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Tém tit - Con lic nguoc hé phing 1a mé hinh dic trung cho hé
théng may moc ¢6 tay may lién than xe c6 mang vat dung dimg can
di chuyén trén hé ray tinh tién theo mét quang dudng cb dinh. Day
ciing 13 mé hinh duoc sir dung nhiéu trong céc truong dai hoc trén
thé giéi dé nghién ciru va giang day. Trong nghién ciru nay, nhém
tac gi trinh bay céc budc xay dung va thuc nghiém mo hinh con lic
nguoc dugc didu khién bang vi xit Iy C2000 ctia Texas Instrument.
Trudc tién, md hinh dong luc hoc ciia hé théng duoc thiét 1ap. Tiép
theo cac thong s6 didu khién tuong tmg véi két ciu cy thé cua mo
hinh duoc mé ta. Tir do, két qua thyc nghiém qua trinh nang con ¢
(swing-up) va giit can bang cua hé théng duoc phén tich.

Tir khoéa - M6 hinh dong luc hoc; hé con l5c nguoc phéng; LQR;
C2000 microprocessor

1. Gi6i thi¢u

Con lic nguoc 1a mo hinh duoc sir dung rong rii trong
céc trudng dai hoc trén thé gidi danh cho viéc nghién ctru va
giang day [1-5]. M6 hinh con lic nguoc hé truot 1a mot hé
con lac don hai bac ty do dugc dit trén mot xe day di chuyén
tinh tién qua lai trong ving khong gian da dinh trudc. Pay 1a
mo hinh ¢é hai bac ty do va chi st dung mét bo dong co dit
& du vao (xe ddy) dé kiém soat con lic don duy tri trang thai
on dinh can bang trong qua trinh dung nguoc. He théng con
lac nguoc nay 1a déc trung cho md hinh thye té ctia mot co
chu tay gap robot c6 hai bac tir do nhung chi ¢6 mot khop co
thé kiém soat hoat dong co cu d6. Mot hé thong nhu vay rat
d& mat 6n dinh va kho diéu khién. Do d6, cac nha nghién ctru
hodc cac ky su thuong c6 xu huong sir dung loai m6 hinh nay
dé tmg dung cac giai phap kiém soat can bang trong qua trinh
dung ngugc con lic. Tir khi xuét hién vao nhiing thap nién
60 cua thé ky trude trong cong trinh nghién ciru cia truong
MIT (M¥) [1], cho dén nay cac mé hinh con lic ngugc da
duoc sir dung nhiéu trong nghién ctru cac truong dai hoc &
khép noi trén thé giéi [2-5]. Cac hé con lic nguoc nay co thé
¢6 nhiéu bién thé khac nhau (con lic ngugc doi, con lic
ngugc quay, con lic ngugc hé phang...) nhung mé hinh con
lic nguoc chuyen dong truot qua lai trén mot hé tryc 1a loai
co ban nhat va c6 dugc nhiéu sy quan tim hon ca.

C6 nhiéu nghién ctru véi cac cach tiép can khac nhau
dugc tng dung trén mo hinh con lic nguoc. Trude hét, mo
hinh dong luc hoc va cac phuong trinh chuyén dong cua hé
con lac nay dugc phan tich [6-8]. Dya trén cac dic diém
dong luc hoc d6 va cac gia dinh tinh hudng, cac phuong phap
diéu khién khac nhau tir don gian dén phirc tap di dugc ing
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dung dé kiém tra tinh hiéu qua d6i véi mé hinh diéu khién
d6 [8-12]. Rd rang viée img dung va kiém thir cac phuong
phép diéu khién d6i vi md hinh d& mat 6n dinh va khé diéu
khién nhu hé con lic nguoc cling tao dugc cac dinh hudng
phtt hop cho viée tmg dung cac phuong phap nay ddi véi cac
hé thong twong tu nhung c6 quy md 16n hon.

Mot vai cong trinh trong nudc di thé hién sy quan tim
d6i v6i loai md hinh con lic nguoc nay [13]-[14]. Pa phan
cac nghién ctru nay chu trong thyce hién viée gia lap cac thuat
toan didu khién trong méi trudng md phong trén cic tng
dung tiéu biéu nhu Matlab. Trong nghién ctru [13], céc tac
gia da mo phong hé thong diéu khién con lic nguoc h¢ tinh
tién voi hai vong phan hoi dé tang tinh chinh xac va on dinh
cua hé thong. M0 hinh diéu khién cta hé thong d6 duoc dua
trén phuong phap diéu khién can béing tuyén tinh toan
phuong (LQR), tuy nhién két qua phuong an diéu khién chua
¢6 sy kiém nghiém trén hé thong thuc nghiém dic trung.

