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BBepneHue

HNudpopmanoHHble TEXHOJIOIMH JIOJDKHBI O0OecreuyuBaTh COBOKYIHOCTb
METOJIOB M CPEJCTB INOJIY4YEHUs, XpPaHEHUs, NepepadoTKU U OTOOpakeHUs! WH-
dopmanmu. 3a BCIO HCTOPHUIO YEJIOBEUYECTBA HMH(OPMAIIMOHHBIE TEXHOJIOTUU
HPOILIH JTOJATUH MyTh Pa3BUTHS OT KJIMHOMMCH U MUCbMEHHOCTH 10 KHUTOIleya-
TaHUs U Tenerpada, a 3aTeM 70 paJuoBOJIH U MarHUTHBIX HocuTeneil nupopma-
UH.

CoBpeMeHHble MH()OPMAIIMOHHBIE TEXHOJIOIMU CTaJIX BO3MOXKHBI OJaro-
Japsi CIeAYIONIMM TEXHUYECKUM TOCTHKEHUSAM:

1. TOSIBIEHUIO CPEICTB 3aMUCH MH(OPMALIMU C BBICOKUMU IJIOTHOCTBIO U OBI-
CTpoJielicTBHEeM (MarHWTHAas, IOJyNPOBOAHUKOBAs MaMATh, ONTHYECKHUE
KOMITAKT-MCKH U TOJIOrpapUUecKue JUCKH),

2. Ppa3BUTHUIO TEXHOJIOTUH, 00eCHEeUnBaIOMIUX epesadyy MHPOpMalUu B JIIO-
OyI0 TOYKY 3€MHOI0 Iapa 0e3 CyIIeCTBEHHBIX OTPaHHMYEHUN BO BPEMEHHU,
Onarozapst ueMy oOecrednBaeTcsl MIMPOKUN OXBAaT HACEJIEHUS Pa3HOCTO-
POHHMMM CpPEACTBaMU CBSI3M (TEJIEBHIEHUE, CIlyTHUKOBAsl CBsI3b M HaBUIa-
11151, ”HQOPMALIMOHHBIE CETH),

3. pa3BUTHUIO TEXHOJIOTUH aBTOMATU3MPOBAHHOM 00pabOTKH NH(pOPMALIHH.

Haunbonee nepcneKTUBHBIM MyTeM Pa3BUTHUS MH(OPMALIMOHHBIX TEXHOJIO-
TUIl SBISIETCS MPUMEHEHHE ONTHYECKHMX METOAOB B IMPOILIECCaX PETHUCTpalnH,
00paboTku 1 XpaHeHHs] HH(OPMALIUH, TOCKOJIBKY TPAAUIIMOHHBIC SJIEKTPOHHBIE
METOJIbl UMEIOT PAJl CYIIECTBEHHBIX HEAOCTAaTKOB M OTPaHMYEHUH, B MEPBYIO
ouepe/ib, 0 OBICTPOJECHCTBHUIO U TNIOTHOCTH 3aITUCH.

Cpenu mpeuMMylIecTB ONTHYECKHMX METOAOB TIEpe] JIPYTHMMHU CIEIyeT
OTMETHTH:

e BBICOKYIO IUIOTHOCTB 3amucu nadopmammu (10° Gur/Mm” u Gomee).

® OTCYTCTBHUE (BO MHOTHX, HO HE BO BCEX CIIy4asiX) HEIIOCPEJICTBEHHOTO KOH-
TaKTa MEX/y HOCHTEJIEM U CUCTEMOM 3aIMCH/CUYUTHIBAHHUS.

® [P HCIOJH30BAHHU TOJOTPa(GUIECKUX METOJO0B — MapaluIeIbHOCTh, BO3-
MOYKHOCTb aCCOIMATHBHOW BBIOOPKH H IPYTHE MPEHMYIIECTBA

® OBICTpOJICHCTBHE

® TIOMEXO03alIMIICHHOCTH

e pa3HOOOpa3ue CrOCOOOB MPAKTUUECKON pean3allii, OCHOBAHHOE Ha MHO-
KECTBE MEXaHM3MOB B3aMMOJICHCTBHUS CBETa C PETHCTPUPYIOIIMMHU Cpejia-
MH.



Cnenyromas cxema (puc.1.) 1eMOHCTPUPYET YCIOBHYIO KJIaCCU(UKAIUIO
ONTHYECKOM MaMSITH:

NMOBEPXHOCTHAS
(oBymepHas)
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GrikHenonbHas | | nucpakMoHHO orpaHYeHHas

Puc.1. YcnoBhas xmaccupukanust ONTUYECKOW MaMATu. Pasrpanundenue eé
TUIIOB HE a0COJIIOTHO: MOHATHUS MOCTPAHUYHON U TOJIOrpapUUecKOr MaMsaTu
94acTO BOCIPHHUMAIOTCS KaK CHHOHUMBI, HO royorpaduyeckas no ¢usmye-
CKOMY MEXaHU3MY NaMATb MOXET ObIThb U MOOUTOBOI (MHKpPOTOJIOTPAMMBI);
OOBIYHO paccMaTpuBaeTcsi €€ 00bEMHAsI peanu3alysi, HO OHa MOXET OBITh U
MIOBEPXHOCTHOM, U JaXke KBa3MOAHOMEPHOH (crupaibHble ronorpammsl). [loa
4-MepHOCTBIO TOHMMAETCA J00aBI€HUE K TPEM MPOCTPAHCTBEHHBIM H3MEpe-
HUSAM (00BEMY) emé OqHOT0, HAMpUMEpP CHEKTPATBLHOTO (TIpUMEp — CPenbl ¢
BBDKUT'AHUEM CIIEKTPAJIbHBIX [IPOBAJIOB).

OpnHUM U3 BaXXHBIX CPECTB MOBBIIMIEHHUS MNIOTHOCTH 3aIICH HHpOpMAUn
sBnsieTcs 3¢ exTuBHOE MCTIONb30BaHIEe 00bEMa, KOTOPOE TPeOyeT CeNeKTUBHO-
ro oOpaleHus K XpaHsmencs: B Heil nH(pOopMaIy; IPU STOM MOTYT IPUMEHSTh-
Csl, B YaCTHOCTH, CJIEIYIOIIHNE CIIOCOOBI (PU3HUECKOM aipecaliiu:

e (okycHpoBKa 1o riryoune (puc. 2)

e '"neyxdotonHas" agpecarus (puc. 3)

® UCIOJIb30BaHUE CIIEKTPAIbHOM CENEKTUBHOCTH MaTepuaia (puc. 4)

® JICIIOJIb30BaHME OPITTOBCKOM YTIIOBON/CIEKTPAIBHOM CEIEKTUBHOCTH 00b-
€MHOI rosiorpamMmsl (puc. 5)



Puc.2. ®okycupoBKka nmyyka B TOYKE aJpecalliy: B CBETOBOM IMy4OK MOMAaJIaeT
Oonpas 06JIacTh MaTepuana ¢ Xpassieiics B HEM uHpopMalyeil, Ho Hanbomee
3¢ (EeKTUBHO B3aMMOJICHCTBHE CBETA C BEIECTBOM B OOJIACTH NEPETSIKKH; JIOKa-
JU3alusl yCUIIMBAETCS IPU MHOTOKBAHTOBOM XapaKTepe B3aUMOACHCTBHS

Puc.3. Ilpunnun AByx(oTOHHOI agpecanuu B 00bEMHON Cpejie: OJUH U3 CBETO-
BBIX IYYKOB BBIJICIISIET CIIOW Matepuaia, Ipyroi — TOUKy B 3TOM CJIO€; IPOUCXO-
AT oOparieHue (3amuch WM YTEHHE) K TOYKE, Ha KOTOPYIO IYyYKH JEHCTBYIOT
OJIHOBPEMEHHO, TO €CTh B KOTOPOM OHM TiepeceKkaroTcs. Takoi MexaHu3M ajpeca-
U TPEyCMOTPEH, HAampuMep, sl paboThl ¢ MHOTOCIOWHBIMU ()IIyOpeCICHT-
HBIMU AucKaMu. Bo3MOXXHO Takke HE ONTHYECKOE, a DIEKTPUUECKOEe BBIJEICHUE
CJI0€B C MPUMEHEHUEM DJIEKTPOXPOMHBIX (MEHSIOIINX CBOU ONTHYECKUE CBOMCTBA
— MPOMYyCKaHWE, OTPAXKEHUE — MPU MPUIOKEHUN HAMPSHKEHUS) MaTEPUANIOB, Ta-
KHX KaK OKCHJ] BoJib(hpama.
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Puc.4. Peanuzauus cOOCTBEHHON CHEKTPAJbHOH CeJIeKTHBHOCTH MaTepuasa
JUISL ONITUYECKOM MaMsITH 3a CYET BBDKUTAHUS CTA0OMIIbHBIX CIIEKTPAJIbHBIX MPOBA-
noB (persistent spectral hole burning). ITpu Bo3meHCTBHUU Y3KOTIOJIOCHOTO JIa3ep-
HOT'O W3JIY4EHHUs Ha CIIEKTp aHcamOJsi MOJIEKYJ, HEOJHOPOAHO YIIMPEHHBIH 10
1TT— 10 TT'a u3-3a B3aMMOJICHCTBUS CO CPEION MPU HEIKBUBAIIEHTHOCTH Pa3-
JMYHBIX MPOCTPAHCTBEHHBIX JIOKAJIU3ALUMH, CENIEKTUBHO BO30YKIAIOTCS IMOJAH-
camM0JI1 MOJIEKYJI, MOTJIOMIAIOIIMX Y3KOMOJIOCHOE BO30YKIatollee U3Iy4eHue, Ta-
KHM 00pa3oM U3 HIMPOKOro crekTpa uszbimarorcs y3kue (100 ') momockr.
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Puc.5. MynbTunnekcupoBaHue rojiorpamMm: yrioBas M CBsI3aHHAsi C HEH CIEK-
TpaJlbHasl CEJIEKTUBHOCTD, MIPUCYIINE 00bEMHOM rojlorpaMMe, O3BOJISAIOT peallu-
30BaTh paseNbHOE oOpalleHrne K pa3iudHbIM OJIokaM HWH(OpMammu, 3ammcaH-
HBIM B OJTHOM 00BEME Cpe/ibl B BUJIE HAJIOKECHHBIX TOJIOTPAMM, CUUTHIBAs €€ 10J1
pasHBIMH YIJIaMH WM CBETOM C pPa3HBIMH JJIMHAMHU BOJIH (YIJIOBOE WIIM CIIEK-
TpaJbHOE MYJIbTUIUIEKCUPOBAHUE).

B pasnmenax 3Toro mocoOus, KacaroIUXCs ONTHYECKOW HaMsaTd, OyIyT
KpaTKo paccMOTPeHbI (PU3NUECKHEe MPUHIUIBI XpaHEHUsT HHPOpPMAIUK B HEro-



aorpa¢udeckux (IOOMTOBBIX) ONTUYECKUX ChEMHBIX HOCHUTENAX (IHUCKax), 3a-
TeM roJjiorpaguuecKre CUCTeMbl U HeOOXOIUMBIE 711 HUX 00BEMHBIE CBETOUYB-
CTBUTEJIbHBIC MaTEPUAIIbI.



ApXI/IBHaﬂ onTnyeckasa NnamAaATb, onTu4yeCcKkne ANCKMN

Haubonee pannuii popmar ONTHYECKUX AUCKOB, OCHOBAHHBIN Ha MaTEHTaX
IaBuna I'perra (D.P. Gregg) 1961 u 1969 rr, 6611 ananoroseiM. [lepBsbiii Bapu-
aHT, n300peTéHubiii B 1958 r., pabotan B mpomyckatoniem pexume, B 1969 r.
NosIBIIIMCH oTpaxkaTenbhbie Aucku (Philips). B 1978 r. onTudeckue nucku ¢ Bu-
Jeo3anuchio BhIITM Ha pbIHOK (cHadanma CUIA, motom SAnonmmm u IFOro-
Boctounoif A3un) u oCTaBaJIMCh TaM IOJI PA3JIMYHBIMM TOPrOBBIMU HA3BaHUS-
Mu, Hanbosiee M3BECTHBIM M3 KoTophix Obuto "Laserdisc", mo 2000-2001 rr,
KOHKYpHpPYsI BHaYaJle ¢ MarHUTHOM 3alMChIO (BUAEOKACCETHI), a 3aTeM ¢ Ludpo-
Boil ontuueckoir (CD, DVD). JlazepHble qucku OblIu OJIM3KM IO pasmepy K
rpaMIUIaCTUHKaM (BUHMJIOBBIM JMCKaM), BMellass npuMepHo 1no 30 MUHYT BU-
JIC03aIUCH C KaXKAO0M CTOPOHBI. J[jisl cCUMThIBaHUS ¢ HUX MH(POPMALUU UCIIOJb-
30BaJIUCh CHAYaJla TeIUi-HEOHOBBIE, a M03Ke TUOJHbIE JIa3ephl.

CoBpeMeHHBIN 3Tan Pa3BUTHS ONTHYECKON JAUCKOBOM MaMATH CBSI3aH C
muppoeiMu  auckamu: DVD m Blu Ray wumeror cBowMm mnpsMbeIM  pojo-
HavYaIbHUKOM "KommakT-auck" (compact-disc, CD); HeCKoJbKO B CTOpOHE Ha-
XOJSITCSL MEHEe paclpocTpaHEHHbIE MarHuToontuueckue aucku. Kommakt-
JUCKH ObUTH pa3paboTaHbl KAK HOCUTENH MY3BIKAJIbHBIX 3aMCEH IPUMEPHO Ya-
cooii mmurensHocT (CD-DA — "digital audio" , Philips u Sony, 1979-1981). C
1985 1. mog00HBIE TUCKH CTAJIA MCIIONH30BATHCS IS XPAaHEHHS KOMITBIOTEPHOM
nHpopmManuu (IporpaMMebl, 0a3bl JaHHBIX, U T.J.). BHauane Obun co3manbl uc-
K1, Ha KOTOpbIe MH(OPMAIUs HAHOCUJIACh ITPU U3TOTOBJIEHUH 0€3 BO3MOXKHOCTH
e€ ctupanus wuin nepesanucu (CD-ROM), nanee Oblna TOCTHTHYTa BO3MOXK-
HOCTh TIOJIB30BATEIbCKON 3amucH HHQPOpMAIUMU: OJHOKpaTHOM (recordable —
CD-R, 1990r.) mnmm MHOTOKpaTHOH, CO CTHpaHWEM (Ha OCHOBE MAarHHTO-
onrryeckoro Mmexanuszma B CD-MO, 1988 r. u u3amenenus: (pazoBoro COCTOSTHUS
B '"mepe3anuceiBaeMbix", rewritable, CD-RW, 1997 r.). Benen 3a CD mosiBu-
JIMCh, TAK)KE B MOAU(DUKALIUAX C 3aBOACKON 3aITUChI0 MHPOPMALIUU U C BOZMOXK-
HOCTBIO OJTHO- U MHOTOKPAaTHOM TOJb30BaTENbCKOM 3amucu, qucku DVD (BHa-
yane cokpamienue ot Digital Video Disc, 3atem Digital Versatile Disc), Bme-
HIAI0LIME HECKOJIBKO YacOB BUJEO03aICH, cxkaTol 1o nporokony MPEG2, u na-
nee mucku Blu Ray (BR), ubs nH(DOpManmmonHas €MKOCTh JOCTaTOYHA JJIST BU-
Jeo BIcoKoro paspemenus. Ckopoctu cunthiBanus napopmarmu ¢ CD noctu-
ratot 88 Mour/c, c DVD — 259 Mout/c, ¢ Blu Ray — 432 M6ur/c. ®opmarts! on-
TUYECKUX JUCKOB CTaHJAPTU3MPOBAHBI U OIUCAHBI B TAK HA3BIBAEMBIX ''palykK-
HbIX KHUrax" (Rainbow books).

KoHcTpyKuusi onTHYeCKUX AMCKOB H MEXaHU3MBbI 3aNIHCH HH(POPMALHH



OcnoBy ontuueckux nuckoB CD, DVD, Blu Ray cocraBnsier cioii monu-
Mepa ONTHUYECKOTO KauecTBa (MOJMKapOOHAT), HA KOTOPbI HaHECEH MeTaJuTu-
YECKHUI OTpakarolUi CJIOW; CUMTHIBAIOIIMM JTyd ja3epa MPOXOJUT Yepe3 Mare-
puall TOJUIOKKHA W OTpakaeTcsi oT meraiuia. MHpopmaius 3amnuchiBaeTcst OT
[EHTpa MCKA BAOJIb CIUPATBLHON (MM ONM3KON K CIUPAIbHON) TOPOKKH B BU-
JIe YepeIyIOIIMXCsl YyYaCTKOB C BBICOKOM M HU3KOW OTpaKaTeJIbHOM CIOCOOHO-
CTBIO; TIPY CYUTHIBAHUN UH(POPMAIIMH TIEPEXO0JT OT BHICOKOTO YPOBHS MHTEHCHB-
HOCTH OTPaXEHHOT'O CBETAa K HU3KOMY WJIM HA00OPOT BOCHPUHUMAETCS CUHTHI-
BalOIEl CUCTEMOM Kak JIorMueckas elIWHMIA. TUNUYHBIA JTUaMeTp IHUCKOB —
120 MM, TommuHa 1.2 MM.

OtpaxarenbHbli cI0H AUCKOB, HA KOTOpble MH(pOPMAalLKs HAaHOCUTCS 3a-
BojickuM criocobom (CD-, DVD-, BR-ROM — Read Only Memory), numeeT pac-
MOJIO’KEHHBIE BJOJb CIUPAIBbHON JAOPOXKKHU YIIIyOJIEHUS Pa3iMdHON JIMHBI —
nuThl (pits), MPU OTPa’KEHUM OT JIHA KOTOPBIX CBET UCIHBITHIBACT JAECTPYKTUB-
HYI0 MHTEP(QEPEHIIHIO, MO3TOMY OHU BOCIPUHUMAIOTCSI CUMTHIBAIOIICH CHCTe-
MO KaK TEMHBIE y4acTKu (puc. 6).

-
- 8 Tae -
Puc.6. Mukpodotorpadpus yugactka CD-ROM, cnenanHas B OTpak€HHOM

cBeTe (KOH(OKaNbHBIN CKaHUpYIOMMA MUKpockon Zeiss LSM-710).

Nsrorosnenue takux nauckoB Ha npumepe CD-ROM Bkirodaer ciemyto-
IIM€ FTaIbL:
1. 3anuch mMactep-aucka Ha GOTOpe3nucTe
2. W3rOTOBJECHHE HMKeNeBOW mpecc-popMbl (Tak ke Jesaid U BUHUIOBBIE
JIMCKH)
3. cymika rpaHy’ nmoaukapOoOHaTa CrienualbHON JIUTHEBOW MapKH
MJIaBJieHre rpa”ys npu temneparype okoiso 300°C
5. nuTh€ AMCKA U3 MOJIMMEPHOro paciuiaBa B mpecc-(opMme I0J JaBICHHEM
(injection molding)

=
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6. oxXJIaxIcHUE

7. W3BJIEYEHHE MOJMMEPHOIo Jucka U3 (opMbl (B pealbHOCTH OH BbIOPACHI-
BaeTcst U3 (opMbI emé MIATKMM U TBEpPJEET, OCThIBasl B CTOINKE TAKUX JKe,
Kak oH, "0imHOB")

8. HaHEeCeHHue OTPaxkaTeIbHOTO CJI0s Ha pesibe(hHYI0 CTOPOHY JTUCKA

9. HaHeceHMe NTOKPOBHOIO (3aLIUTHOIO0) CJIO0s Ha OTpa)aTeJbHbIi, €ro OTBEp-
xKaeHue (hoTomnonuMepusanuen

10. meyats n300paskeHusI HA IOKPOBHOM CJIO€, YIIaKOBKa

KayecTBO IHMCKOB CHJIBHO 3aBHCUT OT BBIIEPKMBAHUS ONTHMAJIbHBIX pe-
KHMOB IIPECCOBAHUS (JUIMTEIBHOCTh 3TAlOB, TEMIIEPATYPhl PA3IMYHBIX YacTel
JUTHEBOM MalIMHBI U (HOPMBI), KOTOPBIE BBIOMPAIOTCS JUIsl KaXKAOH MapTHU MO-
auMepa.

Ecnu yncno mHGOpMalMOHHBIX CIOEB B M3rOTABIMBAEMOM JAMCKE Ipe-
BBIIIAET OJWH, COOTBETCTBEHHO IOBTOPSIETCS IMpOILElypa HAaHECEHUS OTpaka-
TEIBHOTO CJIOSI U TOKPBITHUS; sl ABycTopoHHero DVD nmoGasrnsiercst ckiienBa-
HHE JIBYX JTUCKOB TONIMHON 0.6 MM OTpakaTelbHBIMM CIOSMU BHYTPb, IS OJ1-
HOCTOPOHHETO — OTIITAMIIOBaHHbIN JUCK ¢ MH()OPMAIIMOHHBIM CJIOEM CKJIEHBa-
eTcs ¢ AMCKOM M3 mojukapOoHata. Eciu usroraBiuBaercst "3amuchiBaeMbli"
JCK, TO MOJI OTpa)kaTeIbHbII HAHOCUTCS CBETOUYBCTBUTEJIBHBIN CIIOW U3 Oopra-
HUYECKOI0 KpacuTels WIN METAITIMYECKOro CIUIaBa, a BIIeYaThIBAEMBbIil pebed
COJICPXKUT HAIIPABIISAIONIYIO JOPOXKKY M MUTHI CIIy’KeOHOM MH(OpMaluy, B 3aBU-
CHUMOCTH OT THUIIA JJUCKA.

K TepMomniacTH4YHBIM MOJMMEPHBIM MaTepHajaM, U3 KOTOPbIX U3rOTaBJIMBAIOT-
csl 1M(poBbIE ONTUYECKUE AUCKH, IPEABSABISIOTCS OUYEHb KECTKUE TPEOOBAHUSA:
® TIPO3PAYHOCTD
® H30TPOITHOCTh
® CTa0MJIBHOCTh MEXaHUUYECKUX U ONTHUYECKUX CBOWCTB
® OJHOPOIHOCTh MEXaHWYECKHUX M ONITUYECKUX CBOMCTB
® YCTOWYMBOCTH K MEXaHUYECKHUM, TEIJIOBBIM, CBETOBBIM BO3JEHCTBUAM

TpeboBanus yxectowarorcs npu nepexoge or CD k DVD u nanee x
Blu Ray; nocnenoBarenpHoe m3MeHeHHe (HOpPMATOB JMCKOB TpeOOBAJO paspa-
OOTKHU HE TOJIBKO HOBBIX MOJIYIPOBOJHUKOBBIX J1a3€pHBIX HICTOUHUKOB, HO M HO-
BBIX MapoOK IMOJIMKapOOHATa, CIIOCOOHBIX K OBICTPOMY (POPMHUPOBAHUIO OITHYE-
CKM OJHOPOAHBIX IUIACTMH ©€3 3aMEeTHBIX OCTAaTOYHBIX HAIPSKEHUH,
YpeBaThIX ONTHYECKOW aHM30Tpomnuen (nBynyudenpenomienuem). Ilporpecc B
HOJMMEPHOH ONTHKE BO MHOTOM OOYCJIOBJIEH Pa3BUTHEM TEXHOJOTHH XPAHEHUs

I/IH(bOpMaL[I/II/I B OIITHYCCKUX JHUCKAX.
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Jluckn, NpCAHAa3HAYCHHBIC AJIA 3allMCU I/IH(l)OpMaHI/II/I IOJIb30BAaTCJICEM

Jlucky, KOHCTPYKLHSA KOTOPBIX MPENyCMaTPUBAET BO3MOKHOCTD I0JIb30-
BaTEIbCKOW 3amucu HMH(OpMAIMK, WUMEIOT CHUPATBHYI0 HANpaBISIONIYIO J10-
POXKy, (hopMa KOTOpOW MPOMOAYIMPOBAHA BOJHON C MOCTOSIHHOW WIIM TIepe-
MeHHOM yacToToi (wobbling frequency) u ammummrynoi ~ 30 am. IIpocTpancr-
BEHHAas MOJYJSLUS CIUPAId HCIOJIb3YETCS Uil CUHXPOHM3ALMH CKOPOCTH
BpAalllCHUs JIMCKA M 3aMUCHU CIIyXeOHON MH(pOpMalMi B HEKOTOPHIX BapHaHTax
nvckoB, HanpuMep, B CD-R u CD-RW. B auckax ¢ BO3MOXKHOCTBIO OJTHOKPAT-
HOM 3alucy MEXIy MOJJIOKKON M OTpakaTeJIbHbIM CJIIOEM PACIOJIOKEH TOHKUM
CJIOI KpacHTesi, MPO3pavyHOCTh KOTOPOTO HEOOpaTUMO MEHSETCS B Pe3ysbTaTe
norJouieHus: c(OKYCUPOBAHHOTO H3JIyYEHHUs 3alHCHIBAIONIETO Ja3epa; Hh3Me-
HEHHBIA MUKPOCKOITMYCCKUH Y4aCTOK BBIMOIHAET QyHKIMHU muTa (puc. 7). Bos-
MOJKHA 3amMCch HHGOPMAIUK Ha INUCK KaK 3a OMH, TaK ¥ 32 HECKOJIBKO CEaHCOB.
@ailioBble CUCTEMBbI, UCIIOJIb3YEMbIE ISl 3aMUCU MH(GOPMALIUKA HA ONTUYECKUX
JIMCKaX U MarHUTHBIX HAKOIUTENSX, PA3INYAOTCS.

OT CBOMCTB HCIOJIb3YEMbIX KpacuTeJe 3aBUCAT HEOOX0AUMAs AJIs 3aru-
CH ¥ CUMTHIBAaHUS MHPOPMALIMU MOITHOCTb JIa3epa, CKOPOCTh M HAAEKHOCTD I1e-
penayu uHOpPMAIHMU, [UTUTETLHOCTD €€ XpaHeHHs, HEOOXOIMMOCTD 3aIlIUThI 3a-
nucei oT cBera M terwia. [Ipou3BoauTenu 1MCKOB BHEAPUIN Pa3IUYHbIE CBETO-
YYBCTBHUTEJILHBIE KPACUTENH, U3 KOTOPHIX HanboJIee N3BECTHBI:

e I[MaHUHOBBIE (CTapble HU3KOCKOpocTHhIe CD 3enénoro 1sera), ux HepoCTa-
TOK — YyBCTBUTEJIBHOCTb K Y ® n3myueHuto

® a30KpacuTesu (CUHUE)

e (ranounanuHOBBIE (KENTHIE), OJU3KHE POJICTBEHHUKU UIPAIOIIUX OOJIBIIYIO
OHMOJIOTUYECKYIO pOJib TOPGUPHUHOB, HaNOOJIee CBETOUYBCTBUTENIBHBI U MPU-
TOAHBI 711 CKOPOCTHOM 3ammucH, CTOMKHU K Y D

W3menenne paboueil JUIMHBI BOJHBI U CKOPOCTEH 3allMCH TPH MEPEexXojie
or CD k DVD 3acraBuin KCHosib30BaTh MOAU(PUIUPOBAHHBIE KPACUTEIH —
A301lMaHUHBI, [IMAHUHBI, XEJIaThl METAJUIOB.
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Puc. 7. Mukpodororpaduu ¢pparMeHTOB IBYX pasnudHbix nuckoB CD-R, na
KOTOPBIX BHJHBI 00pa30BaBIIMECS MPH 3alKMCHU YYaCTKH C M3MEHEHHOU MpO-
3pavyHOCTHIO (TTUTHI), CIIETYOIIHE BIOJIb HAPABISIONIHX JOPOXKEK.

Hucku DVD ¢ BO3MOXKHOCTBIO OJTHOKPATHOU 3amicH HHPOPMAIUH CyIIe-
cTBy10T B Bapuantax DVD-R u DVD+R, nosiBuBmuxcst coorBeTcTBeHHO B 1997
u 2002 rr.; pa3nuure MeXJI1y HUMH COCTOMT B ToM, uTo DVD+R ucnonssyror,
nono6Ho CD-R, wactoTHyto Moayssiiuio 10poxku, a B DVD-R wacrota moay-
JSIMK CHOMPAJIIBHOM JOPOXKKH IOCTOSTHHA U aJipecalysi JIa3epHOro Jyda Oocylle-
CTBJISIETCSI C NOMOIIbIO BIIEYATAaHHBIX IPHU HM3TOTOBJIEHUU MEXKAY IOPOKKaAMHU
nutoB; B DVD+R npumensiercs 6onee Hanéxnas oopaboTka omnbok. Konky-
penuus Gopmaros +R 1 —R npuBena He K BHITECHEHUIO KaKOT0-TM00 U3 HUX, a K
UX MHUPHOMY COCYIIECTBOBaHMIO; COBPEMEHHbIE aIapaTHbIe M MPOrpaMMHbIE
cpeacTBa cnocoOHbI paboTaTh ¢ 00ouMHU opMaTaMu.

JucK ¢ BO3MOXXHOCTBIO MHOTOKPATHOW 3alycH 3a CYET M3MeHeHHs (a30oBOro
COCTOSIHUSI UHPOPMALIMOHHOTO CJI0sI

B muckax CD-RW, DVD+/-RW, DVD-RAM, UDO (Ultra Density Opti-
cal), BR-RE, gomyckaromux BO3MOKHOCTh MHOTOKPATHOHM 3aIIICH U CTHUPAHUS
UH(pOpMaIIKK 3a CUYET U3MEHEHHUs (Ha30BOr0 COCTOSIHUS UH(OPMAIIMOHHOTO CJIOSI
(phase-change), Moaynsiisi HHTEHCUBHOCTH OTPa)XEHHOTO CBeTa obecreunBa-
€TCSI Pa3IMuUeM TPO3PAYHOCTH B aMOP(PHOM U KPUCTAJUIMIECKOM COCTOSIHHUSX
PAaCIONIOKEHHOTO TIepe]] 3epKaJbHBIM clioeM cliokHoro crutaBa (AglnSbTe,
GeSbTe, GeSbTeN, GeSnSbTe, GeBiSbTe, GeBiTe wim GelnSbTe). ®azosbie
Mepexo/Ipl MPOUCXOAAT 3a BpeMs nopsiaka 10 He Onaromaps J0KaabHOMY pas3o-
rpeBy Matepuana c(OKyCUpOBaHHBIM Ja3epHbiM myukoMm (Puc. 8):

- 3alUCh: PA30rpeB Ja3epHbIM ITyYKOM BBIIIE TEMIIEPATyphl IUIABICHUS
(600°C) u ObICTpOE OXJIAXKACHHUE A0 TEeMIepaTyp, MPU KOTOPbIX KPUCTAILIU-
3alusl HE YCIEeBAaeT MPOU30MTH M CIUIaB OCTAETCS aMOP(PHBIM B TCUCHHE
O4YCHb JUTUTETLHOTO BPEMEHH (108-109 c);
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- CTUpaHHE: Pa30rPeB HUKE TeMIEepaTyphl MJIABJIEHUS, HO BBIIIE TEMIIEpaTy-
psl (200°C), mpu KOTOPOH KHHETUYECKH BO3MOXKHO (HOPMUPOBAHHE MHKPO-
KpHUCTAJLJIOB, 3aT€M OXJIaXKIEHUE.

TemnepaTypa nnasnexns ~600°C Temnepartypa nnasnexus ~600°C

Temnepatypa kpuctannusauumu ~200°C Temnepartypa Kpuctangusauum ~200°C

Bpemst nMnynbC CTUpaHna Bpem4a

nvnynbc 3anmcu

Puc.8. Ilpunuun 3anucu (cieBa) u ctupaHus (crnpasa) HHGOPMaLMK Ha OCHOBE
U3MEeHEeHHs1 (pa30BOr0 COCTOSIHUS MH(POPMALMOHHOIO CJIOs Ha JIMCKaxX € BO3-
MOKHOCTBIO TIepe3anucu

CyuiecTByrolue CTaHAApThl MPEAYCMATPUBAIOT BO3MOKHOCTh Kak I10JI-
HOTO CTUpaHUs MHPOPMAIUU C IUCKA C MOCIIEAYIONIEeN Mepe3annchlo, TaKk U 13-
MEHEHHUs OTACNbHBIX (paiiiioB mim rpymnn (aiiaos (MTakeTHas 3aIKCh).

[IpuMeHstoTCS HECKONBKO BapuaHTOB DVD ¢ BO3MOXHOCTBIO MHOTIO-
KpaTHOM 3aluCH Ha OCHOBE M3MEHEHHs ()a30BOr0 COCTOSHUS WH(POPMAIIMOHHO-
ro cnosi: DVD+/-RW 1no1006HbI 10 OpraHu3anuyd COOTBETCTBYIOLIUM JHCKaM C
onHoKkpaTHOH 3amuchio (B DVD+RW wucnonssyercs (a3oBas, a He 4acToTHas,
MoxayJisinus Gopmbl opoxkn), Ho DVD-RAM 3ameTHO oTnuvaroTcs OT HUX.
[Tpun m3rotoBnennn auckoB DVD-RAM Ha HEMX HaHOCHTCS (UKCHpOBaHHAS
pa3MeTKa Ha CeKTOphI B BHJAE yriryOneHuid, noqooHsix muram DVD-ROM; 3a-
MHUCh OCYLIECTBISIETCA BJOJIb KOHUEHTPUUYECKUX OPOKEK, a HE CIHUPAJIBHOM,
KaK Ha BCEX OCTAJBHBIX ONTUYECKHX AUCKaX. HecMOTps Ha MAEHTUYHOCTDH (u-
3MYECKUX NMPUHLIMIIOB 3anmucu uHpopmauuu Ha RW-nucku u DVD-RAM, no-
ciennue pomyckaioT B 100 pa3 6ombire nukioB nepezamucu — 10 100000.

MarHuTo-onTHYeCKHe TUCKH

Ha HeckoibKo JIeT paHbllie, YeM 3aMuch 3a CUET U3MEHEeHHs! (ha30BOTO CO-
CTOSTHHSI, OBUT peaqn30BaH Ipyroi crmocod MHOTOKPATHOM 3amucy HHPOpPMAIIN
Ha JIUCKH C MCIIOJIb30BAaHUEM CBETAa — MarHUTOONTUYECKUH, UCIIOJIb30BAHHBIN B
kommakT-auckax CD-MO, munnguckax (MD). Kak u npu 3anucu 3a c4€r u3me-
HeHUs (a30BOT0 COCTOSIHMSI, CBET 3alMCHIBAIOUIETO Jia3epa HCIOIb3yeTCs s
JIOKaJIbHOI'O HarpeBaHUs MH(OPMAIMOHHOIO CJIOs, COCTOSAIIEro U3 ¢eppomar-
HuTHOro marepuana. Ilpu Temneparype Bbime Touku Kropu (200-300°C) Bo
BHEIITHEM MAarHUTHOM II0JI€ MTPOUCXOIUT U3MEHEHUE HANpaBJeHHs] BEKTOpa Ha-
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MarHM4eHHOCTH JOMEHOB paszorperoil oOmactu. CuuTbiBaHME HH(OpMaAIUH
OCYIIECTBIISIETCSI C HCIOJIb30BAHUEM MarHuto-onthueckoro s¢dekra Keppa
(M3MEHEHUS MOJIIPU3AIMU CBETA MPH OTPAKEHHH OT HaMarHWYEHHOW TMOBEpX-
HOCTH). MarHuTO-ONTHYECKUE JUCKU UCIONB3YIOT Te ke (paiioBble CHCTEMBI,
YTO M HAKOMUTENU Ha KECTKUX MarHUTHBIX AUCKaxX. Kak B MAarHUTO-ONTUYECKUX
JIMCKaxX, Tak M B JIUCKAaxX C 3alUCHI0 32 CYET M3MEHEHUs (ha30BOTO COCTOSHHS
UH(pOPMaLIUS 3aIMCHIBACTCS NPU CHIBHOM JIOKAJILHOM Pa3orpeBe, a MpHu ropas-
1o Oonee HU3KUX TEMIIEpaTypax XpaHEHHs W JKCIUTyaTalliyd MPaKTHYSCKH He
HOJBEpIKEHA JIerpaaluy, OJHAKO MHOTOKPATHBIE JIOKAIbHbBIC Ie(h)OPMALUH, UC-
IBITBIBAEMBIC CBETOYYBCTBUTCJIbHBIM CIIJIABOM IIPpU HNEPCKpUCTATIIIU3AlUA, PaA3-
PYLIAIOT MaTepuall ¥ CHIBHO COKPAINAIOT JOCTIKMMOE YHCIIO IMKIIOB Iepe3a-
MHCH.

B crenyromeit tabmuie (tabm. 1) cpaBHMBArOTCS OCHOBHBIE CBOMCTBA
MarHUTOONTUYECKOHN 3alUCH ¥ 3aIKCH 33 CUET U3MEHEHUs (Da30BOTO COCTOSHUS
(phase-change):

Ta6n.1. CpaBHeHHE MEXaHU3MOB 3allMCH HAa ONTHYECKUX JHCKaX, JOIYCKaro-
IIUX Tepe3anuch: MarHUTO-ONTHYECKOTO U OCHOBAHHOI'O Ha M3MEHEeHHH (azo-
BOTO coctosiHus (phase-change)

MarHUTOOIITHKA phase-change
MEXaHM3M 3a- | W3MEHEHHUe BEKTopa Ha- nepexo.l Mexry aMop(HBIM H
HHCH MarHM4eHHOCTHU KPHUCTAJUIMYECKUM COCTOSTHUSIMU
pOJIb CBETA JIOKAJILHBIN pa3orpes

N3MCHCHHUEC HWHTCHCHBHOCTHU OT-
HU3MCHCHHC IIOJIIPpU3alluA pa)KéHHOFO CBCTa M3-3a pasjiu-

MEXaHU3M oTpaxk€HHOTO cBeTa 3a | uus KodhduuumeHToB mnpormyc-
CUHTHIBAHUS CYET MarHUTOONITHYECKO- | KaHHUS MH()OPMALMOHHOTO CIIOS

ro a¢dekra Keppa B KPHUCTAJUIMYECKOM U amopd-

HOM COCTOSIHUSX
XapaKTepHbIe touka Kropu (200- ~600°C — mraBieHue
temneparypsl | 300°C) ~200°C — KpHCTaIU3aALMS
3

YHCIIO0 IIUKJIOB 10° 10" (CD-RW)
Tepesarucy 10° (DVD-RAM)

IToBbllIeHHE IJIOTHOCTH 3aIUCH I/IH(l)OpMaIlI/II/I Ha KOMIIAKT-IUCKax

EcTtecTBeHHBIN npeacia I/IH(i)OpMaHI/IOHHOI‘/’I €MKOCTH OINTHYECKUX ITHUCKOB
YCTaHaBJIMBACT BOJIHOBAs OIITUKA: J3JICMCHT, CUMTHIBAEMBII/3aIIUCHIBAEMBINA C
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MOMOIIBIO TU(QPAKIIMOHHO OTPAHUYCHHOM ONTHUKU, HE MOXKET UMETh Pa3Mephl B
(oKanbHON MIIOCKOCTH 3HAYMTEIBHO MEHBIIE AuamMeTpa TUPPaKIHMOHHOTO IIST-
Ha, UM Kpyxka Opu, d = 1.22A/A, rae A =n-sin® — yucnoBas aneprypa (n —
nokaszareib MpeNoMIIeHHs, ® — MaKCUMaJIbHBIA yroJl MaJCHUS CBETOBBIX Y-
4eif); pealbHbIM IPEAeSIOM pa3pelieHusl BIsSeTCsS MOJI0BUHA JUaMeTpa KPyKKa
Opu. MOXKHO MOBBICHTH TUIOTHOCTh XpaHEHUs] HH(DOpMAIUK, YMEHbIIAs UTHHY
BOJIHBI 3aIMCHIBAIOIIErO/CUATHIBAIONIETO CBETA WM YBEJIWYHMBAS YHUCIOBYIO
amnepTypy ONTHYECKOW CHCTEMBI, MM UCTOIb3Ysl HECKOIBKO HH(DOPMAITMOHHBIX
U OTPa)KaTEJIbHBIX CJIOEB, JOCTYN K KOTOPBIM OCYIIECTBISETCS KaK C OJHOM
CTOPOHBI JMCKa (4Yepe3 MEepBbIi MOIYNpPO3payHbIi CIIOW K JIeXkAleMy O]l HUM
BTOPOMY), TaK M C Pa3HBIX CTOPOH. B 3THX HampaBiIeHHUSX U pa3BUBAIHCH Gop-
MaThl onTHYecKkux 1udpoBbix nuckoB oT CD k Blu Ray, uro wimoctpupyertcs
tabu. 2. Kpome cymectByromux CD, DVD u Blu Ray, B TaGnuie npeacraBieH
u HD DVD (or High Definition, wim High Density, DVD), noGexnéHHbIi B
"BoitHe opmaToB" ¢ Blu Ray.

Ta6xn.2. DBomonus mapamMeTpoB MU(PPOBBIX ONTUYECKUX AMCKOB: pabodast 1Tu-
Ha BOJIHBI, YMCJIOBas anepTypa, pa3Mepsl, HHPpOpMamoHHas EMKOCTh

TUI JUCKA CD DVD HD DVD Blu Ray
TOJIbI MPUMEHEHUS c 1981 ¢ 1996-99 | 2006-2008 ¢ 2006
JUTMHA BOJHEI, HM 780 635, 650 405 405
YHUCIIOBad anepTypa 0.45 0.6 0.65 0. 85
ZHMAMETP KPYKKa SpH, 2.1 13 0.76 0.6
MKM

mar JOpO>XKKu, MKM 1.6 0.74 0.32
MHUHUMAaJbHAS JJIMHA H- 0.8 04 0.13
Ta, MKM

nH(opMaIoHHas EM- 0.65 —

KOCTb, ['0aiiT Ha cmoii (0.99) 47 15 2
YHCIO CI0EB 1 1 umm 2 1 nm 2 1 nim 2
YHUCJIO CTOPOH 1 1 nnm 2 1 v 2 1 v 2
IUIOTHOCTH MH(OpMAaIuy, 0.6-(0.9) 4 13 2

OUT/MKM® Ha CJION

2 gaca BUJIEO
1-1.5 gaca
MeIHa-BMECTUMOCTD ay o 2 yaca BHIEO BBICOKOTO pa3-
o peleHus

EJ’II/IHa BOJIHBI

CogepiiencTBoBaHue ontuueckux auckoB o CD k DVD mpoxoaumno c
MOYTH JIBYKPAaTHBIM YMEHBUIEHUEM JUIMHBI BOJHBI HCIIOIb3YEMOI'O CBETA, OT
ommxaero MK muanma3zoHa kK caMoil TpaHHIE MEXIy BHAUMBIM U Y@ nuamazo-
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HaMM, KOTOPOE CTaJI0 BO3MOXKHBIM OJiarofiapsi Iporpeccy B JIa3epHON TEXHUKE U
06eCrednIo yBeTHIeHne IIOTHOCTH XpaneHus nadopmamuy B (780/405)*~3.7
pa3a. MbBICIUMBI, HO MTOKa HE pealn30BaHbl U3-3a CIIOKHOCTEH C JlazepaMu, Ipo-
3payHbIMA B COOTBETCTBYIOIIEH CHEKTPAIbHON 00JIACTH ONTHYECKUMHU Mate-
puaraMu yMEHbIIIEHUE JJIMHBI BOJHBI enI€ B IBa pasa, A0 IPAaHHIIBI BAKyyMHOTO
Y@ (200 HM), ¥ COOTBETCTBYIOLUHN YETHIPEXKPATHBIM POCT TJIOTHOCTHU 3aIUCH.
Ho ecnu ucnonb3oBate B nuckax, nogooHsix CD, Hampumep, peHTTEHOBCKOE
U3Iy4yeHUe ¢ JUIMHOM BOJHBI MOpsiiKa 1 HM, TO IUIOTHOCTH 3alMCH IPEBBICKIA
OBI CYIIECTBYIONIYIO YK€ Ha 4-5 mopsinKoB!

