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State estimation of Binh Dinh power system
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ABSTRACT

Nowadays, SCADA/EMS is integrated into modern power systems in order to supervise, measure,
collect data and control the remote devices at the automation stations. However, these collected state data from
measurement devices always have some specific errors. Therefore, the main purpose of this paper is to implement
the power system state estimation algorithm by using weighted least square method. This algorithm was proposed
to estimate the operating status parameter of Binh Dinh transmission power system by using Matlab software. The
final results were compared with the practical parameter collected data from SCADA/EMS system.

Keywords: Binh Dinh power system, weighted least square method, state estimation.
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Uéc lwong trang thai van hanh lwéi dién tinh Binh Dinh

Nguyén Xuin Tham', Lé Tuian H§"

'Khoa Ky thudt va Cong nghé, Truong Dai hoc Quy Nhon

Ngay nhan bai: 03/07/2019; Ngay nhan dang: 03/08/2019

TOM TAT

Ngay nay, hau hét cac hé théng dién hién dai sir dung hé thong tich hop SCADA/EMS dé giam sat, do dac,
thu thap dit li¢u va diéu khién céc thiét bi tai cac tram khong c6 nguoi true. Tuy nhién, cac thong $6 trang thai van

hanh thu thap duoc tai cic trung tim nay tir cac thiét bi do ludn ¢ nhiing sai s6 nhit dinh. Vi vy, muc tiéu cta

bai bao nay 1a nghién ciru va xay dung thuét todn uéc lugng trang thai hé thong dién sir dung phuong phap binh

phuong cyc tiéu co trong s6. Thuat toan ndy dugc ap dung dé udc lwong cac thong sb trang thai van hanh cia ludi

dién truyén tai tinh Binh Dinh bing cach sir dung phan mém Matlab. Cac két qua u6c lugng ctia modun va goc pha
dién ap duoc so sanh véi cac thong sé thuc té thu thap duoc tir hé théng SCADA/EMS.

Tir khéa: Luci dién tinh Binh Pinh, phwong phdp binh phirong cyc tiéu cé trong so, wéc lwong trang thdi.

1. PAT VAN PE

H¢ théng dién dong mot vai trd rat quan
trong trong su phat trién ctia nén kinh té va dam
bao an ninh ctia Qudc gia. Vi vay, dam bao chat
luong dién nang la mot viéc dugc chu trong
trong cong tac van hanh hé théng dién, dac biét
1a hé thong truyén tai dién. Trung tim diéu khién
tu xa 1a noi thuc hién cac chiic nang nhu giam
sat, do dac, thu thap cac dit liéu va diéu khién cac
thiét bi tai cac tram khong c6 ngudi tryc. Do do,
thu thap cac thong so ciia trang thai van hanh yéu
cau phai c6 d6 chinh xac cao dam bao dg tin cay
va an toan trong sudt qua trinh van hanh.

Céc thong tin nay dugc do dac thdng qua
hé théng SCADA tai cac trung tam diéu khién
tr xa theo quy trinh nhu Hinh 1. Trong do, CT
(current transformer) 1a may bién dong dién,
IED (Intelligent electronic device), va EMS
(energy management system) 1a hé théng quan
1y nang luong. Hé thong SCADA thuong dugc

‘Tac gid lién hé chinh.

Email: tuanhole@qnu.edu.vn

sir dung dé thu thap céc dir liéu van hanh va diéu
khién, giam sat hé théng tir xa. Hé thng EMS
duoc dinh nghia 12 mot hé théng gém tat ca cac
cong cu st dung may tinh trong vi¢c theo ddi,
kiém soat t6i wu hoa va hiéu suét cia viée phat
va/hodc hé thong truyén tai. Cac dir lidu thu thap
dugc tir cac thiét bi dién thong minh, cac may
bién dong dua dén hé théng EMS dé udc luong
trang thai van hanh cta hé thong dién; tir do,
dua dén cac thiét bi chuyén mach théng qua bo
diéu khién giam sat. Tuy nhién, s6 lidu thu thap
duogc tai cac Trung tdm nay tor cac may do ludn
c6 nhiing sai s6 nhat dinh. Nhing sai s6 nay bao
gbm c6 2 yéu t6 chinh: sai s6 cia may do va sai
s6 do duong truyén. Chinh vi nhitng diéu nay
can phai udc luong cc thong sd van hanh ciia
ludi dién dé phat hién ra nhitng dit liéu x4u va
loai bo chung ra khoi qua trinh tinh toan. Khi do
viéc udc luong thong s trang thai cac dir liéu
thu thap dugc (sau khi loai bo dit lidu x4u) gitp
cho cac didu d6 vién c6 nhitng thong tin ding
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dan vé trang thai cac thiét bi dang van hanh trong
hé thong dién; tir d6, c6 thé dwa ra cac quyét dinh
trong viéc diéu chinh cong suét cia ludi, tai cau
trac ludi dién, va van hanh kinh té lu6i dién. Cac
phuong phap udc lugng dua trén cac thuat toan
khac nhau dugc khao sat trong cac nghién ciu
trude day.'* Trang thai van hanh cta cac hé thong
dién c6 phdi hop véi cac thiét bi dicu khién khac
nhau cting duoc wéc lugng va trinh bay qua céac
nghién ctru trude day.*® Mot sé vi du dién hinh
vé ude luong trang thai van hanh cia cac nudc
Trung Qudc va Cameroon dugc trinh bay trong
cac nghién ctru trude day.™® Ngoai ra, mot sb vi
du vé uée lugng trang thai van hanh cua mot sb
phﬁn cua hé théng dién Viét Nam dugc nghién
clru trong cac tai liéu trude day.>!'°

Tuy nhién, hién tai chua c6 cong trinh
khoa hoc nao duoc thuc hién dé ude luwong thong
s6 trang thai van hanh cta ludi dién Binh Dinh.
Do dd, muc tiéu cua bai bdo nay la xay dung
thudt toan udc luong trang thai van hanh ludi
dién truyén tai Binh Dinh dua trén phuong phap
binh phuong cuc tiéu co trong sd. Cac két qua
udc lugng tr thudt toan dugc so sanh voi cac
két qua do dac tur thuc té van hanh cua ludi dién
truyén tai Binh Dinh.

Energy Management System

State Estimation l

‘ Supervisory Control | ‘ Data Acquisition |

[omase ][] (5] [m)

Hinh 1. So dd hé théng SCADA/EMS

2. UNG DUNG PHUONG PHAP BINH
PHUONG CUC TIEU CO TRONG SO
TRONG UGC LUQNG TRANG THAI
LUOI PIEN TRUYEN TAI BINH PINH

2.1. Téng quan vé phwong phip

Phuong phap nay dugc trinh bay trong cac
tai liéu tham khao'"'? va dugc mo ta lai nhu sau:

Goi x 1a vector gdm 7 trang thai can udc lugng
(X5 o0s X5 o0y X, ), Z 12 veCtor gém m cac dai lugng
do duogc (z, ..., Z,, ..., z,). Khi do z, ta thuong
gip phai cac sai sd e (e, ... €, ..., € ) nao do va
ta biéu dién s6 do nhan dugc qua phwong trinh:

z=h(x)+e )

trong do: h = [A, ..., h, ..., h ]; sai sb cua cac
phép do e la mot dai lugng ngau nhién va trong
tinh toan thuong gia thiét cac sai s6 nay 1a doc
1ap nhau va tuan theo ham phan phéi chuan véi
gia tri trung binh bang khéng va co phuong
sai 1a hing s6 e;~N(0,07). Vi cic phuong
sai nay doc lap nhau nén ma tran hiép phuong
sai chi gom cac thanh phan nam trén duong
chéo chinh (cic thanh phan nim ngoai duong
chéo chinh bang khong) va duogc biéu dién
R = diag{o?, ...,0?, ...,02}. Dé udc lugng céc
bién trang thai x =[x , ..., x, ..., x |, phuong phap
binh phuong cuc ti€u co6 trong s6 thuong dugc
st dung dung dé cuc tiéu hoa ham muc tiéu sau:

J(x):li(zi ()

23 f . 2
1 T
= E[z —h(x)] R [z —h(x)]
Bai toan cuc tiéu hoa ham muc tiéu dan
dén:
8J(x)
ox

g(x)z =H(x)T R [Z—h(x)]zo 3)

trong d6 ma tran Jacobian H(x) - 8h_(x)

Bo qua cic thanh phan béc cao trong khai
trién chudi Taylor s& dan dén phuong trinh lap
tai budc lap k:

G(xk)Axk =G(xk)(xk+1 —xk)

= H(xk )T R [z —h(x)]

trong d6 ma tran do loi:

4)

T
G(Xk ) = H(Xk) R_IH(Xk) va ma tran trong
s W=R"'. Phuong trinh (4) duoc goi la
phuong trinh chuédn cta bai toan udc luong trang
thai bang phuong phap binh phwong cuyc tiéu c6
trong so.

Journal of Science - Quy Nhon University, 2019, 13(5), 5-16 | 7
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2.2. Ung dung phuwong phap vao hé thong
dién ap

Trong hé thdng dién, céac thiét bi do dém
xa RTU thuong do cac thong sé cong suit tac
dung va cong sudt phan khang nat (P, va Q),
dong coéng suat tac dung va cong suat phan
khéang trén cac nhanh (P, va Q,), mddun va gbc
pha di¢n ap céac nut (¥, va ¢,). Cac phuong trinh
dong cong suat duoc biéu dién nhu sau:

n
P =[i[* G+ D Wil Wi [¥ie|cos (6 + 6, - 8,) (5)
oy
il B,
S WA ACCET T
k=1

k#i

B =-rfG, +|Vi”VjHYij‘COS(Hij +8,-8,)(7)

| %-a]
0y =- 2 ©)

<Al fin(6, +0,-)

trong d6: G, va B, lan lugt 1a phan thuc va phan
4o ctia tong din nut 7; G, va By lan luot 12 phan
thuc va phan 4o cua tong dan nhanh jj; Y, la
tong dan cua nhanh ik; va 0, 1a goc ban dau
cta nhanh ik.

Ma tran Jacobian trong cong thurc (3) ung
dung cho hé théng dién duoc biéu dién nhu sau:

o
06 oV
oP, oP,
06 oV
00, 00,
SR i B
20, @0,
06 oV
v v
L 6o OV |

Ung dung phuong phap binh phuong cuc
tiéu co trong s6 dé uoc luong trang thai hé théng

dién, ta c6 thuat toan duoc trinh bay trén Hinh 2

nhu sau:
Bét déu

z —)-l Boc cic dai lugng do duge |

Khéi tao céc gia trj ban

3 day x =[V,
cho vector x (= x") O diy x={, 4]

N |
i
I Tinh [z h(x)] ]

| Tinh ma rgn Jacobian H |

|

Tinh ma trdn do lgi
G=H"R'H

|

| Tinh ma trin G™ |

l Giai tim Ax = G'H'R'[z - h(x)] |

Cép nhit lai ”
:P= nxa_:_ zlx‘ I Tinh malx(leiI) |
- w
Yes

Hinh 2. Thuit toan binh phuong cyc tiéu ¢6 trong sb
2.3. Lwéi dién truyén tai tinh Binh Pinh

Bai bao nay khao sat ludi dién truyén tai
tinh Binh Pinh tinh dén thang 05 nim 2019 duoc
mo ta & Hinh 3. Ludi dién truyén tai tinh Binh
Pinh bao gém cac nha may dién, tram bién ap,
duong day,... van hanh & cip dién ap 220kV va
110kV, trong d6 c6 2 nut c6 cap dién ap 220kV
lam nhiém vu chuyén tai cong suét d6 1a tram
220kV Quy Nhon van hanh nam 1994 va tram
220kV Phi My van hanh nam 2017. Riéng dbi
v6i tram 220kV Phude An thuc hién nhiém vu
nhu 12 mot tram cit nén khong xét trong truong
hop nay. Ngoai ra, trong luéi dién truyén tai tinh
Binh Dinh con ¢6 17 nut c6 cip dién ap 110kV.
Céc thong sé dudng day, khoang cach giira cac
pha, vi tri cac tram ciing duoc cling dugc minh
hoa nhu trén Hinh 3.

8 | Tap chi Khoa hoc - Truong Dai hoc Quy Nhon, 2019, 13(5), 5-16
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3. KET QUA

Céc thong sb cua ludi dién truyén tai Binh
Dinh bao gdm thong sd cta cic nhanh va cong
suit tac dung, cong suat phan khang tai cac nit;
cong suét tac dung, cong suit phan khang truyén
tai trén cac nhanh, dién ap va goc pha cua cac
nut déu dugc thu thap tir cac thiét bi do dém xa
RTU. Pé thuc hién uée luwong cac thong sb trang
thai van hanh thi tat ca cac thong sb cua ludi dién
truyén tai Binh Pinh déu dugc tinh toan theo
phuong phap tinh toan trong hé don vi twong ddi
(pu) gan dung. Két qua vé dit liéu vé cac nhanh
dugc trinh bay ¢ Bang 1. Bang 1 chi lién két tir
nat nay dén nat kia va cac thong sé R, X, B/2
tuong ung cua nhanh do.

Bang 2, nut loai 1, 2, 3 1an luot ky hiéu cho cac
loai niit chuan (slack bus), nat phu tai (nat PQ),
va niut may phat (PV). Bang 3 mo ta cac dir liéu
do dugc cua ludi truyén tai Binh Dinh. Trong
Bang 3, loai do duoc 1,2,3,4va 5 lan luot ky
hiéu cho dién ap, cong suét tac dung bom vao
nat, cong sudt phan khang bom vao nat, dong
cong sudt tic dung va dong cong suit phan
khang.

Chuong trinh udc lugng thong s trang
thai lu6i dién truyén tai Binh Dinh str dung phan
mém Matlab dwoc minh hoa trén Hinh 4. Két qua
tinh toan wéc lugng trang thai ludi dién truyén
tai Binh Dinh bang phuong phap binh phuong
cuc tiéu co trong 6 nhu d3 trinh bay dugc mo ta

\ A io qm 1iA .o, trong Bang 4.
Bang 2 mo ta dir li€u tai cac nat. Trong g g
TRA XOM . ) VINHSON 5 VINH SON
R CAP PIEN
* - * *
35KV ANKHE  210MW o’ ar o 241IMW 2%33MW
_ lokv m 2KV )&A — 63KV 9 9
L 10KV VY T RANH GIGI
1., 1..x - - — 110 KV N N
+ ] OUANG NGAI
ZIZ ZIZ TRAM 220 KV L 1
PHU MY 1, B
TRAM 220 KV 22KV NIA NIA
QUY NHON ; 5
by ol B o A B Y A R
. 22KV
110KV L . HOAI NHON TAM QUAN
| —
22 KV 22 KV
QUY NHON 2 NHON TAN
T
1
NARAA RN A "
™M™ rm Y.oo T
22KV
22KV A
AN NHON PHUCAT 22KV ¢ THANH PHUMY

RANH GIOI
PHU YEN

N
e

P

LONG MY

Hinh 3. Lu6i dién truyén tai tinh Binh Dinh

Ao
rIi 22 KV

PHUGC SON

:

22 KV

NHON HOI

Journal of Science - Quy Nhon University, 2019, 13(5), 5-16 | 9
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Bang 1. Dit liéu vé cac nhanh

STT Tir niit Pén nit R(pu) | X (pu) | B2 (puy | 1Y 0 bien
ap (2)
1 | Tra Xom Don Pho 0.0681 | 0.1511 | 1.2223 1
2 | Tra Xom Vinh Son 5 0.0154 | 0.0342 | 0.2767 1
3 | Vinh Son 5 Vinh Son 0.0090 | 0.0200 | 0.1614 1
4 | Vinh Son 5 Tram 220 KV Phu M§ -110KV | 0.1712 | 0.1458 | 1.2699 1
5 | Vinh Son Hoai Nhon 0.0591 | 0.1311 | 1.0609 1
6 | Hoai Nhon Tam Quan 0.0129 | 0.0285 | 0.2306 1
7 | Hoai Nhon Tram 220 KV Phu My -110KV 0.0315 | 0.0698 | 0.5650 1
8 | Tram 220 KV Phu My-110KV Phu M§ 0.0005 | 0.0004 | 0.0141 1
9 | Tram 220 KV Phu My-110KV My Thanh 0.0672 | 0.0572 | 0.4985 1
10 | My Thanh Phu Cat 0.0416 | 0.0924 | 0.7472 1
11 | Phu Cat An Nhon 0.0176 | 0.0391 | 0.3160 1
12 | Tram 220KV Quy Nhon-110KV | An Nhon 0.0186 | 0.0413 | 0.3344 1
13 | Tram 220KV Quy Nhon-110KV | Nhon Tan 0.0180 | 0.0399 | 0.3229 1
14 | BPdn Pho Nhon Tan 0.0360 | 0.0798 | 0.6457 1
15 | Tram 220KV Quy Nhon-110KV | Phudc Son 0.0190 | 0.0162 | 0.1411 1
16 | Phudc Son Nhon Hoéi 0.0539 | 0.0459 | 0.3998 1
17 | Tram 220KV Quy Nhon-110KV | Quy Nhon 2 0.0159 | 0.0135 | 0.4703 1
18 | Tram 220KV Quy Nhon-110KV | Long My 0.0090 | 0.0200 | 0.1614 1
19 | Tram 220KV Quy Nhon-110KV | Tram 220KV Quy Nhon-220KV | 0.0000 | 0.0470 | 0.0000 1
20 | Tram 220 KV Phu My -110KV | Tram 220 KV Phu My -220KV | 0.0000 | 0.0940 | 0.0000 1
Bang 2. Dit liéu cac nut
P P
, Loai| V oo Q | Qmin | Qmax
STT Nut , Theta| (may phat) | (may phat) | (phu tai) | (phu tai)
nut (pu) Myvar Myvar
MW Mvar MW Mvar
1 Tra Xom 3 1.0565 0 19.6935 -1.8269 0 0 -1.877 0
2 Vinh Son 5 3 1.0479 0 21.1018 -3.7009 0 0 -4 1
3 Vinh Son 3 1.0505 0 39.1524 16.9423 0 0 0 17
Tram 220KV Phu
4 N 3 1.0332 0 10.8643 -18.7134 0 0 -35.498 0
My-220KV
Tram 220KV Phu
5 N 3 1.0280 0 39.0869 -39.1968 0 0 0 0
My$-110KV
Tram 220KV Quy
6 1 1.0329 0 343.4955 44.4344 0 0 0 44.5
Nhon-110KV
Tram 220KV Quy
7 2 1.0000 0 0 0 134.6372 6.2278 0 0
Nhon-220KV
8 An Nhon 2 1.0000 0 0 0 26.3245 7.7576 0 0
9 DPdn Phéd 2 1.0000 0 0 0 5.9599 3.0011 0 0

10 | Tap chi Khoa hoc - Truong Pai hoc Quy Nhon, 2019, 13(5), 5-16
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10 Hoai Nhon 2 110304 | 0 -0.1944 | -16.6337 | 16.9083 | 13.3736 |-16.634 0
11 Long My 2 | 1.0000 | 0 0 0 18.8843 | -1.0742 0 0
12 M§ Thanh 2 | 1.0000 | 0 0 0 11.1248 | -3.3423 0 0
13 Nhon Hbi 2 | 1.0000 | 0 0 0 30.7861 9.2590 0 0
14 Nhon Tan 2 | 1.0000 | 0 0 0 18.0976 1.8483 0 0
15 Phu Cét 2 | 1.0000 | 0 0 0 20.8282 0.9888 0 0
16 Phi My 2 | 10314 | 0 -0.2107 | -18.1281 | 153706 | 15.9918 |-18.128 0
17 Phudce Son 2 | 1.0000 | 0 0 0 112183 23926 0 0
18 Quy Nhon 2 2 | 1.0000 | 0 0 0 52.4487 | 10.4468 0 0
19 Tam Quan 2 | 1.0000 | 0 0 0 8.5938 0.9888 0 0
Bang 3. Dir liéu do dugc cua ludi dién truyén tai Binh Dinh
STT |  Loai nat Gia tri Tir nit Pén nut
) (pu)
1 1 1.0329 Tram 220KV Quy Nhon-110KV 0
2 2 0.1969 Tra Xom 0
3 2 0.2110 Vinh Son 5 0
4 2 0.3915 Vinh Son 0
5 2 -1.3464 Tram 220KV Quy Nhon-220KV 0
6 2 0.3909 Tram 220KV Phu My-110KV 0
7 2 0.1086 Tram 220KV Phu My-220KV 0
8 2 -0.2632 An Nhon 0
9 2 -0.0596 Ddn Pho 0
10 2 -0.1710 Hoai Nhon 0
11 2 -0.1888 Long M§ 0
12 2 -0.1112 My Thanh 0
13 2 -0.3079 Nhon Hoi 0
14 2 -0.1810 Nhon Tan 0
15 2 -0.2083 Phu Cat 0
16 2 -0.1558 Phu My 0
17 2 -0.1122 Phudc Son 0
18 2 -0.5245 Quy Nhon 2 0
19 2 -0.0859 Tam Quan 0
20 3 -0.0183 Tra Xom 0
21 3 -0.0370 Vinh Son 5 0
22 3 0.1694 Vinh Son 0
23 3 -0.0623 Tram 220KV Quy Nhon-220KV 0
24 3 -0.3920 Tram 220KV Phu My-110KV 0

Journal of Science - Quy Nhon University, 2019, 13(5), 5-16 | 11
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25 3 -0.1871 Tram 220KV Phu M§-220KV 0

26 3 -0.0776 An Nhon 0

27 3 -0.0300 Ddn Pho 0

28 3 0.3001 Hoai Nhon 0

29 3 0.0107 Long My 0

30 3 0.0334 Mgy Thanh 0

31 3 -0.0926 Nhon Hoi 0

32 3 -0.0185 Nhon Tan 0

33 3 -0.0099 Phu Cat 0

34 3 0.3412 Phi My 0

35 3 -0.0239 Phudc Son 0

36 3 -0.1045 Quy Nhon 2 0

37 3 -0.0099 Tam Quan 0

38 4 2.0886 Tram 220KV Quy Nhon 220Ky | 1#m 220KV Quy Nhon
-110KV

39 4 -3.2540 Tram 220KV Quy Nhon -110KV Nhon Tén

40 4 -3.1717 Tram 220KV Quy Nhon -110KV An Nhon

41 4 -2.9105 Tram 220KV Quy Nhon -110KV Quy Nhon 2

42 4 -3.2461 Tram 220KV Quy Nhon -110KV Long My

43 4 -3.3228 Tram 220KV Quy Nhon -110KV Phuéc Son

44 4 -0.1214 Nhon Téan DPo6n Pho

45 4 0.1373 Ddn Pho Tra Xom

46 4 0.0141 Tra Xom Vinh Son 5

47 4 0.1805 Vinh Son 5 Vinh Son

48 4 -0.2205 Vinh Son Hoai Nhon

49 4 -0.0851 Hoai Nhon Tam Quan

50 4 0.2822 Tram 220KV Phu M§-220KV Tram 220KV Phu M§-110KV

51 4 -0.2198 Tram 220KV Phu M§-110KV Hoai Nhon

52 4 -0.2351 Tram 220KV Phu My-110KV Phu My

53 4 -0.2796 Tram 220KV Phu My-110KV M§ Thanh

54 4 0.0970 My Thanh Phu Cat

55 4 0.0550 Phu Cat An Nhon

56 4 0.1957 Phude Son Nhon Hoi

57 5 0.3821 Tram 220KV Quy Nhon -220Ky | | am 220KV Quy Nhon
-110KV

58 5 -0.4259 Tram 220KV Quy Nhon -110KV Nhon Tén

59 5 -0.3668 Tram 220KV Quy Nhon -110KV An Nhon

60 5 -0.3399 Tram 220KV Quy Nhon -110KV Quy Nhon 2
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61 5 -0.4551 Tram 220KV Quy Nhon -110KV Long My
62 5 -0.4204 Tram 220KV Quy Nhon -110KV Phudc Son
63 5 0.0115 Nhon Tén Dén Pho
64 5 -0.0483 Don Phé Tra Xom
65 5 -0.0187 Tra Xom Vinh Son 5
66 5 0.2064 Vinh Son 5 Vinh Son
67 5 0.1306 Vinh Son Hoai Nhon
68 5 -0.2902 Hoai Nhon Tam Quan
69 5 -0.2048 Tram 220KV Phu My-220KV Tram 220KV Phu M§-110KV
70 5 0.6920 Tram 220KV Phu My-110KV Hoai Nhon
71 5 0.7332 Tram 220KV Phu My-110KV Phu M¥
72 5 0.3585 Tram 220KV Phu M§-110KV My¥ Thanh
73 5 0.0433 My Thanh Phu Cat
74 5 0.0677 Phu Cat An Nhon
75 5 0.0687 Phudc Son Nhon Hoi

1 $ UGC LUCNG TRANG THAI LUGT DIEN TRUYEN TAI PIEN BiNH DINH
2 % SU DUNG PHUCNG PHAP BIiNH PHUCNG cUC TIZU CO TRONG S6
b o clc; clear all;

4 - nunm = 19;

5= ybus = ybusppg (num) ;

6 — zdata = zdatas (num);
T bpg = bbusppg (num) ;
8- nbus = nmax(max(zdata(:,4)),max(zdata(:,5)})):
9= type = zdata(:,2)’

10 — z = zdata(:,3):

11 fbus = zdata(:,4):
12.= tbus = zdata(:,5)}:
13~  Ri = diag(zdata(:,6)}:
14 — V = ones(nbus,1):

15 — del = zeros(nbus,1);
16 — E = [del(2:end); V]:
A7:0= G = real (ybus);

18 B = imag(ybus):

19

20 = vi = find(type = 1):
21— ppi = find(type =— 2):
22 — gi = find(type — 3):
23 = pf = find(type = 4):
24.— gf = find(type = 5);
25

26 — nvi = length(vi);

27 — npi = length (ppi};

28 — nqi = length(qi);

29 — npf = length(pf);

30 - ngf = length(qf):

31

Hinh 4. Chuong trinh Matlab dung cho wéc lugng thong s6 luéi dién truyén tai Binh Dinh
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Bang 4. Két qua udc lugng modun va goc dién ap biang phuong phap binh phuong cuc tiéu ¢ trong sd

STT Niit v (pu) V-uée hrgng | Sai s6 0 (dd) 0-wée ) Sai s6

(puw) (%) lwong (d9) | (%)
1 | Tra Xom 1.0565 1.0637 0.68 1.9939 2.0264 1.63
2 | Vinh Son 5 1.0479 1.0542 0.60 10.0003 10.1623 1.62
3 | Vinh Son 1.0505 1.0700 1.86 11.5001 11.6956 1.70
4 | Tram 220KV Phu M§-220KV 1.0332 1.0542 2.03 | -122.000 | -123.8300 1.50
5 | Tram 220KV Phu M$-110KV 1.0280 1.0369 0.87 33.2707 | 33.8263 1.67
6 | Tram 220KV Quy Nhon-110KV | 1.0329 1.0394 0.63 | -11.0673 | -11.2056 1.25
7 | Tram 220KV Quy Nhon-220KV | 1.0000 1.0137 1.37 -5.4942 | -5.5794 1.55
8 | AnNhon 1.0000 1.0081 0.81 68.8430 | 69.7861 1.37
9 | Pon Phéd 1.0000 1.0076 0.76 -87.2801 | -88.7115 1.64
10 | Hoai Nhon 1.0304 1.0370 0.64 84.8031 86.2193 1.67
11 | Long My 1.0000 1.0142 1.42 | -87.2801 | -88.7464 1.68
12 | My Thanh 1.0000 1.0066 0.66 | -78.7797 | -80.0874 1.66
13 | Nhon Hoi 1.0000 1.0085 0.85 | -15.0000 | -15.2325 1.55
14 | Nhon Téan 1.0000 1.0075 0.75 76.8576 | 77.9105 1.37
15 | Phu Cat 1.0000 1.0070 0.70 | -12.0375 | -12.2265 1.57
16 | Phu My 1.0314 1.0389 0.73 449811 | 45.8177 1.86
17 | Phuéc Son 1.0000 1.0081 0.81 74.6008 76.0331 1.92
18 | Quy Nhon 2 1.0000 1.0082 0.82 -10.0000 | -10.1880 1.88
19 | Tam Quan 1.0000 1.0087 0.87 52.0868 | 52.9462 1.65

beé thuan tién cho viéc minh hoa cho sy sai khac, médun va géc pha dién ap thuc té va modun va

goc pha dién ap dugc udc luong bang phuong phap binh phuong cuc tiéu co trong sd ciia tat ca cac nit

trong ludi dién truyén tai Binh Dinh duoc trinh bay trén cac Hinh 5 va 6.

Hinh 5.

——Gia tri uoc luong
-~ Gia tri thue te

e
ol

A

/ Y
/ ‘\.

Maédun dién ap (don vi twong déi)

-
-

2

s

I\
\

i2Xom  VilhSons  VimhSon 20KV PhoMFIOKY PhuNJOKY Quy NIABKY

Két qua so sanh d6 16n dién ap nut

yNhoo AnNhon  DonPho  HoaiNuon  LongMy

My

Manh  NhonHoi NhonTan  PhuCat  PhuMy
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—&-Gia tri uoc luong
-~ Gia tri thuc te

Goc dién 4p (d0)

Hinh 6. Két qua so sanh goc pha dién ap nut

Trén cac Hinh 5 va 6, duong nét lién dé chi
cac gia tri udc lugng tir thuat toan binh phuong
cuc tiéu co trong sd va duong nét dit dé chi cac
gia tri do dac tir thuc t&. Trén Hinh 5, ta c6 thé
thdy o dugc 2 dudng biéu dién giira gia tri woc
lugng va gia tri thyc té cua dién ap la 2 duong
riéng biét vi co su sai khac két qua va thang gia
trj trong ddi nho. Trong khi d6, cac dudng biéu
dién gia tri wéc luong va gia tri thuc té cua goc
dién ap ciing khong tring nhau. Liy modun va
goc pha dién 4p tai cac nut lam chuan, qua bang
so sanh ta thy chuong trinh x4y dung trén co s¢
phuong phap binh phuong cuc tiéu c6 trong sb
cho két qua chinh xac. V& d6 16n dién ap, sai )
16n nhat 1a 2,03% va sai s6 nho nhat 1a 0,60%.
V& goc pha dién 4p, sai s6 16n nhét 1a 1,92% va
sai s6 nho nhat 1a 1,25%.

4. KET LUAN

Bai bdo da nghién ctu va xay dung
chuong trinh udc lugng trang thai hé thong dién
sit dung phuong phap binh phuong cuc tiéu co
trong s6 dé udc lugng modun va goc pha dién
ap cac nut. Chuong trinh nay duogc tinh toan va
mo phong trén nén ting Matlab. Tir d6, nhém
tac gia da ap dung chuong trinh dé phén tich,
udc lugng va mo phéng trang thai ludi dién
truyén tai Binh Dinh. Cac két qua thu dugc tir
chuong trinh ¢6 d6 chinh xac cao so véi cac sd
lidu do dac trong thyc té tir hé théng SCADA/
EMS. Pay duoc xem la co so dé thuc hién cac

|
TraXom VishSon  VishSon 220KV PhuMg10KV PhuMJOKY Quy NE2OKV QuyNhon AnNhon  DonPho  Hoai

Nhon  LongMy  MyThah  NhonHoi NhonTan  PhuCat  PhaMy  PhuocSon QuyNhon2 TemQuan

nghién ctu viéc xac dinh sb luwgng va céc vi tri
do t6i wu, phat hién 15i dit liéu va 15i cdu tric.
Chuong trinh nay c6 thé dugc ap dung cho céac
ludi dién cua cac tinh khac trong viéc ude luong
trang thai van hanh. Dong thoi trong thoi gian
t61, nhom tac gia sé tién hanh nghién ctru va xay
dung chuong trinh udc luong trang thai hé thong
dién bang cach ap dung phuong phap udc lugng
M tong quat héa ting cudng nham nang cao do
chinh xac cua chuong trinh udc lugng trang thai
hé thong dién.
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ABSTRACT

In the operation of modern power systems, the state parameters of the system in real time need to be
calculated and measured with high accuracy in order to provide the data needed for assessment and control the
safety of the power supply and the economics of the system. This requirement can be implemented by using power
system state estimation methods and it is a main task of the electricity system control centers. Therefore, the main
purpose of this paper is to study and implement the power system state estimation algorithm by using a generalized
maximum likelihood estimation method. In addition, the conventional weighted least square method is applied in
power system state estimation problem. Both estimation methods are utilized to estimate the operation parameters
of the IEEE 57-bus system. The estimated values of voltage and bus angle by using two proposed methods were
compared with the state parameters of the IEEE 57-bus system.

Keywords: Generalized maximum likelihood method, weighted least square method, IEEE 57-bus system.
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Uéc lwong trang thai van hanh lwéi dién str dung
phwong phap wéc lwong hop ly cwe dai tong quat

Lé Tuan H$""

'Khoa Ky thudt va Cong nghé, Truong Pai hoc Quy Nhon
Ngay nhan bai: 14/07/2019; Ngay nhdan dang: 14/08/2019

TOM TAT

Trong van hanh cac h¢ théng dién hién dai, cac thong sb trang thai cua hé théng trong thoi gian thuc can
phai dugc tinh toan, do dac véi d chinh xac cao nhim tao nén mot co sd dir liéu can thiét cho viéc danh gia va
diéu khién do an toan cung cp dién ciing nhu tinh kinh t& cua hé thdng. Yéu ciu nay duogc thyuc hién boi bai toan
udc lugng trang thai cua hé théng dién, va 1a mét nhi€ém vu chinh cta cac trung tam diéu do, diéu khién hé théng
dién. Vi vy, muc ti€u cua bai bao nay la nghién ctru va xay dung bai toan wdc lugng trang thai hé théng dién dua
trén phuong phéap uéc luong hop 1y cuc dai tong quat. Ngoai ra, bai bao ciing sir dung phuong phép truyén thong
thuong duoc dung dé uéc lugng trang thai hé thong dién 1a phuong phap binh phuong cuc tiéu ¢6 trong s6. Ca hai
phuong phap udc lugng dugce img dung dé wde lugng cac thong s6 van hanh ctia ludi dién chuan IEEE 57 nit. Cac
két qua wéc lugng cua dién ap va goc pha dién ap tir hai phuwong phap duoc so sanh véi cac thong s trang thai cua
lu6i dién chuan IEEE 57 nat.

