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Tom tit

Bai bdo trinh bay nghién ciru, thiét ké, ché tao thiét bi do mirc cam tay sir dung ong
dém Geiger-Muller bang phwong phdp gamma truyén qua, trng dung trong viéc gidng
day hoc tdp. Muc dich cua nghién curu, ché tao la phuc vu cong tdac dao tao giang day,
gitip hoc sinh, sinh vién ndm viing co ché twong tdc ciia birc xa véi vdt chat gép phan pho
bién kién thirc trng dung ndng lwong nguyén tir va ndng cao chat hrong bai thuyét trinh
tai Trung tam Pao tao Vién Nghién ciru hat nhan. Két qua buoc dau da ché tao mét thiét
bi do mikc cam tay sir dung ong dém Geiger-Muller sir dung nguon gamma Cs-137 hoat
do 10uCi, hién thi s6 dém bang man hinh LCD 16 %2 va nguén nuéi 9VDC dé thao tdc va
an toan khi sit dung. Pdy la tién dé dé tiép tuc nghién ciru phdt trién thiét bi do mirc bang
bitc xa, nham tang mirc dg truec quan, sinh déng ciia cdc bai giang vé ting dung ning
lirong nguyén tir, ing dung phwong phdp gamma truyén qua ma khéng can sir dung cdc
thiét bi phuee tap, ddt tién va dam bao dwoc an toan bire xa tai T rung tam Pao tago.

Tir khoéa: NDT, thiét bi do mirc
Abstract

STUDY DESIGN AND PRODUCTION OF A PROTOTYPE EQUIPMENT
DETECTING LEVEL OF LIQUID USED GEIGER-MULLER DETECTOR

The paper presents study, design, and production of equipment for detecting level
of liquid used geiger-muller detector by gamma transmission method, application in
teaching and learning. The purpose of research and manufacturing is to serve the
teaching and training, to help students master the mechanism of radiation interaction
with matter, contributing to disseminating knowledge of atomic energy application and
enhancement high-quality presentations at the Nuclear Research Institute Training
Center. Initial results have produced a handheld level measuring device using a Geiger-
Muller counter tube using gamma source Cs-137-10uCi, displaying the counter by a
16%x2 LCD screen and a power supply 9VDC that is easy to operate and safe when in
operator. This is the premise for further research and development of radiation level
measurement equipment to increase the visual of lectures on atomic energy application,
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application of transmitted gamma method without using complicated, expensive
equipment, and ensuring radiation safety at the Training Center.

1. Gidi thiéu

Str dung 6ng dém GM két hop véi k thuat vi xir ly tiéu thu cong suat thap dé thiét
ké, ché tao thiét bi cAm tay do bao muc chit long. Toan b thiét bj dugc ché tao nho gon
dudi dang mot chiéc gay cam tay dé nguoi sir dung d& dang kiém tra muc chit long trong
cac lon nudc giai khéat. Thiét bi nham muc dich gidi thiéu cho hoc sinh, sinh vién ung
dung cua Kk thuat do gamma truyén qua trong do murc chat long, gép phan pho bién kién
thirc ng dung nang luong nguyén tir va nang cao chét luong bai thuyét trinh tai Trung
tam Pao tao ndi riéng va Vién Nghién ciru hat nhan noi chung.

Sang kién nghién cuu, thiét ké, ché tao thiét bi do muc st dung dau do GM ng
dung trong viéc giang day hoc tap nham gitp cho hoc sinh, sinh vién nim viing co ché
tuong tac cua Cac birc xa giup cho hoc sinh, sinh vién viéc lya chon cac loai buc xa phu
hop cho ting bai toan cu thé ap dung trong thuc té vao cac nganh kinh té dé dat dugc
nhitng két qua hitu hiéu nhit ciing dong vai tro hét sac quan trong. Bén canh d6, hiéu co
ché twong tac ctia cac loai birc xa véi vat chat 1a mot nhu cau hét sic can thiét cho hoc
sinh, sinh vién trong giai doan cac bai toan nghién ciru va trién khai ung dung k¥ thuat
hat nhan trong c¢éng nghiép, mdi truong noi riéng va trong cac nganh kinh té néi chung.
Tir viéc ché tao cac thiét bi ghi do buc xa; nghién ctru bic xa, tim hiéu tinh chat cia mdi
loai birc xa va diéu kién thuc nghiém... ma lya chon mdi loai detector va cac hé théng
thiét bi dién tar kém theo sao cho phu hop.

