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Tom tat

Phirong phdp gamma truyén qua dia trén nguyén Iy suy gidm cwong dg chum tia
gamma khi truyén qua vat chdt duroc biér dén 1a mét trong nhiing Ky thugt hizu ich cho phép
kiém tra truc tiép cdc thap va dwong ong cong nghiép. Trong dé, hau hét viéc truyen tin
hiéu tir dau do dén may do sir dung cap ddan dén nhiéu khé khan trong viéc ldp dat va van
hanh hé do tai hién trieong. Nham tang tinh linh hoat, hé do gamma don kénh img dung
cdng nghé truyén phat khéng day trong diéu khién va thu nhdn tin hiéu da duwoc dé xuat
trong bai béo nay. Hé do gom cac khéi dién tir nhue khoi cao thé, khoi khuéch dai, khoi cat
nguwong, khai vi diéu khién va khéi truyén phat khong day. Thi nghiém khao sat phé gamma
cua nguon ®Co va ¥ Cs sau dé duoc thuc hién véi khoang cach giza hé do va diém do
khodng 230 m. Két qua cho thdy bé réng ¢ mét nira gia tri cuc dai vng Véi cdc dinh ning
lwong lan liot 13 FWHM™KY = 9 496 va FWHM#®V = 7,69 d5i vsi phé gamma ®°Co
va FWHM®*V = 15 495 d5i véi phé gamma **'Cs. Két qud khdo sét su 6n dinh cia hé do
trong 10 gio cho thdy d tréi dinh ning hrong ciia nguén ®Co 1a khoang 2,3%.
Tir khoa: cdng nghiép, hé do gamma, phé gamma, truyén phat khdng day
Abtract

CONSTRUCTION OF A SINGLE-CHANNEL GAMMA ANALYZER APPLYING
THE WIRELESS TRANSFER TECHNIQUE

The gamma transmission method based on the principle of reducing the intensity of
the gamma rays when passing through a material is well-known as one of the useful
techniques for industrial system inspections. In particular, most of the signal transmission
from a detector to a spectrometer using cables leads to many difficulties in installing and
operating the measuring system in the field conditions. For enhanced flexibility, a single-
channel gamma analyzer applying the wireless transfer technique in controlling and
receiving signals was proposed in this paper. The measuring system consists of electronic
units such as high-voltage, amplifier, discriminator, microcontroller, and wireless transfer.
The experiment of surveying the gamma spectrum of source ®°Co and **¥'Cs was then
carried out with the distance between the measuring system and the measuring point about
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200 m. The results show that the full width at half maximum corresponding to the energy
peaks is respectively FWHM"™**® = 9.4% and FWHM™**¥ = 7.6% for *’Co gamma
spectrum and FWHM®*® = 15.49% for *¥Cs gamma spectrum. Results of the stability
survey of the measuring system for 10 hours show that the peak energy drift of the ®°Co
source is about 2.3%.

1. Pat van dé

Tia gamma la mdt dang cua buc xa di¢n tr, duoc phat ra khi hat nhan nguyén tr
chuyén tir trang thai kich thich vé trang thai co ban trong cac phan tmg hat nhan, duoc phét
hién vao nam 1900 bdi nha hoa hoc va vat Iy hoc nguoi Phap Paul Villard thong qua nghién
ctru vé su phat xa cua radium (Gerward & Rassat, 2000). Pén nay, tng dung k¥ thuat
gamma truyén qua dugc xem la mot trong nhirg phuong phap kiém tra khong pha hiy
1y tuong cho phép xac dinh mat do vat chat bén trong thap va duong dng cong nghiép.
Trong d6, khi mot chim tia tr ngudn (nhu **’Cs, ®°Co) di qua hé théng va dugc ghi
nhén bdi h¢ do buc xa, mic dJ suy gidm cuong do chum tia phu thudc vao nang luong
ctia chim tia, mat do va bé day vat liéu theo dinh luat Beer - Lambert (Trinh & Hoang,
2019). Hé do gamma nay ciu tao boi khdi dau do ndi véi khédi xtr 1y dién tir/xu 1y tin
hiéu gém tién khuéch dai, khuéch dai va hau hét st dung by phan tich don kénh. Kiéu
dau do str dung tinh thé nhap nhay Nal (T1) thuong duoc chon dé ghi do birc xa gamma
boi nhiéu vu diém vé cuong do nhay sang va gia thanh. Khi btc xa di qua méi truong
vat liéu nhdp nhay va ion héa cic phan tir, cac photon anh sang dugc sinh ra. Cac
photon sau d6 di vao dng nhan quang dién va tao ra mot cac xung dién v6i bién do mdi
xung tmg véi nang lugng cta birc xa (Tran, Chau & Nguyén, 2005). B phan tich don
kénh (Single — channel analyzer hay SCA) tir 1au duogc biét dén 1a bo chuyén doi twong
tu sang s6 co ban cho phép xac dinh bién do xung ung dung rong rii trong ghi do hat
nhan. SCA c6 hai mirc dién ap ngudng c6 thé diéu chinh va tao ra xung dau ra khi bién
d6 ctia xung tin hiéu dau vao nam giita hai mtc nay (Milam, 1973). Vung giita hai muc
dién 4p duogc goi 1a ctra s6. Tat ca cac xung bén ngodi ctra s6 SCA déu bi bo qua, do d6
ctra s6 cang nho d phan giai cua hé do cang tét.

