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[Tpodeccop
Hrops H. bexman

KOMIIBIOTEPHBI B UHOOPMATHUKE

Kypc nekunit

Jlekuus 5. THOOPMALIMA B KOMIIBIOTEPE

Komrsrorep, moMoraroniyii 4eJI0BeKy XpaHHTh U 00pabaTeiBaTh MHPOPMALHIO, TPUCTIOCOOIIEH B TIEPBYIO OUEpeIb JUIs
00pabOTKH TEKCTOBOM, YUCIOBOH, rpaduuecKoil HHpOpMAaIIUH.

B naHHON JeKIUMU MBI PacCMOTPHUM CIHOCOOBI MpeaAcTaBieHUs HWH(OPMAIMU B KOMIIBIOTEPE, B IEPBYIO
ouepesb — MPEACTABICHUE IEJIBIX W BEHISCTBEHHBIX YHCEJ, TEKCTOBOM W Tpaduueckoil mHPpopMammu (BKIIOUAS
BEKTOPHOE, pacTPOBOE U (PpakTambHOE MpeacTaBiIeHus ). B 3akmounTe1bHON YacTH JEKIIUU KOPOTKO OCTAHOBUMCS Ha
MPEACTaBICHUU B KOMITBIOTEPE 3BYKOBOI MH(MOpMAIUH.

1. NIPEACTABJIEHUE WUHO®OPMALIMU

Nudopmanus rpaduueckas ¥ 3ByKOBasi MOXKET OBITh IPEJCTABICHA B aHAJIOTOBOM MM JTUCKPETHOU (opme.
[Ipu ananoroBom mpenacraBieHUN HHGopMauu Gu3nueckas BeIMUNHA MOXKET MPUHUMATh OECKOHEYHOE MHOXKECTBO
3HayeHud. [lpu nUCKpeTHOM mpeacTaBiIeHMH WHPOpMAIMK (PHU3UUECKass BEIMYMHA MOXKET MPUHUMATh KOHEUHOE
MHO>KECTBO 3HA4Y€HUIl, MpPU STOM OHA H3MEHseTCs ckaukooOpaszHo. [IpuMepoM aHamoOroBOro M IJUCKPETHOIO
npeacTaBIeHU HHPOPMAIIMK MOXHO MPUBECTH HAKIIOHHYIO TNIOCKOCTh M JIeCTHUILY. [losiojkeHue Tena Ha HaKJIOHHOU
IIJIOCKOCTH M Ha JIECTHHUILIE 33Ja€TCs 3HaUYeHUsIMH KoopauHat X u Y. Ilpn aBukeHuun Tena mo HaKJIOHHOM ITIOCKOCTH
€ro KOOpAMHATBI MOTYT TNPUHUMATh OECKOHEYHOE MHOXECTBO HEMPEPBHIBHO HW3MEHSIOUIMXCS 3HAUYCHUH U3
OTIPEEIIEHHOTO MAana3oHa, a Mpy JBUKEHHUH IO JECTHUIIE — TOJIbKO KOHEUHbIM HabOp 3HAUCHMIA, U3MEHSIOIINXCS
CKauyKo0Opa3Ho.
¥ Puc. 1. AmnasoroBoe M JUCKPETHOE IPEACTABICHUE
nH(dOpMaIuu.

[IpumepoM aHamOTOBOTO XpaHEHUs 3BYKOBOW WH(MOpMAIUU

SABIISICTCSI BHHWIOBAS IUIACTHHKA (3BYKOBas JIOPOXKKa
* X u3menser cBoro (HOPMY HENPEPHIBHO), a JMCKPETHOTO —

ayauo  KOMIIAKT-IUCK  (3BYKOBas JIOPOKKAa  KOTOPOTO
COJICPKUT YYACTKH C PA3IMYHON OTpakarolieil CHOCOOHOCTHIO).

[IpeoOpa3oBanue rpaduyeckoil W 3BYKOBOW HMH(POpPMAlUMM U3 aHAJIOroBoil (OpMBI B JUCKPETHYIO
IIPOM3BOJUTCS IyTEM JAMCKpeTH3allMM, T.€. pa3OMeHHs HENPEepbhIBHOTO TIpaUUecKoro H300paxeHUus WM
HENPEPHIBHOTO (QHAJIOTOBOr0) 3BYKOBOTO CHTHaja Ha OTJAENbHBIE JJIEMEHTHl. B mporecce IUCKpeTH3aluu
IIPOU3BOJIUTCS KOJUPOBAHKE, T.€. IPUCBOCHHUE KaXIOMY 3JIEMEHTY KOHKPETHOI'O 3Ha4eHHUs B popMe KoAa.
ﬂHCerTl/lfialll/lﬂ — 3TO Hp€O6pa3OBaHI/I€ HCTIPCPBIBHBIX I/I306pa>1<em/1ﬁ " 3BYKa B Ha60p JUCKPCTHBIX 3HaquI/Iﬁ, KaXXI0MY H3
KOTOPBIX MPUCBANBACTCA 3HAYCHUC KOAA.

B ananoroBoif ¢opme 3ByK HpeACTaBisieT cOOOH BOJHY C HENPEPHIBHO MEHSIOIIEHCS aMIUIUTYI0H U
gactotoil. [Ipu mpeobpa3zoBanuu 3Byka B IIU(PPOBYIO AUCKPETHYIO (JOPMY IPOU3BOAUTCS BPEMEHHAs! IUCKPETU3aLus,
IpU KOTOPOH B ONpeiesieHHble MOMEHThl BPEMEHH aMIUIMTyJAa 3BYKOBOH BOJHBI M3MepsieTcss U KBaHTyeTcs. C
IIOMOILBIO CHEIHATIBHBIX IPOIPAMMHBIX CPEICTB (PEAAKTOPOB 3BYKO3aMMCEN) OTKPBIBAIOTCS IIMPOKHUE BO3MOKHOCTH
[0 CO3[]aHMI0, PENAKTUPOBAHMUIO M TNPOCIYIIMBAHUIO 3BYKOBBIX (aiioB. Co3Mal0TCsl MPOrpaMMbl pacrio3HABAHUS
peuu U, B pe3ysbTaTe, MOsABISETCS BO3MOXKHOCTb YIIPABIECHUS KOMIIBIOTEPOM € IOMOILBIO T0OJIOCa.

Yucnosas uHGpopmanus ObUIa MEPBBIM BHIOM HH(OpMaIK, KOTOpbIi Hayanu oOpabdaTeiBaTh DBM, u nonroe
BpEMsI OHa OCTaBaJach €IMHCTBEHHbIM BHUAOM. [loaTOMy He yIMBHTEIBHO, YTO B COBPEMEHHOM KOMIIBIOTEpPE
cyliecTByeT Oouiblioe pa3HooOpa3ue TUIOB U MpeacTaBieHui yucen. [Ipexne Bcero, 370 neJible U BelleCTBEHHbIE
YHCJIA, KOTOPBIE IO CBOEH CYTH M IO NMPEACTABICHUIO B MAIIMHE PA3JIMYalOTCs OYEHb CyllecTBeHHO. Llenble uncna, B
CBOIO OdYepenb, JENATCS Ha 4YMClia CO 3HAKOM M 0e3 3Haka, MMEIOLIHE Y)K€ HE CTOJb CYIIECTBEHHBIC PA3JINUMAL.
Hakonert, BelecTBeHHbBIE YHCIa UMEIOT JIBa CIIOco0a MpeCTaBIeHUs — ¢ (PUKCHPOBAHHOM M ¢ TUTABAIOIIEH 3aIATOMH,
NpaBJa, MEePBBIH CIOCOO ceifuac MpeaACTaBiIsieT B OCHOBHOM UCTOPHUYECKHUIT HHTEpeEC.
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Cy1ecTByIOT pa3Hble CIIOCOOBI KOAMPOBAHUS U JAEKOAMPOBAHUS MHPOPMALMU B KOMIBIOTEPE. DTO 3aBUCHUT
OT BUa UH(GOpPMAIIMHU: TEKCT, YUCIIO0, Tpaduieckoe n300pakeHne Wwin 3ByK. JlJis uncna takxke BaKHO, KaK OHO OyneT
UCIIOJb30BAaHO: B TEKCTE, WIM B BBIUUCIEHUSX, WU B INpOLECCE BBOAA-BbIBOAA. Bed mHpoOpmanus koxupyercs B
JIBOMYHOI cucTeMe cuucieHus: ¢ nomoibio nugp 0 u 1. DTy ABa cuMBOJIa HA3BIBAIOT JBOWYHBIMH LU(pPaAMH WIH
outamu. Takol crmoco0 KOIUPOBAHUS TEXHUYECKU MPOCTO OPTraHU30BaTh: | - €CTh dMeKkTpuueckuii curaai, 0 - HeT
curHana. HenoctaTok ABOWYHOTO KOJUPOBAHMS - JUIMHHBIE KOJIbl. HO B TeXHUKe Jerde MMeTh JAeNo ¢ OOJIbIIMM
YHCIIOM IPOCTBHIX OJHOTHITHBIX 3JIEMEHTOB, YEM C HEOOJIBIINM YHCIIOM CIIOKHBIX.

Kaxnplif peructp apuMeTHuecKkoro ycTpoicTBa KOMIBIOTEPA, KaXKIas ssueiika maMaTH MpeICTaBIsIeT co00i

(GU3NYECKyI0 CHCTEMY, COCTOSIIYIO M3 HEKOTOPOro 4YHcia OJHOPOAHBIX 3JIEMEHTOB, OOJIAJAlOIUX JBYMs
YCTOMYMBBIMU COCTOSIHUSIMH, OJTHO U3 KOTOPBIX COOTBETCTBYET HYJIIO, a Apyroe — eaunuie. Kaxaplit Takol 3neMeHT
CJLY’KUT JUIs 3alIUCH OJJHOT'O M3 pa3psioB JBOUYHOTO uKcia. VIMEHHO MO3TOMY Ka)KABIH JIEMEHT SYeHKH Ha3bIBaloOT
pa3psiom.
BeruncnurenpHas TeXHHMKa BO3HMKJIA KaK CPEICTBO aBTOMATHU3ALUU
BeruMcieHni. CeroHs KOMIbIOTEphl 00padaThIBAIOT PA3TUYHBIC BUIBI
T T 17 1T 1 $..¢ T T [ 1 1 wuHbopMauMu: 4YHCIOBYIO, TEKCTOBYIO, 3BYKOBYIO, TIpaU4ecKylo.
OnHaKo COBpEMEHHBIN KOMIIBIOTED MOXET XPaHUTh U 00paldaThIBAThH
TOJIBKO JUCKpeTHYI0 wuH(popManmio. ClenoBaTeabHO, JIO00W BHUJ
uHpOpPMaIINH, TOAJESKAIUNA KOMITBIOTEPHOW 00paboTKe, TeM WJIM MHBIM CHOCOOOM JOJDKEH OBITh 3aKOAMPOBAH C
IIOMOILBI0 KOHEYHOM IOCIEeN0BATEeIbHOCTH LEJIBbIX YHUCEN, KOTOpas 3aTeéM IEpEeBOAUTCS B JIBOMYHBIA BHJ JUIS
XpaHEHHs B KOMITBIOTEPE.

3amada nepeBoja MHGOpPMAIMKM €CTECTBEHHOI'O IMPOUCXOKACHUS B KOMIBIOTEPHYIO Ha3bIBaeTcs 3ajaden
AUCKPEANTALMH WIM KBAHTOBaHMA. DTy 3ajady HEOOXOAMMO pemaTh Uil BceX BUIOB MH(popMarmu. CriocoObl
TUCKPEIUTALUH Ul pasHbIX BUIOB MH(POPMALMU PA3INYHbl, HO MOJXOABI K PELICHUIO 3TOH 3a/a4M MOCTPOEHBI Ha
OJIMHAKOBBIX MPUHIIUIIAX.

KoaupoBanue 00bI9HO MPOBOAAT B HECKOJBKO 3TanoB: 1) Onpenenenue o0béMa nHopmalyu, mojexKaien
KoaupoBanuto: 2) Kiaccudukamnus u cucrematuzanus napopmarnuu: 3) Beidop cuctemMbl KOTUpOBaHUS U pa3paboTKa
KOJIOBBIX 0003HaueHuit: 4) HemocpencTBeHHO KOTUPOBaHKE

(k — 1)-ii paspag 0-i1 paspan

guefika U3 k paspapoB

2. NPEACTABJIEHUE YNCEN

B nBowdHOW cucTeMe CYHCIEHUs IS MpEeACTaBIIeHUs Ucmoyib3ytorcs nBe mudper 0 u 1. CpaBHute: B
JECATHYHOM cucTteme cumciaenus 435,6710 = 4- 102+ 3-10" + 5:10° + 6:107" + 7-10” B IBOMYHOMN CHCTEME CUHCIECHHS
10110,1012 = 1-2* +0-2° +1.2% +1.2" +0-2° +1.2" +0-2 +1-2 JleiicTBuS ¢ YnCIaMH B JBOMYHON CHCTEME CUMCIICHHUS
M3y4aeT Hayka JBOWYHAs apudmeTHka. Bce OCHOBHBIC 3aKOHBI apU(PMETUUYCCKUX NEUCTBUW IS TAKUX YHUCEI
BBITOTHSIOTCS. J[J151 cpaBHEHUSI pacCMOTPUM JiBa BapUaHTa KoaAupoBaHus 11 uncia 45. [lpu ucnons3oBaHuu uncia B
TEKCTe Kaxkaas mudpa koaupyercs 8 ouramu B cootBeTcTBUU ¢ ASCII (T.e. moTpedyetcs 2 Gaiita): 4 - 01000011, 5 -
01010011. IIpu ncnoab30BaHUM B BBIYUCICHUSAX KOJI ATOTO YKCIA MOJIy4aeTCs MO CHEIUalIbHBIM MpaBUjiaM MepeBoa
U3 JECATHUYHOM CHUCTEMBl CYMCIEHHUS B JBOMYHYIO B BHIe 8-paspsanHoro asomuHoro uucia: 001011012, uro
notpeOyeT 1 GaiT.

2.1 Uensbie yucna

JIro6oe 1enoe Yncio MOKHO pacCMaTpuBaTh KaK BELUIECTBEHHOE, HO C HYJIEBOI APOOHOMN 4acTbhio, T.€. MOXKHO
ObUIO OBl OrpaHMUYMUTHCS MPEACTABICHUEM B KOMIIBIOTEPE BEIECTBEHHBIX YHMCEN U peann3anueil apudMeTrnuecknx
L[Gf/'ICTBI/If/'I Haag HUMUA. O,Z[HaKO JJIA 3(1)(136KTI/IBHOI‘O HCIIOJIb30BaHUA MaMsTH, IMOBLIMICHUA CKOPOCTHU BBIMMOJIHCHUA
BBIUMCIICHUI M BBEACHHUS OMNEpalMM JIEJECHUS HALeJl0 C OCTATKOM LieJble YHCIIa MPEACTaBISIIOTCA CIEeHUATbHO JUIs
HUX MMPpECAHA3HAYCHHBIMU criocobaMu.

BBenenue crenuanbHbIX CIIOCOOOB MPEACTABICHUS LIETBIX YUCENl ONPaBAaHO TEM, YTO JAOCTATOYHO YacToO B
3aZladyax, pCliacMbIX C MOMOIIBKO KOMIIBKOTCPA, MHOI'UC I[CflCTBI/ISI CBOIATCA K OoI€palrdaM Hald HCJIbIMHW YHCJIaMU.
Hanpumep, B 3amauax 3KOHOMHMUYECKOTO XapaKTepa JAHHBIMHU CIyKaT KOJWYECTBA AKLIMH, COTPYAHHUKOB, NETaJIEH,
TPAHCIIOPTHBIX CPEACTB U T.A., IO CBOEMY CMBLICITY SABJIAIOIIHUCCA LEJIBIMU YHUCIIaMU. I_[eJ'IBIG qucjia UCITOJIB3YIOTCA U
11 0003HAYEHUS 1aThl U BPEMEHH, U JJI1 HyMEpaluH pPa3IudHbIX 00BEKTOB: 3JIEMEHTOB MAacCCHBOB, 3anuceil B 6a3ax
AaHHBIX, MAIIKMHHBIX aAPECOB U T.II.

JU1s KOMITBIOTEPHOTO MPEICTABICHHS LEJIBIX YUCEN OOBIYHO MCHOIb3YETCSI HECKOJIBKO PA3JIMYHBIX CIIOCOOOB
OpeACTaBJICHUA, OTINYAOIINUXCA APYTr OT Apyra KOJIWYCCTBOM pa3psaa0B U HAIMYUEM HJIUW OTCYTCTBHUEM 3HAKOBOI'O
paspsaa. be33HakoBOoe NPENCTaBICHHE MOXHO HCIIOJIB30BAaTh TOJIBKO Ul HEOTPULATENBHBIX LEIBIX  YHUCEN,
OTPpULATCIIBHBIC YKUCJIa PEACTABIIAIOTCA TOJBKO B 3HAKOBOM BHUC.
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[Tpu 6e33HaKOBOM IMpEACTaBICHUH BCE pa3psiabl SUEHKU OTBOIATCA oA camo uucio. [Ipu npencraBienuu co
3HAKOM CaMblil cTapIuuii (JI€BBIN) pa3psii OTBOAMUTCS MOJ 3HAK YHCIIA, OCTAJBHBIC Pa3psaAbl — M0 COOCTBEHHO YUCIIO.
Ecnu uncino nonoxuTeapHoe, TO B 3HAKOBBIN pa3psa nomeniaetcs 0, eciin orpunatenbHoe - 1. OueBuaHO, B s;TYeHKax
OJTHOT'O ¥ TOTO K€ pa3Mepa MOKHO MPECTaBUTh OOJBIINI AUANa30H LENbIX HEOTPUIIATEIBHBIX YHCEN B 0€33HAKOBOM
MpeICTaBIeHUH, YeM YKcell co 3HakoM. Hanpumep, B ogHoM Gaiite (8 pa3psioB) MOKHO 3alKcaTh MOJOKUTEIbHbIE
gucna ot 0 go 255, a co 3HakKoM — Tosbko 10 127. IloaTOMy, €cinM M3BECTHO 3apaHee, YTO HEKOTOpas YMCIIOBas
BEJIMYMHA BCET/Ia ABJSETCS HEOTPHUIIATEIBLHOM, TO BBITO/IHEE pacCMaTpUBaTh €€ Kak 0€33HaKOBYIO.

Lenpie uncna B KOMObIOTEpE XpaHATcs B hopmare ¢ puKCHPOBAHHOI 3aNATONM.

J1st moy4eHus: KOMIbIOTEPHOTO MpeICTaBIeHHs 0€33HAKOBOTO IIEJIOT0 YKCIia B A-pa3psIHON sueiike mamsT
JIOCTaTOYHO MEPEBECTH €T0 B IBONYHYIO CUCTEMY CUMCIIEHUS U IONOJHUTH IMOITYYEHHBIN pPe3yIbTaT CIeBa HYISIMU 10
k paspsnoB. IloHsiTHO, YTO CyIIeCTBYeT OrpaHHYEHHE Ha 4YHCIa, KOTOPblE MBI MOXKEM 3amucaTh B Kk-pa3psiHyro
SIYEHKY.

MaxkcruMaibHO MpeIcTaBUMOMY YHCITY COOTBETCTBYIOT €IMHUIIBI BO BCEX pa3psiax sSUeUKH (JBOMYHOE YUCIIO,
cocrosmee u3 k-eauuun). s k-paspsaHOro mpejactaBieHuss OHO OyneT paBHO 2k-1. MuHUManpHOE YHCIIO
MPEJICTABISETCS HYJIIMHU BO BCEX pa3psAliax A4EMKH, OHO Bcerna paBHO Hymwo. Tabua. 1. MakcumanbHble yncna s
0€33HaKOBOI'0 MPEACTABICHUS NPU PA3TMYHBIX 3HAYCHUSAX K:

KoaugecTtBo MakcumalIsHOE 9HCIO
pa3pagos
8 255 (28 - 1)
16 65535 (2% — 1)
32 4294967295 (2% - 1)
64 18446744073709551615 (254 — 1)

[Ipu 3HAKOBOM TMpPEICTABICHUU LEJIBIX YHCEN BO3HUKAIOT TaKHe TMOHATHS, KaK MpsSIMOi, oOpaTHBIA U
JIOTIOJTHUTEIbHBIA KOJIBI.

[IpencraBnenue yncia B MPUBBIYHON /IS YeloBeKa (opMe 3HAK-BEJIMUMHA, TIPU KOTOPOH CTapIINil paspsil SSYeHKH OTBOAMTCS
TI0JT 3HAK, OCTaJbHBIC K-1 pa3psaoB — o1 UG PBI YUCIIa, HA3BIBACTCS MPSMBIM KOJIOM.

Hanpumep, npsimbie koabl aBoumuHbiXx uyucen 11001, u -11001, s BochbMuUpaspsiAHOM SYEHKH pPaBHBI
00011001 1 10011001 coorBercTBeHHO. [lo0KHUTEIBHBIE LIENBIE YNCTA PEACTABISAIOTCS B KOMIIBIOTEPE C TIOMOILIBIO
npsiMoro koja. IIpsmol koj OTpUUATENBHOrO ILIEJIOr0 YHUCHIa OTIMYAETCS OT MPAMOr0 KOJia COOTBETCTBYIOIIETO
MOJIOKUTEIBHOTO YUCIIA COAECPKUMBIM 3HAKOBOTO paspsaa. Ho BMECTO mpsiMOTO JIJisl MPEICTaBICHHUS OTPULIATEIBHBIX
LEJIBIX YUCEJ B KOMIIBIOTEPE UCIIONIB3YETCS AOMOTHUTEIbHBINA KOJI.

OTMeTHUM, YTO MAaKCUMAJIBHOE TMOJIOKUTETHFHOE YHCII0, KOTOPOE MOYKHO 3aIMCaTh B 3HAKOBOM IPE/ICTABICHUHI
B k paspsgax, paBHO 2M1.1, uro NpaKTUYEeCKH B JBa pa3a MEHbIIE MaKCUMAalbHOTO 4YHclia B 0€33HAaKOBOM
MIPECTaBICHUH B TEX XK€ k pa3psaax.

Ipumep 1. Yucno 53=110101, B BocbMupa3paIHOM MPEACTaBICHIH UMEET BH/I:

lofof1]1]of1]of1]

Jto ke uncio 53 B 16 paspsamax OyJer 3anucaHo CICAYIONUM 00pa3oM:
lojofojofofo[ofojojof1[1[o0f1]0[1]

B 06oux cirydasx HeBa)XHO, 3HAKOBOE MM O€33HAKOBOE MPEICTABICHNE TIPH 3TOM HCIIONIB3YETCS.

Hpumep 2. g uyncna 200=11001000, npencraBienue B 8 pa3psaax co 3HAKOM HEBO3MOKHO, T.K. MAKCUMAJIBHOE IOILyCTUMOE
YHUCIIO B TAKOM TIPE/ICTaBICHNH paBHO 127, a B 6€33HaKOBOM BOCEMHUPA3PSATHOM NPEICTABICHUN OHO MMEET BUI:

[1{1]0]JofifoTol0]

Jns mpencraBneHus B KOMIIBIOTEPE LENbIX OTPHULATENIBHBIX YHUCEI MCHOJB3YIOT JOMOJHUTENbHBIA KO,
KOTOPBIH TO3BOJISIET 3aMEHUTh apU(PMETUYCCKYIO OMEPALMI0 BHIYUTAHUS OMEpAIMeH CIOXKEHHUS, YTO CYIICCTBEHHO
YBEJIMYHUBAET CKOPOCTh BblUuMcIeHUU. [Ipexie yem BBOAUTH OmpeiesieHue JOMOJIHUTENIBHOIO KOJa, CETaeM OJIHO
3aME4aHue.