Bai bao mo ta cac budc thyc hién va thi nghiém trén
mot hé con lic nguoc duoc thiét ké dé didu khién vai bo vi
xur ly C2000 cua Texas Instrument (TI). Trudc tién, co s6
ly thuyét (md hinh todn hoc hé thong, cac hé s6 dau vao va
déu ra cua md hinh can diéu khién) cua hé con lic nguoc
hé truot truyen thong s€ dugc mo ta. Thém vao do, dic
diém va thong s ché tao ctia mé hinh thyc nghiém hé con
lic nguoc nay cing duoc gidi thiéu ¢ phan tiép theo. Dua
trén nén tang cua phuong phap LQR két hop v6i bo diéu
khién PID truyén thong, qué trinh nang con lic (Swing-up)
va duy tri trang thai can bang trong hé thuc nghiém con lac
nguoc diéu khién véi b vi xtr Iy C2000 ciing s& duge gidi
thiéu. Cac két qua thyuc nghiém do6 di cho thay, tinh kha thi
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ciia mot thiét ké mé hinh thuc nghiém con lac nguoc st
dung trong giang day & cac truong dai hoc Viét Nam.

2. M6 hinh ddng luc hoc ciia con lic ngwogc hé trugt
Mb hinh con lic ngugc hé truot dwoc mé ta nhu Hinh
1. Mot xe trugt c6 khdi lugng M di chuyén tinh tién trén
mot duong dan gi6i han. Con lac ctia hé thong dugc gin
lién bang khop quay va dich chuyén qua lai trén xe truot.
Xe dich chuyén duoc nhd mét luc tac dong F bén ngoai.
Hé thong ctia md hinh nay dat dugc 6n dinh mong mudn
trong diéu khién khi thanh lic cta hé thong duy tri ¢ trang
thai thang dung, hudng 1€n ¢ moi vi tri cia xe truot (6=0).
Con lc ¢6 ciu tao 2 phan gan cling v&i nhau c6 khdi lugng
m; va chiéu dai l; (i=1+2). V& ban chét, hai phan nay dai
dién canh tay don khdi lugng m; ¢6 mang theo vét niang m.

Hinh 1. So' d6 nguyén 1y mé hinh con ldc nguwge hé triot

V& co ban, md hinh con lic ngugc hé trugt co thé st
dung phuong trinh Euler-Lagrange II ¢¢ mé ta mo hinh
dong lyc hoc cua no [8, 15]. Mot hé con liac nguoc hé trugt
1a mot hé 6 hai bac tu do, gbm xe day (mang theo con lic)
chuyén dong tinh tién va mot con lac chuyén dong quay
quanh mét tim quay ¢ dinh. Do d6, trong mo hinh dong
luc hoc nay, toa do suy rong va luc tac dong cla hé sé lan
luot 1a [x €] va [F 0]7 (gia thuyét bo qua ma sat giira xe va
ray truot va ma sat trong cac 6 truc). Hé phuong trinh
chuyén dong ctia hé théng d6 c6 thé dugc viét nhu sau:

(M +m)%+ml_cosdd —ml_6%sing = F 0
ml, cos@% +(J +ml?)d —mgl_sind =0
Trong do:
ml|21+m2[ll+|§j
m=m+m,; | =—"~ </
m, +m,

—%mllf +%m2 (317 +31,1,+17) : Moment quan tinh h¢

thong
F: xé4c dinh tir d6ng co dién st dung chay xe day.
(theo mé hinh vit Iy ciia dong co dién thong thuong [16])
g: gia toc trong truong.