MHuorocinolHEIE TUCKU

XoTs orpaHuueHHOE JU(paKIueil MPOCTPAaHCTBEHHOE pa3pelIeHne BI0JIb
ocH mydKa (epHeHNKYIIPHO TOBEPXHOCTH AKCKa), cocTaBisomee 4A/A”, ka-
3a710Ch OB, TO3BOJISIET PA3MECTHUTh B TUCKE OYEHB OOJIBIIOE YHUCIO WHPOPMAIIH-
oHHBIX c0€B (6osee 70 mist CD) U B SKCIIEPUMEHTAIBHBIX 00pa3Iax peaan3o-
BaHbl 16-cnoitHbie aucku THma Blu Ray (Pioneer, 2008), ucmons3yembie Ha
NpaKTHKE JUCKU COIepKaT He Ooee IBYX CIOEB ¢ KaKIOH CTOPOHBI.

nonunkapboHat

CKNEVEI0ILNMKA CNOK

UIEH}KEI(‘.‘JIb

KpacuTens

&orononmmep

NAKOROE MOKPRITHE
NONYNpo3paHl LW OTRaNaTCL

KpacuTenb

L LT LT |
nonvkapboHart

Hanpaenexve cBopku

Puc.9. Ctpykrypa aByxcnoinoro qucka DVD-R (6e3 cobmonenus macmraba
TommuHel). Ha pucyHke mokazaHa MOJIOBMHA JUCKA. [IByCTOpOHHUI IBYX-
CJIOMHBIN JUCK COCTOUT U3 JIBYX TaKUX IIOJIOBMH, B OAHOCTOPOHHEM I10JIOBHHA
TOJIIIMHBI 3aHATA TMOJUKAPOOHATHON TOJJIOKKOH. 3amuch U CYMTHIBAHUE WH-
(dopmanuy NpoU3BOJATCS CHU3Y.

[Ipo6embl TOPOAKIAIOTCS, B YACTHOCTH:

e yHTEepdepeHIen MyYKoB, OTPAKEHHBIX OT NapajlIeNIbHBIX 3€pPKAIbHBIX CIIO0-
éB,

¢ HEOOXOAUMOCTbIO OJHOBPEMEHHO BBICOKMX OTPAa)KEHUs CBETa KaXbIM 3ep-
KaJbHBIM CJIOEM K CUMTBHIBAIOILEH CUCTEME U IPOIyCKAHUS CBETa K cle-
IOYIOUIMM HH()OPMAIIMOHHBIM CJIOSIM,CJIOKHOCTBIO COOPKM MHOTOCIONHON
KOHCTPYKIIMU JAWCKa (Ha puc. 9 ais mpuMepa MoKas3aHa CTPYKTypa AHCKa
JIMILIB C IBYMS HH(POPMALIUOHHBIMHU CIIOSIMHU).
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Bo03MOXHOCTh JEHCTBUTENFHO MHOTOCIOWHBIX JUCKOB OTKPBIBAET (IIyo-
pPECUEHTHAsl TEXHOJIOTUs, HE HYK/Ial0IAsCsl B OTPAXKATEIbHBIX CIIOSX.

Yucnosas aneprypa, OJavxHee none

[ToBblieHne MH(MOPMAMOHHON IIOTHOCTH 33 CYET YMEHBIICHUs pa3Me-
POB CBETOBOI'O MTHA BO3MOXKHO B PeXMMeE OIMKHEr0 M0JIs, OJpa3yMeBaloIleM
paccTosiHME MEXKAY ONTHYECKOM CHUCTEMOM M HOocuTeneM HMHGpOpMalud MHOIO
MeHbIne umHb BoaHBI (10-20 HM). B oqHOM BapuaHTe pa3zmep msaTHa 3a1aéTes
JMAaMETPOM BBIXOJHOTO OTBEPCTHUS CBETOBOAA, NOABEAEHHOTO MOYTH BIUIOTHYIO
K ITOBEPXHOCTH JTUCKA; B APYTrOM CBET (POKYCHUPYETCS BHYTPHU JIMH3bI C BBICOKUM
IOKa3zaTeleM MpeJoMIICHHs, HaXolslueiics odeHb OJM3KO OT IOBEPXHOCTH
("tBépas ummepcus”, solid immersion) — TakUM 00pa3oOM JOCTUraeTCsi OUEHb
OousipIllasi 4MCIIOBasl amepTypa M, CIIEAOBATENbHO, Mallblii pa3Mep CBETOBOIO
nsaTHa. B 00oux citydasix JOCTUraeTcs BBIUTPBIII B HECKOJBKO Pa3 B MJIOTHOCTH
samucu (50-75 I'b wa amck, Sony, Philips, 2006), HO 3a c4éT yTpaThl BaXKHOTO
NPEUMYIIECTBA ONTUYECKUX METOJOB INEpe]l MarHUTHBIM — OECKOHTAKTHOCTH.
Tab6u1. 3 nmoka3pIBaeT NMPUCYILUE PA3TUUHBIM ONTUYECKUM CHCTEMaM IJIOTHOCTU
3anucH MHGOPMALUK U 3a30pbl MEXKAY 3allMChIBAIOLIECH/CUNTHIBAIOIIECH cHCTe-
MOM U HOCHUTEJIeM HH(POpMalUY B CPAaBHEHUH C MATHUTHOM.

Ta0xn.3. Paznuunbie popmbl 3anucu HHGOPMAIMH, TPUCYIIUE UM IIJIOTHOCTH 3a-
IHCH M THUIWYHBIE 3a30pBl MEXIy HOCHUTENEM HH(POPMALUH W ONTHYECKOH /
MarHUTHON CHCTEMOH

OITHOCIIONHAS | ¢mKHenoNLHas | MHOTOCIOHHAs

BU 3aIIMCHU MarHuTHast
OIITHUYCCKAas OIITUYECKas OIITUYCCKas

. Y

3a30p 5-10 am ~1 MM 20 uM ~1 MM
MJIOTHOCTD

3aIncH, > 50 0.6-22 50 > 100
OUT/MKM

IToBpllIEHNE YUCIOBOM amepTypbl ONTUYECKOW CHUCTEMBI O3HAYAET IIPH-
ONMMKeHUE ONTUYECKON CUCTEMbI K HH(POPMAITMOHHOMY CJIOI0 U MH(OpPMaIHOH-
HOTO CJIOs1 — K moBepxHOCTH aucka (puc. 10). Tak, ecnmu B CD cBeT npoxoauT Ha
NyTH K WHGOPMAIIMOHHOMY CJIOIO MOYTH BCIO TONIIUHY AKcka, To B DVD un-
(dbopMallMOHHBIN CJIOM HaxoauTCs B cepeauHe, B Auckax Blu Ray — moutu na
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IMMOBCPXHOCTHU, 4 B OMMKHEITOJIBHBIX AUCKaxX — HENOCPCACTBECHHO HAa IMOBEPXHO-
CTH.

DVD

A CD K BluRay

Puc.10. BapuanTtel ontrueckoit 3amucu WHGOPMAIMU C PA3IMYHBIMH YHCIIO-
BbIMU aneptypamu (B ckoOkax): CD (0.45), DVD (0.6), Blu Ray (0.85), 6maux-
HEMoJIbHAs C TBEPI0M nMMepcHei (2)

3aMeTHM, 4TO YBEJIMYECHHE IUIOTHOCTHU 3anucu B 24-36 pa3, JOCTUTHYTOE
B Pa3BUTHU TEXHOJOTMH IM(POBBIX onTuueckux auckoB oT CD k Blu Ray, 3a-
METHO TPEBOCXOAUT MHOXKHTENb 1.9%%13, KOTOPOro MOXKHO GBITO GBI OKHAATH
OT MPOCTOTO YMEHBIICHHUS pa3Mepa CBETOBOTO IATHA 32 CYET yMEHBIICHUS JUIU-
HBI BOJIHBI ¥ YBEJIMYCHHUS YHCIIOBOH anepTypsl B 1.9 paza. CnenyeT Takke UMETh
B BUJY, YTO HE BCA 'reoMeTpuueckas'" €MKOCTb JUCKA JOCTYIIHA HEIOCPEICT-
BEHHO /ISl XpaHEHUs M0JIb30BaTEeNIbCKOM MH(POPMAIINU; YacTh €€ UCTIONb3YeTCs
JUIsi OOHApYKEHUS U MCTIPABIICHUS OIMUOOK, U OT 3TOT0 JOCTYIHBIN I 3alUCH
00BEM MHpOpPMAITUU MOXKET 3aBHUCETh OYEHBb CHIBHO. Tak, B gexadpe 2009 r.
IIOSABHUIINCH COO6HICHI/I$I 0 IUIaHaxX IO YBCJIMYCHUIO €MKOCTH CJIOS JUCKOB
Blu Ray ¢ 25 no 32 I'b ¢ momo1ipto HOBOTO MPOTOKOJIa KOPPEKITHH OMITHOOK.

Takum oOpa3oM, yBenuueHHe HH(OPMALMOHHONH EMKOCTH ONTHYECKUX
JTCKOB JIOCTUTACTCS ITyTEM:

® yYMEHBUICHHUS JJIUHBI BOJIHBI 3aIMCH/CUUTHIBAHHUSA,
YBEJIMUYEHUS YUCIOBON anlepTyphbl ONTUYECKON CUCTEMBI,
CHATHA AU(PPAKIIMOHHBIX OTPAaHUUYCHHUN B peXUMe OJIMKHEro oI,
YBEIIMYCHUS YMCIIa UHPOPMALIMOHHBIX CIIOEB JIHCKA,
COBEpLICHCTBOBaHMUS MMPOTOKOJIA 00pabOTKN HH(OPMALIUHL.
PaspabatpiBaroTcs u 0oJiee SK30THUECKHUE BAPUAHTHI MTOBBIIEHUS HHDOP-

MaI[MOHHON EMKOCTH, B KOTOPHIX IOMUMO JUIMHBI MTUTA, BAPHUPYETCS €ro Tily-
OWHa WM HAKJIOH aHA. [I[pUMEHHTENPHO K MarHUTO-ONTHYECKOW 3aIllUCH IIJIOT-
HOCTB 3aITUCH MOXXET OBITh MOBBIIICHA CBEPX AU(PPAKIMOHHO OTPAHUYCHHOU B
TaK Ha3bIBAEMOM pPEXHMME "MarHUTHOTO CBepxpaspemeHus” (magnetic super-
resolution), B KOTOPOM HarpeB BBIIIE KPUTUYECKOH TEMIIEpaTypbl U, CJIeJ0Ba-
TCJIbHO, U3BMCHCHNEC HAMArHM4YCHHOCTU MNPOUCXOIAT B MaJIoi HeHTpaHLHOﬁ 00-
JaCcTU TayccoBa CBETOBOTO Iy4Ka, a JJISl ONTHYECKOTO CUUTHIBAHHS BO30YXKie-
HHE NIEPEHOCUTCS Ha JIOMOJHUTENBHBII MAarHUTHBIN cJ0i Anucka. Bo3aMoxHOCTB
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ONTHYECKOTO "CBEPXPA3pELICHHs" CBS3bIBACTCS TAKXKE C IIPUMEHEHUEM MeTama-
TEPHAJIOB.

,)IJ'II/ITeJILHOCTL XpaHeHUs1 an)opMauml HAa KOMINAKT-AUCKAaX

PeanbHoe Bpemst XpaHeHHs: HHPOPMAIMY HA ONTHYECKUX JUCKAX 3aBUCHUT
OT CTOMKOCTH COCTaBJISIOLIMX MX DJIEMEHTOB — MATE€pPUANIOB OTPAXAarOUIETO U
MH()OPMALIMOHHOTO CJIOEB, TOJMMEPHONH OCHOBBI, JIAKOBOT'O MOKPBITUS — K €CTe-
CTBEHHOMY CTapeHMIO M BO3JCHCTBHIO BHEIIHMX ()aKTOPOB, TAKUX KakK TEILIO,
Y@ wusnydeHue, BIAXHOCTb, KUCIOPOA. BUaMMO, IJIaBHBIM YCIIOBHEM COXpaH-
HOCTH MHGOPMAaLMK ABISIETCS KaueCTBEHHasi cOOpKa JAUCKa, NMPeJoXpaHsIouias
€ro BHYTPEHHHE JJIEMEHTHI OT KOHTAKTa C OKpY’Karolen cpenoi. XoTs MHOIHE
3aIIMCH CTAHOBSATCS HEYUTAEMBIMH YK€ Yepe3 IoJl IOCIIe X CO3/aHus, B LIEJIOM
KOHCTPYKLIUsI AUCKOB M KOPpeKLusl OHIMOOK 00ecnednBarOT COXPaHHOCTb HH-
(Gopmaiyy B Te4eHHE HECKOJbKHX JIET JaKe MPU 3aMETHOM Pa3pyLIEHUM 3Jje-
MeHTOB aucka. Ha puc. 11 npuBeaena mukpodororpadus ydyacTka oTpaxarole-
ro ciost aucka CD-R, BunuMoe paszpyiieHne KOTOporo KOppo3ueu He moMeriia-
710 UH(GOPMALIUH OCTaThCs TOCTYITHOM JuId uTeHus uepe3 10 et mocine 3amnucu.
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Puc.11. Mukpodotorpadus pa3pyinieHHOro KOppo3uel yqacTka oTpaxaresb-
Horo ciost CD-R.

[Tpon3BomuTeNM MUCKOB YKa3bIBAIOT CPOK MX ciaykObl B 50 - 200 rer;
YacTO ATU OICHKH OCHOBBIBAIOTCS Ha DKCTPANOJSIMU JAHHBIX IO JAETpafaiuu
OTACIIbHBIX 3JICMEHTOB JUCKOB, ITOJIYUYCHHBIX 3a OTHOCUTECJIBHO KOPOTKOC BPEMA
IpY TOBBIICHHBIX TEMIIEpaTypax, C HCIOJIb30BaHHEM appEHHYCOBCKON 3aBU-
CUMOCTH k =k, exp(~ E/RT). Ha puc. 12 mokasaHbl Takoro poja 3aBHCHMOCTH

BPEMEHHM JKU3HH KpAaCUTENIEH OT TEMIIEPATYPBbI:
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Puc.12. Onenka CpoKOB CIy>KObl pa3IUYHBIX KPAaCUTEJEH, MPUMEHSIEMBIX B
KOMITaKT-JMCKaX ¢ BO3MOXHOCTBIO onHOKpaTHOHU 3amucu (CDR, DVD+/-R),
MIPU PA3IUYHBIX TEMIIEpATypax

W3 u3BecTHBIX KpacuTenell Hanbosee BHICOKYI0 YCTOHYHBOCTh K YO u3-

JTy4eHuro u Terury nposiBisieT ¢ranonuanud (PLI). 3a roapl mmpokoro pacmpo-
CTPaHEHHUS ONTUYECKUX JUCKOB KPACUTENU OBbLIM 3HAUYMTENBHO YIIYUIIEHBI U UX
YCTOMUYMBOCTB OoJiee He ABIACTCS KPUTHUECKUM (PaKTOpOM.
OTpaxaromui (3epKaJIbHbBINA) CJIOKW JIMCKOB M3TOTABIMBAETCS M3 QJIIOMUHMSA, 30-
J0Ta, cepeOpSHBIX CIUTABOB. 30JI0TO HanboJiee MHEPTHO, HO H30BITOYHO M JOPO-
ro; Ka4eCTBO CepeOpPsIHbIX CIUIABOB BIIOJIHE IOCTATOYHO, IIPU YCIOBUHU XOPOILIe-
ro JIakoBOTO MOKphITUsA. [Ipn HemocTaTouHOM 3amuTe cepeOpsHBIA ClIoi cTpa-
JIaeT OT cephl U Kuciaopoaa. Bricokas ycTOMYMBOCTH 3€pKajIbHOTO ClIosi obectie-
YUBAETCS U €r0 PABHOMEPHOW MEJIKO3EpHUCTON CTPYKTYPOH. AJIFOMHHUEBBIN
CIUIaB 3HAYHUTENBHO JICHIEBIIE, UeM CepeOpsHBIN, a B OCTaIbHOM HE XYK€ U He
Jydile, TPUMEHUTEIBHO K JUCKaM JJi1 MHOTOKPATHOM 3alKCHU U IUCKaM C WH-
(dopmanmeli, HaHeCEHHON B BUAE pelbedHBIX MUTOB. B muckax mis ogHOKpAT-
HOM 3alycy alfOMUHUN HE MPUMEHSETCS, TaK KaK OH Obl KOPPOAUPOBAJI, XUMHU-
YECKHM B3aUMOJAECUCTBYsS C KpacHTelnsiMU. 3epkaibHblil cioii DVD penaercs
toinuie, yeM y CD, B 4aCTHOCTH, € LENbIO YIYUIIE€HUs TEIIOOTBO/IA.

Heoprannueckuii cruiaB rnepe3anychblBaeMbIX JUCKOB B MPHHLUIE Oosee
crabusieH Kk Y@ H3IydeHHIO U HarpeBy, YeM OpraHUYeCKHil KpacuTellb, OJHAKO
U paboune Temreparypbl, KOTOpPbIE €My MPUXOAUTCS HEOJAHOKPATHO BBIIEPIKHU-
BaTh, HAMHOTO BbIlIE. Cl10il MOXKET OBITh MOBPEKAEH BJIArOM, €CIIM OHA K HEMY
NPOHMKHET Yepe3 HEJOCTATOYHO XOpOHIO 3ajenaHHble Kpas. Cpok ciy Obl
NPEIOIOKHUTEIBHO HE MEHEE CPOKa CITy:KOBI TUCKOB C OJTHOKPATHOH 3aIUChIO,
a BO3MOJKHO U ITPEBOCXOJIHUT €TO0.

Koncrpykuus jauckoB. Haubonee nerko moBpexgaeMblil €€ 3ieMEHT —
TOHKOE JIaKOBO€ MOKpbITHE MeTayumueckoro cioss CD. ITonukapOonaTHast oc-
HoBa CD u otuact DVD nocTtarodno TosicTa 171sl NpeAoTBpalIleHUs IPOHUKHO-
BEHUs IIapOB U T'a30B yepe3 Heé, a e€ MeXxaHUYeCKUe TOBPEKCHUs HE CKa3bIBa-
10TCs (aTanbHO Ha J0CTyIe K MH(OpMaLny, TaK KaK Ha MOBEPXHOCTH CJIOA Jia-
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3epHBIN My4oK, (HOKycHpyemMblli Ha HHPOPMAIMOHHOM CJIO€, eHI€ TIOCTaTOYHO
mUpoK (puc. 13), a MUTHI U PACCTOSTHHUS MEKAY BUTKAMHU JOPOXKKH CPAaBHUTEIb-
HO BEJIUKH.

_DedekT

V

Y

Puc.13. I/IJ'IJ'IIOCTpaLII/IH OINTUYECKOMU OpUYXHbI HCUYBCTBUTCIIbHOCTH 3allMCU
Ha KOMIIAKT-JUCKEC K ,[[e(l)eKTaM MOBECPXHOCTHU

[Tpubnmxenne mHPOpMaLMOHHOTO ciiosi K nosepxHoctu CD — DVD —
Blu Ray cHmxkaer TpeOGoBaHHS K ONTHYECKOMY KaueCTBY MarTepHaia OCHOBBI
(oTyacTH KOMIIEHCHPYS Y>K€CTOUYEHHE ITHX TpeOOBaHHiA, BBHI3BIBAEMOE YMEHbB-
[IEHHEM pa3MEepOB JIEMEHTOB 3alUCH — IUTOB — U PACCTOSIHUNA MEXTy HUMH),
HO TOBBIIIAIOT YYBCTBUTEIBHOCTh 3alMCAaHHON MH(OpMauu K nedexkram mo-
BepxHocTH. Jlucku Blu Ray mis npenoxpaneHus ot mapanuH UMEIOT CTIeIHalTb-
HOE TBEPJIOE MOKPHITUE, @ IO €r0 BHEJIPEHUS 3aKIIOYAIUCh B 3aLIUTHBINA 4€XO0J
(xapTpuIK).

B ortimnume ot nuckoB CD u Blu Ray, 3epkanbHblii 1 uH(pOpMaiMOHHBIN
ciou DVD pacnonoxkeHsl B cepenuHe TOJIIMHBI JUCKA, YTO 00eCredrBaeT
JYYIIYIO UX 3alIUTY — KaK B MEXaHUYECKOM, TaK U B ONITUYECKOM cMbIciie. [1po-
0JIeMBbI MOTYT TOPOXKAATHCS CIIOEM, COSIUHSAIOIIMM TIOJIOBUHBI cKa. Ecmu co-
€IMHEHHE HEeJOCTAaTOYHO IUIOTHO, B HErO MOT'YT MPOHMKATh BJlara, KHCIOPOJA U
JIpyTrHe HexelnaTeabHble BEIIeCTBa.

Dj1yopecueHTHbIE TUCKH

Hcnonb3oBanue (ayopecleHInu AJisi CYMThIBaHUs HH(DOpMAIuu ¢ -
POBBIX ONTHYECKUX THCKOB MMO3BOJSET MCKIIOYUTH M3 MX KOHCTPYKIUH OTpa-
KAIOIIUEe CIIOH, TaK KaKk Ha ()OTONMPHEMHHMK CUHTBHIBAIOIICH CHCTEMBI JOJDKCH
Oyzaer nmonasaTh He OTPAKEHHBIN 30HIUPYIONIUI CBET, MHTEHCUBHOCTh KOTOPO-
ro MPOMOJYJIMPOBaHa penbeoM 3epKana WU KOIPPHUIMEHTOM MPONYCKAHHS
CJIOSI, HAXOASAILIECTOCS MEepes 3epKajioM, a M3Iy4eHHe, HCITyCKaeMoe pacIolio-
KCHHBIMH B TOJIIIE JIMCKA W BBITIOIHSIOMIMME POJIb TUTOB CKOILICHUSIMH (ITyO-
PECLUPYIONIETO KPACUTEIIS TP MOMaJaH|K Ha HUX CPOKYCHPOBAHHOTO CUMTHI-
BaroIero nyuka. diyopecupyromye muThl MOTYT ObITh KaK BHECEHBI B 3a/1aH-
HBIE MECTa JTUCKA MU ero u3rotosieHuu (anamor RAM-auckoB), Tak U 00paso-
BaHbl B pe3yJbTare OOpaTMMOW WIM HeoOpaTMMoN (OTOXMMHYECKON TpaHC-
dopmanmu UCXOAHO HE (PIYOPEeCHUPYOIIEro BEIIECTBA JAUCKA MPH TMOMAJaHIH
Ha HETO C(OKYCHPOBAHHOTO M3ITyUEHHS 3aIHCHIBAIOLIETO JIa3epa.
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JlocTonHcTBa (hIIyOpeCceHTHBIX TUCKOB:

® [IPO3PAYHOCTb, AAIOIIAS BO3MOXKHOCTH PEAIM30BaTh JEHCTBUTEIBHO MHO-
TOCIOVHYIO CHCTEMY,

® HEKOIepPEHTHOCTb M3IIY4YEHUs, OTCIOla OTCYTCTBHE HHTEP(EPEHLIMOHHBIX
MIOMEX,

e CIBUI (PIYOPECLEHTHOIO OTKJIMKA 10 JJMHE BOJIHBI OT ONpPALIMBAIOILIErO
U3JIy4EHUS — OTCIO1a BO3MOXHOCTb OTCTPOMKH OT PACCESHHOIO CBETA,

® BO3MOJKHOCTB MCIIOJIb30BaHMs (popMaToB, coBMecTUMbIX ¢ DVD.

Pa3zpaborannbie BapuaHThl (DIYyOPECLIEHTHBIX MHOTOCIIOMHBIX TUCKOB W3-
BecTHhl 1o HazBaHwsMH HyperCDROM (10-100TH), Fluorescent Multilayer
Disc - FMD, Digital Multilayer Disk — DMD (22-32, noreHuuanbHO 110
100 I'b). Xapaxrepuctuku 12-cnoitHoro FMD mnpusenenst B Tabn.4 B cpaBHe-
HUU ¢ Xapaktepuctukamu DVD; cTpykTypa Iucka cXxeMaTH4HO OTOOpaskeHa Ha
puc. 14.

Juns 3amucu uHGOpMAnMK B TUCKaX € (IyOpPECHEHTHBIM CUUTHIBAHHEM
3¢ (eKTUBHO NMPUMEHEHa ABYX(OTOHHAs 3alUCh, O0eCIeunBaroIas TOUHYIO aji-
pecanuio U OTCYTCTBHE UyBCTBUTEIBHOCTH K (DOHOBOI 3acBeTke. [IpomemMoHCT-
pupoBana 3anuch 253 I'b unpopmanuu B 300 c10€B, YTO COOTBETCTBYET BEChMa
ckpoMHO# (kak B CD) mioTHOCTH MH(OPMAIK BHYTPH CJIOS; 32 CYET OTPOMHO-
ro KOJIM4YECTBA CIOEB B AMCKAX CTAHAAPTHOro pasmepa (auamerp 120 MM, Toi-
muHa 1.2 MM) MOXeT ObITh 3amrcano nopsaka 1 Th uadopmarun.

Tab6m.4. CpaBuenue nuckoB DVD u FMD

DVD-ROM FMD-ROM
uH(popmMaloHHast EMKocTb, ['b 5/9/17 50
CKOPOCTh CUnTHIBaHMs, MO/ 10 1000
YHCIIO CIIOEB 1/2/4 12
miar CoupagbHOU JOPOKKH, MKM 0.74 0.8
JUTMHA BOJIHEI, MKM 0.65 0.53
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Puc.14. CtpykTypa MHOTOCTIOMHOTO ()JIyOPECIIEHTHOTO AUCKA

CBoeoOpa3HbIM MOCTOM MEXKIY NMOOUTOBBIMU CUCTEMaMHU XPaHEHMs WH-
(dhopmammu 1 rosorpaduIEcKol MaMAThIO, KOTOpas OyJeT paccMOTpeHa B clie-
JYIOLIEM pasjiene, SBIsSeTCs MOJAXO0J, OCHOBAaHHBINM HA HCIOJIb30BAHUU MHUKPO-
rojorpamm (puc.15), kaxkaas U3 KOTOPhIX HECET HE CTpaHUILY, a OUT uHpOpMa-
1K, HO Onarojaapst OPATrOBCKOM CENEKTUBHOCTH MOXKET OBITh 3alucaHa B OJI-
HOM 00beMe ¢ MHOXECTBOM JPyTUX U 3aT€M CUMTAHA OTAEIbHO OT HUX. Takoi
cnoco0 3anucu uHpopMauK pa3padbaTeiBaeTcs crienuanucTaMu MHCTUTYTa aB-
ToMatuku U Tenemerpun Cubupckoro Otnenenust PAH, bepaunckoro texuunue-
CKOTO YHHBepcuTeTa, Sony (Sony micro-reflector).

<ttimin

EYUTHBaAHME

—>alimin

3annck

Puc.15. Cxema 3anucu ¥ CYMTBIBAHUS OTPAXKATEIBHBIX MUKPOr0JIOTpaMM
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Nonorpacunyeckne cnctemMmbl 3arnucu n XxpaHeHus
uHcpopmaumn. NMpuHUMN 4EeNCTBUA U YCTPOUCTBA

[TnoTHOCTPH 3anmmcaHHON MH(OpMANHH, T. €. 00beM HHPOPMAIIH, TPHXO-
JSIIIENCs] Ha eIMHUILY IUIOIIAAM HOCHTENS — OJHA M3 TJAaBHBIX XapaKTEPHCTHUK
3aIIOMHHAIOLIETO YCTPOMCTBA. {151 ONTHYECKUX CHUCTEM 3amucu MHpOpManuu
NPUHIUIHAIBHBIM OTPAHUYCHHUEM IIJIOTHOCTH 3aIIMCH Ha MOBEPXHOCTH ONTHYE-
CKOTO JWCKa SBJISETCS MU(PaKIUOHHBIA TIpenen, OOyCIOBICHHBIA BOJHOBOM
MIPUPOJION CBETA M ONPEACIIAIONNNA MUHUMAIIBHBIN pa3Mep TsTHA B (okyce 3a-
MUCHIBAIOIICH/CUNTHIBAIOIICH ONTHYECKON crcTeMbl. COTJIacHO TEOPUH ONTHYE-
CKO€ M3JIy4eHHE MOXKET OBbITh C(POKYCHPOBAHO B MATHO C pasMepoM ~A/2 (rae A
— JUIMHA BOJIHBI CBETA). DTO 3HAYMT, YTO MAKCUMAJbHAs TIOTHOCTH 3aIHUCH OII-
THYEeCKON HH(pOPMALMM MOXKET IOCTHTaTh mopsgka 4/A°, To ecTh Goiee
10° 6ur/cv’. TIpu yBenudeHnn 06beMa M IUIOTHOCTH 3aIMCH HH(pOPMAIUH He-
n30€KHO BO3HUKAET HEOOXOIMMOCTh YBEIIMYCHHSI CKOPOCTH MTOUCKA W BHIOOPKH
HY’KHOM dactu wHpopMaruu. [Ionck HOBBIX BO3MOKHOCTEH YBEIWYCHHS WH-
(hopManMOHHOH MJIOTHOCTH 3aITUCH U CKOPOCTH BBIOOPKM MH(OpMAIHH BEACTCS
110 MHOTHM HAITPaBJICHHUSIM, B TOM 4HCJIe B 00JacTh rojorpaduu, KOTopas, B CU-
Jy CBOHMX CIIeIU(UUECKUX CBOWCTB, SIBISIETCS OJHUM W3 HanboJsee MepCreKTrB-
HBIX KaHAUJAaTOB Ha CO3JaHUC BI)ICOKOS(b(I)CKTI/IBHLIX CHUCTCM 3alliCu U XpaHC-
HUS HHPOPMAIIUH.

Hcnonp3oBanue ronorpaguueckoro MeToa A XpaHeHus: nHpopManun
ObLTO TIpeIokeHo BriepBbie B 1963 1. Ban Xupnenom. Kak u3BectHo, roiorpa-
(udeckuii MPUHLUI 3aITUCH COCTOUT B PETHCTPALIMN OJTHOBPEMEHHO O0BEKTHOM
(aecymieit mHpopManuio 00 00bekTe) U onopHOU BosH. [Ipu 3TOM B pe3ynbTaTe
CJIO)KEHHUSI B3aUMHO KOTEPEHTHBIX OINOPHOM M OOBEKTHOH BOJH IMPOUCXOJIUT
npeoOpa3oBanue (azoBbIX COOTHOIIEHUH B aMIUIUTYIHYIO CTPYKTYpY HUHTEpde-
PEHITMOHHON KapTUHBI. Perucrpammst 310l MHTEpGEPEHIMOHHOW KAapTHHBI Ha
rojorpau4eckoM ONTHYECKOM IHCKE W HPUBOAUT K 3aMUCH TOJOTPaMMBbI
(puc.16). 3MeHeHus B MaTepuale roJorpaguaeckoro IUcka MOryT ObITh B BH-
Jie MOZIYJISIIMM TIOTJIOIIEHUS, TTOKa3aTelNs MPeNOMIICHUS WM TOJNMMHBL. [Ipo-
rpecc B pa3paboTKe rojorpapuueckiux CUCTEM XpaHeHUsI HHPOpPMaIIMU CBSA3aH B
OCHOBHOM C pPa3BUTUEM COBPCMCHHBIX TeXHOHOFI/Iﬁ, IMMO3BOJIAOIINUX MPOU3BO-
JIUTh OTHOCHUTEILHO JICIIeBbIe YCTPOMCTBA BBOIA/BhIBOAA MH(OPMAIIHH, & TAKIKE
yclexaMH B pa3pabOTKe HOBBIX PETHUCTPHPYIOMIUX CpeJl AJs rojorpadudeckon
3aInCH.
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Puc.16. Ilpuniun ronorpadpudeckoil 3anucu nHGopMauu

Oco0eHHOCTH roJiorpaduyeckoro MeToa 3anucu HHGopMauu

1) Tomorpadudueckwii  MeTOJ  TO3BOJISIET  CO3/laBaTh  TPEXMEPHOE
IPOCTPAHCTBEHHOE M300paXkeHHe 00bEKTa, KOTOPOE HE MOKET OBITh CO3/]aHO B
TaKOM K€ CTENEeH! KaKUM-JTH00 JPYTHM CIIOCOOOM.

2) Ilpu ronorpaduveckoil 3armmucy MOKHO HCIIOJIb30BaTh Uil XpaHEeHUs! nHPOp-
Malyy He TOJBKO IIOBEPXHOCTh, HO U O0BEM 3alMCHIBAIOIIETO MaTepHaja, 4To
3HAYUTEIbHO YBEIUYMBAET IUIOTHOCTH 3allUCH, TIOCKOJIbKY yIJIoBass |
CHEKTpalbHasl CEJICKTUBHOCTh OOBEMHBIX TOJIOTPAMM TO3BOJISIET OCYIIIECTBIIATh
MHOIOKpPaTHYIO 3aluch HWHPOpPMAallMM HAa OJUH U TOT K€ Y4acTOK
PETHCTPUPYIOIIETO MaTepHaa.

3) lNonorpaduyueckuii METO IO3BOJISIET PETUCTPUPOBATH MPO3PAYHBIE OOBEKTHI,
B KOTOPBIX OT/IEJIbHbIE YaCTH OTJIMYAIOTCSA HE KO3(PPUIMEHTOM MPOIyCKaHUs U
OTpaXXEHUs, a U3MEHEHUEM II0Ka3aTeNs MPeJOMIICHUS WIHM TOJIIUHBI O0bEKTa,
BJIMSIOIMM Ha U3MEHEHHE JJTUHBI ONTHYECKOTO MyTH.

4) Tlpn BOCCTAaHOBJICHUH BOJHOBOTO (PPOHTA C TOJOrpaMMBbl MOKHO TTOJYYHUTh
JeUCTBUTENIbHOE H300pakeHHe O0BEKTAa C MaKCUMaJbHBIM pa3pelleHHEeM He
TOJILKO B TIONIEPEYHOM, HO U MPOIOJIHHOM HampaBieHUsX. Takas 0cOOEHHOCTh
roorpau4eckoro MeTo1a MPUMEHEeTCs, HalpuMep, IPU U3MEPEHUU pa3MepoB
MHKpPOYACTHUI] B a3PO30JIIX, IPU HU3YyYCHUU OHOJOTHYECKHX OOBEKTOB W IS
Oosee 00IMMX 3a/1a4 MUKPOCKOITHH.

5) Onopnas BosHa, 0Opasyromas BMeCTe ¢ 00BEKTHOW BOJTHOW MHTEphEpeHITH-
OHHYIO KapTHHY, MOXKET ObITh MOJIyJIUPOBaHA B PE3YJIbTATE MPOXOXKACHUS Uepe3
CHelMalbHyl0 MackKy. BoccraHaBmuBaTbhecs H300paxkeHHE OyIeT TONBKO IPH
MPOXOXKJICHUH OTIOPHOTO ITyYKa Yepe3 TaKylo K€ MacKy. DTO CBOHCTBO MOXKET
ObITh HCIOJB30BAHO, HANpPUMEp, B YCTPOHCTBaxX ¢ (a30BO-KOIUPOBAHHBIM
MYJIbTHIICKCHPOBAHUEM.

6) 'onorpaduueckuii METO ] MO3BOJSIET OCYIIECTBIATH CYNEPIIO3UIUIO UHTEp-
(epeHIMOHHBIX MoJIel. B CBsI3M ¢ 3TUM MOKHO MOJIYyYUTh HHTEp(deporpamMmy He
TONBKO OT ABYX (mim Oosee) OAHOBPEMEHHO CYIIECTBYIOIIUX OOBEKTOB, HO
TaKXe OT 00bEKTOB, rojorpadupyeMbIX B pa3HOE BPEeMs, B TOM YHCIIE U OJHOTO,
U3MEHSIOIIErocsi BO BpeMEHH 00beKTa. DTO CBOMCTBO rosorpaguueckoi 3amnucu
IPUBENO K CO3JaHMIO rojorpadguyeckoil HHTEpHEepOMETpUH, METOAbI KOTOPOH
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MO3BOJISIIOT M3y4aTh HE TOJNBKO JaedopMmaiu 0OBEKTOB, HO Takke (Ha3oByIO
CTPYKTYpPY MPO3pPAuHBIX 0OBEKTOB.
7)  Tomorpaduyeckuii  MeTOA  TO3BOJIAET  peaju30BaTh  CBOMCTBO
ACCOIMATUBHOCTU TOJIOTPAMM, 3aKJIIOYAIOIIEECss B TOM, YTO TPU OCBEIICHUHU
TOJIOTPaMMBbI 4acThl0 OOBEKTHOTO ITyYKa, BOCCTAHABIHMBASTCS ONOpPHAs BOJIHA,
COOTBETCTBYIOIIAsl TOM, KOTOpas ObLIa KCIIOJb30BaHA TPU 3alUCH JaHHOTO
o0BeKTa.
8) Tomorpaduueckuii MeTOJ TO3BOJIET peajM30BaTh TaK HA3bIBAEMYIO
pacrpeeNieHHy0 3anuch MHGOpPMANKK, YTO MOBBIIIAET HA/IEKHOCTh 3aIHCH U
CUUTBIBaHUSI. DTO CBOMCTBO HanboJiee EHHO MPU CO3/IaHUM ToJorpaduyecKux
CHCTEM MaMsITH.

[lepeuncnenHpie 0COOEHHOCTH ToOJOTpaguIeckoro Meroja B TOW WIH
WHOU CTENEHH UCIIONB3YIOTCS U B YCTPOMCTBAX rOJ0rpaduuecKoi maMsTH.

IIpenmyuiecTBa rosiorpaguyeckoil NamMATH 10 CPABHEHHUIO C JIPYTHMMHU
(B TOM 4HCIie ¥ ONTUYECKHMHU) METOJIAMH 3aliCH/CUNTHIBAHUS 3aKITFOYAIOTCS B
CIIEYIOIIEeM:

1. Bbicokasi mioTHocTh 3amucu (teoperndecku g0 10'? 6ur/cm’). Cremyer
OTMECTUTBH, YTO PpCAJIbHO MOOCTHIXUMBLIC B HACTOANIECEC BPEMS BCIMYMHbL
IUIOTHOCTH 3allUCH  CYHIECTBEHHO HIDKE, 4YTO CBS3aHO C PSJIOM
MPUHIUIHATIBHBIX OTPAHUYEHUH, CBA3aHHBIX C YIJIOBOW CEJIEKTHBHOCTBHIO
MaTepualia, ero JUHAMHYECKUM JHANa30HOM U T.I., OJHAKO B HayYHBIX
1abopaToOpUsX yIKe MONyUeHbI 3HAYeHHUs Koo 40 ['GuT/cM’,

2. BpIcOKasi CKOPOCTh 3aNMUCH/CUNTHIBaHMA. [[0CKONBKY Kaxaas U3 TOJIO-
rpaMM OJHOBPEMEHHO BOCIIPOU3BOJUT BCC 3allMCAHHBIC B HeH JaHHBIC, OTO
MO3BOJISIET CYIIECTBEHHO YBEJIWYHTH HE TOJIBKO CKOPOCTh 3alHCH, HO U
CUMTHIBaHUS MHPOPMALUU C ONTHYECKOTO rosorpaduyeckoro aucka. Ilo-
3TOMY, rojorpau4eckue CUCTEMbI IaMATH MOTYT OBITh JIETKO MHTEIPUPO-
BaHBI JJIsl B3AUMOJICHCTBUS C ONITUYECKUMHU KOMITBIOTEPAMHU, T/Ie peann3y-
€TCs MMPUHLUI MapaJUIebHOCTH 00paboTku uHpopmanuu. [lapannenbHbrii
JOCTYN KO BCel mHpOpMaIuu, XpaHsIIencs B roorpaduyeckoM 3aroMHu-
HAIOIIEM yCTPOWCTBE, JIeJIaeT BO3MOXHBIM H3BJICYCHHE IOJIE3HONW HHGOP-
MalyM 3a BpeMsS OJHOTO Mepuoja oOpamieHHs, TO €CTh CYIIECTBEHHO
YMCHBIIACTCA BPEMSA CUUTBIBAHUAL. B HacTosAlIee BpEMA CKOPOCTb «OHTH-
YECKOT0» CUMTHIBAHUS UHPOPMALIUU B rOJOrpaUUIECKUX CUCTEMAaX Iamsi-
1 nocruraetr 10 I'6ut/cek, a ¢ yuyeToM mepeBojna MHPOPMALUHU B DJICK-
TPOHHBIN BUJ — okosio 1 I'6ut/cek.

3. BbIicokasi MOMeX03aIIMIIEHHOCTh 3amucH. OcoOeHHOCThIO Tosorpadu-
YECKOr0 METO/a 3allUCH SBISIETCS TO, YTO MPH 3alUCH OOJBIIOTO YHUCIa
OOBEKTHBIX BOJH (KaXJas M3 KOTOPBIX B HAIlEM CIy4yae MpPeJCTaBIseT
OMH OWT MH(OPMALMKU) Kaxaas M3 ITHX BOJH paclpeiesieHa MO BCel
TUTOMIAN rojorpaMmbl. TakuM 00pa3oM, MOBpPEXKIEHUE WIH yTpaTa 4acTH
rojorpamMmsl OyeT IPUBOIUTH JIUIIb K YMEHBIICHHUIO YPOBHSI CUT'HAJIA MIPH
€€ CUMTBIBAaHWY, HE HAPYIIasi IPU STOM LEJIOCTHOCTH KapTUHBI BOCCTAHOB-
JeHHBIX O0BEKTHBIX BOJH. [10o 3TO# mpuumHe, pacmpeneneHHas (rojorpa-
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(udeckas) 3anKch SBISACTCS MPUHIUITHAIBLHO TOpa3o 0ojee yCTONUNBOM K
MOSIBIICHUIO KaKUX-THO0O0 OMMOOK MM cOOEB B KaHAJIE CYUTHIBAHUS.
Bo3moxHOCTE  peanu3anuu  aIropuTMOB — TOWCKAa  JIAaHHBIX €
WCIIOJIb30BAHUEM  CBOMCTBA  aCCONUATHMBHOCTH  ToOJOrpapuuecKoro
MeTOoJa 3amucH. ACCOIMATUBHOCTH TOJIOTPaMMBI O3HAa4aeT, 4YTO IpH
OCBEIIIEHUU TOJIOTPAMMBI YaCThbI0O OOBEKTHOTO ITydYKa, BOCCTAHABIMUBACTCS
OIOpHAs BOJIHA, COOTBETCTBYIOIIAsI TOM, KOTOpasi Obljla UCTIOIB30BaHa MPH
3alMCH  JTAHHOTO OObekTa. TakuM o0pa3oMm, eciu Kakas-TO YacTb
nHpopmanmu (B OOBEKTHOM ITy4Ke) SBISETCS OOMICH MJIT HEKOTOPOTO
Yycia 3alMCaHHBIX TOJOrpaMM, TO, HauOoliee OTBEYAIOUICH KPUTEPUSIM
MoMCKa, OyeT Ta U3 HUX, JJISI KOTOPO BOCCTaHOBIICHHAsI OMIOPHAsl BOJIHA
SBIIICTCS HanOoJiee MHTCHCUBHOW. BriOupas Hamboriee MHTEHCUBHYIO U3
BOCCTaHOBJICHHBIX YacTbl0 OOBEKTHON BOJIHBI OMOPHYIO BOJHY, MOXHO
MOJTHOCTBHIO BOCCTAHOBUTH UCKOMYIO OOBEKTHYIO BOJHY (MH(OPMAITHIO).
Bo3MoxHOCTE TIPOBEACHUS PA3TUYHBIX JOTHYECKHX U MAaTeMaTHYeCKUX
AeCTBUH MEXIy pa3iMuHbIMU MaccuBamu. ['omorpaduueckuii meroa 3a-
MIUCH U CYUTHIBAHHS TIO3BOJISIET PEaIn30BaTh BINOJIHEHHE OCHOBHBIX OIle-
pamuit OyneBoit anredpsr (M, NI, UCKIIFOUAIOLIEE WJIN u T.1.).
Takxke BO3MOXHO BBITIOJIHEHUE MapaJIJICIbHBIX aCCOIMATUBHBIX ONEPALIUN,
TaKWX, KaK MOUCK JIAHHBIX, JETEKTUPOBAHUE W3MEHCHUH, KOPPENSIHs U
pacmo3HaBaHue 00pa3oB.