B k-pa3psimHO 11e0YNCICHHON KOMIIBIOTEPHOH apu(MeTHke 2k=0.

OOBSACHUTD 3TO MOXHO TEM, YTO JABOMYHAS 3aIMCh YHCIIA 2 cocront u3 oxHOMN exuHULE U k HyJIeH, a B
SUEHKY U3 k pa3psoB MOKET YMECTUTBCS TOJNBKO Kk IUQp, B JAaHHOM clydae TOJBKO k Hyneld. B takom ciydae
TOBOPSAT, YTO 3HAYAIAS €IMHUIA BBIILIA 33 MPEIEIIbl Pa3psAIHOU CETKHU.

k — pa3psITHBIN TOTIOJHUTEIIBHBIN KOJI OTPUIIATEIILHOTO YHCIIA 72 — 9TO 3alMCh Bk pa3psiiax IMOJ0KUTEIHHOTO YUCIIa 2k - Im|,
rae |m| - MOLY/Ib OTPHIATENBHOTO YHcia m, |m|<2"".

OOpaTHBIN KOJ SIBISETCS JOMOJTHEHHUEM HMCXOJAHOTO YHUCIa JI0 Yucia 2"-1, COCTOSIIIIETO W3 Kk IBOWYHBIX
equani. [losTomy mnpubaBneHWE €IUHUIBI K WHBEPTHPOBAHHOMY KOIY TO3BOJSET TOMYYUTh €r0 HCKOMBII
JIOTIOJTHUTEbHBIN KOJI.
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pumep 3. [loayuyuM JOTOTHUTEIBHBIN KO YUCHA -52 JJI1 BOCEMU- U IECTHAAIATHPA3PATHON SUEEK.
151 BOCBMUPa3psIIHON STUEUKU:
0011 0100 — npsiMoit koJ uncina |-52=52;
1100 1011 — obpaTHBIi KO UHca -52;
1100 1100 — momOJHUTEIBbHBIA KOJI YHCcia -52.
Jns mecTHaAnaTUpa3pAIHON SYEUKU:
0000 0000 0011 0100 — mpsamoii kox uncina |-52|;
11111111 1100 1011 — obpaTHsIii KOA YncHa -52;
11111111 1100 1100 — 1OTIOMHUTENBHBINA KO YHACIA -52.
[TpuBeaéM 3HAUEHUSI TPAHUI] TUATIA30HOB JIJI 3HAKOBBIX MPEICTABICHUN B STYEHKaX C pa3TUIHON

Pa3pSAHOCTHIO:
Paspanﬂocn MuaNMaIbHOE YHCIIO MaxkcHMalIbHOE YHCIIO
8 -128 127
16 ~32768 32767
32 —2147483648 2147483647
64 -9223372036854775808 | 9223372036854775807

2.2 BeuwjecmeeHHbIe Hucna

Ecau mpu mipeicTaBieHUH ENBIX YUCENT B KOMIIBIOTEPE OTPAHUYEHUEM MOKET CIYKUTh JIMIIb BEJIMYMHA
3alMChIBAEMOT0 YKCJIa, TO MPHU 3alKCH BEIIECTBEHHOIO YWCa pedb MAET O TOHHOCTH €ro INMPEeJACTaBICHHUSA, T.€. O
KOJIMUYECTBE 3HAYAIUX MU(P, KOTOPhIE YIAETCS COXPAHUTh B OTPAHUICHHOM YHCIIE Pa3psIOB.

JIro60€ UnCIio ¢ B OKCIIOHEHIIHAILHON (popMe TIpeICTaBIsSeTcs B BUAE a=2m P!, - rie OCHOBaHMEe CHCTEMBI CIMCIIEHUS,
Ha3bIBaCTCS MaAHTHCCOM qyuciia, g — nNopsaaAKoOM 4ucjia.

IIpumep 4. JInuay oTpeska, paBHOTo 47,8 ¢M, B SKCIIOHEHIIMAILHON (POPME 3aIUCH MOKHO MPEJCTABUTH TaK:

1) 478107 cm =478 Mm;

2) 4,78-10" cm = 4,78 nm;

3)  47,8-10° cm=47,8 cum;

4) 047810 cm= 0,478 m.

W3 sTOro npumepa BHIHO, YTO JJIMHY OJHOTO M TOTO K€ OTPE3Ka MOYKHO 3alMCaTh C MCIOJb30BAHUEM PA3IUYHBIX
JKCIIOHCHIMANBHBIX (OpM. DTa HEOJHO3HAYHOCTH 3aMUCH MOXKET MPHUBOIUTH B OMNPENCIEHHBIX CIydasx K
HeynobctBy. M3 kypca anreOpsl M3BeCTHO, uTo eciau P ¢ukcupoBano u 1/P<m<l, To mpeAcTaBlieHHE YHCIA B
IKCIIOHCHIIMAILHOW (opMe eTUHCTBEHHO. Takas ¢opMmMa dKCIIOHCHIIMATBLHOTO TIPEJCTABICHHUS HAa3bIBACTCS
HOPMAJIH30BaHHOH (OPMOM U HCIOJIB3YETCS] B KOMIIBIOTEPE JJIsI OHO3HAYHOCTU NPEICTABICHUS BELIECTBEHHBIX
YHCell.

HOpMaHHSOBaHHaH 3alliCh OTIIMYHOI'O OT HYJISI BCHICCTBCHHOI'O YMCJIa — 3TO 3aIllMCh BHA a=:1m 'Pq, rac g — neioc 4uciio
(monoxwuTenbHOE, OTPHUIIATEIbHOE, WIH HOJIb), @ M - TpaBUiIbHasg P-n4Has ApoOb, y KOTOpoi nepBas nudpa mnocie 3aniaroil He
paBHa HyO, T.e. 1/P<m<1

Yucno HOIb HE MOXKET OBITh 3alMCaHO B HOPMAIM30BaHHOM (hopMe Tak, kak oHa Oblia ompeneneHa. [loatomy
OTHOCHUTEIILHO HOPMAJIM30BAHHOM 3aIllMCH HYJS MPUXOJUTCS MPUOETaTh K OCOOBIM COTJIAIICHUSM. Y CIIOBUMCS, YTO
3allUCh HYJIS SABJISIETCS HOPMAJTU30BAHHOM, €CJIM M MAHTHCCA, M TOPSAIOK PABHBI HYJIIO.

B HopManuzoBaHHON (opMe Bce 4KcClia 3alUCHIBAIOTCS OJWHAKOBO B TOM CMBICIE, YTO 3amsiTas y HHUX
CTaBUTCS B OJHOM M TOM K€ MECTE — Iepe MepBo (caMoil IeBoi) 3Havareil mudpoil MaHTUCCHI. 3aMETHM, YTO B
JBOMYHON CHUCTEME CUHWCIIEHUS TMepBas IMdpa MaHTHCCHl HOPMAIM30BAHHOTO 4HCIa Bcerma paBHa | (3a
UCKITIOYEHUEM 4YHuCia HONb). BennuumHa ke uyucna (T.e. €€ MOPSIOK) YKa3bIBae€TCs OTHEIbHO, C IOMOIIBIO
COOTBETCTBYIOIIEH CTETICHH OCHOBAHHS CHUCTEMBI CUHCIICHUS, B KOTOPOW 3TO YHCJIO OBLIO 3alMCaHO M3HAYAIHHO.
KonnuectBo nndp B MaHTHCCE MOXKET OKa3aThCsl MEHBIIE, YeM YHCIO 3HaYalux nudp B UCXogHOM yucie. YacTo B
HOPMaJIM30BaHHOW 3alMCU MAHTUCCA P-MYHOr0 4YMClia 3alUChIBACTCS B P-MYHOW CUCTEME CUUCIIEHHUS, a TOPSAOK U
caMo 4HcIIo P — B IECATUYHOM.

IIpumep 5. IlpuBeném npuMepsl HOpMaTU3aLUN YUCEIT:

1) 0=0,0-10" (BO3MO>KHast HOPMATH3ALNU HYJIN);

2) 3,1415926=0,31415926-10" (kommaecTBo 3HAYANMX UMD HE H3MEHHUIOCH);

3) 1000=0,1-10* (xonMuecTBO 3HAYAIMX MUBP YMEHBIIMIOCH C YETHIPEX 10 OJHOI);

4) 0,123456789=0,123456789-10° (3ansTyI0 nIepeIBUraTh He HYKHO);

5) 0,00001078=0,1078-8-4 (koau4yecTBO 3HAYAIUX LU(PP YMEHBLIUIIOCH C CEMH A0 TPEX);
6) 1000,00012=0,100000012-2* (ko:1H4ecTBO 3HAYAIIHX [P YMEHBIIUTH HEBO3MOKHO).

[Ipu 3anmucu HOPMATU30BAHHOTO YHUCJIA B KOMIIBIOTEPE JIJIsl 3alMCH MAHTHUCCHI U MOPSAKAa OTBOJIUTCS 3apaHee
(UKCUpPOBaHHOE KOJIMYECTBO Pa3psI0B.
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B KOMIIBbIOTEpHOM TMpEACTaBICHUU BEIIECTBEHHBIX YHCEN MaKCHUMaJbHO IOMYCTHMOE KOJIMYECTBO LUDp B
MaHTHUCCE OIpeIesIET TOYHOCTh, C KOTOPOM MOKET OBITh MPEJCTABICHO YUCIIO.
Mojyns pa3HOCTH MeEXIy 3HAUeHHEM 4YHCJIa X W KOMIIBIOTEPHBIM €ro IpejAcTaBlIeHHeM X* Ha3bIBaeTcsi aOCOIIOTHOMN
MOTPEUIHOCTHIO NPEJCTABICHHUS X.
Hecmotpss Ha TO, 4TO B aOCOJIOTHOM HMCUUCICHMM MOTPEIIHOCTh MOXET OBITh 3HAYUTENbHO Oousblie 1,
OTHOCHUTEJIBHO BEJIMYMHBI CAMOTr0 YUCa €€ MOPSAA0K OCTAETCSI HEU3MEHHBIM.

*
X—X
OrtHocuTenbHAs MOrpeIIHOCTh NPCACTABIICHUS X — BCJIIMUMHA
X

AOCOTIOTHAS IOTPEITHOCT TOBOPHUT O TOM, Ha CKOJIBKO IOJIYYCHHBIN PE3yNbTaT (HaIpuMep, pe3yabTaT
NpEe/ICTAaBICHHS YUCIIa B KOMITBIOTEPE) OTIAUYAETCA OT UCTUHHOTO pe3yabTaTa (camoro uucia). [Ipu pemenuun
peanpHBIX 3a/1a4 3HAHUE 3TOW BETUYMHBI TTO3BOJISIET OIICHUBATh, HACKOJIBKO JOCTOBEPHBIN pe3yabTaT ObLT MOTyUYEH.
Ecnu ero TouHOCTH HAC HE yIOBJIETBOPSET, TO ClieyeT BIOpaTh Ipyroii (6osee TOUHbIN) criocod mpecTaBlieHus
quce.

OtHocuTeNbHAST K€ MOTPEIIHOCTh IMOKa3bIBA€T, CKOJIBKO BEPHBIX CTApIIMX 3HAYAIIUX HUPP COAECPKHUT
pe3ynbTaT. 3HAYEHHE OTHOCUTEIHHOM MOTPEUIHOCTH HEMOCPEICTBEHHO CBSI3aHO C KOJHMYECTBOM paspsiyioB,
OTBOAMMBIX JJisi TMPEJICTaBICHUs MAHTHUCChl HOPMAJIM30BAaHHOTO uwuciaa. Ha mpakTuke OOBIYHO UW3BECTHA
OTHOCHTEJIbHASI TIOTPEITHOCTh NPECTABICHHUS YHCEI, T.K. Pa3psIHOCTh MAaHTUCCHI GukcupoBana. CiemnoBaTeNbHO,
MOKHO TIPEIIOJIOKUTh, CKOJBKO BEPHBIX LU COACPKUT pe3ynbrar. Eciam u3 Kakux-mubo anpuOpHBIX
COOOpaXeHUN H3BECTHO 3HAYCHUE BBIYUCIISIEMON BEJIIMYMHBI, O MOXHO OILIEHUTh a0COJIOTHYIO MOTPENTHOCTD
pe3ynbrarta.

B KOMIIBIOTEpHO! 3aMMCHU BEIIECTBEHHBIX YHCEN C TUTABAIOIICH 3aIsATON KOJUYeCTBO MU(pP, OTBOJIUMBIX O
3amuch MOPSAIKA, OMpPENessieT, HACKOJIBKO OOJbIINE U HACKOJIBKO MaJieHbKHE MOJOXKHUTENbHBIE YHCIa MOTYT OBbITh
MPEACTaBJICHBI.

[upokuii [uana3oH MpeACTaBICHUS YHCEN C IUIABAIOLICH 3amsaTod HEOOXOJUM MpHU PELICHUH HAyYHBIX U
WHXXEHEPHBIX 3a/1ad. Takoe MpefcTaBiICHUE YHUCEN HE TOJBKO MO3BOJISET COXPAHSATh B Pa3psiAHOM CETKE OO0JIbIIoe
KOJIMYECTBO 3HAYAIUX IHU(P U TEM CaMbIM MOBBIIIATH TOYHOCTh BBIUMCICHHUM, HO TaKXe YIpPOIIaeT AeWCTBUS HaJ
MOPSIAKAMHA U MAHTHCCAMM.

Kak u ans uenslx 4yuces, MpU NPECTaBICHUU BEUICCTBEHHBIX UYHCENT B KOMIIBIOTEPE HCIIOJIB3YETCS 4alle
BCETO JBOMYHASI CHUCTEMA CYHCJICHMS, CIIEOBATEIbHO, TMPEABAPUTEIHHO [ECATUYHOE YHCIO JOKHO OBITh
NEpPEeBEeICHO B JIBOMYHYIO CHCTEMY, YK 3aTeéM MpEeACTaBIEHO B HOpManu3oBaHHOW ¢opme ¢ P=2. Ilpu
MPEACTAaBICHUN HOPMAJIM30BAHHBIX YHCEN YacTh pa3psAaoB SUYEUKH  OTBOAMUTCS ISl 3allUCH TIOPSKA YHCIIA,
ocTaJbHBIC Pa3psibl — JUIsl 3aucu MaHTHCCHL. [1o omHOMY paspsiny B KaXKIOW Tpymre OTBOJUTCS JJIsl M300paskeHUs
3HaKa TOpSAJKAa W 3HAaKa MaHTHCCHl. O TakOM MPEACTABICHWM TOBOPST, YTO YHUCJIO 3amucaHo B (Gopmare ¢
IJIABaIOLIei 3aNSITO.

Hanpumep, MOXHO TIpe/ICTaBUThL ce0e TaKoe pacIpe/IeiICHIE Pa3psiioB TUYCHKH ITaAMSTH
clsml o o] oo |a|a]  Ja]|a

IlepBble nBa paspsza CiryKaT Ul NPEICTaBICHUS 3HAKOB MOPsAAKA (Sq) U MAHTHUCCHI (Sy;) COOTBETCTBEHHO.
Crnenytomuie k paspsaoB HCIOJNB3YETCS ISl MPEACTABICHUS a0CONIOTHOW BEIMUYWHBI 4Yucia (g), OCTaNbHBIE 7
paspsaoB — IS MpeACTaBIeHUS aOCOIOTHOM BETMYMHBI MaHTHUCCHL. B KaxaoM paspsiie S4eiiKu MOXKEeT XpaHUThCS
OJIHO U3 JIByX 3HaueHuit: O umm 1.

Torga u300pa>k€HHOMY Ha CXEME COCTOSIHUIO STUEHKHU COOTBETCTBYET YHCIIO

(-1)°~ .29 -(a—1+‘—1—2—+...+5"~),
2 22 2"
tae g = (1)@, -2 +b, ;282 4. +b,-2+0).
[Tpu Tako#t cucTeme 3amucH HauOOoJbIIIee 0 A0COMOTHOM BEIMYMHE YUCIIO, KOTOPOE MOXKET OBITh

8

k_ _ o
TIPeICTaBIEHO B MallHe, paBHO 2° ' -(1 -2 ”), a HaMEHbIIee M0 a0CONIOTHON BEIMUMHE YNCIIO0, OTIMYHOE OT HYIIS,

pao 2% .27 =27,

BeH_IeCTBeHHBIX YHUCCJI, TOYHO MPCACTABUMBIX B KOMIIBIOTCPC, KOHCUYHOC YUCIIO. OCTaHBHBIe quciia HI/I6O
IPUOIMKAIOTCS MPEICTABUMBIMH, JTHOO OKA3BIBAIOTCSA HENpEACTABHMBIMU. IlocienHee OTHOCHTCS K CIHIIKOM
GOHBH_H/IM 1 CJIMIIKOM MAJICHBKHUM BCIICCTBCHHBIM UHCJIAM.

Vcrions30BaHie B KOMITBIOTEPE TPEICTABICHHS YnceN B (popMaTe ¢ IUIABAIOIIEH 3aIATON yCIOKHAET
BBINOJIHEHHE apU(PMETUYECKHUX OTIEPALIAH.

T[Iph CNOXEHHH M BBIYMTAHWHM YHMCE] CHAYaNa NPOM3BOMMTCSA MOATOTOBUTENGHAS OINEpAINs, Ha3bIBaeMas
BbBIpABHUBAHUCM TMOPAJAKOB. OHa COCTOUT B TOM, YTO MAaHTHUCCA 4YHCJIa C MCHBIIHNM IMOPAJAKOM CIABUTACTCA B cBOEN
sYeiike BIPABO HA KOIMYECTBO Pas3psoB, PaBHOE PA3HOCTH ITOPSAAKOB JAHHBIX ymcen. Ilocie 3Toif omepamuu
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OJTHOMMEHHBIE Pa3psabl MAHTHCC OKA3bIBAIOTCS PACTIONOKECHHBIMH B OTHOMMEHHBIX pa3psAaax 00eux sueeK, U Terepb
YK€ CJIOXCHHE WM BBIUUTAHME MAHTUCC BBINOJHACTCS JIOCTAaTOYHO IPOCTO, TaK K€ KaK HaJ YHUCIaMU C
(bUKCUPOBAHHOM 3aMSATOM.

[Tocne omepanuii Hajx MOpSAKAMM M MAaHTHCCAMH MBI IOJy4aeM MOPSAJOK M MAaHTUCCY pe3yibTaTa, HO
MOCIIETHSS MOXKET HE Y/IOBJIETBOPATH OTPAHWYEHHSIM, HAKJIAIbIBAEMBbIM Ha MaHTHUCCHI HOPMAJIM3HPOBAHHBIX YHCEIL.
Tak xak oOT pe3ynbraTa apUPMETHYECKHX OINEepaluii B KOMIIBIOTEpe TpedyeTcs, 4YToObl OH Takke Obul
HOPMaJIM30BaHHBIM YHCIIOM, HEOOXOJUMO JIOTOJIHUTENbHOE Mpeodpa3oBaHne — HOpManu3anus. B 3aBucumocTtr ot
BEJIMYMHBI TOJYYUBIICHCS MAaHTUCCHI pe3yibTaTa OHA CABUTAeTCS BIPABO MJIM BJIEBO TakK, 4TOOBl €€ mepBas
3HavaImas 1 pa nonana B NEpBBIA pa3psan mocie 3aniatoid. OZHOBPEMEHHO MOPSAIOK pe3yabTaTa yBEIMUUBACTCS WIH
YMEHBIIIAETCs Ha YHUCJI0, PABHOE BEJIMYMHE C/IBUTA.

Han manTHCCaMM B apu(METHYECKOM YCTPOWMCTBE MOTYT BBINOJHATHCS BCE HYETHIpE apu(pMeTHUecKue
JecTBUS, a TakXkKe ONepaly CABHra, TOTAAa KaK Haj MOPSIKaMHU MPOU3BOIATCS TOJBKO NEHCTBUS CIOKEHUS U
BeYUTaHKA. OTpUIATENFHBIE NOPSIKA MOXKHO 3alMCHIBATh B JOMOJHUTEIBHOM KOJE Ul TOTO, YTOOBI OIEpaIuio
BBIYUTAHUS CBECTU K ONEPALINU CIIOKECHHS.

B psne ciydaes, faxe eci HEKOTOpBIE JIBa YKcia ObUIM MpeCTaBiIeHbl B (hopMaTe ¢ IUIaBaroliei 3amnaroil abcotoTHO TOYHO,
pe3yJbTaT BRITOJIHEHUS HAJl HUIMH apu(PMETHIECKON oTepannii MOXKET OBITh 3aBEIOMO HEBEPHBIM.

VY BemecTBeHHOW apr(METHKH €CTh HECKOJIBKO TOTECHIIMAIBHO OIMACHBIX OCOOCHHOCTEeH. Bec oHM uMeET
o0Imiee MPOUCXOKICHUE, & UMEHHO, TOT (aKT, YTO MAHTHCCA U MOPSIOK B MPEICTABICHUN C TUIABAOIIEH 3amsaToi
3aHUMAIOT (PUKCUPOBAHHOE YHCIIO PA3PSIOB.

[Ipu 3TOM yXe Ha CTAaauU 3alMCH YHUCENT B KOMIBIOTEP BO3HUKAIOT OIIMOKU OKPYIJICHHS, KOTOpBIE MPHU
BBITIOJITHCHHHM apU(METUYECKUX JICHMCTBUH HApacTalOT, HAJIW4YUE TMOTPEITHOCTEH OKPYIJICHUS MPUBOIUT K
cne;[ylomeMy HpaBI/IHy HpOFpaMMI/IpOBaHI/ISII Hepa3YMHO CpaBHI/IBaTL B HporpaMMe IBa BCIICCTBCHHBIX 4YHMCJIa HaA
TOYHOE PABEHCTBO;, B pE3y/IbTaTe BBIYUTAHUS BO3HUKAIOT HEJIOCTOBEPHBIC 3HAYamue IU(PBI, KOTOPbIE MOTYT
NIPUBECTH K CEpbE3HONW IMOTEepe TOYHOCTH WM TONYYEHHIO HENPaBHJIBHOTO pe3yibTara; NpuOaBlICHHE WIH
BBIYMTAHHE MaJIOTO YHCJIa MOXKET HUKAaK HE CKa3aThCs HA pe3yibTaTe; MOJYYCHHE OYCHBb OOJBIIMX YHCET MOXKET
BbI3BaTh MEPENOJIHEHUE, WM HCUE3HOBEHHE 4YKclia (MpEeBpalleHUE B HYJb), 3TO MOXET MPUBECTH K aBapUUHOMY
3aBEPIICHUIO TTPOTPAMMBI.

3. IPEACTABJIEHUE TEKCTOBOW UHOOPMALIUU

Bcesikuii TEKCT COCTOUT U3 CUMBOJIOB — OYKB, U(p, 3HAKOB MPETMHAHUS | T.]I., KOTOPhIE YEIOBEK pa3indacT
o HauepTanuio. OHAKO Ui KOMIIBIOTEPHOIO MPEACTaBIEHUSI TEKCTOBOW MH(OpMAlMK TaKOW METOJ HeyqoOeH, a
JUI. KOMITBIOTEPHOM 00pabOTKH TEKCTOB U BOBCE HETIPUEMIIEM.

