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phU gia Toughfix Hyper tdng d0 dinh nuoc

NghiOn crru thUc nghiQm s& dUng

TOM tAt, Bai b5o trinh bay ciic k6t qu5 nghi6n
cuu fhgc nghiQm trong phong d5nh gi5 hi€u qu6
cOa phq gia Toughfix Hyper trong vi6c c6i thi€n kh6
ning ch6ng bong tr6c, tdng 6n dinh nuoc va cuong
d0 cOa b6 t6ng nhqra (BTN) nong A Viet Nam.

TU KHOA: Toughfix Hyper, d6 granit, phq gia
ch6ng bong t6ch, d0 nhay dm.

ABSTRACT: This articlepresents
laboratoryexperiment results to evaluate the
effectiveness of Toughfix Hyper additive to
improve the antistripping, increase water stability
and intensity of hot mix asphalt in Vietnam.

KEYWORDS: Toughfix Hyper, granite, anti-
stripping aditive, moisture sensitivity.

R
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va cuong d0 c0a bC tOng nhga mflt duong

r pcs. Ts. NGUYET OUnruG pHuC; ThS. Vu NGOC pHUdNG - Trudng Doi hoc Gioo th6ng vfun tdiI DR. HlRoMlrsu NAKANISHI - Director of Toiyu Kensetsu co., Ltd Jopan
r MR. AKf HIRO KATO - Director of Taiyu Vietnom
r Ths. LUdNG xuAN cnlEu; Ks. NGUYEru cni cOtrtc - Tdng c6ng ty xdy d4ng c6ng trinh giao th6ng 4

1. DAr vAw oE
Toughfix Hyper (TFH) ld phu gia h6a hoc c0a C6ng

tyTaiyu Kensetsu, Nh6t Bdn duoc srl dung cfd c6i thi6n
kh6 ndng chdng bong tr6c, tdng dn dinh nudc vir cr.tdng
cl6 c0a BTN. Phu gia c6 t5c dung vdi ciic loai cfd gdc
acid, magma trung tinh nhu granite, rhyolite, andesite,
bazzan v) vdi cf5 g6c base nhu Cf6 voi, cfd vdi-silic. TFH
cfuoc srl dung d Nhat B6n cho kdt qu6 tdt tSl ld nh0ng
dinh hudng nghi6n crJu sfi dung d ViCt Nam. Bdi bdo
trinh biry cac kdt qu6 nghi6n cfu thUc nghi€m trong
phong sfi dung phu gia TFH n6ng cao chdt luong BTN
n6ng dViCt Nam.

2. PHU GtA TOUGHFTX HYPER
TFH rdt d6 ddng hda tan trong nhr,ta cfudng, thudng

Cfrtgc srl dgng votty lg 0.1 o/o - 0.2o/o theo kh6i luong nhr,ra
ctrtong. O nhi€t dd cao, cdc hoat chdt trong phu gia t5c
dVng vdi nhua dudng lim tdng kh6 nang dn cfinh nhi6t,
kh6 ning li6n kdt dd nhua. TFH tang drlgc nhi€t cf6 h6a
mdm cOa nhua dudng, kh6ng lim tang cf6 kim hin, ting
G"/sin6 khi thi nghi6m c5t cfOng ltlu bidn DSR. 86 t6ng
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nhr,ta sfi dung TFH c6 cfo dn cfinh nhi6t vd chiu dm tdt,
ch6ng bong tr6c, tdng crrdng cf6 vd kh6 ning chdng hin
v6t bdnh xe.TFH an to)n vdi nguoisrlrdung vi th6n thi6n
vdi m6i trudng.

3. THIET XErNi NGHIEM
Nghi6n crlu drloc thuc hi6n tai phdng Thf nghidm

trong cfidm UTC - Cienco 4, Trr.rdng Dai hoc GTVT. Thi6t
kd thuc nghidm vi phAn tich thdng k€ voi phdn mdm
Minitab 17 d md'c tin c6y 95o/o, mtlc f nghia u - 5o/o, dQ
manh Power = 0.8, F = 0.2. Sd m6u thf nghi6m 3 m6u/
td m6u cf6m b6o phdt hi6n sai khdc trong pham vi
+3o. Ri6ng thi nghi€m dinh b6m cf6 nhua 20 m6u/td
vir thi nghiOm l(n vdt bdnh xe 2 m6u/td. D6nh gid dQ
chum Cf6m b6o theo cdc ti6u chudn AASHTO vir ASTM
theo quy cfinh d2S. Thidt kd thf nghi€m DoE (Design of
Experiments) tdng qudt (General full factorial design).
Phdn tfch phuong saiANOVA v) phdn tich h6u cfinh phdt
hi6n sai khdc theo Tukey.

