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ramMmma- “u HeﬂTpOHHOFO I/l3ﬂyquI/IH B pa3ﬂI/I‘IHI)IX OTpaCﬂﬂX HpOMI)ILlIﬂeHHOCTI/I U B MCOUIIMHC U
HpUMEHSETCS B COCTaBe JETEKTOPOB, HCIOIb3YEMbIX I HPEJOTBPALICHHUS HECAHKIMOHMPOBAHHOIO
HepeMelleHns SAEPHEIX M PaJUOAKTUBHBIX MATEPHMAOB, 4 TaKKE I KOHTPOIS PaJlHOAKTHBHBIX
UCTOYHHUKOB. BHOK I[eTeKTI/IpOBaHI/Iﬂ ramMmma- u HeﬁTpOHHOFO H3Hy‘{eHl/Iﬂ CO[[ep)Kl/IT JaT4yHK, BKJ'IIO‘laIOLlII/Iﬁ
BHEIIHHI CUMHTUILIATOP, YyBCTBUTENbHbIN K HEHTPOHHOMY HU3y4€HHIO, U ONITUYECKH CBA3AHHBIN C HUM
BHYTPEHHMI CIMHTHIUIATOP, TyBCTBUTEIBHEIM K raMMa-H3IydeHHI0, (POTONPHEMHHUK, YCTAHOBICHHEIA
C BO3MOXHOCTBHO OI[HOBpeMeHHOI‘/II perI/ICTpaHI/II/I OIITUYCCKUX CUTHAJIOB BHCUIHCTO CL[I/IHTI/IJ'IHXTOpa u
BHYTPEHHEr0 CLHUHTILIATOPA M MX IIPe0oOpasoBaHUs B AJIEKTPUYECKUE MMITYJIbChl PA3IM4HON (POPMEL,
U OIOK 00pabOTKM CHTHAJIOB. BHEIIHUI CHMHTWIIATOP B BUJE MOKPHITHS WX IUIEHOYHOTO MaTepHaia
HAaHECEH Ha BCIO HOBEPXHOCTh BHYTPEHHErO CLUHTHIATOPA 33 MCKIIOYEHHEM y4acTKa, CMEKHOIO C
BXOJIHBIM OKHOM (DOTOIIPMEMHMKA, B KaueCTBE KOTOPOIO MPMMEHSETCS TBEPAOTENbHbI KpeMHUEBbIi
(OTODIIEKTPOHHBIA  (POTOYMHOKHTENb. bBIOK 00pabOTKM CHTHAIOB BKJIIOYACT  IIPEIyCHIIUTEND,
CIIEKTPOMETPUUECKHI YCUITUTENb-(OPMUPOBATENL U YCTPOMCTBO aHAIM3a (POPMBI HMITY/ILCA.
EN 1

I

c4emHsiU Beixod

HEUMPOHHbIX UMNYALCob
" J aHanozobbI0 Beixod
e - dns zaMMa-CnekmpoMempuu
[ 6

IV . 601061C0C



10

15

20

25

30

GO1T 1/20// G 01 T 3/06
YCTPOMCTBO JJIA JIETEKTUPOBAHUA 'AMMA- 1 HEUTPOHHOT'O
HN3JIYUEHUA

OBJIACTH TEXHUKHU

H3o0pererne OTHOCHUTCS K OOJIACTH OIHOBPEMEHHOTO IETEKTHPOBAHHS HCTOYHHKOB
raMma- ¥ HEHTPOHHOTO H3JIyYEHUS M MOXKET ObITh HCIOJB30BAHO B PA3JIMYHBIX OTPACISIX
MPOMBINIJIEHHOCTH W B MCAHWIWHE, B YaCTHOCTH B COCTABC ACTCKTOPOB, MPUMCHACMBIX IJIsA
paanallMOHHOI'O MOHUTOpPUHIA, HANPHUMEP, A MNPEAOTBpall€HUA HECAHKIUMOHHWPOBAHHOTO
NEPEMCIICHUA ANCPHBIX U PAAUOAKTUBHBIX MATCPUAJIOB, a TAKXKE JIA KOHTPOJIA MCTOYHHKOB

PaanOaKTHUBHOT'O U3JIyUCHUA.

