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XAC SUAT ION HOA CUA MO HINH PHAN TU PHAN CUC
TRONG TRUONG LASER

HOANG VAN HUNG'

TOM TAT

X4c sudt ion hoa trong qua trinh twong tdc ciia mét mé hinh phan tiz phan cuc véi
truong laser dwoc tinh toan bang i thuyét MO-ADK, SC-MO-ADK va phirong phép TDSE.
So sanh véi két qua TDSE, chiing tdi nhan thay (i) can phdi si dung i thuyét SC-MO-ADK
cho cac phan tiz phan cuc, thay vi MO-ADK, (ii) Ii thuyét SC-MO-ADK dir dodn tot su phu
thugc cua Xac sudt ion héa vao goéc dinh phuong.

Tir khoa: xac suat ion hda, phan tir phan cyc.

ABSTRACT
lonization probability of polar molecule model in laser field

lonization probability in the interaction of a polar molecule model with a laser field
is calculated by MO-ADK, SC-MO-ADK theory, and TDSE method. Compared to TDSE
results, we found that (i) the SC-MO-ADK theory need to use for polar molecule, instead of
MO-ADK theory, and (ii) SC-MO-ADK theory is good apply for the prediction of the
dependence of ionization probability on alignment angle.

Keywords: ionization probability, polar molecule.

1. Giéithiéu

Quaé trinh ion hda cua dién tir dudi tac dung cua truong dién la mot bai toan quan
trong da dugc nghién cau rat rong rai; do day la qua trinh dAu tién cua cac qué trinh phi
tuyén nhu ion hoa trén ngudng hay phét xa song diéu hoa bac cao, ion hoa hai dién tir
khong lién tuc. Pai lwvong dic trung cho qué trinh nay 1a xac suat ion hoa, tuc la ¢ bao
nhiéu phan tram dién tt s& bi ion héa dudi tac dung cua trudong ngodi. Pai lwgng nay cé
dugc tinh dugc bang cach ding phuong phép sé ab initio nhu phwong phap giai chinh
xac phuong trinh Schrddinger phu thuoc thoi gian (TDSE), Hartree-Fock phu thugc
thoi gian (TDHF), Ii thuyét phiém ham mét d6 phu thudc thoi gian (TDDFT) [2, 4, 8]
hay c4&c md hinh giai tich nhu gan ding truong manh SFA (Strong Field
Approximation) [7], MO-ADK (molecule Ammosov-Delone-Krainov) [12].

Uu diém caa phuong phap sé ab initio 1a cho két qua tét co do tin cay cao, nhung
tén rat nhiéu tai nguyén tinh toan ciing nhu thoi gian tinh toan twong dbi 1au. Do d6
pham vi &p dung chi xung quanh mat s6 bai toan kha nho va mang tinh mé hinh. Trong
nhitng nam gan day, v&i su phét trién cia phuong phap tinh va sy xuét hién ngay cang
nhiéu cia cac may tinh hiéu nang cao, d4 lam cho phuong phap sb ab initio dwoc &p
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dung cho céc bai toan 16n ma thuc nghiém cé thé do duoc nhu cac nguyén tir khi tro,
Ng, COZ, 02 hay CoO. [2 4]

Ngoai phuong phap so ab initio thl phuong phap md hinh van duoc quan tam
phét trién boi vi n6 cung cp buc tranh vé vat Ii qua trinh dién ra. M6t trong nhiing |i
thuyet duoc chap nhan sir dung rong rai la MO-ADK duogc phat trién bai cac nha khoa
hoc tai Pai hoc bang Kansas ma dung dau 1a GS C. D. Lin. Y tuéng dau tién cua Ii
thuyét nay xuat phat tir Ii thuyét ADK [1] cho nguyén tir do ba nha khoa hoc nguoi Nga
Ammosov, Delone, va Krainov dé xuat, sau d6 dugc phét trién 1én thanh MO-ADK cho
phan tur [12, 13]. Li thuyét MO-ADK duoc 4p dung thanh cong dé giai thich sy phu
thudc theo goc dinh phuong cua x4c suat ion hda cho cac phan tur nhu H,, Ha Fo, Ny,
0,. Tuy nhién, van c6 nhimg truong hop i thuyét MO-ADK &p dung khong tét nhu
cho phéan tir CO..

