YK 004.085

H. B. Kocsak

Wuctutyt npobnem peructpanyu napopmanuu HAH Ykpaunsr
yi. H. llnaka, 2, 03113 Kues, Ykpauna

CucremMa 3ammcH OIITHYECKHUX AHCKOB BBICOKOM ITAOTHOCTHU

Ilposedenvl ananuz u uccie0o8anue cucmem 3aNUCU ONMUYECKUX OUCKOB
sbicoKou niomuocmu. Paccmompenvl ocobennocmu paspabomxu cucmemul
3anucu onmuyeckux ouckos gpopmamos DVD u Blu-Ray. Ilpeonosicena pea-
JU3AYUSL YCMPOUCMBA YNPAGIeHUsI NOJYNPOBOOHUKOBLIM J1A3€POM C ONUHOU
8onbl 405 Hm Ona 3anucu popmamos Blu-Ray, DVD u CD.

Kniwouesvie cnosa: onmuyeckuii Ouck, macmepune, OUCK-OPUSUHAT, 3ANUCDH
ungopmayuu, hopmam 3anucu, 1azep.

C KaXIbIM TOJIOM CTPEMHUTEIBHO Pa3BUBAIOTCS WH(POPMAIIMOHHBIE TEXHOJIOTHH U
BUJICO BBICOKOH ueTKOCTH. [IpH 3TOM HEYKIOHHO BO3pacTaioT 00beMbl HH(OPMAIH B
AJICKTPOHHOU (opMe, M HEU3MEPHUMO BO3paACcCTacT CKOPOCTh OOMeHa WH(OpMaIuen.
O6bembl 00pabOTKU M COXpaHEHUs] MH(DOPMAIMH YK€ UCUUCISIOTCS COTHAMU U ThICS-
yamu Merabant. Takum oOpa3oM, co3aHue ObICTPBIX U HAJAEKHBIX YCTPOUCTB BBICOKON
IUIOTHOCTH 3aIUCH BCerja OyAeT akTyalbHbIM BOIIPOCOM.

B utone 2002 rona 6s11 ounnanbHO 00BSBIECH HOBBINA Qu3nueckuil Gpopmat om-
TUYECKOW TamsATH 3-r0 TOKOJIEHWS, Ha3BaHHBIA B ganpHeiimem Blu-Ray-dopmarom.
OdummansHo BeITycK TTpuBOAOB Blu-Ray nadar B 2006 roxy. O0beM 3anrcaHHOW WH-
dopmanuu s popmara Blu-Ray coctasun 25 1'6. BriepBbie MOSBHIUCH TBYXCIOWHBIE
TUckH ¢ oobeMoM 3anucanHoi uHpopmanuu 50 I'b. B 2010 rony Blu-Ray Disc Asso-
ciation (BDA) o0bsBuia 0 3aBepiieHnn pa3pabOTKU U BBIITyCKa crienu(uKaii HOBbIX
MHOTrocI0iHbIX nuckoB 3anmucu BDXL ¢opmara Blu-Ray. EMkocTs TpexcioitHbIX nuc-
koB BDXL cocraBuna 100 I'b u yetbipexcnoiinbix 128 I'b coorBercTBeHHO [1].

B taGnuue, npuBeeHHON HUXKe, MPEACTAaBIECHbBl PU3NYECKHE TapaMeTpbl ONTHYE-
CKUX JMCKOBBIX CHCTEM CUUTHIBAHMSI U MacTEPUHIA ONTUYECKHUX JUCKOB (3allMCH JUC-
KOB-OPUTHMHAJIOB), TJIe MOYKHO YBHJIETh UCTOPHUIO Pa3BUTHUS ONTHUYECKON 3amucu [2-5].