Viéc sir dung Arduino Nano CH340 trong x ly tin hiéu thiét bi do mirc cam tay st
dung dau do GM c¢6 rat nhiéu vu diém nhu: gia thanh thap, don gian d& st dung (hién nay
Arduino Nano CH340 duoc ban trén thi truong véi gia 80,000 VND). Trude day, dé lam
c4c thi nghiém co ché twong tac ctia cac birc xa véi vat chat cho hoc sinh, sinh vién Trung
tam thuong sir dung may do lidu Aloka, dé str dung may Aloka thi ngudi sir dung phai
dugc dao tao va c6 kinh nghiém sir dung may, vi may rat dé hong va gia thanh rat cao.
Nhung véi sang kién nay viéc ché tao mot may do muc st dung dau do GM vai gia thanh
thap va rat phu hop cho &ng dung dao tao hoc sinh sinh vién vi may dé st dung.

Pay 1a mot sang kién c6 tinh méi khi thiét ké ché tao thiét bi do murc cam tay sy
dung vi xtr ly Arduino Nano két hop véi ng dém GM7124 phuc vu cong tac dao tao hoc
sinh sinh vién.

2. Phwong phap nghién cuu
Khi chiim btrc xa gamma truyén vudng goc voi 16p vat chat bé day dx, su suy giam
cua cuong do buc xa dI dugc biu thi bang cong thurc:
| = loeHP* @
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Trong do:
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I: cudng do chum tia gamma di qua 16p vat chét (s6 dém phong xa)

lo: cuong d6 chum tia gamma phat ra tir ngudn (s6 dém phong xa)

w: hé s6 suy giam khdi (cm?/g)

p: mat do khdi cua vat chat gy suy giam (g/cm?®)

x: d¢ day vat cht (cm)

Duya vao nguyén ly nay, phuong
phap gamma truyén qua c6 thé dugc ap
dung dé do muc chit long, mirc vat
lidu... trong cac chai hodc lon bia va
nude giai khat & cac nha may. So dd khéi
mau thiét bi do murc cim tay sir dung dau
dd Geiger-Muller bang phuong phap
gamma truyén qua nhu Hinh 1. Tin hiéu
ra tir dau do GM7124 (Detector), san

xuat béi LND INC vao khoang 5-12
Volt. Tin hiéu 16i ra sau d6 dwa qua |

mach loc va mach hinh thanh xung.
Xung tin hiéu duoc loc nhiéu va hinh
thanh xung sau d6 duoc chuyén thanh
xung TTL. Tin hi¢u TTL duoc dém trén

2.1. Thiét ké hé do

bo dém duoc thiét ké 1ap trinh trén nén Arduino
Nano va hién thi s liéu trén man hinh LCD
16x2. Bén canh do, dé dau do va mach dién tir
c6 thé hoat dong duoc, mot b cao thé va ngudn
nudi thé thap ciing duoc nghién ctiu ché tao. Bo
cao thé co6 thé nang dién ap tir ngudn thé thap
1én dén 500 volt cung cip cho dau do GM7124.
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Hinh 1. So do khoi mdu thiét bi do mirc cam
tay sir dung dau do Geiger-Muller
bang phwong phap gamma truyén qua

2.1.1. Thiét ké ché tao mach cao thé

Cao thé 1am viéc on dinh cua éng dém GM7124 theo khuyén céo nha san xuit la
450-600 Volt. Bé dap tmg diéu d6, mot mach cao thé Step-up da tang gom IC chuyén doi
dién 4p Max641, cuon cam L2, Mosfet MTD2N50E va mach nhan thé diode — tu duoc
thiét ké ché tao dé nhéan dién thé 5V tir ngudn thé thap thanh ngudn cao thé 0-600 Volt dé
cap cho dng dém, so d6 nguyén Iy nhu Hinh 2.
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Hinh 2a. So @ nguyén Iy mach cao thé 600 Volt.
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2.1.2. Mach tgo dang xung

Tin hiéu tir dng d¢m GM7124 duoc loc nhidu véi mach khuéch dai lap sir dung 1C
TLC271CP tai day bién d tin hiéu 16i ra khoang 4.9VDC. Tin hiéu dua qua mach tao
dang xung st dung IC SN74123N, tin hi¢u dugc xu 1y sao cho do rong xung tw dap tng
duogc 150ns, va duoc tinh bang cong thuc:

ww = K.R11.C1o

Khi C10 > 1pF, tin hi¢u 16i ra c6 do rong tw = 0.33.R11.C1o

Trong do:

K 1a hé s6 nhan ~0.33 ;

R111a dién tré ngoai (kQ) ;

C1o tu ngoai (nF) ;

tw d0 rong xung (ns).

out
.

