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Tap chi CAC KHOA HOC VE TRAI AT

12-2001

KHA NANG TACH VACH CHI PONG VI
KHI NANG CAO DO PHAN LY
CUA MAY QUANG PHO CACH TU DES 8-3

1. MG DAU

Dé¢ xac dinh ham lugng déng vi chi va ty s6
dong vi cha n6 trong miu dia chdt ngudi ta sir
dung nhiéu phuong phap, nhu phan tich trén cac
may phd c6 do phan gidi cao, khéi phd ké, plasma
- khéi phé ICP-MS.

Trong bai béo ndy trinh bdy mot phuong phap
xéc dinh d6ng vi dua vao phé nguyen ti, dé tir do
nghieén ctru vé tubi trong cac méiu dia chat.

II. CO SG LY THWET

Vé co ban phan tich phé déng vi theo phd
nguyén tir co ciing nguyen tic voi phan tich phé
cac nguyen (6 thong thudng, nghia 12 déu tim cich
xéc dinh ty s6 hai vach phd va cic ham luong clia
ching. Trong phé dong vi mbi déng vi trong mot
nguyén t6 cho trudc cé thanh phan phé ndm trong
cdu tric vach phd nguyen tir ciia nguyén to do, vi
vay ham luong dong vi s& tang khi cudng do vach
tang. Khi'phan tich dinh tinh ta c6 thé biét déng vi
ndy hay dong vi khic clia nguyén t6 c6 mat trong
thanh phdn cta cdu triic vach phd hay khong. Tuy
nhién cin phdi thdy khi khong 6 mat thanh phin
déng vi trong phd ciing chua thé néi khong co
dong vi trong miu nghién ciru vi né con phu thuoc
vao vach phé duge chon, do nhay va do phan gidi,
do chéng chat phé déi vai méi miy quang phd. Do
vy chi ¢6 cic miy quang phé ¢6 do phan gidi 16n
mai 4p dung dugc dé nghién ciru van dé nay.

1. Dic diém cia phép phan tich phé dong vi

a) Su phu thudc ctia ty s6 cudng do vach déng
vi vio ty ndng do déng vi.

Diéu co ban cla cac phép phan tich phé dinh
lrong ctia mot nguyen 16 bat ky 13 tim duoc su phu
thudc gitta cudng do vach phan tich va vach so
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sanh v6&i ham luong cua cac nguyen to do. Dung
méu chudn so sanh, dung duong cong phan tich tir
do tim duoc ham lugng nguyén t6 chua biét. Trong
phan tich ph6 déng vi ty s6 cudng do ciia hai déng
vi hay thanh phdn déng vi véi ham luong ddng vi
trong mdu, vé mat 1y thuyét khi khong xét dén hien
tuong tu hap thu, va & trang thai cdn bing nhiet
dong ta c6 biéu thirc :

I|/12 = CX.|C|/C12C2

¢day: I, I, 1a cuong do hai vach déng vi, C,, C,
1a ham lugng nguyén t8, o, o, 13 cic he so dic
trung cho tinh chat cia miu nhu t6¢ do bay hai,
kha nang khuéch tan nguyén ti trong ving phong
dién, qua trinh tai hop hay nang luong phan ly cua
cac nguyen ti. Vi th¢ méi nguyen t6 co6 mot he s6
a khac nhau. Song di€u d6 chi diing véi cac nguyén
16 nhe nhu H, He, Li,... D3i v6i cac nguyen (6 nang
tinh chét vat1y cta déng vi thuc t& 1anhu nhau (nang
lrong phan ly, nhiét do bay hoi...) khi d6 ta co :
LM, = C/G

Vi vay trong trudng hop cic nguyen to nang va
trung binh khi khong c6 ti hap thu ty s6 cuong do
vach va néng do cla ching c6 m6i quan he kha
don gidn. D6 thi clia biéu thirc

Igli/l, = 1gCJ/G
1a dudng thang di qua gdc toa do, va tao go6c 45°
va C,=C, =50%
]
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tir d6 ta thay, chi cdn do dugc ty s6 cuéng do vach
ta c6 thé tinh dugc ndéng do déng vi trong mau
khong cdn dung etalon.



b) Su anh hudng cua phong
Sur 4nh hudng ctia phong 1én vach phd thé hién

bdi biéu thic :
C
= 1 _—
f[ . G, )

Cho thay khi phong ¢ hai vach nhu nhau s&
khong anh hudng dén phan tich dong vi.

I, +1¢

l =
g I, +1,

II. THUC NGHIEM

1. Ning sujt phin ly ciia may quang pho cich
tir DFS-8-3

Khi so sanh uu nhuoc diém cia cac yéu té tan
sic khac nhau cho phan tich quang phé, mot dac
trung co ban thudng dudc chi ¥ dén 13 ning sudt
phan gii, do truyén qua ctia phé va khodng phé tu
do. Diéu nay rat quan trong cho viéc lua chon thiét
bi va bé tri thi nghiém cho phu hop.

