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Bai bdo d& xut mot phitong phap méi trong viée tinh todn dn dinh méi déc duge gia cb bing mot hang
coc ditng, st dung phuong phép phan t¢ hitu han (FEM) két hop v&i mé hinh hoc may. Trong d6, mo
hinh FEM ctia bai todn dugc xiy dwng véi phian mém Plaxis va hé sb an toan (FS) dugc tinh ton bing
phuong phép giam din stc chéng cit (shear strength reduction method). Hé s6 FS duoc tinh toan cho
cac truong hop khic nhau ctia vi tri hang coc, khoang cach giita cic coc diing, thong sb chdng cit clia
dit nén, va géc mai déc. Két qua ctia mé hinh FEM duoc st dung dé 1am dit liéu diu vio huén luyén mé
hinh mang than kinh nhan tao (artificial neural network — ANN). Mé hinh ANN v&i cac cong thiic duge
viét du6i dang twdng minh sé cho két qua hé sb FS nhanh chéng, giam thiéu thoi gian tinh toan, va thuan
tién cho viéc tim kiém phwong an thiét ké méi déc t6i vu. Pdng thoi, mé hinh hoc méy ciing phén tich
danh gia tAm quan trong cua céc thong sé dau vio (vi tri hang coc, khoang céch giita céc coc, luc dinh
v gbc ndi ma sat ciia dt nén, gée mai déc) dén két qua hé sb FS ciia bai toan én dinh mai dbc gia cb mot
hang coc diing. Két qua cho thiy sitc chéng cit clia dit va géc dbc anh hudng dén FS nhiéu hon so v&i

vi tri va khoang céch coc.

ABSTRACT

Slope stability

Slope reinforcement
Row of vertical piles
FEM

ANN

This study proposes a new approach for analyzing the stability of a slope supported by one row of vertical
piles, using finite element method (FEM) combined with machine learning algorithm. Initially in the
proposed approach, the FEM model was built with commercial software Plaxis, and the factor of safety
(FS) was obtained by shear strength reduction method. The values of FS were calculated in different cases
of pile locations, pile spacing, cohesion and internal friction angle of soil. The results from FEM models
were subsequently used to train the Artificial neural network (ANN). The ANN model with explicit
formulas to obtain FS helps to speed up the calculation process and facilitate the optimization in slope
design. Besides, the machine learning model evaluates the importance of the input features (pile location,
pile spacing, cohesion and internal friction angle of soil, slope angle) to the FS of the slope reinforced by
one row of vertical piles. Results show that soil shear strength and slope angle have greater impact on FS

than pile locations and spacing do.

1. Gi6i thidu

ngay cang cip thiét.
Phuwong phap st dung hang coc diing dé gia ¢ mai déc da chitng

6n dinh mai dc 12 mot bai toan quan trong trong nganh dia k§
thuat va mang tinh thdi su cao. Pic biét, nhitng sy ¢b sat 16 mai déc
dién ra gin d4y & Viét Nam gay ra nhitng hau qua hét stic nghiém trong,
6 thé k& dén nhu: (i) vu sat 1& & thén Nam Téng, xa Nam Liic, huyén
Béc Ha, tinh Lao Cai vao thang 9 nim 2024 khién cho 18 ngudi chét va
mét tich; (i) vu sat 1& dht & thon Lang N1, xa Phtic Khénh, tinh Lao Cai
vao thang 9 nim 2024 khién cho hon 80 ngudi chét, mit tich, va bi
thwong; va (iii) vu sat 16 dAt trai tram Canh sat giao théng Madagui,
Lam Pdng vio thang 7 nim 2023 1am 4 ngudi thiét mang [1]. Do dé,

viéc nghién cttu, tinh todn, thiét ké cac giai phap gia cb mai déc tré nén

*Lién hé tac gia: nguyentrungkien@hcmut.edu.vn

minh dugc hiéu qua cao va dang dugce chid trong nghién ciu [2]. Cac
cong trinh nghién citu sit dung nhidu phirong phép khac nhau dé phan
tich bai ton gia ¢6 mai déc bing hang coc ditng, vi du nhu cac phwong
phap sb bao gdm phin t¢ hitu han (FEM) [3], sai phan hitu han [4], sai
phan hitu han két hop phin ti r&i rac [5], can bing gi¢i han [6], cac
phuong phép thi nghiém [3, 7-11]. Trong cac nghién ciu trén, bai toan
duoc xét cho ca trudng hop tai trong tinh va tai trong déng dit. Dit ¢6
kha nhidu nghién ctu v& bai toan én dinh mai déc gia ¢ hang coc diing,
cdc cong trinh dd xudt ban thuong chi tip trung vio viéc phan tich va

tinh todn mét phitong 4n cu thé, chura xét dén bai ton téi wu héa trong
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qué trinh thiét ké véi cac bién s6 dau vao nhu vi tri hang coc, khoang
cach coc, lire dinh va géc ndi ma sat cta dit, va géc mai dée.

Cu thé hon, cic phuong phap trong cic cong trinh di xut ban
ddi hoi kién thifc chuyén sdu v&é mé phong véi thoi gian, khdi lwgng
tinh toan kha 16n (phuong phap s6), hoic doi hoi nhidu vé kinh phi va
thoi gian (phuong phap thi nghiém). biéu nay din t&i viée cac kj su
thiét ké thong thudng chi tinh ton dugce cho mot vai tredng hop cu
thé caa vi trf, khoang céch coc, stic chéng cht caa dt, goc déc... Do do,
két qua thiét ké c6 thé chwa dugc téi wu.

Hién nay, hoc mdy va tri tué nhan tao dang la moét trong nhitng
phuong phap dugc ing dung rong rai trong nganh dia ky thuat xay
dung [12]. Viéc ing dung cac thudt toan hoc may vao bai toan én dinh
mai déc dwgc gia ¢ bing moét hang coc ditng sé c6 nhidu wu diém: (i)
két qua tin cay; (i) véi mo6 hinh hoc may di duoc thiét 1ap, cic ky su
sé dé& dang st dung vi viéc nay khéng yéu ciu nhiéu kién thic chuyén
sau; va (iii) thoi gian tinh toan nhanh gitip cho k§ su thiét ké c¢6 thé
kiém tra rit nhiéu t8 hop thong sé diu vao, tit d6 chon ra phiong 4n
téi wu. Tuy nhién, thuc té cho thiy viéc nghién ctiu Gng dung hoc may
vao bai toan én dinh mai déc gia c6 mot hang coc con kha han ché.

