT Lenoyky AencTBUIA, B KOTOPOW y4a—
CTBYIOT BCe anemeHTbl HXM/[.

KaHan 4teHus,/3anucy cocTouT U3 npegycunutens,/
KomMMyTaTopa (pacnonoxeHHoro B repmobnoke), cxe-
Mbl YTEHWS, CXEMbI 3aMUCK 1 FreHepaTopa OMNopPHbIX Bpe-—
MEeHHbIX MocnefoBaTeNbHOCTEN.

MpenycunuTens UMeET HECKONbKO KaHanoB, KaxabIn
M3 KOTOPbIX COEAUHEH CO CBOeW ronoskon. MNepeknto-
YeHWe OCyLLEecTBAAETCHA MO CUrHanaM MUKPOKOHTPOM-
nepa. lNpepycunuTens COQepXUT nepeknoYaTens Toka
3anncu 1 ceHcop owmnbok, KoTopbIn DOPMUPYET COOT-
BETCTBYHOLLMI CUrHAnM, eCNX B FONOBKE NPOM30LUMI0 KO-
pOoTKOE 3aMblkaHne nunu o6pbiB.

VIHTEerpupoBaHHbIN KaHan 3anucu,/YTeHus B pexmu—
Me 3anucy OCYLLEeCTBNAET NPUeM AaHHbIX C AMCKOBOro
KOHTpONNepa CUHXPOHHO C TaKTOBOW YacTOTOM 3anucy,
NPON3BOANT VX KOOUPOBaHWE, OCYLLIECTBNSAET NpeaKop—
pekuunio n NnepefaeT B ycunuTenb 3anucu. B pexume
YTEHWA CUrHan Cc BbIxoAa npepycunuTens,/KoMMmyTaTo-
pa noctynaeTt Ha cxemy APY, 3aTem, npoxofna 4vepes
nporpamMmMupyembli punbTp, CXeMy afanTUBHOM KOM-—
neHcaumMm n UMNyNbCHbIN AeTekTop, Npeo6pa3oBbiBa—
eTCs B MOCNeA0BaTeNlbHOCTb AaHHbIX, KOTOpble MOCTy—
narT Ha KOHTpOnnep Aaucka Ansa fanbHewwen o6paboT-
K1 1 NepefaYn Yyepes BHELUHW nHTepdenc.

KoHTtponnep gucka — Hanbonee CNOXHbIA 3NIEMEHT
HakonuTens — onpefensieT CKoOpocTb 06MeHa [aHHbIMM
MeXAy HaKonNUTENeM U LieHTpanbHbIM NPOLECCOpPOM
KOMMblOTEpA.

KoHTponnep aucka MMeeT YeTbipe NopTa, C MOMOLLbH0
KOTOpbIX OH nopakntoyaeTtcs K LM, MukpokoHTponnepy,
6ydepromy O3VY 1 kaHany BBoga/BbiBoga (MHTepden—
cy). AnckoBbI KOHTPONNep NpeacTaBnseT cobon aBTo—
MaT, ynpasnsaemMbIi MUKPoKoHTponnepom. Co cTopoHs LI
LOCTYMHbI TONMbKO CTaHAAPTHbIE PErnMCTPbl KOHTPONNepa.
lMporpammupoBaHve AMCKOBOro KOHTpoOnnepa Nnpou3so-
OMTCSH Ha aTane vHuumanuaauun npyv NoMoLn MUKpo—
KOHTpOnnepa, npu 3TOM BbINOMHAETCA HACTPONKa MeTo—
[0B KOAMPOBAHWA [aHHbIX, BbIGMPaeTcsa NoiMHOM uc—
npaBneHus oWnBoK YTEHWS, YyCTaHaBNUBAETCA PEXUM
rmbkoro unu XecTkoro pasbueHns Ha cekTopa 1 T.4.

