METOAUN B EKCNNEPUMEHTAJIHATA AOPEHA ®U3UKA
FAMA-CINEKTPOMETPUA
I. 3SAAAYU

PasrnexgaHuara, KouTo we npaBuMm, ca AoCTaTb4HO obLK 1 ce OTHACAT 3a BCSKAKbB
B4 €OHOKPpUCTaliHU y-CNekKTpoOMeETpU (CLI,I/IHTM.I'IaLl,I/IOHHI/I n I'IOJ'IyI'IpOBO,D,HI/IKOBI/I), HO 3a

KOHKPETHOCT LWe Ce OpueHTnpame KbM repmaHmeBmnTeE NosynpoBoAHNKOBU OETEKTOPMN.

MNpaBa 3agaya Ha rama-cneKkTpomeTpusaTa:

OnpepensHe Ha eHepruuTe (Ej) n nHteHsntetute (Ij)(napgeHn kato npoueHT Ha 100
pasnaga Ha HavanHus HyKNua UM KaTo OTHOCUTENEH MHTEH3UTET CnpsiMo M3bpaHa y-
NMHMA B CXemaTta Ha pasnaj) Ha y-nmpexoauTe B cxemaTa Ha pasnaj Ha Heu3BecTeH
pagvoHyKnua (cxemaTa Ha pasnaj ce OoTHAcs 3a OAblUepHMS pagvoHyKnug, nonydeH
cnen B-pasnag). Tasu 3agada e opueHTUMpaHa KbM NOCTpoOsiBaHEe U AoNbriBaHe Ha
cxemaTa Ha pasnap C HOBU y-nNpexoaun U Bb3byaeHn CbCTOSAHNA (HMBA) M CPaBHABAHETO

UM C TEOPETUYHN MOAENn Ha SApPOTO.
O6paTHu 3agaun:

Mo gaHHM OT y-CnekTpoMeTpusiTa U U3BECTHU CXEMU Ha pa3naj Aa ce uaeHtudgpuumpat
PagVOHYKNMAOUTE W ONPeAensaT TEeXHUTE aKTUBHOCTU B HsiKakbB 00ekT. To3u Tun
3adauM Ha y-CMeKTpoMeTpusitTa € OpueHTUpaHa KbM peauua NpPakTU4Y4ecKu
NPUINOXEHUSI, HanpuMep:

e aKTMBALMOHEH aHanms,

e KOHTPOS Ha paaMoaKkTUBHOCT B OKONHaTa cpea (eCTeCTBEHA U TEXHOTeHHa),

e KOHTPON Ha pPafMoaKTMBHOCTTAa B YOBELWKOTO TANO W peavua gpyru,

HeOJeCTPYKTUBHU MEeTOON 3a aHalrim3 1 KOHTPOI.



Il. CMIEKTPOMETPUYEH TPAKT

Bnok-cxema:

g

\ 4

I
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®dur.62. brniok-cxema Ha CNeKTPOMETPUYEH TPAKT.
34NY - npeobpasyBa 3apsag B €NeKTpUYeCcKn UMMync;

JINY - cnekTpomeTpuyeH nuHeeH ycunsaTen - dopmupa M ycunsa wuMnyrcute oT
3aps004yBCTBUTENHUSA npegycunearern 34ny. OctbLluecTBsiBa HAKOJIKO
nocriegoBaTtesiH  gudepeHunpaHus M UHTErpyupaHnus  Ha  BXOAAWWUA  MMMyIC.
BpemeKkoHcTaHTaTa Ha oOpmMupaHe ce onpeaens oT napamMeTpuTe Ha curHana,
nonyyasaH ot MMO w 34YMY u B noBe4yeto cnyyaum ce 3agaBa OT pupmarta-
npoussoguten. AKO T He e 3ajajeHa, ce YCTaHOBdABa cropeq YCroBMeTO 3a
nonyyaBaHe Ha Han-gobpa pasgenuTenHa CnocobHOCT UM M3UCKBAHUATA Ha

MHOrokaHanHumua aMmnimTyaeH aHarnmn3aTop.

Ha unaxopga Ha nuHenHus umnynceH ycunsaten JIMY ce nonyyaBa egHononapeH wnm
bunongpeH wumnync (¢ npubnuautenHo [aycoBa popma) c  amnnuTyaa,
nponopLumMoHanHa Ha amnnuTtygaTta Ha Bxoadawms curHan. OBUKHOBEHO CbBPEMEHHUTE

JINY ca cTporo nMHenHU 3a amnNnUTyam Ha naxogawma nmnync ot 0 go 5 V.

U n3x

CBPBbXKOMIT.

/

v

"

HeJoKoMI.

dur.63. KbM KOMMNeHcauus noncuTe Yypes Hyna — popma Ha U3XoaaLmns UMMyIic.



JINY uma cxema 3a KOMMNEHcaUMUA Ha NOSIIOCUTE 4Ype3 Hyrfa, YNATO perynuposka ce
M3BbpLUBA pbYHO. B No-HOBM pa3paboTkM KomneHcauusaTa € asTomaTudHa. LlenTta Ha
perynupoBkaTta e ga ce nosiyuv egHononsapeH umnync 6e3 otpuuareneH "oTckok" n 6e3
Abnra "onawka". Kato npaBuno npu cCnekTpoMeTpudaTa ce M3nonsBat efHOMOSISPHN

MMNyncu.

Hannuneto Ha "oTckok" wnu “onawka” npu rofieMuM WHTEH3UTETM BOAW OO
aedopmMunpare (otnmyune ot [ayc) Ha nuHuATa B rama-cnektbpa. Cnepg JIMY morat aa
6baaT BKNHOYEHM GROKOBE, KaTO: Bb3CTAHOBUTEN HA HyneBaTa CbCTaBsLla, PEXEKTOP
Ha HanoOXeHW WMNYfCcU, KOUTO nogobpsaBaT KayecTBOTO Ha CMeKTbpa Npu roriemu

NHTEH3UTETW. [NoHsAKOora Te3n cxemm ca BknYveHn (MHTerpmupanm) B JIKY.

B cnektpomeTpudHmna tpakt (qo MAA) ce 3anassa cTpora NponopuUOHaNHOCT Ha
amnnutygata Ha wuMmnynca oOT norbfiHatata B JgeTektopa eHeprud. MAA -
MHOroKaHaneH amniuMTydeH aHanu3aTop - CIyXu 3a copTUpaHe Ha BXoAsAlUTe
umnyncu no amnnutyaa. Ha Bxoga Ha MAA cton AU - npeobpasosaTten amnnuTyaa

- umdppa (agpec). NMpuHumna Ha gencteme Ha AUI (YnnknHcoH)e nokasaH no-gony:

®

v

O

.
»

dur.64. Kbm npuHumna Ha gencteme Ha AL Tun YUNKUHCOH.

1. BXOAdALW NMNync;



2. 3apeXxXnaHe Ha KoHAeH3aTop A0 aMnnnTygHa CTOWHOCT 1 crnegBaly nNnUHeeH pas3paa;

3. umnync Ha wu3xoda Ha [OUCKPUMMHATOP Ha TOK (Ob/KMHATa Ha umnynca

nponopumnoHanHa Ha amnnuTyaara);

4. naxog Ha AL - nakeT KOAOBWM MMMYNCU OT TOYEH reHepaTop, KOMTO Cce KoMaHABa OT
(3.) bpos Ha kogosuTe umnyncn (~ Ugx) aBa HOMepa Ha kaHana (agpeca), B KOUTO

TpsbBa ga 6bae 3anucaHo cbouTueTo.

Lukbn Ha peructpaums: 13BukBaHe OT nameTTa Ha CbAbPXUMOTO 3a AafeHusa agpec
(kaHan) n pobaBsaHe Ha 1 (CbbuTue) u BpbLLaHe Ha HOBOTO CbAbPXUMO B NameTTa Ha

aHanusaTopa Ha CbLlUMs agpec (kaHarn).

MupTBO Bpeme Ha MAA: [JokaTto Tpae npeobpadyBaHETO amnnuTyada - Kog U uukbna

Ha pernctpauus, Bxoga Ha AL e 6nokmMpaH (He npMema uMnyrncu) - MbPTBO BPEME.

Tm.s- = Taun(Uex) + Tnpoy B [s/imp]

Tnpoy = CONSt, HO Tayn ~ Ugzx ~ No. Ha kaHana.