Theo d6, bai bdo nay xdy dung mot phuwong phap méi trong viéc
tinh toan én dinh méi déc duoc gia cb bing mét hang coc diéng, sit
dung phitong phap FEM két hgp véi mé hinh mang thin kinh nhan tao
(ANN). Trong d6, m6 hinh FEM ctia bai todn dugc xiy ding véi phin
mém Plaxis va hé s§ an toan (FS) dugc tinh toin bang phiong phap
giam dan stc chf)ng cét. Hé sb FS dugec tinh toan cho céac trudng hop
khéc nhau cua vi tri hang coc, khoang cach gitta cac coc ding, lwc dinh
va gbc ndi ma sat ctia dat nén, va géc mai déc. Két qua ctia mé hinh
FEM dugec sit dung dé 1am dit liéu dAu vio huén luyén mé hinh ANN.
M6 hinh ANN dugc thiét 14p duéi dang twdong minh nay sé gitip giam
thoi gian va khéi luwong tinh todn, tit d6 gitp k§ s dé dang chon Iwa
phuong 4n t6i vu khi thiét ké.

2. Bai toan 6n dinh mai déc gia c6 mét hang coc ditng

Bai bdo tap trung phan tich tinh toan trdng hop én dinh clia mai
dbc duoc gia ¢b v6i mot hang coc ding, nhu thé hién & Hinh 1. Trong
do, hé sb an toan (FS) dugc tinh toan cho céc truong hgp khac nhau
ctia: (i) vi tri hang coc trong mai déc, duge thé hién bing khoang cach
ngang tit dinh déc dén coc Ly; (ii) khoang cach gifta cdc tim coc trong
hang s; (ii) lwe dinh ¢ va géc ndi ma sat ¢ clia dat nén; va (iv) géc dbc
B. Coc dugec st dung 14 coc thép c6 tiét dién hinh tron rdng, dudng kinh
d = 0.8 m va bé day 0.15 m. Méi déc c6 chidu dai theo phwong ngang
12 L = 15 m. Céc kich thuée khéac caa bai todn dugce thé hién trong
Hinh 1. Bai bdo hwdng dén viéc tinh toan gia tri hé sé FS cho céc tridng
hop khac nhau ctia théng sé diu vao {L,/L, c, ¢, S, s/d }.

Phutong phép duge d@ xut trong viéce tinh toan x4c dinh hé s6 an
toan FS ctia mai dbc gia c6 mét hang coc ditng bao gdm 2 budc, va duge
thuc hién bing phwong phap két hop FEM va ANN. Trong buéc 1, mé
hinh FEM duoe xay dyng dé tinh toén gia tri FS cho 553 t& hop khac nhau

clia cac thong sb du vao {L./L, ¢, ¢, 5, s/d } . Gia tri ctia cdc théng sb diu

vao dugc tém tit trong Bang 1, va két qua FS twong tng dugce trinh bay
trong Phu luc 1. Trong bwdc 2, thong sb diu vao va két qua cta 553
trwdng hop trén sé dugc st dung dé huin luyén mé hinh ANN va déanh

gi4 tAm quan trong ctia cic théng sb dau vao dén gia tri hé sb FS.

10m L=15m 10m

Ly

Hinh 1. Mai déc gia c6 mét hang coc diing.

Bang 1. Khoang gi4 tri thong s6 diu vio.

Ky hiéu 1% nghia Gia tri bon vi
L/L Vi tri hang coc 0,0.25,0.5,0.75,1 -
c Luc dinh 10, 30, 50 kPa
@ Géc ndi ma sat 10, 20, 30 °
B G6c mai déce 33, 45, 60 0
s/d Khoang céch coc 1,2,3,4,5,6,8,10 -

3. Co s& 1y thuyét

Phin ndy trinh bay tém tit v& mé hinh FEM va ANN duoc si
dung trong phuong phéap d@ xuét dé danh gia hé sé FS caa bai toan mai

dbc gia c6 mot hang coc ditng.
3.1. M6 hinh phdn ti¢ hitu han FEM

Bai toan mai déc gia c6 mét hang coc ding dvoc méd hinh nhu
bai toan bién dang phing va dugc phan tich bing phuong phap FEM
tich hop trong phin mém Plaxis [13]. Mién d4t nén tinh toan dugc roi
rac héa bing lw6i cic phin ti tam gidc 15 nit, nhv trong Hinh 1. Dat
nén ting xit theo mé hinh dan hdi — déo 1y twdng véi mit pha hoai
Mohr-Coulomb. Céc thong sb ctia dit nén nhu sau: trong lwgng riéng
20 kN/m?, module Young 200 MPa, hé sb Poisson 0.25. Litc dinh ¢ va
g6c ndi ma sat ¢ cia dit nén bién thién nhu trong Bang 1. Trong khi
d6, coc dugec mod hinh bing vat liéu dan hdi tuyén tinh véi module
Young 60 GPa va hé s6 Poisson 0.2. Pau trén coc tu do, trong khi diu
duwéi coc duge gia thiét ngam vao day mo hinh. Hai bién trai va phai
clia md hinh bi han ché chuyén vi ngang, trong khi bién déi mé hinh
bi han ché ca chuyén vi ditng va ngang.

Mo hinh FEM dugc phén tich theo 2 giai doan. Trong giai doan
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1, tng sudt do trong lwgng ban than 16p dit va coc dwge phat sinh.
Trong giai doan 2, hé sb an toan FS dugc xac dinh v&i dang phan tich
“Safety analysis” trong Plaxis. Hé s6 an toan FS dugc xac dinh dwa vao
phwong phap giam din sitc chdng cit [13]. Trong d6, luc dinh ¢ va
tan(¢p) duoc giam din theo ciing ty 1& cho dén khi mai déc bi trugt. Hé
s6 FS dugc x4c dinh theo cong thic:

FS=_= :::5 )}
trong d6 c, va ¢, 1a lyc dinh va géc ndi ma sat huy dong (da giam dan)

& trang thai mai déc bi truot.

3.2. Mang than kinh nhdn tao ANN

Mang thin kinh nhan tao (artificial neural network — ANN) 13 mot
thuét todn hoc may dua trén y twéng vé mang lwéi cic neuron thin
kinh trong b ndo. Trai qua qud trinh phét trién, ANN 12 nhan t6 cha
chét ctia hoc sau, va dugce ng dung rit rong rii trong nganh dia ky
thuét néi chung va én dinh mai déc néi riéng [14, 15]. CAu trdc dién
hinh ctia ANN duwg'c minh hoa trong Hinh 2, bao gdm 16p du vao (input
layer), cac 16p 4n (hidden layers), va 16p ddu ra (output layer). Mdi 16p
lai ¢6 nhiéu nat (neural), két ndi v&i cc nit clia céc 16p ké can béng
céc trong sb (weight) va nguwdng (threshold). Trong bai toan én dinh
méi déc gia ¢ mét hang coc ditng nay, 16p diu vio sé bao gdm céc nit
chita théng tin cta {L./L, c, ¢, 5, s/d }, valép diurala gia tri FS. Gia
tri tai céc niit ciia 16p an duoc ky hiéu 1a x(” véi chi sb trén [ thé hién
16p 4n thit I, va chi s§ dw6i j thé hién sé thi tu nit trong 16p 4n L Trong
s6 ctia céc lién két gifta cac nit dugc ky hidu 1a wl.(jl), trong d6 ivajla
s6 thit ty ctia nit trong 16p & hai dau lién két.

