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Tém tit: Trong ky nguyén sé 4.0, viée tich hop cac cong cu tinh toan vao giang
day chuyén nganh ngay cang dugc chu trong. Bai bdo nay gidi thiéu mdt nghién
ctru tinh huéng phuc vu giang day hoéa hoc, trong d6 sinh vién duoc tiép cén cac
phuong phap hoc may dé du doan d6 tan trong nude (log S) dua trén bo dir lidu
AqSolDB. Ba phuong phap duoc so sanh gdm: mo ta phan tir truyén thong (RDKit),
mo ta luong tir hoc (AM1) va hoc sdu dya trén hinh anh (U-Net). Két qua cho thay
md ta phan tir 2D truyén thong khong chi dat do chinh xac cao nhit ma con cé chi
phi tinh toan thap, pht hop véi muc tiéu giang day. Trong khi d6, mé ta luong tir
khong cai thién dang ké hiéu suat nhung 1am tang manh chi phi tinh toan va phuong
phéap hoc truc quan cho két qua kém nhat. Nghién ctru nay giup sinh vién hiéu 16
vai tro cua chon loc déc trung, sy phu hgp cia mo hinh va can nhic gitra d0 chinh
xac va hiéu qua tinh toan.

Twr khoa: Hoc may, d6 tan, gido duc hoa hoc, hoa hoc lugng tir, AM1.

BENCHMARKING MACHINE LEARNING APPROACHES FOR SOLUBILITY PREDICTION:
AN EDUCATIONAL CASE STUDY ON DESCRIPTOR SELECTION
AND MODEL PERFORMANCE

Abstract: This study presents an instructional case study in computational
chemistry, aimed at enhancing chemistry education through the application of
machine learning techniques for predicting aqueous solubility (logS) using the

AqgSolDB dataset. It compares three modeling approaches, including traditional
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chemoinformatics descriptors, quantum chemical descriptors, and visual learning
methods based on descriptor-to-image transformation, to help students understand
the strengths and limitations of each. The results show that conventional 2D
molecular descriptors offer the best balance of predictive accuracy and
computational efficiency, making them ideal for educational use. In contrast,
incorporating quantum chemical descriptors increases computational cost
substantially, with minimal performance gain, while visual learning approaches such
as U-Net applied to molecular images significantly underperform. These findings
provide practical insights into feature selection, model suitability, and the trade-offs
involved in computational chemistry, supporting curriculum development in

cheminformatics and molecular modeling courses.

Keywords: Machine learning, solubility, chemistry teaching, quantum chemistry, AM1.

1. Mé diu Biang cach thir nghiém céc loai mé ta

A L, han to (descriptor) va k§ thuit mo
Du doéan d¢ tan trong nudc cia cac E -y (kh' ph ) h'z’ .
. L inh hoa khac nhau, nghién clru na
hop chat hitu co khong chi 1a mét van dé p o g - y
x e e, Loz mang dén mdt vi du minh hoa gid tri
thuc tién ma con 1a mdt vi du tot dé ap N o o
. o . trong gido duc. N6 két n6i ly thuyét hoa
dung giang day cdc cong cu mdi trong ., .
i o A A hoc vdi cac phuong phap ti€p can dua
ky nguyén cach mang cong ngh¢ 4.0 nhu T o . .
: i i [ ) & ois trén dir li¢u, gidp sinh vién ndm bat ca
oc may (machine learnin ¢ gian C s , A s
' y( o . & glang o hoi va thach thirc trong m6 hinh du
day céac khai niém c6t 161 trong hda hoc, A )
' doan hién dai.
dac biét trong céc chuong trinh hda hoc . .
, L. ) . VEé mit ly thuyét, d0 tan tron
tinh toan va hda tin (cheminformatics). : y . y o _ &
o . ) n 1.2 . nudc bao gom nhi€u khai ni€m cé lién
Qua nhiém vu nay, sinh vién hiéu 1o i A
] o A . i quan chat ché. B§ tan nhiét dong duoc
cach céc tinh chat phan tir phuc tap nhu dinh nehia 13 ndne d6 &1 d :
. . inh nghia la nong d9 toi da cua mdt
do tan co6 thé dugc md hinh héa bang hoc " g . e h Up
) . o . ~, chat co thé hoa tan trong dung dich khi
may. Dong thoti, sinh vién cling c6 thé s - : .
. P ] . O trang thai can bang vdi dang tinh thé
dugc cung c6 cac kién thuc co ban nhu L, N
L h huvén oh bén nhat cua nd. Tuy nhién, trong thuc
tuong tac gitta cac phan t, chuyén pha , | A P R
. g. A Ag P yen p té, c6 ba dang dg tan pho bién: (1) dd tan
va nhiét dong lyc hoc. , . A
trong nudc, do trong nudc tinh khict cé

