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BBepeHue

YenoBeuecTBO IPOLUIO UTMHHBIA IyTh, MpEXHe 4YeM IOCTHUIJIO
COBPEMEHHOI'O YpPOBHSI Pa3BUTHUS M TIPUMEHEHHSI KOMITBIOTEPOB M
WHGPOPMAIIMOHHBIX TEXHOJIOTHIA.

Bmiote 1o XVII B. JegTebHOCTh OOINECTBA B IIEJIOM M KaXIOIO
YeJIoBEKa B OTIEIbHOCTM ObLTa HarpaB/ieHa Ha OBJIAJICHHE BEIECT-
BOM, T. €. €CTh ITO3HAHNE CBOMCTB BellleCTBa M M3rOTOBJICHHE CHaYaila
MPUMUTHBHBIX, a ITOTOM Bce 60Jiee CIOXHBIX OPYINii Tpyaa BILUIOTh 0
MEXaHU3MOB U MAILIMH, TO3BOJISIONIUX H3TOTOBJISATh MaTepHaJIbHBIE
LIEHHOCTH.

3areM B mpoliecce CTaHOBJICHMS WHIYCTPHAJIbHOIO 00IIIecTBa Ha
MEepBBIN IUIaH BhILUIA NMTpo6ieMa OBJIAACHUSA 3HEPTUE — CHayaja Te-
TJIOBOMA, 3aTEM 3JIEKTPHUYECKOM M aTOMHO#, YTO MO3BOJIO OCBOUTH
MacCoOBO€ MPOM3BOJCTBO MOTPEOUTENBCKMX IIEHHOCTEH M, KaK Clel-
CTBHE, TOBBICUTh YPOBEHb XHM3HH JIOJEH M M3MEHHUTb XapaKTep MX
Tpyza.

B TO Xe BpeMs 4YeJIOBEYeCTBY CBOMCTBEHHa MOTPeOHOCTh BBIpa-
XaTb, 3aTIOMHMHATh W PaCMpPOCTPaHATh MHPOpPMAIHIO 00 OKpYXaio-
IEM MUpE — 3TH YCTPEMJICHHS MPUBEIN K TMOSBICHUIO MMCbMEHHO-
CTH, KHUTOIEYaTaHUs, XUBOMKUCH, GoTorpaduu, pagnoCBs3H, Teje-
BUACHHS.

B najiekoM IpoLLTIOM JTIOOY CYMTAIHM Ha MajabllaX WIHA Jejaay Ha-
CE€YKH Ha KOCTAX. JIpeBHEMIINMM «CYETHBIM MHCTPYMEHTOM», KOTO-
phIit OBUT TIpEACTaBIEH CaMOi IPUPOIOI B pacIiOpsDKEHHE YeJIoBeKa,
obUta ero codbcTBeHHasi pyka. Ha 3ape yenoBeuyecKoil HWBHJIM3AIINHU
ObUIM M300pETEeHBI pa3jIMYHBIE CHUCTEMBI CYMCIICHMS, MO3BOJISIONINE
OCYILIECTBJISITb TOPIrOBBIE CHEJIKM, PaCCYUTHIBATD aCTPOHOMHYECKHE
IIMKJIbI, TIPOBOAMTE Apyrue BeraucIeHUs. CITyCTS HECKOJIBKO ThICSYe-
JIETUI TIOSIBWINCH TIEPBBIE pYYHbI€ BEIYUCIIUTEIBHBIE CPEICTBA.

B Hamm gHM cIOXHENIINE BEIYUCIUTENBHBIE 3a1a4l, KaK U1 MHO-
XECTBO NPYTHMX OrepaLMid, Ka3aaoch Obl, HE CBA3aHHBIX C YHMCJIAMH,



4 BsepeHue

pelaloTCsi UMEHHO C MOMOIIBIO KOMIBIOTEPOB. DTO €Ilie OAMH THUII
MallIiH, MMOCTPOEHHEBIA IS TOro, YTOOH YBEIMYUTh 3PEKTUBHOCTD
M KayeCTBO BBHINOJHSIEMBIX paGOT U IMOBBICUTH NMPOU3BONUTENBHOCTh
tpyna. OOHaKoO HU OOHa JApyras MallliHa B MCTOPUM He MpUHeEcaa
CTOJIb OBICTPBIX M IIYOOKMX M3MEHEHUM (ITocaika anmnaparoB Ha Io-
BepxHOCTh JIyHBI M HcciegoBaHMe TUIaHeT COJMHEYHON CHUCTEMBI,
yIpaB/ieHUe MEIULIMHCKOM anmnapaTypoi, pellieHHe CI0XHBIX 3KOHO-
MHYECKMX M YIIpaBIeHYECKIX 33a4 1 MHOTOE JIPYroe).

DJIEKTPOHHEIE BBIYUCINUTENIbHBIE MaliMHBl (DBM) 3a nmocnenHue
MOJIBEKa Mpeodpas3in UMBWIM3ALMIO, BOBJIEKash 4YEJIOBEYECTBO B
npouecc MHPoOpMaTH3all MM, KOTOPBI OXBaThIBAET BCE CQeEphHI,
BCEe OTPAac/y OOLIECTBEHHOM XHU3HH, MTPOYHO BXOISAT B XU3Hb KaXI0-
ro YeJOoBeKa, BO3AEMCTBYIOT Ha €ro obpa3 MBIIIIJIEHHST U TIOBEICHHUE.

DBM sBidA0TCa BaxHeimM U3 PakTopoB HHOOPMATH -
3aIl 1 M, KOTOpble BKITIOYAIOT B Cebs:

o TexHH4YecKHue cpeactBa (DBM u cucteMbi);

e IIpOrpaMMHBIE€ CPEICTBA M CUCTEeMBI (ITpOrpaMMHBII ¢akTop);

e MHQOpMAIIMOHHEBIN (aKTOp — COOCTBEHHO MHOpMaLys, T. €.

CHUTHAJIbI, COOOIIIEHMsI, MAaCCHUBBI JaHHBIX, (ailibl U 6a3bl AaH-
Hoix (B);

e MHTEJUIEKTYaJIbHbIE YCWIMS M 4YeJIOBEUeCKUi Tpynd (4esnoBeuye-
CKMif, TYMAHUTApHBINA (paKTop).

INepeuncneHHble (paKTOPH COOTBETCTBYIOT TakKe MCTOPUYECKUM
aranaM pa3BUTHS MHPopMaTU3aLK. MOXHO BBIIECIUTH CIEAYIOLIUE
¢asbl, Ha KaXIoil M3 KOTOPHIX TOMMHUPYET KaKOH-JIMOO0 U3 YIOMs-
HYTBIX (paKTOpOB:

o mexHu4eckuli nepuod, 3a KOTOPHIH CIOXWINCh OCHOBHBIE Tpe-
CTaBJIEHHUSI O CTPYKTYpe YHUBEPCAJIbHBIX 3JIEKTPOHHBIX BBIYMC-
JuTenbHbix MamMH (DBM), omnpenenunach apxatekTtypa |
THIIBI YCTPOUCTB — ¢ 1946 mo 1964 rr. (MpuGIU3UTENIBHO);

o NpocpamMmHbili nepuod — BbIpaboTalaCh COBpEMEHHas KJIacCHU-
¢dukanusa nporpaMMHBIX CPEICTB, MX CTPYKTYp U B3aUMOCBSI-
3eil, CJIOXWINCh S3bIKH IpOorpaMMHMpOBaHMs, ObUIH pa3paborta-
HBI TiepBble KOMITWJIATOPH M NMPUHUMIBI MPOLEeTypHOl obpa-
6otk — ¢ 1954 mo 1970 rr.;

o uHgpopmayuonHwlli nepuod — B LIEHTPe BHUMAHMS MCCIIenoBaTe-
Jieit U pa3pabOTYMKOB OKAa3bIBAIOTCSI CTPYKTYPHI JaHHBIX, A3bI-
k1 onucaHusa (SIO) u manumynupoBanusi (AMJ) naHHBIMHU,
HenpoLeIypHbie IMOAXOObl K TMOCTPOEHHMIO CHUCTEM 00paboTKH
nHbopManmu — ¢ 1970 r. mo Hacrosiiee Bpems;
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o CYMAHUMGApHHi nepuod, CBSI3AaHHBIA C PE3KHM BO3pacTaHUEM
Kpyra TIiojb30BaTejieil aBTOMAaTHU3WPOBAHHBIX HH(OpPMallMOH-
HBIX TexHonoruit (AUT) u noBbillieHNEM PO UHTEPPEHCHBIX
U HaBUTAIlMOHHBIX BO3MOXHOCTEH COOTBETCTBYIOIIMX CHCTEM
(¢ Hayana 90-x rr. mponuroro Beka). TpamuiuonHsie AUT
ObUTM TIOAYMHEHBI MPOM3BOAUTENAM HMHpopmanuu (MHPopma-
LIMOHHBIX CUCTEM) M JOBOAWIHM OAMHAKOBOE colepXaHue (Co3-
JIaBaJIM ONHOTUITHbIE BO3MOXHOCTH) 10 Bcex aapecatoB. HoBbie
AWUT HanpasieHbl Ha WHIMBHIYAJILHOIO ITOJB30BaTeNIsI, IIpe-
JIOCTaBJISIA BO3MOXHOCTh MOJyd4eHUs HHGpOpMalMH, HYXHOM
HMEHHO eMy.

KoHeuHo, naHHasi repruoau3aliis yCJIOBHA, U TOBOPUTh 00 OKOH-

YaHUM TEXHUYECKOTO Mepuoaa WM MCYEepIaHUM IpeaesioB pa3BUTHA

He npuxoaurcss. MMeHHo DBM pa3BuBaroTcsi Hanbojiee BHICOKMMH

TeMIIaMH, yBJIeKasl 3a c000i1 ocTaibHBIe (hbaKTOpBl MHMOPMATU3AIIUH.

Hacrosiumii y4eOHUK MOCBALIACTCS TAHHOM MpobJieMaTHKe.

[lepBas riaBa MOCBsIIEHAa MCTOPUHM PAa3BUTHS BBIYHMCIUATEIHLHBIX
YCTPOMCTB, MallIMH ¥ MPUOOPOB, OCHOBHBIM aCIieKTaM OCHOB DBM —
MH(POPMALIMOHHBIM (MpeACTaB/ieHHe, KOOUPOBaHHUE, 00paboTKa WH-
dopManun B DBM), normyeckuM (OCHOBHBIE (PYHKLMH, OIEpalvy,
3JIEMEHTHI Y Y3JIbl) M AJITOPUTMUYECKUM (CTPYKTYPa M OCHOBHBIE 3JIe-
MEHTBI IPOrpaMM M aJITOPUTMOB).

B rnase 2 paccMaTpHBaIOTCS pa3IMYHbIE IPUHIUITEI KiaccubuKa-
LMY BBIYMCIMTEIbHBIX MalllMH, Y31l DBM, npencrasieHus o6 apxu-
TekType DBM, BeiuncanTeabHbIX cucTeM (BC) U cyniepKOMITBIOTEPOB.

B Tperneii rnaBe paccMaTpuBalOTCA OOLLME MPUHLMIIBI CTPYKTY-
pPbl U apXUTEKTYPHI MPOLIECCOPOB, TEXHOJIOTMH MOBBIIIEHUS MX MPO-
U3BOAMTEILHOCTH, KOHKPETHbIE MHKPOApXHUTEKTYpHl IIPOLIECCOPOB
Intel, AMD, IBM, cucteMa koMaHI X86 B NIpEINCTaBJEHUIX MaKpo-
accembJiepa.

I'naBa 4 mocssilieHa BOIpOCaM OpraHM3allMM ONEpaTHBHOI mMa-
MSTH, BHYTpEeHHUM HMHTepdeiicaM B (KpaTKO) BHEIIHUM WHTep@eii-
caM, a TakKXkKe PpPa3sHOBHIHOCTSM apXUTEKTypbl Habopa MHKpPOCXEM
CHCTEMHOM IUIaThl (YMIICET).

K coxaneHuro, u3-3a orpaHMYeHHN Ha O00BEM KHUIU ObU1 OITy-
ILIEH LEJBId P BOMPOCOB, CBSI3aHHBIX C COBPEMEHHBIM COCTOSTHEM
nepudepuitHpix ycTpoiicTB DBM, KoTOpble OOHAKO MOAPOOHO pac-
CMOTpEHBI, HarpuMep, B pabotax asropos [10, 11, 15].

Y4yeOHUK Ga3upyeTcsl Ha MaTepHalaX, HAaKOIUIEHHBIX aBTOpa-
MU B Ipoliecce NMPaKTUYECKON, MCCIEeI0BAaTENbCKOM, a TaKXKe Ipe-
nomaBaTebCKoil mestensHoctn (MUOU, MUCHU, PITY, PDA
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M. I'.B. ITnexanosa, M®IIA). ABTOpH BHIpaXaioT 0JaroxapHOCTb
pelieH3eHTaM, a TakKXe KoJUleraM, MPUHSBIIAM y4acTHe B 0OCcyxie-
HUM Marepuana, — H.B. Makcumosy (MU®PH), K.U. Kypbakosy
(POA wuwm. I'.B. ITnexaHoBa), a takke crtymeHTam PITY, MO®IIA,
PDA um. I'.B. [1lnexaHoBa 3a NpedOCTaBJICHHBIE WLIIOCTpPAaTHBHEIE
MarepHaIbl.



fnaBa 1
BbIYUCJIUTENbHBIE YCTPOUCTBA U MALLUUHDBI.
OCHOBHbIE NPUHLUMUNDI

3aknanka ¢pyHaaMeHTa KOMIIBIOTEPHOM pPEBOMIOIMH ITPOMCXOAM-
Jla MEIUIEHHO W JajJieKo He riaako. OTIpaBHON TOYKOH 3TOro Ipo-
Ilecca MOXHO CUMTaTh M300peTeHHe cueroB (Oojee 1500 ner Ha3anm).
OHH oKa3aimch o4eHb 3¢ GeKTUBHBIM HHCTPYMEHTOM U BCKODE pac-
MPOCTPAHWINCh TI0 BCEMY MHpY (KOe-re NPUMEHSSICh M IO Cceil
neHb). C XVII B. eBponeiickie MBICTUTEIN ObUIM YBJIEYEeHBI Muaeei
CO3MaHHUs CYETHBIX YCTPOMCTB.

IlepBast cyeTHaa MaillMHA MOSBHJIACH JUIb B 1642 r. Ee u3o06pen
¢paniry3ckuit MateMaTuk Ilackanb (cM. Tab6a. 1.1). IMocTpoeHHas Ha
OCHOBE 3y0O4YaThIX KOJieC, OHa MOIJIa CYMMHUPOBaTh NECATHYHBIE YHUC-
na. Bce dyeThlpe apupMeTHYECKHX NEHCTBHS BBHITOJHAIA MAaIlMHA,
co3gaHHag B 1673 r. HeMeUKMM MareMaTHKOM JleibHMIIEM, KOTOpas
cTajla TPOTOTUIIOM apH(pMOMETpPOB, HCHONb30oBaBlIMxcd ¢ 1820 r.
BILIOTH 10 1960 rr. XX B. Bniepshie uaes nporpaMMHO-YIIpaBIseMOM
CUYETHOI MAIIMHBI, UMEIOLIEH apuPMETHIECKOE YCTPOHCTBO, YCTPOii-
CTBa YMpaBJIeHUsI, BBOJA U TI€YaTH (XOTSA U MUCIIOJB3YIOUIEH OeCATIY-
HYIO CHCTEMY CYHUCJIeHHUs), ObUla BbIABMHYTA B 1822 r. aHrIMACKUM
MaremaTukoM b360umxem. ITpoekT onepexan TeXHMYECKHE BO3MOX-
HOCTH. CBOETO BPEMEHHU M HE ObUI pean30BaH.

KaxmoMy, 3HaKOMOMY C COBpEMEHHBIMM KOMITBIOTEDAMH, MeXa-
HUYECKHE CYETHbIe MAIMHBI U MPUOOPHI MOKAXYTCH, MOXATyii, 3a-
0aBHBIMH M HEYKIIOXHMH ycrpoiicTBaMu. OnHAKO, 03HAKOMHUBILKMCH
C UCTOpHEN pa3BUTHUS CYETHBIX MAllIMH, MOXHO TTOPa3sUThCS U300pe-
TATEJIbHOCTH, XUTPOYMHUIO M HACTOMYMBOCTH HX co3jaTesieif. YMecrt-
HO BCIOMHMTH cioBa b. IMTackansa o ToM, 4To M1 co3naHust «apud-
METHYECKOI MalWHBI» €My MOTpeOOBAIOCh BCE paHee MPUOOPETEH-
Hble 3HAHUsI 110 TeOMeTpUM, PU3NKE U MEXaHUKE.

BemonnsBumecsi B 40-x romax XX B. paGoThl 10 CO3MaHUIO BHI-
YUCITUTENBHBIX MallUH C MPOTPaMMHBIM YIIpaBJI€HUEM, ObUTM TECHO
CBAI3aHBI C MOSBJICHHEM HOBOW (yHIaMEHTaIbHOW HayKu — Kubep-
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HETHKH, WIN HayKu 00 yIpaBJIeHUN U KOMMyHHKaluu. Cynpba 3Toi
Hayku B Hamueid crpane (6wiBiieM CCCP) Oputa TpymHo#. dosroe
BpeMsi OHa CUHTaNach «OypXya3HoW JDkeHaykoi». ToJlbKO B Hayasie
50-x IT. MPONLLIOr0 BeKa IMOSIBWJIKMCH IEpPBHIE COBETCKWE BBHIYHCIIU-
TeJIbHblEe MalIMHBL. HecMOTpsS. Ha 3TO POJib OTEYECTBEHHBIX YYEHBIX B
00J1aCT KMOEpPHETHKH ¥ BBIYMCINTEILHOM TEXHUKHA HEOIIEHHMA.

1.1. BoluucautenbHbie yCTpOMCTBA U npubopsl,

UcTopusa sonpoca

PaccMoTpuM BHavase Ta6i. 1.1, B KOTOpol IpUBeIeHH KpaTKHe
CBeIeHUS] 00 MCTOPUU Pa3BUTUS BBHIUMCIIUTENBHBIX CPEICTB M METO-
JIOB B JIMLIAX, COOBITUAX U OOBEKTaX («BpeMsI — COOBITHS — JIIOHM»)

[10—12].

Tabauya 1.1. OcHoBHbIE COOBITHA B HCTOPHM PA3BHTHA BbIMHCJIHTEILHBIX METONOB,
npuOOpOB, aBTOMATOB M MAIIHH

ABTOPbI U N3ENUA

XpoHonorua u onucaxue (KOMMeHTapui)

IbxoH Henep
(1550—1617)

\WoTnaHpeu kox Henep B 1614 r. onybnukosan «Onucaxue
yauBuTenbHbix Tabnuu norapudmos». OH yCTaHOBMA, YTO CymMMa
norapuchmoB uucen a u b pasHa norapudmy npoussefieHna ITUX
yucen. Mo3aTomy YMHOXeHWe yNaeTcA CBECTWU K onepauuu Cnoxe-
HUA. VM e 6bin pa3paboTaH MHCTPYMEHT NEPEMHOXKEHUA Yucen —
«KOCTAWKW Henepa», cOCTOABWMIA U3 HaBopa CermMeHTUpOBaHHbIX
CTEPXKEHbKOB, NPW NEPeMeLieHNN KOTOPbIX NPW CNOXEHUN YnCen B
npuneralwmux Apyr K Apyry no ropu3oHTanu cermenTax nonyvanu
pesynbTaT Ux YMHOXeHUA. «KocTAwku Henepa» Bckope 6bini Bbl-
TeCHeHbl norapucpmmuyeckoil nuHelikon (P. buccakap, KoHey
1620 r.) ¥ ApPYrMMN BLIMUCANTENbHLIMW YCTPOWCTBAMM (B OCHOB-
HOM MEXaHn4yecKoro Tuna)

Bunbrenom LWukkapn
(1592—1636)

CuuTanock, 4TO NEpBYI0 MEXaHUYECKYIO CYETHYIO MaWWHY U30-
6pen senukuié ppaHuysckuii mMaTematnk U pusuk b. MNackanb B
1642 r. OnHako B8 1957 r. &. Fammep (PPI, aupekTop Kennepos-
CKOFO Hay4HOro LeHTpa) OGHapyXun [OoKa3aTenbCTsa CO3AaHUA
Bunbrenbmom LLIMKKapaOM MexaHW4ecKoi BbiYMCUTENbHOW Mawm-
Hbl NPUONM3NTENbHO 3 1Ba RECATMNETUA 10 W3006peTeHMA Mackana.
OH Ha3Ban ee «yacbl AnA cyeta». MawwHa npenHasHavanacb AnA
BbINONHEHUA YeTbipex apndMeTNHecKux AelicTBMiA U COCTOANA U3
yacTeit: CyMMUpYIOLIero YCTpoiCTBa; MHOXUTENLHOIO YCTPOHACTBA;
MEXaHU3Ma NA NPOMEXYTOYHbIX pe3ynbTaTos. Cymmupyiowee ycT-
POCTBO COCTOANO M3 3y64aTbix Nepenay W NpencTasnAno npocTeii-
wyto hopmy apuchmometpa. MpeanoxeHHan cxema MeXaHU4ECKoro
CYeTa CYUTAETCA KNAcCU4EeCKOi
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Ipodoaxncenue maba. 1.1

ABTOPbI U U3NENUA

XpoHOnorua u onucaxue (KoMMeHTapuin)

0OpHako 3ty npocTyio U 3P EKTUBHYIO CXeMy NPUWNOCHL W30-
6peTarb 3aHOBO, TaK Kak CBefeHUA 0 mawuHe Liukkappa He cTanu
BCEOOWMUM QOCTORHUEM

bna3 Nackans (1623 —1662)

