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[Muaxon kamepa, UM KaMepa-00CKypa, SIBISETCS OAHUM W3 JEMEHTOB ONTHKU PEHTTEHOBCKOTO JWana3oHa
cnekrpa. Kamepa ucnonb3yercst st TOMyYEeHUs] M300payKeHUsI CHHXPOTPOHHBIX M Ta0OPaTOPHBIX MCTOYHH-
KOB M3JIy4CHUS], & TAK)KE B KadecTBE OOBEKTHBA B METO/IE PEHTICHOBCKOH ()IyOpECIEHTHOW MHKPOCKOITHH.
3TOT METOJ MO3BOJISIET TOMyYaTh HH(YOPMAIIUIO O MPOCTPAHCTBEHHOM PACHpeIeICHHN Pa3TUuHbIX XUMUYe-
CKHX 3JIEMEHTOB Ha IUIOLIa/IM B HECKOJIBKO KBAJIPATHBIX CAHTHMMETPOB C MPOCTPAHCTBEHHBIM pa3pelieHueM
Ha ypoBHe 50—100 MkM. B kauecTBe IPHEMHBIX YCTPOUCTB MCIIOIB3YIOTCSl SHEPTOANCIIEPCHOHHBIE IIU(PPOBBIC
nBymepHsble [13C kameps! (kaMepsl Ha OCHOBE 3JIEMEHTOB C 3aps10BOM CBsI3b10). Takue kaMepsl SIBISIOTCS J10-
POTOCTOSIIIIMMHU YCTPOWCTBAMH M UMEIOT HU3KYIO UyBCTBUTEIBHOCTD JJISI PEHTT€HOBCKHX JIydel ¢ sHeprueit
¢oronoB Bhie 8 k3B. [103TOMY MEepPCIIEKTUBHO HCIIONB30BATh JUIS 1IEJICH PEHTIEHOBCKON (PIIyOpECIICHTHOU
MuKpockonuu oonee 3¢ pexruBable [13C Kameps! co cnoeM cuuHTILIsITOpa. Llens nanHoi paboTsl cocTosuia
B pa3paboOTKe ycTpoicTBa Ui TOMyUeHUs] N300paKeHUs] OOBEKTOB BO BTOPHYHBIX ()IIyOPECLEHTHBIX PEHT-
TeHOBCKHUX JIy4ax ¢ HMCIOJIb30BaHHEM MUHXOJI KaMepbl Kak o0bekTrBa U mupoBoit [13C kameps! 1iist peru-
CTpalMy PEHTICHOBCKOTO M300pakeHHs. Takoe ycTpoicTBO pazpadoTano. OHO COCTOUT M3 PEHTTEHOBCKON
TpyOKH, TMHXOJ KaMepbl 1 IByMepHO# 1iudpoBoit pentrenoBckoid [13C xamepbl. OOBeKT ucciienoBaHust 00y-
qaJicsl U3JTyuYeHHEeM OT PEHTTeHOBCKOM TPYOKH U UCITyCKaJl BTOPUYHbIE peHTIeHOBCKUeE JTydd. [InHx0 Kamepa
¢ pazmepomM otBepctusi 100 MKM HcTonb30Baiack ajist opMHUpOBaHUs N300paKeHUsT 00BEKTa BO BTOPHYHBIX
PEHTTEHOBCKHX JTy4ax Ha BXOJHOM OKHE JIByMEpHOW IH(pOBOH peHTreHOBCKOH Kamephl. C HCIONIBb30BaHUEM
YCTpOCTBa MONy4EHbl U300paskeHHsI psifa JKeJIe3HbIX MPYKUH, OTIHYAIOIUecs pa3MepamMH. YCTaHOBJIEHO,
YTO MPOCTPAaHCTBEHHAS pa3pelaroniasi ClloCOOHOCTh yCTpoicTBa cocTasisieT okosio 200 MKM MpH IKCIIO3H-
1un 60 c. YIy4IuTh pa3perieHne CHCTEMbI MOYKHO 32 CYET YBEIMUYCHHS IKCTIO3UIMH, ONTUMU3ALINN YCIOBHH
CHEMKH M YMEHBIICHHS pa3Mepa OTBEPCTHS ITMHXO0J KaMephl.
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Abstract. Pinhole camera is one of X-ray optics devices. The pinhole camera is used for obtaining the image
of synchrotron and laboratory sources, and also as a lens in a method of X-ray fluorescent microscopy. This
method allows to obtain information on a spatial distribution of various chemical elements to the areas of
several square centimeters with spatial resolution at the level of 50-100 pum. As a rule energy-dispersive
two-dimensional CCD cameras are used for imaging. Such cameras are expensive devices and have low
sensitivity for X-rays with energy of photons higher than 8 keV. Therefore it is perspective to use for X-ray
fluorescent microscopy more effective CCD cameras with a scintillator layer. The purpose of this work
consists in development of the device for imaging with secondary fluorescent X-rays by using pinhole as a
lens and CCD camera for registration of the X-ray image. The device for obtaining the image of objects in
secondary X-rays is developed. The device consists of an X-ray tube, pinhole and CCD camera. The object of
research was irradiated with radiation from the X-ray tube and emits secondary X-rays. 100-microns pinhole
was used for formation of the image of the object at an entrance window of the CCD camera. Images of a
number of the iron springs differing in the sizes are received. It is established that the spatial resolution of
the device is about 200 um at an exposition of 60 s. It is possible to improve permission of the device by
increasing in an exposition, optimization imaging conditions and reduction of the pinhole size.
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BBenenue

