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DPong co dbt trong st dung phwong thire hinh thanh hén hop va td chirc qua trinh chay kiéu
dét chay hén hop nhién liéu — khong khi hoa tron sén moét phan si dung nhién liéu xdng
(GPPC - Gasoline Partially Premixed Combustion) c6 tiém nang dé dat dwoc hiéu suét dong
co cao ciing nhu kiém soat duwoc cac thanh phan khi thai ddc hai NO, va phat thai dang hat
(PM — Particulate Matter) thap. Trong nghién ctru nay, chién lwoc phun hai giai doan phdi
hop v6i diéu khién luan héi khi thai dwoc tién hanh phan tich dwa vao thwe nghiém, & ché
d6 tai trung binh. Nhién liéu s& dung la x&ng thwong mai, co tri sé octan cao RON95. Két
qua chi ra réng: qua trinh phat trién chay dwoc kiém soat bang ty & luan hdi khi thai EGR va
thoi diém phun chinh SOI, bao gdm thdi diém bat dau oxi hoa nhién liéu xang, quang thoi
gian chay phan 16n hén hop va thdi gian chay hdn hop. T cac anh hwdng cia thoi diém
phun chinh va ty 1& luan hdi khi thai thi cé thé lam co s& cho tdi wu hda qua trinh van hanh
clia dong co dbt trong véi md hinh chay mai.

Qua trinh chay, chay hoa trén trwéc mot phan, phun kép, luan hdi khi thai.

The internal combustion engine utilizing the Gasoline Partially Premixed Combustion
(GPPC) method, which involves the partially premixed combustion of a pre-mixed mixture
with gasoline fuel, has the potential to achieve high engine efficiency while keeping harmful
NO, and particulate matter (PM) emissions low. In this study, a two-stage injection strategy
combined with exhaust gas recirculation (EGR) control was experimentally analyzed at
medium load conditions. The fuel employed was commercial gasoline with a high octane
rating of RON95. The results indicate that the combustion process is controlled by the EGR
rate and the timing of the second injection (SOI2), which includes the start of combustion,
the main combustion phase, and the combustion duration. Understanding the influences of
the SOI, timing and EGR rate provides a basis for optimizing the engine operation with this
novel combustion model.

Combustion process, Gasoline Partially Premixed Combustion, Split injection, EGR.

1. DAT VAN BE Gasoline Combustion Ignition) da dugc
Véi cac yéu cau ddng thoi giam thidu phat  nghién ctu voi tiém ning giam thiéu dong
thai doc hai va giam thidu tiéu thu nhién lieu  thoi phat thai bo hong va NOy, vuot troi hoan
riéng trén dong co dt trong gan day, thi dong  toan so véi dong co xdng va dong co diesel
co chay bang nén vai nhién liéu xang (GCI — truyén théng. Pong co chay bang nén véi
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nhién li¢u xang, 1a qua trinh chay véi nhiét do
chdy thdp (LTC - Low Temperature
Combustion), la loai hinh chay trung gian
gita quéa trinh chay bang nén hdn hop hoa
tron dong nhat (HCCI — Homogenous Charge
Compression Ignition) va qué trinh chay cua
dong co chay bang nén (dong co diesel)
truyén théng [1, 2]. Pong co PPC (Partially
Premixed Combustion) duoc biét dén 1a budc
tién mai trong sy phét trién cua dong co dét
trong, 1a mot phuong thirc chay LTC dang
dugc nghién cau [3].

Véi dong co diesel truyén thong, khi thuc
hién nang cao ty 1& luan hoi khi thai (EGR —
Exhaust Gas Recirculation) thi tang thoi gian
chay tré cua nhién li¢u diesel khi phun vao
trong Xilanh déng co [4]. Qu& trinh phun
nhién lidu va thai didm bét diu chay da c6 thé
duoc tach biét, tire 1a qua trinh ty chay bat dau
sau khi nhién liéu dugc hoan tit phun vao
trong xilanh. Chinh sy t&ch biét gitra qué trinh
phun va qua trinh chay, 1am cho nhién li¢u va
khong khi trong xilanh du thoi gian dé hoa
tron. Két qua Ia su phat thai bo hong va NOy
giam dong thoi, do thanh phan nhién ligu —
khong khi hoa tron phan 16p nhat hon, dong
thoi nhiét d6 dot chdy cuc dai toan xilanh
hoic cuc bo déu giam di. Ché do van hanh
dong co véi LTC nay la kha thi khi thuc hién
trén dong co diesel & mirc do tai thap va trung
binh. Nguoc lai, & mtc do tai cao, dé lam tré
chay hon nira, can phai c6 qua nhiéu EGR, thi
lam cho qua trinh d6t chay hiéu qua kém di
va luong khi thai HC va CO ting 1én rat I6n
[5, 6].

