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_ANH HUONG CUA TAP CR PEN CAU TRUC,
TINH CHAT QUANG VA TU TINH CUA VAT LIEU
SAT PIEN KHONG CHI BI,sTIO;

Vwong Khi Anh'®, Nguyén Hoang Tudn’, Pham Vin Vinh®, Ping Dirc Diing’
Y Truwong Pai hoc Thii d6 Ha Noi
2T ruong Pai hoc Bach khoa Ha Noi

) ruong Pai hoc Suw pham Ha Noi

Tém tit: Vit liéu multiferroic dya trén nén vt liéu sdt dién khong chi dang dwoc quan
tam nghién ciru phdt trién do ching hita hen tich hop cdc dic tinh vt liéu méi. Trong
bdo cdo nay, vit liéu sat dién khong chi BiysKosTiO3 va vt liéu BigsKosTiOs ¢é pha tap
Cr duwoc tong hop bang phirong phdp sol-gel. Tinh chdt sdt tir yéu cia vit liéu sdt dién
khong chi BigsKosTiOs va BigsKosTiOs pha tap Cr déu thé hién tai nhiét dé phong. Phé
hép thu cho thcfy bé rong vung cam cuia vt liéu BiysKosTiOg pha tap Cr giam tir 3.36 eV
xuong 2.86 eV dwoc cho la nguyén nhdn ciia sw thay thé Cr vao vi tri cua Ti trong cdu
triic perovskite. Chiing t6i hy vong rang, phiong phdp nay hira hen phdt trién cac thé hé
vt liéu multiferroics nham gidi quyét van dé vé sw khan hiém cia vt liéu multiferroics

don pha trong tw nhién.

Tir khoa: Bio_5Kol5Ti03, SOI-QEI.

1. PAT VAN DE

Cac nghién ciu vé vat liéu mutiferroic dang duoc phat trién nhanh chong vi cac vat
liéu nay hira hen tao ra moét loat cac tng dung maéi nhu bo nhé di lidu tiéu thu nang lugng
thip dua trén su két hop cua tinh sét tir va tinh st dién trong mot vat liéu [1, 2]. Vat liu
multiferroic c¢6 dac tinh khac biét 1a kha nang thay ddi tir 46 dudi tac dung cua dién truong
hoac thay ddi su phan cuc dién dudi tac dung cua tur truong ngoai [1, 2]. Tuy nhién, céc vat
liéu multiferroic rat hiém co trong tu nhién do co ché twong tac dé vat liéu thé hién tinh sat
dién va sat tir ty triét tiéu 1an nhau [3, 4]. Do d6, van dé phat trién vat liéu nay van con 1a
mot thach thirc trong van dé ché tao vat lidu multiferroic, dac biét, vat liu phai thé hien

@ Nhan bai ngay 25.12.2015; giri phan bién va duyét ding ngay 15.01.2016.
Lién hé tac gia: Vuong Kha Anh; Email: vkanh@daihocthudo.edu.vn.
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tinh chat & nhiét 6 phong nham phuc vu cho cac tng dung thuc té. Cac nghién ctu tap
trung vao viéc phat trién vat liéu nay thuong dya trén mot s6 hudng co ban sau: (i) hudng
cai thién, nang cao tinh chat cua caa mot sé vat liéu multiferroic ¢ san trong tu nhién nhu
YMnOs V.v... [5], (ii) huéng tim kiém, téng hop cac vat liéu multiferroic méi trong phong
thi nghiém nhu KBiFe,0s v.v... [6], (iii) hudng két hop cac vat liéu sét tir voi cac vat lidu
sat dién nhu hdn hop BaTiOs-CoFe;0, v.v... [7] va (iv) hudng pha tap cac kim loai chuyén
tiép thudc phan 16p 3d vao mot sb vat lieu sat dién c6 san vi du pha tap Fe vao BaTiO3
v.v... [8].

Gan day, cac két qua nghién ctru da chi ra rang vt liéu sit dién truyén thong nén chi
nhu PbTiOs thé hién tinh chit sét tir tai nhiét do phong khi dugc pha tap mot sé kim loai
chuyén tiép nhu Mn, Fe hodc Ni tai vi tri Ti trong ciu trac perovskite [9-11]. Bén canh do,
tinh chat sit dién - sit tir ctia vat lidu to hop dua trén nén vat liéu st dién PbTiO; ciing
dugc phat hién tai nhiét d6 phong nhu t6 hop PbTiOs-CoFe,0,4 [12] hay mang da 16p
[PbTiO3]es/[CoFe;04]15 [13]. Nhimg két qua nghién ciru nay 1a rat quan trong, béi vi nd
htra hen tao ra cac vat liéu multiferroic dua trén nén vat liéu sat dién truyén théng PbTiOs.
Céc két qua d6 s& md ra hudng phat trién céc linh kién da chirc nang trén nén ung dung vat
lidu sat dién. Tuy nhién, huéng nghién ctru phat trién ing dung vat liéu ndy vao cac linh
kién thuc té s& gap phai rao can 1on vé cac tiéu chuan vé méi truong va sic khoe do vat
liéu PbTiO; chira mot ham luong 16n nguyén t6 chi (Pb), khoang 60% khdi luong [14].
Trong qua trinh ché tao, sir dung cling nhu tai ché linh kién dién tir sir dung vat liéu sat
dién nén chi PZT, nguyén td chi s& khuéch tan vao moi truong lam anh hudng téi hé sinh
thai ciing nhu anh hudng truc tiép toi sirc khoe ciia con ngudi. Theo bao co cia TH chirc
Y té thé gioi (WHO) thi nguyén t6 chi anh hudng rat 16n téi tré em, dic biét 1a anh huong
t6i sy phat trién tri tué. Cling theo béo c4o ciia to chirc nay (tinh dén thang 8 nam 2015), thi
hang nim c6 khoang 600.000 trudng hop bénh nhi méi bi anh hudng t6i sy phét trién tri
tu¢, 143.000 trudng hop tir vong lién quan téi nhiém doc chi [15]. Tai Viét Nam, theo
thong tin cua Bo Tai nguyén va Moi truong (14/052015), tinh trang 6 nhiém kim loai ning,
trong d6 c¢6 nguyén td chi, phd bién tai cac lang nghé truyén thdng nhu lang nghé tai ché
chi thon Pong Mai, xa Chi Pao, Hung Yén. Két qua budc dau xét nghiém ndng do chi
trong mau cho 335 tré em tai lang nghé c6 két qua 1a 207 tré em bi ngd doc chi [16]. Qua
do cho théy, loai bo nguyén td doc hai trong linh kién dién tr 1a mot nhu cau cép bach. Do
do6, viéc phat trién vat liu multiferroic khong chira nguyén t6 doc hai nham ung dung
trong cac linh kién dién tir 1a mot nhu cau thiét yéu [17].

Trong sd cac ho vat liéu sit dién khong chi thi ho vat liéu sit dién BigsAgsTiO3
(trong d6 A 1a cac kim loai kiém K, Na) duoc quan tdm nghién ciru rong rii do ching hira
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hen c6 thé thay thé cho céc vat liéu sit dién nén chi truyén thong Pb(Zr, Ti)Os (PZT) [18].
Két qua khao sat cua Quan va cong su cho thiy vat liéu sit dién khong chi dd co nhiing
budc nghién ciru phat trién vuot bac vé sb luong cac cong trinh ciing nhu chat luong cac
cong trinh, tham chi cac két qua nghién ctru con cho thay vat lidu sit dién khong chi da co
nhimg tinh chét so sanh dugc v6i vat liéu sit dién truyén thong PZT thuong mai (PIC25)
[18]. Gan ddy, nhém nghién ciru cta ching t6i di ché tao thanh cong vat liéu st dién
khong chi BigsKosTiOs ¢6 pha tai Fe [19]. Két qua cho thiy vat liéu thé hién tinh sit tir tai
nhiét ¢ phong va c¢6 su thu hep bé rong dai cim. Két qua tinh toan 1y thuyét theo 1y thuyét
truong tinh thé cua ching t6i ciing dy doan ring viéc giam bé rong dai cam va tinh chat sat
tor tai nhiét do phong la do xudt hién dai din dinh st cua sit khi pha tap Fe vao
BiosKosTiOs [19]. Két qua nghién ctru ciing chi ra r.':fmg vat liéu sit dién khong chi
BiosKosTiO3 ¢6 pha tap Ni ciing thé hién tinh sat tir tai nhiét d6 phong [20]. Bén canh do,
nhém nghién ciru cling thiy rang su xuat hién ciia pha NiTiO3 khi ham lugng Ni vuot quéa
giéi han pha tap trong vt liéu BigsKosTiOs3 pha tap Ni ciing ¢6 thé 13 nguyén nhan giy ra
tinh chat sat tir tai nhiét do phong cua vat liéu [20].

Trong bao cao nay, vat liéu sat dién khong chi BigsKosTiO3 va BigsKosTiO3 pha tap
Cr dugc ché tao béng phuong phap sol-gel. Két qua cho théy vat liéu thé hién tinh chat st
tir yéu & nhiét d6 phong. Bé rong dai cam giam tir 3.36 eV xudng 2.86 eV ddi véi khi
khong pha tap va khi pha tap 5 mol% Cr vao BigsKosTiO3 do ¢o su thay thé Cr vao vi tri
cua Ti.

2. THU'C NGHIEM

Vit liéu BigsKosTiO3 va BigsKosTiO3 pha tap Cr dugc ché tao bang phuong phap
sol-gel. Nguyén liéu ban dau gom c6 mudi bismuth nitrate pentahydrate (Bi(NOs),.5H,0),
mudi potassium nitrate (KNO3), tetraisopropoxytitanium (IV) (Ci2Hzg0,4Ti) va mudbi
chromium nitrate (Cr(NOg3)3.9H,0). Cac dung moéi dugc su dung la acetic acid
(CH;COOH) va acetylacetone (CH3COCH,COCHs). Tién trinh thi nghiém cho
BipsKo5Ti03 pha tap Cr dugc tién hanh nhu sau:

Pau tién, cac mudi Bi(NO3),2.5H,0 va KNOs duogc hoa tan trong axit axetic va nudc
cat. Sau khi dung dich dwgc khudy tir trong 1 gior dé tao thanh sol trong sudt. Sau d6, dung
dich acetylacetone duogc cho vao dé ngin qua trinh két tia nguoc cua ions Bi** va tao moi
treong hoa tan dung dich Ci2H2304Ti. Dung dich thu dwoc duogc khuéy tur to1 khi trong
sudt trude khi cho mudi chromium nitrate. Dung dich duoc khudy trong vong 1 ngay va
duogc gia nhiét & nhiét do 100°C dé tao thanh gel kho. Cac gel kho nay dugc nung so bo tai
400°C trong vong 2 gid va nung thiéu két & 900°C trong vong 3 gio. Sau d6 mau dugc dé
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ngudi tu nhién theo 1. Vat lidu thu dugce c6 dang bot tring cho mau BigsKosTiOz va b
mau vang nhat cho vt lidu BigsKosTiOs pha Cr. CAu truc tinh thé cua miu dugc khao sat
thong qua phép do nhidu xa tia X (XRD). Dic trung hap thu cua miu dugc khao sat thong
qua phd hap thu UV-Vis. Tinh chat tir cia mau dugc khao sat théng qua phép do tir tré tai
nhiét 6 phong bang tir ké mau rung (VSM).

3. KET QUA VA THAO LUAN

Hinh 1 14 phd nhidu xa tia X trong dai goc nhiéu xa 20 tir 20-70° ctia mau sit dién
khong chi BigsKosTiOs va BigsKosTiOs pha tap Cr. Cac mau thu duge co cAu tric
perovskite. Cac dinh nhiéu xa ctia mau BigsKosTiO3 khong pha tap duogc gan phu hop véi
thé chudn va vt liéu c6 clu trac tetragonal. Tuy nhién, gidn dd nhilu xa tia X cua cac mau
pha Cr ¢6 xuat hién cac dinh nhiéu xa la, cac dinh nay duoc gan cho pha Bi,Ti,O7. Sy xuat
hién cua cac dinh nhidu xa nay c6 thé 1a nguyén nhan thiéu hut K trong qua trinh bay hoi
dung dich tao gel hodc trong qué trinh nung mau tai nhiét d6 cao. Cac két qua cia ching
t6i kha pht hop voi cong bd cia Y. Zhang va cong su vé nguyén nhan tao pha Bi,Ti,O;
[21, 22].
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Hinh 1: Phé nhiéu xa tia X ciia vt liéu sdt dién khéng chi BiosKosTiO3 va
BiosKosTiOs pha tap Cr & cdc ham heong khdc nhau trong ddi géc nhiéu xa 20 tir 20-70°
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Vai trd cta ion Cr trong ciu triic duoc nghién ciru bang cach mé rong vi tri ciia dinh
nhidu xa (111) trong pham vi gbc nhidu xa 20 tir 36-44° dugc thé hién trong hinh 2. Két
qué cho thay cac dinh nhidu xa cta mau dich chuyén vé phia goc 20 16n khi nong d6 Cr
tang. Sy thay ddi nay 1a mot bang ching cho thiy sy thay thé ctia Cr trong mang tinh thé
khién cho c¢6 su bién dang mang tinh thé cua vat liéu, cu thé trong truong hop nay 1a su co
lai cia mang tinh thé khi c6 su thay thé Cr vao vi tri Ti. Két qua nay kha thu vi vi néu chi
tinh dén nguyén nhan vé su khac bién ban kinh ion cta nguyén t6 pha tap va nguyén t6 bi
thay thé thi hién tuong nay phai dién bién theo chidu nguoc lai, nghia 1a phai c6 su gidn ra
ctia mang tinh thé vi ban kinh ion ca Cr®* (0.0615 nm) va Ti** (0.061 nm) trong sau phdi
vi [23]. Tuy nhién, nguyén nhan co mang tinh thé c6 dé duoc giai thich mot cach rd rang
hon dya trén sy xuat hién cac nut khuyét oxy do su mit can dbi hoa tri gitta Cr®* va Ti*" dé
dam bao sy trung hoa dién tich trong vat liu oxide. Theo nghién ctru cua tac gid Becerro
va cong su thi vi tri ctia nut khuyét oxy duoc phan bd mot cach ngau nhién trong mang tinh
thé [24]. Theo cong bd cta nhoém Jedvik va cong su thi ban kinh cia nut khuyét oxi nho
hon ban kinh cua ion oxy trong mang tinh thé [25]. Ciing theo cong bd cua Shanh va cong
sy thi sy xudt hién nat khuyét oxy cta vat liéu BaTiO3 pha Cr®* 1a mét trong nhiing 1y do
lam bién dang ciu trac BaTiO3 [26]. Qua d6, chung toi cho rang cac nut khuyét oxy hinh
thanh tir sy mat can d6i héa tri ciia Cr va Ti dong vai trd quan trong hon trong sy bién dang
cAu tric mang hon la su khac biét ban kinh ion ctia cua crttva Tt
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Hinh 2: Phéng dai phé nhiéu xa tia X cia vt liéu BiygsKosTiOs va BigsKosTiOs pha
tap Cr trong ddi géc nhiéu xa 20 tir 36-44°
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Hinh 3 13 thy phd hip thu cia mau sét dién khong chi BigsKosTiOs va BigsKosTiOs
pha tap v6i cac ndng d6 Cr khac nhau. Két qua cho thiy c6 su dich chuyén phd hip thu vé
phia budc song dai va sudt hién cac dinh hap thu dinh x&r d3 cung cap thém bang ching
cho su thay thé cia Cr trong mang tinh thé va 1am bién dang cdu tric ning luong cta vt
liéu. Su xuét hién cua cac dinh hép thu dinh x trong khoang budc song 389 dén 427 nm
duoc dy doan 1a cua ion Cr** va Cr*". Két qua nay kha phu hop véi cong bd trude day vé
vit lidu BaTiOs pha tap Cr ciia nhém Langhammer [27]. Béan kinh ion cua Cr** trong s6
lién két phdi tri 6 14 0.055 nm, gia tri ndy nho hon ban kinh ciia ion Ti4+ 1 0.061 nm [23].
Do do, mot trong cac nguyén nhan khac lam co mang tinh thé bén canh su xuét hién cia
nut khuyét oxy 1a sy tang hoa tri ctia ion Cr tir 3+ 1én 4+ lam giam ban kinh ion. Tinh da
hoa tri cua cac kim loai chuyén tiép khi pha tap vao vat li¢u sat dién cling da dugc quan sat
nhu h¢ BaTiO3 pha tap Mn, khi c6 su ton tai déng thoi trang théi hoa tri cua Mn®* va Mn**
[28]. Gan day, tinh da hoa tri ctia nguyén t6 Ni ciing duoc nhém chung t6i quan sat qua
phd hap thu khi pha tap vao vat liéu st dién BigsKqsTiOs [20].

0-9 » L) - L] - L} ad L v v
T !
-
>’ 06 —— BKT pure
E —— BKT-1Cr
= BKT-2Cr
= —— BKT-3Cr
N BKT-5Cr
a 0.3 ——BKT-7Cr
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-
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) e ——
0.0 -
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Hinh 3: Pho hcfp thu ciia mau BigsKosTiOs va mau BiosKosTiOs pha tap Cr

Hinh 4 1a sy phu thudc (ochv)2 theo ning luwong cua photon (hv). Trong d0, a 13 hé sb
hap thy, h 1a hing s Planck va v 13 tin s6 song anh sang. Khi d6, bé rong dai cam (Eg)
duoc xac dinh tir viée 14y tuyén tinh theo d6 déc cua su phu thude (ahv)? ~ (hv). Két qua
gia tri Eq cua mau vat liéu sit dién khong chi BigsKosTiOs va mau vat liéu BigsKosTiO3
pha tap Cr duoc thé hién trén hinh nho bén trong hinh 4. Gia tri Eg thu duoc 1a 3.36 eV cho
vat liéu BigsKosTiO3 va gia tri nay giam Xuéng con 2.86 eV khi pha tap Cr 5% vao
BiosKosTiOs. Viéc giam bé rong dai cdm khi thay thé kim loai chuyén tiép vao vi tri cta
Ti ciing da cho két qua khi pha tap Fe va Ni trong vt lidu sat dién khong chi BigsKosTiOs
[19, 20]. Tuy nhién, khi ham lugng Cr pha tap vuot qua 5% thi c6 sy dich chuyén nguoc
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lai gié trj Eg, diéu ndy c6 thé dugc giai thich do sw xuat hién ctia pha tap chit Bi,Ti,O7 lam
cho vt liéu khong con dung hop phan danh dinh.

10

8'-“‘

~ M
T\
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;/f

2
gt e v ——BKT pure

——BKT-1Cr
BKT-2Cr
——BKT-3Cr
BKT-5Cr
BKT-7Cr
BKT-9Cr

(ahp)? (d.v.t.y)

hy(eV)

Hinh 4: Su phu thugc (ahv)? theo ning lwong photon (hv) ciia vat liéu BiosKosTiO3 vd
vat liéu BiysKosTiOz pha tap Cr. Hinh nho bén trong la sy phu thudc gia tri do rong ddi
cam cua vdt liéu BigsKosTiO3 theo ham luong Cr pha tap.

Hinh 5 1a két qua duong cong tir tré (M-H) ctia mau vat liéu sit dién khong chi
BigsKosTiO3 va mau vat liéu BigsKosTiOs pha tap Cr & nhiét do phong. Vat liéu
BipsKosTiO3 khong pha tap thé hién duong M-H khong bao hoa va cé xu hudéng giam tu
d6 khi tir truong ngoai ting. Piéu d6 thé hién vat liéu BigsKosTiOs thé hién tinh chat tir
yéu tai nhiét ¢ phong va c6 su dong gép cuia thanh phan nghich tir. Gan day, két qua ca ly
thuyét va thyc nghiém da ching minh rang cic vat liéu sat dién oxide co ciu truc
perovskite cling thé hién tinh chét sit tir tai nhiét do phong khi xuét hién cac nit khuyét
hodc do hi¢u ting bé mat khi vat liéu co ciu trac nano [10, 11, 29, 30]. Do do, ching t61 du
doan réng tinh chat sat tir yéu tai nhi¢t do0 phong cua vat li¢u sat dién khong chi
BiosKosTiO3 ¢ nguyén nhan 1a do xuat hién cac nit khuyét oxy hodc Ti. Gia tri tir d bao
hoa ctia vat liéu BigsKosTiO3 tai nhiét d6 phong duoc ting cuong déang ké khi pha Cr. Lyc
khang tlr (Hc) co gia tri khoang 40 (Oe) d6 1a bang ching viing chic cho tinh chat sat tir &
nhiét d§ phong. Gia tri luc khang tir Hc cua mau BigsKgsTiO3 pha tap Cr khé phu hop véi
cac gia tri béo cdo trudc do6 cho cac kim loai chuyén tiép pha tap vao vat li¢u sat dién nhu
Hc ~ 100 (Oe) thu duoc ddi voi vat liéu st dién khong chi BigsNagsTiO3 pha tap Fe va
PbTiO3 hodc He ~ 135 Oe ddi voi vat liéu sat dién nén chi PbTiO3 pha tap Mn v.v [31, 9-
11]. Két qua nay ciing kha pht hop véi cac cong bd trude day ctia nhém nghién ciru vé vat
liéu st dién khong chi BigsKosTiO3 pha tap Fe va Ni voi gia tri He tuong ung vao
khoang 70 va 120 Oe [19, 20]. Tuy nhién, két qua nghién ctru cho thiy khong ¢ sy ting
hodc giam tuyén tinh tir 46 bdo hoa theo ham luong Cr pha tap vao trong mau. Piéu nay c6
thé phan nao dugc hiéu do trong trudng tinh thé cr** khong thé hién tinh chét sat tir [32],
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do d6 sy thay ddi tir tinh ¢ thé dugc phy thudc vao ham lwong nut khuyét oxy thong qua
sw mét can ddi hoa tri gitra Cr™* va Ti*'. Bén canh d0, khi ham luong Cr ting cao thi ¢6 su
xuét hién pha Bi;Ti»O7, do do rat co thé tir tinh cta vat lidu c6 su dong gop tur su tu pha tap
Cr vao pha Bi,Ti,O7. Két luan chinh xac vé& nguyén nhén sy ting cudng tir tinh cua vat liéu
BiosKosTiO3 pha tap Cr doi hoi can phai tiép tuc nghién ciru sdu hon.
150 g v ¥ ooy vy v N Y 9 Y 9 v B v 9 v
100

50

T do (memu/g)
=)

—— BKT pure
50} ——BKT-1Cr
3 —— BKT-3Cr 4
—— BKT-5Cr
1 00 —— BKT-7Cr
_1 50 P | 2 2 2 2 .BKT-.QCF 2 2

543 21012234G%5
Tu truwong (kOe)

Hinh 5: Duong cong tir tré cuia vit liéu BigsKosTiOs va vdt liéu BiosKosTiOs pha tap Cr
tai nhiét do phong.

4. KET LUAN

Vit liéu sat dién khong chi BipsKosTiO3 va BigsKgsTiO3z pha tap Cr dugc ché tao
bang phuong phap sol-gel. Vat liéu thé hién tinh chat sat tir yéu tai nhiét do phong. Bé rong
ving cAm c6 su giam dang ké tir 3.36 eV cho vat liéu BigsKosTiO3 khong pha tap xuéng
con 2.86 eV cho vat liéu BigsKosTiOs pha tap 5 mol% Cr. Chung toi hy vong rang phuong
phap nay s& gitip cho viéc phat trién cac vat liéu multiferroic tai nhiét d6 phong duya trén
nén co so vat lidu sat dién khong chi.
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EFFECT OF CR ADDITION ON THE STRUCTURAL, OPTICAL AND
MAGNETISM OF LEAD - FREE FERROELECTRIC BlysK5T105
NANOCRYSTALS

Abstract: Development of the multiferroic materials based on the lead-free ferroelectric
material is the new possible channel to create the next generation devices. The lead-free
ferroelectric BigsKosTiO; and Cr-doped BigsKosTiOs hanocrystals were synthesized
using sol-gel method. The room temperature week-ferromagnetism obtained in both
undoped and Cr-doped BigsKqsTiO3 nanocrytals. The reduction of optical band gap value
from 3.36 eV to 2.86 eV was due to substitution of Cr at Ti site. This method may provide
an available way to get single phase multiferroics and resolve the problem of the scarcity
of single-phase multiferroics in nature.

Keywords: BiysKq5TiOs, sol-gel
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EFFECT OF ANNEALING TEMPERATURE ON THE
STRUCTURE OF ZnO FILMS

Dang Tran Chien*¥, Ta Anh Tan?
! Hanoi University of Natural Resources and Environment
#Hanoi Metropolitan University

Abstract: In this work, ZnO nanocrystalline thin films were obtained by evaporating Zn
using the thermal evaporation technique and then thermal treatment. The results show that
after annealed at temperature of 400°C, the porous structure becomes visible and the ZnO
film has a particle-like structure. At an annealing temperature of 450°C, the film has a
flower-like structure. The smoother and approximately uniform surface can be observed at
an annealing temperature of 500°C. The film goes into state of compression with decrease
in annealing temperature from 500°C to 350°C and becomes completely stress free at about
485°C. The lattice constant ¢ increases from 5.1992 A to 5.2020 A on increasing the
thickness from 600 nm to 1200 nm and the stress gradually decreases. This implies that the
stress film can be relaxed by increasing the film thickness. The obtained ZnO films were
characterized by X-ray diffraction (XRD) and a field emission scanning electron
microscope (FE-SEM).

Keywords: ZnO films, flower-like structure, porous structure, film thickness.

1. INSTRUCTIONS

Zinc oxide has been widely investigated due to its properties piezoelectricity,
conductivity, optical absorption and emission. ZnO thin films have many applications in gas
sensors, photocatalysis, dye-sensitized solar cells [5]. There are many different techniques
used for thin films growth: radio frequency (RF) magnetron sputtering [2], sol-gel [6], pulsed
laser deposition [10], spay pyrolysis technique [1], etc. In this work we used the vacuum
evaporation technique combined with thermal process for the fabrication of ZnO films. In
comparision with other techniques, thermal evaporation is a ralatiely simple one for large-
sacle uniform coating to produce clean, dense and strong adhesion to substrate thin films [9].
Studying of strain/stress in the film can provide useful information regarding deffect

@ Nhan bai ngay 11.01.2016 gui phén bién va duyét dang ngay 20.01.2016.
Lién hé tac gia: Dang Tran Chién; Email: dtchien@hunre.edu.vn.
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evolution, which is very important for a better understanding to improve the quality of the
film and for fabrication of ZnO based devices [8]. In this paper, we study the effect of
annealing temperature on the ZnO crystalline structure, strain and stress of the thin films.

2. EXPERIMENTAL SETUP

Silicon substrates were ultrasonically cleaned in a series of organic solvents (ethanol,
methanol and acetone) and deionized water. All the substrates were subsequently treated
by a glow discharge technique. A layer of Zn was vacuum-deposited by a thermal
evaporation technique at a pressure of 10 torr. The deposition rate was controlled at 1.5
nms'. The samples named Z1, Z2, Z3, Z4, Z5 were annealed at300°C,
350°C, 400°C, 450°C, and 500°C inair for 6 hours, respectively. The thickness of all
samples is about 600 nm. The surface morphology of the samples was investigated using a
Hitachi Field Emission Scanning Electron Microscopy (FE-SEM). X-ray diffractograms
were recorded on a XRD-5000 diffractometer using CuKa radiation with the wavelength
of 1.5406 A.

3. RESULTS AND DISCUSSION

3.1. Effect of annealing temperature on morphology of the ZnO thin films

Figure 1 shows FE-SEM images of the annealed ZnO thin films at temperatures of
400°C (sample Z3), 450°C (sample Z4), and 500°C (sample Z5). From the figure it is
apparent that at annealing temperature of 400°C, the ZnO film has a particle-like structure.
The porous structure becomes visible. The cross-section of Z3 shows a strong adhesion of
the film to the substrate. At an annealing temperature of 450°C, the film has a flower-like
structure. The smoother and approximately uniform surface can be observed at an annealing
temperature of 500°C (sample Z5). The increase in smoothness of ZnO thin film with
increased annealing temperature might originate from the increase in the grain size in the
film due to the thermal treatment. Therefore, the surface roughness becomes smoother
when the annealing temperature increases.
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Fig.1. FE-SEM images of surface and cross-section of samples named Z3, Z4, Z5 at
annealed temperature of 400°C, 450°C, 500°C, respectively.

3.2. Effect of annealing temperature on structural characterization of the ZnO
thin films

Figure 2 shows the XRD patterns of annealed ZnO thin films at different temperatures.
It can be seen from figure 2(a) that the high intensity of diffraction peaks at the 20 position
of about 36.3° 39.0° and 43.2° from zinc are found in the sample annealed at 300°C,
wheareas for the film annealed at 350°C, diffraction peaks at the 20 position of 39.0° and
43.2° are shown with very low intensity. Especially, the peaks at the 20 position of 36.3°
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and 54.3° disappeared (figure 2(b)). As can be seen from figures 2(c) and (d), no
diffraction peaks from zinc or other impurities are detected. The diffraction peaks
31.7°, 34.3°, 36.3°,47.6°, 56.6° and 62.8°
correspond to the (100), (002), (101), (102), (110) and (103) planes, respectively.

at the 20 values of

Eelative Intensity (arb.u)

approximately

| (e)Z_ 500 °C

(1001101}
0 (102) (110)103)

(c) Z, 400

I Y | pl o

—
10 1% 20 2%

——
30 3

5

————
40 45 50 5% 60 65

2 theta (degree)

Fig.2. XRD pattern of samples named Z1, Z2, Z3, Z4, Z5 at annealed temperature of
350°C, 400°C, 450°C and 500°C, respectively.

Table 1: Lattice parameters at different temperature.
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They are indexed as a wurtzite structure of ZnO (JCPDS card No0.36-1451). These results
indicate that the conversion to ZnO increases with the increase in annealing temperature. It is
clear that the zinc films were completely transformed to ZnO. Furthermore, increasing the
annealing temperature leads to enhancement of the intensity of XRD peaks and the peaks
become shaper (figure 2(d)). Hence, their crystallinity is improved.The lattice parameters
were evaluated using the equation [7] :

h?+hk+k? |2
+
c
1)

Where d is the measured space of (hkl) planes, which is determined by Bragg’s Law.
h,k,I are the Miller’s indexes of crystalline plane relevant to the measured d-spacing. a and ¢
are the lattice parameters of a wurtzite structure. The results are given in table 1. The strain
in the direction of c axis can be calculated from equation [4]:

= Ctitm ~ Chuik x100%
C huik 2)

Where csim is the lattice parameter of ¢ axis for the ZnO films, and ¢y is the lattice
parameter of ZnO in bulk. The strain in the direction of c axis of the samples 22, Z3, Z4, Z5 is
-0.50 %); -0.22 %; - 0.14 %,; 0.05 %, respectively. The negative sign indicates that the films
are in a state of compression along c axis. For hexagonal crystals, the stress (o) in the plane
of the film can be calculated using the biaxial strain model[8]:

_ 2C123 'C33 (Cn +C12 ) xg

film 2C13 (3)

Where C1;=209,7 GPa; C1,=121.1 GPa; C13=105.1 GPa; C33=210.9 Gpa are the elastic
stiffness constant of bulk ZnO. The results are cz,= 1.13 GPa; 6z3= 0.49 GPa; 624= 0.31
Gpa; ozs= -0.11 Gpa. The stress in the film is plotted as a funtion of the annealing
temperature in figure 3. The negative sign for the film annealed at 500°C indicates that the
lattice constant is elongated in comparision with bulk ZnO. This result shows that at
annealed temperature of 500°C, the film is in a state of elongation. The film goes into state
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of compression with decrease in annealing temperature from 500°C to 350°C and becomes
completely stress free at about 485°C. These results can be explained as follows: It is well
known that the defects cause the lattice disorder, which develops the stress in the films.
After annealed, the interstitial oxygen is probably removed and the defects in the lattice are
eliminated [3]. Furthermore, the increasing annealing temperature increases the atomic
mobility and reduces the structural defects. The average crystallite size of the ZnO thin
films is estimated by the Scherrer’s equation [11] as follows: D = 0.89A/Bcos0, where D
denotes the everage crystallite size of the ZnO thin films, A= 0.15405 nm is the X-ray
wavelength of CuKa, B is the width of the peak measured at half maximum intensity
(FWHM) and 6 is the Bragg’s angle of the peak. The crystallite sizes of the samples Z2, Z3,
Z4, Z5 are 19 nm, 22 nm, 25 nm, 38 nm, respectively. The crystallite size of the films
increases with the annealing temperature.
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Fig.3. Variation of the stress induced in ZnO Fig.4. XRD pattern of ZnO at different
films as a funtion of the annealina temperature. thickness.

3.3. Effect of thickness on the structure of ZnO thin films

Figure 4 shows the XRD pattern of ZnO thin films annealed at 450°C with thickness
of 600 nm, 800 nm, and 1200 nm. As shown in figure 4.a, the full width at half maximum
(FWHM) of (002) diffraction peak decrease with an increase in thickness, correspondingly the
grain size of films increases with an increase in thickness. Lattice ¢ can be calculated from
the peak position (002) using the relation inferred from equation (1) ¢ = 2dgo,. The strain in
the direction of c axis of different thickness can be calculated from equation (2) and (3).
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The results are given in table 2. As can be seen from table 2, the lattice constant c increases
from 5.1992 A to 5.2020 A on increasing the thickness from 600 nm to 1200 nm and the
stress gradually decreases. This implies that the stress in the films can be relaxed by

Table 2: Dependence of lattice constant on ZnO film thickness.

Film thickness (nm) c(A) Stress (Gpa)
600 5.1992 0.32
800 5.1996 0.30
1200 5.2020 0.20

increasing the film thickness. It is known that stress has a great influence on the crystal
lattice development of materials. When the film has large stress, it tends to create particles
of small size and vice versa. As mentioned above, increase annealing temperature leads to
increase in particle size and the stress of the film relaxes. Similarly, the grain size of films
increases with an increase in thickness leading the stress to be relaxed in the thicker films.

4. CONCLUSIONS

ZnO thin films have been successfully prepared by the thermal evaporation
technique combined with thermal process. At an annealing temperature of 400°C, the
ZnO films have a particle-like structure. At an annealing temperature of 450°C, the ZnO
films have a flower-like structure. The smoother and approximately uniform surface can be
observed at an annealing temperature of 500°C. The film goes into state of compression
with decrease in annealing temperature from 500°C to 350°C and becomes completely
stress free at about 485°C. At annealed temperature of 500°C, the film is in a state of
elongation. The stress in the films can be relaxed by increasing the films thickness. In the
next work, we will study the effect of annealing temperature on optical and photoelectronic
properties of ZnO thin films fabricated by the thermal technique combined with thermal
treatment.
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ANH HUONG CUA NHIET PQ U LEN CAU TRUC
CUA MANG MONG ZnO

Tém tit: Trong bai bdo, mang mong ZnO duwgc ché tao bang cach lam bay hoi Zn sir
dung kj thudt boc hoi chin khéng két hop 1 nhiét. Cdc két qud cho thdy sau khi i & nhiét
do 400°C, xudt hién cdu triic nano xép va mang ZnQO co cdu triic hat nano. Tai nhiét do u
450°C, mang ZnO c6 cdu triic hoa nano. Bé mdt mdng phdang hon khi 1 tai nhiét dé
500°C. Mang ¢ trang thai nén khi giam nhiét do u tw 500°C dén 350°C va hoan toan tw
do 6 nhiét dg 1 485°C. Cdc hang s6 mang ¢ tang tir 5.1992 A dén 5.2020 A khi tang do

day tir 600 nm dén 1200 nm va img sudt giam dan. Diéu do c6 nghia la tng sudt ciia
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mang giam khi tang d¢ day mang. Cdu triic ciia mang mong ZnO dwgce nghién cieu bang
phuwong phdp nhiéu xa tia X (XRD). Hinh thdi mang dwoc nghién ciu bang kinh hién vi
dién tur quét phat xaq truong (FE-SEM).

Tir khoa: mang ZnO, cau tric hoa nano, cau tric xop, mang day.
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THE INFLUENCE OF CP VIOLATION ON THE MASS
OF SOME PARTICLES IN THE NMSSM

Nguyen Chinh Cuong, Pham Xuan Hung, Le Hong Thang*
! Ha Noi National University of Education

Abstract: The Next to Minimal Supersymmetric Standard Model (NMSSM) is established
from the Minimal Supersymmetric Standard Model (MSSM) when a gauge chiral single
superfield S is added. The mixing of additional states leads to the appearance of the new
states which make the Higgs sector of the NMSSM changed in comparision with the
MSSM. In the NMSSM, there are seven Higgs bosons (while there are five ones in the
MSSM) with three scalar CP-even Higgs Si,3 (Ms;< ms,< mss), two pseudoscalar CP-
odd Higgs P1, (mpy < Mpy) and a pair of charged Higgs h”. The mixing of Gauginos and
Higgsions also lead to the new states in the Neutralino and the Chargino sectors. The CP
violation in the NMSSM has the influence on the mass of the three types of particle
mentioned above. The purpose of this study is to evaluate the influence of CP violation on
the mass of the Higgs bosons, the Neutralinos and the Charginos in the NMSSM.
Keywords: Higgs boson, Neutralino, Chargino, CP violation, NMSSM.

