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MAY PO PHONG XA PA NANG: THIET KE, CHE TAO
VA KIEM NGHIEM

Vil Thi Kim Duyén'’, Nguyén Vian Si*, Nguyén Thanh Hing’

Tém tit: Nghién ciru nay trinh bay qua trinh thiét ké, ché tao va kiém nghiém
mot may do phong xa da nang (co thé do dwoc nhiéu loai birc xa khdc nhau voi dai
do liéu phong xa gamma rong, tur 0,15 uSv dén 20 Sv). May do phéng xa bao gom 2
phan co ban: dau do va hé dién tir. Bé do duoc da dang cac logi phong xa khac
nhau (a, B, 3, va n) thi cdc loai dau do khac nhau (két hop giita tinh thé CLYC
(Cs,LiYCly:Ce) ghi nhdn y va n véi diode ban dan Silic PIN photodiode S3590-08;
va két hop giita tinh thé (Cs,LiYCl:Ce)-BGO ghi nhdn a,  vdi diode bdn dan Silic
PIN photodiode S3590-09) dwoc sir dung dong thoi trong mot may do. Hé dién tir
v6i bé phdn chinh la cdc vi diéu khién hién dai (dang dwoc nhiéu phong thi nghiém
trén thé gioi sw dung) va cac cdu kién khac dwoc luya chon sao cho may do co thé
chiu dung dwoc cdc diéu kién hoat dong khdc nghiét khac nhau trong moi truong
quén sw. Qud trinh hiéu chudn, kiém nghiém mdy do phong xa da ndng (dwoc ché
tqo boi nhom nghién ciru) dwoc thuc hién tai cac phong thi nghiém chuyén nganh
trong medc nham khang dinh kha ndng hoat dong twong dwong cia mdy tu ché tao
V6i thiét bi thuwong mai thanh pham ciia quoc té.

Tiwr khéa: PIN Photodiode; Gamma; Alpha; Beta; Neutron; Vi diéu khién.
1. PAT VAN PE

Hién nay, v6i cac muc tiéu hoat dong cua cac co sé quan doi, doi hoi cac khi tai, trang
thiét bi trong cac co sé quin doi ngdy cang hién dai, vira dap ng dugc tinh co dong, linh
hoat, hién dai vira phai dap ing duoc cac yéu cau hoat dong trong diéu kién méi truong
khic nghiét. V61 yéu cau ngay cang cao trong viéc ap dung cac loai may do phong xa vao
trong yéu cu hoat dong thuc tién cuia méi truong quan doi thi vin dé danh gia, dam bao
an toan burc xa cho cac can b quan nhan la mét nhu cau cép béach, dé thuc hién duoc diéu
nay mot cach hidu qua, thi cong tac thiét ké, ché tao cac may do phong xa 1a hét stc can
thiét nham gitp cho luc lugng quéan doi chu dong vé cong nghé, k¥ thuat trong qua trinh
timg budc tién 1én chinh quy, hién dai 1am chi dugc cac cong nghé, khi tai cia minh. Do
do, trong nghién ctru nay nhom tac gia dé cap dén viéc thiét ké, ché tao va kiém nghiém
tinh ning hoat dong ctia may do phong xa da ning dung trong tmg pho cac su cd phong
xa, danh gid an toan buc xa ion hda cho cac don vi quén su c6 Gng dung phong xa trong
qua trinh nghién ctu, Gtng dung tai don vi.

Viéc ché tao cac loai thiét bi do phong xa da dugc nhiéu tap doan, cong ty cong nghiép
16n trén thé gidi thuc hién vai cac cong nghé hién dai ti€n tién nhu Bruker, Ortec (Duc),
Canbera (My). Tai Viét Nam, nhiéu nha khoa hoc, co s& nghién ctru da ché tao céc may do
phong xa. Tuy nhién, cac loai may phong xa dugc ché tao tai Viét Nam, tinh dén nay, déu
thuong chi nham vao muc dich do dac mét loai birc xa cu thé nao d6 (khong do dugc
nhiéu loai birc xa khéc nhau). Do d6, khi c6 su ¢ buc xa, hat nhan x4y ra can st dung
nhiéu céac loai may do phong xa khac nhau, diéu nay giy ra khong it khé khin trong qua
trinh thyc hién nhiém vu. Véi nhitng thuc tai nhu trén, nhém nghién ctru di thiét ké ché
tao mot may do phong xa tich hop kha ning do dac nhiéu loai phong xa khac nhau (cac
loai phong xa a, B, y, va n) dap tng duoc tinh linh hoat trong di chuyén, thoa man duoc
cac dic trung ky thudt co ban ciia mot may do phong xa dang ton tai trén thi truong.

