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Tom tdt:

Ngay sau khi thé hé thir nhit dwoc phat minh vao cudi thip nién 60 ciia thé ky XX, cong nghé chup cit 16p dién toan
(CT) da phat trién mdt cach nhanh chong chi trong khoang thoi gian hon 10 nim sau d6. Thé hé thi 3 throng mai
xuét hi¢n vio nim 1975, glup g|a| quyet cac vin dé vé thoi gian do dac cua hai the hé truée d6. Nam 1976, thé hé thir
tu ra doi dé giai quyét tlep cdc vin dé vé kich thwéc miu, anh tron gia va do on dinh chung cia thiét bj. Ngay nay,
bén canh CT trong y té, pham vi irng dung ciia CT ngay cang duwgc mé rfng, véi nhu cau thye tién gia ting nhanh
chéng. CT duwgc xem nhw 1a mdt cong cu kiém tra khong pha hiy hién dai, 4p dung trén cac déi twong co kich thudée
tir vai mm cho dén vai mét trong rét nhiéu inh vye Kinh té - xa hdi, trong 6 c6 viéc kiém tra khao sat thiét bi, thap
loc héa diu dang van hanh. Trung tim Ung dung ky thuit hat nhin trong cong nghiép (CANTI) 1a mét trong sb it
don vi tai Viét Nam da va dang nghién cuu, thiét ké va ché tao thiét bi CT cong nOhlep Bai bio trinh bay vé két qua
nghién ciru, ché tao phin cirng co khi thiét bj CT thé hé thir tw khao sat thap cong nghlep kich thuéc 16m, cic thujt
todn tdi tao dnh va quan trong nhit 13 hinh hoc dung anh thé hé thir tu. Mt so két qua thir nghiém trén miu thir

trong phong thi nghiém ciing dugc trinh bay & bai bio nay.
Tir khéa: ART, chup cit 16p dién toan, CT, CT thé hé thir tu.
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Chup cit 16p dién toan CT 1a mét cong cy chan doan
hiéu qua trong y té tir nhiéu nam qua. V@i cac tinh nang
uu viét, CT da dugc ung dung rat rong rai trong nhiéu linh
vuc khac. Tir thoi diém duoc phat minh vao nhitng nim
cudi thap nién 60 cua thé ky truée, cho dén nay dé c6 7 thé
hé CT thuong mai dugc sir dung trong y té, cong nghiép,
nghién clru khoa hoc va dugc phan ra thanh 3 nhom theo do
phan giai bao gdm: nanoCT, microCT va macroCT. Thiét bi
nanoCT hién nay c6 thé dat dén d¢ phan giai dudi 100 nm
véi kich thude mau c& vai mm. Cong nghé microCT c6 do
phén giai khong gian tir vai pm dén 100 Hm voi kich thudc
mau khong qua 100 mm. MacroCT bao gom ca CTy te v6i
dd phan giai khong gian tir 0,1 mm dén vai mm. Mét s thiét
bi CT cong nghiép sir dung may gia téc tuyén tinh co the
chup dugc cac miu van ¢& 16n véi khdi lrong 1én toi 7 tin
. khoang cach tir may phat dén dau do 1én dén vai mét 2].
Da s thiét bi CT néu trén sir dung may phat tia X va dwoc
van hanh trong nha. M@t sb rét it thiét bj CT cong nghiép
¢ thé di chuyén dé ing dung trén céc d6i twong ngoai cong
truong. Kha nang cua cac thiét bi dang nay tuy han ché, hinh
anh dat dwoc c6 do phéan giai khong gian khong cao, thai
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gian chyp lau nhung van cé nhiéu tiém ning ing dung dé
giai quyet cac bai toan trong qua trinh van hanh cac thiét bi
cong nghiép, dic biét trong cong nghiép loc hoa dau.

