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PHAN TICH HUYNH QUANG TIA X BANG PHAN GIAI NANG LUONG
SU DUNG ONG PHAT TIA X KICH THICH

L. GIOI THIEU
Muc tiéu cua chuong nay la'ban vé'hé thonhg phan tich huyhh quang tia X (XRF) trong

phong thi'nghiém va'trong cdng nghiép trong do’sU dung dhg phat tia X dé kich thich va’
phan giai ning 1UQng sU dung detector bah dah. Ngu'gc lai voi nhiél xa Bragg cac thiét
bi phan tah dugc sU dung. Nhu detector ED trUc tiép do ning luOng cua tia X bing cach
tap hQp cac ion hoa’dugc tao ra trong mot s vat liéu bah dan phu'hgp. Pham vi cua
chuong nay khong bao gém cac chu dé'co trong caé chuong khac: hé thohg EDXRF truc
tuyéh (xem chuong 7), phan xa toah phah XRF (TXRF) (xem chuong 9), chum phan cuc
XRF (xem chuong 10) vaky thuat phan tich huynh quang vi m6 XRMF (xem chuOng
11).

Truo¢ day phuong phap tiép can voi EDXRF dugc sU dung la'dhg dém ti ¢ hodc
Detector nhap nhay dé xa¢ dinh ning 1UQng truUc tiép cua tia X. Nhung hé thohg nhu vy
bi han ché’bdi nhuhg uhg dung cua chuhg vi'dd phan giai ning lugng von da'nghed ma'
con can tr@ sU phan chia dic trung cua tia X cUa cdc phan tU li€n k€ trong bang tudn
hoan. Nhuhg han ché’vé'dd phan giai ning lUgng cua Detector dan déh chuhg dugc goi
la’khong phan tan, nhung nhuge di€m nay da dudc dém mot cach hiéu qua trong mot s6”
thiéf bi thong qua viéc st dung bd tri’ca’ca¢ chum phin loc sO cap va'thu’cap (Ross,
1928; Kirkpatrick, 1939; Kirkpatrick, 1944; Field, 1993). Nhuhg budc d6t pha thuc su
trong EDXRF diéh ra vad cudi nhiing nim 1960 (Bertolini et al., 1965; Bowman et al.,
1966; Elad and Nakamura, 1966; Aitken, 1968) v&i su' xudt hién cUa nhufig Detector
diode trang thdi ran va'mach x{ ly xung lién quan déh chung. Nhuhg hé thong do'da”
dugc phat trién qua nhuhg nim 1970, thuohg trong kinh hién vi dién t(t dén di€m ma
tai d6 pho tia X thuc t€ v4i d0 phan gidi ning 1uong clia 200 eV hay nho hon trd thanh
c6 th€ (Frankel and Aitken, 1970; Landis et al.,1971; Heath, 1972). Mic du'dd phan giai
ning 1Uong cua Detector ban dan rat kém hon so véi thuc hién bang hé thong XRF tan
si¢ budc séng (WD), ting hiéu suaf von co'trong phuong phap phan giai ning lugng b
trU trong nhi€u Ung dung phan tich vi cho phép s dung vo s6 ca¢ hinh hoc thuc
nghiém khong thuc t&€ véi WDXRF. M0t loat cic hé thOng phan tich EDXRF dua trén
cdc ngudn phonhg xa, dhg tia X, may gia to¢ hat tich dién, chuin electron sO cap dudc gia

to¢, va cdc nguOn dnh sang gia td¢ da dugc phat tri€n trong nhitng nim gan day.



Trong pham vi clla chuOng nay, chi c6 nhung hé thdng EDXRF trong dé 6hg
phaf tia X dugc sU dung dé kich thich dugc tiép tuc quan tim xem xef. Céc tai liéu trong
chuong nay thdo ludn vé nhung dang thiéf bi cia phudng phap phan giai ning lugng
trong do’dic biét nhah manh vé'viéc sU dung ning lugng thap, 6hg phaf tia X thu gon kéf
hg@p voi Dtector ban dan.

