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CucteMHe nporpaMmHe 3a6e3nevYyeHHs

Komn’toTep

Komm'totep (aHrn. computer - «064MCAOBaY») - GaraTo3Ha4YHWA TEPMiH Y Cy4acHil
niTeparypi, HanbiNbL 4YacTO BXMBAETHCA AK MO3HAYEHHS MPOrpamHO KepoBaHOIO €NeKTPOHHOro
NPUCTPOI0 06PO6KK iHopMaLiT.

TepMiH «komn'toTep» | abpesiaTypa «EOM», NpuitHATa B POCINCbKOMOBHI HayKOBOT
niTepatypu, He € CMHOHIMamWn. EnekTpoHHa o6umcntoBaibHa MawinHa (EOM) - obuncntoBasibHa
MallnHa, nobyaoBaHa 3 BUMKOPUCTAHHAM B AKOCTI (DYHKLIOHaIbHUX €NeMEHTIB  eNeKTPOHHUX
MPUCTPOIB 3aMiCTb MeXaHiYHMX. TepMiH BXXMBABCA B AKOCTI ICTOPMUYHOI0 HacTymnHMKa (MexaHi4yHo)
064YMCNIOBaSIbHOT MaLLUVHW.

B faHunin yac CNoBOCMONYYEHHS «eIEKTPOHHA 00UMC/IIOBa/IbHA MaLLlMHa» Maike BUTICHEHA
3 NOBGYTOBOI0 BXMUTKY.

Abpesiatypy «<EOM» B OCHOBHOMY BMKOPUCTOBYIOTb SK NPaBOBUIA TEPMiIH B HOPUAUYHUX
LOKYMEHTaXx, IHXeHepu LMMPOBOT ENEKTPOHIKM, TaKOX B ICTOPUYHOMY CeHCI - A/ MO3HAYEHHS
KOMM'HOTepHOT TexHiKn 1940-1980-x pokiB, i 415 MO3HAYEHHS BE/IMKMX 06UYNCNHOBA/IbHUX MPUCTPOIB,
Ha BigMIHY Bif NePCOHaIbHUX.

TakoX «LBM» - «undpoBa obuMcnioBasibHa MallnHa» Ha npotmeary «ABM» -
«@HasIoroBa 064NCNIOBa/IbHA MaLLNHAY.

3a [AONOMOroK 064MCNeHb KOMM'HOTEP 3A4aTHUIA 06po6NATK iHOpMaUilo 3a MEBHUM
aIropuTMoMm. byab-sike 3aBaHHA A4/ KOMM'loTepa € NOCAiA0BHICTIO 064YMCNEHD.

®i3nyHO KOMM'IOTEp MOXKe (DYHKLIIOHYBaTM 3a paxyHOK MepeMilleHHsA AKUX-Hebyab
MEXaHIYHMUX YaCTWUH, PYXYy EeNeKTPOoHIB, (POTOHIB, KBAHTOBMX UYaCTMHOK abo 3a paxyHOK
BUKOPUCTaHHS eeKTIB Byab-AKNX IHLLIMX I3UHHUX ABULL.

ApXiTeKTypa KOMITIOTEPIB MOXe 6e3nocepefiHb0 MOZeN0BaTV BUpPILLYBaHy Mpo6remy,
MakCUManbHO 6/13bKO (Y 3HaYeHHI MaTeMaTUYHOro ONucy) Bifobpaxatoun LOCNifKyBaHi (Di3NYHI
ABMLLA. Tak, €eNeKTPOHHI MOTOKM MOXYTb BWKOPUCTOBYBATMUCA AK MOZENi MOTOKIB BOAM Mpu
MOAENt0BaHHI rpebenb abo gam6. MofgibHMM YMHOM CKOHCTPYOBaHI aHa/lIoroBi KOMM'OTepy 6ynu
3BUYHUMU Y 1960-X pokax, 0fHaK CbOrofHi CTan fOCUTb PIAKICHUM SBULLEM.

Y 6inbLIOCTI cyvacHUX KOMM'oTepiB npobsema crovaTky OMNMCYETLCA B 3PO3YMiNIOMY 1M
BUrNAAI (Npu LbOMY BCS He06XiaHa iHpopMaLlis SK NpaBnIo NpeAcTaBNSAETLCA B ABIMAKOBIV (hopMmi - Y
BUINAAI OAMHWLb | HYNIiB, XO4a iCHYBa/IM | KOMM'KOTEPW Ha TPIKOBOT CUCTEMI YMCNIEHHS), NICNS YOro
AT 3 TI 06po6bKM 3BOAATLCA [0 3aCTOCYBaHHA NPOCTOT anredbpu norikk. OCKibKA NPakTUYHO BCA
maremMaTmka MOXe OyTW 3BefieHa [0 BWKOHaHHS O6yneBMXx orepauii, [OCTaTHbO LUBUAKUN
eNIeKTPOHHUIA KOMM'IOTEP MOXe OyTW 3aCTOCOBHWUI [N1A BUPILEHHS 6iNblIOCTi MaTeMaTUYHUX
3aBfaHb, a TakoX i OifbLIOCTi 3aBAaHb 3 06PO6KM iH(OpMaLi, SKi MOXYTb O6YyTW 3BefeHi Ao
mMaTemMaTUUYHUX.

Byno BWSBMEHO, WO KOMMIOTEPU MOXYTb BMPIUUTM He OyAb-AKy MaTemaTuyHy 3afaqy.
Bneplue 3aBAaHHA, AKi He MOXYTb OyTM BUpilleHi 3a [0OMOMOro KOMM'OTepiB, 6y onucaHi
aHrNincbK1MM matematukoMm AnaHom TblOpPIHIOM.

Pe3ynbTaT BMKOHAHOI 3afadi MOXKe OyTW NpeLCcTaBfeHWin KOpUCTyBayeBi 3a LOMOMOrO
PI3HMX MPUCTPOIB BBEAEHHA-BUBELEHHS IH(OPMALii, TakMxX, AK NamroBi IHAMKATOPWU, MOHITOPW,
MPUHTEPU, NPOEKTOPU i T. 1.

