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1. Какие факторы влияют на общее время обслуживания механического диска?
2. Чему равен размер дорожки (страйпа) для набора RAID 0 из пяти дисков и размера полосы (стрипа) 64 КБ? 
3. Приложение генерирует 400 малых случайных операций ввода-вывода с соотношением чтения/записи 3:1. Чему равно количество IOPS (операций ввода/вывода) на диск при использовании RAID для RAID 5.
4. Чему равно  RAID - penalty в конфигурации RAID 6 для каждой операции записи ?
5. Для какого приложения наиболее эффективно использовать RAID 3?
6. Чему равен размер дорожки (страйпа) для набора RAID 5 из пяти дисков и размера полосы (стрипа) 64 КБ? 
7. Чему равен размер дорожки (страйпа) для набора RAID 0 из пяти дисков и размера полосы (стрипа) 32 КБ?
8. Приложение имеет 1000 активных пользователей с пиковой нагрузкой по 2 IOPS (операций ввода/вывода)  на каждого, и 2800 обычных пользователей с пиковой нагрузкой по 1 IOPS на каждого. Соотношение чтения/записи для приложения равно 2:1. Рассчитать IOPS при использовании RAID для RAID 1/0. 
9. Приложение требует 3.5 Тб емкости. Приложение генерирует 2300 IOPS на дисках во время пиковых нагрузок. Поставщик указывает, что диск с объемом 146 ГБ, и rpm 15K способен выполнять до 150 IOPS. Сколько дисков должны соответствовать требованиям емкости и производительности?
10. Отделу хранения в пределах организации требуется 200 ГБ для хранения своих бизнес-приложений. Производственный том защищен RAID 1 + 0 и имеет локальную и удаленную реплику. Локальная копия находится на томе RAID 1 а дистанционная реплика на пяти-дисковом томе RAID 5. Сколько денег предстоит потратить отделу хранения для организации представленного сценария по хранению данных, если стоимость за 1 ГБ хранения составляет $2.00?
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OuckoBoe yCTPONCTBO

. CoGMpaeT BCE MarHuTHble AWCKMW W TMOAKMYaeTca K [OBuraTenio.
[suratens LUNWHAENS Bpallaerca ¢ NOCTOSHHO CKOpOCTbIO:
— CKOPOCTb BpaLyeHus - 7200, 10 000 unu 15 000 o6opoTos B MUHYTY (rpm).

[lnameTp coBpeMeHHbIX AUCKOB - 3,5
niolima (90 mnm.).

Mpu BpaLYEHUM AKCKa CO CKOPOCTBK
15 000 060pOTOB B MUHYTY CKOPOCTH
Hapy»<Horo kpas coctaenset 25% ot
CKOPOCTY 3BYKa.

XOTA CKOpOCTb BpalyeHus
yBENUUMBaETCH, OAHAKO NoTeHLMan
Pa3roHa — OrpaHuyeH.
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JuckoBoOe yCTPOMUCTBO

FonoBku utenus/zanucu (R/W)

+ CuMTbIBAIOT 1 3aNUCLIBAIOT AaHHbIE Ha AUCKe:
— y Aucka 2 ronoeku R/W — no ofiHoif Ha CTOPOHY.

« [pun 3anucn AaHHbIX ronoska R/W MeHSeT MarHuTHyto nonspusaumio
NOBEPXHOCTU JNCKa:

« [Mpu uTeHum paHHbiX ronoska R/W  dUKCUMpYyeT  MarHuTHylo

nonApu3ayuio NoBEpPXHOCTU AUCKa:
— ronoeka RIW Hukoraa He kacaeTcs NOBEPXHOCTM MarHUTHOMO Aucka.

—

Bbicoma 3aeucaHusi 20/108KU - MUKPOCKONUYECKui
BO3AYWHbIi 3a30p Mexay ronoskamu RIW u
[vCcKamu.

30Ha napKosKu - obnacTb MarHUTHOro Jucka
pAOOM CO wnuHmenem, Kyda nepemewaemcs
coroska RIW, korga WNMHAEnb —npekpaujaet
BpalyeHue.





image6.png
JuckoBoOe yCTPOMUCTBO

Pblyar npuBoaa
* Wcnonbayetca Anda kpenneuus 201060k RIW:

pa3melyaeT rofiosky Ha TO MECTO AUCKa, TAE HY)KHO CUUTaTb UMK 3anucaTh AaHHbIE.

ronoeku R/W Bcex AWCKOB KPENATCA K OAHOMY pbidary W ABWKYTCH MO HUAM
OHOBPEMEHHO.

KonTtponnep
« [eyaTHas nnata, pacnomnoXeHHas B HIKHe! YacTu ancka. CocToNT n3:

MUKpOnpoLieccopa;
BHYTPEHHel NamaTu;
cxem;
BCTPOEHHBIX MporpamMm:
* KOHTPOMUPYIOT NUTaHIe ABUraTens WNMHAENS U CKOPOCTb ABUraTens
* YNpaBnsIoT B3alMOAEVICTBUEM MEXY AMCKOM U XOCTOM.

* KOHTpoMupytloT onepauuu R/W nocpeacTBOM NepefBibkeHUs  pbluara
npuBoAa U nepeknoyeHus ronosok R/W.
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dusnyeckas CTPyKTypa guUcka

+ [laHHble 3aMUCHIBAIOTCS Ha KOHLEHTPUYECKUE KOMbLa — MpeKu.

+ TPl - nnoTHOCTb TPEKOB Ha AuCKe.

+ TpeknoaeneH Ha cekmopa.

*  MuHumanbHas ‘©AUHULa XpaHeHUA JaHHbIX ¢ UHAUBUAYanbHbIMWU agpecom — CEKTOp.

CTpykTypa TpeKos i _ ﬁg’!:;”

cexTopoB 3anuceiBaeTCA Ha

AVCK NPOM3BOANTENEM

YCTPO/iCTB MocpeacTBoM

onepaym

opmaTupoBaHHA.
Nnactuna Teex
(Platter) (Track)

Konuuectso CEKTOpPOB Ha AUCKE 3aBUCUT OT XapaKTepUCTUK JUCKa
* Y Aucko nepabix MK -17 CekTopos Ha Aucke.
* ¥ COBpeMeHHbIX AVCKOB KOM-B0 CEKTOPOB Ha OAHOM Teke HamHoro Gonbiue.
+ Ha 0fHOM [uCKe MOKET BbiTb HECKOMBKO ThICAY TPEKOB B 3aBUCHMOCTH OT Pa3MepoB i MMOTHOCTH
3anucn ancka.
+ Paamep cextopa - 512 Gair.
+ HyMepauma cexTopoB Ha Ha Tpeke WieT ¢ 1, a He C 0, B OTINME O FOMIOBOK H LMTMHADOB.
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Jlornyeckasn agpecauus
1

cxema: CHS — uunuHap, ronoska, ceKkTop.
Wcnonb3osanack paHee, Koraa KOHTpomneps! \
HDD He 6binv 4OCTaTOYHO MHTENNEKTYamnbHbIMU.

Sector s

slocko
VkasbIBaIOTCA KOOPAHATSI CeKTopa, Heado Upper Surtace)
KOTOpLi CHUTLIBAEM: sk 32

LIMnMHOD: WHTEPTDETUYETCA B PaaWyC, Ha LowerSutoce)
KOTOpLIi NEPeABITaeTCA MarHITHAR ronoBka
RW.

TonoBKa: NOBEPXHOCTS, C KOTOPOTi CrieayeT = —
CUUTLIBaTS MHBOPMALIO. 1
CeKTop AncKa: UHTEPIPETHpYeTCA

Kak Avanasos rpajyca nosopoTa Ancka. v anpec = CHS

Block 64

Torweckni aapec Gnoxa = Blocks

2-a cxema: LBA — Logical Block Adress
* Wcnonb3ayeTcs ceityac NpakTUYECKU BO BCEX AUCKAX.
+ KoHTponnep npepoctaenseT Habop Gnokos.
Mpumep:
Y Qucka o 8 CEKTOPOB Ha TpeKe, 8 FONOBOK U 4 LUNWHApa, Monyun 8°8°4 = 256 610KOE.