1 1 1
FS
o
(0
w;;
—
Ldp déu vao Ldp an Ldp dau ra

Hinh 2. Minh hoa c4u triic mang than kinh nhén tao ANN.

Gi4 tri tai cac nit cta 16p 4n dugc tinh v&i cong thite sau:
¥ = 9[2 wf,”xf”’j @
=0
Trong d6 0 12 ham kich hoat (activation function), mé ta ty 1& truyén
qua mdt nit. Chinh nh¢ sy tham gia cia ham kich hoat, thuét todn ANN
tré thanh mé hinh phi tuyén va c6 thé mé phéng duge nhidu vin dé

phtic tap trong thuc té.

4. Két qua va thao luin
4.1. Kiém chitng mo hinh FEM

Két qua ctia mé hinh FEM duoc so sanh v&i két qua ctia Wei va
Cheng [16] dé kiém chitng d¢ tin cdy cho truong hop L, = 7.5m, L =
15m, s/d = 8,c = 10 kPa, ¢ = 20°, va f# = 33°. Hinh dang mat trigt
clia mé hinh FEM dugc thé hién & Hinh 3 va hé sb an toan FS = 1.275.
Hinh 3 cho thdy ring mit trieot mai déc dugce gia b véi hang coc diing
thwdng ndm & vi tri ndng hon so véi mit trugt sdu ctia mai dbc twong
tng khong gia c6 hang coc ditng. Pdng thdi, mit trigt dige chia tich
thanh hai mit tregt thanh phin ndm & bén trai va bén phai hang coc
diing.

103 m)

Hinh 3. Miit triot mai déc v&i trudng hop s/d = 8, FS = 1,275.

Tai liéu [16] cho két qua hinh dang miit trigt twong ty v&i mit
triot & vi trf néng, va gia tri FS = 1.42, sai léch khoang 10% so v6i két
qua md hinh FEM. Sy khéc biét nay dén tit phiong phép tinh toan: tai
liéu [16] st dung phuong phép sai phan httu han (finite difference
method), trong khi nghién cttu nay sit dung FEM. Vi bai toan 6n dinh
méi dc, sai 1éch nay 1a chip nhan dugc, va do dé6 mo hinh FEM du tin
cay @8 tién hanh tinh to4n di liéu FS cho céc truong hgp khéc nhau ctia
{L/L, ¢, o, B, s/d }.

4.2. M6 hinh ANN

Dit liéu v&i 553 td ho'p khac nhau ctia thong sé diu vao {L/L, c,
@, 5, s/d } va dau ra FS tuong tng dugce trinh bay trong Phu luc 1. D&
liéu nay duge stz dung dé huén luyén mé hinh ANN.

Cac théng sb diu vao dugce chudn héa gia tri vé khoang (0,1)
bing c6éng cu MinMaxScaler ctia thu vién Scikit-learn [17]. Viéc chuén
héa nay nhim dam bao cac théng s6 diu vio c6 tAm quan trong nhu
nhau, tranh viéc thong s6 c6 gia tri tuyét dbi 16n chi phdi mé hinh ANN.
Tap dit liéu duge chia thanh phin di liéu ding dé huén luyén mé hinh
(80%) va dit liéu kiém chitng mé hinh (20%).

St dung phuong phap thtt dan (trials and errors), mé hinh ANN
st dung wéce tinh hdi quy nhidu 16p (Multi-layer Perceptron regressor)
dugc chon lya téi wu véi cac thong s6 dugc trinh bay trong Bang 2. Ciu
tric ANN tim duge bao gdm 2 16p &n, véi sb nit neuron & mdi 16p 1an
lwgt 14 7 va 3. Ham kich hoat cho céc ntt ctia 16p 4n duge chon 13 ham
tang hyperbol tanh. Stochastic gradient descent (sgd), mét thuét toan tdi
wu hiéu qua va dwoc st dung rong rii trong hoc may, dugce sit dung dé

O]

tim cac trong sb w;;” v6i muc tiéu tbi thiéu sai s6 toan phuong trung
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binh (mean squared error — MSE).

Bang 2. Céc thong s cia mo6 hinh ANN.

Tén Y nghia Gia tri
hidden_layer. sizes Sé nit & mdi 16p an (7, 3)
activation Ham kich hoat tanh
solver Bo giai trong sb sgd
alpha Trong s6 cua L, regularization 10°
batch_size Kich ¢& minibatches cta sgd 5
learning rate_init Gi4 tri tbc d6 hoc ban dau 0,1
power-t Sb mii cho inverse scaling 0,5
max._iter S6 1an giai lap t6i da 10*
momentum Xung lugng cép nhéat gradient descent | 0,8

M5 hinh ANN d t6i wu héa sé& duoce viét duéi dang tidng minh,
nham gitip cho cac ky su 4p dung thuén tién trong cong tic thiét ké. Pé
tim hé sb FS tit cac thong sb diu vao {L,/L, c, ¢, p, s/d}, qua trinh tinh
to4n s& bao gdm cac budc chinh nhu sau:

Bude 1: chudn héa dit liéu diu vao. Cac di liéu déu duge chudn
héa theo cong thiic (X - Xy / (Xmax - Xomin) dé dita vé khoang gia tri (0, 1)
dya theo tap dit liéu cta 553 t& hop. Luu ¥ don vi cua cdc dai lvong
khi st dung céc cong thitc bén dudi: ¢ (kPa), ¢ (deg), S (deg).

) _
X, = Ly/L 3
0) _ c-10
X. = —
2 w0 (€]
(0) _ ¢-10
X3 =5 %)
(0)_/?733
X, = (6)
0) _ (s/d)-1
x® = &2 @)
Budce 2: tinh gié tri tai cac nit cua 1¢p an so 1 theo cong thitc nhan
ma tran.
xM
ey —05243 —0,6313 —0,6388 17216  0,0833 |7 [ 13368
W —14826 0,6505 03184 —1,0897 —0,0041|| ¢, 0,8491
*; 04271 1,138  —0207 —1,0478 —0,3722][* 0,2029
x| =tanh || 02091 02185 —08154 —0,3341 0,5421 ||x{”|+[-0,4146 ®)
e 02121  —0,397 —0082 —03748 04297 || | | 09018
o 03275 07531 —04925 045 —0,0137[‘*DJ -0,625
[st 00271  1,0564 03993 03281 02556 Ilxs —0,4489
1)
X7

Buéc 3: tinh gid tri tai cac niit ctia 16p 4n sb 2 theo cong thitc nhan

ma tran.

xlu)

Xé‘)

XI(Z) —-0,9911 -0,1673 0,6716 —0,4385 0,8026 —0,3968 0,6686 Xgl) —0,3757
x?| = tanh [[),5426 08605 03224 0,2327 —0,2643 —0,3277 0,4—695}x£‘)+[0,2935] 9
@ -1,3715 09261 03527 0,0166 —0,4509 0,0455 —0,0231 xé“ —0,734
3
Xé‘)
Xgl)
Budce 4: tinh gié tri FS theo cong thitc nhan ma trén.
2
X
FS =[0,9474 0,8824 0,9398] xéz) +1,5656 (10)
2
@

