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Tém tit. Tai Viét Nam, céc tai nan lao dong, tai nan giao thong van dang dién ra hing ngay lam tang s6
lwong bénh nhan b chin thuong liét co, giam hozc mit chirc nang di chuyén bang chan. Diéu nay gay nén
nhitng h¢ luy khong déng c6 cho xa héi. Cac trung tam phuc hdi chirc ning da phan nao giup dua nhing
bénh nhan phuc hoi kha “nang di chuyen tro lai nho cac phuong phap vat ly tri liéu, va cac thiét bi hd tro.
Tuy nhién, van con do rat nhiéu thlet bi hd tro nhu xe lin, nang van gay kho khan va bét tién cho nguoi su
dung, trong khi d6 tai Viét Nam van rat hiém c6 nhitng nghién ciru chuyén sau va ché tao cac thiét bi dé c6
thé gitip ngudi miac mang vao hd tro di chuyén nhu 1a hoat dong thong thudng trong sinh hoat hang ngay.
Véi myc dich mudn timg budc ché tao ra thiét bi giup nguoi bi liét chan cé thé khéi phuc lai chirc ning di
chuyén théng thudng, bai bao nay gigi thiéu mot phuong phap didu khién cho mot mé hinh phi tuyén cua
hé khung xwong tro luc 7 bac tu do. Dang di chuyén cia hé khung xuong do ngudi deo vao sé duoc dinh
nghia trude va duoc diéu khién dé hé khung xwong bam theo cac quy dao dinh nghia trudc d6. Bo diéu
khién str dung trong bai bao nay dia vao dic tinh dong hoc caa mé hinh con lic nguoc 3 chiéu. Chuyén
dong cua con lic nguoc 3 chidu duoc gidi han sao cho né di chuyén trén mot mat phang dinh nghia trudc.
Mot thach thire trong hé thong diéu khién chuyén dong cua hé khung xuong tro luc d6 14 tinh phi tuyén cua
md hinh dong luc hoc va céc thong sé khdng chac chan trong mé hinh cua hé khung xuong.

Tir khoa. Hé khung xuong tro luc, diéu khién déng di, dong luc hoc robot, Diéu khién bén viing, robot hd
trg nguoi gia.

DYNAMIC MODEL AND CONTROL OF ASSISTIVE EXOSKELETON FOR PEOPLE
WITH DISABILITIES

Abstract. In Vietnam, labor accidents and traffic accidents are still happening every day, increasing the
number of patients suffering from muscle paralysis, reducing or losing the function of walking with their
feet. This causes undesirable consequences for society. Rehabilitation centers have partly helped restore the
mobility of patients with physical therapy and assistive devices. However, there are still many supporting
devices such as wheelchairs and crutches still causing difficulties and inconveniences for users, causing
self-esteem in their lives, while in Vietnam there are still no In-depth research and manufacture of
equipment that can help the wearer wear mobility assistance as a normal activity in daily life. With the aim
of gradually creating a device that helps people with paralysis to restore normal mobility, this paper
introduces a control method for a nonlinear model of the exoskeleton system. 7 degrees of freedom. The
movement gait of the exoskeleton system worn by the wearer is predefined and controlled so that the
exoskeleton follows the previously defined trajectories. The controller used in this paper is based on the
kinetic properties of the 3-dimensional inverted pendulum model. The movement of the 3-dimensional
inverted pendulum is limited so that it moves on a predefined plane. A challenge in the motion control
system of the exoskeleton is the nonlinearity of the dynamic model and the uncertain parameters in the
exoskeleton model.

Keywords. Assistive Exoskeleton, locomotion gait control, robot dynamic, robust control, elder
assistive robot.