MbpTBOTO BpeEME Tayn 3a NpeobpasyBaHe Moxe Aa 6bae HamaneHo 4pes nosulaBaHe
Ha 4YecToTaTa Ha KogoBus reHepatop. [NonpaBkata 3a MBbPTBO BPEME B CbBPEMEHHUTE
aHanu3aTopu ce u3BbpLUBa aBTOMATU4HO, 4pe3 HabupaHe B pexum "XnBo Bpeme"

(LT). MNMbpBUuA kaHan Ha aHanu3aTopa OOUKHOBEHO € TanMepeH (CryxebeH).

B cbBpemeHHuTe ALl Bce no-4yecto ce npwunara gpyr nNpuHUUN — nopaspsagHo
CpaBHsIBaHE, KOUTO OCUTrypsiBa No-ronsiMo 6bp3oaencTBue OT CXxemaTa Ha YWUITKUHCOH.

[pyra HOBOCT € KOMNIOTBLPHOTO YNpaBfeHNe Ha Liennst CNeKTPOMETPUYEH TPaKT.

lll. CNEKTBP. MTAPAMETPU HA TAMA-IIUHUATA

Cnektbpa € edHO CTaTUCTUYECKO pasnpegeneHve - Gpol umnyrncu B KaHan B
3aBMCMMOCT OT HOMepa Ha kaHana, T.e. OT aMmnnuTyaata Ha MMnynca, M B KparHa

CMEeTKa OT eHepPrnAaTa Ha y-KBaHTUTE.



v

KaHanm
dur.65. [lnckpeTHa 1 HenpekbCHaTa CbCTaBsLLla B y-CNEKTPUTE.

CnekTbpa ce CbCTOM OT ABE CbCTaBKW: "NMUHENHA" (AUCKpeTHA) - NuKoBe (Ha NbJIHO
nornbwaHe W [Apyrn), HacroXeHu Bbpxy "HenpeKbcHaTa" (KOHTUHYYM) - OT
KOMMNTOHOBUTE pasnpeferneHns. HenpekbcHaTaTta CbCTaBka Ha CnekTbpa e BpeadHa, HO
He Moxe Oa 6bae oTcTpaHeHa 6e3 3HAYMTENHO YCMOXHsSIBaHe Ha cuctemaTa (aHTu-

KOMNTOHOBA 3awuTa).
MapameTpu Ha rama-nNnMHUATA:

[lama-nnuHnsaTa OT MOonynpoBOAHUKOBUA AeTekTop e [aycmaH (CMMeTpuyeH), Korato

CMEKTPOMETPUHHNA TPAKT € HACTPOEH MNpaBuiiHO N UHTEH3UTETA HE € MHOIO roJiIaAM.

Ni
1/2
FWHM

Se

P I

®dur.66. NMapameTpn Ha eauUHUYHA Y-NNHNA.

1. Mnow (YncTa) Ha NUHUATA (NMUKa) S, (MOMEHT OT HYNEB NOPAALK):

Sp = ggNi - NBGi)

N; - cbabpxmnmoTo B i-kaHan; Nggi — OH (noanoxka) B i-kaHan.

CraTucTuyecka rpewuka (CTaHaapTHO OTKIMOHEHWE) Ha Sp:



G(Sp):\/Z(Ni+NBGi)
OTHOCUTenHa rpeLukKa:

G(Sp)

5(Sp)="g

o]

S, ce u3mepsa B umnyncu, HabpaHu 3a onpegeneHo Bpeme. Mognoxkata B 6nvskata

OKOSTHOCT Ha NMUHMSATa OBVMKHOBEHO Ce anpoKcuMmupa C npaBa NUHUA. Sp e MspKa 3a

MHTeH3uTeTa Ha JIbMEHNETO CbC CbOTBETHATA €HEPINA.

2. P - no3vuua Ha nNUHMATaA - HOMEP Ha KaHana Ha Makcumyma WM eHeprus,
CbOTBETCTBYBALLA Ha MakcumMmyma. [No3uuusTta P e Msapka 3a eHeprusita Ha NbYyeHneTo.
BuayanHo nosuumsata P mMoxe ga Obae oueHeHa € TOYHOCT, He no-gobpa ot 0,5
KaHana, KoeTo B MHOrO criy4yau e HegoctatbyHo. [No3uumsaTa P ce gaBa c:
Z (N; —Ngg;)i Z (N; —Ngg;)i
P | P |

P- =
Z (Ni - NBGi) SP

Mpu cumeTpuyHa NnHKUA, Taka geduHnpanaTta P oTroBaps Ha "UeHTbpa Ha Texectra"

Ha NMHMATA (MOMEHT OT MbPBU NOPSALBLK).

CraTtuctnyecka rpewka Ha P:

\/Z (N, —Ngg;)(i —P)

P)=

(P) s,

Mo To3n HaunH P moxe ga 6bae onpeaeneHa ¢ TOMHOCT, No-gobpa oT eavH kaHan. MNpu
MallMHHaA oOpaboTka nVHUUTE ce anpokcumupaTr (Mo MeToda Ha Hanl-marnkute
KBagpaTu) C KOHKpeTHU (pyHKumMM - anapatypHa dyHkums ([faycuaH, moamdumumnpaH
(cynepnosnums) ¢ gpyra yHKuns, OBMKHOBEHO €Xp), KOMTO OTYMTAT aCMMEeTpPUATA Ha
nHunTe. O4yeBMOHO €, Yye MPOCTUA METOA C LeHTbpa Ha TeXecTTa He BbpBU Mpu
acuMeTpuyHU NHUK. TakuBa ce rnory4yaBaT Npy HeAOKOMMEeHcauua Ha rnonwcute —
exXp KbM HUCKUTE €HEeprMn Unn CBPbXKOMMEHCauUs — exp KbM BUCOKUTE EHeprum u
BUCOKM WHTEH3UTEeTU. MalwunHHMTE MeToau ocurypsiBat BMUCOKA TOYHOCT MpU

onpegensiHe Ha nosuuusita P npu ycnoeue, Ye cnekTbpa e ¢ Aobpa cTaTucTuka.



3. NMonywwupuHa Ha nuHmata FWHM - MWMB - “nbnHa wuvprvHa Ha nuHuATa Ha
nofloBUMHaTa BUCOYMHA® (MOMEHT OT BTOpWM nopsaabk). Mepu ce B kaHanu (unv B

eHeprus - keV).

Y. (N, ~Ngg,)(i—P)?
FWHM-=,| - S

p

MonywwupnHata e cBbp3aHa C pasgenuTeniHata CnocoGHOCT no eHeprun R =
FWHM/P. Korato anapaTtypHaTa qyHKUMa e [aycumaH CbC CTaHO4aApTHO OTKIOHEeHue
(cpegHoOKBaL4PaATUYHO) G :

__ 1 _(i-Py?
N‘_o\/z_nexp{ (20)2}

ToraBa FWHM=2,/2In26=2,3550

Ako npu obpaboTkaTa Ha chekTbpa Ce OKaxe, Ye JajeHa NWHUS uma no-ronsima
nonywupnHa FWHM >> R.P (3a pasnuka oT Onu3kmte cbCeaHn NNHWUK), TO TOoBa €
yKasaHue, 4e NuUHUATa He e eAUHUYHA, a Ce CbCTOM OT NoBeYe HepasfeneHn NIMHUN.
MpocTnte metoam 3a obpaboTka ca HenpurnoXMMmn 3a TakaBa NnvHUA - TpabBa Oa ce
Hanpasu (ako e Bb3MOXHO) MallMHHO pasnaraHe. EHeprusaTa (nosuuymata P) moxe ga

ce onpegenn no-to4Ho ot FWHM.
A. M3nckBaHUA KbM MHOrokKkaHaniHusl aHanm3saTtop

[MonynpoBOAHMKOBUTE [OETEKTOpM C BUCOKA pasgenutenHa cnocobHOCT M3UCKBaT
ronaMm OpoW KaHanmu Ha MHOrokaHanHust aHanusatop. lMpyu FWHM = 1,7 keV un
yCnoBMeTo, B NIMHUATA Ja umame goctaTbyeH Opon kaHanu, Hanpumep 3 KaHana Hag
nonywwpuHarta, Ttorasa: 1,7/3 = 0,57 keV/kanan, T1.e. 1,76 «kanana/keV un 3a
crnekTpomeTpupaHe Ha y-kBaHT oT 0 go 2 MeV ca Heobxoaumun 3500 kaHana. MNpu no-
ManbK 6pon kaHann CNeKTpoMeTpusiTa cTaBa HEBbL3MOXHa. CTaHaapTHUA Bpor KaHanu
ca 2048; 4096; 8192.

