AOETEKTOPU HA AOPEHU NbYEHUA

Hama ga ce 3aHMMaBaMe C HECNEeKTPOMETPUYHUTE LETEKTOPWU, KaKTO U C TPEKoBUTE
OeTeKkTopu, KOUMTO ce u3nonsyBaT BbB (pu3nkata Ha BUCOKUTE eHeprun (dpusmka Ha
AOPEHUTE peakuuMm U enemeHTapHuTe 4Yactuum). Lle HanpaBum camo ednH KpaTbK

npernen Ha TunoBeTe AeTEKTOPU:

FA3OPA3PAOHU OETEKTOPU

e TokoBa MOHM3ALMOHHA Kamepa - N3MepBa ce ObLINA MHTEH3UTET Ha NTbYEHUETO.
M3nonaea ce B 4O3NMETPUSATA — TOKA € NPOoMnopunoHaneH Ha MOLLHOCTTa Ha gosara.

e WmnyncHa MOHM3auUMOHHA Kamepa - perucTpupa OTAENHW 4YacTuuM C ronamo
dE/dx (o-vactuum, dparmenTn). M3nonsyBa ce psgko. Jlowa pasgenutenHa
CNOCOBHOCT NO eHeprus.

e [awrepoBu Oposunm -  perucTpupatr  OTAENHM  vacTuum  (BCSIKAKBW)
HecnekTpoMeTpu4Ho. Hama Bpb3ka Mexay amnnutygarta Ha uMnynca n eHeprusTa.

e [lponopunMoHanHu ©OposiYM - CMEKTPOMETPMYHU. PeructpupaT BCSAKaKBO
HUCKOEHEpPreTMYyHo nbyeHne (M B 4n reomeTpus). He ca egHakBo edekTMBHM 3a
BCSIKAKBO fbyeHue. JIeCHO NPOMEHAT CBOWCTBATa CWU, 3a TOBA YECTO Ce npaBAT

NPOTOYHUN, USNCKBAT ra30BO CTOMAHCTBO.

KPUCTAJTHU AETEKTOPU
e CUMHTMNALMOHHM AETEKTOPM - CMEKTPOMETPUYHM 3@ BCAKAKBO IMbYeHMe.

° nOHprOBOAHMKOBM AETEeKTOPU - CNEKTPOMETPUYHN 3a BCAKAKBO JTbY4EHUE.

TPEKOBU OETEKTOPU

e doToemyncum - crieam Ha OTAENHW YacTuuu. VIHTerpanHOTO nodYepHABaHe e
nponopuMoHanHo Ha pfosaTa. MsnonseBaHe - aBTopaguorpaduvs, OeTektop B f-
cnekTporpaduTte, peructpaums Ha agpeHn cbouTua B obema Ha emyncusaTa.

e [uenekTpuyHM - croga, nnactmMacu — camo 3a 4acTuum C ronemMu MOHM3auuoHHU
3arybu (o-yactmum n doparMeHTn Ha geneHe)

e KoHaeH3aUMOHHM Kamepu - YuncoHoBa M gudysMOHHA Kamepu — mmaT camo
NCTOPUYECKO 3HAYEHNE.

e MexypuyecTta Kamepa - M3nKa Ha enemeHTapHuTe Yactuum. Mima TpyaHOCTU npwu

obpaboTkaTa Ha CHUMKUTE.



e WckpoBUM M CTpUMEpHM Kamepu — (M Op. Hanp. NPOMOpUMOHANHU Kamepw,
apendosu n T.H.). AI3nonsyBaT ce BbB (hm3nkaTta Ha BUCOKUTE eHeprun. TeHaeHuns
- paboTa Cc KOMMITBLP 3a MbPBUYEH OTOOP Ha CbbUTUATa B peanHo Bpeme (on line).

e YepeHKOBCKMU AeTeKTopu - n3nka Ha BUCOKUTE eHEPIUn.

MopeTo OT AeTEeKTOpM N KOMOUHALMK OT TAX € OrpOMHO. [paKkTuyeckn BCUYKM paboTaT
Ha 6asaTta Ha MOHM3aLMOHHM 3arybu Ha 3apeaeHn yYactuum (6e3 YepeHkoBckute). OT
BCUYKM Te3n [JeTeKTopu e pasrnegame noapoOGHO  CUMHTUIIAUMOHHUTE U
nonynpoBOAHUKOBUTE, KOUTO WUMaT HaW-TONAMO NPUoXeHMe B A4peHaTta

CNEKTPOCKONUA.

CUMHTUNALUNOHHU OETEKTOPU

McTopuyeckn cumHTUnockona (ZnS + MUKPOCKON) € eInH OT Han-cTapuTe MeToan 3a
perncTpauunsa Ha o-4yactuumn. ssecteH e 6un Ha Pvabpdopa - 1904 r.; PereHep - 1908
r.; M3nonayeaH e B onutuTe Ha [anrep-MapcaeH-Pvabpdopg (nybnukaumsa ot 1909 r.)

3a nscneaBaHe pascerBaHETO Ha a-4acTULMN.

CumHTUnockona ctaBa CUMHTUIALWNOHEH OEeTEeKTOop edBa cren 3amMdaHaTa Ha YOBEeLLUKOTO

OKO C (poToenekTpoHeH ymHOXuTen (PEY) - 1944 r., T.e. okono 40 roanHn No-KbLCHO.

O6wa KOMMOHOBKA Ha CUMHTUMAUMOHHUSA OeTekTop: cuuHTunatop + OEY +

eNeKTPOHMUKa.

e CuuHTMRNaATOpP - TpaHCoOpMMpa eHeprusaTa Ha 3apedeHata yacTviua B CBeTNIMHA
(CBETNMHEH MMMYNC — MHOXECTBO (POTOHKU, YMATO Gpon e nponopumoHaneH Ha

oTAageHaTa eHeprug).

e O®EY - TpaHcopmupa CBETIMHHUA WMMYNC B €NeKTpUYeckn WUMNymnc, 4YnaTo

amMmnnmntyaa e npornopunoHasiHa Ha MHTEeH3NUTETa Ha CBETIIMHHUA NMNYITIC.

e EnekTtpoHuKa - ycunea, oopmupa, aHanuampa enekTpuyecknutTe UMmyncu.



. CUUHTUNNATOPU N CUMHTUNTALIMOHEH MNPOLIEC

CUMHTUNAUNOHHMSA NPOLIEC UNN paanonyMUHECLEHUMSTA, € YacTeH cryYyal Ha eauH

NO-LLUMNPOK KNnac ABIIEHUA B TBbpOOTO TAIO - NyMUHECUEHUUATA.

A. HeopraHuyHu cumHTunatopu. CUMHTUNALMOHEH NpoLuec.

o +
TunuyeH npegctasuten e Nal(Tl) - noHeH kpuctan ¢ KybuyHa peweTka ot Na~ kaTuMoHU
n I" aHnoHu. M3nonssa ce BbB BUA Ha MoHokpucTanu. Mpumeca ot Tl (akTuBaTtop) e

+ +
BbB BUA Ha Tl (Ha mactoto Ha Na'). JlokanHuTe HMBaA Ha aKTUBATOPHUA LEHTHP ca B

3abpaHeHaTa 30Ha.