[IPEIIECTBYIOIIUI YPOBEHb TEXHUKU

PaboTta COBpEMEHHBIX NETEKTOPOB raMma- U HEHTPOHHOrO H3JIydYeHHs OCHOBaHa Ha
NPUMEHEHUH CLHUHTHIUSITOPOB — BEMIECTB, OOJNANAONINX CIIOCOOHOCTHIO M3JIyYaTh CBET IMPH
MOTJIOIIEHUH MOHU3UPYIOLIETrO M3NTyueH sl (raMMa-KBaHTOB, 3JIEKTPOHOB, ajb(a-4acTuil U T. 1.).
Kak mpaBuio, uzny4yaemMoe KOJHYeCTBO (POTOHOB Uil JAHHOTO TUIA M3JTyYeHHs MPUOIMKEHHO
MPOTIOPLIMOHAIBHO MOTJIOMEHHONW SHEPTHH, YTO MO3BOJISIET MOJy4aTh SHEPreTUYECKHE CIIEKTPhI
u3jlydeHus. B CHUHTWULIMOHHOM JETeKTOpE CBET, W3JIYYEHHbIH MpH CLHUHTHILISILNY,
cobupaercst Ha GOTONPUEMHHKE, TIPeodpa3yeTCsi B UMITYJIbC TOKA, YCUITUBAETCS U 3AMUChIBACTCS
TOW WJIH WHOW perucTpupyromnedi cuctemoil. CUUHTHIUIATOP MOXKET ObITh OpPraHUYECKUM
(KpUCTAJUIBI, TUTACTUKU WMJIM JKHUIKOCTH) WM HEOPraHWYeCKMM (KPUCTAJUIBI WM CTEKJIA).
Hcnonp3yroTess Takke Tra3000pasHble CIUHTHILISTOPbI. M3BECTHBIE METEKTOPHI ramMma- u
HEHUTPOHHOTO W3JIy4YeHHsI COMEPKAT, KaK MPaBUJIO, NATYUK M OJIOK 3JIEKTPOHHOH 00paboTku
CHUTHAJIOB.

N3BecTeH NETEKTOP MJisi PErHCTPaAllUd WOHU3HPYIOIUX H3JIy4YEeHUH, HEHTPOHOB U
raMMa-KBaHTOB, COJEPKAIMUNA NaTYUK U OJIOK 3JIEKTPOHHOW oO0paboTku wuHpopmaumw,
BKJIFOYAIOIIUN CXeMy BPEMEHHOW CeNeKIMH CIUHTHUMITYJIbCOB, B KOTOPOM IS
peructpanud  OBICTPBIX U MENJEHHBIX HEUTPOHOB Ha (OHE OJHOBPEMEHHO
PETHCTPUPYEMOTO COMYTCTBYIOIIEr0 TaMMa-H3JIyuYeHHs] NaTYUK BBIMTOJIHEH B BHIE TpeX
napajieJibHO-OCJIEI0BATENbHO COEAMHEHHBIX CIUHTHUJUISTOPOB. BHELIHEr0 HEHTPOHHOTO
CUMHTUJUISITOPA  BBIMTOJIHEHHOTO M3  YyBCTBUTENBHOrO K  OBICTPBIM  HEHTpPOHAM
BOZOpOAcCOnAepkKamero BemecTBa Ha ocHoBe Iutactmacesl (CH)n wnam  ctunbOeHa,

cuuHTHUIsiTopa Nal: Tl, 4yBCTBUTEIBHOTO K raMMa-u3JIy4eHHI0, Pa3MEIEeHHOr0 B KOJO/Le
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BHEIIHEr0 CLUUHTUJIIATOPA, BHYTPEHHErO CTEKJISIHHOIO CLUHTUIIATOPA, 4yBCTBUTENBHOTO
K TEIUIOBBIM HEWTpPOHAM, U (OTORJIEKTPOHHOTO yMHOMXXHUTENS, MOMEILIEHHbIX B €IMHBIN
KOpIyC, MPH 3TOM OJIOK 3JIEKTPOHHON OOpabOTKH CHUTHAJIOB JOMOJHUTEIBHO BKJIOUYAET
CIIEKTPOMETPUUECKUHM aHAJIU3aTOp CLUMHTUUMIYJbCOB, IOCTYNAIOMUX B HEro OT
cuuHTIUsInuoHHOro  kpuctaimia Nal:Tl. Tommuea BHEWHEro CUUHTHIUIATOpPA U3
BOZOPOACOEPIKAIEro MaTeprala BbIONPaeTcss AOCTATOYHOH AJIS TOrO, YTOOBI MPOXOASIIHE
yepe3 CUUHTUILIATOP OBICTPBIE HEWTPOHBI 3aMEISIINCh O TEIUIOBBIX 3Hepruil. B xauecTse
BHYTPEHHEr0 CIHUHTUJUIATOPA, YYBCTBUTEJIBHOI'O K TEIJIOBBIM HEUTPOHAM, HCIMOJb3YIOT
JUTUHCUINKATHOE CTEKNO, AaKTHBUPOBAHHOE liepueM, cojepxamee u3ortom °Li B
konmuuectBe a0 10%%cm™, nmoctatounHoMm s 5PQPEKTUBHON pPErucTpaLUM TEMJIOBbIX
HEUTpOHOB [1].