Nang sudt phan giai phd cla cic may quang
phé thuong st dung cic yéu 6 tan sic dua trén
hiéu tng quang hoc nhu tan sic qua lang kinh,
nhiéu xa, giao thoa. Néu goi As, 14 sai lech quang
dudng cuc dai gilta cic budc song giao thoa cua
thiét bi, tirc 12 giita cc cham tir vach ddu va vach
cudi cla cich tir hoac 1a gitfa chum truc tiép va
chum phan xa I4n thit m trong giao thoa k& Fabry-
Perot, hai budc séng A, va A, = A, +AX c6 thé con
phan biét duoc néu As,, thod man diéu kién :

Asm = miA, - (m+1) Ay (1)

Su khac nhau cla hai budc song it nhat bang
don vi. Trong truong hop nay, cuc dai giao thoa
clia A, tring vé&i cuc tiéu ddu tién cia A, Ti
phuong trinh trén ching ta thu dugc gioi han dudi
cho nang suat phan giai.

AMA = ASy/h (2)

Do 13 gioi han nang suit phan gidi cua cach tu
tai bugc séong A theo 1y thuyét.

Thuc t&€ d6i vdi mo6t may quang phd, nang sudt
phan gidi con bi han ché do nhiéu xa Fraunhofer
qua 1. Do sai lech trén mat phang ra Ax; 14 -

AXZ = fz(}\./a) (3)

Trong do a 1a duong kinh 16 (d6i vdi he chiéu
sang ba thau kinh d6 14 thdu kinh trung gian), f, 1a
tieu cu clia thau kinh sau 16.

Cho khe vao c6 do rong b, khoang phan tach
Ax, gitta hai dinh cuong do ctia vach I(A,) va 1(},)
phai thod min
fa a + bf_Q

a i

f, va f) twong Gng IA tieu cu cta thau kinh trude va
sau phdn b tan sic, A = (A +1,)/2.

Ax, = )

Dé€ thod min tieu chudn Rayleigh véi Ax, =
£,(d6/d)) ta c6 khoang phan giai phd nhd nhat 14 :

-1
AL Z[i+ij(£) ®)]
a fi\dA
Trong d6 (d6/dA) 1a su thay dbi goc léch theo
budc séng. DSi voi mdi bude song phan tich do
md khe vao cd6 mot gia tri cuc tiéu dugc tinh theo
cong thirc by, > 2Af,/a. Cudng do vach phd ra thay
déi tuyén tinh theo do rong khe.

P6i voi hé may quang phd cach tr DFS-8-3
(ciu tao nhu hink 1) co cach tir 1800 vach/mm,
bude song phan tich A = 4500A°, dA/dx = 2A"/mm,
do rong khe 0,025 mm, thdu kinh giifa ¢6 dudng
kinh 10 mm, f; = 320 mm.

41> 1

L » 2
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Hinh 1. So d6 cdu tao hé quang hoc clta may quang
pho céch tir DFS-8-3
1. thdu kinh trung gian, 2. thdu kinh trudc khe,
3. khe vio, 4. guong phang, 5. guong cdu R =
2648.5 mm, 6. cach tir nhiéu xa 1800 vach/mm,
7. mat phang ra

Két hop cac diéu kién (2) va (5) vdi do rong
khe vio 12 0,025 mm ta tinh duoc gi4 tri nang suét
phan ly ly thuyét 1a 0,078 A°. (v&i do rong khe cuc
tiéu 12 0,018 mm twong tng 12 0,056A°).
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D6i v6i hai vach chi déng vi Pb™ va Pb*®
cach nhau mot khoang 0,03A°[5] thi khong thé sir
dung dé€ xac dinh hai vach ndy. Néu ta sit dung khe
c6 do rong nhd hon ¢ thé tang nang suat phan ly
nhung cudng do ra sé rat yéu.

2. Xay dung hé quang b6 tro ning cao ning
sudt phan ly cia may

Dé€ c6 thé tach duogc hai vach chi Pb™ va Pb
cin phdi ting nang suat phan ly clia hé 1én it nhat
12 2 14n nita. D€ nhim muc dich ndy, c6 thé sir
dung mot hé quang hoc ngoai trén co sd giao thoa
ké& Fabry-Perot hodc mot may quang phd khéac co
ning sudt phan ly cao hon. ¢ day, Mo hinh duoc
gidi thiéu 13 sit dung mot giao thoa k& (hinh 2).
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Hinh 2. So d6 bé tri thi nghiém véi hé quang bd trg
1. thdu kinh trung gian, 2. thdu kinh truéc khe,
3. khe vao, 4,7. guong phéng, 5. gong cAu R =
2648.5 mm, 6. cAch tir nhiéu xa 1800 vach/mm,
8.khe ra, 9. chudn truc, 10. giao thoa k€, 1. man ghi