LLInpOKO30HHU NONyNnpoBOAHULMU

_.\A
30HaHa ——— | = 2E 33
npoBoANMOCT 6e3paamaumnoHHo
het 1eV
$
[*N
=
6 3 | 3
sabpariena © < — Murpaums
30Ha Q 36V
[0]
~
+ \/77
eKCUTOH —————— _
3anbliHeHa ————— nokaneH —
30Ha LUEeHTbp Ha —
naceeTBaHe TI*—
+0 =

®ur.30. KbM eTanmte Ha CUMHTUIALNMOHHNA NPOLIEC B HEOPraHNYHN CUUHTMNATOPN

(kpuctan Nal(TIl) B cBeTnuHaTta Ha 30HHaTa Teopus.

1. FeHepaunoOHeH eTan

Bbbpsata 3apeneHa 4actuua (c eHeprus E,), Hanpumep ¢OTOENeKTpoH, oTaasa

eHeprna dE/dx 4pe3 npsiko B3aMMOOEeNCTBME WU S-€NIEKTPOHU Ha enekTpoHUTE Ha
cpepaTta. PaxgaT ce MHOro "ropewun” enekTpoHu, KOMTO CbLO MoraT ga npeanssukar

paxgaHe Ha HocuTenu "enekTpoH - gynka". lNpoueca Ha "pasmMHOXaBaHe" Ha HocuTenu



€ Bb3MOXEH [0 HaMansiBaHe Ha eHeprusata um go okono 2E; ;. MNpu "repmanusaung”
00 OBbHOTO Ha 30HaTa Ha NPOBOAMMOCT eNeKTPoOHUTE rybsaT eHeprua 6e3pagnaunoHHO

-12 -13
(BBb30YyxOaHe Ha hoHOHN). 'eHepaunoHHMs eTan 3aBbpLuBa 3a okono 10~ +10 7 s.

2. MwurpauuoHeH etan - audysus (NPEHOC Ha €EHeprusl) Ha HocuTenute fo

aKTUBATOPHUTE LIEHTPOBE (LLEHTPOBE Ha N3CBETBAHE).

al. Han-npocTtus npeHoc - BbB BN HA €KCUTOH - crabo cBbp3aHa ABOWKA €NEeKTPOH-
+ +
aynka (e,h) cbec cnegBalla aHMxunauua Ha ekcutoHa Bbpxy Tl -ueHTbpa: (e,h) + TI

- TI"+ hv

6/. Bb3amoxHu ca: bbp3 3axBaT Ha eneKkTpoHuTe ¢ obpasyBaHe Ha T1° anaysna Ha

aynkute (Vg-LeHTpoBe): Vi + T 5T +hv - aynyecrta peKkomouHaumsa nnu 6uLp3
++ - ++ +

3axBat Ha gynkute - Tl n gudysma Ha enektpoHute: e + TI' — Tl + hv -

eNleKTPOHHa peKoMbuHauums.

CbOTHOLLEHMATA MexXay Te3n MpoLecy ca pasfnnuyHK, KaTo CKOpoCcTTa UM ce onpenens

OT CBOMCTBaTa Ha oTAeNHnA KpucTtarl.

He BcuYkM HocuTenu pekombuHupat ©ObpP30 M MO TO3M HauuH "m3nagat" oT

dopMMpaHeTo Ha CLUMHTUNALUMOHHUSA UMNYNC - OT TaM - 3arybu Ha eHeprus. bbpaaTta
4yacT Ha MUrpaUMOHHUA eTan Tpae OKOomNo 10° s u ce cunta, uye TH onpeaens

ObJDKMHaATa Ha npegHunAa CprHT Ha CUMHTUINMaUNOHHNA NMIMYIIC.

++
3. BbTpelHo LeHTPOB eTan - U3CBeTBaHe Ha Bb3byaeHus aktmBaTtopeH ueHTbp: Tl

S TIT + hv.

CouicTBaTa Ha aKTMBaATOPHUS LIEHTbP ONpeadendaT cnekTbpa Ha nymMuHecueHuus. 3a
Tl B NaI(Tl): hvg, = 3 eV; Agp = 410 nm. CnekTbpa Ha NyMUHECLIEHLMS HE 3aBUCK OT
Ha4yMHa Ha Bb3OyxgaHe. XapakTepHOTO BpeMe Ha uscBeTBaHe - T (eKCnoHeHumaneH
crnag Ha CUMHTUMNAUMOHHUSA MMMYIC) CbLO ce onpeaensd OT akTMBaTOPHUS LEHTLbP U
oT4yacTM OT CKOpocTTa Ha murpauus. BpemeTto 3a macsBetBaHe Ha Nal(Tl) e 230 ns.

CneKpra Ha NyMUHeCLUeHUNA Ha akTuBaTtopa € OTMECTEH KbM MO-rofieMm OAbJDKUHN Ha

BbJ/IHUTE CMPSIMO OCHOBHAaTa mBuua Ha nornbluade (3a Nal(Tl): E; 5. = 6 eV ; A, = 200



nm) Ha OcHOBHMA KpucTan. [lopaguM ToOBa CUMHTUNATOPUTE ca MpPo3payHu 3a

CBeTJInHaTa Ha aKTuBatopa WU T4 MOXe [da Obae wu3BegeHa oT Kpuctarna wu

-3
pernctpupara. OnTMManHaTa KOHLEeHTpaums Ha akTuBaTopa e okono 10~ atoma/atom.

®ur.31. lNoBeaeHne Ha OTHOCUTENHNA UHTEH3UTET Ha CLUUHTMNAUMNTE B 3aBUCMMOCT

A

MHTEH3UTET

1 1 1 1 1 »
>

1 2 3 4 5 x103art/ar

KOHLUEHTpPaLund Ha aktuBaTopa
OT KOHUEHTpauunATa Ha aktmBaTtopa.

|_|pl/l roneMm KOHUEHTpaunn Ha akKTuBaTopa CUUHTUINaATOpPpUTE CTaBaT Henpo3padyHn 3a

COOCTBEHOTO CM aKTUBATOPHO U3fbYBaHe.
4. EHepreTnyeH noo6us

Onpe,u,enﬂ Ccé KaTtTo OTHOLWUEeHMEe Ha eHeprndrta, u3nbyeHa KaTo CBEeT/IMHA, KbM

eHeprndaTa Ha nbpBMYHaATaA Yactuua, norojiHaTa B Kpucrtana.:

Ehv
En

n= ; Ehv = hvncb

Ny, = i"vn - 06wwms 6pon potoHn; Eq = hv =3 eV

hv
BenuunHata O =— [eV/oTOH] € cpeaHa eHeprusa, unspasxogBaHa OT MbpBUYHATA
n

yacTuua 3a reHepupaHe Ha 1 OOTOH.

KBaHTOB n0O6MB: A = y [doTOoH/eV]
®
)

Mokasga ce, 4Ye N < 35%. 3a unctns , oxnageH Nal n ~ 0,33.