MoumnHaroui KopucTyBaYi i 0CO6/IMBO AiTVM YacTO He roTOBI CNpuiAMaTV ifgeto Toro, Lo
KOMM'OTEP - NPOCTO MalLMHA i HE MOXEe CaMOCTIliHO «ayMaTh» ab0o «po3yMmiTu» Ti CloBa, SiKi BiH
nokasye. Komm'rotep nuvile MexaHiuyHO Bigobpaxae 3afaHi nporpaMammn TOYKM, MiHIT Ta KOMbOpY 3a
[0MOMOro0 MPUCTPOIB BBELEHHS-BMBELEHHS. JIIOACLKMIA MO30K CaM BMi3HAa€E B MOKa3aHOMY Ti uu
IHWIi 0o6pa3mn, umcna i cnosa i Hagae ™M Ti UM iHWI 3Ha4YeHHA. TOuHiwe, OCHOBHA BIAMIHHICTb
KOMM'toTepa 1 N0ACbKOT0 MO3KY - Y 3[aTHOCTI [0 abCTPaKTHONO MUCNEHHS, SKUM BOJIOAIE NnLle
MO30K /IIOANHWN, 1, 3aBAAKN AKUM NIOAMHA BOMOAIE PO3YyMOM. Y TOMY 4MUC/i CHOAW BIAHOCATLCA -
TBOPYICTb, haHTasis, po3gyMu1, CaMOHaBYaHHS, eCTETUYHE CIIPUAHATTA I T. M.



CucteMHe nporpaMmHe 3a6e3nevYyeHHs

IcTopia o6uncnoBa/IbHUX MaLLNH

BrKOHaHHS NOCTaBneHWX Mepej HUM  3aBfaHb  O6YMCNIOBa/lbHA MaluMHa  MOXe
3abe3neyyBaTtu 3a LOMOMOIOH NepeMiLLleHHs MeBHNX MeXaHiYHUX YaCTWH, PyXYy MOTOKIB eNeKTPOHIB,
(hOTOHIB ab0 3a paxyHOK BMKOPUCTaHHS eqeKTiB Bif iHWMX f06pe BUBUEHUX (i3UYHUX fBULY,. Ha
CbOrofHi GiNbWICTb HANMOLWMPEHIWNX TUMIB BMKOPUCTOBYBAHMX O6YMCMHOBA/IbHUX MalUMH —
eNIeKTPOHHUIA  06uYMCNtoBa/IbHA — MalMHa.  ApXIiTeKTypa  O6YMCMIIOBA/IbHUX — MAlMH — MOXe
6e3nocepeHbO0 MOAEeNOBATU  BUpiWYyBaHy nNpobneMy, MakCUMasibHO 6/M3bKO (Y  3HAYeHHI
MaTemMaTUyHOro onucy) Bigobpaarounm [OoCNigKyBaHi (i3nYHi ABMLWA. Tak, eNeKTPOHHI NOTOKM
MOXYTb BMKOPUCTOBYBATUCA K MOZeNi NOTOKIB BOAM MPW MOAe/NOBaHHI rpebenb abo gamé. Takum
YMHOM CKOHCTPYIOBaHI aHa/loroBi 064YMCIOBa/IbHI MawMHU 6ynn 3BUYHUMKM Y 60-X pokax XX
CTONITTH, MPOTE CbOroAHI € 4OCTATHLO PIAKICHUM ABULLEM. Y BINIbLLOCTI Cy4aCHUX 064YMCNIOBASIBHUX
MalvH npobsiema croyaTtky OMUCYeTbCA B MaTeMaTUYHUX TepMiHax, Mpu LbOMY BCA HeobxigHa
iHthopMmaLis NpeAcTaBNAETLCA B ABIVKOBIN hopMi (y BUrAs4i oguHWUG i HyNiB), micna yoro gii 3 1i
06po6KM 3BOAATHCA [0 3aCTOCYBaHHA MPOCTOI anrebpaiyHoi foriku. OCKiNIbKU MPaKTUYHO BCS
maTemaTumka Moxke OyTu 3BefieHa [0 BUKOHaHHA ByneBunx onepaviil, [OCTaTHLO LUBMAKA eN1eKTPOHHA
obumncnioBasibHa MaluMHa MOoXKe OyTW 3acTocoBaHa A/ BUPILLEHHA 6ifblIOCTi MaTeMaTUYHUX
3aBfjaHb (a TakoX | GiNbLUOCTI 3aBfaHb 3 06PO6KM IH(opMaLii, AKI MOXYTb BYTK NIerko 3sefeHi 4o
MaTteMaTUYHNX).

HemexaHi4Hi o64mncnoBasibHI NPUCTPOT

» 3000 pokiB A0 H. €. — y cTapoAaBHbOMY BaBinoHi 6yna BUHaligeHa nepLua paxiBHUUA —
abak.

» 500 pokiB A0 H. e. — y Kutai 3'9BMBCS 6iflbLl «Cy4aCHWIA» BapiaHT abaKy 3 KicTO4Kamu Ha
CTPVKHAX — CyaHbNaHb. O4HWM i3 Pi3HOBUAOM CyaHbMaHb € POCiiicbka paxiBHULSA, SKa B AeSKUX
BMMaAKax BUKOPUCTOBYETBLCA i B HaLL yac.

MexaHiuHi 06uncnoBasibHI NPUCTPOT

e 87 pik g0 H. e. — B ['peLii 6yB BUrOTOBNEHNI «@HTUKITEPCbKNIA MEXaHi3M» — MeXaHiYHI
npucTpii Ha 6asi 3ybyacTMx nepeday, WO ABMASE COOOKH cheuianizoBaHWMn  aCTPOHOMIYHWIA
06uncnoBay.

e 1492 pik — JleoHapfo fga BiH4i B ogHOMY 3i CBOIX LWOAEHHMKIB Matoe eckiz 13-
PO3PSAHOIO MifCYMOBYBa/IbHOMO MPUCTPOID 3 [ecATU3Y6LEBMMU KinbUAMU. Xoya NPUCTPIn, WO
npautoe Ha 6asi LMX KpecneHb Oyno 36yaoBaHO nuwe y XX CTONITTI, BCe X TakKM peasibHICTb
npoekTy JSleoHapao fa BiHui nigTBepannacs.

* 1623 pik — Binbrensm LLnkapg, npodecop yHiBepcuTteTy THO6IHIeHY, po3po6nse NPUCTpIi
Ha OCHOBI 3y64acTMX KONiC Ans [0fAaBaHHA i BiAHIMAHHA LUECTUPO3PSAAHMX LECATKOBUX umcen. Uu
OyB NpUCTpIil 36ya0BaHMIA 3a XUTTA BMHaxXiAHUKA, AOCTOBIPHO HeBigoMo, ane B 1960 poui BiH 6yB
BIATBOPEHMIA | NPOSIBMB Ccebe LiNKOM npaue3faTHUM.

» 1630 pik — Pivapg [JenameiiH CTBOPIOE KPYroBy /IOrapuMidHy NiHinKy.

» 1642 pik — bne3 lMackanb npeactasnse «lMackaniHy» — MNepwnii peanbHO 34iNCHEHNI i
TakuiA, LLO OTPMMaB LUMPOKY NOMYNAPHICTb MeXaHiYHWIA LUgPOBUiA 06YMCOBaNbHUIA MPUCTPIN.
MpoToTvn npunagy [ojaBaB Ta BiAHIMaB M'ATUPO3PALAHI LeCATKOBI uucna. lMackanb BUrOTOBMB
MoHag AecATb TakuMxX 06YMCNtOBaYiB, MPUYOMY OCTaHHI MOAeNi onepysaiv YncnamMu 3 BiCbMOMA
[EeCATKOB/MM po3psifamu.



