ITIPUBOPBI U TEXHUKA DKCIIEPUMEHTA, 2023, Ne 4, c. 79—83

YIIK 533.9.082

OBLIAA DKCITEPUMEHTAJIbHAA
TEXHUKA

VCCJIEHOBAHUE YHEPTETUYECKOM KOMITIOHEHTbBI
PEHTTEHOBCKOI'O U3JIYYEHUA FOPIYEN TOUKU X-TIMHYA
HA YCTAHOBKE BUH

© 2023 r.

N. H. Tumukun’, T. A. IlleakoBenko’, C. A. IIuky3s*,

. I. Ipuropnena’®, A. A. Makapos’, I. X. Cairaxyraunos”*
“@uszuueckuii uncmumym um. I1.H. Jlebedesa PAH
Poccus, 119991, Mockea, Jlenunckuii npocn., 53
b Hayuonanvnwiii uccaedosamenwvcxuii sdepnwiii ynusepcumem “MHDH”
Poccus, 115409, Mockea, Kawupckoe w., 31
*e-mail: saip07@mail.ru

IMoctynuna B pepakumio 24.10.2022 T.
IMocne nopaborku 16.11.2022 1.
ITpunsara k nyonukauuu 17.12.2022 1.

OnucaHa METOIMKA U TIPUBEIEHBI OCHOBHBIE 9KCIIEPUMEHTAILHBIC PE3YJIbTaThl UCCIIEIOBAHUS TTPOCTPAH-
CTBEHHOI CTPYKTYPHbI IUIa3MEHHbBIX 00BEKTOB TMOPpUAHOTO X-TTMHYA B AMANIa30HE PEHTIT€HOBCKOTO U3JTy4de-
Husl. [1peacraBieHbl pe3yabTaThl U3MEPEHUUN CHEKTPaTbHBIX XapaKTePUCTUK UICTOYHUKOB PEHTTEHOBCKO-
ro U3JIy4eHUs TIJIa3MeHHbIX 00bekToB. MccnenoBaHus poBeaeHbl C MCTIOIb30BaHMEM TEPMOJIIOMUHEC-
LICHTHBIX AETEKTOPOB Ha ocHoBe ¢dropunoB autust LiF(Mg, Ti).
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BBEAEHWE

X-NIUHY SBISIETCSI ITUPOKOITOJOCHBIM MCTOYHM-
KOM wusiaydeHusi. Ilpy 3ToM pasiudyHbie 00JacTu
X-TIMHYa MMEIOT pa3Hble ITapaMeTphl U3JTyYeHUS:
pasMephl M3Iydalolleil 06JacTu, MIMTEIbHOCTh 13-
JIydeHUsl U JJIMHY BOJIHbL. M31ydeHre ropsiueilt Touku
X-nHYA JIEXUT B OCHOBHOM B OOJIACTU MSITKOIO
peHTtreHoBckoro usiaydeHus (0.2—2 um) [1]. ITocme
o0Opa3oBaHUsl TOpsiYeil TOYKU TPOUCXOIUT TeHepa-
LIMS BJIEKTPOHHOTO My4YKa, UMEIIIETo 6ojiee KOpoT-
KOBOJIHOBYIO cocTanisomyio (<0.2 HMm). B mporecce
MPOTEKaHUsSI TOKAa MPOUCXOAUT TeHepalus U3aydye-
HUS B yabTpaduosieToBoit obnactu (>2 um) [2]. I1pu
9TOM JII000€ M3 ITUX U3IYyYeHUI MOXKET OBITh MC-
MOJIb30BAHO B Pa3INYHbIX OTPAC/ISIX HAYKU U TEXHU-
Kku [3—5].