Tz IN Arduino

(a) (b)
Hinh 3. So dé nguyén ly mach tgo dgng xung;
(a) So dé nguyén ly; (b) Xung tin hiéu ¢ 16i ra mach tgo dang.

2.1.3. Thiét ké, Idp trinh xa¢ ly va hién thj diz liéu

Bén canh viéc ché tao thiét bi cam tay do bao murc chat long sir dung dng dém GM,
séng kién con tap trung nghién ctu, lap trinh xi ly, hién thi sé liéu do dwoc trén man hinh
LCD thdng qua viéc st dung vi xir ly Arduino Nano tiéu thu cong suat thip. Trong nuéc
va trén thé gidi da ché tao va thwong mai thiét bi do muc chat long sir dung 6ng dém GM
nhung hau hét phan xtr ly tin hiéu van st dung vi xir Iy PIC hodc FPGA... Sang kién ché
tao thiét bi cAm tay do bao murc chat long sir dung 6ng dém GM két hop véi ky thuat vi
Xt ly ndy Arduino Nano CH340 1a ky thuat mai. Arduino Nano c6 kich thuét nho gon sur
dung mach tich hop MCU ATmega328P-AU dan, mach c6 22 chan I/O, 8 analog dau
vao, 14 chan digital (6 chan PWM), vi xtt ly nap va giao tiép 1 UART, sir dung thach anh
16 Mhz, két ndi cong USB va mot phim reset. Tin hiéu sau khi xi ly s& cho ra man hinh
LCD 16x2 c6 d6 phan giai 2 dong x 16 cot. Biéu khién ma hinh LCD 1a vi diéu khién
HD44780, dit liéu dugc truyén trén ca 8 duong véi bit MSB 1a bit DB7. Md-dun man
hinh duoc hd trg truc tiép gén vao board mach Arduino Nano.
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(a) (b)
Hinh 4. Linh ki¢n phan citng, (a) Module Arduino Nano; (b) Man hinh LCD 16x2.

2.1.4. Ldp trinh x: ly va hién th; diz lidu do

Chuong trinh cho thiét bi gdm c6 hai phan lap trinh chinh: ghi nhan va xu ly tin
hiéu, hién thi ma hinh LCD duoc trinh bay trong so 6 khdi nhu Hinh 5a. Khéi ghi nhan
& xtr ly tin hiéu c6 chirc nang ghi nhan tin hiéu TTL 16i ra tir hé dién tir va xir ly thanh sé
dém thap phan. Khi phét hién canh 18n cua tin hiéu xung chuan TTL thi bién s6 dém
(count) s& tang 1én “1” don vi. Ching tiép tuc cong don cac bién dém cho dén khi du thoi
gian cai dat thi s& kich hoat ngét tran trong bo dinh thoi gian (Timer). So d6 va code 1ap
trinh ciia phan nay duoc thé hién trong Hinh 5b.

L[ ahinka anth
Ghi nhan & | Hien thi

Tin hiéu vao Xu [‘i tin hléu man hinh LCD

Count =0

»l

(@)

Thdi gian = Timer

Tinh hiéu xung

Xust hién E

canh lén

Count = Count +1

|
(b)
Hinh 5. Ldp trinh xa ly va hién th; diz liéu (a) So @6 nguyén ly; (b) Mach in linh kién.
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2.1.5 Thiét ké, ché tao bg khung vé thiét bj do mirc cam tay
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Hinh 6. Ban vé thiét ké va thiét bi do mitc cam tay
2.2. Khdo sdt dg on dinh cia thiét bj do mirc cam tay
2.2.1 M0 ta phuong phdp
P 6n dinh duoc khao sat bang cach sir dung thiét bi do mac cam tay ghi nhan
cuong do phong xa theo thoi gian, tir d6 danh gia do 6n dinh théng qua gié tri R 1a ti 1é
gitta d6 léch chuan tinh theo Cong thtc (2.3) va tir cin bac 2 caa sé dém trung binh qua
cac lan do.