Tir khéa: Phuieong phdp wéc lwong hop 1y cuwc dai tong qudat, phwong phdp binh phirong cuec tiéu cé trong so6, lwGi
dién chudn IEEE 57 niit.

1. PAT VAN PE ky tir 1 dén 10 gidy. Cac thong tin nay phai day
du dé& dam bao kha ning quan sat dugc cia hé
théng. Nhitng thong tin nay s& duoc xir 1y thong
qua chirc ning udc lugng trang thai va goi dén
ngudi van hanh dé giup dua ra cac phuong thirc

Theo quan diém udc lugng trang thai, hé
thong dién 1a mot ludi truyén tai cao ap rong 16n
bao gdm cac dudng diy va cac may bién ap ndi
dej:n cac niit. Cde mdy p,hét dién dong bo s& cung diéu khién cho cic nha may dién va tram bién ap.
cap mét lugng cong suat cho cac niit nay hodc tir o

Tuy nhién, ¢ day gdp phai van dé la cac
thong s6 do dém nay khong hoan thién: ching
khong chinh xéc, thim chi sai, hodc thiéu (thiéu
diém do hodc hu hong hé théng do va truyén sb
liéu). Sai sb cua cac phép do 1a khong thé tranh
khoi va do nhiéu nguyén nhan nhur:

c4c nat nay s& cung cip mot lugng cong suat cho
phu tai tiéu thy thong qua ludi dién phan phdi.
He¢ thong nay s& duoc giam sat boi cac trung tim
diéu khién va cung cap cac thong tin thu thap
duoc trong thoi gian thuc cho ngudi van hanh.
Céc thong tin nay c6 thé 1a tinh trang clia may cit

va mot tap hop cac thong tin do dém dugc. Trang v Sai 6 cua thiét bi do va méy bién ap/
thai ciia tat ca cic may cit s& mo ta hién trang dong do luong,

ctia ludi dién dang van hanh. Pbi v6i cac thong v’ Sai s cua khau bién ddi tuong tu - sb
tin do dém, chiing thudng duoc thu thap theo chu (dir liéu thuong duge truyén bang tin hiéu sb;

‘Tac gia lién hé chinh.
Email: tuanhole@qnu.edu.vn
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ncu truyén bang tin hi¢u tuong tu sai s6 con cao
hon nhiéu),

v/ Nhiéu trong kénh truyén,

v Bo dit liéu khong dong nhat vé thoi diém
do. Do héng s6 thoi gian cua thiét bj do, cua viéc
truyén sb liéu va do phuong phéap hoi - dap tuan
tu gitra trung tam diéu khién va cac RTU, ma do
1&ch thoi gian nay thuong tdi vai giay. Sai léch
con ning hon trong truong hop nhiéu hé thong
thu thap d li¢u tham gia dong goép cho mot co
so dit lidu ctia hé thong dién hop nhat.

Vi vay, cac phuong phéap udc lugng trang
thai hé thong dién di dwoc nghién ciru va phat
trién. Muyc tiéu chinh cia bai toan u6c luong
trang thai h¢ théng dién la str dung céc cong cu
toan hoc va xac suit thong ké dé wéc luong hai
thong sb trang thai hé théng co ban 1a modun
dién ap va goc pha dién ap cua tat ca cac nit dya
trén co so dit liéu vé cac thong s céu trac va
cac thong sb trang thai do. Phuong phép co ban
nhit thuong duoc sir dung dé woc luong trang
thai hé thong dién 1a phuong phap binh phuong
cuc tiéu c6 trong s6 (weighted least square
hay WLS) va dugc trinh bay trong nhiéu cong
trinh nghién ctru.>* Phuong phap nay duoc st
dung duya trén cac gia thiét sai s6 phép do trén
hé théng doc 1ap nhau va tuan theo ham phan
phdi chuan. Phuong phap binh phuong cuyc tiéu
c6 trong sb c6 dic diém 1a st dung quy luat
chiéu dir liéu xdu dua trén phﬁn du co6 trong sb
(weighted residuals) hodc phan du duoc chudn
héa (normailized residuals). Tuy nhién, dic
tinh cia nd bi suy giam nhiéu khi cac dir liéu
x4u xudt hién hodc khi khong biét ma tran hiép
phuong sai cua sai sb do cac hong hoc cua dung
cu, nhiéu loan xung thong tin, tinh bat dinh cta
mo hinh.’ Do dé, d han ché nhirng nhuoc diém
nay cua phwong phap binh phuong cuc tiéu co
trong sd cac phuong phap khac da dugc nghién
ctru va phat trién. Trong théng ké, phuong phap
¢6 thé xir 1y nhiéu trudng hop khac nhau cua dit
liéu x4u ma van dam bao tot hiéu qua udc luong
thong ké khi khong biét sai sd/nhiéu do luong d6
1a phuong phéap u6c lwong hop 1y cuc dai tong

quat. Phuong phép nay c¢6 uu diém 14 han ché sy
anh huong cia cac diém don bay xau (leverage
point) bang cach gi6i han ca sy anh huong cua
phan du va cta ca vi tri. Do d6, bai bao nay tap
trung vao vi€c xay dung chuong trinh udc luong
trang thai hé thong dién dua trén phuong phap
wée luong hop 1y cuc dai tong quat. T do, bai
bao phén tich két qua udc luong dat dugc tir
phuong phap dé xuit so véi két qua dat duoc tir
phuong phéap hay duoc str dung 1a binh phuong
cuc tiéu ¢co trong s6 va so voi két qua thyc cua
cac nit dé thdy dugc hiéu qua ciia phuong phap.
2. PHUONG PHAP UOC LUQNG BINH
PHUONG CUC TIEU CO TRONG SO
Gia thiét co ban ciia phuong phéap binh
phuong cuc tiéu ¢6 trong s6 [6], [7] 1a vecto sai
s6 e bao gom nhiéu bién ngiu nhién doc lap
tuan theo phan bd Gaussian, e;, cO gia tri trung
binh bang khong:
e~ N(0O,R) (1)
va ma tran hiép phuong sai da biét
R =diag(c?). )
St dung gia thiét nay, muc tiéu cua bai
toan 1a wdc luong vecto trang thai x bao gdm
dién ap ¥ va gocpha 6 tai tt ca cdc nut goi trir
nut quy chiéu. Nt nay duge goi 1a nut chuan va
thuong duoc dat béng 0. Do d6, vecto trang thai
X ¢6 n chiéu thuong duoc biéu dién nhu sau:
X:[91,925"'79N71>I/191/2,"',VN]Ta (3)

& day N 1a s6 nat cua hé théng va n = 2N — 1.
Vecto x lién quan dén vecto do luong m chiéu z
thong qua mo hinh phi tuyén.

z=h(x)+e 4)
¢ day h(D) 1a mot ham phi tuyén.

Dbit H =0h(x)/0x 1a ma tran Jacobian c6
Kich thudc (mxn) va

L=[ly,] )
s ALt s A x.
la cot thur 7 cua (R 2H). Moi vecto I, tuong

tmg voi mot phép do riéng va xac dinh diém
khong gian nhan tir cua uwdc lugng trang thai.
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Hampel [8] da chi ra rang ham anh hudng tong
IT ciia mot hoi quy X tai F bang tich cia ham
anh huéng vo huéng cia phan du, IR, va anh
hudng gia tri vecto trong khong gian nhan tu, IP.
Luu ¥ rang IR gidng véi IF trong truong hop mot
chiéu. Ham nay biéu dién nhu sau:

IT(2,X,F.LA|=IT(z%F)IP(LA)  (6)
o day
-1
IP(I,A)z(E[lxlT]) I 7)
va & day E[l xlT] la ma tran hiép phuong sai
cua vecto I, gia thiét nd c6 gia tri trung binh
bang khong. R& rang rang cac diém do khong
nhitng anh huong dén cac diém do khic ¢ xa
theo chiéu z (gia tri ngoai 1€ doc truc) ma con anh
huong dén cac khoang cach khac trong khong
gian nhén tir, thuong hay duoc goi 1a diém don
bay. Cac diém don bay trong udc luong trang
thai hé thong dién boi cac phép do ludng trong
cac truong hop sau:’

v Dong trén cac nhanh va cong suat bom
vao cac nut tuong ung voi nhanh tuong doi nho
so vo1 cac nut khac;

v/ Cong suat bom vao cac nat ma co so
lugng 16n cac nhanh.

Toan by ma tran Jacobian lién quan dén
cac phép do nhu vay tré nén 16n hon. Két qua la
ching ta c6 thé x4c nhan rang bat cir md hinh hé
thdng dién thuc té nao ciing c6 nhidu diém don
bay, thuong trong 1 mau nhom.

Muc tiéu cua phuong phap udc lugng
binh phwong cyc tiéu c6 trong s6 1a t6i thiéu hoa
téng binh phwong cua cac phan du co trong sd,
By =1,/0; , va c6 duge biéu thic:

=Y i =[z-h®] R'[z-hx)]. (8)
i=1
Diéu kién can dé J (;() dat gia tri cuc tiéu
1a dao ham cong thirc (8) theo x va cho bang
khong:

H’ ()R’ [z - h(i)] “H'(N)R'r=0, (9)

o day R
r=z-h(x), (10)

1a vecto phan du. Phuong trinh (9) thudong dugc
giai bang phuong phéap lip Gauss-Newton va co
duogc két qua

G(x; ) (X4 =% ) =H' (x,)R”' [Z—h(i)} (11)
¢ day x, la gid tri cua x tai phép lap tht £, va
G(x,)=H"(x,)R"H(x,) (12)

12 ma tran thong tin. Tuyén tinh hoa h(x) tai X

h(x)zh(§)+H(§)(x—§). (13)
Thay cac phuong trinh (4), (13) va cac
phuong trinh (9), (10), ta duoc:

co duoc

r=h(x)+e—h(x)[] e+H(§)(x—§) (14)

H (DR [z ~h(x)+HE)(x- ?;ﬂ =0. (15)
Do @0,
r=We, (16)
o day
W:I-H(HTR“H)% H'R (17)
la ma tran do nhay phan du ¢6 kich thudc (m xm).
Dudi gia thiét tuan theo ham phén phdi
Gaus, vecto phan du c6 gia tri trung binh bang
khong
E[r]=WE[e]=0, (18)
va ma tran hi€p phuong sai
00v[r]=E[rrT]=WR. (19)
3.PHUONG PHAP UOC LUQNG PE XUAT
3.1. Phuwong phap wéc lugng hop ly cue dai

Phuong phap uéc luwong hop 1y cuc dai dugc
nghién ctru va dé xuét trong tai liéu tham khao."°
Thay vi stt dung phuong trinh (8), phuong phap
nay dung dé i thiéu hoa tiéu chuan:

Zp[ ]Zp (7)), (20)

& day p 1a mot ham riéng cua phin du. Dé co
dugc gia tri cla x, ta 1dy dao ham phuong trinh
(20) theo x va cho bang 0, ta co:

D w () 1,=0. 21)
i=1
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Cac dang ham cuia p va v dugc dinh nghia
va phan loai trong tai liéu tham khao."

3.2. Phuong phap wéc luwgng hop ly cuc dai
tong quat

D3 c6 rat nhidu nghién ctiru dugc tién hanh
dé tim ra phuong phap ting cuong hi¢u qua cua
cac phuong phap udc luong hop ly cuc dai khi
xuit hién cac diém don bay xau; d6 1a phuong
phap wdc lugng hop 1y cuc dai tong quat (hay
wdc luong hdi quy anh huéng giéi han). Dang
phuong trinh wéc lwong (21) ¢6 thé duoc viét lai
dudi dang sau:

iu(li)‘/’(”mv(li)) [,=0. (22)

¢ day u(/)) va v(l)) 1a cac ham trong s6 ma vai trd
ctia nd 1a giam su anh huong cua cac diém don
bay dén két qua hdi quy. Trong hé thong dién, y
tuong khong chon cac hing s chuyén ¢ dinh
gidng nhau cho tit ca cac phan du c6 trong sd
nhung chon mot hang s chuyén b\/ﬁ

> gla tri
ctia hang s nay thay doi theo do léch chuén cia
ching theo phuong trinh (17). Pem so sanh phan
du duoc chuin héa nay véi b, mdi twong quan
nay cé thé duoc thiét 1ap nhu sau:

1 1
I )=—— = 23
V(l) u(l,.) VWi =

4. TRUONG HQP NGHIEN CUU

Trudng hop dung dé nghién ciru hidu qua
ctia phuong phap dé xuat 13 luéi dién tiéu chuan
IEEE 57 nut."? Ludi dién nay c6 57 nut trong do
c6 7 may phat, 42 phu tai, 17 may bién ap va
63 duong day nbi giira cac nut. So dd ludi dién
IEEE 57 nit dugc trinh bay ¢ Hinh 1. Dir liéu vé
cac thong s tong tra, tong dan cua cac nhanh va
dir liéu vé dién ap, cong suit tac dung va phan
khang ciia cac may phat, cong suat tac dung va
phan khang cua cac phu tai c6 thé tim thiy trong
tai lidu tham khao.”? Dir liéu vé dién ap, cong
suit di vao nit va cong sudt gitra cac nhanh dugc
mo ta trong Bang 1, trong d6 cac loai nut dugc
danh s6 1, 2, 3, 4, 5 lan luot ky hiéu cho loai nut
dién ap, cong suit tac dung bom vao nut, cong
suit phan khang bom vao nut, dong cong suit tac

dung va dong cong suét phan khang. Céc gié tri

dugc cho trong don vi tuong ddi (pu).

Hinh 1. So dd lué6i dién chuan IEEE 57 nat

Bang 1. Dt liéu do dugc cua ludi IEEE 57 nut

STT Loai Gia tri Tir it DPén
nit (pu) nit
1 1 1.0400 1 0
2 2 422.832/100 1 0
3 2 -3.000/100 2 0
4 2 -1.000/100 3 0
5 2 -75.000/100 6 0
6 2 300.000/100 8 0
7 2 | -121.000/100 9 0
8 2 -67.000/100 12 0
9 3 46.411/100 1 0
10 3 -76.553/100 2 0
11 3 28.337/100 3 0
12 3 -20.240/100 6 0
13 3 112.568/100 8 0
14 3 -38.270/100 9 0
15 3 82.457/100 12 0
16 4 102.007/100 1 2
17 4 149.733/100 1 15
18 4 78.505/100 1 16
19 4 92.586/100 1 17
20 4 98.052/100 2 3
21 4 60.542/100 3 4
22 4 33.596/100 3 15
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23 4 13.988/100 4 5 70 4 -13.823/100 35 36
24 4 14.702/100 4 6 71 4 -17.421/100 36 37
25 4 31.454/100 4 18 72 4 3.487/100 36 40
26 4 0.855/100 5 6 73 4 -21.390/100 37 38
27 4 -17.375/100 6 7 74 4 3.843/100 37 39
28 4 -42.184/100 6 8 75 4 -24.274/100 38 44
29 4 -78.180/100 7 8 76 4 -17.302/100 38 48
30 4 60.728/100 7 29 77 4 -4.634/100 38 49
31 4 178.029/100 8 9 78 4 3.837/100 39 57
32 4 17.088/100 9 10 79 4 3.479/100 40 56
33 4 13.117/100 9 11 80 4 8.842/100 41 42
34 4 2.315/100 9 12 81 4 -11.575/100 41 43
35 4 2.479/100 9 13 82 4 5.606/100 41 56
36 4 18.829/100 9 55 83 4 1.567/100 42 56
37 4 -17.582/100 10 12 84 4 -36.441/100 44 45
38 4 29.565/100 10 51 85 4 48.032/100 46 47
39 4 -9.700/100 11 13 86 4 17.739/100 47 48
40 4 9.173/100 11 41 87 4 0.144/100 48 49
41 4 13.575/100 11 43 88 4 9.731/100 49 50
42 4 -1.956/100 12 13 89 4 -11.351/100 50 51
43 4 -32.704/100 12 16 90 4 12.709/100 52 53
44 4 -47.753/100 12 17 91 4 -7.424/100 53 54
45 4 -10.695/100 13 14 92 4 -11.701/100 54 55
46 4 -49.353/100 13 15 93 4 2.877/100 56 57
47 4 32.415/100 13 49 94 5 45.085/100 1 2
48 4 -69.313/100 14 15 95 5 17.698/100 1 15
49 4 48.032/100 14 16 96 5 -1.472/100 1 16
50 4 37.218/100 15 45 97 5 1.919/100 1 17
51 4 4.254/100 18 19 98 5 -23.722/100 2 3
52 4 0.868/100 19 20 99 5 0.058/100 3 4
53 4 -1.434/100 20 21 100 5 5.215/100 3 15
54 4 -1.434/100 21 22 101 5 -4.455/100 4 5
55 4 8.937/100 22 23 102 5 -5.080/100 4 6
56 4 -10.373/100 22 38 103 5 2.021/100 4 18
57 4 2.628/100 23 24 104 5 -6.802/100 5 6
58 4 13.515/100 24 25 105 5 -9.516/100 6 7
59 4 -10.907/100 24 26 106 5 -16.776/100 6 8
60 4 7.215/100 25 30 107 5 -28.739/100 7 8
61 4 -10.907/100 26 27 108 5 -35.723/100 7 29
62 4 -20.464/100 27 28 109 5 65.584/100 8 9
63 4 -25.341/100 28 29 110 5 -0.631/100 9 10
64 4 18.102/100 29 52 111 5 10.150/100 9 11
65 4 3.524/100 30 31 112 5 -5.626/100 9 12
66 4 -2.329/100 31 32 113 5 7.078/100 9 13
67 4 3.808/100 32 33 114 5 -45.314/100 9 55
68 4 -7.778/100 32 34 115 5 -11.764/100 10 12
69 4 -7.778/100 34 35 116 5 -102.328/100 10 51
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17| s 3.565/100 1 13 164 | 5 13.368/100 47 48
ns | s -3.022/100 1 41 165 | s -7.438/100 48 49
119 | 5 | -24.963/100 1 43 166 | 5 4.366/100 49 50
120 5 48.845/100 12 13 167 | 5 -6.265/100 50 51
121 5 13.207/100 12 16 168 | s 3.973/100 52 53
122 s 14.936/100 12 17 169 | 5 -6.199/100 53 54
123 s 23.076/100 13 14 170 | s -7.818/100 54 55
124 | 5 5.723/100 13 15 171 | 5 -0.347/100 56 57
125 > -33.761/100 13 49 Két qua tinh toan wdc lugng trang thai
126 | 5 | -94907100 | 14 15 hé théng dién TEEE 57 nut (dién &p va goc pha)
127 | 5 | -136.098/100 14 46 : o g
bang phuong phap binh phuong cuc tiéu c6 trong
128 | 5 | -48.804/100 15 45 . N o ,
129 | 5 0.860/100 18 19 SO.(V;VLS) vap huong pl}ap Hoe hﬁgng hOP 1y ey
dai tong quat (GMM) str dung phan mém Matlab
130 | 5 0.133/100 19 20 s \ .
T 5 5.952/100 2 o1 dthc tflnhPayAtrefl ca\c Bfmg 2 VaE . Ng(’)al 'ra, sur
132 5 ~0.893/100 X ) sai khac v€ dién ap va goc pha giira gia tri thyuc
133 5 4.032/100 > 3 te va gia tri udc 1uqng bang 2 phuong phép da st
134 5 ~1.929/100 %) 33 dung ciling dugc minh hoa trén cac Hinh 2 va 3.
135 5 2.363/100 23 24 Bang 2. Két qua ude luong dién ap tai cac nit
136 | s 8.153/100 24 25 , vowis [ sard veanml
137 | S 81.254/100 24 26 Nat |\ Vpw | o0 | @) | uy |SR50 (0
1381 5 3.505/100 25 30 1 | 1.040 | 0.9838 [5.4069 | 1.0399 | 0.0095
139 | 5 -5.459/100 26 27 2 [1.0200 | 0.9621 |5.6760 | 1.0203 | 0.0341
140 | 5 -6.353/100 27 28 3 | 1.0150 | 0.9564 |5.7719 | 1.0120 | 0.2992
141 | 5 -9.081/100 28 29 4 11.0085 | 0.9497 | 5.8291 | 1.0050 | 0.3506
142 | 5 6.813/100 29 52 5 | 1.0059 | 0.9479 |5.7703 | 1.0011 | 0.4802
143 | 5 1.567/100 30 31 6 |1.0100 | 0.9521 |5.7310 | 1.0046 | 0.5307
144 | 5 -1.313/100 31 32 7 |1.0232] 0.9667 |5.5207 | 1.0169 | 0.6116
145 | 5 1.907/100 32 33 8 [1.0550 | 1.0000 |5.2108 | 1.0479 | 0.6703
146 | 5 -1.607/100 32 34 9 [1.0100| 0.9528 | 5.6666 | 1.0101 | 0.0075
147 ] 3 -4.729/100 34 35 10 | 1.0052 | 0.9474 | 5.7455| 1.0030 | 0.2158
148 | S -7.563/100 35 36 11 10.9982 | 0.9391 | 5.9241 ] 0.9974 | 0.0841
149 ] S -11.396/100 36 37 12 [ 1.0250 | 0.9678 | 5.5816| 1.0216 | 0.3342
150 | 5 3.775/100 36 40 13 109977 ] 0.9379 [ 5.9934 | 0.9940 | 0.3758
151 | 5 | -14.113/100 37 38 14 109892 ] 0.9286 | 6.1234 | 0.9851 | 0.4168
152 ] 5 2.658/100 37 39 15 [1.0071] 0.9475 | 5.9161 | 1.0026 | 0.4485
1531 S 5.220/100 38 44 16 |1.0207] 0.9636 | 5.5944 | 1.0166 | 0.4065
154 | 5 | -20.638/100 38 48 17 [ 1.0213 | 0.9658 | 5.4365 | 1.0196 | 0.1676
155 ] 5 | -10.942/100 38 49 18 | 1.0065 | 0.9479 | 5.8213 | 1.0050 | 0.1467
156 | 5 1.103/100 39 57 19 [0.9815 | 0.9212 | 6.1404 | 0.9796 | 0.1897
157 ] S -0.013/100 40 56 20 |0.9784 | 09179 | 6.1855 | 0.9775 | 0.0958
158 ] 5 3.196/100 41 42 21 [ 1.0277] 09703 |5.5823 | 1.0358 | 0.7843
191 5 -2.982/100 4l 43 22 [1.0298 | 0.9725 [5.5650 | 1.0378 | 0.7766
160 | 5 | -0336/100 41 56 23 [1.0283] 0.9710 |5.5767 | 1.0364 | 0.7916
61 | 5 | -1.102/100 42 56 24 [1.0182] 0.9601 | 5.7077| 1.0129 | 05168
162 | 5 3.405/100 44 45 25 [0.9732] 09127 62125 | 0.9342 | 4.0043
163 | 5 | 26.544/100 46 47 26 0.9789 ] 0.9184 | 6.1832 ] 0.9739 | 0.5083
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27 [ 1.0116 | 0.9543 | 5.6669 | 1.0069 | 0.4695 12 [-10.3864|-11.6567| 12.2303 | -10.3900 | 0.0347
28 [1.0302 | 0.9741 |5.4413 | 1.0255 | 0.4569 13 | -9.8357 |-11.0253 12.0951 | -9.8300 | 0.0580
29 [1.0457 | 0.9906 |5.2687 | 1.0410 | 0.4479 14 | -9.3894 |-10.5222] 12.0644 | -9.3800 | 0.1001
30 [0.9560 | 0.8944 | 6.4479 | 0.9421 | 1.4561 15 | -7.3015 | -8.1587 | 11.7403 | -7.2700 | 0.4314
31 [0.9359 | 0.8728 | 6.7419 | 0.9418 | 0.6257 16 | -8.7998 | -9.8749 | 122176 | -8.7900 | 0.1114
32 10.9592 | 0.8975 | 6.4340 | 0.9686 | 0.9786 17 | -5.3771 | -6.0308 | 12.1563 | -5.3700 | 0.1320
33 ]0.9570 | 0.8951 | 6.4726 | 0.9664 | 0.9790 18 |-11.7862|-13.2325| 12.2708 | -11.9300 | 1.2201
34 109777 ] 0.9173 [ 6.1756 | 0.9749 | 0.2849 19 [-13.2463|-14.8667 12.2327 | -13.6000 | 2.6702
35 10.9856 | 0.9256 | 6.0834 | 0.9825 | 0.3165 20 |-13.4487-15.0891| 12.1971 |-13.8900 | 3.2814
36 |0.9958 | 0.9364 | 5.9630 | 0.9926 | 0.3217 21 [-12.7866|-14.3256| 12.0361 | -13.2100 | 3.3113
37 | 1.0050 | 0.9463 | 5.8434 | 1.0019 | 0.3052 22 |-12.7314]-14.2632| 12.0318 |-13.1500 | 3.2879
38 [1.0331| 09760 | 5.5247 | 1.0302 | 0.2821 23 |-12.7833|-14.3215] 12.0332 | -13.2100 | 3.3379
39 | 1.0031] 0.9442 | 5.8679 | 1.0000 | 0.3055 24 |-12.9367|-14.4845] 11.9647 | -12.9400 | 0.0255
40 |0.9930 0.9334 | 59995 | 0.9898 | 03256 25 |-17.6522|-19.8237| 12.3015 | -18.1500 | 2.8200
4l |1.0219] 0.9643 | 56322 | 1.0280 | 0.5994 26 |-12.6274|-14.1357| 11.9449 | -12.6200 | 0.0586
42 109933 | 0.9340 | 5.9661 | 1.0017 | 0.8438 27 |-11.5454]-12.9450] 12.1227 [ -11.5400 | 0.0468
43 |1.0350 0.9783 | 5.4814 | 1.0374 | 02340 28 [-10.6879]-11.9877| 12.1612 | -10.6800 | 0.0739
44 1103711 09801 | 5.4959 | 1.0340 | 03016 29 |-10.0987|-11.3313] 12.2059 [ -10.0800 | 0.1852
45 110559 09997 | 5.3249 | 1.0523 | 0.3430 30 |-18.2584]-20.5156] 123626 | -19.8200 | 8.5528
46 | 1.0806] 1.0262 | 30335 | 10772 | 03153 31 [19.0527]-21.4332] 12.4942 [ -19.6200 | 29775
47 10540 | 09981 | 5.040 | 1.0510 | 0.2888 32 |-183553]20.6506] 12.5049 | -18.6400 | 15511
48 | 10480 | 09917 | 53674 | 1.0450 | 0.2848 33 |-18.3942|-20.6951| 12.5087 | -18.6800 | 1.5538
%9 10570 ] 1.0012 | 52769 | 1.0539 | 02923 34 |-13.9354-15.6319| 12.1738 | -14.0200 | 0.6071
20 1104441 09882 | 53819 | L0415 | 02759 35 |-13.7208 |-15.3839| 12.1207 | -13.7700 | 0.3586

51 [1.0728 | 1.0191 | 5.0049 | 1.0703 | 0.2289
= TTooss 09516 s eeso 10000 | 0.0012 36 |-13.4773|-15.1063| 12.0869 | -13.5200 | 0.3168
37 |-13.3015|-14.9077| 12.0755 | -13.3400 | 0.2894

53 [0.9954 | 0.9374 | 5.8303 | 0.9968 | 0.1425
2 10239 09655 55129 1022 | 00957 38 |-12.6175 |-14.1352| 12.0286 | -12.6500 | 0.2576
5 TToc0 Loosr 15212 tocie T 00562 39 |-13.3482|-14.9604| 12.0780 | -13.3900 | 0.3132
w6 T0.9939 09327 59582 | 10022 | 0.8588 40 |-13.5059|-15.1386| 12.0887 |-13.5500 | 0.3265
<7 T09895 | 0.9303 T6.0084 | 0.9952 | 08470 41 |-13.9778-15.6893| 12.2444 |-13.9700 | 0.0558
42 |-153613|-17.2470| 12.2754 |-15.3900 | 0.1868
Biing 3. Két qua udc lugng goc pha dién 4p tai cac nit 43 |-11.3936|-12.7897| 12.2530 | -11.4300 | 0.3195
e [ e [ 44 |-11.7775|-13.1908| 12.0001 |-11.8000 | 0.1910

eta al so al SO
Nit | o s | S0 e | SO 45 | -9.2975 |-10.4043( 11.9045 | -9.2800 | 0.1882
)| @9 (@) 46 |-11.0928 |-12.4363| 12.1111 |-11.1000 | 0.0649
T o 0 0 0 0 47 |-12.4288-13.9233| 12.0241 | -12.4500 | 0.1706
2 | -1.3407 |-1.4929 | 113552 | -1.3500 | 0.6937 48 |-12.5170|-14.0223| 12.0259 | -12.5400 | 0.1838
3 |-6.3508 |-7.1043 | 11.8644 | -6.3300 | 0.3275 49 1-12.8474|-14.3930| 12.0305 | -12.8600 | 0.0981
4 |-7.5907 |-8.5020 | 12.0050 | -7.5900 | 0.0092 50 |-13.3123|-14.9194| 12.0722 | -13.3400 | 0.2081
5 | -8.7908 | -9.8691 | 12.2661 | -8.7800 | 0.1229 51 [-12.4793|-14.0131| 12.2908 | -12.5100 | 0.2460
6 |-89376 [-10.0331] 12.2568 | -8.9200 | 0.1969 52 |-11.40381|-12.7935| 12.1860 | -11.6100 | 1.8082
7 | -8.0605 | -9.0551 | 12.3398 | -8.0300 | 0.3784 53 |-11.9446 |-13.4028| 122082 |-12.0400 | 0.7987
8 | -53169 |-5.9942| 12.7385 | -5.2400 | 1.4463 54 |-11.6307]-13.0533| 12.2311 | -11.7000 | 0.5958
9 | -9.8066 |-11.0229] 12.4027 | -9.8500 | 0.4426 55 |-10.9470|-12.2932| 12.2975 | -11.0000 | 0.4842
10 |-11.4391|-12.8529] 12.3594 | -11.4700 | 0.2701 56 |-15.8191|-17.7631| 12.2889 | -15.8500 | 0.1953
11 [-10.2900|-11.5483| 12.2280 | -10.3300 | 0.3887 57 |-16.2899 |-18.2952| 12.3101 | -16.3000 | 0.0620
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Dien ap (don vi tuong doi)

—e—Gia tri thuc te
- % -Gia tri uoc luong theo WLS
=~ Gia tri uoc luong theo GMM|
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20 25

Hinh 3. Két qua so sanh goc pha dién ap nat

Trén cac Hinh 2 va 3, duong nét lién (mau
den) dé chi cac gia tri dién ap va goc pha thuc
té; cac duong nét gach (mau xanh) dé chi cac
gia tri dién ap va goc pha udc luong duoc t
phuong phap binh phuong cuc tiéu c6 trong sb
va cac duong nét chdm (mau do) dé chi cac gia
tri di€n ap va goéc pha udc luong dugce tir phuong
phap wéc lugng hop 1y cuc dai tong quat. Trén
Hinh 2, ta ¢6 thé thdy rd rang ring cic gia tri
udc luong bang phuong phap binh phuong cuc
tidu c6 trong sd chéch xa véi duong gi tri thuc
té, trong khi d6 duong wéc lugng bang phuong
phap udc lugng hop 1y cuc dai tong quat rat gan
v6i duong gia tri thuc té. Tuong tu nhu vy dbi
v6i Hinh 3, dudng biéu dién gia tri u6c lugng

goc pha bang phuong phap binh phuong cuc tiéu
c6 trong sb chéch xa so véi dudng biéu dién gia
tri thuc té trong khi d6 dudng biéu dién gia tri
wdc luong bang phuong phap uée luong hop 1y
cuc dai tong quat rat gan voi gi tri thuc té. Didu
nay chung to rang phuong phap wdc luong hop
1y cuc dai tong quat thé hién kha nang wéc lugng
t6t hon so v6i phuong phap binh phuong cuc
tiéu co trong sd trong truong hop nay.

Ngoai ra, thong qua cac Bang 2 va 3, ta co
thé thay khi sir dung phuong phap binh phuong
cuc tiéu cd trong s6, dién ap sai khac lon nhét
6,7419% va sai s6 nho nhat 1a 5,0049%; gbc
pha sai khac 16n nhat 12,7385% va khi sir dung
phuong phap uéc lugng hop 1y cuc dai tong
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quat, dién ap sai khac 16n nhat 4,0043% va sai s6
nho nhét 1 0,0075%; goc pha sai khac 16n nhat
8,5528%. Diéu nay cang chimg to hiéu qua udc
lwong trang thai hé théng dién cua phuong phap
wéc lwong hop 1y cuc dai tong quat.
5. KET LUAN

Bai bao da nghién ctu va xay dung
chuong trinh uéc lugng trang thai hé théng dién
st dung phuong phép binh uéc lwong hop 1y cuc
dai tong quat dé woc lwong moédun va goc pha
dién ap céc nut. Chuong trinh nay dugc tinh toan
va mo phong trén nén tang phin mém Matlab.
Phuong phép duoc dé xuit trong bai bao nay di
cho két qua tét hon phuong phap thuong duoc st
dung dé wéc lugng trang thai hé thong dién do 1a
phuong phap binh phuong cyc tiéu co trong sb.
Trong twong lai, bai bdo c6 thé mé rong hudng
nghién ctru theo hudng phan tich cac ham phan
phdi cia dir liéu cho nhiéu trudng hop nghién
ctru dé c6 thé chi ra cac dit liéu x4u (outlier) va
dé xuat bién phap khéc phuc cac dit lidu xau nay.
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TOM TAT

Trong bai bao nay, chiing t&i nghién ciiu ddng diédu tiém cin cta tap dat dudc ctia hé diéu khién nhiéu ki di.
Phuong phép tap miic dudc st dung dé dic trung tap dat dudc va gidi han clia né. Dic trung nghiém nhét ctia
ham gi4 tri toi wu gidi han lién két v6i bai toan diéu khién tdi uu gidi han cling dudc dua ra.

