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Tom tit: Ung dung mé phong s6 trong gido duc nghé nghzep dwoc xem la mot trong nhwng gidi phap quan trong nham
nédng cao chat hrong ddo tao trong boi canh chuyén doi sé va cugc Cach mang cong nghiép lan thir tw. P6i véi nganh Dien
cong nghzep, hoat dong thuc hanh chiém ty trong lém trong chwong trinh dao tao, tuy nhién van con gap nhiéu han ché vé
co so vt chit, chi phi ddu tie va mire dé an toan. Trén co sé phan tich thuwce trang ddo tao thie hanh nghe Dién cong nghiép
tai cde trwong cao dang ¢ Viét Nam, nghién cieu nay chi ra nhitng khé khan, han ché trong qua trinh t6 chire dao tao thuc
hanh. Pong thoi, nghién ciru xdc dinh khodng trong trong cdc mé hinh dao tao hién nay, khi chiea cé sw tich hop dong bé
gitta céng nghé mé phong sé, hé thong quan Iy hoc tdp va dinh hieéng phat trién theo mé hinh Digital Twin. Tir d6, nghién
cibu dé xudt mé hinh phong thiee hanh do du"a trén cong nghé mo phOng 0, két hop vm hé sinh thai sé gdm cac lop cong
nghé mo phong, quan Iy hoc 1ap va ha tang s6. Pong thoi, mot hé thong gzazphap trién khal mang tinh dong b, kha thi va
6 19 trinh dwoc xdy dung nham ndng cao hiéu qua dao tao trong béi canh chuyén doi so.

Tir khéa: mé phong so; phong thue hanh do; Digital Twin; gido duc nghé nghiép, dién cong nghiép; chuyén doi so.

RESEARCH APPLICATION OF DIGITAL SIMULATION IN DEVELOPING
A VIRTUAL LABORATORY MODEL FOR INDUSTRIAL ELECTRICAL
TRAINING AT COLLEGES IN VIETNAM

Abstract: The application of digital simulation in vocational education is considered a key solution to improve training
quality in the context of digital transformation and the Fourth Industrial Revolution. In industrial electrical training,
practical activities account for a significant proportion of the curriculum,; however, they still face limitations related
to facilities, investment costs, and safety conditions. This study analyzes the current situation of practical training in
industrial electrical programs at colleges in Vietnam, identifies major challenges in organizing practical training activities,
and highlights a research gap in the lack of an integrated model combining simulation technology, learning management
systems, and Digital Twin orientation. Accordingly, a virtual laboratory model based on digital simulation is proposed,
structured as a multi-layer digital ecosystem including simulation technology, learning management systems, and digital
infrastructure. Furthermore, a system of synchronized, feasible, and phased implementation solutions is developed to
enhance training effectiveness in the context of digital transformation.

Keywords: Digital simulation, virtual laboratory; Digital Twin; vocational education; industrial electrical training;
digital transformation.
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I. DAT VAN PE

Su phat trién manh mé cua khoa hoc va cong
ngh¢, dac biét trong bdi canh cude Cach mang
cong nghiép lan thir tu, dang tac dong sau rong
dén moi linh vuc cua doi s0ng xa hoi, trong d6 ¢co
gido duc nghe nghiép. Piéu nay dit ra yéu cau cap
thiét vé doi méi phuong thire ddo tao nhdm nang
cao chat lwong ngudn nhan Iyc ky thuat.

Trong dao tao nghé bién cong nghiép, hoat
dong thuc hanh dong vai tro then chdt trong viée
hinh thanh ning lyc nghé nghiép cho nguoi hoc.
Tuy nhién, thyc té cho théy nhiéu co s& gido duc
nghé nghiép tai Vi€t Nam van gap kho khan vé co
sO vat chat, chi phi dau tu thiét bj va dam bao an
toan trong qua trinh thuc hanh.

Bén canh do, su phat trién cta cac cong nghé¢
nhu ty dong hoa, didu khién s6 va hé théng thong
minh do1 hdi chuong trinh dao tao phai dugc cap

nhat theo hudng hi¢n dai. Tuy nhién, trang thiét bi
tai nhiéu co s& dao tao chua dap tng kip yéu cau
thuc tién, dan dén khoang cach gilta dao tao va
nhu cau doanh nghiép ngay cang gia ting.