Thap cong nghi€p ludn ¢ hinh tru tron, cao, thanh thap
bang thép day, xung quanh thap c6 nhiéu két ciu nhu san
cong tac, cac éng dan, van... Do d6 thiét bi CT khao sat thap
can c6 cdu tric co khi tinh gon, tranh vudng viu cac cau
kién bén ngoai thap khi van hanh. Hinh 1B mé ta ciu hinh
CT thé hé thir tr khao sat thap cong nghiép dugc dé xuét
trong chuong trinh hop tac ky thuat vé chup cét 16p dién
toan cong nghlep cua Co quan Nang lu’orng nguyen tir qudc
té (IAEA) [3]. C4u hinh nay cin rit nhiéu dau do phong xa
bé tri c6 dinh trén mot duong tron quanh thap. Mot ngudn
phong xa hoat d9 cao. khong dugc che chin sé& chay quanh
mot duong tron ¢6 dudng kinh nho hon dudng tron dau do.
Céu hinh nay c6 uu diém vé kich thudc va nguyén ly van
hanh. Kich thuge co khi cua cau hinh nho hon rét nhidu so
v6i cau hinh thé hé thir ba (hinh 1A) véi ciing kich thude
mau. Tuy nhién nhurgc diém cua cAu hinh 12 hinh anh sé& cé
d6 phan giai thap, liéu bire xa khi van hanh rt cao do ngudn
phéng xa hoan toan khéng duge 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 rhnging 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 (CANTT) 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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Hinh 1. Cau hinh CT thé& hé thit ba (A) va ciu hinh thé hé thd tu
khdo sat thap cong nghiép (B). )

Tai Viét. Nam, nhu ciu sir dung cac k¥ thuat tién tién va
hi‘éu qua dé kiém tra tinh trang hoat ddng cta thap loc hoa
dau trong khiww_?m hanh ngay cang ting cao. Mot sb bai toan
C!_.I'thé nhu kiém tra tinh trang gach/bé tong chiu lira trong hé
tpéng tai sinh xtc tac, kiém tra tinh trang ving vt liéu dém,
tfl‘ng pha swong trong thap chung cit chi ¢ thé giai quyét
bing k¥ thuat bire xa 11er s0i gamma hoac chup cit 16p dién
toan. Dimng trude nhu cau dé, nhém nghién ctru vé hinh anh
hat nhan tai CANTI da nghién ctru va phét trién thanh cong
phuong Phép chup cat 16p khao sat thap cong nghiép cé kich
thl:f('TC dén 2 m. Phuong phép chup dua trén ciu hinh co khi
thé hé thir tr nhung vaéi sb lugng dau do han ché (8 dau do
Nal(TI) ¢o kich Fl}uér_(: tinh thé 50x50 mm). Thanh cong cua
nghién ctru la tién dé cho CANTI hoan thién thiét bj nham
mo rong pham vi mg dung, gop phan khai thac va vé'n hanh
hi€u qua, an toan cac nha may cong nghiép. .

Co sd Iy thuyét va phudng phap thue hien
Nguyén Iy chup cit lap dién todn

_ Phuong phap chup anh ct 1op CT xac dinh duoc phan
bg‘) mat do vat cﬁét trong mau vit dua trén tinh 10:-'11-1 tr tap
s0 li¢u hinh chicu (s6 liéu cac phép do phong xa). Pic lrm-lg
cua ph‘trorng ph'ép la 6 cach bd tri thu thap dir li¢u lx‘é'n lat cit
vat thé. Mél s0 lugng I6n cac phép do duge ghi nhan trén
mot lat cat, trong do mai phép do lién quan dén vi I

al g do phéj tri cua
ngudn két hop véi vi tr cua dau do.

Xét tl}rdng hop mét chum bire xa ¢6 cuong do ban dau /

. - S : . v
di qua mau vt nhu biéu dién ¢ hinh 2. Cuong do chum bire
xa I sau khi di qua miu vat nhu sau:
| I'=lI.exp [-— J: f(x,y)du] (1)
Gia tri chiéu (5,0

D ) 1a tich phan duong (line integral) qua
mau vat v

! a (JI'I.!'()’C xac dinh theo phuong trinh (2). Tich phén
nay duoge goi la tong tia (ray sum);

965:0) = {1, fGy)du] = in (%) (2)
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Hinh 2. Phép lay hinh chiéu vat thé tai géc 6 sii dung chum tia
song song.