HenocraTkoM paHHOro jJerekTopa sSBJISETCS €ro HeJOCTaTOYHO  BBICOKas
HaJEXKHOCTh TPHU SKCIUIyaTalldd B CBSI3M CO CIOKHOCTBIO OOECNeUeHHs] KadeCTBEHHBIX
ONTHUYECKUX KOHTaKTOB Tpex napajjieIbHO-IIOCIeI0BAaTEIbHO COEIMHEHHBIX
CLUUHTHJUISITOPOB, & TaK)K€ BbICOKAsi CTOUMOCTD.

H3BecTeH CUUMHTWUALMOHHBIA AETEKTOP HEUTPOHHOTO M TaMMa- W3JIy4YeHHs,
cozep KallMi JaT4YMK, BKJIIOYAIOIIUM Pa3sMELIEHHbIE B OJHOM KOPIyC€ BHELUIHHUN HEUTPOHHBIN
CUMHTWIJISATOP,  BBINOJIHEHHBI M3 ~ YyBCTBUTEJIBHOTO K  OBICTPBIM  HEHTpOHAM
BOJIOPOJICOAEpIKALIero BelecTBa Ha ocHoBe IuactMacchl (CH)n mnm ctunbOeHa, BHYTpeHHUI
qyBCTBUTENbHbIN K ramma-usiaydeHutro cuuHTwuarop Nal:TI, pasmemeHHblii B Konoxaue
BHELIHEr0 CIMHTHIUIATOPA, (POTOINEKTPOHHBIH YMHOKUTENb, U OJIOK 3JEKTPOHHOH 0OpaboTku
CUTHAJIOB, BKJIIOYAIOIIMUN CXEMy BPEMEHHOHN CENEeKLUH U CHEeKTPOMETPUYECKHH aHaJINu3aTop
CLMHTUUMITYJIbCOB. J[aTUMK JOTMOJHUTEIBHO COAEPKUT JBa UeXJia M3 OOpcoaepiKaliero
Marepuaia, 00eCeunBarOLINX PEAKIHIO (N, ¢, Y), MPUYEM MEePBbIA YeXOJl OXBATHIBAET BHEIIHUN
OTPaHUYECKUN CLUUHTWUIATOP, & BTOPONM YEXOJ OXBAaThIBAET KOHTEWHEDP BHYTPEHHETO
cuunTuiuiaTopa Nal:'TI u pacnonokeH B KOJNOALE BHELIHETO CLUUHTWILIATOpAa. B KkauecTse
Oopconeprkamero Marepuaiga sl YeXJIOB HUCHOJB3YIOT HUTPHI WK KapOupa Oopa, mpu 3TOM
TOJIIIMHY 4YeXJIOB W3 OopcoaepiKallero Marepuaia BbIOMPAIOT JOCTATOYHOH MJisi TOJHOTO
TMOTJIOIIEHUS TETUIOBBIX HEUTPOHOB [2].

HenocratkoM maHHOTO AeTEeKTOpa SBISAIOTCS OONbInNe rabapuTHBIE pa3Mepbl, BEICOKOE
sHepromnoTpednenne, OONbIIOE KOJIMYECTBO KAaHAIOB OOpabOTKM CHUTHANa, YTO NPHUBOIUT K
YBEJIINYEHUIO BpeMeH! 00pabOTKH CUTHAJA, & TAK)KE BBICOKAsH C€0€CTONMOCTB.

HauGonee Gnmu3kum K 3asBisgseMOMy (IPOTOTHIIOM) SIBJISIETCSl NE€TEKTOP H3JyUeHUS,

