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MO PAU

1. Tinh cép thiét ctia luin an

Ra doi tir ndm 1960, laser nhanh chong phat trién ca vé céu
hinh budng cong hudng, ky thuat bom va méi truong hoat cht, qua
d6 mo rong dang ké dai budc song, cong suit cling nhu cac ché do
phat xa. Nho cac dic trung ndi bat nhu tinh két hop, dinh hudng, don
sdc va cong sudt cao ma buc xa laser di tré thanh ngudn sang quan
trong cia quang hoc hién dai. Laser dugc ung dung rong rai trong
nghién ctru khoa hoc va doi song, truc tiép thiic ddy sy hinh thanh va
phat trién cua nhiéu linh vuc khoa hoc, cong nghé hién dai nhu do
luong, y sinh hoc va nghién ctru méi truong.

Trong khi quyén ton tai nhiéu loai khi 6 nhiém c6 phd hap thu
dic trung nam trong ving budc song tir ngoai (UV) nhur O3 (200 — 400
nm), SOz (280 — 300 nm), NO, (200 — 400 nm), HCHO (250 — 400
nm), CsHs (220 — 260 nm),.... C6 nhiéu phuong phap phat hién va
dinh luong chit khi 6 nhi®m c6 d6 chinh x4c cao di dwoc nghién ctru
va tng dung hiéu qua va trong s6 d6, DOAS c6 nhirng vu diém ndi bat
nhu: cau hinh hé quang twong d6i don gian, chi phi trién khai hop 1y,
c¢6 kha ning do dong thoi nhiéu thanh phan khi va dic biét phu hop
cho céc phép do tir xa. Néu sir dung laser UV pho siéu rong lam ngudn
kich thich trong cac hé DOAS s& mo rong duge mién phd khao sat va
tang kha ning phat hién dong thoi nhiu loai khi. Do vdy, viéc phat
trién cac nguodn laser UV phd siéu rong ing dung lam ngudn kich thich
trong cac hé DOAS nghién ctru khi 6 nhiém c6 phd hap thy trong viing
UV la can thiét.

Tur cic phan tich trén ta thay, d&¢ mé rong hon nira ing dung



ctia cac ngudn laser UV vao trong nghién ciru ciing nhu trong tng
dung thuc té thi viec phat trién nguén laser UV phé siéu rong, nang
luong cao 1a can thiét. Xuét phat tir nhitng yéu cau khoa hoc va thuc
tidn néu trén, t6i lwa chon dé tai “Nghién citu va phdt trién hé laser
tik ngoai pho siéu rong siv dung tinh thé Ce:LiCAF irng dung trong
quan tric khi é nhiém ” 1am huéng nghién ciru chinh cho luan an.

2. Muc nghién ciru ciia luin 4n bao gdm:

Nghién ctru dong hoc phat va khuéch dai cac xung laser UV
khong mode sir dung tinh thé Ce:LiCAF. Dya trén cac két qua nghién
ctru 1y thuyét, phat trién hé phéat va khuéch dai cac xung laser UV
khong mode sir dung tinh thé Ce:LiCAF.

Ung dung cac ngudn laser UV Ce:LiCAF khong mode vao
nghién ctru khi 6 nhiém SO, va Os.

3. Cac ndi dung nghién ciru chinh ciia ludn én

Nghién ctru ly thuyét va phat trién thuc nghiém hé laser phat
xung tin hiéu UV khong mode phé siéu rong va hé khuéch dai cac
xung laser UV khong mode phd siéu rong str dung tinh thé Ce:LiCAF.
Nghién ciru tng dung cac ngudn laser tir ngoai khong mode c6 bude
song 275 nm - 330 nm vao nghién ctru khi 6 nhiém SO, va Os.
CHUONG 1: TONG QUAN VE LASER TU NGOAI PHO SIEU
RONG VA UNG DUNG
1.1. Téng quan vé phat birc xa laser tir ngoai phd siéu rong
1.1.1. Laser bién déi tin so