Ta ¢6 thé thay, mat phing «Os 1a mat phing xOy xoay
mot goc xoay 0. Trong khong gian 2 chiéu, moi lién hé gitta
mit phang gde va mat phang da xoay mot goc 6 nhu sau:

s =x.cosf + y.sinf x =s.cos8 —u.sinf

3
y = s5.5inf + w.cos@ u=—x.sinf +y.cos6 )
Thé (3) vao (2). ta duoc:
g(s.0) = [ |7 f(x,y)8(x.cosB + ysinb — 5).dxdy (4)

g(s,0) = J'_Z f(s5.cos0 —u.sind, s.sinf + u.cosf).du (5)

K&t hop toan bd cic tap hinh chiéu trén tat ca cac goc
khac nhau s& thu duge mét tap s6 liéu 2 chleu G(s,0), hay
con goi la sinogram (do anh 2 chidu cua bo s6 liéu ¢o nhimmg
vét hinh song sin). Su bién doi tap hop f(x, y) sang sinogram
G(s,0) duoe goi la bién doi Radon. Bién doi Radon & mot
goc 0 xac dinh duoc trinh bay nhu sau:

9(s.0) = R{f (x,y} =

Bién doi Radon nguoc (iRadon) la qua trinh ngugce cia
bién doi Radon, tirc 1a qué trinh tai dung lai hinh anh tir dr
licu hinh chiéu do duoc bang cach st dung cac thudt toan
khac nhau.

fx,y) = R7HG(s,0)} (7

Cac thudt toan pho bién duoc dp dung trong ky thudt
chup cit I6p dién toan bao gdm céc thuat toan tai tao dai so
(ART), chiéu ngugc co loc (FBP), t6i da hoa ky vomz(FM)
trong do thuat toan FBP dugc su dung pho bién nhit.

J'_n;f(s. cosf — w.sinf, s.sinfd + w.cosd).du (6)

Hinh hoe dyng dnh thé h¢ thiv tr

Dung anh chup citt 1op dién toan 1a ‘mot qua trinh tinh
todn gia trj cua ting y diém anh dua trén s licu hinh LhILI.I do
dac thong qua cac thudt todan. Céc gia tri dugce tinh can mot
dia chi dung trén ma tran anh dé gop ph?m hién thi thanh
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hinh anh. Trong cdu hinh CT thé hé thir tu, bat ky tia chiéu
ndo déu cé thé xac dinh duge boi 2 tham sd y va f, trong do
y la goc duoc tao bai tia dang tinh voi tia di qua tdm, va ff la
goc tao boi tia di qua tdm néu trén va truc y nhu mo ta trong
hinh 3. y dugc goi 1a goc do va xac dinh vi tri cua mot tia
trong chum tia hinh quat.

Mot tia chicu g(y. f) trong chum tia chiéu hinh quat la
mot tia chiéu g(s, 0) trong chim tia song song néu cac diéu
kién sau dugc thoa man:

6=p+y
s = Rsiny

(8)

Véi R la khoang cach gitta nguon phat va tia di qua tam
hé do. L 1a khoang cach tir nguon phat dén diém anh (x,v).

ma tran anh

N g dau do

Hinh 3. Hinh hoc cau hinh thé hé th tu.

Bién doi Radon trong truong hop chum tia hinh quat
nhu sau:

9B =11 fUhL}dldy-—ln(r(\) 9)

Qua trinh dung anh can str dung mot ma tran hinh anh
hé théng. Hinh 3 md ta hinh hoc cau hinh thé hé thu tu duogce
str dung dé xac dinh vi tri diém anh can tai tao. Vi cau hinh
quat thé hé thir tu, phuong phap xéac dinh vi tri diém anh qua
tia chiéu duge tinh nhu sau:

x=Lsin(y +p)—R.sinf (10)

y = =L.cos(y + B) + R.cos 8 (11)

Vai: Lix.y. f) = J[R+.\'.sinﬁ—y.cos B] Jé[x. cosp+ y.sinp] (12)
I { x.cos f+y.sin ]

/= tan : (13)

! R+ xsinf —vy.cosf
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Mo phong ciu hinh thé hé thar twe bang phian mém mo
phong cac qua trinh hat nhan