IInaxonm kaMmepa, MM Kamepa-oOcKypa, sIBISET-
Cs1 OJTHUM W3 DJIEMEHTOB ONTHKH BUUMOTO U PEHTTe-
HOBCKOTO JMaIla30HOB CTIEKTPa, KOTOPBIE TIO3BOJISIOT
MoJTy4arh N300paskeHNs] 0OBEKTOB M ICTOYHUKOB H3-
nmydenns [1]. [luaxonm kaMmepa mpencTaBiseT coOoi
OTBEpPCTHE PaJUyCcOM R B HEMPO3PAauyHOM ISl W3-
Jy4deHUs dKpaHe, KOTopoe paboTaeT Kak OOBCKTUB
C TIPOCTPAHCTBEHHBIM pa3peUIeHHEeM IopsaKa R.
[Ipu ymenpmieHnn R pasperieHne oObeKTHBa yBe-
JMUYHABAETCS, HO YMEHBIIaeTcsa ero cBetocmia. [lpu
JTATbHEUIIIEM YMEHBIIEHUH Paiyca OTBEPCTHS CY-
IIECTBEHHYIO POJbh HAYMHAIOT HUTparh TUGPAKITH-
oHHBIC ((HEKTHI, KOTOPBIC MPUBOIAT K Pa3MBITHIO
M300pakeHUsl, TIOATOMY CYIIECTBYET ONTHMaJbHOE
3HaYeHUEe BenW4uHBI R [2]. B obOmactu BHIUMOTO
M3ITy4YeHUs] TUHXOJ KaMepa SIBIIeTCs, CKopee, K30-
TUYECKUM 3JIEMEHTOM HM3-3a MaJIOW CBETOCHIIBI, XOTS
CYIIIECTBYET IIeJIoe HarpasiieHHe B ¢ororpaduu c
WCTIOJIH30BAHMEM ITHHXOJ KaMephl B KauyecTBe 00b-
ektuBa (ortoammapara. OCHOBHOE MPEUMYIIECTBO
MMUHXOJ KaMephl — OTCYTCTBHE XPOMAaTHYECKUX
abepparuii.

