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(57) Pedepar:

CBeTonpoBOAsLUMIA ONTUYECKUIA SNTEMEHT, KOTOPbIN
BKMtoYaeT B cebs, No KpaviHeh wmepe, OOHO
cBeTornojaLllee OCHOBaHWE, KOTOpoe CHabxeHo, Mo
KparHen Mepe,  AByMA NOBEPXHOCTAMMU,
pacnonoXeHHbIMU napannensHo  Apyr  Apyry,
ONTUYECKNE CPEACTBA, KOTOPblE MCMONb3yTCA Ans
BBOAA B OCHOBaHWe fyyell cBeTa Mpu MomoLu
MOMHOTO BHYTPEHHEro OTpaXeHWsi TakuMm o6pa3om,
yTobObl CBET nonafjan Ha OAHY M3 YKa3aHHbIX Bbille
NoBEPXHOCTEN, Habop ofHoW unu Gonee YacTUYHO

OoTpaxarLux MOBEPXHOCTEN, PaCMONOXEHHbIX BHYTPU
OCHOBaHWsl, MOBEPXHOCTM KOTOPbIX He napanmnesnbHbl
BbILLEYNOMSIHYTbIM MOBEPXHOCTSIM OCHOBaHWs, Npu
3TOM YaCTMYHO OTpaxaroLime MOBEPXHOCTN ABMSAIOTCA
NMOCKAMU  CENEKTUBHO OTpaxawwumi nog  yrriom
NOBEPXHOCTAMU, KOTOpblE 4YacTb Jlydelr nepecekaroT
HECKONbKO pas, nepes TeM Kak BblTU U3 OCHOBaHWSA B
HY>XHOM  HanpaBneHun. TexHW4Yeckuin pesynbTar:
obecneyeHune WMPOKOro nonst ob3opa U yBenuyeHve
obnactu nepemelleHVs rna3 npyv  HernoaBMXHOM
ycTpowncTee. 43 3.n. d-nbl, 36 un.
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(54) LIGHT-CONDUCTING OPTICAL ELEMENT

(57) Abstract:

FIELD: optics.

SUBSTANCE: light conducting optical element,
which includes at least one light supplying base,
which is equipped with at least two surfaces
located parallel to each other; optical means
that are used for entering light beams into the
base by total internal reflection so that the
light would strike one of the above surfaces, set
of one or more partially reflecting surfaces
located inside of the base, the surfaces of which
are not parallel to the above base surfaces; the
partially reflecting surfaces being flat surfaces

selectively reflecting at an angle, which are
crossed by part of beams several times before
exiting the base in the required direction.

EFFECT: provision of wide field of view and
increase of eye movement area with device fixed.
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O6nacTtb nsobpeteHus

HacToswee n3obpeteHne cBsI3aHO C ONTUYECKUMU YCTPONCTBAMU, MMEIOLLIMMU
CBETONPOBOASALLYI0 NOASNOXKKY, N YACTUYHO C YCTPONCTBAMU, UMEIOLLMMIU PAL, OTPaKaroLLmX
NOBEPXHOCTEN, NogaepKMBaeMblX MPOCTON CcBeTONepeaaloLLen NoAN0XKON, Takke Ha3blBaeMoMm
ONTUYECKMM CBETOBOAOM.

N306peTeHne moxeT BbiTb NPUMEHMMO ANS CO3A4aHUSA pa3Horo poga BMaeonpmubopos,
Hanpumep, MOHTMpPYyeMble Ha ronoBe AMCMIen, COTOBble TernedoHbl, KOMNakTHble avcnneu, 3-D
aucnneun, KOMMNakTHble PacLUMPUTENM CBETOBOIO MyYKa, TAKKe Kak U He BUOeonpubopsl,
Hanpumep, MHAMKATOPHbIE MAaHEeNW, KOMMNAaKTHbIE OCBETUTENbHbIE NPUBOPBLI U CKAHHEPHI.

Mpeanocbinkn n3obpeTeHns

Of4HO U3 BaXKHbIX MPUMEHEHUI A5S KOMNAKTHbIX ONTUYECKUX SIEMEHTOB - 9TO ANUCHIEN,
MOHTMpPYEMblE Ha rorfioBe, Koraa OnTUYeCcKUii Moaynb CAY>XUT OAHOBPEMEHHO Y BUOEONNH3ON, U
cobuparenem, rge OByXMepHbIA AUCnnen nepegaeTt n3obpaxeHne B 6€CKOHEYHOCTb U OTpaxaeT
ero B rnas Habniogarens. BugeonsobpaxeHne MoXeT ObITb MONY4YEHO NIMOO C MOMOLLLIO
npocTpaHCcTBEHHO-cBeTOBON Moaynsauumn (MCM) (spatial light modulation (SLM)), Hanpumep,
KaTogHasi nyyeBas TpyOka, AUCNNEn Ha XUaKMx Kpuctannax, matpuua (psg) n3 opraHm4eckux
ceetoamonos (organic light emitting diode (OLED)), unun ckaHnpyoLwmii UICTOYHUK U
noaoOHble eMy YCTPOWCTBA, UMK, KOCBEHHO, C MOMOLLIbIO NepearoLlent NMMH3bI NN ONTUYECKOro
kabens. ucnnen asnset cobon maTpuly aneMeHToB (NUKcenen), otobpaxaroLmxcs B
B6eCKOHEYHOCTb C MOMOLLBIO KONNMMMUPYIOLLLIEN NUH3bI U NepefaloLmxca B rnas Habnogatens
NocpeaCcTBOM MOMHOIO UMM YaCcTUYHOMO OTPaXKeHUst OT OTpaKatoLLMX MOBEPXHOCTEN,
SABNALMXCA cobupaTensamu Ans criyyaes, rge Hy>KHa Uy He Hy>KHa NMpo3payHoCTb
cooTBeTcTBEHHO. OBbIYHO AMs1 3TOro NPUMEHSIETCS TPaAULUMOHHbIN OTKPLITLIN (free-space)
onTuyeckuii mogynbe. K coxaneHnto, no mepe TOro kak MpoMCX0oAuT Kenaemoe yBenmyeHne 30Hbl
063opa (field-of-view (FOV)) cuctemsl, TpaguLUMOHHbIN OTKPbIThIN (free-space) onTuyecknii
MoAynb yBeNuuuBaeTcs B rabaputax, B Macce v, CneaoBaTernbHO, SBNAETCS HEMPAKTUYHbIM.
OTO ABNSETCA OCHOBHOW NOMEXOoW AN NpMMeHeHUs BCeX BUAOB ANCNNeeB, B OCOBEHHOCTU Tam,
roe aucnneu NpuKpennsTcs K ronose, Koraa cucteMa AormkHa BbiTb Kak MOXHO nerye u
KOMMakTHee.

CTpemnieHne K MMHUaTiopu3auum nNpueBerno pa3paboTUMKOB K HECKOSNIbKUM KOMMIEKCHbBIM
ONTUYECKMM PELLEHUSAM, KaXO0€e U3 KOTOPbIX, C OAHOW CTOPOHbI, BCE €eLle He obecneunBaeT
HeobxoaMMoN KOMNakTHOCTK npubopa u, ¢ Apyron CTOPOHbI, peLlaeT OCHOBHbIE Mpobnembl Ha
OCHOBe TexHonornyHoctu. bonee Toro, eye-motion-box yrnos ontuyeckoro o63opa,
nony4yaemoe 13 nx cxem (CTpykTyp), 0ObI4HO OYEHb ManeHbKoe - OObIYHO MeHbLLE 8 MM.
3HauuT, oNTMYecKas cuctemMa oveHb YyBCTBUTENbHA Jaxe K ManeinLMm ee nepeMeLleHmam
OTHOCUTENLHO rnasa Habnogatens u He gonyckaeT obblYHbIX ABVXKEHUIN 3payka Npy YTeHUK
TeKcTa C Takux gucnnees.

PackpbiTne nsobpeteHns

HacTosiee nsobpeTteHre nomoraeT NpoOeKTMPOBaTh M N3rOTOBMATh OYEHb KOMMAKTHbLIE
cBeTonpoBogswme ontuyeckne anemeHThl (light-guide optical elements (LOE)) ons pasHbix
OpYyrnx yCTponcTB, ANCNNeeB, 3akpennsemblx Ha ronose. M13obpeTeHne nossonseT nonyyatb
OTHOCUTENBHO LUMPOKYI0 30HYy 0630pa (FOV) npy oTHOCUTENBHO OOMbLUMX BENNYUHAX eye-
motion-box (OT. nepeB.: BO3M. pa3mMax (Benu4dnHa) konebaHuin (ABmxeHWn) rnasa).
MonyumBLuascsa onTuyeckas cucteMa gaeT 6onblioe, BbICOKOKaYeCTBEHHOE n3obpakeHue,
Nno3Bonss rnasy ABUraTbCH B LUMPOKMX Npedenax. PagpaboTaHHasa onTuyeckas cucrema
ype3BblvarHO yoobHa, nonesHa 1 BbirogHa 13-3a ee 6ornbLUeli KOMNAKTHOCTU, MO CPABHEHWIO C
COBpPEMEHHbIMW aHarnoramu, 1 oHa Bce eLle 6e3 Tpyaa MoxeT ObITb KOMOMHUPOBaHa,
obbeanHeHa, Aaxe ¢ ONTUYECKUMN CUCTEMaMK CreLmanm3npoBaHHON KOHAUrypaLumu.

9710 n3obpeTeHne Takke BKMNOYaeT B ceb5 KOHCTPYKLMIO YCOBEPLUEHCTBOBAHHbLIX AUCMNNEEB Ha
no6osom ctekne (head-up display (HUD)). C Hayana ucnonb3oBaHns 3TUX AUCNIEEB, a 3TO
TpY OECATUNETUS, B 3TON 06nacTy npomsoLlen 3HauymMTenbHbl nporpecc. OencteutensHo, HUD-
ancnneun npunobpenun 6onbLyio NONYMASAPHOCTb, U cernvac OHWM UrpatoT 6onblLoe 3HaYeHME He
TOMNbKO B COBPEMEHHbLIX BOeBbIX NeTaloLmnx cpeactsax, HO U B rpaxkgaHckon asmauum, rae HUD-
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TEXHOMNOMMW CTanu KIKYEeBOKM COCTaBNALEN NPU NOCaAKe NeTarLMX CPEACTB B YCNOBUSX
nnoxow BugumocTu. bonee Toro, HegaBHO ObINKM NpeacTaBnNeHbl MHOMOYNCIIEHHbIE MaHbl U
NpoekTbl No BHegpeHuto HUD-TexHonornin B aBTOMOOWIbHbIN TPAHCMNOPT, rAe Takue MOHUTOPDI
Mornu 6bl CyLEeCTBEHHO MOMOYb BOAMTENO B YNPaBeHUN U HaBuraymm. Tem He MeHee,
coBpeMeHHble HUD-ancnnen uMetoT HeCKOMNbKO CyLLIeCTBEHHbIX HeJocTaTkoB. Bce peanbHble
cnpoekTnpoBaHHble HUD-gucnnen Hy>xgatTcs B UCTOYHUKE N300paxXeHusl, KOTOPbIA AOIMKEH
ObITb 3HAYNTENBHO CMELLEH OT cobupartens ansa Toro, YTobbl CTOYHMK MOr NepefasaTtbh
n3obpaxkeHne Ha BCIO MOBEPXHOCTb cobupaTend. Beneacteme atoro cobuparens-npoektop HUD-
cucTeMbl 06s3aTeNbHO NOy4YaeTcs rPOMO3aKNUM, 06 bEeMHbIM U TpebyeT 60MnbLIOro NPoCTpaHCTBa
OISl YCTaHOBKW, YTO AenaeT 3Ty cMcTemy HeyaobHol 1 nHoraa HebesonacHom B

ncnonb3oBaHuKU. bonbLlioe onTuYecKkoe OKHO TpaauunoHHbix HUD-gucnnees Takke
obycnaBnuBaeT cepbe3Hble TpeboBaHMs k onTudeckon cucteme, genas HUD-gucnnen nnbo ¢
KaKUMU-TO KOMMPOMUCCHBbIMWU XapakTepucTmkamm, Nnbo o4eHb AOPOrnMu, korga TpedyroTes
BbICOKME XxapakTepuctukn. CBeToBas Aucnepcus BbICOKOKa4YeCTBEHHbIX ronorpaduydeckmx HUD-
aucnnees NPUMEHSAETCH peako.

BaxHOCTb Ja@HHOIO M300peTeHnst COCTOUT B TOM, YTO OHO MO3BONSET CO34aBaTbh KOMMAKTHbIE
HUD-ancnnen, kotopble cMardunu obl ynoMsiHyThle Bbile HegocTtaTkn. B HUD-gucnnesx,
pa3paboTaHHbIX B paMKax JaHHOro n3obpeTeHuns, cobuparternb OCBeLLaeTCst KOMMAaKTHbIM
WNCTOYHNKOM N300paxXeHunsl, KOTOPbIM MOXET ObiTb NPUKpPensieH K noanoxke. MNoatomy Takas
cucTemMa o4YeHb KOMMaKTHa, U OHa MOXET ObITb NErko yCTaHOBMEHA B Pa3fiMYHbIX KOHUIypaumsax
B pa3HOro poga ycraHoBkax. Kpome Toro, cBetoBas Ancnepcus B AUCMNEe HUYTOXHA, U
No3aToOMy Aucnnen MoXeT paboTaTb C LUMPOKOCNEKTPANbHBIMA MCTOYHUKAMU, BKITHOYas
TPagULMOHHBIA NCTOYHKK Genoro ceeTa. CBepx TOro, AaHHas pa3paboTka NO3BONSET YBENMYNTD
n3obpakeHne, No3ToMy paboyas MOBEPXHOCTb cobupaTens MoXeT ObiTb ropasgo bonbLue, Yem
paboyasi NoOBEPXHOCTb, AEWCTBUTENBHO OCBELLaeMasi UCTOYHUKOM.

[pyroe BaxHOe NpYMeHEHNe AaHHOro M30b6peTeHNs 3aknoyaeTcsl B CO30aHNn
wmpokodpopmatHoro TpexmepHoro (3D) nsobpaxkeHus. PaspaboTtku, BegyLymecs B obnactu
MHOPMALIMOHHLIX TEXHOMOMMIA, NPUBENM K YBENMYEHNo noTpebHocTn 3D-aucnnees.
[enctentenbHo, Ha pbiHKE NpeacTaBrieH Wnpokuin cnekTp 3D-ob6opyaoBanna. Takne CMCTEMB,
ogHako, TpeOytoT OT nonb3oBaTens HageBaTh Ha cebs cneunanbHble YCTPONCTBA, oTAeNsALWwmne
n3obpaxkeHne Ansi NpaBoro 1 NeBoro rrasa. Takme cucTeMbl "C BOOPY>KEHHbLIM rna3om” Obinu
BHeApeHbI B npodeccrmoHansHoe ynotpebnexHme. OgHako ganbHelrwee pa3smutue gaHHON
obnactn notpebyeT pa3paboTKy CUCTEM "C HEBOOPY>KEHHbIM rfasoM" ¢ yny4ylleHHbIM KOM(OPTOM
3peHusa u bonee 6nmnskon agantaumMen K mexaHmamMy GUHOKynsapHOro 3peHus. CoBpemMeHHble
peLueHuns aTor npobriemMbl CTpagalT PAaOM PasfMyHbIX HEQOCTaTKOB, M OHW HE AOCTUratoT
00bI4HbIX 2D-ancnnees B OTHOLIEHMM KadecTBa U ygobcTea 3peHus. OgHako, MCNonb3ys AaHHYH
pa3paboTKy, CTAaHOBUTCS BO3MOXHbIM Mony4nTb 3D-ayTOCTEPEOCKONMYECKU ANCNNen
OENCTBUTENBHO BbICOKOIO Ka4eCcTBa, He TPEOYHOLLEro HUKaKnx OONOMHUTENbHbIX
NpUCnocobneHniA, 1 U3roTOBIIEHME KOTOPOrO MOXHO IErKo Hanaautb Ha 6ase cTaHg4apTHOro
ONTUYECKOro NPon3BoACTBa.

[anbHelilee NpyMMeHeHe AaHHOro n300peTeHnsa HanpaBneHo Ha Mofy4YeHne KOMNaKTHOro
auncnnesi ¢ wupokum nonem 3penns (FOV) ana npumeHeHns B MOOMIbHBIX PYYHbIX YCTPOWCTBAX,
Takux Kak MobunbHbIN TenedoH. Ha coBpeMeHHOM pbiHke 6ecnpoBOgHOMO AOCTYNa B CETb
"MIHTepHeT" NnponyckHasi CNoCOBHOCTb pagnokaHana goctaTtoyHa Ans NOMHOW nepenaydn
BngeonsobpaxeHums. OrpaHmymBaroinmM ©akTopoM OCTaeTCs KavyecTBO ANCNed B
COOTBETCTBYHIOLLIEM KOHEYHOM YCTPOWCTBE nonb3oBaTtensi. TpeboBaHus K MOBUMBHOCTH
OorpaHn4MBaKT PU3nYecKne pasmepbl QUCNIIEEB, U Pe3yNbTaTOM 3TOr0 ABMASIETCA AUCNNEN C
Y3KMM noniem 0630pa U HU3KMM KavyecTBOM M300paxkeHusi. [JaHHOe n3obpeTeHne no3BonsieT
NoNyyYnTb PU3NYECKN OYEHb KOMMAKTHBIM AUCNEN C O4eHb BOMbLINM BUPTYasibHbIM
n3obpaxxeHnem. JTO - KroyeBast 0COOEHHOCTb B TEXHOMNOMNAX MOBOUIBHON CBA3KN, OCOBEHHO B
obnactn mobunbHoro goctyna B "MHTepHeT", pelwasa npobrnemy O4HOro M3 rmaBHbIX OrPaHNYeHNU
€ro NPaKkTMYecKoro npumeHeHus. Takum obpasom, faHHasa pas3paboTka No3BonseT NoNyyYnTb
nonHocopmatHoe LmdpoBoe n3obpaxeHme NHTepHET-CTPaHULbl C MareHbKOro, PY4YHOro
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YCTPONCTBA, Hanpumep MobunbHoro TenedoHa.

MaBHLIM 0ObEKTOM AaHHOro nccnenoBaHnA, NO3TOMY ABNAETCA CriiaXXmBaHne HeJOCTaTKOB

COBPEMEHHbIX KOMMAaKTHbIX ONTUYECKNX aucnrees n obecneyeHne apyrmMmm ontn4eCknmMmun
KOMMNOHEeHTaMn n cuctemMamu C yrny4dlleHHbIMN XapaKTepucTtukammy, COoTBeTCTBYHOLLUMU
cneunanbHbIM Tpe60BaHI/I$|M.

Takum o6pa3om, B 3TOM 1306peTeHun paspaboTaHbl ONTUYECKME YCTPOCTBA, BKIoYaoLWwme B
cebs cBeTOnepeaaroLLyo NOASOXKY, MMEIOLLYI0 KaK MUHUMYM [BE rNaBHble NOBEPXHOCTU U ABa

pebpa; onTuyeckne cpeacTsa Ans COeAUHEHNS CBETA B YKa3aHHY0 NoasIokKKy C MOMOLLbHO

NOJTHOIo oTpaXeHna 1 MMHMMYM OHa YaCTU4YHO OTpaXXaTesibHadA NOBEePXHOCTb, pacnoJioXKeHHadA

B 9TOW NOAOMOXKE.

KpaTkoe onncaHune yepTtexen

[aHHoe n30bpeTeHne onncbIBaeTCsl BO B3aMMOCBA3N C OnpeaenieHHbIM 06pa3om
BblAeneHHbIMWU BapyuaHTaMn KOHCTPYKTUBHOIO UCMOSTHEHNS CO CCLINKOW Ha HkecrneayoLime
yepTexu ana 6onee nerkoro n3yvyeHnst AaHHou paboThbl.

YuntbiBasa cneunguyHOCTb CChINOK Ha YEpPTEXM, 3TO AOBOMBHO HEYAOOHO, YTo AeTanu
nokasaHbl B kKayecTBe npMMepa 1 NOSICHEHUN ANA BblAENEeHHbIX BapuaHTOB KOHCTPYKTUBHOIO
WCMNOMHEHUS TONMbKO HACTOSILLEro M306peTeHNst U NpuBeAEHbl ANs TOro, YTOObI NOKa3aTb, YTO
NOHMMaeTCs NoA caMbiM NOMe3HbIM U MPOCTbIM B MOHUMaHUU ONUcaHueM MPUHLMNOB U
KOHLIENTYarlbHbIX acnekToB n3obpeTeHns. B aToMm oTHOLWEHMM He BbIfo CAenaHo HUKaKMX
NonbITOK NOKa3aTb CTPYKTYPHbIE AeTann 3Toro n3obpeteHust 6onee nogpobHO, Yem Toro
TpebyeT pyHOaMeHTanbLHOe NOHMMaHue n3obpeTeHns. Yeptexn npeaHasHadeHbl Ang
crneunanncToB, YToObl MOKa3aThk, Kak HEKOTopble hopMbl 3TOro M306peTeHNst MOryT ObiTh
BOMMOLLEHbI Ha NPaKTUKe.

