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,I.(n.!l npoBe):lemrn .!l):lepHo-qm;:rn:'ieCKIIX 3KCnepIIMeHTOB B o6naCTH npoMeJKyTO'!

HbIX 3HeprIIH Tpe6yIOTC.!l CIIIIHTIInn.!lTOpbI, 06na):laIOI11IIe BbICOKIIMII 6bICTpO):leH

CTBIIeM II pa):IIIaI1IIOHHOH CTOHKOCTbIO, IIMeI0111IIe 6onbIIIYIO nnOTHOCTb Be111ecTBa 

):In.!! o6ecne'!eHII.!l BhICOKOH TOpM03HOH cnoco6HocTII. OcHOBHOH He):IOCTaToK Ha

II6onee '!acTo IIcnonhnyeMhIX CIIIIHTIInn.!lTopoB Csl(Tl) II BGO - 6onhIIIOe BpeM.!l 

BbICBe'iIIBaHH.!l CBeTOBbIX CIIrHanoB. IloIICK HOBbIX CI1IIHTIInnHpy10111IIX MaTepIIa- ' 

noB Il0Ka3an [1], 'ITO O):IHIIM II3 nepcneKTIIBHhIX MaTepHanoB .!lBn.!leTC.!l anIOMO

IITpIIeBbIH rpaHaT Y3Al50 12 , a:£\TIIBIIpoBaHHhIH Ce (YAG:Ce). IInoTHOCTh KpIIc

Tanna YAG:Ce cocTaBn.!leT 4155 r/cM3 II cpaBHIIMa c nnoTHOCThIO Csl(Tl) KpIIcTana 

( 4,51 r / cM3). YAG:Ce CIIIIHTIInn.!lTOp IIMeeT ):IOCTaTO'!HO BhICOKIIH cBeTOBhIX0):I 

II OTHOCIITenhHO 6bicTpy10 KIIHeTIIKY CIIIIHTIInlI.!lllIIH [2]. CBeTOBhIXO):I YAG:Ce 

cocTaBn.!leT He MeHee 40% OT cBeTOBhIXO):la Csl(Tl) II npIIMepHo 250% oT cBe

TOBhIXO):la BGO. IIocTo.!lHHa.!l BpeMeHII naTyxaHII.!l 6bicTpoiI KOMilOHeHThI cBeTo

Boro IIMnynhca B YAG:Ce CIIIIHTIInn.!lTope cocTaBn.!leT 70 He, TOr):la KaK B BGO 

KpIIcTannax aTo BpeM.!l cocTaBn.!leT 300 He, a B Csl(Tl) KpIIcTannax - 900 He. 

HanII'!IIe Me):lneHHOH KOMilOHeHTbI CBeTOBOro IIMnynbca C IlOCTO.!lHHOH BpeMeHII 

naTyxaHII.!l 300 HC Il03BOn.!leT npOII3BO):IIITb II):leHTmp:1IKaI1IIIO perIICTpIIpyeMbIX 

'iaCTIIII npII IICilOnb30BaHIIII aHanII3a qiopMbI CBeTOBoro IIMnynbca. KpoMe Toro, 

IlIIK aMIICCIIII YAG:Ce ,CIIIIHTIInn.!!Topa pacnonoJKeH npII 550 HM II xopoIIIo co-

. rnacyeTC.!l co cneKTpanbHOH 'iYBCTBII'-renbHOCTbIO KpeMHIIeBbIX q>OTO):IHO):IOB. 8To 

CBOHCTBo YAG:Ce c y'ieTOM BhICOKoro cBeTOBhIXO):la, 06ecne'IIIBaIOI11ero xopoIIIee 

OTHOIIIeHIIe CIIrHan/IIIYM, Il03BOlI.!leT npIIMeH.!lTb q>OTO):IIIO):IHbIH MeTO):I C'iIITbIBa-

HH.!l cIIrHanoB [2] co BCeMII II3BeCTHhIMII npeIIMy111ecTBaMH TaKoro MeTO):la. · 

Pnc.l. CxeMaTWiecxoe ncio6pa:;Kemre axcrrepHMeHTam,Horo ycTpoircTBa 

B HaCTO.!ll.l.leH pa6oTe onIIcaH MOHIITOpHbIH ):leTeKTop ycTaHoBKH "MY Jlh TliI" 