B obOnactu peHTreHOBCKOTO [IWamna3oHa CIeK-
Tpa MUHXOJ KaMepa BIUIOThH JI0 HETaBHETO BPEMEHH
SBIISIACH YYTh JIM HE €IMHCTBEHHBIM ONTHYECCKUM
DIIEMEHTOM ISl TIOTyYeHUSI N300paKeHUsS KaK CHH-
XPOTPOHHBIX UCTOYHHUKOB M3ydeHus [3], Tak u ¢o-
KyCHOTO TISITHA PEHTT€HOBCKOW TpyOkm [4] c mpo-
CTPAHCTBEHHBIM pa3zpenieHueM okojo 5—10 Mkm
JUTSL PEHTTCHOBCKUX JIy4deil ¢ 2Hepruell (OTOHOB B
nuanazone 1-30 k3B. Yayumurh npocCTpaHCTBEH-
HOE pa3pelieHre PEeHTTEHOBCKOTO MWHXOJA JI0 Be-
TUYAHBL B 1 MKM TpoOIeMaTHdHO, YTO CBS3aHO HE
TOIBFKO C HEOOJBIION CBETOCHIION yCTPOWMCTBA IPH
TaKOM OTBEPCTHH, HO ¥ C TeM (PaKTOM, UTO, TIOCKOIIb-
Ky TOJIIMHA HEMPO3PadHOTO I PEHTI€HOBCKUX
nmy4deil PKpaHa THHXOJI KaMephl COCTaBISET COTHH
MHUKPOMETPOB, TO OTBEPCTHE B TAKOM DKpaHE TpPe-
CTaBJISIET MNPOTSIKEHHbIM KaHayl. OCHOBHOM Helo-
CTaTOK TaKOTO «KaHala», KaK IHHXOJA, SBISAETCS
€ro MaJIeHBKOE II0JIe 3PEHHSI, KOTOPOE COCTaBISIET
JIECSITKM MHUKPOMETPOB. AJIBTE€pPHATUBOM IMHHXOJI
KaMepe Kak M300pakaromieMy YCTPOHCTBY B PEHT-
TEHOBCKOM JHAaIla30He CIIEKTpa SBISIETCS MHOTODJIe-
MEHTHas TPEJIOMJISIONIAs pEHTICHOBCKas JIMH3a [S].
MHoroaieMeHTHas TPeIOMIISIONIas PEHTTeHOBCKas
JIWH3a COCTOUT M3 Oompimoro uncna (100 u 6omnee)
JIBOSIKOBOTHYTHIX MHWKPOJIMH3, HW3TOTOBJICHHBIX W3
BEIIECTBA, COMEPIKAIIETO IJIEMEHTHI C HEOOJIBIINM
MOPSAKOBEIM HOMEpPOM. MHOTO3JIEMEHTHBIE IIpe-