+ HyMepauus Gnokos oT 0 20 255. Y KaXa0ro 13 60KOB CBOFi YHKAMbHIi azpec

« Ecnu B cextope 512 6aiit, axaunT, y aucka & 500 I'5 Mpy 0ThopMATHPOBAHHOM OGbeme B 456,7 5
— Bonee 976 M. BrIOKOB.
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MpousBoAUTENbHOCTL AUCKOBOFO
yCTpoUCTBa

. YCTPOﬁCTBO JNeKTpoMexaHU4yecKoro epatieHusa
— Bnunset Ha MPON3BOAUTENBHOCTb BCEN CUCTeMbl

- Bpems o6cnyxuBaHUA gUCKa:
— Bpems, Heobxoaumoe Ans BbinonHeHua oaHoro /O 3anpoca
(3anpoca Ha BBOA-BbIBOA) 3aBUCHT OT:
« BpemeHu noucka (Seek time)
« 3apepxku Bpalenus (Rotational latency)
« CkopocTu nepeaaun aaxHbix (Data transfer rate)

Bpems obcnyxuBaHus gucka = BpeMs Noucka + 3aaepxka
BpaLLieH!s + CKOpOCTb Nepeaayun AaHHbIX
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Bpemsa noucka

Bpewms, Heobxoammoe Ha

NO3MNLMOHMPOBAHNE CUNTBIBAIOLLIE

TomnoBKk1

Yem MeHblUe Bpems noucka, Tem

bbicTpee BbINonHAeTcA 110

onepauua

BapwaHTbl onpeaeneHns BpeMeHu

novcka

— MonHblit xop (Full stroke)

— CpegHee (Average)

— Mepexop Mexay — AopoKKamu
(Track-to-track)

Bpems noucka Ans kaxaoro aucka

yKa3sblBaeTCs €ro npomssoanTenem

PaguasHoe
AsMinenne
(Radial
Movement)




image11.png
3apepkka BpaweHus

« Bpemsa Heobxoaumoe nnacTuHe
[Ns IOBOPOTA U pa3MeLLieHns 1
NOMELLIEHNS AaHHbIX MO/, FOMoBKY
RW

* 3aBMCMT OT CKOPOCTM BpalLLieHNst
LnuHaens
« CpepgHsas 3afepxXKa BpalleHUs -
Average rotational latency
— [MonosuHa BpemeHu, E
HEOﬁXOIJMMOrO Ansa nonHoro V/y
nosopoTa NnacTuHbl

— [ns ‘X’ rpm (4ucro BpalyeHuii B
MUHYTY), 3aAepxKa BpalleHus B
MUNNUCEKYHAAX ONpeAensieTcs kak:

_ 1/2
~ (x/60)
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CkopocTb nepeaayun gaHHbIX

« CpeaHuin pasmep AaHHbIX, KOTOPbI AUCKOBOE YCTPOCTBO MOXET
nepeaaTb 3a PUKCUPOBaHHbIA MHTEpBaN BpeMeHu

— BHyTpeHHss cKopocTb mnepefauu AaHHbix (Internal transfer rate):
CKOpOCTb, C KOTOPOI [jaHHblE NEPefalTCs OT NOBEPXHOCTU MAACTUHBI K
BHyTpeHHeMy Bydepy ANCKoBOro ycTpoiicTea

— BHewHss ckopocTb nepepauM pAaHHbix (External transfer rate):
CKOpoCTb, C KOTOPOW AaHHble NepefaloTcs Yepes UHTepdeiic AUCKOBOro
ycTpoiicTea HBA-apanTepy

BHewHAR CKOPOCTS NePeAa M AaHHBIX BHyTPenHAs CKOPOCTS MeEpeAaUY AHHBIX
smepsercs 3gece usmepsetcs 3aecs.

-

bikpive 7

HBA-apganTep — uHTepdelic Mexay Hakonutensmu HDD u xocToMm.
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3arpyxeHHocTb KoHTponsnepa (I/O Controller

Utilization)
®yHAaMeHTanbHbIN 3aKOH NPOVN3BOANTENBHOCTY ANCKOBBIX
YCTPOWCTB: Service Time

Av.R Time = —————
v-Response fime (1 — Utilization)

— Bpewms obcnyxuBanus (service time) — Bpems, Heobxoaumoe
KOHTpornnepy Ana obcnyxusaHua oaHoro I/O 3anpoca

+ [In% NPUNIOXeEHMUH, YYBCTBUTENBHBIX K NPOU3BOAUTENEHOCTH, AUCKM UCTIONb3YIOTCA
Ha YpOBHe 3arpyXeHHOCTH 70%

Touka usru6a kpuBOH ~ 70%
sarpymeHHoCTH

OuepeAs KOPOTKOTO pasmepa
(Low Queue Size)

Bpems otkamKa (msec)

0% 3arpy»KeHHOCTb 70%
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[lpoekTupoBaHue cucteMbl XpaHeHusa
AaHHbIX Ha OCHOBaHUU Tpe6OBaHMVI
npm10>|<e|-|m7| K NPOn3BOAUTENNBbHOCTHU

« [uckam HeobxoamMmo oTBeyaTb TpeboBaHUAM MPUNOXeHUa No eMKoCTU
(De¢): D, = Total capacity required
c Capacity of a single disk

« [uckam HeobxoauMo oTBevyaTb TpSGOBaHMﬂM npunoxexHua no

npoussoauTenbHocTb (Dp' o
D _10PS generated by an application at peak workload
P 10PS serviced by single disk
« Yucno I/O 3anpocos B cekyHay (IOPS) obcnyxusaemoe AUCKOM (S)
3aBUCUT OT BpeMeHu obcnyxusanua aucka (Ts):

0.5 Data block size

Ts=Seek t”"e+(Disk rpm/60) = Data transfer rate

+ Tg— Bpems, HeobxoAuMoe Ans BbINONHeHUA oaHoro I/O 3anpoca, TakuM obpasom
uucno |OPS paehsetcs (1/Ts)

Ana YYBCTBUTENbHbIX K MPON3BOAUTENBHOCTU ﬂpVIHO)KSHVIVI = 0.7.\'%

s

KonuuecTtBo AUCKOB, HeobxoauMbIX Aris npuroxenusa = max (D¢,Dp)




image15.png
YnpaxHenue: CosgaHue CX]Il B cooTBeTCTBUE
C TpeGoBaHUAMM NPUITOXKEHUN

CueHapui
— XapaKTepucTUKU NPUMOKEHMS:
« TpebyeT 1TB emkocTn
« Mukosas I/O Harpyska 4900 IOPS
« TunuuHblii pasmep ogHoro Groka I/0 - 4KB
— Cneumdukauus AOCTYMHbIX AUCKOBbIX YCTPOWCTB:
+ 15K rpm ¢ emkocTbto ogHoro aucka = 100 GB
« CpegHee Bpems noucka = 5ms
« CkopocTb nepefauu gaHHbix = 40 MB/sec
- anIHO)KSHVIS ABNAETCA YyBCTBUTENbHbLIM K NPOU3BOAUTENBHOCTH
3apaua
— PaccuuTaTb 4Mcno AMCKOB, Heobxoanmoe Ans paﬁOTbI MPUNOXEeHUA.
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YnpaxHenue: CosgaHue CX]Il B cooTBeTCTBUE
C TpeGoBaHUAMM NPUITOXKEHUN

Pelwienve sapaun:
Dc =1 TB/ 100I'B = 10 auckoB — TpeboBaHue Mo eMKOCTU.

Ts = 5ms + 0,5/(15000/60) + 4K6 / 40 M6/s =5+ 30/ 15000+ 0,1 =7,1 ms

Dp1 =1/7,1 ms =120 iops Kon-60 onepayuii i/o kKomopoe Moxem
o6cayumb 00UH OUCK & CeKYHOY.

Dp1=0,7 * Dp1 =100 iops 0N MpUROXKeHU( 4y8CMEUMENbHBIX K
npouseodumensHocmu.

