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X4c dinh bé day vit liéu bang phwong phap truyén qua ciia hat beta
Determining the Thickness of Material Using the Transmission Method of Beta Particles
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Tom tat

Hién nay, viéc st dung birc xa trong cong nghiép dang rét phé bién tai Viét Nam. Trong d6, ¢ céc tng
dung birc xa beta, gamma néng lwong thép hodc tia X dé do va kiém soét bé day san phdm nhw gidy, mang
nhuwa, 1a nhém, thép, mang mdng trong céng nghiép, vv. Chung t6i da thuwc hién cac nghién ctru, tinh toan,
x4y dung hé thuc nghiém va da dwa ra céc phuong trinh dudng chuén cho hé thiét bi dé do bé day cua céc
vat lidu c6 hé sé Z nhé (nhém, silic, ...) véi bé day nam trong khodng tir 0.1 mm dén 3 mm st dung phwong
phép truyén qua ctda btrc xa beta.

T khéa: thiét b birc xa, birc xa beta, kiém tra bé day vat liéu, vat liéu cé Z nhd.
Abstract

Currently, the use of radiation in industry is very popular in Vietnam. The applications of beta, low energy
gamma or X-ray radiation are used to measure and control product thickness such as paper, plastic film,
aluminum foil, steel, thin film in industry, etc. We have carried out researches, calculations, experiments and
gave calibration equations for the system to measure the thickness of small Z-coefficient materials

(aluminum, silicon, ..

.) with a thickness from 0.1 mm to 3 mm using transmission method of beta radiation.

Keywords: radiation equipment, checking material thickness, materials with small Z, beta particles.

1. Mé dau

Ngudn beta thuong dugc sir dung trong cac co
s& cong nghiép va phong thi nghiém dé do d6 day cua
vat liéu mong (nhom, giéy, nhua, vai, ...) va d6 day
céc 16p phu (nhu vang, bac, nhua, ...)[1]. Piéu kién
co ban dé c6 thé kiém tra duoc bé day khi sir dung
cac hat beta 1a pham vi bé day twong tng phai nho
hon quing dudng di chuyén 16n nhét cua hat beta
hodc buc xa phong xa trong vat liéu d6 (quang chay
16n nhat).

Viéc kiém tra do day ddi twong tai chd thudng
kha quan trong trong nghién ciru va san suat. K¥ thuat
do d6 day co thé dugc phan loai 1 pha huy va khong
pha huy. Cac phuong phap pha huy duge su dung
nhiéu nhét s dung mat cit trong kinh hién vi dién tur
quét, mat cit trong kinh hién vi dién tir truyen qua,
quang phd phat xa tic dong dién tir, phan xa, nhidu xa
electron nang lugng cao, dinh hinh d6 sau phun xa va
quang phd quang dién tir tia X. Cac k¥ thuat khong
pha hay nhu 1a nhiéu xa tia X, huynh quang tia X,
quang pho elip, tan xa ngugc Rutherford (RBS), phan
tich phan tng hat nhan va quang phd tan sic ning
luwong. Tuy nhién, nhuoc diém cua nhiéu k¥ thuat 1a
n6 sé& khong nho gon nhu sir dung ngudn beta va mot
sO yéu cau cac phuong tién 16n hon nhu RBS hoic
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phat xa tia X do proton (PIXE). Mot sb k¥ thuat khac
cling doi hoi cac h¢ théng dién tu cuc ky phuc tap.
Gia trung binh ciia cic hé thong do do day c6 san
thuong dao dong trong khoang tir 1.200 dén
130.000 USD [2,7,8, 9,10].

Trong nghién ctu nay, chung t6i su dung
phuong phéap do bé day vat liéu nhe (v6i bé day khao
sat cia cac vat lidu nhe tir 0.1 mm dén 3.0 mm) dwa
trén sy suy giam cuong dd ciia chum hat beta khi
truyén qua cac loai vat liéu khac nhau. Bing viéc
khao sat sy suy giam cua chum hat beta vdi cac bé
day khac nhau cua vat li€u chiing t6i xac dinh dugc
nhimg dudng cong suy giam tng v6i timg loai vat
liéu. Tr d6 co thé xac dinh dugc bé day cua vat liéu
nhe nam trong gidi han cho phép.