JIOMJISIFOIIIAE PEHTTEHOBCKUE JIMH3BI ITO3BOJISIOT (ho-
KyCHpOBATh PEHTTEHOBCKHE JIyYH W TOIydYaTh H30-
Opa)XeHHsI NCTOYHUKOB PEHTI'€HOBCKOTO H3ITyYCHUS
1 00BEKTOB C CYOMUKPOHHBIM pa3peliecHueM. Arep-
Typa JTUH3BI U3-32 d(h(heKTa MOoTIoMeHNs PEeHTI€HOB-
CKUX JIy4eil B MaTepuasie JINH3bI HECKOIBKO MEHBIIIE,
yeM 2R, rne R — paauyc KpUBU3HBI JInH3bl. Hanpu-
Mep, HaMH pa3paboTaH MeNbIld psia KOPOTKO(OKyC-
HBIX TPEJOMIISIIOIIAX PEHTI€HOBCKUX JIUH3, CO-
CTOSIIIUX W3 Oo0Jiee YeM CTa JBOSKOBOTHYTHIX ATIOK-
CUJIHBIX MHUKPOIIMH3 C PaIyCOM KpUBHU3HBI 50 MKM
Kaxmas [6, 7] u ¢ (HOKYCHBIM PacCTOSHHUEM OKOJIO
50 MM s hoToHOB ¢ dHEpruer 8 k3B. B pabdote [6]
JuH3a, coaepkamas 161 MUKPOIMH3Y, UCIOIb30Ba-
J1ach B Ka4ecTBe 00BEKTHBA PEHTTE€HOBCKOTO MHUKPO-
CKOTa ¢ JTaOOpaTOPHBIM MCTOYHUKOM H3ITY4YCHHUS, a
B pabore [7] muH3a, comepxarmast 147 MHKpOIHH3,
MCTIOJIh30BaNIACh KaK OOBEKTHB MHKPOCKOIA C CHH-
XPOTPOHHBIM NCTOYHUKOM H3iydeHusi. HecMotps Ha
TO YTO TPEJIOMIIAIONIAs PEHTTCHOBCKAs JHH3a 00e-
CIIEYMBAET MPOCTPAHCTBEHHOE Pa3pelIeHne PU MH-
KPOCKOTIMH Ha YPOBHE | MKM U JIydIIle, 1oJie 3peHus
JIMH3BI OTHOCHUTEIHHO HEBEJIMKO U COCTABIISIET OKOJIO
300 MkMm [6]. B TO ke BpeMsl B pEHTT€HOBCKOU (iry-
OpECIIEHTHON MUKPOCKOITUN UMEIOTCS 3a/1a9H, KOT/Ia
HEOOXOIMMO TONYYUTh WH(GOPMAIHIO O MPOCTPaH-
CTBEHHOM pPAacCIpeNeIeHUN Pa3TUIHbIX XUMHUIECKIX
JJIEMEHTOB Ha TUIOMIAAW B HECKOJIBKO KBaJpaTHBIX
CaHTHMETPOB C TPOCTPAHCTBEHHBIM pPa3pelIeHHEM
Ha ypoBHe 20—100 MkM. DTy 3amady TpaaULMOHHO
peIalT TMyTeM CKaHWPOBAHWS MOBEPXHOCTH O00-
pas3iia pPeHTIeHOBCKUM IYYKOM C OJHOBPEMEHHOM
peructpanveil W HWISHTHQHUKAIHEH (QIyopecleHT-
HOTO W3JIy4eHus. B cBs3u ¢ pasButneM mudpoBoin
(hOTOTEXHHUKH TEPCIIEKTUBHBIM BUIUTCS WCIIOIB30-
BaTh AByMepHBbIe nudppossie [13C kameps! 11s mienet
PEHTTEHOBCKOW  (PITyOPECHEHTHONH MHUKPOCKOIIHH.
IIpu 5TOM B KadecTBE OOBEKTHBA MOMKET OBITH HC-
MOJIb30BaHa MUHXOJ Kamepa. Tak, B padortax [8—10]
OIHMCaHbl PEHTTEHOBCKHE YCTPOICTBAa Ha OCHOBE
MTUHXOJ KaMmephl, MO3BOJISIONINE MOydaTh HH(OP-
MAIIIIO O TIPOCTPAHCTBEHHOM PACIIPE/ICIICHUH XHMH-
YECKUX DJIEMEHTOB Ha MIOBEPXHOCTH 00Opasia ¢ mpo-
CTPAHCTBEHHBIM paspelieHueM ot 30 MKM IpH 1osie
3perus 2,5 x 2,5 mm? 10 140 MKM IIpH TI0JI€ 3pEHUS
4 x 4 cm? [9]. B KauecTBEe MPUEMHBIX YCTPOMCTB HC-
MOJIb30BAJIMCH  DHEPTOAMCIIEPCHOHHBIE ITH(PPOBBIC
neymepHabie [13C xamepsl. Takue kaMepbl SBISTFOTCS
JIOPOTOCTOSAIITUMHE YCTPONCTBAMU U UMEIOT HU3KYIO
YYBCTBHUTENBHOCTh ISl PEHTTEHOBCKUX (POTOHOB C
SHepruew Bhiiie, yeM 8 k3B. B To xe Bpems sHep-
rusi (PIyOpecHEeHTHOTO PEHTTEHOBCKOTO W3IYYCHHS
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JUTST XUMHUYECKUX DIIEMEHTOB C IOPSIIKOBBIM HOMeE-
pom BhIme 30 Kak pa3 u momnagacT B 001acTh 00JIb-
me, 9eM 8 k3B W HaeHTHUKAIMUA TaKuX dIeMEH-
TOB 3aTpyaHHTENbHA. [103TOMY mepcreKTHBHBIM H
HOBBIM BHJIUTCS HCIIOJh30BAaHUE IS 1EJe peHT-
TeHOBCKOH (uryopectieHTHOW Mukpockomuu [13C
KaMephbl C HAaHECEHHBIM Ha OKHO KaMephl (MU Ha
MIPIKATYI0 K OKHY BOJIOKOHHO-ONTHYECKYIO IIai-
Oy) coem cruHTIILIATOpa. D(PPEeKTUBHOCTH TAKHX
KaMmep JIJIsl perUCTPalii PEeHTTeHOBCKUX (DOTOHOB €
SHepruit Oonbire 8 k3B 3HAYUTEIIBHO BHIIIC, YEM Y
OTMEUYEHHBIX BBIIIE YHEPTOAUCTIEPCHOHHBIX Kamep.
[Ipu >TOM MACHTHPUKAIINIO SIEMEHTHOTO COCTaBa
o0pasiia MOKHO OCYIIECTBUTH ITyTE€M HCIIOIB30Ba-
HUSA CEJEKTHBHO-TIOTJIOIMIAIONINX PEHTIT€HOBCKUX
(huIBTpOB.