ITockonbKy TEKCT W3HAYAJIBHO JUCKPETEH — OH COCTOMT M3 OTIEIBHBIX CHMBOJIOB, - JJISl KOMIIBIOTEPHOIO
MIPEICTABIICHUs] TEKCTOBOH WMHGOPMAIIMU HCIOJB3YETCS APYroil cmocod: BCe CUMBOJBI KOTUPYIOTCH YUCIAMH, U
TEKCT MpeACTaBIsAETCS B BUIEe HA0Opa Yucesl — KO0B CHMBOJIOB, €r0 COCTaBIsitonMX. [Ipu BbIBO/IE TEKCTa Ha SKpaH
MOHHTOpPA WJIH MPUHTEP HEOOXOJUMO BOCCTAHOBUT HM300Pa’KEHHUSI BCEX CHMBOJIOB, COCTABISIONIUX JAHHBINH TEKCT.
J1J1s 3TOTO UCTIOJIB3YIOTCS KOJJOBBIE TAOJIUIBI CHMBOJIOB, B KOTOPBIX Ka)KAOMY KOIY CUMBOJIA CTaBUTCS B COOOIIECHUE
M300paKeHNe CHMBOJIA.

Bce konoBble TaONUIBI, KCIOJIb3yeMbIe B JIIOOBIX KOMIIBIOTEpaX M JIIOOBIX ONEPAIMOHHBIX CHCTEMaX,
MOAYUHSIIOTCA MEXIYHApPOJHBIM CTaHAapTaM KOAUpOBaHHUS cUMBOJIOB. Ha 3ape kommbroTepHOi »pbl, korga CIIIA
ObLTH aOCOJIFOTHBIM JIUJIEPOM B OTOM 00JacTH, CTaHAAPTHI pa3padaThiBaIUCh AMEPUKAHCKUM HAIMOHAIBHBIM
WHCTUTYTOM cTaHfaptusanuu (ANSI); BIOCIEICTBUH AJIsl Pa3paOOTKHU ¥ MPUHSATUSI KOMITBIOTEPHBIX CTAaHAAPTOB ObLIa
co3nana MexayHapoaHasi opraHu3anus cranaaptusanuu (1SO).

B mporpammupoBanun Hamboyiee 4acTO HMCHOIB3YIOTCS OJHOOANWTOBBIE KOAMPOBKU: B HUX KOJ[ KaXKIOTO
CUMBOJIa 3aHUMaeT poBHO | Oaiit, uiau 8 Out. [Ipu 3TOM 00IIee KOTUYECTBO pa3iNdaeMbIX CHMBOJIOB COCTaBISET
282256, a KOoAbl CUMBOJIOB HMEIOT 3HaueHus ot 0 g0 255.

HNudopmanuonublii 00béM 010Kka HHPOpPMAIMK HA3bIBAETCS KOJINYECTBOM OWT, OANT WM MPOU3BOIHBIX €IUHHMII (KHIOOAMT,
Mera6aﬁT), H€O6XOJII/IMBIX JUJIS 3aIIMCH OTOT'O OJI0Ka ﬂy’I‘éM 3apaHeC OrOBOPCHHOT O crocoba JABOWYHOI'O KOAWUPOBAHUAA.

[pumep 6. Onenuts B OaliTax 00BEM TekcToBoi mHGpopMmarwu B Croape u3 740 cTpaHuUIl, €COM HAa OJHOW CTPaHUIIS
pasmerntaercst B cpeqHemM 60 ctpok mo 80 cumBoNOB (BKiouas mpobensl). bymem cuuTarh, 9TO MpH 3alMCH WUCTOIB3YeTCs
KOJIMPOBKA «OJIMH CHMBOJI - OAMH 0aiiT». KomndaecTBo cMBOIJIOB BO BCEM cioBape paBHO 80-60-740=3552000. cnemoBatensHO,
00BEM B Oaiitax paBen 3552000 Gaiit = 3468,75 Kobaiit~3,39 MoOaiiT.

OCHOBOI UIsI KOMITBIOTEPHBIX CTaHAAPTOB KoaupoBaHusa nocinyxun ASCII (American Standard Code for
Information Interchange) — aMepUKaHCKHIA CTaHIAPTHBIA KO JJIs oOMeHa uHpopManuen, pazpadoranupiii B 1960-x
rogax u npumensembiii B CIIIA nns mroObIX BUIOB mepenayn MHPOpPMAIUMKM, B TOM YHCIE W HEKOMITBIOTEPHBIX
(tenerpad, dakcummwiIbHas CB3b M T.1.). B HEM wmcmons3yeTcs 7-OMTOBOE KOAMPOBAHHE: OOIIEE KOJIUYECTBO
CHUMBOJIOB cocTaBisieT 27=128, u3 HUX nepBble 32 CUMBOJIA — YIIPABIAIOUINE, & OCTAIBHBIE — «M300pakaeMbIe», T.€.
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uMerolue rpaguueckoe n3o0pakeHue. YIpaBisioliie CUMBOJIbI JOJIKHBI BOCIIPUHUMATBCSI YCTPOMCTBOM BBIBOJA
TEKCTa KaK KOMaH[Ibl, HAalIpUMep:

Kox HeiicTBHE Amrimiickoe
Ha3BaHHe
7 Ilogaua cTaHAAPTEOTC 3BYKOBOIO CHTHAJIA Beep
8 VaaseHue IpeAbIAyLIeTo CHUMBOIA Back Space (BS)
13 [IlepeBop cTpoKH Line Feed (LF)
26 |IIpusuak «KoHel TexcTOBOTO (pafaa» End Of File (EOF)
27 | OrMena npegnlaAyInero BBoga Escape (Esc)

K nzobpaxkaembiM cumBosiaM B ASCII oTHOCSATCS OYKBBI aHTJIMICKOro andaBuTa (IPONUCHBIE U CTPOUYHBIE),
IUQpbl, 3HAKK NPENUHAHUSA U apu(PMETHUECKUX Oonepaluii, CKOOKM U HEKOTOpbIE CIIeIHalbHbIE CUMBOJIBI. XOTS B
ASCII cuMBOIBI KOTUPYIOTCS 7 OUTaMH, B TAMSATH KOMITBIOTEpA O] KaXKblii CUMBOJI OTBOJUTCS POBHO 1 OailT, npu
3TOM KOJI CUMBOJIa IOMEIIAETCS B MJIa e OUTHI, a CTapLInii OUT He ucroib3yercs.  [1aBHBIN HEJ0CTaTOK
crannapta ASCII 3akimoyaeTcsi B TOM, UTO OH pacCuMTaH Ha mepefady TOJIbKO aHrjiauiickoro tekcta. Co BpeMeHeM
BO3HHUKJIa HEOOXOAMMOCTh KOAMPOBAHUS M HEaHINIMHCKUX OykB. Bo MHOrumx cTtpaHax uis 3TOro CTald
paspabarbiBaTh pacmmpeHus ASCII- KonupOBKH, B KOTOPBIX NMPUMEHSIIMCH OJHOOANTOBbIE KOl CUMBOJIOB; MpU
3TOM TepBbie 128 cMMBOJIOB KOIOBOM TabmuIsl coBnaganu ¢ koaupoBkoir ASCII, a octanbhble (co 128-ro mo 255-i)
HCIIOJIb30BAJIUCH ISl KOAUPOBaHUS OYKB HAllMOHAJIBHOTO aji(aBuTa, CAMBOJIOB HAllMOHAJILHOW BaIIOTHI U T.1. M3-3a
HECOIJIACOBAHHOCTH 3TUX Pa3pabOTOK JIsi MHOTUX S3bIKOB OBIJIO CO3/1aHO M0 HECKOJBKY BAPMAHTOB KOJJOBBIX TaOJIHIL
(Hampumep, Uil pyCCKOTO SI3bIKAa UX OKOJIO jecaTkal).

KOUS-P sBnsercs crangaptoMm de facto nns Bcex cimyx0 Hurepnera, kpome WWW. B wactHOCTH, BCe
CIIyKObI JIEKTPOHHOM MO4YThl U HOBOCTell PyHera pabortaroT B 3Toil koaupoBke. Uto kacaetrcs Beba, To 31ech
cutryauus cioxsee. Jleao B Tom, yto 6osee 90% KiaMEeHTCKUX KoMIbloTepoB CeTn paboTaeT moJ ynpaBiIeHHEM
Windows pa3HbIx Bepcuil. Windows ncnoiib3yeT cOOCTBEHHYIO KOJIUPOBKY PYCCKUX OYKB, KOTOPYIO MPUHSATO Ha3BaTh
o HoMmepy KojoBoM crpaHuubl Windows-1251 wnu CP1251. TlocKOdbKy TEKCTOBBIE PENAaKTOphl M CpeICTBa
paspabotku HTML-ctpanun B Windows paboTaroT B 3TO KOIUPOBKE, aOCOIOTHOE OOIBITMHCTBO BeO-10KyMeHTOB
Pynera xpanutcs B koguposke Windows-1251.

Ta6a. 2. Konuposka TekctoBoil unpopmauuu B ctanaapre ASCIL.
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s | P|la|R|SsS|T|lUu|lVv | Ww|xX|Y|zZz|[]|\v]|1]|*]_
a0 = 8z a3 g4 = =13 a7 aa g3 20 21 oz 23 L a5
6| *|a|b|lc|d|le|f|lag|ln|i|ljlk|1|m|n]|o
25 a7 og 292 1100 ( 101 | 102 | 1032 | 104 | 10& | 105 | 107 | 102 | 102 (110 ) 111
Tl plq|r|s|tjul|lv | w|x|y|lz|{]|]| ||~ 10
11z (113 | 114 | 115 | 115 | 117 | 118 | 112 | 120 | 121 | 1z2 | 123 | 1&4 | 1z5 | 126 | 1&7
g |¢c|ii|e|a|la|lala|g|e|e|e|i|]i|i|A]|A

123 | 125 | 130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 135 | 140 | 141 | 142 | 143

9 E = E o o o i i | ¥ 0O 1] £ £ E 3 E F
144 [ 145 | 146 | 147 | 145 | 142 | 150 | 151 | 152 | 153 | 154 | 155 155 [ 157 | 158 | 155

A il 6 |ala B ="z =% %] <>
162 | 163 | 164 [ 165 | 166 | 167 | 162 | 169 | 170 | 171 [ 172 [ 173 | 174 | 175
J dJ il

B  INBERERERERERERRRERE S
179 | 179 120 [ 181 [ 192 | 183 | 184 | 185 | 186 | 187 [ 188 [ 189 | 190 | 191

= [ T T T BT =&

c I [ El E] & @] =]| Fl =|3]=
19z | 193 | 194 | 195 | 196 | 197 | 198 | 193 | 200 | 201 [ 202 | 202 | 204 | 205 | 206 | 207
= -

B | e e [T R g g , r [ W w1 I

zoz | zo9 | 210 | 211 | 212 | z13 [z14 |z15 | 216 | 217 | 218 | 213 [ 220 |z21 | 222 | 223
E|a | B | T | x| |oc|p|t|é |06 |Q|8|w|gp|e|[0N
zzda | z25 | 226 | 227 | zza | zza |z30 | 231 | 232 | 233 | 234 | 235 | 236 237 | 238 | 239
F =]z 2] = 1] = [ = . . ]l =] | m| O
240 | 241 | 242 | 243 | 244 | 245 | 246 | 247 | 248 | 245 | 250 | 251 | 252 | 253 | 254 | 255

KoaWpoeka cMMEONDE, NpegnokeHHaA [B (cooTeeTcTeveT ASCI - KOOWpoEke)

Ipumep 7. CioBo COMPUTER, 3axonupoBanHoe B kojax ASCII BHITISIUT TaK:
cC O M P U T E R
067 079 077 080 085 084 069 082

Ecnau yuectb, 4TO B JIBOMYHOM TMPEACTABICHUU [JIsi KOJUPOBAHUS KaXJIOTO CHUMBOJIA UCIOJIB3YETCS 8-MU
pa3pAIHBIN KO, TO MOJYYUTCS TBOUYHBINA KO IJIMHOW B 64 CUMBOJIA
1000001110011111001101101000010101101010010001011010010

BriocnienctBuu MCNoNb30BaHUE KOJOBBIX TAaOIHIl OBLIIO HECKOIBKO YIOPSA0YEHO: KaXKAOW KOJ0BOM Tabuie
OBLIO NMPUCBOEHO 0CO0O€ Ha3BaHME M HOMEp. YKa3aB KOJOBYIO TaOJMIly, aBTOMaTHMYECKHU BBIOMPAIOT U S3BIK,
KOTOPBIM MOJKHO TIOJB30BaThCS B JOMOJHEHUWE K AaHTJUICKOMY; TO4YHEe, BBIOMpaeTcs TO, Kak OyayT
HMHTEPIPETUPOBATHCS] CUMBOJIBI ¢ KoaMu Oomee 127.

Jlns pycckoro si3plka HanOoJiee pacIpOCTPaHEHHBIMU SIBIITFOTCSI OJTHOOAMTOBBIE KO/JO0BBIe Tabmuibl CP-866
(Code Page), Windows-1251 u KOU-8. B nux nepssie 128 cumBosioB coBnanatot ¢ ASCI/-KOAUpOBKOM, a pycCKue
OYKBBI pa3MeIleHbl BO BTOPOWM YaCTH TaOIMIIBI, OJHAKO KOJbl PYCCKMX OYKB B STHUX KOJHMPOBKAX pa3IUYHbI!
Cpasaure, Hanpumep, koaupoku KOU-8 (Kog O6mena Mndopmanneit 8-0MTOBBIH, MEXTyHApOIHOE Ha3BaHHUE koi-
8r) u Windows-1251, BTopbIe TIOJIOBUHBI KOTOPBIX MpuBeIeHbI B Ta6.1.2 1 3 COOTBETCTBEHHO.

HecoBmaienre K010BbIX TaOJIUI] TPUBOANT K PSIY HEMPUATHBIX d((HEKTOB, HATPUMED, T.K. OJTUH U TOT KE
TEKCT UMEET Pa3InYHOE KOMIBIOTEPHOE MPEACTABICHUE B pa3HBIX KOJUPOBKAX, TO TEKCT, HAOPaHHBIN B OJHOU
KOJMPOBKE, Oy/IeT HeYNTaOeIbHBIM B IpyTo¥i!
IIpumep 8. Bot Tak OyaeT BHIIISAIETD JECATHYHBIA KO CI0Ba «/{MCK» B pa3HBIX KOIUPOBKAX:

KOHU-8 228 201 211 203
Windows—1251 196 232 241 234
CP-866 132 168 225 170

OnHOOaTOBBIE KOIUPOBKH OO0JaAalOT OJHUM CEPhE3HBIM OTPAaHUYCHHEM: KauyeCTBO Pa3IMYHBIX KOJIOB
CUMBOJIOB B JTHX KOJUPOBKAX HEIOCTATOYHO BEIUKO, YTOOBI MOXHO OBUIO TMOJIB30BATHCS OJIHOBPEMEHHO



http://profbeckman.narod.ru/EVM

HECKOJIbKUMU si3bIkaMu. Jljisi ycTpaHeHus 3Toro orpanmueHus B 1993 romy Obul pa3paOoTaH HOBBIM CTaHIAPT
KOJMPOBaHUS CUMBOJIOB, OJTYYHMBIIUI Ha3zBaHue Unicode, KOTOPBIN, TIO 3aMbICITy €0 pa3pabOTYMKOB, MTO3BOJIMII ObI
HCIIOJIb30BaTh B TEKCTaX JHOObIE CUMBOJIBI JTIOOBIX SI3bIKOB MHpA.

Tab6.. 3. Konguposka KOU-8 KOU — Koxg O6mena Undopmanueii] — 8-pa3psaHbiii KoJl, OpUEHTHPOBAHHBINA Ha 0OMEH
coobuieHusMu B IHTEpHET

ANEERRRPRERREBLIAL.

125 123 130 131 152 | 155 154 135 156 137 158 133 140 141 142 | 1435

a [ u o || | < 2 | nbsp J “ 2 * +

144 145 145 147 145 | 143 150 151 152 153 154 155 156 157 155 153

— " T I

=\l F|Elr|r|3|n|n]|t ol 11 F

160 161 162 163 164 165 166 16T 165 163 170 171 72 173 174 175
L = J — — | L | L[] L AL

”’ r =| E ‘” 1 L LU L - | T ‘”’ r

176 7T 178 T3 1&0 151 152 163 164 155 156 187 166 153 130 131

w|la|b6 | u|ln|le|dh|r|x|wmw|A|lk|n|m|H|[o0
132 1335 134 135 136 137 135 133 200 201 202 205 204 | 208 206 207

n H 1) C T b4 H B b bl 3 L 3 11} b | b
208 | 208 | 210 21 212 | 213 214 215 216 217 218 213 220 ] 221 | 222 | 225

)

wiAlb 4| AE|D|T|X HW HIK[IN|WM|H|O

224 | 225 226 | 227 225 | 223 [ 250 23 232 | 233 | 234 | 235 236 | 237 238 | 233

nia(P|Cc|T|¥ K| B|b|bl|3(Wl]3|WL|YH|Db

240 | 241 242 | 243 | 244 | 245 246 | 247 | 245 | 243 | 250 251 252 | 253 254 255

B Unicode na xogupoBanue cumBoiioB orBoautcs 31 our. Ilepssie 128 cumBomnos (koxbl 0-127) coBnanaroT ¢
tabnuueit ASCII; nanee pasmenieHbl OCHOBHBIE all(paBUTHI COBPEMEHHBIX S3BIKOB: OHU MOJHOCTHIO YMEIIAIOTCS B
NepBON YacTH TaOIMIIbI, UX KOABI HE IpeBocxoaaT 65536 (216). A B nenom crannapt Unicode onucbiBaeT andaBUThI
BCEX W3BECTHBIX, B TOM UYHCIIE U «MEPTBBIX» S3BIKOB; IJIA S3BIKOB, UMEIONIMX HECKOJbKO an(haBUTOB (HAIPHUMED,
STMOHCKUN M MHJIMKCKHI), 3aKOAMPOBaHbl BCE BapHUaHThI, B KOJUPOBKY Unicode BHECEHBI BCE MAaT€MaTHYECKHE U
VHBbIE HAYYHBIE CHUMBOJIbHbIE O0O3HAUYECHHS M Ja)K€ HEKOTOpbIe MPUAYMAaHHBIE S3BIKH (HAlpUMeEp, MUCbMEHHOCTU
anbdoB 1o P.P.Tonkueny). moTeHnuanpHas uHGOpMauoHHass EMKOCTh 31-O0utoBoro Unicode CTONbL BeNHKa, YTO
UCTIONIb3YETCSl MEHEee OJIHOM THICSYHON 4acTH BO3MOXKHBIX KOJOB CHMBOJIOB!

B coBpeMeHHBIX KOMITbIOTEpaX M OTIEPAIMOHHBIX CUCTEMAaX HMCIIOJIb3yeTCsl YKOpoUueHHas, 16-0uroBas Bepcus
Unicode, B KOTOpYyI0 BXOJISIT BCe COBpeMeHHbIE an(aBUThI; 3Ta yacTh Unicode Ha3biBaeTCsl 0230BOI1 MHOTOSI3bIKOBOM
crpanuteit (Base Multilingual Plane, BMP). UNICODE — 16 — pa3psHas cuctema kogupoBanus (65536 cuMBOJIOB)
OXBAaThIBAa€T CHMBOJIBI BCEX S3BIKOB (BKIJIIOUAs SI3bIKH, HCIONB3YIOIMIME Heporiudbl, Hampumep, KUTACKUil u
smonckuit). Crangapt Unicode 3.2 mopgepkuBaeT ClEAyOIIHUE S3BIKM HApoAoB Poccuu ¢ JTOMOJHUTENBHBIMU
KHUPWUTHYECKUMH OyKBaMHU: alTalCKUi, OAKUPCKUHM, OYpSITCKUN, MOJTAHCKHH, KaJIMBIIKHH, KOMH, KOPSIKCKHM,
MapuMCKUM, HaHAWCKUM, HEHELKWH, OCETMHCKHM, caaMckuil (0e3 yKka3aHMsd [OJNTOTHl TJIACHBIX), TaTapCKUM,
TYBUHCKHM, YIAMYPTCKUM, XaKaCCKHUM, XaHTBIMCKUM, YyBallICKUW, BEHKUHUCKUN, dBEHCKUW, SIKYTCKUW, KaBKa3CKUE
SI3BIKU ¢ OYKBOM «aJIouKa.

B UNIX-mogoOHBIX oONEparMoHHBIX cHUCTeMax, rae padora c¢ Unicode-TekcTaMu HEBO3MOXKHA U3-3a
0COOEHHOCTEN apXUTEKTYPhI, UCIOJIb3YIOTCS 0COOBIe POPMBI ATOTO cTaHAApTa, KoTophie HazbiBatoTcss UTFE (Unicode
Transformation Form), B HUX CHMBOJIBI KOJAMPYIOTCS MMEPEMEHHBIM KonrdecTBoM OuToB. Hampumep, B UTF-8 KoabI
CHUMBOJIOB 3aHUMAIOT OT 1 10 6 GalTOB.