0,5E,, eHeprus Ha POToHa

~

2E,. eHeprus Ha obpasyBaHe Ha efjHa ABOWNKa

3a Nal(Tl) npu cranHa Temnepatypa: n = 0,15 (15%); g = 20 [eV/doToH] = 0,02
[keV/doToH]; x = 50 [poToHa/keV].

3a 1 MeV enektpoH: n(E) = E¢y = 5.10* c¢phoToHa B CBETNIMHHUSA NMNYIIC.
5. HAkou XxapakTepuCTMKM Ha TUMUYHM HEOPraHUYHU CUUHTUNATOPU npu

Bb30yXaaHe C enekTpoHu (Mpu B3auUMOOENCTBME Ha y-KBAHTUTE C BELLECTBOTO Ha

CUMHTMNaTopa ce nony4aBsaT 6bP3n enekTpoHn — PoTo-ePeKT, KOMNTOH-eGEKT).

P Zesf Es.a. T hv/A n X
[g/cms] [eV] [ns] [eV/nm] [boT/keV]
NaI(TI) 3,7 50 5,8 250 3/410 0,153 51
CsI(TI) 4,5 54 6 700 2/560 0,06 27
ZnS(Ag) 4,1 23 4.1 10* 2,75/450 | 0,2 (8) |150(102)
BisGes;0q2| 7.1 80 - 300 |2,56/480 | manbk

BucmyTtoBusa repmanaTt (BigGe3z012) uMa Mankm eHepreTMyeH u KBaHToOB obuB - ToBa
ce OoTpa3siBa KaTo BfolwaBaHe Ha pasgenurenHara cnocobHOCT no eHeprun (CNpsiMo
Ta3n Ha Nal(Tl)), Ho Ton e oTnnYeH cuuHTUNaTop 3a y-KBaHTU, C MHOrO MO-BUCOKA
edektmBHocTt ot Nal(Tl), nopagn no-ronsamata cu NABTHOCT U edEKTUBEH aTOMEH

HoMep.

ZnS(Ag) - nma BUCOK KBaHTOB J06MB, HO MHOTO ABLAro Bpeme Ha uscBeTBaHe. He ce
noryyaBa BbB BUO Ha MOHOKpuCTanu. 3a y-KBaHTU — Henoaxodsll; 3a eneKTPOHU -
CbLLO (CpaBHUTENHO BUCOKO Z); HEXUTPOCKOMWYEH; N3MON3BaHe — 3a o-4acTuuu BbB

B4 Ha NONMMKPpUCTariHu crioese.

CsI(TI) - HMCBK KBaHTOB A06MB, AbNrO Bpeme Ha maceeTBaHe - 700 ns n HenoaxogALy

CnekTbp - 560 Nm, HEXMIPOCKOMNYEH.



NaI(Tl) - Han-gobbp 3a y-CNeKTPOMETPUS, HO CUNHO XUrpockonuyeH. MoHokpucTanuTe

TpsAbBa ga ca AoGpe XxepMeTUsnpaHu, Tbii KaTo ce pas3BansaT ¢ BpeMeTo.

" crokno

cumHTMNaTop h
MOHOKpUCTan l

7
%
Z
%
%
%
/
%
%

T

@dur.32. OnakoBka Ha CUMHTUNALMOHEH KpUcTarn.

Kpuctanute ce onakosaT ¢ andyseH ceetootpaxaTten (MgO) mexay BBbHLUHUA KOpnyc

N MOHOKpUCTana ¢ uen nogobpsisaHe Ha CBETOU3BEXOAHETO.

B HeopraHuyHuTe CUMHTMNATOPWU, B MbPBO MNPUBMAMXKEHUE, eHepreTUYHUS U KBaHTOB
nobvs n un x He 3asBucat ot dE/dx Ha yacTuuaTa, HO MOHM3aUUOHHUTE 3arybu 3a

€J1eKTPOHU N o-4aCTuuun ce pasnnyaBsaT TBbpae CUIHO.

3aAl: p=27 g/cm3

EnekTpoHu: 1(£) ~2,5 MeV2 ; 6Mevz600ﬂ
plLdx /g g/cm cm cm

a-vacTMum: 1[EJ ~1350 MV 350 MeV _gg5Mev
plLdx )/, g/cm cm mm

)
il

Mpn TBBLPOE ronemu cneundpnyHm 3arybu obave ce Habniogasa raceHe B crnejarta —

T.€. OTHOLLUEHMETO ~10°

3aryGa Ha HOCUTEnu B criefiaTa Ha 3apefeHara Jactuua

3a tunuyHnte NaI(Tl) n CsI(Tl) o/e — oTHOWeEHMETO e: 11—°‘=X—°‘z0,5
Me Xe

NHTepecHO e, Ye 3a ZnS(AQg) OTHOLLEHNETO Yofxe = 1.



Obnrn KOMNOHEHTU Ha U3CBeTBaHe - 3anaBsiHe Ha HOCUTENW B NIIUTKN YNOBKKU, cnep,
TOBa TEPMUYHO onycTowwasaHe (6aBeH npouec) n n3cBeTBaHe B aKTMBATOPEH LEHTHP.

3aKkbCcHABALLUNTE CBETIIMHHMA nMmnysicn ca eaUHUYHU ('pOTOHVI.

B. OpraHnyHu cumHTUnatopu. CUMHTMNALNOHEH npouec

L) @im<>

HadTanuH aHTpaLeH cTunbeH

al. BuooBe:

MonekynsipHu Kpuctanu:

@Our.33. CTpyKTYpHU POPMYIIM HA HAKOWM OpraHNYHM CLMHTMUNATOPU — MOSIEKYNSIPHN

KpucTanm

TeyHoCTU (OpraHnyHKn) + akTMBaTOp (OpPraHNYeH)

Genson | [ 2,5 audbeHun okcason
Tonyon  + 9§ PPO
keunon | [ p-Tepcperun

CHs
CHs

BeHson Tonyon Kcumnon
N—N
|l |l
\N 7/

@)
p - TepeHunn PPO

®ur.34. CTpyKTypHU hOPMYIM Ha HAKOM OT CbCTaBKUTE HA TEYHUTE CLMHTUNATOPW.



MnacTtmacu+aktuBartop - MNBT (nonuBmHun Tonyon) + p-tepderHnn. KoHueHTpauuata
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Ha akTMBaTopa € okosio 10 ™ MmonapHu YyacTu.

JNlymMuHecueHUMsAITa B  OPraHUYHWTE CUMHTMIIATOPU € MOMEeKynsipeH npouec.
MoneKynute Ha OpraHM4YHUTE CUMHTUNATOPW, aKTMBATOPU U NPEHOCUTENN HA eHeprus,
cbabpKaT 6€H30MHN NPBCTEHN (KOHAEH3MPaHW UNN NMHENHO CBbp3aHK) 1 nopaau Toea
cbabpXaT cucTemMa OT m-eNeKTPOHU (ENeKTPOHUTE Ha [BoMHaTa Bpb3ka). TakuBa
MOneKkynu umat gobpe pasBUTM CUCTEMU (MBULM) OT BUOPALMOHHU U POTALIMOHHM

CbCTOAHUA, CBBpP3aHM C OCHOBHOTO WU B'b36y,D,eHVITe €J1IEKTPOHHN CBbCTOAHUA Ha

Mosnekynara.
Bb30yaeHo
E
CbCTOsIHNE - - 1 A
A
2 \ \
normbluaHe » +» U3nbYBaHe g : :
A4 2 | |
OCHOBHO E © ! |
0 I I
CbCTOAHUE x x ‘ ‘ >
u A
Bb30yXaaHe n3cBeTBaHe

®ur.35. KbM onncaHneTo Ha CLUUHTUNALMOHHNUS NPOLIEC B OPraHUYHM CLUMHTUIIATOPMW.

