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AHAJIN3 DOPPEKTUBHOCTU MHOI'OYPOBHEBOI'O KOJJUPOBAHUSI
JAHHBIX TP MHOI'OCJJOMHOHN ®OTOJIOMHUHECIIEHTHOM
3AIIMCHA NTH®OPMAIINN

Axkmyansnocms memsl uccnedosanus. Memoo yugpposoii pecucmpayuu un@opmayuu, KOMopas ocywecmeisiemcs de-
pe3 Kooupoganue UHGOPMAYUOHHLIX DIEMEHMO8 8 GUle MUKPOPENbe@HbIX CIMPYKMYp C NOCIeoyIouum 0ecKOHmMaKmHuiM
cuumvleanuemM UH@OOpMayul 1a3epHbiM IY4oM, PACCMAMPUBAEMCsl KaK Hauboiee nepcnekmugHbll no0Xo0 npu OpeaHu3ayuil
cucmem 001208PEeMEHHO20 XPAHEHUS. OAHHBIX.

Ilocmanogxa npoonemet. Tem ne menee, nokazamenu UH@GOPMAYUOHHOU eMKOCIU U CKOPOCHU CHUMBIGAHUS OAHHBIX
COBPEMEHHBIX ONMUYECKUX HOCumenell He COOMBemcmayiom mpebosanuam 8 oonacmu yugposoti 3anucu. Ipuuunoii nuzkoi
NIOMHOCMU YUPPOBOU ONMUYECKOU 3ANUCYU A8TIAemcs OUDPAKYUOHHBILL npedell, KOMOPbILL BHOCUM 0SPAHUYEHUs HA Pa3pe-
wWarwyo cnocoOGHOCHMs ONMUYECKUX CUCTEM.

Ananuz nocnednux uccnedoganuii u nyonukayuii. Mccieooganus 6 oanHoii oonacmu nokaswleaiom npuopumem uHHo-
BAYUOHHBIX PA3PAOOMOK, CEA3AHHBIX C 0OBEMHOU ONMUYECKOU 3ANUCHIO, 8 YACTHOCU MHO2OCTIOUHOU (hOMOTOMUHECYeHM-
HOU 3anucu, HAO0 KOMNJIEKCHLIMU PeUeHUAMY, KOMOopble NO360JAION YEeaudums NOBEPXHOCHHYIO NIOMHOCMb 3anucu U
BKNIOYAIOM NPUMEHEHUE CTIOACHLIX CYOOUPPAKYUOHHBIX ONMUYECKUX CUCTHEM.

Buidenenue neuccneoosannvix uacmeii oouieil npoonemsl. Pazpabomuuxu 3anomMuHaiowux ycmpoicme 0anHo20 muna
VKA3b18AI0M HA XapakmepHuvle npooremvl MHOLOCIOUHOU OMONIOMUHECYEHINHOU 3ANUCU: MATYIO CKOPOCIb CHUMbIGAHUS
OQHHBIX U HUBKULL YPOBEHb CUCHALA CHUMBIBAHUSL.

Ilocmanogka 3ad0auu. B oannoui pabome b6vina npeonodicena memoouxa 06vemMHol ONMuyeckou 3anucu uHgopmayuu 8
MHO2O0CTOUNBIX, ONMUYECKU OOHOPOOHBIX CPedax ¢ omonoMuHecyeHMHbIMU UHPOPMAYUOHHLIMU DNEMEHMAMU MHO20YDO8-
He8020 KOOUPOBAHUA.

H3znoocenue ocnognozo mamepuana. /[nis onpeoeneHuss ONMmMUMAanbHbIX NApAMempos 0aHHO20 3aNOMUHAIOWe20 YCMpol-
Ccmea u ONMUYecKoll cucmemsl pecucmpayuu uHgopmayuu 6vlia pazpabomana mamemamuyeckas Mooenb npoyecca Qomonio-
MUHECYEHMHOTU 3aNUCU.

Bui6oowt ¢ coomeemcmeuu co cmamepeil. 3a0aya noucka ONMUMAILHOU KOHDU2YPAYuU ONMU4eckoll cucmemvl ObLia
peutena uepes HaxocoeHUe IKCIMPEMYMOB YeleabixX PYHKYUIL.

Kniouegvie cnosa: onmuueckas 3anucs uHgopmayuu; cucmemsvl 001208PeMEHHO20 XPAHEHUS OAHHBIX, MHO20YPOBHEBOE
KOOuposamue, MHO2OCAOUHbII (POMOTIOMUHECYEHMHBLIL HOCUMENb UHPOPMAYUL; CUSHAT CYUMBIBAHUS, NAPA3UMHBLI CUSHAT,
yenesas yHKyua, dKCmpemym QyHKyuu.

Puc.: 7. bubn.: 11.