Taba. 4. Komuposka Windows-1251.
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I Character Map M=l E3

0|1|2|3|4|5|6|7|8|9|A|B|C|D|E|F
p | O[O o|yo|jo|a gyo|jo|jog| g |
1 (o(o(o(oyo(oloyoyol(o(o|jo|o|l0 |
2 PA™ (# 8 | % & ()| |*+]. |- I
3| 0|1|2|3|4|5|6|7|8]|9 i< |=]>|"
1 @ A|B|C|D|E|F|G|H|I KILIM|{N|O
s P|Q|R|[S|T|UIVI W X|Y|Z|[|\V|[]|™]|_
B a|lblc|d|e|flg|lh]|i]|j|[k|]l |m|n|o
i|lplq|r|s|tjujv|iw|/x|y|z|{]|] |} |~]|O
g | B|T [ AT |2 € | %l bl ¢ [ HB|K|R|L
g | | " [*|"|*|=-|—|O| ™ m|» ||k |h|yY
A YIig|J|as|l|!'|§|E|l@|e|a|n]|-|@]|]
g|“ ||l i |FP M| |[€|Ne |»|] |S|s|T
c|/A|B|B|FT|Q|E|X|[3/UWW|KN|MH|O|N
p P|C|T|Y| | X|U|Y| W W b|bllb|2|H|A
E a|6|B|r ale|x® |3 n|A|lk| N M| H|Oo|nNn
Flple|T|y | d|x|u|ly| ww b|e| b|2 | w|A

Taba. 5. lonomauTtensHbIe OYKBHI S36IKOB Hapo0B Poccun, moanepkuBaemele cranaaptom Unicode 3.2

0040 047 (D42 043 044 045 046 (D47 048 043 044 048 [D4C 04D D4E |04F
0fE|A|P|a|plelCd e (T K1 |AIS Y
HE|B|C|6|c|é&wfulelr|« el a5y
2B B T e|T|RIBIELE|F|[HEKER A|H|Y
A r|Y|r|y|ElBlela r|Hlixl|B|alrl|y
el 0o |n|dlelEflE] b |H I s | £l WY
B (0| c |« EENEEE - | R ] 2o | Y
B [ [ (U |w|u|i AINLEDKIBIY 0 |E|O
O EElEEm Wi H| &5
8| J | M (W[ w|w| | KOyz 3@ 4| y|3|&b
9 Ib| A W[ F w | e loyles 3 e W |H s |e | b
Al K bk | bl |[@&ICQHIKIC | h||2|&E
BIRY J1 | Bl | n | b BRSSP 1 K ¢ | h|Y 8|6
K| M| b|m|b [RIBRIC & [KETIE] v | K| 5
LU H |3 | H|a|Hlmla] 6 [KlTle|M| |3
E| Y (O |10]|o|o]| ¥ (216 R K|y (€M |3|¥
FECE T (S| n | a FUf 2l p K v |5 3|¥

C TO4YKH 3peHUs] KOMITBIOTEpA TEKCT COCTOUT M3 OTJEIBHBIX CUMBOJIOB. K 4HCIly CHMBOJIOB ITPHHA/IJICIKAT HE
TONLKO OYKBBHI (3arjiaBHbIe WJIH CTPOYHBIC, JIATUHCKWE WU PYCCKHE), HO W UUQPHI, 3HAKU MPCTHHAHUSA,
criericuMBodibl Tuma "'=", "(", "&" u T.I. ¥ gaxe MpoOENbl MEXKYy CIOBAMHU: ITyCTOE€ MECTO B TEKCTE TOXKE JTOJDKHO
UMETh CBO€ 0003HaueHue. [Ipy Ha)KaTHU KIaBUIIN KIIAaBUATYPhI CUTHAI TIOCHUTAETCS B KOMITBIOTEP B BUJIE TBOMYHOTO
Yucia, KOTOPOe XpaHHUTCS B KoaoBoW Tabsmie. KomoBas tabmwia - 3TO BHYTpEHHEE MPEICTABICHUE CHMBOJIOB B
koMmmeiorepe. Hampumep, OykBa S wummeer koxn 01010011; mpum HaxkaTuu ee Ha KIaBHAType MPOUCXOIUT
JEKOJMPOBAaHUE JBOMYHOTO KOJIa W IO HEMY CTPOMTCS HM300paKCHHE CHMBOJIa Ha JKpaHe MoHUTOpa. Kaxmpri
CHUMBOJI XpPaHHUTCS B BUJIE JBOMYHOIO KOJa, KOTOPBIH SBJISETCSI HOMEPOM CUMBOJIAa. MOXKHO CKa3aTh, YTO KOMIIBIOTED
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“MeeT COOCTBEHHBIN ajidaBHT, IJe BeCh HA0OP CUMBOJIOB CTPOTO yrnopsaodeH. KonmmuecTBo cUMBOJIOB B anipaBuTe
TaK)K€ TECHO CBSI3aHO C JBOMYHBIM MpeACTaBiIeHUEM U y Bcex DBM paBusiercst 256. MHbIMU crioBaMHU, KaxKIbld
CUMBOJI Bcerja Koaupyercs § Outamu, T.e. 3aHUMAET POBHO OJIUH OaMT.

B koMmmbroTepe XpaHHUTCS HEe HadepTaHUe OYKBBI, a €€ HoMep. FIMEHHO M0 3TOMY HOMEpPY BOCIIPOHU3BOJIUTCS
BHJI CHMBOJIa Ha dKpaHe AucIuies win Ha Oymare. [TockonbKy andaBuThl B pa3audHbIX TUIax DBM He MOIHOCTHIO
COBMAJAIOT, MPHU MEPEHOCE C OJIHOM MOJENH Ha JAPYTYI0 MOKET MPOM30MTH MpEBpallEHUE Pa3yMHOrO0 TEKCTa B
«abpakamadpy». Takoit addexT nHorma moaydaeTcs nake Ha OAHOM MAIlIMHE B PA3IUYHBIX MPOTPAMMHBIX Cpeax:
HanpuMep, PYCCKHil TekcT, HaOpaHHbld B MS DOS, Henb3s 0e3 CHenuaabHOro NpeoOpa3oBaHUS NPOUYUTATh B
Windows. Octaercsa yremarb cedsi TeM, 4TO 3aja4ya MePeKOIUPOBKH TEKCTa U3 OJHOW KOJOBOM TaOJHUIBI B APYTYIO
JIOBOJIBHO TIPOCTA U MPHU HAIMYUU IPOrpaMM MallliHa caMa BEJIMKOJIEITHO C HEeH crpaBisieTcs.

HNuTepecHo, YTO KaKAblid CUMBOJI TEKCTAa UMEET CBOM YMCIIOBOM KOJI, HO HE KaXXJIOMY KOJY COOTBETCTBYET
oToOpakaeMblif Ha DJKpaHe CHUMBOJI. Pedr wmuer 00 yHNpaBISIONIMX CHMBOJIAX, BEJIMYMHA KOTOPHIX MEHBIIIE
mecTHaaaTupuaaoro uncia 20 (T.e. 32 B 1eCATHYHON cucTemMe cuucieHus ). [Ipu monmydeHnn 3TuX KOJ0B BHEITHUE
yCTPOMCTBA HE M300paKal0T KaKOT0-IMOO CHUMBOJIA, & BBITIOJTHSIOT T€ WIH UHBIC YIpaBISAIONINe AeicTBus. Tak, Ko
07 BBI3BIBACT MOAAYY CTAHAAPTHOTO 3BYKOBOT'O cUTHaja, a Koja (C - ouncTKy 3kpana. Oco0yro pois UrpatoT Kojabl 04
(mepeBoa ctpoku, obo3Havaemblit yacto LF) u 0D (Bo3Bpar kapetku - CR). IlepBblii BBI3BIBACT MEpEMEIICHUE B
CJICAYIONIYI0 CTPOKY 0€3 M3MEHEHHs TO3WIIMH, a BTOPOM - HAa HAyalo TEKylied CTpoku. Takum oOpazom, ist
nepexoJa Ha Hayalo HOBOM CTpPOKH TpeOyroTcs oba KojJa W B JIFOOOM TEKCTEe dTa «HEpa3IydHas Mapa» KOJIOB
XPaHUTCS TIOCJIE KaXKI0H CTPOKH.

4. NPEACTABNEHUE TPA®UYECKOU MHO®OPMALIUU

[Tonasinsromas 4acte HHPOPMAUK 00 OKPY)KAIOLIEM MHpE YEJOBEK MOTYy4aeT ¢ MOMOIIBIO 3pEHUs — OIS
3puTenbHON uHpopMmaruu coctaBisieT 80% obmero moroka wuHbopmanmu. BaxkHOCTH 3peHHS 00yCIOBIEHA
UCTOPUYECKHUM PpA3BUTHEM UYEJIOBEKa KaK OMOJIOTMYECKOTO BHUAA, IOITOMY 3pHUTENIbHBIE OpraHbl 4YeJOBeKa, W
OCOOCHHO 3pUTEIBHBIC IIEHTPHl MO3ra, IMPEKPACHO MPHUCIOCOONeHBI K 00paboTke WHGOpMAIMU C OOJIBIION
CKOpOCTBIO U B 00NbINX 00bEMax. C MOsBIEHUEM KOMITBIOTEPOB, CIIOCOOHBIX OBICTPO 00pabaThIBaTh HH(GOPMAIIHIO,
Hayasach pa3padoTKa KOMIBIOTEPHBIX METOJOB XpaHEHHUs U 00pabOTKU H300pakeHUH.

PaccmoTpuM Temneps HEKOTOPBIE METOIBI KOJUPOBAHUS H300paKeHUI

[lon kommplOTepHON (MAIIMHHOM) TpauKO MOHUMAETCS COBOKYMHOCTH METOJOB U  MPHEMOB
npeoOpa3oBaHusl MPU MMOMOIIM KOMITBIOTEPA JAaHHBIX B rpaduueckoe mpeacraBieHus. M3o00paxkeHus MOTYT OBITh:
IITPUXOBbIE WU TOJYTOHOBBIE, YEPHO-OENble MM I[BETHbIE. Pa3nuuaioT Tpu BUAA KOMIBIOTEPHOW TrpaduKu:
pactpoBas rpaduka; BeKTOpHas rpaduka; ppakranpHas rpaduka.

Jns xpaHeHuss u 00pabOTKM Tpaduueckod MW 3BYKOBOM HH(pOpMamuum B KOMIIBIOTEpE TPeOYrOTCs
3HAYUTENIbHBIC BBIYMCIIUTENBHBIE PECYpChl (MaMsATh M TPOLECCOPHOE BpeMs), M, KpoMme Toro, oOpabaThiBacMast
nH(pOpPMaIIUK €CTeCTBEHHOTO MPOUCXOXKICHUS JOJDKHA OBITh MPEACTABIIEHA B CHEIMATLHOM KOMIIBIOTEPHOM BHJIE.
I'maBHas mpoGiieMa pa3pabOTKH TaKOTO MPEICTaBICHUS 3aKITI0UAETCS B TOM, YTO KOMITBIOTEP MOKET 00pabaThiBaTh U
XpaHUTh TOJBKO OrpaHUYEHHBIH 00BEM MH(pOpPMAIUU, B TO BpeMs KakK JIIOObIE €CTECTBEHHbIE CUTHAJIbl — HOCUTENN
WH(OPMAIINH, - HETIPEPHIBHBI U HEOTPaHUYEHHBI B IIPOCTPAHCTBE U BPEMEHHU.

Jns mpeoOpa3oBaHus eCTECTBEHHON MH(OpMAIMK B TUCKPETHYIO (hopMy €€ Mo/BEepraroT JUCKPeTH3aAluN U
KBAHTOBAHMIO.

Juckperusamuss — Tpoleaypa YCTPAaHEHHS BPEMEHHON W/WIHM TMPOCTPAHCTBEHHOMN
HEMPCPBIBHOCTH €CTCCTBCHHBLIX CUT'HAJIOB, ABJIAIOIINUXCA HOCUTCIIAMUA I/IH(bOpMaU,I/ll/l.

Puc. 2. [IpocTpaHCTBeHHAs! AUCKPETU3ALNS U300PAKECHHUSI.
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Jlo Toro, kak M300pak€HUsI MOXKHO OymeT oOpabaThIiBaTh Ha KOMIIBIOTEpPE, MX ONMU(POBHIBAIOT (TIpeoOpa3yloT B
ANEKTPUYECKUE CUTHAIBI, MPEACTABISIONINEe HYIH M eAuHUIbI, Hampumep, Oenblii 1BeT mpeoOpasyercs B «1», a
yepHeld B «0». DTOT mporecc Ha3bIBaeTC BHIOOPKA U JUCKPETHU3AITHS.
MuHMMaNBHBINA 3JIEMEHT OLM(POBAaHHOTO M300pakeHUsI Ha3bIBAeTCs MHUKCeN (picture
element - smement kaprtunbl). [{udpoBas kaptuHa mnpencraBisger coboi Habop
nukcenoB.  [Ipy  NPOCTPAHCTBEHHON  IUCKPeTHU3aUMM  H300pakeHUs  €ro
pasouBaroT Ha HeOOJBIIME OO0JAaCTH, B TIpeAeiax KOTOPBIX XapaKTEPHUCTHKU
U300paKeHUs] CUUTAlOT HeW3MeHHbIMH. C WH(POPMAIMOHHONW TOYKH 3pEHUs
rpaduueckoe M300pakeHHE SIBISETCS COBOKYIMHOCTBIO CBETOBBIX CHUTHAJIOB Ha
IUIOCKOCTH: OTAENbHBIE CBETOBbIE CHTHAJIBI PA3IMYAIOTCS MECTOMOJIOKEHUEM,
I[BETOBHIM OTTEHKOM M SPKOCTHIO. LIBET M SApPKOCTH — XapakTEepUCTUKU TOYEK
U300paKeHMs, X MOXXHO H3MEpsTh, T.C. BBIpaKaTh B uuciax. Kak 1BeT, Tak u
SAPKOCTh MOTYT HU3MEPSTHCS HEMPEpPhIBHO, MO3TOMY HUX CIIEOBaJO OBl BBIpaXKaTb
BEIIECTBEHHBIMHM uuciaMu. Ho B 3TOM cilyyae MX HEBO3MOXHO aOCOJIIOTHO TOYHO
npencTaBuTh B KoMmmbilorepe. [losToMy Bce  u3MepsieMble  HENpEpHIBHBIC
XapaKkTEepUCTHKH  (Hampumep, SAPKOCTh TOYEK  H300pakeHUs)  MOJBEPraroT
KBaHTOBAHHUIO.

Puc. 3. KBanTtoBanue uépHo-0e10r0 n300pakeHuUs.

KBantoBanue — nporeaypa npeoOpa3oBaHus HEPEPHIBHOTO JMAa30Ha BCEX BO3MOKHBIX
BXOJIHBIX 3HAUEHUH N3MepsieMOl BEIMYUHBI B AUCKPETHBIN HA00p BBIXOJHBIX 3HAUYEHUI.

[Ipy xKBaHTOBaHMM NMANA30H BO3MOXHBIX 3HAUYECHHN M3MEPSEMON BEIUYHMHBI
pazOuBaeTcss Ha HECKOIbKO JWama3oHoB. [lpum wu3MepeHHH  oOmpeaenseTcs
MO/IINANA30H, B KOTOPBIM NONaAaeT 3HAaYeHHUE, U B KOMIIBIOTEPE COXPAHAETCS TOJIBKO
HOMEp HoAAHaIa30Ha.

Mpumep 9. [Ipy KBaHTOBaHUM IIKAJBI OTTEHKOB CEPOTO IBETA HA/IO0 KAXIOMY OTTEHKY IIOCTaBUTH B COOTBETCTBUE HEKOTOPOE
gucno. YépHOMY LIBETY NPUIMCHIBAIOT HYJIEBOH YPOBEHb SPKOCTH, OEJIOMY — €IMHCTBEHHBIH, 8 IPOMEXYTOYHBIM CEPbIM TOHAM
— Ipo0OHbIe uncna B uHTepBaie ot 0 10 1, BeIpakaroue SpKOCTh OTTEHKA KaK OO OT MAKCUMAIBHON SPKOCTH. DTy BETUUNHY
BBIP@KAIOT B MPOIIEHTaX OT MaKCHUMAaJIbHON SIPKOCTH, T.e. u&pHblil umeet 0% sipxoctu, 6enbrif — 100%. Takoe onmucanne nBera
HETPUTOHO I HEMOCPEICTBEHHOTO KOMIBIOTEPHOTO MPEJCTABICHHUS, TaK KaK BEIIECTBEHHBIC UYMCIAa HEAWCKPETHBI, IS
TOYHOW 3aIiCH MX 3HaYeHUI HEOOXOAMMO XpaHUTh OeckoHedHoe uncio mudp! CnemoBaTenbHo, HAIO0 MPOBECTH KBAaHTOBAHNE,
JUISl Yero Uana3oH 3HaueHHH SPKOCTH pa30MBalOT Ha MOJAMANa30HBI, WIM YPOBHH. B mpumepe auana3oH SIPKOCTH CEPOTO
1Bera pa3buBaeM Ha 6 ypoBHeW pasHoi mupunbl: 0-if ypoBenp — 0-17% wmakcumanbsHOM sipkoctH, 1-it ypoenbp — 0-17%
MaKCHMAaJIbHOM SPKOCTH U T.I1.

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Puc. 4. llIxanel rpaganuii ceporo 1BeTa: a) HempepbIBHAS LIKana; 0) AUCKPETHAs IIKaja

Torma wHTEpBaIBl 3HAUYCHUN SIPKOCTH W HOMEpa YPOBHEH CBSA3aHBI APYT C APYTrOM IPOCTHIM COOTHOIICHHWEM: k-H ypOBEHB

100 100
k-—; (k+1)-*}.
COOTBETCTBYET UHTEpBay: L 6 6 [lo BenmuuHE SIPKOCTH JETKO BBIYUCIUTH HOMEP COOTBETCTBYIOIIETO YpPOBHS:
k=[x-0,06], 3mecr KBagpaTHBIE CKOOKH 03HAYAIOT IENTYI0 YaCTh YMCIIA, X — BEIMYMHA SIPKOCTH, K — HOMED yPOBHSI.
o 70 420 .
[lyctp sipkocTh ceporo orreHka cocraBiser 70%. Ilpu kBaHTOBaHUU ﬁ -6 |= m =4 | aTo 3HaYeHUe momajaeT B 4-i

noaauanasoH (67-83%), mo3ToMy B KOMIIBIOTEPE 3TOT OTTEHOK CEPOTO OyIET 3aKOAUPOBAH IICTIBIM YHCIIOM 4.

Jluckperusanyisi ¥ KBAaHTOBAaHUE BCETJa MPUBOAAT K IMOTepe HEKOTOpod monu uHpopmanuu. Tak,
KOMITHIOTEPHOE M300paKeHHE KUBOMUCHOTO TOJIOTHA BCEI/Ia OTIAMYAETCS OT opuruHaia. M3-3a Gonpmmx pazMepoB
rpaduueckux (ailioB OHU PEAKO XPaHATCS B KOMIIBIOTEPE B HEYNMAKOBAHHOM BHJE. J{1s1 yMEHBIICHUS UX Pa3MEPOB
UCIIOJIb3YIOT CoKaThe HH(POpMaIUH.
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MPOCTPAHCTBEHHON  IUCKpPEAUTAUWMU HM300paXEHUH TOJB3YIOTCS PAcTpPOBBIM M BEKTOPHBIM

npeacTaBieHue rpapudeckoil nHpopmanuu. PactpoBoe npeacTaBIeHHEe MOXHO OXapaKTepu30BaTh Kak MOTOUYCHHOE
IIPEJCTABIEHHE, @ BEKTOPHOE — KaK CTPYKTYpPHOE MPEACTaBICHNE N300 paXKeHHU .

4.1 BekmopHoe npedcmaesieHue

°© o Puc. 5. Co3nanne pucyHKa U3 OT/IEIBHBIX JJIEMEHTOB.
u BCKTOpHOC npeacTaBJICHUC OIIUCBIBACT, KakK MMOCTPOUTH HUCXOJHOC

U300pakeHre MpPU MOMOIIM CTAaHAAPTHBIX T€OMETPUUYECKUX (PUTYp U3 3apaHee

ompenenéHHoro HaOopa, Hampumep, u3 OTpe3koB U Ayr. OHO HCHONB3YeT YHUCIOBbIE (HOPMYINBI, ArOIIHe

~

C

— B

MaTeMaTHIeCKOe OMUCAHHE OOBEKTOB (TEOMETPUUCCKUX (BUTYP WIH JTUHHUN, KPOME TOTO OHO
00BIYHO MHOTOCJIONHO). Korga BeKTOpHBIE M300pakeHUsl TEPEChUTAIOTCS HA MOHHUTOP WIIH
NPUHTEP, TO OHU TPEOOPA3YIOTCS B MUKCEIBl B COOTBETCTBHUHM C Pa3MepaMH BBIBOIMMOTO
uzoOpaxenus. [‘eomerpuueckne (GUTypsl HW3 CTaHAAPTHOrO Habopa HA3BIBAIOTCA
AJIEMEHTAPHBIMU (PUTYpaMH, WU NMPUMHTHBAMH. [1oCTpoeHHE BEKTOPHOTO MPEACTABICHUS
HA3BIBAETCS BEKTOpH3aIeil n3o0paxenus. [Ipu BBHIOTHEHUN BEKTOPHU3AINH U300paxKeHHE
AHAITM3UPYIOT, pa30MBAIOT HA MPUMHUTHUBBL, & 3aTEM COXPAHSIOT HX MapaMeTpPhI: TOJOXKCHHUE,
pasMepsl U IBET.

Puc. 6. Coznanue yeprexa U3 OTAEIbHBIX JIUHUIA.

Kaxapiii 37MeMEHT BEKTOPHOTO HW300pa)KeHHsI SBISETCS OOBEKTOM, KOTOPBIi
OIMCHIBAETCS C MOMOIIBIO CIENHUAIBHOIO SI3bIKa (MaTeMaTUYECKUE YPAaBHEHUS JIMHUH, AYT,
OKPYXHOCTEH M T.JI.) M pacroyiaraeTcsi B CBOEM COOCTBEHHOM clioe. B ocHOBe BEKTOpHOI
rpaduKy JexaT MaTeMaTHYECKHE TPEICTABICHUS O CBOMCTBAX T€OMETPHUYECKUX (UTYD.

OcHoBHBIE Tpaduyeckue MPUMUTHBBI: TOuka (3afaércs IByMs uuciaamu (x,)), NpsMas JUHHUS (OMHMChIBaeTCA

ypaBHeHUEM y=kx+b), OTpe30K MpsMOHM (KOOpAMHATHl Hayala M KOHIIA OTpe3Ka), KpHUBas BTOPOro MOpsIKa
2 2

(x"+a;y +axy+asx+asy+as=0), kpuBas TpeThero NOpsiJiKa, KpuBbie be3be.

0oOBIYHAs
porpaMMamH.

MHorue BuIbl M300pakKeHHUH IO CBOEH MHPHUPOJIE XOPOIIO CTPYKTYpUPOBaHbI U
HO3TOMY YJOOOHBI JUIsl BEKTOPU3ALMHM: 3TO TIpadUKH, IuarpamMmbl, 4EepTEKH, CXEMBI,
TUTaKaThl, KapThl, CHMBOJIbI, TepObI U (pJIard, JIOTOTUIIBI, BCEBO3MOXKHBIE CTUIIM30BaHHBIC
HU300pakeHUSI.

Puc. 7. 'eomerpuueckue Gurypsl — 4€pHO-O€IIbIe TPUMUTHBHI.
Bce 00bekThI nMeroT aTpuOyTHI (cBOicTBA). K 3THIM cBolicTBaM oTHOCATCA: (hopma

JWHWY, €€ TOJIIWHA, I[BET, XapaKTep JMHUH (CIUIONIHASA, MyHKTUPHAA M T.1I.). OOBEKTHI
MOTYT T'PYHIHMPOBATHCS B CIOM C OOLIMMM XapakTepucTHkamu. KoiuuecTBo 1BETOB, B

OTJIMYUHM OT pacTpoBod rpaduku, Ha pasmep (aiina mnpakTuyeckun He BiuseT. Dailibl
BEKTOPHON Tpa(UKH CIIOCOOHBI COAEpPkaTh PAacTPOBBbIE M300pa)Ke€HHs B KAaueCTBE OJHOIO U3
THIIOB OOBEKTOB.

Puc. 8. [[BeTHBIC IPUMUTHUBBI.

Hpumep 10. JIx000ii yepTEX CONEPKHUT OTPE3KH, OKPYKHOCTH, IyTH. BekropHoe Pactposoe
IlomoxkeHne KakAOro OTpe3Ka Ha UYEpPTEXKe MOXKHO  3a1aTh
KOOpAMHATAMH JABYX TOUYEK, ONPEACNSIONIMMHU €ro Havyajlo U KOHell;
OKPY’KHOCTb — KOOpAMHATaMM IIeHTpa W [JIMHOM paauyca; Iyry — paahycoM, a Takxke N S
KOOpAMHATaMM Hadaja ¥ KOHUA Ayru. Kpome Toro, s KaxIoi JUHUM MOXHO yKas3aTb e€
TUN: TOHKas, MIPUXMYHKTHpPHast W T.1. Takas WHpOpMauus BBOAWUTCA B KOMIBIOTEP Kak

n3obpaxexue u3obpaxeHne

HopmansHbiit paamep

OykBeHHO-LIM(ppoBas © oOpadaTeiBaeTCs B JalbHEWIIEM CIEIHATbHBIMHU Yeenusenni paswep
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Puc. 9. CpaBHeHMe BIMSHHS YBEIUYCHUS HA N300paKeHNE
IpY BEKTOPHOM U PacTpOBOM HOIXOJIE.