Pé kiém chiing tinh chinh x4c cia m6 hinh ANN, két qua FS du
doén tit mé hinh ANN sé dugc so sanh véi két qua ctia tap dit liéu huin
luyén va tép dit liéu kiém chiing, nhu thé hién trong Hinh 4. Truc hoanh
ctia d6 thi 1a gia tri FS du vao ctia tap dit liéu (True FS), trong khi d6
truc tung la gié tri dy doén ctia mé hinh ANN (Predicted FS). Mé hinh

ANN vé6i d9 chinh x4c cang cao sé cho gia tri FS dy doan cang gin véi

gia tri diu vao, nghia 13 cdc diém ndm gin duong 45° (identity). Hinh
4 cho thiy cac diém déu nim rét gin dudng 45°, cho ca 2 trudng hop
tap dit liéu huln luyén va tap dit liéu kiém chiing, chitng minh cho d6

tin cdy cia mo6 hinh ANN.

354 © Train
Test
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3.0 q Training data: R = 0.993
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Gia tri FS tir dir liéu FEM

Hinh 4. Két qua du doan tit ANN so v&i dit liéu dAu vio.

Thue hién viée danh gi4 sai sb trén dit liéu kiém chitng, cac két
qua thu dugce nhu sau: (i) sai ) tuwong d6i trung binh (Mean absolute
percentage error — MAPE) 14 0,0209, (i) sai sé tuyét d6i trung binh
(Mean absolute error - MAE) 14 0,0362; va (iii) sai s6 binh phuong trung
binh (Mean square error — MSE) 14 0,0024. Céc sai sé trén mot 14n nita

chitng minh d9 tin cdy cao cia m6 hinh ANN.
4.3. Pdnh gid mitc dj dnh hu'éng ctia cdc thong s6 ddu vao

Phin nay trinh bay dénh gi4 vé mitc d6 anh huwdng (tAm quan
trong) ctia cic théng sé ddu vao {L./L, c, ¢, B, s/d } dén thong s6 diu
ra FS. Bai bdo nay st dung hai phuong phidp danh gid mdéc do anh
hwéng: (i) tdng mite gidm tap cht ctia nit (mean decrease in impurity
— MDI) dya vao giai thuat Random Forest Regressor [18], va (ii) tAm
quan trong theo phép hoén vi (permutation importance — PI) [19]. Két
qua danh gia theo phuong phap MDI dwgc thé hién trong Hinh 5, trong
khi két qua theo phitong phap PI dugc thé hién trong Hinh 6.

Két qua clia ca hai phuong phap twong dbi phit hop v&i nhau,
v6i nhém céc thong sb {c, ¢, A} ¢6 mitc 46 anh huéng dén két qua FS
16n hon so v&i nhém cac thong s6 {L,/L, s/d}. Bic biét, Iyc dinh ¢ ¢6
anh hudng 16n nhét dén két qua FS trong ca hai phuong phap, didu nay
phit hop véi thuc té. Thong sé ¢ va B 1an luot xép hang 2 va 3 trong
phuong phap MDI, nhung xép hang 3 va 2 trong phuong phap PI Su
khéc biét nhoé nay 1a do MDI dénh gid mic do quan trong dya trén tip
dit liéu hudn luyén, con PI d4nh gid dya trén tip dit liéu kiém ching.
C4 hai phwong phap MDI va PI déu dwa ra két luan 13 FS rét it nhay v&i
théng s6 {L,/L, s/d}. Két qua nay hop 1y khi quan sat so bd & Phu luc 1
cho thiy v&i gia tri s/d thay dbi 10 1An (tit 1 dén 10) gay ra sy thay dbi
hé s FS khong nhiéu nhu cac thong sé khac.

JOMC |235



Tap chi Vit liéu & Xdy dung Tdp 15 S6 03 ndm 2025

Random Forest Feature Important (Mean decrease in impurity)

Ll

Hinh 5. Mifc 6 anh hiéng ctia thong sé diu vao theo phwong phap MDL

Permutation Importances (test set)

. T H
- H T
wed 4

s/d A '{

T T T T
0.0 0.2 0.4 0.6 0.8 1.0 12 14
Decrease in accuracy score

Hinh 6. Mttc d6 anh hudng ciia thong sb diu vao theo phwong phép PI.

5. Két luan

Bai bdo d& xuit mot phwong phap mdi trong viéc tinh toan 6n
dinh mai déc duogc gia b bing mét hang coc ding, st dung phiong
phap FEM két hop v&i mé hinh hoc may ANN. Phuong phap nay dugce
trinh bay v6i cac cong thitc dwdi dang twdng minh, v&i cic théng sb
dAu vao {L,/L, c, ¢, f, s/d } va thdong sb diu ra FS. Ngoai ra, bai bao
ciing d4nh gid méc d6 anh hudng ctia cic théng sb diu vao dén két qua
FS bing hai phuong phap MDI va PI. Két qua cho thdy nhém cac théng
s6 {c, ¢, B c6 mitc d6 anh hudng dén két qua FS 16n hon dang ké so
v6i nhém cac thong sb {L,/L, s/d}.

Bai béo chi gi¢i han & mai dbc gia c6 mot hang coc va & diéu kién
thoi tiét kho réo. Trong thue té, méi dbe ¢6 thé duoe gia cb véi nhiéu
hon mét hang coc. Ddng thdi, cic tredng ho'p nguy hiém sat 16 méi déc
thwdng xay ra khi troi mua, 1ii. Nghién citu nén dvoc tién hanh thém &

nhiing diu kién vita néu dé ting thém tinh #ng dung cho bai toan.

LOi cam on

Nghién citu nay dugc tai trg bdi Trudng Pai hoc Bach Khoa, PHQG-
HCM trong khuén khé d& tai ma s6 To-KTXD-2024-17. Chiing t6i xin
cam on Truong Pai hoc Bach Khoa, PHQG-HCM da hé trg cho nghién

ciu nay.
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Phu luc1
Dif liéu tit mé hinh FEM sit dung dé huén luyén va kiém ching ANN
Don vi: ¢ (kPa), ¢ (deg), p (deg)

