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Tém tit: Hién nay, viéc sir dung buc xa trong cong nghiép dang rat phd bién tai
Viét Nam. Trong do, c6 cac ung dung buc xa beta, gamma nang luong thdp hoic
tia X dé do va kiém soat bé day san pham nhu glay, mang nhya, 14 nhom, theép,
mang mong trong cong nghiép, vv. Tuy nhién phan 16n thiét bi, hé thong kiém tra
bé day vat li€u hi¢n nay tai Viét Nam chu yéu dugc nhdp tr nudc ngoai voi gia
thanh kha cao. Do d6, nhu cau ndi dia hoa cac thiét bi do do day tu dong bang
ngudn blrc xac dang rat duoc quan tdm trong céc nganh cong nghiep Bai bao
trinh bay két qua nghién ctru, xay dung phuong phap va dua ra cac phuong trinh
duong chuan do bé day cua cac vat liéu c6 h¢ s6 Z nho (nhom, gidy, silic, ...) st
dung phuong phap truyén qua cta btic xa beta.

Tir khéa: ché tao thiét bi birc xa, birc xa beta kiém tra bé day vdt liéu, vat liéu co
Z nho.

1. Mé dau

Ngudn beta thudng duoc st dung trong cac co s cong nghiép va phong thi nghiém dé
do d¢ day cua vat liéu mong (nhom, gidy, nhya, vai, ...) va d¢ day cac 16p phu (nhu vang, bac,
nhua, . )[1] Diéu kién co ban dé co thé kiém tra duforc bé day khi st dung cac hat beta 1a
pham vi bé day twong tng phai nhé hon quing chay t6i da ciia cac hat beta d6i véi cac loai
vat liéu do.

Viéce kiém tra d6 day ddi tuong tai chd thudng kha quan trong trong nghién ctru va san
suat. Ky thuat do do day c6 thé duoc phan loai 1a pha huy va khong pha huy. Cac phuong
phap pha huy dugc su dung nhleu nhat str dung mit cét trong kinh hién vi dién tir quét, mat
cét trong kinh hién vi dién tir truyén qua, quang phd phat xa tac dong dién tu, phan xa, nhiéu
xa electron ning luong cao, dinh hinh do sau phun xa va quang phd quang dién tir tia X. Cac
ky thuat khong pha hity nhu 13 nhiéu xa tia X, huynh quang tia X, quang pho elip, tan xa
nguoc Rutherford (RBS), phan tich phan tmg hat nhan va quang pho tan sic nang lugng. Tuy
nhlen nhuge diém cua nhiéu ky thuat 13 n6 s& khéng nho gon nhu sir dung ngudn beta va mot
s6 yéu cau cac phuong tién 16n hon nhu phd tan xa nguoc Rutherford (RBS) hodc phét xa tia
X do proton (Proton Induced X-ray Emission - PIXE). Mot s6 k¥ thuat khac ciing doi hoi cac
hé thdng dién tir cuc ky phuc tap. Gia trung binh cta cac hé thong do do day co sin thuong
dao dong trong khoang tir 1200 dén 130000 USD [2].

Trong nghién ctru nay, chung t6i st dung phuong phap do bé day (voi bé day khao sat
ctia vat lidu tir 0.1 mm dén 3mm) dya trén sy suy giam cuong do ciia chim hat beta khi
truyén qua cac loai vat lidu khac nhau. Bang viéc khao sat su suy giam ctia chum hat beta véi
cac bé day khac nhau cua vt lidu «chung t6i xac dinh dugc nhitng duong cong suy giam ung
v6i tig loai vat liéu. Tl d6 c¢6 thé xac dinh duoc bé day cua vat liéu nhe nam trong giGi han
cho phép.

2. Noi dung
2.1. Noi dung va phwong phap

bo dac thuc nghiém dua trén co sé 1y thuyét vé su suy giam cua cuong dé buc xa khi
truyén qua vat chat thé hién qua cong thuce [2,3]:
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v6i u 12 hé sb hap thy tuyén tinh, x 13 bé day cia vit liéu, I 13 cudng d6 birc xa sau khi
qua vat liéu che chan, Iy la ceong d6 burc xa ban dau.