Do léch chuan caa phép do theo cong thirc:

Zli\il(ni_ﬁ)z

Oexp = Y (2.1)
S6 dém trung binh cua cac lan do duoc qua thyc nghiém:
— i
Moxp = lT (2.2)
Trong do:
+ M la s6 phép do
+ n: lasé dém gamma cua phép do
. Oex
Goi R=72 2.3)

S6 dém hat nhan ghi nhan tuan thu theo ham Poison o2 = 71, do d6 R s& xoay quanh
giatri 1.

2.2.2. Tién hanh khao séat

a. M6 ta thi nghi¢m

Hé do duoc khao sat trén cAu hinh do lon nudc Coca-cola. Mdi phép do duogc thuc
hién trong 1 gidy va duoc khao sat trong 15 gidy véi ngudn Cs-137 10uCi.
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Hinh 7. Bé tri thi nghiém khdo sat thiét bj do mirc cam tay sir dung ong dém GM7124
b. Tién hanh thi nghiém
Hé do duoc khao sat trén ciu hinh do lon nudc Coca:cola. Mdi phép do d’uo’c thuc
hién trong 1 gidy va dugc khao sat trong 15 gidy véi nguon Cs-137 10uCi. So ligu ghi
nhan dugc trinh bay trong hinh 8 sau:

S6 dém gamma theo thoi gian

£ 800

<

Z 600 .\/'/‘\'_—‘\/\'/\W
= 400

:E;

£ 200

5

o

‘8 O

0 2 4 6 8 10 12 14 16

Thoi gian (gidy)

Hinh 8. Sé liéu khdo sdt dé on dinh ciia mdy do mirc
¢. Tién hanh thi nghiém trong 2 trieong hop lon ¢é nuée va khéng cé nwéc
- Sir dung 1 ngudn Cs-137 ¢6 hoat d6 10uCi
- Str dung 2 ngudn Co-60 c6 hoat do 10uCi va Cs-137 c6 hoat d6 10uCi.
Mbi phép do thuc hién trong 30s.
% Truong hop 1: Cs-137

550 S6 dém gamma theo thoi gian

200
150

100

CPS

50

0

20 25 30 35

0 5 10 15
thoi gian (s)

Hinh 9. Do th; so sanh giita lon c6 nwée va khéng cé nwéc
trong trirong hop sir dung 1 nguon Cs-137 ¢6 hoat dé 10uCi.
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Bdng 1. S liéu do khi sir dung 1 nguon Cs-137 ¢6 hoat dé 10uCi

Khéng c6 nuéc Do léch chuan Co nude Do léch chuén
198 14.07 175 13.23
190 13.78 140 11.83
212 14.56 176 13.27
190 13.78 136 11.66
223 14.93 157 12.53
195 13.96 161 12.69
221 14.87 167 12.92
186 13.64 166 12.88
190 13.78 170 13.04
184 13.56 138 11.75
220 14.83 148 12.17
225 15.00 164 12.81
188 13.71 143 11.96
185 13.60 144 12.00
195 13.96 181 13.45
208 14.42 139 11.79
197 14.04 204 14.28
206 14.35 169 13.00
199 14.11 155 12.45
211 14.53 163 12.77
219 14.80 158 12.57
198 14.07 146 12.08
196 14.00 154 12.41
189 13.75 143 11.96
207 14.39 158 12.57
232 15.23 153 12.37
213 14.59 156 12.49
211 14.53 134 11.58
224 14.97 165 12.85
204 14.28 163 12.77

% Truong hgp 2: Co-60 va Cs-137

400 S6 dém gamma theo thoi gian
350

300 NWM
250
200

150
100

50

0
0 5 10 15 20 25 30 35

Thoi gian (s)

CPS

Hinh 10. Pé thj so sanh giita lon ¢ mede va lon khéng cé niede trong trieong hop sie
dung 2 nguén Co-60 c6 hoat d6 10UCi va nguon Cs-137 ¢6 hoat dé 10uCi.
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Bdng 2. Sé liéu do khi sir dung 2 nguon Co-60 va Cs-137¢6 hoat dé 10uCi