Lens marHOW pabOTHI COCTOsIA B pa3pabOTKe
YCTpOICTBA IS OTYYSHHUS N300pakeHUsT 0OBEKTOB
BO BTOPUYHBIX (PIYOPECHEHTHBIX PEHTI€HOBCKUX
JydaxX C MCIIOJIb30BaHUEM ITUHXOJ KaMephl Kak 00b-
extrBa 1 udposoit [13C xaMepsI I PETUCTpaIii
PEHTTEHOBCKOTO W300pakeHUs] W B ONpEACTICHUH
MIPOCTPAHCTBEHHON pa3pelmameld CrocoOHOCTH
YCTpOHCTBA.

3KCHepI/IMeHTaJIBHLIe HCCJICI0OBAHUSA

Jiis monmy4eHust n300paxxeHust 00bEKTOB BO BTO-
PUYHBIX (DITyOpEeCLEHTHBIX PEHTTCHOBCKHX JIydax
OBLT U3TOTOBJICH CTEH/I, CTPYKTYpHAsi cXeMa KOTOPO-
IO TI0Ka3aHa Ha pUCYHKe 1.

B uccnenoBanusix o0bekT 4 oOmyuancs peHT-
TEHOBCKHMH JIy4aMH OT PEHTICHOBCKOW TpyOku 1
U ucmyckal (UIyopecleHTHOE PEHTIEHOBCKOE W3-
nmyuenue. [Iunxon xkamepa 2 pacronarajiach MEXIy
00BEKTOM U PEHTTEHOBCKOM Kamepoi 3 Tak, 4TOObI
chopMHpOBaTh Ha PEHTTEHOYYBCTBUTEIHHOM OKHE
KaMepbl n300paxkeHue 00beKTa.

B kauecTBe MCTOYHHMKA PEHTTEHOBCKHX Jydel
HCTIONIb30Bajlach PeHTreHoBckas Tpyoka BCB-17 c
MeIHBIM aHoioM. Pabouee HampspKeHHWE Ha aHOIE
TpyOku — 32 kB, anoguslii Tok — 14 MA. DHeprus
(DOTOHOB XapaKTEPUCTUUECKOTO H3IYyUYCHHS] MEIH
paBHa 8 k3B.

B xauecTBe peHTreHOBCKOM Kamepsl sl peru-
cTpanuu wu3o0paxkeHus: ucnonbzoBanack [13C ka-
Mepa dupmel Photonic Science (monens FDI VHR).
Kamepa conepxur I13C matpuity, K KoTopoil npu-
COeIMHEHa BOJIOKOHHO-ONTHYECKas 1aiiba ¢ HaHe-
CEHHBIM CHUHTWUIATOPOM Ha OCHOBE COEAMHEHUS
Gd,0,S:Tb. Pazmep paboueill 061acTH PEHTIEHOB-
CKOM KaMepsbl cocTaBisier 18 X 12 MM?, 4HCIIO MHK-