Viéc tao ra buc xa UV c6 dai phé rong dua trén cac nguén
laser IR hoic VIS 1a mét qu4 trinh khai thac tinh phi tuyén bac cao caa

vat liéu khi twong tac vdi truong dién tir cuong d6 manh thuong 1a cac



xung femto gidy. Viéc nhan tan s6 doi hoi su kiém soat vé diéu kién
hop pha giira song phi tuyén sinh ra va séng phan cuc phi tuyén twong

g trong tinh thé va dic tinh ciia méi trudng phi tuyén.
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Hinh 1.1. So d bidu dién qu4 trinh bién d6i tan sb

1.1.2. Laser phadt siéu lién tuc
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Tansdc  Hiéu tng phi tuyén
Hinh 1.3. So d0 biéu dién qua trinh phat siéu lién tuc

Phat xa siéu lién tyc 1a mot hién twong quang hoc phi tuyén
phtre tap, su hinh thanh phd SC trong ving UV 1a két qua cua chudi
tuong tac giita laser xung cong suét cao thuong 1a cac xung femto gidy
va méi truong phi tuyén bao gdm: Ty bién diéu pha; Tan sic nhém va
cac qua trinh dong luc hoc soliton va phan tach soliton, so dd bidu dién
qua trinh phat siéu lién tuc dugc trinh bay trong Hinh 1.3.
1.1.3. Laser phat khong mode

Laser khong mode 14 loai laser dugc thiét ké dé khong hinh



thanh cac mode cdng hudng rd rang trong BCH hodc 1am suy gidm
manh su ton tai cia chung. Laser khong mode co phé khong bi phan
tach thanh cac mode doc roi rac, cac mode bi x6a mo hodc khong on
dinh din dén phd phat xa lién tuc va rat rong, pho laser khong mode

duoc trinh bay trén Hinh 1.5c.
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Hinh 1.5. a) Pho don mode, b) Phd da mode, ¢) Pho khong mode
1.2. Tong quan vé laser tir ngoai toan rin Cerium Fluoride

1.2.1. Méi trwong Cerium Fluoride
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Hinh 1.10. Pho hap thu va phat xa ctia méi truong Ce:LiCAF



Trong cidc mdi truong Ce-Fluoride, modi truong Ce:LiCAF la
moi trudng phat va khuéch dai laser tir ngoai hiéu qua véi nhidu uu
diém vuot troi dugc bidu dién trén Hinh 1.10.

1.2.2. Laser Ce:LiCAF

Trong sb cac moi truong laser fluoride pha tap ion Ce**, tinh
thé Ce:LiCAF da dugc ching minh 1a mot méi truong hoat chat phat
truc tiép btrc xa UV hiéu qua. Tinh thé Ce:LiCAF d3 dugc nhiéu nhom
nghién ctru trén thé gidi lya chon dé phat trién cac ngudn laser UV
biang hep diéu chinh budc song, laser xung ngan va laser cong suit cao
thong qua khuéch dai. Tuy nhién, méi truong niy cho thiy Ce:LiCAF
con ¢o tiém nang rat 16n dé phat trién cac ngudn laser UV phd siéu
rong. Viéc nghién ciru phat trién cac ngudn laser UV phd siéu rong sir
dung tinh thé Ce:LiCAF khong chi c¢6 ¥ nghia khoa hoc, ma con mo
ra mot hudng ing dung méi cho méi truong laser ndy trong quang phd
hap thy, lidar va quan tric méi trudng.

1.3. Khi 6 nhiém va cac phwong phap nghién ciru khi 6 nhiém
1.3.1. Téng quan vé khi é nhiém

O nhiém khong khi 1a mét trong nhiing vin dé méi truong
nghiém trong nhat hién nay, mic di chi chiém ty 1¢ rat nho trong thanh
phan khi quyén nhung ching giy anh huéng xdu dén stc khoe con
nguoi, hé sinh thai va khi hau toan cAu.
1.3.3.1. Luu huynh dioxide (SO;)
1.3.3.2. Ozone (0O3)
1.3.3.3. Mot 56 khi 6 nhiém khac