MO3BOJIAKINUN NETEKTUPOBAaTh KAaK raMMa-, TaK U HEUTPOHHOE H3JIyYEHHE, COAEpKAIIUU
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3JIEMEHT, YyBCTBUTEJIBHBIA K H3JIYYEHUIO, COAEPKAIMUN NEepBbIM CUUHTUILIATOD,
LIyBCTBI/ITeJ'H:HbII‘/'I K TraMMa-usjyuCcHUo, Hu BTOpOI\/'I COUHTHILIIATOP, LIyBCTBI/ITe.]'II:;HbII\/'I K
HeﬁTpOHaM; 151 (bOTO)IaTLII/IK; B KOTOpPOM OJWH CHUHTUIIIATOP COCAHUHEH C (1)OTO)I21TLII/IKOM
HAIpPSAMYIO, a IPYrod CIUHTUIUIATOP COeNNHEH ¢ (POTOAATUYUKOM Yepe3 CABUTAIOIIUHI JITHHY
BOJIHBI MaTepuai. IlepBblii CHMHTHIUIATOpP MpeAcTaBiseT co0oil Marepuajs Ha OCHOBE
rajouza JaHTaHa. BTopoil cUMHTUIIATOP U3ay4daeT cseT B auana3one 300-500 um. Bropoi
CLUUHTHIJIISITOP UMEET TaKyl CTPYKTYPY, YTO OH He BO30Y’KAaeT MepBbIi CHUHTHILIATOP U
TAKXX€ HE B036y)KI[aeTC$I NMEPBBIM CHUHTUILIIATOPOM. CI[BI/IFaI-OH_II/Iﬁ AJIMHY BOJIHBI MaTE€pHaJl
COIEPIKUT CIBUTAIOLINE IJTUHY BOJHBI BOJOKHA [3].

HGHOCTaTKOM YKa3aHHOI'o pEeIEHUA ABJIANOTCA OoJbIINE Fa6apI/ITbI ACTEKTOpA,
BBICOKOE YHEPTONnoTpedlIeHNe, a TAK)Ke ero 3HAUUTENbHAs CTOUMOCTD.

B Hacrosimee Bpemsi BO3pacTaeT NMOTPEOHOCTh B MPAKTUYHBIX MPU HCIIOJIb30BAHUH
o0amarImux BBICOKOW paspelnaroiell CIOCOOHOCTBIO NETEKTOpax raMma- U HEHTPOHHOTO
u3nydeHusi. Takke jKenarenbHO, YTOOBl YCTPOWCTBA NAHHOTO THMA OBUTH TMEPEHOCHBIMH HIIU

NMOPTATUBHBIMH.

PACKPBITHUE U3OBPETEHH A

TexHuueckol 3amadell, Ha pelleHHE KOTOPOI HAmpaBJIeHO H300pEeTEeHHue, SIBISETCS
CO3JlaHM€ MOPTATUBHOIO, CTOMKOrO K MEXaHWYeCKMM W MAarHUTHBIM BO3JEHCTBUSAM Oloka
JETEKTUPOBAHMs TaMMa- U HEHTPOHHOIO M3JIy4EHUs, ITO3BOJISIOIIErO PEIIUTh YKA3aHHbIE BbIIIE
poOIEeMBI.

Vka3zaHHas 3ajada pellaeTcss yYCTPONWCTBOM JUIsl JAETEKTUPOBAaHMA ramma- H
HEWTPOHHOTO H3JIYYeHUs], COIAEPIKAIIUM JAATYHK, BKJIIOYAIOLIMA BHELIHHA CLHUHTHIUIATOP,
YyBCTBUTEJIbHBI K HEHTPOHHOMY W3JIYYCHHIO M BBIMOJIHEHHBIH W3 Marepuajla C HHU3KUM
5(p(EeKTUBHBIM AaTOMHBIM HOMEPOM, COJAEPIKAINero BJEMEHT C BBICOKUM CEYCHUEM
B3aUMOJIEHCTBUS C HEUTPOHAMHU Il 0Opa30BaHUs 3aPsKEHHBIX YaCTHUI] MOCPEACTBOM peakLui
(n-p), (n-a), (n-"H), ¥ YyBCTBHTENbHBIH K raMMa-U3Iy4eHUIO BHYTPEHHHIl CIMHTUILISTOP,
ONTHUYECKU CBS3aHHBIA C BHEIIHUM W BBIOJIHEHHBIH W3 MaTepuasia ¢ BBICOKUM 3 (PEKTHBHBIM
aTOMHBIM HOMEpPOM, a Takke (OTONPHEMHUK, YCTAHOBJEHHBIH C  BO3MOKHOCTBIO
OJHOBPEMEHHOW PErHCTPalMU ONTHYECKHX CHTHAJIOB C YKa3aHHBIX CLUUHTHJUIATOPOB U HX
npeoOpa3oBaHUsl B 3JEKTPUYECKHE HUMITYJIbChI PA3JMYHON (DOPMBI, CBsI3aHHBI € OJOKOM
00pabOTKM CHTHAJIOB, MPH 3TOM BHEUIHWH CLUHTWJUIATOP HAHECEH B BUAE TOKPBITHS HIIH
IUIEHKA Ha BCIO BHEINHIOK IOBEPXHOCTh BHYTPEHHErO CLUUHTHIUIATOPA 32 HCKIOYEHHEM