Trong Ii thuyét MO-ADK, céc tac gia d4 gia sir rang trong truong tinh dién yéu
thi ning lwong cia phan tir trung hoa va ion caa no 1a khong ddi, dan dén thé ion hoa la
dai luong bat bién véi dién truong. Tuy nhién, cho nhiing phan tir phan cuc va trong
truong dién manh, sy thay d6i ning luong cua phén tir trung hoa va ion cua né la rat
dang ké va khdng thé duoc bo qua nhu trong cong trinh [3, 5, 10] dé chi ra. Do d6
trong [6] céc tac gia da dé xuat thay vi coi thé ion hda la mot hang sé, thi thé ion hda s&
phu thudc vao dién truong tinh theo biéu thirc gan ding bac hai cua hiéu tng Stark. Tir
do6 cac tac gia da hinh thic luan Ii thuyét MO-ADK Ién thanh Ii thuyét Stark-corrected
MO-ADK (SC-MO-ADK). Ap dung md hinh nay céc tac gia ¢ thanh cong trong viéc
giai thich xac suat ion hda cua phan tir NO, tuy nhién lai that bai khi &p dung cho phén
tr CO. Piéu nay d4 duogc giai thich trong [2] 12 do véi phan tir CO thi dong gop cuia cac
I6p dién tir bén trong 1a dang ké va ca MO-ADK hay SC-MO-ADK déu chua tinh dén
diéu nay.

Tuy nhién, hinh thtrc luan nay van chua dugc chang minh mét cach chat ché bang
biéu thirc giai tich hay phuong phép sé ab initio. Trong cong trinh nay, nghién ctu qua
trinh ion héa cua mot moé hinh phéan tir phan cuc, chidng tdi sé chirng minh sy hiéu qua
va kha nang ung dung caa hai md hinh MO-ADK va SC-MO-ADK bing cach so sanh
Vi phuong phép sé TDSE.

2. Phwong phap tinh xdc suit ion hoa
2.1. Phwong phap TDSE

Xét md hinh mét phén tir phéan cuc co hai hat nhan véi dién tich Z, =0.3 a.u. va
Z,=0.7 au. dugc dat c¢b dinh trén truc Oz twong (ng Véi toa do 1a z,=-14au. va
z,=0.6 a.u.[10]. Mot dién tr chuyén dong dudi tac dung cua trudng Coulomb gay ra
boi hai hat nhan va treong dién cua laser nhu hinh 1. ChL'Jr}g t6i khdng quan tam dén
qgé trinh dinh ph}mng cua laser ma gia st laser dugc chiéu sao cho vecto phan cuc
nam trong mat phang yOz va hop vai truc phén tor mot goc dinh phuong la . Xac suat
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ion héa do qua trinh twong tac cuia phan tr phan cuc s& duoc khao sat véi sy thay doi
cua goc dinh phuong.

Z A
Z,=07¢ B laser
O y'
Z,=039

Hinh 1. M6 hinh ““thi nghiém ” @é khdo sat bai toan

2.1.1. Gidi phuwong trinh Schrodinger dung

Phuong trinh Schrddinger dimg cho dién tur khi chua twong tac voi truong dién
laser trong hé don vi nguyén tir (duoc s dung trong toan bo cong trinh nay) dugc cho
boi phuong trinh

How (F)=Ey (F), 1)
trong do6 toan tir ﬁo la toan tir “tw do” cua dién tir bao gdm dong ning cua dién tir va
thé nang twong tac coulomb ctia dién tir va hai hat nhan

Ve (F)=- 4 - Z .

Jri-2rcosfz, +22  \Jr’—2rcosfz, + 22

(@)

Phuong trinh (1) duoc giai bang phuong phap DVR [11]. Tap hop tit ca cac ham
riéng y, (F)cua H, s& tao thanh mot by ham tryc giao chuan hoa va day du. Bo ham
co s nay s& duoc dung dé giai phuong trinh Schrédinger phu thudc thai gian.

2.1.2. Gidi phurong trinh Schrodinger phu thugc thoi gian

Phuong trinh Schrédinger phu thudc thoi gian dugc cho bai

[HAONL(r,t)]LP(r,t):w, 3)
trong d6 thé ning twong tac gitra truong laser va ludng cuc cua dién tir 12

vV, (F,t)=E(t)F =E(t)cos Brcosd+E(t)sin Brsingsing. 4)

Laser duoc sir dung trong bai viét nay laser c6 c6 dang

E(t)= Eosinz(%t)sin(wuqﬁ), (5)
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trong d6 E, 1a cuong do dinh, o 1a tan s6, r 1a do dai xung, va ¢ pha ban dau cia
laser. Trong nghién ciru nay, chdng t6i stir dung laser c6 d6 dai xung la hai chu ki quang
hoc, buéc séng 1a 1200 nm va pha ban dau ¢ =90°.