3a cumHTUnaumoHeH cnektpomeTsbp ¢ Nal(Tl): R = 7% 3a 1 MeV; FWHM = 70 keV; 70/3
= 23 keV/kanan, 1.e. 0,04 kaHana/keV u 3a peructpaums Ha y-kBaHTn ot 0 go 2 MeV ca
Heobxoaumn 86 kaHana. 3a CUMHTUNALMOHHA CNEKTpoOMeTpuUs ce usnonsysaTt 128; 256;

512 kanana.



C'beeMeHHMTe MHOrokaHanHm aHanm3aTtopu u3sbplUBaT aBTOMAaTU4YHO (C BrpageHu

nporpaMM) nbpBUYHATA O6p860TKa Ha JnUHUAUTE, KaTo AdaBaT 4ucTtata nMnJioLw Sp,

nHterpan Sp + Spg, nosvuuma P u nonywupuHa FWHM Ha un3bpaHute nuvHUM

(mapkupanu kato ROI). No-cnoxHuTe cucteMmn BKAOYBAT NporpamMmn 3a aBTOMaTU4YHO

TbpCeHe Ha NUKoBe, pa3naraHe Ha HepasaeneHn MUHUK U T.H.
B. KpuTepun 3a oTKpMBaeMocCT Ha NIMHUA

HeyobpXnmo e BnevYeHneTo Ha ekcnepumeHTatopa ga "oTkpuea" cnabu nuHUM BbLPXY

ronisiMa nognoxka (¢ooH).

KpuTepuii 3a OTKpMBAEMOCT Ha NIMHUATA € T.H. - kpuTepun "3c™:

our.67. N'ama-nuHmna nu e Tosa?

Ako Sp << Spg ¥ Sp23\/SBG+Sp z3\/SBG MOXe [0 Ce cyuTa, Ye nuHuATa

AOCTOBEpHO CbllecTByBa. MocnegHna KBagpateéH KopeH € CTaHOapTHOTO

OTKINOHEeHWe (G) Ha nrowTa Ha noanoxkaTa, oT Tam U - kputepun "3c".
KpuTtepuun Ha Currie:
L. = 1,640BG - KPUTUYHO HNBO - OKOJIO HEro M MO HEMO HE MOXE [a Ce KaXKe HULLO

Lp = 3,290 - HMBO Ha YBEpeHO OeTeKTMpaHe, HO Konu4yecTBeHaTa oleHKka Ha Sp e ¢

HeJonycTUMO rofnisiMa rpeLuka (kputepum "3c")

Lq = 100BG — HMBO, Haa KOETO Ca Bb3MOXHMN TOYHM KONUYECTBEHWN OLIEHKMN Ha Sp,.

Mpn onpepensHe Ha Sp 3agbmkuTenHo Tpsbea da ce OTYATAT CTaATUCTUYECKUTE

rPeLlKn. OTHOCuTenHa cTaTucTu4yecka rpeLwika:



3a HMBOTO "30" - Sp =3,/ Sgq
3(Sp) ~ 33% - 3a 68% AoBepuTeneH NHTepBarn

3(Sp).1,65 ~ 55% - 3a 90% poBepuTeneH nHTepBsar

CnepnBa aa otbenexum, Ye npu namepBaHe Sp HapacTBa NMHENHO C BpeMeTo, [oKaTo

OoBG KaToO KOpeH KBaapaTeH OT BPEMETO, Taka 4e€ aKo pasrnosfiarame ¢ MHOro Bpeme

MOXEM a JOKaXeM MHOro cnabwm nvHuu.
IV. KANMMBPOBKA HA NONynpPoBOAHUKOB TAMA-CMNEKTPOMETDBHP
1. KannbpoBka no eHeprum

Ceexga ce OO0 HamvpaHe Ha (PyHKUMsTa, cBbp3Bawa nosvuusata P Ha nuHuaTa (B

KaHanu) c eHeprusaTa Ha y-ksaHTute E, (B keV, MeV).
E, = f(P)
B nbpBO npmnbnmxeHne (koeto € MHoro Jo6po 3a CbBPEMEHHUTE CNEKTPOMETPU), TS €

NUHenHa pyHKLUUS:

E,=aP + b [keV]

a - brnoB koeduuneHT B [keV/kaHan]; b — ceobogeH uneH B [keV]; P - B [kaHanu]. ToBa

oTpassaBa dakTa, Ye P ~ Ugy ~ Qper ~ E,.

3a onpepensiHe Ha koeduuneHTuTe a U b ca Heobxoanumm gBe KanMBPOBBYHM NUHUMK

(Ey1, Pq) n (E2, P2), 3a0adeHn ¢ eHeprus 1 nosuuus, pasnonoxeHn B Kpawnliata Ha
A

CneKkTbpa. Bb3MOXHO E% HanMumMeTo Ha Manbk cpobogeH uyneH b (KOFaTO

XapakTepuctukaTta Ha npeofppasysaHe Ha AL He Ba npes HynaTa).

rpyba
HEeNMHEMHOCT

/ ;
0
b le— P [kananu]




®ur.68. KannbpoBka No eHEPrnmn Ha y-CNeKTpoOMeTbpa.

AKO B TpakTa nma HernmHenHoCT (OBMKHOBEHO Te ca MHOro Marku), dyHkuuata E, =

f(P) moxe pa ce anpokcMmupa C MNOSIMHOM OT MO-BMCOKa cTeneH - o 3 (KybudHa
napabona) u ToraBa 3a onpegensHe Ha 4 koeduuMeHTa ca Heobxoaumn 4
KannbpoBbYHM NUHUK. [lonnMHOMM OT no-Bucoka OT 3 cTeneH He pAaeaT [obpu

pesynTaTu.

KanubpoBkata Ha nONynpoOBOAHUKOBUTE Y-CMEKTPOMETPU € OTHOCUTENHa, T.e.
N3non3eaT ce y-NIMHUKM C no3HaTa (OoCTaTbyHO TOYHO) eHeprus. Kanmbposkata no
eHeprum ce M3BbpliBa C Habop KanMOPOBBLYHU M3TOYHULM, YMUTO y-JIMHUW NOKpmUBAT
AnanasoHa Ha namepBaHe UNu ¢ eauH U3TOYHUK (Hanpumep 226Ra), KOWTO Mma GoraT
CMEKTbP N eHeprmmTe My ca M3BECTHU A0CTaTbyHO TOYHO. KannbpoBkaTa ce M3BbpLUBa
npeau BCSIKO U3aMepBaHe cnea “nporpsiBaHeTo” Ha anapartyparta. B cbBpemMeHHuTe
aHanusaTopu crnep kanubposkaTta, npeobpasyBaHETO HOMEP Ha KaHan — eHeprus, ce
M3BbPLUBA aBTOMATMYHO W NpU MbpBUYHATaA ObpaboTka Ha cnekTbpa UeHTpouga

(nosuumaTa) 1 nonywmpuHaTa Ha NiMHUATa ce nosnyyYyaBaTt B eHepreTMYH eauHULN.
2. Kann6poBka no eceKkTMBHOCT (M cBeTOCUNa):

Yuctata nnow Ha i-TaTa rama-nvMHMa 3a TOYKOB M3TOYHUK (S) Ha pasctosiHve R ot
LeHTbpa Ha Kpuctana (Bux durypaTta) ce gasa C:
Spi = AIit e(Ej)Q

A - aKTMBHOCT Ha n3To4YHuKa B [Bq] [pa3n/s] (3,7.1010 Bq = 1 Ci); I; - kBaHTOB 4O6UB Ha
rama-npexoga ¢ eHeprus E; B [y/pasnag] - xapaktepeH 3a BCeKU pagunoHyknug (v
3aBMCK OT MHOIO Hella B cxemaTa Ha pasnag); tL - Bpeme 3a HabupaHe (KMBO Bpeme);
Q) - OTHOCUTENEH NPOCTPAHCTBEH bIb ("BXxoaswa aneptypa") cnpsamo 471 (M3TOYHUKA
nanbyBa M3oTponHo); &(Ej) - edpeKkTUBHOCT - BEPOSATHOCTTa rama-kBaHT ¢ eHeprus E;,

M3NbYyeH B MNPOCTPaAHCTBEH brbfél Q ga ce NoroiHe B obema Ha OJeTeKTopa 4pe3

doToedekT (MbNHO NornbLaHe).
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®ur.69. Bxogsdia anepTypa npy reoMeTpust “TOYKOB U3TOYHUK .