L/L| c | ¢ | P [s/d FS L/L | ¢ 0] B |s/d| FS
0 |10|20(33| 1 | 1,171 0,5 [ 30| 30|45 |4 1,679
0 |10(20(33| 2 [1,170 | 0,5 | 30 | 30 | 45 1,672
0 |10|/20(33| 3 | 1,172 | 0,5 | 30 | 30 | 45 1,647
0 |10(20(33| 4 [1,170 | 0,5 | 30 | 30 | 45 1,630
0 (10|20|33| 5 | 1,170 | 0,5 | 30 | 30 | 45 |10 | 1,507
0 |10|20(33| 6 | 1,170 | 0,5 [ 30 |30 |33 |1 2,744
0 |10(20(33| 8 1,170 | 0,5 | 30 | 30 | 33 |2 | 2,669
0 |10(20(33|10( 1,133 | 0,5 |30 | 30|33 |3 |2616
0 |10(30(33| 1 [1,508 | 0,5 |30 |30 |33 |4 |2602
0 |10|30(33]| 2 |1,49% | 0,5 [ 30|30 (|33]5 2,574
0 |10|30(33| 3 | 1,507 | 0,5 | 30|30 |33 |6 2,569
0 |10(30(33| 4 [1,505| 0,5 | 30 | 30 | 33 {10 | 2,330
0 |10(30(33| 5 [1508| 05 |50 |10 |45 |1 |1,419
0 |10|30(33| 6 | 1,504 | 0,5 |50 |10 |45 |2 1,413
0 |10(30(33| 8 1,508 | 0,5 |50 | 10 | 45 |3 | 1,403
0 |10|30(33]|10| 1,487 | 0,5 |50 |10 |45 |4 1,399
0 |30(10(33| 1 [1,540 | 05 |50 |10 |45 |5 |1,395
0 |30|10(33]| 2 | 1,539 | 0,5 |50 |10 (|45 |6 1,394
0 |30|10(33| 3 | 1,536 | 0,5 |50 |10 |45 |8 1,389
0 |30(10(33| 4 [1,526 | 0,5 | 50 | 10 | 45 {10 | 1,302
0 |30|10(33| 5 |1,518| 0,5 [ 50 |10 |33 |1 2,153
0 |30|10(33| 6 | 1,510 | 0,5 |50 | 10 | 33 |2 2,152
0 |30|10(33| 8 | 1,504 | 0,5 |50 |10 |33 |3 2,152
0 (30|10|33|10| 1,413 | 0,5 |50 |10 |33 |4 2,152
0 |30|20(45| 1 [1,316 | 0,5 |50 |10 |33 |5 | 2,152
0 |30|20(45| 2 | 1,301 0,5 |50 | 10|33 |6 2,152
0 |30|20(45| 3 | 1,292 | 0,5 |50 | 10 | 33 |8 2,152
0 |30|20(45| 4 1,287 | 0,5 | 50 | 10 | 33 {10 | 2,032
0 [30|20(45| 5 | 1,279 | 0,5 | 50 | 20 | 45 |1 1,912
0 |30|20(45| 6 | 1,278 | 0,5 |50 | 20 [ 45 |2 1,896
0 |30|20(45| 8 | 1,274 | 0,5 |50 | 20 [ 45 |3 1,874
0 |30|20(45]|10| 1,213 | 0,5 |50 |20 |45 |4 1,856
0 |30(20(33| 1 [2034| 05 |50 |20 |45 |5 |1,846
0 |[30|20(33] 2 ]|2038 ]| 05 [50|20(|45 |6 1,837
0 |30|20(33| 3 |2034 | 05 |50 (|20 (458 1,816
0 |30(20(33| 4 |2026]| 05 |50 |20 |45 (10 |1,651
0 |30|20(33| 5 |2016| 05 [50 |20 (331 2,837
0 |30(20(33| 6 [2007| 05 |50 |20]|33(|2 |2836
0 |30|20(33| 8 |2002]| 05 |50 |20 (33]3 2,833
0 |30(20(33|10|1,871| 0,5 |50 | 20|33 | 4 |2808
0 |30(30(45| 1 |[1,601 | 05 |50 |20 |33|5 |2811
0 |30|30(45| 2 | 1,591 0,5 | 50| 20| 33| 6 |2,799
0 |30|30(45| 3 | 1,584 | 0,5 | 50| 20 |33 | 8 |2,786
0 |30(30(45| 4 1,581 | 0,5 | 50 | 20 | 33 |10 | 2,537

