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Tom tit:

Ngay sau khi thé h¢ thir nhit dwge phat minh vao cudi thip nién 60 ciia thé ky XX, cong ngh¢ chup cit 16p dién toan
(CT) da phat trién mét cach nhanh chéng chi trong khoéng thoi gian hon 10 nim sau dé. Thé hé thir 3 thwong mai
xuit hién vao nim 1975, gitp giai quyét cac vin dé vé thoi gian do dac ciia hai thé hé trweéc d6. Nam 1976, thé hé thi
tw ra doi dé giai quyét tiép cac vin dé vé kich thwée miu, dnh tron gia va do 6n dinh chung cia thiét bi. Ngay nay,
bén canh CT trong y té, pham vi img dung ciia CT ngay cang dwgc mé rong, véi nhu cu thuye tién gia ting nhanh
chéng. CT dwgc xem nhwr 13 mét cong cu kiém tra khdng pha hity hién dai, 4p dung trén cac doi twong cé kich thuée
tir vai mm cho dén vai mét trong rét nhiéu linh vue kinh té - xa hdi, trong d6 cé viéc kiém tra khio sat thiét bi, thap
loc héa diu dang van hanh. Trung tdm Ung dung k§ thuit hat nhén trong cdng nghiép (CANTTI) 12 mt trong sb it
don vi tai Viét Nam di va dang nghién ctru, thiét ké va ché tao thiét bi CT cong nghiép. Bai bao trinh bay vé két qua
nghién ciru, ché tao phén cting co khi thiét bi CT thé hé thir tw khao sat thap cong nghiép kich thwée 16m, cac thuat
toan tai tao anh va quan trong nhit 13 hinh hoc dung dnh thé hé thir tw. Mot s6 két qua thir nghiém trén méu thir
trong phong thi nghi¢ém ciing dwgc trinh bay & bai bao nay.

Tir khéa: ART, chup cit 16p dién toan, CT, CT thé hé thi tu.
Chi sé phdn logi: 2.3
gian chup lau nhung van c6 nhiéu tiém ning tng dung dé

giai quyét cac bai toan trong qué trinh van hanh cac thiét bi
cong nghiép, dac biét trong cong nghiép loc hoa dau.

Md dau

Chup cit 16p dién toan CT la mot cong cu chan doan
hiéu qua trong y té tir nhiéu nam qua. Vi cac tinh ning
wu viét, CT da dugc tmg dung rat rong ri trong nhiéu linh
vuc khac. Tur thoi diém dugc phat minh vao nhiing nim
cubi thap nién 60 cua thé ky trudc, cho dén nay da co 7 thé
hé CT thuong mai dugc sir dung trong y té, cong nghiép,
nghién ctru khoa hoc va dugc phan ra thanh 3 nhéom theo d6
phan giai bao gdm: nanoCT, microCT va macroCT. Thiét b
nanoCT hién nay c6 thé dat dén d6 phéan giai dudi 100 nm
v6i kich thuéc mau ¢& vai mm. Cong nghé microCT c6 do
phan giai khong gian tir vai pm dén 100 pm véi kich thude
mau khong qua 100 mm. MacroCT bao gom ca CT y té voi
d6 phan giai khong gian tir 0,1 mm dén vai mm. Mot s6 thiét
bi CT cong nghiép st dung may gia toc tuyén tinh cé thé
chup duoc cic mau van c& 16n véi khéi luong 1én t6i 7 tan
[1], khoang cach tir may phat dén dau do 1én dén vai mét [2].
Pa s thiét bi CT néu trén str dung may phat tia X va dugc
véan hanh trong nha. Mot s rt it thiét bi CT cong nghiép

Thép cong nghiép Iudn cé hinh try tron, cao, thémh thap
bang thép day, xung quanh thap c6 nhiéu két cau nhu san
cong tac, cac ong dan, van... Do d6 thiét bi CT khao sat thap
can ¢6 ciu trac co khi tinh gon, tranh vudng viu cac céu
kién bén ngoai thap khi van hanh. Hinh 1B mo ta cAu hinh
CT thé hé thir tu khao sat thap cong nghiép duoc dé xuat
trong chwong trinh hop tac ky thuat vé chup cét 16p dién
toan cong nghiép cua Co quan Ning lugng nguyén tir qudc
té (IAEA) [3]. C4u hinh nay cin rit nhidu dau do phong xa
bb tri ¢b dinh trén mot duong tron quanh thap. Mot ngudn
phong xa hoat do cao, khong dugc che chin s& chay quanh
mot duong tron c6 duong kinh nho hon dudng tron dau do.
Céu hinh nay c¢6 uu diém vé kich thude va nguyén 1y van
hanh. Kich thudc co khi cta cdu hinh nho hon rat nhidu so
v6i cau hinh thé hé thir ba (hinh 1A) véi cing kich thude