MpousseneHueTo L = g(E;).Q - cBeTocuna. O4vesmaHo L = L(E,R). 3aBnucumocTtTa Ha L

SIJ.
47R?

oT R e TpuBmanHa, 1ol kKato Q = KbAeTo Sy, - LeHTparnHo cevyeHve Ha kpucTana

2
[cm™], a R - pa3cTosiHMEeTO OT M3TOYHMKA O0 LeHTbpa Ha KpucTana (R = rgyy + reff)-

AKO pa3CTOsHMETO OT YenoTo Ha JAeTekTopa A0 LeHTbpa Ha kpuctana (reff) He e
M3BECTHO (KaKTo € B MOBEYETO Cryyaum), TO MOXe Oa ce onpeaenu oT ABe U3MepBaHUs

npu pasyin4Hn pa3CToAaHUA rq U rz 3a €dHa 1 Cblla rama-rimnHna n eguH n Cbll M3TOYHUK:

Sp(r) _L(ry) _ (1 + o)’

Sp(ry) L(rp) (r1+reff)2

— r2\/SP(r2) —"1\/SP("1)
M [Sp(r) —/Sp(r)

3a Marnku pasctosHus ry,, <3/ V, (V5 — obem Ha neTtekTopa), kanmbposkaTta ce npasu

3a BCAKO pa3CTOAHNE KOHKPETHO.

3aBucumoctTa Ha L ot Ej He e TpuBMasrHa, AOKOJIKOTO 3a AadeHO pa3CTodAHue L=

const g(E;).



EdektnBHoctTa €(Ej)) € dyHKUMA Ha ceyvyeHueTo 3a dotoedhpeKkT 3a CbOTBeTHaTa

eHeprus (3a Ge).

7/2

3a Ex < E;, < 511 keV ceveHneTo ce usmeHs kato og ~ 1/E"" (3a Ge Ex = 11 keV -

eHeprus Ha Bpb3ka 3a K cnos); 3a E, > 511 keV — kato o4 ~ 1/E.

a/. AbcontoTHa KanuoépoBka No ePeKTUBHOCT

Cbcton ce B NnocTposABaHe Ha 3aBUCUMOCTTA:

Spi
8a6c(Ei)_ AlitLQ
(3a pageHo pasctosiHne Q = const) C HAOOpP TOYKOBU KaNMOPOBBHYHMU U3TOYHULMU C
TOYHO M3BECTHA aKTMBHOCT A (B MOMEHTa Ha namepsaHe), nuHunte Ha kouto (Ej) ca c
N3BECTEH KBAHTOB A06MB I 1 nokpmBaT Lennsa eHepreTudeH AnanasoH Ha u3mMepBaHe.

Tasun kanmbpoBka e TpyaoemMKa.

6/. lMo-yecto ce npaBn OTHOCUTEJIHA KaﬂM6pOBKa no edgeKTUBHOCT C eauH

pagunoHyknug € MHOIo JIMHUK, KOUTO MOKpuMBaT AuMana3oHa MU 3a TAX Ca WU3BECTHU

KBaHTOBUTE A06MBM I;:

Spi
Som(Ei)=|—=CO”StSasc(Ei)
i
MpuBbp3BaHETO Ha Eoru(Ei) KbM €a6c¢(Ei) (HaMMpaHeTo Ha KOHCTaHTaTa) ce uU3BbpLuBa
CaMO C eauH U3TOYHMK C TOYHO M3BECTHA akTUMBHOCT A n kBaHTOB o6uB I 3a HeroeaTa

JIMHNA.

BbB BCUYKM 3aauyn, CBbP3aHN C onpenensiHe akTUBHOCTTA Ha HEW3BECTEH U3TOYHNK,
e HeobxoaMMO MNO3HaBaHETO Ha €agc(Ei). B 3apaunTe, cBbps3aHM C HamMMpaHeTo Ha
OTHOCUTENIHUTE MHTEH3MBHOCTU 1°'" B CXemMaTa Ha HEU3BECTEH W3TOUHWK, €

A0CTaTbyHO NO3HaABAHETO Ha €oru(Ei):

|OTH _ SPi €orn
i ]
Eorwi SP

KbAETO €'y U Sp' C& OTHACAT 3a penepHara NHUA B CxemaTta Ha pasnag.



OkasBa ce, 4ye dyHkumaTa g(E;) Moxe aa ce anpokcumupa ¢ nofMHOMK OT BMAaA:
M .
Ing(E;)=> C,(INE))" ; M=2-+5
j=1

KOATO e nNuHerHaTta yHkumsa 3a M = 2 1.e. Ing(Ei) = C4 + C2InE; n e goctatbyHO 406pO

npubnmxkenue 3a E; > 200 keV.

®ur.70. 3aBMCMMOCT Ha e(PeKTMBHOCTTA OT eHeprusita Ha y-kBaHTuTe ( B ABOMHO

norapuTMmyeH mawlao).

B gBonHo noraputmudeH mawab €(Ej) e npaBa nuHusa. "3aBanbT" npyu eHepruu, no-
Manku ot 150 keV ce obmku Ha HamangBaHe Ha ePEeKTUBHOCTTA nopagu norfbliaHe
Ha y-KBaHTUTE B anymuHueBns KOXyx ("BxogsL, nposopey’) Ha KpuocTtaTa Ha
aeTekTopa. 3a AeTEeKTOpU 38 HUCKOEHEPreTUYHO Y- U PEHTIEHOBO JTbYeHWe BXOAALNA

npo3opeL, ce npasu OT TbHbK 6epunuii (Be).

MHOro npakTu4eckn 3agayvm M3MCKBaT ONpeaensHeTo Ha aKTMBHOCTTa Ha M3BECTHU (M
HEeM3BEeCTHW) PaanoHYKNMAM B 06eMHM npobu. ToBa ca 3agayv, CBbp3aHU C KOHTPO
Ha 3aMbpCsiBAHETO C eCTeCTBEHa W TEXHOreHHa PaaMOakTMBHOCT Ha MOYBM, XpaHW,
CTPOUTENHM MaTepuanu (OrpoMHO pasHoobpasme Ha obekTn). B T03M cnyyanm ce

nanonssa reometpusa "MapuHenun":



B Ta3u reomeTtpus npoba c onpeneneH obem (1 Terno) obxeawla AeTekTopa, ¢ KOeTo ce

OocUrypsiea Haw-rofissMa CBeTocuna Ha geTekropa.

cb
MapuHenu

44— npoba

KpucTan

dur.71. NamepBaHe Ha akTUBHOCTUTE B 06eMHKN npobu B reomeTpus “MapuHenn’.

OyeBUOHO aKTUBHOCTTA Ha j-TUS1 HYKNUA B LUsnaTa npoba, onpeaenex no i-tata NMHUN B

CneKkTbpa my e:

A= [Bd]
i tL Ta6c (Ei)

KbaeTo: Spj - uicTaTa nnow, Ha i-tata nuHusa B [imp]; Ij - kBaHTOB O0OMB Ha i-TaTa
nuHusA B [y/pasn]; t. - Bpeme Ha HabupaHe (k1Bo) B [S]; Tasc(Ei) - abcontoTHa cBeTocuna
3a i-tata nuHua. CneundmnyHaTta aktTMBHOCT B [Bg/kg] ce nony4aBa 4ypes pasgensiHe

Ha AjHa obLIoTo Terno Ha npobara.

B reomeTpus "MapuHenn" e HeobxoaumMo ga ce Hanpasu abconTHa KanubpoBKa no
cBeTocuna (ga ce noctpon pyHkumnaTa Taec(Ej)) ¢ 06eMHM npobu, cbabpkalm Habop

OT pagnoHyKnmam C u3BeCTHa aKTUBHOCT. Hewo noseuve, KaJ'II/I6pOB'b‘-IHVITe npo6|/|

TpsibBa ga 6bOaT ¢ pa3nuyHa NbLTHOCT, 33 Aa GbAe OTYETEHO CaMOMNOrMbLLAHETO Ha
y-nbyYeHneTo B camata npoba - Tagc(Ei,p), KOETO € 3HauUMTenHo npu H1uckn eHeprm (Ej <

200 keV). Heobxoammo e cemenctso dpyHKUUK Tagc(E;j) B 3aBMCHMOCT OT p.