3anuck U cuMTHIBaHUE MH(DOPMAIUM BO3MOXXHBI B peajibHOM BPeMEHH.
lonorpaguueckuii METOA 3amHMCH MO3BOJISIET OCYIIECTBUTH MPAKTHYECKH
MTHOBEHHOE CYMTBHIBaHWE (IIPU YCIOBUHM HCIOJIB30BAHUS COOTBETCTBYIO-
HIMX PETUCTPUPYIOIINX MAaTEPHAIIOB).

VYcrpoiicTBa XpaHeHus: WHGOpPMAMKA MOTYT TOAPA3AEIATbCA HA THUIIBI

CKOPOCTBIO 3alIMCH/CUUTHIBAaHUS U 00beMy NamsaTH. Pa3znudaror crieayromue oc-
HOBHbIE THIIbI YCTPOMCTB NAMSTH:

1.

ApXHBHAsI TaMsITh — B 3TOM Cjydae HaumOoJee BaXHOW XapaKTECPHCTUKON
SIBJISIETCS BO3MOKHOCTh MAaKCUMaJIbHO 00JbIIOT0 00beMa namsaTu. He Tpe-
OyeTcsl 3aInch B TIPOIECCE IKCILTyaTaIlHH.

YacTtnyHo-3aMeHseMast TaMsATh — THII TAMATH C MPEUMYIIECTBEHHBIM CUH-
THIBAHHEM U C BO3MOXKHOCTBIO TIEPE3aIHCH.

bricTpoaeiicTBytoIas peBepcUBHAS NAaMATh — THIT TAMSATH OTHOCHUTEIBHO
HeOOJBIIOr0 00BEMA, MPEANOIAraloNUi BBICOKYI0 CKOPOCTh 3aIMCH, CUYH-
THIBaHUS M CTUPAHUS UH(DOpMaIu.

[onorpadguueckoe 3amoMUHAIONIEE YCTPOWCTBO, Kak BCSKOE APYyroe

3alOMHHAIONIEe YCTPOMCTBO, B Hambosiee OOIIeM BHE JODKHO PEaTn30BaTh
CJIEYIOLIHME IPOLIECCHI:
1) KomupoBanue mnm mpeoOpa3zoBaHHe CHUTHANIA, HECYIIEro MHPOPMAILHUIO B

(dhopmy, yI0OHYIO 17151 3aITUCH;

2) Pacnpenenenue nH(OpPMALIUK IO HOCUTEIIO U 3aIUCh;
3) Xpanenue uHpOpPMAIUH;
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4) HaxoxaeHue HY>KHOM HH(OpMAaIK Ha HOCUTETIE;
5) [HexonupoBanue win npeodpasoBanue B popmy, yI0O0HYIO IS BEIBOJA;
6) BosiBox MH(OpMaIUKM K3 3aIIOMUHAIOIIET0 YCTPOMCTBA JUIsl UCTIOIb30BAHUS
noTpeouTeseM;
7) Ecnmu  yCTpOWCTBO XpaHEHHWS HE OTHOCHTCA K apXWBHOMY THITLY,
HE00X0/IMMO OCYIIECTBUTh CTUPAHUE U TIOBTOPHYIO 3aIUCh.
l'onorpaduueckuit Meron 3amucu Haubojiee MOJHO peallu3yercss B yCT-
poiicTBaXx apXUBHOW HaMATH (HampuMep, rojorpapuueckue JUCKUA OONbIION
€MKOCTH), @ TaK)K€ B YCTPOHCTBaX OBICTPOJICHCTBYIONICH PEBEPCUBHON MaMSITH
(c UCTIOIb30BAHUEM BJIEKTPOONTUYECKUX UITU (POTOXPOMHBIX KPUCTAJIIOB).

Cucremsl ronorpapuueckoi maMaTu MOKHO KJIACCU(PHUIHUPOBATH MO Me-
TOAY 3alIUCH U CYUTHIBAHUS I0JIOTPaMM:

1) Ilocredosamenvrasn 3anucy. Bes mHGOpMaIys B BUE OOTBIIOTO KOJHYE-
CTBa OTJIEBbHBIX M300paskeHni (OUT) 3aMMChIBaeTCS HA OAHY U TY YK€ TOJI0-
rpamMmy. M300paxkenust (OUThl) BOCCTAHABIMBAIOTCS HE3aBUCHUMO JAPYT OT
JpyTa, €CIM MPU UX 3alHCH UCIOJIb30BaJach OMOPHBIE BOJHBI, pa3Inyalo-
HIMECS MEXIY COOOM.

2) Iapannenvhas 3anucy. 3amucCh OCYIIECTBIACTCS Cpazy OOJNBIIMMH MacCH-
Bamu (MaccuB N Out). 3anuck WHpOpMAIMKM MacCUBaMU TPEACTABIISICTCS
HanOoJiee MEepCIeKTUBHOM JUIsl TOCTUKEHUSI BBICOKOM EMKOCTH, OCOOEHHO
B COYETAaHUU C IMOCJIEIOBATEIbHON 3anichio M roiorpamm, 3allMCaHHbIX C
WCIOJIH30BAHNEM OMOPHBIX BOJIH, PA3IMYAIOIINXCS MEXy COOO.

3) 3amuce mHbOpMaLUK, pacnpele’IeHHoN no riayoune (B o0béme). B aTom
cily4ae pa3JIM4YHbIe MAaCCUBBI pacIpeieeHbl M0 ITyOuHE perucTpupyromei
cpensl. Takyto 3anuck nHpOPMAIIMM MOKHO KOMOMHHPOBATH C IOCIIEI0BA-
TEJIBHOM 3alMChIO C LENIbI0 YBEIMYEHMS MJIOTHOCTH XpaHUMOM MHpopMa-
uuu. [Ipu cuuThIBaHUU M300paKEHUI MPEABSBISIOTCS BBICOKHE TpeOOBa-
HUS K ONTHKO-MEXaHUYECKOM 4acTh yCTPOICTBa.

B cucremax ronorpaduueckoil maMsATH MOT'YT HCHOJIb30BaThCS KaK TOH-
KHe, TaK U 00BEMHBIC TOJIOTPaMMBL. J[JIst MX pa3u4eHus: UCIOIB3YETCsl TaK Ha-
3pIBaeMblIil kputepuil Kneitna Q = 2mAd/(nA%), Tie A - JUTHHA BOJTHBI W3JIy4YEeHUs,
d - TONIIMHA TOJIOTPaMMBbI, # - CPEIHUI MOKa3aTelb MpenomileHus, A - mpo-
ctpancTBeHHbIM nepuon. Ecam Q>10, To romorpamma cuutaercss 0ObEMHOM.
[IpocTpaHCTBEHHBIH NIEpUOJ peleTKH A omnpeaensieTcs JITUHON BOJHBI IIPH 3a-
MUCH U YTJIOM MEXAYy OOBEKTHOM M omopHOM BosHamu: A =A/(2xsinB), rae O -
MOJIOBMHA YTJIa MEXKy OMOPHOM M 00BEKTHOM BoJHAMU (B Bo3ayxe). biaromapst
npucynieMy oObEMHBIM TOJIOTPAMMaM CBOMCTBY CIEKTpalIbHOW U YIJIOBOH ce-
JIEKTUBHOCTH, BO3MOJKHBI 3alMCh W pa3felbHOE CYUTHIBAHWE MHOTHX TOJIO-
rpaMM B OJHOM 00BEME (MYJBTHILIEKCHPOBAHKE), YTO TIOBBIIIAET IIOTHOCTH
XpaHeHUs HHPOpMaLUH.

‘MaKCI/IMaJ'IBHaH mudpakuuonHas 3pdpexTuBHOCTh N (10 100%) nocrura-
eTcsl B cllydae 00beMHBIX (a30BBIX rojorpamm. Beipakenue mis audpakiuoH-
HOU 3(pPexTUBHOCTU T OOBEMHBIX (PA30BBIX TOJIOrPAMM MPOIYCKAIOLIEro THIIA
3aMMChIBACTCS KaK:
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n=sin’(mn;d/Acos6;),

rzie n; — aMILIMTYJa MOLYJISILMY [TOKa3aTels MpeJIOMIICHUs,
d — TosmMHa rosI0rpaMMbl
0; - MoJI0OBMHA yTIi1a MEX/ly OIIOPHOM U 00BEKTHOM BOJIHAMU (B Cpefe)

Takum oOpa3zom, oObeMHBIE (Ha30BBIE TOJOTPAMMBI XapaKTEPU3YIOTCS
HAMOOIBIIIEH [IOTEHIMANBLHOM EMKOCTBIO XpaHeH s HuopMarms.

[TpoBoaumbie B TeueHue AeciaTkoB JeT (¢ 1963 rona) uccnenoBanus B 00-
JaCTU CO3JJaHUS CHCTEM rojiorpaduieckoil mamMsaTH NPUBEIN K TOHUMAHUIO OC-
HOBHBIX NPUHIIUIOB JIEUCTBUS TAKUX YCTPOMNCTB:

1. Hudopmanuro ciaeayeT 3aUChIBaTh (M XpaHUTh) B BUJI€ JIBOMYHOTO KOJa, a
HE B aHAJIOTOBOM (hopme.

2. IlpenmnodtuTenbHO OAHOBPEMEHHO 3aIUCHIBATh MACCHUB JAHHBIX (CTPAHMILY
WIM MaTpUlly), YTO TMO3BOJSIET CYIIECTBEHHO (Ha MOPSIKH) YBEIUYUTH
CKOpOCTh 3aIIMCH/CYUTHIBAHHUS.

3. Tlo Tumy MCHOIB3YEMBIX TOJIOTPAMM HAUOOJBIINM MPEUMYIIECTBOM TOJIb-
3ytorcs  Dypbe-rojgorpamMMmbl, perucTpupyeMbie B IUIOCKOCTH Dypbe-
npeoOpa3oBaHusl WM BOJNM3M €€, TaK KaK OHM MOTYT OBITh 3allMCaHbl Ha
MaJibIX IUIOINAJAX U MHBAPUAHTHBI K MONEPEYHOMY CIBHIY OTHOCHTEIBHO
OMOPHOro My4ka. THBapHMaHTHOCTH K CABUTY CYIIECTBEHHO YNPOILAET Tpe-
OOBaHMS K YCTaHOBKE (POTONPHEMHHKA, BOCHPUHUMAIOIIETO BOCCTAHOB-
JIEHHOE N300pakeHue NP CYUTHIBAHUU.

4. Jlns 3amucu clefyeT HCIOib30BaTh 00bEMHBIE Cpelibl, MO3BOJIAIOIINE pea-
JN30BaTh CEJEKTUBHBIE CBOWCTBA TOJIOIPAMM H, COOTBETCTBEHHO, YBEJH-
YHUTb IUIOTHOCTb 3aMTUCH UH(OPMALIHH.

5. B cucreme ronorpaduyeckoil maMaTu He AOHKHO OBITh ABMXKYLIMXCS Yac-
Ted. Tonbko B 3TOM Cilydae MOKHO OOECHEeYHUTh MaKCHMaJbHYIO HaJeX-
HOCTh U OBICTPOJICHICTBUE BCEH CHCTEMBI.

[Tpumep onTHYECKON CXEMBI JJIs pealln3aiiy roJIoTpaduIecKoil CHCTEMBI
XpaHeHus uH(popMaun B 00beMHOH cpelie mpuBeaeH Ha puc.17. B pexxume 3a-
nucu (puc.l7a) uznmydeHue jazepa MpoXoauT Yepe3 IEKTPOONTHIECKHI 3aTBOP
2 ¥ nomajaeT Ha BpaulaTenb MOJISIPU3ALNU 3, MOCIE Yero OTKJIOHSAETCS Ha 3a-
JnaHHbIM yron neduexkropoM 4. [lonspu3alMOHHBIN JAeTUTENb JEIUT MYy4YOK Ha
JIBE 4acTU C OJMHAKOBOM moJsipu3aiueil (o6o3HaueHa kpyxkkom). OnHa 9acTh
Iy4YKa HalpaBJIIeTCsl Ha MaTPUILy MUKPOJIHMH3, KOTOpasi COBMECTHO C OOBEKTHU-
BOM 5 (opMHpyeT paBHOMEPHYIO 3aCBETKY yCTpOMCTBa BBoJa MHpopmarmu 9,
pacnosioskeHHoe B (pokyce nuH3bl 10, ocymecTsistoniel npeodbpazoBanue Py-
pre. C IpOTHUBOTIOIOKHOW CTOPOHBI JTHH3BI 10 Takke B (hOKyCe TTOMEIIEH peTh-
cTpupyromuii matepuan 11 g 3anucu ronorpamm. Bropas yacThk j1azepHOro
My4YKa MPOXOJUT CUCTEMY JIMH3 U 0OBEKTUBOB M HAINpPABJISIETCS HA YIJIOBOM Je-
¢dnexTop 13, KOTOPBIN COBMECTHO ¢ AU(PPAKIIMOHHOM pemieTkoi 14 npennasna-
YeH /IS U3MEHEHHs! yTJla HaKJIOHA OMOPHOIO IydYKa JJIi MHOTOKPAaTHON 3alucu
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roJIOTpaMM Ha OJHOM M TOM K€ Y4acTKe PerucTpupyrouiero marepuana. Jms
nepexoja Ha CIEeIYIONUI Y4acTOK 3allUCH U3MEHSETCS Yol OTKJIOHEHUS ITydKa
C MOMOIIBI0 aKYCTOONTUYECKOTro aeduiekropa 4, MpH 3TOM OJHOBPEMEHHO W3-
MEHSIETCS TIOJI0KEHUE M OTIOPHOTO U OOBEKTHOTO ITyYKOB.

B pexume cuutbiBaHus (puc.170) monspusanusi Ja3epHOTO U3ITY4CHUS
MEHSIETCSl Ha OPTOTOHANBHYIO (0003HaUeHa CTPENIKOM), IPU ATOM H3ITydYeHHUE Jia-
3epa MPOXOJIUT MOJSIPU3ALMOHHBIA CBETOCIHUTENb 0e3 oTpaxeHus, GpopMupys
My4YOK, aHAJIOTUYHBIM OMOPHOMY YUKy INpH 3amucu. M3MeHss yrona maaeHus
My4yKa ¢ MOMOIIBIO YIrIoBOro Aeduekropa 13 MOXKXHO OCYHIECTBISTh CUUTHIBA-
HUEe WH(GOPMALMKM BOCCTAHOBJIEHHOW TOJIOIPaMMOM C TOMOIIBIO YCTPOMCTBa
cuntheiBanus 12. J{ns nmepexona Ha cienyromuil y4acToK roorpaguyeckoro Ma-
Tepuana U3MEHICTCS Yrojl OTKIIOHCHHUS MyYKa ¢ MOMOIIbI0 aKyCTOONTHYECKOTO
nediexropa 4, a 3aTeM MPOU3BOINUTCS BHIOOpKA HYKHON MH(pOpMamu n3MeHe-
HUEM yTJa CYMTHIBAHUS TPU TIOMOIIH YTIOBOTO Jeduiekropa 13.

[IpoBoaumbie ¢ 1963 roma uccienoBaHusi B 00JIaCTU CO3JaHHSI CHCTEM
rojorpau4eckoil mamMsATH MPUBEIH K MOHUMAHHIO OCHOBHBIX NPHHIIUIIOB JCH-
CTBHSI TAaKUX YCTPOWCTB:

1) Hudopmanuto ciemayeT 3auCchIBaTh (M XpaHUTH) B BUJIC IBOMYHOTO KOJ/A, a
HE B aHAJIOTOBOM (hopme.

2) IlpeAnodTUTENHHO OHOBPEMEHHO 3aMMCHIBATH MACCHB JIAHHBIX (CTPAHUILY
WIA MaTpUIly), YTO TO3BOJIAET CYLIECTBEHHO (Ha TOPSIKU) YBEIHYUTDH
CKOPOCTh 3aITUCH/CUUTHIBAHUSI.

3) Ilo Tumy HCMONB3yeMBIX TOJIOTPAMM HaHOOJBIINM MPEUMYILECTBOM I10JIb-
3yIOTCS  (Dypbe-rojiorpaMMBbl, PETUCTPUPYEMBbIE B IUIOCKOCTH (ypbe-
npeoOpa3oBaHus WM BOIHM3U €€, TaK KaK OHW MOTYT OBITh 3alMCaHbl Ha
MaJbIX TUIOIIAASX ¥ MHBAPUAHTHBI K TONEPEYHOMY CABHTY OTHOCHTEIBHO
OTIOPHOTO My4YKa. IHBapHaHTHOCTH K CABHUTY CYIIECTBEHHO YIIPOIIAET Tpe-
OOBaHMS K YCTaHOBKE (POTONPHEMHHKA, BOCHPUHUMAIOIIETO BOCCTAHOB-
JICHHOE M300pa)keHUE NP CYUTHIBAHHU.

4) Jlast 3amucH ciieayeT MCIOIb30BaTh OOBEMHBIE CPEIbl, O3BOJISIOIINE pea-
JIM30BaTh CEJICKTHBHBIC CBOKMCTBA TOJIOTPAMM M, COOTBETCTBEHHO, YBEIIH-
YHUTb TUIOTHOCTb 3aMTUCH UH(OPMALIHH.

5) B cucreme ronorpapuueckoil namMsaTH He J0JKHO OBITh JIBUXKYIIMXCS dac-
Teil. TONABKO B 3TOM Cilydae MOXKHO 00€CHeunTh MAaKCHMAJIbHYIO HaIexk-
HOCTB ¥ OBICTPO/ICUCTBUE BCEH CHCTEMBI.
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Puc.17. Omnruueckas cxema peanu3aldd ToJOTpadhUIecKOr MaMsATH C
M3MEHSIIOIIMMCS YIJIOM TMaJeHUsl OMOPHOTrO Nydyka B OOBEMHOH cpene B
pexxume 3anucu (A) u cuutsiBanus (b) uagopmarun.

1 — nazep, 2 — 3NEKTPO-ONTUYECKHI 3aTBOp, 3 — Bpamlareiab MOJSPU3ALNH,
4 — akyCTO-ONTUYECKUN AeIEKTOp, 5 — MMH3a, 6 — MOISIPU3AIIMOHHBIN CBETO-
JeNuTenb, 7 — CEJIeKTUBHOE 3€pKajo, 8 — MaTpulbl MHUKPOJIMH3,
9 — ycrpoiictBo BBoAa uHpopmaruu, 10 — nuH3a (ypbe-npeodpa3oBaHus,
11 — peructpupyromas cpena, 12 — ycTpoHCTBO CUMTHIBAaHUS WH(DOpMaIuH,
13 — yrnoBoit aeduexrop, 14 — nudpakunoHHas pemerka.
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KommnoneHnTs! rosorpaguyeckoit naMmsaTi

HcTOYHNK U3NnYyYEeHUS

Jns obecnieuenust 3¢p(HeKTUBHON 3amucu ToJIorpaMM TpeOyeTcs: KOJUIH-
MHUpPOBaHHOE KOTE€PEHTHOE M3ydyeHue jnazepa. s oOecrieueHust BHICOKOW IH-
KOBOW MOILIHOCTH >KEJATEeJbHO HMCIOJIb30BaTh MMIYJbCHBIM Jla3ep C BBICOKOM
9aCTOTOH MOBTOPEHHs UMITYIbCOB (10 10° mMmymbcoB B cexynmy). BombmmmcT-
BO HCIOJB3yEMbIX PETHCTPUPYIOLINX MATepPHAIOB UMEIOT HauOOIbIIYI0 YyBCT-
BUTEIIFHOCTh B CHHE-3€JICHOM JIMANa30He, OJJHAKO U IPU ITOM YCJIOBUU CPEIHSIS
MOILHOCTb M3JIy4€HHUs J1a3epa B OJIHOMOJIOBOM PEKHUME I'€Hepaluu JI0JKHA CO-
CTaBIATH OKOJO 1 BT. B mepBbIX sKcnepuMeHTax MO CO3AaHUI0 rojorpaduye-
CKUX CHCTEM MaMsTH HCIIOJIB30BAJIM B OCHOBHOM HM3JIyueHue Ar-ja3epa Ha JUId-
Hax BoaH A=0.488 u 0.515 mxm. OgHako, k03phuIMeHT npeodpa3oBaHus JICK-
TPUYECKOW SHEPrHM B ONTHYECKOE M3ITydeHue KpaitHe HH30K (mopsaka 0.1%),
MOATOMY Ta0apUThI TAKUX Ja3ePOB M X OJIOKOB MUTAHUS JTOBOJIBHO IPOMO3/IKH.
B HacTosiiee Bpems MIHMPOKO UCHONB3YIOTCS TBEPJOTENIbHBIE HEOIUMOBBIE JIa-
3epsl (A;=1.053...1.070 MKkM) ¢ TMOJHON HAKaYKOW M MpeoOpa3oBaHUEM YaCTO-
Thl U3JIY4YE€HUsI BO BTOPYIO FTAPMOHHUKY C JUIMHOW BOJHBI A,=0.527...0.535 MKM.
Crnenyer Takke MOMHHUTb, YTO MCIOJb30BaHUE JIA3€pPOB C T'€Hepalueil u3imyye-
HUS Ha Oosiee KOPOTKMX JUIMHAX BOJIH OOECIEeUMBAaeT yBEJIHMYEHHE IJIOTHOCTH
3amucH MHQOPMALHH MPOMOPLHOHANBEHO A~ (B Ciydae OOBEMHOIl PerHCTpH-
pyIoIieH cpeabl).

Lednexrop na3epHOro U3ny4eHus

JU11 TOUHOTO MO3UIIMOHUPOBAHUS JIA3€PHOTO U3Iy4YEHHUSI HAa IOBEPXHOCTHU
U B 00beMe rosorpaduyeckoil perucTpupyromei cpeasl Hy>)KHO HCIIONIb30BATh
ObICTPOJICICTBYIOIINE YCTPOHUCTBA—AE(DICKTOPHI (3K€1aTEIbHO HE MEXaHUYECKO-
ro THIIA), CIIOCOOHBIE W3MEHSTh HAIPABICHNE PACTIPOCTPAHEHHS Ma[AIOTIET0
Ja3epHOro u3ilydeHus. B OCHOBHOM, MCIOJB3YIOT rajlbBAaHOMETpUYECKHE (Me-
XaHWYEeCKHE) W OnTHYecliue (aKyCTOONTHYECKHE M DIICKTPOONTHYECKUE) Je-
(uiekTopbl. beICTpOAEHCTE e TaIbBAaHOMETPUUECKUX AE(PICKTOPOB OTHOCUTENb-
HO Benuko U coctasisieT (~0.1 mc. B cioyuae akycroonrtuueckoro neduexropa
OTKJIOHEHHE Iy4Ka JJa3€pHOr0 M3JIy4eHHs POMCXOANUT Ha aKyCTUYECKOW BOJIHE,
CO3/IaHHOH B aKyCTOONTUYECKOM MaTepuaie ¢ MOMOLIbIO bE303IEKTPUIECKOrO
npeoOpaszoBarens. M3MeHeHHe Hecyled aKyCTUYeCKOW YacTOThl MPHUBOIUT K
M3MEHEHHIO TIEPUO/Ia PEIIeTKU H, CJIE0BATEIbHO, K U3MEHEHHUIO yria audpax-
LMY JIA3€PHOrO M3JIyYE€HUs Ha 3TOH peleTrke. beIcTpoaelcTBHe TaKuUX YCT-
POWCTB ompenenseTcs, TJIaBHBIM 00pa3oM, BpeMEHEM MPOXOXKICHHS 3BYKOBOU
BOIIHBI 4€PE3 CEUCHHE JIA3EPHOT0 MydKa H MOYXET COCTABIATH Benuuuuy t~107°-
10°¢c. B CIIy4ae 3JeKTPOONTHYECKOTO Ae(IIeKTOpa OTKIOHEHHE ITydKa JIa3epHO-
ro U3JIY4YEHHs MMPOUCXOTUT B AJIEKTPOONTHUECKOM KPHUCTAIUIE MPU MPUIOKEHUU
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K HEMY 3JIEKTPUYECKOro mouisl. BeIcTpoaeiicTBrE 21EKTPOONTHYECKOTO Jediek-
-6
Topa cocrasiseT t~107 c.

YcrpoiicTBo BBOAA HHGbOpPMaIUK
VYCTpoiicTBO BBOJA CIYXKHT Ui MpeoOpa3oBaHus MUPPOBBIX dJIEKTpUUE-
CKUX CHTHAQJIOB B MATPHILy JAaHHBIX, KOTOpas MOMEUIAETCsl Ha MyTH OOBEKTHOTO
My4Ka, MOAYJIHUPYS €r0 B COOTBETCTBUU C 33JaHHBIM PACIIpPE/IeIICHUEM CUTHAJIOB
Ha sToi Matpule (0 uau 1 B JBOMUHOM KOZ€). Y CTPOHCTBO BBOAA HH(POPMALIUU
JIOJDKHO 00eCIIeunBaTh:
1) BBICOKOE GBICTpOCHCTBHIE (KemaTensHo ¢ t~107 ¢)
2) BBICOKOE paspelieHue (pasMep KaKJIOoro OJJIEMEHTa MaTpHIlbl MeHee
100 Mxm)
3) OGonbiioe komuyecTBo dn1eMeHToB (1024x1024 snemenTa)
4) Bwicokuit koHTpacT n3obpaxenus (100:1 u Boime)
5) cTaOUIBHOCTH CBOMCTB IO OTHOHICHHIO K MOIIHOMY JIA3€PHOMY H3Iyde-
Huio (1o 1 Br)
6) BBICOKAst OJHOPOIHOCTD IO SIPKOCTH U KOHTPACTY MO BCEW IJIOMIAAN MaT-
PUIIBI
Haubonee mmpokoe mpuMeHeHne HaxoaiT skxuakokpuctammnaeckue (JKK)
MaTpulbl ¢ paspemeHueM a0 1024x1024 snementa. s mpoCTpaHCTBEHHOM
MOJYJISIIIUM CBETAa HMCIIONB3YIOT JIBA AIIEKTPUUYECKH yHpaBisieMbIX d¢¢ekTa, Ha-
OJIOJAIOIINXCSA B JKUAKUX KPHUCTAIIAX: HABEAEHHOE IBYJIYYENPEIOMIICHHE U
JUHAMUAYECKOe paccestHue cBera. [Ipolecc M3MEHEHHUs ONTUYECKHX CBOWCTB
CJIOSl JKUJIKOTO KPUCTAJIa HOCUT MOPOTOBBIN xapakrep. KoHCTpyKus sueiiku
TpaHCIapaHTa MPEJCTaBIAET COOOM COHIIBHY, COCTOSIINA U3 TIEHKH JKUIKOTO
KpHUCTa/lla MEKAY ABYMS JIEKTPOJAMHM, HANMBUIEHHBIMH Ha CTEKJISTHHBIX MMOJI-
JIO)KKaX ¥ OOBIYHO MPO3padHbIMH. DPGHEKT TUHAMUYIECKOTO PacCesTHUs TpUMe-
HSIOT JUISl aMIUTUTYTHOW MOJYJISILIMU MPOXOASLIETO MM OTPaKEHHOTO CBETOBO-
ro nmyuka. OH 00yCJIOBJIEH IEPEHOCOM 3apsiJia uepe3 CION KUKOTo KpUCTalia u
BO3HMKHOBEHHEM B HEM TMAPOJMHAMUYECKHX HecTaOmibHOCTel. [lepememnBa-
HUE B DJIGKTPUYECKOM TOJIE MPUBOAMUT K 3HAYUTEIHLHOMY OCIA0JICHHIO WHTEH-
CHBHOCTH TPOXOIAIIETO Yepe3 sueiKy cBeTa. 110 OKkOHYaHWM NEVCTBHS JIICK-
TPUYECKOTO THOJIS CIOH MPUOOpPETaeT UCXOIHYIO CTPYKTYPY M CTAHOBUTCS IPO-
3paunbIM. [loj neificTBueM 3IEKTPUYECKOTO MO B *KUIKOM KPUCTAJUIE TPOHC-
XOJIUT TAaKXKe MPOLIECC MEPEOPUCHTAIIUN MOJIEKY (B- u S-opreHTaoHHbIe 10-
neBble A3QdexTsl). B pesynprate npu onTHMaIbHOM PACIONOKEHUH ONTUYECKHX
ocell CJIOSl JKUIKOTO KpPUCTa/Ula OTHOCHTEIBHO BEKTOpa IMOJISIPU3AIMH CBETa
JIOCTUTAeTCsl MAaKCHUMajbHOE HM3MEHEHHE MABYIY4ENpeNOMIICHUS U COOTBETCT-
BeHHO (a3oBass monynauus cera. TBuUcT-3pdext (T-apdexr), Oauzkuii mo
npupoze kK S-a¢dexry, obecrieunBaeT MOBOPOT MIIOCKOCTH MOJIIPU3ALMU CBETA.
Bpemst a51eKTpoonTHYeCKOro MepeKI0YeHNs] B TOHKUX CIOSX JKUIKUX KPHCTaI-
JOB MOXET
coctaBiaTh ~107 c.
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YcTpoiicTBO cunThiBaHUS HHGOPMALUU

YCTpoiCTBO CUMTBIBAHUS IPEJHA3HAUEHO Ul IpeoOpa3oBaHus ONTUYe-
CKOI'O CHTHajla BOCCTAHOBJIEHHOIO TOJIOrPaMMON B 3JIEKTPUUECKHH CHUTHAI.
OueBuIHO, YTO KOJIMUYECTBO U PACIIOJIOKEHUE IEMEHTOB yCTPOICTBA CUNTHIBA-
HUS JIOJDKHO TOYHO COOTBETCTBOBATH AJIEMEHTAM YCTPONCTBa BBOAA MH(OpMa-
. OOBIYHO, B KAaUECTBE MATpPHUILbl CUMTHIBAHUS UCIOJIb3YIOT MaTpuly (oTo-
JIM0JI0B, GBICTPO/IEHCTBHE KOTOPBIX COCTABIsIET 0KOIO t~107 ¢,

OOBeKTHBBI (JIMH3BI) M1 IpeobpazoBanus Pypre

OOmbexTuBsl A5 npeodpazoBaHust Pypbe AOIKHBI ObITh BBICOKOTO OINTHU-
4EeCKOro KayecTBa ¢ HU3KUM YypoBHeM abOeppauuil. Ilockonbky ucnonb3yercs
JIBa TAaKUX OOBEKTHBA, OJMH — MEXKy YCTPOHCTBOM BBOJA U PETUCTPUPYIOIIUM
MaTepHalioM, a JIPYrod — MEXIY PEerHCTPUPYIOUIMM MaTepHajoM U YCTPOMCT-
BOM CUUTBIBAaHUS MH(OPMALMHU, TO KayecTBO M abeppaluu 000MX OOBEKTHUBOB
JOJDKHBI OBITH 110 BO3MOXHOCTH OiM3KuMMH. B 3HaunTenbHON Mepe, npobiema
ONTUYECKOTO KAaueCcTBa OOBEKTHBA PEIIAEeTCs MCIOIB30BAHUEM ISl BOCCTAHOB-
JICHUS TOJIOTPAMM KOMITJIEKCHO-CONPSKEHHOM BOJIHBI, HIyIIEH B 0OpaTHOM Ha-
MpaBJECHUU 10 OTHOLICHUIO K 3aluChiBarollell onopHoi BosHe. Ha puc.18 uzo-
OpakeH NpUMEp ONTHUYECKOM CXEMBbI, pealM3yIolled BOCCTAHOBJIEHHE TIOJIO-
IrpaMMbl KOMIIJIEKCHO-COIPSKEHHBIM ONOPHBIM IIyukoM. Ilpm 3ammcu roso-
rpaMMBbl IOBOPOTHOE 3epKajo 7 (MOKa3aHO MYHKTUPOM) HAIPABISET U3TyUCHUE
00BEKTHOH BOJHBI, HECYIIeH WH(POPMAINIO, OTOOPAKEHHYIO YCTPOMUCTBOM BBO-
na 6, Ha perucTpupyrommii marepuan 1 ¢ momompio o0bekTHBa 5. OnopHas
BoJiHA R ¢ momsipuzanueil, oproroHanbHOH nossipu3aluu 00bEKTHON BOJIHBI OC-
BEIIAeT PETUCTPUPYIOIIYIO Cpeay, HO HE y4acTBYeT B 3alUCH ronorpamMmsl. [lo-
clie OTpakeHHs 3epKajioM 2-3-4 ¢ oOpamieHueM BOJTHOBOTO (hpOHTA TOJSPH3a-
111 0OpallleHHOI OIMOPHOI BOJIHBI R’ coBmamaer c nojspuzanueit 00beKTHON
BOJIHBI M IIPOUCXOAMT 3alMCh rojorpammsl. Ha craanu cuuteiBaHus 3epKajo 2-
3-4 mepekpbIBaeTCA U ONOPHAst BOJHA MPOXOIUT Yepe3 PerucTPUPYIOLINA MaTe-
pHall ¥ BOCCTAHABIMBAET OOBEKTHYIO BOJHY, KOTOpas paclpoCTpaHSeTCs MO
TOMY K€ ONITHYECKOMY IyTH, YTO U IpH 3anucu. [Ipu 3ToM mOBOpOTHOE 3epKaio
7 moBopaunBaeTcst Ha 90° (MOKa3aHO CIUIONIHOW JIMHHMEW) W HampaBlisieT 00b-
€KTHYIO BOJIHY Ha YCTPOMCTBO cuuThiBaHUs AaHHbIX 8. Takum oOpasom, abep-
panuu 0ObEKTHUBA 5 MPAKTUYECKU IMOJHOCTHIO KOMIEHCHUPYIOTCS MIPHU MPOXO0XK-
JIEHUN 00BEKTHOW BOJIHBI B 00OpaTHOM HAIpaBJICHHH.
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OIIOpHas BOJIHA
___________ A

Puc.18. Ontuueckass cxema, peaju3yrollas BOCCTAHOBJICHHE T'OJIOIPAMMBbI
KOMILIEKCHO-COTIPSKEHHBIM OMOPHBIM ITYYKOM.

1 — peructpupyromas cpena, 2 — IOJyBOJIHOBas IUIACTHHKA, 3 — JIMH3A,
4 — cpena muist oOpareHust BOJTHOBOTO (hpoHTa, 5 — 00BEKTUB, 6 — YCTPOHCTBO
BBO/Ia MH(POPMALIUH, 7 — TOBOPOTHOE 3€PKAIO0, 8§ — YCTPOHCTBO CUMTHIBAHHS.

OrpaHu4eHust IJI0THOCTH rojiorpaduvyeckoi 3anucu

B pesynbrare Toro, 4ro Ha roJiorpaMMe OJTHOBPEMEHHO MOXKHO 3apErucT-
pUpPOBaTh 3HAYUTEIHLHOE KOIMUYECTBO () OUT MH(POpPMALUHU NPU PACCMOTPEHUH
NpeneabHBIX 3HAUYEHUH TUIOTHOCTH 3alHCH JaHHBIX, HEOOXOJUMO YUWUTHIBATH
«CIIOCOOHOCTB» TOJIOTPAaMMBI BOCCTAaHABIIMBATh PA3IUYHBIE «4aCTH» OOBEKTa,
KOJIMYECTBO KOTOPHIX B HAIIEM cliyyae OyJeT paBHO YHCIy OJHOBPEMEHHO 3a-
nuceiBaeMbIX OMTOB. [103TOMYy MUHUMAaNbHBIA pa3Mep rojorpaMmsl Oyner om-
peAeNAThCSA UCXO0/1d U3 MUHUMAJIbHO BO3MOXHOI'O MHTEpBaJia B Mpejaeaax KOTo-
pPOTO COXpaHSIOTCSI CBOWCTBA BOCCTAHOBIIEHHOTO M300paxkeHus. B Takom ciy-
yae, pa3Mmep rojorpammbsl D i 3anucu N OUT MHQOpMAIMK JO0KEH COCTaB-
JSATh HE MEHEe: D=kx(N/2Q)l/2, rae 2€) - yroyi cXoxJaeHus 0ObEKTHON BOJIHbI
IIPU 3aIHCH.

Takxum o6pazom, npu 2Q=1 crepaauan (oxoso 60°), A=0.633 mxm (He-Ne
nazep) u N=100, MUHUMAaNbHBIN pa3Mep ToJorpaMMbl coctasisieT D=6.3 MkMm, a
Ha momaay B 1 CM° MOYKHO 3arucaTh bi o) 2.5%10® 6ur nH(popMaIum, 4To Cpas-
HUMO C TOOWTOBOW ONTHYECKOH MIOTHOCTHIO 3amucH. OpHaKo, B ciy4ae Hc-
MOJIb30BAHUS TPEXMEPHBIX Cped JUIsl 3alUCH ToJIOrpamM, IJIOTHOCTh 3alUCH
MOKET 3HAYUTENBHO MPEBBILIATh ITO 3HAYEHUE, TOCKOJIBKY Ha OJAMH M TOT XKe
Y4aCTOK JUCKa 3alHMChIBAIOT OJJHOBPEMEHHO MHOTO rOJIOTpaMM, OTIUYAIOIIHUXCS
a100 JUTMHOM BOJIHBI 3aIIMCH, JINOO HAaNpaBJICHUEM ONOPHON BOJIHBL. B neiicTu-
TEIBHOCTH K€, KOJIMYECTBO rOJIOrPaMM 3allMCAaHHBIX HA OJTHOM U TOM K€ y4acT-
K€ pPEeruCTPUPYIOLIETO MaTepuana OyIeT TakKe OrpaHNYEHO €ro JUHAMHUYECKUM
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JMana30HOM, YIJIOBOM CEJIEKTMBHOCTHIO M ITyMaMH, BBI3BAaHHBIMU B3aUMOJICH-
CTBUEM HAJIO)KEHHBIX I'OJIOTPAMM.

OrpaHuyeHusi M0 JUHAMUYECKOMY IHANA30HY PETUCTPHUPYIONIETO Ma-
Tepuasia CBA3aHbl C TEM, YTO MPHU 3aMUCU KOHEYHOT'O YMCJIa TOJIOrpaMM Ha OJi-
HOM U TOM JK€ y4YacTKe HCIOJb3YyeTCsl BECh AUAana30H M3MEHEHMs MOKa3zaTess
IIPEJIOMJICHUSI JAHHOW Cpelbl U CTAHOBHUTCS HEBO3MOXKHOW IOCIENyIOIIas 3a-
MUCh.

OrpanuyeHust 110 YIJIOBOi CeJJeKTUBHOCTH CBSI3aHBI C TEM, YTO IIOJHOE
YHUCIJIO TojorpaMM N, KOTOpO€ MOKHO 3alKcaTh B JMANa30He YrioB OMOPHOIO
nyyka @ MOXHO paccuuTarth 1o hopmyie:

N=®/AO~(Dx n xd)/A,

rie AO — yrioBas CeJNEeKTUBHOCTb, d — TOJIIMHA TOJIOTPAMMBI,
1 — CPEeTHUM MMOKa3aTelNb MPEIOMIICHHS Cpeibl, A — IIEPHO PEIIETKH.
Takum oOpazom, Hampumep, s A=0.376 MxkM (Ipu 3amuMcH Ha JUTHHE
BOJIHBI A=0.532 MKM B3aUMHO OPTOTOHAJBHBIMH Iy4dkamu), ®=10°, d=1
MM, n=2 Tosry4um, uto N~930.

OrpanuyeHus MO LMIYMAaM CBSI3aHBI C B3aUMHBIM BIMSIHUEM HaJIOKEHHBIX
roJiorpaMM, Tak Kak B IMY4YOK CBeTa, AU(parnpoBaHHBI Ha ONHOW W3 TOJIO-
rpamMM, BHOCUTCS BKJIAJ] (paccesHue) U OT OCTAbHBIX rOJOrPaMM, 3allMCaHHBIX
Ha ITOM € y4yacTKe Marepuana. Eciau npeanosaraercs MONMy4UTh IIPU CUUTHI-
BaHnu 3ananHyto BennanHy OCII (oTHOmEHHE CHTHAI/IITYM), TO O0IIee YHCIIO
HaJIO’KEHHBIX IoJ0rpaMm OyJ1eT OrpaHUYeHO BEIMYUHOM:

N=d/(4)x(OCLL)?),

rzie d — TONIIMHA TOJIOTPAMMBI.
Takum o6pazom, ecmu d=2 mm, A=0.532 mxm, OCIL=3, To npexensHOE
YHCIIO CTPAHMI] 3alTMCAHHON MH(popMaIuu Oyaet cocTaBisiaTh N~104.

BricTposeiicTBue rojorpaduveckux YCTPOMCTB 3amKMcH M XpaHeHUs MHpopma-
105051

Jnst hopMHpOBaHHS MaTpPHUIBI CUTHAJIOB, MPEIHA3HAYEHHOHW ISl TOJIO-
rpaduveckoi 3anucu 1mo meroxy rojgorpadun Oypbe, UCTIONB3YIOT TPOCTPAHCT-
BEHHBIC MOIYJISITOPHI CBeTa. B Hacrosimee BpeMsi Takue MOIYJISITOPBI TIOCTPOE-
Hbl Ha ocHOoBe JKK marpury nubo cucteMbl MUKpo3epkail. PaspemieHne Takux
Moy/sTopoB gocturaet 1280x1024 mukceneii, urto coorBercTByer ~1.3x10°
out napopmanuu. Yactora cmensl m3obpakenus gocturaetr 1000 pa3 B cexyH-
ny. Takum 00pa3om, Mpu 3amucy roorpaduuecKiM METOAOM BO3MOXKHO YKE B
HacToslIllee BpeMs JOCTUTHYTh CKOPOCTH 3amucu nopsiaka 1 I'6ut/c npu ycno-
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BUU HAJIUYUS COOTBETCTBYIOIIUX PETUCTPUPYIONIMX MATEPHAJIOB M JIa3epOB C
JOCTATOYHON MOIITHOCTBIO M3ITy4EHHUS.

[Ipu cuuthiBaHMKM HHPOPMAUK U3ITy4YeHHUE ja3epa (HOKYCHPYIOT B 00-
JacTh TOJOTPaMMBbl U BOCCTAHOBIIEHHAs] OOBEKTHAsI BOJIHA IOTIAAeT HA YCTPOii-
CTBO JICTEKTUPOBAHHMS, B KQ4€CTBE KOTOPOTOo MOXHO Hcnonb3oBaTh [13C (aHri.
CCD) nmn KMOII (aarn. CMOS) marpurisl. CIUTBIBaHHE MOYKHO OCYIIECTB-
JSITh KaK UMITYJIbCHBIM, TaK U HETPEPHIBHBIM JIA3EPHBIM H3JIy4CHUEM, OJHAKO B
HOoCJeIHEM cllydae A oOecreueHusl JOCTATOYHOW CKOPOCTH CUUTHIBAHUS
(~1000 ¢") AMHUTENBHOCTD €ro BO3AEHCTBHS HODKHA ObITh He Ooee | MumHce-
KYHJIbI, YTO TIPUBOJUT K HEOOXOJUMOCTH HCIIOJIB30BaTh JOCTATOYHO MOIIHBIC
nazepsl (~1 Br). Kak u B ciryuae 3amucu, CKOPOCTh CUMTBIBAHHS JUISI MaTPHUIIBI
pasmepom ~10° 6ut cocrasut oxono 1 I'éut/c.

