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Trinh Trong Chuong
Dai hoc Cong Nghiép Ha Noi.

ABSTRACT

In the training and research in electrical Engineering, Software System for Simulation
of Electric Power in Real time is very important. Power engineering education is again a
topic of great interest ever since the process of deregulating the power industry has been
initiated. Selecting the simulation technology as a base for developing the computer exercises,
the project has concentrated on the development and utilization of a variety of simulation
environments. The use the free software in the teaching process for future engineer training
about de virtual laboratory is very recommendable. This paper gives a sample of an overview
on the electrical power software tools

1. GIOI THIEU

M6 phéng sé 13 su phat trién va hoan thién ciia phuong phap mé hinh héa trong do
céc bién trang thai va hanh vi cia hé duoc phan anh mot cach day du thong qua hé phuong
trinh trang thai. O day, toan hoc la cong cu chu dao. Van d& mau chét 12 biét cach mo ta chinh
xac cac hanh vi ctia hé théng thuc. M6 phong s6 khong chi tham gia ¢ giai doan phan tich,
tong hop thong s6 ma con co mit trong sudt chu trinh ctia san pham hodc hé thong. S6 lugng
bién trang thai va cac hanh vi ciia chiing n6i chung khong han ché; cac siéu méy tinh c6 kha
nang gan nhu vo han [1, 2]. Vi du: dé nghién ctru qué trinh qué d¢ va 6n dinh cua hé thong
dién Viét Nam dén 2010 néu chi sir dung mo hinh mach thong thuong ta chi c6 thé giai quyét
bai toan vi mot sd gia thiét don gian hoa. Tuy nhién, véi ki thuat mo phong sb ta co thé xem
xét ddy du moi thong s6 ciia hé thong thuc. Vi phan mém mo phong va tinh toan PSS/E cho
phép d& dang tinh toan ctia hé thong dién Viét Nam v&i 1442 nat va 117 may phat dién c6
tong cong suat 14.420 MW + j6480 MVAR trong ché d¢ van hanh binh thudng ciing nhu cac
ché do su ¢ khac nhau.

Ngoai thé manh ctia mé phong s6 12 linh hoat va van ning, mé phong s6 con cho phép
du bao nhitng tinh hudng x4u nhit c6 thé xay ra dbi véi mot hé thong. Do d6, mé phong sd
¢6 thé duoc coi nhu 1a mot dang nghién ciru thir 3 bo sung cho nghién ciru 1y thuyét va thuc
nghiém. Viéc thdm nhdp cua mo phong s6 vao tat ca cac hoat dong cia mot dy an k¥ thuat
bat ky nao do, xuyén sudt toan bo qua trinh thyc hién mét du an, tu dé xuat y tuong thiét ké
cho dén thyc hién va van hanh hé théng thuc, mo phong cho phép kiém tra, danh gia nhiéu
phuong an khac nhau, tir d6 lya chon duoc phuong an thich hop nhét. Trai qua mot qua trinh
phat trién 1au dai, linh vyc mo phong da c6 nhimng budc tién dang ké. Cac phin mém mé
phong ngay cang trd nén linh hoat, manh mé, than thién va gén glii vo1 nguoi st dung, 1a mot
cong cu can thiét va hiru ich ddi véi cac nha khoa hoc. Cac bai toan cua hé théng 16n nhu hé
thong dién, hé thong diéu khién qué trinh...doi hoi mé hinh sd ngay cang phirc tap. Cac k¥
sur cong nghé va tin hoc can tiép can véi linh vyc dang nghién ctru s6i dong nay.
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2. PHAN LOAI CAC PHUONG PHAP
MO PHONG

Ngay nay, tit ca cac hé théng mod
phong déu dugc thyc hién trén may tinh thong
qua cac phan mém mo phong. Vi Iy do thong
dung, bai bao nay chi xem xét cdc phuong
phap mé phong ciing nhu cac phan mém mo
phong cho may tinh cd nhan. Co6 hai phuong
phép mo phong chinh dugc sur dung hién nay
14 mé phéng tuan tw hay mé phong nhin-qua
(sequential, causal simulation), va moé phong
vdt [y hay mo phong phi nhan-qua (physical,
non-causal simulation). Hai phuong phéap nay
thé hién hai huéng tiép can khac nhau dbi voi
mo hinh hoa hé théng va cling thé hién xu
hudng phat trién hién dai cua linh vuc mo
hinh h6éa va mé phong [4, 7].