Phuong trinh (3) duoc giai dugc giai bang phuong phap tach toan tir trong gan
dung bac hai [9]

Y(F,t+At)~ exp{— 'HSM}exp{—i\?L (F,H%}At} exp{— 'H;At}{’(r,t). (6)

Chlng t6i tach toan tir thanh hai thanh phan H, va V,_ gilp cho viéc tinh toan
nhanh hon va téc d6 hdi tu ciing nhanh hon. Dé giai phwong trinh (6), dau tién ham
song tai W (F,t) duoc khai trién trong hé ham riéng cua toan tir H,

r t)=zn:cn (Ow, (), (7)

sau d6 ap dung thuat toan ba budc sau.

iH, At

Bude 1. tac dung toan tir exp{— } lén W (F,t) va khai trién ham séng moi

trong trong hé ham riéng cta toan tir H,

\Pl(F,t)zexp{—ngAﬂZCn( v, (F) Zc v, (F), (8)

vei Cﬁ(t)zexp[—lE"ZAt}Cn(t).
o e (At NP -
Buwoc 2. tac dung toan ta exp| -V, r,t+? At| Ién ham song ¥*(r,t) va lai
tiép tuc khai trién ham song méi trong trong hé ham riéng cua toan tir H,

IPZ(r’t)zexp{—i\fL(f,t+%JAt}ZC; (), ZC vy, (7), 9)
VGi sz (t) - Z(;;1 (t)<1//n2 (f)‘exp{—i\fL (r’H%JAt_

n

v, (7))

iH, At

Budc 3. twong ty budce 1 tac dung toan tir exp| —

} 1én w?(F,t) va mot lan

nira tiép tuc khai trién ham séng méi trong trong hé ham riéng cua toan tir H,
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iH, At

\P(F,t+At)=\P3(F,t)=exp{_

}ancnz(t)y/n(F)=Zn:Cn(t+At)y/n(F), (10)

voi C, (t+At)=exp{—'E”%“}Cn2 (t). Tir ham séng ban dau ¥ (r,t=0) chinh la ham

s6ng tai trang thai co ban, ap dung phuong trinh (6) cho dén khi hét thoi gian phat xung
r cua laser thi ching tdi s& thu dugc ham séng phu thudc thoi gian tai cac diém céach
déu nhau At trong khoang tir 0 — 7.

2.1.3. X&c sudt ion hoa
bién tir chi ¢6 thé nam & cac muc trang thai lién két E, <0 hozc trang thai tu do

E, >0 V&i xac xuét twong tmg 1a |C, (t)|2 . X&c suat tim thiy dién tir trong toan bo mién

ning lugng bang 1 do d6 xac xuat ion hda s la

P(t)=1-3[c, (1) (11)

E,<0

Trong nghién ciu ndy, ching t6i chi quan tim dén x&c suat ion héa tai thoi diém
truong laser tat bai vi khi do dong dién tar bi ion hoa d4 ra khoi mién hap thy. [2]
2.2. Lithuyét MO-ADK va SC-MO-ADK

Li thuyét MO-ADK duoc trinh bay chi tiét trong [12], do d6 trong bai bao nay
ching ti chi trinh bay nhiing cong thirc can thiét phuc vu cho viéc tinh toan. Ham séng
tai mot trang thai xac dinh tai nhitng khoang céch 16n s& duoc khai trién thanh

4

v (F)=YCor €Y, (6,0), (12)

trong d6 Z, 1a dién tich higu dung tirc 1a tong dién tich con lai caa phan tir, x = /2l o Vi
I, lathé ion hoa ciia phan tir va v,, (0,¢) 12 ham ciu ciia nguyén tir hydro. Téc do ion
hda ctia phan tir trong truong tinh di¢n voi d6 16n caa truong la F =|E| dwoc cho boi

2 ! 3 %—\m'\—l 2
Wsm(F,ﬁ)=ZB (m) i [ZK j e *, (13)

= 2" m]r Zeal F
K

K

VGi

(20+1)(1+m))!

