[MponoHoBaHMI BUHAXiA HanNeXuTb A0 CUMHTUNSALINHOT TEXHIKU, @ caMe A0 CUMHTUNSALUINHUX MaTepianis, | AeTeKkTopis
Ha XHi OCHOBI, SIKi 3aCTOCOBYIOTLCA AN peecTpauii TeNNoBUX HEUTPOHIB.

Bigomuii cuuHTMRATOP ANA peecTpauii TennoBux HEeMTpoHiB [maT. Ykpainm 77423. GO01T1/20] Ha oOCHOBI
MOHOKpUCTana niTito nogncToro, aktmsosaHoro esponieM Lil:Eu, wo mae BMCOKY edekTuBHICTbL peecTpauil Tennosux
HENTPOHIB.

OpgHak, uen martepian YyTnvMBUA A0 y-BUMNPOMIHIOBAHHS, WO OOMEXy€e MOro 3acToCyBaHHA ANSA BUMNAAKIB HAsBHOCTI
BUCOKOro (QOHY y-BUMPOMIiHIOBaHHSA. KpiM TOro, BMCOKa FirpOCKOMIYHICTb, CKMagHICTb TEXHOMOrYHOro BMPOBHMLTBA
BMPOLLLYBaHHSI 1 0OMeEXeHICTb po3mipiB 3a nroLleto MoHokpuctana Lil:Eu, o6ymMoBnoi0TL BUCOKY BapTiCTb OETEKTOPIB Ha
NOro OCHOBI.

Bigomuii cumHTUNATOP ANs peectpadii Tennosux HentpoHiB (CtenbkuH HO.B., xannnyes [.0., Banbaec-lanucus
X.B. HewTtpoHbl B LWIMpOKUX atMOocdepHbIX NunBHAX. AgepHas duanka. 2007. T. 70. Ne 6. C. 1123-1135] Ha OCHOBI
MikponopoLuky ZnS(Ag) y cymilli 3 GopBMICHOK pevoBrHOLD, 3GaradeHoto izoTornom 1°B.

BukopucTaHHs y cknagi cumHTMRATOpY nopowky ZnS(Ag), WO Mae BWCOKUA CBITMOBUMN BUXiA | pPeKkopaHy
edeKTUBHICTb ANA peecTpauii BaXKkux 4acTok (o/e - CniBBiAHOLUEHHS), OO3BONSE BUKOPUCTOBYBATU MOMO Yy BUMMAG
TOHKOrO LLapy i B Takuii Cnocid 3HN3UTK YyTIUBICTb A0 y-KBaHTIB.

36arayeHa i3oToHoM 1°B GopBMiCHa peuyoBMHA, IO BXOAUTb A0 CKMNady CyMiwi, OGYMOBMIOE HEBUCOKE
€HEeproBuAiNeHHss npu B3aemofii 3 TennoBUMW HeWTpoHamu. [IpyM  BUKOPUCTAHHI  BGOPBMICHUX CUUHTMMATOPIB
peecTpyloTbCs npoaykt peakuii 1°B (n,a)’Li. YTBOpeHi B pesynbTaTi peakuii 3axonneHHs sgpom 1°B Tennosux
HEWTPOHIB a-4acTkn 3 eHeprieto 2,3-2,8 MeB matwTb Ayxe manuin npobir y LWiNbHIN peyoBUHI N CMIPUYUHIODTb
CUMHTUNAUIT, BUXIA AKX MPOMOPLIMHUIA iXHiA eHepril (SKWO YTBOPIETbCA A4PO ’Li y 30ymMKEeHOMY CTaHi, TO YacTUHY
eHeprii Hece y-kBaHT). BHacnigok HEBMCOKOI eHepril BTOPUHHNX YaCTOK 3HWKYETLCS KiMNbKICTb CBIiTNa, WO 30MpaeTbes, i
Le Npu3BOAUTb A0 3MEHLLEHHS CBITNIOBOro BUXOAY 1 eeKTUBHOCTI peecTpauii HEMTPOHIB.