1. INTRODUCTION

The extension of the Standard Model (SM) towards the supersymmetry [1,5] has
brought a new hope to solve the hierarchy problem as well as the remaining shortcomings
of the SM. The minimal extension requires the addition of the two SU(2) doublets Higgs.
The vacuum expectation values (vevs) of H, and Hy create the mass for quarks and leptons.
The MSSM can be considered as the minimal extended model of the Higgs sector. The
Lagrangian of the MSSM must contain the p parameter which is the supersymmetric
(SUSY) mass parameter [6]. The question is why the u parameter has the same order with
the soft SUSY breaking terms ~ Msysy. This problem is called the p-problem of the
MSSM [7].

A simple way to solve this problem is to create a p parameter in the same way as
creating the mass for quarks and leptons in the SM. The p parameter is created by the

! Nhan bai ngay 10.01.2016, giri phan bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Nguyén Chinh Cuong; Email: nccuong@hnue.edu.vn.
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Yukawa interaction of H, and Hy with the scalar field. To ensure the order of the u
parameter, there must be the vevs of scalar field which is derived from the soft SUSY
breaking condition. Then, the p parameter does not have the quantum number of the group
SU(3). ®SU(2), ®U(1),[7,8]. The added scalar field is the S singlet which is the

complex scalar components of the chiral scalar superfield & This is called the Next to
Minimal Supersymmetric Standard Model (NMSSM) which is also denoted as the
(M+1)SSM.

The search for the Higgs boson as well as new particles in the NMSSM has
encountered many difficulties due to this has to be done in high-energy processes and
mainly based on their decay products. In 2012, the Higgs boson with the approximate mass
of 125GeV was confirmed by experiments and this has brought us new knowledges and
chances. The mass of Higgs bosons, Neutralinos and Charginos is defined through the
mass matrices which contain the CP violating phases [7]. To demonstrate this, we have
studied the inluence of CP violation on the mass of the three types of particle mentioned
above.

2. CONTENT

2.1. The Higgs bosons mass
The Higgs potential was constructed in the NMSSM in the following form:

V =V, +Vp + Ve =M S (HH, + HyH,) +|(H] & H,) +S”

‘2
1 oo 1 . .
+2 a HIH |+ 2 (07 + gD (HH, — HoH,)
FMEHIH, +MEHH, +mE[S + 1A, (H] e HZ)S+%KAKSS e

In which A, A, k, Ak 01, g2 are the interaction coefficients
The Higgs doublets H; and H, can be developed in the form:
H, =(Vl+si*+ i_Asin B} H, :( H+.C(-)SB j S=(x+ X +iY) )
H* .sinp v, +S, +1Acosf
We obtained the mass-squared matrix of the neutral Higgs boson (Si, S;, X)
and (A, Y):

@)
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m2

mac; +(A, + kzx)xtB WV - 72)52[3 —IX(A, +kx)  217vxc, —hvs, (A, +2kx)

2

m kx, X
M, =| (12 2—72)% SIX(A K mist (A, ) 202vxs, ~ e, (A, +2kx) | (3)
B
2 2 2 }\’VZA}.S2B
20VXC, — AV, (A, +2kx) 21°Vxs, — AV, (A, +2kx)  (2kx) +T—kxAK
20X (A, +kx) WA, —2kx)
M, = 52 (4)

2228

WA, —2kx)  3KxA, +21kv?s,, + 21 V2A s
X

Here, the parameters were derived from the tadpole minimum conditions [9],

V=/vi +V; ~175(GeV).
The mass of charged Higgs pair was easily obtained as:
(2R, +Rv)v,
sin(2P)

2.2. The mass of Neutralinos and Charginos

2
m, =g, —[af

(%)

Breaking the symmetry led to the mixing of Gauginos and Higginos and producing
Neutralinos and Charginos from which the mass matrix of Neutralinos and Charginos was
obtained as follows:

~MsZ —M'cZ (M'=M)c,s,, 0 0 0
(M'-M)c,s, -Ms2-M'c; m, 0 0
My = 0 m, -Axsin2B  Axcos2p 0 (6)
0 0 —AXC0S2B AXsin2B  Av
0 0 0 AV —2kx
M «/isﬁmw
M% = (7
\/EcBmW —AX

2.3. CP violation in the Higgs sector of the NMSSM

We studied the CP violation (charged symmetry and parity symmetry) by using the
effective potential method for the neutral Higgs sector in the NMSSM. We can assume that
all parameters are real so that the Higgs potential can conserve the CP symmetry.
However, the CP violation at the 1-loop level in the Higgs potential of the NMSSM may
occur with some complex phases[7]. The CP violation of the Higgs potential could still be
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clearly shown through the radiative correction. The complex phases which appeared
through the scalar Higgs bosons and pseudoscalar Higgs bosons mixings have presented
the CP violation[7].

The CP violation could be done in the NMSSM right at the tree-level in the Higgs
potential, which was different in the MSSM. A non-trivial complex phase appeared after
the three Higgs fields were redefined. These complex phases can be developed in the 1-
loop effective potential from the tree-level Higgs potential if the top squarks mass is
degenerated.

Vs=mg [H[ +m? [H,| +m?|g’ +(2AAH1HZS+%KAKS3 + H.cj 7

The soft SUSY breaking Vs sector in the Higgs potential has two additional
parameters A, and Ak (both with mass dimension), three soft masses m,, ,m, and ms. In

general, all A, x, k and Ak could be complex. Among these, LA; and kA could be adjusted
to become real and positive by redefining the phases of H;, H, and S. Thus, the tree-level
Higgs potential could have at most a physical phase. We could choose the phase ¢ in x =
x.e*[7]. This phase appeared when the scalar and pseudoscalar were mixed in the tree-level
Higgs pontential of the NMSSM. It existed when one of the two couplings AA; and

%KAK in the equation (7) was three times greater than the other coefficient [10].

2.4. The inluence of CP violation on the mass of the particles in the NMSSM

To calculate the mass of the Higgs boson, Neutrinos and Charginos, we used the
numerical methods to diagonalize the mass matrices (3-7). The eigenvalues of these mass
matrices corresponded to the mass of the following particles: two neutral pseudoscalar
Higgs bosons P; (i = 1, 2), three neutral scalar Higgs bosons S; (i = 1, 2, 3), a pair of
charged Higgs h*, five Neutralinos %6 ( = 1,.., 5) and two pairs of Charginos %S (G=1,2).

Next, we chose the parameters of the NMSSM according to reference documents [9, 10]: x
= 178" A = 0.8; k = 0.1; tanp = 3; sin a = - 0.58; A, = 6 and A, = 486 to study the
influence of CP violation on the mass of the particles. The results obtained are as follows:
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Figure 1. The influence of CP violation on Figure 2. The influence of CP violation on
the mass of P;. the mass of P,.

The results in Figure 1 and Figure 2 show that the mass of the pseudoscalar Higgs P,
is around 79GeV and it is in the range from 502.5 to 506GeV for the preudoscalar Higgs
P,. The influence of CP violation on the mass of these two preudoscalar Higgs is small.
When ¢ increases from 0 to 0.3Rad, the mass of these Higgs only changes from 0.4% to
0.6%.

The results in Figure 3 and Figure 4 show that the mass of the scalar Higgs S; is in the
range from 74 to 100GeV and it is in the range from 114 to 128GeV for the scalar Higgs
Sz. S, can be considered as similar to the Higgs boson that was found by experiments in the
year 2012. The influence of CP violation on the mass of these two scalar Higgs is quite

large. When ¢ is in the range from 0 to 0.3 Rad, the mass of Higgs S; may increase around
25% and it is 12% for Higgs S..
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Figure 3. The influence of CP violation on Figure 4. The influence of CP violation on

the mass of S;. the mass of S,.
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Figure 5. The influence of CP violation on Figure 6. The influence of CP violation on

the mass of Ss. the mass of h*.

The results in Figure 5 and Figure 6 show that the mass of the scalar Higgs Ss is in the
range from 497 to 500GeV and it is around 470GeV for the charged Higgs h*. The
influence of CP violation on the mass of these two scalar Higgs is quite small. When ¢ is in
the range from 0 to 0.3Rad, the mass of these Higgs changes from 0.1% to 0.5%.
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Figure 7. The influence of CP violation on Figure 8. The influence of CP violation on
the mass of 26 . the mass of 94 .

The results in Figure 7 and Figure 8 show that the mass of Charginos %% is in the

range from 61 to 63.5GeV and it is from 193.5 to 199GeV for Charginos #4. The

influence of CP violation on the mass of these Charginos is quite small. When ¢ is in the
range from 0 to 0.3Rad, the mass of #§ may increase around 4% and decrease around 3%

for 94
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Figure 9. The influence of CP violation on Figure 10. The influence of CP violation
the mass of 5. on the mass of 9.

The results in Figure 9 and Figure 10 show that the mass of the Neutralino 4§ is in the
range from 11.4 to 15GeV and it is around 36.6GeV for the Neutralino #8. The influence
of CP violation on the mass of the Neutralino #8 is quite small while it is quite large for

#B. When ¢ is in the range from 0 to 0.3Rad, the mass of §pmay increase around 30%.
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Figure 11. The influence Figure 12. The influence Figure 13. The influence
of CP violation on the mass of of CP violation on the mass of of CP violation on the mass of

The results in Figure 11, 12 and 13 show that the mass of the Neutralino 44 is around
96.3GeV, it is around 151GeV for 9§ and in the range from 189 to 193GeV for the
Neutralino §8. The influence of CP violation on the mass of Neutralinos §8 and §§ is

insignificant. When ¢ is in the range from 0 to 0.3Rad, the mass of §8 may decrease

around 2%.
3. CONCLUSION
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This paper studied the influence of CP violation on the mass of some new particles in
the NMSSM, the following results have been obtained:

- The CP violation existed in the NMSSM at the tree-level of the Higgs potential. A
non - trivial complex phase appeared after the three Higgs fields were redefined.

- The mass of Higgs bosons, Neutralinos and Charginos in the NMSSM was defined.

- The influence of CP violation on the above mentioned particles was evaluated and
some interesting results have been obtained: The influence of CP violation on the mass of

Si1, S; and 98 is quite large (from 12% to 30%); The influence of CP violation on the mass

of %6, 94 and 9 is quite small (from 2% to 4%); For the other particles, the influence of

CP violation on their masses is insignificant (below 1%). These results should be
considered in the studies and the searches for new particles in the NMSSM.

This paper has not only given us a deep understanding on the NMSSM but also
contributed to the searches for Higgs as well as confirming the detection of Higgs in the
experiment.
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ANH HUONG CUA VI PHAM CP TOI KHOI LUQNG
CUA MOT SO HAT TRONG NMSSM

Tém tiit: M6 hinh chudn siéu doi xieng gan toi thiéu (NMSSM) la mé hinh dwoe xdy dung
dya trén mé hinh chudn siéu doi xirng toi thiéu (MSSM) khi b6 sung mét siéu truong don
gauge chiral §. Sw pha trén ciia cdc trang thdi thém vao dan t6i xudt hién cdc trang thdi
méi lam cho phan Higgs ciia NMSSM c¢6 nhiéu thay déi so véi MSSM. Trong NMSSM sé
c6 7 boson Higgs (con trong MSSM ¢6 5 boson Higgs), voi ba Higgs vé hiedng - CP chdn
S123 (MS1< MS,< MSy) cuing hai Higgs gid vé huong - CP lé P1, (Mpy < Mpy) va mot cdp
Higgs mang dién H*. Sy trén lan ciia cac Gaugino va cdac Higgsino ciing lam xudt hién
cdc trang thdi méi trong phdan Neutralino va Chargino. Vi pham CP trong mé hinh
NMSSM sé anh hwéng t6i khoi leong ciia ba loai hat néi trén. Nghién ciru ndy sé danh
gid mike @6 dnh hwéng cia vi pham doi xirng CP doi véi khoi lwong ciia cdc boson Higgs,
Neutralino va Chargino trong NMSSM.

Tir khoa: Higgs boson, Neutralino, Chargino, vi pham CP, NMSSM
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NGHIEN CUU MOT SO CHI SO SINH LY TUAN HOAN
VA HO HAP CUA HOC SINH THPT DAN TOC TAY, NUNG
HUYEN BINH GIA, TINH LANG SON

Db Hong Cwong'™, Bui Xuan Linh®
! Truong Dai hoc Thu do Ha Noi
2 Trwong THPT Pdc Khudng, Lang Son

Tém tit: Nghién ciru cdc chi s6 sinh 1y tudn hoan va hé hdp tién hanh trén 491 hoc sinh
nam va nit lira tuéi THPT (tir 16 dén 18) dan téc Tay (42,77%), Ning (57,23%) thudc
huyén Binh Gia, tinh Lang Son. Muc tiéu nghién cuu cua cong trinh la xdac dinh mot 56
chi s6 sinh hoc ciia nam, nit hoc sinh hira tuéi 16-18, gép phan xdy dung cdc gid tri sinh
hoc nguoi Viét Nam trong giai doan hién nay. Két qud nghién ciru cho thdy c¢é sw khdc
biét vé cdc chi s6 tudn hoan: tan sé tim, huyét dp tam thu, huyét dp tam truong va cdc
théng s6 hé hap: dung tich séng, dung tich song thé manh theo cdc yéu té tudi va gidi
tinh.

Tir khéa: Tuan hodan, hé hap, dan téc.

1. PAT VAN PE

Céc chi s6 sinh 1y tuan hoan va ho hp phan anh tinh trang sinh 1y va bénh 1y cta co
thé. Thong qua céc chi s6 niy, ngudi ta co thé danh gia dugc tinh trang sirc khoe ciia co thé
dé c6 bién phap nang cao thé trang cta cu dan ving d6. O Ira tudi THPT (tir 16 dén 18) ¢
su thay d6i quan trong trong qua trinh phat trién co thé vi chiu anh huong cta giai doan
day thi. Nhiéu thay ddi tdm, sinh 1y xay ra & lra tudi nay, trong d6 co cac chi sb sinh 1y
tuan hoan va ho hip. Bén canh d0, viéc nghién ciru chi s6 tuan hoan va ho hap sé cung cap
s0 liéu vé dac diém sinh 1y ctia cac dan toc khac nhau trén dia ban tinh Lang Son néi riéng
va clia ca nude nodi chung. Pa ¢ nhiéu cong trinh nghién ciru vé cac chi sb tuan hoan va
nhém mau ctia nhiéu tac gia nhu Nguyén Van Tuong [7], Trinh Binh Dy va cong su [2],
Pham Gia Khai [3], Trinh D Trinh [5]. Nhin chung, cac cong trinh nghién ctru trong linh
vure nay con tap trung & ving dong bang va chi yéu 13 ¢ ngudi truong thanh thude dan toc
Kinh.

@ Nhan bai ngay 15.01.2016, giri phan bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Pd Hong Cudng; Email: dhcuong@daihocthudo.edu.vn.
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Nhim gop phan xdy dung cac gia trj sinh hoc cta nguoi Viét Nam trong nhitng nim
dau cua thé ky XXI, ching t6i tién hanh nghién ciru mot s chi sb sinh 1y tudn hoan va hé
hép trén ddi tuong nguoi dan toc Tay, Nung véi muc ti€u cu thé 1a: Xac dinh mét sb chi sb
sinh hoc ctia hoc sinh trung hoc phd théng (THPT) dan toc Tay, Nung huyén Binh Gia,
tinh Lang Son. Trén co s& d6, tim ra mdi lién hé giita su ting trudng hinh thai va chirc
nang sinh 1y.

2. POI TUQONG VA PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru

Bing 1. Phin bé cdc doi twong nghién ciru theo gidi tinh va lira tudi

. Tay Nung .
TT | Tuoi Tong
Nam Nir Nam Nir
1 16 36 35 40 45 156
2 17 32 35 48 43 158
3 18 34 38 50 55 177
Téng 102 108 138 143 491

- Hoc sinh THPT Itra tudi tir 16 dén 18 thudc cac dan toc Tay, Nung dang hoc tap tai hai
truong THPT cia huyén Binh Gia, tinh Lang Son (bang 1).

- DPi twong nghién ciru ¢ sirc khoe tot, khong co di tat bam sinh, khong c6 bénh man
tinh, trang thai tam - sinh ly binh thuong.

2.2. Phuwong phap nghién ctru

- Tan s6 tim: dugc xac dinh bang 6ng nghe, dém nhip tim trong 1 phat va do 3 1an roi
liy sb trung binh.

- Huyét ap dong mach: do huyét ap dong mach canh tay trai ¢ tu thé canh tay ngang
tim theo phuong phap Korotkow.

- Céc thong s ho hép: duoc thuc hién bang mdy do chic ning hdé hip
Spiroanalyzer ST-95 ca hang Fukuda Sangyo & tu thé ngdi tiéu chuan sau khi da giai
thich va nhan duoc su hop tac cua ddi tuong nghién ctru.

- Céc s6 litu nghién ctu dugc xur Iy theo cac thuat toan xac suit théng ké trong y, sinh
hoc.
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3. KET QUA NGHIEN CUU VA BAN LUAN

3.1. Tén so6 tim ciia hoc sinh THPT cac dan tdc huyén Binh Gia, tinh Lang Son

Bing 2. Tan so tim (lan/phit) ciia hoc sinh THPT cdc dan téc theo gidi tinh

] Gidi tinh
O i “Nam (1) NEQ) X,-X, | P(L-2)
: n X +SD Giam | n X +SD Giam
16 | 36 | 75,17+3,05 - 35 78,26+2,14 - -3,09 <0,05
. 17 | 32| 75,06+£2,36 | 0,11 | 35 77,11£3,07 1,15 -2,05 <0,05
1Y g 134 [73,7123,15 | 135 | 38| 76242241 | 087 | -253 | <005
Gidm trung binh/nam 0,73 | Gidm trung binh/nam | 1,01
16 |40 | 75,13+2,39 - 45 78,80+2,78 - -3,67 <0,05
Niing 17 | 48 | 74,23+2,43 | 0,90 | 43 77,67£2,58 1,13 -3,44 <0,05
18 |50 | 73,40+2,45 | 0,83 |55 76,16+2,48 151 -2,76 <0,05
Giam trung binh/nam 0,86 | Giam trung binh/nam | 1,32

Céc s liéu & bang 2 cho thay:

Tén sb tim cta hoc sinh giam lién tyc tir 16-18 tudi. Theo dan toc, tdc do giam tan sb
tim ctia hoc sinh Tay thip hon so v&i hoc sinh Nung nhung khong cé y nghia théng ké
(p>0,05). Theo gi6i tinh, tbc do giam tdn sé tim & hoc sinh nam (0,73 va 0,86
nhip/phat/nam) thap hon hoc sinh nit (1,01 va 1,32 nhip/phit/ndm). Theo lira tudi, tin s6
tim ctia hoc sinh nam ludn thap hon nir & ca dan toc Tay va Nung .

Tan sb tim giam dan qua cac Itra tudi chimg t6 chirc nang hoat dong cua tim dang ngay
cang hoan thién. Két qua nghién ctru phtt hop véi nghién ctru dugc néu trong cac cong
trinh “Héng s6 sinh hoc nguoi Viét Nam” [6], “Céc gia tri sinh hoc nguoi Viét Nam binh
thuong thap ky 90 thé ky XX [1], phii hop nhan xét cho rang tan sd tim giam dan tir sau
khi sinh cho dén 24 tudi, sau d6 6n dinh dén nim 69 tudi. Riéng ddi véi hoc sinh nam tan
sd tim thap hon déng ké so vdi cac két qua khac. Nguyén nhan cua diéu nay 13 do cac em
hoc sinh nam sém phai tham gia lao dong san xuat nong nghiép tai gia dinh, viéc di chuyén
chu yéu 1a di bd. Nghién ctru cho thiy ¢ cing mot ltra tudi dbi twong van dong nhiu co tan
s0 tim 6n dinh va thap hon.

3.2. Huyét ap dong mach ciia hoc sinh THPT céc dén tdc huyén Binh Gia, tinh Lang Son
3.2.1. Huyét ap tam thu
Bing 3. Huyét dp tam thu (mmHg) ciia hoc sinh THPT cdc dén téc theo gidi tinh
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Di Gidi tinh
tg: Tuéi Nam (1) Nir (2) X=X P(1-2)
' n| X+SD |Tang|n X +SD Tang
16 | 40 | 118,08+5,28 - 35 114,06+4,97 - 4,02 <0,05
Tay 17 | 48| 119,09+4,68 | 1,01 | 35 115,23+4,36 1,17 3,86 <0,05
18 |50 | 120,15+4,53 | 1,06 | 38 115,84+4,23 0,61 4,31 <0,05
Téang trung binh/ndm 1,04 | Tang trung binh/nam | 0,89
16 | 40 | 118,33+4,67 - |45 113,73+4,63 - 4,60 <0,05
Niing 17 | 48| 119,35+4,54 | 1,02 | 43 115,1243,88 1,39 4,23 <0,05
18 |50 | 120,72+4,43 | 1,37 | 55 115,89+3,77 0,77 4,83 <0,05
Tang trung binh/nam 1,20 | Tang trung binh/ndam | 1,08

Céc s6 liéu & bang 3 cho thay:

Tir 16 dén 18 tudi huyét ap tdm thu cia hoc sinh tang lién tuc. Theo dén toc, toc do

tang huyét 4p tdm thu cta hoc sinh dan toc Tay thiap hon Nung, nhung khac biét khong co

¥ nghia thong ké (p>0,05). Theo gi6i tinh, téc do ting huyét ap tim thu & hoc sinh nam

(1,04 va 1,20 mmHg/nam) cao hon nir (0,89 va 1,08 mmHg/nam). Theo Itra tudi huyét ap

tam thu cta hoc sinh ¢6 su chénh Iéch dang ké, huyét 4p ctia hoc sinh nam luén cao hon ni

¢ ca dan toc Tay va Nung.

3.2.2. Huyét dp tam truong

Bing 4. Huyét ap tam trwong (mmHg) ciia hoc sinh THPT cdc dén téc theo gidi tinh

) Giéi tinh
o | Tub Nam (1) Ni () X,-X, | P@-2)
' n| X+SD |Tang|n X +SD Tang
16 |36 | 74,08+5,38 - 135 73,74+5,53 - 0,34 | >0,05
Tay 17 (32| 75,31+4,75 | 1,23 | 35 74,37+4,12 0,63 0,94 | >0,05
18 |34 76,21+4,06 | 0,90 | 38 75,53+4,08 1,16 0,68 >0,05
Téng trung binh/ndm | 1,07 | Tang trung binh/nam | 0,90
16 | 40 | 74,68+5,85 - |45 73.094+4,29 - 1,59 >0,05
. 17 |48 | 75,56+4,56 | 0,88 | 43 74.19+4,70 1,10 1,37 >0,05
N8 850 | 76,564,358 | 1,00 | 55 | 75.1154.96 | 002 | 145 |>005
Téang trung binh/nam | 0,94 | Tang trung binh/nam | 1,01

S liéu bang 4 cho thay:

Huyét ap tam truong cua hoc sinh tang lién tuc tr 16 dén 18 tudi. Theo dan toc tée do

tang huyét ap tAm truong cta hoc sinh dan toc Tay va Nung tuong tir nhau (p>0,05). Theo gidi

tinh, téc d6 ting huyét ap tdm truong ¢ hoc sinh nam (0,94 va 1,07 mmHg/ndm) va nit
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(0,90 va 1,01 mmHg/nim) tuong tu nhau. Theo lia tudi, huyét 4p tAm truong cua hoc sinh ¢
su khac biét, huyét ap tam truong cua hoc sinh nam luén cao hon nit ¢ ca dan tdc Tay va
Nung.

So sanh voi két qua nghién ciru cua tac gia khac cho thiy huyét ap dong mach cia hoc
sinh trong nghién ctru ctia chung t6i cao hon so voi két qua trong cac cong trinh “Cac gia
tri sinh hoc ngudi Viét Nam binh thudng thap ky 90 thé ky XX [1], “Céc chi s6 co ban vé
sinh 1y va tdm 1y hoc sinh pho théng hién nay” [4]. Ciing nhu huyét ap t6i da c6 thé do tac
dong trong qua trinh tham gia lao dong san xuét tai gia dinh da tac dong vao hoat dong cua
hé mach 1am thay d6i huyét ap tdi thiéu.

Huyét 4p tim thu va tdm truong cua hoc sinh ting dan theo tudi 1a do sy bién doi vé
cdu tric va chirc ning cua hé tim - mach, trong qua trinh phat trién cé thé. Tré em, dic biét
14 hoc sinh Ira tudi THPT dang ¢ lua tudi day thi nén cac chtrc phan hoat dong manh, co
tim cang khoe, budng tim cang rong va luu luong tim cang 16n, mau day vao dong mach

tang nén dan dén chi s6 huyét ap dong mach ting 1én.
3.3. Thong s6 ho hip ciia hoc sinh THPT cac dan tdc huyén Binh Gia, tinh Lang Son
3.3.1. Dung tich song

Bing 5. Dung tich séng (lit) cia hoc sinh theo lira tudi, giGi tinh, dén téc

N Gidi tinh
Dan | rui _Nam (1) N (2) X,-X, | P(1-2)
j n| X+SD |Tang | n X£SD Tang
16 | 36 | 3,53+0,31 35 3,27+0,37 0,26 <0,05

17 132 3,71+0,31 | 0,18 | 35 3,38+0,42 0,11 0,33 <0,05

Tay | 18 |34 3,88+0,24 | 0,17 | 38 3,53+0,45 0,15 0,35 <0,05

Tang trung binh/nam | 0,18 Tang trung 0,13
binh/nam

16 |40 3,52+0,41 45 3,21+0,35 0,31 <0,05

17 |48 3,69+0,27 | 0,17 | 43 3,31+0,38 0,10 0,38 <0,05

Nung | 18 |50 | 3,83+0,34 | 0,14 | 55 3,45+0,33 0,14 0,38 <0,05

Téang trung binh/nam | 0,16 Tang trung 0,12
binh/nam

S liéu bang 5 cho thay:

Dung tich séng cua hoc sinh tang dén theo tudi tir 16 dén 18 tudi. Theo dan tdc, toc do
tang dung tich sdng ciia hoc sinh déan toc Tay cao hon dan toc Nung. Theo gidi tinh, toc do
tang dung tich séng & hoc sinh nam (0,16 va 0,18 lit/nam) cao hon nir (0,12 va 0,13
lit/nam). Theo ltra tudi, dung tich séng cta hoc sinh c¢6 su khac biét, nhung kha déu giira
cac lra tudi. Dung tich sdng ctia hoc sinh nam ludn cao hon nit & ca dan toc Tay va Nung.
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Két qua nay cao hon nhung phu hop véi két qua néu trong cubén “Héng sb sinh hoc ngudi
Viét Nam” [6] va két qua nghién ciru cia Nguyén Vin Tuong [7].
3.3.2. Dung tich séng thé manh

S liéu bang 6 cho thay:

Tu 16 dén 18 tudi dung tich séng thd manh cua hoc sinh tang dan. Theo dan tdc, tdc
d6 ting dung tich séng thé manh cta hoc sinh dan toc Tay va Nung twong tuw nhau. Theo
gi6i tinh, téc do ting dung tich séng thé manh & hoc sinh nam (0,16+0,18 lit/nim) cao hon
nit (0,11 lit/ndm). Theo Itra tudi, dung tich séng thd manh cua hoc sinh ¢6 su khac biét.
Dung tich song thé manh ciia hoc sinh nam luén cao hon nir & ca dan toc Tay va Nung.

Bing 6. Dung tich song thé manh (lit) hoc sinh theo lira tuéi, dan téc, giGi tinh

) Gioi tinh
O | Tudi Nam (1) Na (@) X,-X, | Pa-2)
) n X+SD |Tang | n X +£SD Téang
16 | 36 | 3,22+0,33 - 35 3,01+0,38 - 0,21 <0,05
Tiy 17 |32 3,39+0,32 | 0,17 | 35 3,11+0,40 0,10 0,28 <0,05
18 |34 | 3,57+0,23 | 0,18 | 38 3,22+0,45 0,11 0,35 <0,05
Téng trung binh/ndm | 0,18 | Tang trung binh/nam | 0,11
16 |40 | 3,23+0,42 - 45 2,90+0,33 - 0,33 <0,05
. 17 | 48 | 3,38+0,28 | 0,15 | 43 3,09+0,37 0,19 0,29 <0,05
NUng 8150 [ 3.55:038 | 0,17 | 55|  3,122034 | 003 | 043 | <0,05
Téng trung binh/ndm | 0,16 | Tang trung binh/nam | 0,11

Két qua nghién ctru cua chiing t6i cao hon nhung pht hop véi két qua nghién ctru cua
Nguyén Vin Tuong [7] tai khu vuc Thanh Tri va Thuong Pinh Ha Ngi. Ciing nhu dung
tich sdng, didu nay ciing co thé duoc 1y giai 1a do doi sdng dugc cai thién thi thé luc va cac
chtrc nang sinh ly ciling tdt hon, mat khac diéu kién khi hau lodng & vung ni cao, thoi gian
lam viéc phu gitip gia dinh trong san xuat nong nghiép thudong xuyén ciing 14 nhiing yéu t6
1am ting dung tich séng thé manh ¢ hoc sinh.

4. KET LUAN

Tir cac két qua nghién ctru vé cac chi s sinh 1y tuan hoan va ho hap & hoc sinh THPT
dan tdc Tay , Nung tai huyén Binh Gia, tinh Lang Son, chung t61 xin rat ra mot s6 két luan
Sau:
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1. Tan sb tim cua hoc sinh nam, nit giam déan theo tudi tir 16-18, mdi ndm giam trung
binh (0,73-0,86 nhip/phut) doi véi nam va (1,01-1,32 nhip/ phut) doi voi nit.

2. Huyét 4p tdm thu ciia hoc sinh nam, nit ting dan theo tudi tir 16-18, mdi nam ting
trung binh (1,04-1,20 mmHg) d6i véi nam va (0,89-1,08 mmHg) doi véi nit.

3. Huyét 4p tam truong cta hoc sinh nam, nir ting dan theo tudi tir 16-18, mdi ndm
tang trung binh (0,94-1,07 mmHg) d6i véi nam va (0,90-1,01 mmHg) d6i véi nir.

4. Dung tich sdng ctia hoc sinh nam, nit ting dan theo tudi tir 16-18, mdi nam ting
trung binh (0,16-0,18 lit) d6i v6i nam va (0,12-0,13 1it) doi1 voi nit.

5. Dung tich séng thé manh cua hoc sinh nam, nit tang dan theo tudi tir 16-18, mdi

nam ting trung binh (0,16-0,18 lit) d6i vi nam va (0,11 lit) ddi véi nit.
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SUMARY RESEARCH ON PHYSIOLOGICAL PARAMETERS
CIRCULATORY AND RESPIRATORY OF ETHNIC HIGH SCHOLL PUPILS
IN BINH GIA DISTRICT, LANG SON PROVINCE

Abstract: The study was conducted among 491 high school pupils of age 16 to 18 years
old, including ethnic minority: Tay (42,77%), Nung (57,23%) in Binh Gia district, Lang
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Son province. The research objectives is to identify biological indicators of male and
female students, which provided the human biological value Vietnam in the current
period. The finding showed 4 parameters: Heart beat, Hight blood pressure (HBP), Low
blood pressure (LBP), Vital capacity (VC), Forced vital capacity (FVC).

Keywords: Circulatory, respiratory, ethnic.
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UNG DUNG PHUONG PHAP MO PHONG MONTE CARLO
PE TINH XAC SUAT RUI RO TRONG BAO HIEM

Nguyén Thi Thiy Hong'
Truong Pai hoc Thu do Ha Noi

Tém tit: Trong bai bdo ndy nghién citu xdc sudt rii ro doi véi mé hinh rii ro ciia cdc
cong ty bdo hiém véi thoi gian roi rac, trong dé ddy cdc soé tién doi tra bdo hiém duwoc
gid thiét la day bién ngau nhién khéng am, doc ldp, cing phan phéi. Ky thudt dwoc sie
dung ¢ day la phwong phap Monte Carlo.

Tir khod: M6 hinh riii ro, xdc sudt riii ro (xdc sudt thiét hai), phi bdo hiém, yéu cau doi

tra bdo hiém, phirong phdp mé phong Monte Carlo.

1. PAT VAN BE

Mot khao sat ty nhién thudng duogc quan tdm khi nghién ctu Vvé rii ro lién quan dén
kha niang thanh toan cta mot cong ty bao hiém 13 danh gia cong ty d6 co kha ning hoat
dong trong khoang thoi gian chi tra bao hiém. Ly thuyét rai ro dic biét quan tam dén sy
lién hé giira thu nhap va chi phi cua hoat dong bao hiém va dai lugng dic trung cho lién hé
nay duoc goi 1a thang du. Thing du 1a mot dai luong thay ddi theo thoi gian va duoc xéac
dinh nhu sau: Thang dw = Thu nhdp — Chi phi.

Rui ro dugc cho 1a xay ra néu gia tri thang du & dudi ngudng xac dinh theo nghia [4].
Pé c6 thé xac dinh thang du dau tién chung ta phai xac dinh thu nhap va chi phi. Tinh toén
xé4c sUat rui ro 1a bai toan rat quan trong trong nganh bao hiém. Py 1a bai toan khé va cho
dén nay van duoc nhiéu tac gia quan tdm nghién ctu. Mot sd tac gia nhu Cai, J va
Dickson, D.C.M. ([5], 2002), Dickson, D.C.M. va Wates, H.R. ([7] ,1996) da sir dung k¥
thuat mo phong nay dé tinh toan xac suat rii ro trong vong 10 nam, khi mg rong mé hinh
1,2 va 5 ndm cua Ramlau — Hansen [14] véi 14i sudt 1a tit dinh, nhu trong [5] va ddy sb
tién doi tra bao hiém c6 dang dic biét caa phan phdi Gamma tinh tién nhu trong [14]. Tuy
nhién, cac tic gia trong [5] d3 mo phong qua trinh thing du bai nhitng biéu thic giai tich,

! Nhan bai ngay 16.01.2016, giri phan bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Nguyén Thi Thuy Hong; Email: ntthong05@gmail.com
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khong thuan lgi cho viéc sir dung céac qua trinh 1dp trén may tinh. Viéc dua ra trong d6 uéc
lwong chéch (12 phuwong sai mau) cho phwong sai ciing 14 van dé can ban vé mat thong ké.
Ngoai ra, ddi véi cac bo tham sb khac nhau, cac tac gia trén dé tién hanh sé nhing phép
thir khac nhau. Cach l1am nay khong nhimg mang tinh chi quan ma con can tro tham sb
hoa chuong trinh tinh. Nhdm mé rong va khic phuc nhitg nhuge diém noi trén, bai bao
nay sé& trinh bay mot tiép can mod phong dé udc lugng xac suat cua su kién chi phi cua mot
cong ty bao hiém vuot qua thu nhap trong mot khoang thoi gian dinh sin nao d6. Xac sut
nay, duoc goi 1a x4c suét rui ro va s& duoc khao sat trong muc tiép theo.

2. NOIDUNG

2.1. Tong quan vé sai s6 phwrong phap Monte — Carlo tinh ky vong

Tu tudng chinh ciia phuong phap Monte Carlo trong viéc Xap Xi gia tri ky vong E(X)
cta bién ngau nhién X boi trung binh sé hoc ctia mot s 16n cac bién ngau nhién doc lap,
cung phan phdi vai bién ngau nhién X (ta goi chung 1a cac thé hién dgc ldp cua bién ngau
nhién X). Co s& toan hoc ciia phuong phap nay chinh 14 lut manh sb 16n caa 1y thuyét xac
suit. Phuong phép nay c6 tng dung trong rat nhiéu linh vuc nhu phén tich va thiét ké hé
thdng phuc vy, cac hé thong ky thuat, thiét ké mang vién thong, wéc lwong rii ro trong dau
tu va bao hiém... Dudi day, chung toi trinh bay mot vai ndi dung co ban cia phuong phap
Monte Carlo lién quan dén van dé trén, trong d6 quan trong 1a khai niém hoi tu theo mot
nghia nao d6 (hau chac chan, theo xac sut, theo phan phdi cua trung binh s hoc mot diy
cac bién ngau nhién doc lap, cuing phan phdi (X, )., ti gia tri Ky vong chung u=E(X,).
Chung t6i trinh bay truéc hét luat manh sé 16n dang Kolmogorov.

DPinh ly 2.1. [15] (tr.56)

Gia sa (X,),., 1a ddy bién ngdu nhién gia tri thuc, doc 1ap, cung phan phdi, xac dinh
trén khong gian xéc suat (Q,.7P) va ¢ ky vong hiru han. Gia sir: = E(X,) (2.1)

Khi d6 v6i nh — cova voi moi w € Q thi hau chac chan (a.s.) rang:

1 n
H;Xi(w) —H (2.2)

Nghia 1a trung binh sd hoc cua cac thé hién cua cac bién ngﬁu nhién X, tién tGi a.s trung
binh 1y thuyét cia mdi X, , d6 1a ky vong 1.