Tuw khoa: Ddng diéu tiém cdn, tdp dat duoc, phuong phdp tdp mitc.

1. GIOI THIEU
Xét hé diéu khién nhiéu ki di c6 dang

,2(s),a(s)), s >0

/

y'(s) = { (y(s)
(s) = Z g(y(

2(5) = - gly(s), 2(5),a(s)), 5> 0
y(0) =z, 2(0) =
(1.1)
trong d6 « : [0,4+00) — A la ham do dudgc,

A C R¥1atap con compact; f : R" xR™x A —
R"vag:R"xR™ x A — R™ la trudng vecto;
z € R", ( € R™ lacéc vi tri ban dau; e > 0 1a
tham sb nhiéu. Ky hiéu A 1a tip cdc ham diéu
khién
A={a:[0,+00) = A| a(-) do dugc }.

Hé diéu khién nhiéu ki di c6 dang (T.T) nhan
dudc nhidu su quan tim nghién ciu cla cic

nha todn hoc theo cich tiép can hé dong luc
(xem tai ligu tham khao)"**"ciing nhu cach tiép

"Tac gia lién hé chinh:
Email: nguyenngocquocthuong@gnu.edu.vn

cén phuong trinh dao ham riéng (xem tai liéu
tham khao). " LAy y tudng tir két qua vé tap
dat dugc cho hé diéu khién phi tuyén trong bai
bdo,” chiing toi dé xuét nghién ciiu dang diéu
tiém can cho tap dat dudc lién két v6i hé diéu
khién nhiéu ki di (I.T). Phuong phép tap miic
va mit s6 két qui gin day trong hé diéu khién
nhiéu ki di ciing nhu ky thut nghiém nhét dugc
stt dung dé khdo sit dang diéu tiém cén cla tap
dat dudc nhiéu ki di.
Két qua chinh ctia bai bao dudc trinh bay &
phdn 3 clia bai bdo, d6 1 cdc Dinh 1y [3.1,[3.2,
B3

Sau day 12 mot s6 gia thiét co ban dit 1én
trén di kién cua hé:

(Al) f(y,z,a), g(y,z a) lién tuc trén R™ x
R™ x A;

(A2) f(y,z,a), g(y,z,a) lién tuc Lipschitz
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theo bién (y, z) va déu theo a;

(A3) v6imdiz € R", y € R™ vae > 0, tip sau
day 14 13
Vi(z,y, A) =
1

{(f(x,y, a), gg(x,y,a)) ja € A}.
V6i cdc gia thiét (A1)-(A2), v6i mdi ¢ >
0,z € R, y € R" vaa € A cho
truée, hé diéu khién (1.1) c6 nghiém duy nhit
vl moi s > (. Nghiém nay dugc ki hiéu
béi (yic(s;oz)ﬁic(s;a)), hodc ngan gon bdi
(y5(s), 25(s)). Céc thanh phan y°(-) va 2°(-)
trong b (y°(+), 2°(+)) dudc goi tuong ung la quy
dao chdm va quy dao nhanh cta hé (1.1)).

Nhén xét 1.1. C6 dinh ¢ > 0 va lay T >
0. V6i moi r > 0, ton tai R > 0 sao cho
v6i moi ham diéu khién o : [0,7] — A va
moi (r,() € B,(0) C RY x R, quy dao
(ygg(s;a),z;((s;a)) cua hé dudc chia
trong Bp(0) C R™ x R™ véi moi s € [0, T].
RG rang, khi d6 quy dao cham y; .(s; ) cling
dudc chia trong mot tap compact nao do trong
R™, ki hiéula Y, véi moi s € [0, T].

Nhan xét 1.2. Ki hiéu Sf , la tap tht ca cdc
quy dao (y°(+), 2°(+)) cta hé (1.1 xdc dinh trén
[0, T véi diéu kién ban dau 37 (0) = z, 2°(0) =
¢. Véi gia thiét (A3) va nhan xét & trén, ta biét
rang tip S[EO,T] la compact trong AC ([0, T]; R™x
Rm) theo topo cua C ([O, T]; R™ x ]Rm). Ki hiéu
WS,T] la tdp cdc quy dao cham tu cdp quy dao
trong S[EOI], nghia la,

€ —
(0,77 =

{yg(s) : (ya(s),za(s)) € Sprp S € [O,T}}.

Khi do, 7'[8,T] la tdp compact trong
AC([0,T];R™) theo topd cia C([0,T]; R").

Tiép theo ta dinh nghia tap dat dugc (reach-
able set) cho h¢ (I.1)). Cho trudc cdc tip con
compact Yy C R", Z, C R™ va tap con dong
khac réng C C Y. Véi mdi t > 0, xét tap dat
dugc dude xac dinh bdi

Ri(t) =

{reYy|Fae A e Zy:y (ta)eC}
(1.2)
Day 12 tap tit cd cic vi tri ban dau ctia quy dao
chim sao cho xuat phat tir d6 quy dao tuong dng
clia hé ¢6 thé tién dén muc tiéu C tai ding thoi
di€m ¢ ¢ng v6i ham diéu khién va vi tr ban diu
cua quy dao nhanh thich hgp.
Nhan xét 1.3. Ta biét ring v6i gia thiét (A3),
R&(t) la tap con compact trong R™ véi moi
t € [0,7]. bac biétla R (0) = C.

2. XAP Xi QUY PAO CHAM

Muc tiéu chinh cua bai bdo la nghién ciu gidi
han, khi ¢ — 0, cta tdp dat dugc RE(t). Vi tap
dat dugc chi lién quan dén quy dao chim nén
y tudng tu nhién 1a khao sat dang diéu tiém cin
cua quy dao cham, sau d6 mo ta gidi han cua tap
RE(t) thong qua gidi han cia quy dao cham.

C6 mot s6 cach xip xi quy dao chim cta
hé diéu khién nhiéu ki di. C4ch dau tién 13 mod
hinh gidm cp c6 dién (classical reduced order
model) dua trén dinh ly ndi tiéng ctia Tikhonov.
Cach thu hai 1a dya trén ki thuat trung binh theo
bién thoi gian cla Gaitsgory® va Grammel."
Céch thi ba 1a ki thuat trung binh theo bién
trang thai bang cich st dung do do phin b
(occupational measures) dudc phat trién gan
day bsi Gaitsgory va Leizarowitz." Trong bai
bdo nay chiing tdi st dung cich thi ba dé
xap xi quy dao cham, sau d6 dung két qua xap
xi ny d€ nghién cttu ddng diéu tiém cén cla tap
dat dugc.
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Xét hé lién két ctia hé (1.1 nhu sau
{2/(7-) =g(y,z(7),a(7)), 7T>0 o
z(0) = ¢,

trong d6 y € R™ 1a hing sd.

Y tudng co ban clia viéc xét hé lién két
1a khi £ rit nho (va tién t6i khong), quy dao z(-)
chuyén dong nhanh hon rat nhiéu so véi quy dao
y(-) do d6 ta c6 thé xem quy dao y(-) "ding im".
No6i cich khéc, ta c6 thé xem y nhu 1 tham s
cb dinh trong khi d6 bién trang thai » thay ddi
theo thoi gian.

Dudi cdc gia thiét (A1)-(A2), v6i tham sb cb
dinh y € R™, v6i mdi diéu khién o € A va vi tri
ban dau ¢ € R™, hé c¢6 nghiém duy nhét
2¢(T; v, y) xédc dinh trén [0, 00).

Bay gio ta trinh bay ki thuat trung binh theo
bién trang thdi thong qua do do phan bd (oc-
cupational measures) dugc phat trién bsi Gaits-
gory va Leizarowitz." Mot sb bai bdo lién
quan theo cdch tiép cin nay c6 thé xem trong
(4], [10], [12].

Theo Nhén xét[I.1], cho trude cdc tdp com-
pact Yy C RM, Z, c R*va T > 0, ton tai cac
tap compact Y C R™, Z; C R"v6i Yy C Y,
Zy C Zj sao cho v6i moi (z,() € Yy X Zy, va
[0,7] — A, nghiém cta hé
thoa man rang budc

vl moi «v :

y(s,a) €Y, z2(s,a)€ Zy, Vsel0,T].
DéE xAp xi quy dao cham thong qua ki thuat
trung binh, ta can tinh bi chin clia nghiém cla

hé lién két (2.1)):

(A4) Co dinhy € Y. Véi moi ¢ € Z;, va moi
a : [0, +00) — A, ton tai tip compact Z C R”
véi Zy C Z sao cho nghiém cta h¢ (2.1)) thoa
man

ze(ty,y) € Z, V1> 0.

Hé lién két cling dugc gia thiét thoa
man tinh diéu khién dwgc dia phuong (local
bounded-time controllability), nhu sau:

Dinh nghia 2.1. Hé dudc goi 1a thda man
tinh diéu khién dugc dia phwong néu, véiy € Y
cb dinh, cho truée tip compact K C RM, véi
moi (,6 € K,tontaiT =Tx >0vaa € A
sao cho z¢(t; @, y) = & voit < T.

Nhan xét 2.1. Luu y rang, véi gia thiét diéu
khién dudc dia phuong, tip Z 1a bat bién dbi
véi nghiém cua hé (2.1)) véi moi y € Y. That
vay, v6i moi ¢ € Z, ta c6 thé ndi né dén diém (;
trong Z;, d€ cho bat ky di€ém nao trén quy dao
v6i vi tri ban dau ¢ cling 12 mot diém cia quy
dao véi vi tri ban dau (;, va do do6 theo gia thiét
(A4), quy dao cua hé (2.1]) chia trong Z.

Bay gio ta trinh bay phuong phap trung binh
dé xdp xi quy dao cham bang cich iy trung
binh truong vécto chdm f theo mot do do dac
biét, goi 1a d6 do phan bd gi6i han limit occupa-
tional measure, sinh bdi nghiém ctia hé lién két
. Trudc tién ta nhac lai mot s6 khdi niém co
ban trong 1y thuyét do do.

Ky hidu B(Z x A) la o-dai sb cac tap con
Borel cia Z x A, va P(Z x A) la tap cac do do
xdc suat xac dinh trén B(Z x A).

Dinh nghia 2.2. Day yu,, € P(Z x A) dugc goi
12 héi tu yéu dén pp € P(Z x A) néu

/ oy, @) djin(y,a) / oy, a) du(y, a),

ZxA ZxA
khi n — 400, véimoi ¢ € C(Z x A).
Ta trang bi métric Prokhorov p trén khong
gian P(Z x A) nhu sau
plu,v) = inffe > 0] u(Q) < v(Q°) +¢},

trong d6 infimum dudc 14y trén moi tap do dugc
Q CZx A, vaQ)f =@+ eBlae-lan can cua
Q, B 1a qui cau don vi trong Z x A.
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Metric nhu trén tuong thich véi topo yéu,
theo nghia rang p1,, € P(Z x A) hoi tu yéu dén
1€ P(Y xA)néu p(jin, 1) — 0,khin — +o0.
Khong gian P(Z x A), véi métric p, 1a mot
khong gian métric compact. Hon nifa, bang cach
sti dung métric Prokhorov, ta c6 thé dinh nghia
khoang cach p(u,I') gitta p € P(Z x A) va
I' C P(Z x A), vamétric Hausdorff py (I';, I'y)
gital'; C P(Z x A)valy C P(Z x A), nhu
sau

p(p,T) =

pu(T1,Ty) =

inf p(p, v),

max { sup p(t, I'1), sup p(p, Fz)}-

ueTs pely

CH dinh y € Y. Mot cap (z(-),a(-)) duge
goi 12 chdp nhdn duoc (admissible) cia hé
néu z(-) 1a mot nghiém ctia hé ) v6i ham
diéu khién o € A va vi tri ban diu ¢ € Z; C
R™ nao d6. PE y rang, v6i gia thiét (A4), véi
moiy € Y, ( € Z;, batky ciip chip nhan dugc
(2(+),a()) ctia déu thda min rang budc

(2(s),a(s)) € Zx A, Vs>0.

Pinh nghia 2.3. C6 dinh y € Y. Cho

(2(+), a(+)) 1a cdp chip nhan dugc cla hé
xdc dinh trén doan [0, S], trong d6 S > 0. B¢ do

phdn bé (occupational measure) jig = u(a )

sinh b6i (z(-), a(-)) trén [0, S] 12 d9 do xdc suat
trén Z x A xéc dinh béi

1 /S
fhs = g/o O(x(s),a(s)) ds, S >0,

trong d6 0((s)a(s) 12 d0 do Dirac tai di€m
(2(s),a(s)) € Z x A.

Cho tip con Borel () C Z x A, taco

1r(Q) = %‘{s €10,5] ¢ (x(s), a(s

trong d6 | E| la d6 do Lebesgue cia tip £ C R.

Nhén xét 2.2. D6 do phan bd 15 := MS 64 phy

thudc vao ham diéu khién o € A, vi tri ban dau
(€ Z,vathamsby €Y.

Ky hiéu M(S;¢,y) 1a ho tt ca cac do do
phan bd ting vdi tit cd ham diéu khién o € A
M(S,¢y) = | {ns" "} C P(Z x A).
acA
Ta mudn chuyén qua gidi han khi S — +oo.
Su ton tai gidi han cta tap M (S, ¢, y), khi S —
400 dudc phat biéu trong ménh dé sau. Két qua
nay 1a cia Gaitsgory va Leizarowitz [11].

Ménh dé 2.1 ([11]). Gid sit (A1), (A2), (A4)
duoc théa man va hé la diéu khién duogc
dia phwong. Khi do ton tai gidi han theo mé tric
Hausdorff

Jm M(S.Cy) =M@y, @)

tdp gidi han M(y) la 16i, compact (theo topo
yéu) trong P(Z x A), va né khong phu thujc
vao vi tri ban dau  in 7. Su hoi tu trong )
la déu dbi vdi (C,y) trong Z, x Y, tic la

pi (M(S,C.5), M) < 4(S),

vai y(S) — 0, khi S — 4o0.
Dinh nghia 2.4. Tap gidi han M(y) trong dinh
ly trén dudc goi 1a tdp do do phdn bé gidi han
(limit occupational measures set) cia h¢ (2.1)),
va phan ti 4 € M(y) dudc goi la do do phdn
bo gidi han (limit occupational measure).

Bay gio ta gidi thiéu truong véctd suy rong
bang cach lay trung binh trudng vécto f thong
qua do do phan bd gi6i han bsi cong thiic

Pl = [ fosa)datza) ne M),
ZxA

Ta xét anh xa gid tri tdp hop F' : R* ~» R",

dudgc cho bdi

Fly) = {f"(y,p) : pe M(y)} CR"
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Bo dé 2.1. Vdi cde gid thiét nhu ¢ Ménh dé[2.1]
véi moiy € Y C R", F(y) la tdp con 16i, com-
pact cuia R™.

Chitng minh. Cb dinh y € Y. Liy v;,v, €
F(y)va X € [0,1]. Ton tai 1, o € M(y) sao
cho

= "y, 1), vo=f"(y, p2).

Luu ¥ rang, 4nh xa p +— f7(y, ;1) 1a tuyén tinh,
va theo tinh cht 16i ctia M (y), ta nhan dugc

A4 (1= Ny =

A (s ) + (1= A) f7(y, p2) =

Sy M) + 7 (. (L= Npa) =

f (A + (1= Npa) € Fy).
Do do, F(y) 1a16i trong R™.

Liy day v, € F(y) va gid st v, — v, khi

n — oc. Ta s& ching minh rang v € F(y). That
vay, i v, € F(y) nén ton tai day p, € M(y)
sao cho v, = f"(y, pn). BGi tinh compact cua
tap M (y) trong P(Z x A), ton tai ddy con ctia
1, (@€ cho don gian, ta gilt nguyén ki hiéu), sao
cho

[y — 1 € M(y) hoi tu yéu, khi n — oo.

Vi f € C(Z x A), va béi dinh nghia hoi tu yéu,
ta ducgc

v—hmvn—hm /fy,zad,un(z a)

n—o0
ZxA

= [ fn0)dutzia) € ).
ZxA
Do vy, F(y) la dong trong R".
Véimoiy € R", z € Z C R", vaa € A,
theo gia thiét (A1)-(A2), dé dang kiém tra dugc

|f(y,2,a)] < C(Jy|+1), v6ihangsd C > 0.

Véi moi v € F(y), ton tai u € M(y) sao cho
v = f"(y, ), va ta cé danh gia

ol =17l =] [ a0

Zx A

< / £y, 2,0)| dpz, a)
< C(lyl +1).

Do d6, F(y) bi chan trong R™ v6i moi y €
Y. O

Tiép theo ta xét bao ham thiic vi phan

{y'(s) € Fy(s)), s>0
y(0) = .

Nghiém ctia dudc ky hiéu bsi y(s) =
Y:(s), s > 0.

Anh xa gia tri tap hop F(-) dudc gia sit thoa
min diéu kién lién tuc Lipschitz dia phuong trén
R", cy thé 13,

(2.3)

(A5) v6imoi R > 0,téntai L := Ly > 0sao
cho

du(F(y), F(y)) < Lly—y'|, Vy,y' € B(0, R).

Nhén xét 2.3. Diéu kién lién tuc Lipschitz dia
phuong clia anh xa F'(-) 1a gia thiét tiéu chuin
trong cach tiép cin cta ly thuyét bao ham thic
vi phan.

Nhén xét 2.4. Ta ki hiéu Sj7y(z) 1a tap tht ca

céc nghiém lién tuc tuyét d6i cia bao ham thic
vi phén (2.3)) xac dinh trén [0, 77,

8[077“} (CU) =

{y.(s) : y.(s) nghiém (2.3), s € [0,7]}.
Ta biét rang, vGi gia thiét (A1), (A2), (A4),
(A5) va tinh diéu khién dia phuong, véi bat ky
z €Y, Spr(zr)latap compact trong AC(R™)
theo topo cia C(R™).
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Quy dao cham y*(-) clia hé diéu khién nhiéu
ki di (1.1) dugc xap xi bdi nghiém y(-) cta bao
ham thic vi phan (2.3)), nhu sau:

Meénh dé 2.2 ([11]). Gia su (A1), (A2), (A4),
(AS) duwoc théa man va hé (2.1) la diéu khién
dugc dia phuong. Khi dé, vdi méi nghiém
(y°(+), 2°(")) ciia h¢ (L), ton tai mot nghiém
y(+) cia sao cho
“(s) — < 24
max [y°(s) —y(s)[ Swle), @4
vdi w(e) — 0, khi e — 0. Nguoc lai, véi moi
nghiém cua ), ton tai mot nghiém ciia hé
(L.1) sao cho ddnh gid dugc thoa man.

3.DANG PIEU TIEM CAN CUA TAP PAT
PUGC

Codinhe > 0vaT > 0. V6i mdi (z,(,t) €
R"™ x R™ x [0, T], xét bai toan tbi uu hoa dang
Mayer

v, (1) =inf (i (Ba)), G

trong do ¢ : R™ — R lién tuc Lipschitz va thoa
man

p(r) <0<z eCl. (3.2)
Ham ¢ nhu trén ludn ton tai, chang han ta c6 thé
chon

(p(x) = dC(x) = d(l‘,C) - d(van\C)a

trong d6 d(r,C) la khoéng cdch t diém z dén
tap C, va de(z) dugc biét dén 1a ham khodng
cdch c6 ddu (signed distance function) clia tap
C. Ching ta c6 thé kiém tra dugc ham ¢(z) =
dc () la lién tuc Lipschitz trong R".

Ham sb v (z, ¢, ) dudc goi la ham gid tri ti
uu ctia bai todn diéu khién t6i vu lién két véi hé

(L.1).

Két qua dau tién clia bai bdo 1a mdi lién hé
gitta tap dat dugc R5(t) va bai todn diéu khién
t6i uu. Cy thé 1, tap dat dugc R (t) c6 thé dugc
md ta nhu 12 tip miic ctia ham gid tri toi vu clia
bai todn diéu khién t6i uu nhiéu ki di.

Pinh ly 3.1. Gid si (A1)-(A3) dugc thoa man.
Cho truoc ¢ > Ova T > 0. Khi do, voi moi
t€[0,7), ta co

Re(t) =

{z €Yy :3¢ € Zsao cho v*(z,(,t) <0 }.
(3.3)

Chitng minh. Co dinhe > 0,7 > Ovalay t €
0, 7). Gia st x € Y sao cho v°(z, (,t) < 0, v6i
( € Zy. Ta sé chiing minh rang » € R5(t). That
vy, theo tinh chit compact ctia tap cc quy dao
chdm (Nhan xét[1.2), va bdi tinh lién tuc cia ¢,
ton tai diéu khién @ € A sao cho

vi(2,¢,t) = ¢ vz (@) <0.
Tinh chit clia o suy ra Yo (t;@) € C, vado vay
r € RE(t).
Ngudgc lai, gid st x € RE(t), khi d6 ton tai
a € Ava( € Zysaocho y; (t; ) € C. Do do,

v (2, (1) < p(yze(ta)) <0,
Phép chiing minh hoan tat. [

V6i mdi (z,t) € R™ x [0, T], ta xét bai todn
t6i uu hoa lién két véi bao ham thic vi phan
(2.3)):

v(z,t) = infgp(yx(t)), (3.4)
trong d6 infimum ldy theo tit ca cdc nghiém
y(-) caa (2.3).

Bai toan (2.3)-(3.4) dugc goi bai todn diéu
khién t6i wu gidi han clia bai toan diéu khién tbi
wru nhidu ki di (1.1)-(3.1).

Trong Ménh d& [2.2] ta biét ring quy dao
chiam cua ) dudc xap xi béi quy dao ctia bao
ham thic vi phan ) theo su hoi tu déu. Két
quéa x4p xi nay dat dudc bang cich ldy trung
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binh trudng vécto f theo do do phan bd gidi
han sinh bdi nghiém ctia hé lién két . Dua
theo két qua x4p xi ndy, ta c6 thé chitng minh su
hoi tu ctia ham gia tri toi uu v° dén ham v, khi
¢ — 0. Hon nifa, ham v 12 nghiém nhét duy nhét
cua phuong trinh Hamilton-Jacobi equation, ma
ta goi la phuong trinh gidi han, trong d6 Hamil-
ton gidi han dugc biéu dién nhu 12 todn ti Bell-
man, trong d6 do do phan bd gidi han déng vai
trd 1a bién diéu khién méi.

Pinh ly 3.2. Gid sit (Al), (A2), (Ad), (A5)
duoc théa man va la diéu khién dwoc dia
phuwong. Khi dé cdc khdng dinh sau diing:

() v°(x,(,t) héi tu déu, khi e — 0, dén
v(z,t)vdixz € Yy, ( € Zy, t € 0,T]
Hon nita, v lién tuc Lipschitz trong Yy X
0, 7).

(i) v(x,t) la nghiém nhét duy nhdt trong 1dp
UC (R" x [0,T]) cita bai todn

{Ut + H(x, Dv) =0, (3.5)

v(z,0) = p(@),

trong do (x,t) € R" x (0,T) va

H - —p-
(z,p) fé%){ p-v}

= max {—p- [z, p)}.
Nhén xét 3.1. Mot két qua ndi tiéng da biét
(xem tai liéu),” bing cich st dung nguyén ly
quy hoach dong (dynamic programming prin-
ciple), v° 1a nghiém nhét duy nhét clia phuong
trinh Hamilton-Jacobi-Bellman

{vf + H(x,Q,va, %) =0,

v¥(7,¢,0) = (),

trong d6 (z,(,t) € R" x R™ x (0;T) va

H(z,(,p,q) ==

=max{ —p- f(z,¢,0) = q- g(x,(,a)}.
Tuy nhién d€ ching minh v 1a nghiém nhdt
cua ), ching ta khong thé ap dung lap luan
nghiém nhét nhu thong thudng vi hé diéu khién
gidi han dugc mo ta bdi bao ham thic vi phan,
trong d6 bién diéu khién mdi 1 nam trong tip
diéu khién phu thudc vao trang thai M (). Phép
ching minh do vy dudc thira hudng tir két qua
cua Frankowska *

Chitng minh. (Pinh 1y[3.2)

(i) Co dinh (¢, t) € Yy x Zy x [0, T). V6i moi
¢ > 0, theo tinh chit ctia infimum, ton tai quy
dao cham y; (t; ) sao cho

p(yi(ta)) <@, ¢ t) +e.

Theo Ménh dé , ton tai nghiém y,(-) cla
(2.3) sao cho y; .(t; ) hoi ty déu dén y,(t), as
e — 0, trong [0, 7. Céc 1ap ludn nay cung vdi
tinh lién tuc cua ¢, ta dudc

v(z,1) < @(y:(t)) = limp(y; ((t2)) (3.6)
< 21_1}3) v (x, ¢, t).  (3.7)

Mit khic, theo tinh chit compact cta tip
Sjo.r)(x), ton tai nghiém y,(-) ciia (2.3) sao cho

v(,t) = (1))

Mot lan nita, bdi Ménh dé Proposition 2.2, ton

tai quy dao (y;ﬁ(t, ), 2, (t, a)) cla ) $a0
cho y5 (¢, ) héi ty déu dén y,(t), khi e — 0,
trong [0, 7). Do dé6

L < .
ll_r%v (z,(,t) < }:1_1)% gp(yx,c(t, a)) (3.8)

= ¢(y:(t) = v(z,1). (3.9

Vi va dung v6i moi (z,(,t) € Yy X

Zo % [0, T, ta két luan dugc

v¥(x,(,t) — v(z,t) déu trong Yy x Zy x [0, T],
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khie — 0.

D€ ching minh v lién tuc Lipschitz trong
Yy x [0, T, ta chi cAn chiing minh ring, véi bat
kit € [0,7] c¢b dinh,  — v(z,t) 1a lién tuc
Lipschitz trong Yy, va v6i bit ki z € Y ¢6 dinh,
t — wv(z,t) la lién tyc Lipschitz trong [0, 7).
That vay, ¢6 dinh t € [0,7], valdy 2,7 € Y.
Theo tinh chit compact cta tap Sjo 7/(T), ton tai
nghiém y(-) € Sp,71(T) sao cho

o(@.1) = p((1)).
Theo tinh chét lién tuc Lipschitz ctia ¢, ta c6
v(z,t) —v(T,t) = inf t)) — o(y(t
(@) —v@ )= iof p(y(t) — o(3(t)
< ¢(y(®) - ¢(H)
< Lyly(t) = 5(t)],

v6i moi y(+) € Sjo,7(x), trong d6 Ly, 12 hing sb
Lipschitz cta ¢.
Hon nifa, bang cich ap dung dinh 1y cta Fil-
ippov, ton tai nghiém z(-) € Sj.r(z) sao cho
12(t) —g(t)] < eTle — 7|, Vtel0,T),

trong d6 k := kp 12 hang sb Lipschitz ciia F.
Tu do suy ra

v(z,t) = o(T,1) < L|2(t) = y(t)] < Cle -7,

trong d6 C' := L, e
Bing cich thay ddi vai tro ctia 2 va 7, ta
dugc

o(T,t) —v(z,t) <C|F— x|, C:=L,e",
va do vay
v(z,t) —v(T,t)| < Clz - 7|, C:=Lye".

Codinhz € Yyvally0 <t <t < T.Ta
biét ring ham v(x,) thda man nguyén 1y quy
hoach dong, cu thé 1a, véi moi 0 < 7 < %, ta cd

v(z,t) =inf {o(y(r),t-7) : y() € Spr(2)}-

Do d6, ton tai nghiém z(-) € Sy 7y() sao cho

v(z(7),t—7) <v(z, 1)+ [T 1.

+[E -1
= ‘1}(56715) — U(Z<t - t)’t)’
+ [t =1,

trong d6 7 := ¢ — ¢ € (0,¢]. Theo ching minh
trén, ton tai C' > 0 sao cho

vz, t) —v(z(t—t),t)| < Clo — 2(t - 1)
= C|2(0) — 2(t — t)].

Hon ntta, v6i moi = € Y, nghiém lién tuc
tuyét ddi z(-) € Sjp7i(z) cé dao ham bi chin
trén [0, T (xem trong phan (ii) ctia phép chiing
minh), nén z(-) lién tuc Lipschitz trén [0, 77,
nghia 13, ton tai hing s6 L > 0 sao cho

|2(0) — 2(t = t)| < L|t —t|.
Tu danh gid trén, ta nhan dugc
vz, t) —v(z, 1) < (CL+1)[E— 1.

(ii) Nhu di dé cAp & nhan xét phia trén, ta sé
ap dung két qua trong [8] d€ khang dinh ring v
la nghiém nhdt cua bai todn (3.5). Trudc tién ta
kiém tra mot s6 gia thiét co ban ma 4nh xa da
tri F'(+) dugc thdoa man:

RO rang, F(-) la lién tuc Lipschitz dia
phuong va nhan gid tri 16i, compact (Bo dé[2.1)).

Hon nita, véi moi x € R™, 2z € Z C R™,
vi a € A, theo gia thiét (A1)-(A2), ta d& dang
ki€m tra dugc

|f(z,2,a)] < C4(|z|+1), véi hing s6 C; > 0.
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V6i moi v € F(z), ton tai 4 € M(x) sao cho
v = f"(x, ), va ta c6 danh gia

ol =17l =| [ flema)dutz o

ZxA
/ ‘f(:mz,a)‘ dp(z,a) < Cp(|z] + 1).
ZxA

Do d6

IN

sup |v] < C(|z|+1), VreR"

veEF ()
Bing cdch 4p dung Pinh Iy 2.3 trong tai liéu
tham khao,’ ta ¢6 thé két luan dugc v 12 nghiém
nhét ctia bai toan (3.5).

D¢ khang dinh v 12 nghiém nhét duy nhét
cua bai todn , ta chi can kiém tra r:?mg
Hamilton gi6i han H (x, p) thda man nguyén ly
so sanh trong ly thuyét nghiém nhdt, cu thé 1a
diéu kién lién tuc Lipschitz. That vdy, v6i moi
z,p,q € R,

|H(z,p) — H(z,q)| < sup |v-(p—q)
veF (x)

<I|p—q| sup |v]
veF (x)

< Cy(lz[ +1)lp — gl-

Véimoi R > 0,p € R*vaz,y € B(0,R), vi
F(x) 1a tip compact nén ton tai v € F(z) sao
cho

H(Jﬁ,p) =P
Hon nita, vi F(-) lién tuc trong B(0, R), ton tai
w € F(y) sao cho

v —w| < Llz — y|.
Ta co,

H(z,p)—p-w< —p-v+H(y,p).

biéu nay suy ra

H(z,p)— H(y,p) <p- (w—v)

< |p||w — v|
< Lipllz —yl.

Mot cach tuong tu, bang cach ddi vai tro clia x
va y, ta dugc

H(y,p) — H(z,p) < Llp|ly — .

Do do

|H(z,p) — H(y,p)| < Llp||z — y]
< Llz —y|(]p| + 1).

Bing cich p dung Pinh 1y III. 3.15 trong tai lidu,’
v 1a nghiém nhét duy nhét cla bai toan (3.5). [

Nhu di dé cap & phan trudc, y tudng ty nhién
d€ khéo sat ddng diéu gidi han cua tap dat dugc
RS (t) 1a st dung két qua xip xi quy dao cham,
xem Ménh dé[2.2 Tur dinh nghia ctia tap R (1),
gi6i han cia R () c6 dang

Re(t) =

{:U € Yy |3 y.(-) nghiém Ly.(t) € C}.

Tuy nhién cich dinh nghia nay c6 thé giy kho
khan trong phép chiing minh do tinh trtu tugng
cia bao ham thic vi phan (2.3), sy thiéu hyt
thong tin va sy phuc tap cua cong thic métric
Hausdorff. D€ vugt qua cdc tré ngai nay, theo
tinh than ctia Pinh 1y [3.1] ta d& xut si dung
cach tiép can tap miic d€ mo ta gidi han cta tap
dat dugc R5(¢) nhu 1a vung dm ctia ham gia tri
t6i uu v, nghia 1a gi6i han cta tap RE(t) c6 thé
dugc md ta boi
Re(t) = {z €Yy : v(z,t) <0},

Dinh ly sau day khang dinh tap RS (t) hoi tu déu
dén Re(t) trong [0, 7], khi ¢ — 0, va hon niia
tap Re(t) tring véi tip Re (¢) véimoi t € [0, 7).
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Pinh ly 3.3. Gid sit (A1)-(A5) duoc théa man
va (2.1)) la diéu khién dugc dia phwong. Khi do,
tdp dat dugc RE(t) héi tu déu, khi e — 0, dén
tap Re(t) trén [0,T), trong d6 0 < T < +oc.
Su hoi tu dugc hiéu theo nghia ciia métric Haus-

dorff,
lim dyr (R (t), Re(t)) =0, Yt € [0,T).

e—0

Hon niia,
Re(t) =Re(t), Vte[0,T).

Chitng minh. D€ cho don gian, ta dung cic ki
hiéu R°, R va R thay thé cho, mot cach tuong
ing, R&(t), Re(t) va Re(t) véimoi t € [0,T].
Nhéc lai rang, khoang cach Hausdorff giita hai
tap R¢ va R dugc xdc dinh bi

dy(R°,R) =

max { sup d(z.,R), sup d(z, R%)}.

zc€R® TER

Liy day {e,,},>1 sao cho g, — 0, khi n — oc.
Ta sé& chiing minh ring

dg (R, R) = 0, khin — oo.

LAy z.. € R°. Trudc tién ta chiing minh sy ton
tai ctia phan tif 2 € R sao cho
|z., —x| =0, asn — oc.