y4acTkKa, CMCXHOIro ¢ BXOJHBIM OKHOM (I)OTOHpI/IeMHI/IKa, BBIIIOJIHEHHOI'O B BHIAC
3
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TBEPAOTEIBHOTO KPEMHHEBOTO (POTOYMHOKHUTENSI, a OJOK OOpaOOTKM CHUTHAJIOB COIEPKUT
NPy CUJIUTENTb, BBIMOJHEHHBI ¢ BO3MOXKHOCTBIO (DOPMHPOBAHHSI CUTHAJIOB C aMILIUTYAOM,
HeoOxomuMoN nsi (PYyHKIMOHHUPOBAHHUS CBSI3aHHOTO C HUM YCTPOMCTBA aHaim3a (HOpMBI
UMITyJIbCA, TPEJHA3HAUYEHHOIO MUl Ppa3feNieHUs] CUTHAJOB C BHEIIHEr0 W BHYTPEHHErO
CIMHTWIJIITOPOB  METOJOM JUCKPUMMHAIIMM 1O (opMe HMIyJIbCca U CBA3aHHOTO CO
CIEKTPOMETPUYECKUM  YCUJIMTEJEM,  BBIIOJHEHHBIM C  BO3MOXHOCTBIO  OTJEJIBHOIO
(bOpMHPOBaHUS CUTHAJIOB, MOCTYMUBLINX C BHYTPEHHErO CLIMHTHILISITOPA.

B dyacTHOM ciy4ae OCyLIECTBJICHHS HM300pETEeHHs] BHYTPEHHUH CLHUHTHILISITOD
BbinoyiHeH u3 CeFs, unu BGO, unu YAP:Ce, i YSO:Ce.

BHeIHuii CUUHTHIUIATOP BBIMOJHEH W3 KOMIIO3UTHOTO, WJIM HEOPraHUYECKOro WIIH
OpPTaHUYECKOro Marepuaja. B UacTHOM cllydyae UCIONHEHUS B KAaueCTBE KOMITO3UTHOTO
marepuana ucnonb3oBaH LiF/ZnS:(Ag, Cu, Ni), wm B203/ZnS:(Ag, Cu, Ni), umn (B203 +
KCl)/ZnS:(Ag, Cu, Ni), wma LiF/ZnO:Zn. B kadecTBe HEOPraHMYECKOro MarepHuaia
ucnonp3oBad Lil:Eu, wmm LilkNag.xy:Eu, wmu LiCaAlFs:(Eu, Na), umu LiSrAlFs:Eu, wm

Li>Se:Ag. B xadecTBe OpraHHYECKOr0 MaTepuaa UCIOIb30BaH CTHIILOEH.

KPATKOE OITMCAHUE YEPTEXEM
3asBrsiemMoe n3o0peTeHue nosicHsercss gurypoit 1 co cxeMaTWdyHbIM H300pakeHHEM

3asIBIIsIeMOro OJIOKa AETEKTHPOBAHKS raMMa- 1 HEHTPOHHOTO U3JTyYEeHUS.

JIVUIIIUI BAPUAHT OCYIIECTBJIEHUA U30EPETEHUA

bnox perexTpoBaHMs ramMma- M HEHTPOHHOTO W3JIyYEHUS COJAEP)KUT JAaT4HK,
BKJIFOYAIOIINI BHEUIHUN CUUHTWUIATOP |, YyBCTBUTEJBHBIM K HEUTPOHHOMY H3JIyUYEHHIO, U
ONTUYECKU CBSI3aHHBIH C HUM BHYTPEHHUN CLUHTWUIATOP 2, YyBCTBUTEIBHBIM K ramma-

U3JIy4eHUI0, (OTONMPUEMHUK 3, YCTAHOBJIEHHBIH C BO3MOXKHOCTBIO  OJTHOBPEMEHHOM

2
perucTpauuy  ONTHYECKHUX CHTCHAJIOB BHEIIHEr0 CHMHTIUUIITOpa 1 ©W  BHYTPEHHEro
CHMHTWUISTOPAa 2 U UX NpeoOpa3oBaHUsl B HJIEKTPHUYECKUE HMMITYJIbChI PAa3IMIHON (GOpMBI, U
6nok 00paboTku curHanoB 4. BHemHMi COMHTIULIATOP 1 BBIMOJHEH M3 Marepuala ¢ HU3KHM
53¢ (eKTUBHBIM aTOMHBIM HOMEPOM, COAEPIKAINEero 3JEMEHT C BBICOKHM CEYEHHEM
B3aMMOJIEUCTBUS C HEUTPOHAMH, BBICTYNAIOINMI B POJIU KOHBEPTEPA HEUTPOHHOIO U3JIy4YEHUs B
o 3 o
3apsDKEHHBIE 4YacTULBI MyTeM peakuuid (n-p), (n-o), (n-"H). BHyTpeHHmit cumuTIILISITOD 2
BBIIOJIHEH M3 Marepuaja C BBICOKUM 3(PQPEeKTUBHBIM aTOMHBIM HOMEpPOM. BHermHuit