MawwuHa b. Nackana

B 1642 r., korna Nackanio 6bino 19 net, Gbina U3roToBNEHA
nepsan AeicTeylowan ModeNb CyMMUpYyloweR MawnHbl. Yepes He-
cKoNbKo netT bna3 Mackanb co3nan MeXaHU4ecKyio CyMMupyloLyio
MawwnHy («nackanuHa»), KOTOpaA MO3BONANA CKNAAbIBaTh YACNA B
AECATUYHON CMCTeMe cuucneHnA. B aToil mawuHe undpbl wecTtn-
3HAYHOrO YMCNA 3aaBanuCb NyTeM COOTBETCTBYIOWMX NOBOPOTOB
AUCKOB (KONEC) C UMPOBLIMU AENEHNAMU, A PE3YNbTAT Onepauuu
MOXHO 6bINO NPOYMTaTh B WECTU OKOWKAX — MO OQHOMY Ha Kax-
aylo uvdpy. Ouck eauHny O6bin CBA3AH C AUCKOM [ECATKOB, AWUCK
[IECATKOB — C AMCKOM COTEH W T. A. [lpyrue onepauvu BbINONHA-
NUCb C NOMOWbI0 NOBONLHO HeynoOHOW npouedypbl NOBTOPHbLIX
CNOXEHWA, M B 3TOM 3aKNI0O4ANCA OCHOBHOIM HEAOCTATOK «Nackanu-
Hbl». MpubnuauTenbHo 3a pecaTuneTne o noctpoun 6onee 50 pa3-
NNYHLIX BApWaHTOB MawuHbl. W306peTeHHbId Mackanem npuHUMN
CBA3AHHbLIX KONEC ABWNCA OCHOBOW, HA KOTOPOW CTPOMNOCL 6onb-
WWHCTBO BLIYUCNTENbHbLIX YCTPOICTB HA NPOTAXKEHUN CREeayowwmx
Tpex cToneTui

Fotchpua Bunbrenom
NeitbHuy (1646 —1716)

B 1672 r., HaxonAcs B Mapwxe, J1ei6HML NO3HaKOMMACA C ron-
NaHACKUM MaTeMaTUKOM W aCTPOHOMOM XpUCTUAHOM [OAreHcoM.
BupA, KaKk MHOr0 BbLIMUCNEHWA NPUXOAMTCA OeNaTb acTPOHOMY,
NeitbHuy pewnn n3obpectn mexaHu4eckoe yCTPOMCTBO ANA pacye-
T08B. B 1673 r. OH 3aBepwun co3aaHNe MeXaHM4ecKoro KanbKynAaTo-
pa. Pa3suB unev Mackana, Nlei6HIL UCnonb30Ban onepaumio CABUra
ANA NOPa3pAAHOro YMHOXeEHUA Yucen. CnoxeHne Npou3soannoch
Ha HEeM N0 CYWecTBY TaK )Ke, KaK W Ha «nackanuHe», ogHako ei6-
HUY BKNIOYMN B KOHCTPYKUMIO ABWXKYLLUYIOCA YacTb (npoobpa3 nog-
BUXKHOMW KapeTku Gynywmnx HaCTONbHLIX KanbKyNATOPOB) U Pyuky, C
NOMOLLIbI0 KOTOPOii MOXHO ObINO KPYTUTb CTyneH4atoe Koneco
UWNU — B NOCNENYIOWWX BapUaHTax MawnHb — UMANHAPSI, pacno-
NOXEeHHble BHYTPU annapaTa

Xo3zed-Mapu Xakkap
(1775—1834)

Pa3BuTue BLIMUCNUTENbHBIX YCTPOWCTB CBA3AHO C NOABNEHUEM
nepdopaumnoHHbIX KapT n ux NpumeHeHnem. Moasnexue xe nepgo-
PAUNOHHBIX KAapT CBA3AHO C TKALIKUM Npou3BoAcTBoM. B 1804 r. un-
xeHep XKo3ed-Mapwn Xakkap nocTpoun NONHOCTbLIO aBTOMAaTU3N-
POBaHHBIA CTaHOK (CTaHOK YKakkapa), Cnoco6HbI# BOCNPON3BOAUTL
cnoxHeiiwue y3opsl. PaboTa cTaHka nporpaMmupoBanack ¢ nomo-
wWbio Konoabl nepcdoKapT, KAKAAA U3 KOTOPbIX YNPaBNANa OAHUM X0-
1IOM YenHoka. fepexop K HOBOMY PUCYHKY NPOMCXOAUN 3aMEHON
Konogb! nepdokapt
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ABTOpbI M W3aeNnA

XpOHONOTKA U ONUCaHNE (KOMMEHTapHi)

Yapnb3a b366mmk
(1791—1871)

AHanMTUYeCKan MawmnHa
Y. bab6umxa

OH 06Hapy>xun norpewHocTy 8 Tabnuuax norapucomos Henepa,
KOTOPbIMU WUPOKO NONL30BATNUCHL NPU BLIYUCNEHWUAX aCTPOHOMBI,
MaTeMaTukm, WTypMaHbl aanbHero nnasaxua. B 1821 r. npuctynun K
pa3paboTke CBOE BbI4UCINTENLHOW MAWWNHLI, KOTOPaA NOMOrna Gbl
BLINONHUTL Gonee TO4HbIE BbluucneHna. B 1822 r. 6bina noctpoeHa
Da3HOCTHaA MalwuHa (NpobHan Mopenb), CNOCOGHaA paccuMTLIBaTL
W neyaratb Gonblue Matematuyeckne Tabnuubl. 310 6bINO OYEHb
cnoxHoe, 6onbwoe yCTPOACTBO M NpenHa3Ha4anoch ANA asToMatn-
4eckoro BbluucneHua norapucomos. Pabota Mopeny 0CHOBbIBaNach
Ha NpUHUMNE, W3BECTHOM B MaTEMaTUKe KaK «MeTOA KOHEYHbIX pa3-
HOCTEi#»: NPU BbIYUCNEHWA MHOFOYNEHOB WCMONL3YETCA TONbKO
onepaumua CNOXeHUA 1 He BLINONHAETCA YMHOXEHUE W ieneHue, Ko-
TOpblE 3HAYNTENLHO TPYAHEE NOAAAIOTCA aBTOMATU3auumn. B nocne-
aylowem OH Npuwen K uaee co3naHuA 6onee MOWHOK — aHanuTHye-
cKoif MawnHbl. OHA He NPOCTO AOMKHA Obina pewarb maremaruye-
cKWe 3afa4u ONpeaeneHHoro TMna, a BLINOAHATL Pa3HOOOpasHble
BbIYUCNUTENbHbIE ONEPALNK B COOTBETCTBUN C UHCTPYKLUMAMM, 3afa-
BaeMbiMu onepatopoM. Mo 3ambicny 310 Obin NepebIi yHUBEPCaNb-
Hblid NPOrPaMMMpyeMbiii KOMNbLIOTEP. AHanUTMYEeCKaR MawuHa B
CBOEM COCTaBe AOMKHA ObiNa UMETb TaKne KOMNOHEHTbI, KaK «Meflb-
HUUa» (apudmeTU4eckoe YCTPORCTBO NO COBPEMEHHOH TEPMUHO-
NOrumM) N «cknag» (NamAaTb). MHCTpyKuvK (KOMaxabl) BBOAWNUCH B
aHaNNTUYECKYI0 MaWWHY C NOMOLLbI0 NepchoKapT (MCnNoNb3oBanack
WOeA NPOrpaMMHOro ynpasneHwa XXakkapa ¢ nomowbio nepgo-
Kap). LIsenckuii u3natens, u3obpetarens u nepesoauuk Mep eopr
LLloiiu, BocnoNb30BaBWMCHL coBeTamMu 5366nm*a, NoCcTpoun BUAON3-
MEHEHHbIH BapuaHT aToil MawmHebl. B 1855 r. mawuna Loiua 6bina
YNOCTOEHAa 30M0TOW Menanu Ha BcemupHoi BobicTaske B Mapuxe.
B nanbHeiiwem 0auH U3 NPUHLMNOB, NEXalyuX B OCHOBE WAEU aHaNu-
TWYECKOW MAWWHLI, — NCNONb30BaHUe NepdokapT — Hawen BO-
NNOWEHNE B CTaTUCTUYECKOM TabynATope, NOCTPOEHHOM aMEePUKaH-
uem l'epmanom Xonneputom (AnA yckopenua o6paboTku pesynbra-
T0B nepenucy HacenexuA 8 CLUA 8 1890 r.)

Oracra Ana baiipoH
(rpachunn Nasneiic)
(1815—1852)

'pachuna Oracrta Ana flasneiic, fo4b no3ta balpoxa, coBmecT-
HO ¢ Y. 6366umxem paboTana Han co3naHeM NPOrpamm AnA ero
CYeTHbIX MawwuH. Ee paboTbl B aTOM 06nacTu Gbinn ony6nuKoBaHbl B
1843 r. OnHaKO B TO BPEMA CYUTANOCH HENPUANYHBIM ANA XKEHWMNHDI
W30aBaTb CBOW CO4YMHEHWA NOM NONHLIM UMEHeM, U flasneiic nocTa-
BMNA Ha TUTYNE TONbKO CBOW WHMUMANDI.

B matepuanax b366umxa u koMmeHTapuAx Jlasneic Hameve-
Hbl TaKWe NOHATUA, KaK «noanporpamma» u «6ubnuoteka nopnpo-
rpamm», «MORU(UKAUNA KOMAHO» W «NHOEKCHbIA PerucTp», Ko-
TOpbIE CTanu ynoTpe6naTbCA Tonbko B 50-x rr. XX 8. Cam TepMuH
«6ubnuoteka» 6bin BBeneH 536Ommkem, a TepMuHbl «pabouan
Aveiika» W «umkn» npeanoxuna A. Nlasneiic. «<MOXHO C NONHLIM
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ABTOpbI U U3nENUA

XpOHONOrUA U ONUCaHWe (KOMMEHTapWi)

OCHOBAHWEM CKa3aTb, 4TO aHANMTUYECKAA MaWMHA TOYHO TaK Xe
nneter anre6pandeckue y3opbl, KaK TKaLKMiA CTaHOK XKakkapa BOC-
NPOW3BOAMT UBETLI W NUCTbA», — nucana rpadua Jlasneiic. OHa
thakTuyeckn Gbina nepBoi NPOrpaMMUCTKOM (B ee 4ecTb Obin Ha-
3BaH A3bIK NPOrpaMMMPOBaHUA Ana)

Dxopmx bynb
(1815 —1864)

B 1847 r. bynb Hanucan crtatblo «Marematu4eckuin aHanua
nornku», a B 1854 r. pa3sun cson unew B pabote noa Ha3BaHueM
«MccnenosaHue 3aKOHOB MbIWNEHNA». ITW TPYALI BHECNM PEBONIO-
UMOHHbIE M3MEHEHUA B NOTUKY Kak Hayky. [Dx. bynb nsobpen csoe-
06pasHyio anredpy — cucteMy 0603Ha4eHUi W npasun, npume-
HAEMYI0 KO BCEBO3MOXKHbLIM 06bekTam — OT yucen W Oyke o
NpennoXXeHui (B nanbHeiiwem, 310 pasgen MatemaTuyeckoi noru-
Kn — Oynesa anredpa). ,

Nonb3yAcb 30N cMCTeMOM, bynb Mor 3aK0AUPOBATb BbICKA3bI-
BaHWUA (YTBEPXKOEHUA) C NOMOLILIO CBOETO A3bIKA, 2 3aTEM MaHWny-
NUPOBaTL UMK NOROGHO TOMY, KaK B MaTeMaTke MaHWnynupyioT
06bI4HbIMK Yucnamu. Tpn OCHOBHbIE Onepaumnn cuctembl — 3to U,
WNWN n HE

NadpryThin JlbBOBMY Yebbiles
(1821—1894)

WM 6bina paspaboTaHa TEOPUA MALWMH U MEXAHU3MOB, HaNWUCaH
PpAR pa6oT, NOCBALWEHHbIX CUHTE3Y WAPHUPHLIX MeXaHn3MoB. Cpeau
MHOrO4MCNEHHbIX N306PETEHHbIX UM MEXaHW3MOB WMEETCA He-
CKONbKO Mopienei apuchmoMeTpoB, NepBan U3 KOTOPbIX 6bina CKOH-
CTpynpoBaHa He no3nHee 1876 r. ApucomomeTp YeObiwesa anA Toro
BpeMeHn Obin OOHOW M3 CambiX OPUrMHAMbHBIX BbIYUCANTENbHBIX
MauwuH. B cBOMX KOHCTpyKUMAX Yebbiwes NPeanoXxun NPUHUMUN He-
NpepLIBHOI Nepenayy AeCATKOB U aBTOMATUHECKUiA Nepexon Kaper-
KW C pa3pAna Ha pa3pAf npu ymHoxeHnn. 06a atn uao6peTeHna Bo-
WAK B WUPOKYIO NpakTuKy B 30-e rr. XX B. B CBA3N C NPUMEHEHUEM
3NEKTPONPUBOAA U PacNpOCTPAHEHWEM NONYaBTOMATUHECKMX W aB-
TOMATNYECKMX KNABULWHBIX BLIMUCIUTENbHBIX MAWWH. C NOABNEHN-
€M 3TUX U IpYrnx n3o6peTeHuii CTano BO3MOXHO 3Ha4UTENbHO yBe-
NNYNTL CKOPOCTb PabOTbI MEXAHNYECKUX CYETHBIX YCTPOHCTB

Anekceit Hukonaesny Kpbinos
(1863—1945)

Pycckuii kopabnecTpoutenb, MeXaHuK, MaTeMaTuK, akanemmnk
AH CCCP. B 1904 r. OH NpeanoXxun KOHCTPYKUMIO MaWnHbI ANA WH-
TerpupoBaHUA 00bIKHOBEHHbIX AN (EPEHLMANbHBIX YPaBHEHNA.

B 1912 r. Takan MawmHa 6bina nocTpoera. ITo 6uina nepsan uH-
TerpupyILan MawnHa HenpepLIBHOro NeCTBUA, NO3BONAIWAA pe-
warb AuddepesunanbHeIe ypaBHEHWA 10 YETBEPTOr0 NOPAAKA
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ABTOPbL! W U3MENUA

XPOHONOTUA U BNUCAHNE (KOMMEHTapHiA)

Bunbroar Teocoun Onuep
(1845—1905)

Apuchmometp OnHepa

Boixoneu 3 Lseunn Bunbroar Teocoun Opxep B 1869 r. npue-
xan B MetepOypr. HekoTopoe BpemAa oH pa6otan Ha 3asoge «Pyc-
CKuii au3ens» Ha Buiboprekoii CTopoHe, Ha kotopom B 1874 r. Gbin
W3roToBneH nepeblit 06pasey ero apudpmomerpa. CospaHHbIe Ha
6a3e cTyneH4aTbix Banukos Jlei6HUua, nepsbie CepuiiHbie apudmo-
MeTpbi UMenu Gonbline pasmepsl B NepByio O4epeab MOTOMY, 4T0 HA
KaXnblil pa3pan HYXHO 6biN0 BbIAENATbL OTAENbHLIA Banuk. OaHep
BMECTO CTYNEH4aThlX BanukoB NpUmeHUn 6onee cOBEpLEHHbIE U
KOMNaKTHble 3y6uaTble Koneca ¢ MEHAIOWMMCA Yucnom 3y6uos —
(koneca OpHepa). B 1890 r. OgHep nonyyvaeT NaTeHT Ha BbINYCK
apncmMoMeTpoB U B 3TOM Xe rofly 6bino npogato 500 apuchmomer-
poB (04eHb 6onbloe KONUYECTBO NO Tem BpemeHam). Apupmomer-
pbl B Poccuu Hasbisanuck «Apucomometp OagHepa», «Opurunan-0a-
Hep», «ApucomomeTp cuctembl OagHep» w ap. B Poccumn go 1917 r.
6bin0 BbINYLIEHO NpUMEPHO 23 Thic. apuchmomeTpos OpHepa. Nocne
PEBONIOLMM NPON3BOACTBO apuOMOMETPOB ObINO HanaxeHo Ha Cy-
LIeBCKOM MexaHU4eckom 3asofie um. d. 3. fisepxunckoro 8 Mock-
Be. C 1931 r. oHu CcTanu Ha3biBaTbCA apudmomeTpbl «denunke». [la-
nee B Hawel cTpaHe 6binn co3naHbl Mofeni apudMOMETPOB C Kna-
BNWWHBIM BBOIOM W 3NEKTPONPUBOAOM

T'epman Xonneput
(1860—1929)

Mepchokapra Xonneputa

Mocne okoH4aHWA KonymOuiAckoro yHusepcuteTa nocTynaer Ha
paboTy B KOHTOpY NO nepenucu Hacenenua B BawuHrToHe. B ato
spema CLUA npucTynunu K NCKNIOYMTENLHO TPYROEMKON (BNMBILER-
CA CEMb C NONOBUHOI NeT) py4Hoii 06paboTke faHHbIX, COOPaHHbIX B
xone nepenmnck HacenexuA B 1880 r. K 1890 r. Xonneput 3asepwun
pa3paboTKy cucTembl TabynALMM Ha 6a3e npuMeHeHnAa nepghokapr.
Ha kaxpoil kapTe umenoch 12 pAAOB, B KKAOM U3 KOTOPbIX MOXHO
6bin0 npobute No 20 0TBEPCTWIA, OHW COOTBETCTBOBANW TaKUM AaH-
HbIM, KaK BO3pacT, Non, MECTO POXIEHWUA, KONW4ECTBO AeTei, ce-
MeiiHOe NONOXXEHUE W NPOYNM CBEIEHNAM, BKMIOYEHHBIM B BONPOC-
HUK nepenucu. CopepXXMmoe 3an0NHEHHbIX (DOPMYNAPOB nepeHo-
CUNOCL HA KapTbl NyTem COOTBETCTBYIOWEro nepdopupoBaHUA.
NepdokapThbl 3arpy*anuch B cneumnanbHble yCTpoCTBa, COEANHEH-
Hble ¢ TaOYNALUMOHHOM MALINHOM, rae OHW HAHW3bIBANUCH HA PAAbI
TOHKUX UrN, NO OQHOM NINE Ha Kaxxayto u3 240 nepchopupyemsix no-
3uuKii Ha KapTe. Koria urna nonapana B 0TBEpPCTME, OHA 3aMblKana
KOHTAKT B COOTBETCTBYIOLIEH 3NEKTPUYECKOi Lenu MawuHbl. Mon-
HbIlf CTAaTUCTUYECKWIA aHANM3 pe3ynbTaToB 3aHAN ABA C NONOBUHON
ropa (Tpoe ObiCTpee N0 CPABHEHWIO C MpefibiAylieil Nepenucbio).
BnocnepctBun  Xonneput opraxnsosan ¢upmy «Computer
Tabulating Recording» (CTR). Monopo# koMmuBoAXep 31Ol KOM-
naHnu Tom YOTCOH NepBbiM yBUAREN NOTEHUUANbHYI0 NPUGLINBHOCTL
NPONAXKM CYETHBIX MAWMH HA OCHOBE NEPCHOKApPT amMepUKaHCKUM
6u3HecmeHam. Mo3aHee OH BO3rnasun komnauuio n B 1924 r. nepe-
nmeHosan ee B IBM (international Business Machines)
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ABTOpL! U U3AENUA

XpoHONOruA U onucaHue (KOMMeHTapuii)

Banneésap byw
(1890—1974)

B 1930 r. nocTponn MexaHW4ecKoe BbIMUCIUTENbHOE YCTPOICT-
BO AnghpepeHumnansHbiif ananu3artop. 310 6bina MawwHa, Ha KOTo-
pOii MOXHO 6biN0 pewatb CNOXHbie AuddepeHunanbHble ypasHe-
HuA. OgHaKo OHa 06nafana MHOrMMU CEpbe3HbIMU HegocTaTkamu,
npexae BCEro, FUraHTCKuMK paamepamu. MexaHuyeckuit aHanuaa-
Top Bywa npeacrtasnan co60i CROXHYIO CUCTEMY BaNUKOB, WeCTe-
PEHOK M NPOBONOK, COEAUHEHHDIX B CEPMI0 GoNblmx 6noKOB, KOTO-
pble 3aHUManu uenyio komHarty. Npu noctaHoBKe 3afayn MawmHe
onepatop AoMmKeH Gbin BPy4Hylo nop6upaTe MHOXECTBO LWecTepe-
HOYHbIX nepenay. Ha 3ato yxoauno 06bi4HO 2—3 AHA.

MNo3anHee B. byw npepnoxun NpoToTUN COBPEMEHHOrO runep-
TekcTa — npoext MEMEX (MEMory EXtention — pacwupenue na-
MATH) KaK aBTOMaT3upoBaHHoe 6i0po, B KOTOPOM YeNnoBeK XxpaHun
Obl CBOM KHUTM, 3anucy, nobylo Nony4aemyto UM nHAOpMaLuIo Ta-
Kum 06pa3om, 4ToObi B NI060I MOMEHT BOCNONb30BATLCA €10 C MaK-
cuManbHOR GbICTPOTOM W YAOOGCTBOM. DDaKTUMECKM 3TO AOMKHO
6bino 6bITb CNOXHOE YCTPOWCTBO, CHABXKEHHOE KNAaBUaTypoii U Npo-
3payYHbIMK 3KPAHaMK, HA KOTOPble bl NPOELUMPOBANUCH TEKCTbI W
1306paxeHun, XxpaHauwmeca Ha Mukpocunbmax. B MEMEX ycraHas-
nuBanuck 6bl NOrU4ECKNe N accoUMaTUBHbLIE CBA3N MEXAY NoOLIMM
nByMA Gnokamu uHcopmauuu. B npeane pevb npet o rpomanHol
6ubnuoTexe, yHuBepcanbHO WHGHOPMALUOHHO! Gase

AraHacodb [DkoH Buncent
(1903—1995)

Konua mawwuHbl Atanasoff
Berry Computer (ABC) B my-
3ee YHusepcuteta wr. AiioBa

t | ckv roToBa B fekabpe 1941 r., Ho Haxoaunach B pa3o6paHHOM BuRe.