1200 dpi

JloctouHcTBa BeKTOpHOU Tpaduku: OOBEKTHI
BEKTOPHOTO HM300pakeHHs B OTJIMYUE OT PAaCTPOBOI
rpauKu , MOTYT U3MEHATH CBOM pPa3Mephl 0€3 MoTepH
KadecTBa (MpH YBEJIIMYEHUN PACTPOBOTO M300paKEHUS
YBEJIMYUBACTCS 36PHUCTOCTH ).

Tleuats UprHG-IOC'I‘I: ;211{ :;)Hmvepgx ¢ Pa3JIHIHBIM PaspelleHHEM: Ona HCTIONb3YeT Bee TperMyIIEeCTBa

pHadA, 6 pacTpoRad.

paspemaromeii  CrocoOHOCTH JI0O0ro  ycTpoiicTBa

BBIBOJIA, YTO IO3BOJIIET M3MEHATH pa3Mepbl BEKTOPHOTO PHCYHKa 0e3 MOTeph ero KadecTBa. BekTopHbIe KOMaHIIbI
MIPOCTO COOOIIAIOT YCTPOMCTBY BBIBOAA, YTO HEOOXOIMMO HApHUCOBAaTh OOBEKT 3aJaHHOTO pa3Mepa, HCIOJb3Ys
CTOJIBKO TOYEK, CKOJIBKO BO3MOXKHO. BekTopHast rpaduka mo3BOJISIET pelaKTHPOBATh OTACIbHBIC YaCTH PUCYHKa, HE
OKa3bIBasi BIMAHUS HAa OCTAJbHBIE (B PAaCTPOBBIX M300PAKEHHUSX MPHUILIOCH OBl PEJAKTHPOBATH KAXIIbIA IHKCEI).
BekTopHble n300paskeHns1, HE COACPIKAIINE PACTPOBEIX 00BEKTOB. 3aHUMAIOT B MAMATH KOMITBIOTEPA OTHOCHTEIBHO
Hebonpmoe Mecto (B 10 — 1000 pa3 MeHsble, 4YeM €ro pacTpoBbIi aHajor). BekTopHble H300pakeHUs! MO3BOJSIOT

1 N 2 OMHCHIBATh TPEXMEPHBIC (00BbEMHBIC) (DUTYPHI.

f‘ } | Puc. 10. Hekas HCKYCCTBEHHOCTh BEKTOPHOT'O N300pakeHUsl.

LI -

' ' Henocrtatku BekTopHO#M Tpaduku: PUCYHKH 9acTO BBITJSIAT TOCTATOYHO
: HCKYCCTBEHHO, TaK KaK OCHOBHBIM KOMIIOHEHTOM BEKTOPHOT'O PUCYHKA SIBIISICTCS
npsiMasi JIMHKUS, @ OHA B MPHUPOJE BCTpedaeTcs penko. Bo3MOkHBI MpoOIeMbl
neyaTu, Kak HpaBI/IJIO, CJIOKHBIX pI/ICyHKOB Ha OTACJIBbHBIX THUIIAX HpI/IHTepOB n3-
3a TOT'0, YTO HE BCE KOMAaH/Ibl MOTYT UMH TIPABUILHO HHTEPIIPETUPOBATHCS.

4.2 Pacmpoeoe npedcmaessieHue
B oTiimdme oT XOpoIIo CTPYKTypHUPOBAHHBIX H300paXCHUH CYIIECTBYIOT N300pakeHUs, KOTOPBIE BOOOIIE HE
UMEIOT 4€TKOM CcTpykTyphl. K HUM oTHOcsATCS ¢ororpaduu, *KUBONMCHBIE MOJOTHA, PYKOMHCHBIE TEKCTHI M T.[.
Takue nM300pakeHUsT KpaiiHe HEYAOOHBI JUIs BeKTOpH3auuu. J[Jis XpaHeHUs MOJTOOHBIX HM300paKEHUN HCIOJIB3YIOT
pacTpoBoe npeacTaBeHue: BCE N300paXeHe pa30MBaAeTCsl HA MHOXECTBO OYEHb MaJICHBKUX AJIEMEHTOB, IPUIEM,
B OTJIMYHME OT BEKTOPHOTO MPECTABICHHS, pa3Mephl U TIOJ0KEHHUS 3JIEMEHTOB 3aJal0TCs 3apaHee U COBEPIICHHO HE
3aBUCAT OT CaMoro m3oOpakeHHs. B mpenenax KakIoro Takoro 3jeMeHTe M300paKeHHWE CUMTACTCS OJHOPOIHBIM,
T.€. UMEIOIINM OJIH U TO K€ IIBET.
! F .

Puc. 11. XpaHeHue 1 BOCCO3/JaHUE PACTPOBOTO U300PKECHHS

[Topsimok  pa3OueHust W300paKeHHWs] Ha  JIEMEHTHI
Ha3bIBACTCS PACTPOM, a CaMH DBJEMEHThl — TIHKCEISIMHU.
IIukceanm — aTtombl PacTpOBOrO0 H300pa)KEeHUS, HAa MEHbIIUE
YyacTu ero He AendT. IIukcenn oueHb Majibl U UX OTOXKECTBISIIOT
¢ toukamu. [Ipouenypa pa3zOueHus HM300pakKeHHUS HAa TMUKCEIH
Ha3bIBACTCS pacTepU3alMel WK OLU(PPOBKON H300pasKeHUs.
XpaHeHHe pHUCYHKa B BEKTOPHOW (opMe OOBIYHO Ha HECKOJBKO
MOpsAAKOB COKpamacT H606X0):[I/IMLII71 00BEM IaMSITH IO CpPaBHCHUIO C

YacTs H308padKeHua
IIPH VESMMEHMM B 7 pasz
pactpoBoii (OpMO MpeaCTaBICHHUSL.

PacTp — cnenmuanbHBEIM 00pa30M OpPTaHW30BAHHAS COBOKYITHOCTH MHUKCENEH, MpecTaBisftomas n3oopaxkenne. KoopawHarsl,
(hopMa 1 pazMep MUKcenel 3aJarTcsl MPH ONpe/ielieHuH pactpa. VI3MeHseMbIM aTprOyTOM SIBJISICTCS IIBET.

PactpoBas rpaduka sBiseTCs yHUBEPCAIbHBIM CIIOCOOOM KOAMPOBAaHUS KaK IMOJyTOHOBBIX TaK U IITPUXOBBIX
n300paxkeHuil. JT0 cnocod KOAMPOBAaHUSA H300pakKeHHs, NMPU KOTOPOM OHO IMPEJCTaBISETCS B BHJE MATPHUIIbI
a5eMeHTOB (bitmap). DeMeHTbl MaTpUllbl Ha3bIBAIOTCA NHKCENb (pixels) — COKpalleHue OT picture elements.
KommproTep 3amoMuHaeT IBETa BCEX IHMKCEIOB MOIPAN B omnpeAenéHHoM mopsiake. [lostomy pactpoBbie
n300pakeHus TpeOyIoT AJIsl XpaHEeHUs! OONBIION 00bEM MaMATH.

B TexHHKe 1 KOMIIBIOTEPHOH rpaduKe yaiie BCETo UCIOIb3YeTCs MPSMOYTOJIBHBINA PacTp, B KOTOPOM MTUKCEIN
COCTaBJIAIOT IPSMOYTOJIbHYIO MaTpHIly, €€ OCHOBHBIMHU MapaMeTpaMHU SIBISIOTCSA pa3Mepbl pacTpOBOM MaTpHIIbI, T.€.
KOJIMYECTBO CTOJIOIIOB M CTPOK, COCTaBJICHHBIX M3 MHKCeNeH. [J1aBHOE MPEerMyIIEeCTBO MPSIMOYTOJIBHBIX PacTpPOB
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3aKJII0YAeTCs B TOM, YTO MOJIOKEHHE Ka)I0ro MHUKCeNs Ha 3KpaHe (WM M300pakeHHWH) MOKHO BBIYMCIIHTD, 3HAS
TOJIBKO pa3Mepbl PacTpOBOM MaTpPUIIbl M JIMHEHHBIE pa3Mepbl MUKCENIeH MO0 IUIOTHOCTh pa3MELICHUs MHUKCeNeH,
KOTOPYIO OOBIYHO M3MEPSIOT B KOJIMYECTBE TOYEK Ha MtouiM (dpi, Dots Per Inch). JIns 3TOro 10cTatovyHO BBECTH
MpaBWIa NepeynciaeHus nukcenei. Hanmpumep, B MOHUTOpax MEpCOHAIBHBIX KOMITBIOTEPOB MUKCEIIH TEPEUUCIIAIOTCS
CJ€Ba HANpPaBO M CBEPXY BHU3: CIIEpPBA HYMEPYIOTCS BCE IHKCEIM B BEPXHEH CTPOKE CIIEBA HAIPaBO, 3aTEM
HyMepalus POJ0JKAETCS HAa HIKIIEKAILEH CTPOKE U T.JI.

Mpumep 11. Gotorpadus coxpanena B popmare JPEG ¢ pazmepamu 768x576. DT0 3HAYHT, YTO MATPHILIA TUKCENEH COCTOUT M3
768 cronbioB u 576 crpok. OneparoHHbIE CUCTEMBI ¢ TpadUUeCcKUM IOJIb30BaTelbcKiuM uHTEpdeiicom (Windows, MacOS,
rpaduyeckas moxacucrema X Windows B UNIX u T.1.) TPEACTaBISIOT SKpaH JTUCIUICS KaK pPacTpoBOE NPSIMOYTOJBHOE
n300pakeHne HekoToporo pasMepa (Hampumep, 800x600 umu 1024x768 nukcenei).

KBanroBanue (koaupoBaHHE) I[BeTa Oa3upyeTCcsl HAa MATEMaTUYECKOM OIKMCAaHUU 1[BETA, KOTOPOE, B CBOIO
ouepeib, OMUpaeTcss Ha TOT (aKT, YTO LIBETa MOXXHO M3MEPSTh M CpPaBHHBATh. HayuHas AMCUMIUINHA, MU3ydaromias
BOIIPOCHI M3MEPEHHS] LBETOBBIX XAapaKTEPUCTHUK, HA3BIBACTCS METPOJIOTHEH IBETa, KOJIOpuMeTpuer. Yenosek
00Ja/1aeT O4YEHb CIOKHBIM IIBETOBOCIIPUATHEM, METPOJIOTHEH 1BETa, WU KolopuMmeTpueil. UenoBek obnagaeT oueHb
CJIO)KHBIM LIBETOBOCIIPUATHEM, JIOCTATOYHO 3aMETHTh, YTO 3PUTEJIBHBIE LIEHTPHI MO3ra y HOBOPOXAEHHBIX JAETEU B
TEUECHHE HECKOJIbKUX MECSLEB TOJBKO TPEHUPYIOTCS BUIETh. 1103TOMYy M Maremarnueckoe OINMCAHUE LBETA TOXKE
BECbMa HETPUBHUAJIBHO.

3akonsl ['paccmana:
3aK0H TPEXMEPHOCTH: C MMOMOIIBIO TPEX JIMHEWHO HE3aBHCHMBIX IBETOB MOYKHO OJIHO3HAYHO BBIPA3UTh JItOOOU 1BeT. [[Bera
CUUTAOTCA JIMHCUHO HE3aBUCUMBIMU, €CJIIM HUKAKOW U3 UX HEJIB3A IMOJIYYUTDh ITYTEM CMCIICHUS OCTAJIbHBIX.
3aKOH HeNpepbIBHOCTH: NPU HENPEPHIBHOM H3MEHEHHHM COCTaBa LBETOBOM CMECH PErYJIUPYIOUIMH IBET TAKXKE MEHSETCS
HerpepbIBHO. K 11060My 1IBETY MOKHO 10100paTh OECKOHEYHO OIU3KHI IBET.

B kommeroTepHON Tpaduke CYIIECTBYIOT JBa MPOTHBOIIOJIONKHBIX METOJA €ro ONHCAHHS: CHCTEMBI
aJIUTUBHBIX U CYOTPAKTUBHBIX I[BETOB.

AJJIMTUBHBI T[BET TMOJIy4aeTCs TPU COSAWHEHHMH JIyded CBeTa pa3IUYHBIX IBETOB. B 3TOl cucreMe
UCTIONIB3YIOTCS TPU OCHOBHBIX IIBETa: KpacHBIM (red), 3enéuulii (green) m cunuii (blue), (RGB). CmemmunBas Ux B
Pa3HBIX MPOIMOPIHUAX MOXKHO IMOJYYHTh JIOO0OW 1BeT. B cucTtemMe CyOTpaKTHBHBIX IBETOB MPOUCXOIUT OOpATHBIN
MpoLIeCC: IBET IMOJy4aeTcs, BbIUMTAs Apyrue IBeTa u3 oOIIero iy4da cBeTa. B cucteme cyOaTpakTHBHBIX I[BETOB
OCHOBHBIMH SIBJISIFOTCS TOIYOOU (cyan), mypnypHbIi (magenta) u xéntoiii (vellow) nueta, (CMY) MpOTHBOIOIOKHEI
KpacHOMY, 3e1€HOMY U cuHeMmy. [Ipumenstotces tak sxe CMYK (Cyan-Magenta-Yellow-blacK, rony6oii-mypnypHBbIid —
wENTeI-u€pHbiil); HSB (Hue-Saturatin-Brightness, 1BEeTOBOI OTTEHOK — HACBIIIIEHHOCTb-SIPKOCTH ).

SpkocTh — XapakTepHCTHUKA 1[BETa, OMpe/eNieHHe KOTOPOl B OCHOBHOM COBIAJAeT C OBITOBBIM MOHSTHEM
SPKOCTH U (PU3NICCKUM TOHSTHEM OCBEHIEHHOCTH WM CBETUMOCTH. SIPKO-KpacHBIi M TEMHO-KPACHBIA I[BETa
pazIUYaTCI UMEHHO SIpKOCThi0.  C  (U3MYecKol TOYKH 3peHHs, SPKOCTh — KOJMYECTBEHHAs Mepa IOTOKa
CBETOBOM SHEPTHH, U3ITYIaeMOU WM OTPaXKaeMOil MpeIMETOM B CTOPOHY HabOmoaaTens. Tak, mpu SPKOM COTHEUHOM
CBETE M B CyMEpKaxX OJUH U TOT K€ LBETHON PUCYHOK BBIMJISLAUT MO-pazHOMY. lIpu 3TOM IIBETOBBIE OTTEHKH HE
MEHSIOTCSI, PA3TUYHBIME OKA3bIBAIOTCS JIUIIH SIPKOCTU [BETOB. L[BETOBOH OTTEHOK M HACHIIIEHHOCTH — J[BE APYrUe
HEe3aBHCHMBbIE XapaKTepUCTUKH 1BeTa. IlycTh y Hac ecTh HaOOp Kpacok pa3Horo 1sera. CMeneHHeM pa3iudHbIX
KpacoK MeXIy coO00oi MbI Oy/ieM IMoJIydaTh HOBBIE I[BeTa. Hampumep, cMech paBHOTO KOJUYECTBA KENTON M CHHEU
Kpacok JacT 3eléHylo Kpacky. L[BeToBOil OTTEHOK, MM I[BETOBOM TOH paccMaTpHUBAEMOro OOBEKTa CBA3aH CO
CHEKTPAIBbHBIM COCTaBOM M3Ny4eHus. I1o iBeTOBOMY TOHY 00BEKTa MBI MOKEM CYIHUTh 00 OKpacke 00BEKTa — CHHEH,
3en€HOM, KpacHO! U T.1. OTIeIbHbIE YYACTKU BUAMMOIO CIIEKTPA BBI3BIBAIOT OIIYIIIEHUS PA3IMUHBIX I[BETOB.

HacpllmeHHOCTh XapakTepu3yeT CTENeHb pa30aBiieHHs IIBETOBOrO TOHA OenbiM mBeToM. Hampumep, eciu
SPKOKpacHYI0 (HACBIIEHHYIO) KpacKy pa30aBUTh Oesoi, TO e€ IBETOBOI OTTEHOK OCTaHETCS MPENKHUM, U3MEHHUTCS
TOJIBKO HACBIIIEHHOCTh. POBHO Tak K€ KOPUYHEBBIN LIBET, XKENTHIM U JIUMOHHBIM MMEIOT OJIUH U TOT € LIBETOBOM
OTTEHOK — OKENTBIA, WX pa3juude 3aK/IOYaeTcsi B HACHIIIEHHOCTH IIBETOBOTO OTTeHKA. HawmbombIeit
HACBIIICHHOCTHIO 00JIaZaeT CBET OT MOHOXPOMHOTO HMCTOYHHMKA. OTMETHM, 4TO sl Oenoro m 4€pHOTrO IIBETOB
HACBIIIEHHOCTh cocTaBisgeT 0%, T.e. 3TH 1BeTa He 00JIaTAI0T HACBIIIIEHHOCTHIO. IMEHHO 03TOMY, OIMENINBAs UX K
IIBETHOHM Kpacke, Mbl MEHsIEM €€ HACBIIICHHOCTh, & HE OTTEHOK.

BaxHoii XxapakTepuCTUKOH SBISETCS KOJIMYECTBO IIBETOB, 3aKOIMPOBAHHBIX B ¢aiine. [[BeT kakaoro nukcena
KOJMPYETCsI OTPeIeIEHHBIM YHCIOM OUT, 3Ta XapaKTePUCTUKA Ha3bIBaeTCs IIyOMHON nBeTa. Eciu s KoIupoBKH
OTBECTH JIMIIb OJUH OUT, TO KaXKIIbIi MUKCEN MOXET ObITh 1100 OenbiM (3HaueHue 1), mubo uépHbiM (3HaUeHHE 0).
Takoe n3o0OpakeHue Ha3bIBAIOT MOHOXPOMHBIM (monochrome). 8-0UT — 256 pa3IWYHBIX LIBETOB WM CEPOTO I[BETa
(mosyroHoBoe). 16-6ut — 65536 pasnuunbix 1BETOB (high color). 24 6urta -224=16777216 pa3nIu4HbBIX LIBETOB U
orreHkoB (True Color).

JlocTouHcTBa pacTpoBoii rpadguku. PactpoBbie H300pa>keHUs BBITJISAST BIOJTHE PEATUCTUYHO. ITO CBSI3aHO
CO CBOWMCTBAaMH YEJIIOBEYECKOTO TJIa3a: OH MPUCIOCOOIICH U BOCTIPHSITHS PEaJbHOTO MHpa KaKk OrPOMHOTO Habopa
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IMCKPETHBIX JJIEMEHTOB, 00pa3ylomux NOpeaMeTsl. JIerko ympaBiaTh BBIBOJOM H300pakeHHS Ha YCTPOWCTBA,
MIPECTABISAIONINE U300paKEHHS B BUIE COBOKYITHOCTH TOYEK NMPHUHTEPHI, (HOTOHAOOPHBIE aBTOMATHI.

Henocrarku pactpoBoii rpaduku. bonbpmioit o0bEM mamsaTH, TpeOyeMblid Uil XpaHEHHS H300pa’KeHUS
XOpOIIEro KauyecTBa. TpPyIHOCTH peJakTHpoBaHUs M300pakeHuil. Tak kak camu HM300pakeHUS 3aHUMAIOT MHOTO
MaMATH KOMITBIOTEPA, TO, OYEBHIHO, M JUIS MX PEAAKTUPOBAHUS MOTpeOyeTcsl Takke MHOro mamstH. Kpome Toro,
NpUMEHEeHHEe (UIBTPOB CHEHUATBHBIX APPEKTOB K TAKUM H300PKEHHUSIM MOKET 3aHATh OT HECKOJIBKUX MUHYT J0
Yaca B 3aBUCUMOCTHU OT UCTIOJIB3YEMOT0 000PYIOBaHUS.

4.3 LJeemoenie modenu

4.3.1 RGB

RGB (Red, Green, Blue - xpacHbli, 3e¢JIEHBIN, CUHUN) - aJUTUBHAS I[BETOBAs MOJICIb, OMHUCHIBAIONIAS CTIOCOO
CUHTE3a I[BETa JJISl I[BETOBOCIPOM3BE/ICHUSI. BBIOOP OCHOBHBIX I[BETOB OOYCIIOBJIICH OCOOEHHOCTSIMH (DU3HOJIOTHH
BOCIPUATHS IIBETa CETYATKOM ueroBeueckoro riasza. llperoBas monens RGB Hama mmpokoe mpumeHeHHE B
TEXHUKE. AJTMTUBHOM OHA HA3bIBACTCS MOTOMY, YTO IIBETa MOJy4aroTcs NMyTéM aoOaBiieHus K 4€pHoMmy. MHaue
TOBOPSI, €CJIM 1IBET dKPaHa, OCBEIIEHHOTO I[IBETHBIM MPOKEKTOPOM, 0O03Hauaercs B RGB kak (71, g1, b1), a IBET TOTO
K€ DKpaHa, OCBELICHHOI'O JPYIMM IPOXKEKTOPOM, - (72, g2, bz), TO IpU OCBEUIEHUM ABYMS MNPOKEKTOPAMH IIBET
sKkpaHa Oyner o0o3HavaTbes Kak (r1+72, g1+g2, bitby). U300paxkeHue B JaHHOM 1IBETOBOM MOJENU COCTOMUT U3 TPEX
kaHanoB. [Ipu cMmemeHuH OCHOBHBIX IIBETOB (OCHOBHBIMM ILIBETAMM CUWTAIOTCS KpPACHBIM, 3€NEHBIH U CHUHUN) -
Harmpumep, cuHero (B) u kpacHoro (R), MbI moyly4aeM mypiypHsliii (M magenta), nipu
cmemenun 3eneHoro (G) m kpacHoro (R)- xéntelii (Y yellow), mpu cMemeHUH
3esneHoro (G) u curero (B) - nnanoBbii (C cyan). Ilpu cmereHnn Beex TPEX MBETOBBIX
KOMITOHEHTOB MBI Moy4daeM Oebii uset (W).

Puc. 12. AQnuTHBHOE CMEILIEHUE IBETOB.

JlanHass Mozenb HMCHONB3YeTCs NpPU OTOOpakKeHUH TpaUuecKux Ha JKpaHe
MOHHTOpA, TENeBU30pa, COTOBOTrO TelnedoHa W T.1. B TeneBu3opax MU MOHHTOpaAx
NPUMEHSIOTCSI TPU DJIEKTPOHHBIE MYIIKH (CBETOIMO/A, CBETOPMIBTPA) A KPAaCHOTO,
3eNIEHOT0 ¥ CHHEro KaHaJIOB.

CMmenieHreM TpEX OCHOBHBIX 1IBETOB CUHTE3UPYIOTCSI BCE OCTAJIbHBIE 1IBETA, UX YCIOBHBIE IPKOCTH
(MHTEHCHUBHOCTH) 33/1al0TCA BelleCTBeHHbIMU unciaamu oT 0 10 1 (3HaueHue 1 cOOTBETCTBYET MaKCUMaIbHON
SIPKOCTH COOTBETCTBYIOIIETO IIBETA, KOTOPYIO MOXET U300pa3uTh rpaduieckoe yctpoiicteo). Monens RGB
orpezesieT MPOCTPAHCTBO IBETOB U BUI€ €AUHUYHOTO Ky0a C OCIMH «IPKOCTh KPACHONH KOMIIOHEHTBI», «SIPKOCTh
3€JIEHON KOMIIOHEHTBI» U «IPKOCTh CHHEN KOMIIOHEHTBI».