Dp = 4900/100 = 49

Kon-Bo auckoB = max(10, 49) = 49
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Dnsw-auck (dnsw-auck SSD) — yeTp-BO AN XPaHEHUS AaHHbIX, B KOTOPOM ANs

DN3W-AUCKN KOPNOPaTUBHOIO YPOBHSA

NOCTOSHHOIO XPaHeHUst UCNONb3yeTCs NONyNPOBOAHUKOBAA TEXHOMNOTUS:

ofecneuvBaeT  Manylo  3aAepiKKy,

6Gonee

BbICOKYK  MPOU3BOAUTENLHOCTH

n

3HeproadeKTMBHOCTL U Bonee HU3KME 3aTpaTbl Ha OXMAKAEHWE MO CPaBHEHUIO C

0BbIYHBIMU BPALLAKLUMUCS HOCUTENAMM.

3aaepXKKi MEXaHUYECKOrO XapakTepa,
CBA3aHHbIE C BPEMEHEM noucka U
BpaLaTenbHOIl 3aAePXKKOI
OrpaHuyeHHbIe NPOU3BOAUTENBHOCT U
BO3MOXHOCTH o obpaGoTke I/O
3anpocos

MoBbileHHOe 3HepronoTpetneHue
BBUAY MEXaHUUECKVX onepaLuil

Huakoe Bpems mexay c6osmu (MTBF)

MoBbilweHHas COBOKYNHasA CTOMMOCTb
Bnagexus (TCO — total cost of
ownership) BBUAY yBENUUEeHHOro Yucna
[BMCKOB, 3HepronoTpetneHus,
OXNaXOEHUS U CTOMMOCTY YNpaBneHus

Hausbicwas nponyckHas CNocoBHOCTL:
AUCKOB BBUAY OTCYTCTBUS MEXaHUYECKOro
BpaleHus

Huskas sagepxka kaxaoro 1/0u
cornacosaHHasn Npou3BOAUTENbHOCTL
o6pab6oTku I/0

Beicokas aHeproaddekTUBHOCTb

+ ToHWkKeHHble 3HeprosaTpaTsl Ha GB
+ ToHWKeHHble 3HeprosaTpatsl Ha IOPS

Bbicokas HaA@XHOCTb BBUAY OTCYTCTBUA
BpaLyatoLXCs YacTeil

ObLas CHIWKeHHas COBOKYNHas CTOUMOCTb

Bnagenus (TCO - total cost of ownership)
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RAID

TexHuKa, KOTOpan 0BbEANHACT HECKONBKO [MCKOBbIX YCTPONCTB B

noruyeckyto eaunuuy (RAID set) c uenbio obecneyeHns yayyiweHHon
33Tl M/MAN NPOUIBOAUTENILHOCTU

[InckoBoe ycTpoiicTBO obnajaeT orpaHnyeHHon

NPOU3BOANTENBHOCTBLIO BBUY HANUYNA MEXaHUYECKUX KOMMOHEHT

OTaenbHO B3ATLIA ANCK obnajaeT 3apaHee onpefeneHHbIM

NpeanonoXnTENbHLIM BPEMEHEM XXU3HW, U3MEPAEMbIM B CPEHEM

BpeMeHn mexay cbosmm (Mean Time Between Failures, MTBF):

— Hanpumep, ecnu MTBF gucka = 750 000 yacos, 1 B MaccuBe HaxoauTcs
1000 Takux guckos, MTBF Bcero maccusa = 750 yacam (750 000/1000)

RAID 6bin npuaymMaH Ans Toro, YTobbl CNpaBUTLCA € AaHHLIM
npo6nemamu

Tpu kntoyeBble TEXHUKU, Ucnionb3yemble B RAID:
— Pacnpegenenue (Striping)

— 3epkanuposanue (Mirroring)

— KoHTponbHas uHdopmauus (Parity)
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MeToabl peanusauuun RAID

« MNporpammHas peanusauus RAID

— McnonbayeT ycTaHasnueaemoe Ha xocTe MO ana ob6ecneverns
RAID cbyHKkUmoHana
— OrpaHuuenns

* UcnonbsyeT CPU ansa BbinonHeHus onepauuit no pacuyeTy RAID,
KaK CMeACTBHE BNUAET Ha NPOU3BOAUTENBHOCTL CUCTEMBI

« MopaepxusaeT He Bce ypoHu RAID
* RAID MO 1 OC moryT 06HOBNATLCS TOMLKO €CNU OHU COBMECTUMbI
« AnnapatHas peanusauusa RAID (Hardware RAID
Implementation)

— Mcnonb3yeT creLmani3vpoBaHHblil annapaTHbIA KOHTpornep,
YCTaHOBMEHHbI NMBo Ha xocTe, Nbo Ha Maccuee.
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TexHukun RAID- YepepoBaHue (Striping)

* YepeposaHue — pacnpocTpaHEeHUs OaHHbIX MO HECKOMbKUM Auckam (Gonee

O[1HOrO), ¢ TeM YTOGkI UCMIONBE30BATL AUCKU NapannensHo.
Crpwn (Strip)

RAID flonoca
Komtponnep. _H] (stripe)

Xoct

+ RAID - rpynna npeacTtasnseT coboil rpynny AUCKOB:
+  Kaxgplit Auck cocTouT U3 BNOKOB CO CMEXHOI afpecaLeli, HasbiBaeMbiX nonocamu,
unu ctpunamu (strip).
+ [pynna nonoc, oxsaTbiBatowjas Bce avcku RAID — rpynnbl, HasbiBaeTCs AOPOXKON,
unu cTpaiinom (stripe).
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TexHukn RAID- 3epkanupoBaHue
(Mirroring)

RAID
EToR0 KonTponnep

Xocr

3epkanupoeaHue - TEXHONOTUS XPaHEHUA [OaHHbIX Ha ABYX pPasnuuHbIX

AvcKax, MpU CO3AAHUM 4BYX KOMUI [aHHBIX.
ECni NPOUCXOAUT aBapHA OOHOTO ANCKA, TO AaHHble OCTAIOTCA LENLIMMU Ha BTOPOM AUCKe W
KOHTPONNEp MpojonXaeT OGCMykMBaTL 3anpockl MO KOMMM aHHLIX Ha ylenesuwem Avcke

3epKanbHoil napbL.
Korna OTKasaBLUUit AUCK MEHAETCA Ha HOBH“, KOHTpONNep KONUpyeT AaHHble C

Lenoro A1cka 3epkansHoi napbl.
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TexHukn RAID — KoHTtponbHas
uHcpopmauusa (Parity)

Boruucnenue koHmponeHol

L

+ [vckn D1-D4, cogepxar aaHHble. 0:

cymmel ocywecmensemca
+ Duck P, xpawaT uecopmaumo o npu nomowu no6umosoli
UETHOCTH = CyMMe 3MIeMeHTOB B Kaxaoit onepayuu XOR
cTpoke (S). —
. RAID
- ECWM owd W3 AUCKOB nodsepraeTca R ———

cBolo, To oTCyTCTRylOWee  3HaveHie
MOXeT  GbiTo  BbMUCTEHO  NyTem
BLIMMTAHUA U3 S CyMMbl OCTAMbHbIX
aMeMeHToB.

Xoer

+ KoHTponb 4eTHOCTY - cNoco6 3alyThl pacnpeeneHHbIX AaHHbIX OT
c6os ancka 6es 3epkanupoBaHus.
* [OM. QMCK - ANIA KOHTPOMNA YETHOCTH
* YeTHOCTL — MaTeMaTHiecklii anrophTM, KOTOPLIit N03BONAET BOCCTAHOBITL AaHHbe.

* KOWTPOT YETHOCTH OBECTIeNUBAET 3AlMTY AAHHbIX, Be3 COXpaHeHHs AyGnHpOBaHHSIX
RaHHLIX B MIONHOM 0Bbene.

LT

Pacyem koHmpoJsiss yemHocmu - pyHKUWS koHTponnepa RAID.