Mpocheccop u3nku, asTop NEpPBOro nNpoekTa UWMPoBOiA Bbl-
YUCAMTENbHOI MaWWHLI HA 0CHOBE ABOWHHOIA, @ HE RECATUYHOI CUC-
TeMbl cyucneHua. NpocToTa ABOMYHOIM CUCTEMbI CYUCNEHNA B COYE-
TaHWW C NPOCTOTOM (HM3N4ECKOro NpeacTaBneHUA AByX CUMBONOB
(0, 1) BMecTo necatu (0, 1, ..., 9) B 3NEKTPUYECKNX CXEMAX KOMAbIO-
Tepa nepesewwBana HeynoO6CTBa, CBA3aHHbIE C HEOOXOAMMOCTbIO
nepeBsona U3 ABOMYHONW CUCTEMbI B AECATUYHYIO U 00paTtHo. Kpome
TOr0, NPUMEHEHNE ABOWHHON CUCTEMbI CHUCTIEHUA CNOCOGCTBOBANO
YMEHbIEHUIO PAa3MEPOB BLIYUCANTENLHOR MaWMNHLI U CHU3UNA bl
ee ce6ecToMmocTb.

B 1939 r. AraHacodpc cosmecTHo ¢ Knucbpopaom beppu no-
CTPOMN MOfENb YCTPOWCTBA W CTan WUCKaTb (DUHAHCOBYIO NOMOLb
ANA npopomkeHua pabotel. MawuHa AtaHacochda 6bina npakTuye-

B cBA3m ¢ Ha4anom BTopoit MupoBOIA BOIiHLI BCE PaboThI NO peani-
3aumum 3Toro npoexta Guinu npnoctaHosnexsl. Jiuwes B 1973 r. npu-
oputet AtaHacochba kak aBTopa NepBoro NpoeKTa TaKoi apxuTek-
TYPbI BbIYUCANTENbHOW MawmHbI Obin NOATBEPXKAEH peleHuem de-
nepanbHoro cyna CLLUA
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ABTOpbI ¥ U3NENUA

Xporonorua u onucaxue (KOMMeHTapuii)

T'osapn JitkeH

B 1937 r. T. JiikeH BbIABMHYN NPOEKT 6ONbWON CHETHOW Mawm-
Hbl W CTan MCKaTb CNOHCOPOB, COrNACHLIX €e NPOUHAHCUPOBATD.
CnoHcopom BbicTynun Tomac YOTCOH, Npe3upeHT kopnopauuu |BM;
€ro BKnag B npoekT coctasun okono 500 Teic. ponnapos CLUA.

MpoekTupoBaHue HOBOIW MawuHbl «Mapk-1», 0OCHOBaHHOW Ha
3NeKTPOMEXaHu4eckux pene, Hayanocb B 1939 r. 8 naboparopuax
Hbio-#opkckoro dounuana IBM n npononxanock 0o 1944 r. FotoBbii
KoMnbioTep conepxan okono 750 Teic. neTaneit u secun 35 1. Mawn-
Ha onepupoBana ABONYHLIMM Yncnamm 0o 23 pa3pANOB W NEPEMHO-
ana 1Ba YuCcNa MakCMManpHoi PaspARHOCTI NpUMepHo 3a 4 c. MNo-
cKonbKy co3naHue «Mapk-1» pnunocb QOCTaTONHO ROAFO, NanbMa
nepBeHCTBA 10CTanack He emy, a peneitHoMy ABONHHOMY KOMMbIO-
Tepy Z3 Koxpapa Lly3e, noctpoeHHomy B 1941 r. CTouT 0T™MeTuTb,
470 MawuHa Z3 6bina 3HAYNTENbHO MEHbLEe MawMHbI JKeHa 1 K
TOMY Xe felesne B NPOM3BOACTBE

Konpap Llyse
(1910—1995)

MawwuHa Z3

B 1934 r., 6yny4un CTyneHTOM TeXHU4eckoro By3a (8 bepnuue),
He UMeA HW Maneiiwero npeactasneHuA o pabotax Y. 5abommxa,
K. Llyse Hayan pa3pabaTbiBaTb YHWBEPCANbHYIO BbIYUCANTENLHYIO
MatuuHy, BO MHOrOM NOAO06HYI0 aHanuT4ecKoi mawunHe 5abbunxa.
B 1938 r. oH 3aBepwmnn NOCTPOIKY MALINHLI, 3aHUMABLLYIO NNOWANbL
4 KB. M., Ha3BaHHyI0 Z1 (0T Zuse). 370 6bina MOAHOCTbIO 3NEKTPOME-
XaHu4eckaa nporpammupyeman ungposas mawuxa. OxHa umena
Knaswatypy AnA BBOOA YCNOBMA 3anay. Peaynbtatbl BblYMCNEHWiA
BbICBEYMBANUCH HA MAHENN C MHOXECTBOM MANIEHbKUX Namnoyex.
Ee BoccTaHoBneHHan sepcva xpaHutcA 8 mMy3ee Verker und Technik
B bepnuHe. imeHHo Z1 cuyntaiot B F'epMaHuu nepsbiM B MUpE KOM-
nbloTepom. Mo3gxee Lly3e cTan koanpoBaTh MHCTPYKLUNKM ANA Mawu-
Hbl, NPOOWBAA OTBEPCTUA B UCMONL30BAHHON 35-MUNNUMETPOBOI
¢hotonnenke. MawuHa, pabotaswan ¢ nepgopupoBaHHOR NEHTOR,
nonyyuna Hassauue Z2. B 1941 r. Llyse noctpoun nporpamm-
HO-yNPaBNAEMYI0 MalWHY, OCHOBAHHYI0 Ha ABOMYHOW# cucTeme
cHYMCNeHnA — Z3. 3Ta MawuHa NO MHOrUM CBOUM XapakTepucTukam
NpeBoCXoauna apyrue MawwHbl, NOCTPOEHHbIE HE3aBUCMMO W na-
pannenbHo B MHbIX cTpaHax. B 1942 r. Lly3e COBMECTHO C aBCTpPUiA-
CKUM MHXXeHepOM-3neKTpukom XenbMyTom LLipailepom npepnoxun
€030aTb KOMNbIOTEP NPUHUNNMANLHO HOBOFO TUNA — Ha BAKYYMHBIX
3NEKTPOHHbIX Namnax. 31a mawmHa pomkHa 6bina paboTars B ThiCA-
4y pa3 6bicTpee, 4em nioban U3 MawuH, UMEBLMXCA B TO BPEMA B
Fepmanum.
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ABTOpbLI M W3AENMA

XpOHONOrKA M onucaHue (KOMMEHTapuii)

0BOPA 0 NOTEHUMANbHBIX Chepax NPUMEHEHUA ObICTPOReNCT-
ByloLLero Komnbiotepa, Llyae u LLipaiiep 0TMe4anu BO3MOXHOCTb ero
UCNONL30BAHWA ANA PACWMPOBKN 3aKOAMPOBAHHLIX COOBLEHMIA
(TaKue pa3paGoTKM yXKe BENCH B Pa3NuyHbIX CTPaHax)

AnaH TblOpuHr
(1912—1954)

AHFAWICKWIA MaTeMaTUK an maTtematyeckoe onpepeneHue
anropuTMa yepes NOCTPOEHWE, HAa3BAHHOE «MAWMNHOW TbIOPUHra».
YBbl, COBEPLWEHHO HEBO3MOXHO NPUBECTU 3aecb ee hotorpachuio,
KaK 370 Mbl CAENany anA Apyrux ycTpoicTs, NOCKONbKY 310 Cyry6o
TeopeTnyeckoe NoHATMe!...

B coBpemeHHOM Hay4HOM 060pOTe WMPOKO MCNONL3YETCA No-
HATKE «NONHOTA NO ThIOPUHIY», OTPXAIOLIEE YHNBEPCANbHYIO ONK-
caTenbHyi0 cnocoGHOCTL anrOPMTMNYECKOr0 A3bIKA.

B nepuon BTopoit MMPOBOI BOIAHLI Pa3BERYUKM U BUNNOMATHI
chawwucTckoit Fepmanum ucnonb3osanu annapat «Enigma» ana
wncpoBaHuA coobLieHnid. Be3 3HaHNA KNioYa U CXeMbl KOMMYTa-
UMK (UX MeHAnn 3 pasa B aeHb) pacwugposatb coobueHue 6bino
HEeBO3MOXHO. C Wenblo packpbiTnA cexpeta 6putaHckan passefika
cobpana rpynny 6necTAWMX N HECKONbKO IKCLEHTPUYHBIX Y4EHBIX,
cpeavn KoTopbix 6bin AnaH TbIOPUHT.

B koHue 1943 r. rpynna cymena nocTPOUTb MOLHYI0 MaLINHY
(BMECTO 3M1EKTPOMEXaHUYECKMX pene B Hell NPUMEHANUCHL OKONO
2000 3nexkTpOHHLIX BaKyyMHbIX namn), Ha3BaHHyo «Konocc». MNe-
pexsayeHHble COOOWeHNA KOANPOBANUCb, HAHOCUANCL Ha nepcho-
NEHTY W BBOAWAWUCH B MALNHY NOCPEACTBOM (DOTOINEKTPUYECKOrOo
CHUTBIBAIOWEro YCTPOIACTBA CO CKOPOCTbLI0 5000 CMMBONOB B CeKyH-
ay. MawuHa umena nATb TaKUX CYUTBIBAIOWMX YCTPOIACTB. B npouec-
ce newndpoBaHnA MawnHa conocTasnana 3awngposaHHoe coob-
LieHWe C paHee BCKPbITbIMM koaamu «Enigma».

0 ponu TblopuHra B paboTe rpynnbl MOXHO CyauTb N0 Cneayio-
LieMy BbICKA3bIBaHWIO YneHa aToil rpynnbl, Matematuka W. k. M'yna:
«fl He X04y CKa3aTb, 4TO Mbl BLIUTPaNK BOMHY 6naronapA ThIOPUHTY,
Ho 6epy Ha ce6A CMeNOoCTb CKa3aTb, 4TO 6e3 Hero Mbl Morau Obl ee U
npourparb»

IbKoH Mounu
(1907—1980)

[nutenbHoe BpemA nepsoid IBM cuutanace mawmnHa IHWAK
(ENIAC, Electronic Numerial Integrator and Computer — 3nexkTpoH-
Hblil UM POBOI MHTErpaTop W BbluncnuTens). Ee paspabotanu ame-
pukaHckue yyenble [k. Mounu u Mpecnep Ikept ¢ 1943 no 1945 .
OHa npeaHa3Ha4yanach ANA pacyeTa TPaeKTopuiA NONETOB CHAPAROB
1 npeactasnana co6oii cnoxHeiiwee ana cepepnHbl XX B. MHXEHep-
HOEe CoOpy)xeHue nnuHoi 6onee 30 M, 06bemom 85 Ky6. M, Maccoil
30 7. B 3HWAKe 6binu ncnonb3oBaHbl 18 ThiC. ANEKTPOHHLIX Namn,
1500 pene, mawwuHa notpebnana okono 150 kBt. [Janee Bo3HWKNa
Waen CO3NAHWA MalWMHLI C NPOrPamMMHbIM 06ecneyeHnem, xpamm-
MbIM B NAMATW MALUMHBI, YTO U3MEHUNO Gbl NPUHLMMLI OPraHW3aLUu
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TIpodoaxcenue maba. 1.1

ABTOpbL! ¥ n3nenua

XPOHONOTUA M ONUCAHNE (KOMMEHTapUii)

Mpecnep kept
(1919—1995)

SHWAK

| akcnnyataumnio B Blopo nepenncu HacenenuwA B CLUA, naptHepb!

} | Gbinu NpopaTh CBOI0 KOMNaHuio (upme «PeMUHrTOH Panp». OaHa-

BbIMMCAEHWA N NOArOTOBUNO MOYBY GNA NOABNEHWA COBPEMEHHbIX
A3bIKOB NporpammupoBanuA (AABAK — 3nekTpoHHbIA ABTOMATU-
Yyeckunii Boluucnutens ¢ AMCKPETHbIMK nepemeHHbiMu, EDVAC —
Electronic Discret Variable Automatic Computer). 31a MawuHa
6bina cosnana B 1950 r. B Gonee eMKOil BHyTPEHHel namAaTh co-
AepXanucb W faHHbie, W NporpamMma. MNporpammbl 3annCbIBaNUCH
INEKTPOHHBIM CNOCOGOM B CrieunanbHbIX YCTPOACTBAX — NUHNAX
3a0epKKu.

OcHoBHbIM HOBlWeCTBOM Obifio T0, 4To B I[1BAKe faHHble KO-
AMPOBANUCL He B AECATMYHO| CUCTEME, a B ABOMYHONA (COKpaTu-
NOCb KONUYECTBO WUCMONb3YEMbIX ANEKTPOHHbIX Namn).

Ibk. Mounu u M. 3kepT nocne co3nanua cBoelt COGCTBEHHOM
KOMNaHWM 3a0anuch Uenbio Co3natb yHUBepcanbHbiik KOMAbIOTEP
ANA  WWPOKOro KOMMep4yeckoro npumeHenua — OHUBAK
(UNIVAC, Universal Automatic Computer — yHuBepCanbHbiiA aBTo-
MaTu4eckuii KomnbioTep).

MpumepHo 3a rog oo Toro, kak nepswviit IOHUBAK scTynun 8

0Ka3anucb B TAXENOM (DUHAHCOBOM MONOXEHUU W BbIHYXAEHb!

Ko IOHUBAK He CTan nepsbiM KOMMePYecKMM KOMNbloTepom. Um
crana mawwuHa NIEO (LEO — Lyons' Electronic Office), kotopaa
NPUMEHANACcL B AHIAWM BNA pacyeta 3apnnarbl paboTHUKAM Yaii-
HbIX Mara3nHoB (chupma «/1alnoHC»).

B 1973 r. chenepanvHbiid cyn CLUA npuaHan ux asropckue
npasa Ha u3o6peTeHne aNeKTPOHHOro UMPOBOro KOMMNbIOTEpa
HeneWCcTBUTENbHLIMK, a naen — 3auMCTBOBaHHbIMK Y K. ATaHa-

codpcha

[DxoH choH Heiiman
(1903—1957)

Pabotan 8 rpynne k. Mounu v 1. Ikepta, oH HeitmaH nog-
rotosun oT4eT — «[peasapuTensHblil goknaa o mawnte IABAK», B
KoTOpOM 0606wWun nnaHbl paboTbl HaR MawwnHoi. 310 Gbina nepean
pa6ota no UMdpOBLIM 3NEKTPOHHLIM KOMNbIOTEPAM, C KOTOPOIA NO-
3HAKOMUMMCb ONpeneneHHbIe Kpyrn Hay4HoW obwwecTBeHHOCTN (No
coo6paxeHuAM cekpetHocTu paboTbl B 3TOH obnacTu He ny6nuko-
Banucb). C 3Toro MOMeHTa KOMMbioTep Obin NPuU3HaH 06bEKTOM,
NPEACTaBNABIINM HayYHbIl MHTEpEC.

B csoem poknape coH HeiimaH Bbienun w netanbHo onucan
NATb KNIOYEBbLIX KOMNOHEHTOB TOMO, YTO HbIHE HA3LIBAIOT «apXuUTeK-
Typoit hoH HelimaHa» COBPEMEHHOIO KOMNbIOTEPA.

B Haweii cTpaHe He3aBucumo 0T hoH HeiimaHa Gbinu copmy-
nupoBaHbl Gonee neTanbHbie W NOAHbLIE NPUHUMMLI NOCTPOEHWA
ANEKTPOHHLIX UNCPOBLIX BLIMUCANTENbHLIX MawuH (Cepreil Anek-
ceesu [leGenes)
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ABTOpGI M 3genua

XpOHONOTWA W OnncaHue (KOMMeHTapui)

Cepreii Anexceesuy le6enes
(1902—1974)

9IBM B3CM-6

TV He 6biNo.
B | Heaasucumo ot [K. choH HeitmaHa, 3aKnio4aloTCA B CNeayiowem:

! | namATY, BBOAA-BLIBOAA MHAPOPMALIUY, YNPaBNEHNA;

HWA 3agay.

B 1946 r. C. A. llebenes CTaHOBUTCA QMUPEKTOPOM WHCTUTYTA
3NEKTPOTEXHUKU W OPraHwW3yeT B ero CocTase CBOIO nabopatopuio
MOMEeNUPOBaHUA K perynupoBaHuAa. B 1948 r. C. A. Jle6enes opueH-
TMpoBan cBoto nabopatopuio Ha coananue MACM (Manas anexTpoH-
Han cyeTHaA MawuHa). MICM Gbina BHauane 3anymaHa kak moaens
(nepsan 6yksa B aG6pesuatrype MICM) bonblioid 3neKTPOHHOM
cyeTHoW MawuHel (BICM). OpHako B npouecce ee co3naHua crana
04eBMOHON Lenecoo6pasHOCTb MpespaweHua ee B manyio IBM.
A3-3a 3acekpe4yeHHOCTV paboT, NPOBOAVMBIX B 06NACTY BbLIYUCAMN-
TeNbHOIA TEXHWKW, COOTBETCTBYIOWMX Ny6nuKauwii B OTKPLITON neva-

OcHosbl nocTpoeHuA 3BM, paspabotaHHble C. A. NlebenesbiMm
1) 8 coctas IBM nomkHb! BXOAWTL YCTPOIACTBA apUEPMETHKK,

2) Nnporpamma Bbl4UCNEHWIA KORWPYETCA M XPAHUTCA B NAMATY
nono6HO Yucnam;

3) AnA KOAWPOBAHUA YUCEN W KOMAHA Cneayet UCNONL30BaTh
NBONYHYIO CUCTEMY CYUCAEHUA:

4) BbIYUCAEHNA JOMKHbI OCYLIECTBNATLCA aBTOMATUMECKM HA OC-
HOBE XpaHUMON B NaMATH NPOrpamMMbl M OnepaLmiA Han KOMaHaaAMu;

5) noMumo apudMeTUHECKMX Onepawnii BBOAATCA Takoke Noru-
Yeckue — CpaBHEHUA, YCNOBHOrO W 6e3ycnoBHOrO Nepexomnos,
KOHBIOHKUWA, AN3BIOHKUMA, OTPULIAHNA;

6) NamMATL CTPOMTCA NO MepapXM4ECKOMY NPUHLMNY;

7) ANA BbIYMCNEHWA NCNONB3YIOTCA YNCNEHHbIE METOAbLI pewe-

25 nekabpa 1951 r. MACM Gbina npuHATa B akcnnyataumio. 310
6bina nepan B CCCP GbicTponeicTByIOWan aneKTpoHHan Ludposan
MauuHa.

B 1948 r. co3naetcA WHCTUTYT TOMHOW MEXaHWKU U BbIYMCAN-
TenbHOi TexHuku (UTM u BT) AH CCCP, koTopomy npasutenbcTeo
nopy4uno pa3paboTky HOBbIX CPECTB BLIMUCAUTENbHON TEXHUKM,
n C.A.flebenes npurnawaerca 3asenosatb naGopatopuedt N1
(1951 r). Korga B3CM 6bina rotosa (1953 r.), OHa HU4YTb He yCTy-
nana HoBEeMLWUM aMmepukaHcKum o6pasuam.

C 1953 r. 00 KOHUa cBoeif xm3Hu C. A. Nlebefes 6bin AMPEKTOPOM
WTM u BT AH CCCP, n3bpaH neiicteutensHoiM uneHom AH CCCP
W BO3rnasun paboTbi N0 CO3AAHMNI0 HECKONLKUX NOKONeHW A IBM.

B Hauane 60-x rr. co3naeTcA nepsaA IBM n3 cepuu Gonbumx
3NEKTPOHHbIX CHETHbIX MawuH (BICM) — BICM-1. Mpu co3naHnu
B3CM-1 Gbinu npuMeHeHbl OpUrMHaNbHbIE Hay4HbIE U KOHCTPYKTOP-
ckue peweHun. bnarogapa 3Tomy oHa 6bina Toraa camoii Npou3so-
auTensHOW MawmHoi B EBpone (8—1[Q'It3|cg1t_| onepauwii B cexyHay)

!

T wr e rnvrnm s
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IIpodoaxcernue maby. 1.1

ABTOpbLI ¥ U3fieNuA

=+

XPOHONOrMA M ONMCaHKE (KOMMEHTapWii)

W OAHOI M3 nyywux B Mupe. Moa pykosoactsom C. A. Jlebenesa
Obinu co3naHbl M BHEAPEHbI B NPOW3BOACTBO elle ABe NamMnoBble
9IBM — BICM-2 1 M-20. B 60-x rr. 6binu CO3aaHLI NONYNPOBOAHU-
KoBble BapuaHTbl M-20: M-220 u M-222, a takke BICM-3M
n b3aCM-4,

IMpu npoextuposatum 6ICM-6 Bnepsbie Gbin NPUMEHEH MeTOR
npeaBapuTeNbHOr0 UMUTALUMOHHOMO MOAENMPOBAHMA (CAaYa B 3KC-
nnyataumio 6bina ocyulecteneqa B 1967 r.).

C. A. lle6enes 0aHUM W3 NepBbIX NOHAN OrPOMHOE 3Ha4eHne
COBMECTHO# paboTbl MaTEMATUKOB W WHXEHEPOB B CO3NAHMM Bbi-
yucnutenbHeix cuctem. Mo nauunatuee C. A. NleGenesa Bce cxe-
Mbl BACM-6 6binn 3anucansi hopmynamu 6ynesoii anrebpbl. 310
OTKPbINIO WNPOKUE BOSMOXHOCTY ANA aBTOMAaTWU3aUMN NPOEKTH-
POBAHWA U NOArOTOBKU MOHTAXHOW W NPON3BOACTBEHHON ROKY-
MeHTauun

HacronbHan ABM MH-7

MH-8 — nepsan 8 CCCP npe-
uu3noHHar ABM GonbLuoii
MOLHOCTH

ABM — aHanorosble BbluUCNUTENbHbIE MawuHbl (40-6 —
70-e rr. XX B.) unu BM HenpepbiBHOro feiicTauA, 06pa6atbiBaioT MH-
¢hopmauuio, NpeacTaBneHHyl0 B BUAE HENpepbiBHOTO pARA 3Ha-
YEHWiA.