Cac thanh phan c0 ban cua mot thiéf bi EDXRF trong pham vi cUa chuong nay
dugc md td bang sd d6 ¢ Hinh 1. MOi hé thOng con chinh cla mOt cdng cu dé trinh
bay chi ti€t trong c4c phan sau.

II. NHUNG HE THONG ONG PHAT TIA X KICH THICH

Trong phep phan tich phd EDXRF, khong co’sU phan biét vé'dic tinh vat ly cua
bu¢ xa thu’cap ma'nhuhg la’'mau di vao Detector. Diél nay co’nghia rihg taf ca ning
lugng cua photon trong chuim thu’cap tuong ta¢ voi Detector, viéc phaf hién va'xU 1y’
mot chudi tin hiéu bi han ché’voi viéc xU ly nhung su kién va'thuohg la'trong dai tu’1-
50 keps. Nhu mot hé qua trye tiép, EDXRF co'tdng cong suaf dém bj han ché’doi voi tat
ca ca¢ nguyén t0phaf ra tia X, do do’diéu can thiéf la'ham lugng cua ca¢ phd toi dugc

t0i Uu héa cho viée sU dung cic thong tin h{tu ich cUa né.
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Hinh 1. NhUng thanh phéan cO ban cua mot 6ng phat tia X kich thich

Diél nay co’thé yéu cau nhiél hon mdt su' thu nhan dugc thuc hi€n trong di€u
kién kich thich khac nhau d€ ki€m sodt dai ning lUOng can phai dugc thu thdp trong
cdc hé thOng phat hién. Ngoai ra ca¢ hé thong kich thich co’'thé dugc tdi Uu hoa’dé ting
ti s6'dinh — phong thdng qua viéc st dung ca¢ dang hinh hoc kha¢ nhau nhu TXRF hoic
phan cuc EDXRF. Trong ca hai truohg hQp nay thi'6hg tia X ma'ning 1UQng cao hon



thuohg dugc yéu cau va'can phai ap dung mot s6'chon loc dé hé thong kich thich. Viéc
chon loc nay la'co thé dat dugc trong TXRF sU dung mot hoic nhiél dhg voi vat liéu bia
la’Mo va'W. Trong truong h@p phan cyc EDXRF, nhiéu hon mdt 6ng vOi dién ap cao
hoic thanh phanh phan cUc co'thé dugc su dung.

SU dung viéc chon loc kich thich trong EDXRF la‘hoan toah trai ngUQc voi ky~
thuat EDXRF. Trong WDXRF kha ning chon loc cao cua sU tah si¢ va'ca¢ qua’trinh do’
két hgp voi cat hé thohg do'va'do don gian voi to6¢ do dém cao dé xU ly cho mdi buoe
song hep. Do do’quatrihh do'co tihh chon loc cao va'tdc do dém trong mot dai nguyén td”
riéng biét v3i mOt hé thdng WDXRF hién dai co’thé thuc hién tot voi 10° CPS. Thong
thuong, quy ti¢ chung trong phuong phap WDXRF dugc sU dung 2 — 3 1ah kV cua mep
hap thu cua ca¢ nguyén t6'cao nhaf quan tdm va'cho phep dé ap dung t6i da dong thiéf 1ap
tai do. Tém 1ai, ching ta c6 thé xem su khéc biét gilta cdc cong doan thi€t yéu giUa
phep phan tich phd EDXRF va WDXRF nhU sau:

WDXREF st dung bing rOng kich thich va phat hi€n c6 chon IQc.

EDXREF sU dung kich thich c6 chon 10c¢ va phét hién bing rOng.