3.1. Quy trinh tr6n phu gia TFH vdi nhrla ttUdng
vd tao m6u BTN

Quy tr'inh tr6n TFH v6i nhtra cludng vir chd tao m6u
bd tong nhua:

BLIdc 1 : Nung nong c6t li6u d nhi6t dO 1 70"C - t 8O"C.
Brldc 2: Sdy n6ng nhr;a dudng 60/70 d nhiCt cfO

150oC - 160oC, sau cf6 cho phu giaTFH vdo trdn thinh h6n
hop nhtta phu gia.

Budc 3: Thi nghiAm nhqa duong sfi dung phu gia
theo Thdn g tu 27 vi cdt ctong luu bi6n DSR.

Buoc 4: Tr6n h6n hop nhua phu gia vdi cdt li6u
v) ff0c m5u BTN nhr,ra 60/70 th6m phu gia vdi hdm
luong 0.0o/o (cfdi chfng), 0.1o/o, 0.15o/o vd 0.2o/o TFH cfd
thi nghi6m.

3.2. Thi nghiGm v6i nhua drrdng tr6n TFH
Nhqla dudng 60/70 Shell - Singapore th6a min cdc

y€ u cd u c0a Thdng tu 27 /201  |TT-BGTVT v6i cdc ti le TF H

| ) 0olo (Cl6 i c h tln 9 ) ; 0. I o/o; 0.1 5o/o; 0.2o/o.

Thi nghiOm d0 kim lun, efidm h6a mdm, d6 k6o dii
theo TCVN 7 493 cf6n TCVN 7 504-2005 v) Th6n g at 27 . Th(
nghi€m dinh biim vdi 5 loai d5. Thi nghiOm c5t cf6ng luu
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bidn x5c cfinh G*/sin6 theo AASHTOT3l5 d nhi6t d664oC,

t6c ttq 1Orad/s.

3.3. Thi nghiGm BTN sfr drrrng TFH

H6n hop BTNCl2.5 theo Quy6t efinh 858/QD-BGTVT

ctugc nghi€n cfu. Quy hoach thr,fc nghi€m DoE tdng qu6t

cld t'im ra ti 19 TFH tdt nhdt vdi c6c bidn s6:

- Loqi cf5 sfi dUng lirm c6t lieu th6 vir cdt liQu min: 5

loai trong do 4 loai granite gdc acid ldy 6 cdc m6 dang
cung cdp cho cdc dr"r 6n ldn tai c6c tinh D5k Ldk, Binh

D!nh, Hd TInh, Dir NEng vi mQt loai d6 vOi ttl md tinh
Ninh Binh.

- Nhr,ra:4 ti le o.oo/o (ddi chfng);0.1o/o;0.15o/ovdo.2o/o.

BOt kho6ng ttl 86o Minh - Ki€n KhC - Hi Nam.

Trinh tr,J c6c buoc thi nghiQm:

BrJ6c 1: Thidt kd cdp phdi cdt liQu, x6c cfinh him
lrtgng nhua tdi r,ru theo phrrong phdp Marshall d t! lQ

TFH 0.0ol0.

Brldc 2: TrJ hirm lrtong nhrla tdi uu d0c c6c m5u

Marshall vdi c5c ti 19 TFH thi nghiQm dQ dn cl!nh vi efQ

d6o Marhall, ilQ dn etinh cdn lqivi thi nghi€m cl6nh gi5 d0
nhAy dm theo AASHTOT283.

Budc 3:Thi nghiQm Marshall vi Thi nghiQm cfQ nhay

dm dd d5nh gi5 tdc dung c0a phr,r gia TFH vir tim ra ti lC

phr,r gia t6i ttu.
Brldc 4: Sfi dUng ti le TFH t6i uu dric m6u thi nghi€m

lf n v€t b6nh xe theo Quydt clinh 1617, phtlong phdp A vir

AASHTO T324 c6 cf6i chrlng vdi miu khOng sfi dung phu

gia (TFH = 0.0olo).