CucteMHe mporpamMHe 3abe3neyeHHs

MigcymoByBasibHa MalLMHa Mackans

« 1673 pik — BigoMuit HimMelbKuii (inocod i Matematuk ['oTtpig Binbrensm Jleli6Hiy
36yfyBaB MeXaHiYHWI KaNibKyNAToOp, AKWIA 33 JOMOMOrOK [BINKOBOI CUCTEMU YNAC/IEHHS BUKOHYBAB
MHOXEHHS, AiNeHHs, Jo4aBaHHS | BigHIMaHHS.

 [pn6n3HO B Liei Xe Yac Icaak HbHOTOH 3aKniafae OCHOBM MaTemMaTUYHOro aHasisy.

e 1723 pik — HiMeUbKWIA MaTeMaTWK i acTPOHOM XpucTiaH JlioaBur FepcTeH Ha OCHOBI
po6iT Binbrensma JlelibHiua CTBOPMB apMpMETUYHY MalLMHY. MalumMHa po3paxoByBasia YacTKy Ta
KifIbKIiCTb MOCNILOBHUX Orepauin JoAaBaHHA Mpyv MHOXEHHI umcen. Kpim TOoro, B Hiil 6yna
nepef6ayeHa MOX/IMBICTb KOHTPOJHO 3a MPaBWU/IbHICTIO BBEAEHHS AaHUX.

e 1786 pik — HimMeLbKNIA BINCbKOBMI iHxXeHep loraH Miosninep BUCYBaE ifiet0 «pi3HULEBOT
MaLUNHW» — CneLianizoBaHoro KanbKynaropa Ans TabyntoBaHHA N10rapumis, WO 06YUMC/IHOKOTLCS
METOAOM pi3HuUb KanbKynatop, nobynoBaHWn Ha CTyniHYaCTUX Baiukax JleibHiua, BWIALLIOB
[0CTaTHLO HesenmkuM (13 cm B BMcoTy i 30 CM B fiaMeTpi), ane nNpu LbOMYy MIr BUKOHYBaTW BCi
4OTMPW apUPMETUYHKX AiT Hag 14-po3pAagHUMUK Yncnamu.

e 1801 pik — >Xo3ed Mapi >Xakkap 6yaye TKalbKWiA BepCcTaT 3 NPOrpamHUM KepyBaHHSM,
nporpama poboTa AKOro 3afaeTbCs 3 40NOMOroK KOMIIEKTY NepdoKapT.

e 1820 pik — nepwwuii NPOMUCNOBWUIA BUMYCK apupMOMeTpIB. [eplicTb HaneXxuTb
(hpaHuy3y Toma e Kanbmapy.

» 1822 pik — aHrnmincknin matematuk Yapn3 be66igx BUHANLLOB, ane He 3mir nobyaysartu,
nepwy pi3HWUEBY MalluMHy (Cneuiani3oBaHWin apu(MOMeTp A8  aBTOMAaTU4YHOI NoOya0Bu
matemMaTUYHNX Tabnmub) — Pi3HMLEBY MalLnMHy Yapn3a beboimka.

o 1855 pik — 6patn leopr LWytc i Eggapg LyTy (aHrn. George & Edvard Scheutz) i3
CTokronbMa nobyaysanm nepLuy pisHULEBY MalLMHY Ha OCHOBI pobiT Uapn3sa beb6igxa.

e 1876 pik — poOCIlCbKMM MaTeMaTUKOM YebULLOBUM CTBOPEHWIN CyMyBa/lbHUI anapat 3
6e3nepepBHOIO Mepefayeto AecaTkis. B 1881 poui BiH TakOX CKOHCTPYHOBaB [0 HbOr0 MPUCTaBKY
ANA MHOXeHHS i gineHHa (ApugpmomeTp Yebniiosa).

o 1884—1887 pokn — [epmaH Xonnepit po3pobmB enekTpuUHy TabynoBasibHy CUCTEMY,
sika BMKOPWUCTOBYBanacs B nepenucax HaceneHHs CLUA 1890 i 1900 pokiB, a TakoX B PocCiiCbKili
iMnepii 8 1897 pou.

e 1912 pik — CTBOpeHa MalLMHa AN1s iHTerpyBaHHS 3BMYaHUX AndepeHLianbHMUX PiBHSAHb
3a NPOEeKTOM pociiicbkoro BueHoro A. H. Kpunosa.



CucTteMHe mporpaMHe 3a6e3neyeHHs

e 1927 pik — B MaccayyceTcbkoMy TexHonoriyHomy iHcTuTyTi (MIT) Gyna cTBopeHa
aHasi0rosa 064MC/OBa/IbHA MaLLVHa.

* 1938 pik — HimMeLbKuiA iHxeHep KoHpaz Lly3e nobyaysas CBOKO NepLuy MallvHy, Ha3BaHy
Z1. Lle MOBHICTIO MexaHiYyHa nporpamyBasibHa UMppoBa MawuvHa. Mogens 6yna npobHow i B
NPaKTUYHIA poboTi He BUKOpUCTOBYBanacs. Ii BifHOBNneHa Konis 36epiracTbcs B HimelbKoMy
TeXHIYHOMY MYy3ei B bepniHi. Y Tomy X poui Lly3e npucTynuB [0 CTBOPEHHS MalnHM Z2 (CnoyaTky
Ui MawwmnHu Hasmeanmcs V1 i V2. Mo HiMeubKi Le 3BYUnTb AK «Payl» i «Pay2» i Wob X He nayTanm
3 pakeTamu, 064MCNOBa/IbHI MalMHK NepeimeHysanu B Z1 i Z2).

O6uuncnioBa/ibHi MaLLIMHK

e 1941 pik — KoHpag Llyse CTBOptOE 06YMCMOBa/IbHY MalUMHY Z3, WO Maja BCi
B/IACTMBOCTI Cy4aCHOro KOMIM'HoTepa.

* 1942 pik — B YHiBepcuTeTi wraty Aiosa (aHrn. lowa State University) [xoH ATaHacoB
(aHrn. John Atanasoff) Ta iioro acnipaHT Kniddopg Beppi (aHrn. Clifford Berry) ctBopunn (a
TOYHiWe — po3pobuin i noyanm MoHTyBaTu) nepwwuid B CLUA  eneKTpOHHUMA  LQpoBUi
obuncntoBasibHa MawmHa (aHrn. Atanasoff-Berry Computer — ABC (o6uncntoBasibHa MallunHa)).
Xoua ua MawmHa Tak i He Byna 3aBeplueHa (ATaHacoB MILLOB Yy AitOYYy apMit0), BOHa, fK NULWYTb
iICTOPVKK, Mana BenuKuiA BNAMB Ha [koHa Mouni, SKuii CTBOPMB 4Yepe3 ABa poku nepwy EOM
ENIAC.
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Komm'totep ENIAC
e Ha nouatky 1943 poky ycnilwHi BuNpoOyBaHHS MpOMLINA Mepla amepuKaHCbKa

o6umMcnoBa/IbHA MallHa Mapk |, npru3HayueHa /1 BUKOHaHHS CKNaAHUX 6aniCTUUHMX Po3paxyHKiB
BM® CLUA.



