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Khoa hoc Tu nhién n—

Nghién curu thach hoc va sw bién doi
sau tram tich cua da mong carbonate
tuoi Paleozoic ¢ phia tay bac bé Song Hong

Liéu Kim Phuong', Bui Thi Luin', Vii Thi Tuyén
"Trwong Pai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia TP Ho Chi Minh
*Vién Déu khi Viét Nam
Ngay nhan bai 12/2/2019; ngay chuyén phan bién 18/2/2019; ngay nhén phan bién 22/3/2019; ngay chip nhan dang 28/3/2019

Tom tit:

P4 méng carbonate tudi Paleozoic khu vuc tay bic bé Song Hong trong nhirng nim gin day da khai thac dwoc dong
diu cé gia tri thwong mai. Pay 1a dbi twong dang dwgc quan tAm ciia cac cong ty trong hoat dong tim kiém, thim do
va Kkhai thac diu khi. Tuy nhién, dd2 méng carbonate khu virc niy chwa dwoc nghién ciru chi tiét vé dic tinh thach
hoc va s bién doi sau tram tich. Vi thé, ndi dung ciia bai bao nay chii yéu tip trung phén tich va nghién ctru chi tiét
vé thanh phi"ill thach hoc nhiam xac dinh tudng da carbonate ciing nhu s bién ddi sau tram tich.

Cic twéng da carbonate & phia dong bic viing nghién ctru 1a da voi két tinh, da voi packstone, da voi wackestone
va da bun véi, chiing hiém khi bi dolomite hoa. O phia tay bac ciia viing da phan la twéng da voi két tinh va da voi
packstone. P4 voi trong khu vuwe bi bién doi manh, tao thanh da dolomite do &nh huwéng ciia hoat dong nui Iira. Khoi
da méng carbonate bi nén ép va hoa tan tao thanh kién triic kiéu dang dwong khau va cac dang 16 réng: 16 rong nit
né, 16 rong hoa tan va 16 rdng giira cic khoang dolomite.

Trén co sé két qua phén tich thach hoc va ddi sanh véi két qua phan tich foraminfera cho thiy, d4 méng carbonate
& khu vuwe nghién ciru dwoc ling dong trong mdi trrdmg tram tich bién néong.

Tir khéa: bé Song Hong, bién ddi sau trim tich, da carbonate, méi truong trim tich, twéng thach hoc.

Chi s6 phén logi: 1.5

Gidi thiéu chung

Bé Song Hong 1a bé 16n nhit & Viét Nam nim trong
khoang 105°30-110°30 kinh d§ Pong, 14°30-21°00 vi do
Bic, voi tong dién tich khoang 250.000 km?. Bé dugc thanh
tao tir giai doan Eocene dén Oligocene do anh hudng ciia
tach gidn trong khu vic theo hudng bic - nam. Su tach gidn
xay ra khi mang An D6 va cham v6i mang Au A [1-3] lam
cho khéi Pong Duong bi truot vé phia déng nam va quay
theo chiéu kim dong hd (hinh 1). Sy hinh thanh va tién hoa
ctia bé Song Hong dén ngay nay do anh huéng cia tach gidn
bién Dong va hé thong dit gdy Song Hong. Bé Song Hong
duoc hinh thanh tir dia hao qua qua trinh ling dong trim
tich cua séng va ho. Giai doan Miocene trung - Miocene
muon, bé trai qua hang loat chuyén dong kién tao nghich
va hat chim nhiét [4]. Bé Song Hong co ciu trac dia chit
phtrc tap va thay ddi theo huéng dong bac - tdy nam va nam.

"Tac gia lién hé: Email: lkphuong@hcmus.edu.vn
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Dia tang cua bé Séng Hong c6 thay doi tir bic vao nam,
trong d6 dia ting khu vuc phia bic bé Séng Hong (hinh
2) bao gdm d4 mong carbonate ¢ xen kep cat két, da bién
chat, d4 magma trudc B¢ tam va phu bén trén la tram tich
Paleogene, Neogene va B¢ tir [S]. P4 mong carbonate nut
né phia tiy bic bé Song Hong 1a ddi twong tim kiém va thim
do dau khi c6 tiém ning.

Gan day da phat hién dong dau co trit luong thuong mai
trong ¢4 mong carbonate nirt né & bé Song Hong, vi thé cac
cong ty dau khi trong va ngoai nuéc ciing véi Vién Dau khi
Viét Nam [6] day manh nghién ctru va tim kiém, thim do
dau khi tai khu vuc nay. bé phuc vu cho viéc tim kiém, tham
do dau khi dat hiéu qua cao hon, chung t6i nghién ctru chi
tiét vé dic tinh ctia cac tudng da carbonate khu vyc tiy bac
bé Song Hong va sy bién ddi sau tram tich ciia ching.
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Petrographic studies
and diagenetic evolution
of Paleozoic carbonate basement rock
in the northwest Song Hong basin
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Abstract:

In recent years, commercial oils have been exploited in
the Paleozoic carbonate basement rock of the northwest
Song Hong basin. This is one of objects that are paid
more attention by oil companies in oil exploration and
exploitation. However, the carbonate basement rock in
the area has neot still been studied thoroughly in terms
of petrographic characteristics and post-depositional
alteration. Hence, the article focuses on revealing the
detailed petrographic component to determine the
lithofacies and diagenetic evolution.

In the northeast of the study area, the carbonate
basement rock is composed mainly of crystalline
limestone, packstone, wackestone, and mudstone,
and they are rarely dolomitized. In the northwest of
the study area, the major compositions of rock are
crystalline limestone and packstone. These rocks have
been strongly dolomitized forming dolostone that
interbeds in the carbonate mass due to the influence
of volcanic activities. The carbonate basement mass
has been experienced squeezing and dissolution, which
produces stylolite texture, fractured pores, vuggy pores
and pores in dolomite crystals.

According to the petrographic analytic results and
presence of foraminiferal assemblages, the carbonate
basement rock has been accumulated in the shallow
depositional environment.

Keywords: carbonate rock, depositional evironment,
diagenesis, lithofacies, Song Hong basin.

Classification number: 1.5

TAP CHI

HOA HOC

ONG NGHE |1 Nam 61(8) 8.2019

PHILIPPINE
SEA PLATE

© LEGEND
XXXX Suture
—a— inactive Trench
—a . AciveTrench

Terrano Boundary.

- — =+ Inforred Terrane Boundary

[ osesniccnst

Terranes derived from Terranes derived from
_I e Gondwanaland in the Gondwanaland in
late Early Permian Late Triassic-Late Jurassic
Terranes derived Indian continent derived Terranes derived from
Souh Chinafiochina in - from Gondwanaland In I:l New Guinea region In the
the Cretaceous-Tertiary the Cretaceous Cenozolc

Terranes derived from Extended South China- Continental crust accreted
Cathaysialand in the Indochina Continental :I 1o Sundaland in the
Carboniferous-Permian Crust Cretaceous-Cenczolc

The Northem part of Song Hong basin, the Westem part of Tonkin gulf basin and
adjacent continental areas

Hinh 1. Ban dé kién tao bé Song Hong [7] va vi tri viing nghién ciu.
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Hinh 2. Cot dia tang bac bé Séng Hong [5].
Phuong phap nghién ciiu

- Téng hop cac tai liéu dia chét, dia chan, dia vat Iy va
thach hoc cta cac giéng khoan trong khu vuc nghién cuu tu
cac nghién ctru trude va cac cong ty dau khi.

- Két hop vai két qua phan tich 1at mong thach hoc dudi
kinh hién vi phan cuc va kinh hién vi dién tir cta cac mau
vun va mau 16i/sudn cia cac giéng khoan dé xac dinh tuéng
da va su thay do6i sau trim tich cia ¢4 mong carbonate &
phia tiy bic bé Séng Hong. Muc dich cua phan tich lat



mong thach hoc nham xac dinh ph?m tram thé tich cua da,
thanh phﬁn khoang vat, thanh phén manh vun sinh vat, xi
ming, d6 réng nhin thdy duoc trén mdi 1t mong [8, 9]. Mo
ta kién tric da va phan loai da [10]. Cac khoang vat thudc
nhom carbonate dugc phéan biét bang phuong phap nhuom
mau [11]. Két qua nhan dién cac khoang vat dudi kinh hién
vi phén cyc: calcite khong chira sit ¢6 mau hong nhat - do;
calcite chira sit c6 mau tim hoa ca, mau tim, xanh hoang
gia; dolomite khong chira sat khong mau va dolomite chira
sat ¢6 mau lam nhat dén lam dam. Hinh thai cta céc khoang
vat, cac dang 10 réng, vi 16 r5ng va mdi twong quan cua
chung duoc phan tich bang kinh hién vi dién tur, & do phong
dai 16n.

Két qua nghién ciiu

Nhitng mau vun va mau suon/16i ciia @4 mong carbonate
dugc lay ¢ d6 sau trong khoang 1700 m dén 4100 m tir 05
giéng khoan: T-1X, T-2X, R-2X, RN-1X va RD-1X & phia
tay bac bé Song Hong. Giéng khoan T-1X va T-2X & phia
d6ng bic cia khu vyce nghién ctru, ¢6 dia hinh cao va giéng
khoan R-2X, RN-1X va RD-1X ¢ phia tay bic cua ving, co
dia hinh thap hon. Pa méng carbonate khong dong nhit, bi
dolomite hoa, d6i khi chung bi xen kep boi da phun trao,
cac 16p mong cat két hat min, dai mach silic va chung duoc
phéan b & phia tay bac ctia viing nghién ctru. Phu bat chinh
hop bén trén la tram tich Pé tam c6 thanh phﬁn sét két, bot
két va cat két (hinh 3). Dya trén két qua phan tich thanh
phﬁn thach hoc, da mong carbonate co thé duoc chia thanh
05 tudng thach hoc: da voi két tinh, d4 voi packstone, da voi
wackestone, da bun voi va da dolomite.

Hinh 3. Mat cdt dia chan thé hién phan xa clia bé mat méng
carbonate va trAm tich Dé tam [12].
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Dd véi két tinh

Tuéng da nay phan bd phd bién trong khoang d6 sau
1750-1800 m, & phan trén cling phia dong bic va tir do sau
>3500 m & phia tay bic ciia khu vuc nghién ctru (hinh 4).
Ngoai ra, da voi két tinh con 1ap vao cac duong nit né, doi
khi chung xen kep trong da bun voi va da voi wackestone.
Da c6 thanh phan chinh 1a khoang calcite két tinh khong
chira sit, c6 mau héng va d6i chd ¢o sy hién dién cua caclite
chira sit, c6 mau tim do nhudém mau. Nhitng manh vun sinh
vat nhu foraminifera, echinoderm, algae hién dién trong da.
D4 bi nit né va c6 kién trac dang dudng khau (stylolite:
dudng nut ngoan ngoéo duogc tao ra do sy hoa tan khoang
vat). Cac khoang vat két tinh sau qua trinh ling dong tram
tich nhu thach anh thir sinh tram vao cac nuirt né cua da. Cac
16 rong cua da dugc tao ra do su hoa tan (vuggy pores) va
nit né (fractured pores) con dugc bao ton.

Hinh 4. P4 voi két tinh bat gap & do sau 3800 va 3860 m trong
giéng khoan RD-1X va RN-1X. Thanh phén chinh clia dé la khoéng
calcite khong chia sit (M-Ca, Ca) c6 mau hdng, doi chd la calcite
cha sit (Fe-Ca) cd mau tim hoa ca do nhuém mau. Pa bi nit né tao
ra cac 16 rong ndt né (F) va kién trac dang dudng khau (Styl). Boi khi
nt né dugc |dp day béi calcite chia st c6 mau xanh (Fe-Ca).

Da voi packstone

O phia déng bic ving nghién ciru, tudng da packstone
hién dién & bén dudi tuéng da bun voi két tinh va vé phia
tdy bic cia ving, tuéng da nay bi chen kep boi dd voi
wackestone, da dolomite va chiing bi dolomite hod (hinh
5). Manh vun sinh vat nhu foraminifera: nhom Fusulinid,
Boultonia sp., Nodosinelloides sp., Palaeotextularia sp.
Ngoai ra, con c6 su hién dién cua algae, coral, echinoderm,
bryozoa, brachiopod, manh vyn da voi va két hach voi
(peloids) c6 dang cau v6i thanh phan 12 bun va manh khoang
vat vun c6 nguon goc tu luc dia, chlem ham lugng >10%
trong tong thanh phin cua da, ching tiép xuc nhau va dugc
gan két boi bun voi va bun voi két tinh thanh microspar
calcite (4-10 um), pseudospar calcite (10-50 pm) [13] va
d61 khi chung bi dolomite hoa. Ba bi nuit né va co kién trac
dang duong khau, nhitng ntt né cua da phan nao dugc lap
day boi khoang calcite khong chira sit co mau hong va
calcite chira sit co mau tim nhat va xanh lam. Cac 15 rong
ctia d4 1a nhitng nit né con sot lai va nhiing 16 rong gitra cac
tinh thé dolomite.
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Hinh 5. D4 véi packstone bt gip ¢ do sau 3500 va 3950 m
trong giéng khoan RD-1X va RN-1X. D4 chda manh vun sinh
vat foraminifera (Fo), echinoderm (Ech), két hach véi (Pe) va
mdnh v§ sinh vat (Bio). Nhiing manh vun sinh vat chiém >10%
trong tng thanh phan cla d4, tiép xdc nhau va dugc gan két bai
microspar calcite (Ca). Doi chd da bi dolomite hoa (Do). D4 bj
ndt né va co kién trac dang dudng khau (Styl), nhting ndt né cta
da phan nao dugc 1ap day bdi khoang calcite khong chia sat co
mau hdng (Ca).

Da voi wackestone

O phia déng bic cua khu vuc nghién ctu, da voi
wackestone phan bd & bén dudi d4 voi packstone, trong
khoang d6 sau 2315-2400 m (hinh 6). O phia tiy bic cia
ving, tuéng da nay xen kep trong da voi két tinh, da voi
packstone vada dolomite. P4 v6i wackestone chitra manh vyn
sinh vat foraminifera: Nodosinelloides sp., Palacotextularia
sp. Ngoai ra, con c6 sy hién dién cuia algae, echinoderm, két
hach voi (peloids) va manh vun da voi (intraclasts: nhiing
manh vun calcite hodc da voi co trudce), ching troi ndi trén
nén bun voi c6 kién triic vi hat, d6i chd bun voi bién doi
silic. Thanh phan manh vun chiém khoang 10% trong tong
thanh phan phan trim cua d4. P4 bi nit né, c6 kién trac dang
duong khau, d6i chd da bi dolomite hoa tao thanh khoang
dolomite khong chira sit va thinh thoang bun voi tai két
tinh tao thanh khoang calcite (microspar) khong chtra sat,
¢6 mau hong. Nhiing nirt né cua da dwoc tram boi khoang
calcite khong chira sit. Cac 16 rdng ctia dé 1a nhirng khe nut
con sot lai.

Hinh 6. D4 vbi wackestone bit gap ¢ do sau 2330, 2345 va
3782 m trong cac giéng khoan T-1X, T-2X va RD-1X. Thanh
phan cta da bun voi co kién tric vi hat (M-Ca), doi chd bun voi
bién déi silic (Anh gitia) va manh vun sinh vat echinoderm (Ech),
foraminifera (Fo), manh v@ sinh vat (Bio), chiing trdi ndi trén nén
bin véi. Ba bi ndt né (F) va nhiing nit né clia da dugc tram bai
khoang calcite khong chda sat.
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Da bun voi

O phia dong béc cua khu vuc nghién ctru, tudng da bun
voi phan bd & bén dudi da voi wackestone, bit gip trong
khoang do sau 2500-2540 m. O phia tdy bic cua vung,
tudng da nay thinh thoang xen kep trong da voi packstone,
da voi két tinh va da dolomite. P4 c6 thanh phan phd bién
1a bun voi ¢6 kién tric vi hat va mot it 1a bun véi két tinh
thanh khoang calcite c6 kich thuée microspar va kich thudce
micrite (<4 pum) (hinh 7 va 8). Manh vun sinh vat nhu
foraminifera va nhitng manh v sinh vat kh6ng xac dinh;
chung chiém <10% trong tong thanh phan phan trim cia da,
¢6 kién tric troi ndi trén nén bun voi.

Hinh 7. P4 buin voi va da dolomite bit gip 6 d¢ sau 3740, 3500
va 3780 m trong cac giéng khoan RD-1X va RN-1X. P4 bun
voi (anh trai) co thanh phan phd bién la bun voi vi hat (micrite
calcite), doi chd la bun voi két tinh thanh khoang microspar
calcite (Ca) va rat it manh vun sinh vat hién dién. Ba bj nén ép
tao ndt né (F) va kién trac dang dudng khau (Styl), chang dugc
tram bdi sét (Cl) va khoang calcite chia sét (Fe-Ca). P4 dolomite
c6 thanh phan la khoang dolomite min hat (anh gitia), dang ntia
tu hinh (Do), m& duc thay thé vao calcite vi hat va két tinh trudc.
Dolomite tho hat hon (dnh phadi), trong suét, tu hinh hon (Do),
thanh tao sau dolomite min hat. Da bi ntt né (F) va ndt né duogc
|dp day béi khoang calcite chia sét (Fe-Ca). Dolomite hoa tao ra
céc 16 rdng gitia cac tinh thé dolomite.

Hinh 8. Anh SEM thé hién hinh dang tinh thé ctia cac khoang
calcite vi hat (M-Ca), kich thuéc phd bién <5 pm, c6 kién tric
tha hinh va ndia tu hinh va khodng calcite (Ca) thé hat han véi
kich thu6c >20 pum, c6 kién tric tu hinh hon. Dolomite (Do) c6

dang hinh thoi tu hinh véi kich thuéc >50 pm.

Da dolomite

Tudéng da nay thanh tao to nhling d4 voi packstone,
wackestone va da voi két tinh bi dolomite hod trong qua
trinh bién ddi sau tram tich. Bun voi va khoang calcite bi
thay thé va bién ddi thanh khoang dolomite c6 dang hinh
thoi ty hinh va ntra ty hinh (hinh 7 va §). Kién tric cua da



nira ty hinh (planar-subhedral). P4 dolomite phan b6 xen
kep trong da voi packstone va da voi wackestone, chiing
thuong pho bién trong cic giéng khoan ¢ khu vuc tay béc
cua vung nghién ctru. Manh vun sinh vt trong da hau hét bi
dolomite hod. Sy dolomite hoa tao ra cic 16 rong hién dién
gifra cac khoang dolomite.

Pa phan d4 mong carbonate bi hoa tan va nén ép tao ra
cac dudong nit né va kién trac dang duong khau. Nut né
phan nao d6 dugc tram boi khoang calcite va vat chat silic.
O khu vuc dong bic, tudng da carbonate thay doi theo do
sdu tang dan nhu da voi két tinh, da voi packstone, da voi
wackestone, da bun voi, chiing hiém khi bi dolomite hoa.
Tuy nhién, phia tdy bic ving nghién ctru phd bién 14 tudng
d4 voi két tinh va da voi packstone bi dolomite hoa manh
tao thanh céac 16p da dolomite. Ngoai ra, ching con bi xen
kep boi d4 voi wackestone, da bun voi. Qua két qua phan
tich thach hoc va su hién dién cua cac déu vét cd sinh vét,
dic biét 1a cac t6 hop gidng loai clia foraminifera cho thiy
da bun voi va da voi wackestone co thanh ph?m bun v6i min
hat, chtra it manh vun sinh vat pho bién lang dong trong
moi trudng bién c6 niang lwong thap, nudc twong ddi yén
tinh nhu viing vinh (lagoon). B4 véi packstone chira manh
vun sinh vat va manh vun da voi nhiéu hon, ching duoc
lang dong trong mdi trudng bién c6 ning luong thay doi
thép - cao. Pa voi két tinh véi thanh phan chinh 1a khoang
calcite, két tinh trong giai doan b}‘m vo6i bi mat CO,do bdc
hoi, tao thanh nhiing 16p da voi két tinh phil bén trén da voi
packstone & dong bic ving nghién ciru. Ngoai ra, d4 voi két
tinh con xen kep trong da voi ¢ ving tay bac ciia khu vuc
nghién ctru.

Tom lai, v& méi trudng tram tich cua da carbonate khu
vuc nghién ctu, dua trén ddc tinh thach hoc cua dé, manh
vun khoang c¢6 ngudn goc luc dia, két hach voi va manh
vun sinh vat foraminifera (nhom Fusulinid, Boultonia sp.,
Nodosinelloides sp., Palaeotextularia sp.), ngoai ra con
c6 sy hién dién cua algae, coral, echinoderm, bryozoa,
brachiopod, c6 thé két luan ring d4 carbonate ling dong
trong méi truong bién néng, ven bo.

Sw thay doi sau tram tich

Dya trén két qua nghién ciru thach hoc, d4 mong
carbonate phia ty béc bé Song Héng trai qua qué trinh bién
d6i sau trdm tich nhu sy két tinh ctia bun voi thanh khoéng
calcite, sy dolomite hoa. Qua trinh nén €p va hoa tan tao
nhitng dudng nit né va dang duong khau, doi chd khoang
calcite va thach anh thir sinh lap vao nhimg duong nit né.

Sw két tinh ciia bin véi thanh khodng calcite

Thanh phan bun voi cta da voi két tinh thanh nhing
khoang calcite c¢6 kich thudc tu micrite (<4 pm) den
pseudospar (10-50 pm), chung khong c6 sy thay doi vé
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thanh phan hod hoc va khoang vat. Thanh phan bun véi bén
trong manh vun sinh vat két tinh thanh khoang calcite vi hat
va nhling khodng calcite hat thé bao quanh manh vun sinh
vat tao thanh kién triic kham.

Dolomite hod

Da dolomite véi thanh phan 1a khoang dolomite co kich
thudc min - thd, ching thay thé vao khoang calcite, manh
vun sinh vat va d6i khi lap vao nhitng duong nirt né. Khoang
dolomite gém dolomite hat min, mo duc, chung thay thé vao
calcite vi hat va két tinh trudc. Dolomite hat thd, tu hinh
hon, trong sudt va duoc thanh tao sau, trong giai doan chon
vii. Dolomite hoa tao ra cac 16 réng va vi 16 rong giita cac
tinh thé dolomite, lam gia ting do rdng cua da.

Niit né va kién trisc dang dwong khiu

Nhitng duong nirt né va dang duong khau xay ra sau qua
trinh dolomite hoa do anh huong cia hoat dong kién tao.
Puong nit cit xuyén qua khdi da voi, manh vun sinh vat
va d4 dolomite, ching dugc tram boi calcite hat thd. Ngoai
ra, & phia tiy bic ving nghién ctru, da méng carbonate bi
xuyén cit boi da tuff (hinh 9) do anh hudng cua hoat dong
nui ltra trong khu vue, da c6 kién tric porphyr va bi bién
doi silic, chlorite, calcite, sét hoa va doi khi 1a vat chat c6
thanh phan silic c6 dang mach (hinh 9) tiém nhap vao khéi
d4 carbonate. D4 méng carbonate bij hoa tan tao cic 16 rong
(vuggy, mouldic pores) va kién tric dang dudong khau do
nhiing khodng vat sét co trong da bi hoa tan.

Hinh 9. P4 tuff (anh trai) va dai mach silic (silica) tiém nhap
trong da carbonate bit gip ¢ phia tdy bic ving nghién ciu
trong giéng khoan RN-1X va RD-1X & d9 sau 3390 va 3790 m.
Da tuff c6 kién tric porphyr, nén vi tinh bi chlorite va sét hoa,
trong khi dé ban tinh bi bién déi silic. P6i chd dai mach silic bj
thay thé& béi calcite chia sit (Fe-Ca).

Thao luan va két luan

ba mong carbonate co cAu tao dang khdi, bi bién d6i sau
tram tich va 1am ting d6 rdng cua da [14, 15]. Mot phan 15
rong nit né bi lap day boi khoang calcite, dolomite thanh
tao trong cac giai doan sau [16]. Ngoai ra, trong nghién ctru
nay da phat hi¢n cac dai mach silic va da tuff tiém nhap vao
da mong carbonate, ching c6 thé 1a nguyén nhan dan dén
d4 mong carbonate bi dolomite hoa, lam ting do rong thu
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sinh cta da. Day la van dé can tiép tuc nghién ctru chi tict
sau nay.

Tir két qua nghién ctru két hop véi bao cdo thach hoc
[17], ¢4 mong carbonate khu vuc tiy bic bé Song Hong co
su thay d6i vé thanh phan thach hoc véi cac tuéng da bun voi
Kkét tinh, d4 voi packstone, da voi wackestone, da bun voi va
da dolomite, ching duogc ling dong trong méi trudng tram
tich bién nong, ven bo, yén tinh, ning lugng thap. Sy thanh
tao da nay do anh hudng tryc tiép ctia sy thay doi muc nudce
bién dang toan cau [18]. Diéu nay phu hop véi bdi canh dia
chat khu vyc va sy tién hod cia bé tram tich, Séng Hong [6].
Sau khi bun v6i dugc ling dong trdm tich, chung trai qua
qua trinh tao da va bién ddi sau trAm tich nhu bj dolomite
hoa tao thanh nhing 16p da dolomite xen kep trong khdi da
vOi. Dolomite gém 2 thé hé: dolomite hat min, mo duc két
tinh trudce va sau do 1a dolomite hat tho, ty hinh, trong subt
két tinh sau trong giai doan chon vui [19]. P4 carbonate bi
hoa tan va nén ép tao duong nut, 16 rong va dang duong
khau. Cac duong nut phﬁn nao dugc tram bai calcite hat
tho, vat chat silic. Cac 16 rong ctia d4 bao gdm 15 rdng nirt né
(fractured pores), 16 rong hoa tan (vuggy & mouldic pores)
va 16 rong giita cac khoang dolomite (intergranular pores).

Nghién ctru nay dugc tai tro boi Pai hoc Quéc gia TP
Ho6 Chi Minh trong khuén khé dé tai ma s6: C2019-18-28;
su hd tro tai liéu cia Vién Dau khi Viét Nam, Téng cong ty
Thiam do va Khai thac Dau khi (PVEP). Céc tac gia xin chin
thanh cam on.
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Hé thong hoc nhém Thong dat va Dwong xi & Viét Nam
theo hé thong PPG (Pteridophyte Phylogeny Group) I
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Tém tit:

Theo hé¢ théng PPG I, nhém Thong dat va Dwong xi ¢ Viét Nam dwoe sip xép trong 2 16p, 3 phén 16p, 14 bd,
37 ho va 136 chi, trong d6 c6 6 ho dwoe ghi nhian méi cho Viét Nam, gom: Cystopteridaceae, Rhachidosaraceae,
Diplaziopsidaceae, Didymochlaenaceae, Hypodematiaceae va Nephrolepidaceae. Bén canh do, giéi han va vi tri ctia
ciia mdt s chi va ho theo quan diém ciia PPG I twong doi khac so véi cac nghién ciru truée dé.
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Abstract:

According to the PPG (Pteridophyte Phylogeny Group)
I, totally there are 2 classes, 3 subclasses, 14 orders, 37
families, and 136 genera of the lycophytes and ferns
in Vietnam, of which the six following families were
newly recorded: Cystopteridaceae, Rhachidosaraceae,
Diplaziopsidaceae, Didymochlaenaceae, Hypodematiaceae,
and Nephrolepidaceae. Furthermore, the delimitation and
location of some families and genera of the lycophytes and
ferns in Vietnam according to the classification scheme of
PPG I were rather different from the previous studies.

Keywords: classification, Fern, Lycophytes, PPG 1.
Classification number: 1.6
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O nudc ta, phan 16n cac tai lidu nghién ctru vé hé thong
hoc va phan loai thuc vat dugc bién soan tu dau thé ky trudc,
trong do khéi lugng va vi tri cac ho dugc thira nhan va sép
xép theo cac hé théng Bentham & Hooker (1862-1883)
[1], Takhtajan (1973) [2], Cronquist (1981) [3], Brummitt
(1992) [4] trén co s& hinh thai hoc da khong phan anh dugc
day di mbi quan hé va nguon gdc phat sinh loai. Ké tir khi
ky thuat PCR duoc hinh thanh va phat trién, da gop phan
quan trong trong nghién ciru mbi quan hé phat sinh loai va
tién hoa sinh vat, dong thoi 1a co s& quan trong dé hinh
thanh va phat trién hé théng phéan loai hién dai. Trong do,
APG (Angiosperm Phylogeny Group) [5-8], da va dang
dugc ing dung rong rai trong nghién ctru va dao tao tai cac
truong dai hoc, vién nghién ctru.

Theo quan diém hinh thai hoc truyén théng, nhom thuc
vat bac cao ¢c6 mach duoc chia thanh 2 nhom: nhém Khuyét
thuc vat hay con goi la nhom thyuc vat bac cao sinh san béng
bao tr bao gdm 4 nganh: nganh L4 thong (Psilotophyta),
nganh Thong dit (Lycopodiophyta), nganh Co thap but
(Equisetophyta) va nganh Duong xi (Polypodiophyta);
nhom thuc vat c6 hat (Spermatophytes) bao gdm: nganh Hat
kin (Angiospermae) va nganh Hat tran (Gymnospermae).
Két qua nghién ciru gan diy vé mdi quan hé phat sinh
ching loai cta thyc vat bac cao c6 mach, cac tac gia da
ching minh rang, nganh Thong dat (Lycopodiophyta) 1a
nhém khéi nguén cho thuc vat bac cao c6 mach, c6 quan hé
“chi-em” v&i cac nhom Euphyllophytes (Spermatophytes
+ Monilophytes (gdm Psilotophyta, Equisetophyta,



s Khoa hoc Tu nhién

Polypodiophyta)) [9-13] (hinh 1). Trong cac nghién ctu
hay xuit ban gan day, danh phap ctia nhom Monilophytes
thuong dugc st dung 1a Pteridophytes hay “ferns and fern
allies”.

Euphyllophytes
i Al
Spermatophytes Monilophytes

Lycophytes

Hinh 1. Sy phéan chia cac nhém chinh cta thuc vat bac cao cé
mach [13].

Trén co so nhitng nghién ciru vé sinh hoc phan tir két
hop véi dic diém hinh thai, Smith va cs (2006) [13] da dé
xuat mot hé théng hién dai cia nhém Duong xi, tam goi
1a PPG (Pteridophyte Phylogeny Group), bao gém 4 16p
(classes), 11 bo (orders) 37 ho (families), va budc dau dua
ra quan dlem vé Vi tri clia cac ch1 trong mo1 ho. Tuy nhién,
vi tri va mdi quan h¢ cia mot s6 chi va ho van chua rd rang.
Trai qua 1 thap ky, nhiing két qua nghién ciru sinh hoc phan
tir gan day da cing c6 thém bang chimg vé vi tri va mbi
quan hé gilra cac taxa va dong gop quan trong trong viéc
hinh thanh PPG 1 [14]. Trong hé théng nay, cic tac gia da
dé xuit mot hé théng hién dai cho nhom Khuyét thuc vat
(nganh L4 thong, nganh Thong dat, nganh Co thap but, va
nganh Duong xi), bao gom: 2 16p, 14 bo, 51 ho, va 337 chi.
Nhu vay, cho dén nay ddy 1a hé thong bao quat va hién dai
nhét cho nganh Thong dét va nhom Duong xi trén thé gidi.

Hé théng hoc nhém Khuyét thuc vat & Viét Nam dau tién
phai k& dén cong trinh cua Pham Hoang Ho (1999) [15].
Ong da liét ké 139 chi cua 33 ho thudc nhom Khuyét thuc
vat, tuy nhién tac gia da khong chi ra tén hé théng duoc lua
chon. Trong “Danh lyuc céc loai thuc vat Viét Nam”, Phan
Ké Loc [16] stt dung mot loat hé théng khac nhau dé sép
xép nhom Duong xi ¢ Viét Nam trong 143 chi, 34 ho thudc
4 nganh thyc vat, trong d6 nganh La thong (Psilotophyta)
va C¢ thap but (Equisetophyta) déu c6 1 ho duy nhat, nganh
Thong dét (Lycopodiophyta) gdm 3 ho, va nganh Duong
xi (Polypodiophyta) da dang nhat voi 29 ho. Gan day nhét,
trén co so hé thong ciia Smith va cs (2006) [13], Phan Ké
Loc (2010) [17] da sép xép 717 loai ciia nhom Duong xi
o Viét Nam vao 135 chi, 28 ho, 11 bo va 4 16p: Khuyét la
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thong (Psilotopsida), Co thap but (Equisetopsida), Duong xi
toa sen (Marattiopsida) va Duorng xi (Polyp0d10ps1da) bay
la mot cong trinh cé tinh hé thong va day du vé cac ho thuc
vat cac nganh L4 thong, Thong dat, Co thap but, va Duong
xi & Viét Nam so vdi cac nghién ctu trude d6 [15, 16]. Tuy
nhién, tac gia chua so sanh hay danh gia sy khac biét vé vi
tri va gidi han cua cac taxa (ho va chi) theo quan diém hé
thdng PPG véi cac nghién ctu trude d6 [15, 16].

Nhu vay, nganh Thong dat va nhém Duong xi ¢ Viét
Nam budc dau da duoc sip xép theo hé théng phan loai,
tuy nhién cac hé théng d6 hoac da lac hau, khong co su cédp
nhat, hodc 14 cac hé théng phén loai truyén thong dwoc xay
dung chu yéu dya vao céc dic diém hinh théi va giai phau,
chua xét dén méi quan hé phat sinh ching loai va tién hoa
ctia cac ho thyc vat. Do do, tiép can véi cac két qua nghlen
clru moi va lga chon mot hé thong hién dai, thich hop dé
sép xép cac nhom thuc vat trén ¢ Viét Nam 1a can thiét.
Trong nghién ctru ndy, chung t6i st dung hé thong PPG I
lam co so dé sép xép cac taxa nhom Thong dét va Duong xi
da duoc ghi nhan & Viét Nam. Két qua nghién ctru s& gop
phan vao viéc danh gia tinh da dang ctia khu hé Duong xi
0 Viét Nam, tiép can véi sy phat trién ctia nén khoa hoc thé
gioi, dong thoi dé nang cao sy hiéu biét vé gidi han va vi tri
céc taxa phuc vu cho viéc sip xép cac mau tiéu ban trong
hé théng cac phong tiéu ban ¢ Viét Nam, thuan tién cho qua
trinh nghién ctru va trao d6i mau vét voi cac phong tiéu ban
trén thé gioi.

Doi tuong va phuong phap nghién ciiu
Déi twong nghién ciru

Nhom Khuyét thyc vat & Viét Nam gom: nganh La thong,
nganh Thong dat, nganh C6 thap bit, nganh Duong xi.

Phwong phap nghién ciru

Trén co s6 ké thira tai liéu tir cac nghién ctru trude d6 vé
hé théng hoc nhom Khuyét thue vat & Viét Nam cua cac tac
gia Pham Hoang Ho (1999) [15], Phan K& Loc (2001, 2010)
[16, 17], chung t6i tién hanh phan tich, tong hop, so sanh
va sap x€p cac ho va chi nhom Khuyét thuc vat & Viét Nam
theo hé théng hién dai PPG 1 [14].

Keét qua va thao luan

Quan diém vé gidi han va vi tri cac taxa thuc vat nganh
La thong, Thong dat, Co thap but, va Duong xi & Viét Nam
cua Pham Hoang H¢ [15], va Phan Ké Loc [16], 1a tuong
dbi ddng nhat, mic du van c6 mot sb diém khac biét vé gidi
han ctia mot s6 ho giira 2 quan diém nay (bang 1). Vi tri va
gidi han cua cac chi va ho thuc vat nganh La thong, Co thap
but, va Duong xi & Viét Nam theo quan diém trude d6 [15,
16] co nhiéu su khac biét so véi quan diém cta Phan Ké Loc



[17] khi tac gia dya trén hé théng hién dai PPG ctia Smith va
s [13]. Tuy nhién, nganh Thong dat chua dugc dé cap den
trong nghién ciru cia Phan Ké Loc [17] (bang 1).

So sanh cac ho va chi thuc vat nganh L4 thong, Thong
dat, Co thap but, va Duong xi ¢ Viét Nam theo quan diém
cua Pham Hoang H¢ [15], Phan Ké Loc [16, 17] v&i hé
théng PPG I [14] cho thdy, cac nhém thyuc vat trén & Viét
Nam duoc sip xép trong 2 16p, 3 phén 16p, 14 bo, 37 ho va
136 chi (bang 1, biéu dd 1).

Phan K& Loc
(2001)

Phan K& Léc PPG I
(2010) (2016)

Pham Hoang H&
(1991)

mS&chi mS6ho

Biéu do 1. So lugng cac ho va chi nhém Khuyét thuc vat 6 Viét
Nam theo cac quan diém khéc nhau.

Gidi han va vi tri cac taxa theo quan diém ctia PPG I 1a
kha twong ddng véi quan diém ctia Phan Ké Loc [17], midc
du vi tri cia mot sd taxa co sy thay d6i nhu: chi Acystopteris
trugc ddy thuoc ho Woodsiaceae nay dwoc chuyén sang
ho Cystopteridaceae; chi Rhachidosorus (Woodsiaceae)
duoc chuyén sang ho Rhachidosoraceae; chi Diplaziopsis
(Woodsiaceae) dugc chuyén sang ho Diplaziopsidaceae; chi
Athyrium, Deparia, Diplazium (Woodsiaceae) dugc chuyén
sang ho Athyrlaceae chi Didymochlaena (Dryopteridaceae)
dugc chuyén sang ho Didymochlaenaceae; chi
Hypodematium (Dryopteridaceae hodc Woodsiaceae),
Leucostegia (Dryopteridaceaec hodc Davalliaceae) duoc
chuyén sang ho Hypodematiaceae; chi Nephrolepis
(Lomariopsidaceae hoac Oleandraceae hodc Davalliaceae)
dugc chuyén sang ho Nephrolepidaceae; giéi han mot sd
chi trong phan ho Thelypteridoideae (Thelypteridaceac),
phan ho Dryopteridoideae (Dryopteridaceae), phan ho
Microsoroideae (Polypodiaceae) co sy thay ddi so voi quan
diém cua Phan Ké Loc [17] (bang 1).