3. Phuong 4n diéu khién hé con lic ngwgc hé trugt

Dé dat dugc trang thai can bing mong mudn cia con
lic nguoc, phuong phap can bang tuyén tinh toan phuong
(LOR) duogc str dung dé ti wu niang luong trong qué trinh
dung nguoc con lic don va duy tri & trang thai cin bang.
Dau tién, dé x4c dinh hé théng ¢6 thé st dung phuong phap
LQR, céc khao sat vé tinh diéu khién duoc va kha nang
quan sat dugc clia cac bién trang thai trong mé hinh trang
thai (State Space Model — SSM) ctia hé thong nay da duoc

xét dén. Thém vao do, trong qua trinh dung ngugc con léc,
hé didu khién c6 phan hdi duoc xac dinh dya trén cac thong
s0 co dugc tir cac bién trang thai nay. Cac hé sd sir dung
trong hé phan hoi nay dugc tinh toan dua trén cach tiép can
tr phuwong phap LQR. Bo diéu khién LQR s& nhén tin hiéu
vao tir cac bién trang thai ctia hé thong va sau d6 tinh toan
dé chuyén thanh tin hiéu tac dong vao hé thong, kiém soat
con lic ludn chi lic Iu quanh vi trj can bang khi dung dimg
v6i goc lac = 10°. Do d6, ma tran hé s6 phan hoi K theo
luat diéu khiénU = —K.X cin thoa man diéu kién ham chi
tiéu vé nang luong 1a nho nhat:

J :j:(xTQx +UTRU )t

Véi: X: bién khong gian trang thai; U: tin hi¢u diéu khién
(dau vao).

Q, R duoc x4c dinh tiy vao thong s thuc t& cia mo
hinh thuc nghiém dang tién hanh xay dung. Hé s6 Q, R
duoc chon ban du dua trén nguyén tac tranh dua dong co
can diéu khién vé trang thai bdo hoa (Saturation) nhung van
dam bao con lic ngugc dat duoc trang thai can bang trong
thoi gian nhanh nhat. Cac hé s6 Q va R lan luot la:

25 0 0 O
0 01 0 O

=10 0 100 o0
0O 0 0 01
R=01

Tir d6 ta xac dinh dugc ma tran hé so phan hoi cia qua
trinh diéu khién dyng nguoc con lac:

K=[t58 253 2033 513]

Ngoai ra, dé kiém soét qué trinh chuyén dong cua dong
co, mot bd diéu khién PD duogc su dung. Cac hé ) Kp va
Kd trong bd diéu khién nay dugc xac dinh nho vao cong cy
PID turning cia MATLAB (Kp = 52,3, K¢ = 30).

So db khdi hé diéu khién con lic nguoc nay dwgc md
ta cy thé trong Hinh 2.

4> 10° o | Ax %
_— U_| Pong co F Con lac
nguoe hé

g<10°| A dién guae he P

trugt

Swing-up

Hinh 2. So d6 dié‘uﬂ khién dung ngioc con ldc don va
duy tri trang thdi on dinh trong qud trinh dung diing
4. M6 hinh thuc nghiém
4.1. M0 hinh thiét ké
MBS hinh con lac nguoc hé trugt dugce biéu dién trong
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Hinh 3. M6 hinh con lic nguoc hé truot st dung dong co
dién mot chidu dé 1am co céu dan dong dau vao cho xe truot
qua lai trén ban trugt thong qua co ciu din dong dai. Hé con
lic ngugc (gdm hai thanh lic ddc rudt, dong chat nhung c6
khdi lwong va chiéu dai khac nhau, va gin cimg véi nhau)
duoc gan trén xe trugt d6. Mot cam bién goc quay (Encoder)
duogc dat ¢ vi tri cudi hanh trinh cua ban truot, d6i ximg voi
dong co ¢ phia dau, nham muyc dich xac dinh vi tri va hanh
trinh cta xe truot cia mo hinh. Trong khi d6, goc quay cua
con lac dugc nhan blet nho vao mot cam bién gbc thur hai
duoc gin lién truc tiép vai truc quay ciia con lic d6. Thém
vao do, loai dong co dién str dung cho mo hinh nay da dugc
nhan dinh hé thdng nhim xéc dinh cac thong s vat 1y dic
trung ctia hé chuyén ddi Pién-Co cua dong co. Dong thoi,
dwa vao qué trinh do dac cac thong s6 vét Iy thong thuong,
céc thong sb vé kich thude va khéi lugng ciia hé con lic ciing
duoc xac dinh. Chi tiét thong s6 ctia mo hinh con lic nguoc
hé trugt dugc mo ta trong Bang 1.