Khéng c6 nuéc Do léch chuan Cé nudc Do léch chuan
316 17.78 255 15.97
329 18.14 213 14.59
304 17.44 228 15.10
311 17.64 226 15.03
317 17.80 225 15.00
305 17.46 217 14.73
320 17.89 242 15.56
286 16.91 241 15.52
287 16.94 222 14.90
298 17.26 209 14.46
327 18.08 242 15.56
319 17.86 220 14.83
308 17.55 231 15.20
309 17.58 245 15.65
328 18.11 214 14.63
299 17.29 225 15.00
284 16.85 233 15.26
294 17.15 236 15.36
276 16.61 241 15.52
298 17.26 212 14.56
293 17.12 225 15.00
303 17.41 226 15.03
302 17.38 211 14.53
295 17.18 210 14.49
299 17.29 239 15.46
300 17.32 213 14.59
297 17.23 215 14.66
319 17.86 221 14.87
305 17.46 186 13.64
334 18.28 193 13.89

d. Panh gia

S6 dém hat nhan ghi nhan tuan thii theo ham Poison 62 = 71, do d6 R s& xoay quanh
gia trj 1. Hé do dugc danh gia la 6n dinh khi gia tri R nam trong khoang tir 0,8 dén 1,2.
Dua vao s liéu khao st va ap dung cong thic ta tinh (2.1-2.3), tinh duoc R dat gia tri
1.4. Qua d6 cho thay hé do lam viéc chua 6n dinh, nguyén nhan do hiéu suat éng dém
GM7124 thip va kich thudc dau do bé.

Déi vai thi nghiém Kiém tra trudng hop lon c6 nude va khong co nudc dya trén
bang s6 liéu va do thi co thé thay rd gia tri do léch chuan caa trudng hop 1 ngudn nho
hon so véi gié tri cua trudng hop st dung 2 ngudn. Piéu nay cho thay dbi véi ngudn cé
hoat do thép d6 6n dinh cua may cao hon. Tuy nhién gié tri so sanh dé nhan biét lon c6
nude va khong co nuéc & truong hop 2 ngudn sé 1 rang hon.

e. Nhdn xét

Thiét bi do mérc cam tay sir dung 6ng dém GM7124 duoc thiét ké ché tao va hoan
thién tét, viéc danh gia do6 6n dinh thiét bi can tién hanh thém maot sé khao sat véi khuyén
cao nhu sau:
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+ Str dung ngudn Cs-137 véi hoat do >10uCi;
+ Str dung 6ng dém GM c6 hiéu suit cao hon (Thé tich éng dém 16n hon GM7124)
+ Str dung dng dém nhip nhay NalTI thay thé.

3. Két qua va thao luan

D3a nghién cru, ché tao mot thiét bi do muc cam tay sir dung 6ng dém GM bao gom:
(1) Hé dién tir ghi nhan tin hiéu tir dng dém GM7124 bao gdbm mach loc, mach tao dang,
khéi cao thé va khéi ngudn nudi; (2) Lap trinh nén tang Arduino dém tin hiéu TTL tir hé
dién tur vira ché tao va hién thi sé liéu 1én man hinh LCD; (3) Thiét ké, ché tao bo ga lap
nguon Cs-137 va dng dém GM7124, phuc vu cong tac dio tao cho hoc sinh sinh vién vé
tuong tac ctia brc Xa gamma Vi vat chat tir d6 cho thay can thiét ké, ché tao maot thiét bi
do c6 tinh di dong cao, gon nhe va dé st dung.

4. Két luan

Thiét bi do muc str dung dng dém GM la mot cong cu tét phuc vu viée dao tao cho
sinh vién. Tang murc d6 truc quan, sinh dong cua cac bai giang vé tng dung nang luong
nguyen tir, ng dung phuong phap gamma truyén qua ma khdng can sir dung cac thiét bi
phiic tap, dat tién va dam bao dugc an toan bic xa tai Trung tim Pao tao. Ung dung trong
giang day va gidi thiéu nguyén 1y do truyén qua trong do bao mirc chat long tai Vién
Nghién ciru hat nhan hoac cac co sé giang day khac.

Kién nghi: Thiét ké ché tao mot thiét bi do mirc cam tay sir dung 6ng dém GM7124
hién van con mot sé han ché vé do nhay thiét bi. Vi vay, dé hoan thién thiét bi do muc
can phai lya chon dng dém hiéu suat cao nhu: 6ng dém nhap nhay NalTl, linh kién dién
tir chuan... Viéc nay can phai duoc dau tu vé kinh phi ciing nhu thoi gian, néu dugc su
thdng qua cua cap trén, sé tién hanh dé xuat dé tai cip co so cho sang kién “Thiét ké, ché
tao mau thiét bi do muc st dung éng dém nhip nhay NalTI 0.5 inch” dé hoan thién mau
thiét bi ung dung trong giang day dao tao.
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