1.3.2. Mt s6 phwong phdp nghién ciru khi é nhiém



1.3.2.1. Phuong phdp huynh quang cam trng laser

1.3.2.2 .Phirong phdp quang phé suy giam vong trong buong cong
huong

1.3.2.3. Phurong phép quang phé hap thu vi sai

1.4. Ung dung cia laser tir ngoai trong nghién ctru khi 6 nhiém

Nam 2019, Jan-Marcus Nasse va cac cong sy da cong bd mot
nghién ctru v& hé quang phd hap thu vi sai dudng truyén dai (LP-
DOAS) d6 chinh x4c cao, 6n dinh va kha ning van hanh ty dong dai
han trong quan tric khi quyén. Hé do khao sat khi thai trong khi quyén
trén quang trinh tir vai trim mét dén vai kilomet.

Két luan chwong 1: Trong Chuong 1, thong qua viéc phan
tich cac két qua nghién ctru trén thé giGi vé laser phat xa khong mode
va phé phat xa si€u rong, luan an da ghi nhan cac véan dé chinh nhu
sau: Téng quan vé cac hudng phat trién va tmg dung cua laser UV phd
siéu rong da dugc trinh bay. Xu hudng phat trién laser khong mode d
dugc phan tich cho thay cau hinh laser khdng mode 1a mot hudng tiép
can phii hgp nhdm tao ra birc xa UV ¢6 pho siéu rong. Cac dic trung
quan trong cua tinh thé Ce:LiCAF cho thiy day la méi truong hoat
chat phu hop cho cac phat trién hé laser UV pho siéu rong.
CHUONG 2: NGHIEN CUU VA PHAT TRIEN HE LASER TU
NGOAI KHONG MODE PHO SIEU RONG SU DUNG TINH
THE Ce:LiCAF
2.1. M6 hinh Iy thuyét cho ddng hoc phd laser tir ngoai khong
mode

2.1.1. So dé thiét ké hé laser Ce:LiCAF khong mode pho siéu rjng
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Hinh 2.1. So db thiét ké hé laser khong mode Ce:LiCAF phé siéu
rong

2.1.2. Hé phwong trinh toc dp mé ti dpng hoc phdt xa laser khong

mode
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2.1.3. Thong sé sir dung trong mé phong dpng hoc pho laser khong
mode

Dé nghién ciru dong hoc phat xa cua laser tir ngoai Ce:LiCAF
khéng mode, cac thong sb sir dung trong mé phong duge trinh bay
trong Bang 2.1.
2.1.4. Déng hoc phé laser tiv ngoai khéng mode siv dung tinh thé
Ce:LiCAF

Pong hoc phd laser UV Ce:LiCAF khong mode dugc nghién
ctru bang viéc giai hé phuong trinh (2.1) - (2.3) bing ngdn ngit



MATLAB. Vi nang laser bom 10 mJ & budc song 266 nm, d§ rong
xung 7 ns pho phat xa cta laser UV Ce:LiCAF nhu trong Hinh 2.2.
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Hinh 2.2. Pho phat xa laser UV khéng mode Ce:LiCAF
Su phu thudc cia nang lugng laser 16i ra vao nang lugng laser
bom di duoc mé phong va trinh bay chi tiét trong Hinh 2.4.
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Hinh 2.4. Anh huéng ciia ning lugng laser bom 1én niang luong
laser ra
2.2. Phat trién h¢ thye nghiém laser Ce:LiCAF khong mode pho
siéu rong

2.2.1. Cdc linh kign, thiét bi dwoc sir dung



Dé xay dung hé laser khong mode Ce:LiCAF pho siéu rong,

luan an c6 st dung cac linh kién va thiét bi.