2.1. Phwong phap mé phong nhdn qua.

Phuong phap mo6 phdong nhan qua dua
trén cach tiép can nhan-qua trong md hinh
hoa hé théng. Theo d6, mot hé théng duoc
phan tich thanh mot hay nhiéu hé théng con
véi cac dau vao, du ra va trang thai. Pau ra
(“két qua”) ctia mot hé thdng con phu thude
vao trang thai va dau vao (“nguyén nhan”)
cua nd. Moi hé théng con thuong dugc mod
td boi mot hé phuong trinh vi phan thuong
(ODE - Ordinary Differential Equation). Dé
tao thanh mot hé théng 16n, cac hé théng con
dugc ndi v6i nhau ciing theo nguyén tic nhan
qua: moi dau vao ciia mot hé théng con nhan
két qua tur duy nhat mot dau ra ctia mot hé
théng con khac ma n6 phu thugc. Nhu vay,
ca hé théng 1a mot tap hop cac hé ODE, dugc
sép Xép theo mot thir tu xac dinh (thé hién
quan hé nhan-qua trong hé théng). Vé co ban,
viéc mo phong hé théng la gidi lan luot cac hé
ODE nay theo thtr tu, trong do hé sau c6 thé
su dung két qua cua h¢ trudc.

Maic du phuong phap mo phong nhan-
qua rat hiru ich va dép mg dugc nhiéu nhu
cau md phong hé théng trong thuc té, ching

van c6 mot sé nhuge diém. Pang ké nhat 1a
viéc mo6 phong theo quan hé nhan-qua doi hoi
phai ap dat cach nhin nhan-qua vao hé thong
vat ly. Cach nhin nay khong cho thay ban chat
thyc ciia hé thong, boi ngay ca sy phan biét
thé ndo 1a dau vao va thé nao la dau ra cia
mot hé thong ciing phu thude nhidu vao quan
diém nhin nhan. Hon nita, khi ta nhin nhan
theo quan hé vao-ra thi c¢6 nghia la dau vao
khong bi anh huong boi dau ra, nhung trong
cac hé vat ly rat kho c6 mot quan hé 1y tuong
nhu vay.

2.2. Phwong phdap mo phong phi nhén qua.

Phuong phap mo6 phdong phi nhan-qua
dya trén viéc mo hinh hoa hé vat 1y theo cac
hé con va xac dinh hanh vi cua hé théng tai
nhitng diém ndi gitta chung. Thong thudng,
mdi hé con s& dai dién cho mot thiét bi hay
mot thanh phﬁn co ban cua hé théng, vi du nhu
dién trg, tu dién, dong co, van, duong 6ng. ..
Moi hé con dugc mo ta béi cac phuong trinh
can b::ing khdi lugong, nang lugng, mé-men va
vat chat. Tai diém nbi giira hai hé con ciing ton
tai mQt quan h¢ xac dinh, vi du nhu dién thé
hay 4p suat khong doi, hay tong cac dong triét
tidu. M6 hinh ctia ca hé thong 1a sy két hop mo
hinh cuta ting hé con va quan h¢ tai cac diém
ndi; noi cach khac, 1a su rang budc 14n nhau
gilta cac dai lugng theo nhitng quy ludt vat
Iy x4c dinh. Nhu vay, mot cach tong quat thi
hé thdng s& dugc mo ta boi cac phuong trinh
dai s6 vi phan (DAE — Differential Algebraic
Equation) thay vi ODE. Diém khac biét rat co
ban so v&i mo phong nhan qua 1a ¢ day céac hé
théng con duoc két ndi véi nhau mot cach tu
nhién gidng nhu quan hé giita cdc doi twong
trong thuc té, chtr khong chi don thuan chi la
quan hé tin hiéu vao/ra.