Ecnu rosoputb 06 oteyecTBeHHbIx ABM, T0 B 1949—1950 rr.
6binu co3naHbl nepebie ABM, HasbiBaeMbie MHTErpaTopamn nocTo-
AHHOro Toka — WMT-1—WNT-5. OHn npeaHasHavanuch anA peue-
HWUA NUHERHbIX AndepeHunanbHbiX YpaBHEHNA C NOCTOAHHLIMKU W
nepeMeHHbIMU K03 uumeHTamu.

Paspa6otanble 8 1952—1953 rr. ABM nony4aioT HaumMeHoBa-
HUe «MOfEeNMpyIolWne YCTAHOBKN NOCTOAHHOrO ToKa» (MIT).
C 1954 r. ABM nony4aioT HassaHne «<MOLENMPYIOLUE YCTAHOBKMN He-
nuHeiinbie» (MH). B teuyeHue 1954—1959 rr. paspabarbisalotca
cnenyowme ABM: MH-2, cekunonHan ABM ans pewenua andde-
peHumManbHbiX ypasHenuit 6-ro nopagka; MH-7, wactonoHan ABM
6-ro nopAnKa.

B 1963 r. noasunack MH-16, npenHasHa4yeHHan ana moaennpo-
BAHUA PaKeT U paKeTHbIX cucteM. B 1965 r. BbinyuieHbl BbIYUCAK-
TenbHoe YCTPOWCTBO ANA aBUALIMOHHLIX TPEHAXEPOB «CYeT-22» n
ABM «[lo3a» anA pacyerta NO3HbIX NONeil NPpu Ny4eBoil Tepanuu.
B 1967—1968 rr. paspaboTaH «Cerpad-1» anA MccnenoBaHuA ce-
TeBbIX rpacukos u «Tpaucrpad-1» anA MopenupoBaHWA TpaHc-
NOPTHbLIX 3afay.

JksnsaneHTHoe ObicTpopieiicTeue ABM pocturano [ecATkos
Merachnonc (MUANMOHOB Onepauwii ¢ NNasaioLyeil 3anATON B CEKyH-
ay), T. . 4T00b! pewarb cucTemy auddepeHLnanbHbIX ypaBHeHui ¢
nono6Hoil ckopocTbio, LIBM gonxHbi 6binn 06nanatb UMEHHO TakuM
GbicTpopeiicTBueM, 10 KOTOPOTO B Te BPeMeHa Gbino ele 04eHb Aa-
neko
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TIpodonxcenue maéa. 1.1

ABTOpbLI U U3genna

XpoHONOrusA U onucaHue (KOMMeHTapuii)

1BM/360

EC 1045

| | cucTemoii KomaHp;

Heso3mMOXHO NPONyCTUTL KNIOYEBON 3Tan B Pa3BUTUM BbYUC-
AUTENbHbLIX CPEACTB U METO0B, CBA3AHHBIN C AEATENLHOCTLIO (DUp-
Mbl IBM. UcTopuyecku nepsbie IBM knaccuyeckoil CTpyKTypbl n €o-
crasa — Computer Installation System/360 (coupmeHHoe HauMeHo-
BaHWe — «BblumcnutensHaa ycTaHoBka cuctembl 360», B
nanbHeiiwem u3secTHaA kak npocto IBM/360) 6binu BbinyuweHbl B
1964 r., n ¢ nocnegytowmumu mogudukauvamu (IBM/370, IBM/375)
NOCTaBNANNCL BNAOTL N0 cepeauHsl 80-x rr., KOrga noa BAUAHUEM
Mukpo3IBM (ITK) He Hayann NOCTENEHHO CXOANTbL CO cueHbl. IBM
1aHHO# cepuu nocnyXunu ocHosow ana pa3pabotkn 8 CCCP u cTpa-
Hax-unexax CIB Tak Ha3biBaemoii Eantoil cuctemsl IBM (EC 3BM),
KOTOpble B TEYEHWe HECKONbKWX NECATUNETHA ABNANUCL OCHOBOIA
0Te4eCTBEHHOM KOMNbIOTEPU3aLUK.

MawwuHbl BKNIOYanN® cnepyiowme KOMNOHEHTbI:

o LIEHTpanbHbli npoueccop (32-pa3pAfHblit) ¢ ABYyXanpecHo

© rNaBHYI0 (ONepaTMBHYIO) NamATh (0T 128 KbaiiT no 2 M6aiir);

© HaKONUTENM Ha MarHuTHIX auckax (HMM, ML) co cMeHHbIMU
naketamu fawckoB (Hanpumep, |BM-2314 — 7,25 M6aiit,
1BM-2311 — 29 M6aiit, IBM 3330 — 100 M6aiit), aHanoruuHbie
(MHOrpa coBMECTMMbIE) YCTPOCTBA M3BECTHBI M ANA APYTUX U3 Bbl-
WeynOMAHYTbIX CEPUNA;

© HAKONUTENW HA MarHuTHbIX neHTax (HMIN, M) kaTyweyHo-
ro TMna, wupuHa nexTol 0,5 ploiima, anuHa ot 2400 cyTos (720 M)
1 MeHee (06b4HO 360 U 180 M), NNOTHOCTL 3anucy oT 256 HailT
Ha [loiim (06blyHaRA) n 60nbwan B 2—8 pas (nosblweHHan). CooT-
BETCTBEHHO Pabo4an eMKOCTb HAKONUTENA ONpeaenanach pasme-
POM KaTyWKK W NNOTHOCTbIO 3anucy n gocturana 160 M6aiit Ha
606uny MM;

© YCTPOIACTBA NEYaTM — NOCTPOYHbIE Neyaraiowme ycTpoicTea
6apa6aHHoro TMna ¢ hukcposaHHbIM (06bI4HO 64 unun 128 3HakoB)
HabopOM CUMBONOB, BKNIOYAIOWMX 3arNaBHYI0 NATUHULY ¥ KUpUNNu-
Ly (n60 3arnaBHyI0 U CTPOYHYIO NATUHWLY) M CTAaHAAPTHOE MHOXeE-
CTBO CNyXe6HbIX CUMBONOB; BLIBOA WH(DOPMALNKM OCYLECTBAANCA
Ha GYMaxXHYI0 NEHTY wupnHOi 42 unu 21 ¢M CO CKOPOCTbID A0
20 cTpox/c;

© TEPMUHaNIbHbIE YCTPOIACTBA (BMAEOTEPMUHANLI, A NEPBOHA-
YanbHO — 3NIEKTPUYECKME NUILYLINE MALIMHKW), NPEAHA3HAYEHHbIE
ANA MHTEPAKTMBHOrO B3auWMOAEHCTBMA C nonb3osatenem (IBM
3270, DEC VT-100 1 np.), noaknio4aemble K CUCTEME ANA BbINONHE-
HUA ChYHKLMIA YNpaBNEHNA BbIYUCANTENbHLIM NPOLIECCOM (KOHCONb
onepatopa — 1—2 wr. Ha IBM) 1 WHTEpaKTUBHOK OTNaaku npo-
rpamMm 1 06paboTku AaHHbIX (TepMUHAN nonb3osarens — OT 4 A0
64 wr. Ha 3BM).
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Ilpodoaxcenue maba. 1.1

ABTOpbI W H3aenuA

XpOHONOFHA i ONUCAHWE (KOMMEHTapWiA)

Nepeuncnenuble CTaHpapTHble Habopei  ycTpoicte IBM
60—80-X r'r. ¥ UX XapaKTepucTUK| NPUBEAEHbI 30eCh KaK NCTopuye-
CKaA CNPaBKa ANA YMTaTeNA, KOTOPbIi MOXET UX CaMOCTOATENLHO
OUEHNTb, CPABHMB C COBPEMEHHbBIMI U M3BECTHLIMU eMY AaHHBIMM.

dupmoii IBM 6bina npeanoxena B Kayectse o6onoyku IBM
1BM/360 nepeaa chyHkumoHanbHo nonHouesHan 0C — 0S/360.
Pa3apa6otka u sHeapexue OC NO3BOAMAM Pa3rpaHUyMTb PYHKUMK
0nepaTopoB, AAMWUHUCTPATOPOB, NPOrPaAMMUCTOB, NONb30BATENEIH,
a TaKKe CyWeCTBEHHO (B BECATKW U COTHMN Pa3) NOBLICUTL NPOU3BO-
auTensHocTb IBM 1 cTeneHb 3arpy3kiu TeXHU4ECKUX CpeacTs. Bep-
cun 05/360/370/375 — MFT (MynbTMNPOrpaMMUPOBaHME C (PUK-
CMPOBaHHbLIM KONU4ECTBOM 3aa4), MVT (C nepemeHHbIM KonnyecT-
BOM 3afa4y), SVS (cuctema C BMpTyanbHOW NamATbio), SVM
(cncTema BUPTyanbHbIX MaWwnH) — NocNefoBaTeNsHO CMEHANM Apyr
apyra u BO MHOrOM ONpepenunu CoBpeMeHHbIe NPEACcTaBNeHUA o
ponu OC

Bunn Teiitc u Non Annex

AnbTanp

: | (Microsoft)

1974 r. dupma Intel paspaborana nepebiii yHUBEPCANbHBINA
8-pa3panHbiii Mukponpoueccop 8080 ¢ 4500 Tpanauctopamu. 3a-
sapa Po6eptc, mononoi ochuuep BBC CLUA, uHxeHep-3neKTpoH-
wmK, nocTpoun Ha 6ase npoueccopa 8080 mukpokomnblotep AnbTa-
UP, UMEBLINIA OrPOMHbIA KOMMEpYeCKuii ycnex, NPONaBaBWMACA No
NOYTE W WMPOKO UCMONL3OBABLIMIACA ANA NOMAWHEr0 NPUMEHEHUA.

B 1975 r. Monopoit nporpammuct Mon AnneH u cTyaeHT Map-
Bapackoro yHueepcuteta bunn eilc peanwsosanu anA AnbTampa
A3biK Beiicuk. Bnocneacteun oHu ocHosanu chupmy Maiikpocot
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Okonyanue maba. 1.1

ABTOpbI U H3penuA XpOHONOrKA U ONKCaHue (KOMMEHTapWii)

B 1976 r. ctynentbl CTue Bosnak u Ctus [xobe, yctpous Mac-
TepCKyI0 B rapaxe, peanu3osanu komnbiotep Apple-1, nonoXxus Ha-
4ano kopnopauuu Apple.

B 1983 r. kopnopauna Apple Computers noctpowna nepco-
HanbHbIi KOMAbIOTEp Lisa — nepsblit 0CIMCHBIA KOMNbIOTEP, YNpas-
NAEMBIA MAHNMYNATOPOM «Mblitib»

Crtusen xo6c
1 Credhan Bosuak

Lisa

TeopeTHyecKoil OCHOBOM OpraHu3auMM W (YHKIIMOHUPOBAHMSA
BBIYMCJIMTEJbHBIX MAlllUH U CUCTEM SIBJISIOTCS CJIERyIOIINe TUCIUI-
JIUHBI:

e 3JIEMEHTH TEOpPHUU MHPOpPMAIUHN — H3MEPEHUE KO-
JmdecTBa MHGpOpPMAIMHM, HPOMYCKHasi CIMOCOOHOCTb KaHaJIOB,
«CHTHaJI—IIYM», JelN0eIUIbl, KOOUpOBaHHUE U CXAaTHE—BOCCTA-
HOBJIEHHE UHPOPMALINH;

e 3JIEMEHTHl TEOPHU YHMCEN M BBIYUCIHUTEIbHOM
MaTeMAaTHUKHU — CUCTEMBI CYMCIICHUS, MPEACTABICHUE YM-
CeJl B pa3IMYHbIX CUCTEMaxX, orlepaluy Haj YUCIaMHU, TOYHOCTh
MpeICTaBICHUI U pe3ybTaTOB ONECpaLliii;
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eDJIEMEHTH MAaTEMAaTHUYECKONH JOTMKHU — JIOTHMYE-
CKHE BBIPaXEHHS M NEPEMEHHbBIC, ONEepalldi Hal HUMHU, SKBU-
BAJICHTHBIE Npe0oOpa30BaHUs BbIpAXCHHU, CXEMHBIE 3JIEMEHTHI,
y3IBl U NepekioyaTebHble cxeMbl ODBM, 6asupymoluinecss Ha
NMoJoOHbIX MTpeoOpa30BaHMAX;

e3JIEMEHTBl TEOPUH AaJNTOPUTMOB (areopudmos, «mo-
HayyHOMY») — UIMKJIMYECKHE, BETBSLIHECS, WTEpallMOHHBIE
Mpolecchl, Ux cBoiicTBa (3¢deKTHBHAsT BHIYMCINMOCTD), 3aBH-
CHMOCTb TOYHOCTH BBIYMCJICHHMI OT UX IJIUTEJILHOCTH M Mp.;

e IpDYrue pa3nesbl NMPUKJADHOW MAaTeEMaTUKHU —
B YaCTHOCTH, Teopusl rpa¢oB, TOMOJOTHYECKUE Mpeobpa3oBa-
HUSI KOHPUrypauuii ceteid v mp.

OyeBHAHO, YTO MBI HE MOXEM B OTPaHUYEHHBIX paMKax JaHHOro
y4e€6HOro 1moco6usi mogpoOHO OCBETUTb YKa3aHHbIE BOIPOCHI, OOHA-
KO Jajiee Mbl TTPUBOIUM KPAaTKOE M3JIOXKEHHUE OCHOBHBIX ITOJIOXEHHUMA
HEKOTOPBIX M3 3TUX OJUCLHUIUIMH.

1.2. Uudopmauun, kogupoBaHue u 06paborka B IBM

ITonsaTue <«uHpoOpMaLUs» SBISETCI TaKHMM Xe€ (PyHIaMeHTalb-
HbIM, KaK TIOHSTHS «MaTepHsi», «3HEPrus» M Ipyrue puiocodckue
KaTeropun. D10 aTpudyT, CBOMCTBO CJIOXKHBIX CHCTEM, CBSI3aHHOE C
HX pa3BUTHEM M caMoopraHusauueir [24, 25]. U3BecTHO Gosbllioe
KOJIMYECTBO PA3IWYHBIX OINpeaeaeHUu MHPOpMAUMH, OTIMYME HH-
¢dopMaLMK OT JaHHBIX, 3HAHUI U 1p. MBI 3€Ch OTPaHMYMMCS TOJIb-
KO PacCMOTPEHHEM HEKOTOPBIX MPAaKTUYECKM BaXHBIX TOHATHA HU
OIpeaeIeHUHA.

Onpedenenue u Knaccuuxayus uHgopmayuu

B HacTosiiiee BpeMsl HayKa ITHITaeTCS HalTH OOLIME CBOMCTBA M
3aKOHOMEPHOCTH, TPUCYIIIiE MHOTOTPAaHHOMY TOHSATHIO «MH(pOpMa-
LIMsI», HO TTOKA 3TO NOHATHE BO MHOTOM OCTaeTCsi MHTYUTUBHBIM H
MOJTy4aeT paxyIMYHbIE CMBICJIOBBIE HAIOJIHEHUS B pa3iIMYHbIX OTpac-
JISIX YeJIOBEYECKOI AEATEbHOCTH.

B obuxone mHpopMalmeil Ha3BIBAIOT 1/00bie OaHHble uau ghakmol,
KOTOpBIE TPENCTaBIAIOT Kakoi-11mbo umHTepec. Hampumep, coobiie-
HHE O KaKHX-JTH0O COOBITHSIX, O YbeW-JIHOO NEeATENBHOCTH U T. II.
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«MAHpOpMHUPOBaTE» B 3TOM CMBIC/IE O3HAYaeT «COOOIIUTh HEYTO, He-
HU3BECTHOE PaHbILE».

B TexHuxe mnox uHpopMamuedl TTOHUMAIOT CooOujeHus, Tiepena-
BaeMbie B GopMe 3HAKOB WIM CUTHAJIOB.

-B xubepHeTnKke nmoa wHopMalMeil IIOHMMAIOT Ty YacTh 3HAHUU,
KOTOpasi MCMOJIb3YeTCS IS OPHEHTUPOBAHMS, aKTUBHOTO IEHCTBHS,
YIIpaBJI€HHUS, T. €. B LIENSIX COXpaHEHHA, COBEPILICHCTBOBaHHS, pa3BU-
THS CHCTEMBI.

IIpuBeneM HeCKONBKO OrpeneieHiii HHGOPMAaITHH:
e orpuuanue 3HTponnu (JI. bpuiiosH);
e Mepa CJIOXHOCTH CTPYKTYp (Mob);
OoTpaxXeHHoe pa3HooOpa3ue (Ypcyn);
colepxaHue mpoliecca orpaxenus (Ty30B);
BEPOSITHOCTh BbIOOpa (SIrsioMm);
CHSATas HeolpeneaeHHOCTh Halmmx 3HaHui o yeM-To (K. Ilen-
HOH);
e 0003HaYE€HUE COAEPXaHHUS, MOTYYEHHOIO U3 BHEIIHETO0 MUpa B
MpolecCe Hallero MpUcrocobieHnss K HEMY M TpHUCIIoco0e-
HUs K HeMy Hammx vyyBcTB (H. Bunep).
Nudopmaimsa MoxeT KiaccuHIIMPOBaThCs, HallpUMep, IO Clie-
JIYIOLIMM OCHOBaHMSIM:
e MPU3HAKHM, OTPaXalolllue CTPYKTYpPY HAHHBIX M (OopMy Ipel-
cTraBjieHHsa MHPopMaium (Tadi. 1.2);
e colepXaHHe IPeAMETHOM 00JIaCTH IIPUMEHEHMS.

Ta6auya 1.2. Hexoropbie Knacch HHGopManun (1o CTpykType H dopme)

OcHoBaHuwe
1A KNACCHAWKALMN Knaccbl nHchopmaumn
Wudopma-
Coo6wenwe, Wndbopmaumon- it

Mo ypoBHAM CNOXHOCTH | CurHan FOKYMEHT Hblil MaCCHB LMOHHBIA pe

cypc
AHanorosas Lndposan

o Tary curtana (HenpepbiBHan) (nMcKkpeTHan)

Mo yposHAM poctyna NaHHbie B perucT- | [laHHbIe B onepa- :;a::;nmx:‘a“r;uux ba3bl naH-

W OpraHu3auuu POBOI NAMATH THBHOW NaMATM YCTpOWCTBAX HbIX

Mo cnoco6am koanposa- | Linpposan (Bbiumc- | CumsonbHaA (an-
HWA W NPEACTaBNEHWA | NuTeNbHbie AaHHbie, | PaBUTHO-LUMPPO- | Mpaduyeckan
(naHHbie, haiinbl u BO) | ABOMYHbIE) BaA, CTPO4HARA)

No opraHu3auwv aau-

HbiX (chaitnel v B/) TaGnu4an Texcrosan lpachueckan
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Ananozo6an ungopmayun. Vicropudecku mepBoOi TeXHOJIOIMYE-
ckoit (popMoii moyyeHHsI, nepenadyn, XpaHeHUs: HHGOpMaLUK ABJIS-
JIOCb aHaJloroBoe (HENmpepslBHOE) TpEACTaRIeHNEe 3BYKOBOTO,
OINTHYECKOTO, 3JICKTPUYECKOTO WM IpYroro CMrHaia (coobuieHus).
MarHuTtHasi ayano- ¥ BHACO3aMuCh, ¢oTorpadupoBaHue, 3alMch Ha
LIeJUIaYHble WJIM BUHWIOBHIE I'PaMIUIACTHHKH, MPOBOIHOE M paIMo-
BELIaHHE — OCHOBHBIE CIIOCOOBI XpaHEHHs W Iepenayd MHGopMa-
LMK B aHaIoroBoii ¢popme (puc. 1.1). 3ametuM, yro ¢ Havyana 50-x IT.
(a BO MHOTOM H ceifyac) 1oa TEpMUHOM meopus uHgopmayuu noapa-
3yMEBAINCh TEOPETHMYECKHE METOIbI, CBSI3aHHBIE C OOecrneyeHHeM
KaK MOXHO 0oJiee TOYHOro MpHuemMa, nepenadyu, 3alucH, BOCIIPOU3Be-
JIeHHs, Tpeo0pa3oBaHUs HEMPEPHIBHbIX CHTHAJIOB (OCHOBHBIE ITOHS-
THSI — AUHEUHOCMb, HeAUHElIHOCMb, WYM, CneKmp CU2HAAQ, noaoCa npo-
NYCKaHus u np.).

>
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Puc. 1.1. AHaiOroBbiii CHrHal M €ro AMCKpeTHas (uucpoBas) anmpoKCHMaLMs
(oungponka)

bonee yem 50-jeTHee pa3BUTHE TeOpUH ¥ MpakTHKu DBM npu-
BOIMT K BBHITECHEHMIO (B TOM YHCJIE 1 HAa OBITOBOM YPOBHE) aHAJIOro-
BbIX YCTPOMCTB M CUTHAJIOB I (G P OBHI M H.

AHayoro-uudpoBoe (OIMcKpeTHoe) TmpeoOpa3oBanne — ALl
(analog-to-digital conversion — ADC) 3akiioyaercss B GopMHUpOBa-
HUM MOCJIEAOBATEILHOCTEN n-pa3psAnHbIX TBOMYHBIX CJIOB, MpEACTaB-
JIAIOIIMX C 3aIaHHO TOYHOCTHIO aHAJIOTOBbIE CUTHAJIBI.