That vay, vi z., € Y;, Vn > 1, ton tai ddy con
(d€ don gian, ta gilt nguyén ki hiéu) sao cho
Te, —+ v €Yy, khin— oo.
Viz., € R, theo Dinh Iy[3.1), ta c6
v (e, , (0 t) <0, VG (, € Zy.

Cho n — o0, va béi su hoi tu déu cta v° dén v
trong Yy x Zy x [0, 7], khi e — 0, ta nhén dugc

v(x,t) <O0.

Do vay, x € R. Tic 14 ta da chtiing minh dugc

sup d(z.,,R) =0,

Tey, EREN

n — oQ.

Tiép theo, liy = € R.Viz € Yo, va Yy la tap
compact, ton tai ddy con trong Yo, ki hiéu la z., ,
xe, # x,Yn > 1sao cho

Te, — x, khin — o0o.

Ta sé chiing minh rang z., € R°. That viy,
bi két qua hoi tu déu, véi moi ¢ € Z, va bat ki
§ > 0, ton tai ng > 0 sao cho véi moi n > ny,

v (2, (1) < v(ze,, t) + 0.

Viz € R, nénv(z,t) < 0.B&i tinh chét lién
tuc cia v, ta dugc v(z., ,t) < 0 véi n da 16n.
Hon nita, vi § > 0 ¢6 thé dugc chon bé tly v,
cho 6 — 0, ta dudc

v (2., ,(,t) <0, v6indalén.
Do vdy, x., € R v6in du 16n, va do do

supd(z,R™") = 0, n — oc.

2ER

Vay, N
dy (R, R) — 0,

voi moi day €, — 0, khi n — oo. Do do,
di (RS, R) — 0, khie— 0.

By gid ta chiing minh phan thi hai cta dinh ly.
Liy z € R, khi d6

v(z,t) <0.

Theo tinh chit compact clia tip cdc nghiém cla
bao ham thic vi phan (2.3) (Xem Nhan xét[2.4),
ton tai nghiém 7, (+) of (2.3) sao cho

v(,t) = ¢(7,(t) < 0.
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Do d6,y,(t) € C, vado viy = € R.

Ngudc lai, gid st 2 € R. Ton tai nghiém
7,(-) cua sao cho 7,(t) € C, do d6
©(y,(t)) < 0. Diéu nay suy ra

v(z,t) = inf (y.(t)) < @(@.(1) <0.
Do vay, x € R. [

Nhén xét 3.2. Véi cic gia thiét (Al), (A2),
(A4), (A5) va tinh diéu khién dugc dia phuong,
ta d& dang kiém tra dugc cac tap Re(t) va Re(t)
la dong, va do d6 compact trong R™ v6i moi
t € [0,T]. Trong khi d6 gia thiét (A3) 1a can
thiét d€ ddm béo tinh chit déng cla tap RE(1),
véit e [0,7].
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Mot ky thuat xay dl_rpg tap dir liéu huan luyén
duwa trén tiéep can gom cum
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TOM TAT

Di ciing voi qué trinh phét trién cac hé thong nhan dang do 1a viéc xay dung nhimng bo dir liéu huan luyén
khong nhitng can thé hién tt vé ddi tuong duoc quan tim ma con can hiéu qué, pht hgp véi mé hinh hoc may dugc
lya chon. Bai bdo nay trinh bay mot k¥ thuat xtr 1y lya chon tap dir li¢u theo tiép can gom cum nham loai bo bot
nhitng méu rat gidéng nhau. Ky thuat duoc cai dit thir nghiém dé xay dung tap dit liéu dau vao cho mé hinh K-lang
giéng gan nhit va da ching t6 su hiéu qua véi nhiéu bo dit liéu, cu thé 1a dit liéu sinh ngdu nhién theo phan phdi
chuén, bo dit liéu chir s6 viét tay MNIST va bo dir liéu mét YawDD.

Tir khéa: Xdy dung mau hudn luyén, Thudt todn K-lang giéng gan nhat, Thudt todn K-means, nhdn dién khudn
mat, phat hién khuon mdt.

‘Tac gia lién hé chinh.
Email: kimnga78@gmail.com
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ABSTRACT

Along with the development of recognition systems, buiding training data sets not only needs to express

well on the object of interest but also needs to be effective, consistent with the selected machine learning model.

This article presents a processing technique for selecting data sets basing on clustering approach to reduce the very

similar samples. This technology was installed, tested on trial to select input data for K-nearest neighbors model

and proved its effectiveness with many data sets, namely the data generated randomly in standard distribution,
MNIST database- data sets of handwritten digits and YawDD face data sets.

Keywords: Training sample selection, K_Nearest Neighbors, K means, Face recognition, Face Detection.

1. INTRODUCTION

The training data sets always play a vital
role in every recognition system. For each
system, the quality of recognition not only
depends on the classification method and the
parameter selection but also depends directly on
the quality of the training data sets. Basically,
learning of classification model is the corrective
process of the model that is the best fit for input
training data. The quality of the training data sets
can be decreased because of many reasons such
as the errors in data labeling, the imbalance of
quantity and the diversity of observed patterns.’

For example, the implementation of the
data collection for a face recognition system may
appear many problems and challenges that result
in the imbalance of the data sets. In general,
the diversity of variants of the face image data
depends on many factors including lighting,
pose, individuals, facial expressions. In other
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words, personal factors are only a part of the face
recognition system. In fact, two images of two
people taken at the same time are more similar
than that of a person taken at two different times.?
Concern with this difference, when collecting a
person’s data at the same time, the face patterns
are often very similar. Hence, a person can have
the images of multiple faces but a lot of them
are very similar. Multiple classifiers based on
statistics, many patterns group similar can affect
adversely learning result. For example, learning
process based on minimum objective function
is calculated by mean error of the samples, or
case of K nearest neighbors algorithm, when the
result was effected base of majority statistics,
any sample is near to the similar group, then the
high probability classification result will belong
to that sample group. Other way, in some cases,
a lot of similar samples have influence to the
processing time and storage memory. Besides,
because the conditions of meeting each one are
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different that can lead to less data or more data
of people.’

One way to handle data problems with
similarity multiple data sets is to select a subset
of patterns to learn. This can directly reduce the
effect of the similar patterns. The approach to
selecting this subset of data is also applied by
some research groups in their specific problems.
In a recent study, the authors analyze the effect of
selecting data from the classifier Random Forest
on remote sensing data on peat.’ Abe author
group used the Mahalanobis distance to estimate
the boundary points to peed up the training of
vector support machines by just learning these
data.! Jigang Wang author group proposed two
methods of data selection also serve for SVM
learning®. The first method is based on similarity
measure calculating by erecting (construct)
spheres around the samples; the second method
is based on Hausdorff distance, according that
will use the minimum distance from the sample
set to samples that belong to other class and use
it as criteria for selected samples near boundary.

This paper presents the method for data
processing that is based on clustering. The patterns
with the same role will form a cluster that has a
represented pattern. The design of the specific
technique should be based on the method of
recognition used since the nature of clustering is to
create the data sets for identification. We applied
the clustering technique that is based on K means
algorithm. However, the distance thresholds for
clustering have been used rather than the cluster
numbers. The obtained results were tested with
the K Nearest Neighbors method.

2. SOME RELATED RESEARCH
2.1. K _means

K means is an important algorithm and
used popular in cluster approach.” The main
idea of the K means algorithm is to classify
objects that was put down into k cluster (K is
the number of clusters that is predefined, K is a
positive integer) so that the sum of the squares

distance between objects and the group centroid
is minimal.

The K means algorithm is described in the
following figure:

Centroid

v

Distance from
objects to the centroid

no matching object

4

Group objectsbased on
the smallest distance

Fig 1. Describe the K means algorithm

The K means algorithm is implemented
through the following steps:

1) Random selection K centroid for
K cluster. Each centroid defines one of
the cluster;

2) To calculate the distance between the
objects and K centroid (offen use Euclidean

distance);
3) Group the objects into the nearest group;
4) Update the new centroid for the groups,

5) Repeat step 2 until there are no group
changes of objects.

The K means algorithm is applied in
WeKa tool software (Waikato Environment
for Knowledge Analysis), that is a machine
learning software, developed by the University
of Waikato New Zealand.

2.2. K Nearest Neighbors

K Nearest Neighbors (K NN) is used
common in the Data Mining. K NN is a method
for clustering objects based on the nearest
distance between the objects need to be classified
and all object in the training data set.
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Each object is clustered based on its
neighbors K. K is positive integer and prechosen
when the algorithm is executed. User usually
use Euclidean distance to calculate distance
between objects.

The K_NN algorithm is described below:

6) Initial estimates for the K centroids (the
number of Nearest Neighbors);

7) Calculate the distance between the
object to be -classified (Query Point) and
all object in the training data set (often use
Euclidean distance);

8) Sort the distance in ascending order and
identify K-Nearest Neighbors to Query Point,

9) Takes all classes of K Nearest
Neighbors defined,;

10) Based on the most class of K_Nearest
Neighbors to determine the class for Query Point.

In the figure below, the training data set
is represented by a plus sign (+) and a minus
sign (—), the object needs to be defined for it
(the Query Point) is a black circle. Our task is
to estimate (or predict) the class of Query Point
based on the selection number of the nearest
neighbor to it. In other words, we want to know
whether Query Point will be assigned to the class
(+) or class (—):

Fig 2. For example, the training data set
We see that:

1 Nearest Neighbors: The result is +
(Query Point is assigned into class plus sign (+));

2 Nearest Neighbors: No class defined for
Query Point because the number of the Nearest
Neighbors of it is two, in that 1 is plus class and
1 is minus class (no class has more objects than
the other);

5 Nearest Neighbors: Result is — (the
Query Point is assigned into minus sign class
because in 5 Nearest Neighbors of it, there are
3 objects belong to minis sign class, 2 object
belong to plus sign class, the minis sign has more
class than the plus sign).

3. ALGORITHM

Our method use to process local for each
class in data set. Accordingly, each class of data
will be clustered. Each cluster will be extracted
a representative sample that was used to the
result set. Thus, the data use to learn for each
class will have the same number as clusters
that is representative samples of classes. This
method also toward the possibility of adding
up online sample to the data set and serve the
actual requirement is the samples may need to
be gradually incorporated into the system data.
Such as, input data set has many classes, we
process each class with multiple clusters, and
each cluster is a set of sample with a certain
similarity to each other.

3.1. Construct each cluster

A cluster include a set of samples belong
to a class. For the convenience in calculation 1
cluster, we construct set M. This set is described
below:

1) If the cluster has 1 sample, M is empty.
2) If the cluster has 2 sample, M = {{m,,}}.

3) If the cluster has 3 sample, M = {{m,,},
{msy, my )t

4) If the cluster has 4 sample, M = {{m,,},
{myg, myy), {my, ms;, mst.

In there, m, is the distance between sample

i and sample j.

InnerMetrics set allows to be constructed
sequentially when it is incremented the sample
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into cluster, and cluster also to be constructed
by incremented each sample. The cluster is
represented by couple <U, M>, U is the sample
set of cluster. The incremental sample process is
described below:

Sign: enroll (s, <U, M>)

Input: sample s, cluster <U, M>

Output: new cluster <U, M>

Process:

1. size = |U]|

2.U <5

3. if size > 0 then

4.V =empty

5. foreach i in [0, size)

.V « distance (s, u)

M« V

6

7. endfor
8

9. endif

The representative sample of the cluster
was chosen which have total distance to the
remaining samples is minimal. The function
calculates the total distance of a sample to the
remaining samples as follows:

Sign: sumInner(idx, <U, M>)

Input: idx order of the sample, <U, M>
cluster

Output: total distance value
Process:

.sum =0

. foreach i in [0, idx)

. sum = sum + M[idx -1][i];
. endfor

. foreach i in [idx, [M|)

. sum = sum + M[i][idx];

. endfor

P I - NV, S O UC T \C R

. return sum
3.2. Building class

Essentially of construct a class is create
its clusters. The construction is also designed

according to the criteria to incremented each
sample into the class. New sample will be
considered for put into the cluster already in the
class. If we can’t find it, we set up a new cluster
with the only element that is the current sample.
A sample is considered belong to the cluster if
the sample is the most nearest to the cluster and
the distance is less than a given threshold. The
distance between the sample and the cluster is the
distance of that sample to the representative of
the cluster.

Sign C={<U, M>, <U,M>,..., <U
M >}is current class and had m cluster.

m-17

The new admissions are described below:
Sign: enroll (s,C)
Input: sample s, class C
Output: new class C
Process:
1. clusID =—1
2. minMetric = — 1
3. if |C| > Othen
4.clusID= 0
5. minMetric = distance (<U, M >, s)
6. foreachiin [1, |C|)
7. d = distance (<U,, M>, s)
8. if d < minMetricthen
9. minMetric = d
10. clusID =1
11. endif
12. endfor
13. endif
14. if clusID =—1 OR
minMetric>clusterThreshold
then
15. init (<U_, M _>)
16. C < <U_,M >
17. clusID =m
18. endif
19. enroll (s, <U_, M _>)
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4. TESTING

The algorithm was tested to the data
processing to make learning data for K Nearest
Neighbors classifier. The testing is also performed
with threshold levels different cluster that will be
get different levels of data selection. On the basis
of conducting with many levels, we can compare
the variance of the quality of classification, the
test time corresponds to the sample rate used
for training. The algorithm was tested in the
different data set. That is randomized data, album
of handwritten digits and YawDD surface video
data set.

4.1. Randomized data

We were tested in randomized data based
on standard distribution, the value on each
dimension is created in [0,1]. Whereby, we were
prechosen the dimension number of sample, the
number of class will test and the sample number
of each class. The data set generated that will be
tested by cross-validation.

Fig 3. For test example, from left to right: the training
data, the testing data, the sample set from the clusters,

the result.
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Fig 4. The testing in randomized data: cross-validation
2 fold, data generate 100 classes, each class has 2000
sample, characteristic length 4, K-Nearest Neighbors
with k=9.

The experiment was carried out in a way of
cross-validation 2 folds, 100 classes of data and
2000 samples per class. Both charts in accurately
represent the prediction results by the suggested
method (Fig 4). Because the implementation
will need to calculate the distance to the samples
in the data set, the processing time will increase
linearly with the number of samples and more
importantly, the idea of the algorithm has been
confirmed when the accuracy increases very fast
in a range of sample rates which closes to 0 and
stable after that interval to 1. That is, we can use
a small number of samples to produce quality
equivalent to a large samples. In that case, time
advantage will be evident on the time chart.

4.2. MNIST

MNIST is a database of handwritten
digits that contains a training set of 60,000
examples and a test set of 10,000 examples®.
The MNIST database is commonly used for
testing handwritten digits identification system,
especially, classification technique use deep
learning. In this test scope, techniques in the
paper will be applied to the training data set and
this result will be used to learning in K Nearest
Neighbors. Thence, we evaluate the change of
accuracy and testing time (Fig 5).
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Fig 5. Testing with MNIST: K Nearest Neighbors
with k=3
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The idea of the algorithm is also clearly
shown with the experiment on MNIST and is
similar to random data. Accuracy increases
rapidly and reaches the highest level in a small
range of sample rates while processing time still
increases linearly with the sample rate. This
test has also proved the judgment of the idea in
the article.

4.3. YawDD

YawDD (Yawning Detection Dataset)
is a video database that contains two data sets
mirror and dash, capture face data of the driver
with different facial features*. Capture data
consisting of both male and female drivers, with
and without glasses, from different ethnicities,
mouth conditions such as normal, talking/
singing, and yawning while driving. The video
are taken in varying illumination conditions.
This data set includes 349 video of 57 men and
50 woman, resolution of 640x480, 30 frames
per second, AVI format without audio. Testing is
done on the mirror data set, consisting of 47 man
and 43 women, the total is 320 video. For each
video, we extract each facial image region in the
frames and regroup to make the testing data. The
face was detected by Haar Adaboost technique
and then the face data regions were extracted
based on AAM technique*®. Later, we have
a data set of 90 people with 65595 samples, a
length of each sample is 4573. That data set was
tested with the K Nearest Neighbors technique
based on cross-validation. Thus, techniques in
the paper will also be applied to the training data
set and its result used to learning data for the K
Nearest Neighbors, on that basis, we evaluate
the change of a accuracy and testing time.
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Fig 6. Testing with YawDD: cross-validation 2 fold,
the K Nearest Neighbors with k=3

In Fig 6, it is easy to see the similarity of
the two charts in the experiment with YawDD
with previous tests. This also once again
demonstrates the idea of the algorithm. By these
tests, we have absolutely the basis to build an
identifier with a small enough sample number
but still achieve the same accuracy with a large
data set with reasonable sample selection. This
will create a discrete time advantage for the
identification system.

From the tests, it can be seen that the
test time always varies with the sample rate
used for the training. It is true that the nearest
K neighbor technique is performed on the basis
of a comparison of each sample and the nearest
statistic. In addition, in the diagrams depicting
the correlation between the precision and
the sample rate used. It can be seen that even
with many levels of sample usage, there is no
significant change in accuracy when compared
to using full data to learn. Thus, with the tried-
and-tested data sets, according to the approach
of the proposed technique and the optimum
sampling rate, we can significantly reduce the

test time as well as the memory used for storage.
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5. CONCLUSION

In fact, building a recognition system
involves many steps in which building a training
data set is one of the decisive steps. Building
a training data set not only needs to well
representation observed variants of the object of
interest but also needs to avoid duplication and
needs to be consistent with the machine learning
method used. This paper presents the method
for data processing based on clustering. This
method was designed to be able to add online
patterns to a data set, serving the actual demand
of gradually adding patterns to the system data.
The technique has been tested and demonstrated
to be effective with the K Nearest Neighbors
model.
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ABSTRACT

Broadhead sleeper (Eleotris melanosoma) is one of goby species inhabited in Thi Nai lagoon - Binh Dinh
province which is seriously affected by the exploitation, however there is no study conducted on this species. Some
biological characteristics of broadhead sleeper were examined from August 2018 to January 2019. Fish samples
were collected once a month and their characteristics on feeding, growth and reproduction were examined. The
results showed that morphological characteristics of digestive system of fish such as sharp teeth, clear stomach or
short intestine indicated carnivorous feeding of this fish. The relative length of the gut (RLG) of fish was from 0.8
to 0.81. The composition of natural food of this fish included mollusc, crustacean and fish, with the occurrence
frequency of 95.17%, 4.83% and 1.86% respectively. There was a high correlation between length and weight
of gobies, with R>= 0.9447, and the relationship between these two parameters was expressed by the equation
W=0.0054L332%, The spawning season of this goby species could be from October to December that was based on
GSI and HSI recorded. From the analysis results of Gonadosomatic index (GSI) and Hepatosomatic index (HIS),
it can be said that the spawning season of this goby species is from october to December. In general, the results
collected from this study indicate that broadhead sleeper is carnivorous fish species and their spawning season in
Thi Nai lagoon is concentrated in rainy months.

Keywords: Broadhead sleeper, Eleotris melanosoma, feeding habit, reproduction.
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Mot s6 dac diém sinh hoc cga ca bong trirng (Eleotris melanosoma)
phan bo tai dam Thi Nai, tinh Binh Dinh
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TOM TAT

Ca bdng trimg (Eleotris melanosoma) 1a mot trong nhiing loai ca bbng sinh séng & ddm Thi Nai tinh Binh
Pinh dang chiu tac dong 16n tir viéc khai thac, tuy nhién chua c6 nghién ctru nao dugc tién hanh trén loai ca nay.
Mot sb dic diém sinh hoc cua ca bong trimg duge khao sat tir thang 8 nam 2018 dén thang 1 ndm 2019. Mau cé4
duogc thu mdi thang mot 14n va cac dic diém vé dinh dudng, sinh trudng va sinh san ciia ca dugc khao sat. Nhiing
két qua cho théy r.';“lng, hinh thai cdu tao ctia hé tiéu hoa cua ca thé hién tinh an dong vat nhu ca c6 rang sdc nhon, co
da day, ruot nga'in,...Chi s6 sinh tric rudt (RLG) ctia ca dao dong tur 0,8 dén 0,81. Thanh phfin thirc an ty nhién cua
ca gdm 3 nhém 1a dong vat than mém, gidp xac va c4, v6i tan s6 xuat hién 1an luot 14 95,17%, 4,83%, va 1,86%.
Chiéu dai va khdi lugng ciia c4 bong trimg c6 mbi twong quan rat chat, véi R2= 0,9447 va mdi quan hé giira khoi
lwong va chiéu dai ca dwoc biéu thi theo phwong trinh hdi qui W=0,0054L3323, Tir két qua phan tich hé s thanh
thuc (GSI) va hé sé tich iy ning luong (HSI) c6 thé du doan ring ca bong trimg c6 muia vu sinh san tir thang 10
dén thang 12. Nhin chung, nhiing két qua nghién ciru cho thiy ring, ca bong trimg 14 loai an dong vat dién hinh va
mua vy sinh san cua ca & dam Thi Nai tap trung & cac thang mua mua.

Tir khéa: Cd bong trimg, Eleotris melanosoma, ddc diém dinh dudng, sinh san.

1. PAT VAN PE Thi Nai. C4 bdng trimg sdng ca méi truong nude
man, lg va ngot. Ca c6 kich thudc nho, thit ngon
(Nguyén Minh Tuin, 2016).¢ Loai ca nay trudc
day chua dugc xem 14 loai ¢6 gid tri kinh té (Mai
Pinh Yén va cong su, 1992; Truong Thu Khoa
va Tran Thi Thu Huong, 1993; Nguyén Vin Hao,
2005)'27 nhung gan day gia tri cua loai nay dan

Pam Thi Nai 1a mot ddm nudc min
16n nhét Binh Pinh, ¢ dién tich khoang 5060
ha. Lugng nudc ngot hiang nim d6 vao dam
mang theo ngudn dinh dudng cia dong bing
da tao ra mdi truong thuan loi cho nhiéu loai
thiy san néi (.:hung V,a C,é néi r1‘éng sinh sé’n & duogc cai thién. Hién nay, ca bng trimg cha yéu
Trong céac loai ca xuat hién ¢ dam thi ca bong duge khai théc tir tw nhién, vi viy ngudn lgi loi
cad nay dang c6 nguy co bi de doa. Mac du vay,
cho dén nay chua c6 cong trinh nghién ctru nao

c¢6 thanh phan loai twong ddi phong phti. Theo
Mai BPinh Yén va cong su (1992),” céac loai ca
béng xuat hlél'l o nudc ta thu@c 5 hO (Eleotridae, Vé dﬁc dlém sinh hOC cua lodi ca néy & d?lm Thl

Gobiidae, Periophthalmidae, Apocrypteidae va Nai. Xuét phat tir thuc tidn nhu vay, viéc nghién

Gobioididae). Ca bong tring la mot loai thudc clru mot $6 dic diém sinh hoc cta cé béng tring
ho ca bong den (Eleotridae) va la mét trong (Eleotris melanosoma) phan bd tai dAm Thi Nai
nhig loai ca bong pho bi€n ¢ h¢ sinh thai dam tinh Binh Pinh 1a can thiét dé 1am co s& cho viée

*Tac gia lién hé chinh.
Email: vovanchi@qnu.edu.vn hodc chignu@gmail.com

50 | Tap chi Khoa hoc - Truong Pai hoc Quy Nhon, 2019, 13(5), 49-55



SCIENCE

QUY NHON UNIVERSITY

bao vé nguodn loi loai c4 nay néi riéng va ngudn
loi thiy san trong dam néi chung, dong thoi co
thé hudng dén nudi thuong pham ca bong tring
trong tuong lai.

2. POI TUQNG VA PHUONG PHAP
NGHIEN CcUU

2.1. Poi twgng nghién ciru

C4 bdng trang (Eleotris melanosoma)
phan bd & dAm Thi Nai tinh Binh Dinh.

2.2. Phwong phap nghién ciru
2.2.1. Thu va xv li mdu ca

Céa bong trimg dwoc thu dinh ky hang
thang & dam Thi Nai tir thang 8/2018 dén thang
1/2019, ludi 16ng bat quai 1a ngu cu chinh dé bat
ca. Sau khi thu, ¢4 s& dugc udp lanh va dem vé
phong thi nghiém Khoa hoc vat nuéi, khoa Sinh -
KTNN, Trudng Dai hoc Quy Nhon dé phan tich
trong ngay hodc c¢b dinh trong dung dich formol
10% dé phan tich sau.

269 cé thé ca duoc st dung dé khao sat
tuong quan chiéu dai va khéi luong ciing nhu
chi s6 sinh tric rugt. 144 ca thé (c6 thirc in trong
6ng tiéu hoa) duge st dung dé phan tich thirc in
tu nhién cua ca. 136 ca thé duoc st dung dé phan
tich céc chi tiéu khac nhu h¢ sb thanh thuc, hé s6
tich Iy nang luong.

2.2.2. Khao sat hé tiéu hoa va xac dinh tap tinh
an cua ca

- M6 ta ddc diém cua hé tiéu hoa (tap
trung vao cac co quan nhu miéng, lugc mang,
va rudt) bang viéc két hop quan sat cac dic diém
bén ngoai va giai phau.

- Tép tinh an ctia ca dugc xac dinh dya vao
mdi trong quan giita chidu dai rudt va chiéu dai
than ca qua chi s6 sinh tric rudt RLG (relative
length of the gut) theo Al-Hussainy (1949).8

RLG dugc tinh theo cong thurc sau:
RLG=Y
L

Trong d6: Li: Chiéu dai rudt ca (cm);
L: Chiéu dai toan than ca (cm)

2.2.3. Phan tich thirc an tw nhién cua ca

- Giai phau ca dé phan tich thirc in tu
nhién trong da day/rudt ca. St dung kinh hién
vi soi ndi va kinh hién vi quang hoc dé phan tich
va nhan dang con moi. Str dung céc tai liéu phan
loai ctia Kent va Volker (1998) va mét s tai lidu
hd trg khac dé dinh danh con moi dén cép phan
loai thip nhét c6 thé™.

- Xéc dinh tan s xut hién (%O0) ctia mdi
loai thirc dn bang cong thirc sau (Hyslop, 1980)!":
%0i = (

s6 lwong da day ca chira con moi i)

x 100

tong s6 da day ca dwgc khao sat
2.2.4. Twong quan giita chiéu dai va khoi hrong
than ca

Quan hé giita chiéu dai va khdi luong than
ca dugc xac lap dua trén s6 mau céa thu duoc
qua cac thang (269 mau) theo phuong trinh sau
(Jennings va cong su, 2001)":

W=alt

Trong d6: W: 1a khdi luong than ca (g),
L: chiéu dai téng cua ca (cm), a: h::ing s0,
b: s6 mii ciia mdi quan hé giita chiéu dai va
khéi luong.

Méi tuong quan gitta chiéu dai va khi
luwong than ca duoc xac dinh thong qua hé sb R2
2.2.5. Hé s6 thanh thuc (Gonadosomatic index
- GSI)

Hé sb thanh thuc (GSI) dugc tinh theo
cong thue sau (Josep va Hans-Joachim, 2000)":
GSI (%) =GW*100/ Wn

Trong d6: GSI: Hé sé thanh thuc (%);
GW: Khdi lugng tuyén sinh duc (g); Wn: Khi
luong co thé khong ndi quan (g).
2.2.6. Hé s6 tich lity ning lwong (Hepatosomatic
index - HSI)

Hé s6 tich liy ning lwong (HSI) dugc tinh
theo cong thire (Josep va Hans-Joachim, 2000):!3

HSI =W gan*100/Wn
Trong d6: HSI: Hé sb tich liy nang lugng

(%); W gan: Khéi lugng gan (g); Wn: Khoi
luong co thé khong ndi quan (g).
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3.KET QUA NGHIEN CUU VA THAO LUAN
3.1. Hé tiéu hoa va tip tinh én cia ca

Két qua quan sat co quan tiéu hoa cua ca
bdng trimg cho thiy: ca bong tring c6 miéng
trén, rong, rang nho, nhon va phan bd déu & hai
ham. Ca bdng trimg c6 ludi phat trién, hinh dep
bang va c¢6 dau ludi tron (Hinh 1). Lugc mang
ngan, manh, thwa va xép thanh hang trén cung
mang hudng vao trong xoang mi¢ng. Thuc quan
dang 6ng to, ngin va co thé co gian. Da day co

hinh tGi, vach day, bén trong c6 nhiéu nép gip.
Rudt ngdn va c6 nhidu gap khiic (Hinh 2).

e 4

- Ruot
P g Wgwxfn
Y

Hinh 2. Hinh thai 6ng tiéu hoa c4 bong trimg

Mot chi s6 quan trong dé du doén tap tinh
an cta cé la chi sé sinh tric ruét (RLG). Két qua
khao sat dugc thé hién ¢ Bang 1.

Bing 1. Chi s6 RLG ctia ca bong trimg

Nhém A N A <A ] A
. _ Chiéu dai than Chicu dai rudt
kich thudce )
i L (cm) Li (cm)
cé (cm)
<8 7,11 £ 0,62 572+1,07 0,80

8-10  893+0,58
>10 10,87+ 0,71

7,18+ 1,04 0,80
8,78+ 13 0,81

Cé bdng trimg c6 chi sé6 RLG twong ddi
thdp va gan nhu khong co sy khac biét giita 3
nhém kich thudc ca. Chi s6 RLG cua 3 nhom
c4 dao dong tir 0,8 dén 0,81 (Bang 1). Theo
Nikolsky (1963),"5 nhitng loai ca an dong vat
thuong c6 RLG <1. Nhu vay, ¢ thé nhan dinh
rang ca bong trimg thudc nhom ca dn dong vat.

Tu nhiing dac diém vé hinh dang, cAu
tao cua co quan tiéu hoa va chi sé RLG c6 thé
thiy rang, ca bong trimg 1a loi co tinh an thién
vé dong vat. Tuy nhién, dé co nhitng nhan dinh
chinh xac hon, chung t6i d tién hanh phan tich
thanh phén thirc 4n thirc an tu nhién cta ca. Két
qua dugc thé hién & phﬁn sau.

3.2. Thirc dn tu nhién cia ca

Két qua phén tich thanh phan thirc an tu
nhién trong rudt ca bong trimg dugc thé hién &
Béang 2.

Bang 2. Thic 4n ty nhién cia ca bng trimg

S6 1in Tén s6
Loai thire dn bit xuit hién
gap (%0)
Than mém 136 94,44
Clea helena 26 18,06
Clithon oualaniense 97 67,36
Littoraria sp. 3 2,08
Neritina coromandeliana 2 1,39
Neripteron taitense 4 2,78
Neripteron violaceum 2 1,39
Clithon dispar 4 2,78
Clithon retropictus 1 0,69
Cyllene desnoyersi 2 1,39
Cerithidea cingulata 15 10,42
Cerithidea obtusa 1 0,69
Giap xac 13 9,03
Ca con 5 3,47

Qua két qua & Bang 2 chung t6i thy rang
thirc n tu nhién cua ca bong tring gdm 3 nhom
chinh 1a dong vét thdn mém, c4 va gidp xAc.
Trong d6, dong vt than mém c6 tan sb xudt hién
cao nhat (94,44%), ca con xuét hién véi tan sb
thip nhat (3,47%). Trong s nhiing con mdi 14
dong vat than mém thi Clithon oualaniense c6

52 | Tap chi Khoa hoc - Truong Pai hoc Quy Nhon, 2019, 13(5), 49-55



SCIENCE

QUY NHON UNIVERSITY

tan s6 xuat hién cao nhét (67,36%), tiép dén 1a
Clea helena (18,06%). Nhu vay, két hop két qua
phan tich thirc an va hinh thai giai phau hé tiéu
hoa c¢6 thé nhan dinh ca bong trimg 13 loai ca an
dong vat.
3.3. Twong quan chiéu dai va khdi lwong cia
¢4 bong trimg

Két qua biéu thi mbi twong quan giita
chiéu dai va khdi lugng cua ca bong tring dugc
thé hién ¢ Hinh 3.

40 ~

35 - W = 0.0054133223
10 R? =0.9447
5030 - -
5 e | n =269 P
E.
Z 20 -
:E 15 -
2 10 -

5 .

0 5 . 10 15
Chiéu dai tong (cm)

Hinh 3. Tuong quan gitta chiéu dai téng va khéi

luong clia c4 bong trimg

Phuong trinh hdi qui biéu thi mdi quan hé
giita chiéu dai tong va khdi luong cia c bong
trimg 1a W= 0,0054L33%

Vé&i R2= 0,9447 da cho thdy mdi twong
quan thuan rat chit giita chiéu dai va khdi luong
than ca. Diéu nay cho thay khi chiéu dai cta ca
tang 1én thi khdi lwong cé ciing ting theo. Tuy
nhién, c6 thé thdy rang chiéu dai cia c4 ting
nhanh & giai doan ca con nho, khi ca dat chiéu
dai 16n hon 8 cm thi khi lugng ca ting nhanh
hon, diéu nay c6 thé lién quan dén viéc tich liy
chat dinh dudng dé dat duoc trang thai thanh
thuc sinh duc va tham gia sinh san.

3.4. H¢ s6 thanh thuc sinh duc (GSI) va hé sb
tich lily nang lwgng (HSI)

Hé s6 thanh thuc (GSI) va hé s6 tich liy
ning luong (HSI) 1a nhitng hé s6 quan trong dé
du doan mua vu sinh san ctia ca (Pham Thanh
Liém va Tran Dic Pinh, 2004)°. Trong nghién
ctru nay, GSI va HSI cta ca bong trimg duoc xac

dinh trong khoang thoi gian tir thang 8/2018 dén
thang 1/2019 va co sy bién dong qua céac thang.