4. KEr auA rHi NcHlftvt vA rHAo LUAN

4.1. Kdt quA thi nghiGm nh{a dudng trgnTFH
C6c kdt qu6 thi nghiQm cfdu th6a m6n c6c y6u cdu

c0a Th6ng lt 27/201 /TT-BGTVT v6i cdc ty le TFH li 0olo

(ef6i chfng);0.t o/oi0.15o/o;0.2o/o.D0 dan diri cOa tdt c6 c6c

miu ctdu ldn hon 100cm. D0 kim l(n vir h6a mdm ch-tgc

thd hi6n 6 Hinh 4.1.

Kdt qu6 thi nghidm chum, phu gia TFH c6 tac dung
tdt ddi voi nhqta, kh6ng lirm giim nhi€t el6 h6a mdm vir

kh6ng lirm ting cfQ kim l0n. d ti lC tU O.1o/o ddn O.2o/o,

TFH lirm ting nhi6t dQ hoa mdm kho6ng 01"C v) gi6m

ctQ kim lun kho6ng l pen. Kdt qu6 theo quy luQt nhi6t
cfO h6a mdm tang ddn vi etQ kim l(n gi6m ddn theo t!
l€ tdng c0a TFH.

Interval Plot of D0 kim lfn
95% Cl for the Mean

lnterval Plot of Didm h6a mEm
95% Cl for the Mean

lndividuol stondord daiotions ore used to ,o,rulYfl ,rr*o&'

b) - Thi nghien didn h6a n6n
Hinh 4.1: Kdt qie tnf ngniQn iIQ kim Mn vi didn h6a mdm

cha nhya diong

Kdt qu6 dinh b5m cf6 nhr.ta 6lilnh 4.2.Khi chua dUng

phu gia thi c5c lo4i cl5 granite cfdu c6 mfc dfnh bdm dudi

cdp 3, efd v6i dat cdp 3. Khi sfi dqng phu gia thi mrlc dinh

bdm ting l6n theo ti le phV gia 1 - 2cdp.M6 cf6 HirTinh c6

mfc dinh b6m k6m nhdt, cl5 voic6 mfc dinh b6m tdt nhdt.

Mfc dinh b6m t6t nhdt d c6c ty le phV gia 0.15olo

ddn0.2o/o.
Mrirc dinh b5m c6c m6 al5: Dik L5k Binh Dinh, Hi rinh, Di N5hg, Ninh Binh :

Hinh 4.2: Kdt qul thi nghi€n dinh b1n

Phu gia TFH c6 tdc dr,rng lim tdng mrlc dO dinh b5m

cfd nhua, c6 t6c dUng c6 vdi cfa v6i.
Kdt qui thi nghiQm c5t efQng luu bidn DSR o Hinh

4.3. Kdt qud chqrm cfdu ldn hon ti6u chudn 01kPa, TFH

co tdc dvng tdt cf6i vdi nh{a ldm tdng G*/sin6 theo tjr lQ

ting phr; gia. BTN sfi dung nhua trdn phu gia TFH sE ting
crJdng kh6 nang chdng c5t trugt d nhi6t clQ cao.

'*"-;J;8',"1[til;T '"u
3000

2500

2000I
@'.5 1s00
s
c,

1000

500

0- 6On0 60'0+0.1%TFH 6020+0.15%TFH 60/70+O.2%TFH

NhUa
lndividuol stondard deviotbns ore used to cokulote the interwk.

s5 otzot z

50

Ba6
,f,

i'o
,,E ,O
o

10

0

E
E
E
E
€

PhYgA 
HEEE HEEE HEEE EHgE HgEE

'i:FE.EE.Ei.=f6E

60n0+O.1%rFH 60f70+0.15%TFH

Es0
€oo
E

F'o
20

0- 6OnO 6020+0.1%TFH 6OZO+O15%TFH 60//0+0.2%TFH

Nlua
tndividuol stondord dariotbns ore usd to cokulote the inhruoh.

a) - Thi nghi€m dQ kin tun a) - G*/sind

37



KHOA HgC - CoNG NGHE

zero, the conespondins meons ore stgr,ri,Jn, o***|i.to 
10fi)

Hinh 4.3: r6!)0,7il'!iii#li!!;!{i{,* bidn DSR
xdc dinh G*lsina

Kdt qOa ph6n tich ANOVA co yi nghTa thr6ng kA vdi he
sd p<<0.05 vd hd sd x6c Cfinh Cfidu chinh Ru., = 90.55o/o.