¢6 thé di chuyén dé ing dung trén cac ddi twong ngoai cong
truong. Kha nang cua cac thiét bi dang nay tuy han che, hinh
anh dat duoc c6 do phan giai khong gian khong cao, thoi
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mau. Tuy nhién nhugc diém cia cdu hinh 13 hinh anh s& co
d6 phan giai thap, liéu buc xa khi van hanh rat cao do nguon
phong xa hoan toan khong dugc che chan.
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Abstract:

Right after the invention of first generation scanner in the
late 1960s of the 20" century, the computed tomography
(CT) technology had developed rapidly within 10 years
later. The third generation scanner was introduced into
the market in 1975 to solve the problem of measurement
time of previous generations. In 1976, the first scanner of
the fourth generation was available to solve the problem
of object size, ring artifacts as well as the general stability
of the third generation. Nowadays along with medical
imaging, CT has been widely used in many fields with
an increasing demand. CT is considered as the modern
non-destructive testing tool that can be applied on object
sizes ranging from millimeters to meters in many socio-
economic fields, including the inspection of currently
running equipment and petrochemical towers. In
Vietnam, Center for Applications of Nuclear Technique
in Industry (CANTI) is one of very few organizations that
has carried out the research, design and construction of
industrial CT scanners. This paper presents the results
on the research and manufacture of the hardware of the
fourth generation CT scanner for inspecting large-sized
industrial towers, the image reconstruction algorithms,
and the most important, the geometric matrix for image
recontruction. Test results on the laboratorial specimen
is also presented in this paper.

Keywords: ART, computed tomography, CT, fourth
generation CT.
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Buong chay cia
nguén phéng xa

Hinh 1. C4u hinh CT thé& hé thd ba (A) va cau hinh thé& hé thy tu
khao sat thap cong nghiép (B).

Tai Viét Nam, nhu cau st dung cac ky thuat tién tién va
hiéu qua dé kiém tra tinh trang hoat dong cua thap loc hoa
dau trong khi van hanh ngay cang ting cao. Mot sb bai toan
cu thé nhu kiém tra tinh trang gach/bé tong chiu Iira trong hé
théng tai sinh xtc tac, kiém tra tinh trang vung vat li¢u dém,
tang pha swong trong thap chung cit chi c6 thé giai quyét
bang k¥ thuét birc xa nhu soi gamma hoc chup cit 16p dién
toan. Pung trudc nhu cau d6, nhém nghién ciru vé hinh anh
hat nhan tai CANTI da nghién ctru va phat trién thanh cong
phuong phap chup cit 16p khao st thap cong nghiép co kich
thudce dén 2 m. Phuong phéap chup dua trén ciu hinh co khi
thé hé thtr tu nhung vé6i s6 luong dau do han ché (8 dau do
Nal(T1) ¢6 kich thudc tinh thé 50x50 mm). Thanh cong ciia
nghién ciru 1 tién dé cho CANTI hoan thién thiét bi nham
mo rong pham vi tng dung, gop phan khai thac va van hanh
hi€u qua, an toan cac nha may cong nghiép.

Ca sd Iy thuyét va phueng phap thuc hién
Nguyén Iy chup cit lop di¢n todn

Phuong phéap chup anh cit 16p CT xéac dinh dugc phan
bd mat do vat chét trong mau vat dua trén tinh toan tir tap
50 liéu hinh chiéu (s6 liéu cac phép do phong xa). Dac trung
cua phuong phap 1a & cach b tri thu thap dit liéu trén 14t cit
vat thé. Mot sb luong 10n cac phép do duoc gh1 nhén trén
mot lat cit, trong d6 mdi phép do lién quan dén vi tri cua
ngudn két hop véi vi tri cia dau do.

Xét truong hop mot chum bire xa c6 cudng do ban dau 7 )
di qua mau vat nhu biéu dién ¢ hinh 2. Cuong dd chum buc
xa I sau khi di qua mau vat nhu sau:

I'=lexp =, fCxy)du] (M)

Gia tri chiéu g(s,8) 1a tich phan dudng (line integral) qua
mau vt va dugc xéac dinh theo phuong trinh (2). Tich phan
nay dugc goi 14 tong tia (ray sum):

9(s,0) = |f, fGey)du|=n(2) )
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Hinh 2. Phép lay hinh chiéu vat thé tai géc 0 st dung chum tia
song song.

