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AHHOTaUKA

BbInosHeHa pernctpaums TenaoBbIX HEATPOHOB C NOMOLLGIO ABYX NAaHapHbIX Si AeTEKTOPOB: C KOHBEp-
TOPOM HeWTPOHOB M3 eCTECTBEHHOr0 MeTaninyeckoro Gd v 6e3 KoHeepTopa. [ns nonyyeHns TenioBbIX
HEMNTPOHOB MCMonb3oBasca 2 'Pu-Bc(a.n) MCTOYHMK BbICTPLIX HEATPOHOB C NapaMHOBbLIM 3aMeannTe-
nem. PermctpmpoBanncb KOHBEPCUMOHHbIE 3MEKTPOHbI saepHol peakuun Gd(n,ye)Gd. ®oHoBOe ramma
n3nyydeHne namepeHo Si getektopom 6e3 cnos Gd.

Abstract

The thermal neutrons were recorded with the aid of two planar Si detectors: with a neutron converter from
natural metallic Gd and without a converter. To obtain thermal neutrons, we used a 2 'Pu-Bc(a. n) fast
neutron source with paraffin moderator. The conversion electrons of the nuclear reaction Gd (n, ye) Gd
were registered using Gd-Si detector. The background gamma radiation was measured by a Si detector
without a Gd layer.

KntoueBble cnoBa: KPeMHUEBbIE MNaHapHble AeTeKTOopbl, Gd KOHBEPTEP, TEM/MOBbIE HEATPOHLI, 3NEKTPO-
Hbl KOHBEPCUMN.
Keywords: silicon planar detectors, Gd converter, thermal neutrons, conversion electrons.

BeegeHune

MepCneKTUBHOCTb permcrpaymy TenaoBblX HEWTPOHOB C MOMOLLbLK MOAYNPOBOAHUKO-
BbIX Si OeTEeKTOpPOB W KoHBepTopa M3 Gd nokasaHa B pa6botax [1-3]. MagonuHuin nmeet
HanbonbLlee cevyeHme 3axBaTa TenaoBbiX HEMTPOHOB (8o 300 000 6apH) [2,3].

PaboTa npogonxaet nccnegosaHns nocnegHux net 8 HHU, X®TW no peructpaumn Ten-
NOBbIX HEMTPOHOB C NMOMOLLbIO MAaHapHbIX Si AeTEeKTOPOB C KOHBEPTEPOM HENWTPOHOB U3 ecTe-
CTBEHHOro MeTtannnyeckoro Gd. Bbinnm npoBefeHbl MOAENNPOBaHME 3aMef1eHUsS HENTPOHOB U
BbIX0Ja SAEePHON peakumu 3axBaTa TennoBbiX HeidTpoHoB Gd(n,ye)Gd [4,5]. Pa3spaboTaHbl rep-
MEeTU3NPOBaHHble MOAYNW NS Perucrpauum nsnyvyeHun [6,7] n n3ydeHol 0CO6EHHOCTW peru-
cTpaumn m3anyyeHuii Si pin getektopamu [8,9]. B [10] akcnepMmeHTalbHO U3MePANNUCH 3NeK-
TPOHbI KOHBepcun n XPWU Gd cuctemoit Gd-Si geTeKTop B OJHOKaHanbHOM pexume. DPOHOBOE
ramma nsnyyeHune U3amepeHo Si geTektopom 6e3 cnos Gd. ViamepeHus npoBoaAnnncL nNocnegoBa-
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Fou ] 239
TefIbHO B paBHOW reoMeTpun. Mpu 3TOM ramMma nsfiyyeHne UCTOUHUKA HENMTPOHOB ~~ Pu-Be(a,n)

0TCEKaNoCb 3alWMTHbIM CNOEM CBUHLA M XXenesa. Takum 06pa3oM MpoBOAMNACL Perncrpauus
NMOTOKa Tens0BbIX HEMTPOHOB B OTCYTCTBMM ramMmma (hoHa.

