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Abstract

Objective: The resolution of Nal(Tl) spectrometer is relatively low. By comparing the three spec-
trum solution methods and selecting the best solution method, the accuracy and reliability of the
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measured values of the y energy spectrum can be improved. Methods: First use relative compari-
son, inverse matrix, and least square analysis methods to calculate the activity of the mixed stan-
dard source with known activity, and then compare the relative deviation between the calculated
activity and the standard source activity. Results: The relative deviations of the three nuclides
calculated using the relative comparison method, the inverse matrix method, and the least square
method: 226Ra (13.62%, 14.71%, 9.12%), 232Th (14.43%, 20.59%, 13.17%), 4°K (2.18%, 4.91%,
4.84%). Conclusions: Using the least square method to calculate the relative deviation of the activ-
ities of 226Ra and 232Th nuclides is the smallest, which is better than the relative comparison me-
thod and the inverse matrix method. The activity calculation of 4K nuclides is more suitable for
the relative comparison method.
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REVE S B ST . B REIE RIS N T )5 SEREIEMENTIOXERE , AR T8 R R IR TAERIT R . B
Uk, AP A IE BRI VA REAT 0T S DA IR y BERE IS M 4 R AR T SR AL A O B

AR Nal(TH A FRA p 3521306 2 A CORIE L AR RO IR AT, (AR Pefseide, 3R
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2. MRER*E
2.1. y BEIELEEE

ASCHTAS F AR R G802 AL SR A A IS AR 5Ty Be . 128 y BRIEIRIN R g 2
B BH1324F RIERIMIZS . BH1324 B — KL ZIE /0 HT2% . NG401-261 U4 . Ums 38 y RERE R M. il

IIWTRAT SR R BEREAIR LR RSN @ 75 mm x H 75 mm ) Nal(T1) (R4 REREAR, xFT 27Cs
FRAEVRAE 661.65 keV ALIRFIEIERE R 70 HER /T 8.5%.
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3.82 uCi 5 2.31 uCi. Hrh, “Co ¥ AEE N 1173.20 keV 55 1332.50 keV f4HfEIE, T *'Cs AL RN
661.65 keV HIFFAEIE[3]. ik, ¥ B ERMAIT BRI AER 2Ra. 2*Th, K A% R brifE kIR
FF e 8efiit i tr[4], HARHERZ KI5 20514 286.30 Bq. 184.00 Bq. 1053.90 Bq. % Kk Eit &R
SERIE TSR A R A AR R A U RE VR A AR AR T LA RO % R P°Ra (74.50 Bq). *Th (33.60
Bq)5 *K (569.80 Bq)-

FEXTFRAEREAT ISR, JeX) 58 e B ZI 1) y Be Tl DCHATIN KON 43,200 s (12 h) I IAEEA I &
DUHERR M AR TP . ARMEBL G, & 2°Ra. 22Th. “K AR 5IE SR EIRHET IR A 21
600 s (6 h) [y &L, 80 FH 3 o0 A 8 A et 753 210 1 et 1B AT 35 400408 2 BT o

2.2.1. HEREEBEE
RO P A3 B EL T P b e 55 4 B AR TBUR MR R 3 (K 2 1R 0 AR UM PERZ ZR 1
WG REMR AT 0, EESEHrid R T
4
Ci = Net ; M)

Hep, C, PR AERT S j RSO IR ISR | DNMRHIEIER R B A, IR AEIRE O ROBUR AR R
(Bq); Net, AFRHEIR AR j TSR R A0S | ML f 5 TR G U D)«

C.l4.—A.
Qj :M )

WD,
A, WAEPRHEIRTE j MU YRR R EEIRIE N O, (Bakg)s A, NIREAREE T j R %R
I3 | MREIE R THBCRGHEUERD)s A,, XL A, BOREEAR R THECRGH USRI W oAb v
BRI ER(kg); D, ABEHEZ R EARIB IEREL, (H5 8B AT Il & K8 Az 2 s K
(°Ra HIEEEIA 1600 a, *Th (LA 1.40 x 10" a, K (LN 1.27 x 10° a), Fr AT A] Lk
RHE[5].

2.2.2. ML

TR B SR A E R e 1 7 RR AL, R E0E T DU ot b BT PR AZ R i 2, RN & 15 3 1)
y RETE H I T B B S X OO0 T HEAT W URE ol FBC PR AR R TR B IR B AT . TEHIBR ISR A R Ttk fE , TRA
TRy RERE /RS —RRAE U REIE X P K TH20R FH AR IR AR B BT o I (SO M AZ 3R R AIE DG i AT 1A
SHPEAZ ER DAL y BT80SO PR A% 2R 1 B U 5 0 & I Tk [6] . THE T IE IR

¢ =20 ay%; )
e ORGSR, m NIREE T2 R, | RIS y BEISAESE | M IEIEEX A
HITHECR O, x, IR EFER AR j MR RRINEEE, o, N | DMRFEIETE O 2R j Rl 2 K Wi B R
B, AR HFIR[T].

