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XU HUONG PHAT TRIEN CAM

BIEN TU' TRUONG DO NHAY

Nguyén Van Tun | Bo mon V4t Iy, Hoc vién K thuat Quan sy’
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<) Hé thong Dinh vj, Dan dwéng va Théi gian

Impact Panel

Tactical anti-

Students hijack luxury yacht New Report Details GNSS Spoofing Including
with GPS Spooﬁng Denial-of-Service Attacks

(20

L Yy .
Russian GPS jamming in Ukraine Ships fooled in GPS spoofing attack
pushes Britain to seek alternatives  suggest Russian cyberweapon
' o 00000

Thiét hai: 1 Ty USD/ngay (M¥) | 1 Ty

1 Bang/ngay (Anh).
QNhiéu song (Jamming) |y Thue trang: Vi khi dan dudng, tau van
- CO y v hiéu hoa tai, va drone lién tuc bi danh lira hoac
tin hiéu. Y vo hiéu héa.

[
Gia mao (Spoofing)

- Thay ddi toa d6 a}gzmdgngugﬂgén K&t luan chién luge: Can gép giai phap
muc tiéu. g Truyen, dinh vi tang cudng va cong nghé thay

phat xa mat troi. thé khong phuy thudc vé tinh.




Hé thong Pinh vi, Dan dwé&ng va Thei gian

Pinh vi, Dan dudng va Thai gian
Linh hoat (Resilient PNT)

Lop bé mat: GNSS, Tin hiéu

PNT Linh hoat: Tu dong thich (rng trong moi trudng di dong, Radar/Lidar
i dong, [

phtrc tap bang céch tich hgp da ngudn cam bién, dam
bao tinh lién tuc va do tin cay tuyét doi.

‘Umbrella of Resilience’

oo
pong ho lugng tir IMU lugng tir Cam bién tir lugng tir D9 chinh xac tuyét doi,
khong thé bi gay nhieu

L6i lugng ti (Quantum Sensors): Dong ho luong tlr, IMU lugng tir, Cam bién tir luong tir

(D6 chinh xac tuyét doi, khong thé bi gay nhieu).



Hé thong Pinh vi, Dan dwdng va Theéi gian

PNT tang c1r0’ng lu’0’ng tw

Phuong Trinh
Co Ché

::, G|a| Phap ,‘ [ " BG e 1L : Pos, Vel,
Ehiss ' Dan buong i :'-ﬁ iCHH B 4 ' b6 Cao

Tur Ké r—
‘ So Sanh
. - Ban Do
Trong Luc Ké —
(Luong tur)

Luong tu (Qubit)

=C,|0) + C4|1)

Cam bién luong tl&r déng vai trd tham chiéu tuyét doi, va I6i troi
dat ctia hé théng quan tinh (INS) khi GNSS bi v hiéu hoa.

Co dién (Bit)

Nguyén ly chong chap (Superposition): Ton tai dong thoi
nhiéu trang thai (C,|0) + C,[1)).

Rai lugng tir (Entanglement): Tuong tac tirc thai trong
khong-thdi gian.

Tinh nhay cam vi mé: Cac trang thai nay cuc ky dé bi pha
vo bdi moi truong ngoai -> Tao ra cac hé cam bién siéu

chinh xac chua tirng cé.

11 0)

—© - Trang thai nhj phan tinh: 0 hodc 1.
= Han ché: Cam bién cd dién bi gi6i han bai nhiéu nhiét
va gidi han dién tu.

Ut thé cia
co hoc lwgng twr

John M. Martinis

John Clarke Michel H. Devoret



1. Chuan bj
nguyén tu/hat
(Preparation)

Tao ra mot hé hat &
trang thai lugng tlr
xac dinh (thudng
str dung cong nghé
lam lanh nguyén tur,
laser, hodc budng
hoi nguyén ta).