HanGonee monynsipHbIM ITPUMEPOM, HECOMHEHHO, SIBJSAETCS
aynnokoMnakT-auck (digital audio CD). B 3ToM ciiydyae 3ByKOBOM
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curHan (cM. puc. 1.1) mpeobpa3syercss B IMCKPETHYIO amnIpoOKCHUMa-
LUUIO («MHOTOYPOBHEBBIH CTYMEHYaThlii CUTHAJI»), MPU 3TOM BHayaje
TPOMCXOIUT K8AHMOBAKUE 80 8peMeHU, KOTOPOE 3aKITIOUaeTCA B N3Me-
PEHUU B IUCKPETHBIE NMPOMEXYTKH BpEMEHHM HEOOXOOMMOro Iapa-
MeTpa aHaJIOTOBOTO CUTHaJa.
3aTeM OCYLUECTBISIETCA KG8AHMOBAHUe no amniumyde CUTHaIA.
[Ipy KBaHTOBAaHMM aHAJIOrOBOTO CHMTHAJa TMPOMCXOMUT OKPYIJIEHHE
€ro MrHOBEHHbIX 3HAY€HHUH N0 HEKOTOpOH 3aJaHHON (PMKCHPOBaH-
HOM BEJIMYMHBI, Ha3bIBacMOM ypoenem. HammeHblllee H3MEHEHHE
aHaJIOTOBOrO CHUTHAaIa, KOTOPOE PETMCTPUPYETCSl YCTPOMCTBOM, OCY-
ILIECTBIISIOINMM 11pe0o6pa3oBaHMe, HA3bIBAETCH PA3PEUICHUEM.
IIpu keanmosanuu no amnaumyode Kaxnas CTyrieHbKa IpeJCTaB-
JISETCS TIOCJIeNOBaTEIbHOCTbIO OWHApHBIX LHM(POBBIX CHTHAJIOB.
IMpuHsATHIA B HacTosIliee BpeMs craHAapT aynuo CD ucnonb3yeT Tak
Ha3biBaeMbIil  «16-pa3psmHBIi 3ByK C 4YacTOTOH CKaHMPOBaHHA
44 xT'u». ns puc. 1.1 «B nepeBoe Ha HOPMaNbHBIH A3BIK» 3TO O3HA-
YaeT, YTO «IJIMHA CTYNeHbKW» (t) paBHa 1/44 000 c, a «BbIcOTa CTYy-
neHeKu» (8) cocrapiser 1/65 536 MakCHMAaJIbHOM TPOMKOCTH CHTHa-
na (mockoibKy 2'® =65 536). TIpy 3TOM 4acTOTHBI OMAna3oH BOC-
npou3BeneHusa cocrapiasgeT 0—22 k', a JMHAMMYECKMII THANA30H —
96 nb (HemOCTHXMMOE IJI1 MarHUTHOM WJIH MEXaHHYeCKOi 3ByKo3a-
MUCH KAYECTBO 3aMHCH).
AHajoro-uM¢poBble (IUCKPETHBIE) Mpeobpa3oBaTeid Yaliie Bce-
ro M3roTaBJIMBAalOTCS B BHUAE HMHTErpajibHbIX cxeM. B HeoOXoauMbix
CIy4asix OCYLIECTBJISIETCS OOpaTHOE — IHCKPETHO-aHAJIOrOBOE HIIM
uudpoaHanoropoe npeodpasoBaHue — LIAIT (digital-to-analog con-
version — DAC).
Lugpposasn ungpopmauyus. JIucKpeTHble CUTHAJIBI [0 CPABHEHHUIO C
aHAJIOrOBBIMM MMEIOT PSl BaXHBIX NPEUMYLIECTB. IOMEXOYCTOHYM-
BOCTb, JIETKOCTb BOCCTAHOBJIEHUSI (DOPMBI, IIPOCTOTY amnmnapaTyphl Ie-
penayu.
B nanbHeitiem olvdpoBaHHBIH aHAJIOTOBBIA CUTHAJI MOXET Ie-
penaBaThCsl WM 3alMCHIBATLCS B Pa3IMYHBIX (popMaTax, HarlpuMep:
¢ PCM (Pulse Code Modulation — uMyJIbCHO-KONIOBass MOMIy-
JISUMs) — Ccrnoco6 LM(ppPOBOro KOAMPOBAHHUS CHTHaja C IO-
MOILIBIO 3aMmUCH aOCONIOTHBIX 3HAYeHHH aMIUIuTyn A(f)
(puc. 1.2, a). UIMeHHO B TaKOM BMI€ JaHHbIE 3aITUCBHIBAIOTCS
Ha aymmo CD;

e ADPCM (Adaptive Delta PCM — anarnTuBHasi OTHOCHTENbHAs
HMITYJILCHO-KOJIOBasi MOOYJISAALIMA) — 3aMKCh 3HAY€HWH CUTHala
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A(t)A

A
1

1

1

~v

a 6

Puc. 1.2. [TpuMepb! KOOTUPOBAHUS AHAJIOTOBBIX CUTHAJIOB:
a — WMIYJIbCHO-KOIOBasi MOXYISAUUSA; 6 — afanTHBHAs OTHOCUTENbHAss HMMITYJIbC-
HO-KOJOBasi MOAYJISILUS

He B aOCONIOTHHIX, @ B OTHOCHUTEJBHBIX INpHUpalieHusx (AA(f))
amrutatyn (puc. 1.2, 6 u T. 1.).

Ilepedaua oannvix. KaHan nepegayd — 3TO KOMIUIEKC TEXHHYeE-
CKMX CPEACTB M Cpelbl paCIpOCTPaHEeHHs, 00eCIeYnBaIONINii nepema-
Yy CHUTHajJa 3JIEKTPOCBA3M B OIpPENEJIEHHOH IT0J0CEe YacTOT IWIM C
onpeieJIeHHON CKOPOCTBIO Iepelauyd MEeXIY CeTeBhIMM CTAHIIUSIMHU M
y3JIaMH.

Tlpy oOMeHe MHaHHBIMH IO KaHajlaM HCIIOJb3yeTCsl TpU MeTona
nepenayv TaHHBIX:

e CUMIUTEKCHas1 (OOHOHAIpaBJjieHHas) Iiepenaya (TeJleBUIECHME,

pamuo);

o TOJyAyIUIEKCHasI (MpUeM UM nepenaya WHGOpMaIlMKU OCYHIEeCTB-

JIAIOTCSI TTOOYEPETHO);
e IyIUIEKCHasi (ABYHArpaBJIEHHas1), Kaxmasi CTaHUMS OJHOBpE-
MEHHO TepenaeT ¥ IPUHNUMAET JaHHBIE.

Hdns nepenauyu JaHHBIX B MHGOPMALMOHHBIX CHCTEMax Hanboee
4acTo MpUMEHSIETCS TocenoBaTeabHas nepenaava. IlInpoko ucnomb-
3yI0TCSl CJIEAyIOLHe METOIBI IOC/IEI0BaTe/IbHOM Mepeaayd — aC M H -
XpPOHHAsA U CHHXpDOHHAaA.

Ilpn acuHXpoHHOU Iepemaye KaXAblii CHUMBOJ TEpEeNaeTcsi OT-
IENbHOM MOChUIKOM (puc. 1.3).

CraproBble OUTBHI MPEOYTIPEXAAIOT MIPHEMHUK O Hayajie Iepeaa-
yy. 3aTeM IepemaeTcsi CUMBOJI. s ompeneneHHs HOCTOBEPHOCTH
nepenayu UCIOJb3yeTcs: OUT YeTHOCTH (OMT YETHOCTH paBeH 1, ecim
KOJIMYECTBO €IMHHLU B CHMBOJIE HEYETHO, H 0 — B IIPOTUBHOM CITy-
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<] 0 1 1 0 1 0 0 #
k . ]
[lBa cTapToBbIX MNepepaBaembiii cumson Bur  CronoBuiit
6uTa 4yeTHOCTM  6uT
- a
| it
' ! b
BuTsl Mone aaHHbIX Kop Cumson
CUHXPOHW3aLMK (nepenasaembie CUMBONbY) o6HapyXeHWUsi  OKOHYaHus
owmbkn nepeaaun

6

Puc. 1.3. AcuHXpoHHas (@) U CHHXpOHHast (6) nepenaya JTaHHBIX

yae. ITociaenuuit 6UT («CTOM-OMT») CHUTHAIU3UPYET 00 OKOHYAHHH
nepeaayu.

IIpu Mcnoab30BaHNMM CHHXPOHHOIO METONA JaHHEIE IepeaaloTcs
6mokamu. JIia corjacoBaHus pabOTHI NMPHEMHHKA U IepedaTyuka B
Hayaje 0JIoKa rnepenaloTcsi OGUThI CHHXpOHM3alMK. 3aTeM MepenaloT-
cs IaHHBIE, KOA OOHapyXeHHUs OIMOKY U CHMBOJI OKOHYaHHUSI ITepe-
Jaud. IIpy cMHXpOHHO¥ TMepenaye OaHHBIE MOTYT IepedaBaThCS M
KaK CHMMBOJIBI, 1 KaK ITOTOK OMTOB. B KauecTBe Koma OOHapyXeHHA
olIu6Ky o6brdHO Mcnonb3yercss Koo CRC.

IIpakTHyecKn Bcerga OTUCKPETHBIM CUTHaJl MMeeT ABa JIMOO TpH
3HayeHUs. Hepenko ero Ha3bIBalOT TaKXe yu@poebim cucnasom. Jluc-
KpPETHBIE CHUTHAJIBI 110 CPAaBHEHMIO C aHAJIOTOBHIMU HMMEIOT PSli BaX-
HBIX IPEUMYIIECTB: IIOMEX0YCTONYUBOCTb, JIETKOCTh BOCCTAHOBJICHUS
¢opMBI, IPOCTOTY anmapaTyphbl Nepeaadyy JaHHBIX.

OO6bMHO B LHUGPOBHIX CHCTEMAaX HCIOJB3YIOTCSI IBOMYHBI €
curHansl (puc. 1.4, a), uMelollie 3Ha4eHUsA «+», «—». BMecre ¢
TeM TpM Tiepenade JAHHBIX B OOJIBIIMHCTBE CIIy4aeB NMPUMEHSIIOTCS
TpOMYHBIEe cUTHaXBl (puc. 1.4, 6) co 3HaAYEHHIAMH «+», «O»,
«». 31ech «cIMHHULIA» TPEICTaBIsIeTCs OTCYTCTBHEM MOTEHLINajla B
KaHaJjle, TOrda KaK «HYJIb» XapaKTepU3yeTCs MOJOXUTEIbHBIM JTHOO
OTPMIIATEIbHBIM UMITYJIbCOM. IIpM 3TOM MOJISAPHOCTH HMMITYJIBCOB,
NMpEeACTABIISIONIUX «HYJIW», OOJDKHA YepedOoBaThCA, T. €. 3a IMOJIOXU-
TEJIbHBIM <«+» HUMITYJILCOM JOJDKEH CJIENOBAaTh OTPULIATEJIbHBIA «—» U
Hao6opoT. B ¢popMe TPOUYHOIro CHUrHajga OCYIIECTBIAECTCS HE TOJIBKO
KOOMpPOBaHHE IepedaBacMbIX HaHHBIX, HO TakXxe o0ecreyuBacTcs
CUHXpOHHM3alMs paboThl KaHaJIa ¥ MPOBepKa LEJIOCTHOCTU TaHHBIX.
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Puc. 1.4. TIpyMepbl IHCKPETHBIX CUTHAJIOB:
a — JBOWYHBIA; 6 — TPOMUYHBIIN; 6 — OWUMOSAPHBIA; ¢ — 3JIEMEHThHl MMITYJIBCHOTO
CHTHaJ1a

bunonsipHbie KOMBl TaKXe 4YaCTO MCITOJL3YIOTCA B KaHajax
nepeaayy OJaHHHIX (puc. 1.4, ). 3aech eAMHUIIBI TIPEICTABSIOTCS Ye-
penyIOLIMMHUCS TTOJIOXUTETBbHBIMA U OTPULIATEIbHEIMU MMITYJIbCAMH.
OTCYTCTBHE UMITYJILCOB ONpPENENISIET COCTOSIHUE «HY/Ib». BUmnossipHoe
KOOMpOBaHHe obecrieynBaeT OOHApyXeHHE OIMHOYHON OIUHOKH.
Tak, ecim BMECTO HYJIS MOSBUTCS €AMHHUIA JIMOO eIHMHHIA OIIMO0Y-
HO CMEHMTCS Ha HYJIb, TO 3TO JIErKo oOHapyXHBaeTcs. B o6oux ciy-
yasix HapyllaeTcs YyepeloBaHUE MOJISIPHOCTH WMITYJIbCOB.

PeanbHBIA MMNYNbCHBIM cUrHan (puc. 1.4, &) xapakTepusyercs
aMTynoi U, IIMTENIbHOCTBIO HMITYJIbCOB f,, nepeqHuM (poH-
TOM £, 3aTHUM (DPOHTOM £, U MepuoaoM nosTopeHusi T . OTHOLUE-
HHUE JIATEIBHOCTH niepyona 7' K JTUTENbHOCTU UMITYJIBCOB /, Ha3bl-
BaeTCSI CKBAaXHOCTBHIO.

H3mepernue Konuyecmsa ungopmayuu

TepmuH «HpOpMaLMs» UMeeT KopeHb «form» (¢opma), yTo pa-
3yMHO TPaKTOBaThb KakK «MH(;OpMHUpPOBaHHE — TpHAAHUE (DOPMEI, BbI-
BOJl U3 COCTOSIHHSI HEOTPEAEIeHHOCTH, 6eCPOPMEHHOCTH», TIOITOMY
JIOTUMHO TOAXOAMTD K OTPeIEICHUIO MOHATUSA «KOJMYECTBO MHPOP-
MalMM», UCXOs M3 TOro, YTO MHGOpPMAlMIO, ColepXaulylocsi B CO-
00LEHH, MOXHO TPaKTOBaTh B CMBIC/IE €¢ HOBH3HBI WIHM, MHAYe,
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YMEHBILIEHUSI HEOMpPEAEIECHHOCTH 3HAaHUN «IIpUeMHHKa WH(OpMa-
uuu» 00 OOBEKTE.

B kauectBe emuHMIBI MHbopManuu Kion IlIeHHOH mpemioXuI
MPUHSTb ONUH O U T (OT aHea. bit — binary digit — nBonyHast undpa).

B BBMHMCINTENBHONH TEeXHHMKE OHUTOM HA3bIBAIOT HAMMEHBIIYIO
«TIOPLHIO» TITAMSATA KOMITBIOTEPA, HEOOXOOUMYIO AJIS XPAHEHHUS OIHO-
ro u3 AByX 3HaKoB 0 ¥ 1, UCITONB3yEMBIX TSI MAIUIMHHOTO MpEACTaB-
JIECHUSI JTAaHHBIX U KOMAaHII.

TTockonbKy OMT — CHMIIKOM MeJKast eIMHHMIIA M3MEPEeHHs, Ha
MpaKTUKE Yallle MpUMEHseTcsl Ooyiee KpymnHas eIuHMNa — Oa#T,
paBHast BOCbMU 6uTaM. B yacTHOCTH, BoceMb OUT TpebyeTcs g Toro,
4TO6BI 3aKOIUPOBaTh 1060 13 256 cumBonos ASCII (256 = 2°).

«MeoT xoxaeHne» Takke 0oyiee KpYITHBIE TTPOMU3BOAHBIE €IH-
HULB MHGopMauuu: Kwiobait (K6aiit, KB) = 10° Gaiit, merabaiit
(M6aitt, MB) = 10°® K6aitr, rura6aiir (I'6aitr, GB) = 10’ M6aiit, Te-
pa6aiir (T6aitt, TB) = 10° I'6aiir, nerabaitr (I16aitr, PB) = 10° T6aifT.

3aMeTHM, YTO YacCTO BO3HHMKAeT HEOMHO3HAYHOCTh B MHTEPIIPE-
TalMuM, Hampumep, | Mo6aiiTa, KOTOpblii MOXET pacCMaTpHBaThCS
kak 1000 KoOaitr (mecatuuHblit MerabaiiT), Tak u 1024 Ko6aiit (6u-
HapHbI Merabaiit). B Tabn. 1.3 npuBeneHb! NOCAEACTBUS TaKOM He-
OIHO3HAYHOCTH.

Tabauua 1.3. OTKIOHEHHS, BO3HHKAIOUIHE IPH OXHHAKOBOM NPOYTEHHH NECATHIHBIX
H JABOMYHBLIX npedHKCOoB eauuni uiMepenns nudopmManu

Mpecomc | Companenme | 1 oIS | Moo oroneme.

KMno K 210 10° 1,024 = 1024/1000

mera M 2% 108 1,0486 = 1 048 576/1 000 000
rura r 2% 10° 1,0737

Tepa T 240 10" 1,0995

nera n 2% 10" 1,1259

akca 3 2% 10" 1,1529

3etTa 3 270 10% 1,1806

fiorTa i 2% 10 1,2089

OueBHAHO, YTO YeM OOoJIbllie H300pakaeMoe YHCIIO, TeM OoJbllie-
ro 3HaYeHWS MOXET JOCTHTaTh PacXOXIEeHHe, BBI3BAHHOE HEOTHO-
3HAYHBIM ITOHMMAaHUEM HCITOJIb30BaHHOro mpedukca. B yacTHOCTH,
pa3sHHUIIA MEXNY «IBOMYHBIM» U «IECATHYHBIM» KHJIOOAWTOM COCTaB-
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qser 2,4 %, HO MeXIy «IBOMYHBIM» U «IEeCATHYHBIM» TMradaiitoM —
yxe Gosiee 7 %. Jlua TOro 4TOOH pa3pelinuTh 3Ty IyTaHMILY, ObUIO
MPEIOXKEHO BBECTU IBOMYHBIE ITpe P MKCHL

B Mapte 1999 r. MOK — MexayHaponHasi 3JieKTpOTEXHUYeCKast
komuccus (International Electrotecnical Comission — IEC) npemno-
XWJIa HOBBIA CTaHAApT 11 0003HAYeHUsA IBOMYHBIX yucen. IIpeduk-
cbl MOK cxoxu ¢ npuBblMHbBIMM TpepukcaMun CHU (MexmyHapon-
HOM cHCTeMBbl U3MepeHMNsl PU3UIECKUX ETUHMI]) — OHM HaYUHAIOTCH
ONMHAKOBO, HO BTOPOii CJIOT IBOMYHBIX MPEe(PUKCOB — Ou (OT awen.
binary — «aBoWYHEBI»). CTaHmapT ObUT YTBEPXIEH, HO BBEICHHbIE
Ha3BaHMA HCIIONB3YIOTCS HEPETYJIIPHO, OYEBUIHO, M3-3a UX HEOOBIU-
HOCTH: «KWIOOHT» 3ByYUT IIPUBBIYHEE, HEXEIN «KHOMOUT». Poccuii-
ckuii TOCT 8.417—2002 («EnuHUIE BETMYMH») TaKXKE OIpeAesisieT
CBO€ HaIMCcaHMe JBOMYHBIX MpedHKCoB s 6aiToB (Tabi. 1.4).

Tabauya 1.4. Coorsercrane npeduxcos MOK u T'OCT 8.417—2002

Cokpawetua MIK Cokpatienue
Mipechakc nR Gwros/GaiiTos | TOCT 8.417—2002 (A GaiTos) Sniasonme

Kubn, KiB | Kibibit, Kn6utur, K6aiit 2'°= 1024
KibiByte, KiB, Kub

Mu6n, MiB | Mibibit, Mn6u6uT, M6aiit 2% = 1048 576
MibiByte, MiB, Mub

6w, GiB Gibibit, Fn6uowT, 6aift 2301073741 824
GibiByte, GiB, 'mb

Tubn, TiB Twou6ut, Gibibit, T6air 240_ 1099 511 627 776
TibiByte, TiB, Tub

Mu6w, PiB | Mn6u6uT, NMb N6aitr 2%

3xctn 3KcOubuT, Mb 36aiit 2%

3u6n 3u6néut, 3ub J6aiit 270

fo6un o6u6uT, Aub W6aiir 2%

IToka 4TO HeNB3s yTBEpXOaTh, YTO NaHHBIE CTaHAApPTHI BCEMH H
6€3yCJIOBHO COOMIONAIOTCA, MOCKOIBKY Pa3HOUYTEHHE TPOJOIKAET OC-
TaBaThCs.

JBowuyHbIe TIpe(HUKCH UCITONB3YIOTCS:

e 0OBIYHO B (haiyTOBBIX MEHEIXepax M JpPYyroM IPOrpaMMHOM
obecrneyeHUH AJi KpaTKoro ornpeaesieHusl pa3MepoB (aitioB —
€CIM TIporpaMMa cooOmaeT, 4Yto pa3Mep ailyila paBeH
100 Ko6aiir (100 KB), TO 3TO COOTBETCTBYET MPHOJIM3UTEIIHHO
102,4 TeIC. GaifT;
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e MPOU3BOAMTENSIMM Pa3IMYHBIX BUIOB IMOJTYTIPOBOAHHUKOBBIX 3a-
noMuHaloumx ycrpoicts (O3Y, I13Y, ¢naui-naMsTs), Hanpu-
mep «kapta Secure Digital Ha 1 I'GaiiT»;

e EMKOCTb KOMITaKT-OUCKOB (Hampumep, «700 Mo6aiit») 3amaercs

_ OOGBIYHO B «IBOMYHBIX MerabaifTax»;

o cormacHo 'OCT 8.417—2002 npucraBku K-, M- u I'- (mipo-
MUCHBIMU OYKBaMHU) MPUMEHHUTEIBLHO K 0aiiTaM MMEIOT TBOMY-
HO€ 3HaYEeHHE.

