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AT LIEU

Phit sinh truo'ng ngiu nhién cta cac thong s6 dit trong cac bai toan

dia ky thuat xay dung c6 xét su twvong quan theo khéng gian
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TOM TAT

Dia ky thuat xay dyng Viée st dung tredng ngiu nhién dé mé ta cac théng sb dit trong cac bai toan dia k§ thut da tré thanh mét

Trudng ngau nhién xu huwéng phd bién gin ddy. Piéu nay dic biét cin thiét trong viéc phén tich d6 tin ciy va danh gia rui ro.
bo dai tuong quan

Trong d6, viéc xem xét tinh tiong quan theo khong gian ctia cic tridng ngiu nhién déng vai trd quan trong.
Phuong phép phan chia trung binh o . . R i . R .

cuc bo Nghién cttu nay tép trung vao phuwong phap Phan chia Trung binh Cuc bd (Local Average Subdivision - LAS),
mot phivong phap v&i nhidu wu diém khi 4p dung vao céc bai to4n dia ky thuat c6 tinh tiong quan theo
khéng gian. Bai nghién cttu da trinh bay co s& 1y thuyét va giai thuat ctia phiong phap LAS, dbng thoi xiy
dung mot chwong trinh tinh todn bing ngdn ngit 14ap trinh Python. Chwong trinh nay da duge st dung dé
mb phong va thiic hién cac so sanh sau: so sanh véi tritong ngiu nhién khong xem xét tinh twong quan, cho
thdy mé hinh LAS thé hién 5 tinh tiong quan ndy; so sanh céc trivdng hop khéc nhau lién quan dén théng
s6 nhu phuong sai va d6 dai tuong quan; thiee hién 100.000 14n mé phéng dé so sanh céc két qua diu vao
v6i két qua ky vong, phuong sai va d6 dai twong quan. Két qua cho thdy mé hinh phat sinh dat mc d6 chip
nhin duvgc. Tuy nhién, chuong trinh tinh nay méi chi 4p dung cho bai todn mot chidu (1-D) va nhém tac
gia dang tiép tuc phat trién dé 4p dung vio cic bai toan nhiéu chiéu hon.
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The use of random fields to describe soil parameters in geotechnical problems has become a popular trend
in recent years. This approach is particularly essential in reliability analysis and risk assessment. Among the
key aspects is the consideration of spatial correlation in random fields, which plays a crucial role. This study
Local average subdivision method L 3 .

focuses on the Local Average Subdivision (LAS) method, which offers several advantages when applied to
geotechnical problems involving spatial correlation. The research presents the theoretical foundation and
algorithm of the LAS method and develops a computational program using the Python programming
language. This program has been used to perform simulations and conduct the following comparisons:
comparison with random fields that do not consider spatial correlation, which shows that the LAS model
clearly demonstrates such correlation; comparison of different cases involving parameters such as variance
and correlation length; and execution of 100,000 simulations to compare input results with expected values,
variance, and correlation length. The results indicate that the generated model achieves an acceptable level
of accuracy. However, the current program has only been applied to one-dimensional (1-D) problems, and

the research team is continuing to develop it for application to higher-dimensional problems.

1. Gidi thiéu thién khong gian trong nhiéu linh vic khoa hoc va ky thuat, bao gdm

ky thuét dia ky thuét, thiy vin va khoa hoc moéi treong ([11,[2]). Viée

Trong céc bai toan dia ky thuat xdy dung, vi du nhu bai toan
thdm qua nén cong trinh, viéc tinh todn dua vio cac phwong phap tiép
can tt dinh mic dit d4 c6 nhiéu déng gép nhung viée st dung cac tham
s6 ¢b dinh nhu hé sb thidm c6 thé1a khong phtt hgp va viée st dung céc
tredng nglu nhién cta thong sb dat da dugce dé xuét [1]. Viée st dung
tinh ngAu nhién trong phan tich co hoc dAt néi chung va thAm qua céng
trinh d4t néi riéng 12 mot xu hieéng phd bién gin day. Trudng nglu

nhién d3 tré thanh cong cu quan trong trong viéc moé phéng su bién
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trién khai hop 1 c4c treong ngu nhién 1a rit cin thiét trong phén tich
d6 tin cay va danh gia rdi ro, vi né cho phép mé phong thure té su bién
thién theo khong gian ctia céc tham s6 nhu tinh chét d4t, cuong 46 vat
liéu va d6 tham ([3]).