OpHMM U3 OCHOBHBIX MpeuMYyIIecTB onTuieckux auckoB CD, DVD, a teneps u
Blu-Ray ects nmpocToTa u HU3Kas CTOMMOCTb THPAXXKUPOBAHUS TUCKOB. MacTepuHT OIl-
TUYECKUX AMCKOB SIBIISIETCS KJIIOUEBBIM IIArOM B CO3JaHUM LITaMIIa, C KOTOPOTO KOIHU-
pytotcst nucku ROM (read-only memory).
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Cucmema 3anucu onmuyueckux OUCK08 8bLCOKOU NIIOMHOCHIU

duznueckre napaMeTpbl ONTUYCCKUX AUCKOBBIX CUCTEM CUUTBLIBAHUS U MACTCPpUHTA

Cucrema A nazepa, NA, Muamerp
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Laser disc 1978 0,780 - 0,50 - 1,90 - 45 30
CD 1983 0,780 0,442 | 045 | 0,90 2,11 0,599 0,7 12
DVD 1997 0,650 0,405 | 0,60 | 0,90 1,32 0,549 4,7 12
HD-DVD 2006 0,405 0,375 | 0,65 | 0,90 0,76 0,508 16 12
Blu-Ray 2006 0,405 0,257 | 0,85 | 0,90 0,58 0,361 25 12

Ha ceronssimiHuii neHb I 3aUCH ONTUYECKUX JTUCKOB-OPUTHMHAJIOB BBICOKOM
IUIOTHOCTH WMJIM MAacCTE€PUHIa ONTHYECKUX TUCKOB JIOCTYIHBI 3 CHCTEMBI, KOTOpPbIE OT-
JMYAIOTCS CIOCO0aMU 3alMCH U pa3HbIMU TEXHOJOTHYECKUMH moaxoxaMu. K nuckam
BBICOKOU TUIOTHOCTH TPEXJE BCEro oTHOcATCS aucku ¢opmaroB Blu-Ray u DVD. Co-
rmacHo cnenudukanuu Ha ¢opmar Blu-Ray mMuHHMMAanbHbIE pa3Mepbl MHUTOB COCTaB-
st 149 uM, a mar gopoxkku 320 um [1]. g 3anucu NUTOB TaKUX MajbIX pa3MEPOB
ObLIM pa3pabOTaHbl MHHOBAIIMOHHBIE TEXHOJOTUH, Oylaroapsi KOTOPHIM CO3JaHbl Clie-
JYIOILME MAaCTEPUHT CUCTEMBI:

— cucTemMa ¢ Tiy0OKHM YyIbTPa(HrOIeTOBBIM OOJYyYEHHUEM U C JKUAKOW MMMep-
cueii (deep-UV liquid immersion mastering system) [6];

— cucrema ¢ ¢aszoBeiM nepexonom (Phase Transition Mastering system —
PTM) [1];

— cucTema 3JeKTpoHHOo-TTydeBoro mactepunra (Electron Beam Mastering) [7].

OCHOBOI /17151 IPOU3BOJICTBA KOMITAKT-AUCKOB JIFOOBIX (JOPMATOB SBIISIOTCS CTaH-
IIUH JIA3ePHOM 3amMCH, KOTOpbIE 00ECIeYnBalOT pesibe(HYIO 3alHUCh TUCKOB-OPUTHHA-
JIOB JUIs1 OITUYECKOM MaMsTH, U €CTh OJTHUMU U3 HauboJiee CII0KHBIX COBPEMEHHBIX OIl-
THUKO-3JIEKTPOHHBIX CUCTEM.

AHanu3 uccnenoBanuil u myomukamnuii [ 1-12] cBUIETENbCTBYET O TOM, YTO OCBE-
HICHUIO NMPOOJIEeMbl OCTPOEHHUS U pabOThl CTAHIMM Ja3€pPHON 3aIMCH OTBOJUTCS BECh-
Ma Maji0o BHUMaHMA. B oCTymHON JuTepaType MMEIOTCs TOJIBKO COOOIEHHs O co3Ja-
HUU TaKUX CTAHIIMA U3BECTHHIMH KOMITAHUSMU, TJI€ OTMEYAIOTCS UX KpaTKHE XapaKTe-
PHUCTHKH.