®ur.1 - 6okoBor Bug obLLen mogenu onTUYECKOro YCTPOMCTBA C MPEXHUM OMTUYECKUM
NPenoMSIOWNM YCTPONCTBOM,;

dour.2 - 6okoBo BMA 06pa3LLOBOro ONTUYECKOro 3fIEMEHTa B COOTBETCTBME C HACTOSILLIUM
n3obpeTeHnem;

cur.3A 1 3B unnocTprpytoT KenaemMble XapakTEPUCTUKN OTPaXKEHUS U Nepeaaydn cenekTUBHO

OTpaxaloLmx NOBEPXHOCTEN, NCNOMb3yeMbIX B AaHHOM U3obpeTeHun Ans ABYX YPOBHEN YrioB
nageHus;

ur.4 nnncTpupyeT KpUBbIE OTpPaXeHUs Kak hyHKLUKN ANUHBI BOMHbI A51s 06pa3yoBoro
ONXPOUYHOIO NOKPLITUS;

ur.5 nnncTpupyeT KpUBYO OTPaXXeHUs! kKak OyHKLUMIO AMNMHbI BOMHbI AN 06pa3LoBoro
OUXPOUYHOrO MOKPbLITUS;

ur.6 UnncTpupyeT KpnBble OTPaXKeHUs Kak PYHKLUMIO ANWHBLI BOMHbI ANA ApYroro
ONXPOUYHOIO NOKPLITUS;

ur.7 UNnCTpUpyeT KPUBYIO OTPAXEHUSA Kak YHKLMIO ANWHBI BONHbI AN ApYroro
OUXPOUYHOrO MOKPbLITUS;

ur.8 cxemaTUyHbIN paspes oTpaxkaTerbHOW NOBEPXHOCTU B COOTBETCTBUN C HACTOSALLUM
n3obpeTeHnem;

¢ur.9A n 9B - cxema, nnnrocTpupytowas noapobHble paspesbl psaa 06pasLoBbiX CeNekTUBHO

OTpaxaroLLnX NOBEPXHOCTEN;

dur.10 - cxema, nnnCTpupyowas noapobHele paspesbl psga 0opasLoBbIX CENEKTUBHO
OTpakaloLLMX MOBEPXHOCTEN, KOraa TOHKas npo3payHasa Npociioika 3aleMeHTUpoBaHa Ha
OCHOBaHWN (MpUKeeHa K OCHOBaHWUIO) C BETO NPO BOASLLENO ONTUYECKOrO M1EMEHTA;

dur.11 - cxema, unnoctpupyroasa nogpobHble paspesbl psga 00pa3uoBbIX CENEKTUBHO
OTpaxaroLLmx NOBEPXHOCTEN OIS Tpex pa3HbiX YrroB 00630pa;

dur.12 - paspes 06pa3sLOBOro yCTPOMCTBa B COOTBETCTBUMN C HACTOALLMM M300peTEHNEM,
NCMOb3yHLLEro NnoslyBOSIHOBYO NNACTUHY ANs NOBOPOTa NOMsSpM3aL MM BXOASLEro CBeTa;

dur.13 oeMOHCTpUPYET ABa rpadmka 3aBUCMMOCTU MCKYCCTBEHHO BbIYUCIIEHHOM
npo3payHocTn oT nons o63opa (FOV) Bcero nsobpaxeHusi NPOEKUMOHHOIo Aucnnes, u
3aBMCUMOCTb BUOA CHapYXu OT TOro xe nons o63opa;

cur.14 - cxema, UNNOCTPUPYOLLLAS YCTPOUCTBO CBETOMNPOBOASALLENO ONTUYECKOrO 3NIEMEHTA,
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obragaroLLero psgom M3 YeTbIPEX YaCTUYHO OTpaXKalLMX NOBEPXHOCTEN, B COOTBETCTBUM C
HacToALMM n3obpeTeHnem;

dur.15 - cxema, unnoCTpupyoLwasa ycTponcTBO CBETONPOBOAALLErO ONTUYECKOro 3fIeMEHTa,
obrnagaroLlero psgom M3 YeTblpex YacTUYHO OTpaKatoLMX NOBEPXHOCTEN, B COOTBETCTBUM C
OpYrM BapuaHTOM KOHCTPYKTUBHOMO MCMOMHEHNS AaHHOMO U300peTeHns;

dur.16 - cxema, UNNIOCTPUPYIOLLAA MeTO, pacluMpeHns (pacTAarmBaHns, BbITAMBaHUS) nyya
BAOMb 06enx ocen ¢ MCNONb30BaHNEM ABONHOW KOHMUrypaumum cBeTonpoBOASLLErO ONTUYECKOrO
anemeHTa (light-guiding optical element - LOE);

ur.17 - Bug yctponctea cOOKy C MCMONb30BaHNEM XUOKOKPUCTANMYECKOro gucnnes
(liquid crystal display - LCD) kak MICTOYHMK CBETa, B COOTBETCTBUM C HACTOSALLUM N300pETEHNEM;

ur.18 unnocTpupyeT ONTUYECKYIO CXEMY KONNUMUPYIOLLIEro U NPerioMIISoLWero onTU4eckoro
3rnemMeHTa, B COOTBETCTBUMN C HACTOALMM n3obpeTeHnem;

dur.19 - cxema, UNNIOCTPUPYOLLAA TOYKN NafeHUsi CBeTa, COeAMHEHHOrO B MOAMOXKY, Ha
nepegHer MOBEPXHOCTU KOMMMMUPYIOLLEN NNH3bI, B COOTBETCTBUMN C HACTOSILLMM N300peTeHneEM;

dur.20 - cxema, UNNIOCTPUPYIOLLASA 3KBUBANEHTHYIO ONTUYECKyto cxeMy 6e3 npenomMmneHus, B
COOTBETCTBUM C HACTOSALLMM N3006peTeHnEM;

ur.21 NNnCTpUpyeT ONTUYECKYIO CXeMY, NCNONb3YIOLLYI0 ABe napbl napannenbHbIX
OTpaxaroLmx 3epkan And nonyyYeHus LWMpoKoro nomns ob63opa, B COOTBETCTBUM C HACTOSILLNM
n3obpeTeHnem;

dour.22A - Bug ceepxy, a ur.22B - Bug c6oKy anbTepHaTUBHON CXEMbI A5 pacLUMpeHnst
cBeTa, B COOTBETCTBUM C HacToSALLMM n3obpeTeHnem;

wur.23 unnoctpupyet 00pasLOBbIi BapuaHT KOHCTPYKTUBHOIO UCMOSTHEHUS HACTOSLLIEro
n3obpeTeHnsl, OCHOBAHHbIN Ha NCMOMb30BaHMN CTAaHO4APTHOW paMKK OKynspa;

dur.24 - cxema, unncTpupyrowas odpasuoBbIi MeTom, KOHCTPYKTUBHOMO UCMOSTHEHNS
n3obpeTeHns B Ka4ecTBe MOBUMBHOrO PYYHOro YCTPOMCTBA, TAKOro Kak MODUNbHbIV TenedgoH;

dour.25 unnoctpupyet obpasuyosyto HUD-cuctemy, B COOTBETCTBMM C HACTOSILLIMM
n3o0bpeTeHnem;

ur.26 unntoctpupyet o6pasLOoBbIi BapuaHT KOHCTPYKTUBHOrO MCMNOMHEHUS HACTOsLEero
nsobpeTeHuns, raoe CBeTONPOBOASALLNA ONTUYECKUI SNIEeMEHT OCBeLLaeTcs PAAOM UCTOYHUKOB
n3obpakeHus;

ur.27-29 unnoctpupyet 0OpasuoBbIfi BapnaHT KOHCTPYKTUBHOIO MCMOJTHEHWS CUCTEMbI
nsobpaxeHus, KoTopas NPoeKTUpyeT TpexmepHoe usobpaxeHve B rnasa Habniogartens, B
COOTBETCTBUM C HACTOALLMM N3006peTeHnEM;

cour.30 unnocTpupyeT BapuaHT KOHCTPYKTMBHOIO UCMONHEHUs n3obpeteHus ans
TpaaMUMOHHON peanuaaunmn yCTporcTBa yeunurtens 3sesgHoro ceeta (star's-light amplifier (SLA));

dur.31 unniocTpupyeT BapuaHT KOHCTPYKTMBHOIO UCMOMNHEHNS ANS YNy4dlleHHoN peanu3aunm
YCTPOWCTBA yCureHns 3se3aHoro ceeta (SLA), B COOTBETCTBUM C HAcTOALWLMM U3obpeTeHnem;

cwur.32 - 6okoBOW BMA YCTPOMCTBA, MCMOMb3YOLLEro OTpaXatoLWmii ANCNNEn Ha XUAKNX
kpuctannax (LCD) kak UICTOYHUK cBeTa C TPaAULNOHHBIM OCBETUTENbHLIM YCTPOUCTBOM, B
COOTBETCTBUM C HACTOALLMM N306peTeEHnEM;

our.33 - 6OKOBOM BUA, YCTPONCTBA, MCNONb3YIOLLEro oTpaXatoLmii ANCNIEN Ha KULKUX
kpuctannax (LCD) kak MICTOYHUK CBeTa, B KOTOPOM CBETOMNPOBOASALLNIA 3rIEMEHT UCMOMb3yeTCs
ONSA OCBeLLeHNs NCTOYHMKA, B COOTBETCTBUN C HACTOALMM n3obpeTeHnem;

dur.34 - cxema, nnniocTpupytowas MeTo Npou3BoACTBa psda (MaTpulbl) CEnekTUBHO
OTpaxaloLmx NOBEPXHOCTEN, B COOTBETCTBUMN C HACTOALWMUM U30bpeTeHneMm;

ur.35, 36 - cxembl, UNMOCTPUPYIOLLME U3MEPUTENBHbIE CUCTEMbI, UCMOb3YIOLLYIO ABE
NpY3Mbl 118 U3MEPEHNsT OTpaXaTenbHON CNOCOBHOCTM NNACTUHBI C MOKPLITUEM HA ABYX Pa3HbIX
yrnax, npuMeHss garnee nperioMnsiowyo NMH3y Ans CoOBMELLEHUS BbIXOOQHOrO fyya ¢ nagaroLwum
BXOAHbIM fy4OM.

MoagpobHoe onucaHve BblAeNeHHbIX BapUaHTOB KOHCTPYKTUBHOIO MCMNONHEHUS

Ha dur.1 nsobpaxeHo ynobHoe onTnyeckoe npenomMnsioLiee yCTporucTBo, B KOTOPOM
NoAnoxka 2 ocBeLlaeTcs UCTOYHUKOM M3obpaxeHus 4. [iucnnen KonnmmmnpyeTcs ¢ MOMOLLbHO
KonnuMmupyowen nnH3bl 6. CBET, UCXOAALLMI N3 UCTOYHMKA 4, NepedaeTcs B NOOJIOXKKY 2 C
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MOMOLLbIO NEPBOW OTpaXKaTernbHOM NOBEPXHOCTU 8 Taknm obpa3om, YTO rmaeHbIn nyd 10
CTaHOBUTCS NapanneribHbIM NNOCKOCTU NoANOXKN. BTopas oTpaxaTensHas noBepxHoCcTb 12
BbIBOAMT CBET U3 NOANOXKKM U NepefaeT ero B rnas Habntogatensa 14. HecmoTps Ha
KOMMaKTHOCTb 3TOM CXeMbl, OHa CTpadaeT cepbe3HbiMM HegocTaTkaMmu; B YaCTHOCTU, none
0630pa (FOV) 3geck nony4yaeTcs o4deHb orpaHnyeHHbIM. Kak BUAHO 13 YyepTexa, MakCMMarnbHbIN
BHEOCEBOW Yrori BHyTpY NOANOXKM COCTaBNAeT:

B T — daye
a,,, = arcta | (1)

rae T - ToNwWwMHa NOAMNOXKY;

deye - KEMAEMBIV AVAMETP BbIXOAHOIO 3payka;

| - paccTosiHue Mexay oTpaxatLmmn nosepxHoctTsamu 8 n 12.

Mpw yrnax, NpeBbILLALLNX Oy,ay, JTYHN OTPAXKAKTCA OT NOBEPXHOCTU MOAMOXKM A0 TOro, Kak
OHW JOCTUraloT oTpaxaTenbHOW NOBEPXHOCTU 12. 3HaUUT, oTpaxkaTenbHas NOBEPXHOCTb 12
OyneT ocBeLLaTbCsl NO HeXenaTenbHOMY HanpaBreHuo, 1 B 3TOM crnyyae OyayT NosBAsiTbCA
nobouHble n306paxeHus (bnyxgatowme 6nukm).

CnepoBaTtenbHO, MakcMMarbHbIM NnofieMm ob3opa 3Tow cxeMbl byaeT ABMATLCS:

FOV . = 2V, (@)

roe v - KoaUUNEHT NpenoMneHns NOANOXKN.

OO6bI4HO 3Ha4eHue koadhduLMeHTa NpenomneHnsa nexut mexay 1,5 wn 1,6.

Kak npaBuno, guameTp rrnasHoro 3padka paseH 2-6 MM. [Ins Toro 4tobbl NpUcnocodumTbea K
OBVXEHNIO NNKU CMELLEHUIO (HECOOCHOCTM) aucnnes, AMaMeTp BbIXOAHOMo 3payka npuxoauTcs
aenatb 6onblue, 4em Heob6xoaMMOo. MrHMManbHOE paccTosHME MeXAy ONTUYECKUMU OCAMU
rnasa 6epetcd paBHbiM 8-10 MM, a paamep ronossl, |, 06bI4HO HaxoauTcsa mexay 40 n 80 mm.
CnepoBaternbHo, gaxe Ans ManeHbKkoro yria o63opa FOV=8° TonwuHa noanoxku AomxHa 6biTb
npuMepHo 12 MMm.

B aToi paboTe npeacTaBneHsl MeToAbl A8 NpeogoneHns aton npobnemsl. Onsa aToro
NPUMEHSAIOTCH YBENUYUTENbHbLIW TENEeCcKon BHYTPY NOAMOXKN N HenaparnnernbHble
cobupaTtenbHble HanpasnsawLwme. Ho aaxe npyu 3ToM, U eLle Npyu TOM, YTO NPUMEHSETCH TOSNbKO
OfiHa oTpakaTenbHas NOBEPXHOCTb, TOMLMHA CUCTEMBbI OCTaeTCs NpUMepHo Ton xe. FOV
orpaHn4MBaeTcs AMaMeTpoM MpoeKUnn oTpaxaTenbHon NoBEPXHOCTUN 12 Ha NNOCKOCTb
noanoxku. Mpu TakoM orpaHM4YeHun MakcumansHoe none o63opa 6yaert:

T+ = sy — A
1 Ladll wo A

FOV ~ sur eye ) {3\
max r TS

R

BEYE

rAe o, - Yron Mexay oTpaxarernbHOW NMOBEepPXHOCTLI0 M HOPMArbHO K MIIOCKOCTY MOAMOXKY,

Reye - PaccTosHne mexay rnasamu Habnogartesns u noasioxkon (06s14Ho 30-40 Mm).

Ha npaktuke tang,, He MoxeT GbITh GonbLie 1; oTCloaa Ana Tex e napameTpos, ONMCaHHbIX
Bbilwe anst FOV=8°, TonuwuHa nognoxku 6yget npumMepHO paBHa 7 MM, YTO SABMASIETCS ABHbIM
ynyyleHMeM npu NpexHUX orpaHndeHusix. TeM He MeHee, npu yesenuyeHun FOV TonwmHa
noasioxKkn 6bICTpo pacTteT. Hanpumep, ana FOV 15° n 30° TonwwmHa noanoxkm éyaet 18 mm n 25
MM COOTBETCTBEHHO.

[nga cmAryeHusa aTux orpaHUyeHnn B HacTosLLemM n3obpeTeHumn ucnonb3yeTcs pag (matpuua)
CENEKTMBHO OTpaXkatoLLMX NOBEPXHOCTEN, PacnonoXeHHbIX BHYTPWU CBETOMNPOBOASLLEro
onTuyeckoro anemeHTa (light-guiding optical element (LOE)). Ha cour.2 nokasaH pa3spes
LOE B cooTBeTCTBUM C HacToAWwMUM n3obpeTteHneM. [NepBas oTpaxaTtenbHas NnoBepxHOCTb 16
OCBeLLaeTcs KOnnMMMpoBaHHbIM aucnneem 18, KOTopbIN B CBOKO oyepedb OCBeLlaeTcs
WUCTOYHUKOM CBeTa (He NnokasaH), pacnorioXeHHbIM 3a ycTponcTBoM. OTpaxaTenbHas
NOBEPXHOCTb 16 OTpaXkaeT NnajarLLnii N3 UCTOYHMKA CBET Takum ob6pasoM, YTO CBET nonajaeT B
NNocKyo Noanoxky 20 ¢ MOMOLLLI0 MOMHOr0 BHYTPEHHEro oTpaxeHus. llocne HeckonbKux
OTPaXeHUin OT NOBEPXHOCTEN MOASIOXKKM BOMHbI AOCTUraloT psga CeneKkTMBHO OTpaxatoLmx
NOBEPXHOCTEN 22, KOTOPbIE BbIBOAAT CBET M3 MNOASIOXKKM M NPOELUPYIOT ero B rnasa
HabnoagaTtens 24. NpyHMMas To, YTO LieHTpanbHasi BOMHA UCTOYHUKA BbIXOAMT M3 noanoxku 20 B
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HarnpaBsreHnn HopmManu K MOBEPXHOCTU MOAMOXKN 26 1 BHEOCEBOW Yrof BOJSTHbI B NOANOXKE
paBeH (,,, Yron Mexay oTpaxKaroLMMU NOBEPXHOCTAMM U HOPMarbio K MOBEPXHOCTU MOATIONKKM
OyneT paBeH:
O"'51.11:2 = % . (4)
2

Kak BUOHO 13 ur.2, nyyn JOCTUraloT OTPaXKaloLMX NOBEPXHOCTEN MO ABYM pasfnnyHbIM
HanpasneHuam 28, 30. B 3TOM KOHKpETHOM BapuaHTe UCMOMHEHUs fy4n nagjatoT Ha
oTpaxaTenbHy NOBEPXHOCTb 28 nocne YeTHOro KonnyecTsa OTPaXeHUn oT MOBEpPXHOCTEN
NOAMNOXKU 26, rae yron nageHus Mexay ny4yoM U HopmMarbio K OTpaxaTerbHON NoBEepXHOCTU
paBeH:

.

Bref = 90° _(ain _asuﬂ) = 90" — ;n . (5)

Co BTOporo HarnpasneHnsa 30 ny4n 4OCTUraloT OTpaxaTerbHY MOBEPXHOCTb MOCHe HEYETHOro
KOMnM4YecTBa OTPaXKeHUI O NOBEPXHOCTb MOAMOXKM 26, rae BHeoceBow yron paseH o,=180°-¢;, 1

yron nageHuna mexay nyvyom n Hopmanbio K 0Tpa>|<aTean0|7| NnoBEepPXHOCTU 6y,c|,eT:

—a,,) = 90 + 30;“ . (6)

Bref = 900 - (ain _asuﬁ) = 900 - (1800 - o

in

[na npenoTBpalleHnst HexenaTernbHbIX OTPaXKEeHUA 1 NosSIBIEHNST MOBOYHBLIX N306paXeHuin
(6nyxgatoLmx 6rIMKoB) 04EHb BaXXHO, YTODbI OTpaXXeHMe ObINIO HUYTOXHO ManbIM Ansi O4HOro 13
Tex OByX HanpasneHuin. XKenaemoe pasnuume Mexay ABYMS HarnpasfeHUsaMU NageHns ceeta
MOXeT ObITb MONYYEHO, €Criv OOUH yron OydeT 3HaYUnTEeNnbHO MeHbLUe Apyroro. [1Ba pelueHus
3TON 3agayu, oba M3 KOTOPbIX UCMOMb3YHOT CBOMCTBA OTpPaXeHUs NepneHanKynspHO
nonsipu3oBaHHOro ceeTa (S-nonapusauusi), 6biny NpeanoXxeHsl paHee, HO 06a 3TK peLleHns
obnaganun HegocTaTkamu. [NaBHbEIM HEAOCTATKOM MEPBOMO pPeLIEHUs ABNAETCA OTHOCUTESNBHO
O0onbLUOe YMCO OTpaxarLMx NOBEPXHOCTEN, HEOOX0AMMbIX AN o6ecnevyeHnsa JOCTaTOuHOro
FOV. NaBHbIM HeOCTaTKOM BTOPOroO peLUeHUs ABMASETCS HexenaTernbHoe oTpaXeHue nyyemn c
BHYTPEHHUM YIIOM (. ANbTepHaTUBHOE pelleHne, onncaHHoe 34echb, MCMoMb3yeT CBOWCTBa
OTpaKeHNsa napansnensHo Nonsapu3oBaHHOro ceeta (P-nonapusaums) n B HEKOTOPbLIX Cnyyasx S-
NoNspM30BaHHOro ceBeTa N obecnevmBaeT yMeHbLUEHNE Yria HaKnoHa OTPaXKaroLLmMX
NOBEPXHOCTEN, YTO BEAET 3a COOON YMEHbLUEHNE HEOBXOANMOrO KONMMYEeCTBa OTpaXatoLLmMx
NoBEPXHOCTEN.

XapakTepuUCTUKM OTpaxeHUs Kak oyHKLMK yrna nageHus ana S- u P-nonsapu3oBaHHOro ceeta
pasnu4yHbl. PaccMoTpum npumMep rpaHuubl pasgena crekna Bo3ayx/noBepxHocTb. Moka obe
nonspusaumm otTpaxaroTcs Ha 4% npu HyneBoOM Yrie nageHus, oTpaxeHne no dpeHento S-
NoNspM30BaHHOroO CBETA, NajaloLero Ha rpaHnLy pasgena cpef, MOHOTOHHO MOBbIWAeTCs 4o
ypoBHS 100% npwu ckonb3sLem yrne nageHnsa ceeTta, a oTpaxeHue no ®pexento P-
Nonsipn3oBaHHOro cBeTa cHavana cHmkaetca ao 0% npu yrne bptoctepa 1 TONbKO NOTOM
noBbiwaetcs Ao 100% npwu ckonb3swem yrne nageHund. CnegoBaTenbHO, CyLecTByeT
BO3MOXHOCTb CMPOEKTUPOBATL MOKPbITUE C BbICOKOW OTpaXKatLen cnocobHOCTb0 Ang S-
Nnonsipu3oBaHHOIO CBETAa NpY OCTPOM Yrie NageHusi CBeTa N HEHYIEBOW OTpaXaTernbHON
CNOCOBHOCTLIO AN HOpManbHOro yrna nageHust ceeta. Kpome T1oro, CyLecTByeT BO3MOXHOCTb
Nnerko CnpoekTMpoBaTb NOKPbITUE ANsa P-nonsipu3oBaHHOro cBeTa C O4EHb HU3KOWN
OoTpakaTeNbHOM CNOCOBHOCTLIO NpU BOMNbLUMX Yriax NageHns CBeTa M C BbICOKOW OTpaKaTeNbHOM
CMOCOBHOCTBIO MPU MarbIX yrrax nageHust ceeta. 9T CBOMCTBA MOryT ObiTb MCMOMNb30BaHbl ANg
NpeaoTBpaLLEHNst HeXenaTerbHbIX OTPaXXEHUIN U NOABNEHMI NOBOYHbBIX N300paXKeHU
(6nyxgatoLmx 65MKOB), Kak ONUCHLIBANoOCh BbILLE, U3-3a UCKITHOYEHWS OTPaXKeHNa B O4HOM U3 ABYX
HanpasneHui. Hanpumep, npu B ~25° 13 ypasHeHui (5) 1 (6) MOXHO NoMy4nTb:

o, _ o _ o, _ o
B... = 105°; a, = 130" a, = 50" « = 65°. (7)
Tenepsb, Korga oTpaxarernbHas NOBEPXHOCTb MMEET CBOMCTBO OTpaxaTb Mpu 3, U He
oTpaxaTb npu f.__ , He06X0AMMble YCoBUS MOTyT ObiTb nonyyeHsl. Ha cur.3A n 3B nokasaHo

surz

Xenaemoe oTpaxeHue CeneKkTMBHO oTpaxarolwmx nosepxHocten. MNoka nyy 32 (cdur.3A) c
BHEOCEBbIM YITIOM 3, ~25° 4aCTUYHO OTpaXKaeTCsa M BbIBOAUTCS U3 NOASIOXKKM, Ny4y 36
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(cbur.3B), kOTOPLIN MaAaeT Nog yriom B ~ 25° Ha oTpaxaTernbHyto NMOBEPXHOCTb (YTO

OKBMBAMNEHTHO B ~ 105 ), MPOXOAMT CKBO3b OTpaaTernbHyto MOBEPXHOCTb 34 6e3 kakoro-

£
nn60o 3HAYMTENBHOrO OTPaXeHMUS.

Ha chur.4 nokasaHbl KpMBble OTPAXEHUA ANXPOUYHOIO NOKPLITUSA, CO34aHHOMO AN NonyyYeHus
OMNUCaHHBbIX Bbllle XapakTepuUCTUK, AN YeTblipex pasnuyHbix yrros: 20°, 25, 30° n 75°, Bce ans
P-nongapu3oBaHHoro ceeta. [oka oTpaxeHune nyva ¢ 60MnbLIMM YINOM HE3HAYMTENBHO B pamMKax
cnekTpa, nyyn, umetowune yrrol 20°, 25° 1 30°, oTpaxaloTcsi NOYTU C NOCTOAHHOW BENUYNHON B
26%, 29% 1 32% CcOOTBETCTBEHHO B pamMKax Toro xe cnekrpa. O4yeBnaHo, oTpaxarenbHas
CMOCOBHOCTb CHMXXAETCH C YMEHbLUEHWEM Yrha NageHus Nyyen.

Ha dour.5 nokasaHbl KpUBbIE OTPaXKEHWUSI TaKOro e AUXPOUYHOro NOKPbITUSA Kak PyHKUuN oT
yrna nageHus nyden ana P-nonsipu3oBaHHOro ceeTa ¢ AnNnHOM BOMHbI A=550 HM. O4yeBnaHoO, Ha
3TOM rpadmke BbiAeNsa0TCA ABe BaxHbIX obnacTtu: mexagy 50° u 80°, rae oTpaxarternbHas
CMOCOBHOCTb O4eHb Marna, n Mexay 15° u 40°, rge oTpaxaTenbHasi CMOCOBHOCTb MOHOTOHHO
BO3pacTaeT C yMeHblLUeHneM yrna nagenunsa. CnegosartenbHo, Ans gaHHoro FOV, go tex nop,
rnoka CyLecTBYeT BO3MOXHOCTb rapaHTMpOBaTh, YTO CMIIOLIHON YrII0BOW CNeKTp B , Mpu

0O4YeHb HU3KOW XXenaemon oTpaxaTenbHOn cnocobHOCTH, ByaeT HaxoanTbCA B Npeaenax nepeown
obnacTti, B TO BPEMsi Kak CrIIOLLHOW YrioBOM CNEKTP .., NPy 6onee BbICOKON Xenaemon
OoTpakaTenbHOM CNOCOBHOCTH, ByAeT HaxXoaAUTbCA B Npeaenax BTopon obnacTu, cywiectsyeT
BO3MOXHOCTb rapaHTUMpoBaTb OTpaXeHue TONMbKO OAHOro pexuma (Buga) B rnas Habnogatensa un
obecneunTb OTCyTCTBUE NOBOYHOTO N306PaKEHUS.