WHcopMaLmst 0 YETHOCTU XPaHUTCS Ha OTAENBHOM, AUCKE UMW pacnpesenseTcs no
Bcem guckam B RAID Habope.
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BoccTtaHoBneHue npu NOMolLM TEXHUKH
KOHTPOJbHOM cyMmmMmbl (Parity)

0;
=
—
e 0;
BoCCTaHOBNIEHME AaHHbIX B cAyyae Bbixoaa [ RAID
s crpos Aucka D3: Kontponnep
4+6+?+7=18
?=18-4-6-7 —HEN
?2=1 Host D,
B
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YpoBHu RAID

Hau6onee yacTo ucnonbsyemsie ypoBHu RAID:

RAID 0 - PacnpefeneHnune, 6e3 ycTOWYNBOCTH K BbIXOAY U3 CTPOS
RAID 1 — 3epkanupoBaHue OUCKOB
RAID 1 + 0 — CmewwanHblit (Nested) RAID

RAID 3 — PacnpegeneHue no auckam ¢ napanmnesibHbiM JOCTYNoM
V1 BbleNeHHbIM YCKOM ANsi KOHTPOMBbHOM MHopMaLn

RAID 5 — PacnpefeneHsue no auckam ¢ He3aBUCUMbIM JOCTYMNOM U
pacnpefeneHHoii KOHTPOnbHOI UHopmMaLmeit

RAID 6 — PacnpefeneHue no auckam ¢ He3aBUCUMbIM JOCTYMNOM U
pacnpeaeneHHoii no ABYM AMCKaM KOHTPOMbHON WHdopMmaLmnen
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RAID 0

+——— [anHbie, uaywme ot xocra
[NaHHble pacnpeaensioTcs no Bcem

Avckam B Habope RAID
RAID KoTponnep

alenlnle

Duckn ¢ anHbIMmM

RAID-0 ucnonb3ayeT Becb o6bem 3Y, pacnpocTpaHsis Nonockl AaHHbIX MO

HECKOMbKUM AucKam:
+  [ANs cuMTbIBAHUA AaHHbIX BCE MOMOCHI COGMPAIOTCS BMECTE C OMOLLbIO KOHTPOMNepa.

RAID-0 - xopoluuii BapuaHT AN NPUMNOXKEHWII, KOTOPbIE HYXXOATCA B BbICOKOM
nponyckHoit cnoco6HocTu 1/0.
RAID-0 He obecneunsaeT 3aWUTy U AOCTYNHOCTb AaHHbIX.
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RAID 1

RAID-1 ocHOBaH Ha TexHUke 3epKanupoBaHus.

B RAID-1, aaHHble 3epkanupyioTcs (3anuch Ha oba

Avcka) Ans oBecneyeHus OTKa3oyCTONYMBOCTU. ———— Jlanmbie, nayume ot xocta
Mpynna RAID-1 cocTouT no kpaiiHeit Mepe 13 2

AVCKOB.
RAID KowTponep

3epKanshbili HaBop 3epkansHbili Habop.
(Mirror Set) (Mirror Set)

+ RAID-1 nogxoauT ansa NpunoXXeHuil, Tpebyowux BbICOKOH 4OCTYNHOCTU.
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CmewaHHbin RAID - 0+1

RAID 0+1 - 3epkanupoBaHHas [OpoXKa

BHauane BbINOMHAETCA Npolecc YepedosaHus «———— Hanmie, nayume or xocta
HHBIX 110 Pa3HBIM AUCKAM, @ 3aTeM BCA AOPOXKKa

Aal P A ' A RAID KowTponnep

3epKanupyeTcs. |

+ Ba3oBbIMU GNEMEHTOM B AaHHOM Cryuyae SBNAETCH AOPOXKKa.

« Mpu NoBpekAEHUM AUCKa NOBPEKAAETCS BCH AOPOXKKA.

+ Onepalysi BOCCTaHOBNEHUS KOMUPYET ee BCIO, NepeMellias AaHHble ¢ Lienoil
[IOPOXKI paBoyero AUCka Ha NOBPEKAEHHYIO AOPOXKKY SKBUBANEHTHOrO AUCKa.

+ OTO HepaLMOHanbHO YBENUUMBAET HarpyaKy Ha yLenesLmii Auck U Aenaet
RAID rpynny 6onee ysssumoii Ans c60s BTOPOro gucka.
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CmMewaHHbin RAID - 1+0

RAID 1 + 0 - pacnpeaeneHHoe 3epkano

Danwbie, uayuwe ot xocra
[aHHble 3epKanupyloTCs, a 3aTeM 2 KONUN AaHHbIX
JepeayloTCs Mo HeckonbkM Napam Auckoe B RAID
rpynne.

RAID Kontponnep

3epKanbHbii Habop A 3epkanbHbliii Habop B 3epkanbHbiii Habop C

 [pu 3sameHe HeuUCMPaBHOTrO AuCKa, BOCCTaHABNMBAETCA TONBKO 3epkano:
*  KOHTPOMNep AVCKOBOTO MaccuBa UCMOMNb3yeT OCTaBLUMIICA AUCK 3epKanbHON Napbl ANA
BOCCTaHOBNEHHA AaHHbIX U HENpepbIBHOI paBoTbl. [laHHbie ¢ yueneBLuero avcka
KONUPYIOTCSA Ha HOBBII AUCK.
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RAID 0+1 n 1+0 - B yeM pasHuua?

3epkano ctpainos. RAID 0+1

« Mpu oTkase OFHOMO M3 AUCKOB BeChb CTPAiiN BBIBOAMTCA W bt
paboTbl. RAID 1 1

+ HaexHOCTs CUCTEMbI 3aBUCHT OT HBAEKHOCTU OCTaBLEroc: RAID 0 RAID 0
cTpaiina. s e = =

+ BepOATHOCTL OTKA3a CUCTeMl B AaHHOM Crlyyae pasHa CymMM( 3 -

BEPOATHOCTE! OTKA3a KaX4oro M3 AMCKOB B OCTAaBLUEMCS | |
paboTe cTpaiine. J
- Bpems BOCCTaHOBMNEHWA CUCTEMbl MPU 3aMeHe OTKasaBLuert
[VCKa = BPEMEHI BOCCTAHOBMNEHNS 3ePKara, @ OHO B AaHHOM
cny4ae umeet pasmep cTpaina (N Auckos).

Crpaiin 3epkan. RAID 1+0

« Tpu OTKa3e OAHOTO U3 AUCKOB TOITBKO ITOT AMUCK BLIBOAUTCS U3 RAID 10
paboTbl.

+ HagexHOCTb CUCTEMbI 3aBUCHT OT HaAE@KHOCTU 3epkana B
KOTOPOM OTKa3am ACK.

+ BepoATHOCTb OTKA3a CUCTEMbl paBHa BEPOATHOCTU OTKaza
[BVCKa CTOALLETO B 3epKare ¢ OTKa3aBLUNM.

+ Bpems BOCCTAHOBMEHWA CUCTEMbl 33BUCMT OT BpeMeHy
BOCCTAHOBINIEHNA 3epKara, a OHO B JAHHOM Criyuae MMeeT ORVE! ORVE2  ORWE  DRWE4
pasmep 1 auck.

Wror

Crpaiin sepkan B N pas HaexHee 1 BOCCTaHABNMBAETCH NPM 3aMeHe oTkazasluero Ancka e N pas

BbICTpee YeM 3epkano CTpaiinos.
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RAID 3

RAID-3 pacnpepenset faHHble ANSA ynyyleHus
NPOU3BOAMTENBHOCTH U UCMOMNB3YET KOHTPOMb YETHOCTH
[ANA OTKA30YCTONUNBOCTH.

Aannble, uayuue ot xocra

VHdbopmaLus o YeTHOCTU XpaHUTCA RAID Kowponnep
Ha BbIENEHHOM AucKe:

JiaHHble MOTYT GbiTh BOCCTAHOBNEHS! MpH
OTKa3e 0AHOrO Avicka B HaBope RAID.

Bckn ¢ panHbIMm Buiaenenii auck ans
XPaHeHWA KOHTPONbHO
wopmaum

Mpumep: B Habope u3 5 auckoB, 4 AN AaHHbIX U 1 ANA YETHOCTU.
+ T. o., Heobxoaumblii 06bem obLero auckosoro np-ea, coctaenseT 1,25 no
CpaBHEHUIO ¢ 0GbEMOM [IUCKOBOTO Mp-8a ANS AaHHLIX.
+ RAID-3 unTaeT 1 NULIET NoMHble JOPOXKW AaHHBIX NO BCEM AUCKaM, NOTOMY YTO
Auvcku paboTatoT//.
* YacTuuHble 3anucu, npu '0GHOBNEHUN OAHOH 13 Nonoc AOPOXKKU HEBO3MOXHbI.
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RAID 5

B RAID 5, koHTponbHas WHopMaLus
UETHOCTW  pacnpegensercs no  BCem
[MCKaM, & He OTPaHUYUBAETCS CNeuManbHo
BblAENEHHbIM PECYPCOM.

