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Jis nuanasona amuH BoiH 0.200 — 0.486 MKM mpezioskeH BBRICOKOPA3PEIIAIONIINA METOI BU3yaIH3alli KOTepPeHT-
HBIX CBETOBBIX IOJIEH C IMOMOILNBIO SKPaHHBIX PETHCTPATOPOB PEHTTEHOBCKOTO H3Iy4EHHUs Ha OCHOBE IIEIOYHO-
ranouanbix kpuctamioB (LiF u NaCl). [laHHbIH MeTO[ MO3BOJISIOT OCYILECTBIATh BU3YaIH3alUI0 B IIPOU3BOJIBHBIX, B
TOM YHCJIE U B IPOJIOJIBHBIX, Cpe3ax (CEUSHHUSIX) CBETOBBIX IOJIEH ¢ MpeesIbHBIM Pa3pelieHleM JI0 10JIei MUKPOHA.

Beeoenue

B npakTtuke aHamu3a M CUHTE3a CBETOBBIX IIOJEH
9acTO BO3HMKAIOT 3a/la4d SKCIEPUMEHTAIbHON mpo-
CTPAaHCTBEHHOM BU3yaJIU3allUd UX TOHKOHW CTPYKTYpBL.
OTo0 KacaeTcs, HalpuMep, Mojed HMHTEHCHUBHOCTH HC-
CJIEZIyeMBIX CBETOBBIX ITyYKOB, a TaKXke o0macTeil Gpoky-
CHPOBKH Pa3HOOOPA3HBIX ONTHYECKUX JIEMEHTOB. Jliis
BH3YQJIM3allUH TaKUX TOJCH HaHOOJbIllee MPUMCHEHUE
MTONyYMIIA J[BA METO/Aa. JTO METOJ MOTOYEHYHOTO WU
HENPEPHIBHOTO  IPOCTPAHCTBEHHOTO  CKAaHUPOBAaHUS
KapTHH WHTCHCHBHOCTH CBETOBBIX IIOJIEH C TIOMOIIBIO
aHaM3Mpyrollel nuadparmMpl Mauoro pasMepa, comnpsi-
raeMoi ¢ OJAMHOYHBIM (HOTOJETEKTOPOM, U METOJ HEIO-
CPEICTBEHHOM ABYMEPHOW pErucTpaluy TaKUX KapTUH
C NOMOUIbIKO CBETOYYBCTBUTCJIbHBIX MaTCPUATIOB HIIN
3JIEMEHTOB, HAHOCUMBIX, KaK IPaBUJIO, HA IIOCKYIO MO-
BEPXHOCTh. B mocieaneM ciydae, B KauecTBe CBETO-
YYBCTBUTEJBHBIX MAaTEPUAJIOB WJIM JIEMEHTOB IpHUMe-
HSIOTCSL pa3iInyHble (OTOAIMYIIBCHH, IMOPOIIKOBBIC IO~
MHUHO(OPEI, a TaKKE€ MHOTO3JEMEHTHBIE (HOTONETEKTO-
pHL