Céac nghién ctru cua Johansson va cong su [7]
st dung nhién liéu c6 CN 1a 21 dé c6 duoc
thoi diém bat dau chéy tich cuc chi sir dung
khoang 50% ty I¢ EGR dé van hanh dong co &
mtc IMEP khoang 16 bar, va lugng phét thai
bd héng va NO, thip. Bing céch so sanh

trong nghién ciru cua cua Noehre va cong su
[5], it nhat 70% phan trim EGR duoc yéu cau
dé dat dugc muc dich nay bang cach st dung
nhién li¢u diesel thwong mai & muc tai 15 bar
IMEP. Sau d6, Kalghatgi va cong su [3,8] da
dé xuat chién luoc chay bang nén hdn hop hoa
tron truéc mot phan véi nhién liéu xing
(GPPC). Trong khai niém PPC nay, loi thé vé
kha ning chdng tu chéy cao cua xang dugc st
dung dé dat duoc do tré danh lta cao hon.
Manente va cong su [9, 10] da két luan rang
PPC c6 thé duoc van hanh & muc tai cao toi
25 bar IMEP véi lugng phat thai bé hong va
NO, thap. Va hiéu sut chi thi ciia dong co 1a
hon 50% c6 thé dat duoc Véi téc do ting ap
Sut toi da c6 thé chap nhan dugc bang EGR ¢
muc vira phai va chién lugc phun nhiéu giai
doan phu hop.
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Hinh 1. Sw hinh thanh phét thai déc hai bé
hong va NOy, trong dai ty |1é twong dwong
cuc boé va nhiét dé cuc bé trong xilanh déng
co [11]

Chién lugc phun st dung cho GPPC ¢6 lgi thé
& muc tai dong co cao, nhung khi & muc tai
thap, khi &p suat va nhiét ¢ nap 1am cho diéu
kién trong xilanh: nhiét do6 va &p suat, khi
dong co hoat dong 13 twong ddi thap, su on
dinh cua qua trinh d6t chay tré thanh mot
thach thac 16n ddi véi chién luoc PPC do kha

ning phan ng thip hon cta xang [12-13].

Vi vay ¢ nghién ctru nay, tac gia tap trung vao
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nghién ctru danh gia hai thong sb: luan hoi khi
thai va thoi diém phun lan tha hai dé diéu
khién qua trinh chay cua dong co sir dung md
hinh chay GPPC, hay con c6 thé goi 1a GCI.

2. TH’ NGHIEM PONG CO'

So d6 lap dat dong co thir nghiém trén bang
thir va thiét bi thi nghiém.

Pong co st dung dé thuc hién thi nghiém
chay bang nén hdn hop hoa tron truéc mot
phan 1a dong co PSA-DW 10 duoc sira doi phu
hop, str dung 1 dong co va ngit 3 dong co.
Pong co str dung hé théng cung cap nhién lidu
Kiéu tich &p - Common Rail dé diéu khién qua
trinh cung cap nhién liéu bang dién tar. Toc do
dong co trén bang thir duwoc duy tri 6n dinh va
kiém soat bang mot dong co dién. Hinh 2 trinh
bay so do bd tri, lip dat céc thiét bi thu
nghiém va dong co dt trong trén bing thir.
Mot s6 thong sb chinh ciia dong co duoc gidi
thiéu trong bang 1.