2. N¢i dung
2.1. Ngi dung va phuwong phap

Do dac thyc nghiém dua trén co so 1y thuyét vé
su suy giam cua cudng do buc xa khi truyén qua vat
chat thé hién qua cong thuc sau [2,3]:

I=1e" (1)
v6i 1 12 hé sb hip thy tuyén tinh, x 14 bé day cua vat
liéu, I 12 cuong dd buc xa sau khi qua vét li¢u che
chan, [ 1a cudng do biic xa ban dau.
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Chung ta c6 thé xac dinh sy suy giam cua so
dém ma hé do ghi nhan duoc sau khi bue xa truyén
qua vt liéu thay vi do d6 suy giam vé cuong do buc
xa. Nhu vay, ta c6 thé sir dung cong thic tinh su suy
giam buc xa theo sb dém ghi nhan dugc khi di qua
vét liéu nhu sau:

N =Ny ™ @)

trong do: N: So dém ghi nhan dwoc khi co vt liéu che
chin giita ngudén va may do. Ny: S6 dém ghi nhan
dugc khi khong c6 vat liéu che chin giita ngudn va
may do.

Nhu vay, ta tién hanh do dac thyc nghiém dé
xac dinh s6 dém N, s dém Ny ung voi cac vat ligu
nhom hoic silic ¢c6 bé day x khac nhau. Tir d6 sé tinh
duoc hé sb hép thu buc xa ctia nhém ddi véi bire xa
beta.

Céu hinh sip xép cac khéi dién tir ciia hé do dac
thuc nghiém duoc thiét ké, xdy dung nhu trong hinh
1. Trong nghién ctru nay ching t6i st dung 2 hé do
ung voi hai loai dau do khac nhau 1a: hé thuc nghiém
1: Pau do gamma-beta NDI-65/50 di kém v6i hé xir
Iy va phén tich phd MultiAct; h¢ thuc nghiém 2: Pau
do Geiger-Muler van hanh & dién ap 500V di kém vai
hé phan tich phong xa URL-2.

Khoi phan

@’ tich
Vit liéu cdn xac

— s
X dinh be day
Ngudn beta . ;
Hinh 1. So d6 khoi cta hé thuc nghiém.

Hién thi két qua

Tt ca céc thi nghiém duogc thyc hién trong diéu
kién phong thi nghiém vé nhiét d¢ va ap suat. Nguon
phong xa beta dugc sir dung 1a ngudn Sr-90/Y-90
(d6i v6i Sr-90 c¢6 nang luong Eprung binhy) = 0.196 MeV
va Egmax) = 0.546 MeV; dong vi Y-90 c¢6 ning lugng
Eﬂ(mmg binh) = =0.935 MeV va Eﬂ(max) 2.284 MeV) [ ]
Céc loai vat li€u c6 Z nho va mong dugc su dung dé
xac dinh dudng cong chuén theo bé day vat liéu nhu
la: nhom va silic.

Dbi v6i quing chay cia hat beta trong cac vat
liéu c6 s6 Z nho (vat liéu nhe c6 nguyén tir s6 hiéu
dung Z nho nhu nhoém, silic, ...) dugc xac dinh dya
trén cong thirc thuc nghiém dbi v6i hat beta c6 ning
lugng 0.01 < Ep<2.5 MeV nhu sau[3]:

R= 0.412Eﬂ1.27-0.09541n5ﬁ (g/ Cm2) 3)
Hoac

InE, = 6.63-3.24(3.29 - In R)" (4)

Ap dung cong thirc thyuce nghiém trén ddi véi cac
vat liu nhu nhdém (p = 2.7 g/em™) va silic
(p = 2.33 g/em™) thi quing chay 16n nhét cua cac hat
beta khi str dung ngudn beta Sr-90/Y-90 bang phuong
phap truyén qua lan luot 1a 3.9 mm va 4.6 mm.