Chung ta c6 thé x4c dinh su suy glam cua s dém ma hé do ghi nhin duoc sau khi bic
xa truyén qua vit liéu thay vi do do suy giam vé cudng do birc xa. Nhu vy, ta co thé sir dung
cong thuc tinh sy suy giam buc xa theo so dém ghi nhan duoc khi di qua vat liéu nhu sau:

N=N,e™ )

trong d6: N: S6 dém ghi nhan duogc khi c6 vat liéu che chan gifta ngudn va may do. No:
S6 dém ghi nhan dugc khi khong ¢ vat liéu che chin giita ngudn va may do.

Nhu vy, ta tién hanh do dac thuc nghiém dé xéac dinh sb dém N, s6 dém Ng ung voi cac
vat 1liéu nhom c6 bé day khac nhau. Tur d6 s€ tinh dugc hé so hap thu buc xa cua nhom doi voi
burc xa beta.

Céau hinh cac khdi dién tr cia hé duogc thiét ké, xay dung nhu trong hinh 1. Trong
nghién ctru nay ching t6i sir dung 2 hé do ung véi hai dau do khac nhau la: hé thyc nghiém 1:
Pau do gamma-beta NDI-65/50 di kém v6i hé xir Iy va phan tich phd MultiAct; hé thuc
nghiém 2: Pau do Geiger-Muler van hanh ¢ dién ap 500V, hé phan tich phong xa URL-2.

e
ich I Hién thi két qua

&g
!

Vat lidu can xéc
X dinh bé day
Ngudn beta

Hinh 1: So do khoi hé thuwc nghiém.

Tét ca céc thi nghiém dugc thuc hién trong diéu kién phong thi nghiém vé nhiét d6 va
ap suat. Ngudn phong xa beta dugc st dung 1a ngudn Sr-90/Y-90 (ddi véi Sr-90 cb ning
lwong Egrung binny = 0.196 MeV va Egmax) = 0.546 MeV; dong vi Y-90 ¢ nang luong Eﬁ(trung
binh) = 0.935 MeV va Egmay) = 2.284 MeV) [3]. Céc loai vt liéu nhe (vat liéu cO nguyén tir sO
Zpieu dung Nh0) va mong duoc st dung dé xac dinh dudng cong chuan theo bé day vat liéu nhu
1a: nhdm va silic.

DPdi véi quang chay cua hat hat beta trong cac vat li¢u co s6 Z nho duge xac dinh dua
trén cong thuc thuc nghiém tng vai hat beta c6 nang luong 0.01 < Eg < 2.5 MeV nhu sau[3]:

R =0.412E;,"*"*®*" (g /cm?) 3)
Hodc INE, = 6.63-3.24(3.29— InR)"2 4

Ap dung cong thire thuc nghiém trén dbi voi cac vat liéu nhu nhém (p = 2.7 glem’ %) va
silic (p = 2.33 glem™) thi quéng chay 16n nhit cia cac hat dién tir khi sir dung ngudn beta Sr-
90/Y-90 bang phuong phép truyén qua lan luot 1 3.9 mm va 4.6 mm.

Ngoai viéc khao sat sy phu thudc cua cudong d6 chum dién tur vao bé day cua vat liéu,
chung t6i con khdo sat ca anh huong cua bé day cua chuén tryc ciia ngudn beta va khoang
cach tir ngudn beta dén dau do 1én duong chuan bé day vat liéu. Bé day cta chuan truc ngudn
(vat liéu 1a chi) dugc khdo sat ¢ 2 gid tri 1a 1.15 mm va 15 mm nhu hinh 2. Khodng cach gitta
ngudn beta va dau do dugc khao sat thay doi tir 2.5 cm dén 4.1 cm.
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phu ngud 10 mm
beta
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]IS mm Pb

Nhua che phu 10 mm
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Hinh 2: Hinh dang va kich thuéc ciia nguon beta va chudn triee nguon.
2.2. Két qua

Dé c6 thé xay dung dugc cac dudng cong chuan trong viéc xac dinh bé day ngﬁu nhién
cua vat lidu mong c6 s0 Z nho bang phuong phap truyén qua cia birc xa beta thi can phai
khao sat nhirng ycu t6 anh ‘huong dén tinh chat chim beta nhu: bé day cta tim chuan truc
nguon khoang cach tir ngudn Sr-90/Y-90 dén du do ciing nhu anh hudng cua bé day vt lidu
do dén cuong do chum hat dién ta.