W3BecTHBI crcTeMa MacTepuHIa ¢ TIIYOOKUM YIbTPa(HOIEeTOBBIM O0MydYeHHEM U
¢ xkuakoi ummepcueit popmara Blu-Ray «LBR 266 mastering system» [8] u cucrema
MacTepuHra ¢ ri1y0oKkuM ynbTpaduoneToBsiM obmydennem «M8100 BD Mastering
System» ot komnanuu Nimbus [9]. Cucrema mactepunra ¢ ¢ga3oBbiM nepexogom «PTR-
3000» dbopmara Blu-Ray pazpaborana Sony Disc Technology [10]. CTOUMOCTh CUCTEM
MacCTepHHTa HaXOAUTCS B Tipeaenaax $2—5 MiH.

HNudopmanus o TEXHOIOIMYECKHMX OCOOCHHOCTSAX M TOHKOCTSIX HX IOCTPOEHUS
OCTaeTCsl HEAOCTYNHOM U 3aKkpbITOl. [lo3TOMy [UIsl CO31aHUS OTEUECTBEHHOW CTAaHIUHU
Ja3epHOM 3aMucH HEOOXOAMMO PEUINTh CI0KHYIO HAYYHO-TEXHUYECKYIO 33/1a4y.
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B Uncturyre npobaem peructpanuu napopmaunu HAH Ykpauns! Obi1a co3nana
€MHas JEeUCTBYIOIAsA CTAHIIMS JIA3€pHOM 3amucy B YKpanHe. AKTyaJIbHOM 3afadeit oc-
TaeTCsl YCOBEPIICHCTBOBAHHE €€ PabOThl M HMCCIEJOBAHWE HOBBIX MPUHIIUIIOB €€ I0-
cTpoenus. JlanHas paboTa MOCBSIEHA aHAINU3Y W MCCIEAOBAHUIO MOCTPOCHUS CUCTEM
JUJIS 3aIMCH ONTUYECKUX ITHCKOB BBICOKOM IIOTHOCTH.

PaspaﬁoTKa CHUCTECMBI 3aITMCH OIITHUYCCKHUX AMCKOB BBICOKOM ITAOTHOCTH

[TocTpoeHue cucteM 3aryucH ONTHYECKUX JTUCKOB BBICOKOM IJIIOTHOCTH, TAKMX Kak
DVD u Blu-Ray, TpeGyer npoeKTUpoBaHUs HOBOTO OOOPYAOBAaHUS M CO3JaHUS OYEHb
HU3KOM MEXaHUYECKOH CBSI3U MEXIy CUCTEMOM M BHEIIHEH OKpyx)arouiei cpenou. [Ipu
nepexojie Ha HOBbIe (opmaTel 3anucd DVD u Blu-Ray Ha cranmuum nasepHoit 3anucu
ObUIN BBIMIOJIHEHBI pa3pabOTKH HOBBIX CUCTEMHBIX OJIOKOB.

Ha puc. 1 npeacrasien oOmuii BUa CTaHIIUM JIa3epHOU 3amuch. st ycTpaHeHus
HE)KEJIaTeNIbHbIX MEXaHMYECKHX KOJEOAHUN ONTHKO-MEXaHWYeCKHUH OJOK pacroJioKeH
Ha I'PAaHUTHOM IUIUTE, KOTOPasl IEP>KUTCS Ha CIIELUAIbHBIX OIOpax.

C nenpro MOBBINIEHUSI TOYHOCTH U3MEPEHUsT KOOPAMHATHI IBH)KCHUS MO3ULUOHE-
pa Obuta pazpaboTaHa HOBasi cXeMa YIpaBJi€HHs MPUBOAOM MO3UIMOHEPA HA OCHOBE
na3epHoro nudgpoBoro MHTEPHEPEHIIMOHHOTO JaTbHOMEpPa C a0COIIOTHBIM OTCUYETOM
KOOpAMHATBI U TOYHOCTHIO < 0,6 HM. OOpaboTka MHTEP(EPEHIIMOHHBIX CUTHAJIOB BbI-
MOJHEHA Ha mporpaMMHOM ypoBHe [13]. M3meputenbHas cucTteMa NpuBOJA MO3UIIHAO-
HEpPa MOCTPOEHA Ha OCHOBE CHHYCHO-KOCHUHYCHOI'O MHTEPIIOIATOPA C CUCTEMOMN CIIEXkKe-
Hus [ 14].