CHUHTUILIATOP 1B BUAC MNOKPBITHA WKW IJICHKW HAHECCH Ha BCHO BHCIIHIOI IMOBEPXHOCTH

BHYTPEHHEr0 CHUHTUUIATOPa 2 3a HCKIIOYEHHEM Y4YacTKa, CMEXKHOrO C BXOAHBIM OKHOM
4
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¢oronpuemHrka 3, B Ka4decTBE KOTOPOrO NPUMEHSIETCS TBEPAOTENbHbIN KPEMHHEBBIH
¢oroymHO)kuTEenb.  bnok  00palOTKM  CHUTHAJIOB  COHNEPXKUT  TNPENyCHIIUTENb S,
CTIIEKTPOMETPUYECKHH YCUIUTENb-()OPMUpPOBATEb 6 M yCTPONUCTBO aHau3a GOpMbI UMITyJIbCa 7,
OpU 5TOM IMpenycuwiuTenb S5 (OpPMHUPYET CHUTHAI C aMIUIUTYA0H, HEeoOXOmUMOW s
(YHKLIMOHMPOBAHMS CIEKTPOMETPUYECKOro ycuauresi-GopMupoBareast 6 U yCTPOHCTBA
aHanmu3a GopMbl UMIyJIbca 7. Y CTpOHCTBO aHaM3a (POPMBI MMITYJIbCa 7 CIYXKHT TSI pa3IeeHHs
CUTHAJOB OT BHEWIHEr0 CLUUHTWLIATOpA | W BHYTPEHHEro  CUUHTWUIATOpA 2,
CHEKTPOMETPUYECKHH yCHIIUTENb-POpMHUPOBATENb O OCYIIECTBIsIeT (POPMUPOBAHHE CHTHAJIOB
BHYTPEHHETO CLUHTUJUIATOPA 2, YyBCTBUTEIBHOIO K raMMa-U3JIy4eHUIO, IIPU 3TOM pa3fesieHue
CUTHAJIOB HEHTPOHHOIO M TaMMa H3JIy4€HUs OCYLIECTBISIETCS METONOM AUCKPUMHUHALMK IO
dbopMe ummyibca.

3asBrsieMblil OJIOK NETEKTHPOBAHUS raMMa- U HEMTPOHHOTO M3JIy4eHHUsS NPEAHA3HAYCH
s paloThl B CMELIAHHBIX TaMMa-HEHTPOHHBIX IMOJIAX. Perucrpauuio ramMma-u3iydeHui
OCYIIECTBIISIET BHY TPEHHUI CHUHTHIUIATOP 2, BBINOJHEHHBIH M3 MaTEPHUAJIOB, O0ECTIEYHBAIOIINX
IOCTaTOYHYI 3((PEKTHBHOCTh PETrHCTPALlMM TaMMa-KBaHTOB M MHHHMAJIbHOE IOTJIOLICHNE
HEUTPOHHOrO TMoTOKa. IIpu 3TOM BHYTpPEHHHH CLHUMHTWUITOP 2 o0NagaeT KHHETHUKOH
CHMHTWULIIMYA  CYLIECTBEHHO Oojiee ObICTPOH, ueM BpeMs BBICBEUMBAHUS BHEIIHErO
CUMHTWLIATOPA |, PErMcTpUpPYIOLIEro HEUTPOHHbIE W3Jy4deHus. BHemHui cuuHTWusATop 1
o0ecreynBaeT AOCTATOYHYIO 3(PPEKTHBHOCTh PErHCTPALUUd HEHTPOHOB NPHU MHUHHMAJIBHOM
NOTJIOLIEHUH TaMMa-KBaHTOB. Pasnenenne mno ¢opme uMIyJgbca ramMma- U HEWTPOHHOTO
U3Jy4YEHUI OCYLIECTBJIAECTCS 3a CYET CYLIECTBEHHOIO pa3JMYHOIO BPEMEHM BbICBEUMBAHMS
BHEIIHETO CLUHTUIUIATOPA | ¥ BHYTPEHHEro CUUHTUILIATOPA 2. ONTHYECKHE CUTHAJIBI BHEIIHETO
CUMHTUJUIATOPAa 1 W BHYTPEHHETO CLMHTWIIATOPAa 2 PEruCTPUPYIOTCS TBEPAOTEIbHBIM
KPEeMHHUEBBIM (POTOYMHOXKHMTEIEM 3 W MNpeoOpasyrTcs MM B JJIEKTPHUYECKHE HWMITYJIbChI
paziuuHoi ¢opmbl. [Ipenycunurens 5 GopmMupyeT aMIiUTyay CUTHANA, HEOOXOMUMYEO IJIs
(PYHKLIMOHUPOBAHUSI CIIEKTPOMETPUYECKOTO yCHIUTENsA-popMHUpoBaTeinst 6 U yCTPOWCTBA
aHanmm3a Gpopmbl uMItysibca 7. Y CTpoiicTBO aHanu3a (OpMbI UMIYJIbCa 7 CIYKHUT JJIST pa3esIeHHs
CUTHAJIOB OT BHEIIHEr0 CUMHTWUIATOPAa | M BHYTPEHHEro CLUUHTUJUIATOPA 2 HA OCHOBAaHHUHU
CYLIECTBEHHO  pa3iu4yHOl  (opMbl  HMIyJibcoB.  CHEKTPOMETPHYECKHH  YCHIIUTEINb-
¢dopmupoBarens 6 ocymecTBiseT (OPMHUPOBAHHE CHTHAJIOB BHYTPEHHErO CHHMHTIILIATOpA 2,
YyBCTBUTEJIBHOT'O K FaMMa-HU3JTyYE€HHUIO.