Viée kiém ching hinh hoc dung anh duoc thuc hién
théng qua sb liéu mo phong trude khi tién hanh t!‘liét ké chi
tiét va ché tao phan cting co khi. Hinh 4 mé ta ciu hinh do
dac s6 liéu hinh chiéu thé hé tht tur bing chuong trinh mo
phong cac qua trinh hat nhédn (MCNP). Cau hinh bao gbm
01 ngudn phéng xa Co-60 dugc chuéx‘n true chi Y(’ri g0c mo
95" va khe mo chuan truc 20 mm ¢ dinh, 8 dau do nhap
nhay Nal(Tl) ¢6 kich thude tinh thé 50x50 mm duoc che
chan boi chi ¢6 do day thay dbi tir 20-70 mm véi mét khe
mo ¢6 dé mo vo tan, chidu cao khe mo thay déi tir 2-20
mm. Nguon va dau do duge bd tri trén ciing mét khung tron
¢6 dudmg kinh 2500 mm. Mau vat hinh tron cé duong kinh
ngoai 1500 mm voi hai 16p vt liéu: bé tong nhe c6 mat do
1.2 g/em’ day 100 mm bén trong va thanh thép ¢6 mat do
7,8 g/em’ day 10 mm bén ngoé‘i. Két qua mo6 ph(‘?ng d?l lua
chon duoc kich thude khe mo dau do toi wu: day toi thiéu 20
mm vé cao 20 mm. B§ s lidu hinh chiéu mo phong da duge
thu thap voi 128 hinh chiéu, mdi hinh cl?iéu 6 128 tia chiéu
nhu mo ta ¢ hinh SA. Hinh 5B la anh cat 16p tai dung tir bo
s6 liéu hinh chiéu mé phong bang thuat toan FBP véi hinh
hoc dung anh da mé ta theo (10), (11), (12) va (13).
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Bau do #1

Ngudn

Hinh 4. Cau hinh do dac thé hé thii tu mé phéng bang MCNP.

A B

Hinh 5. B§ sd ligu hinh chiéu (Sinogram) tir ket qua md phong
MCNP (A) va hinh é4nh tai dung bang thuat toan FBP va hinh
hoc dung anh thé hé tha tu (B).
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Két qua va thao luan
Thiét ké va ché tao phin cirng thiét bi CT thé hé thir twr

Can cir két qua mé phong va hinh anh tir sé liéu mo
phong dugc tai dung, cau hinh phan cling thiét bj CT thé hé
thir tr da duogc thiét ké nhu mé ta trong cac hinh 6 va 7. O
moi gée chiéu, cin eir vao sé luong tia chidu can thiét trén
moi hinh chiéu, 8 diu do cin phai xoay thém mot s6 lan
trong khi ngudn phong xa van ding yén. Hinh 6A minh hoa
trudng hop cac dau do xoay thém 4 lan dé médi hinh chiéu
¢6 40 tia chiéu. Sau khi do dac xong 8 tia chiéu diu tién (cic
duong lién nét mau do), 8 diu do sa ciing quay lan luot thém
4 1an, mdi an 4,5° dé do cac tia chiéu trung gian (cac duong
nét dirt mau xanh). Véi yéu cau kich thude cia khung xoay
co khi 12 nho nhat, ngudn va dau do duogc bb tri nhur mé ta
o hinh 6A khi mau vat ¢6 kich thude dén 1700 mm. D v
mau c6 kich thude tir 1700 dén 2000 mm, ngudn va diu do
s& duoc bd tri nhur hinh 6B.
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(A) Kich thudc mau dén 1700
mm

(B) Kich thudc kinh mau dén
2000 mm

Hinh 6. Thiét k& nguyén Iy phan cing thiét bi CT cau hinh th&
hé thi 4.