Mpueog MHTepdepomeTpuyeckas Bnok ynpasnexus
no3umoHepa cucTema no3uLMoHMPOBaHNs nonynpoBOAHUKOBLIM Na3epom

Cuctema Mpueog Ounck-opurmHan Jlazep [paHuTHas
OKYCUPOBKM obbekTmBa nnuTa

Puc. 1. OOuwmii BUI cTaHLUK J1a3epHOM 3anucH 6e3 0JI0Ka ynpaBlieHHs
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Cucmema 3anucu onmuyueckux OUCK08 8bLCOKOU NIIOMHOCHIU

B cucremax macrepuHra mpu 3amMcu TUCKOB-OpuUruHaoB ¢opmaroB Blu-Ray u
DVD cymectBeHHBIM 00pa30M MOBBIMIAIOTCS TPEOOBAHKS K CHCTEME aBTOMAaTHYECKOTO
perynupoBanusi GOKycHupoBKU. B pa3zpabotanHol cucteMe (POKYCUPOBKH JJIsl TIOBHIIIIE-
HUS €€ TMHAMUYECKMX CBOWCTB B Kau€CTBE MCIIOJIHUTEIBHOIO YCTPOMCTBA BMECTO Tpa-
JTUIIMOHHOTO 3JIEKTPOMAarHUTHOIO MeXaHW3Ma ObUl MPUMEHEH IbE303JIEKTPUUYECKUil

[15].

Peaansarusa yCcTporicTBa ypaBA€HUA
MOAYIIPOBOAHHKOBBIM AA3€POM C AAMHOM BOAHBI 405 HM

[Ipy mocTpoeHUM CHCTEMBI 3alUCH ONTHUYECKHUX JUCKOB BBICOKOM IUIOTHOCTH, B
yacTHOCTH, (hopmaTtoB Blu-Ray m DVD, Bo3HHKaeT HE0OX0IUMOCTh B pa3paboTke 0J10-
Ka yCTpPOWCTBA YIPAaBJIEHUS MOIYIPOBOJAHUKOBBIM Ja3€poM € JUIMHOW BOJHBI 405 HM,
KOTOpBIH Oyner obecneyrBaTh HEOOXOAMMYyIO 1Mo mapamerpam (opmatoB Blu-Ray u
DVD Moaynsuuio a3epHOro U3Jy4eHus Ha CTaHIIUM JIA3€PHOM 3aIKCH.

Heo6xoaumoe yrmpapiieHue MOJIYIPOBOJAHUKOBBIM Ja3epoM OOecrieunuBaeTcs cxe-
MOTEXHUUYECKUMU MIPUEMAMHU U CpeacTBaMU. MOIHOCTh U3Iy4eHUs P oIyl pOBOIHU-
KOBOT'O Jla3epa YETKO 3aBUCHUT OT TOKa /; B TaK Ha3bIBAEMOM aKTUBHOU 30HE €T0 padOTHI.
CrnenoBatenbHO, MOIYJISALUS I'E€HEpUpye-
MOTO U3Jy4EHHsI, OCYIIECTBIIAECTCS IIyTEM
MOJYJISINMUA TOKa Hakadku [;. ITpuHuu-
nuagbHas cxema pa3paboTaHHOrO YCT- -
poiicTBa MOCTpOEHA C HCIOJIb30BAHUEM ‘ Tor ek
AQHAJIOTOBBIX U IU(POBBIX KOMIIOHEHTOB.
B yctpoiicTBe Hconb3yercss TpU HE3aBU-

CHMBIX KaHajla YNpaBJE€HHs MOIIHOCTHIO Cge . e ]
HU3IIYYEHHUS J1a3epa C pa3AeibHBIM YIIpPaB- ®E2)
JICHHEM T10 TOKY U MOJYJSIIUHU (puc. 2).