TakuMm o6pa3om, rojorpaduuecknii METOI 3aITUCH U XpaHeHus: nHpopma-
IIUM OTKPBHIBAET BO3MOXXHOCTH CO3/JaHUSI ONTHUYECKUX YCTPOMHCTB, KOTOpPBIE IO
OCHOBHBIM  XapaKTepUCTHKaM  (IJIOTHOCTh  3allUCH, CKOPOCTh  3aIlu-
CH/CUNTBIBAaHUS, CKOPOCTh BHIOOPKM HHGOpPMAIMH, MOMEXO3aLIUIIEHHOCTh M
JIp.) CYIIECTBEHHO MPEBOCXOAST ONTHYECKHE U MarHUTHBIE CUCTEMBI C TIOOUTO-
BOM 3aNMChI0 HHPOPMALIUH.

JKcnepuMeHTANbHbIE Pa3padoTKU CUCTEM roJ1orpadguyeckoil mamMsTu

OpnuM M3 Mokas3areneil pa3BUTHA TOW WIM MHOM TEXHOJOTUM SIBIISIETCA
pa3paboTka npuOOpPOB M YCTPOUCTB, a TAK)KE UX JOCTYMHOCTh Ha PhIHKE.

XoTs BIEpBbIE MPEUIOKEHUE 110 CO3/IaHUI0 TOJIOrpaUUecKor MamsTH ¢
HCIIOJIb30BaHUEM OOBEMHON 3amUCcH rojiorpaMm OblIo omy0OinkoBaHo Ban
XupneHoM B 1963 roay, mombITKH co3faHus OOBEMHOM rosjorpadudeckoi
MaMsITH NpakTHYecKux ycrnexoB B 1970-e ronbl He umenu. @axtuyecku 70-¢ u
80-e ro/bl COCTABISUIN MEPHO, B KOTOPOM Ipeodiaiany Ucciae0BaHus Mo To-
Jorpau4ecKoil MamMsATH ¢ 3aHChIO TOHKHX TOJIOTPAMM.

lNonorpaduueckue 3amoMuHaIONIME YCTPOWCTBA, MpeJHA3HAUCHHBIC IS
UCIIOJIb30BAaHUsl B BBIYMCIIMTEIBHBIX MAaIIMHAX CO CTPAaHUYHBIM BBOAOM M
MPOU3BOJILHOM BBIOOPKOM MH(DOpMalmu, ObuTH Mpeanoxkensl CvutoMm u [Nanna-
repom B 1967 rogy m MuxkasnssHom c coTtpyaHukamu B 1968 romy. B
NPEIJIOKEHHBIX HMMH  YCTPOMCTBAX  HMCIOJB30BAJCS CTPAHUYHBIA  BBOJ
U(POBBIX JAHHBIX, 3amUCh HaOOpa TOJOrpaMM CTpPaHHWII M CUUTHIBAHUS
IIPOU3BOJBHOM TOJIOTpaMMBl  a/IpeCyeMbIM Jy4doM. [Ipm TakoM mMNOCTpoeHHH
o0ecrnieuynBaJINCh HanOoOJbIIAs MH(YOPMAIMOHHAS €MKOCTh M OBICTpOE BpeMms
JocTyna.

OpHO M3 MEpBBIX ToJIOrpaUUECKUX 3allOMMHAIOUIMX YCTPOMCTB ¢
YIJIOBBIM ~ MYJBTHIUICKCUpPOBaHMEM ObL1o co3maHo eme B 70-x  rojax
cnenuanuctamu pupmel Thompson. DxcnepruMeHTaIbHbIA MaKeT rojorpaduye-

CKOro 3aliOMHMHAroIICTO yCTpOﬁCTBa HCIIOJIb30BaJl IMOCTPAHUYHYIO 3alliuChb
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MH(pOPMalINK, aKyCTOONTHYECKUN 1e(IeKTOpP, a B KaUYeCTBE PErMCTPUPYIOLIETO
MaTepuaa /Ui 3allCcH 00bEMHBIX IOJI0rpamMMm - Kpuctaml HuoOata nutust LiN-
bOs:Fe.

K cepeaune 70-x rogoB 20 Beka HHTEpeC K roJIOrpapuUecKuM CUCTEMaM
namMsATH TPAKTHUYECKH yrac, Tak Kak HE CYIIECTBOBAJIO MajorabapUTHBIX
YCTPOICTB BBOJAa MOCTPAHUYHON MH(POPMALMU AOCTATOYHO OOJBIIOrO 00bEMA,
a TakKe JOCTYMHBIX YCTPOMCTB CYHMTHIBAHUS OJTOH HHQOpPMAIMH TIPH
BOCCTAHOBJIEHUM rosiorpamm. B Hawanme 90-X ronosB curyanust KapAWHAIBHO
M3MEHUJIACh C PA3BUTUEM MHKPOAIIEKTPOHUKH, OCOOEHHO B OOJIACTH CO3MaHHS
mastorabaputabix KK marpunr m matpuny ¢oroaerekropoB Ha ocHoe I13C
(mpubopsl ¢ 3apsoBoit cBs3pio) uiam KMOII (koMiuieMeHTapHbIE MeTasll-
OKCHUIHbIE TIOJTYTIPOBOJHUKHN) TEXHOJIOT UK.

[Tepsrie ronorpaduyeckue nucku popmata HVD (Holographic Versatile
Disk) Obun pazpabotanbl Kommanueir Maxell ¥ MO3BOJSIOT 3amUCHIBATH 10
3.9 Th undopmanmu Ha CBETOUYBCTBUTEIHHOM MOJTUMEPHOM cioe. st cuuThI-
BaHUs nH(opmanuu ¢ ronorpadpuueckoro HVD nucka ucnonb3yrorcs aBa nasze-
pa Ha pa3HbIX JJIMHAX BOJIH, 3€J€HBIA — NIl CYUTHIBAHUS JAHHBIX, 3aMTMCAHHBIX
Ha TOJIOTPaMMe, U KPACHBI — JJIsi KOHTPOJISI M YNpPaBJICHHsS] CEPBOIMPHUBOIOM
nucka. CkopocTh cunThiBanusg uH(opmanuu nocturaet 125 Mb/c. Tlpeanonara-
ercst Havath BbITycK HVD nuckoB ¢ emxocthio 10 300 I'b 1 ckopocThio CUHUTHI-
Banus 20 Mb/c.

CymiecTByIOT U ajlbTepHAaTHBHbIE rojorpaduyeckue CUCTEMbI 3alHMCH U
XpaHeHus HH(opManuy, HampuMmep, paszpaboranHele kommnanued InPhase
(CIIA). T'onorpaduueckue aucku Tapestry kommanuu InPhase Heckoybko
Oonbiie mo pasmepy, ueM aucku DVD (auamerp 130 mm, Tommmua 3.5 mm).
EmkocTs ronorpaguueckoro aucka komnanuu InPhase cocrasnser 300 I'b, xo-
TS B JaJbHeWIeM npefanonaraercs ysenndenue émkoctu a0 1.6 Th. Ckopocth
CUMTBIBAHUS JOoCcTUTaeT B HacTosiee Bpems 20 Mb/c. Buemnuii Bua paspabo-
tanHoro InPhase ronorpaguueckoro ycrpoicTBa 3anucu/CUUTBIBAHUS U T'OJIO-
rpaduueckoro aucka mpeactaBieHsl Ha puc.19. JlaHHble KOAUPYIOTCS B JBOMY-
HOM KOJIe U 0TOOpaxaroTcs Ha xkuakokpucramdeckom (XKK) mogynstope cBe-
Ta, KOTOPBIA MPOCBEYMBACTCS JIa3epHBIM JIydoM (A=405 um). [Ipomenmmii ge-
pe3 KK moxynstop nasepHsblil yu ganee GOKycHUpyeTcsl Ha rojorpapuieckuil
peructpupytomuii Mmarepuan. OTHOBPEMEHHO, B 3Ty K€ TOUKY (OKyCHpyeTcs
U3JIy4EeHUE ONOPHON BOJIHBI TOrO Xke Jasepa. TakuM oOpa3oM, MPOUCXOAUT 3a-
MUCH ToJorpaMMbl. [IJ1si MOBTOPHOI 3aMCH HA 3TO € MECTO, OMOPHBIN IMy4OK
M3MEHSET CBOM yTOJI MaJieHus 3a cueT HakJoHa 3epkana. [IpousBonurenu pac-
CUMTBHIBAIOT HA BBICOKYIO CTAOMJIBHOCTb XpaHEHUsl AaHHbIX (O6ojee 50 neT) mpu
MHOTOKPaTHOM CUHUTHIBAaHUHU.
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Puc.19 Tonorpadudeckoe yCTpONCTBO 3aIUCH M CUUTHIBAHUS KOMIIaHUU In-
Phase Technologies u ronmorpadudaeckuii quck Tapestry.

VYceunust MHOTHX HccieioBaTesei B BeyIUX YHUBEPCUTETaX U KOMIIaHU-
SIX MHpa IPUBEIH K MOHUMAHUIO OOIIMX MPUHIUIIOB TOCTPOSHHS rojorpapuyie-
CKHUX CHCTEM NaMSTH U ObUIH C(HOPMYIMPOBAHBI OCHOBHBIE TPEOOBaHUS K KOM-
IIOHEHTaM TAKUX CHUCTEM C YYETOM BCEX OIPAaHMYECHMH, KOTOPbIE MPUCYIIHU JaH-
HOMYy MeToay. B HacTosimiee Bpemsi Ha TaOOpaTOPHBIX MaKeTaxX CHCTEM TOJIO-
rpau4ecKkoil mMaMATH C MCIIOJIb30BAaHUEM B KaUeCTBE PETUCTPUPYIOIMIECH Cpelbl
MOJIMMEPHOTO MaTepuajia JOCTUTHYTa IUIOTHOCTH 3aIllMCH JI0 4x10" 6ur/em’,
4yTO npuMepHO B 10 pa3 mpeBbIIaeT 3HAYEHUSI BEJIMYMH, NOJYyUYEHHBIX IJIs IO0-
6uTOBO} 3ammc Ha auckax DVD (~4x10° 6ut/cm®). CKOPOCTh CUHTHIBAHHMS
JAHHBIX TIOCTPAHUYHOW 3amucu nocturana mnpu 3toM 10 ['6ut/c. OnHako B Ha-
CTOSIIIIEE BPEMsI CHCTEMBI roJorpaduiueckoil maMaTu He JAOILIH 0 TOTPeOUTes
M0 TIPUYMHE CBOEH OTHOCHUTEIHHO BBICOKOM CTOMMOCTH M rabaputoB. He pere-
HBI €11 MHOTHE MPOOJIEMBI ¥ C CUCTEMAaMU TOJIOTPaPUUECKUX PEBEPCUBHBIX Ma-
TEepHAJIOB /ISl CUCTEM Tepe3anuchiBaeMor namsitu. OHa U3 Haubolee OCTPBIX
npobieM — KpaifHe HU3Kas YyBCTBUTEIBHOCTh MMEIOIIUXCS B apCceHale Hcclie-
noBatenedt hoTopedpakTUBHBIX MaTepuanoB. B Onwkaiimeil mepcrekTuBe cra-
HET MOHATHO, CMOTYT JIM ToJIOrpaduiuecKue CUCTEMBI MaMsATH KOHKYPHPOBATh C
TpaJULIMOHHBIMU ONTUYECKUMHU, MArHUTHBIMH U MOXYIIPOBOAHUKOBBIMU ((haer-
MaMsITh) CHCTEMaMHU.
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MaTtepuanbl ansa o6bLEéMHoOM ronorpadum

BaxxnedmmMu xapakTepUCTHKAMU 00BEMHBIX FOJ'IOFpa(I)I/I‘-ICCKI/IX Marte-

pHAJIOB SABJISIOTCS:

1.

PRI WD

TOJIIKHA (OTPECISIONIAs CEIEKTUBHOCTh U MH(POPMALIMOHHASI EMKOCTB )
pasperaromiasi CocoOHOCTh
CTaOMIIBHOCTD MOTYJISIIIH
CTaOUIBLHOCTD (DOPMBI (OTCYTCTBUE YCAJIKH)
mudpakiuonHas 3 GEeKTUBHOCTD
SHEPreTU4ecKasi CBETOUYBCTBUTEILHOCTh
IUHAMWYECKUN JHAaIa30H
CHEKTpaJbHasi 00JIACTh YYBCTBUTEILHOCTH
CoBpemeHHBIe 0011T1e TeXHIYeCKHe TpeOoBaHUA K 00BEMHBIM (TOJICTHIM)

MaTepHuaaM JUIsl MIOCTOSIHHOM 3amucyu (apXUBHOW TooTrpaguuecKoil mamMmsTi U
BBICOKOCEJIEKTHBHBIX AU(PPAKIIMOHHBIX ONTUYECKHX 3JIEMEHTOB) TAKOBBI:

tommuuHa (0.5 + 5) MM, obecnieunBaromiasi BO3MOKHOCTb CO3JJaHUsI CTPYK-
TYpPHO-OPTaHU30BAHHBIX JU(DPAKIIHOHHBIX AJIEMEHTOB U 00OBEMHBIX ped-
PaKTHUBHBIX CTPYKTYP CO CIEKTPaIbHOM ceeKTUBHOCTHIO (0.2 + 20) HM u
npoctpanctBeHHoi (0.5 + 5) mpan

CTaOMIIBHOCTh MOJYJISIIIMK TIOKA3aTesIsl IPEJIOMIICHHS: COXpPaHEHHE 3a/1aH-
HOM 3 PeKTHBHOCTH TOTOTpaPUIECKUX PEIIETOK B TEUYCHHUE JIECATKOB JIET
npu temmeparypax ot 0°C go 50-70°C

Majioe U3MEHEeHHE pa3MepoB (YCaaKu WK pa30yxaHHe) B X0A€ HOCTIKCIO-
3UIMOHHON 00paboTKM 1 AKcIuTyaTanuu — He 6osee 0.1% — 0.5%; 60mb-
1€ U3MEHEHHUs IPUBOJAT K COOSIM B CUMTHIBAHUN HH(DOPMALIUHU UITH Ha-
PYLICHHUIO CIICKTPAIBHOM U YTIIOBOW HACTPOWKU ONMTHYECKUX IEMEHTOB.
CIIeKTpajbHas 00JIaCTh CBETOUYBCTBUTEILHOCTH, OTBEYAIOIIAsl CIIEKTPY
U3JTY4YEHHUS PaCIPOCTPAHEHHBIX JIA3€PHBIX HICTOYHUKOB; TUITMYHO — CHHE-
3eneHas (480-550 HM, COOTBETCTBYET aproOHOBBIM U HEOJMMOBBIM Jia3e-
paM); YyBCTBHTEIILHOCTh K KPACHOMY CBETY eJlaTelbHa, HO He 00s13a-
TEJIbHA

BO3MO>KHOCTB 3aIHCH "CKPBITOTO N300paykeHus ", He UCKaXKAIOIIEeTO BOJI-
HOBOT'O ()pOHTA, KOTOpOE Aajiee OBICTPO MposiBiseTcs (ycuiuBaeTcs) 6e3
CJIOHOM, BO BCSIKOM clTydae 0e3 BIIa)KHOM, MTOCTIKCIIO3UIIMOHHOM 00pa-
60TKH.

BBICOKasl pa3pelaroiiasi CiocOOHOCTh, MO3BOJISIONIAs 3aUChIBATH TOJIO-
rpaduueckne pemeTKy ¢ MPOCTPAHCTBEHHBIMH TieprogamMu 0.2 — 2 MKM
3HAYUTEJIBHBIN TUaa30H U3MEHEHUS I0Ka3aTes MPEeJIOMIICHNUS, 10CTa-
TOYHBIN JIJIs1 3aIMCU B CHCTEMaX XpaHeHus! HH(popMauy OOJIBIIOTO YUciia
HAJIOKEHHBIX TOJIOTpamMM (BO3MOXKHO, HEBBICOKON TU(PPaKIIMOHHOM -
(EeKTUBHOCTH) B OJJHOM 00BEME MITU JIJIsl CEJIEKTHBHBIX TOJIOTPAMMHBIX
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3JIEMEHTOB — OJIHOW WJIM HECKOJIBKUX T'OJIOTPaMM BbICOKOM (OJIM3KO0i K
100%) nudpaxnuonnoi 3¢ dexruBHOCTH
MaJiasi BEJIMYMHA CBETOPACCESIHUS, KOTOPasi, BMECTE C JU(PPaKIIMOHHON
3¢ PEKTUBHOCTHIO, ONIPEAETSIET OAUH U3 BaXKHEHIINX TapaMeTpoB - OTHO-
LIEHUE CUTHAJI-LIYM.

PeanpHO 1y meseil rosorpaduueckoil mamsTH TPeOyIOTCs MaTepHaiibl

TOHHIHHOfI B COTHH MHUKPOMETPOB — MUJUIMMETPLbI; HEJOCTATOK TaAKUX MaTCpUa-
JIOB JOJI'O CACPIKHUBAJI pa3pa60TI<H. K I[eﬁCTBHTeJ'IBHO TOJICTBIM MOXXHO OTHCCTHU
TaKUC MAaTCpUaibl, KaK

(dhoTopedpakTUBHBIC KPUCTAILIIBI
(hOTOXPOMHBIE KPHCTAILIBI, CTEKIIA, TOTUMEPHI
(doroTepmMopedpakTUBHOE CTEKIIO
(doTononMMepH3yIoLIecs MaTepUAIIbI
peokcaH
MOJIUMEPHBIE Cpebl ¢ TUPPY3MOHHBIM ycHIIeHHEeM (¢ heHaHTPEHXUHO-
HOM)
pas3MYHBIe MaTepHalbl HA OCHOBE IIOPUCTOTO CTEKIIa
Uncto moBEepXHOCTHEIE (peibedHbIC) MaTepHalbl — (POTOPE3UCTHI: TTO3U-

TUBHBIC, JEMOHCTPUPYIOIIHE POCT PACTBOPHUMOCTH NpPU 3acBETKE (HOBOJIAK,
JTMA30XWHOH — IIMPOKO MPUMEHSUTUCh B (oTonuTOorpadn) M HeTaTUBHBIC, pac-
TBOPUMOCTb KOTOPBIX YMEHBILIAETCS MOJ] ICHCTBHEM CBETA.

NOBepPXHOCTHbI

c¢oTopesuctol
ToHKMe (Q<1)

opraHu4vyeckue aoToxXpomhbl

ONoNUMMepbI

doToTepmopedpakTUBHOE CTEKITO
hOTOXPOMHOE CTEKNO
doTopedpakTUBHbIE KPUCTAIbI
hOTOXPOMHBIE KpUCTanmbl

cpeabl ¢ AU dY3UOHHBIM YCUNeHUem
peokcaH XPOMUPOBaHHbIE KONMOUAbI
NMopuCTOE CTEKNO

ranonpocepedpsiHbie MaTepuanbl

Tonctble (Q>10)

I'anounocepedpsinbie (oTomMaTepHabl (B TOM YHCIE BBICOKOpa3pe-

maromue JUINIIMAaHOBCKUE, ITO3BOJIAIOIINE 3allMCbIBATh I'OJIOTPAMMBI Z[eHI/ICIOKa)
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U MaTepHajbl HA OCHOBE OMXPOMHPOBAHHBIX KOJIOHAOB, KaK PaBUIIO, TOHKH
(10 necATKOB MUKPOMETPOB); UCKIKOYEHHE COCTABJISIOT TOJICThIE — 10 MUJLIU-
meTpa — camornpossistomuecs cinou bXOK. Kpome Toro, matepuaisl Ha OCHOBE
YKEJIATHHBI TPEOYIOT TIIATEIBbHON 3allIUTHI OT BJIArH, KOTOPasi ClIOCOOHA MpHUBEC-
TH K 3HAYUTEIIbHOMY HaOyXaHUIO CJIOEB.

MHuorue knaccudeckne padoTsl 0 00beMHOM Tojiorpaduu ObUTH BBITTOJ-
HEHBI C UCNOJIb30BaHUEM (oTOpe@PaAKTHUBHBIX (IJIEKTPOONTHYECKHX) KPH-
CTAJVIOB, TAaKUX Kak HHoOaT nutus. Ha ocHOBe TakmX KpUCTaLUIOB pa3padora-
HBl CHCTEMBI OIEPATUBHOM Toyorpaduyeckoll mamsTH,; OHU 00JaNAIOT TaKUMHU
BaXXHBIMH MTPEUMYIIECTBAMHU, KaK CTAOMJIBHOCTh Pa3MEpPOB U BO3MOXHOCTb Ile-
pe3anucu, Ho MaJlo MPUTOJHBI ISl MACCOBOTO ITPOU3BOJCTBA KPYIHBIX JETAJIEH.
[Tomumo oTtopedpakTUBHBIX KPUCTAIUIOB, B 00BEMHOI rojorpaduu HCIOJb-
3y10TCsl OTOXPOMHBIE KPUCTAIUIBI C IIEHTPAMH OKpacku, (poToxpomHusie U (o-
TOpe(paKTUBHBIE MOJUMEPHL, a TaKxke (GoToTepMOpeppakTUBHbIE cTekIa. JJoc-
TOMHCTBO (DOTOXPOMHBIX MAaTE€PHUAIOB — 0OPATUMOCTh; TUIIUYHBIC HEJJOCTATKH —
HE OYeHb BbICOKAs 3(PPEKTUBHOCTH TOJOrPAMM U HX JAETpajanus moj IeHCTBU-
€M cuMThIBaromero cBera. Kak BecbMa cBO€0Opa3HbI M OUYEHb NEPCHEKTHBHBII
OpraHn4ecKuil OTOXPOM CTOUT YHOMSHYTH CBETOUYBCTBHTEIbHBIN OEOK Oak-
TEPUOPOJIONICHH, JJISI ONTUMHU3AIMHM CBOMCTB KOTOPOTO YCHEIIHO MPUMEHSETCS
rerHas umkeHepus. PororepmopedpakTHBHBIE CTEKIA TO3BOJSIIOT CO3/1aBaTh
cTaOmibHble 3(Q(GEKTHUBHBIE TOJOIPAMMbl; UX HCIOJIb30BAaHUE I10/pa3yMeBaeT
TOYHEHIITYI0 ONTUMH3AINI0 KOMITO3UIIMH U PEXHUMa BBICOKOTEMIIEPATypHOH 00-
pabOTKM CTEKJIA; OTKJIIOHEHUS OT ONTHUMYyMa BbI3bIBAIOT YBEIMUYCHHUE Pa3MEpOB
MUKPOKPHCTAJUIOB U, KaK CJIEICTBUE, POCT CBETOPACCESHHUS.

Hexkotopsie opranndeckue (pOTOXpOMBI, Takue Kak "(poroanpecyemble
NOJIMMEpBI" € a30-TPYIIIAMHU, XapaKTEPU3YOTCSI MHOKECTBEHHBIMU OTKIIMKaMH
Ha CBETOBOE BO3JIEHCTBHE, BBI3BIBAIOLIEE, UEPE3 U30MEPU3ALIUIO a30-TPYIIII,
JBIDKEHUE HAa HECKOJIBKUX YPOBHAX MPOCTPAHCTBEHHOTO MacIITada:

®  MOJICKYJISIPHOE JIBHKEHHUE (M30MEpH3aIHs)
e JIOMEHHOE JBWXEHHE (YIOopsAoYeHHe OOKOBBIX IIeTIel MaKpPOMOJIEKYJ)
® MaKpOCKOIMYECKOE JBUKECHUE

Takoe 6G0raTcTBO OTKJIMKOB MaTepHajia Ha CBET MO3BOJISET UCIOJb30BaTh
JUIs 3aIUCH MH(POPMALUK ONTHYECKUMH, B TOM YHUCIIE TOJI0rpaduIecKuMu, Me-
TOJIAMH:
® U3MEHEHHUE CIEKTpa MOraomeHus (oToXpoOMH3M)
¢ (oToaHU30TPOMUIO (IBYITyUEHPEIOMIICHHUE)
e (dotopenbed.

[Tpupona poTonHAYIIMPOBAHHOTO penbeda B ITOM CIIydae HECKOJIBKO
MHasl, YeM B cilydae OTOPE3UCTOB:
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U3MEHEHUE MOJICKYJSIPHOTO 00bEMa mpH (HOTOpEeaKiuu —> U3MEHEHHe cBOOO/I-
HOro 00BéMa —> penakcanusi cBoOogHOrO 00béMa (puc. 20) = obpa3oBaHue
penbeda

paBHOBECHbI CBO6OAHBIN 06bEM paBHOBECHbIN CBOGOAHbBIN 06BLEM paBHOBECHbI CBOGOAHBIN 06BLEM

3aHATLIN 06BEM 3aHATbIN 06bEM

M30bITOYHBI CBOBOAHbLIN 0OBLEM

Puc.20. Penakcauus cBoOosHOro 06b€Ma nonuMepa: Mpu XUMHUECKOH peax-
UM, TpOU3OLIEAIIe BHYTPU IIOJIOCTH CBOOOJAHOrO 00BEMa moOJIMMEpa,
YMEHBIIWICS 3aHATHI 00BEM, YBETHMUYMIICS CBOOOHBIH, YaCTh KOTOPOTO OKa-
3ajach M30BITOYHON IO OTHOIICHHIO K TEPMOAMHAMHYECKH PABHOBECHOMY.
Jlanee mpoUCXOAMUT IMEpeMeEIIeHUe MOJIMMEPHOI0 OKPYKEHUs, NP KOTOPOM
cBOOOHBIN 00BbEM NPUOINIKAETCS K PABHOBECHOMY .

B opranuueckux marepuanax, B TOM YUCIE TOJIUMEPHBIX, IPOTEKIOT pa3-
HOOOpa3HbIe (POTOXPOMHBIE (CBS3aHHBIE C M3MEHEHHWEM CIIEKTpa TOTJIONICHHS,
TO €CTh IIBETA) MPOIECCHI, KOTOPbIE MOTYT OBITh UCIIOJIL30BAHBI [UIS 3aITUCH WH-
dbopmanuu:

e (oromuzomepu3anus
e (oTopasznoxeHune

e (oTonmpHCOSTNHECHHE
e (doroaumepusanus

W niia n3ydenust, U U MPaKTUYECKOTO HUCIIOJIB30BAHMS BO MHOTHX CIIy-
qasgx Haubonee yJOOHOH OKasblBaeTCs (POTOM30OMEpPU3ALMA — BHYTPUMOJIEKY-
JSPHBIA INPOLIECC, CBA3AHHBIA C B3aUMHBIM IIEPEMEIIEHUEM TPYIIl aTOMOB,
SHEpPruI0 Uil KOTOPOIro IOCTaBIsAET MOTJIOMIEHHBIH (OTOH; B YacTHOCTH,
mpanc-yuc U30MEpU3aLUs MOKET ObITh IPEACTABIEHA KaK IIOBOPOT OJHOII yac-
TU MOJIEKYJIBI OTHOCUTENBHO JIPYro BOKPYI COEAMHSIOIIEH UX XMUMHYECKON
CBSA3HU.
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Puc.21. Tunuunsiii poTOXpOMHBIH npoiecec — odpatumast mparc-yuc HoTouso-
Mepwu3aius a300eH301a

Cpenn cuHTeTHYEeCKHX (DOTOXPOMHBIX BELIECTB Hanbojee MepCHEeKTHB-
HBIMU TIPU3HAIOTCA (QYJIBTUABI U TUAPWIATEHBI, (POTOXPOMHBIN MPOLECC KOTO-
PBIX COCTOUT B PACKPBITHH LIMKJIA U U30MepHU3auu (puc. 22) U MopoKJaeT 3Ha-
YUTENIbHBIC CIIEKTPaNbHBIE U pepaKTHUBHBIC M3MEHEHUs (pHC. 23), MO3BOJISIIO-
M€ 3aHUChIBaTh ¥ MHOTOKPATHO NEepPe3anuchiBaTh A(PPEKTUBHBIE TOJIOTPAMMBI.
JlocTonHCTBa KpacuTeaen 3THX KJIaCCOB TaKOBBI:

1. BBICOKHII IBETOBON KOHTPACT (CHJIbHBIE CHIEKTPAIbHbIE H3MEHEHUS, COIPO-
BOXIar0Mre (OTON30MEPH3AITHIO)

2. BBICOKHMI KBAHTOBBIM BBIXOJ (dHEpreruueckas 3QQGEeKTHBHOCTh) U30MEPH-
3a1uu

3. BBICOKas TEMHOBas CTAOMIBHOCTh M30MEpOB (OKpamieHHas (opma He re-
PEXOIUT CaMOTIPOU3BOIHHO B OECIIBETHYIO, 1 HA000POT)

4. BBICOKAs LUKIMYHOCTH (M30MEpHU3aLUs MOXKET ObITh IpPOBEJEHA MHOTO-
KpaTHO B 000MX HANpaBJICHUAX, YTO HE OYCHb TUITUYHO JJISI OPTaHUYECKUX

(hoTOXpOMOB)
/ 0
Y o 0
uv J AN
AN
0 5 I
S o)
1 2 3

Puc.22. Cxema (hOTOXpOMHBIX NpeBpaIleHuil QyabruHOTO KpacUTEeNs, BKIIO-
qarollas nepexo/ipl Mex1y OeclBETHBIMU (HE MOTVIOLIAIONIMMU B BUAMMON 00-
J1acTH) OTKPBITBIMU opmamu 1 1 2 1 Mexy GOpMOi 2 U OKpallleHHON 3aMK-
HyTOH opMoii 3.
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pedpakums

onTnyeckasa NNOTHOCTb

AnnHa BOJIHbI, HM

[N1HA BOSHbI, HM 600 400 600 800

400

Puc.23. VI3MeHeHus crekTpa MOIJIOUIeHUs U pedpakiuu QynbruJHOro Kpacu-
TeJId B X0/€ (POTOXPOMHBIX NpEBpalleHui moja aeicTBueM Buaumoro u Y@
U3ITy4YECHHUS

JUis TakuxX TPHIOKEHHWH, KaK CO3JaHUE TOJOTpapUUecCKUX KOMIIAKT-
JIICKOB HJTU CEJIEKTUBHBIX ONTHYECKUX DJIEMEHTOB C OOJIBIION anepTypoi, moi-
XOJST TOYTH HCKJIIOUUTENFHO MOJMMEpHBIE pPErucTpupyromme cpeabl. bomb-
IIMHCTBO pa3pabaThIBaEMBIX U UCIOJIB3YyEMbIX B HACTOSIIEE BPEMsI MaTepHAIIOB
JUIsE 00BEMHOM Tosorpaduu ¢ MOCTOSHHOW 3aIIMCBhIO OTHOCATCS K Kilaccy (oTo-
nonumepoB (PII), hdopmupoBaHue rosorpaMMm B KOTOPHIX 00ycioBiIeHO (oTo-
WHAYUMPOBAHHBIMHU MOJIMMEpPHU3alMed WM CHIMBAaHUEM MOJUMEPHBIX Leneil.
doTononumepu3anys, TO €CTh HEMHON POCT MOTUMEPHBIX Lerei (MakpoMolie-
KyJI) U3 MaJIbIX MOJIEKYJ (MOHOMEpPOB) MOJ JCHCTBUEM CBETA, COIMPOBOXKAaeMast
T Py3MOHHBIM TIepepacnpeieieHHeM MOHOMEpPa B IMTyYHOCTH MHTEp(epeHIIH-
OHHOM KapTHHBI, TO3BOJISIET MOJYYUTh 3HAYUTEIEHYIO MOIYJISIMIO ONTUYECKUX
napamMeTpoB BemecTBa (Anp,x > 0.01), HO, Kak TpaBUIIO, COMTPOBOKIAETCS CUITh-
HbIM (5-20%) M3MEeHEeHHEeM TOJIIMHBI MaTepuana (Kak MpaBuio, YMEHbIIEHUEM
— ycaakoi). Ycanka win pa3OyxaHHe O03HAYalOT M3MEHEHHE OpIITOBCKOW Ha-
CTPOMKH JU(PPAKIMOHHBIX ONTHYECKUX YCTPOMCTB, TeM Oosiee maryOHOe, uyem
Oosnbie pu3nvecKas TOJIIMHA TOJIOTPAMMBI, TO €CTh YeM ITOJIHEE MBI ITBITAeMCs
UCTIOJIB30BaTh MOTEHIMAT 00beMHOW rojorpaduu. BrizBaHHOe MOKpOil 00pa-
00TKO# (oTorpaduyeckux CI0eB U3MEHEHNE UX TONIIUHBI, gocturaromee 20%,
OBLTO B CBOE BpeMs HEXelaTelIbHO, HO TepnuMo (ripu ToiuHe ciios ~0.01 mwm),
B TO BpeMsl KaK OT COBPEMEHHBIX TOJICTHIX (MOpPsIIKa MIJUIUMETPA) MaTepHAIIOB
TpeOyercs cTabunbHOCTh HUKAK He Xyxke 0.5%. Benuku (2-4%) ycanku usBect-
HBIX (poTonmonmmmepusyromuxcs marepuaioB Omnidex ¢upmsr DuPont de Ne-
mours.
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OcHoBHasi podJieMa 0OJIBIIMHCTBA MOJMMEPHBIX MAaTEPHAJIOB — HX

HEeJ0CTaTOYHAs IS ToJI0rpaduu KECTKOCTh (CTAaOMILHOCTh IMapaMeTpOB, TiIaB-
HBIM 00pa30M r€OMETPUUYECKUX):

MoOJIeKyJIsipHas Tuddy3ust IPUBOIUT K pa3pylIeHuo (najeHuto 3¢ ¢pexTus-
HOCTH) TOJIOTpaMM, TeM Oosiee OBICTpOMY, YeM MEHBIIE MPOCTPAHCTBEH-
HBIM MepHOJ, WU J1aXe K HEBO3MOXHOCTU 3(P(PEKTUBHON 3aIIUCH BBICOKO-
YaCTOTHBIX TOJIOTPaMM

neGopManuu  MaTepuana BbI3BIBAIOT HCKAKEHUS BOCCTAHABIMBAEMOTO
BOJIHOBOTO (DPOHTA; yCaAKH WM pa30yXaHHe O3HAYar0T M3MEHEHUe Opor-
TOBCKOM HACTpPOMKU AM(PPAKIMOHHBIX ONTHYECKUX YCTPOMCTB. DTOT 30-
(bexT ycyryOnsioTcs Ipy yBEIMYEHHH TOJIIUHBI TOJIOTPAMMBIL, YTO HE TI0-
3BOJISIET B JOCTaTOYHOM Mepe HCMO/Ib30BaTh MOTEHIMAl 0OBEMHOM IoJo-
rpadun. Bei3zBanHOE MOKpO# 00paboTKOM PoTOorpaduvecKux CIoeB U3Me-
HEHUE WX TOJMIIMHBI, Aocturaromiee 20%, ObLII0 B CBOE BpeMs HEXKellaTelb-
HO, HO TE€PIHUMO, B TO BpeMs KaK OT COBPEMEHHBIX TOJICTBIX (ITOPSIKA MHJI-
JUMETPa) MaTepuasoB TpeOyeTcst CTaOMIIBHOCTD
He xyxe 0.5%

T ]

A>A,

Puc.24. Unmoctpanus BAUSHUS MOMEPEUHO ycaaku 00bEMHOr0 MaTepuana Ha
CUMMETPHUYHBIE NPOIYCKAIOIINE U OTPAXKATEIIbHBIE, & TAK)KE HAKIOHHBIE I'OJI0-
IrPaMMHBIE PEIIETKH.
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Kak npaBuio, ycaaka cuiibHee NMPOSIBISIETCS B HANpaBlICHUM, MEpPIICHIN-
KYJIIPHOM TIOBEPXHOCTH CIIOSI; TIO3TOMY OHA CHJIbHEE CKa3bIBAaeTCsl Ha OTpaka-
TeJIBHBIX TOJIOrPaMMax, YeM Ha MPOITYCKAOIINX, & HAKIOHHBIE TOJIOTPaAMMbI UC-
MBITBIBAIOT TOBOPOT (puc. 24).

[Tpobnema ycagkn 0OBEMHBIX MOJIMMEPHBIX MATEpPHANIOB IOCIE 3AMHCH TOJIO-
rpaMM MOXKET PEIIaThCs CIECTYIONIMMHU My TSIMH:

® yBEJINYCHHE KECTKOCTU MyTEM YMEHBUICHHUS KOHIIEHTPALUHU JKUAKOTO MO-
HOMEpPHOTO KOMIIOHEHTa CHUCTEMBI (Hampumep, MyTeM IpeaBapUTEIbHON
3aCBETKH) — 3TO, OJIHAKO, BBI3bIBAET CHI)KEHHUE YyBCTBUTEIBHOCTH U JUHA-
MHUYECKOTO JIMarna3oHa;

® HCIIOJB30BAaHMEM BO3MOXKHO OoJiee >KECTKOTO IOJMMEpa, Hampumep, Xu-
MUYECKH CIIMTOTO, WIH K€ YBEIMUYEHHEM JKECTKOCTH MaTepuaia Mocpe-
CTBOM BHEAPEHHUS B HETO MaJIbIX HEOPraHMYECKUX YACTHUI] WJIM CBSI3HOTO
HEOPTraHUYeCKOTo Kapkaca (mopuctoro crekia, [1C);

e 10a00poM (HOTOXMMHYECKOTO MEXaHU3Ma 3aIMCH ISl KOMIIEHCAIlUH ycal-
KH cpenbl, Tak, y4denble Polaroid (morom Aprilis) cMOTIM yMEHBIIHUTH
ycaaky 1o meHee yeM 0.1%, TOHKO ONTUMHU3UPOBAB KAaTHOHHYIO MOJIHME-
PU3AIHIO C OTKPHITHEM IIHKJIA.

e KOMIIEHCAllMe MCKaKEHUM MyTEM aJanTalii K HUM T'€OMEeTPpUU WIH JUId-
HBI BOJIHBI CUMTBHIBaHUS (HApPUMEDP, C MOMOIIBIO0 NEPEecTpauBaeMoro Jjiase-
pa)

Pa3sutne ronorpadpuueckux @Il nuio oT XKUAKUX KOMHO3ULMNA K "Cy-
xuM", He TpeOyIomuUM MpOosBICHU, U Aajee K komrnozutam PII ¢ Heoprannue-
CKUMHU 4YacTUaMu, ceTsmu, win ¢ JKK BKIIOYeHUsIMH, JaIOIUMHA BO3MOKHOCTD
yIpaBJIEHUS] CBOMCTBAMH IOJIOTPAMM.

K ¢dorononumepam B paclIMpeHHOM MOHUMAHHH OTHOCST TaK)Ke M MaTe-
pHuasbl, B KOTOPHIX MOJ JEHCTBHEM CBETa NMPOUCXOAUT HE MOJUMEpHU3aIus, a
NonepevyHoe CUIMBaHUE WK, HA000POT, pa3pblB Makpomoieky. Kak mpasuio,
¢doTomonuMepHbIe MaTepUallbl COCTOST W3 MOJUMEPHOW MaTpHUIlbl, B KOTOPOM
pacmpesieneHbl CEeHCHOMIN3ATOp, MOTJIOMIAIONINI CBET, WHUIMATOP MOJH-
MepH3aIi, MOHOMEp, MHOT1a APYTHe KOMIOHEHTHI.

B pesynbrare padotsr mo ®PIT anst ronorpadum, kotopas Benacs B CIIA ¢
1960-x rr. (Bell, Dupont, Polaroid), Ha py0Oexe BeKOB ObUTH CO37aHBI TOJICTHIC
®I1 HOBOro MOKOJEHUS C OYEHb XOPOIIMMH XapaKTEPUCTUKAMH, B YACTHOCTH,
MUHUMAabHBIMU ycaakamu (<0.1%), BelllycKkaeMble B HAcCTOsLIEE BpeMs J10uep-
aumu pupmamu Bell u Polaroid, coorBercTtBenno InPhase ("Tapestry") u Aprilis
(HMD). MaccoBoro BHeIpeHHUs TeXHOJOTHI, OCHOBaHHBIX Ha 0OBEMHOU ToJIo-
rpaduu, moka He HAOJIOAETCs, @ B COBPEMEHHBIX IKCIIEPUMEHTANIBHBIX pa3pa-
00TKax, TpeOyIONMX MaTepuaioB OOJBIIONH TOJNIIUHBI (MHJUTUMETPHI), IIO-
npexxHeMy ucnoib3ytorcs OI1 Marepuansl TpagUIIMOHHOTO THIA, MPU UX OYe-
BUAHBIX HepocTaTtkax. CymiecTByromue oOpas3ibl HOBBIX Oe3ycamodnbix DII
UMEIOT TONUHY mopsiaka 100 MkM, 60bIITy 0, HO HEIOCTATOYHYIO JIJIT MHOTHUX
3a/1a4y CMEKTPAJIBbHOTO YIUIOTHEHUS Wi GuibTpanuu. Tak, Hampumep, Ui OT-
pakaTeJIbHOW TOJIOrpaMMBbl CO CHEKTPaJIbHOM CelleKTUBHOCTHIO B (.1 HM B BU-
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numoit min omknaer MK obnactu nmotpedyercs Matepuall TONIMHON HE MeHee
1 MMm.

MoOXHO  BBLAECTUTH  HEKOTOpble TUIBl  QoTonosumepoB  (¢oro-

MOJIMMCPUIYIOIIUXCA KOMHOSHL{I/Iﬁ)Z

1.

WCHOJB3YIONINE JIOTIOIMMEPU3ALINIO0 TOJ] JACUCTBHEM CBETa OCTAaTOYHOTO
MOHOMEpA, MPUCYTCTBYIONIETO B TOJIIIE HE MOJHOCTHIO 3aMOIMMEPHU30BaH-
HOTO MaTepuaja, HampuMmep, MOIMMETUIMETaKpHUIaTa; MPOCTEeHIINA U ca-
MBI CTapblii BapUaHT, B KOTOPOM MOJYJISLUS ONTUYECKUX MapaMeTpPOB
(Tokazaresns mpesoMIIeHHsT) CO31aETCs 3a CUET MOIYJISIUH TUIOTHOCTH TIO-
JauMepa.
JIBYX- 1 MHOTOKOMITOHEHTHBIE KOMITO3UIIMH: COBMECTHAS MOJMMEPHU3ALIHS
HECKOJIbKUX MOHOMEPOB C PA3IUYHBIMU ONTHYECKUMHU CBOMCTBAMH U HX
(OTOMHAYLIMPOBAHHOE MPOCTPAHCTBEHHOE pa3felieHue MO3BOJSIOT YCHU-
JUTH ONTHUYECKYI0 MOJIYJSIHIO, TO €CTh MOJIY4YHTh Oojee 3(h(eKTUBHYIO
roJorpammy
KOMITO3UIIMU C HEUTPaJbHBIM KOMIIOHEHTOM, TaKhe Kak, Hampumep, Gporo-
¢dopmepsr Muctutyra ¢usukn AH VYkpauHbl, HEWTpajbHbIE BKIIOYCHUS,
CYUIECTBEHHO OTJIMYAIONIUECS OT OKPYKAIOWIEH Cpeapl MO IOKa3aTero
NPETOMIICHHUS, HE YY4aCTBYIOT B XUMHUYECKUX TpaHCHOpMAIUAX, HO JAIOT
OoJbIIION BKJIAJ B (pa30BYI0 MOIYJAIMIO M OOSCNEYMBAIOT €€ CTaOuiIh-
HOCTB 3a CUET CBOETO MepeMEeNICHHs B MaTepuaie u3-3a pa3IMdHOro CpoI-
CTBa K OJIUMEPY U MOHOMEDY.
Omnidex, BeimyckaBmmiics ¢upmoii Dupont; B HacTosimiee BpeMsi Ha pbl-
HOK HE TIOCTaBJISIETCS
HMD ot Aprilis (Polaroid) — cuinokcaHoBbIi MoOaMMep ¢ OYeHb HU3KOU
ycaakoii (0.1%), nocturnyToii Giarogapsi MPUMEHEHUIO TOJTUMEPHU3AIIH C
packpeITHeM Ik (cationic ring-opening polymerization, CROP)
Tapestry ot InPhase (Bell), peanmusyrommii "npoiiHyio ¢doroxumuro"
(double photochemistry) u Takke XapakTEpPU3YIONIUNCS OYECHb HHU3KUM
YPOBHEM yCaJK{ M OOJIBIION TOJIIINHOM.