Llenb HacToswen paboTbl - co3gaHWe U UCMbITaHUE ABYXAETEKTOPHON AeTeKTUPYHOLLEW
CUCTEMbI Ha OCHOBE ABYX HEOXNaXK[aeMblX KPEMHMWEBbLIX AEeTEKTOPOB M MeTann4yeckoro rago-
NNHUS ANA PerncTpauumn TenoBbiIX HEMTPOHOB C BO3MOXHOCTbIO OTCTPOMKM OT (POHOBOrO ram-
Ma-un3nyyeHus. amepeHns nNpoBoOAMANCL OAHOBPEMEHHO ABYMSA AeTeKTopamu. B akcrnepumeH-
Tax raMMa usny4veHue He NOAaBAANOCS.

SKcnepmmeHTaanaﬂ MeToAnKa

MpUpPOAHbIA TagoNVHUIA COAEPXUT ABa BaXHbIX m3otona: 156Gd - 14,8% (ceveHue 17
Q00 6apH), 5/Gd - 15,7% (nonepeyHoe ceyveHne 300 OO0 6apH). Peakummn 3axeaTa HEMTPOHOB C
MaKCUMa/bHbIM MOMEePeYHbIM CEYEHNEM:

n + 155Gd —»156Gd* —»156Gd + y-quanta + Gd CXR + conversion e' (39-199 keV);
n + 15/Gd —»158Gd* —»158Gd + y-quanta + Gd CXR + conversion €' (29-182 keV).

B pa6ote peructpupytotca nuHun XPW Gd c aHepruamm Ka=42.99 kaB n Kp=48.69 k3B
N KOHBEPCUOHHbIE 3N1EKTPOHbI B fMana3oHe aHepruii conversion 30...200 kaB.

[na nonyyeHns TennoBbiX HEATPOHOB WMCMONb30BaNCA UCTOYHUK ObICTPbIX HEWTPOHOB
239Pu-Be(a,n) c 3amegnutenem u3 napapuHa. HelTPOHHbIE UCTOUYHUKM M3MyYalOT KaK HEWTpo-
Hbl, TAK U raMMa KBaHTbl B LUMPOKOM [Mana3oHe 3Hepruii. HTEHCUBHOCTb ramma u3snydeHus
06bIYHO CpaBHMMA MW 3aMETHO BbILLE HEATPOHHOTO MOTOKA.

MpuMeHeHa ragonmHneBas nnacTuHa TonwmnHol 0.4 MM, pacnonoXXeHHas BNAOTHYHO K Si
petektopy (puc. 1). KOHCTpyKUus Moayns LS perucrpauumn TennoBblX HEWTPOHOB MOAPOBGHO
onucaHa B [6].

Puc. 1 O6wuii Bug repmeTnsvpoBaHHoro mogyns: 1- Si getektop, 2 - Gd KoHBepTOp,
3 - cuTanioBast NoAnoXKKa
Fig. 1 General view ofthe sealed module: 1- Si detector, 2 - Gd converter, 3 - sital substrate

[na KannbpoBKU CNeKTPOMETPUUYECKUX CUCTEM N CO34AHUA CMELUAHHbIX 3N1EKTPOHHBIX 1
ramMma nonen u3nyvyeHns NPUMeHeHbl PagnoaKTUBHbIE NCTOYHUKN 241ALW, 57C0, 90 Sr-90Y, 137Cs.
Ha puc. 2 npefcTaBneHa cXxemMa aKCnepuMeHTa, MCMOoNb30BaHHasa B HacToAL el paboTe.