3. MO PHONG TREN MAY TINH
3.1. Céc tiéu chi danh gia.

Khic véi md phong thuan tiy toan
hoc, viéc md phong cac qua trinh cong nghé
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phuc vu cho dao tao va nghién ctru thuong
phirc tap hon va c6 nhiing yéu cau riéng. M6
phong cac ddi tugng cong nghé phai co tinh
tuong tac va truc quan cao, dé sir dung, dé
hinh dung, va thé hién dugc 16 rang quy trinh
cong nghé do6. Trong bai bao nay, tac gia su
dung cac tiéu chi chinh sau day dé danh gia
mdt phuong phap thuc hién mo phong trén
may tinh:

— Tinh chinh xdc: d6i twong can dugc md
phong voi d6 chinh xac mong mudn. Dé dat
duoc diéu nay, can sur dung cac thudt toan
ddc biét trong tinh toan, giai phuong trinh vi
phan, ... (ty dong thay ddi bude tinh, xac dinh
diéu kién dau...)

— Kha ning mé phéng: md phong duoc nhidu
loai hé thong khac nhau, do d6 co thé ung
dung trong nhiéu linh vuc khic nhau véi
nhiing dac thu riéng.

— Tinh linh hoat: d& dang thay d6i, thém bét
cac thanh phan ma khong 1am anh huong dén
cac thanh phan khac.

— Kha nang sir dung lai: do cac d6i tuong
trong hé thong dién rit phong phii va phirc
tap nén kha ning str dung lai cdc mo hinh da
xdy dung sin rat can thiét.

— Tinh don gian, truc quan: viéc xay dung
mé hinh ¢6 thé duoc thuc hién hoan toan trén
giao dién dd hoa, st dung chu yéu céac thao
tac kéo-tha va dat tham sd. D6i v6i mo phong
cac qua trinh cong nghé, kha ning biéu dién
hoat dong cua hé théng dudi dang hinh anh
d6 hoa chuyén dong 1a can thiét.

— Tinh thoi gian thuc: kha nang thuc hién mo
phong theo thoi gian thyc, ¢ thé doi hoi phan
cling dic biét hay c6 thé thyc hién ngay trén
may tinh thong thuong.

- Kha néng tich hop: kha ning giao tiép, két
hop véi cac cong cu khac (cong cu thiét ké
hé théng, cong cu lap trinh cho bo diéu khién
thuc,...).

3.2. Str dung cong cu mo phdéng chuyén
dung

Khic véi md phong thuan tay toan
hoc, viéc md phong cac qua trinh cong nghé
phuc vu cho dao tao va nghién ctru thuong
phirc tap hon va ¢ nhitng yéu cau riéng. Mo
phong cac dbi twong cong nghé phai c6 tinh
tuong tac va tryc quan cao, dé sur dung, dé
hinh dung, va thé hién dugc rd rang quy trinh
cong nghé d6. Trong qué trinh phat trién cta
linh vuc mo hinh hoa va mé phong, nhiéu
ngon ngr da dugce sang tao ra danh riéng cho
muc dich nay, bao gém nhiing loai da ning
(stt dung cho nhiéu linh vuc, nhiéu loai hé
thong khac nhau) va nhing loai chuyén dung
cho mét linh vuc nhét dinh. Muc nay chi xem
xét nhitng ngdn nglr da ndng va dya trén quan
diém phi nhan qua. pé thuan tién, chuong
trinh PSCAD va EMTP duoc ldy lam vi du
phan tich.