Nhan xét [15] (tr. 57)

- Ta c6 thé giam nhe gia thiét doc 1ap bai gia thiét doc lap ting cap.
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- Ta ciing c6 thé bo gia thiét cing phan phdi cua diy bién ngau nhién. Khi d6 ta can
gia thiét day bién ngdu nhién X, doc lap. Gia sir ring o2 =Var(X,) <o, sao cho:

N

o0 o0 2
ZJ—;_<OO.ZO-—; <o, (2.3)
j=1 J
1 n as
Khi d6 ta co: HZ(X,- ~E(X))>0n > 2.4)

=1

Gidi thiéu thuat toan Monte Carlo:

Cho X 1a mdt bién ngau nhién nhan gia tri thuc, ky vong E(X) hiru han. Mot phuong
phap phd bién dé tinh x4p xi ky vong nay 14 dugc dua ra trong thuat toan sau day:

Thuat toan 2.1. Phwong phap Monte Carlo tinh ky vong ([13], tr.35)

. . . 1 ) ; A A
Xap xi E(X) boi trung binh 56 hoc - > Xi(w), v6i N 1a s6 ty nhién. O day, X, (o) la
i=l
thé hién doc 1ap thiri (1<i < N ) ciia bién ngiu nhién X.

Dé xem xét d¢ chinh xé4c ctia phuong phap Monte Carlo, ching ta nhan thiy rang, vi
day 1a mot phuong phap ngiu nhién, nén nhiing lan tinh toan khac nhau cta phuong phap
s& dan toi nhimg két qua khac nhau (mac du chung kha gan nhau), khi x4p xi mot biéu thirc
nhit dinh. Do d6, chung ta can xét danh gid sai sé cia phuong phap, nghia 13 can trén cia
cac sai s ngu nhién. Lién quan dén diéu nay, dudi day ching toi phat biéu phuong phap
Monte Carlo nham xép xi gia tri ky vong.

DPinh ly 2.2. Tinh khong chéch ciia cac wée lwgng Monte Carlo ([13], tr.36)

Cho (X, ), 1a mot day bién ngiu nhién c6 ky vong hiru han, gia tri thuc, doc lap cung
phan phdi véi X va xac dinh trén cing khong gian xac suat (Q,F, P).

. o 13 . . .

Khi do, uéc luong Monte Carlo X = WZ X; (2.5) 1a mot udc lugng khong chéch

i=1
cho u=E(X), tirc 1a chung ta c6: 1= E(X,). (2.6)

Nham dénh gid sai s6 tuyét doi cua udc lugng X, noi trén, ta xem rang

Var(X) = o? <o va xét d 1éch chuan cua dai luong sai khac gitta X, va s

N 2
Do d6, ching ta c6: Var(X, —u) =Var(X,) = %ZVar(Xi) = %.
i=1

Khi d6, ta c6 bat dang thtrc Tchebyshev nhu sau: [13](tr.30)

}Zl—a véi 0<a<1. (2.7))

o[- ls 727



TAP CHI KHOA HOC - SO 2/2016 | 45

sl P r [—
Nghia la: X, > u khi N —> o va véi do tin cdy p=1—«, sai s0 ‘XN —,u‘ co6 bac la

o(1/~/N). Do do, phuong phap tinh toan nay c¢6 hé qua quan trong sau day:

Téang do chinh xac cia cac wéc lwgng Monte Carlo

Viéc ting do chinh x4c (trung binh) cua cac wdc lwong Monte Carlo 1én mét chit sb
(tic 1a giam d6 1éch chuan cta né xudng 10 1an) s& doi hoi phai ting sé 1an chay thuat toan
Monte Carlo 1én 100 lan.

Tuy nhién cong thic (2.7.) chi cho ta mot danh gia tho vé sai sd. Dé dat duoc danh gia
d6 chinh x4c cao hon, cAn mdt bién phap khéac. D6 1a dinh 1y gii han trung tim dudi déy.

Pinh ly 2.3. ([15], tr. 58). Pinh ly giéi han trung tam (trwomg hgp doc 1ap cung
phén phéi)

Cho {X,}, 1a mot diy bién ngau nhién gi tri thuc, doc 1ap cing phan phdi véi bién
ngiu nhién X va xac dinh trén mot khong gian xac suat (Q,F, P).

Gia sir rang cic bién ngdu nhién nay c6 ky vong u=E(X) va c¢6 phuong sai
o? =Var(X)hitu han . Khi d6 téng chuan hoa Z cta cic bién ngiu nhién nay hoi ty vé
phan phdi chuan tic, tirc 1a ta c6 su hoi tu theo phan phdi:

N
2 Xi—Nu

Z="4 -  M(0,1) khi N — oo.

i

T dinh Iy trén, ta suy ra quy tdc k— sigma dudi day:

X2

P{\x \<5%} 2F (k),V6i F(k)_J.\/_dx (N»I). (2.8)

Khi d4 cho d6 tin cdy p=1—«, ta c6 thé ding bang gia tri ciia ham F(x) dé xac dinh

khoang tin cdy {)? N \I;z X+ 5_} twong tmg cho ky vong x, véi k cho tir nghiém

ctia phuong trinh F(K) =1—a/ 2. Ta xét dudi ddy mot thi du vé diédu nay.
Xip xi khoang tin ciy (1—«)cho ky vong u 1a:

{ Zx 1a/2\/— ZX zla,z\/_} (2.9)

O day Za_gy2 la phdn vi bdc (1-a)l 2 cua phan phéi chudn. Vi phin vi 97,5% cua
phdn phéi chudn la vao khodng 1,96 cho nén nguwoi ta thuong chon mét phin vi 95% doi
xitng xdp xi cho ky vong wée lwong béi phwrong phap Monte Carlo. D6 la quy tic 20 cho

mot khoadng tin cdy xap xi doi voi u nhw sau:
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1 — o1 _ _ o
=X =AY X A |, véi AN:Zl_a,ZW (2.10)

Trong d6 ban kinh A, cua khoang tin ciy goi 1a sai s6 tuyét doi cua udc luong
N

X, = %; X, .

Nhdn xét.

1) Vi do dai cua khoang tin cay ty 1€ vdi 1/ JIN , nguoi ta phai tang s6 luot N chay mo
phong 1én 100 lan nham lam giam d¢ dai khoang tin cay di 10 lan.

2) Do d6 léch chuan o can cho thiét 1ap khoang tin cay 1a khong biét nén dé c6 cac
khoang tin cay x4p Xi, chung ta phai uéc lugng o> boi phuong sai mau khong chéch:

_ 1 ce_ [N (13, o
GN:\/EZ(Xi_XN) —\/N—_l[WZXi XNJ (2.11)

i=1 i=1

Va sau d6 quy tdac 20 c6 thé st dung cho mot khoang tin cay xap xi 95% cho u

1 1 o 5, -
W E Xi —AN,W E Xi +AN , VO1 AN — Zl—a/ZWzAN (212)
i=1 i=1

Trong do, ta thay o trong (2.10) bang phuong sai mau khong chéch &,,.

Tat nhién, ta c6 thé dung cach nay dé xay dung cho khoang tin cdy tong quat cho u
nhu trong (2.8). Tuy nhién ta luén ludn stir dung gia tri 1,96 thay cho 2 khi tinh toan mot
khoang tin cay xap xi 95%, vi 2F (2) = 95,44% ~ 95% = 2F (1,96).

3) Khi da cho ban kinh & cta khoang tin cay va dg tin cay 0,95=1—¢«, ta co thé dua

: 4o® 457 . 7 . 3
vao (2.8) d¢ suy ra: N2> O; ~ gO;N . bay la tiéu chuan dung may, khi tinh dong

£
thoi X, 50 béng thudt toan d¢ quy (xem [13], tr. 42 - 43), nhim xac dinh s6 N céc phép
thir can thiét. Nhu 1a mét vi du cua khoang tin cdy ndi trén, ta xét truong hop sau.
U'dc lrgng xac suét rii ro
Trong bao hiém xa hoi, bai toan udc lugng xac suat rii ro 1a mot ing dung quan trong
ctia phuwong phap Monte Carlo. Goi A 1a sy kién cong ty bao hiém bi rui ro. Chiing ta ¢
thé udc lugng xac suét cua sy kién P(A), béng cach st dung ky hi€éu ham chi tiéu cta A 1a:

L () T e A 013
ATTN0khE we A

Va cht ¥ rdng xé4c sudt cia A co thé viét thanh 1a:
P(A)=E(1,).
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Khi d6, udc luong Monte Carlo cho P(A) chi 13 tin suit twong ddi xdy ra cua A trong
N thir nghiém doc lap.
Ky hiéu A la su xuat hién cua A trong lan thir nghiém tht i. Chang ta dinh nghia udc

lrong Monte Carlo cho P(A) la:

N
V= i21A . (2.14)
N =
Ta cling co:
Var(1,) = P(A)1—-P(A)) (2.15)
Pua vao phuong sai mau 6 va phuong sai mau khong chéch &7 dudi dang;
. =\ — N .
ou=v(l-v) o =N——10§' (2.16)
Dé c6 duge mot khoang tin cay xap xi 95% cho P(A) la:
1,96
Ay, WorA |, Ay =——=0C 2.17
[';9/ N 'ﬂ/ N ] N m N ( )

2.2. Phwong phap Monte Carlo tinh xac suit rii ro

bé mo ta phuong phap, trong phan nay, chiing t61 xét mo hinh rui ro trong vong T
nam, vai gia thiét X X,,.., X 12 cac day bién ngau nhién khong 4m, doc 1ap, cing phan
phdi, biéu thi cho s tién doi bao hiém cho mot danh muc déu tu cia hing bao hiém trong
nhitng nam ké tiép.

Goi: u:=U(0) >0 la v6n ban dau caa hing bao hiém

B 1a thu nhap hang niam cta hing bao hiém (xem 1a hang sd) va B duoc lya chon sao
cho B> y,cuthé B=b(l+6),véi 6 1a phu phi bao hiém an toan.

iy,i,...,i; 1a ddy bién ngau nhién khong am, biéu thi cho 1ai suat thu dwgc tir viéc dau
tu tai san clia hang bao hiém trong nhimg nam ké tiép.

Khi 6, gia tri tai san ciia hing bao hiém ¢ cudi cua nam t(t=1,2,3,...,T) 1a bién ngau
nhién U (t) dugc xac dinh boi cong thirc

Ut)=Ut-)x1+i,)+B-X;(t=12,.T),U0)=u (2.18)
Xac suat rii ro y(u,T) dugc dinh nghia bai:
w(u,T)=P{Et=12,..T :U(t) <0}

Dé udc lugng xac suét rii ro, chung t6i mé phong mot sd lugng 16n N cac thé hién ctia
qua trinh thang du U(?) va d€m so6 két qua rii ro L trong N thé hién cua qua trinh nay. Khi
d6, xac suat riii ro w =w(u,T) cla qua trinh (gi4 tri nay 1a chua biét), co thé udc lugng
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~ L ) ) )
cho l//:=W. V6i khoang tin cdy 95% cho dudi dang (2.17), trong d6 (xem 2.16)

_ Ny(l-y
R e

Pé minh hoa cho phuong phép, chung t6i xét dudi ddy mot dang cu thé cua cac diy
bién ngau nhien {i, H {X }, trong trudng hop sé tién chi tra bao hidm va 14i suét 1a cac
diy cac bién ngiu nhién doc 1ap cung phéan phdi.

Trong phan nay chung t61 khao sat mé hinh (2.18) & trén véi gia thiét day 1ai suat
i,i,,...,ir 1 ddy cac bién ngu nhién khong am, doc lap, co phan phdi chudn N (x4, 07) va
doc 1ap v6i diy so tién doi tra bao hiém. Khi dé, ta c6 thé tao i, tir cong thirc trong [13](tr.
76):
o,(=2InR,, ,)""?c0os27R,, + 14, (t = 2n 1),

o,(=2InR,, ,)"?sin 22R, + 14, (t = 2n).

Trong do: R, ~U(0,1)(Vn >1).

I =0, (1, 00) ::{ (2.19)

Gia sir ddy s tién doi tra bao hiém X, X,,...,X;1a diy bién ngiu nhién khong am,
doc 1ap cung phan phéi va duoc gia thiét 14 tuan theo phan phdi mii E(f) véi ham mat do
f,(X)=p"e”*(x20,5>0).
Khi X, ~ E(f) tatao X, tir cong thirc [8] (tr. 151):
X,=—-pIR, R ~U@©D) voit=1,2,...,T (2.20)
Khi d6, viéc wdc luong xac suat pha san y(u,T) va khoang tin cdy 95% tuong ung

bang phuong phap Monte Carlo duoc thirc hién bdi thuat toan sau:
Thudgt todn 2.1.

Bude 1: Xac dinh tham sb: T,u,0,b,0,, 14y, hodc (u,o)vaN » I
r r T

Buéc 2: Xac dinh cac bién ¢6 mo phong A= tgl{u (t) < 0}

Buée 3: Thiét 1ap thuat toan mo phong U (t) (theo (2.18)) véi i, xac dinh theo (2.19)
va X(t) xac dinh theo (2.20), t =1,2,....T .

Buée 4: Ubc luong xac suat pha san w(u,T)

a. Cho n=12,...,N va tao cac thé hién U,(t) (t=12,....T) (theo budc 3):

o Néutdntai t, :=min{t:U (t)<O0}<T thidat1l, =1.

o NéuU,()>0véi Vt=12,.T thidit1, =0,



TAP CHI KHOA HOC - SO 2/2016 | 49

1
N B 1
b. Tinh 1/7=%21Aﬂ (theo 2.14), tinh o, =[W]Z (theo 2.16) va tinh
n=1 -
196 _
AN ::WO'N (theo 217)

Khi thtr nghiém thuat toan trén véi i, ~ N (0,1), X, ~ E{O, 0493} ta thu duoc két qua
cho trong bang 1 sau day:
Bang 1: Udc luong cia w(u,T) khi X, ~E(f), i ~N (4,07) voi tham sb

S =0.00492915,T =10,b =200,0, =1, 1, =0,u=0+100,6 = 0+%, N =10°

0=0% |H8=5% 0=10% | 6=15% | 6=20% | 6 =25%
10 | ¥ |0.5053 0.4739 0.4464 0.4198 0.3952 0.3720
Ay 10.0010 0.0010 0.0010 0.0010 0.0010 0.0009
30 | v |04411 0.4127 0.3871 0.3638 0.3409 0.3204
Ay 10.0010 0.0010 0.0010 0.0009 0.0009 0.0009
50 | w |0.3839 0.3592 0.3366 0.2881 0.29452 0.2763
Ay 10.0010 0.0009 0.0009 0.0009 0.0009 0.0009

Tir bang 1 ta thiy rang: Vi s6 1an mé phong (N :106), dé dat duéc mot mirc d6 chinh
xéc nhat dinh, khi ting @ hodc u thi x4c suat pha san y(u,10) giam, diéu nay 1a hoan toan
phtt hop véi thuc té.

3. KET LUAN

Str dung phuong phap Monte Carlo dé nghién ctru xac sut rui ro dbi v6i mé hinh rai
ro clia cic cong ty bao hiém voi thoi gian roi rac, khi diy cac sb tién doi tra bao hiém
dugc gia thiét 1 diy bién ngu nhién khong 4m, doc lap, cing phan phdi, bai bao di wéc
luong dugc xac suat thiét hai cho mé hinh va danh gia dugc sai s6 mac phai. Mot vi du )
minh hoa cho m6 hinh dugc dua ra.

Trong thuc té, cac qué trinh thu bao hiém va chi tra bao hiém khong phai 1a doc 1ap ma
la phu thudc: Phu thuoc Markov, phu thudc Copula... Cac hudng nghién cilru tiép theo 1a
mo rdng mo hinh cho cac truong hop phu thudc.
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THE APPLICATION OF MONTE CARLO SIMULATION METHOD IN
TO CALCULATION FOR RUIN PROBABILITIES IN INSURANCE

Abstract: In this paper, after introducing main ideas of Monte — Carlo approximation
method we study ruin probabilities in discrete time risk models with the
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independentrandom claim sizes. We apply Monte — Carlo method to simulate ruin
probabilities on a basis of some concrete data.

Keywords: Risk models, ruin probability, premiums, claims, Monte Carlo simulation
method.
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PHU THUOC THONG TIN

Nguyén Minh Huy *
Truong Pai hoc Thu do Ha Noi

Tém tit: Trong bdo cdo nay, ching t6i trinh bay phwong phdp xdy ding dé do phu thugc
thong tin trong mot quan hé nhu la mot d6 do phu thugc ham xdp xi. Véi hai tap thuge
tinh Xva Y, do do nay sé gdn cho chiing mét s6 thuc phdan anh mirc dé phu thuge cua Y
vao X. B¢ do duwoc xdy dung dua trén cac dp do entropy trong Iy thuyét thong tin cia
Shannon va duwoc chudn héa dé né c6 gid tri nam giiza 0 va 1. Gid tri dé do bang 0 khi va
chi khi ton tai phu thuge ham X —Y trong quan hé. Va nhuw thé, gid tri ciia né cang nho
thi sy phy thugc ciia Y vao X trong quan hé cang gan phu thuge ham X —Y . Cdc tinh
chdt ciia do do phu thudc thong tin ciing da dwege nghién ciru. Céc tinh chdt ndy cho thdy
c6 thé xem phu thugce thong tin la sy mo rong Cua khdi niém phy thuge ham.

Tir khéa: Phy thugc thong tin, phu thude ham, |y thuyét théng tin, khai phd dit liéu.

1. GIOI THIEU

Phat hién cac quy luat tur dir liéu 1a mdt nhiém vu phé bién trong khai thac dir liéu. DPac
biét, khai thac luat két hop trong cac co s& dit liéu giao tac thu hit sy quan tAm réat 16n cua
cac nha nghién ctru [2,4]. Muc tiéu cta khai thac luat két hop 13 tim ra cac quy luat co do
tin cdy cao vé sy xuat hién cung nhau thuong xuyén giita cac tip muc. Van dé nay da duoc
khai quat hoéa cho truong hop céc co s¢ dir liéu quan hé, trong d6 thuong co6 ca cac thude
tinh hang myc 1an thudc tinh s6 [5]. Trong tinh hudng nay, cac nha nghién ciru danh sy chii
y dac biét dén viéc phat hién céc phu thuoc ham va phu thugc ham Xép xi [6,7]. Mot phu
thugoc ham X—Y gifra hai bd thudc tinh dugc cho la thoa man trong mdt quan hé, néu hai
bd c6 clng gia tri vé cac thude tinh thude X thi ciing ¢ cling gia tri vé cac thudc tinh trong
Y. Trong thyc hanh, nguoi ta thuong mong mudn phat hién cac quy luat “gan nhu” thoa
man. Pé do muc do mic 18i cia cac phu ham, ngudi ta st dung mot s d6 do, trong d6
quen thudc nhat la g,. g, 14 s6 lugng twong ddi t6i thiéu clia cac bo dir lidu can phai loai bo

khéi quan h¢ dé phu thudéc ham théa man. Cac bd dir li€u bi loai co thé duoc coi nhu 1a

! Nhan bai ngay 15.01.2016, giri phan bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Nguyén Minh Huy; Email: nguyenminhhuy86@gmail.com.
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nhitng truong hop ngoai 1. Tuy nhién, mot phy thudéc ham X — Y ¢6 15i thap, khong nhat
thiét co nghia 1a Y phu thudc manh vao X, tham chi trén thuc t&, X va Y c6 thé duoc doc lap
nhau.
2. PO PO PHU THUQC HAM XAP XI DUA VAO LY THUYET THONG TIN

a. Mot s6 khai niém ctia 1y thuyét thong tin

Dé c6 thé dinh nghia d6 do phu thudc ham x4p xi dwa vao 1y thuyét thong tin, trude
hét ta can té1 mot so6 khai ni€ém co ban cua ly thuyét thong tin [10].

Pinh nghia 2.1. (Entropy ciia bién ngiu nhién)

Cho bién ngiu nhién rdi rac X ¢ phan bd xac suat P, =(p(x), p(x,), ..., p(x,)), Entropy

cua X 1a dai lugng H(X), xac dinh bai cong thirc sau:

. 1
H(X)= )log——,
(X) gp(x.)og 0

v6i quy dinh 0log0=0. Co s6 ham 16-ga-rit & day duoc lay 1a 2, don vi do ctia Entropy la
bit.

Entropy H(X) la s6 do dg bdt dinh, khéng chdc chdn (uncertainty) ciia X. Mot dai
lwong ngau nhién cang nhan nhiéu gia tri va co phan phdi cang déu thi tinh bat dinh ctia n6
cang 16n, d6 chic chan cang nho. Nguoc lai, mot dai luong ngiu nhién c6 phan phdi xac
suat cang chénh léch (co cic xac suat rat nho va rat 16n) thi tinh bat dinh cta no cang thap
va do d6 s& c6 luong thong tin chua biét nho hon nhidu so véi lugng thong tin ciia phan
phdi xac suat déu.

Entropy cho phép lugng hoa thong tin chira trong mot don vi dir lidu: N6 1a s6 bit
trung binh t6i thiéu ma nguoi giri can dé ma hoa thong diép thong bao cho ngudi nhan biét
duogc gia tri that ciia bién ngau nhién.

Bo de 2.1. Cho bien ngau nhién roi rac X c¢6 phan bo xé&c suat

P, =(p(x), P(X,), ..., p(x.)), ddy s6 Q={9.0,,...,q,} théa man Zn:qj <1 vl moi 0<j<n va

i=1

> q, <1. Khi d9, ta co:
i=1

<" p(x)log—.

HX) =S p(x)l
(X) g;p(x)ogrxx) 2 a

Chitng minh: St dung bat dang thic logx <x—1, ta co:
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9 G 1.
p(x)  p(x)

log
Suy ra:

p(x)10g—— < q, - p(x,),
p(x)

p(x%)(logg; —log p(x)) < g, — p(x) ,

—p(%)log p(x) <—p(x)logq; +G — p(X%) s

p(x)10g——— < p(x)Iog = +7, - p(x,)
p(x) q;

gpm)log p(lxi) si{p(x»logq—fw - p(xi)j,
gp(xi)log p(lxi) San:p(Xi)logqii+ian:qi —Z p(x,)

Vi Zn:qj <1, Zn:p(xi)=1,nén iqi—zn: p(x)<0.Suy ra:
i=t i=1 = i-1

1 0 1
) s;p(xi)logq—i. O

H(X) =2 p(x)log
i=1
Ménh dé 2.1. Cdn dudi va cdn trén ciia entropy
Cho bién ngau nhién X c6 ham phan bd xac suit P, =(p(x), p(%,), -, p(x,)). Ta co:
0<H(X)<logn

1

Chirng minh: Vi0< p(x)<1, ta cdlog ~ >0v6i moil<i<n. Suy ra H(X)>0. Diu

9

xdy ra khi va chi n=1.

Pit g == , i=12,...,n. Thé thi 0<q, <1 véimoi 0<j<n va ) g, <1. Sir dung B dé
n i
2.1. ta co:
n l n 1 n
H(X) =) p(x)log———< p(xi)log—=logn[z p(xi)]=logn
i1 p(x) = ; i1

Ping thirc xay ra khi p(x) == , i=12,...n .0
n

Pinh nghia 2.2. (Entropy c6 diéu kién — conditional entropy)
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Cho hai bién ngdu nhién X va Y véi phan bd xac suitlan luot Ia
P =(P(X), PO%), -, POG)) VAR, =(p(Y), P(Y,): -, P(Y,,)) - Entropy c6 dieu kién cua Y khi X da
biét, ky hiéu 1a H(Y|X ), dugc dinh nghia nhu sau:

H(Y[X)= 3 0 >zp( n)log, ot

Entropy c6 diéu kién H (Y[X) 1a luong Entropy con lai ctia Y khi biét X, 1a s6 do do
phu thudc cua Y vao X.

Pinh nghia 2.3. (Entropy dong thoi — Joint entropy )

Cho hai bién ngdu nhién X va Y v6i phan bd xic suat lan luot 1a
P, =(P(%), P(%,), -, P(X,)) Va R, =(p(y,), p(Y,), ---» P(Y,,)) . Entropy dong thoi ciia X va Y 1a dai

luong:

m

H(X,Y)= ZZp(x yj)log2 p( y])

i=1 j=1

Hién nhién : H(X,Y)=H(Y,X)

Ménh dé 2.2. Cin dudi va cdn trén ciia entropy dong thoi

Cho hai bién ngiu nhién X va Y c6 ham phan bd xic sudt lan luwot 1a
Pe =(P4), POG), -, P(%,)) VA R, =(p(¥,), P(Y): - P(Ym)

Khi d¢6 :

ax(H(X),H(Y))<H(X,Y) <H(X)+H(Y).
Chirng minh :
a) Bat dang thirc bén trai

Taco: p(xi)=ip(xi,yj). bit q, :max{p(xi,yj)|1§j§m}. Khi d6 v6i moi j:
=1

PO, ;) <0 < p(x)

1
<log— <log

Suyra: I
y ) T %0 T ey

Ma theo B dé 2.1.:

z (xi)logé =yy p(xi,y,-)logqi

i =1 i=1 j=1 i

n m 1
< Y —H(X,Y
<;§p(><. y;)log S0y (X,Y)
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Béng cach tuong tu, ta cling c6: H(Y)<H(X,Y). Vay: max(H(X),H(Y))<H(X,Y)
b) Bat dang thirc bén phéi

H(X)+H(Y)= Zp(X)Iog Zp(y) og——

()14 m)
m n 1
X) +Z( j o)

=23 px y){log 0" gLJ

i=1 j=1 p(y;)

—Z(Z P(%. Y, Jlog

i=1\_j=1

n

m 1
oy )log———
~ P, ¥;)log p(x) p(y;)

i=1 J

n m 1
> Y
>21; p(x. y;)log S0y

Pang thirc xay ra khi X va Y doc l1ap, tirc 1a khi p(x;, y;)=p(Xx)p(y;). O
3. PO PHU THUQC THONG TIN VA CAC TiNH CHAT
Cho quan h¢ r xac dinh trén tap thudc tinh Q={X,, X,,.., X,}. Nhu thuong I¢, ta s€ ky

=H(X,Y).

hiéu phép chiéu va phép chon cua dai sé quan hé lan lugt bang Iva o (két qua cta cac
phép toan nay la nhitng tap hop).

Cho tép thudc tinh X cQ. Gia sit I1,(r) ={x,..,x,} va C(Xi):|O-X:><» (r)| vOi 1<i<n,

trong do | | chi Iyc luong ciia mot tap hop. Hién nhién, ta co: c(x)>1 va Z —)—1. Do

d6, X xac dinh mot bién ngau nhién rdi rac c6 phan bd x4c sut P, =(p(x), P(%,), -, P(X,)) »

trong d6 p(x) = —' vol i=1,..,n. Nhu vdy, ta co thé noi téi cac dai luong thong tin cua

cac tap thudc tinh trongQ . Str dung két qua cua phép chon trong rta c6 thé viét lai cac
dinh nghia nhu sau:

1) Entropy cua X trén r 1a dai lwong H, (r) xac dinh bai:

o(x) |, ||
H, (1) = JZ:,H o

Trong do: n=|IT, (r)] c(x) =|oy_, ()|

2) Entropy c6 diéu kién caa Y khi X di cho 1a dai lugng Hy x (r) xac dinh boi:
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- C(x)

) =3 S5 00 P 375 Tl 28

i=1 1 C(X) C(Xily ) i=1 j=1 | | C(Xi! yJ)

Trong d6: m=|I1, (r)| c(x.Yy,) =‘ax=xi,Y:yj (r)‘

3) Entropy dong thoi ciia X va Y la dai luong H,, (r) xac dinh bai:

r
Hy 0= || I

i=1 j=1 C(Xilyj)

Tur cac khai niém trén, ta dinh nghia B9 do phu thudc thong tin nhu sau:

Dinh nghia 2.4. (D¢ phu thugc théng tin)

Do phu thudc thong tin (Information Dependency) cua Y khi X da cho 1a dai luong
H,_, (r) dinh nghia boi:

_ _N o)< g (. ¥3), g
H\H\((r)—HY\x(r)—i:1 || 121: C(X) C(Xi,y) ;; |r| C(Xi,yj)

D6 phu thudc thong tin c¢6 cac tinh chit dang chi y sau day:
Ménh dé2.3.H, ,(r)=H,, (N —H,(r).

Chirng minh:
Ta co:
C(>§)
X»Y( ) z_lljz_; | | C(Xi,yj)

Il
.MB
2
|
=
T <
N

i1 Y] (|ogc(xi)—logC(Xi ' yj))

_ n iC(Xi'j|yJ) log 1 ~log 1 J

c(x,y;) - elx)

(%, Y;)

R AT LI
2 ™

:izm:c(xi;|yj) log ! +1log|r| -log|r|-log - )J

c(x.y;) C(X )

o C(Xivyj) Ir| 0 ( Y )J Ir|
= 0g
22 R

C(X y) E\H= c(x;)
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D& e(X Y ) r (X, r

222 Ir] c(x| |y ) Z_ll |(r|) c|(x|i)

= Hy (N —H, () .0

Ménh dé 2.4. Lugt phan xa

Néu Y X c0 thi H,_, =0.

Chirng minh:

ViYcX,nén X =vz,Z =@ . Ung dung Ménh d¢ 2.3. ta co:

H, ,,(N=H,)-H, () =H,(r)-H,(r)=0 D

Ménh @& 2.5. H,, ,,(r)=H,, ().

Churng minh:

Ung dung Ménh dé 3.3. ta co:

He, . (N=H,,(N-H, () =H, ,(N+H,({)-H,,()=H, (O

B6 dé 2.6. Luat hop phai

H, , +H, , >H, .. Pang thic xay ra néu cic bién ¢ Y = y; va Y=y, la doc lap
nhau khi da biét X =x.

Chirng minh:

Ta co:

c(x) +Z”:Z”‘: c(x, zk c(xi)

C(Xi!yj i=1 j=1 | | C(Xi!zk)

X—»Y(r)—‘rHX—)Z(r) ZZ | |

i=1 j=1

LMY C(Xi7yjlzk)_ c(x;) c(x;) ]
i:l;; |r| _Iogc(xi’yj')+Iogc(xivzk)_

LN c(xi,yj,zk)_ c(x;) c(x) ]
—ZZZ Ir| _IOgc(xi,yj)+logc(xi,2k)_

n..m g 1 1
= iy iy k I
D AT P Ty
n m q 1
= p(x')jzz;;p(y’ «[x)leg p(Y; [ %) Pz | %)

bat q;, = p(y;|x)p(z | %), tacd g, =0, ZLZ:JJ« =1 . Ap dung B6 dé 2.1 thu dugc:
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m q x o | I
R PR ML R L ey

Vay:

= me(z (r).

xﬂy<r)+HH(r>>Zp<x )3 by, .z, | %) log

= p(ijzklxi)
Truong hop Y =y, va Y =y, 1a doc 1ap nhau khi da biét X = x, thi:

n

m q
Hx—»Y(r)"‘Hx_)z(r) =Z pizz pjk|i IOgl/pni pk|i

-1 j=l k=1
n m q
= D P Py 109/ Py,
i1 el k=l
- HX—)YZ (r) .0

Ménh dé 2.7. Quy tdc xich

Hy vz (N =Hy_y (N+Hy () 2max(H, _,, (r), Hy, (1)
Churng minh:

Str dung Ménh dé 2.3. ta co:

Hy vz (N =H,, (N—H, () =Hy,, (r)+H, (r)—H, (r)= Hy . (r)+H,_,(r). O
Ménh dé2.8.H,, , <H, ,

Chirng minh:

Sir dung Ménh d¢ 2.7. ta c¢:

Hy oz (N=H, ., (N—H,_,(r)

<H,_, (r)+H,_,(r)—H,_,(r) (Ménh d&2.6.)

<H, ,(r).O

Ménh d@ 2.9. Ludt hop trdi

min(H,_,, (1), Hy_, (1)) 2 Hy, (1)

Churng minh:

Theo Ménh d& 2.8. ta cd:  H,_,(r)=H,,_,(r),

H, ,,(N=H, .M.

Vay: min(H,,(r),H,,,(n)2H, (). 0
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Ménh dé 2.10. Ludt ting trucng

Hy vz (N <H, Ly ()

Chirng minh:

Theo B6 d& 2.5. va 2.8. ta co:

Hy, ,,(N=H, ,()<H, , (r).O

Ménh dé 2.11. Ludt bdc cdu

H, . ,(D+H, ,(N=H, ,(r)

Churng minh:

Hy  (0)+H, ,(N=H, ()+H, () (Ménh dé 2.10.)
=H,, (1) —H, (r)+H,, (N —H,, (r) (Ménh dé 2.3.)
= Hyz (N —Hy ()

>H,,(r)-H, (r) (Ménh dé&2.2.)
=H,(r)-H,(r) (Ménh d&2.3.) O

Ménh dé 2.12. Ludt hop toan phan

Hy oy (N +Hy L2 (1) 2 Hygy Lz (1)

Chirng minh:

Hy oy (N +Hy 2 (1)

> Hoy o (N +Hyypy (1) (Ménh dé 2.10.)
>H,, ., (r)(Ménh d& 2.11.)

Ménh dé 2.13. Ludt phén ra

Néu zcvthi H, (r)=H,,(r)

Chirng minh:

H,_,(r)=0(Ménh dé 2.4.)

H, ,(N+H, ,(r)=H, ,(r)(Ménhdé2.11.)
H,  (r)=H, ,(r).O

Ménh @8 2.14. Ludt gid bdc cau

Hy . (N+Hy ., (r)=Hy, . ()

Churng minh:
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HX—»Y (r) + HWY—)Z (r)

> Hyy yw (1) + Hiy 2 (1) (Ménh d& 2.10.)

>H,,_,(r)(Ménh dé2.11.) o

Pinh nghia 2.5. (D phu thudc thong tin chuin héa)

Do phy thudc thong tin chuan hoa cua Y khi X da cho 1a dai lugng 1A, (r) dinh
nghia boi:

_ HX~>Y (r) _ HXuY (r)_ HX (r)
A O =00, ()~ toa, (1)

Tir cac Ménh dé 2.1. va 2.3. suy ra: 0<IA_, (r)<1.

4. MOI LIEN HE GIUA PHU THUQC THONG TIN VA PHU THUQC HAM

A . Méi lién hé

Céc phu thudc ham di duoc nghién ctru ki trong nhiéu tai liéu. Cho hai tap thudc tinh
X,Y cQ, tandi Y phu thuoc ham vao X, viét X ->Y, néu mdi gia tri X cho ta mot gid tri
duy nhat ciia Y. C6 thé thay phu thudc thong tin nghién ctru trén day la mot mo rong cia
phu thugc ham.

Ménh dé 3.1. Cho hai tdp thudc tinh X,y cQ. X —»Y thoéa man khi va chi khi
Hy ,(r)=0.

Chirng minh:
=: Néu X -V thi v6i mdi gia tri x edom(X)chi co twong ing mot gia tri duy nhat
y; edom(Y)sao cho p(x,y;)>0.Suyra, c(x,y,)=c(x). Do do,

= E T e 2 55

i1 j-1 C(Xilyj) i1 j-1

i) logl=0.
il
< Néu H,,(N=0 thi H()=H,(r). Suy ra: H,, (=0 v6i moi x. Hon nita
p(x) >0 v&i moi i. Vay chi co duy nhét mot gia tri y, edom(Y) ung véi x , thcla X -Y . O
B. Cdc tién dé Armstrong
Céc tién dé Armstrong 1a rit quan trong d6i véi 1y thuyét phu thudc ham vi ching
cung cap co sd cho hé théng suy dién phy thudc. Thong thudng cac tién dé Armstrong bao
gdm 3 quy luat chinh sau day:
1. Lugt phdn xg: Néu Y < X thi X —>Y
2. Ludt tang trwong: Néu X Y thi Xz »vz
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3. Ludt bac cau: Néu X »>Yvay »zthi x »>z.
Ménh dé 3.2. Céc tién d& Armstrong suy ra truc tiép tir cac bat déng thire phu thudce
thong tin.
Chitng minh:
Luat ting truéng: Néu X —Y thi theo Ménh d& 3.1. phai c6 H «y (N =0. Theo ménh deé
2.10. H,, ,, ("N <H, ,(r).

Suy ra: H,, ., ()=0 (Vi Hy,_,,(r)>0). Ma tir Ménh dé 3.1. suy ra: Xz —>YzZ.

Tuong ty, luat phan xa va luat béc cau suy dugc ra tr cic Ménh dé5.4.vas5.11. o

5. KET LUAN

Trong bao céo nay, chung t6i trinh bay phuong phap xay dung d¢ do phu thudc thong
tin trong mdt quan hé nhu 1a mot do do phu thuéc ham xap xi. Vi hai tap thudc tinh X va
Y, d6 do nay s& gan cho ching mot sb thuc phan anh muc d6 phy thudc ciia Y vao X. B do
dugc xdy dung dua trén cac do do entropy trong 1y thuyét théng tin ctia Shannon va dugc
chuén hoa dé né c6 gia tri nam gitrta 0 va 1. Gia tri do do béng 0 khi va chi khi ton tai phu
thudc X —Y ham trong quan hé. Va nhu thé, gia tri ciia nd cang nho thi su phu thudc cua
Y vao X trong quan hé cang gan phy thudc ham X —Y . Cac tinh chét ciia d6 do phu thudc
thong tin ciing da dugc nghién ciru. Céc tinh chat nay cho thiy c6 thé xem phuy thudc théng
tin 1a sy m& rong cua khai niém phu thugc ham. Tu day, ching t6i s€ nghién ctru thuat toan
khai pha cac phu thudc thong tin véi ngudng phu thudc cho trude.
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INFORMATION DEPENDENCIES

Abstract: In this paper we present an information-theoretic approach to mining
dependencies between sets of attributes in a given relation instance. We describe the
dependence of a rule based on conditional entropy of consequent given antecedent, and
using the entropy of a rule to describe its complexity. This allows us to discover rules
with a high statistical dependence, and a low complexity. The problem of redundancy in
this context is also investigated, and we present two techniques to prune redundant rules.
An efficient and scalable algorithm is proposed, which exploits the inclusion-exclusion
principle for fast entropy computation. This algorithm is empirically evaluated through
experiments on synthetic and real-world data.