Hién nay, hau hét hé do gamma tmg dung trong cong nghiép sir dung cap dé
truyén tin hiéu tir du do dén may do dan dén nhiéu kho khan trong viéc lap dit ciing
nhu van hanh hé do tai hién truong. Nham cai tién tinh co dong cho hé do, béo co nay
trinh bay mot sd két qua nghién ctru xay dung hé do gamma don kénh tng dung cong
nghé truyén phat khong day Zigbee trong diéu khién va thu nhan tin hi¢u.

2. Vit liéu va phwong phap

2.1. Thiét ké va ché tao hé do

Hé do gamma don kénh sir dung k¥ thuat truyén phat khong day duoc xay dung tir
cac khéi co ban nhu hinh 1. Khi cac birc xa gamma tuong tac véi Khéi dau do Nal(TI)
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(1) s& tao ra cac xung dién véi bién do nho. Xung dién sau d6 dugc dwa vao Khdi
khuéch dai (3) dé khuéch dai bién do va hinh thanh dang xung Gauss. Sau khi qua Khi
cit ngudng (4), cac xung dang Gauss duoc chuyén thanh cac xung vuéng theo chuén
TTL. Khéi vi diéu khién (5) c6 chirc nang dém xung theo thoi gian, diéu khién va do
ludng cao thé (2), didu khién va do ludng gia tri dién 4p ngudng va giao tiép véi module
RF (6) bang giao dién UART dé nhan cac lénh diéu khién va truyén gié tri do vé may
tinh (7). May tinh (7) ¢ chic niang diéu khién, thu nhan va luu trit cac gié tri do thong
qua phan mém diéu khién.
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o
N
=
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10101001 ——————
May tinh * Module RF

Hinh 1. So dé khéi hé do gamma don kénh khéng day.

DPau do Nal(T1): Béi véi cac tng dung bic xa gamma trong cdng nghiép, loai dau do
nhap nhay két hop 6ng nhan quang dién thuong duoc st dung boi nhidu wu diém vé do
nhay, tinh linh hoat trong lap dat va gia thanh. Hé do nay str dung dau do Nal(Tl) cia hing
Ludlum Measurements (Model M44-10) (hinh 2) véi kich thudc khéi tinh thé 2 inch x 2
inch, dién ap hoat dong tir 500 V — 1200 V va dai nang luong do duoc tir 30 KeV — 3 MeV.

Hinh 2. Bau do Nal(Tl) ciza hdng Ludlum Measurements (Model 44-10).
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Khéi cao thé: Cac dau do sir dung dng nhin quang dién két hop tinh thé nhép
nhay nhu Nal(T1) thudng c6 dién ap hoat dong I6n tir vai trim dén vai nghin Volt, do d6
chirc ning cua khdi cao thé 1a cung cap du dién ap dé dau do hoat dong 6n dinh. Khdi
cao thé duoc xay dung bao gom: IC tao xung, bién thé, mach nhan dién Cockcroft-
Walton va mach phan héi (hinh 3).

Vi didu khidn

Mach phdn hbi

Mach nhdn :Cau thé
Cockeroft- Walton | Bhu 8b

Hinh 3. So' d6 hoat déng cua khai cao thé va khoi cao thé duroc che tao hoan chinh.