Chuong trinh PSCAD [6] dugc phat
trién boi cac nha khoa hoc cia MANITOBA
(Manitoba HVDC Research Centre Inc.
Canada) trong nd lyc tao ra mot ngdn ngit mod
hinh héa va mé phong thong nhat - hién dai,
huéng ddi twong va phi nhan-qua trong linh
vuc Ky thuat dién. La mot ngén nglr hudng
d6i tugng, PSCAD quy dinh mdi loai hé thong
con, vi du nhu may phat dong bd hodc khong
déng bo, tu dién, cudn cam, dudong day trén
khong, cip ngam...va cac thanh phan khac
nhu may cat, thiét bi diéu chinh...déu dugc
dinh nghia 1a mét 16p (class). Hanh vi co thé
duoc mo ta bang cac phuong trinh (dai s6, vi
phan,...) hodc céc thuat toan [2, 8]. PSCAD
hd trg mo ta cac hanh vi dua trén sy kién, do
d6 cho phép d& dang mé ta cac hé thong su
kién roi rac va cac hé théng lai. Mdt 16p co
thé thira ké tir mot 16p khac, qua do6 ciing thira
Kké tit ca cac dic diém cua 16p do, ké ca céc
hanh vi. Dé minh hoa, cong cu PSCAD duoc
sir dung dé mo hinh hoa mot hé thng truyén
tai dién mot chiéu két ndi giira hai hé thong
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dién xoay chiéu thong qua cic bo bién ddi
va mot hé théng cap ngam nhu hinh 1 va 2.
Cép dién ap truyén tai 1a 110 kV, cong suat
truyén tai 75 MW. Viéc diéu chinh cong suét
phan khang ciing thong qua 2 bo bién doi nay
nham duy tri mot hé sé cong suat khong doi
trong qua trinh van hanh binh thuong va khi
su ¢6. Ddi v6i mé hinh nay, viéc str dung céc
ngon ngtr 1ap trinh thong thuong 1a cuc ky
khé khin va gap nhiéu han ché do thiéu cac
tinh nang va doi hoi stra d6i ma ngudn khi
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Tuy nhién, d6i véi PSCAD thi cong
viéc ndy tré nén don gian hon rat nhiéu, dién
bién hoat dong cua ca h¢ théng biéu dién theo
thoi gian thuce va cho phép ngudi st dung can
thiép truc tiép vao cic qua trinh diéu khién
nham du doan trudc duge tit ca cac tinh
hudng ma hé thng c6 thé gap phai. Két qua
mo phong goc mé va goc tit cua Thyristor
cua by chinh luu, nghich luu va dién bién
cong sut tac dung, phan khang cua hé thong
cho trong hinh 4, 5 khi hé théng bi su cd ngén
mach mot pha cham dat trong h¢ théng xo0ay
chiéu tai thoi diémt= 2,0 sec, tinh trang sy cd
duy tri trong 0.2 sec sau d6 hodi phuc tro lai.
C6 thé thay 1a két qua mo6 phong ctia mo hinh
rat truc quan, d& hiéu. Khong nhiitng thé, do
khong phai xac dinh quan hé vao-ra nén mo
hinh nay c6 thé duoc st dung cho céc muc
dich khac nhau, du muc dich d6 la tinh toan
dién bién cong suit cia cum may phat, hay cac
qua trinh qua dg cua dong dién phia chinh luu
- nghich luu. Cac cong cu phan mém tinh toan
trong k¥ thuat luén cung cap mot moi truong
tinh todn manh va tién dung cho cac Ung
dung thudc linh vyc k¥ thuat. Bén canh do,
cac phan mém nay thudng cung cap kha ning
mo hinh hoa va mé phong hé théng. Ngoai ra,
do chu yéu dua trén kha ning tinh toén s ciia
phan mém, cic cong cu nay thudng chi cho
phép mo hinh hoa hé thdng dua trén quan hé
nhan-qud, vao-ra, trong d6 dong hoc ciia mdt
hé thong chi yéu duoc md ta boi cac phuong
trinh vi phan thuong.
ludi dién mot cach toan dién (hinh 9).
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Hinh 6: Qué do dong cit tram tu bu truyén tai

Trong viéc minh hoa cac hién tugng,
khéi ni€m kha trtru trong ma trudce day ratkho
khan trong viéc gidi thich cho sinh vién, hi¢n
nay viéc ap dung phuong tién nghe-nhin, két
hop v6i phan mém minh hoa, gitp cho sinh
vién nim bét van dé mot céch tryc quan hon,
va hiéu hon vé phuong dién vat li. Cac dd
an, bai tap lon néu dugce thiét ké trén nén cac
phuong tién tinh toan dung ky thuat tin hoc,
s& khién sinh vién cam thay thich thu hon, va
c6 thé khao sat rat nhiéu phuong an, tir d6 c6
nhitng nhén xét, so sanh, kich thich 6c sang
tao cta nguoi hoc. Co thé lam duoc viéc trén
bang cach d6i méi phuong phéap giang day,
dua ky thudt mo phong vao viéc giang day cac
ndi dung co sé. Vi dy, st dung cac chuong
trinh MatLAB [8, 10], hoac cac phﬁn mém
chuyén dung (PSS/E, PSS/ADEPT...) trong
viéc giai cac bai toan cd dién ciia nganh:
tinh toan cac thong s6 ciia duong day; phan
bd cong sudt, tinh toan ngén mach, tinh toan
6n dinh hé thdng... Mot vi du khac, 1a khai
niém tir trudng quay trong cic may phat dong
bd cia cac nha may dién dugce trinh bay mot
cach rat tryc quan, sinh dong, cho phép nguoi
hoc linh hoi van dé mot cach thuc chat hon
(hinh 7). Mot bai tap 16n nhu vady cho cac
phan tinh toan ngan mach, phan bd cong suat,
6n dinh va phéi hop bao vé qua dong di duoc
st dung trong mon hoc CAD trong KV thuat
dién (hinh 8) [3, 4, 8]. Néu két hop voi hé
thdng thong tin dia li (GIS), sinh vién khong
chi giai quyét cac van dé ky thuat don thuan,
ma con tham gia vao qud trinh quan 1i mdot
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Hinh 8: Ph01 hop bao vé qua dong