HecMoTpst Ha MHOTOJIETHME UCCIETOBAHUS UBITY-
yeHus X-IIUHYA, TOUHOE OIIpeae/IeHe SHEPTUN, U3-
JIydaeMoii pa3IMUHBIMU O0JIacTIMU X-ITMHYA, TIPE.-
CTaBJIsIET COOOM MOBOJIBHO CJIOXKHYIO 3amady. Ilo-
CKOJIbKY X-TIMHY SIBJISIETCS OOCTAaTOYHO SIPKUM
WCTOYHMKOM M3JIy4Y€HUS, 3TO IMO3BOJISIET MUCIIOIb30-
BaTh TepMOJIlIOMUHecLeHTHBIe netekTophl (TJI) Ha
ocHoBe dTopunos autus LiF(Mg,Ti) [6—8] mist pe-
TUCTPALMM 103bl U3IYUYCHUS U €€ NaJIbHEHIIero mne-
pecueta B u3iydaeMylo sHepruto. Ilocie mepBbIx
SKCIHEPUMEHTOB CTaJIO SICHO, YTO YyBCTBUTEILHOCTHU
TaKUX JIETEKTOPOB JOCTATOUYHO IJIsI TOTO, YTOOBI pe-
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TMCTPUPOBATH U3JTyYEHME C POCTPAHCTBEHHBIM pas3-
peLIeHUEM.

Baxno ormeturts, uto TJI/I Ha ocHoBe LiF(Mg,
Ti) He moaBepKeHbI BO3IEHCTBUIO 2JIEKTPOMATHUT-
HBIX HaBOJOK M 00J1aaloT JMHEMHOCTHIO OTKJIMKA B
IIMPOKOM Araria3oHe MOmIoIIeHHBIX 103 (0T 20 M3B
no 10 3B), OHM MPaKTUYECKU HEYYBCTBUTEIbHBI K
yIbTpadUroJIEeTOBOMY U3JIYyYEeHUIO, 0Opa30BAaHHOMY B
CUJIbHOTOYHOM UMIYJIbCHOM 3JIeKTpopaspsae [6—9].

METOANKA 1 PE3VJIIbTATHI
OKCITEPUMEHTA

DKCIeprMEHTHI 10 UCCIeTIOBaHUI0 UHTEHCUBHO-
CTU PEHTITeHOBCKOTO U3JyYeHUs] U IHEPreTUYeCcKoit
COCTaBJISIOIIEN TOpsIYEr TOUKU MPU CUIIBHOTOYHOM
UMIYJIbCHOM 3JIEKTPUUECKOM pa3psiic MPOBOAUINUCH
Ha ycranoBke BbWH [1] (ruOpunmnHbplii X-UHY C
30-MuKpoMeTpOBO MO-TITPOBOJIOYKO UTMHOI 2.3 MM,
MakcuMyM Toka 270 KA, Bpemst HapacTanusi Toka 100 He,
HanpsckeHne 300 kB) dusnyeckoro MHCTUTYTA WM.
I1.H. JIebenesa PAH. I1puHinnmanbHas cxema ycTa-
HoBku BMH nipencrasineHa Ha puc. 1.

B BakyyMHOI1 Kamepe 1151 AMarHOCTUKU YCTaHOB-
JIEHBbI Pa3/IUYHbIe JETEKTOPbI: 30HAOBbIE JETEKTOPbI
u nosic Porosckoro npeaHasHauyeHbl 111 U3SMEPEHUS
TOKa, a (OTOUYYBCTBUTEIbHBIE HeTeKTophl PCD
(Photo conducting detectors) — mist u3MepeHuUs pac-
MnpeaeaeHus] UHTEHCUBHOCTU M3JIyYeHUs X-MUHYa
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Puc. 1. Cxema ycranoBku bBUH. I — reneparop Mapkca; 2 — npoMeXyTOUHbIi1 KOHAEHcaTop; 3 — KOMMYyTaTop; 4 — opmu-
pymolas JIMHUS; 5 — BBIXOTHOM pa3psiIHNUK; 6 — BaKyyMHasl Kamepa; 7 — X-IUHY.

