I'raBa 1

Yes10BeK 1 KOMIILIOTEP

1.1. YeaoBek

Korga mbl roBOpUM O 4€lOBEKE B IUIAHE €0 B3aUMOJECUCTBUS C KOMIIBIOTEPOM, TO, IPEKIE
BCEro, HYXHO OTMETUTh, YTO JIOJM OTrPAaHUYCHBI B CBOUX CIIOCOOHOCTSX 00padaThiBaTh
uHpopMalMio. OTO BIEYET BaKHbIE CJEICTBUA s Ju3ailHa MHTEpP(EcOoB UeIOBEKO-
MalIMHHOTO B3auMojeucTBus.  MHpopManus NpUHUMAETCS YETOBEKOM MW €ro pPeakiuu
MPOSIBJISIFOTCA YEepe3 paslInyHble KaHalbl BBOAA-BBIBOJA, CPEIU KOTOPBIX MOKHO BBIIEIUTH
BU3YaIbHBIA KaHAJ, CIIyXOBOH, OCS3aTCIIBHBIN W JBUTATEIbHBIA (MOTOpHBIN). HMHpopMmarus
XPaHUTCS B MAMATH, PUYEM Pa3INIACTCsl CEHCOpPHAs MaMsITh, KpaTKOCpouHas (pabouasi) maMsTh
U JoinroBpeMeHHas mnamsaTh. MHdopmarus obpabareiBaeTcss U (GopMHUpyeTcs MOCPEACTBOM
YMO3aKJIIOUCHHUM, DEIICHHs 3a/Jad, NpUOOpeTeHHs HABBIKOB M coBepiieHus omubok. Ha
YeNOBEUYEeCKHEe CIOCOOHOCTH  BIHUSIOT  OMOIUU. [Tonb3oBarenu o00namalOT  OOHIMMHU
CIIOCOOHOCTSIMU, HO UHJIMBUAYAIbHBI M1 UMEIOT OTIINYUS, KOTOPHIEC HE JIOJKHBI UTHOPUPOBATHCA.
Tenepb paccMOTpuUM HambosIee BaKHBIE MOMEHTBI OoJiee MOAPOOHO.

3penue

3peHue uMeeT JBe cTaauu: (PU3MUECKOe BOCIPUATHE CTHMYyNa (BO3JIEHCTBUSA) U oOpaboTka
(unTepmperanys) ctuMmyia. DuU3nUeckoe BOCHPHUSATHE OCYILECTBISETCS MOCPEACTBOM IJiaza.
['ma3 MoxeT paccMaTpuBaThCs KaK MEXaHU3M, IPUHUMAIOMIUN CBET M MPeoOpa3yromuil ero B
AIIEKTPUUYECKYI0 DHEpPruto.  BuauMmelii cBeT oTpaxaercss OT o00bekToB.  M300paxeHus
(bOoKyCHpYyIOTCS B MEPEBEPHYTOM BHJIE Ha ceTdaTke rinaza. (Cerdarka COACPKUT MANOYKH IS
BUJICHUS MIPH CJIA0OM CBETE M KOJOOUKH JJIs IBETHOTO 3peHHs. Kpome Toro, KJIeTKU T'aHIJIus B
MO3TYy BBIABISIIOT XapakTepHbIe MAOJIOHBI W JIBUKEHHWE. B HMHTEpIperanuy CUrHaja MOKHO
BBIJICJIUTh HECKOJIBKO aCIEeKTOB.

Bo-nepBbix, 3T0 pazMep u riayouna. [Ipu BocnpusTHH 4eIOBEKOM pa3Mmepa M INIyOHMHBI BasKHBI
TaKHe MapamMeTphl, KaKk BU3yaJbHBIA YTros (OH MOKa3bIBaeT, KAk MHOTO MECTa 3aHUMAET OOBEKT B
10JIe 3pEHUs M 3aBHCUT OT pa3Mepa M PacCTOSHUS OT OOBEKTa JI0 IJ1a3a) U OCTPOTa 3pEHHS
(crocoOHOCTh BOCIIPHHUMATH JeTanu). [l 4emoBe4ecKOro BOCHPHUSTHS XapaKTepHO TO, YTO
3HaKOMbIe OOBEKTHl BOCHPHUHUMAIOTCA KaK HMMEIOIIME MOCTOSHHBIA pa3Mmep (HE3aBUCHUMO OT
M3MEHEHUN BHU3YaJbHOTO yria MpH JOCTaTOYHOM OTHAJIICHUHU), MPUYEM AITIO3MH, TaKUE Kak
HaJIO)KEHHE, TOMOTAIOT BOCHIPUSATHIO pa3Mepa U IITyOUHBI.

Bo-BTOpBIX, 3TO SPKOCTH, T.€. CYOBEKTHBHAs peaKlMs Ha YPOBEHb CBETa, H3Iy4aeMOro
OOBEKTOM; OCTpOTa 3pPEHHSI YBEIMYHBACTCS C POCTOM OCBEHICHHOCTH, TaKXe JTOMY
CHOCOOCTBYET U MEpLIaHHE.

B-tpetpux, 510 nBer. OH co3maercs U3 TOHA, MHTEHCUBHOCTH W HachIIeHHOCTH. Konbouku
YYBCTBUTEIbHBI K JJIMHE BOJHBI U MHIUBUAYAIBHO PEArMpYIOT Ha KPacHbIM, 3€IEHBIN U CUHUI
nsera (RGB-cucrema uBerHOCTH). H3BecTHO, 4YTO HauMeHbLIAs YYBCTBUTEIBHOCTH



MPOSIBISIETCS K CUHEMY LIBeTY. HyXHO Takke MOMHUTH O TOM, YTO MPUMEPHO 8 % MYKUUH U
1% >KEHIIUH He pa3InvaroT BETOB (SBJSIFOTCS TAIbTOHUKAMM).

3puTenbHas CUCTEMa KOMIIEHCUPYET pEakUUu MpU JBHKEHUUM M HW3MEHEHUU OCBELICHHOCTH.
s paspelieHus AByCMBbICIEHHOCTH UCIIOJIb3YETCsl KOHTEKCT. biarogapst KoMIeHcauuu UHOTAA
BO3HUKAIOT ONTHYECKHE WIUTIO3UHU. J[Ba MpuMepa ONTHUECKUX WIIKO3UN ITpUBEAEHbI Ha puc. 1.1.
Bepxuuii npsiMOYroJIbHUK Ka)keTcsi OoJbllle HIKHEro (Ha caMOM JieJie OHM OJMHAKOBbI), TOUHO
TaK)K€ BEPXHUHN OTPE30K KAXKETCS JUIMHHEE HUKHETO.

Puc. 1.1. Onrnyeckue WUIIO3UM.

Yrenue

UreHne COAEPKUT HECKOIbKO CTaJui: BHayaje BOCIPUHUMAETCS BU3yaJbHbIH I1a0JIOH
(Mozenp), 3aTeM OH JEKOAMPYETCS C UCIIOJIIb30BAHMEM BHYTPEHHETO MPECTABIICHUS B SI3bIKE,
HaKOHELl, HHTEPIPETUPYETCsl HA OCHOBE 3HAHUS CMHTAKCHCA, CEMAHTUKU U mparMmatuku. [lpu
YTEHHUH 33/IEUCTBYIOTCS KaK OBICTpOe CKaukooOpa3HOe JIBM)KEHHUE IJa3, Tak U ¢ukcauus. [lns
pacrio3HaBaHMsS BaXHO odepTaHue cioBa. OTpHIATeNbHbIM KOHTpacT (YepHble OYKBBI Ha
CBETIIOM (pOHE) YIIyUIIaeT YTEHUE C KOMITBIOTEPHOTO IKpaHa.

Cayx

Cnyx naér mHQOpPMALMIO O Cpele: PacCTOSIHUA, HarpaBlieHUs, 00BeKTHl U T.A. Duznueckum
anmnapaToM ciyxa sBISIOTCS BHEIIHEE yXO (3allUIIaeT BHYTPEHHE U YCHWJIMBAET 3BYK), CpElHEe
yXo (TepenaeT 3BYKOBbIE BOJHBI C MIOMOIIbIO BUOpAIMil K BHYTPEHHEMY yXY) U BHYTPEHHE YXO
(BBICBOOOXK/Ta€T XMMHUECKHUE TMEpeaTYMKU U BBI3BIBAET MUMIYJILCHl B CIYXOBOM HEpB). 3BYK
XapakTepu3yeTcss BbICOTOM (YacToTa 3ByKa), TPOMKOCTBIO (aMIUIMTyJa) U TeMOpoM (THUIl WU
KauecTBO). YenoBek MoxeT ciblmaTh 4acToThl oT 20 I'm go 15 (Hekotopsie — mo 20) kI,
npuyeM 0osiee BBICOKME YacTOTHI Pa3IMUYalOTCs YEIIOBEKOM C MEHbIIeH TOYHOCThI0. CiyxoBas
cuctema (pUIBTPYET 3BYKH, UTO MO3BOJISET MPUCITYIIMBATHCS K 3ByKaM B OKPY>KaIOILIEM IIyME.

Ocs3anue

Ocs3anne o0ecrieynBaeT BaXXHYIO OOpaTHYIO CBSI3b C OKpyXkaromeil cpenoif. OHO MOXKeET ObITH
KIIFOYEBBIM YYBCTBOM ISl JIIOAEH C TIOXUM 3peHrueM. CTUMYJbl MPUHUMAIOTCS PeLenTopaMu
Ha KOXE: TEPMOPELENTOphl (TEIJO0 W XOJIOA), HOIUIENTOpbl (00Jb), MEXaHOPEIEHTOPHI
(maBieHMEe MTHOBEHHOE W MPOAOKUTENbHOE). HekoTopsie obmacTu (Hampumep, majibiibl) 6osee



YyBCTBUTEIbHBI, ueM napyrue. KuHere3uc — omyiieHue mnoyioxeHus Ttena. JledicTByeT Ha
olyeHue KoMmpopTa 1 NPOU3BOAUTEIHHOCTD.
JBuKeHue

Bpemsi, TpeOyromeecst isi OTBETa Ha CTUMYJ, COCTOMT W3 BPEMEHH pPEAKIMH W BPEMCHH
IBUKEHHS. Bpewms JABH>KeHUs 3aBUCHT OT BO3pacTa, pusudeckoi popmsl u ap. Bpems peakuuu
3aBUCUT OT THIA CTUMYJIA: JJIsi BU3yaJIbHOTO CTHUMYJa OHO cocTaBiisieT npumepHo 200 mc, ams
ciayxoBoro — 150 mc, mnsa GosneBoro — 700 mMc. VYiydiieHHe BPEMEHH PEaKIUU MPUBOAMT K
YXYALIEHUIO TOYHOCTH AJIs1 HETPEHUPOBAHHOIO OIIEPATOPA, HO HE ISl CIIELHUAIbHO 00YYEHHOTO.
3akon dutTCca onuchIBaeT Bpems T, Tpebyemoe AJis MonaiaHus B 1EJb Ha DKpaHe:

T=a+blog,(D/S+1),

rje a u b — KOHCTaHTBI, OmpeiessieMble ONBITHRIM IyTeM, D — paccrosinue, S — pasmep nenu. 13
3akoHa DuUTTCa ClIeayeT, YTO [JIsi MUHUMH3AIUU BPEMEHH LIETH JODKHBI ObITh HACKOJIBKO
MO>KHO OOJIBIIUMHU, & PACCTOSTHUE — KAK MOYXXHO MEHBIIIHM.

IHamarte

Cencopuas namsames XpaHUT CTUMYJIbI, IIOJTY4YEHHBIE C IOMOIIBIO OPraHOB YyBCTB. B pe3ynbrare
YEJIOBEK MOKET IMOMHUTbh M300pa)ke€HUs, 3BYKHU (MY3bIKY), TAKTHJIbHbIE OIIYIIEHHUS U T.A. JTa
HaMsTh IOCTOSIHHO N1E€PE3auChIBACTCS.