[3], npe):IHa3Ha'ieHHOH p;n.!l IICcnep;oBaHII.!l .!!p;epHbIX peaKI1IIH C T.!lJKenbIMII IIOHaMII 

npoMeJKyTo'!HhIX aHeprn:n Ha ycKopIITerre Y-400M JI.HP OliIJiliI, a TaKJKe npIIBO

p;.!!TC.!l penyrrhTaibI IIccrrep;oBaHH.!l HeKOTOpbIX xapaKTepIICTIIK YAG:Ce CIIIIHTIInn.!l

Topa. MoHIITOp pap.!!JKeHHhIX 'iaCTIIII npoMeJKyTo'!HhIX aHeprIIH conµ;aH Ha ocHoBe 

YAG:Ce CIIHHTII~n.!!Topa II KpeMHIIeBoro anHTaKcIIanbHoro µ;eTeKTopa. OcHOBHoe 

Tpe6oBaHIIe, npep;'b.!!BlI.!leMoe HaMH K MOHIITOpHOMY ycTpOHCTBY, naKnIO'iaeTC.!l B 

o6ecne'ieHIIII '!eTKoro Bbip;eneHH.!l nHKa ynpyropacce.!lHhIX IIOHOB, HaneTaIOI.I.IHX lj'a 

MIIIIIeHb. MoHIITOp TaK'.iKe µ;omKeH o6ecne'iIIBaTb perIICTpa11IIIO 'iaCTIIII B IIIIIpO

KIIX p;Hana30Hax HX 3HeprIIn, Mace II nap.!!p;OB. KpoMe Toro MOHIITOp µ;orrJKeH 

o6nap;aTb BbICOKIIMII 6bICTpop;eHCTBIIeM II pap;IIallllOHHOH CTOHKOCTbIO. 



CxeMaTII'IeCKoe 1mo6pa:iKeHIIe aKcnepIIMeHTaJibHoro ycTpoii:cTBa noKanaHo Ha 

pIIc.l. Ily"loK IIOHOB 14N c aHeprIIeii: 51 MaB/ A, nony"leHHbIH Ha ycKopIITene 

Y-400M, BOaIIMoµ;eii:cTBOBarr c MmueHbIO (2) (Au, 2MKM), noMemeHHoii: B BaKyyM

Hoii: peaKn;IIOHHOH KaMepe (1), pacceIIBaJICH noµ; yrJIOM 0=4° II "Iepeo BbIXO)l;HOe 

OKHO (3) (Ni, 20MKM) BbIXO)l;IIlI ::m npeµ;eJibI KaMepbr. Ha pacCTOHHIIII '.:::'.10 CM OT Ka

MepbI B aTMOCq>epe BO0µ;yxa noMemaJICH KpeMHIIeBbIH anIITaKCIIaJibHbIH µ;eTeKTOp 

(5), KpIICTaJIJI YAG:Ce (6) II q>oToyMHO:lKIITeJib <t>8Y-87 (7). OTpa:iKeHIIe CBeTa 

OT Topu;eBoii: noBepxHoCTII YAG:Ce KpIIcTanna ocymecTBlIHJiocb c noMombro Al 

q>OJibrII TOJimIIHOH 5 MKM. B Ka"leCTBe OTpa:lKaTeJIH CBeTa Ha 60KOBbIX noBepx

HOCTHX IICnOJib30BaJiaCb q>IIJibTpOBaJibHM 6yMara, o6pa6oTaHHM cnIIpTOBOH 

aMyJibCIIeii: MeJIKoµ;IIcnepcHoro noponIKa MgO. 
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Pnc.2. 

Pnc.3. 

MaKcHMaJibHaJI aHeprHH HOHOB, OCTruiaBJIHBaIOLqHXCJI a 1 CM 

YAG:Ce (•), a cpaaHeHHH c Si (t:.) TOH 1Ke TOllLqHHbl 

KaJin6poBO'IHaJI oaBHCHMOCTb aHeprOBblp;eJieHHJI HOHOB 14N 
B KpeMHHeBOM aIIHTaKCHaJibHOM p;eTeKTOpe 

HoMeHeHIIe aHeprIIII IIOHOB, naµ;aromIIx Ha CIICTeMy µ;eTeKTOpOB, COCTOHmyro 

1m KpeMHIIeBoro anTaKcIIaJibHoro µ;eTeKTopa II YAG:Ce cn;IIHTIIJIJIHTopa, µ;ocTII

ranocb c noMombro cMeHHbIX Al norJIOTIITeneii: (4). 