Hinh 2. So d6 lap dat trang thiét bj thir
nghiém dong co’ trén bang thir

1: May nén khi cung cap khong khi; 2: Thiét
bi do luu lugng khi; 3: Binh sy néng khdng
khi; 4: Binh tich ap nhién liéu; 5: Bom nhién
liéu xang; 6: Thiét bi do luu luong nhién lidu
cung cap; 7: Thang chaa nhién liéu xang;
8: Thiét bi diéu khién lugng phun nhién liéu
xing; 9: Pong co dién; 10: Thiét bi do do
khoi; 11: Thiét bi phan tich khi thai; 12: May

tinh hién thi va thuc hién diéu khién; 13: Bo
khuéch dai tin hiéu; 14: Bo ghi dir liéu;
15: Tin hiéu &p suat phun nhién liéu; 16: Tin
hiéu nhiét ¢6 khi nap; 17: Tin hiéu ap suét
nap; 18: Tin hiéu téc d6 quay dong co;
19: Voi phun nhién liéu; 20: Pong co thir
nghiém; 21: PAu do ap suit.

Bang 1. Théng sé ky thuat chinh déng co’

thor nghiém

Thong s6 Gia tri

buong kinh xilanh (m) 0,085

Hanh trinh piston (m) 0,088

Thé tich cong tac 0,499

1 xilanh (dm?)
Ty sonéne 16.0

Phun nhién liéu Tich &p - Common Rail

2. M6t s6 théng sé co ban cua tién trinh thi
nghiém

May nén khi cung cip khéng khi nap cho
dong co dugc 1am néng dén nhiét do 165°C
bang bo say nong khi nap. Nhiét d6 khi nap va
ap suat khi nap duogc kiém soat thong qua cac
cam bién, nhiét d6 va ap suat khdng khi nap
dugc do bang cam bién nhiét (loai K) véi sai
s6 nho hon 2°C va cam bién &p sut 4p dién
tro (Kistler 4075A) voi sai s6 nho hon + 0,3%
Ccua toan thang do.

Muc cung cap nhién liéu duoc kiém soat bang
bo diéu khién Iluu lugng khdi chat long
(Bronkhorst M13-CORI-FLOW) c6 sai s6 nho
hon 0,2% trén phép do. Qua trinh luan hoi khi
thai thuc hién cho dong co duoc thay thé bai
khi nito (N2) dé don gian cho qua trinh kiém
soat lwong luan hoi khi thai, duoc didu khién
bang ddng hd do luu lwong, muc ty 1¢ luan hoi
khi thai dugc xac dinh nhu sau:

N

EGR=——3—100%.
Air +N,
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Vi tri gbc quay truc khuyu duogc xac dinh
bang cam bién quang hoc véi sai s6 nho hon
0,1 CAD. Ap suét trong xilanh duoc xac dinh
bang cam bién &p suat (Kistler 6043A) gén
trong nap xilanh véi sai s6 nho hon 2%.

Déi vai cac thir nghiém trong nghién ciu nay,
dir liéu do ap sudt trong xilanh dugc ghi lai va
tinh trung binh trong 100 chu ky lién tiép dé
tinh toan cac qué trinh nhiét dong hoc trong
xilanh, dic biét 12 qua trinh chay biang nén
hon hop hoa tron trugc mot phan, bang cach
str dung phén tich nhiét dong luc hoc. Céc gia
tri do &p suat trong xilanh duoc sir dung tinh
toan toc do toa nhiét trong xilanh, pha chay
chinh, thoi gian quéa trinh chay hén hop trong
xilanh, hiéu suét chi thi trung binh, muc tiéu
thu nhién liéu chi thi,... Hé thdng nhién liéu
kiéu tich 4p - Common Rail duy tri &4p suat
phun 40 MPa. Thoi diém phun lan thi nhat ¢
dinh & —35CAD truéc diém chét trén, thoi
diém phun lan tht hai duoc thay doi tur
—9CAD vé —3CAD trudc diém chét trén. Cac
thong sé co ban cua tién trinh thi nghiém
dugc cho trong bang 2.

Bang 2. Diéu kién thr nghiém dong co

STT Théng sé Giatri | Ponvi

1 | Nhiét do khong khi | 165 °C
nap

2 | Apsuatkhéng khi | 0,1 MPa
nap

3 | Apsuét phun nhién | 40 MPa
liéu

4 | Phuong phap phun | Phun hai giai

doan
o 1A PO TPV P 0 Z-

5 | Ty Ig nhién liéu lan 30/70 % khoi
1/1lan2 luong

6 | Thoi diém phun -35 CAD
nhién liéu giai doan ATDC
dau

7 | Téc d6 quay dong | 1500 | vong/
co phut

STT Théng s6 Giatri | Ponvi
8 Nhlin liGe iz Xang thuong mai
nghiém

3. KET QUA NGHIEN clU

3.1. Ap suéat xilanh va téc dd téa nhiét
trong xilanh

3.1.1. Quy luét thay déi ap suét xilanh va
téc dé téa nhiét trong xilanh khi thay déi
thei diém phun chinh

--=-=50l,= -3 CAD
- - -50l,=- 6 CAD
—S0l,=-9CAD

1120
1100

Tée d toa nhiét [J/CAD]