Kpamxocpounas namame (KCII) sBnsercs kak Obl 3almMCHOW KHMXKKOW [UIi BPEMEHHOTO
3anoMuHaHus. OHa xapakTtepusyercs ObICTpbIM A0CTYNOM (~ 70 Mc), OBICTPBIM 3aTyxaHUEM (~
200 mc) u orpaHudeHHOM EMKOCTBIO (5-9 anmemeHTOB). Hampumep, mombiTaiiTech 3alIOMHUTH
CJIeIyIOIINE HENOYKHA CUMBOJIOB:

212348278493202
0121 414 2626

HEC ATR ANU PTH ETR EET

[TepBoe MIMHHOE YKCIIO 3aTIOMHUTH TPYJIHO, KOPOTKUE YUCIIA U COUETaHUsI OYKB 3alIOMUHAIOTCS
nerye. [To Mepe 3amOMHHAHUS HOBBIX 3JIEMEHTOB CTapble OOBIYHO 3a0bIBAIOTCS.

Jonecoepemennan namams ([ABIl) sBasercs XpaHWIMIIEM BCEX HAIIUX 3HAHUM. Ona
XapakTepu3yeTcss MeIUICHHBIM AocTynoM (~ 120 Mc), MeIIeHHBIM WM HECYIIECTBYIOIIHM
yracaHueM, OTPOMHOM MIIM J1aK€ HEOrpaHW4YeHHOW E€MKOCTbIO. Pasnmmuarorcs nsa tuma JIBII:
AMM30AMYecKas (TocienoBarenbHas naMsITh COOBITHI) U ceMaHTH4ecKas (CTPYKTypHpOBaHHAast
namsTh 0 akTax, KOHLUENIMIX, HaBbIkax U T.1.). Cemantuueckas JIBII Gepér cBoe Hauano B
snuzoandeckon  JIBIL. CTpyKTypa CEMaHTHYECKOW TMMaMsITH OOecrneunBaeT JOCTYIm K
uHpOpPMaLIUK, TPEACTABIAET B3aUMOCBSA3M MEXKJY €IUHHMIIAMU HH()OpMAIUH, IMOIEpKUBAET
CIOCOOHOCTH CyXeHus (BpiBosa). OnHa U3 MOAeNIel 3TON MaMITH — CEMAaHTUYECKast CeTh. JTa
MOJIEIb OTPAXKAET HACJIEIOBAaHUE (JOYEPHUE Y3JIbl HACIEAYIOT CBOMCTBA POJUTENBCKUX ), SIBHBIE
OTHOWICHUSI MEX/y YacTsIMH WH(OpMaLKHY, MOAAEPKUBAET CIIOCOOHOCTh MPOU3BOACTBA BBIBOJIA
yepes HacienoBaHue. IIpumep cemaHTHUeCKOM ceTu npuBenEH Ha puc. 1.2.



KHUBOTHOE TnaeT UMeeT 4 HOrH CTEPEXET OBEL

‘/ * \ \ / - /
IHUMT  ppHraeTcs T 7 COBAKA - OBYAPKA
f \ aTo

ITo HMEET XBOCT

pasMep: CpefHHI

HIOET o cneny  -———  OXOTHHYbBA KOJLH Tl UBET: OeNki / KOPHUHERRIA, YEPHEIA / DenHi
y 31\'3cm1—V

SKIEMIUTAP . .
W 1BET: OeNbIf / KOPUUHEBHIH

BACCET —— pasmep: manenskuit oy .1'1'3'(:(:[']\L

\\ LBET: KOPHYHEBRIA, YUEPHRIA /[ eIk \ repoit rbMa
ueeT: ekl / KOPHUHEBHIA
IKIEMIUIAP
CHYIIH ——— W repofl MynbTgHIbMa repoil KHUru

apyr
HAPJIH BPAYH

Puc. 1.2. CemanTuueckas ceTh.

[Tpumep BoIBoza: "JIaccu umeeT 4 HOTH U Jaetr" CIeAyeT U3 TOro, uto JIaccu siBiseTcst cobakoi
(oBuapkoit mopozst Kosm), a cobaka j1aet u uMeeT 4 HOTH.

Hpyras momens — ¢peiimoBas. B sroit mMomenn uH(OpMaus opraHu3yeTcsi B CTPYKTYPHI
(3amucu). CnoThl B CTPYKTypax 3alOHAIOTCS 3HAYEHUSMH 3K3eMIUIIPOB JaHHbIX. CTPYKTYpbl
OTPaKAIOT OTHOIICHUS TUII—TIOATHII.

Struct COBAKA Struct KOJIJIA

Fixed Fixed

Horu: 4 Hacnenyer or: COBAKA

Turm: oBuapka

Default Default

Jluera: motosiHas Pazmep: 65 cm

3ByK: Jai
Variable Variable

Pasmep: I{Bert:

LiBer:

B kauectBe BakHeiimero crocoba coxpanenusi uHpopmaruu B JIBII BeicTymaer 3aydnBanue.
Bo Bpewms 3ayumBanus uHpopmarus nepenHocutca u3 KCII B JIBII. CymecTtByeT rumoresa
"MmosiHOTO BpeMeHHu'": KojudecTBO HH(popmanuu, ocratouieiics B JIBII, mpomnopunoHaibHO
BpeMeHHU (TMpoJonKUTeNbHOCTH) 3ayunBaHusa.  Coxpanenuto uHpopmamuu B JIBII Taroke
nomoraer »¢¢ekr “pacmpeneneHus MPAKTUKU':X COXpaHEHHWE ONTUMU3HUPYETCS IyTeM
pacripeniesieHusi 00y4eHus: BO BpeMeHu. Kpome Toro, uMeer 3HaYeHHEe CTPYKTypa, 3HAUECHUE U
"3HaKOMOCTh"' HH(OpPMALIUU: 3Ty UH(POPMAIUIO JIETYe 3aIIOMHHUTb.

Baxxno umets B Buay ocobeHHocTH 3a0biBanust nHdopmaruu B JIBIT. s JIBIT (kak u KCII)
XapaKTepHO yracaHue: WHQOpMAIMs TepseTcs MOCTENeHHO W O4YeHb MEIJICHHO. JledcTByer
takke 3hdext BMemarenbcTBa (MHTepdEpeHurs): HoOBas WHGOpPMAIUS 3aMElIaeT CTapylo
(perpoakTrBHAs WHTephEpeHIMs) WM cTapas HWHPOpPMaLus IEepeMEeIINBaeTCsl C HOBOM



(mpoakTuBHas uHTepdepenius). UenoBek He MOXKET 3a0bITh MHPOPMAIUIO BOJIEBBIM YCHIUEM.
Ho BoseBoe ycunue HHOT/1a MOMOraeT BCIIOMHUTh HH(DOPMALIHIO.

MoxHO BBIACTUTh JBa crnocoba mosyueHuss wuHpopmanuu u3 JIBIl: BocmomuHaHue
(Bocmipou3BeicHHEe HH(QOPMAMM W3 TMAMITH MOXET YIPOMAThCS C IMMOMOIIBI0 AJLTIO3HUH
(maméEka), HampuMep, KaTeropuu, oopasa) u y3HaBaHue (MHbopmarus Ma€T 3HAHHWE TOTrO, YTO
ObUIO 3allOMHEHO paHee). Y3HaBaHHE MEHee CJO0XKHO, YeM BOCIIOMHUHAHHME — 3JIeCh cama
UH(POPMALIUS SBISIETCS KITFOUOM.

YMo3akiaoueHue
Paznuuatorcs Tpu crioco6a BRIpaOOTKH YMO3AKITIOUECHUS: ASYKINs, HHIYKIHUSA U a0ayKIus.

Jedykyus BBIBOAWT JIOTUYECKH HEOOXOJUMOE 3aKIIOYCHHE W3 3aJaHHBIX JIOMYIICHHM.
Hampumep, (1) mo mnsaTHuiam oHa paboTaer; (2) ceroaHs ISATHUIA; 3HAYUT, CETOIHS OHA
paboraer.  JleAyKTHBHBIH METOA MBIIUICHUS HEOOS3aTCIbHO MPUBOJUT K TMPABUIBHBIM
3aKITIOYCHUSM: BCE 3aBHCUT OT HCTUHHOCTH HavaJbHBIX fgonyiieHnid. Hampumep, (1) korga uaér
JOKIb, TOpoTa cyxas; (2) ceituac UAET JOXK/Ib; 3HAUUT, ceiuac I0pora cyxasl.

Hnoyrkyus o0o0IIaeT ciiydan W3BECTHBIC HA CIIy9aW HEW3BEeCTHhIC. Hampumep, Bce CIIOHBI,
KOTOPBIX MBI BHJICIH, UMEIOT XOOOTHI; CJIe0BaTEIbHO, BOOOIIE BCE CIOHBI MMEIOT XOOOTHI.
DTOT cnoco0 MBIIUICHUS OYeHb TI0JIE3€H JJisi 4YeJIOBeKa, HO OH HEHaJEXKeH. B
JNEHCTBUTENBHOCTH, MHIYKTHBHO MOYKHO CTPOTO JOKa3aTh JUIIb HETaTUBHBIC YTBEPHKICHUS: MbI
BUJICJIN CIIOHA C XOOOTOM, CIICI0OBATEIHbHO, YTBEPKACHUE O TOM, YTO CIIOHBI HE UMCIOT XO0O0TOB,
HEBEPHO.

A60yKkyusa o3HaYaeT Cy)KJeHHe O MPUYMHE IO CiIeACTBUI0. Hampumep, aneiabCUHbI OpaHIKEBBIE;
s BUKY OPaH)KEBBIM IUIOJ; HAaBEPHOE, ITO alelIbCHH. Takue CyKJIEHHs TaKKe CBOMCTBEHHBI
YEJIOBEKY, HO SICHO, YTO OHU MOT'YT IIPUBOJUTH K JIOXKHBIM 3aKJIFOUCHUSM.

Pemenue 3axau

Pemenne 3amau — 9TO mpolecCc HAXOXKAEHUS pEIIEHUs paHee HEM3BECTHOM 3ajauu ¢
UCMOJIb30BaHUEM 3HaHMH. Mbl He OyJeM paccMaTpuBaTh MOJENU M TEOPUH, OMHMCHIBAIOIINE
pELICHUE YEeIOBEKOM CIIOXKHBIX 3a7ad. V3BecTHO, 4TO 37ech HMrpaeT pojib Takas TPYAHO
dopmanuzyeMass U He 1O KOHIA MOHATHAas HayKe Belllb, KaK MHTYWIUS WM o3apeHue. s
MIOCTPOCHUS YEJOBEKO-MAIIMHHOTO B3aMMOJEHCTBUS dalle BaXKHBI CIEAYIOLUIUE METO/bI
peleHus 3a1a4 YeJI0BEKOM

e Pewenue no ananocuu. Ilpy BOSHUKHOBEHNU HOBOM 3a/1auM 4€JIOBEK UCIOIb3YET 3HAHMUS
MOXO0KeW 3a/1auu B TOU ke WK OiM3Koi obnactu. Pemienue no aHanoruu 3aTpyHsercs,
€CJIM HOBas M M3BECTHAs 3a/1a4M MPUHAAIEKAT CEMAaHTHUYECKH Pa3IMYHBIM 00JIACTSM.

e Pewenue 3a cuém npuobpemenus Haeblkog. Eciy YenoBeK A0Nro TPEHUPYETCS B
peIlIeHnN 3a/1a4y, OH HAYMHAET peliaTh MHOTHE HOBBIE 33/1a4i 00Jiee yCIENHO U ObICTPO.
Cunraercs, 4TO KIIOYEBHIM MOMEHTOM 37ECh CIY)XUT HpUOOpeTeHHe CIOCOOHOCTH
pa30uBaTh 337a4y Ha 3JIEMEHTBI, YTO ONTUMU3HUpPYET ucnois3oBanue KCII.