Theo Llompart va cong su (2024),  hjgy ¢ng tu dém; (2) do tan biéu kién, do
ngay cd nhitng mé hinh hoc may tién trong dung dich dém c6 pH ¢ dinh; va
tién nhét ciing thuong gip kho khan khi (3) d6 tan ndi tai (So), phan anh ndng do
du doan d¢ tan chinh xdc do qua trinh  (4i da cua hop chat trung hoa [1].

nay lién quan nhiéu yéu t6 phirc tap [1]. Phuong trinh Henderson - Hasselbalch
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duoc dung dé tinh toan mdi lién hé gitra
cac dang nay:

« D6i v6i axit: S =S x (1 + 10 (pH
- pKa)

e D6i véi bazo: S = So x (1 +
10*(pKa - pH)

Ngoai ra, con co6 sy phan biét giira
do tan nhiét dong va do tan dong hoc -
trong do d¢ tan dong hoc thuong duogc
st dung trong giai doan sang loc thudc
ban dau, mac du hai khai niém nay do
luong nhitng hién tugng hoan toan khac
nhau [1].

Nhiing tién bo gan ddy trong linh
vuc du doan d0 tan chu yéu dén tr ba
yéu t6: (1) céc cudc thi du doan cé to
chuc giup danh gia hi€éu qua cua cac
cong cu hién tai, (2) su xudt hién cta cac
bo dir liéu cong khai vdi quy mé 16n va
(3) su phét trién nhanh chéng cua céc
phuong phap hoc mdy méi véi tiém
nang mang lai do chinh xac cao hon [1].
Tuy vay, cé mét thuc té 12 nhiéu mo hinh
dat két qua tot trén dir liéu hudn luyén
nhung lai kém hiéu qua khi &p dung cho

dit liéu thuc té.

Hién nay, cac phuong phap du doan
d6 tan c6 thé duogc phan loai thanh bdn
nhom chinh: (1) phuong phdp QSAR
truyén théng st dung moé ta phan tir 2D va
mé hinh hoc may c¢6 dién; (2) phuong
phap héa luong tir tich hop thong tin vé
cdu truc 3D va tinh chat dién tir; (3)

phuong phép hoc sau nhu mang no-ron d6
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thi hodc hoc truc quan tr hinh anh; (4)
phuong phap lai két hop nhiéu loai mé ta

va thuat toan khac nhau [1,2].

Maic du cdc md ta lugng tir cung
cdp thong tin mang tinh nén tang vé
phan bd dién tich va ning lugng cua
phan tir (vén c6 lién quan mat thiét dén
qua trinh hoa tan) nhung chi phi tinh
toan cao va hiéu qua thuc té khi ap dung
vao mo hinh hoc méay van can duoc
kiém ching rd rang. Mot s6 nghién ciru
gan day cho thdy nhiéu mé hinh hién
dai van chua xac dinh rd pham vi ap
dung (applicability domain) va it quan
tam dén cac ngudn dit lidu cii, khién kha
nang du doan cho cac hop chat méi con
han ché [1].

Tuong tr, xu hudng gan ddy trong
viéc st dung hoc truc quan cho dy doan
tinh chat phan tir (tirc 1a bién cac mo ta
phan tir thanh hinh anh dé xir ly bang
mang no-ron tich chap) du hip dan vé y
tuong nhung van can duoc danh gia ky
ludng so voi cac phuong phép hoa tin
truyén thong.