MeHepgxep 6ydepa gaHHbIX aBAfeTcs QyHKUMO-
HanbHOW 4acTbi AMCKOBOr0 KOHTPONMepa 1 ynpasnsaeT
6ydhepHbiM O3V, 06bem KOTOPOro B COBPEMEHHbIX Ha—
KonuTtenax coctaBnaeT oT 512 Kbant no 8 Mbant. Me—
Hepxep pasbuBaeT Bce npocTpaHcTBo 6ydhepHoro
O3V Ha cekTopbl. CneynanbHble perncTpbl, AOCTYMNHbIE
CO CTOPOHbI MMKPOKOHTPONNepa, CoAepXaT HavanbHble
appeca atux cekTtopos. Korga LM ocywectensaeTt 06—
MeH [aHHbIMW C OQHWUM M3 HWUX, CO CTOPOHbI KaHana

YTEHWSA/ 3aNnCK BO3MOXEH 0B6MEH [aHHbIMU C OpYyrum
cekTopom b6ydepHoro O3Y. Takum obpasom pacna-
pannenMBalTCsa NPOLECCHl YTEHUS/ 3aNNCK OaHHbIX U
obmeHa ¢ LI

KoHTtponnep geuratens ynpasnset 3-hasHbiM OBU—
raTenem, ero NporpaMMMpoBaHMe OCYLLECTBASETCA Npu
NOMOLLM MUKPOKOHTponnepa. CyLecTBYOT Tpu pexmma
yrpaBneHus ABUraTenem: aanyck, yckopeHme n ctabuns—
Hoe BpalleHue. PaccmoTpum pexum 3anycka. [pu
BKJIKOYEHWM NUTaHWA NojaeTcsa curHan cbpoca Ha MUK—
POKOHTPONNEpP, KOTOPbIW, BbIMNOMAHAS MHULXANN3aUNIo,
3anuckLIBaeT B PEMMCTP KOHTPOMepa ABUraTens koMmaHay
Ha 3anyck. KoHTponnep opMupyeT curHansl nepe-—
Knto4eHns has, Npu 3TOM LWNNHAENbHbIA ABUraTens Bpa—
LwaeTca ¢ HebonbLUIOM CKOPOCTbIO U reHepupyeT 3.4.C.
camMouHayKuMM npy nepeknioveHnn obmotok. KoHTpon-
nep gBuratens obHapyXxuBaeT 3TOT CUrHan v nepegaet
MWUKPOKOHTPONMEpY, KOTOPbIA UCMNONb3yeT ero ans na-—
MEpPEHMA 4acToThbl BpalleHns wWnuHaensa. B pexunme
YCKOPEHWS MUKPOKOHTPONNMEP YBENNYMBAET YacToTy ne—
pekntoYeHns hasHbix 06MOTOK, MOCTOSIHHO U3MEPSIst CKO—
pocTb BpalleHusa asuratens. Korga HoMuHaneHas cko—
pOCTb OOCTUIHYTa, KOHTPOMNEpP NepeBoanT ABUraTenb B
pexumM cTabunbHoro BpaLLeHus.

B 3aTom pexnme MMkponpoueccop BblYMCASET Bpe—
Ms ogHoro obopoTa gBuraTtens, OCHOBaHHOE Ha CUrHa-—
ne pasHocTy has, U NOACTPaMBAET CKOPOCTb BpaLle—
Hus. [locne BbIBOAa MarHUTHbLIX FONOBOK U3 30HbI Nap-—
KOBKM CKOPOCTb BpaLleHUs ynpaBnaeTca CUrHanom
CepBOpa3MeTKMu.

KoHTponnep npusofga ronoBok hopMupyeT ynpaB—
NALWNA TOK NepemeLLeHns 1 ctabunmsaumm no3numo—
Hepa Ha 3ajaHHOM Tpeke. 3Ha4YeHne Toka BblYUCNAETCH
MWUKPOKOHTPONNEPOM Ha OCHOBE OLM(IPOBAHHOI0 CUr—
Hana paccornacoBaHWs MOMIOXEHUs FONoBKM OTHOCU—
TenbHo Tpeka (Position Error Signal, PES). 3Ha4veHune
Toka B umcpoBoM Buge nogaetca Ha LUAl. AHanoroBbi
curHan c Bbixoaa LIAT ycunmeaeTca 1 nogaeTcs Ha «3BY—
KOBYH KaTyLUKy» NO3MLMOHEPaA FOMOBOK.