Trong nghién ctru nay, nhoém tac gia trinh bay thiét ké hé dién tir, ché tao cac ciu kién
trong qué trinh ché tao mot may do phong xa da ning, tich hop kha nang do cac loai phong
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xa a, B, vy, va n. Cac dau do nhay cac loai phong xa khac nhau duoc st dung trong qua
trinh thiét ké, khdi vi xtr 1y trung tim su dung chip diéu khién STM 32F407 dé thiét ké,
ché tao b phéan dién tir ciia may. Cac cau kién khac cua mdy (vo mdy, man hinh may,...)
cling dugc nhom nghién ciru lya chon kiéu dang, c6 tinh dén diéu kién hoat dong trong
mdi trudng khic nghiét. Qua trinh kiém nghiém cac thong sb k¥ thuat cia may ciing duoc
thuc hién theo céac tiéu chudn TCVN, MIL-STD 810G (MY) tai cac phong thi nghiém
chuyén nganh trong nudc dé khang dinh tinh ning hoat dong ciia thiét bi.

2. THIET KE, CHE TAO MAY PO PHONG XA

2.1. HE ghi nhan phéng xa alpha, beta, gamma va neutron

Dé ghi nhan phong xa alpha (o) va beta (), gamma (y) va neutron (n), nhom tac gia st
dung két hop tinh thé nhap nhay nhay phong xa va PIN photodiode (PD) ban dan nhay
quang. Tinh thé nhap nhdy CLYC (Cs,LiYCls: Ce), san xut boi hing Kinheng, dugc sur
dung trong thiét ké hé ghi nhan phéng xa. Thong s6 co ban cua tinh thé nhap nhay nay
duge mo ta trong bang 1. PIN photodiode (PD) ban din Silic nhay quang loai 3590 (ky
hiéu PIN PD S3590), san xuat boi hang Hamamatsu, duoc sir dung dé ghi nhan anh sang
tao ra sau khi buc xa o, B, y va n tuong tac voi tinh thé nhip nhay. Tinh chit cia PIN PD
S3590 dugc md ta trong bang 2.

Bing 1. Théng so kj thudt cia tinh thé CLYC (Cs,LiYCly: Ce) [1, 2].

TT Thong s6 Dac trung - Dai do
1 | Nhiét d6 nong chay 640°C
2 | Ham luong °Li 1am giau 96%
3 | Khéi luong riéng 3,31 g/lem’
4 | Chiét suat 1,81 (400nm)
5 | Dai budc song phat xa 275 - 450 nm
6 | Budc song phat xa co cudong do 16n nhat 370 nm
7 | Hang s6 thoi gian phan rd 1 ns, 50 ns, 1000 ns
8 | Ning suét phat sang 20.000 photon/MeV
9 | Phéan biét xung Phan biét dugc gamma va neutron
Bing 2. Théng sé ky thudt ciia PIN PD S3590 tai 25°C, Vx=70V [3, 4].

Théng s6 Pac trung
Kich thudc bé mit nhay photon anh sang 10 mm x 10 mm
Dién ap nguoc (cuc dai) 100 V
Do day 16p suy giam 0,3 mm
Dai ph budc séng dap img tir 340 nm dén 1100 nm
Dinh nhay tai budc song 960 nm
Dong tdi (cuc dai) 6 nA
DPién dung ndi tai 40 pF

Pé do phong xa y va n, tinh thé nhap nhiay CLYC (Cs,LiYClg: Ce) duoc pha véi Li®
(1am giau 96%) co kich thudc 12 mm x 10 mm x 10 mm ctia hang Kinheng dugc lua chon
sit dung két hop véi PIN PD S3590, ma s6 08 (ky hiéu PIN PD S3590-08) do hing
Hamamatsu san xudt. Sau khi y va n twong tac voi tinh thé nhap nhdy s& sinh ra chdp sang,
chdp sang nay dugc ghi nhan bdi PIN PD S3590-08. Tur cuong do anh sang ghi nhan
duoc, thanh phan phong xa y va n s& dugc tinh toan.