KpIIcTaJIJibI Y 3Al5O 12:Ce 6bIJIII noJiy"leHbI MeToµ;oM ropIIOOHTaJibHoii: Hanpa

BJieHHoii:. KpIICTaJIJIIIoan;IIII II0 MOJIII6µ;eHOBbIX KOHTeHHepoB. TecTIIpyeMbie KpIIc

TaJIJibI nocne II3rOTOBJieHIIH OT:lKIIraJIIICb B aTMOCq>epe 6JIII3KOH K Booµ;yxy npII 

T=600°C B Te"leHIIe 6 "laCOB. B pa6oTe IICnOJib30BaJICH YAG:Ce KpIICTaJIJI paoMe

poM l0xl0xl0 MM3 • MaKcIIMaJibHM aHeprIIH "lclcCTIIn;, noJIHOCTbIO TopMooHmIIxcH B 

1 CM KpIICTarrna YAG:Ce, B cpaBHeHIIII c Si TOH :lKe TonmIIHbI, noKaoaHa Ha pIIc.2. 

Ho puc.2 BII)l;HO, "ITO yKaDaHHM TOJimIIHa KpIICTamra o6ecne"IIIBaeT perucTpan;IIIO 

oapH:iKeHHbIX "lacTIIn; B umpoKIIX µ;uananoHax IIX aHeprIIH, Mace II oapHµ;oB. 

KpeMHIIeBbIH anIITaKCIIaJibHbIH µ;eTeKTop IIcnoJib0OBaJICH B Ka"leCTBe t:.E- µ;e

TeKTopa )l;JIH panµ;eJieHlllI "laCTllll; no oapHµ;aM. "9:yBCTBIITeJibHbIM CJIOeM TaKoro 
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µ;eTeKTopa HBJIHeTcH anIITaKc1raJibHhlH CJIOH n-Si TonmIIHoii: 21 MKM, BbrpameH

HbIH Ha n++_si noµ;JIO:lKKe ToJimIIHOll 300 MKM [4]. B OTJIII"llle OT Heo6eµ;HeH

Horo noBepXHOCTH0-6apbepHoro µ;eTeKTOpa OTKlilIK anIITaKCaJibHoro µ;eTeKTOpa 

COOTBeTCTByeT OTKJIIIKY t:.E-p;eTeKTOpa npu CKB03HOM npoxo:lKp;eHIIII "laCTllll; "le

peo p;eTeKTOp, 0 "leM CBIIp;eTeJibCTBye'I' JIIIHeHHOCTb KaJIII6poBO"IHOH oamIClIMOCTII 

aHeprOBbip;eneHIIH IIOHOB 14N B µ;eTeKTope OT aMnlIIITy)l;bI CIIrHarra, noKaoaHHOH Ha 

pIIc.3. 

Ha puc.4 noKa3aHa 3aBIIClIMOCTb aHeproBbip;eneHIIH B anIITaKCllaJibHOM p;eTeK

Tope OT ocTaTO"IHOH aHeprIIII "laCTIIn;, oaperIIcTpIIpoBaHHbIX B YAG:Ce cn;IIHTIIJI

lIHTOpe. Ho pIIc.4 BIIp;Ho xopowee panµ;eneHIIe no oapHp;y aneMeHTOB OT Li µ;o N. 
KpoMe Toro, Im pucyHKa BII)l;HO, "ITO Ha rIInep6one, COOTBeTCTByromeii: HaJieTa-

10mIIM Ha MIIllleHb IIOHaM 14N, nIIK ynpyroro pacceHHIIH "!eTKO Bbip;eJieH. OTHo

CIITeJibHoe aMnJIIITyp;Hoe paopeweHIIe nIIKa ynpyroro pacceHHIIH 14 N nocne Bcex 

nornoTIITerreH Ha nyTII K KpIIcTarrny cocTaBnHno 3.2-,-3.5%. TaKM paopewa10mM 

cnoco6HOCTb B OCHOBHOM onpep;enHeTCH p;IIcnepcIIell ny"!Ka lIOHOB 14N Ha BbIXOp;e 

ll3 ycKOpIITeJIH, KOTOpM COCTaBlllIJia '.:::'.3%. 

DE 
500 

PHC. 4 

400 

300. 

200 

JOO 

0 
0 100 200 400 500 

E 

L,[o.e.] 