IC 130 xung

Bidn thé

IC tao xung c6 chirc ning tao ra xung c6 tan s ¢ dinh dé diéu khién bién thé.
Bién thé str dung bién thé tang ap, dong dién qua bién thé co dién ap dwoc nhan Ién theo
ti 1 gitta s6 vong thur cip va s6 vong so cap. Dong dién sau d6 dugc dua vao mach nhan
dién Crockcroft-Walton dé chinh lyu va nhan 1én nhiéu lan hon. Mach phan hdi gom
mach chia &p sir dung dién tré va mach khuéch dai dém sir dung op-amp. Mach phan
hdi ¢6 chirc nang chia dién ap cao thanh cac mirc dién &p nho du dé dua vao ADC cua
vi diéu khién va chan “feedback” cua IC tao xung. Khéi cao thé sau khi ché tao c6 thé
cap cao thé tir 50 V dén 2500 V (hinh 3).

Khéi khuéch dai: Khdi khuéch dai ¢6 chirc ning khuéch dai tin hiéu tir dau do va
tao dang xung phi hop dé dwa vao Khéi cit ngudng. Khdi khuéch dai gdbm cac mach
tién khuéch dai, mach vi phan va mach tich phan (hinh 4).

Tién khuéch dai H Mach vi phan H Mach tich phan

Hinh 4. So d6 cuia khai khuéch dai va khéi khuéeh dai dwoc ché tao hoan chinh.

Khéi cdit ngwong: Chirc ning cua khdi cit ngudng la phan biét bién do xung cua
tin hiéu vao. Hinh 5 md ta khi cit ngudng duoc ché tao hoan chinh. Hinh 6 twong tung
minh hoa téc d6 dap wng cua Khdi cit ngudng.
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Hinh 5. Khéi cat nguéng dieoc ché tao hoan chinh.
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Hinh 6. Téc do ddp g cua khoi cat nguong.

Khéi vi diéu khién: Khéi vi diéu khién st dung Module Arduino Mega 2560 Pro
lam khéi diéu khién chinh vai chie ning giao tiép véi may tinh thong qua Module RF,
diéu khién khéi cao thé va khéi cit ngudng va dém xung theo thoi gian.

Module RF: Module RF sir dung mach thu phat RF Zigbee UART CC2530+PA
V2, IC CC2530 két hop véi ting khuéch dai cong suit PA CC2591 cho khoang cach
truyén co thé dat t6i 1000 m trong diéu kién 1y tuéng. Module duoc thiét ké theo chuan
cong nghiép voi wu diém on dinh va dé dang két néi véi vi diéu khién hoac may tinh
thdng qua cap chuyén USB-UART.

2.2. Phan mém diéu khién

Phan mém diéu khién hé do trén may tinh dugc 1ap trinh bang ngén ngit C++ voi
c4c chirc nang nhu ty dong khao sat phd vi phan, ty dong khao sat cao thé cua dau do,
thiét 1ap cac thong sé dic trung ctia hé do gdm cao thé, ngudng trén, ngudng dudi, thoi
gian do, ciing nhu cho phép luu trit va do thi hoa di liéu. Giao dién phan mém duoc
minh hoa nhu hinh 7.
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Hinh 7. Giao dién chuwong trinh diéu khién hé do trén may tinh.

Dau thu
tin hiéu

Hinh 8. Hé do hoan thién.

3. Két qua nghién ciru
Hé do sau khi xay dung duoc khao sat d6 phan giai nang lwong va do on dinh s
dung ngudn chuén ®Co — 0,1uCi va **'Cs — 10,89uCi tai Trung tam Ung dung k¥ thuat
hat nhan trong céng nghiép (thudc Vién Ning lwong nguyén tir Viét Nam, tai thanh phd
Pa Lat, tinh Lam Dong). Thong sb thi nghiém gom duoc trinh bay trong bang 1.
Bdng 1. Thong sé thi nghiém khdo sat hé do.

Thong s6 Gia tri
Cao thé ap vao dau do 1200 V
Do rong cira sd 50 mV
Thoi gian méi lan dich chuyén cira s6 3s
Khoang cach truyén phat 230 m
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Két qua khao sat do phan giai nang lwong cua hé do dugc trinh bay trén hinh 9 va
hinh 10. Trong d6, d phan giai nang luong cua ngudn ®Co la 9,4% va 7,6% twong tng
V6i hai dinh ning luong 13 1173 KeV va 1332 KeV. D¢ phan giai niang luong cia ngudn
37Cs 14 15,4% tuong tng véi dinh ning luong la 662 KeV.
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Hinh 9. Két qua do phé gamma cua ngusn *°Co va **¥'Cs.