IIpucTaBKM «KWJIO», «Me€ra», «THra» TPaKTyIOTCI KaK [ecs-

THYHBIE:

¢ B TEJICKOMMYHMKAIIHOHHBIX TIPIWIOXEHHUSX, HAIpUMEP <«KaHal
Ha 128 KIWJIOOHT B CEKYHIY»;

e KaK MCTOPHYECKH CJIOXKUBINASICS TEPMUHOJIOTMA MPH YKa3aHHH
o0beMa XKEeCTKMX OMCKOB (muck Ha «40 rurabGaiit» mMeeT pas-
mep 40 mipn 6aiiT). CTOPOHHMKHM MPOTHBOIIOJIOXHOIO MOAX0/a
OOBHUHSIOT (PUPMBI-TNIPOU3BOIUTENN B 3aBbIIICHNHU LGP 00Be-
Ma HOCHUTeJIeH C MOMOIIBIO 00Jiee MEJIKOM eTMHUIIBI («<KOMMeEp-
YyeCcKUil MerabaiT»);

e eMkoctb DVD (4,7 rurabaiit) Takke 3amaeTcsi B HECATHYHBIX
rurabairax;

e TP HeOPMAILHOM OOlIeHUH (Hampumep, Impo d¢aitn B
100 TeIcSTy GaifT MOryT cKa3ath «@daiin B 100 Kmio6aiT»).

Ectb ¥ MHBIE TIpMMEpHI, B YaCTHOCTH, pa3Mep TpPEXIIOMOBOI
auckeTHl B 1,44 MOaiiT (BKIo4asi CIyXeOHble JaHHbIE — 3arpy304-
HbI# cexTop, ¥ Tabnuubl FAT) 3amaeTcs B 1BOMYHO-AECATHUY -
HBIX MerabaiTax (omuH Mera6ait paBHsiercs 1 024 000 G6aittam).

Jlnst omrcaHusi CKOPOCTH Tepeiayl JaHHBIX MOXHO HCIOJIb30BaTh
TepMHH 600. Yucmo 60m paBHO KOJHYECTBY 3HAYAINX H3MEHEHHIA
curHajia (ToTeHIMana, (a3bl, YaCTOTHI), IMPOMUCXOOSINMX B CEKyHY.
[TepBoHayasibHO 001 MCITONB30BAICA B Tejaerpaduu. s TBOMYHBIX
CUTHAJIOB HEPENKO MPHUHHMAIOT, YTO 600 paeen 6umy é cekyndy, Ha-
npuMep 1200 6ox = 1200 6ut/c. OqHAKO €NMHOTO MHEHUS O NIPaBWIb-
HOCTH MCIIOJIb30BAaHUS 3TOT0 TEPMHMHA HET, 0OCOOEHHO NP BHICOKUX
CKOPOCTSIX, TI€ YMCJIO OUT B CEKYHAY HE COBMANaET C YUCIOM 6O,

Koduposanue cumsonsHol uHgpopmayuu

Koo (code) — cOBOKYITHOCTh 3HAKOB, CHMBOJIOB M IIpaBIJI TIpe]l-
cTapiieHHss WHPopMaiui. PaccMOTpUM MeTOmbI AUCKPETHOIO Ipe.-
CTaBJIeHUI WH(POpPMalMM, WIH KOXMPOBAHMUA (KOTOphlE, HAaIO CKa-
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3aTh, NMOSBWIKCH 3aI0JT0 OO BBIMUCIUTENBHBIX MailMH). [lepBbiM
IIMPOKO M3BECTHHIM MPUMEPOM sIBIsieTcs a3doyka Mop3ae (Tabn. 1.5),
B KOTOPOil OYKBbI JATUHMUBI (WIM KUPWUIMLBI) ¥ LUPpPH KOAUPY-
JOTCA COYETAaHMSIMH M3 «TOYEK» U «THUpe». BocmosyibdyeMcs NaHHBIM
KOJIOM LI WUTIOCTPAUMM OCHOBHBIX MOHATHI, CBSI3aHHBIX C KOIHU-
poBaHHEM (HE BIABasCh B TEOPUIO KOAMPOBAHUS).

Tabauya 1.5. ®parmenTol Kona Mop3e

Cwmson 8xoaHOro ancasuta | MHemoHuyeckoe 0603HaqeHne no McC’ Koposan (3HakoBan) koMGuHaunA
A alfa -
B bravo e
C charlie
D delta
E echo
Y yankee -
z 2ulu -
1 one —
9 nine _—

* MexayHaponHbiit CBon CHUrHanos.

KonupyeMmbie (0603HaYaeMBbl€) 3JIEMEHTbl BXOAHOTO aJi-
¢aBrTa OOBIYHO HA3BIBAIOT CUM BOJIAaM M.

Cumeoaom (cayxcum yca06HbIM 3HAKOM KAK020-HUOYOb NOHAMUSL,
Aenenus), Kak TNpaBWiIo, siBiseTcss uudpa, OykBa, 3HaK MyHKTyallMU
WIH Meporiiug eCTeCTBEHHOrO s13blKa, 3HaK MpEeNnUHaHMsA, 3HaK Mpo-
Oena, crielMaJbHBIA 3HaK, CHMBOJI onepaliid. KpoMe 3Toro, yyurhl-
BAaIOTCS ynpaeasiouue (<Heneyammoie») CUMB0NbL.

Konupyomue (0603Havalomue) 3JeMEHThl BBIXOIHOTO
ajiaBUTa HA3BIBAIOTCS 3 HaKaM HM; KOJIMYECTBO PAa3IMYHBIX 3HAKOB
B BBIXOOHOM aji(paBUTE HA30BEM 3HAYHOCMbIO (-GPHOCMbBIO, -UYHO-
cmoio, HaripuMep «OMHApHBIN» WIM «IBOMYHBIIN» KOX); KOJIMYECTBO
3HAaKOB B KOAMPYIOLIEH MOCIEI0BaTENIbHOCTU 1A OQHOTO CUMBOJIa —
Ppa3paoHocmvio Koda.

ITpocTpaHCTBEHHO-BpEeMEeHHOE PpachmoJoOXeHHUe
3HaKOB KOIa NMPHUBOIUT K TOHSATUSM HaApAAleAbHbiX WIH nocaedoea-
meavHbuix KomoB. IIpy mocmegoBaTeNbHOM KOJX€ KaxXIbld
BPEMEHHOM TaKT NMpeAHa3Ha4YeH Ui OTOOpaXeHHWs1 OXHOro pa3psiaa
cloBa. 3Aech Bce pa3psiabl CloBa (GUKCHPYIOTCS MO OYepeny OAHUM U



1.2. Wndpopmauus, koguposaHue u obpabortka 8 IBM 33

TEM Xe 3JIEMEHTOM M IMPOXOAT Yepe3 OIHY U Ty Xe JIMHUIO mepena-
Yy (HarmpuMmep, pagvio- WM OMNTHYECKHUE CHUTHAIH JM0O0 mnepeaaya
JAHHBIX MO ABYM [POBOAaM, IBYXXWIbHOMY Kabeio).

MNpu napanienbHOM KOJA€ BCE 3HAKM CHUMBOJIA TPEACTaB-
JISIOTCSI B OIHOM BPEMEHHOM TaKTe€, KaXIblii 3HAK MPOXOOUT 4Yepe3
OTAENbHYIO JHHMIO (HarpUMeEp, MO YETHIPEM MPOBOAAM, YEThIPEX-
XWILHOMY Kabeso), obpa3ys cumBOJ (T. €. CUMBOJI TepedaeTrcsi B
OIMH NMPHEM, B ONMH MOMEHT BPEMEHH).

g mocnenoBaTebHOrO KOa XapaKTeEpHO BPEMEHHOE pa3-
I eNeHHUe KaHAJIOB MpH nepenaye WHGopMalldu, it apajuieIbHO-
IO — NPOCTPaHCTBEHHOE€. B 3aBUCHMOCTH OT TIPUMEHSEMOTO
KOJa pa3uyaloTcsl yCTPOICTBA Napasule/IbHOrO U IMOCJeI0BaTEIbHOIO
HEHCTBUS.

IIpuMeHHTENBHO K a30yke Mop3ie (AM):

® CUMBOAGMU SBJISIIOTCSA JIEMEHTHI 13bIKOBOTrO ajiaBuTa (6YKBBI
A—Z vwnu A—Sl) u umdponoii andaBur (3mech — UMGPHI
0-9);

e 3HAKaMHU ABJISIOTCS «TOYKa» U «THpE» (WIH «+» U «—» JUOO «1»
n «0», Kopoue — 1Ba JIOGBIX pa3HBIX 3HAKA);

e TIOCKOJIbKY 3HAaKOB Ba, AM sBnsieTcst dey3naunvim (OUHAPHBIM,
060uY4HbIM) KOIOM, €CJIM Obl MX ObUIO 3, TO MBI UMEJHU OBI AEJIO
C MPOUYHbIM, MEPHAPHBIM, MPEX3HAYHBIM KOIOM;

¢ TIOCKOJIBKY 4MCJIO 3HaKoB B AM kone6nercs ot 1 (6yksnl E, T)
10 5 (uudphl), 3meCh UMEET MECTO KOJI C NepeMerHol pa3pAaoHo-
cmoio (B AM yacto BcTpeyalolMecsi B TEKCTE CUMBOJIBI 060-
3Ha4YeHH 60Jiee KOPOTKMMM KOJOBHIMM KOMOMHALIMSIMU, HEXe-
JIU peIKue CMMBOJBI);

e MOCKOJIKY 3HaKU TNEpelaloTcsi TIOCJEAOBATENbHO (3/IeKTpHYe-
CKHE HUMITYJIbChl, 3BYKOBbIE€ WIM ONTHYECKHE CUTHAIbI pa3HOM
IJIUHBI, COOTBETCTBYIOLIUE «TOYKaM» U «THpe»), AM ectb no-
caedosamenvHbili K0O.

[TepBuie onbIThi TenerpacHOM W PagHOCBS3H OCYLIECTBISJIUCH
HMEHHO MocpeacTBOM AM, nmpuyeM NMPHEMHOE YCTPONCTBO 3aIUChI-
BaJIO MMITYJIbCHI TIEpEMEHHOM JUIMHBI B BHOE «TOYEK» M «THpE» Ha
IBUXYIHIYlocs TeserpadHylo JIEHTY, OOHAaKO yxe B Hayaie XX B.
ObUT OCYHIECTBIIEH Tiepexol Ha S-paspsiaHblif (5-OMTOBBI) Tene-
rpa¢HbIA Ko7,

B 1a6n. 1.6, 1.7 nmpuBomMTCS NMepeyeHb HauboNee U3BECTHBIX KO-
0B, HEKOTOPbIE U3 HUX MUCNOJIH30BAIUCH NTEPBOHAYAIBHO [UIS1 CBSI3H,
KOIWPOBAaHMS NAHHBIX, a 3aTeM [UIS TNpeACTaBlIeHHs1 WHGOpMaLUU B
9BM.
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Tabauya 1.6. XapaKTepHCTHKH HEKOTOPBIX HAHOOJIee H3BECTHLIX KOJOB

Haumeno- | Pacwucposka/ Opyrve Pa3pap- .
BaHue kona nep?:on ua:';:auun HOETB KOMMBNT&DHH
Baudot Kon bogo IA-1 — 5 B npownom — esponeckuii CTaHAApT ANA
international TenerpadHON CBA3N
alphabet N2 1
M2 MKKTT-2 1A-2 5 TenerpadHbii Kofi, npeanoxexHbl# Mexay-
CCITT-2 HapoAHbLIM KOMUTETOM NO TenegoHnm 1 Te-
nerpadpmu (MKKTT) u 3ameHuBwmii Kop
bogo
ASCII-7 American 1S0-7 7 Kon anA nepenayn NaHHbIX, NOAAePXMBaeT
Standard |IA-5, USASCII, 128 cUMBONOB, BKNIOYAIOWMUX NPONUCHbIE U
Code for ANSI X3.4 CTPOYHbIE CMMBONbLI NATUHWLLI, UWEPbI,
Information cneunanbHble 3Ha4KN U YNpasnAoLLne CUM-
Interchange Bonbl. Mocne no6aBneHWA HEKOTOPLIX Ha-
LWMOHaNbHBIX CMBOAOB (10 GUHAPHBIX KOM-
GuHaumit) 6bin npuHAT MexayHapoaHow op-
ranu3auueii no craHpaprusauwm (IS0) kak
craxpapr I1SO-7
ASCII-8 To xe 8 [lna BHYTPEHHEro W BHeWHero npeacTasne-
HWA 0AHHBIX B BLIMUCNUTENbHBIX CHCTEMAX.
Bkniouaer craHaapTHyI0 yacTb (128 cumso-
noB) ¥ HauuoHanohyio (128 cwumsonos).
B 3aBMCHMOCTH OT HAUWOHANBHOI 4acTh KO-
nosble TabnMLbLI Pa3nu4anTCcA
EBCDIC Expanded 8 MNpeanoxen cupmoii IBM ana MawmH ce-
Binary Coded pwid 1BM/360-375 (BHYTpeHHee npeacras-
Decimal NeHne NaHHbIX B NAMATK), 2 3aTeM pacnpo-
Information CTPaHMBLIMIACA M HA CUCTEMbI APYrMX Npo-
Code uasoaurenen
Hollerith Kon Kon nepgo- 12 MNpeanoxex ana MK (1913 r.), 3atem uc-
Xonneputa Kapt (MK) NONb30BABWMIACA ANA KOAWPOBAHUA WH-
copmauwn nepen saogom B IBM ¢ NK
UNICODE | UNiversal 16 Nockonbky B 16-paspagHom UNICODE
Code MOXHO 3akoaupoBaTb 65536 cumsonos
smecto 128 8 ASCII, To otnagaet Heobxoam-
MOCTb B CO3faHMKN moaudukaumii Tabnuy
kopos. UNICODE oxsatuiBaer 28 000 6Gyks,
3HaKoB, Cnoros, wepornnos HauWoHanb-
HbiX A3bIKOB MUpa
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Tabauya 1.7. OparMeHTH HEKOTOPHIX KOJOBHIX TAGUHME (YKa3aHhw 16-puHunnie KoM
CHMBOJIOB)

Cumeon 1A-2 Bono 1S0-7 EBCDIC ASCII-8 Xonnepur
A 03 10 41 c1 Al 900
B 19 06 42 c2 A2 880
C OE 16 43 c3 A3 840
D 09 1E 44 c4 a4 820
a 3 61 81 El
b 62 82 E2
c 63 83 E3
d 64 84 E4
. (Touka) 1C 05 2E 4B 4E 842
, (3anatan) 0C 09 2C 6B 4c 242
: (nBoero- 1E 3B S5E 5B 40A
4ne)
2 (Bonpoc) 10 0D 3F 6F 5F 206
U3661moynbIe KOdbI

IIpu 3anmucu U nepegaye JaHHBIX YACTO MCHONB3YIOTCS W30bimoy-
Hble KoObl, T. €. TaKH€, KOTOpbIE 3a CYET YCJIIOXKHEHUS CTPYKTYPHI MO-
3BOJISIOT MOBBICUTh HAAEXHOCTh NEPEIayl JaHHBIX.

Kodvt ¢ obnapymcenuem owmbox. PacripocTpaHEHHBIM METOIIOM
OOHapyXeHHs OIIMOOK SIBISAETCS KOHTPOJb IO YEeTHOCTH.
B 3TtoM ciyyae mpu 3amucu Oaiita MH(GOPMALUMK B 3alIOMHHAIONIEE
YCTPOHCTBO T€HEpUPYETCS NOIMOJIHUTENBbHBI KOHTPOJIbHBIH OHUT, B
KOTOPHBI# 3amuchiBaeTcs «0», €ClIM 3TO YMCIO 4YeTHOe, M «l», ecim
OHO HeuyeTHoe. Eciiu mpu YTeHMHM paHee 3amMCaHHOro 6aiita BHOBB
NOJIyYUTh KOHTPOJbHBII OMT M CPaBHHUTB €T0 C YK€ MMEIOLIMMCS, TO
MOXHO CyOUTh O JOCTOBEPHOCTH IOJlydaeMoi MHGOpMaLMu.

IITupoxo ucnonb3yercs sk 0OHapYKeHHUsI OLIUOOK B 6J10KaX NaH-
HBIX TaKXKe KOJI C HUKIMYECKUM KOHTPOJIEM — WUKAUYeCKUl u3boimoy-
Houli k00 obnapyxcenus owubok (Cyclic Redundance Check — CRC).
3mech BBIYHUCIIAETCH KOHTPOJIbHAs CyMMa CONEpPXMMOro 6Jioka JaH-
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HBIX TIEpE]] €ro nepenaveit, BKIIOYAeTCss B OMHO U3 ToJei O6/oKa, a 3a-
TEM MOBTOPHO BEMHUCISAETCS TTocae nepeaayu. HecoBmageHue pe3ysib-
TaTOB CBUIETENBCTBYET 00 OILNOKE B Iiepe1aBa€MOM COACPXHUMOM.

Koppexmupyrowue xodsi. B OTBETCTBEHHBIX NPUIOXEHHSX, Tpe-
OyIolIMX MOBBIIIEHHOK HAIEXHOCTH XpaHEeHWs WHGOpPMaLUH, TIPH-
MEHSIIOTCS 60jlee Cepbe3HbIe, YeM KOHTPOJIb YETHOCTH, METOIBI 00ec-
MEeYEHUs 11eJIOCTHOCTH AaHHBIX. K HUM OTHOCATCS KOPPEKTHPYIOLINE
xonsl (Error Correction Code — ECC), no3Boisiolie He TOJbKO
oOHapyXMBaTh OIIMOKH, HO W BOCCTAHABJIMBATh MCKAXEHHYIO HMH-
dopmanmio 3a cyet ee N3OHITOYHOCTU. TakK, CyILeCTBYIOT MOIY/IM Ta-
MaTU co cxeMamd ECC, B KOTOpBIX [UIs1 XpaHEHUSI KOHTPOJIbHOM MH-
¢dopManu KCIOJIb3yeTCs He OOUH, a IBa OHMTa, B KOTOPbIX XpaHUTCS
OCTaTOK OT JeJIEHHUsI Yucia Ha 4 (mejieHue o monyno 4). braronaps
3TUM HaHHBIM cxemMa ECC ymeeT oGHapyXHBaTh M MCIPABIATb ONH-
HOYHbIE MCKaXEHHbIe OUTHI, @ TAKXKe OOHapyXHBaTh (HO HEe UCIIpPaB-
JiaTh) nBOMHBIE omiMOkKM. Momynu namsatu ¢ ECC ob6bI4HO CcTOAT 3a-
METHO NIOpPOXE€ M NPHUMEHSIOTCS B OCHOBHOM B cepBepax. B oGuiem
cnyyae ECC nmpHUMEHSIIOTCA BO BCEX COBPEMEHHBIX TMCKOBBIX M JIEH-
TOYHBIX HAKOMUTEJIX. 32 cYeT MHPOPMALIMOHHOMK M30BITOYHOCTH 3a-
KOJIWPOBAaHHBIX IAHHBIX YHA€TCS BOCCTAHABJIMBAaTh ITOBPEXIEHHBIE
610km HGOpMaUUU LTUHON B COTHU OaiiT. Hanbonee mmpoko npu-
MEHSIIOTCA noMexoycToityuBble konbl Puma — CosnomoHa (Reed —
Solomon), a Takxe Kon XeMMMHra, IMO3BOJISIOILMNM UCIIPABJIATh OJH-
HOYHBIE OLIMOKH, MOSBJISIOUINECS B OJI0KaX NaHHBIX.

Koduposanue u obpabomka yucen

KpoMe KonupoBaHMs CHMBOJIOB, B ODBM 0OuYeBHIHYI0O BaXHOCTH
MMeeT KOJMpOBaHHUE U MpeNCTaBIAeHHNE YHUCEIL

Cucmembt cuucaenuna. YenoBex TPUBBIK CUUTATh TPEIMETHI Je-
CATKaMH, COTHAMH: NECATh €QUHHUL 0Opa3yloT JeCSTOK, NECATh Jie-
CATKOB — COTHIO, AECATh COTEH — THICSYY U T. A. 3TO — JeCATHYHAsA
CHCTEMa CUHMCJICHHS, KOTOpasi He SIBISETCA €IMHCTBEHHO BO3MOXHOM
(M3BeCTHaA, HaNpUMep, ABEHAALATEPHYHAs CUCTEMAa CYHUCIICHHS).

CucreMa CYMCIEHMS — CITOCOO MMEHOBAHHUS M H300paXeHHS
YHCeJl ¢ MTOMOIIBIO CUMBOJIOB, UMEIOLIUX OINpeNeIeHHbIe KOJIHYECT-
BEHHBIE€ 3HaYe€HHUs. B 3aBUCMMOCTH OT crioco6a M300paxeHHs YHUCea
CHCTEMBI CUMCJICHMS JIENATCS Ha:

e HEMO3WIIMOHHEIE,

¢ MTO3UL[MOHHBIE.
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Henos3uuuonnvie cucmemovl cuucaernus B Takoi cucre-
Mme 1ubpbl He MEHSAIOT CBOETO KOJIMYECTBEHHOTO 3HAYEHHS NPH M3-
MEHEHHH UX PACTOJIOXEHHUS B YUCJIE.

CaMblii pocTOit U OYEBWIHBIH MPUMEP — CHCTEMa CUMCIICHHS,
rae KoaM4ecTBo ob6o3Hayaetcs | (nanoykoil/eiuHuLei):

1=1;
2=11;
5=I11111I;

10=TITITITIIIL

TlycTts, nanee cremyiouide CUMBOJBI (L{MGPBl B TUIIOTETHYECKOM
CHCTEME CYMCJIEHUS) COOTBETCTBYIOT YHC/IaM (B JECATUYHOM CHUCTEME
CUMCIICHHUS):

o—1;
a— 6,
wm —12;
X — 24;
m — 60;
& — 365,

U IyCTb €CTh NMPaBWJIO, TI0 KOTOPOMY YHMCJIO MOXHO 3anucaTh 000
KOMOMHauMe## TaKUX CHMMBOJIOB, YTOObl CymMMa 00O3HauaeMbIX HMH
yyceJt ObLTa paBHA 3aJaHHOMY YMCITY.
Torna 444 MOXHO 3anucaTh N0 KpaifHel Mepe IByMsl CIIOCO0aMH:
QM Il (365+60+12+6+1);

QM (6+1+365+60+12),
T. e. Mol = AT H M2,

Takas cuctemMa CUMC/IEHUS SBISETCS HEMO3MILMOHHOM, TaK KakK
UM(PHI HE MEHSIOT CBOETO KOJIMYECTBEHHOTO 3HAUYCHHS IPH U3MEHe-
HHUM MX PACIIOJIOXKEHHUS B YUCIIE.