B(m‘)ZZCIDrIn',m(ﬁ)(_l)m'\/ 2(|_|m.|)! (14)

trong d6 D}, 12 ma tran quay. Tir d6 c6 thé dé rang tinh dugc téc do ion hoa trong
truong dién bién thién véi tin sé nho la

60



TAP CHi KHOA HOC BHSP TPHCM Hoang Vin Hung

W(F,ﬁ)=(i—'§} W, (F. B)- (15)

XAac suat ion hoa trong trudng dién laser lién hé véi tée do ion hoa qua biéu thac

P(F.p)=1-¢ "™, (16)
6 nghia 1a trudng dién laser s& duoc chia thanh nhitng khoang dt rat nho sao cho dién
treong trong ving do co thé xem Ia bién thién cham va ap dung dugc biéu thire (13) va (15).

Vi phan tir phan cuc thé ion héa s& khdng con 1a hang s6 ma phu thude vao dién
truong E thdng qua biéu thirc gan dung bac hai tir hiéu ang Stark [3, 5]

1,(E)=1, (0)+ AGE +ZE"AGE a7

trong do, 1,(0) la ion hoa khi chua c6 truong ngoai, Az la hiéu vec to ludng cuc
(dipole) va Aa la hiéu tensor phan cuc (polarizability) cia phan tu trung hoa va ion
duong cta no6. Do d6 trong li thuyét SC-MO-ADK thi toan bo cac cong thuc tir (13)
den (16) s€ duoc gitr nguyén nhung thé ion hda sé dugc cho boi phuong trinh (17). Véi
phan tir phan cuc phan dong gop cua do phan cuc Aji 1a cha yéu, do d6 twong ty nhu
[6] chung t6i chi xét toi dong gop hiéu chinh bac nhat (tuyén tinh) trong biéu thuc tinh
thé ion hoa.
3. Kétqua
3.1. Ham séng va ndng luweng tai trang thdi co ban

Nang lugng tai tai trang thai co ban cua dién tir la 10.5 eV va ham séng tai trang
thai co ban cua dién tir dugc vé ra trong hinh 2. C6 thé thay hau nhu toan bo dién tir
déu tap trung & phia hat nhan c6 dién tich 16n (Z, =0.7a.u.). Va do tinh chat déi xtng
nén hiéu vec to ludng cuc Azi cua phan tir s& 1a mot vec to hudng doc va nguoc chiéu
truc Oz, ¢6 d6 16n 12 0.194 a.u.

0.4
4 (a) 0.3470 (b)
03150
> b
Yy S\ 0.2800 0.3
2 / A 02450 =
—~ / A\ i =
: / ) b\ 0.2100 O
= “ \ *
< 0 s / 0.1750 E 0.2
N—" \
N \ \/ y |/ 0.1400 E‘S
) \\ y y 0.1050
\\\ = "// y 0.07000 0.1
: 003500
-4 0.000
0.0
-4 -2 0 2 4 -4 -2 0 2 4
y (a.u.) z (a.u.)

Hinh 2. Ham song tai trang thdi co ban cua phan t Z,Z, (a) tai mat cat x=0 va (b)
tai mat cat x=0, y=0
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3.2. XA&c sudt ion héa bang Ii thuyét MO-ADK va SC-MO-ADK
Céc hé s C, khi khai trién ham séng co ban cta phén tir Z,Z, & khoang cach rat
I6n dugc trinh bay trong bang 1. Pong goc cua nhitng trang théi véi | >3 rat nho cé thé
bo qua, do do chung t6i chi tinh tai 1 =2.
Bang 1. Cachéso C,.

I,m=0 C,
0 1.651
1 0.085
2 0.059

X4&c suét ion hoa cta phan tir Z,Z, khi tuong tac Véi trudng laser c6 budc song
1200 nm, cuong d6 0.4x10" W/cm? bang Ii thuyét MO-ADK va SC-MO-ADK dugc
thé hién trong hinh 3. C6 thé théy mot su khac biét hoan togn gitra li thuyét MO-ADK
va SC-MO-ADK. Theo li thuyét MO-ADK thi dién tir s€ dé bi ion hda hon khi cuong
do laser cyc dai chiéu tir Z, sang Z, a.u. (8 =180) so véi chiéu nguoc lai tir Z, sang
Z, (B =0°). Li thuyét SC-MO-ADK thi lai du doan hoan toan nguoc lai, nghia 1a phan
tor Z,Z, s& dé bi ion héa hon tai goc dinh phuong B =0° so véi B =180°. Thém nira,
theo Ii thuyét MO-ADK xé&c suit ion héa cuc tiéu tai goc dinh phuong S =70° va
B =120°theo Ii thuyét SC-MOADK.