B cBomx nedcTBHSIX 4YENOBEK HEPEAKO coBepiiaeT OomuOKu. BakHO paznmuuarh aBa THIa
omnOok. IlepBbIil TUI cKOpee MOXXHO Ha3BaTh YIYIIEHUSMHU: STH OMIMOKM BO3HUKAIOT, KOT/IA
MMEEeTCs TPABWIBHOC HAMEPEHHE, HO pe3yjbTaT HE BEPEH B CHJIy, HaNpUMep, IUIOXHX



(¢U3MUeCKUX HABHIKOB WJIM HEBHUMATENBHOCTH. BTOpoi T ommOOK BO3HUKAET, €CIIM CaMO
HaMepeHHe ObUIO He BEPHBIM. OTO OOBIYHO CBSI3aHO C HENPABUIbHBIM TIOHUMAHUEM.

Jpyroii Bempl0, BO3ACHUCTBYIONICH HAa CIIOCOOHOCTh 4YEJIOBEKa peIllaTh 3aJaud, SBISIFOTCS
SMOIMUA. MBI MOKEM DPa3JeTUTh MX Ha TOJOXKUTEIbHBIC W OTpHUIlATeNbHbIE. M3BECTHO, YTO
MIOJIOKHUTEIIbHBIE AMOIMH CIIOCOOCTBYIOT TBOPYECKOMY MBIIUICHUIO, & OTPHUIATEIbHBIC TyOsT
€ro, JENalT MbIIIIeHHe Ooyiee y3KHM. BOT HECKONBKO CIIEJCTBUM, YYHUTHIBAIONIMXCS IPU
pa3zpaboTke uHTepGEenCcoB:

e (Crpecc yBeIUYHBACT TPYTHOCTD PEIICHUS 3aa4H.

e CrHokoiiHbIe TOJB30BaTENH Oosiee OJAroCKIIOHHO OTHOCSTCS K OrpexaMm Ju3aiiHa

uHTepderica.
e DCTETUYECKH NMPUATHBIN U MOJIE3HBIN HHTEP(EHC BBI3BIBACT MOJIOKUTEIHHBIC SMOITUH.

[Tpu pazpaborke uHTEp(DENCOB CleyeT yYUTHIBATh TO, YTO JIFOJW MHIUBUAYATHHO PA3ITUYHBI.
MOXXHO BBIJCIUTH JIOJTOBPEMEHHBIC pa3muuusi (IMoJ, (U3NYECKUE W WHTCIUICKTyaJbHBIC
CIIOCOOHOCTH), KpaTKOBpeMeHHbIe (3¢ (heKT cTpecca WK yCTaaoCcTh) U MEHsIoHecs (Bo3pacr).
Pazpabotunk unHTEepdeiica MokeT crnpocuTh cels: OyAeT JiM ero Au3ailH HCKIIoYaTh 4acTh
MONYJISILIUU M10Jb30BaTENEH?

W3 Bcero cka3aHHOIO O YEJIOBEKE CIEAyeT clielaTh BBIBOJ O TOM, YTO (PU3UOIOTUYECKUE U
IICXOJIOTHYECKUE €ro OCOOCHHOCTH O0O0s3aTE€NIbHO JIOJKHBI YYUTHIBATHCS TPU pa3paboTke
uHTEp(eiicoB KOMIBIOTEPHBIX cUcTeM. HekoTopbie pakThl MPUBOAIT K IPSIMBIM IMPUIIOKEHUSIM.
Hampumep, Huzkas octpora 3peHuss B 00JIaCTU CHHEr0O I[B€Ta IPUBOIAUT K CIEAYIOLIEMY
TpeOOBaHUIO: CHHUH IIBET HE MOJIKEH HMCIIOJIb30BAThCA ISl BAXKHBIX JeTanel untepgdeiica. Ho
BOOOIIE K€, KOPPEKTHOE MPUIIOKEHHE TPeOyeT MOHMMAHUS TCHUXOJOTHYECKOIO0 KOHTEKCTa
KOHKPETHBIX YCIIOBUH PaOOTHI.

1.2. KomnbroTep

B sTOM paszene Mbl He OyJeM U3y4aTh MOJIHOE YCTPOHCTBO KOMIBIOTEPA, & PACCMOTPUM TOJIBKO
T€ €ro 4acTU WJIN YCTPONCTBA, KOTOPhIE HEMOCPEICTBEHHO MCIOJIB3YIOTCS /711 B3aUMOIEHCTBUS
C 4eJI0BEKOM. Brienum crenyromue rpynmsl yCTpONCTB:

YcrpoiicTBa BBO/IA (BBOJ TEKCTa, pUCOBaHKE, BEIOOP 0OBEKTOB HA DKPAHE)
e BBoj TekcTa: KOMIBIOTEpHAS KJIaBHaTypa, Tele(oHHas KJIaBuaTypa, peueBoi BBO,
PYKOIHMCHBIN BBOJI.
e VYKazaHue: Mblllb, CECHCOpPHAs MaHeNb, epo.
e 3D ycrpoiicTBa.
Jucnneun:
e KomnberoTepHble AUCIIIEN
e bonpme aucriien
e Manenpkue (crienuaIn3upoOBaHHbIC) AUCILICU
e (CeHCOpHBIE DKPaHbI
Cuctembl BBOJIa-BbIBOJIA B BUPTYAJIbHOM PEAIbHOCTU U UTPAX: JHKOUCTUKH, PYJIH, HUIEMBI U T.J.
Byma)kHbIi1 BBOI-BBIBO/T
e [Ipuntepsl
e (CxkaHepsl
e Pacrno3HaBaHHe TEKCTa



YcTpoiicTBa BBOJa-BbIBOIA (PU3UUECKUX APAMETPOB
e CeHcopsl
e  DJIEMEHTHI yIIPaBICHUS
e 3BYK, 3aax ¥ YCTPOUCTBA TAKTUIBLHOTO BO3ICHCTBUS

HekoTopble U3 MepevnciieHHbIX YCTPOUCTB, TAKUE KaK KIaBUATypa M MBbIIIb, HACTOJILKO XOPOIIIO
3HAKOMBI BCEM T0JIH30BATEIISIM U ITPOrPAMMHKCTaM, YTO HET HY)K/Ibl OMMCHIBATh UX MOApoOHO. C
JPYroi CTOPOHBI, TAKUE YCTPOMCTBA, KAK CCHCOPHI M PA3JIMUHbIC OPTaHbl YIIPABICHHUS HACTOJIBKO
9K30THYHBI M CIECIHATU3UPOBAHBI B PA3IMYHBIX TEXHOJIOTHYCCKUX CUCTEMaX, YTO MX H3yUYCHUE
TAK)Ke BBIXOJIUT 3a paMKH HalIero kypca. BBOj U BBIBOJ 3alaxoB MOKa OCTaETCs HEPEIEHHOM
TEXHHYECKOH mpoOIeMOH.

Hwxe Mbl gaauM OmMcCaHWE HEKOTOPBIX HE CTOJIb LIMPOKO M3BECTHBIX YCTPOMCTB WM HX
Pa3HOBUAHOCTEH, MPEACTaBISIONINX, OJHAKO, OONBIION MHTEPEC C TOUKH 3PEHHUs MOCTPOCHUS
UHTEp(PEHCOB UETOBEKO-MAIIMHHOTO B3aUMOJICHCTBUA. MBI KpaTKO OIHUIIEM MPUHIIMITBI
NEHCTBUS ATUX YCTPOMCTB, T.K. UX 3HaHHME HEOOXOAUMO JUIsl MOHUMaHHS OCOOEHHOCTEH HX
MPUMEHEHHUS U BO3MOXKHOCTEH pean3yeMbIx QyHKIUI HHTEepdeiica.

Kaasunarypa

CeronHs OCHOBHAas KJIaBHAaTypa B OOJBLIIMHCTBE KOMIBIOTEPOB — 3TO KHomouHas QWERTY-
KJIaBuarypa. Takue KiiaBuaTyphl 3aHUMAIOT JIOMHHHUPYIOIIEE MOJI0KEHHE Ha peiHKe. He HyXHO
JIOJITO paccKa3biBaTh, KaK OHU PabOTAIOT M KaK WMH IOJIb30BaThCs. (OHAKO, OTMETHM, YTO
pa3mernenue cumBosioB o kiasuinam (Keyboard layout) moxker ObiTh pasnuunbiM. Tak uist
aHIIMHCKOro s3blka Oosiee 3(h(HEeKTHBHO pa3MelleHHe, KOTOopoe pa3paboTand aMepuKaHCKUN
ncuxonor J[Bopak (puc. 2.1). VTBepkmaercs, uto npu paboTe ¢ KiaBuarypoul [[Bopaka
CKOpOCTh BBOJa yBenuuuBaercs Ha 10-15% wu ymensmaerca yctamocts. Ilo onenkam
aMEpUKAHCKUX HCCIeoBaTeei, B TE4YeHHEe 8-4yacoBOTO pabodero AHS pPyKH HAOOpIIMKa
npoxozar 16 muib Ha knaBuatype QWERTY, u Toasko 1 Muitro Ha kinaBuatype JlBopaka.

Chuerty
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Puc 1.3. Pa3Hble Ki1aBuaTypHbI€ pacKIagKH.

BupryansHas kmaBuatypa (puc. 1.4) — 3T0 KiaBMarypa, co3aaBaeMasi MyTeM IPOCIUPOBAHUS
MOJTHOPA3MEPHOTO H300paKEHHS KJIABHATYPhl HAa KaKylO-THOO TOBEPXHOCTh. Y CTPOKHCTBO,
KpOME TPOCHHPYIONIETO Jla3epa, Takke CHaOXKEeHO BUICOKaMepoil. Buaeokamepa cyMThIBaeT
ABWIKCHUSA TAJIBICB IMOJIB30BATCIIA, MO 3TUM JAHHBIM KOMIIBIOTCP OIPCACIIACT H€O6XOI[I/IMBI€



NEUCTBUS W TeHepupyemble CHUMBONBL C TOYKH 3pEHHUS TOJB30BATENS MPUKOCHOBEHUE K
M300paXEHHUIO KJIABHILN I'€HEPUPYET YHUKAIBHBIN KOJl, COOTBETCTBYIOIINM M300paKEHUIO ATON
KJIaBUIIIN. BI/IpTyaJIBHBIG KJIaBUAaTypbl OKa3bIBAIOTCA HC3AMCHHUMbBIMHU JIA CMapT(bOHOB u
ycrpoiictB PDA (koMMyHHKAaTOpOB). MMEIOTCS TaKkKe peau3aiui My3bIKaTbHbIX BUPTYaTbHBIX
KJIaBUATYp.

Puc. 1.4. BuptyanbHas knaBuatypa s ycrpoiicrsa PDA.

[Ipemmaraercss MHOXECTBO CHENHMATBbHBIX KIABHATYpP, MPEIHA3HAUCHHBIX JUIS YIPABICHHS
pa3IMYHBIMU TEXHUUYECKUMH CHCTEMaMH, PabOThl B COCTaBE TEXHOJOTMYECKOT0 000PYAOBaHUS
WIA JUIsL JIIOJIH ¢ OTpaHMYeHHBIMH BO3MOXHOCTsiMH. Ha puc. 1.5 mnpuBenmen mnpumep
KJIaBHATYpHI 1J1s1 HA0opa TOJIBKO JIEBOU PYKOIL.

Puc. 1.5. KnaBuarypa njis 1eBo#l pykH.