[Byx[eTeKTopHas CcucTema, peanusyollas pasje/ieHne ramma-HeMmTpoOHHOro mnoToka. B
[BYX1eTEKTOPHOM MOAY/e pa3melleHbl ABa Heoxnaxaaembix MK/ pasamepom 5x5 MM € TONLLMHOW
300 mkM. Ha ogHOM M3 pa3MelleHHbIX AeTeKTopoB YycTaHoBneH Gd KoHBepTop. [puMeHeHa
obpaTHas reomeTpus, Korga cnoin Gd pacnonoxeH nosaaun Si getektopa. D - TonuwmuHa napadunHa
MeXAYy WCTOYHWKOM ObICTPbIX HEWTPOHOB W feTeKTopom. TonwuHa napaduHa (D, cm) MoOxeT
n3ameHaTbca oT 0 o 10 cm ¢ warom 2 cM. MnactuHa M3 Al TonwwuHoi 0.5 MM ABNAeTCA 4YacTbio
KOHCTPYKLUWN repMeTU3MpoBaHHOro feTekTopa. B akcnepumeHTax He MCMNOJMb30BaNUCh 3allUTHbIE

thonbrn us Pb, Fe gna otceyeHnss pOHOBOro rammMa U3ny4deHus.
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B npegnonoxeHun paBeHCTBA raMMa-OTKAIMKOB 00enX [eTEeKTOpPOB, W3 CMeKTPasbHOro
pacnpegeneHuns nepeoro getektopa ¢ Gd BbluMTaeTcsa pacnpefenieHve, MoayvyeHHoe LeTeKTOPOM
6e3 Gd, COOTBETCTBYHOLWMNA (POHOBOMY ramma OTKAMKY. Takmm 06pa3om, BbIAENANCA MONE3HbIN
CUIrHan Bbixofa peakumnu 3axeata Gd(n,ye)Gd.

Ha puc. 3 nsobpaxeH ABYXAeTEKTOPHbI MOAYNb 418 PErncTpaLun TenI0BbIX HEATPOHOB.

D=10 cm

Puc. 2. Cxema akcneprMeHTa B reoMeTpy, Korga Gd pacnosnioxeH nosaau Si fetekropa:
1- 2 'Pu-Bc(a.m) UCTOUHMK HEMTPOHOB, 2 - Si petekTop, 3 - Gd KoHBepTep, 4 - Al Kopnyc,
5 - mapagmHOBbIV 3ameannTeNb
Fig. 2. Schematic ofthe experiment in geometry, when Gd is located behind the Si detector:
1- 2y'Pu-Bc (a,n) neutron source, 2 - Si detector, 3 - Gd converter, 4 - Al casing, 5 - paraffin moderator

Puc. 3. [OBYyXAeTeKTOPHbIA MOAY b A1 PErMCTpaLymn TeNI0BbIX HEATPOHOB: 1- aHanoroBo-LMgpoBble
npeobpasoBaTenu, 2 - KpeMHueBble aeTekTopbl Si-Gd 1 Si, 3 - CNeKTpoOMeTpUYecKas 3NeKTPoHNKa
Fig. 3. Two-detector module for recording thermal neutrons: 1- analog-to-digital converters, 2 - silicon
detectors Si-Gd and Si, 3 - spectrometric electronics
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B mogyne npuMMeHeHbl ABa HEOX/TXKaeMblX KPEMHUEBBIX AeTeKTopa ¢ 6/IM3KMMUK XapakK-
TEPUCTMKAMWN B OTAENbHbIX KOpNycax C ONTUMM3aumnel pacnonoXeHns AeTeKTOPOB U CNeKTpPo-
MEeTPUYECKON 3NEKTPOHNKN. KOHCTPYKLUN AETEKTOPOB MOAO06HbLI APYr ApYry, HO B OTAuyune OT
BTOPOro AeTekTopa, Nepsblil feTekTOop MMeeT Gd KoHBepTop. B LeHTpe fBa cneKTpoMeTpuye-
CKUX YCUNNTENS Ha OCHOBE ABYX repMeTu3npoBaHHbIX moaynei: Si-Gd n Si. 3atem cBepxy no-
MelLaTcd 6pyckn napaduHa. MNpefycunutenib CNeKTPOMETPUYECKOro TpakTa HaxoaaTcsa BHYT-
pv napafmHa. VICTOYHMK HEWTPOHOB MOMeLLaeTCa Ha BEPTUKa/IbHOW OCU NOcepeanHe Mexay
ABYMSA LeTeKTUPYHOLWUMN MOAynamMu. ITo obecneynBaeT OANHAKOBOE raMMa U HEWTPOHHOE U3-
NyyeHns ans ABYX [eTeKTOpPOB.