Ph6n tich hdu dinh Tukey 6 Hinh 4.3b su kh5c nhau G"/
sin6 ddu c6 1i nghia thdng kd d cdc ty lO so sdnh, chivdi
cap ty l€ 0.150/o voi0.2o/o li kh6ng c61i nghTa thdng kG (cdt
Cfuong 0). Nhuv?y, ti le 0.15o/o ld tdi rlu khithf nghiGm cdt
cf0ng luu bidn.

4.2.Kdtqui thi nghidm cdt liCu, cdp phdivi him
lugng nhr5a tdi rru

Thi nghiem cdt li6u th6, cdt li6u min vi b6t khodng
c0a 5 loai cfd cfdu th6a min c5c ti6u chudn ky thu6t cOa
BTN n6ngTCVN881 9-20i 1 vd Quydt rfinh 858/eD-BGTVT.
DUong cong cdp ph6i cOa c6c loai h6n hop BTN v1i circ

c5c ti6u chudn [6,7]. Ph6n tich DoE v) ph6n tfch phudng
SaiANOVA cf6m b6o 1i nghia th6ng k€ vdi h0 s6 p << 0.05,
hQ s6 Ru.',= 93.97o/o, Lack-of-Fit = 0.9g > 0.05.

Tu kdt qul Hinh 4.5 cho thdy loai di1 ty 16 vd cfidu
ki€n thi nghidm cfdu co dnh hudng cfdn dQ dn cfinh. Anh
htrdng ro r6t nhdt ld t! lQ phu gia (Hinh 4.5b)khi tdng tf
l€ phV gia th'i cf6 6n Cfinh tdng l€n, tuy nhi6n ctJc rri dat
tai ty lC 0.15%. Didu ki6n thi nghi6m c0ng 6nh hudng
nhidu cfdn cf6 dn dinh, o di6u ki6n ngdm ntJdc 60"C trong
40 phrit (DK1) cfd dn dinh cao hon so vdi didu ki€n ng6m
nUdc 60oC tron g 24h.

Hinh4.6thd hi6n kdt qu6 tinh todn cf6 dn cfinh Marshall
con lai. Phu gia TFH co tdc dung ro r6t ldm tdng d6 dn Cfinh
Marshall con lai theo ty 16 tang phu gia. Hinh 4.7 thd hien kdt
qud thi nghidm cfd d6o Marshall khi ng6m trong 40 ph0t,
nh6n thdy phu gia TFH kh6ng ldm tdng cfd d6o.

Interval Plot of O6 dn dinh Marshall
95% Cl for the Mean

DiEu kiQn

ri lc

M6 dt6

4 - DA dn dinh Marshalt

Main Effects Plot for D0 dn dinh Marshall
Fitted Means

Tukey Simultaneous 95% Cls
Differences of Means for Grlsin6

60 n O + 0.15o/oT - ffi /7 0 + 0.1o/of F

6O /7 O + O.2o/of F - 60 n O + O.1oAf F

@ f | 0 + 0.2o/of t - 6O /7 O + O.15oAT

E60
gro

do 40

31 1 933

409.179

97 246

18

l6
14

?2
E. r0

:8ro
xry4

2

0

Hinh 4.4: Ottutg cong cdp pi6i cni ndn ha BTNCT 2.5
I

Hdm ltrong nhua t6i uu theo h6n hop vir cdc chi ti€u
ki6m sodt cfdivdi 5 loai cf5 cfdu dat y€u cdu.