JlpyruM THIIOM KJIaBUATYPBI, C KOTOPBIM CETOJHS MHOTHE JIIOAM HMEIOT JIeJO, SBIISETCS
tenedonHas kimaBuarypa (puc. 1.6). 3mech 3a KaXIOH KJIaBUIIEH 3aKPEIUIEHO HECKOIBKO
CUMBOJIOB. HyXHBI CUMBOJI BhIOMpaeTcs MyTéM MHOTOKPATHOTO HaxaTws. JlocTaTodHo
JUTMHHASI Tay3a MEXy HaXaTUsSMHU O3Ha4yaeT 3aBeplicHHe BBoJIa cMMBOa. OOBIYHO OTICIHHO
3a1aéTCs TEKYIUH pexuM: HUQPBI, OYKBBI, CHCIHAIBHBIC CHUMBOJIBI, S3BIK BBOJA (IeTa)IN
MEHSIOTCSI B 3aBUCUMOCTH OT Mojenu tenedona). Hampumep, uroOsl HaOpaTh coBo computer
(B pexxume BBOAA OYKB), HEOOXOIUMA CIIEAYIONIAs ITOCIET0BATEILHOCTh HAKATHI:



222666 [nay3a] 6788 [may3a] 833777.

Takoll THII KJIaBUATypbl IIPUBEI K IIOSBJICHUIO COBEPLICHHO HOBOW TEXHOJIOTMM BBOJA,
nassiBaemoii Predictive Text (mpeackasyemsblii TE€KCT). PaccMOTPHM OCHOBHBIC HJEH ITOM
TEXHOJIOTUH Ha puMepe Hanbosee pacupocTpaHEHHOro anroputma 1 9.

Puc. 1.6. KnaBuarypa moOuibHOro TenedoHa.

Haznauenue anroputma T9 — ynmpocTuTh meyaTaHue TEKCTOBBIX cooOmeHHH. OH Mo3BOJSET
BBOJUTH CJIOBa MYTEM OJHOKPATHOTO HaxaTws Juisl Kaxaou OykBel. Tak, Hampumep, CIOBO
computer MoxeT OBITh BBEJCHO MOCIEI0BATEIBLHOCThIO HaXkaTuit 26678837, B manHOM ciyuae
KOJIMYECTBO HAXKaTUIl paBHO 4YucCIy OyKB B CJOBE, IpUYEM IpU HAOOpe HET HEOOXOAMMOCTH
JIENIaTh Nay3bl.

Anroput™M 0OBENMHSET TPYIIbl OYKB, COOTBETCTBYIOIIMX KaXIOM OTIENbHOM KiaBuILE, C
OBICTPOACHCTBYIOLIUM CIOBAPEM, XpaHUMBIM B MaMATH TelaepoHa. B cioBape OThICKMBArOTCS
BCE CJIOBAa, COOTBETCTBYIOLIUE IIOCIEAOBATEIBHOCTH  HAXaTHM. Halinennsle cioBa
YIOPSA0YUBAIOTCS IO YaCTOTE UCIIOJIb30BAHMSI, U Ha 3KPaH BBIBOAUTCS CJIOBO, CTOSIEE EPBBIM
B cnucke. Hampumep, mo mepe HakaTuil Ha KJIABUIIM MBI MOXEM BHJETh Ha DKpaHE TAKYIO
MOCJIE0BATENHHOCTD CJIOB!

Haxxartas kimaBuma | C0BO Ha DKpaHe
a

an

ann

amaos

boost

comput

compute
computer
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[Tonb30BaTeNb COMIAIIACTCS C MPEIOKEHHBIM CIIOBOM ITyTEM HakaTus KiaBuimu P>. HHorma
HaOpaHHask MOCJIEeI0BATEILHOCTh COOTBETCTBYET HECKOJILKAM BO3MOXKHBIM ClioBaM. Hampumep,
4663 moxer o3Hadath good, gone, home, goof u T.1. (Takue cI0Ba HAa3BIBAIOTCS TAHHOHUMAMHM



(T9onyms) u 3aech OHM TOKa3aHbI MO YOBIBAHHIO YacTOThI BCTpedaeMocTH). C MOMOIIBIO
peIONpPeacIEHHON KIaBHIIK (HAIpUMEpP, *) MMOJb30BaTelb MOXET IPOJIMCTaTh CIHCOK M
BBIOpATh HYKHOE CJIOBO. AJITOPUTM OTCIIEKMBAET YACTOTY HCIIOIB30BAaHUS KAXKJIOTO CIIOBA.
Ecnu, HanpuMep, MBI 9acTO HCIONB3YeM CI0BO hOME, TO OHO MOCTENEHHO MEPEeHaET B HAYAI0
CrucKa, W cpasy Oyaer mpennaratbCs mpu HaOope komOunHanmu 4663. CrnoBapb MOXET
pacmmpsaThCs 3a CYET 100ABICHUS B HETO HOBBIX CJIOB.

Jlpyrue BO3MOXKHOCTH aiuropurMa 19 BKIIOYAIOT B ce0s «yMHYI0» IIyHKTYaluio,
aBTO3aBEpILEHUE CJIOB, BHIOOP MEPBUYHOIO M BTOPHUYHOTO SA3BIKOB. HekoTopwle peanu3anuu
HAKaIIMBAIOT CTATUCTHKY I10 YacTO MCIIOJIb3YEMBIM IIapaM CIIOB U 00ECIICUNBAIOT IPE/ICKa3aHIe
CJIOB (HampuMep, €ClIM Bbl YacTO MHUIIMTE «BCEro JA0OpOro», TO TOCIE BBOJAA CIOBA «BCETO»
QITOPUTM aBTOMATHYECKU MPEAJIOKUT CIOBO «IOOPOro» M BBl MOXKETE MPHUHSTH 3TOT BapUAHT
nyTéM Haxarus P ).

CeHcopHBIE 3KPaHBbI

CeHCOpHHe 9KpaHbl — 3TO IO CYTH JcjIa AUCILICU ()I(I/I,I[KOKpI/ICTaJ'IJ'II/I‘leCKI/IC N I/IHHG) C
HAJIOKCHHBIMU HAa HUX IPO3pavHbIMU yCTpOﬁCTBaMH KOOpAUMHATHOI'O BBO/JA.

ba3oBblii BapuaHT ceHCOpHOro 3kpaHa (puc. 1.7) COCTOMT M3 TPEX OCHOBHBIX KOMIIOHCHT:
CEHCOPHOM IaHesu, KOHTpoJlepa U MporpamMmHoro oOecrneueHus (apaiiBepa). CeHCOpHBII
9KpaH — 3TO YCTPOMCTBO BBOJA, IO3TOMY OH JOJDKEH OBITh OOBEAMHEH C JHCIICEM U
KOMITBIOTEPOM WJIM JIPYTMM YCTPOWCTBOM JUIsl MOJIYYEHHUS 3aBEPIIEHHON CHUCTEMbI CEHCOPHOI'O
BBOJIA.

]

Puc. 1.7 Cencopnas nanens (1), kouTposep (2) u AUCKETHI ¢ apaiiBepamu (3).

Cencopnas nanens — 3TO NMPO3pavHas CTEKISIHHAS MAaHEb C MOBEPXHOCTBIO, YYBCTBUTEIBHON K
IIPUKOCHOBEHUIO WM HaxaThio. (OHa MoMemaercs IOBEpX 53KpaHa JUCIUIes Tak, 4YTO
YyBCTBUTEIbHAS 30HA MTAHEJIU MOKPHIBAET 00JacTh U300paxkeHus skpaHa. CerofHs CyIecTByeT
HECKOJIBKO TEXHOJIOTHMIl M3rOTOBJIEHUS CEHCOPHBIX NIaHENIeH, pa3In4yaroluIuxcsd METOJaMu
BBISIBJIEHUs NTpUKOCHOBeHUH. Kak mpaBumiio, yepes maHenlb MPOMyCKaeTcs AJIEKTPUUYECKHIl TOK
WIM IpYrOf CUTHAJ, U IPUKOCHOBEHHE MTPUBOIUT K U3MEHEHUIO HAIIPSDKEHUS WM CUTHANIA. JTO
M3MEHEHHE UCTIOIb3YETCs, YTOOBI ONPEAETUTh MECTO (KOOPIMHATHI) MPUKOCHOBEHHS.

Koumponnep — 310 HeOOINBIIIOE YCTPOUCTBO, MOAKIIOYaEMOE K KOMIBIOTEPY, Mpeodpasyroliee
JTAaHHbIE OT CEHCOPHOHM MaHeNu B WH(OpPMAlHMIO, MOHATHYIO KommbioTepy. Eciu ceHcopnas
NaHeJb HMHTETPUpOBaHa C MOHHMTOPOM, TO KOHTPOJJIEp OOBIYHO YCTaHABJIMBAETCS BHYTPH



KopIyca MOHMTOpa. Ecnu ke maHenb sBJseTCs JO0OABOYHBIM YCTPOMCTBOM, TO KOHTPOJUIEP
pa3mMeriaercss B HeOOJIBIIOM OTAEIbHOM OoKce. boblias 4acTh KOHTPOJUIEPOB MOKIIOYAIOTCS
K KOMITBIOTEPY uepe3 mnocienoparenbHblii uaTepderic (COM-nopt wimu USB).

/lpaiisep BCTpauBaeTCsl B ONEPALMOHHYIO CHCTEMY KOMIIBIOTEPA U IO3BOJISIET KOMIIBIOTEPY U
CEHCOpHOW maHenu paborarth BMecte. J[[paiiBep rOBOpUT cCUCTeME, KaK HHTEPIpPETUPOBATH
uH(OPMAIIMIO O TPUKOCHOBEHHSIX K MaHETH. bBOJBIIMHCTBO ApaiiBEpOB CErOAHS IMYIHPYIOT
MOBE/ICHHE MBIIIU. JTO JeNlaeT MPUKOCHOBEHHUE K IKPaHy MOJOOHBIM Ha)KaTHUIO KHOMKY MBIIIIY B
COOTBETCTBYIOILIEM MECT€ 3KpaHa. Takol Moaxoj MO3BOJIAET MCIIONB30BATH CYIIECTBYIOLIEE
nporpaMMHoOe oOecliedeHre, W HOBbIE MNPUIOKEHHs pa3zpabareiBatoTcsi 0e3 Kakoro-imdo
CnenupUIeCcKoro MporpaMMHUPOBAHHUS.

Pezucmuenvie cencopnvie nanenu COCTOSAT W3 CTEKISIHHOM WM aKpUJIOBOHM IOAJIOKKH, CBEPXY
KOTOPOM HAXOJATCS TMPOBOJSIIMM W PE3UCTUBHBIA CIIOM, pa3leliéHHbIE HEBUIMMBIMU
pasaenutenbHbiMu Toukamu (puc. 1.8). Korma k maHenw npuKIaabIBaeTCs TaBJICHUE, CIIOH
COCUHSIOTCA B TOYKe, obOecreunBasl AJIEKTPUYECKHII TOK B pe3UCTUBHOM cioe. CHayana
HaIpsKEHUE K PE3UCTUBHOMY CJIOIO MPHUKIIAILIBAETCS BIOJIb OCH X, HANIPsHKCHHUE, U3MEPsieMOe B
TOYKE KacaHMs, MPONOPLUUOHAIBHO KOOPAMHATE TOYKM HA OCH.  3aT€M HalpshKEHue
MPUKJIAJBIBACTCS BJOJIb OCH Y M aHAJIOTHYHBIM IMyTEM Moy4yaeTcs: koopauHata Y. Konrtposep
npeoOpazyeT U3MEPEHHbIE HAIPsHKEHUS B YUCIIEHHBIE 3HAUEHUS KOOPAMHAT U mepenaéT ux B
KOMITBIOTED.
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Puc. 1.8. YcTpoiicTBO pe3ucTuBHOM ceHCOpHOM naHenu. /laBieHne naiblia BEI3bIBaeT
BJIEKTPUYECKUN KOHTAKT MEXAY MPOBOIAIINM U PEZUCTUBHBIM CIIOEM.
1 — TokpsITHE, 3aIIUIIAIONIEE OT LApPAIHH
2 — [poBoasmiwii cioi
3 — Paznenurenu
4 — Pe3ucTuBHBIN CIIOU
5 — CrekJio
6 — Monutop

[IpeumyiecTBa pE3UCTUBHBIX IMaHENEH COCTOAT B BBICOKOM pasperiaromiell CrnocoOHOCTH,
BO3MOXXHOCTH paboTaTh ¢ JIOOBIM THUIIOM Tepa, HEUYBCTBUTEIHLHOCTH K IBUIH, TPSA3H, BOAE U
cBeTy. OCHOBHOHM HEIOCTATOK — MPO3PAYHOCTH COCTABIISIET TOIBKO 75 %, MOATOMY HEOOXO0IMMa
MOBBIIIIEHHAs] SPKOCTh JuCIUies. Kpome Toro, pe3uCTHUBHBIN CIIOH MOXET OBITh HCIIOpYEH
OCTPBIM IMPEAMETOM.