Mic du di c6 nhiéu nghién ciu vé tng dung
mo phong trong gido duc ky thuét, cac mo hinh
hién nay chu yéu mang tinh roi rac, chua tich hgp
dong b gitta cong nghé mo phong, hé thong quan
1y hoc tap va dinh hudng phat trién theo mo hinh
Digital Twin. Pay chinh 1a khoang tréng nghién
clru ma bai bao nay hudng toi.

I1. NQI DUNG NGHIEN CUU

2.1. Phuong phap tiép cin nghién ctru

Nghién ctru duoc thuc hién theo hudng tiép
can dinh tinh, ket hop cac phuong phap sau:

Phan tich — tong hop tai liéu nham hé théng hoa
co sO 1y luan vé Simulation-based Learning va
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g dung mo phong trong gido duc nghé nghiép.

Phén tich thuc tién dé danh gia thyc trang
dao tao thuc hanh nghé bién cong nghiép tai cac
truong cao dang.

Phuong phap mo hinh hoa nham xay dyng mo
hinh phong thuc hanh 4o dya trén cong nghé mo
phong sd.

Trén co so d6, nghién ctru dé xuit khung giai
phap trién khai mang tinh hé thong.

2.2. Thuc trang dao tao thwc hanh nghé
Pién cong nghiép tai cac trudng cao ding

Trong thoi gian qua, cac trudng cao dang di co
nhiéu nd luc trong viéc nang cao chat lugng dao
tao nghé Pién cong nghiép thong qua dau tu co
s& vat chat, d6i méi chuong trinh dao tao va tang
cuong hop tac voi doanh nghi¢p. Tuy nhién, van
con ton tai nhleu han ché can duoc khic phuc.

Tha nhét, Ve ddi ngd giang vién, mac du co ban
dap tng yéu cau vé chuyén mon nhung kha nang
Umg dyung cong ngh¢ s6 va khai thac cac phan
mém mo phong con chua dong déu; phuong phép
giang day van mang tinh truyén thong, chua phat
huy téi da tinh cha dong cua ngudi hoc.

Tht hai, vé co s& vat chét, nhiéu phong thuc
hanh chua duogc trang bi dong b, thiét bi con lac
hau so v6i thyc tién san xuat, gay kho khan trong
viéc td chirc dao tao theo dinh hudng hién dai va
tiép can cong nghé mai.

Thir ba, vé kinh phi dao tao, viéc dau tu cac
thiét bj chuyén nganh nhu PLC, bién tan, hé thong
diéu khién tu dong doi hoi chi phi 16n, trong khi
nguon Iuc tai chinh cua cac co s¢ dao tao con han
ché, dan dén kho khan trong viéc mo rong va nang
cap hé thong thuc hanh.

Thi tu, vé an toan trong thuce hanh, hoat dong
thuc hanh dién ludn tiém an nhiéu rai ro nhu tai
nan dién, chdy nd, anh hudng dén nguoi hoc va
thiét bi, doi hoi phai ¢ cac giai phap kiém soat
chat ché.

Nhitng han ché néu trén cho thiy su can thiét
phai d6i méi phuong thirc to chirc dao tao thyc
hanh theo hudéng hién dai, trong d6 ung dung md
phong s6 duoc xem 1a mot giai phap tiém ning,
hi€u qua va co tinh kha thi cao.

2.3. Pé xudt mé hinh phong thwc hanh do
dua trén moé phéng so

Mo hinh dugc dé xuat theo hudng hé sinh thai
s6 da 16p, bao gdm:

(1) Lép cong nghé mo6 phong

St dung cac phan mém chuyén nganh dé mo
phong hé thong dién va diéu khién, cho phép
nguo’l hoc thiét ké, van hanh va xir 1y su ¢6 trong
moi truong 4o.

(2) Lop quan 1y hoc tap (LMS)
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Trién khai hé théng LMS nham quan 1y noi
dung dao tao, t6 chirc hoat dong hoc tap va danh
gia két qua hoc tap.

(3) Lép ha tang sb

Bao gom hé thong méy chu, dién toan dam
may va mang, ddm bao kha nang truy cap linh
hoat va mo rong.

(4) Binh hudng tich hop Digital Twin

Mo hinh huéng téi xay dung ban sao s6 cuia hé
thong dién cong nghiép, cho phép dong bo dit liéu
gitra moi truong 4o va thuc, nang cao tinh thuc
tién trong dao tao.

2.4. T6 chirc do tao theo mo hinh ba giai doan

Nghién ctru deé xuét 16 trinh dao tao tich hgp
mo phong s6 bao gdm ba giai doan chuyén tiép
nham t6i wu héa qua trinh hinh thanh ning luc
nghé nghiép cho sinh vién.

