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ABSTRACT

Inthepresentwork, we performed calculations onadsorption ofbenzene’s derivatives including benzaldehyde,
benzoic acid, aniline, phenol, benzenesulfonic acid molecules on a kaolinite surface using density function theory
method. The stable configurations of the molecules on H-slab of kaolinite were observed. Adsorption energies
of complexes ranges from -2.99 to -24.79 kcal.mol'. Stability of configuarations is significantly contributed by
O/N-H---O hydrogen bonds. The results show that the adsorption ability of these molecules on H-slab of kaolinite
decreases in the order of -SO,H > -COOH > -OH > -CHO > -NH, functional groups. The DPE, PA, AIM and NBO
results provide an insight into existence and role of O/N/C-H---O hydrogen bonds in stabilizing complexes.

Keywords: Adsorption, organic molecules, kaolinite, surface, DFT.
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Nghién ctru ly thuyét sw hap phu cac phan tir hiru co’
chira vong benzen Ién bé mat kaolinite

Nguyén Thi Thiiy, Nguyén Ngoc Tri, Nguyén Tién Trung’

Phong thi nghiém Hoa hoc tinh toan va M6 phong, khoa Khoa hoc tu nhién,
Truong Pai hoc Quy Nhon, Viét Nam

Neay nhdn bai: 13/08/2019; Neay nhdn déing: 14/09/2019

TOM TAT

Trong nghién ctru hién tai, ching t6i thyc hién cac tinh toan vé su hép phu cac dan xuét cta benzen nhu
C,H,CHO, C.H.COOH, C.HNH,, C.H.OH, C. H.SO,H Ién bé mit vat liéu kaolinite sir dung phuong phap phiém
ham mét d6. Cac cAu triic bén cua su hap phu cac phan tir trén 1én bé mat H-slab cua kaolinite dd dugc tim thay.

Ning lwong hip phu ciia cac phan tir hitu co trén 1én bé mat kaolinite trong khoang -2,99 dén -24,79 kcal/mol. Do

bén cac phirc thu dugc do su dong gop dang ké cua cac lién két hydro kiéu O/N-H---O. Cac két qua thu dugc cho

thiy kha ning hap phu cac phén tir hitu co trén 1én bé mat H-slab cua kaolinite giam dan theo thtr tu cdc nhém chirc
-SO,H > -COOH >-OH >-CHO > -NH,. Céc phan tich vé DPE, PA, NBO va AIM cung cp mét sy hiéu biét rd rang
hon vé sy hinh thanh va vai tro cua lién két hydro O/N/C-H---O trong viéc lam bén cac phirc thu dugc.

T khéa: Hdp phu, phdn tir hitu co, kaolinite, bé mat, DFT.

1. MO PAU

Sy phat trién manh mé cia cic nganh cong
nghiép da thai ra moi truong mot lwong 16n chat
hiru co chtra vong benzen nhu benzaldehyde,
axitbenzoic,
benzenesulfonic. Chung la nhiing chit doc hai,
ton tai lau dai trong moi trudng va kho xir i, dic
biét gay ra cac anh huong xdu dén hé than kinh,
bo gen di truyén cua cac sinh vt va ddi véi hé
sinh thai cua con nguoi. Chinh vi vy viéc tim
ra vat liéu c6 kha nang loai bo tot cac hop chat

aniline, phenol hay axit

hitu co trén 1a viéc lam can thiét va cap bach
hién nay.'?

Cao lanh c6 chtra loai khoang kaolinite, 1a
mot trong nhitng vat liéu chu yéu duoc tng dung
trong nganh cong nghiép loc nudc, khic phuc 6
nhiém dét va xuc tac do dién tich bé mat cao cua

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

16, chi phi thap va than thién voi méi truong. '
Trong nhitng niam gan day, cac phan (mg co ban
trén bé mit kaolinite da duoc cac nha khoa hoc
quan tim khao sat. Gan day, nghién ctru kha
nang hip phu cua cac hop chat hiru co bao gom
mot sb thuéc nhudm 1én bé mit kaolinite va oxit
nhom vo6 dinh hinh da duogc thuc hién boi Harri
va cac cong su.* Két qua cho thdy bé mit hydro
ctia kaolinite (H-slab) c6 kha niang hép phu t6t
cac chat hiru co hon nhiéu 1an so voi bé mit oxy
ctia n6 (O-slab) va bé mat oxit nhom. Ngoai ra
nhém nghién ctru cta Chen di khao sat sy hap
phu ctia cac loai mubi amin/amoni khac nhau cua
DDA (Dodecyl amin), MDA (N-methyldodecyl
amin), DMDA (N, N-dimethyldodecyl amine)
va DTAC (Dodecyl trimethyl ammonium clorua)
1én trén bé mit kaolinite trén ca hai phuong dién
tinh toan 1y thuyét bang thuyét phiém ham mat
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d6 (DFT) va thuc nghiém. Két qua chi ra ring
cac cation amin/amoni khac nhau ¢ thé hap phu
manh trén bé mat hydro cuta kaolinite.’

Kaolinite la loai khoang alumosilicat 2
16p nén khi xét dén cdu trac bé mat s& ton tai
hai kiéu: bé mat giau hydro (H-slab) va bé mit
giau oxy (O-slab) nhu chi ra ¢ hinh 1. Theo cac
nghién clru trudc day, bé mat H-slab v&i mat do
hydro day déc, c6 kha nang tich dién duong 16n
thuan loi cho viéc hép phu, twong tac vdi cac
hop chat hitu co chira cac nhém chirc nhur -OH,
-COOH.*® Thém vao do6, nghién ctru ctia Johnson
vé su hdp phu cua benzene, n-hexane, pyridine
va 2-propanol trén hai bé mat cua kaolinite chi
ra rang bé mat H-slab c¢6 kha ning hap phu tot
hon bé mit O-slab.” Do vy, trong nghién ciru
nay, chung t6i chon bé mit H-slab dé khao sat
su hap phu cac dan xuit benzen chtra cac nhom
chirc nhu -CHO, -COOH, -OH, -NH,, -SO,H.
Viéc chon nhiéu loai nhom chie khac nhau véi
muc dich danh gia cdu tric hinh hoc va dé bén
cua phtc hinh thanh; kha nang tuong tac cua
cac nhom chirc voi bé mat vat liéu, ban chét va
vai tro cac tuong tac hinh thanh trong qua trinh
hép phu.

2. PHUONG PHAP TINH

Céu trac hinh hoc ciia cac phan tir va bé mat
kaolinite dugc xem xét va tdi wu bang chuong
trinh  VASP.® Kaolinite 12 mot trong nhiing
khoang sét phd bién, co cong thirc hoa hoc 1a
ALSi,0(OH),, bgo ng)m mot loat cac 16p khong
tich dién dugc két ndi véi nhau bdi mdt mang
ludi cac lién két hydro giita cac mit H-slab va
O-slab, nhu chi ra ¢ hinh 1.

O-slab

Hinh 1. Ciu trac bé mit cua kaolinite (H-slab va
O-slab)

Trong céc tinh toan cho hé nghién cuu,
cac cell duoc thiét ké vai kich thudc cac chiéu:

a=10,43 A; b=19,06 A; c =25,00 A, trong d6
khoang khong gian tréng (vacuum space) khoang
15 A, di 16n dé bo qua cac twong tac bién khong
can thiét trong quéd trinh téi uu. Ning luong
E-cutoff duoc khao sat va chon & mirc 500 eV,
d6 hoi tu duoc 1dy ¢ muc 1.10° eV dé thu duoc
cac gia tri nang lugng trong cac tinh toan c6 do
chinh xac va tin cay cao.>!°

Trong hé nghién ctru nay, phiém ham
Perdew-Burke-Ernzerhof (PBE) véi sy gan diing
gradient tong quat (GGA) cho thanh phéan tuong
quan trao doi dugc st dung trong tat ca cac tinh
toan."! Nang luong hap phu (E ,) va nang lugng
tuong tac (E)) duoc tinh theo cac biéu thirc sau:
E= E o (Esurf + Emol); E= E o (Esurf*+
E_ ), trongdo E . ~E .vaE_  tuong ing
la nang lugng toi vu cua phirc, bé mat va phan
tn; E |
mat va phan tir dugc tach ra tir phirc va khong
t6i wu lai. Nang luong bién dang ctia phan tir hip
phu (B, )vabémat(E _ ) trong qué trinh hép
phu duoc tinh twong tng la sy khac biét gitra
E _*VOiE vaE *v6iE "

surf”

*vaE_ *landng lugng dieém don cua bé

surf

Bén canh d6, d¢ hiéu rd hon vé su hinh
thanh, ban chat va vai tro cua cac tuong tac trén
bé mat, mot sd dai lugng nhiét dong nhu ai luc
proton (PA) va nang luong tach proton (DPE)
cho cac phan tir din xuit benzen dwoc phan
tich, danh gia. Thuyét nguyén tir trong phén tir
(AIM) va sy tiép can orbital phan tir thich hop
(NBO) duoc sir dung dé danh gia ban chat, vai
tro cia cac tuong tac hinh thanh gilta cac phan
tr hitu co v&i bé mat H-slab. Céc tinh toan vé
DPE, PA cho cac phén tu, phéan tich AIM va
NBO cho cac phtic dugc thyc hién tai mac 1y
thuyét B3LYP/6-31 + G(d,p) sir dung Gaussian
09, AIM2000, NBOS5.G."*15

3. KET QUA THAO LUAN

3.1. Céu triic hinh hoc bén

Két qua toi wu hinh hoc cho thay, cac phan tir dan
xuét benzen khi hap phu 1én bé mat H-slab theo
hai xu hudng: i) thir nhat 1a hinh thanh ciu trac

kiéu thang dimg voi sy tuong tac chu yéu & cac
nhom chuc (dang P1) va ii) thtr hai 1a hinh thanh

Journal of Science - Quy Nhon University, 2020, 14(1), 5-14 | 7



KHOA HOC

TRUONG DAI HOC QUY NHON

céu trac kiéu song song v6i sy trong tac cha yéu
0 vong benzen (dang P2) nhu chi ra ¢ hinh 2.
O cac phirc dang P1, do bén phirc do sy déng
gop cua cac lién két hydro kiéu O/N/C-H---O.
O cac phirc dang P2, d6 bén phirc do sy déng
gop tir cac lién két hydro O/N/C-H---O va H--n
(vong benzen).

Bang 1 cho thiy cac khoang cach H---O,
H--N, H--C/m (vong benzen) trong céc phic
nhu chi ra & hinh 2 1an lugt trong khoang 1,05-
2,58 A, 2,25-2,81 A va 2,61-3,25 A. Cac gia tri
nay hau hét déu nho hon tong ban kinh Van der
Waals cua 2 nguyén tr tham gia tuong tac (ban
kinh Van der Waals cia H, C, N, O lan luot 1a
1,20 A; 1,70 A; 1,55 A va 1,50 A tuong Ung).
Do @6, ching t6i du doan budc dau co sy hinh
thanh cac lién két hydro kiéu O/N/C-H--O va
H---m trong céac phtrc khao sat trén. Vi phice P1-
NH, su ton tai lién két hydro H---N/C(n) mac du
khoang cach ctiia H va N khoang 2,81 A va 2,61-
3,25 A ¢ cac phuc dang P2, hoi 16n hon tong
ban kinh Van der Waals ctia hai nguyén tir N va
H (2,75 A va 2,9 A), s& dugc chirg minh & cac
phan phan tich bén dudi.

a

P1-NH2 P2-NH2

P1-SO3H

P2-SO3H

Bén canh do, nhitng thay d6i vé do dai cac
lién két & cac nhom chire trong qua trinh hdp phu
dugc dua ra trong bang 1. Két qua tinh toan cho
thiy do dai cac lién két C-H, C=0, S=0, S-O,
N-H, O-H trong céc phan tir hitu co bién d6i kha
nhé trong khoang 0,00-0,06 A. Mot s6 lién két
C-O (trong C-O-H), S-O (trong S-O-H) bi rit
ngan 16n hon, trong khoang 0,01-0,13 A.

Nhin chung, sy hinh thanh cac phirc bén
giita cac phan tir din xuét benzen v&i bé mat
H-slab khong lam thay dbi nhiéu vé ciu trac
hinh hoc cac phan tir ban dau. Pang chu ¥, o cac
phtrc P1-SO,H va P3-SO,H, khoang cach twong
tac H--O_ . khoang 1,05 va 1,06 A rat gan véi
d6 dai lién két O-H trong phén tir hiru co ban
dau (0,98 A), cho thay nguyén tir H trong nhom
-SO,H ¢6 xu hudng dich chuyén sang bé mit
kaolinite trong qua trinh hap phu. Xu hudng dich
chuyén nguyén tir H linh dong trong cac lién két
phan cyc manh & phan tir hitu co sang bé mit
vat lidu ciing da dugc tim thy trong nghién ciru
trude day cia nhom ching t6i.'* Sy hinh thanh
va vai tro cta cac lién két hydro kiéu O/N/C-
H---O trong cac phirc s& dugc phén tich chi tiét

0 bén dudi.

P1-OH P2-OH

H).i'.-ijl

P3-SO3H

Hinh 2. Céc céu tric bén ciia sy hip phu cac phan tir hiru co trén bé mit kaolinite (H-slab)

8 | Tap chi Khoa hoc - Truong Pai hoc Quy Nhon, 2020, 14(1), 5-14
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Bang 1. Khoang cach cac twong tac, su thay d6i d6 dai cac lién két tham gia vao cac tuong tac trong cac phirc (don

vi clia khoang cach 1a A)

Phirc H--O H--C/N | Ar(C,S-0) | Ar(C,O,N-H) | Ar(C,S=0) | Ar(H-O)°
P1-CHO 1,77/2,58? - - 0,00 0,01 0,02
P2-CHO 2,07 3,12 - -0,01 0,01 0,01
PI-COOH | 1,72/1,619/2,52 - -0,03 0,06 0,02 0,02
P2-COOH 2,12 3,25 -0,01 0,00 0,01 0,01
P1-NH, 1,929 2,819 - 0,02 - 0,01
P2-NH, - 3,18/2,257 - 0,00 - 0,00
P1-OH 1,87/2,51/1,75% - 0,00 0,03 0,03 0,01
P2-OH 2,38 2,61 0,01 0,00 - 0,00
P1-SO H 1,059/1,92/1,81 - -0,13 - - 0,02
P2-SO,H 2,05/2,33 2,84 -0,01 0,00 0,01 0,01
P3-SO H 1,069/1,80/2,13 - -0,12 - 0,04 0,02

9d6i v6i khoang cach O-H-O_ (surf: bé mét), ¥ d6i voi khoang cach H-+N, © d6i véi lién két O-H ctia bé mat

3.2. Phan tich vé mit ning lwong ciia qua trinh hip phu

Dé danh gia qua trinh hap phy cta phan tir trén
bé mat H-slab, cac gia tri nang lugng dac trung
nhu nang lwong hap phy, ning luong tuong tc
clia cac phuc va nang lugng bién dang cua cac
phan tir, b& mat duoc tinh toan va tap hop trong
bang 2.

Bang 2. Niang luong hép phu, ning lugng tuong tic
clia cac phirc va ning lugng bién dang ctia phan tir, bé

mat trong cac qua trinh hép phu (don vi kcal.mol™)

Phl’rc EA El ED—surf ED—mol
PI-CHO  -7,70 933 087 0,5
P2-CHO  -544 685 083 0,59
P1-COOH -1623 -2340 286 431
P2-COOH -346 -461 0,65 0,50
P1-NH, 535 -678 082 0,61
P2-NH, 483 587 081 0,24
P1-OH 11,02 -15,07 1,71 2,34
P2-OH 2,99 3,63 054 0,10
PI-SOH 2479 -99,17 14,56 59,82
P2-SOH 603 -7,60 142 0,15
P3-SOH  -19,56 -94,18 16,65 57,97

Két qua bang 2 thy rang ning luong hap
phu cua cac phuc thu dugc c6 gia tri trong khoang
-2,99 dén -24,79 kcal.mol’!, trong d6 cac phirc
dang P1 (tuwong tac & cac nhom chiic) c6 nang

luong hap phu 4m hon nhiéu so véi cac phirc
dang P2 (tuong tac vdi vong benzen). Do do, cac
phirc dang P1 bén hon so v6i dang P2 trong qué
trinh hap phu cac phan tir dan xuat vong benzen
1én bé mat H-slab cua kaolinite. Thém vao do,
nang luong twong tdc ¢ cac phuc dang P1, P2
tinh duoc trong khoang -6,78 dén -99,17 kcal.
mol"' va -3,63 dén -7,60 kcal.mol", tuong ung.
Két qua nay mot 1an nira khing dinh, cac phirc
dang P1 bén hon so véi cac phitc dang P2, hay
noi cach khac cac phan tir dan xuat vong benzen
khi twong tac voi bé mat H-slab cua kaolinite wu
tién cho sy hinh thanh cac phtrc dang P1.

Doi vé6i cac phic P1-SO,H va P3-SOH
nang luong twong tic 4m hon rat nhiéu so véi
phtc P2-SO,H do nguyén tor H trong nhom-—
SO,H ¢6 xu hudéng dich chuyén sang bé mit
kaolinite dan dén hinh thanh lién két hydro
O-H--O tré nén khd bén. Phic P1-SO.H bén
hon phirc P3-SO,H do c6 sy dong gop cua nhiéu
lién két O-H--O. Sy chuyén dich nguyén tor H
linh dong & lién két O-H (trong nhom axit —
SO,H) trong phén tir hitu co sang bé mat vat lidu
trong qua trinh hap phu dé¢ hinh thanh lién ket
hydro O-H--O bén ciing duoc nhan dinh trong
nghién ciru trude day cua nhom chung toi dbi

Journal of Science - Quy Nhon University, 2020, 14(1), 5-14 | 9
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v6i sy hap phu axit HCOOH 1én bé mit rutile-
TiO,.' Su dich chuyén nguyén tir H tir phan tir
sang bé mdt lam cho cau trac phan tr va bé mat
bién d6i nhiéu so véi cu tric ban dau. Didu nay
dugc nhén thay rd & nang luong bién dang Ej o
vaE . cua 2 phtc nay. Cac phirc P1-SO,H va
P3-SO,H c6 ning luong bién dang ddi véi phan
tir (khoang 60 kcal.mol") va bé mat (khoang 17
kcal.mol") 16n hon nhiéu so véi cac phtic khac.
O céc phtic ciia cac dan xut con lai, nang lugng
bién dang chi khoang 0,10 - 4,31 kcal.mol!. Do
vay su bién ddi cAu trac & cac phan tr va bé mat
kha nho trong qua trinh hip phuy, ngoai trir & céc
phirc P1-SO H va P3-SO H.

Khi xét cac phirc bén nhit di vdi mdi dan
xuét chira cac nhom chirc khic nhau thiy rang,
nang luong hip phu va nang luong tuong tic bién
d0i theo thir tu céc dén xuat thé -SO,H < -COOH
<-OH < -CHO < -NH,. Do d6, d bén céc phirc
hinh thanh giita cac phan tr va bé mat H-slab
cua kaolinite bién déi theo thtr tw cdc dan xuat
thé -SO,H > -COOH > -OH > -CHO > -NH.,.
Céc phirc bén nay do sy dong gbp chinh boi cac

lién két hydro O/N/C-H---O hinh thanh trong qué
trinh tuong tic giita cac nhom chirc v6i bé mit
H-slab. Két qua cho thdy, cac qua trinh hip phu
nay dugc danh gia nhu 1a cic qué trinh hap phu
yéu va trung binh. Sy hap phy manh hon dién ra
& céc dan xuét thé -SO,H, -COOH va-OH, so véi
& céc dan xuat -CHO, -NH,,.

3.3. Su hinh thanh va vai tro cac twong tac
ciia qua trinh hip phu

3.3.1. Nang luwong tach proton (DPE) cua cac
lién két, di luc proton (PA) va mdt do dién tich tai
cdc nguyén tir cua cdc phan tir hitu co

Dé danh gi4 mac do anh huong do phan cuc
lien két O-H, C-H, N-H va mat do dién tich tai
cac nguyén tir trong cac phan tir hitu co dén sy
hinh thanh, d6 bén cua cac tuong tac trong cac
phtrc chung t6i tién hanh tinh DPE cua cac lién
két O-H, C-H, N-H va PA tai cac nguyén tir O,
N tham gia vao cac tuong tac ciing nhu dién
tich NBO cho cic nguyén tir & muc li thuyét
B3LYP/6-31+G(d,p). Cac két qua tinh dugc tap
hop ¢ bang 3.

Bang 3. Pién tich (g, don vi e), gié tri PA va DPE (don vi kcal.mol"') tai cdc nguyén tir, lién két & cac nhom chirc

trong cac phan tur tinh tai muc B3LYP/6-31+G(d,p)

Piéntich CHCHO C,HCOOH C,HNH, C,H.OH C,HSOH
qQO/N)  -0,542  -0,507/-0,732% -0,873 -0,714% -0,936/-0,907/-0,929*
q(H) 0,152 0,525 0,414 0,509 0,538
q(C/S) 0,393 0,802 - - 2,367
PA(O/N) 2032 195,7 2104, 178.8 192,1
404,39 356,49 383,79 362,59 341,19
397,40 407,29 409,5 409,5 391,00
PPE(CION-E) = 89 405,29 41539 412,19 394,99
400,29 402,99 416,79 413,00 391,09

*doi vi nguyén tir O ¢ lién két OH; @ chi lién két C/O/N/-H trong cdc nhém chire; P99 tiong tmg véi cdc lién két

C-H tai cdc vi tri octo-, meta- va para- trong vong benzen

Bang 3 cho thdy cac nguyén tir O(N)
O cac nhom chirc c6 mat do dién tich am kha
16n (trong khoang -0,507 dén -0,936 e), do d6
chung d& dang twong tic v6i bé mat H-slab
giau dién tich dwong dé hinh thanh cac lién két

hydro O/N---H_ . (surf: bé mit) bén. Ngoai ra,
mat do dién tich duong tai cac nguyén to H
trong cac nhom chuc kha 16n (trong khoang
0,152 - 0,538 ¢), do d6 chung ciing dé dang
hinh thanh c4c lién két hydro kiéu H---O_ trong
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qua trinh tao phirc. Phan tde C. H,SO,H c6 nhom
-SO,H véi nhiéu nguyén tr oxi c6 mat do dién
tich am 16n nén c6 kha ning hinh thanh nhiéu
lién két hydro O---H bén v6i bé mit H-slab cia
kaolinite. Két qua tinh cho thay kha niang hinh
thanh cac lién két hydro O---H bén giam theo
thtr tu cac dan xuét -SO,H >-COOH > -OH >
-CHO do sy giam dién tich am ¢ O va dién
tich dwong ¢ H. Piéu nay con duoc giai thich
thém do sy bién ddi i lyc proton tai nguyén
td O cling nhu kha nang tdch proton trong
céc lién két O-H (C-H) trong cac nhom chiic.
Bang 3 thay rang, gi4 tri PA tai cac nguyén tir
O bién doi trong khoang tir 178,8 dén 203,2
kcal/mol theo trat ty -OH < -SO,H < -COOH
< -CHO nén kha nang hinh thanh cac lién két
hydro O---H_  tang theo trinh tu nay. Mat khac
DPE ¢ céc lién két O/C-H bién ddi 16n trong
khoang tir 341,1 dén 404,3 kcal.mol"' theo thir
tw -SO,H < -COOH < -OH < -CHO dén dén do
bén lién két hydro O/C-H---O_  giam theo trat
tu -SO,H > -COOH > -OH > -CHO. Déi voi
phan tr C.HNH,, mdc du dién tich am cua N
16n hon & cac nguyén tir O trong cic dan xuét
khac va ai luc proton (PA) tai N 16n, tuy nhién
kha ning tach proton & lién két N-H kho hon
(DPE khoang 383,7 kcal/mol) so véi cac lién
két O-H. Két qua, su twong tac ciia nhém -NH,
voi bé mat H-slab cua kaolinite tré nén kém
hon so véi & cdc nhém thé -SO,H, -COOH va
-OH. Bén canh d06, cac gia tri DPE cua cac lién
két C-H vong benzen trong cic dan xuat bién
d6i nho tir 391,0 dén 416,7 keal.mol” va déu
16n hon so v&i & céac lién két O-H, N-H & céc
nhom chuc. Do @6, kha nang hinh thanh cac

-
. 1 * *
'.' g n-'.-.'.. gy o
¥ 3 .;. o 9 4 . £
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lién két hydro H---C ¢ vong benzen kém hon
nhiéu so véi & cadc nhom chic.
3.3.2. Phén tich AIM cho cdc cdu tric bén nhdt

pé chirng minh sy ton tai va do bén cac tuong
tac trong cc phirc ciing nhu chiéu hudng bién
ddi do bén cac phtc thu dugc, ching toi thuc
hién phan tich AIM & muc li thuyét B3LYP/6-
31+G(d,p) cho cac ciu trac bén nhét tng voi
mdi din xuét. Hinh hoc topo cuia cac phuc
duoc chi ra ¢ hinh 3 va két qua tinh toan vé
mat do electron (p(r)), Laplacian ciia mat do
electron (V2p(r)), tong dong nang va thé ning
mat do electron (H(r)) tai cac diém t6i han lién
két (BCP) duoc tap hop trong bang 4.

Su hién dién cac diém t6i han lién két
(BCP) ¢ hinh 3 va cac gia tri cia mat do electron,
Laplacian ¢ bang 4 hau hét thudc khoang gia
tri cho su hinh thanh céc tuong tac yéu khong
cong hoda tri, minh ching cho sy hinh thanh
cac lién két hydro O/N/C-H---O trong cac phirc
khao sat.'” Dang cht y, dbi véi phire P1-SO H,
gid tri p (r) tai BCP ctia H-O_ 16n hon nhiéu
so cac H---O khéc. Cung véi do, cac gia tri
V2p(r) va H(r) tai BCP nay déu c6 gia tri am
16n (-1,252 au va -0,388 au twong tng). Do do
lién két hydro H--O_ . trong phuc P1-SOH
¢ ban chit cong hoa tri va kha bén, bén hon
cac lién két hydro H--O trong cac phirc khac.
Diéu nay dan dén phuc P1-SO,H tr¢ nén bén
nhit trong cac hé phirc khao sat. Két qua nay
minh chimg ring nguyén tir H linh dong trong
nhém —SO.H ¢6 xu huong dich chuyén dén bé
mit H-slab cta kaolinite dé hinh thanh lién két

hydro H---O bén nhu nhan dinh & cac phan trén.

'
gy i o1
- . . b .z - .tll

Lo b b . iy £ vt
'y E"' % » . 1A% i q -*:, . e ? Y . I-;.lu"n 4 Y g oM bt ,
Y B et ¥ oet e P v, t : & oK de d Pl e “'
n}/‘ﬂ\: r\ "-_. g J\,? M‘““Y/‘qvf . '-M? i ‘TT."-‘\’, = .ﬁr.,,a
P1-CHO P1-COOH P1-NH; P1-OH P1-SO;H

Hinh 3. Hinh hoc topo cta cac phirc bén nhat di voi su hip phu cac phan tir hiru co 1én bé mit kaolinite (H-slab)
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Khi xét chidu huéng bién d6éi mat do
electron tai cac BCP cua cac tuong tac giita cac
phan tir thdy rang, cac gia tri mat do electron tai
cac BCP O/N/C-H:--O trong khoang tu 0,006
dén 0,264 au va giam theo thir tu cac dan xut
-SO,H > -COOH > -OH > -CHO > -NH.,. Piéu
nay dan dén do bén cic twong tac ciing nhu do
bén céc phiic ciia cac dan xuét thé benzen véi bé

mat H-slab bién d6i nhu trén. Bén canh do, gia
tri H(r) tai cac BCP H--O 4m nho (-0,001 dén
-0,005 au) hodc xap xi 0 (ngoai trir & P1-SO,H
cho thay cac lién két hydro nay kha bén va co
mot phﬁn ban chét cong hoa tri. Véi cac BCP
tai cac tiép xtic H---O khac va N---H, gia tri H(r)
dwong nho (0,001 au), nén cac lién két hydro nay
khong c6 ban chit cong hoa tri.

Bing 4. Cac dai lugng dic trung ctia hinh hoc topo céc phirc tinh ¢ mirc li thuyét B3LYP/6-31+G(d,p)

Phikc Tuong tic p(r) Vp(r) H(r) EDT
Ol1--Hl 0,038 0,107 0,000

P1-CHO 0,02
H2--02 0,008 0,026 0,001
H3--02 0,056 0,144 20,005

PI-COOH  Ol-HI 0,041 0,124 0,000 20,28
O1---H2 0,007 0,028 0,001
N--HI 0,006 0,018 0,001

P1-NH, 0,00
H2--0 0,028 0,080 20,001
02--H2 0,030 0,087 20,001

P1-OH 02-+-H3 0,008 0,029 0,001 0,00
H1--Ol 0,040 0,115 20,001
H1--03 0264  -1252 -0,388

P1-SO,H O1-H2 0,034 0,097 0,000 -0,76
02--H3 0,025 0,070 0,000

3.3.3. Phan tich NBO cho céc cdu triic bén nhdt

Sy ton tai lién két hydro trong cac phuc va do
bén khac nhau cta ching c6 thé dugc hiéu xa
hon qua phan tich gian d6 mat do electron tong
(EDT) & cac phirc, duoc tinh tai mic 1y thuyét
B3LYP/6-31+G(d,p) va dugc hién thi & hinh 4.
Cac gia tri mat do electron trao ddi téng duoc liét
ké trong bang 4.