Do birc xa beta khi di qua chudn tryc ngudn s& xay ra cac hiéu ung do tuong tac cua
beta vai vat chét nhu: ion hoa, tin xa beta, tao ra chum birc xa hém . [2,3]. Do @6, khi st
dung ngudn Sr-90/Y-90 de xéc dinh bé day cua cac vat liéu mong can phal danh gia thém anh
huong ciia chudn tryc ngudn nam giita ngudn va dau do lén két qua do dé co cac higu chinh
thich hop. Béac biét la anh hudng cua birc xa ham kha l6n dén két qua thuc nghiém. Pdi véi
ngudn Sr-90/Y-90 ¢6 Epmax) = 2.284 MeV, khi d6 birc xa hdm duoc hinh thanh do twong tac
clia beta d6i v6i vat liéu 1am chuéan tryc ngudn (chi c6 Z=82) c6 nang lwong tir 0 MeV dén
2.284 MeV[4,5].

Hinh 3 cho thiy anh hudng ctia bé day chuan truc ngudn d6i véi viée xac dinh do day
ctia vat liéu. P6i voi chuan tryc nguon ¢ bé day 1.15 mm thi d6 thi suy gidam cta birc xa beta
dbi véi vat lidu c6 dang gan nhu tuyén tinh do anh hudng ctia birc xa hdm (ning suat phat birc
xa ham ty 1€ voi Z? cua vat lidu bia) sinh ra tuong tac v6i dau do. Trong trudng hop nay bé
day ctia chuan truc ngudn khong du dé ngin can hét birc xa hdm do ngudn Sr-90/Y-90 sinh ra.
Dbi v6i chuan trye ngudn co bé day 15 mm, sy suy giam ctia cudng do chum hat beta co xu
hudng dang nhu phuong trinh (2). Nhu vay véi bé day cua chuan truc ngudn 16n (sir dung vat
liéu chi) s€ 1am gidm hi€u Gmg anh hudng cua birc xa ham.
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Hinh 3: So sanh sy anh hwong cua bé day [6p chuan truc nguon dén viéc xdac dinh bé

day vat liéu



Bdng 1: Két qua sw anh hudng cia bé day I6p chudn truc nguon dén viéc xdc dinh bé

day vat liéu silic:

A aa alrea Toc d§ dem (cps
Bé day vatligu Bé day chuan trl.rc. Bg: gﬁ; chuan truc ‘
(mm) A X
nguon 15 mm nguon 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
2.08 518+ 11 4682 + 37
2.60 216 £11 1966 + 37
3.12 78111 667 + 37

Do hat beta tir ngudn Sr-90/Y-90 sé& bi mat nang luong doc theo duong di nén ching chi
di dugc mot quang duong hiru han. Qua viéc khao sat sy suy giam ctua cuong do chum hat
beta vao bé day vat lidu 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) c6 phuong trinh lién hé gitra s6 dém va bé day vat
lidu theo dang [6]: y =Yy, +Ae ™ (5). Khao sat cac dudng cong nay ta thiy khoang cach gitra
ngudn hat beta va dau do cang nho thi d6 sai khac giira két qua thye nghiém va ham khép (5)
s€ cang nho. Tuy nhién, khoang cach gitra dau do va ngudn hat beta s& phu thude vao diéu
kién thuc nghiém cta hé do dé co thé dat duoc két qua tdi uu.
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Hinh 4: So sanh sw anh hwéng ciia khodng cdch gitta nguéon beta va dau do dén viéc
Xac dinh bé day vt liéu

Pé dam bao tinh 6n dinh va chinh x4c cta cac phuong trinh sy phu thudc cta cuong do
chum beta vao bé day vat li¢u, chiing t6i da khao sat thém su thay ddi cua cac bé day vat liéu
trén cac hé thuc nghiém khac nhau va véi cac loai vat liéu c6 s6 Z nho xap xi nhau nhu nhdm
va silic. Cac két qué khao sat nay dugc thyc hi¢én sau khi da diéu chinh cac diéu kién thuc
nghiém nhu khoang cach ngudn — dau do va bé day cta chuén truc nguf)n Duya trén cac diéu
kién thyc nghiém, nhom nghién ctru da X&c dinh khoang cach tir nguon Sr-90/Y-90 14 41 mm
va bé day cua chuén truc ngudn 1a 15 mm chi. D6 thi phu thudc cta cudng do hat beta vao bé
day vat liéu nhom va silic dugc biéu dién nhu hinh 5. C4c db thi nay cho thay trén cac hé thuc
nghiém khac nhau (hé str dung dau do Geiger-Muller két hop v&i hé phan tich URL-2 va hé
phan tich do phd beta) thi két qua dbi voi nhom va silic 13 twong ddng véi nhau vé hinh dang,
tuan theo dugc quy luat suy giam nhu phuong trinh (2).
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Hinh 5: Khdo sat hinh dang dwong chudn xdc dinh bé day vit liéu trén cdc hé dau do khac
nhau (ddu do beta va dau do Geiger-Muller)