Trudc khi khao sat sy phy thudc cia cuong do
chum hat beta vao bé day cua vat liéu, chung t6i can
phai khao sat sy anh hudng ciia bé day chuén truc cua
ngudn beta va khoang cach tir ngudn beta dén dau do
lén duong chuin bé day vat liéu. B& day ciia chuin
truc nguén (vat liéu thuong lam b?lng chi) dugc khao
sat & hai gia tri 1a 1.15 mm chi va 15 mm chi nhu
hinh 2. Khoang cach giita ngudn beta va dau do duoc
khao sat thay doi tir 2.5 cm dén 4.1 cm.

gmn 1.15 mm

Nhua che Pb
phu ngud 10 mm
beta

100 mm

]ISmme
]EOmm

Hinh 2. Hinh dang va kich thuéc cua ngudn beta va
chuén tryc nguon.

Nhuya che phu
nguon beta

100 mm

2.2. Két qud va thio lugn

Dé c6 thé xay dung duoc cac dudong cong chuin
trong viéc xac dinh bé day ngiu nhién cua vat liéu
mong c6 s6 Z nho bang phuong phap truyen qua cua
birc xa beta thi can phai khao sat nhimg yéu t6 anh
huong dén tinh chét chum beta nhu: bé day cta tim
chuan tryc ngudn; khoang cach tir ngudn Sr-90/Y-90
dén diu do ciing nhu anh hudng cia bé day vat lidu
do dén cuong d6 chum hat beta.

Birc xa beta khi di qua chuén tryc ngudn co thé
xay ra cac hiéu ung do tuong tac ciia beta véi vat chit
nhu: ion hoa, tan xa beta, tao ra chum birc xa ham, ...
[2,3]. Do d6, khi st dung ngudn Sr-90/Y-90 dé xac
dinh bé day cua cac vat liéu mong can phai danh gia
thém anh huong cua chuan tryc ngudén nam giita
ngudn va dau do 1én két qua do dé c6 cac hiéu chinh
thich hop. Pac bi¢t 1a anh hudng cta birc xa ham kha
16n dén két qua thyc nghiém. D6i v6i ngudn Sr-90/Y-
90 ¢6 Epmax) = 2.284 MeV, khi d6 biic xa ham dugc
hinh thanh do tuong tac cua beta ddi voi vat lieu 1am
chuan tryc ngudn (sir dung vat lidu chi c6 Zp, = 82)
¢6 nang lugng tir 0 MeV dén 2.284 MeV[4,5].
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Hinh 3 cho thdy anh huéng cua bé day chuan

truc ngudn doi véi viée xac dinh d6 day cua vat ligu.

Bing 1. Két qua sy anh huong ciia bé day 16p chuan

truc ngudn dén viéc xac dinh bé day vét liéu silic:

Bé day Téc dd dém (cps)
vit liéu Chuan tryc nguon |Chuan truc nguon
(mm) day 15 mm day 1.15 mm
0.00 11296 + 27 28239 £ 88
0.52 3888 £11 22399 £37
1.04 2081 £ 11 15340 £ 37
1.56 1090 £ 11 9205 +37
2.08 51811 4682 £37
2.60 216 £ 11 1966 + 37
3.12 7811 667 £37
1.8x10° |
4 ¢ dehudn trye nguon=!5 mm
1.5x10° 1 A dehuin truc nguon_1 15 mm
A
1.2x10° |
% 9.0x10° - A
&% 6.0x10° N
3.0x10° o . A
* A
0.0 . . . 4

0.0 0.5 1.0 15 2.0 25 3.0 3.5

Bé day vat liéu (mm)

Hinh 3. So sanh sy anh hudng ciia bé day 16p chuén
truc ngudn dén viéc xac dinh bé day vat liéu nhom