H¢ s6 thanh thuc sinh dyc trung binh cua
ca duc la 2,22% (dao dong tur 1,88 - 3,00%), &
ca cai la 15,53% (dao dong tur 8,19 - 25,14%)
(Hinh 4). Trong khi d0, hé s6 tich lity nang lugng
cua ca duc dat trung binh 1a 2,78% (dao dong tir
2,27 - 3,76%) va o ca cai la 3,56% (dao dong
tir 2,84 - 4,41%) (Hinh 5). So sanh véi két qua
nghién ciru cia V& Thanh Toan va Tran Pic
Dinh (2014) thi hé s thanh thuc (GSI) va hé
s6 tich liiy ning lugng (HSI) cta ca bong tring
trong nghién ctru cua ching toi cao hon. Su sai
khac nay co thé 1a do chung t6i sir dung khéi
luong ca khong c6 nodi quan dé tinh cac chi sd
nay, trong khi d6 hai tac gia trén str dung khoi
lwong toan than cua ca dé tinh toan. Viéc sir dung
khdi lwong than khong ndi quan trong nghién
ctru ctia ching t6i 14 hop 1y, vi néu str dung khéi
luong toan than cua ca dé tinh toan thi s& bi anh
huong boi khéi lugng thirc an trong éng tiéu hoa
clia mdi ca thé.

5
Ca duc
4 -
€3
52
1 .
O T T T T T 1
thang thang thang thang thang thang
8 9 10 11 12 1
Thoi gian
40 Ca Cél
__30
X
= 20
wv
(G]
10
0 T T T T T T 1
thang thang thang thang thang thang
8 9 10 11 12 1
Thoi gian

Hinh 4. Hé s6 thanh thuc sinh duc (GSI) ctia c4 bong

trig duc va cai

Qua két qua thé hién ¢ Hinh 4 ta thiy hé
sd GSI cua c4 cai cao hon nhiéu so véi ca duc.
Diéu nay 1a do khdi lwong tuyén sinh duc cua
ca cai da thanh thuc 16n hon nhiéu lan so véi
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khéi lwong tuyén sinh duc ca duc trong cling giai
doan phat trién (Pham Minh Thanh va Nguyén
Vin Kiém, 2009). Tuy nhién, dang cht y 14 hé s6
thanh thuc cua ca duc va cé cai c6 su bién dong
khéc nhau theo thoi gian khao sat. Cu thé, GSI
cua ca duc dat gia tri cao vao thang 10 va 11 (cao
nhit trong thang 10), trong khi d6 & ca cai GSI
dat gia tri cao ¢ thang 11, 12 va thang 1 (cao nhat
trong thang 12).

6 - Ca duc
5 -
=4
X
=3 A
£
2 4
1 4
0 T T T T T 1
thang thang thang thang thang thang
8 9 10 11 12 1
Thei gian
6 - Ca cai
5 -
=4 4
X
= 3 A
v
T,
1 .
0 T T T T T 1
thang thang thang thang thang thang
8 9 10 11 12 1
Theoi gian

Hinh 5. Hé s tich liy nang lugng (HSI) cua ca bong

tring duc va cai

Hé s6 HSI bién dong nguoc lai voi GSI
(Hinh 5). Gia tri ctia HSI ¢ ca duc dat gia tri cao
trong thang 8 va thang 9 va thip trong cac thang
10 dén thang 1; ¢ ca cai HSI dat gia tri cao nhét
& thang 8 va thang 9 va thap nhit & thang 11 va
thang 12. Hoar va cong su (1979)'° va Hirshfield
(1980)° cho ri‘ing, trong subt mua vu sinh san, cac
loai dong vat st dung 1 lugng 16n nang luong
cho sy phat trién tuyén sinh duc, néu ngudn thic
an bi han ché thi qué trinh phat trién tuyén sinh
duc s€ su dung nguén nang lugng duogc duy trit &
gan va day la nguyén nhan lam cho gia tri hé s6
HSI giam.

Nhu vay, trong khoang thoi gian khao sat
(tir thang 8 ndm trudc dén thang 1 nam sau), dua

vao hé sd GSI va HSI chung t6i du doan mua vu
sinh san cta c4 bong trimg 1a khoang tir thang 10
dén thang 12, day 1a thoi diém roi vao muia mua
0 Binh Dinh. Mot nghién ctru tuong tu trén ca
bdng trimg phan bd ¢ song Hau (An Giang, Can
Tho va Soc Trang) dugc thyc hién bdi VO Thanh
Toan va Tran Pic Pinh (2014)° cho thiy mua
vu sinh san cla ca la quanh nam va tap trung
chu yéu tir thang 4 dén thang 6 (mua mua & khu
vuc phia Nam). Nhu vy, c6 thé thdy ring mic
du thoi diém ca sinh san trong nghién ctru cia
chung t6i va nghién ctru cta hai tac gia nay roi
vao céc thang khic nhau nhung van Ia cic thang
mua mua. Tuy nhién, do chung t6i chi khao sat
trong vong 6 thang nén chua danh gia duoc tong
thé mua vy sinh san cta ca bong trimg trong chu
ky mot nam. Vi vay, nhitng nghién ctru tiép theo
can khao ddc diém sinh san ctia ca & cac thang
con lai trong nam.

VL. KET LUAN

Ca bdng trimg 1a loai an dong vat do co
miéng rong, rang nhé va nhon, lwgc mang ngén,
xép thua, da day c6 nhiéu nép gip, rudt ngén, chi
s6 RLG < 1. Thanh phan thirc 4n ty nhién chu
yéu 14 than mém (Vi tan s6 xuat hién 1én dén
95,17%), bén canh do6 con cd ¢4 con va giap xac.
Nhing két qua nay cho thay ca bong trimg 1a loai
c4 an dong vat dién hinh.

Chiéu dai va khéi luong cuia ca bong tring
¢6 mdi twong quan rat chit ché (voi R2= 0,9447),
mdi quan hé gitra chiéu dai va khdi luong ca thé
hién qua phuong trinh W= 0,0054L33*%

Muia vu sinh san ciia ca bong trimg phéan
bd & dam Thi Nai tap trung tir thang 10 dén thang
12 trong nam, trung véi cac thang mua mua &
Binh Dinh.
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Initial research on the impact of Callisiafragrans
in additional diet for New Zealand white rabbit cultivated
in Quang Ngai city, Quang Ngai province
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ABSTRACT

To study the effect of Callisia fragrans leaves in the diet on the growth ability of white New Zealand
rabbits raised and kept in Quang Ngai city, Quang Ngai province, 100 white New Zealand rabbits (50 males and
50 females) which are four weeks old were divided randomly into two lots and fed with different diets. While the
first group was fed with only bran and green grass, the second group had an additional Callisia fragrans leaves in
their diets. The results showed that Callisia fragrans leaves in the diet not only increased the growth rate of rabbits
at the age of 8-11 weeks but it also affects significantly the nutrition ingredients of rabbit meat. Especially, adding
Callisia fragrans leaves in the diet reduced significantly some intestinal diseases. While rabbits in the second group
grew without intestinal diseases, rabbits in the first group could frequently get intestinal problems and they were
difficult to cure and even died. As a consequence, the rabbit survival rate of second groups is better than the first.
As a result of this study, Callisia fragrans leaves can be used to be an additional green food in rabbit’s diet and to
minimize intestinal disease in rabbits.

Keywords: Callisia fragrans, growth, New Zealand white rabbit.
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Bwéc dau nghién ctru anh hwéng cua la cay lworc vang
Callisia fragrans) bé sung trong khau phan an dén kha nang
sinh trwéng cda thé trang New Zealand nuéi nhét
tai thanh pho Quang Ngai, tinh Quang Ngai

Lé Thi Lwong Van', Tran Thanh Son>"

!Hoc vién cao hoc, lop Sinh hoc thuc nghiém khéa 18, Truong Dai hoc Quy Nhon
’Khoa Khoa hoc Ty nhién, Truong Dai hoc Quy Nhon

Ngay nhan bai: 28/02/2019; Ngay nhdan dang: 30/05/2019

TOM TAT

Nham nghién ctru anh hudng cia 14 cdy luge vang bd sung trong khau phan an dén kha ning sinh truong
ctia tho tring New Zealand nu6i nhdt & thanh phd Quang Ngi, tinh Quang Ngii, 100 con tho tring New Zealand
(50 con dyc va 50 con cai) 4 tuan tudi duge phan ngiu nhién déu thanh 2 16 dé cho an cac khau phan in khac nhau:
cam + co xanh; cam + ¢ xanh + 14 cay luge vang. Két qua cho thay 1a ciy lugc vang bd sung trong khau phéan in
khong chi 1am tang toc do sinh trudng cia tho ¢ giai doan tir 8 - 11 tudn tudi ma con anh hudng rd rét 1én thanh
phan dinh dudng cua thit tho. Pac biét, khi bd sung 1a ciy luoc vang trong khau phan an da lam giam thiéu dang
ké cac bénh duong rudt ¢ tho, 16 thi nghiém tho khong bi méc cac bénh vé dudng rudt, 16 dbi ching tho bi mic cac
bénh duong rudt, mot s6 tho méc bénh duong rudt mac du duoc diéu tri béng thube nhung khong khéi va da chét.
Vi vay, ti 1¢ séng cta 16 thi nghiém cao hon 16 ddi chimg. Tu Kkét qua nghién clru trén, co thé sir dung 14 cay luogc
vang vira lam ngudn thirc an xanh bd sung trong khau phan cia tho vira gitp giam thiéu bénh dudng rudt o tho.

Tir khéa: Ld cdy heoe vang, sinh trieong, tho tring New Zealand.

1. PAT VAN BPE

Khi nén kinh té phat trién, nhu cdu cua
nguoi tiéu dung vé nhitng san phim c6 chat
luwong, c6 gia tri dinh dudng cao ngay cang tang.
Dé dap ting nhu cau nay, trong nhitng nim gan
day, nganh chan nudéi nudc ta da cd nhitng bude
phat trién vuot bac vé sb lugng, chat luong dan
vat nudi va chan nuoi thd 1a mdt trong nhiing
hudng di méi nham giai quyét nhimg doi hoi do.

Thit tho 1a loai thuc phdm d& tiéu hoa,
thom ngon, giau va cin dbi chat dinh dudng hon
cac loai thit gia suc khac. Bén canh d6, chian
nudi tho von dau tu ban dau thip, quay vong von

‘Tac gia lién hé chinh.
Email: tranthanhson@gqnu.edu.vn

nhanh, lam chuéng trai c6 thé tan dung vat li¢u
san co, ré tién, von mua con gidng ban dau it
hon so véi céc gia suc khéac. Thé c6 kha nang st
dung nhiéu thirc an thé xanh trong khau phan,
tan dung cac ngudn san phdm phu néng nghiép
nhu rau, 14, ¢é tu nhién.

Tai Quang Ngi, trong nhitng nim gan day
nghé chan nudi tho ciing da phat trién kha manh
va da dem lai hiéu qua kinh té cao, gop phén ting
thu nhap, phat trién kinh té gia dinh cho nhiéu ho
dan. Trong cac mo hinh nuéi tho & Quang Ngai
thi giéng tho tring New Zealand dugc lya chon
nhiéu nhat.
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Tuy nhién, trong qua trinh nudi, thd
thuong méc bénh. Khi mic bénh tho d& chét, co
khi chét hang loat. Mot trong nhiing bénh gay
chét & tho nudi nhiéu nhét 1 bénh vé duong rudt.
Khi thé bi bénh, nguoi chan nuoi thuong st dung
thude khang sinh dé diéu tri cho tho, hiéu qua
diéu tri cao nhung khi ding thuéc mot thoi gian
dai, khong ding lidu lugng, dudong cip, khong
dung liéu trinh didu tri... tao diéu kién cho vi
khuan nhon va khang véi nhiéu loai khang sinh.
Mait khac, su ton du khéng sinh c6 trong thuc
pham khoéng chi anh huéng trude tién dén vat
nudi ma con gay nguy hai cho suc khoe nguoi
tiéu dung khi tiéu thy thyc pham. Dé han ché t6i
mirc thip nhét viéc sir dung khang sinh gy anh
hudng t6i stc khoe con nguoi, nhitng nim gan
day, nguoi chan nudi c6 xu hudng stir dung thao
duoc tu nhién dé lam thtrc an cho thé nham tao
sttc dé khang cho tho, tao ra nhitng san pham
sach, an toan, khong hormon sinh truéng, khong
chit khang sinh.

Cay lugc vang (Callisia fragrans) da
dugc sur dung rat rong rai & Nga, Viét Nam
trong ho trg va chira tri nhiéu bénh nhu ung thu,
bong, viém nhiém, lao phéi, bénh tim mach;
nhung tac dung duoc Iy cua cdy nay chua duogc
nghién ctru nhiéu.'® Gan déy, Vién Duogc liéu
chung minh cay lugc vang c6 kha nang khang vi
khuan Staphylococcus aureus. Tuy nhién nhiing
nghién ctru ndy chua dugc phd bién va hau nhu
chua dugc st dung rong rai trong chin nuoi.
Thi nghiém nay nham tim hiéu tic dung cua la
ciy luoc vang trong chin nudi tho tring New
Zealand, lam dan liéu bude dau cho viée st dung
14 loai cay nay trong chan nuéi gitip han ché st
dung thudc khang sinh theo xu huéng chian nudi
sach, dam bao an toan hién nay.

2. POI TUQNG VA PHUONG PHAP
NGHIEN CUU
2.1. P6i twong nghién ciru

Khiu phan an c¢6 bo sung 1a cdy luoc
vang va kha ning sinh trudng cua thd tring
New Zealand.

2.2. Thoi gian va dia diém nghién ciru

Thoi gian: Tir thang 11 nam 2016 dén
thang 01 nam 2017.

Dia diém: Trang trai nudi tho cua 6ng
Pham Thanh Hung, thanh phd Quang Ngii, tinh
Quang Ngai.

2.3. Phwong phap nghién ciru
2.3.1. Bé tri thi nghi¢m

Thi nghiém duoc bd tri theo phwong phap
phan 16 so sanh, theo thiét k& hoan toan ngau
nhién. 100 con tho tring New Zealand sau cai
sita dugc chia déu trong 2 16 thi nghiém, mdi
16 50 con (25 duc va 25 cai). Thé & hai 16 thi
nghiém dugc nudi nhét, twong ddi dong déu vé
gidng, tudi, khdi luong, diéu kién chim soc va
quy trinh vé sinh thu y... va duoc danh sb & tai
riéng timg ca thé.

Su khac nhau gitta cac 16 thi nghiém Ia
trong khau phan thic an: Lo dbi ching: Cam
hdn hop dang vién cho tho thit (San pham cua
tap doan INVIVO NSA-Phap) (90%) + c6 xanh
(10%); 16 thi nghiém: Cam hdn hop dang vién
cho tho thit (90%) + ¢d xanh (5%) + 14 cay luoc
vang tuoi (5%).

2.3.2. Phwong phdp thu thdp va xdc dinh chi
tiéu nghién ciru
Tho dwoc can khéi lwong vao dau thi

nghiém va sau d6 moi tuan can 1 1an dé xac dinh
cac chi tiéu: Sinh truong tich Iy, sinh truong
tuyét d6i, toc do sinh truong tuong dbi.
P2-P1

t

- Sinh trudng tuyét ddi: A=
Trong do6:

A: Sinh trudng tuyét dbi (g/tudn)

P : Khéi lugng dau ky (g)

P,: Khoi lugng cubi ky (g)

t: Khoang thoi gian giita 2 1an do (tuan)

Téc d sinh truwéong twong doi (R, don
vi: %)

R(%) = P2-P1

(132—131)/2)(100
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Trong do6:

R: Sinh trudng twong dbi (%)

P : Khoi lugng dau ky (g)

P,: Khoi lugng cudi ky (g)

Dinh ky 2 tuan do cac kich thudc: chiéu
dai than, chiéu dai dau, kich thudc vong nguc,
chiéu dai chan trudc, chiéu dai chan sau, chiéu
dai tai, chidu dai duoi.

Luong thirc an thu nhan dugc xac dinh
bang cach can lugng thirc an trude va sau khi
cho an hang tudn dé xac dinh chi s chuyén hoa

thire an.

Tinh hinh bénh tit dwoc xac dinh bang
phuong phap quan sat, ghi chép hang ngay.

Xac dinh ty 1¢ nudi séng qua cac giai doan
tudi bang phuong phap theo ddi, thong ké sb
luong ca thé chét.

2.3.3. Phwong phdp xdc dinh khd nang cho thit

Két thac thi nghiém tién hanh md khao sat
dé xac dinh ti 1& cac phan thit cia tho thi nghiém.
Mb mdi 16 4 con, trong do md 2 con duc va 2

con cal.

Can khdi lugng thit séng, thit moc ham,
thit xé, thit dui, thit nac, m& bung sau do6 tinh ty
1€ tirng loai mot.

Can va do cac phan noi tang khi md khao
sat: khoi luong tim, khoi luwong gan, khoi lwong
da day, chiéu dai rudt non, chiéu dai rudt gia (két

trang), chiéu dai manh trang.

Phan tich thanh phan dinh dudng cua thit
tho: ham lugng vat chét kho, protein tho, md&
tho, tro tong sb theo tiéu chuan qudc gia TCVN
8134:2009 tai Trung tdm phan tich, kiém nghiém
thudc So Khoa hoc va Cong nghé Binh Dinh.

2.3.4. Phwong phdp xir Iy sé liéu

S4 liéu thu thap dugc xur ly theo phuong
phap thong ké sinh hoc thong qua phin mém MS
Excel 2010.

3. KET QUA VA THAO LUAN

3.1. Mt s6 chi tiéu vé sinh trwéng cia tho
trfmg New Zealand

3.1.1. Sinh trwong tich liy

Két qua theo ddi kha ning sinh truong tich
lity duoc xac dinh bang chi tidu khdi luong qua
cac giai doan tudi dugc trinh bay ¢ bang 1.

Bang 1. Sinh trudng tich lily cua tho thi nghiém
(g/con/tuan)

Thoi Thi nghiém Déi chimg
diém can
(Tubn | X 4SE | Cv(%)| X 4SE | Cv(%)
tuoi)
Tudn4 | 612,68£14,97 | 17,28 | 610,52+15,89 | 18,41
Tudn 5 | 718,02£14,06 | 13,85 | 713,20£15,95 | 15,81
Tudn 6 | 866,42+12,71 | 10,38 | 864,50+15,88 | 12,98
Tudn7 [1068,30+14,17| 938 |1069,70£14,92| 9,66
Tudn 8 |1278,84+14,51| 8,03 |1279,68£16,65| 8,63
Tuan 9 [1518,78+14,75| 6,87 |1494,04£1506| 6,68
Tudn 10 [1752,44414,69| 592 |1678,4216,34 631
Tudn 11 |2001,2814,53| 5,06 |1914,7£16,09 | 531
Tudn 12 [2184,02:£13,96| 4,64 [2094,02%£1526| 4,55
Tuén 13 [2291,74+14,19| 437 [2206,67°+14,10[ 3,99

Ghi chu: Cac gia tri trung binh mang chir cai a, b trén

ciing mét hang la khdc biét c6 y nghia thong ké

Két qua cho thay: khdi lugng tho & 16 thi
nghiém va 16 di chung déu ting trong duong
theo cac giai doan tudi tir 4 tudn dén 13 tuan, diéu
nay phu hgp voi quy ludt sinh trudng cua tho.

Phan tich théng ké cho thiy rang: khoi
lwong tho thay ddi theo cac giai doan tir 4 tun
tudi dén 9 tuan tudi 1a khong co sy sai khac giita
16 thi nghiém va 16 d6i ching. Tir 10 tuan tudi
dén 13 tuan tudi, khdi lugng tho thay doi co su
khac nhau giita 16 thi nghiém va dbi ching. Két
qua khdi lwong trung binh cua tho luc 13 tudn
tudi ¢ 16 thi nghiém 1a 2291g, trong khi d6 ¢ 16
dbi chung, khéi luong trung binh cua tho lac 13
tudn tudi 1a 2206,67g. Nhu vy, trong khiu phan
an c6 bd sung l1a cay luoc vang gitip tho ting
trong t6t hon so v6i str dung khau phan an chi
¢O ¢co xanh.
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3.1.2. Sinh trwong tuyét doi

Kha ning sinh truong tuyét ddi cua tho
thit New Zealand duoc trinh bay ¢ bang 2.

Bang 2. Sinh truong tuyét dbi ciia tho thi nghiém (g/con)

3.1.3. Toc dg sinh truwéng twong doi

Téc d6 sinh truong twong ddi caa tho New
Zealand nudi trong diéu kién thi nghiém dugc
trinh bay ¢ bang 3.

Biéng 3. Sinh truong twong dbi ctia tho thi nghiém (%)

o Thi nghiém Déi chimg

Tuan tudi TisE |Ov)| TisE | v b o _Thi nghiém _Déi chimg

Tudn 4-5 | 105,34+2,00 | 13,42 | 102,68+1,93 | 13,29 : Xasg |CO0)| X+SB | V00
Tubn5-6 | 148.43,80 | 18,12 | 151,30+2.86 | 13,10 Tuand-5 | 1641:0,62 | 2685 | 15894043 | 19,51
Tudn 6-7 | 201,88+4,00 | 14,02 | 20002376 | 13,03 Tudn 5-6 | 19,14£0,64 | 23,98 | 19,56+0,55 | 20,15
Tudn7-8 | 210,541,339 | 4,66 | 200,72+6,87 | 22,48 Tuan 6-7 | 209704 | 13,49 | 20,93£0,57 | 19,05
Tudn 8-9 |239,94£0,74 | 2,18 [214,36"+5,27| 16,30 Tuin 7-8 | 18,06+0,23 | 9,34 | 17,28+0,58 | 22,49
Tudn 9-10 |233,66“£0,27 | 0,83 |182,71°+4,34| 15,40 Tudn 8-9 | 17,24:0,17 | 7,33 | 15,59°+0,44 | 18,83
Tudn 10-11 | 248,840,67 | 1,91 |234,100+3,19| 8,63 Tudn 9-10 | 14,34+0,13 | 6,71 |11,54£027 | 15,56
Tudn 11-12 | 178,74+2,20 | 10,38 | 178,69+3,96 | 13,87 Tudn 10-11| 13,30+0,11 | 6,33 | 13,08+0,25 | 11,99
Tuén 12-13 111,72+2,32 | 14,72 | 112,6443.29 | 18,23 Tudn 11-12 8,57+0,14 | 12,32 | 8,72+032 | 23,17
Ghi chu: Cac gia tri trung binh mang chir cai a, b trén Tuan 12-13 5,00£0,10 | 14,87 | 5,12+0,21 | 25,80

cuing mot hang la khdc biét c6 y nghia thong ké.

Két qua sinh truong tuyét dbi cua tho
thi nghiém & bang 2 cho thiy: Tho & ca 16 thi
nghiém va 16 d6i chimg déu ting khdi lwong qua
cac tudn tudi trong thoi gian thi nghiém. O tudn
sau cai sita tho ca hai 16 déu ting trong chim
do chua thich nghi, sau d6 tang nhanh va tho ¢
16 thi nghiém c6 tdc d6 sinh truéng cao hon 16
dbi ching & tuan tudi 8 - 11, tir tuan tudi 12 tro
di tang trong giam dan. Khéi luong tang trung
binh ¢ 16 thi nghiém voi 163,17 g/con/tuan,
tuong Gng khdi lugng tang trung binh 23,30 g/
con/ngay. Két qua nay cao hon cac nghién ctru
ctia Nguyén Xuén Trach va cong su (2012) khi
nghién ciru thay thé c6 voi bang rau mudng trong
khau phan thi ting trong cao nhat 14 20,8 g/con/
ngay;® ctia Pinh Van Binh va cong su (2008) vadi
sinh truong tuyét di cua tho New Zealand giai
doan 30 - 90 ngay tudi 1a tir 15 - 20 g/con/ngay.!
C6 duge két qua nay 1a do trong thanh phan cua
14 cdy lugc vang c6 chira nhiéu vitamin, acid hitu
co, acid béo, polysaccharide, dudong tu do va cac
khoang chit chira sit, dong, crom [6], nhiing
chat nay c6 tac dung quan trong dbi voi hoat
dong séng cua co thé.

Ghi chu: Cac gia tri trung binh mang chir cdi a, b trén

cuing mot hang la khdc biét ¢6 y nghia thong ké.

Qua s6 lidu & bang 3 cho thay: toc do sinh
truong tuong dbi trung binh ciia tho trong thoi
gian thi nghiém ¢ 16 thi nghiém cao hon so voi 16
d6i chimg 6 tuan 8-9, 9-10 1an luot 14 1,65% va
2,8%. Tuy nhién & 16 thi nghiém, hé s6 bién dong
vé toc do sinh trudng & cac giai doan tudi 4-6 tuan
twrong ddi cao, 1an luot 13 26,85% va 23,98%.

3.1.4. Cdc chi tiéu sinh truéng co thé thé

Dic diém sinh trudng cac chi tiéu do duoc
trinh bay lan luot & cac bang: 4, 5, 6,7, 8,9, 10.

Bang 4. Sinh trudng chiéu dai than ciia tho thi nghiém

(mm/con)

| Thinghiém (mm) Pbi chimg (mm)

Tuan tudil — _
X +£SE Cv% X +SE | Cv%
Tuan 4 | 270+2,70 | 7,21 | 271£2,13 | 7,30
Tuan 6 | 285+2,68 | 6,97 | 284+2,14 | 6,89
Tuan 8 | 310£2,40 | 6,20 | 305+2,40 | 5,46
Tuan 10| 340+2,70 | 5,39 | 335+£2,40 | 5,67
Tudn 12| 380+2,80 | 4,86 | 370+2,13 | 4,20
Tuan 13| 400+2,47 | 4,04 | 395+£2,15 | 4,57
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Bang 5. Sinh truong chiéu dai dau cua tho thi nghiém
(mm/con)

Bang 9. Sinh truéng chidu dai chi sau cia tho thi

nghiém (mm/con)

Thi nghiém (mm) Dbi chimg
Tuan tudil __ _
X +SE Cv% X +SE Cv%
Tudn 4 | 80+1,30 | 10,05 | 80+0,88 11,3

Tudn 6 | 851,23 | 9,8 | 86+1,40 | 10,20

Tudn 8 | 97+1,34 | 9,44 | 96+1,25 9,22

Tudn 10| 105+1,30 | 8,76 | 100+0,80 | 8,78

Tun 12| 11811 | 8,12 | 116£1,12 | 8,00

Tuan 13| 121+£1,02 | 7,74 | 120+0,78 | 7,90

Bang 6. Sinh truéng chiéu dai tai cua tho thi nghiém
(mm/con)

Thi nghiém (mm) Pbi chimg

Tuan

woi | UQE | Cv% | y +SE | Cv%

Tudn Thi nghiém Ddi chig

XY +SE | Cv%
1524244 | 10.78
163146 | 1027
171+2,04 8,79
1801,20 | 7,66
190+1,40 6,20
195:2,00 | 5.00

tudi X +SE | Cv%
Tuan 4 | 150+1,51 | 12,00
Tuan 6 | 165£1,42 | 9,65
Tuan 8 | 170+1.00 | 8,67
Tuan 10| 180+1,36 | 7,65
Tuan 12| 195+1,46 | 5,78
Tuan 13| 200+£1,35 | 5,20

Bang 10. Sinh truong chiéu dai dudi cua tho thi

nghiém (mm/con)

Thi nghiém Doi ching

Tuan tudi } SE Cv%

60+1,17 | 14,60
60+1,17 | 14,60

X 4SE | Cv%

Tuan 4 | 60£1,32 | 15,78
Tudn 6 | 60+1,32 | 15,78

Tuan4 | 80+1,67 | 15,02
Tudn 6 | 85+1,56 | 13,39
Tuan 8 | 97+1,54 | 12,00
Tuan 10| 105+1,44 | 10,80
Tuan 12| 118+1,34 | 9,92
Tuan 13| 121£1,20 | 9,80

80+1,82 | 14,15
86+1,80 | 12,60
96+1,30 | 11,45
100+0,86 | 10,43
116+1,11 | 9,98
120+1,45 | 9,70

Bang 7. Sinh trudng kich thudc vong nguce cua tho thi

nghiém (mm/con)

Thi nghiém Dbi chimg

Tuan tuoi

X+SE | Cv% | x+SE | Cv%

Tudn4 | 150+1,74 | 7,34
Tudn 6 | 155+1,60 | 6,20
Tuan 8 | 170+1,62 | 5,34
Tuan 10| 185+1,57 | 4,70
Tuan 12| 200+1,56 | 4,60
Tuan 13| 202+1,60 | 3,98

152+1,57 | 6,70
157+1,56 | 5,79
171£1,30 | 5,43
18242,00 | 4,80
198+1,20 | 4,29
200+1,05 | 3,90

Bang 8. Sinh trudng chiéu dai chi trudce cia tho thi
nghiém (mm/con)

Tudn Thi nghiém Déi chimg

wéi | Y +SE | Cv%

Y +SE | Cv%

Tuan 4| 80+1,64 | 15,64
Tudn 6| 85+1,63 | 12,42
Tudn 8| 90+1,55 | 10,65
Tuan 10| 100+1,60 | 9,20
Tudn 12| 118+1,45 | 8724
Tuan 13| 120+1,35 | 7,70

811,57 | 13,63
85+0,89 | 10,65
90£1,50 | 9,80
101+1,46 | 8,24
115£1,60 | 8,20
116£2,01 | 7,60

Tuan 8 | 61£1,03 | 9,80 61+1,00 | 9,70
Tuan 10| 61£1,03 | 9,80 6140,90 | 9,70
Tuan 12| 63+1,00 | 5,84 624+0,90 | 6,85
Tuan 13 | 63+1,00 | 5,84 624125 | 6,85

Qua cic bang 4, 5, 6, 7, 8, 9, 10 cho thiy
cling véi sy sinh truong vé can nang la sy sinh
truong vé chiéu dai cta cac bd phan cua tho:
chiéu dai than, chiéu dai du, chiéu dai tai, kich
thudc vong nguc, chiéu dai chi trude, chi sau
va dudi. Trong d6 chiéu dai than c6 tdc do sinh
truong twong d6i nhanh, chidu dai chi trude, chi
sau, tai va kich thudc vong nguc c6 tde do sinh
truong twong duong nhau, chidu dai dudi c6 toc
dd sinh trudong rat cham, c6 giai doan hau nhu
khong tang kich thudec.

3.1.5. Chi s6 chuyén héa thirc an

Hiéu qua su dung thire an dugc trinh bay
O bang 11.

Bang 11. Chi s6 chuyén hoa thirc in cua tho thi nghiém

Tuan tudi Thi nghiém Dbi ching
Tuan 4-5 2,5 2,4
Tuan 5-6 3,30 3,44
Tuan 6-7 3,50 3,52
Tuan 7-8 3,80 3,95
Tuan 8-9 4,02 4,02
Tuan 9-10 4,50 4,50
Tuan 10-11 4,70 4,75
Tuan 11-12 5,00 5,02
Tuéan 12-13 7,30 7,06
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S6 lidu & bang 11 cho thay chi s6 chuyén
hoa thirc n ciia tho ¢ 16 thi nghiém va 16 dbi
ching khong c6 su sai khac nhidu va déu ting
dan theo tuan, theo quy ludt sinh trudng cua
gidng. Két qua nay tuong dwong voi nghién ciru
ctia Nguyén Xuén Trach va cong su (2011)7 khi
nghién ctru anh hudng cua viéc thay thé thirc
an dang vién bang rau mudng c6 chi sé chuyén
hoa thirc an 1a 3,4 - 6,4 nhung lai khong bang
két qua nghién ctru ciia Nguyén Thi Kim Pong
(2009), (2016) khi nghién ctu anh huong cua
Dia ctc thay thé Co 16ng tay va bd sung phu
pham khoai lang két hop dau dira trong khau
phan in, chi s6 chuyén hoa thirc an trong khoang
tir 3,09 dén 3,27.4° O giai doan cubi trong thoi
gian thi nghiém, tho tiéu t6n luong thirc an nhidu
hon nhung ting truéng cham lai, tudn 13 chi s6
chuyén hoa thirc an ciia 16 ddi chimg cao hon 16
thi nghiém.

3.2. Két qua md khio sat

Két qua mo khao sat tho thi nghiém duogc
trinh bay & cac bang 12, 13, 14.
Bang 12. M6t s6 chi tiéu vé kha nang san xudt thit tai
thoi diém mo khao sat

b Thi nghiém Dbi chimg

V[ Z —

T X +SE | Cv% | x +SE| Cv%
Khéi

2075+ 2075+
luong | g | 477 | H00 | 4787 [ 400
song
Khéi
luong 1500+ 1487,5+
thitmoée | & | 3535 | ¥08 | 4260 | +7
ham
Ty 1
Y e 72,29+ 71,69+
th;t‘moc % 1.23 2,95 0.62 1,50
ham
Khéi
1270+ 1250+
luong | g | yy99 | L76 | 779 | 246
thit xé
Tyle |, 61,20+ 60,24+
thitxe | 7° 1,71 4831 g 338
Khéi
luong 260+ 250+
thitdui | & | 408 | 27V | 912 | 632
trudc
Ty lé
Yy 17,33+ 16,81+
Y 0 ) )

th;tqul % 0.43 4,37 0.47 4,92
truoc

Khéi

luong 4200+ 413%+
thitdui | € | 408 | 0| 434 | 214
sau

Ty 16

thit ddi | % |28,00£0,66| 4,74 2(7)’2? 4.48
sau 2

Mo 150 19°+

bung | & | 040 |>* ] 040 |+

Ghi chu: Cac gia tri trung binh mang chit cdi a, b trén

cuing mot hang la khdc biét c6 y nghia thong ké.

Qua s liéu ¢ bang 12 ta thdy khdi lugng
thit méc ham, khdi lwong thit xé, khdi lwong thit
dui trudce trong than thit tho lai khong chiu anh
huong dang ké cua hai loai thire an bo sung nay
trong khau phan. Ty 1é thit moc ham va ty 1¢ thit
xé déu cao hon két qua nghién ctru cia Nguyén
Xuan Trach va cong su (2011, 2012) khi nghién
ctru anh huéng cua muc thay thé thic an vién
hén hop bang rau mudng, hay khi nghién ctru
anh hudéng ctia mirc thay thé co voi bang rau
mubng, ty 1& thit moc ham dao dong tir 53,9 -
60,66%; ty 1€ thit xé dao dong tir 47,6 - 53,37%."®
Ty 18 thit dui trudc twong dwong véi két qua cia
cac nghién ctu trén nhung ty 1€ thit dui sau lai
thap hon tir 3 - 5%.