Bigomuii cumHTUNSaTop AN peectpauii TennoBux HenTpoHiB [JluteuH B.C., benses A.O., WrHatoB C.M. u gp.
MpUMeHeHMe CUMHTUNNATOPOB Ha ocHoBe ZnS(AQ)/SLiF u Lil(Eu) B coyeTaHnn ¢ KpeMHUEBbIMU (POTOYMHOXUTENAMU B
JeTekTopax TEeNoBbIX HEMTPOHOB C BbICOKUM KOOpAMHATHLIM paspelueHnem. Masectns PAH. 2009. T.71. Ne 2. C. 230-
232], Wwo MicTuTh cymiw ApiGHOKpUCTaniuHUX (MeHL, Hix 60 Mkm) nopowkis ZnS(Ag) i SLiF, 36araueHoro go 90 %
isoTonom SLi, siki AvcneprosaHi y noniMepHy MaTpuLo.

BukopucTaHHs y cumHTUnsTopax SLi 3amicTb 1°B 36inbluye eHeproBuAineHHs Bi4 peakuii B3aemogii 3 Tennosumu
HeWTpoHamn. ToMy AnS BUpIWEHHA TakMx 3aBdaHb, K, Hanpuknag, PeecTpauis KOCMIYHOTO BWUMPOMIHIOBaHHS,
NITINBMICHI CUMHTUNATOPU MatoTb He3anepedHy nepesary nepen 6G0pBMICHUMU. Xo4va NepeTuH 3axOnsfieHHst HEWTPOHIB
anpom SLi MmeHwwnn, Hix sapom 9B, peakuia 3 yyacTio SLi He CynpoBOAXKYETLCS BUNPOMIHIOBaHHAM y-KBaHTIB.

Heponikom 4aHoro TeXHIYHOro pilleHHs € BenuKi po3Mipy 3epeH CLMHTUIIoYOoro nopolwky ZnS(Ag) i nopotuky SLIF,
O BUKOHYE (DyHKUilO KoHBepTopa. Mpobir a-yacTku i TputoHa B SLiF cTtaHoBWUTbL NpUGAM3HO 7 MKM. OCKinbKU PO3Mip
3epHa LiF 3HayHO OGinblumi, TO o-4aCTKU W TPUTOHW MOXYTb BTpavaTy 3HaAYHY YaCTMHY CBOEI eHeprii 4O TOro, sk
noTpannsATb y cuMHTMNATOp ZnS(AQ), i ue Npn3BOAUTL 40 3MEHLUEHHST e(peKTUBHOCTI peecTpalLlii HEMTPOHIB. 3a3HavyeHun
PO3Mip CLMHTUMOYMX YACTOK TAKOX NepeBepLIye OOBXMHY Npobiry o-4acTok.

Ockinbkun npo3opicTb YacTok ZnS(Ag) ANs BMacHOro BUNPOMIHIOBaHHS HU3bKa, 30iNnblueHHs iXHboro po3mipy Ao 60
MKM NPYMBOAMTbL OO BTpaT CBiTNa, BHACMIQOK YOro CrOCTEPIraeTbCA 3HWXKEHHS CBITNoOBOro Buxoay. MNpu LpoMy 4vepes
CUMbHE CaMOMOrTMHAHHA CBIiTNa po3kua aMnniTyau CuUrHany HacTifbku BENUKWUIA, LLO MiK TENSOBUX HEWTPOHIB € cnabko
BUPAXKEHUM.

Bigomuii cumHTMRATOP AnA peectpauii TennoBmx HenTpoHiB [WO 2011159702 A2 GO1 T1/20, 2012], wo MicTuTb
Cymill ApibHokpucTaniyHux nopowkis ZnS(Ag) i3 cepeHim po3mipom vacTtok 16 mkm i Ginbwe (20, 80, 100, 120, 200
MKm) i SLiF, 36araueHoro go 90% SLi i3 cepeaHim poamipom 4yacTok 16 mkm i Ginbe (20, 80, 100, 120, 200 Mkm), L0
aucneprosaHi y noniMepHii maTpuui.