Dé ghi nhan phong xa a va B, tinh thé nhip nhay CLYC (Cs,LiYClg: Ce) ¢6 kich thude 12
mm x 10 mm x 10 mm dugc st dung két hop véi PIN PD S$3590, ma sb 09 (ky hiéu PIN PD
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$3590-09) c6 cira s6 tran. Qua trinh ghi nhan buc xa a va p twong tu nhu dugc néu ra & trén.
2.2. Vi diéu khién ARM

Trong nghién ctru nay, dé ché tao bd diéu’ khién trung tam cl}o mé}i do phong xa, nhém
tac gié da Iva chon vi diéu khién ARM c6 cau trac 32bit. Vi diéu khién ARM Ia loai méi,
co toc d(f)‘ xur Iy nhanh, Vg’)ri bd nhd 16n, st dung tiét kiém nang luong, hién dang dugc su
dung nhiéu trong cac thi€t bi dién thoai va may tinh bang thong minh, may nghe nhac da
phuong tién...[6].

Chip xir 1y s6 liu cta vi diéu khién duoc lya chon sir dung 1a loai STM32 F407VET6
thudc dong ARM Cortex M4 cua hang STMicroelectronic voi cac thong so ky thuat duoc
md ta nhu trong bang 3:

Bing 3. Thong sé ky thudt ciia chip STM32 F407VET6 (dong ARM Cortex M4) [5].

Théng sb Pac trung
Puodng truyén/tan sd 32 bit/ 168 MHz
cong Vao/Ra GPIO 82/100 Pin
B0 nh¢ Flash 512kB
B6 nhé RAM 192x8 kB
ADC 12bit x 16 kénh
DAC 12bit x 2 kénh
Bo dém/ loai 14 b/ 16 bit va 32 bit
Két ndi hd tro CAN, USB, USART, SPI, 12C, Ethernet, DCMI
Cong cu lap trinh STM32 CubeMX va Keil

2.3. So d0 khdi dién tir ciia may do ph(’)ng xa

Thiét bi do phong xa da nang bao gdm than may chinh chira dau do v, n bén trong va
mot dau do bén ngoai c6 thé két ndi voi may chinh dé do birc xa o, va y. So dd khdi caa
thiét bi do phong xa da ning dugc mo ta trong hinh 1. Than may chinh chtra vi diéu khién
lam nhiém vu diéu khién toan bd hoat dong ciia thiét bj nhu: diéu khién qua trinh truyén,
nhan sb liéu, luu tri¥, hién thi két qua do, cai dat, thiét 1ap cic tham sd cAu hinh hé
thdng,... So d6 khéi cia than may chinh duoc mé ta trong hinh 2.

Nguon nudi

Déu do ngoai
o, B,y

Hinh 1. So do khoi cua thiet bi do phong xa da nang.
i
e

Dau do ngoai

] ) -

Xung logic tir 2 y tin]

- [——g—

Hinh 2. So d6 khoi chire nang ciia than mdy chinh.

May tinh

Xung logic tir

Nguyén 1y hoat dong: Thiét bi do phong xa da ning c6 kha ning do duoc cac loai birc
xa alpha, beta, gamma va neutron. Cac dau do s& dam nhan viéc ghi nhén cac loai buc xa
va chuyén chtng thanh tin hiéu dién thong qua mach tién khuéch dai. Sau do, cac tin higu
nay s€ dugc khuéch dai t6i mot bién d6 can thiét dua qua by phan biét xung dé tao ra tin
hiéu xung logic.
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Mbi birc xa twong tac voi dau do s& tao thanh mét xung dién tuong ung ¢ 16i ra mach
khuéch dai va theo do s€ tao ra mot xung logic, tan sb tin hiéu xung logic ndy s& ty 16
thuén voi suét lidu birc xa tuong tac toi dau do. Mot bo dém xung s& thuc hién viéc dém
xung logic nay trong chu ky thoi gian nhit dinh, cac s6 dém thu dugc s& duoc hidu chuin
dé tinh ra suat lidu buc xa.