AHanUTU4YHa NUHUA:

He Bcsika NUHMS B cxemaTa Ha pasnaf Ha AadeH Hyknua e noaxopsila 3a onpeaensiHe

Ha aKTUMBHOCTTa MYy. Ycnosus 3a |/|36op Ha aHaJlIMTU4YHa JIMHNA:



1. Ja vnma Bucok kBaHTOB [0OMB 1 (kenaTenHo C Han-BMCOKUSA KBAHTOB A06UB B
cxemata Ha pasnaj) - BnvMsie Ha cTaTUcTMyeckata TOYHOCT Ha onpefensHe Ha

aKTMBHOCTTa A.
2. [1a e egnHnyHa (B cxemara Ha pasnag).
3. [la He cbBNaga C NMHWMM Ha APYrY HyKNnauW, NpuchcTBallm B npobara.

4. [la He BbpBM B Kackag C Apyra cunHa nuHus (nosiBsiBa Ce JSIMHUSE Ha CyMUpaHu

CbBNafeHNs, YMATO NIoL "n3skaa" oT nnoLiTa Ha CbOTBETHATa NINHKUSA).

V. PABPABOTKA HA CNOXEH rAMA-CIMNEKTbP

Bua Ha anapaTtypeH CnekTbp Ha eaunHn4YHa BUMCOKOEHEepreTnudHa y-rimHnA:

« XK
— <« MM

«~—TEN
KP

<«—[10OP

i =
|
/\ KOMIMTOH /\ j\\_/i\J L

E

@Qur.72. Nk Ha NBAHO NOrfblLUaHe 1 NapasuTHU NUKOBE B aMMNTYOHUA CMEKTbpP Ha

€AMHUYHA y-NMHUSA ¢ BUCoKa eHeprus (E, > 1022 keV)

MNN - nuk Ha NbNHO NornbLlaHe (rnaBHO oToedekT) - E,

KP - komnToHOB pbb - 00OpaTHO pascemBaHe Ha y-KBaHTU B AeTekTopa (brbn Ha

pascenBaHe = 1800) N MakcumarnHa npefageHa eHeprus Ha KOMATOHOBUS €MNEKTPOH.
m,c?

m,c?

E,

Exp =Ey -

+2

2
MEW - nuk Ha eanHNYHO M3nUTaHe (Ha aHUXUNaUMOHEH KBaHT)- Epey = E, - MmeC



- 2
NAW - nuk Ha aBoliHO n3nuTaHe - Eqgy = Ey - 2mec

_ 2
MAM - Nnnk Ha aHNXMNAUMOHHU KBAHTW OT 3aluntata - Epay = meC

NMOP - nuk Ha obpaTHO pascesdHn y-KBaHTU OT 3awuTaTta - y-KBaHTW, pa3CesdaHn oT
3awjuraTta Ha ronemm briun, Gnuskn Oo 180° ¢ MakcuManHa BbL3MOXHa 3aryba Ha
eHeprus

2
mec

Eqp=—— &

nop 2
mgC
MeC 5

=

MUKbT Ha 06paTHO pascesHUTe y-KBaHTW € LUMPOKO pasnpeneneHme.

MNXWU - nnkoBe Ha XapakTEPUCTUYHO PEHTrEHOBO NMbYeHMe OT 3awiMTaTa - B 3awutarta
cnen dotoedekT - xapaktepuctnyHo Ro - 3a Pb Ky - 74,97 keV (K-Lyy); K2 - 72,8

keV (K-L;)). B cbluaTa obnacT ce nosiBsiBa XapakTEpUCTUYHO PEHTIEHOBO MU3MbYBaHe Ha

n3crefBaHusa U3TOUYHUK (ObLLEPHUS HYKMuA).

Tpsabsa ga ce otbenexu, Ye aHmxunaumoHHus nuk (MAMWU), kakto u NMEU n NAU ca no-
LUMPOKU OT HOpMArHWTE rama-nMHUK nopagu ToBa, Ye THAXHOTO pasnpeneneHuve no
€HEeprun 3aBUCKU OT eHepruaTa Ha CbCTOAHMETO Ha ABOMKaTa (e+,e'), B KOETO cTaBa
aHmxunaumara  (MO3UTPOHWIK) -  OBWXKEHME Ha LUeHTbpa Ha WHepuust Ha
aHuMxunaumoHHaTa asovika. Nnowwute Ha nukosete MEWU v NAWU obnkHoBEHO (3aBUCAT
OT geTektopa) ca MHoro mankm B cpaBHeHue ¢ MMM (eguHuuM NpoLeHTN 1 YacTu oT

npoueHTa).

lNMpaBuna npu crnoxHu cxemu Ha pasnag (C MHOro rama-npexoam):

1. Cnabute, HemaeHTU(ULMPaAHN NMUHUKM Ce NpoBepsiBaT, Aanu He ca NMEWU vnn NAN

Ha BUCOKOEHEPIreTn4YHn CUITHN JIMHUN.

2. CymunpaHu cbBnageHus:



®dusnka Ha saBneHweTo: AKO OBa y-kBaHTa C eHeprua Eq n Ez BbLpBAT B Kackag u

-9
BPEMETO Ha XMBOT HAa MEXAWHHOTO Bb3OYAEHO CbCTOsAHME € no-manko ot 10~ s (no-
Marnko OT pasdenuTenHOTO BPEME Ha CMeKkTpoMmeTbpa), CblUecTByBa BEPOSTHOCT U1
ABaTta fa nonagHaTt B AeTeKTopa M fa ce pernctpupat ¢ NbAHO NornbliaHe - Te ca

"eQHOBpPEMEHHN" - M [aBaT UCTUHCKO cbBnageHue. [lonyyaBa ce eouvH MMNync C
eHeprmas E, = Eq + Ez (cymapHa eHeprusl) - nonydyaBa Ce NMHUA Ha CymMupaHu
cbBnageHus. MoraT ga cbBnagat M (POTONMK U KOMMTOH, HO Te He AaBaTt JIMHMUS.
BeposaTHOCTTa 3a nonyyaBaHe Ha CyMMpaHM CbBMageHUs € NpornopuuoHanHa Ha 0%

(kBagpaTa Ha anepTypHUsS brbfl) U NpU paBHU OPYrM YCroBUs € Mno-ronsima, Korato
N3TOYHUKA € pasnonoxeH 6nmM3o go aetektopa (Hanpumep reomeTpusa "MapuHenun").

[Mpyn TOYHW M3MepBaHWA Ha MHTEH3UTETUTE TpsbBa Aa ce oTyuTa, Ye CyMuUpaHuTe
60
cbBrnageHna HamanasaT nnowwute Ha MMM Ha nuHuuTe ¢ eHeprun Eq n E2. 3a " Co

aeduumta (Ha pasctosHue 7 cm) Ha nuHuata 1173 keV e 0,04% ot cbBnageHus Prl-
dM n 0,66% ot cbBnageHna ®MN-KomnTtoH.

Mpu nocTposiBaHe Ha CINOXHU CXeMU Ha pa3nag ce npasu:

1. banaHc Ha eHepruuTe.

2. banaHc Ha WHTeH3uTeTUTe (C OTYMTaHe Ha [-pas3naga M KoeUUUEHTUTE Ha
BbTpelHa koHBepcusa KBK, konTo we 6baat KOMeHTMpaHM No-HaTaThbk).

Mpn npeHTMdMKauMAa Ha pPaguMoOHYKNMAM B CroxHa cmec (obpaTHu 3agauun) ce
n3non3yBat GMGNMOTEKU OT AaHHM 3a y-NuHuKTe (Tabnuum). Npasuno:

1. Pa,EI,I/IOHyKJ'II/I,D,I/ITe ce TbpCAT NBbPBO MO HaW-UHTEH3UBHUTE JINHUMU B CXEMUTE Ha

pasnag.