Ransbie, upyume or xocra

RAID KorTponnep

B -8 B -8 -8

. T
Mpeumyuiectsa: PacnpepenenHan KOHTPONbHaR UHGOPMaLMA

* BbICOKas CKOPOCTb 3anlcu AaHHbIX;

* [0CTaToOYHO BbICOKaR CKOPOCTbYTEHUA AaHHbIX;

* BbICOKas NPOM3BOAUTENBHOCTL NPpU BonbLUOIl UHTEHCUBHOCTU 3anpocos RMI;
*  BbICOKMIt KOSWIAL“AEHT 1cnonb3o0BaHWA AUCKOBOro np-ea.

Hepocrtatku:

* HU3KaA cKopochRMl AaHHbIX Manoro obbema npu eAWHWYHBIX 3anpocax;

* [0CTaToOYHO CNOXHasA peanu3ayus;

* CNOXXHOE BOCCTaHOBNEHWe AaHHbIX.
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RAID 6

RAID 6 BKnio4aeT BTOPOIl 3NeMeHT YeTHOCTH, ANA
npeaoTBPALLEHIs NOTEPU AaHHbIX B Cyyae Bbixoaa
3 CTPOS Cpasy ABYX AUCKOB.

Ransbie, upyume or xocra

RAID KorTponnep

CToumocTs 3anucu
B RAID 6 6onble ‘ ‘ ‘ ‘

T eE o OB =B B

T
MpenmywecTsa: KouTponbHan uHdopMauus, pacnpeaeneHHan no ABYM Auckam

*  BbICOKas OTKa30yCTOMYMBOCT;
*  [MOCTaTOYHO BbICOKas CKOPOCTh 0GPaBGOoTKM 3aNPOCOB;

Hepocrtatku:

* Hu3Kaa ckopocTb R/W faHHbIX Manoro oGbema npu euHUYHbIX 3anpocax;
*  OuEeHb CrOXHas peanu3auys;

*  CNIOXHOE BOCCTAHOBINEHUE AAHHBIX;

*  HU3Kas CKOPOCTb 3anucy AaHHbIX.
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Bnuanue RAID Ha npon3BOAUTENBbHOCTb

RAID Koxtponnep

new

* Ona RAID 5 kawpgas onepauus 3anucu Ha OUCK NpeBpallaeTcs B uYeTblpe
onepauuu Beoga-Bbisoaa (I/0) (2 uTeHus ¢ gucka u 2 sanucu)

* [ns RAID 6 kaxgas sanucb Ha AUCK npeBpalyaeTcs B wecTb /O onepauuii (3
uyTeHus, 3 3anucu).

* Nna RAID 1 kaxxgas onepauus 3anucu npespalwlaeTtcs B ase /0 onepauun
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Mpumep pacyeta RAID Penalty

» CymmapHoe uucro IOPS npu nukoBoli Harpyske
1200

» COOTHOLUeHNe YTeHue/3anuch 2:1

+ PaccuuTaliTe NMKOBYIO AMCKOBYIO HarpysKky Ans:
— RAID 1/0
—RAID5
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PeweHue: RAID Penalty

< [na RAID 1/0 auckoBas Harpy3ska (YTeHue + 3anuceb)

= (1200 x 2/3) + (1200 x (1/3) x 2)
= 800 + 800
= 1600 IOPS

< [na RAID 5 guckoBas Harpyska (YTeHue + 3anucb)
= (1200 x 2/3) + (1200 x (1/3) x 4)
=800 + 1600
= 2400 IOPS
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140

raen

2 50
4 50

3 [(n-1yn]*100
3 [(n-1yn]*100
4 [(n-2)n]*100

MCIIO AUCKOB

CpaBHeHue RAID

MepnenHee, demy

Ty, dem OMMHANCK  atiordyc YMepeHHas
Xopowas Xopowas YMepeHHas

HeyposneTsopTensHas
YMepeHHas ana ANA ManeHsKiX
ChySaiiHEX ONepaUMil  CrywaliHbIX OnepaLytii
4TeHuA, Xopowas ana 3anKck, ymepeHHas AnA  Bbicokas
nocneoBaTeNbHbIX Gonsum,
onepauwii uTeHns nocnenosaTensHix

onepai sanucu
Xopouwas ans cnysaiinx  YMEPEHan AnA
wnocneposatenslx  COYENRN Bhicokan
sanuceit ferige:

onepai sanucu

Gy YMepeHHas ans

Xopolwas AnA cryuaiiHbix =
Mo AL e
sanuceit fer1o8:

onepayi sanucu

3epranuposaniie

3epranuposariie

KoHTpOnsHas cymma

KOHTpOnbHas cymma

KoHTpOnbHas cymma
(BbiX0 U3 CTPOA A0
[ZiBYX ANCKOB)
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Moaxoasauwue ypoeuu RAID gna
pPasnUYHbIX NPUIOXEeHUMN

* RAID 1+0

— MoaxoanT Ana NPUNOXEHWIA € ManbIMK, CrydanHbIMm,
WHTEHCUBHbLIMK onepauuamu 3anucu (6onee 30% onepauuii —

3anucb)
— [Mpumepsi: OLTP, RDBMS — BpeMeHHOe NpoCcTPaHCcTBO

*« RAID 3
— bonblune, nocnegosaterbHble onepauyumn 4YTeHua u sanucu
- I'Ipumepbl: 63Kan AaHHbIX U MynbTUMeAna NoTOKU

« RAID5ué
— Marnble, cnyyaiHble Harpy3ku (3anuch coctaenseT MeHee 30%
onepatwuit)
— [lMpumepsi: email, RDBMS — BxoaHble AaHHble
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onTunyeckue OUCKu

3Y MOXHO cO3AaBaTb 1 Ha OCHOBE OMTUYECKO TEXHOMOTMMN

Komnakt-gucku  (CD), wucnonmb3yemble B  ayauocucTemMax - nepsblit
NpaKTUYECKUil Pe3ynsTaT MPUMEHEHUS STOil TEXHONOTUM.

Bckope CD-TexHonorus npuHsTa B KOMMbIOTEPHOI cpede - BbICOKOEMKUe,
AOCTYMNHbIE TONMbKO ANs YTeHus Hocutenu: CD-ROM.

CD-ROM

CD nepsoro nokoneHus paspabortaHbl B cep. 1980-x roqos komnaHusmu Sony
n Phillips, onyGnukoBaBLUMMU MONHYO cneuuuKkaLuio 3TUX YCTp-B.
TexHonorns CD ocHoBaHa Ha BO3MOXHOCTM WCMONb3OBaTh Luposoe
npe/iCTaBNEHUe aHaMNOroBbIX 38yKOBbIX CUTHamNoB.

NS BLICOKOKAUYECTBEHHO! 3amUCU W BOCMPOUIBEAEHUS 3ByKa Ha AuCK
3aANUCLIBAKOTCH YACTOTHBIE XapaKTEPUCTUKM OTCUETOB 3BYKOBOTO CUTHana ¢
yacToToi guckpetusauuv 44,1 klu.
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onTnyeckne OUCKuN

« Texxonorusi CD-cucTeM ocHoBaHa Ha NMPUMEHEHUU Na3epHoro nyua.

« Jlyy HanpaBnseTca Ha NOBEPXHOCTb BpaLLaKLLIerocs ancka, BAONb A0OPOXEK KOTOPOro
pacnonaralTcs BnaauHbl, OTpaxawliue ero B HanpaBneHuu oToaeTekTopa,
hUKCUPYIOLLEro 3anucaHHble Ha AUCKE ABOUYHbIE JaHHbIE.

Ecrn my6ia = 0,25 AMHb1 BOMHb, TO OTPaKeHHble My
KOMNGHCHPYIOT AApYT APYra — MonysaeM TeMHOe MATHO.

Bnagw froaa CBET OTPaXaeTcs TONLKO OT

AnoWAAKWENAANHGI -> AETEKTOP (HKCHDYeT
APKOE NATHO.