Mopaan BB3MOXHOCTTa 3a Obp3an OespaguaLMoOHHM MPEXoau BbTpe B CbOTBeTHaTa
MBMLA, ce rnoslyyaBa OTMECTBaHe Ha CrnekTbpa Ha M3NbYyBaHe KbM MO-HUCKUTE eHepruun
M NO-rofieMn Ob/MKMHM Ha BbfHaTa CNpPsSIMO CrNekTbpa Ha nornbliaHe, Tbil KaTo

Bb30yXgaHeTo ce M3BbpLUBaA BMHArM oT "ObHOTO" Ha MBMLATa Ha OCHOBHOTO CbCTOSIHWNE

(Ep), @ n3nbuBaHeTO - OT "AbHOTO" Ha MbPBOTO Bb36yaeHo cbeTosiHMe (Eq) oo “Bbpxa”

9
Ha mBuuata Eg, MNpexogute: ovHO Eq - mBnua Eg ca 6bp3m - okono 10~ s (6bp3a
dnyopecueHuus). Bewecteata ¢ manko CTOKCOBO OTMECTBaHe ca Hernpo3padHu 3a

cOBCTBEHOTO CM U3NbyBaHe, HO ca 406py NPEeHOCUTENN Ha eHeprusaTa 40 akTMBaTopa.
Bb3byaeHOTO CbCTOsSIHME Ha MonekynaTa - enekTpoH B Eq + BakaHuusa (gynka) B Ep

MOXe fa Ce paslrnexna Kato eKCUTOH C MalnbK paanyc Ha aenokanunsauus, KONTO MOXe
ga Murpupa B cpegarta. Cnope,u, HOBUTE CXBallaHUA, TpeHOCa Ha eHeprna ce

ocurypasa oT AMnosn-gnnosiHoTo pe3oHaHCHO B3auMogencTeme mMexay MorekyrnuTe.



6/. MpaBuna 3a cbcTaBsiHE HA MHOFOKOMMOHEHTHU OPraHU4YHU CLUUHTMNATOPU.

4

OCHOBHO
BeLlecTBO

Bb30OYXXaa

A

[
»

\\ aKTMBaTop

N -
»

M
‘ 1"\
! I\
\ [ cmectuTen
| |
| / | \ Ha crnekTbpa
| /1 N\

S I
»
\_> n3nb4BaHe

®ur.36. Kbm npmHUmMna Ha cbCTaBsiHE HA MHOTOKOMMOHEHTHN OpraHnYHn

CLUMHTNNATOpPMU.

I'opHaTa KomMOunHauusa Ha CNneKkTpuTe npaBn CUUHTUIIATOPA MakKCUMaliHO MNMpo3padvyeH 3a

n3nbYBaHeTO. Tasm mgeonorns ce npunara npn n3rotBaHe Ha Te4HU U NMTacTMacoBU

CUMHTUNAaTOpPMN.

B/. HAkon xapakKTepucTUKM Ha TMNUYHU OPraHM4YHU CLIMHTUIIAaTOPMU

p Zets | T hv/h M X

[g/cm’] [ns] | [eV/nm] [dhoT/keV]
aHTpaueH 2,1 5,8 30 | 2,77/447 | 0,04 14
cTUn6eH 1,2 57 | 4,5 3,0/410 | 0,028 9
Tonyon + PPO 1 6 3 3,2/390 | 0,013 4
MNBT + p-TepceHun 1 6 3 | 3,3/380 | 0,019 6




OTHOLWEHMETO Xa/Xe ~ 0,1 3a BCMYKHM OpraHn4yHn CUMHTUNATOPN € 3HAa4YUTESTHO NMOo-MaJiko

B CpaBHEHME C HeopraHuyHuTe (raceHe B Tpeka — CBOOOAHM paaukanu,
6espagnaumoHHm npexogun). dopmata Ha wumnynca cbwo 3aBucm ot dE/dx Ha

yacTtuuaTa.
MpunoxeHuns:

CI'IeKTpOMeTpMﬂ Ha efIeKTPOHMU - HUCKO Z U Manko 06paTHO pasceVlBaHe. Hucka

YyBCTBUTENHOCT 3a y-KBaHTMW.
Peructpauus Ha 6p3u HEeYTPOHM - M0 NPOTOHM Ha OTKAT - CbabpPXKaT BoAopPOA.

Bbp3u cuMHTUNATOPM - OKOJSO 10° muTw no-6vp3n ot Nal(Tl), koeTo rM npasu

He3aMeHnMn npm mnamMepBaHe Ha KbCW BpeEMEHa (BpemeHa Ha XMUBOT Ha B'b36y,El,eHM

AAPEHN CbCTOSHNSA).

Morat ga ce wuspaboTrBaTt romnemu obemmum (TedHn) n 6Gnokoee (MnacTtmacoBu) C
npousBonHa dopmMa 3a crneumanHn ekcnepumeHTn. BbB umsmkata Ha BUCOKUTE
€Heprum CUMHTUMALMOHHM [OEeTEeKTOpU ce MNoNn3BaT KaTo KOMMOHEHTUM Ha CIOXHU

MHOrogeTekTtopHn CUCTEMMN.

O6wm HepocTaTbLUM Ha OpraHn4yHunTE CUNHTUINATOPU. CPaBHUTESTHO MallbK CBETJIMHEH

nobus, nowa pasgenutenHa CNOCOBHOCT No eHeprun.

YHuBepcanHu cumHTunaTopu Hama. Bcekn cumHTMnaTop no cBoemy e nusbuparteneH 3a
AaneH sua nbyeHue: moHokpuctan Nal(Tl) - y-nbyeHne; nonvkpuctaneH ZnS(Ag) - o-
yacTuMuW; aHTpaueH, CTUNOEeH - enekTPOHW U HEeYTPOHU (N0 MNPOTOHM Ha OTKaT);

NNacTUYHWU - 32 BpeMeHHN namepsaHunst; MmoHokpucTan Lil(Eu) - 3a 6aBHM HeyTPOHM Mo
€eK30TepMNYHaTa peakuus 62Li(n,a)31H + 4,8 MeV (c ronsmo ceyeHue 3a 3anaBsiHe).
LiI(Eu) e Tnu4eH nsbupateneH cuumHTUnaTop. HegoctatbLUm - XUrPOCKOMUYEH € U MMa
ronsiMa YyBCTBUTENHOCT 3a y-KBaHTU - Zeg ~ 50. 3a perucrpaumsi Ha HeyTPOHU 4eCTo

ce n3nona3eat xereporeHHn CunHTUI1IaumoHH1 CMeCH.