0.007 ; : ; ; .
0.006
0.005
= 0.004
2
g
3 0003 » ——MOADK
% SC-MO-ADK
0.002 |
0.4x10" W/em’, 1200 nm
0.001 |
0000 1 1 1 1 1
0 30 60 90 120 150 180

Géce dinh phuong (d0)
Hinh 3. Xac sudt ion hoa cuia phan t Z,Z, trong truong laser c6 cuong do
0.4x10™ W/em?, buéc séng 1200 nm, tinh bang Ii thuyét MO-ADK va SC-MO-ADK

Pé giai thich cho két qua nay, thé ion héa phu thudc vao goc dinh phuong khi
laser co cudng do dinh 0.4x10* W/cm? dugc V& ra trong hinh 4. Véi |i thuyét MO-
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ADK thi thé ion héa la hang sb, tuy nhién véi Ii thuyét SC-MO-ADK thi thé ion hoa s&
phu thudc vec to dién truong, tirc 1a cudng do va hudng cia né. Tai goc 0°, hai vec to
Afi va E nguoc chidu nhau, tir (17) s& thay thé ion hoa giam, dan dén dién tur s& dé bi
ion hoa hon. Nguoc lai tai géc 180°, hai vec to Afi va E cling chiéu, thé ion hda dién
tir tang, dién tir s& kho bi ion hoa hon. Nhu vay, c6 thé thiy ddi voi cac phan ti phan
cuc thi dong gop cua tuong tac gitra ludng cuc phan tir va dién truong la dang ké va
khong thé bo qua. Tai goc dinh phuong B =90°thé ion héa cua hai Ii thuyét 1a nhu
nhau do d6 xac suat ion hoa tai géc nay Ia gidng nhau nhu dwoc thé hién trong hinh 3.

10.7 . . . . ;
——MO-ADK
AL SC-MO-ADK |
~ 0.4x10" W/em’
>
o
2 105F i
ok
&
@
E 104} 4
103 F i
0 30 60 90 120 150 180

Géce dinh phuong (do)
Hinh 4. Thé ion héa cia phan tir Z,Z, khi laser c6 cuong dg dinh 0.4x10" W/cm?
tinh bang Ii thuyét MO-ADK va SC-MO-ADK

3.3. Xéc sudt ion hoa bang phwong phdp TDSE

XA&c sut ion hoa cua phan tir Z,Z, phu thudc goc dinh phuong khi twong tac véi
laser ¢6 cuong do 0.4x10" W/cm?va budc song 1200 nm bang phuong phap TDSE
duoc thé hién trong hinh 5. C6 thé thiy xac suit ion hoa dat gié tri cuc dai tai géc 0°
sau d6 giam xudng téi 120° va ting 1én nhe toi goc 180°. Hanh xir nay l1a hoan toan
tuong tu vai nhirng gi li thuyét SC-MO-ADK d& dy doan. Do d6 bang phuong phap so
ching t6i d& chirng minh dugc li thuyét SC-MO-ADK dyu doan tot sy phu thuéc cua
X&c suat ion hda vao goc dinh phuong.

63



TAP CHi KHOA HOC BHSP TPHCM Sé 12(78) nim 2015

0.010 T T T T T T T T T T
0.008
<
€ 0.006
8
5
\§ 0.004 o .
>
0.4x10" W/em®, 1200 nm
0.002 §
0.000 1 1 1 1 1
0 30 60 90 120 150 180

Go6c dinh phuong (d0)

Hinh 5. Xac sudt ion hoa cia phan tr Z,Z, khi twong tac véi laser cé cwong do
0.4x10" W/cm?va buréc séng 1200 nm tinh bang phwong phdp TDSE