ceeii paBHo 4008 x 2670, pazMep CTOPOHBI TUKCEIS
cocraBiseT 4,5 MkM. [Ipu chemMKke 00BEKTa UCTIONb-
30Baach (PyHKIMS OMHHHMHTA, KOTOpasi MO3BOJISIET
00BEeTMHATh HECKOJBKO TMHKCEIeH KaMephl B OJUH.
CurHaj OT BBIIEJEHHBIX IUKCEIEH CyMMHUpPYETCS.
Hcronp3oBaiock 3HaYeHWE OWHHWHTA, paBHOE 8,
YTO COOTBETCTBYET A(P(PEKTUBHOMY 3HAYECHHUIO pa3-
Mepa nukcess 36 MKM.

Pucynoxk 1 — CtpykrypHas cxema cTeHaa: 1 — peHTreHOB-
ckast TpyOKa; 2 — MMHXO0JI Kamepa; 3 — AByMepHasi peHTre-
HOBCKasl Kamepa; 4 — 0ObEeKT UCCIIeI0BaAHNUS

Figure 1 — Block diagram of the device: 1 — X-ray tube;
2 — pinhole camera; 3 — X-ray camera; 4 — object for
imaging

B kauecTBe 00pa3sIOB HCIIOIB30BAIUCH JKEIE3-
HBIE MTPYKUHBI, OTIMYAIOLIHECS TOIIIHON TPOBOJIO-
KH, pororpadun KOTOPHIX MOKA3aHBI HA PUCYHKE 2.

Pucynok 2 — ®ororpaduu npyxun

Figure 2 — Iron springs for X-ray imaging

PeHTreHOBCKHME JIyIM OT PEHTTEHOBCKOU TPYO-
K C METHBIM aHOAOM J(PGEKTHBHO HOHHU3UPYET
K-00omoukn atomMoB jkeje3a, 9To IPUBOIUT K PEHT-
TEHOBCKOH (DITyOpecCIeHITNH aTOMOB JKee3a ¢ dHep-
ruit poroHos Ka-cepun 6,4 xk3B.

W3roroBneHHast MUHXOM KaMepa MpPEeACTaBIsAET
co00¥ CBHHIIOBYIO IIJIACTHHY C OTBEPCTHEM, IHa-
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MeTp koToporo paBeH 100 mxm. TonmniuHa mIacTUHBI
BbIOpaHa paBHON 200 MKM, 4TOOBI TIOTJIOMATE (ITy-
OpECIIEHTHOE PEHTTEHOBCKOE N3ITydeHHe OT 00bEKTa
Y paccestHHOE U3TYy4YeHHE OT PEHTIT€HOBCKOH TPYOKH.

Bo Bpems akcriepiMeHTa MHHXO0J KaMepa paciio-
Jlarajiach Ha pacCTossHuH, a = 30 MM OT 00BEKTa HC-
cenoBaHui (MPYKUHBI) U HA PACCTOSHUU b = 15 MM
OT PEHTTEHOBCKON KaMepbl. TakuM 00pa3oM, IIIHXOJ
Kamepa (popMupoBaia yMeHbIIEHHOE B 2 pa3a M30-
OpakeHHEe 00bEKTA.

Ha pucynke 3 mokaszaHbl IOJTy9eHHBIE N300pa-
KEHHUS TIPY>KUH BO BTOPUYHBIX (PIyOpECHEHTHBIX
PEHTTEHOBCKHX JTydaX. DKCITO3UIIHS IIPH ChEMKE CO-
crapisuia 60 c. VI3 pucyHka BUIHO, YTO MOJI€ 3pEHUS
ycTpoiicTBa cocrasiseM okoio 0,5 x 1 cm?.

c d

Pucynok 3 — V300pakeHns Ipy>KUH BO BTOPUYHBIX (ITy-
OpECLIEHTHBIX PEHTI€HOBCKUX Jydax: g — npyxuna Ne 1;
b —npyxuna Ne 2; ¢ — npyxkwuna Ne 3; d — npyxuna Ne 4