Ta c6 thé thiy, mat phang uOs 1a mit phang xO0y xoay
mot goc xoay 0. Trong khong gian 2 chiéu, méi lién hé giira
mat phang gdc va mat phang di xoay mot goc 8 nhu sau:

s =x.cos0 +y.sin@ x = s.cosf — u.sinf 3)

y = s.sinf +u.cos@ u = —x.sinb + y.cosO

Thé (3) vao (2), ta duoc:
9(s,0) =" [ f(x,y) 8(x.cos8 + ysind —s).dxdy (4)

9(s,0)

Két hop toan bd cac tap hinh chiéu trén tat ca cac goc
khac nhau s& thu duoc mét tap sb liéu 2 chiéu G(s,0), hay
con goi 1a sinogram (do anh 2 chiéu ciia b s6 liéu c6 nhing
vét hinh song sin). Sy bién ddi tap hop f(x,y) sang sinogram
G(s,0) dugce goi 1a bién d6i Radon. Bién ddi Radon & mot
gbc 0 x&c dinh dugc trinh bay nhu sau:

9(s,0) =R{f(x,y} = f_if(s.cos@ = w.sinf, s.sind +u.cos).du (6)

=" f(s.cos8 —w.sind,s.sind +u.cosf).du (5)

Bién d6i Radon ngugc (iRadon) 1a qua trinh nguoc cia
bién d6i Radon, tic 14 qué trinh tai dung lai hinh anh tir dix
liéu hinh chiéu do dugc bang cach st dung cac thuat toan
khéc nhau.

fCoy) = R™HG(s,0)} (7

Céc thuat toan phd bién duoc ap dung trong ky thuat
chup cit lop dién toan bao gdm céc thuat toan tai tao dai s6
(ART), chiéu nguoc co loc (FBP), tdi da hoa ky vong (EM),
trong do6 thuat toan FBP duoc str dung phd bién nhat.

Hinh hoc dung dnh thé hé thir tw

Duyng anh chup cit 16p dién toan 1a mot qua trinh tinh
toan gia tri cua tung diém anh duya trén s6 liéu hinh chiéu do
dac thong qua cac thuét toan. Cac gia tri dugc tinh can mot
dia chi dung trén ma tran dnh dé gop phan hién thi thanh
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hinh anh. Trong c4u hinh CT thé hé thw tu, bit ky tia chiéu
nao déu co thé xac dinh dugc bodi 2 tham s6 y va f, trong do
y 1a gbc dugc tao boi tia dang tinh vdi tia di qua tam, va g 1a
gdc tao boi tia di qua tdm néu trén va tryc y nhu mo ta trong
hinh 3. y duoc goi 1a goc do va xac dinh vi tri cia mot tia
trong chum tia hinh quat.

Mot tia chiéu g(y, ) trong chum tia chiéu hinh quat 1a
mot tia chiéu g(s, 6) trong chum tia song song néu cac dicu
kién sau duoc thoa méan:

6=B+y ()

s = Rsiny

V6i R 1a khoang cach giira ngudn phat va tia di qua tim
hé do, L 1a khoang cach tir nguon phat dén diém anh (x,y).

ma trdn anh

! e P I“’
o ST .
o —P 5 o
; / i \jna chiéu

Hinh 3. Hinh hoc cau hinh thé& hé thi tu.

Bién d6i Radon trong trudng hop chum tia hinh quat
nhu sau:

9B = I, 17, 0. Ddl.dy =In () ©

Qua trinh dyng anh can sir dung mot ma tran hinh anh
hé thdng. Hinh 3 mé ta hinh hoc cau hinh thé hé thir tu dugc
su dung dé xac dinh vi tri diém anh can tai tao. Vi cdu hinh
quat thé hé tht tw, phuong phép xac dinh vi tri diém anh qua
tia chiéu duoc tinh nhu sau:

x = L.sin(y + B) — R.sin B (10)

y =—L.cos(y + B) + R.cos 8 (11)

Voi: L(x,y, B)= \/[R +x.sinp-y.cos p] 2+ [x. cosp+7y. sinB]Z (12)

x.cos B+y.sin B

|
i [R+x.sinB—y.cosB (13)
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M@ phéng ciu hinh thé hé thir tw bang phan mém mé
phong cdac qua trinh hat nhéin