Nhiéu phiong phép s da dugce phat trién dé tao ra cc trudng
ngiu nhién nhu phwong phap Trung binh Trugt (Moving Average -
MA), Phan tich Ma trdn Hiép phuong sai (Covariance Matrix

Decomposition); Bieén doi Fourier R¥i rac (Discrete Fourier Transform -
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DFT); Bién d6i Fourier Nhanh (Fast Fourier Transform - FFT); Phuong
phép Dai Xoay (Turning-Bands Method - TBM); Phén chia Trung binh
Cuc bd (Local Average Subdivision - LAS) ([4],[5]). Mabi phuong phap
d8u c6 wu didm va han ché riéng v& hiéu qua tinh toan, tinh d& dang
trién khai. Tuy nhién, nhv phan tich ctia [1, 6], phiong phéap Phén chia
Trung binh Cuc bd (Local Average Subdivision - LAS) (k& tit day,
phueong phép nay duge goi tit 1a LAS) 6 nhidu vu diém khi 4p dung
vao cic bai toan dia ki thuat xay dung cé két hop twong quan theo
khong gian.

Tai Viét Nam, mé hinh phét sinh tritdng ngiu nhién c6 tidém ning
Ging dung trong phan tich rudi ro dia ky thuat cta cac cong trinh nhu dé
bién, méng coc trén nén yéu, va két cAu ngdm d6 thi. Phuong phap LAS
dic biét phit hgp véi cac khu vire ¢6 dia chit bién déng 16n, nhw déng
bing séng Cttu Long, noi c¢6 tinh bit dinh trong dic trirng dAt nén 1a
dang ké.

Trén co s& d6, nghién cifu nay tip trung xdy dung va kiém
nghiém phuwong phap LAS cho bai toan mét chidu. LAS dugc lya chon
nhd tinh don gian trong trién khai, hiéu qua tinh to4n cao va chinh xac
khi phat sinh céc hién thitc r&i rac ctia qué trinh ngiu nhién. Bén canh
d6, phuong phép nay t6 ra thich hop khi két hop véi mé hinh phan ti
hitu han ngiu nhién, vén thuwdng st dung cic ham néi suy bac thap dé
dam bao hiéu ning tinh toan.

Bai béo trinh bay co s& 1y thuyét, thuat toan LAS va cdc vi du minh
hoa nhim dénh gi4 hiéu qua cta phuong phap. Mot chuong trinh tinh
toan ciing dugc phat trién bing Python dé trién khai va kiém nghiém két
qua. Viéc tich hgp yéu t6 bét dinh vao mé hinh dia chit gép phin phan
4nh ding thye té phiic tap tai hién tridong, ddng thoi nang cao tinh khoa

hoc so v6i cac mé hinh truyén théng vén con don gian héa.
2. Co s& ly thuyét

Trudng ngau nhién khi xem xét trong céc bai toan dia ki thuat
xdy dyng duoc gia thiét ¢é don gian hon nhim c6 tinh kha thi trong
viéc 4p dung [1, 6]. Cac gia thiét d6 12: tuan theo quy trinh Gausian titc
1a dudng phan phdi xic sudt ddng thoi (joint probability density
function) 13 qué trinh ngu nhién nhidu bién v&i phan phéi chuin da
bién (multivariate normal distribution); ¢ tinh dting hoac tinh déng
nhét théng ké (stationarity or statistical homogeneity) titc 1a ky vong
(mean), hiép phuong sai (covariance) va cac md-men béc cao hon la
khéng dbi theo khong gian va do d6 ham mat db x4c suét bién (hoic tai
mot diém) ciing khong thay ddi theo khong gian; tinh ding huéng
(isotropy) tiic 12 sy twong quan gitta hai diém chi phu thudc vio khoang
cach chit khong lién quan dén phuong. Trén co s& d6, khi xem xét
trdng ngau nhién, ching ta chi quan tAm dén ba yéu té: gia tri ky vong
clia triong ngau nhién uy; phiong sai truong ngau nhién of; va mic
d6 bién thién trong khéng gian.