-10 -:5 0 5 1IU
Goc quay tryc khuyu [CAD ATDC]

Hinh 3. Dién bién &p suat xilanh va téc do téa
nhiét trong xilanh, trong trwwéng hop khéng
luan hoi khi thai
Dién bién &p suat trong xilanh va tc do toa
nhiét trong xilanh dong co vai truong hop
khong sir dung luan hoi khi thai duoc chi ra
trén Hinh 3, voi 3 trudng hop thoi diém phun
chinh khac nhau: SOI, = -3, -6, -9 CAD
ATDC, phun nhién liéu trudc khi piston dén
diém chét trén. Tur d6 thi nay cd thé thay, thoi
diém phun lan tha hai ¢6 anh huong rat Ion
dén quy luat bién thién &p suat va téc do toa
nhiét trong xilanh, vai cac gia tri va thoi diém
dat gia tri cuc dai 1a khac nhau va ddng thoi
dang duong cong, d6 dbc khac nhau. Khi thoi
diém phun lan tha hai SOI, cang sém (SOl =
—9 CAD ATDC), qua trinh phun chinh dién ra
cang xa trudc khi piston dén diém chét trén,
thi thoi diém bat dau qua trinh chay thuc su

TAP CHI KHOA HOC & CONG NGHE . SO 45 - 2024



KHOA HOC & CONG NGHE

xay ra mudn hon, thé hién ¢ téc do toa nhiét
nam vé phia bén phai — mudn hon. Hon nira,
lic nay tdc do téa nhiét trong xilanh trong qua
trinh chay ciing manh hon thé hién bang cac
dinh cua duong téc do téa nhiét cao hon va
dich chuyén vé phia bén phai, sau diém chét
trén. Piéu nay ciing ching minh cho tc do
chdy dién ra nhanh hon khi thuc hién phun
som, hoa khi (xang dugc phun vao va khong
khi trong xilanh) hoa tron trudc dwuoc hinh
thanh nhiéu hon truéc khi qué trinh chéay
dién ra.

Tuy nhién, néu thoi diém phun lan tha hai
muén, tr -6 CAD dén —3 CAD, qua trinh
chay dién ra giéng véi qué trinh chay caa
dong co diesel truyén thdng véi pha chay
khuéch tan va pha chay hoa tron trugc phan
biét hoan toan, thé hién bai 2 dinh cia duong
cong tdc do toa nhiét. Trong d6, pha chay hoa
tron trudce chiém wu thé hon so véi pha chay
khuéch tan véi tde do toa nhiét Ion hon nhiéu
va qua trinh chay tap trung & quanh diém chét
trén. Tur cac két qua nay cho thiy thoi diém
phun chinh SOI, c6 thé thuc hién dé lam
thong s6 diéu khién qua trinh chay GPPC,
quyét dinh dén dic tinh chay.

3.1.2. Quy luat thay déi ap suat va téc do
téa nhiét trong xilanh khi nang cao thanh
phan luan héi khi thai

Nhu thé hién trong

Hinh 4, dién bién cua &p suét trong xilanh va
téc do toa nhiét lién quan dén thoi diém phun
nhién liéu thir hai gan diém chét trén -3 CAD
ATDC, thoi diém phun nay da dugc chon dé
xé4c thuc tiém ning cua EGR. Viéc bd sung
luan hoi khi thai EGR lam giam ndng d6 oxy
¢6 sin cho qué trinh d6t chay hdn hop xing -
khong khi, ting nhiét dung riéng cia hon hop
khi trong xilanh va lam cham qua trinh tu
chay cua hoa khi [14], sau d6 cling lam cham

qua trinh phét trién chay cua qué trinh chay
khuéch tan.