B ¢opmupoBanum rojorpamMm NpakTH4eCKM BO Bcex (hoTomonmmepax

KJIFOUEBYIO POJIb MTPACT BBI3BAHHOE NMPOCTPAHCTBEHHO HEOTHOPOIHON IKCIIO3H-
et 1udy3noHHOE TIepeMeleHrne KOMIIOHEHTOB MaTrepHalia, 00ecreunBaro-
mee pocT Ga3zoBod MOAYJLMU U cTabmin3anuio roiorpamm. Juddy3noHHbIi
MeXaHHU3M (POPMHUPOBAHMS I'OJIOTPaMM B (HOTOMOIMMEPHU3YIOIIUXCS KOMITO3UIIHU-
SIX CXEMATUYECKH IMOKa3aH HIKE:

l.

2.
3.
4

NPOCTPAHCTBEHHO HEOHOPOIHOE BO30YXkIeHue, (HOpMUPOBAHHE TIEPBUY-
HBIX ()OTOMPOJYKTOB — aKTHBHBIX PATUKAIOB
MPOCTPAHCTBEHHO HEOTHOPO/IHAS LIEITHAS TOJTUMEPH3aLUs
b dy3us MOHOMEpa, BRIpaBHUBAHUE KOHIICHTPAIIHH
paBHOMEPHOE BO30YXK/ICHUE, MOTHASI TOJIMMEPU3AITUS
dopmupoBaHre ToNOrpaMMbl B - (hOTOMONMMEpE ONpeneNsieTcss KOH-

KypeHIMen noaumepusanuu U 1uddys3un; Tot $Gakt, uro kodpuiueHt auddy-
3UM BO MHOTHUX CJIy4asX 3aBUCHUT OT CTENEHU MOJIMMEPU3ALUU a, CII€J0BATENIb-
HO, OT IIPOCTPAHCTBEHHON KOOPJMHATHI U BPEMEHHM, IPUBOJUT K HETMHEHHOCTH

49



3anucu. B popmupoBaHuu rojaorpaMM B HEKOTOPBIX (POTOMOIMMEPAX AKTUBHYIO
pOJb UrpatoT "HEHTpaNbHbIE" YAaCTHIIbI, HE TPUHUMAIOIINE YYaCTHSI B XHMHYE-
CKOM IIpoliecce MOJIMMEpU3alluy, HO MepeMenatoluecs: B y3ibl perucTpupye-
MOM MHTEepPEPEHLIMOHHONW KAPTUHBI U TEM YCHJIMBAIOIINE MOAYJISILHMIO MOKa3a-
TEJIS MPETOMIICHHUS U3-3a PA3IMYHON COBMECTUMOCTH C MOHOMEPOM M IOJHMeE-
poMm. Mexanusm (popmupoBaHus rojiorpaMm B GOTOMOIMMEpax 0e3 TaKuxX Hew-
TpaldbHBIX KOMIIOHEHT U C HUMHU WJUTFOCTPUPYIOTCS puc.25 u 26:

Wy

DOTOMOIUMEPUBYIOIIASCS  KOMITO3H-
IUsI  COACP)KUT Majble MOJICKYJIBI
(MOHOMEpP WM OJUTOMEp), CHOCOO-
HbIC IIPU HaJJICKAINHX YCJIIOBUAX CO-
€IMHUTHCS B LIEb, UHUIIMATOP TIOJIH-
MepH3alny, 3a/1a4a KOTOPOro co3aaTh
9TH YCIOBUS — Kak MpPaBWIO, IPH

AKCIIOHUPOBAHUU TOPOAUTH PAIMKAIBI, 3aMyCKAIOUIUNE LEMHYI PEaKIHuIo.
YacTo cBET MOIMIOMIAETCA OTAEIbHBIM KPacUTEIEM-CEHCUOUIIN3aTOPOM, KO-
TOPBII nepeAaéT HUIUATOPY SHEPTUIO BO30YKIACHHUS.

nonumep

B pesynbpTaTe 3KCIIOHUPOBaHUSI Majble
MOJIEKYJIbI OOBETUHSIOTCS B MAaKpPOMO-
JIEKYJIbl — MOJIMMEPHBIE 11eTH; KOHIIeH-
Tpauus NOJUMEPA COOTBETCTBYET Pac-
MpEACIICHUI0 UHTEHCUBHOCTU CBETa B
peructpupyemMoit  uHTep(hEepeHIInOH-
HOM KkaptuHe. IIpocTpaHCTBEHHO MO-
IyJINPOBAHHOE PACIpECIIEHue MOJle-

KyJI MOHOMEpa BbIpaBHUBaeTcs Onaronmaps nud¢ysuu, yto emié donee ycu-
JUBAET MPOCTPAHCTBEHHYIO MOIYJISIUIO TUIOTHOCTH M, COOTBETCTBEHHO, OTI-

THUYCCKUX IMapaMCTPOB MaTCpHraa.

@ D __0

[TonyueHHoe pacmpeeseHue MiIoT-
HOCTH MaTepuana MOXeT ObITh 3a-
¢ukcupoBaHo Ojarojgaps IOJIHON
HOJMMEpU3alluY, BbI3BAaHHOM paB-
HOMEpPHOM 3aCBETKOM BCEro Mare-
puaa.

Puc.25. Cxema popmupoBanus rojorpamm B hoTononmumepax 6e3 HeHTpaib-

HBIX KOMIIOHCHT
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HcX0IHO KOMITO3UITUS COCTOUT U3 HEKOH

o o O o [+ o O ° MIOJIMMEPHOM MATpHUILbI, B KOTOPOH paB-

o () o (%) P o o o () HOMEpHO pacnpeeneHbl MOJIEKYJIbl MO-

(] o o o O o HOMEpAa, CIIOCOOHBIE BCTYNHTh B IICITHYIO

o 00 9 o o @ (O PeaKuuio NOIMMEpH3aluy, U HEUTpaIb-

? HBIE YaCTHUIIBI, K TTOJIMMEPU3AIUN HECTIO-

coOHBIe (a Tak)Ke HE TMOKa3aHHbIC Ha

cxeme 100aBKH, TaKue Kak, HalpuMep, CEHCUOUITN3aTOp, HMHUITUATOP TIOJTUMeE-
pu3anum).

[Tpu >KCTIOHMPOBAHUU CBET MOTJIOIIACT-

o o Csl CEHCHMOMIIM3aTOPOM, KOTOPBIN Tepe-

o o Q0 JNa€T SHEpruro BO30YXKJEHHs HAa HHU-

O ° nuarop, Wjin CaMuM HWHUIMATOPOM, U
o () © ) samycKaeTes peakiud MOTMMepH3ALHHY.

B nyuHocTsX 3ammceiBacMoii MHTEpde-

O O ) ()  DPCHUMOHHOH KapTMHBI MOJCKYJBI MO-

) o HOMepa OOBEIUHSIOTCA B TOJMMEPHbIE

) g °0 ° 0() [ENH, MEHSSI [PH 5TOM ONTHYCCKHE

o O o cBoiicTBa Marepuana (TOKas3aTesb Ipe-
L2 0°2502% P P

JIOMJICHHS1); KPOME TOT0, BBICBOOOX1a-
nonvmep eTCst CBOOOAHBIA 00BEM, M30BITOK KOTO-
poro mepepacnpenenseTcs B MpOCTPaH-
cTBe (JIOKaJIbHOE U3MEHEHHUE TUIOTHOCTH),

HK  moHomep

a TaKKe MpoUcXoauT nudy3noHHOE Tie-

o oo o pepacnpenenenue monomepa u HK Bo

o o o (®) Oo BCTPCUHBIX  HAINPABJICHUSAX: MOHOMEDP

o oo (&) Oo mudGyHIIpyeT K IMyYHOCTSIM, TIE €ro
0 o9 00

O o KOHLEHTpalus NOHWKEHA MpHU IMOJIUMe-

puzanuu, a HK, BeiTankuBaeMblii mosm-
MEpHBIMU LIEMAMU — K y3naM. [Ipoucxo-
JIUT CBOETO pojia pasenenne (a3 Ha MUKPOCKOITMYECKOM YPOBHE: B Y3JIaX CO-
oupaercs HK, a B mygHOCTSAX — mosuMep U ero MOHOMeEp (KOTOPBIH TOXKE MO-
JKET OBITH 3aIIOJTMMEPU30BAH PABHOMEPHOM 3aCBETKOM); Oiarofaps pasinduio
MoJIeKyJIsIpHO# pedpakmuu noaumepa 1 HK dbopmupyercs cunpHas omrude-
CKasl pelérka.

Puc.26. Cxema hopmupoBanus rojxorpamMmm B (hOTONOIMMEPaxX ¢ HEUTPATBHOM
kommnoHeHToi (HK)
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Hcnonp30BaHnEe HEOPTaHUYECKOTO KapKaca MO3BOJISIET CO3/1aTh KECTKHM
MaTepuai O0JIBIION TOJIIIUHEI HA OCHOBE TakuX cpel, kak DI, buxpomar xemna-
THHBI, 3JIEKTPOONITHYECKHE CPEIbl WM TAIOTCHUIBI cepedpa B HAHOKPUCTAIIIH-
yeckoir popme. Marepuansl Ha ocHOBe [IC MOTyT HCIONIB30BAaTHCS B ONTOMH-
q)OpMaTI/IKe JUTL U3IrOTOBJICHUSA 00BEMHBIX OITHYECKUX DJIEMEHTOB C IIOBBIIICH-
HBIMU TPeOOBAHUSAMHU K T€OMETPHUUECKOH CTaOMIIBHOCTH, CIIY)KUTh MaTpHULIAMHU
Uit POTOHHO-KPUCTAITMYECKUX CTPYKTYp. Kapkac MoxeT co3aBaThCsi Kak IO
30J1b-T€JIbHON TEXHOJOTHH, TaK U IMyTeM XHMHYECKOro TpasiieHus crekna. [1C
HE TOJIbKO HpUAACT HCOGXO)II/IMYIO KECTKOCTb CBCTOYYBCTBUTCIIBHOMY MaTe-
puaity, [Uist KOTOPOTO OHO CIIY>)KUT KapKacoM, HO M 00€CIIeUrBaeT JI0CTyH HeoO-
XOJIHUMBIX PEareHTOB WJIM UMMEPCHUH B TOJIILY MaTepuaia, a TaKKe pPEeryJmpyer
pasMmepsl 1 GOopMy HAXOASALIMXCS B MIOPaX YaCTHUII.

ITo BO3MOKHOCTH MHOTOKPAaTHOW 3aIllMCH MaTepHaibl ISl 00BEMHON TO-
norpaduu MOXKHO pa3AeiUTh Ha IB€ OCHOBHBIC IPYIIIbI:

1) He momyckarollye Mmepe3anucH, MpeIHa3HaueHHbIE TSI apXUBHOW MaMITH U
rOJIOPAMMHBIX ONITUYECKHUX JIEMEHTOB:
o (oTonoMmMepu3yronIecs
® (HOTOXpPOMHBIE CO CTAOMIIBHBIMU U30MEPaMU
e MaTepuaisl ¢ 1u(p(Hy3UOHHBIM YCUICHUEM
2) JnoIycKarolyue MHOTOKPATHYIO 3aIHCh:
e (oropedhpaKTUBHBIE KPUCTAIIIBI U TIOJTUMEPHI
e (HOTOXPOMBI OPraHUYECKUE U HEOPraHWYEeCKHe (KpUCTAIUIBI C LIEHTpa-
MU OKPACKH), B YaCTHOCTH, gated - IByI[BETHBIE

["onorpamMmel, 3anmucaHHble B OOBIYHBIX (POTOXPOMHBIX MaTepualiax, MOA-
BEPKEHbl CTUPAHUIO IIPU CUMTHIBAHUM MH(poOpManuu. BapuaHTsl pemenus mpo-
0JIEMBI IECTPYKTUBHOTO CUUTHIBAHUS TAKOBBL:

1. cuuThIBaHME HA JUTMHE BOJHBI, OTIIMYHOM OT JUIMHBI BOJIHBI 3aITUCH

2. (popMHpPOBAaHUE TOJIOTPAMM C MPOCTPAHCTBEHHBIM ITEPEMELICHUEM DJIEMEH-
TOB MX KOHCTPYKIIMH M T€pMHUECKHM (uKcupoBanueMm (poropedpakTus-
HBbIC KpUCTaILIbl, MaTepuaibl ¢ ®X, hoTonoaumepst)

3. WCmonap30BaHME JJIS 3aIMCH ABYX(POTOHHBIX MPOILIECCOB
JeceHCHOMIM3aIus (Harpumep, yajleHne KHCIopo/ia U3 PEOKCcaHa)

5. mepuoaMyeckas rnepe3anuchb HHPOPMaLUu

JAucnepcuonnas ¢poropeppakuus. Peokcan
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CornacHo cootHomenusM Kpamepca — Kponura, , BeI3BaHHOE (POTOXH-
MHUYECKOH TpaHchopManyel U3MEHEHHE CIEeKTpa MOTJIOMIEHUS! B OTHOCUTENIBHO
y3KOIl CHEeKTpanbHOM 00JacTH MOXXET OT3bIBAThCS HM3MEHEHHEM IoKa3aTess

IPEIOMIICHUS. B TOpa3o Oojee MHUPOKOH 00JIACTH CHEKTPa, YTO HILTIOCTPUPY-
eTcsl IPUBEIEHHBIMU pe3yJIbTaTaMU MOJIEIBHOI0 pacuéra (puc. 27):

AR,

Puc.27. Unmoctpanusa cootHowenuid Kpamepca-Kponura: cnekrp rayccoBoit
(GopMBI M COOTBETCTBYIOIIAsl €My CIEKTpajbHas 3aBUCHMOCTH IOKa3aTels
MPEeOMIICHUS

CkazaHHOE MO3BOJIET MOJIYYUTh YHCTO (Pa30BYIO TOJIOTpaMMy Ha JUTMHE
BOJIHBI 3aIHCH, UCTOJB3YS s (GoTOTpaHCHOpMANNA CEHCHOMITM3UPOBAHHEIC
nporeccel. ITa uzes, chopMynupoBaHHbi B KoHIE 1970-x rr. paboTaBmIMMU B
I'OU I''N.JlamkoBbiM 1 B.M.CyxaHoBeIM B (popMe NPUHLHMIIA JUCTIEPCHOHHOM
doropedpakiyn, ObT BOIUIOMIEH UMH B MaTepuaie (TOuHee, CEMEICTBE mMaTe-
puanoB) Peokcan ¢  HCIONB30BAaHMEM CEHCHOWIM30BAaHHOTO  TPHUILIET-
TPUIUIETHBIM TIEPEHOCOM JHEPruu (HPOTOOKHCICHHMS HPOM3BOJIHBIX AHTpAIlCHA,

pacupeeEHHbIX B IOJIMMEPHOM CTEKJIE:
1.

[Tornomenue kpacurenem S (GoTOHA MEPEBOAUT €ro U3 OCHOBHOTO (CHHT-
JIETHOTO) COCTOSIHUSI B CHHIJICTHOE BO30YXJIEHHOE U 3aTEM B TPHUILICTHOEC
BO3OYXK/ICHHOE COCTOSHMA: 'S + hv — 'S* — °S*;
TpurmneTHoe cOCTOSHUE KPAaCHTENs TYIIUTCS BCIEACTBUE Oe3bI3Nydarelib-
HOT'O MepeHOCca PHEPrHH Ha KUCIOPOJ, HAXOISIIIHUIICS B OCHOBHOM COCTOSI-
Hun °S* + °0, — 'S + '0,*. [Ipi 9TOM IPOUCXOIUT TeHEepaLHs BO3OYK-
JICHHOTO CHHIJIETHOTO KHCIIOPOAA, 8 MOJIEKYJIa KpPaCHTels Ie3aKTHBUPYET-
Csl 1 BHOBB F'OTOBA MPUHATH YIACTHE B CIICAYIOIIEM aKTe CEHCHOMIIM3AINY.
3.

CUHIJIETHBIM KHUCJIOPOJ OKHCISET aHTpaneH A 10 ¢orookcuaa (TpaHc-
aHHYIIPHOM Tepekuch): A + '0,* — AO,
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[Tpu dhoToOKMCIEHNM aHTpalleHa MPOUCXOIUT 3HAYUTEILHOE W3MEHEHHE
ero mnorjomeHus B Y® o0nactu, cCOnpoBoXKIaeM0Oe CHIBHBIM W3MEHEHHUEM I10-
kazarens mnpenomsienuss nonumepa (mo 0.01) B Buammoint m Ommwxuerr UK
obnacTu, 4yTo NaéT BO3MOKHOCTh 3alMCH B peajbHOM BPEMEHHU BBICOKOI(Ddek-
TUBHBIX TOJIOTPAMM.

5 : : ; . 10
o 4f 18
o | 1 =
o 1
. 3F \ {6 2
5 | \. oTtopedpakums g
s ~ N
s 2F \——_’\ 44 ©
Y, B B
x | aHTpaueH
k] {2 ©
cbOTOOKCIM,u,}'-. ] 0
200 400 600 ;

Puc.28. CrnekTpsl moriomeHus: aHTpameHa u ero OTOOKCHIA; CIIEKTpaIbHAs
3aBUCUMOCTH (OoTOpePpaKiIum

C npuMeHeHHEM B KaueCTBE CEHCHUOMIM3AaTOPOB Pa3IMYHbIX KpacuUTelen
ObLIa OJTy4YeHa CIEKTpalbHasl CECHCUOMIIM3AIHsI pEOKCaHa:
a) K CHHe-3eJIeHOH o6macTm cHekTpa (WsmydeHme Ar — nasepa  —
488 u 514um);
6) manxpomaruyeckas (10 700 Hm);
B) K M3IIy4CHHUIO KPUIITOHOBOTO Jiazepa (752 um);
r) K msnydenuto omokuen MK obnactu (700 - 800 Hm)

bbu1 pa3paboraH BapuaHT peoKcaHa, B KOTOPOM TojiorpaMMbl (OpMHUPY-
I0TCSI HE HEMIOCPEACTBEHHO B XO/€ SKCIOHMPOBAHUS, a IIOCIIe HETO, IIPU PaBHO-
MEpPHOM OOJIy4eHMH; I ITOT0 B KaUeCTBE CEHCUOMIN3aTOpa UCIIOIb30BaH U30-
MEPU3YIOIIUNCA KPACUTEIb U3 IPYIIBl THOUMHAUIOUIHBIX, TOUYHEE, €r0 MpaHc-
n3omep (yuc-u3oMep He SBISIETCS] CEHCHOMIN3aTOPOM OKUCIICHUS):
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Ha puc.29 u 30 noka3zansl ctaanu GopMUpOBaHUS TOJIOTPAMM B PEOKCAHE CO
CTaOMJIBHBIM U (JOTOU30MEPUBYIOIIUMCS KPCUTEIIEM-CEHCUOUIN3aTOPOM :

1. HachIIIEeHUEe MaTepuaa KUCIOpOa0M

2. ceHCHOMIM3NPOBaHHOE (POTOOKUCIICHNE aHTpalleHa PH SKCIIOHUPOBAHUHT

aHTpaueH

3. BBIXOJI KUCJIOPO/Ia

Puc.29. ®opmupoBanue rogorpaMMbl B "KIaCCHYECKOM'" peoKcaHe
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5. pukcupoBaHue: BBIXO KHCIOPOJa

. paBHOMCpPHAs 3aCBCTKa MaT€purajia B
OTCYTCTBUEC KHCJIOPOJAa, ITPU KOTOpOfI
OCYHICCTBIIACTCA NMMCPEBOA KPACUTECIIA
U3 mpaHc- B L;uc—(f[)opMy:
lStrans + th _)lstrans*_) 3Stra.ns*_)lscis

. 3aIACh CKPBITOTO H300paXKEeHHUs TO-
JIOTpaMMBbI B BU/I€ aMILTUTYIHON
pemietku (yuc-mparnc horousome-
pu3zanusi) ¢ 00pa3oBaHUEM B IyYHO-
CTSIX UHTEP(PEPEHITMOHHON KapTUHBI
mpaHc-u30Mepa KpacuTeJsl, sB-
JISIFOIIEr0Csl CeHCUOMITN3aTOPOM
($OTOOKHCIICHUS aHTpallCHA!
lScis + hVZ - IScis>l< - lStrzms

. HaChIIIEHNE 00pa3iia KUCIOPOAOM

. Q)OTOHPOSIBJ'IGHI/IG npu paBHOMepHOﬁ
3aCBCTKC. OKUCIICHHUC aHTpalCHa,
CeHCI/I6I/IJ'II/ISI/Ip0BaHHOC mpauHc-
HU30MCPOM KPACUTEIIA, IPUBOAAIICE K
BO3HUKHOBCHHIO (1)330130171 PECLICTKU:
1Stral‘ls + th - IStrans* - 3Strams>l<
3Strans* + 302 — 1Strans + 102*

A +'0,* > A0,
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CBET, NOMOoLLaeMbIN TPAaHC-TUOWMHAWIO

HrJrJrHv

LMC-TUOUHAUTO (HE ceHcubunusaTop)

CBET, NOMoLwaemMblid LNC-TUOMHAWIO
aHTpaueH

TPaHC-TUOMHOMUIO  LIUC-TUOMHAMWIO
(ceHcubunuaatop) (He ceHcubunusarop)

)
CBET, NornoLaemMbli TpaHC-TMOUHAUIO

hoTooKCKA aHTpaueHa aHTDaueH

Puc.30. ®opmupoBaHue roJorpaMM B pEOKCaHE CO CBETOBBIM MPOSBICHHUEM.



ITocne 3anucu roJjiorpaMmMbl B PCOKCAHE COXPAHANOTCA B TCUCHHUC JIU-
TCJIBHOI'O BPECMCHU, HO BCE XKe ACTpagupyrOT U3-3a XUMHUYCCKHUX HpeBpameHHﬁ
aHTpalleHa U ero (JOTOOKCHJA B aHTPAXMHOH U Jpyrue npoayktel (puc. 31), a
TaKKe peJlakcallii EPUOANYECKON CTPYKTYPBI BelieACTBHE TUB(Y3UH MOJICKYIT
dHTpalcHa U €ro OKCUAa0B:

8C(x,t) D 82C(x,t)

ot ox*

—k«C(x,t)

A2

2
5 = C(x,t) =C, +C, cos (2/7?) . exp[— 4 Di —kt]
C(x,00=C, +C, cos(f‘]

aHTpaueH doTookeuna
OCO~CC
o
. | S

o
AHTPaxXMHOH
Puc.31. Cxema npeBpailieHHH, IPOUCXOAIINX B peoKcaHe Npu 3anucu (¢ho-
TOpEaKLHs aHTPALEH-(POTOOKCH]T) U 1Ocie He€ (TEMHOBBIE TpaHC(HOPMALUU U
(doTooKcHa, U aHTpALCHA B JPYrHe COEIUHEHHUs, U3 KOTOPBIX HAa CXEME yC-
JIOBHO TOKa3aH TOJbKO aHTPAXUHOH)

Opnnako monexymnspHas Au(Qy3us MOKET UMETh CIEJCTBHEM HE TOJIBKO
JIerpaJaluio, Ho U pocT (YCUJICHHE) TOJIOTPAMM.

JAudpy3nonnoe nposisiienne (ycuiaeHue) roaorpamMmm

B ocnoBe auQ¢y3noHHOTO yCHJIEHUSI HAXOJUTCS TaK Ha3bIBaeMbIid 3¢-
(eKT AOMOTHUTENBHBIX PEIMIETOK, COCTOSIIMKA B TOM, YTO NIPHU 3alUCH TOJO-
rpaMMBbl B MaTepuaje CO3/al0TCsl HE OJIHO, a 10 MEHBIIEH Mepe J1Ba pacrpene-
JIEHUs KOHIIEHTpaluu (B MpoCTEIIeM cilydae — pacipeeseHHs BEeIecTBa B UC-
XOIHOM U (HOTOTpaHCHOPMHUPOBAHHOM COCTOSIHUSIX), PETaKcaus MOIYJISAIUN
KOTOPBIX, B YACTHOCTH BbI3BaHHAs U dy3uei, u onpenenser n3MeHeHue paso-
BOM MOJYJISIIIUK TOJIOTPAaMMBbI TOCie 3armucH. VICX0MHO B3aMMHO JIOTIOJIHUTEIb-
HbI€ paclpeeeHUs] KOHIIEHTPALUU ONTHYECKH B3aMMHO KOMIIEHCUPYIOTCS, HO
UX peNaKcalys ¢ Pa3HbIMH CKOPOCTSIMH MOJKET NMPUBOJUTH K BO3MOXKHOCTH HE
TOJIBKO MAaJIeHUs, HO U pocTa (pa30BOH MOIYJISLUY; B IIPEJIEIBHOM CIIy4ae OUY€Hb
ME/IJICHHOM pellakcalliy OJHOTO U3 paclpeeleHnii (HarpuMep, BCIeICTBUE YT-
paTbl MOJIEKYJIaMU MTOJABUXKHOCTH BCJIEJICTBHE 3HAUUTEIBHOIO YBEJINYECHUS pa3-
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Mepa) JOCTUraeTcs YCUJIEHHE C MOCIEAYIOIIMM METAacTaOMIbHBIM COCTOSIHUEM
(puc. 32).

P-exp(-t/t,)

aMmnnMTtyga mMoaynauuu peweTkun, OTH. ed.

Puc.32. V3menenne BO BpeMEHU aMIUIUTYJ, MOIYJISIIMUA MPOTHBO(DA3HBIX Te-
PUOJIMYECKUX paclpeneaeHnil (pemerok), o0pa3oBaHHBIX MOJIEKYJaMH HC-
xomHoro pabodero Bemecta M u ero gotonpoaykra P ¢ Bpemenamu Ku3HH
Ty U Tp COOTBETCTBEHHO, @ TAK)XK€ aMIUIMTYAbl PE3yJIbTUPYIOUICH perIeTKu
(crutorHas TUHUS)

HecnoxHblll aHamu3 MOKa3bIBAET BO3MOKHOCTb TPEX OCHOBHBIX (pOpM 3a-
BHUCHUMOCTEH (pa30BOM MOIYIISALMU OT BPEMEHH; pUC. 33 HWIUTIOCTPUPYET ITO IKC-
NePUMEHTAIbHBIMU TPUMEPAMHU:

2 —
I/l

0

®X

N30MEepU3YIOLLMIACS
~ Kpacutens

\ P KN

0 1 4 N1 1

10° 10" 10°  10°  10* t¢

Puc.33. Bo3moxxHbie (DOpPMBI KPHBBIX ITOCTIKCIO3UIIMOHHON pellaKcaiuu
(OTOMHAYLIMPOBAHHBIX PEIIETOK (MposBieHUE 3(PQeKTa TOMOTHUTEIbHBIX
pemérok Ha mpuMepax PX, kaMpoOpXWHOHA U M30MEPHU3YIOIMIETOCS KpacH-
TeJsl B HU3KOMOJIEKYJISIPHOM CTEKJIE):
— MOHOTOHHOE majieHue (pemeérka Ha OCHOBE (POTOM30MEPHU3YIOIIETOCs
TUOWHJIUTOUTHOTO KPACUTEIIS)
— poct — nagenue (poronpucoennnenne PX)
— TMajJeHue-pocT-najeHne (CMeHa 3Haka (OTOMHIYIIMPOBAHHOTO W3MEHE-
HUS TI0KA3aTelNs IPEIOMIICHNUS)
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doTouHAyMPOBaHHBIN 11 (Y3NOHHBIN TEPEHOC BEIECTBA SIBJIIETCS OC-
HOBHBIM MEXaHH3MOM (HOpMHUPOBaHHS TOJOTPAaMM BO MHOTHX MaTepuaniax, B
4aCTHOCTH ()OTOMOIMMEPHBIX, HO B YUCTOM BHJIE, 0€3 LIEHON MOJIMMEpU3aLuy,
g py3noHHOE TposiBIIeHUE (YCUIICHHE) TOJIOTPaMM Pealn3yeTcsl B MaTepHraax
¢ (peHaHTpeHXMHOHOM Osarozapst ero (HOTOXMMHUYECKOMY IPUCOEIUHEHUIO K
HOJIMMEPHOMY OKPY)KEHHUIO, OMUCBHIBAEMOMY CJIEIYIONIE CXeMOH M WILTIOCTPH-
pyemomy puc. 34:

Mornekymna @X moriomaer CBeT U MEPEeXOTUT B TPUILIETHOE BO3OYKIAEH-
HOE COCTOSIHUE

0 hv 1A% 3A*
O——0 >0
2
Jlanee OTUIeIUIIET BOJOPO/ OT MOJIEKYJI OKPY>KEHHs — BEPOSATHEE BCEr0 OT Mak-
POMOJIEKYJIBl, C 00pa30BaHUEM Iapbl PAIUKAIOB U NPUCOEINHEHHE CEMUXUHO-

HOBOTO paJiuKaia K MakKpOMOJIEKYJie, HA MHOTO TIOPSAJIKOB MEHee IMOBUKHOM,
4yeM MaJible MoJieKysibl DX

0"+ RH — HO' + R°— HOR

nonumep /\/Y\/\/

CH (\:Hz
O (0] 3 hv
ox Y= Q
-0 G 4
/\/\/\/
/\/\/\/
nonuvep

Puc.34. ®oronpucoenunenue ®X k Makpomoiekyie

[Ipu sKcoOHUpPOBAHWMU MaTepuana HUHTEPPEPEHLUUOHHBIM IOJEM B HEM
CO3ar0TCs JIB€ MPOTHUBO(MA3HBIX CTPYKTYphI, cocrosmme 3 [IMMA c¢ koBa-
JEHTHO npucoeauHeHHbIM DX (c MakCMMyMaMy KOHIEHTpPAlUU B IIYYHOCTSX
naTepdepenmonnoit kaptuusl) 1 [IMMA co cBoGoaHbIMU MOsiekyaamMu P X (¢
MaKCUMyMaMH B y3J1aX HHTep(hepeHIMOHHON KapTuHbl). OHa U3 CTPYKTYp CTa-
OwiibHa, a BTOpas Mcye3aeT u3-3a ecrecTBeHHON nuddys3un X, BrpaBHUBAIO-
mel ero KoHleHTpaiuio. Takum obpazoM, 0e3 JOMOJHUTEIBLHOU 00paboTKH
MPOUCXOUT HPOSIBIEHUE 00BEMHOM (POTOMHIYIHPOBAHHON CTPYKTYpPHI (TOJIO0-
rpammsl). B otnmune ot @II, ¢popmupoBaHue rosorpaMM B KOTOPBIX TaKkKe
MPOUCXOJUT BO MHOroM Osarojapst (pOTOMHIYyLIMPOBAHHOMY MPOCTPAHCTBEH-
HOMY IMepepaclpeesIeHUI0 MaTepUH, LEMHON MOJMMEpU3aluu MIpU 3alllCH HE
MPOMCXOIUT, & KHUAKHI (MOHOMEPHBII) KOMIIOHEHT B Cpejie M3HAYaJIbHO OTCYT-
CTBYEeT, MO3TOMY (POTOMHIYLMPOBAaHHAS ycaJka CBeJeHa K MUHUMYMY (K Ha-
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CTOSIILIEMY BPEMEHHM HE M3MEpPEHAa; BO MHOTUX NyOnukanusx marepuans ¢ X
cunTaroTcs 0e3ycaqouHbpIMu). Takol MexaHU3M co3JaHHus OOBEMHBIX CTPYKTYD
o0ecrieunBaeT UX OYEHb BBICOKYIO CTaOMJIBHOCTb, OIpDaHMUYCHHYIO Ja)Xe He
qubdy3uet HemHbIX MOJIEKYJI, KOTOpasi Ype3BbIYaiiHO MEJIEHHA B MOJIMMEPHOM
CTEKJIE, a CTapEHUEM ITOJIMMEPHOTO MaTepuaia B uenom. nmurensnocts auddy-
3HMOHHBIX MPOIECCOB KBAJPATUYHO 3aBUCUT OT MPOCTPAHCTBEHHBIX MEPUOIOB U
oOpaTHO mnpomnopuuoHanbHa kKodpduuuentam nudpdysuun D (OPX Ha cragumn
pocTa W MaKpOMOJIEKYJI Ha CTaauM paclaja — pasziudue Ha 6-8 MopsakoB):
=A*/(47°D)

[TocrenoBaTenbHOCTD CTaAMH (HOPMHUPOBAHUS TOJIOTPAMM TakoBa (puc.35):

0-1. skcmo3uuusi — 3aUCh OTHOCUTENBHO CJIA00W aMIUIUTYIHO-(Pa30BoM
rojorpammbl ("'ckpeiToro HM300pakeHus") 3a cuér ¢ororpanchopmanmu DPX;
NPOCTPAHCTBEHHAs] MOAYJISALIMS MHTCHCUBHOCTH CBETa B 3alMCHIBAEMOW WHTEp-
(epeHIIMOHHON KapTHHE TPaHCHOPMUPYETCs MOCIEA0BATENBHO B MOIYJISAIMIO
3JIEKTPOHHOTO BO30YXACHUS U Jlanee B MOLyisiuuio koHuentpauun ®X u ¢o-
TONPOJYKTA €T0 B3aUMOACHUCTBUS C MOJUMEPOM (KOHLIEHTPAI[MOHHAS PeIIETKA);

1-3. TpaHcdopmarusi cKpeITOoro u3zoOpakeHus B 3(PQPEeKTHBHYIO T0JI0-
rpamMmy (MposiBJIeHUE, yCUiIeHHe) 3a cUeT 1u(Hy3uOHHOTO IPOCTPAHCTBEHHOTO
nepepacnpeneneauss OX: Temnepp TrojorpaMMma CBA3aHA C MPOCTPAHCTBEHHOM
MOYJISIIIEN TIIIOTHOCTH;

3-3a. ¢pukcupoBanue - GOTONPUCOETUHEHNE OCTABABLINXCA CBOOOIHBIMU
Mosiekyn PX mpu HEKOTePEHTHOW PAaBHOMEPHON aKTHHWUYHOW 3acBETKe, MpH
KOTOPOM MEHSIETCS XMMUYECKMH COCTaB W, ClIeZ0BATENIbHO, CPEIHHUM IOKa3a-
Teldb MPEIOMJICHUS, HO HE MEHSETCS MPOCTPAHCTBEHHAs MOMIYJISIUS KaKUX-

1100 mapaMeTpoB.

X X X

NpOCTPaHCTBEHHAs
moaynaums
KOHLIeHTpauum

NPOCTpaHCTBEHHast
MOy nsLMS
OMNTUYECKNX
napameTpos

_,

0) ucxopgHoe 1)"ckpbiToe 2) nposiBrieHune 3) NPosBReHHas 3a) sacmKCUpoBaHHas
COCTOsIHMEe  u3oBpaxeHue"  (ycunexue) ronorpamMmma ronorpaMmma

Puc.35. [losicHenne k MexaHu3My ()OPMHUPOBAHHUS FOJIOTPAMMBI B MaTepHuale ¢
(eHaHTPEHXUHOHOM

OcCHOBHbBIE JIOCTOMHCTBAa MaTepUasoB, padOTAOIIUX MO MPUHIUIY AU}-
(y3HMOHHOTO yCUJIEHHUS C (POTONPUCOECTUHEHUEM:
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® 3amKCh BO BPEMs SKCIIOHHPOBAHUS JIMIIb CIA00H rojorpamMmbl, HE HCKa-
XKarollel perucTpupyeMoe IpoCTPaHCTBEHHOE paclpeiesieHHe CBETa;

® BO3MOXKHOCTb MpOSIBJIECHUS TOJIOTPaMM 10 BBICOKHUX 3(pdexTuBHOCTEN 3a
CYET eCTECTBEHHBIX MPOIIECCOB O€3 criennanbHOl 00paboTKH (Kpome yme-
PEHHOTO MPOTrpeBa sl YCKOPEHUs);

® BO3MOXXHOCTh (POTOXMMHYECKOIO (PUKCUPOBaHUS (YCTpPAHEHUS CBETOUYB-
CTBUTEJILHOCTH) U OTOeNnMBaHuUs (YCTpaHEHHS TOTJIOIICHUS CBETAa B BHUJIU-
MOM JTUaTa3oHe);

® BBICOKAs CTAOMIBHOCTH MaTepHalia M 3alMCaHHbIX B HEM rOJI0rpamu;

® BO3MOXXHOCTb M3TOTaBJIMBATH 00pa3I(bl MAaTEpUAIOB OOJBIIOrO pa3Mepa U
TOJIIIUHBL;

® OTCYTCTBHE NPUYHH JJIsl 3HAUYUTEIILHBIX YCAJIOK.

Vike B MOZIENbHOM peanu3aluy MaTepraia ObUla MOKa3aHa BO3MOXKHOCTD
M3TOTOBIICHHS CPE/IbI TONIMHON B HECKOJIBKO MHJUIUMETPOB, 00ECTIeYHBAIOIIEH
3aMKCh CTAOWIBHBIX MPOITYCKAIONIMX W OTPaXKaTeIbHBIX TOJOrpaMM C 3dek-
TUBHOCTBI0, Onm3koi k 100% u ciekTpanabHOU ceneKTUBHOCTHIO yunie 0.1 HM.

Martepuansl Ha ocHOBe DX, B KOTOPBIX TOJIOrpaMMbl (opMUpyroTcs 0e3
ydacTHsl IIETTHOTO Tpolecca pocta uenw, ycrynaror gyummMm PII B cBero-
YYBCTBUTEJILHOCTH U TMHAMUYECKOM JHANa30He, UTO OTPaHUYMBAET UX MpUMe-
HEHHE B CBEPXIUIOTHOM XpaHEHHH MH(OPMAIUHU, HO OHU MPAKTHYECKH HE HMe-
I0OT KOHKYPEHTOB CpPEAH IMOJIMMEPHBIX MAaTEPHajOB B IMPHIOKEHHSX, TPEOyIo-
MUX OONBIION TOJIIMHBEI TOJIOTPaMM. B HEKOTOpBIX paboTax NPUBOAATCS 3a-
HIDKEHHBIE XapaKTEPUCTUKU (4yBCTBUTEIBHOCTH, JMHAMUYECKUN JTMAIa30H)
MaTepuanoB ¢ IU(Py3MOHHBIM YCHUIICHHEM, IMOJIyYEeHHBIE ... 0€3 MpOBeACHUS
YCHJICHHS, TO €CTh 33 XapaKTEPUCTHKH rOJIOTPaMMBbI BBIIAIOTCS XapaKTEPUCTUKU
eé "ckpbIToro nzobpaxenus". J[nurenbHOCTh MposBIEHUs (HOTOMHIYLIMPOBAH-
HBIX CTPYKTYp (Tojorpa)i4ecKux pemeToK) OnpeaessieTcss BpeMeHeM, 3a KOTO-
poe monekynsl ®X nmpoaudPyHAUPYIOT B cpelle B CpPEJHEM Ha PAacCTOSHUE

,¢<x2> =~2Dt, CpaBHUMOEC C XapaKTCPHBIM IIPOCTPAHCTBCHHBIM IEPUOJOM PC-

metkd. Juddy3ust OTHOCUTENEHO KPYIHBIX MOJIEKYJ B KECTKOM TOJTHUMEPHOM
CTEKJIe 4pe3BbUaiHO MejuieHHa (kodddumment auddy3un npu KOMHATHOM
Temmepatype mopsiaka 107 m*/c =107 um*/c). Jlaxke I HAMMEHBLIMX IIPO-
CTPAHCTBEHHBIX IE€PHO/IOB, COOTBETCTBYIOIINX OTPAKAaTEIbHOW T'€OMETPHH 3a-
nucu (okono 0.17), TunuuHoe Bpemsi mposiBaeHus: coctasiseT npu 50°C He-
CKOJIBKO YacOB.

COBOKYITHOCTh TPOIIECCOB, ONMPEICISIONINX U3MeHeHHe (Ha3oBOi MOY-
JSIMMU U, ClIeI0BATeNbHO, AM(PpaKMOHHON 3((HEKTUBHOCTH IOJIOTPAMMBI B Ma-
tepuane ¢ OX, KOHEUHO, CIOXKHEe, YeM TONbKO MemneHHas auddysus ¢oro-
npoaykra u OwicTpas auddys3us Hempopearupoasiiero ®X, u 3aBUCUMOCTD
($a30BOIl MOAYNALMU OMHCHIBACTCS HECKOIBKO OOJiee CIOXHBIM BBIPAKECHUEM,
YeM MpuBEIEHHAS MPU PACCMOTPEHUU TpHUHIUINA AU(P(HY3UNOHHOTO TPOSBICHUSI
KOMOWHAIMS ABYX SKCIOHEHT. BrIpakeHue, mpruemMiieMO OINHKCHIBAOIIEE MOCT-
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9KCIO3UIMOHHYIO 3BOJIOLMIO TOJOIPaMMBbl C YYETOM CYIECTBOBAHUS MpPOMeE-
KYTOUYHBIX MPOAYKTOB (oTOXUMHUYECKOW TpaHcodppmanuu DX, BBITIAIUT MPH-
MEpHO TaK:

Lot

t t t 1 t
Ap=Apexp| ——F—— |-4,exp| = |+ —FF——| | —exp| —— Apexp| —— |,
P p( Ty rR] 0 %P 75 ) Th/TR +1 p( Ty Z'RJ g p( r,?]

rne Aqrp — aMIUIMTYJHBIE MHOXKUTEIH, 3aBUCAIINE OT MOJIEKYJISIpHOU pedpak-
muu ®X (Q) u npoaykroB ero Tpancopmanuu (R — npomexxyTounsiii Gpoto-
MPOIYKT — CEMUXHMHOHOBBIC paaukaibl, P - crabmibHbIi oTOnpoayKT, CBSI3aH-
HEIH C TIOJTMMEPHBIMH TIETsAMH), 7 orp — BpeMeHa Tud(y3HOHHOH peakcamuu
COOTBETCTBYIOIIMX 3TUM KOMIIOHEHTAaM MapUHUAIbHBIX PEHIETOK, 0OpaTHO Mpo-
NOpLUUOHANIbHBIE UX KO3 duuuenTam qudpdys3uu, a 7 — BpeMs KU3HU paJuKa-
70B. COOTBETCTBYIOUINE MPHUBEAEHHOMY BBIPAKEHHIO 3aBUCHUMOCTH (Ha30BOM
MOJYJISILIMA TONOrpadUuecKux pemeéToK C Pa3iMYyHbIMH MPOCTPAHCTBEHHBIMHU
MEePUOAAMHU BBITIIAIAT ClIeAyOImuUM o0pa3zom (puc. 36):

casopas MOAYNALMA

Puc.36. U3menenne co BpemeHeM (a30BOM MOIYJNALMU TOJIOTPAMM C TIPO-
CTpaHCTBeHHBIMHU meprogamu L1< L2< L3, 3anucaHHbIX B Marepuaie ¢ aud-
¢y3uonHbIM nposiBieHneM. bykBamu R,Q, P orMedeHs! stansl pa3BUTHS TO-
Jorpamm, Ha KOTOPBIX OCHOBHYIO POJIb B U3MEHEHHUH (Ha30BOW MOJTYJISAIIUH HT-
paroT COOTBETCTBEHHO paaukayibl, ®X 1M KOHEUYHBIH (CTaOMIBHBIN) MPOAYKT
ero TpaHchopMaIuu.