Co’'nhiéu cach khac nhau trong viéc chon loc trang thai kich thich ma'dugc thuc
hién trong phep phan tich phd EDXRF. Viéc st dung TXRF va phan cuc dugc bao phu
G nh{ng noi khac trong tap sach nay va s& khong dugc xem xét ti€p G diy. Cic phuong
th(fc quan trong nhat trong d6 kich thich c¢6 chon 1oc dugc thuc hién trong EDXRF nhu
sau:

Lua chon vat liéu Ong anode

Bién thién cUa di€n ap Ong (kV)

SU dung cdc chuin phin loc sO cap

SU dung céc bia th( cap (va b0 1oc két hop)

Vié€c 1ua chon cdc vat liéu Ong anode thuGng quyéf dinh 1 1ah thuc hién tai thoi diém
mua trong bdi canh du kién. Chi phi’cao cua 6hg phaf tia X thuonhg can trd ca¢ thay ddi
hoat dong va nhung 6ng tia X cong suat thap kep (Kis-Varga, 1988) thuong khong ban
trén thj tr'Ong thuong mai.

Cac loai tia X kich thich dugc thé hién bihg sO do'trong hihh 2.

Nhuhng phah duoi semd ta sU sip xép dic trung doi voi kich thich va'md ta lain thé nao
dé nhuhg tinh trang kich thich co’thé xa¢ dinh dugc. Nhung nghién cut vé'vah dé'nay co’
thé tim thay trong cac bai giang vé&'XRF (Sandborg va Shen, 1984; Vane va Stewart,
1980; Gedcke et al., 1977).



A. Kich thich truec tiép phin loc kich thich truc tiép

Trong hinh 2, ca¢ chuin (1) dai di€n cho cdc cdu hinh dugc s dung d€ kich thich truc
ti€p mau bang viéc phat ra tia X tU anode. Bo loc chum tia X sO cap co’thé dugc st
dung dé thay ddi phd tu'dhg tia X ma'cudi cung dugc sU dung dé kich thich ca¢ thanh
phan trong mau. T6i Uu viéc chon 1ya Kv va'chum phin lgc sO cap la'cuc ky quan trong
cho viéc thu thap du’liéu tof nhaf tu"hé thohg EDXRF. Doi voi taf ca cac phuong phap
phan tich phd c0 s& chinh d6i voi kéf qua chihh xac va'gioi han phaf hién la'ti s6 phong —
dinh (P/B). Tuy nhién nhu da”dé'cap & phan truo¢, kha ning dém bj han ché’ddi voi hé
thohg EDXRF va'viéc phan tich mau da thanh phan dugc thém vao nhung bién trong tinh
trang kich thich t6i Uu. Noi chung, Kv diél chinh do nhay va'chuin phin loc sG cap chinh
phong.

Su phan bd ning 1Ugng cua phd dat tai lu¢ mau hiéu chinh hiéu suéf kich thich doi
v0i vach trong XRF. D& kich thich huynh quang tia X can phai co'ning 1UQng tia X tOf
phia trén mep hap thu doi voi mot chudi cac vach thanh phan dudgc kich thich. DE c6 su
kich thich day dU, can phdi c6 mOt cudng d0 cao cla tia X c6 ning lugng cao hon so
vGi cdc mep va'dugc cho la’dong Kv nén la'1.5 — 2 1ah mep hap thu quan tdm. Qua’ap nay
dam bao rihg co'mdt ti 1& dang k& phd 161 ra cua dhg tia X doi voi ca¢ vach kich thich
quan tim. Hinh 3 cho thay phd 6hg tia X khong co’phin loc bj tah xa tu'md mat film
polime mong khi 6hg tia X dugc van hanh tai 5,10 va'l5 Kv. Phd tah xa quan saf dugc la’
chap nhan dudc va'dugc cho thay rorang:
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Hinh 3. Phé tan xa, kich thich khéng phin loc duQc tao ra bOi bia bac cua ong phat tia X
vdn hanh tai 5, 10 va'15 Kv

Diém cif ning 1UQng cao tai thé'van hanh Kv. Viéc nay cung dugc biéf trong Duane-

Hunt.