D6i v6i chuan trye ngudn cd bé day 1.15 mm thi
dd thi suy giam cua biic xa beta ddi véi vat lieu co
dang gan nhu tuyén tinh do anh hudng cta birc xa
ham (ning suat phat birc xa ham ty 1¢ voi 22 cua vat
liéu bia) sinh ra twong tac véi dau do. Trong trudng
hop nay bé day cua chuén tryc nguon khong du dé
ngan can hét birc xa him do ngudn Sr-90/Y-90 sinh
ra. P6i voi chudn tryc ngudn co bé day 15 mm, sy
suy gidm cua cuong d¢ chum hat beta c6 xu huong
dung nhu phuong trinh (2). Nhu vy voi bé day 16n
ctia chuén tryc ngudn burc xa (sir dung vt lidu chi) s&
lam giam hiéu Gng anh huong cua birc xa ham.

Do hat beta tir ngudn Sr-90/Y-90 s& bi mét ning
luwong doc theo duong di nén chung chi di duge mot
quang duong hitu han. Qua viéc khao sat sy suy giam
ctia cudng do chum hat beta vao bé day vat liéu va co
su thay doi khoang cach giita dau do va ngudn
Sr-90/Y-90 s& thu duoc cac duong cong suy giam
(hinh 4) ¢6 phuong trinh lién hé giita s6 dém va bé

y =y, +A4e™ (5). Khao
sat cac dudng cong nay ta thdy khoang cich giita
nguon hat beta va dau do cang nho thi do sai khac
gitta ket qua thuc nghiém va ham lam khdp (5) s€

day vat liéu theo dang [6]:
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cang nho. Tuy nhién, khoang cach giita dau do va
nguon hat beta s€ phu thudc vao dicu kién thyc
nghiém cia hé do d¢ c6 thé dat dugc két qua toi vu.

7x10° 4

¢ 25mm
v 41mm
4 56 mm

6x10° |

5x10° |

4x10° 4

3x10°|

S6 dém (n)

2x10° 4

4

1x10° o

>
rae

T T T T T T T 1
0.0 0.5 1.0 15

Bé day vat liéu (mm)
Hinh 4. So sanh sy anh hudng ctia khoang cach giira
ngudn beta va dau do dén viéc xac dinh bé day vét
liéu
1.4x10° 4

1.2x10° 4
A Silic

¢
1.0x10° * Nhom

8.0x10" -

6.0x10" |

S6 dém (n)

4.0x10"

2.0x10" |

0.0

T T T T T T T 1
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a. Sy thay ddi bé day vat liéu su dung dau do gamma-
beta NDI-65/50

7x10°
4
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= 4x10°
£
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<
w s A
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¢
0 N 4 o
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‘ Bé day vat liéu (mm)
b. Su thay doi be day vat li¢u st dung dau do Geiger-
Muller

Hinh 5. Khao sat hinh dang duong chuin xac diph bé
day vat li¢u trén cac h¢ dau do khac nhau (dau do
beta va dau do Geiger-Muller)



Tap chi Khoa hoc va Céng nghé 145 (2020) 103-107

Dé dam bao tinh 6n dinh va chinh xac cua cac
phuong trinh sy phu thudc cia cuong dd chum beta
vao bé day vat lidu, chung t6i da khao sat thém su
thay ddi cua cac bé day vat liéu trén cac hé thuc
nghiém khac nhau va vdi cac loai vt li¢u ¢ s6 Z nho
xap xi nhau nhu nhém va silic. Cac két qua khao sat
nay duoc thuc hién sau khi da diéu chinh cac diéu
kién thuc nghiém nhu khoang cach ngudn — dau do
va bé day cta chuan tryc ngudn. Dya trén cac diéu
kién thuc nghiém, nhom nghién ctu d3 xac dinh
khoang cach tir nguén Sr-90/Y-90 1a 41 mm va bé
day cua chuan tryc ngudn 1a 15 mm chi. D6 thi phu
thudc cua cuong dd hat beta vao bé day vat liéu nhom
va silic dugc biéu dién nhu hinh 5. Cac db thi nay cho
théy trén cac hé thyc nghiém khac nhau (hé stt dung
dau do Geiger-Muller két hop véi hé phan tich
URL-2 va hé phan tich do phd beta) thi két qua dbi
v6i nhém va silic 1a twong dong véi nhau vé hinh
dang, tudn theo dugc quy ludt suy gidm nhu phuong
trinh (2).