Bén canh do, theo quan diém PPG 1, s6 luong ho thuce vat
nhom Thong dat va Duong xi ¢ Viét Nam nhiéu hon so véi
s6 ho thuc vat dugc théng ké trong cac nghién ctru trudc do
[15-17], trong d6 6 ho dugc ghi nhan mdi cho khu h¢ thuc
vat Viét Nam, gf”)m: Cystopteridaceae, Rhachidosaraceae,
Diplaziopsidaceae, Didymochlaenaceae, Hypodematiaceae,
va Nephrolepidaceae (bang 1, biéu do 1).
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Bang 1. Sdp xép cac hg va chi thyc vat nganh Thong dat va
nhém Duong xi ¢ Viét Nam theo hé thong PPG I [15].

Hé thng céc chi thye ~ HE théng cac chi thye vt theo quan diém khc nhau

He théng PPGI Vit & Vigt Nam theo  Pham Hoing Hy Phan Ké Lje Phan Ké Lje
PPGI (1999 (2001) (2010)
LYCOPODIOPSIDA
A. B9 Lycopodiales
1. Ho Lycopodiaceae
Phén ho Lycopodiclloideac ~ Lycopodiella Lycopodiella Khong dé cip dén
Phin ho Lycopodioideae Lycopodium Lycopodium Lycopodium Khong dé cip dén
Phén ho Huperzioideae Huperzia Huperzia Huperzia Khong dé cip dén
B. B{ Isoetales
2. Ho Isoetaceae Isoetes Isoetes Isoetes Khong i cip dén
C. B9 Selaginellales
3. Ho Selaginellaceae Selaginell Selaginell Selaginell Khong dé cip dén
POLYPODIOPSIDA
Phin l6p Equisetidae
D. B9 Equisetales
4. Ho Equisetaceae Equisetum Equisetum Equisetum Equisetum
Phén I6p Ophioglossidae
E. B Psilotales
5. Ho Psilotaceae Psilotum Psilotum Psilotum Psilotum
F. B§ Ophioglossales
6. Ho Ophioglossaceae
Phén ho Helminthostachyoideae Helminthostach Helminthostach Helminthostachys  Helminthostach
PhinkigOptiglosoidesa Ophigl Ophicg Opiingi Oping
Phén ho Botrychioideae Botrychium Botrychium Botrychium Botrychium
Phén l6p Marattidae
G. Bj Marattiales
?:flfir’er,m iopfric) ?:félaﬁier’u iontris) Angiopteris Angiopteris
7. Ho Marattiaceae Christensenia Christensenia
Marattia Marattia Marattia Marattia
Phin l6p Polypodiidae
H. Bj Osmundales
8. Ho Osmundaceae Osmunda Osmunda Osmunda Osmunda
1. B) Hymenophyllales
9. Ho Hymenophyllaceae
Abrodictyum Abrodictyum
Cephal Ceplal Cephal Ceplal
Phan ho Trichomanoideae pid Crepd Crepd Crepd
Didymoglossum Didymoglossum
Trichomanes Trichomanes Trichomanes Trichomanes
Vandenboschia Vandenboschia Vandenboschia
Phan ho Hymenophylloideae  Hymenophyll Hymenophyll Hymenophylh Hymenophyll
J. B{ Gleicheniales
10. Ho Dipteridaceae et ((;‘hpin:nleu:aceae\ (C(“hpirr:nlmv;:meae\ Gttt
Dipteris Dipteris Dipteris Dipteris
Dicranopteris Dicranopteris Dicranopteris Dicranopteris
11. Ho Gleicheniaceae Diplopterygium Diplopterygium Diplopterygium Diplopterygium
Gleichenia Gleichenia Gleichenia Gleichenia
K. B Schizaeles
12. Ho Lygodiaceae i (Lgfl(iii;lle’:ceae\ (Lgvg:qdit(m o) Lygodium
13. Ho Schizacaceae Schizaea Schizaea Schizaea Schizaea
M. Bj) Salviniales
Azolla Am”f Am”f Azolla
14. Ho Salviniaceae (A (A
Salvinia Salvinia Salvinia Salvinia
15. Ho Marsileaceae Marsilea Marsilea Marsilea Marsilea
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N. B§ Cyatheales Phin ho Blechnoid Blechnum Blechnum Blechnum Blechnum
- S S S S ’ Brainea Brainea Brainea Brainea
16. Ho Plagiogyriaceae Plagiogyria Plagiogyria Plagiogyria Plagiogyria - - - -
Cipor Cibo Cibor Athyrium Athyrium Athyrium Athyrium
17, Ho Cibaiaceae ibotium ibotium ibotiun Cibotium (Aspleni (Woodsi (Woodsiacezc)
(Thyrsopteridaceae)  (Dicksoniaceac) ; ;
i i 27. Ho Athyriaceae Deparia Depuria Deparia
Alsophila Alsophila o (gom Lunathyrium) (Woodsiaceae)
18. Ho Cyatheaceae Cyathea Gyathea Cyathea Cyathea Diplazium Diplazim Diplazium Diplazium
Sphaeropteris Sphaeropteris (Aspleni (Woodsi (Woodsi
0. B{ Polypodiales 28. Ho Thelypteridaceae
Phén b{ Lindsaeinese Macrothelypteris Macrothelypteris  Macrothelypteris
Lindsaea Lindsaea Lindsaea ) Phan ho Phegopteridoideac  Phegopteris Phegopteris Phegopteris
” » Lindsaea
O O Pseudophegopteris ~ Pseudophegopteris  Pseudophegopteris  Pseudophegopteris
[ : [ h o h
19. Ho Lindsacaceae " b (’ ,‘? (i\ - Sphenomeris {mpelopteris {mpelopteris Ampelopteris
A o A Christella Christella Christella
} ([\r i (r\r i Tapeinidium Coryphopteris Coryphopteris Coryphopteris
Phan b9 Pteridineae G G Gl :
20. Ho Pteridaceac Cyclosorus (gom
Ampelopteris,
Acrostichum Acrostichum Acrostichum Acrostichum Christella
Phin ho Parkerioideae Ceratopteris Ceratopteris Ceratopteris . Cyclogramma,
. . Ceratopteris . -
(Parkeriaceae) (Parkeriaceae) Glaphyropteridopsis,
: : : Cyclosorus Cyclosorus Cyclosorus )
Phin ho Crypogrammideae Coniogramme Coniogramme Coniogramme Gt Pneumatopteris,
) (Adiantaceae (Adiantaceae) Pronephrium,
Anogramma Anogramma Pseudocyclosorus,
Onychium Onychium Onychium Onchiun n;le.gnogramma,
(Adi (Adi . Phan ho Thelypteridoideae Hgonospor)
i pha phi Pityrogramma - SR
Phin ho Peridoids () (Adiataceze) Glaphyropteridopsis Glaphyropteridopsis
LA Pteris Pteris Pteris Pieris Metathelypteris Metathelypteri Metathelypteri
5 5 5 Sgranna Parathelypteris Parathelypteris
(Adiantaceae) (Adiantaceae) Py pleris Py pleris P pleri
Taenitis Taenitis Taenitis Tuenits Pronephrium Pronephrium Pronephrium
(Adiantaceac) (Adiantaccac) Pseudocyclosorus Pseudocyclosorus Pseudocyclosorus
Adiantum Adi‘f"m”‘ Adi‘f”’””’ Wt Stegnogramma Stegnogramma Stegnogramma
(Adiantaceae) (Adiantaceae) Thelypteis
Phin ho Vittarioideae ’ (Vitta; iz;ceae) (Vina: iéiceae) Antrophyum Thelypteris Thelypteris Thelypteris ;/glzzt;fggg;?'
Vittaria Vittaria Vittaria Vitaria Parathelypteris)
(Vittariaceac) (Vittariaceae) Trigonospora Trigonospora Trigonospora
Aleuritopteris Aleuritopteris | Didymochlaena Didymochlaena Didymochlaena Didymochlaena
- - - 29. Ho Didymochlaenaceae ’ I S o
Hemionitis Hemionitis Hemionitis Hemionits (Dryopteridaceae) (Dryopteridaceae)  (Dryop
(Adiantaceae) (Adiantaceae) Hypodematium Hypodematium Hypodematium
Phin ho Cheilanthoideae ~ Mildella Mildella Mildella (Woodsi (Dryopterid
’ . . i 0. Ho H: ti .
(Adiantaceae) (Adiantaceae) phs R TP . Leucostegia Leucostegia Leucostegic
Leucostegia . . .
Notholaena Notholaena Notholaena oo (Davalliaceae) (Davalliaceae) (Dryopteridaceac)
(Adi (Adi ’ 31. Ho Dryopteridaceae
D dti D dti D dti D d Phén ho Polybotryoideae Polystichapsis Polystichopsis
Histiopteris Histiopteris Histiopteris Histiopteris Bolbitis Bolbitis Bolbitis Bolbitis
. Hypolepis Hypolepis Hypolepis Hypolepis (Lomariop (Lomariop )
21. Ho Dennstaedtiaceae Elaphogl Elaphogl Elaphogl o
Microlepia Microlepia Microlepia Microlepia i ”‘;“M‘ (I.:‘.m' rceac) Elap
Monachosorium Monachosorium Monachosorium Monachosorium Lomagranma ) Lontagra;rlma Lomagranma
Preridium Preridium Preridium Preridium Phin ho Elaphoglosoid (Lomariopsid
Phin by Aspleniineae Pleocnemia Pleocnemia Pleocnemia
) Acystopteris Rumohra Rumohra Rumohra R
) ! o o umohra
Acysoptris (gom Cystopteris) (Davalliaceac) ()
22. Ho Cystopteridaceae . ) ) T T N
Cystopteris Cystopteris Cystopteris Heraep P P Teratophyll
e (Woodsi (Lomariop (Lomariopsidaceae) ) hf_ ’
rachniodes
7 3 Arachniodes Arachniodes Arachniodes \ o
3. Ho Rhachidosoraceae Rhachidosorus Rhachm?o:oms (gbm Polystichapsis)
(Woodsiaceae) Ctenitis Ctenitis Ctenitis Ctenitis
24. Ho Diplaziopsidaceae Diplaziopsis Diplaziopsis Diplaziopsis Cyrtomium Cyrtomium Cyrtomium Cyrtomium
o (Woodsiaceae) (Woodsiaceae)
Acrophorus
i Aenl Aenlenis Aenloni a iy
25 Ho Aspleni Asplenium ] i P Phan ho Dryopteridoideac Jororumola
C Hymenoasplenium Hymenoasplenium Dryopleris
26. Ho Blechnaceae iﬁ?rf;;{ﬁ?m Dryopteris Dryopteris Dryopteris
Phén ho Stenochlacoideae Stenochlaena Stenochlaena Stenochlaena o
Dryopsis)
Phan ho Woodwardioideae ~ Woodwardi Woodwardi Woodwardi Polystichum Polystichum Polystichum Polystichum
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Nonhrnloni Nonhrnloni Nonhsnloni Nonhrnloni

0 (4 P (4 P (s (s (4 {
32 Ho Nephrolepidaceae (Davalliaceae) (Oleandraceae) (Lomariopsidaceae)
Cyclopeltis Cyclopeltis Cyclopeltis )
33. Ho Lomariopsidaceae (Dryopteridaceac) (Dryopteridaceac) Clopeis
Lomariopsis Lomariopsis Lomariopsis Lomariopsis
Arthropteris Arthropteris Arthropteris [l
(Davalliaceae) (Oleandraceae)
34, Ho Tectariace Preridrys Preridrys ‘ Preridrys . Prarids
(Dryopteridaceac) (Dryopteridaceae) ’
Tectaria Tectaria Tectaria Teearia
(Dryopteridaceae) (Dryopteridaceae)
35, Ho Oleadraceae Oleandra Oleandl.'a Oleandra Oleandra
(Davalliaceae)
Davallia Davallia Davallia
36. Ho Davalliaceae Davallia (g0m Araiostegia, (gom Araiostegia,  (gom Araiostegia,
Davallodes) Davallodes) Davallodes)
37. Ho Polypodiaceae
Phan ho Loxogrammoideae  Loxogramme (L(tjxogra{r{rzze o) Loxogramme Loxogramme
Bhin by Phatysrioideas Plalyce.rium Plalyce.rium Plaryce.rium Plafyce.rium
Pyrrosia Pyrrosia Pyrrosia Pyrrosia
Aglaomorpha ‘(Aggé;m;;;ﬁ:iprem) Aglaomorpha Aglaomorpha
Phinho Drynsrioideac Arthromeris Arthromeris ~ Arthromeris _ Arthromeris
Gymnogrammitis 6 'mnogrammms G rmnogmmmms Gynnogrammitis
i (Davalliaceae) (Davalliaceae)
Selliguea Selliguea Selliguea Selliguea
Goniophebi Goniophlet Goniophiebi Goniophlet
Lecanopteris Lecanopteris Lecanopteris
Caobangia
Lemmaphyllum P . ; - P -
(gom Caobangia) n ’ o
P ho Mi » Lepisorus Lepisorus Lepisorus ]_Epuomfs
Kontumia
Lepiochits Leptochilus Leptochilus Leptochilus
(gom Kontumia)
Microsorum Microsorum Microsorum Microsorum
Neocheiropteris Neocheiropteris Neocheiropteris Neocheiropteris
Paragramma Paragramma Paragramma Paragramma
Phan ho Polypodioid Polypodi Polypodi Polypodi Polypodi
Acrosorus Acrosorus Acrosorus Acrosorus
(Grammitidaceae)  (Grammitid
Calymmod Calymmod Calymmod Calymmod
(Grammitid (Grammiti
Cochlidium Cochlidium Cochlidium Cochlidium
Phin ho Grammifidoid _ (gém)ﬁ()?xopteri.s) (gf}m)ﬁg)l}loplel‘i.v) _
Grammitis Grammitis Grammitis Grammitis
(Grammitidaceae) (Grammitidaceae)
Prosaptia Prosaptia Prosaptia Prosaptia
(Grammitidaceae) (Grammitidaceae)
SL, I SL, I SLY I SL, I
(Grammitidaceae) (Grammitidaceae)

*Tén latin ctia ho thuc vat dugc in dam trong PPG | la nhiing ho méi dugc
ghi nhan cho Viét Nam; cac ho trong ngoac don chda dung cac chi tuong
Ging theo cac quan diém trudc do.

Duya trén h¢ théng PPG 1, nhém Thong dat va Duong xi &
Viét Nam dugc sap xép trong 2 lop, 3 phan 16p, 14 bg, 37 ho va
136 chi. Theo quan diém nay, sé luong ho thyuc vét nhiéu hon
so vdi cac nghién curu trude do, trong do 6 ho dugc ghi nhan
méi cho Viét Nam, gém: Cystopteridaceae, Rhachidosaraceae,
Diplaziopsidaceae, Didymochlaenaceae, Hypodematiaceae, va
Nephrolepidaceae. Bén canh do, gidi han va vi tri ciia ciia mot
s6 chi va ho theo quan diém ciia PPG I tuong ddi khac so véi
quan diém cta Pham Hoang H9 (1999), Phan Ke Loc (2001,
2010). Sir dung hé théng PPG I cho viéc sip xép miu & cac
phong tiéu ban thyc vat cia Viét Nam theo trinh tu sau: cac
mau tiéu ban sip xép theo cac chi, cac chi dit trong cac ho
tuong mg va cac ho sap xép theo alphabet (A-Z).
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LO1 CAM ON

Tac gia tran trong cam on Vién Han lam Khoa hoc va
Cong nghé Viét Nam da hd trg kinh phi thuc hién nhiém vy
khoa hoc ndy theo chuong trinh hd trg can bo tré.
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T6i wu diéu Ki¢n sinh tong hop protease
tur vi Khuan Bacillus subtilis Bs04
va xac dinh dac tinh cua enzyme

Nguyén Hitu Tuyén®, Pham Tién Diing, Phan Thi Kim Ngan, Ngb V6 K& Thanh

Trung tam Nghién cieu trién khai, Khu Cong nghé cao TP H6 Chi Minh

Ngay nhan bai 10/12/2018; ngay chuyén phan bién 20/12/2018; ngay nhan phan bién 14/2/2019; ngay chip nhan ding 26/2/2019

Tém tit:

Protease la enzyme dworc sir dung rong rii va phd bién trong nhiéu linh vuc nhw y dwgre, cong nghiép, ndng nghiép...
Trong nghién ciru nay, cc tic gia tién hanh tdi wu cAc diéu ki¢n 1én men tir chiing Bacillus subtilis Bs04 nham thu
nhén enzyme ¢6 ham lwgng va hoat do cao nhét. Cac thanh phﬁm dinh duéng, yéu t6 héa - ly va déc tinh protease
thu nhan lan lwgt duge khao sat. Két qua cho thay, diéu kién toi wu cho qua trlnh sinh tong hop protease tir chiing
Bs04: nguon carbon va nito tét nhit 1a glucose-anhydrous va cao nim men voi nong d¢ twong tng 1a 2% va 2,5%:;
pH méi truwong 7,5; thu nhan enzyme sau 36 gio' 1én men. Enzyme dwgc thu nhan véi hoat d cao nhit bang phuong
phap tiia mudi (NH,),SO, véi d9 bio hoa 70%. Két qua dién di SDS-PAGE cho thiy thu nhin dwgc enzyme véi kich

thwoc 24 kDa va 38 kDa.

Tir khéa: Bacillus subtilis, dic tinh protease, protease, tdi wu mdi truong.

Chi s6 phin logi: 1.6

Protease la mot trong nhiing enzyme c6 nhiéu tng dung
rong rai phuc vu cho doi séng, trong cac nganh cong nghiép
thuc phém, dét may, duogc phém. Protease ¢ thé thu nhan
tr cac nguén: thuc vat, dong vat va vi sinh vat. Trong do, vi
sinh vat 1a ngudn cho protease phong phii nhat. Mot s6 loai
vi sinh vét ¢6 kha ning tong hop protease nhu B. subtilis,
B. cereus, Streptomyces griseus, Streptomyces rimosus va
Aspergillus oryzae... Mac du co nhiéu ngubn vi khuén c6
san dé san xudt protease nhung chi ¢6 mot s6 it dwoc nghién
ctru str dung trong san xuat thuong mai. Trong do, luong
protease tir vi khuan Bacillus sp. dugc san xuit voi san
luong 16n nhat [1-3].

Vi khuan B. subtilis c6 kha ning thich nghi cao va sinh
tong hop duoc nhiéu loai enzyme can thiét trong qué trinh
sinh truong dé thich nghi véi diéu kién méi truong nhu
protease, amylase, glucanase... Ham lugng va hoat tinh
protease tong hop tir B. subtilis phu thudc vao nhidu yéu t6
nhu: chung vi khuan, diéu kién nuéi cdy, phuong phap thu
nhén... Vi vay, dé thu nhan protease c¢6 ham lugng va hoat
tinh cao can Iya chon ngudn phan 1ap pht hop va téi wu vé
phuong phap, cac diéu kién nudi cdy, dic biét 1a thanh phan
va co chat cam tng trong moi truong nudi [1, 2, 4 -6]... Muc
tiéu cua nghién ctru nay nhim chu dong dugce ngudn protease
tir chung hoang dai dé két hop voi mang cellulose dugc

"Tac gia lién hé: Email: tuyen.nguyenhuu@shtplabs.org
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sinh tong hop tir vi khuén (bacterial cellulose) Acetobacter
xylinum [7] phuc vu viéc tao vat liéu y sinh ng dung lam
méng bao hd trg phuc hdi vét thuong do bong gay ra. Trén
co s¢ do, nghién ctru dwoc thyc hién nham ti wu diéu kién
trong qua trinh nudi 1én men ching vi khuan hoang dai Bs04
dé thu protease voi ham lugng va hoat do cao, day la tién dé
cho cac nghién ctru tng dung sau nay.

Doi tuong va phuong phap nghién ciu
Nguon vi khudn va diéu kién nudi

Vi khuan subtilis Bs04 (phéan lap tir dit) da dugc nhom
tac gia sang loc dua trén kha ning sinh tong hop protease tir
136 chiing vi khuan thu nhan tir dat, nudc, nha may ché bién
thuy hai san tai cac khu vyc khac nhau ¢ TP Hb Chi Minh
va cac tinh khu vyc Pong bang song Ciru Long va dugc
luu gilr tai Phong thi nghiém Cong nghé sinh hoc, Trung
tam Nghién ciru trién khai, Khu Cong nghé cao TP H6 Chi
Minh.

Méi trudng st dung trong qua trinh 1én men va tdi wu
thanh phan dinh dudng 13 méi truong NB chira: glucose
1%; casein 0,5%; yeast extract 0,5%; KH,PO, 0,2%;
MgSO,.7H,0 0,2% (w/v). Moi trudong doi chung la TSB.
Céc ngh1em thirc khao sat dugc nudi ¢ 37°C véi toc do lac
150 vong/phut. Sau 48 gio, protease thd dugc thu nhan va
xéc dinh hoat d6 theo phuong phap Anson cai tién [8].
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Optimisation of the conditions
for protease synthesis
from Bacillus subtilis Bs04
and characterisation of the enzyme
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Abstract:

Proteases are the most commonly used enzyme in many
fields such as medicine, industry, agriculture, etc. In
this study, we optimized fermentative conditions from
Bacillus subtilis Bs04 to obtain the highest concentration
and activity of the secreted protease. The effects of
main medium ingredient, physicochemical parameter
and characteristics of the protease were investigated.
The result showed the optimal conditions for protease
production from Bs04: the best organic carbon and
nitrogen source are glucose-anhydrous and yeast extract
with concentration of 2% and 2.5%, respectively;
medium pH 7.5; enzyme obtained after 36 hours of
fermentation. Maximum activity was obtained by
ammonium sulfate precipitation method with the 70%
saturation. The results of SDS-PAGE showed two
bands with a molecular weight of 24 kDa and 38 kDa,
respectively.

Keywords: Bacillus subtilis, medium optimization,
protease, protease characteristics.

Classification number: 1.6

Phwong phdp t6i wu nguon dinh duéng trong moi
truwong lén men

Toi wu nguon carbon:

Anh huéng ciia ngudn carbon trong qua trinh sinh tong
hop protease dugc xac dinh bang cach 1én men chung Bs04
trong moi truong TSA va méi truong NB c6 thay ddi cac
nguén saccharose, glucose-anhydrous, tinh bdt, manitol,
sucrose theo ty 1€ 1% (w/v).

Sau khi x4c dinh ngudn carbon pht hop, tién hanh t5i uu
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néng do nguén carbon cho hi¢u qua sinh téng hop protease
c6 hoat d6 cao nhat. Nong do ngudn carbon khao sat tir 0,5;
1; 1,5;2; 2,5 va 3%.

Toi wu nguon nito:

Anh huéng cua nguén nito trong qua trinh sinh tong hop
protease dugc xac dinh bang cach 1én men chung Bs04 trong
moi truong TSA va méi trudng NB ¢6 thay doi cac ngudn
meat extract, yeast extract, peptone, glycine va trypton theo
ty 1€ 1% (w/v).

Sau khi xac dinh ngudn nito phi hop, tién hanh téi wu
néng do nguén nito cho hi€u qua sinh téng hop protease co
hoat do cao nhét. Néng do nguf“)n nito khao sattr 0,5; 1; 1,5;
2;2,5va3%.

Phuong phap 10i wu cdc diéu kién héa - Iy trong qua
trinh lén men

MBoi truong NB di t6i wu thanh phan dinh dudng duoc
str dung trong qud trinh khdo sat 4nh hudng cua céc diéu
kién hoa - 1y.

T6i wu pH ciia méi truong:

Tién hanh 1én men ching Bs04 trong cac nghiém thirc
chira moi truong NB véi cac gia tri pH 1an luot 1a 6; 6,5; 7;
7,5; 8 va 8,5.

Anh hieong ciia d thodng khi trong qud trinh 1én men:

Do thoang khi duoc tinh bang ty 1& thé tich binh trong
(khong chira méi truong) trén thé tich toan binh, d6 thoang
khi cang cao thi ndng d6 oxy hoa tan vao moi truong cang
16m. Ching Bs04 dugc 1én men trong cac binh 300 ml chua
mai trudng vai thé tich 1an lugt 30; 60; 90; 120; 150 ml.

T6i wu thoi diém thu nhdn enzyme:

Tai mdi thoi diém khac nhau cua qua trinh sinh truong,
vi khuan s& sir dung cac ngudn co chit trong méi trudng
nudi cy bang cac enzyme thuy phan dic hiéu. Tién hanh
1én men ching Bs04 trong méi truong NB da tdi wu thanh
phan dinh dudng, gia tri pH va d6 thoang khi. Thu nhéan va
xac dinh hoat do protease ¢ cac thoi diém 12, 24, 36, 48, 60,
72, 84 va 96 gio.

Phwong phdp xdc dinh dic tinh protease tong hop tir
chiing Bs04

Phuwong phap tia enzyme twe dich enzyme tho:

Protease dugc tua tir dich enzyme tho vdi ethanol 96%,
aceton va mudi ammonium sunfate. Ty 1& dich enzyme tho:
dung méi 1an luot khao sat 1a 1:2; 1:3; 1:4 va 1:5 (v/v) voi
dung moi ethanol va aceton. Phuong phép tiia véi mudi
ammonium sunfate dugc tia theo do bdo hoa tir 30 dén
80%. Sau do dung dich tia dugc ly tam 10.000 vong/phit
trong 15 phut & 4°C. Loai bo dich noi, sau d6 hoa tan cin voi
dung dich dém mudi phosphate (PBS) 1X, tham tach loai
tac nhan tia va xac dinh hoat d¢ enzyme.
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Phuong phap dién di SDS-PAGE:

Dich protease dugc “chay dién di SDS:PAGE trén gel
polyacrylamide 12% d€ xac dinh dac diém, kich thuge
enzyme theo thang protein chuan.

Két qua
Téi wu nguén dinh dwing
Nguén carbon:

0.8
0.7 -
06
0,5

04 -
03 -
02 -
0,1 -

Hoat do protease (Ul/ml)

Ngudn carbon

Hinh 1. Anh huéng ciia cac ngudn carbon dén hoat d¢ protease.

Két qua (hinh 1) cho thdy, quéa trinh sinh tong hop
protease cua B. subtilis Bs04 dat hiéu qua cao nhat khi st
dung glucose-anhydrous 14 ngudn carbon chinh véi hoat d6
thu nhan dwuoc 1a 0,688 Ul/ml. Tiép tuc khao sat néng do
ngudn glucose-anhydrous cho thay, hiéu qua sinh tong hop
protease tir BsO4 cao nhat & ndng do 2% (hinh 2). Nong do
glucose-anhydrous thap hon (0,5 dén 1,5%) khong du dé
kich thich qua trinh sinh téng hop protease manh, hoat do
thu nhan dugc khoang 0,107 dén 0,272 Ul/ml. Nguoc lai,
khi bd sung ndng do cao, glucose-anhydrous s& tc ché qua
trinh sinh téng hop protease va hoat d6 enzyme thu nhan
giam (dat 0,566 va 0,163 Ul/ml) (hinh 2). Trén co s¢ do,
glucose-anhydrous 2% dugc chon 1a ngudn carbon cho cac
thi nghiém khao sat tiép theo.
0,8
0,7 -

0,6
0,5 -
0.4

03
7

/4
%
22221
o w5
Gt .
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0,2
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e B
TSB 0,5

Hinh 2. Anh huéng ctia ndng do glucose-anhydrous dén hoat do
protease.

Hoat do protease (Ul/ml)

1,0 1.5

Néng d¢ glu-anhydrous (%) va DC: TSB

Nguén nito:

Sau khi két ludn dugc ngudn cacbon va nong do toi uu
trong moi truong cho hiéu qua sinh tong hop protease cao
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nhét, tién hanh khao sat ngudn nito pht hop bang cach thay
thé peptone 0,5% trong moi truong bang cac thanh phan
khéc nhu casein, tryptone, cao ndm men, cao thit, glycerol,
glycine, th dau pénh, (N,H4)2SO4 va dbi chung TSB. Két
qua cho thay ngudn cao nam men cho enzyme voi hoat do
t6t nhat (hinh 3).

08
Eo07
2 0,64
0 b 4
2 05 7 %
204 %
57 r 7
o 0371 7% :
!; 0.2 7
20,1+ - %
Tz > 2

0 v W :

Q> & & > RNy > &
& R £ & & & K *&@ &
PSR S GO} SRR
& SRS
Ngudn nito

Hinh 3. Anh huéng ctia ngudn nito dén hoat do protease.

Sau khi két luan duoc cao ndm men la nguén nito hiéu
quéa nhit trong qua trinh nudi B. subtilis Bs04 thu nhin
protease, tién hanh khao sat nham chon néng dd cao nim
men tdi vu thu nhan protease cho hoat d§ enzyme cao nhat.
Két qua hinh 4 cho thiy, v6i ndng d6 2,5% cao ndm men
trong moi treong nudi, B. subtilis Bs04 s cho hi¢u qua sinh
tong hop protease hoat d6 enzyme cao nhat (dat 0,708 UI/
ml).

0,8

0,7 -
Z 06|
SR
Q
g 04
3
2 03
g 02
> 2
Bl i
2ol 7
o
TSB
Nong d6 cao ndm men (%) va DC: TSB
N 2 A N ~ ~ A
Hinh 4. Anh huéng clGa nong do cao nam men dén hoat do
proease.

Toi wu diéu kién hoa - ly
Toi vu pH moi truong lén men:

Qué trinh sinh tdng hop protease tir B. subtilis khi sir
dung phuong phap nuoi céy chim (nuoi céy sau), pH moi
truong c¢6 anh hudng 16n dén sy tong hop va tich liy
protease trong mdi truong. Tuy vao chung vi sinh vat st
dung trong qua trinh sinh tong hop enzyme khac nhau ma
gia tri pH ban dau sé& khac nhau.

14



=

g 04

£ o,

=

=)

& i

2 03 v

< b22%00]

2 i
291

S 02 v

< v

= i

g 7

: 0, 1 l gl

S

AN

iR

2
7
7
2

54 2

SESRERNS

pH7,0
Gia tri pH va PC: TSB
Hinh 5. Anh huéng ciia pH méi trudng nudi dén hoat do protease.

Két qua cho thdy, hoat do protease thu nhan dwogc khi
nudi cdy trong méi truong pH khac nhau tir 6 dén 8 c6 su
chénh léch khong dang ké. Hoat do enzyme cao nhat ghi
nhan dugc 6 pH 7,5 dat 0,434 Ul/ml (hinh 5).

T6i wu do thodng khi trong qud trinh lén men:

B. subtilis 13 vi khuan hiéu khi va ki khi tiy nghi, vi vy
nong do oxy hoa tan trong qua trinh nudi anh huong 1on dén
su sinh truéng va phat trién cta vi khuén. Thong thudng,
dbi v6i cac vi khudn hiéu khi nong d6 oxy cao lam ting
kha nang sinh trudng, rat ngan pha tiém phat. Nong do oxy
thip co thé trc ché, lam suy giam kha ning sinh truong ciia
vi sinh vat. Tuy nhién, tuy ting muc dich thi nghiém va tuy
timg chung vi khudn. Trong diéu kién méi truong thiéu oxy
s& suy giam kha ning sinh truéng nhung cé thé kich thich
su sinh tong hop enzyme.

0,7 4
0,6 1
0.5 1
0.4

0.3

0.2

Hoat d6 protease (UI/ml)

0,14

Do thoéng khi (%)
Hinh 6. Anh huéng ctia do thoang khi dén hoat do protease.

Két qua ¢ hinh 6 cho thiy, hoat d6 protease cua ching
B. subtilis Bs04 sinh téng hop ty 1€ thuan véi do thoang khi
trong binh nudi. Hoat d protease cao nhét dat 0,636 Ul/ml
khi nudi cay trong binh c6 do thoang khi 90%. Véi dic tinh
1a vi khuén hiéu khi manh nén su thoang khi nhiéu sé& kich
thich sy sinh truong va sinh tong hop protease & vi khuan
B. subtilis Bs04.

T6i wu thoi diém thu nhdn enzyme:

Protease thu nhéan tur B. subtilis 1a enzyme ngoai bao
dugc vi sinh vat sinh tong hop va tit ra ngoai moi truong
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trong qua trinh sinh truong. Mbi thoi diém trong chu ky
sinh truéng vi khudn sé& sinh tong hop enzyme v6i nong do
va hoat @6 khac nhau. Néu thu nhan enzyme qua som, néng
dd va hoat do enzyme sé thép. Nguoc lai, néu kéo dai thoi
diém thu nhan enzyme thi luong enzyme tiét ra moi trudng
qué nhiéu s& anh hudng 1dn nhau va enzyme chiu tac dong
clia cac yéu t6 moi truong bén ngoai s& lam giam hoat do
hay pha huy ciu tric ty nhién ctia enzyme. Qua hinh 7 cho
théy, hoat d9 protease cao nhét duoc thu nhan tai thoi diém
36 gid sau nudi ciy (dat 0,31 Ul/ml).

0,32
0,31

0310
030
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0.28 0272
0,268
b

0,27
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0,25

0260 g5 0270 0273
-\_/'/I

Hoat d protease (UI/ml)

0,24
12 24 36 48 60 72 34

Thoi diém thu nhan enzyme sau 1én men (gio)

Hinh 7. Anh huéng ctia thai diém thu nhan dén hoat dé protease.
Ddc tinh enzyme protease:

Sau khi thu nhan dich protease tho tur canh truong nudi
cdy, tién hanh sir dung cac dung méi ethanol, aceton va
mudi ammonium sulfate nhim tia protease ngoai bao tir
dich enzyme tho.
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Ti 1& thé tich dich enzyme tho: dung méi tia

-=-Ta bang Ethanol -=-Tua bing Aceton

Hinh 8. Hoat d¢ protease khi tia bang ethanol va aceton.
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#Trude thim tich  * Sau thdm tich

Hinh 9. Hoat dd protease khi tia bang (NH,),SO,.
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Két qua cho thy, khi tiia bang dung méi hitu co hiéu
qua tot nhat khi sir dung ty 18 1:4 (v/v) véi ethanol va 1:3
(v/v) v6i acetone. Hoat d§ protease thu nhan duoc lan luot
1a 0,722 Ul/ml va 0,675 Ul/ml (hinh 8). Ddi véi phuong
phap tia bang (NH,),SO,, hi¢u qua cao nhét khi st dung
nong do 70% bao hoa, hoat d6 enzyme sau khi tham tach dat
0,874 Ul/ml (hlnh 9). Tir két qua hinh 8 va hinh 9 cho thay,
sir dung mubi (NH ),S0, tua protease tir dich enzyme tho
cho hiéu qua tét hon s dung ethanol va acetone. Nong do
mudi (NH,),SO, 70% bao hoa cho hi¢u qua t6t nhat.

Sau khi thu nhan protease, tién hanh dién di SDS-PAGE
nham xac dinh kich thudc protease thu nhan. Qua hinh 10
cho thiy, & cac giéng 2 dén giéng 7, dich enzyme tho va
enzyme sau khi tua déu o6 su hién dién cua bang protein
véi kich thude khoang 24 kDa va 38 kDa. Qua d6 cho thiy,
trong nghién ctru nay da thu nhan dugc protease ngoai bao
cua B. subtilis voi kich thudc 24 kDa va 38 kDa.

70kDa

40kDa 38 kDa

- — 24kDa

35kDa W
25kDa

Hinh 10. Két qua dién di SDS-PAGE.

Giéng M: thang opti-protein; giéng 1: protein tong s0 clia B. subtilis
Bs04; giéng 2, 3: dich enzyme protease tho sau 1 va 2 ngay nudi; giéng
4: enzyme sau khi tda véi (NHA) SO, trudc thdm tach; giéng 5: enzyme
sau khi tlia voi (NH,),SO, sau thim tach giéng 6: enzymes sau khi tta voi
ethanol; giéng 7: enzyme sau khi tlia véi acetone.

Thao luan

Vi khudn B. subtilis c¢6 thé sinh tong hop nhiéu loai
enzyme khac nhau trong qua trinh sinh truéng nhu: amylase,
protease, levansucrase, RNase, phosphotase kiém [9]...
Trong qué trinh 1én men chim, sy sinh téng hop protease
chiu anh hudéng 16n boi thanh phan dinh dudng va chit cam
(g bd sung vao méi trudng nudi cdy. Tiy vao dic tinh cia
timg ching vi khuan st dung trong qué trinh thi nghiém va
diéu kién nudi biéu hién ma nhu cau vé cac thanh phan dinh
dudng s& khac nhau trong qué trinh sinh tong hop enzyme.
Trong nghién ctru ndy, qua trinh tong hop protease tir v1
khuan B. subtilis Bs04 dugc cam tng boi casein, ngudn
carbon va nito t6t nhit cho qua trinh sinh tong hop protease
tor chung Bs04 dugc ghi nhéan la glucose-anhydrous va cao
nam men voi nong do 1an luot 13 2,5% va 2% (w/v). Két qua
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nay twong dong véi cac nghién ciru trude do khi thi nghiém
trén ching B. subtilis MTCC 441 va chung Bacillus sp. [3,
10]. Tuy nhién, tiy mdi chung vi khuén Bacillus sp. khac
nhau dugc phan 14p va st dung thi nhu ciu phit hop vé thanh
phan dinh dudng c6 thé s& khac nhau. Mot s6 ngudn carbon
va nito t6i uru cho qua trinh sinh tong hop protease pho bién
da duoc bao cdo nhu: glucose, galactose, pepptone, cao
thit bo [11-13]... Nhin chung, bd sung vao méi truong nudi
ngudn dinh dudng (carbon, nito) hitu co cho thay hiéu qua
hon nguén v6 co vi su da dang cia cac amino acid [2, 5,
12, 13]. Protease thu nhén tir B. subtilis trong qua trinh 1én
men chim c6 thé thu nhan dugc & diy pH rong tir 6 dén 11.
Trong nghién ctru nay, pH 7,5 dugc ghi nhan phu hop nhét
trong qua trinh sinh tong hop protease tir ching Bs04. Mot
s6 diém pH phu hop khéc ddi voi ting ching B. subtilis da
duogc bao cao nhu pH 7, pH 10-11 [12, 13]...