Ham hiép phiong sai (covariance function) thé hién ban chét
moment bac hai ctia triong ngiu nhién Gaussian:

C(t',¢7) = E[(X (DX ()] — px (¢ ux (t7) (€8]

trong d6, 1, (t) 12 ky vong ctia bién X tai vi tri t.
Mot cong cu khéc 1a ham twong quan (correlation function):
c(t',t*)
@t t)=—r— 2
P o (£ (E")

trong d6, oy (t) 1a d6 1éch chuén ctia bién X tai vi tri f; —1 <
p(t',t*) < 1vakhip(t,t*) =0, técla X(¢t*) va X(¢t') 1a khong cé twong
quan vé&i nhau.

bbi v&i cac truong ngiu nhién c6 tinh ditng, ky vong va hiép
phuong sai khéng phu thudc vao vi tri nén ta c6
C(t',t*) = Cov[X(0),X(1)] = E[(X(0)X(D)] — 1% 3)
p(@) = %f() 4

trong d6, t 1a khoang cach cua hai vi tri dang xem xét. Do
C(t',t*) = C(t*t') nén C(r) = C(—7) khi truong c6 tinh ditng va twong
tu ta c6 p(t) = p(—1).

Ham giam phuong sai (variance function) xem xét trung binh cuc
bo truot:
Xe(@®) = 7 [Z77 X(©)dg ®)

Cu thé, X;(¢t) 1a trung binh cuc bd ctia bién X(t) trong cita sb
¢6 chidu rong T 6 vi trf trung tam 14 t. Khi cita sé nay di chuyén theo
khong gian, bién trung binh cuc bo X;(t) bién thién it hon (xem Hinh
1). Tién trinh ngéu nhién thé hién & hinh trén (a) va dugc trung binh
trong ctta ) rong T va dugc thé hién trong hinh bén dui (b). Lic nay,
qud trinh trung binh lam tron qua trinh nay va giam phuong sai:

Var[X7(t)] = afy(T) (6)

trong d6, y(T) dugc goi 1a ham gidm phuong sai (variance
function) va c6 gié tri bing 1.0 khi T = 0. Ham ndy dugc biéu dién dwéi
dang toan nhu sau

1 T T (7)
v =7 [ [ pxte —magan
Mot cong cu dung dénﬁ goié tinh bién thién clia trudng ngiu nhién
14 d6 dai twong quan (correlation length) 6. C6 thé hiéu 14 6 14 khoang
céch ma trong d6 céc diém s& tivong quan véi nhau 16n (c6 thé 16n hon
10%). Nguoc lai, hai diém ma cach nhau 16n hon 6 thi khéng twong
quan v&i nhau nhiéu. V& mit toan hoc, 6 dugc dinh nghia la:
0= ff: p(r)dr = 2f0+wp(r)d‘r 8

-4

i -6
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Hinh 1. Anh hiéng ctia trung binh cuc bé 1én phiong sai

(T 1a chiéu dai ctta sb di chuyén).
3. Phat sinh tridng ngiu nhién

Phan nay trinh bay co s& 1y thuyét phirong phap LAS va co s 1y
thuyét nay dvwgc tham khao chinh ti¥ [1, 6]. Bé don gian va ciing khéng
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mét tinh téng quat, mién xem xét ¢6 ky vong uy = 0, phuong sai g2 va
d6 dai twong quan 6. Khi kj vong uy # 0 thi cdc k§ thuat dé chuyén dbi
cling khong qué phtic tap. Viéc xay dung qué trinh trung binh cuc bd
theo LAS dugc tién hanh theo cich chia déi ti trén xudng nhu trong
Hinh 2. & giai doan 0, xem xét cho toan mién (tit ddy mot viing dugc
goi 0) va ta tim cach xac dinh gié tri cin quan tAm cho & nay (vi du hé
s6 thim). Do gi4 tri nay dai dién cho toan mét 6 nén day 1a gi4 tri trung
binh trén toan 6 d6. Giai doan tiép theo (giai doan 1), 6 nay (6 me)
dugce chia thanh hai 6 con véi céc gia tri twong ing cho mbi 6 con va
phai théa didu kién 12 trung binh cac gia tri ctia hai 6 con phai bing v&i

gia tri ctia O me.