S6 liéu thu dugc & trén ciing cho thiy
r0 lugng m& bung trung binh cua thé ¢ 16 thi
nghiém thap hon & 16 ddi chimg.

Bang 13. Cén ning, kich thudc cac phan ndi tang ctia

tho thi nghiém

Thi nghiém Péi chirng
PVT|[ __ . . .
X +SE| Cv% | X +SE | Cv%
Khoi
6,25+ 7,05+
lugng g 0.14 4.00 021 5.16
tim
Khoi
62,5+ 71,75+
luong g 1,44 4,00 118 2,85
gan
Khoi
=5 by
luong g ?)081 1,76 ?)581 1,66
da day ’ ’
Chiéu
o 320+ 328+
dai ruot | cm 2.04 1,10 1,08 0,57
non
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Chiéu

dai ruot 51,5% 54,75

gia (két | ™ | 096 | 22| o047 | !
trang)

Chiéu

dai 42,25+ 44,5+
manh | ™ | 110 | | o005 | >7?
trang

Ghi chu: Cac gia tri trung binh mang chit cai a, b

trén cing mot hang la khdc biét c6 y nghia thong ké

S6 liéu ¢ bang 13 cho thiy két qua dang
cha y 1a khéi lwong tim, gan, da day, chiéu dai
rudt non, rudt gia (phan két trang) cua tho trong
16 thi nghiém thip hon so vai 16 dbi chimg.
Nhu vay, khi st dung bd sung 14 cay lugc vang
trong khau phan an ty 1& ndi tang c6 xu hudng
thip hon. Két qua nay tuong tuw nghién ctru cua
Nguyén Xuan Trach va cong sy (2015) vé anh
hudng cta ty 1€ co 1ong Para va la Ché dai trong
khau phén, ty 1& ndi tang (ca chat chira) giam
xudng rd rét khi ting ty 18 14 Che dai, 12 do ham
luong chét xo giam va ty 18 tiéu hoa ting.

Bing 14. Thanh phan dinh dudng cuia thit tho thi nghiém

Chi Thi nghiém | Dbi ching
TT| tiéu thir | Pon [ —

nghiém | vi | X #SE [CVv%| x +SE|Cv%

1 | Chat kho 28,80+ | 0,74 | 29,62+ | 1,31
0,12 0,22

0

2 |Protein | 7! 20,63 | 2,01 (19,08 | 3,04
0,23 0,16

3 |Lipit 7,94+ | 0,77 [10,18%+| 2,81
0,03 0,03

4 | Tro tong 1,07+ | 7,94 1,02+ | 4,59
) 0,05 0,21

Ghi chu: Cac gia tri trung binh mang chiv cdi a, b
trén ciing mot hang la khdc biét ¢é Y nghia thong ké.

Qua bang ta thdy: Ty 1& trung binh vat chat
khé va tro tong s6 ciia tho ¢ 16 thi nghiém thap
hon 16 d6i chirg nhung khong c6 ¥ nghia vé& mit
thong ké.

Ty 1€ protein trung binh ctua tho & 16 thi
nghiém cao hon so véi 16 ddi chung la 1,55%;
ty 18 lipit trung binh ctia tho ¢ 16 thi nghiém thap
hon so v6i 16 ddi chimg 1a 2,24% c6 thé do trong

la cay lugc vang con chura beta-sitosterol co tac
dung giam lugng cholesterol.?

Céc ty 1& thanh phan dinh dudng cia thit
tho thi nghiém twong dwong véi sb liéu cua Pinh
Vin Binh va cong sy (2008).! Biéu nay ching
t6 14 cay luge vang bo sung trong khau phan an
khong anh hudng dén chat lwong thit tho ma con
lam tang ham lugng dinh dudng trong thit tho:
tang ham lugong protein, gidm ham luong lipit,
t6t cho strc khoe va phit hop vai thi hiéu nguoi
tiéu dung.

3.3. Tinh hinh bénh tat

Trong qua trinh nuoi, thé ¢ hai 16 thi
nghiém da dugc tiém phong cac loai vacxin:
Vimectin phong bénh ghé, Penstrep + Penicilyn
phong viém mii, nhung khoéng tiém phong
vacxin phong bénh duong rudt.

Két qua theo ddi tinh hinh bénh tat ciia tho
& hai 16 cho thay:

L6 thi nghiém: tho khong bi bénh. Lo
d6i chimg thoé bi mic bénh tiéu chay ¢ cac tuan
nudi: tuan thir 3 nuéi (lac tho & tuan tudi 6-7):
2 con, tuan thtr 4 nudi (luc tho & tuan tudi 7-8):
6 con, tuan tht 6 nudi (lac tho & tuan tudi 9-10):
3 con, tuan thir 7 nuéi (lac thé & tuan tudi 10-11):
2 con, tuan thir 8 nuéi (lic tho & tuan tudi 11-12):
2 con. Nhu véy, khi b sung 14 lugc vang trong
khau phan 4n di 1am giam thiéu bénh tiéu chay
0 tho do trong thanh phﬁn hoéa hoc cua 1a luoc
vang c6 chira cac hoat chét c¢6 tinh ning khang
khuén. Chemenko et al. (2007) va Olemikov et
al. (2008) tim thay hop chét isoorientin trong cay
lugc vang, va isoorientin thé hién hoat tinh khang
khudn & ndng d6 100 - 200 pg/ml.'> "' Theo DS
Xuan Cam (2009) va Nguyén Thi Ngoc Dung va
Vinh Pinh (2011), cay lugc vang chtra flavonoid
¢6 hoat tinh khang khuan.2 3 Hop chat flavonoid
gdm 2 thanh phan: quercetin dung diéu tri viém
than, viém khép hay chdng nhiém tring va
kaempferol c6 thé diéu tri cac bénh nhiém khuén.

3.4. Ty 1& nudi sbng

Pan tho thi nghiém duoc theo ddi, kiém
tra hang ngay. Két qua theo dai ty 1& nudi song
dugc thé hién ¢ bang 15.
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Bang 15. Ty 1¢ nubi séng cua tho thi nghiém qua cac
giai doan tudi (%)

Giai doan sinh Ty 1¢ nudi song (%)
truong, (Tuﬁn o Thi
tudi) boi chung nghiém
Tuin 4 - 5 100 100
Tuan5 -6 100 100
Tuan 6 - 7 96 100
Tuan7 - 8 91,67 100
Tuan § - 9 100 100
Tuan 9 - 10 95,45 100
Tuan 10 - 11 95,24 100
4. KET LUAN

Tur nhiing két qua nghién ctru trén, chiing
toi rut ra cac két luan sau:

- La cay luoc vang c6 thé dung lam thuc
an xanh bo sung trong khau phan cia tho.

- Két qua cho thay la cay lugc vang bd
sung trong khau phan n lam ting tc do sinh
truong ctia tho ¢ giai doan tir 8 - 11 tuan tudi.

- Khé nang sinh truong kich thudc cac
chiéu do co thé cua tho ciing ting dan theo sy
sinh truong khdi lwong. Cu thé: 16 thi nghiém
thi sinh truong chiéu dai than, chiéu dai dau,
chiéu dai tai, kich thudc vong nguc, chidu dai chi
trude, chiéu dai chi sau déu cao hon sinh truong
vé kich thude cac chiéu do cua 16 dbi chung &
giai doan sau cua thoi gian thi nghiém (tir tuan
10 dén tuan 13).

- Khong c6 sy khac biét nhidu vé chi s6
chuyén hoa thirc 4n giita hai 16 thi nghiém (trir
tudn 13, 16 thi nghiém c6 chi s6 chuyén hoa thirc
an cao hon 16 ddi chimng).

- B6 sung 14 cdy luge vang trong khiu
phan dn anh hudng rd rét 1én thanh phan dinh
dudng cua thit thd: ham lugng protein trung binh
cua tho ¢ 16 thi nghiém 1a 20,63%, cao hon ham
luong protein trung binh cia tho ¢ 16 ddi ching
1,55%; ham lugng lipit trung binh cua 16 thi
nghiém 1a 7,34%, thdp hon ham lugng lipit & 16
dbi ching 1 2,84%.

- Ty 1€ cac bo phan ndi tang cua tho ¢ 16
thi nghiém thap hon so véi 16 dbi chimg.

- Pic biét khi bd sung 14 cay lugc vang
trong khau phan an da lam giam thiéu déng ké
cac bénh duong rudt o tho.
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Panh gia tiem nang sinh khoi tai Binh Dinh
Pinh Quoc Viét™", Huynh Vin Nam!, Trwong Thanh TAm', Vin Dinh Son The??

'Khoa Khoa hoc Ty nhién, Truong Pai hoc Quy Nhon
2Vién Ky thudt Hoa hoc, Truong Dai hoc Bach khoa Ha Nji
3Vién Khoa hoc va Cong nghé Quéc té Viét Nam - Nhdt Ban, Tr ruwong Pai hoc Bach khoa Ha Noi

Ngay nhan bai: 22/04/2019; Ngay nhan dang: 05/08/2019

TOM TAT

Viét Nam la qudc gia dang phat trién va ¢ tiém ning sinh khdi rat 1on dé san xuit nang luong, nhién liéu,
hoa chat. Nguon sinh khdi da dang tir mia, ngd, lta, sin,... Trong bai bao nay, ching toi st dung phan mém GsT
(Geospatial Tookit) dé danh gia va udc luong tiém ning sinh khdi & mdi ving ciing nhu & tinh Binh Dinh. Phan
mém GsT tap trung danh gia ngudn sinh khdi trong nong nghiép va duoc chia ra 1am 5 loai: ciy mia, cdy lac, cdy
san, cay la va ngd. Tiém niang nang lugng dién dugc san xuét tir phu pham tir cdy la va cay ngd 1a 61850.72 and
51892.97 MWh. Cong suit thiét ké cho nha may véi tong cong sudt trong san xuat niang lwong 1a 8.83 va 7.4 MW
cho phy pham tir cay laa va cdy ngd. Ngoai ra, didc tinh nhiét cua trdu, rom, ciii ngd cho muc dich san xuit ning
luong ciing duoc phan tich va thao luan. Trong qué trinh phan nhiét phan ciia ca ba loai sinh khdi 1a trau, rom ra va
cli ngd xay ra duoc ghi nhan & khoang nhiét do tir 200°C dén 380°C. Giai doan phan hay nhiét xdy ra chdm hon
trong khoang nhiét do 16n hon 400°C va khéi lugng mau con lai tr qué trinh nhiét phan cua trdu va rom ra 16n hon
so voi clii ngd. Két qua nay c6 y nghia rat 1on trong viéc st dung ngudn sinh khdi cho san xuat dién, ning luong
va hoa chat.

T khéa: Sinh khoi, tiém nding sinh khoi, nguon sinh khéi, phan tich nhiét.

‘Tac gia lién hé chinh

Email: dinhquocviet@qgnu.edu.vn
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Evaluation of biomass potential in Binh Dinh province
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2School of Chemical Engineering, Hanoi University of Science and Technology
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ABSTRACTS

Vietnam is a developing country and has large biomas potential to produce energy, fuels and chemicals. As
an agricultural country, Vietnam has diversified biomass resource from rice crop, corn cob, cassava crop sugarcane
bagasse and peanuts crop residues,...ctc. In this approach, we used Geospatial Toolkit software (GsT) to evaluate
and estimate the potential of biomass in each region as well as Binh Dinh province. GsT focused on agricultural
biomass residue and was divided into 5 categories: sugarcane crop, peanut crop, cassava crop, rice crop and corn
crop residues. The potential of electric power produced from rice crop residues and corn crop residues is 61850.72
and 51892.97 MWh respectively. Design capacity with draw materials of rice crop residues and corn crop residues
can be used for power generation is 8.83 and 7.4 MW. In addition, we aslo analysed thermal gravimetric of rice
husk, rice straw and corn cob for energy generation. The initial decomposition of biomass in inert environment was
noticed between 200+380°C. The second decomposition of biomass in inert environment continuously occurred
above 400°C and the residue weight from pyrolysis of rice husk and rice straw were higher than of corncob. These
results have large significants in production electric, power and chemical from biomass.

Keywords: Biomass, biomass potential, biomass resources, thermal gravimetric.

1. INTRODUCTION residues and agricultural products. The total
biomass production in Vietnam in 2010 was
approximately 104.4 million tons.? The main

source of crop residues include rice straw (37.6

In the last decades, large study was
dedicated world-wide to the getting back

f fi le fuels. Bi i o . .
of energy from renewable fuels. Biomass is million tons), rice husk (7.5 million tons), trash

corn (15.0 million tons) and bagasse (7.2 million
tons)® so Vietnam has set a target of 500 MWe
capacity biomass in 2020, was raised to 2000
MWe in 2030.* According to above statistics, it

an alternative and renewable energy source,
abundantly available worldwide. The biomass
resources of Vietnam is very large. As an
agricultural country, Vietnam has the potential

of biomass energy. Agricultural residues are
the most abundant in the Mekong Delta, with
about 50% of the country’s and the Red River
Delta with 15%.! The crop residues can be
identified into two catagories — agricultural

*Corresponding author.

Email: dinhquocviet@qgnu.edu.vn

was found that the biomass resources in Vietnam
is regarded as good source, but we have no way
to accurately assess the biomass resource at this
time. While some traditional methods encounter
many problems and the data is not regularly
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updated as well as more than errors. In this
approach, we used geospatial toolkit software
to support the assessment of biomass resources
in remote areas, the data is updated regularly
with reliable results by taking into account the
peculiarities of climate and terrain as well as the
ability to exploit potential resources in the fact.*
By using geospatial software, we have evaluated
exactly a residue of some agricultural sources
such as rice, cassava, sugar cane, and the residue
of the seeds in each region. The software also
provides data on renewable energy sources on the
basis of information on geography, population,
boundaries, infrastructure, transportation.*

Biomass includes three main components
such as hemicellulose, cellulose and lignin
with traces of minerals and extractive, which
exist in the range of 19-25%, 32-45% and 14-
26% (by weight), respectively.! The percentage
of these constituents varies from biomass to
biomass. The difference in thermal response
exhibited by biomass is due to the varying
proportion of these components. Pyrolysis is
the thermal decomposition of biomass occurring
in the absence of oxygen and is the firt step in
any thermochemical conversion process, as
gasification or combustion. Thermal behavior of
biomass can be investigated applying thermo-
gravimetric analysis (TGA). TGA is the thermal
analysis technique which is now being widely
used to evaluate the thermal behavior of solid
fuels such as biomass, polymers, coal.>¢ In this
paper, we also determined the propeties related
to thermochemical conversions of rice husk, rice
straw and corn cob in nitrogen atmosphere using
thermogravimetric technique.

2. EXPERIMENT

2.1. Evaluation a potential of biomass
utilization in Binh Dinh

Geospatial is displayed maping tools,
developed by National Renewable Energy
Laboratory (NERL). This tool helps energy
planners, project developers and reseachers to
identify a region of the country has the potential

for renewable energy projects. This tool also
provides data and information on renewable
energy sources with information about
geography, concentrated residential location,
borders, infrastructure, transport and energy.
Morever, this tool is integrated with HOMER
software, a simulation model to optimize the
electrical system, originally developed by
NREL and now owned by Homer energy LLC.
Homer software integrated with this tools can
automatically receive data input, using weather
data to help analytically. This tool also shows the
results without the need to run HOMER model.
In addition, this tool has the ability to calculate
potential electricity power to set up project
building power plants from renewable energy

sources with different scales.

2.2. Thermogravimeric study on biomass
agricultural residues

The agricultural residues were collected
from field and dried for a period of 2-3 weeks.
The samples were kept in closed polyethylene
bags to avoid contamination prior to carrying
out the tests. The samples were milled to powder
and sieved to a particle size less than 1 mm
before carrying out the tests. Moisture content
was determined using the ASTM E871 standard.
The proximate analysis was used to determine
the volatile matter, fixed carbon and ash content.
Volatile matter was measured by following
procedures described in ASTM standard E872.
The heating value of the samples was calculated
from equation:’

HHV=19.2880-0.2135xVM/FC+
0.0234xFC/ASH-1.9584xASH/VM.

The ash of biomass was prepared according
to ASTM 1755, biomass samples were burned in
the oven at 575°C until the weight unchanged.
Thermogravimetric analysis (TG/DTA) with
PerkinElmer PYRIS Diamond model was used
for both pyrolysis analysis. 10 mg sample was
loaded into an alumina crucible and heated at
programmed temperature by the rate of 5 °C/min
in nitrogen environment. Fuel properties
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of biomass can be conveniently grouped
into physical, chemical, thermal properties.
Important chemical properties of biomass relate
to proximate analysis, heating value. Proximate
analysis of a biomass fuel sample involves the
determination of moisture, volatile matter, ash
and fixed carbon content.

3. THE RESULTS AND DISCUSSION

3.1. Potentials of electric energy produced
from rice residue in Binh Dinh

Geospatial software that can display a
diagram of biological fuels in Vietnam. This
number can show us any area of biomass residues
from rice, cassava, sugarcane and grains. In
addition, this software is capable of identifying a
specific reserve biomass of a district, a province
or any area. Based on the map of biomass
reserves, we see all kinds of biomass reserves
in each region are very different. However,
Geospatial Software has provided specifically
numbers for each area of the province, each

I 60000 - 130000 (tons/yr)
B 130000 - 225000 (tons/yr)
M 225000 - 1500000 (tons/yr)

(a) Corn cob residues

volumn of biomass in that province. We can see
in central provinces of Vietnam have abundant
biomass from sugarcane, peanut, cassava, corn
cob, rice husk and rice straw from Quang Ngai,
Binh Dinh, Phu Yen. It can be seen that the main
biomass residues in Vietnam are agricultural
waste and wood fuels. The most important
agricultural wastes are rice husk, rice straw,
cassava, sugarcane bagasse and trash, corn,
maize, sugarcane and grains. The account for
about 57% of the total biomass and 93% of
agricultural biomass capacities in Vietnam.

By using this GsT, we can evaluate and
assess biomass reserves of the province and
surrouding area to choose plant location, scale
production of material resources. According to
Figure 1, the potential biomass of Binh Dinh
province is very abundant, especially, with
products from Rice because Binh Dinh is one
of the largest rice growing provinces in Vietnam
so we can utilize rice husk and rice straw for
gasification process to produce energy.

80000 - 285000 (tons/yr) -
285000 - 550000 (tons/y) Binh
&L 550000 - 900000 (tons/fyr) =
900000 - 1850000 (tons/yr)
& 1850000 - 6800000 (tons/...

5 y

(b) Rice crop Residues

Figure 1. Geographical distribution of residue of corn cob (a), residue of rice (b)
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Table 1. Proximate analyses of Binh Dinh agriculture residues

Characteristics Rice husk Rice straw Corn cob
Proximate analysis

Moisture (%) 3.67 12.03 8.45
Volatile matter (%) 62.15 58.74 74.67
Ash (%) 18.01 14.56 2.45
Fixed carbon (%) 16.17 14.67 14.43
HHV (MJ/kg) 17.92 17.97 18.26

The input parameters include buffer
distance (km), obtainable (%), energy content of
rice husk, rice straw and corn cob (MJ/kg), heat
rate (MJ/kWh), then Geospatial Software will
calculate the potential power production. After
performing Run Query, Geospatial Software
will outsome parameters such as Gross Potential

3.2. The proximate analysis, ultimate analysis
and LHYV of biomass samples

The proximate analysis, ultimate analysis
and LHV of biomass samples were shown in
table 1. In air dry condition, the moisture of rice
straw was 12.03% and it higher than rice husk
3.67% and corn cob 8.45%. The rice straw and

100+ —0O—corn cob
—o—rice husk
—&— rice straw
2804
£ 80+
o
404
204
” ] - 1 b T ] L) T " ) o T " 1
0 100 200 300 400 500 600 700 800

Temperature (FC)

Figure 2. TG curves of biomass samples at heating rate by 5°Cmin’' in nitrogen environment.

Energy, Net Potential Energy, MWh potential,
MW potential. From the results calculated by
Geospatial Toolkit, electrical potential energy
for rice crop residues and corn crop residues
is 61850.72 and 51892.97 MWh/year. Design
capacity with draw materials of rice crop residues
and corn crop residues can be used for power
generation is 8.83 and 7.4 MW, we only need to
use 50+60% of total output from rice crop and
corn crop residues for electricity generation, the
amount of electricity produced is very large.

rice husk has high ash content and it value in a
range of 14+18%. The volatile of rice husk was
62.15% and of rice straw was 58.74%. Fixed
carbon of both samples was approximately 15%.
The proximate analysis of rice husk was similar
to that reported by S.J. Yoon.® The corn cob had
volatile matter approximately 74.67% and very
low ash content. The fixed carbon of corn cob was
14.43%. There weren’t significant differences in
calorific energy in the different biomass. For the
rice husk and rice straw, calorific energy varied
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Table 2. Thermal degradation of biomass in nitrogen environment

First decomposition Second decomposition Residual

Temperature Weight loss Temperature Weight loss weight
range (C) %) range (C) %) %)
218-357 479 357-800 12.9 329
207-339 41.7 339-800 13.4 322
192-329 53.9 329-800 22.1 17.1

between 17.92+17.97 MJ/kg. The high heating
value of corn cob (18.26 MJ/kg) is higher than
two kind of biomass. The results of calorific
energy analysis of biomass in Binh Dinh could
be helpful to turn crop and forage residues into
power.

3.3. The thermal degradation of three
agricultural residues in the inert atmosphere

The non-isothermal weight loss (TG) curves
for threes biomass samples at 5°C/min under
nitrogen atmosphere was showed Figure 2. It
could be said that their thermal behavior was
similar to each other. Three distinct weight loss
stages could be identified and it is agreement
with other research. The weight loss of each
stage was mentioned in Table 2. The first stage
correspondingtothe demoisturization of biomass.
In the second stage (first decomposition), it is a
rapidly devolatilisation in a narrow temperature
range (approximately 200+400°C) of biomass.
The devolatilisation of biomass started at 218°C,
207°Cand 192°C forrice husk, rice straw and corn
cob, respectively. There was 47.9% weight loss
for rice husk, 41,7% for rice straw and 53.8% for
corn cob. Hemicellulose, cellulose and lignin are
the major component of this temperature range.
Hemicellulose decomposition take place in the
range of 200+350°C, cellulose is decomposed
in the range of 350+500°C and partial of lignin
also decomposed in this temperature range.’ For
third stages in the range of 400+-800°C (second
decomposition), all biomass samples had a much
lower weight loss in comparison to the second
stage. The weight loss for corn cob was 22.1%.
While for rice husk and rice straw, the weight

loss was 12.9% and 13.4%, respectively. For this
stage, Sonebe at al reported that the char consists
of the residue of lignin and some cross-linking
of cellulose with lignin continues to further
exothermic polymerization stage of char.'
The explanation assumes that at the higher
temperature, the polymerization of biomass char
continuously occurred and the polymerization
reaction is depended on the unique properties of
biomass char.

4. CONCLUSION

This paper evaluated and estimated the
biomass potential of Vietnam as well as Binh
Dinh province through the use of Geospatial
Software. The results of electrical potential
energy for rice crop residues and corn crop
residues is 61850.72 and 51892.97 MWh/year,
respectively. Design capacity with draw materials
of rice crop residues and corn crop residues can
be used for power generation is 8.83 and 7.4
MW. This tool helps energy planners, project
developers and researchers to identify a region
of the country has the potential for renewable
energy projects. Proximate and ultimate analyses
also showed that all biomass agricultural
residues are appropriated for gasification for
energy and heating demand. Thermogravimetric
analysis (TGA) on three biomass samples (rice
husk, rice straw and corn cob) was conduct at
heating rate of 5°C/min in an inert atmosphere.
The moisture removal occurred below 120°C.
The initial decomposition of biomass in inert
environment was noticed between 200+380°C.
The second decomposition of biomass in inert
environment continuously occurred above 380°C
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and char from pyrolysis of rice husk and rice
straw were higher than of corncob. The tested
biofuels the most intensive process should took
place in temperature range around 218+350°C,
207+339°C and 192+329°C for rice husk, rice
straw and corn cob, respectively. As a result of
pyrolysis for this temperature range for tested
biomass, a high conversion level of solid fuel
into gas and volatilization was obtained.
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va doé bén cua phurc gitra CO, va CH,OCHX,
(X = H, F, Cl, Br, CH,)
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TOM TAT

Céu tric, do bén va anh hudng ctia nhém thé dén phire gitta CH,OCHX, va CO, dugc nghién ctru bing
phuong phap tinh tir dau ab initio. Nang lugng twong tac hiéu chinh ZPE va BSSE tai muc 1y thuyét MP2/aug-cc-
pVTZ//MP2/6-311++G(2d,2p) cua cac phtc c6 gia tri khoang tir -2,8 kJ.mol"!' dén -15,1 kJ.mol". Pang chu ¥, su
thé 2 nguyén tir H bang 2 nguyén tir halogen 1am giam d6 bén cua phtrc khoang 1,4-2,6 kJ.mol"!, trong khi do, su thé
2 nhém -CH, lam ting do bén ctia phirc khoang 1,8 kJ.mol". D§ bén cua céc phirc thé halogen CH,OCHX,1CO,
¢6 xu hudng ting khi nhom thé thay dbi tir F, dén Cl1 va dén Br. Két qua phan tich AIM va NBO cho thy céc trong
tac hinh thanh déu 1a twong tac yéu khong cong hoa tri, trong do lién két tetrel C--O dong vai tro quyét dinh dén su
lam bén phirc. Ngoai ra, két qua phan tich SAPT2+ cho thay su dong gop dang ké ciia ning lugng tuong tac tinh
dién so v6i cac hop phan phéan tan va cam tmg khi hinh thanh phtc.

Tir khéa: Dimethyl ether, carbon dioxide, lién két tetrel, lién két hydro.

*Tac gia lién hé chinh.
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ABSTRACT

The structures, stability and effect of substituents on the complexes of CH,OCHX, with CO, were examined

by ab initio quantum calculations. The interaction energies corrected both ZPE and BSSE at MP2/aug-cc-pVTZ//
MP2/6-311++G(2d,2p) range from -2.8 kJ.mol! to -15.1 kJ.mol!. It is remarkable that the substitution of two H
atoms by di-halogen ones leads to a decrease of 1.4-2.6 kJ.mol"! in energy while that by two methyl groups induces
a stabilization enhancement of 1.8 kJ.mol"'. The stability of CH,OCHX,-1CO, di-halogenated derivatives tends
to increase from X = F via Cl and to Br. AIM and NBO results indicate that intermolecular interactions are weakly

noncovalent interactions, and the C---O tetrel bond plays the crucial role in stabilizing complexes. In addition,

SAPT2+ analysis shows a significant contribution of the attractive electrostatic component as compared to the

dispersion and induction one in complex stabilization.

Keywords: Dimethyl ether, carbon dioxide, tetrel bond, hydrogen bond.

1. INTRODUCTION

Nowadays, supercritical carbon dioxide
(scCO,) is used in many fields including the
separation and extraction processes, synthesis
of nano-oxide, polymer and copolymer and
even cosmetic and pharmaceutical industries.'
These applications are developed relying on the
preeminent physicochemical properties of scCO,
such as low cost, non-toxic and environmentally
friendly.” Although scCO, provides great
economic efficiency, it exists limitations in the
ability to solvate polar compounds and high-
molecular-weight ones. Many efforts have been
done to find the enhancing applicability of scCO,
through the use of “CO_-philes”.*'* Therefore, in
order to improve the efficiency of using scCO,

*Corresponding author:

Email: nguyentientrung@gqnu.edu.vn

solvents and find the CO -philic materials, it is
necessary to elucidate the factors affecting the
solubility of organic compounds in scCO, solvent
as well as understand the nature of intermolecular
interactions. Recently, series of computational
studies on the interactions between CO, and
simple organic compounds such as CH,OCH,,
CH,OH, CH,OH, CH,SOCH,, CH,SSCH,,
CH,COCHX,, CHX=CHX, XCHZ (X =CH,, H,
F, Cl, Br; Z = O, S) have been investigated.'-'6
In which, these complexes are mainly stabilized
by C:+-O tetrel bond and an additional role of
C-H---O hydrogen bond.

Dimethyl ether (DME) is known as a
low cost, popular solvent and has been used in
variety of fuel applications.!” Some experimental
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and theoretical studies on structure and
characteristic of intermolecular interactions of
DME..-CO, complexes were carrie dout.'"*'*!
The previous study showed that the weak
hydrogen bond contributes a considerable
amount of stabilization energy of DME---CO,
complexes."” However, according to the result
reported by Trung et al.,” there is no hydrogen
bond in DME.--CO, system. Therefore, the
presence of hydrogen bond in complex of DME
with CO, has not revealed yet. Besides, the
effects of halogenated- and methyl- substitution
on the stability and characteristics of complexes
between CO,and CH,COCHX,and CH,SZCHX,
(2=0, S; X=H, F, Cl, Br, CH,) were examined,'*"”
but these influences on DME---CO, complexes
have not been investigated yet. Thus, in this
work, we set out the quantum calculations on the
complexes of CH,OCHX, (X=H, F, Cl, Br, CH,)
with CO, at the molecular level to investigate
the geometrical structures, the properties and
role of intermolecular interactions in complex
stabilization.

2. COMPUTATIONAL METHODS

The optimized calculations  for
CH,OCHX, - 1CO, complexes and isolated
monomers were carried out using the second-
other Moller-Plesset perturbation (MP2) in
conjunction with 6-311++G(2d,2p) basis set.
The vibrational frequency was calculated at the
same level of theory to find the local minimum
on the potential energy surface, and to estimate
the zero-point energy (ZPE). The total electronic
energies and basis set superposition error (BSSE)
were calculated at MP2/aug-cc-pVTZ with
geometries obtained at MP2/6-311++G(2d,2p).
The interaction energies were quantitively
determined following the supramolecular
method?’ as shown:

AE = Ecomplcx o ZE

monomer

The properties of intermolecular
interactions are characterized through selected
parameters at bond critical point (BCP) such
as electron density (p(rc)), Laplacian (Vp(rc)),

and total electron energy density (H(rc))
using atoms in molecules theory (AIM). The
AIM calculations were performed at MP2/6-
311++G(2d,2p) using AIM2000 software.”’ NBO
analysis using NBO 5.G software was carried
out to analyze electron density transfer and
second order perturbation energy (E®).* Proton
affinity (PA) at O of CH,OCHX, monomers
and deprotonation enthalpy (DPE) of C-H
bonds involving hydrogen bond were estimated
at MP2/6-311++g(2d,2p) level of theory. All
quantum calculations mentioned above were
executed with the Gaussian 09 package.?

SAPT2+ analysis were carried out by
PSI4 software** to determine the contribution
of energetic components into the stabilization
energy. The interaction energy of the complexes
is analyzed into physical components including
exchange (E_ ), electrostatic (E ), induction

(E,,») and dispersion term (E ).

3. RESULTS AND DISCUSSION
3.1. Structure and stability

Stable structures formed by interactions
of CH,OCHX, (X = H, F, Cl, Br, CH,) with
CO, are presented in Figure 1, denoted by D1-X
and D2-X where X = H, F, Cl, Br, CH,. The
intermolecular distances of studied complexes
are listed in Table 1.

D1-X

Figure 1. Stable structures of CH,OCHX,--1CO

complexes

2

From Figure 1, CH,OCHX, -1CO,
complexes are stabilized by intermolecular
contacts including C---O, C—H--O and X---O (X
= F, Cl, Br) interactions. For D1-X complexes,

all C---O distances are in the range of 2.66-
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2.75 A, considerably shorter than sum of van
der Waals radii of two relevant atoms (3.22 A).
This gives the first evidence for the formation of
C--O tetrel bond. The symmetry of D2-H is C,,
and consistent with result of previous study." The
O-H distances in D1-Cl and D1-Br are 2.69 A
and 2.72 A, respectively, shorter than or very close
to sum of van der Waals radii of relevant atoms
(2.72 A) while those in the remaining complexes
are longer ranging from 2.78 A to 2.96 A. For
D2-X, all C---X (F, Cl, Br) distances range from
3.00 to 3.60 A, slightly shorter or close to the
sum of van der Waals radii of two corresponding
atoms (3.17-3.55 A), indicating the formation of
C--X (X=F, Cl, Br) interactions.

Table 1. Intermolecular distances (A) of
CH,OCHX,+-1CO, complexes

D1-X

X H F Cl  Br CH,

R, 269 275 273 273 2.66

R, 296 285 272 269 278
D2-X

X H F Cl  Br CH,

R, 310 3.00 347 360 -

R, 320 3.00 347 360 -

R 309 340 338 336 -

Lo

The interaction energies corrected ZPE
and both ZPE+BSSE of studied complexes at
MP2/aug-cc-pVTZ//MP2/6-311++G(2d,2p)
are summarized in Table 2. The correlation in
interaction energies D1-X and D2-X structures
are described in Figure 2. In general, all values of
the interaction energies are negative, indicating
that the reactions between CH,OCHX, and
1CO, are favorable thermodynamics. Indeed, the
interaction energies range from -4.5 kJ.mol™! to
-18.3 kJ.mol"!' with only ZPE correction and from
-2.8 kJ.mol"! to -15.1 kJ.mol"! with both ZPE and
BSSE corrections (cf. Table 1). A similar trend
for the interaction energies with and without
BSSE correction is observed. Consequently,

only the interaction energies corrected ZPE+
BSSE are used in the following discussions.

Table 2. Interaction energies corrected ZPE (AE) and
ZPE+BSSE (AE")

AE AE’ AE  AE’
D1-H -15.7 -133 D2-H -45 -28
D1-F -13.4  -10.7 D2-F -10.8 -8.1

D1-Cl1 -147 -11.7 D2-CI -12.7 9.8
D1-Br -16.4  -11.9 D2-Br -16.1 -104

DI-CH, -183 -I5.1

All values are in kJ.mol™!