Cny>xebHasi uHghopmavyms

CnyxebHas nHchopmauma Heobxogrma ans yHKLN—
oHnpoBaHua camoro HXXM[ n, kak npaBmno, ckpbiTa OT
nonb3oBaTtens. CnyxxebHy0 MHPOPMaLIMIO MOXHO pas3-—
LOENUTb HA YETbIPE OCHOBHbIX TUNa:

« CepBO-MHJOpMaLUo, UM CEPBOPA3METKY;

« dhopmaT HWXHEro ypoBHS;

« pe3unaeHTHble MuMKponporpammel (pabo4mne npo-
rpaMmmblj;

« Tabnuubl KOHAUIypaumum n HaCTPOKM.

CepBopa3ameTka Heobxoauma ana paboTbl cepBocu—
cTeMbl NpMBoAa MarHUTHbIx ronosok HXM[O. MimeHHo
Nno cepBopasMeTKe OCYLLECTBNAETCA MX MO3MLMOHNPO—
BaHWe 1 yaepxaHue Ha fopoxke. CepBucHas pasmeTka
3anvceliBaeTCs Ha AUCK B NPOLECCE NPOM3BOACTBA Ye-—
pe3 cneunanbHble TEXHONOMMYECKUE OKHA B KOpryce
cobpaHHoro repmobnoka. 3aTemM OKHa 3aknenBalTcs
wunnbankamu, Ha kotopbix HanmcaHo «DO NOT OPEND».
3anunchk ocyLlecTBnsAeTcs CO6CTBEHHbIMY FOIOBKaAMM
HaKonWTEeNs NPV NOMOLLM CNEeLNanbHOro BbICOKOTOYHOMO
npubopa — cepsopanTepa. [epemelyeHne No3numMoHe—
pa ronoBoK OCYLLECTBMAETCA CreunanbHbIM TonkaTenem
cepBopanTepa no KanMbpoBaHHbLIM LIaram, KoTopble
HaMHOro MeHbLLE MEXTPEKOBbIX MHTEPBanNoB.
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Pabo4ne nporpammbl (MUKpPOKOA] ynpaBnsaoLLero
MUKPOKOHTpONnepa npeacTaBnsatoT cobon Habop npo-
rpamm, Heobxogumbix ans pabotel HXXMIO. K Hum oTHO-
CATCHA NporpaMMbl NeEPBOHAYaNbLHOM AMArHOCTUKM,
ynpasneHus BpalleHnem ABuraTens, no3numMoHnpoBa-—
HVA ronoBok, obmeHa MHopMaumen ¢ UCKOBbIM KOH—
Tponnepom, 6ydepHbiv O3V un T.4. B 6onbLUnHCTBE MO—
[enen HakonuTenen pabo4ne NporpaMmbl pasmeLLaTcs
BO BHyTpeHHem [13Y («npowmnBke») MUKPOKOHTpONne—
pa, B gpyrux mogensax ncnone3yetca sHewHee 3M3Y.
B HekoTopbix Mogensax HXXM[ yacTtb pabo4mx nporpamm
XpaHWTCA B Cny>xebHom 30He MarHUTHOro grcka, a B N3V
MUWKPOKOHTPONMepa 3anncaHbl NporpamMmbl UHALMaNn—
3auun, NO3ULMOHMPOBAHWA U HaYanbHbIN 3arpy34mK Ans
CHUTbIBAHWA paboymx NporpaMmM ¢ MarHUTHOro gucka B
O3YV. Bcnepctaue TOro, 4T0 NporpaMMHble MOgynu ne-—
perpyxatotca B O3Y npu 3anycke HakonuTens, OHW No-—
Ny4Ynnn Ha3BaHWE «Pe3UAEHTHbIXY.