1

Puc. 13. OtHOCUTENBHAS CLIEKTPAJIbHAS YyBCTBUTEIBHOCTD YEIOBEYECKOTO

riasa.
T T T T T T T 1

g g L%" g g VY uBetoBoit monmenu RGB ects dusnonornyeckoe oOOCHOBaHHE.
g g S £ Z YenoBedeCKUH IJIa3 COACPKUT YETHIPE THIIA 3PUTEIBHBIX PELENTOPOB:
«MAJIOYKW»  (pelenTopbl HMHTCHCUBHOCTH) W TPH THIA «KOJOOYEK»
T ROTGOTeR Tnamason Maxcmmyn (peuenTopsl IBETOBBIX OTTEHKOB). Kon60q1<‘1.4 KaJ10r'0
JINH BOAH YyBCTBHTEMbHOCTH TUMA YYBCTBUTEIBHBI K CBETY B CBOEM Y3KOM
Kpacusie ot 760 110 550 uM ~610 M JMarna3oHe JUTMH BOJIH, JUIsl KOJIOOYEK pa3HBIX THIIOB
SeeHbIe ot 650 10 450 HM ~550 HM MAaKCUMyMbl ~ YYBCTBUTEJIIBHOCTH  MPUXOAATCS  Ha
Cuune ot 550 o 380 HM 450 "M pa3Hble IJMHBI BOJIH, JHMANa30Hbl YYBCTBUTEIBHOCTHU

O6mu# cnektp | ot 760 g0 380 uM | 555 uM (gHeBHoe apenue) | JACTUIHO IICPEKPBIBAIOTCS:
BHAMMOrO CBETA 510 EM (HOYHOe 3pPeHHe) HNmenno Osarogaps HEPAaBHOMEPHOM

CHEKTPAJIbHOM UYyBCTBUTENIIBHOCTH U MEPEKPHITHIO
JMANa30HOB YyBCTBUTEIIBHOCTU YEJIOBEUECKUX I71a3 CHOCOOEH pas3MdaTh OrPOMHOE KoiaudecTBO LBeToB (10
MWIIHOHOB). Ecnu HampaBuTh B TIjla3 CBETOBOW CHUTHal C NMPaBWIBHO NOJOOPAaHHBIM COOTHOLIEHHEM SIPKOCTEH
KpacCHOro, 3€JIEHOr0 M CHUHEI0 OBCTOB, TO 3PUTCIBHBIC LNCHTPLI MO3ra HC CMOTYT OTJIMYUTL IMOAMCHY W CACIAIOT
BBIBOJI, YTO HaOmromaercss HyXHbIM 1Ber! Takolf MeXaHW3M CHHTE3a LIBETOBBIX OTTEHKOB MCIIOJIB3YETCS BO BCEX
COBPCMCHHBLIX TUITIAX BCTHBIX MOHUTOPOB, TCIICBU30POB, JUCIIJICCB COTOBBLIX TeJIe(l)OHOB.
YroObl HCMOJIB30BaTh MaTeMaTHuecKylo RGB-mojens [Uisi peajbHOr0 KOMIBIOTEPHOIO IPECTABICHHS
rpaduveckoil nHpOpMaIK, HEOOXOIMMO MPOU3BECTH KBAHTOBAaHHE I[BETOBOTO MPOCTPAHCTBA, T.€. HAWTH CIOCOO
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MPECTABIISATh BEIIECTBEHHBIE 3HAUEHUs IPKOCTEH IIBETOBBIX KOMIIOHEHT B AUCKpeTHOUW (popme. Hambonee mpocroit
croco0 TOOUTHCS ATOTO — MEPEBECTH BEIIECTBEHHbIE uncia u3 uaTepBaia [0;1] B mHTepBan mensix uncen ot 0 qo N-1
myTéM YMHOKEHHsI Ha 11e10€ uyncio N, ¢ mocieayromuM okpyrienneMm. Gakrtudecku, uarepsan [0;1] pazOuBaeTcs Ha
N paBHBIX MOAUHTETPATIOB BUA!

i i+1 .
— ,ie{0, ..., N -1}
N N

Pa3Ouennio Ha MOAWHTErpasibl MOABEPral0T KaXXAYI0 M3 LBETOBbIX ocell. KommuecTBO MOAuWHTETpalioB Ha
«KpacHO», «3en€Hon» u «cuHe» ocsix (N,, N, Np) MoOxeT ObITh pPa3IMYHBIM, HO dYallle MPUHUMAETCS, UYTO
N,=N,=N,=N. llocie KBaHTOBaHMs KaXJbIi LIBET NPEACTABIIAETCA TPHAL0U LIeJIBIX HCOTPULATEIbHBIX YUCEI (k;, kg,
k), 0<k;<N;. Yucna N; oObIYHO BBHIOMPAIOT PAaBHBIMM CTeleHH ABOMKKM N;=2"", a Benuuuny M, paBHYIO CyMMe
m,+mg+myp, Ha3bIBAIOT [NIyOMHOH 1[BETA UM TTyOHMHOMN IIBETHOCTH.
Taba. 6. Haubonee pacnpocTpaHéHHBIE BUCOPEKUMBI (TIPUBEACHBI KOJUYECTBA OTOOPaKaeMBbIX I[BETOB.

Koanuectso
Bupeopexum | I'myonHa OBeta 0TOBPAKACMBIX IIBETOB
256 1[BeTOB 8 2° = 256
High Color 16 2% = 65 536
True Color 24 2%=16 777 216

Mpumep 12. B coBpeMeHHBIX KoMIbloTepax B Bujacopexkume TrueColor Ha XpaneHue uHpOpMamuu 00 OJHOH ILBETOBOM
KOMIIOHEHTE HCIojb3yeTcss 1 OalT, a1 coxpaHeHMss IBeTa TOYKM — 3 Oaiita: m,=m,= my, N,.:Ng=Nb=28=256,
N,-Ny-N,=28+8+8=16777216.

['myOunel 1BeTHOCTH 24 OWTAa JUISI MOHHUTOPOB BIIOJIHE JOCTATOYHO, YTOOBI CO3/1aTh BUIUMOCTH
HETIPEPBIBHOCTH MIKAJbI IIBETOBBIX OTTCHKOB. OCOOCHHOCTH YEJIOBEUECKOTO 3PEHHS TaKOBBI, YTO €CJIM Ha dKpaHe
MOHHTOpPA U300pa3uTh JBe (PUTYPHI, IBETA KOTOPBIX MpH TiIyOuHe 1BeTa 24 Ourta oTimyarorcs Oosee yeM Ha | B

KaXKbIi [IBETOBOM KOMIIOHEHTE, TO YEJIOBEK HE CMOXKET 3aMETUTh Pa3HUILY.

Puc. 14. RGB-nBeToBas MOJe/b MPE/ICTABIICHHAS B BUIC Ky0a

Jlns GonpIIMHCTBA MPUIIOKEHUI 3HAUEHHUSI KOOPAMHAT I, g U b MOYKHO CUUTATh

npuHaUIexKamuMu oTpe3ky [0,1], uro npeacrasnser npoctpanctBo RGB B Buie kyba
Ix1x1. B xoMmmbroTepax s MPEACTABICHUA KXKIOW U3 KOOPAMHAT TPaJUIIMOHHO
UCTIONIL3YETCS OJTMH OKTET, 3HAYCHHSI KOTOPOTO 0003HAYAFOTCS IS YA0OCTBA IEIBIMU
gyucaamu oT 0 1o 255 BrmountenbHo. ClienyeT Y4YuThIBaTh, YTO Yalle BCEro
UCTIOJIL3YETCS TaMMa-KOMIIEHCUPOBAHHOE IBETOBOE MpocTpaHcTBO SRGB, 00buHO ¢
nokazatenem 1.8 (Mac) umu 2.2 (PC).
Hpumep 13. B Buneopesxxume HighColor uBet kaxnoi Touku kogupyercs 16 6uramu. Ha rioyOnHy KpacHOTO M CHHETO IBeTa
OTBOJMTCA 5 OUT, Ha IIyOMHY 3eNE€HOr0 — 6 OUT: m,=m,=5, my=6. Cie0BaTENbHO, IIKaJla APKOCTEN 3eJIEHOTO LIBETA COACPIKHUT
B JIBa pasa OoJblile YPOBHEH, YeM IIKaJbl SIPKOCTEH KPacHOr0 M CHHEro HBETOB. J[iss SKOHOMHM MaMsTH OWTBHI [[BETOBBIX
KOMIIOHEHT KaXXJI0W TOYKH 3alMCHIBAIOT B JBa OaiiTa BMECTO TPEX.

IIBeToBass mMozaenb RGB COOTBETCTBYET MEXaHM3MY CHUHTE3a IIBETOB, MCIOIB3yEMOMY B MOHHUTOpax. A
IIOCKOJIBKY B COBPEMEHHBIX KOMIIBIOTEpPAX UMEHHO MOHUTOPBI SIBIISIOTCS IJIaBHBIM, HAaUOOJIEE YaCTO MCHOIb3yEeMbIM
YCTPOICTBOM BbIBOZA MH(OPMALIMH, TO MPAKTUYECKH Bce GopMathl rpaduyeckux (aiioB XpaHIT U300paXeHUsS B
RGB-npecTaBieHH, 1 JUIIb O4YeHb HEMHOTHE Tpaduueckue popMaThl UCIIONIB3YIOT APYrHe [BETOBbIE MOJIEIH.
Ta6.. 7. J[BonuHble 3HAUCHUS YPOBHEH MHTCHCUBHOCTH HEKOTOPBIX IIBETOB AJisi cTanaapta 1rueColor.

HuTeHcHBHOCTS OCHOBHBIX 1I[BETOB

Hazpanue nsera — — -

Kpacasri 3eaeHBIR Cuanit
YepHBI# 00000000 | 00000000 | 00000000
KpacHEIH 11111111 | GOO00000 | 00000000
3eIeHEN 00000000 | 11111111 | 00000000
CHHUH 00000000 | 00000000 | 11111111
rony6oit 00000000 | 11111111 | 11111111
IYyPIYypHRIH 11111111 | 00000000 | 11111111
KeNTHIR 11111111 | 11111111 | 00000000
Genslit 11111111 11111111 11111111
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IIBetoBast momens RGB wMmeeT MO MHOTMM TOHaM I[BeTa Oojiee IIMPOKWN IIBETOBOM OXBaT (MOXET
MPEICTaBUTh OOJiee HACHIIICHHBIC IBETA), YeM TUIMWYHBINA oxBaT IBeToB CMYK, mosTomy mHOrAa M300pakeHus,
3aMeuaTesIbHO BhINJAAAIIME B RGB, 3HAYNTENbHO TYCKHEIOT U racHyT B CMYK.

4.3.2 CMYK

[IBeroBas Mmoznenbs CMYK Taxxe 0a3upyeTcst Ha TPEXKOMIIOHEHTHOM TEOPUH 1[BETA, HO B OTJIMYHME OT MOJENIN
RGB, OCHOBHBIMHM IIB€TaMH B HEW SBISIOTCS TOIyOOW, mypmypHbli u xénteiil. Moapens CMYK mumpoko
HCIIOJIb3YETCS B LIBETHOM MEYaTH.
YerpipéxuBerHass aprorunusi (CMYK: Cyan, Magenta, Yellow, Key color)— cy0TpakTuBHas cxema
(dbopMHpOBaHUS I[BETa, UCHOJb3yeMasl MpexkJe BCEro B mouurpaduu Uisi CTaHAApTHOW TpuaaHoil meyatu. Cxema
CMYK, kak mpaBuio, o0nagaeT CpaBHUTEIbHO HEOOJBIIUM ILIBETOBBIM OxBaTOM. Ilo-pyccku 3TH 1BeTa 4acTo
Ha3bIBAIOT TaK: TOJIyOOH, MypIypHBIHA, KENTHIN; HO MpodeccuoHanbl Mmoapa3yMeBaloT cyan, magenta u yellow (o
3HaueHun K cMm. ganee). Ileuats deThlppMs Kpackamu, cooTBeTcTBYomMMU CMYK, Taxke Ha3bIBalOT I€YaThIO
MPUAOHBIMU KPACKAMU.

Puc. 15. Cxema cyoTpakTuBHOTO cuHTe3a B CMYK.

Monens CMYK mnpuMeHsieTcsl B LIBETHBIX NPUHTEpax OOIIEro Ha3HA4YeHHs] U B
[BETHOW O()CeTHOW TMeYaTu HU3KOTO M CPEAHEro KaudecTBa. Ecimu paccMOTpeTh MoJ
MHUKPOCKOIIOM IIBETHBIE WJIIIOCTPALIMM B KaKOM-HUOYJb KHUTE€ WJIM IIBETHOW ra3ere, TO
MOKHO BHUJETh, YTO I[BETHBIC ()parMeHThl HaleyaTaHbl OYEHb MAaJICHbKHUMH YacCTHYHO
MEPEeKPBIBAIONIMMHUCS LBETHHIMH Toukamu (odceramu). OdceTbl XOpomo 3aMeTHbl Ha
IpaHUIaX IBETHBIX YYACTKOB M B MecTax C OJIeTHON OKpacKoOH.

B CMYK wucnions3yroTcsi 4eThIpe I[BETa, IIepBbie TpU B aOOpeBHaType Ha3BaHKI IO MEpPBON OyKBE IIBETA, a B
KauecTBe 4eTBEPTOro wucmoibdyeTcss uépHblii (K - cokpamienue oT blacK). Jleno B TOM, 4YTO TpH BBHIBOJIE
noJurpaguuecKux IIEHOK Ha HUX OJHOM OYyKBOW yKa3bIBaJICs IIBET, KOTOPOMY OHHM MpHHAIIEKAT. YEPHBINA HE CTaH
0003Havath B, 4T0OKI HE MyTaTh C B (blue) u3z monenu RGB, a cranu 0603Hadath K (110 TociieIHel OyKkBe).

[Mpuuunoit mosiBnernss moxenu CMYK siBrsieTcs pa3iuduie B MPUHIUNAX (OPMUPOBAHHS I[BETA TPHU €TO

BOCIIPOM3BE/ICHNH HA MOHUTOPAX U IpH nedatu. [Ipu BocnpusTHH LIBETA C SKpaHa MOHUTOPA Mbl BUIMM H31y4aeMbIil
CBET, a MPH pacCMaTpUBaHUM KapTHHKH, HAPUCOBAHHBIN Ha Oymare, - oTpaxxEHHbIN. [TMKcenn MOHUTOpA H3IIydatoT
cOOCTBEHHBIN CBET; YTOOBI CO37aTh HA PKPAHE OCHOBHOM IIBET, HA/IO BKIIOYUTH CyOAJIIEMEHT ONMpeNeEHHOrO TUIa
(MMKCeNb MOHMTOPA COCTOUT U3 TPEX CyOANEMEHTOB: KPaCHOTO, 3€JIEHOIO U CHHEr0), a JJIs NOJy4eHHUs] COCTaBHOTO
1[BETa HAJ0 JOTOJIHUTEIHHO BKIIOUUTH (T.€. 1OOABUTH) CYOAJIMEHTHI IPYroro THUIA, MPU 3TOM CyMMapHas sipKOCTb
nuKcens Bo3pacTtaer. Keratu, u3-3a Takoro mpuHIMIA (OpMUPOBaHUS COCTaBHOTO IBeTa RGB-MOAENh HA3bIBAIOT
aJIUTUBHOM I[BETOBOW MOJeNnbl0. B oTnnume ot MOHUTOpa, OymMara OTpa)kaeT MaJaloliuil CBET, KOTOPBI OOBIYHO
SBIISICTCST «OJBIMY»: SIPKOCTH BCEX €T0 IBETOBBIX COCTABIIOIIMX paBHbI. HaHOCHMMBIe Ha Oymary Kpacku sSIBISIOTCS
MOTJIOMIAIONIMMH  CBETO(UIBTPAMU — OHHM MOTJIOMIAIOT Jy4YH OMNpenelEHHOro IBETa, a OCTaJbHbIE OTPaXKaIoT.
BuanMeblii IBeT KpacKu OIpenessieTcsl TeMU Jy4aMu, KOTOpble He OBLIH MOTJIONIeHbI. TakuM 00pa3oM, KpacKH MOTYT
TOJIBKO BBIYUTATh, MIIM OCIA0MATH [[BETAa B OTpakaeMoM moToke cBeta. [lo 3toit mpuunHe monens CMYK Ha3bIBaloT
CyOTpakTHBHOHM 11BeTOBOH Mojenbto. OcHoBHbIE 1BeTa Mojenu CMYK nmonoOpaHbl Tak, 9TOOBI COOTBETCTBYIOIIHE
KpacKH TMOTJIOIAU CBET B JOCTATOYHO Y3KOH 00JIacTH cBeTa: roiydas Kpacka CHIIBHO MOTJIOMIAeT KpacHBIA CBET,
IypITypHasi — 3€JE€HBIN, a KENTass — CHHUN.
Tak xak mozens CMYK TpuUMEHSIOT B OCHOBHOM B moiurpaduy mpu [BETHOW medatd, a Oymara M TNpodYue TeyaTHBIE
MaTepuabl SIBISIOTCS MIOBEPXHOCTSMH, OTPXKAIOIIMMU CBET, yI00HEe CYMTATh, KAKOE KOJIMYECTBO CBETa (M I[BETa) OTPA3UIIOCH
OT TOM WU MHOM TMMOBCPXHOCTHU, HECIKEJIN CKOJIBKO IMOTJIOTUIIOCEH. Taxkum 06pa30M, €CJIA BBIYECTHL M3 OEJIoro TpU NEPBUYHBIX
nBera, RGB, MBI TIOJIyIUM TPOHKY ITOTIOJHUTEIBEHEIX IIBeTOB CMY. «CyOTpaKkTHBHBINY) 03HAYACT «BBIYUTACMBIN» — U3 O€I0ro
BBIYHUTAIOTCA IICPBUYHBIC LIBETA.

B uneansHoM ciyyae TpEX IBETOB (royboro, MypIypHOro H >KEITOT0) ObUIO OBl BIOJHE JOCTATOYHO IS
¢dbopmupoBanus Ha Oymare mobOoro nBera. OIHAaKO peasbHO CYIIECTBYIOUIME KPAacKH HE HJEalbHBI, OHU HE
MOTJIOIIAIOT I[BETOBBIE KOMIIOHEHTBHI IIOJIHOCTBIO: €CJIM HaHeCTH Ha Oymary Bce TpPH Kpackd C HauOOJbIIeH
IJIOTHOCTBIO, TO BMECTO YHCTOrO YEPHOTO LIBETA IMOJYYHUTCS TEMHO-cEepbli. JlJIsl KOPpEKUMH LBETOBOW TaMMBbI
HCIIOJB3YETCS YETBEPTAS KpacKa - 4EpHasl.

HecMoTpst Ha TO, 4TO YEpPHBIA LBET MOXKHO IOJIy4aTh CMEIICHWEM B DPABHOM MNPONOPLHMH MYPHYpPHOTIO,
royooro u >k€1TOoro Kpacurenei, o paay NpUUMH (UUCTOTA LIBETA, NEpeyBIakKHEHUEe OymMaru M Jp.) TaKoH MOJIXOA
00bIYHO HeynoBieTBopuTeseH. OCHOBHBIE MPUYUHBI UCTIOIB30BAHUS JTOMOJHUTEIBHOTO YEPHOIO MUTMEHTA TaKOBBI:
Ha mpakTuke cMelieHne peaabHbIX TypIypHOTO, TOIyOOTO U KENTOTO I[BETOB AAET CKOpEE TPI3HO-KOPUIHEBBIA UITN
IPSI3HO-CEPBIN IIBET, TpHAJHble KpAacKu HE Jal0T TOM TJIyOMHBI M HACHIIIEHHOCTH, KOTOpas JOCTUTaeTcs
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WCIIOJIB30BAaHUEM HACTOSIIEr0 4EPHOro. Tak KaK YMUCTOTA M HACBIIIEHHOCTh YEPHOIO LBETA YPE3BBIUAWHO BAKHA B
MIeYaTHOM Mpoliecce, B MEeUaTHBIM npouecc OblT BBEAEH emé oauH mBeT. IIpu BhIBOjJE MENKHX 4EPHBIX JeTajei
M300paKeHUs] WIM TeKcTa 0e3 MCIIOJIb30BaHUs YEPHOr0 MHUTMEHTa BO3pAcTaeT PUCK HEMPUBOJAKH (HEIOCTATOYHO
TOYHOE COBIAJICHHE TOYEK HAHECEHHs) MyPILypHOTo, roily0oro M KEITOro IBETOB. YBEIUYEHHUE K€ TOYHOCTH
reyaraolero ammaparta TpeOyeT HeanekBaTHbIX 3arpar. Cmemenue 100 % mypmypHOTro, roiydboro u xeEmnroro
IIUTMEHTOB B OJHOW TOYKE B Cly4yae CTPYHHOH MedyaTu CyIIEeCTBEHHO cMauuBaeT Oymary, nedopMupyer e u
yBEJIMYUBAET BpeMs MNpocymKd. UEpHBIM MUTMEHT (B KauyecTBE KOTOPOTO, KaK MPaBWIIO, HCIIOJB3YEeTCs caxa)
CYILLIECTBEHHO JIECLIEBIIE OCTAJIBHBIX TPEX.

[TpoctpancTBo nBeToB Moaenn CMYK Taxke SIBISETCS €IMHUYHBIM KyOOoM. SIpKOCTH OCHOBHBIX KpacoK (WIIH
IJIOTHOCTh 3aKPacKM) 3a/1al0TCs BEIECTBEHHbIMU unciiamu oT 0 110 1.

KBanToBanue 1iBeta B Moniein CM YK BBIIIOJHSETCS aHAJIOTMYHO KBAaHTOBAHUIO B Moaenu RGB.

[Tpu nevatn B CMYK u300paxeHne pacTpupyercs, T. €. IPeACTaBIseTCS B BUJE COBOKYITHOCTH TOYEK IIBETOB
C, M, Yu K. Ha paccTostHUM TOYKH, PaCIOJIOKEHHBIE OJTU3KO JIPYT K APYTY, CAUBAIOTCS, U CO3AAETCS OIIyIIEHUE, YTO
[[BeTa HAKJIAJBIBAIOTCS JPYr Ha JApyra. [1a3 cMemuBaeT X W TaKUM OOpa3oM MONy4aeT HEOOXOJUMBIH OTTEHOK.
PactpupoBanue BBIIENSIOT aMIUIMTYAHOE (HamOOJee 4YacToO MCHOJIb3yeMOe, HPU KOTOPOM, KOJMYECTBO TOYEK
HEU3MEHHO, HO pa3jIn4aeTcs UX pa3Mep), YaCTOTHOE (M3MEHSETCS KOJUYECTBO TOYEK, IPU OJUHAKOBOM pa3Mepe) U
CTOXAaCTHUYECKOE, PU KOTOPOM He HaOII0AaeTcs peryaspHOi CTPYKTYpbI pacloIOKEeHUS TOUEK.

Kaxxnoe w3 uucen, onpexaenstomee 11BeT B CMYK, npeactaBiser coboil MPOIEHT KpacKH JAaHHOTO IIBETA,
COCTaBJISIOIIEH 1IBETOBYIO KOMOMHAIIMIO, a TOYHEE, pa3Mep TOUKU pacTpa, BBIBOAMMON Ha (JOTOHAOOpHOM ammapare
Ha TIEHKE JaHHOoro 1BeTa. Hanmpumep, s momydeHus 1BeTa «xakm» cieayet cMmemath 30 % romy6oii kpacku, 45 %
nypnypHoit kpacku, 80 % xé€ntoit kpacku U 5 % u€pHOW. DTO MOXKHO OOO3HAUMTH CIEAYIOUIUM 00pazoM:
(30,45,80,5). Nnorna monp3yroTest Takum obo3HaueHueM: C30M45Y80KS.