3.4. So sinh phwong phdp SC-MO-ADK va TDSE
Pé thay duoc sy hiéu qua cua Ii thuyét SC-MO-ADK va TDSE, trong hinh 6
ching toi thé hién xéac suit ion hoéa khi phan tir twong tac véi laser co cuong do
0.4x10" W/cm?, budc séng 1200 nm. So vai két qua TDSE, c6 thé thay xac suit ion
hoa bang If thuyét SC-MO-ADK Ia nho hon khoang 1.4 1an so voi két qua TDSE. Tuy
nhién 1i thuyét SC-MO-ADK dy doan mét cach chinh xac su phu thudc cua xac suat
ion hoa theo géc dinh phuong, nghia 1a dat cuc dai tai 0°, giam Xuéng dat cuc tiéu tai
120°, sau d6 tang nhe khi goc dinh phuong dat 180°.
00—

0.008

0.006

0.004

Xdc suat ion héa

——TDSE
SC-MO-ADK (x1.4)

0.002 0.4x10" W/em®, 1200 nm b

T

0.000 n 1 n 1 " 1 " 1 n I n
0 30 60 90 120 150 180

Goce dinh phuong (d0)
Hinh 6. Xac sudt ion hoa ciia phan tir Z,Z, khi twong tac véi laser cé cuong do
0.4x10" W/cm?, buéc song 1200 nm tinh bang phwong phép TDSE va SC-MO-ADK
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Pé so sanh mot cach cu thé va dinh lugng hon, trong bang 2 chlng toi cung cap
Xac suat ion hoa tai cac goc dinh phuwong 0° va ti s6 xac suit ion hoa
¢="P(0°)/P(180°) bing TDSE va Ii thuyét SC-MO-ADK cho nhiing cuong do laser
khac nhau. Tai goc 0°, khi cuong dé laser ting X&c suat ion hoa bang Ii thuyét SC-MO-
ADK ting nhanh hon khi so voi két qua TDSE, tir bé hon tai cudng d6 0.4x10% W/cm?
sau d6 16n hon cho nhimg cuong d6 khac. Pay 1a mot vin dé can duoc cai tién trong Ii
thuyét SC-MO-ADK. Tuy nhién, ti s6 x4c suat ion héa tai goc dinh phuong 0° va 180°
gan nhu 1a gidng nhau, véi do 1éch dudi 4% cho toan bo cudng do laser. Do d6 mic du
Ii thuyét SC-MO-ADK chura cung cip chinh xac ¢6 bao nhiéu dién tir c6 kha ning bi
ion hda tai mot goc dinh phurong cu thé, nhung né cung cip mot bire tranh tong quat vé
su phu thudc ctia xac suat ion hoa vao goc dinh phuong. Pay 1a mot két qua tao tién dé
cho nhitng nghién cau vé thuc nghiém.

Bdng 2. Xac sudt ion hda cia phan t Z,Z,véi nhitng cuong dé khac nhau

dwroc tinh bang phurong phap TDSE va i thuyét SC-MO-ADK

Cwong do

(X1014 chmZ) TDSE SC‘MO‘ADK
P(o°) (%) P P(o°) (%) P

04 0.94 1.62 0.67 157

05 2.37 1.58 2.53 1.58

0.6 4.75 1.55 6.57 1.57

0.7 8.10 1.52 135 1.56

0.8 12.2 1.48 23.2 153

4. Kétluan

Trong bai nay chung t6i d4 trinh bay Ii thuyét tinh xac suét ion hda bang phuong
phép s6 TDSE, ciing nhu |i thuyét MO-ADK va SC-MO-ADK cho md hinh phan tir
phan cuc Z,Z,. Sau d6 xac sut ion hda cia md hinh phén tir phan cuc 7,7, dudi tac

dung cua truong dién laser c6 cuong d6 0.4x10™ W/cm?, budc séng 1200 nm dé duoc
tinh bang 1i thuyét MO-ADK, SC-MOAK va phuong phap TDSE. So sanh véi két qua
TDSE chung t6i nhan thay can phai sir dung Ii thuyét SC-MO-ADK, thay vi MO-ADK
cho céc phan tir phan cuc. Tiép tuc tinh cho cac cuong do cao hon chung t6i nhan thay
mic du chua dy doan chinh xac d¢ Ion cua xac suat ion hda tai timg goc dinh phuong
cu thé, nhung Ii thuyét SC-MOAK du doan tbt, cung cip mot buc tranh vé& sy phu
thudc cta Xac suat ion hoa vao goc dinh phuong.

Ghi cha: Cong trinh nay diroc thuc hién trong khudn khé dé tai nghién cizu khoa hoc
cdp co sé nam 2015 cia Truwong Pai hoc S pham TPHCM, véi ma s¢ CS.2015.19.65.
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