Tir cac két qua do dac thuc nghiém, ching t6i xdy dung dugc cac phuong trinh duong
cong khop ham chuén cua su thay d6i cuong do chum beta vao bé day vat liéu co sé Z nho
nhu nhom va silic béng phuong phép ndi suy (bé day cia vat liéu duoc xac dinh nam trong
khoang tir 0.1 mm dén 3 mm). Cac phuong trinh duong khép ham chuén nay thé hién sy phu

thudc bé day cia vét liéu nhom va silic vao s6 dém do dugc tir cac hé thuc nghiém khac nhau
nhu sau:

— Pbi véi hé sir dung dau do gamma-beta NDI-65/50:

+ Nhom: y=-0.901In(x +10605.331) +11.820 (6a)

+ Silic: y =—0.687 In(x +2104.085) +9.191 (6b)
— Pdi voi hé st dung dau do Geiger-Muller:

+ Nhom: y=-1.04In(x+6347.63)+12.25 (6¢)

+ Silic: y =-0.825In(x +1769.489) +9.637 (6d)

Dé kiém nghiém tinh kha dung ciia cac phwong trinh trén nhém nghién ctru da thir
nghiém vé&i nhiing bé day khac nhau cua vat li¢u. Bang 2 dudi day thé hién két qua kiém tra
cua phuong trinh (6d) voi vat ligu silic trén hé thyc nghiém su dung dau do Geiger-Muller
nhu sau.

Bdng 2: So sanh gid tri bé day thuec té va bé day tinh theo phwong trinh (6d) trén vit liéu silic:

Toc dp dém | Bé day thuc | Bé day tinh toan | Sai so
(cps) (mm) (mm) (%)
1173 | 0.39+0.01 0.41 4.22
1117 | 0.43+0.01 0.45 3.65
702 | 0.78+0.02 0.82 4.74
357 | 1.34+0.03 1.34 0.29

Tir bang 2 ta ¢6 thé thay rang phuong phap thuc nghiém xac dinh bé day bét ky cia vat
liu khi sir dung cac ham chuén trén cho két qua c6 sai sb co thé chap nhan duogc. T d6 cd
thé rat ngan thoi gian do dac ma dd chinh xac cua bé day vat li¢u van dugc dam bao.



3. Két luan

Phuong phap do do day vt liéu c6 sé Z nhé sir dung phuong phép truyén qua cua hat
beta 1a mot trong nhirng phuong phap kha dung. Phuwong phap nay cho phép do d6 day cua vat
lidu theo cach khong pha hity va tiét kiém chi phi. Dya trén cac két qua thuc nghiém, nhom
nghién ctru di x4y dung duoc cac dd thi va phuong trinh 1am khép cua vat liéu nhém va silic
trén nhitng hé thiét bi sir dung cac loai diu do nhu dau do gamma-beta NDI-65/50 va dau do
Geiger-Muller. Cac phuong trinh lam khép nay 1a co s cho viéc nghién ctru cac loai vat liéu
¢6 s6 Z nho khac bang thuc nghiém. Ngoai ra cac két qua nghién ctru ndy con duoc st dung
dé xay dung lén cac bai thi nghiém phuc vu cong tac dao tao vé linh vuc k¥ thuat hat nhan
ung dung.
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DETERMINATION THICKNESS OF MATERIALS USING THE TRANSMISSION
METHOD OF BETA PARTICLES
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Abstract: Currently, the use of radiation in industry is very popular in Vietnam. In
particular, there are applications of beta, low energy gamma or X-ray radiation to measure
and control product thickness such as paper, plastic film, aluminum foil, steel, thin film in
industry, etc. However, most of the equipment, the system of checking material thickness
in Vietnam today are mainly imported from foreign countries with relatively high prices.
Therefore, the demand for localization of automatic thickness gauges by charging sources
is very much in the industry. The paper presents research results, builds the method and
gives calibration equations for measuring the thickness of materials with small Z numbers
(aluminum, silicon, ...) using the transmission method of beta radiation.

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