Dic tihh manh trong vach L cua Ag (xung quanh 3 keV) tu'6hg anode, cUOhg dd cua
vach Ag tang vOi Kv.

Tai vach L cua Ag va'Rh thi'ddc biét hi€u qua d0i vGi kich thich anh sang trong dai 1 —
2.5 keV. Mot khi vach ning Iugng cao hon (vi'du vach K cua Fe tai 6.4 keV) duoc tim
thay, vach L tao ra khong kich thich vi'ning 1ugng cua chuhg thap hon mep hap thu
(vach K cua Fe tai 7.11 keV) va'ca¢ buca bu¢ xa ham tao ra su ki¢h thich. Mic du’
cuchg dd cao cua bu¢ xa ham thap hon vach L cia Ag, no’la’phd tich phan kich thich
nang 1UQng cao hon mep hap thy, di€u nay thi raf quan trong. Khi 6ng tia X co’Kv vuot
qua’ ning lugng mep K cua vat liéu dhg anode nhuhg dic tihh cua vach K se”bif dau
chiém uu thé voi phd kich thich. Diéu nay dugc thé hién trong hinh 6 trong do'md ta phd
kich thich bj tah xa voi 6hg hoat dong tai 35 kV ma'tai do’diic tihh vach K cua Ag bi kich
thich manh.

Do nhay cua phep phén tich dugc diéu chinh biahg kV ap dung cho ca¢ dhg tia X
va'mdt vi'du cho diél nay dugc thé hién trong hinh 4. Mau la'mdt miéhg thep da”dugc ep
va'kV dugc dit trong dai 6 — 16 kV s dung mot duohg chan khong bén trong phd ké'va'
khdng co’chuim phin loc sO cap. Tai moi kV bia Rh cua dhg tia X dugc diél chinh dé dat
thoi gian chéf la'50%. Cuohg do mot loat vach K da™dugc sU dung va'dd nhay cho moi
thanhh phah dugc chuin hoa'voi gia'tri 10 kV. Tu'nhUhg biéu do 'raf ro"sau day:

Cuohg dd Si suy giam khi kV ting. Pi€u nay 1a do khodng cdch ngay cang ting
cua phd 6hg chihh tu'su hap thu cua mep K cua Si va'su dohg gop ting cua mot vai thahh
phan kha¢ v0i sd’dém trong phd. Nhan tO th( hai ndy 1 quan trong va bif ngudh tu'tdng
to¢ do dém doi voi toan bd phd.
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Hinh 4. Nhung anh hu0ng cua kV vao dj nhay déi vOi cac thanh phéan chinh trong mot

mau dia chadt



Cac vach K cua Fe khong dugc kich thich cho déh khi if nhat 8 kV dugc dit vao.
Mep hap thu K cua Fe tai 7.111 keV va'dd nhay cUc dai doi voi Fe xap xi 2 1an gia'tri
nay.

Cac quy luat chung ma'trong do'thé’kV dugc dit hai 1an cao hon nang IUQgng mep
hap thu 1a’hop ly. Tuy nhién, nhi€u y€u td dugc tim ki€m trén mOt dai ning lUOng rOng
16n hon dai niing 1ugng, thuohg co mdt diém ma'tai do’phd “cin biahg” do’la’diél bat
tién ddi voi viéc phan tich. Khi di€u nay xdy ra, tach phG thanh hai hodc nhiéu viing
quan tim va dit vad mot thé kV d€ phit hop nhat moi diy nguyén t0. Trong moi truiGhg
hop khi kV va'sd’cac thahh phan ting, tAm quan trong cua viéc sU dung mdt bd loc sO
cap va'tach phd thanh ca¢ vuhg ning lugng toi Uu.