Nghién ciru ndy nham giai quyét
mot sd ton dong chwa dwoc giai quyét
trong tai liéu hién nay. Cu thé, nghién ctru
cung cap mot phan tich so sanh c6 hé
thong gitra mo ta hoa luong tir va mo ta
truyén thong trong diéu kién kiém soat, tir
dé giap danh gid hiéu qua thuc su cua
timg mo hinh. Nghién ctru ciing kiém tra

tiém nang cua phuong phap hoc truc quan



trong du doan tinh chat phan tir - mot
hudéng di méi nhung con nhiéu han ché.
Déng thot, nghién ctru thye hién phan tich
chi phi - loi ich dé xem xét mdi twong
quan gitta d§ phuc tap tinh toan va do
chinh x4c dy doan. Cudi cung, viéc su
dung bd dir li€u duogc tuyén chon k¥ ludng
cling gitp dam bao tinh khach quan trong
danh gid m6 hinh. Thong qua nhitng ndi
dung nay, nghién ctru khong chi mang lai
bang chimg thyc nghiém ma con gép phan
hd tro giang day va hoc tap trong linh vuc
héa hoc tinh toan va dy doan tinh chét
phan ti.

2. Co s6' 1y thuyét vé cac méd hinh

du doan d¢ tan

Du doan d0 tan cua phan tu doi hoi
su hiéu biét vé cac luc tuong tac gilta
céc phan tir - nhitng yéu t6 chi phdi qua
trinh hoa tan. Pay 1a mot hién tuong
thudc vé nhiét dong luc hoc, lién quan
dén sy thay d6i ning luong tu do khi
phan ti dugc hoa tan trong dung moi.
Cac mo hinh tinh toan tiép can van dé
ndy bang cach biéu dién phan ta dudi
dang sb lidu d@é tir d6 hoc dugc mdi quan
hé giita cau tric phan tir va d6 tan thong
qua dit liéu thuc nghiém.

Mo ta phan tir (descriptor) 1a cong
cu dung dé chuyén hoa cau tric hoa hoc

thanh céc déc trung so, lam dau vao cho

cac mo hinh hoc may. Cac mo ta tir RDKit
¢6 kha nang ghi lai nhiéu dic tinh phan tir
duéi dang 2D va 3D, bao gdm ca thong tin
héa 1y va céu trac hinh hoc. Pay la
phuong phap phd bién nhd tinh hiéu qua
va dé st dung [3]. Trong khi d6, cic mo
ta luong tir duge tinh toan bang phuong
phap ban kinh nghiém AMI1 [4] lai cho
phép tiép can sau hon vao cac yéu t6 dién
tr va nang luong cua phan tir, ching han
nhu moment ludng cuc va d§ phan cuc.
Nhitng dic trung nay bd sung thém thong
tin cho RDKit bang cach phan anh rd hon
kha ndang hoa tan va mtrc do tuong tac
gifra cac phan tu.

V& mé hinh hoc may, XGBoost 1a
mot phuong phép td hop noi bat, dic biét
hi¢u qua véi dir liéu dang bang nho kha
ning xur 1y cdc mbi quan hé phi tuyén
thong qua hé thong cdy quyét dinh co
diéu chinh [5]. Mang no-ron U-Net - von
duoc thiét ké cho bai todn phan doan anh
trong y sinh - dugc 4p dung trong nghién
ctru nay dé hoc cac dic trung tir “hinh
anh mo ta phan tu” ¢ dang thang xam.
Kién tric ma héa - giai ma cung vdi cac
két ndi tat cua U-Net gitp mang hoc
duogc cdc mau khong gian phirc tap, véi
gia dinh ring cac mé ta phan tir duoc sip
xép mot cach hop 1y theo cdu trac hinh
anh [6].
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B6 loc chat luong diF liéu

Xac thuwc SMILES
- CAu truc hop Ié (RDKit)
- Khéng ¢é cau tric réng

- Dinh dang c6 thé phan tich

l

Loai bo dién giai
- Khéng dién tich hinh thirc
- Chi chon phan ttr trung hoa
- Loai bé muéi/ion

!

Giéi han nguyén té
-C,H,N,O,P, S

-F, Cl,Br, |

- Khéng co kim loai/a kim

, Mé ta phan tor v
M6 ta 2D (RDKit) Thudc tinh lwong tir 3D
- MolWt, LogP, TPSA - Mémen luéng cuc
- HBD, HBA, RotBonds - Do phan cuc
- BertzCT, BalabanJ - Nang lwgng COSMO
- M6 ta VSA - Nhiét hinh thanh

Xt ly dac trung ML

Bu gia tri thiéu
« Chién lwoc trung vi
« X Iy gia tri NaN

« Bao toan tinh téan ven dir liéu

I

Loai bé dac trng khong thay ddi

» Pac trung 6 phuwong sai bang 0
« Bac treng du thira
* Lwa chon dac trweng

!