2.2.2. H¢ thuc nghi¢m laser Ce:LiCAF khong mode ph_og siéu rong

l‘ ﬁ 4 '.‘ b 4 - =
Hinh 2.5. Hé laser Ce:LiCAF khong mode phd siéu rong
2.2.2.1. Pdc trung phé cia laser tir ngogi Ce:LiCAF khéng mode
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Hinh 2.6. Phd laser tir ngoai khong mode Ce:LiCAF
2.2.2.2. Bdc trung xung cua laser tir ngogi Ce:LiCAF khong mode
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Hinh 2.7. Xung laser ra tir ngoai Ce:LiCAF khong mode
2.2.2.3. Do phan ky cua chum laser tir ngogi Ce:LiCAF khong

mode

Hinh 2.8. Hinh anh mat cét chum laser tai vi tri Z =15 cm thu
duoc tur CCD
Két qua do cho thdy d6 phan ky FWHM toan phan trung binh
cua chum laser tin hiéu theo truc X 1a 4,07 = 0,30 mrad, theo truc Y 1a
2,50+ 0,29 mrad. Nhur vay, chim laser dau ra c6 dang elip véi d6 phan
ky theo truc X 16n hon déng ké so véi truc Y.
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2.2.2.4. D6 6n dinh nang luong cua laser tir ngoqi Ce:LiCAF khong

mode

Niing lwgmg laser (mJ)
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Hinh 2.9. Déanh gia d 6n dinh cua ning luong laser khéng mode

2.2.2.5. Anh huong ciia nang heong laser bom lén néing lirong

laser 10i ra

H=2%
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Hinh 2.10. Su phu thudc cuia nang lugng laser ra vao nang luong
cua laser bom
Két luan chwong 2: Trong Chuong 2, ddng hoc phat xa cho
laser tir ngoai Ce:LiCAF phd siéu rong st dung cac cdu hinh khong
mode di dugc nghién ctru khao sat. Két qua mé phong cho thiy phd
phat xa ctia Ce:LiCAF c6 xu hudng duy tri d6 rong 16n trong diéu kién
bom thich hgp, trong khi hinh dang phd phu thudc chii yéu vao cac

tham sd vt liéu nhu tiét dién phat xa, thoi gian séng murc kich thich
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va nghich ddo mat d6 cu tri. Nhitng két qua niy cung cap co s dinh
hudng quan trong cho thiét ké thuc nghiém va t6i wu cu hinh laser.
Phat trién thanh cong hé laser tir ngoai Ce:LiCAF sir dung cdu hinh
khong mode, hé c6 hiéu sudt laser 2 %, nang luong laser lon nhat thu
duoc 0,3 mJ tai ndng lugng bom 14 mJ.

CHUONG 3: NGHIEN CUU VA PHAT TRIEN HE KHUECH
PAI LASER TU NGOAI Ce:LiCAF KHONG MODE PHO SIEU
RONG

3.1. Pong hoc khuéch dai cac xung laser tir ngoai khong mode phé
siéu rong sir dung tinh thé Ce:LiCAF

3.1.1. So' do thiét ké hé khuéch dai xung laser tir ngogi khéng mode

M,
266 nm, 10 Hz, Tns ‘ Nd:YAG \
4
1_( (¢4
1 CM
BS | Ly ] '
NS N g
My
= Bi khuéch dai “
Bédich 4 lin truyén qua
chuyén :

Hinh 3.1. So db thiét ké hé khuéch dai cac xung laser tir ngoai,
pho siéu rong, bon 1an truyén qua tinh thé Ce:LiCAF
3.1.2. M6 hinh ly thuyét cho khuéch dai xung laser tir ngogi khéng

mode
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Faud (%) = Fuae) In[1 + exp(Go(2)) (exp[F” (1) /Foae (2] — 1)]
Go(A) = Ts0, (A5l — a1
Fsat(A) = (he/2;)/ 0. (A1) .

3.1.3. Théong so6 sir dung trong moé phéng

Céc thong s6 str dung trong md phong khuéch dai cac xung
laser UV sir dung tinh thé Ce:LiCAF duoc ly tir cac linh kién, thiét
bi hién c6 tai phong thi nghiém Quang tur - Vién Vit Iy va dugc trinh
bay chi tiét trong Bang 3.1.
3.1.4. Péng hoc khuéch dai xung laser tir ngoai phé siéu rong

DPong hoc khuéch dai xung laser UV Ce:LiCAF khong mode
phé siéu rong duoc nghién ciru bang viée giai phuong trinh Frantz-
Nodvik bang phan mém Matlab véi cac thong sé md phong duge chi

ra trén Bang 3.1.