Keywords: Information dependencies, function dependencies, information theory, data
mining.
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METEOROLOGICAL DROUGHT IN BINH THUAN PROVINCE
IN THE CONTEXT OF CLIMATE CHANGE

Bui Thi Thanh Huong!
Hanoi Metropolitan University

Abstract: Binh Thuan, located at the South Central, is one of two driest provinces in
Vietnam. Meteorological drought has been more widespread and hash. The drought
zoning will be fundamentals of building drought scenarios and propose suitable adaptive
solutions.

Arid index (Al) was used to assess drought in Binh Thuan province with 6 levels
following UNEP standards, based on meteorological data from 1980 — 2009 of 6 stations
in the area. Therefore, the drought zoning map from 1980 — 2010 was built by integrating
GIS with ETo Calculator Software. Up to 2050, meteorological drought will change
following climate change scenario of Ministry of Natural and Environment.

Keywords: climate change, drought zoning, Binh Thuan province, ETo calculator and
GIS.

1. INTRODUCTION

Binh Thuan is the poor province located the Southern Central of Vietnam (figure 1), its
area is 7997 km? and population is 1,2 million people (2010). Binh Thuan, the one of two
driest provinces in Vietnam, has the lowest annual rainfall (600 — 1200 millimetres per year)
but mainly in rainy season (from May to October). And, precipitation in dry season (from
November to April) is usually less than 50 millimetres per month, even that precipitation in
3-4 months is lower than 1 millimetre per month.

! Nhan bai ngay 04.01.2016, giri phan bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Bui Thanh Huong ; Email: bui.thanh.huong.vn@gmail.com



TAP CHI KHOA HOC - SG 2/2016 | 65

107°30'0"E °0'0" 108°30'0"E °0'0" 109°30'0"E

Climatic staion

D Study area {
:‘ \:l Province boundary [
s j Distrist boundary =

z
o
=3
©
S

oL

11°30'0"N

han Thiet

P3Ving T

107°0'0"E 107°30'0"E 108°0'0"E 108°30'0"E 109°0'0"E 109°30'0"E

Figure 1: Study area

The surface current is less in the dry season. Almost river and stream basin is short and
slope. That is disadvantages for reserving water for dry season and supplying to ground water.
Therefore, in dry season, the province was characterized by arid and semi-arid. Typically, the
phenomenon has been harsher in the recent 10 years. For instance, in 1998, there were 203000
people having to put up with lacking of household water seriously, arid is danger of 20% -
25% cultivation area directly, many places became desert in each year [5]. In difference to
other Southern provinces in Vietnam, dry season in Binh Thuan is clearer and harsher
because the position of Binh Thuan is parallel to the winter wind. Also, the mountain
ranges, near the beach, prevent main sea winds; integrate to upwelling of the cold current
near the seashore preventing the rain — cloud building process. Drought in Binh Thuan has
been spreading because of erosion enlargement (caused by deforestation, unsustainable
cultivation) and unreasonable management of irrigation. That has been contributing to
increasing degradation, drought and desertification in the study area. According to Nguyen
Van Cu and other researchers, Binh Thuan province has 4 desert types: sandy desert
(56740 hectares), stone desert (9355 hectares), bare land desert (12490 hectares); salt
desert (11410 hectares) (quote from [5]).

However, Binh Thuan is not arid province but drought in dry season. In the context,
drought zoning for managing arid has been becoming strong urgent problem in the province,
particularly with agriculture. In the past, there were some projects assessing drought in the
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South Central Vietnam and Binh Thuan, but their results have still been qualitative.
Therefore, using ETo and GIS permitted assessing quantitatively drought status in the case
study. Drought zoning for dry season in the relationship with annual zoning is scientific
fundamentals to propose mitigating and adaptive solutions of disasters for human life.

In the article, we used the data: temperature, moisture, precipitation in 30 years (1980
— 2009) of 6 meteorological stations (Bao Loc, Vung Tau, Xuan Loc, Phan Thiet, Phan
Rang) (figure 1). The stations distribute around Binh Thuan province, in that, Phan Thiet
station is within the study area. It shows dry - hot features of Binh Thuan climate
completely.

2. METHODOLOGY
2.1. ETo Calculator

The ETo calculator (FAO, 2009) is software developed by the Land and Water
Division of FAO. ETo (potential evapotranspiration) represents the evapotranspiration rate
from a reference surface that is not short of water. A large uniform grass field is considered
worldwide as the reference surface. The reference crop completely covers the soil, is kept
short, well watered and is actively growing under optimal agronomic conditions. The Eto
calculator assesses ETo from meteorological data by means of the FAO Penman—Monteith
equation (Allen et al., 1998) as follow: [Sam Geerts and Dirk Raes, 2010]

0.408A(R, —G)+ 7ﬂ u,(e, —e,)
° A+ y(1+0.34u,)
ET, : reference evapotranspiration [mm day™], e - saturation vapour pressure [kPa],
R, :netradiation at the crop surface [MJI m?day], e, - actual vapour pressure [kPa],
G :soil heat flux density [MJ m? day™], es- €, . saturation vapour pressure deficit [kPa],
T :meandailyair temperature at2mheight[°C], A :slope vapour pressure curve [kPa °C™],
U,  :wind speed at2 m height [ms7], Y : psychrometric constant [kPa °C™].

The program can use either daily, ten-day or monthly climatic data. When data for
certain weather variables are missing, procedures are incorporated to estimate missing
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climatic data from temperature data or from specific climatic conditions according to
methodologies outlined by Allen et al (1998). Maximum and minimum air temperature
data are considered as the minimum dataset because a reasonable estimate of ETo can
already be made based on these data alone. ETo estimations become more precise if data
on air humidity, radiation and wind speed are available. [Sam Geerts and Dirk Raes, 2010]

2.2. Aridity index (Al)

An aridity index (Al) is a numerical indicator of the degree of dryness of the climate at
a given location. These indicators serve to identify, locate or delimit regions that suffer
from a deficit of available water, a condition that can severely affect the effective use of
the land for such activities as agriculture or stock-farming [10].

The index was considered in the first time, at the turn of the 20th century by Wladimir
Koppen and Rodolf Geiger. They defined arid areas where the annual rainfall
accumulation (in centimeters) is less double than evotranspiration. This was one of the first
attempts at defining an aridity index, one that reflects the effects of the thermal regime and
the amount and distribution of precipitation in determining the native vegetation possible
in an area.

More recently, in 1992, UNEP has adopted another index of aridity, defined as ratio
between P (the average annual precipitation) and ETo (potential evapotranspiration) both
of them must be expressed in the same units, e.g., in millimeters.

P
Al =—— 2
ETo @)
Al : Aridity index
P : the annual rainfall average [mm per day]

ETo : Reference evapotranspiration (potential evapotranspiration) [mm per day],

Table 1: Arid regions classification base on UNEP arid index.

Desertification

UNEP arid index Arid Regions
alarm class
Real desert Al <0.05 Ultra arid
Very high 0.05<AI<0.20 Arid

High 0.20 < Al <0.50 Semi-arid
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Mid 0.50 < Al <0.65 Dry sub-humid
Low 0.65<AiI<1 Sub-humid
Lack of Al>1 Humid and very
desertification danger humid

Source: UNEP classification
2.3. Zoning Al by GIS and ETo Calculator

Base on data calculated by ETo calculator and Al, we used the UNEP classification
(table 1) for zoning drought in Binh Thuan province in Arc/GIS software.

3. RESULTS

3.1. Calculating and zoning ETo, Al

We used meteorological data (temperature, humidity, wind speed, Solar radiation)
from 1980 — 2009 of above 6 stations, the authors have used ETo calculator software to
calculate ETo (potential evapotranspiration) based on equation (1) and Al base on equation
(2). The results are listed at the following figures (from figure 2 to figure 7).

ETo zoning is presented in figure 2 and figure 3. Annual ETo average is divided into 5
levels from around 1300 to around 1400 mm per year. In that, Tuy Phong and Bac Binh
district have maximum ETo (higher 1400 mm per year), Duc Linh and Tanh Linh district
have minimum ETo (lower 1300 mm per year). In the dry season, ETo is much lower than
annual ETo average, limitted from 660 to 840 mm per year. In that, Phan Thiet city, Ham
Thuan Nam, Ham Thuan Bac district are places having highest ETo (upper 840 mm per
year). The reasons explain why ETo in the dry season is lower than annual one is that, the
number of sunlight hours and average temperature and rainfall in dry season are lower than
whole year.

Precipitation zoning is presented in figure 4 and figure 5. Annual rainfall average
fluctuates from 1400 — 2900 mm per year. In that, Duc Linh and Tanh Linh are 2 districts
having the highest rainfall (upper 2900 mm per year). Rainfall is lower than 1400 mm per
year, quite popular in the province, distributing in Tuy Phong, Bac Binh, Ham Thuan Bac,
Ham Thuan Nam district and Phan Thiet city. In contradiction, in the dry season, rainfall is
so little, fluctuates from 180 — 210 mm per dry 6 months. Phan Thiet city and Ham Thuan
Nam, Ham Tan district are the least rainfall region (lower 180mm per 6 dry months). And
the highest rainfall regions (upper 210 mm per dry 6 months ) are around Central Highland
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belonging districts like Duc Linh, Tanh Linh, Tuy Phong, Bac Binh. By survey, research
the study area, although annual rainfall and coming watter of rivers were not lack of, but
Binh Thuan’s rivers are also short and slope, integrating the long dry season (lasting 6,7
months, sometimes 9 months). Therefore, lacking of water in the dry season has been
becoming serious problem for agriculture and human life.

Al zoning is presented in figure 6 and figure 7. Annual aridity index fluctuates from
0,654221 to 2,43618. The low Al belongs to the North areas of this province, mainly
distributing in Tuy Phong district. The highest Al area distributed in the West regions, in
Duc Linh and Tanh Linh district. In the dry season, Al is much less than annual one,
fluctuating from 0,133469 to 0,678403. The lowest Al region distributed in Phan Thiet city
and communes of Ham Thuan Bac, Ham Thuan Nam around Phan Thiet city. Besides, three
communes: Vinh Hao, Phuoc The, Lien Huong (Tuy Phong district) also have the lowest Al
(around 0,13).

3.2. Zoning drought area

According to the Al zoning results, we classified drought region base on UNEP
classification and the facts of the case study and Vietnam. The specific classification is in
the following table:

Table 2: Drought zoning base on Al for Binh Thuan province

Al Arid alarm Annual area (km?) | Dry season area (km?)
0,05-0,2 Arid 0 224
0,2-0,5 Semi arid 0 3823
0,5-0,65 Dry sub — humid 755 1390
0,65-1 Sub — humid 3141 2560
>1 Humid and hyper humid 4101 0
Total 7997 7997
Source: [5]

Typically, in the small province, Binh Thuan still appeared 2 contradict landscapes:
very humid landscape in the West and arid landscape in the East and Northeast. Generally,
in whole year, drought phenomenon is not urgent problems. The minimum water need of
this province was still enough because annual average rainfall (600 — 1200 mm per year)
integrated to quite good irrigation system. Al still was high level (from 0,65 to 2,43).
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Therefore, in whole year, the province has not arid, semi arid phenomena. The dry and sub
humid region was the small region of 9 communes (Tuy Phong district) and 4 communes
(Bac Binh district). The humid and very humid regions distributed mainly in the entire
province.

Difference to whole year, in the dry season, drought phenomenon happened popularly
with 4 levels: arid, semi arid, sub humid, humid. In that, the arid area distributed in Phan
Thiet city (at the communes: Mui Ne, Phu Hai, Phong Nam, Duc Long, La Gi), Ham
Thuan Nam (Ham Tien), Ham Thuan Bac (Ham Du, Ham Nhon, Ham Thang). That
explains why in these areas exist many sandy deserts. The semi arid region covered the
large part area of the province from Tuy Phong district to Ham Thuan Nam district. That
was the condition establishing bare land deserts. The dry sub humid and sub humid distributed
in the West and North — West of Binh Thuan, including districts (Bac Binh, Ham Thuan Bac,
Ham Tan, Duc Linh, Tanh Linh)
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Especially, the author calculated meteorological drought area for 9 districts in annual
year and dry season. The results are shown specifically in the table 3:

Table 3: Meteorological drought area following annual year and dry season for districts

in Binh Thuan province (hectares)

Annual year Dry season

Districts Sub | Supper _ semi- | O Sub

pomid | UMY pumid | A | aig | S| humid
humid

Tuy Phong 732793 | 4127, 0,0 00 | 727912 | 41134 0,0

Bac Binh 1217010 | 65377,7 0,0 00 |122151,8 | 650098 | 0,
Ham Thuan Bac | 884481 | 165012 | 31557,8 | 72224 | 71318,6 | 165736 | 31466,2
Ham Thuan Nam | 826480 | 134346 | 97474 | 11311 | 616041 | 133681 | 9729,0

Phan Thiet 20943,7 0,0 00 | 138455 | 71275 0,0 0,0
Ham Tan 284,5 76980 | 598734 | 00 2000 | 48357 | 33827,9
La Gi 75448 91458 | 13291 0,0 76265 | 91072 | 651145
Tanh Linh 81475 | 157420 | 955745 | 0,0 82071 | 15764,7 | 953785
Duc Linh 0,0 0,0 54699,1 | 0,0 0,0 856,6 | 537713
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Total 402996,8

132117,0

252781,3

22199,1

351027,6

129629,2 | 289287,4

Ratio (%0)
(compare to
natural area of the
province)

51,6

16,0

32,4

2,8

43,6

16,6 37,0

Source: [5]

According to results of Dr Nguyen Lap Dan et al in the project KC 08.23/06-10 [2]
the author selected the scenario about the length of dry season (days) of the period 1980 —
1999 in the decades of the 21% century (table 4). The number of days in the northern Binh
Thuan (Tuy Phong, Bac Binh) will increase faster than the southern one at 3 scenarios
(high, middle and low scenario). Forecasting up to 2050, the dry season will lengthen
above 2 months (67 days) at the high scenarios and above 1 month (47 days) at the low
scenario. But in the southern Binh Thuan province, the number will fluctuate around a half
of month (17 days for the high scenario and 13 days for the low scenario).

Table 4: The length of dry season (days) in the decades of the 21% century
comparing to the period 1980 — 1999

Region Scenario | 2020 | 2030 2040 2050
High 31 37 56 67
The Northern Binh Thuan province -

] Middle 18 24 29 42

(Tuy Phong, Bac Binh)
Low 18 24 29 42
High 8 9 14 17

The Southern Binh Thuan (Ham Thuan 9

Bac, Ham Thuan Nam, Ham Tan, Duc Middle 6 8 11 13

Linh, Tanh Linh, La Gi
inh, Tanh Linh, La GI) Low 6 8 11 13

Source: KC 08.23/06-10 [2]

To date, by many suitable adaptive solutions, Binh Thuan resolved the drought in the
dry season quite effectively. Firstly, the province invested to build many artificial
reservoirs for water using need in the dry season, for instance, some communes in Bac
Binh district can cultivate 2 or 3 paddy rice crop. However, the most difficulty is that,
building the adjusting water channels for the dry season because of landform. Secondly,
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non — construction solutions were carried out such as: plantation in bare land, protecting
forest in sandy land (preventing flying sand and flowing sand), changing seasonal crop
structure (planting many trees adapting to drought like dragon fruit, grape, watermelon,
cashew) applying the methods saving water irrigation and decreasing evotranspiration like:
spray, drip, covering ground by straw.

4. CONCLUSION

ETo in dry season was less double than annual ETo, rainfall was 1/10 annual rainfall, Al
was 1/5 annual Al, therefore, the arid and semi regions enlarged by % total area of this
province in the dry season. But the phenomena did not happen, in the whole year. According
to UNEP classification, Binh Thuan is not the arid province but arid and semi arid
phenomena happened in all over districts in the province, in the dry season. Confirming that,
the drought in Binh Thuan is drought in dry season. Arid was danger of some districts in the
dry season like Tuy Phong, Bac Binh and Phan Thiet city. Semi arid was danger of districts,
in the dry season like: Ham Thuan Bac, Ham Thuan Nam and Ham Tan.

Drought zoning for the dry season in the relationship with annual zoning has much
meaningful to socioeconomic planning for Binh Thuan province, especially, agriculture.
Irrigation system development, exchanging cultivation structure, distributing trees will be
more effectively when having the helps of the above drought zoning results, the believable
scientific fundamentals.
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HAN KHI TUQNG O TINH BINH THUAN TRONG BOI CANH
BIEN POI KHi HAU

Tém tit: Han khi twong la mot hién tuwong tw nhién dién hinh va dang ngay mot lan rong
0 Binh Thudn, mot trong hai tinh khé han nhat & Viét Nam. Phén vung han khi tuong sé
la co 56 khoa hoc quan trong cho xdy dung kich ban han hdn va dé xudt cdc giai phdp
thich iing phit hop. Tdc gia bai bdo da tich hop GIS véi phan mém ETo Calculator dé xdy
dung bdan do phdn ving han khi twong cho tinh Binh Thudn giai doan 1980 — 2010 dya
trén dir lieu ngay cua lwong mua, do am, dé boc thodt hoi nude, nhiét do ¢ 6 tram khi
twong quanh khu viee nghién ciru. Dy bdo, dén 2050, thoi gian va ving han khi tieong sé
thay doi trén co sé nhitng dir liéu vé nhiét do, lwong muea trong kich ban bién doi khi hdu
ma B¢ Tai nguyén va Moi truong da xay dung.

Tir khéa: Bién d6i khi hau, han khi tugng, tinh Binh Thuén, ETo calculator va GIS.
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PHAN LAP VA XAC PINH CAU TRUC CAC CHAT
TU CAO CHIET PICLOMETAN VO LOAI DINH TUNG
(CEPHALOTAXUS MANIT ) THU HAI TAI TINH
LAM PONG, VIET NAM
Nguyén Thi Liéu'”, Nguyén Thi Lwu?®, Trin Vin Loc?, Dinh Thi Phong®, Tran Vin Sung’
Y Truong Pai hoc Thii d6 Ha Noi

2 Vién Hoa hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam
% Bdo tang Thién nhién Viét Nam, Vién Han lam Khoa hoc va Cong nghé Viét Nam

Tém tit: Tir 2 g cao chiét diclometan ciia dich chiét tong methanol bé phdn vé lodi Pinh
Ting (Cephalotaxus Manii) dd phdn ldp dwoc hai hop chdt sach la epicatechin va
epigallocatechin bang phirong phdp sdc ki cét. Cau triic ciia ching dd dwoc lam sing 16
bang phuong phéap phé H'NMR, CNMR va MS két hop véi tra ciru div liéu chudn.

Tir khoa: flavonoid, flavan-3-ol, Dinh Tung, cau triic catechin.

1. MO DAU

Dic diém hinh thai loai Pinh Tung (Cephalotaxus Manii) thudc loai cdy gb nhd, cay
truong thanh cao khoang tir 10 - 15 m. Than tron, vo tron nhén, v non c6 mau do, vo gia
bong thanh mang mau trang. Canh manh, moc dbi va xoe ngang. La moc xoan dc, xép
thanh 2 diy, hinh dai, dai 2 - 4cm, rong 0,2 - 0,4cm, thang hay hoi cong & gan dau, & mit
dudi ¢6 2 dai 16 khi mau tring tring. Dinh Tung phan bd rai rac trén cac suon va dinh nai
dat va nui da voi véi doi cao tir 600 - 1400 m. Két qua nghién ctru ciing két luan Pinh
Tung tai sinh ty nhién bang hat rat t6t. Dac diém phan bd va gia tri bao ton trén thé gidi
Dinh Tung c6 phan b tir Pong Bic An D¢, Liao, Bic Myanma, Bic Thai Lan t6i Nam
Trung Quéc. Tai Viét Nam, loai nay dugc ghi nhan c6 & Lao Cai, Ha Giang, Son La, Cao
Bﬁng, Hoa Binh, Ha N¢i (Ba Vi), Quang Tri, Thira Thién Hué, Kon Tum, Gia Lai, Lam
Poéng va Thanh Hoa [1].

@ Nhan bai ngay 18.01.2016 gt phén bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Nguyén Thi Liéu; Email: ntlieu@daihocthudo.edu.vn.
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O Viét Nam, mdt loai thudc chi Cephalotaxus 1a Dinh Tung ( tén khac 1a phi lugc bi )
c6 tén khoa hoc Cephalotaxus mannii Hook.f, tir xua hat Dinh Tung duoc ép dau dung ché
son, nén, diu hoa cung hoac hat dung lam thude co tac dung nhuan phé, cAm ho, tiéu .
Loai Dinh Tung (Cephalotaxus mannii Hook.f) chu yéu dugc khai thac dé lay gd, lam cay
canh hogc 1am thudc theo kinh nghiém dan gian.[2]

Nghién ctru vé thanh phan héa hoc céac loai trong chi Dinh Tung trén thé gisi: Loai
nay di duoc nghién ctru nhiéu vé thanh phan hoéa hoc, cho dén nay da c6 nhiéu chét duoc
phan 13p va xéac dinh cAu trac va nhiéu chét trong do da duoc thur hoat tinh sinh hoc. Khi
tién hanh nghién ctru thanh phan héa hoc loai Dinh Tung Cephalotaxus mannii tréng & An
D9, cac nha khoa hoc tach duogc tir dich chiét Cloroform cua than va ré cua cay nay 3 hop
chat: Cephalomannine, Taxol va Baccatin III. Tt dich chiét methanol cta 14 va than loai
binh Tung Cephalotaxus harringtonia var. drupacea, cac nha khoa hoc Nhat Ban da phan
lap va xéac dinh cau trac cia 4 alkaloid 1a: 5°- des - O - methylharringtonine, 3’S —
hydroxyl - 5°- des - O - methylharringtonine, 5’- des - O - methylhomoharringtonine va 5’-
des - O - methylisoharringtonine.

O Viét Namhién nay, chua c6 nghién ctru ndo vé thanh phan héa hoc loai Dinh Tung
Cephalotaxus mannii. Vi vy, viéc nghién ctru thianh phan héa hoc vo cdy Dinh Tung va
x4c dinh cdu trac cic hop chat phan tach dugc 1a can thiét, co ¥ nghia khoa hoc va thuc

tién.
2. NOIDUNG

2.1. Vat liéu va phwong phap

a) Nguyén li¢u thuc vt

Miu vo cdy Pinh Tung (Cephalotaxus Manii) dugc thu hai tai tinh Lam Dong, Viét
Nam vao thang 8 nam 2012. Tén ciia mau duoc xac dinh boi Tién si Nguyén Tién Hiép,
Vién Sinh thai va Tai nguyén Sinh vat, VAST. Mau tiéu ban s6 CPC 4718 dugc luu gilr tai
Béo tang Thién nhién Viét Nam, VAST, Ha Noi.

b) Thiét bi, héa chdt

e Pho cong huong tir hat nhan NMR duoc ghi bang may Bruker Avance 500 [499,84
MHz (*H-) va 125 MHz (**C-); TMS (6 = 0,0); CD3OD (d = 49,0); CDCl; (J = 77,0)] tai
Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

e Phé khéi ESI-MSduoc do trén may Agilent LC-MSD-Trap SL tai Vién Hoa hoc,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
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e Hoa chit gém diclotetan, methanol, n-hexan, silicagen, sephadex...
C) Phuong phdp nghién ciru
e Phuong phap tach va tinh ché chat

Céc cao dich chiét trong cac dung méi khac nhau thu dwgc, duoc tach va tinh ché bang
phuong phap sic ki cot két hop véi sic ki 16p mong voi cac hé dung mai thich hop. Sic ky
cot gom sic ky cot thuong va sic ky cot nhanh (flash chromatography) sir dung silicagel.
Ddi vé6i cac chat phan cuc c6 thé s dung Sephadex LH-20 hoic nguoc pha RP-18. Kiém
tra cac phan doan va dg sach cua cac chét cling nhu theo ddi qua trinh tach chét trén cot
bang séc ki 16p mong véi hé dung méi thich hop.

e Phuong phap xac dinh ciu triic héa hoc ciia cac chat

Viée xac dinh ciu triic héa hoc cia cac chat sach duogc thuc hién thong qua viéc két
hop cac phuong phap phd hién dai nhu phd khdi (MS), phd cong huong tir hat nhan mot
chiéu 1D NMR nhu ‘H-NMR, *C-NMR. Céc loai phé dugc do tai phong cAu tric, Vién
Hoa hoc — Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.2. Qua trinh phan 1ap cac chit sach

Tu 2 g cao chiét dich CH,Cl, tién hanh sic ki cot sephadex dung mdi 10 phan doan
DTV.5 hé dung moéi CH,Cl,/MeOH ti 18 phéan cyc ting dan 100:0 — 70:30 thu dugc 5
phan doan ki hiéu DTV.5.1 d&én DTV.5.5, trong d6 phan doan 5.3 thu dugc 15 mg chét
sach & dang ran ki hiéu DTV3 c¢6 Rf= 0.58 h¢ sic ki ban mong la CH,Cl,/MeOH= 8:2.
Tién hanh sic ki cot sefadex 85 mg phan doan DTV.5.2 dung méi MeOH 100% thu duoc
23mg chat sach dang rin ki hiéu 1a DTV2 c6 Rf= 0.46 hé sic ki ban mong la
CH,Cl,/MeOH= 8:2.

3. KET QUA VA THAO LUAN

3.1. Xac dinh céu triic chat DTV2
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OH

DTV2: Epicatechin

Phd *C-NMR ciia chit DTV2 c6 tin hiéu cia 15 nguyén tir cacbon véi nhiing dic
trung cta khung flavan-3-ol gdm: 7 tin hiéu ctia cacbon bac 4 & 6¢100.12 — 157.71ppm;
7 tin hi€u cua nhém methin trong d6 ¢6 5 tin hi€u ciia 5 methin nhan thom & 6¢95.5- 119.4
ppm va 2 tin hi¢u cia 2 nhém oxymethin (C-2, C-3) & 6c68.8 ppm va 82.8 ppm; 1 tin hi¢u
ctia nhom metylen (C-4) & 6c28.5ppm.

Trén phd *H-NMR c¢6 hai tin hiéu dd ¢ 842.75 (dd, J = 17.0,2.5 Hz, H-4ax) va 6.2.89
(dd,J = 16.0, 5.0 Hz, H-4eq), mot tin hiéu cong hudng & o4.83(b,r J = 7.5 Hz, H-2), mét
multiplet & &44.2 (H-3) va 5 proton thom gom: Cip d & 645.94 (1H) va 5.97 (1H) c6 cing
hang sb twong tac (J = 2.2 Hz) cho thiy hai proton nay & vi tri meta (H-6 va H-8), nhu vay
vong A ¢6 hai nhém thé & C-5 va C-7. Céc tin hiéu d & &4 6.79 (d ,J =8,1 Hz; H-5°),d 6 &
16.86 (d, J = 2 Hz; H-2") va dd & &4 6.81 (dd, J = 8.0; 2.0 Hz, H-6") cho thiy vong B c6
hai nhom thé & C-3° va C-4".

Két hop sb liéu phé H-NMR, DEPT, C-NMR (bang 1 va2) va pic ion m/z 291
[M+H]" ¢ phd ESI-MS di xé4c dinh dugc cong thire phén tir ctia chat DTV2 1a C15H1406,
Qua phan tich cac dir kién phd va so sanh voi sb liéu di cong bd [5,7], cdu trac cua
chat DTV2 dugc xac dinh 14 epicatechin.

3.2. X4c dinh ciu tric chit DTV3
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HO

DTYV3: Epigallocatechin

Dit lidu phé *C-NMR bao gdém qua tin hiéu cta 15 nguyén tir cacbon: tin hiéu cua 6
cacbon bac 4 & 0c116- dc158ppm; 6 tin hi¢u cia nhém methin (CH), trong d6 c6 4 nhom
methin nhan thom & 6¢95.52 — 120.04 ppm va tin hi¢u cua 2 nhom oxymethin (C-2, C-3)
¢ 6C 68,77 (C-2) va 82.79 ppm (C-3); 1 tin hi¢u cia nhom metylen ¢ 6C 28.45 ppm (C-4).

Phé '"H-NMR ciia hop chat DTV3 ¢6 tin hiéu cong hudng & &y 2,68 ppm (dd, J=16.1;
8.1 Hz, H-4ax) va 2,87 ppm (dd, J=16.1, 5.4 Hz, H-4eq), mot doublet ¢ 6 4.60 ppm (d,
J=7.5 Hz, H-2) va tin hiéu & 84 4.0 ppm (J=7.5, H-3). Phia trudng thip c6 mot tin hiéu
doublet ctia hai proton thom & & 6.81( d,1.9 Hz) goi ¥ cho thay hai proton nay d6i xing
v6i nhau. O vi tri meta trong vong thom nhu vdy, vong B bi thé & C-1° va C-3°, C-4’, C-5".
Tin hiéu doublet (d) & 645.89 va 5.95 (mdi tin hiéu 1H) c6 cung hang sb tuong tac (J = 2.3
Hz) chung té hai proton nay ¢ vi tri meta voi nhau (H-6 va H-8). Nhu vay, vong A phai co
hai nhém thé & C-5 va C-7.

Két hop s6 liéu phd 'H-NMR, DEPT, *C-NMR (bang 1 va2) va pic ion m/z 307
[M+H]* ¢ phd ESI-MS da xac dinh dugc cong thic phan tir ctia chat DTV3 1a Ci5H1407.
Céc dit liéu phd "HNMR va **C-NMR hoan toan phit hop vé6i nhitng dic trung ciia khung
flavan-3-ol. Qua phan tich cac dir kién phd va so sanh véi s liéu da cong bd [7,8 ], cau
trac cua chat DTV3 duoc xac dinh 1a: 3,3°,4",5°,5,7-hexahydroxyflavan (epigallocatechin,
hay teacatechin I1).

Bing 1: S6 liéu ph6"HNMR ciia chat DTV2 va DTV3[500 MHz, CDs0D, 6H (ppm)]

Vi tri

Y Chiat DTV2 Epicatechin Chiat DTV3 Epigallocatechin

H-2 4.83 br,s 4.75 br,s 4.60 br,s (7.5) 4,62 br, s
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H-3 4.20m 420 brs 4.00 m (7.5) 4,20 m
H-4 [2.75dd (17.0,2.5) | 2.75dd (16.7, 2.9) | 2.68dd (16.1,8.1) | 2,76 dd (17, 3)
2.89 dd® (16.0,5.0) | 2.86 dd (16.7, 4.6) | 2.87 dd (16.1,5.4) | 2,89dd (17, 5)
H-6 5.94d (2.2) 5.93d (2.3) 5.88d (2.3) 5,93d (2)
H-8 5.97d (2.2) 5.96 d (2.3) 5.96 d (2.3) 5,96 d (2)
H-2 7.00d (1.5) 6.99d (1.9) 6.81d (1.9) 6,80 d (2.1)
H5 | 6.78d*(8.1) 6.78d (8.1) - -
H-6' |6.81dd (8.0,2.0) | 6.82dd (8.1, 1.8) 6.81d( 1.9) 6.80d (2.1)

A Tin hiéu co cwong do lon hon, b) T hiéu co cuong do nho hon

Bing 2: S6 liéu phé *CNMR cia chdt DTV2 va DTV3 [3,4] [125 MHz, CDs0D, &C

(ppm]
Vi tri C Chit DTV2 Epicatechin[3] Chat DTV3 Epiga”[c; (;atecmn
2 79.8 79.89 68.77 79.9
3 67.5 67.49 82.79 67.5
4 28.5 29.24 28.45 29.4
5 157.4 157.37 156.87 157.9
6 95,5 95.93 95.52 95.9
7 157.71 157.62 157.52 158.0
8 96.4 96.45 96.31 96.5
9 157.67 157.67 157.77 157.7
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10 100.12 100.12 100.83 100.7
1 132.29 132.29 132.19 131.6
2 115.35 115.35 115.25 115.8
3 146.1 145.95 146.19 129.2
4 145.9 145.79 146.17 157.4
5 115.9 115.94 116.10 129.2
6 119.4 119.43 120.04 115.8
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ISOLATED AND DETERMINE STRUCTURE OF SUBSTANCES FROM
DICLOROMETHANE EXTRACTS OF BARKSCEPHALOTAXUS MANII
SPECIES IN LAM DONG PROVINCE, VIETNAM

Abstract: From 2g Dichloromethane extracts of total methanol extract barks of
Cephalotaxus Manii, two compounds epicatechin and epigallocatechin have been
isolated by chromatography method. Their structures were elucidated by spectroscopic
methods H!NMR, **CNMR and MS and combined with the standard data.

Keywords: flavonoid, flavan-3-ol, Cephalotaxus Manii, catechin structure.



TAP CHI KHOA HOC - SO 2/2016 | 83

PONG THAI HUYNH QUANG VA QUANG HOP CUA
MOT SO GIONG PAU PEN CHIU THIEU NUGC
KHAC NHAU KHI GAY HAN O THOT KI RA HOA

Pam Thi Thuy, Nguyén Vin Ma*
Truong Dai hoc Su pham Ha Ngi 2

Tém tit: Két qua nghién civu dong thdi hupnh quang va quang hop ciia 3 giong ddu den
chiu thiéu nwéc khac nhau khi gdy han & thoi ki ra hoa cho thdy: trong qud trinh gdy
han, tri s6 Fo ciia hupnh quang ting 5-16,4%, cdc tri s6 Fm va Fvm bi giam sit tiwong
ng 26,7% va 25,5%. Khi twéi nude tré lai, tri so Fo gidm t6i gid tri twong dwong doi
chitng sau 4 ngay, trong khi d6 Fm va Fvm tang lén téi 97% so voi doi chimng. Cuong do
quang hop ciia ld ¢ thoi ki ra hoa chiu anh hiong boi thiéu nwde nhiéu hon huynh quang,
gidm 31,3% so véi doi chimng. Khi tudi mueée tré lai cuong dé quang hop tang lén t6i gid
tri 92% so voi doi chiing, kha ndang phuc héi cuong do quang hop ¢ giong chiu thiéu
niede tot hon thwong & mike cao hon so véi cdc giong chong chiu yéu hon.

Tir khoa: huynh quang, quang hop, dau den, gdy han, thoi ki ra hoa.

1. MO PAU

Cay dau den thudc ho Pau, 1a cay tréng c6 gid tri dinh dudng va kinh té cao, duoc gieo
trong rong rii ¢ ving nhiét doi va can nhiét doi, noi thuong xuyén xay ra thiéu nudc. Viée
nghién ctru anh huong cua thiéu nudc t6i cay ddu den dé phat trién trong trot va chon
gidng phu hop cho loai cay trong nay & ving kho han con it dugc cht y. Huynh quang diép
luc va cudng d6 quang hop 1a nhimg thong sé phan anh trang thai ciia bd may quang hop
trong diéu kién bat lgi ctia méi truong, do d6 viée nghién ctru cac chi tidu nay trong didu
kién thiéu nudc cho phép phan tich sau mic d6 anh hudng ctia moi trudng t6i trang thai va
hoat dong cua by may quang hop, gitp cho viéc danh gia chinh xac kha nang chiu han cta
cdy trong.

2. VAT LI TRI LIEU VA PHUONG PHAP NGHIEN CUU

Cac giéng dau den duogc chon loc va danh gia so bo vé kha nang chiu thiéu nudc theo
Nguyén Huy Hoang (1992) khi cho nay mam trong dung dich duong theo phwong phap

! Nhan bai ngay 04.01.2016, giri phan bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Nguyén Vin Mi; Email: nvanma@yahoo.com.
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Volcova va cs. (1984). Gidng MVO1 biéu hién chiu thiéu nudc tbt, gibng VN84 chiu thiéu
nude kha, gibng APNS2 chiu thiéu nuée trung binh.

Gieo hat 3 gidng dau den trong diéu kién nha ludi thudc Truong DPHSP Ha Noi 2. Hat
duogc gieo trong chdu duong kinh 35cm, cao 45cm véi 6 14n nhic lai, dam bao do déng déu
vé dét, phan bon va ché do cham soc. Khi ciy bt dau ra hoa tién hanh gay han bang cach
ngimg tudi nudce & 16 thi nghiém, dong thoi che mua va giot swong bang mai ni 16ng trong
sudt. Dén khi 14 dudi cung bat ddu bi héo thi ngimg gay han va tudi nudc trd lai.

Do cac chi s6 huynh quang Fo, Fm, Fvm va cudng d6 quang hop ¢ 14 thir 3 tinh tir
ngon hang ngay trong sudt qua trinh gdy han (4 ngay) va thoi gian tudi nude phuc hoi sau
gy han (4 ngay). Str dung may do huynh quang OSI 30 (xuit xt Anh) va may do cuong
d6 quang hop PP system TPS2 (xuit xr My) va do theo phuong phap ctia Nguyén Vin Ma
va cs.(2013).