Chuén hoa dir liéu

» Dung RobustScaler cho XGBoost
+ Chuén héa cho U-Net
+ Xtr ly ngoai 1&

Phuong phap mé hinh hoa

x

ML truyén théng: XGBoost Hoc sau: U-Net

- Hoi quy, té hop cay - Bién descriptor — anh
- Xac thue chéo - CNN héi quy

- Quan trong dac trung - ResNet18 encoder

Hinh 1. So dé quy trinh tinh todn dé tan dwoc sir dung trong nghién civu nay
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3. Phuwong phap tinh toan

Quy trinh nghién citu dugc mo ta
trong Hinh 1. Nghién ctru str dung b dir
liéu AqSolIDB [7], ban du bao gdm 9.982
hop chét. Sau khi 4p dung céc budc loc dit
liéu nghiém ngit nham dam béao do tin cy,
810 hop chat hiru co (xem vi du trong Hinh
2) da dugc lya chon dé phan tich. Cac hop
chat nay duoc chia thanh hai tap huén luyén
(training datasets) va kiém tra theo ti 18
80/20, tuong tmg vdi 648 hop chat dung dé
hudn luyén va 162 hop chéit dé kiém tra.
Bién muc tiéu cta tat ca cac md hinh du
doén 1a d6 tan logarit do bang thyc nghiém
(IgS).

Dé danh gia hiéu qua cua cac cach
biéu dién dic trung khic nhau, nghién
ctru st dung ba nhdm mo ta phan tu. Thir
nhét, cac mo ta hoa tin 2D duoc tinh toan
bing cong cu RDKit, tao ra 87 dic trung
bao gém khdi lugng phan tir, LogP, dién
tich bé mat phan cuc topd (TPSA), kha
ning tao lién két hydro va cac chi sé két
ndi. Thr hai, cac mé ta héa lugng tir 3D
duoc tinh bang phan mém MOPAC st

dung phuong phap AMI, cho ra sau dac
trung nhu moment ludng cuc, d§ phéan
cuc, nang lugng hoa tan theo mé hinh
COSMO, nhiét hinh thanh, nang lugng
dién tr va nang luong day gitta cac hat
nhan. Cudi ciing, cdc mo ta dang hinh anh
duoc xay dung biang cach két hop 100
dic trung da chon va chuyén ching thanh
anh thang xdm co6 kich thudc 32x32,
nham phuc vu cho cac mé hinh hoc sau
xur ly dir liéu hinh anh.

Hai mo6 hinh hoc may duoc trién
khai dé danh gia kha nang du doan cua cac
nhém mo ta nay. M6 hinh thir nhat 1a hoi
quy XGBoost - mdt phuong phép hoc to
hop dua trén cay quyét dinh, duoc huin
luyén véi k¥ thuat kiém dinh chéo 5 phan
(5-fold cross-validation) dé tang do tin
cdy. Mo hinh thur hai 12 mt phuong phap
hoc sau sur dung kién tric mang U-Net,
trong d6 b0 ma hoa (encoder) la
ResNet18, duoc ap dung cho bai toan hoi
quy v&i dau vao 1a cac mo ta phan tir dang
hinh anh.

— N OH =
S T e o | > [ \
ATy OH N _\_ ¢ N
N . 0
N P \
[ | i FNH ;f\f‘\[ \1 P ,;T
NN ~ Ay / \ 0 . ] @
[ O ™ )~ 0 SN
J Jr—NH
0
— PPN -8
N DO 2 S ¢ & 6 SN, <
— Ay <_J NS R &
D O Nl [N sy N D o
ooy =L /e}”;.ﬂ i N/ SO
'Y Y d ~F =

HO

Hinh 2. Mgt vai vi dy vé cdc phdn ti hitu co diroc sir dung trong tdp hudn luyén

(training datasets)
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4. Két qua ra su khac biét rd rét vé hiéu suat dinh
Nehién ctru da ddnh gié ba phuong luong va 1am ndi bat nhitng han ché cia
phép hoc may khac nhau trong viéc du cdc phuong phép si dung md ta luong tr
\ Lo a hoc sau dya trén hinh anh.
dodn d¢ tan trong nudc (lg S) qua d6 chi Vahoe sau dua tren i an

Bang 1. So sanh hiéu sudt cua cde mé hinh hoc may trong dw dodn do tan,
s dung cdc loai mé ta phan tir khdc nhau