Pa3paboTaHa nporpamMma OLHOBPEMEHHOIO CYUTbIBAHUS CUTHaNOB C [BYX AeTeKTOPOB.
OKHo nporpaMmMbl Habopa cnekTpa n3obpaxxeHo Ha Puc. 4.

Puc. 4. OKHO nporpaMMbl Habopa CnekTpa 0T UCTOUHMKAA T. CuHAA NMHNA - aeTekTop ¢ Gd,
3eneHast MHWA - fetekTop 6e3 Gd, kpacHast IMHWA - Pa3HOCTb CMEKTPOB
Fig. 4. The window ofthe program for dialing the spectrum from the source 241Am. The blue line
is the detector with Gd, the green line is the detector without Gd, the red line is the spectrum difference

MponcxoanT O4HOBPEMEHHbIN Habop CNeKTPOB (CUHAS NUHUA - aeTekTop ¢ Gd , 3eneHas
NMHUA - petekTop 6e3 Gd) gByms feTekTopamu. oKasaH TakXe «BblYeT» [ABYX CMeKTPOB -
PasHOCTb CMEKTPOB - KpacHas NMHUA. Ha pUCYHKe PerucTpupyroTca JIMHUM U3NTyYeHUs OT uc-
TouHuka AT,

Ha Puc. 5 nokasaHbl BapuaHTbl pacrnonoXeHUs ABYXAETEKTOPHON AEeTEeKTUPYHOLWERn cu-
CTeMbl B nNapauHOBOM Mojepatope. Puc. 5a - MCTOYHMK HEATPOHOB BMNIOTHYHO K AeTeKTopam.
Puc. 5 6 - npouecc 06knaabiBaHUA AeTeKTOpa napatnHOM.

a) 6)
Puc. 5. PacnonoXeHus ABYXAETEKTOPHON AETEKTMPYIOLLEN CUCTEMBI B NapatiHOBOM
mogeparope
Fig. 5. The locations of two-detector detection system in paraffin moderator



102 HAYYHbIE BEJOMOCTU Ip

Cepus: MatemaTuka. dusmka. 2017. Ne 20 (269), Bbinyck 48

Pe3ynbTaTbl U UX 06CyXaeHNe

HekoTopble TPYAHOCTM NpWU NPOBeLeHUM U3MEPEHUI N BbIYETOB ABYX CMEKTPOB, MOny-
YeHHbIX [BYMSA CMEKTPOMETPUYECKUMU CUCTEMaMK Ha OCHOBe Si MnaHapHbIX AeTekTopos ¢ Gd
KOHBEPTOPOM U1 6e3 KOHBEPTOpPA, NMoKa3aHbl Ha puC. 6.

Ha puc. 6 a npefctas/ieHbl pacyeTHbIe MUKW U3NTyUYeHUs C IHEPTUAMU B MakCUMyMe 59 1
60 kaB. LWupuHbl Ha nonyebicote FWHM coctaBnatoT 1.5 kaB. Ha puc. 6 6 npefcrasneHbl pac-
YeTHble MUKW N3TyYeHUA C IHepruaMmn B makcumyme 60 kaB. LUupuHbl Ha nonysbicote FWHM
coctasnaoT 1.7 n 1.5 k3B. MNMokKa3aHbl TakXe pe3ynbTaTbl BblYATAHMUA CMEKTPOB.