Oﬁo:maqvm
L omaxen

oreyrerame nepexop, uKCUpyeMblii kak TeMHoe
e natHo —1;

*  NOBEPXHOCTb BraaMHbI UnK nnowaakn — 0;
*  pesynsTUpylowWwas ABONIHaRA

perown] [perermon| [rcrown| [perermon| [rcrown] [pereon|  MOCneAoBaTensHocTs Gyaet npumepHo
TaKoif:

- 1 [ 1 [ 1

/010010000100010010010

« [laHHas nocneaoBaTenbHOCTL BUT He SBNSETCS HEMOCpeACTBEHHLIM NpeacTaBneHuem
[AaHHbIX Ha JucKe.

+ [ns CD npuMeHsieTCA CNoxHas cucTema KoAMpoBaHUS UHopMaLmu:

*  BaifT NpeACTaBneH 14-pa3psaHbIM KOAOM, TO3BONSIOWMM BLISBNATS U UCTPABNATL
OLMBKM.
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>

YCTPONCTBO ONTUYECKOro AUCKA

Cnou CD gucka

. MonukapGoHaT. AWCK C  AaHHBIMK, 3aNMCAHHBIMU
YepeaoBaHUEM CAMOKY .

Crioif, oTpakalolLmii NasepHblil nyd.

TNakoBblit CNOA, OT OKUCEHUS.

Croit aAns nonurpacuu.

NasepHblii Nyy, nepepaioluii NoNy4YeHHbIE OTPKEHUA

Aekoaepy.

CD B paspese y

AKpUNOBEIN
nak

moow

nonuKapboHaTHan
| CLE
e
- a i
—
CNow u3

cunTsisaouni

nasep npusoaa anomuHms
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Buabl onTu4ecKUX AUCKOB

CD-ROM

1) CospgaeM MacTep-AUCK MOLUHBIM Na3epom
2) Otnusaem maTpuuy (dopmy)

3) LlTamnyem Tupax AUCKOB

CD.
* MoxHo 3anuchiBaTh: Na3epoM BbDKUraloTCS TEMHbIE, NOrMoLatoLme CBET,
NSTHa Ha cneyuanbHOM Coe OpraHUYeckoro BeljecTsa

CD-RW

+ BMeCcTO opraHuYecKoro BellecTsa CMOML3YETCS CrieLManbHblil cnas, Ha
KOTOpoM npu HarpesaHun Ao 500°C oBpasyeTcs cBeTONOMOLWAoLEe NATHO.

« TMpu HarpeBaHuu fo 200°C cnnas CHoBa KpUCTaNNU3yeTcs (HauMHaeT
oTpaxaTb CBET).

+ T.o. HyXHbl TPW Nasepa: AnA YTEHUS (MANOMOLLHbIN); ANS 3anucu (MOLYHbIN)
W Ana cTupaHusa (cpeaHe-MOLHbIN).
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Buabl onTUYecKux AUCKOB

bvD
WcnonbayeTca nasep ¢ MeHblUeii ANUHOI BonHbl. T.0. o6ecneunsaeTcs
60nbLas NNOTHOCTb AOPOXKEK.

Cranpaaptel DVD

DVD-R(A) //Authoring w DVD-R(G) //General . MpopomkeHue «upeit» CD-R;
Pa3NUUaloTCs ANUHOI BOMHBI Na3€POB; COBMECTUMBI M0 UTEHUIO.

DVD-RW (oH e DVD-R/W unu DVD-ER).

* Wpes Ta xe, uyto B CD-RW — wucnonbsoBaTb MaTepuanbl, CMocoGHble
MHOrOKpaTHO MEHsiTb CBETOOTPaXaloLLe CBOICTBA.

— cyuecTsyer TH. «B-Bepcus» dopmata DVD-RW: B cnyxeGHoii 30He Aucka
3anucbiBaeTcA HeBonbuoit koa (disk ID), KoTopbIM LWMKPYIOTCA AaHHble Ha
naucke.

— 3ToT koA He konupyeTcs! T.0. 3alMLaloT AUCKN OT HENeranbHoro KOMMPOBaHUA.

DVD+RW TMMopaepxvBatoT 3anucb B Heckonbko npuemos. [TioByto 4acTb Aucka
MOXHO NepenucaTth 3aHOBO, IPAMO MOBEPX CTapoii.
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Knaeunatypa

CoCTouT U3 MaccuBa MeXaHUYEecKUX Koyeli, CMOHTUPOBaHHbIX Ha neyaTHo
nnate.

—  OpraHM30BaHbl B BUAE CTPOK M CTONGLIOB M COBANHEHDI C PACNONOXKEHHbIM Ha NnaTe
MUKPOKOHTPOMNEpOM.

Mpy HaxXaTUu KNaBuLL, KNIOY 3aMbIKAETCS U KOHTPONNEP WASHTUMLMPYET CTPOKY
v cTonGeL, onpeenss, HaxaTyto KnasuLuly:

—  KOHTPOMNnep reHep1pyeT koA KNaBuLWK 1 OTCHINAET Ero B KOMNbIOTEp Yepe3.
nocneAoBaTeNbHOE COeANHEHME.
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KnaeuaTtypa

(3 crnos: BepxHUii NNACTUKOBbIN C N30BPaKEHUAMI KNaBULL; HUXKHUIA C

NPOBOAHUKAMY; CPEAHMII PE3UHOBBIN C MPOPE3AMU NOA KKNABULLIAMU» )

Mpu HaXxaTuu Ha BEpXHEM CMoe KNaBuaTypbl, HIKHAS CTOPOHa 3TOro crnos
conpuKacaeTcs C METaNNMYECKUM BbICTYNOM, 3aMblkas 3NeKTPUYECKYto Lienb, Tak

Ke, KaK MeXaHU4YeCcKuil Knrou.
KnasuaTypbl noao6HOro TUna AelleBbl U HaAeXHs!, U 3aluyLeHbl OT 3arps3HeHuii.

YacTo ucnonb3ayoTcs B TOProBbiX TEpMUHANax.
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Mbiwb

MpuHuun gevicteua
Knaccuyeckass Mblllb - HeBonbluoe ycTp-BO, nepemeljaeMoe Mo  MNockoun

MexaHuyeckas Mbilib

NoBEepXHOCTH:
—  3MeKTp. CXeMa BOCMPUHUMAET NEPEMELEHIE U OTCHINAET B KOMMbIOTEP MHEOpMaLo
0 PacCTORHUM, NPOIAEHHOM MbILLbIO B HanpaBneHun oceit X nY.
—  AnA UKCaUMM NEPEMELLEHIS UCTIONb3YIOTCH MEXaHUIECKUe UM ONTUY. Cp-Ba.

CofepuT WapuK, KOTopblit
conpukacaeTcs ¢ NOBEPXHOCTLIO cTona
¥ Nerko BpallaeTcs Npu nepemetleHut
MblLLM.
BpallieHue wapuka BOCNpUHUMAETCS
creuuansHbIM1 CEHCopamit it
VCMONb3YETCH NS MPUPALLEHUS ABYX
CUETUMKOB, KOTOPLIE OTCUUTBLIBAIOT
paccTosHIe, NPOAEHHOE Mbillbio B
HanpasneHun ABYX oceil.

Kpome Toro, Mbllb cHabaeTcs ABYMS Unu Tpems kHonkamu. Hdopmauus
OT KHOMOK U CYETUUKOB NONAAAET B MUKPOKOHTPOMMEp, KOAUPYETCS B
Tpex6aiiToBbIii NaKeT 1 NepejaeTcs B KOMMLIOTEP Yepes nocnejoBaTensHoe

coeauHeHue.
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OnTuyeckas Mblliib

* MWcnonbayetca cBeToauon (LED),
oCBelLaIoLWil NOBEPXHOCTb, Ha KOTOPON
pacnonaraetcs Mbllllb, [
CBETOUYBCTBUTENbHbIE BneMeHTSl,
BOCMPUHUMAIOLLME OTPaKaeMblii OT 3Toi
NOBEPXHOCTU CBET.

* HekoTopble Mogenu wmoryT paboTaTb
TOMbKO Ha Criell. KOBpUKax C CETKOW U3
BEPTUKAMbHBIX M FOPU3OHTAMbHBIX
TMHWIA.