Ilpy BO3mEUCTBHUM CMELIAHHOTO TIaMMAa-HEUTPOHHOIO W3JIy4eHUs] HEHUTPOHBI B
3HAUUTEJILHON Mepe MOIJIOIAKOTCA BHEIIHUM CLUHTWILIATOPOM 1. 3a cueT HU3KOro CeueHHs

peakuuy HEUTPOHOB C BHYTPEHHHM CLUHTHWUIATOPOM 2 HEWTPOHHBIM IOTOK HMEET
5
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HE3HAYUTEJIbHOE B3aUMOAEHCTBUE C BHYTPEHHUM CLHUHTHWLIATOPOM 2. ['aMMma-usnydyeHue
MIPOHUKAET CKBO3b BHEILIHUN CLUUHTUJUIATOP | NPAaKTUYECKH HE B3aUMOJEHCTBYSI C HUM, B
OCHOBHOM 3a CYET MAJIOU TOJILMHBI BHEIIHETO CLUHTHWILIATOPA 1, U MOrIomaercs: BHy TPEHHUM

CLUHTUJUIATOPOM 2.

ITPOMBIIIIJIEHHA S ITPUMEHUMOCTD

[TpeumyinecTBOM 3asBsieMOro OJIOKa MO OTHOIIEHWIO K BbIOPAHHOMY MPOTOTHITY
SIBJISIETCSI CYLIECTBEHHOE IMOBBILICHUE HEHTPOHHOW YyBCTBUTEJIBHOCTH 3asiBJIIEMOro OJioKa 3a
CU€T TMPUMEHEHHUs] BHELIHEro CLUHTUJUIATOpPA IO BCEHl MOBEPXHOCTU BHYTPEHHErO
CIMHTWIISITOPA 32 UCKJIIOUEHHEM BXOTHOrO OKHa (horompuémHuka. [IpumMeHeHHe B KauecTBe
¢oTonpueMHHKa TBEPAOTEIBHOIO KPEMHHEBOTO (DOTOYMHOXKUTENSI TIO3BOJISIET YMEHBIINUTh
rabapuThbl OJIOKa AETEKTUPOBAHMS raMMa- ¥ HEHTPOHHOTO M3JYUYEHHs, a 3HAYUT U JIETEKTOpa B
LIEJIOM, CHHU3UTh €ro SHEepromnorpedieHrne W CTOMMOCTh U TaKK€ MOBBICHTH CTOWKOCTh K

MEXaHUYCCKUM U MAarHUTHBIM BOSI[GI\/'ICTBI/UIM.

HcTounnkn nHpopManuu:

1. ITaTent Poccuiickoii @eneparn Ne 2143711, nara mybmukarmm — 27.12.1999 r.
2. ITatent Poccuiickoii @eneparun Ne 2189057, nara mybmukarmu — 10.09.2002 r.
3. ITatent Poccuiickoii @eneparun Ne 2411543, nara mybnukaruu — 10.02.2011 r.
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DOOPMVIJIA NU30BPETEHHA