2. OnpeuenﬂHeTo Ha akKTUBHOCTUTE Ce€ N3BbpLLUBaA NO TEXHUTE aHANMUTUYHU JTIMHUN.

VI. HUCKU AKTUBHOCTW. 3ALLUNTA HA AETEKTOPA

BbB BAKO nomelleHMe, a U Ha OTKPUTO CbLUeCcTByBa y-(POH, KOUTO Ce AbIDKUA Ha

€CTECTBEHU PaguoHYKNNaMW, CbObpXalln ce B CTPOUTENHUTEe maTtepuanu u nodsara.
226 232 . 40
ToBa ca paguoHyknuauTte ot ypaHoBoTo (*° Ra) n topmeoTto ("~ Th) cemenctea n =~ K

(1460 keV). JluHunTe Ha y-M3nbyBaLMTE PaaUMOHYKNIMON OT CeMeuncTBaTa ce nossssat



B u3cnegBaHus cnektbp (Tesn nuHum ca gobpe mssectHu). MNpu namepsaHe Ha HUCKU
aKTMBHOCTM o0cobeHO cunHo npevn nuHuata 1460 keV Ha 4°K, KOATO [JaBa
HenpekbCHaATO KOMNTOHOBO pasnpefenerHune (0 +~ 1240 keV), Bbpxy koeTo Tpsibea ga
6boat peructpupaHum cnabute y-nuHUKM Ha npobaTta. HanomHame, ye rpaHuuarta Ha
OTKPMBAEMOCT (MM HaW-HUCKaTa OTKpUBaeMa akTUBHOCT) ce onpegens oT
HenpekbCcHaTaTa )OHOBa MNOAMOXKA Ha NuHusATa - Kputepun "3oc". O4vyeBMOHO Tasu
noanoxka Moxe pna 6boe HamaneHa (M CbOTBETHO MOHWXKEHA rpaHuuata Ha

OTKPMBAEMOCT) Ype3 3aLiuTa Ha AeTekTopa.

N

L]

®ur.73. Cxema Ha MHOrocsrorHa 3almMTa Ha HUCKOGOOHOB Y-CNEKTPOMETBP.

MHorocnonHa 3awuta: Pb (ge6en cnon) - Ro = 75 keV; Cd (1 - 2 mm) - Ro = 23 keV;
Cu (0,5-1mm) -Ro=8keV.

XapakTepucTMyHOTO peHTreHoBo nbyeHne (Ro) Ha Cu ce nornmbwa ot Al KOXyx Ha

AeTekTopa.

Ycrnosue: Matepuanute Ha 3awmtaTa TpsibBa Aa MMaT MUMHMManHa ecTecTtBeHa (U

N3KyCTBEHA) paanoakTUBHOCT (CTapo OSI0BO).

C HuckodoHOBaTa y-CMEKTPOMETpUss MoraT [da ce peluaBaT OrpOMeH Kpbr OT

PagMoNorMyHM U pagmo3alumMTHN Npobnemu (NpakTuyecka sapeHa CcrekTpocKonusl).

VII. NTOHATUE 3A AKTUBALIMOHEH AHAJIN3

AKTMBaLMOHHMSA aHanuM3 e HeOeCTPYKTMBEH, WHCTPYMEHTaneH Yy-CreKTpoMeTpuyeH
MeTOo[ 3a onpedernsHe Ha eNleMeHTHUA CbCTaB Ha pasHoobpasHu Npobu. HauuHu Ha
aKkTuBauusa:

1. (n,y) peakuumn c 3anaBsHe Ha TOMMNHHU HEYTPOHU OT PeakTop.



2. (n,p); (n,a); (n,2n) peakuun ¢ 6bP3N HEYTPOHU OT HEYTPOHEH reHepaTop.
3. (y,n); (y,pn); (y,2n); (y,a) poTtoaopeHn peakuumn (Harnpumep Ha 6eTaTpoH C

n3seneH cHomn cnmpavyHo nib4eHne C eHeprna JeceTku MeV).

Cnen aktuBauus ce nony4vyaBaT CPaBHUTENHO ObMATOXMBYLUM [-aKTMBHU NPOOYKTW,
4YMUTO y-CNEKTbP ce peructpupa. Kato ce mmat npeaBui: CEYEHUMETO Ha akTuBauus,
noToka M BpemMeTo Ha obnbyBaHe, OT Y-CNEKTpUTE MOXe [a ce onpeaenu
CbAbpXaHMETO Ha enemeHTa (gageH ctabuneH wmsoTton) B npobaTta. Bbnpocute c
KanubépoBkaTa 0OMKHOBEHO Ce peluaBaT C €TaNoHHW Mpobu C U3BECTEH efNeMeHTEH
cbeTaB. TexHn4eckn NogpooGHOCTU: NHEBMONOLLA 3a 6bP30 NpeHacsiHe Ha npobaTta u
3alNTEHN Y-CNEKTPOMETpU C repmaHueB pgetektop. OBMKHOBEHO ca Heobxoanmu
rpamMoBM KonmMyecTBa OT wu3crnegBaHata npoba (MOXe M Mo-manku - 3aBuCU OT
ceyeHuaTa M notouuTe). YyBCTBUTENHOCT Ha MeToda - 10* - 10™° aromalatom -

3aBUCK OT eJieMeHTa n notTouuTe.

MeTona vma MHOro LUMPOK KPbI OT NPUoxeHus: B reonornsita — TbpceHe Ha peakn u
pascesdHn enemMeHTn. EK30TnYHM npunoxenus - 6un nu e HanoneoH oTPOBEH C apCeHMK
NN € NovmMHan ecTecTBeHo? (CbAbpPXXaHMETO Ha apCeH B KOCUTE MY € 3HaYUTENHO Mo-
BMCOKO OT HOpPMarsHoTo); M3KyCTBO — aBTEHTUYHOCT Ha GouTe B KapTWHWM OT CTapu
MancTopu; U KpUMUHaANUCTUKa — C TO3M aBTomMobun nn e ybuT Benocunegucrta?

(aHanu3 Ha aBToMobunHa 604 - BCAka NapTuaa e CbC coOBCTBEH “OyKeT” OT eneMeHTH).

VIIl. LENOTENECHA AKTUBHOCT HA YOBEKA

QOueBngHOo €, 4e wMeToda 3a n3MepBaHeHa CbAbpXaHNEeTOo (aKTMBHOCTTa) Ha
poonoHyKnuam B TAJIOTO Ha XuBUA YHOBEK Tpﬂ6Ba na Obvae HeO4eCTPYKTUBEH.
EonHcTBEHO MeTOoaMTE Ha Y-CNEKTPOMETPUATA Morat ga OCUrypat nsmepBaHETO in

Vivo Ha CcbObpXaHMEeTO Ha pPaavOHYKNMAM B YOBELLKOTO TANO (3a cbXaneHue, nvma u



YMCTU B-M3nNbYBaTENM, 3@ KOMTO TOBA € HEBBL3MOXHO). YOBELLKOTO TANO ce pasrnexaa
KaTo OoOeMeH M3TOYHUK Ha y-KBAHTU CbC camonornbliaHe. CbliecTByBaT pasnnyHu
reoMeTpum 3a u3MepBaHe Ha uernoTtenecHata akTMBHOCT (‘crbHaT 4oBek”, “cTton’,
“nerHan 4oBek’...), KaTO Ce M3MON3BaT KaKTO repMaHuWeBW, Taka U CUMHTUNALMOHHMK

CNEKTPOMUTPMW.

MniocoBe wn MUHYCM Ha CUUMHTUNAUUOHHUA WU TepMaHUeBUA CNEKTPpOMETPpU 3a
uenoTenecHa akTMBHOCT: CUMHTUMALMOHHUA - MO-BMCOKA YyBCTBUTEJTHOCT (HO 4ecTo
N HEeBB3IMOXHOCT 3a paspgelidHe Ha J'IMHVIVITe); nO.ﬂyﬂpOBOAHMKOBMﬂ - TO4YHa
noeHTUduMKaLmna n BUCOKa pasgenurtenHa CnocoBHOCT. BbB BCUMYKHM cnyvyaun OeTeKkTopa,

a 1 n3mepBaHus YoBek TpsaAbBa ga 6baat B 3awumTa.

npOGHGMM CbC 3awumTaTta: cCbllecTByBa TroJidAMo pa3Hoo6pa3V|e Ha pasinvyHnTe

KOHKPETHU YCTAaHOBKN U 3aLLNTU - TYHEITHNU, CAHKOBU €KPaHMU, KabUHKOBU K ap.