MMpon3BOAUTENN XECTKUX AMCKOB pa3MeLLalT 4acTb
MWKPOMPOrpaMM Ha MarHUTHOM HOCUTENe He TONMbKO Ans
3koHoMuK obbema M3V, Ho 1 Ana BO3MOXHOWM onepaTuB—
HOW KOppPeKLMM Koaa, eCnv B MPOLECCe NPOM3BOACTBA UMK
akcnnyaTauum obHapyxusatoTcs owmbkun. Ha ViHtepHeT—
canTax no4tv Bcex npomssogutenen H>XXM[ moxHo HanTm
YTUNUTBI, BbINOMHAOLLME Takylo MopgepHu3auumto. Nepenn—
caTb MMKpPOMPOrpamMMy Ha AMCKE 3HAYUTENbHO NPOLLE,
4yem nepenavBaTtb «NPOLUNTbIEY MUKPOKOHTPonneps!. (Mo
aton npu4mHe coupma Western Digital Heckoneko net
Hasap oTo3sana 6onbluUyto NapTU0 HakonuTenen.)

PopmaT HUXHEro ypoBHs. Havyano [opoxkun onpe-
pensieTcs MHOEeKCHbIM nMnynbcom. Kaxpgaa Aopoxka
pasfeneHa Ha CeKTopbl AaHHbIX U cepBomMeTkn. PopmaT
KaXJA0ro CekTopa CoOAepXMUT none naeHTudukaumm, none
LaHHbIX, CUHXPO30Hb! U Npobenel. B Havane kaxporo
CeKTopa pacnonoXeHa CUHXPO30Ha, KOTopas CIYXUT Ans
thasmpoBaHMA U CUHXPOHM3aLUMK CTPO6—-MMMynbca Bbl—
LOeneHus AaHHbIX. [one ngeHTndrkauum cCopepxumT ag—
pecHbln Mapkep, u3n4eckuin agpec cektopa, 6anT
thnaroB 1 6aiTbl LMKNNYECKOr0 KOHTPONLHOMO KoAa.

B nocnepHee Bpems nonyyun pacnpocTpaHeHue
thopmaT 6€3 ucnonb3oBaHua nogeHTugurkatopos. Mpn
TakoM crnocobe pacnonoxeHus MHhOPMaLMN Ha AOPOX—
Ke nonsa ngeHtTudmnkaumm BoobLue oTCYyTCTBYHOT, YTO yBEe—
nu4mMBaeT NonesHyr eMKOCTb AUCKOB. BMecTo Hux nc-
nonb3yeTcA CUCTEMA CEpPBOYNPaBIIEHUs, pacnonarat-
wasa puanyeckme cekTopbl Ha fopoxke. HYTteHune/
3anucb BCex CEKTOPOB NPOM3BOAMTCS 3a o0AnH o6opoT
aucka, npu atom B O3Y xpaHatca o6pasbl CHUTAHHOM 1
3anucbiBaemMon [opoxek. Takum o6pasom, Ana YTeHus
opgHoro cektopa B O3Y «nomellaeTca» BCSA AOPOXKaA
LIeNMKOM, 1 YTeHue MoCneayloLmnX CEKTOPOB BbINOMHA—
eTca He ¢ gucka, a ua O3V nakonutenqa. [na sanucu
0[HOr0 CeKTopa MPOUCXOANT YTEHUE QOPOXKU, ee MO—
oudhmkauma B O3Y 1 3anuck Lenon JopoXKM Ha AUCK.

Tabnuubl KOHhUrypaymm n HacTpoViKy HakonuTenen
copep>XaT MHpopMaumio 0 NOrM4eckon n pusnyeckon
opraHn3auum gUckoBoro npocTpaHcTBa. OHW Heobxo—
AVMbl ANA CaMOHaCTPOMKW 3NeKTPOHHOW 4acTu AMCKa,
KOTopas oAMHaKkoBa AfA BCex Moaenen cemencraa. Ha-
npumMep, B NPOLECCE «NPOeKTUPOBaHMA» MOAENN C eM—
kocTbto 80 [6anT Ha YeTbipex NOBEPXHOCTAX ABYX Mna-
CTWH aBTOMAaTMYeCKM Nony4aeTcs «NoN0BMHHAA) MOAENb
(40 Mb6anT Ha ogHOM NNacTUHe UAx OBYX NOBEPXHOCTAX)
nnn «4eteepTuHkay (20 N6anT Ha ogHOM NOBEPXHOCTK).

