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Tém tit

Trong qué trinh xiz Iy phé birc xa, van dé tach hai hay ba dinh chdp trong phén tich dinh phé
nang leong birc xa Gamma la thwong gap. Ky thudr tdch hai dinh chdp da dwoc cong bo
trong cac két qua nghién ciru cizia Mai va Vo (2015). Trong bai béo nay ching toi trinh bay
kj thudr tach ba dinh chdp bang thugt todn Levenberg- Marquardt véi nén phong tuyén tinh
hodc phi tuyén. Thudt todn da dwoc ap dung thanh cong trén cac phé bic xa do tir detector
nhdp nhay hay ban dan.

Tir khoa: Tach dinh chap; Phé Gamma; Thuat todn Levenberg-Marquardt.

1. MO DAU

Trong qua trinh ghi do birc xa & cac phong thi nghiém, van dé tach hai hay ba dinh
chap thuong xay ra. Sy chu dong phan tich pho trén cac nén phéng tuyén tinh hoic phi
tuyén xuat phat tir phd thuc nghiém 1a y tuéng goi ma dé ching toi xay dung chuong
trinh phan tich phd tach ba dinh chap trong viéc xt ly cac phé Gamma do trén cac hé phd

ké vai detector nhap nhay hoac béan dan.

2. COSO LY THUYET
2.1.  Cac dinh chap trong phé gamma

Ba dinh chap trong ph6 Gamma dugc chuan héa dudi dang ham Gauss va theo
biéu thuc (1) (John, 2001).

(1) (2) ()

y()) = Aexp(==— =)+ A exp(—— ) + Alexp(-———) +B (1)
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Trong d6: B 1a ham duong phong; A1, Az, As la gia tri bién do caa ba dinh phé
twong tng; i la sb kénh; iy, io, is g Vi vi tri kénh caa moi dinh; o 1a do léch chuén cua
dinh Gauss. Pudng cong trén duoc md ta bang ham mé hinh nhu trong cdng thic (2).

(i-a,)? (i-a,)? _(i-a)°
2 tae ™ +ae * +B(i) (2)

f(i’a1’a2’3~3’a4’a5’a6’a7) =ae

Trong d6 cac tham sb ai, as, as twong tng 1a dd cao cua dinh trén nén phong; az,

a4, as twong g 12 vi tri kénh (ndng lwong) caa cac dinh; a7 1a d6 phan tan caa dinh phd

M 2 2 -
lién hé véi do rong cuc dai nira chiéu cao (John, 2001), g :(FWHM] :( W j Vi
7\ 2.355 2.355

FWHM = w la d6 rong cuc dai nira chiéu cao dinh phd; B(i) 1a dang duong phong tuyén
tinh bac nhat, bac hai hodc dudng phdng phi tuyén c6 dang bac thang. Mot sé dang ham
mo ta phong bac thang nhu trong cong thac (3) (John, Michael, Christopher, & William,
1990).

2(x=X)

X=X

- 1 X-X - 1 3

B5=1/|1+e%"™" [+ B6==erfc , [Ze - ] X < X (3)
[ J 2 (x/ﬁaj B7=12

1 —2(x-X)
Ee 4 x> X

Trong do: x 12 56 kénh; X 1a vi tri tai tam dinh; erfc 1a ham bu sai s6 nhu trong (4).
. 2 % .
erfc(x) =1—erf (x) VOl erf (x) =—= [e™" dt 4)
ﬂ. v0|‘

2.2.  Thuéat toan Levenberg-Marquardt

Phan nay s& néu thuat toan Levenberg-Marquardt (Hinh 1) va céc biéu thic cua
thuat toan. Van dé can giai quyét cua bai toan 1a cuc tiéu hoa ham dbi tugng (Jorge, 1997)
trén dang diéu cua nén phong da lua chon cho pht hop ddi voi phé Gamma thuc nghiém,
duoc biéu din nhu trong (5).
l n

¢(X)=5;(yi ~F(i.8,,8,,8,,8,,8,8,8,)) =%gn2(a1,az,as,a4,as.as,a7) ()
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Tinh Adag, a;, az, az, ag as, 4, ar)

L]