2. Tuong tac
moi truong
(Interaction)
Hé hat tuong tac
V@i cac trudng
vat ly bén ngoai.
Ham song lugng
tir bi bién doi do
nhiéu loan cyc
nho.

M o4 |
".k“w’w‘t'v"iﬁﬁ'ﬂé!‘ﬂ'."v Vv

3. Rat ra thong tin
(Measurement)

thay doi trang théi
(Gia toc, van toc
gdc, trong luc,
hodc tir trudng)

]
Trudng
* trong luc

Tu trudng

e —————————

—_




Twong tac tw cua nguyén tw

Tuong tac Spin-
Orbit & Tach murc

X
X2
X

\/
A

Khi nguyén tu dat
trong tur trurdng ngoai,
tuong tac bat cap
spin-orbit gay ra hién
tuong phan tach nang
nang luong va cau tric
vung nang lugng.

Hiéu ing Zeeman va
tién dong Larmor:
Tan s6 dao dong cla
electron bién doi ti 1é
thuan tuyét doi véi
cuong do tur truong
Xung quanh.

Cong nghé hién
hanh

Ry RY
J=3/2 13/25 £1/2>
- 1312, £3/2>
e ) ASO
R6 (RGV) X
J=1/2 11/2, £1/2>
E
+ D g
- 3 R6 (R6c)
R, J=1/2 1172, £1/2>
S —— e NEERE ey
SOC=0 SOC#0

[V SQUID (Giao thoa

M

luong tir siéu dan).

SERF (Budng hoi
nguyén tu trao doi
spin - khong can lam
lanh sau).

Cdong nghé trang thai
ran & Quang co hoc.




Ung dung cua tr ké lwong tor

TU K& Bién Thién
(MAD) Probe

M6t s6 loai chim troi dinh vi thdng qua hién tugng lugng tr
dién ra trong cac protein nhay cam tur trudng & véng mac,
cho phép chiing “nhin” thdy tir truong Trai Dat.

|

\

|
1
1
|
|
|
1
1

|
|
\
|
\

T —
\
\

|
|
|
|
|
|
|
|

Tu Ké Bién Thién (MAD): Do tim
su nhiéu loan siéu nho trong tur
truong Trai Pat do khai kim loai
khong 16 (tau ngam) gay ra dudi

b “', ) day bién sau.
Loai: Bar-tailed Godwit ‘ _ NN = - / .

U'u thé tuyét doi: Tin hiéu tir
truong khong bi can trd bdi moi
e e e truong nudc nhu tin hiéu vé tinh
Khedng cach: 12,560 km qua WA ‘. \‘g \ I / hay radar UUyén ih@ng Thiét b|
o e duoc gén trén dudi may bay tuan
S ol et e SaE Big tham hoac truc thang san ngam.
khong. Pay la ban nguyén mau

hoan hao cho cong nghé PNT

lugng tir quan su.

Thoi gian: Bay lién tuc 11 ngay.




Str dung mang ludi di thudng tir truong cua I6p vo Trai
Dat nhu mot ‘dau van tay” dinh vi.

Thang 2/2026: Q-CTRL hop tac véi Airbus thtr nghiém
dénh gia hé thdng dan duang lugng tir hoan chinh.

Northrop Grumman phat trién cam bién tir va giao thoa
k& nguyén ttr cho moi truang khdng cé GPS.

Nam 2023: D6t pha trinh dién ngoai khéng gian dau tién
cua con quay hdi chuyén nguyén tir hiéu nang cao (DIU
& Ixatom).

| Tiéu Chi | Co Pbién J |

Do Nhay Pico/nanoTesla

Femtotesla - Tuyét doi
cuc cao

Can chan khong, chéng

MGi Truong piéu kién tu nhien &0, amilanh

SWaP

v Khoi lugng lon, tiéu thu néng
(Kich thudc/Nang lugng)

Nho gon, Mobile luong cao do laser/quang hoc

Chi Phi Thap-Trungbinh &/ | Rat dit dd, >$10,000+

Do Truong Thanh Da thuong mai hdéa Dang thtr nghiém thuc dia

Cong nghé cam bién lwgng tir si¥ dung cac tinh chat lwgng tir dé tang do nhay, khang
nhiéu cho céac loai cam bién.