B. Lua chon bo loc sO cap

BJ loc sO cap hoat dong nhu' mot chaf hap thu tia X va'dugc dit giua ong tia X va’
mau dé thay ddi phd 161 ra cua 6hg tia X ma'mau dugc chiél xa. Noi chung, thé'’kV phai
dugc chon truo¢ tién dé dam bao do nhay kich thich cao sau do’chon bd loc. Cac bo loc
lam viéc dé giam phong tah xa trong vuhg quan tAm va'giam cUohg do kich thich cua
dinh ning lugng thap hon. Nhuhg dic trung cua bo loc dugc dinh nghia bdi duhg cong
hap thu tia X ma'dugc kiém soaf bGi viéc Iua chon vt liéu va'dd day cua no/ Nhuhg bd
loc thuohg la'mong, la'nhuhg la’kim loai tinh khiéf co’dd day trong khoang 10 — 500 m.
Mot s6'bd loc dién hinh co’dai sU dung tu'vai kV va'pham vi st dung tdi Uu thé hién
trong bang 1.

Phd tia X dugc tao ra bGi nhuhg bu¢ xa khong qua bd loc co’thé thay trong hinhh
3. Nhufhg uhg dung cua phd tia X trong viéc ap dung mdt bd loc nhdm mong va'day duc
thay trong hinh 5, trong do’dién ap dhg tia X dugc st dung la'15 kV.

Nhuhg bd loc nhdn hoat dong nhu mot bd loc hap thu don gian, no’co mdt mep
hap thu don tai 1.56 keV. Tu nhuhg d6 thi, nhung bo loc nhém hap thu hoan toan tai
vach L cua Ag nhu la’hé qua cua hé s6’hap thu khdi khoang 700 cm*/g. Nhuhg buch &
vung ning Iugng thap tao ra bGi nhug phd dudc loc qua mdt 10p Al mong voi ti s6'P/B
ddi voi nhuhg nguyén t6'tu’dai S dénh V (2.3 — 5 keV). SU thiél viihg cua vach L trong
Ag (ho#ic L trong Rh, Mo) tu'6ng loai bo nhung phd cua chuhg va'trahh nhuhg tia X
donhg gop vao sd6’dém. Cac bd loc nhom day “bi bo” vung ning Iugng thap cua buoh but
xa hain, ti s6'P/B doi voi nhung nguyén td1a'tu’3 — 8 ke V.

Su kéf hgp cua thé'’kV va'bd loc hap thu tao ra mot vung ning 1UQng trong do'ti sd
P/B la'téi uu. Trong vung nidng IuQgng thap cua vung nay, suU kich thich bi dap tif, cho



phep nhiéll hé thong dém dugc sU dung trong vung. Trong vuhg ning 1UQng cao, viéc
kich thich tu"6hg dugc diéu chinh dé cung cip mot cuong do tich hgp cao hon niing
lugng cua nhung mep hap thu cia nhuhg vach quan tim. Viéc s dung mot bod loc dong
day voi the’kV cuc dai la'mot vi'du vé'loai bo loc nay. Cac bd 10c ddng duoc st dung
thuOng 1a dU day d€ hap thu hoan toan tia X tu'dng tai vach K ma'do’1a ning lugng cao
(vach K cua Ag 1a 22,1 keV). Viéc sdp x&p cung cap doi voi viéc xa¢ dinh co’hiéu qua
cua Ag va'Cd biang mot 6ng tia X bac. O dau kia cia mu¢ niing Iugng mot bd loc xenlulo
la'mot bd loc yé hap thu ca¢ vach L cua Ag.

Cai goi la'chum don sic tai sinh (RMF) 1a mOt b0 10c dac biét quan trong trong
Ong kich thich cta phep phan tich phd EDXRF. Ca¢ bo loc hoat dong trén dhg tia X tai
vach K vi'vay thé’kV phai du cao hon mep hap thu K cua vt liéu anode dé tao ra vach K
dic trung cuohg do 1o0h. Nhung yél td'nhu vat liéu anode dugc st dung dé u tién truyén
vach K cua tia X ddc trUng tao ra trong anode. Ca¢ bd loc co’l@i i¢h cua no'tu'viéc mot
nguyén t6'co’hé s6'hap thu khoi thap cho cdc duOng dac trung riéng cla minh ndim ngay
duoi mep hap thu. Poi voi truong hgp cua Ag, vach K cua Ag tai 22.1 keV va'hé sd’
hap thu cua Ag d6i vOi ning 1UQng nay chi co’l4cm?/g.