Haubomee mpocTo permcTpupyroTcs NOIMEPEYHEIC
Cpe3bl CBETOBBIX IIOJIEH, KOTJa HANpaBJICHUS aHATIU3HU-
PYEMBIX CBETOBBIX IIOTOKOB OJIM3KM K HOPMalH IO-
BEPXHOCTH CBETOYYBCTBUTEIBHBIX MaTEpHUANIOB (3JIe-
MEHTOB) JIO0 aHanu3upyooumend auadparmel. KapTHHbI
K€ TIPOJIONIBHBIX CPE30B CBETOBHIX MOJIEH, KaK MPaBUIIo,
ylaeTcsl BU3yalU3UpOBaTh TOJBKO MEPBBIM M3 Ha3BaH-
HBIX MeToI0B. OJTHAKO €ro Mcnosibp30BaHue TpedyeT oT-
HOCHUTEJIbHO JUIMTEIBHOIO W CIOXKHOTO B pealld3aluu
cbopa mH(OPMAIMK TIPU CKAHHPOBAHWU CBETOBBIX IIO-
JIei, a TaKkKe MMEET HEBBICOKYIO Pa3pelIalonly0 CIO-
coOHOCTh. HemprMeHNMOCTE BTOPOTO METOJa BEI3BaHA
TEM, 9TO TIPH CKOJIB3AIIEM MTaJCHUU CBETa Ha PETHCTPU-
pyIolIie MaTephalbl, HapsAy C Pe3KUM CHHKEHHEM
YyBCTBUTEIHHOCTH (POTOIMYJIbCUI (M CBETOBOM (-
(dexTrBHOCTH (HOTOJETEKTOPOB), MOTYT BO3HHUKATH CY-
IIIECTBCHHBIC HEJIMHEHMHBIE HCKaKEHUS npu rnepeagadye
rpajanuii ”HTEHCUBHOCTH, AQXK€ MPU HE3HAUUTEIbHOMN
BapualUy YIJIOB MaJeHHsl CBETOBbIX Jyuer. Kpome To-
ro, cama CTpPyKTypa CBETOBBIX MOJIEH MOXKET UCKaXaTb-
Cs1 BHOCUMBIMU HETIPO3PAYHBIMU 3JIEMEHTAMHU, UCIIOJIb-
3yeMBIMH U1 BU3yalM3alid. B KadecTBe OgHOTO W3
ANbTEPHATHBHBIX MOIXOJ0B K OCYIISCTBICHHIO BH3Ya-
JU3aIUA TIPOJOJIEHBIX CPE30B CBETOBBIX ITOJICH MHOTIA
HCHOJB3YIOT BHICBEUHBAHUE CBETOBBIX ITOJIEH B a3p030-
nax Tina neiMa. Ho Takoi moaxon SBISITCS CIUIIKOM
rpyOBIM ¥ ITO3BOJISET MOJYYaTh JIUIIb HMPUOIIKEHHBIE

KapTHHBI ¢ OOJBIIMMHU WCKKCHUSMHU, U3-3a HEPaBHO-
MEPHOCTH CBETOBOT'O pacCcesHUs Ha YacTUIax JpiMa. B
HacTosimiel paboTe pacCMOTPEH M AKCHEPUMEHTAIBHO
HCCJIENOBAH HOBBIM BBICOKOpa3pellalOIUil METOJ BH-
3yaln3alul TPEXMEPHBIX KOT€PEHTHBIX CBETOBBIX IO-
Je ¢ TIOMOIIBIO SKPAaHHBIX PETHCTPATOPOB PEHTTEHOB-
CKOTO M3JIy4eHHs Ha OCHOBE IPO3PAYHBIX MIETIOYHO-
ramouaabix KpuctauioB (LiF u NaCl), mogudumupo-
BaHHBIX BBEJIEHUEM JIONIOJHUTENbHBIX TpuMecei [1].