Dich chiét enzyme tho thu nhan tir ching Bs04 ¢6 hoat
d6 0,7 U/ml. Két qua nay twong duong véi mot sb nghién
ctru da duoc bao cao nhu: tng dung Bacillus trong xur 1y
phé phu phém ca tra, hoat do protease duoc ghi nhan 0,012
Ul/mg [14] va 1,15 Ul/ml [15]; hay protease duoc tong hop
tir Bacillus phan lap tir 16 giét mo dat 0,7 U/ml [16]. Tuy
nhién, so sanh v&i mot sé nghién ctru khéac trén thé gioi,
hoat d6 protease trong nghién ciru ndy van con tuong dbi
thip. Mot sé nghién ciru dién hinh thu nhan protease hoat
d6 cao dat 20,2 Ul/ml [5] hay hoat d protease dat 86 Ul/ml
[17]... Két qua nay co thé do chung vi khuan Bs04 dugc thu
nhén tai khu vuc khong phai 1a noi t61 wu nht cho hoat tinh
sinh protease (tr nguén dét vuon).

Kich thudc protease ngoai bao thu nhan tu B. subtilis tir
20-95 kDa tity vao timg chung vi khuan khac nhau. Trong
nghién ctru ndy, protease thu nhén tir dich chiét enzyme tho
c6 kich thudc 24 kDa va 38 kDa. Kich thudc protease tu
mét sb bao céo khac duoc ghi nhan nhu 32 kDa, 49 kDa,
30,9 kDa, 75 kDa [12, 13, 18, 19]...

Keét luan

Chung B. subtilis Bs0O4 trong nghién ctru ndy cho thiy
kha ning sinh tong hop enzyme protease cao nhat khi nudi
cdy trong moi truong chira nguon carbon va n1t0 lan luot
la glucose-anhydrous va cao nam men véi nong do twong
ung 2,5% va 2%. Moi truong lén men voi pH 7,5 va thoi
diém thu nhan enzyme cho hoat d6 cao sau 36 gio 1én men.
Enzyme protease thd dugc thu nhén theo phuong phap 1y
tam véi hoat d6 dat 0,7 Ul/ml. Ket qua tiia enzyme cho thiy
hiéu qua nhét khi st dung mudi (NH,),SO, ¢ do bao hoa
70%. Protease thu nhan duogc co kich thudc 24 kDa va 38
kDa.

Viée tdi wu cac thanh phan dinh duong, diéu kién lén
men gitip cai thién dang ké kha nang sinh tong hop protease
tir ching vi khuan B. subtilis Bs04. Diéu nay mo ra tiém
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ning trong qua trinh san xuét protease tir chiung phan lap
thuc dia.
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Nghién ctru mirc 40 phan bo va tich liy
polychlorinated biphenyl trong tram tich mat
khu vue ha luu song Day

Trinh Thi Thim, Bui Thi Phwong, Lé Thi Trinh"

Truong Pai hoc Tai nguyén va Méi truong Ha Nji

Ngay nhan bai 25/11/2018; ngay gui phan bién 27/11/2018; ngay nhan phan bién 27/12/2018; ngay chip nhan dang 15/2/2019

Tom tit:

Nghién ciru danh gia mirc dd tich liiy va phan bd cac hop chét polychlorinated biphenyl (PCB) nhim xdy dung b
dir liéu phuc vu cho viéc danh gia riii ro méi truong va rii ro sinh thai ciia cdc nhém hop chit nay. Trong nghién
ciru, 7 df)ng loai PCB dugc xac dinh trong 20 miu tram tich thu thap tir khu vue ha luvu séng bay. Ham lwong tong
PCB nam trong khodng 1,72 dén 89,6 ng/g véi gia tri trung binh 16,1 ng/g va ¢6 xu huwéng ting din theo hu’(fng tir
ndi dia ra cira song, ven bién. Trong so cac dong loai PCB, PCB-52 la dong loai dwgc phat hién véi tAn suit cao va
chiém ty 1€ cao so voi cac dong loai con lai, véi ham luwgng tir 0,156 ng/g dén 59,6 ng/g trong lwong kho. Ham luwgng
PCB phat hién trong cic miu c6 nong dd thap hon so véi gia tri quy dinh tai Quy chuén k§j thuat qudc gia vé chit

lwgng tram tich.

Tir khéa: ha lwu song Day, polychlorinated biphenyl, trim tich.

Chi sé phin logi: 1.7

- £ >N
Datvan de

Nim 2004, PCB duoc dua vao Phy luc A (Cam st dung) va
Phu luc C (Céc chit phat sinh khong chi dinh) cua Cong udc
Stockholm vé quan ly cac chat 6 nhiém hiru co khé phan huy
(POPs), hudng dén muc tiéu loai bo hoan toan PCB trong moi
trudng [1]. PCB 1a nhom chat c6 day dii céc tinh chét cua hop chat
POP nhu ddc tinh cao, khé phan hiy, kha nang phat tan rong voi
co ché van chuyén va phat tan phirc tap, c6 tiém ning tich lity cao
trong moi truong va hé sinh thai [2]. PCB duoc sir dung phd bién
trong cong nghiép dé lam chét 1ong cach dién trong tu dién va lam
mat trong may bién thé, dau thly luc, cac hé théng trao di nhiét.
Ngoai ra, PCB con duoc dimg lam chat boi tron, chit lam mém
trong nhya va keo dan, chat tao mang trong san xuét gidy, chat
chéng chay, phu gia trong muyc in, pham mau... [3]. PCB ciing 12
mot chat co thé phat sinh khong chu dinh tir cac hoat dong thiéu
d6t chat thai, réc thai, hoat dong dét ho ngoai troi phé pham nong
nghip, rac thai sinh hoat... [4].

Trong qua trinh phat trién kinh té - xa hoi, tuy khong phai la
qudc gia san xuat PCB nhung Viét Nam lai nhap khau khd nhiéu
san pham ¢6 chira PCB nhu céc thiét bi dién, tu dién, may bién
thé... Do vay, 0 rét nhiéu khu vyc trén ca nude, cac df‘)ng loai PCB
duoc phét hién & mirc ndng do tir vai ppb dén hang trim ppm trong
mau d4t, mau trdm tich va mau dau bién thé [5].

Ham lugng tong PCB (arochlo 1254) trong trdm tich mot s
song, ho tai Ha Noi dao dong tir khong phat hién (ND) dén 40 ng/g
trong luong kho theo cong bd cia D.D Nhan va cs (2001) [6]. Két
qua tuong tu cling dugce chi ra trong nghién ctru cua P.M. Hoai va
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¢s (2010), ham lugng tong PCB trong tram tich song ndi do tai Ha
Noi c6 gia tri trung binh khoang 97,6 ng/g trong luong kho [7].

PCB di dugc tim thy trong trdm tich v6i mirc ndng do thap &
luu vue song M€ Kong (song Hau), dim Thi Nai (Binh Pinh), ctra
song Sai Gon - Dong Nai va mét s6 khu vyc so sanh 6 Ha Noi va
TP Ho Chi Minh [8-11]. Nong d¢ PCB trong trdm tich ¢ khu vuc
céc b tap trung réc thai do thi Dong Thanh (TP H Chi Minh) va
Tay M6 (Ha Noi) ¢6 gia tri cao hon so véi khu vire so sanh tir 6
dén 16 lan [8].

Téc gia Lé Thi Trinh va cs (2015) da tién hanh nghién ctru xéc
dinh ham lugng va sy phan b6 ctia PCB tai vung Cua Dai, Quang
Nam. PCB trong nudc va trAm tich tai khu vue Cira Dai, Quang
Nam da duoc khao sat trong 4 dot liy mau theo mua tir 2013 dén
2014. Ham lugng tong PCB trong tram tich tai khu vuc nay kha
cao, dao dong tir 192 dén 1.750 ng/g trong luvong kho. Nong do cua
PCB trong nudc thu thap trong mua mua c6 xu hudng cao hon so
v6i thu thap trong mua kho, trong khi mirc d¢ tich lily trong tram
tich khong ¢6 su khic nhau nhiu gitra cac dot liy mau [12].

Nghién ciru nay dugc thuc hién nham cung cap cac thong tin
vé muc do tich lity va phan b6 PCB trong tram tich tai khu vuc ha
luu séng Day. Bo s6 licu 1a co sor dé tinh toan va danh gia mirc do
rui ro do ton luu céc chat 6 nhiém hiru co bén viing tai khu vye.

Phuong phap nghién ciiu
Héa chit va thiét bi

Héa chat: dung dich chuin dwgc sir dung trong nghién
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Abstract:

The data on concentration of polychlorinated biphenyl
(PCB) accumulated in sediment were investigated
in order to assess potential ecological risks of these
compounds. In this study, seven PCB congeners were
found in 20 sediment samples collected from the
downstream area of Day river. Total levels of PCB
ranged from 1.72 to 89.6 ng/g dry weight with the
average value of 16.1 ng/g and tended to increase in the
direction from inland to estuaries and coastal areas.
Among PCB congeners, PCB-52 was detected with the
high frequency and high proportion as compared to
the remaining congeners with the concentration from
0.156 to 59.6 ng/g dry weight. The total levels of PCB in
the samples were lower than the value specified in the
National Technical Regulation on sediment quality.

Keywords: Day river downstream, polychlorinated
biphenyl, sediment.

Classification number: 1.7

ciru nay 1a hdn hop chuin gdm 7 dong loai PCB chi thi:
2,4,4’-Trichlorobiphenyl (PCB-28), 2,2°,5,5’-Tetrachlorobiphenyl
(PCB-52), 2,2’,4,5,5’-Pentachlorobiphenyl (PCB-101), 2,2’,3,
4.4’ 5’-Hexachlorobiphenyl (PCB-138), 224455
Hexachlorobiphenyl (PCB-153),2,2°,3,4,4°.5,5°-Heptachlorobiphenyl
(PCB-180), 2,2°3,3°,4,4°,5,5-Octachlorobiphenyl (PCB-194)
(Wellington, Anh). Céc dung méi tinh khiét sic ky bao gbm:
n-hexan, axeton, diclometan (Merck, Duc).

Thiét bi: PCB trong mau tram tich dwoc dinh luong trén
thiét bi sic ky khi v6i detector cong két dién tir (GC/ECD-2010,
Shimadzu, Nhat Ban). Hn hop cac PCB duoc tach trén cot mao
quan Equity®-5 (30 mx0,25 mmx0,25 pm) véi diéu kién chwong
trinh nhiét d6 10 cot nhu sau: nhiét do ban dau la 100°C, gilt trong
1 phut; ting nhiét do dén 160°C vdi toc do 15°C/phit; tang nhiét
dén 280°C voi toc do 5°C/phut, giir dang nhiét tai nhiét do cudi
trong 4 phut.
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Phuong phdp liy méu

Céc vi tri ldy mau dugc lya chon trong qué trinh xay dung
chuong trinh quan tric va khao sat khu vuc 1dy mau dya trén diéu
ki¢n tu nhién cua khu vye, Iuu luong nude, ché do dong chdy va
dic diém coa nguén thai. Sau khi xac dinh duoc vi tri léy mau,
diém lay mau dugc danh dau trén ban do va liy chinh xéc toa do
trong qua trinh 1y mu. Ban dd cac diém ldy miu duoc thé hién ¢
hinh 1, trong d6 ky hiéu mau duoc ma hoa theo khu vuc léy mau:
PHN (mau léy tai khu vuc thugc dia phén tinh Ha Nam), DNB
(miu léy tai khu vuc thudc dia phan tinh Ninh Binh), DND (mau
1€iy tai khu vuc thugc dia phén tinh Nam Dinh, giap ranh v6i Ninh
Binh), CP (miu ldy tai khu vuc cira Déy).

Mau trim tich dugc liy vao thang 4/2018 bang gau ldy miu
tram tich Ekman ctia Hing Wildco (M) ¢ 16p bé mat khoang 0-10
cm, sau d6 mau dugc tron déu, cho vao binh thiy tinh t6i mau, lam
lanh béng da gel. Sau do, mau s& dugc van chuyén dén phong thi
nghiém va dugc bao quan theo TCVN 6663-15:2004 (ISO 5667-
15:1999) [13].

Phwong phap xir ly mdu va phén tich [14]

Cén chinh xac khoi lugng mau tram tich vao ong ly tim dung
tich 50 ml, thém 40 ml dung moi va tién hanh siéu am 10 phut, ly
tam 10 phut (toc d6 3.000 vong/phut), gan dich chiét ra binh cau.
Qua trinh nay duoc lap lai 3 lan. Dich chiét dugc cd quay chan
khong dén thé tich 5 ml. Tién hanh lam sach trén cot chiét pha ran
nhoi 8 g Florisil (cot chiét thuy tinh dai 40 cm, duong kinh 2,2 cm).
Rura gidi bang 40 ml n-hexan dé thu dwgc phan doan chiét chira céc
PCB. Sau do, c6 quay chan khong céc phan dich rira giai vé thé
tich 2 ml. Tién hanh loai sunfua trong dich chiét bang day dong da
dugc hoat hoa va rira axit dich chiét trong 6ng nghiém dé loai bo
cac chat mau hiru co. Sau khi rira, phﬁn dich duge co vé khoang
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Hinh 1. So d6 vi tri 1dy mau tai ha luu song Day.
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1 ml du6i dong khi N, va dinh mirc chinh xac vé 1 ml bang dung
moi n-hexan.

Bom 1 pl dung dich miu Ién thiét bj GC-ECD dé xé4c dinh
nong do cua cac PCB.

Ham luong cac dong loai PCB duogc tinh bing phuorng phap
ngoai chuan, véi dudng chuén duoc lap cung v6i moi mé mau
phén tich. Ham lugng tong PCB dugc tinh bing tong nong do cia
7 PCB chi thi dugc st dung trong nghién ctru nay (PCB-28, PCB-
52, PCB-101, PCB-138, PCB-153, PCB-180, PCB-194).

Nghién ctru nay ké thira quy trinh phan tich da duoc thim dinh
tai Phong thi nghiém moéi truong, Truong Dai hoc Tai nguyén
va Moi truong Ha Noi (VILAS 955). Gidi han phat hién va gidi
han dinh luong cua phuong phap dugc tinh toan dua trén két qua
phan tich lap lai mau trAm tich néng do thép. Do thu hoi va do
1ap lai dugc tinh toan tir két qud phan tich mau trdm tich thém
chuén ¢ 3 mirc ndng do khac nhau. Két qua thim dinh tai phong
thi nghiém thu dugc gia tri MDL (giéi han phat hién clia phuong
phép - method detection limit) cta cac cu tir PCB bién thién tir
0,028 dén 0,042 ng/g; do thu hdi cao nhat 1a 110% va thip nhat 1
69% [14]. Ngoai ra, do lap cta cac mau lip khi thuc hién nghién
ciru nay déu nho hon 15% va dat yéu cau cua tiéu chuin tham
chiéu ciia US-EPA 8082a.

Két qua va thio luan
Ham lwgng PCB trong méu tram tich

Trong nghién clru nay, ham lugng cua 7 dong loai PCB dugc
phat hién trong hau hét cac mau tram tich thu duoc ¢ khu vuc ha
luu song Day tir Kim Bang, Ha Nam dén cira Day, Nghia Hung,
Nam Dinh (hinh 2). Téng ham lugng ciia cac PCB trong 20 méau
tram tich dao dong trong khoang tir 1,72 dén 86,9 ng/g trong luong
kho (trung binh 16,1 ng/g trong lugng kho). Trong d6, cic mau
tram tich dugc léy tai khu vuc ctra song ven bién c6 xu hudng tich
lily PCB cao hon cac mau trong ndi dia. Tuy nhién, so véi QCVN
43:2017/BTNMT vé chét luong tram tich, ham luong tong cic
PCB chua vuot qua giéi han vé chat luong tram tich nudc ngot,
nude 1o va nude man (277 ng/g va 189 ng/g).
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Hinh 2. Phan bd ham lugng tdng PCB trong cac mau tram tich.
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Ham luong tong PCB cao nhat tai diém CD.03 1a 86,9 ng/g, ¢6
thé do khu vuc ctra bay co dién tich rong, sau, dong chay xoay,
nén toc do 1€ing dong trAm tich nhanh va sy xo tron it hon so v6i
cac khu vyc khac. Do vay, su tich lity cac PCB c6 xu hudng cao
hon phia trong song.

Tai vi tri DHN.08, ham lugng téng PCB kha cao, khoang 50,1
ng/g, day 1a vi tri gan cang Chau Son, noi ¢6 nhiéu tau thuyén neo
d4u dé van chuyén d4, khai thac cat. C6 thé cac hoat dong giao
thong thity phat sinh ra cac ngudn thai chira PCB (vi du dau phanh
va dau thity Iyc cua tau bé van chuyén) anh hudng dén muce do tich
Ity PCB tai khu vyc nay.

Ty I¢ phin bé cic dong logi PCB trong mdu (hinh 3)
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Hinh 3. Ty I¢ phan tram céc dong loai PCB.

Hau hét cac déng loai PCB déu duoc phat hién c6 mat trong
cac mau trim tich, ddc biét PCB-28, PCB-138 va PCB-194 duoc
tim thdy trong miu v6i ty 16 phan trim kha cao, twong tng 1a 85,
75 va 100%. Trong mdi mau trdm tich, ham luong PCB-28 va
PCB-52 chiém ty 1¢ cao so v6i cac dong loai con lai v6i phan trim
trung binh chiém 23,0 va 47,7%, trong d6 ham lugng PCB-52 bién
thién tir 0,156 dén 59,6 ng/g trong luong kho.

So sanh ham lwgng PCB trong trim tich tai mot 56 khu vue

Bang 1 tong hop ham luong tong PCB trong tram tich song va
ven bién tai mot so khu vuc khac cta Viét Nam va mot so nude
trén thé gioi.

Bang 1. Ham lugng tong PCB trong tram tich tai mot so khu vuc.

Trung binh  Khoing nong

Khu vire nghién ciru (g0 0 (ag/e) Tai li¢u tham khao
Khu vue ha luu song Day 16,1 1,72-86,9 Nghién ciru ndy

;/j)nc lgecnhi\lél:)e An dén Quang Nam (tong 349 9723728 T.T. Thim (2017) [14]
et B R VO
ﬁfg(}:gnbgbgﬁ; ggh:il i\; jcién Thira Thién - 0087 0,036-0,158 3311161\)/[;11;1] Tri va cs
;(/)i;ki)?g)abaya, Indonesia (tong 19 dong 88 0,100-30 ?i[.ﬂllyas vacs (2013)
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Song Duong Tt, vinh Hang Chau, bo 0. Adedayo va cs (2016)

bién phia Dong Trung Quéc (tong 9 dng 20,3 ND-63 [18]
loai PCB)
Cang du thuyen, Dao Shelter, vinh San 7 23153 Carlos Neiraa va cs

Diego, Hoa Ky (tong 19 dong loai PCB) (2018) [19]

Carlos Neiraa va cs
(2018) [19]

Dao Harbor phia Tay, vinh San Diego,

Hoa Ky (tong 19 dong loai PCB) 2 BHE

Carlos Neiraa va cs
(2018) [19]

Dao Harbor phia Dong, vinh San Diego,

Hoa Ky (tong 19 dong loai PCB) e s

Két qua so sanh cho thdy, tong ham lugng PCB trong nghién
ctru nay khé twong dong v6i ham luong PCB trong tram tich ving
ven bién mién Béc [15], trim tich 14y tai vinh Surabaya, Indonesia
va song Duong T, vinh Hang Chau, b bién phia Dong Trung
Qudc. Tuy nhién, két qua nay thap hon so vdi s lidu thu dugc cia
nhom nghién ctru khi phan tich ham lwong PCB trong tram tich
ven bién Bic Trung BJ va vinh San Diego, Hoa Ky. Tran Manh
Tri va cs (2016) ciing cung cap s6 lidu PCB (8 dong loai PCB chi
thi) trong trim tich ldy tai ving bién xa bd (cach 20 dén 50 km)
thap hon rat nhiéu so vdi nghién ciru nay [16]. Didu nay la hoan
toan hop 1y vi ngudn phat sinh PCB tir c4c hoat dong ndi dia chu
yéu dugc tich Iy trong tram tich song v trdm tich bién ven bo.

Nghién cuu nay da dua ra duge b s0 liéu ban dau vé muc do
tich lily PCB trong tram tich khu vyc ha luu song Pay. Tong ham
lugng PCB trung binh do dugc tai khu vue nghién ciru 1a 16,1
ng/g trong lugng kho (dao dong 1,72+86,9 ng/g). Két qua nay cho
thay mirc d tich liy PCB trong tram tich tai khu vue & muce thip
so vOi gia tri gioi han vé chat luong tram tich quy dinh tai QCVN
43:2017/BTNMT. Tuy nhién, PCB li nhom cht 6 nhiém hitu co
khé phan huy, ton tai lau dai trong moi truong va c6 kha ning tich
liy sinh hoc cao. Chinh vi vay, su ton tai ham luong vét cia cic
dong loai thuc nhom chat nay ciing co kha ning tao ra nhimg
rii ro tiém 4n déi voi moi truong va stc khoe con nguoi. Két qua
nghién ctru nay s€ 1a co s¢ khoa hoc cho viéc danh gid cac chi s6
r0i ro moi trudng, rui ro sinh thai tiém an dbi voi moi truong va
stc khoe con nguoi.

LO1 CAM ON

Nghién clru nay dugc tai trg boi Bo Tai nguyén va Mai truong
thong qua dé tai cap bo ma sb: TNMT 2017.04.09. Céc tac gia xin
tran trong cam on.
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Phan tich dong luc hoc vét nirt trong vat liéu
14n hat cirng va 16 rong bang phlr()’ng phap
phan tu htru han noi suy lién tlep mao rong

Truwong Tich Thién", Trin Kim Bing', Phan Ngoc Nhan', Bui Quéc Tinh?

"Trwong Pai hoe Bach khoa, Pai hoc Quéc gia TP Ho Chi Minh
’Khoa Xdy dung Ddn dung va Moéi truong, Vién Cong nghé Tokyo, Nhdt Ban

Ngay nhén bai 25/1/2019; ngay chuyén phan bién 31/1/2019; ngay nhan phan bién 25/2/2019; ngay chip nhan ding 22/3/2019

Tom tit:

Vit liéu c6 1in nhirng hat cirg 13 mdt trong nhirng loai vét liéu dwoc sir dung phd bién trong nén cong nghiép hién
dai. V&t nirt va khuyét tat xuit hién sé gy ra hién twong tip trung ng suit va 1am anh huéng 16m dén d bén ciia
két cAu. Cac khuyét tit trong vat liéu cé thé dwge mé ta duéi dang cac 16 trong. Ung xir ciia vét nirt trong mién
xuiét hién 18 tréng va cac hat cirg sé phirc tap hon duwéi tiac dung ciia tai trong dong. Trong bai bao nay, nhém tac
gia phat trién ma tran do cirng va khdi lrgng cho cac phin tir mé ta vét nirt, 16 trong va hat cig trong vét liéu nén
bang phwong phép phén tir hiru han ndi suy lién tiép mé rong (extended twice-interpolation finite element method -
XTFEM) cho bai toan ddng lwe hoc, tinh toan h¢ s6 cwong d9 vng suit dong theo thoi gian, khio sat sy anh hwéng
ciia 18 trong, hat cirng gin vét nirt. Cac két qua tinh toan hé sé cwong do ing suit dong tai dinh vét nirt bing XTFEM

s& durgc so sanh voi két qua da dwoc cong bo trén tap chi khoa hoc qudc té uy tin dé kiém chirng dd tin ciy.

Tir khéa: hat cing, 16 trong, mé rong, ndi suy lién tiép, tai trong dong, vét nirt, XTFEM.

Chi s6 phdn logi: 1.9

Gidi thiéu

Do bén cua cdu trac vat liéu pha hat cimg phu thudc rat
nhidu vao su xuit hién cua cac bién bt lién tuc. Bdi voi viée
xap xi nhimng 10i giai khong lién tuc, phuong phap phan tir
hiru han truyén thong sir dung khong gian xap xi da thirc va
phu thudc rat nhiéu vao ludi dé dam bao d6 chinh xac cua
céc két qua gan mién suy bién hay nhitng ving c6 gradient
cao. Viéc mo phong cac bién bat lién tuc nhu vét nit, 15
tréng bang phuong phap phan tir hitu han truyén théng doi
hoi mat do ludi rat 16n. Va viée 1am min ludi doi hoi mot
luong tai nguyén may tinh kha 16n. Hon nita, viéc lam min
ludi thuong kho c6 thé tién hanh mot cach ty dong ma doi
hoi phai ¢6 sy can thi€p thu cong cua nguoi dung. Phuong
phap phan tir hitu han mo rong (extended finite element
method - XFEM) duogc gidi thi€u bdi Belytschko va Black
[1], Moés va cac cong su [2]. Phuong nay thira hudng nén
tang 1y thuyet vitng chic ctia phuong phéap phan tir hitu han
truyén thong va han ché dugc sy kho khin trong qua trinh
lam min lu6i va chia ludi lai. Gan day nhat, tac gia Bui
va cac cong su [3] dd thanh cong trong viéc thiét 1ap phan
tir 4 nat ndi suy lién tiép (consecutive-interpolation 4-node
quadrilateral element - CQ4), dua trén y tuong theo [4, 5].
Céac ham co ban cia CQ4 duoc xay dung véi hai lan noi
suy. Lan noi suy thir nhat hoan toan giéng véi phuong phép

"Tac gia lién hé: Email: tttruong@hcmut.edu.vn
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phén tir hiru han tiéu chuan. Lan ndi suy thir hai, ham xap xi
duogc ndi suy thong qua chuyén vi nut va trung binh dao ham
chuyén vi tai nat. Do d6, ham dang nhan duoc lién tuc va c6
da thirc bac cao hon ma khong lam ting thém tong s bac tu
do. Trudong tmg suat tré nén lién tuc ma khong can nhing
bién phap xur ly phuc tap, két qua tinh toan c6 su hdi tu ting
dang ké so voi phuong phéap phén tir hitu han truyén thong.

Bai bao nay phat trién phan tir lam gidu cho nhiing
dbi twong 15 tréng va hat cung trong vat liéu dang hat dya
trén ¥ tudng nodi suy lién tiép md rong (extended twice-
interpolation finite element method - XTFEM). Diéu nay
s€ tan dung duoc nhling wu dlem cua y tuong phuong phap
phén tir hitu han ndi suy lién tiép trong phan tir tir gidc bon
nut va y tuong lam giau cia XFEM cho nhimg bai toan bat
lién tuc. Cac ham x4p xi cua phan tir ndi suy lién tiép s&
dugc mé rong bang cach thém cac ham 1am gidu mo ta sy
bat lién tuc cua vét nit, 10 tréng va tap chat. Két qua tinh
toan dugc so sanh véi két qua da cong bd cua bai bao khoa
hoc quéc té uy tin.

Co sd Iy thuyét
Phan tir tiv gidc, bon niit néi suy lién tiép

Theo [3], qué trinh noi suy lién tiép phan tir tr giac bdn
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An extended twice-interpolation
finite element method applied
to simulate dynamic crack
behaviour in matrix inclusion
materials with random holes
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Abstract:

Matrix inclusion materials are one of the most commonly
used materials in modern industry. The appearance
of cracks and defects will cause stress concentration
and greatly affect the durability of the structure.
Defects in materials can be described as holes. Cracks
which appear in the domain containing holes and hard
particles have more complicated mechanical behaviours
than that under the effect of dynamic loads. In this
paper, the authors develop stiffness and mass matrices
for elements describing cracks, holes, and hard particles
in the matrix materials by extended twice-interpolation
finite element method - XTFEM for dynamic problems,
computing dynamic stress intensity factor over time
and evaluating the impact of holes and hard particles
near to cracks. The results of calculating the dynamic
stress intensity factor at crack tips by XTFEM will be
compared with the results published in a prestigious
international scientific journal to verify its reliability.

Keywords: crack, dynamic load, extended, hard particle,
hole, twice-interpolation, XTFEM.

Classification number: 1.9
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nut bao gom hai giai doan:

Giai doan noi suy thir nhat:

Trong phan tir hitu han truyén thong, chuyén vi xap xi tai
diém x dugc tinh nhu sau:

u(x)=Nul" +Nju[j] + N+ Nyl (1)

N, = l(1 -r)l-s), N, = l(1 +7)(1-s)
N, = i(1+ r)(l+s), N, =%(1—r)(1+s)

V6i ull, uldl, ul™, 4™ 13 chuyén vi tai cac niit 1, j, k, m cua
phan tir va r, s 1a toa do trong hé toa do tu nhién cua phan
tur tir gidc 4 nut.

Mién hd tro nat i, S, chtra tat ca cac ph?m tr ¢o lién quan
nut i. Ham trong @, dugc tinh nhu sau:

o, = . 3)
Z e'es; Be

Véi A, la dién tich cta phan ti e.

A la dién tich cua phan tir ¢’ trong S.

#* Toa d6 mit x
@ Cic nut ho tro ciia mit x

[ R S G [
5 n 1 ‘
¥ L F
Mién b trg it }' T T Mién b g it k
i I S B
N R ¥
AR . RS T
' 1 |
1
:

[
'
'
'
'
+
'
'
'
'

Mién hé trg nit i Mién hé trg mut /

IS R A Ae N A X ~ z A
Hinh 1. Diém can ndi suy va mién ho trg cta nit c6 toa do x.

Pao ham trung binh tai ntit i c6 thé viét nhu sau:

TS el @

ecS; I=1 | eeS;

Nix= Y (@Nt) 5)

eeS;

Giai doan ngi suy thir hai:

Trong giai doan ndi suy lan hai, gia tri ndi suy trén diém
x duoc tinh nhu sau:

i(x) = g+ g7+ 4,7, + gl + 4,7+ 4,7 ©

+gul g, i+ ¢h,z7,£f] +ou" g 719 7

mx rm Y
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Véi @, P, P, can dép Gmg cac quan hé sau:

$(x)=6,, 4.(x)=0, ¢ (x)=0
$.(x)=0, ¢, .(x)=6, ¢, ,(x,)=0 (7
¢iy(xl) =0, ¢iy,x(xl) =0, ¢,-y,y(X1)=5ﬂ
1, khii=1I
%y ={ . ®)
0, khii=#!/

¢_/9¢jxa¢jya¢ka¢kx>¢kya¢ms¢mx’¢my 06 quan hé tLI‘O'l’lg
tu nhu ¢l.,¢ix,¢iy.

&> P, P, duge tinh nhu sau:

§ =N 4NN, + NN, + NN, - N2 - N N2 - NV ©)

gﬁix = _('xl -
—(x, = x,) (N7 N, + bL,NyN, + bN,N;N, )

x%,)(N?N, + BN, N,Ny +bN,N, N, )
(10)
—(x, = x)(NN, +bN,N,N, + bN,N,N; )

¢,, duoc tinh twong tur bang cach thay bién x bang bién y.
veib=1/2.

Thay thé vao phuong trinh (6) thi duoc truong chuyén
vi ¢6 dang sau

a(x) =Y N,(x)u, (11)
=1
V6i cac ham dang ndi suy hai lan lién tiép dugc tinh nhu
dudi day:
] ] il
N =gN"+9, N,k+¢nNh+¢N/ +6, N +¢WN1V

L (12)
+¢LN[k]+¢k(N1r+¢hN1v+¢ NI N g N,

Ham lam giau cho bién bt lién tuc hinh hoc trong
XTFEM

Dbi voi viée xdy dung cac ham 1am giau cho bién bat
lién tuc hinh hoc cua cac phén to XTFEM hoan toan giéng
voi XFEM, chi khac 1a ph?m tt XTFEM s& c6 mién hd trg
16n hon. Theo nhu [3], [5] va [6] thi cin luu ¥ ring, qua
trinh noi suy lién tiép trén cac nit dwoc lam gidu cua cac
phﬁn ttr c6 bién bt lién tuc cit qua s€ khong thuc hién dugc
do su gian doan. bé giai quyét van dé nay, mot lya chon
thay thé 1a cai thién tinh toan cua trung binh dao ham cho
cac nit duoc lam giau tai cac phan tir d6 nhu sau:
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R = NI, = ®

@ Nt hé trg cho phin tit XTFEM

[] Mitecia phin o e

— Giao dién vét liéu hodc ranh gidi

i Mién hd trg cho phén tit XTFEM

(O Natduogc lam gidu

Hinh 2. Mién hd trg cho phan tif lam giau mot phan va lam giau
toan phan

Noi cach khac, theo cong thire ( 13) va hinh 2, nhiing
phan tir bi bién bét lién tuc cit qua, tat ca cac nit déu duoc
lam giau (Iam giau toan phan), s& chi c6 mién hd tro 1a chinh
phan tir d6 thoi. Cac ky hiéu trong (13) c¢6 y nghia tuong tur
trong cong thuc (5).

Ham lam giau cho bién bat lién tuc la canh vét nirt:
Dang hinh hoc cua bién bat lién tuc co thé duoc dic

trung boi gia tri 0 ciia duong cong ham tap mirc @(x,7) =0
va @(x,t) duoc xac dinh nhu sau:

#(x,) = min x— x|

(14)

Véi I 12 bién bt lién tuc, 7 1a tap hop diém va dau cong
trir duwgce dinh nghia bdi dau ciia X —X..

D6i voi bién bat lién tyc 14 canh vét nit, ham lam giau
Heaviside H(x) s€ dugc st dung.

H(x)= {
Ma tran bién dang - chuyén vi B cta canh vét nirt duoc
xac dinh nhu sau:
(W[H($)-H()]). 0
BY = 0 (N,
(8.[H(&)-H(£)]),

Ma tran ham dang N cua canh vét nat duge xac dinh
nhu sau:

L khi $(x)>0
—1,khi ¢(x)<0

(15)

(16)

N7 = (17)

0 N[H(E)-H(E)]
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Vé6i N, 1a ham dang ndi suy hai Ian lién tiép tai nat
duoc lam giau i

H (§ ) 1a ham Heviside ctia diém Gauss dang xét
H ( fl) la ham Heviside cua nit i dang xét
Ham lam giau cho dinh vét nirt:

Ham lam giau tai dinh vét nit dugc dinh nghia theo cac
thanh phan cua h¢ toa d6 cuc dia phuong (r,0) dat tai dinh

{45l o

Ma tran bién dang - chuyén vi B ctua dinh vét nut dugce
xac dinh nhu sau:

(W[E-R) o0
(Ni [Fa B

_(Ni[Fa _Fai]),y (Nz [Fa _Fai])’x_

1] tipl tip2 tip3 tip4
Bilp _ [Bilp Bilp Bl.lp Bilp :'

B = 0 F) | a=1234 (19)
sy

(20)

Ma tran ham dang N ctia dinh vét nirt dugce xéac dinh nhu
sau: n
. INJF,-F,] 0

NP = a=1,234 @1
0 N[E-F,]

Niip [Nﬁipl N?ipZ N?ip3 Nil'p4 ] (22)

Ham lam giau cho bién bat lién tuc la 16 trong:
Dbi véi bién bat lién tyc 1a 16 rong, ham lam giau
Heaviside ¥(x) van dugc st dung nhu sau:

by Lk 90> 0
(x)= 0, khi $(x) <0

(23)

Diéu d6 c6 nghia la nhitng nut nam bén ngoai 1 rdng s&
c6 gia tri ¥(x) = 1 va nhiing nat nam bén trong 15 rong s&
cogiatri V(x) =0
Ma tran bién dang - chuyén vi B cua bién 15 tréng duoc
xac dinh nhu sau:
Ni,x[V(g)_V(é)] 0
B! = 0 NV (&)-V(&)]

NL[r(€)-r(6)] ML (©)-7(4)]

24)

Ma tran ham dang N cua bién 16 tréng duogc xac dinh
nhu sau:
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wa/e :|:]<7,|:V(§2)V(éj’):| 0

MV(:)V@,)]} 2

Ham lam giau cho bién bat lién tuc la hat ciing:

Céc phan tir bi bién cua hat cimg bét ky cit qua s& bi bat
lién tuc vé vat liu va tinh chat nay dugc mo ta bang cach
thém ham lam giau tri tuyét doi vao truong chuyén vi.

2= 2 N (x)|-| X V.04 (x

(26)

Véi ¢l la ham khoang cach xét déu tai nut i ciia mot
phan tir duge lam giau.

Ma tran bién dang - chuyén vi B ctia bién tap chit duoc
xac dinh nhu sau:

Ni,x//{(xi)_{— Ni//{(xi),x 0
B = 0 V., 2(x)+ N x(x,),
Ni,yl(xi)-’-Nil(Xi),y Af,xZ(Xi)-’-]\A]iZ(Xf)wx

27

Ma trdn ham dang N cuta bién hat ctiing dugc xac dinh
nhu sau:

A N.7(x. 0
N;}’IC — ll( l)

0 Nyx,)

(28)

Dong lie hoc trong bai todn hon hop nhiéu bién bt lién tuc:

Xét mot diém co toa do x trong md hinh phén tir hiru
han. Gia st c6 nhiéu su bat lién tuc gém vét nut, 1 tréng
va hat cling cung ton tai. Theo tai liéu [7], truong chuyén vi
xap xi duoc xac dinh nhu sau:

Il

u'\h (X) '*enr Z

j=l

X)u, +ZZN ak (29)

Voin la s6 nut hd tro diém co toa do x; np la sb diéu
kién bat lién tuc xay ra voi ph?m tir chira diém c6 toa do x;
v6i phan tir chira dinh vét nut thi np = 4, cén v6i phéan tir
c6 bién bat lién tuc la duong nit, bién 16 rong, hat cung dl
quathinp=1;mlasd nut dugc lam glau trong mdi np; l//
12 ham lam giau trong mdi didu kién bat lién tuc (vét nut, 15
rong, hat cting) np; a 1a bac ty do ing véi nat duge 1am giau.