CuctreMHe nporpaMmHe 3abe3ne4yeHHd

e B KiHUi 1943 poKy 3anpautoBana aHriincbKa 064MCNtOBa/lbHA MallMHa ChewialbHOro
npusHaveHHs «Konoce». MalimHa npaytoBana Hag, Po3LUM(POBKOK CEKPETHUX KOAIB (halLNCTChKOI
HimeuumnHn.

» B 1944 poui KoHpag Lly3e po3po6uB Lue 6ibLlu LWBMAKWIA 064MCAOBa/IbHA MalLWHa Z4.

. 1946 cTaB pPOKOM CTBOPEHHSI MepLloi YHIBEPCa/IbHOT eNeKTPOHHOI  LUQpPOoBOI
o6umncnroBasibHOT MawmHn ENIAC.,

* B 1950 poui B Kuesi nig kepiBHALTBOM akafeMika Jlebefesa 6yna cTBOpeHa nepLua B
KOHTUHeHTa/IbHIn €Bponi EOM — MECM.

3 4oro cK/1afaeTbCcsa KOMM'loTep?

Byab-akuii IBM PC-cymicHMIA KOMM'OTep SBNsE COO0H peanisauitd Tak 3BaHOI (POH-
HeMMaHOBCKOT apxiTeKTypu o6uncnioBa/ibHUX MawnH. Lis  apxiTekTypa 6yna npeacTaBneHa
bxopmpxem hoH HeinmaHom (George von Neumann) wie B 1945 poui i Mae Taki OCHOBHI O3HaKW.
MalumHa cKnagaetbes 3 670Ky YnpaBiHHA, apuUiMEeTUKO-N0rivYHOro npuctpoto (AJIM), nam'ati i
NPUCTPOTB BBEAEHHSA-BMBELEHHS. Y Hiil peanidyeTbCA KOHLEMNUis 36epiraeTbCsa Nporpamu: nporpamm
i AaHi 36epiraloTbCs B OAHIN i Tl ke nam'aTi. BUKOHyBaHi fii BU3Ha4at0TbCst 6/I0KOM YnpaBniHHA Ta
AJTIM, AKi pa3oM € OCHOBOK LEHTPa/IbHOro npouecopa. LleHTpanbHuMiA npouecop BUOMpPaE i BUKOHYE
KOMaHAM 3 nam’sTi NocnijoBHO, afpeca YeproBol KOMaHAM 3aAa€TbCA «UYUIbHUKOM afpecu» B
onoui ynpasniHHA. Lieidl NpUHUMN BUKOHAHHA HA3MBAETLCA MOCNILOBHOK Mepefayetd KepyBaHHS.
[aHi, 3 AKMMK Npautoe nporpama, MoXKyTb BK/IKOUATK NePeMiHHI - IMEeHOBaHI 06/1acTi nam'aTi, B AKMX
36MpatoTbCs 3HAYEHHA 3 METOK MOAALLIOr0 BMKOPUCTAHHA B nporpami. ®OH-HeMMaHOBCKYHO
apxiTekTypa - He €4uHWIA BapiaHT nobynoBn EOM, € 14 iHWI, AKi He BiAMNOBI4atOTb 3a3HAYEHUM
npuHYMnamM (Hanpuknag, noTokosi MawwmHKM). OfHaK nepeBakHa GiNbLIICTb Cy4aCHUX KOMM'OTepIB
3aCHOBaHi caMe Ha BKasaHWX MpuHLMNax, BK/YaoumM i CKnagHi 6aratonpoLecopHi KOMMNIEKCH, AKi
MOXHa po3rnagatn gk 06'egHaHHSA (DOH-HEMMaHOBCKYHD MalUMH. 3BUYAHO X, 3a O6iflbll HiX
niBBiKoBY icTopito EOM KnacuyHa apXiTekTypa npoiina A0BrUi LWASX PO3BUTKY. TUM He MEHLL
MK MOXHa «pO3KIacTy Mo NosnyKax» HaCTynHUM YNHOM.

LleHTpanbHuiA npouecop (AJ1M 3 6/10KOM ynpaBAiHHS) peanisyeTbCsa MiKpPONpPOLECOpOM
cimeictea x86 - Big 8086/88 no HOBITHIX npouecopis Pentium, Athlon i Opteron (i ue He KiHelb
ictopii). Tpu  BCii  BHYTPIWHIA  CynepcKanspHON,  CynepKOHBEepU3MPOBAaHHOCTU  Ta
CMEKYNATUBHOCTI (AMB. PO3A4iNn 7) CyvacHOro npolecopa 30BHI BiH AOTPUMYETLCA BULLe3rafaHui
NPUHLMN NOCNiLOBHOI Nepefadi ynpaBniHHA. Habip apyMeTUUHMX, NOTIYHMX | IHWNX IHCTPYKLLN
Haulivye KinbKa COTeHb, a /19 MOTOKOBOT 06p0o6KM npuagymMaHuin npuHumn SIMD (Single Instruction
Multiple Data - 6e371i4 KOMNMEKTIB [aHWX, WO 00PO6MSKOTLCA OAHIEKD THCTPYKLIEKD), 3a AKUM
npauooTs poswnpeHHs MMX, 3DNow!, SSE. lNpouecop Mae Habip perictpis, 4aCTMHa AKUX
AOCTYNHa Ansa 36epiraHHs onepaH/iB, BUKOHAHHA Aiil Haf HAMK i1 (hOpMYBaHHS afpecy iHCTPYKLii
Ta onepaHfiB B nam'aTi. IHWa YacTMHa PericTpiB BUKOPUCTOBYETLCA MPOLLECOPOM NS CNYXO60BMX
(cuctemHMX) Uinei, AOCTYN A0 HUX MOXe O6yTU 0OMeXeHwlid (€ HaBiTb NPOrpamHO-HEBUAUMI
pericTpu). Bci KOMNOHEHTM KOMM'tOTEpa NOAAlTLCA 414 npoLlecopa y BUMNAAI HabopiB enemMeHTIB
nam'aTti abo / i NopTiB BBEAEHHA-BMBEAEHHS, B SIKi MPOLECOP MOXe 3anucysaTu i / abo 3 AKNX MOXKe
34MTYBaTW BMICT.