Figure 3 — Fluorescent X-ray images of the springs: a —
spring Ne 1; b —spring Ne 2; ¢ — spring Ne 3; d — spring Ne 4

[IpoBenensl uccnenoBaHUs IO ONPEIEIICHUIO
MPOCTPAHCTBEHHON pa3pelaroneil crnocoOHOCTH
cucrembl. OOUH U3 cHOCOOOB OMpenesIeHUs Mpo-
CTPAaHCTBEHHOH pa3peliaoneldl CriocOOHOCTH PEHT-
TeHOONTHYECKOH CUCTEMbI COCTOUT B aHAJIN3E TCHE-
BOM KapTHHBI OT 00bEKTA, KOTOPBIH UCITyCKAET PEHT-
TeHOBCKHE Jy4yH. B kauecTBe oObekTa Obla BhIOpa-
Ha JKeJle3Hasl hIvia. B skcnepuMeHTe MUHX0J Kamepa
pacrionaraiach Ha paccTossHuM ¢ = 30 MM OT UIJIBI U
Ha paccTossHUU b = 15 MM OT pEeHTTeHOBCKOW Kame-

pel. Ha pucynke 4 mokazaHo oiIydeHHOE H300pake-
HUE UIJIBI BO BTOPUYHBIX PEHTI€HOBCKUX JTyJax.

Pucynok 4 — M300pakeHue jKeJIC3HO UIIIBI BO (riyopec-
HCHTHBIX PCHTICHOBCKUX JIydax

Figure 4 — Fluorescent X-ray image of the iron needle

Jns monmydeHus: KpaeBod (yHKUMH, KOTOpas
ONKCHIBAET  TPOCTPAHCTBEHHOE  paclpe/ienieHue
IUIOTHOCTU TIOYEPHEHHsI H300pa’KeHUsl BIOJb BbI-
OpaHHOTO HampaBJICHUs, HCIOIB30BAJIOCh IPO-
rpaMmHOe obecrnieuenue Image. B Hem mmeercs
BcTpoeHHas ¢yHkuus Plot Profile, xoTtopas cTtpout
TabNMIly W TpauK 3aBHCUMOCTH HHTEHCHBHOCTH
OTTEHKa CEpOro BOJb BBIOPAHHOIO OTpE3Ka Ipsi-
Moi. Takasi 3aBUCHMOCTb M MPEACTABISIET KPAeBYIO
(yskmmro. Ha pucynke 5 mokazana kpaeBast pyHK-
1Usl, TOJTydYeHHas B pe3yabraTte o0paboTKu M300pa-
JKeHUM uriel. s onpenenenus paspearolieu crno-
COOHOCTH ONTHYECKOH CHCTEeMbl HEOOXOAMMO OIpe-
JeNTUTh PacCTOsIHUE, HA KOTOPOM KpaeBas (DyHKLUS
yMmenbmaercs ¢ enmuuunel 0,8 7 no 0,2 1, tne

max’
[ _— MakCMMaJbHOE 3HAYCHUE WHTEHCUBHOCTH. M3
PUCYHKa 5 BUAHO, YTO PACCTOSHHE MEXKAY ITHMHU
YPOBHSIMU COOTBETCTBYET NMPUMEPHO TPEM IHKCE-
nsim. [Ipu yuere pasmepa nukcens (36 MKM Ipu OMH-
HUHTE §) ¥ TEOMETPUU ChEMKHU pacCUUTaHHAS pa3pe-
mraroras crmocoOHocTh paBHa 216 MrM. [Tockonbky
pa3Mep OTBEpCTHs MUHXOM KaMepsl paBeH 100 MM,
TO JOCTUTHYTAs paspelaromniasi CrioCOOHOCTh SBIIS-

€TCA yﬂOBﬂCTBOpHTeHLHOﬁ.

04 -

I/IHTeHCI/IBHOCTL, OTH. €.