3.1.4.1. Anh huong cia nang heong laser bom lén nang liwong laser
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Hinh 3.3. Anh huéng ctia nang lugng bom 1én nang lugng laser

sau khuéch dai
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3.1.4.2. Anh huong ciia nang liwong laser tin hiéu lén ning heong laser

loi ra
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Hinh 3.4. Anh hudng cua nang lugng laser tin hiéu 1én niang lugng
laser sau khuéch dai
3.1.4.3. Anh huong ciia do rong phé laser tin hiéu 1én ndang lwong

laser 10i ra

1.2 T T T
=O0=FWHM ciia laser tin hi¢u 12 nm
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Hinh 3.5. Anh huong ctia 46 rong phd laser tin hiéu 1én ning
luong laser sau khuéch dai

3.1.4.4. Pho laser trong qud trinh khuéch dai
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Hinh 3.6. Pho laser sau ting 1an khuéch dai
3.2. H¢ khuéch dai laser tir ngoai Ce:LiCAF khong mode pho siéu
rong bon lin truyén qua
3.2.1. Hé thuc nghigm khuéch dai laser ti ngoai Ce:LiCAF khéong

mode

Laser ra

Hinh 3.7. Hé khuéch dai cac xung laser UV bang rong, bon lan
truyén qua st dung tinh thé Ce:LiCAF
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3.2.2. Dic trung vé ning lwong trong qud trinh khuéch dai

1.4} —e— Niing lugng thye nghi¢m A
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Hinh 3.8. Sy thay ddi nang lugng va hé s6 khuéch dai laser sau
mdi 1an truyén qua
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Hinh 3.9. Do 6n dinh cua nang lugng laser sau khuéch dai
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Hinh 3.10. Hinh anh mait cit chum laser thu duoc tir CCD camera

3.2.3. Diic trung vé phé trong qud trinh khuéch dai
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Hinh 3.11. Két qua mo phong phd (duong nét dit mau do) va thuc
nghiém (dudng lién mau den) tir hé khuéch dai cac xung laser tir
ngoai bang siéu rong
3.2.4. Pdc trung vé thoi gian ciia xung laser trong qud trinh khuéch

dai
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Hinh 3.12. (a) Xung laser tin hiéu va (b) Xung laser sau bon lan
khuéch dai

Két luin chwong 3: Trong Chuong 3, cac két qua trong viée
nghién ctru phat trién hé khuéch dai tin hién cho laser UV Ce:LiCAF
khong mode, phd phat xa siéu rong da ghi nhan:

Dua trén phuong trinh Frantz—Nodvik m¢ rong, dong hoc
khuéch dai cua laser UV khong mode phd siéu rong trong tinh thé
Ce:LiCAF da duoc nghién ctu. Thong qua moé phdéng, dong hoc
khuéch dai phé cua laser UV phé siéu rong da duogc lam rd mot cach
dinh luong. Két qua cho thiy ning lwong xung laser ting dang ké theo
s6 14n truyén qua tinh thé Ce:LiCAF, tir khoang 0,2 mJ 1én gan 1 mJ
sau bon lan truyén qua.

Hién tuwong thu hep phd trong qué trinh khuéch dai da dugc
khao sat va phan tich. Két qua mo phong cho thay do6 rong phd FWHM
giam tir khoang 16 nm xudng con khoang 7 nm sau bon lan truyén qua
do cac thanh phan phd gan dinh khuéch dai dwgc khuéceh dai manh hon
so voi cac thanh phan & ria phd.

Két qua thuc nghiém cho thay sy pht hop tét voi mo phong.
Ning lugng laser du ra dat gan 1 mJ sau bon lan truyén qua, pho laser
thé hién xu hudng thu hep twong ty nhur két qua tinh toan, véi dinh
phé duoc duy tri 6n dinh trong ving khoang 288-290 nm.
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CHUONG 4: UNG DUNG NGUON LASER TU NGOAI
KHONG MODE PHO SIEU RONG TRONG NGHIEN CUU
KHi O NHIEM