[IpoBenen aHamu3 U HcClIeIOBaHHE
pacnpesiesieHnss UHTEHCUBHOCTH JIa3epHO-
o U3Jy4YEHUS HOBOM ONTHUYECKOW CHCTE-
MbI C pa3paboTaHHBIM YCTPONCTBOM YII-
PaBJIEHMSI TIOTYITPOBOJHUKOBBIM JIa3€POM,
YCTaHOBJIICHHOM Ha CTaHLUWH Ja3epHOHN
3alMCH U ONTHYECKOH TOJIOBKM MPHUBOJA
Blu-Ray LG. Ycranosneno, uto pacrpe-
JIEJICHNE WHTEHCUBHOCTH JIa3€pHOTO W3-
Jy4YeHUsT HOBOW ONTHUYECKOW CHCTEMBI
(mazep China) mpakTHYeCKH COOTBETCT-
ByeT pacnpezenenuto ['ayca (HopmanbHOe
pacnpenenenue). B ornuume oT HOBOM
ontudeckoit cuctemsl (mazep China) pac-
IPEJEICHNEe HMHTEHCUBHOCTH JIa3€pHOTO
M3JIydyeHus: onTuueckor rojgosku npusoja Blu-Ray LG mnoka3zano, 4To oHa MMeeT He-
CKOJIbKO MEHBIIMHA JHaMeTp Jiyda U OoJiee BBIPAKEHHOE COCPEIOTOUYECHUE SHEPrUu Jia-
3epHOr0 M3JIyuyeHHs B BepXxHel yactu rpaduka pacnpenenenus (puc. 3). Takoe xapax-

i

Bias IN 3T BD Tlenepatop
BNC

Puc. 2. M300paxenue pa3paboTaHHOTO
YCTPOWCTBA YIPABICHHUS ITOTYTIPOBOIHUKOBBIM
Ja3epoM UTHHOM BOIHBL 405 HM
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TEPHOE PACHPEICIICHNEe MHTEHCUBHOCTH JIA3€PHOTO M3JIYYEHHs ONTHYECKOM TIOJIOBKU
npuBoaa Blu-Ray LG oObsicHseTcst ucnoiab30BaHUEM 0CO00M CXEMBbI ONTHYECKOH cuc-
TEMBI.

1.0 T T T T T

0.6

04 |

Puc. 3. I'paduku pacripeneneHuss ”HTEHCHUBHOCTH JIa3€pHOT0 M3y4eHus. PaccTosiHue 1o ocu x
OTJIOKEHO B TM(PAKIMOHHBIX SIUHUIAX, KoTopas paBHa 476 HM nipu A = 405 um u NA = 0,85

[Tpu paboTe moyrynpoBOAHUKOBOTO JIa3epa ¢ MOLYJISIIUOHHBIMU YacTOTaMH OoJiee
10 MI'y 1 ManbIMH JUTMTENIEHOCTSMHU HapacTaHus ppoHTa umiyibsca <10 He Hen30exKHO
BO3HHMKAIOT MEPEXOJIHBIE TPOIECCHl B U3ydeHUu (puc. 4,a). DTO MPUBOAUT K UCKAKE-
HUIO MH(pOpMALNK, TepeiaBaeMON C MOMOIIbI0 UMITYJIbCHO-KO0BOM Moxyssiuu. Ha-
JMYUE MEJUICHHO 3aTyXaIoLMX KoJeOaHui BHI3BAHO PAaCcCOTTIaCOBAaHHEM BBIXOJHOTO CO-
MIPOTHUBJICHUS OJIOKA MOAYJSALMHU U BXOJHOIO CONPOTHUBIIEHUS JIA3€PHOTO AMOAA IO Ie-
peMeHHOMY TOKY. [l moiaBieHus 3aTyxaromux Kojebanuil ObITH CII0JIb30BaHbl KOP-
PEKTUPYIOIIUE 3BEHbSL.

a) 6)

Puc. 4. OcmyuiorpaMMbl CHTHAJIOB, II€HA JISIEHUS pa3BEPTKH M0 Topu3oHTan 50 HCe: a) MpUMep HATHIHS
B CHT'HaJIE TIAPAa3UTHBIX 3aTyXaroluX KoJiebaHui; 0) ocyuiorpaMmMa CUrHana MOAYJISIIIMOHHOTO
kaHanbHOTo Koja NRZI ¢popmata DVD Ha BbIX0OJIe yCTPOWCTBA YIIpaBICHHS
MIOJIYIIPOBOIHHKOBBIM JIa3€pOM
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Cucmema 3anucu onmuyueckux OUCK08 8bLCOKOU NIIOMHOCHIU