Table1 Typical Primary Beam Filters and Their Range of Use

Filter Thickness kW range Elements Comments

No filter N/A 4—350 All, Na—Ca  Optimum for light elements
with 4—8 kV excitation®

Cellulose Single sheet 5—10 Si—Ti Suppresses tube L lines®

Thin aluminum 25—75 pm 8—12 S—V Removes tube L lines®

Thick aluminum 75=200 pm 10—20 Ca—Cu Good for transition element
metal alloys

Thin anode element 25—75 pm 2540 Ca—Mo RMF", wide range and good
trace analysis

Thick anode element 100—150 pm 40—50 Cu—Mo RMF", good for trace analysis
of heavy-element L lines.

Copper 200 =500 pm 50 = Fe Suppresses tube K lines

“Meeds to be used in conjunction with vacuum or He path to remove the air in the spectrometer that would
severely attenuate the low-energy lines and result in ArK lines in the detected spectrum.

thgﬂ:m:r:_Lli\;c monochromatizing filter (RMF). The same clement as the anode material s used as the filter
material to preferentially transmit the characteristic K x-rays generated in the anode.



Ag tube L lines

keV

Hinh 5 Phé kich thich bi tah xa tao ra b0i bia Bac tU ong tia X hoat dong tai 15 kV

Hiéu Uhg cua hai bd loc sO cap Ag co’dd day kha¢ nhau trén phd tu'6ng tia X cua
Bac hoat dong tai 35 kV thé hién trong hihh 6. Ca¢ trang thai kich thich tai thé’35 kV
khong dugc loc (duohg cong 1) cung cap cuohg do 10h tuong duong vOi dic trung cua
vach L cua Ag va'vach K cua Ag va'mdt buoi cua bu¢ xa hain co’bé'rong trung tim tu’
12 — 15 keV. Baf ky'phan tU nao trong dai tu'5 — 15 keV se’co’l@i cua viéc kich thich bdi
ca cac duohg dic trung tai vach K ctua Ag va'bu¢ xa ham. Tuy nhién van ton tai nhuhg
baf 10i cua nén phong tah xa co’ngudn go¢ tu'budl cua but xa ham. VOoi bd loc Ag dit
bén trong (dUohg cong 2) nhuhg dic trung vach L cua Ag dugc hap thu hoan toan va'
nhuhg bucl cua bu¢ xa hain dugc giam xudhg tai mot dudi ning 1UQng thap trén cat
duohg dic trung K cua Ag. Kéf qua la'ti s6'hiéu suaf kich thich cao P/B d6i voi nhuhg
vach niing 1ugng trong dai 4 — 12 keV. SU dung ca¢ bod loc Ag day hon (duohg cong 3)
lam giam hon ca¢ bu¢ xa ham du duoi vach K cua Ag va'cung cap nhung but¢ xa don
si¢ gia ma'ti sd’hiéu suaf P/B ddi voi nhung vach trong dai ning lugng tu'5 — 15 keV.
Nhuhg bd loc manh kich thich vach K cua Ag cung cap do nhay tdf va'giam néh phong,
ro’rét la'dinh tah xa Conpton la'tot doi voi viéc phan tich nhuhg nguyén t6'véf noi ma’
phai hiéu chinh nén dua trén nén tah xa Compton. TUOng tU cung co thé noi rihg doi voi
anode nhuhg vat liéu bo loc cua Mo, Rh va'Pd ma'con cung cap nhuhg vach K dic trung
trong vuhg quan trong cua phd. Mot vi'du cu thé vé'viéc 1ua chon toi Uu dhg tia X kich
thich co’thé dugc tim thay trong ca¢ nghién cUl cua Potts va'cdng su (1986). Trong

nhuhg nghién cuti mot 6ng tia X cua Co va'mot bo loc sO cap kim loai duc sU dung dé



loai bo cach vach K cua Co ma'néli khdong dugc kich thich manh Fe thuonhg chiém uu
theé trong phep phéan tich dia chat.