.ISO 

300 

250 

200 

150 

100 

50 

B~ ~"'@ 
~/ p 

o----~-.,.__.,..._, _ __., _ __, __ ,,,___, 
100 ISO 200 250 300 350 -IOO 50 

E [l\hB] 

Pnc.4. 3aaHCHMOCTb aHeprOBblp;eJieHHJI a Si annTaKCJiaJibHOM p;eTeKTope OT 

ocTaTO'IHOH aHeprnn, oaperncTpnpoBaHHOH YAG:Ce cu;HHTHJIJIHTopoM 

Pnc.5. 3aBHCHMOCTb cBeTOBblxop;a YAG:Ce cu;nHTHJIJIJITopa OT aHeprHH 

perncTpnpyeMbIX HOHOB Be, B, C, 14 N 
PeoyJibTaTbI II3MepeHuii:, npegcTaBJieHHble Ha pnc.4, nooBommH nony<!IITb 

npeµ;BapIITeJibHyro IIHq>opMan;IIro o oaBIICIIMOCTII cBeToBbIXoµ;a YAG:Ce KpIIcTarrna 

OT oapHp;a Z II aHepnrn E µ;JIH IIOHOB OT Be p;o 14 N. Heo6xop;HMble p;nH nocTpoeHIIH 

p;aHHOH 3aBHCIIMOCTlI 0Ha"leHIIH OCTaTO"IHOll aHepnrn, Bbip;eJIHeMOH panmI"IHbIMU 

uoHaMII B KpucTarrne YAG:Ce, nony"larrII cnep;yroJ.QIIM o6panoM. JJ:nH Ka:lKp;oro ane

MeHTa Ha COOTBeTCTBYIOIQIIX lIM rIInep6onax, IT0KaDaHHbIX Ha pIIc.4, BbI6IIpaJI1I 

HeCKOJibKO yoKUX t:.E-oKoweK. 3aTeM )l;JIH Ka:iKµ;oro OKOlllKa c nOMOJ.QbIO KaJIII6po

BO"IHOii Kp,IBoH, npuBep;eHHoi'r Ha pIIc.3, onpep;eJIHJIU aHepreTU"leCKIIH aKBIIBaJieHT 

noTepu aHepnrn t:.E. Ilo nony"leHHbIM mi:a"!eHIIHM t:.E pacc'lUTbIBaJIII ocTaTO"IHYIO 

aHepruIO, Bbip;enHeMyIO "laCTIIn;eii: B CD;IIHTIIJIJIHTOpe. IlpII 3TOM B Ka"leCTBe Mac-
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COBoro •mcrra gnH gaHHOro 3l1eMeHTa UCIIOlih0OBalllr 0Ha"!eHue MaCCOBoro "!Ucna 
U0OTOIIa, UMeIO!l\ero Hau6orrhlllUH BhIXO):I. IIony"IeHHbie yKaoaHHhIM Bhillle crroco-
6oM oaBUCUMOCTU caeTOBhIXO):la rrpuaegeHhl Ha puc.5, U;J KOToporo BU;:J;HO, "ITO, 
KaK u B crry"!ae gpyrux HeopraHu"!ecKux c~uHTnnnHTopoa [5,6], OTKnuK YAG:Ce 

C~UHTUlilIHTOpa oaBUCUT OT z u E "!aCTU~hl. OTMeTUM, "ITO B o6naCTU 3Hepruu 
Bhillle 10 M3B/A caeTOBhixog YAG:Ce c~uHTunnHTopa grrH acex uccrregoaaHHhIX 

"!aCTU~ nuHellHO oaBUCUT OT 3Hepruu. 
B oaKlIIO"IeHue OTMeTUM, "ITO CUCTeMa geTeKTOpOB, COCTOH!l\M ll3 KpUCTarrrra 

YAG:Ce u KpeMHueaoro 3IIUTaKcuarrhHoro µ;eTeKTopa, o6nagaeT gnH "!acTu~ rrpo
Me)KyTO"!Hoii 3Hepruu BhICOKOH ugeHTmt,uKa~lIOHHOH crroco6HOCThIO ITO oapHµ;y, 

IIO0BOlIHeT "!eTKO BhlgeJIHTh IIUK yrrpyropacceJIHHhIX HarreTaIO!l\UX Ha MUllleHh 
UOHOB u o6ecrre"IUBaeT perucTpa~ "!aCTU~ B lllllpOKUX o6nacTJIX ux 3Hepruii, 
Mace u oapHgoa. KpoMe Toro, peoynhTaThl uccnegoaaHuJI OTKnuKa YAG:Ce c~uH

TUnlIHTOpa rroKaoarru, "ITO ero cBeTOBhlxog, KaK u B cny"!ae gpyrux HeopraHu"!e
cKux C~UHTUiilIHTOpoB, yMeHblllaeTCJl C pocTOM z UOHa, lI ):llIH Bcex uccrreµ;oBaHHhIX 