MaM'aTb «po3noB3naca» 3a OGaraTbMa KOMMoHeHTamu. OrnepatuBHa nam'atb (O3Y) -
HanbiNbLINIA MacMB KOMIPOK Mam’sTi 3 CYMDKHUMW agpecamn - peani3yeTbCsi, AK MpaBuio, Ha
moaynax (Mikpocxemax) AMHaMiYHOI nam'aTti. Ans nigBULWeEeHHA NPOAYKTUBHOCTI 06MIHY AaHUMMK
(BKNHOYAKOUM | 3UMTYBAHHSA KOMaHA) onepaTtyBHa MNam’sTb KeLIYETbCA CBEPXOMNepaTMBHON NaM'aTTHO
(aws. 7.3). [iBa piBHi KellyBaHHA TepMTOpia/ibHO PO3TalLOBYHOTLCA B MiKponpouecopi. OnepaTvBHa
Nam'siTb Pa3oM 3 KeLleM BCiX PiBHIB (B AaHWi1 yac - A0 TPbOX) MpPeACcTaBNse COO0H €AMHUIA MacuB
nam’ati, 6e3nocepegHbLO LOCTYMHWIA NPOLECOpY AN 3aMUCy | YNTaHHS faHUX, & TaKOX 34MTYBaHHS
nporpamMHoro kogy. Kpim ornepaTvBHOI nam'siTb BK/OYAE TakoX NOCTiHy (M3Y), 3 AKOI MOXHa
TINIbKN 34MTYBaTU KOMaHAM i [aHi, i JesKki BMAWM crieyianbHOT nam'aTi (Hanpuknag, Bigeonam'sitb
rpacivyHoro agantepa). Bca us nam'ate (pa3om 3 OnepaTtUBHOK) PO3TALLOBYETLCA B €4MHOMY
npocTopi 3 NiHINHOKW agpecauieto. Y 6yAb-AKOMYy KOMM'HOTepi 0OOB'A3KOBO € €HEeproHe3anexHa
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nam'aTb, B AKili 36epiraeTbCs NporpaMa No4aTKoBOro 3anycky KOMn'roTepa i MiHiManbHO HeOOXigHWI
Habip cepsicis (ROM BIOS).

Mpouecop (ognH abo Aekinbka), Nam'aTb | HEOOXiAHI eNeMeHTU, WO 3B'A3YH0Tb 1X MiX
C06010 i 3 IHWNMM NPUCTPOSIMK, Ha3UBaKOTb LIEHTPa/IbHOK YacTMHO, abo a4poM, Komm'loTepa (abo
NpoCTO LeHTpoM). Te, WO B (hOH-HeiMaHOBCKOI KOMM'tOTEpi Ha3MBanocs NPUCTPOSAMU BBEAEHHS-
BMBeAeHHs (YBB), 3pyyHille HasvBaTy nepugepiitHUMmM NPUCTPOSAMMU.

MepwndepiitHi npuctpoi (MP) - Ue Bce NporpamHo-A0CTYMNHI KOMMOHEHTM KOMMN'tOTepa, WO
He NOTPanu/n B 0ro LEEHTPasIbHY YacTUHY. TX MOXHA PO3AiINTY 3a NPU3HAUEHHSM Ha AeKiNbKa
KNacis:

* [puctpoi 36epiraHHsA gaHnx (MPUCTPOIT 30BHILLHLOT NaM'ATi) - AUCKOBI (MarHiTHI, ONTUYHI,
MarHiTOONTUYHI), CTPIYKOBI (CTpUMepK), TBEPAOTINbHI (KapTn, mogyni Ta IBM-npucTpoi Ha gieL-
nam'ati). LIi npucTpoT BUKOPUCTOBYIOTLCA ANA 36epexXeHHs iH(popmaLii, Lo 3HaXoANTLCA B Mam'aTi,
Ha eHeproHe3a/IeXXHUX HOCIAX Ta 3aBaHTAXEHHSA Liel iHpopmalii B ornepaTtuBHy nam'aTb. Y AKOMY
BUINAAI 36epiraeTbCs iHpoOpMaLis Ha UMX MPUCTPOSIX, HaM He TaK yXe i BaXInBo (rofoBHe -
npaBU/IbHO BBaXKaTW Te, LLLO 36epernn).

. . MpUCTPOi  BBELEHHA-BMBEAEHHA CNy)XaTb A1 MEPeTBOPEHHA iHgopmauii 3
BHYTPILLUHbOro nofaHHsa komn'totepa (6iTn i 6ainTn) y hopmy, 3p03yMiNly HaBKOIMLLHLOIO, i Ha3ag.
IMig oTOuyrUMMK MatoTbCA Ha yBasi ntoauHa (i iHWi 6i010rivyHi 06’€KTK) | Pi3HI TEXHIYHI NPUCTPOI
(Komm'toTep MOXKHa MPUCTOCYBaTWU ANA YNpaBniHHA 6yAb-SKUM 06/1afHaHHAM, 6ynn 6 faTunKu Ta
BMKOHaBYi NPUCTPOT). Y iKY (hopMy Li NPMUCTPOI NepeTBOPATL ABIIKOBY iHPOPMALLitO - BU3HAYAETHCA
IX NPU3HaYEHHAM.

e « KoMmyHiKaLiliHi NpucTpoi cnyxatb Ans nepegayi iHpopmawii Mmi>k komn'totepamu i / abo
X yactnHamu. Croam BIgHOCATL Mofemu (NPOBIAHI, pagio, ONTWUYHI, iH(pPaYepBOHI ...), agantepn
NOK&IbHUX | rNo6a/ibHUX Mepex. Y faHOMY BuNafKy NepeTBOPeHHS (POPMU MOAaHHSA H(opmMaLii
noTpibHa TiNbKKN ANa nepepadi i Ha BiACTaHb.

Mpouecop, Nam’aTb i neputepiriHi NPUCTPOT B3aEMOAIOTb MidK COO0H0 3a OMNOMOIOK) LUMH i
iHTepdoeiiciB, anapaTHUX | MpOrpaMHUX; CTaHAapTW3auis iHTepdeliciB pobuTb apXiTeKTypy
KOMM'IOTepiB BIAKPUTOHO.