Kak mpaBuio, npu uccnenoBanuu royiorpadguyeckux pemeTok, 0COOEHHO
00BEMHBIX, U3MEPSIOTCS XaPAKTEPUCTHKH TH(PParupyromero Ha HAX HIH Mpo-
HIC/IIEr0 Yepe3 HUX CBETa, a HE PacCMATPUBACTCS MUKPOCKOIHYECKAsi CTPYK-
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Typa camoil rosiorpaMMsel. B 3Toii cBS3H, BO3MOKHO, HHTEPECHO OYAET B 3aKJIIO-
YeHHne 00CYKACHUS TONOTpaprUeCcKOi MaMsITH U ToJorpapuuecKux MaTepruaioB
IIOCMOTPETh HA TO, KaK 00BEMHAs rojlorpaMma (pemerka), 3anucaHHas B M0JIU-
MepHOM MaTepuaiie ¢ @X, BBITISIAUT MO MUKPOCKOTIOM (pHcC. 37).

Pric.37. Mukpogororpadust hpparMeHTa 06bEMHOI TOIOrPaMMBI C IPOCTPAH-
CTBEHHOH 4acToToi 300 MM ™', 3aIHCAaHHON B MOJINMEPHOM MaTepuaie ¢ de-
HAaHTPCHXUHOHOM. NHTEeHcuBHOCTD OKpacCKu TEMHBIX Y4aCTKOB COOTBECTCTBYCT
KOHIICHTpALUU MPOAyKTOB (oronpucoeannenuss X x nonmumepy; nuzodpaxe-
HUE TIOJYYEHO C TOMOUIbIO KOH(OKAIBHOIO CKaHUPYIOIIEr0 MHUKPOCKOIA
Zeiss LSM 710.

* v
T'onorpamma sro6e3Ho mpeocrasinena O.B.AnnpeeBoit
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MepcnekTuBbLI CUCTEM ONTUYECKOM NaMSATH

OnTHYeCKOW MaMsATH Ha ChEMHBIX HOCUTEISIX, HAOpaBIIeH MOMYyIsPHOCTD
C Pa3BUTHEM TEXHOJIOTUU HU(POBBIX ONTUYECKUX TUCKOB M MPUMEHEHHEM e€ K
XpaHCHHUIO ayAHO- W BUICO3AIMUCEH, a TaKKe KOMIBIOTEpHOW WH(OpMaluH,
HNPUXOIUTCS BBIEPIKUBATH KECTKYIO KOHKYPEHIIMIO HE TOJIBKO € JpyrumMu ¢op-
MaMH JIOKQJIbHOTO COXpaHeHUs MH(OpPMaluM, TAKUMU KaK MarHUTHAas ¥ TOJY-
IPOBOJIHMKOBAsA, HO M C OTHOCUTEIBHO HOBOHM KOHIEMIMEH pacrpeneiaéHHOro
XpaHeHUs MHPOPMAaLNHU, KOTOPOE CTAaHOBUTCS BCE Oosiee MPHUBIIEKATEIBHBIM C
COBEPIICHCTBOBAHUEM U HIMPOKUM PACIIPOCTPAHEHUEM BBICOKOCKOPOCTHBIX Ce-
TEBBIX TEXHOJIOTHH, B TOM 4ncie OecrpoBOAHBIX. [0SBIAIOTCS HOBBIE TEXHOIIO-
UM XpaHeHus uHpopmalmu, Takue Kak "HaHOMexaHu4deckas'", mo ujaee Oau3kas
K apXan4yHOH 3armucu HHPOpMannu Ha rnepokapTax, HO ¢ HCIOJI30BAaHHEM CO-
BPEMEHHOW aTOMHO-CMJIOBOM TEXHHMKH JAEMOHCTPUPYIOIIAs OYEHb BBICOKYIO
notHocTs 3amuc (0.3-0.5 [6ut/MM®), IpaBia, MpH MOKA CKPOMHO#M CKOPOCTH B
60 xbur/c.

OnTuMU3M B OTHOIIEHMH ApXUBHBIX TOJOTPAPUUECKHX CHUCTEM 3aMETHO
YKpenuiIcs HECKOJIBbKO JIeT Ha3a Ojarogaps CHIBHOMY MPOTrPECCY JIEMEHTHON
0a3bl — MPEKIE BCErO CO3aHUI0 HOBBIX CBETOUYBCTBUTEIBHBIX MAaTEPUAIOB IS
00BEMHOM ToNorpadum, TakKux Kak O0e3ycamounbie GoTomonmumepsl oT Aprilis u
Inphase, a Takxe lazepoB, MOAYJISATOPOB, (POTONPUEMHHUKOB. M3BecTHO He-
CKOJIBKO TPOpabOTaHHBIX HMHXEHEPHBIX KOHIICTIUH, TaKuX Kak, Harmpumep,
"KoJuiHeapHas rojorpadus, peanuszyemas B "yHHBEpCAJIbHBIX Trojorpaduue-
ckux nuckax" m "kaprax" (Holographic Versatile Disc, Holographic Versatile
Card, Optware), HO Kakue U3 HUX OyIyT NEHCTBUTEIBHO PACIIPOCTPAHEHBI — 3TO
BOIIPOC HE TOJIBKO UX HAyYHO-TEXHUYECKUX TOCTOMHCTB.

[Iporpecc Heromorpaduyeckoll NUCKOBOW MaMATH CBSI3BIBAETCS C MHOTO-
CIIOWHBIMH (PJTyOPECIIEHTHBIMU AMCKaMH, ONMKHETOJIbHONW 3alHuChi0 M J1ajib-
HEHIIUM yMeHbIlIeHHeM paboueil ATMHBI BOJHBI, XOTS OBl IO TPaHUI] BAKYYMHO-
ro yiapTpaduosera, a, BO3MOXKHO, KOT1a-HUOY1b ¥ 10O PEHTI€HOBCKOH 001acTH.

Hapsay ¢ ToTOBBIMH K MCHOJB30BAHUIO TOJOTPa)UIECKUMU TEXHOJIOTHS-
MU, CYIIECTBYIOT M TOJAXOJIbI, BHITJISASIIME (PaHTACTUYECKUMH, CYAs MO 3asiB-
JSIEMBIM MIX CO3JIATENISIMH TTapameTpam. Tak, B CBs3M ¢ "aTOMHO# ronorpadueii”
(Rewritable 3D Volume Atomic Holographic Optical Storage NanoTechnology,
Colossal storage, inc.) roBopsT o 3anucu Y@ 5azepaMu B 3JIEKTPOONTHUECKUAX
kpuctamnax 1 Tour/mm’, wim 40 Tout/MM® HHOPMALMH TPH CKOPOCTH Iepe-
mauu 10 Tour/c.
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2D- n 3D- cuctembl oToOpaxxeHusa nHcpopmaumm
OcHOBBI KOJIOpUMETPHH U (POTOMETPUM

Konopumerpusi — 06acte HayKu U TEXHUKH O BOCTIPUSATHU M KOJINYECT-
BEHHOM M3MEpPEHUH 1IBETA.

YenoBedeckuii 1y1a3 crnocoOeH BOCHPHUHUMATH W3TyYEHUE B TUANa30HE
JuH BostH ot 400 aM 10 700 HM, MpUYeM MaKCHMYM CBETOBOM YyBCTBHUTEIIHHO-
CTH IJa3a CMEIAETCs MO CHEKTPY B 3aBHUCHUMOCTH OT YPOBHSI OCBEIICHHOCTH,
YTO OOBSACHSAETCS HAIMYMEM B IJIa3y KOJIOOUEK M MaJoYeK, OTBEYAIOUINX 3a
JTHEBHOE M HOYHOE 3pEHHE, COOTBETCTBEHHO. 3aBUCUMOCTb UyBCTBUTEIBHOCTH
IJ1a3a OT JUIMHBI BOJIHBI U3Ty4YeHHs Ha3bIBaeTCs KpuBoil BUAHOCTH (V;, puc.38) .
KpuBasi BuAHOCTH mosydyeHa SKCIEPUMEHTATbHO Ha OCHOBAaHUM (hU3HOIOTHYE-
CKHX HCCIEJOBaHUN W cTaHAapTU30BaHAa MexXayHapoJaHOW KOMHCCHEH Mo oc-
BenieHnto MKO (CIE, Commission Internationale d'Eclairage) xak ajist 1HeBHO-
ro (sspkocth okoiyo 100 KI/M’), TaK M JUIS HOYHOTO (sspKOCTH MeHee 10k w/m’)
3penust. [Ipu mHEBHOM ((POTOMUYECKOM) 3PEHUHU C YYaCTHEM TOJIBKO KOJIOOUYEK
MaKCHUMYyM CBETOBOW YyBCTBUTEJILHOCTH COOTBETCTBYET JJIMHE BOJHBI A = 555
HM, TIPA HOYHOM (CKOTONMYECKOM) 3pEHUHU C yYaCTHEM TOJBKO MaloYeK MaKCH-
MYyM YYBCTBUTEJIBHOCTH CMEILAETCs B KOPOTKOBOJIHOBYIO 001acTh: A = 507 HM.
KpuBast BUZHOCTH HOPMHMPOBaHA Ha €IUHHILY, 32 KOTOPYIO MPHUHATA YyBCTBU-
TEIBHOCTh V), MpPH JJIMHE BOJHBI, COOTBETCTBYIOLICH MaKCUMaJbHOW 4yBCTBU-
TeIBHOCTH Ta3a (A=555 um).

1

400 500 600
o, HM

Puc.38. KpuBsie crniekTpalbHOW YyBCTBHUTEIBHOCTH TJja3a: 1 — mpH SIPKOCTH
100 k/m%; 2 — nipw siprocta 107 k/m?

doromeTpusi — pa3zien ONTUKH, B KOTOPOM pacCMaTPHUBAIOTCS IHEPreTH-
YECKHE XapaKTePUCTUKH ONTHUYECKOTO U3TyUYEeHHs B IIPOLIECCAX €ro UCITYCKaHus,
pacupoCTpaHEHUs: U B3aUMOAEHCTBHS C BEIIECTBOM. DHEPreTUYeCKUe BEIHYU-
Hbl B (DOTOMETPUU XaPaKTEPU3YIOT YHEPTEeTHUECKHE MapaMeTpPbl ONTUYECKOTO
M3ITydeHus: 0e3 ydeTa 0COOCHHOCTEH ero BO3/IEHCTBUS HAa TOT WM MHOW MpUEM-
HUK M3JIy4eHUs. B oTiuume OT 3HEepreTHYecKux, CBETOBbIE BEJIMYUHBI B (OTO-
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METPHUH YYUTHIBAIOT CHEKTPAJIbHYI YYBCTBUTEIBHOCTD IJla3a W HUCIOJIBb3YIOTCS
TOJIBKO JUI1 BUIUMOrO Juana3zoHa crnekTpa. OCHOBHOM CBETOBOM €IMHULIEH SB-
nsieTcs cuiia ceeta I, uamepsiemas B kannenax (k). OnHa KaHjaena COOTBETCTBY-
€T CuJIe CBETa B 3a/IaHHOM HAIPABJIEHUU MCTOYHMKA, UCIYCKAIOIIEr0 MOHOXPO-
MATHYECKOE M3TydeHne 9acToToil 540x10" ' (wimHa BoHBI A=555 HM), SHep-
reTUyYecKasi Cujia CBeTa KOTOPOro B 3TOM HampaBlieHUu coctasiisieT 1/683 Brt/cp.
OHepreTuyeckas Cwia U3aydeHus l. - BelIMuMHa, paBHas OTHOILIECHUIO MOTOKA
n3nydeHuss @, TOUEUHOro UCTOYHHUKA K TeIeCHOMY yriry 2 B Ipelenax KoTopo-
ro 3TO U3NyYeHHue pachpocTpansercs. Exunuiel sHepreTHyeckoil cuiibl cBeTa
SBIIICTCS BAaTT Ha crepanuad (Bt/cp).

OCHOBHBIMHU PHEPreTHYECKUMHU BETUUUHAMU SBIISIOTCS:

1) Hortok muznyuenus O, — BelIWYMHA, paBHAsI OTHOILICHHUIO dHEprun W Hu3iy-
YEHHS KO BPEMEHH t, 32 KOTOPOE 3TO U3IIydyeHue mpousonuio. EnxuHuna mno-
ToKa u3nydenus — Barr (BT). CBeToBOM BeIMYMHOMN, aHAJIOTUYHON MTOTOKY
W3ITy4eHUs, SIBJISIETCS CBETOBOM MOTOK. 3a €AMHMILYy CBETOBOro Mmotoka @
OPUHAT JIIOMeH (M), OMH JTIOMEH COOTBETCTBYET CBETOBOMY MOTOKY, HC-
MMyCKaeMOMY TOYE€YHBIM MCTOYHUKOM CHUJIONW CBETa B OJIHY KaHJENy BHYTpHU
tenecHoro yraa 1 cp (1am = 1xkaxcp).

2) DuHepreruyeckas CBETUMOCTh R, — BenmunHa, paBHasi OTHOIIEHHUIO MTOTOKA
uznyueHus: @, , MCIMycKkaeMoro MOBEPXHOCTHIO, K TUIOMIAN CEUeHUs S,
CKBO3b KOTOPOE€ 3TOT MOTOK MPOXOAUT (MIOBEPXHOCTHASI IUIOTHOCTh MOTOKA
u3nydeHus). EquHuneil sHepreTHyeckoil CBETUMOCTH SIBISETCS BaTT Ha
MeTp KBafpatHbii (BT/M”). CBETOBO# BETMUNHOIN, AHATOTHYHOM YHEPreTH-
YECKOM CBETUMOCTHU SBJIETCS CBETUMOCTh R - CyMMapHbIii IIOTOK, IOCHI-
JIaeMbBIM CBETAIIEHcs MIoIaaKoil ¢ miomaneo S. Enunuieii cBeTUMOCTH
SIBJISIETCS JTFOMEH Ha METP KBaJApaTHbBIN (JIM/MZ).

3) Duepreruyeckas ApkocTb B, — BenmunHa, paBHas OTHOILLEHUIO 3HEPreTu-
YecKoW cuiibl cBeTa Al, 3eMeHTa M3Iydarolie MOBEPXHOCTH K TUIOMIAAN
AS MPOEKIMH 3TOTO AIEMEHTA Ha II0CKOCTh, NEPIEHIUKYIPHYIO HalpaB-
JeHuro HaOmroAeHus. Enunania sHepreTuyeckoil SpkocTH — BaTT HE cTepa-
JIMaH Ha METp KBaJlpaTHBIN (BT/(CpXMz)). CBeToBOIl BEJIMYMHOM, aHaJo-
TMYHOH SHEPreTHYEeCKOW SIPKOCTH SABIAETCA APKOCTh By. SIpKOCTB CcBeTs-
HIeics TOBEPXHOCTH B HEKOTOPOM HANpaBICHUH () €CTh BEJIMYMHA, paBHAS
OTHOIICHHIO CWJIbI cBeTa | B 3TOM HampaBlIeHUWU K IUIOMIAIU S MPOEKUUHU
CBETSAIICICS TMOBEPXHOCTH Ha TUIOCKOCTh, MEPHNEHANKYISPHYIO TaHHOMY
HATIPABJICHNIO. EMHIIA APKOCTH — KAH/Ie/Ia Ha METp KBaAPATHbIH (K1/M>).

4) DHeprernyeckas OCBEIIEHHOCTb E. — XapakTepu3yeT BeIMYMHY [TOTOKA U3-
Jy4eHHUsl, TaJarolIero Ha eIMHUILYy OCBEIllaeMOW MOBEpXHOCTH. Enunuieit
SHEPreTUYEeCKOW OCBEIEHHOCTHU SIBJISIETCS BaTT Ha METp KBaJApaTHBIN
(BT/MZ). CBeTOBOM BEIMYMHOM, aHAJIOTMYHOM SHEPreTHYECKON OCBEIIEH-
HOCTH SIBJIIETCSI OCBELIEHHOCTh E — BeMYMHA, YUCIEHHO paBHAsl OTHOLIE-
HUIO CBETOBOT0 Notoka @, majaroniero Ha MmoBEpXHOCTb K IUIOIMIAU ITOM
noBepxHocTy S. Enqununa ocsenieHHOCTH — JTroKe (17K = Lm/v?).
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CrnexTpasibHast INIOTHOCTH MTOTOKA U3ITyYSHHS MOXKET OBITh pacCYHTaHa 10
dopmymne: ®,=d®/ di (Bt/M%), rie — CIEKTPATbHbIIl HHTEPBAI JUTHH BOJH, B KO-
TOPOM HAXOJUTCS pacCMaTpUBaeMasi BEJIMYHMHA.

CBeTOBOM MOTOK MU3IYYSHHSI, UMEIOIIETO CIUIONIHOM CIEKTP, MOXET OBbITh
BBIYHCIICH 110 hopmyoie:

780
O =683x [ V,x®,dA (1)

s m3nmydeHns ¢ TMHENYAThIM CIEKTPOM CBETOBOM IMOTOK PACCUHTHIBA-
€TCsl CIEIYIOUM 00pa3oM:

©=683x3 V, xD, (1

n=l1

Jl5is1 KONMMYEeCTBEHHOW OIEHKH M CPAaBHEHHS Pa3IMYHBIX IIBETOB HCIOJb-
3yI0T ()OPMYJIbI, TIO3BOJISIONINE OAHO3HAYHO OMUCATH BUIAMMBIE YEIOBEKOM IIBE-
Ta U 0TOOPa3UTh X Ha MJIOCKOCTH B BUJIE IIBETOBOTO «TpeyrojibHUKa» (puc.39).
L{BeToOBOI1 TpeyronbHuK (Mu jokyc) pazpadoran MKO B 1931 roay u crpoutcst
no TpeM koopauHatam X, Y u Z (X+Y+Z=1), koTopbie MOTYT OBITh BBIYUCIICHBI
0 CIeAYIOUUM GopMyJiaM:

X = j T(A)xD(A)dA |

380
780

Y= [ F()xD(D)dA,
380
780

z:jﬂ@x®mwﬂ,

380

rae x(1),y(1),z(A) - 3Ha4eHHWs (QYHKIMA COOTBETCTBHS IIBETOB WJIH
(GYHKIIUU CIIOXKEHHS 1[BETOB SIUHUYHON MOIIHOCTH. ®(A)- QYHKIHS pac-
MIpeIeJICHHsI CBETOBOTO IMOTOKA TI0 CIIEKTPY. 3HAYCHUS (PYHKIIHIA COOTBET-
cTBUs 1BETOB (X(4),¥(4),z(1)) TabynupoBansl MKO Ha ocHOBaHUM 3KC-

MEPUMCHTAJIbHBIX HUCCIIEJOBAaHUIN cneKTpaanoﬁ YYBCTBUTCJIBbHOCTU TJia-
3a.

Ha puc. 39 uzobpaxen useroBoii TpeyronsHuk CIE obpasma 1931 roxa.

[Tomumo Bepcun 1931rona cymecTByOT U Ipyrue BapUaHThl OMMCAHUS LBETO-
BOTO TpeyTroyibHHKa, pazpabotanasie MKO B 1960, 1964 u 1976 ronax.
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Puc.39. LigeroBoii «rpeyronpuuk» MKO 1931 roga

OruOaromiasi KpuBasi JMHUSI COOTBETCTBYET CHEKTPAIBHO «UYHCTBIM» (MO-
HoxpomatudeckuM) nBetam (ot 380 um g0 700 mm). Touka ¢ KoopaUHATAMHU
X=0,33 Y=0,33 cooTBeTCTBYyET «OeIoMYy» (CIEKTpaTIbHO HEOKPAIIEHHOMY ) I[BE-
Ty.

B cnyuae, xorna usnydeHHe WMeEET JIMHEWUaThlil CIeKTp, B ypaBHEHUSAX
[BETOBBIX KOOPJMHAT UHTETPAJ 3aMEHSIETCS CYMMOU OT/ENIbHBIX CIIEKTPATbHBIX
COCTaBJISAIOIIMX. 3HAsE KOOPAUHATHI LBETHOCTU X,Y MOXKHO OMNPENENIUThH C IO-
MOILBIO IIBETOBOTO TpeyrojabHuka MKO 1BeTOBO# TOH M3ITy4yeHuUs, TO €CTh Mpe-
001aaroIIy 0 B M3JIy4YE€HUH JJIMHY BOJHBI. J[JIs1 3TOr0, MOJy4YeHHYIO B COOTBET-
CTBHH C KoopauHaTaMu MBETHOCTH X,Y Touky O (puc.40) HaHOCAT HA IIBETOBOM
rpadux MKO u coenuusroT €€ mpsiMoi JimHUEH ¢ Toukoi E, KkoTopast cooTBeT-
ctByet O6enomy ety (X=0.33 Y=0.33). [IpooipkeHue 3TOW JUHUU 0 Tepece-
YeHUs C OTMOAaromIeil KPUBOI CIEKTPAIIbHO YUCTHIX LIBETOB JIACT 3HAUEHHE HC-
KOMOW JJIMHBI BOJIHBI (Touka L Ha puc.40). boyiee HaCBIIIEHHBIM SIBIISIETCS TOT
I[BET, KOOPJMHATHI KOTOPOTO HaXOMAATCS Jajbliie OT Touku Oesoro mnBeta. Komu-
YEeCTBEHHO, HACBIIIEHHOCTH p Oy/IeT ONpeNeNAThCS KaK OTHOIICHUE JJIHH OTpPe3-
koB p =EO / EL.

PesynpraTr BO3IEHCTBHSA M3ITyUdeHHs JIIOOOTO CHEKTPaIbHOTO cocTaBa Oy-
JIeT MPUBOAUTH K OLIYIIEHUIO BOCHPUATUS TOIO WJIM MHOTO L[BETA, HACHIIICH-
HOCTh KOTOpPOTO OyZeT 3aBUCETh OT IIMPUHBI AWANa30HA JUTMH BOJIH B KOTOPOM
paboraeT uznyyaTenb. Temmneparypa, npu KOTOpoil a0COIIOTHO YepHOE TeJIo U3-

68



Jy4aeT CBET TAKOTro K€ CHEKTPAIbHOTO COCTaBa, KaK pacCMaTpUBAaEMBbIil CBET,
Ha3bIBACTCS Yysemosol memnepamypoti. OHa yKa3bIBa€T TOJBKO Ha CIIEKTPallb-
HO€ pachpe/elieHne PHEepru H3JIy4eHHs, a He Ha TeMIeparypy HCTOYHHKA.
LIBeroBas Temmneparypa Boipaxaercs B KenbBunax (K). Tak, cBer romy6oro He-
0a COOTBETCTBYET 1[BeTOBOM Temmeparype okosno 12000—25000 K. Ha puc.40
NPEJCTaBICHbl PE3yNbTaThl pacyeTa [BETOBBIX KOOPAMHAT H3Iy4eHHUs adco-
JIOTHO YepHoro Tena st pazHbix Temneparyp ot 2000 K no 10000 K. Pacuerst
MOKAa3bIBAIOT, YTO PHEPTUS BUAMMOTO M3IYYCHHS aOCONIOTHO YEPHOTO Tela C
paznmuuHoi Temmeparypoi — 2000 , 4000 , 6000, 8000 , 1200 K — cocraBnsier
coorBercTBeHHO 0.017; 0.318; 0.497; 0.477; 0.186 yacTh OT MOJHOW 3HEPTUU
n3nydenus. CrieoBaTeNbHO, C TOYKH 3pEHHsI OCBELICHHOCTH HanboJjee Hepre-
TUYECKU BBITOAHOM Temmeparypoii Oyzaer 6000 K, npu koTopoii nojsoBuHa Beeit
SHEPrHH NPUXOIUTCS HA BUJUMOE H3ITydeHHE.

y| 520 JIAHHA CNEKTPARLHBIX

TIMHKA nypnypHbIX
UBETHOCTEHR

! 1 L . L L T
01 /02 03 04 05 06 07 08
380

Puc.40. Crangaptabie uctounuku ceera MKO

BBuay HeonpeneneHHOCTH O€Joro CBeTa BBEIEHO HECKOJIBKO CTaHAAPT-
HBIX UCTOYHHUKOB CBETA, KOTOpbIe Ha3biBatoTCs uctouHukamu: A, B, C, D u E
(puc.40). OnopHeIii Oenblit — 3TO ToYka paBHBIX sHepruid E(x = 0.333, y =
0.333), a crannaptasie uctounuku MKO — A(0.448, 0.408), B(0.349, 0.352),
C(0.310, 0.316), D6500(0.313, 0.329). McTouHNK A anmpoKCUMUPYET TEIUIbII
[[BET Ta30HAIOJHEHHOW JIaMIbl HAKaJMBaHHUA C BOJb(PAMOBOW HHUTBHIO TPH
2856 K. OH HaMHOTO «KpacHee» ocTaibHBIX. MicTouHMK B cooTBeTCTBYET COII-
HEeYHOMY cBeTy B moiaeHb (4874 K), a C — moiryZIecHHOMY OCBEUICHHUIO TPH
crutonmHou obiaunoctu (6774 K). Ucrounnk C mpuHAT B Ka4eCTBE OMOPHOTO
6enmoro 1Bera HannoHambHBIM KOMHUTETOM IO TEJIEBU3MOHHBIM CTaHIapTam
(NTSC). Ucrounuk D6500, cOOTBETCTBYIOLINIA M3TYYEHUIO aOCOIOTHO YEePHO-
ro tena rpu 6504 K, Heckonbko 3eneHee. OH NpUMEHSIETCS B KA4eCTBE OMOPHO-
ro 06eJoro IBETa BO MHOTUX TEJIEMOHUTOpAX.
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[[BeTOBOI TOH — OCHOBHOM NPU3HAK L[BETA, XapAKTEPU3YIOIIUN OTINYHUE
OJIHOTO IIBETa OT JIPyroro M KauyeCTBEHHO ONpeiesieMblil MOHATUAMU (Ha3Ba-
HUSIMH, CJIOBaMH), HAIpUMEP, CUHUH, abli, OpaHXeBbli 1 T.1. HatpeHnupoBan-
HBII YesloBeK crocobeH pa3nuyarh nopsjaka 180 nBeroBbix ToHOB. benbii, yep-
HBI ¥ Cepblil LIBETA HE UMEIOT LIBETOBOIO TOHA, OHU HA3bIBAIOTCS aXxpoOMaTHYe-
ckuMHU. Bee ocranbHble LBETa, IMEIOLUE IBETOBOM TOH, HA3bIBAIOTCS XPOMATH-
yeckuMHU. [[BeToBOl TOH — CcyObekTHBHasi, 00yCIOBJICHHas CBOWCTBAMM 3pH-
TEJIBHOIO BOCIIPUATHUS YEJIOBEKA XapaKTEPUCTHUKA L[BETA COOTBETCTBYIOIIETO U3-
JTy4eHHUsl, 00bEKTUBHOM XapaKTEePUCTUKON KOTOPOIl ABISETCA JJIMHA BOJIHBI.

HacbpliieHHOCTD 11B€Ta — CTENEeHb CYObEKTUBHOIO BOCIIPHUSITHS [IBETOBOIO

TOHA, T.. BEJIMYMHA, MOKAa3bIBAIOLIAsl, HACKOJIBKO JAHHBIA KOHKPETHBIMA IIBET
OTIIMYaeTcs OT OeJIoro WM Ceporo. JTa XapakTEepUCTHKA LIBETa COOTBETCTBYET
XapaKTepUCTUKE U3JIyYECHUS — YUCTOTE LIBeTa. TO €CTh, €ClU 000 LIBET ONTHU-
YECKHU CIIOKUTH C O€JbIM, IBETOBOM TOH OCTAaHETCS] HEM3MEHHBIM, OJTHAKO BU3Y-
anbHO OHU OyayT oTimyaThes. [103TOMYy MOKHO CUMTaTh, YTO HACHIIIEHHOCTD
€CTh OUIYIIEHHWE YMCTOTHI IBeTa. Y IBETOB OJHOIO TOHA YEJOBEK CIOCOOEH
Pas3IuyuuTh A0 25 rpaganuil 1o HaChIEHHOCTH.

CeetsioTa 1BeTa — CyOBEKTHBHBIM NpPHU3HAK LBETA, XapaKTEPU3YIOLIMA
BBI3BIBAEMOE UM OILIYLIEHUE APKOCTH. SIPKOCTh paccMaTpuBaeMON MOBEPXHOCTH
ornpezenseT UHTEHCUBHOCTh BO3CHCTBYIOIIErO Ha Ii1a3 U3Iy4eHHsl (MHTEHCHUB-
HOCTb CBETOBOT'O pa3/ipakeHUs IJia3a), OT KOTOPOTO 3aBUCUT CHJIa CBETOBOTO
olrynieHus. Mepa CBETOBOrO OIIYILEHHUs] — CBETIIOTA. SIpKOCTh — OOBEKTUBHAS

BEJIMYMHA, U €€ MOYKHO U3MEpSTh COOTBETCTBYIOLIMMHU npubopamu. [y cBer-
JIOTHI 7K€ MMEET CMBICII JIHUIIb CPAaBHEHUE IIPH PACCMOTPEHUU IPYIIbI IIPeIMe-
TOB, B IIPOLIECCE KOTOPOIO ONPEIENIETCS YPOBEHb CBETJIOTHI OJHOIO M3 IIPEl-
METOB 10 OTHOILIEHUIO K Apyromy. dotomerpuueckas sspkocThb (CBETOBON MOTOK
C €IMHUIBI IUIOIAHN CBETALIEHCS MOBEPXHOCTH) 3aBUCUT OT OCBELIEHHOCTH U
OTpa)kaTeIbHOU CIIOCOOHOCTH (ONTHYECKON IJIOTHOCTHU MOBEpXHOCTH). CBeTIo-
Ta, KPOME ITOr0, 3aBUCUT OT L[BETOBOI'O TOHA M HACBIIIEHHOCTH. B wacTHOCTH,
IPU NPOUYUX PABHBIX YCIOBMSAX CHHHE I[BETA UMEIOT MEHBIIYIO CBETIOTYy (Ka-
KyTCsl O0J1ee TEMHBIMU), YEM KEJIThIC U 3€JI€HbIE, a KPAaCHbIE 3aHUMAIOT IIPOMe-
KYTOYHOE IOJ0XKEHHE. YeTkas 3aBUCHUMOCTb CYLIECTBYET TAK)KE MEXKIY CBET-
JIOTOHM Y HACBIIIEHHOCTBIO: ¢ YBEJIUYECHHUEM HACBHIIICHHOCTH CBETJIOTA YMEHbIIA-
ercs. Iloaromy, K HpuMepy, HAChIEHHO-CUHUI LBET BOCIPUHMMAETCA Kak
TeMHO-CcUHUH. CBETJIOTa — €IMHCTBEHHBIM NPU3HAK 1IBETA, KOTOPBIA MMEIOT U
XpoMaTHYECKHE LBeTa U axpomaruueckue. I1o aTomy M TOIBKO MO 3TOMY HpHU-
3HAKY MOXKHO OTHU L[BETa CpaBHUBATh APYT ¢ ApyroM. HacellieHHOCTH axpoma-
TUYECKOro 1sera coctasisieT 0%, a ero cBeToTa paBHa MHTEHCUBHOCTH 3TOTO
ceera. KommyecTBo rpajanuii CBETIOTHI 3aBUCUT OT YPOBHS OCBEILEHHOCTH: IIPU
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MIOHMKEHHOM YEJIOBEK MOXKET Pa3iau4uTh nopsaka 20 rpagaiuii, py MOBBIILIEH-
HOM - 110 64.
[TpumMepHOE COOTHOILIEHNE IJIMH BOJIH U LIBETOB MIPEJCTABICHO B Ta0JL.5:

Tabmuma 5. CooTHOIIEHNE AJIMH BOJIH M BOCIIPUHUMAEMOTO IIBETA

Jlnana3oH IJIMH BOJIH Bocnpustue nBera
390 um - 440 um Guonemosulii
440 aM - 480 HM Cunull
480 um - 510 HM 20ybotl
510 aM - 550 M 3eJ1eHblll
550 aMm - 575 M HCeNmo-3eeHblil
575 aM - 585 um Jrcemplil
585 HM - 620 HM OpaHIICcesulll
630 um - 770 HM KPACHbIU

CaerT, n3nmyydaeMblii OOBIYHBIMU UICTOYHUKAMHU, a TAK)KE CBET, OTPAYKEHHBIN
OT HECBETALINXCS TEJ, BCEr/la MMEET CIIOXKHBIN CIIEKTPAIbHBIA COCTaB, TO €CTh
COCTOUT U3 CyMMBbI Pa3jIMYHbIX MOHOXPOMATUYECKUX W3TydeHud. OJUH U TOT
K€ LBET MOXET OBITh MOJIyUYeH CMEIICHUEM pa3IMuHbIX M3ydeHuid. [{BeTa n3-
JTy4YeHUH, UMEIOIINE Pa3IMYHbIN CIIEKTPaIbHBIN COCTaB, HO BU3yallbHO BOCIIPH-
HUMAIOLIUECS] OJIMHAKOBBIMH, HA3BIBAKOTCS MemamepHbviMy. 3pUTeNIbHAs CUCTe-
Ma criocobna paznuuats npumepHo 350000 uBeToB.

[[BeTa, ¢ MOMOMIBIO KOTOPBIX BOCIIPOU3BOAMTCS IBETHOE M300pa’keHHE,
Ha3bIBAIOTCS OCHOBHBIMH IIBETaMU. B KauecTBE OCHOBHBIX I[BETOB MOTYT OBIThH
BBIOpAaHbI CaMble Pa3UYHBIC COYETAHUS M3 TPEX I[BETOB. B COOTBETCTBHH CO
CHEKTPAIBbHON YyBCTBUTEIBHOCTHIO TJ1a3a U TPEXKOMIIOHEHTHOW Teopuei 3pe-
HUSI, B KQUECTBE OCHOBHBIX I[BETOB Yallle BCETO MPUHUMAIOT CUHUM, 3€JICHBIA U
kpacHbli (RGB) nnu xentsiit, mypnypasiil u ronyooit (YMC). [lns nonydyenus
JKEJIaeMOro I[BeTa, Hall[puMep, Ha SKPaHe MOHHUTOpA, C MCIIOJIb30BAaHUEM aJIH-
TUBHOM cHCTEMBbI cllokeHus 1BeToB RGB, B KOTOpoil MCmonb3yroTcst Tpu Oc-
HOBHBIX (0a30BbIX) HCTOYHHKA CBETA, MPU CMEIICHUH UX B HY)KHOM COOTHOIIIE-
HUM MHTEHCHBHOCTEH MOXKHO IIOJIyYUTh JIIOOOW IIBET, KOOPIMHATHI KOTOPOTO
JeXaT B IpeJeniaX TPEeyroibHUKa, 00pa30BaHHOTO TOYKAMHU C KOOPIWHATAMU
XR-YR, XG-YG, XB-YB (touku R, G u B Ha puc.39). KoopauHaTsl 0CHOBHBIX
1BeToB, npuHATHe B MKO yka3zaHsl B Ta011.6.

Ta6numa 6. Koopaunare! isetHoct MKO 51t ocHoBHBIX 11BeTOB RGB

X y
OCHOBHbIE KpacHbilii 0.735 0.265
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nBera MKO 3eneHsbi 0.274 0.717
XYZ Cunuii 0.167 0.009
Cramzapr Kpacusiit 0.670 0.330
NTSC 3eneHbii 0.210 0.710
CuHnii 0.140 0.080

[BeTHOI Kpacusrit 0.628 0.346
MOHHTOD Ha 3eeHblii 0.268 0.588
QJIT Cunuit 0.150 0.070

J{ByMepHbIe AuCIIeH

JIBymepHbIe, iy 2D-TUCIUIeH, XapaKTEPU3YOTCs CIEAYIOIMMHU OCHOB-

HBIMHU IMapaME€TpaMu:

1)

2)

3)

4)

Kontpact (mnm koHTpacTHOCTBE). KOHTPAacTHOCTH YMCIIEHHO paBHA OTHO-
LICHUIO SIPKOCTH HauOoJiee CBETIOr0 ydyacTKa M300pa)keHUs K SIPKOCTH
TEMHOro. UeM BbIIIe 3TO OTHOILIEHHUE - TEM OO0JIbIIIE KOHTPACTHOCTD.

Yron o63o0pa. Hamnmyummm uzobpaxenune OyaeT mpu HPOCMOTpPE MOJ
npsiMbIM yIJIOM. IIpy OTKIIOHEHMM OT TOrO IOJIOKEHHS B TOM MM MHON
CTEIIEHH YMEHBIIAETCA IPKOCTh U KOHTPACTHOCTb, U3MEHSIOTCS [IBETOBBIE
oTrTeHKH. OOBIUYHO MOA YIJIOM 0030pa KOHKPETHOIO TUCIUIES MOHUMAT
TOT yT0JI OTKJIOHEHHS OT HOpMaJIH (110 TOPU3OHTAIH WM BEPTUKAIIH), TIPU
KOTOPOM KOHTPACTHOCTb U300pakeHUs HE OIlycKaeTcst Hike ypoBHs 10:1
(mmm 5:1, ecm 3TO OTOBOpEHO 0c000). Jncmen Ha ocHoBe DJIT (9mek-
TPOHHO-TTyY€BbIX TPyOKax) UMEIOT HaHMOOJIbIINE YIIIbl 0030pa Kak ¢ TOY-
KU 3pEHMsI KOHTpAcTa U300paxeHus, Tak U ero nupeTHoctu. CoBpeMeHHbIe
KK MOHHMTOpPBI TOCTUIIIM BeAUUMHBI 178° Kak MO rOpU30HTAIH, TaK U MO
BEPTUKAJIM, OJJTHAKO ITH [TOKA3aTeH CIIPABEUIMBbI TOJIBKO JJIs1 KOHTPACTa,
B TO € BpeMsl [IBETOoIepeiada NP TaKUX yIiaxX CYLIECTBEHHO XYXe, YeM
py HaOJIIOIEHUH 110 HOPMAJIH.

Paspemenue. [Ton paspemenuem nucmiiess OOBIYHO TMOHUMAIOT MaKCHU-
MaJIbHOE KOJMYECTBO 3JIEMEHTOB H300pakeHMs (IIMKCENIOB), COAEpKa-
nieecst B Marpuie aucies. Huke npruBeleHbl HEKOTOPBIE CTaHAAPTHBIE
paspelieHus skpaHa, corsacHo crangapraMm VESA (Video Electronics
Standards ~ Association, accommamus ~ CTaHIAPTH3AIMH  BHUJICO-
anektponukn): VGA (Video Graphics Array) 640x480; SVGA (Super
VGA) 800x600; XGA (eXtended Graphics Array) 1024x768; SXGA
(Super XGA) 1280x1024; SXGA+, 1400x1050; WXGA+ (Wide XGA+)
1440x900; WSXGA+ (Wide SXGA+) 1680x1050; UXGA (Ultra XGA);
1600x1200; WUXGA (Wide UXGA) 1920x1200; QXGA (Quad XGA)
2048x1536.

ApKocTh nucIiest XapakTepu3yeTcs OTHOIIEHHWEM CHIIbI CBETA, M3JIydae-
MOTO MOBEPXHOCTHIO JKpaHa, K IUIOIIAAU €€ MPOCKIUH Ha IJIOCKOCTb,
MEePIEeHANKYISIpHOW ocu HaOmoneHus. EquHuna m3MepeHus: SpKOCTH
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(CH): xn/mM>. B cOBpeMEHHBIX AUCIIESX SPKOCTh MOXKET PEryJInpOBaThCS
BPYUYHYIO WJIM aBTOMAaTHYECKHU B 3aBUCHUMOCTH OT BHEUIHEH OCBEIIEHHO-
CTH.

5) Pasmep mukcens. @u3znyueckuil pasmep MUKCENsI, COCTOSIIETO (B clydae
LBETHOT'O AMCILIes) U3 cyonukceneit ocHoBHbIX 11BeTOB (RGB wiu CMY).
Uem MeHbIle pasMmep MUKCENs, TeM BbIlIe (JIydlle) pa3pelaromnias cro-
COOHOCTB JUCILIes, T.€. TeM OOJIblle AeTallel BKIIOYAeT U300pakeHue.

6) dopmat (OTHOIICHHE IMUPHHBI K BBICOTE MUCIUIes). B HacTosiee Bpems
CYUIECTBYIOT ISITh OCHOBHBIX (hopmaToB nucruieeB. @opmarsl 5:4 u 4:3
UCIIOJIb3YIOT B OCHOBHOM JJIsl IPOU3BO/ICTBA MOHUTOPOB, (popmart 3:2 uc-
MOJIB3YETCs ISl TEJIEBU30POB CTAHJAPTHOTO BemaHus, a ¢popmarer 16:10
u 16:9 — s mmpoxkohopMaTHEIX MOHUTOPOB U TEIEBUICHUS C BHICOKUM
paspemenneM (HDTV).

Kpome s3Toro cienyer yuuThiBaTh M TaKHe MapaMETpbl JUCIUIES Kak
9HEepronoTpedIeHue, JOArOBEYHOCTh M ce0eCTOMMOCTh TPOU3BOJICTBA.

TCO (mpodcoroz IllBenuu) 3anmmaercss pernamentanuein UT-
000pyI0BaHUs, B YaCTHOCTH BHICOAMCITIEEB, ¢ KOoHIA 80-X romoB 20-ro Beka.
B 1998 r. st0it paboroii 3ansnace rpynna TCO Development, gouepnsist ¢pup-
ma TCO. Hcnonb3ysi KOJIEKTUBHBIE 3HAHUS U OIBIT OoJjiee MWIIIMOHA oduc-
HBIX CITy’KalluxX, coTpyaHndammux ¢ npodceorozom TCO, sta rpymma paspa-
6oTtasia TpeOOBaHUS M METOJUKU TECTUPOBAHUS O(UCHOIO KOMIBIOTEPHOIO
oOopynoBanus. [lanable TpeOOBaHUS, ONPEACISIOMNE KAYeCTBO M HKOJIOTHYe-
CKYI0 0€30MMacHOCTb, CcelYac SBJSIOTCS BCEMHUPHO NMPU3HAHHBIM CTAaHAAPTOM.
Cucrema ceprudpukanun TCO — 3T0 peKOMEHIANUU IS T€X MPOU3BOJUTE-
Jeil, KOTOpbIE€ XOTAT MPUCTIOCOOUTH CPECTBA BHIYUCIUTEIBHON TEXHUKH K pe-
AITBHBIM TTOTPEOHOCTSIM TIOTPEOUTEICH.

[epssiii BapuanT cuctembl TCO 6611 3anmyieH B 1992 r., cMeHssACh 3aTeM
HoBbIMH Bepcusamu — TCO'95, TCO'99, kaxnas H3 KOTOpPBIX BHOCHIA
BcE OonpIIMiA 0XBaT TPeOOBaHUIT M BCE OOJBIIYIO X CTPOrOCTh B COOTBETCTBUH
¢ Hay4Ho-TexHH4eckuM mnporpeccoM. TCO'03, npunsateiii B HOs6pe 2002 r.,
3HameHyeT deTBéproe nokosienne TCO. Ero ocHOBHBIE pa3fenbl IPeUuMyIIecT-
BEHHO COBIMAJIAIOT C PAaHHUMH BEPCHUSIMH, HO MO KOJIMYECTBY U XapakTepy Tpe-
OOBaHMI UMEIOTCS CYIECTBEHHBIE OTINYHMSA, OCOOEHHO B YAaCTH BU3YyaJbHOU 3p-
TOHOMUKH, KaK HanboJiee mpoOIeMHON U OBICTPO pa3BUBAIOLICHCS B MOCIEIHUE
rojel. IlepeueHp peKOMEHIOBaHHBIX MMAPAMETPOB COOTBETCTBUS BKIIIOYAET Ta-
KHE XapaKTePUCTHKH, KaK: SAPKOCTh JIUCIUIES] U €r0 PaBHOMEPHOCTb, pa3Mepbl
MUKCEIIsl, KOHTPACTHOCTh, YTl 0030pa, SpPrOHOMHUKY M MHOTO€ JAPYTOE.