Viéc kiém chung hinh hoc dyng anh dugc thuc hién
thong qua s6 liéu mo phong trude khi tién hanh thiét ké chi
tiét va ché tao phan cting co khi. Hinh 4 mé ta cdu hinh do
dac s6 liéu hinh chiéu thé hé thir tu bang chuong trinh mé
phong cac qua trinh hat nhan (MCNP). C4u hinh bao gdm
01 ngudn phong xa Co-60 duoc chuan truc chi véi goc mo
95° va khe mé chudn truc 20 mm c¢b dinh, 8 dau do nhép
nhay Nal(TI) c6 kich thude tinh thé 50x50 mm dugc che
chin boi chi ¢6 do day thay ddi tir 20-70 mm véi mot khe
mé c6 do mo vo tan, chidu cao khe mo thay doi tir 2-20
mm. Ngudn va dau do duge bd tri trén cing mot khung tron
¢6 duong kinh 2500 mm. MAau vat hinh tron c6 duong kinh
ngoai 1500 mm vai hai 16p vat liéu: bé tong nhe c6 mat do
1,2 g/cm® day 100 mm bén trong va thanh thép c6 mat do
7,8 g/em?® day 10 mm bén ngoai. Két qua mo phong di lwa
chon duoc kich thudc khe mo dau do tdi wu: day tdi thiéu 20
mm va cao 20 mm. Bo 6 liéu hinh chiéu mo phong da dugc
thu thap v6i 128 hinh chiéu, mdi hinh chiéu c¢6 128 tia chiéu
nhu mé ta & hinh 5A. Hinh 5B 13 anh cét 16p tai dung tir bo
s6 liéu hinh chiéu mo phong bang thuat toan FBP véi hinh
hoc dung anh da mé ta theo (10), (11), (12) va (13).

Piu do 28

Vanh st
Biu db #7 {4 8

Dau do #6 L 2

> Bé tong

Piu do #5 &
0 Ngudn
Piu do 24
Bau db 3

By do 22 .

Bau db #1

Hinh 4. Cau hinh do dac thé& hé thi tu mé phéng bing MCNP.

A B
Hinh 5. B s6 liéu hinh chiéu (Sinogram) tir két qua mé phéng
MCNP (A) va hinh anh tii dung bang thuat toan FBP va hinh
hoc dung anh thé& hé thi tu (B).
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Két qua va thao luan
Thiét ké va ché tao phén cirng thiét bi CT thé hé thir tw

Cin cir két qua mo phong va hinh anh tir s liéu mo
phong duge tai dung, cdu hinh phan ctng thiét bi CT thé hé
thi tu da dugc thiét ké nhu mé ta trong cac hinh 6 va 7. O
mdi goc chiéu, cin cir vao s6 luong tia chiéu can thiét trén
mdi hinh chiéu, 8 dau do can phai xoay thém mot s6 lan
trong khi ngudn phong xa van dimg yén. Hinh 6A minh hoa
truong hop cac ddu do xoay thém 4 1an dé mdi hinh chiéu
¢6 40 tia chiéu. Sau khi do dac xong 8 tia chiéu dau tién (cac
dudng lién nét mau do), 8 dau do s& cing quay lan luot thém
4 1an, mdi 1an 4,5° dé do cac tia chiéu trung gian (cic duong
nét dut mau xanh). V4i yéu cau kich thude cua khung xoay
co khi 1 nho nhat, ngudn va dau do dugc bd tri nhu mé ta
& hinh 6A khi mau vét c¢6 kich thude dén 1700 mm. Déi véi
mau c6 kich thude tir 1700 dén 2000 mm, ngudn va dau do
s& duoc bd tri nhu hinh 6B.

Ngudn phéng xa

(A) Kich thugc mau dén 1700 (B) Kich thudc kinh mau dén
mm 2000 mm
Hinh 6. Thiét k& nguyén ly phan ciing thiét bi CT c4u hinh thé
hé thu 4.