Bai bao chi xét t6i d6 cung K, khéi lugng M va bo qua
giam chan C. Do do, phuong trinh dong luc hoc két cau trd
thanh nhu sau:

Mii" +Ku=F (30)

R S R ea e A .,
Vol o va uh la cac vector chuyén vi va gia toc tai nat
phan tu. V6i cac nut dugce lam giau, cac bac tu do lam giau
a duogc thém vao.
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u' = {u,a}T; ii" = {ii,éi}T (31)

Ma tran d6 cung K, ma tran khdi luong M duoc lam giau

c6 dang nhu sau:
K" K M* M
K:=| " M= Y . (32)
K K T IM M
ij ij v K
Voi
K} = J‘Q(Bf)r DB’dQ sao cho r,s =u,a (33)

Céc thanh phan trong ma tran khdi lugng dugc tinh nhu
sau:

M} = JQpNideQ; M} = Lp[ﬁll/l(x)}[ﬁw(x)}dQ

N A R
M = [ o[ Wi (x) |as Mz = [ p[ Ngi(x) [ ¥,d0

V6i B la cac ma tran dao ham ham dang dugc tinh tir
cac cong thuc (16), (19), (24), (27) tuy theo dang bat lién
tuc khac nhau; D 1a ma tran vat liu; p 1a khoi lugng riéng.

Phuong phap tich phan twong tac cho bai toan dong luc
hoc cua vet nirt tinh:

Dé xéc dinh hé s6 cuong do tng suat dong, mot phuong
phép hiéu qua da dugc dé xuat boi Nishioka va Alturi
(1984). Theo tai li¢u [8], dang giai tich cuda tich phan J cho
bai toan dong luc hoc voi vet nut tinh cé dang nhu sau:

J = J.[(W+K)m—ty.%z;jdfi!’l((pﬁf—f)g——pz }IA (35)

[+l

Véiu, t, f, n, vap lan Iuot 1a ky hiéu cta chuyén vi, ap
luc, luc thé tlch Vector phap tuyén va khéi lugng riéng.

W=(1/2)poe,

K 1a mat d6 nang luong dong hoc

1a mat do ning luong bién dang (36)

Phuong phap tinh tich phan J cia XTFEM dung trLrorng
chuyén vi c6 ndi suy lién tiép. S6 lwong nut va mién hd trg
chira cac phan tir khi tinh tich phan J trong XTFEM 16n hon
s0 v6i XFEM. Su khéc nhau d6 dugce thé hién nhu hinh 3.

— Vétnin

— —— BiénT, ctia tich phin I

lo bién T, cit qua

i‘

M trg chia cie phan tr duge ding d&
h tich phan J trong XFEM
X el

L., |

(A) (B)

Hinh 3. (A) Toa d¢ dia phuong tai dinh vét nit va (B) Mién hé
trg chia cac phan tif dugc dung dé tinh tich phan ) trong XFEM
va XTFEM.

71 Mién b trg chita cic phin 1 dugc ding dé
""" tinh tich phan J trong XTFEM
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Mé hinh mé phéng
Mo hinh 1

Xét bai toan tim phang vé6i chiéu rong W =20 mm, chiéu
cao H = 40 mm, vét nirt ndm ¢ giira tim c6 kich thudc 2a =
4,8 mm. Lyc phan b6 déu f,=1N/m ¢ canh trén va du0’1 cua
tam. Mo-dun dan hoi Young E = 199,992 GPa, hé s6 Pois-
son: v = 0,3, khéi lugng riéng p = 5000 kg/m’. Budc thoi
gian 1a At = 0,05 ps va tai tac dung tir 0 dén 13,62 ps nhu
hinh 4. Hat cling trong vét li¢u nén ¢6 ban kinh r = 2 mm
cach tam vét nit v6i khoang cach d = 6 mm theo phuong
x. Hat ctimg c6 md-dun dan hdi Young: E = 199,992 x 10°
GPa, hé s poisson v cua hat cung va vat li¢u nén déu bfmg
0,3. Truong hop dang xét 1a bién dang phang. Van toc lan
truyén song doc C,= 7,34 mm ps’. Két qua tinh toan tir
XTFEM sé& dugc so sanh voi két qua tinh theo XFEM, da
dugc cong b trong tai liéu [9]. Thoi gian s& dugce chuin
hoéa nhu sau:

t =2C,t/h v&i h = H 1a chiéu cao tAm

chuan _hoa

H¢ s6 cuong do ung suat dong Mode I s€ duogc chuan
héa nhu sau:

» K
K, :?’; K, = fiNma

0

d
L@ .

fo |

W

A !

Hinh 4. TAm phéng véi vét niit & giiia gan hat cting hinh tron.

,,Hg" sb cuong do ung sudt dong cua vét mit va tap chat dang cung

B £,

i Faged \
1,5 ,F

KI/KO

2Cdt'h

Hinh 5. So sanh két qua hé sd cudng do tng suat dong gitia hai
phuong phap.
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Su so sanh cac két qua tinh toan giita hai phuong phap
XFEM [9] va XTFEM duoc thé hién trong hinh 5. Céc két
qua hé s cuong d6 ung suit theo thdi gian thu dugc tir
XTFEM kha twong dong voi cac két qua dugc tham khao
tu [9].

Mo hinh 2

Trong vi du tiép theo, xét mé hinh tdm phing bi nut ¢6
chira dong thoi 16 tréng va hat cing. Céac thong sé vé kich
thudce, vat liéu va tai trong dugc cho twong ty nhu mo hinh
1. TAm chua 2 15 tréng v&i toa dd tim va ban kinh 1an luot
la: 01(1,25; 3,75) m, 1 =0,6 mva O,3,75; 1,25) m, r,=
0,7 m. Tam chira 2 hat ciing v6i toa do tdm va ban kinh lan
luot la: 03(1,;5; 1,25) m, r, = 0,5‘5 m va O,(3,75; 3,75) m,
r,= 0,8 m. Tam c6 veét nit bat dau tir gitra canh trai di vé
tam cua tam, voi chiéu dai vet nut la a = 2,5 m. Luc phan bo
canh trén theo thoi gian nhu hinh 6. Canh duéi dugc ngam.
Trudng hop dang xét 1a bién dang phang.

o,

|
@, @

— = f

)

7

>

0 0,150.25

! Thoi gian (5)

Hinh 6. Tim phing chia vét nit, 16 trong va hat ciing chiu tai
theo thai gian.

Do thi hé sb cuong do ung suét dong Mode I cua tam
theo thoi gian va chuyén vi theo phuong x, y, truong ing
suat theo hai phuong x, y ciing dugc minh hga qua hinh 7
va 8.

-— Hé sé cuong do tmg sudt dong Kl

2"
600 V4 \
’ Y
/ \
400 | ,’ ‘\~_.
U
/ N
E 200 ’ \ "
, L)
* \ /
7 . ’
0 o \ /
'Y ’
\ J
=200 .
a LT
S
-400 s +
0 0,2 0,4 0,6 0.8 1

Thaoi gian(s)

Hinh 7. Hé s6 cudng do ting suat dong mode I clia tam theo thoi
gian.
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Chuyén vj theo phwong x tai thin gian t=0,15s (:huyén vi theo phuromg y tai thoi gian 1= 0,155« 10°
5 S
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Hinh 8. (A) Chuyén vi theo phuong x; (B) Chuyén vj theo phuong
y; (C) Ung suat theo phuang x; (D) Ung suat theo phuong y tai
thoi diém ¢ = 0,15s.

Tai thoi diém t = 0,15s, luc tai ¢ gia tri 16n nhat, thi tng
sut chil yéu tap trung tai dinh vét niit, con canh vét nut ing
sudt gan nhu bang 0, tir d6 cho thiy trong trudng hop nay
vét nut chinh 13 bién bat lién tuc dang manh nhét. Ung sudt
cling tap trung & hat cimg phia trén vét nit, gdy anh hudng
1 rét dén hé sd cuong do ung sudt tai dinh vét nut. Vi viée
sir dung XTFEM, trudng tng suit kha min. Xét vé chuyén
vi theo phuong y, chuyén vi trén va dudi vét niit co su dbi
1ap nhau rd rét, phan phia trén vét nit bi kéo ra nén chuyén
vi rat 16n.

Két luan

Trong bai bao nay, phuong phap phan tir hitu han noi suy
lién tiép mo rong (XTFEM) da duoc 4p dung dé xay dung
chuong trinh mo6 phong bai todn dong luc hoc vét nit véi su
anh hudng cua cac khuyét tat 15 rong va cac hat cimg phan
b trong vét thé dya trén ngdn ngir 1ap trinh Matlab. Phuong
phap nay c6 wu diém 1a d& dang mé ta dwoc tinh chat vat
Iy cua vét nut, 16 rdng va hat cing thong qua ham lam giau
ma khong can phu thudc vao ludi mé hinh. Dong thoi co
thé dem lai mot truong ung suét va bién dang tron, lién tuc.
Diéu nay s& anh hudng dén két qua tinh hé s6 cuong do ung
suét tai dinh vét nut. Mot vai vi du mo phong s6 da duge
thuc hién va so sanh dé chimg to tinh dang din ciia chuong
trinh. Két qua thu dugc tir XTFEM kha tuong dong véi két

2]
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quéa tham khao tir tai liéu uy tin [9]. Dé tai nay c6 thé phat
trién theo nhiéu hudng lién quan dén bai toan nhiéu bién bat
lién tuc véi cac loai vat liéu khac.

Nghién curu duogc tai trg boi Truong Pai hoc Bach khoa
- Pai hoc Quéc gia TP Hd Chi Minh trong khudn khé dé tai
mé s6 To-KHUD-2017-04. Céc tic gia xin trin trong cam
on.
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Tém tit:

Lan can thép véi hé lién két chim ting cwong tai vi tri chan cdt (lan can lién két chim) dwoc ing dung tai cac tuyén
dudng cao téc ¢ nhiéu nuwée trén thé gisi, dic biét 1a Cong hoa Phap, di ching té dwoc nhitng wu thé vé mit kinh
té - k§ thuat, ddng thoi mang lai tinh thAm m§ boi két cAu thanh manh. Bai viét nghién ctru kha niing ing dung cong
nghé lan can lién két chim vao cac tuyén dwong cao toc & Viét Nam.

Tir khéa: 1an can ciu, lién két chim, két chu thép.

Chi s6 phén loai: 2.1

Research into applying sunk-jointed
rails for expressways in Vietnam
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Abstract:

Bridge steel rails with sunk joint at the base of the railing
column (sunk-jointed rails), which have been applied for
expressway projects in many countries around the world,
especially in France, have proved their advantages on the
economical and technical sides, as well as the aesthetics
thank to their slender structure. This article presents an
overview of the sunk-jointed rails technology and the
ability to apply it for expressways in Vietnam.

Keywords: bridge rails, steel structure, sunk-jointed.
Classification number: 2.1

‘Tac gia lién hé: Email: trongdong.nguyen@gmail.com

TAP CHI

HOAHOC |/,
ONG NGHE ||{ Nam 51(6) 8.209

- £ X
Dat van dé

Trén cac tuyén duong cao toc ctia Viét Nam hién nay, két
céu lan can duogc sir dung cha yéu 1a lan can bé tong hodc
lan can lién hgp bé tong - thép [1]. Cac lan can nay dap tng
dugc mirc d6 ngdn chin cho cac tuyén duong co xe tai trong
16n luu thong voi tbc do cao, tuy nhién con tdn tai mot sb
nhuge diém 1a ning né (700-1.400 kg/m dai), thoi gian thi
cong dai va thim my chua cao. Céc lan can thép ¢ cau tao
thanh manh, nhe nhang nhung chua dap ung dugc muc do
ngan chan nhu céc lan can bé tong.

Xuét phat tir nhitng didc diém trén, Tong cong ty Dau tu
phat trién Dudng cao téc Viét Nam (VEC) di dé xuét véi Bo
Giao thong Véan tai (GTVT) cho phép nghién cru mot dang
lan can méi khéc phuc nhitng nhugc diém cia hé thong lan
can cau hién nay.

Trén co sé tham khdo lan can BN4 cua Cong hoa Phap,
nhom nghién ctru d c6 nhitng cai tién dé phu hop vai diéu
kién thi cong tai Viét Nam, tir d6 dé xuét lan can thép voi hé
lién két chim dit trong bé tong ban mit ciu nham gia cuong
phan chan cot, dap tmg mirc 46 ngan chin L4 danh cho cac
tuyén duong cao toc [2, 3]. Pong thoi voi két cAu thanh
manh, trong lugng nho s€ lam giam tinh tai tdc dung 1én
canh hang dim bién va ting tinh thim m¥ cho cong trinh.

Vi nhitng vu diém cia minh, két cau lan can lién két
chim htra hen kha nang ap dung dai tra cho céc cong trinh
cau trén cac tuyén duong ctua Viét Nam.

Doi tuong va phuong phap nghién ciiu

Dbi tugng nghién ctru 13 lan can thép ¢6 hé lién két chim
dat trong bé tong ban mat cau.
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Phuong phép nghién ctru 1a nghién ctru 1y thuyét, két
hop v6i mo phong bang phan mém va thyc nghiém:

Nghién ciru ly thuyét dé xdc dinh co so thiét ké lan
can cdu

Nghién ctru dugc thuc hién qua viéc nghién ciru cac tiéu
chuan thiét ké lan can ciia My, Anh, chau Au va Viét Nam
[4, 5]; xem xét, danh gia cac quy dinh vé murc d6 ngan chin,
loai phuong tién, vén tdc va goc va x6 vai lan can; tir do dé
xudt tiéu chuan phu hop ap dung cho thiét ké cac cau kién
cua lan can.

Théng qua viéc nghién ctru cac tiéu chudn thiét ké khac
nhau, nhom nghién ctru nhan thay yéu cau thiét ké lan can
trong cac ti€u chuin déu dya trén quy dinh vé mue do ngan
chan. Déi vai timg nude, do ddc diém phuong tién tham gia
giao thong khac nhau, van hoa giao thong khac nhau ma
quy dinh vé loai xe, tai trong, van tdc va cham, gbc va cham
cling khac nhau.

Theo Tiéu chuan thiét ké cau 22TCN272-05 cua Viét
Nam quy dinh mirc d6 ngin chin cua lan can cau trén dudng
cao tdc phai dat mirc d6 ngan chin L4, co nghia 14 lan can
phai chiu dugc xe co tai trong 22 tdn va cham theo goc 15°
v6i van téc 80 km/h. Quy dinh nay phu hop véi diéu kién tai
Viét Nam nén nhom nghién ctru lya chon tién hanh thiét ké
tinh toan theo Tiéu chuin 22TCN272-05 [2].

Thiét ké, kiém toan lan can theo Tiéu chuin 22
TCN272-05

Viéc thiét ké tinh toan theo tiéu chuin ky thuat dugc
thuc hién véi trinh tu sau: thiét ké cau tao hé thanh - cot lan
can, kiém toan lan can theo diéu kién hinh hoc; kiém toan
lan can theo diéu kién vé strc khang; xac dinh ndi lyc hé lan
can bang phan mém Midas; thiét ké hé lién két chim, bd tri
bulong lién két; kiém toan bulong va dudng han theo cac
diéu kién trong tiéu chuan; thiét ké bd tri cbt thép cho canh
hang dam bién.

Theo tiéu chuén, diéu kién dam bao vé hinh hoc cta lan
can nhu sau:
SAi/H > Ai/H

min tuyét dbi
Vi ZAi/Hmm et a6 duoc xac dinh theo Diéu 13.7.3.2.2,

Tiéu chudn 22TCN272-05.

LAN CAM Gd
HOAC KIM LOAI

Hinh 1. Cac kich thuGc co ban ciia lan can dang thanh cgt.
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Trén co s& phan tich phi dan hdi qué trinh va cham cua
0 t0 va lan can, trong muc 13.7.3.4, 22TCN272-05 quy dinh
dicu kién kiém toan cho h¢ lan can gom 2 néi dung:

Kiém toan vé suc khang:
>Ri>F,
Kiém toan vé trong tam ngoai luc tac dung:

Y =Y (RY)/¥R, > H_- Diéu kién dam bao 6 to khi va
x0 khong bi 14t ra ngoai lan can.

Trong dé: Ri - Strc khang cua hé théng lan can (kN); Yi
- Khoang céch tir mit cau toi thanh lan can th i.

Ri ctia lan can can duoc tinh trong 2 trudong hop:

Khi xe va vao giita nhip lan can, dang ph4 hoai gdm sb
luong nhip lan can N 13 1¢, strc khang cua hé¢ dam va cot:

_16M, +(N-D(N +DF,L
¥ ONL-L,

Khi xe va vao ¢t lan can, dang pha hoai gém s6 luong
nhip lan can N 1a chan, suc khang cua hé dam va cot:

_16M,+N*P,L
tT 2NL-1,

Ngoai cac yéu cau kiém toan vé vat liéu, kiém toan chi
tiét bulong, duwong han thi day 1a cac yéu cau kiém toan co
ban va ddc thu trong cong tac thiet ke lan can cau.

Danh gia khd nang lam viéc cia lan can

Sau khi thiét ké, kha nang lam viéc cua lan can co thé
danh gia bang cac phuong phap sau:

Ddnh gid bang thir nghiém dong: viéc thir nghiém dong
duoc tién hanh bang nhiéu phuong phap, trong d6 phd bién
1a str dung xe 0 t0 va vao mo hinh lan can cau duoc b tri tai
bai thir (hinh 2). O t6 ¢6 tai trong, van toc va goc va tuong
tu nhu quy dinh trong tiéu chuan.

Hinh 2. M6 hinh xe dam vao lan can.

Ngoai ra, phuong phap sir dung vét ning duoc tao thé
nang tuong duong dong nang va cham cling dugc su dung
(hinh 3).



Hinh 3. Mé hinh va cham bing con lic.

Pdnh gid bang thir nghiém tinh: thir nghiém tinh c6
thé dwoc tién hanh trong phong thi nghiém (hinh 4) hoic
tryc tiép ngoai cong truong (hinh 5). V&i phuong phap thir
nghiém tinh, h¢ théng kich, cam bién do luc, chuyén Vi
dugc st dung dé danh gia kha nang chiu luc, quan h¢ gitra
luc va chuyén vi cua lan can [6-9].

Hinh 5. M hinh thit nghiém tinh ngoai hién trudng.

Pdnh gid théng qua mé phong bang phan mém chuyén
dung: v6i sy phat trién ciia cong nghé thong tin, hién co
nhiéu phin mém chuyén dung mé phong tng xir dong cia
két cau bang phuong phap phan tir hitu han cho d6 chinh
xé4c cao [10, 11]. Vi du dudi day 1a so sanh gitra két qua
thir nghiém dong bang va xe voi mé phong bang phan mém
Abaqus (hinh 6) [6].
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(b) 0s

Hinh 6. So sanh mé phéng va cham.

Nhitng phan tich néu trén cho thdy rang, viéc sir dung
phuong phap mo phong dong dé danh gia kha ning lam
viéc cua két ciu lan can cho do tin cay cao. Chi phi va thoi
gian thuc hién dbi véi phuong phap nay thap hon so voi
céc phuong phap khac. Do d6 nhém nghién ciru dé xuat lwa
chon phuong phap mé phong va cham dong dé danh gia kha
nang lam viéc cua lan can lién két chim bang phan mém
chuyén dung Abaqus/Exlicit - day la mot phin mém c6 uy
tin dung dé mo phong cong trinh dwa trén phu'(mg phap
phan tir hitu han, cho phép giai quyét van dé tir phan tich
tuyén tinh don gian dén mo phong phi tuyén tinh phirc tap.

Mo hinh lan can va 6 t6 dugc mo phong dudi dang phan
tor dang vé mong theo kich thudc thyuc té (hinh 7).

Hinh 7. Mé hinh va cham cda xe tai véi lan can lién két chim.

M6 hinh dan hdi déo Von - Mises duoc st dung dé mo ta
ung xu co ban cua cac cAu kién thanh va cot lan can. Hé sb
Poisson cua thép trong mién bién dang dan hoi duoc lay 1a
va=(0,3.

Pau cac cdt lan can duoc khai bao chuyén dong tu do
theo cac hudng, chan cdt co lién két dang ngam nham thién
v€ an toan trong tinh toan lyc tac dung 1én hé lién két chim.

O t6 mo phong dugc xay dung theo mau 6 to thir tai tiéu
chuan cho muc d9 ngan chian L4, van toc 80 km/h va x6 vao
lan can véi goc tiep xuc 15°. Két qua cia mod phong la can
ctr kiém chung céc tinh toan, kiém toan theo tiéu chuan ky
thuét cling nhu phuc vu t6i uu hoa thiét ké.

Nghién civu vé sw lam viéc ciia by phn lién két chim

B0 phan lién két chim chén trong bé tong dugc phan tich,
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nghién ctru boi mo hinh thyc nghiém, trong d6 2 mau thir la
¢dt lan can ¢6 chiéu cao 1,4 m tiét dién chir H (250 x250x 9
mm), lién két v6i ban mit cau biang 6 bulong dudng kinh 24
mm (lién két thuong) hogc lién két voi ban mit cdu thong qua
hé lién két chim (hinh 8).

Gia cong lién két chim

Gia céng bulong M24
Hinh 8. B& tri mé hinh thuc nghiém.

Cac mau thir chiu tac dung ctia ngoai lyc cia kich thuy
luc cho dén khi dat bién dang 16n, tir d6 phén tich, danh gia
co ché hinh thanh, phat trién vét nut, stc khang cia timg
coOt lan can.

bé do dac chuyén vi mau thir trong qué trinh thir nghiém,
nhoém nghién ctru da ldp dat 4 diu do chuyén vi, trong do
1 dau do tai vi tri dau cot va 1 dau do tai vi tri chinh gilia
ban thép tang cuong, 2 dau do tai vi tri canh bén cua ban
tap chan cdt.

Két qua va ban luan
Thiét ké, kiém todn lan can theo Tiéu chudn 22TCN272-
05

Thép ché tao lan can ¢6 giéi han chay fy=400 MPa, gidi
han bén fu=570 MPa. Ciu tao lan can c6 dang nhu hinh 9,
kich thuéc céac thanh dugc trinh bay ¢ bang 1.

Hinh 9. Cau tao dién hinh lan can lién két chim.
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Bang 1. Kich thudc cac thanh lan can.

Kich thwée (mm) Thanh 1 Thanh 2 Thanh 3 Thanh 4
B 150 150 100 90

b 64 64 39 39

t 4 4 4 4

R 4 4 4 4

Keét qua kiém toan theo cac ndi dung cua tiéu chuan cho
thay h¢ lan can thda man cac dicu kién kiém toan vé hinh
hoc:

YA/H=032>YAH

‘min tuyét doi = 073

Ddng thoi hé lan can ciing thoa man cac diéu kién vé
kiém toan sirc khang dudi tac dung ciia ngoai luc trong tiéu
chuén, theo bang 2.

Bang 2. Gia tri kiém toan stic khang lan can lién két chim.

Va vao cft lan can Va vao nhip lan can

T hop va xe
Rib (N) Yib (1m) Rib(N) Ytb (1m)
Gié trj 1.868.914 1.031 1.343.270 1.159
Dicu kign Rtb>Ft=516.000N  Ytb>He=1.020mm  Rtb>Ft=516.000N  Ytb>He=1.020 mm
Kiém todn Dat Dat Dat Dat
Két lugn Dat Dat

Kiém chieng kha nang lam viéc ciia lan can bang mé
phong dong

H¢ lan can va 6 t6 thu tai dugc moé phong theo ty 1€ 1:1
so voi kich thude va khoi luong thuc té. Cac thong s6 vé vat
liéu duoc léy theo thiét ké. Bién dang cac chi tiét hé lan can
thé hién & hinh 10; chuyén vi dau cot duoc thé hién ¢ hinh
11; tng suat 16n nhat tai vi tri chan cot dugc thé hién & hinh
12 va lyc nhd bulong chan cdt dugc thé hién & hinh 13.

Hinh 10. Mo phdng bién dang do va xo lan can lién két chim.
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e LIEN KET BULONG

Chuyén vi (mm)
I
|
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Thei gian (s) Thoi gian

— Chuyén vi =——Luc

iy V4 A R . A A
Hinh 11. Biéu do chuyén vj dau ct. Hinh 14. Biéu dd chuyén vi - Iyc ciia thit nghiém déi véi lién

: ' P : — két bulong.
g r 3 8
< - o ] R
E o , i LIEN KET CHIM
B owp Jeaone L1 300
£
Théi gian (s) ey R S TRy
Hinh 12. Biéu db ting suat chan cot. -120-—-100—-80— 604020 50 020
Thoi gian
40000 @ Chuyénvi @ Luc
15000 —Lancanl&rfc&n
L Hinh 15. Biéu dd chuyén vi - lyc ctia thi nghiém déi véi lién
Z 25000 két chim.
1
£ 20000
g ) A1 N . s aa1a
il Cung mot hanh trinh kich, ngoai luc do kich tac dong 1én
10000 4 oA A \ , . . , A A .
co00 mau lan can lién két chim c6 gié tri 16n gap 2 1an ngoai luc
b do kich tac dong 1én mau lan can lién két thuong. PBicu do
0 0oL om0 00t 00008 00m 008 minh chirng kha ning chiu lyc cta lan can lién két chim tot
e hon kha nang chiu lyc cta lan can thong thuong.
Hinh 13. Biéu db lyc nhd bulong. Muec do pha huy ket cau:

Viéc md phong va cham dong cho thdy mot s6 diém sau
day: ndi lyc pha hoai xac dinh boi mo phong dong nho hon
ndi luc duge xac dinh boi tinh toan theo tiéu chuan do tinh
toan theo tiéu chuén bang phucng phap phan tich luc chua
xem xét sy anh huong cta bién dang dén qué trinh truyen
lyc. Nhu vay, theo tiéu chuén hé lién két chim da duoc thiét
ké thién vé an toan, du kha nang chiu lyc va cham dong,
dam bao murc dd ngan chan L4. Vé bién dang, ung suit chan
cOt dat tdi gia tri gioi han dan hoi (450 MPa), chan cot va
thanh lan can tai vi tri va x6 d3 bi bién dang va lam viéc
tai trang thai chdy déo. Tuy nhién, hé lan can chua dat dén
trang thai pha hoai (<570 MPa), dam bao duy tri chitc ning
ngin chin theo yéu cau.

Nghién civu vé sw lam viéc ciia bd phdn lién két chim
Két qua thir nghiém thé hién trén 2 yéu to:
Twong quan chuyén vi - lic:

Luyc kich 16n nhat trong thir nghiém lién két bulong 1a 52
KN (hinh 14) va luc kich 16n nhat trong thir nghiém lién két
chim la 105 kN (hinh 15). Hinh 17. M3t chinh dién miu thi lién két chim.
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Dbi vai mau lién két chim, hinh anh phd huy (hinh 16
va 17) cua mau cho thdy vét nut phat trién sau xudng duoi,
khong xuét hién pha hoai (vét nirt) theo phuong ngang, gan
bé mit. Nguyén nhén la dudi tac dung cia luc nho, cac chdt
trong lién két chim da kéo thép neo (duge chon séu trong bé
tong) tao nén mo men udn trong mau thir, ddn dén vét nit
doc tir trén xudng.

Hinh 18. Pha hiy mau thi lién két bulong.

D6i v6i mau lién két thuong (hinh 18): hinh dnh pha
hay & mit chinh dién cho thiy vét ntt chinh phat trién theo
phuong ngang, ndng ngay sat mit trén bé bé tong (cach bé
mat bé bé tong khoang 5 cm). Mot vai Vét nut theo phuong
thang dung phat trién tir bé mat xudng vét nirt ngang va phat
trién tiép tur Vet nut ngang xudng dudi 1a hé qua cua viée pha
hoai theo vét ntet chinh.

Diéu d6 cho thdy, lién két cua cot lan can thong thudng
v6i bé tong chi thong qua cac bulong, sy [am viéc chung
giita bulong va bé tong ban mit cau chi thong qua luc dinh
bam nén khong phat huy dugc kha nang lam viéc ctua bé
tong bén dudi, khién bulong bi bat nhd, kéo theo ca hé cot
lan can. Phan tich trén cling ly giai cho viéc cung mot hanh
trinh kich, ngoai lyc tac dung Ién cdt lan can lién két chim
c6 gia tri cao gip 2 lan ngoai luc kich tac dung 1én cot lan
can thuong. Nhu vay c6 thé thiy, hé lan can lién két chim
da phat huy duogc kha nang lam viéc cia phan bé tong mau
thir phia sdu dudi cgt lan can, gitp két cau c6 kha niang chiu
luc tot.

So sanh chi tiéu kinh té - ky thudt ciia két ciu lan can
lién két chim

V& mit ky thuét, lan can lién két chim dat muc do ngan
chan L4, khdi lugng lan can lién két chim vao khoang 325
kg/m dai, giam khoang 4 1an so v&i lan can bé tong (1.400
kg/m dai). Diéu nay gitip giam tinh tai tac dung 1én két cau
phan trén cau.

Vé mit kinh té, chi phi xay dung lan can lién két chim
thip hon khong nhiéu so véi lan can bé tong, nhung thip
hon khoang 37% so véi lan can lién hop thép - bé tong.

Ngoai ra, nho kha nang chiu luc tdt cua lién két chim, cu
ly cac c6t lan can co thé duoc bd tri cach xa nhau hon so véi
két cAu lién két bang bulong thudng, ting cudng tinh thanh
manh va thim my cho két cau. Cung véi d6, viéc thi cong
lap ghép gitip lan can lién két chim thuén tién trong thi cong
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lap dat, d& bao dudng thay thé.

Cac thong s0 so sanh v¢ hi¢u qua kinh t€ cta lan can lién
két chim va cac lan can khac dugc thé hién ¢ bang 3.

Bang 3. So sanh chi phi xdy dung ctia cac loai lan can.

Lan can ciu thép Lan can lién

tl LG (TS chan bé tong két chim
Tinh tai (kg/m) 1437 769 3254
Chi phi cho cau 30 m (triéu dong) 2192 3424 2145
Chi phi (triéu dong/m dai) 3,65 57 3,57

Ty 18 gi thanh 1 1,562 0,978
Mirc d6 ngan chan L4 L4 L4
Thim my X XX XX
Cong trinh Céu Ong Thoan* Céu Binh Khanh* D¢ xuét

*C4u thudc Dy an dudng cao tdc Bén Lic - Long Thanh.
Két luan

Cong nghé lan can lién két chim duoc nghién ciru thiét
ké phu hop véi diéu kién Viét Nam, dép tmg kha nang chiu
lyc cho dudng cao tdc ciing nhu cac tuyén dudng co luu
luong xe tai nang cao. Bén canh kha nang chiu luc 16n hon 2
1an so véi lan can lién két bulong thong thudng, trong lugng
ban than nho hon khoang 4 14n so véi lan can bé tong va chi
phi thip khoang 37% so véi lan can lién hop bé tong - thép,
htta hen lan can lién két chim s& duoc ung dung rong rai
trong tuong lai.
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Nghién ciru phat trién h¢ do d day vét ligu
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Tém tit:

Phuwong phap do bién dang bé mit (surface profile) va do cit 16p do day vat liéu (tomograms) dua trén giao thoa
anh sang pho rong dwoc phat trién trong nghién ciru nay. Bo cong huong Fabry-Perot duwgc sir dung dé tao ra mot
ngudn sang phat tin s6 xung lwgc nhim mé rong khoang do theo chiéu siu. Cach tir nhiéu xa (diffraction grating)
dwoc diit bén trong bd giao thoa anh sang, cho phép thuc hién cic phép do bién dang bé mit va do cit 16p do day
vét liéu trong khong gian 2 chiéu chi véi mot khung anh trén camera CCD. Cic vén giao thoa véi cac bac van riéng
biét twong ng véi bac ciia tn sé xung lwge dwoc ghi lai béi mét CCD camera trong thoi gian thwe. Thong tin bién
dang va d¢ day cac 16p ciia miu vat 1a cac 16p (tAm thiy tinh nhiéu 16p) cé thé dwoc tinh toan tir vi tri ciia van giao
thoa trén CCD camera va bic twong tng ciia cac van. Trong hé do nay, dd phan giai ciia phép do cit 16p do day va
do bién dang lan lwgt dat dwoe 1a 8 pm va 0,7 pm; pham vi do ciia hé c6 thé dat dwge 1a 30 mm.

Tir khéa: anh giao thoa 4anh sang, chup cit 16p, do bién dang, giao thoa anh sing.
Chi s6 phin logi: 2.2

clia cac nha nghién ciru trén thé gidi vi do chinh xac cao
(~1 pm) va khong pha huy miu. Thém vao d6, su phat trién
nhanh chéng ctia cong nghé vat liéu, cong nghé ban dan,
dién tir két hop vai cong nghé ché tao soi quang cho phép
tao ra rat nhiéu ngudn sang (tir don sic laser dén dai rong
va siéu rong), c6 thé sir dung trong cac may do OCT thé hé
moéi. Nhidu phién ban do OCT da dugc nghién ctru va phat
trién [4, 5] phuc vu trong nhiéu linh vue. Tuy nhién, hi¢n
nay cic may do OCT van c6 nhiing han ché 16n vé toc do
do, kho ung dung trong cong nghiép, noi ma ngoai tiéu chi
vé d6 chinh xac cao thi téc d6 cao va khong pha huy mau 1a
yéu tb rit quan trong, quyét dinh hiéu suat lam viéc va kha
nang ung dung thyc té cta ca hé thong.

Pat van de

Po bé mit va do bén trong bé mat 12 bai toan duoc dit ra
trong rat nhiéu linh vuc, bao gém cay hoc, sinh hoc va cong
nghiép. Dién hinh nhu trong sinh hoc, mét s cong nghé
nhu siéu am, X-quang [1], cong huong tir [2] da dwoc phat
trién va stir dung rong rii dé do, kiém tra cac di vat bén trong
co thé nguoi, mang lai lgi ich rat to 1on trong viéc kham
chira bénh. Trong cong nghiép, viéc danh gia chit luong bé
mat cling nhu bén trong san pham ciing rit quan trong. Cac
phuong phap nhu kinh hién vi dién tir (optical microscope
[3]), may quét dau do (scaning probe microscope) hoac may
quét xu ly pha laser (phase shifting microscope [4]) dang
duoc st dung rat phé bién.

M3i phuong phap co nhitng wu nhuoc diém va pham Mot s nghién ctru da gisi thigu giai phap dé giai quyét

vi tng dung riéng. Phuong phap siéu 4m c6 uvu diém la
dai do 16n, téc do do nhanh, tuy nhién d6 chinh xac khong
cao nén han ché trong str dung dé do cac déi tuong cod
kich thuéc nho (<100 um) [4, 5]. Trong 2 thap ky gan day,
phuong phap chup giao thoa quang hoc (optical coherent
tomography - OCT [2, 3]) dang thu hut nhiéu sy quan tim

‘Tac gia lién hé: Email: tuan@sevensix.co.jp
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bai toan téc d6 do cia may OCT nhu st dung laser xung
lugc [5] hodc anh sang dai siéu rong (super-continuum light
[5]). Téc do do va do phan giai dugc cai thién, nhung thiét
bi dét tién va hé thong trd nén rat phirc tap. Trong nhung
nghlen ctru trude cia nhom, chiing t6i ciing d phat trién hé
thdng do giao thoa 4nh sang trong thoi gian thuc sit dung
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Abstract:

We proposed a measurement system for surface profile
and tomography using incoherent optical frequency
comb interferometry and spatial phase modulation
(a diffraction grating). By employing a spatial phase
modulator to an interferometer, the axial and lateral
information of a sample were simultaneously obtained
in one-shot capture. An incoherent optical frequency
comb, which was generated by a Fabry-Perot etalon and
supper continuum (SC) light source, was also installed to
extend the axial measurement range of the system. The
interference fringes, which belong to the interference
comb orders, were rapidly monitored on the CCD
camera. Surface profile and thickness of multi-layer
glass plates could be derived from the position of the
inference fringes on the CCD and their calculated fringe
order. Resolutions of tomography and profilometry
were achieved at 8 pm and 0.7 pm, respectively. The
measurment range could be extended up to 30 mm by
using the optical frequency comb technology.

Keywords: interferometric
profilometry, tomography.

Classification number: 2.2

imaging, interferometry,
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phuong phap mi hoa khong gian pha két hop véi bo cong
hudng VIPA (virtually imaged phase array) [5]. Hé thong
nay dap tmg duogc yéu cau vé do thoi gian thyc.

Nghién ciru nay hudng téi viée phét trién thiét bi do
chinh x4c bé day cac 16p thuy tinh véi tbe d6 do nhanh, dap
g dugc toe do day chuyén san xuét cia cac nha may san
xuét thiy tinh. Ching t6i dé& xudt mot nghién ctru méi st
dung nguén sang dai siéu rong va ky thuat ma hoa khong
gian pha két hop cong huong. Phuong phap dwoc dé xuit
nham muyc dich do bé day cac 16p mau trong thoi gian thue,
khong gian 2 chidu, do phan giai ~8 pm, khoang cach do
~30 mm. H¢ théng ¢6 kha nang do bé mat cua vat liéu trong
thoi gian thuc va xay dung hinh anh 3D bé mat vat liéu tan
xa anh sang cao thong qua viéc ghép nhiéu dnh 2D thu dugc
tor may do.