Pe3ucTuBHbBIC U TPOBOSIIKE CIIOM B CECHCOPHBIX MAHENSIX JCNAI0TCS U3 BEIIECTBA, HA3bIBAEMOT'0
ITO (Indium Tin Oxide), obnanaromero 0JHOBPEMEHHO MPO3PAYHOCTHIO JJIsi BUAUMOIO CBETA U
aeKTpudecKoi mpoBoguMocThio. ITO mpencraBiser u3 cedst TBEPABIN pacTBOpP OKCHIA OJIOBA
SnO; (10 %) B okcuae uaauyma In,03.



Emxocmuvie cencopmvle nauenu WCTIONB3YIOT TOT (AKT, YTO KOXKa 4YeNOBEKa IPOBOIUT
ANIEKTPUYECTBO, a TEJIO 00JANaeT NEKTPHUUECKOH EMKOCThIO. PaccMOTpUM NMPUHLUI JICHCTBUS
€MKOCTHOI NIaHeNX Ha TIpuMepe dkpana cmaptdona iPhone (puc 1.9).

Puc 1.9. VYcrpoiicTBo eMkocTHOTO 3Kkpana B iPhone.
1 — 3amuTHOE aHTUOJINKOBOE OKPBITHE
2 — CUuTHIBAIOIINE JTMHUU
3 — Uzonupyromumii Mmarepuan
4 — JIuHuu BO30YyXA€HUS
5 — 3amuTHas KpbIIIKa
6 — CoenMHUTENBHBIN CIOM
7 — JIunuu BO30YyXAeHUS
8 — CuuThsIBaroNIe JUHUU
9 — CrekisiHHas MOJII0XKKA
10 — KuaxokpucTauIM4ecKuid AUCTIIeH

Korna nonp3oBartens NpuKiIaabBaeT WIK JHUIIb MTOAHOCUT NaJel] OJM3KO K IOBEPXHOCTH dKpaHa,
OH M3MEHSIET AIIEKTPUUECKYI0 EMKOCTh B Touke kacaHus. KoHTpomiep Bo30ykIaeT mo ouepeau
0 OAHOM JMHUM BO30OYXKICHHS CIa0bIM IEPEMEHHBIM TOKOM U CYMTBHIBAET CHUTHAJbI
OIHOBPEMEHHO CO BCEX CUMTHIBAIOUIMX JIMHUWA, U3Mepsisi TeM caMbiM EMKOCTH B
COOTBETCTBYIOIIIMX TOYKAaX MEpeceyeHus. 3a OJWH LUKJI CKaHHUPOBaHUA yAa&Tcsi 0OHAPYKUTh
MecTo npukocHoBeHUs. IlyréM mporpammHOli 00pabOTKM CHTHAJIOB YCTPAHSIOTCS IIyMbI U
ONPEAEIIAIOTCS KOOPANHATHI TOUKH.

DTa TEXHOJIOTUS JIETKO OOHApYKUBAET HECKOJIBKO OJHOBPEMEHHBIX KacaHUW B Pa3HBIX TOYKAX,
YTO IMO3BOJIACT paCIMPUTH BO3MOXHOCTH BBOJA. Haan/IMep, €CJIM JBa Iajiblla ABHXKYTCA II0
HANPaBIEHUIO JPYr K ApPYry, 3TO O3HAdYaeT KOMaHAY CXaTh 4YTO-TO (YMEHBIIUTH pa3Mep
N300paKeHMsI); €CIIM JIBa Tallblla PACXOIATCS, ATO O3HAYaeT KOMaHIy pPaCIIUPUTh YTO-TO
(yBeIHUUTH U300paKEeHHE).

OOparuM BHUMaHHE, 4YTO EMKOCTHOM CEHCOPHBIM dKpaH TpeOyeT MPHUKOCHOBEHUS
HE3alIMINEHHBIM nanbleM. Ecim Bel mpukacaeTech K HEMy B I€pYaTKax WM IIBITAETEChH



UCIIOJIb30BaTh (HEMPOBOJSIIIEE) MEPO, TO HUYETO HE MOJYUHUTCS. DTO OCHOBHOM HEIOCTATOK.
[Ipeumy1iecTBOM k€ SIBISIETCS BBICOKAs MPO3PAvYHOCTh U OTCYTCTBHE HEOOXOIUMOCTU JeNaTh
OIIlyTUMOE HaXkaTHe (JJOCTATOYHO TOJIBKO MPUKOCHYTHCS).

JpyrumMu akTUBHO NMPUMEHSIEMBIMU TEXHOJIOTHSIMU TTOCTPOCHUSI CEHCOPHBIX MAaHENIeH SBIISIFOTCS
yIbTpa3ByKoBass (Ha TMOBEPXHOCTHBIX aKYCTHYECKMX BOJIHAX) W UH(paKpacHas. O6e
TEXHOJIOTMM OCHOBAaHBI Ha CO3[JaHWU HAa MOBEPXHOCTH CTEKJIAa HEKOTOPOTr0 aKyCTHYECKOTO WIIU
CBETOBOI'O  IOJIS. [Tanen mnonb3oBaTens Wik J000M Jpyroi mNpeAMET MOTJIOLIAET
COOTBETCTBEHHO 3BYK WJIM CBET, M PACIIOJIOKEHHBIC 110 KpasM MaHeTu NPUEMHUKU YJIaBIUBAIOT
V3MEHEHUE TOJIS U ONPEAEISIOT KOOPAUHATHI BO3ACUCTBUSA. DTH MAHENH HE COAECPKAT HUKAKUX
BHYTPEHHUX CIIOEB M MOATOMY YPE3BBIYAHO MPOYHBI U JOITOBEYHbI. HH(ppakpacHble aHeIn
UCIIONIB3YIOTCS AJ1s1 OOJIBIINX JUCIIJIEEB, TAKUX Kak 42-110MMOBBIE TUIA3MEHHBIE YKPAHBI.

I'padpuyecknii muianumer

I'paduueckuii mianmer (graphics tablet) npeanasnauen aas BBOAAa PYyKONMUCHOW MH(OpMAIHH
(rekcta u pucyHkoB). On mpencraBiser coboil moepxHocTh (puc. 1.10), Ha KoTOpOH
MOJIb30BATEh C MOMOIIBIO CIICIHATBHOW PYYKH MOXKET MUCAaTh W PUCOBATH TaK K€, KaK Ha
Oymare, ¢ TOH pa3HUICH, YTO pe3yibTaT mnepenaércs B Kommblorep. ['paduueckuii riaHmer
0J00CH CEHCOPHOMW IMaHeNu, HO OTIUYME COCTOUT B TOM, YTO OH OOECIeYMBACT 3HAYUTEIHHO
0osiee BBICOKYIO TOYHOCTb, HEOOXOIUMYIO, HAlpuMep, s MPo(ecCHOHAIBHOTO PHCOBAHHS.
UTo0BI TIONYyYUTh 00JIee BBICOKYIO TOYHOCTH, JUISI MIOCTPOCHHMSI IIAHIIIETOB HCIIOJIB3YIOT WHBIC
TEXHOJIOTUH 110 CPABHEHUIO C CEHCOPHBIMHU MaHEIISIMHU.

Puc. 1.10. I'paduyeckuii miaHmeT ¢ pydkoi U MBIIIBIO.

OnHa U3 BeaylmMx TeXHOJIOTUH (kommanus WWacom) HCIoJib3yeT SBJICHUE SJIEKTPOMArHUTHOU
WHIYKIIMA U MOXET OBITh OMuCaHa claeAyrmum oOpa3oM. [loag MOBEpXHOCTHIO IUIAHIIETA
HAXOJUTCS CETKa W3 MEepeceKaromuxcs (HO He 3aMKHYTBIX) TOPH30HTAIBHBIX U BEPTUKAIBHBIX
MIPOBOJAHMKOB, KOTOpbIE pabOTAIOT KaK MepeAarollie U IpUHUMAalolue BUTKH TpaHchopmaropa.
B xopmyce pyuku cmoHTHpoBaHa naccuBHas LC-niens (mapamienbHO cOeUMHEHHBIE EMKOCTh U
WHAYKTUBHOCTh), CHOCOOHAas HakaluluBaTh, a 3aTe€M OTAaBaTh OJJIEKTPUUYECKYIO HHEPIHIO.
[Mnanmer BHAYane TeHEPUPYET IEKTPOMATHUTHBIN CUTHAN, KOTOpBI mpuHuMaercs LC-iensio
B pydke. 3aTeM MPOBOJHUKU IUIAHIIETa NEPEKIIOYaloTCs Ha MPUEM W CUUTHIBAIOT CUTHAJ,
TeHepUPYEMBI pPydKoi. MaKCHUMalbHBIM CUTHAT BO3HHMKACT B MPOBOJHUKAX, HAXOJSIIUXCS
TOYHO TOJI IEPOM PYUYKH, YTO U ONpEIeNsieT KOOPAUHATH BBoAA. Eciu pydky HAaKJIOHUTH, TO
cUrHasl OyJeT mepeaaBaTbCsi TaKKe M Ha COCEAHHME MPOBOJHHMKH, YTO IO3BOJIAET IOTYy4aTh
JOTIOTHUTEIbHO MHGOpPMAIMIO O HAKJIOHE IMepa B LENSIX HUMHUTALMUU OINpeNeNEHHOW TEXHUKU
pucoBanus. CreuuanbHble TPUCTOCOONEHUS TAIOT JOMOJHUTEIHHO BO3MOXKHOCTH M3MEpPEHHS
YpOBHsI JaBJIEHUs Ha Mepo. 3aMETHM, YTO, B OTJIMYHME OT CEHCOPHBIX IMaHeleH, rpadudecKuii
IUTAaHIIET HE JOJDKEH OBITh MPO3payHbIM, YTO AAET OOJBIIYIO CBOOONY B BHIOOpPE TEXHOJIOTUH U
MaTepuasoB MPH €ro0 U3TOTOBICHUH.



I'padmyeckue IUTaHIIETHl HE3aMEHHUMbI B KOMIIBIOTEpHOW rpaduke, OCOOCHHO ABYMEPHOU.
OrpomHoe 3HaueHWe rpaduueckue IUIaHmeTsl uMeloT B Kwurae, fAmommm u Kopee, T.k.
MCIIOJIB3YIOTCS /711 BBOA B KOMITbIOTEP UEPOTIU(OB.

NHTepakTHBHAA 10CKA
WurepaktuBHas nocka (interactive whiteboard) mpencraBnser nanbHeiiinee pa3sBUTHE HAEH

rpaduuecKuX IJIAHIIETOB U CEHCOPHBIX 3KPAaHOB, HO XapaKTEePHU3yeTCs 3HAYUTEIHLHO OOJIBIIUMU
pasMepamu, T.K. IpeaHa3HaueHa It JeMOHCTpAIMK B O0bIIKX ayauTopusx (puc. 1.11).

Puc. 1.11. VnTepakTuBHAs TOCKA.