Il. POTOEJIEKTPOHHU YMHOXXWUTEJIN (DEY)



O6wa cxema v NPUHLUMN Ha AencTBUe (BaKkyymeH npuoop)

®dur.37. Cxema 1 NpUHLMN Ha AeENCTBME HA (DOTOENEKTPOHEH YMHOXMUTEN.

\AAAAA/

doTokaTon JuMHoOHa aHop,
cuctema cbOupaly enekTpon

A. ®doTokatoan. KBaHTOBa e(peKTUBHOCT.

CBeTnUHHMTE KBaHTM u3bueaTt CbOTOGJ'IGKTpOHVI oT (*)OTOKaTOD,a ype3 BbHLUEH

doToedekT. EHeprnaTta Ha poToenekTpoHUTE € MHOro Marka.

doTokaToga e nonynpo3padveH (TbHBK) CroM OT NOSYNPOBOAHUK C TACHa 3abpaHeHa
30Ha U HUCKO CPOACTBO KbM €fleKTpOHa M CpaBHUTESNHO BUCOKa oTaenuTenHa pabora,
3a Ja nma Manka tepMmoemucuda. TunuyHu dotokatoam - Cs3SbO - NOBBPXHOCTHO

oKucnsiBaHe - ceHcnbunmsauus - nsnapeHune BbB Bakyym (S11).

He Bcuukn oTOHM reHepupaTt oTtoenektpoHu. KBaHToBaTa e(eKTUBHOCT Ha
doTokaToga € OTHOWEeHMEeTO Ha 0Opos Ha nonagHanute (OTOHM KbM Oposi Ha
nonyyeHute QOTOENEKTPOHU. TS e pyHKUMA Ha eHeprusita hv (unn A) Ha nagawuTe

CUMHTUIMAaUNOHHN C*)OTOHVI.

M3non3BaHeTo Ha BXoAsLL NPO30peL, OT TOMEH ONTUYEH KBapL, paslnpsBa KBaHTOBaTa
4YyBCTBUTENHOCT KbM ynTpaBuoneta (NyHKTMp). "YepBeHaTta" rpaHuua Ha dotoedekTa
e 700 nm (1,7 eV).

MpaBuno: CnekTbpa Ha Wu3NbyYyBaHe Ha cuUMHTMNATopa TpsibBa ga cbBnaga C

MaKCMMyMa Ha KBaHTOBaTa YyBCTBUTEJTHOCT Ha CbOTOKaTO,D,a.
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®ur.38. KBaHTOBa eheKTUBHOCT Ha cTaHgapTeH oTtokaTtog S11

Pmax (S11) ~ 0,25 3a A =410 nm

Mexay ¢poTokatoga u nNbpBuUs AMHOL (BXOAsLA Kamepa) € MPUMOXEHO YCKOpsiBaLLO
HanpexeHne (150 + 200 V) wn enekTpocTaTM4YHOTO norne e noabpaHo Taka
(dbokycupoBka), Ye oa ce ocurypu mMakcmmarnHo cbbupaHe Ha OOTOENEKTPOHNTE BbPXY

nbpBus anHog. KoeduumeHta Ha cbbupaHe Ha enekTpoHuTte € q ~ 0,5 + 0,2.
b. IuHoaHa cuctema. KoedbmumeHT Ha BTOpuyHa emumncusa. O6wo ycuneaHe.

1. IMHoAHa cuctema - cucTtemMa OT erfleKTpPoan C rofiiM KoeUUMEHT Ha BTOpPUYHA

€J1EKTPOHHa eMUNCUA. Nma pas3nn4Hum no reomeTpunda AMHOAHN CUCTEMMN!

@ ayYay

SANPER V.
| V4

JNIMHEeNHa

KOpVIT006p83Ha XanyseH tmn KyTuna 1 peleTka

dur.39. Tunose AMHOOHN CUCTEMU
MaTtepuanu: CsSb; BeCu; AgMg.

N36UTUTE BTOPUYHM €NEeKTPOHW MMaT MHOFO HWUCKM eHepruu. 3a aa npeausBukaT

BTOpMYHA emucusi, TpsibBa aa 6baaT ycKopeHu U cbbpaHu Ha cneasalums AuHoa,.



al. KoecpmumeHT Ha BTOpMUUYHa emucus (6pon Ha BTOPMYHUTE eN. Ha 1 MbpBUYEH €en.)

o(U) =2,716 nax UL exp( T v j
max

max

Toii e yHKUMSA Ha eHepruaTa Ha nagawmte enekTpoHn U (yckopsiBaly, noTeHumarn).

A
(e)
G max
0wk ———— — — —
} CsSb
5 \
[ \
\ \
‘ 1 1 ‘ 1 ;
200 400 i 600 ypy]
Umax

our.40. NoBegeHne Ha KoeUUMEHTaA HA BTOPUYHA €NEKTPOHHA EMUCUSA B 3aBUCUMOCT

OT eHepruaTa (YCKOpsiBaLLOTO HaMpPEXeHNe) Ha eNeKTPoHUTE.

Omax C€ JOCTMra npu MHOro ronemu yckopsiBawmn HanpexeHns - Umax = 500 V.
HopmanHo ce paboTtu npu yckopsiawo HanpexeHune okorno 100 V u o okono 3,5 -4 (B

nMHerHaTa YacT Ha 3aBucumocTTa c(U)).
6/. 06w koecuumneHT Ha ycunsaHe Ha PEY - M
n
M = II a;ci(U;)
i=1

KbOeTo. Gj - KOGd)I/ILI,I/IeHT Ha BTOpPUYHa e€eJieKTpOHHa eMUCuUA Ha i-Ms1 AnHoA; o -

KoedULIMEHT Ha cbOMpaHe Ha BTOPUYHWU €NEeKTPOHW OT i Ha i + 1 guHop - okorno 0,8 -
0,9.

3a egHaksu guHoaun: M = """

3a 11 ctbnaneH ®EY (n = 11); yckopsiBawo HanpexeHue rno 100 V Ha auHopd; o = 4;

a=09 M= 106 NbTU.



2. lennten Ha POTOENEKTPOHEH YMHOXUTEN

oK <+ lopey
D1 Dio D11

R1 R11

<+— Ip'en

dur.41. Cxema Ha genuten Ha (OOTOENEKTPOHEH YMHOXUTEN.

Henutensa ocurypsiea He06XO0ANMMOTO pasnpeneneHe Ha noTeHuuana Ha enekTpoauTe
Ha ®EY ot obw, n3TouyHMK Ha BMCOKO HanpexeHue (BH). Moxe pa ce pabotm cbe
3a3emeH aHop (-BH) v 3asemeH dotokatog (+BH). BbB BTOpMS criyvan wymoBeTe ca

no-mMarko.

R42 - ocurypsiea cbGupallo HanpexeHue Ha aHopa; Ry - TOBapHO CbNpPOTUBNEHMWE
(dbopmupa mmnynca, oteexaa 3apsauTe oT aHopda); Cn - napasvTeH KanauuteT Ha

aHopa; Cp, - pasgenuTteneH KoHaeH3aTop (He e Heobxoaum npu “saseMeH aHon”).