AKTyaJabHOCTh TeMbl HcciaeqoBanusi. CTaHIapTHBIA MOAX0J B ONTUYECKOM 3alllUCU UH-
(dbopMaIy COCTOUT B KOJUPOBAHUHU JAHHBIX B BUJIE MUKPOPENIbEe(HBIX CTPYKTYp Ha OTpaxa-
IOLIEM CJIO€ HOCUTEIIS C MOCIEYIOIUM OECKOHTAKTHBIM CUMTHIBAHHEM JIAHHBIX COKYCHPO-
BaHHBIM JIa3€PHBIM Jy4oM. JIaHHBIA METO/ paccCMaTpUBaeTCsl Kak HauboJiee MepCreKTUBHBIN
MOJIXOJ IPU OPraHM3ALUU SHEPrOHE3aBUCUMbBIX CHCTEM JIOJITOBPEMEHHOTO XpaHEHHs HH-
dbopmalyy, YyTo yKa3blBaeT Ha aKTyalbHOCTh PA0OT B 00JIACTH ONTHYECKOM perucTpaluu uH-
¢dopmanyy, B TO BpeMsi KaK MAarHUTHbIE U TBEPJAOTEIbHbIE 3allOMUHAIOIIME YCTPOMCTBA B
MPUHLIMIIE HE PACCMATPUBAIOTCS KaK apXUBHbIE HAKOMTUTEIN UH(OPMALIHH.

ITocTanoBka npodiaemsbl. B To ke Bpems nokaszarenu HHGOPMAIMOHHONW eMKOCTH U CKO-
POCTH perucTpanyy HHPopMaluu onTuYeckux Hocurenen tuna «Blu-ray Disc» (BD) He co-
OTBETCTBYIOT TPEOOBaHUAM B 00JaCTH COBPEMEHHOM LM(pOBOii 3amucH; 6oJiee TOro, ¢ LeIbIo
YBEJIMUEHUS IJIOTHOCTHU 3alKCU pa3pabOTUMKU B 3HAYUTEIBHOM CTENEHU MOXKEPTBOBAJM I10-
Ka3zaresjeM HaJeXKHOCTH XpaHEeHUs MHPOpMaluuu Ha JaHHbIX Hocutessx [1-3]. KiroueBbiM
(bakTOpoM, KOTOPBI 00yciaBIuBaeT NpoOiIeMy HU3KOW IUIOTHOCTH ONTUYECKOM 3alucy UH-
dbopmanyu, sBisiercss AM(GPaKLIUOHHBIN Mpeien ONTUYECKUX CUCTEM, KOTOPBIH BHOCUT Orpa-
HUYEHUS HAa MAKCHMAJIbHOE 3HAYEHME pa3peliaroieidl cnocoOHOCTH M, COOTBETCTBEHHO, MU-
HUMAaJIbHBINA pa3Mep UH(OPMAIIMOHHOTO 3eMenTa [ 1-3].
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AHAJIN3 MOCJIeAHUX HCCIeI0BAHUI M MyOJuKanuii. AHanU3 HAY4YHBIX MyOJIUKalUi B
JAHHOM 00JacTH yKa3bIBaeT Ha CHOCOOBI pelieHHs TU(PPaKIUOHHOTO pa3pellieHus, KOTopble
MO>KHO Pa3/IeiUTh Ha TPU IPYIIIbL:

- ONTUYECKas 3aMUCh B Mpeenax IUPpakiuOHHOTO orpanuuenus [ 1; 21;

- UCTIOJIb30BaHKE CYO M (PAKLIMOHHBIX ONITUYECKUX cUCTEM [2; 3];

- HCTIOJIb30BaHUE METOI0B 00BEMHOM ONTUYECKO 3amucu [ 1-7].

MuHuManbHOE 3HaYeHHE HH()OPMALMOHHOIO 3J€MEHTa JU(PPAKIUOHHO OTPaHUUYEHHOM
ONTUYECKOHN CHCTEMBbI OTPEAEIseTCs Yepe3 TuaMeTp AUcKa DipH, cPOKyCHPOBAHHOTO CBETO-
BOI'O IIITHA, BBIJIEJICHHOIO 10 OTHOCUTEIBHOMY YPOBHIO MHTEHCHUBHOCTH OCBELICHMS 110 OT-
HOILIEHHIO K TOUKH (okyca Kak 1/e. JluameTp kpyxkka DUpH 3aBUCUT OT JJIUHBI BOJIHbI U3ITY-
YyeHus Jazepa A, yuciaoBoil aneprypsl 00bekTuBa NA U koapduuunenta k, KOTopslil 3aBUCUT
oT AuadparMbl ONTUYECKON CUCTEMBI:

A
T (1)
NA = n-sin(a)

To ecTp, 115 yBenMUEHUs TUIOTHOCTU ONTUYECKOW 3alIMCH B PaMKaX MCIOJIb30BaHUS IU-
(pakLMOHHO OTPAHUYEHHOW ONTUYECKOW CHUCTEMBbI HEOOXOJMMO JOOMBATHCS YMEHBIICHUS
JUIMHBI BOJIHBI M3JIy4€HUs Jla3epa A U yBeIMYEHHE YMCIOBOM anepTypbl oObekTuBa NA. Ilpu
3TOM CIIeAyeT OTMETUTh, YTO JJIsl ONTHUECKUX HocuTenedl BD Obl1 1OCTUrHYT mpenen Mo
JUITMHE BOJIHBI M3JIy4eHHMs Ja3epa sl BUIUMoro auanaszoHa (4 = 405 HM) U yucioBO# amep-
Typbl (NA = 0,85 1, cOOTBETCTBEHHO, anepTypHbli yroy o = 120°). [lanpHeiiiee ymeHblle-
HUE JMaMeTpa Jucka DWpu TpeOyeT BHEIPEHUs T'POMO3AKHX YIbTPa(UOIETOBBIX Ja3epoB,
BAKYYMHBIX CUCTEM U TEXHOJIOTMUECKU CJIOKHBIX MOJIXO0J0B MMMEPCHOHHOM 3aIucH, KOTO-
pBI€ MO3BOJISIIOT MOIYYUTh 3HaueHue NA > 1.