Takmm 06pa3omM, NPOM3BOAMTENL MOXET BbINyCKaTb
thakTnyeckn oguHakosble HXXM[ pasHon emkocTy n
ctonumocTu. Kpome TOro, B «MnapLLmx» MoAensix MoXHO
“cnonb3oBaTk AeTanu, KOTopble He MOryT 6bITb MCNOMNb—
30BaHbI B «CTapLumx» mogensx. Hanpumep, B mopensx
H>XM[ «nonoBvHHOM» MKOCTM MCNOMb3YHTCA AUCKN,
umerowme aeekTbl HA OAHOW U3 NMOBEPXHOCTEN.

Tabnuybl gegpektos. CoBpemMeHHasa TEXHONOrMa n3—
rOTOBMEHNA MarHWTHbIX QUCKOB He MO3BOMSAeT U3roTo-
BUTb Ancku 6e3 pechekToB. HeogHopogHocTL MaTepua-—
na HOCUTENS, orpexun LWnntoBKK, MOCTOPOHHME NPUMECH
NpU HAHECEHWWN MarHUTHOro Cnos 1 T.4. MOPOXAAlT 06—
NnacTu NOBEPXHOCTWU AMCKA, HA KOTOPbIX HEBO3MOXHA
6e30wmnboyHas 3anmch U YTEHUE AaHHbIX.

B Hakonutensx 15-neTHen gaBHOCTW, HANpUMep TUNa
ST506/412, Tabnuua gethekTHbIX Jopoxek bbina Hane—
4yaTaHa Ha Haknerke, pa3MeLLleHHOM Ha Kopryce repmo-
6noka, a cam «BUHYeCTep» MMen 3anac no eMkocTn. Ha-
npumep, HXXM[I tvna ST225 (20 M6anT) Ha camom gene
nmen emkocTb 21,5 M6ainT, T.e. 1,5 MbanTta oTBOAUNOCH
nopa cbonHble cekTopa v AOPOXKK. B coBpemeHHbIx
H>XXM[ Takxe nmeetcsa M3bbITOYHOCTb, HO OHa JOCTYMN—
Ha Tonbko MUKpokoHTponnepy. OgHa 4acTb M36bITO4HON
€MKOCTM 0TBOAMTCA noA pabo4yve nporpammel, Tabnuupl
KoHdurypaumm, c4eTumkmn S.M.A.R.T., 3aBogckyto nHgop—
Maumto, Tabnuubl gedektoB 1 T.n. Opyras 4acTe pe3ep-
BMpYETCS Ansi 3aMeHbl CHOMHbIX CeKTOpPoB, BO3HMKa—
LmMx B npouecce paboTbl «BUHYECTEPAY.

3anonHeHue Tabnuu AedekToB NPON3B0ANTCS BO Bpe—
M$l BHYTPM3aBOACKMUX UCMbITaHnin. Homepa c6oiHbIx 6no-
KOB MomeLuatoTcs B Tabnuuy. Takaa npouenypa Ha3biBa—
eTcqa ckpbiTMem nnu nogrpyskon gedexktos (UPDATE
DEFECT). Ecnn npu pabote HXXM[ nponsonget obpa-
LLieHVEe K CKpbITOMY AethekTHOMY cekTopy, oHo ByaeT ne-
peagpecoBaHo pe3epBHOMYy cekTopy. [loaTtomy BCe co-
BPEMEHHbIE HAKOMWUTENW, BbILLEALINE C 38aBOAa—MN3roTo-
BUTENS, HE UMEIOT HY 0aHOro Aed)ekTHOro cekTopa.