DKcriepruMeHTaABHBIE PE3YABTATEI

boutn mpoBeseHbl KCIEpUMEHTANIbHbBIE 3alUCH AUCKOB-OPUTMHAIOB HA CTaHIMH
Ja3epHON 3alucu ONTHYECKUX HOCHUTENed HMH(GOpMAIMM C HCHOJIb30BAaHUEM Jiazepa
Power Technology co cBoeil cxemoil ympaBieHHS W pa3paOOTaHHOTO YCTPONCTBA
YIPaBJICHUS TOJTYNPOBOJIHUKOBBIM JIA3€POM C JNIMHOUW BOJIHBI 405 HM.

Ha puc. 5 npencraBieHbl W300pa)K€HUsSI MUTOB, MOJTYYCHHBIX MPH 3allUCU HUM-
MYJIBCHBIX CUTHAJIOB JJIUTEIBHOCThIO 192 HC (cooTBeTcTBYIOT curHanmam 5T ¢opmara
DVD) Ha nuCcKu-OpUTHHAIBI, TTOKPBITHIE CIOEM CTAaHIAPTHOTO OPraHUYECKOTo (GoTope-
3MCTa, C UCIOJb30BAaHUEM NOIYNpOBOAHUKOBOrO ja3epa Power Technology co cBoeit
CXeMOH ympaBiieHUs. PacnosioskeHue MUTOB OTJIMYAETCS OT MPSMOJUHEHMHOTO U HOCUT
YIOPSA0YEHO-Xa0THUHBIN XapaKTep, YTO MOXKET ObITh CIIEJACTBUEM HEMOCTOSHCTBA pe-
KuMa paboThI Jlazepa ¥ CMEIICHHEM TOYKU M3IYUYCHHs HA TIEPUOJI ACUCTBUS UMITYJIbCa
3anucu. MOXHO TakKe MPEANOI0KUTh, YTO TeHEpallus U3IYYEeHU Jia3epa MPOUCXOIUT
Ha M0OOYHOM (HE OCHOBHOM) MOMEPEYHON MOJIE.

Puc. 5. 300paxxenust TMUTOB, 3anucanHbIX J1azepoM Power Technology ¢ pasnuuHbIMH ypoBHSIMHU
MOIIHOCTH. IMITyJIbCHBIE CUTHAIIBI COOTBETCTBYIOT curHanam 5T dopmara DVD

Pe3ynbraThl 3KCTIEPUMEHTAIBHOTO HCCIIEAOBAaHUS paboThl pa3pabOTaHHOIO yCT-
poiicTBa ympaBiIeHHUS MOJYNPOBOJHUKOBBIM JIa3€POM B YCIIOBUSIX pEalbHON 3aIllucu
curHana ¢opmara DVD Ha aucku-opuruHaisl mpeacTaBieHbl Ha puc. 6. Kak momxyms-
LIMOHHBIA CUTHAJI UCTIOJIB30BAJICSI CUTHAJI UMITYJILCHO-KO10BOU Moayisitiud NRZI dhop-
matra DVD (puc. 4,0). JIuCKU-OpUTUHAIIBI TIOKPHITHI ONMBITHRIMU 00pa3liaMu perucTpH-
PYIOLIETO CJIOs, COCTOSIILIETO U3 OPraHUYecKoro (ortopesucra ¢ 10O6aBICHUEM OIUME-
TUHOBBIX Kpacutenei. J[aHHbBI perucTpupyooummii coctaB 001agaeT CBOWCTBAMH Tep-
MOpe3HCTa, KOTOPBIN MO BO3AEUCTBUEM JIyya Jiazepa yaajiseTcs 6e3 ocTaTka ¢ MOBepX-
HOCTHU TMOJUIOKKH JHUCKa-OpUTHMHANA 33 CYET JIOKAJHHOI'0 McHapeHus. AHanu3 u3o0pa-
JKEHUS IIUTOB IIOKa3bIBAET, UTO HA OTAEJIBHO B3ATOM JHMCKE BO BPEMs 3alMCH IIPOU30-
1IeJ1 HeyAauHblil mpouecc ra3opukalnuy ¢ HaIuyiueM nNoO0YHbIX TPOAYKTOB HCTIapEHUS
(dotopesucta (puc. 6,a), Ha APYTUX reoMeTpusi MUTOB Oe3 nckaxkenuil. lllupuHa nuToB
cocraBuina ~500 HM.
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a) 0)