——EGR=0%

- - -EGR=10%
----- EGR=15%
- - -EGR=20%
""" EGR=25%

@
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Ap suit xy lanh [bar]
w

Tbe d6 toa nhiét [J/CAD]

-10 -5 0 5 10 15 20
Goc quay truc khuyu [CAD ATDC]

Hinh 4. Anh hwéng cta mirc EGR dén ap
suat xilanh va téc dd téa nhiét ctia qua trinh
chay chay nén véi nhién liéu xang, trong
trwong hop thei diém phun sém -3 CAD
ATDC
Vi viée tang ty 1€ EGR Ién tai 25%, qua trinh
bit dau d6t chay bj tri hodn manh, ap suit tdi
da giam va gia tri cuc dai cua téc do giai
phéng nhiét giam nhe khi tong lwong nhién
liéu duoc dua vao qua hai 1an phun, thoi diém
bat dau ty chay ¢ cing mot thoi diém. Véi
qua trinh chay khdng st dung luan hoi khi
thai, thi pha chay thé hién trén duong cong toc
d6 toa nhiét bao gom 2 phan rd rét: pha chay
thir nhat cia hon hop hoa tron truéc va pha
chay thi hai cua qué trinh chay khuéch tan.
Khi tang ty 18 EGR, pha chay chi con thé hién
cua pha chay duy nhat, diéu nay cho thiy qua
trinh tri hodn chay cua qua trinh phun mdi va

chay dong thoi hdn hop caa 2 1an phun.

Qua trinh tri hodn chay cua hdn hop hinh
thanh boi giai doan phun moi, khi ting ty ¢
EGR tir 0 dén 25%. Khi tang ty 18 luan hoi khi
thai 1én, duong téa nhiét c6 do doc cang giam
dan va dich chuyén sang phai, sau diém chét
trén. Diéu ny cho thay khi ting ty I& luan hoi
khi thai xem nhu lam giam téc d6 oxi hda hon

TAP CHi KHOA HQOC & CONG NGHE . SO 45 - 2024



KHOA HOC & CONG NGHE

hop nhién liéu - khéng khi.

Ngoai ra, sy phét trién chay c6 thé thiy duoc
anh huong cua tia phun cua giai doan phun
chinh dén qua trinh bat dau chay, khi tia phun
hap thu nhiét lvong caa ving hdn hop cua giai
doan phun maéi hinh thanh, 1am cho qua trinh
dinh tré chay chung tang lén.

3.2. Quy luat bién thién nhiét dé trong
xilanh

Nhiét do trong xilanh dugc tinh toan dua vao
thong tin vé 4p xuét trong xilanh, theo dinh
luat 1 nhiét dong luc hoc chat khi.

1600

—
]
=]
=]

1400
1300
1200
1100

‘1000}

Nhit d§ trung binh xy lanh [K]

@ @
==
[=R=]

Gobe quay true khuyu [CAD ATDC]

Hinh 5. Anh hwéng cua ty |é luan hai khi thai
dén quy luat thay déi nhiét dé trung binh
trong xilanh, trong cac trwong hop thoi diém
phun sém: a) -3 CAD ATDC; b) -6 CAD
ATDC; ¢) -9 CAD ATDC

Hinh 5 thé hién bién thién nhiét do trong
xilanh dong co theo cac thoi diém phun chinh
khéc nhau, véi cac ty I¢ luan hoi khi thai khac
nhau: khong luan hoi (0% EGR), luan hoi
10% (10% EGR) luan hdi 20% (20% EGR).
Véi ving nhiét do trudce khi phat trién chay
manh, xung quanh —2 CAD ATDC, nhiét d¢
trong xilanh giam dan khi phun chinh sém Ién,
thé hién anh huong cua qué trinh phun nhién
liéu 1an thir hai c6 tac dung “lam mat” hoa khi
trong xilanh dwgc hinh thanh tir giai doan

phun méi. Ung véi goc phun chinh -9 CAD
c6 gia tri giam nhiét do nho nhat & lan can
vung -3 CAD nhung ciing c0 gia tri nhiét do
cyc dai 1a Ion nhit & 1an can ving 10 CAD
sau diém chét trén.