BonblmnHcTBo Mogenen HXKM[ vmetoT oBe Tabnuibl
pedbekToB: HavanbHy (Primary, nnn P-List) n pactyLuyto
(Grown, nnn G-List). HayanbHasa Tabnvua 3anonHaeTcs Ha
3aB0Je—M3roToBUTENE MPY BbINOMHEHUN BHYTPU3aBOAC—
koro tectupoBaHua — SELFSCAN (intelligent burn—in).
Btopas Tabnuua npegHasHadeHa Ana pa3MelleHus ae-
dheKToB, BO3HMKAIOLLMX BO BPeMs aKcnnyaTaumun. [na atoro
B CMMCKE MOSb30BaTENbCKMX KOMaHA NPakTUYecky BCex
HXM[ cyLiectByeT komaHga «assigny», No KOTOPOW Npo—
MCXOAMT NepeHasHa4veHne c60MHOro cekTopa Ha pe-
3epBHbIA. 3Ty KOMaHAY MCMNONb3YT MHOrME TECTOBbIE
nporpaMmel, B TOM 41cne pekoMeHAoBaHHble hrupmon—
NpoV3BOAMTENEM ANA (NEYEHUA» HaKonuTenew.

B Hakonutensx dmpmbl Western Digital peannzo-
BaHa cuctema Data Lifeguard, BeinonHsawoLwasa nepeHa—
3Ha4eHve cHOoMHbIX CEKTOPOB aBTOMAaTUYECKM, KOrga K
HakonuTento HeT obpaLleHnn co ctoposbl LM, Onqa atoro
HaKonuTenb TECTUPYET CBOW NMOBEPXHOCTM 1N NEPEHOCUT
LaHHble NoNb30BaTena B pe3epBHbIN CEKTOP, a Ae—
heKTHbIN CEKTOP NMOMEeYaeTCcs COOTBETCTBYHOLMM 06—
pa3oM. Takon MexaHW3M CKpbITUS AeeKTOB Mo CyTK
aHanoru4eH npouepype «assigny.

B HakonuTenax Fujitsu, Quantum, Maxtor, IBM pea-
NM30BaH MexaHW3M aBTOMaTUYecKOro CKpbITus Aedek—
TOB BO BpeMs onepauuu 3anucu. Tak, ecnv 3anuce faH—
HbIX MPON3BOAMTCA B AE(EKTHbIA CEKTOP, HAKOMNUTENb
CaMOCTOATENbHO NepeaapecyeT obpalieHne B pe-—
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Jlornyeckne
cekTopa

dusmnyeckune
cekTopa

8
g

Pabouas 30Ha Pe3epBHas 30Ha

Puc. 2. MeTon nepeHa3Ha4eHHOro cektopa

Iornyeckme
cekTopa

(( N-1 N 1

duandeckme 1
cekTopa

5 16 1 7 [[4
6|7|8>|N N+t | I

Pa6ouas 3oHa Pe3epBHas 30Ha

Puc. 3. MeTtog nponywjeHHoro cekropa

3EpBHYI0 30HY, a Ae(EKTHbIA CEKTOP MOMeYaeTcs Kak
cborHbI 1 ero Homep 3aHocuTes B Tabnuuy (G-List). M3
crneunanna3npoBaHHbIX NPOrpamMm, CryXxallmx Ans cKpbl—
Tns AedhekTHbIX CEKTOPOB, MOXHO oTmeTuTb FUJFMT.EXE
ansa HakonuTenen Fujitsu, VWWDDIAG.EXE gna Hakonute—
nen Western Digital, ShDiag.exe ot Samsung u T.n.