Hinh 4 cho théy c6 sy xen phu mat do
electron gifra cac vi tri nguyén tir tham gia truc
tiép vao cac tuong tic, minh ching thém cho sy
hinh thanh céc lién két hydro O/N/C-H---O trong
cac phuc khao sat. Tri s6 chuyén mat do electron
tong (EDT) tinh dugc c¢6 dau khac nhau chimg to
khuynh huéng khac nhau ciia qua trinh chuyén
electron giita phan tir va bé mat trong qua trinh

hap phu. Cac phuc P1-COOH, P1-SO,H co
EDT < 0, chimg t6 sy chuyén electron tir bé
mit dén phan tir manh hon chiéu nguoc lai. Déi
voi cac phac P1-CHO, P1-OH, P1-NH, EDT
c6 gia tri duwong kha nho, cho thiy su chuyén
mat do electron tur phan t dén bé mat hoi
manh hon chiéu nguoc lai tur bé mat dén phan
tr. Pang cha y, ddi voi cac phiac P1-COOH,
P1-SO.H gid tri EDT ¢6 tri s6 am 16n, cho
thay su chuyén electron tir bé mat sang phan tir
(orbital phan lién két & O-H) kha manh. Piéu
nay dan dén xu huéng dich chuyén nguyén tir
H linh dong ¢ cac nhom chirc -COOH, -SO.H
dén bé mat H-slab va lién két hydro O-H---O
hinh thanh kha bén trong cac phtric ndy nhu

phan tich & cac phan trén.
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P1-CHO
Hinh 4. Gian db mat do electron tong cuia cac phirc tai B3LYP/6-31+G(d,p) (isovalue = 0,005 au)

P1-COOH

4. KET LUAN

Nghién ctru sy hép phu céc phan tir C,H.CHO,
C6H5C‘OOH, CHNH,, CH,OH, C.HSO,H lén
trén bé mat hydro cua kaolinite (H-slab) chung
t6i thu dugc 11 cdu trac bén Gng véi hai dang
sap xép dic trung: dang thing ding (P1, ¢ sy
tuong tac chu yéu giita bé mat vai nhom chiic)
va dang song song (P2, ¢ su tuong tac giira bé
mit voi vong benzen). Nang lwong hip phu cua
cac phan tir hitu co trén bé mat H-slab tinh dugc
trong khoang -2,99 dén -24,79 kcal/mol, trong d6
cac phirc dang P1 c6 ning lugng 4m hon nhiéu
so v6i dang P2. Cac qua trinh hép phy nay duoc
danh gia 1a cac qua trinh hip phu yéu va trung
binh. Bén canh d6, su tuong tac gilta cac phan
tir voi bé mat H-slab kha manh véi nang luong
tuong tac trong khoang -3,63 dén -99,17 kcal/mol.
Pang cht y, sy tuong tic manh vuot trdi & cac
phirc ctia dan xuét —SO,H vdi sy hinh thanh céc
lién két hydro O-H--O_ . bén trong qua trinh hap
phu. D6 bén cua cic phuc thu dugc gitta cac
dan xuit thé vong benzen véi bé mat hydro cia
kaolinite duoc dong gdp chinh bai lién két hydro
kiéu O/N-H--O va H.--C/m (vong benzen). Két
qua nghién ctru cho thy, kha ning hap phu cac
phén tir trén bé mit H-slab giam theo thir tu céc
dan xuét thé -SO,H > -COOH > -OH > -CHO >
-NH,. Ngoai ra, sy tuwong tac gilta cac phan tur
nay voi bé mit H-slab wu tién hinh thanh céc
phuc P1 hon dang P2.

Loi cam on. Cdc tac gia cam on su hé tro kinh
phi tir die én TEAM (do VLIR tdi trg), md so
ZEIN2016PR431 trién khai tai Truong Dai hoc
Quy Nhon (2016 - 2020).

P1-NH,

P1-OH P1-SO,H
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M6t cach nhin méi vé phan lién két hydro C-H:--N
trong cac phtrc cua chloroform vé&i hydrogen cyanite
va dan xuat fluoride

Phan Ping Hong Nhung', Huynh Thanh Nam'2, Nguyén Tién Trung""

'Phong Hoa tinh toan va mé phong, khoa Khoa hoc ty nhién, Truong Pai hoc Quy Nhon, Viét Nam
2Khoa Khoa hoc vit liéu va ky thudt, Pai hoc Quéc gia Chungnam, Daejeon, Han Quéc
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TOM TAT

Céc twong tac khong cong hoa tri cua lién két hydro trong cac phirc ciia chlorofrom véi hydrogen cyanite
va dan xuat fluoride da duoc nghién ciru ki bang cach quét bé miat nang lugng thé niang. Cac phic ciia ca hai hé
thdng duoc nghién ctru cho két qua déu thudc lién két hydro chuyén doi xanh khi dat cdu tric hinh hoc bén. Tt
ca cac hé théng déu trai qua su rat ngén lién két C-H khi & khoang cach xa. O khoang cach N---H cu thé, lién két
C-H cua phan tr CHCI, trong céc phirc chat véi FCN ¢6 xu huéng chuyén doi xanh nhiéu hon so véi lién két hydro
trong phirc CHCI,---HCN. Céc phan tich SAPT2+ cho thiy tuong tac tinh dién 1 thanh phan chinh gitip 6n dinh
lién két hydro C-H--*N, nhung khong xac dinh dugc sy chuyén di xanh cua tan s6 kéo dai C-H sau khi tao phtrc.
Dang chu y, két qua thu duoc cho thiy luc phéan tan dong vai tro quan trong trong viéc kiém soat su chuyén cua
lién két hydro.

Tir khéa: Lién két hydro, chuyén doi xanh, phdn tan, tinh dién, SAPT2+.

‘Tac gia lién hé chinh.

Email: nguyentientrung@gnu.edu.vn
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An insight into improper hydrogen bond of C-H---N type
in complexes of chloroform with hydrogen cyanide
and its flouro derivative
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ABSTRACT

Non-covalent interactions in term of hydrogen bond in complexes of chloroform with hydrogen cyanide and its

fluoride derivative were investigated thoroughly by scanning the potential energy surface. The complexes of both

examined systems show blue-shift at their most stable geometries. All of systems experience the contraction in

C-H bond length at long distances. At specific R, distance, the C-H bond of CHCI, molecule in complexes with

FCN tends to be more blue-shifted than one in connection with HCN counterpart. The SAPT2+ analyses reveal

that electrostatic interaction is the major component which stabilizes the C—H:--N hydrogen bond, but does not

determine the blue shift of C-H stretching frequency following complexation. Remarkably, the obtained results

show that the dispersion force plays a crucial role in controlling the shifting of the hydrogen bond.

Keywords: Hydrogen bond, blue-shift, dispersion, electrostatic, SAPT2+.

1. INTRODUCTION

Hydrogen bond (H-bond) is inevitably a crucial
non-covalent interaction acquiring massive
attention during the past decades. In standard
textbooks,'* the bond is usually represented in
the form of A-H--*B. A is an atom or a group
whose ability is to draw electron density from
the hydrogen atom, and A-H plays as a proton
donor, while B is a fragment with excessive
electron cloud served as a proton acceptor.
Initially, H-bond was characterized by an
A-H lengthening, concomitant red-shift in its
frequency and an enhancement in IR intensity.
There are two well-recognized fashions
which can thoroughly explain the underlying

*Corresponding author.

Email: nguyentientrung@gqnu.edu.vn

mechanism of such bond. The first explanation is
based on the effect of the electrostatic component
in the presence of B,** while the alternative is
developed on the contribution of charge transfer
effect from B to A-H bond.*"

However, the controversial debates have
been triggered since the discovery of another
type of interaction which bears totally opposite
features than the above-mentioned bond. This
interaction, which was later named improper or
blue-shifting hydrogen bond, is associated with a
contraction in A-H bond length, an increase in its
stretching vibrational frequency and a decrease in
spectroscopy intensity.'>!7 Up to now, although
there have been a number of proposed arguments
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in order to explain the origin of this H-bond,
no interpretation achieves consensus among
scientists universally. Some authors proposed
that the blue-shifting effect was derived from
the reorganization of the host molecule. Such
restructuring can be consequences of the charge
transfer contribution,'® or the rehybridization.'8
Meanwhile, others managed to justify the nature
of H-bond as a balance of opposing interactions. '
2 For a long time, our group has pursued another
way of explanation for this bond of interest.
Among hydrogen bonded systems, we have paid
more attention to the interactions of C-H donors
with various proton acceptors. This is due to the
fact that C-H type hydrogen bond is of great
importance in biological systems;*'* gaining
understanding about them, thus, can pave the
way for having more insight into our bodies.
Moreover, this type of H-bond is categorized
into the pro-improper donor, according to Joseph
and Jemmis,* whose shifts in C-H bond strongly
depend on the nature of proton acceptors. In our
article published in 2017, we found that the
stabilities of the complexes are influenced by
the gas phase basicity of the donor,”* and the
polarization of the C-H bond. Specifically, the
majority of the interactions between halofrom
and acceptor proton Y are CHF, for blue-shifted
hydrogen bond while CHBr, gives mainly red-
shifted hydrogen bond. As for CHCI, gives both
of H-bond types, therefore the polarity of the
C-H bond in the CHX, monomers increases in
substituted order of X in going to from F to Cl
and then to Br. Thus, we carried out fixing the
distance N---H and optimized the geometric
parameters of the complexes. Besides, for a
specific donor, the basicity is directly associated
with the change in C-H bond length. Therefore, we
held a belief that as the dependence of C-H bond
length on the Lewis base’s origin was clarified,
they must be interactions from the acceptor, not
internal changes in donor’s structure, controlling
the shift of the C-H covalent bond. It prompted a
need to investigate the role of single interactions
that contribute to the stability of a dimer upon
complexation.

In the above study and another previous
work,”> we conducted SAPT calculations
in order to decompose the total interaction
energy into four physically meaningful forces,
namely electrostatic, dispersion, induction, and
exchange. This way of analysis has been proved to
provide reliable energy decomposition results.?
Furthermore, we reported some significant
comments on the role of energy components to
H-bond, especially the importance of dispersion
in blue-shifting systems.?® Hence, in this work,
we utilized SAPT as a productive tool to examine
the change in contributions of these interactions
during the complex formation comprehensively
and expected to shed light on the nature of blue-
shifting hydrogen bond.

2. COMPUTATIONAL DETAILS

All the ab initio calculations were performed by
the Gaussian 09 package.”” For the purpose of
the present work, we constrained the distance
between a proton donor and an acceptor R,
(R, =1.7-3.5A) and the C, symmetry. The
remaining parts of complexes were optimized
at MP2/6-311++G(3df,2pd) level of theory.
Stretching frequencies are calculated at the
same level in order to investigate the shift of
C-H bond’s stretching frequency. Single point
energy (SPE) and basis set superposition error
(BSSE) via the counterpoised correction of
Boys and Bernadi®® for all the monomers and
complexes are obtained at the CCSD(T)/6-
311++G(3df,2pd)//MP2/6-311++G(3df,2pd)
level. Interaction energies are estimated as the
difference in energy between complexes and their
fragments, corrected for both of ZPE and BSSE
(AE*). Topological parameters of complexes at
the bond critical points (BCPs) were computed
using the AIM2000 software.”

The SAPT2+ calculations for the
complexes were applied with the aug-cc-
pVDZ basis set using Psi4 software.*® The total
intermolecular interaction energy was separated
into five fundamental components which are

so-called electrostatic (E_ ), dispersion (Edisp),
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induction (E, ), exchange (E_ ) and SE"", where
OE™  contributing to the interaction energy
includes all third and higher-order induction
and exchange-induction terms. The total
intermolecular interaction energy is calculated

as shown in equation:

E =E

SAPT2+ elst + Eind+ Eexc

h

+ B, + 0E"(1)
I11. RESULTS AND DISCUSSION

3.1. Changes of the C-H bond length and its
stretching frequency

The changes in C-H bond length and the
corresponding stretching frequency in the two

complex systems are presented in Table 1. The
Ar value is negative at large separation and
decreases until the minimum is reached, then
increases to positive ones, indicating that the
C-H shortening occurs over the long distances
and the elongation occurs at short range. The
change of its stretching frequency further
supports this observation as Av value is positive
at large distances and gradually increases until
reaching its maximum value and then decreases
to negative values. The shift from blue- to red-
shifting when the proton acceptor comes closer
is similar to some previous studies.? 3! 32

Table 1. Changes in bond length (Ar(C-H), in A), stretching vibrational frequency (AvC-H in cm™) of the C-H
bond and the interaction energy corrected by both ZPE and BSSE (AE* (kJ.mol "))

R (A) CHCI,-"NCH CHCL,-"NCF

NH Ar(C-H) Av(C-H) AE* Ar(C-H) Av(C-H) AE*
1.7 0.01599 -138.53 14.07 0.01412 -112.05 15.02
1.9 0.00497 -28.08 3.15 0.00402 -14.30 228
2.1 0.00063 12.24 -10.04 0.00014 19.40 9.11
23 -0.00083 21.43 -12.00 -0.00107 25.07 -11.09
25 -0.00115 19.3 -11.68 -0.00126 21.06 -10.82
2.7 -0.00110 15.18 -10.57 -0.00116 15.97 -9.74
2.9 -0.00097 12.04 9.04 -0.00100 12.97 -8.30
3.1 -0.00085 10.09 -7.61 -0.00087 10.26 -6.96
33 -0.00075 8.77 -6.38 -0.00076 8.92 -5.80
3.5 -0.00064 7.62 -5.36 -0.00067 7.80 -4.85

Table 1 shows that, at long distances,
the C-H bond in CHCI,--"NCF decreases
much more than that of the NCH, and also
fewer increases at short range. Specifically, the
contraction of the C-H bond in CHCI, increases
from 0.00067 A to 0.00126 A when interacting
with FCN. These values are about 0.00004-
0.00023 A more than those of the remaining
system, where the C-H bond is shortened ca.
0.00064-0.00115 A. In both systems, the C-H
bond lengths reach minima at R = 2.5 A. The
complexes, then, exhibit increases in C-H bond
lengths when the acceptor comes closer. The
CHCI,---NCH system shows an increase at ca.
0.00024-0.00187 A more than the CHCI,--"NCF
system. Overall, the blue shift is more preferred
in the FCN system as compared to the HCN one.
The level of contraction and elongation of C-H

length bond is different, when the complexes
are formed by the electrostatic energy and the
ability to electron density transfer from n(N)
lone pair to the 6*(C-H) orbital. Both of factors
depend on the increase of the gas phase basicity
at the N site of these proton acceptors. Indeed,
we calculated the proton affinities at N sites in
two acceptors at CCSD(T)/6-311++G(3df,2pd)//
MP2/6-311++G(3df,2pd) and the obtained results
show that the PA values at N sites in FCN
(679 kJ.mol') is smaller than that in HCN
(700 kJ.mol™).

3.2. Interaction energy, and its relation with
N---H intermolecular distance

The interaction energies taken into account
both ZPE and BSSE (AE*) calculated at the
CCSD(T)/6-311++G(3df, 2pd)//MP2/6-311++G
(3df, 2pd) level are also gathered in Table 1. In
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general, the interaction energies lie in the range
from -5.36 to -12 kJ.mol! and from -4.85 to
-11.09 kJ.mol"! corresponding to the interactions
of HCN and FCN with CHCI,. At the N---H
distance is 2.3 A which the interaction energies
are the most negative for the two complexes.

In order to clearly see the relationship
between the changes in the C-H bond length and
the interaction energy, we plot correlations as
shown in Figure 1. The most stable complexes
experience blue-shifting with the intermolecular
distance between the proton donor and proton
acceptor to be in the range of 2.1 — 2.3 A. Flexible
optimization results at MP2/6-311++G(3df,2pd)
level confirm this observation. Specifically,
at the equilibrium geometries, the distance
of N---H contacts is 2.21 A in CHCIL,---NCH
and CHCIL,--'NCF dimers. This result is in
accordance with a recent study investigating the
interaction of two molecules in the Ar matrix.*
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Figure 1. Relationship between the interaction
energies and Ar(C-H) in the complexes: CHCIL,---HCN
and CHCI,---FCN

Additional examination on the effect of
the interaction energy on the shift from blue-
to red- shifting. We make a comparison based
on the value of interaction energies among
the checked systems as presented in Figure 2.
Figure 2 indicates that the interaction energies
are negative when the N---H distances are in the
range of 1.9 = 3.5 A and they get the positive
values with R smaller than 1.9 A. Namely,
the interaction energies decrease until reaching
its minimum value at long distance and then
gradually increase at short range when the N---H
distance continues decreasing. On the other
hand, at the same distance, the durability of the
CHCI,--"FCN complexes is smaller than the
CHCI,---HCN complexes, which is consistent
with previous reports.* *¢ The difference in
the stability of the two systems can be due to the
higher gas-phase basicity of HCN, whose effect
was proposed in our previous study.*
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Figure 2. Comparison of the interaction energy

between two systems

3.3. AIM analysis

In an attempt to further understand the properties
of C-H:--N hydrogen bond in the complexes,
we carried out QTAIM analysis for the
complexes at MP2/6-311++G(3df,2pd). Results
of topological geometries as given in Table 2
show that the bond critical point (BCP) appears
at a very long distance. In general, when XCN
comes closer to CHCIL, the electron density at
the BCP of N---H contact in each system rises
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linearly in the range of 0.0010-0.0519 au. There
is virtually no significant difference in the
electron density at the BCP of the intermolecular
contact in the two systems with the same N---H

distance. Nevertheless, for the alike N---H
distance the electron density at BCP of N---H
contact is slightly larger for CHCL,---NCH than
CHCI,---NCF.

Table 2. The topological parameters at BCPs of the N---H contacts at MP2/6-311++G(3df.2pd) and the individual

hydrogen bond energy (E,;)

d.. (A) 1.7 1.9 2.1 23 25 2.7 2.9 3.1 33 3.5

p(r)(au)  [0.0519 |0.0326 |0.0207 |0.0134|0.0087 |0.0057|0.0038 |0.0025 [0.0016 [0.0010
§ Vi(r)(au) [0.122  [0.099 |0.071 |0.047 |0.030 {0.019 [0.013 |0.009 |0.006 |0.004
e | H(@) -0.0115 [-0.0016 |0.0014 |0.0016 {0.0012 |0.0009 [0.0007 |0.0005 |0.0004 |0.0003
% E., -70.8 -36.9 -19.6 |-11.0 |-6.5 -39 |25 -1.5 -0.9 -0.6

(kJ.mol")

p(r)(au)  [0.0510 |0.0319 |0.0202 |0.0131 |0.0085 |0.0056 |0.0036 |0.0024 [0.0016 [0.0010
é V(r)(au) [0.123 |0.099 |0.070 |0.047 |0.029 |0.019 [0.012 |0.008 |0.006 |0.004
;m H(r) -0.0109 [-0.0013 |0.0015 {0.0018 [0.0013 |0.0009 [0.0007 |0.0005 |0.0004 |0.0003
% E. -69.1 -35.9 -19.1  |-10.7 |-6.3 -3.8 |24 -1.5 -0.9 -0.5

(kJ.mol ")

The Laplacians (V’(r)) and H(r) at
BCPs fall within the criteria of the hydrogen
bond formation. As a result, the C-H--*N
intermolecular interactions in the complexes
are considered as hydrogen bonds. To be more
specific, V* (r) of all systems is greater than 0.
When the intermolecular distance of the two
molecules decreases, the V7 (r) increases from
0.004 to 0.122 au in CHCL---NCH and from
0.004 to 0.123 au in CHCL,--FCN. H(r) at BCP
of N---H contact in two systems gives a value
larger than O at a distance larger than 2.0 A,
while forR ,=1.7and R, =1.9 A, H(r) values
are negative. Hence, it can be concluded that
the interaction formed between proton donor
and acceptor at distances of larger than 1.9 A
are weak hydrogen bonds and the others are
moderate ones that take a part of covalent nature.

3.4. Role of energy component

To elucidate the role of each energy component
in the red- or blue-shifting of hydrogen bond in
the complexes, SAPT2+ analyzes at the aug-cc-
pVDZ basis set were performed for the optimized

structures at the MP2/6-311++G(3df,2pd) level.
The value of the energy components as well as
the contribution percentage to the stability of the
complexes at each specified distance are shown
in Table S1-S2 in Supporting Information. In all
of the energy components, there are three main
energy components, including electrostatic,
dispersion and induction, contribute to stability
of complexes, whereas exchange interaction

causes a decrease in complex durability.

Two examined systems share similar
patterns in the contributions of interaction
forces. The electrostatic energy component
plays a dominant role in the stabilization of these
complexes, especially at large distances. Thus,
for the CHCI,---NCH system, as R, decreases,
the electrostatic energy decreases from -4.90
to -62.6 kJ.mol"', which accounts for 47-76%
of the total stabilizing energy. Meanwhile, this
type of forces is responsible for about 46-75%
in the intermolecular interactions of CHCI,
with NCF. For further analysis, we plot the
correlations of the contribution percentage of
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energy components and the changes in C-H
bond length with respect to the intermolecular
distance. Particularly, those of electrostatic and
dispersion component are presented in Figure 3,
and that of induction term is illustrated in Figure
S1 of Supporting Information.
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Figure 3. Relationship between %E  , %E s and Ar
in: a) CHCl,*--HCN and b) CHCl,---FCN

As shown in Figure 3, while the Ar
significantly fluctuates during the formation of
complexes, the contribution percentage of the
electrostatic component in stabilizing energy
decreases monotonously. This indicates that
such correlation gives no clue to determine
when the interaction turns from blue- to red-
shifting hydrogen bond. In other words, even
though playing a pivotal role in stabilizing the
complexes, electrostatic is not the key factor
that identify the shift of hydrogen bond.

Similar circumstances were seen in
Figure S1. The induction energy increases
linearly in both of its values and its percentage
contribution to the stabilizing energy. In studied
complexes, the induction energy contributes
from 5-7% at R, = 3.5 A to 32-33% at R,
= 1.7 A. Although this force is also proposed
to be partly responsible for the red-shifting
behaviors to some extent,?* it, here, shows no
significant relationship with changes in the
shift of C-H stretching vibrational frequencies.
Therefore, we can assume that the role of this
interaction in controlling the change of the
C-H bond is minor and can be ignorable.

Remarkably, we can see a direct
connection when considering the relationship
between dispersion energy and the change in
the C-H bond length. It is obvious from Figure
3 that when the contribution percentage of
dispersion interaction increases, the shortening
of the C-H bond length increases as well and
vice versa. The former trend occurs when the
donor-acceptor range decreases from 3.5 to 2.5
A in the complexes of HCN and FCN, while
the latter happens in the remaining regions,
where the two fragments come closer. Also,
there are coincident extreme points obtained
in dispersion contribution line and the C-H
bond length variation line in all systems,
indicating that the blue-shifting effect reaches
its maximum when the participation of
dispersion in the stabilizing energy is highest.
Thus, it is reasonable to conclude the vital
importance of the dispersion in the blue-
shifting hydrogen bond.

Further examination on the effect of the
dispersion term on the shift of hydrogen bonds
is considered. We make a comparison based on
the contribution of such interaction among the
examined systems, which is demonstrated in
Figure 4.
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In the CHCI,--"HCN complexes, the
highest percentage of dispersion component is
about 24%. Meanwhile, the largest participation
of dispersion term reaches at around 27% in
the complexes of FCN. The contribution of
dispersion energy, thus, increases in the order of
HCN < FCN proton acceptor. Remarkably, this
order is of great consistency with the pattern of
the increase of blue-shifting effect, which has
been well described in Section 3.1. Again, it is
evident that the greater the dispersion interaction
is, the higher the blue-shifting of the hydrogen
bond is.

4. CONCLUDING REMARKS

The stable complexes of chloroform with cyanide
derivatives XCN (X= H, F) were thoroughly
examined at the CCSD(T)/6-311++G(3df,2pd)//
MP2/6-311++G(3df,2pd) level of theory.
The stability of the complex of chloroform
with hydrogen cyanite is larger than its flouro
derivative at the same donor-acceptor distance.
The obtained results show that the change from
blue- to red-shift of C-H stretching frequency in
the C-H---N hydrogen bond increases in order of
FCN < HCN derivative, which results from the
increase in the gas phase basicity at N site. The
SAPT2+ analysis indicates that the electrostatic
term of ca. 47-76% predominates over both the
induction and dispersion terms in stabilization
energy of complexes. The electrostatic and
induction terms do not drive the change of C-H
bond length or the shift from blue- to red-shifting

hydrogen bond. However, it is noteworthy that
dispersion term plays an important role in change
from blue- to red- shifting hydrogen bond for the
complexes of CHCI, with HCN and FCN. Our
work will prompt further exploration of the role
of dispersion energy in the red- and blue-shifting
hydrogen bond for a better understand of the
types of bond.
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ABSTRACT

This paper presents an extened result on linear functional state bounding for linear discrete-time systems
with delays and bounded disturbances. Based on the Lyapunov method, a sufficient condition for the existence
a linear functional state bounding is derived in terms of linear matrix inequalities which can be solved by
many existing nummerical algorithms. To increasing the effectiveness of derived condition, we propose to use an
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TOM TAT

Bai bao trinh bay mot két qua md rong vé chin ham tuyén tinh trang thai cho l6p hé r5i rac c¢6 cham

va nhiéu bi chin. Dya vao phuong phap ham Lyapunov, mot diéu kién du cho sy ton tai chin cho mot ham

tuyén tinh c6 dang xac dinh trudc ctia trang thai hé théng dude thiét lap dudi dang cac bat ding thic ma

tran tuyén tinh va gidi duge bing céc thuat toan s6. Dé tang tinh hitu hidu ctia dicu kien dua ra, mot 16p ham

Lyapunov-Krasovskii mé rong dugc thiét ké dé sit dung vi dao ham clia né duge danh gia dua vao hai bat déng

thiic dugc phat trién gan day gom: bat déng thitc Wirtinger roi rac va bat ding thitc ma tran 16i cai tién. Cudi

cling, mot vi du s6 duge nghién cttu dé minh hoa tinh hitu hieu ctia két qua thu dugc.

T khéa: Chin trang thdi, hé roi rac c6 cham, nhiéu bi chdn, ham Lyapunov-Krasovskii.

1. GIOI THIEU

Bai toan tim chan trang théi/bao tap dat duge
cho cac hé thong c6 nhiéu bi chian duge nghién
ctu dau tién tit nhing nam 1960 va dang 1a
huéng nghién cttu quan trong trong ly thuyét
diéu khién v6i nhitng tng dung rong rai trong
uéc luong trang thai, thiét ké diéu khien.!—1°
Trong cac hé diéu khién, thong tin/dit licu diéu
khién va hé théng dugc truyén tai qua cac bing
tang két ndi. Do d6, cham thdi gian khong thé
tranh khoi trong cac hé diéu khién thuyc té va
cac 16p hé c¢6 cham thoi gian da thu hut sy quan
tam ctia nhiéu nha nghién citu trong va ngoai
nude.>~23 Bai toan tim chan trang théi/bao tap
dat duge mé rong lan dau tién lén hé c6 cham
lan dau tién trong® va dugce phét trién manh mé
trong nhitng nam gan day.*~!® Tap dat dugc ctia
mot hé dong lyic c6 nhidu 1a tap tat ca cic trang
thai ma hé co thé dat duge xudt phat tit diém
gbc 14
dugc tap dat duge. Do do, ngusi ta quan tam
dén viec tim mot tap dong nhé nhat cé thé bao

va n6i chung la khong thé tim chinh xéc

"Téc gia lién hé chinh:
Email: phanthanhnam@gqnu.edu.vn

tap dat duge clia hé thong. Mot trong nhitng
cach tiép can pho bién cho bai toan bao tap dat
dugc cho hé c6 cham 1a dya vao phuong phap
ham Lyapunov va bat déng thitc ma tran tuyén
tinh. Bang cach cai tién cac 16p ham Lyapunov,
nhiéu két qua vé bao tap dat dude da duge cong
b6.4791415 DE cai tién phuong phap ham Lya-
punov, trong nhitng ndm gan day, nhiéu phat
trién quan trong da duge cong bd va tap trung
chll yéu vao viéc md rong hodc cai tién cic bat
dang thitc Wirtinger va bat dang thic 16i.16-23

Dé thu duge bao tap dat duge nhd nhéat,
bén canh viéc phét trién phuong phap ham Lya-
punov, thi mot s6 ky thuat danh gia trang thai
ciing duge dé xuat, nhu chan ting thanh phan

912,13 chan ham tuyén tinh trang

cua trang thai,
thai.®!! Lay ¢ tudng chan ham tuyén tinh trang
thai cho hé vi phan tit,>!! trong bai bao nay
ching t6i md rong cho 16p hé roi rac. Hon nita,
ching toi ciing dé xuat st dung mot 16p ham
Lyapunov mé rong véi dao ham cta né duge
danh gia thong qua bat déng thitc Wirtinger boi
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mot va hai'” va bat ding thic ma tran 101 cai
tién.2! Két qua la mot diéu kien di cho sy ton tai
mot chan trén ctia ham gia tri tuyét déi cia ham
tuyén tinh trang thai duge dua ra dusi dang céc
bat déng thiic ma tran tuyén tinh va c6 thé giai
duge bang nhiéu thuat toan sé hién nay. Cudi
cling, mot vi du s6 duge xem xét dé minh hoa
tinh httu hiéu cta két qua dua ra.