Khung quay co khi A trong hinh 7 1a mot khung hinh
vanh khan ¢6 3 16p: l&p dudi cang ¢d dinh lam san tua cho
cac con lan quay hai I6p trén, 16p nay co mot vong ray xich
chay quanh duong kinh ngoai; 16p thir hai 1a 16p 1am san tua
dé quay lop trén cling, [6p thir hai nay cling c6 mot vong ray
xrich ghay quanh duong kinh ngoai. Ngudn phong xa duoc
lap ¢6 dinh vao 16p thir hai. 8 diu do duge lap ¢b dinh vao
I6p trén cing. Dong co B va hop s6 duoc I'fip ¢b dinh vao
16p thir hai, banh rang gén vao truc hop s chay trén ray xich
cua lop dudi cing, Déng co C va hop s6 duoe lap ¢b dinh
vao 1op trén clng, banh rdng gin vao truc quay cuaa hop sd
chay 1;'611 ray xich cua 16p thir hai. Hop sb giam tdc co cdu
tao kiéu U'L_lg vit - banh vit. do d6 [6p khung thir hai va thi
ba kh(}ng the tr xoay hogc tur truot néu dong co khong quay.
Khi can thay doi hinh chiéy. dong co B s& quay kéo lop thir
hai va 16p trén ciing xoay (nguén va diu do cling xoay). Khi
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can tang s6 tia chiéu, dong co C s& quay kéo 16p trén cling
quay (ngudn dimg yén, dau do xoay). Khung quay co khi
hinh vanh khan duge gia cong tir nhi¢u manh ghép nho dé
dé van chuyén va dé lép dat vao cac thiét bi cong nghiép cd
dinh trong nha may.
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Hinh 7. A: khung quay co khi 3 Idp, B: dong €O va hop so diéu
khién xoay thay doi hinh chiéu, C: dong ca va hop so  diéu khién
xoay thay déi tia chiéu, D: khai chi che chdn dau do, S: chudn
tryc chia ngudn phéng xa.

Thir nghiém thiét bi trén mau vt trong phong thi

nghiém

Mau thiét bi chup CT thé hé tha wr da ('Iu(,)'c gia cong ché
tao theo cic thong s tir tinh todn mé phong va thiét ké ky
thuat nhu da trinh bay o cac phén trén. Phan mém tai dung
hinh anh cit 16p da dugc xiy dung dua trén thudt toan FBP
va hinh hoc dung anh thé hé tha tu. Thiét bi da duge thir
nghiém trén mot mau vat md phong thap cong nghiép dé
kiém chimg va dénh gia phuong phap chup anh CT thé hé
thir tu khao sat cac vat thé co kich thude 16n. Hinh 8 mé ta
cau trae cua mau mé phong mot doan thap cong nghiép co
duong kinh 1500 mm, thanh bang thép day 15 mm va mot
I6p bé tong day 125 mm ¢6 nhiéu vét niit vy bén trong. Hinh
9A chup thiét bj cing mau vat, hinh 9B 1a bo sb liéu hinh
chiéu mit trén cua mau vat, hinh 9C la bo sd liéu hinh chiéu
mat dudi cua mau vat. Hinh 10 1a hinh anh tai dung tir cac
bo s6 licu hinh chiéu thu dugce bang thuat toan FBP.

sht (day 15 mm) B0 tang (aay 125mm)  Mattrén Mat durdi
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Hinh 9. Thiét bi CT va mau (A), b sé liéu hinh chié'u‘ 128 hinh
chiéu x 512 tia chiéu mat trén clia mau (B) va bg sd liéu hinh
chiéu 128 hinh chiéu x 512 tia chiéu mit dudi cia mau (C).

AwdE ey =v=|
Fe—
. i
(A) Mat trén (B) Mat dudi (C) Kich thudic vét
vd AB

Hinh 10. Hinh cit Iép tai dung tif cac bg s ligu hinh chiéu bang
thudt toan FBP.

Panh gid mét cach dinh tinh c6 thé thiy rang hinh anh
CT tai dyng co chét luong tot va it nhiéu. Vi tri va kich thude
cua cac vét nirt vy duoc thé hién rd. Bing cong cu phan mém
tai tao anh, kich thude ngang ctia mot s6 vét nit v duge xée
dinh va trinh bay ¢ bang 1. Két qua cho thay sai sé xac dinh
cang lon khi kich thude vét vo cang nho, 1én dén 54% o kich
thude 10 mm. Trong truong hop nay. nguyén nhan chinh 1a
do kich thudc cia diém anh. Véi b so lidu 512 tia chiéu.
kich thudc cua 1 diém anh vao khoang 7.5x7.5 mm. Do dé
vét niit ¢6 chiéu ngang 10 mm sé& duge hién thi it nhit bing 2
pixel, twong duong 15 mm. Dé giam sai s6 nay vé mirc 10%,
s tia chiéu cdn thiét s& vao khoang 800, twong duong 100
lan dich chuyén trung gian cua dau do.