Tur cac két qua do dac thuc nghiém voéi cac bé
day dugc khao sat: bé day nhéom tir 0.1 mm dén
3.23 mm (sir dung céc tim nhom bé day 0.1 mm) va
bé day silic tir 0.39 mm dén 3.12 mm, chung toi xay
dung duogc cac phuong trinh duong cong khép ham
chuan cua sy thay dbi cuong do6 chum beta vao bé
day vat lidu c6 s6 Z nhé nhu nhom va silic bing
phuong phap noi. Cac phuong trinh duong khép ham
chuin nay thé hién su phu thuge be day cua vat liéu
nhdém va silic vao sd dém (hodc tbc do dém) do duogc
tur cac hé thuc nghiém khac nhau nhu sau:

— DPbi v6i hé st dung ddu do gamma-beta NDI-65/50:
Nhom:
y=-0.901In(x+10605.331)+11.820 (6a)

Silic:
y=-0.6871In(x+2104.085)+9.191 (6b)
— Péi voi hé st dung dau do Geiger-Muller:
Nhom:
=—1.04In(x + 6347.63)+12.25 (6¢)
Silic:
¥ =-0.825In(x+1769.489)+9.637 (6d)

Dé kiém nghiém tinh kha dung cua cac phuong
trinh trén nhom nghién ctru da thu nghiém véi nhitng
bé day khac nhau cua vat lidu. Bang 2 thé hién két
qua kiém tra ctia phuong trinh (6d) véi vat lidu silic
trén h¢ thuc nghiém st dung dau do Geiger-Muller.

Tt bang 2 ta co thé théy rang phuong phap thuc
nghiém xac dinh bé day bat ky cua vat liéu khi su

106

dung cac ham chuén trén cho két qua c6 sai s6 c6 thé
chap nhan duoc. Twong ty, nhom nghién ctru da tién
hanh so sanh, danh gi4 su sai léch giita gi4 tri bé day
vt lidu thuc té va tinh toan qua cac phuong trinh (6a,
6b, 6¢) v6i sai s6 1on nhat 1a 5%. Bé day vat liéu nho
nhat c6 thé x4c dinh dugc 1a 0.39 mm ddi véi silic va
0.10 mm d6i véi nhom. Tir d6 co thé rat ngan thoi
gian do dac ma d¢ chinh xéc cua bé day vat liéu van
dugce dam bao.

Bang 2. So sanh gi tri bé day thuc té va bé day tinh
theo phuong trinh (6d) trén vat li¢u silic:

Téc dp B¢ day thue B ¢ day Sai sb
; : : tinh toan o
dém (cps) (mm) (mm) (%)
1173 0.39£0.01 0.41 5.13
1117 | 0.43+0.01 0.45 4.65
702 | 0.78£0.02 0.82 5.13
357 1.34£0.03 1.35 0.74

3. Két luan

Phuong phap do d6 day vat lidu c6 s6 Z nho st
dung phuong phép truyén qua cia hat beta 1 mot
trong nhiitng phuong phap kha dung. Phuong phap
nay cho phép do d¢ day cua vat li¢u theo cach khong
pha hiy va tiét kiém chi phi. Dya trén cac két qua
thuc nghiém, nhom nghién ctru da xay dung dugc cac
dd thi va phuong trinh ham lam khop cua vt liéu
nhom va silic trén nhiing hé thiét bi sir dung céc loai
dau do nhu dau do gamma-beta NDI-65/50 va dau do
Geiger-Muller. Cac phuong trinh ham lam khop nay
1a co s& cho viéc nghién ctru cac loai vt lidu co s6 Z
nho khac bang thuc nghiém. Ngoai ra cac két qua
nghién ciru nay con dwoc st dung dé xay dung lén
c4c bai thi nghiém phuc vu cong tac dao tao vé linh
vuc k¥ thuat hat nhan ing dung.
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