Do 6n dinh cia hé do duoc khao sat trén phé ning luong caa ngudn *°Co trong
khoang thoi gian 10 gio. Két qua duoc minh hoa trong hinh 10 cho thay do6 léch dinh
pho 14 12 2,3%.
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Hinh 10. B4 léch cia phé nang lwong nguén Co®® srudce va sau 8 gio.

Ngoai ra, hé do gamma don kénh khong day duoc sir dung dé khao sét trén thap
md hinh nhiam xac dinh kha ning wng dung trong k¥ thuat soi thap. Thap mé hinh md
phong theo thap chung cat trong nha may loc hda dau voi chiéu cao gan 6m va chiéu
rong khoang 0,57m, bén trong c6 chira cac khay nuéc va soi xay dung. Ngudn phong xa
ding dé khao sat 13 ngudn **'Cs 1mCi, c4c thong sb khac nhu thi nghiém ban dau. Céac
két qua duoc so séanh véi hé do M2200 caa Ludlum trinh bay trong hinh 12.
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Hinh 11. Hé do M2200 cua hang Ludlum dung trong soi thap tai CANTI.
Bdang 2. So sanh giira hé do gamma don kénh khong day va hé do M2200 cua Ludlum.

Thong sb Hé do gamma don kénh khong diy Hé do M2200 cia Ludlum
Loai day cap sir dung Khoéng day Cép ddng truc
Khoang cach truyén phat | 230m (trong truong hop 1y tuong co Toi da 150m
thé 1én dén 1000m)
Thaoi gian hoat dong 10 gio (dung pin) 1 gio (dung pin)
Co ché diéu khién Diéu khién tir xa qua phan mém Piéu khién co hoc thong qua
cac bién tro va cong tic
%FWHM( *'Cs) 15,4% 13,9%

Tray 8 5
Tray 7
Tray 6 4

BED 2

Tray 5
Tray 4

Chi&u cao thip (m)
w

Tray 3 2

BED 1
Tray 2 1

JATray 1

1D5% 0 0s 1
S8 dém chudin héa

—e—Hé do Ludlum
—a—Hé do khdng day

Hinh 12. M6 hinh thap chung cat trong cong nghiép va két qua kiém tra bang ky thugt
soi gamma (do thi mau den la két qua sir dung hé do ciia hang Ludlum, d@6 thi mau do 1a két qua sir
dung hé do gamma don khdng day)
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D6 thi s6 dém cua hé do gamma don kénh khong day thé hién sy thing giang
dung véi sy thay doi vat liéu bén trong thap. Két qua do tir hé gamma don kénh khong
day cho thay trong ddng véi két qua thu dugc st dung hé do cua hdng Ludlum.

4. Két luan
Hé do gamma don kénh wng dung k§ thuat truyén phat khdng day tmg dung cho cong
nghiép da co ban hoan thién. Hé do duoc khao sat do phan giai nang luong va do on dinh st
dung ngudn ®Co va ¥*'Cs véi khoang céch truyén phat 230 m. Két qua cho thiy bé rong ¢
mot nua gia tri cuc dai tng vai cac dinh nang lwong 1an Iuot 18 FWHMM Y = 9 404 va
FWHM32KY = 7 6% ddi voi phd gamma ®Co va FWHM®KY = 15 49 déi véi phd
gamma Cs**’ vai thoi gian én dinh lam viéc khoang 10 gio. Két qua dat dwoc gép phan xac
nhan kha niang g dung ciia hé do trong diéu kién hién truong, gop phan tang tinh hiéu qua
cua k¥ thuat soi thap noi riéng va kha nang ung dung cua k¥ thuat hat nhan trong cong
nghiép ndi chung.
Loi cdm on: Nghién cizu nay duwoc thyec hién tai Trung thm Ung dung ky thugt hat
nhan trong cong nghiép (Vién Nang heong nguyén tir Viet Nam, tgi thanh phé Pa
Lat, tinh Lam Pong) véi kinh phi do Vién Nang leong nguyén tiz Viet Nam cap
théng qua dé tai ma so CS/19/06-02. CAc tac gid xin tran trong cam on.
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