[lo c1x nop NpoBOAUNUCE aHanu3bl TONbKO P-nonsprusoBaHHOro ceeta. dTa paspaboTka
NPUMEeHNMa K CUCTEMAM, UCMOJb3YHLWUM MONIAPU30BaHHbIA UCTOYHMK M300paXKeHUsl, Takon Kak
xXugkokpuctannuyeckmi gucnnen (LCD), nnu k cuctemam, rae BbiXxogHas ApKoCTb HE sBsieTcs
onpeaensownM pakTopom 1 S-NoNapn3oBaHHbIA CBET MOXeET ObiTb oTdunbTpoBaH. OgHako Ans
HEenonsipU30BaHHbIX UCTOMHUKOB n3obpaxeHunsa, Taknx kak CRT nnu OLED, v Tam, roe spkoctb
SIBNSIeTCA BaXXHbIM (pakTOpPOM, S-NoNsprM30BaHHLIN CBET HE MOXET ObiTb OTOPOLLEH U AOSKEH
ObITb MPMHAT B pac4eT Npu NPOEKTUPOBaHMM Pa3fnYHbIX YCTPOMCTB. K cyacTbio, HECMOTPSA Ha
TO, YTO 3TO BOnee NepcnekTBHO, YemM P-Nonapru3oBaHHbIl CBET, CyLLECTBYET BO3MOXHOCTb
co3a4aTtb NOKPbLITUE C NOAOOHLIMM XapakTepucTMkammn ansa S-nonsipnu3oBaHHONO CBETA, Kak
obcyxaganoch Bbilwe. T.e. NOKpbITUE, obragatolee o4YeHb HU3KOW OTpaXKaTeNbHOM CNOCOBHOCTLIO
AJ1S1 CMIOLLUHOrO YrIIOBOro CMEKTpa . U Bbllle, NPeAonpeaensieT oTpaxaeMocTb Afls

COOTBETCTBYIOLLEro YrNoBOro CNeKkTpa fq-

Ha cour.6 n 7 npegcraBneHbl KpMBbIE OTPaXkeHUs Nog00OHOM OUXPOUYHOWN NOBEPXHOCTU,
onncaHHown Bbllwe ans dour.4 n 5, Ho 3gecb paccmaTpuBaeTcst S-NonsipM3oBaHHbIN CBET.
HeCOMHEHHO, CyLLEeCTBYIOT HEKOTOPbLIE Pa3NnyuMs B XapakTEPUCTUKAX STUX ABYX NONspu3aunii:
obnacTb 6onbLINX YINoB, rae oTpaxaTerbHast CMOCOBHOCTb OYeHb HU3Ka, ANs S-nonspusayum
Dornee y3kas; 30ecb ropasgo TpyaHee JoOUTLCHA MOCTOAHHOW OTpaXaTernbHOMW CNOCOBHOCTY Ang
[JAHHOro yrna B pamkax CroLHOM CNeKTpanbHOM NOoMockl NponycKkaHmsa Anga S-nonspusauum; u,
HaKoHeL|. MOHOTOHHas XxapakTepucTuka S-nonsapr3oBaHHOrO CBeTa Ha YrroBOM CNEeKTPe P,
Koraa TpebyeTcsa bonee BbicOKasi OTpaXkaTerbHasi CNoCOOHOCTb, MPOTUBOMOMOXHA TOMY Xe Ans
P-nonsipusoBaHHOro cBeTa, T.e. oTpaxaTenbHas CNoCOBHOCTL AN S-Nonsapu3oBaHHOro cBeTa
BO3pacTaeT C YMeHbLUEHMEM yrna nageHus ny4ven. O4eBngHo, 9TO NPOTUBOPEYNBOE NOBEAEHNE
ABYX Nnonspusauuii Ha yrinoBOM CMeKTPpe f3,.; MOXeT ObITb MCMNOMb30BaHO MPY NPOEKTUPOBaHU
ONTUYECKMUX CUCTEM 115 NOSTYYEHNS KeNnaemoro OTpaXXeHMsl BCEro ceBeTa B COOTBETCTBUMN CO
cneumanbHbIMK TpeBGOBaHMAMM KOHKPETHOW CUCTEMBI.

#cHo, 4TO oTpaxaTrernbHas CNoCOOHOCTL NEPBON OTpaXKaTENbHOW NOBEPXHOCTU 16 (dhur.2)
[OIMKHA OblTb HACTOSBbKO BbICOKOM, HACKONBKO 3TO BO3MOXXHO, ANS nepeaayn Kak MoxHo 6onbLue
CBeTa OT UCTOYHMKA M300paXkeHns B MOANOXKY. [pnHMMasa BO BHUMaHWE TO, YTO LieHTpanbHas
BOIHA UCTOYHMKA BXOAUT B MOANOXKY HOPMarnbHO, T.€. oy=180°, To yron oy, Mexay nepsou
OoTpakaTeNlbHOM NOBEPXHOCTLIO M HOPMarblO K NMITIOCKOCTM NMOAMOXKM OyaeT paBeH:
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_ Uiy T O o _ Uiy T O (8)
4 sur .
2 2

Pelwenna ans o, U o ONs NpMBEeAEHHOrO Bbilwe npumepa oyayT 155° n 115°

sturl

surl
COOTBETCTBEHHO.

Ha dur.8 npeacraeneH paspes oTpaxaTernbHOW NoBepxHOCTU 16, KoTopasa BbiIBOAUT cBeT 38
N3 UCTOYHMKa M300paXkeHns (He nokasaH) U nepeaaeT ero B noanoxky 20 npy NOMOLLM NOSHOro
BHYTpeHHero oTpaxkeHus. Kak nokasaHo, npoekuusa S, oTpaxaTenbHOW NOBEPXHOCTU Ha
NOBEPXHOCTb Noanoxku 40 Oyaer:
s, = T tan(a) (©)

roe T - TONWWHA NOAMNOXKN.

PeweHve ¢ = alsurl nony4yaeTcs, Korga nepenaruwaa niowanb NoBepxXHOCTU NOANOXKKK ANnA

NpUBEOEHHOrO Bbille NpuMepa 6onee Yem B 4,5 pasa Gonblue, YeM Ta XKe BenuuMHa ans
NPEeXHNX pelleHni. NogobHble yny4lleHnss MPONCXodsaT NOYTU BO BCEX OPYIMX CUCTEMAX.
MprHMMasi BO BHUMaHWE TO, YTO NepefaHHas BOSIHA OCBeLLaeT BCHO Mowaab oTpaxaroLwen
NOBEPXHOCTU, MOCNE OTPaKEHNS OT NOBEPXHOCTU 16 OHa ocBellaeT nnowanb 2S1=2T-tan(q)
NOBEPXHOCTM NoANoXKW. C Opyro CTOPOHbI, MPOEKUUS OTpaykaTenbHOM NOBEPXHOCTH 22 Ha
MAOCKOCTb MOANOXKN paBHa Sy=T-tan(o,,,). [NA UCKIIOYEHNS UM NEPEKPLITUS, UMK Pas3pbIBOB
MeXxay oTpakatloLwMMKN NMOBEPXHOCTAMM NPOEKLMS KaXO0W NMOBEPXHOCTM OTCTpanMBaeTCs No
OTHOLLEHMIO K coceHNM noeepxHocTsaM. OTctoga konnyectBo N oTpaxkaroLmx NoBeEpPXHOCTEN 22,
yepes KOTopble MPOXOAUT Nyd 38 OOAUH LMK (T.e. MEXAY ABYMS OTPaXEHUSIMWU OT OOHOW 1 TOW

e NOBEPXHOCTWN MOASOXKN), PpaBHO:
N = 2b; _ 2T-tan(a:sud)' (10)
Sy T - tan(oasua)

B npumepe npu o,,,=65° U 0,1=115° KONMMYECTBO OTpaxaroLmx noBepxHocTeH N=2, T.e.
KaXabln Nyy NpoxXoAmnT Yepes ABe pasHble MOBEPXHOCTU BO BPEMS OOQHOrO LMKna. 3To ABMseTcs
KOHLIeNTYyanbHbIM U3BMEHEHUEM U 3HAYUTENBLHBLIM YIyYLlEeHUeM JaHHOW TEXHONOMMN No
CPaBHEHMIO C HALLMMW NPEXHUMW BapnaHTamu, Koraa Kaxgbli fyd NpoXoaun Yyepes LWecTb
pasHbIX NOBEPXHOCTEN 3a OAMH LIMKIT. BO3MOXHOCTb YMEHbLUEHMS KONMMYECTBa OTpaXKaroLLmX
NOBEPXHOCTEN Npu AaHHbIX TpeboBaHMax kK FOV cBsI3aHO C NPOEKTMPOBAHNEM OTpaXaTernbHOM
NMOBEPXHOCTU Ha NNOCKOCTb 0630pa, T.K. Yribl B AaHHOM BapuaHTe 6onblue, To TpebyeTtca
MeHbLLEee KONMMYecTBO OTPaxatloLmx NoBEPXHOCTEN A5 oXBaTa BCero n3obpaxeHus.
YMeHbLUeHMEe KonnyecTsa OTpaxatoLmx noBepXHOCTEN NO3BONSAET ynpocTutb peanusauyuio LOE
1 obecneynTb 3HAYNTENbHOE CHWXEHWe CTOMMOCTM Takoro npubopa.

BapuaHT KOHCTPYKTMBHOIO UCMNOMHEHNd, onucaHHbIn Bhilwe (hur.8) sasnsetca npumepom
MeToAa BBEAEHUSA BXOAHbIX BOIMH B MOANOXKY. BxogHbIe BOMHBI MOryT, 04HAKO, ObiTb BBEAEHLI B
NoAsfIoXKY ApYrMMuM ONTUYECKUMN CpeacTBamMu, BKIKOYas npenomMnsowme npnusmbl, BONOKHUCTbIE
onTuyeckre kabenu, AMdPaKUNOHHbIE PELLETKU U APYIME peLLeHNs.

Takxke B npumepe, UNNIOCTPUPOBaHHOM Ha ur.2, BXOOHbIE BOMHbI 1 BOSHbI C U3obpaxkeHnemM
pacnonaratoTca Ha OQHOW CTOPOHE MOANOXKN. Takke NpeacTaBnNATCA BO3MOXHbIMU Apyrve
BapuaHTbl, B KOTOPbIX BXOAHbIE BOSTHbI Y BOMHbI C N306paxeHnemM MOryT HaxoAuTbCs Ha
NPOTMBOMNOMOXHbIX CTOPOHAX MOAJOXKKUN. Takke BO3MOXHO, B KOHKPETHbIX pa3paboTkax,
HanpasrieHne BXOOHbIX BOMH B NMOANOXKY Yepes OAHY U3 nepuepuiiHbIX CTOPOH MOAMOXKM.

®ur.9A npegcrasnseT cobon noapobHbIN paspes psaa CenekTUBHO OTpaXaroLwmx
NMOBEPXHOCTEN, KOTOPbIE BLIBOAST CBET U3 NOAMNOXKM MU NepeaatoT ero B rnas Habnogarens. Kak
BWAHO, B K&XXOO0M LUKIe rny4 NPOXOAUT CKBO3b OTpaKatoLme noBepxHocTn 42, nagas nog yrromM

o = 130" , BCneacTtBuMe 4ero yromn Mmexay niy4omMm n Hopmarbio K OTpaXakLwmnM NoBEPXHOCTAM

in

paBHsAeTCs ~75° 1 oTpaXkeHne oT 3TUX NOBEpPXHOCTeN NpeHebpexnmo Mano. BooGasok, nyy Bo
BpPEMS KaXKAoro Uukna ABaxabl NPOXOAUT Yepes oTpaatoLLyto MoBEpPXHOCTb 44 nopg,

yrnom o;,=50°, npuyem yron nageHus nyya paBeH 25°, 1 YaCTb SHEPTUN NyYa BbIXOAUT U3
noanoxku. MNpuHMMas To, YTo OaMH PAL, COCTOALLMIA U3 AABYX CENEKTUBHO OTPaXKatoLLMX
NoBepXHOCTel 22, Ucronb3yeTcsa AN nepedadv cBeTa B rnas HabnogaTens, MakcumarnbHoe
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FOV oyaet paBHFIT&:CFIZ )
2T tanlo -d
FOV, ., ~ Rsuﬂ ey (11)
eye

CnepoBartenbHO, NPU OAMHAKOBLIX NMapaMeTpax ONMCaHHOro Bbile NpMMepa MUHUMArbHOE
3Ha4yeHue TonLwmHbl Noanoxkmn gns FOV=8e pasHo 2,8 mm: gna FOV=15° n 30° MmHMmarnbHas
TOMWMHa NoAoXKM OyaeT paBHATBCA COOTBETCTBEHHO 3,7 MM 1 5,6 mMm. CyuwilecTBytoT Gonee
OnaronpusaTHbIE (NPEANOYTUTENBHBIE) 3HAYEHMS, YEM MUHMMAarbHAs TOMLWMHA NOASIOXKKM
COBPEMEHHBIX PELUEHUI, ONMCaHHbIX Bbille. BmecTe ¢ TemM, MOXHO ncnonb3oBaTtb Gonee AByx
CENEKTMBHO OTpaxarLmx noanoxek. Hanpumep, ons Tpex cenekTMBHO OTpaXKaroLLmMx
NOBEPXHOCTEN 22 MUHMManbHaga TonwuHa noanoxkm npn FOV=15° n 30° npumepHo paBHa 2,4
MM 1 3,9 MM COOTBETCTBEHHO. Takoe yBenmyeHne KonmyecTBa oTpaxaroLmx NoBepXHOCTEMN
MOXET NPUBECTU, HE cuUTast APYrnX NPEUMYLLECTB, K YMEHbLUEHWUO MUHUMANbHOW TOMLWMHbI
ONTUYECKOro YCTPONCTBA.

[na ycTpolicTs, rae Tpebyetcsa oTHocuTeNnbHO Hebonblwoe FOV, MoXeT BbiTb 4OCTaTOYHO
NPUMEHEHNE OAHOM YaCTMYHO OTpaxaroLen NoBepxHOCTU. Hanpumep, Ansg cMcTemsl Co
crepyowmnMu napameTpamu: Rqy =25 MM; oy, =72° 1 T=5 MM, cpegHee FOV=17° moxeT bbiTb
nony4yeHo Aaxe npu UCNonb30BaHWM O4HOW OTpaxaroLlen NoBepxHocTu 22. Yacte nyyen byget
nepecekaTtb NOBEPXHOCTb 22 HECKOMbKO pas, nepes TeM KaK BbIATU U3 MOAMOXKM B HYXXHOM
HanpasneHuu. Noka MUHUManbHLIN Yron pacnpocTpaHeHUs CBeTa BHYTPWU NOANOXKN ANs
OOCTMKEHMSA NOSHbIX YCNOBUI BHYTPEHHErO OTpaxeHusa gns matepuana BK7 vnu T.n.
paBeH O(in(min)=420’ Yron HanpaefeHns pacnpocTpaHeHns CBeTa Npu LeHTpansHoMm yrre FOV
paBeH O(in(cen)=480' CnepoBaTtenbHO, M300paxeHne NpoeumnpyeTcsl He HOpPManbHO K MOBEPXHOCTH,
a HEMHOro HaKNoHeHO Ha BHeoceBoW yron 12°. Bce e Ans MHOrMx criydaes 3To AONYCTUMO.

Kak nokasaHo Ha dur.9B, kaxgasa oTpaxaroLas noBepXHOCTb OCBELLEHa ONTUYECKNMU
nyyamu pasnMyHO MHTEHCMBHOCTU. B TO BpeMs Kak npaBas MOBEPXHOCTb 46 ocBeLLeHa nyvyamu,
OTpaxaroLMMmMCa OT HUXKHeNn noBepxHocTu 48 nognoxku 20, nesas noBepxHocTb 50 oceelleHa
nyyamu, NponyLeHHbIMU Yepes YacTUYHO OTpaxatoLyo NOBepXHOCTL 46 K, Kak cneacteue,
nmerwmnmm 6onee HU3KY MHTEHCMBHOCTL. YTOObI nony4vaTtb n3obpaxeHusi C 04HOPOAHOM
APKOCTbIO, HEOBXOANMO KOMMNEHCUPOBATb pPasfnnymst MHTEHCMBHOCTEN B pa3HbIX HYacTsX
n3obpaxeHus. [enctButTensHo, NOBEPXHOCTU C pasHbIMU NOKPbITUSMU UMEIOT pasfinyHble
KO3 (PULINEHTLI OTPaXKEHNS: Yy NOBEPXHOCTN 46 OH HUXe, YeM y noBepxHocTn 50, 4To
obecneynBaeT KOMMEHCUPYIOLLYIO MoAaYvy pasfnvMyHOro OCBELLEHNS.

Ewle ogHa HEOOHOPOAHOCTL Ha KOHEYHOM M30OPaXKEHUN MOXKET BO3HUKHYTb B pesynbTraTe
pasnuMyHoON NocneaoBaTeENbHOCTU Nydel, KOTOpbIe JOCTMraloT n3dmpaTtenbHO OTpaXxarLmx
NOBEPXHOCTEN: OAHU NyYn UAyT HEMNOCPEACTBEHHO OT OTpaXKaloLLlen MOBEPXHOCTU, MUHYSA
TpaHcopmauun, apyrue e nogBepraroTCs eLle HEeCKONbKUM OTPaKEHUAM. ITOT apdekT
nokasaH Ha dur.9A. Jlyy nepecekaeT NepByo OTpaxKatoLLyo MOBEPXHOCTb 22 B TOYKe 52. Yron
nageHuns nyya paseH 25°, ero sHeprusa 4acTU4HO BbICBOOOXOAEeTCA C MOBEPXHOCTU. 3aTeM Nnyy
nepecekaeT Ty Xe oTpaXkatoLLyto NOBEPXHOCTb B TOYKE 42 nof yrromM B 75° 6e3 CyLecTBEHHOro
OTpaXKeHus, a 3aTeM - eLle pa3s B ToYKe 54 ¢ yrnomMm nageHus 25° n odepeagHas nopumns aHeprm
YaCTUYHO BbICBODOXOAETCA C MOBEPXHOCTU. A Nyd, NOKasaHHbIA Ha ¢ur.9B, HanpoTuB.,
NCMbITbIBAET TONbKO OAHO OTPaXXEHNe OT TOM XXe MOBEPXHOCTU. Mbl 3ameTunu, 4YTo Yalle BCero
OTpaKeHNsa NPoMCXoaAT NPU HU3KKX yrrax oTpaxeHus. [osaToMy MeTon KoMneHcauuu
HEeOHOPOAHOCTN, BO3HMKaIOLLEH BCNeaCTBME MHOMOUYNCIIEHHbIX NepecedeHunii, 3aKnoyaeTcs B
pa3paboTke Takoro NOKpbITUSA, KOIMULNEHT OTPAXKEHMS KOTOPOro MOHOTOHHO Bo3pacTarn 6bl ¢
YMEHbLUEeHNeM yrna nageHusi, kak nokasaHo ans avanasoHa 10-40° Ha dour.5. MNMonHoCTbIO
KOMMEHCUPOBATb TakMe pasnuuuns npy addhekTe MHOroKpaTHbIX NepecevyeHnin npeacrasnsercs
TpyaHbIM. O4HaKo B pearbHbIX CUTYyaUuax YenoBeyecknin rnas gonyckaeT 3HaumMTemnbHble
U3MEHEeHNsa APKOCTU, KOTOPbIE OCTAalTCA UM He3amMmedeHHbIMU. PaccMOTpuUM NpuHLMN OeACTBUSA
OUCMNeeB-04KOB: B rNa3y KOHLUEHTPUPYETCH NOTOK CBETa, KOTOPbIN NOCTynaeT noj eauHbIM
yrnom HabnoaeHns n OoKyCMpyeTCs B O4HON TOYKE CeTyaTKu rnasa, 1 Tak Kak rpadmk
XapakTepPUCTMKN YyBCTBUTENBHOCTM rMa3a npeacraBnseT cobon norapudmmyeckyo
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3aBMCMMOCTb, TO B NI0OOM criyyae HebonbLune konebdaHus ssipKkocTy aucnnes He OyayT 3aMeTHbI.
CnepoBatenbHO, Jaxe Npu cpeHeM YpOBHE OCBELLEHHOCTU AMCnnesa s YenoBeyeckoro rnasa
nsobpaxkeHne nonyyaeTca KayecTBeHHbIM. Heobxoanmoro ypoBHS MOXHO NErko 4OCTUYb C
NMOMOLLbIO CBETOMPOBOASALLNX ONTUYECKMUX SNEMEHTOB.

OpHako Anst gvcnnees, yaaneHHblx OT rna3 Habnwaartens, Hanpuvep Anst aBTOMOOUIBHON
CUCTEMbl MHOUKaLMKN Ha NOBOBOM CTeKne, HEOAHOPOAHOCTb NPU MHOTOKpaTHOM NepeceyeHnm
HegonycTtuma. NoaTomy B NOAOBHbIX Criyyasx Ans npeogoneHms HeOA4HOPOAHOCTEN
npumeHsieTca 6onee cuctematuyHbii metod. OanH N3 BO3MOXHBLIX METOA0B NokasaH Ha dur.10.
ToHKMIA Npo3payHbIin cno 55 TonwmHon T 44y HAHOCUMTCS Ha OCHOBaHME CBETONPOBOASLLErO
ONTMYECKOro arnemMeHTa. B aTom cnydae nyy nagaet npubnmautensHo nog yrnom 25°. B
cooTteeTCcTBUM C (hUr.9A OH nepecekaeT NepBylo OTpaXaroLLyto NOBEPXHOCTb 22 B ABYX TOYKaXxX U
oTpaxaeTcs B Touke 52. Ho npu ncnonb3oBaHum aToro cnocoba agpd ekt ABOMHOro OTpaxeHus
He BO3HMKaeT. YTobbl MMHMMU3UpoBaTb 3OdEKT ABONHOrO OTPaXEHUS, HYXKHO BbIYUCIIUTb
TonuwmHy T,4q ANS BCEro nongd ob3opa onTuyeckon cnuctembl. Hanpumep, Ang oNnTUYECKOM
cuctembl ¢ napametpamu FOV=24°, o =64°, ¢;,=52°, v=1,51 n T=4 MM npu HaHeceHuu
[06aBOYHOro cnost ToNWMHOM T,y4q=2,1 MM Ha OCHOBHOW Crioi addeKT ABOMHOroO Npoxoaa
NOMHOCTLIO UCKMoYaeTcs. O4YeBnAHO, YTO NpU 3TOM 06LLas TonNWmMHa CBETONPOBOAALLErO
ONTMYECKOro arnemMeHTa coctasut 6,1 MM BMecTo 4 MM. B cuctemax ¢ nHamkaumen Ha nob6osom
CTeKrne MexaHn3ma CyMMapHbIA Cron NOKPbITUS NOMyYaeTCs HECKOMNbKO TOSLE, a 3HauuT,
obecneunBaeTcs MexaHM4yeckasi NPOYHOCTb, Heobxoanmas Anst CBETOMPOBOASALLMX ONTUYECKNX
anemeHToB. Takum 06pa3om, yBenmyeHne TONLWUHbI MPO3PaYHOro Crios He Bceraa ABnsieTcs
HegocTaTkoM. Bo3MOXHO Takke HapalmBaHne Npo3payHoro Crosi B BEPXHeEW YyacTtu
CBETONPOBOAALLEro ONTUYECKOro 3aNemMeHTa unu gaxe ¢ o6enx CTopoH, TOHHasA KOHCTPYKLMS
OyneT cnpoekTupoBaHa B 3aBUCUMOCTU OT CNELMAUYECKNX YCNOBUA KOHKPETHOW OMTUYECKON
cucteMbl. [na npeanoxeHHon KoHUrypaumm sHavyeHne napameTtpa TonwmHel T,qq HE MeeT
3HauYeHWs: NO MeHbLUEN Mepe, HECKOMBbKO Nyyen ABaXAbl NepecekaloT OOHU U Te Xe
n3bmnpaTtenbHO OTpaxaroLmMe NOBEPXHOCTH.