Hai vach chi déng vi c6 budc soéng cich nhau
13 0,03A° tirc 1a cach nhau 0,010 mm trén mit
phang ra clia may quang phd. Mot khe ra 8 duoc
bo tri tai mat phang ra dé chon loc budc song
muén phan tich. Vach phé ra duoc chudn truc lai
va cho qua giao thoa k€ 10, anh phé dugc quan sat
trén man 11. Khi lva chon kha nang phan ly cua
giao thoa k€& thich hgp c6 thé xac dinh dugc don

? 204 < 214
vach cia Pb”" vaPb .
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Do phan gidi ph6 v/Av hodc A/AX clia mot giao
thoa k€ duge xac dinh bing khodng phé tu do v
va do phdm chat clia giao thoa k& F* [1]. Trong do

@ @

OvVElL= 1! ‘s Vs
L T s ©

2dyn® —sin’ &
¢ 1a van t8c anh sang trong chan khong, n 1 chiét
sudt, o la goc tdi

o TVR

1-R @

R 14 do phan xa cta giao thoa ké.

Tir cac thong s6 phd tai viing phan tich (budc
song cha Pb™™ : 4416,186A° va cia Pb*" :
4416,189A°, do rong clia vach ~ 0.01A° [S]) Néu
nhu ta sit dung giao thoa k& c6 do phan gidi sau cd
thé phan ly duoc hai vach phé d6 (AL = 0,03A°) :

v A 4416

=— =138666
Av A4 0,003

dodo:Av= 0,5 GHz

Giao thoa k€& cin chon cic thong s6 : R = 0,69
tai bugc song 450 nm (F* =20), d=1cm, n=1,5
(chiét sudt cliathuy tinh quang hoc hoac thach anh).

Khoang phé tu do &v s& bang 1,39 GHz (Av >
Sv/F* = 0,07).

Giao thoa k& Fabry-Perot IT-51-30 (USSR) bé
mit phan xa Ag co hé s6 phan xa khoang 70 %
trong ving phd tif ngoai gdn va nhin thdy, khoang
cach d : 0,5 cm, 1 cm, 2 cm du khd niang d€ thu
dugc nhitng két qud nay

Tt nhitng két qua ghi nhan dugc vé cudng do
c6 thé tinh duoge ty 1é phin tram khéi luong giita
hai déng vi ndy.

3. Pong vi chi trong quing PbS

Dé€ bd sung trong cac tinh toan 1y thuyét ching
toi do mot méu quang PbS bing phuong phap kich
hoat y .Trong dai pho nang lugng quang PbS chiing
toi thdy xudt hien déng vi Pb™ va Pb’'* xust hien
trong phé y c¢6 dinh 351,9 kev. Hai déng vi ndy c6
ngudn goc tir ho uran phan ra. Phuong phap kich
hoat c6 thé cho ta su cd mat clia cac déng vi chi
PbS ,tuy nhién céc déng vi Pb™”, Pb™” Pb™ chua
ghi dugc do phuong tien ky thuat. Rieng Pb>"* ty
s6& déng vi 1 rdt nho.



KET LUAN

Do dic tinh cha phan tich phd dong vi 1a dua
trén nguyén tic cla phan tich phd thong thudng
voi cac dic diém rieng cia nd nén trong thuc
nghiém d€ do dugc phd déng vi chiing toi da sir
dung mot hé quang bé trg 1am tang kha nang phan
ly ctia miy phé cach tir DFS-8-3. Tinh toan ly
thuyét dd chirng té kha nang phan ly cua may vai
hé bd tro di vuot qua khodng cach clia 2 vach
déng vi chi. Chuin bi mot mau quing chi PbS tu
nhién qua phan tich bang phuong phéap kich hoat y
xac dinh cic déng vi c6 mat trong miu dé€ 1am co
& so sanh voi tinh toan 1§ thuyét.

Do chua cb diéu kién dé xét hét cac hieu (ng
vat Iy xdy ra khi gidm do rong khe vao va sy mat
méat nang luong do hién tugng nhiéu xa, trong cic
thi nghiém sau nay ching toi s& nghién ciru tiép va
s& do cac miu dia chit diing trong nghién ciru tudi
tuyét d6i sit dung trén hé quang hoc b trg.
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SUMMARY

Detection capability of isotope PbS lead by improving
resoled power of grating spectrograph DFS-8-3

The analyze of isotopic element is important in
geologycal studying. In this paper author presented
the theory and demonstration model to improve the
capability of monochromater DFS-8 by using
suplement optical device.
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