Ki hi¢u: R™ 1a khong gian Euclide n-chiéu;
R™ ™ 13 tap nhitng ma tran cap n x m; I,, 1a ma
tran don vi cAp n x n; AT 1a ma tran chuyén vi
clia A; * 13 phan tit ddi xitng trong mot ma tran
déi xing; Sym{X} = X + XT; P > 0 la mot
ma tran déi xing xac dinh duong.

2. BAI TOAN NGHIEN CUU VA CAC BO
PE BO TRO

Xét hé roi rac sau

z(k+1) = Ax(k) + Agz(k — h(k))
+Buw(k), k>0, (1)

I‘(k) = 07 k= —hz, ...,0,

trong d6 x(k) € R™ la vécto trang théi, A, Ay €
R™ "™ va B € R™P ]a nhitng ma tran da biét,
cham bién thién h(k) bién doi trong mot khodng
délﬁét[h&,h2]7tﬁclé7

0 < hy < h(k) < ha, 2)

trong d6 hy, ho la nhitng s6 nguyén da biét.
Vécto nhiéu w(k) € R? duge gia thiét 1a bi chan:

wh (B)w (k) < w?,, Yk >0, (3)
trong d6 w,, 13 mot thyc duong biét.
Tap dat duge cho hé c6 cham (1) ¢6 nhiéu bi

chin (3) duge dinh nghia nhu sau:

Ry = {2(k) € R"[z(k), w(k) théa (1) va (3)}.
(4)

Xét ham tuyén tinh sau:
z(k) = Ux(k), (5)

trong dé6 U € R'™ ]a mot ma tran khac khong
da cho. Muc dich bai bao nay la:

(i) dua ra mot chan trén c6 thé nho nhat,
7, clia gid tri tuyet doi ctia ham z(k), tic la,
2(k)| < 7, Yk = 1,2,

(ii) ap dung két qua ( ) thiét lap mot tap da
dién bao tap dat duge (4).

Bo dé vé ham Lyapunov mé rong, bat dang
thiic Wirtinger roi rac,'” bat ddng thic 161 phu
thuoc cham?' va gid tri nhd nhat ctia mot ham
hai bién 16m'? can thiét cho viec dua ra két qua
chinh ctia bai bao.

B6 dé 2.1. 2 Cho V la mot ham zdc dinh duong
va V(0) = 0. Néu ton tai mot s6 7 > 1 sao cho

1—r71

2
Win

wl (k)w(k) <0,
(6)

AV (E)+(1—r YV (k) -

th V(k) <1, Vk > 0.

B6 dé 2.2. 17 Cho mot ma tran cap n X n wdc
dinh duong R, ba s6 nguyén khong am da cho
a,b,k thoa man a < b < k, mgt ham vécto
z(.) € R™ va ki hieu y(k) = z(k + 1) — z(k),
ta co

k—a—1
. 1
i)Y ) Ry(s) 2 (00, RO,
s=k—b
3 1 \T pol
fa(Qa,b) R,
5
(02 ,)TRQ? 7
+ b——a( a,b ) a,b ( )
—a—1k—a—1
i)y > T u) > 2(23 )" ROS,
s=—bu=k+s
+4(2,,) ROy, (8)
—a—1 k+s
i) Y Y yT u) > 2(Q3 )T RO,
s=—bu=k—b
+ 4(Qg,b>TRQg,b' 9)
trong do

Q0 =2(k —a) —x(k —b),

k—a
2
Qb =x(k— _p) - —
ap =2k —a) +x(k—0b) b_a_l_lu;k_bx(u),
ngb:m(k—a)—zc(k—b)
6 k—a
+b—a+1uz:_bx(u)
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_(b—a—|—2 b—a+1) Z Z

s——bu k+s
1 k—a
93 = -a)— ———
p=alk—a) = ;g Y alu),
u=k—b
9 k—a
4 e —
Qpp =2(k - )+b—a—|—1 Zx(u)
u=k—b
_(b—a—|—2 b—a+1) Z Z
s——bu k+s
1 k—a
b:m(k—b)—m Z z(u),
u=k—b
4 k—a
6
Qup =2(k—b) - — x(u)
u=k—b
(b—a—|—2 (b—a+1) Z Z
s=—bu=k+s
Bé dé 2.3. 2! Cho hai ma tran cép n x n,

Ri > 0, Re > 0, hai vécto w1, wy € R™ va
mot s6 o € (0,1). Néu ton tai hai ma tran cap
= XlT,XQ
n xn, Y1,Ys sao cho

nxn, Xi = XQT va hai ma tran cdp

R _TXl Y >0, 73% Y, >0,
Yl Ro Y2 Ro— Xo
(10)
thi bat ding thic sau ding
— T —
&(t) > ["” &1(t) ‘”1] SNHY
w9 w9
trong do
1_ N 1 _
G(t) = aw{lel + = angQWQ, (12)

Ri+(l—-a)X; a1+ (1-a)Ys

Gl(t) - * Ro + aXs

(13)

Bo dé 2.4. ' Mot ham da cho f : [a,b] x
[c,d] ¢ R? — R, (x,y) — f(x,y). Gid st
rang ‘327]; >0, Y(z,y) € [a,b] X [c,d] va giyg >
0, Y(z,y) € [a,b] X [¢,d]. Khi dé, ta cé

max x,y) =
(:U,y)e[a,b]x[c,d]f( y)

max{f(a,c), f(a,d), (b,c), f(b.d)}. (14)
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3. CHAN HAM TUYEN TINH TRANG
THAI

Nhitng ki hiéu sau can dé dua ra két qua chinh:

hia = hy —hy, p=max{|u], |p2l},

h(k) — hy hy — h(k)
(6 = e —— =,
hi2 b hi2
1 k—a
i) = gy 2 )
s=k—b
1

b—at)b—at2)

—a k—a
Z Z z(u
s=—bu=k+s
'(k) = col{x(k),z(k — hy),z(k — h(k)),

x(k = ha),vo,n, (k) Vhy wiy (K),
Vi(k),he (K)5 00,81 (K) s 0hy iy (K)

Oh(k),he (k) (k= h1 + 1),
(k_h2+ ),W(k’)},
€ = [Onx(i—l)n I, 071><(13—i)n]T7
1=1,---,13,
- w(k)
w( ) 0(n7p)><1 y 21 [ nx(nfp):|7
es = Ael + Agel + Brel,,
no(k) = col{xz(k),z(k — hy),x(k — ha),
k-1
Y )},
s=k—hq
k—h1—1
m(k) = colfm(k), Y a(s),
s=k—ho
-1 k—1
> D e}
s=—hy1 u=k+s
m(k,s) = col{y(s) Zy
k— h1 1
m(ks) = col{y(s), =(s), Y y(u)},

T
Iy = [ef e, ey (hi+ 1)6:{ - EQT]

I, = [er{ e2T e4T (h1 + l)eg — elT

9
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{(hg — h(k) + 1)el + (h(k) — hy + 1)el
—e3 — ey}
(hy + D) (k1 +2)el — (hy +1)e]]"
M= [ —ef -] el
T
e el ()] )

Y

I

T T 1T 1T
11— €2 € 0]

)

9

[
IIg = [6{2 — 64T e{ 62T — eﬂT
[

Mg = [efy —ely {(ha = h(k) +1)e]
+(h(k) = h1+ 1)eg —e5 —ej }
{h12e5 — (ho — h(k) + 1)el
—(h(k) = b + 1)l +eb + eI},

p1=lel —ed V3(el +eb —2el)
T
Vi(el — el +6el - 1268T)} ,
p= [ VB 4] -2l
T

V5(ed — el +6el — 126?;)} ,

p3 = _eg —eb V3(el +el —2el)

T
V(€] = ] + el — 12¢8y)]

- 1T

pr=|V2(el —e5) 2(e] +2e5 —6eg)|
- 1T

ps=|V2(es —e5) 2(e; —des +6eg)|
T

po=|V2(es —e5) 2(eg +2e5 —Geg)

r T
pr=[V2e] — ) el +2e] —6ey)|

ps=|V2(es —e5) 2(es — deg + Geg)

r T
po=|V2eT —ef) 2] —4ef +6ely)|

P10 = [Pg ,O:S,F]T, P11 = €s — €1,

_ Ry+(1-a)X; aYi+(1—a)Y,
* RQ +06X2
Ry = diag{R;, Ri, R;}, i=1,2,

Zj = diag{Z]—, ZJ’, Zj}, ] = 3,4,
7y = diag{Z;, Z;}, 1=1,2,34.

01

Dinh 1y 3.1. Gid st ton tai hai s6 thuc r > 1,
B >0, mot ma tran cip 6n x 6n, P > 0, hai ma
tran cap 3n x 3n, Q@ > 0, S > 0, sdu ma trin
cépnxn, Ry >0, Ry >0,21 >0, Zy >0,
Z3 > 0, Zy > 0, hai ma tran doi zing cdp
3n x 3n, X;, i =1,2, hai ma trgn cap 3n x 3n,
Y;, i = 1,2, sao cho nhiing bat ding thic ma
tran tuyén tinh sau ding

Ry + 73— X3 Y
s, (15
* R2+Z4 ( )
Ry + 73 Y,
! >0, (16
* R2+Z4—X2] ( )

Q(h(k)) <0, Vh(k) € {h,ha}, (17)

thi gid tri tuyét doi cia z(k) bi chdn trén bdi
ﬁ, tice la, |z(k)| < ﬁ =, Vk=1,2,...,
trong do

Q(h(k)) = U1 (h(k)) — D2 (h(k)),
Uy (h(k)) = BelUTUe, — Brtel UTUe,

+ Sym{I1T PTI, + 1T QTI5 + »~™117STIo}
+ I3 PIL, + (1 — = Y1 PIL, + 112 QI3
—hap(T e
—-T 1H4 QH4 + 7,—17_11_[5 QH5

+ 7ML STI; — 7210 STl

rhe

h1
+ ﬁHgSHg + h%p{lfhpll
hi(h;1 +1
1(12>P1T1(Zl + Z2)p11

T 1—r7t
plZs + Zo)pn = ——5—1I

m

+ hiapt; Ropri +
N hia2(hia + 1)
2
Uy (h(k)) = r " pf Rapr + 77" pf Zipa
+ 1ML Zops + 17" pf Zspe
+r "2l Zspr + 172 pl Zypg
+ 17208 Zapg + 172 plO1p10.
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Ching minh. Xét ham Lyapunov-Krasovskii
sau:

V()= Y Vi) (18)

trong do

Vo(k) = Bzl (k)UTUx(E),
Vilk) = m (k)Pm()

-1
Z g (k, 5)Qna (k)

Va(k) =
s=k—hq
k—h1—1
+ Y gk, ) Sa(k, ),
s=k—ho
-1 k—1
Va(k) = he Y > oy T (u) Ryy(u)
s=—hy1 u=k+s
—h1—1 k-1
+ hiz Z Z Ry T () Roy(u),
S—*hzu k+s
-1 -1 _
W o= NS Rz

s=—hy u=s v=k+u

-1 s k—1
+0 YN R (0) Zay(v),

s=—h1 u=—h1 v=k+u
—h1—1—-h1—1 k-1

Vik) = Y > > R () Zgy(v)
s=—hy u=s wv=k+u
—hi1—1 s
+ Z Z Z 7,1+v k T Z4y( )

s=—ha u=—ha v=k+u
Theo gia thiét ta co
V(k) > Vo(k) > Blz(k)|*, k=1,2,---. (19)
Tinh sai phan ctia V, ta thu duge

AVy(k) =Vo(k +1) — Vo(k)

+ (1= YVo(k) + (' = DVo(k)
=Vo(k+1) = r Vo (k) + (r~" = 1)V (k)
:BxT(k + l)UTUm(k +1)

—r 18T () UT U (k)

+(r = 1)Vo(k)

AVi (k) =An{ (k)PAny (k) + 2807 (k) P (k)
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+ (L= r"Y)nf (k)P (k)

+ (7 = DVA(R),
AVy(k) =Va(k +1) = Va(k)
+ (1= Va(k) + (r~' = 1)Va(k)

k
s=k—h1+1
k—h1

3

s=k—ho+1
(k+1,8) —r Wa(k) + (r*

r 7y (k+1,5)Qna(k + 1, )

rFnl (k 4+ 1, 5)Sn3

— 1)Va(k).
Hai vécto ma(k +1,8), n3(k + 1, s) duge viét lai
nhu sau:
mk+1,s) = ipk)+n(ks)  (20)
ns(k+1,5)

I
I
w
—

=N
N

trong do

(k) =[0 0 y" (K)]", (k) = [0 0 y" (k—ha)]".
St dung (20) va (21), ta c6

k

AVa(k) = v Fng (k)Qia(k)
s=k— h1+1
+ Z r*~Fg (k, 5)Qna(k, s)
s=k—h1+1
k
+2 Y g (k,5)Qa(k)
s=k—h1+1
k—h1
+ Y R (k) Sms(k)
s=k—ho+1
k—hy
+ Z r~*nI (K, 5)Sns(k, s)
s=k—ho+1
k—hy
+2 > T (k, 5)S7s(k)
s=k—ha+1
LY Q)
s=k—hq
k—hi1—1
— 3 el (k) Sma ()
s=k—ho

+ (7 = )Va(k)
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—h1 _
L R)QmR) + nf (k, H)Qm (k. )

—r =ML (ke k — h)Qua(k, k — hy)

k

+2 ) g (k, 5)Qna (k)
s=k—h1+1
ph2 — p=h

T _
+ﬁ773 (k)Sn3(k)

+r M (k, k — hy)Sns(k, k — hy)
r=h2nE (ke k — ha)Sns(k, k — ha)

k—hq
+2 ) *na (k. 5)Sm (k)
s=k—ho+1
+(rt = 1)Vy(k)
rh 1
< 14_17_177;(’?)@772(’?) + 115 (k, k)Qna(k, k)
Mt (k k — hy)Qna(k, k — hy)
k
+2 Z 772T(ka S)QﬁZ(k)
s=k—hi1+1
r~he _ p=h1
+ﬁﬁg(lﬂ)5ﬁ3(k>
+r "Ik, k — hy)Sns(k, k — hy)
rh2nd (k k — hg)Snz(k, k — ho)
k—h1
+2r~ M Z nt (k,s)Sms(k)
s=k—ho+1
+(r = 1)Va(k),
AVs(k) = Va(k+1) - Va(k)
+(1- T_l)Vs(k‘) +(r = 1)Va(k)
= I Z Z ru—k T Rly( )

s=—hi u=k+s+1
—h1—1

+h12z Z ukT

s=—ho u=k+s+1

-1 k—1
—h Y Y Ry (w)Riy(u)

s=—h1 u=k+s
—h1—1 k-1

—hia > Y Ry (u) Ry (u)

s=—ho u=k+s
+(r = 1)V3(k)
= iy (k)Riy(k) + hiy" (k) Roy(k)

u) Roy(u)

AVy

IN

k—1

h Y T () Riy(s)
s=k—h1
k—h1—1

—hio Z "y () Ray(s)
s=k—ho

+(rt = 1)Va(k)

< hiy" (k) Riy(k) + hisy" (k) Roy(k)
k-1
—r"he Yyt (s)Riy(s)
s=k—h1
k—h(k)—1
—r"hyy >y (s)Rayls)
s=k—ha
k—hy—1
—rh2py, Z y" (s)Ray(s)
s=k—h(k)
+(71_1 - 1)%)(k))
Vi(k +1) — Vi(k)
+(1 - r‘1>V4(k) + (7t = 1)Va(k)
-1 -1
Z Z Z v k T (U)
sf—h1u s v=k+u+1
s k
Z >, 2 T 4w

s=—h1 u=—h1 v=k+u+1
-1 -1 _
Y S T Zute)
s=—hy u=sv=k+u
-1 s k—1
=Y Y R (v) Zay(w)
s=—h1 u=—h1 v=k+u
+(r™h = 1)Va(k)

MUY vy (2, + Zo)y(h)

2
—1 k—1
=Y R () Zyy(w)
s=—hy1 u=k+s
-1 k+s
=0 > T (w) Zoy(u)
s=—h1 u=k—h1
+(r = DVa(k)
hi(h1 +1
“;)y%)(zl + 2yl
-1
—r~h Z Z y" () Zry(u
s=—hy u=k+s
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-1 k+s
D DD DA OrAC
s=—hy u=k—hy

ot - DVi(k),

AVs(k) =Vs(k +1) = Vs (k)
+(1—r‘1)V5(k) +(r”

—h1—1—-h1—-1

—1)Vs(k)

Y Y ez
s=—ho u=s v=k+u+l

—h1—1 s
LYY Y e

s=—ho u=—ho v=k+u+1
—hi1—1—-h;—1 k-1
=0 > Y Y (0) Zsy(w)
s=—hy u=s v=k+u
—h1—1 s
S oIDsWEEENE
s=—ho u=—ho v=k+u
+(rt = 1)V3(k)
hia(hi2 + 1
P22 D ey 24+ Zuywh
—h1—1k—h;—1
= Y Ry (w) Zsy(w)
s=—ho u=k+s
—h1—1 k+s
=Y M (w) Zay(u)
s=—ho u=k—ho
+ (7 = 1)Vs (k)
hia(hi2 +1
< ”‘;"‘)y%)(zg + Zu)y(k)

—1k—h(k)—1
Z Z w) Z3y(u
s=—ho u=k+s
k—hi—1
"(ha = h(k)) ),
u=k—h(k)
—hi—1 k—h1—1

Z 2 v () Zyl

s=—h(k) u=k+s

y" (u) Zsy(u)

E)=1  k+4s

=YY

s=—ho u=k—ho
k—h(k)-1

(k) b)Y

u=k—hso

y" (u) Zay(u)
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—h1—1 k+s

Y Z u)Zay(u

s=—h(k) u=k—h(k
(= 1)Va(E).

Do do, ta thu dugc

AV (k) + (1 —r YV (k)

1—rt
- ()
< ()W (h(K))E()
k—1
= Mhy >y (s)Ruy(s)
s=k—hq
k—h(k)—1
= Mhyy Y yT(s) Ray(s)
s=k—ho
k—h1—1
— 17 "2hyy Z y" (s)Ray(s)
s=k— h(k)
-1
rh Z Z u)Z1y(u
s=—hy u=k+s
-1 k+s
rh Z Z u) Zoy(u
s=—h1 u=k—h1

7h(k) 1k—h(k)—1
Z Z u) Zzy(u
s=—ho u=k+s
k—h1—1
"2(hy = h(k)) )
u=k—h(k)
—h1—1 k—h1—1
Z Z u) Z3y(u
s=—h(k) u=k+s
—h(k)=1 k+s

" D VWil

s=—ho u=k—ho

y" (u) Zsy(u)

k—h(k)-1
=2 (h(k) =) >y () Zay(u)
u=k—hso
—h1—1 k+s
Z Z u) Zgy(u
s=—h(k) u=k—h(k

Bing viec sit dung bat ding thic trong B6 dé
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ha—h(k .
A, ta co

2.2 v6i o = MM g haoh

hi2

k—1

—T‘_hl h1 Z

s=k—hq

<M (k) {—p]r M Rip1 }¢(K),

y" (s)Ruy(s)

k—h1—1

"2, Z

s=k—h(k)

< —r T ()] Ropn (1) 22)

y" (s)Ray(s)

k—h(k)—1

—T’ihzhm Z

s=k—ha

&7 (k){p3 Raps}&(k), (23)

y" (s)Roy(s)

1
< —r_hZ—
- B
k—h1—1

—r7"2(hy — (k) Z

s=k—h(k)

P (1 - 1) ) (T Zopa}(k), (24)

y" (u)Zsy(u)

y" (u) Zsy(u)

< _yho (; - 1) ()T Zups}e(k), (25)

-1
S Y

s=—hy u=k+s
<N (k){—pir™ " Zipa}e(k),

-1 k+s
D DD DR AT
s=—h1 u=k—hq

< &N (k){~p5 ™" Zops YE(k),

—h1—1 k—h1-1

"D v syl

s=—h(k) u=kts
< (k) {—pgr " Zsps}e(k),

—h(k)-1k—h(k)-1
Z Z u) Zzy(u
s=—hy u=k+s

< N (k) {—plr=" Zspr}e(k),

—h1—-1 k+s

> Z u) Zay(u

s=—h(k) u=k—h(k
& (k) {-p5r™ h2Z4ps}£( ),

kE)=1  k+s

Y iz

s=—ho u=k—ho
<N (R){—py " Zupg}&(k),
Tit (22)-(25), st dung Bo dé 2.3, ta 6

1, 1. -
rh2el (k) {—apg(Rz + Z3)p2 — Bﬂ?(Ra

P2
o]V

—T_hQP{o@lplo} (k).

T r~
Zs 0
0 Z

P2

+Z4)P3 +
P3

<€ () {
T trén, ta thu duge
1—rt

2
m

AV(k) + (1= YV (k) —
<M (R)Q(R(R))ET (k) <0

Ap dung B6 dé 2.1, ta c6 V (k) < 1, Yk > 0. Két
hop bat déng thiic nay véi (19), ta thu duge:

" w (k)w(k)

1
z2(k)| £ —=, k=1,2,..., 26
|2(k)] 73 (26)
Dinh Iy dugc ching minh. O]

Nhan xét 3.1. (i) Dinh 1y 3.1 dva ra chan ham
tuyén tinh trang thai z(k) = Uz(k). Diéu nay
kéo theo rang tap dat dugc ctia hé théng duge
bao bdi mot dai xac dinh bdi hai nita khong gian
c6 ciing phap véc to U. Do d6, bang cach chon
mot s6 hitu han céc véc to U va giao cac dai
chan ham tuyén tinh trang thai tuong ing, ta
sé thu dudec mot da dién 16i bao tap dat dudc
clia hé thong.

(ii) Néu ta chon U la cac vec to don vi thi i
trong R™, tic la

U=[00 "1 0 --- 0]eRX"
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thi ta sé thu duge chan timg thanh phan x;(k),
i=1,---,n cla vec to trang thai z(t). Va két
qué la ta thu dugc mot hinh hop bao tap dat
dugce clia hé thong.

(iii) Néu thay tich U”U bing mot ma tran
xac dinh duong Py, thi Dinh 1y 3.1, ta sé cho
diéu kien di dé bao tap dat dudc bing hinh
elipxoit €(Py,1) = {x € R" : 2T Pyz < 1}. Giao
hinh da dién thu dugc 6 (i) véi elipxoit (P, 1),
ta thu dugc mot bao tap dat duge nhd hon.

4. ViDU $O

Vi du 4.1. Xét he (1) v6i nhiing ma tran sau:
A - 0.8 —0.01 A= —0.02 0 ’
—-0.5 0.09 -0.1 -0.01

0.15

B - [0'01], h(k) € [0, 15] va w(k) = sin(Tk).

Trong vi du nay chiung t6i tim chan cho 3
ham tuyén tinh trang thai |z;(k)| = |Uiz(k)|,
i=1,23v6iU =11 0,U =1[0 1] va
Us = [-1 1]. Giai LMIs (15)-(17) ctia Dinh 1y
3.1, cac chan trén cho ba ham tuyén tinh thu
dugce 1a: |z1(k)] < 0.048 tai r = 1.17, |za(k)| <
0.180 tai r = 169.6 |z3(k)| < 0.161 tair =
112.75. Bang 1 chi ra ring cac chin thu dugce béi
phuong phéap da trinh bay nhd hon cac chan thu
dugc béi phuong phéap trong.? Hon nita, phuong
phap trong? 1a khong khé thi v6i truong hop thi
ba. Diéu nay chitng t6 phuong phép dua ra clia
chiing t6i 1 hitu hiéu hon phuong phép trong.”

Bang 1. Cac chan tinh duge

Phuong phap | |21(k)| | |22(k)| | |23(k)|
Dinh 1y 3.1 2 | 0.060 | 0.48 -
Dinh 1y 3.1 0.048 | 0.18 | 0.161

Mat khac, Hinh 1 ciing chi ra ring khi lay
giao ctia hinh elipxoit v6i 3 dai (dai ding chan
z1 = 11, dai ngang chan zy = 9 va dai xién chan
z3, ta thu dugc mot tap nho hon hinh elipxoit
bao tap dat dugc clia hé thong.

x=K,y=k-161/1000
025 ' e

0.1

008 I

005

DAF N I

g
015 /
02 /
025t i v . . .
03 02 <01 0 0.1 0z 0.3
X

Hinh 1. Quy dao hé théng va cac chin
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M6t phwong phap méi dé thiét ké quan sat trang thai
cho hé Glucose-Insulin cé tré

Dao Thi Hai Yén', Pinh Céng Huéng?*

'Khoa Khoa hoc Tu nhién, Truong Dai hoc Phii Yén, Phi Yeén, Viéet Nam
2 Khoa Todn va Thong ké, Truong Dai hoc Quy Nhon, Binh Dinh, Viét Nam

Ngay nhdn bai: 02/12/2019; Ngay nhdn dang: 07/02/2020

TOM TAT

Bai béo nay trinh bay mot phuong phap méi dé thiét ké mot bo quan sat trang thai cho mot 16p he Glucose-
Insulin phi tuyén véi hai do tré thoi gian. Dya vao tinh duong ctia nghiém, chiing t6i da dé xuit mot phép bién
ddi toa do méi dé dua mo hinh dang xem xét vé mot hé quan sat duge. Trong hé toa do méi nay, céc do tré clia
hé da cho xuat hién trong véc to dau vio va véc to dau ra ma khong xuat hién trong véc to trang thai. Heé qua
la chiing ta dé& dang thiét ké duge bo quan sat dé wée lugng thong tin clia bién trang thai. Céc két qua minh
hoa s6 dugc trinh bay trong bai bao cho thay tinh hiéu qua ctia phuong phap dé xuét.

Tt khéa: Quan sdt trang thdi, phép bién doi trang thdi, hé tré thoi gian.

"Téc gia lién hé chinh:
Email: dinhconghuong@gqnu.edu.vn
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ABSTRACT

This paper presents a novel method for designing a state observer of a class of nonlinear Glucose-Insulin (GI)

systems with two time delays. Based on the positivity of its solutions, we suggested a new state transformation

to transform the model into a new observable form. In this new form, the time delays in the system description

appear in the input and out put vectors, but not in the state vector. As a result, a state observer can be easily

designed. Simulation results are given to illustrate the effectiveness of the suggested method.

Keywords: State observers, state transformations, time-delay systems.

1. INTRODUCTION

Diabetes is a world-wide epidemic. In the treat-
ment of diabetes, it is essential to monitor glu-
cose and insulin levels in diabetic patients so
that appropriate treatment such as insulin in-
jections can be implemented to maintain satis-
factory blood glucose levels. Blood glucose lev-
els can be readily measured by using a glucose-
oxidase-based amperometric sensor. The sen-
sor utilizes glucose in interstitial fluid under
the skin to indirectly reflect the blood sugar
level. Whereas, insulin measurements are slower,
harder to obtain and less accurate than glu-
cose measurements. Thus, model-based state ob-
servers have been proposed in order to estimate
insulin levels.'~2 The contribution of this paper
is in the design of a novel state observer to esti-
mate insulin levels in diabetic patients.

In this paper, we consider a general nonlin-
ear time-delay GI model of the following form

w(t) = flz(t),z(t — 7)) + Bu(t)
+9(y(t), y(t —79)),t 2 0,
(1)

"Corresponding author:
Email: dinhconghuong@gqnu.edu.vn

z(0) = ¢(0), 0 € [~Tmax, 0],

Tmax = max{7, 7y}, (2)
y(t) = Ca(t) = n(t), (3)
I‘1(t)
- l’g(t) .
where z(t) = 23(t) is the state vector, x1(t)

Ty t

and z(t) are the lglc))od glucose and insulin lev-
els, respectively, z3(t) and x4(t) are the insulin
mass in the accessible and not-accessible subcu-
taneous depot, respectively. The control input
u(t) is the subcutaneous insulin delivery rate
while the output variable is defined as the mea-
sured glucose levels, z1(t). In (1)-(3),

—alxl(t)xz(t - T)
—Qa9x2 (t) + a3x4(t)
—ayx3(t)
asxs(t) — agra(t)

fla(t),z(t = 7)) =

)

B = ,C = 00 0,a@-=

1,2,...,7) are positive parameters, ¢(f) =
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T
| 01(6) 2(6) @s(0) 6a(6) | s a continu-
ous initial function, ¢;(0) (i = 1,2,3,4) are pos-
itive functions, ¢;(t) > 0, and

g1(y(t),y(t — 74))
o(u(t)ylt =) = | 200
9a(y(t), y(t — 14))

is a function depending on the output y(¢) and
y(t —74) with g1(y(t),y(t—7,4)) > 0 for all t > 0.
In our model, 7 > 0 and 7, > 0 are known
constant time delays. As defined in®, 7, is the
apparent delay with which the pancreas varies
secondary insulin release in response to varying
plasma glucose concentrations, while 7 is the de-
lay with which insulin acts in stimulating glu-
cose uptake by peripheral tissues.*

Note that, when 7 = 0, and by letting

1
a1 = Kogi, ag = Kuiy 03 = ypaT, 04 = a5 =
_ 1 _
aﬁ—m,(w—land
_ Ty -
Va

<701(t*Tg)>AY
TiG‘/maz Gr ~
I 1+<w1(é;"g)>
0
0

for all ¢ > 0, our model (1)-(3) is reduced to the
same GI model as considered in.> However, to
our knowledge, a direct observer design proce-
dure for (1)-(3) has not yet been reported in the
literature as there are some difficulties in dealing
with the nonlinear delayed term xq(t)zo(t — 7)
in the model.