Cam bién goc quay

Cam bién vi tri

Pong co
DC

xe truot

Thanh lic

Co cau dan
dong dai

Xe truot

Hinh 3. M6 hinh con lic nguoc hé truot
Bing 1. Cac théng sé md hinh con ldc ngirge hé truot

Théng sé Ki higu | Pon vi Gid tri
D6 dai thanh lic 1 I (m) 0,3
D6 dai thanh lic 2 I> (m) 0,25
Khéi lwong thanh Iic 1 mi (kg) 0,06
Khéi lugng thanh lic 2 m: (kg) 0,04
m;rrl;llelr%tc quan tinh cua hai J (kem?) | 9,23x10%
Khéi lugng xe truot M (kg) 0,5
Pudng kinh pully r (m) 0,01835
Gia téc trong truong g (m/s?) 9,81
Hé s6 Back-EMF Ko 0,015
Noi dién trd cua dong co R (®)] 15
Chiéu dai ban trugt (m) 0,48

4.2. H¢ théng diéu khién mé hinh véi vi xiv Iy C2000

Heé thdng diéu khién m6 hinh con lic nguoc hé trugt voi
Vi xtr Iy C2000 dugc mo ta trong Hinh 4. Truédc tién, théng
s6 du vao va chwong trinh didu khién dwoc thyuc hién voi
su hd trg clia g dung soan thao trén bo cong cu hd tro lap
trinh trong ing dung Matlab danh riéng cho vi xir Iy C2000
cua TI va dugc nap vao mach C2000 Delfino ciua Texas
Instrument thdng qua chuong trinh CCS (Code Composer
Studio) str dung riéng cho cac bo mach DSP. Viéc st dung
bo xur Iy trung tdm vai vi xtr Iy C2000 s€ gitp qua trinh xur
1y tin hi€u theo thoi gian thuc duge dam bao voi d6 tin cay
cao, va dong thoi qua trinh tinh toan phie tap hé thong co
yéu cau tinh dong b0 cao gitra cac co cau phdi hop s& duoc
dam bao. Nguon dién dugc cung cap cho cac dong co duoc

théng qua mach cau H, gitp cho viéc ddi chidu quay ciia
dong co, diéu nay s& lam cho xe truot ciia mé hinh dwoc di
chuyén qua - lai mot cach dé dang. Tin hiéu phan hoi cua
cac cam bién goc (vi tri xe trugt va goc quay con lic) va tin
hiéu diéu khién (theo phuong phap PWM) déu duoc thuc
hién boi bo xu ly trung tdm vei MCU C2000.

Lap trinh

C2000 trén
Matlab

cCs

Juss]

DSP C2000

l

Mach ciu H

]

Déng co dién
mét chiéu

l

Con lde nguge
hé truot

Ngudn dién
12v

Cam bién vl
tri xe trugt

L| Cam bién goe
quay thanh lac

Hinh 4. H¢ tho”'ng diéu khién mé hinh con ldc nguoc hé trueot voi
vi xtr Iy C2000

5. Két qua
5.1. Kiém tra thugt todn LOR

Vi tri (mét)

-0,1°
0
Thoi gian (gidy)

Hinh 5. Ddp iing vi tri xe mé phong

Goc quay ()

I 2 3 4 s 6 71 8 9 10
Thoi gian (giay)

Hinh 6. Pdp img géc thanh ldc mé phong

Két qua so sanh md phong va thuc nghiém qua trinh 6n
dinh thanh lic xung quanh vi tri can b??mg duoc thé hién trong
Hinh 5 va Hinh 6. Cac két qua trén dugc thuc hién dya trén
cac thong sb mé hinh twong g trong Bang 1. Qua trinh 6n
dinh thanh lac dugc thuc hién khi thanh lic ¢6 goc léch +10°
s0 voi phuong thang dimg hudng 1én. Lic nay bo diéu khién
LQR s& c¢6 nhiém vy dua thanh lic vé vi tri thing dimg
hudng 1én va duy tri trang thai nay trong qua trinh khéo sat.
Bén canh d6, bo diéu khién PD kiém soat xe truot ludn nim
trong ving giéi han ciia ban trugt. Cac hé sé cua bo didu
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khién LQR va PD duoc thiét ké boi cong cu PID turning ciia
phén mém MATLAB c6 thé d4p tmg dugc cho mo hinh thyc
nghiém. Tuy nhién, két qua mé phong (nét dit mau do) va
thue nghiém (nét 1ién mau den) con c6 sy sai léch sau 1 gidy.
Céc sai léch nay dugc gly ra trong qua trinh hoat dong cia
md hinh thuc nghiém. Céc sai s6 d6 c6 thé xut phat tir viéc
bo qua ma sat clia xe truot, 6 bi, d cimg vimg cua khung
mAy va cac tc dong nhiéu tir bén ngoai.
5.2. Thuc nghiém