Giai doan nhan thuc (Ly thuyét moé phong):
Nguoi hoc tiép can nguyén 1y ky thuat thong qua
cac kich ban mé phong truc quan, giup cu thé hoa
cac khai ni€m truru tugng.

Giai doan luyén tap (Thuc hanh 40): Sinh vién
thuc hién cac thao tac ki thuat trén hé théng phong
thi nghiém ao (Virtual Lab), cho phép thur sai va
lap lai khong gidi han trong moi truong an toan.

Giai doan ung dung (Thyc hanh thuc té):
Chuyén d6i cac k¥ nang da duoc dinh hinh tir moi
truong 4o sang van hanh trén thiét bi that.

Viéc trién khai theo trinh tu nay dong vai tro
quan trong trong viéc dinh hinh tu duy k¥ thuat
va phan xa nghé nghiép, gitp giam thiéu rii ro hu
hong thiét bi va dam bao an toan lao dong trudc
khi ngudi hoc tiép xtic truc tiép véi hé thong dién
cong nghiép thuc té.

2.5. Hé thong giai phap trién khai

Trén co so phan tich thuc trang va nhitng han
ché trong hoat dong dao tao thuc hanh nghé bién
cong nghiép tai cac trudng cao déng, nghién cuu
dé xudt mot hé thong giai phap dong b, co6 tinh kha
thi va 16 trinh trién khai rd rang nham nang cao chat
luong dao tao trong bdi canh chuyén doi so.

Tha nhat, can tich hop md phong sé vao
chuong trinh dao tao theo tiép can ning luc. Theo
do, chuong trinh can dugc tai ciu tric dya trén
chuén dau ra va nang lyc thyce hién, trong d6 cong
cu mo phong sb6 khong chi dong vai tro hd trg ma
trd thanh mot thanh phan hiru co cia chuong trinh,
gin voi tiéu chi danh gid ning luc cla timg mé-
dun. Véi cac hoc phﬁn trong tam nhu Mach dién,
PLC, Hé thong dién cong nghiép va Ty dong hoa,
quy trinh dao tao nén to chiic theo ba giai doan:
hinh thanh kién thérc nén tang bang mé phong
truc quan; rén luyén thao tac trong mdi trudong do
thong qua cac tinh hudng tir co ban dén phc tap;
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va hoan thién ky nang trén thiét bi thuc té. Noi
dung tich hgp can bao gom thlet ké, mo phong hé
thong, chan doan va xu 1y su cd 4o, cling nhu xay
dung hoc liéu tinh hubng gan v6i nhu cau doanh
nghiép. Céch tiép can nay giup hinh thanh tu duy
ky thuat, phan xa nghé nghiép, dong thoi giam
thiéu rai ro hu hong thiét bi va tai nan lao dong.

Th hai, can xay dung hé sinh thai phong thuc
hanh do dya trén nén tang cong ngh¢ s6. M6 hinh
nay can duogc thiét ké theo kién triic phan l6p
gom 16p céng nghé moé phong voi cac phan
mém chuyén nganh nhu Proteus, MATLAB/
Simulink, TIA Portal; 16p quan ly hoc tap voi
Moodle hodc Canvas; va 16p ha ting s6 gom
may chu, dién todn ddm may va mang ndi bo.
bac biét, nghién ctru nhan manh viéc phat trién
mo hinh theo cong ngh¢ Digital Twin nhu mdt
huéng di chién lugc. Ban sao sé cho phép dong
b dir liéu hai chiéu giita mé hinh ao va hé thong
thue té, mo phong cac kich ban van hanh phuc
tap, ké ca cac tinh huéng 16i hodc trang thai cuc
doan kho trién khai trong méi truong that. Nho
do, ngudi hoc c6 co hoi tiép can gﬁn hon véi
nha may thong minh, quy trinh bao tri dy bao
va quan 1y hé théng hién dai. H¢ sinh thai nay
khong chi phuc vu day hoc ma con 1a nén tang
mé cho nghién ctru, chuyén giao cong nghé va
hop tac voi doanh nghiép.