B cBoro ouepenp, cy0auppakIMOHHbIE ONTUYECKUE CUCTEMBI TAKKE SIBJISIFOTCS TEXHOJIOTUYe-
CKH CJI0KHBIMH KOMILJIEKCAMH, UX IIPUMEHEHUE CYILIECTBEHHO YMEHBIIAET CKOPOCTb CUMTHIBAHUS
JIaHHBIX, U, COOTBETCTBEHHO, OHU B OOJIbLIEH CTENEHH MOIXOAT I ONTHYECKON MUKPOCKOIIUU
[2]. IToaTOMY aKTyanbHBIM HOJXOJOM SIBJIIETCS NEPEXOJ] OT METOAOB YBEIMYEHMs IUIOTHOCTH
MOBEPXHOCTHOM 3amucH K pa3paboTKe NPUHLMIIOB 00beMHOM onruueckoi 3amucu [3-7]. Ilpu
3TOM HauOoJiee NEePCIIEKTUBHBIM METOJJIOM 00bEMHOW ONTHUYECKOM 3aIlicu sBIsETCs pa3paboTKa
OIITUYECKH TIPO3PAUHBIX, OJHOPOIHBIX U AHU30TPOIIHBIX PETUCTPUPYIOLIMX CPEL, C MHOTOCIION-
HBbIMH CTpyKTypamu (porosmomuHecueHTHbIX (DJI) nHpopMalMOHHBIX 1eMeHTOB. J{aHHBIN TUIT
HOCHTEJIS TT03BOJISIET CUUTHIBATH JJAHHBIE C OOJIBILIOrO K KOJIMYECTBa O€3 MepeoTpaXKeHusl Jiazep-
HOTO ITy4Ka CHUCTEMBI CUMTBHIBAHHUS, YTO XaPaKTEPHO JUIsl OTPAKAIOIIMX HocuTenen [1-3].

Breigenenne Hemcciaen0BaHHBIX 4acTedd oOmieil mpoOJembl. Tem He MeHee, cienyeT
yKa3aTb Ha OCHOBHbIE HeJOCTaTKu MHOrocioiHoi ®JI 3anucu uHdopManuu, KOTOpble MpH-
BOJST YMEHBIIEHUIO HAJASKHOCTU M 3((EKTUBHOCTU JAHHOIO THIIA HOCUTENeH. DTo B
IIEPBYIO OUYEPE]b HU3KUE ITOKA3ATEIN CKOPOCTH CUMTBHIBAHMS JAHHBIX YPOBHS CUTHajla CUU-
ThIBaHUS, CBA3aHHBIE ¢ 0coOeHHOCTAMU DJI OTKIIMKA, a TaKKe BHICOKHI YpPOBEHb Iapa3uTHO-
IO CUTHaJIa, CBSI3aHHBIM € 3aCBETKOW MH(POPMALMOHHBIX JIEMEHTOB COCEIHUX CI0EB pacgo-
KYCUPOBaHHbIM JazepHbIM JydoM [1-3]. Tawke mma PJI MHOrocCIoNMHBIX HOCUTENEH
uHpoOpMalMK B OTJIIMYME OT oTpaxkarenbHblx auckoB (CD, DVD, BD, UDO) ne pa3zpabotano
€IMHON METOJI0JIOTUH OIPEAEICHUS ONTUMAIBHON apXUTEKTYPbl ONTHYECKONM CUCTEMBI CUH-
THIBaHUS U MApaMETPOB 3alIOMHHAIOLIETO YCTPOICTBA, HE CMOTpPs Ha OOJIBIIOE KOJIUYECTBO
OTJIEIbHBIX HCCIIEN0BAHUM, IOCBSALIEHHBIX JAHHOMY BOIIPOCY.