Hanpumep, Ha dur.10 nyun cHayana nagatoT Ha NepBy0 OTpaXKatoLLy0 NOBEPXHOCTb 22 nof,
yrrnom 25° 1 NpoxogsT Yyepes Hee B ToUKe 52, rae TepsieTcst YacTb CBETOBOW 9HEpruu, a
3aTeM - TaKKe OAMH pas - NoA4 yrioM 75° 6e3 cyuecTBEHHOro oTpaXeHusi. ECTeCTBEHHO, TONbKO
nepBoe NpenomMreH1e No3BonseT NonyyYnTb n3odpaxeHve, Beab OHO hopMupyeTcs vyepes
CBeTONpoBoAsALIME ONTUYECKMNE IIEMEHTLI.

PaccMoTpeHHble Ha dur.11 pasnnyHble YacTh KOHEYHOrO U306paXeHUs, OTpaXKeHHbIe
pasHbIMK 06NacTaAMU YaCTUYHO OTpaXaroLuX NOBEPXHOCTEN Mo pasHbIMU YriamMu 3peHuns,
UNIIOCTPUPYIOT 3TOT 3dhdeKT: 34eChb B paspese NokasaHa KOMMNakTHas cuctemMa
CBETONPOBOAALLMX ONTUYECKNX SIEMEHTOB, OCHOBaHHas Ha NPeanOXXeHHOW KOHCTPYKUMKU. 34ecb
OOMHOYHas nrockas BonHa 56 nog cneumansHOM yrinoM ob3opa 58, ocBellaeT TOMbKO YacTb
BCEro MHOXEeCTBa YaCTUYHO OTpakatoLmx noBepxHocTen 22. Taknm obpasom, AN KaXKOoN TOUKK
Ha YaCTUYHO OTPaKaloLLEen NOBEPXHOCTU ONpeaeneH HOMUHATbHBIN yron ob63opa, B 3aBUCUMOCTU
OT BEMUYMHBI KOTOPOro BbiOMpaeTcst koadhPULNEHT oTpaxeHus. INpoekTupoBaHme crnoes Ans
pasnuyHbIX Taknx NOBEPXHOCTEN CBETONPOBOAALLMX ONTUYECKNX SNIEMEHTOB NPOUCXoanNT
cneayowmmM obpasoM: Ans Kaxaoro nyyva otaenbHO BbluepunBaeTcs rpadouk (no 3akoHy CHenna
Nony4arT pacyeTHOe 3HaYeHVEe OTPaXeHUH), 3Ha4YeHe NnapaMeTpoB OepeTcd OT LeHTpa
YyernoBeyeckoro rrnasa 60 k YacTUYHO OTpaxaroLen nosepxHocTu. OnpeaeneHHoe TakMMm obpasom
HanpaBsfeHne cHMTaeTCq HOMUHaNbHbLIM HanpaBrneHneM NageHns ny4ya, U NoKpbITUe HaHOCUTCH B
COOTBETCTBUM C 3TUM HanpasreHueM. [1pu 3TOM yunTbiBaeTCsa Takke npeaLlecTByoLWni
KO3 PMLUMNEHT OTpaXKeHUs!, CBA3AHHLIN C KOHKPETHLIM yrroM ob3opa. CrniegoBaTensHo, Ans
Kaxxgoro yrna o63opa cpefHee 3HadeHue koadduumeHTa OTpaKeHUsl COOTBETCTBYHOLLNX
noBepxHocTen ByaeT oveHb B6nmMsknm K xenaemomy. Kpome Toro, npn HeobxogumMocTu Ha
CBETOMPOBOASALLMIA ONTUHECKNIA INEMEHT HAHOCUTCS CION TOMNWNHON T 44q.

CeeTonpoBogsLLme ONTUYECKNE IANEMEHTbI C PA3NNYHBbIMK BbIBOPOYHO OTpaxarLwmmm
NOBEPXHOCTSAIMM 06r1agaloT ABYMSA 0COOEHHOCTSIMU. [1py NCNONb30BaHWM NPO3pPaYHbIX CUCTEM,
Taknx Kak gucnnen Ha CBeTonpoBoasALLMX ONTUYECKUX ANEMeHTaXx, 3aKpennsaioWwmnca Ha ronose
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nunoTa, nepen HabnogarenemMm CToMT 3agada He NoTepsaTb U3 BUAA BHELUHEE MNore 3peHus,
No3TOMY KO3(PMULMEHT OTPAKEHNST BbIODOPOYHO OTPaKaKLLMX MOBEPXHOCTEN JOIMKEH ObiTh
[0CTaTOYHO BbICOKUM. Pasnunune koadULMEHTOB OTPaXKEHNS BCEX MOBEPXHOCTEN MOXET
nosrneyb 3a cobor onacHOCTb BO3HUKHOBEHUS HEOAHOPOAHOCTEN M306paKeHNS BHELLHEro nons
3peHus, HabNaaeMoro Yepes oNTUYECKY0 CUCTEMY. DT HEOOHOPOOHOCTH, K CHACThHO,
O0BONbHO Manbl, ¥ B BONbLUMHCTBE CriyYyaeB UMW MOXHO npeHebpeyb. B criyyasx, korga
HEOAHOPOAHOCTb AOCTUraeT KpUTUYECKUX 3HAYEHUI, A8 ee KOMMNeHcaLmMn U JOCTUXKEHUS
OJHOPOLHOW APKOCTU M300paXKeH s Ha BCeM nore 063opa Ha BHELLHIOW MOBEPXHOCTb HAHOCUTCS
[JOMONHUTESbHbIN CIOMN.

HenpospayHblie cucTeMbl, HaNpumMep BUpTyanbHble gucnnen, obnagarT HENPO3payHON
NOAMOXKOWN, MPO3PaYHOCTb CUCTEMBI 34eChb 3HaYeHUs He nMeeT. OgHaKo B NOAOBHbIX Criyyasx
KO3(PDULNEHT OTParKEHNsT MOXET BbITb ropaso Bbllle, YeM B CUTYaLUAX, PAaCCMOTPEHHbIX
Bbllwe. M 3geck Heobxoaumo obecneunTb NOCTYNMEHNE Yepes NEPBYO OTPaXKatoLLyHO
NOBEPXHOCTb CBETA TAKOM MHTEHCMBHOCTU, KOTOpPas CMOXET obecneunTb OAHOPOOHY SPKOCTb
Ha BceM norne 3peHud. Heobxoanmo Takxke 3apaHee onpefenatb nonspusauumto ceeta. Kak 6bino
CKa3aHo Bbille, AMs MOKPbITUS M3bUpaTeNbHO OTPaXKAKLLMX MOBEPXHOCTEN NpeanoyTuTeneH P-
nonspu3oBaHHbIi cBeT. K cyacTbio, HEKOTOPble KOMMaKTHbIE CBETOBbIE MCTOYHUKN aUCTNees
(T.e. HeMaTuyeckune XnaoKkokpucTannuyeckme amcnnen) NMHEHo Nonspu3oBaHsl. Ecnn nctovHuk
ancnnes pacnoroXeH Tak, YTO BXOASALLMIA CBET OKa3blBaeTCH S-Nonspn3oBaHHbIM MO OTHOLLEHUIO
K OTpaxaroLwum rpaHam, imbo Npon3BOAMTCA CMeHa MOKPbITUS Ha npvemnemMoe Ans S-
Nnonsipu3oBaHHOro CBeTa, MO0 B Ka4YecTBe anbTepHaTVBLI NpeanaraeTca USMeHUTb
nonsapusaumio NCTOYHUKA C MOMOLLLIO MOMYBOMHOBOW NnacTuHbI. Kak nokasaHo Ha ¢ur.12, ceet
OT UCTOYHMKA gucnnes 4 s-nondpmnsoBaH NMHerHO. Nocne NpoxoxaeHnsa nyyven yepes
MONyBOSHOBYIO NNAcTUHY 62 nonspusauus U3MeHSeTCs, U Ha OTpaXatoLLyto NOBEPXHOCTb 22
nagaet yxe P-nonapn3oBaHHbIN CBET.

MpooemoHcTprpoBaTh PaboTy TUNMYHONM NPO3PAYHON CUCTEMbI MOXHO C NMOMOLLBHO
KOMMbIOTEPHOro MoAenNupoBaHus. Ha komnbloTepe NPOBOAATCA NOACHEThl APKOCTU AUcnnes u
BHelLHel cpeabl. Cuctema nmeet cneayrowme napametpbl: T=4,3 MM, T,44=0, o;;=50°, FOV=
24°, Rgye=25 MM, v=1,51; UCTOYHUK Aucnnes obnaaaeT S-nonsipusaunent; y Hero ase
n3bnpaTtenbHO oTpaxarLmMe NOBEPXHOCTU, HOMUHANbHbIA KOIMULMEHT oTpaxeHus 22%. Ha
dur.13 npeacrasneHbl pesynbTaTbl MOAENNPOBaHUA, HOpMarnu3oBaHHble A51s Tpebyembix
HOMUWHanbHbIX 3Ha4YeHnn. Ha obounx rpadmkax HabnogaTca Hebonblune roKTyaunn, Ho 3Tu
U3MEHEeHNs HeCyLLeCTBEHHbl NS HeNpo3paydHbIX CUCTEM.

[o cnx nop mbl paccmaTtpueanu none o63opa aucnres Tonbko BAonb ocu &. Heobxoanmo
paccMOTPeTh 3Ty 30HY TaKXKe Mo OPTOroHarnbHoOW en ocu v. [leno B Tom, 4YTo NapameTpbl 30HbI
ob3opa avcnnesa B HanpasfeHnn Mo OCx 1 He 3aBUCAT OT pa3MepoB U KONMYecTBa MMEIOLLIMXCA
nsbunpaTtenbHO oTpakatoLMX NOBEPXHOCTEN, HO BMECTe C TeM, Ha HUX B JOCTaTOYHOWN CTeneHn
BNUAET rOPpM3oHTanbHbI pasmep BXOAALLMX BOOMb OCK 1) BOMH, KOHLEHTPUPYIOLLIMXCA Ha
noanoxke. MakcumanbHoe 3HaveHne pasmepa nosns o63opa BOOMb OCU 1) MOXHO BbIMUCINTL MO
dopwmyne:

D, —d
FO¥nax ™ R +nl /(v ;yiena ) 2
eye in

rae Dy, - ropn3oHTasnbHbI pasMep BXOAAWMX BAOMb OCKU 1) BOSH, KOHLEHTPUPYIOLMXCA Ha
noasnoxke.

Takum obpasom, ecnu xenaemoe none o63opa ancnnes cocrasnseT 30°, To, UCNONb3yS
npuBeaeHHbIEe Bbille napaMeTpbl, NONyYUM MakCUMarbHO JONYCTUMbIA NUHENHBIA pasmep 42
MM. Kak 6biro nokasaHo paHee, NpoAonbHbIA pasmep BOSH, BXOAALWMX BAOMb OCK & U
KOHLIEHTPUPYIOLLIMXCA Ha MOAMOXKE, MOXHO onpeaenuTs no dopmyne: Sy=Ttan(g,). MNpn
TOonwmHe noanoxkm T=4 mm nonyvyaem S,=8,6 mm. Takum ob6pasom, NPOTSKEHHOCTb
CBETONPOBOAALLMX ONTUYECKUX SNIEMEHTOB B NOMEPEeYHnKe B NSATb pa3 NpeBbIllaeT NpoaosbHble
pasmepsbl. [laxe npu cxaTnm n3obpaxeHus B OTHOLWEHUM 4:3 (4TO NPUMEHSETCHA B CTaHOAPTHbIX
BUaeoamucnnesx) u ¢ 3oHoi o63opa 22° no ocu v NUHENHbIN NonepeYHbIn pa3mep coctasnaeT
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oKono 34 MM, 4TO B YeTblpe pasa npeBblllaeT NPpoAofbHLIN pa3mep. B aTor acummeTpun Bes
npobnema - He06Xo0OMMO MCMNOMbL30BaTb KONMMMMMUPYIOLLYIO NIMH3Y C BLICOKOW anepTypor nnbo
KpynHorabapuTHbIn gucnnen. B niobom cnyyae npu Taknx pasamepax gucnnesa cosnatb
KOMMAKTHY CUCTEMY HEBO3MOXHO.

AnbTepHaTUBHbIA MEeTO, NO3BONALINA peLlnTb 3Ty Npobrnemy, paccCMOTpeH Ha ¢ur.14.
BMecTo coBOKYNHOCTM OTpaXatoLmx NOBEpPXHOCTEN 22, pacrnosioXeHHbIX BAOSb OCU &,
oTpaxaroLime NoBepxHoCcTn 22a, 22b, 22¢ n 22d pacnonaratoT BAOSb OCU 1). AT NOBEPXHOCTU
pasmeLLaTca N0 HopManu K NoCcKOCTU NoANoXkn 20 BAONb BMCCEKTpUCHI yrna, 06pa3oBaHHOMo
ocamu & 1 . AN 4OCTUXXEHUSs OAHOPOAHOCTU BbIXOAHbIX BOMH ONpeaensanTca KoahMULNEHTbI
OoTpakeHnsa nsbuparenbHO oTpaxatoLmx nosepxHocten. K npumepy, koadhULNeHTbl YeTbipex
oTpaxaroLLmMx noBepxHocTen 22a, 22b, 22¢c n 22d aomkHbl UMeTb 3Ha4YeHnsa 75%, 33%, 50% n
100% cooTBeTCTBEHHO. Takoe coveTaHne NO3BOMSET NOMYyYUTb NOCNEeN0BaTENbHOCTb BOSTHOBLIX
POHTOB C BXOOAHOW MHTEHCUBHOCTbLIO Kaxaoro n3 Hux 25%. Kak npaBmmno, COBOKYMHOCTU
OTpaxatloLLMX NOBEPXHOCTEN TAKOro TUMa ferko CNpoeKkTUpoBaTh Ans S-Nonspu3oBaHHONO CBETa.
[leno B TOM, YTO OAHM 1 TE Xe Ny4n cBeTa, S-NonsapuU3oBaHHONO A58 YaCTUYHO OTpaXKakoLLMX
noBepxHocTen 22a-22d, Ha noBepxHocTM 22 nagatT P-nonsipusoBaHHbiMU. CriegoBaTenbHo,
ecnv n3obpaxeHue NofBepraeTcs BO3OENCTBMIO S-MONSIpM30BaHHOrO CBeTa BAOIb
BEPTUKarbHOW OCK 1|, TO HET HEOBXOAMMOCTU UCNOMb30BaTb NOMYBOMHOBYIO NNACTUHY AN
N3MeHeHVs nonsapusaLum nyven B ropu3oHTanbHOM NOCKOCTM BAOMb ocu &. MNpeanoxeHHble
BapuaHTbl PacrnonoXeHnsl U3bupaTernbHO OTpaXaroLmx NOBEPXHOCTEN AaHbl B KA4YecTBe
npumepa. [pyrne BO3MOXHbIE BapuaHTbl pa3MeLLeHNst 3TUX NOBEPXHOCTEN, NO3BONAOLME
NONYyYnTb ONTUYECKME BOSTHbI BOMbLUMX NIMHENHBIX pa3MepoB No o6enm ocsiM, B COOTBETCTBUM C
BbIOpaHHOM ONTUYECKON CUCTEMON U XenaeMbiMy NapameTpamu, OyayT pacCMOTPEHbI HUXKeE.

Ha ¢ur.15 paccmaTpuBaeTcs anbTepHaTUBHbLIA METO, pacnpocTpaHeHNs nyyka CBETOBbIX
nyyen BOOMb Ocu 1. B npeacraBneHHon KoHUrypauum otTpaxarolme noBepxHoctn 22a, 22b u
22¢c nmetoT KoapumumeHTsl oTpaxeHns 50% ans S-nonapuMsoBaHHOro cBeTa, a 22d - 100%-g
3epkanbHas NOBepxXHOCTb. KOHEYHO, LnMprHa ny4dka, pacnpoCTPaHSOLLErocsi B BEPTUKaNbHOM
HanpaBneHun, nonyyaetcs 6onbluen, YeM B NpeablgyLlemM BapuMaHTe, 3aTo B NpeanaraeMom
cny4ae HeODXOAMMO HAHEeCTU TOMNbKO OOHO M3buMpaTenbHO OTpaxaroLlee NoKpbITUE, Aa U BCA
KOHCTPYKLMSA B LIEIOM JOCTaTOYHO NpoCTa B U3roToBneHUn. B obLwem, Anga kaxxaon onTuyecKomn
CUCTEMbI B OTAENBHOCTU TOYHbIN CNOCOO pacnpoCTpaHeHUs nydka CBETa No HanpaBfeHUIo BOOMb
OCU 1) BblbMpaeTcs B 3aBUCMMOCTM OT TpeboBaHU KOHKPETHOW cucTeMmbl. [lonepeyHbin pasmep
NPOMYyLLEHHOro Yepes KONMMMUPYIOLLYIO NUH3Y 6 cBeTa, pacnpoCTPaHSAIoLWEerocs BAoNb OCK 1
rocre oTpaxeHus OT noBepxHocTen 22a-22d, onpeaensertcs no gopmyne S, =NTtan(a;,), rae
N - yncno oTpaxatowmx nosepxHocten. MakcumanbHbIN pasmep Mnomns 3peHns BOOMNb OCU 1)
onpegensietcsa no hopmyne:

S, — deye NTtan(ocin) —-d

i = ks 13
Reye + 1/(wsine;,) R, +1/(Psina,,) (13

eye

FOV! =

masx

Ecnn pacnonoxuTb cnuctemy 22a-22d 6nuwke k rmady Habnwogartens, pacctosiHue | mexay
OTpaxarLMMN NOBEPXHOCTAMU MOXHO OyaeT 3HauMTENbHO Kopode, YeM B MpeablayLmx
npumepax. MNpuHae 1=40 MM 1 onpefenve 3Ha4YeHMs cnegyowmnx napaMmeTpoB kak: T=4 mm, N=
4, 0j,=65°, Reye=25 MM 1 v=1,5, nony4mm pesynbTar:

FOV! = 30°. (14)
OTOT nocnegHUn pesynbTaT 3HAYMTENBHO yNyyllaeT 3HaYeHns, NofnyveHHble paHee. Ha
ur.16 nokasaH elle OAMH METOA pacnpocTpaHeHust nyvyen Baonb obenx ocen ¢
NCMOSb30BaHNEM KOHCTPYKLMM C ABONHBLIM CBETOMNPOBOASALLMM ONTUYECKUM 35TIEMEHTOM.
Bxogsiaga BonHa nonagaeT B NepBbii onTudecknini anemeHT 20a Yepes NnepByro OTpaXkatoLLlyto
noBepxHOCTb 16a, a 3aTem pacnpocTpaHaeTcs BAOoSb ocK &, a Bbixoaa 13 20a, noctynaeT Ha
YaCTUYHO OTpaXKaroLme noBepxHocTn 22a. Nocne 3Toro BosiHa nonagaeT Ha BTOPOM ONTUYECKUIA
anemMeHT 20b yepes oTpaxatoLLyto noBepxHOCTb 16b. [lanblle cBeT pacnpocTpaHsaeTcs BOOMb
OCW 1), @ BbIXOOUT Yepes oTpaKaloLLyto NoBepXHOCTb 22b. Kak nokasaHo Ha YepTexe, MCXOOHbIN
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My4yoK CBETa PacnpoOCTPaHAETCSA B HanpaBreHnsix obenx ocel, a MoNIHOe pacnpocTpaHeHme
onpeaenseTcs OTHOLEHMEM MonepeyHblX pasmepoB aNeMeHToB 16a 1 22b cOOTBETCTBEHHO.
KoHcTpykums, npeanoxeHHasa Ha ur.16, - TONbKO NPUMEP CUCTEMbI C ABONHBIM ONTUYECKUM
3aN1eMeHTOM. BO3MOXHbI U Apyrne KoHurypauumn ¢ AByms u 6onee onTMYECKMMN 3rIEMEHTaMM,
COeaMHEHHBLIMW B €MHYI0 CNOXHYIO ONTUYECKY0 cucTeMy. Hanpumep, cywlecTByeT ontudeckas
cucTema ¢ TpeMs pasfmMyHbIMU NOASNOXKKAMM, NOKPLITUE KaXA0oW U3 KOTOPbIX NpegHa3Ha4vyeHo ans
OLHOro 13 Tpex 6a30BbIX LBETOB. OTa CMCTEMA MOXET ObITb UCMOMb30BaHa ANs COo34aHNs
KOHdUrypaumm ¢ TpexueeTHbIM gucnreeM. B aTom cnyyae kaxaasi noanoxka AomKkHa ObiTb
Npo3payHoi Ans ocTalnbHbIX OBYX LIBETOB. Takasi cuctema MoxeT NoHagobutecs ans
KOHCTPYKLNIA, KOHEYHOE N300paxkeHne B KOTOPbIX hOpMUPYETCS NPU COMETaHUM CBETOBLIX JyYen,
NCMYLLEHHbIX TPEMSI MOHOXPOMAaTUYECKUMU NCTOYHMKamMK gucnnesd. CylecTByeT MHOXECTBO
OpYrMx NpMMepPOB, Koraa 13 HeCKOMbKNX Noanoxek hopMnpyroTcst 1 6onee CnoXxHble CUCTEMBI.

[anbule peyb NOMAET O APKOCTU ONTUYECKON CUCTEMbI. DTa TEMA OYEHb BaXkHa Ans
NPO3payHbIX CUCTEM, B KOTOPbIX YPOBEHb SIPKOCTU ANCMIIEN OODKEH OblTb BNIM3KNM K
€CTECTBEHHOMY YPOBHIO BHELLHEN cpeabl, YTOOblI 06ecnevnTs 4oNyCTUMbIA YPOBEHb
KOHTPACTHOCTMK 1 yaobcTBo HabnwoaeHus. MNpu 3ToM COBepLUEHHO HEBO3MOXHO rapaHTMpoBaTh
HU3KUI YPOBEHb NPMBHOCUMbIX NOTEPb. Hanpumep, kak onMcaHo Bblle 5151 CUCTEMbI C YETbIPbMS
MOBEPXHOCTAMU Ha ur.14, n3-3a pacnpocTpaHeHns nyyka cBeta BAOb OCH 1) APKOCTb
ONTUYECKMX BOJH yMeHbLUaeTcs B 4 pas3a. B obwem cnydae ana N oTpaxatowmux NoBepxXHOCTEN
YPOBEHb SIPKOCTU 0BpaTHO nponopuunoHaneH ymicny N. B ancnnesax ¢ BbICOKUM YPOBHEM SIPKOCTU
9TOT HEAOCTaTOK BO3MELLLAeTCH, HO AaHHbIM NOAX04 BCerga MMeeT YacTUYHOE OrpaHu4eHme.
[leno He TONbKO B TOM, YTO CBETOBbIE NCTOYHMKUN AMCMSIES OYEHb AOPOrMe, OHK eLle
noTpebnsAlT O4eHb MHOIO SHepruun, a NoTpebnsaemeln TOK O4eHb BbICOKMI. Kpome Toro, y
DOOnbLUMHCTBA OMCNIIEEB CYLLECTBYET OrpaHUYeHne Ha MakCMMarbHO BO3MOXHOE 3HadeHue
ApKoCTU. B kayecTBe NpMmepa MOXHO NPMBECTU MHOMKATOPbI HA XXMUAKMX KpucTannax, OgHu 13
caMbIX NOMNYNSIPHbIX HA CErOAHALHNA OEeHb Cpean UCTOUHUKOB OS5 KOMMNAKTHbLIX OUCMNeeB.
MowHOCTb CBETa B HUX OrpaHN4MBaeTCsl BO U3bexaHne nosiBNeHns HexenatenbHbiX 3 eKkToB,
HanpuMep, Taknx, Kak NpenomMrieHne ceeTa, NoABEHNE KOTOPOro BeAeT K NOHMKEHMUIO
paspeLLeHnNs N YPOBHS KOHTpPacTHOCTK aucnned. CnegoBaTtenbHO, YTOObI ONTUMU3NPOBATL
NCnonb3oBaHne cBeTa, NOCTYNaKLWEro OT MCTOYHUKA, HY>KHO MCNONb30BaTh ApYyrMe MeToabl
NOBbILLEHNST YPOBHSA SIPKOCTM CBeTa.