IHHo3uyuonnove cucmemv cuucaeHus. B3toMm ciaydae Ko-
JIMYECTBEHHOE 3HayeHHe Kaxmoi 1uudpsl 3aBUCHUT OT ee MecTa (mo-
3ULUN) B YUCJIE.

JecsaTHyHast cUCTeMa CYMCJICHHMS SIBJISETCA TMO3MLIMOHHOM, TaK
KaK 3HaYeHHE KaxXmaoi wudpsl 3aBUCUT OT ee MecTa (MO3MLIMH) B
yucne.

Hanpumep,
23=2x10+3;
32=3x10+2

u 23 %32
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PuMckasa cucreMa CUYUCJIEHHMsI SIBJISIETCS CMEILAHHOM, TaK Kak
3HaYECHHUE KaXA0W LHMPPbI YaCTUYHO 3aBUCHUT OT €€ MeCTa (IMO3ULIMH)
B uynciie. Tak, B yncnax

VII

VI

v

V o6o3Hauvaet 5, a I o6o3Havaet 1. Ho, ¢ Apyroii cTopoHBI, BaX-
HO, KaK LHM@PBI Pacrog0XEeHbI OTHOCUTENbHO IPYT ApYyTa:

VII=5+1+1=7;

Vi=5+1=6;

IVv=5-1=4.

Haubosee ecrecTBeHHBIH croOco6 MpeaCTaBICHUs YHCIa B KOM-
NBIOTEPHOM CHUCTEME 3aKJIIOYAETCS B MCIOJIb30BAHUM CTPOKH OMTOB,
Ha3blBa€MOH JBOWYHBIM YHMCJIOM — YHCJIOM B JABOMYHOM CHCTEME
CUUCJIEHUSI (CMMBOJI TaKXX€ MOXET ObITh NPEINCTaBJIEH CTPOKOM OH-
TOB, WIH CUMBOJIa).

OcHoseanue no3uuuonnol cucmemosl cuucienus — xKonumdectso (P)
Pa3IUYHBIX LIHGP, UCIOIb3YEMBIX IS H300paXeHUs 4HClia B MO3M-
LMOHHON CHCTEME CUMCJICHHs. 3HauyeHHUs HM@p JiexaT B npeaeyax
or 0 mo P-1.

B obuiem cirydae 3amuch Jiio6oro ynciaa N B cUCTEME CUHCIICHHS
Cc ocHoBaHMeM P Oynet npencrapisiTb cO00# psim (MHOroOWwieH) BUA:

N=a, , xP™ +a,,x P +..+a,x P*+ ..
tayxP' v+ayxP'+...+a,xP'+a,x P +..+a xP. (1)

HyxHue WHIEKCHI OMpenesisioT MECTONOJIOXEHHE LIUPPHI B YUC-
ne (pa3psn):
¢ TIOJIOXUTE/IbHbIE 3HAYEHHUS UHAECKCOB — IS 1IeJIOM YacTH YMC-
na (m paspsiios);
e OTpHMLATEJIbHBIC 3HAYEHUs] — LI APOOHOI (s pa3psiioB).
MakcuMaibHOE 1I€JI0€ YHCJI0, KOTOPOEe MOXET OBITh IpeICTaBIIe-
HO B m pa3psiax:

N =P 1.

MuHHUMalbHOE 3Hayallee, He paBHOe () YKMCJI0, KOTOPOE MOXHO
3anucaTh B S pa3psiax IpOOHOM 4acTH:

Non=P".

HMes B 1esoif YacTH YKcjia m pa3psaoB, a B APOOHON — s, MOX-
HO 3amucaTb P™*° pa3sHBIX yucel.
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Jleouunan cucmema cuucaenus (ocHoBanme P = 2) ucnonn3yeT I
npencrapiaeHus HHQopMauuu ase mudper — 0 u 1.

CyliecTBYIOT MPOCTHIE MpaBWia MepeBoJa YMCeNl W3 OTHOM CHC-
TeMbI CYHCJIEHHS B JAPYTYIO, OCHOBaHHbIE, B TOM YHCJi€, 1 Ha BBIpa-
xeuuu (1.1).

Hanpumep, nBowynoe uucio 101110,101 paBHO HeCATHYHOMY
yncnay 46,625:

101110,101,=1x2° +0x 2*+ 1 x 22+ 1 x 224+ 1 x2'+ 0 x 2° +
+1x2"+0x 272+ 1x27=46,625,,.

IMpakTHyecku nepeBoA W3 IBOMYHOM CHCTEMBI B IECATHYHYIO
MOXHO JIETKO BBIMIOJIHMTb, HAINMCAB Hal KaXIbIM Pa3psiioM COOT-
BETCTBYIOIIMI €My BEC M CJIOXWB 3aTe€M MPOM3BEIECHUA 3HAYEHHI CO-
OTBETCTBYIOIIMX LMpP Ha HX Beca.

Hanpumep, nBomyHoe yucno 01000001, paBHO 65,,. HdeiicTBu-
TEJIBHO, 64 x 1 + 1 x 1 = 65.

Bec 128 64 32 16 8 4 2 1
Lndpa 0 1 0 0 0 0 0 1

Takum oOpa3oM, IJId nepeBoa YKUCIa U3 NMO3UIMOHHON CUCTEMBI
CYUCJIEHUS C JIIOOBIM OCHOBAaHMEM B JIECSTHUYHYIO CHCTEMY CUHMCJIE-
HHSI MOXHO BOCNOJIb30BaThCsl BhipaxeHueM (1.1).

OOG6paTHBI MepeBOl U3 JECATHYHON CHCTEMBI CUMCIIEHUS B CHC-
TEMY CUYHCJICHMSI C IPYTMM OCHOBaHMEM HemnocpeAacTBeHHO 1o (1.1)
3aTPYAHUTENICH, MOCKOJIBKY BCE apU(pPMETHUYECKUE ACHCTBHUS, Mpemy-
CMOTpeHHbIe 3TOil (OpMYJIOii, ClieyeT BBHITIOJHATbL B TOM CHCTEME
CUYHUCJIEHUsI, B KOTOPYIO YHMCJIO niepeBoANTCS. OOpaTHBII nepeBoj BbI-
MOJIHSIETCA 3HAYUTEIBHO INPOIIE, €CJIM MPEeaABaPUTENbHO Mpeodpa3o-
BaTh OTHAEJIbHO LIEJYI0 U APOOHYIO YyacTH BhipaxeHus (1.1) K Bumy:

Ny =(((...(a,, xP+a,,)x P+..+a)xP+a)xP+ay),
Nap= PV x (@ + PV x(ag+ PV x(a3+..+ Pl x(ag,+ P xay.)).

AJITOPUTM TiepeBOJia YHC/Ia M3 NECATHYHOW CHCTEMBI CYMCJICHHS
B CHCTEMY CYHMCJICHHSI C OCHOBaHHEM P, OCHOBaHHBI Ha 3THX BbIpa-
XEHMSIX, TO3BOJISIET OMEPHPOBATh YMCJIAMH B TOM CHCTEME CUHCIIE-
HUS, U3 KOTOPO# YMCJIO MEPEBOOUTCS, M MOXET ObITh ChOpMYITHPO-
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BaH CJIeayIOlINM 00pa3oM (MpH MepeBoie CMELIAHHOTO YHCa CIeHy-
€T NMEePEeBOIUTD €ro 1IeJIyI0 U APOOHYI0 YaCTH OTHENIbHO):

e JIJIS TIEPEBOMA LIEJIOIf YaCTH YMCJIA €€, a 3aTeM LIeJIble YacTH TI0-
JIYJaIOLMXCS YACTHHIX OT JHEJIeHUs CJeAyeT MOCIeNOBaTeIbHO
JIEeJIUTh Ha OCHOBaHWE P J0 Tex IMop, MoKa odepenHas liejast
4YaCThb YaCTHOTo He okaxeTcsi paBHoOW 0. OcTaTku OT AEJEHMS,
3alMCaHHbie MOCJENOBaTeIbHO CIpaBa HAJIEBO, 00pa3yioT lie-
JIYIO YacCTh YKCJIa B CUCTEME CYMCJIEHUS] C OCHOBaHNEM P;

o JIIs MepeBoAa NPoOHOI YacTH YKC/Ia ee, a 3aTeM JAPOOHbIE Yac-
TH TIOJYYaloOlIMUXCS TNPOU3BENEHUH CIIEOYET IOCIENOBaTEILHO
YMHOXaTh Ha OCHOBaHMe P 1o Tex Mop, MoKa odyepeaHast Ipoo-
Has 4acTh NpOU3BeAeHMSI He OKaxXeTcsi paBHoOil 0 win He Oyaet
JIOCTUTHYTa HYXHasi TOYHOCTh ApoOu. Llenbie yactH mpou3sse-
JIIEHUi, 3alMCcaHHBIE MOCJE 3arsTOil IOCIeI0BaTe/IbHO CjieBa
HamnpaBo, 00pa3yioT APOOHYIO YacTh YKMCJIA B CHCTEME CUMCJie-
HMS C OCHOBaHMeM P.

Tlycte TpebyeTcss mepeBeCTM CMEIIAHHOE 4YMCIO (HampuMep,

46,625) u3 OeCATHYHON B NBOMYHYIO CHCTEMY CUMCIICHHS.

1. IlepeBonuM LieVIO YaCTh YHCIIA:

46 : 2 =23 (octarok 0);

23:2 =11 (ocrarok 1);

11:2 =15 (ocrarox 1);

5:2=2 (ocratox 1);

2:2 =1 (ocrarok 0);

1 :2=0 (ocratox 1).

3anuceiBaéM OCTaTKM TOCJIEIOBATEIbHO CIpaBa HAajleBO —

101110, T. €.

46,,=101110,.

2. MepeBoauM IpoOHYIO YaCTh YHCHIA:

0,625 x 2 =1,250;

0,250 x 2 = 0,500,

0,500 x 2 = 1,000 (npo6Hast yactb paBHa 0 = cTom).

3anuchiBaeM LieJIble YaCcTH IOJyYalolIMXCsl MPOM3BEACHMI Tocie

3aMnATOol IocieIoBaTeIbHO ciieBa Hanpaso — 0,101, T. e.
0,625,,=0,101,.

OxonyartenbHO: 46,625,,=101110,101,.

Kpome nTBOWYHOM M IECATUYHOI B KOMIIBIOTEpAX MOTYT MCIOJIb-

30BaTbCS TAKXKE JTBOMYHO-ACCATUYHAS M LIECTHAALATEPUYHAs CUCTE-
MbI cuuciieHus (tabin. 1.8).
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Tabauya 1.8. Ilepeson un(p A3 JBOHYHOM CHCTEMbI CINCJIEHHA B BOCBMEPHIHYIO,
1IeCTHANATEPHYHYIO H AECATHIHYIO M HaoGopor
[

I BocbmepuuHan WecTHaguatepuyHan [lecAtnuHoe [1BOM4HO-AECATUYHAR
Towaga uudpa Tetpana uudpa 4ucno 3anuce
000 0 0000 0 0 0000—-0000
001 1 0001 1 1 0000—-0001
010 2 0010 2 2 0000—-0010
011 3 0011 3 3 0000—0011
100 4 0100 4 3 0000—0100
101 5 0101 5 5 0000—0101
110 6 0110 6 6 0000—-0110
111 7 0111 7 7 0000-0111
1000 8 8 0000-1000
1001 9 9 0000-1001
1010* A 10 0001-0000
1011* B 11 0001-0001
1100* c 12 0001-0010
| 1101* D 13 0001-0011
1110* E 14 0001-0100
1111* F 15 0001-0101

* 3anpelleHbl B ABOMYHO-AECATUYHOM MpPEACTaBICHHH.

Illecmnadyamepuunas cucmema CUNCJIEHHsI YaCTO MCIIOJIb3YETCst
npd nporpaMMupoBaHuH. [lepeBon yucen M3 LIECTHAALIATEPUIHON
CHCTEMBI CYHUCJIEHMSI B IBOWYHYIO BECbMa MPOCT — OH BBINOJIHSETCS
MOpa3psIHoO.

Onsa n3obpaxeHuss uudp, OonpHiMx 9, B leCTHaALATEpUYHOM
CHCTEME CUMCJIEHUS MPUMEHSIoTCsS OykBbI A = 10, B=11,C =12, D
=13,E=14, F=15.

Hamnpumep, iiecTHaauaTepuYHOE YMCIO F17B B JBOMYHON CHUC-
TeMe MMeeT BUA: 1111000101111011, a B AECATHYHON — 61819,

Jleouuno-decamuvnan cucmema CYVCIEHWs TOJy4YWna OGOJBLIOE
pacIpoCTpaHEeHHE B COBPEMEHHBIX KOMIbIOTEpaX BBHOY JIETKOCTH
nepesofia B AECATHYHYIO CHCTeMy M oOGpaTHo. OHa MCHOJIB3yeTcst
TaM, TlIe OCHOBHO€ BHUMAaHHUE YAEIAETCS HE MPOCTOTE TEXHUYECKOIo
NOCTPOEHMs1 MALIWHBI, a yA100CTBY pabOTHI ITonb3oBaress. B nBony-
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HO-IECATHYHON CHCTEME CUMCJICHHS OCHOBAaHMEM CHCTEMBI CUHCJIE-
HUA sBisieTcs yucino 10, Ho Kaxnas gecatmuHas mudpa (0, 1, ..., 9)
KONMPYETCS YETHIPbMS IBOUYHBIMU HU(PPaAMH.

JABOMYHO-IECATMYHAsE CUCTEMa He SKOHOMHYHA C TOYKH 3PEHHS
peaiu3aluiMi TEXHUYECKOTO IMOCTPOEHMSI MallMHBI (TIPUMEPHO Ha
20 % ysenuuuBaeTcd TpebyeMoe obGopymoBaHMe), HO Gosee yno6Ha
MpH MMOATOTOBKE 3aJay M IMPHU NMPOrpaMMHUPOBAHMH.

Npedcmasnerue yucen 8 3BM

B DBM npumensiorcs ase ¢opMbl NMpeacTaBleHUs YUCe:
e ecTeCTBEHHas1 ¢popMa, wikd ¢popMa ¢ (UKCHPOBAHHOM 3arsATOM
(Toukoit) — ®3 (PT);

e HOpMaJibHasl popma, Wi opma C IUIaBalouiei 3angaToil (Tou-

kou) — I13 (TIT).

Duxcupoeannan 3anaman (mouka). B dopMe mnpencTaBieHUs C
guxcuposanHoli 3anamoii (moukoi) 4ucia U300paxaloTcs B BUAE IO-
CJIEAOBATEbHOCTA LM@PP C MOCTOSTHHBIM JJIsi BCEX YMCEJT MOJOXEeHHU-
€M 3ansaTOM, OTAENAIOLIEH LIEJYIO YaCTh OT JPOOHOM.

HanpuMep, mycTh uKcia NpeacTaBieHbl B HECATUYHOW CHCTEME
CUMCJICHUS] YU MMEIOT ISATh pa3psiloB B LIEJIOM YacTH YyMCia (DO 3arsi-
TOW) M ISITh — B APOOHOI YacTu (rmocje 3ansaroit). Yucna, 3anmucaH-
HbI€ B TaKyl0 pa3psiIHy1O CETKY, UMEIOT BHI:

+00721.35500;

+00000.00328;

-10301.20260.

Dra ¢popMma Haubojiee MPOCTa, ECTECTBEHHa, HO MMeeT HebOoJb-
1IO¥ JUana3oH MpeACTaBICHUs YHCel.

Jduana3oH 3Hayamux yucena N B CHCTEME CUMCIIEHMS C OCHOBa-
HMEM P NpH HaIMYMM m pa3psiioB B LIEJIOM 4YacTH W § pa3psiioB B
IpoOHOM yacTu yKcaa (6e3 yyeTa 3HaKa YMciaa) OyIeT TaKuM:

P*<N<pP"- P

Hanpumep, npu P=2, m= 10 u s = 6 unciaa u3MeHSIOTCA B JHa-
nasoHe 0,015< N<1024. Ecnu B pe3ynbTaTe omnepaidd MOJTYYHUTCS
YHCJIO, BHIXOMsIlEe 3a HOIYCTUMBIE MpeAesibl, MPOU30MIET Iepeno-
HEHHEe Ppa3psOHONH CeTKM, M JalbHEHllde BBIYUCICHUS TEPSAIOT
cMbici. B coBpeMEHHBIX KOMMBIOTEPAX ecTecTBeHHasi ¢opMa Mpel-
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CTaBRJICHUSA MCIIOJIb3YETCS KaK BCIIOMOTraTe/IbHasi M TOJBKO Ui LETbIX
qHCeI.

B namatu 9BM uuciaa ¢ pUKCUPOBAaHHON TOYKOI XpaHSITCA B
Tpex ¢opmarax:

" e MOJYCJOBO — 3TO O6BIYHO 16 6UT WiH 2 Gaiita;

e CIOBO — 32 O6uTa Wwiu 4 GaiiTa;

e JIBOifHOE CIOBO — 64 OMTa Min 8 GaifToB.

OrpuuarenbHbie ynciaa ¢ OT 3anMCBHIBAIOTCS B Pa3psAHYIO CETKY
B JOMOJHMUTEJIBHBIX KOJaX, KOTOphie OOpa3yloTcsi IpHOaBIeHHEM
€OUHHULB K MJIa[IeMy pa3psiny obpaTHoro koaa. O6paTHbI# Kox Mo-
JTydaeTcsl 3aMEeHOM eIMHUI] Ha HYJIM, a Hy/Ieil Ha eTMHULIBI B TIPIMOM
JIIBOMYHOM KO[IE.

Ilrasarowman 3anamaa (mouxa). B dbopme npencrarieHus ¢ rvia-
Balollieil 3ansAToi (TOYKOM) YMUC/IO U300paxaeTcss B BUAE JBYX IpYIIII
undp:

e MaHTHCCA;

o TTOPSIIOK.

Ilpu 3TOM abcomioTHasi BeJIWYMHA MAHTHCCH JOJDKHA OBITBH
MeHblLE 1, a MOPsAOOK AOJDKEH ObITH LIETBIM YMCiIoM. B obmieM Buae
yyciao B ¢opMe ¢ TUIaBalolIei 3ansaToil MOXET ObITh MpEACTaBICHO
TaK:

N=1Mx P*,

raie M — manTHCCa yucna (M| < 1);

r — nopsimox 4yMcia (LieJ0€e Yucio);

P — ocHOBaHME CHCTEMBI CUMCJICHHS.

HanpuMmep, npuBefieHHblE paHee YHCJa B HOpPMAaJbHOM (opMme
3aMUIIYTCS CJIEIYIOLIMM 00pa3oM:

+0,721355 x 10%

+0,328 x 107%;

-0,103012026 x 10°.

HopManeHass ¢opMa mnpeacTaBieHHsI OOeCIeYMBaeT OOIBIION
JIHAana3oH OTOOpaXeHHUsl YMCENl M SBJISETCA OCHOBHOM B COBpPEMEH-
HBIX KommbloTepax. Tak, AWama3oH 3HaYalllMX 4YHCEJ B CHCTEME
CUYMCJIEHMS] C OCHOBaHHEM P npu HAUIMYMK m pa3psANOB Y MaHTHCCHI
M § pa3psnoB y nopsiaka (0e3 yyeTa 3HAKOBBIX pa3psiioB IMOpsIKa M
MaHTHUCCH) OynerT:

Pm"x PPN <N<(A-P™)x PPV,
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Hanpumep, npu P=2, m=22 u s= 10 1mana3oH yuces IpoCTH-
paercsi npumepHo ot 10°% no 10°®. Ins cpaBHEHMS OTMETHM, YTO
KOJIMYECTBO CEKYHJ, KOTOPbI€ IMPOLIUIM C MOMEHTa 00pa3oBaHus ILUIa-
HeT COJHEYHOI CHUCTEMBI, cocTamisieT okoyo 10'%.

Cnenyer 3aMeTHTh, YTO BCe YHMC/IA C IUIaBalollEeil 3ansAToil Xpa-
HATCSI B MallIMHE B TaK Ha3bIBAEMOM HOPMAAU308AHHOM BUIIE.

HopMann3oBaHHBIM Ha3bIBAaIOT TaKOE YKCJIO, B CTaplIeM pa3psiie
MAaHTHCCHl KOTOPOIO CTOMT €IUHMIIA (C/IEAOBATEIbHO, I8 HOPMATH-
30BaHHBIX ABOMYHBIX yKcen 0,5 < |M]| < 1).

HopManu30oBaHHbBIE, T. €. NPUBEINCHHbIE K NpPaBWIBHOMW IpOOH,
YHCJia:

10,35,,=0,1035,, x 10%

0,00007245; = 0,7245; x 87*;

F5C,9B,, = 0,F5C9B, x 16°.

Anzebpauueckoe npedcmasaenue 06oudnvix uucea. J1na anredbpau-
YeCKOro NMpeacTaBIeHUs YUCeEN, T. €. A1 UX TPEACTABICHHS C YYETOM
3HaKa, B BBIYHMCJHUTEJBHBIX MaIIMHAX HMCIOJb3YIOTCA ClEeLHaIbHbIE
KOJBI:

o TIpSIMOH;

e OOpaTHBIN;

e JIOTMOJHHUTEIbHBIH.

IIpyn 3TOM ABa MOCJAEXHUX KOHA MO3BOJISIOT 3aMEHHTD ONEpaLHIo
BBIYMTAHHUS Ha OMEPAIHIO CIOXEHHS C OTPHIIATENBHLIM YHUCIOM. J1o-
MOJTHUTENIbHBIN Kon obecrieunBacT 6osiee OGbICTpOE BBINIOJHEHHE Ofle-
pauuit, moatoMy B 9BM npuMeHsieTcs yaille HMEHHO OH.