MpaBuna:

1

—I1
10

Toka npe3 ®EY: Iq)ey <

aen

OrpaHuyeHMe 3a MakcuMmarneH TOK npe3 aHoga A - nNpu roriemMm UMMNysfCHU TOKOBE -
HeNMHENHOCT, edpekTn Ha npocTpaHcTBeH 3apsa. lNpakTukyBa ce GnokupaHe Ha Rqg,

R11, R12 C ronemun KkoHOEeH3aTOpPH, KOUTO “AbpXaT” NoTeHUnana Ha KpanHuTe AUHOAMN.

M3nckea ce BUCOKa CTaOUNHOCT Ha 3aXpaHBaHETO, Tbi KaTo

U
6
MU= 25

PaboTHo HanpexeHne Ha PEY obukHoBeHO mexay 1000 + 2000 V.

3. U3xopsawa amnnuTtyaa Ha umnynca:



Un=cNoM (~E;) [V

KbOeTo: e = 1,6.10'19 KynoHa; C, - napasuTeH kanaunteT Ha aHoaa - okono 10 pF; Np1 -

Opoli Ha PoToenekTpoHuTe, cbbpaHn Ha 1 AMHOA B CUMHTUNAUMOHHMA umnync; M -

06LL KOE(ULMEHT Ha ycunBaHe Ha POTOENEKTPOHHUS YMHOXMUTEN.

Np1 = Eexcupdf
Ee - eHeprns Ha nbpBMYHAaTa YacTMLaA; ycy - KBAHTOB A06OMB Ha cumHTUnartopa (x = 50
3a Nal(Tl)); f - koecbmumneHT Ha cBeToNpenaBaHe OT cUMHTMNATopa A0 hoTokaTtoaa -
okono 0,8 + 0,9; p - KBaHTOBa 4YyBCTBUTENHOCT Ha doTokaToaa - okono 0,2 3a $11; q -
koeduuMeHT Ha cbbupaHe Ha POTOENEKTpoHUTE OT hoTokaToda Bbpxy 1 AuHOA -
okono 0,5 + 0,2.

4. PaspenuntenHa cnoCoGHOCT No eHeprumn (oueHka)

OcHoBeH hakTop, KOMTO onpedens pasgenuTenHaTta cnocoGHocT no eHeprumn (R) Ha

CUMHTMNAUMOHHUTE [eTeKTopu ca cTaTtucTtudeckute cnykryaummn (MoacoHoBa

cTaTucTiKa) Ha 6posi Ha hoToenNeKTPoHUTe cLOpaHu Ha Nbpeus anHoa (Np+).

IMpu NoacoHoBa cTaTucTnka u I'aycoso pasnpepenedHune, nonywmnpuHata

2 =24/2In26=2,35,/N

_AE_AU _AQ ANy, 2,35
E U Q Ny /N,

R 100 [%]

3a 1 MeV yactua: Eeyey = 5.10% potoHa; fpq = 0,03; Npg = 1500; Upy = 24 V; M = 10°;
Ch = 10 pF; R = 5,7%. lNpun oTyntaHe pnyktyaummte Ha koedmuneHTa Ha YMHOXEeHne

Ha 1 guHo4, Ha KOGCbI/ILI,VIeHTI/ITe o 1N ¢ 3a cnegBawinte AMHOOU, pasgenunternHarta

cnocobHocT R HapacTBa. PeanHo ce nony4yaBaTt R ~ 7 - 8%.
5. lLlymoBe Ha ¢poTOENEeKTPOHHUA YMHOXUTEN (TbMHOBMU TOK)

Bcekn cBoboaeH €J1EKTPOH B obnactTta Ha CbOTOKaTOLI,a Cceé yMHOXaBa 1 gaBa mMmnyc

Ha naxoaa Ha PEY (aHopa). N3TouYHMuM ca:



al. TepmoemMucusi Ha enekTpoHU OT pOoTOKaToAda - CTaBa MpWU CTarMHa TemnepaTtypa.
EQHOENeKTpOHHN mMnyncu - manka amnnutyga, Ob/bKawym ce Ha yMHOXaBaHe Ha
eaNHNYHN enekTpoHn. ®EY B egHOeneKTpOHEeH pexum no3BonisiBa OpoeHeTo Ha
€OVHUYHN (POTOHW, Najalim BbpXy oTokaToga - (POTOHHO BpoeHe - Mma ronsamo
NPUNOXEHNEe 3a perucTpupaHe Ha cnabu ceeTnuMHHM notouun. OxnaxgaHeto Ha OEY

HamansiBa TepMoemMucusiTa (M LymoBeTe).

6/. ABTOENEKTPOHHA eMUcusa (Npu ronemmn paboTHN HanpexeHnss — ocTpm pbbose npu

BMCOK noTeHunan - eMI/ICI/IFI)

B/. MoHHa n onTuyecka 06paTHa BPBb3Ka - npeHacdHe Ha NOJIOXUTESTHU NOHU (J'IOLLI

BaKyyM) 1 (pOTOHM (MO CTHLKIOTO Ha konbaTa) oT obnacTta Ha aHoda Ao hoTokaToaa.

rl. KocMMYHM NbUYM U ecTeCTBEeHa pPagMOaKTUBHOCT, docdopecueHUuss Ha

13 ” 40
cTbKnoTo. (PEY ot “6e3kanneBo” cTbkno — 6e3  K).

®EY paboTAT 3rne B MarHUTHO none (0cobeHO HanpeyHo), Tbil KaTo TO 3aKpuBsiBa
TPAEKTOPUNTE HA HUCKOEHEPreTUYHUTE (POTO- U BTOPUYHWU €neKTpoHU. ToBa BOAM OO

ApacTUYHO HamarisiBaHe Ha koeduUuMeHTa Ha ycurneaHe.
6. KaHarnHu eneKTpOHHU YMHOXUTENN

B MHOro ekcnepumeHTanHM 3agaduvM  Bb3HWKBaA Npobrnema 3a  perncrtpupaHe
(HECMEKTPOMETPUYHO) Ha ENEKTPOHU, HaNpuUMep B MarHUTHUTE B-cnekTpomeTpu. Mpean
TOBa € CTaBasno C rasopaspsigHu 6posium ¢ TbHKO MPO30pYe, C MHOro Mpobremu no
NPUroTBsIHE Ha THHKU U 34paBu Npo3opyeTa (pasnuka B HamnsiraHeTo Bakyym-0posiy),
razoBu cmecu U T.H. Cera Bbnpoca ce pellaBa C OTKPUTU (KaHamHMW) ereKTPOHHU

YMHOXUTENNN - €0HO pa3BuUTne N onpoctdBaHe Ha AMHOAHaTa CuctemMa Ha DEY.