Phuong phap

Mot ngudn sang do két hop thap (low-coherent) c6 phd
lugc tan s6 (frequency comb) dugc tao ra mot cach don gian
bang viéc str dung mdt by cong huong Fabry-Perot va mot
nguon sang dai rong. Pho cong suét ctia ngudn sang lugce tin
s0 dugc miéu ta boi cong thirc [4]:

Ecomp(f) < F(OIG() L2 0 8(f —mFSR)] (D

trong do6: FSR (free apectral range) 1, F(f), G(f) va m lan
luot 12 khoang cach giira cac tan so xung lugc, tan sé anh
sang, pho tan s anh sang cua ngudn sang dai rong, pho cua
ngudn xung lugce tan sd va bac clia xung lugce tan sd.

gy
() 5 gwong tham chiéu

Budng céng hudng

Nguén sang Z//<\
e M =

I(ct)
B3 thu

tin hiéu do

Hinh 1. (A) So db hé thong giao thoa st dung ngudn sang xung
lugc, va (B) Hinh anh hé théng trong thuc t&, trong dé S la
nguodn sang; L1, L2, L3, L4, L5, L6 la cac thau kinh; B1 la b chia
quang; Ob la vat; C la CCD camera; B1, B2 la bo tach tia, G la
cach tir nhiéu xa.

36



Trong mién thoi gian, tia sdng tir bd cong hudng di ra la
bién doi fourier ngugc cua £, (f) dugc miéu ta boi:

10 = F B/ 2 90070+ Ti2. 06 -m D) (2)

trong d6 1 (1), 1, f,, g(t) va f(t) 1a cudong do chum sang di ra tir
b6 cong hudng, thoi gian, tan sb trung tim ctia ngudn sang,
bién ddi fourier nguoc cua G(f) va F(f) [4]. Cac tan sd xung
lugc (thda man diéu kién cong huong) lan luot di ra khoi bo
cong huong véi mot khoang thoi gian tré nhét dinh. Trong
truong hop bo cong huong quang duogc dit trude hé thong
giao thoa, cac thanh phan song 4nh sang s& giao thoa voi
nhau theo mét ty 1€ cuong do gilra song anh sang phan xa tu
mau vat va séng anh sang nhidu xa tir nhanh tham chiéu. Ty
1€ nay thuong dugc chon sao cho do twong phan cua cac van
giao thoa trén cam bién clia camera 12 16n nhat.

So d6 hé thong giao thoa duoc miéu ta trong hinh 1(A).
Ngudn sang xung lugc tan s6 do két hop thap duoc tao ra
tr mt ngudn sang phd rong va mot by cong huong quang.
Anh sang truyen tai mot tan sd riéng 1é tir bd cong huong la
tong cua tit ca cac chum da phan xa, quang 16 cia mdi chum
da phan xa co gia tri khac nhau sau mdi 1an phan xa trén hai
bé mit cta bd cong hudong quang. Ham truyén ciia by cong
huong quang dugc biéu dién boi:

T = tltzz;ﬁ—o(rﬂ‘ )me—i(an/c)[(2m+1)nL—ml] 3)

trongdo ¢, ¢, r,var,1ahé s6 truyén qua va phan xa clia mit
trudc va mat sau cua bo cong huorng quang, ¢ va f1a van toc
anh sang trong chan khong va tin sé cua anh sang, n va L
1a chiét sudt cua vat liéu bén trong bd cong hudng quang va
khoang cach giita 2 mat ctia by cong huong, / 1a hiéu quang
16 giira 2 tia lién tiép trude khi di vao bd cong hudng quang.
Tir cong thire (2), bién d6 song anh sang truyén qua b cong
huong duge viét lai theo cong thiic:
—i(27 fuLlc)

_hihe @)

—iAp

T = —(ZﬁfnL/c)z (r]" )m (—iAp)m
o 1-rre

trong d6 Ag 1a pha bi thay doi khi tia sang phan xa trong bo
cong hudng quang [4, 5].
Cuong d6 clia tia sang tryén qua duoc tinh bai cong thirc:

I — TT* — (tltZ)Z (5)

1+(ry19)% =211 15C08(AQ)

va A dugc tinh theo cong thirc:
47 fnD R
Ap= icos[sm '(sin@/ n)] (6)
c

trong d6, D va 0 1a chiéu rong cta bo cong hudng quang va
gbc gilia bé mat cia bd cong hudng quang va tia anh sang
toi.

Cuong d6 cua tia sang truyen qua b cong hudong dat gla
tri 16n nhat khi Ag 13 boi sé ctia 2. Tan s thoa mén diéu
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kién cong huong cliia cong huong quang dugc tinh boi:
c
=m : : (7
/. 2nd cos[sin"'(sin @/ n)]

& day m 1a sb nguyén t6 duwong, m =1, 2, 3...

Khi tia sang c6 phd tan s6 xung luoc dugc tao ra boi bo
cong huong quang dugce sir dung nhu ngudn sang trong hé¢
giao thoa, vi cac tan sb lap lai cua bo cong hudng ¢ tan sb
rat cao, giao thoa tao ra tin hi¢u xung xuét hién lién tuc doc
theo dudng truyén cua tia sang trong hé giao thoa. Mdi tin
hiéu giao thoa trong hé giao thoa c6 mot thir ty van nhét
dinh, va dya vao tht ty van ma thu dugc tr hé giao thoa cé
thé noi suy ra dugc thong tin vé vat (optical path length) nL.

Keét qua va thao luan

Dé xac nhan tinh kha thi cua phuong phap do trong ph?in
nay, mot hé thong nhu hinh 1(B) duoc xdy dung dé do mau
vat. Anh séang tir ngudn sang pho rong duoc chudn truc tao
thanh tia sang song song, duoc hdi tu boi hé thau kinh c6
tiéu cy nho 10 mm va 100 mm. Tin hi€u giao thoa dugc tao
bdi song phan xa tir vat va tir bd ma hoa pha (cach tr quang)
dugc ghi nhan boi camera.

Pé xac dinh do chinh xé4c cta hé do, mot vat mau co bé
day biét trude ciu tao bai 3 Gauge block ghép vao véi nhau
nhu trong hinh 2(A) dugc st dung. Van giao thoa cua soéng
anh sang phan xa tu vat va tr cach tor quang dugc ghi nhan
nhu trong hinh 2(B). Do khoang céch gitra hai bé mit cia
mau c6 kich thudc biét trude 12 200 pm va khoang cach gitta
2 van giao thoa tao boi 2 bé mit cta vmﬁu dugc ghi nhan trén
camera tinh theo diém anh 13 278 diém, diéu nay c6 nghia la
mdi diém anh ctia camera tuong tmg voi mot khoang cach 1a
0,719 pm. Ttr anh vén giao thoa gilta guong tham chiéu va
cac bé mit tir vat, ta c6 thé xac dinh duoc khoang cach thuc
té giita cac bé mat cua vat mot cach dé dang thong qua vi
tri cia cac van nay. Tir hinh 2(B), ta cling c6 thé thiy rang,
bé rong ctia van giao thoa tinh tir vi tri nira van c¢6 cuong do
16n nhat (Full Width Half Maximum - FWHM) 1a 11 diém
anh, vi vay d0 phan giai ctia mdi phép do bién dang bé mat
ctia vt 1a xap xi 0,7 um; do phan giai phép do cit 16p do day
ctia vat la x4p xi 8 pm.

(A)
Van giao thoa
mat trén

278 di€ém anh
<>

Van giao thoa
mat dudgi

Hinh 2. (A) Vat mau dugc sit dung dé xac dinh tinh chinh xac
ctia hé do va (B) Van giao thoa giita séng anh sang phan xa tir vat
va séng tham chiéu phan xa tir cach tif quang.
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Hinh 3. (A) Mé hinh va (B) Vit thuc t& dugc do béi hé thong, (C)
Vi tri van giao thoa giiia song phan xa tir vat va séng tham chiéu
phén xa tir cach tif quang dugc danh dau béi cac ky tu tir a téi h.

Trong thi nghiém tiép theo, hé thong s& dugc ap dung
vao viée do chiéu day ctia mdt vat thuc. Vat dugc tao ra
bang cach ghép nhiéu tim kinh mong lai voi nhau nhu trong
hinh 3(A) va (B) Chiéu day cua mdi 16p klnh vao khoang
200 pm, céac be mit dugc lya chon c6 hé s phan xa gidng
nhau. Vi c¢6 4 tdm kinh nén s& c6 8 bé mit va vén giao thoa
tuong ung voi vi tri cia 8 bé mit dugc chi ra trén hinh 3(C).
Vi tri trong tmg ctia cac bé mit dugc chi dinh boi cac ky tur
tuong tng tir a t6i h. Tir anh van giao thoa cia mdi bé mat
clia vat ta c6 thé tinh dugc chidu day quy ddi ciia cac bé mat
a~b, c~d, e~f va g~h lan luot 1a 191,7 um, 195,1 pum, 197
um va 196 pm. Chu ¥ rang chiét suat cua thuy tinh 1a 1,5.
Tuong ty, khoang cach cac khe giita cac tdm thuy tinh b~c,
d~e, f~g tinh tai vi tri duong ct ngang giita ctia anh van
giao thoa lan luot 1 16 diém anh, 30 diém anh va 38 diém
anh tuong ung voi khoang cach thyc té giira cac tim thuy
tinh 1a 11,5 pm, 21,6 ym va 27,3 pm.
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Trong nghién ctu nay, ching t6i da gidi thi¢u mot ky
thuat méi cho phép do chiéu day cua cac 16p vat liéu thiry
tinh st dung giao thoa ngudn sang phd xung luoc duge tao
ra béi mot cong huong tinh thé. Phuong phap c6 kha ning
thuc hién phép do vt theo 2 chiéu (2D) hodc 3 chiéu (3D)
chinh xéc véi do phan giai cao va téc d6 do cao trong thoi
gian thyc. Pham vi do cta hé théng dugc mo rong tdi hon
30 1an so v6i cac phuong phéap do truyén thdng, trong khi
d6 phéan giai khong thay d6i. K¥ thuat dwoc dé xuat trong
nghién ctru nay dap img duoc cac yéu ciu cong nghiép nhur:
d6 chinh xac cao (<10 um), thoi gian do nhanh, c6 thé quan
sat va luu két qua do trong thoi gian thyc, khoang cach c6
thé do 16n, bé day mau >30 mm, khoang cach tir dau do dén
mau 16n, thuan loi khi thiét ké, cai dat va khong tiép xtc
truc tiép hay pha hity mau. Vi pham vi va d6 phan giai dat
duogc cua hé théng, viéc do chét luong bé mit va phat hién
céc khuyét tat bén trong (bén dudi) bé mit vat liéu trong
cong nghiép, y sinh va céc linh vuc cong ngh¢ khac 1a hoan
toan co thé thuc hién duoc.
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Tém tit:

Pé tinh khoang cach tir tau dén méc phia trwéc sit dung dinh vi v¢€ tinh, nghlen ciru da xay dung quy trinh gf)m hai
buée dé trién khai giai phap, dé xuit sir dung thlet bi GNSS ciia U-blox dé thu nhan thong tin dinh vi. Bai viét gi¢i
thiéu cac cong thirc co' ban dé tinh khoang cach ngan nhét, tinh mot diém Khi biét hai diém va tinh diém giira clia hai
dlem trén bé mit tral dat. Ban do dlr()’ng tau dé tinh khoang cach duogc tao 1ap trén co sé cac gidi thuit: tim doan
gan nhét, tim diém gan nhit, loai diém du thira, tinh trung binh cac lan do.
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To calculate the distance from the train to the ahead
landmark using satellite navigation, the study developed
a two-step process for deploying the solution, suggesting
the use of Ublox’s GNSS device to acquire positioning
information. The article introduces the basic formulas
for calculating the shortest distance, calculating a point
by knowing two points, and computing the midpoint of
two points on the surface of the earth. The route-map
for calculating the distance is based on the following
algorithms: finding the nearest segment, finding the
nearest point, removing the excess point, and averaging
the measurements.
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Dat van de

A9

Trong “Hé thong phong vé doan tau ty dong kiéu diém (Intermltten
- Automatic Train Protection - I-ATP) thi khoang céch tir tau dén mdc'
phia trudc 13 thong tin du vao rét quan trong dé tinh toan diéu khién
toc do tau, dam bao an toan khi dén mdc [1].

Hién tai thong tin chi duong (trong do c6 khoang cach) chu yéu
duoc cung cp tai cic mbe bén duong. Hinh thire ndy 1a dé cho nguoi
xtr 1y, khong phu hop v6i cac hé thong dan duong ty dong. Tir khi
cong nghé dinh vi vé tinh va ban d6 s dugc tmg dung rong ri thi dan
duong ty dong tré nén phd bién. Céc tmg dung ndy can ctr vao vi tri
nhan duoc qua thiét bi dinh vi, cing voi ban do s dua ra cc thong
tin dan duong, huéng dan nguoi dung.

0 Viét Nam, cac img dung dan duong ty dong dang sir dung hién
tai chu yeu phat trién cho dudng bd, néu st dung cho dudng sit ¢o
nhiéu van dé khong phu hop, ¢6 thé ké ra 13:

- Céc bin do s0 pho bién dang duoc tich hop thi dit liéu cho
duong sat van chua day du [2-4].

- Ung dung diéu khién tu dong cho myc dich an toan yéu ciu do
tin cay khac voi ung dung dan duong mang tinh trg gitp.

- Dit lidu vé duong sat (néu co) tir cac ban do sb dung chung
kho dap mg yéu cau an toan vi khong quan ly duge d¢ tin cay va do
chinh xdc.

Dé “tinh khodng cdch tir tau dén moc phia triede”, 6 thé sir dung
dit liéu dang 1y trinh vé dudng di va vi tri cac mée, tinh quing duong
da di dugc dé biét khoang cach con lai. Phuong 4n nay c6 han ché la
s& ¢ sai s0 tich lity, ngoai ra v6i truong hop mée phia truée 1a chuyén
dong (tau chay phia trudc), hodc cot hiéu do (truong hop phan khu

'Mdc ¢ thé 1a dén hidu, bién béo, ghi, mbc tranh va cham, balisse, tau phia trudc...
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dong duong di dong) thi khong phu hop.

Str dung nhirng cong nghé mai nhit vé dinh vi vé tinh, véi dc
thi dudng sét 14 tau chi c6 thé chay trén dudng ray 6 dinh biét truéc,
¢ thé xéc dinh khoang céch gitra hai diém trén dudng tau v6i do
chinh xac cao, sai sd trong pham vi quén 1y. Bai viét trinh bay két qua
nghién ciru vé xay dung cac giai thuat dé ty dong tinh khoang cach tir
tau dang chay dén mdc phia truée bang dinh vi vé tinh.

Trong nghién clru nay, ching toi gidi thi¢u cac cong thuc tinh
toan lién quan dén cac diém trén bé mit tréi dat, phuong phap thu
thap va xir Iy dit liéu, dong thoi dé xuat sir dung thiét bi GNSS cua
U-blox dé thu nhan thong tin dinh vi.

Phan tich bai todn
Vi dy, c6 doan duong tau tir A dén B, duoc mo ta bé'mg danh sach

ndiémR, (i=0...n-1), mdi diém R, bao gdm vi do va kinh dd (& day
n=7,R, =A, R =B). Doan dudng AB ¢ thé dugc biéu dién dang

Hinh 1. Ban do dubng tau dugc tuyén tinh héa.

tuyén tinh trén ban d6 bang cach ni thing céc diém theo thir tw thanh
duong gap khuc gom céc doan [R R 1, [R R ], [R,R,], [R;R ], [R R],
[R,R,] (hinh T).

Gia su, tau ¢ vi tri T, cot hiu o vi tri S, khoang cach tir tau dén
cOt hi¢u TS khong phai do dai duong cham noi thang hai diém T, S
ma TS =TR, +R R, +RR, +RR +RS.

Nhu vay, dé tinh khoang cach tur tau dén cot hidu phia trudc si
dung dinh vi v¢ tinh, can thyc hién quy trinh vdi cac doi tuong va
cOng vigc sau:

Budc 1: chuén bj du heu lap ban db duong tau (tap hop cac diém
R), lap dir ligu cac mdc cd dinh cua tuyén duong.

Budc 2: tinh khoang cach: xac dinh vi tri hién thoi cua tau (tlr vé
tinh), anh xa vao ban do duong tau (néi chung vi tri nhan duoc khong
nam trén duong ban dd), xac dinh mbe phia trude (tr dit liéu hwu trix
hodc dugc cung cép tir ga), tinh khoang cach tir tau dén méc.

Cong cu sir dung

Thong tin vi tri duge xac dinh boi thiét bj dinh vi vé tinh (Global
Navigation Satellite System - GNSS). B¢ chinh xdc cta dit li¢u thu
nhan quyét dinh do chinh xé4c ciia ban do duong tau, vi tri cot hiéu, vi
trf tau va khoang cach tinh duoc. Nhung thiét bi thu GNSS luén ¢6 sai
56 [5] nén céc cong nghé dé cai thién do chinh xéc cua dinh vi vé tinh
hién vin dang Ia chi dé rt dugc quan tam. Tuy nhién, pham vi cia
nghién ctru nay khong phai vé ting do chinh xac thiét bi thu GNSS,
ma 13 lya chon thiét bi phit hop v6i yéu cau.
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Trong nghién ctru yéu cau thiét bj thu GNSS c6 sai s6 vi tri trung
binh nho hon 3 m; nhn tin hiéu khi di chuyén v6i van toc 16n; tan so
ldy mau cao; v tich hop sin cac cong nghé ndi suy vi tri khi tin hiéu
v¢ tinh bi gian doan. Thiét bi thu dinh vi vé tinh GNSS cta U-blox
[6] nhan thay d4p (mg cac yéu cau trén, va dugc nghién ctru lya chon
str dung. Céc thiét bi lya chon hd tro 72 kénh ctia céc hé thong dinh vi
vé tinh 1a GPS L1C/A, SBAS L1C/A, QZSS L1C/A, QZSS L1-SAIF,
GLONASS L10F, BeiDou B11, Galileo E1B/C; tan sd nhén tin hiéu
t6i da 1a 20 Hz; tc do di chuyén dén 500 m/s. C6 hai loai thiét bi
dugc st dung:

- Thiét bi thu GNSS trén co s6 module NEO-M8P-2 [7] dé ghi
nhan vi tri ¢ trang thai tinh.

Dic diém: thiét bi sir dung cing voi ph?m mém U-center cia
U-blox kem theo c6 tinh nang ty hi¢u chinh dé dat d§ chinh xéac cao.

Sir dung: dé ghi do thii cong xdy dyng ban dd duong tau mau; tao
co so dit ligu (CSDL) cac moc tinh.

Ché do lam viéc: thiét bi dugc dit ché do tu hidu chinh véi do
chinh xac 1,5 m. Khi do ghi dr li¢u, antena thu dugc dat vao vi tri
gitta hai thanh ray ngang voi cac moc.

- Thiét bi GNSS trén co s6 module NEO-M8U [8] dé ghi nhan vi
tri trang thai dong.

Dic diém: thiét bj ngoai tinh nang dinh vi vé tinh con tich hop
cam bién gia toc va cam bién huéng dé ting do chinh xac ciia dir liéu
dinh vi va khong bi ngét doan khi mét tin hiéu vé tinh. Theo nha san
xuat, dir liéu thu nhan c6 do chinh xéc trung binh [a 2,5 m.

Sir dung: dé tap hop dit liéu xdy dung ban do dudng tau va qua
trinh van hanh khai thac sau nay.

Ché d6 lam viéc: antenna thu dwgc dit trén noc toa tau, cin vao vi
tri gitta duong ray; tan so thu duoc thiet dat 1a 1 Hz.

Cic cong thirc co so

Céc cong thirc co s duge sir dung trong cac giai thuat dé: tinh
khoang cach ngan nhat giira 2 diém trén bé mat trai dat; tinh vi tri (vi
do, kinh d) cta 1 diém khi biét 2 diém va khoang cach tir diém can
tinh dén diém da biét; tinh vi tri (vi do, kinh do) cta diém giita ctia 2
diém d biét. Cac cong thirc nay gia thiét trai dat 13 hinh cau, ¢6 ban
kinh 1a 6371 km.

Khoang céch giita 2 diém trén bé mit tréi dat 1a duong di ngan
nhét ndi hai diém, chinh la d6 dai cung ngén thuge dudng tron 16n di
qua hai diém d6. Duong tron 16n cua trai dit duoc dinh nghia 13 giao
diém cua mit phang di qua tim trai dat va bé mat trai dat [9].

« Cong thire 1: cong thire tinh khodng cach 2 diém trén bé mat
trai dat (cong thue Haversine) [10, 11]:

d=Rx2xatan2(vVa,V1—a)
Trong do:

(CT-1)
d 1a khoang céch giira 2 diém (km)

R 1a ban kinh tréi dat (km)

A@ M
a = sin? (7) + cos(p,) X cos(p,) X sin? (7)
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¢, lavido diém 1; 0, lavido diém 2; Ap=0,-0,

), 1a kinh d¢ diém 1; &, 1a kinh d¢ diém 2; AA=), -1,

* Cong thuc 2: cong thire tinh 1 diém khi biét 2 diém va khoang
cach dén diém thu nhat (diem dau) [11]:

@i = atanZ(z,\/m) (CT—Z)
Ai = atan2 (y,x)

Trong do:

¢ lavido diém i cén tim

% 1a kinh d0 diém i can tim

z=a-sin(e,) + b sin(p,)

x =a-cos(@;)-cos(A,)+b-cos(p,) - cos(A,)

y =a-cos(g;)-sin(A;)+ b-cos(p,) - sin(4,)

¢.1a vi do diem 1; ¢,1a vi ¢ diem 2
A 1a kinh d¢ diém 1; A, 1a kinh d¢ diém 2
_sin(1 - f)xé
sin(6)
_ sin(f x &)
T sin(s)

0 = d/R v6i d la khoang céch gitra 2 diém (km), R 1a ban kinh
trai dat (km)

f=d/dlaty I¢ khoang cach tur dlem dau dén diém can tinh (d)
$0 V41 toan doan (d); khi =0, diém can tinh 14 diém dau; f=1, dlem
can tinh chinh 1a diém cudi.

% Cong thirc 3: cong thire tinh diém giira 2 diém [11]:

¢, = atan? (sin(qol) + sin(e,) ,\/(cos((pl) + B2+ Byz) (CT-3)

Ap = A1+ atan2 (By,cos(<p1) +B,)

Trong do:

¢, lavido diém gitta can tinh
A, la kinh do diém giita can tinh
B, = cos(¢,) - cos(AA)

B, = cos(p,) - sin(AA)

¢, lavido diém 1; 9,lavido diém 2
A, lakinh do dlem I; k 1a kinh d9 diém 2; Ad= L, =\,

Thu nhén div liéu

Dit liéu dinh vi duoc thu nhan dé tao 1ap ban db dudong tau va tinh
khoang cach gitta tau dén moc khi van hanh.

Thiét bi thu GNSS duoc lua chon khi hoat dong s€ cung cép
thong tin tir v¢ tinh theo cac “cdu” theo dinh dang NMEA-0183 [12].
Phan mém duogc xdy dung dé thu nhan dit liéu s& phan tich cac ciu
loai “GNRMC” hodc “GNGGA” dé lay vi d6, kinh do, van toc tai thoi
diém gh1 nhan. Dt liéu cia 1 diém s& duoc luu trix dang: “vi do, kinh
dp: van t6c”. Vi du: 21.4889352,105.0832045:21.

‘e A LA SO ; A , S
Ngoai ra, van toc ¢6 thé dugc tinh theo cong thic v = -

. Trong do: v 1a van toc (km/h); s 1a quing dwong di duoc giita 2
lan ghi (km), dugc tinh st dung cong thirc CT-1; t 1a thoi gian giira 2
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lan do (theo tan s6 thiét dat, don vi tinh 13 gio).

Tién xit Iy div ligu

Dir ligu thu nhan s€ co6 du thira (vi du doan théng chi can 2 diém,
nhung co thé ghi nhén rat nhi¢u do toc do di chuyén va tan suat ghi),
khong c6 thong tin (vi du khi tau dung yén), di thuong (vi dy hai vi tri
ghi lién tuc nhung cach nhau qua xa).

Tién xir ly dir ligu s€ loai bo céac dir liéu sai, dit li¢u du thira aé
6 bg dir li¢u toi thieu mo td duong tau. DT li¢u sau moi 1an ghi nhan
dugc dua qua cac b “loc” sau:

- Pinh vi lai diém dau va diém cudi cia tuyén duong (thu cong).

- Loai bo dit liéu 16i ngu nhién: cin cir vao van toc di chuyén
toi da cua tau khi ghi nhan, loai bo cac diém co6 van toc 16n hon van
toc toi da.

- Loai bo dir ligu khong co thong tin: loai bo cac diém lién nhau
6 gia tri van toc bang 0 (tau dimg yén), chi gilt lai diém dau tién.

- Loai bo dir liéu dur thira: theo nguyén tic vi 1 doan théng thi chi
cn 2 diém dé mo ta. Nghién ciru da xdy dung giai thuat dé loai bo cac
diém trung gian ¢ gitta doan thang hang.

Ldp ban do duong tau

Dé lap ban dd duong tau, co thé dung phuong phap do thu cong
truc tlep tiing dlem R, nhuhinh 1. Véi thiét bi do ¢ do chinh xac cao
thi vé nguyén tic, ta s& ¢6 bo s6 liéu c6 d chinh xac cao. Tuy nhién,
phuong phap thi cong ngodi han ché 1a chi phi nhan cong cao va thoi
gian dai thi dg chinh xac con phu thugc vao sd diém do duoc.

Dé thay 14 c6 thé sir dung thiét bi thu dinh vi vé tinh, dich chuyén
theo tuyén duong quan tim, ghi lai vi tri dd di (nhw céc tng dung
tracking) 14 s& c6 ban do cho tuyén duong da di. Tuy nhién, voi moi
lan ghi s& duge mot b dir li€u va noi chung cac b dit liéu ghi nhan
dugc cta cung mot tuyén duong khong tring nhau boi:

- $6 diém mo ta khong bang nhau: do téc do di chuyén cua tau,
tan so ghi khac nhau.

- Gid tri tuyét di cac diém twong (mg khong tring nhau (trir diém
dau, diém cuoi dugc thiét dat co dinh).

- Pudng dugc vé trén ban do khong tring nhau.

- V6i cling mot diéu kién do ghi (cting thiét bi dinh vi, cling
phuong én di chuyén) thi s& khong thé danh gia dugc b dit liéu nao
chinh x4c hon, béi tit ca déu c6 sai sb do dic thi cua xéc dinh vi tri
bing dinh vi vé tinh [5].

Ayq €6

Tuy nhién, ta c6 thé ¢6 bo dit liéu “467” hon dé dap ung dugc muc
tiéu x4c dinh khoang céch bang céc tinh “trung binh” cia céc bo dit
liéu da co. Mdi khi ¢o bo dir liéu méi ghi, ta s& tinh trung binh giita
b6 dit liéu mdi va bo dir lidu da co; bo di licu két qua (trung binh) s¢
duge coi la b tot hon.

Nghién ciru di xdy dung giai thuat dé tinh trung binh dit liéu cia
nhidu 1an ghi dé duoc bé di lidu ban do dudng tau voi do tin cdy cao.

Cén luu ¥ 13, mac di duong ray cho tau chay 14 hai chiéu nhung
¢ day quy udc duong tau c6 hudng la tir trai sang phai. Poi voi moi

M
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doan thi s c6 diém dau bén trai, diém cudi bén phai. Cac diém bét ky
n6i chung la kho ¢ thé st dung vi d9, kinh d dé xac dinh n6 thugc vi
tri nao trén duong ban do, nén cac tinh toan déu dugc thong qua tinh
khoang cach bang cong thirc CT-1.
Két qua

Nghién ctru da xay dung dugc nam giai thuat st dung dé tao lap
duong ban do tau ty dong va tinh khoang cach tir tau den moc.

Gidi thudt 1: tim dogn gin nhit (GT-1)

Bai todn: ¢4 doan dudng tau duge mo ta boi n diém (tur R, dén
R ), biét mot diém A bat ky (A khong trude R va khong sau R 1)
fim doan BC (xé4c dinh boi 2 diém B va C) tren duong tau gan nhat
v6i diém A (hinh 2).

Hinh 2. Tim doan gan nhat.

Phdn tich:

Qé tim doan BC gan diém A nhét, trudc tién can tim diém C gan
A nhat, sau d6 danh gia.

Goi:

- Khoang cach tir diém dau dén diém Alad,

- Khoang cach tir diém dau dén diém C 1a d.

Néu:

d, <d, thi doan gan nhét 1a BC

d, > d, thi doan gan nhat [a CD

Gidi thudgt:

- Tim diém C trén di ligu ban d0 duong tu gin A nhét (bing
tinh khoang cach tir A dén céc diém tr R dén R | st dung cong thirc
CT-1).

- Xac dinh A bén trai hay bén phai ctia C bing cach tinh khoang
cach BA va BC str dung cong thitc CT-1: néu BA <BC thi A bén trai
C, doan gan nhat [a BC; néu BA> BC thi A bén phai C, doan gan nhat
la CD; néu BA = BC thi A tring C, ¢ thé lay BC hodc CD.

Gidgi thudt 2: tinh diém gin nhit (GT-2)
Bai toan:

C6 doan dudng tau duge md ta boi n diém (tir R, dén R ), biét

mot diém A bt ky (A khong trude R va khong sau R ), tinh d1em H
thudc dudng tau gan nhat voi diém A (hinh 3).

Hinh 3. Tim diém gan nhat.

TAP CHI

HOA HOC

ONG NGHE I} Nam 61(8) 8.2019

Phan tich:

Néu xem be mat tyéi dat khu vuc péy la mt phéng, thi doan
duong thang gan A nhat la BC; diém gan A nhat chinh la diém H -
chan duong cao AH cua tam giac ABC.

Giai thugt:

- Xéc dinh doan BC (2 diém B va C) gan diém A nhat, sir dung
giai thuat GT-1.

- Biét cac diém B, C va A; tinh do dai c4c doan AB, AC va BC st
dung cong thie CT-1.

- Tinh doan BH: st dung dinh ly dinh ly Pitago, ta co:

AB? = BH? + AH? - AH? = AB? — BH?
AC? = CH? + AH? -» AH* = AC? — CH?
— AB? — BH? = AC? — CH?
thay CH = BC — BH
AB? — AC? + BC?
2xBC

BH =

- Tinh diém H: sir dung cong thire CT-2 tinh diém H, khi biét cdc
diém B, C va khoéng cach BH.

Nhan xét:

Diém H chinh 14 A khi A ndm trén doan BC, ké ca khi A tring
vdi B hodc C.

Gidi thudt 3: logi diém du thira (GT-3)

Gia str ta ¢6 bo dir liéu gom n diém (tir R, dén R ), céc diém can
kiém tra du thira la tir diém R, dén diém R ,. Gidi thuat klem tra va
loai b6 diém du thira s& so sanh khoang cach v6i cac moc 1a diém
trude va sau dé danh gia. Giai thuat dugc mo ta nhu sau:

Lap v6i mdi diém R, (i=1 dén n-2).
Tinh (st dung cong thire CT-1): D 1a khoang cach ngin nhit

duong di tir R, den R, ., D, la khoang cach ngan nhat du(mg ditrR
dén R,D,la khoang cach ngan nhét duong di tir R, dén R,

Kiém tra: néu D = D, + D, thi loai bo diém R.

Luu y: két qua tinh khoang cach theo CT-1 14 s6 thyc vdi don vi
1a km, tuy nhién trong tinh toan nén d6i va lam tron khodng cach theo
don vi nho hon (vi du cm) dé thuan ti¢n cho phép so sanh chinh xac.

Gidi thugt 4: tinh trung binh hai b di lign (GT-4)

Gia str ¢6 bo dit liéu méi ¢ n diém (tir 0 dén n-1), giai thuat dugc
phét biéu nhu sau:

Lip v6i mdi diém tir diém thir nhat dén diém thir n-2 (goi 1a A):
tinh diém H trén bo dit lidu cii (dang c6) gan nhét vi A sir dung GT-2;
tinh diém G, la diém giita ctia doan AH sir dung CT-3; thém diém G
vao bo dir liéu cii. Loai tit ca cac diém trén bd dit liéu cii (c4c diém A,
B thudc doan AB gan nhat trong GT-1) di tham gia vao qué trinh tinh
trung binh (tinh diém G), ta dugc b dir lidu trung binh.

(GT-5)

Giai thudt tinh khoang cach tir tau dén méc phia trude sir dung 3

Gidi thudt 5: tinh khodng cdch tir tau dén moc
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thong tin dau vao 1a: ban dd duong tau: duoc tao 1ap nhu trinh bay ¢
trén; vi trf mbc (06 dinh, di dong): dugc luu trit hoac nhan dugc qua
cac kénh truyén thong; vi tri hién thoi cia tau: ghi nhan bang thiét
bi dinh vi v¢ tinh GNSS (cung loai va cach ghi véi viéc lap ban b
duong tau). Tan sudt tinh khoang cach do yéu cau diéu khién cu thé,
c6 thé tinh lién tuc (mdi khi co gia tri vi tri moi) hay khi co yéu cau.

Hinh 4. Tinh khoang cach T-M

Giai thut dugc phat biéu gom céc budce nhu sau (hinh 4): xac
dinh vi trf hién thoi clia tau T bang thiét bi GNSS; tinh diém trén ban
do dudng tau gn tau nhit T* sir dung gidi thuit GT-2; xéc dinh diém
R, cua duong tau phia trude diém T’: xac dinh doan R R gan T’ nhét
bang GT-1; lay diém R, bén phai T’; xdc dinh diém RJ cua duong tau
phia sau moc M: xac dlnh doan RR, gan M nhit bang GT-1; lay
diém R bén trai M; tinh khoang cach T'M béng tong cac khoang
cach: T R, cac doan RR, va RM. Cac khoang cach nay dugc tinh st
dung cong thuac CT-1.

Thao luan

Giai phap tinh khoang cach tir tau dén mdc bang dinh vi vé tinh
thi d9 chinh xac cua ban d6 dudng tau dugc tao 13p tu dong va dg tin
cdy cua ket qua tinh khodng céach 1a diéu can quan tam.

Do chinh xdc ciia ban do tao lap

Do vi tri thu tir vé tinh ¢6 sai s6 nén ban do duong tau dugc tao
lap ty dong bang cach trung binh cac lan do can phai danh gia do
chinh xac.

Gia sir dd co duong ban do chuan (gdc), co thé sir dung chi tiéu
“khodng cdch trung binh (KCTB)” cua ban dd tao 1ap so v6i ban do
gbe dé danh gia sai s6 (do chinh xac) cia ban do duoc tao 1ap. KCTB
dugc tinh bang trung binh ciia khoang cach ngén nhét cua cac diém
trén dudng ban do tao 1ap so voi ban do gde. Gia tri cang nho thi cang
chinh x4c, gia tri ndy s& tién t6i 0 khi ban do tao lap tring vi ban
dd gbe. Tuy nhién, do khong c6 dudng ban do goc (tat nhién), nén dé
danh gi4 sai s6, KCTB giita ban d6 mai va ban dd cii s& duoc tinh.
Cin cir vao mot gié tri ngudng dugc dit trude (c6 thé didu chinh tiy
yéu cau do chinh xéc), qua trinh tao 1ap ban dd tu dong s& dimg khi
KCTB nhé hon ngudng ndy. Gia tri ctia ngudng c6 thé coi nhu do
chinh xédc ctia duong ban db tao lap.

Luu y: dir li€u tracking cua tau trong qué trinh khai thac ciing co
thé sir dung dé tiép tuc xay dung ban do duong tau.

Dé tin cdy ciia dinh vi vé tinh

Su gidn doan tin hiéu thu tir v¢ tinh: nguyén nhan viéc nay thi
nhidu va day 1a van dé xay ra phd bién voi cac thiét bi thu phd cp,
tuy nhién, thiét bi GNSS dé nghi sir dung d khac phuc dwoc han ché
ndy. Thiét bi c6 kha ning thu va giai ma tin hiéu tir céc hé thong dinh
vi 16n nhat 1a GPS, SBAS, QZSS, Glonass, Beidou, Galileo nén sé
giam thiéu tinh trang bi thiéu vé tinh dinh vi. Ngoai ra, voi thong tin
tlr cam bién gia toc va hudng, thiét bi van co thé tinh va cung cap vi

TAP CHI

HOA HOC

ONG NGHE I} Nam 61(8) 8.2019

Khoa hoc Ky thuat va Céng nghé n—

tri d6i v6i thoi diém mét tin higu vé tinh.

Vi trf cung cép ¢ sai s6: sai sb vi trf cua dinh vi vé tinh 1a khong
tranh khoi, chi c6 thé lya chon thiét bi vdi sai s6 nho. Thiét bi lya
chon ¢6 thém thong tin tir cam bién gia tdc va cam bién hudng nén sai
sb khong phai hudng chuyén dong s& dugc giam thiéu. Phuong an tot
hon dé sir dung dinh vi vé tinh 1a sir dung cac tram co s& dé cung cép
tin hiéu hiéu chinh, ting do chinh xac cho cac thiét bj GNSS.

Viée sir dung ciing mot phuong phap, thiét bi cho ca viée tao lap
ban d6 va khai thac vé sau ciing gitip quan ly duoc sai s6. Dudng tau
duoc hinh thanh boi tinh trung binh ciia nhiéu 1an do, vi tri cua tau khi
tinh khodng cach dugc anh xa vao duong tau nén co thé nhén dinh sai
s6 cua tinh khoang cach tir tau dén mdc s& trong khodng sai s trung
binh ciia thiét bi GNSS. Biét dugc khoang cua sai s0, bd diéu khién
c6 thé thiét 1ap hé s6 an toan pht hop dé viée didu khién duoc tin cay.
Két luan

Nghién ctru d3 xy dung 5 gidi thudt dé trién khai gii phép tinh
khoang cach tur tau dén moc b%lng dinh vi vé tinh. Trudc tién, cac
giai thuat dugc & xuét s& duoc sir dung dé tao lap ban b duong tau
dugc ty dong be"mg cach tinh trung binh cac b s0 lidu ghi nhan; sau
d6 khoang cach tir tau dén mdc dugc tinh trén co s¢ ban do duong
tau da duoc tao lap.

Céc giai thudt gioi thi¢u trén da duoc cai dat va tich hop trong hé
thong [-ATP voi sai so tinh khoang cach nho va quan 1y dugc.