Y NopiBHSHHI 3 nonepegHiM aHanoroMm y AaHomy CUMHTUNATOPI pO3Mip YacTOK KOHBEPTOpPA MEHLUUIA, 3aBASKU LbOMY
3MEHLUYETbCA MMOBIPHICTb BTPaT €Heprii o-4acToK i TPUTOHIB A0 TOro, K BOHW MOTPANNSATb y CUMHTMNATOP ZnS(AQ).
OpHak po3mip 4actok koHBepTopa 3 MKM i MeHwe (1,5 i 1,0 MKM) He BUKMOYae MMOBIPHICTbL TakMx BTpaT, a po3mip
yactok koHBepTopa 0,5 MKM npuBoAUTb OO0 3HWXKEHHSA edEeKTUBHOCTI B3aeEMOAii 3 HEMTpPOHaMK. 3a3Ha4vyeHun pPo3Mmip
CUMHTUIIOIYNX YacTok 16 Mkm i Binblue, SK i B monepeaHbLOMY aHanory, TakoX nepeBuLLye OOBXMHY Npobiry o-4acTok,
LLIO NPUBOAUTbL A0 3HMKEHHS CBITIIOBOrO BMXOAY.

Bigomnii cumHTUNATOP ANSA peecTpauii TennoBux HeWTpoHiB [[MepecenoB B.®. CUMHTUNMAUMOHHBLIA CTPUMNOBLIN
OEeTEeKTop Ans perucTpauum TennoBbix HEWTPOHOB. MNpnbopbl 1 TexHuka akcnepumenTa. 2006. Ne 5. C. 39-47], wo
MICTUTb CyMiL ApiGHOKpMCTaniuHMX nopowkis ZnS(Ag) i3 poamipom yacTok 4,5 mMkm i SLiF, s6arayeHoro ©Li, i3 posmipom
4YacToOK 2 MKM, O AWCMEeproBaHi y nomniMepHin matpuui. Hegonikom LbOoro TeXHIYHOro pilleHHs € Te, WO B pesynbTari
NMOPIBHSIHO BEMMKOro PO3Mipy YaCcTOK KOHBEPTOPA (2 MKM), 0-4acCTKM MOXYTb BTpadaTu YaCTUHY CBOET eHepril Le A0 Toro,
AK noTpannsaTe y cumHTMnaTop ZnS(Ag). MNpy UbOMYy Manuin posmip CLUMHTUIIOOYMX YacTok (4,5 MKM) cnpusie
3MEHLUEHHI0 BTpaT €eHeprii, SKMM MNPOMOpLUiNHUIA CBITNOBUA BUXiA4, 4Yepe3 WO MOriplwyloTbCa MnapamMeTpyu LbOoro
CUMHTUNATOpPA: CBITNOBUN BUXIL | €PEKTUBHICTL peecTpaLii HENTPOHIB.

Bigomi aHanorn 3abe3nevyoTe MOXIUBICTb BUTOTOBIEHHS BiJHOCHO AELIEBUX CLUMHTUNATOPIB BENMNKOT NIOLL, WO €
HeYyTnMBMMM A0 y-kBaHTiB. OCTaHHI 3 aHanoriB BUbpaHO NpOTOTUMOM.

B ocHOBY NMponoHOBaHOrO BMHaxo4y MOCTaBrieHa 3ajadva CTBOPEHHS! BiQHOCHO AELUeBOro CLUHTUIISTOPY BEMMWKOI
NIIoLLi, WO Mae BUCOKY eheKTUBHICTb peecTpallii TENNMOBMX HENTPOHIB Ha hOHI raMMa-BUNPOMIHIOBAHHS.

PiweHHA nocTaBneHoi 3afadi AOCAraeTbCA TUM, WO B CUMHTWUMATOPI ANA peecTpauii TEMNOBUX HEWTPOHIB, LLO
MICTUTb CyMiLLl CLMHTUIIOKYOrO NnopoLuky ZnS(Ag) i nopolky koHBepTopa SLiF, 36arayeHoro o 90 % isotonom 6Li, wo
OMcneproBaHi y noniMepHin MaTpuui, BignoBigHO A0 BMHaxody, PO3Mip YacTok MopoLuky ZnS(Ag) CTaHOBUTb 7-9 MKM, a
po3mip YacTok nopotuky 6LiF ctaHoBuTb 0,6-0,8 MKM.