Recently, the authors of the work® proposed
an observer design for a nonlinear minimal dy-
namic model of glucose disappearance and in-
sulin kinetics. They transformed the model into
a nonlinear observer normal form and then es-
timated the state variables that are not directly
available from the system, i.e. the remote com-
partment insulin utilization, the plasma insulin
deviation and the infusion rate. However, the

results of the work® only dealt with nonlinear

term x1(t)z2(t), that is, 7 = 0 in the model.
So far, the results of® has not been extended to
the time-delay model of the form (1)-(3). This
motivates the present study.

2. STATE TRANSFORMATION

In this section, we present a novel procedure
for designing a state observer of the nonlinear
time-delay model (1)-(3). In our design proce-
dure, we propose a two-stage process to trans-
form (1)-(3) into a new observable form where
the nonlinear term 1 (t)z2(t — 7) is injected into
the output and input of the system. To achieve
this, we first utilize the concept of diffeomor-
phism on the output® by defining a new output
y(t) = —In(y(t)) for the system (1)-(3). To en-
sure such a diffeomorphism can take place, we
show that z1(t) > 0 for all ¢ > 0 for the model
(1)-(3) (i.e., in order for In(y(t)) to exist, it is
necessary that y(t) > 0, V¢ > 0). In the second
stage of the process, we introduce a novel state
transformation to transform the system into a
novel observable form where a state observer can
be easily designed.

First, let us prove that zi(¢t) > 0 for all
t > 0. Indeed, if there exists a ty > 0 such
that z1(t9) = 0, then according to the conti-
nuity of the solution of a differential equation,
#1(to) < 0, which is a contradiction since we
have

i1(ty) = —armi(to)zalto —7)
+g1(y(to), y(to — 74))
=g1(0,y(to —79)) > 0. (4)

Hence, we can conclude that z1(¢t) > 0 for all
t > 0. With this fact, we can now utilize the
concept of diffeomorphism on the output.” For
this, let us divide both sides of the first equa-
tion of (1) by —x1(¢) and let a new output be
defined as y(t) = £(t) = —In(y(t)). Then (1)-(3)
is equivalent to the following

B(t) = AZ(t) + Agi(t —7)
+Bu(t) + a(y(t), y(t — 79)),
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>0, (5)
E0) = 6(6), 0 € [~Tmax, 0, (6)
ylt) = Cx(t) = &), (7)
where
§(t)
N 2109
l‘(t)— .’L‘3(t) )
£C4(t)
0 0 0 0
A= 0 —ag 0 as
0 0 —ag O ’
0 0 as —ag

0 az 00
4|0 000
00 00
00 00
—1In(¢1(0))
5(0) = $2(0)
¢(0) = 6a(0) 7
$4(0)
p(@(t), y(t — 79)) =
—g1(y(t), Gt — 7,))ev®
_ g2((t), 4(t = 74))
gg(g(t), Zj(t - ’Tg))
94 (g (t), y(t — 74))

As we know, in many practical applications,
the states of the considered systems are not
easily obtained due to technical or economic
reasons. In this case, the estimation of actual
states and output feedback control law are very
necessary. Therefore, the problem of designing
state observers for dynamical systems has at-
tracted considerable attention in the literature
(see, for example,®~®). On the other hand, since
time delay is often encountered in many prac-
tical control systems”, the problem of design-
ing a state observer to estimate the state vector
of a time-delay system is an important research
topic and it has received considerable research
attention in the literature. In particular, state

observers have important applications in real-
isation of state-feedback control, system super-
vision, fault diagnosis of dynamic processes, and
general control and diagnosis issues from avail-
able information.'0~1213

From (5)-(7), we can proceed to design a
state observer to estimate the unknown state
vector, Z(t). In the literature, there are well-
known state observer design methodsS—%'* for
various time-delay systems of the type (5)-(7).
These methods aim at designing an asymp-
totic state observer, Z(t), such that it con-
verges with any prescribed convergence rate
to Z(t), ie., #(t) — &(t). However, based on
these methods®~%1* it is not possible to de-
sign a satisfactory state observer for the system
(5)-(7). This is due to the fact that the ma-
trix pair (4,C) is not observable!* as well as
there are some fixed poles in the observer er-
ror dynamics.~® These stable fixed poles are
very close to zeros and thus resulted in a very
slow convergent rate for the designed state ob-
servers. Recognizing this difficulty, in this paper,
we present a new type of state observer, and re-
ferred to it as a “delayed" state observer. In this
regard, the designed state observer will be able
to estimate a delayed version of the state vector
instead of the instantaneous state vector, which
is impossible based on existing observer design
methods.0 =814

Accordingly, in the following, we consider
the general form of system (5)-(7), where & =

T
£(t) Falt) Flt) ] € R, A € R™™,

AgeR™ M and €= [10 0 ... 0. We
will present a new state transformation which
transforms the considered system into an ob-
servable form where the time-delay term A4z (t—
7) will be injected into the input and output of
the transformed system. This will then allow a
delayed state observer to be easily designed.
For myn € N, n > 1 and an arbitrary
matrix M € R™™ MT denotes the transpose
of M, 0y, denotes the m X n zero matrix,

M = | [M]y, [M]g |, where [M];, € R and
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[M]g € R*("=1) are sub-matrices of M.
We define a new change of coordinates as

follows
z1(t)
2(t) = :
zn(t)
My Ny
R [ (1) ]
I it—r1) |’
M. A, (t—7)

(8)
where matrices M;, N; (i =1,2,...,n) are gen-
erated by the following algorithm

My =C, N;=0, 9)
M1 = M;A — o; My,
i=1,2,...n—1, (10)
Nip1 = M;Aq + N; A — B; My,
i=1,2,...n—1, (11)

where «; and f3; are scalars to be determined
later.

Theorem 1. For some scalars ~; (i =
2,3,...,n), o and B; (7 =1,2,....,n—1), if
the following equations hold

[N‘Ad]R:O i:2...,n, (12)

[M,A - Z% iR =0, (13)

[M,Aq+ N,A - Z% R =0, (14)
=2

then the change of coordinate (8) transforms the
system (5)-(7) into the following form

#(t) = Az(t) + Bu(t) + Bru(t — 1)
+Ty(t) + Tyt —7)
+Toy(t — 27)
+L3a((t), yt — 79))
+Lap(y(t — 1), 4t -

where

N
Il

we]l
Il
Q
~
Il
(e

M,B | 0
NQB a9

N,_1B Op—1
N.B | | D(n,1) |

I = , Fl(n, 1) =

Bn—l
L Fl(na 1) |

9

[ MnAd+NnA— Z ’)/ij :|
Jj=2 L

0
[ ],
Iy E ,
{ Nn-144 }
[vas],

Proof: Fori=1,2,...,n—1, by taking the
derivatives of (8) and using (10)-(12), we obtain

M N[ E) E-)

T
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= M;AZ(t) + (M;Aq + N;A)z(t — 1)
+M;Bu(t) + N;Bu(t— 1)
N AL — 27) + Mi(g(t), gt
PN - ), (-7~ 7)

= zi+1(t) + M;Bu(t) + N;Bu(t — 1)

+aiy(t) + Big(t — 7) + [NiAd| Ly(t — 27)

+Mip(y(t), y(t = 74))

ANyt = 7),y(t =7 = 7). (17)

Next, for i = n and from (13)-(14), we have
Zo(t) = MyAz(t) + (MpAq+ NyA)Z(t —7)
+M,,Bu(t) + N,Bu(t — 7)
+[NpAglLy(t — 27)
+M (), y(t = 79))
ANyt = 1), 4t = 7 = 7))

= Zn:%'Zi(t) + M, Bu(t) + N, Bu(t — 1)
i=2
+[NaAdlLy(t — 27)

Mo A=Yy M1 ()
j=2

+HMypAg+ NoA =4 Nj]g(t - 7)
=2

+Ma(y(t), 5t — 79))

+Nn/j‘(:g(t_7)vg(t_7-_7—g))' (18)
Finally, note that N7 = 0, therefore (17) and
(18) can now be expressed in the form (15)-
(16). This completes the proof of Theorem 1.

Remark 1. In the Appendiz, we provide an al-
gorithm (Algorithm 1) which allows us to solve
for the unknowns v; (i =2,3,...,n), o and B;
(j=1,2,...,n—1) as defined in Theorem 1.

Remark 2. Once, a transformed system as
described by (15)-(16) has been obtained, we
can easily apply any Luenberger-typed state ob-
servers design method (see, for evample®) to
design a state observer to estimate z(t) since
the matriz pair (A, C) is now observable. After
a satisfactory state observer z(t) has been de-
signed, we can use the method of backward state

transformations reported in.'>13

— )

3. APPLICATION TO THE GI MODEL
3.1. State transformation

In this section, we will apply the results ob-
tained in the previous section to the GI model
(5)-(7). By following the steps (Step 1-Step 4)
of Algorithm 1, we obtain

My=[1000] M=0y
My=010, o= 0 a1 0 0],

M3z = 014, Ngz[O —ajas 0 alag]7
My=|2%m 00 0],

N4:{O a1a3  ajazas —a1a3(a2+a4)}.

Hence, we obtain the following state transforma-

tions
21 (t) = g(t)a
Zg(t) = all'g(t — T),
23(t) = —ajagxe(t — 7) + aragza(t — 7),
ault) = ZU%¢4) 1+ ayadas(t — 1)

2
+ajazaszs(t — 7)
—araz(az + ag)za(t — 7)

and a transformed system of the forms (15)-(16)
is obtained, where

[0 1 0 0 0
i- 0 0 1 0 7B: 0 ’
0 0 0 1 0
L0 M 2 s a1a3a;
c=[1000], m :_7@&24@6’
Yo = —(a2a6 + asay + a4a6),
3 = —(az + ag + ag),
0
_ 0
Bi =041, I'=  asasag )
aza4a6(a2+as+ae)
1 0 00
0 0 0 0
I's = , 'y =041,
: 0O 000 1=l
920496 () () 0
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0 0 0 0
r, - 0 ai 0 0
0 —ajay 0 ajas
0 aad ajazas —ajaz(az + ag)

3.2. Observer design

Since the matrix pair (A,C) is observable,
it is easy to design a state observer to estimate
any linear function of the state vector z(t). Let

ha(t) 0100
h(t)= | ho(t) | =Fz(t)=]0 0 1 0 |z(t)
hs(t) 0001

be a vector that is required to be estimated. To
reconstruct the state function, h(t), we consider
a functional observer of order 3 as follows:

ht) = w(t)+ Ej(t), (19)
w(t) = Nw(t)+Jy(t)+ Hu(t —71)
+Lp(y(t), y(t — 7).yt —

where w(t) € R3, h(t) € R? is the estimate of
h(t), E, N, J, H and L are observer parameters
to be determined. Let us define the following
error vectors €(t) and e(t) as

Based on®, ﬁ(t) converges asymptotically to
Fz(t) if the following conditions are satisfied

N is Hurwitz, (23)
NL+JC-LA = 0, (24)
H-LB = 0, (25)
F-EC-L = 0. (26)

Accordingly, for the given matrices A, C, and
B as above, we can easily solve (23)-(26) to ob-
tain the following matrices: N = Agy + L1 A1,
Ly is chosen such that N is Hurwitz, £ = — L,
J = —NL,, H = LB, where L = [ L, Ly ]

) 0 1 0
A]Q = 1 00 s /_122 = 0 0 1 and
_ 772 M8
10 0]
Ly = | 0 1 0 |.Note that the matrix pair
0 01
([122, Alg) is observable and thus L1 can be eas-

ily found to ensure that NN is stable with any
prescribed eigenvalues.

Upon h(t) has been obtained, then based
the method of backward state transformations
(Case 2) reported in'?, we obtain

bat=7) = (), (27)
Byt —7) = [azaghy (t) + (a2 + ag)ha(t)
ajasas
+ha(t) - Z525(0), (28)
Falt—1) = all%[ay%l(mﬁz(tﬂ. (20)

3.3. Simulation results

In order to obtain simulation results, we con-
sider the nonlinear time-delay GI model (1)-
(3) with a set of parameters, the initial condi-
tions and the input u(t) are as follows: a; =
3.11x1075, ap = 1.211x1072, a3 = gomss, G4 =
as = ag = %, a7 = 1, 7 =3min, g(y(t),y(t —

3.205 T

z1(t—7g)

_ 3 1.573 ( 9
Tg)) - 187 0.25 o1 (t—g) 3.205 O 0
(2

7, =4min, z1(6) = 10.66, z2(d) = 49.29,
xz3(f) = 0, x4(f) = 0 for all 0 € [-4,0],
wi(€) = 207097 1y (¢) = 27, w3(¢) = be?
for all t > 0, ¢ € [-8,0] and

?

ult) = sint 4+ 50, 0 <t < 100,
| sint+3, 100 < t < 180.

Let us now apply the reduced-order state ob-
server (19)-(20) for this example. The eigenval-
ues of matrix N are chosen as, say, A} = —0.05,
Ay = —0.07, A3 = —0.08, hence we obtain L =

—-0.1515 1 0 0 0.0180
-0.0050 0 1 0 |,J=| —0.0008 |,E=
0.0001 0 0 1 0
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0.1515 0
0.0050 | and H = 0
—0.0001 0.4112 x 107

Figure 1 shows the responses of z(t) and its
delayed-estimation, i.e., &5(t — 3), while, Figure
2 shows the responses of z9(t—3) and its estima-
tion, i.e., #2(t—3). It is clear from Figure 2 that
the designed observer able to track the delayed
version of the state vector, as expected.
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Figure 1. Responses of xo(t) and Zo(t — 3)
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Figure 2. Responses of &5(t — 3) and z5(t — 3)

4. CONCLUSION

In this paper, we have presented a novel proce-
dure for designing a state observer of a general
nonlinear time-delay GI model. The reported re-
sult is significant as the two-stage design process
transforms a nonlinear time-delay model into a
new observable form which allows a third-order

delayed state observer to be easily designed.
Simulation results have been given to illustrate
the effectiveness of our results.

Appendix: An algorithm for solving un-
known parameters according to Theorem
1.

In the following development, we will pro-
vide a procedure for solving the unknowns -,
(1=2,3,...,n),ajand f; (j =1,2,...,n—1)
as defined in Theorem 1. Let us denote the
following recursive matrices

Xi (M A'p, X} = [MiA™ AR, (30)

i = ZMlAf—lAdAi—jAd ,
Lyj=1 R
[i+1

Y/ o= ) MAT A AT (31)
Li=1 R

fori=1,2,...,n—1.
First, we consider (12) and by using (30)-
(31), we obtain the following recursive equations

x| =Y],
oY+ B X3 +62{(11 = Yfl )
a1 YE + oY + 51 X3 + B XE + B3 X] = Y7,

Oé1Y1n72 + Oz2Y1n73 +...+ Oén—2Y11 + 515(?71
TR XI 4 B X =Y

(32)
Equation (32) can be expressed in the fol-
lowing compact form

Xan = an (33)
where
Xn = [ X’}L X% } ]
Xl
Xn _ [ XT2L , Yn — [ Yll Y12 Yln—l } 7
n

with x1, x2, X} and X2 are as defined below

Xrll:[& Ba B3 @H}a
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Xi X? X3 xpt
01771_1 Xll X% X{L72
X =1 Op—1 O X} xp-s

| Otn—1 O1p—1 O1p1 Xi

2 _
Xn = a1 Qg Ap—2 |,

01;n71 Yll Y12 Yln—Q

v O1n-1 O1po1 Y9 Yy
010-1 O1n—1 O Y.

From (33), a solution for x;, exists if and only

rank!f/:]:rank[Xn}.

Next, to determine the remaining unknowns

if

(34)

op—1 and v (j =2,3,...,n), let us look at the
solvability of equations (13)-(14). Substituting
(10) - (11) into (13) -(14), using (30)-(31) and
after some rearranging, we obtain the following
equation expressed in a compact vector-matrix

form
CnZn: ny (35)
where
G = |1 72 B on Yo |
(36)
X} X
Xy X
Z, = | Zy@Bn-1) Zx3,n-1) | (37)
| Zi(n,n—1) Zi(n,n—1) |
T, = [T,} Tg}. (38)
In (37)-(38), T}, T2, Z}(k,n—1) and Z2(k,n—1)

(k=3,4,...,n) are defined as follows

) = X! - X7~ —a, o XE,
(39)
Tg = }71"71 - ali_’l”*Q - = ozn_gi_/ll

—BI X = By XL

—Bn1 X1, (40)
ZXkn—1) = Xl XF2 - -y 0X],
(41)
Z2(kn—1) = Y2 vF3— .
—Oék_gf/ll - ak_g)_(ll
—B X} = B Xy
— = Broa X1 (42)

It is clear from (39)-(42), Z, and T, are
two known constant matrices since [j (k
1,2,...,n—1)and ay (¢ =1,2,...,n—2) have
already been derived from the solution to equa-

tion (33). From (35), a solution for ¢, always
exists if and only if

in]:rank{Zn}.

(43)

rank [
n
Accordingly, we present an effective algo-
rithm to transform a general n-order time-delay
system (n > 3) with single output into the
observable form (15)-(16).

Algorithm 1

Step 1: Obtain matrices X,, and Y,, according
0 (33). Check if condition (34) is satisfied or
not. If so, obtain y, where x,, = Y, X", where
Xt denotes the Moore-Penrose inverse of X,,.
Step 2: Substitute gy (k = 1,2,...,n — 1) and
ag, oy (0 =1,2,...,n —2) into (37)-(38) and
obtain Z, and T,. Check if condition (35) is
satisfied or not. If so, obtain ¢, = T,,Z;", where
ZT denotes the Moore-Penrose inverse of Z,,.
Step 3: From (9)-(11), obtain matrices M; and
N; (i =1,2,...,n) and hence the state transfor-
mation (8). Finally, obtain a transformed system
according to (15)-(16).
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Nghiém liouvillian hiru ty cua phwong trinh vi phan dai sb
cap moét giong khoéng

Nguyén Tri Pat"’, Ngé LAm Xuén Chau®
'Khoa Co ban, Truong Pai hoc Giao théng van tai Thanh phé Ho Chi Minh, Viét Nam
’Khoa Todn va Thong ké, Truong Pai hoc Quy Nhon, Viét Nam
Ngay nhdn bai: 22/11/2019; Ngay nhdan dang: 22/12/2019

TOM TAT

Chung t6i dwa ra mot diéu kién can va du dé phuong trinh vi phan dai s6 cip mot, hé s6 hang f(y,y) =0
¢6 nghiém liouvillian hitu ty, trong d6 f(X,Y) = 0 1a mot duong cong dai sb hitu ty (gidng khong) trén truong s6
phirc C . Bai viét dugc xay dung trén ba y chinh: mdi duong cong dai s6 hitu ty ludn c6 phép tham sb riéng, mot cap
(X(t),X'(t)) ludn la tham sb riéng ciia mot duong cong dai s6 hitu ty nao d6, va diéu kién dé phuong trinh vi phan
cdp mot y’ = f(y) c6 nghiém liouvillian trén C.

Tir khoa: Nghiém liouvillian, phép tham sé héa, dieong cong hitu ty, phwong trinh vi phdn dai so.

"Tac gia lién hé chinh:
Email: tridat.nguyen@ut.edu.vn
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ABSTRACT

We study a necessary and sufficient condition for having a rational liouvilian solution of the autonomous
algebraic ordinary differential equation f(y,y") = 0, where f(X,Y) = 0 defines a rational algebraic curve (genus
zero) over complex field C. This article based on three ideas: every rational algebraic curve has proper

parametrization, pair (X(t), X (t)) is a proper parametrization of a certain algebraic curve, and the condition of
differential equation of order one y’'= f(y) has liouvillian solution over C.

Keywords: Liouvillian solution, parametrization, rational algebraic curve, algebraic differential equation.

1. INTRODUCTION

Let C be an algebraically closed field of
characteristic zero and view C as a differential
field with the trivial derivation ¢ = 0 for all
c € (. Let

P(X)

¢ = {553, P, Q(X) € CIX1,Q(X) # 0

be a field of rational functions in one variable X.
We are interested in the non-constant liouvillian
solutions of the following differential equation
the autonomous algebraic ordinary differential
equation of order one given by f(y,y') =0,

where f(X,Y) = 0 is a rational algebraic curve.

Combining some results of parametrization of
algebraic curve of genus zero, and a result of
necessary and sufficient condition for the
explicit differential equation,’ y’ = R(y) with
R(y) € C(y) has a non-constant solution
y which is liouvillian over C, we show a result
of necessary and sufficient condition for the
implicit differential equation f(y,y') = 0
having a non-constant rational liouvillian over C
through parametrization.

2. PRELIMINARIES
2.1. Definitions

"Corresponding author:
Email: dtridat. nguyen@ut.edu.vn

A derivation of the field k, denote by ' is an
additive endomorphism of k that satisfies the
Leibniz law (xy) = x'y + xy' for every x,y in
k. A field equipped with a derivation map is
called a differential field.

Let E be a differential field extension
of k and let ' denote the derivation on E. We
say that E is a liouvillian extension of k if
E =k(ty,t,, ...,t,) and there is a tower of
differential field k=ky <k, <--<k,=E
such that for each i, k; = k;_1(t;) and either

, t; . :
tiek;_4 or l/tl- € k;_, ort; is algebraic over

k;_q. A solution of a differential equation over
k is said to be liouvillian over k if the solution
belongs to some liouvillian extension of k.
Whenever we write k < E as differential field,
we mean that E is a differential field extension
of k and we write y € E — k to mean that y € E
and y isnotin E.

Let f(X,Y) € C(X,Y) be an irreducible
polynomial in two variables over the
algebraically closed field C. The set L =
{(a,b) € C*\f(a,b) = 0} defines an algebraic
curve over (.
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A rational parametrization of the
algebraic curve f(X,Y) = 0 is a pair of rational
functions X(t),Y(t) € C(t) if two following
conditions are satisfied:

i) For almost all t; the point
(X (), Y (to)) € L.
ii) For almost all point (xg,Yy,) € L there
exists to € C such that (X (to),Y (&) =
(0, Yo)-
An algebraic curve f(X,Y) =0 is said
to be rational or rational algebraic curve if it
admits a rational parametrization.

A rational parametrization (X(t),Y (t))
of the algebraic curve f(X,Y) = 0 is said to be
proper if for almost all point (xq,y,) € L, there
is a unique ty € C such that (X(to),Y(tO)) =

(0, ¥o)-

Rational function X(t) € C(t) is called
of f(y,y)=
Oover C if three following conditions are
satisfied:

rational liouvillian solution

1) X (t) belongs to liouvillian extension
of C.

ii) X(),X'(t) € C(b).

iy  f (X(t),x’(t)) = 0.

With X'(£) € (D). so X'(t) =2t e C(®),

and we obtain t € C(t). Write X(t)=

%,P(t),Q(t) € C[t], we have X(£)Q(t)—

P(t) = 0. Hence t is algebraic over C(X(t)). So
we obtain t belongs to some liouvillian
extension field of C. Since t is liouvillian, the
differential field C(t) is contained in some
liouvillian extension field of C. If we say that
X(t) is a non-constant rational liouvillian
solution of differential equation f (y,y') =0
over (, this means X'(t) # 0. Sot'# 0, and t
is obviously transcendental over C. We refer the
reader two books for basic theory of differential
fields and rational algebraic curves.*’

2.2 Some results

For the reader’s convenience and for easy
reference, we record some basic results

concerning liouvillian extensions and rational
algebraic curves in the following these lemmas

1,3-5
and theorems. "

Lemma 1. Algebraic curve f(X,Y) = 0 can be
parametrized if and only if it has genus zero.”

Lemma 2. Every rational curve can be properly
parametrized.’

Lemma 3. Let (X,(t),Y1(t)) be a proper
parametrization  of rational algebraic curve
fx,y)=o0. Then  for  any  proper
parametrization (X,(t),Y,(t)) of f(X,Y)=0
there exists R(t) = (at +b) / (ct +d) € C(t)

such that (X3 (8), Y2(£))= (X1 (R(1)), i (R(1)).”

Lemma 4. Let (X1(t),Y1(t)), (X,(t),Y,(t)
be two proper parametrizations of rational

algebraic curve f(X,Y)=0. The differential

. A L Lo
equation t = 5)51) has liouvillian solution if

at

and only if the differential equation t = ?T(?

at
. crpe . 4
has liouvillian solution.

Theorem 1. If (X(t),X '(t)) is a rational

parametrization of algebraic curve f(X,Y) =0
then it is a proper parametrl’zation.5

Theorem 2. Let C be complex field and ¢' = 0
forall € C. If E is a liouvillian extension field
of C then there is an element z € E — (C such
that z =1 or z' = az for some ainC—0.'

3. MAIN RESULT

Theorem 3. Let f(X,Y) =0 be a rational
algebraic curve with proper parametrization
X, (), Y1 (t)). The differential  equation
f (y, y') =0 has a non-constant rational
solution X (t) € C(t) which is liouvillian over C
if and only if there is an element z € C(t) such

X4 P X4 dz

ot __ 9z 9t _ ot —
that o o or o = ar aeC—-0.
Proof.

(Necessary) If y =X(t) is a non-constant
rational liouvillian solution of  differential
equation f (y,y') = 0, then following Theorem
1 this means (X(t),X'(t)) is a proper
parametrization of algebraic curve . Following
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Lemma 4, there exists a non-constant

liouvillian solution of diferential equation

t' = }g). So we obtain C(t, t') is contained in

at
some liouvillian extension field of C. Following

Theorem 2, there is an element z € C(t) — C

' ' . ’ 0z
such that z =1 or z = az. Since =z :Et/’
axy X, oz
ot _ 9z op —2t_ — 9t
Y1 (t) at Y1 (t) az’

we obtain a€eC—0.

(Sufficient) If there is an element z € C(t) such
ax1

0z
that —<— Y, (t) E,

field (C(x),) with x' =a€(C—0. Set =
z(t) = E , we obtain z =1, and t is algebraic

then we consider differential

over C(x).

xw _ 5t
Yi(t) Yl(t) at
X1 (©) =Y;(t) . From f(X,(6),73(1)) =0, it
means f(Xl(t), Xl'(t)) =0 . Since X,(t) €
C(t) and t is algebraic over C(x), we obtain
X,(t) is a non-constant rational liouvillian
solution over C.

Since Zi =7 = =1, then

If there is an element z € C(t) such that
ox, Bz
o _ ot
Y, (t)

(C(x),") with x'=ax € C—0. Setz=z(t) =

x, we obtain z = az, and t is algebraic over

, then we consider differential field

W _ %G _7
1 1 = ot ¢! = i =
C(x). Since o T (t) ot =t = 1,

one obtain X, (t) = Y;(t). Repeating previous
argument, we conclude y = X;(t) is a non-
constant rational liouvillian solution.

4. EXAMPLES
Example 1. Consider the differential equation
f(r,y") =—9y? +30y — 12y” + 36y —
25+y2 =0 (1)
The corresponding algebraic curve

f(X,Y):=—9X%2 + 30X — 12Y% + 36Y —
254+Y3=0 (2)

has a proper rational parametrization

_ ((4t-1)(164t%2—58t+5)  4t?
(X(t),Y(t)) - ( 3(6t-1)3 ’(6t—1)2)‘

o 34t%-12t+1 1
at - — —_
Y(t)  (t(6t-1)2 Set z = 3(6t-1)
ax
- E C(o), then 2Z prie Y(t)

X (t) is a non-constant rational liouvillian
solution of equation (1).