Mo hinh RMSE MAE R? Features
XGBoost 0.8586 +
(RDKit only) 0.0380 0.6138 £0.0462 | 0.8068 + 0.0307 95
XGBoost
. 0.8617 +
(RDKit + 0.0431 0.6237 £0.0435 | 0.8052 £ 0.0323 100
MOPAC) '
U-Net
) 1.4352 +
(Descriptor 0.1621 1.0943 +£0.1289 | 0.4703 £ 0.1144 100
Images) '
& & ) R
i, d' s .
8 . /,}/ s 20
10 8 -6 mual—L:g . -2 0 QQ*_\J'S p o‘é) . @.,‘"
e & e

oy

Hinh 3. So sanh hiéu sudt di dodn dg tan giita ba phwong phdp: XGBoost (RDKit),
XGBoost (RDKit + MOPAC) va U-Net
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Bang 1 va Hinh 3 cho thay sy khac
biét vé& hiéu suat gitta cdc mo hinh hoc
may. Viéc két hop cac mo ta hdéa hoc
luong tir voi mo ta hoa tin truyén thong
chi mang lai loi ich rat nho vé mit dy
doan. Cu thé, mé hinh két hop dat R? 1a
0.8052 - giam nhe so vdi 0.8068 khi chi
dung RDKit, tirc 1a giam 0.2%. Dong thoi,
sai s6 can phuong binh phuong trung binh
(RMSE) tang tir 0.8586 1én 0.8617 (tang
0.36%). Tuy nhién, chi phi tinh toan dé
tao ra cic mo ta luong tir - chu yéu tir phan
mém MOPAC - lai cao hon khoang 500
lan. Thém vao d6, viéc két hop nay chi
gitip mé rong s dic trung (features) tir 95
lén 100, vdi 5 dic trung mai duge cho 1a
cd y nghia.

Nguoc lai, phuong phap hoc sau
st dung kién truc U-Net két hop véi
chuyén d6i mé ta phan t thanh hinh
anh lai cho két qua kém hon 13 rét so
voi cac phuong phap truyén théng. Gia
tri R? ciia mo hinh nay giam xudng con
0.4703 - thap hon 42% so v&i mé hinh
XGBoost dung RDKit. Pong thoi, sai
s6 RMSE ting manh tir 0.8586 lén
1.4352 - tuong duong muc tang 67%.
Phuong phép nay ciing cho thiy d6 dao
dong cao hon & tat ca cac chi s danh
gia, cho thay hiéu suit khong on dinh.
Nguyén nhan chinh ¢ thé 1a do méat mat
thong tin quan hé khi chuyén dir liéu
dang bang sang anh 2D, khién m6 hinh
gdp kho khan trong viéc nhan dién céc

mau phan tir ¢é y nghia.

5. Thao luan

Nghién ctru nay mang lai nhitng goc
nhin hiru ich cho viéc giang day va hoc tap
trong linh vuc hoa hoc tinh toan, béng cach
minh hoa hiéu suit cua cac phuong phap
mo hinh héa khic nhau trong bai toan du
doan do tan. Loi ich han ché khi thém cac
md ta hoa hoc luong tir vao mé hinh lam ndi
bat mot diém quan trong trong gido duc:
nhiing déc trung phuc tap hodc mang tinh
Iy thuyét cao khong phai lic nao ciing cai
thién do chinh xac cua du doan. Trong 16p
hoc, diéu nay c6 thé dugc str dung dé gitp
sinh vién hiéu nguyén 1y “hiéu suit giam
dan” trong k¥ thudt dic trung (feature
engineering), ddc biét khi cac thong tin du
thtra bi 1dp lai - chéng han, moment ludng
cuc ¢6 thé trung lap thong tin véi cac mo ta
don gian hon nhu dién tich phan cuc topo.
Ngoai ra, viéc cac phép tinh AM1-COSMO
khong thé hién day da hiéu Gmg hoa tan con
12 mot vi du thuc té cho théy nhitng gidi han
cua cac phuong phap luong tor ban kinh
nghiém va anh hudng cta ching dén do
chinh xé&c cua mo hinh.