Kanu6pOBKaTa Ha YCTaHOBKUTE 3a UuelioTesieCHa aKTUBHOCT Ce€ Wu3BbpuliBa 4pe3

draHTOMM (MaKeT Ha YOBEK C BbBeAEHU KannbpoBbYHM PaguoHYKNnam).

YyBcTBUTENHOCTTA (rpaHuLaTta Ha OTKPMBAEMOCT) 3aBUCU OT e(eKTMBHOCTTa Ha
AeTeKTopa U Ka4yeCTBOTO Ha 3alumMTaTta. TakbB pog U3MepBaHna ca KpaHO Heobxoanmu
B Crydanm Ha speHa aBapus, 3a pellaBaHe Ha Bb3HWKBALLUUTE CMELUHU MEOULMHCKN U
paguoekonormyHn  BbApocu. WM3mepBaHuMaTa Ha UenoTenecHata akTMBHOCT ca
3aA4b/DKUTENTHA U PYTUHHM 33 nepcoHana Ha Bcska AEL, — wHavBuayaneH

OO3NMETPUYEH KOHTPOIT.

CNEUMAINTHN METOOU 3A TAMA-CINEKTPOMETPUAL.
KPUCTAN-ANPPAKUMOHHU TAMA-CNEKTPOMETPU

I. CMMIEKTPOCKOINMNYHN HOPMAIA



Hopmana OT NMBbPBU NOPAABLK B ONTUKATA € ObJDKMHATa Ha BbJiIHATa BbB BaKyyMm Ha

ONTUYHUA Npexos B 8Kr -2 = 6057,80211 A° (onTnYHM meTOaN).

Hopmana OT NBbPBU NOPAADK 3a PeHTreHoBaTa CNEeKTPOCKOMNUA: - AbJXMHATA Ha

BbnHaTta Ha K, peHTreHoBaTta nvHusa Ha W - AWK 41 = 0,2090100 AO; AE = hc =

12398,301 [eV.AO], T.e. EWK,1 = 59,31881 keV (oTHOCUTENHA rpeLuka 10'6).

B y-cnekTpockonuaTa uM3non3yBaHeTO Ha ecTecTBeHata Hopmana 511 keV e
HEBb3MOXHO, Mopaau croXxHata ¢opMa Ha aHuxunauuMoHHata nuHUa. 3a

eHepreTM4yHa Hopmarna OT BTOPM MOPSABLK B siapeHaTa CnekTpockonus e usbpaHa

nnHnsTa 411,794 keV B 198Hg. PenepHuTe nnuHMM Ha KannBpPOBBLYHUTE Y-U3TOYHULM (3a

eHepFVIVI) Cce TnoJiydaBaTt 4pe3 cCpaBHABaHE C Ta3nM Ha HOpManarta. OueBugHa e
Heob6xoauMoCTTa OT MeToau 3a abConoTHO n3amMepBaHe Ha eHeprmdaTta m cpaBHeHue C

HopMmanure.
Il. AMOPAKLIMUOHHU FTAMA-CMNMEKTPOMETPU C NNNOCBK KPUCTAN

3a NpbB MbT AUpaKUMA Ha y-MbYM OT MOHOKpUCTan e HabnwgasaHa oT Pvabpdopa
n AHgpage B 1914 r. npy m3amepBaHe Ha Ab/PKMHATA Ha BbfHATa Ha y-NTbY4EHMETO

214pp) s RaC (

214

RaB ( Bi) uype3 gudpakums oT TbHBK KpUcTan B NOSIOXKeHUe Ha

nponyckaHe.

YcnoBueTo Ha bpsr 6elue nssegeHo Nnpu KOXEPEHTHO pa3ceriBaHe Ha rama-KBaHTU:

n\A = 2d sinBg
A - Ob/DKMHA Ha BbfHAaTa Ha y-kBaHTUTE; d - MEXOYNSIOCKOCTHO pascTosiHue
(kpucTanorpadckn napamMeTbp, U3BECTEH C BUCOKA TOYHOCT OT APYrn U3MmepBaHus); Og

- bperoBckn bron Ha pascerBaHe; n - nopsaabk Ha AUPPaKUMOHHUS MakKCUMyM
O6uvkHoBEHO ce paboTn ¢ MakcMMym OT 1 MOpPsiAbK - MHTEH3UTeTa Ha pPa3cesHoOTO

JTbY4EeHne 3a No-BUCOKU nopAabLUn € MalbK.



Kpuctan doTonnaka
= NVHWUM Ha

% — noyepHsiBaHe

Pb —

®ur.74. Cxema Ha OMdpaKkUNOHEH y-CNEKTPOMETBP C MMAOCHK KpucTarn.

ObmkuHaTa Ha BbMHaTa Ha rama-ksaHTa A, W BperoBckus brbn 6 ca eOQHO3HAaYHO

CBbpP3aHu:

sinBg ~ A, ~ 1/E,

B onutuTte Ha Pbabpopa Hal-markata uamepeHa AbkvHa Ha BbrHata e A, =

70.10° A° (E,™" = 177 keV)

MpUMHUMNBT Ha AenCTBME Ha BCUYKM KpUCTan-augpakumMOHHM y-CNEKTPOMETpU ce
CbCTOM B TOYHO M3MepBaHe Ha BperoBckuMsa brbn 3a CbOTBETHATaA €HEprus npu
N3BECTHM NapameTpu (KOHCTaHTaTa) Ha KpucTana, KOeTo MO CbLUECTBO € abContTHO

n3MepBaHe Ha eHeprusaTa.
M3nonsBaHM MOHOKpPUCTanNW: KBapL, KanuuT.

HebenunHata Ha MOHOKpuUcTanute (pasceBaHe B reoMeTpus Ha nponyckaHe) Tpsibsa
Aa 6bae onTMManHa, T.e. NpU AOCTaTbyeH MHTEH3UTET Ha KOXEPEHTHOTO pascenBaHe
[a V“MaMe Marnko KOMMTOHOBO pasceriBaHe W poTonornbliaHe - gebenuHata Ha
KpucTana Brnusie BbpXy LWUpMHATA Ha AudpakumoHHata nuHusa. PeannHute

MOHOKpUCTasnum ca Mmo3ae4Hu .

BperoBckus brbn 3a AageHa eHeprus e:

. A,
96 =arcsin—-
2d



AKko ABg € pa3xoaMMOCTTa Ha Nnafallus CHOM, a ® € PasxXxoaMMOCTTa Ha OTPa3eHUs, TO

OYEBMAHO YCIIOBYE 3a KOPEKTHO U3MEpPBAHE e:
AO <0 <0

Eavn npumep: 3a E, = 100 keV; A, = 1,2.10'9 cm; 3a kBapua d = 1,12.10'8 cm un Toraea

0o = 3,07°.

PasgenuTtenHaTta cnoco6HOCT NO eHepruu ce ceexaa A0 pasaenurenHa crnocobHoCT

Nno ObJNKNMHA Ha BbliHaTa:

3a pa nonyyum R = 0,5%, pas3xoAauMocTTa Ha nagawmsa cHon A6 = 0,0150 ~ 1

(anepTypeH Bbrbn 0Komno 108 ot 47).

aE, = eV; 6g =0, MR=0,1%=10"; A0 = (3.10 ') ~ 1" (anepTypeH brbn
3a E, =1 MeV; 0p =0,307° (18) R =0,1% = 10", A6 = (3.10™%)° ~ 1" (

okono 107" ot 47).

OueBngHO €, 4Ye C NNocbk Kpuctan gobpa pasgenutenHa crnocobHoOCcT Moxe ga ce
nony4m camo C LieHaTa Ha KorocanHoO HamansiBaHe Ha cBeTocurarta, KoeTo U3UCKBa

n3non3yBaHe Ha N3TOYHULM C KOocaliHa akTUBHOCT.