3Hak yucia OOBIYHO KOTUPYETCA ABOMYHOM LIMPPOM, TIPH ITOM:

e xon 0 o3HayaeT 3HaK + (TLTIOC);

e Ko | o3HayaeT 3HaK — (MUHYC).

IIpamoi kod uncna N o6o3HaunM [N], .

Iycts N = a,, a,, a,, ..., a,, TOrAA:

o ipu N>O0 [N],, =0, ay, ay, a, ..., a,;

empu N<O [N], =1, a, a, a,, ..., a,;

o ipu N = 0 umeer MecTo HeoaHo3Ha4yHoCTh [0],,=0,0...=1, 0...

Eciu npu cioxennu B DBM o6a ciaraeMbIX MMEIOT OJMHAKO-
Bblii 3HAK, TO OMNeEpaLMs CJIOXEHHUS BBIMOJHSAETCS OOBIYHBIM ITYTEM.
Ecniu npu cloXeHHM cliaraeMble MMEIOT pa3Hble 3HaKH, TO CHayajla
HEOOXOIMMO BBISIBUTH OOJIblliee MO abCOMIOTHOM BeIMYMHE YUCIIO, U3
HEro NMpOM3BECTH BbIYUTAHME MEHBLIETO IO aOCOJIOTHON BeJIMYHMHE
YHCIa, ¥ pa3HOCTH MPHUCBOMTDb 3HAK OOJIBLIETO YHUCIIA.
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BrinonHeHHe omnepaluii YMHOXEHUS U JeJIeHHSI B IIPSIMOM KoJe
OCYLLECTBIISIETCSI OOBIYHBIM 00pa3oM, HO 3HAK pe3yabTaTa OINpeaesis-
eTcsl M0 COBMANeHHWIO WIH HECOBIAJEHHIO 3HAKOB yYaCTBOBABLIMX B
ofnepauny YUCel.

. Onepauuio BEIMUTAHUS B 3TOM KOAE HEJIb3sl 3aMEHHUTh OTtepailu-
el CJIOXEHHUS C OTPHULATEJIbHBIM YHCIOM, TO3TOMY BO3HHMKAIOT CIOX-
HOCTHM, CBfI3aHHBIE€ C 3aifMOM 3HAaYEHWH W3 CTapUIMX pa3psIOB
yYMEHbIIIaeMoro 4yucia. B cBsa3u ¢ 3TuM npsiMoit kog B ODBM mouTtu
He TpUMEHAETCH.

O6pamnuwii kod uncna N 0603Ha4MM [N] .,

Iycts N = a,, a,, a;, ..., a,, 1 a 0603HAYAET UHGepcuUio a, T. €. €CIN
a=1, 10 a =0, u Haodopor. Torna:

enipu N>0 [N],, =0, a,, a5, a3, ..., a,;

eipu N< O[N], =1,a,a,a,, .., a,

empu N=0 umeer Mecto HeonHo3Ha4yHOCTH [0],, =0,00...0 =

=1,11...1.

st TOro 4TOOHI MOJYYMTh OGpaTHBIN KOA OTPHMLIATEJBLHOIO YHMC-
Jla, HeobxoaUMO Bce LUGPLI 3TOr0 4YUCIA UHeepmupoeams, T. €. B
3HAKOBOM pa3psiie MOCTaBUTh 1, BO BCeX 3HAYalllMX pas3psiax HY/IH
3aMEHMTb €IMHULIAMH, a CIUHNLB — HYJISIMH.

Hanpuwmep,

misg N= 1011 [N] 4, =0,1011;

s N=-1011 [N, = 1,0100.

Honosnumenvueii ko0 yuciaa N o603HaYMM [N],.

IMycTsb, Kak u BblIE, N = a,, a,, a;, ..., a, N @ 0003HAaYaeT BeJIU-
YHHY, 00paTHYIO a (MHBEPCHIO a), T. €. eciM a= 1, To @ =0, 1 Hao60-
pot. Torna:

enpu N20 [N],., =0, a, a, a,, .., a,

enpu N<0 [Nl,.=1,a4a,a,a,, .., a,+0,00..1.

Jnst Toro yToOBI MOJTYYHTD JOMOJTHHUTEIbHBIM KO OTPUILIATEIbHO-
ro 4yucjiaa, HEOOXOJUMO BCE ero IUdpbl MHBEPTUPOBATH M 3aTEM K
MJIaalIeMy pa3psiiy npub6aBUTh eAMHHUIY. B ciydyae BO3HMKHOBEHHS
nepeHoca M3 MepBOro MoCJe 3amsiToil pa3psila B 3HAKOBLIH pa3psil K
YUCHy cleayeT npuOaBUTh €IMHUIY B MIAILINIA pa3ps.

Hanpumep,

s N=1011 [N, =0,1011;

wist N=-1100 [N],,, = 1,0100;

aas N=-0000 [N],, = 10,0000 = 0,0000 (1 ucuesaer). HeomHo-
3HaYHOCTH B M300paxeHun 0 Her.

Ao
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DMIIUPUYECKOE TIPaBWIO: [UISL TIONyYEeHHS JOMOJHUTEIBHOIO
KOJla OTPUIIATEJILHOTO YHCJIa HEOOXOMUMO BCE CMMBOJIBI 3TOTO YHC/Ia
WHBEPTHPOBATh, KpOMe MOCeqHeN (Miaalieil) efUHULIBI U TeX Hy-
JIel, KOTOpbi€ 3a HEHl CIeayIOT.

[annvte, obpabamuieaemoite 6 coepemennbix npoyeccopax. Ilonsoas
WTOTH BBINIEU3JIOXKEHHOMY, IIPHBEIEM THIIBI JaHHBIX (Tabua. 1.9), uc-
nmoJsb3yeMbie B mporeccopax Intel (Pentium) u AMD (K6—KS8).

Tabauya 1.9. IIpaMepbl HEKOTOPLIX PEAIbHBIX THIOB JAHHLIX COBPEMEHHLIX NMPONECCOPOB

AHFNWIACKWIA
3IKBUBANEHT
(nu pacwncposka)

Bwn nanHoro MoAcHeHnA

Gopmatbl AaHHbIX, 06palaTbisaembix Gnoxamu AlTY 32-pa3paaHbix NpouUeccopos

1. [IBouynbie u cTpoxoBbie

bur Bit MuHumanbHana eauHuua WHopMauuu. but B namaTyn 3a-
naetca 6a30ii (aapecom cnosa) u cmelieHnem (HOMepom
6ura B cnose)
butosoe none  |Bit Field I'pynna no 32 cmexHbix 6UT, pacnonaralowuxca He Gonee
yem B 4 Gaittax
butosan cTpoka |Bit String Ha6op cMexHbix 6uT anuHoi 0o 4 romt
Baitt Byte 8 6ut z 0
Crpoku GaiT, Bit String, Byte MnuHoii no 4 MGaikr
cnoB u ABOMHbLIX | String, Word String,
cnos Double Word String
Yucna 6e3 3Haka | Unsigned Byte/ be3 3Haka — 6aiiT/cnoso/nBoiHOE/y4eTBEpPEHHOE CNOBO
Word/Double Word/ | (8/16/32/64 6uT)
QuadWord
Liensie yucna Integer Byte/ Co 3Hakom — 6aiiT/cnoBo/nBoiHOe/y4eTBEPEHHOE CAOBO.
CO 3HaKom Word/Double Word/ | EauHuuHOe 3HaueHue camoro crapuwero 6uta (3Hak) AnA-
QuadWord €TCA NPU3HAKOM OTPNLIATENLHOTO YKCNA, KOTOPOE XPaHUT-

CA B NONONHNTENLHOM Kofle

2. [isonyno-gecaTuynbie yucna (BCD — Binary Coded Decimal)

HEeynakoBaHHbIE

8-pa3pafHbie Packed BCD Copnepxar iBa NECATUYHbIX Pa3pAfa B OfHOM Oaiite
8-pa3pagHbie Unpacked BCD Copnepxar OAvH NeCATU4HbIA pa3pAn B Gaiite (3Ha4eHUA

6WT 7 : 4 NPM CIOXEHUA W BLIYUTAHWA HECYLLIECTBEHHO,
MIPW YMHOXEHWM W AEMIEHUM OHM ROMKH 6bITb HyNesbIMK)
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Tpodoaxcenue maba. 1.9

Bun nanHoro

AHrnuiACKui
IKBUBANEHT
(unu pacwudppoBka)

MNoAcHeHuA

Nson4Ho-pecATU4HbIe 80-6UTOBLIE
YNaKoBaHHbie 4ucna

18 neCATHYHDLIX Pa3pANOB U 3HAK

Gopmarbl aHHbIX, 06paGaTbiBaembix Gnoxamu M3 n BexTopHbIMN (MMX/XMM)

1. feiicraurenbhbie yncna B hopmare ¢ N3

dopmar Single Precision Bur snaxa
IEEE-754, 326mr— 24 6ur || TR 05 Marvoca (24 Gure) \
ofiuHapHan MaHTUCCa, 8 6uT B § 5
TO4HOCTb NOPAROK 5% oy rr—— 5
bopmar Double Precision Bur aaxa
IEEE-754, 6461 — 52 0ur | | "PRCx (116 Martveea (52 ure) ,
moian w116 | |
TOMHOCTb NopAROK fom st Howepe ;
MosblweHHan Extended Precision |80 6ut — 64 6ut maxTcca, 15 6UT nopAROK
TO4HOCTb
2. YnaxoBaHHbIe LeNbie YNCNa, Co 3HaKOM M 063
(64 paspaga — MMX)
Bocems ynako- | Packed byte (B) 63 0
BaHHbIX GaiT | bair 7| 6airr 6 | Gaitr 5 | airr 4 [ Baitr 3] bair 2] Bar 1] Baim 0}
Yeroipe ynako- | Packed word (W) | &3 0
BaHHbIX CNOBA Croso3 | Cnoso2 | Crosot | Cnoso0 |
Nea ynakosau- | Packed il 0
HbiX ABOAHLIX | doubleword (D) | Apolioe cnoso 1 1 Apoiinoe cnoso 0 |
cnoBa
YuetepenHoe | Quadword (Q)
cnoBso
. Ynaxosannwie emecrsennsie yncna (64 paspaga — 3DNow!)

2x326uta.  |[Baynakosanubix |3 0
dopmar ABO#HbIX CNOBA Apoitoe cnoo 1 1 Aeoiitoe cnoso 0 |
IEEE-754 ¢ N3 opunapHoi

TO4HOCTH

4. YnaxoBanHbie BeMECTBEHHNIE N LJeNbie YNCNa
(128 paspagos — SSE, AMD64)

dopmar SSE YeTbipe unucna

owsaproi | I A IR NN

To4HocTu ¢ N3
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Okonyanue mabn. 1.9
AHrAMACKWIA
Bun panHoro IKBUBANEHT MNoAckenna
(wnwn pacwucposka)
copmar SSE2 | [18a nBoiiHoi 127 0
rowmocrncn3d | R B
« o« Uenoe va 128 6ur | 127 0
]
« o« MBa uenbix 127 0
(2 x 64 6ura) e T ]
« o« YeTbipe LenbIx 127 0
(4 x 32 6ura) R PR GENINNN N
« o« Bocemb kopotkux ¢ | 127 0
(8 x 16 6ur) 1 0 ] ]
opmar SSE2 |16 Gaidr 127 0
(16 x 8 64) NEENEENEEEEEEnEN
Yxasarenn”
Dnunnelid ykasarens (48 6ut) 16-6uTOBbIA CenexTop (Mnu cermeHT) u 32-6utosoe
cMeLyeHue
KopoTkuii yka3atens 32-6uT0BOE CMeEleHne
Mpocroi yxa3arens 32 6uT, ennHCTBEHHbIA TN YKa3aTenA anA 8086 u 80286.
16-6uTOBbIA CenekTop (Unu cermeHT) u 16-6utosoe
CMelLeHue

* Vkazarenb (floiiHTEp, pointer) — AaHHOe, comepXalliee aapec HeKoTopoi
MEPEMEHHON B OMNEPATUBHOM MaMATd. B s3pikax MporpaMMHUpOBaHMs OOBIYHO
MPHUCYTCTBYET PYHKLMUsA PTP (X), ONpENesionias aapec nepeMeHHoM X.

Pa3HosudHOCMU «MawWuHHOU apugmemuKu»

Ob6btunan déounnan apugpmemuxa. JIBOUYHBIE OTiepalldM BBHIIIOJ-
HSAIOTCS HaJ TBOMYHbIMH YMCJIaMH B apM(METHKO-JIOTMYECKHX YCT-
potictBax (AJIY) koMnbioTepoB. ba3oBoii onepaiueit ssBisieTcs CJio -
XEeHHE, KOTOpOe HEINOCPEICTBEHHO BBIMOJHAETCA 3JIEKTPOHHOM
cxeMmoii cymmaTopa (cM. pHc. 2.11—2.13). Beryutanue Takxe BbINOJI-
HSIETCSI KaK C/IOXKEHHE, OMHAKO BBIYMTAEMOE (OTPULIATENIbHOE YMCIIO)
NpeNCTaBJeHO B JOMOJHUTEILHOM WIM APYroM Koje. YMHOXEHHe
peau3yeTcsi Kak cepHsl CJIOXEHHil co caBuraMu (TiepeMeiieHne
uudp Ha Gojiee CTapuIylO WIM MIAJILIYIO MO3UIIUIO), AeJIEeHHEe — Bbi-
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YMTAHHS CO CABHMTaMu. B KaXnblif MOMEHT B orepauy y4yacTBYIOT
TOJIBKO I1Ba yucna. Bor YETBIPEC BO3MOXHBIC OI€pallM CJIOXCHHUSA CO-

YeTaHW# JBOUYHBIX HUPP:

Iepsast ungppa 0 1 1

Bropas uudpa 0 0 1
Pesynprar 0 1 10

3aMeTHM, 4YTO MEPEHOC EAVHUIBI B CIAEOYIOWIYIO IMO3HULIMIO
(B CTapIIYIO CTOPOHY) MPOUCXOINT TOJIBKO B CIIyYae CIOXEHHS ABYX
eIMHULL,

PaccMOTpHM npyMepHl JBOMYHOTO CYMMMPOBAHHS COBMECTHO C
MX JECATUYHBIMM 3KBHBAJIEHTAMU:

1+1=2 2+2=4 6+3=9 10+5=15 37+22=59

1 10 110 1010 100101
1 10 +11 +101 +10110
10 100 1001 1111 111011

Bot, nanee, yeTbipe BO3MOXHbLIE OTI€paLlMM BBHIMMTAHHS IBOMY-
HBIX LMp:

IMepBast uuppa 0 1(0) 1

Bropasuuppa 0 1 0

" Pesymbtar 0 1 1

Pesyabrar 0 1 0

OTMCTPIM, 4YyTo 3a€M CIHMHHULDBI B CTapuUICM pa3psiac TpCGyeTCH
TOJIBKO TOraa, Kkorgma €eaiMHHUIa BEIYUTACTCA U3 HYJIA.
PaCCMO’l‘pHM NpUMEPBI IBOUYHOIO BBIYMTAHUSA COBMECTHO C HX
IlCCﬂTH‘leIerI SKBUBAJICHTAMH.
2-1=1 5-3=2 10-2=8 15-9=6 43-18=25
10 101 1010 1111 101011
-1 -10 -10 1001 -10010
10 100 1001 1111 11001

Cnenyer o6paTHTh BHUMaHWE Ha aHAJIOTHIO B T(PaBWJaX BBITOJ-
HeHUsI apu(METHYECKHUX IEHCTBUI B NBOMYHOM M JECATUMHBIX CHC-
TeMax CUMCJIEHMS: €CJIM MPH CIOXEHHM JABYX NBOUYHBIX YHMCes (TOY-
Hee, TPEIOCTABIEHHbIX B JABOMYHOM CHCTEME CYMCIEHMsI) CyMMa
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mMdp okaxercss 60Jbllie €IMHHUUBI, TO BO3HUKAET MEPEHOC B CTap-
LA pa3psAl; e€CliM yYMeHblllaeMasi Hudpa MeHbIIe BHMUTAEMOM, TO
HYXKHO CHEJIaTh 3a€M €AWHMIBI B CTapllieM pa3psie.

Kak yxe U3BECTHO, HOTIOJIHUTEIbHBIA KOA UCIMOJIb3yeTCs IJIsSl BbI-
YUTAHUS YUCEN B KOMIIBIOTEPAX M MO3BOJISIET 3Ty ONEpaliMio CBECTH K
cnoxeHuio yucen. IlpaBwia BBINMOJMHEHHWS BHIMMTAHUSA C IOIOJHH-
TEJBHBIM YHCJIOM clieayloinye. YToObl Yuciio A BHIYECTh U3 YKcia B,
JOCTaTOYHO CJIOXHUTH B ¢ JONOJIHUTEIBHBIM YHUCJIOM K A 1 OTOPOCHUTD
MEpeHOC B COCEIHMIA cTapiuii paspsa. Hampumep, 4ToObl BBIYECTH
623 u3 842, moctaToyHO CHOXHTh 842 ¢ 377 U, OTOPOCHB MEPEHOC,
noyduM 219 (842 — 623 = 219).

TakuM o6pa3oM, BaxHe#llee NMPeUMYLLIECTBO ABOMYHOM apudpMe-
THKH 3aKJII04YaeTCs B TOM, YTO OHA MO3BOJIIET BCce apuPMeTHYECKHE
JIENCTBUSI CBECTH K OHOMY — CJIOXEHHIO, a 3TO 3HAYUTEILHO YIPO-
IIAET YCTPOMCTBO npoiieccopa IBM.

Jleouuno-decamuyunasn apugpmemuxa. B 3ToM ciiyyae LIS 3ammucH
OIHOTrO JECATHYHOIO pa3psla MCHOJIb3YeTCs YeThipe TBOMYHBIX OHUTa
(rerpana). UHorna BcTpeyaeTcss Ha3BaHUe, MpUILIEAlIee U3 aHT-
JIOSI3BIYHOM JTepaTyppl — HHU 6. C HOMOIIBIO YeThIpeX OWTOB
MOXHO 3aKOOMpOBaTh llleCTHAIUaTh LHU@Pp. JIMiHMe KOMOMHALMU B
IBOMYHO-IECATUYHOM KOJE SBISIIOTCS 3ampellleHHbIMH. COOTBETCT-
BHUE ABOMYHO-AECCATUYHOIO KOAAa U JECATUYHBIX HU(P NMPHUBEICHO B
Tabn. 1.8.

CyMMHpOBaHHE ITBOWYHO-AECATHYHBIX YHCET MOXHO ITPOM3BO-
IUTb MO TpaBUJIaM OOBIYHOW ABOMYHON apupMETHUKH, a 3aT€M BbI-
MOJIHATh ABOMYHO-JECATUUYHYIO KOoppekuuio. [Ipu srom
OCYILIECTBJISIETCS MPOBEPKA KAXIO0i TeTpaabl Ha JOITyCTUMbIE KOIBI U
€CJIN B KaKoi-JImbo TeTpaje OOHapyXMBaeTcs 3arpelieHHass KOMOM-
HalMs, 3T0 — HaJIM4YHe TepernoiHeHNUsT 1 HEOOXOAMMOCTb IIPOU3BE-
CTH TBOMYHO-AECATHYHYIO KOPPEKLIMIO.

JABOMYHO-IECATUYHAS KOPPEKIMS 3aKJII0YAaeTCS B TOMOJHUTEb-
HOM CYMMMpOBaHMM 4ucja 0110 — mecrts (YHUCIO 3anpelieHHBIX
KOMOMHaLHMI1) ¢ TeTpaloi, B KOTOPOi TMMPOM3OLUIO MEPENOTHEHHE
WY MEPEHOC B CTapulyio TeTpaay. BoT aBa nmpuMepa:

1)18+13=31 2)19+19=38
Cnoxexwe TeTpan Koppekuwa CnoxeHwe TeTpan Koppekuua
+ 0001 1000 + 0010 1011 4+ 0001 1001 + 00110010
0001 0011 0000 0110 0001 1001 0000 0110
0010 1011 0011 0001 0011 0010 0011 1000
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Tuxauveckan apugpmemurxa (WrapAround). Ecnu nipu cinoxeHuu
JIBYX YMces (HanpuMep, B 8-pa3psiIHOM CyMMAaTope) BO3HHUKAaET eoy-
HHIIA TIEPETIOJTHEHU:

L1110,

- 00000011,
100000001,
200000001, ’

KOTOpas He ToMellaeTcsd B pa3psiIHOM ceTKe (B JaHHOM IpUMeEpe —
8 6UT), TO TPOUCXOANT «COpachIBAHUE» 3TOrO MPOMEXYTOYHOTO pe-
3y/JIbTaTa O OCTaTKa OT €ro nejeHus (B JaHHOM IpuMepe Ao 1) Ha
MaKCHMAJIBHOE YHCJIO B paspsiiHo# ceTke (3mech — 28 = 256). ITpock-
06a K yMTaTeNIo nepeBecTH 00a orepaHma B IecATHUYHYO GopMmy M
YIOCTOBEPUTLCA B HCTUHHOCTH JAHHOTO YTBEPXACHHS.

Taxkoit 3¢ deKT BOZHUKAET B «IIMKIHYECKOM» (WIH «MOTYJIbHOM»)
apudMeTHKE — CJIOXEHHEe, YMHOXEHHe W Ip. mo Moayiaio N
(mod N), xoraa pe3yJabTaT 00pa3yercs IyTeM MOJydeHHsI OCTaTKa OT
JIeJeHHUs <MCTMHHOIrO» pe3yibTaTa oflepalliM Ha OCHOBaHWE MOXY-
g — yucino N (Ha puc 1.5, a N= <MakcumyM» — «MUHUMYM»).

T A
Peaynbrar
Pesynerar «C HachiLLEHUEM»
«no moaynio N»
Makcumym Makcumym
Peaynbrar Peaynbrar
onepauuu onepauuvu
Mutmym MuHuMym
a 6
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