1. Tpexmepnasn eusyanuszayus KozepeHmHsIX
C6emoeBuIX noneil

CyTp mpemmaraeMoro MeTofa II0 BBICOKOpa3pe-
mIaronieil BU3yaan3aluu KapTHH B MPOU3BONBHBIX Cpe-
3ax CBETOBBIX IOJICH, BKIIIOYAs B MIEPBYIO OYEpenb MPo-
JIOJIBHBIC CPE3bl, COCTOUT B PETHCTPAIlUN KapTUH (POTO-
JIFOMUHECIICHIINY, BO30YXKIaEMbIX HCCICIYyCMbIMH CBE-
TOBBIMH ITYUYKaMH B Ha3BAHHBIX HICJTIOYHO-TAJJIOMIHBIX
KpucTamiaXx. B kadecTBe CBETOYYBCTBUTEIBHOTO CIIOS
TaKUX KPUCTAJUIOB, B MPOCTEHINIEM CIydae, MOXKET OBITh
HCTIOJIh30BaHA UX JIF00Aas MMONMPOBaHHAS TPaHb, MPEIBa-
pUTETBHO OONyYeHHAass PEHTTCHOBCKUM H3ITyUCHHEM.
M3BecTHO, 4TO MOJ AEUCTBUEM PEHTIEHOBCKOIO H3ITY-
YeHUs] B HA3BaHHBIX KpHCTa/IaXx 00pa3yroTcsi cTabuiib-
HbIE paIUalliOHHO-HAaBEACHHBIE Ae(EeKTHI (CKPHITHIE
LHEHTPBI Pagro(GOTOIIOMUHECIICHIINN ), CIIOCOOHBIEC TPH
ux BO36y)K[leHI/II/I CBCTOBBIM IIOJIEM B JHAIla30HC IJIMH
BosH oT 0.200 mo 0.486 MKM wHcIyckaTh Ha Jpyroi
JUIMHE BOJIHBI BTOPUYHBIE CBeTOBbIe BOJHBI (ji1st LiF — B
KenTo-3eneHoi obmactu, ast NaCl — B kpacHo# obnac-
1) [2,3]. TIpu 3TOM IICHTpPHI JIFOMAHECICHIINH HE pa3-
PYLIAOTCS MPH MX BHICBEYMBAHWUHU, HO MOTYT OBITH TIOJI-
HOCTBIO Pa3pyIICHBI MPH HarpeBe KpucTauioB mo 400
°C. Jannsbnii 3¢ dext GOoTONFOMUHECIICHITNH 110 CYIIEeCT-
By O0€cCIleYrBaeT CBETOBYIO Pa3BI3Ky MEXIy IEpPBHU-
HBIM BO30YKIAIOMINM H3ITyYCHHEM HCCIEAYEMBIX CBe-
TOBBIX MOJIEH M BTOPUYHBIM (TI€PEH3TydaeMbIM) JTFOMHU-
HECIICHTHBIM H3Iy4eHHeM. Tak Kak perucTpamus Io-
MHHECIEHTHOTO OTKJIMKA OCYIIECTBISAETCS OOBIYHBIMHU
ONTHUYECKUMHU METOJAMH, TO TaKas pa3Bs3ka 00ecIeyu-
BaeT BO3MOXKHOCTh PETHUCTPALMHU MPOIOJIbHBIX KapTHH
MHTEHCUBHOCTH CBETOBBIX IMOJEH Ipyu OpTOroHaJIbHOM
(TI0 OTHOIICHHIO K OCH ITy4YKa) PACHOJI0KESHUH OCH TPO-
EKIIMOHHOT'0 0OBEKTUBA, MCIIOIE3YEMOTO ISl PETUCTpa-
nuu. PerucTparmisi KapTWH CBETOBBIX IIOJIEH MOXKET
OBITh TIpOBENEHa C MHUKPOHHBIM IPOCTPAHCTBEHHBIM
paspemieHneM MpH OTCYTCTBHU 3E€pPHHCTOCTH H300pa-
JKEHHs. B CIeKTpanbHOM [Hamma3oHe PEeHTTEHOBCKOTO
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mnydenns oT 10 °A mo momeit °A rirybuHa Gopmupo-
BaHUS paJMaIllMIOHHO-HABEJCHHBIX NE(PEKTOB B JaHHOM
THIIE PEHTI€HOYYBCTBUTEIBHBIX MaTEPHAJIOB 3aKJIIOYe-
Ha B JMAama3oHE OT JAECATKOB MUKPOH J0 HECKOJIBKHX