1 GIOI THIEU

Nhitng nghién ciru vé cac h¢ khung xuong tro lyc cho ngudi liét co chan cling da dugce thuc hién trén thé
gidi trong nhitng ndm gan day [1- 4] Hau hét cac nghién ctu dén tir Nhat Ban va Trung Qudc noi co s6
luong ngudi gia bi liét yeu co tang rat nhanh, ho can thiét bi hd tro trong qua trinh di chuyén. Nhiing nguoi
tan tat, liét yéu co chan khong c6 kha ning di chuyén phai nho dén cac thiét bi nhu xe lan, nan [5-7]. Néu

© 2021 Trudng Pai hoc Cong nghiép thanh phé HS Chi Minh



48 MO HINH PONG LUC HOC VA PIEU KHIEN CHO HE KHUNG XUONG TRQ LUC
CHO NGUOI LIET CO

khong c6 thiét bi hd tro, nguy co té ngd giy ra chan thuong rat cao do d6 nhiing nghién ctru vé hé khung
xuong tro lyc giup ho tai tao lai kha ning di chuyén, hoa nhap vao cudc song hang ngay. Hé khung xuong
trg lyc dugc ngudi mang méc vao chan théng qua cac dai bude mém & nhitng vi tri xac dinh. Viée di chuyén
ctia chan nguoi hoan toan duge diéu khién nho sy di chuyén chii dong ctia hé khung xuong tro luc tic dung
1én chan nguoi. Trong truong hop nay hé khung xwong dong vai tro 1a thiét bi chit dong va ngudi mang
dong vai tro bi dong trong qua trinh di chuyén. Do d6 muc dich ctia bo diéu khién trong hé thong két hop
nhu vay 14 diéu khién hé khung xuong tro lyc di theo hinh dang di chuyén dinh nghia trudc dé phuc hoi lai
dang di chuyén cho ngudi mic trong khi van giit dugc cin bang.

Mot thach thiic trong diéu khién chuyén dong cho hé khung xwong trg luc d6 1a tinh phi tuyén cao cia mo
hinh dong luc hoc va tinh khong chinh xé4c ctia cac thong sb trong mé hinh khung xwong tro luc. P co
nhiéu nghién ctru thue hién tiép can theo phuong phéap diéu khién dya vao md hinh ctia hé khung xuong va
tim cach bu cac sai s6 do udc luong mé hinh khong chinh xéac gy ra [8-10]. Gan day mot s6 nghién ciru da
sir dung céc bo diéu khién khac mang tinh bén viing hon de giai quyét bai toan diéu khién cac hé phi tuyén
nhu hé khung xuong [11-14]. Céac nghién ctu nay chu yéu thuc hién trén mot phan ciia hé khung xwong
nhu chén trai hodc phai, hoac mdt khép nao dd, vé mo hinh con don gian. Trong bai bao nay, mot hé khung
xuong 7 bac ty do gdm cé hai chan trai va phai duoc sir dung dé danh gia bo didu khién ma chung t6i dé
xudt. Muc tiéu ctia bd diéu khién trong bai bao nay 1 cung cap tin hiéu diéu khién sao cho vi tri cia mdi
khdp phai bam theo cac quy dao dugc thiét ké trude. Bo diéu khién phai tinh todn cic mé men can thiét tai
cac khop dé sao cho cac khop cua hé khung xuong bam theo cic quy dao thiét ké cho trude voi sai sb bé
nhat ¢6 thé.

Mot thach thire khac trong bai toan didu khién ciia hé khung xuong tro luc d6 1a didu khién ¢ giai doan hai
chan ciing cham dat (pha kép). Mot cach tong quat, chung ta c¢6 thé xem rang chuyén dong ciia hé khung
xuong trg lyc trong pha kép co nhiéu thun loi d6 1a dé tao ra kha nang can bﬁng 6n dinh hon so véi di
chuyén & pha don (pha 1 chan cham dat). Tuy nhién diéu khién hé khung xwong & pha kép kho hon & pha
don. Chuyén dong cua hé khung xwong trong pha kép c6 thé duoc mé ta nhu 1a chuyén dong ctia hé thong
dong luc hoc trong cac rang budc holonomic. Cac cach tiép can trong bai toan diéu khién cac hé nhu vay
doi héi can uée lwong mo hinh dong luc hoc mét cach chinh xac hoac 1a phai don gian hoa mé hinh dé dé
diéu khién. Dé don gian hod mé hinh, ching ta bo qua mét s6 khia canh ké ca kha ning tai dong, nhidu
khong biét trude. Nhu chung ta da biét, rat kho co duoc mot md hinh dong lyc hoc dugc xéip xi chinh xac
v6i hé khung xuong tro Iuc cé cac khau lién két v6i nhau.