[MBa mexaHn3ma ckpbiTus gegekTos

Mpn Ucnonb30BaHUN MexaHM3ma fnepeHasHa4eHns
(assign) HakonuTenb NponucbiBaeT B None ngeHTndu-
Kauuun gediekTHoOro cektopa nar nepemMeLLeHHoro cek—
TOopa W Janee B NoOfe JaHHbIX 3TOr0 CEKTOpPa — HOMEP
pe3epBHOro CekTopa, kK KoTopomy Heobxogumo obpa-
TUTBCA ANS 3anncu UNn YTeHns AaHHbix. Kak npasuno,
pe3epBHbIM CEKTOPOM SIBNSIETCA NEPBbIA CEKTOP Nochne
pabo4er obnacTn gaHHbIX nonb3osBaTtens (cm. puc. 2).

Mpy obpaLyeHnn K c6onHOMY CeKTopy BO BpEMS One-—
paumn YTeHWsA,/ 3anmMcK AaHHbIX KOHTPonnep YmtaeT dinar
M agpec nepeHasHa4eHust 1 NPoM3BOAUT MNO3ULMOHNPO-
BaHVE B Pe3epBHYH 30HY, 4TOBbl OCYLLIECTBUTL YTeHWE/
3an1cb JaHHbIX B XOpoLueM cekTope. [lethekTHble cekTo—
pa B 3TOM CIy4ae «nNponafalTy, HO HAaKoMUTENb KaXabIn
pas, HaTKHYBLUMCb Ha COOMHbLIN CEKTOP, MO3ULMOHUPYET
ronoBKM B pe3epBHyt0 061acTb. 3TOT NPOLIECC COMPOBOX—
[aeTcs Lenykamm 1 HekoTopbIM 3amefnieHemM paboTbl.

Mpn nomoLwm npoueaypbl «assign» MOXHO CKpbITb
TONbKO AeeKTbl, HAXOAALWMECH B NONSAX AaHHbIX. Ecnn
oLWnBKM CBSA3aHbI C pa3pyLUeHnemM nonew ngeHTndmnka—
LMW 1N NOBPEXAEHHON CEPBOMETKON, Takne AediexTol
METOAOM MepeHas3Ha4YeHns CKPbITb HEMb3S.

Bropoit MexaHn3m ckpbITust AeteKTHbIX CEKTOPOB, pe—
anusyembll Ha 3aBOAE-M3roToBUTENE, 3aKM4YaeTcs B
nponycke gedekTHoro cektopa. [Npu ncnonb3oBaHnn Ta—
Koro meTofa AetheKTHbIN CEKTOP UTHOPVPYETCS, a Crnepyo—

LeMy 3a pe3epBHbIM CEKTOPOM NprYCBanBaeTCca HOMep
pfedexTHoro (1 Tak ganee, No LENo4Ke); camblii NocneaHnn
CEKTOp COBUraeTcs B pe3epBHyt0 30HY (cMm. puc. 3).

Tako MeTof CKpbITUA HapyLlaeT LenocTHOCTb No-—
cnefoBaTenbHOCTN (hOPMaTUPOBaHNA HUXHEND YPOBHS,
T.e. CUCTEMA TPaHCNALMU NOrMY4EecKon CTPYKTYPLI AMCKa
LBA (logical block addressing — norn4eckas agpeca-
umsa 6nokoB) B dmandeckyto cTpyktypy PCHS (physical
cylinder, head, sector — dm3nyeckrne LMNMHAP, roNoB—
Ka, CeKTOp) AOMXHa y4uTbiBaTh AePeKkTHbIe CeKTopa,
471066l M36exaTb obpalwleHns Kk HUM. MeTog nponycka
TpebyeT nepecyeTa TabnuL TPAHCAATOPA W BbIMNONHEHNS
KOMaH[bl HU3KOYPOBHEBOro (hOpMaTUPOBaHNS, 4TO Ae—
naeT HEBO3MOXHbIM ero ncrnonb3osaHve 6e3 notepu
faHHbIx nonb3osatens. /IMeHHO no 3aTon nNpu4nHe aaH-
HbIl METO[ CKPbITUA AedieKTOB BbINONHAETCHA TOMLKO B
crneuunansHoM (TexHonorn4yeckom) pexvme paboTsl Ha—
KOMUTEnNa npu noMoLn yNoMAHYTON Bbille YyTUAUTLI
FUJFMT.EXE, koTopas npegHasHa4yeHa Ons CKpbITUS
pedekToB B HakonuTensax gmpmbl Fujitsu.