Bt Aj= As & = 00001, 4 = 10000, G

Hix, b= d (a0 d(x, 1

!

| Sl y=={H 4 40"

.E,‘ = 2 i "
Xix,) i B Agy'e
i
¥
| dle, )= ﬂ[.‘l“ +u ) |
| $(5,+x,) |
|
Ay, =054, +
Ci

Nudt A = (ay: s @ 8 as; & ay)

Hinh 1. So' db thuit toan tinh cac hé sé cia dinh chap
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Trong d6 yi 1a s6 dém twong tng véi kénh i; F(i,a,,a,,a,,8,,8,8,,a, ) 12 ham
mo hinh; ri 1a cac thang du twong (tng vai kénh trong vung khao sat.

Xay dung thuat todn tach ba dinh chap chinh la giai hé phuong trinh (John, 2001;
Jorge, 1997; David & Yinyu, 2008) nhu trong (6).

6
ST(@ ) wran Ja(a)- 97 (2 e v

(P () (P wa
Trudng hop 3 dinh thi p = 7, twong ¢ng véi 7 tham sb can tim 12 ay, az, as, as, as,
as, ar; J,(a*) 12 ma tran Jacobian ciia ma tran r(a*) = (r,(@*), r,(a"),....r.(a*)) & phép lap

thik; J/ () 1a ma tran Jacobian chuyén vi; 2 1a tham sb dugc chon theo thuat toan; I pxp)

la ma tran don vi.

2.3.  Xac dinh dién tich dinh va sai sé

Dién tich dinh trong khoang kénh tir i —a, i+a dugc tinh nhu trong (7).

S(a)_TAexp(—( 0) )d|+l+fB(|)d|
()

S6 dém tai vi tri cua cac dinh sau khi tach c6 dang:

7()(—512)2 7(X*a4)2 _(x—a6)2

f=ae * +B;f,=ae * +B;f,=ae ** +B (8)

3. CHUONG TRINH TiNH TOAN

Chuong trinh xu 1y cac dinh chap dwoc viét bang Matlab (Pham, Ngo, L&, &
Nguyén, 2007; Nguyén & Nguyén, 2006), vai cac chirc nang bao gom doc va vé phd niang
luong thu dugc tir thyc nghiém, chuan ning luong theo kénh, chuin FWHM theo ning
luong, phén tich tach ba dinh ning lwong chong chap trén cac nén phéng phi tuyén va

tuyén tinh, x4c dinh dién tich cua cac dinh bi chap va sai sb dién tich dinh.
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Hinh 2. Giao dién tim chen vung dinh

Mot s6 chirc ning chinh trong phan mém tach dinh chap:

e  Chudn nang lwong va dé réng dinh FWHM: Chirc nang nay nham chuan twong
quan nang lugng theo kénh. Tir d6 dé dang xac dinh dugc ning lugng cua tia

Gamma phat ra, d@)ng thoi cling chuan do rong dinh theo nang luong;

e  Pocva vé phd: Chuong trinh doc c&c s6 liéu thu dwoc ctia phd tir thuc nghiém
bang file excel (*.xls, *.xIsx), va duoc thiét 1ap mic dinh doc s liéu cua tap
tin cd chtra s6 kénh, sé dém. Trong chuong trinh con nay, ngoai viéc chon dugc
vi tri kénh ta con xac dinh dugc nang lugng tuwong rng vai vi tri kénh da chon.
Tir céc s6 ligu phd thuc nghiém két hop voi dudng phong da chon sé vé duoc

phd trén nén phong;

e Tinhtoan hé sé a tir thyc nghiém: Chirc nang cua nay 1a dya trén cac dinh trong
ving dugc chon dé chon cac hé sé ban du cho qua trinh tach dinh. Cac hé sb
do6 sé xac dinh dugc vi tri cua tung dinh con sau khi tach va do rong cua dinh

chap;
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Ving ning hrgng: 13231355 KeV Dang dutng phong:  Bjc 2 Tinh hé s6'a7
Chon DET
O DET nhdp nhdy
3600 T ‘ T ‘ T ‘ T ® DET bdn ddn
3400 Nhip vio ning lugng chip
1338
3200 -
3000 —Gid tri cic tham s6'a
e at: 1128.9266
= 2800
2 aZ: 2672
-,f, 25
% 2600 a3 a77.7822
right cursor
2400 ad: 2650
43 ak: 745,714
2200
: i : : e center cursor 86 2690
2000 -+ Fooeees g Fooonnnnns TN oo - -
: e TS IUUUUTUU POFe J0ve- 2 3 ar: BsT
1800 1 I 1 I 1 I 1 a8 0.1581
2640 2650 2660 2670 2680 2690 2700 2710 2720 Déng §
56 Kénh o= 8583344
afp; 115959606