Giai doan 0 Z1
Giai doan 1 Z: Z;

Giai doan 2 Zi Z; r4 l Z

Hinh 2. Cach tiép can tif trén xudng trong xay dung qu trinh
ngiu nhién trung binh cuc b theo phiiong phap LAS.

Theo d6, thuét todn duge tién hanh nhu sau: 1. Phét sinh gia tri
(trung binh) trong toan mién tinh todn (dwgc ky hiéu 1a Z? nhu trong
Hinh 2) véi ky vong va phuong sai twong ting duge xac dinh ti 1y
thuyét trung binh cuc bd [Phuong trinh (6)]; 2. Chia mién nay thanh
hai 6 bing nhau; 3. Phat sinh hai gi4 tri cho hai 6 con nay theo phan
phéi chuén (normally distributed), Z} va Z2, v&i ky vong va phwong sai
thoa ba diéu kién sau: (a) ching thé hién phwong sai theo 1y thuyét
trung binh cuc bg; (b) ching c6 cic mbi twong quan véi nhau; (c) thé
hién méi quan hé trung binh %(le + Z}) = 7?; 4. Phan chia méi 6 nay
thanh hai 6 giong nhau; 5. Phat sinh hai gié tri cho hai 6 nay theo phan
phéi chudn, Z2 va Z2, v&i ky vong va phuong sai thoa bén diéu kién
sau: chiing thé hién phuwong sai theo 1y thuyét trung binh cuc bd; (b)
chiing c6 cac mbi twong quan v6i nhau; (¢) thé hién mébi quan hé trung
binh, - (22 + 22) = Z3; (d) chting c6 mi tuong quan véi 2% va ZZ.

Cac phép xAp xi trong thuat toin xuit hién theo hai cich: thit
nhit, mbi twong quan véi cic 6 1an cin qua cac ranh giéi ctia 6 me
dugc thyc hién thong qua cac gia tri ctia 6 me (nhiing gia tri nay da
duoc biét); thi¢ hai, pham vi cdc 6 me diing dé tinh toan cac phan phbi
sé& bi gi¢i han trong mdt viing l4n cin nhit dinh (khong phai tit ca cac

0 me dugc dung).

Xt

—6 T T T T T T T T
o 25 50 75 100 125 150 175 200

Hinh 3. Sy thuc hién (realization) ctia ham ngau nhién lién tuc Z(t)

trong viing tinh toén (0, D].

Pé x4c dinh ky vong va phuong sai ctia giai doan 0 cho Z?, xem
xét ham v6 huéng ngiu nhién lién tuc Z(t) mot phwong, mdt miu duge
thé hién trong Hinh 3 va xac dinh viing tinh toén (0, D], trong d6 mot sw
thue hién (realization) dugce thiét 1ap. Xem xét trudng hop téng quat tai
giai doan i + 1 dang dugce phat sinh. Tl Itic nay chi s6 trén i quy dinh
cho giai doan dang xem xét. Ta c6, chiéu rong clia 6 tai giai doan i

Di=2 i=012..L 9)
trong d6, L 12 sb thit ty giai doan cubi cling; téng sé 6 cla
giai doan cudi cling 14 N = 2%, va ZL 1a gia tri trung binh ctia ham ngiu
nhién Z(t) trong khoang (k — 1)D' <t < kD' ¢4 trong tAm tai t, =
(k=2)pina

kD!

; 1

Zi=1; fZ(f)ds (10)
(k-1)D!

trong d6 E[Z}] = E[Z] = 0. Ham hiép phuong sai giita hai gid tri trung
binh cuc bd (local average) phan chia b&i mD' gitta hai trong tAm la:
£ 7l Z kD' (k+m)D! , /
E[ZZL, ] = E [(Di) oot Jaermo ot Z()Z(E)dEdE ]
S 2 i i
(282l = (52) 1y S 27 C(§ — §déde’

va ¢6 thé dvoc tinh toan dya vao tich phan s6 Gaussian.

11

i J+1
21| 2 2j+1 | 2j+2

Hinh 4. Chi s6 theo phiong phap LAS 1-D ctia giai doan i (& trén)
va giai doan i+1 (& dudi).