L/L|{c| o | B |s/d FS L/L | ¢ 0] B |s/d| FS

0 |30]|30(45 1,579 | 0,5 [ 50 | 30 | 45| 1 | 2,293
0 [30|30]45 1,580 | 0,5 | 50 | 30 | 45 | 2 | 2,244
0 [30(30]45 1,567 | 0,5 | 50 | 30 | 45 | 3 | 2,222
0 |30|30(45|10| 1,513 | 0,5 | 50|30 |45| 4 | 2,180
0 |30(30(33| 1 2466 | 05 |50 |30 |45 5 |2176
0 |30(30(33| 2 |2472| 0,5 |50 |30 |45 6 |2177
0 |30|30(33| 3 |2473| 0,5 | 50|30 (|45| 8 |2,178
0 |30|30(33]| 4 | 2471 0,5 | 50| 30 | 45|10 | 1,982
0 |30|30(33| 5 |2452| 0,5 | 50|30 (|33|1 |3,521
0 |30(30(33| 6 [2458 | 0,5 |50 |30 |33| 2 |3,439
0 |30|30[33| 8 | 2453 | 0,5 | 50|30 (|33]| 3 {3,395
0 |30|30(33]|10|2330| 05 |50 |30 |33]| 4 (3,407
0 |50(10(45| 1 [1,405| 0,5 | 50 | 30 | 33 | 5 | 3,404
0 |[50|10(45| 2 | 1,386 | 0,5 | 50|30 |33| 6 (3,352
0 |50(10(45| 3 [1,389 | 0,5 | 50 | 30 | 33 | 8 | 3,344
0 |[50|10(45| 4 | 1,385 | 0,5 | 50| 30 | 33 |10 | 3,036
0 |50|10(45| 5 | 1,384 | 0,5 | 50|30 |60 | 1 |1,202
0 |50(10(45| 6 1,377 | 0,5 |50 | 30 | 60 | 2 | 1,187
0 |[50|10|45| 8 | 1,382 | 0,5 | 50|30 |60 | 3 (1,184
0 |[50|10(45|10| 1,302 | 0,5 | 50|30 |60 | 4 (1,181
0 |50(10(33| 1 [2031| 05 |50 |30]|60|5 |1,174
0 [50]|10|33| 2 | 2,031 0,5 | 50 |30 | 60| 6 |1,161
0 |50(10(33| 3 [2031| 05 |50 |30 |60 8 |1,156
0 |[50|10(33| 4 |2031|075|10|20|33| 1 |1,245
0 [50|10(33| 5 |2031 075 |10 |20 |33]| 2 |1,239
0 |50(10({33| 6 2031|075 |10 |20 | 33| 3 |1,245
0 |[50|10(33| 8 | 2031|075 |10|20|33]| 4 |1,259
0 [50|10]33|10| 2031|075 | 10|20 |33]| 5 |1,262
0 |[50|20(45| 1 | 1,760 | 0,75 | 10 | 20 | 33 | 6 | 1,256
0 |50|20(45| 2 | 1,741 | 0,75 | 10| 20 | 33| 8 | 1,259
0 |50(20(45| 3 1,736 | 0,75 | 10 | 20 | 33 | 10 | 1,099
0 |[50|20(45| 4 | 1,735 0,75 |10 |30 |33| 1 |1,627
0 |50|20(45| 5 |1,731 | 0,75 |10 |30 |33| 2 |1,615
0 |50|20(45| 6 | 1,727 | 0,75 | 10 | 30 | 33 | 3 | 1,612
0 |[50|20(45| 8 | 1,724 | 0,75 | 10| 30 | 33| 4 | 1,636
0 |50(20(45| 10| 1,642 | 0,75 | 10 | 30 | 33 | 5 | 1,639
0 |[50|20(33| 1 |2537|075|10|30|33]| 6 (1,637
0 |50(20(33| 2 |2537|0,75| 10 | 30| 33| 8 |1,637
0 |50(20(33| 3 |2537|0,75| 10 | 30 | 33 | 10 | 1,476
0 |50|20(33| 4 |2537|075|30|10|33|1 [1,541
0 |50(20(33| 5 (2537|075 |30 |10 | 33| 2 |1,542
0 |50(20(33| 6 |2537 0,75 |30 |10 | 33| 3 |1,542
0 |50(20(33| 8 [2537 0,75 |30 |10 | 33| 4 |1,542
0 |50(20(33|10 (2537|075 |30 |10 |33 |5 |1,542
0 |50|30(45| 1 | 209 | 0,75 | 30|10 | 33| 6 (1,540
0 |50(|30](45 2,034 | 0,75 | 30 | 10 | 33 | 8 | 1,533
0 [50(|30]45 2,089 | 0,75 | 30 | 10 | 33 | 10 | 1,412
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L/L| c| o | P [s/d FS L/L | c ¢ B |s/d| FS L/L| c| ¢ | P [s/d FS L/L | ¢ o) B |s/d| FS
0 |50(30(45| 4 | 2,080 | 0,75 |30 |20 (|45| 1 |1,358 0,25|130(20(45| 3 | 1,373 | 0,75 | 50 | 10 | 33 | 10 | 2,031
0 |50(|30(45 2,076 | 0,75 | 30 | 20 | 45 | 2 | 1,338 0,25(30|20|45| 4 | 1,356 | 0,75 | 50 | 20 | 45| 1 | 1,871
0 | 5030|445 2,071 | 0,75 | 30 | 20 | 45 | 3 | 1,332 0,25(30|20|45| 5 | 1,336 | 0,75 | 50 | 20 | 45 | 2 | 1,824
0 |50(30(45| 8 | 2,057 |0,75 |30 |20 (|45 | 4 |1,326 0,25|130(20(45| 6 | 1,328 | 0,75 | 50 | 20 | 45| 3 | 1,809
0 |50(30(45| 101,982 | 0,75 |30 |20 |45 | 5 |1,318 0,25(30|20|45| 8 | 1,317 | 0,75 | 50 | 20 | 45 | 4 | 1,803
0 [(50|30|33| 1 |3,301|075|30|20|45]| 6 |1,314 0,25(30|20|45| 10| 1,211 | 0,75 | 50 | 20 | 45 | 5 | 1,800
0 |50(30(33| 2 |3304|075|30]|20(|45| 8 |1,302 0,25130(20(33| 1 |2193|0,75 |50 |20 |45]| 6 |1,793
0 |[50|30(33]| 3 |3,268| 0,75 | 30|20 |45 |10 (1,211 0,25|130(20(33| 2 | 2180 | 0,75 | 50| 20| 45| 8 | 1,781
0 |50(30(33| 4 |3263|075|30|20(|33| 1 {2159 0,25130(20(33| 3 | 2,165 | 0,75 | 50 | 20 | 45 | 10 | 1,642
0 |50(30(33| 5 [3257|0,75|30|20]|33|2]2,110 0,25(30(20|33| 4 |2122 0,75 50|20 33| 1 |2825
0 |[50(30(33| 6 |3,203| 0,75 |30 |20 (33| 3 |2/102 0,25130(20(33| 5 | 2,112 | 0,75 | 50| 20 | 33| 2 | 2,825
0 |50(30(33| 8 |3217| 0,75 |30 |20 |33]| 4 |2098 0,25130(20(33| 6 | 2,110 | 0,75 | 50 | 20 | 33 | 3 | 2,825
0 |50(30(33|10|3,038| 0,75 |30 |20]|33|5 |2073 0,25(30|20|33| 8 | 2091|075 |50|20|33]| 4 |2821
0 |[50(30|60| 1 | 1,200 | 0,75 | 30|20 |33 | 6 |2067 0,25|130(20(33|10| 1,871 | 0,75 | 50 | 20 | 33 | 5 | 2,808
0 |50(30(60| 2 |1,188 | 0,75 | 30 | 20 | 33 | 8 | 2,053 0,25(30(30|45| 1 | 1,703 | 0,75 | 50 | 20 | 33 | 6 | 2,803
0 |[50|30(60| 3 | 1,192 | 0,75 | 30 | 20 | 33 |10 (1,871 0,25|130(30|45| 2 | 1,680 | 0,75 | 50 | 20 | 33 8 | 2,795
0 |[50|30|60| 4 | 1,173 | 0,75 |30 |30 |45 | 1 |1,744 0,25|130(30|45| 3 | 1,665 | 0,75 | 50 | 20 | 33 | 10 | 2,537
0 |50(30(60| 5 |1,174 | 0,75 | 30 | 30 | 45 | 2 | 1,707 0,25(30(30|45| 4 | 1,648 | 0,75 | 50 | 30 [ 45| 1 | 2,233
0 |[50(30|60| 6 | 1,164 | 0,75 | 30| 30 | 45| 3 |1,719 0,25|130(30|45| 5 | 1,643 | 0,75 | 50 | 30 | 45| 2 | 2,198
0 |[50|30|60| 8 | 1,150 | 0,75 | 30 | 30 | 45| 4 | 1,701 0,25|130(30|45| 6 | 1,635 | 0,75 | 50 | 30 | 45| 3 | 2,187
0 |50(30(60| 10| 1,119 | 0,75 |30 | 30 | 45| 5 | 1,695 0,25(30|30|45| 8 | 1,628 | 0,75 | 50 | 30 | 45 | 4 | 2,160

0,25{10({20(33| 1 {1,325 | 0,75 |30 |30 |45 | 6 | 1,682 0,25(30|30|45| 10| 1,517 | 0,75 | 50 | 30 | 45| 5 | 2,120

0,25(10|20(33| 2 | 1,324 | 0,75 | 30 | 30 | 45 | 8 | 1,664 0,25(30(30|33| 1 |2709 (0,75 |50 |30 |45 | 6 |2,142

0,25(10({20|33| 3 {1,323 | 0,75 | 30 | 30 | 45 | 10 | 1,505 0,25|130(30|33| 2 | 2677 | 0,75 | 50| 30 | 45| 8 | 2,081