Trong bai bao nay sir dung k¥ thuat diéu khién tat din bén ving goi 1a B diéu khién RDC dugc d& cap
trong [15]. Bo diéu khién RDC dugc xay dung cho hé khung xwong trg lyc ma khong can phai wdc luong
cac thong sb mo hinh mot cach chinh xac. BO didu khién nay cung cap tin hiéu diéu khién bu sai s0 dya
trén quy dao chuyen dong dugc dinh nghia trude va dit lidu do dac vé van tdc va vi tri cia mdi khép. Hon
nita, cac thong s6 ctia bo diéu khién nay duoc xay dung dé né c6 thé duoc didu chinh mot cach dé dang.
Bai bao duoc t6 chirc thanh 4 phan: phéln 1 gidi thiéu, phan 2 dé xuét xay dung md hinh dong luc hoc va
cac gia dinh cua h¢ khung xuong, phan 3 xdy dung m6 hinh diéu khién RDC, phan 4 12 két qua thuc nghiém
trén hé khung xwong thuc té, cudi cung phan 5 14 két luan cta bai bao.

2 MO HINH PONG LUC HQC VA GIA THIET
V& mit tong quat, ca pha don va pha kép ctia hé khung xuong thi cac phuong trinh dong luc hoc ciia hé két
hop nguoi — hé khung xwong trg Iuc nhu hinh 1 ¢6 thé duoc mé ta boi phuong trinh sau :
M@G+Cq Pg+F+ta=14 , 1)

Trong do q, g, ¢ € R™ la cac bién vi tri goc ctiia khdp, van toc quay cua khap, gia toc cua khép tuong (ng,
M(q) € R™™ la ma tran quan tinh, C(q, ¢) € R™™ biéu dién lyc ly tim va luc Coriolis, F € R™<! Ia
vector md ta anh huong cua trong luc va luc ma sat, T, € R™*1 12‘1 cac mo men tuong rng mo ta anh hu:érng
ctia nhidu tic dong 1én hé khung xuong. 7, € R™ ! 1a md men cén thiét cua hé khung xuong dé didu khién
hé khung xuong chuyén dong khi dwgc mic ciing voi ngudi. Hai gia dinh duoc d& xuét trong bai bao nhu
Sau:

Gid dinh I: Céc tin hiéu nhiéu 7, thay dbi twong dbi theo thoi gian trong phwong trinh dong luc hoc cia
hé khung xwong dugc bao va nd dugc mé ta boi biéu thire toan hoc Sup||z'd || <r7,,trongdo 7 la héng sd

duong.
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Gid dinh 2. Tac dong cua trong lyc va lyc ma sat cling duoc bao: vector F (q,(}) duoc bao boi
”Fz (Q:Q) | <&+ 463

3 BOQ DIEU KHIEN RDC CfJA HE KHUNG XUONG TRQ LUC

Bo diéu khién RDC duoc dé xuat trong bai bao nay st dung cac gia dinh trén. Cac bién khop q tai cac khop

dugc thé hién theo toa do twong dbi gitra cac khop. Bo diéu khién s& tinh toan va cung cip mo men 7, dé

dam bao tinh 6n dinh va di chuyén chinh xac cho cac khép ctia hé khung xwong trg luc.

Ham xac dinh Lyapunov cho m6 hinh h¢ khung xuong trg luc dugc chon nhu sau:

Tt phuong trinh (1); sai s6 bam theo quy dao va dao ham cua sai sb duogc dinh nghia nhu sau:
e=qq—q, e=qqa—4q (2

Trong d6 g4 1a quy dao mong mudn tai cac khdp, q 1a quy dao thuc té tai cac khop, e 1a sai s6 bam theo

quy dao mong mudn ciia quy dao thuc té.

Mot tham sd phu ciling dugc dinh nghia din xuét tir sai s6 bam theo quy dao va dao ham cua sai sb

&3 1a cac hang s6 duong.

r= é+kevoik>0 ) (3)
Phuong trinh ddng luc hoc (1) vdi tham s6 phu r dugc viet lai nhu sau:
Mr=—-1.+(Mk—-C)(r—ke)+F +14 =71, 4)

O day, F 1a m6 ta cho anh hudng cua lyc ma sat va trong luc tac dong 1én hé théng. bé xay dung bo diéu
khién cho hé thong, trong bai bao nay, ham Lyapunov dugc chon nhu sau:
V= %rTMr (5)