Qua tinh toan ap dung ky thuit mo
phong cho thdy phan tng cia sinh vién 1a
kha tich cuc [7, 10], cho biét 1 c6 su thich
tha, quan tdm nhiéu dén ndi dung cic mén
hoc, ma trudc ddy bang cac phuong phép tinh
toan béng tay khong thé thuc hién dugce, hodc
néu duoc, chi co thé trong mot s6 nat han ché
qué it (khong qua 5, 6 nat) va chi co thé tién
hanh v41 mdt phuong an [8]. Trong bang 1 1a
tom tat cac danh gid vé cac phuong phap mo
phdng nay.

Ngoai ra, khi ing dung trong giang
day, rat can thiét c6 mot mé hinh truc quan
sinh dong dé sinh vién co thé nim bit 1d van
dé nham ching minh mdt cach sinh dong,
truc quan cho sinh vién céc hién tuong da
dang xay ra trong hé thong dién (cac qua do
do dong cit tu bu; dién ap phuc hdi trong may
cit; cac xung sét do cam ung hay lan truyén;
phdi hop cach dién cua dudng day trén khong,
tram ngoai troi, tram GIS, chéng sét; cac hién
tugng cong huong sat tir, cong hudong song
song va ndi tiép trén duong day...). Néu khong
c6 cac cong cu md phong sb, cong viée niy
chéc chin s& rat kho khian. EMTP [8, 9] (hinh
6) 1a phan mém duogc sir dung trong viéc giai
cac bai toan qua do, 1a mot cong cu thich hop
cho viéc do.

3.3. Sir dung mdt cong cu phin mém tinh
toan trong ky thuéat

Céc cong cu phan mém tinh toan trong
k¥ thudt, vi du nhu MatLab, cung cép mot moi

L T T T S e g T T Zlei
MmMJmJ e R P B i )|
A ) Syl ]+ _I_I_J_J]ﬂ._.ﬂ ulllilﬁl_._l_ﬂ B

I /_/\

% 2N

Hinh 9: GIS trong quan li, tinh toan luéi dién

truong tinh todn manh va tién dung cho céc
ung dung thudc linh vuc k§ thuat. Bén canh
d6, cac phan mém nay thuong cung cip kha
nang mo hinh hoéa va moé phong hé théng. Tuy
nhién, do chu yéu dua trén khd nang tinh toan
s6 cia phin mém, cac coéng cu ndy thuong
chi cho phép mé hinh hoa hé thong dua trén
quan hé nhan-qua, vao-ra, trong d6 dong hoc
cua mot hé théng chu yéu duoc mo ta boi cac
phuong trinh vi phan thuong. Thong thuong,
mot giao dién dd hoa truc quan dé xay dung
so dd khoi cling dugc cung cép. Nhu vay, viéc
xay dung mo hinh khong chi phu thudc vao
ddi tugng ma con phu thude vao tung truong
hop tmg dung cu thé, lam han ché phan nao
tinh str dung lai cua mo6 hinh.

3.4. Sir dung m¢t ngon ngir 1ap trinh da
nang thong thuong

Bén canh viéc sir dung cac cong cu
phan mém mé phong chuyén dung, ta co thé
lap trinh mo phong hé thdng bang cic ngon
nglt 1dp trinh thong thuong nhu C/C++,
Fortran, Pascal, Java,... Do cdc ngdn ngit nay
khong duoc thiét ké danh riéng cho muyc dich
mod phong nén phuong phap nay cé nhiéu han
ché. Tuy nhién, kha ning tiy bién va tinh
linh hoat thuong cao vi khong bi han ché vao
nhitng tinh ning cung cip san. Trén bang 2 13
tom tit danh gia vé phuong phéap nay.