- gauss 59 fwhm 1,5
- gauss 60 fwhm 1,5
- Delta

55 56 57 58 59 60 61 62 63 64
Energy, keV

Puc. 6 a. PacyeTHble TMUKU U3YYEHUs C
3HepruaMn B Makcumyme 59 n 60 k3B. LLUnpuHbI
Ha nonysbicote FWHM coctasnatoT 1,5 k3B. Delta
- pe3ynbTaT BblUMTaHUS ABYX CMEKTPOB

Fig. 6 a. Calculated radiation peaks with en-
ergies at a maximum of 59 and 60 keV. The widths
at half the height of the FWHM are 15 keV. Delta
is the result of subtraction oftwo spectra

Energy, keV

Puc. 6 6. PacueTHble MUKW W3NYyYeHUs ¢
3Hepruamm B Makcumyme 60 kaB. LLIMpuHbI Ha no-
nysbicote FWHM coctaBnatoT 1,7 1 1,5 kaB. Delta
- pe3ynbTaT BblUMTaHWA CMEKTPOB

Fig. 6 b. Calculated emission peaks with en-
ergies at a maximum of 60 keV. The widths at half-
height FWHM are 1.7 and 15 keV. Delta is the
result of subtracting spectra

Kak MOXHO BMAETb, AaXe Heb6O/blIOe pa3nnyune B MOJIOXKEHUN NMUKOB U3YyYEHUs, CBA-
3aHHbIX B 3KCMepUMEHTE C Pa3IMUHbIM YCUNEHWEM CNEKTPOMETPUUYECKOro TpakTa, Wau LUPUH
NMNUKOB M3yYEHUS, CBA3aHHbLIX C paspelleHneM AeTeKTopa, NpuBedeT K XapaKTepHOMY MCKaxe-
HUIO pa3HOCTK (BblYeTa) CNeKTPoB. TO eCTb BMECTO OXWAAEMOro HYNeBOro YPOBHSA CUrHana,
MOXHO MONYYNTb BbIGPOCHI B CNEKTPE BblyeTa.

[anee nepexoanm K perncrpaumm TeNN0BbIX HEATPOHOB MO Bbixody peakuun Gd (n, y e)
Gd fBymMA feTeKTopaMu, a TakxXe K MAEHTU(PUKaLMK 1 BblAeNIEHUN KOHBEPCUOHHbBIX 3/1eKTPOHOB.
B akcrneprmeHTax He MCNO/b30BA/INCH 3aLMUTHbIE )ONLIY A8 OTCEYEHUA raMMa U3NyYeHus.

MpeBapnuTenbHO M3MepeHbl OTKAUKM [ABYX [eTeKTOPOB Ha ramma usnyuyeHue “>°Pu-Be
(a, M) NCTOYHMKA ObICTPbIX HEMTPOHOB. apadMHOBLI 3amMmeanMTeNb Oblal MOMHOCTLIO YAaNeH co
BCEX CTOPOH. OTKANK AeTeKTopa PopMUpPoBanca ObICTPbIMU HENTPOHAMMN U FraMMa U3/TyYeHUEM.
Ha Puc. 7 nokasaHbl 3KCNepUMeHTa/lbHble CNEKTPbl, N3MEPEHHbIE ABYMS AETEKTUPYIOLWMUMU MO-
aynamu Si, 5x5 MM2 ¢ ragonmHneBbIM KOHBEPTOPOM U 6e3 kKoHBepTopa. CnekTp Delta - pas-
HOCTb CMEKTPOB MU3/yUYeHUs.

Kak MOXHO BMAETb, paspelleHne AeTeKTOPOB B [BYX C/lyyasx pasin4yHo. Moatomy npu
BblUATAaHUN CMNEKTPOB BO3HMKAET XapaKTepHOe WCKaXXeHWe cnektpa B 061acT 3Heprum
59.54 kaB. Takoe UCKaxeHMe NokasaHo Ha Puc. 6 6. HabnogaoTca oTyeTnueble nuku XPUW ot
Gd, nuHus 59.54 k3B 1 He60MbLIONA (OH OT UCTOUYHMKA HEWTPOHOB. HUKAKNX BbIPaXEHHbIX
CTPYKTYp nocne 900 KaHana (Bbile 60 K3B) B cnekTpax U B CMEKTPe - Pa3HOCTW He HabnoaaeT-
ca. B fanbHenWwnx ekcnepMMeHTax MCnosb30BasncCh feTeKTopa ¢ OANHAKOBLIM 3HEPreTU4eCcKumM
paspeweHnem FWHM -1.55 k3B.