Example 2. Consider the differential equation
f(3,y) = -9y + 36yy — 36y2 + 216y° —
432y'y? + 288y %y — 6493 = 0 (3)
The corresponding algebraic curve

F(X,Y) == —9Y2 + 36XY — 36X% + 216X53 —
432YX? + 288Y2X — 64Y3 = 0 (4)

has a proper rational parametrization

(X(@®),Y(®) =

(g t(4t?—at+1) 9 (4t%-4t+1) )

827t3—54t2+36t—8" 8 27t3—-54t2+36t—8

We have

ox 2(3t-1)

ot _ _ L0907 )

Y(t) (2t-1)(3t-2)" Set z= (3t z)ZEC(t)
oz ox

then 2£=-2  So X(t) is a non-constant
z Y(t)

rational liouvillian solution of equation (3).
Example 3. Differential equation
Y +y? =105
has a rational liouvilian solution over C.
Algebraic curve X2 +Y%2 =1 (6)
(X(@),Y(®) =

X
A
) We have T - o

has proper parametrization

(Zt —t?+1
t2+1” t2+1

Set i =v—1 and Z=%§EC(t) since 9 _

at
2 0X 0z )
i N - .
W, we obtain m—;—m.so)((t) 18

a non-constant rational liouvillian solution of
equation (5).

Example 4. Differential equation
fy) =" =3y +y*y* =y*=0(7
has no non-constant rational liouvillian solution.

Algebraic curve
fX,Y):=Y5—-3X?Y +X?Y3-X2=0 (8)
has a proper parametrization
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xX@®,Y®) = (%%)

[22:¢
9t — 942 _ 6
We have o 2t" =6+~ If there
x oz
exists z € C(t) such that -2~ =L | one can
Y (t) az
write z= % , r(t),s(t) e C[t]. Since

ar as

0z
ot =Ll at _ 9ty geg (%) < deg(r(t)) and

az ~ a “r(t) s(t)

deg(%)<deg(s(t)). So there is not an

0z

element z such that 2& = 2t2 — 6 + 26 .
az te+1
224 P ‘
If 22 =22 one can write z =10 , with
Y(t) ot s

r(t),s(t) € C[t] and gcd(r(t),s(t)) =1,
where gcd is abbreviated word of “greatest

ar _ ds
. 0z _ 355 5"
common divisor”. Then we have —- = 22 =
2t*—4t? . ..
o) So we obtain s(t) divides (t? + 1).

Rewrite s(t) = q(®)(t?+1)%,k>1, with
gcd(t2 + 1,q(t)) =1. Then we have

%q(t). (2 + 1)k - (Z—‘z 2+ 1)k +
20062 + 1 )k‘lq(t)r(t)) = (2t —

4t2)q2 () (t% + 1)%k1. So q(b).7(t) divides
(t? + 1). This is a contradiction. Hence there is

X

2t _ 0 .
not an element z such that 2. = 2~ Following

Y(t) ot

Theorem 3, differential equation (7) has no non-
constant rational liouvillian solution.

5. CONCLUSION

In this article, we focus on rational liouvillian
solution of differential equation f (y,y') =
0, with form y = X(t) € C(t) and t € C(t).
This means y,y’ belongs to some certain
differential field C(t) through parametrization.
In the future, we hope to develop some
techniques to find condition for differential

equation f (y, y') = 0 having a liouvillian
solution in other forms.
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of maple software
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ABSTRACT

The objective of this paper is to introduce related instruction packages in maple math software to solve
matrix problems, matrix determinants, and thereby build “program segments” to solve specific problems such as:
product of matrix, total matrix, matrix power, matrix displacement, inverse matrix, matrix class, matrix determinant.
Simultaneously, it also creates a “calculation window” to guide, illustrate, provide some important knowledge and
solve problems with an aim to assisting students, teachers and lecturers more conveniently in getting accessed to
the matrix problem. Since then, we can improve the quality of teaching and learning, and at the same time apply
the achievements of information technology to support the innovation of teaching and learning methods under the
current policy of the Party and the State.

Keywords: Teaching and learning about mathematical operations on matrices, maple math software, instruction
packages, calculation procedures.
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Day va hoc cac bai toan vé ma tran v&i sw ho tro
cla phan meém maple

Lé Viin Thién"

Truong Cao dang Céng dong Kon Tum, Viét Nam

Neay nhdn bai: 12/12/2019; Ngdy nhdn dang: 06/02/2020

TOM TAT

Muc tiéu cua bai viet nay 1a gidi thi€u cac goi Iénh lién quan trong phan mém toan hoc maple dé gidi cac bai

toan trén ma tran, dinh thirc ma tran va tor d6 xay dung cac “doan chuong trinh” giai cac bai toan cu thé nhu: Tich

ma trdn, tong ma tran, 1y thira ma tran, chuyén vi ma tran, ma tran nghich dao, hang ma tran, dinh thirc ma tran.

Dong thoi tao ra “ctra s tinh toan” dé hudng dan, minh hoa, cung cap mot sé kién thirc quan trong va giai quyét

van dé nham giup hoc sinh, sinh vién ciing nhu giang vién thuan loi hon trong viéc tiep can bai toan vé ma tran.

Tir d6 ¢ thé nang cao chét luong day va hoc, dong thoi van dung nhitng thanh tyu cia cong nghé thong tin nham

hd tro d6i méi phuong phap day va hoc theo chi truong ciia Pang va Nha nudc hién nay.

Twr khéa: Day va hoc cdc bai toan vé ma trdn; phdn mém todn hoc maple, cac goi lénh, thi tuc tinh toan.

1. PAT VAN PE

Céc bai toan vé dai s tuyén tinh néi chung va
bai toan vé ma tran noi riéng da tur lau dugc dua
vao giang day ¢ cac truong Pai hoc, Cao ding
cho cac khdi nganh khoa hoc ty nhién, k¥ thuat,
kinh té, néng lam,... la nhiing bai toan dugc xem
1a kho khan va kho. Thuc té khi giang day mén
Toan cao cip (trong d6 c6 cac bai toan vé ma
tran) cho sinh vién cac 16p. Téi nhan thdy trong
qué trinh hoc tap, sinh vién gap nhiéu kho khin
dé ndm bét duoc cac khai niém, cac dinh ly, cac
thuat toan... trong toan hoc. Vi vay viéc hiéu va
tinh toan chinh x4c két qua ctia cac bai toan nhu:
Xac dinh co s¢ va chiéu ciia khong gian, tinh
dinh thire, tim ma tran nghich dao, tim hang ma
tran, giai hé phuong trinh tuyén tinh,... 1a viéc
lam khong hé don gian ddi véi sinh vién.

Do d6, timg dung mot phan mém vao giang
day va hoc tap nhitng moén hoc dugc coi la kho

‘Tac gia lién hé chinh.
Email: lethienkt2010@gmail.com

khan va kho nhu mén Toan 14 viéc 1am cip thiét.
C6 y nghia thiét thuc trong viéc giang day ciia
giang vién va hoc tap cua sinh vién hién nay.
Trong bai viét nay, Tac gia xin néu van tat
vé “day va hoc cac bai todn ma tran v6i su hd
trg cia phdn mém”. Cu thé, mg dung phan mém
Maple 18 dé dua ra cac géi 1énh, 1ap trinh cac
doan code, chi ra phuong phép giai cac bai toan
trén ma tran. Sau d6 ing dung goi maplet tao ra
giao di¢n tinh toan truc quan cho nguoi str dung.

2. NOQI DUNG
2.1. Phin mém Toan hoc

Maple 1a mot phﬁn mém Toan hoc do DPai hoc
Téng hop Waterloo (Canada) xay dung va dua
vao st dung nim 1985. Sau nhiéu lan cai tién
va phat trién qua nhiéu phién ban khac nhau va
ngay cang dugc hoan thién, hién nay da c6 phién
ban Maple 19.
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Véi phan mém Maple, chung ta c6 thé:
Thuc hién céc tinh toan véi khoi luwgng 16n, voi
thoi gian nhanh va d chinh xac cao. St dung
cac goi chuyén dung cua Maple dé giai quyét
cac bai toan cu thé nhu: v& do thi (goi plots),
hinh hoc giai tich (goi geometry), dai so tuyén
tinh (goi linalg), Giai tich (goi student), phuong
trinh vi phan (goi DEtools), ly thuyét sb
(g6i numtheory), Dit liéu roi rac (goi
DiscreteTransforms),...
2.2. Sir dung phin mém maple trong day va
hoc cac bai toan vé ma tran va dinh thirc ma
tran
2.2.1. Cach tao ma trgn
Pé lam viéc v&i ma tran, trude tién ta cin nap
gdi 1énh LinearAlgebra. Pau tién ching ta goi
g6i 1énh nay bang Iénh with. Go6i nay bao gom
cac Iénh:
> restart;
> with (LinearAlgebra);

Muén tao mot ma tran ta st dung mot
trong cac 1énh sau day :
- Cho m danh sach n phén toe L1, L2,...,

Lm khi do ham matrix ([L1,L2....,.Lm]) tra vé
ma tran m hang, n cdt.

Vi du:

restart;

> with (linalg) :

>

A:=matrix([[1,2,3], [4,5,6],[7,8,9]]);
123

A=|1456
789

- Cho danh sach m*n phan tir L khi dé
ham matrix(m,n,L) trd vé ma trdn m hang,
n cot.

Vi du:
>
B := matrix(3, 4, [1,2,3,4,5,6,7,8,9, 10, 11, 12]);

1 2 3 4
B=|5 6 7 8
910 11 12
- Cho ham 2 bién f(i, j) khi d6 ham
matrix (m, n, f) trd vé ma trdn m hang, n cot voi
f 1a ham hai bién f(i, j), (i=1,...,m; j = 1,...,n).

Vi du:
fi=(Lj)—>i+2/— 1
fi=(ij)=i+2j—1
> C := matrix(3, 4, f);

246 8
C=1357 9
46810

Ta cling co thé nhap ma trén truc tiép tur
menu Matrix/Insert Matrix.

> 123
A=14561|
489

123

456
489

A:=

2.2.2. Kich thude va thanh phan ma trdn

- Ham rowdim(M) tra v& s6 hang clia ma
tran M.

- Ham coldim(M) tra vé sb cot ciia ma
tran M.

- M [i,j] 1a phan tir ndm ¢ hang i, cot j
(phan t thr (i,j) cia ma tran M...

Vi du.
>
A= matrix([[3,-2,8, 1], [5,2,-4,2], [7,8,9, 4], [0.

-2, 1,711

3-2 81
5 2-42
7 8 94
0-2 17

> with(linalg) : rowdim (A);

4
> coldim(A);

4

>all == A[1,1 ];
all =3

~ad2 == A[4,2 ];
a42 =-2

2.2.3. Cac phép todan co ban trén ma tran

Trong phan nay ta s& thuc hién mét s phép
toan co ban trén ma tran nhu:
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- Phép cong (+), trir (-) hai ma tran: A+B
A - B;

- Phép nhan ma tran véi mot sO thuc
A¥*a;

- Phép nhéan 2 ma tran: A.B;

- Phép lay lity thira: A™n;

- Phép lay chuyén vi : transpose (A);
a. Phép cong hai ma tran

- Phuwong phap

Cho hai ma tran A va B ¢6 cung c¢& mxn
Tong cia hai ma trdn A va B la mét ma tran co
cd mxn va dugc tim theo maple nhu sau:

Budc 1: nhdp ma trén A
Budc 2: nhap ma trdn B

Budc 3: Tim ma tran téng bang 1énh A +
B hoac 1énh matadd(A,B).

- Vidu:

Tim tong cua hai ma tran sau:

123 7 8 9
A=|145 ;B=110 11 12
6738 4 2 3
Giai
>restart;
>with(linalg) :
123 7 8 9
>
A=1|145|; B=1]101112 |;
678 4 2 3
123
A=|145
678
789
B:={1011 12
4 2 3
~C:=A+B;
8 10 12
C=|11 1517
10 9 11

> C = matadd (A, B);

8 10 12
C=|111517
10 911

b. Phép nhan ma trdn véi mot $0
- Phuwong phap;

Tich cta mdt s6 a bat ki véi mot ma tran
A ¢ m x n la mot ma trdn ¢ m x n va co cac
phan tir bang tich cua a véi cac phan tir ciia ma
tran A dugc tim theo maple bang lénh
scalarmul (A, a) hoac A*a.

- Vidu

> restart;

> with(linalg) :

>

A= matrix([[1,2,3],[2,3,5],[6,7,2]]);
123

A=]235
672

> C := scalarmul (A, 2);
2 4 6

C=| 4 610
12 14 4

c. Phép nhan ma tran
- Phuong phap

Cho ma tran A c6 cd mxp, ma tran B c6
cd pxn. Tich cua hai ma tran A va B theo th
tr la ma tran C c6 ¢d mxn dugc tim theo
Maple nhu sau:

Budc 1: Nhap ma tran A.
Budc 2: Nhap ma tran B.

Budc 3: Tim ma tran tich A.B béng 1énh
evalm(A&*B) hodc 1énh multiply(A, B).

* Ghi chu :

- Dé thyuc hién duoc phép nhan hai ma
tran A V%l B thpo thir tu thi sO hang ctia ma tran
B phai bang so c0t ciia ma tran A.

- Phép nhan ma tran khoéng co tinh giao
hoan.

- Vidu:
>
restart; with (linalg):

A= matrix([[2,3,4], [1,3,2]]);
B = martrix([[1,3], [2,4], [4,1]]);
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_ 234
132
13
B:=|24
41

> C = multiply (A, B);

24 22
15 17

> E := multiply (B, A);

512 10
8 18 16
915 18

E:=

Nhu vy, ma tran C 1a tich ciia ma trdn A
vo1 ma tran B va E 1a ma tran tich ciia ma tran
B véi ma trdn A, ta thiy C # E, hay phép nhan
ma tran khong c6 tinh chat giao hoan.

d. Phép chuyén vi ciia ma trén
Ta su dung Iénh transpose(A);
Vi du:

>
A= matrix([[x,y, z], [a, b, c], [3,5,6]]);

Xyz
A=|abec

356
> C = transpose(A);

xal
=|lyb5

zcb6

e. Lity thita ma tran

Toan tor A”n cho phép ta Ilily thtra bac n
cua ma trdn A. Ham evalm tinh toan gia tri cac
Ity thtra ma tran.

> A == matrix ([ [x, y], [a, b]]);

Xy
ab

A=

x2+ya xy+yb
ax+ba ya—i—b2

2.2.4. Dinh thirc ma tran
- Phuong phap
- Budc 1: Nhap ma tran vudng A.

. - Budc 2: Tinh dinh thirc ciia ma tran A
bang 1énh det(A).

Vi du:
Cho ma tran 230 -3 4] Tinh det(A).
124 -31
A= 014 25|
-245 21
432 -11
Giai
> restart;
> with(linalg) :
>

A== matrix([[2,3,0,-3,4],[1,2,4,-3, 1], [0, 1, 4,
2’ S]a [_29 45 55 2’ 1]’ [4’ 35 29_1’ 1]])’

230-34
124 -31
A=| 014 25
-245 21
432 -11

> dthuc = det(A);

dthuc := -2321

2.2.5. Ma tran nghich dao
- Phuong phap tim ma tran nghich dao
Budce 1. Nhdp ma tran vuong A.
Budce 2. Tinh det(A).

- Néu det(A) = 0 thi A 1a ma trdn suy
bién.

Néudet A #0 thi ton tai A

Budce 3. Lap ma tran phu hop P = Ct, véi
Clyjl=(-1 )1+Jdet(Mij), Mi.la ma trén

il
dugc 1ap thanh tir ma trdn A bang cach bo di
hang i va cot j.
Buéc 4. Tim ma tran nghich dao
-1 1
- p
det(A)
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Xeét vi du

Cho ma trén vudng
1234
2210

3202
4112

tim ma tran nghich ddo cua ma tran A (n€u co).

Giai:
>restart;
>with( linalg) :
- 1234

2210

A= ;
3202
4112

1234
2210

3202

4112
>d = det(A);
d =50

Ta c6 det(A) = 50 # 0 nén ton tai ma tran
nghich dao A_l Ta di tim ma tran phu hop P

Ta co:
C C C C
> L1 71,2 T1,3 71,4
Co C2,1C2,2C2,3C2,4.
C3,1C3,2C3,3C3,4
C C C C

> M, = delcols(delrows(A, 1..1),1..1);

210
M“:: 202
112

>C[1,1 ] = (—1)1+1-det(M11);

M = delcols(delrows(A, 1..1),2..2);

210
Mlz:: 302
412

1+2

TC[L2] = (-1) e det(M,);

> M13 = delcols(delrows(A, 1..1),3..3);
220

MD:: 322
412

>C[1,3 ] = (—1)1+3-det(M13);

C1,3 =8

> M14 := delcols(delrows(A, 1..1),4..4);
221

M14 =1320
411

>C[1,4] = (—1)”4-det(M]4);

Tuwong tu nhu trén, ta tinh cac C;; con lai.
Cudi cung ta dugc ma tran C;

-6 2 8 7
2 16 14 -19
-4 18 -28 13
16 -22 12 -2

P := transpose

-6 2 -4 16
2 16 18 -22

pP=
8 14 -28 12
7-19 13 -2
Ma tran nghich dao ctiia ma tran A 1a:
det(A)
Al :=LP
50

> MatranND := evalm(Al);
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301 2 8
25 25 25 25

8 9 U

25 25 25 25
4 71 14 6
25 25 25 25
7019 13 1

50 50 50 25

MatranND =

Ta c6 thé tim ma tran phu hop ctiia ma
tran A truc tiép bang 1énh adjoint(A) nhu sau:

> P := adjoint(A);

-6 2 -4 16
2 16 18 -22
8 14 -28 12
7-19 13 -2

Va tinh ma tran nghich déo truc tiép bang
Iénh inverse(A) (doi voi ma tran khong suy
bién);

= MatranND := inverse(A);

301 .2 8
25 25 25 25
89 1
25 25 25 25
4 7 14 6

25 25 25 25

719 13 1
50 50 50 25

MatranND :=

2.3. Hang cua ma trin

- Phuong phap tim hang ma tran

Nhu ta da biét, hang cua ma tran béc thang
chinh bang s hang khac khong ciia ma trén
béac thang va cac phép bién ddi so cip khong
lam thay d6i hang ctia ma tran. Vi vay, dé
tim hang cua ma trdn A (rank(A)) ta dung
cac phép bién d6i so cip trén ma tran dua ma
tran A v€ ma tran bac thang twong tng B. Khi
d6, hang cua ma tran A b%mg hang cua ma tran
bac thang B va bang sb hang khac khong cua
ma trdn bac thang B.

Trong phan nay ta s& st dung lénh
Gausselim( A ) dé bién d6i ma tran A vé dang
ma trdn bac thang B.

Ta cling co thé tim hang cia ma tran A
mot cach truc tiép bang 1énh rank(A).

Xeét vi du:

Vidu 1: Tim hang ctia ma tran sau:

212121
121212
A=|343434
412352
556755
Giai
> restart;
> with(linalg) :
212121
>
121212
A=|343434
412352
556755
212121
121212
A=]343434
412352
556755

> B := gausselim( A);

21 212 1
0-1-211 0
55

00 -552 2
B:= 2 2
0o 03+ L

2 2

00 000 0

Ta thdy ma tran B c6 4 hang khac khong,
vay rank(A) = rank(B) = 4.

Ta ciing c6 thé tim hang cua ma tran A
mot cach tryc ti€p bang 1&€nh rank(A) nhu sau:

Zr:= rank(A);
r:=4 .
Vay ma trén A cho trén c6 hang bang 4.
Viéc tim hang cia ma trén theo toan hoc
thong thuong s& gap nhleu kho khan néu cac
phin tir trong ma tran can tim hang c6 tham 50,
khi d6 viéc tinh toan s& phtc tap va rat dé nham
1an. Tuy nhién, v&i su hd tro ciia Maple thi
nhimng kho khan trén s& duogc khéc phuc dé
dang.

Vidu 2. Tim hang ctia ma tran sau theo A
(AER).

123123
25 7358
A=137 115 8 12
49 1461015
S11 17712 A
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Giai:

>restart;

> with(linalg) :

(12 312 3]
> 25735 8
A=[37 1158 12
49 14610 15
51117712 A

12312 3]
25 735 8
371158 12
49 14610 15
51117712 A

> B := gausselim(A);

12312 3
01111 2
B=[00111 1
00000A—18
00000 O

Tt ma tran bac thang B ta cé:

- Néu A = 18 thi rank(A) = rank(B) = 3.

- Néu A # 18 thi rank(A) = rank(B) = 4.
3. SUDUNG CAC GOI LENH MAPLET
TRONG MAPLE:

Trong phan nady, ta s&€ st dung goi 1énh
Maplet cia Maple dé viét cac thu tuc (chuong
trinh) gidi cac bai toan vé ma tran nhu: Iy
thira ctia mot ma tran, tich ctia 2 ma tran, dinh
thirc ciia ma tran, ma tran nghich dao, har}g cla
ma tran,...va thuc hién ching trén ctra s6 giao
dién duoc tao ra.

Sau day 1a mot s6 thu tuc tinh toan:
> restart:
with(Maplets[Elements]):
with(LinearAlgebra):
mtA := proc () // Thu tuc nhdp ma tragn A
global A;
try
while true do A =
Student[LinearAlgebra][MatrixBuilder]();

if RowDimension(A) <> ColumnDimension(A)

then Maplets[Examples] [Message]("S6 hang
ciia mt A phai bang s0 c¢0t cia mt A.\n Moi ban
lai.") else break;

end if

end do;

catch: A := Matrix(3)

end try; Maplets[Tools][Set](('nhA")(value) = A)
end proc;// Két thiic thii tuc

mtB := proc ()// Thu tuc nhdp ma tran B
global B;

try

while true do B : =
Student[LinearAlgebra][MatrixBuilder]();

if RowDimension(B) <> ColumnDimension(A)
then Maplets[ Examples][Message]("So hang
cua mt A phai bang so cot cua mt B.\n Moi ban
nhap lai.") else break;

end if;

end do;

catch: B := Matrix(3)

end try; Maplets[Tools][Set](('nhB")(value)=B)
end proc:// Két thiic thii tuc

MTNghich := proc () //Thu tuc tim ma trdgn
nghich dao 4™

local temp;

try

temp := MatrixInverse(A);
Maplets[Tools][Set](('kq")(value) = temp)

catch: Maplets[Examples][Message]("Ma tran
suy bien")

end try
end proc:// két thiic thi tuc

Céc thu tuc tinh toan khac, ta 1dp tuong
tu.

Khi thuc hién tinh toan, ta dat con tré vao
vi tri bét ki trong doan chuong trinh va nhén
Enter s& xuat hién mot giao dién Maplet cho
phép ta thuc hién phép toan co ban cia ma tran.
Trén giao dién nay ta s& thay két qua truc quan
va sinh dong hon.
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4. TO CHUC THUC NGHIEM SU PHAM
4.1. Cac buéc tién hanh

Trong qua trinh thyc hién viéc sir dung phan
mém Maple vao giang day mot s6 bai hoc tai
truong Cao Pang Kinh T€ - Ky thuat Kon Tum
(trude day) nay la Truong Cao dang Cong
dong Kon Tum t6i da tién hanh thuc nghiém
nhu sau:

. - Nghién ctru phan mém Maple va tai liéu
nham ho tro trong viéc soan giang.

- Soan giang va trinh chiéu trén phan
mém Maple.

- Chuan bi trang thiét bi trang thiét bi
phuc vu giang day.

- Qua trinh thyc hién giang day toi da ket
hop gilta bang phan va trinh chiéu.

- Thong qua vi€c day thur nghiém mot s6
16p va dugc cac dong nghi€p, cac sinh vién dy
gio dong gdp y kién va rut kinh nghiém.

4.2. Tién hanh day thuc nghiém véi bai toin
tim ma tran nghich dao

Day thuc nghiém bai ma tran nghich dao két
hop gitra glang day bang phan va ba1 soan giang
trinh chleu tryc tiép trén phan mém Maple voi
mot s6 16p CBKT KO5A, CDPKT KO5B,

CbQTKD K05, THTC K05, CBbQTKD K06
CDbLS K10, Cb LSK11, CBLS K12...

Tém tiit qua trinh giang day:
GV:

- Viét bang phan néu khai niém vé ma
tran con, ma tran phy hop.

- Cac budc tim ma tran nghich dao.
- Giai mét s6 vi du cu thé dé minh hoa.
Sv:

- Lang nghe, theo ddi va néu y kién thic
méc néu chua 13 van dé.

- Ap dung ly thuyét vira hoc, giai mot sb
bai tdp vé ma tran nghich dao vao vo va co thé
1én bang giai cho cac ban theo dai.

GV vaSV:

- Str dung phan mém Maple giai tuan ty
cac budc cung theo ddi qua trinh tinh toan bang
may va so sanh voi cach giai bang tay.

- Kiém tra két qua tinh toan va cac budc
thuc hién

- Minh hoa mdt s6 bai toan trén cua sb
Maplet

- Tém tét ndi dung bai hoc
- Lam thém mot s6 bai tap cung ¢
4.3. Két qua thue nghiém:

Sau khi day xong mdi 16p t6i da tién hanh khao
sat y kién cuda sinh vién va cho lam bai kiém tra
de biet két qua.

Nhin xét két qud: Qua giang day thir va
kiém tra mot sb 16p ¢ truong. Thong qua két
quéa kiém tra danh gia va khao sat tham do y
kién cua cac sinh vién du 16p ciing nhu y kién
doéng gop cua dong nghiép. Toi rit ra két qua
thuc nghi€m trong cac gio day nhu sau:

- Sinh vién ¢6 hing thu hon trong qua
trinh theo ddi, hoc tap ciia minh. Déng thoi co
su chu dong, tich cyc hon trong hoc tap cling
nhu giai quyét cac tinh hudng, cic bai toan
dat ra.

- Pa s sinh vién tiép thu tot noi dung bai
hoc, khic phuc dugc tinh trang sai sot trong qué
trinh tinh toan, nhat 13 v6i nhitng bai toan ma
tran co cép n (n>4).

- Trong mot gid giang day gido vién c6
thé giai quyét dugc rat nhiéu bai toan cho két
qua nhanh chéng, chinh xac. Dong thoi, c6 thé
cho sinh vién nhan dang dugc nhiéu cach giai
bai toan khac nhau véi su hd tro cua phﬁn mém
Maple.

Tu do, té1 nhan théy ri“ing viéc su dung
cong nghé thong tin vao trong day hoc noi
chung, st dung phan mém toan hoc Maple
trong day hoc toan néi riéng 1a can thiét. Néu
nguoi day van dung mét cach mém déo va linh
hoat khi day thi bai giang s€ hi€u qua hon.

5. KET LUAN

Bai viét d3 trinh bay van tit qua trinh day va
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hoc cac bai toan vé ma tran véi sy hd tro cua
phan mém maple.

- Kinh nghiém cho thdy ddi voi nhing
bai toan ma tran co cap lén (n>4) thi viéc tinh
bang tay s& phuc tap va mat nhiéu thoi gian.
Nhung néu st dung maple s& giai quyét nhanh
chong va chinh xac.

- Néu ta viét mot chuong trinh phire tap
thi trude hét ta viét va chay ting 1énh mot dé
xem két qua thé nao, khi thdy két qua tit ta
nhom céac 1énh trén thanh mét chuong trinh
hoan chinh.

- Huéng nghién ctu tiép theo tac gia s&
dugc ap dung cho cac bai toan vé hé phuong
trinh tuyén tinh, bai toan vé xac suat thong ké.

Hy vong qua bai viét nay s& gitp cho
gido vién va hoc sinh, sinh vién c6 thém
phuong phap va tu duy méi vé ung dung cic
phan mém vao hd trg day va hoc toan hoc hién
nay.
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ABSTRACT

This paper presents an optimization method for determining locations and capacities of distributed
generation types in order to reduce total loss and improve voltage quality of distribution networks. The location
and active power of distributed generations are determined in such a way that the total loss of active power in the
network is the smallest while it still ensures constraint conditions of power balances, voltage limits at the nodes
and the current limits allowed on its branches. The IEEE 33-bus test network is used to verify the proposed method
in this paper. The simulation results show that when the distributed generations with optimal position and capacity
are connected to the network, the total loss is reduced and voltage quality of the grid is improved significantly.
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T6i wu vi tri va céng suat nguon dién phan tan
nham nang cao chat lwong dién ap trén lwéi dién phan phoi

Ngo Minh Khoa®, Huynh Dirc Hoan

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

Ngay nhdn bai: 25/10/2019; Ngay nhdn déang: 26/11/2019

TOM TAT

Bai bao trinh bay phuong phap t6i uu dé xac dinh vi tri va cong suit ciia cc loai ngudn dién phéan tan nhim

cuc tiéu ton that cong suat tdc dung va nang cao chat lugng dién ap trén ludi dién phan phoi. Vi tri va cong suat

t6i uru ctia nguon dién phan tan dugc xac dinh sao cho tong ton thit cong suit tac dung trén ludi dién 1a nho nhét

ma van dam bao cac diéu kién rang budc vé can bang cong suat, gidi han dién ap tai cac nit va gidgi han veé dong

dién cho phép trén cac nhanh cua ludi dién. Ludi dién IEEE 33 nit duoc sir dung dé kiém chimg phuong phap

dugc trinh bay trong bai bao nay. Két qua mo phong cho thdy sau khi déu nbi cic ngudn dién phan tan véi vi tri

va cong suat toi wu da lam giam ton that cong suat tac dung dang ké va nang cao chat lugng dién ap cia ludi dién.

Tir khoa: Ludi dién phdn phéi, nguon dién phan tan, chat heong dién dp, chat heong dién ndng, phirong phdp toi wu.