3 Netﬁ 4
i = 4 )
X, Net,, NH j A% R BOFRAETEAE S ¢ RROCVESE X A TR 4, 958 j MO TS (7]
HARRE T FEN
A X = Coem %)
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2.2.3. BN TR

Fpt/IN IR BRI A T R BV IR A A [ 8]0 R B VAN R T RO 1 A% R 1 — AR IR U X )
R HR AR O B R R AT, A R BIENER W, I RN y seildoE S Sk TR
AR &S T b ZIIEG T2 R L) N R AR PR R T A SRR y FHRES T
R, BIEEZ RN A EEN y WERNAEES S5E, RIS XA E » KRS T
%R TN m.
C =Zj“:la._)(. i=1,2,---,n 9)

i [/

R LS, RN

X A = Cor (10)
A = (X0 Co) (1n
TRAFE S % 2R 100 B TSR A Ok
X, =(4"-4) 4"-C (12)
3. &R
3.1.3 M5 EHHEER

3.1.1. EXEEEE T ERERTE
FE R FH AR G e VR AV AR O PR A 0 FE AT TS, S B A I (A% RS, S5 e A%
oy BBV T E O T R AR W T (X, FETE B USRS [X P AR B [9]. R S5 X IR B 1,

Table 1. Nuclide characteristic peaks and corresponding channel selected by relative comparison method

= 1. AEX EEBURE BN A RIS 5 H X M YiE

T A% 2 22Ra BITh K
FFE I E F/keV 609.32 911.32 1461.22
FEF U TE HiE 305 447 730

BURPER% 2 *Ray °Thy YK IR G AR AR B AR5 Q)IHEA R, &% 2 [10].
TRAARAEYR P RO PE R & P%Ras PPTh., K 3G E 20 HIA 64.35 Bq. 38.45 Bq. 557.36 Bq.
Table 2. Nuclide activity calculated by relative comparison method
2. ENHBUETTENZRER

T EAZ R 22Ra BITh K
RIS /Bq 64.35 38.45 557.36
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3.1.2. HEMEEITEEREE
FEASE P A B e TR A% SR TS R AT VAR 1], AR A% 3 B | ANMRRAE BB i, 7F **°Ra
PThy K BRI . IR ARG 5 IAEAR W AR T 3 R 0 R I I X 5 R . EARBE T,
T BRI T B A B AR I S AT EL BB A A, LR 1. B3 AMRFAEUGEIE X 7E AR AR b 19 i 4R
gh 5 A B ~(6) T HAF B W S AR 4, , M-
0.004272  0.003597 0.0000916
A=| 0.0008 0.002415 0.000101
0.0005  0.000281  0.000295

AR @), HE) T IR A SR PSR P Ray 2PTh, K M3F 1, HH G E
W# 3,

Table 3. Nuclide activity calculated by inverse matrix method

3. HIEMETERNRRER
R R **Ra *Th “K
TG E/Bq 85.45 26.68 541.80

3.13. RINZREVTERERTE
N EINFE IR y GEE T B, AR BN IR AT IR FE SN, 6 3 i A% R R EL 4
ANARERFAEIE, R5AE IS RE B R HE X W3 4.

Table 4. Nuclide characteristic peaks and their corresponding channel elected by least square method

4. RN ZRFEBEZ RN S H X N AYEE

A ER R 22Ra B2 K
RFAE I EE/keV 351.99 609.32 911.32 1461.22
FRE G IE 187 305 447 730

XS Ray *PThy K ARHEIR . RE SRR SRS ARRIAT I RS, JAH R AR A, A9
0.005175  0.00403  0.000141
0.004272  0.003597 0.0000916
~| 00008 0.002415 0.000101
0.0005  0.000281  0.000295

i ARA2)TH AT B TR A IRAEI UM LR T, LS.

Table 5. Nuclide activity calculated by least square method

FTS5 RNZFRETENREREE

TR *Ra 2Th YK
T EE B /Bg 81.29 29.17 542.24

3.2.3 MR RELR

S FRIRY Hoeide SR J etk 3 RO XTI A BRI 3 MBI P 2°Ra. Ty
UK QI TR R 6 [12]. U 6 HRTABE] 3 BB HE A MO P 0 1 59 b 142
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Table 6. Calculation of nuclide activity by different spectral analysis methods

6. TRME AT ERREE

3 Pl AT RS (B
UM PERZZR 5 BEFR € (H/Bq PRI 7205 i B(Bq)

AT B W L RN Ik
2Ra 74.5 64.35 85.45 81.29
B1Th 33.6 38.45 26.68 29.17
K 569.8 557.36 541.80 542.24

Table 7. Calculate the relative deviation between nuclide activity and calibration activity

F® 7. WEBRRBESREEE Z ERENRE

3 TSI RIAR X i 2 (%)

AR
~ IR A R B etk
2Ra 13.62 14.71 9.12
BITR 14.43 20.59 13.17
40K 2.18 491 4.84
4. g

A I TR s AR 22 5 K P S AR 6 22 Th JBUR MEAZ 200 B T 50 20.59%: AN i 22
B/ R R LB it K O A 2 G BT SR 2.18%: B PORan PP Th (R TH 3G BEAH X i 2 B /N Y
SR/ ZIRIES BN 9.12%. 13.17%: 3 PR 5 VAR U A% 3 K BT SE FEAR R 2 BIK T 5%:
Horr 3 BRI g0 TAZER 2P Th (8 BT B A5 RAHRH W22 280K, XAl RS B T P2 Th B £ R e %
RER LB EARRERL, p REMEIRAE BUFAE B W . WIBUR S S BN S T30, H Nal(Thi%
REE 7 R BRI EL.

5 b, TEVHEL 2P Th JRUR A% RS PE R NI G U R Rk, O 22 T 2888 H — RO 4% s 22 22K
() 15%; 7ETHHIR AR *°Ra Al 22 Th A BC PRSI B/ 32 N e R MR 77 v AETH SR AR “K
(YO PV AR O PRV e DA 0 77 1, LR AR LRV A5 I P B SRR AR T A R AL A8 K,
PRIEPE TERRIE AN & A7 K I, T A A 2 R 77 v . ASSCER T = A R AE B Nal(T1)
AT IR WIS BEET AN R A A 2 S bR 32 05 70 A7 45 SR S It A ] S 1) e DR AR 7 0%
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