2.4. Than may

Thiét bi dung trong muc dich quan su, ¢6 tinh co dong, chng rung, chdng soc, chdng
am va chong dn mon, dong thoi phai dam bao do bén, chic cua thiét bi. Vi dic tinh cing,
nhe va dé thao tac, nhom 1a vat liéu duoc chon dé thiét ké than, vo may va cac phu kién
kém theo. Nhom nghién ctru da chon vét li¢u 1a nhom chét lugng cao A 6061 cua Han
Qudc (da duge anot héa) dé 1am than may. Qua trinh kiém tra cac dic tinh 1y, hoa cta vat
liéu dugc thuc hién tai Phong thi nghiém cia “Vién do bén nhiét d6i” thude “Trung tdm
nhiét d6i Viét-Nga” theo tiéu chuin “MIL STD 810G Method 509.5” cua quin ddi My.
Téng thoi gian thir nghiém 1a 2 chu ky (mdi chu ky gom: 48 gio phun mi mudi (¢ nhiét do
budng thir 14 35°C); 48 giv siy kho (& nhiét do 25°C va o6 am 45%). Két qua, mau nhom
A 6061 sau khi da anot hoa khong bi &n mon, phu hop dé 1am vét liéu ché tao than, vo may
va cac phu kién kém theo.

3. KET QUA NGHIEN CUU

3.1. Khéi do gamma va neutron gin lién

So dd khdi va mach dién ti (thiét ké boéi nhom nghién ctru) cua bd phan do dac neutron
va gamma (gin lién v6i thdn may) dugc md ta lan luot trong hinh 3 va hinh 4. Khi birc xa
twong tac vao tinh thé CLYC s& tao ra cac chép sang, PIN PD $3590-08 duoc cung cp
dién 4p phan cuc ngugc sé& bién doi cac chdp sang nay thanh tin hiéu dién thong qua mach
tién khuéch dai nhay dién tich. Céc tin hiéu xung dién ap sau tién khuéch dai s& duoc
khuéch dai t6i bién do vai von va dua téi bd phan tich bién do don kénh tao ra hai cira s6
phan biét hai tin hi€u xung buc xa y va n.

Tén sb xung logic dugc tao ra sé ty 1€ voi suét lidu buc xa tuong tac toi dau do, do do,
cac xung logic dugc tao ra sau mach phan tich bi€n d6 don kénh nay dugc dua t6i hai bo
dém khac nhau dé dém so xung trong mét don vi thoi gian nhit dinh. Bang phuwong phap
hiéu chuan sé dém véi suit liéu s& xac dinh duoc gi tri suét lidu birc xa twong tac t6i dau
do. Pic trung k¥ thuat cua khdi do gamma va phat hién neutron duoc liét ké trong bang 4.

Cao ap Nguén DC Xung logic
50V j N
Mach tién Mach PT
Xung logic
1

khuéch dai <huéch dai don kénh
Hinh 3. So do khoi mach do burc xa gamma va neutron.

Hinh 4. Hinh anh khoi ghi nhdn birc xa gamma va neutron.
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Bing 4. Dic trung kj thudt khoi do liéu gamma va phat hién neutron.

Théng sb

Pac trung

Tinh thé do phong xa

CLYC (Cs,LiYClg: Ce)
kich thudc 12 mm x 10 mm x 10 mm

Diode ban dan Silic

PIN PD S3950-08

Dai ning luong

70 keV -2,2 MeV

Dai suat lieu

0,15 uSv/h + 20 Sv/h

Dién ap phan cuc

418V

bién ap ngudn nuodi

3V-5V,24mA

Kich thuéc (dai x rong)

112 mm x 39 mm

3.2. Khoi do alpha, beta va gamma ndi ngoai

So d6 khdi va mach dién tir (thiét ké boi nhoém nghién ciru) cta bo phan do dac alpha,
beta, va gamma (nbi ngoai) dugc mo ta lan luot trong hinh 5 va hinh 6. Khi bt xa tuong
tac vao tinh thé CLYC s& tao ra cac chdp sang, Diode PIN PD $3590-09 duoc cung cép
dién 4p phan cuc ngugc s& bién doi cac chdp sang nay thanh tin hiéu dién thong qua mach
tién khuéch dai nhay dién tich. Tiép theo, cac xung dién dugc khuéch dai va dua t6i bo
phan biét xung dé tao thanh cac xung logic dua téi bo dém, sé dém cua xung dién nay s&
ty 1& voi s6 dém buc xa twong tmg di toi dau do. Pic trung k¥ thuat ciia khdi do alpha,
beta, va gamma (ndi ngoai) dwoc liét ké trong bang 5.