Hiéu suét yéu cuia mo hinh hoc sau
dua trén U-Net ciing mang dén mot bai
hoc quan trong khac trong gido duc hoa
hoc tinh toan. Viéc chuyén ddi cac mo ta
phan tir sang dang hinh anh dan dén mat
mat thong tin va 1am sai 1éch cdu trac dit
liéu géc, khién mang no-ron tich chap
(CNN) - vén dugc thiét ké cho xtr ly anh
- khé hoc dugc cac mau dir liéu hiéu qua.
Piéu nay minh hoa tdm quan trong cua
viéc lya chon mo hinh phu hop vdi kiéu
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dit liéu, mot khdi niém co ban can dugc
nhin manh khi giang day hoc may trong
linh vuc hoa hoc. Ngoai ra, truong hop
nay ciing nhan manh vai trd cua kich
thude va chat lugng dir liéu - dac biét d6i
v6i cac mo hinh hoc sdu, von rat dé bi qué
khdp khi dit liéu hudn luyén bi gidi han.

Tir gbe do thuc tién, két qua nghién
ctru khuyén khich cach tiép can co tinh
phé phan d6i véi hiéu qua tinh toan trong
moi truong giao duc. Mo hinh chi sir dung
dac trung tor RDKit khong nhiing dat hi¢u
suat du dodn cao nhat ma con doi hoi it tai
nguyén tinh toan nhat, khién né tro thanh
lua chon ly tuong dé 4p dung trong 16p
hoc hoac cac du an sinh vién vai ngu(‘Sn
luc han ché. Nguoc lai, cd mo hinh két
hop lugng tir 1an mod hinh xtr 1y hinh anh
déu tiéu tén dédng ké tai nguyén tinh toan
nhung khong mang lai cai thién déng ké.
Viéc 1am rd sy danh d6i nay giup sinh
vién phat trién tu duy can nhac chi phi -
hi¢u qua khi thiét ké hodc lua chon mo
hinh du doan.

Cudi cing, mic du nghién ctru nay
con han ché & kich thuée bo dit liéu va chi
sir dung mot mic co ban cua ly thuyét
luong tir (AM1), né van 1a nén tang vimg
chic dé xay dung cac bai giang hodc hoat
dong nghién ctru danh cho sinh vién. Giang
vién ¢6 thé sir dung truong hop nay dé khoi
goi sinh vién kham pha céc bg dir li¢u da
dang hon, 4p dung céc phuong phap lugong
tr cao cép hon nhu DFT, hodc thtr nghiém
céc chién luge mo hinh hoa lai, két hop gitra

hiéu biét vét Iy va phuong phap hoc may.
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Nhin chung, nghién ctru nay 1a mét vi du
thuc tién gitip tich hop hoc may vao gido
duc héa hoc, tir @6 khuyén khich tu duy
phan bién vé thiét ké mo hinh, chét lugng
dit liéu va su danh doi trong tinh toan.

6. Két luan

Nghién ctru nay cung cip mot vi du
thuc tién hitu ich cho gido duc héa hoc,
minh hoa céch cac phuong phap tinh toan
khac nhau anh hudng dén viéc du doan
dd tan cua céc phan tir hitu co trong nudc.
Théng qua viée so sanh c6 hé thong, két
qua cho thy cac mé ta phan tir 2D truyén
thdng trong hoa tin van 1a Iya chon hiéu
qua va toi uu nhat. Trong khi d6, cac mo
ta hoa hoc lugng tu, du hép dan vé mat ly
thuyét, lai khong mang lai gié tri du doan
dang ké va doi hoi chi phi tinh toan cao.
Bén canh do, cac phuong phap hoc sau
dua trén hinh anh, chang han nhu chuyén
d6i mo ta phén tir thanh anh dé xur 1y bang
mang no-ron tich chap, cho két qua kém
do mat mat théng tin nghiém trong.
Nhimng phat hién niy nhin manh tim
quan trong cua viéc hudng dan sinh vién
danh gia céac lya chon vé mo ta va chién
lugc md hinh héa, dong thoi cho thiy
rang su don gian va tinh phi hop véi héa
hoc ¢6 thé mang lai hi€u qua tich cuc hon
su phuec tap trong cac bai toan dy doan.

Loi cam on

Nghién ctru nay st dung b dir li¢u
AqSolDB, dong thoi ap dung RDKit cho
cac tinh toan hoa tin va MOPAC cho céc
tinh toan hda lugng tu. Tac gia xin chan
thanh cam on Th.S. Pham Trong Lam vi



nhirng trao d6i chuyén mén siu sic lién
quan dén cac mé hinh dugc st dung trong
nghién ctru nay.
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