4.3.3 HSB

HSYV (Hue, Saturation, Value — momn, nacviuyennocmo, snauenue) wiu HSB (Hue, Saturation, Brightness - ommeHok,
HACLIWEHHOCMb, SIPKOCMb) - 1IBETOBAsE MOJINIb, B KOTOPOW KOOpJWHATaMM lBeTa sBIsArOTCS: Hue - 1IBETOBOU TOH,
(HanmpuMep, KpacHBIH, 3eIEHBIN WM CHHE-T0JIy00M). Bapeupyercs B npenenax 0 -360°, oqHaKo WHOT/IA TPUBOJIUTCS
k auanaszony 0-100 wim 0-1. Saturation - naceienHocts. Bapsupyercs B npenenax 0-100 unu 0-1. Yem Gosblie
3TOT MapaMeTp, TEM «UHUIIE» IBET, MOITOMY 3TOT MapaMeTp MHOTJa HAa3bIBAIOT YUCTOTOU IBETa. A yeM OJIKe 3TOT
napamMeTp K HyJI0, TeM OJIMXKe LBET K HelTpalbHOMY cepoMy. Value (3HaueHue 11Beta) wiu Brightness - pKOCTb.
Taxoke 3amaérces B npenenax 0-100 u 0-1. Monens sBisieTCss HETMHEWHBIM TTpeoOpazoBanremM moaenu RGB. 1lger,
npecTaBiIeHHbI B HSV, 3aBHCHT OT yCTpOHCTBa, HA KOTOpOE OH OYyJeT BBIBEJCH, Tak kKak HSV - nmpeoOpa3oBaHue
monenu RGB, koTopasi TO’Ke 3aBUCUT OT ycTpoiicTBa. Jlyig monydeHus Kojia I[BeTa, HEe 3aBUCSIIETO OT yCTPOWCTBA,
UCHIOJNIB3YeTCSl MoJenb Lab.

. _ Puc. 16. llIxana orreHkos - Hue.

0 60 120 180 240 300 360
[IBetoBast moxenr HSB omuckiBaeT 11BETOBOE MPOCTPAHCTBO uepe3

TaKHUe XapaKTePUCTUKHU IIBETA, KaK [[BETOBOM OTTEHOK, HACBHIIIIEHHOCTh U IPKOCTh. YUCTHIN 1IBETOBOW (JOH — OJIMH M3
LIBETOB CIIEKTPAJILHOT'O Pa3fioKeHHs cBeTa. [[BeTOBOI OTTEHOK — CMECh YUCTOTO IIBETOBOTO TOHA C CEPBHIM I[BETOM.
HacpimeHHOCTD 11BETa, WM CTENEHb YHCTOTHI I[BETA — JIOJI YHCTOTO TOHA B I[BETOBOI cMecH (4eM OoJibliie ceporo,
TE€M MEHbIIIE HACBIIIEHHOCTH). SIPKOCTh XapaKTepU3yeTcsi OO CBETIOCThIO CMENIMBAEMBIX I[BETOB (4eM OOJIbIle
YEPHOTr0, TEM MEHBIIIE SIPKOCTb.

B wmonmenu HSB 1uBeT oONUCHIBaeTCs TPOWMKOM uucen (I[BETOBOM OTTEHOK, SIPKOCTb, HACBIIIEHHOCTH).
PaccmoTrpuM psim 11BETOB: KpacHBIM, TEMHO-KPACHBIA, KPaCHOBATO-YEPHBIA, aJIbli, PO30BBIN, OJeTHO-PO30BHIA. B
Mozaenu HSB 5Ty 1BeTa- MPOU3BOJHBIE OT KPAaCHOrO IBETA M OTIMYAIOTCA APYT OT Jpyra TOJBKO SIPKOCTHIO U
HACHIIIICHHOCTBhIO KPACHOTO OTTEHKA. Takoe onucaHue mnpeta (B otiauuue ot mojeneit RGB u CMYK) o4eHb TOYHO
nepenaét cyObeKTHBHOE BOCIIPUSITHE [BETA YEIIOBEKOM, & HE TEXHHYECKHE OCOOCHHOCTH BOCIIPOU3BE/ICHUS IIBETOB.
[Too6HbBIE ONMKcaHus HIMPOKO HCTIOIB3YIOTCS BO BCeX 0OJIACTIX UCKYCCTBA M MPOU3BOJACTBA, T/ MPUXOJUTCS UMETh
JIEJI0 C LIBETOM.

[IpoctpanctBo 1BeToB Moaenu HSB umeeT (GopMy BIOKEHHBIX KOHIIGHTPHUECKHX KOHYCOB C 0OIIei
BEpIIMHON ¥ 00mIel ochlo cumMMmeTpuu. l[BeTa ¢ OIMHAKOBON HACHIIIEHHOCTHIO PACTIOIOXKEHBI HA KOHUYECKOU
MIOBEPXHOCTU C ONPEACIIEHHBIM YIJIOM MPH OCHOBAaHMHU. L[BeTa ¢ OJIMHAKOBOU SIPKOCTHIO PACIOJIOKEHBI 110 KPYTy —
CEYEHUI0 00BEMHOI0 KOHYCA TIIOCKOCTHIO, MEPICHAUKYISIPHOM ero ocu. [Ipu 3ToM BepilMHa KOHYyca COOTBETCTBYET
yépHoMy uBeTy. l[BeTa ¢ OJMHAKOBBIM OTTEHKOM pAacIOJIOKEHbl B MOJIYIUIOCKOCTH, MPOXOIALIEH Yepe3 OCh
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cuMMeTpun KoHyca. OTTEHOK U3MEHSETCS 10 OKPY>KHOCTH KOHyca. HachIlIeHHOCTh 11BeTa BO3pacTaeT ¢ OTAAIEHUEM
OT OCH KOHYCa, a IPKOCTh — C PUOIIKEHUEM K €T0 OCHOBAHHUIO.

Puc. 17. Konnueckoe npeacTaBieHue MOJEIN

YroObl HCMOJIB30BAaTh MAaTEMaTHUECKyI0 Mojenb HSB aisi KOMIOBIOTEPHOTO
npeacTaBieHus rpaduyueckoil mHPOpManuu, Hamo, Kak W aisa Mozene RGB u
CMYK, mnpoBecTH KBaHTOBaHUE IIBETOBOTO MPOCTPAHCTBA, T.€. HENPEPHIBHO
M3MEHSEMbIE 3HAYCHHSI KOMIIOHEHT IIBETa MPEICTaBUTh B TUCKpeTHOU ¢opme. B OC
Windows xaxnas n3 HSB-xapakTepUCTUK OMUCHIBACTCS OJHUM OailToM, T.e. IIKaja
3HAYEHU paszzieseHa Ha 256 ypoBHEM.

Bce tpu paccmorpennbie 1BeToBblie Mojaenu (RGB, CMYK, HSB) omucChIBalOT OJHO W TO K€ PEATbHO
CYILECTBYIOIIEE MPOCTPAHCTBO. VX B3aMMHBINM aHANIN3 MO3BOJIIET OTMETUTD CIEAYIOIIEE:
- B LIBETOBOM MPOCTPAaHCTBE Mojeau HSB odeHb XOpomo BUIHA CBA3b Mexay monenasmu RGB m CMYK: Ha
IIBETOBOM KPYTC OCHOBHBIC IIBE€TA O,Z[HOﬁ MoacIn paCHOJIO)KCHBI TOYHO HaHp0TI/IB OCHOBHBIX IIBECTOB I[pyTOI\/'I MOACIIHU,
- €CJIM Ha I[BETOBOM KpPyre OTMETHUTh TOYKaMH OCHOBHBIE IIBeTa RGB-MOeau, TO OHU 00pa3yloT paBHOCTOPOHHHI
TPEYTOJIbHUK, TO K€ CAMOE MOKHO CKa3aTh U OTHOCUTENbHO Mojenu CMYK;
- niBeTa monenu HSB, KoTopbie HE MONaAaloT B ATOT TPEYroNbHUK, B RGB-Moaenu OynyT HENpeacTaBUMBL. To ke
caMoe MOJXKHO CKa3aTh U OTHOcUTeIbHO mopeinun CMYK.

Monens HSB 1103BOJSIET IPEACTaBUTh (3aKOAUPOBATh) IPAKTUUECKH BCE 1IBETA,
BocprUHUMaembie 4YesnoBekoM. Moaenu RGB u CMYK onuchiBaloT BO3MOKHOCTH
KOMITBIOTEPHBIX YCTPOMCTB 110 BOCIPOU3BEACHUIO IBeTa. I oOKa3bIBaeTcs, 4YTO
HEKOTOPBIC 1IBETA B MPUHIIAIIE HE MOT'YT OBITh BOCTIPOM3BEACHBI HA KOMITHIOTEPE.

Puc. 18. M3o0Opaxenue u ero orneabHble KOMIIOHEHTHI - H, S, V. Ha pa3HbIX ydacTkax
I/I306pa)K€HI/I$I MO>KHO HpOCJIeI[I/ITB N3MCHCHHA KOMIIOHCHT

4.4 dopmamesi epahuyeckux hatsos

Windows BitMap (BMP) ¢opmatr (daitioB  pacTpoBBIX  PHUCYHKOB,
pa3zpabortannbiii Microsoft. ['JTaBHBIM JTOCTOMHCTBOM SIBJISIETCSI €rO MPOCTOTA U. KaK
CIEJICTBUE, MOMAJEPKKa BCEMHU 0€3 HCKIIOUEHHUs MporpaMmamu, paOOTaloIIUMU C
rpadukoii. XpaHuT WHOOPMALUIO O KAKIOW TOUYKE 03 WCIOIH30BAHUS aITrOPUTMOB
cKatus

Graphics Interchange Format (.GIF) ¢opmar ¢aiimoB pa3paboTaHHBII
ComusServe Inc. Yanie Bcero npuMeHsIeTCs I pa3MELIeHUs] pUCYHKOB B UHTEpHeTe. K
JIOCTOMHCTBAM (opMara MOXXHO OTHECTH BO3MOXHOCTb CO3JaHHS PHUCYHKOB C
npo3padHbM (poHOM (transparency) m anumanuei. [IpegycMoTpen meron cxaTus 6e3
noreps LZW.

Portable Network Graphics ((PNG) ucnonb3yeT MeTOJ C)kaTus 0e3 IMOTepb
LZW, 103BOASIONUIMI TOCTUYL BBICOKOM cTeneHu cxatus (He xyxe GIF). IlpumepHo B
nBa pasza KommaktHee BMP. VmeeT BO3MOXHOCTh YEPE3CTPOYHOTO BBIBOAA IS
OBICTPOI1 UEPHOBOM MPOPUCOBKU U300PAKECHHUS.

Joint Photographic Experts JPEG (JPG) mo3BoiseT JOOUThCS HauBbICIIEH
CTETICHH CXKATHUS U M MUHUMAJIBHBIN pa3Mep BBIXOAHOTO Qaitna. Mcmonb3yer cxaTue ¢
notepeil HHPpopMaIK U peJHa3HAYEH ISl XPaHEHHsI, B OCHOBHOM, (hoTorpaduueckux
n300pakeHNit ¢ OONBIIMM KOJMYECTBOM OTTEHKOB M LBETOBBIX IlepexomoB. He
MNOJIXOMUT Il XpaHEHHs] OJHOTOHHBIX W IITPUXOBBIX HU300paxeHuil. CxxaTue u
COOTBETCTBEHHO IMOTEPs] KayecTBa MPOUCXOAMT IMPH KaXKIIOM COXPAaHEHHH H300paKECHHUs, MOITOMY PEKOMEHIYETCs

UCIONIb30BaTh Kak GopmaT xpaHeHus. Mcnonb3yeTcss B OOJIBIIMHCTBE MYIbTEeMEIUNHBIX

e B Dal‘lﬂMa'ﬁ D YCTPOMCTB.
re PAHAMAY3P  Puc. 19. Mzo6paxenne B pasHbIx Gopmarax.

GIF @ 7 r') TIFF (.TIF) mo3BoyieT COXpaHATh HM300pa)keHusi Jr000W TIIyOMHBI IIBETa C
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HCTOJIb30BaHUEM Kak mojaenu RGB, tak u CMYK. IlonnepkuBaeTcs HECKOJIBKO aJrOPUTMOB CKaTHs, KaK C MOTEPEH,
TakK ¥ 0€3 MoTepH KayecTBa.

B ornuune oT TeKCTOBOro mpencTaBieHus UH(OpMAIMK, KOTJla MUHUMAJIbHON eIUHUIIeH SIBISeTCS CUMBOIL,
IpU OTOOpaXeHUM TpauKH KapTUHKA CTPOUTCS U3 OTAEIBHBIX 3JEeMEHTOB - mnukcenoB (PICture ELement —
«@JIEMEHT KapTUHKW»). YacTo MUKce COBMaAaeT ¢ TOYKOM TUCIUIes, HO 3TO HE0Os3aTeNbHO: HAlPUMEpP, B HEKOTOPHIX
BUJEOpEXUMaX | MHUKCEN MOXKET COCTOATh U3 2 win 4 Todek skpaHa. Kaxaplil mukcen xapakrepusyercs 1seToM. Kak
1 Bcs ocTasibHast mHpopmaruss B OBM, nBeT xoaupyeTcss 4ucioM. B 3aBHCHMOCTH OT KOJHWYECTBA JTOMYCTUMBIX
[[BETOB, YMCJO JBOWYHBIX pa3psloB HAa OAMH MUKCeN OyleT pasziauyHbiM. Tak, mis 4y€pHo-O0enoi KapTHHKH
3aKOAUPOBATH IIBET TOUYKH MOKHO OJHUM OuToM: 0 - u€pHbIit, 1 - 6enbiid. st cmydas 16 nBeToB TpeOyeTcs yxe mo 4
pas3psiia Ha KaXIyro TOUKY, a s 256 1BeToB - §, T.e. 1 Oaifr.

4.5 OpakmanbHas epaghuka

CDpaKTaJ'IBHa}I Fpa(bI/IKa, KaK U BCKTOpHAaA — BbIUUCIICMAsd, HO OTIIMYACTCA OT Heé TEM, UYTO HUKAKHC 00BEKTHI
B MMaMATH KOMITBIOTEpA HE XpaHATCs. M300pakeHre CTPOUTCS M0 YPaBHEHHUIO (MM 110 CUCTEME YPaBHEHHUN ), TIOATOMY
HUYETO, KpoMe (OPMYIIbI, XpaHUTh HE Ha0. M3MeHHB KO PUITMEHTHI B YypaBHEHUH, MOXKHO TIOJYUYUTh COBEPIIEHHO

JIPYIyIO KapTUHY.

- ]

AWA
VMV

VaA
5. MPEOACTABJIEHUE 3BYKOBON UHOOPMALIUN

3BYK — BOJIHOBBIC KOJIOaHUS JAaBJICHUS B YIIPYrou cpeje (Bo3ayxe, Boje, Metauie U T.4.). s obo3HaueHus
3BYKa YacCTO HUCIIOJIb3YIOT TEPMHH «3BYKOBasi BOJHa». OCHOBHBIE TapaMeTPhl JTIOOBIX BOJH, U 3BYKOBBIX B TOM YHCIIE,
- 4aCcTOTa W aMIUIUTYy/a KoJiebaHui. YacTtoTy 3ByKka M3MepsroT B repuax (I'l — koJm4ecTBO KoJieOaHU B CEKYHIY).
YenoBeueckoe yxo CIIOCOOHO BOCIPUHUMATh 3BYK B IIMPOKOM Juamna3one dvactor, ot 16 I'm go 20 xI'm. B
HETEXHUYECKUX 00JIACTSAX (HAIIPUMED, B My3bIKE) BMECTO TEPMUHA «4aCTOTa» UCIIOJIB3YIOT TEPMHUH «TOH.

AMIUTUTYY 3BYKOBBIX KOJIeOaHHMH Ha3bIBalOT 3BYKOBBIM JaBICHHEM WM CHJION 3ByKa, 3Ta BEIUYHMHA
XapaKkTepU3yeT BOCIPUHUMAEMYIO TPOMKOCTD 3ByKa. AOCOIIOTHYIO BETUYHHY 3BYKOBOTO J1aBiieHus — nackaisx (I1a).
Camble cnalble, €Ba pa3nuuuMble 3BYKH UMeloT ammuintyay 20 mklla (2-10” Ia — nopor ciasimumocta). Camble
CUJIbHBIC 3BYKH, €€ HE BBIBOSIIUE CIyXOBBIE OPTaHbl M3 CTPOsi, MOTYT UMeTh amrumatyay ao 200 Ila (6oneBoit
nopor). M3-3a cTonb HIMPOKOTo AMamna3oHa 3Ha4eHUH (MaKCUMaTbHOE U MUHUMAJIBHOE 3HAYCHHSI OTIIHYAI0TCA Ha 6-7
MOPSIAKOB!) aOCONMIOTHBIMH BEJIMYMHAMHM 3BYKOBOT'O JIaBJICHHSI TOJB30BAThCS HEYNOOHO, HAa MPAKTUKE OOBIYHO
HCTIOJIB3YIOT JIOTapU(MUYECKYIO KAy JEIUOEIIOB.

OTHOCUTENBHYIO CHJIy 3BYKAa, WJIM YPOBEHBb 3BYKa, OMPENCISAIOT KakK JIOrapu(M OTHOIICHHSI a0COIIOTHOM
BEJIMYMHBI 3BYKOBOI'O JAaBJICHUS K BEJIMYMHE MOPOra CIBIIIMMOCTH, YMHOXEHHBI Ha HEKOTOPBIA MOCTOSHHBIN
kod(purmeHT. YpoBeHb 3ByKa U3MEPSIOT B OCOOBIX eIMHMIAX — jAerubenax (oo6o3navaercs n1b). Hiwke mpuBoautcs
¢dbopma pacuéra ypoBHs 3ByKa:

L = 201g(P,/P,),
riie L — ypoBeHs 3BYKa (B 1B), Py — mopor casimmmocti (2-107 ITa), Py, — JaBleHAE H3MEPAEMOro 3BYKA.

Jlorapudmuueckasi mkajga IenuOeNoB Ha MpakTUKEe BecbMa yaoOHA, XOTS TOHAyaly IOJb30BaThCs i

HETPUBBIYHO:

- BECh JAMania30H CIBIIUMBIX 3ByKOB cocTaBiseT 0-140 nb: 0 nb — mopor cieimmmoctH, 140 nb — 60neBoit mopor;

- YeJIOBEYECKOE YXO CIIOCOOHO YIIOBUTH Pa3INdre B TPOMKOCTH, €CJIM 3BYKH OTIUYAIOTCS 110 CHJIC HE MEHEe, YeM Ha
10%, 4TO COOTBETCTBYET pa3HUIIE B YPOBHAX NMpUMEPHO Ha 1 1b;

- IBYXKpaTHOE pa3jIMuKe B aMIUIUTY/I€ 3BYKOB COOTBETCTBYET pa3IMuUi0 ypoBHe# 6 nb;

- €CJIM YpOoBHHM 3BYKOB oTiimyarorcs Ha 20 nb, a paznuna B 40 n1b cootBeTcTBYeT 10-KpaTHOMY pa3iMyMIO B
aMILTUTYIaX.

Taou. 8. HekoTtopelie 3HaueHUs YpOBHEH 3BYKa.
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ITopor cABIIIINMOCTH 0 nb
IlTopox aucTheB, IMyM caaboro BeTpa 10-20 ob
Ilenor (Ha 3agHel mapre) 20-30 1B
Pasrosop cpenreil rpomikocty (B kabutere qupexropa) | 50-60 1B
ABToMarucTpaJib ¢ HHTEHCUBHBIM JBHIKEHHEM 80-90 nB
ABuazpurarenu 120-130 zB
Boaesoit nopor ~140 1B

3BYKO3amCh — MPOLECC COXPAaHEHUsI MH(POPMAIIUN O MapameTpax 3BYKOBBIX BOJIH. CHOCOOBI XpaHEHHS WU
3aliCH 3BYKa pas3/eiAloTCs Ha aHajoroBble M IMdpoBbie. [Ipy aHamoroBoill 3ammcu Ha HOCHTENE pa3MeEIIaeTcs
HETPEPHIBHBIN «CIIETIOK» 3BYKOBOM BOJHBI. Tak, Ha TpaMIIaCTUHKE MpOIeYaThIBAeTCS HETpephiBHAS KaHaBKa,
M3rHOBI KOTOPO TMOBTOPSIOT aMIUTUTYy M 4acTOTY 3ByKa, a HA MarHUTHOM JICHT MapaMeTphl 3ByKa COXPaHSIOTCS B
BUJIE HAMAarHMYEHHOCTH pabodell MOBEpXHOCTH, CTETNIEHb HAMarHWYEHHOCTH HENPEPHIBHO HM3MEHSETCS, MOBTOPSS
mapameTphl 3ByKa.

B xoMmbroTepax mprUMEHseTCsl UCKITIOUNTeNsHO mudpoBas hopma 3ammcu 3ByKa. [Ipu udpoBoii 3amucu 3ByK
HEOOXOJMMO IIOJBEPrHYTh BPEMEHHOM JMCKPETH3alMd W KBAaHTOBAHMIO: I1apaMeTphl 3BYKOBOTO CHTHAJa
U3MEpSIIOTCS HE HENpephIBHO, a dYepe3 ONpeAeiEHHbIE NPOMEXKYTKH BpPEMEHHM (BpEMEHHAs TUCKPETH3alIlus;
Pe3yJIbTaThl U3MEPEHHH 3aHUCHIBAIOTCS B IM(POBOM BHJIE C OTPAaHUYEHHON TOYHOCTHIO (KBAHTOBAHHE).

B xommbroTep MpUXOAHUT HE CaM 3BYK, a JJEKTPUYECKUN CHUTHAJ, CHUMAaeMBId C KaKOTO-THOO YCTpOMCTBa:
HarpuMep, MUKpOQOH Mpeodpa3yeT 3BYKOBOE JaBIICHHE B DIICKTPHUECKHE KOJIeOaHUs, KOTOpPBIE B JalbHEHIIEM H
obpabatpiBatoTcst. K KOMIBIOTEPY MOKHO TMOAKIIOUUT W MAarHUTO(QOH, M Paguo, M IXOJIOT — JI000e YCTPOWCTBO,
BBIPa0aTHIBAOIIEE IIEKTPUIECKHE CUTHATIBL.

o Hcxomanbiit curaain

* COXpaHS[CMLIC 3HAYUCHIA

Tepsiemas undopmanus:
F-——_® 00 HCTUHHOM U3MCHEHUAH
BO BpEMEHH
& 00 HCTHHHBIX 3HAYCHHAX
AMTITHTYALT

2
»

a2

]_[I/Iq)pOBaSI 3aIlUCh BHOCHUT JBOMHOE HCKa)XCHUE B COXpaHsAEMbIE IIapaMEeTpbl CHUTHAJA: BO-NEPBBIX, IPH
JUCKPeTU3alK TepsieTcsl nHpopManus 00 MCTUHHOM H3MEHEHHMH 3BYKAa MEXIY M3MEPEHUSIMHU, a BO-BTOPBIX, MPH
KBaHTOBAHUHU COXPAHSIIOTCS HE TOYHBIE TAPAMETPHI, a TOIBKO OJIM3KHE K HUM JIUCKPETHBIC 3HAUCHUSI.