B Hacrosiiee BpeMsi OCHOBHBIMH TUIIAMU JIUCILIEEB SIBIISIFOTCS:

1) BakyymHbIe 1aMIIbI

2) BakyymHbIe uIyOpeCcleHTHBIE TUCTIIIEH

3) OJIT nucrien

4) LED u OLED nucruien

5) KK mgucrnien
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6) IlnasmeHHBIC TUCIIIEH
7) SED u FED pucruien
BakyymHbIie namMmnibel 1 BakyyMHBIE (PIIyOpECIICHTHBIC JAMCIUICH TTPUMEHS-
IOTCS. B OCHOBHOM Il OYKBEHHO-ITU(POBON MHIUKAIIMK U B HACTOSIIEE BPEMsI
nocteneHHo BeITecHst0TCs ¢ phiHka JKK, LED u OLED aucniesmu, oGnanaro-
IUMU CYIIECTBEHHO JTyYIINMH XapaKTePUCTUKAMHU.

QJIT-nucrien (3IEKTPOHHO-IYYEBBIE TPYOKH)

Ucropusa DJIT nawanace moutu 150 ner nazan. B 1859 rogy HOmmyc
[Tnroxkep oTkpbul Katoausle yun. Yepes 20 ner, B 1879 rony Yunssam Kpyke
co3z1ai mpooOpa3 AMEKTPOHHON TPYOKH M yCTAHOBMJI, YTO KAaTOAHBIE JIy4H pac-
MPOCTPAHSIOTCS IMHEHHO, HO MOTYT OTKJIOHSITHCSI MATHUTHBIM TTOJIEM.

B 1895 rony Kapn ®epnunana bpayn Ha ocHoBe TpyOku Kpykca co3man
KaTOAHYIO TPYOKy, MOJYy4HBIIYIO Ha3BaHus TpyOku bpayna. Jlyu oTkionsuics
MarHuTHBIM TI0JIEM TOJBKO B OAHOM Hampasienuu. B 1906 roxy coTpyaHuku
bpayna M. Jlukman u I'. ['nare nony4yusin =~ maTeHT Ha UCHOJIb30BaHUE TPYOKHU
bpayna nns nepenaun nzobpaxennii. B 1907 romy npodeccop [lerepbyprcko-
ro TexHoJiornyeckoro uHctutyTa b. JI. Po3uHr nosnan B mareHTHOE BEAOMCTBO
Poccun 3asBKy Ha mareHT (TorAa ero HaswiBaiu npusmierneit) "Crnocob amek-
Tpudeckor nepenaun n3odbpaxkenuit”". B 1909 rony M. JlukmaH ommy0JIMKOBa
CTaTbhlO, B KOTOPOH onucan ¢gororenerpadHoe yCTPOMCTBO i Nepeadn U3o-
OpaxeHnuii ¢ momompio TpyOku bpayna. B 1911 roxy b.JI. Po3unr npoxemon-
CTpPUpOBAJI Iepenayy TEJICBU3MOHHBIX H300paXEHH MPOCTBIX TeoMeTpuye-
ckux ¢uryp m npuém ux c BocmpowmsBeneHHeM Ha dkpane JJIT. B 1936 .
[1.B. Tumodeeny u I1.B. llImakoBy (CCCP) 6b110 BBIIaHO aBTOPCKOE CBHJIE-
TEJICTBO HA 3JIEKTPOHHO-TYYEBYIO TPYOKY € mepeHocoMm mzoOpaxenus. [lep-
BBIW TEIEBU30p MHAMBUAyaTbHOTO TIosib30oBanus KBH-49 (CCCP). Pazmep k-
pana coctaBisut 105x140 MM, dopmar skpana 4:3. BeixoaHas 3ByKOBasi MOIII-
HOCTh paBHsIach 1 Bt. [lorpebnsemas momHuocTs - 220 BT. 'abapuTh! TeneBu-
3opa KBH-49 cocrasmsuin - 380x490x400 MM, Macca - 29 kr. Jlns yBennueHus
pa3Mepa HU300pakeHusl mepes] KHHECKONOM MOYKHO ObLJIO YCTaHOBUTH IIACT-
MacCOBYIO JIMH3Y, KoTopas 3anonHsiack Bonoil. B 1938 r. 8 CCCP 6pun my-
HICHbI B AKCIUTYaTal[IO NIEPBbIC ONMbITHBIE TEIEBU3MOHHbBIE IIEHTPHl B MOCKBe
u Jlenunrpane. 7 Hos10pst 1948 r. MOCKOBCKUI TeJELEHTp MPUCTYNUI K pery-
JSPHOMY TEJIEBU3MOHHOMY BELIAHMIO [0 HOBOMY CTaHIApPTy Pa3iOkKEHHs HU30-
OpaxxeHus Ha 625 cTPOK, KOTOPBIN B AajbHEHIIeM ObUl IPUHAT U B OOJIBIIMH-
cTBe eBpomneiickux ctpad. B 1956 rogy B MockBe B KOHLEPTHOM 3aiie "Dpmu-
Tax" ObUT YCTaHOBJEH TEJIEBU3MOHHBINA 3KpaH pazmepoMm 3x4 M. CxeMbl ycu-
JICHUS U Pa3BEPTKH, UCTOYHUK NMUTaHUS Ha 75 KB, ycTaHOBKa, OTIaJKa U IKC-
IUTyaTalusl TeJIEBU3HOHHOTO KOMIUIEKCa ObUIM BBINOJHEHBI COTPYIHUKAMHU
MOCKOBCKOW TENeBU3MOHHOW Tab0paTopum, pacdeT 3epKajIbHO-THH30BOTO
oOwvexTnBa nuamerpoM 600 MM u cBetocuioi 1:0,6 6bu1 mpoBenen B 'OU um.
BasuioBa, 00bekTiB u3rorosieH B JIOMO, nmpoeKIMOHHBIA KHHECKOI JTua-
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meTpoMm 9" (22.5 cm) ¢ HampsKeHHeM Ha ycKopsromieM aHoae 75 kB pazpabo-
taH B OKb snexTpoBakyyMHBIX prOOpoB. DTa anmapaTtypa 1o XapakTepUuCTH-
KaM He yCTyIlaja JIy4IluM 3apyOekHbIM oOpasuaMm, a oobextuB u DJIT no na-
pameTpaM MpeBOCXOAUIH BCE M3BECTHBIE MOJIENU. AMNMaparypa 3KCILTyaTHPO-
BaJach Kak TeJeTeaTp B TEUCHHE JBYX JIET.

B 19601963 roasl B MOCKOBCKOM TEJIEBU3MOHHOM WHCTUTYTE BIIEPBbIE B
MHUpE Ha OTEUECTBEHHOW 3JeMEHTHOM Oa3e Obula co3JaHa ammapaTypa 3aMKHY-
Toro TeneBuaeHms Ha 1125 crpok, 25 kampos/50 momyKaapoB B
cekyHny — "TenecBsizp".

VYerpoiictBo coBpemenHoro DJIT nucnies n3obpaxeHo Ha puc.41. Dnek-
TPOHHBIE JIy4YH, OTKJIOHSSACH MAarHUTHBIM TOJEM, TOMaJal0T Yepe3 MacKy Ha
cJIou JTIOMUHO(OpA ¢ pa3IMYHBIM CIIEKTPOM CBEUYECHHS, KaK IIPABHIIO, B KPACHOM,
3eneHoi u cuHel obnactsax crekrpa (RGB). M3mMeHeHne COOTHOIICHHSI HHTEH-
CUBHOCTEH Osm3Ko pacnosiokeHHbIX RGB snemeHToB (mukceneil) npuBOIUT K
M3JIy4YCHUIO CBETa 3aJaHHOTO IBeToBoro orreHka. DJIT nucmnen xapakrepusy-
IOTCS BBICOKMM KOHTPAcTOM, OOJBIIMMHU yrjlaMu 0030pa U BETUKOJICTTHOM IIBe-
tonepenaueid. OQHAKO, UX IPUMEHEHHE, CHaYaIa Kak MOHUTOPOB JUII KOMITBIO-
TEPOB, a 3aTEM U KaK TEJIEBU30POB, MOCTENIEHHO CHIKACTCS U3-32 CUIIBHOM KOH-
Kypenuuu co ctoponbl JKK-nucrieeB (MOHUTOPBI U TEJIEBU30PHI) U TIa3MEH-
HBIX TaHenel (TeneBu3opbl). OCHOBHBIMU HEIOCTaTKaMH, U3-3a KOTOPbIX DJIT
TEPSIOT MOTPEOUTENS, SIBISIOTCS UX OTHOCUTENIHO OOJbIKe TadapuThl U BEC, a
TaK)e OTHOCHTEIBHO BBICOKOE 3HEPronoTpedIeHue.

N3o00perenne  mazepa mpuBeno Kk co3panuto  H.I'. bacoBbim,
O.B. bornankesnuem u A.C. HacuboBeiM B 1967 rogy nazepHOi 3J1€KTPOHHO-
JTydeBoi TpyOku. OTa TpyOKa NMO3BOJIMIIA CO31aTh Yy MPOSKIMOHHBIX YCTPOUCTB
PEKOPIHO BBICOKUH cBeTOBO# MmMoToK (10 12000 nm) u, 3HauuT, GopMUpPOBATH
sapkoe u3o0paxkenue Oosplioro pazmepa. Ho u3-3a 6016111010 aHOAHOTO Hamps-
XKEHHUS U HEOOXOTUMOCTH NMPHUMEHSThH CIIEHUAIBHBIE CUCTEMBI OXJIAXKACHUS 3TH
na3epsl He aouuin Ao norpedurens. Ceituac B @usnueckom uncturyre PAH um.
[1.H. JIeGeneBa mpoaoimkaroTcsi pabOTHI MO CO3/IaHUI0 KOMITAKTHBIX JIa3€PHBIX
OJIT ¢ Huskum sHepronotpednaenueM. Jlazepusie DJIT (KBaHTOCKOIBI) U3TOTaB-
JINBAIOTCS M0 YHUKAJbHOW TEXHOJIOTHW, HE MUMEIONIEW aHAJIOroB B MHpe. B
O AHe BnepBble HUCMONB30BATH ISl MOJYHPOBOJHUKOBBIX MHIIEHEH ATHUX
TpyOOK SMUTAKCHANBbHBIE CTPYKTYPbl C MHOTOKBAaHTOBBIMHU SIMAaMHU Ha OCHOBE
InGaP/AlInGaP, uTo mo3BONSET YBEIHMYUTh B HEKOTOPBIX PEKHUMAX MOLIHOCTb
U3JIy4aeMoOro CBETOBOIO Iyuka 10 7 BT.
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Puc.41. YcrpoiictBo coBpemenHoro JJIT nucruies:

1) snekTpoHHBIC TMyIIKH, 2) IEKTPOHHBIC JTy4H, 3) (PoKycupyromas KaTyi-
Ka, 4) OTKJIOHSIOLIUE KATYIIKH, 5) aHojA, 6) Macka LBETOAENEHUs, 7) Kpac-
HBIC, 3eJIEHBIE U cHHUE 3EpHA ITOMUHOGOpa, §) Macka u 3€pHa JTIoMHHODOpa
(YBENMYEHO).

KuakokpucTaannyeckue JuCcIuien

B 1888 romy ®punpux Paiinunep (Reinitzer) oOHapy Wil >KUIKOKPH-
CTANIMYECKUI XapaKTep XO0JECTepHUHa, U3BJIEUEHHOro n3 Mopkosu B 1904 ro-
ny Otto JlemanH myOnukyet cBoto padoty "Kuakue kpucramisl”". B 1911 ro-
ny Yapnsz Moryunn (Mauguin) mpoBOAHMT TEpPBBIE AKCIIEPUMEHTHI ¢ TOHKUMHU
CJIOSIMHU JKMJIKMX KPUCTAJIOB Mexay miactuHamu. B 1922 r. XXopx Ppunensb
OIHCBIBAET CTPYKTYPY ¥ CBOMCTBA JKUAKHX KPUCTAIUIOB U KJIACCH(PHUIUPYET UX
no 3-mM TUNaMm (HEeMaTHKH, CMEKTUKH U XoyiecTepuku). B 1926-1929 roawi
B.K. ®penepuxc, crapmuii nxeHep-Qpusnk OU3NKO-TEXHUYECKOTO UHCTUTY-
ta (JlenuHrpaza), BMeCTe cO CBOMMH acIHMpaHTaMH IMPOBEN psAJl SKCHEPUMEH-
TOB, BBISIBUBIIINX W3MEHEHHE ONTUYECKUX CBOMCTB aHM30TPOITHBIX KHIKOCTEH
(xupkux kpuctaios, XKK) nog aelictBrueM NpuioKeHHOIO0 MAarHUTHOTO TOJIS.
OTo sBIEHHE, Ha3bIBaEMOE Temephb mnepexoaoM Dpenepukca, HCHOIb3yeTCs
ceituac B coBpeMeHHbIX KK-nucrnesx.

B 1936 rony xomnanus MapKkoHH MaTEHTYET ">KUJIKOKPUCTAIUIMYECKUN
CBETOBOM 3aTBOp".

1962: nepsast kpynnas myoaukauus no JXXKK "MounekymsipHas CTpyKTypa
Y CBOMCTBA KUJKUX Kpuctaiios", aBrop aA-p Jixopmxk ['peid.

B 1962 rogy Puuapn Yunssamc (RCA) uccaenoBan 3J€KTpo-ONTHYECKHE
coiictBa KK u mpogemonctpupoBan crnocod ynpasienus KK ¢ nmomoruisio
MpWIOXKEHHOTO HampsbkeHus. B konne 1964 roma xopmk Xaitnmaitep
(Heilmeier) peanuzoBan nepbiii KK nucreit Ha ocHOoBe 3¢ dekTa, KOTOPHIHA
OH Ha3BaJl: AMHAMHUYecKUi pexuM paccesHus (DSM). DSM nucrnien moryt
paboTaTh B IPO3pPAUYHbIX U CBETOOTPAXKAIOIIUX PEXKHUME, HO OHU TPEOYIOT 3Ha-
YUTEJbHBIX TEKYIIMX MOTOKOB UX (pyHKUHOHUpoBaHuE. B 1970 roxy Obuia mo-
nmaHa 3asBka Ha mateHT oT Hoffmann-Laroche B IlIBeitmapun (mBeiinapckuii
nateHT Ne 532 261). [IpousBoactso XK nucrieeB ais Hapy4dHbIX 4acoOB Haya-
aock B 1970-x romax B IlIBeiinapum, a 3arem B fAnonun Ha ocHoBe TN-

76



TEXHOJIOTUH, KOTOpasi BCKOpe 3aMeHmIa TexHosnoruto DSM B cBs3u ¢ Ooiee
9KOHOMHUYHBIM OTPEOIEHNEM SHEPTHH.

B 1972 romy nepBbiii akTuBHO-MaTpuuHbIi KK mucrutelr ObUT BBITYIIICH
B CIIA. B 1986 rony NEC BeimycTHIIa MepBbIii TOPTATUBHBIA KOMIBIOTED C
KK-mucrieem. B 1995 rony nuaronans XKK-naneneit npessicuna 28" (71 cm).
B 2007 rony Bnepssie 00beM mpoaax JKK nucriieeB o BceMy MUpy NpeBbI-
cut oobeM mipogax DJIT.

Vxe k 2008 romy mons XKK-gucnnees coctaBmina 50% psiaka (~200
MUJIJTHOHOB TEJIEBU30POB B T'OJI).

YerpoiicTtBo v npunimn aevicteus KK nucnnes

KK mucrineit cocTouT U3 3IeKTPOHUKH, 00padaThIBArONICH BXOIHON BH-
neocursan, JKK marpunbl, Mogysas NOACBETKH, OJ0Ka NMHUTaHUS U KOpIyca.
Tunuunas crpykrypa XKK nucnnes nzobpaxena Ha puc.42. Kaxaslii nukceab
KK nucrniest cOCTOUT U3 €10 MOJIEKYJ JKUIKOTO KPUCTAIUIA MEXAY ABYMsI
PO3pavyHBIMU JIEKTPOIAMH, U ABYX MOISAPU3ALHMOHHBIX (PUIBTPOB, INIOCKOCTH
NOJIIPU3aLMU  KOTOPBIX (Kak MpaBUiIO) MEPHEHAMKYJSpHBL. B orcyTcTBHe
KHUJIKUX KPUCTAJUIOB CBET, IPOIYCKAEMbIH MEPBBIM (PUIBTPOM, NMPAKTHUECKU
IOJTHOCTBIO OJIOKUPYETCSI BTOPBIM.

[ToBEpXHOCTB 3JEKTPOIOB, KOHTAKTUPYIOLIAs C XKUAKUMHU KPUCTAIIIAMH,
crenuanbHO 00padoTaHa sl H3HAYAIBHOW OPUEHTAIIMK MOJIEKYJ B OTHOM Ha-
npasineHund. B TN-MaTpuie 3Tu HamnpaBiieHUs] B3aUMHO HEpPIEHAUKYJISPHBI,
[OTOMY MOJIEKYJbl B OTCYTCTBHE HAIPSKEHMs BBICTPAUBAIOTCSI B BUHTOBYIO
CTPYKTYpy (puc.42). Dta cTpyKTypa npesoMiIsieT CBET TaKuM 00pa3oMm, 4To 10
BTOPOTO (PpUIBTPa MIIOCKOCTH €T0 MOJISIPU3AIIH TOBOPAUYNBACTCS, U YepPe3 HETO
OH MPOXOJUT yxe 0e3 norepb. Eciin He cuuTaTh MOIIOIIEHUS NEPBbIM (UIIBT-
POM IOJIOBUHBI HETIOJIIPU30BAHHOI'O CBETA - SIYEHKY MOXKHO CUMTATh IIPO3pay-
HOU. Eciu ke K 2JIeKTpoAaM INPUIIOKEHO HANPSKEHUE - MOJIEKYJIBI CTPEMSITCS
BBICTPOUTHCS B HAIPABIEHUH IOJIS, YTO MCKAXAeT BUHTOBYIO CTPYKTYypy. IIpu
3TOM CWJIBI YIPYTOCTH NPOTUBOAECHCTBYIOT 3TOMY, Y IIPH OTKJIFOUEHUN HAIps-
KEHMS MOJIEKYJIbl BO3BPAILLAIOTCS B UCXOAHOE NojoxkeHue. Ilpu nocratouHoi
BEJIMYMHE MOJIS MPAKTUYECKU BCE MOJIEKYJbl CTAHOBSTCS IMapasllesIbHbI, 4TO
IPUBOJUT K HENPO3PavyHOCTU CTPYKTYphl. Bapbupys HampspkeHHE, MOYKHO
YIPAaBIATE CTENEHBIO MPO3pavyHOCTU. ECIM NMOCTOSIHHOE HamnpsKEHUE MpHUIIo-
JKEHO B TEUEHHUE JOJITOr0 BPEMEHH — KUAKOKPHUCTAJUINYECKask CTPYKTypa MO-
KET JerpajupoBaTh M3-3a MUTpalMM HMOHOB. [lnd pemeHus 3Toi mpoOiaembl
IpUMEHSETCs MIePEMEHHBIN TOK, WIM U3MEHEHHE IMOJIIPHOCTH IOJIS MPH KaxK-
JIOW ajpecanyy siueiiku (HeTpo3payHOCTh CTPYKTYPBI HE 3aBHCUT OT TOJISIPHO-
ctu nonst). [Ipoxoasiuii uepes TYeKH CBET MOXKET OBITh €CTECTBEHHBIM - OT-
paxxénnbiM oT nojutoxkku (B KK gucnnesx 0e3 noacserku). Ho game npume-
HSIOT JONOJHUTEIbHBIN HCTOUHUK CBETA, KPOME HE3aBUCUMOCTH OT BHEILIHETO
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OCBEIIIEHUS TO TAK)KE CTAaOMIIM3HPYET CBOWCTBA IMOJyYEHHOTO M300pakKeHMs.
Marpuiia MOHUTOpa MOXKET IOJCBEUYHBATHCSA JIIOMUHECLUEHTHBIMU JIaMIIaMU
WIA CBETOIMOJAMH. Pecypc HMCTOYHHWKOB CBETOIMOIHOM IOJACBETKH (CBETO-
JIMOJIOB) MPUMEPHO B 3 pa3a Bhimie. Takum oOpazom, XKXK-aucnneit coctout us
AIEKTPOHUKH, oOpabatkiBatomieil BxogHoi BuaeocurHai, KK marpuibi, mMo-
JTyJisl IOJICBETKH, 0JIOKAa TUTaHMs U KOpITyca.
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Puc.42. Crpyxkrypa (A) u npunuun aeiicrsust (b) XK nucnues

Hawubonee pacrpocTpaHeHHO# U JICUICBOM SBISETCS TEXHOJIOTHS JIUCILIC-
eB TFT LCD (Thin Film Transistor Liquid Crystal Display)

I!I TFT

NUKCenb cyGnukcens

Puc.43. Crpykrypa nukcens XK gucries

Kaxnpiii nukcens (35ieMeHT n3o0paxeHus) nBetHoro KK mucres co-
crout u3 3 cyonukceneit (puc.43) ocHoBHbIX 11BeTOB (RGB). Takum obpazom,
npu paspemenun aucruies 1280x1024 neoboxoaumo co3aatrh 3840x1024 TFT
TpaH3HUCTOpa U CYONUKCENbHBIX 37eMeHTa. Pazmep nukcens nucriess TFT mpu-
onm3utensHO paBeH 0.3 MM.

K mocromncrBam XK-nucreeB ciielyeT OTHECTH YKOHOMUYHOE TTOTPeO-
JeHHe SHepruM, ObIcTpoxeiicTBue, manbie Tabaputbl. Opnaxo, KK-mucrmen
UMEIOT HEJOCTATOUHBIE YIJIbI 0030PHI ¢ TOYKH 3PEHHUS KOHTPAcTa U, OCOOCHHO,
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nBeronepenaun. [ ycrpaHeHHsI 3TUX HEJOCTaTKOB MHOTHE KOMIaHUH paspa-
0aThIBAIOT HOBBIE TEXHOJIOTHH, CPEJIN KOTOPBIX CIEAYET OTMETHTH TEXHOJIOTHIO,
pa3BuBaemyto komnanusimu NEC, Hitachi u ap.: IPS (In-Plane Switching), S-
IPS (Super-IPS, Hitachi 1998 rox), AS-IPS - Texnonorust Advanced Super IPS
(NEC), A-TW-IPS - Advanced True White IPS (NEC), AFFS - Advanced
Fringe Field Switching (Hitachi Displays).

IPS-texHOMOTHsI TTO3BOJIMIIA TIOBBICHTh KAa4eCTBO IBeTonepenauu (o 24
OWT) M KOHTPACT, OJJHAKO, OBICTPOJCHCTBHE TAaKUX MATPHI] MEHbIIe, yem TN-
MaTpHuIl.

Komnanuu Fujitsu, Samsung, Sharp u ap. pa3zsuBator TexHosnorun MVA
(Multi-Domain Vertical Alignment(Fujitsu), PVA (Samsung), ASV (Sharp) u
Super MVA (CMO).

B pesynbrare ObLIH MOJTyYeHBI CIEAYIOUINE PE3YIbTAThI:
e Xxopotiee ObICTPOACHCTBHE,
® TIIyOOKHIA YePHBIH IIBET
® OTCYTCTBHE BHUHTOBOM CTPYKTYPHl KPHUCTAJUIOB W JIBOMHOTO MAarHMTHOTO
TOJISI.
OpnHako, B cpaBHeHUM ¢ [PS-TexHonoruen, 3Tu MaTpUlbl XapaKkTepusy-
IOTCS CIIEYIOIIMMH HEJJOCTATKaMMU:
® [pOMajaHue JeTaleil B TeHIX NpU NepIeHINKYISIPHOM B3TIISAC,
® 3aBHCHMOCTH IIBETOBOTO OajlaHCca H300paKEHUS OT yTiia 3PCHHUS.

CBeToIMOIHBIE AUCILIEN

Creromuonubsie nuctimen (LED, light emitting display, cBero-
M3ITYYaIONUi JUCTUIEH) COCTOUT M3 Ha0Opa CBETOM3IYYaIOIIUX AUOIOB, MPe-
CTaBJISIONIMX COOOH p-n Mepexo;] B MOIYIPOBOJHUKOBOM MaTepuaie (puc.44).
JlmuHa BONHBI U3MyUYEHUS OMPEACNICTCS IMUPUHON 3alpeleHHON 30HbBI 3TOTO
MOJTYTIPOBOJTHUKA U YHEPTETHUCCKHUM ITOJIOKCHHEM ITPUMECHBIX YPOBHEH.
IIpeumytecTBa CBETOMOAOB:

1) Ceroamoasl IPOU3BOAAT OOJIBIIE CBETa HAa BATT, YE€M JIAMITHI HaKaJlMBa-
HUSL.

2) CBeTroamoasl MOTYT W3JydaTh CIEKTPaJbHO HACHIIICHHBIC IBETa 0€3 HC-
MOJIb30BAHMS IIBETHBIX (DUIIBTPOB.

3) Ceeroamoasl MOTYT OBITh CKOHCTPYHUPOBAHBI TaK, YTOOBI KOHIICHTPHUPOBAThH
cBeT 0€3 MCIIOIb30BaHMsI BHEIITHETO OTPaKaTelIsl.

4) Cseroamnoj 3aropaercsi 04eHb ObICTpO. TUNMHUYHBIA KpacCHBIM CBETOIMOJ-
HBI WHAMKATOP JOCTUTAET IMOJHOW SPKOCTH 3a MHUKpPOCEKyHAbL. CBETO-
JTMO/JTbI, UCTIOIh3yeMble B KOMMYHUKAIIMOHHBIX YCTPOMCTBAX, MOTYT UMETh
emie 0oJjiee KOPOTKOE BpEeMsI OTKIJTHKA.

5) CpeueHue CBETOAMOJIa TACHET MOCTENEHHO, @ HE PE3KO, KaK y JIaMIl HakKa-
JIABaHUA.

6) CmeroawoJbl MOTYT MMETh OTHOCHUTEILHO JJIUTEIBHBIH CPOK DKCILTyaTa-
uuu, ot 35000 go 50000 yacoB. JIaMIibl JHEBHOIO CBETa, KaK MpPaBUIIO, U3-
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JTy4aroT OKOJIO 30000 4acoB, a JIAMIIbI HaKaJIUBaHUs
1000-2000 gacog.

7) Caeroanoasl ManoradapuTHbI M JIETKO MHTEIPUPYIOTCA B MOJYHIPOBOIHU-
KOBBIE MUKPOCXEMBI.
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Puc.44. Ilpunuun neiictBus (A) U KOHCTpyKTUBHOE ucnonHeHue (b) ceero-
M3JTy4arolero Juoja.

N3 nenocrarkoB LED M0kHO nepedncnuTs Caeayromue:

1) Cseroanozsl B HacCTOAIIEE BpeMst 00Jiee TOPOTH B LIEHE 3a JTIOMEH

2) DdPeKTHBHOCTH CBETOAMOIA CHITFHO 3aBUCUT OT TEMITEPaTyphl OKPYKaro-
el cpebl M OT IKCIUTyaTallMOHHBIX ycnoBuil. [loaToMy, yacto TpeOyercs
MIPUHUAMAThH CHEIMATIBHBIE MEPHI 110 MOAIEPKAaHUIO CTAOUIBHON paboueit
TEeMIIEpaTyphl.

3) Ceeroamnoman! TpeOYIOT CTAOMIN3UPOBAHHBIX UICTOYHHUKOB MTUTAHUS

4) bonbmuHCTBO "OCNbIX" CBETOIUOIOB HMEIOT CIIEKTPBI, KOTOPBIC CYIIECT-
BEHHO OTJIMYAIOTCS OT U3JTyY€HHUsI YEPHOTO TeJla, TAKMX KaK COJIHIIE WIIH
CBET JIaMITbl HAaKaJMBAaHUSA. DTO MOXET CO3/1aBaTh MPOOIEMBI ISl IPABUIIb-
HOM IBETONEpEIaYH.

5) Caeroamomp! HE SBISIOTCS "TOUCYHBIMUA UCTOYHUKAMHU'" CBETA, IOITOMY HE
MOTYT HCIIOJIb30BaThCs B MPUIIOKEHUIX, HYKIAIOIINXCS B BBICOKON Ha-
MIPABJICHHOCTH M3JIYYCHHS (B OTIUYHE OT JIA3€POB).

LED mupoko uCnob3yoTcs Al CO3AaHMsI pa3IM4HOro poja yKas3are-
JIeii, MTHIMKAaTOPOB, MPUOOPHBIX MaHEJeH, a TaK)Ke YIMYHBIX JHUCIIIEeB OOJIBINO-
ro (opMaTa ¢ IPKOCTBIO He MeHee 2000 k/m’.

B Teuenue mocieqHUX HECKOJBKHUX JIET BCe 0oJiee MIMPOKOE pacmpo-
ctpanenue nonydatoT OLED (Organic LED) -aucrien. B kadectBe usiyuaro-
IIEro CJIOSl CBETOJIMOJAa MCIIONB3YyeTCs OpraHudeckoe coenuHeHue. UToObl
(YHKIMOHUPOBATh KaK MOJYHNPOBOJHHUK, OPraHMYECKUI HM3ITydaloUIHii Mate-
pHaJ JOJIKEH UMETh COMPSKEHHBIE Pi- CBSI3U. DTO MOTYT OBITH HEOOIbILIKE Op-
raHW4YecKHe MOJIEKYJbl B KpUCTaUIM4ecKoil ¢aze, wim nomumep. Ilo cpaBue-
Huto ¢ oopruHbIMU LED, OLED nerue, a xpome 3TOro, MOJMMEpPHBIE CBETO-
JUOABl MOTYT HMETh JONOJHHUTEIbHOE IPEHMYIIECTBO ObITh THOKHMHU
(flexible), moaTomMy Takyro pa3HOBHIHOCTH qucIuieeB Ha3piBatoT FLED.
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OLED-aucrmuien o0ecneunBarOT SPKOCTh H3IY4YEHHUS OT HECKOJIbKUX
KI/M> (U1 HOYHOM paGoTH) M0 OYEHb BBICOKHX SPKOCTEil —  CBBIIIE
100000 k1/M>, 0HAKO PEKOMEHIyeTCs padoTa IpH 00Iee YMEPEHHBIX YPOBHSX
sapkoctu (1o 1000 K,Z[/Mz). B otmmume ot XKK- nucriieeB, mzoOpaxeHne Ha
OLED-3kpaHe ocTaHeTcsl SIPKMM M HACBIILIEHHBIM IMPHU JIFOOOM YPOBHE OCBE-
IIEHHOCTH (JJa)ke MpH MPsIMOM TOMNAJaHUU COJTHEYHBIX Jy4ded Ha IHCIUIeH).
[Hockonbky OLED mnpeo6pa3oBbIBalOT B CBET NMpuodIM3uTeabHo 25-30 % anek-
TposHepruu, sHepromnoTpediaeane OLED aucmiieeB mpuMepHO B MOJITOpa pasza
Hiwke, yeM y JKK- nucruiees, HyKAaromuxcs, KpOME BCETO MPOYEro, B JOMOJI-
HUTEJIBHOM MUCTOYHHKE MOCBeTKU (lammibl uiu LED matpwuiibn).

Taxum 00pa3oM, MOKHO OTMETUTH CIIEAYIONINE BaXKHbIE IPEUMYIIECTBA
OLED B cpaBHenuu ¢ JKK-nucnesmu:

1) menbIme rabapuThl U BEC

2) OTCYTCTBUE HEOOXOAMMOCTH B MOJCBETKE

3) orcyTcTBHE TpoOJIEMBI ¢ yriamMu o0030pa — u300pakeHHe BHIHO O3
MOTEepHU KayecTBa ¢ J000ro yria

4) OsvicTposeiicTBue (Ha OpsAAOK BhIIe, yeM y XKK-aucmiees)

5) Oomnee KauecTBEHHas IIBETONEpeaaya U BEICOKUI KOHTPACT

6) Oosee HU3KOE SHEProNnoTpedICHUE IPU TOM K€ IPKOCTH

7) BO3MOXXHOCTB CO3JIaHHsI THOKHX SKPAaHOB

Emé Gonee SKOHOMMYHBIMH C TOYKH 3PEHHSI SHEPTOMOTPEOICHUS SIBIISI-
forcst Tak HazpiBaeMbie PHOLED (Phosphorescent OLED). PHOLED wucnoss-
3YIOT IPUHLHUII 3JIEKTPOPochOopeceHIInH, YTO MO3BOISET MPeoOdpa3oBaTh B U3-
ayuyenue 1o 100 % nsnekrpuyeckoir snepruu. PHOLED npenmnosnaraercs uc-
MOJIb30BaTh B OOJIBIIMX JUCIUICSX TUMA TEIEBU3MOHHBIX MOHUTOPOB HIIM JKpa-
HOB JUIsl OCBelleHus WHTepbepoB. Takxke k mnpeumymiecteoM PHOLED-
JIUCIUIEEB MOKHO OTHECTH JIOCTATOYHO MPOJOKUTEIBHBIA CPOK CITY>KOBI.

Cpenu Bo3moxHbIX npuMeHeHnit OLED M0HO BBIZICIHUTH ClIeyIONTHE:
1) Jucnnen 1ist MOOMIIBHBIX YCTPOMCTB U (JOTO- M BUJIEO amNaparypsl
2) MOHHUTOPHI U TEIEBU30PHI
3) CaeroBble TaHEIN
4) T'mOkwue mucruien

CymecTByeT mpobiema, cBsi3aHHasi ¢ HEOOXOAMMOCTBIO YBEITHUCHHUS JIJTH-
TeAbHOCTU HempepbiBHOUW paboTel "cuuux" OLED. Ilockonbky Bpemsi Hempe-
peiBHOM paboTsl "kpacHbIX" U "3eneHbX" OLED cymecTBeHHO (Ha IECATKH ThI-
CsY 4acoOB) IPEBOCXOIUT BpeMsl pabOThl CUHUX, TO, CO BPEMEHEM IMPOUCXOTUT
UCKa)KEHUE IIBETONepenadl H300pakeHUsl, HEJOIYyCTUMOE B KOMMEPYECKHUX
YCTPOICTBaX JAJIUTENBHOIO CPOKA IKCIUTyaTallMK (KOMIIbTEPHbIE MOHUTOPBI, TE-
JeBU30pHI UTIL). B TO ke Bpems, 1uist nucmieeB TenedoHoB, GpoTokaMep U BU-
neokamep gocratoyHo 5-10 Teicsia 9yacoB HempepbhlBHOW paboThl. [loaTomy
OLED-Matpuipl yke CerofHs yCIEIIHO HMCIOJIb3yeTCsd B TaKUX YCTPOWCTBaXx.
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MO>HO CYHTATh 3TO BPEMEHHBIMH TPYIHOCTSMHU CTAHOBJICHHSI HOBOW TEXHOJIO-
T'HH, TTOCKOJIBKY HECOMHEHHO OyIyT pa3paOOoTaHbl HOBBIE JOJITOBEYHBIC JIFOMHU-
HOoQopsl B cuHell obnactu cnektpa. [Ipumepom Bbixoga OLED-mucriieeB Ha
«IIUPOKHIN IKPaH MOKHO cuuTaTh BhIyck B 2007 roxy ¢upmoii Sony nepBoro
OLED TteneBuzopa XEL-1 ¢ nuaronansio 3kpana 11 mroitmos. Bec XEL-1 ¢ ak-
paHOM TONIIMHON 3 MM COCTaBIIsIeT Bcero 2 Kr. Paspemnenue skpana - 960 x 540
nukceneil, koutpact -1000000:1. [Motpebnsiemast MomHOCTL - 45 BaTT. 3asB-
nernbiid pecypc OLED-3kpana - 30 Teicsid gacoB (uto coorBeTcTBYyeT 10 Tomam
JKcIUTyaTtauuu npu 8 yacax B aeHb). Ha BoicTaBke anektponuku CES B 2009 ro-
ny Sony npeacrasuia npototun OLED-teneBuzopa ¢ 21-110iMOBBIM 3KPaHOM.

[Iepsrie cepuitnbie OLED-TeneBu3opsl npeacrasuia B 2009 rogy u 1ox-
HOKOpelickas koMmnanus Samsung. O BBIMYCKE TAKUX TEJIEBU30POB 3asiBUII TaK-
ke pan apyrux npomsBoauteneit: LG, Philips, Toshiba u Panasonic.

[Ina3MeHHBIE IHUCIIIEH

[TpoMbIlITIEHHOE UCHOJIb30BaHUE IJIA3MEHHOM TEXHOJOTMU Hayajaoch B
Havane 90-X roxoB, OJHAKO HCCIIEJOBAHUS IUIA3MEHHBIX JWCIUIEEB IMPOBOJIU-
mick B CHIA emé B 60-x romax. Texnomnorust Obuia pa3paboTaHa 4YeTbIPbMS
yuénbiMu butnepom (Bitzer), Cnorroy (Slottow), Bunconom (Willson) u Apo-
poii (Arora). IlepBelii mpoToTUT AucIuiess mosBwics B 1964 romy. Marpuina
umena pasmep 4x4 nukcess, KOTOpbIe W3y4Yalld MOHOXPOMHBIN TOXyOO# LIBET.
3arem, B 1967 roay, pa3mep mMaTpullbl ObUT yBedudeH 10 16x16 mukcenei, Ha
9TOT pa3 OHA W3Tydasa MOHOXPOMHBIN TEMHO-KPACHBIN IBET (C MOMOIIBIO He-
ona). LIBet ompexnensuics mogOOPOM Ta30B C PAa3IMYHBIM CHEKTPOM CBEUYCHUSI.
CHayasna 3TH MaTpUuHBbIE MTAHEIHU Ha3bIBAIUCh ra30pa3psAHBIMU, HO 3G (PEeKTUB-
HOCTh M3IyYeHHs B raszax okas3ajach OueHb ciaboii. B HacTosiiee Bpems BbI-
ICKAIOTCsl MaTPUYHbIE T'a30pa3psiAHbIC AHEIH C aprOH-HEOHOBBIM 3aI0JHEHU-
em.

[1na3meHHas TEXHOJOTUS 3aMHTEpecoBalia mpousBoauTene, u B 1970 ro-
oy K paborte mpucoenuHWwINCh Takue kommanuu, kak IBM, NEC, Fujitsu u
Matsushita. B 1970-1980-e roast B pszanckom HUU razopaspsaHbix npubopoB
(I'PIT) Obuto M300pETEHO HECKOIBKO KOHCTPYKUMH TUIA3MEHHBIX TNaHeled Ha
NEPEeMEHHOM TOKe, B TOM 4YHcle U C LBeTHbIMU nukceiasimu. Ceituac B OAO
HUMU T'PII "[1na3ma" 1OCTUTHYTO Jydlllee B MUPE MPOCTPAHCTBEHHOE pa3pelie-
HUE JUId IUIa3MEHHbIX maHened. M3-3a OTCyTCTBHS pbIHKA, ONPAaBIBIBAIOIIETO
MPOMBIIIJIEHHOE MPOU3BOJCTBO, K 1987 roay paspabotku B CIIIA Obutn mpax-
TUYECKU OCTaHOBJIEHbl. OCHOBHBIE MCCIIEA0BAaHUs NIPOBOAMIUCH B SMOHUH, Tak
Kak B SIMOHMU cylliecTBOBaja JOJTOBPEMEHHAs roCyJapCTBEHHAs MporpaMma
M0 Pa3BUTHUIO JUCIUICHHBIX TEXHOJOTUH U TaM ObLIM 00pa30BaHbI JECSITKH YHU-
BEPCUTETOB U MHCTUTYTOB, CIIELMATM3UPOBAHHBIX HA JAHHOM TexHoJoTuu. I o-
CyJIapCTBO KOHTPOJIUPOBAIO M KOOPAMHUPOBAIO JAEATEIBHOCTh OONBIINX YacT-
HBIX pupm, Takux kak Sharp u Hitachi.
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[lepBasi xomMMmepueckass MOJEib IUIA3MEHHOTO MWCIUIes TMOSBUIACh Ha
priake B Havasne 90-x ronoB. CeroHsi OONBIIMHCTBO KPYIHBIX MPOU3BOAUTENICH
OBITOBOI ANEKTPOHUKHU BBITYCKAIOT MJIa3MEHHbIE MMaHEIH.
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[Tpuniun paboThl IUIA3MEHHBIX JMCIIIIEEB COCTOUT B CIIEAYIOLIEM: Kax-
Iblil cyOmMKcenb MPeACTaBisieT co00i MUKPOCKOIMMYECKYIO (DIyOopecLeHTHYIO
JaMIly, U3Iy4arollyl0 TOJIbKO OJWH U3 OCHOBHBIX I[BETOB: KPACHBIN, 3€JIEHBIN
WIN CUHMH. Perynmmpys pKOCTb CBEYEHHUS JTAMIIbI, MOKHO MOJyYUTh Pa3INYHbIE
oTrTeHKH. CBedYeHUe B MJIa3MEHHBIX JUCILIESX JIOCTUTAETCsl TOYHO TakK XkKe, KaK y
JIOMUHECLIEHTHBIX JIaMII: BHYTpH TPYOKM 3amasiH MHEPTHBIA Ta3 (K NIpUMepy,
aproH), UCHOJb3YIOIUICS B KaUeCTBE CTAOMIN3aTOPa AyroBoro paspsnaa. Takxke
BHYTPHM HaxXoJsATCs mapbl pTyTH. Ha KoHIax TpyOKH HaXOAATCS 3JIEKTPOJbI, K
KOTOPBIM IOJBOJUTCS BBICOKOE HaNpsiKeHUe (HECKOIBKO ThicAY BOJbT). MHepT-
HBIN r'a3 B HOPMAJILHOM COCTOSIHUU JIEKTPUYECKU HEUTPAJIEH, HO IO IEHCTBU-
€M TOKa OH NPEBPAIAeTCs B IIa3My - Ta3, COCTOSAIINI U3 CBOOOTHBIX 3JIEKTPO-
HOB U IOJIOXKHTEIbHBIX MOHOB. M3-32 pa3sHMIIbI MOTEHIMAIOB B HECKOJIBKO Thl-
Cs14 BOJIBT DJIEKTPOHBI ABHKYTCA K IOJIO0XKHUTEIBHOMY KaTOAY, a 3JIEKTPOHBI — K
OTpHLIATEJIbHOMY aHOy TpyOku. [lonoOHOe ABMKEHHE MPUBOIUT K CTOJIKHOBE-
HUIO ¢ aToMaMH. [Ipy Ka)XJI0OM CTOJIKHOBEHMU aTOM HAaOMPAET SHEPTHIO, U DJICK-
TPOHBI IEPEeXoaAT Ha Oosee BbICOKYI0 opbuty. Korna oHu Bo3BpalmaroTcs Ha
M3HAYaIbHYIO OPOUTY, TO UCITYCKAIOT (JOTOH: KBAHT CBETA.