ITocTanoBka 3anauu. B nanHoii paboTe mpeyioskeH 1eaoCcTHbIA noaxoa noctpoenust OJI
MHOTOCHONHBIX HOocuTeneil uapopmanuu PMM (Photoluminescent Multilayer Media) ¢ kom-
MAaKTHOW ONTUYECKOW CHCTEMOM 0JIHO(OTOHHOIO CUMTHIBAHUS JAaHHBIX. [Ipu 3TOM mpobiiemy
Hu3Ko# ckopoctd DJI cunThIBaHMS JaHHBIX IPU 3TOM OBLIO MPEI0KEHO PELIUTh Yepe3 MHO-
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IrOYpPOBHEBOE KOAMPOBAHMWE NaHHBIX. [[1s onpeneneHusi ONTUMANbHbBIX [1apaMETPOB JAHHOTO
3alIOMHMHAIOLIET0 YCTPOMCTBA U ONTHYECKON CHUCTEMbI perucTpauud HUH(opManuu HeoOXo-
JIMMO pa3paboTaTh MaTEMaTUYECKY0 MOJIENb U CUCTEMY OLIEHKHU, KOTopast 0a3upyercs Ha co-
MIOCTABJICHUU YKa3aHHBIX MApaMETPOB M XapaKTEPUCTUK CUTHAla CUUThIBaHUA. Takum oOpa-
30M, 33j7a4a IMOUCKAa ONTHUMAIbHOM KOH(UIypalMu ONTHYECKON CHCTEMbl MOXET ObITh
pellieHa yepe3 HaX0XKJICHUE IKCTPEMYMOB LIENIEBbIX (PYHKLIUH.

N3noxenne ocHoBHoro marepuana. Ctpykrypa PMM-Hocurens Bkimouaer B ceds N HH-
(OpMAIMOHHBIX CJIOEB U MPOMEKYTOUHBIE CJIOH, KOTOPbIE TIO3BOJISIET pa3/euTh HH(HOPMAIIMOH-
HBIE JIEMEHTBI KaKJO0T0 CJIOSI U BBIIEIMTh COOTBETCTBYIOIIMI CUTHAII CUMTBHIBaHUA. TeM He Me-
Hee, MPU CUUTHIBAHUM COCEIHHE HH(OPMALMOHHBIE CIOM OOMydaroTcsi pacOKyCHpPOBAHHBIM
JIA3EPHBIM JIy4OM U JIAFOT MApA3UTHBINA CUTHAN 10 BEIWYMHE MPSIMO MPONOPLIMOHAIIBHBIN KOJInYe-
CTBY CJIOE€B M OOpaTHO MPONOPLUHOHAIBHBIA COOTHOLIEHUIO U0 MH(POPMAIIMOHHBIX JI€MEH-
TOB (MUTOB) U CyMMapHOH IUIOLIA 1 UH(OPMALIMOHHOTO CJI0s1 CBOOOAHOM OT MUTOB. YPOBEHD Ma-
Pa3UTHOIO CHI'HAJIA B JIAHHOM CiTydae Oy/IeT CYLECTBEHHO MEHBIINM, YeM YPOBEHb Mapa3uTHOTO
CUTHAJIAa JJIs1 CTAHAAPTHOIO ONTUYECKOIO JUCKA C OTPAKAOUIMMHU CHOSMH. 11 BO3MOYKHOCTH
JaIbHENIIIEro YBeIMYEeHHsl KOJIMUECTBA CJI0€B ObLIO MPEIOKEHO BBIIEINUTD Mapa3UTHbBIN CUTHAI
KaK IOCTOSIHHBIN, YTO JOCTUIAeTCsl YBEMUEHNUEM TOJILMHBI IPOMEXKYTOUHBIX CJIOEB U BBEJICHUEM
nepudepuitnbix OJI obnacteit, YTo MO3BOJIAIOT MOIEP>KUBATH CUTHAT CTAOMIIBHBIM MPH CUMTHI-
BaHUU JlaHHBIX ¢ Kpas PMM-Hocurens. Takke i yMeHbLIEHHUs OOLIEH II0Ia i TUTOB ObLIO
OPraHU30BaHO KOJMPOBaHHE MH(POPMALMN UCKITIOUMTENBHO JAIMHON MPOMEXYTKOB MEXTy IUTa-
MU (JIEHJIOB), a TUIOIIA/Tb CAMHX ITUTOB COXPAHUTH JI0 MUHUMAITBHOM [ 1-3].

MaremaTnueckoe MOJenupoBaHHue mpolecca MHorocioiHoi ®JI 3anucu uHopManyu
OCYLLIECTBIISUIOCH MU nomouu (GyHkuuu ['aycca, KOTOpast ONMCHIBAeT pacHpeiesieHUe deK-
TPOMArHUTHOT'O MOJIsI C(hOKYCUPOBAHHOTI'O JIa3epHOro Jyya [8; 9]:

@, ’ 2r?

cexp| ———
a(z) '’ (2) 2
(z)=w, - 1+(l/zR)2 ’

_ 2
Zp =7, | A

I(r,z)=1,

rne /(r,z) — ycpeaHeHHast 10 BpeMeHU (DYyHKLHUS paclpeieieHUus] HHTEHCUBHOCTH JIEKTpoMar-
HUTHOTO TIOJIsI CYUTHIBAIOIIETO JIa3epHOr0 JIy4a, /) — MHTEHCUBHOCTD JIA3€PHOTO Jy4a B (POKY-
ce, g = d/2 — paauyc aucka DWpH, z — BEPTUKAIBHOE PAaCCTOSIHUE OT (POKAILHOU MIIOCKOCTH
(®I1), r — pannanbHOE paccTosHUE OT nepreHuKyssipa Kk @I B Touke dokyca.