Bdng 4.1. Ciic chiti€u tnd ticn crta BTNCT 2.5

43. Kdt qui thi nghiEm Marshall
Hinh 4.5 thd hiCn kdt qu6 thi nghiOm d9 dn dinh

Marshall, tdt ca cdc thi nghi6m d6m b6o Cf6 chum theo
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b) - Cdc ydu td 6nh hwng ddn d0 dn dinh
Hinh 4.5: Kdt qud thi nghiQn d9 dn ctinh Marshatl

ni6u ad dQ 6n ainn Marshail cdn t?i
95% Cl for the Mean
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-Max 
theo QD858/BGTVT

+Cap phdi md <16 Binh Dinh

+Cap phdi md tli Hd Tinh

+Cap ph6i m6 d6 DEk Lak

+Cap ph6i m6 <16 Ninh Binh

_._c6n phiii md d6 Dd Ndng

-Min 
tho QD858/BGTVT

& hdn lugng nhya tdi w
C6< chi ti6u M6 de

Binh Dinh
M6 d5

HA Tinh
M6 d6

Ninh Binh
M6 di

Dtk Ltk
M6 d6

Oi NSng
Giii tri

khuydn c6o
H)m luong nhua t6i
rru theo c6t li6u, Pb

4 7'l 471 449 5.26 4.82 > 4.5o/o

D6 r6ng d4 Va 488 485 484 5,72 470 4o/o - 60/o

Thdtich nhua c6

hi6u, Vbe
9.69 9.67 9.42 10.85 10 30 9Vo - 11o/o

Chi€u ddy mirng
nhua t6i uu, AFT

831 810 r.z5 8.44 7.99 7Fm + 9Fm

Ti re D/B 139 1.24 159 141 1.50 0.8 + 1.6

D6 r6ng cdt li6u,
VMA 14.84 14.52 14 25 16.58 15 01 > 13Vo

D6 r6ng ldp cldy

nhua, VFA
67.11 66.59 66 06 o).46 68.66 650/o + 75o/o

Hinh 4.6: Dg dn djnh Marshatl cdn tai
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Hinh 4.7: DQ d6o Marshall ngdm 40 phrit

4.4. Kdt qu6 thi nghiGm ttSnh giii atg nhgy dm
theo AASHTO T283-2014

Hinh 4.8 thd hien kdt qu6 thf nghi0m k6o gian tidp
ITS cfSnh gid dQ nhay dm, tdt c6 cdc thinghi€m cf6m bdo

cIQ chum theo c6c ti6u chudn AASHTO T283-2014. Phdn

tich DoE vir ph6n tich phuong sai ANOVA cf6m b6o f
nghia thdng k6 voi he s6 p<<0.05, h€ s6 Ru.' = 90.93o/o,

Lack-of-Fit = 0.959 > 0.05.

lnterval Plot of ITS
95% Cl for the Mean

DK 1: DiEu kiQn thi nghiQm "kh6"

DK 2: DiEu ki4n thi nghiOm "udt"

CD

DOz
.6
o

a) - Cwng d0 k6o giSn tidp ITS

Main Effects Plot for ITS

Fitted Means

So 6/2017

khi thSo khudn cfugc bdo duong d nhiQt etO phong tdi
thidu 24h, ng6m bio hda ch6n kh6ng v6i cfQ bio hda

nim trong kho6ng ttl 70 - 80o/o, sau cfo ngdm trong nudc

d nhi6t cfO 60"C trong'24h r6i ti6p tuc ngdm d nhiQt cfd

25oC trong 2h trudc khi thinghi6m.
TU kdt quit Hinh 4.8 cho thdy loai cf5, ty 16 vi cfidu

ki€n thi nghi€m Ctdu c6 6nh hrldng cf6n d0 dn etlnh. Anh

hudng ro rQt nhdt l) t!'16 phu gia (Hinh 4.8b) khi tang t! 16

phu gia thl d0 6n cfinh tdng l6n, tuy nhi6n ffS elat cqc tri
tai t! le 0.15oloTFH.

K6t qui hQ s6 cudng dIQ k6o giSn tidp ITSR

0.85

0.80
TiF

M6 d{e

Hinh 4.9: H€ sdcuong iIQ k6o gi6n ti6p ITSR

2

0
Phv gia

M6 at6

O TFH O TFH O TFH O TFH O TFH {

Binh Dinh Di t't5ng Hi Tinh oik L6k Ninh Binh

Hinh 4.10: Kit qud thi nghiQn Mn vQt bdnh xe

Hinh 4.9la kdt qui tinh todn ty sd lts o cfidu ki6n

rrot chia cho ITS d cfidu ki6n kh6. Nhdn thdy phu gia c6

tdc dr,rng tang h€ sd ITSR, ti le t6i rJu cOng dat d kho6ng

0.15o/o ddn O.2oloTFH.