Ngui‘m DC

Mach phan Xung logic
biét xung o

© Mach tién Mach phin
u Kkhuéch dai KhuCch dai biét xung

Mach phan Xung logic
biét xung

T

Hinh 6. Hinh anh khoi ghi nhdn birc xa alpha, beta, gamma.

Bing 5. Pdc trung ky thudt khoi do alpha, beta, gamma.

Théng sb

Dic trung

Tinh thé do phong xa

CLYC (Cs,LiYClg: Ce), BGO
kich thudc 12 mm x 10 mm x 10 mm

Diode ban dan Silic

PIN PD S3950-09

Dai nang luong gamma

70 keV -2,2 MeV

Dai suat liéu gamma

0,15 uSv/h + 20 Sv/h

Dai s6 dém alpha, beta

0 -300.000 cps

Dién ap phan cuc

418V

bién ap ngudn nuoi

3V-5V,24mA

Kich thuéc (dai x rgng)

102 mm x 60 mm
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3.3. Khéi vi xir Iy trung tim

Khdi vi xir Iy ciia may do phong xa da nang c6 chirc nang ghi nhan, luu giir sb lidu. Cac
tin hi€u xung logic ghi nhan duoc tir cic loai birc xa khac nhau dugc dua vao cac bd dém
khéc nhau twong tmg ciia vi diéu khién dé d¢ém xung va tinh toan cuong do, liéu lwong b
xa. Cac sb liéu v& licu lugng birc xa duoc luu trit tw dong vao bo nhé thiét bi va hién thi
trén man hinh LCD. Ngudi sir dung c6 thé giao tiép véi may do phong xa thong qua ban
phim va phin mém duoc xdy dung cho may do. Do do, cac tinh ning co ban nhu: cai dat
cac ngudng canh bao phong xa, phat tin hi¢u canh bao, canh bao thong qua anh sang den,
tao 4m thanh canh bao, két ndi tai nghe khong ddy, ...c6 thé thyuc hién duoc.

So d6 khdi bo vi xtr 1y trung tdm va bd vi xi Iy trung tim thanh phdm dugc mo ta trong
hinh 7, hinh 8. bang 6 liét ké mot s6 dac tinh k¥ thuat cua b vi xur 1y trung tam.

Man hinh chi thj

N LCD 4 inch TFT

Pau do

Gamma

Tai nghe,
Pau do coi

Neutron

Vi diéu khién
STM32F407
(B6 dém, B nha,
Thoi gian thuyc)

May tinh
(USB)

Hinh 8. Hinh anh khoi vi xir 1y trung tam.
Bing 6. Pdc trung ky thudt khoi vi xir 1y trung tam.

Théng sb Pic trung
B6 vi xtt Iy trung tdm Cortex M4 32 bit, toc d6 168 MHz
B6 nhé chuong trinh/ B6 nhd RAM 512 kB, 192 x 8kB
B6 nh¢ dit liéu 128 MB (c6 thé luu duge 13000 bo sb lidu)
S6 lwong bo dém 5 b 16 bit
Man hinh LCD TFT 4 inch
Béo dong Am thanh, anh séng, hién thi
Cong két nbi USB
Kich thudc mach (dai x rdng) 150 mm x 106 mm
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3.4. May do phéng xa da niing thanh phim

Than v6 may va cac chi tiét co khi sau khi gia cong duoc anot hoa dé dam bao chiu
dugc diéu kién moi truong khic nghiét. Khdi xir Iy trung tdm va cac khdi chirc ning sau
khi duogc thiét két, lép dat va hiéu chinh cung véi cac hé co khi di ché tao s& dugc nhom
nghién ctru lap rap ddng bd. May do sau khi da ddng bd c6 dang nhu hinh 9, cdu tao chinh
gom than may, dau do ngoai, can cam, gidc ndi.