I[J'ISI BBOJa I/IH(bOpMaIII/II/I HHTCPAKTUBHBIC JJOCKH UCIOJB3YIOT IPUMEPHO TC KE TCXHOJIOIUH, UYTO
U CEHCOpHBbIE MaHeNu U rpadudeckue miaHmeTsl. [ 10COK 00bIYHO He TpeOyeTcsl CIUILKOM
BBICOKOE pazpemnieHue. UYTo kacaercs M300pakeHHs Ha JOCKEe, TO OHO (B BHAY OOJIBIIHNX
pa3sMepoB JIOCKH) CO3/1aETCSI ¢ MOMOIIBIO TPOEKTOPa, KOTOPBIN MOXKET pacrolaraThCs mnepes nin
3a gockoil.  HauOosee neméBplii BapuaHT IMOJIy4aeTcs NpHU MEpPEeIHEM PacloyIOKEHUU
npoekTopa. B 3TOM cilyuae mocka MOXeT OBbITh IUIOTHO TNpHKaTa K cTeHe (T.e. He TpebyeT
JIOTIOJTHUTEIILHOTO MECTa) U MOXET OBITh HEMPO3PAYHOI, UTO YIPOIIAET TOCTPOSHUE CEHCOPHOM
cuctembl. HezmocTatok 371eck B TOM, YTO ITOJIB30BATEIb MOXKET 3aCJIOHATh YaCTh BUJEONIOTOKA OT
NPOEKTOpa, co3/aBasi TeHb. Vcmonb3oBaHue Tak Ha3biBaeMbIXx UST-TIPOEKTOPOB, CIIOCOOHBIX
paboTaTh C MOBEPXHOCTHIO KCIO3UIMM MO YoM 45°, TO3BOJISIET YIYUIIUTh CUTYAIHIO, T.K.
IIPOEKTOp B 3TOM CIIy4ae pacrojiaraercs JOCTaTOYHO OJM3KO K JOCKE U TOJIb30BaTelb He
[oMajaeT B €ro MOoToK. JIoCcKM ¢ 3aJHUM pacloyIoKeHHUEeM IpoeKTopa 0osee J0poru: OHU
TpeOyIOT MHOT'O MECTa, KPOME TOT'0, I0JKHBI OBITh MMPO3PAYHBIMU.

mHHKOKpI/ICTaJIJII/I'{eCKI/Ie AUCILICH

Kunkokpucrammmueckuii qucriei (Liquid Crystal Display, LCD) — aTo ceroaHsi OCHOBHOM THIT
KOMITBIOTEPHOTO MOHHTOpa. B Hacrosiiee BpeMs MPOMBIIUIEHHO OCBOEHBI TPH OCHOBHBIE
texHosioruu mpousBojactBa LCD. CymiecTByeT Tpu TIJIaBHBIX XapaKTEPUCTHKH, KOTODBIC
OTIPENIENIAIOTCS BBIOOPOM TOW HJIM MHOW TEXHOJIOTMH — TIIyOWHA I[BETa, yroj 0030pa W BpeMs
OoTKJIMKa. [l OCyIEeCTBICHHSI OCO3HAHHOTO BBIOOPA TOTO WJIM MHOTO THIIA TUCILICS TOJIE3HO
MOHUMATh MIPUHIUITBI ATUX TEXHOJIOTHIA.



PaboTta >KHIKOKPUCTAJUIMYECKUX MAMCIUIEEB OCHOBAaHA Ha SBICHHUSAX MOJSpPHU3AlMU CBETa H
W3MEHEHHUs yIVIa TOJAPU3alUMM MOJIEKYJaMHM OJKUAKOTO KpHUCTaJula II0J, BO3JIEHCTBUEM
anekTpudeckoro noiid. [lonspusanus ceera onpenenseTcs TeM, B KaKO! IIJIOCKOCTH IPOUCXOAAT
KoJIeOaHUs HANpsDKEHHOCTH  JIEKTPUUYECKOTO MJIM  MarHMTHOTO TIOJsI, COCTABIISIOLIMX
AIIEKTPOMArHUTHYIO BONHY. Ecnm koneGaHHs MPOUCXOAAT B TOPU3OHTAIBHOW IUIOCKOCTH TI0
OTHOLICHHIO K HAIIPaBJICHUIO IBW)KCHHS BOJIHBI, TO TOBOPAT O FOPU30HTAIBHOM IMOJISPU3ALUY;
€CJIM B BEPTHUKAJIBHOM IUIOCKOCTH — O BEPTHUKAIBHOW mHoJisApu3anyu. Henosspu3oBaHHBINM CBET
COCTOMT W3 BOJIH, KaXJIas U3 KOTOPBIX OPHUEHTHPOBaHA INPOU3BOJBHO. (CBET CTaHOBUTCS
NOJISIPU30BAHHBIM, KOTJAa MPOXOAUT 4Yepe3 CIEHUATbHBIA (QHUIBTP, XapaKTEpU3YIOIIUHCS
ONpeACIEHHBIM YIVIOM mojsipusauuu. Hudero He MeHseTcs NI 4eJI0BEUYECKOro Ivia3a KpoMme
TOI'0, YTO SPKOCTh CBETa YMEHBINACTCA B ABa pa3a. Ho ecnu mocie nepBoro moiaspu3yrolero
(GwIbTpa NOCTaBUTh BTOPOM, TO MHTEHCUBHOCTh CBETa Oy/IE€T 3aBUCETh OT COOTHOIIEHUS UX YJIOB
nonsgpusauuu. Ecim yron momsipusanuu BTOpOro (GuibTpa COBHANAET C YIVIOM MOJISPU3ALUH
IIEPBOr0, TO CBET Yepe3 BTOPOM (GuiIbTp mpoxoauT OecnpensTcTBeHHO. Eciu ke yros BTOporo
GWIbTpa MEPHEHIUKYISIPEH TEPBOMY, TO CBET IOJHOCTBIO ToOryomaercs. I[IpomexyrodHoe
3Ha4YeHue yria OyneT NPpUBOJUTh K YMEHBIICHUIO IPKOCTH CBETA.

OOmuit MpUHIKIT pabOThI BCEX KUIKOKPHUCTAUIMUSCKHUX JUCIUIEEB MMOKa3aH Ha puc. 1.12. Cser
OoT (JIYyOPECHEHTHON JIaMIIbI Yepe3 CIOXKHYI0 CHCTEMY OTpakaTeleil MomajaeT Ha TCpPBBII
HOJISAPU3YIOMUN (DUIBTP, TOJSAPU3YETCS M 3aTEM IMPOXOIUT Yepe3 CIOW MOJEKYI KUIAKOTO
KpUCTAJIa.  DJIGKTPUYECKOE II0JIe, TMPHIAraeMoe C IOMOIIBI0 IPO3PAYHBIX AIICKTPOJIOB,
usroroBiieHHbIX 3 ITO, HM3MEHsET NPOCTPAHCTBEHHYI OPHUCHTAIIUIO MOJICKYJ JKHUIKOTO
KpUCTAJIIa, YTO MPHUBOJUT K U3MEHEHHUIO yrila TOJSPHU3AIMH MPOXOIAIIETO Yepe3 HUX CBETa.
Ianee cBer mpoxoautT uepe3 nserHbie GuiabTpel (R, G mam B) um momamaer Ha BTOpOI
nojspusyromuii uasTp. B 3aBHcMMOCTH OT yria moJsipU3alnud, MPUOOPETEHHOTrO IOocIe
MPOXOXKACHUS Yepe3 KHUAKHE KPUCTAIUIBI, CBET MOJHOCTHIO WM TOJIBKO YaCTUYHO MOTIIOIIAeTCS,
CO3/1aBasi pa3IUYHbBIC OTTCHKH I[BETa HA BBIXOJIC.

Mpo3apauHeie RGB-punbTpel

3NeKTpoabl \

{ .
i
l l \
Augkui
KpucTann

Namna

Monapuaytowne
hunbTpbl

Puc. 1.12. Slyeiika ®HUIKOKPHCTAIIIMNYECKOTO JUCTIIES.

Honﬁpmaum{ CB€Ta B JKUAKOKPHUCTAIMYCCKUX JUCIUICAX ABJISACTCA TJIaBHOHU HpH‘-IHHOﬁ
yMEHBIIIEHUs yria 0030opa. Paznuunsie TexHosoruu noctpoeHuss LCD meiTaroTes ymydmmrh
ATOT MOKa3aTenb. Yeon 0630pa — 3TO CyMMapHBIN yron (BIE€BO W BIPABO WM BBEPX M BHU3)
MEXIy HOPMaJbiO K TUIOCKOCTH OTOOpa)KEHUS U MHUMOW JIMHHEHW MEXIY TJIa30M YeJoBeKa U



KUJKOKPUCTAJUIMYECKOM SYEMKOM, IIPM KOTOPOM COXPAHSETCS OIPEIEICHHBIM ypOBEHb
KOHTPAaCTHOCTU U ILIBETOBOW I'aMMbl (M3MEpSAETCS Pa3HbIMU IIPOU3BOAMUTENISAIMU IO-PAa3HOMY).
Yron 00630pa uHOTAA pacCMaTPUBAETCS KaK camblii BakHbIM napamerp LCD, HO 3TO maneko He
tak. Kak npaBmiio, 32 MOHUTOPOM paboOTaeT OJUH 4YEJIOBEK, KOTOPbII CMOTPHUT MHpPSIMO Ha
MOHHUTOp, M €ro yroi 0030pa MpakTu4ecku HylneBo. OIHAKO CleayeT yd4ecTh TOT (akT, uTo
IpU YBEJIMYEHUHU yrila 0030pa KOHTPACTHOCTh M LIBETHOCTh HAUMHAK IOCTENIEHHO MEHATHCS
(BIJIOTH 10 JOCTMXKEHUSI CBOMX KpalHuX 3HaueHuil). Ecim yrom 0630pa MOHUTOpa MalleHbKUI
(ckaxem, 90°), To naxe NMpU HEGOJBIIMX OTKIOHEHUSX TOJOBBI OYIET 3aMETHO H3MEHEHHE
BETOBOM manutpsl. Kpome Toro, mpu OoibIIMX pa3Mepax dKpaHa, KOTJa YeIOBEK CMOTPUT
OpsAMO B LEHTP H300pakeHMs, Kpas HKpaHa HaAOIIOAAIOTCA MOJ YIJIOM M Ha HHUX MOIYT
HaOJI0AAaTHCS OTKJIOHEHHS B KOHTPACTHOCTH M IIBETHOCTHU. [103TOMY 3KpaHbI ¢ OOJIBIIMM YIIOM
0030pa NpeArnoYTUTENbHBI.

Bpemsa omxnuka onpenensieTcs HHEPLUUOHHOCTBIO KHUJIKOTro Kpuctayia. st Toro 4roOsl sueiika
U3MEHWIA [BET, MOJEKYJIbl KpHUCTAUIa JOJDKHBI H3MEHUTh CBOIO IPOCTPAHCTBEHHYIO
opuenraiuto. Ha 310 TpeOyercs Bpems. boiblnoe BpeMms OTKIMKA NPUBOJIUT K TOMY, UYTO BbI
BUANTE LUICH(} mNpH OBICTPOM TEpEeMENICHHH YyKa3aTeds MBIIH, a JIHHAMHYHOE BHUICO
pa3mbiBactca. [IpuemsieMbIM cuuTaerca Bpems OTKIMKa 25 Mc. HekoTtopsle coBpemMeHHbIE
MOJIEJIH 3asIBJISIIOT O JJOCTUKEHUH BPEMEHU OTKJIMKA 2 MC, UTO YK€ OYEHb XOPOILIO.

Tpetuit BaxHbI mapaMeTp — 21youna yeema. Jlns moaHOIBETHOrO M300paxenus (true-color)
KaX/1asi [IBETOBAsi COCTaBJISIOIIAS JIOJDKHA UMETh 256 pa3iuyMMbIX Tpajlaliuil SpKOCTU. DTO He
Bceraa Bo3MoxkHO B LCD mo nBym nmpuunnam. Bo-mepBeIx, siueiika, KOTopas B Haeale T0JDKHA
OBITH YEpPHOH, BCE JKe MPOITYCKACT YacTh CBETA OT JIAMIIBI, T.€. a0COJIFOTHO YEPHOI HE SBISAETCS,
YTO CHMXKAET KOHTPACTHOCTh M300pakeHUs. Bo0-BTOpPBIX, YYBCTBUTEIBHOCTh KpHUCTAJUIA K
U3MEHEHMIO DJIEKTPUYECKOI0 HANPSIKEHUs HEMOCTOSIHHA U SIPKOCTh CBEUEHUS SYEHKH 3aBUCHUT
OT BEJIMYMHBI HANPSOHKCHUSI HEIMHEHHO. DTO MPHUBOINT K HEPA3TMUYMMOCTH HEKOTOPBIX OJIM3KUX
ypoBHel sipkocTH. Ilpeanararorcs pa3auuHble CXeMbl KOMIIEHCAIIMM ATHX HEJOCTATKOB.