BiTn, 6anTtn, cnosa, naparpadwu

Komm'toTep npautoe B ABIMKOBIA CUCTEMI YMCNEHHS - MiHIManbHUM iH(OpMaUiiHUM
e/IeMEHTOM € 6iT, AKUIA MOXe NpuiiMaTy 3HadeHHst 0 abo 1. Lium 3Ha4eHHsIM BignoBifaoTb NOMITHI
(hi3nyHi CTaHy oOcepefKy, HailuacTiwe - piBeHb Hanpyrn (HW3bKWIA abo BUCOKWIA). bBiTK
OpPraHi3oBYOTbCA B KPYMHILWI YTBOPEHHSA - KOMIpPKWU nam'aTi i perictpu. KoxxHa Komipka nam'aTi (i
KOXXEH PpericTp) Mae CBOK agpecy, OAHO3HAYHO i ifeHTU(iKYe B MNEBHilA CUCTEMI KOOpAMHaT.
MiHiMa/IbHOKO — afipecyeTbCsi  (MepecunacTbCs MK KOMMOHEHTaMV  KOMM'tOTepa) OAMHULEHD
iHthopmauii € 6aliT, WO CKNagaeTbes, AK NpaBwno, 3 8 6ITl. [Ba 6aliTn 3 CyMiDXKHMMKU agpecamu
YTBOPIOKOTH €/10BO (Word) po3pagHicTio 16 6iT, aBa CyMiXKHI cnosa - noggiiHe cnoso (double word)
po3psAHICTIO 32 6iTa, ABa CYMiXXHI MNOABIHMX CnoBa - Yy4eTBepeHHoe cnoBo (quad word)
PO3psAHICTIO 64 6iTa. BainT (8 6IT) ginnTbca Ha napy Tetpag (nibble): ctapwy TeTpagy - 6iTn [7:4] |
monoALwy Tetpagy - 6itu [3:0].

Y [Byx6ainTHOE C/oBi NPUAHATMIA LH-NOpAA0K NPOXOMKeHHS 6alTIB: afpeca C/oBa BKasye
Ha monoawwuii 6anT L (Low), a cTapwmin 6aint H (High) po3millyeTbcsa 3a agpecoto, 6ifbLIoro Ha
OAMHMLIO. Y NOABIHOMY C/OBI NOPSAOK aHaOrYHWIA - agpeca BKasye Ha caMmuii MOIOALLMIA GawT,
nicns AKOro po3miLLeHi HaCTyMHi 3a CTapLUMHCTBOM. Lieii nopsigok, 3BaHui choopmatom Little Endian
i npupogHuiA ons npouecopis Intel, 3aCTOCOBYETbCA HE Y BCiX MIiKPOMPOLECOPHUX poauHax. Y
(hopmaTi Big Endian agpeca Bkasye Ha caMuii ctaplumid 6aiT (NOABIMHOIO, NOYETBEPEHIl ...) COBa,
iHWi 6ainTV PO3MILLYIOTLCS 3a HapOCTatouMM afpecammn. 3 Po36iKHICTIO opmaTiB NpeAcTaBNeHHS
[OBOAUTLCA CTUKATUCA, HaNpuKnag, npy nepegadi iHopmMauii Midk pisHUMK nigeucremamu (hopmar
Big Endian BUKOPUCTOBYETLCA B MEPEXeBUX NPOTOKO/MAX i WKHI FireWire).

Y TexHiYHin [OKyMeHTauil, eNeKTPUYHUX CXeMaxX i TeKcTax MnporpaMm MOXYTb
3aCTOCOBYBATUCA Pi3HI Cocobu NpesacTaB/IEHHS YnCen:
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« [giikosi (binary) uncna - KoxHa umdpa Bifgobpaxae 3HauyeHHs ogHoro 6ita (0 a6o 1),
CTapLUMin BIT 3aBXAM MULLETbCA NiBOPYY, MiCNA yucna CTaBUTbCA NiTepa «T». [ns 3pydHOCTI
CNPUAHATTA TeTpaau MOXYTb 6yTW po3gineHi npobinamu, Hanpuknag, 1010 0101b.

e LWictHaguatkoBi (hexadecimal) umcna - KOXHa TeTpaja NPeACTaBASETbCA OAHUM
cumBosiom 0 ... 9, A, B, F. lMo3HayaTuCsi Take MOJaHHA MOXKe MO-pi3HOMY, B AaHill KHU3I
BMKOPUCTOBYETLCA /iLLe CUMBOM «h» MiCNSA OCTaHHbLOI LUEeCTHaALATePIYHON UndpKW, Hanpuknag,
A5h. Y TekcTax nporpam Le X 41Mcno Moxke nosHavatucs i sk 0xXA5, i 9Kk 0A5h, B 3a1eXHOCTI Bif
CMHTaKcucy MOBM nporpamyBaHHs. HesHadywuii Hynb (0) pofaetbca 3niBa Bif  CTapLlol
LWICTHAAUATKOBIN LUMpK, 306paxkyBaHOi OYKBOLO, W06 PO3PI3HATM Yncna i CUMBONIYHI iMeHa.

e [Oecatkosi (decimal) uncna - KoxeH 6aiiT (CNoBO, MOABINHE CNOBO) NPeACTaBMSETLCA
3BMYAHUM YWC/IOM, a O3HaKa [EeCATKOBOro nofaHHs (nitepy «d») 3a3Buyail onyckaroTb. balT 3
nonepegHix NpuKNagis Mae fecATKOBe 3HaYeHHst 165. Ha BigMiHY Bij ABIKOBOI i WiCTHAALATKOBIN
(hopMm 3anucy, 3a [LEeCATKOBOH BaXKO B PO3YyMi BM3HAYMTWU 3HAYEHHS KOXHOro 6iTa, WO iHOAJ
[IOBOANTBLCS POOUTH.

e Bicimkosi (octal) uncna - koxHa Tpiiika 6iTiB (NOAIN NOYMHAETLCA 3 MOJIOALLONO)
3anucyeTbea y BUrNAAl undgpmn 3 iHtepsany 0-7, B KiHLI CTaBUTLCA O3HaKa «O». Te X came 4uco
3anncyeTbes AK 2450. BiciMKOBa cucTemMa HespyyHa TUM, Lo 6ainT He po3A4iIMTY NOpiBHY, ane 3aTe
BCI UMMPM - 3BUYHI. Y «NPO-UHTENIOBCKMX» CUCTEMAX Le MOoAaHHA HenonynspHo (Y HbOro
«DEC'OB-CbKe» NOXOMKEHHS).