Jlornyeckas opraHvsauyus AUCKOBOro rnpocTpaHcTBa

B coBpemeHHbIX HaKOMUTENsAX 3Ha4YMTeNbHas 4acTb
LMCKOBOro MPOCTPaHCTBa CKpbITa OT nonb3osaTtens. OHa
COAEPXMUT cnyxebHyo nHgopmMaumnio 1 pe3epBHyo 06—
nacTtb Ana 3aMmeHbl cborHbIx cekTopoB HXXM[. B Hop-
ManbHOM pexunme paboTbl CKpbITas 4acTb AOCTYMNHA TONb—
KO MUKpOKoHTponnepy. Nonb3oBaTento oTeeaeHa pabo-
4yas obnacTb, Ha3biBaemMas NOrMYeckuM AUCKOBBIM
NpocTpaHCTBOM. VIMeHHO ee 06beM yka3aH B xapakTe-
puctukax HXM[. O6pawieHure kK pabo4yer obnactu, npeg—
cTaBnsoLen cobo HepaspbIBHYIO LENOYKY NIOrMYeCcKmX
cekTopoBs, nponcxogut ¢ Homepa O no N (B cTpykType
LBA). CBa3b Mexay Normyecknm QUCKOBbIM MPOCTPaH—
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Dduamyeckuii yunuHgp 0

Jornyeckuii umnuuap 0

/

O6nactb cnyxebHow uHdopmaumm

Pabouas obnactb nonb3oBatens

PesepsHas obnactb

Puc. 4. llornyeckas opraHnzauunda gnckoBoro rpocTpaHcTBa

CTBOM ¥ h3n4eckum opmMaToM OCYLLECTBAAETCA Mo—
CPeAcTBOM CheumanbHON NporpamMMbl-TPaHCNATopa, Ko—
Topas y4MTbIBAET hn3nyecknin hopmat, 30HHOe pacrnpe-—
LeneHne N UCKIIDYeHHble AetheKkTHbIE CEKTOPA N TPEKM.

HocTyn k cnyxebHo 30He BO3MOXEH TOMbKO B TEX—
Honorn4eckom pexumme paboTel HakonuTens. [na Bxoaa
B 3TOT pPeXum nogaeTcsa KoMaHAa—KNoY, Nocne 4Yero
OTKpbIBAETCA A0CTYN K AOMOMHUTENbHOMY, TEXHONOMN—
yeckoMy Habopy kKomaHa. pyn nomMoLm 3TUX KoMaHg
OCYLLECTBMATCA TakMe onepaumm, Kak 3anucb/4TeHne
cekTopa cnyxebHow 30HbI, NONy4YeHne KapTbl Pacnono-—
XeHua mopynen n Tabnuu B cry>xebHom 30He, nonyye-—
HWe Tabnuubl 30HHOro pacnpefenexus, nepesof LBA B

PCHS n o6paTtHo, 3anyck chopmaTta HUXHEro ypoBHS,
3anuck/4teHune 3MM3Y u gp.

B npouecce npoektnpoanma HXM[O paspaboTtymk
onpegensieT HeobxogMmy ans yHKUNOHMPOBaHUSA Ha—
KonuTensa cnyxebHy MHopMaunio 1 0TBOAWT MOA Hee
COOTBETCTBYHLLEE KONMYECTBO LUMANMHAPOB. [MoaTomy
NOrnYecknM HyneBbIM LUINHOPOM ABAAETCH NEPBbIN
cB0O6OAHBIV UMAMHAP, CNeayloLwnin 3a NocnegHnM Lm—
nuHgpom cnyxebHon nHcopmaumm (cm. puc. 4). CTpyk—
Typa OMCKOBOro MPOCTPaHCTBa MOXET OTNM4YaThCa y
paanu4Hbix mogenen HXM[.

lNpogonxeHne cnegyer.
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