Thir ba, can nang cao ning lyc s va ning lyc
chuyén mon cho d6i ngii giang vién. Giang vién la
nhan t6 quyét dinh sy thanh cong va tinh bén viing
cua mo hinh phong thuc hanh 4o, vi vay can duoc
dao tao dong thoi vé k§ ning cong nghé sb va
phuong phéap su pham hién dai. Trudc hét, giang
vién phai duoc chuan hoa niang lyc sir dung phan
mém md phong, cong cu xay dung hoc liéu sé va
thiét ké bai giang twong tac. Pong thoi, can d6i
mdi phuong phap day hoc theo hudng phat huy
tinh chu dong cua nguoi hoc nhu day hoc dya trén
van dé, day hoc dua trén dy an, trong do giang
vién giit vai tro to chic va didu ph01 Vige tang
cudng co ché luan chuyén giang vién dén doanh
nghiép dé thuc tap cong nghé ciing rit quan trong
nham giup kich ban mé phong bam sat thyuc tién
san xuat. Bén canh do, nha truong can xay dung
ddi ngli giang vién nong cot 6 kha nang dan dat
qua trinh chuyén doi sd, truc tiép tham gia thiét ke
hoc li¢u, xay dung bai tap tinh huong, phat trién
kich ban mo phong chuyén sau va huéng dan sinh
vién nghién ctru ing dung.

Thir tu, can phat trién hoc liéu s6 va ngan hang
bai thyc hanh mo phong. Hoc liéu s6 1a diéu kién
cdt 161 bao dam chit lugng dao tao trong moi
truong hoc tap sd, vi vay phai dugc xay dung c6

hé thdng va gin véi thyc tién. Trude hét, can thiét
ké video bai giang theo hudng tuong tac, hd tro
nguoi hoc tiép thu t6t hon. Song song voi do la
phat trién cac m6 hinh mé phong chuén hoa, bam
theo tiéu chuan k¥ thuat va quy trinh san xut
thuc té dé bao dam tinh chinh xac va kha nang
ung dung. Ngan hang bai tép va tinh huong can
phong phu, phan anh cac yéu cau nghé nghiép cu
thé, trong khi hé thong danh gia truc tuyen phai
bao dam tinh chinh xac, minh bach va hd trg hiéu
qua cho qua trinh hoc tap. Cac bai thyc hanh mo
phong can duoc thlet ké theo dinh hudéng phat
trién nang lyc va gin véi tinh hudng thyc té. Viée
chuan héa hoc liéu khong chi tao sy dong bo ma
con thuan loi cho viéc chia sé, cap nhat va nhan
rong mo hinh dao tao.

Thir ndm, can xdy dung co ché tai chinh phu
hop va huy dong hiéu qua cac ngudn lyc trién
khai. Dé mo hinh dao tao m6 phong va hé théng
hoc liéu s6 co thé van hanh bén virng, can c6 co
ché tai chinh linh hoat, tiét kiém va c6 10 trinh 1o
rang. Ngoai nguon kinh phi cua nha truong, can
cha trong huy dong tong hop cac nguodn lyc vé
cong ngh¢, chuyén moén va quan ly, dac biét thong
qua hop tac voi doanh nghi¢p. Doanh nghiép co
thé tham gia dong phat trién m6 hinh mé phong
phu hop v6i quy trinh san xuat thyc té, tai tro thiét
bi, phan mém hoic cap quyén st dung cong ngh¢.
Dong thoi, ho cling can duoc gan két vao qua trinh
xay dung chuong trinh, to chic thyc tap va danh
gia ning luc nguodi hoc. Co ché nay s& giup toi
wu hoa chi phi dau tu, nang cao hiéu qua sir dung
nguén luc, tao diéu kién mo rong mo hinh dao tao
va ting cudong mdi lién két gitra co s¢ dao tao voi
doanh nghiép.