Mpu nepemelleHMM OT CBETNOTO K TEMHOMY Y4acTky MOBEPXHOCTU
VHTEHCUBHOCTb OTPaXKEHHOTO CBETA UBMEHSETCH, U N0 3TUM USMEHEHUSM Mblllb
onpefenseT NpoiaeHHoe PaccTosHMe.

IntelliMouse (Microsoft 1999 r.)

+  OTaMblllb MOXKET UCMONB3OBATLCS MPAKTUYECKU Ha MIOBON NOBEPXHOCTU.

+ BMecTo MpocTOro CBETOBOTO CEHCOpa B Hee BCTPOeHa Ludposas kamepa,
uKeupytolas U30BpaeHne MaNeHbKOro yyacTka NoBEPXHOCT MOA Mblllbio
1 npeoBpasyowas ero B UMdpPOBOE NpeacTaBNeHe.
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[XONCTUK

Tpek6on u KOUCTUK

Tpexbon

+  CofepXuT WapuK, BMOHTUPOBAHHIN B
NOBEPXHOCTL KNaBUaTypbI.

+ Mpu BpalleHu Wwapuka, 3aaaeTcs
HanpasneHne nepemeleHs
ykasaTens Ha akpaHe.

KopoTkas pyuka Ha LapHupe.

Koraa uHdopmaums o6 u3MeHeHun ero nonoxeHus no ocam X u
Y nonagaer B komnbtoTep, MO nepemelyaeT ykasaTenb Ha
aKpaHe.

Mo3nLMs PYUKU MOXKET UKCUPOBATLCA AATUNKAMU MIUHEIHOTO 1
YINOBOTO NOMOXEHUS.

BoixogHoe HanpsikeHWe noTeHuuomeTpos X 1 Y nepegaetcs Ha asa ALM, Bbixoab!
KOTOPbLIX OMPEAENSIOT MONOXKEHNE MKONCTUKA U, COOTBETCTBEHHO, HanpasneHue u
paccToSHUE nepeMeLllenus.
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CeHCOpHaﬂ naHenb
CeHcopHas naHens (touchpad). ——

« Tpu KacaHum NaHenu nanbuem Unu KapaHaalom,
BNeKTPUYECKNE XapaKTEPUCTUKU B TOUKe KacaHus
W3MEHSIoTCA.

* MecTononoxeHue [aHHOIl TOUKM onpeaenseTcs
naHenbio 1 nepeaaeTcs B KoMnbloTep.

p =
— CcKonb3sinanbLem No NaHenu, ykasbiBaeM, B kakoe

MeCTO 3kpaHa NepemMecTUTb ykasaTenb.

+ OpHa us nepeaoBbix paspaboTok - NaHerb, ¢ MH-BOM TOHKUX ONTUY. BOJIOKOH.
*  MOXET UASHTUULMPOBAT MECTONONOXEHIUE + CUMY HaXKaTUs
* 3TOT MaTepuan Bbin co3zaH ANs UrOTOBNEHUA AeTaneli KocMUYeckux poGoToB.

+ CeHCOpHyIo NaHenb MOXHO 06beauHuTb ¢ KK
avcnneem.
*  MONYYUM CEHCOPHbIN 3KPaH, KOTOPbIt MOXET
CNYXWUTb ANS BBOAA, U BbIBOAA UHGOPMALUK.





image49.png
CkaHep
CkaHep:

+  dopMMpyeT LMdpPOBOE NpeAcTaBNeHue U3OGPaKEHUS, HAHECEHHOTO Ha MNCT
Bymaru.

+ CTpaHuLa CKaHUPYETCH UCTOUHUKOM CBETa, U OTpaeHHbINi CBET dokycupyeTes
Ha NuHeliHy0 MaTpuLly npuBopos ¢ 3apsgosoit cessbio (M3C).

+ Korga Ha M3C nonapgaeT cBET, 3apsKaeTCs CBA3AHHbIi C HUM ManeHbKWit
KOHAEHCATOP, MPUYEM 3apsi KOHAEHCATOPa NPONOPLOHaNeH Cune ceeTa.

« C nomouwbto ALIM 3TOT 3apsa npeoBpasosbiBaeTcs B LndpoByto hopmy.

— B UBETHbIX CkaHepax UcnonbayloTcsi RGB unsTpbl, ¢ NOMOLYBIO KOTOPBIX LBETa
pasaensioTcs u 3aTem o6pabaTbiBaloTCs N0 OTASNBHOCTH.

Mpy ABWKEHUM UCTOUHUKA CBETA BAOML
CTpaHWLpl  CUTHAam C  CEHCOPHOIl
MaTpuLbl  CUUTLIBAETCH  MHOMO  pas3
nogpsa M T. O. MOCNeAoBaTenbHO
cKaHUpyroTCS CcTpoku nukcenos
N306paKeHUs.
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Oucnnen

[Avicnnen cnyxat Ans BU3yanbHOro NpeACTaBNEHNS BbIXOAHbIX AaHHbIX

KoMMbloTepa.

Ha Gase 3neKkTpoHHO-ny4eBoW TpyGku (3M1T)
*  CdoKycHpoBaHHbIii 3MEKTPOHHbIN Ny4oK (Nyy) yaapseTcs o hnoopecUEHTHbI
BKpaH U BbI3LIBAET SMUCCUIO CBETA B BUAE PKOW TOUKM HA TEMHOM oHE.
— TOYKa ucyesaer, Korja 3M1eKTp. NyY BbIKIYaETCA UK NnepemMelyaeTcs K Apyl'Dﬁ TOuKe.
+ [Ins dopmMUpOBaHUSA KaAoi TOYKU AOMKHbI ObiTb 3a4aHbl TPU NEpeMeHHbIe,
npe/CTaBNAOIME NOINLMIO U UHTEHCUBHOCTL Myya.

—  eronosuyus 3afaeTcs KOOPANUHATAMU TOUKM Ha 3kpaHe X U Y, @ UHTeHCUBHOCTD —
3HAYEHUAMU MO OCU Z, COOTBETCTBYIOWMMU YPOBHSAM CEPOro LiBeTa.

Cxema 31T

Crexnanan konba
xopnyca AT

Mokpeimme ns

KTpOHHLI
BISIEOAHLE noMmHoGopa

Macka

IneKTpoHbE Ny
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Oucnnen

Xunko-kpuctannuyeckme:

OcHoBaHsI Ha adhdeKTe: NpU Nofjaye HaNPSHKEHUA Ha XUAKUIA KPUCTaNN MeHseTcs
BEKTOp NONAPU3ALMN CBETA, T.0. OTPaXeEHHBIl CBET, NPOXOAA Yepes kpucTans,
nony4aeTcs PasHOLBETHBIM.

ot
SR 7S —
4)&‘1;_ Userosoi dunstp

v S VITIIRRW Crexno punbipa
Hnaxve {1

xpucronst
Hanprxenne
=ESL E—————
— o TFT Crexio

i»:

7 U U U
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Oucnnen

Mna3meHHaa naHenb

COCTOMT U3 [BYX CTEKNSHHbIX MNACTUH, MPOCTPAHCTBO MEXAY KOTOpbIMU
3aMonHeHo ras3om (HEOHOM).

K kaxxgoit nnacTuHe noAcoeavHAETCS psa napannenbHblX 3NeKTPOAos.

Korma Ha fBa anekTpoja, HaxofslWWXCA Ha pasHblX NnacTWHax, nogaerca
HanpsbkeHue, HeGOoMblIOK CErMEeHT rasa B TOUKE WX NepeceuyeHus HauuHaeT
CBETUTbCA.

MnasmeHHble aucnneu obecneunBaloT BLICOKOE pa3pelleHue, HO OHU OYeHb

poporn. Ux ucnonb3syloT B Tex Cnyyasx, Korga BaHO obecneyuTb BbiCokoe
KayecTBO U30BpaxeHus

@posTanshoe Cranvpyouyie  Muxpoameps  Vnpasnsiouwe Tosnosoe
crexno INeKTpoaL € rasom anexTpoast crexno
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Oucnnen
JlloMUHeCUeHTH!

* Wcnonb3yeTcs ToHKUiA crnoit dhocdopa, 3aknoueHHbIit Mexay AByMS
NPOBOAALMMU NAHENSMU.