3. KET QUA NGHIEN CUU VA BAN LUAN
3.1. Két qua thim do mirc dd chiu thiéu nwéc ciia cic giong diu den thong qua
ty 1¢ ndy mam cia hat

Kha nang niy mam cua hat 13 chi tiéu phan anh stic chdng chiu cta ching ddi véi moi
truong bat loi. Heikal va cs.(1981) cho biét nhitng giéng c6 kha ning chiu han tt 13 nhiing
gidng c6 kha ning nay mam tét trong diéu kién thiéu nudc. Nguyén Huy Hoang (1992) da
str dung chi tiéu ty 1¢ nay mam cua hat trong diéu kién dung dich duong dé phan loai mirc
d6 chdng chiu han cua cac gidng dau twong. Chiing ti sir dung phuong phéap nay dé danh
gia so bd murc do chiu thiéu nuéc ciia mot sé gidng dau den dang gieo trong phd bién &

phia Bic.
Bing 2.1. Ty I¢ niy mam ciia mét sé giong ddu den trong dung dich dwong

Giong Ngay 3 Ngay 5 Ngay 7

APN82 32,13+ 0,54 43,87 +£0,23 56,76 £ 0,76
VN84 53,12+ 0,78 71,45+ 0,89 79,38 +£ 0,67
AG2003 45,56 £ 0,45 76,56 + 0,39 83,45+ 0,55
BD14 64,17 0,12 79,14 £ 0,56 95,78 £ 0,67
MV01 67,56 + 0,56 85,78+ 0,26 98,45+ 0,13
Kalindi 76 54,14 £ 0,87 61,11 + 0,67 76,15 + 0,54

Két qua cho thiy trong diéu kién dung dich dudng c6 ap suit thim thau 9 atmotphe su
nay mam cua hat thoi gian dau rat kho khian. Sy nay mam rd rét thy tir ngay 3 va cho dén
ngdy 7 cac giéng co ty 1é nay mam kha phén biét. Can cr ty 1& nay mam lic nay va theo
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cach dé xuét cia Nguyén Huy Hoang (1992), ching t6i chon 3 giéng co ty 1é ndy mam
phan biét rd rét dé nghién ctru: gidng MVO1 chiu thiéu nude tot v6i ty 16 nady mam cao
98,45%, gidng VN84 chiu thiéu nudc kha 79,38% va gidng APNS2 chiu thiéu nudc trung
binh vdi ty 1& nidy mam 56,76%.

3.2. Pong thai huynh quang diép luc ciia cic gidng diu den khi gy han & thoi
ki ra hoa

Bing 2.2. Huynh quang on dinh (Fo) ciia 3 giong ddu den khi gdy han & thoi ki ra hoa

Giong APN 82 Giong VN 84 Giong MV01
Ngay | TN pC g"cso TN pC (y}")? TN PC (y‘}’;é’
GH1 | 3754* | 387,8* | 96,8 | 3854 | 3985 | 96,7 |3982% | 368,0° | 108,1
GH2 | 4035° | 376,2* | 107,2 | 392,0° | 383,0° | 102,3 | 382,0° | 363,0° | 105,2
GH3 | 4252 | 373,7* | 1135 | 429,5° | 3915° | 109,9 | 409,5° | 398,5" | 102,7
GH4 | 4455° | 3825 | 1164 | 433,2° | 388,2° | 111,9 | 418,2° | 398,2" | 105,0
PH1 | 464,0° | 427,0° | 108,6 | 393,8* | 364,7° | 107,9 | 485,8° | 464,7° | 1045
PH2 | 438,0° | 3832° | 114,3 | 416,5° | 403,0° | 103,2 | 471,5° | 453,0° | 1039
PH3 | 432,2° | 387,2° | 108,8 | 412,9" | 411,7° | 102,8 | 467,8° | 441,7° | 1059
PH4 | 408,7° | 389,2° | 1050 | 412,9° | 411,7° | 100,2 | 450,2° | 445,7" | 1011

Ghi chu: So sanh trong cung mot cot cdc chir cdi khac nhau thé hién sy sai khdc cé y
nghia thong ké véi a< 0,05.GH — gdy han, PH- phuc héi
Trong thoi gian gay han, khi lugng nuéc cung cép cho cdy giam dan, tri s6 huynh
quang on dinh ting dan 1én & cac 16 thi nghiém, trong khi & 16 ddi chimg dugc cung cap
nude day du, tri s6 nay kha on dinh. Su ting Fo ctia ddu den & thoi ki nay ciing tuong tu
nhu ¢ d4u twong khi thiéu nudce lac ra hoa (Ha Thi Phuong Lan va Nguyén Vin M, 2009;
Nguyén Vin Hiéu va Nguyén Vin M3, 2010) va 16n hon so véi ¢ lac (Nguyén Vin M3,
Nguyén Minh Diéu, 2006). Két qua nay cho thdy khi thiéu nuéc, niang lwong dnh sang ma
dau den hap thy it duoc str dung hon trong cac phan mg sinh hoa, do d6 ting cudng buc xa
dudi dang huynh quang. Piéu nay con cho thay tinh trang thiéu nudc co tac dong xau t6i
bd méy quang hop, lam cho chiing d& tré vé trang thai “déng”, sir dung it dan ning luong
anh sang, do d6 gia tri Fo ting dan theo thoi gian. Muc d6 ting cua Fo & 3 gidng co khac
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nhau: & gibng APNS82 tri s6 Fo ting nhidu hon trong thoi ki nay, ¢ gidng VN84 c¢6 miic
tang it hon va murc ting Fo nho nhét thiy & gidng MVOL.

Khi duoc tudi nude trd lai, & 2 gidng MVO1 va VN84 gié tri Fo giam dan, trong khi d6
& gibng APN82 Fo van dao dong & muc kha cao so véi dbi ching. So sanh cho thiy lac
nay muc do gidm cua Fo ¢ dau den it hon so véi dau tuong nhu trong cac nghién clru trudc
day ciia Ha Thi Phuong Lan va Nguyén Vin Mi (2009), Nguyén Vin Hiéu va Nguyén
Van Ma (2010). Sy suy giam gia tri Fo khi cdy duoc tuoi nudc sau gy han chung to luc
nay phan ning luong anh sang dugc sir dung trong quang hop da bat dau ting 1én. Hién
tuong nay thiy rd & 2 giéng chiu thiéu nudc tot hon: gibng MVO1 va VN84 lic nay co tri
s6 Fo cuia 16 thi nghiém giam t6i mic trong duong ddi chimg, chimg to ching phuc hoi
trang thai quang hop ciia sic t6 kha tot, trong khi d6 & gidng APNS2 gia tri Fo con cao hon
15 1ét so v6i ddi chung.

Bing 2.3. Tri s6 hupnh quang ciee dai (Fm) cia 3 giong ddu den khi gdy han
o' thoi ki ra hoa

Gibng APNS2 Giong VN84 Giong MV01
Ngay | TN pPC (y}")i? TN pPC ogcso TN PC (y]‘_’)sco
GH1 | 2099,2* | 2237,8% | 93,8 |1998,4% |2098,4% | 952 | 2018,3* |2038,3" |99,0
GH2 | 19215 | 21951°% | 87,5 |1896,2° |2129,5°|89,1 | 1986,9* |2111,0° | 94,1
GH3 | 1608,6° | 2015,3" | 79,8 | 1874,2° | 2199,7° | 85,2 | 18455° |21045° |87,6
GH4 | 1599,3° | 2206,1° | 73,3 | 1852,3" [2193,3° | 84,4 | 1827,4° |20732° |88,2
PH1 |1664,7° | 2082,9° | 79,9 |1813,7° | 2098,1% | 86,4 | 1933,5° |2134,1% | 90,8
PH2 | 1708,4° | 2103,4* | 81,2 |1876,8" |2103,2% | 89,2 | 2006,8" |2193,0° |91,4
PH3 | 1836,3" | 2095,2" | 87,6 |1897,3" |2051,4°| 92,5 |2029,7¢ |2111,3" | 96,0
PH4 |1990,8° |2102,3* | 88,0 |1975,9" |2102,0° | 94,0 |2048,6" |2112,0° | 97,0

Ghi chu: So sanh trong cung mot cot cac chir cai khdac nhau thé hién sw sai khdac cé ¥
nghia thong ké véi o< 0,05. GH — gdy han, PH — phuc hoi.

Két qua & bang 2.3. cho thiy, khi bi thiéu nudc gia tri Fm giam sit ¢ tat ca cic gidng.
Mirc d6 giam st Fm 16n nhat thiy ¢ giéng APNS2, muc giam sit nho nhét thdy & giong
MVO1. So sanh cho thidy mirc giam Fm ctia dau den khi thiéu nuéc 16n hon déu twong (Ha
Thi Phuong Lan, Nguyén Vin M3, 2009) va lac (Nguyén Vin M3, Nguyén Minh Diéu,
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2006), ching to rang sy thiéu nude da anh hudng rd nét téi kha ning phat huynh quang cia
diép luc & cac mau 14 nghién ciru, thAm chi da bét dau c6 tén thuong & h¢ théng sdc tb cua
gibng APNS2.

Khi tuéi nudce trd lai, huynh quang cuc dai cia cac mau thi nghiém bat dau tang 1én,
tuy nhién mirc d6 gia ting khong 16n. Hién tugng nay da thay dugc trude ddy & dau tuong
va & lac. Trong 3 giéng nghién ctru, muc do ting Fm nhiéu hon thiy ¢ giéng MVO1, sau d6
1a & gibng VN84. O gibng MVO1, gia tri Fm dén ngay tudi phuc hoi tht 4 da dat mic xap
xi ddi chimg, trong khi d6 ¢ giébng APN82 Fm van chi dat gia tri kha thap, chimg to diép
luc cua giébng nay dd bi anh hudng sau sic boi thiéu nude nén kha niang phuc hdi cua

chung yéu hon.

Bing 2.4. Tri s6 hiéu sudt huynh quang bién déi (Fvm) ciia 3 giong dau den khi gdy han
0 thoi ki ra hoa

Giong APNS2 Gidng VN84 Gidng MV01
Ngay | TN PC c{;’éo TN PC ;;/"C O TN pC :)/E 30
GH1 | 0,789* | 0,822* | 959 | 0,815% | 0,849*° | 959 | 0,839* |0,855° | 98,1
GH2 | 0,761° | 0,819* | 92,9 | 0,791° | 0,836" | 946 | 0,825° |0,842"° | 97,9
GH3 | 0,702° | 0,829° | 84,6 | 0,733° | 0,827° | 88,6 | 0,801° |0,878° | 91,1
GH4 | 0,612° | 0,822° | 745 | 0627° | 0841 | 751 |0,762° |0,860° | 88,6
PH1 | 0,609° | 0,823 | 73,9 |0,736° | 0,839" | 87,7 |0,713° |0,801° | 89,0
PH2 | 0,712" | 0,819° | 86,9 | 0,749° | 0,838" | 89,1 |0,759" |0,809" | 93,8
PH3 | 0,729° | 0,825" | 88,3 | 0,791° | 0,843" | 936 |0819° |0,852° | 958
PH4 | 0,729° | 0,820° | 89,0 | 0,792 | 0,843" | 94,0 | 0,834" |0,860° | 97,0

Ghi chu: So sanh trong cung mot cot, cdc chir cdi khac nhau thé hién su sai khéc cé y
nghia thong ké véi a< 0,05. GH — gdy han, PH — phuc héi.

Tri s6 hiéu sudt huynh quang bién ddi cho biét kha niang sir dung niang luong anh sang
clia cAy vao qua trinh quang hoa. Két qua & bang 2.4. cho biét anh huong rat rd rét cia su
thiéu nudc téi kha nang st dung ning luong anh sang cia dau den. Trong qua trinh giy
han, gia tri Fvm bi giam sut kha nhidu ¢ giéng APNS2 va VN84, toi gia tri 74,5% va
75,1% so v6i ddi chung. O gibng MVOI1 ¢6 sy giam sat Fvm it hon 13 rét so voi 2 gidng
néu trén. Trong khi d6 & nghién ctru véi cay lac, gia tri Fvm chi giam nhiéu nhat tir 1,1 dén
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9,6% (Nguyén Minh Diéu, Nguyén Vin M4, 2006). O dau twong ciing c6 két qua twong ty
nhu & cy lac. Két qua trén day cho thdy Fvm cta dau den chiu anh huéng nhiéu hon béi
thiéu nudc so v6i dau twong va lac. Két qua ciing cho thiy trong diéu kién thiéu nudc
gidng MVO1 sir dung ning luong anh sang hiéu qua hon va kha ning nay thap nhat thiy
duogc ¢ gidng APNS2.

Khi dugc tudi nudc trd lai, gia tri Fvm ¢ cac mau thi nghiém tang dan 1én va dat gia tri
kha cao ¢ 2 giébng VN84 va MV01 sau 4 ngdy. Gia tri Fvm & giébng APN82 dat gia tri thap
hon sau cung thoi gian tudi nudc phuc hoi, trong khi d6 gidng VN84 tuy bi giam sut Fvm
khi thiéu nudc nhung ching lai phuc hdi tét hon khi duoc tudi nudce trd lai. So véi mirc
taing Fvm ¢ ddu tuong va lac trong giai doan phuc hoi thi muc ting ¢ ddu den 16n hon.
Piéu nay chimg t6 dau den man cam hon vdi sy thiéu nudc.

Nhu vay 3 chi s6 huynh quang da phan 4nh rd nét mic d6 anh hudng cua thiéu nude
t6i trang thai cua diép luc, 1am thay d6i kha ning huynh quang cta ching, do vdy anh
hudng t6i b may quang hop cua cay dau den. Mitc d6 anh hudng 16n nhat thay & gidng
dau den chiu thiéu nudc yéu nhat (APN82), mirc d6 anh hudng nho nhit thdy & gidng chiu
thiéu nudc t6t nhat (MVO1).

3.3. Pong thai cwong dd quang hop ciia cac giong diu den khi giy han & thoi ki

ra hoa

Bing 2.5.Déng thdi cuong d6 quang hop ciia 3 giong ddu den khi gdy han ¢ thoi ki ra hoa
Don vi: umol COLIM? s

Gidng APNS2 Giong VN84 Giong MV01
Ngay | TN PC Z;’éo TN pC 0/}")%0 TN PC 0/;’)20
GH1 |19,92*° | 20,72* |96,1 |19,81*° | 21,11° |93,8 | 19,12° |19,92* | 959
GH2 |18,12" | 20,23* |89,6 |17,33" |20,83" |831 |1743" 19,13 | 91,0
GH3 |1561° | 2081* |755 |1582° |2091° |756 | 17,72 |20,63° | 859
GH4 |1451° | 21,11° [687 |1592° | 2141° |743 | 16,73° |20,84° | 80,2
PH1 |1221° |17,12° |71,3 |[11,92% | 1572 | 757 | 12,62° |16,91° | 79,5
PH2 |18,13" | 21,33* |84,9 |[17,93° |2094" [856 | 17,92° |19,82° | 90,4
PH3 |18,91° | 21,21* |89,1 |[18,13° |21,23° [853 |18,93° [20,73° | 91,3
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PH4 |18,91° | 21,25 |89,0 |19,26" | 2150° [89,6 | 19,15% |20,81° | 92,0

Ghi chu: So sanh trong cung mot cot, cac chir cdi khac nhau thé hién sw sai khac c6 y
nghia thong ké véi a< 0,05. GH — gdy han, PH — phuc hoi.

Cuong d6 quang hop cua 14 dau den duoc xac dinh bang lugng khi CO, duoc 14 sir
dung trén 1m? 14 trong 1 gidy. Két qua & bang 2.5. cho thiy su thiéu nudc anh huéng téi
quang hop manh hon so véi huynh quang di€p luc. Trong thoi gian giy han, cuong do
quang hop cta cac miu thi nghiém giam sat rd rét. Mrc giam sat ¢ gidng APN82 nhiéu
nhat, t6i gia tri 68,7% so voi ddi chimg sau 4 ngay. O cac gidng VN84 va MVO1, cuong do
quang hop ciing bi giam kha nhiéu luc nay, téi cac gid tri tuong ing 74,3% va 80,2% so
v6i ddi chimg. Mirc suy giam cudng do quang hop ndy tuong ty nhu & dau tuong nhung
thép hon mot chut so vai lac (Nguyén Vian M3, Cao Ba Cuong, 2006). Co thé bén canh anh
hudng cua thiéu nudc toi hé sic td 1am giam kha nang huynh quang, chiing con anh hudng
t6i cdu tric protein trong trung tim phan tmg va hé théng enzym cua quang hop. Trude
day, Pang Diém Hong (1993) ciing cho biét moi truong khac nghiét co thé 1am ton thuong
tGi mot vai vi tri cia quang hé 2, do d6, hién tugng tuong ty nhu thé ndy hoan toan c6 thé

quan sat duoc ¢ dau den.

Khi dugc tudi nude tro lai, cuong do quang hop dat cao nhat dén 92% & gidng
MVO0I, tuy nhién muc do ting nay khong cao hon muc ting ciia hiéu suat huynh quang
Fvm ¢ giai doan phuc hoi. Chimng té rang, khi bi thiéu nuéc kha ning quang hop cta dau
den bi anh huong sau sic hon so v&i huynh quang cta diép luc. Két qua ciing cho thiy kha
ning phuc hoéi ciia quang hop sau tudi nude cao nhat ¢ gibng MVO1, 2 gidng con lai 1a
tuong duong.

4. KET LUAN

1. Sy thiéu nude & thoi ki ra hoa gy anh hudng rd rét t6i kha niang huynh quang cua
diép luc, lam tang tri ) huynh quang 6n dinh tir 5-16,4% so d6i chung, 1am giam sut tri )
huynh quang cyc dai 11,8-26,7%, dong thdi 1am suy giam hiéu sudt huynh quang bién dbi
11,4-25.5% so véi dbi chimg. Su bién dong it nhat thdy ¢ gibng MVO1 va nhiéu nhét ¢
APNS2. Khi tudi nude phuc hdi, tri sé Fo giam xudng toi gia tri twong dwong d6i chung
sau 4 ngay, tri s6 Fm va Fvm ting dan twong tng t6i 88-97% va 89-97% so v4i dbi ching
sau 4 ngay, lac nay su thay ddi rd rét hon céc tri s6 nay thiy & gibng MVO01 roi dén VN84
va cudi cing 1a APNS2.

2. Su thiéu nuéc ¢ thoi ki ra hoa gdy anh hudng su sic t6i cuong do quang hop cua
14 dau den, lam giam sut tir 19,8-31,3%. Murc do giam sut cudng do quang hop & cac mau
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thi nghiém manh hon muc giam sut cia huynh quang. Su giam cudng d6 quang hop nhiéu

nhit thy & gidng APNS82 va it nhat 1a & gibng MVO1. Khi tudi nude phuc hodi, cudng do

quang hop cta 14 dau den ting dan t6i 89-92% so ddi ching, mirc d6 ting nay khong nhiéu

nhu kha ning huynh quang. Sy ting manh nhit thiy & gibng MVO1, trong khi d6 ¢ 2 gidng

con lai c6 muc tang twong duong.
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PHOTOSYNTHETIC AND FLUORESCENCE DYNAMICS OF
SOME BLACK BEAN VARIETIES WITH DIFFERENT
DEHYDRATION TOLERANCE IN THE DROUGHT PERIOD AT
THE FLOWERING STAGE

Abstract: The results of the research on photosynthetic and fluorescence behaviors of
three black beans with different dehydration endurance in the drought period at the
flowering stage have shown that during the drought period the Fo increases 5-16,4%,
Fm and Fvm appropriately decrease 26,7% and 25,5%. After being watered back Fo
decreases to the equivalent value of the control after four days, while Fm and Fvm
increase up to 97%. Thephotosynthesis intensity of leaf at the flowering period is affected
more by the lack of water than fluorescence, increasing 31,3% compared with the
control. When being water back the photosynthetic intensity increases up to 92% in
comparison with the control, and the photosynthetic resilience ability of the varieties with
higher dehydration tolerance is normally higher than the varieties with less tolerance.

Keywords: fluorescence, photosynthetic, black bean, drought period, flowering stage.
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XAY DUNG LUOC PO CHU KY SO TREN
BAI TOAN PHAN TiCH SO

Hoang Thi Mai'
Truong Dai hoc Thu do Ha Noi

Toém tit: Trong cdc giao dich dién tir, chit ky s6 (Digital Signature) dwgc sir dung nham
ddp vng yéu cau chitng thue vé nguon goc va tinh toan ven ciia théng tin. Bai bdo trinh
bay lwoc do chir ky s6 RSA, lvoc dé dau tién theo hé mdt khéa cong khai dwa trén bai
todn phdn tich sé va héng phdt trién cac hege do chit ky s6 moi dwa trén tinh khé gidi
cua bai toan nay.

Tir khod: Chit ky 56, lwoc do chir ky s6, bai toan phan tich so6, chit ky s6 RSA.

1. PAT VAN PE

Véi sy phat trién manh mé cta cong nghé thong tin va truyén thong, dic biét 1a mang
Internet, ngay cang c6 nhiéu thong tin dwoc luu trir trén may tinh va truyén di trén mang.
Theo [1], mdt hé truyén tin dugc goi la truyén thong tin an toan va bao mat khi c6 cac dac
tinh sau: 1- Tinh bao mat (Confidentiality): ngin chin duoc van dé& xem trom thong bao;
2- Tinh chimg thuc (Authentication): nham dam bao ring thong béo giri di thuc su 1a cta
ngudi gi va khong bi thay doi trong qud trinh truyén tin; 3- Tinh khong tir chdi
(Nonrepudiation): nham xac dinh rang thong bao 1a do chinh ngudi gui gui di, nguoi giri
khong thé chéi bo trach nhiém.

Chir ky s6 1a mot co ché cho phép dam bao tinh chimg thyc va tinh khong tir chdi cua
mot hé tmyén tin. Mot chit ky s6 kém theo moi thong bdo dugc tao ra dua trén gia tri bam
ctia thong diép va mot cach ma hoa gia tri bam nay nho khoa riéng ciia ngudi giri. Hau hét
cac luoc do chir ky sd hién nay déu duwa trén tinh khé cta bai toan: phan tich mot sb
nguyén 16n ra cac thira s6 nguyén t6, bai toan khai can va bai toan logarit roi rac trong
modulo hop s6. Thut toan chir ky s6 dau tién (RSA) [2] dugc dé xuit va cong bd boi Ron

! Nhan bai ngay 16.01.2016, giri phan bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Hoang Thi Mai; Email: htmai@daihocthudo.edu.vn.
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Rivest, Adi Shamir va Len Adleman vao nam 1977 tai Vién Cong nghé Massachusetts
(MIT) Hoa Ky. Thuat toan chit ky sé nay duoc xay dung duwa trén tinh kho cta bai toan
phan tich mot sé nguyén 16n ra cac thira sd nguyén t6. Dua trén nén tang thuat toan chir ky
s RSA, c6 nhiéu hudng nghién ctru phat trién cac luge dd chit ky sd.

2. LUQC PO CHU KY SO RSA

2.1. Bai toan phan tich mdt s6 nguyén 1ém ra céc thira s6 nguyén t6

Bai toan phan s vé co ban co thé dugc phat biéu nhu sau: Cho sé " €N | hay tim biéu

dién: "~ PPy Y , Vi ej =1 va pi la cdc s6 nguyén 1o.

Trong hé mat RSA [2], bai toan phan tich sb dugc st dung lam co sé dé hinh thanh
cap khoa cong khai (e)/bi mat (d) cho mdi thyuc thé ky va co thé phat biéu nhu sau:

- Cho p, q 14 2 s6 nguyén t6 16n va manh;

- Tupvaqdédang tinh duge: n = p X q;

- Tu n rat kho tim duoc p va q.

Véi viée gitr bi mat cac tham s p, q thi kha nang tinh dugc khéa mat (d) tir khoa cong
khai (e¢) va modulo n la rat kho thuc hién, néu p, q duoc chon du 16n va manh [3,4]. Hién
tai, bai toan trén van dugc coi 1a bai toan khé do chua co giai thudt thoi gian da thtrc cho
n6 va hé mat RSA 1a mot chimg minh thyc té cho tinh khé gidi ctia bai toan nay. Trong
mg dung thyc té, cac tham s6 {p,q} cta hé mat RSA co thé chon theo Chudn X9.31 [5]
hay FIPS 186-3 [6] cua Hoa Ky nhu sau:

Chuin X9.31.

Theo X9.31, tiéu chuan d6i véi cac tham sé {p,q} ctia hé mat RSA bao gom:

- Do dai modulo n (nlen) la: 1024+256s (s > 0).

o 2xgsuszes p,q <2542 (5> )

_ |p . ql > 2412+1285 (S > 0).

- Cac udc nguyén t6 clia p+/ va g+ (cac sd nguyén td bd trg), ky hiéu 1a: py, p; va:

01, 02 phai thoa mén cac thong sb k¥ thuat duoc cho trong Bang 1.1 dudi déy:

Bdng 1: Tiéu chuan an toan doi voi cdac so nguyén to bo tro

nlen Dé dai toi thiéu cua p1, P2 va | Dé dai toi da ciia pa, p2 va
01, Q2 01, 02
1024 + 256.s > 100 bit <120 bit

Chuén FIPS 186-3.
Theo FIPS 186-3, tiéu chuan dbi véi cac tham sb {p,q} cua hé mat RSA bao gém:
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http://vi.wikipedia.org/w/index.php?title=Adi_Shamir&action=edit
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o 2xgsuzes p.q <2515 (> ()

(%]—100
- lp-q>2 -
- Céac udc nguyén to cua p£/ va g+/ (cac sO nguyén to bo trg), ky hi¢u la: py, pp va

01, 02 phai thoa man cac thong sb k¥ thuat duoc cho trong Bang 2 duéi day:

Bdng 2: Tiéu chuan an toan doi voi cac so nguyén to bo tro

D¢ dai cua | D6 dai toi thiéu P dai toi da cua len(py) + len(p,)
modulo n cua p1, P2, qu, Q2 va len(q1) + len(qy)
(nlen) Cac so nguyén t6 Cdc 5o nguyén to
xac xuat chung minh dwoc
1024 bit > 100 bit < 496 bit < 239 bit
2048 bit > 140 bit < 1007 bit <494 bit
3072 bit > 170 bit < 1518 bit < 750 bit

2.2. Chir ky s6 RSA
2.2.1. So' @6 chung caa chir ky sb
Mot so d6 chit ky s6 12 bo nam (P, A, K, S, V) thoa man cac diéu kién dudi déy:

- P 1a tap hiru han cac thong bao c6 thé co.

- A 13 tap hiru han cic chir ky c6 thé co.

- K 1a tap tap hiru han cac khod. Mdi khéa k € K gbm hai thanh phan k=(k1,k2)
trong d6 k1 1a khoa bi mat danh cho viée ky, k2 1 khoa cong khai danh cho viéc kiém thir
chir ky.

- S 1a tap céc thuat toan ky.

- V la tap céc thuat toan xac minh chit ky.

- V6i mdi khoa k=(k1,k2) ton tai mot thuat toan ky trong S1a 5§ igy P — A vamot
thudt toan xac minh trong V 1a Ver, :PxA — {TRUE,FALSE]} sao cho thoa mén didu
kién sau day v6i mdi buc dién x € P va mdi chit ky ye A:

Ver, (x.¥) = True y = Sig,_(x)

Trong so d6 trén, mdi chu thé so hiru mot cip khoa k=(k1,k2), cong bd cong khai khoa
k2 dé moi ngudi ¢6 thé xac thyc chir ky ctia minh, giit bi mat khéa k1 dé thyc hién ky trén

cac thong bao ma minh mudn gui di. Cac ham Sig, va Ver,_phai tinh dugc mot cach dé
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dang (trong thoi gian da thirc) khi biét k1. Tuy nhién, ham y = § igx, (x)1a kho tinh dugc

néu khong biét k1. Diéu nay dam bao bi mat cho chir ky va chéng gia mao chit ky.
2.2.2. Chir ky s6 RSA
Mot so d6 chung chit ky sé RSA 12 bd nam (P, A, K, S, V) thoa mén cac diéu kién
dudi day:
-P=A=2Z,v6in=p.q latich cia hai sé nguyén té 16n p, q.
- K 1a tép hop cac khoa. Mbi khoa k€ K 1a mot bd gdm hai khoa k=(k1,k2), trong
do k1 1a khoa bi mat danh cho viéc ky, k2 1a khoa cong khai danh cho viéc kiém thir chit

ky, dugc xac dinh k1=(d,n), k2=(e,n)véi e, d 14 sé nguyén thudc Z; va d.e = 1 (mod (n))
- V6i méi khoa k=(k1,k2), cac ham ky S L@y, va xac thyc chit ky Ver, dugc xac
dinh nhu sau:
Sigy, (x) = x%modn
Ver, (x,y) = Truey = x"modn
Tir so do chung, ta cu thé timg giai doan ctia so d6 chir ky RSA nhu sau:
Thuat toan hinh thanh khéa
- Sinh 2 s0 nguyén t0 p va q 1on.
-Tinhn=pxgra(n)=(p—1) x(g—1)
- Chon khéa cong khai e 1a mot gia tri ngau nhién thda mén:
1<e<(n)vaged (e.(n)) =1.
- Tinh khéa bi mat d 13 phan tir nghich déo ciia e theo cong thirc:
d = e 'mod (n)
Thuat toan hinh thanh chir ky

- Lya chon ham bam (hash function) H: {0’1} 0z, X

- Tinh gia trj dai dién cho ban tin can ky z: z = H(x)

- Hinh thanh chit ky theo cong thitc: s = z%modn
Thuit toan Kiém tra

- Tinh gia trj dai dién cho ban tin can ky z: z = H(x)

- Tinh gid tri z theo cong thitc: z = s"modn
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- Kiém tra néu z = z thi chit ky s hop 1€, do d6 nguon goc va tinh toan ven cua ban

tin cAn thAm tra M duoc cong nhan.
2.2.3. Mitc d an toan ciia thuit toan chir ky s6 RSA

Mirc d6 an toan cua thuat toan chir ky sé RSA duoc danh gid qua kha ning chong tan
cong 1am 16 khoa mat va kha ning chdng gia mao chir ky.

Khi niing chdng tin cong 1am 16 khéa mat

Viéc tan cong lam 16 khda mat co thé thuc hién qua 2 cach nhu sau:

- Phan tich modulo n @ tim p va q, tr d6 tinh (1) = (p— 1) X (g — 1) 1di tinh
khoa mat theo cong thitc: d = e~ tmod (n).
- T thuat toan hinh thanh chir ky: s = z%modn tinh khéa bi mat d nho giai:

d = (log_.s) modn

O cach thir nhat, ké tin cong phai giai bai toan phan tich mot s6 nguyén 16n ra cic
thira s6 nguyén t6 (Bdi todn phdn tich sé). Con & cach thir hai, ké tin cong phai giai bai
toan logarit roi rac trong modulo n véi n 12 hop sé (Bai todn logarit réi rac trong modulo
hop sé). Hién tai, ca 2 bai toan trén van dugc coi 13 bai toan kho [2] va trén thuc té hé mat
RSA van chua bi phd v& bdi viéc gidi cac bai todn nay.

Kha niing chdng gia mao chir ky

biéu kién dé chit ky s twong ung véi thong di€p dir liéu x dugc cong nhan 1a hop 1€
néu cip (x,s) thoa man diéu kién: s®modn = H(x). Do 46, vé 1y thuyét co thé chon mot
gia tri bat ky tir viéc tinh {/H (x)modn 1am chit ky gid mao. Tuy nhién, d¢ tim dugc gié tri
chinh xé4c ctia chit ky twong tmg véi thong diép dir liéu x ké tan cong phai giai duoc bai
toan khai can trong modulo n véi n 13 hop sb (Bai todn khai can trong modulo hop so):
s = {/H(x)modn. Tuong ty nhu bai toan phan tich sO va bai toan logarit roi rac (trong
modulo hop s6), bai toan khai cin trong modulo hop sd ciing duoc coi 1a bai toan kho [2]
va do an toan cua thuat toan RSA van chua bi de doa boi viéc gidi bai toan nay.
3. HUONG NGHIEN CUU XAY DUNG LUQC PO CHU KY SO TREN CO
SO BAI TOAN PHAN TiCH SO

Trén nén tang cta bai toan phan tich s6, c6 nhidu hudéng nghién ctru phét trién thuat
toan chir ky s6 RSA. [7] va [8] nghién ctru viéc sinh cac tham s6 dau vao cho thuat toan
nham ting mic do an toan cia thudt toan, [9] nghién ctru x4c thuc ban tin bang chit ky s6
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RSA-PSS theo cach st dung hai thuit toan nén tang 13 thuat todn mi hoa va kiém tra
EMSA-PSS cho ban tin va thuat toan tao chir ky RSA dé xéc thue ban tin.

Nhim tang d6 an toan cho céc lugc dd chir ky $6, c6 mot mach nghién ciru khac 1a xay
dung luge dd chit ky dua trén nén tang cua hai bai toan: phén tich sd va logarit roi rac.
Nam 1998, Shao [10] va Li-Xiao [11] d3 d& xuat cac luoc dd chit ky sé dang nay. Sau d6
Lee [12] nim 2000 chimg minh ring luge dd chit ky cua Shao 1a khong an toan nhu bao
c40. Dé khic phuc nhimg nhuogc diém cta luoc dd chit ky Shao, He [13] ndm 2001 d& xuét
mot so d6 chit ky sé cling dua vao bai toan phén tich s nguyén va bai toan logarit roi rac;
st dung cung modulo va mét tap s6 mil va cac khoa bi mat. Vao nam 2002, Hung Min Sun
[14] chi ra réng cac luge dd d6 chi dya trén bai toan logarit ro1 rac. Nam 2003, Wang, Lin
va Chang [15] dé xuat mot lugc d6 chit ky dya trén ca hai bai toan kho. Nam 2007, Wei
[16] dua ra hai luoc dd cai tién tir hai luoc dd cta Shao va Li-Xiao nham chdng lai nhimng
tan cong vao hai luge d6 nay. Nam 2009, Lin, Gun va Chen [17] cho rang cac luoc d6 cua
Wei vain khong an toan do c¢6 thé gia mao chir ky hop 18 ciia mot thong diép bang cach sir
dung phuong phap cua Pollard va Schnorr.

Theo mot hudng nghién ctru khéc, [18] dé cap dén viéc xay dung mot luoc dd chir ky
sO trén co s& bai toan phan tich mot s6 nguyén 16n ra cac thira sé nguyén té (bai toan phan
tich s6) két hop véi bai toan khai cin trong modulo hop s6 (bai toan khai can). Tuy nhién,
dong vai tro quyét dinh dén murc d6 an toan ctia lugce dd 1a bai toan phan tich sb. Ciing theo
mach nghién ctru nday, [19] dé xuit mot phuong phap xdy dung lugc d6 chit ky sb theo
cling nguyén tic da duoc chi ra trong [18] nhung phuong phap dé xuat & day dugc mo ta
dudi dang mot Iuge d tong quat tir d6 cho phép trién khai ra cac luge do chit ky s6 khac
nhau cho cac tng dung thuc té. Hon nita, phuong phap dé xuit ¢ day dugc xay dung trén
co s& bai toan phan tich s6 két hop voi bai toan logarit roi rac trong modulo hop sb (bai
todn logarit ro1 rac) nén cho phép tao ra céac lugc dd chit ky c6 hi¢u qua thuc hién (téc do,
tai nguyén hé thong) cao hon luoc dd chir ky duoc xay dung trong [18]. Ciing tuong tu nhu
bai toan khai can ddi v6i luge do trong [18], bai toan logarit roi rac cling khéng co vai trd
quyét dinh téi d an toan ciia cac luge do xdy dung theo phuong phap méi dé xuat trong
[19].

4. KET LUAN

Nghién clru phat trién cac luge dd chir ky sé méi ludn 1a van dé dit ra trong linh vuc
an toan va bao mat thong tin. Bai bao d trinh bay tong quan mot s6 kién thirc nén tang xay
dung luge do chit ky s6 trén bai toan phén tich s6 va cac huéng nghién ctru phat trién cac
luge d6 chit ky s6 dua trén bai toan nay. Cac dang lugc dd chit ky sé6 méi duoc xdy dung
déu co d6 an toan dugc dam bao bang tinh kho giai ciia bai toan phan tich mot s6 nguyén
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16n ra cac thira s0 nguyén t6. Tur cdc hudng nghién clru nay, cac dang lugc do mdi dé xuat

c6 thé phat trién thanh cac lugc d6 chit ky sé tmg dung trong thuc té.
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DEVELOPING DIGITAL SIGNATURE SCHEMES BASED
ON INTEGER FACTORIZATION PROBLEM

Abstract: In the area of safety and security information, developing new digital signature
schemes is always the concern of researchers. In this paper, we present the RSA digital
signature scheme, the first public-key scheme and developing digital signature schemes
based on integer factorization problem. The result of this research can be applied to
develop signature schemes in many applications in reality.

Keywords: Digital Signature, Digital Signature Scheme, Integer Factorization Problem,
RSA.
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KET HOP HE MO’ VA GIAI THUAT DI TRUYEN
GIAI BAI TOAN TOI UU

Ngé Thiy Ngan'
Trueong Dai hoc Thu do Ha Noi

Tém tir: Giai thuat di truyén (GAs) 13 mot cong cu hitu ich giai quyét cac bai toan tdi uvu
dya trén co ché chon loc tu nhién. Tuy nhién, két qua tdi wu ciia GAs con phu thudc nhiéu
vao cac yéu td nhu khoi tao quan thé ban déu, kich c& quin thé, xac suat lai, x4c suat dot
bién... Vi vay, ching t6i d tién hanh két hop hé mo voi GAs nham tao ra mot quan thé
ban dau gdm nhimg ca thé duoc sinh ra tir két qua ctua hé mo, sau d6 tiép tuc ap dung
GAs cho ra két qua cudi cung. Chiing t6i ciing tién hanh giai mot s6 ham tdi wu bang GAs
thudn tay va bang su két hop gitta hé md v6i GAs, sau d6 so sanh két qua cua ca hai
phuong phap va rat ra két luan hiéu qua ciia viéc két hop nay.