4.1. Hé thwe nghiém va phwong phap xir ly dir lieu DOAS

4.1.1. H¢ thwe nghi¢m do néng d¢ khi 6 nhiém

May tinh ghi dir liéu

Tam UVFS
Tém UVFS Gng khi

- Iﬁ'ﬁﬂ!¥ﬂ§ﬂ§ﬁ!ﬁﬂﬁﬂSifﬂﬁﬂﬁEiﬁﬂﬂﬁﬁiﬁﬂﬁﬂﬁllﬁﬂﬁﬁiﬁﬂﬁﬂﬁllﬁlﬁ /
R 2 8 O .5 2 05 2 0 S .58 O O G R . G R S o
i g —r il
Cim bién Gurang

S quang

nhigt d§

e -
B kigm soat luu i khi
Khi dau vao ¢

Hinh 4.1. So db hé thuc nghiém do khi hép thu st dung laser tr

ngoai khong mode pho siéu rong

Hinh 4.2. Hé thyc nghiém do khi 6 nhiém

4.1.2. Phwong phap DOAS va quy trinh xir ly dir liéu
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Vé ban chit, phuong phip DOAS dugc xay dung trén dinh
luat Beer—Lambert mo ta sy suy giam cudng do anh sang khi truyén
qua méi trudng hap thy. Quy trinh phén tich va xu Iy dir lidu dugc xay
dung trén co s¢ 1y thuyét cia phuong phiap DOAS va phin mém
QDOAS do BIRA-IASB phat trién.

4.2. Kiém chuin h¢ do bing khi chuin SO,

4.2.1. Phan tich div liéu do khi chudn SO,

x10° <107
30 T T T T T T 3
Phi chudn
= Phé hip thy SO, =
5 Tiét dién hip thu SO, .

S201 427
Z i 5
z 2
= g'
= A
k= =
. =
T 100 1.8
£ =
= [
v =
B
0 0

i i i i i i
280 290 300 310 320 330
Budce song (nm)

Hinh 4.6. Phd chudn, phd hip thu va phd tiét dién hap thu chuin
cua SO, dung trong phén tich

<10

T T T T
=1,24x10"7 —— Thyc nghiém
= = Tinh toan

SC DSO,

Mat d§ quang vi sai

285 290 295 300 305 310
Budce song (nm)

Hinh 4.7. Khép pho vi sai khi chuan SO, bang phin mém QDOAS
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x10°3

RMS Residual = 4,01x10

Phd dur
=

285 290 295 300 305 310
Buée song (nm)

Hinh 4.8. Phé du sau kh6p ddi voi khi chudn SO,

4.2.2. Danh gida dp chinh xdc va tin cdy ciia hé do

& Néngdo SO,
102} 1
i} 1
Y L4
= e o
o e ° L ]
B0~ g———2re—c—F——1+—-
< o ® o ® e o e
=) [ ]
£ v} 1
=z
o8| 1
L L 1 1 L L

A A 1 A
0 2 4 6 8 10 12 14 16 18 20
Phép do

Hinh 4.9. Két qua thong ké do ndng d6 SO; truy hdi duge tir 20
phép do lip lai voi khi chuén 100 ppm
4.3. Khio sat nong dé khi O3
Sau khi hé do dd dugc kiém chuan bang khi chuan SO, va cho
két qua truy hdi phii hgp voi ndng do danh dinh, budc tiép theo 14 sir
dung hé thuc nghiém da phat trién dé do ndng d6 khi Os.
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4.3.1. Phan tich dii liéu do khi O;

3 ID-M
Lt — s

"
=]

=-== Phé chuan
—— —— Phd hiip thu O,
— Tiét dign hip thy O,

- —_ (=] =]
= w < U

w

Cuomg dg tin hi¢u (counts)

Tiét dign hip thu (em*/molecule)

=)

280 290 300 310 320 330
Burge séng (nm)

Hinh 4.10. Phd chuén, phd hip thu thu dwoc khi do khi Os va phéd
tiét dién hap thu chuan ctia O; ding trong phén tich

<107
stk — Thye nghi¢m |
==== Tinh todn

E SCD,, = 4.04x10"7
2
20
Ed
=
g
=
=

Sk

2;30 2é5 2“30 2“?5 3(‘!0
Budc song (nm)