+ CaeueHue docopa B HYKHBIX TOUKaX BbI3bIBAETCH SNEKTPUYECKUM
HaNPSXKEHUEM, MPUMIOKEHHBIM K NaHEensM.

*  LIMPOKO pacnpoCTPaHeHHbI B MPUNOXKEHUAX, KOTOPLIM BaxHa Bbicokas
UNTaeMoCTb N30BpaKeHNil NPU HanNMUUM BHELUHEl 3acBETKU.

OCOBEHHOCTU ~— cnocoBHocTb paGoTaTh  npu
HU3KMX  TemnepaTypax —okpyaloweil cpeasl,
YAAPONPOYHOCTb, BUBPOYCTOYMBOCTD,  LIMPOKUI
yron o63opa.
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MpuHTEpbI

MpuHTepbI NpeaHasHayeHbl AN CO3AaHUS NeYaTHbIX KOMUiA BbIXOAHbIX

rpacdMyecKuX U TEKCTOBbIX AaHHbIX. B 3aBMCUMOCTM OT MEXaHM3Ma neyaTi oHU
NoApasaensiioTes Ha yaapHble U HeyaapHbie.

MartpuyHbie (Urmbl cTyyaT no Gymare ckBo3b KpacsLLyro NeHTy)

Kpacawan nexta

nevataiowias ronoska
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TasepHble

MpuHTEpbI

BapabaH, NOBEPXHOCTb KOTOPOro MOKPLITA  MOMOKUTENLHO  3aPSHKEHHBIM
hOTONPOBOAALMM MaTEPUANOM, CKaHUPYETCS Na3epHbiM Ny4YoM.
Mpu OCBeLLEeHUN NONOXKUTENbHBIN 3apsa UcYesaeT.

3arem nosepx GapabaHa HaHOCUTCH OTPULATENBHO 3apsKEHHBIN TOHep B BUAE
MernKoil nyapsbl.

OH MpUNUNaeT K MOMOXUTENBHO 3apsKEeHHBIM yyacTkam GapabaHa, cosgasas
130GpaKeHUe CTPaHHULLLI, KOTOPOE 3aTeM NEPeHOCUTCS Ha Bymary.

— Tocne nevatn cTpaHuLbl GapabaH oumLjaeTCs OT OCTaTKOB TOHepa.

< ﬂ BnexTpos 3apAsa

Nasep (KopoHmpyiOWH NR0Boz)
/ J—
3epkano

Bapaban

Ponik
noaaum
ToHepa
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MpuHTEpbI

CTpyitHbIe (CneuuansHas nylika «nmo&T» Ha Gymary kanenbkamu YepHun

PasHoupeTHble YepHuna nonapatoT Ha Gymary yepes ManeHbkue oTBepcTUs,
cosfaBas UBeTHOe u3obpaxeHue.

[insi BEIBPOCA YEPHUN UCTIOMb3YIOTCS Pa3HBIE TEXHOMOTUM.

K npumepy, B CTPYIHO-MY3bIPLKOBLIX MPUHTEPaX OTBEPCTUS PacronoXKeHs! B
HeGOMbLUOI KamMepe, KOTOpas HarpeBaeTCs Tak, YTo YEpHUNa B Hell 3aKunaroT,
0Bpa3ys ManeHskie My3bipbki, BeIGPLI3rVBatOLMECS U3 OTBEPCTUS:

— Korpa ras B kamepe oCTbIBaeT, OH CO3aeT BakyyM, 3acacblBalowyii B Hee U3
YEPHUMBHULEI HOBYIO NOPLMIO YEPHNN.

Tonoh

py6rac
pwrasn

S ‘]
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o
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L necanion rosomn
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MpuHTEpbI
TenecTkoBble

+ B TOUHOCTM KaK Ha NeYaTHON MaLUMHKE: OAUH YAap — OAUH CUMBON.
*  WcTopuuecku nepsele.
+ llymHele, Manas ckopocTb.

Nenectkosan
ronoska

MpUHUMA PaBOThI NENECTKOBOIO NPUHTEPA
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KoMMyHMKaunoHHOe 06opyaoBaHue

Apantepb! JIBC

* YcTp-BO, no3BOnAlOWEe  KOMMblOTEPY

B3aumopelicTeoBaTb €  ApYrumu
ycTpoiicTeamu ceTu. B HacTtosiwee Bpema B MK u HoyTOykax KoHTponnep u

KOMMOHeHTBI, BbinonHsowue dyHkuuu cetesoit nnatel (NIC - network interface
controller/card), 4acTo WHTErpuUpoBaHbl B MaTepUHckue nnaTbl Ans yaobeTsa, B

TOM uKCTe YHUDMKALMY ApailBepa U yaeLIeBNeHUs BCEro KoMMbITepa B LIENomM.

BootROM

Mwukpocxema

TpaHcusep

WHavkaTopb!

LWnHa aaHHbIX
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KomMmMyHukaLuunoHHoe ob6opyaosaHue

- OGbIYHBIA (aHanoroBbii). MpeoGpasyeT Ludposoit curHan
(NPSIMOYronbHble 3MeKTpUYECKUe MMNYINbCh) B aHanorosblit (CUHycougsl
pasnuuYHbIX YacToT, aMnnuTyd U as) u obpaTHo.

- uudposble. [ina nepepaun no nuuusm xDSL. Wcnonbsyetcs uudposas
nepefaya v BpeMeHHOe YNNOTHEHWE KaHana.

- kabenbHble MoaeMbl. [ns nepefaus UMGPOBbIX AaHHBIX MO  CeTAM
kabensHoro TB.

Becnposoasie yeTponcTsa WiFioytyx, b
AnaHweT, cwapTdo TN

CrauvionapHele KaGens ot usb ycrporcrea,
| “verponctea nposanaepa 39 MoReM, NpUHTep U TN,
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JuckoBoOe yCTPOMUCTBO

OunckoBoe YCTPOWUCTBO nenons3yeT 6bICTPO
nepemMellaloLLnica pblyar Npusoaa AN YmeHus W 3anucu
[JaHHbIX G MIOCKOTO AMCKa, MOKPLITOTO MarHUTHbIMK
YacTmuamm:

— [aHHble nepefaloTcs C MarHUTHOTO AMCKa Ha KOMMbloTep Yepes
ronosky uteHus/sanucu (RIW).

— Heckomnbko coBpaHHbIX BOEANHO MarHUTHbIX [WCKOB C TOMOBKOI
R/W 1 KOHTpOnnepoM, HasblBatoT XecTkum auckom (HDD).

— [laHHble MOXHO 3anucbiBaTb 1 CTUpaTb C ANCKa CKOMbKO YroAHO pas.

— KnoyeBble  KOMMOHEHTbl XKECTKOro  [MCKa: MarHWTHbIA - AuCK,
LINUHAENDb, FOMoBKa YTeHus/3anuciu, pblyar npuBoAa U KOHTponnep.
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KOMNOHEeHTbl ANCKOBOIO YCTPOUCTBA

Koutponnep
(Controller
Board)

Bnok auckos
(HDA)

Nnactuta u cuuTbIBaOLLAn
ronoska Wutepeiic

(Platter and read/write Pasbem nuTaHna (Interface)
head) (Power Connectors)
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JuckoBoOe yCTPOMUCTBO

MarHuTHBLIN AUCK

» HDD COCTOWT W3 OOHOTO UMM HECKONMbKUX MIOCKUX KPYTIbIX AMNCKOB -
MagHUMHbIX OUCKOS.
= 3anucb AaHHbIX NPOUCXOAWT B BUAE ABOUYHbIX KO4OB;

* MarHuTHbIN AUCK — XECTKUIA KPYIblii ANCK, MOKPbITbI MarHETUKOM C
[BYX CTOPOH (BEPXHEN W HUKHEIR).

» [laHHble KoaupyloTCs MyTeM MOMNSpU3aLyuu MarkuTHoOit  obnacTu
NOBEPXHOCTU AucKa

3aNUCb WM CUUTBIBAHUE BOIMOXKHBI C
'0Beux noBepxHocTel Aucka.

o6bem HDD 3aBUCUT OT Komn-Ba AUCKOB U
oBbema Kaxaoro Avcka.