1. PAT VAN DPE

Ngay nay voi sy phat trién cia ngudn ning
lugng tai tao, yéu t6 vé moi truong, sy phat trién
cua cac cong ngh€ mai, chét lugong dién nang, do
tin cay hé théng dién... su ra doi cac nguén dién
phan tan (DG) la thiét thuc cho nhu cAu ning
luong dbi voi mot xa hoi phat trién, hién dai
nham bd sung va dap tng nhanh chéng nhu cau
su dung dién cho cac khach hang.! Tuy nhién,
viéc d4u ndi tich hop cac DG vao lu6i dién phan
phdi (LDPP) lai ndi 1én mot sé van dé can quan
tam do la: Trang thai on dinh va su kiém soat
dong dién ngén mach trén ludi; chit lugng dién
nang, diéu khién dién ap; tinh on dinh va kha
ning cia DG dudi tac dong cua cac nhiéu loan;
vén dé bao v¢ role va ché do van hanh khi lugi
bi ¢6 1ap. Cac van dé nay c6 thé gy ra cac han
ché nhit dinh dén viéc sir dung nhiéu DG tich

‘Tac gia lién hé chinh.

Email: ngominhkhoa@gnu.edu.vn

hop vao LDPP.? Bai bao nay tép trung vao viéc
nghién ctru lya chon vi tri va cong suét tdi vu cua
cac DG nham giam ton that cong suét tic dung
(CSTD) dén mirc nhod nhat dong thoi cai thién
chat luong dién ap (CLPA) trén LDPP.

C6 nhiéu phuong phap dugc sir dung dé
ti wu vi trf va cong suit DG trén LDPP da duge
dé xuét trong nhiéu cong trinh di cong bd. THi
wu vi tri va cong sudt DG bang cach sir dung giai
thuat di truyén dé cuc tiéu ton that CSTD trén
luéi dién.>® Xac dinh vi tri t5i wu cia DG va tu
b bang phuong phap téi uu bay dan dé cuc tiéu
héa ton that CSTD c6 xét dén chi s6 6n dinh dién
ap.¢ Phuong phép tdi wu dua trén cong thuc tinh
chinh x4c ton thit CSTD dugc trinh bay trong’
dé toi wu vi tri va cong suat ciia DG, tuy nhién
trong cac cong trinh do, cac diéu kién rang budc
vé dién ap khong duoc khao sat. Viéc so sanh cac

64 | Tap chi Khoa hoc - Truong Pai hoc Quy Nhon, 2020, 14(1), 63-70



SCIENCE

QUY NHON UNIVERSITY

vu diém va nhuoc diém cua cac phuong phap
tdi wu vi tri va cong suét cua cac DC dua trén
phuong phap dd nhay dugc phan tich kha rd rang
trong tai liéu.’ Trong d6, cic tac gia da dé xuat
phuong phap dé xac dinh cong suét toi uu cua
DG véi hé s cong suat tdi wu, nhung ciing chi
khao sat cho DG loai IIL.!° DG ¢6 thé duoc phan
loai nhu sau.? Loai I: DG chi ¢6 kha nang phat ra
CSTD, chang han nhu pin quang dién, pin nhién
liéu,... Loai II: DG chi c6 kha nang phat ra cong
sudt phan khang (CSPK) dé cai thién CLPA trén
ludi, chang han nhu: tu bu CSPK, may bu dong
bd. Loai III: DG c6 kha nang phat ra ca CSTD
va CSPK, vi du nhu may phat déng bo. Loai IV:
DG c6 kha nang phat ra CSTD nhung lai tiéu thu
CSPK, vi du nhu may phat tuabin gié sir dung
méy phat dién khong dong bo. Trong bai bao
nay, cac loai DG néu trén duogc khao sat dé tbi
wu vi tri va cong sudt phat ra nham cuc tiéu hoa
tong ton that CSTD trén ludi dién ma van thoa
man cac rang budc vé cin bang cong suit, giGi
han vé dién 4p va gi6i han vé dong dién cho phép
trén cac nhanh cua ludi dién. Phuong phap dé
xudt trong bai bao nay s& dugc cac tac gia danh
gia va kiém chimng trén luéi dién IEEE 33 nit.

2. TOI UU VI TRi VA CONG SUAT DG

Thong thudng, dién ap trén LDPP truyén thong
duoc van hanh 6n dinh, tuy nhién khi c6 DG dau
n6i vao ludi thi trao luu cong sudt va dién ap s& bi
anh huong. Dé co6 thé phat duge CSTD 1én ludi
thi may phat phai van hanh véi gia tri dién ap cao
hon so v6i dién ap cac nat 1an can khac.'2 Piéu
nay c6 thé duogc giai thich bang cach st dung mo
hinh LBPP hai niit ¢6 DG dugc ddu ndi ¢ phia
cubi ngudn. Boi vi hudng trao luu cong suat bi
dao nguoc, do d6 dién ap tai diém déu ndi DG s&
tang cao hon so vé&i dién ap nat ngudn.!!

«— P Q
()

HV OLTC

Hinh 1. Anh huong cia DG dén LDPP.

Trong Hinh 1, DG dugc ddu nbi vao nit &
phia cudi ngudn noi ¢6 dién ép 1a (U,); P, va
0, 1a CSTD va CSPK dugc phat ra boi DG; P,
va O, 1a CSTD va CSPK cua tai va Q. 1a CSPK
phat ra ctia thiét bi bu. DG, tai va thiét bi bu dwoc
n6i v6i hé thong dién truyén tai cao ap théng qua
dudng day c6 téng tré 1a R + jX va may bién ap
diéu ap dudi tai OLTC. Do ting dién ap doc theo
duong day dugc xac dinh nhu sau:

RP+ X0
AU =Upg =Uy x——= (1)

DG

trongdo: P=P,.-P,vaQ=0.-0,+0, . la
CSTD va CSPK truyén tai trén dudng day; U, 1
dién ap & dau nguodn (phia ha &p ctia may bién ap
diéu 4p duéi tai OLTC). Néu U, duoc biéu dién
dudi dang hé don vi tuong doi, thi phuong trinh
(1) duoc viét lai la:

AU =U,, -U;
zR(PDG_PD)""X(QC_QDiQDG)

Nguon dién phan tan DG phat ra CSTD
(+P,,) va c6 thé phat hodc tiéu thu CSPK (+0,, ),
trong khi do tai ti€u thu ca CSTD (-P,) va CSPK
(-0,) va céc thiét bj bu trén LDPP phét ra mot
lugng CSPK (+Q,). Gan day, cac may phat dién
ddng b ¢& nho, may phat dién tuabin gid ¢& nho

@

va hé thong pin mit troi duge ung dung rong
rdi nhu 13 cac DG trén LDPP. Béi véi cac may
phat dién dong bo phat ra CSTD va c6 thé phat
hodc tiéu thu CSPK phu thudc vao gia tri dat
ctia hé thong kich tir cia méay phat. D6i véi may
phat tuabin gi6 ciing phat ra CSTD nhung c6 thé
phat hoic tiéu thu CSPK 1a phy thudc vao toc do
gi6!"12, Hé thong pin mat troi duoc sir dung dé
phat ra CSTD tai mot hé s6 cong suit nhat dinh
nhung c6 thé sinh ra dong dién hai bom vao luéi
tuy thudc vao chét lugng cta bo inverter.> Do
d6, huéng trao luu cong sudt trén ludi dién phu
thudc vao gia tri CSTD va CSPK cua cac phu
tai so voi CSTD va CSPK do cac DG phat ra va
tong ton that cong sudt trén ludi dién. Nhu vay ta
thdy cac DG c6 anh huong dang ké dén trao luu
cong sudt va CLDA trén LDPP, do d6 mot cach

tong quat dé co the luya chon vi tri va cong suat
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ctia cic DG nham ning cao CLDA trén LDPP,
cac tic gia trong bai bio nay tién hanh khao sat
mot md hinh LDPP tdng quat ¢6 N nat. Khi do,
ham muc tiéu dugc lua chon trong bai bao nay la
ham t6ng ton that CSTD trén ludi dién nhu sau:

- vl (RF+00))
Minimize P, = 3)
A48 (08 - RO))
v,
trong do: @, =—2—cos(5, -5, (4)
i
r.
By =——sin(6, -5 (5)
i
Zy =1+ (6)

Véi: Z, 1a phan tir (7,/) trong ma tran téng tré nut
Z s T X, la dién tro va dién khang cua phan tu
Zi/.; U, J,1a bién do va goc pha cua dign ap tai nit
iU, 5, la bién do va goc pha cua dién ap tai nit
J> P, O.1a CSTD va CSPK bom vao tai nuat i; P]
0, la CSTD va CSPK bom vao tai nut .

Trong bai toan cuc ticu ham muc ti€u (3)
can phai thoa man céac dieu kién rang budc
sau day:

i) Rang bugc vé can bang cong suat:

P.-P NUU ijcos(é"_aj)
= Di_z i +B’,jsin(5,~—5j) @)

vi=12,3,...N
v G..sin(5-—5-)

=0 =dUU, |

0, -0y, ;‘ [—BUCOS(@_@J ®
Vi=123,...N

trong do: P, O 1a CSTD va CSPK phat tai nat
i; P, O, 1a CSTD va CSPK tai tai nut i; G, va
B, 1a dién din tac dung va CSPK cua nhanh giira
nutivaj.

ii) Rang budc vé dién dp tai cdc nit:

Uy <U, <U,. Vi=12,.N )

trong do: U, , U ladién ap cho phép nho nhét
va 16n nhét.
iii) Rang budc vé dong dién trén cdc nhdnh:

I <1

i imax

Vi=12,. .N-1 (10)

trong d6: /, 1a dong dién 16n nhét cho phép
chay trén nhanh tha 7.

Khio sat cong thirc tinh chinh xac tong
ton that CSTD trén ludi dién (3), tong ton that
CSTD nho nhét néu vi phan riéng phan cua (3)
theo gid tri cong suat bom vao nut bang zero. Do
d6, vi phén riéng phan cua (3) theo CSTD bom
vao nut dugc xac dinh nhu sau:

N
% =2a,P, +2;(%Pj -B,0,)=0  (11)

i
J#i

N

1
P=-— Z(aijpj_ﬂvgj) =0 (12)
i | J=1
J#Ei

trong do: P, 1a CSTD bom vao nut i, duge xac
dinh béi:
F=Fy—by (13)

Thay (13) vao (12), ta dugc:

1 N

PDGi =Ipi Z:,(aijpf _ﬂzQ/) (14)
i | J=
j#i

Twong ty ddi véi CSPK, ta co:

op, N
0" 2a,0, +2;(0{ij +B,P)=0  (15)

i

trong do: O, 1a CSPK bom vao nut va dugc xac
dinh:

Qz = QDG[ - QDi (16)
Do do:

Opei = O L ﬁ:(%QJ +ﬂUPI) (17)
|

Nhu vay, phuong trinh (14) cho phép xac

dinh CSTD phat téi wu cia DG loai I va (17) cho
phép xac dinh CSPK phat t6i wu ctiia DG loai II
tai mdi nut. Néu DG loai I duoc ddu nbi tai nut
i 1am cho tong t6n thit CSTD trén ludi nho nhit
so voi DG cung loai duoc dAu nbi tai bat ky mot
nat nao khéc trén ludi, thi nat 12 vi tri tdi wu dé
dat DG loai I. Tuong tu, néu DG loai 1T dugc dau
nbi tai nat j lam cho ton that CSTD trén ludi nho
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nhét so v6i DG cung loai dugc d4u ndi tai bat ky
mot nut nao khac trén ludi, thi nat j 1a vi tri tdi
wu dé dit DG loai II. Trong trudng hop vi tri tdi
wu dit DG loai I va vi tri tdi wu dat DG loai II
cung chung tai mot nit 7, thi (14) va (17) duogc st
dung dé xac dinh cong suét va hé sb cong suat tdi
wu ctia DG loai 111 duoc dau ndi tai nut i. Bt ky
cong suét cua DG loai I khac véi P, va O, .
tai nut i, s& c6 tdn that cong suét 16n hon. Khi
d6, hé sb cong suat toi vu (OPF) cua DG loai 11
duogc xac dinh theo (18):

OPF:L (18)

V DGI + QDG!

Néu vi tri t6i wu cua DG loai I va II khac
nhau Ian luot tai i va j tuong tmg, thi c6 thé xem
DG loai Il dugc dau nbi tai nut i voi gia tri
CSTD va CSPK phat cta n6 duoc tinh toan theo
(14) va (17) tuong tng. Trong truong hop nay,
hé s6 cong suat cua DG loai III ciing duoc xéac
dinh theo (18).

Vi tri ddu ndi DG ma lam cho ton thét
CSTD trén ludi nho nhat dwoc xem 1a vi tri tdi
rru néu thoa man cac rang budc nhur da trinh bay
o trén. Thu tuc tinh todn xac dinh vi tri va cong
suét toi vu cac loai DG duge mé ta nhu sau:

Buée 1: Chay trao luu cong suit & ché do
co ban (khéng c6 DG).

Buée 2: Tinh toan ton that cong suét & ché
d6 co ban bang cach sir dung (3).

Buoc 3: Su dung (14) va (17) xac dinh
cong suét ctia cac loai DG khac nhau tai mdi nat
ngoai trir nat can bang dé cyc tiéu ton thit CSTD
trén luoi.

Burée 4: Kiém tra cac didu kién rang budc
(7)-(10) sau khi déu nbéi DG duoc xac dinh &
Bude 3 tai mdi nit.

Bude 5: Lua chon vi tri du ndi DG ¢6 ton
that CSTD nho nhat ma van thoa man cac rang
budc.

Buée 6: Sir dung (18) xac dinh hé s6 cong
suét toi uu néu st dung DG loai III.

Budc 7: Chay trao luu cong suat sau khi
dau ndi DG tai vi trf va cong sudt tdi wu.

Buée 8: Tinh toan do giam ton that CSTD
sau khi ddu ndi DG vao ludi.

3. KET QUA MO PHONG

Phuong phap dwoc dé xuat dé toi wu vi tri va
cong suat ciia DG trong bai bao nay duoc cac
tac gia 1ap trinh bang ngdn ngir Matlab va duoc
kiém chung, danh gia cho mot ludi dién mau.
Trong muc nay, bai bao trinh bay két qua mo
phong trén luéi dién mau IEEE 33 niit ¢6 so d6
nbi dién nhu Hinh 2 ddng thoi bo dit liéu nat va
d@ liéu nhanh cua n6 dugc cho trong Phu luc 1
va 2. Thyc hién cac budc tinh toan ctia giai thuat
dé xuét da trinh bay & Muc 2 dé xac dinh cong
suét toi uu ctia DG loai I theo (14) va DG loai II
theo (17) tai cac nat trén ludi, két qua nay duoc
thé hién trong biéu dd Hinh 3. Qua két qua nhu
trén Hinh 3 cho ta thay tai cac nat tir nit 2 dén
nuat 33 ¢ cac gid tri cong sudt toi uu cua DG loai
I va DG loai II thay d6i theo vi tri cac nat trén
ludi dién. Tir két qua nay, cong suit ciia DG loai
111 bao gdm cong suit tac dung P, . vacong suat
phan khang O, . ciing dugc xac dinh theo (14)
va (17) nhu trong Muc 2.
27 28 29 30 31 32 33

26

4 5 é 7 8 9 10 11 12 13 14 15 16 17 18

21

Hinh 2. So dd ludi dién IEEE 33 nut.
i - -nGbm(MW) ‘
| [ G oai 1 (MVAR) |

IIihmnmnilmm

‘.I T8 M 13 158 17 19 21 23 25 X 2 3 B
Ten nut

Hinh 3. Cong suat toi wu ctia DG loai I va II tai cac

EX

w

Cong sual cua DG
~

m = ;oM o

e

=

nt trén ludi dién mau [EEE 33 nut.

Sau khi d4u ni 1an lugt DG loai I, 11 va IIT
tai cac nat trén ludi ta thiy tong ton thit CSTD
nhoé nhit ung voi DG loai I dau ndi tai nut 6,
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DG loai II tai ntt 30 va DG loai III tai ntit 6 nhu
trong Hinh 4. Ta thdy vi tri téi vu ctia DG loai
I va II dé ton that cong suat nho nhét 1a khong
trung nhau, do do ta khao sat 4 phuong an: dau
ndi DG loai I tai niit 6, dau ndi DG loai I tai nat
30, ddu ndi DG loai 111 tai nut 6 va déu ndi d@)ng
thoi DG loai I tai nat 6 con DG loai II tai nat
30. Két qua tong ton that CSTD trén ludi cua 4
phuong 4n nay duogc thé hién ¢ Bang 1. Tur két
qua Bang 1 cho thiy rang khi ddu ndi ddng thoi
DG loai I va II tai cac vi tri khac nhau (DG loai I
tai nat 6 va DG loai II tai nat 30) thi tong ton that
CSTD giam tir 67,85 kW (d6i voi DG loai I1I tai
nuat 6) xudng con 58,89 kW.

2

—8—DG loai |
—+— DG loai Il
Bl\ | —©— DG loai lll

200+

()

rho nhat

Ton that C5TD

L 1 L L L I I
1 3 5 7 @ 11 12 15 17 19 21 23 25 27 29 3% 33
Ten nut

Hinh 4. Tong ton that CSTD khi d4u ndi DG loai I, 1T
hoac III tai cac nut.

CLDA trén ludi dién duoc cai thién dang
ké sau khi dd dau ndi DG véi vi tri va cong sudt
t6i vu nhu Hinh 5. O ché d6 co ban (chua c6 DG)
dién ap nho nhét 14 0,88 p.u (nit 18) va dién ap
16n nhat 1a 1 p.u tai nat 1. Sau khi ddu ndi DG
loai III (3,02 MVA; cosp = 0,82) tai nut 6 thi
dién ap nho nhét 12 0,96 p.u tai ntt 18 va dién ap
16n nhét 1a 1,00 p.u tai nat 6. Két qua cac truong
hop con lai dugce thé hién trong Bang 2. RS rang
chi ¢6 truong hop diu nbi DG loai I1I tai niit 6 1a
c6 dién ap trén ludi van dam bao diéu kién rang
budc vé dién ap. Vay phuong an nay la phwong
an duoc lya chon dé t6i wu vi tri va cong suit DG
trén luéi dién mau IEEE 33 nit.

—— No DG

=+ DG Loai | B
g | —©—DG loai ll
DG loai | & II |

—&— DG loai lll

. .
103 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Ten nut

Hinh 5. CLDA trén ludi khi d4u nbi cac loai DG voi

vi tri va cong suat toi uu.

Bang 1. Két qua t&i wu vi tri va cong suit cua DG va ton that CSTD trén ludi.

Vi ) Céng suit DG toi wu Tén that CSTD (kW) P giam
tri Loai (MVA; Khong Co tén thit
MW MVA :

DG DG (MW) (MVAD 1 os0) DG DG CSTD (%)
Nt 6 I 2,49 - - 114,91 47,57
Nit 30 1l ; 1,71 - 152,08 30,19

, 3,02;

Nit 6 1 - - 052 219,14 67,85 69,04
Nut6 & 11 2,49 1,71 ; 58,89 73,13
va 30

Bang 2. CLDA sau khi dau ndi DG.

Loai va Dién 4p (pu) Di¢n 4p (pu)
i tri ct @ nut @ nut
v ]l)'Icha trudc khi c6 DG sau khi ¢c6 DG
Min Max Min Max
Loai I
(niit 6) 0,92@18 | 1,00@1
Loai II
(nit 30) 0,91@18 | 1,00@]1
(ﬁilg) 0,88@18| 1,00@1
va loai I 0,94@18 | 1,00@1
(nut 30)
Loai III
(nit 6) 0,96@18 | 1,00@6

Ngoai ra, bai bao ciing da khao sat sy anh
hudng hé s6 cong sudt cia DG dén ton that CSTD
trén LDPP. Gia thiét du nbi DG loai ITI véi cong
suat khong do6i 1a 3,02 MVA va tién hanh thay
d6i hé s6 cong sudt cua no, ta thiy ton that CSTD
trén ludi s& thay doi nhu Hinh 6. Qua d6 ta thdy
téng tdn thdt CSTD dat cuc tiéu ung véi hé $6
cong suat toi uu duge xac dinh boi (18).
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T Fi] T T, =k T

— Khong co DG 7
= Dot DG o ll tasi nt 6|

]

3 3
T

160 -

140~

Tan that CSTD (kW)
g 8 8
TS

o T

r r L r r
0.1 0z 0.3 0.4 0.5 08 or 0.8 08 1
He so cong suat

Hinh 6. Anh hudng cua h¢ s6 cong suat ciia DG loai
111 tai niit 6 dén ton that CSTD.

4. KET LUAN

Bai bao da trinh bay phuong phap toi wu vi tri
va cong suét cua cac loai DG nham cuc tiéu hoa
tong ton that CSTD ddng thoi nang cao dugc
CLDPA trén LDPP. Phuong phap d& xuét trong
bai bao xac dinh gia tri toi wu cua vi tri va cong
suét ctia cac loai DG bang phwong phap giai tich
boi cong thire tir mo hinh bai toan tdi wu ¢6 rang
budc. Phuong phép nay dugce danh gia va kiém
chung trén luéi dién IEEE 33 nut, két qua mo
phong cho thay déu ndi DG loai III tai nat 6 da
lam giam ton that CSTD trén ludi so v6i truong
hop khong c¢6 DG dong thoi dd nang cao CLDA
cua ludi dién. Ngoai ra, bai bao ciing da khao
sat sy anh huong hé sb cong suit cia DG dén
t6n that CSTD trén ludi dién. Qua do ta thay ton
tai mot hé sd cong suit ctia DG 1am cho ton that
CSTD trén ludi nhé nhat.
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PHU LUC Phu luc 2. Dt liéu nhanh cuia luéi dién IEEE 33 nat.
Phu luc 1. D li¢u nut cua ludi dién IEEE 33 ntt. Nat | Nat | R X Nat | Nat R X
di |dén| (p.u) (p-u) di [dén| (p.uw) (p-u)
Nt P Q Nt P Q 1| 2 |0,005753 | 0,002976 17 | 18 | 0,045671 | 0,035813
(kW) | (kVAr) (kW) | (KVAr) 2 | 3 | 0,03076 |0,015667 2 | 19 | 0,010232 | 0,009764
1 0 0 18 90 40
> 100 60 19 90 0 3| 4 |0,022836 | 0,1163 19 | 20 | 0,093851 | 0,084567
3 90 20 20 90 20 4 | 5 [0,023778 | 0,01211 20 | 21 | 0,02555 |0,029849
4 120 30 21 90 40 5| 6 |0,051099 | 0,044112 21 | 22 | 0,04423 |0,058481
5 60 30 22 90 40 6 | 7 | 001168 |0,038608 3 | 23 |0,028152 | 0,019236
6 60 20 23 90 50 7 | 8 |0,106779 | 0,077061 23 | 24 | 0,056028 |0,044243
7 200 100 24 420 200 8 | 9 |0,064264 | 0,04617 24 | 25 | 0,055904 | 0,043743
8 200 100 25 420 200 9 | 10 | 0,064888 | 0,04617 6 | 26 | 0,012666 | 0,006451
9 60 20 26 60 25 10 | 11 | 0,012266 | 0,004056 26 | 27 | 0,017732 | 0,009028
10 60 20 27 60 25 11| 12 | 0,02336 |0,007724 27 | 28 | 0,066074 | 0,058256
. 45 30 28 60 20 12 | 13 | 0,091592 | 0,072063 28 | 29 | 0,050164 | 0,043712
12 60 35 29 120 70 13 | 14 | 0,033792 | 0,04448 29 | 30 | 0,031664 | 0,016128
13 60 35 30 200 600
14 120 20 31 150 70 14 | 15 | 0,036874 | 0,032818 30 | 31 | 0,060795 | 0,060084
15 60 10 30 210 100 15 | 16 | 0,046564 | 0,034004 31 | 32 | 0,019373 | 0,02258
16 60 20 33 60 40 16 | 17 | 0,080424 | 0,107378 32 | 33 | 0,021276 | 0,033081
17 60 20
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Current controller design based on FPGA
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ABSTRACT

In closed-loop control systems for motors, a current controller is usually designed as the inner loop
while the outers are the speed and the position controllers. Therefore, the current controller usually does not need
boundary conditions. Most of these controllers are currently operated on software, resulting in lots of computational
volumes, complex algorithms and slow responses. To overcome these drawbacks, the current controller should be
hardened to increase the responsiveness and reduce the load on the CPU. The goal of this paper is to present the
allowance of FPGA technology for users to design hardening of the flow controller regardless of the CPU scan
cycles. Experimental and simulation results show that the design of current controllers based on FPGA response
meets the response requirements.

Keywords: Current controller, FPGA, motor control, hardware, software.
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Thiét ké bd diéu khién dong
\%

Khoa Ky thudt va Cong nghé, Truong Pai hoc Quy Nhon, Viét Nam

Ngay nhan bai: 12/11/2019; Ngay nhan dang: 15/12/2019

TOM TAT

Trong hé thong diéu khién vong kin cho dong co, khau diéu khién dong dién thuong dugc thiét ké 1a vong

trong cling, bén ngoai 1a cac vong tée do va vi tri. Vi vay, vong diéu khién dong dién dap tmg dau ra thuong khong

can cac diéu kién bién. Hau hét cac bd diéu khién hién nay, ba vong nay dugc thuc hién trén phﬁn mém, dan dén

khéi luong tinh toan nhiéu, thudt toan phuc tap va lam qué trinh dap timg cham. Do do6, bo diéu khién dong duoc

thuc hién cimg hoa nham ting kha ning dap tng va giam tai cho CPU la muc tiéu bai bao nay. Cong nghé FPGA

cho phép ngudi ding c6 thé thiét ké cing hoa bd diéu khién dong ma khong phu thude vao vong quét CPU. Két

qua md phong va thuc nghiém cho thay bo diéu khién dong dién trén FPGA dap tmg dugc yéu cau dé ra.

Tir khéa: B diéu khién dong, FPGA, diéu khién dong co, phan cirng, phan mém.

1. PAT VAN PE

Trong cac h¢ truyén dong dién, bo diéu khién
dong dién dugc thiét ké & vong trong cling, bén
ngoai la cac mach vong tde d6 va vi tri.'? Trude
day diéu khién dong dién phan 16n duoc thyuc
hién b::ing cac thuat toan phﬁn mém dua trén 15
vi xtr 1y.'2* Trong nhimg nam gan day, FPGA di
dugc tng dung vao linh vuc diéu khién. Nhiéu
nghién ctru da st dung FPGA nham giai quyét
cac yéu cau toc do, tinh dong thoi cho cac ciu
trac diéu khién.>” Cac cong trinh nghién ciru trén
cho thay van con vai han ché trong diéu khién
nhu thuat toan phirc tap, xtr Iy nhiéu vong lap,
chat lugng diéu khién phu thudc vao thuat toan
lap trinh va khong cho phép thay déi tai ciu
triic cac thuat toAn mai trén bd diéu khién hién
c6. Bén canh d6 FPGA budc dau sir dung trong
nghich luu da béac,® diéu khién hién dai ADRC®
va nhidu tmg dung khac...1%1112 C4c két qua mo
phong ciia cac bai bao trén cho thiy budc dau
dua FPGA vao tng dung trong diéu khién. Két

‘Tac gia lién hé chinh.

Email: dovancan@gqnu.edu.vn

qua mo phong' cho thay hiéu qua tbt khi dé xuat
FPGA thay cho DSP. Con tai liéu'? cling hudng
dén sir dung FPGA cho diéu khién dong co. Tuy
nhién, viéc lya chon vong diéu khién nao trén
phan ctg, phan mém dé mang lai hi¢u qua nhat;
hay cac két qua thuc nghiém trén phan clng
chua duoc dé cdp cu thé trong céc tai liéu trén.

Dé tiép tuc trién khai hudng di cta cac
cong trinh trén, tac gia d& xuat thiét ké bo didu
khién dong dién trén phan cimg dua trén nén
tang FPGA nham ting kha ning dap ung dong
dién va giam tai cho CPU khi thuc hi¢n diéu
chinh ty dong.'* Dua trén kién trac khau diéu
khién dong dién 1a PID duogc sir dung trong cac
bd diéu khién hién nay mé ta nhu Hinh 1:'5'8

Set Vahe £it)

; PD Hu 8 System Jgﬂ
el 30

Feedback ath

Hinh 1. D& xuit cdu trac khau didu khién dong dién

theo tai liéu!’

72 | Tap chi Khoa hoc - Truong Pai hoc Quy Nhon, 2020, 14(1), 71-78



SCIENCE

QUY NHON UNIVERSITY

2. NQI DUNG NGHIEN CUU
2.1. Pé xuit khiu diéu chinh dong dién

Ciing nhu nhitng cong trinh trudc day khau diéu
khién dong dién thuong dugc lwa chon PI (1)
va chiing dugc thiét ké bang thuat toan mém. "5
Trong bai viét nay, tic gia st dung nguyén ly
phuong trinh sai phan dé xdy dung khau diéu
khién dong dién PI (Hinh 2) tir mo ta (1):
t
u(t)=k, *e(t)+k, * j e(r)dr (1)

0

Trong do:
Sai lech e(?) = e(1) = r(1) — y(1)

Khuéchpai | P70 !
rit)+ eft) (kp)

Actual
y@) |

aft)

+

ki*[ e(t) dt

Khuéch dai j’
> (ki) .