With the same substituents, the interaction
energies of D1-X complexes are more negative
than those of D2-X, implying that the former
geometries are energetic-favored than the later
ones. Thus, CO, counterpart favors to locate
around O atom of DME to form the stable
structures. For D1-X system, AE" has negative
value ranging from-10.7 kJ.mol ' to-15.1 kJ.mol"!
and its magnitude increases in order: D1-F <D1-
Cl < D1-Br < D1-H < D1-CH,, indicating that
the strength of complexes also increases in this
order. Furthermore, D1-H complex represents
an interaction energy of -13.3 kJ.mol", in well
agreement with the value of -13.7 kJ.mol!' at
CCSD(T)/aug-cc-pVTZ//MP2/aug-cc-pVTZ."?
Moreover, Ginderen et al.'' also reported D1-H as
the global minimum structure of CH,OCH,--CO,
system with an interaction energy (without
BSSE) of -15.58 kJ.mol!, completely consistent
with the calculated value of -15.7 kJ.mol' in
this work (cf. Table 1). The substitution of two
H atoms by two halogens leads to a decrease in
the strength of CH,OCHX --1CO, complex by
1.4-2.6 kJ.mol"! while that of two methyl groups
leads to an enhancement of 1.8 kJ.mol' in
complexation energy. The effect of substituents
on the complex stability is consistent with the
results of halogenated- and methyl- substitutions
on complexes of acetone and CO,."
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Figure 2. The difference in interaction energies (with
ZPE and BSSE) of CH,0CHX-1CO, complexes

For D2-X complexes, the stability of di-
halogenated derivatives is significantly higher
than that of DME which increases in order:
D2-H < D2-F <D2-Cl < D2-Br. From geometric
structure of D2-X complexes, they are stabilized
by two C--X interactions and an additional
cooperation of the C—H---O interactions, except
D2-H with only two weak hydrogen bonds. The
fact is that the electronegativity decreases from
F via CI to Br. Therefore, the C---X interactions
(X =F, Cl, Br) existed in D2-X complexes are
predicted to be electrostatic in nature.

The interaction capacity of CO, with
CH,OCHX, are significantly stronger than that
of CH,, C,H, and CH,SCH, by 7.7-12.1, 8.4-
10.2 and 0.8-5.2 kJ.mol'; respectively.'* !¢ 2°
Moreover, for the same halogenated-substitution,
the complexes of CO, and CH,OCHX, are also
more stable than the corresponding XHC=CHX
onesby4.1-4.5kJ.mol"."* Therefore, CH,OCHX,
is predicted to be an effective functional group in
aiming of CO, capture.

3.2. SAPT analysis

SAPT2+ analysis for D1 complexes is
performed to better understand the nature and
role of each energetic component into the total
stabilization energy of CH,OCHX,-1CO,
complexes. The contribution percentages of
different energetic components including
electrostatic, induction and dispersion of D1-X
energetic-favored complexes are described in
Figure 3.

mEelst mEind OEdisp

bbbl

D1-F D1-C1 D1-Br DI1-H D1-CH3
Complexes

- [=))
o o
1 J

o
o
1

Percentage

Figure 3. Contributions (%) of physical energetic

terms

It is showed that the attractive electrostatic
term mainly contributed to the stabilization
of CH,OCHX,1CO, system as compared to
dispersion and induction ones. In particularly, the
contribution of electrostatic attraction component
ranges from 49.5% to 57.4%, considerably larger
than that of two remaining counterparts, which is
roughly 31.8% -38.6% for dispersionand 10.5% -
12.5% for induction one. For the halogenated-
substituted derivatives, the percentage of
attractive electrostatic term is decreased in going
from -F via -Cl to -Br, while that of dispersion is
slightly increased in this order. The interaction
energies taken from SAPT2+ approach are
estimated from -13.2 kJ.mol! to -18.0 kJ.mol!,
which the magnitude increases in order F < Cl <
Br < H < CH, and consistent with those derived

from supramolecular theory.

For D2-X complexes, the contributions of
electrostatic, induction and dispersion terms are
about 18.4-42.1%, 8.3 - 19.1% and 41.6 - 62.4%,
respectively. Going from D1-X to D2-X, there
is a change of the main contribution component,
which is going from electrostatic to dispersion
one, respectively.

3.3. An AIM analysis

The molecular graphs of CH,OCHX 1CO,
complexes according to AIM approach are
shown in Figure 4 (Red points denote the BCPs).
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| ?

D2-H

D2-F

D2-Cl

Figure 4. Topological of CH,OCHX,-1CO, complexes (X =H, F, Cl, Br, CH,)

The existence of BCPs
contacts of the two molecules, demonstrating

between the

the formation of intermolecular interactions
(cf- Figure 4). The selected features at BCPs of
intermolecular interactions are collected in Table
3 to investigate the properties of intermolecular
interactions. In general, the electron density,
Laplacian and total electron energy density at
BCPs of all interactions formed are in the range

of 0.0032-0.0144 au, 0.0128-0.0589 au and
0.0007-0.0020 au, respectively; indicating that
they are weakly non-covalent interactions.?¢-2

The proton affinity at O site and
deprotonated enthalpy of the C—H involved C—
H---O hydrogen bond of isolated monomers are
summarized in Table 4 to further investigate the

effect of substituents.

Table 3. Selected parameters (au) of CH,OCHX,-1CO, complexes (X = H, F, Cl, Br, CH,)

D1 Contact p(re) | V¥p(re) | H(re) | D2 Contact p(re) V2p(re) | H(re)
H | O1:C8 0.0135 | 0.0589 | 0.0020 C2-H11--010 0.0038 | 0.0155 | 0.0010
F | O1--C8 0.0117 | 0.0527 | 0.0020 ! C4-H7--09 0.0032 | 0.0128 | 0.0007

01:Cé6 0.0121 | 0.0540 | 0.0020 F11(12)-010 0.0058 | 0.0306 | 0.0017

“ C4-H6--07 | 0.0056 | 0.0247 | 0.0011 ‘ C2--010 0.0042 | 0.0177 | 0.0010

01-C8 0.0121 | 0.0538 | 0.0020 CI11(12)-+-010 | 0.0049 | 0.0183 | 0.0009
. C2-H3--010 | 0.0060 | 0.0255 | 0.0011 “ 010--C2 0.0045 0.0191 | 0.0011
Brl11(12)--010 | 0.0049 | 0.0169 | 0.0008

CH, | O1--C8 0.0144 | 0.0614 | 0.0019 | Br
C2-H3--010 0.0046 | 0.0198 | 0.0011
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For D1-X complexes, the p(rc) values
at BCPs of O--C tetrel bonds are enhanced
in order of D1-F < D1-Cl = D1-Br < D1-H <
D1-CH,. This means that the O--C tetrel bond
becomes stronger in D1-CH, and weaker in
halogenated derivatives, as compared to that
in CH,OCH,"1CO, complex. This change is
explained based on the gas phase basicity at the
O site increases as followed: CH,OCHF,<CH,
OCHCI,<CH,0CHBr,<CH,0CH,<CH,0CH
(CH,), (¢f- Table 4). Furthermore, the DPE values
of isolated monomers show that the polarization
of the C—H bond increases in the sequence CH,
~ H < F < Cl< Br. This result is confirmed by
the existence of C—H:--O hydrogen bond in D1-
Cl and D1-Br and no hydrogen bond formed in
the remaining complexes. Taking into account
the strength of C—H---O hydrogen bond, its p(rc)
value at BCP in D1-Br is slightly higher than that
in D1-Cl. Combined AIM results and energetic
parameters, CH,OCHX-1CO, complexes are
mainly stabilized by the C--O tetrel bond and
an additional role of C—H--O hydrogen bond.
Regarding D2-X complexes, it is existed the
O--X (F, Cl, Br) interactions in which are slightly
reinforced from Br via Cl to F. These interactions
are predicted to be electrostatic in nature due to
the electronegativity of halogenated atoms also

decreases in the same order.

The substitution of halogen and methyl
group leads to a significant change in the strength
of intermolecular interactions and stability
of complexes. It is explained by the electron
density withdrawing effect of halogenated
groups, which causes a decrease electron density
at O site and the largest decrement belongs to
F-substituted derivative, followed by -Cl and
finally, by -Br one. In contrast, the presence
of -CH, groups instead of -H atoms results in a
slight enhancement of the electron density at the
O site as compared to CH,OCH,.

Table 4. PA at O atom and DPE of C-H bond of
CH,OCHX, (in kJ.mol ")

Monomers PA DPE

CH,OCH, 788.3 1728.9

CH,OCHF, 700.2 1694.1

CH,OCHCI, 714.8 1607.5

CH,OCHBEr, 718.2 1576.5

CH,OCH(CH,), 826.3 1725.8
3.4. An NBO analysis

The charge transfer and the formation
of intermolecular orbital interactions upon
complexation are examined at MP2/6-
311++G(2d,2p). The electron density transfer
(EDT, me) and second-order perturbation energy
(E®, kJ.mol") are gathered in Table 5.

The existence of intermolecular
interactions is confirmed by means of EDT from
Lp(O) and o(C—H) orbitals to ©n*(C=0) and
0*(C—H) anti-bonding orbitals. The EDT values
of CH,O0CHX, are positive in range of 0.4-6.0
me, implying that electron density transfers
from DME and its derivatives to CO, monomer.
The EDT value of the halogenated-substituted
complexes is smaller than that of the remaining
ones due to the electron withdrawing effect of

halogen atoms.

Generally, the second-order energies
of orbital interactions in D1-X complexes are
considerably higher than those of in D2-X
CH,0CHX,1CO,
complexes favor D1 geometry. The E®
values of Lp(O)—n*(C=0) delocalization
in D1-X complexes range from -8.6 to -12.5

ones supporting that

kl.mol'!, significantly larger than those of
Lp(O)—c*(C—H) by 8.3-11.5 kJ.mol'. This
result confirms the dominant role of the former
interactions as compared to the later. For D2-X
complexes, the E® of Lp(X)—n*(C=0) (X =F,
Cl, Br) is roughly 1.5—1.8 kJ.mol"', which is the
main interactions of these complexes.
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Table 5. EDT and E® for CH,OCHX,-1CO, complexes

EDT* Orbital interaction E®

D1-H 6.0 | Lp(O1)>n*(C8=09) 11.3
Lp(O1)—n*(C8=09) 8.6

D1-F 2.7
Lp(010)—c*(C2—-H3) 1.0
Lp(O1)—n*(C6=08) 8.8

D1-Cl 2.3
Lp(O7)—>c*(C4—H5) 0.7
Lp(O1)—>r*(C8=09) 8.7

D1-Br 1.9
Lp(010)—>c*(C2-H3) | 0.5
Lp(O1)—>*(C8=010) | 12.5

D1-CH,| 4.5
Lp(010)—c*(C2-H3) 0.3
o(C2—

D2-H 0.4 0.2
H12)—n*(C8=010)
Lp(F11)>n*(C8=09) | 1.8

D2-F | 3.1 | Lp(F12)— n*(C8=09) | 1.8
Lp(010)—c*(C2—-H4) 0.3
Lp(Cl11)—>x*(C8=09) 1.8
Lp(Cl12)—>n*(C8=09) | 1.8

D2-Cl 34
Lp(010)—c*(C2—H3) 0.2
Lp(010)—c*(C2-H5) 0.2
Lp(Brl1)—>n*(C8=09) | 1.7
Lp(Br12)—»n*(C8=09) | 1.7

D2-Br | 3.2
Lp(010)—c*(C2-H3) 0.5
Lp(010)—c*(C2-H5) 0.3

* the EDT values of CH,OCHX, monomers

4. CONCLUSIONS

The interactions of CO, with CH,OCHX,
(X = H, F, Cl, Br, CH,) induce nine stable
complexes on the potential surfaces with two
geometries including D1-X and D2-X at MP2/6-
311++G(2d,2p). The interaction energies with
both ZPE and BSSE of these complexes range
from -2.8 kJ.mol'! to -15.1 kJ.mol' at MP2/
aug-cc-pVTZ//MP2/6-311++G(2d,2p) level of
theory. SAPT2+results indicate that the attractive
electrostatic energy is the main contribution
overcoming dispersion and induction energetic
components in stabilizing the complexes.

D1-X is found to be energetic-favored

structure as compared to D2-X one. The
halogenated-substituted
a decrease in the complex strength while

derivatives cause

methyl-substituted one leads to a stabilization
enhancement, which is described in order F < Cl
< Br <H < CH,. The C---O tetrel bond plays the
main contribution into the stability of complexes
with the complement of C—H---O hydrogen bond,
and all intermolecular interactions are weakly
non-covalent interactions.
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Theoretical study on adsorption of organic molecules
containing benzene ring onto rutile-TiO, (110) surface
using density functional theory method
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ABSTRACT

In this study, the adsorption of benzaldehyde, benzoic acid, anilinee, phenol and benzenesulfonic acid
molecules on the surface of rutile-TiO, (110) is investigated in detail by using the density function theory
calculations. Interactions between the molecules and rutile surface are fully considered via quantum chemical
analyses. These processes are evaluated as chemical adsorption with adsorption energies in the range of -12.9 to
-31.1 kcal.mol™. The stability of investigated configurations is contributed by the Ti---O/N electrostatic interactions
and the O/N/C-H---O hydrogen bonds. Calculated results indicate that the adsorption capacity of these molecules
on rutile-TiO, (110) surface decreases in the order of -SO,H > -COOH > -NH, > -CHO > -OH derivatives.

Keywords: Adsorption, organic molecules, material surface, rutile-TiO, (110), DFT.
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Nghién ctru ly thuyét sw hap phu cac phén ti hivu co
chira vong benzen lén bé mé't rutile-TiO, (110) st dung
phwong phap phiém ham mat dé

Huynh Thi My Phiic', Nguyén Ngoc Tri', Nguyén Tién Trung"*

'Phong thi nghiém Hoéa hoc tinh toan va M6 phong, Khoa Khoa hoc ty nhién,

Truong Dai hoc Quy Nhon

Neay nhdn bai: 13/08/2019; Neay nhdn déing: 13/09/2019

TOM TAT

Trong nghién ciru nay, su hap phu cac phén tir benzaldehyde, benzoic acid, aniline, phenol, benzenesulfonic

acid 1én bé mat vat liéu rutile-TiO, (110) dugc nghién ctru mot cach chi tiét sir dung céc tinh toan theo thuyét phiém

ham mat d6. Su twong tac gitra cac phan tir va bé mat rutile-TiO, (110) dugc xem xét day du thong qua cac phuong

phap héa hoc lwong tir. Cac qua trinh nay dugc danh gia 1a hap phu hoa hoc véi niang lwong hip phu trong khoang

-12,9 dén -31,1 kcal/mol. Do bén cac phirc khao sat duge dong gop boi cac tuong tac tinh dién Ti---O/N va céc lién

két hydro kiéu O/C/N-H:--O. Két qua tinh toan cho thdy, kha ning hip phu cac din xuét thé benzen trén bé mat
rutile-TiO, (110) gidm theo thit ty cac dan xuét thé -SO,H > -COOH > -NH, > -CHO > -OH.

Tir khéa: Sw hdp phu, cac phan tir hitu co, bé mdt vat liéu, rutile-TiO, (110), phwong phap DFT.

1. GIOI THIEU

Nhirng thap ky gan day, TiO, da va dang
dugc nghién clru va ing dung rdng rai trong cac
linh vuc khoa hoc va cdng nghé, nhu ung dung
trong cac thiét bi cam bién khi, dung lam vat
liéu x0c tac quang, pin mat troi,..."* Cac nghién
ctru cho thdy sy phan huy cua cac phan tir hitu
co trén bé mit cua chét xiic tac quang TiO, phu
thudc vao hoat tinh xtic tac va kha nang hap phu
cua cac dang bé mit vat lidu Ti02.4 Trong )
cac dang bé mit TiO,, bé mit rutile-TiO, (110)
(r-TiO,) dugc danh gi 1a bé mét bén nhat dang
rutile va duoc quan tim nghién ctru nhiéu.’ Sy
hap phu cta phan tir hitu co 1én bé mat r-TiO,
dang dugc nhiéu nha khoa hoc quan tdm khao
sat. Mot s6 két qua cho thdy, cac acid carboxylic
nhu benzoic va terephthalic hip phu t6t trén bé
mit r-TiO,.%7 Gan day nhat, Trung va cong su

‘Tac gia lién hé chinh.
Email: nguyentientrung@gqnu.edu.vn

d3 nghién ctru vé su hip phu céc acid (formic,
acetic, benzoic), phenol va nitrobenzen trén
bé mat rutile-TiO, (110) su dung céc tinh toan
DFT.#Két qua thay rang ddy 1a sy hap phu hoa
hoc, va vai tro ctia cac tuong tac tinh dién Ti---O
va céc lién két hydro O/C-H:--O ciing duoc phan
tich mot cach chi tiét.

Quan trong hon, viéc hiéu su c6 mat, vai
trod cic twong tac yéu ciing nhu anh huong cua
cac nhom chirc hitu co gan voi vong benzen dén
su hinh thanh céc cau triic bén gitp ching ta co
cai nhin sau sic hon vé qua trinh hap phu dién
ra trén bé mat vat liéu nhu r-TiO,. Gan day, tinh
toan mo phong ngay cang dugc chu trong trong
cac nghién ciru vé moi truong, hoa hoc, y hoc,
sinh hoc,...>!° Sy tinh toan hoéa hoc lugng tur da
mang lai cai nhin sau sac hon vé co ché phan ting
cling nhu ban chit, tuong tac giita cac phan ti.
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Do d6, trong nghién ctru nay, ching t6i st dung
céc tinh toan thuyét phiém ham mat do (DFT)
dé 1am rd ban chét vai trd cia cac tuong tac, anh
hudng cta cac nhom chirc dén kha nang hap phu
cac dan xudt benzen trén bé mit r-TiO, (110).

2. PHUONG PHAP TINH

St dung chuong trinh tinh toan VASP"
dé toi wu cac phan tr hitu co, bé mat vat liéu
r-TiO, (110) va c4c phitc thu duoc. B& mat r-TiO,
(110) duoc lya chon theo cach twong tu nhu cac
nghién ctru trude day®® va supercell duoc thiét
1ap véi kich thude 3 x 2 x 2 voi do 1on cac chiéu:
a=13,24 A;b=9,10 A; c=25,00 A, dugc minh
hoa & hinh 1. Trong tit ca cac tinh toan, phiém
ham trao d6i twong quan PBEtrong su gan diing
téng quat (GGA) duoc lya chon sir dung, véi
o = 200 eV, Céc diém k-points
trong khong gian mang dao dugc xem xét va tinh

nang luong E

tai trung tdm Gamma voity 1€ 2 x 2 x 1.

Ning luong hip phu (E,,) va nang luong
tuong tac (E, ) cua cac phirc dugc tinh theo céc
biéuthtcsaw:E =E -E ~E ;E =E -E*-
E_*. Trong do: E, E, E_la nang luong cho cac
cAu tric tbi vu cla cac phuc, bé mit, phan ti;
E* E_*l1a nang luong diém don cua cac bé mat
va phan tir twong tmg dugc tach ra tir cau tric
t6i wu cia cac phirc va khong toi vu lai. Ning
luong bién dang cho cac phan tir va bé mit sau
qué trinh hip phu (Epop Ep.ous tuong tmg) duoc
tinh theo sy khac nhau gita E *vaE E* vaE
tuong ung.

Hinh 1. Cdu tric bé mit rutile-TiO, (110) sir dung
trong hé nghién ctu (cac nguyén tir mau do va xanh

twong tng cho O, Ti)

Thém vao do, dé hiéu sau hon vé ban chat
tuong tac giita phan tir va bé mit, sy hinh thanh
va vai tro cua cac tuong tac trong qué trinh hap
phu, ching t6i thyc hién tinh toan cac dai lugng
dac trung nhu ai lyc proton (PA) tai cac vi tri
nguyén ti, nang luong tach proton (DPE) tai
cac lién két va gian do thé ning tinh dién (MEP)
cia cac phan tor hitu co, phan tich hinh hoc
topo cho cac phirc theo thuyét nguyén tir trong
phan tir (AIM)'>* tai muc 1y thuyét B3LYP/6-
31+G(d,p). Cac tinh toan nay duoc thuc hién boi
chuong trinh Gaussian 09.' Ngoai ra, cac tinh
toan mat do electron (p(r)), Laplacian ciia mat do
electron (V2(p(r))), mat d6 nang lugng electron
(H(r)) tai cac diém t6i han lién két (BCP) duogc
thuc hién bang chuong trinh AIM 2000.'¢

3. KET QUA VA THAO LUAN
3.1 Céu triic hinh hoc

Thuc hién t6i wu hoéa hinh hoc, chung
t6i thu dugc 12 phirc bén cua sy tuong tac giita
cac dan xuét benzen C,H,CHO, C,H,COOH,
CHNH,, CHOH va CHSOH va bé mit
r-TiO, dugc ky hi¢u r-PiX (i = 1-4, X = -CHO,
-COOH, -NH,, -OH, -SO,H) nhu chi ra ¢ hinh 2.
Céc thong sé dic trung cho cac cdu trac tdi wu
duogc tap hop trong bang 1.

Két qua bang 1 cho thay, khoang cach
Ti---O/N va O/C/N-H---O trong cac phuc tinh
duoc trong khoing 2,11-2,41 A va 1,00-2,91 A,
tuong Gmg. Cac gid tri ndy déu nho hon téng ban
kinh Van der Waals cua cac nguyén tir tham gia
tuong tac (tong ban kinh cac nguyén ti Ti va O;
Ti va N; O va H twong tng 14 3,67 A, 3,85 A va
2,72 A). Do d6, chiing t6i nhan dinh buéc dau co
su hinh thanh cac tuong tac Ti---O/N va O/C/N-
H---O trong cac phtic khao sat ¢ trén. Su hinh
thanh cac phirc bén chu yéu tap trung & twong téc
giita cac nhém chire vé6i vi tri Ti phéi tri 5 (Ti, )
va O ¢ cdu nbi (0, ) trén bé mit r-TiO, (110).
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iy

r-P2COOH

Ry

r-P1COOH

r-P1SO;H r-P2SO;H r-P3SO;H r-P4SO;H

Hinh 2. Céc cau hinh bén ciia sy hip phu ciia cac phan tir hiru co chira vong benzen trén bé mat r-TiO, (110)

Biang 1. Khoang cach cic tuong tac (r, A), goc lién két (a, °) va su thay d6i do dai cac lién két (Ar, A) trong qué

trinh hip phu
Phuc r (Ti--O/N) | 1(O/C/N-H---O) | a(Ti-O/N-C/S) | o(O/C/N-H-0O) | Ar(Ti-O) | Ar(O/C/N-H)
r-P1ICHO 2,22 2,03 128,1 156,1 0,02 -0,01
r-P2CHO 2,17 2,91/2,33* 153,4 153,4 0,02 -0,01
r-P1COOH 2,11 1,56/2,50* 152,3 174,4 0,05 0,05
r-P2COOH 2,19 1,73 136,4 136,4 0,02 0,03
r-PINH, 2,37 2,84 121,6 121,0 0,02 0,01
r-P2NH, 2,38 - 122,3 - 0,02 0,01
r-P1OH 2,32 1,88/2,16* 125,6 158,1 0,04 0,03
r-P20H 2,30 1,90/2,47* 145,7 153,3 0,04 0,03
r-P1SO,H 2,189/2,14Y 1,00 125,29/127,8 158,1 0,14 0,75
r-P2SO,H 2,17 1,46/2,72%* 158,3 174,3 0,05 0,08
r-P3SO.H 2,28 1,66/2,24* 137,7 137,7 0,05 0,05
r-P4SO,H 2,41 1,74 146,6 157,6 0,04 0,03

@M khodng cach Ti...O (01, O2 ctia nhom -SO.H véi 2 nguyén tir Til, Ti2); * khoang cach C-H trén vong benzen
v6i O cua bé mat
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Bén canh do, cac goc tai cac vi tri tuong
tac nhu o (Ti-O/N-C) trong khoang tir 121,6 dén
158,3°, trong d6 goc a (Ti-O-C) 16n hon goc
o (Ti-O-N). Cac goc lién két o (O/C/N-H-O)
nam trong khoang 121,0 - 174,3°, trong d6 gi4
tri 16n nhat & phire r-P2SO,H va gia tri nho nhat
tim thdy & phuc r-PINH,. D0 16n cac goc nay
déu gan véi cac goc lién két trong sy hinh thanh
lién két hydro O/C-H:--O trong cac nghién ciru
trude day.'>!1*Mat khac, khi cac phire hinh thanh,
do dai cac lién két Ti-O va O/C/N-H déu ting
1én trong khoang 0,02-0,14 A va khoang 0,01-
0,75 A tuong tmg. Pang chu ¥, su thay ddi cua
khoang cach O-H va Ti-O trong phire r-P1SO,H
l6n hon nhiéu so véi cac phtic khac. Diéu nay
dugc hiéu do nguyén tir H linh dong trong nhom
-SO,H ¢6 xu hudng dich chuyén sang bé mat
r-TiO,(110) manh hon & cdc nhom thé khac dé
tao hinh thanh lién két hydro kiéu O-H---O bén.
Xu huéng dich chuyén nguyén tir H linh dong
trong cac nhom chuc acid twong tg nhu trong
cac nghién ctru trude day.'"'? Nhu vay, cac phic
dugc 1am bén boi cac tuong tac Ti---O va lién
két hydro O/N/C-H:-O.

3.2. Niing lwong ciia qua trinh hip phu

Dé danh gia qua trinh hip phu cic phan
tr dan xuat benzen 1én trén bé mit r-TiO, (110)
chung t6i tién hanh tinh cac gid tri nang lugng
va liét ké o bang 2. Két qua bang 2 cho thay,
ning luong hdp phu cia cac phic déu 4m kha
16n, trong khoang tir -12,9 dén -31,1 kcal.mol"".
Ning lugng hép phu ciia cac phirc ting theo thir
tw cac dan xuat thé: -SO,H < -COOH < -NH, <
-CHO < -OH, do d6 kha nang hip phu cic phan
tir ndy trén bé mit r-TiO, (110) giam theo trinh
tw -SO,H > -COOH > -NH, > -CHO > -OH.
Diéu nay cho thay cac phan ti hitu co ¢ nhom
chtrc acid (-SO,H, -COOH) ¢6 kha ning hap phu
manh hon so vo1 cac nhém chiurc khac trén bé
mdt r-TiO, (110). Két qua dat duoc ndy tuong
ddng v6i cac nghién ctru vé su hip phu cac phan
tir hitu co trén bé mat r-TiO,.'"" 12

Mat khac, nang luong tuong tac cua

cac phuc bén thu duoc co gia tri am 16n, trong
khoang tir -16,4 dén -146,7 kcal.mol"'. Do do,

cac tuong tac Ti---O/N va C/N/O-H---O duoc
danh gia kha bén trong qué trinh tao phirc. Nhu
duoc chi ra trong bang 2, nang lugng tuong tac
& cac phirc ting theo thtr tu cic dan xudt thé:
-SO,H << -COOH < -NH, < -CHO < -OH, nén
d6 bén cac phuc thu duoc giam theo trinh tu
dan xuét thé -SO,H > -COOH > -NH,> -CHO >
-OH. Pang cht y, nang lugng tuong tac ¢ phiic
r-P1SO,H ¢¢6 gia tri &m hon nhiéu so véi cac
phirc con lai. Két qua nay duoc giai thich do ¢6
su dich chuyén nguyén tir H & lién két OH trong
nhém —SO,H sang bé mat, hinh thanh lién két
hydro O-H-- 'Obrbén hon so voi cac phuc khac.

Bang 2. Ning luong hip phu, twong tic va bién dang

(don vi kcal.mol™!) ctia qua trinh hap phu cac din xuét
benzen trén bé mit r-TiO, (110)

Phire Eous B Epsurt | Epanor
r-P1CHO -18,0 | -22,8 3.8 1,0
r-P2CHO -17,2 | 21,8 3,7 0,9
r-P1COOH -24,2 | -35,0 6,4 4,4
r-P2COOH -18,0 | -25,5 5,2 2,3
r-PINH, -19,0 | -23,0 2,9 1,0
r-P2NH, -15,2 | -19,7 3,3 1,2
r-P1IOH -15,3 | -20,0 3.9 0,8
r-P20H -14,0 | -18,9 4,0 0,9
r-P1SO,H -31,1 | -146,7 | 25,2 | 90,3
r-P2SO,H -20,5 | -33,2 5,8 6,9
r-P3SO,H -18,6 | -28,8 6,7 3,5
r-P4SO.H -12,9 | -16,4 34 0,0

Ning luong bién dang 1a mot tham sb
quan trong dé danh gia su thay d6i cu trac phan
tir hay bé mit trong qua trinh hap phu. Két qua
cho thiy, cac gia tri ning luong bién dang déu
twong dbi nho (ngoai trir phirc r-P1SO,H), va
ning luong bién dang cua phan tir nhd hon so
véi bé mit. Do do, trong qua trinh tao phirc,
cAu trac phan tir it bién d6i hon so véi bé mit.
Su thay ddi cdu trac phan tir manh nhat & phirc
r-P1SO,H duoc hiéu do su tuong tac manh va xu
huéng dich chuyén nguyén tir H tir nhém -SO,H
sang bé mat r-TiO, (110) trong qua trinh hap phy.
Hon nita, bang 2 thiy rang, chiéu huéng bién ddi
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C¢HsCHO

CcHsCOOH

CcHsNH,

Cs¢HsOH CsHsSO;H

Hinh 3. Gian d6 MEP cuia cic dan xuat benzen (isovalue = 0,02 au, dién tich dwoc Iy trong ving

tir 2.10° dén 0,15 e)

céu tric phan tir trong qua trinh hap phy 1én bé
mgt r-TiO, (110) giam theo thir ty céac dan xuit
-SO,H>>-COOH > -NH, > -CHO > -OH, tuong
tu nhu chiéu huéng bién ddi ning lugng tuong
tac & cac phirc. Do vay, kha niang bién d6i cdu
tric va hinh thanh cac phirc bén trong qué trinh
hép phu & dan xuit -SO,H la manh nhit, &én dan
xuat -COOH, -NH,, -CHO va kém bén nhat la ¢
dan xuit -OH.

3.3. Suw hinh thanh va vai tro cac twong tac
trong qua trinh hip phu

3.3.1. Gian @6 MEP ciia cdc phdn tir

Dé danh gia kha nang tuong tac tai cac vi
tri trong phan tir, chung t6i tién hanh tinh toan va
phan tich gian do thé nang tinh dién (MEP) cho
cac phan ti dan xuét benzen, minh hoa ¢ hinh 3.
Céac mau sic hién thi trén gian d6 MEP dbi véi
cac phan tir hitu co ung voi cac ving mat d dién
tich bién d6i tir Am sang duong theo thir ty: mau
d6 (4m nhat) < cam < vang < xanh l4 cdy < xanh
duong (duong nhét).

Nhu dugc hién thi & hinh 3, dién tich
duong tap trung dang ké & cac nguyén tir H trong

cac nhom OH, CH, NH trong d6 ¢ cac nhom
OH cao nhét, dén NH va CH. Ngoai ra, mat do
dién tich duong con xuit hién & cac nguyén tir
C (trong lién két C-H vong benzen va trong cac
nhém thé -CHO, -COOH), & nguyén tir S (trong
nhom -SO,H). Mat d¢ dién tich m tap trung chu
yéu tai cac nguyén tir O, N trong cac nhom chtrc,
trong d6, mat d¢ dién am tai O cao hon tai N. Do
d6, khi tuong tac v6i bé mat vat liéu r-TiO, (110)
chira cac vi tri Ti_ va O, trén bé mat, cac vi tri
c6 mat do dién tich am hodc duong 16n s€ duoc
vu tién hon dé hinh thanh cac twong tac tinh dién
Ti---O/N hay O/C/N-H---O. Theo d6, kha nang
hinh thanh céac twong tac bén & din xuét -SO,H
cao hon ~COOH va dén céac dan xuat the -NH,,
-CHO, -OH.

3.3.2. Nang luong tdach proton va ai luc proton
tai cac vi tri trong phan tie

Dé 1am rd kha nang hinh thanh cac twong
tac trong cac cdu hinh phtc thu dugce, cac dai
lugng nhiét dong dac trung nhu ai lyc proton
(PA) va nang lugng tach proton (DPE) dugc tinh
toan va li¢t ké trong bang 3.

Bang 3. Ai luc proton (PA) tai cac nguyén tir O va N va nang luong tach proton (DPE) cua cac lién két O-H va N-H

trong cac nhom thé va cac lién két C-H & vong benzen ciia cac dan xuét (don vi kcal mol!)