Hinh 3. Giao dién xac dinh cac hé sé a tir thuc nghiém

e Tinh cac hé sé a bang thudt todn va tach dinh: Céc tham sé cua ham xap xi tir
cac sd lieu thyc nghiém thu nhan ban dau, tir &6 cung cap cac thdng tin vé dinh
chap ma ta quan tdm. Phuong phap st dung dé tinh toan la thuat toan

Levenberg-Marquardt (Jorge, 1997).

—Tinh ede hé =6 a vi td ch dinh
—— Hé =6 = i thyc nghiém—— Tinh hé 6 a v& tich dinh
Lfvhésda Tinh A Tach dinh chip
at: 1019.2481 At 835.576 Dién tich dinh 1 FWHM 1
a2 2572 - 2672.36 8181.5721 92950
Sai 56 dién tich dinh 1 Sigma 1
a3 755.8401 A 653.973
3I70.6737 3.9473
2 2680 a2 2682.76 Dién tich dinh 2 FWHM 2
as 628.5652 AS: 522.033 6393.3545 93404
a6: 2690 a6 269188 Sai 56 dién tich dinh 2 Sigma 2
at: 81579 AT: 154319 368.2537 29682
Dién tich dinh 3 FWHM 3
ad: 0.04661 AB: 0.04661
5094.149 93181
as: -2547691 AS: -254.769 Sai & didn tich dinh 3 Sigma 3
al: 350075.522 Al 350076 366.4855 3.9567

Hinh 4. Tinh hé s6 a bang thuat toan va tach dinh
4. KET QUA
4.1.  Doi véi hé detector nhap nhay

Thuc hién tach 3 dinh 1274.542 keV cta %*Na — 1332.502 keV cua %°Co va
1408.022 keV cua'®?Eu trong phé thuc nghiém do duoc & Phong Thi nghiém Vat ly Hat
nhan, Khoa Vit ly, Truong Pai hoc Da Lat. Cac gia tri tinh toan duoc néu ¢ Bang 1.
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Bang 1. Gid tri dién tich cia dinh chap va cac dinh con
. Diéntich  Téng dién tich binh 1 binh 2 binh 3

Phéng inh cha inh

dinh chap 3 din S1 AS; S AS) S;3 AS3
B6 328781 329638 128183 598 135629 604 65826 543
B7 330384 331437 112166 583 151176 615 68095 544
Bac 1l 265775 266726 113474 637 111030 635 42222 578
Bac 2 256518 257437 110099 641 108130 640 39208 583

Hinh v& phé trudc va sau khi tach bang phan mém 1ap trinh véi cac dudng phong

khac nhau duoc trinh bay trén cac két qua cua Hinh 5.

Cde dinh trude va sau khi tdch (1274.2352 - 1332.0719 - 1407.5109) (keV)
T T T T

10000 ‘
PR + Dinh ban ddu
. -
9000 I i Dinh lic sau ||
Jresy Y Dugng phong
8000 SN N | Binh 1 U
" D e Dinh 2
“
7000+ 7 VSO Dinh 3 I
= 6000 4
3
£ 50001 1
4000 4
3000 4
2000 4
1000 ‘ . ‘ ‘ :
500 520 540 560 580 600 620
S6'kénh

(a)

Cide dinh trude va sau khi tdch (1274.2352 - 1332.0719 - 1407.5109) (keV)

10000 .
. +  Dinh ban ddu
ST, - .
9000 - - 3 Dinh lie sau
ot % Dudng phéng
8000 SN N Dinh 1
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/
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Hinh 5. Pinh trwéc va sau khi tach
Ghi chi: (a) Buong phdng bac 1; (b) Buong phdng bac 2; (c) Buong phéng B6; (d) Buong phong B7