0,25{10({20(33| 4 {1,325 | 0,75 |30 | 30 | 33 | 1 |2479 0,25(30|130|33| 3 | 2667 0,75 | 50| 30 | 45|10 | 1,982

0,25|10|20(33| 5 1,377 | 0,75 | 30 | 30 | 33 | 2 | 2,577 0,25(30(30|33| 4 | 2644 | 0,75 | 50 | 30 | 33 | 1 | 3,540

0,25(10{20|33| 6 (1,364 | 0,75 | 30 | 30 | 33 | 3 | 2,484 0,25|130(30|33| 5 | 2648 | 0,75 | 50|30 |33| 2 |3,538

0,25{10({20(33| 8 {1,350 | 0,75 | 30 | 30 | 33 | 4 | 2,529 0,25(30|130|33| 6 | 2638 | 0,75 |50 |30 |33]| 3 |3,516
0,25(10|20|33 (10| 1,096 | 0,75 | 30 | 30 | 33| 5 | 2,491 0,25|130(30|33| 8 |2595|0,75|50|30|33]| 4 |3471

0,25(10{30|33|( 1 (1,678 | 0,75 | 30 | 30 |33 | 6 | 2,513 0,25|130(30|33|10| 2,330 | 0,75 | 50 | 30 | 33 | 5 | 3,438

0,25(10|30(33| 2 |1,711 | 0,75 | 30 | 30 | 33 | 8 | 2,499 0,25(50|10|45| 1 | 1,430 | 0,75 | 50 | 30 | 33 | 6 | 3,428

0,25(10(30|33| 3 {1,706 | 0,75 | 30 | 30 | 33 | 10 | 2,330 0,25|50(10|45| 2 | 1,421 | 0,75 | 50 | 30 | 33 | 8 | 3,393

0,25(10{30|33| 4 {1,693 | 0,75 | 50| 10| 45| 1 | 1,409 0,25|50(10|45| 3 | 1,417 | 0,75 | 50 | 30 | 33 | 10 | 3,037

0,25|10|30(33| 5 | 1,686 | 0,75 | 50 | 10 | 45 | 2 | 1,409 0,25(50|10| 45| 4 | 1,416 | 0,75 | 50 | 30 | 60 | 1 | 1,262

0,25(10|{30|33| 6 {1,682 | 0,75 | 50 | 10 | 45| 3 | 1,407 0,25|50(10|45| 5 | 1,416 | 0,75 | 50 | 30 | 60 | 4 | 1,215

0,25|10|30(33| 8 | 1,666 | 0,75 | 50 | 10 | 45 | 4 | 1,392 0,25(50|10|45| 6 | 1,414 | 0,75 | 50 | 30 | 60 | 5 | 1,208

0,25(10|30|33| 10| 1,494 | 0,75 | 50 | 10 | 45| 5 | 1,388 0,25|50(10|45| 8 | 1,402 | 0,75 | 50 | 30 | 60 | 6 | 1,180

0,25|30|10(33| 1 |1,557 0,75 |50 |10 |45 | 6 | 1,390 0,25(50|10| 45| 10| 1,302 | 0,75 | 50 | 30 | 60 | 8 | 1,165

0,25|30|10(33| 2 | 1,557 | 0,75 | 50 | 10 | 45 | 8 | 1,382 0,25(50(10|33| 1 |2167 | 0,75 | 50 | 30 | 60 | 10 | 1,108

0,25(30({10|33| 3 {1,558 | 0,75 | 50 | 10 | 45 | 10 | 1,302 0,25|50 (10|33 | 2 | 2,167 1 10 {20 [ 33 | 1 | 1,097

0,25|30|10(33| 4 | 1,556 | 0,75 | 50 | 10 | 33 | 1 | 2,125 0,25[(50|10|33| 3 | 2,167 1 10 | 20 | 33 | 2 | 1,097

0,25|30|10(33| 5 1,552 (0,75 |50 | 10 | 33 | 2 | 2,125 0,25[(50|10|33| 4 | 2,167 1 10 | 20 | 33 | 3 | 1,097

0,25|30|10(33| 6 | 1,545 | 0,75 | 50 | 10 | 33 | 3 | 2,126 0,25(50|10|33| 5 | 2,167 1 10 | 20 | 33 | 4 | 1,097

0,25|30|10(33| 8 | 1,534 | 0,75 | 50 | 10 | 33 | 4 | 2,125 0,25(50|10|33| 6 | 2,167 1 10 [ 20 | 33 | 5 | 1,097

0,25(30(10|33|10 (1,413 | 0,75 | 50| 10| 33| 5 | 2,126 0,25|50 (10|33 | 8 | 2,166 1 10 { 20 | 33 | 6 | 1,097

0,25|30|20(45| 1 | 1,402 | 0,75 |50 | 10 | 33 | 6 | 2,126 0,25|50| 10|33 | 10 | 2,031 1 10 | 20 | 33 | 8 | 1,097