Trén d6 thi Hinh 5 cho thay, néu thoi diém
phun 1an hai xay ra cang muon, thi nhiét do
cyc dai trong xilanh cang giam. Didu nay cho
thdy, khi phun 1an hai muon tic 1a phun vao
hén hop hoa khi dang dién ra qua trinh oxi
héa hdn hop, s& lam cho téc d6 chay giam
xubng ciing nhu nhién liéu méi phun vao thuc
hién qua trinh chay khuéch tan, véi toc d6 oxi
héa nhién liéu giam. Do d6, c6 thé thay thay
dbi thoi diém phun 1an hai SOI, c6 thé diéu
khién duoc nhiét d6 cuc dai trong xilanh, s&
lam thay d6i muc phét thai doc hai nhu CO,
HC, NOy,...

3.3. Quy luat bién thién pha chay va thi
gian chay tré caa déng co GCI

" 40 [HCA10
-§+-CAS0

{35 [E-CAgo-cAt0
©-1D

.3U|—|

125 U,

D

120 =

0

{15 <

CA10; CA50 [CAD]
o 3
CA90-C

o

&

0 5 10 15 20 25
% EGR
Hinh 6. Anh hwéng ctua EGR vé&i thei diém
phun 1an hai -3 CAD ATDC dén pha chay
Khao sat anh huong cuaa ti 18 luan hoi khi thai
bang viéc muc luan hoi khi thai duoc thay doi
tir mic 0 dén 25% trong khi thoi diém phun
lan thir hai duoc ¢b dinh & cac gia tri -3CAD
(Hinh 6). Trén db thi thé hién trén Hinh 6.
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CA10; CA50 [CAD]
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o
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% EGR
, pha chay duoc thé hién bang duong CA10,
CAS50, CA90, trong d6 CA10 1a thoi diém bat
dau chay tuong ung 10% nhiét luong toa ra,
CAS50 la qua trinh chay tuong tmg 50% luong
nhiét téa ra, CA90 I thoi diém két thic qua
trinh chay tuong rng vd&i 90% nhiét luong toa
ra. Khi tang ty 1 luan hoi khi thai EGR, thoi
diém bét dau chay (CA10) dién ra muon hon,
thoi diém pha chay chinh CA50 ciing dién ra
muon hon tuong ng véi thoi diém phun lan
hai ¢ -9 CAD.

Thoi gian chay tré dugc thé hién bang duong
ID (Ignition Delay) trén Hinh 6. Khi ty I¢ luan
hoi khi thai nang lén thi thoi gian chay tré
cang ting 1én, d6i Vi cac thoi diém phun
chinh khac nhau. Diéu nay cho thiy, khi ting
ty 1& luan hoi khi thai, duong toéa nhiét co do
déc cang giam dan va dich chuyén sang phai,
vé6i dinh cua toc do toa nhiét giam va tré vé

phia sau diém chét trén va chang minh rang
da lam giam toc do dxy hda nhién liéu.

4. KET LUAN

Qua trinh chay hién dai GPPC dugc ap dung
trong dong co nhiét & mé hinh chay c6 thé
dap tmg duoc cac yéu cau ngay cang chit ché
cua tiéu chuan vé khi thai trong dong co dang
&p dung & cac nudc trén thé gidi ciing nhu &
Viét Nam. Viéc diéu khién céc thong sé cua
qua trinh chay, théng qua thoi diém phun
chinh SOI; va ty I luan hoi khi thai, 1a nhan
t6 quyét dinh dén dic tinh phat thai ciing nhu
dic tinh 1am viéc cua dong co. Két qua cua
nghién ciru da cho thay, viéc két hop giira hai
thong sb 1a chién lugc phun kép véi thoi diém
phun lan thir hai hop 1i ciing vai ty 18 luan hoi
khi thai s& lam thay ddi duoc quy luat chay,
quy luat téa nhiét va cac pha chay dién ra
trong xilanh dong co.

Thoi diém phun chinh sém dan 18n c6 thé thac
day qua trinh chay sém cua hdn hop nhién
liéu khong khi trong xilanh, nang cao hiéu qua
chay cling nhu hiéu qua sinh cong cé ich cua
chu trinh. Tuy nhién, téc do ting ap suét trong
xilanh c6 thé gay nén hién tuong dong co lam
viéc cimg. D¢ tranh diéu nay, thi luan hoi khi
thai gitp ting thoi gian tré chay, hay chinh la
thoi gian hoa tron nhién liéu khong khi nhung
cling dam bao giam toc do tang 4p suét trong
xilanh trong qua trinh dong co lam viéc.
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