(d)

Cic dinh trude va sau khi tach (1274.2352 - 1332.0719 - 1410.0256) (ke'V)
10000 . : . : "
i, . + Dinh ban ddu
9000 - .. Dinh liic sau [
4 .
"»:,-\ by Buang phéng
8000 DN R Binh 1 L
b R Binh 2
7000 7 VS e Binh 3 I
$l( x l\‘
G000 < A e, A
£ AN
= ':-‘ r 5 1Y
& 5000F S kY Y 1
e \ Ve
4000 i} kY RN 1
\, £ -
3000+ B
2000 - B
1000 L . L . !
500 520 540 560 580 600 620
56 kénh
Cdc dinh trudc vi sau khi tich (1274.2352 - 1332.0719 - 1407.5109) (keV)
10000 : : T T T
.,,,"*’;.,. +  Dinh ban ddu
9000 - :' . binh lic sau []
W Y Bnidng phong
8000 - S, S Dinh 1 i
W N Pinh 2
,
7000 7 YN Binh 3 I
¥ ¥ k¥
= 6o00r A W, -
E S o \ Y
o !
& s000r L e \ ',“ \._\' 1
§
e L 4
4000 5 \ ,
L} 1
\\ \‘
3000 - Y y ,, -
™, Y \ .
AN ', %,
2000 ,
1000 . . L ! i
500 520 540 560 580 600 620
56'kénh

Két qua tach 3 dinh chap 1085.842 keV (*°?Eu) — 1112.087 keV (**?Eu) —
1173.238 keV (®°Co) dugc néu ¢ Bang 2.
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Hinh v& phé trudc va sau khi tach bang phan mém Iap trinh véi cac dudong phong
khac nhau duoc trinh bay béi két qua trong Hinh 6.

Cdc dinh trude vi sau khi tdch (1085.6376 - 1113.2986 - 1173.6498) (keV)

Cdc dinh truge va sau khi tdch (1274.2352 - 1332.0719 - 1407.5109) (ke'V)
12000 . T T T T - - 10000 v v v v .
+  Dinh ban ddu ol +  Dinh ban d4u
3 & " e,
11000} o Dinh lde sau 2000 - I Y Dinh lic sau
., Budng phéng :.» %\ Dudng phéng
10000 1 8000 - S L Dinh 1 H
Y N Dinh 2
7000 F Mi 1 7 o H
9000 .‘,f \‘ S Dinh 3
= = 6000F “” /';‘ 1
< 8000 = A I “'
2 & s00f & o \
= [}
7000 LY
4000 \ i
N Y
6000 F 2000/ \
N
5000 - 2000 - 4
4000 L 1 1 1 1 1 1 L 1000 L 1 L | i
420 430 440 450 460 470 480 490 500 510 500 520 540 560 580 600 620
S6 kénh S6 kénh
(@) (b)
Cdc dinh trude va sau khi tich (1085.6376 - 1113.2986 - 1173.6498) (ke V) Cdc dinh trude vi sau khi tich (1085.6376 - 1113.2986 - 1173.6498) (keV)
12000 v : v v v | 12000 v : v : : v
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o e Binh 1 o 4. |~"""" Binh1
10000 + N [— Binh 2 10000 "
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& ! E]
3 8000F N B 3 8000F
o . o
w w
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i
.
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*
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4000 L . L L L . L . 4000 L . L . . L . L
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S6'kénh S6 kénh

(©

12000 T

(d)

Cidc dinh trudc va sau khi tdch (1085.6376 - 1113.2986 - 1173.6498) (keV)
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10000 -
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L L
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L L L
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Hinh 6. Pinh trwéc va sau khi tach