Béng 1: DBanh gia phuong phap moé phong su
dung cong cu phan mém tinh toan trong k¥
thuat
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Tinh chinh xac

D6 chinh xé4c cao do hd trg cac thuat toan dic biét trong tinh
toan

C6 kha nang mé phong duoc nhiéu loai hé théng khac nhau. Mo

Khi niing mé phéng | ta hé thdng dang nhu ban chat vat Iy. Kha ning tmg dung rong:
co khi, dién, nang lugng, ...
Tinh linh hoat cao do khong phu thudc vao viéc lya chon dau
Tinh linh hoat vao-ra.

D@ dang thay d6i mé hinh, thém, b6t cac thanh phan.

Tinh str dung lai

Xay dung md hinh tir cac thanh phan don 1¢ ¢6 sin.
Xay dung mo hinh méi thira ké tir cac mé hinh khac.

Thu vién phong pht cac d6i twong xay dung san.

Tinh don gian, truc

Giao dién thiét ké d6 hoa thuén tién va tryc quan.

Mot s6 cong cu c6 kha nang biéu dien hoat dong ctuia hé thong

quan bang hinh anh d6 hoa chuyén dong (2-D hodc 3-D) nhung van
con han ché.
Tuy thudc timg phan mém cu thé. Hau hét cho phép mé phong
Tinh thoi gian thue thoi gian thuc ngay trén may tinh thong thudng hodc két hop véi
cac phan mém chuyén dung
Kha nang tich hgp Tuy thudc vao timg phan mém cu thé, hau hét hd tro giao tiép véi

cac phan mém pho dung hodc két xuat mé hinh ra ma nguon

Bang 2: Danh gia phuong phap mo phong str dung ngdn ngtr 1ap trinh da nang thong thuong

Tinh chinh xac

Phu thudc cac thuat toan dugc st dung dé tinh toan, giai phuong
trinh vi phan. C6 thé sur dung cac thu vién tinh toan da co6 san

D¢ linh hoat cao, tuy ¥ lva chon phuong thirc mé phong nhan
qué hay phi nhan qua, theo thdi gian hoic theo sy kién, hodc két

hop ca hai

Tinh linh hoat

Khong bi han ché boi nhing tinh ning cung cap san

Kho thay d6i mé hinh, thém bét cac than phan. Phai sira ma
nguodn




Pai hoc Su pham Ky thuit Thinh pbé' Ho6 Chi Minh

Tap chi Khoa hoc Gido duc K§ Thuat, s6 10( 4/2008) n

Tinh sir dung lai

tur dau

Tuy thudc vao phuong thirc 1ap trinh va thiét ké chuong trinh

Khéng c6 thu vién cac ddi tugng xay dung sin ma phai xay dung

Tinh don gian, truc
quan

Thuong khong c6 giao dién thiét ké dd hoa don gian.

Tuy y lua chon cach thirc dé thé hién

Tinh thoi gian thuc
cao

Phai tu thue hién bang lap trinh, kha phirc tap nhung hiéu qua kha

Kha nang tich hop

Tuy lua chon va phu thudc vao viée 1ap trinh. Viée giao tiép véi
cac phan mém khac c6 thé kho khan

4. NHAN XET VA KET LUAN

Can ctr vao nhiing danh gid trén,
phuong phap su dung cac ngon ngit mo hinh
héa va mo6 phong chuyén dung (vi du PSCAD,
EMTP, hay PSS/E...) t6 ra ¢6 nhiéu uu diém
vuot trdi va thich hop cho mé phong cac qua
trinh x4c 1ap va qué trinh qué d¢ phuc vu muc
dich nghién ctru, giang day [6, 7]. Phuong
phép str dung cac ngon ngir 1ap trinh da nang
thudng rat phtc tap va kho dbi véi hau hét
cac sinh vién.

Néu muc dich mé phong cha yéu phuc
vu dao tao thi mot phan mém tinh toan va
mo phong ky thuat thong dung nhu Matlab/
Simulink t6 ra ciing rat phu hop [10]. Tuy
nhién, ta can bo sung cac khdi mé phong ddi
tuong thong dung két hop giao dién dd hoa
tryc quan dé tang kha ning twong tac va tinh
thuc té cho sinh vién lam thi nghiém. Day
ciing 12 xu huéng ma nhiéu truong Pai hoc
trén thé giéi dang ap dung.
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