T khéa: Gidi thudt di truyén, hé mo, ham Sphere, Schwefel.

1. MO PAU

Trong GAs, céac ca thé trong quan thé ban dau dugc sinh ra hoan toan ngiu nhién.
Chinh vi vay truéc khi hoan thanh viéc khdi tao quan thé ban dau, chung ta khong thé biét
duogc cac ca thé ay c6 do thich nghi tot hay x4u véi moi truong. Néu cac ca thé Ay thich
nghi t6t véi moi truong thi kha ning sau nay giai thuat tim duoc ra 10 giai t6i wu 1a rat cao.
Chinh vi vay, ching t61 nghi dén tac dong vao viéc khoi tao quén thé ban dau sao cho co
thé sinh ra cac ca thé co do thich nghi cao v6i méi trudng ngay tir dau. Bé lam duoc didu
do, viéc két hop hé mo véi GAs 1a mot ¥ tuong hay.

Bai bdo nay mudn dua ra y tuong két hop hé mo va GAs dé tao ra quan thé ban dau
gom nhitng cé thé co do thich nghi cao, sau d6 ap dung cac toan tir di truyén dé tim ra 1oi
giai t6i vu. Pé kiém tra tinh hiéu qua cta sy két hop nay, ching t6i tién hanh giai mot s6
ham t6i wu bang GAs thuan tiy va giai thuat dé xuit dé so sanh két qua, sau d6 rut ra két

luan.
2.NQI DUNG
2.1. Két hop GAs va hé¢ mo

! Nhan bai ngay 15.01.2016, giri phan bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Ngo Thuy Ngan; Email: ntngan@daihocthudo.edu.vn.
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a. Gidi thiéu chung vé hé mo

H¢é mo bao gom cac dau vao, dau ra cung voi bo xur 1y. Cac yéu to dau vao cua hé
nhén gia tri s0 rd, con dau ra cd thé 1a mot tdp mo hodc mdt gia tri rd. BO xir 1y thuc chat 1a
mot anh xa phan anh sy phu thudc cta bién dau ra hé thong véi bién dau vao. Quan hé anh
xa cua dau ra doi voi cac dau vao cua hé¢ mo duge mo ta bang mot tap luat mo.

Céu trac co ban cta hé mo gdm bdn thanh phan chu dao [4]:

Rule Base

Hinh 1: Kién triic ciia hé mo

- Giao dién mo hod (Fuzzification): C6 chirc nang thuc hién viéc chuyén doi cac dau
vao rd thanh cac murc mo.

- Co s6 ludt (rule base): Chira cac luat mo if - then, thuc chit 13 mot tap cac phat biéu
hay quy tic ma con ngudi c6 thé hiéu duoc. Co so ludt 1a thanh phan quan trong nhat cta
bat ky mo hinh mé nao.

- Co ché suy dién (inference mechanism): C6 chiic nang thyc hién tha tuc suy dién mo
dua trén co so tri thirc va céac gia tri dau vao dé dua ra mot gia tri dug bao & déu ra.

- Giao dién gidi mo (Defuzzification): Co chiic ning thuc hién chuyén d6i két qua suy
dién mo thanh gia tri dau ra rd. Hé md thyc hién viéc suy luan dé tao ra cac quyét dinh tir
cac thong tin mo hd, khong day du, thiéu chinh xéc.

Cé hai dang m6 hinh m& co ban:

Mé hinh mé Mamdani (md hinh ngon ngir (linguistic model (1975))) dugc dé xuit
v6i muyc dich ban dau 1a diéu khién t6 hop dong co hoi nude va ndi hoi thong qua mot tap
luat dang ngon nglr thu dugc tr nhitng thao tac vién, nguoi co6 kinh nghiém. Pay 1a mo
hinh mo dién hinh nhét, véi bo luat bao gém cac luat ma phﬁn gia thiét va phén két luan
déu 1a cac tap mo.

Mé hinh mo Takagi- Sugeno (TSK) dugc dé xuat bai Takagi, Sugeno va Kang vao
nhitng ndm 1985. M6 hinh m¢ nay ra doi voi muc dich sinh luat mo tir nhiing tap dir licu
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vao ra cho trude. N6 duogc ciu thanh tir mot tap cac luat mo, trong do6 phﬁn két luan cua
mbi lut 1a mot ham (khong mo) anh xa cac tham s6 du vao cua hé mo t6i tham sb dau ra
mo hinh. Tham sb cua cac anh xa nay c6 thé duoc danh gia théng qua cac giai thuat nhan
dang nhu phuong phéap binh phuong tbi tiéu hay bd loc Kalman. Mot luat md dién hinh
trong mo hinh Takagi-Sugeno c6 dang sau[5]:

“Ifxis A & yis Bthenz=f(x,y)”

Trong d6 x, y la cac bién dau vao, Aj va Bjla cac tdp mo trong phan gia thiét ciia mi
luat, trong khi z = f(x, y) 14 mot ham rd trong phan két luan. Thong thuong ham f(x, y) co
dang da thirc ctia hai bién dau vao x, y.

b. Két hop GAs va hé mo

Dé khoi tao duoc quan thé ban dau gdm nhiing ca thé ¢ do thich nghi cao, chung toi

.....

ctia hé nhan gid tri sd 5. Sau d6, hé mo s& sir dung cac ham thudc va cac luat mo cho trude
dé dua ra dugc két qua dau ra rd, ma dau ra nay sé tao ra duoc quan thé ban dau bao gobm
nhiing c4 thé c6 do thich nghi cao. Tiép dén 1a ap dung cac toan tir di truyén trong GA dé
tim 101 giai toi wu ctia bai toan. Viéc giai quyét bai toan théng qua cac bude co ban sau:

Bude 1: Khéi tao quan thé ngiu nhién cho mo hinh TSK.

Buéce 2: Tinh gia tri thich nghi dua trén m6 hinh m¢ TSK véi cac ham thanh vién va
cac luat cho trude, két qua cua hé¢ mo s€ dua ra dugce céc ca thé trong qu'?m thé ban dau c6
gié tri thich nghi “tot”.

Buée 3: Sao chép lai cac nhiém séc thé dwa vao gia tri thich nghi cua chiing va tao ra
cac nhidm sic thé mai bang viée két hop cac nhiém sic thé hién tai (dung toan tir lai ghép,
dot bién, tai két hop trong GAs).

Burde 4: Chon loc cac ca thé co do thich nghi cao cho vao quﬁn thé & thé hé tiép theo.

Budc 5: Quay lai budce 2 cho dén khi théa mén sb 1an 13p dinh trude hodc trong vai lan
lap lam két qua khong dat duoc sy t8i wu hon.

2.2. C4c bai toan toi wu

a. Ham Sphere
Ham Sphere dugc cho bdi cong thue f(x) = ZXf Véi -5.12< xi<5.12, n=30. Do thi
1

ctia ham Sphere dugc thé hién & hinh 2 [1].
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Hinh 2: D6 thi ham Sphere

b. Ham Schwefel
Ham Schwefel dugc cho boi cong thie f(x,..x,) =D (=X *sin(y/[x )+ a*n

voi o = 418.982887, -5.12< x<5.12. B thi cia ham Schwefel duoc thé hién ¢ hinh 3 [2].

1400
1200
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200

Hinh 3: D6 thi ham Schwefel

c. Ap dung GAs thuin tiy va thuat toan két hop GAs véi hé mo giai cac bai toan
tdi wu

Chung t6i tién hanh giai cic bai toan toi wu bang cach sir dung giai thuat di truyén
thuan tiy nhu sau:

- M3 héa: Mdi ca thé 1a mot vector cd sd chiu bang sé chidu cia mdi ham. Vi sb
chiéu ctia ham n=30 nén mdi c4 thé 1a mot vector cd do dai 1a 30 va mdi phéan tir trong
vector do 1a gia tri cua x; (i=1..30) twong Ung.

- Khoi tao quan thé ban dau gom 100 ca thé. Vi mdi ca thé 1a mot vector do dai 30 nén
quan thé ban dau gdm 100 ca thé c6 nghia 1a chung t6i c6 100 vector nhu vay.
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- Tinh d¢ thich nghi cho timg c4 thé trong quan thé ban dau: ca thé thi i (i=1..100)
dugc tinh d¢ thich nghi theo cong thirc Fitness(x;) = |fmin — 1) |tr0ng do fmin 12 gid tri
nho nhat cia ham tuwong tng, f(i) 13 gia tri cuia ham d6 tng voi dir lidu 13 cac x; di duoc
sinh ra.

- Qua trinh tién hoa nhu sau:

Lai ghép: Chiing t6i str dung lai s hoc. Tao mot sé ngiu nhién k trong khoang tir 0
dén 100. Ca thé thir k duoc goi 1a cha. Tuong ty nhu vay, chon mét ) ngau nhién h trong
khoang tir 0 dén 100. C4 thé thir h duoc goi 1a me. Chon ngau nhién r (0,1). Tao cudc goi
con cai cua ho 13 O1 va 02 (O1 =r * h (1-1)*k va 02 = (1-r)*h+ r*k). Tai mdi thé hé,
chung toi tién hanh chon 10 cap cha me dé tién hanh lai ghép va sinh ra cac con.

Dot bién: Tao mot sb thuc trong khoang (0,1). Néu a<0.001 thi chung to6i tién hanh dot
bién, néu khong thi khong dot bién.

Sau do, ching t61 tién hanh chon loc. Chung t61 so sadnh do thich nghi ctia cha me véi
con cai. Néu c4 thé nao c6 do thich nghi cao hon thi cé thé d6 duge chon vao quén thé cho

thé hé tiép theo. Chung tdi s& chon hai trong s bon ca thé cha me va hai con. 3

Qua trinh tién héa lap di lap lai nhu vay cho dén 500 lan thi dimg tirc 13 sau 500 thé hé
cho ra két qua va so sanh két qua ctia GAs véi giai thuat két hop hé mo voi GAs tir d6 rit
ra két luan.

Dbi voi viec két hop hé mo va GAs, chiing toi tién hanh nhu sau:

- M4 héa: Dung ma héa s6 thyc nhu GAs

- Khéi tao quan thé: Chung t6i dung dit liéu quan thé ban dau cia GAs thuan tay lam
gia tri dau vao cho hé md TSK. Tinh gia tri thich nghi dya trén mé hinh mo TSK véi cac
ham thanh vién va cac luat cho trude, dua vao ¥ kién chuyén gia, két qua ctia hé mo sé dua
ra dugc cac cé thé trong quan thé ban dau co gia trj thich ghi “tot”. Cac ca thé nay lai duoc

14
.....

dua vao qua trinh tién hoa trong GAs dé tiép tuc tim 10 giai toi uu.

d. Két qua

Chung t6i tién hanh chay chuong trinh bang ngén ngit Matlab phién ban 7.13.0.564.
Trong d6, v&i mdi thuat toan chung t6i chay 100 lan va cho ra két qua tét nhat caa 10 lan
chay. Bang sau thé hién két qua tim kiém gia tri nhoé nhit tim duoc cta hai ham bang ca hai
thuat toan. Trong do6 cot 1 thé hién gid tri tot nhat (gia tri nhd nhét) trong mai 1an chay cua
ham Sphere bang GAs thuan tiy. Cot 2 thé hién gia tri tot nhat (gia tri nhé nhat) trong mdi
lan chay cua ham Sphere bang giai thuat két hop hé mo va GAs. Cot 3 thé hién gia trj tot
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nhét trong mai 1an chay cia ham Schwefele bang GAs thuan tay. Cot 4 thé hién gié trj tot
nhét trong mdi 1an chay ciia ham Schwefele bang giai thuat két hop hé mo va GAs.

Ham Sphere Ham Schwefel
GAs thudn tity Két hop GAs | GAs thuan tiy | Két hop GAs
voi hé mo voi hé mo
Lan 1 121.0232 120.13 2.2161 1.8756
Lan 2 173.4201 172.9 2.7829 2.0039
Lan 3 175.7264 152.17 2.6841 2.441
Lan 4 211.4565 2.1427 2.3319 2.7382
Lan 5 144.8202 139.45 2.4532 1.8931
Lin 6 183.0801 154.99 2.1933 1.7673
Lan 7 193.6116 171.42 2.3013 2.322
Lan 8 171.9131 170.65 2.3173 2.1182
Lan 9 166.8657 151.35 2.4879 2.4357
Lan 10 155.01173 149.64 2.8621 2.5699

e. Nhan xét:

Két qua tir bang cho chung ta thay rang, sau 100 1an chay chuong trinh khac nhau cua

giai thuat két hop hé mo va GAs thi cho két qua t6t hon han so véi giai thuat GAs thuan

tay. Day 1a mot tin hiéu t6t cho thdy rang su két hop hé mo va GAs co thé cho két qua cao

doi véi mot sO bai toan to1 vu. Mac du ddy mai chi 1a mét bai toan thir nghiém, song chiing

t6i thay trién vong phat trién 1a rit kha quan.

3. KET LUAN

Trén co s¢ nhirng két qua da dat dugc ching toi c6 thé két luan rang viéc két hop
GAs voi hé mo trong viéc tao ra nhitng ca thé c6 do thich nghi cao cho quﬁn thé ban dau da
cho ra két qua t6i wu hon so voi GAs thuan tay trong hai ham chung toi di chon. Piéu nay

1a mot tin hiéu tot va mo ra cho chung t6i hudng tng dung viéc két hop giira hai hé nay

vao cac bai toan to1 vu khac.
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COMBINE GENETIC ALGORITHMS WITH FUZZY LOGIC TO
SOLVE OPTIMIZATION PROBLEMS

Abstract: Genetic Algorithms (GAs) are a useful tool for solving optimization problems
based on the mechanism of natural selection. However, the GA optimization results also
depend on parameters such as initial initialize population, population size, probability of
future, the probability of mutation ... Therefore, we conducted a GA combined with fuzzy
logic to create an initial population of individuals is born from the process of fuzzy logic,
then continue to apply GA to the final result. We also solved two optimal functions by
pure GA and the combination of fuzzy logic and GAs, then compared the results of both
methods and conclusions of the combined effect.

Keywords: FDI, growth of economy, VAR model
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NGHIEN CUU KET HOP MIMOSA-THPS TRONG
CONG NGHE THUOC DA THAN THIEN MOI TRUONG
DPE SAN XUAT DA MU GIAY
Nguyén Manh Khéi', Nguyén Hitu Cwong’, Lwu Ngoc Sinh*"

' Vién Nghién cieu Da — Giay, B¢ Cong Thuong
2 Truong Pai hoc Thii dé Ha Noi

Tém tit: Trong nghién ciru ndy dé cdp dén cong nghé thudc két hop mimosa (tannin théo
méc) va tetrakis sulphate hydroxymethyl phosphonium (THPS) dé san xudt da thuéc phi
Crom. Cdc chdt thudc két hop (20% mimosa va 1,5% THPS) trong hai phwong phdp
thugc (mimosa-THPS va THPS- mimosa) cho da co nhiét do co 100°C. Sy thay doi thir tw
bo sung mimosa va THPS cho thcfy su khac biét trong bién do on dinh nhiét, cac tinh chat
co Iy ciia da. Céc ddc tinh cia da chi ra rang da thudc két hop mimosa-THPS c¢é tinh
chdt cam quan va dé bén co hoc tot. Thude két hop giip giam dang ké tong chat rdn hoa
tan trong nuéc thai. Cong nghé thudc két hop mimosa va THPS dwge dwge nghién ciru
trong khuén khé dé tai KC07.16/11-15 va trinh bay trong bai bdo nay la mét phirong
phap thudc da thdan thién moi truong.

Tir khéa: Nhu cau oxy héa hoc (COD); Nhu cau oxy sinh hoc (BOD); Téng chdt rin hoa
tan (TDS).

1. TONG QUAN TiNH HINH NGHIEN CUU

Thudc chrome 12 phuong phap thudc da chi yéu trong san xuét, vi cc tinh chat vu
viét ciia n6. Mic du da thudc chrome c6 nhiéu loi thé dang ké, nhung lai bat loi nghiém
trong do nhiing han ché vé dinh mirc x4 Cr (IIT) dudi 2 ppm, hexavalent chromium Cr (VI)
c6 thé dugc hinh thanh. Do d6, diéu kién cho bat ky chét thudc khong chira chrome 1a né
phai tao cho da thudc c6 cac tinh chét twong dwong véi da thudc chrome. Chat thude thao
mdc khong thich hop dé thay thé chrome do kha ning san xuét da 6n dinh thay nhiét thap.
Do d6, phai nghién ctru chét thuoc két hop voi chét thudc thao moc dé cai thién tinh chat
da.

Mimosa 1a chit thudc thio moc & dang dd Sulphit hoa, ¢ téc do xuyén vao trong da
t6t, c6 kha nang ding dé thuoc da ma khong can két hop véi chat thude khac hodc thude

@ Nhan bai ngay 17.01.2016, giri phan bién va duyét ding ngay 25.01.2016.
Lién hé tac gia: Luu Ngoc Sinh; Email: Insinh@daihocthudo.edu.vn
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két hop. Tetrakis hydroxymethyl phosphonium sulfat da duoc sir dung rong rii nhu mot
chat chdng chay vat liéu dét, chat xir Iy nudc thai dé kiém so4t vi khuan ting trudng va nhu
chét thudc da khong chtra chrom va cai thién su on dinh thuy nhiét. Loi ich khac cua THPS
la ¢6 ddc tinh thép. Nghién ctru thudc két hop THPS va mimosa dugc thuc hién dé phat
trién thudc da than thién méi trudng cé hidu qua thiét thuc.
2. VAT LIEU VA PHUONG PHAP NGHIEN CU'U
2.1. Vat liéu

Da bo di duogc hoi tuoi, tiy 16ng - ngdm voi, tiy voi - 1am mém theo cong nghé thong
thudng. Mimosa ngudn gdc tir chau Phi dd dugc st dung cho nghién ciu. Tetrakis
hydroxymethyl phosphonium sulphate (THPS) dang léng (Granofin, 75% THPS) duoc
mua tir Stahl Ltd., Singapore. Hoa chét sir dung cho qua trinh thudc va thudc lai 1a hoa chét

thuong mai. Hoa chat sir dung dé phan tich 14 loai phén tich.
2.2. Phuong phap nghién ciru
Thudc két hop Mimosa-THPS

Chi tiét qua trinh thuéc da THPS-Mimosa va Mimosa -THPS tuong tmg duoc dua ra
trong bang 1 va 2. Luong THPS st dung cho céc thir nghiém thudc da 1a 1,5% trong ca hai
thi nghiém. Thi nghiém ddi ching dugc thyc hién béng cach chi st dung Mimosa nhu
trong Bang 3.

Quy trinh thudc lai dé lam da mil gidy dé cap trong Bang 4 duoc ap dung cho ca da thi
nghiém va d6i ching,

Luong nude va hoa chat dugc tinh theo khdi lugng da nguyén liéu.

Bing 1: Quy trinh thi nghiém thugc két hop THPS-Mimosa

Cong doan % Héa chiat | Thoi gian Ghi chu
A xit hoa 50 Nudc
11 NaCl 10 ph Be’=6-6,5

07 (1:10) |HCOOH |20 ph

0,3 (1:10) | H,SO4 120 ph pH=3,0-3,5

Thudc THPS 1,5 (1:4) Granifin 60 ph

Nang kiém 0,75 NaHCO3 | 3x15ph | pH=4,5-4,7




TAP CHI KHOA HOC — SO 2/2016

| 109

Thudc mimosa | 2 Basyntan P | 30 ph
10 Mimosa 120 ph
10 Mimosa 120 ph
Ham 0,5 (1:10) HCOOH 30 pH=3,5-3,7
Rita 300 Nude 10 ph Po pH, chit nuéc, vit mé
qua dém, ép, bao, can da bao
Bing 2: Quy trinh thi nghiém thuéc két hop Mimosa - THPS
Cong doan % Héa chat | Thoi gian Ghi chu
A xit hoa 50 Nudc
Nang kiém 0,75 NaHCO; 3x15 ph pH=4,5-4,7
Thudc mimosa 2 Basyntan P 30 ph
10 Mimosa 120 ph
10 Mimosa 120 ph
0,9 (1:10) HCOOH 20 ph pH=3,0-3,5
Thuoc THPS 1,5 (1:4) Granifin 90 ph
Nang kiém 0,75 NaHCO; 3x15 ph pH=3,8-4,0
Ria 300 Nudc 10 ph Po pH, chit nuéc, vit mé
qua dém, ép, bao, can da bao
Bdng 3: Quy trinh thi nghiém thugc Mimosa
Cong doan % Héa chat Thoi Ghi chua
gian
A xit hoa 50 Nude
11 NaCl 10 ph Be’=6-6,5
0,7 (1:10) HCOOH 20 ph
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0,3 (1:10) H,SO, 120 ph pH=3,8-4,0
Thudc mimosa 2 Basyntan P 30 ph
10 Mimosa 120 ph
10 Mimosa 120 ph
0,9 (1:10) HCOOH 20 ph pH=3,0-3,5
Rira 300 Nudc 10 ph Kiém tra pH, chat nudc,
vat mé qua dém, ép, bao,
can da bao

Bdng 4: Quy trinh thi nghiém thuoc lai

Cong doan Héa chat % | °C | Thoigian Ghi chu
Rira Nudc 200 | 30 20 phut Chat
Tién an dau Nude 200 | 30
Dau Corilene 339 1
Dau Corilene 330 1 30 phit
Thudc lai Polyphosphate 0.5 15 phat
Copolyme 3
Dau Corilene 339 1 30 phut pH=4.7
Mimosa )
Anionic phan tan 1
Phenolic syntan 10 45 phut
Mimosa 5)
Phenolic/polyme syntan 5
Amphoteric trg nhuém 1 30 phut
Pham 3 90 phut
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Ham Nudce 100 50
HCOOH 1 30 phut pH=4.2;Chit
Rira Nude 100 | 50 10 phit Chit
An dau Nuéc 150 | 50
Déu Corilene 339 6 60phat | Khongbet
dau
HCOOH 1 45 phut pH=3.7;
Chit
Rira Nude 200 | 20 10 phit Chit

Do nhiét dj co cia da

Nhiét d6 co (Ts) cua da nghiém va da ddi chimg duoc xac dinh bang cach sir dung
thiét bi do 2 mau x 0,5cm? tir c4c vi tri 1y mu chinh thirc, méi trudng néng véi hdn hop
ty 1€ glycerol: nudc = 3:1

Xac dinh tinh chit cAim quan ciia da

Mit da thi nghiém va dbi ching dugc dénh gia d6 mém mai, diy dan, min hat, nhin va
nhudm ddng déu bang tay va kiém tra truc quan. Ba tho thudc da c6 kinh nghiém danh gia
da trén thang diém tir 0-10 diém cho mdi mau, diém cao chi tinh cht tét hon.

Xac dinh tinh chit co ly cua da

MAu dé kiém tra tinh chét co 1y khac nhau tir da thi nghiém va d6i chimg dugc lay
theo TCVN, mau dugc 6n dinh ¢ nhiét d6 (20 + 2°C) va d6 am twong ddi (65 + 2%) trong
48 gio. Do bén kéo dut, do dan dai khi dat, do bén mit cat, do bén xé rach dugc do theo
quy trinh tiéu chuan. Mdi gia tri 1a trung binh ctia bén miu (2 doc theo xwong sdng, 2 trén
xuong song).

Phén tich héa hoc

Céc phan tich hoa hoc cua da nhu: tro toan phe‘in, d6 4m, dau va chét béo, cac chat tan
nudce, chit da, tro khong hoa tan va do thudc duogc thyc hién theo ti€u chuan da dugce thuc
hién trong ba 1an cho m&i miu va biéu thi gia tri trung binh.

Phin tich nuéc thai thi nghiém va ddi ching

Cac dung dich thudc thi nghi¢m va dbi chirng duoc thu thap, sang loc va phan tich nhu
cau oxy hoa hoc (COD), nhu cau oxy sinh hoa (BODs), tong chat ran hoa tan (TDS) theo

tiéu chuan.
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3. KET QUA VA THAO LUAN
3.1. Nhiét do co cua da (Ts)

Thudc két hop dugc thuc hién bang cach sir dung THPS-mimosa véi lwong THPS
1,5%, luong mimosa khong d6i & 20% va thay dbi thi ty két hop. Mic du thudc két hop
mimosa va THPS than thién sinh thai nhung can x4c dinh tinh chét da thudc, so sanh véi
da thudc chrome. Ts cua da chrome hon 100°C. Céc dir liéu Ts cho cac da thudc két hop
khéc nhau dugc dua ra trong Bang 5.

Str dung 1,5% THPS Két hop vé1 mimosa, nhiét 36 co Ts so vdi da déi chirng mimosa
da tang hon 10°C. Da thudc két hop mimosa-THPS c6 nhiét do co 100°C so voi 84°C cua
da d6i chimg thudc mimosa. Sy gia ting hap thu mimosa v6i hién dién ciia THPS va ting
hap thu mimosa c6 thé lién quan dén sy gia ting nhiét d6 co ctia da thudc mimosa.

Bing 5: Nhiét dé co (Ts) cua da thi nghiém va doi chimg

Miu da Ts (°C)
Thudc THPS-mimosa 95+1,0
Thudc mimosa-THPS 100 + 1,0
Da thudc mimosa (d6i chung) 82+1,0

3.2. Tinh chit cAm quan ciia da

Da mil gidy thi nghiém va d6i ching dugc danh gia bang tay va truc quan. Viéc xép
hang cho da dugc tinh toan va dua ra trong hinh 1 cho thdy da mii giday THPS-mimosa
mém mai, déy dan, phfmg va mau nhuom d@)ng déu so voi da ddi ching thudc mimosa. Cac
tinh chit cam quan ciia da mil gidy THPS- mimosa t6t hon so v6i da mimosa-THPS.
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Hinh 1: Biéu do biéu dién tinh chat cam quan cua da

3.3. Tinh chit co' Iy ciia da

Cac két qua thir nghiém co 1y duoc dua ra trong bang 6 va c6 thé so sanh ddi véi ca da

thi nghiém va ddi ching. Cac tinh chat nhu d6 bén kéo dut, do dan dai, do bén xé rach cua
da mimosa-THPS cao hon so v&i da voi da THPS- mimosa, trong khi do bén mat cat cia
ca da mimosa-THPS va da THPS- mimosa tuong duong. Cac tinh chét trén cta da thi

nghiém déu tot hon da d6i ching.

Bing 6: Tinh chat co Iy ciia da thi nghiém va déi chitng

Miu da Thu¢c THPS- Thu§c mimosa- | Da th}l@c mimosa
mimosa THPS (doi ching)
Do bén kéo dut (kg/cm?) 23,0+ 1,0 22,0£1,5 21,0+ 1,0
Do dan dai (%) 46+ 1,5 47+ 1,0 43+18
Do bén xé rach (kg/cm) 42+ 1,0 45+ 1,0 40+ 1,0
D6 bén mit cat (mm) 10,0+ 1,5 11+0,5 10,0+ 0.5

3.4. Tinh chit héa hoc ciia da

Céc phan tich hoa hoc ctia da thi nghiém va ddi chig dugc biéu thi trong bang 7. Tuy

nhién, cac chat hoa tan trong nudce cia da doi chung cao hon cia da thi nghiém (mimosa-

THPS).
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Bing 7: Tinh chat héa hoc cia da thi nghiém va doi chitng

Miu da Thut’_i_c THPS- | Thudc mimosa- | Da thudc mimosa
mimosa THPS (doi chirng)

Do am twong ddi (%) 16,0 15,5 15,1
Luong tro toan phan (%) 2,45 2,40 2,65
Luong tro khong tan (%) 1,15 1,08 1,22
Chét béo hoa tan trong CH,CI 3,65 3,55 3,50
Chét hoa tan trong nudc (%) 4,80 4,20 5,25
Thanh phan da (%) 49,0 51,0 51,5
Ty 1¢ thudc (%) 52,5 57,0 46,0

3.5. Phéan tich nwoc thai

Nudc thai thudc da thi nghiém va d6i chimg c6 chira ham lugng chét hitu co, chit rin
hoa tan va khong hoa tan twong ddi cao. Céc chi s6 COD, BODs, va TDS cuia nudc thai thi

nghiém va doi chung dugc xac dinh va dugc cho trong bang 8. Trong do cac chi so cua

nudc thai tir ca hai hé théng thudc da thi nghiém déu thép hon so véi di chung. Cai thién

chi s6 BODs va TDS cta nudc thai tir cac thi nghiém thudc da két hop THPS-mimosa c6

thé 1a do tang kha ning hap thu mimosa (xem dif liéu kha ning hap thy mimosa trong bang

5).
Bing 8: Chi s6 6 nhiém nuéc thdi thuée da thi nghiém va doi chirng
cCoD BOD; TDS
Mau nude Chi s6 COD | Mic giam | Chi s6 BODs Mue Chi sb TDS Muc
(mg/) COD (%) (mg/l) giam (mgl) giam
BODs TDS (%)
(%)
Da thudc 122,500 + - 28,600 = 3,00 - 95,20 + 1,50 -
mimosa (d6i 25,0
ching
Thudc THPS- 102,500 + 16 15,400 + 1,50 46 73,00 £ 1,50 23
mimosa 26,5
Thudc 95,600 + 15,0 22 12,500 + 4,00 56 60,60 + 1,40 36
mimosa-THPS




TAP CHI KHOA HOC - SO 2/2016 | 115

4. KET LUAN

Nghién ctru da dugc thuc hién nham san xuat da thudc sinh thai méi, két hop mimosa
va THPS. Quy trinh thudc véi 20% mimosa, tiép theo 1,5% THPS, da thudc c6 nhiét d6 co
Ts=100°C, cao hon 18°C so voi da thugc mimosa. Quy trinh thudc véi 1,5% THPS, tiép
theo 20% mimosa, da thudc cdé nhiét 30 co Ts=95°C, cao hon 13°C so véi da thudc
mimosa. Kha ning hip thu mimosa trong hé thong thudc két hop cao hon khi chi thudc
mimosa. Cac dic tinh co 1y va héa hoc cta da thi nghiém déu trong dwong hoic tét hon da
ddi ching. Thudc da stir dung két hop mimosa va THPS 1a mot lya chon than thién véi moi
truong va cung cép da thudc 6n dinh nhiét, tinh chit cam quan tdt co kha nang thuong mai

trong nganh cong nghi¢p thudc da.
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TECHNOLOGY OF MIMOSA AND THPS COMBINATION TANNING
ISAMETHOD OF TANNING ENVIRONMENTALLY FRIENDLY

Abstract: In this study refers to the technology of mimosa (tannin herb) and tetrakis
hydroxymethyl phosphonium sulfate (THPS) combining to non-chrome leather produce.
The shrinkage temperature of the leather in two methods (mimosa-THPS and THPS-
mimosa) is 100°C. The quatity of combined (20% and 1.5% mimosa THPS). The order
change of additional mimosa and THPS showed marginal difference in thermal stability
and mechanical properties of the leather. The characteristics of the leather indicates that
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the leather tanned by the mimosa -THPS combine with better organoleptic properties and
mechanical strength. The combination tanning significantly reduces total dissolved solids
in the effluent. Technology of mimosa and THPS combination tanning is being studied in
the framework of KC07.16/11-15 and presented in this paper is a method of tanning
environmentally friendly.

Keywords: Chemical Oxygen Demand (COD); Biological) Oxygen Demand (BOD); Total
Dissolved Solids (TDS)
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TRICH CHON COLLOCATION TIENG VIET
TU KHO NGU LIEU VAN BAN

P6 Thi Ngoc Quynh’
Truong Dai hoc Thu do Ha Noi

Tém tit: Collocation déng vai tro quan trong trong cdc img dung xir Iy ngon ngiv tir
nhién ciing nhw bién soan tir dién. Tuy nhién, ¢ Viét Nam hién nay, nghién citu vé
collocation la mét linh vuee khd méi mé. Bai bdo nay tdp trung vao nghién ciru mét s6
phirong phdp trich chon collocations nham tim ra mé hinh hiéu qua cho viéc trich chon
collcations trong tiéng Viét. Cac phirong phdp dwoc néu ra bao gom mét sé6 phirong phdp
thong ké c6 dién thuong dwoc siv dung nhw: frequency, t-test, chi-square, mutual
information, dong thoi dé xudt mét sé phwong phdp tong hop nham ting dé chinh xdc ciia
qud trinh trich chon. Khéng chi dimg lai ¢ cdc phwong phdp, ching téi ciing tién hanh
nghién civu anh hieong ciia viéc tién xie Iy div liéu lén @ chinh xdc cia chwong trinh trich
chon. Dit liéu thit nghiém bao gé‘m ca dir liéu tho, chwa qua xu ly, dir liéu da duoc qua
mot bo gan nhan tir logi va dit lieu da dwoc phan tich cu phap. Thong qua viéc chay cac
chiong trinh véi dau vao dir liéu khdc nhau, so sanh d¢ chinh xdc cia cdc phirong phdp,
chiing t6i d@é xudt mé hinh trich chon hiéu qua cho tiéng Viét sir dung do do ngén ngir.

Tir khoa: collocation, t-test, chi-square, mutual information, dé do ngon ngit, cum tir co
dinh.

1. GIOI THIEU

Collocations dugc hiéu 1a mot thé hién cua hai hodc nhiéu tir twong ng voi mot cach
no6i thong thuong. Ching ciing dugc biét dén nhu 13 mot 16p cua cac nhom tir nam giira
thanh ngir va su két hop tir tu do [4]. Tuy nhién, rat khé dé co thé phan dich rach roi giita
mot cum tir va mot collocation. Thanh ngit va cum tir thé hién trong ngon ngir khong chi
vé mit ngir phap, dic biét, nghia ciia chiing khong phai 1a sy két hop nghia ctia ting thanh
phan, khong thé doan ¥ nghia ciia mot thanh ngit tir nd chira. Hon nita, nghia cua thanh
nglr thuong manh hon nghia ctia cum tir khong phai la thanh ngfr.

! Nhan bai ngay 10.01.2016, giri phan bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: D6 Thi Ngoc Quynh; Email: dtnquynh@daihocthudo.edu.vn
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D3 c6 nhiéu nghién ctru vé collocation duoc tién hanh bang tiéng Anh nhung chua cé
dinh nghia tiéu chudn vé collocation, boi didu nay phu thudc vao quan diém va muyc dich
cua cac nha nghién ctru.

Trong bai bao nay, ching t6i chip nhan dinh nghia: collocation 1a mot su két hop céac
tir thudng xudt hién ciing nhau trong pham vi binh thudng trong vin ban, vi tri va ngir phap
turong d6i ¢ dinh.

Collocations c6 ing dung rong rai trong cac linh vuc ngon ngir [2, 21, 23], bién soan
tir dién [11] ciing nhu van dé xir Iy ngdn ngir ty nhién [4, 16, 18, 25, 27]. Do d6, viéc khai
théc cac collocations dugc lwa chon trong mdi ngdn ngit 13 thyuc su can thiét, nd giap cai
thién tinh chinh xéac va tinh chét cta viéc ap dung xir Iy ngdn ngir ty nhién, ciing nhu gitp
viéc tim hiéu mot ngdn ngir mdi dé dang hon. Ngoai ra, viéc bién dich collocation cai thién
chét lugng cia dich mdy. Céac kién thirc vé collocations c6 thé cai thién hiéu suit cua hé
thdng tim kiém thong tin. Phuong phéap thong ké di cho thdy mot sy hién dién déng chi y
trong khai thac collocation. Do tan sd dugc st dung dé xac dinh mot loai cu thé cua
collocations. Thong tin turong hd da duoc sir dung dé trich xudt cac cip tir c6 xu hudng xay
ra trong mot ctra s6 kich thudc ¢b dinh (thuong 14 5 tir), trong d6 c6 chiét xuat tir co thé
khong lién quan truc tiép. Viéc st dung cua t-test dé tim nhitng tir ¢6 sy xuat hién cac mo
hinh hop tac tot nhat trong phan biét giira hai tir d dugc dé xuét trude day. Nguoi ta cling
ap dung ty 1¢ kha nang thir nghiém dé khai pha collocation.

2. CAC NGHIEN CUU LIEN QUAN

Mot vi du dién hinh cua collocation 1a vi du cua Halliday: strong vs. powerful tea ([10]
Halliday 1966: P150). D6 1a mot quy ude trong tiéng Anh dé néi strong tea chir khong
phai powerful tea, mac du bat ky ngudi noi tiéng Anh ciing s& hiéu. Su két hop cua tir ma
khong theo mot quy tic ngit phap hodc ngir nghia la dinh nghia ctia collocations. Do dé,
sap xép tir c6 thé dugc hiéu nhu 13 mot su két hop cia cac tir ma khong tuan theo mot quy
tic ngit phap hodc ngit nghia & tit ca cac van ban. Theo mét s6 quan diém, collocations cb
dinh va khong linh hoat. Nghia cta collocation khong thudong dugc suy ra tir nghia ctia cac
tir thanh cic phan va thay thé mot tir véi mot tir dong nghia hoan toan c6 thé thay doi ¥
nghia cua collocation.