B µ;aHHOH pa6oTe uoHOB B o6nacTu 3Hepruu E2: 10 M3B / A rruHeiiHo oaaucuT oT 

3Hepruu uoHa. 
AaTophl Bhlpa)KaIOT 6rrarogapHOCTh rrpocpeccopy I0.8.IleHUOH)KKeBn"Iy oa 

rrpOHBneHHOe BHUMaHUe K pa6oTe, a TaK)Ke 6narogapJIT PoccuiicKUH <pOH/:1 <pyHga
MeHTallhHhIX uccnegoBaHUH oa rroggep)KKY pa6oThl, ocyll\eCTBlieHHOH B COOTBeT

CTBlIU c rrpoeKTOM P<l><l>M N°95-02-05676-a. 
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Onnca1:t _MOHHTOP ~apsi)KeHHblX lJacntu ripoM~)KyrptJHblX 3HeprnH,: COCTOS!IUHH. 
H3, Y~Al5012:Ce c,UHHTHnnsiTOpa H 'KpeMHHCBOro 3IIHTaKCH3JlbHOfO JlCTeK:Opa. Ta-. 

KM CHCTeMa )l~TeKTOIJOB ~6nMaeT :BblCOKOH H)leHTrHpHKaimo'HH()H. cnoco6ii'ocTbID 
. · no, 3apsiny,:, n03BOflSICT •. lJeTKO Bbl)lenS!Tb,: nm< ynpyropa~cesi1_H1blX . 11aneTaIDIUH_?C 
Ha MHllleHb HOH OB 11 o6ecneimBaeT p~rncTpallHID · •rncmu B llIHpOKHX o6naCTI!X HX 
3HeprHH, Mace ·" 3ap~Jl0B. KpoMe Tor.a, Hccnenoeaullii OTIUIH~a i:laHHOro CUHHTHnnsi
TOpa noJ<a3aJUI, 4TO ero i:BeTOBblXO)l, KaK ·u B C.[IYtJae npy_rnx 1ieopraHHlJeCKHX 

. CUHHTHnnsiTopo~. YMeH_b1iiaeTCSI C yocTOM Z ttoifa H )lJJ~ HCC.Tle)lbBaH~Jb,IX B )laH!JOH 

pa66Te HOHOB OT Be )lO 14N B ·o6nacTH 3Heprnw e'"?. 10 .tvbB/A nHHeiiHQ·3aBHCHT 
OT 3HeprnH HOila. . . .. . . . . . . • . . / . ,, :. 

• Pa6om BbI~on~e11a B Jia6opaTopmi sinepHb.lX pea~unij H·M.tH:ct>nepoBa 0115111 .. 
•' ,. ! ,, I . / '>. " ' '·_·:.-" ' , ,, , i1 . . .- ', ;, 

ITpenpH~T 06Ji'eii1ittem1oro H~CTHTyra llJ.tep~blX HCCJle)IOBalmil: lly6tta. 1997 
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TTepeBOJl aB'ropoe 

·Sobolev·Yu.G. et al. 
., 

A Monitor for Intermediate-Energy Charged Particles Based ' 
.on Y 3Al5o'1z:CeScintillato~ and Silicon E_pit~xia(Dete~tor ' 

Pl3~97-l i9 

A:, monitor·• for , intermediate-energy char.ged particles· consisting 11 

of Y;Al50 12:ce· scintiHator· and siHcon ~pitaxial d:tectors has be_e~ described: Such 
• . . . . . . • • . • I : . . ·" .• ,. 
detector system have high charg·e resolving power, permits to distinquish clearly 
the elastic peak of the ions bonibardinf the target anci provides particle iegiitration, 
in' the wfde ranges of particle energies·, m~ses and charges.,Moieover; investigation 
of the scintillator ;response shows that scintiliator Jighr. output, as iii .-the case 
bf, another,inorganic·.s~intill~tors, decreases -with: increasing Z· value ,of ion 

~nd for inv~stigated in this: ~ork i~ns 'frbm Be._to 14N ·· has. linear dependence 
from energy in the ,energy _ra.n'ge 'E ~· 10 MeV/ A~ . . . ' ' · . 

.. : , -•· ·, ... ·.·· •'. ',_ . ,. . ·,,. ,, . . . ' 
The inv~stig~tion has' been p

1

erformed at·the ,Flerov Laboratory of Nuclear: 
'Reactions, JIN_R: . . . . . . . ,. . ··. •. . 
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