PacyeTHble CNeKTPbl KOHBEPCUOHHbIX 3/1IEKTPOHOB B peakuuy 3axBaTa HEMTPOHOB B NpU-
poaHoM Gd npeacTtasnieHbl Ha Puc. 8 [4,10]. OxupgaeTca perncrpauma sfeKTPoOHOB KOHBEpPCUN B
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BUAE CreKTpa ¢ ABYMS BbINyKAoCcTAMU C aHepruamm 70 n 80 kaB. CTpenikamMn nokasaHbl noso-
XeHUs nuHnin XPN Gd n nuHum ramma mnsnydeHus c aHepruein 59.54 kaB. Ha Puc. 9 nokasaHbl
3KCnepuMeHTaNbHble CNEKTPbI, U3MEPeHHbIe ABYMA AeTeKTUpyrLWmnumMmm Mogynammu Si, 5x5 mm ¢
Gd KoHBepTOpOM U 6e3. Micnonb3oBaH cnoii napauHa D = 2 cwm.

Channel

Puc. 7. SKcrnepyMeHTaslbHble CMEKTPbI, U3MepPeHHbIe ABYMSA AeTEKTUPYOWUMN MOAYNAMK Si, 5X5 MM2
C rafloNVHeBbIM KOHBEPTOPOM ¥ 6e3 KOHBepTOopa. 3aMef/inTeNb 1 3almTa yaaneHsl. Delta - pasHocTb
CMEeKTPOB M3/yYeHs
Fig. 7. Experimental spectra measured by two detection modules Si, 5x5 mm2with gadolinium converter
and without converter. Moderator and protection removed. Delta is the difference between
the emission spectra

Energy, keV
Puc. 8. PacueTHble CMeKTpbl KOHBEPCUOHHbBIX 3/1EKTPOHOB B PeakLin 3axBaTa HeTPOHOB
B npupogHom Gd
Fig. 8. Calculated spectra of conversion electrons in the neutron capture reaction in natural Gd

Channel
Puc. 9. 3kcnepyMeHTasbHble CMEKTPbI, U3MepPeHHbIE ABYMSA AeTEKTUPYOWUMN MOAYNAMKU Si, 5X5 MM2
C rafj0fIMHVeBbIM KOHBEPTOPOM U 6e3. Delta - pa3sHOCTb CNekTpoB u3nyyeHuns. D =2 cm
Fig. 9. Experimental spectra measured by two detection modules Si, 5x5 mm2with gadolinium converter
and without. Delta is the difference between the emission spectra. D =2 cm
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Ob6palwiaeT Ha cebd BHMMaHWe OT4yeTnMBasA AByxropbas CTpPyKTypa B Buie LIWPOKOro
pacnpeaeneHns B o6nactn >60 kK3B. 3To CNEKTP KOHBEPCUMOHHbLIX 371eKTpoHOB (CE), cooTBET-
CTBYIOLLLAA rpynnamM 3N1eKTPOHOB C 3Hepruammn ~70 n 80 kaB. ToHKasa CTPYKTypa CnekTpa KOoH-
BEPCUOHHbLIX 3/IEKTPOHOB HE BWAHA, YTO 0OYC/IOB/IEHO pa3pelleHnemM KPeMHWEBOro [eTeKTopa
FWHM -1.55 k3B, a TakxXe CTparrfivHroM 3Hepruii 3NeKTPOHOB MPU MX MPOXOXAEHUN 4yepes
C/I0M rafoNVHMA 1 3alWMTHOIO NaccuBMpytoLwero cnos Si fetekropa.