BO BpeMeHU (KaJuOpoBaHHbIC ajiIMa3HbIe JaTYMKHU C
doTorpoBoguMocThio) [10].

st perucTpalium u3ay4eHus: ¢ IpOCTPaHCTBEH-
HBbIM pa3pellieHueM Oblla HUCIIOb30BaHa cXeMa Io-
JIy4eHUs] OTHOMEPHOIO MPOCTPAHCTBEHHOIO pa3pe-
IIEHUST C TIOMOIIbIO e IMpuHOM 200 MKM, BbI-
MMOJTHEHHOM B muacTuHe u3 TaHTaja (Ta) ToammHoii
50 MxM. [IJIMHA ILIeIU COCTaBIsia 2 MM, OT (POHOBOI
MOJACBETKM 3allMIIal 3KpaH TOJIIUHOU 50 MKM u3
csuHia (Pb). PaccTrosHue ot X-nuH4Ya 10 1IEJIM CO-
CTaBsio 7 C¢M, a OT IIeJu A0 (OTOIIACTUHBI —
28 cM. PaccrosiHue moadupanoch TakKuM oOpas3oM,

Puc. 2. CxeMa 3KcriepuMeHTa 10 PeTMCTpaluy U3JTyde-
HMSI TMOpUIHOTrO X-IIMHYA C IPOCTPAHCTBEHHBIM pa3pe-
meHuem ¢ nomoiubto TJI/] Ha ocHoBe LiF(Mg,Ti). 7 —
BEPTUKAJIBHO PACITOJIOXEHHBIN TMOPUIHBIN X-TTMHY; 2 —
TOpU30OHTaIbHAA 1eJb upuHoit 200 MKM; 3 — BepTU-
KanbHas coopka TJI Ha ocHoBe LiF(Mg,Ti); 4 — dpoTo-
rmactrHa Fuji BAS TR; 5 — PCD.

MNPUBOPHI U TEXHUKA BKCIHEPUMEHTA  Ne 4

YTOOBI M3JIyYEHHUE TOpsTYeii TOYKHU MOTa1aio Ha OAUH
TJIJI. B nanHOM ciiyyae pa3dMep obaacTtu odpa3oBa-
HUS TopsTueit Touku paseH ~200 MKM, pa3Mep JeTeK-
Topa 1 MM, TaKMM 00pa3oM, IIPOCTPAHCTBEHHOE YBe-
JIM4yeHue cocrasiisieT 5 pa3. CxeMa MmoaydyeHus: U300~
paxXeHUs IIpUBeJIcHA Ha puc. 2.

Hns  nonydeHusi pacripelesieHust U3JydeHUs
BIOJb JUIMHBI TIPOBOJIOYKU TUOpuAHOTO X-TIMHYA
1IeJb pa3Mellaiu NepHeHAUKYJISIPHO HanmpaBIeHNIO
MPOBOJIOYKM. 3a MJIACTUHOI yCTaHaBIMBaach cOOpP-
ka u3 TJI. Tlpu 3TOM neTeKTOphbl pacnojiarajiuch
TOPLIOM K M3JIYYEHUIO JJISI YBEJIWUEHUsSI MPOCTPaH-
CTBEHHOTO pa3pelieHusi. PEHTTeHOBCKOE U3TyyeHUe
OT TOpsIYEii TOYKU PACIIPOCTPAHSIIOCHh IO HOPMAaJ K
mwiockoctu OXY (cMm. puc. 2) U MPOXOIUJIO 4Yepe3
coopky TJIJI Takum obGpa3oM, YTOOBI M300paKeHNE
TUIa3MEHHOI TOYKM TI0I1a1ajio B cepeanuHy COOpKU (B
9KCIIepUMEHTE ObUIM YCTAHOBJIEHBI IBE COOPKM U3
TJIHO). g peructpaniid peHTIeHOBCKOTO M3JIyde-
HUS TaK:Ke Mcrnojib3oBanachk pororiactuHa Fuji BAS
TR [11], uyBcTBUTENIbHAST KaK K YIbTpadHrOIeTOBO-
MY, TaK U K MSTKOMY PEHTTEHOBCKOMY M3JIyYEHMUIO.
st perucTpaliuv U3iaydeHusl ¢ BpeMEeHHBIM pa3pe-
IIIEHUEM B KaxKJIOM BBICTpeJie UCIoib3oBaiuch PCD,
YCTaHOBJIEHHBIE 3a (QuIbTpaMu u3 amoMuHus (Al)
TOJIIIIUHOM 4 MKM 1 TUTaHa (Ti) TommuHoi 12.5 MKM.
Ha puc. 3 npuBeneHsl curHansl ¢ PCD u 1ok uepe3
X-TIMHY.