Giai thuat tao lap ban b tu dong duogc trinh bay co thé st dung
khong chi dé 1ap ban do cho hé thong duong sit ma con c6 thé sir
dung aé lap ban do cac duong di can kiém soat dugc do tin cay, hodc
khi khong c6 sin dit lidu tir cac ngudn ban dd chuyén dung.

L01 CAM ON

Nghién ctru va két qua dat dugc la mot phﬁn cong viéc thudc
nhiém vu KH&CN cép qudc gia, md sé: DTDL.CN17/16 do Vién
Ung dung Cong nghé 1a co quan chii tri. Cac tic gia xin trén trong
cam on.
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Nghién ctru phwong phap phat hién
mot s0 siu bénh trén lia sir dung dic trung SIFT

Nguyén Ngoc Ti'*, Bui Thi Thanh Phwong', Lé Hoang Nam', Ngé Nam Thanh?

Wién Ung dung Céng nghé
’Trung tam Giong cdy trong Soc Trang

Ngay nhédn bai 19/10/2018; ngay chuyén phan bién 23/10/2018; ngay nhan phan bién 26/11/2018; ngay chip nhan dang 10/12/2018

Tom tit:

Sinh trwéng va phat trién ciia ciy trong nong nghiép phu thudc rit nhiéu yéu té nhw giéng, ché d9 dinh duéng, diéu
ki¢n thoi tiét..., trong d6 yéu td sau bénh tic dong truc tiép dén ning suit va c6 kha ning lay lan trén dién rong. D6i
véi lua, mot loai cay trf)ng chi lyc cia Viét Nam, dong vai tro quan trong trong an ninh lwong thu’c va xuit khﬁu,
mic du quy trinh cham s6c - phong trir siu bénh dugc tuin thit mgt cach nghiém ngit, nhung van khong thé kiém
soat hoan toan cac mim mong cia sau bénh. Véi m6 hinh canh tac trén dién tich 16n, sir dung mit nguoi rat khé
aé phat hién cac diu hi¢u ciia siu bénh trong nhirng giai doan phat trién ban dau. Trong bai b4o nay, cic tac gia
nghién ctru dé xudt mé hinh sir dung trich chon diic trung SIFT (Scale-Invariant Feature Transform) va phan 16p
SVM (Support Vector Machine) nham xir 1y cac hinh dnh trén 14 cta cay lia. M6 hinh nay cé thé phat hién va nhan
biét 4 loai sdu bénh trén ciy lia: ddm vin, dao 6n, sdu cudn 14, riy niu. Két qua thwe nghiém trén mé hinh co6 thé dat

dwoge dd chinh xac tir 80 dén 85%.
Tir khéa: sau bénh lua, SIFT, SVM.
Chi s6 phén loai: 2.2

Viét Nam la mot nudc nong nghi¢p va hién dang 1a mot
trong nhitng qudc gia dimg déu vé xuat khau lta gao. Lua la
loai cay luong thyc dugc trong nhidu vu trong nam tai hau
hét cac ving dong bang trén ca nudc, dic biét 1a Pong bang
song Ctru Long va Pdng bang song Hong, khi sau bénh gay
hai s& 1am san luong lta sut giam dang ké. Trong hau hét cac
truong hop, sau hodc bénh déu duge phat hién qua 14 hodc
than cay lua (thé hién ré nhat trong giai doan tré bong).
Do do, viéc xac dinh sém cac triéu chimg cua sau bénh c6
y nghia rat quan trong trong phat trién san xuat bé tang
nang suat cho mot mua vu, ngudi néng dan can phai tiép
can cac chuyén gia tu van vé viéc diéu tri dich hai, bénh
cho cay trong va cdc bién phap xur ly. Hién nay, trén thé gi6i
da c6 nhiéu cong trinh nghién ctru vé nhan dang sau bénh
trén cac loai cay an qua ngin ngay nhu ca chua, dua... bang
cac phuong phép c6 su dung ky thuat xu ly anh da dem lai
duogc nhitng két qua rat kha quan. Cac hé thong phat hién
nay thuong chi dugc ap dung trong cac méi truong 1y tudng
nhu moi truong nha kinh, chua duge ap dung rong rai trong
diéu kién thyc té ngoai troi. Trong nudc ciing chwa ¢ nhiéu
cong trinh nghién ciru vé nhan dang sdu bénh chuyén cho
mot loai nong san, hon nira cac phuong phap phat hién sau
bénh ciing chua duogc tdi wu.

Trong nhiing nim gan ddy, cac nghién ctru trén thé gisi

"Tac gia lién hé: Email: ngoctu@cfoc.vn
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da tap trung nhiéu hon vao sir dung cac thuat toan, phuong
phap xir Iy anh dé phat hién va phan loai cac loai sdu bénh
cho cdy lta. Nandini va Anoop (2016) [1] da duara phuong
phap phén loai bénh trén cdy la str dung k¥ thuat biéu do
thich nghi cua Wiener [2], sau d6 st dung phuong phap
Otsu [3] cho tach ngudng nhi phan, cudi ciing phan 16p bang
cach két hop giita phuong phap SVM va Fuzzy logic cho do
chinh xac dat duoc tir 85,71 dén 93,33%. Do sir dung biéu
@b thich nghi cho tinh toan dic trung ciia anh, nén phuong
phap do nhém tac gia dwa ra can sir dung mau du vao c6 do
phan giai cao va bi anh huong manh khi xuat hién cac thanh
phéan khac khong phai 1a diu hiéu sau bénh. Phadikar va cs
(2013) [4] dua ra phuong phap phan doan dua trén nang
lwong Fermi dé c¢6 lap khu vuc bi nhiém cua hinh anh 14
laa, cac tinh nang quan trong dugc chon bang cach sir dung
Iy thuyét tap tho (RST), két qua ciia phuong phap dat dugc
91,89%. Nghién ctru ctia Pawankumar va Angadl (2017) [ ]
da xay dung thanh cong mot Web server dé xur ly truc tiép
bd anh thu thap, ca hai thudc tinh mau sdc va trich xuét dic
trung dugc st dung voi da phan 16p SVM da cho d6 chinh
xac 84,41%. Mohanty va cs (2016) [6] dd dé xuét sir dung
Deep Learning cho phat hién 26 loai bénh trén 14 loai 1a
cay voi tap dir liéu 16n 54.306 anh d4u vao, dua trén cac mo
hinh xay dung nhom nghién ctru da dat dugc do chinh xac
1én t61 99,35%.
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Rice pests and diseases
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Abstract:

The growth and development of crops in agriculture
depends on many factors including seed, nutritional
status, weather conditions, and etc., in which pests
and diseases directly affect the yield of crops and can
spread widely. Rice, a major crop of Vietnam, plays an
important role of food security and export. Although the
pest and disease control procedures for rice are strictly
applied, it is still unable to fully control the germ of pests.
With a large-scale cultivation mode, the human eye is
found very difficult to detect signs of pests in the early
stages of development. In this paper, authors propose a
model using SIFT (Scale-Invariant Feature Transform)
features and SVM (Support Vector Machine) for
processing images of rice’s leaves. This model can detect
and identify 4 pests in rice: zebra blast, rice blast, leaf
rollers, and brown backed hoppers. Experimental results
on the model can achieve the accuracy from 80 to 85%.

Keywords: rice pests and diseases, SIFT, SVM.
Classification number: 2.2

Trong bai bdo nay, ching t6i di sdu vao phuong phap
phat hién sau bénh c6 st dung k¥ thuét xtr ly anh tich hop
thuét toan SIFT va phéan 16p SVM. Hé théng dugce dé xut
nham phat trién mot chuong trinh phan mém dé nhan ra
hinh anh cua 14 bénh hay bong laa bénh bang cach sir dung
cac 16p di duoc huin luyén trude d6. Cac thong sé dau vao
ciia phan mém gém: mau sic cua 14, vét thiung hay bién
dang bé mit ... Nhiing déc trung cua tung loai bénh khi
thu dugc s€ dugc thuat toan xu ly r0i dua ra két qua mot
cach chinh xac. Tu do, nguoi nong dan s€ co6 phan ung kip
thoi cling nhu duge hudng dan truc tiép qua phan mém céac
phuong 4n d6i pho voi bénh. Vé hinh thirc tiép can cay laa,
giai phap sir dung Drone [7] mang theo thiét bi quét duoc
cho 14 rat kha quan do tiét kiém duoc thoi gian va cong sirc
lay mau.
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Doi tuong va phuony phap nghién ciiu
Déi twong va dia diém nghién citu

Poi twong nghién ciru: cac mau 1a lta bi 4 loai sau bénh
hai: dom van, dao on, sau cudn 14, ray nau dugc chup tir canh
dong vom tao tai Trung tam Giong cay trong Soc Trang.

Pia diém nghién ciru: Phong thi nghiém 308, Trung tim
Quang dién tir - Vién Ung dung Coéng nghé (Thanh Xuéin
Bic, Thanh Xuén, Ha Noi).

Phwong phdp nghién ciru
B6 tri thyc nghiém:

- Tao mau dit lidu: khao sat va thu thap mau anh vé lua,
bao gdm 14 phat trién binh thuong va 1a bi bénh trong giai
doan trd bong. Can cu theo cac dAu hiéu sau bénh cua lta
[8] dé st dung phuong phap chon mau ngau nhién don gian

[9].

- Xt ly dir li¢u anh trén may tinh dé trich chon céc dic
trung, phan 16p trén phan mém.

Két qua wing dung trich chon dac trung SIFT va phan Iép SUM

Cay laa nudc vao mdi thoi diém trong nam do diéu kién
khi hau nhiét déi thich hgp cho cac loai sau bénh phat trién,
gy nén thiét hai khong nho va thé hién rd rét nhat trén than,
14, bong hat, dac biét 1a voi cac bénh sau cudn 14, d6m van,
dao 6n va ray nau. Dudi day 1a mot s hinh anh vé cac bénh
thong thuong trén ciy laa (hinh 1, 2). Dit lidu thuc té thu
duoc 1a co s¢ dé tién hanh xtr 1y cho qua trinh huan luyén.

(E)

Hinh 1. Nhiing biéu hién ciia ting loai sau bénh trén lda. (A)
Chay bia I3, (B) Bénh bac 14, (C, E) Bénh dao on, (D) Sau cudn la.
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Hinh 2. Anh bénh chay bia I4 lia tai Trung tam Gidng cay trong
Séc Trang.

Trich chon diic trung dnh bing ky thudt SIFT

K¥ thuat SIFT dugc Lowe va David nghién ctu, gidi
thiéu va phat trién tir nam 1999 dén nam 2004 [10]. SIFT ¢
kha ning do tim va trich chon cac dic trung cua ddi tugng tir
anh dau vao. Cac dac trung dugc phat hién do c6 kha nang
bat bién khi ddi tuong bi thay do6i vé ty 1¢, bi xoay trong anh
khac.

Qué trinh trich chon diém dic trung SIFT duoc thuc
hién qua cac budc sau: xay dung lya chon ty 1¢ - khong gian
kim ty thap; xac dinh vi tri cua cac “keypoint”; xac dinh va
gan hudng cho cac “keypoint”; mé ta keypoint.

Xdy dung lya chon scale-space kim tu thap

Dé phat hién cac keypoint, chiing ta sir dung bé loc tuan
tu dé xac dinh nhitng diém c6 kha ning 1 “keypoint” tai cac
vi tri va ty 18. Pé nhan biét vi tri nhitng bat bién di véi su
thay ddi vé quy mé cuia blrc anh, ching ta sir dung kernel
la ham Gaussian blur. Cac anh sau khi thuc hién véi ham
Gausian blur s€ bi mo di, tuy theo tham s6 lya chon ma do
md cua birc anh dugce thay doi.

Ham Gaussian blur 4p dung cho anh theo cong thiic tinh
nhu sau:

L(x, y, 6) = G(x, y, 0) *I(x, y) )
Ham G(x, y, 6) c6 dang:
Gt 3, 0) = uze ™€ @)

Céc gi4 tri o dugc tinh cho anh tiép theo véi k* o (k 1a
hang s tu chon).

Ham lgc cho cdc danh trong quy mé khong gian SIFT

Trude khi ap dung cac tham s6 cho ham Gaussian blur,
can thuc hién tao cac anh trong quy mé khong gian SIFT.
SIFT duoc chia thanh 4 ¢4t (4 octave), octave sau c6 kich
thudc anh bing mot nira octave trude va mdi octave co 5
anh (bang 1). Cac anh trong mot octave dugc goi la scale,
cac scale trong mdi octave c6 kich thudc twong dwong nhau
nhung khi ap dung voi ham Gaussian blur thi c6 gia tri
sigma khac nhau. Céc scale ¢6 thtr ty gidng nhau thi tham
s6 sigma la bang nhau.

TAP CHI

HOA HOC

NG NGHE |ict Nam 61(8) 8.2019

Bang 1. Tham s6 lua chon cho gia tri sigma.

Tyle1 Ty 12 Tyle3 Ty 1¢ 4 Ty €5

0,707107 1,00 1,414214 2,00 2,828427

1,414214 2,00 2,828427 4,00 5,656854
Octave

2,828427 4,00 5,656854 8,00 11,313708

5,656854 8,00 11,313708 16,00 22,627417

Tim sai khdc trong ham Gaussian

Pé co duge két qua nhan biét vi tri cac keypoint 6n dinh
trong quy mo khong gian, ching ta sir dung cac dinh trong
ham Diference-of-Gaussian vdi anh (hinh 3). D(x, y, o) duoc
tinh 1a sy khac nhau giita 2 diém anh & 2 quy mé khong gian
ké nhau boi gia tri k:

D(x,y, 6) = G(x, y, ko) - G(x, y, 6)*I(x, y, 6) 3)
=L(x, y ko) - L(x, y, c)
Do do: G(x, y, ko) - G(x, y, 0) = (k-1) 0° V°G 4)

Scale
(next
octave)

Scale
(first
octave)

Difference of
Gaussian (DOG)

Gaussian

Hinh 3. M6 hinh thyc hién ham DOG.

Sau khi tinh dugc Diference-of-Gaussian, ta can khao
sat diém do6 so voi 8 diém lan can xung quanh trong mot
scale v6i 9 diém thudc octacve trude va 9 diém thudc octave
sau (hinh 4). Piém nao khong c6 di 26 diém lan cén s& b
loai bo. Néu diém do co gia tri nho nhét hodc 16n nhét so
v6i 26 diém thi n6 duge xét 1a diém co diéu kién trg thanh
mdt keypoint.

Hinh 4. S¢ db tinh cyc tri trong Difference of Gaussian.
Xdc dinh keypoint

Sau khi da xac dinh dugc nhiing diém cuc tri c6 kha



nang tré thanh mot keypoint, tién hanh loc bét cac diém co
d6 tuong phan thip hodc cac diém nam trén canh cua chi
tiét. Phuong phap nay dugc phat trién boi Brown va Lowe
(2002) [11] bang cach st dung chudi Taylor md rong voi
ham scale-space D(x, y, 6) dé dich chuyén gdc tai diém lay
mau:

apT

2
D(x) =D +—-X+ XTa—D

ax?

©)

Véi thi nghiém cta Lowe, tit ca cac dinh véi gié tri cia
D(X )<0,03 bi loai bo (gid tri mirc xam cua cdc diém anh
can dugc dua tr 0...255 vé dai tr 0...1).

Gan hwong cho “keypoints”

Bing viéc gan mot huéng duy nhat cho mdi “keypoints™
dua trén thudce tinh tai vi tri trén anh, viéc mo ta “keypoint”
¢6 thé duoc biéu dién lién quan toi hudng dé, vi thé co dugce
su bat bién dbi voi su quay cta anh.

Khong gian cia keypoint duge st dung dé lwa chon
Gaussian 1am min anh, véi L 1 quy md gan nhat, mdi mau
anh L » d6 16n cua gradient m, hudng 6 ta céd cac cong thirc
tinh nhu sau:

m= \/(Lx+1,y - Lx—l,y)2 + (Lx,y+1 - Lx,y—l)2 (6)
- (Lyxy+1~ Lry-1)

6 =tan™! (X2 7

((Lx+1,y_ Lx—l,y)) ( )

Mo td keypoint tai vi tri trén dnh (hinh 5)

Pé mo ta keypoints, can tinh toan dé mo ta cic bat
bién tai cac vi tri trén anh. Str dung phuong phap chuan
hoa tuong quan cho cac intensity xung quanh keypoint, tuy
nhién twong quan nay dé nhay cam véi nhiing thay d6i bén
ngoai gay ra nhu bién ddi hinh hoc hodc cac bién dang khac.

A - ,\‘(1
N Sl P
~

M6 ta keypoint

4
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\

7
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Do déc diém anh
Hinh 5. M6 ta tai mot keypoint véi clia s6 2x2.

Mot keypoint dugc mé ta bang cach tinh toan do 16n cua
d6 doc va hudng tai mdi diém anh, nhiing trong s6 dugc tinh
bang cach str dung mot ctra s6 hinh tron Gaussian chdong
chap, sau d6 ching duoc tong hop vao biéu dd hudng tong
trén mot khu vuc rong hon, thong thuong nguoi ta st dung
mot ctra s mo ta 4x4 cho mot mang mau 16x16.

Sau khi nhan cac gié tri d§ 16n d¢ doc vai cua so trong
sO Gaussian ta thuc hién cho tat ca 16x16 6 dé dua vao
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tong hop 4x4, voi mdi 16 6 ta dua cac gia tri vao 8 6 theo
su phan chia dinh huéng, mdi 6 nay co gid tri twong ng tir
0...44°,45...89°, ... Nhu vay, téng cong ta tinh cho moi mot
keypoint bao gdm 4x4x8=128 diém khao sat xung quanh.

Sau khi tong hop xong, ta thyc hién chuan hoa tat ca cac
vector trong mot “keypoint”. Cac keypoint nay nam tai gilra
cac diém anh, vi thé bude cudi cung can phai noi suy dé tao
ra dinh hudng va d6 16n cua dir lidu nam & giira cac pixel.
Nhu vay da thuc hién xong viéc md ta “keypoint”.

Hudin luyén phén I6p SVM (hinh 6, 7)

Trong nghién clru nay, chiing t6i sit dung phuong phap
SVM cho phan 16p céc loai dac trung trich rat tir SIFT.

Support vector duoc biéu dién nhu sau: x. wtb=*1
Khodng céch gitta diém va siéu phang: %
Gi61 han (margin): —”

Cong thuc phan 16p (ranh gidi quyct dinh):

w.x+b = Zaibixi.x+b

- Néu x.w+b>0 thi diém thudc 16p 1
- Néu x.w+b<0 thi diém thudc 16p 2

Cac vector hd trg

Hinh 6. M hinh tim siéu phéng trong SVM.

Nhoém nghién cttu sir dung thu vién LibSVM cua Chang
Chih-Chung va Chih-Jen Lin (2011) [12] dé xay dung mb
hinh phan 16p sau khi c6 duoc tap tin ddc trung da chuin
hoéa, tap tin nay s€ trd thanh dau vao cla may hoc SVM, cac
budc thuc hién nhu sau:

Budc 1: cac dac trung da duogc trich xuét & bude trich
chon SIFT cua tap anh mau sé 1a dau vao cua qua trinh huén
luyén phan 16p.

Budc 2: chon cac thong sé phu hop cho viée xdy dung
md hinh phan 16p. Di voi mdi tap tin dic trung dau vao, st
dung cong cu grid.py ctia thu vién LibSVM dé chon tham s
t6t nhat, dam bao cho qua trinh huan luyén dem lai d¢ chinh
xéac cao nhat. Dbi véi tap dac trung da chon ¢ trén, tham sb
g (gamma cua ham nhan) dugc chon 1a 0,125 va c (chi phi)
duoc chon 1a 8.

Budc 3: huin luyén mo hinh SVM bang ham thyc thi
Train() véi tap tin dic trung da chon ¢ budce 1, cac thong sd
da chon ¢ budc 2.
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Hinh 7. Quyét dinh phéan I6p cho 1 diém ngiu nhién trong
khong gian.

Budc 4: kiém tra d6 chinh xac cia md hinh bang phuong
thirc EvaluateClassificationProblem(). Pau ra ctia giai doan
nay 1a mo hinh phan 16p. M6 hinh nay dung dé phan 16p
nhén dang sau bénh.

Ddnh gid dp chinh xdc ciia két qui chin dodn siu
bénh wrng dung ky thudt SIFT va SVM

Tap dit liéu duoc sir dung cho thir nghiém bao gdm 800
hinh anh. Trong d6, 300 hinh anh la cac 14 Iua binh thuong
va 500 hinh anh 13 14 lia bénh. 50% hinh anh trong mi 16p
duoc st dung dé huan luyén va kiém tra. Céc thuc nghiém
dugc tién hanh vé6i su két hop cac tinh nang hinh anh khac
nhau. Bang 2 va 3 cho thay két qua phan loai khi sir dung
v6i SVM véi dic trung SIFT so sanh két qua véi dic trung
toan phan HOG (Histogram of Gradient) [13]. Két qua
cho thdy, tinh nang khoang cich canh thong qua thuat toan
chuyén dong cing véi tinh nang SIFT cho ty 1& phan loai
cao hon 85% so véi HOG.

Bang 2. Ty I& phan loai (%) ddi véi 1a lda binh thudng va bi sau
bénh (dd chinh xac ACC, ty 1é duang tinh TPR-True, ty Ié am
tinh TNR).

DPic sb lwgng ACC Gia tri thu dugc TNR Pjléch Gia tri dw
tinh  anh (%) (TPR) chuin  doan am
SIFT 500 85,0 0,858 0,836 0,897 0,779
HOG 500 82,1 0,848 0,776  0,8635 0,754

Bang 3. Ty ¢ phan loai (%) doi véi l4 lda binh thudng va lda bj
bénh véi 1.000 mau méi loai.

Pic tinh S6 méu vat P chinh xac Thoi gian xir ly trung binh
Khé vin 1.000 84.6 365 ms
Pao 6n 1.000 81,2 277 ms
Cubn 14 1.000 80,1 251 ms
Ray nau 1.000 82,7 338 ms
£ ~
Ket luan

Bai bao nay da tap trung vao nghién ctru ting dung trich
chon ddc trung hinh thai hoc su dung SIFT va phan 16p
SVM trong viéc xac dinh 14 Iua bi sau bénh. Céc két qua
phan loai thu dugc bang cach st dung su két hop cua ca hai
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tinh nang mang lai d6 chinh xac 1én téi 85% so véi phuong
phap chi sir dung dic trung md ta HOG. Hudng phat trién
nghién ciru tiép theo cua chung t6i nham cai thién do chinh
xac cho qua trinh phat hién bénh trén lta s& giai quyét cac
van dé sau: (1) Thu thap thém nhiéu méu anh dir liéu cho
qué trinh huan luyén; (2) St dung két hop cac dic trung
cuc bd nhu SIFT, SUFT... voi HOG hoac HOG -DLMA
[14]; (3) Str dung mang neural xoén dc (deep convolutional
neural network) trong phan loai dé nang cao do chinh xéc.
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Tom tat: tit:

Bai b4o gigi thi¢u két qua nghlen c1ru vé cong nghé luyen va tao phdi mt s6 mac thép dd bén cao tién tién (AHSS)
lan diu tién tai Viét Nam tir sét xop (DRI) MIREX. Sit xop, san pham cia cong nghé hoan nguyén truc tlep phi
cbe, c6 ham lwgng C thap, P va S rit thap, chua dugec sir dung réng rai tai Viét Nam do chua c6 cong nghé chuyén
dung. Nghién ciru nay budc diu giai quyét vé cong nghé sir dung sit x5p luyén thanh thép cacbon va hgp kim trong
10 cAm trng dung lugng dén 10 tan. Dﬁng thoi, mot 50 phoi thép AHSS dugc luyén tir sit xép, ¢6 tinh chét co hoc dac
biét nhw thép S10C, DP800, TRIP800, CrMnSi va dwgc nghién ciru tich hop cac cong nghé nhw luyén va tinh luyén
thép, bién dang va xir ly nhiét cho nhém thép CMnSi (thép HSLA). Thép duge san xuit c6 tinh chét co hoc tot, vira
¢6 dd bén cao vira ¢6 tinh déo tét, hon hiin tinh ning thép HSLA. Trong dé, mac thép dip siu S10C-M da dworc thir
nghiém ¢ hai nha may quén ddi va dwgeec dinh gia dat yéu ciu ky thuat.

Tir khéa: sit xop DRI, thép DP, thép dd bén cao tién tién AHSS, TRIP.
Chi 56 phin loai: 2.5

c6 kich thudc hat dat si€u min, nén thép co6 co tinh vira bén
vira déo. Thép AHSS thé hé 1 gdm cic nhom thép song pha
DP, thép chuyén bién do déo TRIP, thép phirc hop pha CP,
thép mactenxit (hinh 1), thép c6 cac chi tiéu co hoc cao hon
han thép HSLA; dai d6 bén siéu cao tir 500 dén 2000 MPa,
do6 gidn dai tir 10 dén 40%.

Pat van de

Tir cubi thé ky XX, nganh luyén kim thé giéi da mg
dung nhiéu cong nghé tién tién véi dinh hudng: ting ning
suat, ting chat luong, giam gid thanh va than thién moi
truong. Trong d6, ndi bat 1a di tmg dung cong nghé hoan
nguyén truc tiép quing sit DRI - cong nghé phi coc, hay

cong nghé luyén kim xanh [1]. Do khong dung than cdc lam o) i
chat hoan nguyén, nén sit xop c¢6 ham luong cacbon, tap 80 e
chat thap hon. Khi tich hop cac cong nghé bién dang va xu ; A =
1y nhiét da tao ra nhém thep do bén cao tién tién AHSS, két ’é) ZZ il @& ,
hop d6 beén cao, tinh déo tot [2, 3]. Thép AHSS duoc tng =2 ,, .5 e ... T
dung san xuat khung dam 6 t6, cac cu kién thép di giam  z = - 2 e e
nhe khdi lvong va gi4 thanh san phim, dang din thay thé g = |3 ;"”Ssk,,r_l\%”{j S Pt
cho mot s6 mac thép HSLA truyén thong [4-6]. 1: - = MG HE
o 200 500 800 1100 1400 1700 2000

Gi6i han bén kéo, MPa

Dic diém thép AHSS 13 c6 thanh phin hoa hoc gém

C, Mn, Si va mot it nguyén td Cr, Mo, Al gén nhu HSLA,
nhung c¢6 do sach tap chéit cao hon v6i ham luong P, S nho
hon 0,015%. Dong thoi, trong qué trinh san xuat dugc tich
hop cac cong nghé tién tién vé bién dang va xir Iy nhiét. Nho
d6, thép co t6 chirc da pha véi ty phan thé tich nhat dinh va

‘Tac gia lién hé: Email: dinhbatru39@gmail.com
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Hinh 1. Quan hé gi6i han bén va d¢ gian dai ciia mot so thép
va thép AHSS [2].

Ngoai ra, thép con c6 ty sO gidi han bén trén gidi han
chay cao, c6 thé chiu tai bién dang 16n hon, hé so hoa bén
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Abstract:

This paper presents the results of a research on the
technology of producing some advanced high-strength
steels (AHSS) in Vietnam from sponge iron (DRI) of
MIREX. Sponge iron which has low C, P, S contents
has not been widely used in Vietnam yet. This research,
initially, has solved the technology of making the carbon
steels and alloys from sponge iron in the induction
furnace with the capacity of 10 tons. Some AHSS
billets, made from DRI, which have special mechanical
properties such as S10C, DP800, and TRIP800 steels
have been studied thanks to the integration of such
technologies as refining and making, deformation,
and heat treatment for the CMnSi steel group. The
resulted steels have good mechanical properties, both
high durability and plasticity, even better than that of
high-strength low alloy (HSLA) steel (CMnSi stell). In
particular, the S10C-M deep-drawing steel has been
tested in two military plants and shown the satisfaction
of technical requirements.

Keywords: advanced high-strength steels (AHSS), DP
steel, sponge iron (DRI), TRIP steel.

Classification number: 2.5
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bién dang 16n va chi s6 hp thy ning luong cao.

Céc co tinh dat dugc nhu trén, ngoai do thép c6 do sach
tap chét cao, chung con dugc xu ly nhiét dac biét (hinh 2),
tly quy trinh ngudi khac nhau dé tao ra mot hon hop céc
pha khéac nhau véi ty phin pha nhét dinh tiy méc thép. Dén
nay, ty trong khoi lugng thép AHSS trong cac xe 6 to con da
chiém dén 70% (hinh 3).

As
1 W\
‘E’A“--- - €- _ SiALP
= 1+ C, Mn, Cr, Mo
=4 y—, .
\, 7, + ferite ¥, + pearlite
i
1) 1'1 C,Mn, Cr
'.'I ¥, + bainite
AR
C, Mn
Si, Mo &\,
T, il
1 |

I
Thai gian

B
Hinh 2. S¢ d6 xii ly nhiét AHSS.

DP 500,600 -11,8%
HSLA 450, BH340

-400 - 32,7%

DP 800 -9,5%

DP 1000 - 10%
Mild Steels -2,6% TRIP 780-9,5%
HF-1500 -1,1% TWIP 980-2,3%

M5 1200 - 1,3% CP 1000-1420- 9,3%

Hinh 3. Ty phan cac mac thép trong 6 to.

Doi tuong va phuong phap nghién ciiu

Tir cac két qua nghién ciru cong nghé luyén thép cac bon
va hop kim tir sat xp [7] thay rang, sat xop 1a nguyén liéu
rat t6t dung luyén thép chét lwong cao, do ham luong tap
chét thap, c6 chira FeO va khong khi, nén khi luyén trong
16 cam Ung tao su soi, khuéy dao déng déu nudce thép, tao
diéu kién khir sau tap chat va luu gitt duoc cac nguyén t6 vi
luong c6 trong quing, rit phi hop ding luyén cac mac thép
¢6 tinh k¥ thuat va kinh té. Tir cac yéu cau thép phuc vu san
xuét quoc phong, mot sé méac thép duge chon dé nghién ciru
1a: 1) Thép S10C-M ding dap vo liéu dan phéo véi yéu cau
¢6 d6 déo cao nhung c6 do bién cimg 16n; 2) Thép dung dap
vo dong co dan phan luc, vdi yéu cau d6 bén rét cao khi lam
viéc nhung c6 d6 déo 1on dé dap vubt tao hinh; 3) Thép ¢
dd bén siéu cao, ché tao cac chi tiét trong tén Itra va vo boc
thép [8].



Nguyén liéu st dung 13 sit xbp MIREX, duoc san
xuét dudi dang cuc hodc vé vién, c6 ham lugng C tr 0,4
dén 1,0%; P va S nho hon 0,04%, con lai 1a FeO va mot
s6 tap chat. Thép dugc luyén trong 10 cam Ung trung tan
1,5 tAn/mé, 10 dugc dam bﬁng san MgO va thiéu két bao
dam tudi tho 16. Khi luyén da st dung cc cong nghé vé
diéu khién ché d6 dién va nhiét, cong nghé tao xi va khir tap
chét, cong ngh¢ nap liéu, hop kim hoa; tiép sau duoc tinh
luyén trong 16 cam g chan khong VIM-300 dé tinh chinh
thanh phan, khir sau tap chat va khir khi. Thép dugc duc
thanh thoi dudng kinh 250 mm, rén két hop can thanh thép
thanh c¢6 duong kinh dén 25 mm, c6 khong ché luong bién
dang va nhiét d6 dung rén dé cho d6 16n hat sau can la nho
nhit. Cac miu thi nghiém kéo va phan tich kim twong dugc
nung ¢ nhiét d¢ gitra AC1 va AC3 (740+790°C), gilt nhiét
va lam ngudi. P6i véi thép song pha DP, 1am ngudi nhanh
trong nudc, thép déo do chuyén pha TRIP dugc lam ngudi
dang nhiét trong bé mudi & 400-450°C (hinh 2). Tiép sau cac
mau duogc kiém tra td chuc, xac dinh d6 16n hat va ty phén
cac pha; thtr kéo xéac dinh cac chi tiéu co hoc ¢ cac trang thai
xur ly nhiét tai Trung tdm Do luong BQP va dugc xir ly theo
phuong phap quy hoach thyc nghié¢m.

Két qua va thao luan
Nghién cvru tao phéi mac thép S10C-M

Thép S10C-M 1a méc thép dung dap vo lidu dan phao
cho hai quan, thay cho hop kim dong dit tién. Két qua nau
luyén thép trong 10 cam Gng duogc liét ké ¢ bang].

Bang 1. Thanh phan thép S10C-M theo tiéu chudn va thép dugc
luyén.

Thanh phén héa hoe (% khi hrgng), trir Fe

Mac thép
C Si Mn P S Cu Ni Cr NitCr

S10C-M
Tiéu chudn

009011 020030 040055 <005 <0010 <03 <02 <02 <035

S10C-M-1 0,115 0,26 049 0,014 0,011 0,14 0,14 024 Mo<0,006

S10C-M-2 0,12 031 0,46 0012 0010 028 0,12 023 As<0,009

Nhu vay, thanh phﬁn héa hoc va ham lugng tap chét dat
dugc yéu cau ky thuat, tiéu chuan quéan sy thép S10C-M.
Ham lugng P va S nho hon 0,015%, ngoai ra thép con co
Ni va Cr dé ting do déo, c6 Cu dé ting tinh chdng dn mon
khi hau.

Tiép theo, phdi dugc rén thanh dia D230 mm day 14
mm, dugc xir 1y nhiét va kiém tra t6 chtic t& vi va co tinh
trudc khi dap tai nha may (nhu hinh 4). Trudc mdi budc
dap, phoi dugc 0 dé giam nhe luc dap. Nhiét do o tir 700
dén 800°C, thép c¢6 gii han bén Rm=360 MPa, gidi han
chay Rp=230 MPa, do gian dai trén 35%. O trudc budc dap
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cudi, nhiét do u trong khoang 300-350°C, gidi han bén sau
U dat 700-760 MPa, sau lan dap cudi cung, nho bién cung,
gidi han bén co thé ting trén 800 dén 900 MPa, cudi cing
khu ung suit du & nhiét do 180°C trong 10 phut. Nho hi¢u
g bién ciing nung, gidi han bén c6 thé ting thém 50 MPa.

Hinh 4. Cac buéc dap chi tiét.

Két qua di duoc cic co quan quan 1y danh gia nhu sau:
thanh phan hoa hoc phu hop vai thép Han Qubc dung dap
vo liéu; co tinh phdi dau vao dap Gmg yéu cau dung dap vo
lidu, nhat 14 c6 do déo cao, do gidn dai twong ddi trén 30%;
da dap thir khong bi hong, phoi thép dat yéu cau hinh dang
va kich thudc vo lidu; co tinh vo liéu dap ing yéu cau ban
vé thiét ké.

Nghién ciru tao phoi thép DP800 va TRIP800 nhom
CMnSi

Nghién ctru duge thue hién nhdm dép tng nhu ciu cung
cép phoi thép dung san xuit vo dong co va binh cao ap dan
phan lyc, thay thé phoi thép phai nhap ngoai. San phiam
dang ong dai (dén 2000 mm), thanh mong (dén 1 mm) va
chiu ap luc cao bén trong, doi hoi gidi han bén rt cao. Hai
mac thép c¢6 thanh phan héa hoc sau tinh luyén duge mé ta
trong bang 2.

Bang 2. Thanh phan héa hoc clia mot s6 mac thép DP va TRIP
nghién ciu.

a Anhé 0 LhA:
I e Ak ek I

AHSS

@ Mn Si Cr Ni Ti Cu Al P §

DP1 0098 124 0,98 0,34 0033 0009 0050 006 0015 0012

DP2 0137 141 1,64 0,06 0070 0005 0035 004 0012 001

TRIP1 0220 139 1,60 0,11 0,05 0003 0040 0,11 0011 0,009

TRIP2 0234 251 294 0,72 0,04 0007 0070 0,12 0,013 0,004

Thanh phan thép DP800 va TRIP800 dap tmg du cac yéu
cau ding dap vo dong co dan theo tiéu chuan nganh. Phoi
thép dugc rén va xur ly nhiét dac biét nhu sau:

o1
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Mau thép DP duoc nung & 3 cip nhiét do 740, 760 va
780°C; dugc gilr nhiét 10, 15 va 20 phat, lam ngudi trong
dau, nude va nude mudi. Cac chi tiéu co hoc duge danh gia
theo céc tiéu chuén quy dinh. Nhan théy, d6 bén 16n nhat dat
trén 800 MPa vé6i do gian dai van giit mic 16%. Khi do bén
thép dén 600 MPa, do gian dai cao nhat dat dén 25%, hé sb
bién ctmg 16n hon 0,18; chi s6 Rm/Re dat 1,54; chi sé hip
thu nang lugng (tich gidi han bén véi do gian dai PSE) dat
dén 18000 MPa.%. Tong hop céc s6 liéu thuc nghiém dung
dd thi quan h¢ gidi han bén va do gidn dai sau cac ché do xu
1y co nhiét (hinh 5).
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Hinh 5. Quan h¢ giéi han bén va d¢ gian dai clia thép DP va
TRIP nghién ciu.

So voi thép HSLA, co tinh ctua thép DP800 vira c6 do
bén cao vira c6 tinh déo tét. Nguyén nhan 1a thép 6 to chirc
hai pha ferit va mactenxit, trong do, d6 16n hat ferit nho, dat
gia tri tu 12 dén 15pum, hat mactenxit si€u min, dat gia tri
nho hon 8 um. Ty phan pha mactenxit dudi tir 15 dén 30%.
Nhu vay c6 thé diéu khién ty phan pha mactenxit dé khong
ché quan hé do bén - do gidn dai, iy theo yéu ciu st dung.