Puc. 6. M3o0paxenue nutoB ¢popmata DVD, 3amucanHbIX Ha opraHuueckoM (oropesucte
¢ 100aBIICHHEM MOJMMETHHOBBIX KPAaCHUTENEH ¢ HCTOIb30BaHIEM pa3pabOTaHHOTO yCTPOiicTBa
YIpaBICHHUS MONYPOBOIHAKOBBIM JIa3epOM: a) HAJTHYHE MPOAYKTOB ra3o(puKaiuy;
6) HOpPMAJBHO 3aIMCAHHBIC HUTHI

Ha puc. 7 npexacraBieHbl pe3ylbTaThl 3allMCH HAa OpraHHYecKoM (oTopesucre.
[TuThI MOTYYEHBI IPU 3aMMCH UMITYJILCHBIX CUTHAJIOB JITUTENBHOCTHIO 115 HC (cooTBeT-
ctBytoT curHasnam 3T dopmara DVD) Ha nucKu-opuruHaibl, TOKPHITHIE CIOEM CTaH-
JapTHOro opranudeckoro ¢otopesucta. lllupuna nuroB coctaBuna ~450 Hm

AHanu3 pe3ylnbTaToOB 3alKCei IUCKOB-OPUTHHAIIOB, MPOBEACHHBIX HAa CTaHIUH
Ja3epHOM 3aIKCH, ITOKA3al, YTO /ISl YMEHBIICHHS Pa3MEpPOB ITUTOB HEOOXOAMMO Jallb-
Heiflee yCOBEpIIEHCTBOBAHUE ONTHYECKOW CUCTEMBI C IPUMEHEHUEM IPYTHX OOBEKTH-
BOB Ui (OopMHpOBaHUs OoJiee y3KOro Jiyda jazepa. Takke mpeanoyTUTeNbHENH Mpon3-
BOJIUTH 3aIIFCH HA OPTaHMYECKOM (HOTOPE3HCTE C MCIOIB30BAaHHEM BRICOKOKOHTPACTHO-
T'O TIPOSIBUTEISL.

e e A e s

BT T R N -

a) 0)

Puc. 7. U300paxeHne NMUTOB, 3alIICAaHHBIX HA OPraHUYECKOM (hOTOPE3HUCTE: a) 3aIUCh 0€3 MOMYIAHY;
0) UMITYJIbCHBIE CUTHAJIBI COOTBETCTBYIOT curHajiam 3T ¢opmara DVD
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BriBoABI

[TpoBeneH aHanu3 U HCCIEIOBAaHUE CHCTEM MAacTEpUHTa ONTHYECKUX THUCKOB BBI-
cokoit motHocTH. [Ipennoxena peanuzanus pa3pabOTKU yCTPOMCTBA yIpaBlIeHHs I10-
JYMPOBOAHUKOBBIM J1a3epoM ¢ JUTHHOUW BOJIHBI 405 HM. OCHOBHOM OCOOCHHOCTBIO pa3-
pabOTaHHOTO YCTPOWCTBA SIBIACTCS HaJIWUYHME 3-KaHAJBLHOTO YIPABJICHUS BBIXOIHOM
MOIIHOCTbIO M3JIY4YEHMs Jla3epa C BO3MOXHOCTBIO PEryJIMpPOBaHMUS OINOPHOIO TOKa
(bias). OTo obecneunBaeT 0oJjiee MIUPOKUE BO3ZMOKHOCTH JJIsI PUMEHEHUSI HEOOXOIU-
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