Hau hét cic hé thOGng EDXRF hi€n dai cung cap khd niing s dung nhi€u hon
mOt tap hop cic di€u kién cho moi phep phan tich. Tuy thudc vao nhu ciu phan tich thé’
kV va'bd loc dugc Iua chon dé tdi Uu hoa'nhuhg phan quan trong cua phd va'du’liéu tu’
phd dé cung cap cac gia'tri P/B t6f nhat. Dé thiéf 1ap diéu kién tdi Uu va'st dung thoi gian
phan tich t6f nhaf thi'cach to6f nhaf la'lua chon mot mau dién hihh va'do dac vOi cac diéu
kién kha¢ nhau, SO dung céc tiéu chi nhu gidi han phat hién d€ quyét dinh cic di€u
ki€n tOi Uu cho cic van dé phan tich can thi€t,. Thong thuOng, cic khuyén cad clla nha
s@n xudt thiéf bj c6 th€ dugc dung nhu 13 di€m khi dau cho viéc nghién cui.

C Kich thich bia thu'cap

Hinh hoc cO ban cua kich thich bia thu’cap thé hién trong hinh 2. SU dung ché’dd kich
thich nay cho phep phan tich phé EDXRF da”dugc mo ta dau tién bdi Jaklevic va'cong
sU (1972) nguoi da”dua vao bén trong mot bia thu’cap nho, cong suaf tia X thap. Ti s6’
P/B ma'dugc bao cao la'dang khuyéh khich va'sau do’Porter (1973) da™md ta cong viéc
dau tién ma'trong d6 bia th(f cdp nam G bén ngoai Ong tia X. Nhufg bu¢ xa sO cap tu’
ong tia X va cham v0i bia thu’cap sau do’phat ra buc xa dac trUng va'tao ra mdt vai buc
xa hain. Ca¢ bu¢ xa phaf ra la'gia dOn si¢ va'co'mU¢ do cao hOn nhu trong tru'Gng hgp
kich thich truc tiép cia RMF v0i bd loc cua bia thu’cap va'mau. Bo loc la'nhuhg vat liéu
nhU bia va'thuohg dugc sU dung voi nhung bia co’Z cao (vi'du Mo, Ag va'Gd). Voi
viéc tdng khoang cach giua nhufg muc¢ kich thich thi'viéc thié vihg cua buc xa ham
ning 1Ugng thap hon muc¢ kich thich la'kéf qua cua viéc giam do nhay. Viéc du’ tru"mot
s0'bia thu’cap voi nhung bd loc két h@p thuong dudc 1ua chon mdt cach tU dong cung
cAp mot dai giah doan va'hep G trang thai kich thich.

Viéc sip xép nay co’thé thuén tién trong viéc cung cap tuong dudng sotia X truyén qua
bia vOi moi cac vat liéu kha¢ nhau. Dé tao ra bu¢ xa dic trung tu'bia thu’cap thi'thé ’kV
cua O6hg nén tu'2-3 1an so vOi ndng Iu@ng cua mep K cia nguyén to'tU'bia thu'cap tao ra.
Nhufg vach K dugc st dung vi chiing cung c@p ning sudt huynh quang cao nhat, di€u
d6 c6 nghia 1a tOn that thdp hon so v&i hang loat vach khac. Nhung bia th( cdp dién
hinh la giém dan ndng lUOng phat xa vach K: Gd, Sn, Ag, Mo, Ge, Cu, Fe, Ti, va Al.
Viéc tdi Uu héa the ’kV cla dng tia X, bia thu’cap va'bd 10c da dugc md td bdi Spatz va
Lieser (1979).