OOuH 13 TakMx BO3MOXHbIX METOLOB MOBbLILLEHNS YPOBHA SIPKOCTM CBETa, AOCTUraroLero
rnasa Habniogartensa ot gucnnes, - KOHTPONMPoBaTh KOSMMULNEHT OTPaXKEHUSI MOBEPXHOCTEN 22
CBETOBOAHOrO ONTUYECKOro afieMeHTa B COOTBETCTBMM C eye-motion-box Habnogatens. Kak
nokasaHo Ha ¢ur.11, kaxgas oTpaxarwLas NOBEPXHOCTb CUCTEMbI U30MpaTENbHO OTpaXarLLmnx
NOBEPXHOCTEN 22 OCBELLAETCsa TONMbKO YacTbio nons ob63opa. CnegoBaTtenbHO, MOXHO
YCTaHOBUTL KOIWPULNEHT OTPAKEHUSA KaXkO0W NOBEPXHOCTM AN ONTUMMU3aLMM SPKOCTM BCETO
nons o63opa. Hanpumep, KOadhdULMEHT OTPpaKEHUS NMpaBoK NOBEPXHOCTU 22a Ha dur.11
crneumanbHO yCTaHaBNMBAETCH TakMM, YTOObI 06ecneunTb BbICOKUIA KOI(ULMEHT OTpaXKeHUst
BCEW npaBoy YacTu nonsa o63opa U cambll HA3KUIA - Ha NEeBOW. MOX0XnIA MeToq yCTaHOBIEHUS
K09 PMLUMEHTOB NCMOMb3YETCA B ABYMEPHbLIX CUCTEMAX pacnpocTpaHeHusi. Ecnn npuHaTb Ha
ur.16 ocb 1 BEPTUKANbHON, KOIPPULIMEHT OTPaXKEHNSA NOBEPXHOCTEN 22a MOXET BbITb
YCTaHOBIEH TakUM, YTO HUXKHNE NMOBEPXHOCTM OyayT MMETb BbICLUMIA KO3(DDULMEHT OTpaXKeHUs
OnNs HWKHen obnacTtu nons 063opa 1 camblin HU3KUIA KOIMULNEHT - ANs BepxHen obnactu, B TO
BPEMS KaK BEPXHME OTpaxaroLme NoBEPXHOCTUN OyayT UMETb BbICOKUI KOSMULMEHT OTPaXKeHUs
ansa BepxHux obnacten nonsa o63opa. CnegoBatensHO, KOSMMPULMEHT, MPU KOTOPOM SPKOCTb
yMeHbLUaeTcs, foMmKeH ObiTb MeHbLle R, rae R - oTHoweHue 30H Bnyckatowen 16a n
BbinycKaroLen 22b nyum oTpaxarowmx NnoBEpXHOCTEN.

MOXHO NPUMEHUTb APYron MeTop, NOBbLILEHNSA APKOCTU CUCTEMbI B LIENIOM - KOHTPONMpPOBaTh
SIPKOCTb MCTOYHMKOB Ancnries 6e3 naMmeHeHun Bxoasilen aHeprum. Kak Obirio nokasaHo Ha
dur.11, 6onbluasn YacTb IHEPrMK, OTPaKEHHON 3epkanoM 16 1 nagawowen Ha nognoxky 20,
OoTpaXkaeTcsi HenocpeacTBEHHO Ha rna3 HabnogaTtens 60. YTobbl yBENUYNTL MakcMMarnbHoe
3Ha4eHne SAPKOCTU, OOHAKO, XKenaTesbHOo, YTOObl OonbLUasi YacTb CBeTa OT UCTOYHMKA aucres
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nonagana Ha NOAMOXKY.

Ha ¢ur.17 nokasaH npumep aucnsnes ¢ NOANOXKOW, rae B Ka4ecTBe UCTOYHUKA gucnnes
NCMONb3yeTCs XUAKOKPUCTANIMYECKnin nhankatop. CBeT, MCXOAALNA OT UCTOYHUKA 64 1
BbIPOBHEHHbIN KOMNUMUPYIOLLEN NMH30M 66, OCBeLLaeT XNOKOKpUCTanInyeckuin aucnnen 68.
OTTyna nsobpaxeHne BbIpaBHMBAETCS U, NPOXOAs Yepe3 ONTUYECKME KOMMOHEHTLI 70,
noctynaeT Ha noanoxky 20. Ha ¢ur.18 nokaszaHa cxema ONTUYECKON KONNMMUpPYoLen nnHael 70,
a Ha dur.19 - cnep oOT Ny4va cBeTa, nonagaroLero Ha nognoxky 20, Ha NepeaHioLo rpaHb 72
nuH3bl 70. Kak npaBmno, Ans 60nbLUMHCTBA NCTOYHMKOB AncnneesB paboTaeT npuHLmMn
pacnpocTpaHeHusa ceeTa JlambepTta. Takum 06pa3oM, 3Heprusa pacnpefenseTcs paBHOMEPHO Ha
YrMOBOM cnekTpe B 25 cTtepaguaH. OgHako, kak nokasaHo Ha dur.18 u 19, Tonbko HebonbLuas
nopums ceeta OT UCTOYHMKA Ancnnesa gocturaet noanoxkn 20. OT Kaxgoro To4e4HOro
WCTOYHMKA Ha NOBEPXHOCTM aucnnes Tonbko HebonbLon ny4ok - 20-30° - pakTudeckm
OCBeLLaloT crieq Ha nepegHen noBepxHOCTN 72 1 nonagaeTt Ha nognoxky 20. CnegoBaTtenbHO,
MOXHO A0BUTLCS 3HAYUTENBHOMO YBENUYEHMSA APKOCTU, ECIIM CBET OT AMCMNESA KOHLEHTpupyeTca
BHYTPW STOro ny4Ka.

OavH 13 MeToaoB AOCTUXKEHUS TAKOW HaNpaBlIEHHOCTU CBETA OT UCTOYHMKA 3aKNIO4aeTcs B
NCMonb30BaHUK crneLmanbHOro n3bmnparensHoro anddysopa aAnsa XUOKOKPUCTaNINYECKNX
aucnnees. Kak npaBuno, ctaHaapTHbIN Auddy30p paBHOMEPHO paccemnBaeT CBET NO BCEM
HanpasneHuam. Ho, kpoMe Toro, nsdbuvpartenbHbii Audy30p MOXET pacnpoCcTpaHATb CBET B
TakoM HanpasfeHUK, YTO NYYU U3 KaJoro TOHEYHOro MCTOYHUKA MyYKOM pacxogaTcs nog
onpefeneHHbIM yrroM. Toraa KonmyecTBO CBETOBOW SHEPrUU, UCMYCKAaeMOn C MOBEPXHOCTU
XNOKOKPUCTaNIMYeCcKoro gmcnres, He nameHseTcs. [ins nyyka ceseta wunpuHon 20-30° yron
paccenBaHUA NyyYen oT Kakaoro TO4E4YHOro MCTOMHUKA YMEHbLUAETCS, eCrnn BennynHa
KoadhpmumeHTa, Nony4YeHHOro cpaBHEHMEM UCTOYHUKA JlamBepTa ¢ umcnom x, 6onblue 50. Mpu
9TOM K€ YCIOBUWN SIPKOCTb CBETa nosblwaeTcd. CnegoBaTternibHO, 3HAYUTENBHOIO YNy4lleHus
napameTpa sipKOCTU CUCTEMbI MOXHO LOCTUYb, HE NMpuUnaras cepbesHbIX yCunui ansa ee
NPOEKTUPOBAHUSA U M3rOTOBIEHMUS, a Takke 6e3 BoNbLUMX 3HEPreTUYECKNX 3aTpaT CUCTEMBI.

AnbTepHaTUBHOE peLleHne, NoaxoadLlee He TONbKO ANSA XUOKOKPUCTaNIMYeCcKUxX gucnees,
HO U 4Ns APYTMX UCTOYHUKOB, 3aKNOYaeTCs B MCMOMb30BaHMM Habopa MUKPOSIMH3, BbIPOBHEHHbIX
no NMKcensiM UCTOYHMKa aucnnes. [Anga Kaxaoro nukcenst MUKPOSIMH3bI CYXKatoT pacCesHHbIN My,
W 13 MUKCENS OH BbIXOAMUT Y3Ke B My4Ke nogd Heobxoaumbim yrriom. PakTuyeckm aToT MeToq
3a(pdpeKkTUBEH TONBLKO MPU HU3KOM KO PULMEHTE 3anofiHeHnsa nukcenen. B ynyyiieHHoM
BapuaHTe 3TOro MeToda npegnaraeTcs co3aarth A5 MaccMBa NUKCENen Takyr yHKLUNI0
pacnpenenennsa nanyyeHus, YTobbl Kaxablid U3 NUKCEnen paccenBan CBET CTPOro nog
onpegeneHHbiM yrinoMm. Hanpumep, B gmucnnesx Ha 6a3e opraHMyYecknx CBETOAMOL0B crieayeT
NPUNOXUTb YCUNNS ANSA YBENUYEHMS Yria paccenBaHnst €4MHUYHBIX CBETOANOO0B, YTOObI
obecneunTb Kak MOXHO Bornee wnpokuin yron o63opa. [Ang paccmatprMBaemoro 34ech YCTponcTBa
C QucnneemM Ha CBETONPOBOASALUX OMTUYECKNX dIEeMEHTax, ogHaKo, AN onTUMmU3aunm SpkocTu
CUCTeMbI BbIFrOAHO COXPaHATbL Marbli yron pacxoxaeHus, B npegenax 20-30e.

Kak roBopunocb paHee B npunoxeHun Kk our.14 n 15, MoXkHO 4OOUTBLCS AOBOMBHO LLUMPOKOrO
nons 3peHns U BAOMb BEPTUKANbHOIO HanpasfeHnst ocu vy 6e3 3HaunTenbHOro yBenuyeHus
obbema cuctembl. Ho cyulecTBytoT cMTyaumm, Koraa Takon meToq He AaeT pe3ynbTaTos. B
nepBylo oyepeb 3TO KacaeTCsl CUCTEM C OYEHb LLUMPOKUM NOMNeM 3peHNs N orpaHuyeHHbIM
paccTosiHueMm | mexxay oTpaxatoLmmmn nosepxHoctsamu 16 n 22. Ha ¢our.20 npeacrasnena
pasBepHyTasa onTuyeckas cMctema co cnegyowmmm napametpamu: 1=70 mm, T=4
MM, 0;,=65°, Reye=24 MM, v=1,51, eye-motion-box - 10 Mm 1 xenaemas BennymHa
BepTMKanbHoro nons ob63opa coctaensiet 42 rpag. Ecnv npocneanTb nyTh Nny4yen oT eye-
motion-box 74, BbISICHAETCH, YTO CBET NpoxoauT Yepes npoekuunto EMB Ha onTuky 22, roe 76,

78 1 80 - NpoeKuUnn BEPXHUX, LlEeHTPanbHbIX Y HXHUX YrIoB Nosnis 063opa COOTBETCTBEHHO.
Taknm o6pasom, 4Tobbl NONy4MTL None ob63opa xenaembix pasMepoB, BENMYMHA anepTypbl 82
JOIMKHa cocTaBnAaTb 65 MM. Takoe GonbLUoe 3Ha4YeHMe 3TOro NnapamMmeTpa No3BoNseT YBENMUYNTD
pasmepbl nons 063opa cUCTEMbI B LENIOM, Jaxe Npu HeGOMbLION ToMWmMHe Noanoxkn. Ecnu
Tonbko anepTypa 84 noHuautcsa go 40 mm, none o63opa cokpaTUTCH Ao 23°, YTO yxe
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HarMoroBMHY MeHbLLE HEOBXOANMOro 3Ha4YEHUS.

Ha dwmr.21 nokasaHo, Kak MOXHO peLlunTb 3Ty npobnemy. O6bIYHas NPAMOYronbHas nnactuHa
20 3ameHsieTcsa Ha 6onee CNOXHYH KOHCTPYKLMIO: MO 0060MM KpasaM nnacTuHbl AobaensaioTca ase
napbl napannenbHbiX oTpaxaroLwmx nosepxHocTen - 88a, 88b 1 90a, 90b cooTBETCTBEHHO.
LleHTpanbHas 4YacTb nonst 063opa NPOEKTUPYETCH, Kak U Npexae, HENoCpeaCcTBEHHO Yepes
anepTtypy 84, ny4m OT HWXKHEN YacTu oTpaxaloTca noBepxHocTsmn 88a n 88b, a OT BepxHeWn
yacTu - oTpaxatotces ot nnockocTter 90a n 90b. Kak npasuno, yrnel mexay nydamu nonagarot
BHYTPb MOAJIOXKN, a OTpaxatoLme nosepxHocTn 88 1 90 [OCTAaTOYHO BENWKU, YTOObI 0becneumnTb
NOMHOE OTPaXeHue, NOSTOMY HET HEOOXOAMMOCTM HAHOCUTb Ha HUX CreLmanbHble oTpaxaroLwme
cnou. Korga Bce nyun nnbo HanpaBnsiloTCs HENOCPEACTBEHHO OT BXOAHOM anepTypbl, Nnbo
noasepraeTcs ABOMHOMY OTpaXKeHWM0 OT Napbl NapansenbHbIX NOBEPXHOCTEN, NepBOHavYanbHoe
HanpaBrieHNe Kaxaoro OTAEeNbHOro fy4a, Kak U COCTOSIHUE UCXOOHOro N300paxeHus, He umeeT
3HaveHus.

KoHe4yHo, o4eHb BaXkHO obecneyvnTb, YTOObI KaxabIi Ny, OTPa)KeHHbI OT NOBEepXHOCTK 883,
oTpasuncs obl oT noBepxHocTh 886, Npexae YeM oH nonaget B Anadparmy 84. YUtobbl 3TO
YTBEPAUTb, JOCTATOMHO MPOBEPUTL ABaA NyTW: OOKOBOW NyY NPOTMBOMNOOXHOW NOBEPXHOCTU 92,
nonagawLuin Ha NOBepPXHOCTb 88a B Touke 94, fOMKeH NonacTe Ha NOBEpPXHOCTL 880 npasee
ero nepeceveHns ¢ nosepxHocTbio 90a, JononHMTENBHO GokoBoK Ny4 96, NnonagarwLwun Ha
noBepxHocTb 88a psagom ¢ nepeceveHnem 98 ¢ noBepxHocTbio 900, AOMKEH NPOHUKHYTL Ha
nosepxHocTn 886 0 cBoero nepeceyenna ¢ guadgparmon 84. Bengy toro, 4to o6a 6OKOBbIX
ny4ya OTBEYaloT YCMOBUAM, BaXKHO YTOOLI BCE Ny4n M3 Nons 3peHns, nagarLmne Ha noBepxHoCTb
88a, nonaganu Takke n Ha noBepxHocTb 886. HacTosawmn npumep npeacTaBnsieT 3Ha4YMTENbHO
CY>XEHHYI0 BXoAHYt anadparmy 84:40 mm ans nons 3peHns 42°. ECTeCTBEHHO 3TO
NpUMeEHSIeTCS B criyyasx, korga | ypessblvariHo 60nbLIOe, MOXHO MPUMEHUTb Kackag u3 AByX
unu 6onee nap oTpakalroLLMX NOBEPXHOCTEN, YTOObI JOBUTHCA KenaemMoro nons 3peHnst Npu
JOonycTMMOW NCXOAHOW anepType.

Mpumep, NpeacTaBneHHbIN Ha our.21, 4eMOHCTPUPYET NPOCTYI0 peannsaunio JaHHOro
MeTofa. Micnonb3oBaHue nap napanmnenbHbIX fyYen ¢ Lenbio Cy3UTb anepTypy CUCTEMbI OIS
JaHHOro norns 3peHus nunu, B Ka4ecTBe anbTepHaTUBbI, paclUMPeHns Nons 3peHus Anst AaHHON
anepTypbl HE OrpaHUYEHO ANs NPUMEHEHWS B pamKax ONTUKW, NCNONb3YOLLEN MNOAMOXKKY, U
MOXeT ObITb MCMONBb30BAHO B APYrMX ONTUYECKUX CUCTEMAX, HE MMEIOLLUX OTPaHUYEHUIA, TaKnx
KaK NPOEKLUMOHHbIE OUCNIIEN, SNUCKONbI UMW NEPUCKONBI.

OuyeBunaHo, Kak yxe bbIfo ckazaHo paHee, B COOTBETCTBMM C pur.21 nonepeyHble pasmepbl
BXO[HOW anepTypbl MOASOXKKM cocTaBnsaloT 40 Mm no ocu n 1 8,5 MM no ocu &. dur.22A n 226
OEMOHCTPUPYIOT anbTepHaTMBHOE UCMNOSTHEHME TOro, YTO NpeacTaBneHo Ha ur.14-15. [JaHHbIn
noaxon BKNOYaeT B cebs perynnpoBKy (HACTPOKKY) MeXay CUMMETPUYHOW KONINTUMUPYIOLLIEN
NNH301 6 N acCMMMETPUYHON BXOOHON anepTypon. MNonepeyHsie pa3mepbl BXOAHOW anepTypbl
npuHumatotcs kak D n 4D Baonb AByx oceli COOTBETCTBEHHO. JInH3a 6 ¢ anepTypoi B 2D
KOnnumMupyeT nsobpaxeHue Ha nogoLBy (OCHOBY). NepeaHsas YacTb KONNMMUPOBAHHOIO CBETa
CBA3bIBAETCs Ha NOAIOXKY Npy NOMOLLM 3epkana 16a. [1Be napbl napannenbHbiX OTpaxarLmx
noBepxHocTen 22a, 22b n 22c¢, 22d pacwennsoT Ny4YoK CBeTa HapyXy 1 3aTeM OTpaXkaloT ero B
nepBoHa4anbHOM HanpasneHuu. 3agHasa YacTb KOMMMMUPOBaHHOMO cBeTa NPOXOAUT CKBO3b
ocHoBy 20, a 3aTeM oTpaxeHHas npuamon 99 BosBpallaeTca obpaTtHO B OCHOBY. BTopoe
3epkano 16b cobupaeTt oTpaxeHHbIN cBeT Ha ocHoBy 20. O4YeBUOHO, YTO NoNepeYHbIe pasmMepsbl
BXOAHOM anepTypbl cocTaensaoT D u 4D Boonb AByx ocelt COOTBETCTBEHHO, Kak 1 TpeboBanoch.

CyLLecTBYHOT HEKOTOpPLIE NPENMYLLECTBA, NPUBNMXKaIOLLME ONMCAHHOE BbILLE K
n3obpakeHHoMy Ha ¢pur.22. Cuctema cMMMeTPUYHa OTHOCUTENbHO OCU 1), U YTO Bornee BaxHO,
He UMEeET NoTepb MHTEHCMBHOCTU cBeTa. [JaHHbI Noaxon ABNAeTcs Nub NPUMEPOM, BO3MOXHbI
1 apyrne nogobHele cnocobbl Npeobpa3oBaHUs BXOOALENO CUMMETPUYHOIO MyYka B
accUMeTPUYHbIN CBA3aHHbIN nyyok. MNMoaxoaswas KoHduUrypauusa ons pactTarBaHus
n3obpakeHnst BOOSb OCK 1) TpebyeT TwaTenbHOro aHanuaa BCex HI0aHCOB CUCTEMbI.

BooOuie, pasnuyHble TUMbl ONTUYECKMX CBETOBOOHbLIX 3NTEMEHTOB, PACCMOTPEHHbIX BhILLE,
npeanaratoT HECKONbKO BaXHbIX NPEUMYLLECTB Nepes anbTepHaTUBHBIMW BUAAMU KOMMNAKTHOM
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ONTWUKW, NpeAHa3Ha4YeHHoN ANS NPUMEHEHUs B AUCMNENHON TeXHUKe, Takme, Hanpumep, Kak:

1) UcTouHmMK BXOasLLEero nydka MoxeT OblTb pacnonoXeH o4eHb OrM3Ko K NOAMNOXKe, YTO B
uenom obecneynBaeT cUCTEME KOMMNAKTHble rabapuTHble pasMepbl 1 HeBOnbLLOW BEC, YTO
npegnaraet 6ecnpumMepHble KOHCTPYKTUBHbBIE XapaKTepUCTUKK.

2) B oTnvume oT gpyrux KOMMakT-gucnnen KoHurypaumn Hactosiee nsobperteHue
npegnaraeTt rMbkoCTb PacnonoXeHNsa NCTOYHMKA BXOAHOMO Myyka Mo OTHOLUEHUIO K OKynsapy. OTa
rMMBKOCTb B COMETaHUN C BO3MOXXHOCTbBIO pacrnonaraTb MCTOMHUK B HENocpeaCcTBEHHON 6nn3ocTu
OT pasaBuUraroLlenca NoaIOXKKN CMArYaeT HeobXoaUMOCTb MPUMEHEHUS HEOCEBBLIX ONTUYECKNX
KOHpUrypaumm, TpagmuumMoHHbIX ANg ApYrux AUCnnenHslx cuctem. MNnoc Ko Bcemy, B CBA3U C
TEM, YTO BXOOHas anepTypa CBETOMPOBOAHOro ontuyeckoro anemeHta LOE HaMHOro meHbLue
aKTMBHOW 30Hbl BbIXOAHOW anepTypbl, YNCITOBAsA anepTypa KOnnMMupytoLen nnH3bl 6
3HaUUTENbHO MeHbLLE, YeM Y OBLLENPUHATLIX aHanoros cpeau cucTteM opMmMpoBaHUS curHana
(n306paxeHus). CnegoBaTeneHo, B 06palleHne MoryT NocTynuTb 3HauuTeneHo 6onee yaobHble
ONTUYECKME CUCTEMbI, @ MHOTMEe TPYAHOCTU, CBA3a@HHbIE C NPUMEHEHNEM HEOCEBOW OMTUKU U
NMH3 C BbICOKO pa3psgHbIMU anepTypamu, Takue Kak norne unu xpomatnyeckas abeppauus,
MOTyT ObITb NEerko 1 3HEKTUBHO NPEOJONEHbI.

3) KoachdpuumeHTsl oTparkeHnsi BbIDOPOYHO OTOOPaHHbLIX OTPaXatoLmMX NOBEPXHOCTEN B
OaHHOM M306peTeHnM Ype3BbiHaiHO OOUHAKOBbLI HA MPOTSHKEHUN BCEro 3HAYUTENBHOrO CrnekTpa.
CnepoBaternbHO, 06a MOHO- U MONMXPOMAaTUYECKUA UCTOUYHUKN N3MNYYEHNSA MOryT BbiTb
UCNonb30BaHbl B KAYeCTBE MCTOYHMKA Ang gucnnes. CBeTonpoBOAHbIA ONTUYECKUIA NeMeHT
LOE nmeeT 1 He3HaunTenbHyo 3aBUCUMOCTb OT AJIMHbI BOMHbI, 06eCcneynBaroLLyo BbICOKOE
Ka4yeCcTBO LBETHbIX AUCMIIEEB C BLICOKOW paspeLluatoLieri CoCoBHOCTLIO.