Y «cnagok» Bif npouecopis 8086/88 picTaBcsi CBOEPIAHWMIA CMOCIO 3aBAaHHA aapecu
ocepeaky Nam’ATi y BUrNsafi nokaxumka «seq: offset», W0 CknagaeTbeca 3 4BOX CNiB: cermeHTa (seg -
segment) i 3cyBy (offset). Takuii 3anuc nNpunyckae 064YNCNEHHS NOBHOT aApeck 3a popmynoto addr B
16 « seg + offset. Take yaBneHHs 20-6iTHOro agpecu gsoma 16-6iTHMMM Yncnamm B MpoLecopax
8086/88 nmigTpUMYETLCA | B peasibHOMY PeXmmi BCiX HACTYNMHUX npoLiecopiB x86 (LoknagHiLle npo
agpecauii nam'ati gue 7.3). TyT cerMeHT BKasye agpecy naparpada - 16-6ainTHoi 06nacTi nam'sTi.
BupiBHIOBaHHA afpecy Mo MeXi naparpaa O3Hayae, WO BiH KpaTHWiA 16 (4 monoawwmx Gita
HYNbOBI). HeBaxKKo No6aumTy, WO OAMH i TOI Xe afpecy MOXHa 3afaBaTi PisHUMU NOESHAHHAMY
LMX ABOX KOMMOHEHTIB. Tak, Hanpuknag, agpeca novatky o6nacti gaHux BIOS (BIOS Data Area)
00400h npeactaBnatoTb | sk 0000:0400, i gk 0040:0000 (wicTHaAUATKOBE MOAAHHA MaeTbCA Ha
yBasi). MoxnuBi 1 iHLWI BapiaHTK, ane X He BUKOPUCTOBYHOTb. Y fAaHiil KHW3i B OCHOBHOMY 6YyaemMo
KOPWCTYBATMCA NepLUMM Crocobom, MpUYoMy Hy/bOBE 3HAYEeHHS CerMeHTa OyAemMO MpeacTasiATu
KOpOTKO, To € 0:0400. Ha wacts, B 32-po3psgHomy (i 64-po3psgHomy) pexxumi poboTu npoLecopis B
cyyacHux OC i gogaTkax CermMeHTalisl He 3aCTOCOBYETLCA, @ afjpeca BUPaXKaeTbCca ogHUM (32 - abo
64-6iTHUMW) YMCNOM.

Mo3Ha4yeHHs | NopsaoK OITiB i GailTiB WKMH agpecn i gaHuX, NpuitHaTe B anapatypi PC,
npuiiwno Big npouecopis Intel 8086/88 (i HaBiTh Big 8080). Camuin monoawmii 6iT (Least Significant
Bit, LSB) mae Homep 0, Haictapwwumii (Most Significant Bit, MSB) 6iT 6aiita - 7, cnoBa - 15,
noAgiriHoro cnosa - 31. Ha Ma/ltoHKax NpUIRHATO CTapLunii 6iT 306paxxaTi NiBOpyY, a MOSIOALINA -
npaBopyu.

KomMIpKKu nam’aTi, NOpPTU | PericTpu

MMOACHMMO PI3HMLIO MIX Ocepeakamy nmam’aTi, moptamu i perictpamu. Komipku nam'siTi
cnyaTb fimwe ans 36epiraHHs iHopmauil - cnoyatky 1i 3anucyroTb B KNITUHKY, & NOTIM MOXYTb
npoumTaty, a TakOX 3anucatu IHWY iHgopMmauito. MopTn BBEAEHHA-BUBELEHHS, AK MPaBusIo,
CNyXkaTb ANS NePeTBOPEHHS ABINKOBOT iHhopMaLii y 6yab-sKi (hisnyHi curHany i Hasag. Hanpuknag,
NopT AaHWX napanenbHoro iHTepdency hopMye eneKTpUYUHi CUrHaNM Ha po3'eMi, 40 SKOro 3a3Buyai
NigKN0YaTb NPUHTEP. ENEKTPUYHI CUrHamu, WO HagxoAAaTb Bif MPUHTepa, NMOPT CTaHy TOro X
iHTepdeicy Bifobpaxae y BArNAAI Habopy 6ITiB, KWK MOXe OYTW NniYeHni A NpoLecopom. Perictp -
[JOCUTL LUMPOKE MOHATTH, fKe 4aCTO BMKOPUCTOBYETHCA AK CUHOHIM NOPTY. Perictpm MOXyTb
CNY>XUTW ANa ynpaBniHHA npucTtposmMu (i IX KOHTponiepamn) i Ans YATaHHA TX cTaHy. Perictpu (3K i
NMOPTM) MOXKYTb YTBOPHOBATWN KaHa/N:
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e KaHann BBeAeHHs-BMBeAEHHA AaHuX. lMpuknag - perictp gaHux COM-nopTa: 6aiiTw,
3anuncyBaHi OfMH 3a OLHUM Yy Lei perictp, B TOMY >X NOpsAaKy OyayTb nepegaBaTmca Mo
nocnifioBHOMY iHTepeicy, TO6TO NOCTyNaTn B KaHan BMBOAY. AKLWO Lei iHTepdeic NigKounTm
fo COM-nopTy iHWOro Komm'roTepa i BUKOHYBaTW MPOrpamHi YATaHHS MOro perictpa gaHux, mMu
OTPUMaEMO 6aliT 3a 6ainToM nepefaHi AaHi. TaKMm YMHOM, TYT PEriCTp rpae posb KaHany BBEAEHHS.

e KaHanm ynpaBniHHA. FAKLLO 3anunc B PericTp NeBHUX AaHmX (6iTOBMX KOMGiHaLii1) 3MiHIOE
CTaH $KOrocb MPUCTPOID (CUrHan CBITNO(OPa, MOMOXEHHA SKOroCb MeXaHi3My ...), TO PericTp
YTBOPHOE KaHasl YNpas/iHHSA.

» KaHanu ctaHy. Mpuknag - pericTp irpoBoro nopty (game-nopT), A0 SKOrO MigKIHYEHNIA
[PKOMCTUK. YnTaHHA perictpa fae iHhopmawito Npo cTaH KHOMOK [KONCTUKA (HATUCHYTI UM Hi).

KaHan Bigpi3HAETLCS Bif 0cepedKy Nam'sTi Nopsf BNacTUBOCTEN. AKLLO B KOMiIpKY nam'siTi
3anucyBaTu pa3 Nno pas iHgopmMaLito, TO HAcTynHe 34MTYBaHHA MOBEPTAE pPe3y/ibTaT OCTaHHbLOro
3anucy, a BCI MonepegHi 3anucy BUABNIAIOTLCA MapHUMW. FAKLLO efleMeHT nam'aTi 3UMTyBaTn pas 3a
pas3oM, He BMKOHYHOUM 3anuc 0 Hel, TO pe3ynbTaT 3UMTYBaHHA KOXeH pa3 Oyfe OAHVM i TUM e
(Npn cnpaBHiin nam'aTi). «3aliBUin» YMTaHHA KOMIpKM Mam'siTi He npu3Bede Hi A0 AKUX MOBIYHMX
ehekTiB. Ha UMX BMaCTUBOCTAX «CMNPaBXHbOI» Mam’aTi 3aCHOBaHi METOAM MPUCKOPEHHA poboTu 3
HEel0: KellyBaHHSA i CNeKyNATUBHe YATaHHA. 3 pericTpamu, W0 YTBOPHOKOTL KaHaiu, Taki BO/IbHOCTI
HenpunycTuMi. TyT BCi 3BEPHEHHS NPU3BOAATL A0 AKUX-HebyAb 3MiH. KellyBaHHS i CNeKynsaTuBHe
YyMTaHHSA HenpunycTuMi. Hanpuknag, 3aiiBe (CNekynsTUBHE) YynTaHHA pericTpa gaHux COM-nopty
«BUCMUKHE» 6alT 3 NPUIAHATOrO NOTOKy. Onepauis YMTaHHA PericTpa ctaHy MOXe OYyTh HesBHUM
NiATBEPIKEHHAM CKMUAAHHA AKOI-HeOYAb 03HaKM (Hanpukiag, 3anuTy nepepuBaHHs), i BOHa 3MIHIOE
CTaH MPUCTPO. 3anucy B KaHal faHuX (I ynpaBniHHA) TakOX He MOXHa onyckatu (ans
«MPUCKOPEHHS»).