Lugng huynh quang gidm khi s& 1ugng bia nguyén tU gidm va hiéu suif tao ra
tia X gidm nhanh dudi Ti. K&t qud cUa viéc nay 1a cdc nguyén tO nhe hon Si vGi K
khong dugc kich thich tof bdi cdc bia thu’cap va cé vai y€u tO phit hgp d€ cung cép
cho cdc bia tai vach K trong vungquan trong nay. MOt cich ti€p can la s& dung mOt the’
kV gidm via mOt bia tin xa ma phan tdn cdc dong Ong tia X va blc xa ham, trong do,
nhu da dugc nhin thdy su kich thich truc ti€p, c6 hi€u qua trong khu vuc ning 1ugng
nay. MOt khoi polymer On dinh cung cdp mOt bia phit hgp véi su sap x€p nay, mdc du
hiéu qud tOng thé 1a thap hon nhi€u so vdi su kich thich truc ti€p. C6 hai su sap x€p
khac ma loai bd han ché nay. Vi€c dau tién la s& dung mOt Ong tia X thu’cap c6 hinh
hoc du phong truc ti€p, va truc tiép kich thilhe phin loc. Viéc sap x€p nhu vay sethém
chi phi va phUc tap ding k€ nhung khong cung cdp hiéu sudt tdi Uu. N6 c6 thé cho ca
hai Ong d€ dudgc chay tU cing mOt nguOn cung cap di€n ap cao. Phuong phdp th(t hai
12 cung cap mot cO ché’tdi dinh vi Ong tia X ma né c¢é th€ dudc van hanh, hodc muc
tiéu th(r yéu hodc trong ché d6 1oc truc ti€p va truc ti€p. Viéc 18p 1ai vi tri cla su’ sap
x€p cO khi can phdi dugc chihh xa¢ n€u phuong phdp nay dudc thong qua. Su phitc
tap cd khi, tat yéu I thém chi phi va mOt vai kha niing d€ thi€u tin cdy, di khong
ngUng ti€p can nay tU dugc st dung trong qud kh( véi mot sO thanh cong trong mOt s6”
thiéf bi thuong mai c¢6 san. MOt nhugc di€m cla phuong phdp nay la thdi gian can
thi€t cho viéc chuyén d6i co hoc, ma c6 thé€ 1a mOt hinh phat ndng n€u mdt s cic vu
mua lai dugc yéu cau cho mOt phan tich day dU ma thuGng la truOng hgp. MOt nhugc
di€ém cla phuong phap nay 1a thoi gian d6 1 can thi€t cho viéc chuyén d6i cd hoc, ma
c6 thé 1a mOt su baf 10i n€u mot sO céc viéc thu nhdn dudc yéu cau cho mOt phan tich
day dU ma thuOng 13 truOng hop nhu nay. Gan day, mOt cai goi la hinh hoc go¢ rong
(Wide Angle Geometry ) da dugc mo td b3i Yokhin (2000), trong d6 mOt Ong tia X duy
nhat dugc s dung d€ cung cap truc ti€p khong 10c hodc 10c¢ va bia kich thich thu’cap.
Su sap x€p nay c6 thé dugc thuc hién bang cach s dung chiim tia X hinh nén rOng tr
Ong tia x ddc biét va mOt 6hg phan phdi tia X riéng.

Viéc gidm hi€u suaf kich thich tOng th€ khi s dung cdc muc tiéu th(r cép
thuOng dugc bu dap bang cich ting cuong do Ong tia X. MOt Ong cung cap gan khdp
nOi hinh hoc va niing Iuong trong khodng 100 dén 400W thuGng dudgc st dung d€ bu
dap hiu suaf tOng th€ thap cla kich thich. D& kich thich hiéu suafcic dong Gd tai vach
K, n6 1a thich hgp hon d€ s dung mOt Ong tia X c6 kha ning dang dugc van hanh tai