4) Mockonbky Kaxaas Todka BXOAsLLero agucnres TpaHCchopMUpyeTCcs B NNOCKYHO BOJTHY,
KoTopasi oTpaxaeTcs rma3omM Habniogarensi npy NoMoLLy 6onbLIen YacTu peLeTok
oTpaxaTenewn, XecTtkue TpeboBaHUA K PaCNONOXEHNIO rNasa MOXHO 3HAYUTENBHO CMArYMTb. Kak
TakoBoW, HabnogaTene MOXeT BUAETb BCE MOMe 3peHusl, a 0bnactb ABMXEHUS rnasa MoOXeT
ObITb 3HaUNTENbHO BonbLUe, YeM Y Aucnnees Apyror KoOHUrypaumm.

5) Tak kak 6onbLuas 4acTb MHTEHCUBHOCTU UCTOYHUKA M3ryyYeHusa gucnnesa cobupaetca Ha
noanoxke 1 6onbluas YacTb SHEPrun UCNomnb3yeTcs MOBTOPHO U Ha BbIxOA4e cobupaeTcs B
rnase y Habnogatens, AUCnner CpaBHUTENBHO BbICOKOW SPKOCTM MOXET NMPUMEHATLCS B COCTaBe
C NUCTOYHMKAMU U3NYYEHUS, UMEKLLMMN HA3KOE 3HEepronoTpebneHue.

dur.23 npeacraBnsdeT ndobpaxeHne HactosLlero n3obpeteHus, B kotopom LOE 20 BcTpoeH B
okynsp 100. IcTovHMK uanyyeHuns 4, konnumupytowas nnuH3a 6 n otkmaHas (MoBopoTHas) NUH3a
70 ycTaHoOBNEHbI Ha KpoHWwTeriHe 102 BHYTpW paMbl OKyNnsgpa B HEMOCPEACTBEHHOM BNM30CTH K
Kpato cBeTonpoBoAHoro ontuyeckoro anemeHta LOE 20. B Tom cnyyae, ecnv UCTOYHMK
U3ny4yeHusa gucnnes ABNsaeTCs SMeKTPOHHbIM 3fIeMEHTOM, Kak, Harnpumep, B HebonbLUIMX
SMNeKTPOHHO-NyYeBbIX Tpybkax CRT, xxugkokpuctannuuecknx gucnnesx LCD vnu nanyyatowen
anogHon matpuuer OLED, ynpaBnsowas anektpoHvka 104 MoxeT ObiTb pa3mMelleHa BHYTpU
3agHen YacTtun kpoHwTenHa 102. CToYHMK anekTponuTaHusa uHtepderica no gaHHbiM 106 MOXHO
COEeANHUTL C KpoHLwTeriHoM 102 npu nomoLum nNpoBoga unm nobbiM apyruMm cnocobom
coefMHeHWs, BKIOYasa onTuyeckoe unu pagmocoeguHeHus. B kauectse anbTepHaTuBbl 6aTapes
N MUHMATIOPHAas 3MeKTPOHUKa, 06CNyXnBaloLLasa KaHan nepegayvm AaHHbIX, MOXET ObITb
WHTEerpupoBaHa B pamy oKynspa.

KOHCTpYKTUBHOE UCMNOSMHEHNE, ONUCcaHHOe Bbille, CNOCOBHO 0bCnyXMBaTh Kak Npo3payHble,
Tak 1 Henpo3spayHble cuctembl. B nocrnegHem crnyyae HenpospayHblli ypoBeHb (CNown) pasmeLleH
HaNpOTMB CBETOMNPOBOAHOrO onTnyeckoro anemeHta LOE. He aBnsaeTca BaXHbIM 3acCroHATb
CBETONPOBOAHbLIN onTuyeckuin anemeHT LOE LenvMkoM, TUMMYHO TOMBbKO akTUBHYIO 30HY, rae
BUAMMbBIN gucnnen HyxaaeTtcs B 6nokmposke. Kak TakoBasi KOHCTPYKUNUS MOXeT obecneynTb
noagepkky nepudepuiiHoro sapeHns nonb3oBaTensd, Nnogpaxas onbITy KOMNbOTEPHbIX 1
TENeMOHUTOPOB, B KOTOPbIX Nogo6HOE nepudepuiiHoe 3peHne CNy>XMT UHTepecam BaXkHOM
nosHaBaTenbHoOW byHKUMWN. B kayecTBe anbTepHaTBLI Nepes CUCTEMON MOTYT BbITb
yCTaHOBMNEHbI pa3HoobpasHble PUnbTPbI, NO3BONAIOLME NOMb30BATENO KOHTPONUPOBaTh
YPOBEHb APKOCTN, BbIXOOALLEN C BHELLHEN CTOPOHbI avcnnes. [NpeanoxeHHsle Bbiwe dunbTpbl
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MOTYT KOHCTPYKTUBHO ObITb MCMOMHEHbI KaK MMEILLME MeXaHUYeCcKoe ynpaBneHne, HanpumMep, B
Buae oTrmbaemMbix UM ABYX BpaLLaOLWMXCS NONSpU3aTopoB, SMEKTPOHHOE yrpaBneHne nnm
Jaxe aBToMaTtm4yeckoe ynpasrieHue, NocpeacTBOM Yero Ko MuLUMEHT nponyckaHmsa punbTpa
OyneT onpenenaTbecs (3agaBaTbCs) APKOCTbIO BHELLHEro hoHa.

CyLliecTByeT HECKOIbKO onpeaeneHHbIX anbTepHaTUBHLIX BapuaHToB npuMmeHeHus LOE B
OaHHOWN KOHCTPYKUMW. MNpocTerwnm ABnseTca UCNonb3oBaHUe OTAeNbHOro aneMeHTa ans
Kaxgoro rnasa. [lpyror BapuaHT - UCNONb30BaHNE OTAENbHOro 3rieMeHTa U UCTOYHMKA
N3ny4eHus Ans Kaxgoro rnasa, Ho Ans OgHoro n3obpaxeHus. CylecTByeT anbTepHaTmBa
npoeuupoBaTh B KaXAbli rNa3s ABe NOMOBUHKN OOHOr0 U300paxkeHnsi ¢ HEOONbLUUM NepeKpbITUEM
MeXay HUMU, YTO caenaeT BO3MOXHbIM pacLUnMpuTb nosne 3peHnd. CyllecTByeT aaxe
BO3MOXHOCTb NpoeLmpoBaTh ABE pa3fMyHbIX CLEHbl AN KaXaoro rrnasa ¢ Luenbto co3fgaTb
CTepeocKonnyeckyto KapTuHy. NogobHble anbTepHaTUBLI AenatoT BO3SMOXHbIM NpuBReKkaTenbHble
KOHCTPYKLUWK, Takne Kak TpexMepHoe KMHO, MPOABUHYTas BUpTyanbHas peansHOCTb,
TpeHaepHble CUCTEMbI U MHOroe Apyroe.

KoHCTpyKumMs, NpeacTaBneHHasa Ha ur.23, AeMOHCTPUpPYeT NPoCToe BOMNMoLeHe
HacTosiLero n3obpeTteHust. MNoCcKONbKY CBETONPOBOASLLNA ONTUYECKUIA SNTEMEHT,
npeactasngawwmin cobor cepaLe CUCTEMbI, O4EHb KOMMAKTEH U JIErOK, OH MOXET ObITh
WHTErpupoBaH B OYEHb LUMPOKUIA pag YCTPOMCTB 1 npucnocobneruii. CnegosaTtenksHo,
CTaHOBUTCS BO3MOXHbIM CO34aHNe MHOMOYMUCINEHHbIX YCTPOMUCTB TWMa KO3bIPbKOB, CKNaaHbIX
MOHUTOPOB, MOHOKIEN U MHOTOro Apyroro. HactosiLasa KOHCTpYKUMS pa3paboTaHa Ans Tex
crny4aes, Korga MOHUTOP AOMKeH pacnonaraTbCs B HeNocpeacTBEHHOM BrM30cTu K rnasy:
yCTaHaBNMBaEMbIi Ha rONOBY UMW NpedHa3Ha4veHHbIn Ansa paboTel Ha ronose u ap. CylecTsytorT,
ofHako, obnacTn NnpMMeHeHus, rae AUCnnen MOXeT pacrnonaraTbCsi No-pasHoMY.

MpumMepom NogOGHOrO NPUMEHEHUSA MOTYT CITYXXWUTb KOHCTPYKLMMW, NPUCNOCOOMNEHHbIE ANS
HOLLEHMS Ha rofoBe, Takne Kak coToBble TenedoHsbl. MNosBneHne nogobHbIX KOHCTPYKLMIA
oxugaetca B bnuxkariem 6yayuiem, oHn OyayT obcnyxmBaTb HOBAaTOpCKUe onepawumu,
TpebyioLime BbICOKOW paspeLuatoen cnocobHocTn Ansa 60nbLmMX NOANOXKEK, Takne Kak
BUAEOMOH, BbIXOA B VIHTEpHET, AOCTYN K 3MEKTPOHHOW MoYTe NN BbICOKOKaYeCTBEHHas
nepegava CrnyTHUKOBbLIX TenenporpamM. [NpruMeHeHne cyLecTBYIOWUX TEXHONOMNIA No3BonseT
BMOHTUPOBATb MMHUATIOPHbINA Ancnner B TenedoH, OAHAKO B HACTOALLMA MOMEHT NogobHbIe
aucnnen B COCTOSHWMM Nepefasatb U BuaeonHgopmawmio 6e4HOro Ka4yecTsa, U HECKOMbKO
nvHWIA MIHTepHeTa, unn nHdopmaumio 3NeKTPOHHOW NOYTblI HEMOCPEeACTBEHHO B rMas.

®ur.24 nemoHCTpUpyeT anbTepHaTUBHbLIA MeTO[, OCHOBAHHbIWM Ha MPUMEHEHUN HaCTOSILLEro
n3obpeTeHuns, CNOCOBHBIN YCTPAHUTL CITOXUBLUMIACA KOMNPOMUCC MEXAY MarbiM/ pa3mepamMm
MOBUNBHLIX (KOMNAKTHbLIX) YCTPOMCTB U XenaHmem npocmaTpuBath LndpoBoe coaepxnmoe
nonHopasMepHbIX AMCMeeB NyTeM NPoeLnpoBaHUS BbICOKOKA4YECTBEHHOMO n3obpaxeHus
HenocpeaCcTBEHHO B rnas nonb3osatens. ONTnyecknini Moayrnb, BKNOYAOLWMNNA UCTOYHNUK
nanyyeHunsa gucnnes 6, cknagHas v konnuMmupyowas ontuka 70 u nognoxka 20 MHTerpupoBaHsb!
B KOpnyc MobuneHoro tenedoHa 110, rae noanoxka 3ameLLaeT WTaTHOe 3alMTHOE OKOLLKO
TenedoHa. B yactHocTn, 06bem gaHHOro obopyaoBaHWs, BKITOYAIOLWEro UCTOYHUK 6 1 ONTUKY
70, pocTaTtovHO Mars, YToObl pa3MecTUTbCH B paMKax BblAeneHHOro o6bema BHyTpu
COBPEMEHHBIX COTOBbIX YCTPOUCTB. [ANnsi TOro 4Tobbl yBUAETH NOMHOPA3MEPHYIO KAPTUHKY,
nepegaBaemMyto YCTPOMCTBOM, NOMb30BaTeNb pa3MeLLaeT OKOLWKO nepep, rnasom 24, ytobbl €
yaoob6cTBoM HabnogaTb nsobpakeHue LWMPOKUM NorneM 3peHus, 6onbLIol cTeneHbio cBoboab!
rnasa v KomgopTHbIM penbedom rnasa. BoamMoXHO Takke 0XBaTUTb BCE Mone 3peHns Lienmkom
nyTEM HakIoHa YCTPOMWCTBA, C Lenblo NokasaTb pa3nuyHble y4acTku nsobpaxeHus. Kpome Toro,
TakK Kak ONnTUYECKUA MoadyIb MOXeT paboTaTb C Npo3padyHbiMK KOHUIYpaLMsaMU, BO3MOXHO
OBOWHOE MCMOoNb30BaHUe yCTPOWCTBA; APYrMMU CrOBaMu, B KAYeCTBe OnuuMmn CyLlecTByeT
BO3MOXHOCTb 3KCMryaTaumnm obbl4HOIo Ancnnes HeTPOHYTbIM. Taknum obpa3om, CTaHOapPTHbIN
ancnner ¢ HU3KUM paspeLleHneM MoXeT OblTb NPOCMOTPEH Aaxe MpU BbIKIMIOYEHHOM UCTOYHUKE
n3ny4eHus 6. Bropon pexum npegHasHavyeH Ans npocMoTpa SreKTPoHHOW noyTkl. Bo Bpems
paboThl C ceTblo VIHTEpHET Unu ¢ Bugeomatepmanamu TpaguumoHHbli aucnnen 112 BbIKIOYEH, B
TO BPEMS Kak UCTOYHUK n3nyveHns 6 npoeumpyeT Tpebyemoe nonHopasmepHoe nsobpaxeHve B
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rnas nons3osatens nocpeactsom LOE. KoHCTpyKuus, nokasaHHas Ha cour.24, - BCero nuilb
npvMep, UNITHCTPUPYIOLLUA BO3MOXHOCTb pearibHOro co3gannst nogobHbIx ycTporcTs. Cpeau
OpYrmx NogobHbIX YCTPOMCTB MOXHO OBHAPYXMUTb KapMaHHbIE KOMMNbIOTEPbLI, MUHUATIOPHbIE
aucnneun, BMOHTMPOBaHHbIE B HAPYYHble Yacbl, KapMaHHbIE AUCMNEN, CBOMMU pasmMepamm 1
BECOM HamnoMUuHaroLLMe KpeaUTHY0 KapTo4ky, N MHOroe apyroe.

YCTPOWCTBA, ONUCaHHbIE BhiLE, NPEACTaBMAST MOHOOKYNSPHbLIE ONTUYECKUE CUCTEMBI,
OpYyrMMu crioBamm, OHM NPoeLmpyoT n3obpaxeHune B oaunH rnas. CywecTByOT, O4HAKO, Takue
06racTu NpMMeHeHus1, Kak, HanpuUMep, MOHUTOPbI, HA KOTOPbLIX paboTaloT, HE HAKIOHSS roNoBY
(HUD), roe »enaTtenbHO nony4aTb KapTUMHKY B 06a rnasa. [lo HegaBHero BpemeHu nogobHelie
CUCTEMbI UCMOMb30BaNNCb B BOEHHOW U rpaxkgaHckor aBmaumnn. CyllecTBoBanu Takke
MHOrOYMCIIEHHbIE MPeAnoXeHus U pa3paboTkn, Nnpeanararowme yctaHosute HUD B aBTomobune
nepea BoAUTENEM, NPU3BaHHbIE 0ONErYMTb JOPOXKHYHO HAaBUraUMio UNn NPoeLMpoBaHmne B rnasa
nokasaHuin TEMMOBM30pa C Lenblo 0b6nerynTs HaBuraumio B YCNoBUSAX HEAOCTAaTOMHOW BUOMMOCTH.
CywectBytowme B asmaumm HUD cuctemMbl 0MeHb JOPOrK, CTOMMOCTL OTAENbHOroO arperata
COCTaBMSAET nopsaka HECKONbKNX COTEH ThicaY Aonnapos. e Ko Bcemy, CyLlecTByHoLIne
CUCTEMbI TPOMO3[KN, TSDKENbI N CIIMLLKOM HeYA0OHbI AN pa3MeLLeHUst B TECHbBIX YCMOBUSIX
camorneTa, He roBops yxxe 06 aBTomobumnsx. HUD cucTtemsbl, co3gaHHble Ha ocHoBe LOE,
noTeHumanbHO obecnevmBaT BO3MOXHOCTb CO34aHMUs OYEHb KOMMAKTHbIX, aBTOHOMHbIX HUD
YCTPOWCTB, KOTOPbIE C FOTOBHOCTBLI MOXHO YCTaHOBUTb B 3aMKHYTbl€ NMPOCTPaHCTBa. JTO
NO3BOSUT TaKXKe YNPOCTUTb KOHCTPYKLMIO U TEXHOSOMMIO MPON3BOACTBA ONTUYECKNX CUCTEM,
nmeroLwmnx otHoweHne k HUD, cnegoBatensHO, NOTEHUMANbHO BO3MOXHO yry4ylnTb oba Tuna
HUD cuctem - kak onsi adpoOKOCMUYECKOR, Tak 1 ANt aBTOMOBUNBHOM NPOMbILLSIEHHOCTH
KOMMAKTHY0, HE4OPOryk NOTPeObUTENLCKYHO BEPCUIO.

®ur.25 nnnoctpupyet cnocob npeTeopeHust B xm3Hb HUD cucTeMbl, OCHOBaHHOM Ha
HacTosLeM n3obpeteHnn. CBeT U3 UCTOYHUKA U3NyYeHUs 4 KONNUMUPYETCH NMH30M 6 Jo
©eCckOHEeYHOCTM 1 cobMpaeTcs NepBOK OTpaXKatloLLen NnoBepxHocTbio 16 Ha nognoxke 20. MNMocne
OTpaKeHNsA BTOPOWN OTparKaloLLEN aHTEHHON MaTpuLel (He NoKasaHHOW Ha YepTexe) onTuyeckune
BOJSIHbI MONagatoT Ha TPETbU OTpaXkaroLmMe NOBEPXHOCTN 22, KOTOpblE CODMpPalOT CBET B rnasa
Habnogatensa 24. B uenom cuctema MoxXeT ObITb 04EHb KOMMAKTHOW U NIErkon, pa3mepom C
DOnbLUYHO OTKPLITKY M TOMNLLMHOW B HECKOMBKO MUMMMMETPOB. VICTOYHUK M3MyYeHns gucnnes
006BEMOM B HECKOMbLKO KyOUYECKUX CAHTUMETPOB MOXET ObITh pa3MeLleH B OOHOM M3 YIToB
NOAJSIOXKW, rAe SNEKTPUYECKN Kabenb CMOXeT CHabxaTb CUCTEMY SHeprnen n nHpopmaumen.
OxmpaeTcs, 4To yCTaHOBKa NPeACTaBEHHON CUCTEMbI OyAeT He CNoXHee YCTaHOBKU OObIYHOM
ayaMocucTeMbl 3KOHOMKNacca. bonee Toro, BBMAY OTCYTCTBUS HEOOXOAMMOCTU MCMONb30BaThb
BHELUHWI UCTOYHMK M3NyvYeHUsa Ans gucnnes, YTobbl NonyyYnTb NPOEKLMIO KAPTUHKK, YCTPaHAETCS
TakkKe BaXKHOCTb YCTAHOBKM KOMMOHEHTOB B HEGE30MacHbIX MecTax.

Beuay Toro, 4To BbIXOAHOM 3padok TunuyHor HUD cuctembl MHOro 6o5blue aHanormyHoro B
cuctemax, pasMmeLlaeMbiX Ha rornose, OKUAaeTCs, YTo TpexMaTpudHas KoHurypaums, kak
onncaHo Bbille, cebinasicb Ha dur.14-16, noTpebyeTca Ans JOCTUXKEHMWS XXEeNaemMoro nong
3peHund. MoryT cyuiecTBoBaTb 0Ccobble criyyYam BKIoYast CUCTEMbI C HU3KMM BEPTUKANbHbIM
nofniem 3peHns Unn ¢ BepTUKarbHON OUOQHON PELLIETKON B Ka4eCTBE UCTOYHUKA U3MNYyYEHUS UK
ncnone3ys napbl NapannenbHbiX oTpaXawLwux 3epkan (kak nokasaHo Ha ¢wur.21), rae oyget
[OCTaTOYHO ABYXMaTPUYHOM KOHUrypauum.

KoHCTpyKLMa, npeacTaBneHHas Ha ur.25, MOXeT HanTu NpUMeHeHne B ApYrnx oTpacnsx,
Hanpumep B HUD cuctemax ansa HazemMHoro TpaHcnopTa. Ewe ogHa Bo3aMmoxHasi obnactb
NPYMEHEHNS - B KAYECTBE MITOCKOW MOAOXKN 0ObIYHOIO KOMMNbIOTEPa MK Tenesum3opa. [naBHon
YHUKaNbHOW 0COBEHHOCTBIO NOAOOHLIX AMCMIIEEB ABMNSETCS TO, YTO KapTUHKA pacrnonaraeTcs He
Ha NaHenu NOANOXKM, a hokycupyeTcs B 6ECKOHEYHOCTM MM NOoAoOHLIM 0Opa3om Ha yaobHowm
anctaHymm. OgHUM M3 OCHOBHbBIX HE4OCTATKOB CYLLIECTBYIOLLMX MOHUTOPOB SIBMISIETCA TO, YTO
nonb3oBaTesnb HE MOXET CHOKYCMPOBaTL CBOE 3peHMe Ha 0YeHb BnmM3kon guctaHumm ot 40 go
60 cm, Torga Kak ooKycHoe paccTosiHue 300pOoBOro rnasa - 6eckoHe4yHocTb. MHorme nogm
CTpagaloT OT ronoBHbIX 6onen nocne AnUTenbHOM paboTbl 3a KOMMLIOTEPOM. Y MHOIUX e
ocTarnbHbIX, paboTatoLmMx NOHEMHOrY, pa3BmBaeTcsa 6rM3opykocTb. Mntoc ko BceMy, MHorne
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noau, cTpagatoLme Kak oT 6rmM3opyKoCTu, Tak U OT 4anbHO30PKOCTU, HY>KAAKTCH B 0CODObIX
O4Kax, YTobbl paboTaTb 3a KOMNbOTEPOM. [1NOCKMIA ANCNNEen, OCHOBaHHbIA Ha HAcTOSsILLEM
n3obpeTeHnn, MOXET CTaTb NOAXOAALLMM peLLeHneM AN fNoden, cTpagaroLlmx Hegyramu,
ONUCaHHbIMK BbiLLe, N NPeACcTaBNsAeT CBOK paboTy Ha MOHUTOPAaX, MOHTUPYEMbLIX K UX FOSOBE.
Bonee Toro, AaHHOe N306peTeEHNE NO3BOMMUT CYLLECTBEHHO YMEHbLUNTL rabapuTHbIE pasmepbl
aucnnees. Tak Kak kKapTuHKa, hopmmnpyemas LOE, npeBocxoguT no cBoum pasmepam cam
NPOEKTOP, MOXXHO MO3BOSINTL MPOU3BOACTBO KPYMHbLIX AUCNIIEEB B 3HAYNTENBHO MEHbLUMNX
pamkax. OTO CBOMCTBO TaKXe OYEHb BaXKHO 1151 HOYTOYKOB 1 KapMaHHbIX KOMMbHOTEPOB.