YCTpOHCTBO AJ11 AETEKTUPOBAHUA raMMa- M HEUTPOHHOIO H3JIy4YEHHUsl, COAEp:Kallee
JATYUK, BKJIOYAIOLUMNA BHEIIHUNA CUUHTWJUIATOP, YyBCTBUTEJBHBIM K HEUTPOHHOMY
U3JIyYeHUI0 M BBINOJHEHHBIH K3 Marepuasa ¢ HU3KHUM 3()(EeKTHBHBIM aTOMHBIM
HOMEPOM, COZIePIKALLEro 3JIEMEHT C BHICOKMM CEUE€HHEM B3aUMOJEHCTBUS ¢ HEUTPOHAMU
Il 00pa30BaHMs 3apSHKEHHBIX HYACTHI[ TOCPEICTBOM peakuuii (n-p), (n-o), (n->H), u
YyBCTBUTEJIbHBIA K TaMMa-H3JIy4eHHI0 BHYTPEHHHUH CUUHTHILUISITOP, ONTHYECKU
CBSI3aHHBIN C BHEIIHWM M BBIMOJHEHHBIH W3 MaTepuana C BbICOKUM 3(h(EeKTHBHBIM
aTOMHBIM HOMEpPOM, a Takke (OTONMPUEMHUK, YCTAHOBJIEHHBIH C BO3MOKHOCTHIO
OJTHOBPEMEHHOU PEeTUCTPALMK ONTUYECKUX CUTHAJIOB C YKAa3aHHBIX CUUHTHILUISITOPOB U
uxX TpeoOpa3oBaHUsl B 3JIEKTPUYECKUE UMITYJIbChI PA3IHMYHON (POPMBI, CBSI3aHHBIA C
O65okoM 00pabOTKM CHUTHAJIOB, MPU STOM BHEINHWHA CIHUHTUUIATOP HAHECEH B BHIE
TOKPBITHSI WJTH TJICHKU HAa BCKO BHELTHIOK TIOBEPXHOCTh BHYTPEHHETO CLUHTIILISTOPA 32
UCKJTFOYEHUEM Y4YacCTKa, CMEKHOIO C BXOOHBIM OKHOM (POTONpPHUEMHHUKA, BBIMOJTHEHHOTO
B BHZE TBEPAOTEIBHOTO KPEMHHUEBOIO (POTOYMHOXKHUTENS, a ONOK 0OpabOTKM CHTHAJIOB
COIEPIKUT TPeNy CHIIUTENb, BHIMOJHEHHBIN C BO3MOKHOCTBIO (DOPMHUPOBAHUSI CUTHAJIOB C
aMIUTATY10H, HeOOXOmuMOM Isi (PYHKLIMOHUPOBAHUSI CBSI3AHHOTO C HUM YCTPOWCTBA
aHaym3a (popPMBI UMITYJIbCA, TPEIHA3HAYSHHOTO JUISl Pa3eJICHIs] CUTHAJIOB C BHELTHETO U
BHYTPEHHEr0 CHUHTWUIATOPOB METOJOM IUCKPUMHUHAIMU 1O (opMe HMITyJIbCa U
CBSI3aHHOTO CO CHEKTPOMETPUYECKUM YCHIJIMTEJIEM, BBIMOJIHEHHBIM C BO3MOKHOCTBIO
OTAEIBHOrO (POPMHUPOBAHHUS CUTHAJIOB, MOCTYMUBIIMX ¢ BHYTPEHHErO CLIMHTHILISTOPA.
YcrpoiicTBo 1o 1.1, oTaMyaromeecs: TeM, YTO BHYTPEHHHUN CIUHTUJUISITOP BBITIOJHEH U3
CeF3, umn BGO, unun YAP:Ce, uim YSO:Ce.

YcrpoiictBo mo 1.1, OTIUYarOIeecss TeM, YTO BHEUTHWH CIUHTUJUIATOP BBINOJHEH W3
KOMIIO3UTHOTO, HJI HEOPTAHUYECKOTO MJTH OPTaHUYECKOTO MaTepHaa.

YcerpolicTBo nmo 1.3, OTAMYarolieecss TEM, YTO B KauyeCTBE KOMIIO3UTHOIO Marepuania
ucnionbzoBad LiF/ZnS:(Ag, Cu, Ni), mmu B203/ZnS:(Ag, Cu, Ni), mmn (B203 +
KCl)/ZnS:(Ag, Cu, Ni), mu LiF/ZnO:Zn.

YcTpoiicTBO 1o 1.3, OTIHYAIOINEecs] TeM, YTO B KaueCTBE HEOPTaHMYECKOTo MaTepuaia
ucnonp3oBad Lil:Eu, wnu LilxNaq.xy:Eu, wmu LiCaAlFe:(Eu, Na), unmu LiSrAlFs:Eu, win
LiSe:Ag.

YcrpoiictBo mo 1.3, OTIHYArOIeecss TeM, YTO B Ka4eCTBE OPraHUYECKOro marepualia

UCIIOJIb30BaH CTUILOEH.
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