OITOBOJIOKOHHBIMH JIATYMKAMH, KOTOPBIE B AajbHEHIIEM IMOMEIanuch B Hanbosee NHQOPMATUBHbIE U BasKHbIC
TOYKH, PACIIOJIOKEHHBIE B OIYXOJIM U HOPMaJIbHOM TKaHU.

Pa3paboTaHHbIC TKAaHEAIKBUBAJICHTHBIE ()AHTOMBI SIBIISIFOTCSI CTATUYHBIMHE U B HUX OTCYTCTBYIOT MEXaHU3MBbI
pErynupoBaHus TeMIlepaTypsl. [Ipu OTCYTCTBHM KPOBOTOKA TEMIIEPATypa TKaHHU MOCTOSHHO yBEIHIHBACTCS CO
BpPEMEHEM. DTO CBSI3aHO C T€M, YTO B JAHHOW MOJEIH TKAaHH OTCYTCTBYET €IHMHCTBEHHBIN MEXaHU3M IOTEPH
Tema — KpoBoTOK [3]. Ilpw Hammumm KpOBOTOKA TEMIIEpaTypa TKAaHM HE YBEIMYMBAETCS IOCTOSHHO, HO
CTPEMUTCS. K TIOCTOSTHHOMY 3HAU€HHIO B OOJBIIIOM MPOMEKYTKE BPEMEHH. DTO NPEAeIbHOE 3HAUCHHE 3aBHCUT
Kak OT ITOJBOJVMOM TEIUIOTHI, TAK W OT KPOBOTOKAa. B maHHOW paboTe 3HaUCHMS MPUPOCTA TEMIICPATYPHI C
YUYETOM BIJIMSTHUS TIOTOKA KPOBU HAa YPOBEHb HarpeBa ObLIM OLCHEHBI Ha OCHOBE 3KCIEPUMEHTAIBHBIX AaHHBIX,
M3MEPEHHBIX I CTaTHYHBIX (DaHTOMOB IyTeM Iiepecuera Ho Qopmyse, MOIy4YEHHOH M3 KIacCHYECKOTo
ouotemioBoro ypaBuenusi ['appu Ilenneca [4]. Beuto ompeneneHo, 4TO MpH MPOBEICHUHA CEAHCOB JIOKATBHON
THIIEPTEPMHUU JIOCTUTAETCsl TEpaleBTHUYEeCcKas TEMIIepaTypa, IpU KOTOpOH HaOII0JaeTcst CEHCHOMIM3anus
OITyXOJIM K JIydeBOH Tepanuu. OOnacTb HOpMalbHBIX TKaHEH IPH 3TOM HArpeBaeTcs B Npejenax HOPMBI U He
HPEBBIIIACT JOIYCTUMOTO YPOBHSL.

HccnenoBanue BBIMOIHEHO 3a cueT rpanTa Poccuiickoro HaydHoro Goraa (mpoekt Ne 19-79-10014).
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To design an X-ray tomographic system, the most important thing is to select devices, which are best suited
to particular task that may vary depending on the sample type, required spatial resolution, components contrast
and ROI of the samples. In general, by only using specification of the device it’s difficult to archive all the
information which is needed to make optimal choice, thus, developing of methods that could give more complete
information about devices in context of a particular task, might be actual. In the current work, we offer methods
for X-ray detectors characterization based on statistics analysis. The following parameters are considered:
crosstalk, quantum efficiency, single pixel deviation, matrix pixels heterogeneity.

As is known, when an X-ray photon interacts with scintillator, the result light pulses are formed not only at
interacted pixel, but neighbors elements are affected too, as well as charge is distributed for direct conversation
detectors. This effect, which is called as crosstalk, degrades spatial resolution and depends on scintillation layer
thickness, pixel size, technical designing of the detector. Since the signal in neighbor elements is repeated for
crosstalk degree, the SNR for those pixels partially must not be increased. By calculating of SNR shortage
between all pixels, it’s became possible to get crosstalk degree, which is used in this work.

The general impact on single pixel comes from detector quantum efficiency, which depends on incident
spectrum and can be calculated as follows:

2
SNRincident

DQE = 5 ,
SNRgetected
where SNRincigent and SNRgerecteq are relation for incident and detected spectra integrals respectively.

However, there is detector internal noise, that increases single pixel deviation, then the complete equation takes

the form:
S

SNR = ——,
JOR%+S
where S — the detector signal and o — the deviation which is formed by the detector internal noise.

In an attempt to get uniformity response for detector pixels one can use flat-field correction filter [1].
However, the more incident spectrum differs from that which was obtained at flat-field filter calibration, the
more pixel heterogeneity appears. As opposed to single pixel deviation, pixel heterogeneity is not affected by
averaging. In the current work, we offer to obtain a lot of frames for spectra which are close to real conditions in
order to separate single pixel deviation from matrix pixels heterogeneity.
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By using the developed method the detectors Ximea CCD OnSemi KAI-11002(16000) 11 MPix, Ximea
sCMOS Gpixel GSENSE5130 15 Mpix, Shad-o-Box 3K HS are tested. Recently released Ximea on sCMOS
sensor shows best result for crosstalk — 12 % against 45% and 60% for Ximea on CCD and Shad-o-Box 3K HS
respectively, but worst result for matrix pixels heterogeneity for hardened specrtra, which makes it difficult to
use it for density samples.
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PA3BPABOTKA CIIOCOBA ONPEJAEJEHUSA XJIOPOPI'TAHUYECKHUX
COEJUHEHUM B IOTOKE HE®TH
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XJIopopraHudecKre COCAMHEHUS, MPUCYTCTBYIONINE B HEPTAX, HEPTETIPOAYKTaX, XUMHUUECKUX PEareHTax,
BBI3BIBAIOT KOPPO3MIO 000pyIOBaHWS, "OTPaBISIOT" KaTalM3aTOPHl M Ap., YTO MPHUBOAWUT K cOOI0 B padore
obopynoBaHuss W TaryOHO CKa3bIBaeTCs B IIEJIOM Ha pabdOTe COOTBETCTBYIOIIMX 3aBOJNOB, a B CIydae
TpyOOTIPOBOIHOI TPAHCIIOPTHPOBKH HE(HTH MOKET IPUBECTH K SKOJIOTHIECKON KaTtacTpode MpH ero MpopsIBe U,
COOTBETCTBEHHO, K KOJOCCAIBbHBIM YOBITKaM 10 YCTPAHEHHIO pe3yibTaToB aBapuu. Croco0OB U yCTPOWCTB IS
9KCIPECC ONpEICIICHNs TAKUX COCMHEHUH B CHIPOil HeTH 00JIaJaroNIMX HEOOXOJUMON YyBCTBUTEIEHOCTHIO Ha
TEKYIIUIl MOMEHT He cymiecTByeT [1].