Hinh 9. Hinh anh mdy SVG-2M thanh phdm.

Ghi chu: 1- Than may 4- Man hinh chi thi 7- Phim chtrc nang
2- Dén bao 5- Dau do ngoai 8- Gidc noi
3- Ong pin 6- Can cam 9- Cap noi

3.5. Kiém nghiém cac thong s6 ky thuit do li¢u ciia may do phéng xa da niing
May do phong xa da ning, sau khi dugc ché tao, da dugc hié}l ch}lén tai Trung tam Ap
toan buc xa (thugc Vién Khoa hoc ky thuat hat nhén, phong chuén liéu bue xa ion hoa cap
Il nam trong mang ludi cac phong chuan cap II ciia Co quan Ning lugng Nguyén tu Qubc
té, IAEA va co quan T chirc Y té Thé gidi, WHO) str dung nguén chuin gamma "’Cs,
hoat d6 37MBq (18/08/2001). Két qua hiu chudn duogc tom tét trong bang 7. Tu cac gia
trj hé sé chuin cho thiy, may do heq phong xa da nang (dugc ché tao bai nhém nghién
ctru) hoan toan dap ing dugc ti€u chuan do dac chinh xac liéu phéng xa gamma.
Bing 7. Két qua hiéu chudn mdy do phéng xa da nang SVG-2M.

A Suit lidu S6 doc ciia may " H§ s0 Ch}lé“ ‘
Nguon phong xa chuén (uSv/h) (°” Sv/h) (Suat 11e13 chu’an/SO doc
cia may)
15 16,4 0,91
60 66,3 0,90
137 150 148,0 1,01
Cs (662 keV 2

s V) 600 5940 1,01
1500 1514,0 0,99
6000 5870,0 1,02

Viéc kiém chimng kha ning phat hién o, B va n cia may ché tao béi nhom nghién ctru,
thuc hién bing cach so sanh toc d6 dém ciia may do phong xa tu ché tao véi téc do dém
may do cung loai (SVG-2, dugc ché tao boi Puc) khi chung duoc chiéu voi cing mot
ngudn phong xa nhu nhau. Trong thi nghiém nay, cac loai ngudn phong xa dugc sir dung
nhu sau: ngudn phong xa alpha, béta (hoat do ban d4u vao 300Bq, khoang cach dodaclas
mm) va ngudn neutron **'Am-Be (cuong d6 ban dau la 1,299E+07 s’ vao ngay
23/01/2015, hinh hoc chiéu 1a nhu nhau, thoi gian do 300 gidy). Két qua dugc chi ra trong
bang 8 cho th:?iy, may SVG-2M tu ché tao c6 kha nang phat hién dugc cac bic xa o, B van
tuong dwong voi may SVG2 cua hiang Bruker san xuat.
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Bing 8. Két qua do birc xa o, Bva n ciia may SVG-2M va SVG-2.

Nguén phéng xa S6 dém ciia may S6 dém ciia may Ty sb
: SVG-2M (A) SVG-2 (B) (A/B)
Ngudn alpha 25,55 29,31 0,87
Nguon béta 15,69 15,89 0,99
Ng;uén neutron khong lam 33 (phét hi¢n duoc)
cham
Ngudn neutron lam chim | 28 (phat hién dugc)

3.6. So sanh chirc nang co ban ctiia may do phong xa SVG-2M va SVG-2.

Tinh nang twong duong cua may do phong xa (tu ché tao) va may do thuong mai tuong
tmg (SVG-2, Birc ché tao) duoc so sanh thong qua cac chice néng co ban liét ké trong
bang 9, 10. Tlr bang 9, 10 cho thay, tinh ning ciia may do phong xa’da nang tu che tao dya
trén san pham thuong mai cia may do phéng xa SVG-2 (Puc ché tao) c6 céc tinh ndng
tuong tu nhau.

Bing 9. Bang so sanh két qua do sudt liéu gamma ciia mdy SVG-2M va SVG-2.