0,25|30|20(45| 2 | 1,383 | 0,75 | 50 | 10 | 33 | 8 | 2,125 0,25(50|{20|45| 1 | 1,808 1 10 | 20 | 33 | 10 | 1,095
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L/L| c| o | P [s/d FS L/L | c ¢ B |s/d| FS L/L| c| ¢ | P [s/d FS L/L | ¢ o) B |s/d| FS
0,25(50|20 (45| 2 | 1,796 1 10 [ 30 [ 33 | 1 | 1,472 05103033 | 2 | 1,846 1 30 | 30 | 33 |10 | 2,330
0,25|50 |20 (45| 3 | 1,795 1 10 [ 30 | 33| 2 | 1,472 0,510(30(33| 3 |1,784 1 50 |10 | 45| 1 |1,303
0,25|50 |20 (45| 4 | 1,787 1 10 [ 30 | 33| 3 | 1,472 0,510|30(33| 4 | 1,764 1 50 | 10 | 45| 2 | 1,304
0,25(50(20 (45| 5 | 1,777 1 10 | 30 | 33 | 4 | 1,472 05103033 5 | 1,769 1 50|10 | 45| 3 | 1,304
0,25|50 |20 (45| 6 | 1,772 1 10 [ 30 | 33| 5 | 1,471 0,510(30(33| 6 | 1,740 1 50 | 10 | 45 | 4 | 1,304
0,25|50(20 (45| 8 | 1,770 1 10 | 30 | 33 | 6 | 1,471 0,5(10(30|33| 8 | 1,745 1 50 |10 | 45| 5 | 1,304
0,25(50| 20|45 10 | 1,641 1 10 | 30 | 33 | 8 | 1,471 0,5 10(30|33| 10 | 1,483 1 5010 | 45| 6 | 1,303
0,25(50({20 33| 1 | 2,845 1 10 | 30 | 33 (10 | 1,471 05301033 1 | 1,552 1 50|10 | 45| 8 | 1,304
0,25(50|20 33| 2 | 2,844 1 30 |10 [ 33| 1 |1,418 05 (|30(10]33| 2 | 1,551 1 50 | 10 | 45 | 10 | 1,302
0,25|50 |20 (33| 3 | 2,837 1 30 |10 | 33| 2 | 1,420 0,530(10|33| 3 | 1,551 1 50 | 10 | 33| 1 | 2,050
0,25(50|20 33| 4 | 2,816 1 30 | 10 | 33 | 3 | 1,419 0,5(30(10]|33| 4 | 1,551 1 50 |10 | 33| 2 | 2,052
0,25(50|20 33| 5 | 2,801 1 30 | 10 | 33 | 4 | 1,419 05 (30(10|33| 5 | 1,550 1 50 | 10 | 33 | 3 | 2,051
0,25|50 |20 (33| 6 | 2,776 1 30 |10 | 33| 5 | 1,419 0,530|10(33| 6 | 1,547 1 50 | 10 | 33| 4 | 2,051
0,25(50(20 33| 8 | 2,759 1 30 |10 | 33| 6 | 1,419 0,5 30(10]|33| 8 | 1,541 1 50 |10 | 33| 5 | 2,051
0,25|50 |20 33| 10 | 2,537 1 30 |10 [ 33| 8 [ 1,421 0,530 |10(33]| 10 | 1,413 1 50 | 10 | 33| 6 | 2,051
0,25(50({30(45| 1 | 2,169 1 30 | 10 | 33 |10 | 1,413 05302045 1 | 1,377 1 50 | 10 | 33| 8 | 2,051
0,25(50({30 (45| 2 | 2,138 1 30 {20 (45| 1 |1,211 05302045 2 | 1,354 1 50 | 10 | 33 |10 | 2,031
0,25(50 |30 (45| 3 | 2,141 1 30|20 | 45| 2 |1,212 0,530(20(45| 3 | 1,342 1 50|20 45| 1 |1,641
0,25(50(30(45| 4 | 2,116 1 30|20 45| 3 |1,211 05302045 4 | 1,338 1 50|20 |45| 2 | 1,640
0,25(50(30|45| 5 | 2,075 1 30 |20 | 45| 4 | 1,211 05302045 5 | 1,331 1 50 | 20 | 45| 3 | 1,640
0,25 50 |30 |45 | 6 | 2,106 1 30|20 45| 5 |1,211 0,530(20(45| 6 | 1,322 1 50 | 20 | 45| 4 | 1,641
0,25|50(30 (45| 8 | 2,069 1 30|20 | 45| 6 | 1,211 0,5(30(20|45| 8 | 1,319 1 50|20 | 45| 5 | 1,641
0,25|50 |30 (45| 10 | 1,982 1 30|20 | 45| 8 |1,211 0,5 30|20 (45| 10 | 1,210 1 50 | 20 | 45| 6 | 1,641
0,25(50(30 33| 1 | 3,397 1 30 | 20 | 45 |10 | 1,211 05302033 1 | 2,188 1 50|20 | 45| 8 | 1,640
0,25|50(30 (33| 2 | 3,148 1 30|20 (33| 1 |1,863 0,5(30(20|33| 2 | 2,166 1 50 | 20 | 45 |10 | 1,639
0,25|50 |30 (33| 3 | 3,289 1 30 |20 |33|2 |1,863 0,530(20(33| 3 |2]149 1 50 |20 33| 1 |2535
0,25(50 (30|33 | 4 | 3,348 1 30 |20 |33| 3 |[1,864 0,5 (30(20]33| 4 | 2117 1 50 |20 | 33| 2 | 2537
0,25(50 (30|33 | 5 | 3,209 1 30|20 | 33| 4 | 1,864 0,5(30(20|33| 5 | 2,106 1 50 | 20 | 33| 3 | 2,537
0,25(50|30 33| 6 | 3,234 1 30|20 (33| 5 |1,859 0,5 30(20]33| 6 | 2,098 1 50 |20 | 33| 4 |2539
0,25(50 (30|33 | 8 | 3,205 1 30 |20 |33| 6 (1,859 0,5 130(20]|33| 8 | 2,093 1 50 | 20 | 33| 5 | 2,540
0,25|50 |30 33| 10 | 3,039 1 30 |20 |33| 8 |1,859 0,530|20(33]| 10 | 1,872 1 50 | 20 | 33| 6 | 2,540
0,25(50|30|60| 1 | 1,191 1 30 | 20 | 33 |10 | 1,860 05303045 1 | 1,755 1 50|20 | 33| 8 |2,542
0,25(50|30 60| 2 | 1,190 1 30130 (45| 1 |1,500 05303045 2 | 1,698 1 50 | 20 | 33 |10 | 2,533
0,25|50 |30 (60| 3 | 1,169 1 30 |30 | 45| 2 | 1,499 0,530(30(45| 3 | 1,679 1 50|30 |45| 1 |1,989
0,25(50|30|60| 4 | 1,158 1 30 |30 | 45| 3 | 1,498 0,5 30(30]|33| 8 | 2,562 1 50 (30 |45| 2 |1,981
0,25|50 |30 (60| 5 | 1,159 1 30 |30 | 45| 4 | 1,499 1 |50(|30(33| 4 | 3,039 1 50 | 30 | 45| 3 | 1,975
0,25(50|30|60| 6 | 1,162 1 30 |30 45| 5 |1,499 1 50|{30(|33| 5 | 3,039 1 50|30 |45| 4 |1,978
0,25|50 |30 (60| 8 | 1,158 1 30|30 |45| 6 |1,500 1 |50(|30(33| 6 | 3,039 1 50|30 |45| 5 | 1,990
0,5|10(20(33| 1 | 1,401 1 30 |30 | 45| 8 | 1,499 1 |50|30(33| 8 | 3,036 1 50 |30 | 45| 6 |1,975
05102033 2 | 1,339 1 30 | 30 | 45 |10 | 1,501 1 50|30 |33| 10 | 3,036 1 5030 |45| 8 |1,975
0,510(20(33| 3 | 1,324 1 30 {30 (33| 1 |2321 1 |50(|30(60| 2 | 1,107 1 50 | 30 | 45 | 10 | 1,982
0,510(20(33| 4 | 1,301 1 30 |30 33| 2 (2320 1 |50|30|60| 3 | 1,111 1 50 |30 33| 1 3,041
0,510(20(33| 5 | 1,277 1 30 |30 33| 3 |2319 1 |50|30|60| 4 |1,112 1 50 | 30 | 33 3,039
0,510(20(33| 6 | 1,273 1 30 |30 |33]| 4 (2319 1 |50|30|60| 5 | 1,111 1 50 | 30 | 33 3,039
0,5 (1020|133 8 | 1,275 1 30 |30 | 33| 5 (2319 1 50|30 |60 | 10 | 1,092
0,5 10|20 (33|10 | 1,215 1 30 |30 |33]| 6 |2320
0,5|10(30(33| 1 |1,905 1 30 |30 |33]| 8 2319
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