Khung quay co khi A trong hinh 7 1a mét khung hinh
vanh khan ¢6 3 16p: 16p dudi cing ¢b dinh lam san tua cho
cac con lan quay hai 16p trén, 16p nay cé6 mdt vong ray xich
chay quanh duong kinh ngoai; 16p tha hai 1a 16p 1am san tya
dé quay 16p trén ciing, 1p thir hai ndy ciing c6 mot vong ray
xich chay quanh dudng kinh ngoai. Ngudn phong xa dugc
lap cb dinh vao 16p th hai. 8 ddu do dugc lap ¢b dinh vao
16p trén cing. Pong co B va hop sé duoc lip cb dinh vao
16p thir hai, banh rang gan vao truc hop sb chay trén ray xich
cua 16p dudi cung. Pong co C ve‘l hop sé duoc lap cd dinh
vao 16p trén cung, banh ring gin vao truc quay cua hop so
chay trén ray xich cua 16p thtr hai. Hop s6 giam tdc c6 ciu
tao kiéu truc vit - banh vit, do d6 16p khung tha hai va thu
ba khong thé tu xoay hodc tu truot néu dong co khong quay.
Khi can thay d6i hinh chiéu, dong co B s& quay kéo 16p thir
hai va 16p trén cing xoay (ngudn va dau do cung xoay). Khi



can tang so tia chiéu, dong co C s& quay kéo 16p trén cling
quay (ngudn dimg yén, ddu do xoay). Khung quay co khi
hinh vanh khin dugc gia cong tir nhiéu manh ghép nho dé
dé van chuyén va dé lap dat vao céc thiét bi cong nghiép cb
dinh trong nha may.

Hinh 7. A: khung quay co khi 3 Iép, B: dong co va hop s6 diéu
khién xoay thay déi hinh chiéu, C: dong co va hop so ' diéu khién
xoay thay déi tia chiéu, D: khdi chi che chin dau do, S: chuin
tryc chiia ngudn phéng xa.

Thir nghiém thiét bi trén mdu vit trong phong thi

nghiém

Mau thiét bi chup CT thé hé thir tu d duoc gia cong ché
tao theo cac thong sb tir tinh toan md phong va thiét ké ky
thuat nhu da trinh bay ¢ cac phan trén. Phan mém tai dung
hinh &nh cét 16p da dugc xay dung dya trén thuat toan FBP
va hinh hoc dung anh thé hé thw tu. Thiét bi da duogc thu
nghiém trén mot mau vat moé phong thap cong nghiép dé
kiém chimg va danh gia phuong phap chup anh CT thé hé
thr tu khao sat cac vat thé c¢6 kich thude 16n. Hinh 8 mé ta
céu triic ciia mau moé phong mot doan thap cong nghiép co
duong kinh 1500 mm, thanh bang thép day 15 mm va mot
16p bé tong day 125 mm c6 nhidu vét nirt v bén trong. Hinh
9A chup thiét bi cing mau vat, hinh 9B 14 bd s liéu hinh
chiéu mt trén ctia mau vat, hinh 9C 1a b s6 lidu hinh chiéu
mit dudi cia mau vat. Hinh 10 13 hinh anh tai dung tir cac
b6 s6 liéu hinh chiéu thu dugc bang thuét toan FBP.

Mat trén

SS M 53 (om)
345 (om)
3x7 (cm) |
. (em)

5x7 (cm)
\xs(cm; 1x5 (cm)

Mat dwoi

747 (cm)
1 (om) 746 (cm)
\
jﬁ
3x1 (em)
1 (em)
7x3 (em

Hinh 8. Cau tric miu thap cé gach/bé tong chiu IGia bén trong.

Vanh sét (day 15 mm) Bé tong (day 125 mm)
P

Mt trén
Mét dusi
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B
Hinh 9. Thiét bi CT va miu (A), bd so liéu hinh chiéu 128 hinh

chiéu x 512 tia chiéu mit trén cia mau (B) va b so liéu hinh
chiéu 128 hinh chiéu x 512 tia chiéu mat duéi cia mau (C).

B) Mat dudi

AtoB =2 <

B xam

12864 19296 25728 216

(C) Kich thusc vét
v3 AB

Hinh 10. Hinh cit I6p tai dung tif cac bg s6 liéu hinh chiéu bing
thuat toan FBP.

A) Mat trén

Danh gid mot cach dinh tinh ¢ thé thdy rang hinh anh
CT tai dung c6 chat lugng tot va it nhidu. Vi tri va kich thudc
ctia cac vét niit v duoc thé hién rd. Bang cong cu phan mém
tai tao anh, kich thudc ngang ctia mot s vét niit v duoc xac
dinh va trinh bay & bang 1. Két qua cho thdy sai s xac dinh
cang 16n khi kich thudc vét v cang nho, 1én dén 54% o kich
thude 10 mm. Trong truong hop nay, nguyén nhan chinh la
do kich thuée cia diém anh. Véi bo sé ligu 512 tia chiéu,
kich thudc cua 1 diém anh vao khoang 7,5x7,5 mm. Do d6
vét niit c6 chiéu ngang 10 mm s& dwoc hién thi it nhat bing 2
pixel, twong duong 15 mm. Dé giam sai s6 nay vé mirc 10%,
s tia chiéu can thiét s& vao khoang 800, twong dwong 100
lan dich chuyén trung gian ciia dau do.