OpaHy 13 noTeHUMarnbHO BO3MOXHbIX Npobnem, cBs3aHHbIX ¢ 6onbwnm gucnneem, LOE
OTHOCUT K NpobnemMaM sipKkocTu. B naeane oveHb BbIrOAHO MCMOMb30BaTh MUHUATHOPHbIN
WCTOYHUK U3MYy4YEHMS, HO 3TO B 06A3aTeNbHOM NOPSAAKE CHMXKAET APKOCTb AUCHNEs], YTO B CBOKO
odyepeab 3HAYMTENBHO YBENMYMBAET 30HY akTUBHOMW unniomMmuHauun LOE no cpaBHEHUto ¢
aHanorn4yHbIM1 XxapakTepuctmkamMmum camoro uctodHuka. CnegoBartensHo, gaxe rnocne
NPUMEHEHUST ONUCaHHLIX BbILLE Mep, MOXHO 0XnaaTb CHUKEHNSA SPKOCTU Aaxe cpeau
Henpo3payHbIX NCNONHEHNA. CHUXEHME SIPKOCTU MOXKET ObITb KOMNEHCUPOBAHO NyTEM
NOBbILLEHMWS APKOCTU BHYTPU UCTOYHMKA UIN NPUMEHEHNsT DOMbLUEro Yncna UCTOYHUKOB. dpyrumum
cnosamu, LOE moxeT ocBeLLaTbCs Npyu NOMOLLN CETU UCTOYHUKOB C 00 beANHEHHBIMU
KOMMMMUPYOLWLUMU NUH3aMu. Our.26 gemoHCTpupyeT BonoLLeHne nogobHon cxembl. OgHa
KapTMHKa CO34aeTcsi NPU NOMOLLM YETbIPEX UCTOYHUNKOB U3NnyyYeHnsa 4a-4d, Kaxabii N3 KOTOPbIX
KONMMMUPYETCA CeTbio NNH3 6a-6d C Lenbtlo co3gatb 04HO NPOCTOE KOMIMMUPOBaHHOE
n3obpaxeHune, kotopoe nodxe cobmpaetcs LOE 20 npm nomowym oTpaxaroLlen noeepxHocTun 16.
Ha nepBbili B3rNgaa kaxeTtcs, 4To NogobHoOe pelueHne siBNAeTcs oveHb gopornm. CyuiectsyeT
MHOro NPUMEePOB MNPOABUHYTLIX CUCTEM, CTOMMOCTbL KOTOPbIX MOBbLILLAETCS 3a cYeT NpUMeHeHUs
CMNOXHbIX 3IEMEHTOB, BbI3BaHHbIX NOTPEOHOCTLIO KOOPANHUPOBATL MEXAY COOON UCTOYHUKM
n3obpaxkeHnsi, KOTOPbIE B CBOK O4Yepeb MPOUrpbIBalOT HU3KOW CTOMMOCTM MUKPOAUCTNEEB Kak
TaKOBbIX M NX CMOCOBHOCTU MOHMXKATh YMCIOBYHO anepTypy KONNMMMUPYOLLMX NMH3. Takke npu
nogo6HOM KOMMOHOBKE OTMNaZaEeT Hy)aa B NONEPEeYHOM pacLUMpPEHMM, BNOSIHE pearibHO BKITHYNTb
TOMNbKO OOHOMEPHbBIN paclumpuTens nsobpaxeHns LOE n cooTBETCTBEHHO MOBLICUTL YPOBEHb
APKOCTUN. BaXXHO OTMETUTb, YTO HET HY>XAbl MPUMEHATb TOMBbKO COBEPLUEHHO MOEHTUYHbIE OPYT
Opyry OMCNIeNHble NCTOYHMKM, YTO OTKPbIBAET BO3MOXHOCTb CO3AaHus 6onee CrnoxHom
CUCTEMBI, B KOTOPOMW, MO NPUBEAEHHON BbILLE CXEME, MOTYT ObITb NPUMEHEHbI Pa3NNYHbIE
aucnneriHble NCTOYHMKM.

Opyroii ocobeHHocTbio LOE gucnnees, 0CHOBaHHbBIX HA HACTOSILLEM U300peTeHum, ABnsieTcs
NNOCKOCTb MX POPM, Aaxe MO CPaBHEHUIO C CYLLECTBYIOLMMU NOCKONaHensHbIMY MOHUTOPaMN.
[pyroe oTnuuyne - 3Ha4NTENBHO GOnee CTPOro OrpaHNYEHHbIN Yron BUAEHUS: n3obpaxeHue,
nonyyeHHoe npu nomowm LOE gucnnes, MOXXHO pacCMOTPETb TOSMLKO B npeaenax CUmbHO
OrpPaHNYEHHOro AnanasoHa YrioBs, No CPaBHEHMIO C NIIOCKONAHerNbHbIMU aHanoramu. NMogobHoe
OorpaHM4eHne 30Hbl OBVMXXEHUSA rONoBbl YA0OHO Anst KOMOPTHOro MCNOMNb30BaHNA PSAOOBbLIM
nonb3oBaTtenem, a Takke npeaocTaBnaeT AONOMHUTENbHbIE BbIroAbl B KOH(UAEHUMANsLHOCTN BO
MHOMMX CUTyauusaX.

Bonee TOro, nsobpaxexue, cosgasaemoe npu nomowm LOE gucnnes, HaxoguTcs B
OTCTOSILLIEN NSTOCKOCTU, PacronOXEHHOW C3aam NoasI0XKN, HO HUKaK Ha ero on3nyeckon
NOBEPXHOCTU. YHUKANbHOCTb MOMYYEHHOrO N306paXkeHnst CPOaHN NPOCMOTPY €ro CKBO3b OKHO.
MogobHas koHpurypaumsa YpessblidaiHO yaobHa Ans CO30aHUSA TPEXMEPHbIX AMUCMSEEB.

MpogonxatoLieecs pa3BuTne MHPOPMaLMOHHBLIX TEXHOMOIMIA poxaaeT cnpoc Ha 3D gucnnew.
W Ha camom fene, Ha pblHKe NPeACcTaBneH WNPOKUIA pagd NogobHbIX ycTponcTts. OgHako
CyLLecTBYOLLME CUCTEMBI CTPadaloT OT OOQHOro HeoCTaTKa: Nnosib3oBaTerNb BblHYXAEH
NPUMEHATL cneLumarnbHble YCTPONCTBA, YTOOb! pasfgenvTb MHOpMaLMo, NOCTYNaoLWYo AN ero
neBoro unu npaeoro rnasa. NogobHble cucTeMbl "MexaHM3MpPOBaHHOIO NPOCMOTPa" XOpPOLLO
NPWXXUIINCb B HEKOTOPbLIX CheumanbHbiX 00nacTax NpUMeHeHns. Ho HbIHELLHASA 3KCNaHCus B
apyrmx obnactax TpebyeTt nosBneHns cuctem "cBob6oaHoOro BuaeHuA" ¢ NoBblWEHHbIM
KOM(OpTOM AN NpocMoTpa 1 Gornee TecHoW aganTaumnen K cucteMam GUHOKYNAPHOro BUAEHUS.
CoBpeMeHHble NYTH peLleHns aHHOW Npobnembl CTpagaT OT MHOMOYUCIIEHHbIX HEYA0OCTB U
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HegOoCTaTKOB M OTCTalOT OT LUMPOKO M3BECTHbIX 2D ancnnees B kadecTBe M300paXKeHUs un
yoo6CcTBe MOSb30BaHUS.

Ha dur.27a n 27b nokasaH Bua nNpsiMmo 1 BUA CBEPXY COOTBETCTBEHHO NOAOOHON KOMMOHOBKM,
OCHOBaHHOW Ha HacCTosLLIEM M300peTeHNN, KoTopast MOXEeT ObITb MCNONb30oBaHa A9 CO34aHus
3D gncnnes. Bmecto ogmMHapHOro gMcnnenHoro UCTouHMKa npumeHeHa cetb 114, coctosawasn ua
N pasnu4yHbiX UCTOYHUKOB 1144-114,,, pa3MeLLeHHbIX B HXKHEN YacTu noanoxkm 20, rae kaxabln
N3 HUX NPOEeLUpYET KapTUHKK, NpeacTaBnsaoLwme cobon pasnnyHbie NePCrekTuBbl OAHON CLEHBI.
KapTuHka ¢ Kaxgoro ANCNIernHoro MCToYHMKa cobrpaeTcsi Ha Noasioxke crnocodom, NogobHbIM
ONUCaHHOMY BblLLE 1 NPOUMNIOCTPUPOBaHHLIM Ha ¢ur.26. B MOMEHT, koraa nonb3oBaTtenb
paccmaTpuBaeT OMCNIeN, ero npaebli 24a v neebii 24b rnasa BUAAT n3obpakeHue,
npoeuyunpyemoe uctoyHnkamm 114; n 114; cootsetcreeHHo. CriefosartenbHo, Habnogarens BuanT
KaXkObIM rna3oM OAHY U Ty Xe CLEHY, NoKasbiBaeMyto ¢ pasnnyHbix Todek. CosgaBaemoe
BrevaTneHne o4eHb HaNnoMMHaeT OLyLeHne, Koraa Bel HabnogaeTe peanbHyto 3D KapTUHKY
CkBO3b OKHO. Kak BnaHo n3 cur.28a-28b, korga HabniogaTens nepemMmeLlaeT CBON B3rNsaa B
ropu3oHTarnbHOM NNOCKOCTWN, OH BUAUT U3obpaxeHne, co3gaBaeMoe pasHbIMU UCTOYHMKaMKn 114
114,; nony4aembli 3cpdeKT HANOMUHAET ABUXKEHME rONOBON BO BPEMSA MPOCMOTPa Kakon-nnbo
cueHbl 3a okHoM. Korga ke Habnogartenb nepemellaeT B3rnsg BepTUKanbHOWM NNOCKOCTU, Kak
nokasaHo Ha cur.28A-28B, ero rnasa HabnogalT TOYKM Ha NOAMOXKKE, PacMoSIOXKEeHHbIE Ha
YPOBEHb HMXE npeablayLmx. Tak Kak 3TW TOYKM pacnosioXeHbl bnvxe K AUCnnenHbIm
nctoyHnkam 114, Habnogartenes BUAUT KapTUHKKU, NocTynarowmne ¢ UCToYHUKoB 114g-114h,
pacnosioXXeHHbIX BrivKe K LLeHTpY ceTn nctovHukoB 114, yem npeablayne. B pesynbTate
owyLeHus, nofnydyaemble Habnogarenem, CPOAHM TEM, YTO BO3HUKAIOT NPU NPOCMOTPE CLEHbI,
pacnonoXxeHHoM 6nuke K okHy. [pyrMmmn crioBamu, NPOCMOTP CLEHbI Yepe3 MNOANOXKY
npeacTaenseT cobon NPOCMOTP TPEXMEPHOWM NaHOpaMbl, FAe HWXKHSAS ee YacTb HaxoguTcst onvxe
K Habnogatento.

KOHCTpyKLMS, pacCMOTPEHHas BblIlle U NpeacTaBneHHasa Ha ur.27-29, - Bcero nuilb npuMep.
lMpuMeHsa HacTosiee N3o0bpeTeHne, BO3MOXHO NOMyYnUTbL U Apyrne yCTpOorCTBa, No3BonsoLwme
BOCMPOM3BOAUTb PEANMCTUYHYIO TPEXMEPHYIO KApPTUHKY, C pa3nnyHoOn anepTypon, 6onbLmnm
KOnM4yecTBOM Todek 063opa u ap.

OpyruMm BO3MOXXHbLIM MPMMEHEHNEM AaHHOIo M306peTeHnss MoxeT ObiTb Tenecydrep,
ncnonb3yemMblid st NofyYeHns NPOeKUnin TekcTa nepes ANKTOPOM TeneBMaeHNa Unm paguo;
BBMAY TOro, 4To NOAo6HbIN Tenecydnep NOSHOCTLIO NPO3padeH, y ayauTopum co3aaeTcs
oLlyLLIEHNE 3PUTENBbHOrO KOHTaKTa C HUMU, B TO BPEMS Kak Ha camMoM Aefie OH NULLb YMTaeT
BO3HUKawoLWmiA neped HUM TekcT. C npumeHeHnem LOE Tenecydnep MoxeT BbiTb BbIMOHEH C
NCnornb30BaHNEM ManorabapuMTHOro MCTOYHMKA, CBSI3aH C APYrMMM ONTHUYECKUMKN npnbopamu,
crnaxusasi HE06XO0ANMOCTb pas3meLLaTb KPYMHY0 NOASIOXKY B HENOCPEACTBEHHOW 6M30CTU OT
yCTpoucTBa.

Ewe ogHnMM BO3MOXXHbLIM MPUMEHEHNEM YCTPONCTBA MOXET ABMNATLCA NOAM0XKKa ANs NNYHOMo
uudpposoro nomouyHmka (PDA). Pasmepbl 00bIYHBIX AUCNNeeB A5s NOAOOHbIX YCTPONCTB,
CYyLLIECTBYHOLLME HA HbIHELIHWUIA MOMEHT, coCcTaBnsatoT nopsaaka 10 caHTMmeTpoB. Tak kak
MUHUMarnbHas ANCTaHUNA, C KOTOPOW MOXHO Npo4ynTaTth MHdopMauuio ¢ nogobHoro gucnnes,
cocTtaensieT nopsigka 40 cm, a gonyctumoe nose 3peHnsa coctaBnseT okosno 15°,
cnepoBartenbHO, 06beM OOCTYMHOM MOCPEACTBOM TakKoro aucnnesa nHdopmMaumm, ocobeHHo ecnu
TEKCT MHTEPECHbIN, AOCTATOYHO OrpaHnyeH. 3HaunTenbHOE YCOBEPLLEHCTBOBAHNE B
NPOEKTUPYEMOM MOSe 3pEHUST MOXET ObITb JOCTUIHYTO C MCMOMBb30BAaHWEM CXEMbI, MOKAa3aHHOM
Ha dur.24. i3obpakeHne co3gaeTcsa B NPOCTPAHCTBE, a NOAMNOXKKA MOXET ObiTb pacrnonoxeHa
HaMHOro 6nmxe K rnasam Habntogatens. [nc Ko Bcemy, Tak Kak KaXKabli ero rnas BuanT
pasHble doparmeHTbl 0bLero nons 3peHus (TFOV) ¢ nx nepekpbiTUEM B LIEHTPE, MOXET ObITb
OOCTUTHYTO ApYyroe yny4leHne obulero nons 3peHns. Taknm obpa3om, BO3MOXHO co3fgaHue
aucnnees ¢ yrnom o63opa B 40° 1 6onee.

Bo Bcex KOHCTPYKLMSAX, OCHOBaHHbIX HA HAacTOSILLEM M3006peTeHNN, ONMCaHHbIX BbILLE,
n3obpakeHne, BO3HUKAIOLLee NPY NOMOLLM 3NIEKTPOHHOIO ANCNNIENHOro NCTOYHMKA, Kak,
Hanpumep, CRT unu LCD, nepegaBanoch npu nomowu noanoxku. OgHako 6bIBaloT criyyaw,
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Korfa n3obpaxxeHne MOXET SBMATbCS YacTbi0 pearnbHON CLEHbI, KaK, HAaNpuMMep, B Cydae, ecrnu
TpebyeTcsa 3anucaTb peanbHyH CLEHY.

Ha ¢ur.30 npeacraeneH ycunutens 3Be3gHoro ceeta (SLA) 116, rae Tpebyetcs nogobHas
KOHCTpYKUMA. M300paxkeHune peanbHoN cueHbl dokycupyeTcsa konnumartopom 118 B ycunutens
3BE3[HOro0 CBETAa, rae 3NEeKTPOHHbLIN CUrHarn, cogepxallmi KapTUHKY, yCUnmMBaeTcs C Lenbio
co34aTb MCKYCCTBEHHOE M300paxeHne, KOTopoe npu nomoLum okynsapa 120 npoeuunpyetcs B rnas
Habnogatens. NogobHasa cxema JOCTaTOYHO MONynsipHa B BOEHHbIX, OKONTOBOEHHbIX U
rpaxgaHckux Kpyrax. 9ta LUMPOKO UCMNonb3yemas KoHUrypaums cunbHoO BoldaeTca Bnepes
nepep nonb3oBaTenem, 4To genaeTt HeygobHbIM ANUTENbHY paboTy C YCTPOWCTBOM NOAOGHOW
KOHdurypawumm. YCTpOMNCTBO MMEET JOCTATOYHO OOMbLUOW BEC M B JOMOITHEHME K TOMY, YTO OHO
YNCTO PU3NYECKM MeLLaEeT NpeameTam, HaXOAALWMNMCS B HENOCPEACTBEHHON BrM30CTH K
NoNb30BaTENto, OHO TaKKe Bbi3blBAET 3HAYMTESbHOE HanpsXXeHNE ero rofioBbl U LLEN.

Bonee ynobHas KOHCTpyKLMS nokasaHa Ha ¢ur.31. 3gecb yCTPOWCTBO pacnonaraeTcsi He
nepep nonb3oBaTenem, HoO cOOKy ero rofnoBbl, U LEHTP TSXKECTU YCUIUTENS BbIPOBHEH BAOIMb
rmaBHOM ocK ronosbl. KOMNOHOBKa yCTPOKCTBA BbIMNOMHEHA NO 0bpaTHON CXxemMe, TO eCTb
konnumatop 118 pacnonoxeH c3agu, a okynap 120 snepeaun. Tenepb n3obpaxeHne BHELLHEN
cueHbl nepenaetcsa B konnumatop 118 npu nomowm LOE 20a, rae kapTuHka ns okyndapa 120
nepenaetcs B rna3 Habnwogatens npu nomowm sToporo LOE 20b. HecmoTpa Ha Hanuume
OOMNONHUTENBHBIX ONTU4ecknx anemeHToB 20a u 20b, NpMBHECEHHBIX B OPUTMHANBHYO CXEMY,
BEC KOTOPLIX OYEHb Mas Mo CpaBHEHUIO C BeCOM SLA, 1 B LLenioM BCsl cuctema sBnsieTcs
HamHoro 6onee yaoobHol B obpalleHmn. bonee Toro, B CBA3M C TEM, YTO CHUMAKTCS XECTKMEe
OrpaHM4eHns MO TOYHOCTUN YCTAHOBKM AaHHbIX YCTPOWCTB, BNOMHE BO3MOXHO BOMMOTUTb UX B
MOoAynbHOW hopMe, YTO MO3BONMT onepaTopy ABUratb unu gaxe nepemeryatb mx. NogobHbIM
o6pa3oM SLA okynsp MOXeT ObiTb NepekoHUrypnpoBaH Anst yaobcTBa UCNonb30BaHNs
npuvKpenneHHoro K rorniose LOE unu gns ycTaHOBKM Ha CTaHAApTHbIE NOACTaBKM N AN Apyrux
LenesbIxX NpuMeHeHui, rae moayns LOE He 3apeicTtBoBaH. Bo3amoxHO Takke cmelats LOE
3M1eMEHTbI C Lenbio NOAroHKN Ans yaobetea paboThl C YCTPOWCTBOM MpU NomMoLLm Noboro rnasa.

Bo Bcex onmcaHHbIX BbILE KOHCTPYKTUBHBLIX MCNONHEHMSX moaynn LOE ncnonkaytoTtes ans
nepeaayn CBETOBbIX BOSH C Lienbio hopMUpoBaHmsa n3obpaxkeHnin. OgHako HacToslee
n3obpeTeHne MoXeT BbITb NPUMEHEHO HE TOJbKO C NOAOBHON Lienbto, HO Takke U B
HeBU3yarnbHbIX 06NaCTAX MPUMEHEHUS, TaKUX KaKk CUCTEMbI UNTNIOMUHALMK, TAe ONTUYECKoe
KayecCTBO BbIXOOHOW BOSHbI HE SIBNSIETCA KNtoveBbIM hakToOpoM, a HaobopoT, LeHATCA
WHTEHCMBHOCTb CBEYEHMWS U MOCTOsIHHAsK APKOCTb. 13006peTeHne MoxXeT ObiTb NPUMEHEHO,
HanpuMep, Ans ThINOBOW NOACBETKU NIIOCKONaHeNbHbLIX MOHUTOPOB, B OCHOBHOM LCD cuctem,
roe Ansa NoCTPOeHUs KapTUHKK TpebyeTcs noacBeunBaTh NOCKOCTb CBETOM, MO BO3MOXHOCTU
APKAM U MOCTOSAHHBIM. [Jpyrne BO3MOXHble NPUMEHEHNST N300PETEHNSA BKMOYatOT
HeorpaHM4YeHHOE KONMMYECTBO MIOCKUX U HEOOPOrNX YCTPOWCTB 41151 KOMHATHOW NOACBETKM,
NPOXEKTOPOB, MOACBETKN AaKTUNOCKONNYECKUX CKAHEPOB N YCTPOUCTB ANSA CYNTbIBAHNUS
TPEXMEPHbIX roforpaMM-gucniees.

OpaHa 13 obnacrtein NpUMeEHeHNs, KOTopas MOXET ObITb CEPbE3HO NPOABMHYTA NOCPEACTBOM
npumeHeHust LOE, - a1o oTpaxatowme LCD. dur.25 neMoHCTpupyeT npumMmep AuUcnnes, B KOTOPOM
AucnnenHbIM UCTOMHUKOM CrY>XUT oTpaxatowwmii LCD. CeeT, ucnyckaembli unnioMmHaTopom 122,
nponyckaeTcs Yepes nonspusartop 124, KonnMMMpysch NnH3oM 126, oTpaxkaeTcs
nonspu3oBaHHbIM paclienuTtenem ny4vka (ceetooro) 128 n oceewaet LCD 130. Mongapusaymsa
cBeTa, oTpakeHHoro ot LCD, nosopadmBaeTcs Ha 90° nnowankon pasamepom B 1/4 onvHbl BOSHbI
nnn, B Ka4ecTBe anbTepHaTuBbl, cammum maTepuanom LCD. Tenepb nsobpaxexHmne ns LCD
NPOXOAMWT Yepes3 pacLlennuTerb, YTobbl OblTb KONMMMUPOBAHHBIM Y OTPaXKEHHBLIM Ha NOANOXKY 20
npv nomoLum nuH3bl 132. B pesynbTate nogobHas KOMMOHOBKA CUCTEMbI UITIHOMUHALNN,
cofepxallen pacwienutenbs, NonyvYaeTcs KpynHorabapuTHOM M KOHEYHO HEJOCTAaTO4YHO
KOMMaKTHOW ANsi NPUMEHEHNSA B CUCTEMAX, CBA3aHHbIX C KpenneHnem mx K ronoee. bonee Toro,
Tak Kak pacllenutens 128 n konnumupytowas nuH3a 132 pacnonaratotcs Ha 6onee yganeHHOM
pacCTOSHUKN OT OMCMNEAHOr0 MCTOYHMKA C LEeNb0 CHUXKEHUSA NCKaXXEHWUI, peKkoMeHayeTCA
NPUKaapOoBYHO NMH3Y pasMeLLaTb Kak MOXHO Onvke K MOBEPXHOCTM ANCNNES.
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YcoBepLUeHCTBOBaHHasi BepCcusi OCBETUTENbLHOM YCTaHOBKM nokasaHa Ha ¢wur.25. CeeT n3
uctovHuka 122 cobupaetca gpyrum LOE 134, oceellatowmm nosepxHocTb LCD 130, yactuyHo
oTpaxatoLLme NoBepXHOCTN KOTOPOro YyBCTBUTENMbHbI K nongpusauum. OyeBugHo, BcS nogobHas
cuctema HaMHOro KomnakTHee, Yem Ta, YTO NPOAEMOHCTpUpoBaHa Ha dur.32, n nuH3a 132
pacnonoxeHa HaMmHoro onvxe k nosepxHoctu LCD. lMntoc Ko BceMy, Tak Kak BXOAHas aneptypa
LOE 134 HamHOro MeHbLUe, 4em Yy pacwienutens 128, MoxeT ObITb NPUMEHEHa KONMMUpYoLas
nvH3a 126 MeHbLUEero pasmepa 1, cnegosaTtenbHO, ¢ 6onbwnM AnadparMeHHbIM YUCTIOM.
OcBeTuTenLHOe YCTPONCTBO, NokasaHHOe Ha ur.32, - Bcero nuilb npumep. BoamoxHoO
cosfaHue 1 Apyrux yCTpoOMCTB AN1S OCBeLLeHUs oTpaxatoLwwmx unu nepegaroimx LCD cuctem unu
AN Opyroro B COOTBETCTBUU C XefaeMbiMy napaMmeTpamu 1 ApyrMMyn ONTUYECKUMN CUCTEMaMW.