_-Bai mém

Khi tim cia / -, cuanguol / do
hé khung / mang
xrong trg hre /

MG hinh chan M3 hinh rit gon

deo hé khung

xrong tro hec

Hinh 1: M6 hinh két hop ctia chdn ngudi mang va hé khung xwong tro luc

+ e -
B6 diéu khién H€ khung xwong =

Quy§ dao dang - RDC tror |l:.I’_C mang vao Quf dao

di dwoc hoach & nguol mac thyc clia co

dinh theo CGA
@gy)

hé ngudi va khung
xuong (q)

Hinh 2: B6 diéu khién RDC

Luu ¥ rdng, ma tran M 1a xac dinh dwong vi ban than ma tran M 1a ma trin quén tinh ciia hé thong. Hon
nira, vi cac goc quay cia hé khung xuong tro Iuc 1a giéi han nén ma tran M con ¢6 dac tinh nhu sau:

Mmin IP < M(Q) < Mmax IP

(6)
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M pin V& Mg, 1a céc hing s6 duong phu thudc vao dic tinh ciia khéi luong ciia hé thong Ip, 1a ma tran
don vi ¢o kich thude px p.
Tir phuong trinh (6), sau khi dao ham hai vé cta phuong trinh (6), dao ham ciia ham Lypunov (5) nhu
Sau:
V =rT(—1, + Mkr + (C — Mk)ke + F + 1) (7
Hay V =rT(-t, + Mkr + (C — Mk)ke + F) +1rT1, 8)
Thuec hién cc phép bién dbi tir phuwong trinh (8) ta dugc nhu sau
rT{—1, + Mkr + (C — Mk)ke + F}
< =Tz + [Pl (MG + k(r — ke)ll + Cllgq + kellllgll + &2 + &llgll + Tv)
=r"t+||rll4"¢ 9)
Trong do, vector Ava ¢ dugc dinh nghia nhu sau:
AT = (M, C,&3,8; + 1y)

¢" = (llqq + k(r — ke)ll, llga + kellllgll llgl, 1) (10)
Theo phep bién d6i trén cta ham Lyapunov dugc chon cho luat diéu khién, viéc con lai 1a xay dung b

diéu khién & d6 cung cp mé men T, sao cho hé thong ludn 6n dinh bén viing. Luat didu khién c6 thé chon
nhu sau:

7, =Ky +oto] 1)
O day, k,, >20,k, >0 la cac h¢ s6 duong la d¢ loi ctia bo diéu khién, vector ¢ dugc dinh nghia trong
phuong trinh (10). Cac diéu kién dé ching minh rang hé thdng diéu khién 6n dinh
Thay (11) vao (8) ta cé:
V< kprr r—kyr'rligoll? +lirlldg
=k lIrliPllgll + Il

—k IIrIIIIquI——”A|| 2+”A”2
z 2k, 2k,
II II

—ka(lIr 1D + lirllilAl = >—

—ka Il + lIrllligllAl - M+ 41"
2 4k, ' 2k,
l1411?
< =k (lIrlllglD? + lirlllglllAll + ik
2
2
< —k, [(||T||||¢||)2 _ ”T””,i””A” _ %]
r|(e||A
< -ty - L e

-t [l + ”] 2q|r||||¢||>2} "

< k| 2l [||r||||¢||+ o "j }

(2 -2l S (2 el L

Xét phuong trinh (12), st dung phuong trinh (6) va (10) ta c6
ap dung Lyapunov va 1y thuyét La Salle [16] dé giai bai toan. Néu gia trj ko duoc chon mét cach phu hop

N
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thiV <0Vr vaV — cokhi ||X|| — 0. Va chung ta ciing c6 duge mot tap hop 16n nhit cac bat bién la goc

toaddoe = 0,é = 0, do d6 quy dao pha c6 khuynh huéng tién vé géc toa d0 mot cach tiém can va toan cuc
khi t — o0, n6i cach khéc, sai s6 bam c6 khuynh huéng tién vé gbc toa d6 khi t —> oo, nghia la cac chuyén
dong goc tai cac khop ciia hé khung xuong tro lyc s& bam theo quy dao mong mudn da dugce thiét ké trude
nhu trong dit liéu CGA.