Dwa vao Hinh 4, viéc tinh todn cho giai doan i + 1 khi da biét
thiee hién tride giai doan i c6 thé thie hién thong qua tinh toan ky
vong clia Z5+* va thém vao mot nhiéu tring r&i rac ¢6 gia tri trung binh
bing khong (a zero mean discrete white noise) cHYH [tie 12 c6
phuong sai (ci*1)?].

ZEL = ML 4 ¢y (12)

Uéc lugng tuyén tinh tdt nhit cho ky vong Mit! cé thé thuc hién

bing cach té hop cic tuyén tinh clia cic gia tri giai doan i (giai doan

me) vGivai 0 melan canj —n,..,j +n,
j+n

M = Z ai_7 13)
k=j-n
Nhan Phuong trinh (12) v&i Zi, va thue hién phép 14y ky vong
va luvu y U}“ khong c6 twong quan v§i cac gia tri cta giai doan i nén

ta c6 thé x4c dinh céc hé sb a} nhu sau:
jt+n
E[ziHZh) = Z al_E[ZLZL) (14
k=j-n R R

bay l1a hé cac phuong trinh (m = j — n, ..., j + n) dé cé thé xac dinh
céc hé s6 al (I = —n, ..., n). Ma tran hiép phiong sai nhan v&i vector {a!}
¢6 tinh dbi xitng va Toeplitz (cdc phin ti¥ ndm trén mdi duwdng chéo 1a
béing nhau). Véi UP~N(0,1) thi phitong sai cta nhiéu tring 1a (c'*1)?
¢6 thé dwgc xac dinh bing cach binh phwong Phwong trinh (12), thic
hién phép ky vong va stt dung két qua ctia Phwong trinh (14):

j+n

(2 = E[(z5)°] - Z al,_E[zi417] (15)
k=j-n
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O 1an can, Zé}}l, dugc x4c dinh dya vao quy dinh bao toan sy

trung binh gitta 6 me va hai 6 con:
8t =2z} -7t (16)

Viéc xac dinh hiép phuong sai gitta cac trung binh gitta hai giai
doan dugc thuc hién qua:

E[ziz) = %E[Z;’}lz;tnl_l] - %E[Zé}lzgi,}] a7

va duoc st dung cho Phuong trinh (14). Cac ky vong ctiia Phwong
trinh (14)-(17) dugc thuc hién théng qua Phuong trinh (11) v&i giai
doan twong Gng. Vi céc qué trinh ¢6 tinh ditng, tap hop céc hé s6 {a}}
va ¢! 1a ddc 1ap theo vi tri nén cac ky vong trong cdc Phiong trinh
Egs. (14) va (15) chi phu thudc vao khang cach céc trung binh.

Lic nay, quy trinh phat sinh dugc trinh bay lai nhu sau: 1. Véi
{=0,1,2,...,L tinh toén cac hé s {a{} (I = —n, ..., n) theo Phiong trinh
(14) va c¢i*! theo Phiong trinh (15). 2. Bit diu tit i = 0, phat sinh gia
tri trung binh téng thé véi cac dic tring 12 ki vong bing khéng va
phuong sai dya vao Phutong trinh (6). 3. Phan chia thanh hai 6 con. 4.
V6&i mbi j = 1,2,..., 2%, phat sinh cho z§}* va zi}!; thong qua Phuong
trinh (12) va (16). 5. Téng i va néu chwa 16n hon L thi quay lai buge 3.

Khi sb phE?m t¢ 14n cAn 2n + 1 16n hon 1 (n > 0) thi khi tinh todn
céc gia tri sat bién c6 thé cAn thém gid tri ctia giai doan triée d6 nim bén
ngoai bién. Vin d@ nay c6 thé duoc giai quyét véi gia thiét 14 cac gia tri
nim ngoai ving (0, D] khéng cé tiong quan v&i cic gia tri ndm trong
ving. Sy phét sinh [Phuwong trinh (12)] ¢6 céc 6 sat bién trd thanh