Hinh 2. So d6 khdi khau PI thyc hién theo phwong
trinh sai phan (1)

Thuec hién sb hoa trong mién z ctia phuong
trinh (1) ta co:

U(z)= {kp + " ki - }E(z) )

UGz)-z"U(z) =k, -2k, +k|EG) @)

Phuong trinh sai phan ciia bo diéu khién
nhu sau:

u(k) =u(k —1)+k,e(k)—k,(e—1)+ke(k) (4)

Nhu vay, khau PI s6 dugc nhiéu cong
trinh nghién ctru str dung 1am bo diéu khién dong
dién trong cac img dung phan mém va mo ta theo
phuong trinh sai phan (4). Vi vdy, cu tric nay
dugc lya chon thiét ké bo dicu khién dong dién
trén phan cting ctia FPGA cho dong co.

2.2. Xay dung khau diéu chinh dong dién

Ap dung cho h¢ théng diéu khién dong dién tir
phuong trinh tong quat PID s6 (5).45

15!
v gl

Viét lai dudi dang (6) va mo ta Hinh 3:

-1 -2
a,+az +a,z

D(z) = (©)
l1+bz" +b,z"
Trong do:
T 7 2t
ao:Kp(lJr:Jde; aI:KP(1+Td);

1

a, :KPTTd; b =-1

Hinh 3. So d6 khéi khau PID s6 tong quat
Tir (4), ta c6 phuong trinh sai phan téng
quat sau:
u(k)=u(k -1)+aye(k)+ae(k-1)+ae(k-2) (7)

Thuc hién tuong tu cho cac cAu trac diéu
khién kinh dién.

D(z)=— =" ®)

u(k) =" a,e(k - j)= Y bu(k—j) ©
=0 j=1

bat: M, =-br(k-1)-b,r(k-2);
M, =ar(k-1)+a,r(k-2).
Khi do:
r(k)=e(k)+ M, (10)

u(k)=ayr(k)+M, (11)
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Va luu d6 thuét toan tong quat khi lap
trinh (chwong trinh ISR trén ca phin mém va
phan cimg) dwoc mé ta nhu Hinh 4. Nhu vay,
thuat toan nay cho phép ap dung cho moi cau
tric diéu khién so.

Bit ddu ISR v
Tinh toin diu ra
ve=aghe + My
Poc diém
setting Sy, Vi
Cip nhip gid tri
h 4 Tp2 =T, Tl =Tk
Tinh todn diu vio M; =-biTe - bare
a=S-Vi M; = ajreq +amya
n=et+tM

y
Két thiic ISR

Hinh 4. So d6 thuat toan bo diéu khién PID sb

2.3. Biéu dién h¢ théng diéu khién sb trén

ph?ln mém

Dé didn ta mot cach cu thé, tac gia dé xuét bai

toan tong quat véi ham truyén sb bac hai ciia dbi

tuong, c6 cac h¢ $6:
a,=2.38.10%,a,=4.76.10%,a,=2.38.10%;
b, =1;b,=-1.903; b, = 0.9048.

Khi d6, ham truyén s6 duoc mo ta nhu sau:
2.382% +4. 2.
D(z)=10". 3282 +4.76z+2.38

22 —1.932+0.9048

(12)

Ta c6 ham truyén vong hd voi bo dicu
khién PID s0 nhu sau:

U(z) z+1 z—1
H(z)= =Gp+G,—+G 13
(2) E@ Ot 13)
Hay
U(2) 1+z7" 1+z!
Hz)=——=G, +G G 14
@ E@z T T1-z' P1-ct! (14
Trong do6:
T
Gp=Kp; GIZKI?Sﬂ
— 2KD . C_Ts_zTF. (1)
) T +2T,°

Trudc tién, ching ta xdy dung bd didu
khién dong dién trén phan mém Matlab cho dbi
tuong diéu khién trén. Bo diéu khién sb v6i chu
ky trich mau T =0.1ms, T, = 0.142 kich thich dau
vao la ham budc nhay (Step), gia tri dat lar=1.

Két qua mo ta trén Hinh 5 1a hé chua c6
bd didu khién s nén dap ing déu ra 0.05/1 (dau
vao la 1) hé chua xéc lap 6n dinh.

Déi véi vong hé chwa co bé diéu khién

0.05 : ) :
T B N o W -
T e
g Oy
& 0025F-------f- e f e frss frmeiaiay |
- | | | s a ;
0.01
0.005 :
l30 05 1 1:5 2 25

Th&i gian (s)
Hinh 5. Két qua mo phong khi chua c6 by PID
B diéu khién dong dién cu thé khau P sb
duoc dua thém vao hé théng, két qua nay dugc
thé hién trén Hinh 6. Dap tmg dau ra 0.63 so véi
kich thich dau vao 1, hé chua 6n dinh & trang
thai xac lap.

{D5i véi vong kin c6 bé diéu khién Kp =35

1

iy o W e PR SR
R e

8 j | j
] e e A,

m : : ‘
0.4____.. .., S ————— - L g 1| (S g
07 pesderesaiay ‘ _____________ , _____________
sild ! PN S AP
% 05 1 15 2

Thoi gian (s)

Hinh 6. Két qua mo phong khi sir dung P
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Tuong tu, cac bd didu khién PI, PID s
cling duoc thuc hién cho hé théng nay. Bang két
qua t6i wu bd diéu khién PID sb trén Matlab, ta
tim dugc diém 6n dinh cho hé thong diéu khién
Hinh 7 ung voi khau PI s6 va Hinh 8 tng véi
khau PID sb. Két qua ca hai truong hop déu
6n dinh xac lap tai thoi diém 1.6s va gia tri dat
dugc cac hé s6 Kp = 35; Ki = 102; Kd = 0.29;
Ts = 0.0001s.

Daéi véi vong kin co bé diéu khién PD

Kp=35, Kd=102
1.5 .
S i
g |
[ H
© :
[+7] : : :
(T S — S— HRSSSRRE: S—
% 05 1 15 2
Theoi gian (g)

Hinh 7. Két qua mo phong khi sir dung PI

Péi v&i vong kin cé bé diéu khién PID
Kp=35.3675, Ki=102.2398, Kd=0.29161
1.5 T T :

Bién dé

0 05 1 15 2
Théi gian (s)

Hinh 8. Két qua mo phong khi sir dung PID

Nhan xét: Khi thuc hién thuat toan diéu
khién (Hinh 4) trén phan mém, hé thong diéu
khién PID sé v6i d6i twong tong quat cho két qua
t6t, hé thong dap ung on dinh khi t6i uu hoa cac
hé s6 Kp, Ki, Kd.

Viéc mo phong 6 cac ché do cua bd diéu
khién tir P, PI, PID dé chi ra rang bo diéu khién
dong dién nam trong ciing c6 thé thyuc hién khau
PI van ¢6 thé bao dam d6 6n dinh, rat ngfm thot
gian thyc hién va giam bo nhd so véi bg PID khi
xay dung trén phan cimg.

2.4. Xdy dung bd diéu khién dong di¢n trén
phan cirng cia FPGA

Nhu d3 dé cap trong phan dau, bo diéu khién sb
dugc xay dyng trén nén ting FPGA nhim giam
tai vong quét cia CPU & cac thuat toan mém,
tang kha nang d4p tmg cho cac vong diéu khién
ngoai. Nhu di dién ta trén Matlab bo diéu khién
dong dién chi can khau PI hodc PID ciing mang
lai hé théng on dinh cho vong trong. Vi vay,
khau diéu khién dong dién PI dugc thuc hién
ctimg hoa dua trén nén tang FPGA theo phuong
trinh sai phan.

Tu (12), phuong trinh sai phan dugc mo ta
trong truong sd nguyén cia FPGA:

10. y(k) =1903.10* y(k —1)—9048.10° y(k —2) +

(16)
+238u(k) + 476u(k —1) +238u(k —2)

Trong do: e(k) =r(k)—y(k) a7

Trén Hinh 9 13 mot phan két qua cia hé
thdng diéu khién xdy dung trén nén tang FPGA
dwa trén phuong trinh sai phan (16) gom dbi
tuong diéu khién duoc cho trong (12) va bo diéu
khién s6 PI, ngon ngit 1ap trinh phan ctng cho
FPGA 1a Verilog.
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Hinh 9. Mot phan cu trac hé diéu khién sir dung bo PI s6 xdy dung trén nén taing FPGA

Sau khi xay dyung hé thong diéu khién véi
khau diéu khién sb PI cung hoa trén FPGA, tac
gia tién hanh mé phong két qua trén phan mém
ModelSim cua Altera véi chu ky CLOCK la
0,1ms (trong thyc té hé théng nay cho phép mo
phong 1én dén 1ps), gia tri ddt r = 100 (s6 nguyén
khi thuc hién trén chip). Két qua dugc chi ra trén
Hinh 10 (a-tong thé, b 1a phong 16n) cho thay hé
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e

b
5

3
e

e
L

oonnoni

I

Cursor 1 |722 ms |

thong 6n dinh xac lap & thoi gian 41ms véi gid tri
dau ra xac 1ap y = 100 twong tng gia tri dau vao
dat r = 100. Néu so sanh véi viéc mod phong trén
Matlab thi sé chu ky dé dat dugc gia tri xac lap
6n dinh thi ¢ day dap tmg nhanh hon nhiéu. Diéu
d6 nho vao hoat dong doc 1ap cia bo diéu khién
duoc thiét ké ctng, chung khong phu thudc vao
cac vong quét cua CPU.
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Hinh 10. Két qua mo phong hé thong khi xay dung bo diéu khién sb trén FPGA
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Nhu vay, ta thiy thuc hién bo diéu khién
trén phan ctng va phan mém déu cho két qua
ctia hé thong 6n dinh va xac 1ap trang thai dap
ung déu ra. Déng thoi toc do 1am viéc cia bd
diéu khién PI s dugc xay dung trén phan cling
(Hardware) phu thudc vao tdc do Clock cua
FPGA ma khong phu thudc vao chu ky vong
quét cia CPU nhu trudc day.

2.4. Xay dung hé thong thye nghiém

Uu diém ciua FPGA trong viéc thiét ké phan
cimg mot cach dé dang va kha ning tai cau tric
phan cimg nhiéu lan hay cho phép nguoi ding
thay d6i cdu triic b diéu khién ngay ca khi dang
hoat dong. Trong ndi dung muc nay, tac gia thuc
hién cau hinh thuc nghiém bo diéu khién dong
dién (PI) trén nén tang FPGA chip Cyclone V
SCSEMASF31C6 cua hang Altera. Thuc nghiém
nay dugc thyc hién trén KIT DelSoC. Sau khi
thiét ké bang ngon ngir Verilog, ta tién hanh bién
dich dé tao file.sof chira chudi Bitstream (nhi
phan) cau hinh cho FPGA. Déi v6i KIT DelSoC
cau tric SCSEMASF31C6 chia lam hai phan:
mot 12 16i mém ARM, hai 1a FPGA ¢ day file.
sof chi cdu hinh cho phan FPGA (phan bén phai
cua Hinh 11).

[ ey, “TREEETE Mo TG Bl e 0% (el
i} e
= | ™ Doz Owdam | e Mupae  wh Gak B
[ e | | pone g 0 g o4 O
! | ot flegevktienda . soEMAEI WGIAGE IR £ O ) o
B ampeen
(o]
(Rt
Goewre |||
. i
Twm |||— —
SCIBMS
o

Hinh 11. C4u hinh phan cing trén chip Cyclone V
SCSEMASF31C6 - KIT DelSoC Altera

Sau khi cdu hinh thanh cong trén phan
cung FPGA, hé théng duogc chay thuc trén
KITDelSoc va do dat ddu ra trén oscilloscope
thong qua cac chan dap ung dau ra “y”. Két qua
Hinh 12 13 qua trinh tong thé va thoi diém qua
trinh qua d¢ Hinh 13.

TeK,.,.. b 8500

I Pos: 64.40ms CH1
: : Coupling
B Lirnit
40MHz

i Inveert
.
BHT Y TR oV Sms CHI 7 ~Ta0my

<10Hz

Hinh 12. Két qua thyc nghiém hé thong diéu khién

Te M Pas: =20.00ms CH1

---------------------------------------------

Coupling
B Lirnit

40MHz
Yolts/Div

Probe
108
Woltage

Invert
CH1 ./ -160mY
<10Hz

B e T S
Hinh 13. Qua trinh qua do cta thyc nghiém

Pé dé dang biéu dién trang thai dap Gmg
dau ra, ta tiép tuc tién hanh thay doi tan s hién
thi biéu dién cac két qua thuc nghiém khi truy
xuét cac sd ligu thyc nghiém tu file.xls trén
oscilloscope dién tir va xdy dung biéu do nhu

Hinh 14.

120

100 —W
80

-y

—k— Step

1 2 3. 4 5 &£ ¥ 8 9 1011

[}

Hinh 14. Biéu dién hé thng dap ung dau ra “y” va
kich thich dau vao tir cc s liéu thuc nghiém

Mot lan nita, két qua thuc nghiém cho thy
viéc xay dung bd diéu khién dong dién trén nén
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tang FPGA 1a hoan toan phu hop hudng nghién
ctru trong tuong lai va tién dén tmg dung trén cac
thiét bi diéu khién thwong mai.

3. KET LUAN

Véi ndi dung thuc hi¢n ¢ trén, bai bao da dua ra
dugc cac van dé sau day: Dé xuat xdy dung bo
diéu khién dong dién (cu thé PI, hoic PID) trén
nén FPGA 1a hoan toan hop 1y. Viéc xay dung bo
diéu khién dong dién trén phan clng gitp giam
tai cho CPU va ting kha nang dép tng, rit ngan
thoi gian thuc hién diéu khién.

Bang két qua mo phong trén phan mém
ModelSim va thuc nghiém trén KITDelSoC cho
két qua dap tng tot, thoi gian xac lap nhanh,
khong phu thudc vao chu trinh phan mém.
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ABSTRACT

An [oT technology based on Thingspeak cloud is studied in this paper to design a power monitoring system
of 220VAC low voltage networks. The hardware unit of this system is designed by using modules including
PZEMO04T, Wemos D1 R1 Arduino with ESP8266 module. This system can easily measure, acquire and monitor
electrical quantities including voltage, current, active power and consumption energy of 220VAC low voltage
loads. The system in this paper shows the application of Thingspeak cloud for power monitoring at two different
locations of low voltage loads via Internet.

Keywords: /o7, control and monitoring, electric energy, PZEM004T, Wemos DI R1.
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Png dung céng nghé loT thiét ké hé théng giam sat
dién nang: Ap dung cho phu tai dién ha ap 220VAC
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TOM TAT

Cong nghé ToT trén nén tang Thingspeak cloud dugc nghién ciru tmg dung trong bai bao nay dé thiét ké hé

thong giam sat dién ning d6i v6i mang dién ha ap 220VAC. Phan cling cua hé thong dugc thiét ké bang cach sir
dung cac modun bao gdm: PZEMO04T, Wemos D1 R1 Arduino c6 tich hop modun ESP8266. Hé thong nay c6 thé
d& dang do luong, thu thap va giam sat cac thong sd nhu: dién ap, dong dién, cong suét tac dung, dién ning tiéu thy

clia céc phu tai dién ha ap 220VAC. Hé thong trong bai bao nay thé hién ing dung Thingspeak dé giam sat dién

nang tai hai vi tri phu tai dién ha ap khac nhau thong qua Internet.

Tir khéa: Cong nghé IoT, diéu khién gidm sat, dién nang, PZEM004T, Wemos DI R1.

1. PAT VAN PE

Hién nay, cong nghé IoT dang 1a xu thé phat
trién dbi voi cac tap doan cong nghé trén thé
gidi. [oT co ban la sy két ndi cua céc thiét bi vai
Internet, trong do cac thiét bj dién phai giao tiép
v6i nhau va giao tiép v6i may tinh bang ciling
nhu v6i Internet dé tao thanh mot hé théng thong
minh trao ddi dir liéu, diéu khién 13n nhau. ToT
dang tr¢ thanh xu hudng cong nghé anh hudng
ngdy cang 1n téi doi sdng cua ca thé gidi va co
g dung vo cung rong rai trong nhiéu linh vuc
trong tuong lai, trong d6 c6 nganh dién. Trong hé
thdng dién, viéc img dung cong nghé IoT co thé
cai thién dang ké hiéu qua va kha nang van hanh
cua ludi dién thong minh hién nay.'? Trong do,
hai cong trinh nay di trinh bay tong quan vé vai
tro, tac dong va nhirng thach thurc cua viéc tng

‘Tac gia lién hé chinh.
Email: ngominhkhoa@gnu.edu.vn

dung cong nghé IoT trong cic hé thong dién' va
cac hé théng cam bién hién dai trong hé thong
dién trong tuong lai.?

Lién quan dén linh vic nghién ctru ctia bai
béo, hé thdng thu thap di liéu dién ning tiéu thu
ctia mdi ngdi nha thong minh va truyén dir lidu
d6 dén server trung tim dé phuc vu xir 1y va phan
tich sau d6.> Hé thdng giam sat dién ap va dong
dién théng minh duoc dé xuét;* nd giam sat hé
thdng dién ba pha sir dung Arduino nhu 13 mot
bd vi didu khién dé doc dién 4p va dong dién tir
cac cam bién, sau d6 truyén khong day cac dir
lidu do luong dé giam sat két qua do st dung
tmg dung Android. M6t hé théng quan 1y ngoi
nha duoc diéu khién bang cac thiét bi di dong
bang cach tich hop Arduino v&i Applnventor.®
Trong khi d6, mot phuwong phap dé giam sat
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cac tham s6 chit luong dién ning bang cach st
dung Ethernet dya trén do dém dién ning thong
minh.® Dit liéu dién ning tiéu thu dugc truyén
dén server bang thiét bi do ning lugng thong
minh va luu trr & do; chuong trinh LabVIEW
cling dugc sir dung dé phan tich dit liéu tir server
va cac thong sd chét luong dién ning cling duoc
tinh toan. Bo mach Arduino ciing dugc nghién
ctru ing dung dé thiét ké hé thong do dém dién
nang thong minh.”#

Nhu véy viéc ung dung cong nghé¢ loT
trong viéc thiét ké hé thong giam sat chat luong
dién nang la mot hudéng dang duoc quan tdm
nghién ctru hién nay. Bai bao nay nghién ctru dé
xuit ing dung cong nghé IoT dya trén nén tang
Thingspeak dé thiét ké hé théng giam sat dién
nang tai 2 vi tri phu tai dién ha ap 220VAC khac
nhau. Cau trac phan cimg cta hé thong sir dung
cac thiét bi nhu PZEMO04T, bo mach Wemos
D1 R1 Arduino, mddun role,... dé thuc hién tinh
ning thu thap, xir ly, tinh toan va hién thi cac
thong sb tai cac vi tri giam sat.

2. THIET KE PHAN CUNG

Trong bai bao nay, cac tac gia tap trung di vao
thiét ké hé thong giam sat dién ning & 2 vi tri
khac nhau dua trén nén Webpage Thingspeak cho
d6i tugng 1a cac phuy tai dién mot pha 220VAC.
Phan mach luc caa hé théng thiét ké duoc thé
hién nhu hinh 1. Hai vi trf cAn giam sat dién nang
cua hé théng duoc mo ta nhu sau:

+ Vi tri I: phﬁn mach luc gém c6 mot
mach ngudn cung cap va hai mach tai (tai 1.1 va
tai 1.2). Cac tin hi¢u dong dién va di€n ap 6 mach
ngudn dugc thu thap bang médun PZEMO04T
va dua vé bo xir li trung tam (Wemos D1 R1) cua
hé théng Gvitri 1.

+ Vi tri 2: phan mach lyc gdm c6 mot
mach ngudn cung cip va 2 mach tai (tai 2.1,
tai 2.2 va tai 2.3). Céc tin hiéu dién ap, dong
dién & mach ngudn cung cip va mot mach tai

2.3 (gia dinh 1a mach tai quan trong tai vi tri 2
can giam sat dién nang) duoc thu thap bang hai
modun PZEMOO0A4T va dua vé bo xir li trung tam
(Wemos D1 R1) ctia hé théng & vi tri 2.

Sau khi thu thap dugc cac gia tri dién ap,
dong dién, cong sut tac dung, dién nang tiéu thu
tai cac vi tri cAn giam sat, hé thong tai mdi vi
tri s€ gui cac gia tri nay lén Thingspeak cloud,
sau do tir Thingspeak cloud s& gt 1én Webpage
Thingspeak va hién thi két qua thong sb giam sat
cua phu tai dudi cac dang dd thi.

Thingspeak
_ cloud

Hg¢ thong
diéu khién

va giam sat il s |
dién nang ﬁ L;

& vitril
(ESP8266)

3 é Thingspeak
Diguon - cl%)urzi
220VAC|
,,,,,,,,,,,,,,,,,,, PZEMOO4T | )| n

Hé théng

1 r | diéu khién
#{» PZEMOO4T | > va giam sat

Y

dién nang

: <
[ T G i tri 2
(ESP8266)

Hinh 1. So dd hé thong diéu khién, giam sat dién

nang qua Thingspeak.

Phan cung cua hé théng duoc thiét ké dua
trén phan mo ta da trinh bay ¢ trén. Cac modun
chinh cua hé théng duoc trinh bay nhu sau:

2.1. Modun Wemos D1 R1 Arduino

Wemos D1 R1 Arduino dugc thé hién trong
hinh 2 1a board mach dugc phat trién dya trén
Modun ESP8266-12E va duoc thiét ké theo tiéu
chuan cua board mach Arduino UNO, tuong
thich v&1 Arduino IDE va NodeMCU. Wemos
D1 RI Arduino dugc tich hop Wifi, d& dang
thuc hién cac ung dung thu thap dir liéu va diéu
khién thiét bi thong qua Wifi. N6 c6 kha ning
chuyén d6i dién ap trén board, cho phép cap 1
dién 4p DC 9-24V dé chuyén dbi thanh 5V véi
dong tdi da 1A.
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Hinh 2. M6dun Wemos D1 R1 Arduino.
2.2. Modun PZEMO004T

Mach do dién AC da ning 100A giao tiép UART
PZEM-004T dugc thé hién trong hinh 3 duoc su
dung dé do va theo doi gan nhu hoan toan céc
thong s vé dién nang: dién ap, dong dién, cong
suat va dién ning tiéu thy. Mddun nay s dung
giao tiép UART d& dang két ndi truyén dir liéu
t6i bo vi dicu khién hodc may tinh, thich hop
cho cac ung dung gidm sat dién nang, loT,...
Mach do dién AC da ning 100A giao tiép UART
PZEM-004T nho gon, d& lap dit, str dung cach
do dong céch ly an toan va kha nang do dong lén
dén 100A, mach c6 chat luong gia cong va linh
kién tét, d6 bén cao. Cac chirc nang chinh cta
PZEMO04T:

« Chirc nang do céac thong sb dién (dién
ap, dong dién, cong suét, dién ning).

e Chic nang bao dong qua tai (trén
ngudng bao dong dién, dén flash ngudn va coi
kéu kip bao dong).

* Chirc nang cai dat ngudng bao dong
nguon.

* Chuc nang cai dat lai cia phim nang
luong.

« Luu trit dir liéu khi tat ngudn

« Chirc nang hién thi sé mau do (hién thi
dién ap, dong dién, cong suit, dién nang).

« Chtre ning giao tiép nbi tiép (co thé giao
tiép voi mot loat cac thiét bi dau cudi thong qua
cac chan, doc va thiét 1ap thong sb).

Hinh 3. Hinh anh PZEMO04T trén thuc té.
2.3. Modun role 4 kénh

Modun role 4 kénh 5V gf”)m 4 role hoat dong tai
dién ap 5VDC chiu duoc hiéu dién thé 1én d&én
250VAC 10A. Mbdun role 4 kénh 5V dugc thiét
ké chic chén, kha nang cach dién tét. Trén modun
da co6 san mach kich role sir dung transistor va IC
cach ly quang gitip cach ly hoan toan mach diéu
khién (vi diéu khién) véi role bao dam vi diéu
khién hoat dong 6n dinh va tién dung khi két ndi
v6i vi diéu khién. Modun role 4 kénh sir dung
chan kich mirc thap (0V), khi ¢6 tin hiéu 0V vao
chén IN thi role s€ nhay qua thuong ho cua role.

Hinh 4. M6dun role 4 kénh.
2.4. Téng thé phin cirng

Sau khi thiét ké so do lap rap chi tiét, tac
gia tién hanh lip rap h¢ thong thyuc nghiém nhu
hinh 5.
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Hinh 5. M6 hinh thyc té sau khi lap dat.
Chu thich:
1. M4y bién dong ctia mach ngudn 1.

2. Mbédun PZEMOO4T mach nguén & vi
tri 1.

. Modun Wemos D1 R1 ¢ vitri 1.
. Role déng/cit mach ngudn & vi tri 1.

. Role déng/cit mach tai 1.1.

3
4
5
6. Role dong/cat mach tai 1.2.
7. Ngd ra cuia mach tai 1.1.

8. Ngo ra ciia mach tai 1.2.

9. May bién dong ctia mach ngudn 2.
10. May bién dong ctia mach tai 2.3.
11. Ngb vao ngudn cap 220V vi tri 2.
12. Ngd vao do dién ap & tai 3 vi tri 2.
13. Ngd vao ngudn cip 220V vi tri 1.

14. Mddun PZEMO04T mach ngudn & vi
tri 2.

15. Moédun PZEMO04T mach tai 2.3 & vi
tri 2.

16. Modun Wemos D1 R1 & vi tri 2.

17. Role déng /cit mach ngudn & vi tri 2.
18. Role déng /cit mach tai 2.1 & vi tri 2.
19. Role déng /cit mach tai 2.2 & vi tri 2.
20. Role dong /cat mach tai 2.3 & vi tri 2.
21. Ngd vao ngudn 5V va 9V.

22.Ngo ra cua tai 2.1 ¢ vi tri 2.

23. Ngo ra cta tai 2.2 ¢ vi tri 2.

24, Ngb ra cua tai 2.3 ¢ vi tri 2.

3. THIET KE PHAN MEM

Luu d6 thuat toan gui dit liéu 1€n Internet cia hé
thdng dugc thé hién trong hinh 6. Bit dau thiét
lap cac céng ra vao, khoi tao tao cac gia tri ban
dau, khéi tao PZEMO04T. Sau d6 doc dit ligu tir
PZEMOO04T, thiét 1ap két ndi Wifi trén Wemos
D1 R1. Néu c6 két ndi Wifi thi giri cac gia tri
doc duoc ttt PZEMO004T Ién Thingspeak cloud.
Néu khong két nbi duge Wifi (nguyén nhan do
d6i mat khau hay dut cap Wifi) thi hé thong s&
thiét 1ap phat Wifi trén Wemos D1 R1. Sau d6 ta
s& két ndi vao diém truy cap Wifi cia Wemos D1
R1 phit ra, tiép theo ta m& trinh duyét web nhap
Ip 192.168.4.1 dé doi tén va mat khau Wifi méi
sau d6 luu vaio EPPROM ESP8266. Nhan nut
reset dé bat dau lai chuong trinh.

Thict ldp cdc
edng viio ra

l

K hesi tan PFEM va cdc gid i Whiip tén, mét
han diu 1J=0; I=0; P=0; A=0 khau, 3wl Token

l

By dir lidw 1t PAEMOOMT

|

Thiét lap két noi Wil win Thiét Lap phat Witi
Wemes D1 trén Wemos D1

Cinei dlir [igw [2n
Thingspeak eloud

K2t thie

Hinh 6. Luu db thuat toan gui dir liéu lén Internet.

Sau khi nhan dugc tin higu diéu khién tir
Wemos D1 R1 bt dau diéu khién cac role. Néu
nhan duoc tin hiéu bat role thi Wemos D1 R1
thuc hién s& dua chan role vé mirc cao dé diéu
khién bat role vi role diéu khién bat & muc cao.
Néu nhan duoc tin hiéu tat role thi Wemos D1
R1 thuc hién s& dua chan role vé mic thép
dé diéu khién tat role vi role diéu khién tit &
mirc thap.
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Woemos D1 R1 nhiin
Lin hi¢u dicu khién

Dico khido 1At role

(GPI =0)

Picu khién bt ek
(CGPIy=1)

Kl thiw

Hinh 7. Luu dd thuét toan diéu khién role.