4 CACKET QUA THUC NGHIEM

H¢ khung xuong trg lyc thuc hién trong thi nghiém nay dé x4c minh tinh ding din cua bd diéu khién dé
xudt c6 tén goi 1a Hualex 7 bac tu do bao gom ca hai chén trai va phai, trong d6 co téng cong 4 bac tu do
tai 4 khép duogc didu khién trg luc cho ngudi bao gom khdp gbi chén trai, khop gbi chan phai, khop hong
chén trai, kh6p hong chan phai, cac khép con lai ty lya va do nguoi chiu luc thay. Cac tham s6 dugc thiét
ké duoc chon trude dé phu hop véi timg ngudi mang vi du nhu phi hop vé voc déng, d6 dai bude chan...Cac
thong s6 cta ngudi mang hé khung xuong duoc cho trong Bang 1. Hé khung xwong trg luc c6 khdi lwong
tong cong 1a 15 kg. Qua trinh thuc nghiém, danh gia giai thudt trén hé¢ khung xuong tro lyc duge diéu khién
cht dong tai 4 khop (gbi trai, hong trai, gbi phai, hong phai) nhu hinh 4. Nguoi mang hé khung xwong trg
lyc 14 nam, cao 1.75 m, ning 60 kg, bi han ché vé kha ning di chuyén do chic nang co yéu. Thiét bi hé
khung xuong trg lyc duge mang vao gitip hd trg cho ngudi mang ty chi dong nang nhic chan 1én, budc vé
phia trudc mdt cach déu din theo d& liéu chuyén dong cia CGA. '

Béng 1: Thong so cua hé khung xuong trg luc va thdng s6 ciia ngudi mac

B¢ phin Gia tri (m) | Khéi lwong | Gia tri (kg) | Théng sé khac Gia tri
Cang chan phdi 0.48 ms(kg) 5.66 Chiéu dai bude chan Ls (m) | 0.9 m
Piii chdn phai 0.42 m,(kg) 9.0 h sipe (M) 0.1m
Bé réng hong 0.8 ms(kg) 6.62 Tbc d6 bude (m/s) 0.45 m/s
Pili chdn trdi 0.42 ma(kg) 9.0 Y6 const (M) 1.04 m
Cang chan trdi 0.48 ms(kg) 5.66 Chiéu cao cua ngudi 1.75m
D6 cao khoi tam 0.30 me+m- (kg) | 39.06

phan thén

¥

(CB1 > CB2)

Chan phai la try Chén tréi la try

Chan phéi du dea

Chén tréi du dua

T]:\ié[ 14p toa do
g0c tai chan tru

Tai dit liéu budc
CGA tham chiéu
(Thiét 1ap toc dd
trong 1 chu ky
budc)

Kich hoat b diéu
khién dé didu
Kkhién cac khép
chu dong

T]}iét lap toa dd
goc tai chan tru

Tai dit liéu budc
CGA tham chiéu
(Thiét lap toc do
trong 1 chu ky

budc)

Kich hoat bd diéu
khién dé diéu
khién cac khép
chu déng

(CB1, CB2 1 gia tri cam bién lyc dat o dé gidy dé phat hién pha chuyén dong ctia hé khung xuong)
Hinh 3: Luu d6 giai thuat thyc nghiém
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Khép 4 -
(Khép mém
tw lwa bén trong)

Khép 3
(Piéu khién)
M

Khép 2
(Didu—
khién) ~

Khép 1

% Khép 7
(Ty lya)

(Tw lya)

Hinh 4: M6 hinh thyc té cua hé khung xuong trg luc Hinh 5: Nguoi mac cao 1.715m mang h¢ khung xuong
tro luc
H¢ khung xuong nhu hinh 4 c6 téng cdng 7 bac ty do, tuy nhién chi c6 4 bac ty do dugc diéu khién tro luc
boi thuét toan trong hinh 3. Ngudi mang hé khung xwong di trén mit phang nhu Hinh 5, van toc bude di
trung binh 0.45 m/s véi mdi chu ky bude trai qua 2 gidy, cac chan trai va phai s& ddi vai trd cho nhau.
Cac quy dao chuyén dong duoc dinh nghia trudc tai cac khop duogc chon theo dir liéu CGA [18]. Cac Kkét
qua thuc nghiém vdi ngudi mang hé khung xuong dugc mo ta trong cac hinh 6, 7, 8, 9, 10, 11, 12,13:

Quy dao goc tham chidu
— — — -Quy dao thue

Goc khérp gbi phéi (khop 2)

45 | | | | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Thai gian (giay)

Hinh 6: Quy dao chuyén dong khop 2 (d6) (khdp gbi phai)
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35 T T T

T
Quf dao gac tham chiéu
30 — — — -Quf dao thue b

25 - ~ N

Goc khép héng phai (khép 3)
S
T

15 | | | 1 1 1 | I e s
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
Thai gian (giay)

Hinh 7: Quy dao chuyén dong khop 3 (d9) (Khop hong phai)

Chan phai gom 2 khop duoc diéu khién la khop goi phai (hinh 6) va khop hong phai (hinh 7) , trong chu
ky budc 2 gidy, c6 thé thdy cac quy dao thuc té cua hé khung xwong co the dd khoi lwong co thé nguoi va
vira tao ra chuyén dong bam theo quy dao thiét ké cho trudc. Vi khép gbi phai ¢ hinh 6, quy dao bam kha
t6t, v4i sai s6 16n nhat tai thoi diém 0.35 gidy cua chu ky bude 1a khoang 1.5 @6, & khép nay, su chuyén
dong cuia chan try dién ra véi pham vi goc kha bé so véi chan du dua. Gia tri m6 men cua dong co trg luc
thém cho ngudi mang thé hién trong hinh 10. Tai khép hong phai (hinh 7), quy dao chuyen dong thuc cua
hé khung xwong — ngudi mic bam chua dugc t6t so voi quy dao thiét ké, sai s6 c6 thé 1én téi gan 5 40, voi
mod men dong co tro luc tai khép hong phai thé hién trong hinh 11. Tuong tu v6i chan du dua, hinh 8 m6
ta quy dao chuyén dong thuc cta co hé khung xwong — ngudi méc tai khop hong trai voi sai s6 bam kha t6t
(bé hon 2 d6) va md men trg luc cta dong co tai khép hong trai thé hién trong hinh 12. Khop gdi trdi co
quy dao bam gén nhu t6t nhat duoc thé hién trong hinh 9, v6i mé men ddng co trg luc cling bé hon, do
ganh lyc chi phan cing chan du dua, cac gia tri mé men luc duoc thé hién trong hinh 13.

35 T T T T T T

30

25 -
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Hinh 8: Quy dao chuyén dong khép 5 (d6) (Khép hong trai)
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Géc khép géi trai (khop 6)
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Hinh 9: Quy dao chuyén dong khép 6 (d0) (Khép gdi trai)
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Hinh 10: M6 men tro luc tir dong co cta khop gbi phai (khép 2) (Nm)
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Hinh 11: M6 men tr¢ luc tir dong co ctia khdp hong phai (khop 3) (Nm)
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M& men kh&p héng trai (khop 5)
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Hinh 12: M6 men trg luc tir dong co cua khdp hong trai (khdp 5) (Nm)
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) Hinh 13: M6 men trg luc tir dong co cta khép gbi trai (khép 6) (Nm)

5 KET LUAN

Véi két qua thu duoc trong phan 4, bo dleu khién RDC cho sai s6 bam kha tot, véi dir liéu cia mot budc
chan trai dai trong 2 glay, céc sai sO goc rat bé, sai s6 10n nhat xay ra tai khép 3 — khop hong phai voi gia
trj gan 5°. C6 thé ndi rang, bo diéu khién RDC 4p dung trong bai bao nay co thé tmg dung dé xay dung
thuat toan diéu khién cho hé khung xuong trg luc cho ngudi liét yéu co. Tuy nhién, vi mét sb gia dinh dat
ra da lam don gian hoa bai toan, trong thuc té ton tai cac nhidu tac dong 1én hé thng vi du nhu lyc va cham
khi tiép dat chua duoc tinh tdi trong bai bao, mot s tac dong tir ngudi mang du it nhidu van gy anh hudng
1én su 6n dinh cua hé théng diéu khién khung xuong tro luc. Mot ) phuong phap cé thé dugc dé cap toi
nhu ding mang no ron nhén tao két hop véi cac phuong thire diéu khién thich nghi dé cai tién thém cho
phuong phap niy trong nhitng nghién ciru tiép theo.
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