Ilpy BpeMeHHOIl JMCKpeTH3alMu BpeMs pa30MBAalOT Ha HEOOJNbIIME UWHTEpPBalbl, B Mpeaenax KOTOPbIX
XapaKTEPUCTUKHU MPUPOJHBIX CUTHAJIOB CUMTAIOT HEU3MEHHBIMHU.

HarnsgaelM mpyMepoM BPEMEHHOM ITHCKPETU3alluU MOKET CIY>)KHTh KMHO W TeJIeBHJeHUE. B HUX miumo3us
MOJIBJKHOTO M300pa)keHHsi co3laércsi NmyTéM ObICcTpoil cMeHbl KaJapoB. [Ipu 3ToM camu Kajapbl SIBISIOTCS
CTaTUYECKMMHU H300pakeHUssMU. KommbroTepHOe KOAMpOBaHUE BUAECOMH(OpMAIMM Takke OCHOBaHO Ha 3(ddexrte

CMEHBI KaJIpOB, Ha KOTOPBIX MU300paKeHbI
§ “l IJ ; MocJie10BaTeNIbHbIE (ha3bl JBUKEHUS.
= 7 ,‘
zZ [ 1' l . II t Puc. 20. BpemenHas pguckpeTusamusi 3BYKOBOT'O
’ i ‘lIIJ ‘:Ill I 1, us CUT'HAJIa.
61=22.7 ps r Bpemst

NmmynbcHO-KOT0Bast monayssiiust  (Pulse Code Modulation, PCM) 3akmtodaeTcs B TOM, YTO 3BYKOBas
nH(pOpMAIUs XPaHUTCS B BUJIC 3HAUCHHUI aMIUTUTY/IbI, B3SATHIX B OTIPEICIIEHHBIC MOMEHTHI BPEMEHH (T.€. H3MEPEHUS
MPOBOASATCS «MMITyJIbcamMuy). [lpu 3amucu 3Byka B KOMIIBIOTEp aMILUTUTYJa U3MEPSETCs uepe3 paBHbIE MHTEPBAJIbI
BPEMEHHM C HEKOTOPOM J0CTaTOYHO Ooiibioi udactoToil. Ilpyw BOCHpOM3BENEHHH 3BYKAa KOMIIBIOTED HCIIOJIB3YET
COXpaHEHHbIE 3HAUYEHUS I TOTO, YTOOBI BOCCTAHOBUTH HETPEPHIBHYIO (hOPMY BBIXOJIHOTO CUTHAJA.



http://profbeckman.narod.ru/EVM

Hexoanniii cHraan Xpaunvas ungopmauns  Bocnpon3seaumelil curyaa

[lpouecc mnomydenuss LUppoBoi (OpMBI 3ByKa HA3BIBAIOT OLU(PPOBKOW. YCTPOHCTBO, BBIMOJHSIIOIIEE
o pOBKY 3BYyKa, Ha3bIBaeTcs aHajoro-nudpoBeiM mpeobdpazoBatenem (ALIIl). YcTpoiicTBO, BBINOIHSIONIEE
oOpatHoe TmpeoOpa3zoBaHuMe, U3 LUPpPoBOKH (OpMBI B  aHAJIOTOBYIO, HasbIBaeTcsd LU(PO-aHATIOTOBBIM
npeobpazoBateniem (L[AIT). B coBpemMeHHBIX KOMITbIOTEpaX OCHOBHasi 00pabOTKa 3BYKa BBIMOIHSIETCS 3BYKOBBIMH
kapramu. [lomumo AIII u ITAII 3BykoBbIE KapThl COAEpPKAT CUTHAJIBHBIM MPOLECCOp — CHEHUAIN3UPOBAHHBIN
MHUKPOKOMITBIOTEP AJ11 00pabOTKU OLIM(PPOBAHHOTO 3BYKA, BHITOIHSIONINI 3HAUUTEIbHYIO YaCTh PYTHHHBIX PAcU€TOB
npu 00paboTKe 3BYKOB (CMEILICHHE 3BYKOB, HaJlokeHHE creld(dexToB, pacuéT (popMbl BEIXOJHOTO CHTHANA U T.IL.;
LEHTPaJIbHBIA IPOLECCOP HE TPATUT BPEMS Ha BBIIIOJIHEHUE 3TUX padoT).
MoMeHThI U3MEPECHUSA aMILIMTY/Abl Ha3bIBarOT OTCUETaMHU. L‘IEICTOTy, C KOTOpOﬁ MIPOU3BOIAT U3MCPCHHA CUI'HAJIA, HA3bIBAKOT

LIaCTOTOI‘/JI AUCKPCTU3AlU.
HenocpepacresenHoe avanoro-uudposoe

M goSHeI N RO MpSoIDEDORANIS KBanToBaHue 3ByKa 3akimouaercs B cieayromeMm. CHavamna

MT'HOBEHHbIE 3HAYECHHUSI 3BYKOBOT'O JABIICHUS U3MEPSIOTCS C
OTpaHMYEHHOW TOYHOCTHIO, 3aTeM, Kak M B Ccllydae ¢
KBAaHTOBAaHHWEM IIBETOB, [MAINa30H 3HAYCHUN aMIUTATY/IbI
pazbuBaercss Ha mMoaypoBHHU. [lo M3MEpeHHOMY 3HAUYECHHIO
OIIpEAEIIAETCS OYPOBEHb, B KOTOPBIN IONANAaeT 3HAUECHUE,
U B KOMIIBIOTEPE COXpAHSETCS TOJNBKO €ro HOMep.
KonnyectBo OHMT, HCMONB3yeMbIX IJIsI 3alUCH HOMEPOB
v MMOYpPOBHEH, HA3bIBACTCS TITyOMHON KOJMPOBAHMS 3BYKa.
Ecnu CPaBHUTH CHOCOOBI NIpeACTaBICHUS
rpadudeckoil M 3BYKOBOM HWH(OpManUHU, TO HMITYIHCHOE
KOJMPOBaHUE 3ByKa COOTBETCTBYET PACTPOBOMY IIPEJICTABICHUIO H300PaKEHUH:
- CTPYKTYpa 3ByKa (B rpaduke — H300pakeHUs ) He aHATTU3UPYETCS;
- BpeMs (B rpaduke — IMPOCTPAHCTBO) alpuopu pa3duBaeTcss Ha HeOoJsbIIME 00JACTH; B Mpeaesiax 3TUX obnacTtei
napaMeTpsl 3ByKa (M300pa’KeHHsI) CUUTAIOTCS TIOCTOSTHHBIMHU.

[lpu paccmoTpeHun TnpeAcTaBieHus rpaduyeckoid MHGOPMAIMKM  YHOMHHAJIOCh, YTO  pacTpOBOE
MpeacTaBieHue M300pakeHusT He TpeOyeT XpaHEHUs KOOPAMHAT OTHENbHBIX MUKCeNIeH. AHAJIOTMYHO, MpH
COXPAaHCHHH WMITYJIbCHOTO TPEJCTABICHUS 3BYKa JOCTATOYHO EAMHOXKIBI COXPAHHUTh MapaMeTpbl OIU(POBKU
(rmyOuHY KOJUpPOBaHUS, YaCTOTY OUCKPETH3ALUU U JJIMTENBHOCTh 3BYKOBOTO (parMeHTa), a 3aTeM COXpaHSTh
TOJILKO HOMEpa MOAYpPOBEH €IUHBIM MOTOKOM. YBEIWYHBAas YacTOTY AWCKPETHU3ANMH W TIYOWHY KOJIUPOBAHUSA,
MOXKHO 00Jiee TOYHO COXPAaHUTh U BIIOCIIEJCTBUU BOCCTAHOBUTH (hOpMY 3BYKOBOTO curHaiua. [Ipu sTom ymydiaercs
CyOBEKTHBHOE KadeCTBO OLU(PPOBAHHOTO 3BYKa, OJHAKO YBEJIMYMBAETCs OO0OBEM coxXpaHseMblX HaHHbIX. [Ipu
uM(ppOBOM 3aMKMCH 3BYKa B Pa3IMUHBIX CIy4yasX UCHOJB3YIOT pa3Hble 3HAYEHUS YacCTOThI TUCKPETU3ALNU U TITyOUHBI
KoaupoBaHusi. Hampumep, B U(pPOBBIX aBTOOTBETUYMKAX MCIIONB3YIOT YacTOTy Auckperu3anuu 8-11 k' u 8 Out nis
3aMyucH aMIUTUTYAbI, a CTAaHAAPT 3alHUCH 3ByKa Ha KOMIAKT-IUCKaX COOTBETCTBYET yacToTe nuckperusanuu 44,1 xl'u
1 16 OUT 11 aMITTUTYABI Ha KKl ayIHo-KaHa (CTEpEe03BYK — 2 KaHaJIa, MOHO — OJIMH KaHal).

Meton TiBmmstos . Mpumep 14. Ouenum o00BEM crepeoaymuodaiina B ¢dopmate PCM ¢

BonHogoro (Wave- 0 , TIyOMHON KomupoBaHUsA 16 OMT W yactoroit muckpermsamuu 44,1 I,

Lable) curtesa Sy “l‘ll/ S x  KOTOPBIf XPaHHUT 3BYKOBO#l ()parMeHT [UTUTENHHOCTHIO 3BydYaHus | cek.

8 ! q ' ) g .
mzzz,a';“fn)ﬁe e 1 OO0béM Takoro 3BykoBOro (parmenra paseH: 16 Out x 44100 I'm x 2

(xanamna) = 1411200 6ut = 176400 Gaiit = 172,3 Koaiir.

Jlo Kxakoli CTENEHM MOYKHO YMEHbBIIATh [apaMeTpbl
oundpoBku (a 3HAUUT, U OO0BEM OLUPPOBAHHOTO 3BYKOBOI'O
¢parmenrta), 4YroObl TpPU BOCCTAHOBJICHHMM 3BYK OCTaBajCs

noctaroyHo Onm3ok Kk ucxogHomy? B 1828 T'appu HaiikBuct

AT A I aa A BbICKa3aJl YTBEPKICHUE, UTO YACTOTAa JUCKPETU3ALUH JIOJIKHA OBITh B
AT Rt N nBa wWiau OoJjiee pasa BBHINIE MAKCUMAJIBHOW YacTOTHI H3MEPSEMOTO
curHana. B 1933 B.A.KotenpHukoB u He3aBucuMo oT Hero Kion IllenHoH chopMynupoBaiu U 10Ka3aid TEOPEMY,

“\’IIV\JI\"‘\,\/‘M/ uv:sl 17 [245|82
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Oojee CUIBHYIO, YeM yTBepxkaeHue HalkBucTa, 0 TOM, MpPU KaKHUX YCIOBUSAX M KakK MO JUCKPETHBIM 3HAUCHUSIM
MO’KHO BOCCTAHOBHTH ()OpMY HENPEPHIBHOTO CUTHAJA. JTa TeopeMa B Poccuu Has3biBaeTcs Teopemoit KorenbHuKoBa,
Ha 3anaze — Teopemoii HalikBucra-IlleHoHa; ecTh y He€ 1 HEUTpaIbHOE Ha3BaHKUE — TeopeMa 00 oTcuérax.

Teopema HaiikBucta-KorensuukoBa-lllenHona yrBepkaaer, 4ro eciu umeercs curHan U(t), crekTp
KOTOPOT'0 OTpaHUYCH CBEPXY YACTOTOM f, TO Mocie ero AMCKPETH3alUU ¢ YacTOToN F>2f popMy MCXOTHOTO CUTHAJA
MO>KHO TOYHO BOCCTaHOBUTH I10 JUCKPETHBIM 3HAUEHUSAM (0TCUéTaM), 1o hopmysre:

Q) = +Z'° Uhat) sin@@nF(t — kAt))
it 2nF(t ~ kAY)
rae Ar=1/F — Bpems Mexay orcuétamu; kAt - BpeMs k-ro orcuéra; U(kAf) -3Hauenue k-ro orcuéra.

[Tokaxkem, moyeMy 4yacTOTa JAUCKPETU3ALUM JOJDKHA ObITh KaK MUHHUMYM BJIBO€ BBIIIE YAaCTOTHl CHTHAJA.
HomyctuMm, Ha Bxox ALl Opu1 moman cunycompanbHbid curHai, U ALIIl Beimanm ero mudpoBoe mpencTaBieHUE.
Bomnpoc: MOHO 11 0JJHO3HAYHO OIPEeIUTh (POPMY BXOJHOTO CUTHaA?

OTBeT Ha NOCTaBJIEHHBI BOMPOC IMOJNY4YaeTCs YAPYHAOIMH — pelIeHWe He €IMHCTBEHHO, Jake
CHUHYCOUJAJBHBIX CHUTHAJOB, HMMEIOLIMX Takoe LU(PPOBOE MpPEACTaBICHHE, HECKOJbKO. TouyHee, MOIXOAAIIHe
CHHYCOHJIBI 00pa3yroT 1Ba OeckoHeUHBIX cemeiicTBa. Ha Puc.21 mo ropu3oHTaIbHOM OCH OTKIIAJBIBACTCS BPEMs, 11O
BEPTUKAJIBHON — aMIUIUTYAa CUTHAJa; TOJICThIE BEPTUKANbHBIE JMHUM OOO3HAYAIOT HM3MEpPEHHbIC 3HAUYCHUS,
CIUIOIIHOM JIMHMEH OTMEYEH CUHYCOMAAIbHBIM CUTHAJI C HU3KOW 4YacTOTOW; NYHKTUPHOM JIMHUEH OTMEYeH
CUHYCOMJAJIbHBI CUTHAJ C BBICOKOW YacTOTOH. DTOT IpUMEp IOKa3bIBA€T, YTO IO OJHUM JIMLIb OTCYETAM MBI
MPUHLIUIIAATIBHO HE MOXEM OMNpPENEIUTh XapaKTepUCTHUKU BXOAHOIO CUTHANA (MPH TUCKPETHU3ALUU HEMPEPbIBHBIX
CUTHAJIOB 4YacTh MH(popManuu yrpauyuBaercs). OQHAKO eclii MOTpeOdOoBaTh, YTOOBI YAaCTOTa MCKOMOIO CHTHajla HE
MIPEBOCXO/IMJIa MOJIOBUHBI YaCTOThI JUCKPETU3AINH, TO PEIICHNE OYAET €UHCTBEHHbBIM.

Tounas QopmynupoBka Teopembl HailikBucra-KoTenpHuKOBa NpUMEHHMMa TOJNBKO K CHUTHalIaM C
HEU3MEHHBIMH YaCTOTHBIMH XapaKTePUCTUKAMU U OECKOHEUHOH IIIUTENbHOCTBIO, TaK UTO JIJIsl OLIM(PPOBKU peasbHbIX
3BYKOBBIX CUT'HAJIOB YaCTOTY JUCKPETU3ALIUH BEIOUPAIOT ¢ HEOOIBIINM 3a11acoM.

B 80-x romax mponuioro BeKa MNOSBWINCH SJEKTPOHHBIE MY3bIKAJIBHBIE WHCTPYMEHTBI — CHHTE3aTOpBI,
CHOCOOHBIE BOCIIPOM3BOAMTH HE TOJIBKO 3BYKM MHOTHX CYIIECTBYIOIIMX HHCTPYMEHTOB, HO M a0COJIOTHO HOBBIE
3BYKH. bbu1o pa3zpaboTaHo corniamieHHe 0 CUCTEME KOMaHJ YHHBEpPCAJIbHOI'O CHHTE3aTOpa, MOJy4YHBIIEEe Ha3BaHUE
crangapta MIDI (Musical Instrument Digital Interface). 3anuch My3bIKaJbHOTO Npou3BeneHus B popmare MIDI —
MOCIIE0BATEIbHOCTh 3aKOJJUPOBAHHBIX cO00IIeHui cuHTe3aTopy. CooblIeHne MOKeT ObITh KOMaH/I0M, OMHUCAaHUEM
MapaMeTpOB WM YIPABISIOIUM COOOIICHUEM.

MIDI-xomaHapl JenaloT 3amuch MY3bIKaIbHONW uWH(MOpManuu 0oyiee KOMIAKTHOW, YeM HMITYJIbCHOE
KoaupoBanue. Eciu cpaBHUTH criocoObl mpeCTaBIeHHs TpapuuecKoi 1 3BYyKOBOI MH(pOpMAIMU, TO 3alUCh 3BYKa B
Busie MIDI-komMaHa COOTBETCTBYET BEKTOPHOMY MPECTABICHUIO H300payKEHUH.

3anucaHHble 3BYKOBbIE (hailIbl MOXKHO PEIaKTHPOBATH, T.€. BBIPE3aTh, KOMUPOBATh U BCTABIATH (ParMEHTHI
u3 apyrux ¢ainos. Kpome Toro, MoKHO yBeIMUMBATh WIH YMEHbBIIATh TPOMKOCTb, IPUMEHSTH Pa3InYHbIE 3BYKOBbIC
3¢ ¢deKkThl (3X0, U3MEHEHHE CKOPOCTH BOCIPOU3BENICHUs, BOCIPOM3BEJICHUE B OOpaTHOM HANpaBICHUU U [1Ip.), a
TaK)Ke HaKJIaApIBaTh (Pailyibl ApyT Ha apyra (MUKIIAPOBATH).

A (ammnutyna)

Puc.21. Tloreps nadopmaiuu npu TUCKPEIUTAIIMA CUTHATA

[Ipyu Bocmpou3BeneHUMU 3ByKa Ha KOMIIbIOTEpE IHPPOBOE
NpEeJCTaBICHHE CUTHANIA TPeoOpa3yoT 0OpaTHO B aHAJIOTOBYIO (OpMY.
Pacuér mapameTpoB BBIXOJHOTO CHUTHAJla BBIMOJIHSAET CHUTHAIbHBIN
MPOLIECCOp, a TEHEPALUIO aHAJIOTOBOT'0 AEKTPUUECKOro curHasa BoinosinseT LIAIL

B coBpeMeHHBIX KOMIIBIOTEPAX UCHOIB3YIOTCS Ciieayromue hopMaThl 3ByKOBBIX (ailyioB:

WAVE (.wav) — HauOomnee MHUPOKO pacHpoCTpaHEHHBIN 3BYKOBOW (hopMmaT, HO HE 00ECIIeUYMBAET JOCTATOUHO
XOPOLLIETo CHKATHUS.

MPEG-3 (.mp3) Vcnonw3ys ans OUU(PPOBKM MY3BIKaNbHBIX 3amuceid. [Ipu KoIupoBaHMM NPUMEHSETCS
NICUX0aKyCTHYECKass KOMIIpECCHUsl, MpPU KOTOPOHM U3 MEJOJUU YIAISIOTCS 3BYKH, IUIOXO BOCHPHUHHUMAaEMbIe
YeJI0BEYECKUM YXOM.

RealAudio (ra, .ram) — dbopmat, pazpaboTaHHBIN 11 BOCIPOU3BEACHHS 3ByKa B VIHTEpHET B peasbHOM
BpemeHH. [lomyuaronieecss KauecTBO B JIyYIIEM CIy4ae COOTBETCTBYET IIOCPEICTBEHHOM ayINOKACCETE.

MIDI (.mid) — uudpoBoit naTepdeiic My3bIKaTbHbIX HHCTPYMEHTOB (Musical Instrument Digital Interface).
Wntepdeiic MIDI npencrapiser coOoi MPOTOKOI MEpeJadyn My3bIKalbHBIX HOT U Menoauid. T.e. B daiine xpausTcs
OTIMCAHUsI BBICOTHI U JITUTEIHLHOCTH 3BYYaHUSI MY3BIKAJIbHBIX MHCTpyMeHTOB. MIDI — (aiinbl 3aHMMaIOT MEHBITHI
00BEM (eMHUIIA 3BYKOBOT'O 3BYYaHUs B CEKYH/Y), YeM dKBUBAJICHTHbIE (Daiiiibl O1M(POBAHHOTO 3BYKA.
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KopoTko octaHOBUMCS Ha KOJUPOBAaHUU BUACOMH(GOPMALIUH.

AHanoroBoe BUEO SBISECTCS CaMbIM PaHHMM METOJOM Tepeqadu BuieocurHana. KoMmo3uTHOe aHalIoroBoe
BUJICO KOMOMHHUPYET BCE BUICO KOMIIOHEHTHI (SPKOCTb, IBET, CHHXPOHM3ALMIO W T.J. B OAMH curHaia. M3-3a
OOBEMHECHHS STUX JJIEMEHTOB B OJHOM CHTHAaje KAa4eCTBO KOMIIO3HUTHOTO BHIEO [aJeKO OT COBEPIICHCTBA.
[udposoe Buaco - n3o0pakeHUE WK CepHsl n300pakeHn, HHGOPMAITUS B KOTOPHIX XPAaHUTCS B IIM(DPOBOM BUJIE.
OHo ucnonb3yeT nU(pPOBBIE CUTHAIBI U CTAHAAPTHI, OTIIMYHBIC OT MEXTYHAPOIHBIX CTAHIAPTOB sl TEIIEBEIIAHUS U
BBIBOJIa M300paKEHUI Ha HKpaH, UCIIOJIb3YEMBIX B aHAJIOTOBOM BHJIEO.

W3BecTHBI cneayromye GopMaThl COXPAHSHHS BHICOMHPOPMAITUH:

Digital Video (.DV) — ¢popmar, pa3paboTaHHBIN 11 ITU(GPOBBIX BHACOKaMEP U BUAeoMarHuToGoHoB. CUrHamn
KOMITOHEHTHBIN, MeTo1 cxxatust MJPEG c ko3ddunmentom 5,1.

CD AVI (Audio Video Interleave) — depenoBaHue ayauo ¥ BHUACO — ITO3BOJSICT OJHOBPEMEHHO XPaHUTh
n3o0paxkeHue u 3ByK. [Ipm 3amucu B 3TOM (hopMare HCHOIB3YIOTCS HECKOJBKO Pa3INYHBIX (HOpPMATOB CHKATHS
(kommpeccun) BuaeomzobOpaxenusi: Microsoft Video 1 (8 n 16-6utnblii 11BeT), Motion JPEG, Microsoft RLE (8-
OuTHBIN 1BET), Indeo u T.11.

MPEG (Motion JPEG) (mpg, .mpeg, .dat) — dopmaT i 3aluCcu W BOCHPOW3BEIACHHUS BHJICO,
pa3paboTaHHBIN T'PYMION SKCIEPTOB MO ABWXKYyUMMCc u3zoOpaxenusm (MPEG — Moving Picture Expert Group).
HNmeet cOOCTBEHHBIN aJITOPUTM KOMITPECCUU, OCHOBAHHBIM HA KOJWPOBAHUH M3MEHECHHM KITFOYEBBIX KaapoB. Cpeau
POU3BOIHBIX (popmartoB uzsecreH MPEG-2, MPEG-4

Quick Time Movie (.qt, .mov) — HamOonee pacnpoCTpaHEHHBIA GopMaT IS 3aMMCH U BOCIPOU3BEICHUS
MMOTOKOBOTO BHUICO, pa3paboranHblii pupmoit Adobe B pamkax Texunonoruu Quick Time. Ilonnep:xuBaeT HECKOIBKO
pazuuHbIX (hopMaTOB CKaTHs BUIEO, B ToM uncie MPEG u Indeo, a Takke cBOM COOCTBEHHBIM METO KOMITPECCHUH.
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