Collocations ciing duoc hiéu nhu 14 sy két hop ngir dung mang phong cach riéng cua
cac don vi tr vung: heavy rain, light breeze, great difficulty, grow steadily, meet
requirement, reach consensus, pay attention, ask a question. Khong gidng nhu cac thanh
nglt (kick the bucket, lend a hand, pull someone’s leg), y nghia cua chiing 1a kha minh bach
va dé dang dé giai ma. Khac v6i cac tir hay gip thuong xuyén, (big house, cultural
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activity; read a book) collocations thanh nglr dugc danh gia mang phong cach riéng
(Mel'cuk nam 2003).

Nhu d3 duoc chi ra boi nhiéu nha nghién ctu (Cruse, 1986; Benson, 1990; McKeown
and Radev, 2000), collocations khong thé duoc mé ta bang cac quy tic chung vé cu phap
va ngit nghia. Ching 1 cing nhic va khong thé doan trudc va do d6 can phai dugce ghi
nhd. Chiang tao thanh cai goi 1a ban thanh phim cia ngdn ngit (Hausmann, 1985) hay
nhitng hon ddo cua do tin cay (Lewis, 2000) ma trén d6 cac nguoi néi xay dung cac 101
phat biéu cua ho.

Trong bai bao dau tién vé logic md, Raj Kishor Bisht va HSDhami [3] cho thdy mot
cach dé kiém tra kha ning liéu mot sy két hop tir ¢6 thé dugc coi nhu sip xép tir theo
collocations hay khong. Fuzzy logic cho phép su hinh thanh cia mt md hinh dya trén
logic bang cach str dung cac 1y do dang sau cac phwong phap hién c¢6. Cac méd hinh co sy
don gian dua trén logic va thuc hién t6t hon so véi cac mo hinh théng ké hién co.

Trong nghién ctru vé collocation, tiéng Dirc 1a ngdn ngit duge nghién ctru nhiéu thir
hai. Pau tién 12 nghién ctru cua Breidt (1993) va gan day hon, Krenn va Evert (Krenn va
Evert nam 2001; Evert va Krenn, 2001 Evert ndam 2004). Breidt sir dung MI va t-score sau
d6 so sanh cac két qua khi thay di cac thong sd khac nhau, chang han nhu kich thudc ctra
s6, su hién dién so véi su Véng mat ciia lemmatization, kich thudc van ban va su hién dién
s0 voi sy ving mat cua POS va thong tin ¢t phap. Sau d6, Krenn va Evert (2001) sir dung
mot doan chunk-er tiéng Dirc dé trich xuét cac cip ct phap nhu PNV. Cong viée ctia ho 1a
thiét 1ap cic co sé ctia phuong phap chinh thirc va hé thong gia trong khai thac collocation.
Zinsmeister va Heid (2003, 2004) tap trung vao viéc két hop NV va ANV xac dinh bang
cach sir dung mot phan tich cti phap ngau nhién.

Ngoai ra con ¢6 mot s phuong phap dé trich xuat cac nghién ciru sap xép tir cac ngon
nglt khac. So véi hon 20 ndm trudce day, linh vuc xtr Iy ngdn nglt tu nhién da dat dugc
nhiéu thanh tich (nhu ghi nhan, phat hién cha dé, hodc cac thong tin phuc héi...). Tuy
nhién, hau hét trong s6 nay da duoc thuc hién cho cac ngdn ngit phuong Ty va gia tri cua
chung bi mat khi 4p dung cho cac ngdn ngit khac. Chi gan day, cac nha nghién ctu Viét
Nam chi y ngdn ngit hoc va cac loai tiéu chuan Viét Nam. Céac diéu khoan kho dit liéu can
thiét khong dugc xdy dung trong mot tiéu chuan nhat dinh va cho dén nay hau nhu khong
c6 céc tai lidu dugce phd bién. Do 14 kho khin cho nhitng ngudi khong chuyén tim hiéu
hodc nghién ctru trong linh vyc nay.

Trong tai liéu [26] (vé phat hién dé an phan loai va cac tai liéu web trong tiéng Viét),
tac gia di cho nhin hiéu dya trén N-gram thtr nghiém dé trich xuat cac cum tir c6 ¥ nghia
(collocation) tir n-gram trén co s cac sb liéu thong ké thir nghiém. Bai viét nay cung cip
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mot vai phuong phap thong ké dé xac dinh sip xép tir, chang han nhu cic thong tin trong
hd, gia thuyét thir nghiém k¥ thuat (cong nghé thir nghiém gia thuyét), gia thuyét Null (null
hypothesis) vao cac thir nghiém doc 1ap cta n-gram va dé kiém tra tinh hop 18 caa 1y thuyét
... Trong d¢, tac gia da sir dung phuong phéap thir nghiém gia thuyét cho n-gram (n <= 2),
dwra trén khi Chi-Square dé tim ra collocation. Gia tri Chi-Square duoc tinh toan tir mot tap
dir liéu 16n (dir liéu Vnexpress (199MB) va Wikipedia (270MB) trong khoang 200 thé loai)
va dugc dua trén mot gid tri ngudng dé xac dinh collocation (ma tac gia goi la
coloThreshold).

3. PHUONG PHAP PE XUAT CHO TRICH CHON COLLOCATION
TRONG TIENG VIET

3.1. Khai niém Collocation trong tiéng Viét

Gidng nhu cac ngdn ngir khac, c6 rat nhiéu collocation ton tai trong tiéng Viét. Vi du
nhu chung ta ndi rita rau dé dién ta hanh dong lam sach rau qua trudc khi nau, nhung
chung ta khong thé dung rira gao v6i nghia twong tu ma phai néi 1a vo gao.

Theo nhu cach dich trong cac cudn tir dién Anh — Viét, Collocation nghia 1a “su sép
Xép vao mot chd, su sép dat theo thur tu”. Trong linh vuc ngdén ngi, collocation cé thé hiéu
ndém na la “(cach) dung tir, (cach) két hop tir”. Tiéng Viét co mot khai niém rit gan véi y
nghia clia tir collocation, d6 chinh 1a cum tir ¢6 dinh. Cum tir ¢6 dinh 1a don vi do mot s6 tir
hop lai, tdn tai voi tu cach mot don vi ¢ sdn nhu tir, c6 thanh td céu tao va ngtr nghia cling
6n dinh nhu tir [31]. Nghia ctia cum tir ¢ dinh duoc xdy dung va to chuc theo 16i t chirc
nghia ctia cum tir va n6i chung 1a mang tinh hinh tugng. Chinh vi vay, néu chi cin cir vao
bé mit, vao nghia cua timg thanh t6 cau tao thi néi chung 1a khong thé hiéu dugc dich thuc
clia toan cum tr. Vi du: anh hing rom, dong khéng méng quanh, tiéng bdc tiéng chi. ..
Thém nita, cum tir ¢d dinh c6 y nghia nhu mét chinh thé tuong ung voi mot chinh thé cau
trac vat chit ctia no. Co nghia 14 no ¢ tinh thanh ngi rat cao, vi dy, chinh thé y nghia ctia
cum tir ¢b dinh: rdn sanh ra mé, an may doi xéi gdc, say nhw diéu dé... c6 tinh thanh ngir
cao dén murc t6i da. Cum tir ¢6 dinh can dugc phan biét véi nhitng don vi lan cén, dé lam
1an v6i chung, 13 tir ghép va cum tir tur do.

Néu tam thoi chap nhan tén goi ma chwa xac dinh ngay ndi dung khai niém cua chiing,
thi c6 thé tom tat mot trong nhitng birc tranh phan loai cum tir ¢6 dinh tiéng Viét nhu sau
[29]:
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Cum tir c6 dinh

Thanh ngie —L Ngir c6 dinh
Vi du: Me trén con vudng
Ngir cé dinh dinh danh Quan ngi

Vi du: M3t trii xoan Vi du: Cia dang tdi

Hinh 3.1: Phén logi cum tir c6 dinh Tiéng Viet.

Viéc phan loai cac cum tur ¢d dinh tiéng Viét trén day khong phai 1a da vach ra nhiing
ranh gi6i tuyét dbi giita cac loai va khong phai cac don vi trong mdi loai déu thé hién
nhting thudc tinh thuan khiét cua loai. Co nhiing don vi trung gian dugc ciu tao theo 16i
thanh nglr nhung tinh ty do, kém 6n dinh van con 13 nét. Co nhitng don vi da dat dugc tinh
thanh ngit kha cao nhung tinh bén chic, tinh chinh thé vé ciu trac lai kém 6n dinh. Nghia
1a s6 thanh td cu tao nén chiing c6 thé con ting hay giam dugc mot cach tuy nghia.

3.2. Mo hinh trich chon cho Collocation tiéng Viét
3.2.1. M6 hinh d& xuit

Do ca 4 phuong phép theo phuong phap thong ké co dién (frequency, t-test, chi-
square, mutual information) déu nhan dau vao 1a tap cac bigram va thong tin vé tan suat
xuét hién ciia chung, chiing toi chia qua trinh trich chon collocations dua trén cac phuong
phap théng ké lam 3 budc chinh:

Buwodc I: Trich chon bigram;

Buoc 2: Chay thu nghiém trén cac mo hinh;

Bude 3: Panh gia két qua thu dugc.

3.2.2. Trich chogn bi-grams
Mo hinh trich chon bigrams cho b¢ dir liéu da dwoc tach tu
Vi dau vao 1a mot file van ban don thuan, chuong trinh sinh cac bigram théa man hai
diéu kién sau:
- Hai tir tao thanh bigram phai nam trong cing 1 cau va c6 khoang cach giita ching
khong qua window_size tir nhat dinh.
- Hai tir tao thanh bigram phai khong duoc 1a mot trong sb céac tir: {la, hd, hit, 4,

va, khong, rat, sé, da, roi, dwoc, day, do, nay, nay, kia, sao, tai, ¢, vé, thi, rang, de,
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nhiéw, it, chi, Véi, bdng, Ciia, cho, cdc, cé, van, nhing, lai, ma, kia, qua, mot, ciing,
nhue, déy, ddy, dé, sau, khi, mét, trong, cd, t6i, tir, dén, bi}

Vi céc tur tao thanh collocation ¢6 quan hé véi nhau nén ta gidi han hai tir tao thanh
bigram phai ndm trong cing mét cira sd ¢6 do 16n window_size tir. Cac nghién ciru vé
collocations trong tiéng Anh cho thiy, d6 16n ctra sb thich hop nhat cho hai tir tao thanh
bigram 14 5 tir. Tiéng Viét dd c6 mot s6 nghién ciru duge tién hanh nhim tim ra d6 16n cta
s0 thich hop nhat. Trong pham vi ctia luan van nay, ching t6i sir dung d6 16n cira s6 =1.

Mo hinh trich chon bigrams cho bg dit liéu da dwoc gan nhan

Mot s6 nghién ctru cho tiéng Ptic[15, 28] hay nghién ctru cho tiéng Anh caa Justeson
va Katz[27] da khang dinh viéc trich chon cac collocations theo cac mau cho trude s& dem
lai hiéu qua cao hon. Do d6, ching tdi tién hanh thir nghiém phwong phép nay cho tiéng
Viét, v4i cac mau trich chon c6 dang: VN, VA, NA va NN. Trong d6 N la danh tur, A 1a
tinh tr, V 1a dong tir. Ching t6i trich chon céc bigram dua trén mau nén do 1én ctra sd
khong can giéi han trong budc nay. Gia sir mot bigram c6 céu trac dang wiW,; khi do,
WiW; 13 két qua sau khi chay churong trinh khi va chi khi né thoa man 2 diéu kién sau:

- wj la mét dong tir hoac 1 danh tir

- W, 12 mét danh tir hozc tinh tir Xuat hién dau tién sau w; trong cing mot cum danh tir

(twong rng va&i wy 1a danh tir) hodc dong tur (tuwong tng véi wy 1a dong tir) va khong co

dong tr nao xen ngang gitta Wi va Wy,

3.3. Phwong phap két hop sir dung d$ do ngon ngir
3.3.1. Trich chon bigram

Vé6i muc dich cta chuong trinh chiét xuat collocations 1a cum danh tir, cum dong ti,
va sy phuc tap, thoi gian chay 1a khé 1on. Trong gidi han ctia bai bao nay, ching toi chi tap
trung lwa chon cac collocation co thé trich xuat nhu N + A hodc N + N hodc V + A hoic V
+ N. Dit liéu dau vao di duoc phan tich ¢t phéap, sau d6 di qua mot chuong trinh dugc
phat trién boi chung t6i dé loc ra cac cum danh t/ dong tir. Cum danh tir / dong tir s€ dugc
sap xép theo tan suét xudt hién cta danh tir va dong tir chinh.

Vi du, dong tir CO (xuit hién 120 lan trong cum tr): CO kha nang (40 lan), CO
chirc_vu (20 lan), CO thdm_quyén (30 1an) ... 1a nhimng trudng hop ¢ thé co véi dong tir
CO trong dau ngodc don 14 tin sé xudt hién.

Qua trinh nay chiét xuét sip xép tir tir bigrams dura trén hai gia dinh:

- Hai tir phai xuat hién cting nhau nhiéu lan, trén binh thudng trong vin ban.

- T phai thudc cung mot cum danh tir/ dong tur.
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Dua trén hai gia dinh, chuong trinh thuc hién cac budc loc dua trén théng ké dé trich
xuat bigram ma c6 thé 1a cac collocations. Két thiic giai doan dau tién, chung ti s& c6
dugc mot danh sach cac nhém bigram la dong tir va danh tir chinh.

Chuong trinh doc dir li¢u tir tap tin van ban nhdp vao cac cau da dugc dan nhan va
phéan tich ct phap. Bigram duogc thyc hién budc nay theo sy Iya chon ww; va phai dap ung
hai diéu kién:

- w la danh tir / @ong tir trong cum danh tir/dong tir.

- wi 1a mot danh tir hodc tinh tir ngay sau w va khong c6 bat ky sur gian doan nao.

Bigram 1a két qua cta chuong trinh s& dugc luu trit nhu mot tir dién voi thong tin va
tan s6 cta danh tir/ dong tir cta cum tir. Trong chuong nay, ching toi s& ky hiéu freq; 1a tan
s6 ciia Ww;. Bang 3.1 minh hoa mét sd cia tan sb bigram ciung vé&i thong tin vé danh
tu/dong tir ciia cum tur.

Bing 3.1: M{t s6 bigrams va théng tin vé vi tri va tan sé xudt hién

bigram Biéng td chinh frequence *
sinh_vién gioi sinh_vién 66
phat_sdng chudng_trinh phat_sdéng 32
trd_cdp thbi_viéc trd_cap 24

nam gan nam 13
bao_g&m nudc bao_gém 16
bao_gdm viing bao_gbm 16
hudng ludng hudng 16

ky hdp_dtng ko 16
phatl1h phat 16
phatngay phat 16
phatsang phat 16
phatthdi_ludng phat 16
phat_sdng chau phat_sdng 16
phat_sdng khu_wuc phat_sdng 16
phat_sdng vé_tinh phat_sdéng 16
phi_sdng chau phi_séng 16
phi_séng khu_wvuc phi_séng 16

séng ldu sdng 16
tham_khao sau tham_khao 16

tham khao théng tin tham khao 16 b
4 1L} 3
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3.3.2. D¢ do ngon ngir

Giai doan nay lién quan dén nghién ctru cua Joachim Wermter va Udo Hahn [1]. Tinh
chat non- or limited modifiabilty ctia collocation ctng véi thong tin tir ving thém vao (nhu
supplements) 1a thudc tinh ngén ngit ma ching t6i dya vao dé xay dung do do
collocativity. Ngam gia dinh rang mot PNV triple 13 it thay d6i (va do d6 nhiéu kha ning 1a
mdt collocation) néu n6 c6 mot supplement dic trung hon so voi nhimng bd nghia khac. Gia
dinh nay c6 thé biéu dién theo cach sau: Cho n s luong nhitng supplements khac nhau cia
mot PNV triple (PNVyipie). Xac suét P ctia mot supplement, Suppk, K =[1, n] dugc mo ta

bang so lan xuat hién cta n6 trén tong so 1an xuat hién cua tat ca cac supplement:

P(PNViripte, Supp;.) = (1)
F(PNViipte supp,.)
1 F(PNViinle Supp; )

with Z;’Zl—1 F(PNViipie, supp;) = f(PN mea]ai
MOD modifiability cia mot PNV triple ¢6 thé dugc mo ta biang bd sung c6 thé xay ra

nhat cua né:

MOD(PNVigipte) = (2)
arq max: P(PNVigipie Supp,.)s k = [1,7]

Tan s6 tuong d6i cu thé PNV triple (t 1a s lugng cua cac loai tng cir vién):

F(PNVipipie)
P PNV,.; e ) = ’
{ fripd ) i}_1 f{PNVnmr?] I: J

Sau d6, chung t6i s& két hop n6 nhu 1a mot yéu t6 thir hai dé tinh chi s6 COLL:

COLL(PN Vi) = 4)
MOD{PNT‘{’,WJ!E) x p(PNHﬂpfﬁ)

Duya vao chi s6 COLL, chiing ta s& c6 nhiing g vién tét nhét.

4. KET QUA THUC NGHIEM
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Phuong phap kiém thir cha yéu trong cac nghién ctru vé collocations dén thoi diém
nay [19, 26,] van 1a phuong phap thi cong. Do vay, trong giéi han cia bai bao nay, chung
t6i ciing 4p dung phuong phap kiém thir bang tay dé danh gia do chinh xac cua chuong
trinh trich chon. Vi mdi tap két qua, chang t6i 14y ra 500 két qua dau tién. Tir 500 két qua
d6, chiing t6i cho sinh ngdu nhién 200 két qua. 200 két qua thu duoc tir qué trinh sinh ngiu
nhién nay s& dugc danh gia bang tay tir d6 dung dé danh gia do chinh xac cua chuong
trinh.

Bdng 4.1: Dadnh gid dé chinh xdc cua cac phwong phdp trén 2 b dir liéu

Method The data has extracted The data has been parsed
word only

Freg-based 62% 75%

T-test 70% 81%

Chi-square 65% 70%

PMI 68% 84%

Our extraction 63% 88%
100%

90% N
80%

60%

50%
40% =4 Separated word
0,

30% == POS_Tagger & Parsed
20%

10%

O% T T T T 1
%Q’b \?’é‘ o’b& Q®\ ‘600
:o’b '\ (,)Qs ’b('
& N -\’5S
<& ¢ <
®

Hinh 4.1: Biéu do thé hién dg chinh xdc ciia cic phiong phdp trén 2 bé dir liéu
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C6 thé thay ring, phuong phap chang t6i dé xuat khac thich hop cho viéc trich chon
collocation trong tiéng Viét. Két qua thu duoc qua ca hai giai doan déu kha tot. Bang sau 1a
két qua mot sb bigram dugc trich chon sau giai doan 2:

Bing 4.2: Két qud mot sé bigram dwoc trich chon sau giai doan 2

W1 Wy Collocation T-Test PMI
Chiu trach_nhiém 42.19207 265870 6
Tao diéu_kién 30.97935 89095 5
Noi_dung phong phu 20.68824 1580157 0
Hoan_thanh nhiém_vu 24 54164 794392 5
Toc bac 16.69102 1013424 9
Khéc_phuc hau_qua 15.25679 1218850 7
Mung tho 14.80863 443097 8
Chiém_doat tai_san 14.11181 889301 7
MGt _cach nghiém_tuc 6.946184 127054 0
Chiic_tho ong 6.488518 29793 5
5. KET LUAN

Vé mat 1y thuyét, trong giéi han ciia bai béo, chiing t6i da tim hiéu cac khai niém va
k¥ thuat chung 4p dung cho trich chon collocations. Tir d6, chiing t6i dwa ra co s& 1y thuyét
lién quan dén collocations cho tiéng Viét: dinh nghia, dic trung, phan loai va tng dung.
Duya trén co so 1y thuyét d6, ching t6i xdy dung cac phuong phap trich chon, nghién ctru
tac dong cua viéc tién xu 1y van ban lén chuong trinh trich chon, tim ra d¢ 16n ctra sé, thao
tac tién xur 1y van ban phu hop cho chuong trinh trich chon, dong thoi d& xuat mot sd
phuong phéap két hop nham ting d6 chinh xéc.

Vé mat thuc nghiém, ching t6i da xay dung hé thong trich chon collocations dra trén
tat ca cac phuong phap d trinh bay, tién hanh chay thuc nghiém va danh gia d6 chinh xac
ctia cac phuong phap, tir d6 tim ra, d& xuét, xdy dung mé hinh hiéu qua cho trich chon
collocation trong tiéng Viét st dung d6 do ngdn ngit. Md hinh trich chon collocation 1a
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cum danh tir va dong dat dugc d6 chinh xac kha cao (88%, do chinh xéc cao nhét ddi véi
dir liéu da duoc gan nhin so voi cac phuong phap thong ké khac), hoan toan c6 thé mo
rong dé tré thanh mot hé théng trich chon collcoations hi€¢u qua cho tiéng Viét.

Trong thoi gian tdi, ching t61 du dinh s€ tiép tuc nghién ctru sau hon viéc van dung
cac thong tin ci phdp vao chuong trinh trich chon, mé& rdng phuong phap trich chon
collocations 1a cum danh tr, dong tir dé co thé trich chon céac loai collocations con lai;
dong thoi, nghién ctru Gmg dung tir dién collocation vao cac ing dung xir Iy ngon ngir tu
nhién (nhu dich may, sinh ngon ngi...).
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EXTRACTING OF VIETNAMESE COLLOCATION
FROM TEXT CORPORA

Abstract: Collocations have wide application in the fields of languages, compiled a
dictionary as well as the problem of natural language processing. Therefore, the
extraction of collocations in each language is really necessary, to improve the accuracy
and the nature of the application of natural language processing, as well as help to learn
a new language easier. However, in Vietnam, the study of collocation is quite a new field.
This paper focused on researching some method of extracting collocations methods to
find efficient model for the Vietnamese collocations extraction. The mentioned methods
were based on some classic statistical methods commonly used such as frequency, t-test,
chi-square, mutual information... We also suggested some general method using
linguistic measure to increase the accuracy of the process of extraction. Input data
included the data has been through a POS-tagging and data has been parsed. By running
the program with different methods and combination of multiple methods together,
comparing the accuracy of the method, we draw out the efficient method of extracting of
Vietnamese Collocation from Text Corpora.

Keywords: collocation, t-test, chi-square, mutual information.
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TRUONG DAI HOC THU PO HA NOI

NGHIEN CUU CHE TAO VAT LIEU CATOT COMPOSIT
LIMN,O,,CNTs UNG DUNG CHO PIN ION LITI

Ta Anh Tan'", Ping Trin Chién?, Lé Huy Son’
! Truong Dai hoc Thu D6 Ha Noi

*Truong Pai hoc Tai nguyén va Moi truong

Tom tdt. Vit liéu LiMn,O, dang la doi twong dwoc quan tdm hién nay trong linh vuc
nghién citu ché tao dién cuc catot trong pin ion liti béi khd néng trao déi va tich thodt
nhanh doi véi ion Li™ ddc biét khi dwoc ché tao dudi dang kich thudc nané met. Vat liéu
dién cuc catot nané composit LiMn,O,/CNTs da dwoc nghién citu ché tao trén co sé vit
liéu LiMn,Q, duwoc tong hop bang phwong phdp phan img pha rdn. Trong d6, CNTs déng
vai tro lam tang tinh dan va kha nang trao déi cac ion cia dién cuc. Cdc dic tinh cau
triic, hinh thdi hoc dwoc khdo sat bang ky thudt phan tich phé nhiéu xa tia X va dnh FE-
SEM. Cac dac trung dién hoa dwoc nghién cuu trén hé dién hoa AutoLab PSG 30. Cac
két qua nghién civu chi ra cho thdy ca dung lwong ciing nhuw dién thé phéng nap cia dién

cuc composit LiMn,O,/CNTs duoc cdi thién dang ké so véi dién cuc LiMn,O,.

Tir khéa: Pin ion liti, Vit liéu dién cuc catér, LiMn,O4, CNTS.

1. GIOI THIEU

Trong thoi gian gan day, vat liéu LiMn204 dugc quan tim nhiéu trong linh vuc ché

tao cac loai pin ion liti nap lai dugc. Nhiéu cong trinh nghién ctru chi ra rang, vat li¢u

LiMn,04 c6 nhiéu uvu thé hon hin cac vat liéu LiCoO3 va LiNiO dang dugc st dung lam

dién cuc catot trong cac loai pin liti hi€n nay boi gia thanh ré, khong doc hai, an toan va

dac biét 1a kha nang ché tao duoc cac loai pin c6 dung lugng cao cling nhu mat do dong

16n [1-9]. Tuy nhién LiMnyO4 c6 mot nhuge diém 14 d6 dan dién thap hon nhiéu so véi vat

liéu LiCoO3 vi vdy anh hudng khong nho t&i kha nang lam viéc cia linh kién. Dé khac

phuc yéu t6 nay thong thudng khi ché tao dién cuc catét LiMn,O,4 nguoi ta thuong dua

! Nhan bai ngay 05.01.2016, giri phan bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Ta Anh Tén; Email: tatan@daihocthudo.edu.vn



TAP CHI KHOA HOC - SO 2/2016 | 131

thém céc chat hd tro dan dién tir nhu bot cac bon (Carbon Black) nham 1am ting kha ning
trao doi cac ion lili cia dién cuc [10-17]. Gan ddy mdt xu hudng méi ciing dang duoc
nghién ctru do 1a st dung vat liéu composit CNTs/LiMn,04 dé 1am dién cuc catét, trong do
CNTs dong vai tro 1am mang lu6i dé tang tinh dan, kha ning lién két qua dé cai thién duoc
cac tinh chét dic trung ciing nhu do bén cua cac dién cuc trong qué trinh 1am viéce [4, 13,
15]. Ngoai ra cac nghién ciru [10] ciing chi ra rang vat liéu khi dugc ché tao dudi dang kich
thude nand cling cai thi¢n rat nhiéu cac dic tinh trao ddi ion cua dién cuc. Trong bai nay
trinh bay cac nghién clru ché tao vat liéu dién cuc composit CNTs/LiMn,0, va khdo sat
anh hudng ciia ham luong CNTs 18n cac tinh chat cta dién cuc. Cac két qua nghién ctru chi
ra cho théy viéc dua thém CNTs vao trong dién cuc LiMn,0,4 da cdi thién dang ké cac tinh

chat dac trung cua ching va no6 rat cé trién vong trong viéc che tao cac pin ion liti sau nay.

2. THUC NGHIEM

Vit liéu LiMn,Oy4 c6 cdu trac nand dugc ché tao bang phuong phap nghién bi ning
luong cao tir cac vat lidu ban dau 1a oxit MnO va mubi LiC,03 ¢6 d6 sach cao. Cac vt liéu
thanh phan duogc can theo ty 1é twong tng va dugc nghién tron sau d6 U so bd & 600°C
trong 4 gid trude khi duoc dua vao trong cbi nghién bi. Qua trinh nghién dugc thuc hién
trén may nghién bi véi tdc d6 nghién 500 vong/phit trong thoi gian 8 gid. Vat liéu sau khi
nghién duoc 1 lai nhiét & 600°C trong 2 gio dé ting kha niang két tinh cta vat liéu. Vat liu
sau khi nghién va u nhiét dugc su dung dé khao sat cac dic tinh ciu trac va hinh thai hoc
va dugc dung dé ché tao dién cuc cho céc phép do dién hoa tiép theo. Bién cuc composit
CNTs/LiMn,0, v6i cac ham lwong CNTs khac nhau (tir 0 dén 10% theo khdi luong) duoc
ché tao bang phwong phap phu trai. Pau tién vat liéu CNTs va LiMn,Oy véi ty 18 nhit dinh
duoc nghién tron déu sau d6 mot luong dung dich chat két dinh PVDF hoa tan trong dung
moi Dimethylfomanmid véi ty 18 15% vé khdi luong duge cho thém vao va tron déu dé tao
thanh chét bot nhdo. Sau d6 chiing duoc trai déu Ién trén 14 nhom rdi dwa vao siy kho trong
chan khong & nhiét d6 200°C trong 6 gid. Cac dién cuc 6 kich thude déu nhau khoang 1
cm? dugc su dung dé khao sat cac tinh chit dién va dién hoa. Pic diém ciu trac cua vat
liéu duogc khao sat trén hé nhiéu xa X ray — D5000 SIEMEN véi ngudn phat xa Cu Ko (A =
1.5406A). Dac diém hinh thdi hoc dugc khao sat trén kinh hién vi dién tir quét FE-SEM.
Céc phép do dién hoa dugce thuc hién véi ciu hinh linh kién gém dién cuc catdt composit
CNTSs/LiMn,Os, dién cuc d6i 1a ludi platin (Pt) dugc nhung trong dung dich chét dién ly la
1M LiClO4 + PC. Va duoc thuc hién trén hé dién hoa Auto-Lab PGS-30.

3. KET QUA VA THAO LUAN
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3.1. Két qua do nhiéu xa tia X ciia vét liéu Catdt composit LiMn,O,4/CNTs va két qua
do bé mit vat liéu

J M‘ v "

T T T o T ‘

" » > n 5 o 9
ENCATA ML LONG D 7e, B0 0 0304y, WL 1 BA0GA, T

N1 R LOMGNY (CT B

.
STren- Soae

e oo i i NS e b U L b e B R e € 87

s s g e e+ BN ey s 2

Hinh 1. () Pho nhiéu xa tia X cia vt liéu LiMn,O4 ngay sau khi nghién va (b) sau
khi u nhiét lgi 6 600 °C trong 2 gio

Hinh 1 1a ph6 nhiéu xa tia X cua vat liéu ngay sau khi nghién va sau khi 0 nhiét &
600°C. Vit liéu ngay sau khi nghién ning lugng cao di hinh thanh pha hop thirc LiMn,04
va chi ton tai duy nhat mot pha nay. Piéu nay cho thiy phan tmg tao pha ctia vét liéu xay
ra hoan toan ngay trong qua trinh nghién, vach phd c6 su mé rong rat 16n cho thay vat lidu
c6 kich thudc hat dat c& nand mét [18] Hinh 1(a). Khi mau di dugc u nhiét & 600°C trong
2 gid, cac vach pho c6 cudng do tang rd rét, no cho thay viéc G nhiét 1am ting kha ning két
tinh cua vat liéu Hinh 1(b).

Hinh 2. () Anh FESEM ciia vit liéu dién ciee LiMn,Oy khi khéng ¢é CNTs
va (b) 5% CNTs
Hinh 2 4anh FE - SEM cta bé mit dién cuc cho théy vat liéu LiMn,0,4 da ché tao
duogc co kich thuée hat kha dong déu va co gia tri vao khoang 30 nm Hinh 2 (a). Khi vat
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lidu dién cuc c6 pha CNTs cho thay cac soi CNTs ¢ su phan tan khd dong déu va c6 thé
hinh dung nhiing sgi CNTs nay tao 1én mang ludi lién két cac hat vat lidu. bay duogc xem
nhu 13 tac nhan chinh 1am ting d6 din dién ciing nhu kha ning trao ddi cac ion cta vt
lidu. Két qua do do dan ctia cac mau cho théy dién tré cua vat liéu dién cuc LiMn,04 gidm
tir 10° Q trong truong hop khong c¢6 CNTs xubng con 3x10% Q déi v6i miu pha 5% CNTs
nhu trong bang 1. Diéu nay hoan toan phu hop véi cac két qua da chi ra trong [10,13] cho
thdy sy ¢6 mit cia CNTs lam ting kha nang trao doi cac ion liti trén bé mit ciing nhu 14

lam gidm sy phan cyc cua pin.

Bdng 1. Su phu thuoc cua dién tro vao ham luwong CNTs

Ham lugng CNTs 0 25% 5% 10 %

Dién tro (Q) 10° 5.10° 300 185

3.2. Dic triung pho tong tré va phong nap ciia vit liéu ché tao

Cac tinh chat dién hoa cua dién cuc CNTs/LiMn,O, duge khao sat trén co so cic phép
do dudng cong phong nap cua di€n cuc voi viée su dung cAu hinh linh kién
CNTs/LiMn,04/ LiClIO4 +PC/Pt. Khi d6 qua trinh phong nap cua linh kién lién quan téi
qua trinh tiém va rit cac ion liti tai cac dién cuc va cac qua trinh nay la thuan nghich, né
duge mo ta nhu sau: khi d6 & qua trinh nap hoa tri clia cdc nguyén tir mangan chuyén tir
Mn** sang Mn**, ngugc lai & qua trinh phong Mn** chuyén thanh Mn*",

30000
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Hinh 3. Phé téng tro cua dién cuc LiMnyO4 /CNTs voi cac ham lwong CNTs khac
nhau trong cdu hinh linh kién LiMn,04 ICNTS/LiICIO4 +PC/Pt. Ddi tan s6 do tir IMHz dén
100 mHz

-LiNn204

- LiMn204/ CNTs 2.5%
-LiNMn204/CNTs 5,0%
- LiMn204/ CNTs 10 %

-{ Pudngnap =4 PBudong phong

a
b
[
d

i ' a-LVn204 d
9 b-LiMn204/ CNTs 2.5% . b —
] ¢ - LiVn204 CNTs 5,0% a

d -LiNn204 CNTs 10 %%
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Hinh 4. Duong dac trung phong nap cua cac dién cuc CNTs/LiMnyO4 voi dong nap la

ImA va dong phong o 0,1 mA

Hinh 4 trinh bay duong cong phong nap cua cac dién cuc voi dong nap 1a 1 mA va
dong phong ¢ 0,1 mA. C6 thé thiy rang trong qua trinh nap & mau khong c6 CNTs thé nap
rét cao & vao khoang 5,3 V, trong khi d6 & cic mau c6 pha CNTs thé nap chi vao khoang
3,5 V dn 3,8 V trude khi nap dﬁy. biéu nay la do su c6 mat cia CNTs da lam gidm dién
tro ctia dién cuc va qua d6 lam giam dién tro cia linh kién. O qué trinh phong dién khi pha
thém CNTs vao khong nhiing thé phong ma ca thoi gian phong ciing ting 1én dang ké[19].
Tuy nhién khi ndng do CNTs tir 5% dén 10% thi su khac biét 1a khong nhiéu tham chi dién
thé phong ctia mau 10% con giam di so v6i miu 5%. Piéu nay co thé giai thich bai khi
ndéng do CNTs tir 5% dén 10% dién trd cua cac dién cuc khong thay d6i dang ké (tir 300 Q
xudng 185 Q) trong khi d6 mat do sgi CNTs trong dién cuc ting gap doi va khi d6 dan toi
su két dam cia CNTs lam giam dung lugng cua dién cuc.

4. KET LUAN

D3 ché tao duoc vat liéu LiMn,Oy4 ¢6 cau tric nand bang phuwong phép nghién bi ning
luong cao. Kich thudc hat ctia vat liéu vao khoang 30 nm. D3 tién hanh nghién ctru anh
hudng cia CNTs dén cac tinh chét dién va dién hoa cua dién cuc catdt LiMn,0,. Két qua
cho thay su c6 mat cia CNTs dd cho phép giam dién trd cta dién cyc LiMnyO, xudng
khoang 4 bac tur 10° Q chi con 3x10% Q. Ngoai ra dién thé phong nap ciing nhu dung luong
ctia linh kién ciing dugc cai thién mot cach dang ké v6i ham lwong CNTs vao khoang 5%
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theo khoi lugng. N6 ciing cho tha‘iy dién cuc composit CNTs/LiMn,04 rat co trién vong

trong nghién ctru ché tao pin ion liti.
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INVESTIGATION AND FABRICATION OF CATHODE MATERIALS
BASED ON LiMn,0,/CNTs NANOCOMPOSITES
FOR LITHIUM ION BATTERIES APLICATION

Abstract: Lithium Manganese Oxide (LiMn,O,4) has attracted much attention as cathode
materials for Lithium-ion battery due to the ability of fast charge and discharge ion Li™,
in particular in nanoscale. LiMn,0,/CNTs nanocomposites were made from LiMn,O, via
the solid-state reaction route. The use of CNTs in electrodes results in many advantages
because of their high specific surface area as well as mechanical and transport
properties. The crystal structure was investigated by using a X-ray diffractometer (D-
5000 SIEMEN). The surface morphology of the samples was investigated by using a
“Hitachi” Field Emission (HITACHI S-4800). The electrochemical properties of
fabricated materials were measured on an Auto-Lab Potentionstat PGS-30. The results
show that Lithium Manganese Oxide (LiMn,O,/CNTs nanocomposites can act as
promising cathode materials for evelopment of high density and high power lithium
rechargeable batteries.

Keywords: Lithium ion battery, cathode materials, LiMn,O,/CNTs Nanocomposites.
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THERMOELECTRIC PROPERTY OF AL-DOPED ZNO THIN
FILMS BASED ON SOLUTION SYNTHESIZED BY WET
CHEMICAL REACTION

Trinh Quang Thong'™, Dinh Van Dzung?, Vu Van Doanh?, Le Hai Dang®

! Hanoi University of Science and Technology
2 University of Education — Vietnam National University Hanoi
® Hanoi National University of Education

Abstract: The multilayer Al-doped ZnO thin films are fabricated using the solution
prepared by sol-gel technique at.1% and 2% Al concentrations on Silic and glass
substrates. The crystal structure information structure and average grain size of the
samples are characterized by X-ray diffraction (XRD). The rough surface with crystal
grains for the heat treated films also is observed by the FESEM image. The grain sizes
were determined in the range of 30 and 50 nm. The electrical conductivity was measured
by means of four-point probe showing small electrical resistivity of Al doping. The
thermoelectric property is studied between room temperature and around 673 K to
evaluate the Seebeck coefficients and compared with each other showing the advantages
and disadvantages of the samples depending on Al concentration, number of deposition
layers and substrate materials.