Thir sau, can thiét 1ap co ché danh gia va bao
dam chit luong dao tao trong mdi trudng ao.
Trong boi canh dao tao sb va md phong, danh
g14 phai phan anh dung nang luc nguoi hoc, dong
thoi tao co so cho cai tién lién tuc. Hé thong danh
gia can duoc thiét ké toan dién, bao quat ca qua
trinh hoc tap va két qua dau ra, véi tiéu chi ro
rang, minh bach va dinh huéng phat trién ning
luc. Bén canh d6, can xay dung co ché dam bao
chat luong gdm kiém dinh noi bd dinh ky d6i véi
chuong trinh, hoc li¢u, phuong phap giang day
va két qua hoc tap; thu thap, phan tich phan hoi
tur nguoi hoc, giang vién va doanh nghi¢p; va cép
nhat, diéu chinh thuong xuyén theo yéu cau thuc
tién va sy phat trién cua cong nghé. Co ché nay c6
y nghia quan trong trong viéc bao dam tinh khach
quan cua danh gia, nang cao hiéu qua dao tao, cai
tién chuwong trinh va dap ung yéu cau ngay cang
cao cua thi truong lao dong.
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Thir bay, can ting cudng lién két doanh nghiép
va gan ddo tao v6i thyc tién san xuat. Day 1a diéu
kién then chdt dé bao dam tinh thuc tién va hiéu
qua cua md hinh dao tao tmg dung céng nghé sb
va mo phong. Co s¢ ddo tao can chu dong hop
tdc voi1 doanh nghiép trong xay dung ndi dung
chuong trinh, cap nhat cong nghé, td chuc thuc
tap va trién khai cac hinh thirc hop tac da dang.
Thong qua do, noi dung dao tao s€ sat hon véi
moi truong san Xuat, 2iup ngudi hoc dé thich nghi
sau khi t6t nghiép, dong thoi nang cao chat lugng
ngudn nhén lyc. Sy tham gia cua doanh nghiép
cling mé rong co hoi tiép can nha tuyén dung, tich
lity kinh nghiém nghé nghiép va tang kha nang
6 vige lam cho sinh vién. Vi viy, gan két doanh
nghiép voi ddo tao 1a xu hudng tat yéu, gop phan
thu hep khoang cach giita hoc dudng va san xuat,
nang cao hiéu qua gido duc nghé nghiép trong béi
canh chuyén ddi s6 va hoi nhép kinh té.

2.6. Phén tich lgi ich va han ché

2.6.1. Loi ich

Viéc trién khai mo hinh phong thuc hanh do
dya trén cong ngh¢ mo6 phong s6 mang lai nhiéu
loi ich dang ké trong dao tao nghé Pién cong
nghiép.

Thir nhat, mo6 hinh gitp giam chi phi dau tu co
sO vat chat, dic biét ddi v6i cac thiét bj chuyén
nganh co gia tri cao nhu hé théng PLC, bién tan
va thiét bi diéu khién tu dong. Nho do, cac co so
dao tao co thé toi vu hoa nguén luc tai chinh.

Thr hai, md hinh gép phan ting tinh linh hoat trong
t6 chure dao tao, cho phep ngudi hoc tiép can hoat dong
thuc hanh moi lic, moi noi thong qua méi truong so,
khong bi gidi han bdi khong gian va thoi gian.

Thtr ba, viéc thuc hanh trong méi truong mo
phong giup nang cao mirc d6 an toan, han ché cac

rui ro nhu tai nan dién hoac hu hong thiét bi trong
qua trinh hoc tap.

Tht tuw, mo hinh hd tro phat trién nang luc tu
duy k¥ thuat va giai quyét van dé cua ngudi hoc
thong qua céc kich ban mo6 phong da dang, cho
phép thir nghiém va phan tich nhiéu phuong 4n
khac nhau trudce khi ap dung vao thuc té.

2.6.2. Han ché

Bén canh nhiing l¢i ich, m6 hinh van ton tai
mot sb han ché can duoc xem xét.

Thr nhét, nghién ctru hién tai chua c6 kiém
ching thyc nghiém, do dé hi¢u qua cua mo hinh
can dugc danh gia thong qua cac nghién ciru ing
dung trong thyc tién dao tao.

Thu hai, viéc trién khai mé hinh phu thudce
dang ké vao ha ting cong ngh¢ thong tin, bao gbdm
hé thong may chu, phan mém va két nbi ‘mang,
diéu nay c6 thé gdy kho khan d6i v6i mot s6 co so
dao tao con han ché vé ngudn luc.

Thir ba, m6 hinh doi hoi doi ngti giang vién phai
¢6 ning lyc s6 va kha nang khai thac cong nghé
mo phong, trong khi thyc té ning lyc nay chwa
dong déu gilra cac co 8O gido duc nghé nghiép.

III. KET LUAN

Nghién ctru di dé xudt mé hinh phong thuc
hanh a0 dya trén cong nghé mo phong sb nham
nang cao chat luong diao tao nghé Pién cong
nghié¢p tai cac tru(‘mg cao dfmg ¢ Viét Nam. M6
hinh nay gop phan giai quyet cac han ché vé co s
vat chét, chi phi va an toan, dong thoi dap ing yéu
cau chuyén doi s6 trong giao duc nghé nghiép.

Tuy nhién, dé trién khai hiéu qua trong thuc
tién, can c¢6 sy phdi hop giita nha truong, doanh
nghi€p va co quan quan ly, cling nhu cac nghién
ctru thue nghiém trong tuwong lai dé kiém chung
hi€éu qua ctia mo hinh.
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