B nanHO#l pabore paccMOTpeHa BO3MOXKHOCTH HCIOJIB30BaHUS JIByXBOJIHOBOH BOJIHOAWCIIEPCHOHHOM
UHTpOCKONHHU [2] Al M3MEpeHHs KOJIWYECTBa NMpHUMeCced XJIOPOPTaHUYEeCKUX COCIMHEHHH C TOYHOCTHIO MEHE
200 ppm. IIpeumyrnecTBO mpemIaraeMoil TEXHOJOTUH HaJl HMCIOIIUMUCS PEHTTCHOBCKUMH CIIOCOOaMHU
3aKIIFOYaeTcss B TOM, YTO He TpeOyeTcs cIeruaibHas NpOOOMOATOTOBKA, a YCTPOWCTBO MOXET OBITH
peai30BaHO B BUE MOTOYHOTO aHaNM3aTopa. [[pHHIHIHANEHAS CXeMa pealn3alii criocoda IoKa3aHa Ha pHC.
l.
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Puc. 1. [lonyuenue nByx sHepreTuueckux JuHui. Kpucrann-ananuzatop HacTpoeH Ha yrou bparra nis 30 k3B,
mHAs 60 K3B mosBIILeTCS HA TETEKTOpE 3a CUET 2-T0 AH(PaKIIMOHHOTO MAKCHMYMa U XapaKTePUCTHIECKON
JUHAA BOJb(ppama.

Jnst ompeneneHuss TpuUMeced XJIOPOPTaHWKH C MaccoBoi goiedt 200 ppm HeoOXoauMo o00ecreduTh
OTHOCHTENIFHYIO CTATHCTHYECKYIO OIIMOKY pErncTpanuil (OTOHOB OOJBIIE, YeM M3MEHEHHE B MHTEHCHBHOCTH
JMHAN CHEeKTpa 3a CYeT MPHUCYTCTBHUS XJopa. Ecimm xonmuecTBo ¢poToHOB ¢ sHepruer 30 keV, npomenmux gepes
qHCTYIO He(Th M 3apErHCTPUPOBAHHBIX 1eTeKTOpoM Nop 30 = 10°, To cTaTHCTHUECKas OTHOCHTEIbHAS OLIHOKA
6yner 6=v/N=1000. [TosToMy, /I JOCTHKEHHS MUHMMAILHOTO TeopeTuueckoro SNR=1, Heo6X01uMO, 4TOGHI
BBITIOJIHSJIOCH YCIIOBHE M3MEHEHUs perncTpupyembix (ortoHoB st auHui AN3g 1 ANgy > 1000. dis TpyOsI
JMAMETPOM 5 CM H IUIOTHOCTBIO HedtH p=0.8 r/cM’ ¥ JHHCHHBIMH KOO((HIHCHTAME OTJIOMCHHS
U3oor= 0.211175 em! u Ueo o= 0.149602 CM'I, MOJIY9M YTO, HAYaJIbHOE KOJMYECTBO ()OTOHOB JIOJDKHO OBITH
No 30 = Np 6o = 2.875e+06. CooTBeTCTBEHHO, Uepe3 YucTyio HePTh npoiiaeT Nop g0 = 1.36051e+06 hoToHOB My1sT
mmann 60 keV. B cimywae, korma B HE(QTH TPHCYTCTBYET MPHMECh XJIOPOPTAaHUKH C JIMHEHHBIMH
KO3 (HUITHEHTAMH TIOTJIOMICHUS IS XJopa Usg cf = 7.68934 em! m Ueo c1 = 1.39302 CM'I, M B MacCOBOH IOJIH
xsopa 200 ppm, HayaJdbHAsT HHTEHCUBHOCTH JIMHHUN crieKTpa OyneT ocnabiena 1o ypoBHSA Noycy3o= 9.9255+05
" Noicigo= 1.35882¢+06 ¢oroHoB. B mTOre M3MECHEHHUS B CHCKTPAIBHBIX JTHHUAX OyayT ANzp= 7450 wu
ANgo= 1690 ¢oronos. Otcioga moiyyaeM, 4YTO COOTHOLIEHHMS CHTHAN/LIYM MAJIsl JIMHUHA CIeKkTpa Oyayt
SNR3¢=7.45 u SNRg=1.69.

Pacuer mokasbpIBaeT, YTO NPH COOTBETCTBYIOLIEH 3arpy3ke JAETEKTOpa BO3MOXKHA PETMCTpaLysl IpuMeceit
XJIOPDOPraHUKK B He(TH B IIOTOKE He pexe | pasa B CeKyHIy M C TOYHOCTbI0O He Mmenee 200 ppm.
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