CrnenyronmM BaXKHbIM TOHSTHEM SBISIETCSI AKTHUBHOE YIPABICHHE MATPHUIEH KUIKUX
KpUCTAJIJIOB. B HeOOnbIINMX MHAMKATOpaX KakJas *KUAKOKpUCTalsIMdyecKas sueiika UMeeT JBa
BBIBOJIA JUIA TOJA4d YIPABISAIONIIETO HAMpsDKeHUA. B OonbIIMX MaHeNnsx Takod MOIXoJ
HEBO3MOXXEH M BC€ SYEHKM MMEIOT OOlIMe TOPU3OHTAJbHBbIE M BEPTHUKAJIbHbBIE IIMHbI
yopaBieHus. B uncToM BuJe Takas MaTpHIla Ha3bIBae€TCs MACCUBHOW. AKTHBHAas MaTpulla B
Ka)XJ0H TOYKE MEpeceueHHs IIMH YIPABJICHUS UMEET TOHKOIUIEHOYHBIH Tpan3uctop (thin-film
transistor, TFT). Ilpu momade ympaBJsIONIETO CHUTHATA Ha TOPU3OHTAIBHYIO IMHHY BCE
MOJIKJIIOUEHHBIE K HEW TPaH3UCTOPHl OTKPBIBAIOTCA U IEpelaloT HalpspKeHus ((pakTHUecKH,
3HAUYEHUS] SPKOCTH COOTBETCTBYIOIIMX ILIBETOBBIX COCTABISIONIMX) C BEPTUKAJIBHBIX IIWH HA
BHYTPEHHIOIO EMKOCTh, KOTOpyI0 oOpa3yerT cam Kpuctaul. Korjma ympaBisiolividi CHUTHAI
CHUMAETCs, TPAH3UCTOP 3aKPBHIBAETCS M BEIUUYMHA HAMPSHKEHUS '"3amoMHuHaeTcs" Ha EMKOCTH, a
MOJICKYJIBI KpHCTaJlZIa HauuHAOT €€ "oTpabaTeiBaTh', T.€. COOTBETCTBYIOIIUM OOpa3zoM
WU3MEHSAIOT Yroj IMOJIIpU3allid CBeTa.  YIpaBISIIOIIAas CX€Ma B 3TO BpeMs MEPEXOAUT K
CIeAylolmenld CTpOKe ¢ T... Takum o00pa3oM Bc€ CTPOKH JUCIUIES TIEPHOTUYCCKU
pereHepupyroTcsa. MOXKeT M0Ka3aThCsl, UTO 3TO TO e CaMoe, UTO M pereHepanus u300pakeHus
B DJIEKTPOHHO-Ty4eBhIX TpyOKax. Ho 3To He Tak. Hammume TFT nmpuBOIuT K TOMY, YTO KaXIbIN
MUKCEJIb CBETUTCS TIOCTOSTHHO 0€3 MepILaHusl.

Wuorna >KUAKOKPHUCTANIMYECKUE JUCIUIEM C aKTUBHOW MaTpulled Ha3bIBalOT mpocto TFT-
nuctessma. Ho ato He BepHOo. Kak mMbl yBUIMM, yripaBieHue ¢ momotbio TFT ucrmonszyercs u
B JIPYTUX THIIAX JUCIIEEeB, OTIMYHBIX OoT LCD.



OxapakTepu3zyeM KpaTKO TPU OCHOBHBIE TEXHOJIOTHU HM3TOTOBIEHUS KUIAKOKPUCTATIMUECKUX
MaTpHII.

Haubonee crapas u acméBas TexHOMOrus HasbiBaercss TN (0T aHrmickux cioB Twisted
Nematic — CKpyuYeHHBIi HUTBEBUIHBIA KpPHUCTa1). VI3HAYallbHO CKPYYEHHBIC KPHCTAJUIBI
M3MEHSIOT yroJ MONSAPM3allMKM IOCTymaromero ceera Ha 90°, B pe3ynbTare 4ero CBET
OECIpensATCTBEHHO NPOXOAUT 4Yepe3 BHEIIHUN NOoNsApu3yromuid ¢Guiabtp. Mbl BUIUM SPKO
CBETAIIYIOCS TOYKY. OJEKTPUYECKOEe I0JIe MPUKIIAIbIBACTCA MEPHEHAUKYISIPHO IIOCKOCTH
JKpaHa M 3aCTaBJIIET KPUCTAII PACTIPAMIIATHCS. YTOJI MOJIIPU3ALMU YMEHBIIAETCS U Ha BBIXOJIE
HAOJIOJIAeTCsl COOTBETCTBYIOIEE YMEHBIIECHHE SIPKOCTU BIUIOTH JO MOYTH 4YEPHOrO IIBETA.
Taxue MaTpuisl HanboJee OBICTPOJICHCTBYIOMINE, T.€. HIMEIOT HAaMMEHBIIIEE BpeMs OTKJIMKA, HO
00agar0T MaisIM yriaoM o63opa. PasnoBuaHocTs Texnomoruu TN+Film moOaBisier Ha BeIXOE
MaTpHIIbl TVIEHKY ¢ pUCKaMU. PHCKH Kak Obl pacCenBalOT CBET U, TAKMM 00pa3oM, yBEIHUUBAIOT
yroj 0030pa 1Mo ropu30HTaIN (HO HE MO BEPTUKAIN). BO MHOTMX HCTOYHHMKAX CYMTACTCS, YTO
TN-maTpuisl "decTHO" mepenarT TOJbKO 6 OUT IBETOBBIX cOcTaBistomux. s moBeneHus
KayecTBa IBETONepeAaud A0 8 OUT MOTyT HCHOJIb30BAaThCS pa3IMYHbIC JOMOJHUTEIbHBIC
npuémbl, takue kak FRC (Frame Rate Control). FRC smynupyer oTTeHKH LBeTa MyTEM
OBICTPOro BKJIIOUEHUS M BBIKIIOYEHHS MUKcens. Hampumep, eciu mMaTpuiia MOXKET MepeaaBarh
ypoBHU sipkocTu 60 1 64, a HAM HY)KHO MOJIY4YUTh 63, TO MOKHO BblIaBaTh 64 B TeueHHE TPEX
MOCIe0BATENbHBIX IIUKIIOB pereHepanuu, 3areM 60 B Te4eHHe OJJHOTO IMKJIAa U TaK OCTOSHHO.
UYenoBeueckuil 1J1a3 UHTETPUPYET SIPKOCTH MO BPEMEHU U MOJTy4yaeT 3HaueHue 63. 3aMeTum, uTo
npu Bbixojie TF-Tpansucropa u3 ctpos B TN-maTpuiie mosBiIseTcs SpKO CBETALIAsICS TOUKA.

Jpyras texaonorust Hocut HazBanue IPS (In-Plane Switching — mepextoueHne B MI0CKOCTH
KpHucTaiia). OTo Hauboliee Joporas u KauecTBeHHas TexHonorus. EE pasnoBumnoctu — S-IPS,
H-IPS, FSS u np. 3aech snekTpuueckoe moie Nmogaércsi mapaiienbHO MIOCKOCTH DKpaHa, T.e.
BJIOJIb TIOBEPXHOCTH KpHCTaiua. J[ist 3Toro nemaroTcs aBa 3IEKTpoAa 1Mo OOKaM KpUCTalluia U
JUISL  YOpaBIEHUST UMH HCIOJB3YIOTCS JBa | F-TpaH3UCTOpa. Mornekynbl  KpUCTalIa
OPUEHTUPOBAHBI TAK, YTO MX ONTHYECKAs OCh COBIAIAET C HAIPABICHUEM TIOJIL. DTO TO3BOJISET
PE3KO YBEIMYUTH yroll 0030pa, HO CHWXaeT OwicTponeiicTBue. I[lpu OTCyTCTBHM MO yrod
MOJIIPU3AIIUU HE MEHSETCS, TI09TOMY BHEITHUI TOJSAPU3YIOMIHUNA (PHITIETP TOTHOCTHIO TIOTJIONIAET
CBET, M MBI BUJUM YEPHYIO TOUKY. [IpW HaIMuUMU MOJS MOJEKYJbl KPUCTAJIa MOBOPAYNBAIOTCS,
yrojl TOJNSPU3AalMU W3MEHSETCS, W Mbl HaOoJaeM yBenudeHue sipkoctd.  IPS-matpuirer
nepesalT OTTEHKU I[BETa ¢ KayecTBOM 8 OUT Oe3 mpuMeHEeHHs Kakoi-mubo smyssuu. [lpu
BBIXOJIC U3 CTPOs T F-TpaH3uCTOpa HA IKpaHE MOSIBIISICTCS YEpHAs TOUKA.

Tpetbss Texuonoruss — VA (Vertical Alignment — BeprukaibHOe BbIpaBHUBaHuE).  EE
pasznoBuaHocTH — MVA u PVA. 3xaech 3a cuét 0co00if TeOMETpUHN STEKTPOJOB ANEKTPUIECKOE
0JIe TIPUKJIIAIBIBACTCS U MOJIEKYIIBI KUIKOTO KPUCTAUIa PACTIONararoTcs MO Pa3HbIMH yriIlaMu
[0 OTHOILEHHIO K TUIOCKOCTH 3KpaHa. lIpu MpoXoKAEHWU CBETa MOJEKYJIbl PAacCEeHBAIOT €ro B
pa3Hble CTOPOHBI U, TAKMM 00pa3oM, yBeITHUHUBaeTCs yroi oo3opa. [lo cBoMM XapakTepucTHKaM
NaHHas TexHosiorusi cunrtaercsa cpennedt mexay TN u IPS. Ilpu oTcyrcTBHM mons sueiika He
CBETHTCSI.

Ili1azMeHHbBIE MaHeIH

[Tnasmennas manens (puc. 1.13) mpencraBnser coOoil MaTpuily Tra30HANOJHEHHBIX SYEEK,
3aKIIIOYEHHBIX MEXKIY ABYMs NapajyIelIbHBIMU CTEKJISHHBIMU IOBEPXHOCTAMH. B kauectBe
ra30BoOil cpesibl 0OBIYHO UCTIIOIB3YETCsl CMECh TeJHsl, HEOHA U KCeHOHA. Pa3psin B ra3e mpoTekaer
MEXIy MPO3PAavyHbIM 3JIEKTPOAOM Ha JIMIIEBOM CTOPOHE 3KpaHa U aJpeCHBIMHU IEKTPOJaMH,
OPOXOMALUIMMU IO €ro 3aaHed cTopoHe. [ a30BBI pa3ps] BBI3BIBACT YIbTpaduoieToBOE



U3ITy4eHne, KOTOPOE, B CBOIO OUYepe/lb, HHUIIMUPYET BUAUMOE CBeueHHe JroMuHOodopa. Tor ke
caMblii MPUHIUI HCIONb3YeTCs B (PIYOPECIEHTHBIX JlaMIaX, TaK YTO MOXXHO paccMaTpUBaTh
MJIa3MEHHYIO MMaHeJIb KaK MHOXECTBO TaKUX MUHHUATIOPHBIX JIAMII.

3nekTpoakl Okcua marHua
OuanekTpuk

"N ‘\\{

3aAHAA NaHenkb

HuanekTpuk

3nekTpoasl
Mukcens
/
Mepeanas I NMiomuHodopkl
CTEKNAHHAA ' B NNasMeHHEIX
naHenk ‘ - AvenKax

Puc. 1.13. YcrpoicTBO mi1a3MeHHOH MaHeNH.