Te npegcrtaBngABaT TbHKa Tpbbuuka (C yHWHA) OT ONIOBHO CTbLKIO, BbTpELLUHATa
NMOBBPXHOCT Ha KOATO € pefyumpaHa BbB BogopoAaHa atmocdepa. Cb3gaBa ce ThHBK
NonynpoBOAHNKOB CMOW C FONSIMO CbNPOTUBMNEHNE N BUCOK KOEMUUMEHT Ha BTOpPUYHA
eneKkTpoHHa emucus. PaboTHOTO HanpexeHue ce nogaBa Ha yHuATa U Kpast Ha

TpbbaTa, KaTo Mexay CbCeaHWTe y4yacTbLM OEWCTBYBa YCKOPSIBALLO HanpexeHue -
Upas Ce pasnpegens no AbmkuHata Ha Tpbbata. [lMonyvaBa ce yMHOXWUTenHa

cucTtema oT "HenpekbCcHaT TMN" (3a pasnuka oT AuHogHaTa cuctema Ha OEY, koato e



OT [AauckpeTeH Tun). Ha wu3xoga Ha KaHanHus enekTtpoHeH YyMmHoxuten (KEY)
eneKkTpoHHaTa flaBuHa ce cbbupa Bbpxy otaeneH enekrtpoq (A). OTcbeTBa genuten Ha
HanpeXXeHWeTo - caMmaTta TpbOuyka nrpae ponata Ha genuten. CHemMaHeTo Ha curHana

oT A cTaBa Mo CbLUUA HauYuH, KakTo nNpun GEY.

Upab

®dur.42. MNpuHUMN Ha OencTBME Ha KaHanHUA efiekTPOHEH YMHOXUTEN.

C'bLLl,eCTByBaT pasfninvyHn reoMmeTpnu4HmM KOHCTPYKUNWN:

5

®dur.43. KOHCTPYKUUM Ha KaHaNHW eNeKTPOHHN YMHOXUTENN.

lMpaBuTe KaHanNHM yMHOXUTENWN MMaT CUiHa MoHHa obpaTHa Bpb3ka. 3a paboTta Ha KEY
ce m3anckea [OOBLP Bakyym - 10* = 10° mm Hg. PaboTHute HanpexeHusa ca oT
nopsgbka Ha Te3n Ha PEY - 2000 + 3000 V npu cpaBHUMM OBLWN KOepUUMEHTU Ha

ycunseaHe - 10°- 10" - 108, KEY paboTaT gobpe u B CUNHNU MarHUTHU noneTa.

7. ®opma Ha wumMmnynca OT CUMHTUNAUMOHeH pAetektop. ®EY 3a BpeMeHHMU

n3mepBaHusa (6bp3u PEY)



OT aHopa Ha DPEY ce cHema oTpuuaTeneH UMMync (OT HAKOM OT MOCreAHUTe AMHOAU
MOXe [la ce cHeMe nonoxuTeneH umnync). e pasrnegame Bbnpoca KayecTBEHO - B

Kypca no aapeHa enektpoHuka 6u Tpabsano ga ca Bu gageHn nogpobHOCTML.
3apsiga, npeHeceH BbpXy aHoAa e:

Q(t) = Qo exp(—i]

Te

AHoOa MoXe Aa ce pasrnexaa kaTo M3TOYHUK Ha TOK C MUTHOBEHA CTOMHOCT:

In(t):&exp(—L]

Tc Tc

kbaeTo Qror = EexfpaMe, a 1¢ - Bpeme Ha nscsetTBaHe Ha cuMHTMNATOPA.

Ha pasrnename peakuuata Ha RC rpynarta Ha usaxona Ha ®EY ¢ BpeMeKoHCTaHTa tg =
R;C, (3HaeTte, 4ve [s] = [Q][F]). PasnuyHute cnyyau, nokasaHm Ha curypata ce

peanuaupar ypes nsbop Ha R; (C, = const).

1. CnyyvasaT 1, BbNpeKkn Yye ocurypsisa Ham-ronsiMa amnnuTyaa, He ce U3non3yBa, Tbi
kato: Cn = 10 pF; 3a Nal ¢ = 250 ns; Ry = 250 kQ; 14 = 2500 ns = 101¢ - umnyncute

Ca MHOrMo AbJirnm n ce 3actbneaTt - BpDEMETO Ha CrajaHe ce onpeaena oT te.

2. CnyyasaT 2 ce u3nonayea (rq, = T¢) Ha NpakTUKa 3a crnekTpomMmeTpusa - cnaga Ha
umnynca ce onpenens ot tc. 3a C, = 10 pF, 3a Nal tc = 250 ns; Ry = 25 kQ; 1¢ = 1¢ =
250 ns.

3. Cnyuaar 3 ce n3nonsyesa (tg << Tc) 3@ BPEMeHHU namepBaHusa. Llenta e Oa ce
nonyyYnm MakCMMasHoO KbC MMMYNC C MakCMManHo cTpbMeH npeaeH poHT.(MpeaHns
(hpoHT ce onpepensa oT 14, @ CnNaga Ha umnynca - ot Tc.) Manonsysat ce 6bp3u
cuMHTMNaTopu, Hanpuvep cTunbeH: tc = 3 ns, 3a 14 = 0,17 = 0,3 ns n C, = 10 pF, Ry
= 30Q. lNpn egHakea BpemMekoHcTaHTa T4, = R;Cp (Ry 1 Cj ca koHCTaHTK), amnnutygata
U ~ Qorltc ~ Y/tc, TaKa Ye amnnuTygata Ha umnynca ot ctunbeHa we e okono 15

NbTU no-ronama ot amnnutydata ot Nal. 3a pasrnemaHusa cnyyan tg = 0,3 ns,

npegHus poHT 3a ctunbena e 0,75 ns, a 3a Nal - 2 ns.



— (Q/tc) exp(-t/te)
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@ } | Umax= IﬂRﬂ =(QT/TC)RT
TC >> Tq)

v

dur.44. Kem nogbopa Ha KOHCTaHTaTa Ha dhopMmupaHe B aHogHaTa Bepura Ha PEY.
Mpv BpeMeHHN n3amMepBaHUs:

al. Bbpxy wwumpuHata Ha vMmnyrca okasBa BNUSHME pPas3xXBbPJISTHETO Ha BpPeMeTO Ha
npenvtaHe Ha enekTpoHHaTa nasuHa npe3 PEY (M3roTBAT ce cneuuanHu Tunoee
"6bp3n" OEY).

6/. NMapa3uTHMA KanauuTeT Ha aHopa C, (cneuwanHn OEY c koakcuaneH u3Bog Ha

aHopa).

B/. snon3yeat ce ®EY c ronam obuw, koedmumeHT Ha ycunsaHe (M) n Bucoku

PaboTHN HanpPeXeHus.

rl. EnektpoHukaTta 3a o6paboTtka u opmupaHe Ha wumnyncutTe - cneuuanHu

N3MCKBaHWS 3a CTPBMHOCT Ha (PppoOHTOBETE U Gbp3nHa.



CoblecTtByBa ronsamMo pasHoobpasve Ha CUMHTUIAUWOHHM CNEKTPOMETPU C eauH U
noBeYe KpUCTanu B pasnnyHM KOHUrypauum, Ha CbBNageHns 1 aHTUCbBNageHus (3a
OTOOp Ha nNonesHuTe CbOUTUSA), CyMuMpaHe, aHTUKOMNTOHOBKU 3awmT u T.H. OcobeHo
MOMEe3HN Ca HSAKOM CTPOro u3bupartenHu [eTeKTOPU - HanpuMmep pPe3OHaHCHUTE

MbocbayepoBu CLUMHTUNALNOHHM OETEKTOPW.