' ' e as)
Zt =y Y al 7
k=j=p . P
trong d6 p = min(n,j — 1), ¢ = min(n, 2" — j), va cac hé so aj chi
cin tinh cho | = —p, ..., q. Trong viéc trién khai LAS trong bai nghién
cttu nay, sb lwgng cac 6 14n can duge ding 1a 3 (n = 1), titc 6 me va

hai 6 hai bén.
4. K&t qua tinh toan va thao luan

Trén co s& cac 1y thuyét da trinh bay, nhém tac gia da thiét 1ap
mot chivong trinh tinh st dung ngdn ngi Python. Phan nay trinh bay
két qua va cac thao luan lién quan. Cac thuc hién déu c6 chung chiéu
dai viing xem xét D = 200 m va sb giai doan L = 10. Ham twong quan
dugc gia dinh 1a Markov [1]:

p(t) = exp [— %} (19)

trong d6, 7 1a khoang cach giita hai diém dang xét va 6 13 d6 dai
twong quan.

Trong céc tinh toan ndy, dé d& dang so sanh, gi4 tri trung binh
ban dAu ctia viing tinh toan (trong pham vi chidu dai D) dwgc dinh sin
12 0. Theo Iy thuyét, mic di1 ky vong ctia tridng ngiu nhién 13 0 nhung
trong viing D thi gi tri trung binh c6 thé khac 0 do tuén theo Iy thuyét
trung binh cuc by nhu da trinh bay & trén.

4.1. So sdnh v&i qud trinh ngdu nhién khéng cé tinh titong quan

Xem xét hai thuc hién (realization) c6 chung cac thudc tinh nhu

ky vong uy = 0 (khong th nguyén) va gia tri phvong sai o7 = 4 (khong
tht nguyén). Tuy nhién, thuc hién 1 1a trud'ng ngiu nhién khéng c6
twong quan theo khong gian va thuyc hién 2 c6 tinh twvong quan véi do
dai twong quan 6 = 5 m. Két qua thé hién trong Hinh 5. Mot cach dinh
tinh, chiing ta thiy khi c6 su twong quan, cic gia tri phat sinh di theo
xu hudng (1én hay xubng) va céc gia tri dao dong quanh xu huéng nay.
Trong khi d6, khi khong c6 su twong quan, sy phat sinh khong tao ra

mot xu hudng nao ro rét.

S6 thar ty 8 phan chia
-10.0 -100
0 200 400 600 800 1000 0 200 a00 600 800 1000

4 i ty & phdn chia

Hinh 5. So sanh hai thuc hién tredng ngiu nhién cé chung ky vong
X va phiong sai 0_X"2. Trudng ngiu nhién bén trén khdng ¢ su
tuwong quan va hinh dudi cé sy tuong quan.

4.2. Thay déi phirong sai

6 thir by & phan chia

56 10 W 6 phan chia

Hinh 6. So sanh hai thifc hién trudng ngéu nhién c6 chung ky vong pX
va @0 dai twong quan 6. Trudng ngiu nhién bén trén cé phuong sai
0 X"2=4va truong bén dudi cé phuong sai 0 X2 =9 (khong thi nguyén).

Tién hanh hai thyc hién ¢6 chung ky vong uy = 0 (khéng thit
nguyén) va d6 dai twong quan 6 = 5 m. Tuy nhién, hai thuc hién cé
khéc nhau gia tri phwvong sai. Cu thé 13 62 = 4 va g% = 9 (khong thi
nguyén). Két qua thé hién trong Hinh 6. Ching ta thiy r6 rang 1a khi
phuiiong sai 16n hon thi dao déng ctia tred'ng ngau nhién d6 ciing 16n
hon. Panh gid nay théng qua hinh anh ciing chi mang tinh dinh tinh,
phin 4.4 sé trinh bay phén tich mang tinh dinh Iwgng.

4.3. Thay dbi d6 dai twong quan

Tién hanh hai thue hién c6 chung ky vong py = 0 (khong th
nguyén) va phong sai o7 = 4 (khong th nguyén). Tuy nhién, hai thye
hién c6 khéc nhau gia tri d6 dai tvong quan. Cu thlad=3mvag=
10 m. Két qua thé hién trong Hinh 7. Ching ta thiy r6 rang 14 khi d6
dai tvong quan 16n thi mét xu hudng di sé dai hon. Panh gia nay thong
qua hinh anh ciing chi mang tinh dinh tinh, phin 4.4 sé trinh bay phan
tich mang tinh dinh lugng.
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Hinh 7. So snh hai thuc hién treong ngau nhién cé chung ky vong
u_X va phuong sai 0_X"2. Tredng ngiu nhién bén trén c6 d6 dai twong
quan 6=3 m va truong bén duéi c6 do dai twong quan 6 =10 m.