Noudn phéne xa Suit liéu gamma Suit liéu gamma Ty s6 suit lidu ciia
SUOn pRONE XA | Qv GaM (uSv/h) SVG-2 (uSv/h) | may SVG2ZM/SVG2
492 48,9 1,01
Gamma 47,5 51,4 0,92
B7Cs-10pCi 50,0 47,7 1,05
(San xuét 1/6/2013) 44.9 452 0,99
46,7 50,2 0,93
TB 47,7 48,7 0,98

Bdng 10. So sanh cdc chirc nang ky thudt co ban
cia may do phong xa da nang SVG2M va may do phong xa thwong mai SVG-2.

NI SVG2 SVG-2M
T Théng s VT (Bruker, Dirc) (May tw ché tao)
1 | Dai do suét liéu gamma 0,50 uSv/h +20 Sv/h | 0,15 uSv/h + 20 Sv/h
2 | Po tong lidu gamma 0,50 uSv = 20 Sv 0,15 puSv + 20 Sv
3 | Néang lugng gamma keV 70 — 2200 70 — 2200
4 | Dai toc d6 dém beta cps 0 + 300.000 0 +300.000
5 | Dai toc d6 dém alpha cps 0+ 300.000 0 +300.000
6 | Phat hién neutron Co Co
7 | Ngudn pin Vv 3x1,5 3x 1,5
8 | Poi don vi do Co Cod
9 | Kétndi vi may tinh Co Co
10 Béo d’(f)ng bang am thanh, Cé Co
anh sang
11 | Hién thi két qua Bang s6 Bang sd
12 | Nhiét do hoat dong °C 0-50 0-50
13 | P6 am % <98 <98
14 | Bo nhé luu trix Mau 20 999
4. KET LUAN

Trong nghién ctru ndy, nhom tac gia di ché tao thanh céng mot may do lidu phong xa
da nang dua trén déc tinh co ban cua mdt may phong xa thuong mai quoc t€¢ (SVG-2,
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Brucker - Pirc ché tao). Viéc Iya chon giai phap thiét ké, linh kién dién tir hién dai, vat lidu
ché tao phu hop, da gitp cho dic tinh hoa 1y cua may do phong xa da ning (tw ché tao boi
nhém nghién ciru) dap tng duge cac diéu kién hoat dong khic nghiét trong méi truong
quéan sy tai Viét Nam. May do phéng xa dugc ché tao boi nhom nghién ctru ciing da trai
qua qué trinh hiéu chun, thir nghiém khét khe cua cac phong thi nghiém thich hop (Nha
may X61/ Binh chiing Hoa hoc, Vién Khoa hoc va Ky thuat hat nhan/Vién Nang lugng
nguyén tr Viét Nam, Trung tdm nhiét d&i Viét Nga, Cuc Tiéu chuén - Po luong - Chat
luong Quan doi), da chiing té tinh nang lam viéc twong duong nhu may do phdéng xa
thuong mai qudc t& (SVG-2, Brucker - Duc ché tao). Qua day cho thiy, doi ngii nghién
clru ctia Vién héa hoc Méi truong Quan doi da co thé chu dong trong sira chira, phuc hoi
céc trang thiét bi do liéu phong xa.
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ABSTRACT

MULTI-FUNCTION RADIATION DETECTION DEVICE: DESIGNING,
MANUFACTURING AND TESTING

This article presents the process of design, fabrication, and verification of a
multi-functional radiation measuring device (which can measure a variety of
radiation types with a wide gamma dose range, from 0.15 uSv to 20 Sv). This device
consists of two basic parts: the radiation probe and the electrometer. In order to
measure different types of radiation (o, p, y and n), multiple radiation probes
(combination between the CLYC (Cs2LiYCI6:Ce) crystal recording y, n and Silic
PIN photodiode S3590-08; and combination between the CLYC (Cs2LiYCIl6:Ce)
crystal recording o, [ and Silic PIN photodiode S3590-09) are required to be
integrated into the radiation measuring device. The electrometer has the main part
of modern microcontrollers (being used in various laboratories over the world) and
other selected components in order to bear the harshest working conditions in
military purpose. Verification of the self-developed radiation measuring device has
been done in comparison with international commercial products to confirm its
operational performance equivalence.

Keywords: Photo multiplier tube; Geiger - Muller gas counting tube; Gamma; Alpha; Beta; Neutron; Micro
controller; PIN Photodiode.
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