Ha puc. 1 mokazan pe3yabTar MOJAENUpOBaHUs (HOKYCHPOBAHUS JIA3EPHOTO JIyda depes
YCPEIHEHHYIO MO0 BpeMeHHM (DYHKIMIO pacrpeneneHuss uHTeHcuBHocTu. Ha puc. 1, a npen-
CTaBlieHa KapTuHa pacrpeneneHus ceera B OII, pa3neneHHyo U30JIMHUSAME Ha 00JIacTH paB-
HOU nHTeHCUBHOCTH OT 90 10 10 % OT MHTEHCUBHOCTH JIa3epHOTO Nyda B (hoKyce, Iie AUCK
Diipu BbIJENCH MYHKTUPHOM TMHUEH ¢ momeTkoil «1/e». CooTBeTCTBEHHO, Ha puc. 1, 6 mpen-
cTaBlieH rpaduK JaHHOW (QYHKIMH. MOXHO BHJIETh, YTO PAIUYC JHCKa DUPH COOTBETCTBYET
Touke neperuda, rae y GyHKIMH MaKCUMAalbHBIA BEPTUKAIbHBIN HAKIOH, COOTBETCTBEHHO
IpU KOJICOAHUM YYBCTBUTEIBHOCTH (DOTODIEMEHTA T'OJOBKU CUUTHIBAHHS WM MHTEHCHBHO-
CTH M3JIy4€HUs Ja3epa 3HAUEHUE CUTHAJIA CYUTHIBAHUS U3MEHSAETCS MUHUMAJIBHO.
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DVHKIMA pacrpeseleHnsa HHTeHCHBHOCTH [ (7)

Doxyc f T
a o
Puc. 1. @ynxyus pacnpedenenuss unmeHCUHOCMU 1a3epro2o ayua 6 DI

Ha ocHoBe naHHOI MareMaTHYeCKOl MOJEIN MOYKHO IIPOBECTU aHAIM3 METOJOB YBEITUYECHUS
IIOBEPXHOCTHOM IUIOTHOCTH ONTHYECKOM 3allUCH Ha MPUMEPE CTAaHIAPTOB ONTUYECKHX IHCKOB.
Ontuueckas cuctema nprBoaa CD-HOCUTENS XapaKTepu3yeTcsl JJTMHOM BOJHBI Jiazepa 4 = 780 HM
u yncioBoi aneptypoit N4 = 0,45. @ynkuus pacnpenenenus nHreHcuBHocty B @I npencrasie-
Ha Ha puc. 2, 6, a Ha pHC. 2, @ U30JIMHUK HATIO>KEHBI Ha IUIONIA (b TUTAa MUHUMAJILHOW JUTUHBL.

- T | »
-8p0 -6D0  -250 6 250  6p0 8go P A

Puc. 2. @ynkyus pacnpedenenusi unmencugHocmu nazeproeo ayya 6 @Il nocumens CD

B ontuueckoi cucreme npuBoaa DVD-HocuTens, B CBOIO OYepeip, JJIMHA BOJIHBI Jla3epa
A =650 uM 1 yrcnoBoi aneptypoit NA = 0,6, 4TO MO3BOJISIET YBEIUYUTH Pa3pEIIAIONIYIO CIIO-
COOHOCTh ONTHUYECKOW 3alUCH M, COOTBETCTBEHHO YMEHBIIUTH pa3Mep HHPOPMAIIMOHHOTO
anemenTa (puc. 3, a). [Ipu stom tuomans aucka Diipu (puc. 3, 6) ocraercs B Mpeenax mio-
[[aId TTUTa U TPOMEKYTKOB MEXKAY JOPOKKAMHU, OJiaroapsi 4eMy ypoBEHb HAJICKHOCTHU OII-
TUYECKOU 3aiCH HE YMEHBIIACTCS.
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1), o.e.

e {.?40}@1} .

Juck Siipu

-580 -370  -160 160 370 580 L HM

a o
Puc. 3. @ynxyus pacnpedenenus unmencusnocmu aazeprozo ayia 6 @I nocumens DVD

B 10 *e BpeMms ontuyeckas cucreMa BD-npuBona HeCMOTps Ha JaJIbHEWIEE YMEHBIICHHE
JUTMHBI BOJTHBI JIa3epa U YBEJTMUEHUE YHCIIOBOM anepTypoil, 3HaUeHUsI KOTOPBIX YKa3aHbI BBIIIE, HE
JIAI0T JOCTATOYHOU pa3pelaromiell CrioCOOHOCTH JUTS HaJIS)KHOTO CYUTHIBAHUS CUTHANA (pHC. 4).

/ " 480 m\

i — | '
[ -180 -65 @ 65 160 | ;, Ht
280 f 0 F b 280

o

Puc. 4. @ynxyus pacnpedenenus unmencusnocmu aazeproeo ayda 8 @I nocumens BD

Ha puc. 4, 6 noka3aHo, 4TO MJIOLIAAb AUCKA DMpPHU YaCTUYHO NEPEKPBIBAET MUTHI COCEH-
HUX JI0POXEK, YTO IMPUBOAUT K MOSBICHUIO MAPA3UTHOTO CUTHAJA IIPU CUUTHIBAHUM JAHHBIX,
KOTOPBIM KOMIIEHCUPYETCSI IPOTPaMMHBIMU aITOPUTMaMHU.