MUJUTUMETPOB. DTO, B CBOIO OYEpE.lb, MMO3BOJISET JIETKO
peryJMpoBarh TOJIIMHY JIIOMUHECHUPYIOUIErO CJIOs U,
TEM CaMbIM, O6eCHe'-Il/IBaTb Ppas3IndHbIC YCJIOBUSA BBLICBC-
YUBAHUSA UCCICAYCMbBIX CBECTOBBIX nosier. Tak BbICBEUH-
BaHME CBETOBBIX I0JIEH ONM3KOe K TOMY, YTO Habito/a-
eTcs B a’po30JIsiX TUMA JbIMAa, MOXKHO OOECIEYHThH B
TOJICTBIX JFOMUHECLEHTHBIX CIOSX (TOpsAKa HECKOJb-
KHX MWJUINMETPOB), KOTOphIe (POPMUPYIOTCS TIPU HOP-
MaJBHOM 3aCBETKE IUIOCKOCTH KPHCTAJIIOB >KECTKUM
CHHXPOTPOHHBIM U3My4eHueM. [Ipm TakoMm BapuaHTe
PETUCTPUPYETCS YCpPEeTHEHHAs KapTHHA, SBIISAIOIIASCS
CYIIEepIIO3UIMEH IIOCKUX HEKOT€PEHTHBIX KapTWH WH-
TCHCHUBHOCTHU B PA3JIMYHBIX 110 FJ'Iy6I/IHe KpucTalijia TOH-
KuX cpe3ax. DOpMHUpOBaHHE B KPUCTAIJIE TOHKOTO M
IUIOCKOTO JIIOMHUHECLEHTHOro ciosi (mopsiaka 1 - 3
MKM), CIIy’Kallero 0osiee BHICOKOKAQUECTBEHHBIM M BBI-
COKOpa3peIlaloIiM PErnCTPUPYIOIIUM 3KPaHOM, MO-
XKeT OBITh OCYIIECTBJIEHO IpeIBapUTEIBHBIM 00Iyye-
HUEM KPHCTAJUIa )KECTKAM KOJUTMMHPOBAaHHBIM CHHXPO-
TPOHHBIM H3JIyYECHHEM Yepe3 y3KYHO IMEeNIEeBYI0 MAackKy.
[Ipu 3TOM TommuHA (HOPMHUPYEMOTO IFOMUHECIIEHTHOTO
CJIOS] IPAKTHYECKH HE YIIUPSETCS IO TIyOHHBI MPOCBe-
YUBaHUS KPUCTAJUIA (PACCTOSTHUM OT IIIEH) mopsiaka D
~ nAY2\ oy, THE 1 - TIOKA3ATEND MIPETIOMIICHUS KPUCTA-
Ja Ha JUIMHE BOJHBI BO30OYXKIEHUS KpHCTAIDIA Aposg,
A — mmpuHa IWeNH, Acy — CPEeOHAS UTHHA BOJHBI HC-
MOJIE3YEMOT0 CHHXPOTPOHHOTO H3IydeHHs. Tak mpu A
=1 mxMm, n = 1.396 (kpuctramn LiF mpu Agozs ~ 0.456
MKM) ¥ Bapuanuu A cy ot 10 mo 0.5 A° rimy6una dop-
Mupyemoro ciost D Oyner BapbHpOBaTh B Ipenenax oT
0.7 mo 14 mm. Ilpu 3TOM BH3yanM3aIMIO MPOIOIBHON
KapTHHBI WHTCHCHBHOCTH CBETOBOTO ITydka (B TOHKOM
cioe) ymnoOHO OCYIIECTBIIATH IPH COBMEIIECHHH ILIOC-
KOCTH C(OPMUPOBAHHOTO JIIOMHHECHIEHTHOTO CJIOSI C
OCBIO IIy4Ka W OpHEeHTaluu pasMepa D opToroHaibHO
ocu 1yuka. [l TpexMepHOU BU3yalln3allud KapTUH HC-
CJIEZIyE€MBIX CBETOBBIX IOJICH B PA3IMYHBIX TPOIOIBHBIX
cpe3ax HeoOXOIUMO TaKke 00eCIeYnTh TOYHOE COBME-
[IEHHE IIOCKOCTH C(OPMHPOBAHHOTO JIFOMUHECIEHT-
HOTO CJIOSI C OCBIO ITydKa U, IIepeMelIas KpUCTall OpTO-
TOHAJIEHO OCH ITy4YKa, PETHCTPHUPOBAThH IUIOCKHE KapTh-
HBI (DOTOTFOMUHECTICHITHH.