Takum 06pa3om, CMeKTpbl COLEPXAT pacrnpefeneHe KOHBePCUOHHbIX 3/1eKTpoHoB (CE),
nmHnin XPU Gd npu Hannumm KoHsepTopa M3 Gd, OCTATOYHYH NIMHUIO TaMMa W3/yyeHus c
aHepruein 59.54 kaB u3 **’Pu-Be(a,n) MCTOUHMKA HEITPOHOB. Y /1anoch 3KCMepUMEHTaNbHO 3a-
PerncTpmpoBaTh KOHBEPCUMOHHbIE 3NEKTPOHbI U3 peakLumn 3axBaTa HeilTpoHoB Gd(n, y+e")Gd.

Kpome TOro, B CNekTpe MMeeTCHA XapakTepHasa orubarollas MMHUA-BbINYKNOCTb B gMana-
30He 300-800 kaHana. 34eCb PerucTpupyroTca raMma KBaHTbl 06paTHOro M MHOTOKPaTHOro pac-
cesHUs oT nuHumM 59.54 kaB. Tak o06pasyeTcs AOMONHUTENbHbIA BbITMG, YCTPaHUTb KOTOPLINA
MOXHO TOJIbKO BblYMTaHWEM CMEKTPOB.

OTMeTUM, YTO Aaxe B C/lyvyae HEMOMHON KOMMeHcaumm nuka 59.54 kaB, rpynna KoHBep-
CUMOHHbIX 3/1IeKTPOHOB BblAensaeTcsd BMOJIHE OTYETAMBO. MOXHO CONOCTaBUTbL KONUYECTBO KOH-
BEPCUOHHbLIX 3/1IEKTPOHOB C PACYETHLIMW JaHHLIMWU W OMNpefennTb ycpegHeHHOoe 3HavyeHune noTo-
Ka TeMN0BbIX HEATPOHOB.

[Mocne npoBefeHUsA KOppPeKLUM YCUNEHNSA CNEKTPOMETPUYECKOTO TPaKTa Mo MOJIOXKEeHUIO
MaKCMMYMOB MUKOB M3/ly4YeHUsi OT pafuM0aKTUBHbIX UCTOYHWUKOB O6bli NMPOBefeHbl aHanormny-
Hble n3MepeHnsa gna D = 4 cMm. Pe3ynbTaT 3KCMepuMeHTanbHOro nsmepeHua ana D = 4 cm noka-
3aH Ha Puc. 10. MNpegcTasnieHbl ABa 3KCNEPUMEHTaNIbHbIX CMeKTPa, M3MepeHHble ABYMSA [eTek-
Tupyrowumun mogynamm Si, 5x5 MM € rafonMHWeBbIM KOHBEPTOPOM U 6e3 KOHBepTOopa U KX
pasHuua (Bblyer).

Channel

Puc. 10. 3kcnepyMMeHTa/IbHble CMEKTPbI, M3MEPEHHbIE ABYMS AETEKTUPYOWMMN Moaynamm Si, 5X5 MM2
C rafj0/fIMHVeBbIM KOHBEPTOPOM 1 6e3. Delta - pa3sHOCTb CrekTpoB n3nyuyeHus. D =4 cm
Fig. 10. Experimental spectra measured by two detection modules Si, 5x5 mm2with gadolinium
converter and without. Delta is the difference between the emission spectra. D =4 c¢m

Kak MOXXHO BUAETb, NMMHUN XPW ragofiMHna N KOHBEPCUOHHbIE 3M1EKTPOHbI MPAaKTUYECKU
OYNCTUAUCL OT (POHOBOro ramma M3nydyeHus. OCTaNoCb HE3HAUMTE/NIbHOE UCKaXKeHWe CMekTpa,
CBA3aHHOE C HEKOPPEKTHbIM BblYeTOM NMHUKN 59.54 k3B. Mpynna KOHBEPCMOHHbIX 31E€KTPOHOB
BbIeN1SeTCA BMNOJSIHE OTYETNUBO. 34eCb BO3MOXHO MPOBECTW anmnpoKCUMaLUI0 CrneKTpa KOHBEp-
CMOHHbIX 31eKTPOHOB B AnanasoHe KaHanos 750-1000.