B cnyuae ¢ oTpakareiabHbIMH ONTHYECKUM JUCKAaMHU TJIyOMHA IUTa ONPEAEISAETCS Kak
YEeTBEPTh JJIMHBI BOJIHBI JIA3€PHOTO M3JIYYEHUS CUMUTBHIBAIOUIEH I'OJIOBKH, YTO OOECIEUMBAET
IIOJIHOE TallleHHe Jy4a [P €ro NoNaJaHuK Ha MUT U MOJIHOE OTPakeHUE — ITPH MONAJaHUH Ha
nena. B cnyuae ¢ @JI 3anuceio riyOMHa MUTa MOXET CBOOOJHO BapbUpoBaThecsA. B maHHOH
paboTe ee ompenensieTcs: Yepe3 BEPTUKAIBHBIN Cpe3 yCpeIHEHHOU M0 BpeMEeHH (PYHKIIHS pac-
IIpPEEIeHUs] MHTEHCUBHOCTH 3JEKTPOMAarHUTHOIO IIOJS CUMTBHIBAIOLIETO JIA3€pHOTO Jyda
(puc. 5), mpeacTaBiIeHHON B BUAE M30JUHUH (puc. 5, a) 1160 Habopa rpaduKoB JBYMEPHBIX
(byHKIUH 17151 TITIOCKOCTEH pacIoyiosKeHHBIX Ha pa3nuyHoM paccrostaun ot PII (puc. 5, 6). To
€CTb, B Cllydyae 0OOBEMHONW ONTHYECKOM 3allMCU OT MOHATHS IUCKa DWpH CcleayeT NEpEenTH K
TpeXMepHOU (purype MakCMMaJIbHOM MHTEHCHBHOCTHU 3aCBETKH, MO (GopMe MpUOIN3UTEIBHO
COOTBETCTBYIOLICH SJUTUIICOUIY BpalleHus (BEPTUKAIBHBIA cpe3 NaHHOW (HUTyphl MpeIcTaB-
nsieT u3 cels noaodue smumrnca (puc. 5, a).

166



TEXHIYHI HAYKHM TA TEXHOJIOTIi Ne 1 (15), 2019
TECHNICAL SCIENCES AND TECHNOLOGIES

I(¥)

@I

a 0
Puc. 5. Bepmukanvuwiii cpe3 pynxyuu pacnpeoenenus UhmeHCUusHOCIMU 1a3ePHo20 1yid

Ha puc. 5, a nokaszano, 4ro ontumaibHas riyonHa nuta ans ®JI zanucu Oyner Gosbiieit
YeM B CITydae ONTHYECKUX JAUCKOB C OTPaXKaTeIbHBIM HH(POPMAIIMOHHBIM CJIOEM.

ITockonbKy OBLIO MPEIIOKEHO KOAUPOBATH JaHHbBIE JJIMHOM JIEHJOB, MMUTHI MOTYT OBITH
IIPOMOJIETIMPOBaHbl B BUJE LUINHAPOB. Ha puc. 6 mpencraBieHsl pe3ynbTaTbl MaTeMaTHue-
CKOTO MOJEIUPOBAHUS Ui cucTeM MHorociaoiHoi ®dJI 3anucu 61M3KUX IO CBOMM IMapameT-
pam cuctemam onrtudeckux npuBoaoB CD, DVD u HD-DVD. Onruueckas cuctema BD-
puBoJia Oblia 3aMeHeHa Ha ee aHayor i npuBoaa HD-DVD, nockonbky anepTypHBIi yroi
€€ TOJIOBKM CUHUTBHIBAHUS SBISAETCS CIMIIKOM OOJBIINM JUIsl 00bEMHON ONTHUYECKOM 3aIllCH U,
TakuM 00pa30M, OHa MOJXOAUT TOJBKO JUIS CYUTHIBAHHUS TAHHBIX ¢ HH(POPMAIIMOHHBIX CIIOEB,
PAaCIIOJIOKEHHBIX BO3JIE MOBEPXHOCTH HOocuTens. [lapaMeTprl ONTHYECKON CUCTEMBI IPUBOJA
HD-DVD cocrasnsor A = 405 HM 1 uncnoBoil aneptypoit NA = 0,6, npu 3TOM IIKUPHUHA NTUTA
U 1Iar JOPOKKH COOTHOCUTCS € AUAMETPOM JIMCKa DMpH 3a cueT JOCTH)KEHUsI MEHBILEro 3Ha-
YEHUsI TOBEPXHOCTHON TNIOTHOCTH 3aITUCH MH(POPMALIUH.
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Puc. 6. Bepmukanvuwiii cpe3 pynkyuu pacnpeoenenus UHmeHCUsHOCmu