Ghi chu: (a) Buong phdng bac 1; (b) Buong phdng bac 2; (¢) Buong phéng B5;
(d) Buong phdng B6; (e) Buong phéng B7
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Bang 2. Gia tri dién tich cia dinh trwéc va sau khi tach 3 dinh

hong gr']eh”;r']zg t_l_col?g g'lf]?] binh 1 binh 2 binh 3

‘ St Os1 S Os, S Os3
B5 231916 233728 52700 726 64131 734 116897 769
B6 231554 232365 59759 731 59997 731 112609 766
B7 231529 232312 58229 730 61756 732 112327 766
Bac 1 233591 234327 61686 731 59916 729 112725 765
Bac 2 239203 239976 63256 728 61668 727 115052 763

4.2.  Déi vaéi detector ban dan

Tach dinh chap ¢ cac pho phan tich kich hoat hoat cia mau dat da thu dugc bang
detector ban dan tir Phong thi nghiém Phan tich Kich hoat, Vién Nghién ctitu Hat nhan Pa
Lat. Tach 3 dinh 1335.1 keV - 1340.1 keV - 1344.1 keV véi s6 liéu tach trinh bay nhu
trong Bang 3. Hinh v& pho truéc va sau khi tach bang phan mém 1ap trinh véi cac duong

phong khac nhau nhu cac két qua trong Hinh 7.

Bang 3. Gi4 tri dién tich dinh truwdc va sau khi tach 3 dinh

) Dién tichdinh  Téng dién Binh 1 Binh 2 binh 3

Phong cha tich 3 dinh

ap 1C 1 S 0-51 S 0-52 S3 0-83
B5 18227 18035 7558 372 5793 370 4684 369
B6 20199 20103 8067 339 6629 336 5407 335
B7 20206 19999 7715 338 6824 337 5460 335
Bac 1 18510 18403 7652 372 5946 370 4805 368
Bac 2 20102 19669 8182 371 6393 368 5004 367

Két qua cho thdy, chuong trinh tinh toan va tach cac dinh chap trong phd cac
Gamma do bang detector nhap nhay va detector ban dan cho két qua dién tich tong cong
cta cac dinh con twong duong véi dién tong caa dinh chap, tuy nhién van cé su sai khac
trong cac trudng hop tach 1a do ¢o sy thing giang trong thong ké va viéc lya chon duong
phong dé tach cac dinh chap. Nhu vay, két qua cho thdy phan mém tu thiét ké dap tng
dugc yéu cau cia bai toan tach ba dinh chap trong xir ly, phan tich phd ning luong

Gamma.
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i tdch (1335.1474 - 1340.

1445 - 1344.1421) (ke'V)

2710

410
Cde dinh trude va sau khi tdch (1335.1474 - 1339.1451 - 1344.1421) (ke'V) Cdc dinh trude va sau khi
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Hinh 7. Pinh trwéc va sau khi tach
Ghi chu: (a) Buong phéng B5; (b) Buong phéng B6; (¢) buong phdng B7;
(d) Buong phdng Bac 1; (e) Buong phéng Bac 2
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5. KET LUAN

Bang thuat toan Levenberg-Marquardt, véi viéc tach ba dinh chap trén nén phong
tuyén tinh va phi tuyén, nhém nghién ctru da xay dung chuong trinh trén ngén ngir 1ap
trinh Matlab. Két qua budc dau da xu 1y, tach cac dinh chap trong dai ning lugng rong
dbi véi detector nhap nhay va cac dinh chap trong dai ning luong hep ddi véi detector
ban dan. Chuong trinh dd xay dung 1a mét cong cu tinh toan rat thich hop trong cac phong
thi nghiém phan tich phé biic xa hoic cd thé phdi hop véi cac phan mém thuong mai khéc

trong viéc tach cac dinh chap.
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Abstract

Separating the three overlapped peaks of a Gamma spectrum is essential requirements in
experimental nuclear physics as well as in analysis of gamma-ray spectrum. In this paper,
we present the results of calculations for the problem of overlap peaks, in which three
individual peaks are overlapped with each other. The calculation procedure was performed
by the Levenberg-Marquardt algorithm with linear and nonlinear background. Based on
separating the two overlap peaks method has been implemented in our previous article, the
separating three overlap peaks was successfully implemented in this paper, in which the
calculations were tested with gamma-ray spectra by using a Semiconductor detector and a
Scintillator detector.

Keywords: Gamma spectrum; Levenberg-Marquardt algorithm. Overlapping peaks
separation;
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