2. Dkcnepumenmansvhoe ucciedosanue

C 11e71b10 SKCIIEPUMEHTANIBHOM IEeMOHCTpALNH, HaMU
ObTa TIPOBE/EHA BH3yaJM3aLUsl IPOAOJIBHBIX KapTHH
WHTCHCHBHOCTH CBETOBBIX IMOJIEH, 00pa3yembIx B 00-
nacTi (POKYCHPOBKH CTAHAAPTHBIX MUKPOOOBEKTHBOB U
TU(PaKIIHOHHOTO aKCHKOHA C KOJBIIEBOI amepTypoil. B
Ka4eCTBE JFOMUHECILIEHTHBIX 3KPaHOB OBIIIM NPUMEHEHBI
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kpuctamiel LiF (mmomazapio 10 x 10 MM 1 TOJILLIHHON 2
MM), TTIOBEpXHOCTHO aKTHBUpPOBaHHbIE noOaBkamu Ca u
00JIy4eHHbIE TP HOPMAJIBHOM MaJIeHUHM CHHXPOTPOH-
HbIM HU3JTYUYCHHCM. HUcTounukom CUHXPOTPOHHOI'O HU3-
Jy4yeHHUs CIyXXKMJIO HakomurtenbHoe komblo BOIIII-3
(E, = 1.2 I'3B). UHcTHTYTa staeproit ¢pm3uku CO PAH

uM. bynkepa [4], a HCTOYHHKOM BO30YXIAIOMIETO JIIO-
MUHECHEHIIMIO KOTePEHTHOTO M3IYYEeHHUS - aprOHOBBIN
Jazep C JUIMHOW BOJHBI Aposp = 0.456 MM Cpemass
JUTMHA BOJIHBI BTOPUYHOTO HEKOTEPEHTHOTO M3ITy4YEHHS,
UCITyCKaeMOro 00pa30BaHHBIMU B KPHUCTAJUIE LIEHTPaMH
panno(OTOTFOMUHECIICHIIUH, COCTAaBIsUIA Amom ~ 0.580
MKM. JIMQpaKkiMOHHBII aKCHKOH NPeNCTaBisiil CcOo0oi
OnHApHO-(DA30BYI0 KOJBIICBYIO PEIIECTKY C IMEPUOIOM
HITPUXOB 2 MKM, c()OPMHUPOBAHHYIO Ha KBapLEBOH MOJI-
JIOXKKE U MMEIOIYI0 BHYTPEHHUH 1 Hapy>KHBII paiychl
KOJIBIIEBOM anepTypsl paBHBIE COOTBETCTBEHHO 1.38 u
1.84 mMm. CuHTE3 TOIIOJIOTHH PEIIETKH OBLT BHITIOIHEH C
HCTIIOJB30BAHUEM KPYTOBOTO JIa3epHOTO (hOTOIIOCTPOU-
TN U TEPMOXUMHUYECKON TEXHOIOTHH TPSMOU 3aITHCH,
pa3paboTaHHbIX B MHCTUTyTe aBTOMATHKU H 3JIEKTPO-
metpun CO PAH [5,6]. B xaduecTBe perucTpupyromero
Marepuaja Ipy 3alKucy NEPBUYHON aMIUIMTYIHON Mac-
KM PELIETKH CIy>KWJIU IUIEHKH Xpoma TOJILUHOW IIO-
psaaxa 0.1 mxMm. @a30Basg CTpyKTypa aKCHKOHA M3TOTaB-
JIMBAJIaCh METOJIOM KOHTAKTHOHM (oTosnuTorpaduu ¢ no-
CIISYIONIMM CYXHMM IUIa3MO-XUMHYECKUM TpaBlICHUEM
KBapl@a, a IiyOMHa TpaBJIeHUs BBHIOMpanach U3 pacdera
MOJy4YEHHs TIpPENleNIbHO BBICOKOH CBETOBOM WHTEHCHB-
HOCTH PEIISTKH B IIEPBOM IOPSAIKE TUQPpakiuu (Tpu
MTOJIABJICHWH BCEX YETHBHIX MAapa3WTHBIX MopsakoB). Ha
puc.l (a) mpexacraBieHa IKCIIEPHIMEHTAIBFHO 3apPETUCT-
pUpoBaHHas B TOJCTOM ciioe kpuctamma LiF (¢ momo-
mpio CCD-xameprl) AByMepHas KapTHHA pacrperenne-
HUS UHTEHCHBHOCTH B TPOJOJIBHOM CEYCHHH OO0IacTH
(hOKYCHUPOBKH CTAaHIAPTHOTO MHKPOOOBEKTHBA C YH-
cinoBoii aneptypoit 0.65. Ha puc.l (0) mokaszaH omHO-
MEepHBIi MPO(QHIL UHTEHCUBHOCTU B IONIEPEYHOM Ceve-
HUM ATOTO pacIpeesieHus], NPOXOAiAIINM yepe3 (okxyc.
Bunousmenennsie puc. 2 (a) u (6) aHanoruuHsl puc. |
(a) u (0), HO COOTBETCTBYIOT MUKPOOOBEKTHBY C YHCIIO-
Boii amreprypoii 0.40. Ha puc. 3 (a) u (6) moka3aHBI Kap-
TUHBI PacIpeneliCHUsT WHTCHCUBHOCTH B IIPOJOIHHOM
CeUeHNH O00JIacTH (POKYCHPOBKH KOJBLEBOTO AuU(pax-
IIMOHHOTO aKCHKOHA ([JIs CpelHed ero 4acTh) W IMpo-
(Wb UHTEHCUBHOCTH ISl MONIEPEYHOr0 CEUSHHUs! ITOM
KapTUTHBI. Kak mMoxHo BUACTDH, MOJYUYCHHBIC KapTHUHBI
HWHTCHCUBHOCTHU U COOTBCTCTBYIOUINE UM HpO(bI/lJ'lI/l I1o-
MEPECUYHBIX CEYEeHNH MMEIOT OTHOCUTEJILHO IUIaBHBIN Xa-
paKTep, 4TO MOXKHO OOBSCHUTH yCpPEJHEHHEM H3Iyde-
HUSI TI0 3HAYUTEIBHON TOMIMHE c(HOPMHUPOBAHHBIX JIIO-
MHUHECIMpYIOIMX cioeB B kpucrayutax LiF. s pas-
pemreHus 0ojee TOHKOW CTPYKTYpPBI MOXHO IIPHTOTO-
BHUTh KPHCTAJUIBI 1O BBIMICONIMCAHHON METOIMKE, TPHU
3aCBETKE Yepe3 TOHKYIO MIEJICBYIO MACKYy.
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3aknrouenue