Ja3epHoco jyua OJI51 ONMUYECKOU CUCTNEMBbL.
a — CD-npusooda, 6 — DVD-npusooa, ¢ — HD-DVD-npugooa
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[Toctpoenune maremaTnueckor moxaenu mpouecca @JI MHOroCHOiHON 3amucu WHpoOpMa-
LMY TIO3BOJISIET CBECTH 3aJ1auy MOKUCKA ONTUMAIBHBIX apameTpoB PMM-HocuTens u ontuye-
CKO¥M CHCTEMBI ero MprBoJa K MaTeMaTHIECKON 3a/1aue MOUCKa SKCTPEMYMOB LIEJIEBBIX (yHK-
nuii. B xadectBe meneBbIX PYHKIUN MPU 3TOM MOTYT BBICTYIMATh 00Ias HHPOpPMAIIHOHHAS
€MKOCTh 3allOMUHAIOIIET0 YCTPOMCTBA U HAJAEKHOCTb BOCIPOU3BEACHHS JaHHBIX, KOTOpas
BKJIIOYAET B ceOs MOKa3aTeNy MOJE3HOTO CUTHANA ks U KOHTPACTHOCTH CUTHaNA k¢, a TaKkxke
COOTHOIIIEHUE CUTHAII-IIYM ksyr (puc. 7).

Ha maTemaTnyeckoM ypoBHE JIaHHBIE ITOKA3aTe€U MOTYT ObITh BBIPAKEHBI UYepe3 MoJryya-
€Mbl€ Ha OCHOBE MAaTEMaTUYECKOTO MOJCIMPOBAHUS WU 3KCHEPUMEHTAIBHOTO HCCIIEI0Ba-
HUS 3HAYCHUS:

ks = ([SN _[N)/[Ll?nax
kC:([SN_[N)/[SN ) (3)
ksye = Loy | ALy
rnae Isy — ammuutyaa @JI oTkimka npu GOKyCHpOBAaHUU JTyda Ha mute, [y — ammuutyaa OJI

OTKJIMKA IpH (HOKYCUPOBAHUHM JIyya Ha JeHzae, Alg, — MaKCHMalbHOE OTKIOHEHUE aMILIH-

Tyl @JI oTkuKa npu GOKYCHUPOBAHUU JIyda HA MHUTE.
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Puc. 7. Iloxkazamenu nadescnocmu eocnpoussedenus DJI cuenana:
a — 07151 00HOYPOBHesOU 3anucu; O — 0/l BOCLMUYPOBHEBOU 3aNUcCU

AprymeHTamu 1eeBbIX (DYHKIUH SBISIOTCS JIMHEHHBIE pa3Mephl MUTA, TOIIIMHA TPOMEXKY-
TOYHOTO CJOSI, KOI(PUIIMEHT TMOTJIOMEHUSI MH(OPMAIIMOHHOTO 3JieMeHTa, Kodpduiment DJI
OTKJIMKA TMHUTa, KOI(PPUIMEHT MPENIOMICHHS CTPYKTYPhl HOCHTENS, JUIMHA BOJHBI U YMCIIOBAs
arneprypa ONTUYECKOM CUCTEMBI CUMTBhIBaHUS. B pe3ynbTare MalllMHHOIO aHalIu3a yAaJloCh MOJy-
YUTh ONTUMAJIbHBIE 3HAUCHUS JUIs apXUTeKTypsl PMM-HoCHTENS HA OCHOBE CUCTEMBI CUMTBIBA-
st HD-DVD-nipuBonia. JIokanbHbIEe SKCTPEMYMBI EIEBBIX (PYHKUMH ObLIM TOIY4YEHBI JUIS TITy-
Ounbl uTa A, = 340 HM, TMaMeTpa nuta d, = 160 HM, MEHUMAaIBHOH THHBI IeHaa 57 = 820 HM U
TOJIIIMHBI IPOMEXKYTOUHOTO ciost d = 340 aM. Kak mokazano moaenupoBanue (puc. 7, a) amInim-
TyJIa MOJIE3HOTO CUTHaiIa MpH (OKYCHPOBKE Jyda Ha MociejHeM cinoe ymenbinaercs B 10 pas. Ho
BMECTE C TEM YMEHBIIAETCS U 3HAYE€HHE CIy4aiiHOM MOIPEIIHOCTH, [I03TOMY IIOKa3aTeNu KOH-
TpacTHOCTU U SNR XOTS 1 yXy/IIat0TCsl, HO OCTAIOTCSI B IIPE/IeNiaX MPUEMIIEMBIX.