lMpoBeaeHbl aHanornyHbole namepeHus ana D=10 cm. Pe3ynbTatbl 3KCMNEPUMEHTANLHOIO
N3MepeHma nokasaHbl Ha Puc. 11. MNpeacTaBneHbl ABa 3KCNEPUMEHTA/IbHbIX CMEKTpa, U3MepeH-
Hble ABYMSA feTeKTupyrwumu mogynamu Si, 5x5 MM2 ¢ rafofiMHMEBbIM KOHBEPTOPOM U 6e3
KOHBepTOpa 1 UX pasHuua (BblverT).
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Channel
Puc. 11. OKCnepuMeHTa/IbHble CMEKTPbl, U3MEPEHHbIE ABYMSA AeTEKTUPYHOWMMN MogynaMm Si, 5x5 Mm2
C rafo/IMHVeBbIM KOHBEPTOPOM 1 6e3. Delta - pa3sHOCTb CrieKTpoB n3nyueHus. D = 10 cm
Fig. 11. Experimental spectra measured by two detection modules Si, 5x5 mm2with gadolinium
converter and without. Delta is the difference between the emission spectra. D = 10 cm

B aTom akcnepumeHTe nHUM XPW ragonmHus U KOHBEPCUOHHbLIE 3/IEKTPOHbI NMpaKTuye-
CKW MOJSIHOCTbKD OYUCTUAUCHL OT (POHOBOrO0 ramma Mu3fyyeHus. VICKaXXeHUs crekTpa-pasHuLbl
MUHUMaNIbHbl. KOHBEPCUMOHHbLIE 3/IEKTPOHBI BbIAENAOTCA OTYET/INBO.

BbiBOAbI

Pa3paboTaH U uCMbiTaH ManorabapuTHbIN MOAYNb AETEKTUPOBAHWUS TEMOBbIX HEWTPO-
HOB Ha OCHOBe ABYX Si ,U,eTSKTOpOB n meJannuyeckoro Gd koHBepTopa. Vcnonb3oBanuch feTek-
TOpbI C NAoOWaAblo 5X5 MM“ 1 TonwmMHON 0.3 MM.

BblIn N3MepeHbl 3KCNepUMeHTaNbHble CNeKTpbl Ana peakuun Gd(n,ye)Gd. CnekTpbl co-
ctosinm u3 nuHnuini Gd CXR ¢ sHepruein 42.99 n 48.69 k3B 1 KOHBEPCUOHHbIX 3N1EKTPOHOB B AMa-
nasoHe sHepruin 30...200 k3B ¢ mMakcuMymMom npu 3Heprumn ~70 k3aB. doHoOBOE ramma m3nyde-
HUe n3MepeHo Si-aeTekTopom 6e3 cnost Gd. 3awmTa oT U3NyYeHNin He npumeHsanacs. ViamepeHus
NpPOBOAMINCL O4HOBPEMEHHO, 3KCMepUMEHTaNbHbIE CNEKTPbLI BbIUNMTANINCS.

[ns nonyyeHus TennoBbIX HEWTPOHOB Ucnonb3oBanca  Pu-Be(a,n) UCTOYHUK BbICTPbIX
HEeMTPOHOB C NapagMHOBLIM 3aMef/INTeNeM.

MOXHO cfenatb BbIBOL O BO3MOXHOCTW YCMNELWIHOI0 NPUMEHEHUA CUCTEMbI U3 ABYX Ae-
TEKTOPOB A1 perncrpaumy TensoBbiX HEATPOHOB MO BbIXOAY KOHBEPCUMOHHBIX 3/IEKTPOHOB pe-
akumn Gd(n,ye)Gd ¢ BO3MOXHOCTbI OTCTPOWKM OT (DOHOBOIO M3MTyYEHNS.

Pa6oTa BbIMNOMHEHA MPU (PMHAHCOBOWN MoAAep>XKe rpaHTa POCCUIACKOro Hay4Horo
(oHa (NpoeKT Nel15-12-10019).

Cnucok nuTepatypbl
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