Bang 1. Théng s6 dau vao trudng ngiu nhién.

4.4. Phdn tich dinh lwgng

Pé phan tich két qua c6 tinh dinh lwong hon, nghién ciu tién
hanh mé hinh hai tinh huéng v&i cac thong s cho trong Bang 1.

Tién hanh thi nghiém v&i 100000 thitc hién cho mbi trudng hop.
Stt dung céc cong cu théng ké dé tinh toan gi4 tri trung binh, phvong
sai va d6 dai tuong quan trung binh ctia mAu. Pé dé so sanh, trong Bang
2, céc gia tri dAu vao duge dé trong ddu ngoic sat bén gia tri méi duge
tinh toan. Két qua thé hién chuong trinh tinh ctia bai nghién cu nay
st dung phuong phéap LAS dé phat sinh triedng ngiu nhién 1-D cho két
qua chip nhén duoc.

. Ky vong uy Phuong sai o b) dai tuong quan 6 Chiéu dai viing xem xét D <.
Truwong hop 3 , SO giai doan L
(khong thit nguyén) (khong thit nguyén) (m) (m)
1 0 4 4 200 10
2 0 4 6 200 10

Bang 2. Két qua phan tich.

. Gi4 tri trung binh ctia mau uy Phuwong sai cia mau o2 Do dai twong quan trung binh ctia mau 6
Truong hop R ; N R . N
(khong thi¢ nguyén) (khong thi nguyén) (m)
1 0,46 x 10718 (0) 3,67 (4) 3,53 (49)
2 0,14 x 10718 (0) 3,66 (4) 5,97 (6)

5. Kétluan

Viéc phét sinh tredng ngau nhién ctia cac thong sb dét trong cac
bai todn dia ky thuét 1 12 mot xu hwdng phd bién gin day trong phan
tich tinh to4n. Viéc trién khai hop 1y céc treong nglu nhién 12 rit cin
thiét trong phan tich d tin ciy va danh gia rti ro. Bén canh d6, viéc
phét sinh trédng ngau nhién c6 xem xét tinh twong quan theo khéng
gian déng vai tro quan trong. Bai nghién cttu nay tap trung vao xem xét
phuong phap Phan chia Trung binh Cuc b6 (Local Average Subdivision
- LAS) do déy 12 phuong phép cé nhidu wu diém khi 4p dung vao cic
bai toan dia ky thuat xay dung c6 xem xét tinh twong quan theo khong
gian. Cac co s& 1y thuyét va giai thuat caa phuong phap LAS da dugc
trinh bay. Nhém téc gia két hop co s& 1y thuyét va giai thuat trén dé
xdy dung mot chwong trinh tinh st dung ngdn ngit 1ap trinh Python.
Chuong trinh tinh duge sit dung dé mé phéng va c6 céc so sanh sau:

e So sanh v&i tredng ngdu nhién khong xem xét sy twong quan
theo khong gian. Két qua biéu dd cho thdy, mé hinh phét sinh LAS cho
thiy tinh twong quan nay.

e So sanh tinh hudng khac nhau vé& théng sé nhw phwong sai
hay d6 dai twong quan.

e Tién hanh phan tich 100.000 1in mé phong dé so sanh két
qua diu vao véi két qua mé phong. Cac két qua d6 1a ky vong, phwong
sai va d6 dai twong quan. Két qlia so sanh cho thidy mé hinh phét sinh
dat két qua chép nhan dugec.

Tuy nhién, chiong trinh tinh chi khai trién cho bai todn 1-D va
nhém tac gia dang trong qua trinh phat trién dé& ¢ng dung trong bai

toan nhiu phuong hon.

LOi cam on
Chiing t6i xin cam on Trwdong Pai hoc Bach khoa, PHQG-HCM
da hd trg cho nghién ctu nay.
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