KoxxeH 6aiT (KoMipka nam'siTi, NOpT, PericTp) Mae BNaCHUA YHiKabHUIA (i3nYHy afpecy.
Lis agpeca BCTaHOB/KOETLCS HA CUCTEMHIN LUNHI NPOLLECOPOM, KON BiH iHIiLiOE 3BEPHEHHS 40 AaHUX
ocepeaKy 4m nopTy. 3a Liet X aapecoro 40 Lboro Bivka (NOPTY, PEricTpy) MOXYTb 3BepTaTuUCA I
iHLUi aKTVUBHI KOMMOHEHTW CUCTEMM - TaK 3BaHi MaliCTpy LUUHMK.

Y cimelicTBi X86 i PC-cyMiCHMX KOMM'IOTepax MpPOCTOPY agpec KOMIPOK nam’siTi i nopTiB
BBeLeHHA-BMBEAEHHS po3gineHi. Lle nepesbayeHo 3 060X CTOpiH: MpoLecopyu [03BONAKTL, a
KOMM'IOTEPW BUMKOPUCTOBYIOTb [faHWi nogin. HuHiwHi 32-6iToBi npouecopn MatoTb PO3PALHICTb
(hismyHoi agpecy nam'aTi 32 i HaBiTb 36 6IT, WO 403BONSE aapecyBaTh Ao 4 i 64 ["6aiT BigNOBIAHO.
MpocTip BBeAEHHSA-BMBEAEHHS BUKOPUCTOBYE /fMwWe MonoAwi 16 O6iT agpecw, WO [03BONSE
afgpecysatu ao 65 384 ofHO6aTOBMM pericTpiB. AApPecn «iCTOPUYHUX» CUCTEMHUX NpUCTPOiB PC
He 3MIHWUIMCA 3 CaMOro HapOPKEHHS - Lie laHUHA CYMICHOCTI, fiKa 6e3 noAiny npocTopiB HaBpsg, Ym
6 3abe3neuyBanacs CTi/IbKM PoKiB. MpocTopy nam'aTi i NOPTiB BBeAEHHA-BUBELEHHA HEPIBHO3HAYHI
He TifIbKK 3a 06CsArom, ane i 3a cnocobamu 3sepHeHHs. CnocobiB agpecalii 40 KOMipKM Nam’aTi B X86
BeNMKa KiNbKiCTb, B TOW Yac AK AN agpecauii BBeAEHHA-BUBEAEHHSA TX iCHYE TiNbkKu ABa. [o nam'aTi
moxnmea (i LUMPOKO BUKOPWUCTOBYETLCH) BipTyalbHa agpecauis (aue. 7.3), npu kil ans
nporpamicta, nporpaMyM i HaBiTb KOpPWUCTyBaya CTBOPHETLCA I/1t03I9 ONepaTUBHOI NaM'ATi
rraHTCbKOro posmipy. [lo nopTiB BBeAEHHA-BUBEAEHHA 3BEPTAOTLCA Ti/IbKA 33 peaslbHUMM
afpecamu; npasga, I TyT MOX/MBa BipTyanisauid, afe BXe YWCTO NporpamHMMK 3acobamu
ornepawivHoi cucTemu. |, HapewwTi, came iCTOTHa BiAMIHHICTb NPOCTOPIB Nam’ATi | MOPTiB BBEAEHHS-
BMBEJEHHS: MPOLECOP MOXe 34MTYBaTU IHCTPYKLIT 419 BUKOHAaHHA TifIbKM 3 MPOCTOPY Mam'aTi.
3BMYaliHO, Yepes NOPT BBEAEHHA MOXKHA BBXKATMN (parMeHT nporpamHoro Koy (Lo i BigbysaeTbes,
Hanpuknag, Npu 34MTyBaHHI AaHNX 3 ANUCKa), ae AN Toro, o6 Liei Ko, BUKOHATW, 0ro Heo6XigHO
3anucatv B nam'ati.

PericTpu pi3HMX NPUCTPOIB MOXYTb OYTW NpunucaHi K A0 MPOCTOPY MOPTiB BBEAEHHS-
BUBELEHHSA, TaK i 0 npocTopy nam’aTi. [ig NopTOM NPUCTPOIO, AK NPaBusIo, Mat0Tb Ha yBasi pericTp,
NoB'A3aHNi 3 LM MPUCTPOEM i NPUNUCaHWI [0 MPOCTOPY MOPTIB BBEAEHHA-BUBEAEHHS. TOYHICTb
HaBefleHOI TepMIHOMOrIT, 3BMYaiMHO >, BigHOCHA. Tak, Hanpukniag, ocepefku Bigeonam’aTi (Tex
nam'ate!) Cnyxatb B OCHOBHOMY He A/1d 36epiraHHs iHopmauii, a Ana ynpaeiHHA CBITIHHAM
eflemMeHTIB ekpaHy. MoHATTa Memory Mapped | / O 03Ha4ae pericTpu nepugepiinHMx NpUcTpois,
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BiJ0OOpaXXeHi Ha NpocTip nam'ATi (TO6TO 3aliMatOTb afpecy came B LibOMY NPOCTOPI, a He B MPOCTOpI
BBeLEeHHS-BUBEAEHHS).

Moain npocTopiB nam’aTi | BBeAEHHA-BMBEAEHHA Oy/0 BMMYLUEHMM 3aXO4OM B YMOBaXx
feiumnTy agpecyeTbes npocTtopy 16-6iTOBMX Mpouecopis i 36epersiocs y BCix npouecopax x86. Y
npouecopax psgy iHWWX POAWH Takoro noginy Hemae, i Ana MOTpe® BBEAEHHSA-BUBELEHHA
BUKOPUCTOBYETLCA BUAiNeHAa 06/1aCTb €4UMHON0 aApecHoro npocTopy. TeHAEHUis 3KMBaAHHS

NPOCTOPY BBOAY-BMBOAY CMOCTEPIraETbCA B Cy4daCHUX creumdikayisx NpucTpoiB Ta iHTepdeicis ans
PC.
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