Intensity, arb. units

00 I ey \'\.f-h-'-..-'.-.l\'-h.-l"--’

T T T T T T T T
10 20 30 40 50 60 70 80

PHCCTO}IHHC, IIHKCCJIb
Distance, pixel
Pucynoxk S — Kpaepast pyHKIINS 111 H300payKeHHS UTITBI

Figure 5 — Plot Profile for the needle image
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3akiaoueHmne

Pa3paboraHo ycTpoHCTBO UIsi MOJTy4YEHHUS H30-
OpakeHUsI OOBEKTOB BO BTOPHUYHBIX ((pITyOpecreHT-
HBIX) PEHTICHOBCKHX Jy4ax. YCTPOWCTBO COCTOHUT M3
HCTOYHMKA PEHTTEHOBCKOIO W3JIy4eHMs, MMHXON Ka-
Mephl M AByMepHO# 1wippoBoit pentrenoBckoit 113C
kamepbl. OOBEKT UCCIIeIOBaHUs O0TyYasIcs N3y ICHH-
€M OT PEHTICHOBCKOM TPYOKH U UCITyCKaJl BTOPUYHBIE
penTreHoBckue Jiyqd. [Tnnxon kamepa ¢ pa3mepom oT-
Bepctrst 100 MKM HCTIONB30BaTach TSt (GOPMUAPOBAHUIS
n300pakeHns1 00bEKTa BO BTOPUUHBIX PEHTICHOBCKUX
Jydax Ha BXOJHOM OKHE ABYMEPHOH LU(POBOIl peHT-
TFeHOBCKOW Kamepbl. C HMCIONIb30BaHUEM YCTPOMCTBA
MOJTydeHbl M300pKCHUsI psifia IKEJIE3HBIX HPYKHH,
OTJIMYAIOIIMXCST Pa3MepaMH. YCTaHOBJICHO, YTO MPO-
CTPaHCTBEHHAs pa3peliaronas CriocoOHOCTh YCTPOM-
cTBa cocTapisieT okoso 200 MxM npu sxcno3uimu 60 c.

PazpaboranHoe ycTpOHCTBO OTIIMYAETCS OT M3-
BECTHBIX aHAJIOroB Hcrnoab3oBaHueM [13C kamepsl
C HAHECEHHBIM HA BOJIOKOHHO-ONTHYECKYIO MIal0y
CJIOEM CLHHTWIIATOPA, YTO IO3BOJSIET HOBBICUTH
3¢ (EeKTUBHOCTh PETHUCTPAIMN PEHTTEHOBCKUX (HO-
TOHOB BBICOKHMX 3HEPI'Hid IO CPABHEHHUIO CO CIIy4aeM
sHeproaucnepcuonubix [13C kamep. B atom cocto-
UT HOBU3HA ycTpoiictBa. JlocTUrHyTas mpocTpaH-
CTBEHHAasl pa3peliaronas CrioCOOHOCTb CHUCTEMBI B
200 mMxMm mpu Tosie 3perust okoso 0,5 X 1 cm? cpas-
HUMa C pe3yJIbTaTOM, IPUBEACHHBIM B [9] U cocTaB-
JSIOIIKUM: pa3pelieHue cucteMbl paBHO 140 MM
IpH 110J1e 3peHust 4 X 4 cm?. VAydIInuTh paspenieHue
pa3paboTaHHOW CHUCTEMBI MOXKHO 3a CUET YBEIHYe-
HUS 9KCTIO3UIMHY, ONTUMH3ALNN YCIOBUN CHEMKH U
YMEHBIICHUS pa3Mepa OTBEPCTHSI MHUHXOJ KaMephl.
B nanpueiimeM mniaHMpyeTcs HpPOBEICHUE HCCIIe-
JOBAaHUH 110 UAECHTU(UKALIMK JIEMEHTHOTO COCTaBa
o0pasia MmyTeM MCHOJIb30BaHMs CENeKTUBHO-IIOITIO-
LIAIOLINX PEHTIC€HOBCKUX (DPUIBTPOB.

BaaromapuocTn

Pabora momnepxana benopycckum pecryOiu-
KaHCKUM (OHAOM (PyHIAMEHTAIBHBIX HCCIe0Ba-
Hui, npoext ®16P-070.
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