4. CAC KET QUA THU'C NGHIEM

Sau khi thiét ké phan cimg va phan mém ctia hé
thdng, bai bao tiép tuc di vao thuc nghiém dé thu
thap két qua so sanh, danh gia va phan tich hiéu
qua cua hé thong da thiét ké. Véi dbi tuong 1a
hé théng mot pha 220VAC va tinh thong dung,
nén phu tai thong dung duoc tac gia sir dung dé
lam thuc nghiém trong bai bdo nay la 5 bong
deén soi toc 60W 220VAC. Sau khi két ndi phan
mach luc va cép nguén cho mach diéu khién va
do luwong thi hé thdng s& bt dau 1am viéc binh
thuong. Khai bao tai khoan va mat khau cua

L_‘.‘ Thil‘lgS peak ¥ Channels « Apps = Support =

mang Internet Wifi tai noi dat hé thong dé két
ndi hé thdng véi Internet Wifi. Khi d6, cac thong
s6 do duoc s& hién thi truc tiép Ién man hinh
PZEMOO04T cua hé théng giup ta c6 thé giam sat
duogc trang thai van hanh cua hé théng tai chd.
Ngoai ra, dé c6 thé giam sat diéu khién tir xa
thong qua may tinh hodc smartphone cling phai
duoc két ndi véi mang Internet Wifi (c6 thé cung
mang hodc khac mang véi Internet Wifi két nbi
v6i hé thdng) thi luc nay ta c6 thé mé Webpage
Thingspeak trén méay tinh hodc smartphone dé
thuc hién cac chtrc nang giam sat cua hé thong.

Két qué giao dién ¢ hinh 8, hinh 9 va hinh
10 hién thi duéi dang do thi gitp khach hang
¢ thé giam sat truc quan hinh dang thay doi
cua cac dai lugng do duoc theo thoi gian thuc.
Nghia I khach hang c6 thé sir dung két qua nay
dé theo dai khi nao dién ap, cong suat tiéu thu
tang/giam. Bén canh d6, toan by dit liéu & cac
dd thi nay co thé dugc xudt ra toan b file *.csv
dé phuc vu cong viéc khac khi can thiét. Cac d6
thi trén Thingspeak chi co thé hién thi dugc sb
mau trong mot khoang thoi gian nhat dinh con
dbi voi viée luu dit lieu dudi dang file *.csv thi
hé thong c6 thé luu triv dit liéu v6i khoang thoi
gian dai hon.

Commercial Use How to Buy Account = Sign Out

Field 1 Chart o L %
VOLTAGE 1
230
f 225
=]
220
11:00 11:08
Date
Thirgaoeak.com
Field 3 Chart [ =R S
POWER 1
120
g
" 120
10355 11:00 1105
Date
Thingpaak esm

Field 2 Chart P s x
CURRENT 1
0.5%
§ D54 MWTL‘F
.53
10:55 11:00 11:08
Thinglahcam
Field 4 Chart B o # x
ENERGY 1
120
; 160 /
-4
10:55 11:00 11:05
Date
Treingd paak com

Hinh 8. Két qua giam st thong s6 mach ngudn & vi tri 1 hién thi trén Thingspeak.
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E‘ ThingS peak'“ Channels ~  Apps ~ Support -

Commerdal Use How to Buy Account - Sign Out

Field 1 Chart o & x
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Hinh 9. Két qua giam sat thong s6 mach ngudn & vi tri 2 hién thi trén Thingspeak.

I:.lThingSpeak" Channels ~ Apps~  Support~

Field 5 Chart = R Qi

Commerdial Use How to Buy Account - Sign Out
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s 225
m
=
220
10:55 11:00 11:0%
Date

Thingiosak.com

Field 7 Chart E e R A
POWER 3
&0
:
578
1055 1190 11:05
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ThingEpsak.com

Field 6 Chart
CURRENT 3
027
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10:5! 11:00 1-0%
Date
Thingsesak cam
Field 8 Chart o Ff =
ENERGY 3
g 70
2
60
10:55 11:00 1:08
Date
ThingSpsak com

Hinh 10. Két qua thong sb mach tai 2.3 & vi tri 2 hién thi trén Thingspeak.

5. KET LUAN

Hé théng giam sat dién nang: Ap dung cho phu
tai dién ha ap 220VAC thiét ké trong bai bao nay
¢6 thé thuc hién cac chirc ning giam sat trong
thoi gian thyc cac thong s6: dién ap, dong dién,

cong suét tic dung, dién ning tiéu thy,... bang
cach hién thi thong s6 1én man hinh PZEMO04T,
c6 thé giam sat & nhiéu vi tri va c6 thé giam sat
thong sé théng qua may tinh hodc smartphone

c6 két ndi véi hé thdng thong qua phuong thic
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truyén thong mang Internet Wifi. Do d6, khach
hang c6 thé truy cap & bat ky noi ndo, bat ky thoi
diém nao mién 1a co thé truy cap duoc Internet,
3G, 4G thi ngudi van hanh c6 thé quan 1y va giam
sat hé théng ciia minh. V6i tinh theo ddi luong
dién nang ti€u thu cda phu tai, xuat bao céo cac
thong s do dwoc dén khach hang sir dung dién.
Céc két qua trén man hinh giam sat dugc hién thi
dudi dd thi dé giup khach hang d& dang theo dai
tinh trang lam viéc ctia hé théng dugc cap nhat
lién tuc theo thoi gian thyc.
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The fish species composition diversity in Thi Nai lagoon,
Binh Dinh province

Vo Van Chi’, Nguyen Thi Phuong Hien
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ABSTRACT

This study was conducted to investigate the species composition diversity of fish in Thi Nai lagoon. The
fish samples were collected every month and classified to species level. The fish species composition in Thi Nai
lagoon was diverse, including 95 species, 81 genera in 55 families and 16 orders. On average, each order had 3,44
families, 5,06 genera va 5,94 species; each family had 1,47 genera and 1,73 species; each genus had 1,17 species.
Of which, there were 7 species considered as vulnerable species in the Vietnam’s Red Data Book. The fish fauna of
Thi Nai is more diverse in order and family level but less abundant in genus and species level than other adjacent
faunas. In general, the results of this study offered important data of fish diversity in Thi Nai lagoon to take a part
in conserving fish resource in future.

Keywords: Thi Nai lagoon, diversity of fish, fish species compostion.
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Pa dang thanh phan loai ca & dam Thi Nai,
tinh Binh Dinh

V6 Vin Chi*, Nguyén Thi Phwong Hién

Khoa Khoa hoc Tu nhién, Truong Dai hoc Quy Nhon, Viét Nam

Ngay nhdn bai: 08/12/2019; Neay nhdn déing: 08/01/2020

TOM TAT

Nghién cttu nay dugc thyc hién dé khao sat sy da dang thanh phén loai ¢4 ctia khu hé ddm Thi Nai. Cac

mau c4 duoc thu thap dinh ky hang thang va dugc phan loai dén cép loai. Thanh phén loai c4 & ¢Am Thi Nai kha

da dang, gém ¢6 95 loai, 81 giéng nam trong 55 ho thudc 16 bd. Trung binh mdi bo c6 3,44 ho, 5,06 giéng va 5,94

loai; mdi ho c6 1,47 gidng va 1,73 loai; mdi gidng c6 1,17 loai. Trong d6, c6 7 loai ca thudc dién s& nguy cép theo

danh muc cua sach do Viét Nam. Khu hé ca ddm Thi Nai 6 su da dang vé bo va ho nhung it da dang vé giéng va

loai so v6i cac khu hé 1an cén khac. Nhin chung, két qua ctia nghién ctru nay da cung cap nhiing dan liéu quan trong

vé da dang ca ¢ khu hé ddm Thi Nai dé gép phan vao viéc quan 1y ngudn loi ¢4 sau nay.

Tir khéa: Pam Thi Nai, da dang ca, thanh phdn lodi ca.

1. PAT VAN PE

DPam Thi Nai 12 ¢m 16n thir hai trong s6 cac dam
pha ¢ Viét Nam, nam & cuc nam tinh Binh Pinh,
dugc bao boc bai thanh phé Quy Nhon va huyén
Tuy Phudec. Pam Thi Nai ¢6 dién tich ty nhién
khoang 5.060 ha. Pay 1a mét trong nhitng dam
pha thé hién nét dic trung vé mot hé sinh thai
ctia ving dat ngdp nude & khu vuc mién Trung
Viét Nam, voi su da dang vé noi séng cua sinh
vat nhu ring ngdp man, tham cé bién,... Vi vay,
dam Thi Nai 14 noi cu tra, kiém 4n, sinh san va

uong giong cua nhicu loai thuy san.

Trong thoi gian gan day, nhiéu hoat dong
kinh té - xd hoi nhu khai thac, nudi trong thiy
san va san xudt nong nghiép dién ra trong dam
va cac ving 1an cén dd c6 nhimg tic dong nhat

dinh dén h¢ sinh thai ty nhién ctia dam, di€u nay

‘Tac gia lién hé chinh.

Email: vovanchi@qnu.edu.vn

¢6 thé anh hudng dén tinh bén vimg ctia nguon
loi thity san noi chung va ngudn lgi ca noi riéng.
Vi vdy, nghién ctru da dang thanh phan loai c4
dam Thi Nai 1a can thiét & cung cip nhiing dan
liéu cho viéc quan 1y ngudn loi cd & khu hé nay
trong tuong lai.

2. PHUONG PHAP NGHIEN CUU

Mau ca duge thu truc tiép tir ngu dan dang danh
bat trén ddm va & cac chg ca xung quanh dam
Thi Nai (khi biét & ca duoc bat trong dam). Bén
canh do, chung t6i con dat thau co chira dung
dich dinh hinh (formol 10%) tai mot s6 ho ngu
dan va nho ho thu mau thudng xuyén trong thoi
gian nghién ctru, sau d6 chiing toi thu gom mau
c4 tai ngu dan mdi thang mot 1an. Mau c4 sau
khi thu dugc dinh hinh trong dung dich formol
4% dé phuc vu cho cong viée phén loai & phong
thi nghiém.
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Cac mau ca duoc dinh loai dua vao dic Viét Nam - 2007 dé xac dinh nhirng loai ca thudc

diém hinh thai theo huéng din cta Pravdin® va nhitng dién can chu y.!

cac tai liéu phéan loai cua Vuong Di Khang’ va 3.KET QUA NGHIEN CUU VA THAO LUAN

FAO Tap 3 dén Tap 6.5

Eschmeyer, Fricke va van der Laan, phién ban
dién tir dé kiém tra, khéng dinh tén khoa hoc va
sap xép hé théng phan loai cia 4.

3.1. Pa dang thanh phén loai ca

Str dung tai li¢u “Catalog of Fishes” cua

Trong thoi gian khao sat, chiing t6i thanh lap
dugc danh lyc thanh phan loai c4 & ddm Thi Nai,
bao gom 95 loai ca thudce 81 gidng, 55 ho va 16
bd khac nhau. Danh luc ca duoc thé hién cu thé

Tra ctru danh muc céc loai trong sach dé 0 Bang 1.

Bang 1. Danh lyc thanh phﬁn loai c4 ddm Thi Nai

TT Tén khoa hoc

Tén tiéng Vit

Ghi chu

I ANGUILLIFORMES

BOQ CA CHINH

(1) | Moringuidae

Ho ca chinh giun

1 Moringua macrocephalus (Bleeker, 1863) Cé chinh giun
(2) | Muraenesocidae Ho c4 dua

2 Muraenesox cinereus (Forsskal, 1775) Céa dua
(3) | Muraenidae Ho c4 lich bién

3 | Strophidon sathete (Hamilton, 1822) C4 lich khong 15
(4) | Ophichthidae Ho c4 chinh rin

4 Pisodonophis boro (Hamilton, 1822) Cé lich cu

5 Ophichthus apicalis (Anonymous [Bennett], 1830) Cé chinh ran t6 ong
I ATHERINIFORMES BQ CA SUOT

(5) | Atherinidae

Ho ca suot

6 Hypoatherina valenciennei (Bleeker, 1854)

C4 subt nhiét doi

7 Atherinomorus lacunosus (Forster, 1801)

C4 subt mét to

III | AULOPIFORMES

BOQ CA MOI

(6) | Synodontidae

Ho ca moi

8 Saurida argentea Macleay, 1881

C4 mbi thuong

IV | BATRACHOIDIFORMES BQ CA COC
(7) | Batrachoididae Ho cé céc

9 Allenbatrachus grunniens (Linnaeus, 1758) C4 mao éch

V | BELONIFORMES BOQ CA NHOI
(8) | Adrianichthyidae Ho ca séc

10 Oryzias carnaticus (Jerdon, 1849) Ca séc
(9) | Belonidae Ho c4 nhai

11 Strongylura strongylura (van Hasselt, 1823)

Cé nhoi dudi cham

(10) | Hemiramphidae Ho ca kim
12 | Hyporhamphus limbatus (Valenciennes, 1847) Cé dau
13 | Hyporhamphus quoyi (Valenciennes, 1847) Ca kim

(11) | Zenarchopteridae

Ho ca lim kim

14 | Zenarchopterus ectuntio (Hamilton, 1822)

Cé kim bién vay

VI | CLUPEIFORMES

BOQ CA TRICH

(12) | Clupeidae

Ho ca trich

15 | Escualosa thoracata (Valenciennes, 1847) Céa mai
16 | Herklotsichthys quadrimaculatus (Riippell 1837) Ca trich vay xanh
17 | Sardinella sindensis (Day, 1878) Ca trich
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18 | Konosirus punctatus (Temminck & Schlegel, 1846) C4 moi cham VU
(13) | Engraulidae Ho ca tréng
19 Thryssa hamiltonii (Gray, 1835) Ca rbp
20 | Stolephorus indicus (van Hasselt, 1823) Cé com An Do
21 | Engraulis capensis Gilchrist, 1913 Céa com Nhat
22 | Setipinna taty (Valenciennes, 1848) Ca lep vang
VII | ELOPIFORMES BOQ CA CHAO BIEN
(14) | Megalopidae Ho ca chio l1é6n
23 | Megalops cyprinoides (Broussonet, 1782) Ca chéo 16n VU
(15) | Elopidae Ho ¢4 ming bién
24 | Elops saurus Linnaeus, 1766 Cé chéo bién vu
VIII | GONORYNCHIFORMES BQ CA MANG SUA
(16) | Chanidae Ho c4 mang sira
25 Chanos chanos (Forsskal, 1775) Céa mang sira VU
IX | LAMNIFORMES BO CA NHAM THU
(17) | Odontaspididae Ho c4 nham
26 | Carcharias tricuspidatus Day, 1878 Céa nham cat
X | MYLIOBATIFORMES BQ CA PUOI O
(18) | Dasyatidae Ho c4 dudi bong
27 | Dasyatis varidens (Garman, 1885) Cé dudi bong
XI | PERCIFORMES BO CA VUQC
(19) | Latidae Ho ca chém
28 | Lates calcarifer (Bloch, 1790) Ca chém
(20) | Siganidae Ho ca dia
29 | Siganus guttatus (Bloch, 1787) Ca dia cong
30 | Siganus javus (Linnaeus, 1766) Ca dia xanh
31 Siganus canaliculatus (Park, 1797) Ca kinh
(21) | Scaridae Ho cd mé
32 | Leptoscarus vaigiensis (Quoy & Gaimard, 1824) Ca mo tiém
(22) | Ambassidae Ho ca son bién
33 | Ambassis ambassis (Lacepéde, 1802) C4 son dau trin
34 | Ambassis kopsii Bleeker, 1858 Cé son Kop so
(23) | Apogonidae Ho ca son
35 | Foa brachygramma (Jenkins, 1903) Cé son
36 | Fibramia amboinensis (Bleeker, 1853) Ca son bap dudi chim
(24) | Carangidae Ho ca khé
37 | Caranx hippos (Linnaeus, 1766) Cé khé
38 | Carangoides praeustus (Anonymous [Bennett], 1830) C4 khé véy den
39 | Scomberoides lysan (Forsskal, 1775) Cé be phuong dong
40 | Seriola dumerili (Risso, 1810) Ca cam soc
(25) | Chaetodontidae Ho ca buém
41 Chaetodon wiebeli Kaup, 1863 C4 budm mot van dudi
42 | Parachaetodon ocellatus (Cuvier, 1831) C4 budm van VU
(26) | Cichlidae Ho ca ro phi
43 Oreochromis mossambicus (Peters, 1852) Ca 16 phi den
44 Oreochromis niloticus (Linnaeus, 1758) Cé 16 phi véan
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(27) | Eleotridae Ho ca b(")ng den
45 | Butis butis (Hamilton, 1822) C4 bong cu

46 | Eleotris melanosoma Bleeker, 1853 C4 bong trimg
(28) | Ephippidae Ho ca tai twong
47 | Platax orbicularis (Forsskal, 1775) Cé chim trang
(29) | Gerreidae Ho c4 mém

48 | Gerres filamentosus Cuvier, 1829 Ca mom gai dai
(30) | Gobiidae Ho c4 bong tring
49 | Oxyurichthys tentacularis (Valenciennes, 1837) Cé bdng thé

50 | Acentrogobius caninus (Valenciennes, 1837) C4 bdng tro

51 Glossogobius giuris (Hamilton, 1822) Cé bdng cat

52 | Oxyurichthys microlepis (Bleeker, 1849) C4 bdng chim mit
53 Yongeichthys nebulosus (Forsskal, 1775) C4 bong van may
54 | Periophthalmus barbarus (Linnaeus, 1766) C4 thoi 1oi
(31) | Haemulidae Ho ca sao

55 | Pomadasys argenteus (Forsskal, 1775) Ca sao
(32) | Leiognathidae Ho ca liét

56 | Leiognathus equulus (Forsskal, 1775) Caliét 16n

57 | Secutor ruconius (Hamilton, 1822) Cé ligt van lung
58 Eubleekeria splendens (Cuvier, 1829) Ca liét xanh
(33) | Lethrinidae Ho ca heé

59 | Lethrinus miniatus (Forster, 1801) Céa hé mom dai

60 | Lethrinus haematopterus Temminck & Schlegel, 1844 C4 hé vay do
(34) | Lutjanidae Ho c4 hong

61 Lutjanus argentimaculatus (Forsskal, 1775) C4 hong bac

62 | Lutjanus russellii (Blecker, 1849) C4 hong chdm den
63 | Lutjanus lutjanus Bloch, 1790 C4 hdng vang soc mo
(35) | Monodactylidae Ho c4 chim miit to
64 | Monodactylus argenteus (Linnaeus, 1758) Cé chim bac
(36) | Mugilidae Ho ca dbi

65 | Mugil cephalus Linnaeus, 1758 Cé d6i muc

66 | Osteomugil perusii (Valenciennes, 1836) Ca d6i 1a

67 | Crenimugil buchanani (Bleeker, 1853) Cé dbi nhon
(37) | Mullidae Ho ca phén

68 Upeneus vittatus (Forsskal, 1775) Ca phén soc vang
(38) | Pomacentridae Ho ca thia

69 | Abudefduf sordidus (Forsskal, 1775) Ca thia 3 soc
(39) | Scatophagidae Ho c4 niu

70 | Scatophagus argus (Linnacus, 1766) Cé nau
(40) | Sciaenidae Ho ca du

71 | Pennahia argentata (Houttuyn, 1782) Ca du bac

72 | Johnius coitor (Hamilton, 1822) Ca du bac gai to
(41) | Serranidae Ho ca Mu

73 | Epinephelus tauvina (Forsskal, 1775) C4 mu rudi VU
74 | Epinephelus malabaricus (Bloch & Schneider, 1801) Ca mu diém gai
(42) | Sillaginidae Ho ca duc

75 Sillago sihama (Forsskal, 1775) Ca duc bac

76 | Sillago aeolus Jordan & Evermann, 1902 Cé dyc chim
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(43) | Sphyraenidae

Ho ca nhong

77 | Sphyraena barracuda (Edwards, 1771)

Cé nhong

(44) | Terapontidae

Ho ca cang

78 Terapon jarbua (Forsskal, 1775)

Ca cang cat

79 | Terapon theraps Cuvier, 1829

C4 cang vay to

80 | Terapon puta Cuvier, 1829

Cé cang vay nhd

(45) | Trichiuridae Ho c4 ho
81 Trichiurus lepturus Linnaeus, 1758 Ca hé hot
XII | PLEURONECTIFORMES BQ CA BON

(46) | Cynoglossidae

Ho ca bon ludi bo

82 | Cynoglossus puncticeps (Richardson, 1846)

Ca bon van

83 Cynoglossus monopus (Bleeker, 1849)

Ca bon ludi trau

(47) | Paralichthyidae

Ho ca bon cat

84 | Pseudorhombus neglectus Bleeker, 1865

Ca bon vi cham to

XIII | SCORPAENIFORMES BQ CA MU LAN
(48) | Platycephalidae Ho ca chai

85 | Platycephalus indicus (Linnacus, 1758) Cé chai An Do

86 | Inegocia japonica (Cuvier, 1829) Cé chai Nhat
XIV | SILURIFORMES BO CA NHEO
(49) | Ariidae Ho ca uc

87 | Arius maculatus (Thunberg, 1792)

Cé tic Trung Hoa

(50) | Bagridae

Ho ca nganh

88 | Tachysurus truncatus (Regan, 1913) Cé nganh
(51) | Plotosidae Ho c4 ngat
89 | Plotosus lineatus (Thunberg, 1787) Céa ngat
XV | SYNGNATHIFORMES BQ CA CHIA VOI

(52) | Syngnathidae

Ho ca chia voi

90 | Syngnathus pelagicus Linnaeus, 1758

Cé chia voi

91 Hippocampus histrix Kaup, 1856

Cé ngua gai

VU

XVI | TETRAODONTIFORMES

BQ CA NOC

(53) | Ostraciidae

Ho c4 néc hom

92 | Lactoria diaphana (Bloch & Schneider, 1801)

Ca nbc sung tron bung

(54) | Tetraodontidae

Ho ca néc

93 Chelonodontops patoca (Hamilton, 1822)

Ca nbc rang rua

94 | Arothron reticularis (Bloch & Schneider, 1801)

Ca noc chuot van ludi

(55) | Triacanthidae

Ho ca bo ba gai

95 Triacanthus biaculeatus (Bloch, 1786)

Ca bo ba gai

Ghi chi: 1, I1.... 1a sé thir tw cdc bo; (1),
(2),... la 56 thu tw cac ho; 1, 2,... la s6 thit tr cdc
lodi cd. VU: lodi sé nguy cdp theo sach Pé Viét

Nam - 2007.

Trong 95 loai ca trong dam Thi Nai, ching
toi xac dinh c6 7 loai nam trong sach o Viét
Nam, do l1a ca moi cham, ca chao 16n, ca chao

bién, c4 mang sira, cd buém van, c4 mi rudi va
cangua gai. Tat ca 7 loai ca nay déu thudc dién s€
nguy cap (VU). Pay la di¢u chung ta can chu y dé
xdy dung ké hoach bdo ton ngudn lgi ca sau nay.
3.2. Cau tric thanh phan loai

Céu trac thanh phz‘in loai c4 & dam Thi Nai duoc

trinh bay cu thé & Bang 2.
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Bang 2. Céu tric thanh phan loai ci & ¢Am Thi Nai

Bo Ho Gibng Loai
T Tén khoa hoc Tén tiéng Viét h:;:lg Tz;)lt; h:;:lg TZZ? ll:;:lg Tz;olf;
1 Anguilliformes B0 ca Chinh 4 7,27 5 6,17 5 5,26
2 | Atheriniformes Bo ca Sudt 1 1,82 2 2,47 2 2,11
3 Aulopiformes Bo ca Mébi 1 1,82 1 1,23 1 1,05
4 | Batrachoidiformes B0 ca Coc 1 1,82 1 1,23 1 1,05
5 | Beloniformes B0 ca Nhoi 4 7,27 4 4,94 5 5,26
6 | Clupeiformes Bo ca Trich 2 3,64 8 9,88 8 8,42
7 | Elopiformes B6 ca Chéo bién 2 3,64 2 2,47 2 2,11
8 | Gonorynchiformes | B ca Mang stra 1 1,82 1 1,23 1 1,05
9 | Lamniformes B6 ca Nham thu 1 1,82 1 1,23 1 1,05
10 | Myliobatiformes Boca Pudi 6 1 1,82 1 1,23 1 1,05
11 | Perciformes B0 ca Vuoc 27 49,09 42 51,85 54 56,84
12 | Pleuronectiformes Bo ca Bon 2 3,64 2 2,47 3 3,16
13 | Scorpaeniformes B6 ca Mu lan 1 1,82 2 2,47 2 2,11
14 | Siluriformes B ca Nheo 3 5,45 3 3,70 3 3,16
15 | Syngnathiformes B ca Chia voi 1 1,82 2 2,47 2 2,11
16 | Tetraodontiformes B ca Noc 3 5,45 4 4,94 4 421

V& bac ho: Pa dang nhét 1a bo ca Vuoc
(Perciformes) v6i 27 ho (chiém 49,09%), tiép
theo 1a bo ca Chinh (Anguiliformes) va bd ca
Nhoéi déu c6 4 ho (chiém 7,27%), bd ca Nheo
(Siluriformes) va bo ca Néc ¢6 3 ho (chiém
5,45%), bd Trich (Clupeiformes), bd ca Chao bién
(Elopiformes) va bg ca Bon (Pleuronectiformes)
déu 6 2 ho (chiém 3,64%), cac bo ca con lai co
1 ho (déu chiém 2,11%) (Bang 2).

Vé bac giéng: Pa dang nhat van 1a bo ca
Vuoc (Perciformes) voi 42 giéng (chiém 51,85%),
tiép theo 12 b ca Trich (Clupeiformes) véi 8 giéng
(chiém 9,88%), bd ca Chinh (Anguilliformes)
¢6 5 giéng (chiém 6,17%), bd Ca Noc
(Tetraodontiformes) va bo ca Nhoi (Beloniformes)
déu c6 4 giéng (cting chiém 4,94%). Cac bd ¢4 con
lai ¢6 tir 1 - 3 giéng (Bang 2).

Vé bac loai: Bo ca Vuoc (Perciformes) van
chiém uu thé véi 54 loai (chiém 56,84%), tiép theo
14 bd ca Trich (Clupeiformes) vai 8 loi (chiém
8,42%), b ca Chinh (Anguilliformes) va bd ca
Nhoi (Beloniformes) déu ¢6 5 loai (ciing chiém
5,26%), bd Ca Noc (Tetraodontiformes) c6 4 loai
(chiém 4,21%), bd ca Bon (Pleuronectiformes)
va bd ca Nheo (Siluriformes) déu c6 3 loai

(chiém 3,16%). Cac bd con lai c6 tir 1 - 2 loai
(Bang 2).

Nhu vay, trung binh mdi bo ¢o 3,44 ho,
5,06 giéng va 5,94 loai; trung binh mdi ho c6
1,47 gidng va 1,73 loai; mdi gidng chi co trung
binh 1a 1,17 loai.
4. SU DA DANG CUA KHU HE CA O PAM
THI NAI SO VOI CAC KHU HE KHAC
Dé danh gia su da dang ca cia khu hé ddm Thi
Nai so v6i cac khu hé khac & mién Trung ching
t6i théng ké s6 lidu & mot sb khu hé, két qua
dugc thé hién ¢ Bang 3.

Bang 3. Su da dang cé ¢ cac khu hé khac nhau

Khu h¢ c4 IS)‘; ﬁg gi%i , Sgi
N IR L IO
girr?hDDéiﬁ)z 14 | 43| 57 | 70
(S%)t?faOTﬁl; mugy | 11|31 76 | 109
(ST(A)l?i%aBTﬁhigr: Hugp | 14| 51| 103 | 154
gi? S?éi;an 16 | 55 | 88 | 134
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C6 thé thiy ring, khu hé c4 ddm Thi Nai
¢6 s6 bo va sb ho twong duong voi khu hé dam
O Loan (Pht Yén) nhung nhiéu hon so v&i cac
khu hé khic nhu ¢dam Bé Gi, song O Lau, song
Bu Lu. S6 gidng ca & dam Thi Nai nhiéu hon hai
khu hé ¢am Dé Gi va song O Lau nhung it hon
so v6i khu hé séng Bu Lu va séng O Loan. S6
lodi ca & khu hé ddm Thi Nai chi nhiéu hon khu
hé d¢am Bé Gi trong khi it da dang hon ba khu
hé con lai (O Lau, Bu Lu va O Loan) (Bang 3,
Hinh 1). Nhin chung, méc di khu hé ca ddm Thi
Nai da dang vé c?ip phan loai bo va ho nhung it
da dang vé giéng va loai so v6i cac khu hé khac.

160
140 L~ @DAm Thi Nai (Binh
120 - Dinh)

2100 -
£ g0 4 | OP4m Dé Gi (Binh
60 4 |- Dinh)
‘2‘8 1 ~ BSong O Lau (Thira
0 | B AFfH  Thién Hue)
B6 Ho Gidng Loai ESongBuLu (Thira
CAp phén loai Thién Hue)

Hinh 1. Biéu d6 minh hoa sy da dang ca & cac khu
hé khac nhau

5. KET LUAN

- Khu hé c4 dadm Thi Nai kha da dang, v6i 95
loai, 81 giéng, 55 ho va 16 bd. Trong do, da dang
nhat 13 bo ca Vuoc (Perciformes), vdi 27 ho, 42
gidng va 52 loai.

- C6 7 loai ca trong dam Thi Nai thudc dién s&
nguy cap (VU) trong sach Do Viét Nam.

- Khu hé ca dam Thi Nai da dang vé bo va ho
nhung it da dang vé giong va loai so véi cac khu
hé lan can khac.
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