Curnan ¢ portonerekTopa 3a pusbTpoM n3 Ti Toir-
muHOM 12.5 MKM IIOKa3bIBaeT HaJIU4YUE MSITKOTO
PEHTIEHOBCKOT'O M3JIy4YeHMsI C IUIMHOIT BOJIHBI OT 0.25
mo 0.5 HM, 9TO TOBOPUT 00 OOpa3oBaHUU TOpSUYCH
touku [11, 12]. TIpu atom PCD ¢ ¢punsrpom us Al
TOJIIIIUHOM 4 MKM PEruCTpUPYET U3IydYeHUEe C IJIH-
HOIT BOJTHBI MeHee 1.8 HM, uTo obecrieanBaeT OoJee
IIMPOKYIO ITIOJIOCY IIPOITYCKaHUSI M3JIydeHUs . aH-
HBIi1 IETEKTOP MOKa3bIBaeT HAJIMINE U3TYUCHUS 10 U
MOCJIe M3IIyYeHMsI ropsdyeil TOYKU. DTO TOBOPUT O

2023
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Puc. 3. CurHaisl Toka yepe3 X-nmuHd (/) u curHansl PCD 3a ¢wisrpamu u3 Al TosiuHoi 4 Mk (2) u Ti Tommmuoit 12.5 MM (3).

JIPYyTUX UCTOYHUKAX U3JTyYeHUST B JAHHOM BbICTpEJIe,
KpOMe ropstaeif TO9Ku X-ITMHYA.

Ha puc. 4 npuBeneHo nojyyeHHoe Ha ¢oToria-
CTUHE HM300paxXeHWe OT WM3IYy4eHUS TUOPUIHOTO
X-muHYa, 3aperucTpupoBaHHOE yepe3 1ienb. M3me-
HEHHUeM KOHTpacTa U300pakeHUsI MOXKHO BOCCTaHO-
BUTb MOJOXEHNE KaXXIOTO U3 YCTAHOBJIEHHBIX B 9KC-
nepuMeHTe TJI/I (B aKCrIepruMeHTe ObUIN yCTaHOBJIE-
HbI ABe coopku [ u 2u3 T/, cMm. puc. 4).

ITpoduns pacnpeneseHuss MHTEHCUBHOCTE W3-
JIydeHUI, 3apeTMCTPUPOBAHHBLIX (OTOILIACTUHOM,
npuseneH Ha puc. 5a. [Ipoduiab mocTpoeH BIoIb Ocu
OY BHYTpU o06yiacTh, 0003HaYEeHHOI no3ulueii 3 Ha
puc. 4. Ha mpodwnne mouyepHeHMid 3aMETHBI IBa
ydyacTKa, MMeIoIMe HauOOJbIIYI0 WHTEHCUBHOCTD
MpyY HaMMEHbIIEM pa3Mepe M3Jydarolleil 00JacTu.
PasMep MOXHO OLIEHUTb, UCXOJISI U3 PA3MBITUS Kpast
n300pakeHUs 1eau. JJaHHbIe y9aCTKA COOTBETCTBY-
IOT TIOJIOXKEHUIO ropsiyeit Touku B X-tmmHue [11, 12].
B manHOM 3KcrmiepnMeHTe HaOJII0IaI0Ch M3JTydeHUE
OT JBYX TOPSIYMX TOYEK, OTHA U3 KOTOPBIX ObLIa 60-
Jiee UTHTEHCUBHOM, COIJIaCHO CUrHajaMm c¢ ¢oTomar-
YyuKOB. 11 TOro 94TOOBI UMETh BO3MOXKHOCTEL CpaB-
HUTb MOIJIOLIEHHYIO SHEPTUIO U3IYyYeHUsI, KOTOPYIO
peructpupyeT Kaxnbiii TJIII, paccuuTtaH uMHTEerpan
TOYEepHEHWI BHYTPHU TOM OO0JIAaCTHU, KOTOPYIO mepe-
KpbIBaeT KaxKIbIi1 U3 IeTEKTOPOB (puc. 50, KpuBas 3).
Pacnipenenenue sHepruu u3nydeHus, MOrIOLIEHHOMN
TJ O, npuBeaeHo Ha puc. 56 (kpusle I u 2).

TMPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 4

N3 rpadukoB BUIHO HEMJIOXOE€ COOTBETCTBUE
KPUBBIX, €CJIM CPABHUBATh B OTHOCUTEILHBIX SAMHM-
1ax sHepruio, noriouleHHyw TJI, n nHTerpan mo-
YepHEHUI1, KOTOPHII IIPOIOPLMOHAJICH ITOIIOIICH-
HOIt dHepruu. DTo JaeT BO3MOXKXHOCTh UCIIOJIb30BaTh
TJIA ns momydeHUWs pacIipeneieHusI TOTIOIEHHBIX
103, WCIIOAB3yS Ieab (MM KamMepy-OoOCKypy) s
MOCTPOCHUS N300pakeHMs TopsTIeii TOYKHU Ha cOOp-
ke TJIA. B caydae ucnoibp3oBaHUSI (HOTOIIACTUH
omnpeleleHe aOCOJNIOTHON BEIWMYMHBI ITOIIOIIEH-
HOI1 3HEPTUU U3IYyYCeHUs IIPEICTABIISIET OIpeae/IcH-
HYIO CJIOKHOCTb.

TJI/I mo3BOISIOT BBIYUCIUTD SHEPIUIO, U3TYyYEH-
HYIO 13 KOHKPETHOI 00JIaCTH IJIa3MEHHOI0 0ObEeKTa.
B nannomM ciiydae TJIJI Ne 5 u Ne 9 peructpupoBaiu
U3IydYeHNEe U3 Topsueil TOYKU. BhruncieHue norio-
LLIEHHO J03bI U3JTyY€HUS U TIEpPECUYET MOIIOIIEHHOM
JI03bl B QHEPTUIO U3TYYEHUS TO3BOJIMIN ONPEIEIUTh
DHEPTUI0, BO3ACUCTBYIOIIYIO Ha AETEKTOP. DHEPIUs
U3TydeHus cocraBmiia 69 u 94 Mx/JIX It Kaxkaoit u3
ropsYMX TOYEK. YUUThIBASE MU3OTPOITHOCTh M3JIyde-
HMs, 00IIast U3JIydeHHasl SHEPrys BO BCE HarpaBlie-
Hu coctaBmwia 11 u 15 M/l mIst KaXkmoii U3 IByX To-
psUMX ToYeK. 3HaUeHME U3JIyYSHHOM SHEPTUH U3 TO-
psiueii TOUKA MOXKHO TaKxKe OMNpPEeNeUTh 10 CUTHATY
PCD kak uHTerpaja 3aperucTpupoOBaHHOU KpUBOM
nU3JiydeHusi. B mTaHHOM BbICTpeie U3JydeHHast IHEp-
rust coctaBuyia 9 u 13 MJIK 1151 KaXXa0il U3 ropsiunx
Touek. OpHaKo, nockoJibky PCD ObL1 ycTaHOBJIEH 3a
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o X

Puc. 4. NzobpaxeHnne Ha (oToriacTuHe, MOJIydeHHOE
pu B3pbIBe TMOpUAHOro X-mrHYa ¢ 30-MUKPOMETPOBOIA
Mo-T1poB0OIOUKOI1, Ha KOTOpOoM BumHa TeHb oT TJI. ITo
TeHU BOCCTAaHOBJICHO MoJioxeHue coopku u3 TII. 1 —
nepBasi cbopka, 2 — Bropasi cobopka, 3 — 006J1acTh, 110 KO-
TOPOit CTpOUJICS MPOMUIL MOMIOLIEHHON SHEPTUMU.

Al-duabTpoM TOMIIMHON 4 MKM, ero 3¢dpdeKTUBHAS
CIIeKTpaJibHasl YyBCTBUTEJIBHOCTh OKa3ajach HIXKE,
MO3TOMY W TOJYYEHHOE 3HauyeHUEe U3IYyYEeHHO
SHEpPTUM 9yTh HIKe, yeM 3a TJI/I.