Phan tir PA DPE

C,H.CHO 203,2* 199.3*%* | 404,39 [ 397,4" | 401,89 | 400,29
C,H.COOH 195,7* 196.2%* | 356,49 | 407,2" | 40529 | 402,99
C,HNH, 210,4* 210.9%* | 383,79 | 409,50 | 41539 | 416,79
C,H.OH 178,8* 195.5%*% | 362,59 | 409,5" | 412,19 | 413,09
C,HSOH 192,2* 341,19 | 391,19 | 394,99 | 391,09

‘cho cdc nguyén tir O/N ¢ cdac nhoém chire;
“eho lién két C/O/N-H & cdc nhém chire,

meta- va para-

** gid tri thuc nghiém
L99 cho cdc lién ket C-H ¢ vong benzen lan luot ¢ cdc vi tri ortho-,
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Bang 3 cho thdy, cac gi4 tri PA thu dugc tai
mirc 1y thuyét B3LYP/6-31+G(d,p) gan voi cac
gia tri thyc nghiém (sai s6 khoang 0,2 - 8,5%).
Do d6, mirc Iy thuyét duoc chon cho két qua kha
tin cay. Két qua tinh PA tai cac nguyén tir O/N
trong cac nhém chire bién ddi theo thir ty: -NH,>
-CHO > -COOH > - SO H cho thiy kha ndng tao
twong tac tinh dién ¢ Ti, ---N manh hon Ti, ---O.
Trong do, kha nang tao twong tac Ti, O & céc
dén xuat -CHO > -COOH > -SO,H > -OH. Mit
khac, nang lugng tach proton (DPE) tai cac lién
két O/N/C-H trong cac nhém chirc bién d6i theo
thtr tw -SO,H > -COOH > -OH > -NH, > -CHO.
Diéu nay din dén kha niang hinh thanh cic lién
két hydro O-H---O, bén hon ¢ N-H---O, va bén

T m g b/

024 ool ®. o) ‘ém : N

N % o Yop TeE D

T R VT L f J
s ‘\0 ” -9 ‘\‘3—?. -
r-P1CHO r-P1COOH

Hinh 4. Hinh hoc topo cua cac phirc khao sat

r-P1NH,

; ";' ", 'lfI
: ,,' @' olo 1{"0 o

hon ¢ C-H---O, . Trong timg dan xuét, cac gia tri
DPE ¢ céc lién két O/C/N-H ¢ cac nhom chuc
déu nho6 hon so véi DPE ¢ cac lién két C-H &
vong benzen. Do d6, kha ning tao lién két hydro
kiéu O/N/C-H---O, ¢ vong benzen kém bén hon
s0 vOi ¢ cac nhom chirc.
3.3.3. Phan tich AIM cho cdc cdu triic bén nhat
16p dau tién

Dé hiéu rd hon ban chit, do bén cia cac
twong tac trong qua trinh hap phu cic dan xuat
thé 1én bé mit r-TiO, (110), chung i tién hanh
phén tich AIM cho céc cau triic bén nhat cta cac
hé phirc voi cac din xudt thé. Cac thong sb dic
trung dugc dua ra trong Bang 4.

5
! "

- /
by .(1 H3 | 14

:..-/*

[

. y ‘= ; .‘ f—' ; X@ m@ﬁ) /\

r-P10OH r-P1SO;H

Béng 4. Mat d¢ electron (p(r)), Laplacian (V?p(r)) va mat d6 nang lugng electron (H(r) (don vi au) tai cac BCP

trong cac phuc khao sat

Phirc Twong tac p(r) (au) | Vp(r) (au) | H(r) (au)

r-P CHO | Ti---O2 0,0483 0,2318 0,0064
C-H---01 0,0227 0,0675 -0,0004

r-P COOH | Ti---02 0,0615 0,3188 0,0068
O1-H1---03 0,0607 0,1604 -0,0064

C2-H2---04* 0,0081 0,0269 0,0006

r-P1INH, Ti---N 0,0439 0,0193 0,0010
N-H2---02 0,0045 0,1668 0,0046

N-H1---01 0,0044 0,0197 0,0011

r-P10H Ti---Ol 0,0382 0,1668 0,0046
O1-H1---02 0,0281 0,0802 -0,0005

CI1-H2---0O3* 0,0091 0,0308 0,0007

C2-H3---02* 0,0058 0,0221 0,0011

r-P1ISOH | Til---Ol 0,0529 0,2610 0,0060
Ti2---02 0,0590 0,2869 0,0060

0O3-H---04 0,3085 -1,7389 -0,4995

* BCP ciia nhém C-H & vong benzen véi nguyén tir O ciia bé mdt
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Phan tich hinh hoc topo (hinh 4) cho
thy, c6 sy xuat hién cac diém téi han lién két
(BCP, diém mau do) giita cac tiép xuc Ti---O va
O/C/NH:--O trong céac phirc khao sat. Piéu nay
minh chung thém cho sy hinh thanh cac tuong
tac gilta cac nhom chtic trong cac phan tu hitu
co v6i bé mat r-TiO, (110) nhu nhan dinh & c4c
phan trén. Thém vao do, két qua bang 4 thay
rang mét do electron tai cac BCP & céac su tiép
xuc trén kha cao, trong khoang 0,0044-0,0615
au, va Laplacian (V*(p(r))) trong khoang 0,0193-
0,3188 au (ngoai trir ¢ lién két O-H---O__ & phirc
r-P1SO,H). Tt ca cac gid tri ndy déu nim trong
khoang gia tri cho su hinh thanh cac tuong tac
khong cong hoa tri. Do do, cac tuong tac Ti---O
va O/C/N-H---O hinh thanh trong cac phuc khao
sat duoc danh gia 1a cac tuong tac bén, khong
cong hoa tri. Cac lién két hydro C/O-H---O & cac
phtrc ciia cac din xuét thé -CHO, -COOH, -OH,
-SO,H c¢6 gia tri H(r) tai BCP am kha nho, cho
thiy do bén cac lién két nay con c6 su dong gop
boi mot phan nho yéu té cong hoa tri. Vi phirc
r-P1SO,H, gia tri mat do electron tai BCP ¢ lién
két hydro O-H---O_  kha I6n, khoang 0,3085 au
va gia tri Laplacian cua mat do electron, mat do
nang lugng electron tai BCP nay c6 gia tri am
16n (-1,7389 au va -0,4995 au tuong rng), do do
day 1a twong tac co sy dong gop cua yéu td cong
hoa tri manh. Két qua nay minh chimg xu huéng
dich chuyén nguyén tr H linh dong trong nhém
-SO,H dén bé mit r-TiO, (110) dé hinh thanh lién
ket hydro O-H:---O bén.

Bén canh d6, khi xét chiéu hudng bién
ddi mat do electron tai cac BCP théy rﬁng, o
cac tuong tac Ti---O/N, gia tri mat do electron
bién d6i theo thtr tu cac dan xuét thé: -COOH ~
-SO,H > -CHO > -NH, > -OH. Do d¢, do bén cac
tuong tac Ti---O/N trong cac phurc theo phan tich
AIM bién dbi theo ciing chidu huéng nay. Pong
thoi, tai cac BCP ctia O/C/N-H:--O gia tri mat do
electron bién déi theo thir tw -SO,H >> -COOH
>-OH > -CHO > -NH,. Két qua nay cho thdy, do
bén cac lién két hydro O/C/N-H---O trong céc
phirc bién déi theo thtr ty -SO,H >> -COOH >
-CHO > -NH_> -OH. Do vay, phirc thu dugc &

dan xuét -SO,H bén nhat dén phirc ctia dan xuat
—COOH, dén phtrc cua cac dan xuat -CHO, -NH,
va kém bén nhét 1a phtc cia dan xuit —~OH do
su dong gop dang ké tir cac lién két hydro kiéu
O-H:--O va tuong tac Ti---O/N.

4. KET LUAN

Nghién ctru sy hap phy céc phan tir hitu co
chira vong benzen trén bé mit rutile-TiO, (110)
chung t6i thu dugc 12 cdu tric bén. Nang lugng
hap phu tinh duoc trong khoang -12,9 dén -31,1
kcal.mol!. Céac qua trinh nay dugc danh gia nhu
1a qua trinh hip phu héa hoc. Ngoai ra, ning
luong tuong tac cua cac phuce tinh dugc am kha
16n, trong khoang -16,4 dén -146,7 kcal.mol".
Do bén cua cac phirc duge dong gop dang ké bai
cac tuong tac tinh dién Ti---O/N va céc lién két
hydro kiéu O/C/N-H:--O. Cac phan tich DPE,
PA, MEP va AIM cung cip mot su hiéu biét rd
rang hon vé ban chat va vai tro ciia cac tuong
tac Ti---O/N va céc lién két hydro kiéu O/C/N-
H---O trong viéc 1am bén phtrc. Cac két qua tinh
toan cho thay, kha nang hap phu cac phan tir trén
bé mt r-TiO, (110) giam theo thi tu céc dAn xuét
thé: -SO,H > -COOH > -NH, > -CHO > -OH.

Loi cam on. Cong trinh duoc thuc hién
dudi sy tai tro kinh phi tie dy an TEAM (do VLIR
tai tro), ma s6 ZEIN2016PR431, trién khai tai
Truong Dai hoc Quy Nhon.
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The effect of microbial organic fertilizer
on some biochemical indicators, on the productivity
and quality of Korean zucchini (Cucurbita pepo L.)
planted in soil of Kon Tum city

Vo Minh Thu"*, Nguyen Thi Y Thanh', Nguyen Tho Duc?

'Biology and Agricutural Engineering Department, Quy Nhon University
’Department of Education and Training, Kon Tum province

Received: 08/06/2019; Accepted: 10/09/2019

ABSTRACT

The experiment was arranged in a completely random block design, consisting of 5 formulas, with
level 0; 0.5; 1.0; 1.5; 2 tons/ha of microbial organic fertilizer. Experimental results showed that supplementing
micro-organic fertilizer for Korean zucchini grown in soil of Kon Tum at 0.5 tons - 2.0 tons/ha increased the rate
of fructification, number of fruits per tree, increased size and fruit weight. Fruit weight and fruit size increased the
most at 1.5 tons/ha. The actual yield of fruit achieved in the formulas of adding more organic fertilizers increased
from 1.49 tons to 4.62 tons/ha in comparison with that of the control, increasing the highest at 1.5 tons/ha (reaching
25.5 tons/ha). Applying microbial organic fertilizer also positively affects chlorophyll content in leaves, total
sugar content and content of vitamin C in fruit. The highest increase is at the level of 1.5 tons/ha of micro-organic
fertilizer. The content of calcium and fiber in fruits has little difference between the formulas of adding microbial
organic fertilizer compared to the control.

Keywords: Korean zucchini, yield, quality, biochemical indicators, microbial organic fertilizer.
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Anh hwéng caa phan hivru co vi sinh dén mét sé chi tiéu
sinh héa, ndng suat va pham chét cta cay bi ngoéi Han Quéc
(Korean zucchini) trong tai thanh ph6 Kon Tum

V6 Minh Thit'”, Nguyén Thi Y Thanh!, Nguyén Tho Dirc?

'Khoa Sinh - KTNN, Truong BPai hoc Quy Nhon
2 So Gido duc Pao tao tinh Kon Tum

Ngay nhdn bai: 08/06/2019; Ngay nhan dang: 10/09/2019

TOM TAT

Thi nghiém duoc bd tri theo khbi hoan toan ngiu nhién, gdm 5 cong thirc, véi mie 0; 0,5; 1,0; 1,5; 2 tin/ha)
phén hitu co vi sinh (HCVS). Két qua thi nghiém cho thdy b6 sung phan HCV'S cho cay bi ngdi trong tai Kon Tum
v6i mue 0,5 tan - 2,0 tAn/ha 1am ting ty 1& dau qua, s qua/cdy, ting kich thudc va trong lugng qua. Trong lugng
qué va kich thudc qua tang nhidu nhat & mirc bon 1,5 tAn/ha. Nang suit thuc thu ude dat & cac cong thirc bon thém
phan HCVS tang tur 1,49 tan - 4,62 tAn/ha so véi BC, tang cao nhét & mc bon 1,5 tAn/ha (dat 25,5 tén/ha/). Bon
phan HCVS con anh hudng tich cuc dén ham luong diép luc trong 14, ham luong duong tong s6 va ham luong
vitamin C trong qua bi, ting nhidu nhat & mirc bén 1,5 tin/ha phan HCVS. Ham luong calci va chét xo trong qué

it c6 su sai khac gitra cac cong thirc bon thém phan HCVS so véi ddi chimg.

Tir khéa: Bi ngoi xanh Hdan Quoc, nang sudt, pham chat, chi tiéu sinh héa, phan hitu co vi sinh.

1. PAT VAN PE

Bi ngdi hay bi ngoi (Cucurbita pepo L.)
1a cdy rau qua quan trong, dang dugc trong phd
bién trén toan thé gidi va mot sb tinh, thanh &
Viét Nam. Bi ngdi c6 gia tri dinh dudng cao va
c6 loi cho stic khoe, vi vay thuong dung trong
bira an hiang ngdy cua con ngudi. Qua bi ngdi
duoc ¢6 chira nhiéu vitamin C, B, K, carotenoid,
cac nguyén t6 khoang nhu magié, mangan, kali,
ddng, k&m, calci, sit... Trong 100g thit qua bi
c6 0,4g protein; 2,4g cac chét duong bot; 19
mg calci; 12 mg phospho; 0,3 mg sit; 0,01 mg
caroten; 16 mg vitamin C; 0,01 mg vitamin B ;
0,02 mg vitamin B, 0,3 mg vitamin PP va nhiéu
acid folic.! Chinh vi véy, an bi ngdi lam giam
dugc cholesterol trong mau, giam béo phi, diéu
hoa huyét 4p va ngan ngira ung thu.”

‘Tac gia lién hé chinh.

Email: vominhthu@gnu.edu.vn

Trong nhitng niam gan day, giéng bi ngdi
Han Qudc (Korean zucchini) di duoc nhap noi
vao Viét Nam. Tuy nhién, ning sudt chua thé
hién hét tiém nang cua gidng. Vi viy, dé ting
nang suat bi ngdi, ngoai viéc chon gidng tét, cho
ning suét cao con phai sir dung phan bén mot
cach hop ly. Trong d6, phan bon hitu co vi sinh
la loai phan bon dong vai trd quan trong trong
san xuat nong nghiép. Béi vi, ngoai viéc cung
cép dinh dudng cho cy trdng, phan hitu co vi
sinh con co tac dong cai tao dat, tao san pham
nong nghiép sach.’* Hién nay, & Kon Tum chua
c6 cong trinh nao nghién ctru cay bi ngdi. Do
vay, viéc nghién ctru bon thém phan hitu co vi
sinh nham 1am ting ning suit va pham chét ciia
bi ngdi, déng thoi gop phan khuyén cdo ngudi
trong bi cung cip san pham sach cho nguoi tiéu
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dung trén dia ban tinh Kon Tum va cac tinh lan
can 1a can thiét.

2. PHUONG PHAP NGHIEN CUU
2.1. Vit liéu nghién ctru

Gidng bi ngdi xanh Han Qudc do Cong
ty trach nhiém hitu han Trang Nong cung cép,
cay khong dé nhanh, moc thing cao 50 - 55 cm,
sinh truong manh va khang sau, bénh tdt, tréng
duoc trén dat cat kho, dat phu sa, sinh trudng
ngan ngay, chin som, qua dai khoang 30 - 50
cm, dudng kinh khoang 5 - 8 cm, ¢6 thé dau mot
chum 3 qua. Hinh dang qua thang dep, vo qua
mau xanh bong c6 ddm tring nhat, in ngon mém.

Phén hitu co vi sinh Séng Gianh (goém:
15% chat hiru co; 2,5% axit humic; 3% N; 2,5%
P,0;; 2,5% K,O; cac chét trung lugng Ca, Mg,
S: 0,3 - 0,5%; vi khuan Bacillus: 10° CFU/g;
Azotobacter: 106 CFU/g; ndm Aspergillus sp:

10° CFU/g).
2.2. Phuwong phap nghién ciru

Thi nghiém duogc tién hanh ¢ vu dong
xuan (BX) 2017 - 2018 trén nén dat phi sa ven
song thanh phd Kon Tum. Dét trong trudc thi
nghi¢m dugc phan tich co tri $6 pH béng 3,41;
chat hitu co tong s6 (2,24% chét kho); 1an tong
s6 (6,94 mg P,0/100g dat kho); kali tong sb
(6,76 mg K,0/100g dét kho) va nito tong s 1a
3,52 mg/100g dat kho. Gom 4 nghiém thuc véi
cac mirc phan hiru co vi sinh khac nhau. Nén
bon: 120 kg N +90 kg PO, +100 kg K, O + 600
kg CaO (tinh cho 1 ha). Mdi 6 thi nghiém 15 m?,
lap lai 3 lﬁn, téng dién tich thi nghiém: 225 m?.

DPC: Nén + 0 tdn phan hitu co vi sinh/ha.

CT1: Nén + 0,5 tAn phan hitu co vi sinh/ha.
CT2: Nén + 1,0 tAn phan hitu co vi sinh/ha.
CT3: Nén + 1,5 tan phan hitu co vi sinh/ha.
CT4: Nén + 2,0 tAn phéan hitu co vi sinh/ha.

Thi nghiém dugc bd tri theo khdi ngiu
nhién hoan toan (RCBD). Lén ludng rong 1,0 m,
khoang cach trdng 1,0 m x 1,5 m. Khoang cach
gita 2 ludng 1,0 m. Mat d6 trdng 6.500 - 7.000

cay/ha. Phan bon dugc chia thanh 4 dot: Bon 16t
toan bo phan hiru co vi sinh + lan + voi + 20%
kali + 10% dam, bon thuc 1an 1: sau trong 20
ngdy, bon 20% kali + 20% dam, bon thuc 1an 2:
sau trong 40 ngay, bon 30% kali + 30% dam,
bon thic 1an 3: sau trong 55 ngay, bon 30% kali
+40% dam.

Cac chi tiéu xac dinh:
- Mot s6 chi tiéu dinh dudng trong dat trong

Do chua trao d6i theo phwong phéap
Daicuhara. Ham lugng mun theo phuong phap
Walkley - Black. Him lugng nito dé tiéu theo
phuong phap Chiurin - Cononova. Phan tich kali
dé tiéu theo phurong phap Kiecxano.

- M6t sb chi tiéu sinh hoa trong l4:

Ham lugng di¢p luc: Phéan tich qua 3 giai
doan cdy con, ra hoa va hinh thanh qua theo
phuong phap so mau quang phd. Ham luong
chat khé xac dinh bang phuong phap siy kho &
105°C va can lai dén khi trong luong khong doi.
Ham luong nito tong sd xac dinh theo phuong
phap Micro-Kjeldahl?

- Trong lwong qua (kg): Mdi nghiém thirc
can 15 qua va ldy trung binh.

- Ning suét thyc thu (NSTT) (tin/ha): Can
toan bo khdi lugng qua trén mdi nghiém thirc
(kg) va quy vé tan/hecta.

- M6t sb chi tiéu phdm chat trong qua:

Ham lugng chét xo: Dung kiém va acid
manh thuy phan, rira sach bﬁng nudc cat, séy kho
& 105°C va can lai dén trong lugng khong doi.
Ham lugng protein xac dinh theo phuong phap
Biure, Ham luong dudng tong sb ding acid HCI
thity phan dua vé dang duong khir va xac dinh
theo Bectrand, vitamin C dung i6t chuan do,?
ham luong Ca xé4c dinh bang may quang phd hap
thu nguyén to ( AAS).

S liéu thu dugc tinh toan va xir Iy bang cac
phan mém Excel 2003, phan mém Statgraphics,
so sanh cac gid tri trung binh bang phuong phap
kiém dinh LSD ¢ mirc y nghia 5%.
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3. KET QUA VA THAO LUAN
3.1. Mt s6 chi tiéu sinh héa trong 14 bi ngdi

Két qua trinh bay ¢ bang 1 cho thiy ham
luong di€p luc a, b va a+b ¢ cac mlrc phan hitu
co vi sinh (HCVS) 0,5; 1,0; 1,5; 2,0 tan/ha (CT1,
CT2, CT3,CT4) 6 ca 3 giai doan cay con, ra hoa
va thu hoach déu cao hon so véi PC. Trong d6
ham luong di¢p luc a+b & CT3 ¢ giai doan cay
con (1,83 mg/g 14) va giai doan thu hoach (1,89
mg/g 14) déu cao hon so véi CT BC va ¢b sai
khéc c6 y nghia so vi CT DC. Nhu véy, viéc bo

sung phan HCVS ¢ muc 1,5 tn/ha cho cdy bi
ngéi da co tac dong tich cuc dén ham luong diép
luc ciia 14 bi ngdi.

Ngoai ra, sb liéu phan tich con cho thiy
ham lugng diép luc a luén luén cao hon ham
luong diép luc b ¢ tit ca cac cong thirc va & cac
giai doan. O giai doan thu hoach ham lugng di¢p
luc thap nhat trong 3 giai doan. Diéu nay phu
hop v6i qua trinh sinh truong, phat trién chung &
thuc vat, & giai doan ting trudng cua qua chi yéu
cac chét tich lily & co quan than, 14 van chuyén

vé qua, nén ham lugng diép luc giam xuong.*°

Bang 1. Ham luong diép luc trong 14 cdy bi ngdi qua céac giai doan sinh truéng, phat trién.

CTTN Giai doan cdy con Giai doan ra hoa Giai doan thu hoach
Dla Dlb DI (a+b) Dla DIb DI (a+b) Dla Dlb DI (a+b)

bC 1,12¢ 0,27¢ 1,39¢ 1,412 0,452 1,86° 1,21% | 0,37® 1,58°
CT1 1,15¢ 0,29¢ 1,44¢ 1,452 0,46° 1,912 1,24° 0,382 1,62°
CT2 1,35° 0,42° 1,77® 1,482 0,48 1,96° 1,43%® | 0,39° 1,82
CT3 1,32® | 0,512 1,832 1,492 0,582 2,07¢ 1,47® | 0,512 1,982
CT4 1,25° 0,41° 1,66° 1,428 0,512 1,932 1,43 | 0,45° 1,88®
LSD,, 0,09 0,03 0,12 0,21 0,24 0,45 0,27 0,18 0,35
CV(%) 3,59 3,25 7,84 4,12 4,34 8,46 3,63 4,62 8,25

Ghi chii: cdc chit cdi biéu hién su sai khdc ¢6 y nghia thong ké & mirc y nghia 5%, CV (coefficient variance) la

hé s bién thién, LSD (Least Significant Difference) la hé s6 sai khdc nho nhdt cé y nghia, don vi: mg/g la tuoi.

Ngoai ra, sb liéu phan tich con cho thiy
ham lugng di€p luc a luén luén cao hon ham
luong diép luc b ¢ tit ca cac cong thire va & cac
giai doan. 0 giai doan thu hoach ham lugng dié¢p
luc thdp nhét trong 3 giai doan. Diéu nay phu
hop véi qué trinh sinh truong, phat trién chung &
thuc vat, & giai doan ting trudng ciia qua chi yéu
cac chit tich lily & co quan than, 14 van chuyén
vé qua, nén ham lugng diép luc giam xubng o0

Bing 2. Ham lugng nito tong sb trong 14 bi ngdi.

CTTN Ham luong nito tong s6
(2/100 g chét kho)
Giai doan | Giai doan | Giai doan
cay con ra hoa thu hoach
bC 2,91¢ 3,48¢ 1,18®
CT1 3,612 3,98%® 1,20
CT2 3,27° 3,26 1,15°
CT3 3,632 4,20° 1,242
CT4 3,05¢ 3,63 1,14°
LSD, . 0,35 0,41 0,07
CV (%) 1,25 2,50 1,80

Két qua phan tich cho thay & giai doan cay
con ham luong nito tong sd trong 14 bi ngdi dao
dong tir 2,91 - 3,63 g/100 g chat kho va giai doan
thu hoach tir 1,14 - 1,24 g/100 g chit kho, thip
hon & giai doan ra hoa (3,26 - 4,20 g/100g chat
kho). O giai doan cdy con, bon phan HCVS &
muc 0,5; 1,0; 1,5 tAn/ha déu 1am tang ham lugong
nito tong s6 trong 14 bi so voi cong thire DC va
sai khic c6 y nghia thong ké, voi p = 0,05. O giai
doan ra hoa bon phan HCVS 1,5 tan/ha ciing lam
tang ham luong nito tong s trong 14 so voi BC
va so véi cac cong thuc bon phan HCVS khac,
con ¢ giai doan thu hoach khong c6 su sai khac
vé ham luong nito tong sb giita cac cong thirc thi
nghiém (CTTN). Nhu vay, ham luong nito tong
s6 trong 14 bi ngdi tang 1én & giai doan ra hoa va
giam xudng & giai doan thu hoach c6 lién quan
chat ché dén ham luong diép luc va phu hop voi
giai doan sinh truong cua cdy trong. Didu nay
cling da duoc dé cap trong mot sd cong trinh
nghién clru cla cac tac gia trude day.’

98 | Tap chi Khoa hoc - Truong Pai hoc Quy Nhon, 2019, 13(5), 95-101



SCIENCE

QUY NHON UNIVERSITY

Bang 3. Ham luong chit kho trong 14 bi ngdi (%).

CTTN Ham lugng chit kho (%)
Giai doan | Giai doan | Giai doan
cady con ra hoa thu hoach
bC 9,20 8,78% 12,56°
CTl1 10,26* 9,28 13,30°
CT2 9,48® 8,98¢ 13,76*
CT3 8,90° 8,75 13,78
CT4 8,80° 8,66° 12,14°
LSD, 1,03 1,26 0,70
CV (%) 5,90 5,91 4,74

3.2. Mt s6 chi tiéu phat trién va ning suat

Bang 4. SO hoa/cay, ty 1¢ dau qua va kich thudc qua.

Ham lugng chat kho trong 1a bi ngdi &
giai doan thu hoach dat tri sb cao nhat (12,14 -
13,78%). O giai doan nay, viéc bd sung phan
HCVS & cac mirc bon 0,5; 1,0; 1,5 tan/ha (CT1,
CT2, CT3) da c6 tac dong tich cuc dén sy tich
lity chéat kho trong 14 bi so véi cong thirc DC.
Bon phan HCVS & mirc 1,5 tAn/ha (CT3) ham
luong chit kho trong 14 dat cao nhat (13,78%),
sai khac c6 ¥ nghia thong ké so véi DC va mic
bon 2,0 tin/ha, voi p =0,05. O giai doan cdy con
va giai doan ra hoa, ham luong chit kho trong 14
gan nhu twong dwong nhau va gitra cac CTTN,
khong c6 su sai khac c6 y nghia thong ké.

CTTN Tong §6 hoa/ | S6 hc:a cai/ | Ty ¥e dau Ch{éu dai | Puongkinh qua | D day thit
cay cay qua (%) qua (cm) (cm) qué (cm)

bC 10,42° 5,20¢ 60,25° 38,43¢ 6,72° 1,28¢
CT1 12,34 5,54b¢ 62,74* 42,330 7,140 1,37%
CT2 13,08 6,34% 64,37 44 83" 7,58° 1,42°
CT3 13,56 6,86° 65,26 50,83¢ 9,86 2,52
CT4 14,26* 6,58® 66,42° 48,50° 8,78 2,36*

LSD, 1,72 0,87 6,35 4,26 1,12 0,28

CV (%) 6,16 7,69 9,38 6,52 6,46 6,67

Két qua xac dinh cho thdy tong s6 hoa/
cay dao dong & cac cong thuc tr 10,42 - 14,26
hoa/cay. Viéc bo sung phan HCVS & tit ca cac
CT déu c6 tac dong o rét dén sb hoa/cay, cao
hon so véi ddi chimg (10,42 hoa). Bén phan
HCVS 1,5 va 2,0 tin/ha (CT3, CT4) da lam ting
tong sd hoa/cay, khac biét co ¥ nghia so v6i DC.
O cac mirc bon HCVS khéc nhau, khong co su
khéc biét c6 y nghia thong ké vé tong s6 hoa/cay.

Tuong ty nhu tong sb hoa/ciy, bd sung
phan HCVS ciing lam ting s6 hoa céi/ciy so véi
bC, khong bon thém phan HCVS, dat cao nhét &
CT3 (6,86 hoa). Tuy nhién, ¢ cac muc bon khac
nhau (CT2, CT3, CT4) khoéng c6 su khac biét vé
s6 hoa céi/cay c6 y nghia thong ké.

Ty 1é dau qua & cac CTTN déu twong
duong nhau, dao dong trong khoang 60,25% -

66,42% va khong co su khac biét vé mat thong
ké. Tuy nhién, bon thém phan HCVS 6 muec 1,5
va 2,0 tAn/ha déu c6 anh hudng tdt dén chiéu dai,
duong kinh qua va d¢ day thit qua. Trong do,
tang cao nhat & CT3, cac tri s6 ndy ting tuong
tmg so v6i & CT DC lan luot 13 12,40 cm; 3,14
cm; 1,24 cm. Nhu vay, bon thém phan HCVS ¢
cac muc tir 1,5 tAn/ha da lam ting chiéu dai va
duong kinh qua dang ké so véi dbi ching.

Két qua thu duoc & bang 5 cho thiy sé qua
trén cay dat tir 3,08 - 3,48 qua, cao nhét & mirc
bon 1,5 tin/ha phan HCVS, sai khac so voi CT
PC va muc bon 0,5 tin/ha. Tuong ty nhu vay,
trong luong qua trung binh & cac CT bd sung
HCVS cao hon so véi PC, cao nhit & mic bon
1,5 tin/ha (1,40 kg), tiép dén & mirc bon 2,0 tén/
ha (1,30 kg). Tuy nhién, & 2 mtrc bén nay trong
lwong qua sai khac khong c6 ¥ nghia thong ké.
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Bang 5. Mot s6 chi tiéu ning sut va nang suat bi ngdi.

— So quilciy | TLTB qui NSLT | NSTT |
(qua) (ke) kg/CTTN tin/ha kg/ CTTN thn/ha
pC 3,08 1,06 95,49 21,22 93,96 20,88
CT1 3,16" 1,18 109,06¢ 2423 100,66° 22,37
CT2 3,08 1,200 117,04 26,00 102,69 22,82
CT3 3,48 1,400 142,50° 31,66 114,75° 25,50
CT4 3,30% 1,30 125,48" 27,88 106,33 23,63
LSD, . 0,22 0,17 15,20 13,15
CV (%) 16,45 8,60 12,50 20,35

Ning suét 1y thuyét (NSLT) & cac mirc
boén phan HCVS khac nhau dao dong tir 109,06 -
142,50 kg/CTTN, tuong ung dat 24,33 - 31,66
tan/ha, cao hon so véi DC (95,49 kg/CTTN va
21,22 tan/ha). Trong d6 NSLT cao nhat & CT3
dat 31,66 tan/ha, con & cong thirc CT4 , bon 2,0
tan/ha, NSLT giam xudng con 27,88 tan/ha).

Nang suét thuc thu & cac CTTN dat tir
93,96 kg dén 114,75 kg/CTTN, twong duong
véi 21,22 thn - 31,66 tin/ha. O céc cong thirc co

3.3. Mot so chi tiéu pham chét

boén phan HCVS déu cao hon so v6i ddi chimg
tu 6,70 kg - 10,79 kg/CTTN, tuong ung tang tir
1,49 tin - 4,62 tin/ha. Trong do6, tang cao nhét
& cong thirc bon 1,5 tAn/ha phan HCVS, ting
12,21% so véi DC. Tir nhiing két qua trén cho
thiy bon phan HCVS da lam ting ty 18 dau qua,
tang sd qua/ciy va kich thudc qua, vi vay lam
ting nang suat thyc thu. Diéu nay ciing phi hop
v6i nghién ciru ctia mot sd tac gia sir dung phan
HCVS bén cho cdy trong khac.*¢

Bang 6. Ham lugng chat kho, duong tong s, vitamin C, chat xo va calci trong qua bi ngdi.

Chi tiéu pham chat

Cong thirc thi nghiém

bC CT1 CT2 CT3 CT4

Chat kho (% chét tuoi)

3,98 4,24 4,26 4,16 4,20

Ham luong dudng tong sd (% chét tuoi) 1,46 1,56 1,59 1,74 1,52
Ham lugng vitamin C (mg/100g cht tuoi) 12,58 11,88 13,38 14,70 13,50
Ham lugng calci (mg/100g chét twoi) 12,28 11,38 13,84 12,64 12,98
Ti 1é chit xo ( % chit tuoi) 0,95 0,85 0,90 0,83 0,81

Ham luong chat kho trong qua bi & cac
CTTN chiém tir 3,98% - 4,26%, giita cic cong
thirc bon phan HCVS sai khac khong dang ké.
Ham luong dudng tong s6 & cac cong thirc bon
phan HCVS cao hon so voi PC tir 0,1% - 0,28%
trong lugng chit tuoi, cao nhit & CT3 (1,74%
chat tuoi) va thip nhit ¢ cong thirc DC (1,46%
cht tuoi). Him lugng vitamin C cao nhat & CT3
(14,70 mg/100g chit tuoi) cao hon 2,12 mg so

v6i PC, thap nhat ¢ CT1 (11,88 mg/100g chat
twoi), thip hon so v6i BC 0,70 mg. Ham luong
vitamin C & CT2 va CT4 gan nhu twong duong
nhau (13,38 mg va 13,50 mg/100g chét tuoi).
Nhu vay, bon phan HCVS ¢ mutc 1,0; 1,5; 2,0
tin/ha déu c6 anh huong tét dén ham luong
vitamin C trong qua bi ngoi.

Ham luong calci trong qua bi ngdi & cac
cong thirc thi nghiém dao dong tir 11,38 mg -
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13,84 mg/100g chat twoi. Trong d6 ham lugng
calci trong qua bi cao nhat 6 CT2 (13,84 mg/100g
chat twoi) va thap nhit & CT1 (11,38 mg/100g
chét tuoi), con 6 CT3 va CT4 c6 ham lugng calci
tuong duong nhau (12,64 mg va 12,98 mg/100g
chat tuoi). Ham luong chit xo trong qua bi & cac
cong thirc bon phan HCVS sai khac so voi BC
khong dang ké, giam tir 0,05% - 0,14% chat twoi.

4. KET LUAN

Bén thém phan HCVS cho ciy bi ngdi
tr6ng tai Kon Tum véi muac 0,5 tin - 2,0 tin/ha
lam ting ty 1¢ dau qua, sd qua/ciy, ting kich
thudc va trong luong qua. Trong luong qua va
kich thuéc qua ting nhiu nhat & mic bon 1,5
tan/ha. Nang suét thuc thu udc dat & cac CT bon
thém phan HCVS ting tir 1,49 tin - 4,62 tan/ha so
v6i BC, ting cao nhét & cong thie bon 1,5 tan/ha
(25,5 tin). Bon phan HCVS con anh hudng tich
cuc dén ham luong diép luc trong 14, ham luong
duong tong s6 va ham lugng vitamin C trong
qua bi, ting nhiéu nhat mic bon 1,5 tan/ha phan
HCVS. Ham luong calci va chit xo trong qua it
6 su sai khac gitta cac cong thirc bon thém phan
HCVS so v6i ddi ching.
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