VYnpapisomas 3JIeKTpOHUKA IJIA3MEHHOM MaHeIM 3aKUraeT BCe MHMKCEIH M0 O4Yepeau WM
rpynnamMu, HaXoAsIUMUCS Ha OJHOM JMHUM. 3a)KUrarolllee HalpsbkeHne MoxeT pocturats 300
B. JlocratouHo ObicTpas pereHepanus sKpaHa (THUIHMYHAs yacToTa pereHepauuu — 85 I'm)
co31aéT CTaTMYECKyI KapTHHY Ojaroaapss MHEpLHUOHHOCTH 3peHUs yenoBeka. boree Ttoro,
KQOKIBIA 3JEMEHT IUIa3MEHHOM MAaHEINW MOXKET CBETUTBHCSA TOJIBKO C IOCTOSHHOM SIPKOCTBIO
(IpyruMu cioBaMH, OH MOXET TOpeThb MM He roperb). Jljid peanu3aluu OTTEHKOB IIBETa
IPUMEHSETCS IIMPOTHO-UMITYJIBCHOE PETYIMPOBAHIE BPEMEHU CBEUEHHUS (ITO MOXO0XKE HA METO[
FRC B XUIKOKPUCTAUTMYECKUX JTUCILICSX ).

['maBHBIE TIONOXUTETBHBIE YEPTHI IUIA3MEHHON TEXHOJOTHH JHUCIICEB — BBICOKOE KadeCTBO
nepesavyd IBeTa, BBICOKAs KOHTPACTHOCTH (€CIM THKCENbh HE CBETUTCS, TO OH aOCOIIOTHO
4€pHBI), BRICOKOE OBICTPOICUCTBHE (OBICTPOTA CMEHBI KaJIPOB OMPEACISIECTCS TOJIHKO YaCTOTOU
pereHepainuy 3KpaHa, HHEPIIUOHHOCTh OTAENBHBIX SYEeK MPAKTHUECKU OTCYTCTBYET), OONBINOMN
yroa 063opa (mpakrtudecku 180° Kak 110 rOPH30HTANHM, TaK U 110 BEPTHKAIIH), OOIBLINE PA3MEPHI
9KpaHa (quaroHagb 70 1.5 M Ipu TOJIIMHE TTaHEIH § CM).

Ho y »Toii TexHonoruu ecth W HemocTaTkh. OOBIYHO Cpeau HUX HA3bIBAIOT BBICOKOE (IO
CPaBHCHHIO C IKUJAKOKPHCTAUIMYECKUMHU AWCILICSIMHU) OSHEPromorpebiIeHue, BHITOpaHUE
moMuHOpOpa (B CBSI3M C YeM KadecTBO BOCIPOU3BEICHHS IIBETOB CHMKAETCS C TCUCHHEM
BPEMCHH) M CPAaBHUTEIBHO OOJIBIION pa3Mep MUKCENs (€ro MpoCTO TEXHOJIOTHYECKH TPYIHO



caenatb MajeHbkuM). Ho [uIs HEKOTOpBIX JIIOJEH TMaBHBIA HEJOCTATOK — MEpIIaHHE JKpaHa
(BBI3BAHHOE €r0 IOCTOSIHHOM pereHepanueil M IIUPOTHO-UMIIYJIBCHBIM pEryjJupoBaHHEM
SIPKOCTH OTJIEJBHBIX MUKCeNe). [laxe eciau oHO HE pa3iMuMMO SIBHO B CHJIY MHEPLUHUOHHOCTH
3peHusl, BO3/ICHCTBIE MEpPLIaHHs Ha PELIENTOPHI I1a3a MPUBOJIUT K UX YTOMJIEHHIO, KpOME TOTO,
MCpHaHHUEC XOpOoIIOo OMYTHMO OOKOBBIM 3pC€HUCM, B CBA3U C YCM IJIaSMCHHBIC ITaHCIU OYCHb
HEKOM(OPTHO CMOTpEeTh C OJIM3KOTO PACCTOSHUS. 3aMETHM, YTO B JKUIKOKPUCTAIUIMYECKUX
muctesx TF-TpaH3ucTop "aep HUT" MUKCeNnb Ha MOCTOSHHOM YPOBHE SIPKOCTHU JI0 CIEAYIOIIETO
e€ U3MEHEeHMs], T0O3TOMY MEpLIaHUue OTCYTCTBYET.

OLED-aucmiien
OLED-mucmen (Organic Light Emitting Diode — opranuueckuii cBeToino/1) — HanboJee HOBBI

U MEpPCHEKTUBHBIM Kiacc auciuieeB. lIukcenu B 3TUX AUCIUIESIX CTPOSITCS M3 Pa3HOLIBETHBIX
CBETOAMOJIOB. YCTPOMCTBO OJTHOTO OPTaHUYECKOr0 CBETOIMOIa IMoKa3aHo Ha puc. 1.14.
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Puc. 1.14. VYcTpoicTBO OpraHUIeCcKOTO CBETOAMO/IA.

KaTton oOpiuHO Hempo3pavHbId W JeNaeTcs W3 Oapwsi, KaTblHs WM ATIOMUHHS — METaJJIOB,
JIETKO OTHAOIIMX D3JIEKTPOHBI B M3JIy4arOlIMi cioi. M3mydaromuii ¥ mpoBOASIIMH CIIOU
BBITIOJIHSIFOTCS. U3 PA3JMYHBIX IMOJMMEPOB (OTCIOJJa W Ha3BaHWE JTOTO THMA JHOJIO0B —
OpraHWYeCKHUe) C OMNpenelEHHBIMU MPUCAAKAMH, OOECIEUYUBAIIUMU DIEKTPOHHYIO HWIIH
JTBIPOYHYIO TTPOBOIMMOCTS (110 aHAJIOTUU ¢ KPUCTALTHYECKUMHE TTOJIYIIPOBOTHUKAMHU) U HYKHBIN
[[BET CBeUEeHMsI. AHOJ m3rotaBiuBaercs u3 npospaunoro ITO. Korga k anony nmpukiaasiBaeTcs
MOJIOKUTEIHHOE HaIpsDKEHUE, Yepe3 MpUOOp HAYMHAIOT TE€Yh JJIEKTPOHBI. Takum oOpaszom,
KaTroJ CHaOXKaeT »JIEKTPOHAMU W3Ny4yalolIuil cloi, a aHoj 3a0upaeT »dIEKTPOHBI U3
MPOBOJSILIIETO CJIOS, BBI3bIBAas IMOSBJICHUE IBIPOK B H3Nydaromem cioe. [lpu momaganun
3JIEKTPOHA B JABIPKY H3JIydaeTcsi CBeT. VIHTEHCHMBHOCTb CBEUEHHUS OMPEIEISETCS BEIMUYMHON
MPOTEKAIOIIETO TOKA, KOTOPBIM, B CBOIO OYEPE/lb, 3aBUCUT OT MPUIIOKEHHOTO Hanpsbkenus. [lpu
HYJIEBOM U OTPUIATEILHOM HANpPsHKEHUM HA aHOJIE IUOJ HE CBETUTCS, UYTO MO3BOJISIET MOTy4YaTh
aOCOJIIOTHO YEpHBIC TTHUKCEIIH. Oprannueckue CBETOAMOMABI O0JaNal0T OYEeHb MaJloi



MHEPIMOHHOCThIO (B COTHM pa3 MEHbIIEH, 4eM Yy J>KUIKUX KPHUCTAIOB) M 00ECHeuyMBaIOT
IPaKTUYECKH NOJIHBIN YTros1 0030pa BO BCEX HAIPABJICHUSX.

OTtaenbHble CBETOAUOJNBI COOMPAIOTCS B MATPUIBI C MEPEKPELIMBAIOIIUMUCS KaTodaMH U
aHoZaMu abCOJIIOTHO IO TOMY JK€ NMPHUHIIMITY, YTO B JKUAKOKPUCTAUIMYECKUX M TUIA3MEHHBIX
nanensix. B OLED-mucnmesx ¢ BpicokuM paspemienuem, Takke kak B LCD, ucmombsyercs
AaKTHUBHOE yIpaBlieHUE sueiikaMu ¢ noMoibio T F-Tpan3uctopoB. OnHaKo, A KaXI0H sueiku
HY)KHO JBa Takux TpaH3ucrtopa. OAMH TPaH3UCTOpP OTKPHIBAETCS IMPH aApecalul SYerKu u
nepenaéT ympaBIsIONIee HANpsHKEHHE Ha 3aTBOpP BToporo.  Korzma mepBblid  TpaH3HCTOp
3aKpbIBaeTCs, NEepeJaHHOe HamnpsyKeHue '3amoMmuHaercs" Ha EMKOCTHM 3aTBopa BTOPOTO
TPaH3UCTOpA W OIpENENseT BEIHMYMHY TOKa, KOTOPHIM JTOT BTOPOM TPaH3UCTOP MHUTAET
cBeronuona. B pe3ynbraTe CBETOAMOJ TOPUT C ONPEAETIEHHOW SPKOCThIO 0e3 MeplaHus 10
CJICAYIOIETO ITUKJIa PereHepalyy, KOTAa SPKOCTh MOXKET ObITh U3MEHEHA.

Onua u3 HamboJiee TEXHOJNOTUYHBIX mporeccoB uirororicHuss OLED-naneneili cocrout B mx
"meyaTaHuU" C HUCIOJIB30BAHUEM TEXHUKH CTPYMHOH I€4YaTH: HYKHbIE MaTepuaibl MPOCTO
MOCJICIOBATEIHHO HAHOCSTCS HAa OCHOBY C TIOMOIIBIO CTPYHHBIX MPUHTEPOB, KaK MOKa3aHO HA
puc. 1.15. DOto mospomser B mnepcnektuBe caenarb OLED-nmucrien odenp neméBbiMu.
MarepuanoM OCHOBaHMSI MOKET OBITh CTEKJIO WJIM Ipo3pauHas rudkas wi€éHka. B pesynbrare
NOSIBJISIETCS  BO3MOXKHOCTBH JlenaTh THOKHe, yaapoycroiiuumBble ycTpoicTBa.  CymmapHas
TOJIIIKHA 0B, MokazaHHbIX Ha puc. OLED, ne npespimaer 1 mxm. Taxum obpazom, OLED-
JUCIUIEH MOTYT OBITh YPE3BBIYAIHO TOHKHMH.
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Puc. 1.15. Tlewaranue matpuist OLED.

K mocromnctBam OLED-gucmieeB OTHOCATCS: BBICOKOE KAa4eCTBO IEpenadyd IBeTa, OOJBIION
yroi 0630pa, BEICOKOE OBICTPOIEHCTBHE (110 3TUM MapaMeTpaM OHH 3HAYUTEIbHO MPEBOCXOIAT
LCD wu mpuOmmkaroTcst K TUTa3MEHHBIM MTaHEIsIM ), HU3K0€ YHepronoTpedieHne, Maiasi TOJIIHHA
(mo »tuM mapamerpam oHHM TnpeBocxoaaT LCD wu mnasmy). [I'maBHoit mpob6remoit OLED-
JICIIJICEB CETOMHSI SIBIISICTCS. CPAaBHHUTEIBHO HEBBICOKMH pabounii pecypc OpraHHYecKhX
MaTepHajoB, U3 KOTOPBIX OHU chenaHbl. OCOOEHHO 3TO aKTyaJbHO JUISI CHHMX CBETOJMOIOB.
Bpewms sxm3an OLED-mucriiieeB B 4eThIpe pa3a MEHbIIE, YeM Y IUIa3MEHHBIX TaHelIed W, TeM
6onee, LCD. Opnako MMEIOTCS MPEINOCHUIKN pelIeHHs] 3TOH MpoOJieMbl ¢ MOMOIIbI0 HOBBIX
MaTepuasoB y)xe B Onmkaiiiiee Bpemsl.