Thép TRIP80O nghién ctru c6 thanh phan C, Mn va Si
cao hon thép DP (xem bang 4), thép c6 thanh phan pha gdm
ferit, bainit, 6stenit du sau xtr 1y nhiét. Tiép sau, nho bién
dang déo, ostenit du chuyén thanh mactenxit. Cac budc
thuc nghiém dugc tién hanh nhu thép DP, nhung lam ngudi
trong mudi nong chay & nhiét d6 350 dén 450°C, giit nhiét
trong thoi gian tir 5 dén 15 phat. Két qua thuc nghiém dugc
trinh bay trén d6 thi quan hé gioi han bén va do gian dai
(hinh 6). Nhén théy, c6 thé phan thanh 3 ving twong ung
v6i cac bo thong sb cong nghé xir 1y nhiét: ving c6 do bén
tir 730 dén 780 MPa, nhung do gian dai cao trén 30%, ding
trong truong hop xir Iy phdi & cac bude dap dau; ving co
d6 bén cao tir 830 dén 900 MPa, d¢ gian dai tir 20 dén 30%,
dung trong xir 1y nhiét cac budc gan cudi va ving trung
gian. Sau budc dap cudi cing v6i hiéu ing hoa bén, bién
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dang gi6i han bén c6 thé ting trén 1000 MPa. Nhan thdy,
thép TRIP800 c6 céc chi tiéu co hoc tét hon, c6 su phdi hop
vira bén vira déo so v6i thép DP800, nhung cong nghé xir
ly phtrc tap hon.
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Hinh 6. Quan hé do bén va do gian dai thép TRIP.

Bang 3. Ty phan cac pha tuong ting véi bd thong sé cong nghé
xt ly nhiét.

Ty phén pha (%) Théng s6 cong ngh¢
Phén ving

-/;: f;b f;d Taw’ ‘c Ta+y’ ph'it TB’ ‘c B ph'it
Vung 1 49-55 40-47 6-10 775-790 11-15 440-450  5-7
Ving 2 53-62 30-40 6-10 765-780 5-10 350-370  7-10
Vung 3 59-68 20-26 <10  750-760 5-8 370-400 8-14

Céc chi tiéu co tinh ciia thép DP va TRIP 14 vira bén vira
déo, c6 thé giai thich bang cac 1y thuyét d6 bén. Theo luat
tron pha, do bén thép DP va TRIP c6 thé xac dinh bang tong
cua tich do bén timg pha véi ty phan cia ching [9]. Nhu
vdy, bang cach diéu chinh d6 bén cua timg pha, thong qua
do 16n hat, sy hoa tan cac nguyén td hop kim, hoac tao cac
pha hop kim dé 1am ting gidi han bén cua timg pha. Pong
thoi, ¢6 thé diéu chinh ty phan thé tich cua timg pha, tim ra
pham vi bién dbi t6i uu, nhu thép DP ty phan pha mactenxit
bién d6i tir 15-30%, con cta thép TRIP, tir bang 3 ta thay,
ving 1 déo hon do ty phan pha bainit 16n hon, nhung dén
ving 3 d6 bén cao hon do ty phan pha bainit nho (tir 20 dén
26%). Ngoai ra, c6 thé giai thich tir 1y thuyét 1éch, d6 16n
hat nho siéu min, nén co ché bién dang déo do 1éch chuyén
dong khong chi xay ra trong mot sé hat ma c¢é sy tham gia
cua nhiéu hat; do thép sach, 1éch con co thé tmyén gian tiép
qua bién gidi siéu hat sang si€u hat 1an can hoéc theo bién
gidi siéu hat tdi cac siéu hat xa hon.

Ché tao thép dp bén siéu cao

Dé dap g yéu cau can méc thép do bén siéu cao ding
trong mot sb chi tiét ddc biét cua tén lira va lam boc thép,
nghién clru da sir dung cong nghé thép AHSS cho thép
30CrMnSi, ¢6 cac ham lugng C, Mn, Si cao hon so voi
thep DP va TRIP [8] Thanh phan thép nghlen ctru nhu tiéu
chuan GOST, ¢6 bd sung mot sd nguyén td vi lugng duge
ké & bang 4.
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Bang 4. Thanh phan héa hgc thép 30CrMnSi theo GOST 4543-
71 (% trong lugng), tru Fe.

C Si Mn Ni S P Cr Cu

0,26-0,35  0,8-1,2 0,8-1,1 <03 <0,035 <0,035 0,8-1,1 <03
Mac thép nghién ciru

0,30 1,0 1,0 0,3 0,015 0,0225 1,0 <0,3

Két qua xac dinh chi tiéu co tinh, twong ng v&i cac ché
d6 nhiét luyén, dugc biéu dién ¢ biéu do hinh 7. Két qua cho
théy, dd bén cua thép ¢co thé dat trén 1500 MPa, do gian dai
dat trén 10%, d6 bén nho nhat dat 1000 MPa, do gian dai
dat trén 15%. O trang thai thuong hoa, gidi han chay 1a 396
MPa, d¢ gidn dai 17%, do co that 45%.

So sanh chi tiéu co hoc, thép nghién ctru ¢6 gigi han bén
sau t6i 890°C, ram 540°C dat dén 1229 MPa, d6 gian dai
13%, cac chi tiéu hon hin co tinh méc thép cing loai theo
GOST. Khi ram & 300°C d6 bén dat 1660 MPa, gidi han
chay dat 1480 MPa, d¢ gian dai 11%, do bén dat gia tri siéu
cao ngang thép mactenxit, nhung van giit do gian dai trén
10%. C6 thé thay dbi thanh phan cacbon dé ting ham luong
mactenxit trong thép, dé dua gidi han bén cia thép 1én dén
2000 MPa.

Nhu vay, thép do bén siéu cao ho 30CrMnSi c6 thé sir
dung cong nghé xt Iy nhiét maoi dé nang cao cac chi ti€éu bén
va chi tiéu déo, theo cong nghé thép tién tién.

2000

1500 ° . o

, Giti han bén, MPa

1000

500

6 8 10 12 14 16
Dj gian dai, A%

Hinh 7. Biéu d6 quan hé do gian dai va d¢ bén thép 30CrMnSi
nghién ciu.

£ ~
Ket luan

Trén co s¢ lam chu dugc cong nghé luyén thép hop kim
tir sat x6p trong 10 cam Gmg v&i cac quy trinh cong nghé
xdy va dam 10, quy trinh cong nghé luyén thép véi viée didu
khién ché d6 nhiét, ché do dién, toc do nap licu, xu Iy xi...
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Khoa hoc Ky thuat va Céng nghé n—

dugc xay dung hop 1y, da luyén duogc cac mac thép dung
trong quén sy v6i cac yéu cau khat khe vé thanh phan hoa
hoc, nhat 1a ham luwong P va S, mo ra co hoi san xuat céc loai
thép phuc vu qudc phong bang cong nghé noi dia.

Thép dung trong qudc phong, ngoai yéu cau thanh phan
héa hoc, can sit dung cac cong nghé xu 1y dac biét dé tao
nén thép c6 to chirc pha va ty 1& cac pha nhat dinh, thong qua
diéu khién cac thong s6 cong nghé dé tao su phdi hop giira
d6 16n hat, do bén, do déo cua cac pha va ty 1¢ ctua ching
nham két hop hai hoa giita gidi han bén va do gidn dai cua
cac mac thép.

ba xac dinh dugc cong nghé dé san xuét phoi cac phoi
thép: thép S10C-M dung dép vo liéu dan phao, duoc thi
nghiém trén day chuyén cong nghé, c6 thé dua san xuat loat
nho. Thép DP800 va TRIPS00 da nau luyén, gia cong bién
dang va xu ly nhiét dac biét, dua ra dugc quy luat quan hé
giita cac chi tiéu co hoc véi cac thong sd cong nghé. Co thé
lwa chon cac thong sé cong nghé dé cho co tinh cua thép
phdi hop hai hoa gitra d6 bén va d¢ déo, ity theo cac giai
doan cong nghé va yéu cau cua quy trinh. Thép 30CrMnSi
duogc g dung cong nghé xtr Iy nhiét theo thép do bén cao
tién tién AHSS, da cho d6 bén rit cao, dap tmg cac yéu ciu
lam céc chi tiét chiu luc 16n trong vii khi va xe quan sy.
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Phéan lap va tuyén chon nAm men
co kha nang lén men rwgu vang
thanh long ruot do (Hylocereus polyrhizus)
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Tom tit:

Nghién ciru duwge thye hién véi muc dich phén 1ap va tuyén chon nim men c6 hoat tinh 1én men cao nhim ng dung
1én men ruwgu vang thanh long ruét dé (Hylocereus polyrhizus). Két qua nghién ctru da phan 13p dugc 29 chiing nim
men tir 12 mAu trai thanh long trong tai cac tinh/thanh phdé Can Tho, Hau Giang, Vinh Long, Pong Thap va Bén Tre.
Dua vao khéa phan loai nim men (hinh thai, sinh 1y, sinh h6a) da xdc dinh dugc dac diém ciia cac dong nim men
dwoc phan lap tir thanh long Tuyén chon dwgce chiing nim men BT2.1 dwoc phan lap tir dich qua thanh long rugt
do tai huyén Chg Lach (Bén Tre) cho ham lwgng ethanol cao nhit (11,17% v/v) va dlr()’ng sot thap nhit (8,33°Brix).
Rugu vang thanh long ruot do 1én men tir ching nim men BT2.1 véi dich qua dugc bd sung du’o’ng saccharose &
22°Brix, pH 4,5, mit s6 nAm men 10° té bao/ml va 1én men & nhiét d9 phong trong 7 ngay cho két qua do ruou dat
12,15% v/v. Két qua dinh danh chiing nim men BT2.1 bing phwong phap giai trinh tw DNA di xac dinh dwgc BT2.1

twong dong véi Saccharomyces cerevisiae.

Tir khéa: Hylocereus polyrhizus, rwgu vang, Saccharomyces cerevisiae, thanh long ruft dé.

Chi s6 phén loai: 2.10

Dat van de

Tir hang nghin nam trudc, con ngudi di biét sir dung
nam men dé ché bién thuc phdm va ngay nay vai trd cia
niam men ciing rat quan trong trong doi séng. Nam men
c6 mit trong qué trinh ché bién nhiéu loai thyc pham nhu
ruou, bia, banh mi... va c6 vai trd quan trong trong cung
cap dinh dudng can thiét cho con ngudi, trong d6 ruou vang
12 mot trong nhiitng san pham d c6 tir rat lau doi va dugc
sir dung phd bién & nhiéu nudc trén thé gidi [1]. Hién nay,
ruou vang ngay cang pho bién ¢ Viét Nam boi nhing dic
tinh tot cia nd dbi véi st khoe, cing v6i ngudn nguyén
liéu lam rugu vang ¢ nudc ta da dang va phong pht nhu:
nho, xoai, cam, mo... Thanh long Ia loai trai cay c6 mau do
sang hap dan ¢ vo va thit qua, dich qua rat giau dinh dudng
va rat tét cho strc khoe con nguoi. Dac biét, thanh long rudt
do (Hylocereus polyrhizus) c6 thanh phan dinh dudng dugc
danh gia cao gip doi thanh long rudt trang. Thanh long rudt
do6 chira day du cac chat dinh dudng vi lugng can thiét cho
co thé, bao gém nhiéu loai vitamin nhu vitamin C, vitamin

A, protein, lycopen, glucid,... va khoang chit [2].

‘Tac gia lién hé: Email: hxphong@ctu.edu.vn
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N4m men nhin chung duoc st dung 14 ngudn gidng vi
sinh vat chinh trong Ién men rugu vang, nhung tuy vao dac
diém cua ting loai nguyén liéu khac nhau ma s& c6 cac
chung ndm men thich hop dé tao ra duoc san phdm rugu
vang véi ham lugng ethanol cao va c6 mui vi dac trung.
Do d6, dd c6 nhiéu nghién ciru phan lap, tuyén chon va tng
dung ching nam men thich hop cho 1én men véi tung loai
nguyén lidu trai cdy cu thé dé tao nén san pham rugu vang
dac trung, nhu rugu vang khéom [3], rugu vang cam [4],
ruou vang dua héu [5], ruou vang thanh long rudt tréng
[6]... Tuy nhién, vi¢c nghién ciu vé rugu vang thanh long
rudt do chua dwoc dé cap nhiéu ciing nhu chua c6 nhimng két
qua cong bd vé ching ndm men thich hop dé san xuit rugu
vang thanh long rudt dé. Chinh vi vy, viéc cho ra doi san
pham ruou vang thanh long rudt dé khong chi dap tng nhu
cau veé thirc udng bo dudng, c6 ich dbi vai sic khoé ma con
déap tmg duoc nhu cau ngay cang cao cia xa hoi vé mit da
dang hoa san phérn, tao ra san phém maoi ¢6 huong vi dac
trung, gitip nguoi tidu dung dé dang trong viéc lua chon sin
pham. DBé phat trién san pham rugu vang thanh long ruét do,
ngoai hoan thién quy trinh 1én men thi viéc tim kiém chung
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Abstract:

The research was implemented with the aim of isolating
and selecting of yeast strains with high fermentation
efficiency from red dragon fruit (Hylocereus polyrhizus)
for the fermentation of red dragon fruit wine. The result
of isolation showed that 29 strains of yeast were isolated
from 12 red dragon fruit samples in Can Tho, Hau Giang,
Vinh Long, Dong Thap, and Ben Tre provices. Based on
the classification of yeast (morphological, physiological,
biochemical characteristics), the characteristics of the
yeast strains isolated from the red dragon fruit samples
were determined. The yeast strain BT2.1 isolated from
the red dragon fruit in Cho Lach district (Ben Tre
province) was selected based on the highest content of
ethanol (11.17% v/v) and the lowest content of residual
sugar (8.33°Brix). Fermentation of red dragon fruit wine
with the strain BT2.1 was conducted with red dragon
fruit juice (22°Brix, pH 4.5, and cell density of 10°
cells/ml) at room temperature for 7 days. The highest
concentration of ethanol was achieved at 12.15% v/v.
The yeast strain BT2.1 was identified to have the similar
genetic characteristics as Saccharomyces cerevisiae.

Keywords: Hylocereus polyrhizus, red dragon fruit,
Saccharomyces cerevisiae, wine.

Classification number: 2.10
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Khoa hoc Ky thuat va Céng nghé

nam men thich hop cho 1én men 14 rat can thiét nham tao ra
san pham dac trung.

Doi twong va phuong phap nghién ciiu
Nguyén vit liéu, hoa chit va moi truong

- MAu thanh long duoc thu tai cac dia diém: quan O Moén
va quan Ninh Kiéu (TP Can Tho), thi xd Binh Minh (Vinh
Long), TP Vi Thanh (Hau Giang), huyén Lai Vung (Pdng
Thap), huyén Cho Lach (Bén Tre).

- Chung ndm men Saccharomyces cerevisiae AWRI796
(Vién Nghién ctru Ruou vang Uc) dugc luu trir tai Phong
thi nghiém Cong ngh¢ sinh hoc thuc phém, Truong Pai hoc
Can Tho.

- Enzyme pectinase dwoc mua tir sin phdm enzyme
thuong mai (Angel pectinase) cua Cong ty Angel Yeast Co.,
Ltd.

- Moi truong yeast extract - peptone - D-glucose (YPD,
yeast extract 0,5%; peptone 0,5%; D-glucose 2,0%) va moi
truong YPD agar (mdi truong YPD bd sung 1,5 g/l agar).
Moi truong Christensen (urea 20 g/l; yeast extract 0,1 g/l;
Na HPO, 9,5 g/l; K. HPO, 9,1 g/I; phenol red 0,01 g/I; pH
6,7) [7].

- Cac hoa chat s dung dugc mua tir san pham thuwong
mai cua Merck (Dtrc) va HiMedia (An D9).

Phwong phap nghién ciru

Phan lap va xac dinh cac dac diém hinh thdi va sinh
héa ciia nam men: thanh long thu vé khong tach bo vo, loai
b6 nhing qua hu, nhidm vi sinh vat giy hu hong qua. Cit
va cho ca vo va thit qua thanh long rudt do6 vao binh tam
gidc 100 ml ¢6 moi truong YPD ting sinh ¢ nhiét d6 phong
trong 24 gid. Tién hanh phén 1ap trén méi truong YPD agar
dén khi c6 dugc nhimg dong ndm men thuan chung. Céc
ddc diém vé hinh thai va sinh hoa co ban cia nAm men nhu
hinh dang va kich thudc té bao ndm men, kha ning 1én men
duong saccharose va glucose, hoat tinh phan giai urea dugc
thyc hién dya vao cac khéa phan loai nAm men chuén [1,
7, 8].

Tuyén chon nam men ¢é hoat luc lén men cao tir cdc
dong ndm men phan Idp: thit nghiém nhdm so sanh kha
nang 1én men va chon ra dong ndm men c6 hoat luc 1én
men manh nhit dé 1én men rugu vang thanh long rudt do.
Dich qua thanh long thu dugc bang cich sir dung may ép
dich qua Panasonic MJ-W176P va dugc xir Iy bang enzyme
pectinase 0,2% [9] trong 8 gio & 30°C. Phéi ché dich qua
thanh long rudt do bing dudng saccharose dén 22°Brix,
diéu chinh pH 4,5 va thanh trung voi NaHSO, (140 mg/l)
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trong 2 gid. Nudi cdy t& bio nim men trong moi truong
tang sinh YPD dén khi mat sb t& bao nim men dat 10° té
bao/ml dich 1én men. Cho 9 ml dich qua vao éng nghiém co
dng Durham, tiép tuc cho vao 1 ml dung dich cac dong nam
men, lic déu va i & 30°C.

Song song d6, tién hanh danh gia kha nang 1én men trong
binh tam giac dé xac dinh ham luong ethanol sinh ra va so
sanh véi chung ddi chimg 14 S. cerevisiae AWRI796. Dich
qua thanh long rudt dé dugc xtr Iy enzyme pectinase 0,2%,
sau d6 dugc phdi ché & 22°Brix, diéu chinh pH 4,5 va thanh
trung v6i NaHSO,, (140 mg/1) trong 2 gi¢. Chung 1 ml dich
nam men va 99 ml dich qua chua trong binh tam giac 250
ml, day kin bang waterlock va 1én men 7 ngay & nhiét do
30°C. Xac dinh d0 rugu va do Brix sau 1én men. Tuyén chon
duoc chung ndm men c6 hoat luc 1én men t6t nhat dua vao
kha nang 1én men nhanh va cho d¢ ruou cao nhét.

Dinh danh ndm men duoc tuyén chon bing phuong
phap giai trinh ty gen: ching nAm men c6 hoat lyc 1én men
manh nhét dugc chon dé giai trinh ty doan gen véi cap
mdi ITS1 (5-TCCGTAGGTGAACCTGCGG-3") va ITS4
(5’-TCCTCCGCTTATTGATA TGC-3’) [10] va st dung
chuong trinh Nucleotide Blast dé so sanh mirc do twong
ddng cua trinh ty dwoc giai voi trinh ty cia cac dong nam
men trong ngan hang gen NCBI v6i phin mém BLASTN.

Cdc chi tiéu phan tich va xit Iy thong ké: pH dugc do bang
pH ké (Sartorius, PB-20, Piic), d6 Brix duoc xac dinh bang
khuc xa ké (Hand Refractometer, FG103/113, Euromex, Ha
Lan) va ham luong ethanol hinh thanh dwoc xac dinh bang
phuong phap chung cat va hiéu chinh vé 20°C [11]. S6 lidu
thu thap dugc xu Iy théng ké bang phdn mém Statgraphics
Centurion XV.I. (Statpoint Technologies, Inc., USA).

£ 2 ~ 2 ~
Két qua va thao luan
Ddc diém hinh thdi clia nam men phdn ldp

Két qua da phan lap dugc 29 chung nim men tir 12 mau
thanh long rudt do ban dau (bang 1). Két qua cho thdy su
da dang vé hinh dang té bao cuia cac chung nim men phan
18p bao gf”)m hinh cau 16n, hinh cau nho, hinh ovan 1én, hinh
ovan nhd, hinh elip 16n va hinh elip nhd. Hinh dang céc
chung nim men phan 1ap duoc ciing kha da dang nhu trong
nghién ctru phan 1ap nim men ctia Nguyén Van Thanh va
cs [3] va ciia H.X. Phong va cs [12]. Nhin chung, hinh dang
khuén lac ¢6 cac dic diém chung la tron déu, bé mat boéng,
dang m6 ndi va bia nguyén véi mau sac chu yéu 1 tring nga
va tring sita voi duong kinh khuén lac dao dong tir 0,5 dén
4 mm. Két qua quan sat hinh thirc nay chdi cta té bao nim
men cho thy ca 29 ching phan 1ap déu c6 hinh thirc nay
chdi nhiéu hudng.
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Bang 1. Hinh dang cac ching ndim men dugc phan lap tir thanh
long rudt dé.

STT Ky hiéu  Dia diém thu miu Hinh dang té bao  Dic diém khun lac
1 OMI1.1 Elip l6n Tréng stra, 2,5-3,0 mm
2 OMI1.2 . Elip nho Trang nga, 2,5-3,0 mm
3 oM2.1 ?;ac“agm“ Ovan I6n Tring sita, 2,0-2,5 mm

OM2.2 Elip nho Trang nga, 3,0-3,5 mm
5 OoM2.3 Elip nho Tréng nga, 3,0-3,5 mm
6 NKI.1 Elip 16n Tréng sita, 3,0-4,0 mm
7 NK1.2 Ovan nho Tréng nga, 2,5-3,0 mm
8 NK1.3 Quén Ninh Kidu, Ovan I6n Tring nga, 2,0-2,5 mm
9 NK2.1 TP Can Tho Ovan nho Tréng sita, 3,0-3,5 mm
10 NK2.2 Elip 16n Tring nga, 2,0-2,5 mm
11 NK2.3 Ovan lén Tréjlg stra, 2,5-3,0 mm
12 VTIL.1 Ovan lon Tréng nga, 3,5-4,0 mm
13 VT1.2 Ovan nho Tréng nga, 2,5-3,0 mm

TP Vi Thanh, Hau Giang 8 ;

14 VT2.1 Cau I6n Trang sra, 2,5-3,0 mm
15 VT2.2 Ovan nho Tréng nga, 2,5-3,0 mm
16 BML1.1 Elip nho Tréng nga, 1,5-2,0 mm
17 BMI.2 Céu nho Tring nga, 2,0-2,5 mm
18 BML13 %;ﬁif;‘;h Rt Chu lén Tring nga, 3,0-3,5 mm
19 BM2.1 Elip l6n Trang nga, 2,0-2,5 mm
20 BM2.2 Ovan nho Tréng sita, 3,5-4,0 mm
21 LVI.1 Elip nho Tréng nga, 1,5-2,0 mm
2 LV12 Huyén Lai Vung, Céu nho Tring sifa, 2,5-3,0 mm
23 Lv2.1 Dong Thip Céu nho Trang nga, 1,5-2,0 mm
24 LV22 Cau lén Trang nga, 3,0-3,5 mm
25 BT1.1 Céu l6n Tréng nga, 0,5-1,0 mm
26 BT1.2 Céu nho Tréng sita, 2,0-2,5 mm
27 BTL3 g:zeT‘;eCh" l, Chu lén Tring nga, 1,0-1,5 mm
28 BT2.1 Ovan l6n Trang stra, 2,0-2,5 mm
29 BT22 Céu 16n Tréing sita, 2,0-2,5 mm

Két qua mé ta cac dic diém hinh thai t& bao ndm men
cho thay, 29 chiing ndm men c6 thé xép thanh 6 nhom hinh
dang dac trung (hinh 1).

(©6)

Hinh 1. Hinh dang 6 nhém ndm men. (1): hinh cau Ién, (2):
hinh cau nhd, (3): hinh ovan I6n, (4): hinh ovan nhd, (5): hinh
elip 16n, (6): hinh elip nhé.



Kha nang lén men dwong glucose, saccharose va phin
gidi urea

Kha nang [én men cic loai dudng 1a mot trong nhiing
chi tiéu quan trong duoc sir dung dé phan loai nim men.
Kha nang 1én men duong ctua 29 ching nam men phan lap
dugc nudi cdy trén cac loai duong glucose va saccharose
(2% w/v) trong ong nghiém 10 ml c¢6 6ng Durham (theo
phuong phép cua Kurtzman va Fell [8]) duoc thé hién ¢
bang 2. Nhin chung, 29 ching nim men thudc 6 nhom phéan
lap dugc déu 1én men duong glucose. Ngoai ra, nhoém 1
(ciu 16n), nhom 2 (cau nho), nhom 3 (ovan 16n), nhém 4
(ovan nhd), nhom 5 (elip 16n) 1én men dudng saccharose tru
chung NK1.1 va BM2.1 va nhom (6) khong 1én men dugc
duong saccharose.

Sy thay d6i mau séc ctia méi truong Christensen khi nudi
ciy ndm men phan 14p sau thoi gian G 7 ngay thé hién hoat
tinh phan giai urea ctia cac dong ndm men. N4m men c6 kha
nang sinh enzyme urease dé phan giai urea thi méi truong sé
chuyén sang mau d6 sim. Khi nAm men c6 enzyme urease
dé phan giai urea thanh CO, va NH,, lugng NH, ting lén
lam pH tang khién moi truong chuyén sang mau do thong
qua chit chi thi mau phenol red [7]. Két qua quan sat sy
chuyén mau duge thé hién & bang 2, trong dé cac chung
nam men BM1.2 (nhém 2, ciu nho); NK1.1, BM2.1 (nhém
5, elip 16n) va LV1.1, BM1.1 (nhém 6, elip nhd) lam thay
d6i mau siac moi truong Christensen tir mau vang sang mau
hdng nén cac ching nay c6 kha nang phan giai urea. Nhom
1 (cu 16n), nhém 2 (cau nhé trir BM1.2), nhém 3 (ovan
l6mn), nhém 4 (ovan nho), nhém 5 (elip 16n tror NK1.1 va
BM2.1), nhém 6 (elip nhd trir LV1.1 va BM1.1) khong c6
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Hoat tinh lén men ciia cdc dong ndm men phan lgp

Kha nang lén men cia cdc dong ndm men phdn ldp: két
quéa cho thay luong khi CO, sinh ra & cac nghiém thirc la
khac nhau kha nhic¢u. Nhin chung, hau hét cac chung nam
men thir nghiém déu sinh khi CO, dat t6i da chiéu cao 6ng
Durham (30 mm), trir cac dong OM1.2, OM2.2, OM2.3,
NKI1.1, NK1.2, NK2.2, BM1.1, BM1.2, BM2.1, BM2.2,
VT1.2, VT2.1, LVI.1, LV1.2 va LV2.1. Chiéu cao cot khi
C(q)2 dat t6i da nhanh nhét 121’ d(‘)ng ndm men BT2.1 & thoi
diem 8 gio sau lén men, tiép dén la dong BT2.2 & thoi
diém 12 gio. Nhu vdy, 14 ching nAm men OM1.1, OM2.1,
NKI1.3, NK2.1, NK2.3, BM1.3, VTI1.1, VT2.2, LV2.2,
BTI1.1, BT1.2, BT1.3, BT2.1 va BT2.2 duoc so tuyén dua
trén kha nang hinh thanh khi CO, dat gié tri ti da (30 mm)
sau 14 gio 1én men.

Hoat tinh lén men dich qua ciia cdc dong nam men phén
Idp: thi nghiém thuc hién khao sat kha nang 1én men cia cac
dong nidm men phan lap dugc. Mudi bdn ching ndm men
(OM1.1, OM2.1, NK1.3, NK2.1, NK2.3, BM1.3, VTI1.1,
VT2.2, LV2.2, BT1.1, BT1.2, BT1.3, BT2.1, BT2.2) so
tuyén tiép tuc dugc danh gia kha nang 1én men dich qua
thanh long rudt do va so sanh v6i ching ddi chimg S.
cerevisiae AWRI796. Thi nghiém dugc tién hanh v6i mat sd
nam men 10°té bao/ml, thoi gian 1 1a 10 ngay & 30°C, pH
4,5 va 22°Brix. D9 Brix sau 1én men con lai trong khoang
8,33-16,00 (bang 3), giam so vdi ban dau (22°Brix) do trong
qué trinh 1én men, ndm men st dung duong lam ngudn
carbon chii yéu dé 1én men tao ra san phdm ruou. pH dich
1én men dao dong trong khoang 3,65-4,89.

Bang 3. D con va do Brix sau Ién men clia cic dong ndm men.

" Chiing °Brix pH Ethanol
kha nang phan gii urea. (% vIv 20°C)
OM1.1 13,83¢ 4,495 7,13¢
Bang 2. Dic diém hinh thai va sinh héa ctia 29 chiing nAm men. oM2.1 16,00¢ 475 6.18¢
- NK2.3 8,67 3,700 10,84
Diic diém sinh ly, sinh héa
NK2.1 11,17° 4,18° 8,25°
) Y A Hinh dgng Kh nang lén men Phin gidi NK1.3 11.30° 4.01% 4.57¢fe
Nhém Dong nam men 1 bao didmg urea o 5 g b
BTI1.1 17,00¢ 3,77 4,03
Glucose  Saccharose BT12 12,50 475% 6.82¢4
VT2.1,LV2.2,BM1.3 X BT2.1 8,332 3,68 11,17°
! BTLLBTI3,BT22  Culon ! "
o - . BT2.2 8,50° 3,69* 10,912
2 ab a a
) ]];\_ll_ii, LV2.1,BM1.2, Chunho o o BM12 BT1.3 9,66 3,65 10,91
’ BM1.3 17,00¢ 3,83 5,15¢
OM2.1,NK1.3,NK2.3, , LV2.2 10,33 4,20¢ 5,00¢
8 VTLI, BT2.I Ommltin < *
VTI1.1 16,00° 3,81 4,14%
NK1.2,NK2.1, VT1.2 3 .
g : g 5 T22 11,600 4,89 91t
4 VI22, BM22 Ovan nho + + Vv ,60 89 39
bC 11,33 4,15 8,25¢
5 OMI.1, NK1.1,NK2.2, Elin lén o NK1.1, .
B2 p BVDL CV (%) 9,91 438 6,62
OML2. OM2.2. IVL1 o Ghi chi: 8 liéu trong bang la trung binh ctia 3 1an 1ap lai, trong cting mot
6 BMILoOM23  CElipnho + BMLL €Ot cac sd mang chi s6 ma giong nhau thi khong khac biét c6 y nghia
R i thong ké 5% (P<0,05). BC: ching d6i chiing S. cerevisiae AWRI796.
TAP CHI
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Két qua cho th?iy, cac chung ndm men NK2.3, BT1.3,
BT2.1 va BT2.2 sinh ham lugng ethanol tot nhat trong
khoang 10,84-11,17% v/v va khong khac biét y nghia
& mirc 5%. Cu thé ham luong ethanol sinh ra lan luot tir
chung NK2.3, BT1.3, BT2.1, BT2.2 1a 10,84, 10,91, 11,17,
10,91% v/v va khac biét y nghia & mtc 5% so vdi cac dong
nam men con lai. K&t qua cac chung nim men tuyén chon
cho ham lugng ethanol dat yéu cdu ing dung trong san xuét
ruou vang tuong duong voi cac nghién clru 1€n men ruou
vang cam (13,0% v/v) [4], rugu vang khom (10,03% v/v)
[13], ruwgu vang trai giac (8,95% v/v) [14].

Xdc nhdn ching ndm men lén men ruou vang thanh
long rugt do

Thi nghiém nham khang dinh kha ning 1én men cua 4
dong nidm men phén lap dugc tuyén chon (NK2.3, BT1.3,
BT2.1, BT2.2) va so sanh v&i chung S. cerevisiae AWRI796.
Thu nghiém dugc thuc hién 1ap lai 3 lan va két qua dugc thé
hién o bang 4.

Bang 4. Ham lugng ethanol, pH va d¢ Brix sau Ién men.

Ethanol

Chiing °Brix pH (% viv §20°C)
BT1.3 8,3 4,02° 11,42°

NK2.3 8,6 4,07° 11,22

BT2.1 8,0 3,78 12,15

BT2.2 8,3 4,32¢ 11,49°

bC 9,3¢ 4,21° 7,74

CV (%) 3,03 1,86 2,98

S6 lieu trong bang la trung binh clia 3 1an l3p lai, trong cung mot cot cac
s6 mang chti s6 ma giéng nhau thi khong khac biét co y nghia théng ké
5% (P<0,05). BC: chling déi chiing S. cerevisiae AWRI796.

Nhu vay, t Kkét qua ham lugng ethanol va d¢ Brix Kkét
hop vé6i két qua cot khi CO, ctia dng Durham cho thay, chung
BT2.1 cho két qua ham luong ethanol cao nhat (12,15%
v/v) va do Brix sau 1én men thip nhat (8°Brix), thoi gian cot
khi CO, dat t6i da (8 gib)’ngén nhit so véi ’céc ching nam
men con lai. Tir nhiing két qua trén cho thay, dong BT2.1
cho két qua t6t nhat va dwoc tuyén chon dé ung dung lén
men dich thanh long rudt d6. Két qua thu duoc co sy tuong
dong khi 1én men ruou vang thanh long rudt trang voi dong
ndm men TGKS5 (11,83% v/v) [6].

Dinh danh ndm men phan lap BT2.1 b&ng phuwong
phap gidi trinh ty

Dong nam men BT2.1 duoc dinh danh bing phuong
phap giai trinh tuy va phan tich trinh tu gen 28S rRNA. Két
quéa giai trinh ty trén doan gen 28S rRNA ctia dong niam
men BT2.1 nhu sau:
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GGGTGAATTTAATATTTTGAAATG-
GATTTTTTTGTTTTGGCAAGAGCATGA-
GAGCTTTTACTGGGCAAGAAGACTAGAGATG-
GAGAGTCCAGCCGGGCCTGCGCTTAAGTGCG-
CGGTCTTGCTAGGCTTGTAAGTTTCTTTCTTGC-
TATTCCAAACGGTGAGAGATTTCTGTGCTTTTGT-
TATAGGACAATTAAAACCGTTTCAATA-
CAACACACTGTGGAGTTTTCATATCTTTG-
CAACTTTTTCTTTGGGCATTCGAGCAATCGGGG-
CCCAGAGGTAACAAACACAAACAATTTTATTTAT-
TCATTAAATTTTTGTCAAAAACAAGAATTTTCG-
TAACTGGAAATTTTAAAATATTAAAAACTTTCAA-
CAACGGATCTCTTGGTTCTCGCATCGAT-
GAAGAACGCAGCGAAATGCGATACGTAATGT-
GAATTGCAGAATTCCGTGAATCATCGAATCTTT-
GAACGCACATTGCGCCCCTTGGTATTCCAGGGGG-
CATGCCTGTTTGAGCGTCATTTCCTTCTCAAACAT-
TCTGTTTGGTAGTGAGTGATACTCTTTGGAGTTA-
ACTTGAAATTGCTGGCCTTTTCATTGGATGTTTTT-
TTTCCAAAGAGAGGTTTCTCTGCGTGCTTGAG-
GTATAATGCAAGTACGGTCGTTTTAGGTTTTAC-
CAACTGCGGCTAATCTTTTTTATACTGAGCGTATTG-
GAACGTTATCGATAAGAAGAGAGCGTCTAGGC-
GAACAATGTTCTTAAAGTTTGACCTCAAATCAGG-
TAGGAGTACCCGCTGAACTTAAGCATATCAATAGG-
CGGAGGAAGGGTCATTAAGGA

Trinh tu doan gen duoc giai gdm 823 base nitrogen va
doan gen nay duoc so sanh vé6i cac gen 28S rRNA ciia nAm
men trong ngan hang gen NCBI véi phan mém BLASTN.
Két qua cho thdy, doan gen 28S rRNA cua dong ndm men
BT2.1 ¢ d6 twong ddng dén 99% so véi trinh tu gen 28S
rRNA ctua Saccharomyces cerevisiae (CP006454.1) (hinh
2).

Descripfion Vx Total scors Query| E

Ident  Accession
score cover value

¥ Saccharom YMBE1 chrermesome Xl sequence 1487 1056e+05 97% 00

99% CPOC6454.1

¢ Saccharom YJM1E73 chromosome Xl sequence 1467 89777 97% Q0 99% CPOC6431.1

¢ Saccharom Y1479 chromasome XIl sequence 1467 1.197e*05 97% 00 99% CPOC6427.1

¥ Saccharomyces cerevisiag YJM1447 chromosome Xl sequence 1467 93811 9% Q0

99% GCPOC6421.1

¥ Saccharomyces cerevisiae YJ\1444 chiomosome X sequence 1467 10992405 97% 00

99% CP006420.1

Hinh 2. So sanh trinh tu gen 28S rRNA ctia BT2.1 va cta chiing
Saccharomyces cerevisiae véi s6 diang ky CP006454.1.

Két qua dinh danh di xac dinh chang BT2.1 (hinh 3) Ia
loai Saccharomyces cerevisiae, day 1a loai nAim men hitu
dung trong coéng nghiép san xudt ruou, nd khong chi 1én
men nudc qua hay moéi truong chira ham lugng duong cao
ma con tao ra san phdm 1én men v&i huong vi didc trung.
Loai S. cerevisiae c6 thé 1én men & n@)ng d0 ruou cao, duoc
phan 1ap va 1én men rugu vang dua hau (15,83% v/v) [5],
rugu vang thét ndt (13,7% v/v) [15] va ruou vang nho
(16,2%) [16].