Ak nokasanu ekcrnepMMeHTU, pPO3Mip 4YacTOK KOoHBepTopa B AianasoHi 0,6-0,8 mMkm, o4eBMAHO, € OOCTaTHIM Ans



3a6e3mneyeHHst BUCOKOrO NOrfMHaHHA HEMTPOHIB | BUCOKOrO BUXOAY BTOPUHHOIO BUNPOMIHIOBAHHS.

Po3mip 7-9 Mkm cuuHTUno4YMX YacTok ZnS(Ag) 3abesneuvye 36inbLIeHHs BTPAT eHeprii i MiHiManbHi BTpatu ceitna
B CUMHTUNATOPI, WO crpusie 36iNblUEHHI iHTEHCUBHOCTI CUMHTUNAUIA | NigBULLEHHIO edeKTUBHOCTI peecTpauii
HENTPOHIB.

3MeHLIEHHSA po3Mipy YacTok ZnS(Ag) MeHWw HixX 7 MKM (npvknag 1) npvBOAMTbL OO 3MEHLUEHHSI BTpAT eHeprii y
CUMHTUIATOPI, @ OTXKe, i 3HWKEHHS CBITIOBOrO BUXOA4Y W eeKTMBHOCTI peecTpauii HEMTPOHIB. 3MEHLLEHHA pO3Mipy
4YaCTOK KOHBEPTOPA MeHLL HixX 0,6 MKM (Npyknag 2) 3MeHLUye MMOBIPHICTb NOrMUHAHHA HENTPOHIB Y KOHBEPTOPI.

36inblweHHa po3mipy 3epHa ZnS(Ag) Ginbll HixX 9 MKM (nNpuknaz 8) NpMBOAUTL 4O 3HWXKEHHS CBIiTNOBOrO BUXOAY
CUMHTUNATOPY Yepes AoAaTKOBI BTpaTy CBiTNa, Lo 06yMOBIEHi 3pOCTaHHAM HEBIAMNOBIOHOCTI OBXMHM Npobiry o-4acTok
i TPUTOHIB 4O PO3MipiB YacTok ZnS(Ag). 36inbLueHHs po3mipy 3epHa SLiF GinbLe Hix 0,8 Mkm (Npuknag 9) npueoaUTL [0
3HKEHHS BMXO4Y BTOPWHHOIO BUNPOMIiHIOBAHHS (0-4aCTOK i TPDMTOHIB), @ OTXe, | 0 3HWKEHHSA ePEKTUBHOCTI peecTpaLlii
HEWTPOHIB.

Y T1abnuui HaBeAeHO NOPIBHAMNBHI AaHi edeKTUBHOCTI peecTpauii TennoBux HEWTPOHIB CLUMHTUNATOPIB, LUO
BUrOTOBMEHI Y BiANOBIAHOCTI i3 3aNPONOHOBaHNUM TEXHIYHUM PILLIEHHSIM | MPOTOTMUMNOM.

CUMHTUNATOP, O NPOMOHYETLCS, OAEPXKYKTb BiJOMMM CMOCOGOM 3MillyBaHHSA MOPOLLKONOAIBHMX KOMMOHEHTIB 3
PO34YMHOM TEPMONMACTUHHOIO NONiMepPy B OpraHiyHOMY PO3YMHHMKY, L0 HAaBEAEHO HUKYE.

Y cknsHun 61okc 3aBaHTaxytoTb 2,0 1 20 % po3unHy nonimetunmMeTakpunaty NMMMA y guxnopeTaHi, gogatoTtb 6,0 ©
nopoLky ZnS(Ag) 3 po3mipom 4YacTtok 8 Mkm. Cymill peTenbHO nepeMillyoTe 40 O4HOPIAHOI Macy Ha MarHiTHIN Mianui.
B oTtpumaHy cymiw goaatots 1,5 r nopotuky SLiF, 36araueroro izotonom 6Li oo 90 %, 3 po3mipom YacTok 0,7 MKM i 3HOBY
nepeMillyoTb Ha MarHiTHIN Milwanui 40 oAepXaHHs 0gHOPIAHOT nacTtonodibHoi Macu. MNMoTiM HAHOCATbL OTPUMaHy CyMill
Ha CKMAHYy Migknagky i 3a AOMOMOroOK pakenbHOro NpUCTpol hopmytoTb LWap CUMHTURATOPY ToBLUMHOK 200 MKM i
diameTtpom 30 MM LLNSXOM MOBINBLHOIO BUNApyBaHHS PO3YMHHMKA.