Két qua thuc nghiém cua hé con lac truot trong qua trinh
Swing-up va 6n dinh sau d6 dugc thé hién trong Hinh 7 va 8.
Quié trinh Swing-up thuc hién nhiém vu nang con lic tir vi tri
dimg yén theo phuong hudng xubng chuyén dong quay ngugc
1én phuong trén; Dén khi dat vi tri g'?m can béng hé diéu khién
ctia m hinh s& thyc hién qua trinh kiém soat can bang quanh
phuong con lic dung dimg hudng 1én nho vao phuong phap
diéu khién LQR. Qua trinh tic dong khién cho con lic dich
chuyén ra khoi vi tri dimg yén ban dau (phuong thang dimg
hudng xudng) duoc hd trg boi mot lyc tac dong manh khién
xe trugt ting tdc nhanh, luc nay co dugc tao ra boi chuyen
dong cua dong co dau vao voi gia te di 16n. Duya vao két qua
thyuc nghiém, mé hinh con lic hé truot da thiét ké can 8 gidy
dé 6n dinh quanh vi tri cAn bang, qua trinh d6 da bao gdm qua
trinh Swing-up va cén bang hé thong theo LQR. Tuy nhién,
khi h¢ thong chuyén sang trang thai can bang thanh ldc, thoi
gian dap (mg cua thanh lic ¢6 sai khac so voi két qua thuc
nghiém thé hién trong Hinh 6. Diéu nay dugc gy ra boi thanh
lic khi dat dugc goc 1éch 10 d, toc do goc luc nay 1a 16n do
qué trinh Swing-up gay ra nén thanh lic dat dugc trang thai
x4c 1ap nhanh hon. Nhin chung, thoi gian dat dugc trang thai
cén bang ctia mo hinh 1a hop 1y va chip nhan duoc cho mot
hé thuc nghiém ciia con lic nguoc hé truot tiéu chuén.

0,3 )

0,2

Vi tri (mét)
S =)
Z o =T

s
[

0 s 10 15 20
Thoi gian (gidy)
Hinh 7. Ddp vng vi tri xe thuc nghiém

Y

)
(=]

Goc quay (do)
(=}

0 5 10 s 20
Thoi gian (gidy)
Hinh 8. Pdp img goc thanh lic thire nghiém

6. Két luan

Bai bao mo ta cac budce thyc hién va thi nghiém trén mot
hé con lic ngugc dugce thiét ké dé diéu khién voi bo vi xir ly
C2000 cua Texas Instrument (TI). Céc dic diém va thong sO
can thiét dé ché tao mot mo hinh con 1ac nguoc hé truot da
dwoc mo ta chi tiét. M6 hinh didu khién can bang hé thong

con lic nguoc ndy da duoc gioi thiéu dya trén sy két hop cta
phuong phap diéu khién PID truyén thong va phuong phap
cén bang tuyén tinh toan phuong LQR. Ngoai ra, bd vi xtr ly
C2000 ciia Texas Instrumenrt d3 dugc str dung dé didu khién
va kiém soat mé hinh thyc té d xay dung.

Qua trinh diéu khién cén bang ctia mé hinh con lic ngugc
da dugce ching minh dat dugc hiéu qua dya trén cac két qua
thuc nghiém. Cac dao dong 16n do dugc tir cac cam bién
dugc xac dinh trong qué trinh Swing-up ctia con lic nhim
dua con lic dung ngugc. Sau khoang thoi gian 8 gidy, con
lic da dat duoc trang thai can bang & vi tri dung ngugc d6.

TAI LIEU THAM KHAO

[1] J. K. Roberge. The mechanical seal. Bachelor’s
Massachusetts Institute of Technology, Cambridge, 1960.