N3ny4yaeMblil CBET sIBJISETCS Pe3yJIbTaTOM JBUXKEHUS IL1a3Mbl B YCIOBHSIX
CHJIBHOTO 3JIEKTPUYECKOro moiisi. Ho mpuiioskeHust mMOCTOSHHOrO MOTEHIHMAIa K
HOJIK0CaM TPyOKHM HE0CTaTOYHO. BHYTpH ma3Mbl JOIKHO IOCTOSHHO CYIIECT-
BOBATh JBI)KEHHUE, YTOOBI U3JIy4aTh CBET, I0ATOMY K IIOJIFOCAM MPHUKIIAIbIBACTCS
NEpEMEHHBII TOK. B uTOre HOHBI rasa JBUXKYTCA TO B OJHY CTOPOHY, TO B JIpy-
ryto. Mzmyyaemsblil mia3Moil ¢cBeT HEBUAUM: 3TO yIbTpaduoJeT, KOTOPbIH UMeeT
JUIMHY BOJIHBl KOpOYE€ BHUIMMOIO CIEKTPa, MO3TOMY €ro YIOOHO € IOMOIIBIO
pa3HbIX TIOMUHOGOPOB MpeBpalaTh B Jr000M 1BeT. /st 3Toro Ha crenku Tpy0-
KU HAHOCAT MOPOIIOK, YyBCTBUTEJbHBIN K yIbTpaduoneTry U usinydaromuil Oe-
abli cBeT (MroMHHOGOpHI). JIFoMUHODOPE! TaBHO HUCHOIB3YHOTCA B TUCILICSX.
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OnexTpoHHO-Iy4eBble TpyOku (DJIT) Toxke mMpuMeHsIOT JFOMUHODOpPHI, IPeood-
pa3yolire NOTOK AJIEKTPOHOB B 3€JIEHBIN, KPACHBINA WIIW CUHUH CBET.
[IpenmyimecTBa MmIa3MEHHBIX [TAHEICH:

1))

2)

3)

4)

JIromuHOOPH! A TIA3MEHHOTO TelleBU30pa o0ecreynBaroT Oojee cou-
Hble 1[BeTa B OoJiee IIMPOKOM JuamnaszoHe. L[BeToBoil Auama3oH Iuia3mMeH-
HBIX 3KpaHOB HaMHOro mupe, 4yem y KK TesneBu3opoB, HO B psJie ciydaes
yxe, yeM y DJIT-monuTopoB, nockonbky y DJIT ycnoBus nis Bo30yxze-
HUS TIOMHHO(pOpA TOPa3Io JIydlle: YHEPTUs SJIEKTPOHOB BhIIIE, 4yeM y YD
W3ITyYEHUS.

Vel 0630pa mupe, uem y XKK-gucmieeB. OCHOBHON NMPUYMHON SBIISETCS
TO, YTO MHUKCENU B "Mmiasme" kak Obl caMu M3Iy4aroT cBeT, a y KK Monu-
TOPOB CBET OT JIAMITbI TIOJICBETKU MPOXOAUT Yepe3 mukcenb. Kpome Toro,
IJIa3MEHHBIM [TaHEJSIM HE HY>KEH IOJIIPU3aTop.

KonTtpactHocts "mnasmbl" ananorunyna ayuymum DJIT-teneBuzopam. Oc-
HOBHAsl TOMY NpUYUHA - TIIYOOKHIA YEPHBINA IBET. BBIKIIOYCHHBIN MHKCEh
HE H3Iy4aeT 1BeT coBceM, B ominuue oT nukcened JKK. Kpome Toro,
MJIa3MEHHBIC TEJIEBU30PHl 00JamaroT Oosblineld sapkocThio, dem OJIT-
MOHHUTOPBI, o0ecnieunBast oT 900 qo 1000 kx/m?.

[1na3MenHbIe AMCIIEN MOTYT JOCTUTATh OOJBIIMX pa3MepoB (C AuaroHa-
net0 oT 32" o 50") ¢ MUHUMANILHOW TOJIIIUHOW. DTO OYEHb BAXKHOE Tpe-
UMYLIEeCTBO 10 cpaBHeHMIO ¢ DJIT-aucnesmu, koraa 0obIION TuaroHamu
COITyTCTBYIOT I'POMO3JIKHE TaOAPHTHI.

CYH_ICCTBYIOH_II/IG HCOJOCTAaTKH IJIa3MCHHBIX nmaHeneu CJIeaAyromuc:

1)

2)

3)

Bonwimoit pazmep nukceneit. Jloctuub pazmepa nukcens menbine 0.5 uiam
0.6 MM mpakTH4EeCKH HEBO3MOXXHO. [103TOMY Mia3MeHHbIE TEJIEBU30PBI C
nuaroHanbio Mensine 32" (82 cm) mompocty He cymecTBytoT. s obecne-
YEHHUS] XOPOUIEro Pa3pelieHus] y MPOM3BOAMTENECH IUIa3MEHHBIX NaHelel
HET JIpyroro BbIOOpa, KpoMe Kak MOBBIIATh pazMep auciuies ¢ 32 no 50
noMoB (¢ 82 mo 127 cm).

Junamuueckuii nuamnaszoH. [IpoOiiemMbl CBsi3aHBI ¢ TPUPOAON MHKCETEH.
Jlnist u3mydeHust CBeTa MUKCENb TUIa3Mbl TPeOYeT AIIEKTPUUYECKOTO paspsia.
OnH moxeT 1100 ropeTh, 1100 HE TOPETh, HO MPOMEKYTOYHOTO COCTOSHUS
HeT. [loToMy [uIsl ynpaBieHUsl SIPKOCTBIO CBEYEHHS IPOU3BOJUTENN HC-
MOJIB3YIOT METOJI UMITYJIbCHO-KOJI0BOM Moaynsauuu. s nmomydenus Gonee
TEMHOI0 OTTEHKA 3aKMraTh MUKCEIb MOXKHO pexe. ['71a3 yenoBeka He 3a-
METUT OTJEJIbHbIE BCOBIIIKY U YCPEAHUT 3HaueHue sipkoctu. Eciu cpennue
U ApKHUE OTTEHKH OTOOPa)KalOTCsA BIOJHE MPHIMYHO, TO TEMHBIE OTTEHKHU
CTPaJaloT OT HEJAOCTATKa CBETA - UX OYEHb TPYJHO OTJIIMYUTH JPYT OT JIpYy-
ra.

Mepuanne razmenHoro aucruies (85-90 ') 3amMeTHOe ISl TaKUX pa3Me-
poB auctes. [IpoGiiemMa Meprianus MIa3MeHHBIX MAHENEH TakKe 00bSICHSI-
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€T, TOYeMy 3Ta TEXHOJIOTHUS MaJI0 MOJIXOIUT JUIsl KOMITBIOTEPHBIX MOHUTO-
pOB.

4) Beiropanue momMuHodopa. ITOT (HEHOMEH CBS3aH C MPEKIECBPEMEHHBIM
cTapeHreM JroMHUHOGOopoB. Eciin OHM MOCTOSIHHO paboTaroT, TO JOMHUHO-
(opbl cTaperoT U cTaHoBATCS MeHee dddekTuBHbIMU. CpeHUI pecypc co-
crapinset 30000 vacoB, To ecTh 9 JieT npu § yacax MPOCMOTpa B JICHb.

5) Ilna3meHHbIE AUCTIIEU TOBOJILHO TIOPOTH

6) DuepronorpebiieHUe MIa3MEHHBIX AUCIUIEEB, KOTOPOE BCET/IA BBIIIE, YEM Y
KK monuTopoB. Hampumep, 42" mina3meHHbI quctuieid morpediser 250
Bt mim gaxe Oonwmie, a JKK-maHenb ¢ TOH K€ JUAaroHajabid — BCETO
150 Br.

SED u FED aucnieu

SED (Surface-conduction electron Emission Display) nepeBoautcs kax
JIOMUHECUEHTHBIE JTUCIUIEM C XOJOAHOM smuccueil. Ilo nmpuHuuny neicTBus
SED nanomunaer DJIT. EnvHCTBEHHOE OTJIMYME — MCTOYHUK 3JIEKTPOHOB Y
NEPBOro HE OJIMH, a M0 OJHOMY Ha Kaxabli nukcenb. CtpyktypHo SED-3kpan
HAaIlOMHMHAET JIBE CKPEIUIEHHBIE MIACTUHBI, MEXAY KOTOPBIMU OTKAa4yaH BO3AYX.
Ha BHyTpeHHel cTOpoHE OIHON MaHenn HaHecEH JoMUHOGBOp (aHOM), HA JpY-
roil — TOHYalIui U3My4yaronuii cioi (Katof), MpeACTaBIsIOmUNd U3 ceds MHO-
JKECTBO MAJIEHBKUX NHpaMuAoK. Ecnm Mexay AByMsl IJIaCTUHAMM CO31aTh
OO0JBIIYI0 Pa3HOCTh MOTEHLMANIOB, TO OOJbIIAs HAPSKEHHOCTD JIEKTPUUYECKO-
ro nojs npu HanpspkeHun 10 kB 3acTaBUT 37€KTPOHBI JIETETh HA IIPOTUBOIO-
JIOXKHYIO CTOpOHY. B030ykeHue moMuHo(popa MOTOKOM 3JIEKTPOHOB BBI3BIBAET
cBedeHue. 3a popMHpoBaHHE N300paKeHHsI OTBEYAET MATPHIIA, KOTOPast CIeIUT
3a KaXKIbIM KaTo10M. CII0)KHOCTh TEXHOJIOTUH 3aKIH0YAaeTCs B TOM, UYTO JOJITr0e
BpeMsl MH)KEHEphl HE MOIJIM CO3AaTh WJEAJbHO POBHBIN cilol mupamujox. 1
tosibko B 2000 romy B caparoBckom HMU "Bonra" Opna pa3paboTrana TeXHOIO-
rust GOPMHUPOBAHUS MUKPOKATOI0B HA OCHOBE TOHKHUX IJIEHOK aIMa30M0100HO-
ro yraepona miusi FED (Field Emission Display). [IpuHIAT TEXHOIOTHN 3aKITIO-
4aeTcsl B TOM, (POPMUPOBAHHUE CETKH KaTOAOB IPOU3BOAUTCS METOIOM HalbLIe-
HUSl TOHKHX YTJIEPOJTHBIX TUIEHOK C TOcheAyromel ¢gorommrorpadueii. Yxe B
2002 rony HYUHM nmen uBeTHOM nuciuieit ¢ Marpuuei 64x64 nukceis.

FED-nucnnen akTUBHO HCIOJIb3YIOTCS SMOHCKUMU KOMIAHUSMU (Juze-
pOM cpeau KOTopbIx siBisgercss Canon) B TakOW MPOIYKIMH, KAK COTOBBIE Tele-
(oHBI, PKpaHbl U1 BUAEOKaMep U T.J1. Ho ans Havana cepuitHOro mpou3BOJCTBa
TaKUX HKPAaHOB KOMIIAHUSAM IPHUIUIOCH IPEOJOJIETh Psi TEXHOJIOIMYECKHX
TpyAHOCTEH. B 4acTHOCTH, BBIOOp HaMIIy4IlIero MaTepuana JUisi CO3IaHus KaTo-
JIOB ¥ METOJ HaHeceHUs! JJIoMUHO(opa. Ecnu ¢ nepBoil TpyIHOCTBIO MHKEHEPBI
CIPABWINCH OBICTPO, TO CO BTOPOI MPUILIOCH MOBO3UTHCA. B UTOre, HAHOCUTH
cioil momMuHO(pOpa CTaad MpU MOMOIUM MOJU(PHUIHMPOBAHHOIO CTPYHHOrO
IIpUHTEpA.
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I/ITaK, CHM)KCHUC SanaT 1 MMOBBIINICHUEC OCHOBHBIX XapaKTepI/ICTI/IK I103BO-
JUAM TIPOU3BOJUTEISIM IIUPOKO MPUMEHSTh OTH TEXHOJIOTHMH TPHU CO3JaHUU
nuctiieeB. OcHoBHBIE XapakTepuctrku FED-nucmnees:

- 23(deKTUBHOCTH MPEOOPA30BAHUS IIEKTPUICCKON SHEPTUU B CBETOBYIO CO-
craBnsger 5 nM/BT (T.e. moTpebieHuEe PHEPTUM y TaKUX IMaHeNeld BTpoe
MEHBIIIE, YeM Y TUTa3MEHHBIX TaHelel u BaBoe, ueM y DJIT);

- BBICOKAs SIPKOCTh ¥ KOHTPACTHOCTh U300paKeHUS;

- HEOrpaHWYEHHBIN yroy 0030pa;

- TOJIIIMHA B HECKOJIBKO MUJUTUMETPOB;

- MPOCTOTA TEXHOJIOTHH.

'ubkue (flexible) nucnien

HecmoTpss Ha O4YeBHIHYIO NMPHUBIEKATEIBHOCTh WAEU CO3/IaHUS THOKOTO
JUCIUIEeS OKa3aJloCh, YTO MpUAaHue TMOKOCTH TpaauuuoHHbIM TunaMm KK nuc-
mJieeB conpsbkeHo ¢ psjgom TpyaHoctei. KK skpan ¢ akTuBHOW maTpuileit co-
CTOMT U3 JIByX CJIOEB CTEKJIA U PsAJla KOMIOHEHTOB, Pa3MEILEHHBIX MEX/Yy HUMH.
Croit ToHKOTUIEHOYHBIX TpaH3ucTopoB (TFT) B amopdhHOM KpeMHUM BHITPABIH-
BAEeTCsI HA HIDKHEH MOBEPXHOCTHU CTEKIIA, 1€ (HOPMUPYIOTCSI CBETOBBIE MUKCEJIBI.
KnakoxkpucTalaMueckuil CioM, BBICTYNAIOIIMKM B POJIM CBETOBOTIO 3aTBOPA,
pa3memaetcst cBepxy. Iloa nucmieem pacrosiaraercs MOJCBETKA, a MEXaHU3M
yIpaBJeHUs IBETOIepeaadeil U MOJsIpU3aTOpbl 3aHMMAIOT MECTO BBIIIE JHC-
wies. Co3nanue THOKOTO JUCIUIes] MPEANojaracT HCKIIOUEHHE MOJICBETKH
Y 3aMEHY CTEKJISIHHBIX CJIO€B KaKMMH-TO TMOKMMHU MaTepualiaMmu, Hampumep,
IUIEHKOH M3 TOHKOTO moiuMepa. CIOKHOCTh 3aKIIF0YAETCsl B TOM, YTO JKUAKHUE
KpPHUCTAJLIbl SKpaHa BeCbMa YyBCTBUTEIIbHBI K iepopMaliiu Ha u3ruo.

Benyrcs moucku anpTepHaTHB aMOPPHOMY KPEMHHIO — TOTYIPOBOTHH-

KOBOMY MarepHaiy, HCIOJIb3yeMOMY IpPH H3TOTOBJIEHUU TOHKOIUIEHOYHBIX
TPAaH3UCTOPOB U BKJIKOYAEMOMY B CTEKJISIHHYIO MOAJIOKKY. B oTnmune ot Heop-
TaHUYECKHX IMOJIIOKEK, MTOJ0OHBIX aMOP(GHOMY KPEMHHUIO, OPTraHUYeCKUe MOITy-
IIPOBOJIHMKOBBIE MaTepHaIbl MOXKHO UCIIOJIb30BATh B )KUJIKOM COCTOSIHUH, a 3TO
CYLIECTBEHHO YTNPOIIAeT TEXHOJOTHYECKUH mpouecc. B HacTosmiee Bpems pas-
pabaThIBAIOTCS TEXHOJIOTMUYECKHUE MPOLECCHl "CTpyHHON" meyaTH TpaH3UCTOPOB
Ha TOHKOM JIUCTE MOJINMEDPA.
OaHUM U3 NEPCTIEKTUBHBIX HANpaBiIeHUI B 0071aCTH THOKUX JTUCIUIEEB SBISIETCS
TEXHOJIOTHSl TaK Ha3bIBa€MBIX OMCTAOMIIBHBIX auctuieeB (''IJeKTpoHHas Oyma-
ra"). CBo€ Ha3BaHME 3TU JUCIUICH MOJyYUIU Ojarogaps ToMy, 4TO M300pake-
HHUE HA HUX COXPAaHSACTCS U MPHU OTKIIOUEHUH NHUTaHus. OTpaxaromue JTUCTUICH
B ominume oT JKK skpaHOB HE TpeOyIOT MOACBETKH M MOTYT IIUPOKO MCIIOJIB30-
BaThCsl BHE noMenieHui. [lepBoe nokosienue NoJOOHBIX YCTPOMCTB MPUMEHSET-
Csl B KaYeCTBE BBHIBECOK, [ICHHUKOB HAa Mara3MHHBIX MOJIKaX, a TAKXKE dJIEMEHTOB
000py10BaHHUs AJIS1 YUTEHUSI AJIEKTPOHHBIX KHUT U JJa’Ke 3JICKTPOHHBIX Ta3eT.

Cpenu mpousBoauTenell OMCTaOMIBHBIX IHCIUICEB HanOoJiee W3BECTHA
xomnanus E Ink. Ee TexHonorus npeamnonaraer pa3MelieHHe TOHKON IJICHKH
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MOBEPX IEKTPOHHBIX YEPHUI — TPYMIIBI YEPHBIX U OCTBIX 3apsSKEHHBIX YACTHI]
uin  "MUTMEHTOB", TMEepeMEelaloMMXCs BBEPX U BHU3 BHYTPH JKHJIKOCTH
1 GOpMUPYIOIIMX TaKUM 00pa3oM depHoe, Oermoe wim cepoe uzodpaxkenue. Ha
MIEPBOM JTarle MPOU3BOAUTENN TUCILIEEB UCTIONB30BaIH TexHoioruo E Ink s
BOCIPOU3BE/ICHUS 2JIEKTPOHHBIX KHUT U co3AaHMsl ycTpoiicTB. Ha craguu usro-
TOBJICHHUSI OHU TNPHUHUMAIOT (OPMY KaKOro-TO OOBEKTa, HO B OKOHYATEIHHOM
BapuaHTe ocrtaroTcs >xectkuMu. Kommanust Seiko, k mpumepy, paspaborana
JUCIUIEH JJI1 HApYYHBIX 4acoB, a KOMIIaHUA Lexar BcTpauBaeT B KapThl NaMATH
¢ USB-unTepdericom nHIuKaTop ocrarouieiics ceodoaHor mamaru. Jucmnen E
Ink rconB3yrOTCS TaKKe B THOKUX SJEKTPOHHBIX HOCHUTEISIX.

Komnanus Sipix Imaging Hcmonb3yeT aHaJIOTUYHYI TEXHOJOTHIO IS
BOCIIPOU3BE/ICHHS YEPHOT0, 3€JICHOr0 WM CHUHEro 1Bera Ha Oenom ¢one. Pas-
paboTumnku ToutaHAcKoi ¢upmbl Polymer Vision coBMECTHO CO cIielMaincTa-
mu Sipix u E Ink 3aHnMaroTcs npoekTUpOBaHHUEM CKPYYHBAEMOIO B PYJIOH IpO-
TOTHUIIA AUCIUIEs, TOTy4HBIIero Ha3BaHue Readius. brnaronaps stomy nosiisier-
Csl BOBMOXHOCTbH CO3Z[aHHsI OYEHb MAJICHBKUX YCTPOMCTB € OOJNBIIMMHU SKpaHa-
MU. BeIIBHTAIONMiiCS NUCIUICH ¢ IUaroHaIbI0 5 AIOMMOB OyneT BOCIPOHM3BO-
muTh 16 orTeHkoB ceporo. M3o0pakeHne OOHOBISETCS C 4acTOTOH OJUH Kaap
B CEKYH/Y; 3TO CJIHMIIKOM MEJICHHO JIJIsl TIEpEeMEIIeHHs TI0 MEHIO WJIM BBIBOJA
Ha DKpaH BHJEO, HO BIOJHE NMPHEMIIEMO Ui pabOThI ¢ MOPTaTUBHON HAaBUTALU-
OHHOM CUCTEMOM, MPOCMOTPa HOBOCTEHW B CETH WJIM YTEHUS AJIEKTPOHHOW MOY-
Thl. B Hacrosmiee Bpemst B E-Ink 3anmmarorcst co3manmem mBeTHOTO (QHMIIBTpa
JUTst cBoer TexHosoruu. OXKuaaercs, 4To OH MOSBUTCSA MPUMEPHO B 3TU KE CPO-
KH.

Wpnannckas xommanus NTera paspabaTbiBaeT THOKui OUCTaOMIIBHBIN
JIMCIINIed Ha OCHOBEe HaHOXpoMHOUM TexHosoruu. B RGB-nucnnee NTera mset-
HBIE€ MUKCEINbl (POPMUPYIOTCS MyTEM NPUJAHUS KaXKIOW W3 YaCTHI] ONpeaesieH-
HOTO 3apsA/a, a He 3a CUeT NMPUBEJICHUS YaCTHUIl B JIBIKEHUE, KaK B APYTUX TEX-
Hosorusx. KoHCTpyKIMsi mocTpoeHa Ha OCHOBE IMAaCCUBHOM TPaH3UCTOPHOM
MmaTpulsl ¢ paspeunienneM 200 Touek Ha qroiim. B oOmiem citydae oHa pabotaer
MeEJJIEHHEe aKTHBHOM MAaTpHLIbl, MOCKOJbKY BMECTO OTAEIbHBIX IMUKCEIOB HA
9KpaHe OOHOBIIsIETCS CTpoKa eaukoM. Oanako B Ntera yTBEp:KAaroT, YTO HpoO-
U3BO/IUTEIILHOCTU JAHHON TEXHOJOTHH BIOJHE JOCTATOYHO ISl OTOOpasKeHHS
KOpOTKUX (hparMeHToB BHJe0. OHM OyAyT MCIOJIb30BATHCA B KAUECTBE JIOMOJI-
HUTEJBHBIX HKPAHOB B COTOBBIX TelepoHAX WM B rpaduyecKux IUIaHIIETaXx,
MpeHa3HaYeHHBIX /715 BBO/Aa HH(OPMALIUU.

Kommanusi Kent Displays pa3pabareiBaeT OuCTaOMIBHBIE —IKHIKO-
KpHCTaJLTMYECKUe JHCIIen Ha 0a3e XoyiecTepuueckoil TexHonoruu. B mabopa-
topun Kent ucmonp3oBaHHEe HOBOM TEXHOJIOTUH JEMOHCTPHUPOBAIOCH HA TUIa-
cTHKe, Oymare M Jla)ke TKaHEBbIX MOAJ0XKaX. B HeiHemHuX nucruiesx Kent mc-
MOJIb3YETCSl OTHOCUTEIIFHO MEJIEHHAsl TTacCCUBHAsi MaTpHIla, MO3TOMY cdepa ux
IIPUMEHEHHUS OrpaHHYEeHa B OCHOBHOM 3IEKTPOHHBIMU KHUTaMu
¥ MTHPOPMAITMOHHBIMU Tabn0. TeXHONOTHs MpeayCMaTpUBAET HCIIOIb30BaHHUE
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JBYXIIBETHBIX KOMOHMHAIIMNA W3 >KENTOrO0 W YEPHOTO WM U3 CHHEro U 0eroro
I[BETOB. Y CTPONCTBA MMEIOT HEOOJBbIINE Pa3Mephl (IMaroHallb BapbUPYETCs OT
1.5 no 2.5 nrwoiimMoB) u nojaepxuBaioT paspemieHue 100 Touek Ha Aroiim.
B nacrosimee Bpems nmxeneps! Kent paboratot Haj co3nanueM 0osee ObICTPhIX
JIUCIUIEEB HA OCHOBE aKTUBHOM MaTpPUIIBI.

LG.Philips na BeicTaBke CES 2008 BmepBbsie mokazama ruOkuii 14.3-
TIOWMOBBIN nuctieit ¢opmara A4 pazpemenuem 1280x800, oroOpaxeHHEM
16.7 muH. 11BeToB 1 yriiamu o63opa 180°. B 2008 roay unxkeHeps! Sony nokasa-
T TUOKWH nucIuied Ha 0a3e OpraHMYecKOW CBETOMUOJHON TEXHOJIOTHH
(OLED), otobpaxaromuii 16.7 MIILLTHOHOB 1[BETOB — Tabaputamu 64x64 MM U
pazpemienueM Beero 160x120 Touek, Tonmunon Beero 0.3 MM. Sony IpoAeMOH-
CTpUpOBAJIa MPOTOTHUITEI YCTPOicTB ¢ THOKUMU OLED-aucruiesMu Ha BBICTaBKe
Ceatec Japan 2009.

Kak 0bl TO HU OBLIO, CETO/HS THOKUE TUCIICH MO-NIPEKHEMY HaXOISATCS
100 B CTaIMU MPOSKTUPOBAHUS, INOO HA dTAre CO3/aHus MPOTOTUIA. DTO OT-
HOCHUTCSI KaK K 3JIEKTPOHHOH Oymare, Tak U K YCTpOMCTBaM Ha OCHOBE CBETO-
quonoB. OnHako, Mo mporHosam, yxe k 2013 rony exxerogusiii 000poT 3TOTO
pPBIHKA COCTaBHUT MpuOIM3uTeapbHO 338 MutH. moitapoB. KoHeuHas mens pa3Bu-
TUSL TEXHOJIOTUN THOKUX JUCIUIEEB 3aKJIIOUAETCS B TOM, YTOOBI OJYYUTh MaTe-
puan s M3TOTOBJEHHMS JIETKHX JIHMCIJIEEB, KOTOpPbIE MOXXHO CBEPHYTh
B «TpyOOYKY» M KOTOpPBIE OCHAIICHBI BCEMH HEOOXOIUMBIMHU 3IIEKTPOHHBIMHU
KOMIIOHEHTaMHU  CJIEAYIOIIEr0 IOKOJEHHs, BTOM YHCIE IPOLECCOPOM
U TIAMSATBIO.

[lepcneKTuBbI pa3BUTHS

MHorue KOMIaHuu NpoJoiKatoT pa3BuBaTh TexHonoruu KK mucriees,
ocobeHHo B yactu nepexoaa Ha LED-moaceetky KK matpwuiy, 9To cymecTBeHHO
YIIyYIIUT BETONEpeaayy Takux auciieeB. OnHako, npobdiema ¢ yriamu o03opa
OCTaeTcs HEepemeHHON A0 KoHIa. M 31ech MHOTHE KOMITAHHHM BHIAT OOJbIINE
nepcnekTuBsl i1 OLED-TexHomoruil, No3BoJsSOMMUX YIyUIIUTh KaK LIBETOIE-
penady, Tak M pemuTh npodiieMy ¢ yriamu o03opa. PazBuBaioTcst TeXHOIOTHN
ruiazMenHbix na"eneit 1 SED/FED-aucnneeB. bomnbine nepcrnekTuBbl y TEXHO-
JIOrUi THOKUX JAUCIUIEEB, NTO3BOJISIOUINX CYIIECTBEHHO YMEHBIIUTh BeC U rada-
PUTBI TAKAX YCTPOMCTB.

Komnanuneit Sharp paspaborana 37-mroiimoBas JKK manens cranpapra
HDTYV c xontpactom uzobpaxenus 1000000:1.

Ha cerogusmnuii nens komnanus Sony auaupyeT B ronke OLED tene-
Bu30opoB. Kommnannu Sony yaanock HalnaguTh MIPOU3BOJICTBO MaHesel Oiarona-
ps peLIeHUIO TPEX OCHOBHBIX MPOOJIEM:

e (opmupoBaHUE AKTHBHOI MaTpPHUIIBI HA TTOJIOKKE TUCILICS;
e Hanecenue ciost OLED Ha nmoanoxky 6oJb1Ioro pasmepa;
e YBEJIMYEHHE pecypca ITUX MaHeIei.
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[lepsriii cepuitnbiii  OLED-teneBusop Sony XEL-1 ¢ aumaronanbio
11 mrotimoB mpoumsBoautcst ¢ 2007 roga u yxe pazpaboTaH 27-TIONMOBBIMA
OLED-3kpan HDTV ¢ kouTpactom 1000000:1.

Komnanuss Samsung paspabotana paboumii mpotoTumn 31-m10iMOBOTO
OLED-nucnnes. B 2009 rogy Samsung cobupaeTcsi BBITYCTUTh YK€ 3 MJIH. na-
HeneH, a B 2010 — 6 mutH.

Komnanust Toshiba Matsushita pazpadorana OLED-teneBuzop ¢ auaro-
Hanbto 20.8 groitma u paspemienueM - 1280x768 Touek.

[Ipennonaraercs, uro pazsutue texnonoruit OLED-nucmieeB mo3BoauT
K 2016 roay 1oOUTHCS CHMXKEHHS UX CTOMMOCTHU J0 ypoBHS Hibke, ueMm y KK-
JTUCILIIEEB.

FED-nucnnen akTUBHO UCHOJB3YIOTCS SINOHCKMMH KoMmnaHusMu (Canon,
Sony) B Takoil mpoayKIKH, KaK MOOUJIbHBIE TeJIe(POHBI, IKPAHbI I BHICOKA-
MeEp U T.A.

Vixe pazpadoran FED-nucmuieit ¢ nuaronansio 19.2 mroiima: pasperieHue
1280x960 Touek, sipkocth 400 K1 HAa KBaJApaTHBIA MeTp. 3asiBJICHHbIC MapaMeT-
por: korTpact- 20 000:1, mar nukcene# - 0,306 MM, gyactora - 240 KaapoB B ce-
kyHxay. Kommeprmanuzanus texsnosorun FED oxunaercs B 2009 roay ¢ mosg-
JICHUEeM IIeJIOW JIMHEWKW JucIvieeB C paspemieHneM Bmiote g0 Full HD
(1920x1080 Touex).

TpéxmepHble qUCILICH

PasButne Texnonornii TpéxmepHbIx (3D) aucmiieeB CBSA3aHO MPEXIE BCe-
ro ¢ MEIULUMHON U MHAYCTpUEH pa3Bi€UCHUN (KOMIBIOTEPHBIX UTP U CHUCTEM
BUPTyalbHOU peanbHOCTH). OCHOBHOW OCOOEHHOCTHIO TaKMX JUCIUIEEB SIBIISCT-
Cs1 BO3MOXKHOCTb 00BEMHOTO (TPEXMEPHOT0) BOCHPHUSATHS U300pakeHUsI.

MoO3KHO BBIAEJINTE Clieytomye Tumsl 3D nucrees:
1. Crepeockonuyeckue AUCIIIIEH
2. ABTOCTEPEOCKONHMUYECKUE AUCILIEU
3. Tonorpadwuyeckue aucruien
4. OOBEMHBIE TUCILIEN

Crepeockonuyeckne TucIied (OpMHUPYIOT OTACIbHbIE N300pakeHUs IS
KaXXJ0ro ria3za. Takol NMPUHIUI HUCIONB3YETCS B CTEPEOCKOIAX, U3BECTHBIX C
XIX Beka. Eme B 1838 roxy U.Yurcroyn (Wheatstone) oObsicHIIT OMHOKYIISIp-
HOE 3peHHE U U300pel1 CTEPEOCKOII.

Jlis pasnenenuss U300pa)KeHU IS JISBOIO M MPaBOro Ijla3a B CTEPeo-
CKOTMYECKHUX JUCIUIeSIX UCIOJIB3YIOT TPH OCHOBHBIX CrIOco0a: aHArTH(PpHISCKU
(C TOMOIIBIO IIBETHBIX CBETO(MIBTPOB), MOJSIPU3ALIMOHHBIN (M300pakeHUs pas-
JEISIOT TI0 TOJIIPU3AIMK) M 3aTBOPHBIN (M300pakeHus Ui KaXKI0To Ta3a 01o-
KUPYIOTCS IOOYEPETHO).
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AHarnmuduueckuii METOJ] HE TO3BOJSET IMOJYYUTh XOpOIIee KaueCTBO
[BETONEpEaul, TaK KaK ONTHYECKHE LBETHBbIE (WIBTPHI HE HUMEIOT PEe3KOi
CHEKTPAIbHOM IPaHUIIBI TIPOITYCKAHHMSL.

[MonsipuzaunoHHbIi cnoco0 peanu3anuu 3D-gucmiiess MoO3BOJISET TOITY-
YUTh XOPOIIYIO LIBETOIEpeiady, OJHAKO OH JOCTaTOYHO CJOXKEH, TaK KakK Tpe-
OyroTCs CrierMalibHbIe yCTpoicTBa 0TOOpakeHusi. Hanbomee mmupokoe mpume-
HEHHE 3TOT METOJI MOJIYyYr B KHHOMHAYCTPUH (HAallpuMep, CHCTEMa KUHO3aJIOB
IMAX).

3aTBOpPHBINA METOJI MOJyYeHHs CTepeornap Hanbojee paciHpOoCTpaHeH IS
noxydeHus crepeod(d(eKToB Ha dKpaHEe KOMITBIOTEPHBIX MOHHTOPOB. Kanpsr
CTepeomnapbl IOOYEPETHO MPOXOAIT K IPAaBOMY WIIH JIEBOMY TJIa3y B pe3ysbTaTe
cunxponuszanuu KK O1okupyronmx o4koB ¢ n3obpaxeHuem Ha MmoHutope. He-
JIOCTATKOM TaKOTO METO/a SBISETCS CHWKEHHE YacTOTHI CMEHBI KaJpOB B JBa
pasa, Mo3TOMY ClIeyeT UCIOIb30BaTh MOHUTOPHI C YAaCTOTOM KaJpOB HE MEHee
120 I'z.

B cnyuae aBrocTepeockonuueckoro 3D-gucmiies, crepeodPp@ext nocTu-
raercsi 0e3 UCMOIb30BaHUS CIIEIUATBHBIX OYKOB MM uieMoB. OHAKO, B 3TOM
ciydae He0OXOIMMO HCIONIB30BaTh CIEUUANBHBIA PACTp, MO3BOJISIONINNA pa3ie-
JHUTH N300pa)keHUE CO3aBaeMOe IKPAHOM MO CIENHANBHON MporpaMMe Ha JBa,
Ka)/10€ U3 KOTOPBIX HAIpaBIsieTCs B 00MacTh HAOMIOACHUS (OTACIBHO /IS Jie-
BOTO ¥ ITPaBOro riasza). OnTHyeckuil pacTp mpeacTaBiseT U3 ceds, Kak MpaBuiio,
COBOKYITHOCTb BE€PTHUKAJIbHO HANPABICHHBIX HWIMHIPUYECKHUX JIMH3, KaXaas U3
KOTOPBIX MPHUKPHIBACT JBa CTOJIONA MUKCceNel auciuies. B HacTosiee Bpems He-
KOTOpbIE KOMIAHUU yxke npousBoair pactpossle JKK-nucmnen. Hemocratkom
pPacTpPOBBIX CTEPEOCKONMMYECKUX JHUCIUIEEB SIBJSIETCS OrpaHUYEHHasl 30HA Ha-
OMoAeHNUS.

[onorpaduueckue aucmien

lonorpaguueckune 3D-mucmiien MOTEHIUATBFHO MOTYT BOCIPOM3BOIUTH
OECKOHEYHOE KOJIMYECTBO PAKypCOB M300paxeHusi 00beKTa Kak 3T0, HAIpUMep,
MPOUCXOIUT MPU PACCMATPUBAHUU H300paKEHUSI BOCCTAHOBIIEHHOT'O aHAJIOrO-
BOI1 roorpammoii. OIHaKo, B COBPEMEHHBIX MH()OPMAIIMOHHBIX CUCTEMaX Tpe-
OyeTcst MPOBOIUTH OLU(PPOBKY HM300pakeHUs 10 HY>KHOTO YHCIa PaKypcoB U
00ecreunTh BBOJ M BBIBOJ C IMOCIEAYIONIMM JCKOIMPOBAHUEM MacCHUBa ITHUX
nzo0paxenuit. [lpororunom nmdposoro ronorpaduueckoro 3D-mucres Mo-
xeT ciy)uth cuctema Mark I (puc.46), co3nannas B MIT (CLLA).
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Puc.46. JlabopaTopHbiii MakeT ronorpaduyeckoro 3D-aucmmies, co31aHHOTO B
MIT non pykoBoacteom C. bentona

OpHako Ka4ecTBO M pa3Mep MOIYYEHHBIX M300paKEHUH MMOKa HE MOXKET
KOHKYPHUPOBATh C IPYTUMH 0O0bEMHBIMU CUCTEMaMHU.

Jpyrum npumepom rojorpapudeckux 3D-aucruieeB sBISIOTCS CTalUo-
HapHble rojorpaduieckue Juciiey, 00beMHOoe n300pakeHre 00beKTa Ha KOTO-
PBIX 3allMCaHO M HE U3MEHsSeTCS BO BpeMeHM. Takue JUCIIIeH SBISIOTCS XOpo-
IIMM TIO/ICTIOPBEM JUISi HHKEHEPOB, TN3ailHEPOB, apXUTEKTOPOB U T.J., TaM, TJe
BUJICHUE TPEXMEPHOU MOJeIn 00beKTa Hauboee NpeArnouTUTEIbHO, OCOOEHHO
B CJIy4ae JJOPOTOBU3HBI €€ M3rOTOBJICHUS B BUE Makerta. [lpumepom Takoro po-
na 3D-aucnneeB MOryT ciyKuTh auciien GupMmel Zebra Imaging.

OO6beMHbIe IuCIIeH

OObEMHBIE TUCIUIEH WCHOJB3YIOT Pa3IMyHble (DU3HUECKHE MEXaHH3MBI
JUIS TIOKa3a CBETAIIMXCS TOUEK B MpeJesiax HeKOToporo oobéma. Takue aucruien
BMECTO IHKCEJIOB OMNEpUPYIOT BOKcerdamu. OObEMHBIC AUCIUIEH CTPOSTCS Ha
pasHbIX mpuHOMNax. Hampumep, OHM MOTYT COCTOSITH M3 MHOXXECTBA IJIOCKO-
cTeit, popMupyronmx n300pakeHue, KOTOPhIe PacloI0KEeHbI 0JTHA Ha/l IPYTOH,
WIHM TUIOCKUX TIaHeNel, co3aaroninx 3pQextT oObEMHOCTH 3a CUET CBOETO Bpa-
IICHUS! B TMpocTpaHCcTBe. [Ipumep cxembl Takoro 0ObEMHOTO TUCIUIES MOKa3aH
Ha puc.47.

91



Monynpo3pauHbIi
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3epkana

Puc.47. Ctpykrypnas cxema oobemuoro 3D-nucmuies Perspecta 1.9.

Cucrembl BUPTYalbHON peabHOCTH
OcCHOBHBIE IPUMEHEHHUS CUCTEM BUPTYaJIbHON PEaIbHOCTH:

1. Tpenaxepsl (aBTO, aBHA, KOCMOC, MOPCKHE CYy/a U T.1.)

2. Meauuuna (MaHUIYJISTOPBI B XUPYPruu, CUXOJIOTHS)

3. TenekoMMyHHKaUU

4. KoMIblOTEpHbIE UTPBI

Haubonpiiee npuMeHeHne Takue CHCTEMBl HAXOIAT B CHCTEMax MOATO-

TOBKHU CJIOXHOH B YNpaBJIEHUM TEXHUKU: CAMOJIETOB, KOCMUYECKHX JIETATENb-
HBIX aIlapaToB, CyJO0B U T.J. B KOMIBIOTEPHBIX UIPax HUCIOJB3YIOTCA KaK CIie-
[UaJIbHbIE NUIEMBI U MOJy4YeHHus cTepeodddekra, Tak U ClelualbHble Tep-
YaTKH, HO3BOJIIIOIINE HHTEPAKTUBHO Yy4aCTBOBATh B UIPE.
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TOCYAAPCTBEHHBIN YHUBEPCUTET “\\\

B 2007 roxy CII6GI'Y UTMO cran moGeaurenemM KOHKypca HHHOBAIIMOH-
HBIX 00pa3zoBareibHbIX MporpaMMm By30B Poccun Ha 2007-2008 roasl. Peanusa-
s HHHOBAITMOHHOW 00pa3oBaTenbHON MporpaMmbl « IHHOBaIIMOHHASI CUCTEMA
MOJTrOTOBKH CIEIHUATMCTOB HOBOTO IOKOJIEHHS B 00JIaCTH WH(POPMAIIMOHHBIX U
ONTHUYECKUX TEXHOJOTHI» IMO3BOJUT BBINTH HAa Ka4eCTBEHHO HOBBII YpOBEHb
NOJrOTOBKH BBIMYCKHUKOB U YOBJIETBOPUTH BO3PACTAIOLIUI CIIPOC HA Clielua-
JUCTOB B MH(GOPMAIIMOHHOW, ONTHYECKON U JPYTHX BHICOKOTEXHOJOTUYHBIX OT-
pacisix YJKOHOMHUKH.

o
1913202

T
O?V\TE Hb,6

“y, «O6pasoBaHue»

NCTOPUA KA®EAPBI ®OTOHUKHU U OITTOUH®OPMATUKHA

Kadenpa "dotonuka u onrounpopmaruka" 6si1a cozgana serom 2002 ro-
na. OnHOW M3 ee BaKHEHINX 3a/1a4 SIBJISIETCSl OpraHu3anus yueOHOTo mpoiecca
U IOJArOTOBKA CHELMAIMCTOB MO ONTOMH(OPMATHKE — CTPEMHUTEIbHO pa3BU-
BaIOIIEHCSl HOBOM 00JIaCTH HAYKW M TEXHUKH, B KOTOPOH pa3pabaThIBarOTCs OI-
TUYECKHE TEXHOJIOTUM CBEpXOBICTpPOH nepeaauu, oOpabOTKU U 3amucu UHQOp-
MalliH, CO3/1al0TCsl OBICTPOICHCTBYIONINE ONTHYECKHE KOMITBIOTEPHI U CUCTEMBI
HCKYCCTBEHHOTO MHTEJUIEKTa. Pa3paboTka TakuX ONTHYECKUX WH(POPMAIIMOHHO-
TEJIEKOMMYHHUKAIIMOHHBIX TEXHOJOIMH, MPEACTABISAIOMIUX cOO00N MHpopManu-
OHHBIE TEXHOJIOTUU HOBOI'O MOKOJIEHHUSI, SBJISETCS MPUOPUTETHBIM HAIPaBIICHU-
€M Pa3BUTHS POCCUMCKON HAyKU, TEXHUKU U TEXHOJIOTUH.

B pamkax oGpa3zoBarensHoro HampasieHus 200600 «@OTOHUKA W ONITOWH-
dopmaTrKa» CTy/I€HTaM YUTAIOTCS JIEKIIMOHHbBIE KYPCHI TI0 ONITHYECKOH pu3uKe,
TeopuH MHGOPMAIMM U KOAUPOBAHUS, APXUTEKTYPE BBIYMCIUTEIBHBIX CHUCTEM,
TEXHOJIOTUU MPOTpaMMUPOBaHUs, HU(PPOBBIM ONTUYECKUM BBIYMCICHUSM, OII-
TUYECKUM TEXHOJIOTUSAM HCKYCCTBEHHOTO HHTEIIEKTa, TOJIorpapuyeckuM cuc-
TeMaM 3anucu HHPOpMAIMHU U APYTUM aKTyaJbHbIM MpobiaemMam onTouHpopMa-
THKH, a TAaKXKe 110 KBAaHTOBOW MH(OpMaTuKe. DTH JEKIMOHHbIE KYPChI MOAJIEP-
JKaHBI SKCKIIO3MBHBIMH y4eOHO-HAYYHBIMU SKCIIEPUMEHTAIBHBIMU TPAKTHKY-
MaMH.

Cpenn Hay4HBIX MoOJpa3/eieHuil kKadeapbl — HayYHO-0O0pa30BaTEIbHBIN
HEHTP (HEeMTOCEeKyHTHOW ONTHKH M (HEMTOTEXHOJIOTHH, J1abopaTopusi KOMIIbIO-
TEPHOTO MOJAETUPOBAHMS U MAPaUICIbHBIX BBIUMCIEHUH, MpobieMHas 1adbopa-
TOPUSI BOJTHOBBIX IIPOLIECCOB.
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Cpenu cTyiIeHTOB U acnupaHToB Kadenpsl — crunenauatsl [Ipesuaenra u
[IpaButenbcrBa Poccuiickoii denepanuu, modeIuTe M KOHKYPCOB HayYHBIX pa-
60T, nmpoBoguMbix Poccuiickoil Akanemuedl HayK, KpyMHEHIIMMH MUPOBBIMH
HayyHbIMM  oOmectBamu, TakuMu kKak INTAS  (Ponx  HayuHo-
uccneaoBaTenbckux pabot EBpomeiickoro coobmectsa), SPIE (MexayHapo-
HOe 00mecTBO MHKeHepoB-onTHkoB), CRDF (AmepukaHckuii ¢oHI rpakmaH-
CKUX HccliefioBaHui U pa3Butus), OSA (OnTuueckoe o01IecTBO AMEPHUKH).

Kadenpa ¢poronnku n onTonHPOPMATHKH TTOCTOSITHHO 3aHUMAET MPU30BEIE

MCCTa 110 UTOTaM KOHKYPCOB BECAYIIHUX HAYYHO-IICAAIOTHYCCKHUX KOJIJICKTHBOB
UTMO.
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