Hinh 4.11. Két qua khép phd vi sai ddi voi khi O; bang phan mém

QDOAS

<107
[ RMS Residual = 5,89<107

Pho du

280 285 290 295 300
Bude song (nm)

Hinh 4.12. Phé du sau khop ddi voi khi O3
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4.3.2. Két qud khdo sdt nong dé khi Os

Thm Néng e Chi s6 ti~n
TT | diém do C hié¢u/nhiéu RMS
} (ppm)
(phiat) | (ppm) (SNR)
1 | Batdau | 327,75 | £2,45 133,8 5,89x10°
2 ~5 306,99 | +2,64 116,3 5,79x10°
3 ~20 225,70 | +2,82 82,1 5,57x10°
4 ~35 149,42 | £2,92 51,2 5,37x10°
5 ~50 123,99 | +2,89 42,9 5,33x10°
6 ~65 68,04 | +2.,85 23,9 526x10°
7 ~80 52,80 | +2.,83 18,7 5,22x10°
8 ~90 36,68 | +£2,79 13,1 5,17x10°
9 ~100 13,19 | +2,80 4,7 5,13x10°

Gioi han phat hién la: LOD =~ 3 X 2,8 = 8,4 ppm.

Gioi han dinh lugng 1a:L0Q = 10 X 2,8 = 28 ppm.

Két ludn chwong 4: Trong chuong niy, ngudn laser UV
khong mode phé siéu rong da dugc rng dung dé xay dung hé thuc
nghiém do khi hip thu trong phong thi nghiém theo phwong phap
DOAS. Két qua kiém chuan véi khi chuan SO, cho thiy hé do duoc
nong d6 khoang 99,7 + 1 ppm, phi hop v6i ndng d6 danh dinh 100 +
2 ppm cua khi chudn. Dbi v6i khi O; tir b tao khi, hé do khong chi
phat hién va do duoc ndng d6 O3 ma con theo ddi duoc qué trinh suy
giam ndng do theo thoi gian. Nong do Os giam tir khoang 327,75 ppm
& thoi diém bét dau xudng con 13,19 ppm sau khoang 100 phut.
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KET LUAN CHUNG:

Luén 4n da thyc hién thanh cong viéc nghién ctru toan dién tur
co s6 1y thuyét, mo phong, phat trién thuc nghiém ngudn laser UV
Ce:LiCAF khong mode pho siéu rong, nghién ctru dong hoc khuéch
dai dén tng dung ngudn laser nay do ndng do khi 6 nhiém SO, va Os
bang phuong phap DOAS. Cac két qua dat dugce di gop phan lam 1d
cac dic trung phat xa va khuéch dai ctia laser UV pho siéu rong, dong
thoi ching minh tiém niang tng dung cta ngudn laser nay trong linh
vuc quan trac méi trudng. Két qua nghién ciru dat duoc c6 thé khiang
dinh ring ngudn laser UV Ce:LiCAF khong mode phd siéu rong 1a
mot ngudn sang c6 nhidu tiém ning cho cac hé do quang hoc trong
ving UV. Luan an khong chi dong gop cac két qua méi vé nghién ciru
ddng hoc phat xa va khuéch dai laser UV phé siéu rong dua trén tinh
thé Ce:LiCAF ma con phat trién thanh cong mot hé ngudn laser va
budc dau chimg minh hiéu qua trong img dung do ndng do khi 6 nhidm
bang phuong phap DOAS.

Két qua cua luin an tao co sd khoa hoc va thuc nghiém cho
viéc tiép tuc phat trién cac ngudn laser UV pho siéu rong c6 cong suat
va d6 6n dinh cao hon, dong thoi mo ra trién vong g dung trong cac
hé quan tric moi trudng quang hoc, do tir xa khi 6 nhidém va cac

phuong phap quang ph UV d6 nhay cao trong tuong lai.
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    F  s a t  (   𝜆  i ) = ( h c /   𝜆  i ) /   𝜎  e  (   𝜆  i )   .
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  L O D ≈ 3 × 2 , 8 ≈ 8 , 4  ppm .


  L O Q ≈ 10 × 2 , 8 ≈ 28  ppm .