Taxoke ObUTa MpeIoKeHa BO3MOXKHOCTh OObEJMHEHUSI METOJJOB MHOTOCIIOWHOM U MHOTO-
ypoBHeBo#i [ 10] ontuyeckoil 3anucu. MHOroypoBHeBas 3allMCh ONPEAEIAETCS Yepe3 KOAUpPOo-
BaHUE HECKOJIbKUX OUT MH(OPMAIMK B OJJTHOM MH(POPMALIMOHHOM JIEMEHTE, T.0., KOJINIECTBO
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YPOBHEM IPONOPLUUOHAIBHO YBEIMYMBAET IOBEPXHOCTHYIO IUIOTHOCTH 3aIIUCU U CKOPOCTH
BOCIIPOM3BEICHUS JAHHBIX, HO TAKXKE COOTBETCTBEHHO YMEHBIIAET YPOBEHb II0JIE3HOI'O CUI-
Hana. s PMM-HocuTenelh MHOrOypOBHEBOE KOJIMPOBAHUE IIPOUCXOUT 3a CUET BapbUPOBA-
HUS 3HAUYEHUs TIyOMHbI penbeda nO0 KOHILEHTpaluu JOMHHOGOpa B MHPOPMALMOHHOM
anieMeHTe. KoMIploTepHOE€ MOJAEIMpPOBaHHE BOCBMUYPOBHEBOW MHorocinoiHol ®JI 3amucu
[I0KA3aJ10, YTO BMECTE€ C YMEHBIICHHMEM MHMHHMMAJIBHOIO 3HAYEHUS II0JIE3HOIO CHUrHAa,
YMEHBIIUIICS U YPOBEHb 11yMa, [I03TOMY 3HAYEHUE I10KA3aTENs] KOHTPACTHOCTH U COOTHOLLIE-
HUSl CUTHAJI-IIYM YMEHBUIWINCH He y § pa3, a B 2 pa3za (puc. 7, 6), 4TO CBUAETEIBCTBYET O
MEePCIIEKTUBHOCTU Pa3paboTKu MHOTOypoBHeBOro PMM-Hocutens. Cienyer 3aMeTUTh, YTO
BbICOKasi HH(OPMAIIMOHHAS €MKOCTb OT/AEIBHOTO CJIOS TIO3BOJIUT YMEHBIIUTH 00IIIee Koauye-
CTBO CJIOEB, U, TAKUM 00pazoM, CyIIECTBEHHO YAyYIIUTh MOKA3aTEeIN HAICKHOCTH HOCUTEIIS.

BbIBOABI B COOTBETCTBHMH €O cTaTheil. B pe3yinbraTe mpoBeAeHHOTO UCCIEI0BaHUS ObI-
na pa3paboTaHa MaTreMaThyeckas MOJIeNb, C IMOMOIIbIO KOTOPOH ObUIM OIpeesieHbl ONTH-
MaJIbHbIE MTapaMeTPbl CTPYKTYPbl MHOTOCIOHHOTO (DOTOTIOMHUHECHEHTHOTO HOCUTENSI HH(OP-
MallM¥ U ONTUYECKOM CXEMbl YCTPOMCTBA CUUTBHIBAHUSA 4€pe3 CBEACHHUE NAHHOW 3a/layu Ha
YPOBEHb MaTeMaTHYECKON 3a7ayl IOMCKa SKCTPEMYMOB LeneBbIX ¢yHkuuid. Ilapamerpsl
3JIEMEHTOB MH(GOPMAIIMOHHOTO CJI0sI CUCTEMBI MHOTOCIOHHOU (POTOTFOMUHECIIEHTHON 3aIiCH
ObUIN OTIpeIeIeHbl B COOTBETCTBUU C MIOKA3aTEIsIMU YPOBHS MOJIE3HOIO CUTHANA U KOHTPACT-
HOCTH U COOTHOILIEHHE CUTHAI-IIyM. PaccMoTpeHa BO3MOKHOCTH OOBEIUHEHHS METOJIOB
MHOI'OCJIONHOW M MHOIOYPOBHEBOM OINTHUYECKOM 3aIlMCH, I0KA3aHAa BO3MOXKHOCTb BOCBMH-
YPOBHEBOTO KOJUPOBAHMSA HAHHBIX C COXPAHEHUEM II0KA3aTEJIEW HAJEKHOCTU CUUTBHIBAHUS
uHpOpMAaIMY B AOMYCTUMBIX peaesax.
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ANALYSIS OF THE EFFECTIVENESS OF MULTI-LEVEL DATA CODING
FOR MULTILAYER PHOTOLUMINESCENT INFORMATION RECORDING

Urgency of the research. The method of digital recording of information, which is carried out through the coding of in-
formation elements in the form of microrelief structures with the subsequent contactless reading of information by a laser
beam, is considered as the most promising approach in organizing long-term data storage systems.

Target setting. However, the data capacity and data reading speeds of modern optical media do not meet the require-
ments in the field of digital recording. The reason for the low density of digital optical recordings is the diffraction limit,
which limits the resolution of optical systems.

Actual scientific researches and issues analysis. Research in this area shows the priority of innovative developments
related to volumetric optical recording, in particular multi-layer photoluminescent recording, over complex solutions that
allow increasing the surface recording density and include the use of complex subdiffraction optical systems.

Uninvestigated parts of general matters defining. The developers of storage devices of this type indicate the character-
istic problems of multilayer photoluminescent recording: low data reading speed and low readout signal level.

The research objective. In this paper, a technique was proposed for volumetric optical information recording in multi-
layer, optically homogeneous media with photoluminescent information elements of multilevel coding.

The statement of basic materials. To determine the optimal parameters of this storage device and optical information
recording system, a mathematical model of the photoluminescent recording process was developed.

Conclusions. The task of finding the optimal configuration of the optical system was solved by finding the extrema of the
objective functions.

Keywords: optical recording of information; long-term data storage systems,; multi-level coding; photoluminescent mul-
tilayer information carrier; read signal; spurious signal; objective function, extremum function.
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