SAKJIIOYEHHME

ITokazaHa BO3MOXHOCTbL mcrionb3oBanus TJIJ B
CcXeMe C IPOCTPAaHCTBEHHBIM pa3pelllecHUeM, YTO 03~
BOJISIET OMNpPEAENATh M3IydaeMyl SHEPrUi0 U3 KOH-
KpPETHBIX 00JIacTelt mia3sMeHHOro oobekra. B ciaydae
CJIOXXHBIX OOBEKTOB, TAKMX KaK X-IIMHY, HAIIpUMED,
5TO TTO3BOJISIET ONPEAECTUTD U3TydaeMyIO SHEPTUIO OT
pa3HBIX TNIA3MEHHBIX 00bEKTOB, B TOM UHCJIE U OT Ta-
KOro HanboJjiee MHTePEeCHOTO 00bEeKTa, KaK ropsdast
Touka X-TIMHYA, KOTOpasl IBJISIETCSI HAauboJiee IMpo-
KO MCHOJB3YEMbIM HCTOUHMKOM MSTKOTO pPEHTIe-
HOBCKOTI'0 u3jydeHus. B mpoBeneHHOiT cepun 3KcIe-
PUMEHTOB Obllla OmpeieieHa U3IydeHHAas SHeprus,
KoTtopas coctaBmiia 11 u 15 MK 11 Kaxkaoit U3 ropsi-
41X TOYEK, 00pa30BaBIIMXCS IIPY B3pbIBE X-TIMHYA.

Hecmotps Ha G6oabinue pa3mepsl TJIJ (Tmopsinka
1 MM B MUHMMAaJIbHOM CE4YCHUU), €ro BbICOKAST UyB-
CTBUTEJILHOCTD ITO3BOJISIET, UCITOJIB3YS CXEMY C 6OJIb-
MM yBeJIMYEHUEM, PEeTMCTPUPOBATh U3IYYEeHUE C

MNPUBOPHI U TEXHUKA BKCIHEPUMEHTA  Ne 4

300
250
200+
150
100 [

50+

O L L L
9 11

Howmep netekropa

(@)

HO‘-IepHCHI/IC, OTH. €.

(©)

OTH. €.

1 3 5 7 9 11
Howmep nerexkropa

IToronieHHas QHEprus,

Puc. 5. a — npoduab noyepHeHUit HOTOIIIACTUHBL, 0 —
CyMMapHasl 3aperucTpupoBaHHasi SHEPrusi M3JIyYyeHMUsI
(3), monyyeHHasl B 001aCTH, aHAJOTUMYHON ITOJIOKEHUIO
TJId, v mormioleHHas SHepIusl, 3apeTUCTpUPOBaHHAasI C
MOMOIIbI0 MepBoil U BTOpoii coopok TJIJ (cooTBeT-
CTBeHHO [ u 2).

MIPOCTPAHCTBEHHBIM pa3pelleHreM Topsaka 200 MKM.
B maHHOII cepum 3KCIIEPUMEHTOB HEPIUsl U3JIyde-
HUSI OTIpeelisiach AByMsI HE3aBUCUMBIMU cIoCcO6a-
mu: o TJII 1 mo PCD. Ilpu aToM pe3yabTaThl COB-
MaJiM ¢ TOYHOCTBIO Gonee 80%. C y4eToM pasHoOit
cnekTpanbHoi yyBcTBUTeAbHOCTU TJIJI 1 PCD 3t10
MMO3BOJISIET CYIUTh O HETNIOXOI TOUHOCTU HOBOTO ME-
TOJIa UBMEPEHUS DHEPIUU U3IIyYCHUSI.

Kak moxkaswsiBaror skcniepumeHThbl, TJII moryr
OBbITh YCIIEIIHO MCITOJb30BaHbl MPU AUATHOCTUKE
IUTa3MEHHBIX OOBEKTOB.

OUNHAHCHUPOBAHUWE PAGOTbI

PaGora Obuta mnomnepxaHa mnporpammoit HUAY
MU DU “IIpuoputet 2030”.
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