Hinh 3. Hinh dang t& bao (6 vat kinh 100X) va khuan lac cla
dong ndm men BT2.1

Két qua nghién ctru dd phan lap dugc 29 ching ndm men
tu thanh long rudt do thu tai quan O Mon va quan Ninh
Kiéu (Can Tho), thi xd Binh Minh (Vinh Long), TP Vi
Thanh (H&u Giang), huyén Lai Vung (Déng Thép), huyén
Cho Lach (Bén Tre). Dya trén mo ta dac diém hinh thai va
sinh hoa, bude dau di xac dinh duge cac ching nay thudc
6 nhom (hinh cau 16n, hinh cau nho, hinh ovan 16n, hinh
ovan nho, hinh elip 16n va hinh elip nho). Dong nim men
BT2.1 phan lap tir dich thanh long tai huyén Chg Lach (Bén
Tre) Ién men tu nhién la dong ndm men c6 hoat luc 1én men
cao nhat (do ruou dat dugc 12,15% v/v). Dinh danh béng
phuong phap giai trinh ty da xac dinh chung BT2.1 1a loai
Saccharomyces cerevisiae.
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Khao sat hoat tinh B-glucosidase tir co khuan
siéu chiu nhi€t Pyrococcus furiosus dé ing dung
trong san xuat isoflavone tir ddu nanh

Pinh Nguyén T4n Hoa', Hoang Trong Minh Quén’, Phan Hoang My Linh?, Nguyé&n Thi Bach Hug"**
!Phong thi nghiém Cong nghé sinh hoc phdn tir, Truong Pai hoc Khoa hoc Tw nhién, Dai hoc Quéc gia TP Ho Chi Minh
Trung tam Nghién ciru hop chdt tiw nhién ¢é hoat tinh sinh hoc,

Truong Pai hoc Khoa hoc Tw nhién, Dai hoc Quéc gia TP H6 Chi Minh

Ngay nhan bai 20/12/2018; ngay giri phan bién 31/12/2018; ngay nhén phan bién 29/3/2019; ngay chip nhan dang 19/4/2019

Tom tit:

Isoflavone 1a mt nhém horp chét polyphenol dwge tim théy voi nf)ng d¢ cao trong diu nanh va cac san phﬁm tir
dau nanh. Tuy nhién, hau hét trong 56 ching dugc hap thu thap trong da day vi ¢ dang glycosyl héa, mot hoac
nhiéu phan tir dwong gan v6i vong thom hodc nhom hydroxyl ciia isoflavone. Viéc gidi phong cac phan ti du’(mg
nay tir dang glycoside sang dang aglycone s€ gitp isoflavone dwgc hap thu tot va tang cac hoat tinh sinh hoc tiém
niing nhu: kha niing chdng oxy héa, giam cholesterol va hoat tinh twong tw nhuw hoocmon estrogen. Qua trinh nay
cAn sy xuc tic ciia enzyme B-glucosidase. Trong bai viét nay, cac tac gia khdo sat hoat tinh va kha ning chiu nhiét
ciia enzyme B-glucosidase tir ¢6 khuin Pyrococcus furiosus. Gen celB ma héa p-glucosidase dwoc biéu hién duwéi
dang hoa tan trong té bao chi E. coli nho dung hgp véi dudi Glutathione-S-tranferase (GST), chiém 17,05% tfmg
protein tan ndi bao trwéc tinh ché Va dat 57,5% sau tinh ché. Hoat tinh ctia enzyme daoi VO’l co chit 4- nltrophenyl-
pB-D-glucopyranoside (pNPG) dugc tbi tru lig 100°C pH 5, 0 hoat tinh riéng 164,44 U.mg"; gia tri K Vmax, K, la lin
lwgt ghi nhan 14 0,088 mM, 332,27 U.mg'.min"' va 446,9 s'. Viéc dung hop GST khong anh h1r0’ng den kha nang chiu
nhiét. Khao sat thanh cong hoat tinh enzyme dbi véi cac hop chét glycoside tir ddu nanh, hau hét genistin va daidzin
chuyén ddi thanh cac dang aglycone twong g 1a genistein va daidzein.

Tir khéa: chiu nhiét, ddu nanh, Pyrococcus furiosus, thily phan isoflavone, -glucosidase.

Chi s6 phén logi: 2.10
Datvan de phap 1én men [5-7]. Tuy nhién, phuong phap nay gip nhiéu kho
khin, chi yéu do hoat tinh enzyme trong vi sinh thu nhan con thip
nén thoi gian thity phan 1au, dé tap nhiém [3]; d& bi trc ché boi do
nhét, ndng do glucose cao [8]. Cach don gian nhit dé giai quyét
cac van dé trén 13 tang nhiét do, vira tiéu diét duoc vi khuan, lam
gidm d¢ nhot ciia dung dich, vira 1am ting tdc do phan tmg. Vi véy,
nghién clru nay hudng i viéc thu nhan enzyme [-glucosidase tir
c6 khuén Pyrococcus furiosus. Pay 1a ¢b khudn siéu chiu nhiét,
c6 nhiét do tdi thich 1én t6i 100°C cung v6i hé enzyme va protein
c6 kha ning khang nhiét va birc xa [9]. Cac nghién ciru cho théy,
P. furiosus B-glucosidase (BGLPf) ¢6 nhiét do toi wu 102-105°C;
khong bi trc ché boi HgCl, (1 mM), N-ethylmaleimide (5 mM),
iodoacetamide (2 mM); 1a mét trong nhimg enzyme c6 tinh bén

Isoflavone 1a mt polyphenol di vong c6 cu tric tuong dong
voi hop chat 17 B-estrogen & ngudi, c6 nhidu trong cac cdy ho déu,
déc biét la ddu nanh [1]. Cac nghién ctru cho thiy, nhém hop chat
nay ¢ tac dung trong qua trinh chong oxy hoa, b6 sung ndi tiét
t6, dic biét 1a ngan chan qua trinh l3o hoa da; gitip phong ngira va
diéu trj nhidu loai bénh nhw tim mach, loang xuong, ung thu, tiéu
dudng... [1, 2]. Isoflavone dang glycoside chiém ham lugng cao
trong ddu nanh, tuy nhién, hoat tinh sinh hoc th?ip va kho dugc hép
thu vao co thé. Trong khi d6, isoflavone dang aglycone c6 hoat tinh
sinh hoc cao, d& hap thu nhung chi chiém ham luong thip trong
dau nanh [3].

Isoflavone aglycone dugc thu nhan tur dang isoflavone
glycoside twong tmg thong qua viée loai bo gdc dudng nhd hoat
tinh xuc tic cua enzyme P-glucosidase [EC 3.2.1.21]. Pay la
enzyme xuc tic phan tmg thily phan lién két glycosidic dé giai
phéng mot phan tir B-D-glucose tir dau khong khir ctia hop chét
glycoside hodc oligosaccharide [4]. B-glucosidase hién nay dugc
thu nhan tir mot s6 loai vi sinh vét thong thuong bing phuong

"Tac gia lién hé: Email: ntbhue@hcmus.edu.vn
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nhiét cao nhét vai thoi gian ban rd 1a 85 gio & 100°C va 13 gid ¢
110°C [10].

Trong nghién ctru ndy, chung t6i tién hanh khao sat diéu kién
t0i wu va cac thong $0 dong hoc cho hoat tinh ctia enzyme BGLPf
trén co cht nhan tao PNPG va bude dau thir nghiém hoat tinh trén
hop chit isoflavone glycoside d4u nanh.
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Abstract:

Isoflavones are a class of polyphenolic compounds
found with the high concentration in soybeans and soy
products. However, most of them are low absorbed
in the human stomach as glycosylated forms, one or
more sugar molecule(s) conjugated to the aromatic
ring or a hydroxyl group. The release of the sugar
molecule(s) from the isoflavone glycoside results
in an isoflavone aglycone, one of the best-absorbed
polyphenols with the high potential of estrogenic,
cholesterol-lowering and antioxidation improvement.
To convert these glycosides into the corresponding
aglycone forms, the B-glucosidase enzyme is required.
In this article, the authors investigate the thermophilic
ability and catalytic activity of P-glucosidase enzyme
from the archaeon Pyrococcus furiosus. The celB gene
encoding the B-glucosidase is expressed as the soluble
form in E. coli host cells by binding to the Glutathione-
S-tranferase (GST) tag with 17.05% and 57.5% yields of
total intracellular soluble before and after purification,
respectively. Enzymatic activity using 4-nitrophenyl-
B-D-glucopyranoside (pNPG) as a substrate has been
optimised at 100°C, pH 5.0; specific activity is 164.44
U.mg; the values of K , V_ and K, are respectively
0.088 mM, 332.27 U.mg'.min' and 446.9 s'. The
enzyme shows the catalytic activity on soybean glycoside
compounds, most genistin and daidzin are converted
into the corresponding aglycone forms, genistein and
daidzein, respectively.

Keywords: isoflavone hydrolysis, Pyrococcus furiosus,
soybean, thermophilic, B-glucosidase.

Classification number: 2.10
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Khoa hoc Ky thuat va Céng nghé

Vat liéu va phuong phap nghién cuu
Chiing, moi truong

Té bao chu biéu hién E. coli BL21/pGEX-2TK-celB dugc cung
c?ip baoi Phong thi nghiém Céng nghé¢ sinh hoc phan tur, Truong Dai
hoc Khoa hoc Ty nhién, Pai hoc Quéc gia TP Ho Chi Minh. Méi
trudng LB (g.I"): trypton 10 g, cao nim men 5 g, NaCl 5 g, agar 20
g va moi truong LB ampicilin 100 g.ml”; tat ca moi truong duge
hap vo trung ¢ 121°C, 20 phat, [am ngudi rdi b sung ampicilin
(néu co) trude khi thao tac.

Cdm 1rng va thu nhdn f-glucosidase

Hoat hoa qua dém (14-16 gid) mot khuan lac E. coli/BL21-
pGEX-2TK-celB trong dng nghiém 5 ml LB ampicillin ¢ 37°C,
250 vong/phit. Cay truyén ty 18 1:20 sang ong nghiém 5 ml LB
ampicillin va nuéi lic & 37°C, 250 vong/phut dén khi OD dat
0,8-1,0. B6 sung 0,1 mM isopropyl -D-1-thiogalactopyranoside
(IPTG) (Bio-basic) nong do cudi vao dich nudi, tiép tuc nudi lic
37°C, 250 vong/phut trong 4 gio [11].

Thu nhan 1,5 ml dich nuéi cdy, ly tim 5.000 vong/phit trong 5
phut loai dich, hoa sinh khéi lai trong 400 pl nudc cat vo tring. Pha
t& bao bang song siéu 4m & 50 Hz, 5 chu ky, mdi chu ky 15-20 gidy;
hut 50 ul 1am pha tong. Phan con lai ly tim 13.000 vong/phit trong
5 phit ¢ 4°C, thu 50 pl dich ndi 1am pha tan. Hoa tua trong 350 pl
nudc cit vo tring, hit 50 ul lam pha tia. Bo sung mdi pha tong, tan,
tia 10 pl Sample 6X, dun 100°C trong 15 phit, lam lanh nhanh. Tién
hanh dién di SDS-PAGE trén gel polyacryamide 15%; nhugm gel,
giai nhudm va x4c dinh do tinh sach bang phan mém Imagel.

Tién hanh dinh lugng protein bing phuong phap do Bradford
voi ty 1€ V mau:V thuoc thir Bradford = 1:4.

Tinh sach p-glucosidase va xdc dinh ming do sau tinh ché

Phﬁn tan dugc loc qua bd loc ¢6 kich thude 16 loc 0,2 M,
chuyén vao cot GraviTrap chira san 2 ml Glutathione Sepharose
4E} (GE Healthcare). Cot dugc ;ira lai hai lan véi 5V PBS, pH 7,3
dé loai bo protein khong lién két. Protein dugc ly gidi nho 15 mM
Glutathione khtr (Merck-Millipore) trong 50 mM dung dich Tris-
HCI, pH 8,0.

Xac dinh kich thudc va do tinh sach protein nho dién di SDS-
PAGE va phan mém Imagel.

Khdo sdt diéu ki¢n téi wu ciia BGL trén co chit pNPG

Nhiét do dugc khao sat tir 60-100°C va pH tur 4,0-6,0.

Phan tmg duoc thyc hién trong 500 pl, bao gom: 6,45 pg
BGLPf, I mM pNPG (Sigma), 50 mM dém citrate phosphate & pH
khao sat. Tién hanh phan tng trong 5 phut ¢ nhiét do khao sat. B

sung 500 pl dung dich 1 M Na,CO, ding phan ng. Do OD ¢ budc
song 405 nm [3].

Xdc dinh hogt tinh va hogt tinh riéng ciia enzyme doi véi co
chat pNPG

Dbuong ghuén p-nitrophenol (pNP) (Sigma) dugc thyc hién
trong day nong d¢ tir 0-200 uM trong dém citrate phostphate, pH
to1 wu. Két qué ghi nhén ¢ OD 405 nm.
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Phan tmg dugc thuc hién trong 500 pl, bao gdm: 6,45 pg
BGLPf, 1 mM pNPG, 50 mM dém citrate phosphate ¢ pH tbi
wu. Tién hanh phan tmg trong 5 phit & nhiét do toi wu. BO sung
500 I dung dich I M Na, CO, dimg phan {mg. Do OD ¢ budc
song 405 nm.

Dya vio dudng pNP, xac dinh luong co chat bj phan cat. Tir
do, tinh toan dugc hoat tinh va hoat tinh riéng ctia enzyme véi dinh
nghia: mot don vi hoat tinh (1 unit) 1 lugng enzyme can dé phan
cat hoan toan 1 uM co chét trong 1 phat & diéu kién t6i wu [12];
hoat tinh riéng (U.mg") 1a s6 don vi hoat tinh trén 1 mg protein
mau. Hoat tinh riéng x4c dinh do tinh sach ciia enzyme muc tiéu
trong mau.

Hoat tinh (U) =

BGLPf 00

; Hoat tinh riéng =

trong do: my, .- luong enzyme BGLPS trong phan mng;n - 50
mol co chat pNPG bi phan cit.

Dong hoc enzyme BGLPf nho phwong phap Lineweaver-Burk
Nong d6 pNPG duoc khao sat tir 0-2000 puM.

Phan tmg dugc thye hién trong 500 pl, bao gom: 6,45 ug BGLP,
PNPG & cac nong do khao sat, 50 mM dém citrate phosphate ¢ pH
t61 wu. Tién hanh phan (mg trong 5 phut & nhiét do toi wu. BS sung
500 pl dung dich 1 M Na,CO, dung phan tmg. Do OD ¢ budc
song 405 nm. Dya vao duorng chuan PNP, xéc dinh lugng co chat
bi phan cét. V& do thi Lineweaver-Burk, tinh todn cac gia tri K,
vV . vakK

Thir nghi¢m hogt tinh enzyme trén hop chit isoflavone tir
dau nanh bang phuwong phdp sac ky long hi¢u nang cao

Hoa tan 20 g bot dau nanh da nghién min vao 100 ml ether dau
héa. Pha té bao bang Ultra turax trong 3 phit; khudy déu dich bing
méy khudy tir & nhiét d9 phong trong vong 30 phit; ly tam 10.000
vong/phut, 15 phut, thu tua. Lap lai cac budc trén hai 1an. Bot sau
khi da u kho tu nhién dugc hoa lai trong 100 ml methanol 80%
(v/v); pha t& bao bang Ultra turax trong 3 phat; khudy déu dich
bing may khudy tir & 80°C trong 2 gio; ly tam 10.000 vong/phit,
15 pht, thu dich; c6 quay thu nhan cao tong [13].

Tién hanh thiy phan 0,15g cao tong & nhi¢t do t6i uu trong 1
ml dung dich dém citrate phosphate ¢ pH t0i wu, 21,5 pug BGLPS,
b6 sung nudc cit du 2 ml; tién hanh ly tim thu dich, c6 quay
thu cao, can khdi luong. Hoa tan cao thu nhan trong dung moi
MeOH:DMSO =4:1 vé nong d6 10.000 ppm; tién hanh chay HPLC
pha dao, st dung cot Macherey Nagel, CC Kromasil, 125x4 mm,
5 um 100A, C18 véi quy trinh: 0-100% AcN, 0,5 ml/phut trong 15
phut; 100-100% AcN, 0,5 ml/phut trong 4 phut; 100-0% AcN, 0,5
ml/phit trong 1 phut; 0-0% AcN, 0,5 ml/phut trong 5 phut; thoi
gian luu: 25 phat. D6i chiéu két qua thu nhan dwgce véi profile chat
chuén thuong mai: daidzein, genistein (Sigma).

Két qua va ban luan
Cdm trng va thu nhdn f-glucosidase

Két qua ¢ hinh 1 cho théy, xuét hién vach muc tidu khoang
80 kDa ¢ mau c6 cdm ung (giéng 3) so vdi mau khong cam tng
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(giéng 2) ding nhu gia thiét. Bén canh d6, protein ndy nim hoan
toan trong pha tan va chiém 17,04% tong protein tan trong E. coli.

97 kDa— S

66 kDa—q_
]

= 80 kDa

Hinh 1. Két qué di¢n di kiém tra kha nang biéu hi¢n BGLPf.

Giéng 1: thang protein LMW; giéng 2: E. coli BL21 trong mi trudng c6 0,1 mM
IPTG; giéng 3-5: pha tdng, tan va tlia tuong (ing clia E. coli BL21/pGEX-2TK-celB
trong moi truong c6 0,1 mM IPTG.

Tinh sach p-glucosidase va xdc dinh no”‘ng do sau tinh ché

Két qua hinh 2 cho thay, phafm 16n protein tap Qéu duge rira ra
khoi cot chi sau lan rira t}u’r nhat, trong khi hau hét BGLPf dugc
gilr lai (vach 80 kDa) chiém 57,5%.

Hinh 2. Két qua tinh ché& BGLPf.
Giéng 1: protein tong; giéng 2: dich qua cot; giéng 3, 4: dich sau rdia cot lan 1 va
2; giéng 5: thang protein LMW; giéng 6, 7: dich dung ly 1an 1 va 2.

5 il

o = J0kDa

Khdo sit diéu kign t6i wu ciia BGL trén co chit pNPG

Két qua khao st cho thdy enzyme hoat dong tdi uu & diéu kién
nhiét d6 100°C, pH 5,0 (hinh 3).

T — o
oo T I [ | #0,800-1,000

| T #0.600-0,800
0800 | | #0,400-0,600

! | §0,200-0,400
0.600 | —] #0,000-0,200

| |

B ) Nhiét do 100

| -/ Nhiét do 80

——/ Nhiét d¢ 60

Hinh 3. Két qué khao sat diéu kién toi uu cho hoat tinh clia BGLPf.
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Nhiét d6 t6i wu cho hoat tinh cua tinh enzyme BGLPf ¢ 100°C,
cao hon hin ¢ nhiéu loai vi khudn, ndm men, nim mdc khéc [14].
Mot s6 két qua khao sat nhiét o toi uu trong khoang 90-110°C ciing
duoc ghi nhan & mot s enzyme khéc trén Pyrococcus furiosus
[15-17] hay mot s enzyme thudc nhom hydrolase ¢ nhiing loai
chiu nhiét khac [18]. Ngoai ra, viéc dung hgp duéi GST khong lam
anh huong t6i hoat tinh chiu nhiét ciia enzyme.

Poi v6i thong s6 pH, két qua thu nhan phu hop voi mot sb
nghién ctru khac trén ca ching tai to hop 1dn chung ty nhién [10,
19, 20]. Cac nghién ciru khac trén mot s enzyme thity phéan cta P
furiosus nhu p-mannosidase, p-galactosidase trén céc co chat khac
nhau [15-17] va ¢ nhiing loai c6 enzyme thudc nhom glycosyl
hydrolase [14, 18] ciing ¢6 khoang pH tdi wu tir 5,0-7,5. Khoang
pH nay phu hop véi cac loai carbohydrate trong tu nhién, nhg d6
¢ tiém nang (mg dung rong rii trong san xuat cong nghiép thuc
pham.

Xdc dinh hoat tinh va hoat tinh riéng ciia engyme doi véi co
chit pNPG

Don vi hoat tinh va hoat tinh riéng cua enzyme BGLPf lan luogt
12 6,018 pg va 164,44 U.mg’', twong duong so vdi nghién cliru cua
Voorhorst va cs [21] va cao hon nhiéu so véi nhidu loai ndm mébc
(bang 1).

Bang 1. Hoat tinh riéng ctia enzyme doi véi co chat pNPG.

Ngudn thu nhin Hoat tinh riéng (U.mg™") Tai liéu tham khao
200 [21]
Pyrococcus furiosus -
164 Nghién ctru nay
Penicillium pinophillum 83
Penicillium citrinum 0,159 [8]
Fomitopsissp 53
Aspergillus niger 19 [22]
spergillus nige 124
Humicola grisea 26,1
(23]
Trichoderma reesei 23,9

Déng hoc enzyme BGLPf nho phwong phdp Lineweaver-
Burk (hinh 4)

Két qua ghi nhan cac gia tri dong hoc tinh toan duoc lan luot
lAK =0,088mM,V  =33227Umg' min'vaK =4469s".

=

0,005 1

[s]

<l

¥ =5,5219x+0,0627

-0,015 -0,005 0,015 0,025

Hinh 4. Do thj Lineweaver-Burk ddi véi enzyme BGLPf.

TAP CHI

HOA HOC

ONG NGHE I} Nam 61(8) 8.2019

Khoa hoc Ky thuat va Céng nghé n—

So v6i mot s6 nghién ciru khac vé BGL tir ¢0 khuén P. furiosus
thigiatriK vaV thap hon mot nira, cu thé gla tri ghi nhan duoc
1an luot laK =0, 15 mMvaV_ =700U. mg’ 1o, 15 20,21].D
doan, enzyme ciia dé tai co kha'r nang bi trc ché bai ndng do glucose
cao. Lap luan nay dua trén co so khi ham lugng glucose, tic sén
phim cta qua trinh thily phan, ¢6 ndng do cao sé gay tre ché nguoc
lai hoat dong enzyme B-glucosidase [8, 24].

Thir nghiém hoat tinh enzyme trén hop chit glycoside tir dgu
nanh bang phwong phdp sdc ky long hi¢u nang cao

Dua vao profile chat chuan, hai hop chat c6 thoi gian luu 13,85
phut va 15,03 phat lan lugt la daidzein va genistein. O mau chua
xir 1y enzyme, hai peak co thoi gian luu ngdn hon 1 daidzin ¢
11,25 phit va genistin ¢ 12,15 phut (hinh 5).

YA W0 1 15,03
ST 0

0,4 - Genistein

D) hép thu (AU)

D) hip thu (AU)

Thoi gian

C 12,15

Genistin
H

= o -
=) K/ Daidzin Ho
< o How \\ 0.
~ 0. 0.
Ho- o
..g 3 o J ‘ =
* 04 ™ !
2 OH ~
. o
S 0 A on OH
g o]
0,1
0,04
T T T 1
o . : : i 12 u 16 1 20
Thoi gian
13,84
0,6
D HO. 0.
e 0
S O
o N
= o, OH L
= L ~ on
s ] Daidzein
= >
)
=
«e
=]

Thoi gian

Hinh 5. Profile két qua HPLC.
A. Chét chudn Genistein; B. Chét chudn Daidzein; C. Mau cao khong xd
Iy enzyme; D. Mau cao c6 x ly enzyme.
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Khi so sanh giira hai két qua co xtr Iy va khong xir 1y enzyme,
¢6 su ting cuong hai peak daidzein va genistein tir mau khong xir
1y enzyme sang mau c¢6 xit Iy. Ciing v6i d6, co sy chuyén doi dang
ké cua hai peak c6 thoi gian lwu ngan (11,35 phut va 12,15 phit)
sang peak co thoi gian luu dai (13,85 phit va 15,03 phut) phu hop
voi vige cac hop chat glycoside ¢6 tinh phan cuc cao hon da bi
chuyén dbi thanh cac dang aglycone c6 tinh phan cuc thip hon
nén thoi gian luu lau hon. Nhu vy, enzyme BGLPS tir dé tai thu
nhan cho hoat tinh chuyén doi cao dbi véi cac hop chat isoflavone
glycoside trén co chat dau nanh.

Enzyme B-glucosidase siéu chiu nhiét tir ¢ khuan Pyrococcus
furiosus c6 hoat tinh t6i wu & 100°C, pH t6i wu 5,0, hoat tinh
enzyme 164,44 U.mg" cao hon nhiéu so v6i cic loai ndm mdc
khac. Véi diéu kién téi wu nay, BGLPf [a mot img vién trién vong
trong tmg dung chuyén doi isoflavone noi riéng va céc hop chat
glycoside ndi chung. Budgc dau thir nghiém hoat tinh dat hiéu qua
chuyén ddi cao trén co chat isoflavone dau nanh.

LO1 CAM ON

Chung t61 xin chan thanh cim on GS Michael Thomm (Pai hoc
Regensburg - CHLB Dirc) di ting genome ¢6 khuén Pyrococcus
furiosus va Chuong trinh “Vuon uom sang tao khoa hoc cong nghé
tré” dugc quan 1y boi Trung tim Phat trién khoa hoc cong nghé tre,
Thanh doan TP Ho Chi Minh d hd trg kinh phi dé thue hién dé tai.

Toan bd qua trinh nghién ctru duge thuc hién tai Trung tam
Nghién ctru hop chét ty nhién c6 hoat tinh sinh hoc va Phong thi
nghiém Cong ngh¢ sinh hoc phan tr, Trudng Dai hoc Khoa hoc Ty
nhién, Pai hoc Quéc gia TP H) Chi Minh.
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QUY DINH VE BAI VIET DANG TAI TREN TAP CHi

Yéu cdu chung

Bai viét gUi dang trén Tap chi phai 1a bai viét nguyén thuy (chua dugc cong bé trudc do). Tac gia
khong dudc gui dang bai viét trén cac tap chi khac cho dén khi cé quyét dinh xét duyét clia Ban Bién
tap.

Bai bao dai khong qua 10 trang (bao gdm ca bang biéu, ghi chu, tai liéu tham khao va phu Iuc) font
chi: Times New Roman; ¢G chii 13; khé glay A4, € trén 2 cm, |€ dudi 2 cm, € trai 3 cm, |€ phai 2 cm.

Bai viét glii vé Toa soan dudi dang file mém va ban in; cé thé guii truc ti€p dén Tap chi (Phong 507,
s6 113 Tran Duy Hung, Cau Gidy, Ha Néi) hoac qua hom thu dién t0, dia chi: khcnvn@most.gov.vn.

Tén bai bao

- Tén bai bao dudc viét bang tiéng Viét va tiéng Anh, trén trang dau cla bai bao, khéng gach chan hay
viét nghiéng.

- Tén bai bao phai ngan gon, rd rang va phu hgp véi ndi dung bai bao.

- Phia dudi tén bai bao 1a tén tac gia khong viét chiic danh va hoc ham, hoc vi. NEu cé nhiéu tac gia lam
viéc G cac co quan khac nhau thi tén téc gia dugc danh s (2-) & phia trén. D&u hoa thi (') chi tac gia lién
hé, dugc viét & cudi trang dau tién clia bai bao.

Tom tit

Tom tat bang tiéng Viét va tiéng Anh. Néu dugc muc dich, phudng phap nghién ctiu chinh, két qua
nghién ctu va két luan chi yéu. Tl khoa bang ca tiéng Viét va tiéng Anh theo thi ty alphabet. Chi s6
phan loai (theo hudng dan).

Dan nhap/datvan dé
Dinh nghia van dé; tém Iugc van dé nghién cliu da dugc céng bé trong va ngoai nudc, néu muc tiéu

nghién cuu \/é giai thich sy Iua\chon dé tai va muc tiéu nghién ctu dé thay dudc tinh thdi sy, tinh khoa
hoc va su can thiét clia van dé nghién cuu.

Ddi tugng va phuong phap

Déi tugng nghién ctu can trinh bay tiéu chuén Iya chon, déc diém d6i tugng nghién cuu.

Phuong phap nghién cuiu can néu rd cach tiép can nghlen cuu, loai hinh nghién cuu, phuong phap
do ludng, cong thic tinh ¢d mau, phuong phéap xG ly s6 liéu, mé ta ky cac ky thuat tién hanh trong
nghién clu; cac quan diém, lap luan, y kién tranh luan, cac dan ching...

Két qua

Trinh bay day dd, khach quan cac két qua thu dudc sau nghién ctu, cac két qua nay phai phuc vu
cho muc tiéu nghién ctu. Cac s6 liéu phai chinh xac va khép véi nhau. )

Phan ké&t qua nghién ctiu chi trinh bay cac két qua nghién ctiu cla dé tai, khdng giai thich, so sanh
va ban luan.
Ban lugn

ChU yé&u ban luan céc van dé lién quan dén muc tiéu dé tai.

Nhan xet, danh gia mot cach khach quan cac két qua nghién clu, c6 so sanh véi cac tac gia khac
dé khang dinh ho&c phl dinh nhiing hiéu biét da c6, qua dé néu dugc nhiing diém mdéi va déng gép

cla dé tai.
Dy bédo hudng nghién ciu tiép va kha nang tng dung céc két qua nghién cliu vao thuc tién.

Kétluan

Néu két qua nghién ctiu chli yéu clia dé tai c6 tinh khai quat lién quan dén muyc tiéu nghién clu, dé
xuat cac van dé tiép tuc nghién cuu.
Chi thich va tai liéu tham khdo
Chu thich dugc danh s6 theo thy tu xudt hién (2 ) va dugc trinh bay ngay & cudi trang viét (footnote).
Céc tai lieu tham khao dugc danh s6 theo thi tu xuat hién dé chi dan chung dugc trich dan & géu trong
bai bao. S6 thi ty dugc danh trong ngoac vudng, vi du: [3] véi 1 hodc [2, 5, 7-9] v6i nhiéu s6 chi dan.
| Téc gia (N&m xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap (s6), pp<trang dau-trang cu6i>|
Téc gid: la tac gid/cac tac gia cla tai liéu dugc tham khao, trich d~§n.
N&m xuat ban: ndm xuét ban cla tai liéu dugc tham khdo, trich dan.
Tén tai liéu dugc trich dan: 1a tén bai bao, chuang/phan sach.. B
Tén ngudn cé thé 1a tén tap chi, tén séach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudc
in nghiéng).
Tap (s6): danh cho nguén trich 1a tap chi, sach hodc cac xuat ban phdm khéc (phan nay in dam).
Trang dau-trang cudi la s6 thii ty cac trang phan anh ndi cu tri cla tai liéu dugc trich dan trong tai liéu
nguoén.
Chu y: néu co 2 2 tai liéu tham khado do cling 1 tac gia/nhom tac gia, cung nam cong b, thi céc tai liéu
tham khao nay can dudc danh d&u a, b.. sau nam xuét ban (vi du: 1986a).
_ Né&u c6 mét s tai liéu tham khéo trong cuing 1 bai bao dugc trich dan c6 s6 trang khac nhau thi cén trich
dan thém sd trang, vi du: Kitchen (1982, p 39).

Cac yéu cau khac

- Bai viét knong dat yéu cau, Toa soan khong tré lai ban thao.

- Bai viét chi dudc dang khi phan bién nhan xét vé chét Iugng bai bdo dong y cho dang.

- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gdm ca phan tom tat) cho Ban Bién tap
Tap chi.

PHAN LOAI LINH VUC KHOA HOC
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2.
3.
4.
5.
6.
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1.Khoa hoc tu nhién
Toan hoc va théng ké
Khoa hoc may tinh va théng tin
Vat ly
Héa hoc
Khoa hoc trai dat
Khoa hoc sy song
Khoa hoc mai trudng
Khoa hoc nano
Khoa hoc tinh toan

0. Cac linh vuc khoa hoc tu nhién khac

2. Khoa hoc ki thuat va cong nghé
Ky thuat dan dung: ky thuat kién
tric; ky thuat xay dung; ky thuat
két cdu va do thi; ky thuat giao
théng van tai; ky thuat thuy Igi; ky
thuat dia chat céng trinh
Ky thuat dién, ky thuat dién ta, ky
thuat thong tin
K§ thuat ca khi, ché tao may
Ky thuat hoa hoc
Ky thuat vat liéu va luyén kim
Ky thuét y hoc
Ky thuat méi trudng

. Cdng nghé sinh hoc cdng nghiép

. Cong nghé nano
. Ky thuat thuc phdm va dé udng

. Céc Iinh vuc khac cua khoa hoc
ky thuat va cong nghé

3.Khoa hoc y - duge

. Y hoc cd s6
.Y hoc lam sang
.Y hoc du phong

Dugc hoc

. Céc linh vuc khac ctia Y - dugc hoc

4. Khoa hoc nong nghiép

. Tréng trot
. Chan nuoi
. Thay

Lam nghiép

. Thly san
. €bng nghé sinh hoc trong néng

nghiép, thly sén
Céc linh vuc khac ctia khoa hoc
ndng nghiép

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc gido duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

. Dia ly kinh t€ va xa hdi
. Théng tin dai ching va truyén thong

Lich st va khao ¢ hoc
Ngén ng( hoc va van hoc

. Triét hoc, dao dtic va tén gido

. Nghién ctiu vé khu vuc va quéc té

. Cac linh vuc khac cla khoa hoc xa
hoéi va nhan van
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Nghién ciru thach hoc va sy bién ddi sau trAm tich ciia d4 méng
carbonate tudi Paleozoic & phia tay bic bé Song Hong.
Liéu Kim Phwong, Bui Thi Luan, Vii Thi Tuyén

Hé théng hoc nh6ém Théng dét va Dwong xi & Viét Nam theo hé théng
PPG (Pteridophyte Phylogeny Group) I.
Db Vin Trudng

Téi wu didu kién sinh tdng hop protease tir vi khudn Bacillus subtilis
Bs04 va xac dinh dic tinh ciia enzyme.

Nguyén Hitu Tuyén, Pham Tién Diing, Phan Thi Kim Ngan, Ngo V& Ké
Thanh

Nghién ctru mitc d phan bd va tich liiy polychlorinated biphenyl trong
trim tich mit khu vie ha luu song Pay.
Trinh Thi Thim, Bui Thi Phuong, Lé Thi Trinh

Phén tich dong lyc hoc vét nirt trong vit ligu 14n hat cirng va 16 réng
bing phuwong phap phin tir hitu han ndi suy lién tiép mé rong.
Trwong Tich Thién, Trin Kim Bing, Phan Ngoc Nhan, Bui Qubc Tinh

Nghién ciru ng dung hé lan can lién két chim trén cic tuyén dwong cao
tbe & Viét Nam.
Nguyén Trong Déng, Ping Ngoc Anh, B Minh Hiéu, Trin M§ Hanh

Nghién ciru phat trién hé do d day vat li¢u thiiy tinh nhiéu l6p dwa
trén cong nghé giao thoa anh sang xung lwgc.

Banh Quéc Tuén, Pham Pirc Quang, Nguyén Quéc Pat, Truong Cong
Tué.n, Shioda Tatsutoshi

Giai phap tinh khoang cich tir tau dén méc phia trwée sir dung dinh vi
vé tinh.
L& Hdng Minh, V& Céng Minh, Nguyén Huy Hung, Poan Hong Quang

Nghién ciru phwong phép phat hién mét s6 sau bénh trén lda sir dung
dac trung SIFT.

Nguyén Ngoc Ta, Bui Thi Thanh Phuong, Lé Hoang Nam, Ngé Nam
Thanh

Nghién ciru luyén va xir Iy nhiét mét s6 mac thép dd bén cao tién tién.
Pinh B4 Try, Trin Vin Doan, Phan Thanh Binh, Pinh Vin Hién, Trin Céng
Thirc, L& Vin Long, Nguyén Tién An

Phén 1ap va tuyén chon nim men c6 khéa ning l1én men rwou vang
thanh long rudt dé (Hylocereus polyrhizus).

Pham Thi Thu Thao, Nguyén Ngoc Anh Thur, L& Thanh Duy, Nguy&n Ngoc
Thanh, Bui Hoang Pang Long, Huynh Xuén Phong

Khio sit hoat tinh p-glucosidase tir c¢6 khuidn siéu chiu nhiét
Pyrococcus furiosus dé Gmg dung trong sin xuét isoflavone tir diu
nanh.

Pinh Nguyén T4n Hoa, Hoang Trong Minh Quan, Phan Hoang M§ Linh,
Nguyén Thi Bach Hué
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Petrographic studies and diagenetic evolution of Paleozoic
carbonate basement rock in the northwest Song Hong basin.
Kim Phuong Lieu, Thi Luan Bui, Thi Tuyen Vu

Classification of the Lycophytes and Ferns of Vietnam following the
classification scheme of PPG I.
Van Truong Do

Optimisation of the conditions for protease synthesis from Bacillus
subtilis Bs04 and characterisation of the enzyme.

Huu Tuyen Nguyen, Tien Dung Pham, Thi Kim Ngan Phan, Vo Ke
Thanh Ngo

Research on accumulation and distribution levels of polychlorinated
biphenyl in sediment collected from Day river downstream area.
Thi Tham Trinh, Thi Phuong Bui, Thi Trinh Le

An extended twice-interpolation finite element method applied to
simulate dynamic crack behaviour in matrix inclusion materials
with random holes.

Tich Thien Truong, Kim Bang Tran, Ngoc Nhan Phan, Quoc Tinh Bui

Research into applying sunk-jointed rails for expressways in
Vietnam.
Trong Dong Nguyen, Ngoc Anh Dang, Minh Hieu Do, My Hanh Tran

Research and development of multi-layer glass plate thickness
measurement system using optical frequency comb interferometry.

Quoc Tuan Banh, Duc Quang Pham, Quoc Dat Nguyen, Cong Tuan
Truong, Shioda Tatsutoshi

Algorithms for calculating the distance from the train to the ahead
landmark using satellite navigation.
Hong Minh Le, Cong Minh Vo, Huy Hung Nguyen, Hong Quang Doan

Rice pests and diseases identification using SIFT feature.
Ngoc Tu Nguyen, Thi Thanh Phuong Bui, Hoang Nam Le, Nam Thanh
Ngo

Study on the making and heat treatment of some advanced
high-strength steels.

Ba Tru Dinh, Van Doan Tran, Thanh Binh Phan, Van Hien Dinh, Cong
Thuc Tran, Van Long Le, Tien An Nguyen

Isolation and selection of yeast for wine fermentation from red
dragon fruit (Hylocereus polyrhizus).

Thi Thu Thao Pham, Ngoc Anh Thu Nguyen, Thanh Duy Le, Ngoc
Thanh Nguyen, Hoang Dang Long Bui, Xuan Phong Huynh

Study on p-glucosidase activity from the hyperthermophilic
archaeon Pyrococcus furiosus for application in the hydrolysis of soy
isoflavone glycosides.
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