[2] K. Furuta, M.Yamakita, S. Kobayashi. “Swing up control of inverted
pendulum”, in Proceedings of Inter. Conf. on Industrial Electronics,
Control and Instrumentation, vol. 3, 1991, pp. 2193-2198.

[3] H.J.T. Smith, J.A. Blackburn, “Experimental study of an inverted
pendulum”, Ame. J. of Physics, 60(10), 1992, pp. 909-911.

[4] Z. Chang, H. Chu, Y. Shao, X. Zhang, “A Synthetic LQR Control
for The Planar Inverted Pendulum”, in Proc. of 2019 Chinese
Automation Congress (CAC), 2019, pp. 3583-3587.

[5] A.D. Pham, H.J. Ahn, “Evaluation of Input Shaping Methods for
the Nonlinear Vibration System Using a Furuta Pendulum”, J.
Korean Soc. Precis. ENg., 37(11), 2020, pp. 827-833.

[6] L.B.Prasad, B. Tyagi and H. O. Gupta, "Optimal control of nonlinear
inverted pendulum dynamical system with disturbance input using
PID controller & LQR”, 2011 IEEE International Conference on
Control System, Computing and Engineering, 2011, pp. 540-545.

[7]1 N. Muskinja and B. Tovornik, "Swinging up and stabilization of a
real inverted pendulum”, IEEE Transactions on Industrial
Electronics, 53(2), 2006, pp. 631-639.

[8] I Siradjuddin, Z. Amalia, B. Setiawan, R. P. Wicaksono and E.
Yudaningtyas, "Stabilising a cart inverted pendulum system using
pole placement control method”, 2017 15th International
Conference on Quality in Research (QIR) : International Symposium
on Electrical and Computer Engineering, 2017, pp. 197-203.

[9] A. Ghosh, T. Krishnan and B. Subudhi, "Robust proportional—
integral—derivative compensation of an inverted cart—pendulum
system: an experimental study”, IET Control Theory Amp Appl., vol.
6, 2012, pp. 1145-1152.

[10] S. K. Valluru, M. Singh, M. Singh and V. Khattar, "Experimental
Validation of PID and LQR Control Techniques for Stabilization of
Cart Inverted Pendulum System”, 2018 3rd IEEE International
Conference on Recent Trends in Electronics, Information &
Communication Technology (RTEICT), 2018, pp. 708-712.

[11] A. Jain, A. Sharma, V. Jately, B. Azzopardi and S. Choudhury,
"Real-Time Swing-Up Control of Non-Linear Inverted Pendulum
Using Lyapunov Based Optimized Fuzzy Logic Control”, IEEE
Access, vol. 9, 2011, pp. 50715-50726.

[12] L. B. Prasad, H. O. Gupta and B. Tyagi, "Intelligent control of
nonlinear inverted pendulum dynamical system with disturbance
input using fuzzy logic systems”, 2011 International Conference On
Recent Advancements In Electrical, Electronics And Control
Engineering, 2011, pp. 136-141.

[13] Cao Xuén Cudng, Trdn Dinh Khéi Quéc, “Diéu khién mé hinh con
lic nguoc st dung bd diéu khién LQR v&i hai vong phan hdi”, Tap
chi Khoa hoc va Cong nghé - Pai hoc Pa Nang, S6 5 (126), 2018,
quyén 1, pp. 16-20.

[14] Nguyen Thanh Tén, Bdo cdo tong két dé tai ‘nghién ciru khoa hoc
cap truong: Thiét ké mé hinh cdn bang con ldc nguoc, Pai hoc Tra
Vinh, 2017.

[15] L. Zhang and Y. Tu, "Research of Car Inverted Pendulum Model
Based on Lagrange Equation”, 2006 6th World Congress on
Intelligent Control and Automation, vol. 1, 2006, pp. 820-824.

[16] H. N. Le, P. V. Dang, A.-D. Pham and N. T. Vo, "System
identifications of a 2DOF pendulum controlled by QUBE-servo and
its unwanted oscillation factors”, Archive of Mechanical
Engineering, vol. 67, 2020, pp. 435-450.

thesis,



	1. Giới thiệu
	1. Giới thiệu
	4.2. Hệ thống điều khiển mô hình với vi xử lý C2000

	5. Kết quả
	5.1. Kiểm tra thuật toán LQR
	5.2. Thực nghiệm

	6. Kết luận