Mpu cnekTpoMeTpuTe C NMOCbK KpucTan nobpata pasgenuTenHa crnocobHOCT ce
[OCTUra eOWHCTBEHO C HamansiBaHe pasxoAuMMOCTTa Ha najalms cHomn (M oTTam
HamarnsiBaHe Ha BxofsillaTa anepTtypa u ceeTocuna). CblecTByBaT M ABYKPUCTAITHU
CNEKTPOMETPU C NIIOCKM KpUCTanM - 3a cera C TAX € MofyyYyeHa Hal-BUcokaTa

pasgenuternHa CMOCOBHOCT.

lll. KPUCTAN-AUD®PAKLUMOHHU TAMA-CMNMEKTPOMETPU OT ®OKYCUPALL TUMN C
OIMbHAT KPUCTAI (MO AFOMOHT U KOLLUYA)



1. Mo OomoHT (1947 1.)

KpucTtan

Konumarop

e
——

7772
777

7 KpuBWHA
Ha Kpuctana

AeTeKkTopu

L

dokanHa
OKPBXKHOCT

@our.75. Cxema Ha oM pakUMOHEH y-CMEeKTPOMETbP C OrbHaT Kpuctasn (no JoMOHT).

Kpuctana e orbHat ¢ paguyc Ha kpuBuHaTa R. ObpasyBa ce ¢pokanHa OKpPbXKHOCT C
Anametbp R (pagnyc R/2). KoraTto m3ToyHMKa S e pasnonoxeH Ha okanHaTta
OKPBXHOCT, y-KBAHTUTE, M3NbYeHW B anepTypeH brbn 2o (BbpXy Uenusa Kpucran)
nonagaTt noA €AuMH U Cbly brbf OTHOCHO KpUCTanHUTE MMOCKOCTU (KpucTana e
orbHaT). B cnyyas orbHaTMa KpucTtan MoXe [a ce pasrfnexaa KaTto CbCTosl, ce OT
enemMeHTapHU KpucTarnu, 3a BCEKM OT KOUTO € MU3NbIMIHEHO YCnoBueTo Ha bpsr.
OueBngHO pa3xoguMoOCTTa Ha nagalms cHon (2a) Moxe Aa 6bae MHOro no-ronsma ot
Cny4yasi Ha nroCbK KpUcTan u ce onpeaensa oT reoMeTpuyHMTE pasMepu Ha Kpuctana u
AnameTbpa Ha okanHaTa OKpBbXHOCT. CBeTocunara Ha cnekTpoMmetTbpa [QIOMOHT e

okosno 200 NbTK No-rosifiMa OT Ta3n Ha CNeKTpPoMeTbpa C NOCHK KpucTan.

Mo JoMOHT AeTeKTopBbT (0OMKHOBEHO CUUMHTUMNALNOHEH AETEKTOP) € HENOABWXKEH N €
cHabaeH C TeXxXbK KonMmaTop OT MHoronpoueneH Tvn (KnuHosuaeH). Pernctpupart ce y-
KBAHTW C MHOroO Marnka brroBa pas3xoAMMOCT OKONIO TOYHO onpegernieH brbfi. 3a
ckaHupaHe Ha crekTbpa no A, (T.e. no Ey), ce usnonsysa cucrema 3a CBbp3aHoO
OBWXEHME Ha KpucTana u M3TOYHMKA, NpU KOETO KpucTana ce 3aBbpTa Ha bperoBcku

brbn 6, a U3TOYHUKA Ha 20, KaTo OCTaBa Ha dhoKanHaTa OKPbXXHOCT.

CnektpomeTbpa Ha [ioMOHT € "egHokaHaneH" npubop. N3TtouyHnuuTe ca "nMHenHn" c
TMNMYHM pasmepu: wupuHa 0,05 - 1 mm; gebennHa 5 mm; BucodnHa 30 mm (c
konumartop). Te TpsbBa ga ca C MHOro BMCOKa crneumguyHa akTMBHOCT, a CbLlO U

ronama abcornTHa akTUBHOCT.



2. N'eomeTpus no Kowya

B reometpmna no [QIOMOHT geTekTopuTe ce 3aMEHAT C U3TOYHWUK C rofieMu JNIMHENHMU
pasMmepu, a Ha MSCTOTO Ha U3TOYHMKA Ce MOCTaBAa OrbHaTa Mo dpokanHaTa OKPBbXHOCT

C*)OTOI'IJ'IaKa. Bcneacteue Ha O6paTVIMOCTTa Ha ONTUYHUTE CBOWCTBA, BbpPXY nriakarta ce

nonyyaBat nHUM (poKycupaHu), CbOTBETHO Ha BperosBcku brbn 6 3a aageHuTe A, (1

E,).

OcobeHocTH:
al. CuctemaTta e HenoaBMXHa.
6/. PaboTtun ce ¢ n3TouHMLUM C roneMmn pasmepu n HUCKa cneumdunyHa akTUBHOCT.

B/. Bxogswara aneptypa, onpegeneHa OT KNMHOBUAEH KOnMMaTtop, € Marka, OKOno

1000 nbTK no-manka ot QOMOHT.

rl. Mopagn perucTpaumsaiTa c doTonnaka, ce u3cneasa CpPaBHUTENHO LUMPOK

eHepreTnyeH amanal3oH egHOBpPEMEHHO - npm6opa € MHOrokKkaHarneH.

O6Lwwo 3a cnekTpomeTpu OT (hoKycupaly Tvn:

WupuHaTta Ha audpakumoHHaTa IUHUA ©, Ce onpedens OT MO3au4yHOCTTa
(HenaeanHocT) Ha KpucTana, cipepuyecka abepaumsa u Bxoasiiara aneprypa - oy =~

1" + 20" (5.10'6 = 10" rad). ToyHocTTa Ha ckaHupaHe e okono 0,2". Kpucran-

OdpakuMOHHUTE ramMa-cnekTpoMeTpu ca YHUKaITHN I'Ipl/l60pl/| OT TAX B CBeTa MUMa

€ONHUYHN eK3EeEMMIIAPU.

Hsikon napameTpu Ha peanHun npnbopu:

Mpnbop Ha [doMOHT: Kpuctan KBapy - pasmepn 70x50x1 mm; dgg = 1,1.10'8 cm;
paguyc Ha kpuBuHata R = 200 cm (guameTbp Ha (pokanHaTa OKPBXHOCT); BXOASALY
BbrbN 20 = 20; BXOAOALl TeneceH brbn Q = 7.10'5 cnpsiMo 47, WMPUHA Ha
AudpakumoHHaTa nUHUA ~ 20" (9,7.10'5 rad) 3a 500 keV; eHepreTuyHa

pas3aenuvTesiHa CNocoOHoCT

R:A_E:_&: ©m
E A tgo,

=9.10°=0,9%
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3a 500 keV n kBapy 0 = 0,60; Ay=2410 " cm; d = 1,2.10'8 CM; TOYHOCT 3a bIMNoBO

nswkeHue - 0,2", 3a %cu - 510,979 + 0,07 keV oTHOcUTEeNHa TOYHOCT + 1,3.10'4.

Oy

PaspenutenHata cnocobHocTt R :t 0
gY,

~E, 3a BucokuTe eHeprum 100 keV - 1 MeV (~

-3
1,510 ".E [keV] B %), kosATO He e no-gobpa OT Tasnm Ha NOMyNnPOBOOHUKOBUTE
aetekTopu (Ta ce nogobpsiBa CbLECTBEHO 3@ HUCKUTE eHeprin). BucokaTa TOYHOCT Ha
onpeaensiHe Ha eHeprusitTa ce nofyvyaBa OT BMCOKATa TOYHOCT HA CKaHMpaHe Ha

npoduna Ha gudpakumMoHHaTa NMMHUSA 1 onpeaensHe Ha Makcumyma .

Kpuctan-angpakumoHHnTe y-CNeKTPOMETPU ca Mofie3Hn C ToBa, 4e Mo3BonsiBaT

abconTHO onpegendHe Ha eHeprudaTa Ha y-KBaHTUTe.

O6bwarta cBetocuna e npounseegeHne OT. BXOAALWNA TeNnecCeH blrbJl, BEpOATHOCTTa 3a

KOXEPEHTHO pascenBaHe, KoeduUuMeHTa Ha MponyckaHe Ha OEeTEeKTOpPHUSA KonmmaTtop,
e(eKkTMBHOCTTA Ha [OeTeKkTopa 3a [OdadeHaTa eHeprusi U e OKOJIo 10'9 + 10'10 3a
ananasoHa 100 + 1000 keV. TsaxHaTa cBeTocuMna € HeCpaBHUMO Mo-Marsnka OT Ta3u Ha
NnonynpoBOAHMKOBUTE OETEKTOPU - 3a repMaHneBnTe SEeTEKTOpU T4 e 8.102 + 5.10° 3a

CbLUMNA Onana3oH.
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