8. EkcnepumeHT Ha PeinHuc n KoyeH 3a perncrtpauus Ha cBoOGOAHU €NeKTPOHHU

AHTUHEYTPUHO (V) (M3NON3BaH € ronAM CUMHTUNAUUOHEH AEeTEKTop)

CBobogHNTE eNeKTPOHHM aHTUHEYTPUHO Ce nofy4aBaTt oT paboTewTns SapeH peakTop
nopagu ToBa, Ye pparMeHTUTEe Ha fereHe TbpnaT (cpegHo 4 — 5) nocnepoBaTernHu f3-

pasnagu Ao JocTuraHe Ha “nuHunsaTta Ha B-ctabunHoct” :

v, v, v, Ve
/! /! /! /
A—> A —> A—— A
z P ze1r B ozio BT z43

Bceku paboTely peakTop € MOLEeH M3TOYHMK Ha V. C eHeprmss 0 = 8 MeV. B
ekcnepumeHTa e TpabBano aa ce pernctpupa peakumara:

~ +
Ve tp—o>n+p

CeueHuneTo 3a Hes e BKNo OLEHEHO OKONO 10 cm2/p. [MpooykTuTe Ha peakuusaTta ca:
HEeYTPOH C eHeprus - HAKONKo keV, KOWTO npeaum aa ce norbiHe (M peructpupa) Tpsabea
na 6vae 3abaseH go TonnvHHa eHeprus (0,025 eV) ; 1 No3NTPoH ¢ eHeprms - 0 =+ 8
MeV (npaktudeckn TOoW noema usnarta KMHETUMYHa eHeprust Ha HeyTpuHoTto). Crien
cnupaHe Ha NO3UTPOHa TOW aHMXUNupa: e +e >2x 0,511 MeV, kaTto gaBa gBa rama-

KBaHTa, HaCo4YeH B NPOTUBOMNOJIOXKHN HanpaBlieHUs.

Cxema Ha petekTopa: [MbpBuTe ekcnepmmeHTn 3anodsat npe3 1953 r. ¢ 290 nutpa
TEYEeH CUMHTUNATOpP Ha ocHoBata Ha Tonyon + TepdeHun + Cd m 90 OEY,

Bnocneacteme obema e YBEJINYEH.



ExkcnepuvmeHTanHaTta ycTtaHOBKa ce CbCTOM OT ABa CUMHTUMALUOHHM AeTekTopa (A v

b Ha durypaTta), Bcekn ot komto ¢ 1900 n. TeyeH cumHTUnaTop n 110 ®EY. Mexay Tax

113
e pasnonoxeHa muweHa — 230 n. BogeH pas3TBop Ha kagmueBa con (1 ~Cd uma

OrpOMHO cCe4yeHue 3a 3anaBAHM Ha TOMITNMHHA HeyTpOHI/I). N3cnenBaHaTta peakumnda

nNpoTU4a B MULLEHATa, KOATO CNyXu n kato 3abasuten (H2O) Ha nonyyYyeHUTe HEYTPOHM.

~——_
®<l

Y, TEYEH CLMHTUNATOP
A 12 1900 nutpa
,.ff _,a‘/ +110 OEY
e
M3Cd(n,7) n s H20 + CdCl muwena 230 1.

A

dur.45. Cxema Ha ekcnepumeHTa Ha PenHnc n KoyeH 3a namepBaHe Ha CEYEHNETO Ha

B3aMmogencTane Ha cBO6OAHO €NEKTPOHHO aHTUHEYTPUHO.

+ -12
Bpeme 3a 3abassHe (1 aHuxunauus) Ha nosutpoHa (B) ~ 10 ° s, kato AgBaTta

AHUXUNaunMoHHU KBaHTa yq U y2 AaBaT MUTHOBEHU CbBNaaeHnA OT AeTeKTopute Awnb.

Bpeme 3a 3abaBsiHe Ha HeyTpoHa (n) oT HAkonko keV go TonnuHHm eHeprum 0,02 eV -
113
okono 10 us. Cnep 3abaBsaHeTO Ha n criefBa 3axBawaHe oT 94poTo Ha Cd (cnen

3axBallaHe Ha TomnJInHeH HeyTpoH Cce noJjiydaBa A40pO0 BbB BUCOKO 3536y.qe|-|o

cbeTosiHMe — 8 MeV — eHeprusa Ha Bpb3Kka ! ).

"3¢d(n,y)"'*Cd — cnenpa kackan oT rama-kBaHTV CbC CymapHa eHeprusi - 8 MeV, kaTo

HAKOU OT TAX Y3 U Y4 AaBaT MUTHOBEHU CbBMNageHns. Mone3Hnte cbbUTMA ca OT TUna:



~10 us

dur.46. Bua Ha nonesHus curHan B ekcnepumeHTute Ha PenHnc n KoyeH.

BepOﬂTHOCTTa 3a nosdsata Ha 4eTBOPHU cnyqaiﬂ-m CbBnageHnAa OT TO3M TUN €

TBbpAe Marnka (oOTHowweHue curHan/oH ~ 4/1).

lMpoBepka: OtcTpaHsiBaHeTOo Ha Cd OT MuWweHaTa HanNbSHO NpemMaxBa MoNe3Hus

curHan. lNonesHust curHan Kkopenupa ¢ MOLWHOCTTa Ha peakTopa C TOYHOCT 5%.

~ 13 ~ . 28
lMoToka v, BbpxXy Aetektopa - 10 ve/cmzs; 6pon Ha NPOTOHWUTE B MuLeHaTa - 3.107;

ckopocT Ha 6poeHe 2,9 + 0,2 nmn/yac (noneseH curHan) npu 3% egeKTUBHOCT 3a

perucTpvpaHe Ha peakuusaTa.

PEAKUM _ ) 027 ; PEAKIMN g 1031 npi 10" ¥, /em?s
s S Ha NPOTOH
+0,07
Oeken = 1,2 '10-43 Cm2/p
-0,4

HeyTpuHHUTE eKkcnepuMmeHTu npogbikaBaTt. (A CNbHYEBUTE HEYTpUHA ca MO-Marnko,
OTKOSNKOTO M3MUCKBa TeopusaTa — UMKbNA Ha bete u “ocumnaumute” Ha HeyTPUHOTO
eaBanu we onpaeaT Hewartal) HeyTpuHHM nabopaTtopum nma Beye Ha MHOro mMecTta B
ceeTa (06MKHOBEHO ABbIOOKO Mo 3eMdATa, 3a HaMansiBaHe Ha OHa OT KOCMUYHU NTbYK)
- bakcaHcka na6opatopus, UEPH, KamunokaHge v T.H. B Hakonko nabopatopuu
eQHOBpeMEHHO Oelle perucTpypaH HeyTpMHEH WuMMyNnc OT u3byxBaHETO Ha

cBpbxHoBaTa B lonemusa MarenaHoB obnak.
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