AHanoriyHMM cnocobomMm BUIrOTOBASANWU CLUMHTUNATOP, Wo OyB BuOpaHui sk npotoTun. pu UbOMYy BMKOpUCTanu
nopoLuok ZnS(Ag) i3 po3mipom yactok 4,5 MkM, a nopotok 6LiF, 36arayeHuit isotonom 6Li go 90 % 3 po3Mipom YacTok
2,0 MkM, siKi BBOAMNUCS B aHanoridHux nponopuiax y 20 % po3ynH NMMMA B anxnopeTaHi.

EcbekTuBHiCTb peecTpauii TENNOBUX HEWTPOHIB CUMHTUASTOPOM, BMIOTOBIEHMM BIAMOBIAHO OO 3anpOMOHOBaHOro
BMHAxody, Tak camo, K i MPOTOTWMOM, BU3HaYanu 3a gonomoroi 23°Pu-Be mxepena 3 KaaMIEBOK MMACTUHKOM i
OLujiHIOBanu 3a pesynbTaTtamMmv BUMIpIOBaHb B OOHAKOBMX YMOBAX BiJHOCHO eTarnoHy - getektopa Lil(Eu).

Bnue po3mipy CUMHTUMNIOYMX YACTOK i HACTOK KOHBEPTOPA Ha XapaKTePUCTMKN BUTOTOBMEHUX 3 HUX CLUMHTUMNSATOPIB
OLiHIOBaNY LUMAXOM peecTpalLii a-4acTok 3 eHeprieto 5,5 MaB Big mkepena 2*!Am i HeiTpoHiB Big oxepena 23°Pu-Be.

EdekTnBHICTb peecTpauii TennoBUX HEWTPOHIB CLUMHTUNATOPY, BUFOTOBMEHOrO Y BiAMNOBIAHOCTI i3 NPOMNOHOBaHUM
TEeXHIYHMM pilleHHAM cTaHoBUTb 29,5 %.

EdekTnBHICTb peecTpauii TennoBUX HEWTPOHIB CLMHTUMASTOPY, BWUrOTOBMEHOrO Yy BiAMNOBIAHOCTI i3 NPOTOTUMOM,
ctaHoBUTb 20,0 %.

Lli v iHwi npyknagm cuMHTUNSATOPIB NpeacTaBneHo B Tabnuui.

Ak BugHo B Tabnuui, BMXiO4 3a rpaHUYHi 3HAYEHHsI PO3MIpiB 4YaCTOK, WO 3asBnswTbed, (mpuknagn 1, 2, 8, 9)
NPVBOANTL A0 3HKEHHS CBITIIOBOrO BUXOAY M €PEeKTMBHOCTI peecTpauii TENNOBMX HENTPOHIB.

TakuM YMHOM, BUHaxig, Lo 3asABsSETbCA, 3abe3neyye nigBuLLeHHS ePEeKTMBHOCTI peecTpalii HeMTpoHiB A0 29,5 %,
L0 cTaHOBUTL BinbLu Hixk Ha 30 % Yy NOPIBHSAHHI i3 NPOTOTUMNOM, | NOMINLWEHHS CBITNOBOro BUXoAy OinbLu Hix Ha 25 %.

Tabnuusa
Ne npuknagy Po3mip YacTok, MkM CBITNOBMIA BIXig, HOMEP EcbeKTVIBHiC:I'b peg:CTg;g-l,

MponoHoBaHe pilieHHs|  ZnS(Ag) 6LiF kaHany 5,5 MeB (%1Am) | TCMOBX Heég;)OHIB (Pu-

1 6,0 0,8 450 20,6

2 8,0 0,5 490 20,3

3 7,0 0,6 610 28,8

4 8,0 0,7 630 29,5

5 9,0 0,7 605 29,1

6 7,0 0,8 625 28,9

7 9,0 0,8 610 28,6

8 10,0 0,6 460 22,8

9 7,0 0,9 440 23,5
MpoToTun 4,5 2,0 430 20,0