Keywords: Thin films, Al doped ZnO, sol-gel, XRD, SEM, Seebeck coefficient.

1. INTRODUCTION

Recently, much attention has been focused on the thermoelectric (TE) effects and
materials for their ability to convert heat directly into electricity with a number of
advantages over traditional electric generators, including design simplicity, the absence of
moving parts, low-noise performance, high reliability, and miniaturization with no loss in
efficiency. These devices have the potential to increase the utilization of industrial or home
waste heat by recapturing the energy from these sources to generating electricity applied
for power sources for spacecraft, wrist watches, portable household refrigerators,
electronic, medical, and research equipment or vice versa like seat conditioning devices in

(@) Nhan bai ngay 17.01.2016 giri phan bién va duyét dang ngay 25.01.2016
Lién hé tac gia: Trinh Quang Thong; Email: thong.trinhquang@hust.edu.vn
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high-end cars. The efficiency of a TE converter is determined by the quantity Z or so-
called the figure of merit ZT which is proportional to the material electrical conductivity
(o), Seebeck coefficient (S), and inversely thermal conductivity («) [1 -2].

In general, all materials exhibit TE effects. In this context, the semiconductors were
found with adequate S, acceptable resistance that can be tuned by doping and low thermal
conductivity and consequently possible large Z value. Among them the transparent ZnO
was considered a popular n-type semiconductor having several favorable properties for TE
application including high electron mobility and wide band-gap. In particular, recent
studies of Al-doped ZnO (denoted AZO) showed the advanced potentials to be the novel
TE materials with relatively good Seebeck coefficient at room temperature and belonging
to a new research trend of oxide family which is the thermally and electrically stable in air
at high temperature [3-10].

In fact, AZO thin films can be fabricated by physical vapor deposition, chemical vapor
deposition [2-10]. In this paper, the multilayered and hetero-layered films were synthesized
by spin and also dip coating methods using the solution prepared by low cost sol-gel
technique atl% and 2% Al-doped concentrations on glass and SiO,/Si substrates. The
characterization of crystal structure, surface morphology, electric conductance, and
Seebeck coefficient of AZO thin films were measured and investigated.

2. MATERIALS AND EXPERIMENTAL METHOD

The precursor solution was synthesized using sol-gel process by mixing, in appropriate
proportions, 0.5M of zinc acetate dihydrate (CH3COO), Zn-2H,0 and aluminum nitrates
9-hydrate Al(NO3)3-9H,0 as dopant source. The Zn/Al ratios in the solution were chosen
99/1 and 98/2 at % relying on the reported works [3-11] that showed the best TE property
corresponding to those ratios. In our work, ethylene glycol C,HsO,, isopropanol
(CH3),CHOH, diethanolamine glyerin OHCH,CHOHCH,OH, and triethylenamin CgH1sN
were used as solvent and catalyst. The Al-doped ZnO solutions were kept under continuous
magnetic stirring for 10 hour at room temperature. The detail process for synthesis of
solution is shown in Fig.1.
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ZnAc+ AINO;);.9H, O+
ethylen glycol

J Stirring in 45 min. at 90 °C

| Clear solution |

Stirringin 1 hr at 50 °C

I + isopropanol and Glycerin |

Stirring in 1 hr at 50 °C
thendownto T,.

Slowly add TEA
(in cool condition)

StirringinS hr at 7,

Homogeneous AZO
solution

Fig.1: Flow chart showing sol-gel synthesis of AZO solution

SiO,/Si and Corning 1737F glasses are used as substrates for studies. Spin and dip
coating method were used for making multilayered or heterolayered films by repeated
depositions on SiO,/Si substrate at room temperature at a ramp-up rate of 1500 rpm for
30s. The multilayered films were fabricated by using only solution of 2% Al doping.
Whereas, the heterolayered films were made by deposition of alternatively one or double
layer of solution with doped Al concentration at 1% and the other one of solution with
doped Al concentration at 2%. The dip coating was performed with the withdrawing speed
of the glass substrate was set at 20 mm/min. The glass laminas with dimension of 50mm x
10mm x 1mm were strongly washed and dried at 250°C for several hours at ambient air
before utilization. For both methods, after each deposition, the AZO films were preheated
in air at 250 C for 20 min. The processing step was repeated in those ways between 2 to 6
times for a desired thickness. After the multiple coatings, the AZO coated samples were
finally post-heated at 550°C in air using a furnace for 4 hrs to set the crystal structures.

X-ray diffraction (Cu—Kao, Siemen D5005 Brucker, A = 1.54056 A) was employed to
identify the crystal structure of the samples at room temperature. SEM Hitachi S-4800
system was used to examine the grain size and morphology. The sheet resistivity of the
AZO thin films was analyzed by DC four-terminal method, and its TE characterization was
investigated by using a home-made Seebeck measurement setup (Fig.2).
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Fig.2: (a) Schematic representation of the whole instrumental for arrangement
Seebeck coefficient, and (b) holder with installed sample (small image at top left corner)

3. RESULTS AND DISCUSSION

The X-ray diffraction (XRD) patterns of the AZO films are displayed in Fig. 3. All
samples had the same crystal phase and hexagonal wurtzite structure, peak intensity
increased for thicker films and Al concentration at 2% compared to thinner ones and at 1%.
Three XRD diffraction peaks can be found at 31.8°, 34.4° and 36.2°, corresponding to
(100), (002) and (101) planes in the AZO films, respectively. The presence of these
principal peaks reveals a random orientation of the nanocrystals. For the films deposited on
glass substrate, the structure was preserved with (002) preferred crystal orientation. It is
because of (002) plane surface low free energy which makes the growth along the c axis
faster than those of the others crystallographic directions and confirms that the films have
the existence of both columnar and polygon surface structure. In case of the films
deposited on SiO,/Si there was a different preferential in (101) orientation meaning that the
film has a textured pyramid-like structures for both multilayered and heterolayered films. It
also can be seen the presence of the amorphous phase on these XRD patterns that may be
due to the influence of substrate structures.
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Fig.3: XRD patterns of AZO thin films on glass (a) and SiO/Si substrate (b)

Generally, it can be said that the alternative structure of heterolayered films did not
change their crystal structure. Based on the measured XRD patterns, the average grain size
can be calculated using famous Scherrer's formula. The grain size of the AZO crystallite
calculated using that equation is in range of 12 to 14 nm. Fig. 4 shows the film morphology
obtained by the scanning electron microscopy (SEM) images. The typical clusters of the
coherent grains can be easily observed in these pictures. Visually, the AZO thin films
fabricated in this study do not have the round-shaped grains but the elongated ones with
length of about 30 to 50 nm and size of about 15 to 20 nm. It can be seen that the two-layer
films include many pores whereas the four-layer films are more connected and dense.

IMS-NKL x200k SE(M)

200nm N IMS-NKL x150k SE(M) 300nm

Fig.4: SEM images of AZO films consisting of two (a) and four (b) layers

Both the electrical and TE property of AZO thin films were investigated at the
temperature range between 300 K and 673 K. the measurement data of sheet resistivity is

presented in Fig.5.
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Fig.5: Sheet resistivity of AZO thin films

Commonly, the samples exhibit the higher sheet resistivity for films with 2 at % Al
doping compared to that with 1 at % Al doping. Its value is of the order 10° Q/sq at room
temperature but possibly down to the order of 10° Q/sq at 673K, especially for films with 2
at % Al doping. In general, these values are still large may be due to the small grain size
and existence of pores in films. It is because the electron mobility in thin films is limited
by grain boundaries. Accordingly, in order to decrease the resistance for free electrons the
crystalline size should be increased because of the lower grain-boundary scattering. The
Seebeck coefficient is determined by measuring V(T) at two temperatures which are hot
temperature (Ty) and cold one (Tc). The plots of Seebeck coefficient (S) versus
temperature (T) are shown in Fig.6.
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Fig.6: Seebeck coefficient vs temperature characterization of the AZO thin film at
different operating temperatures
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Here, the values of S are in the negative range showing that AZO is n-type. Its
absolute value at every measurement point increases as temperature increases. Namely, the
lowest and highest value is about 125 uV/K and 220 puV/K for the films with 1 at % Al
doping and 100 uV/K and 165 uV/K for the films with 2 at % Al doping, respectively.
Clearly, it is a little bit decreased with more doped Al concentration. Although the value of
S of fabricated AZO thin films obtained in this study is relatively high however the
resistance is still large and accordingly the efficiency may not demonstrate the best
performance.

4. CONCLUSION

In this work, the ZnO solution with 2 at % and 1% Al doping were synthesized by sol-
gel method. The AZO thin films were formed on SiO,/Si and glass substrates. The material
characterizations of crystal structure, morphology and electrical and TE properties were
investigated. The phase formation of ZnO with hexagonal wurtzite structure and the grain
growth of AZO thin films were observed. The obtained films provided pretty good values
of Seebeck coefficient which is a typically expected characterization for TE applications.
However, the film resistance is too high then the electrical conductance would be small
and consequently the small figure of merit. Therefore, the TE characterization of AZO
films in the future study should be improved may be by using other catalyst or doping
elements.
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TINH CHAT NHIET PIEN CUA MANG ZNO PHA TAP AL SU DUNG
DUNG DICH TONG HQP BANG PHAN UNG HOA O PHA UOT

Tém tit: Mang ZnO pha tap Al da I6p dd deoe ché tao sir dung dung dich tong hop bang
phirong phép sol-gel véi nong dd Al la 1% va 2% phii trén dé silic va thiy tinh Pyrex.
Cdu triic tinh thé ciia mang tao thanh dd dwoc kiém tra bang phép do nhiéu xa tia X
(XRD). Hinh thdi hoc bé mdt ciia mang di dwoe khao sat bang danh hién vi dién tir quét
FESEM. Kich thudc trung binh hat tinh thé da dwoc xdc dinh trong khodang 30 dén 50 nm.
D6 dan dién cia mang da dwoc xdc dinh théng qua phép do dién tré theo phwong phdp
bon miii do cho thdy dién tré thdp ciia mang pha tap. Tinh chat nhiét dién da dwoc nghién
cteu dya trén phép do xdc dinh hé s6 Seebeck. Cdc phép do dién nay da dwoc nghién citu
trong ddi nhiét do tir nhiét d¢ phong dén 400°C (673 K) d@é danh gid kha nang chiu nhiét
ctia vat liéu dé xem xét wu va nhuoe diém ciia mau tuy thuéc nong do Al dwoc pha tap va
6 lan phit mang trén deé.

Tir khéa: Mdang mong, ZnO pha tap Al, sol-gel, XRD, SEM, hé sé Seebeck.
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GIOT HAN PHAN BO CUA AU TRUNG, CA CON
OPSARIICHTHYES SP (CYPRINIFORMES:CYPRINIDAE)
O’ CUA SONG TIEN YEN, TINH QUANG NINH

Ta Thi Thuy'Y, Trin Trung Thanh?

Y Truwong Pai hoc Thii d6 Ha Noi
2 Truong Dai hoc Suw pham Ha Noi

Tém tit: Nghién citu ddc diém phdan bé ciia lodi cd chdo (Opsariichthyes sp.) ¢ moi
trieong cira séng, thue dia theo thang (bang ludi seine net) tai viing niede ven bo cira song
Tién Yén, tinh Qudang Ninh tir thang 3 nam 2013 dén thang 2 ndam 2014, thu dwoc 1018 du
trung, ca con (5,5 — 46,5 mm chiéu dai than, BL). Nhiét do va n&ng do muoi trung binh ¢
thoi diém thu mau dao déng tir 17,1°C (thang 1) t6i 30,1°C (thang 9) va 1,7%o (thing 7)
t6i 12,6%o (thang 3). Au triing, cd con Opsariichthyes sp. xudt hién quanh ndm, nhiéu hon
vao mia khé véi CPUE trung binh cao nhat la 73,04 cd thé/lan kéo. Trung binh cia
chiéu dai co thé tang dan tir thang 5 dén thang 9 va tir thang 10 t6i thang 4. Cho thay,
lodi nay cé thé sinh san it nhdt 2 lan trong mét nam. Trong cdc dia diém nghién civu, lodi
cd nay phdn bé & phan phia trong cira séng, tdp trung noi cé nong dé mudi nhé hon hodc
bang 0,9%o.

Tir khod: Opsariichthyes, giai doan sém, nong do mudi, cira séng, gidi han sinh thdi,
Tién Yén

1. PAT VAN PE

Opsariichthys Bleeker, 1863 bao gdm khoang 12 loai hién biét phan b & Nhat Ban,
Trung Qudc, Han Qudc, Pai Loan va Viét Nam (Chen, Nguyen & Ngo, Kawanabe et al.,
Huynh and Chen (2014). Viét Nam 1a khu vuc phan bd cia 7 loai thudc gidng ca nay (Mai
Dinh Yén, 1978; Nguyén Thai Ty, 1987; Nguyén Vin Hao va Nguyén Hiru Duyc, 2000;
Huynh & Chen, 2013). Tuy nhién, van dé dinh loai chiing con rat nhiéu diém can lam rd.
Opsariichthyes 1a cac loai c4 chi séng ¢ nuéc ngot (Mai, Nguyen & Nguyen, Nguyen &
Ngo, Kottelat, Serov; Huynh and Chen (2014)). Tuy nhién, trong qué trinh thuc dia tai ctra
song Tién Yén, tinh Quang Ninh, chiing t6i thu duoc 4u tring, ca con loai nay & cac diém

@ Nhan bai ngay 18.01.2016 gt phén bién va duyét dang ngay 25.01.2016.
Lién hé tac gia: Ta Thi Thay, Email: ttthuy@daihocthudo.edu.vn
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c6 d6 mian. Bai bao nay s& 1am rd giéi han phan bd 4u tring, c4 con Opsariichthyes sp. &
clira sOng nay.

2. PHUONG PHAP NGHIEN CUU

Nghién ctru dia vao 1018 4u tring, ca con Opsariichthyes sp. co chiéu dai co thé tir
5,5 t61 46,4 mm thu bang ludi ven bd (Seine net: 1x4 m, mat luéi: 1 mm) tir thang 3.2013-
2.2014. Thuc dja duoc tién hanh tai 9 diém doc ven bo cira song Tién Yén, Quang Ninh
(Hinh 1) duoc thiét ké theo sy xdm nhap cua thuy triéu. TS8 14 diém sau nhét phia trong
cua song ma do man co thé xam nhép. TS9 dugc thu dbi ching ¢ céc thang 1 va 2. Thua
dia mdi thang 1 1an va thu tir 1 dén 3 mé ludi & mdi diém. Dya vao so ca thé thu dugc dé
hiéu qua kéo ludi (CPUE: s6 c4 thé thu dwoc & mdi hai phut kéo luéi (No.haul'). Trong bai
bao bay, do su chénh 1éch qua 16n gitra cac gia tri CPUE nén chung t6i sir dung gia tri Lg
(CPUE+1) d biéu thi trén biéu d6. P6 man va nhiét do nudc dugc do tai mdi diém nghién
ctru theo timg thang bang may TOA (WQC-22A, TOA DDK).

Mau duogc cb dinh bang dung dich formalin 5-7% va bao quan trong con 80% tai
phong thi nghiém B§ moén Pong vat hoc, Khoa Sinh hoc, truong Pai hoc Su pham Ha Noi
(BHNUE). Cac mau ca con da hoan thanh cac dau hiéu hinh thai bén ngoai duoc dinh loai
nhd so sanh v&i cac mo ta hinh thai ngoai gidng Opsariichthyes ciia Huynh Quang Thién
va [-Shiung Chen (2013, 2015). DPinh loai cac mau nho hon dua vao phat trién mau sic va
cac dic diém hinh thai ngoai.

A3

I
e
WTE Vietnam ©

Chira e "'m-

Dap Khe Soong ‘
L2P30° N

2

Tien Yen River

7 Vinh Béc Bd

Song Tién Yén TS2

4 km

Hinh 1. So do cac diém thu mau ¢ cwra song Tién Yén, Quang Ninh
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3. KET QUA NGHIEN CUU

Muiia xudt hi¢n ciia du tring, cd con Opsariichthyes Sp. 6 viing nwéc ven bo civa
song Tién Yén, Qudang Ninh

Au trang, ca con Opsariichthyes sp. xuit hién quanh nim (Hinh 2). Chung xuét hién
nhiéu hon vao mua khé véi CPUE trung binh cao nhét 1a 73,04. Thang 6 c¢6 CPUE trung
binh thip nhit trong nam 1a 0,29. Chiéu dai co thé Opsariichthyes sp. tir 5,5 dén 46,5 mm.
Trung binh cta chiéu dai co thé ting dan tir thang 5 dén thang 9 va tir thang 10 tGi thang 4.

Nhiét d6 trung binh & ving nudc ven bd bién ddi tir 17,1°C (thang 1) t6i 30,1°C
(thang 9) va thudng cao hon vao cac thiang mua mua (tir thang 4 dén thang 11). Nguoc lai,
d6 man thuong cao hon vio cac thang mua kho va trung binh bién thién trong khoang tir
1,7%o (thang 7) t61 12,6%0 (thang 3).

40
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Hinh 2. Miia xudt hién cia du tring, cd con Opsariichthyes sp. & viing nuwéc ven bo
cira séng Tién Yén, Qudng Ninh. Hinh chit nhdt thé hién trung binh chiéu dai co thé +SE,
thanh bar thé hién Min-Max chiéu dai co thé Opsariichthyes sp.

Gidi han phén bo du tring, cd con Opsariichthyes sp. 6 viing nwéc ven b cira song
Tién Yén, Qudng Ninh

Nhiét d6 nudc trung binh giira cac diém khong co khac biét dang ké, on dinh trong
khoang 24-25°C. P min giam dan qua cac diém ké tiép nhau, tir 20,1%o0 & TSI tdi 1,87%o
(TS6), 0,68%0 (TS7), 0,01%o (TS8) va 0%o (TS9).
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Au tring, c4 con Opsariichthyes sp. chi xuat hién tir TS6 trd vao phia song. CPUE
tang dan tir 0,39 & TS6 t&i 127 & TS9. Nhu vay, ¢6 phu thudc ctia phan bd au trung, ¢4 con
Opsariichthyes sp. vi tri cic diém & cira séng. Ching bi gi6i han tai diém TS6.
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TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8 TS9
Diém thu mau
Hinh 3. Phdn bé ciia du tring, cd con Opsariichthyes Sp. & viing nwéc ven bo cira
song Tién Yén, Quang Ninh

Nhiét d6 kha 6n dinh giita cac diém, boi vay diéu kién nay c6 thé khéng anh huong toi
phan b theo khong gian cia ATCC Opsariichthyes sp. & ctra song Tién Yén. Do do, dé
1am rd phu thudc ctia gidi han phan bd 4u tring, ca con Opsariichthyes sp., méi twong quan
gitta CPUE va d6 min ¢ ving nudc ven bo cira song Tién Yén duoc danh gia chi tiét tai
cac diém ma chiing xuat hién:

- TS6: ndng do mudi cao nhét 1a 8,4%o vio thang 3 va thap nhat 1a 0% tai cac thang 4,
5,7, 8. Au trung, ca con Opsariichthyes sp. chi xuat hién & thang 6 (CPUE=2; d6 min
0,1%o) va thang 10 (CPUE=2,7; d¢ man 0,4%o).

- TS7: hai thang c6 d6 man cao nhat 13 thang 3 (4,5%o) va thang 11 (2,4%o) déu khong
xudt hién 4u tring, c4 con Opsariichthyes sp.. Cac thang con lai d6 min > 0.9%o va hau hét
c6 mat Opsariichthyes sp. Au tring, ca con loai nay xuat hién lién tuc tir thang 7 t6i thang
1 tai TS7 trur thang 11. Piéu nay cé thé do d6 man cao tai khu vuc nay trong thang do6 anh
hudng téi sy c6 mét cuia ching.

- TS8: hau hét cac thang c6 do man bang khong trir thang 3 13 0,1%o. Au tring, ¢4 con
Opsariichthyes sp. xuat hién & tt ca cac thang.



TAP CHI KHOA HOC - SO 2/2016 | 149

- TS9: voi gidi han nghién ctru ¢ cira séng nén chung t6i chi tién hanh thu mau dbi
ching & thang 1 va thang 2 véi diém hoan toan nudc ngot ndy. Tai ddy, au tring, ¢4 con
Opsariichthyes sp. xuét hién véi mat d6 cao & ca 2 thang (CPUE = 185,5 & thang 1 va 68,7
¢ thang 2).
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Hinh 4. Gidi han phén bé ciia du tring, cd con Opsariichthyes Sp. ¢ cira séng Tién
Yén, Quang Ninh

4. THAO LUAN

Hé s6 tuong quan Spearman’s duoc st dung dé danh gia mdi quan hé giira cac yéu to
moi trudng va phan bd cua au tring, ca con Opsariichthyes sp.. Két qua cho thiy, sy xuat
hién ctia chiing khong phu thudc vao thoi gian va nhiét d6 nuéc ma duoc quyét dinh phan
nhiéu boi vi tri cac diém & cira song va d6 min cua nude (Bang 1).

Bang 1. Hé s6 twong quan Spearman’s giita cdc yéu té moi truong va sie xudt hién cia

du trimg, cd con Opsariichthyes Sp. & cira séng Tién Yén, Qudng Ninh
Nhiét do D6 min
((®) (%0)

Piém Thang

Thang -0.098
Nhiét d¢ (°C) -0.117 0.398*
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P06 man (%o) -0.819* -0.005 -0.271*
CPUE 0.658* -0.064 -0.113 -0.584*
*: p<0.01

Mic du xuit hién cia 4u tring, ca con Opsariichthyes sp. khong phu thudc vao thoi
gian, tuy nhién chiéu dai co thé trung binh ting dan theo cac thang lién ké nhau véi chu ky
thir nhét bat dau tir ddu mua mua va chu ky tht hai bit dau tir thoi diém chuyén giao giita
hai mua (Hinh 2). Nhu vay c6 thé thdy, tai cira séng Tién Yén, Opsariichthyes sp. sinh san
it nhat hai lan trong ndm va chung dinh cu tai day trong giai doan sém cua sy phat trién.
Hay no6i cach khéac, cua song nay la vung uwong dudng giai doan som cua loai
Opsariichthyes sp.

Tuong quan chit ché giita sy xudt hién cta du tring, c4 con Opsariichthyes sp. vdi cac
dia diém nghién ctru va ndng d6 mudi thé hién gidi han phan bd ciia chiing & cira séng nay.
Vé mit dia diém, ching bi gidi han boi diém TS6 1a diém d6 man khong 16n hon 8,4%o.
Tuy nhién, khi xem xét chi tiét méi twong quan giira CPUE va d6 min ¢ timg diém, ta thiy
r& gidi han vé ndng d6 mudi ctia mdi truong ma chung c6 thé phan bd. Chung xuat & diém
TS6, tuy nhién chi vao cac thang c6 do mubi rat thap (dudi 0.4%o) véi mat do rat thap, va
hau nhu rat it xuit hién. Tai diém TS7, ta thdy sy c6 mit cia 4u trung, cd con
Opsariichthyes sp. sudt thoi gian tir thang 7 dén thang 1 trir thang 11. Trong khoang thoi
gian nay, nong d6 mudi hoa tan clia moi trudng nude thuong xuyén nho hon 0,9%o, chi
thang 11 c6 d0 man 1a 2,4%.. Tai diém TS8 va TS9 1a hai diém nudc ngot hoan toan co6 sy
xudt hién cua 4u tring, c4 con Opsariichthyes sp. ¢ tit ca cac thang. Nhu vay, phan bd cua
ching khong xac dinh ¢ céc khu vuc ¢d dinh ma phu thudc vao néng d0 man cua moi
truong va trong nghién ctru ndy, ndng d6 mudi gidi han méi trudng cia du tring, ci con
Opsariichthyes sp. 1a 0,9%o.

5. KET LUAN

Au tring, ca con Opsariichthyes sp. xuét hién quanh nim va chi yéu phan bb & phan
phia trong cira song, tuy nhién chiing bi giéi han ndong d6 mudi nhé hon hodc bang 0,9%o.
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DISPERSAL LIMITATION OF OPSARICHTHYES SP. LARVAE AND
JUVENILES IN THE TIEN YEN ESTUARY, QUANG NINH PROVINCE

Abstract: To investigate the distributional pattern of Opsariichthyes sp. in one estuarine
environment, monthly collections by a seine net from the bank water of the Tien Yen
estuary, northern Vietnam from March 2013 to February 2014 resulting in a total of 1018
larvae and juveniles were collected and analysed. The mean of water temperature and
salinity when the fishes were collected ranged from 17.1°C (January) to 30.1°C
(September) and from 1.7%o (Junly) to 12.6%0 (March). Larvae and juveniles of
Opsariichthyes sp. occurred a whole year, concentrated on dry season with the avergae
of CPUE being 73.04 individuals per haul. The mean of body length increased from May
to September and from October to April of the following year, implying that this fish
could have at least two spawning seasons in a year. From the stations along the estuary,
this fish was mainly distributed in the inner part of the estuary and at stations where the
salinity < 0.9%.o.

Key words: Opsariichthyes, early stage, salinity, estuary, ecological limitation, Tien Yen.
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THE COMPLEX FLUCTUATION CONDUCTIVITY IN HIGH-T,
SUPERCONDUCTOR AT ZERO MAGNETIC FIELD

Bui Duc Tinh', Pham Gia Hien, Le Minh Thu, Nguyen Quang Hoc

Hanoi National University of Education

Abstract: The time-dependent Ginzburg-Landau (TDGL) equation with thermal noise is
used to calculate the complex fluctuation conductivity in high-T. superconductor in three
dimensional (3D) model at zero magnetic field. The nonlinear interaction term in the
TDGL is treated within self-consistent Gaussian approximation we go beyond the often
used lowest Landau level approximation. The expressions of the complex fluctuation
conductivity including all Landau levels is presented in explicit form which is applicable
essentially to both temperature above and below T.. Our results are in good agreement
with experimental data on high- T, superconductor YBa,CusO;.s .

Keywords: Complex conductivity; High-Tc superconductors; Ginzburg-Landau equation

1. INTRODUCTION

The investigation of thermal fluctuation on complex conductivity in strongly high-Tc
superconductors (HTSC) have been a subject for active research for many years, mainly
due to discovery of the HTSC in which the effects are enhanced by the short coherence
length and the anisotropy and high-Tc. The fluctuation conductivity was calculated by
Aslamasov and Larkin in the framework of the microscopic (BCS) theory [1], the
calculation fast becomes too cumbersome in more complicated situations involving
external magnetic field, layered structure etc and a more phenomenological Ginzburg-
Landau approach is more effective. In the Gaussian fluctuations regime (ignoring the
nonlinear interaction term in the TDGL for above the mean-field transition temperature),
the formulas for the superconducting complex fluctuation conductivity in the normal phase
at zero magnetic field have been very early obtained within the TDGL equation [2].

! Nhan bai ngay 20.12.2015, giri phan bién va duyét dang ngay 25.01.2016.
Lién h¢ tac gia: Bui Duc Tinh; Email: bdtinh@hnue.edu.vn.
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In this paper we will calculate the complex fluctuation conductivity including all
Landau levels in a 3D superconductor at zero magnetic field by using TDGL approach
with thermal fluctuations conveniently modeled by the Langevin white noise. The
nonlinear interaction term in the TDGL is treated in self-consistent Gaussian
approximation. A main contribution of our paper is an explicit form of the Green function
incorporating all Landau levels. One of the main result of our work is that analytically
explicit expression for the complex fluctuation conductivity at zero magnetic field is
applicable essentially to both above and below the mean-field transition temperature
(unlike Ref. [1]). The result is compared with experimental data [4] on YBa,CuzO7
(YBCO).

2. THEORY
2.1. The Ginzburg - Landau Model in 3D

We can start with the Ginzburg - Landau (GL) free energy in 3D at zero magnetic
field:

s ) N’
FGL:J'd r{Zm*

We assume linear dependence a = a7.™ (t"™~1), ¢ = 7/7.™ . The “mean field” critical
temperature T,™ depends on UV cutoff, z, of the “mesoscopic” or “phenomenological” GL
description, specified later. Effective Cooper pair mass in the ab plane is m" (disregarding
for simplicity the anisotropy between the crystallographic a and b axes) while along the ¢

2
v +%|a;11|2 +val¥’ +g|\y|“} , 1)

axis it is much larger mc. The two scales, the coherence length &= n?/(2 m”aT.); and the
penetration depth, #” = ¢’m'b'/(47e™aT,) define the GL ratio x = A/&, which is very large

for HTSC. The electric current, J=J, +J,, includes both the Ohmic normal part:

J,=o,E, )
and the supercurrent:
J, = ﬂ(\}f*D\P-\PD\P’*). 3)
2m

In order to study transport phenomena in superconductor, one uses the time dependent
Ginzburg-Landau (TDGL) equation [5,6]:

rol(i—ie—q)jlpz—g%ﬂ;, (4)

or h g
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where T';' is the order parameter relaxation time [7], ® =—E(z)y is the scalar electric

potential describing the driving force in a purely dissipative dynamics. The electric field is
coordinate independent but is a monochromatic periodic function of time

E(r) = Eexp(-iwr).
Throughout most of the paper we use the coherence length & as a unit of length and
H., =®,/27?% as a unit of the magnetic field. In analogy to the coherence length and the
penetration depth, one can define a characteristic time scale. In the superconducting phase
a typical “relaxation” time is 7o, =m T';'¢?/h?. It is convenient to use the following unit
of the electric field and the dimensionless field: E; =H_¢/c7g , e(r) =E(r)/ E; . The
TDGL Eq. (4) written in dimensionless units reads:
t" -1
2

0 18 18 18 _
[ o+l p=C. (5)

e +
or 20¢ 20y 248 S(T)yj(”

The order parameter field and the thermal noise were rescaled: ¥? :(ZaTCmf / b')¢2,

£ =C(2aT™)¥? b”2. The “mean field” critical temperature T," depends on UV cutoff.

This temperature is higher than measured critical temperature T due to strong thermal
fluctuations on the mesoscopic scale, and it will be renormalized later. The Langevin

white-noise forces ¢ are correlated through (7 (r,2) (1)) =20t™ 5(r-r)(z — ')
with S =+/2Giz, where the Ginzburg number is defined by Gi = %(Sezxzéﬂcmf /czhz)2

with y*=m"/m_ being an anisotropy parameter. The dimensionless current density is

J, =Jg ), Where
- i * *
Js :E(l// Dy -yDy ), (6)

with J, =CH, /(2&x%) being the unit of the current density. Consistently the
conductivity will be given in units of o, =Jg / Es =cy '/ (4zx?). This unit is close to

the normal state conductivity o, in dirty limit superconductors [8]. In general there is a
factor k of order one relating the two: o, = kog.

2.2. The self-consistent Gaussian approximation
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The cubic term in the TDGL Eqg. (5) will be treated in the self-consistent Gaussian

approximation [9] by replacing |q0|2 @ with a linear one 2<|¢|2>¢)

o 10 106 107 =
- |Ptae=(,

leading the “renormalized” value of the coefficient of the linear term:

(7)

a - tmf2_1+2<|(p|2> . ®)

The relaxational linearized TDGL equation with a Langevin noise, Eq. (7), is solved
using the retarded (G° for t<t’) Green function (GF) G%, (r,7;r",7"):

w(r )= .f(;—l:;e‘klz.fdr'jdr'Gokz (r.er', o) (r7) . 9)

The GF satisfies:

2 2 2
(%—%%—%%+%+arJG°kz (=) =803 —77) . (10)

The solution of Eq. (10) is:

2 2 2
G°, (r,r';r"):—1 (") exp —arr"——kz " XY , (11)
z 27[ 2 27"

with X =x—xY =y—-y' "=7—7". 8(z")is the Heaviside step function.

The thermal average of the superfluid density in 3D (density of Cooper pairs) can be
expressed via the Green functions.

m K 1 " 2 1 ﬁtmf l
<|(p(r,r)|2>:2ﬂt ' J' ‘G"kz (r,riz )‘ dr =W[——,/27za,}
J 2777 | [t
=1, c (12)
The critical temperature T, is defined as

T =T, [1+ 2 J (13)

3
7T,

2

where B'=+/2Gi'r with Gi'=%(8€2K2r§]ch /¢*h?)

Then Eq. (8) can be solved for a,:
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2| 2x° s 47?

a :l('g‘ztz+t—l+ﬂ ﬁl2t2+t—l], (14)

where t =T /T_ and note that pt™ = 5't.
3. THE COMPLEX CONDUCTIVITY AT ZERO MAGNETIC FIELD

3.1. Theoretical calculation

We can express the supercurrent density, defined by Eq. (6), via the Green functions
as following:

i7,(@)= iﬁjz—iéeikzzjdr'de'sz*(r, I",r—r')%GKZ (r,r',7—7)+cc, (15)

where G, (r,r',z-7") as the Green function of the linearized TDGL Eqg. (5) in the presence

of the scalar potential. One finds correction to the Green function to linear order in the
electric field:

G, (r,r,t") =G "(r.r,e") —i[dr,[dz,G °(rn,7}) &(t1) .G, (r,r' 7). (16)
where ¢(t1) are the scalar electric potential and electric field in dimensionless units
respectively, z,'=7—17, ,and 7,'=7, — 7"

Substituting the full Green function (16) into expression (15), then doing the Fourier
transform this current with respect to frequency one then obtains complex conductivity:

0.(@) =22 _ 5 (@) +i, (@), (a7)

Where:
o, (w) = 817‘;:2 %{(Zar )2 _ (4ar2 +w? )3’4 cos Earctan [Z—ZH}, (18)
o,(w) = Sfml; {— 28w+ %(4ar2 +w? )3’4 sin Earctan (Zﬂarﬂ} (19)

The result (18) and (19) are consistent with the results of Larkin and Varlamov [1] if
quartic term, |¥|*, in GL free energy is neglected for for above the mean-field transition
temperature. Our results are applicable essentially to both above and below the mean-field
transition temperature.

3.2. Comparison with experiment
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We compare our results with the experimental results of M. S. Grbic, et al. [4] at
o/ 27 =15.15GHz on an underdoped YBa,CuzO7.; (YBCO) single crystal with Tc = 87K.
The comparison is presented in Fig.1 in which the real part and the imaginary part of the
complex conductivity curves were fitted simultaneously to Eg. (18) and Eq. (19) with the
normal-state conductivity measured in Ref. [4] to be on = 1.25 X 10° (Qm)'l. The
parameters we obtain from the fit are: H,(0) =T.dH,(T)/dT |, =186T (corresponding to

§= 13.3,&), the GL parameter x = 48.7, and the factor k= o, /05 .=0.62, where we take
y= 7.8 for optimally doped YBCO in Ref. [11]. Using those parameters, we obtain G'i =
1.62x107 (corresponding to 8° = 0.177). Note that the real part and the imaginary part of
the complex conductivity were fitted to Eq. (18) and Eq. (19) with using the same fitting
parameters.

ICFl

3r * O,
—— Our result

0,.0, (10°yxem)™

86 BI8 9I0 9I2 9I4 96
T(K)

Figure 1. Points are the real part and the imaginary part of the complex conductivity of an

underdoped YBCO in Ref. [4] in zero magnetic field. The solid lines are the theoretical

values calculated from Eq. (18) and Eqg. (19) with fitting parameters (see text).

4. CONCLUSION

Time dependent Ginzburg-Landau equations with thermal noise describing the thermal
fluctuations is used to investigate the complex conductivity in HTSC in 3D at zero
magnetic field in the presence of strong thermal fluctuations on the mesoscopic scale in
linear response. We use the self-consistent Gaussian approximation to treat the nonlinear
interaction term in TDGL. Therefore the analytically explicit expression for the complex
conductivity including all Landau levels we obtain is valid for both above and below the
mean-field transition temperature. The real part and imaginary part of the conductivity are
in good qualitative and even quantitative agreement with experimental data on YBCO.
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PO DAN PIEN XOAY CHIEU CUA VAT LIEU SIEU DAN
NHIET PO CAO KHI KHONG CO TU TRUONG NGOAI

Tém tit: Ching t6i sir dung phirong trinh Ginzburg-Landau phu thudc thoi gian c6 ké
dén thang gidng nhiét dé tinh todn do dan dién xoay chiéu ciia vét liéu siéu dan nhiét dg
cao trong mé hinh ba chiéu khi khéng c6 tir truong ngodi. S6 hang twong tic trong
phurong trinh dwoc tuyén tinh héa bang phwong phap gan ding Gaussian va chiing toi
tinh déng gép cua cac mirc Landau cao hon vao dé dan dién. Ching téi thu dwoc biéu
thire gidi tich chinh xdc d¢ dan dién xoay chiéu bao gom tdt ca cdc mirc Landau, biéu
thire nay ap dung cho nhiét do trén va dudi nhiét do toi han T.. Két qua cua chung toi phu
hop 16t véi 56 lidu thuc nghiém cua vat liéu siéu dén nhiét do cao YBa,CuzOs.

Tir khéa: B dan dién xoay chiéu; Siéu dan nhiét dé cao; Phuong trinh Ginzburg-
Landau.