4.5. Kdt qui thi nghiGm hin vQt bSnh xe
TU k6t qua thi nghi€m dfnh b6m, thi nghiQm

Marshall vir thi nghi6m k6o gi5n ti6p x5c clinh cfuoc tir l€
phu gia TFH tdi uu lir 0.15o/o theo khdi lugng nhr,la tidn
hinh ct0c m5u ve thinghidm hin vQt banh xe.Ti6u chudn

thinghi€m theo Quydt efinh '1617/QD-BGTVTvd AASHTO

T324-2014, kidm tra cfQ chr;m cfon phong theo nghi€n

cuu [8] vdi d2s = 40.2o/o.

Kdt qud thi nghiOm l(n v€t bdnh xe nhu Hinh 4.10,

BTN c6 s[t dung 0.15o/o phu gia TFH c6 kh6 nang chdng

lrin vdt bdnh xe tdt hon hin so vdi sfi dr;ng nhqra thtrong
6O/7O.Trong qu6 trinh thinghi6m kh6ng xudt hiQn bong

b6t c6t li6u vir kh6ng c6 cfidm bong ming nhr=ta khi sfi

dung TFH.
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b) - Cdc ydu td 6nh hudng d6n ITS

Hinh 4.8: Kdt qud thi nghiQm iIQ nhqy dm theo AASHT0 T283

Thi nghi€m d cfidu ki€n kh6 (DK 1): MAu chd bi sau

khi thSo khuOn cfuoc b6o dtlong d nhiQt ct6 phong t6i
thidu 24h, sau cfo ngdm trong nUdc d nhi€t cfO 25"C trong
2h truoc khithf nghi6m.

Thi n9hi6m d cfidu ki6n uot (DK 2): MAu ch6 bi sau

mX

Rut Depth (mm)

14.695
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5. KET LUAN, KEN NGH!
Tr6n co sd cdc kdt qu6 thi nghi€m dugc ph6n tich

thdng kd el6m b6o mrlc ef6 tin cQy 95o/o dua ra cdc kdt
lu6n, ki6n nghi.

5.1. Kit luin
- PhU gia TFH srl dgng vdi him lugng 0.10olo if6n

0.20o/o c6 tiic dUng t6t, khdng lim tdng iil6 kim l(n, tdng
Clrtgc nhi6t ctQ h6a mdm so vdi nhga g6c; lim tang cdp
tlQ dinh bdm tf6 - nhr,ta tU I - 2cdp;tdng gid triG*/sin6 thi
nghiQm cdt cfdng luu bi6n DSR;

- TU cdc kdt quA thi nghiQm phu gia TFH vdi h6n hgp
BTN c0a cdc m6 dl6 thi mrlc efg sfi dr,rng phg gia vdi hirm
lugng lir 0.150/o cfat kdt qu6 tdt nhdq

- H6n hgp BTN khi srl dVng hirm lrrong 0.15olo TFH
cho kdt qu6 t6t hon 16 rQt BTN s0 dgng nhr*ra th6ng
thudng til 1070 ddn 30olo 6 cilc chl ti€u k! thuqr DQ dn
tlinh Marshall, dO d6o Marshall, dg 6n cfinh cdn lqi, tfQ bdn
k6o gi6n tidp c6 d trgng thAi kh6 vi uoq

- PhU gia TFH girip cdi thiQn 16 r€t kh6 ndng chdng
hin l(n vQt bdnh xe, gi6m chidu sdu vQt l0n tU t 0olo ddn
460/o, ciithi€n chdt lrrong h6n hgp BTN.

- PhU gia TFH khOng nhr.fng c6 tdc dVng t6t v6i ct6
g6c acid mir cdn t5c dqng tdt vdi etd v6i.

5.2. KiSn ngh!
- Sr? dqng d2s = 40.2o/o tu kdt qui nghidn crtu [g]

dd efanh 9i5 ttg chqrm don phdng khi thi nghi€m hjn
vgt bdnh xe theo phuong ph6p A c0a euy6t etlnh I 617/
QD.BGTVI

- Nghi€n cfu c6c thi nghi€m khdc et6i v6i h6n hgp
BTN srl dUng phU gia;

- Nghi€n crlu rldivdi nhidu loEi/gdc efd khdc nhau;
-Tridn khai nghi€n cfu thrlc nghigm hi€n trrJdng.
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