Bang 1. Kich thuéc ngang cac vét nit v thuc t& va do dac qua
hinh anh ti dung.

Kich thwéc vét vo thue  Kich thwée ngang Sai s6 twong dbi

té (sau x ngang) (mm) trén hinh anh (mm) (%)
Mat trén: 30x70 76,8 9,7

Mat trén: 50x50 55,4 10,8
Mat dudi: 50x30 33,9 13,0
Mat dudi: 70x10 15,4 54,0

Hinh 11A la gian d0 gié trj diém anh ctia doan thang AB
trén hinh anh cit 16p (hinh 11B) cho thdy 3 ving mat do
khac nhau rat rd: thép (gia tri d6 xam: 170-175), bé tong (gia
tri d¢ xam: 50) va khong khi (gia tri dd xdm: 15). Bang 2 1a
cac gia tri vé mat dg, hé s6 hap thu khdi (u/p), hé sb hip thu
tuyén tinh (cm™) [4], gia tri 0 xam trén hinh anh cta thép,

2]
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bé tong va khong khi. Hinh 12 thé hién sy tuong quan tuyén
tinh cua cac gia tri tai tao ¢ thang do xam va hé sb hép thu
tuyén tinh cua vat liéu ddi voi gid tri trung binh cua ning
lwong céc tia gamma phat ra ngudén Co-60.
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Hinh 11. Gian db gia tri diém anh (A) é thang d¢ xam ctia doan
thang AB trén anh tai dung bing thuat toan FBP (B).

Bang 2. Mat d¢, hé s& hap thu khéi, hé s6 hap thu tuyén tinh, gia
tri do xam clia cac vat liéu.

. -~ Hésdhip thukhdi HE so hdp thy tuyén  Gia tri
Mit do A s . o A
(g/em’) (cm*/g) véi gamma  tinh (1/cm) véi d xam trén
g 1,25 MeV gamma 1,25 MeV anh tai tao
Thép 7.8 0,054 4,17x10"! 175
Bé tong 22 0,058 1,16x10"! 50
Khéng khi  0,001225 0,057 6,97x10° 15
Gia tri d6 xam va hé s hip thu tuyén tinh
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Hinh 12. Sy tuong quan tuyén tinh giia gia tri do xam tai tao va
hé so hap thu tuyén tinh cta cac vat liéu.

TAP CHI

SRR |y oy v 12

Keét luan

Phuong phap chup CT thé hé thir tu khao sat thap cong
nghiép kich thudc 16n dd dugc nghién ctru va xay dung
thanh cong. Mau thiét bi CT thé hé tht tu di duoc ché tao
v6i céu hinh do dac 1 ngudn phong xa va 8 dau do nhap
nhay Nal(TI) b6 tri trén mot khung tron dong tam véi khung
xoay co khi. Phin mém tai dyng anh cit 16p véi cac thuat
toan thong dung da dugc lap trinh thanh cong dua trén hinh
hoc dung anh thé hé thu tu. Cac két qua thu nghiém cho
thdy hinh anh tai dung tir bo s6 lidu hinh chiéu thé hé thu
tu ding véi hinh dang va kich thuéc ctia mau. Hinh anh cé
d6 phan giai mat do tot, d6 phan giai khong gian du dé khao
sat cac ddi tuong trong cong nghiép. Kich thuéc khung co
khi cho phép khéo sat duoc cac thap loc hoa dau co dudng
kinh 1én dén 2 m vé6i nhiéu thanh phan vét liéu nhu thép, bé
tong... Giai phap xoay dau do trung gian dé ting sb tia that
sur hitu ich voi diéu kién s dau do han ché, tir d6 thiét bi can
it may do hat nhan hon, gi4 thanh thiét bj tir d6 ciing giam
dang ké. Nguoi str dung c6 thé chu dong thiét 1ap thay doi sd
tia chiéu dua vao diéu kién thuc té trén cong truong, tir do
c6 thé tiét kiém dugc thoi gian do dac hay ting cuong chat
lwong anh trong mot sé truong hop.
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