[IpemnoxkeHHBI METOJl BHU3yalH3alldd CBETOBBIX
moJieil ABJSIOTCSI KaYeCTBEHHO HOBBIM JOMOJHEHUEM
M3BECTHBIX TPAIUIIMOHHBIX METOIOB. B 3aBucuMocTH OT
BapHaHTa TEXHUYECKOW pean3allié U JKEIaeMBIX Tpe-
00oBaHMII K BUAY perucTpupyeMor nHpopmanuu (c yc-
penHeHneM, 0e3 yCpemaHeHHs ), BU3yaln3anns MpoaoIib-
HBIX KapTHH MHTEHCHBHOCTU CBETOBBIX TIOJEH MOXKET
6]:-IT1:- OCYIIECTBJICHA KaK B TOJICTBIX, TaK U B TOHKHX aK-
TUBUPOBAHHBIX JIIOMUHECHCHTHBLIX CJIOAX KPUCTAJLJIOB.
PaspeinieHre ucciaeq0BaHHOIO METOJa COCTABIIAET MO-
pAAKa OHOTO MHUKPOHA.

Pabora BBIONHEHA B pamMKaxX MPOTPaMMEI TpaHTa
Poccuiickoro ®@onna ®dyHaaMeHTaNbHBIX HCCIIENOBA-
Hult (97-2-18578).
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Visualization of three-dimensional coherent light fields by screen recorders

based on X-ray-sensitive alkali halide crystals
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Abstract

The paper proposes a high-resolution method for visualizing coherent light fields using screen
recorders of X-ray radiation based on alkali halide crystals (LiF and NaCl) for the wavelength range
0f 0.200 - 0.486 mm. This method allows to visualize in arbitrary sections of light fields, including
longitudinal ones, with a limiting resolution of up to submicrometer.

Citation: Lyakh VV, Malyshev Al, Pindyurin VF, Poleshchuk AG, Sedukhin AG. Visualization
of three-dimensional coherent light fields by screen recorders based on X-ray-sensitive alkali halide
crystals. Computer Optics 1999; 19: 147 - 150.
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