Bang 1. Kich thudc ngang cac vét niit vd thuc t€ va do dac qua
hinh anh tai dung.

Kich thuée vét viv thue  Kich thuée ngang Sai sb tu‘emg dbi

té (sfu x ngang) (mm) trén hinh dnh (mm) (%)
Mat trén: 30x70 76,8 o 9.7 -
Mit trén: 50x50 554 10,8
Mt dudi: 50x30 339 13.0
Mit dudi: 70x10 154 54.0

Hinh 11A la gian d6 gid tri diém anh cua doan thang AB
trén hinh anh cat I6p (hinh 11B) cho thay 3 ving mat do
khac nhau rét rd: thép (gia tri do xam: 170-175), bé tong (gia
trj do xam: 50) va khong khi (gia tri d¢ xam: 15). Bang 2 la
cac gia tri ve mat do. hé ) hép thu khoi (u/p), hé sd hf}p thu
Euyén tinh (em™") [4], gia tri dO xam trén hinh anh cua thép,

2]
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bé téng va khong khi. Hinh 12 thé hién su tuong quan ’tuyén
tinh cua cac gia tri tai tao O thang do xdm va hé so hap thu
tuyén tinh cta vt ligu ddi voi gjei tri trung binh cua ning
lugng cac tia gamma phat ra nguon Co-60.

A m.s

L4

| a—thép 1|

Gach nung

DG xbm

khéng khi

A B

Hinh 11. Gian dé gia tri diém anh (A) & thang do xam ctia doan
thang AB trén anh tai dung bang thuat toin FBP (B).

Bang 2. Mat do, hé so hap thu khoi, hé s8 hap thu tuyén tinh, gia
tri do xam cua cac v@t Iiéu.

Gié tri

T Hé sb hap thy khdi  HE sb hap thy tuyén

i d‘[‘, (cm*/g) voigamma  tinh (1/em) v6i dj xdm trén

@fem) a5 Mev gamma125MeV  anh i tao
Thép 78 0,054 2.17x10° 175
Bé tong 22 0,058 1.16x10" 50
Khong khi ~ 0.001225 0,057 (x.‘)?x!!]” IS

Gia tri @ x#m va hé so hap thu tuyén tinh

L]

11 56 hitp thy tuyén tnh (em'!)

Po xam

Hinh 12. Su tuong quan tuyen tinh giiia gia tri do xam tai tao va
hé s6 hap thu tuyén tinh cta cac vat ligu.
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Két luan

Phuong phap chup CT thé hé thir tu khao sat thap cong
nghiép kich thude lon da duoc nghién ctru va xay dung
thanh cong. Mau thiét bi CT thé hé thir tr da duoe ché tao
v6i ciu hinh do dac 1 ngudn phong xa va 8 dau do nhip
nhay Nal(T1) bé tri trén mot khung tron df‘mg tam voi khung
xoay co khi. Phan mém téi dung anh cit 16p voi cac thuat
todn thong dung da dugc lap trinh thanh cong dya trén hinh
hoc dung anh thé hé thir tu. Cac két qua thu nghiém cho
thdy hinh anh tai dung tir bo s6 liéu hinh chiéu thé hé thir
tu ding véi hinh dang va kich thude cia miu. Hinh anh 6
dd phan giai mat do tbt, do phén giai khong gian du dé khao
st cac doi tuong trong cong nghiép. Kich thudce khung co
khi cho phép khao sat dugc cac thap loc héa diau co duong
kinh 1&n dén 2 m voi nhiéu thanh phin vat liéu nhu thép, bé
tong... Giai phap xoay dau do trung gian dé ting sb tia that
sw hiru ich v6i diéu kién sé dau do han ché, tir d6 thiét bi cin
it may do hat nhan hon, gia thanh thiét bi tr do cling giam
dang ké. Nguoi sir dung 6 thé chu dong thiét lap thay déi sb
tia chiéu dua vao diéu kién thire € trén cong truong, tir do
c6 thé tiét kiém dugce thoi gian do dac hay tang cudng chat
lugng anh trong mot s tr uong hop.
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