BaxHon npobnemoii, Ha KOTOpYo OOMKHO BbiTb 0BpaLLeHO BHUMaHWe, ABNSeTCA TeXHOMNorms
npoussoacTea LOE, knoyeBbiM KOMMOHEHTOM KOTOPOro ABMSeTCs ceTb (pelweTka, maTtpuua) ns
BbIOOPOYHO OTpaxaroLwmux nosepxHocTen 22. Ha ¢ur.34 npegcrtaBneH BO3MOXHbIA METOL
nony4yeHnss MaTpuLbl YaCTUYHO OTpaXKalLUX NOBEPXHOCTEN. NOBEPXHOCTH, COCTOSALLME 13
MHOXECTBa NIIOCKMX NnacTuHok 138, nokpbiBatoTca TpebyemMbiM nokpbiTueM 140, nocne vero
NNacTUHKN CKPENNSTCS TakuMm obpasom, 4Tobbl nonyumTtb dopmy ctonkm 142. MNocne vero
cermMeHT 144 BbigensieTca U3 Hee NyTeM OTpesa, OrpaHknM 1 WNNQOBKN C Lienbio NonyyYyeHns
Tpebyemon MaTpuLbl OTpaxarLmx NnoBepxHocTen 146, KoTopas BNoCneacTBMM COEANHSIETCS C
ApyrMMmn anemMeHTamu, B pesyrnbTaTe Yero nony4aeTcs rotoBbli NPOAYKT npoussoacTea - LOE.
M3 kaxgoro cermeHTa 144 moxeT 6bITb Nony4eHo 6onee ogHoOWM MaTpulbl B TOM criyyae, ecnu
TpebyoTCsa UHbIE pasMepbl NAcTUHOK ¢ NokpbliTuem 138 nnm camoro LOE. Kak nokasaHo Ha
dwr.4-7, anga Toro 4YToObI 0OecneunTb NpaBunbHyO paboty LOE, oba3aTensHoe NokpbiTne
OTpaxatoLLnX NOBEPXHOCTEN AOIMKHO COOTBETCTBOBATL ONpeaeieHHbIM YIioBbIM U
crnekTpanbHbiM TpeboBaHuam. CnegoBaTensHo, Nepes okoHYaTeneHow coopkon LOE oveHb
BaXXHO TLLATENbHO KOHTPOMNMPOBATb MPOLECC HAHECEHUS MOKPbITUA Ha nnacTuHkn. Kak 6bino
MOSICHEHO BblLLE, KOHTPOMK AOIMKHbI NOABEPraTbCsl ABE BHYTPEHHOCTU YIMa - BbICLUMIA NagatoLwuin
yron (06bi4HO Mexay 60 n 85°), roe oTpakaTenbHas cnOCOOHOCTb HU3Kash U Yron nageHnsa man
(06blvHO Mexay 15 n 40°), rae oTpaxarenbHasg CNoCOBHOCTb MCNONb3YeTCs AN BbIBEAEHUS
yactu ny4ven ns LOE. EcTecTBEHHO, NOKPbITUE AOMKHO ObITb U3MEPEHO Ha 3TUX ABYX OTPE3Kax.
OcHoBsHoW npobriemoin npoLenypbl NPOBEPKN ABMSETCH TO, YTO OYEHb TPYAHO NPOU3BOAUTL
n3MepeHns Ha NpoBepoYHOM 060pYAOBaHMU NPU OYEHb BLICOKMX Yrrax nageHus ceeta, 06bIYHO
bornee 60° ANs NOKPbITUIA, PACMOMNOXEHHBIX, KaK B HALLEM criyyae, Mexay ABYX MPo3payvHbIX
NNacTuH.

Ha ¢our.35 npencraeneH metoq Anst U3MepeHns oTpaxkaTenbHOW CNOCOBHOCTM NMOBEPXHOCTEN
¢ nokpbITem 150 npu oveHb GonbLuMx yrnax nageHus. MNepBoHayvanbHO ABe Npu3mbl 152 ¢
YrAoM ¢, NpyKpenreHbl K nnactuHe. MNMpuxoaawmi nyy 154 nagaet Ha NNacTUHKY No4 YrioMm o.
YacTb nyya 156 npogomnxkaeT ABUratbCs B Ha4arbHOM HanpaBneHum, U ero SpKocTb
(nHTEeHcuBHOCTB) T, MOXET ObITb M3MepeHa. CrieqoBaTenbHO, MPUHUMAZdA B pacdeT OTpaXeHue no
®peHento OT BHELLUHEN NOBEPXHOCTU, OTpaxaTenbHas CNocoOHOCTb NCCIeQyEeMOro NoKpbITUS npu
yrne o MoXxeT BbITb BbluncneHa kak R,=I-T,. KpoMe Toro, BTopas 4acTb fny4a oTpaxaeTcs oT
NMOBEPXHOCTU C MOKPbITUEM, OTPaKasCb CHOBA C MOMOLLLbIO MOJSTHOrO BHYTPEHHErO OTpaXeHus oT
BHELLHEeN NOBEPXHOCTU HUKHEWN MPU3MbIl, Nagas Ha NOBEPXHOCTb C MOKPbITUEM Mo yrioMm 3¢,
CHOBa OTpaXasiCb OT BHELUHEN MOBEPXHOCTU BEPXHEN NMPU3MbI, @ MOTOM, OTpaXKasdCb OT
NMOBEPXHOCTU C MOKPbITUEM MOA YITIOM ¢, BbIXOAUT 13 NpusmMbl. M 30ecb ApkocTb
(MHTEeHCcMBHOCTB) BbixoasLlero nyya 158 moxet 6bITb n3MepeHa. [NprHMMas B pacyeT oTpaxeHue
no ®peHento, APKOCTb (MHTEHCUBHOCTL) BLIXOAHOIO fly4a paBHa (Roc)z-T3a. CneposarenkeHo,
3Hasi OTpaXkaTenbHy CNOCOOHOCTb Ro M3 NpeablayLlero npumepa, otTpaxaTtensHas
CMocoBHOCTE Npu yrine 3¢, MOXeT ObiTb BblMUCIIEHA COOTBETCTBYHOLWMM obpa3om. CyuiecTByeT
ucnelTatensHoe obopyaoBaHue (ur.36), rae BbIXOAALWMA NyY AOMKEH pacrnonaraTbCs Ha TOM Xe
ocH, 4YTO 1 BXogdAwmn nyy. OctaTok nepBoHa4varnbHoro nyya 154 moxxHo 6nokuposartb,
NCMornb3ys COOTBETCTBYIOLLYIO LUMPMY UK BRIOKMPYHOLLMIA NCT (Croi) 162.

OueBugHo, kaxkgasa napa npu3m MoOXeT U3MepsaTb OTpaxaTenbHy CNOCOBHOCTb Ha ABYX
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yrnax - o M 3a. Hanprmep, ecrnv ronosHo yron paeeH 25°, To oTpaxeHue Ha 25° n 75° moxet
ObITb M3MepeHO ogHOBpeMeHHO. CriefoBaTeNbHO, Manoe KONMYeCcTBO nap npuam (2 unm 3)
00bI4HO TpebyeTcsa AN KOPPEKTHBIX U3MEPEHUI MITACTUH C NOKPbITUEM. ECTecTBEHHO, cxema,
npeacraBneHHasa 3gecb, MOXeT BbITb UCNOMNb30BaHa ANA U3MepeHnst oTpaxaTenbHon
CMOCOBHOCTM Ha 3TUX ABYX Yrnax npu pasnuyHbIX AfMHaX BOMH ANS ABYX Nonspusaumii, ecnu
3TO HeobxoauMmo.

Onga cneynanuctoB ByaeT o4eBUOHO, YTO 3TO U30BPETEHNE HE OrpaHNYMBAETCH TEMU
BapuaHTamu, KoTopble Bblnn yNoMsAHYThI BbilLE, U YTO HacTosLee n3obpeTeHne MoxeT BbiTb
NPUMEHEeHOo Ans co3faHns Apyrux NogobHbIX KOHCTPYKLUMI U cucTeM. BapnaHTbl KOHCTPYKTUBHOMO
UCMOSTHEHUS, NpeACcTaBneHHbIe Ha HacTOSALMA MOMEHT, paccMaTpmUBaloTCS 34eCb BO BCEX
JeTtansax, Kak NokasaHo Ha YyepTexax n 6e3 orpaHudeHuin, obbem n3obpeTeHnst NnpeacTaBneH
npunararwmMmMmcs naTteHTHeIMKU hopMynamu, 1 BCe U3MEHEHUS, KOTOPbIE MOTYT NPOU3ONTH
OTHOCUTESNbHO 3TUX NaTEHTHbIX hopMyn, AOMKHbI BbITb YYTEHBI.

dopmyna n3obpeTeHus

1. CBeTonpoBoasLmiA ONTUYECKNIA SNEMEHT, KOTOPbIM BKOYaeT B cebsl, N0 KpanHen mepe,
0QHO cBeTonoAatollee OCHOBaHUe, KOTopoe cHabXeHo, Mo KpanHen mepe, ABYMS
NOBEPXHOCTSIMU, PACNONOXEHHbIMWU NapannensHo Apyr Apyry;

onTU4Yeckue cpeacTBa, KOTopble UCMOMb3YITCA A8 BBOAA B OCHOBaHWe Nyyein ceeTa npu
NMOMOLLM MOMHOMO BHYTPEHHEro OTpaXKeHus TakuM obpasom, 4Tobbl cBeT nonagan Ha OAHy 13
YKa3aHHbIX BblLLe MOBEPXHOCTEW;

Habop ogHol unu 6onee 4acTUYHO OTPaXaloLLUMX NOBEPXHOCTEN, PACTONOXKEHHbIX BHYTPU
OCHOBaHW4, NOBEPXHOCTU KOTOPLIX HE NaparnnenbHbl BbILLeYNOMSHYTbIM MOBEPXHOCTAM
OCHOBaHu4,

Npy 3TOM YaCTUYHO OTpaKatoLLme NOBEPXHOCTM ABMASIOTCSA NMOCKUMU CENEKTUBHO
OoTpaXKalLMMKU Nog, Yriom NOBEPXHOCTAMM, KOTOpbIe YacTb fy4ver nepecekatoT HECKOMNbKO pas,
nepea TeM Kak BbINTW U3 OCHOBaHMS B HY>XHOM HarnpasneHuu.

2. CBeTOnNpoBOAALLMIA ONTUYECKUI SIEMEHT MO .1, B KOTOPOM CBET Kak MUHUMYM ABaxdbl
nepecekaeT YKasaHHYH0 YaCTUYHO OTpakatoLLyto NOBEPXHOCTb NOA ABYMS pa3HbiMU yrnamu
nageHus.

3. CBeTonpoBOAsALLUNA ONTUYECKUIA 3NeMeHT No n.1, B KOTOPOM yKasaHHasa 4aCcTUYHO
oTpaxatoLLias NOBEPXHOCTb UMEET Manyk OTpaXxaroLlylo COCOBHOCTb Afsi OOHOW YacTu YrioBOro
cnekTpa u 6onblLUyto OTpaxaroLlyo crnocobHOCTb A5 BTOPOW YacTu YriioBOro CrekTpa.

4. CBeTOnpoBOAALLMIA ONTUYECKNA ANEMEHT no N.1, B KOTOPOM yKa3zaHHasi YaCTUYHO
OoTpaxatoLLias MOBEPXHOCTb UMEET HU3KYIO OTpaXaroLLyo CNOCOOHOCTb A58 6oNbLUMX YrIioB
nageHus n 6onbLUy0 OTpaxatoLLyto CnocobHOCTb ANA MarnbiX YrioB nageHus ceeta.

5. CeeTonpoBoaALL M ONTUYECKMIA dNEMEHT Mo N.1, B KOTOPOM YKa3aHHas YaCTUYHO
oTpaxatoLLas NoBepXHOCTb UMEET Manyo oTpaKatoLLyto CNOCOBHOCTb ANS OAHUX YrMOB NageHus
cBeTa 1 3HauUMTeNbHO HOMbLUYI0 OTpaXaroLlyro CNOCOBHOCTL A58 BTOPbLIX YINOB NageHus cBeTa.

6. CBeTONPOBOASALLNIA ONTUYECKUI dNEMEHT No N.5, B KOTOPOM NeEPBLIN Yron nageHus,
UMEIOLLMIA Many OTpaxatoLLyto CnocobHOCTb, H6onblue, YeM BTOPOW YKa3aHHbIW Yron.

7. CBeTOnNpoBOAALLMIA ONTUYECKUI SNEMEHT Mo Nn.1, KoTopbin nmeeT Habop AByx nnun Gonee
YAaCTUYHO OTpaxaroLmnx NOBEPXHOCTEN, NPUYEM yKasaHHble YaCTUYHO OTpaxatoLume noBepXHOCTU
napannensHbl Apyr Apyry.

8. CeeTonpoBoAdALLNA ONTUYECKMIA dNEMEHT Mo .1, B KOTOPOM Kak MUHUMYM OfHa YaCTUYHO
oTpaxatoLLas NoBepPXHOCTb BbIBOAUT CBET M3 CBETOMOAALLEr0 OCHOBAHMS.

9. CBeTONPOBOASALLNA ONTUYECKUI ANEMEHT No N.8, B KOTOPOM BXOASLIMNE N BbIXOAdALLME
CBETOBbIE€ BOJIHbI PACMOSIOXKEHbI HA OQHON CTOPOHE CBETOMNOAAaoLLEero OCHOBaHUS.

10. CBeTonpoBOASALLMI ONTUYECKUIA NIEMEHT Mo N.8, B KOTOPOM BXOASLLME CBETOBbLIE BOSIHbI
Haxo4saTCs Ha OOHOW CTOPOHE CBETOMOAAIOLLEro OCHOBaHWS, a BbIXOAsLLME CBETOBbIE BOMHbI - Ha
Opyroun CTOpoHe CBETONoAatoLLero OCHOBaHMUS.

11. CBeTonpoBoasALWMiA ONTUYECKNIA SNIEMEHT MO N.1, B KOTOPOM OTpakatowlasi CnoCOOHOCTb
KaXXablX YaCTUYHO OTpadKaloLMX MOBEPXHOCTEN pasfmMyHa No oTpakaloLwmMmM NoBEPXHOCTAM.
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12. CBeTONPOBOASALMIA ONTUYECKUIA 3NIEMEHT Mo N.1, B KOTOPOM Habop coaepXnt bonee
OJHOW YaCTUYHO OTPa’KaloLLEen NOBEPXHOCTU, U PACCTOSIHME MEXAY YKa3aHHbIMU YaCTUYHO
OTpaKaloLLMMN NOBEPXHOCTSAMW CO3L4aET Nosie 3peHns ¢ 3apaHee pacCYMTaHHbIM Npodunem
APKOCTWN.

13. CBeTonpoBoOAALLMIA ONTUYECKUIA 3NIEMEHT Mo N.1, B KOTOPOM yKa3zaHHasi YHaCTUYHO
OoTpakaroLLiasi MOBEPXHOCTb MMEET NOKpbITUE Anga P-nonapu3oBaHHOro ceeTa.

14. CBeTONpPOBOAALLMIA ONTUYECKUIA 3NIEMEHT MO N.1, B KOTOPOM yKa3zaHHasi YaCcTUYHO
OoTpaxatoLLiasi NOBEPXHOCTb MMEET MOKPbITUE ANs S-NoNsApM30BaHHOIO CBeTa.

15. CBeTOnNpoBOAALLMIA ONTUYECKUIA 3NIEMEHT Mo N.1, B KOTOPOM yKaszaHHasi YHaCcTUYHO
oTpaxatoLLias NOBEPXHOCTb MMEET MOKPbITUE ANIS HEMONSAPU30BAHHOIO CBETA.

16. CBeTONpOBOAALLMIA ONTUYECKMIA ANIEMEHT MO N.1, KOTOPLIN SONOSTHUTENBHO COOEPXKUT
BTOPOM Habop YaCTUYHO OTpaXatoLmnX NOBEPXHOCTEN, NPU 3TOM HYaCTUYHO OTpaaroLime
NOBEPXHOCTW NapannenbHbl Apyr Apyry.

17. CBeTONpoBOAALLMIA ONTUYECKUIA SNIEMEHT MO M.16, B KOTOPOM OTpaxkarowas crnocoOHOCTb
YKa3aHHOro BTOpPoro Habopa 4YacTMYHO OTpaxaroLMx NOBEPXHOCTEN CO34aeT None 3peHne ¢
3apaHee paccyMTaHHbIM NPodrnemM sipKOCTU.

18. CBeTonpoBOASALLMIA ONTUYECKUIA ANEeMEHT No N.1, KOTOPLIA COAEPXKUT Kak MUHUMYM ABa
CBETOMOAALLMX OCHOBAHWSI.

19. CBeTonpoBoasALMIiA ONTUYECKNIA SNEMEHT Mo N.18, B KOTOPOM pacrnonoXeHne u
OpueHTaumsa kKak MMHMMYM ABYX OCHOBaHWI CO30aeT 3apaHee pacCUYMTaHHY BXOAHYIO anepTypy.

20. CeTonpoBoasLMiA ONTUYECKNA 3NEMEHT No N.18, B KOTOPOM OTpa)kaTenbHasi
CMOCOBHOCTb YaCTUYHO OTpaXkarLmx NOBEPXHOCTEN, PACTMONOXEHHbBIX KaK MUHUMYM B OBYX
yKa3aHHbIX CBETOMOAAKLLUX OCHOBaHUAX, CO34at0T Nose 3peHne ¢ 3apaHee pacCUMTaHHbIM
npocunem spKoCTu.

21. CBeTONPOBOASALMN ONTUYECKUIA 3NEeMeHT No N.1, KOTOPbLIA JONONHUTENBHO COAEPXKNUT Kak
MUHUMYM OAHY Mapy OTpaXarLmx NOBEPXHOCTEN, 3aKpenreHHbIX Ha CBETOMNOAaLLEM
OCHOBaHWW U NapannenbHbIX Apyr Apyry.

22. CBeTONpoOBOASALLMI ONTUYECKMIA ANIEMEHT Mo N.21, B KOTOPOM Kak MUHUMYM OOHa napa
YaCTUYHO OTPaXaroLMX NOBEPXHOCTEN YKa3aHHOro Habopa N3MeHsaeT HanpasneHne
pacnpocTpaHeHNsa BBEAEHHOrO C MOMOLLbIO MOMHOMO OTPaXKEHWsI CBeTa U 3aTeM OTpaxaeT ero
obpaTHO B NepBOHaYanbHOM HanpaBneHUM.

23. CBeTonpoBoAsALMIA ONTUYECKNI SNEMEHT Mo N.21, B KOTOPOM OpUEHTaUUs, Mo KpariHen
Mepe, O4HOW napbl OTpaxaroLLMx NoBEpXHOCTEN co34aeT 3apaHee paccynTaHHoe 3puTensHoe
none Ans 3agaHHoOn BXOOHOW anepTypbl.

24. CBeTONpoOBOAALLMI ONTUYECKUIA NIEMEHT MO N.1, KOTOPbIN SONONHUTENBHO BKIIOYAET B
cebs kak MUHUMYM OAMH CBETOBOW UCTOYHUK N306paXkeHus.

25. CBeTonpoBoasLMiA ONTUYECKNIA SNEMEHT MO N.24, KOTOPbLIN BKNOYaeT B cebd MHOXECTBO
CBETOBbIX UCTOYHWNKOB N300paxeHus!.

26. CBeTonpoBOAALLMI ONTUYECKMIA SNEMEHT MO M.25, B KOTOPOM M306paxXeHns yKa3aHHbIX
CBETOBbIX UCTOYHMKOB OTNMYAOTCA APYr OT Apyra.

27. CBeTONpPOBOAALLMIA ONTUYECKWIA ANIEMEHT NO N.24, B KOTOPOM YKa3aHHbIA NCTOYHMK
SIBNSieTca gMcnieem.

28. CBeTONpoOBOAALLMI ONTUYECKMIA ANIEMEHT NO N.27, B KOTOPOM YKa3aHHbIA NCTOYHUK
ABNSAETCHA AUCNneemM Ha Xuakux kpuctannax (LCD).

29. CBeTONPOBOASALMNI ONTUYECKMIA 3NEMEHT No N.28, KOTOPbI coaepXuT anddy3op Ans
XNOKOKPUCTaNM4eCcKoro gucrres.

30. CeeTonpoBOAALMNI ONTUYECKMIA SNIEMEHT Mo N.29, B KOTOPOM yKasaHHbIA auddy3op
ABNSAETCA YrNOBbIM CENEKTUBHBIM AU dY30pOM.

31. CBeTONPOBOASALLNNA ONTUYECKMIA INEMEHT NO N.27, B KOTOPOM YKa3aHHbIA NCTOYHMK
asnsetca OLED aucnneem.

32. CBeTONPOBOASALLNA ONTUYECKNIA INEMEHT NO N.27, KOTOPbLIA AOMNOMHUTENBHO COAEPXKNUT
Habop MMKPONWNH3, BbIPOBHEHHbLIX MO NUKCENAM AUCNNES.

33. CBeTonpoBOAALLNIA ONTUYECKUIA SNEMEHT MO N.32, B KOTOPOM ASIMHA (hOKYyCa MUKPOSTMH3
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paccunMTaHa Takum obpasom, YTOObI co3aBaTh 3apaHee pacCUYMTaHHbIN NPodnb SAPKOCTU.

34. CeeTONPOBOASALLNN ONTUYECKNI ANEMEHT NO N.27, KOTOPbLIA AONOMHUTENBHO COAEPXNUT
UNBTPLI, NO3BONSAOLLME NOMb30BaTENO KOHTPONUPOBATh YPOBEHb SPKOCTU, BbIXOAALLEN C
BHELLHEeN CTOPOHbI Aucnes.

35. CBeTONpOBOASALNA ONTUYECKNI ANEeMEHT No N.34, KOTOPbLIA AONONHUTENBHO COAEPXNUT
aBTOMaTU4yecKkoe yrnpasneHue, NocpeacTBOM Yero KoaduUUEHT nponyckaHua punbTpa
onpefenseTcs ApKoCTbi0 BHELLUHEro goHa.

36. CeeTONPOBOASALLNA ONTUYECKMIA ANEMEHT No n.1, B KOTOPOM yKazaHHOe CBEeTOBOEe
OCHOBaHWe BbIMOMHEHO YaCTUYHO NPO3pPayHbIM.

37. CBeTONPOBOASALLMNA ONTUYECKUI ANEeMEHT No n.1, KOTOPbLIA JONONHUTENBHO COAEPXKNT
Henpo3payHyo NOBEPXHOCTb, PACNOMOXEHHYIO HA UMW B CBETOMOAAILEM OCHOBAHUN TakK, YTO
NpenaTcTByeT OOCTYNy CBeTa OT BHELUHEro MCTOYHUKA, NepeceKkaloLLero ykasaHHoe
cBeTonojatoLLiee OCHOBaHue.

38. CeeTonpoBOAALLNA ONTUYECKUI dNEeMEHT No M.1, B KOTOPOM Kak MMHUMYM OHa yKa3aHHas
YaCTUYHO OTpaxaroLas MOBEPXHOCTb OTpaxaeT CBeT B onpeAeneHHOM HanpaBneHun s
OOCTWXeHUs UM rnasa Habnwgartens.

39. CeeTonpoBOAALLNA ONTUYECKUI dNEMEHT No M.1, B KOTOPOM Kak MMHUMYM OHa yKa3aHHas
YaCTUYHO OTpaxatoLlasa NoBepXHOCTbL OTpaXaeT CBeT B onpeAeneHHOM HanpasneHnn ons
AocTmxkeHnsa nv obounx rnas HabnogaTtens.

40. CseTonpoBoAdALLMA ONTUYECKMI 3NEeMeHT Mo Nn.1, rae ykazaHHoe YCTPONCTBO
yCTaHaBMNMBaeTCH B ONpaBe OYKOB.

41. CBeTONpOBOASALLMIA ONTUYECKUIA 3NeMeHT no n.1, rae ykasaHHOe YyCTPOMCTBO
yCTaHaBnNMBaeTcsd Ha MOOUITbHOM YCTPOWCTBE CBSA3MN.

42. CBeTONPOBOASALMNN ONTUYECKUIA 3NIEMEHT No n.1, B KOTOPOM Kak MUHUMYM OfiHa YKa3aHHasi
YaCTUYHO OTpaxatoLlasa NoBepXHOCTbL OTpaXaeT CBeT B onpeaeneHHOM HanpasneHnn ons
ocBelleHnss obbekTa.

43. CBeTONPOBOASALMI ONTUYECKUIA 3NIEMEHT NO N.42, B KOTOPOM YKa3aHHbI 00bEeKT ABMseTCs
XMAOKOKpUCTaNIM4Yeckum gucnreem.

44. CBeTONPOBOASALLMIA ONTUYECKMIA 3NIEMEHT MO N.1, B KOTOPOM YKa3aHHbIA SNeMeHT
coOvpaeT CBET U3 BHELLHEW cpefbl B yka3aHHOEe CBETOMOAAKLLIEE OCHOBAHME.
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