Cam bién “ Iwong tir ” trong quan sw dang & dang thir nghiém

Cam bién lwgng tir con phai trai qua cac bwéc nang cap, toi wu ve kich thwéce, khoi
Iwong va cong suat tiéu thu (SWaP ) de c6 the tich hop Ién cac hé thong vi khi

C6 thé str dung cac dang cam bién truyén théng dé trng dung trong céc linh vwee khac nhau
9
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1
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= parallel spins

= easy directions

precession  damping

oJ a¥ oJ

—=—Y|[IJXHs+—JI X—

ot 7l G AT, _
magnetostatlcs strain effects

external field

= rotation <— easy axis

Vat liéu ttr mem: :
* Do tw hoa bao hoa cao (M) * Do tir tham cao (1) e 300 200 100 0 100 200 300
* Lwc khang tir thap (Hc) » Dj hwéng tir tinh thé thap H (e)

* Ton hao Ioi thap

Tong quan vé vat liéu tir mém va dic tinh ti

10



Nguyén ly hoat déong cua hiéu vng ME

Hicéu ang tI giao

Tu truong —> Bién dang —>
o

s, | P4 <

e l_ ~H g —-g.‘,:'
0 \& ,,.,_?;- \ ——
B=0 || o« B0
S
Po tuv truong

Hicu ung ap dién

Ung suat —> | Phan cuc dién | — | Dién ap ra

Tin hiéu dién

11



Cong nghé Vat liéu va rng dung cam bién

Ung dung Thuc tién & Hiéu suat: Optional data table:

T6i vu héa bang cau tric hinhhoc /17 | La ban dién tir d6 chinh xac cao Dae
Diéu khién tinh chat tir va tdng d6 nhay H I | Db phan gidi géc S\ 0 dén 360 do

théng qua viéc diéu chinh ty lé dai/rong L1 = | o O 5 d- 6
| | g :

~ DO nhay ti truang:

e - ~ 1 nanoTesla
Sai s6 cuc thap chi

0 1 dl\ Sai 6 ti trudng Trai dat:
,1 A0 © 0,015%

Nén tang Vat liéu &

Vat licu FQuas Cong nghé Metglas/PZT

(Magnetoelectric)

T ké tham do dia tir (Magnetometer)

METGLAS ¥ Gia Do phan gidi dat Phuc vu tham do
¢ % muc dudi Y
(18um) , e 0.1 nT 3 truc
PZT g I n chinh xac
(500um) | . : i

Kiém tra thép

) Ty Hiéu (ing chuyén doi khong pha huy (NDT)
T?' U'ulhoa‘ bang Tu - Pién Phat hién vét nt quy md
cau tric hinh hoc Bién ddi tir trudng ngoai micromet trén thép tam va thép
Diéu khién tinh chat tirva thanh tin hiéu dién thé 6ng trong phong thi nghiém

tang do nhay thong qua
tiéu hinh hda



Cam bien ME cho la ban dién tw

() SEM image of ME composites :
. | (. C TR Voo
L /
I
'f
'IlII|IIII|||II|IIII|1 Gl
| 4 ocmi 2

Metglas Tam PZT (USA)  Vatliéu ME t6 hop s i | Mt
(day 18um) (day 5001m) Metglas/PZT

400umB 0 10.0kV 34 1mm x50 SE 522012 46!

THONG SO HOAT DPONG CUA THIET B

Dii goc do Tir 0 dén 360 dg Sai s tir truong trai dat 0,015%
r - D¢ phén giai goc 0,05 do D nhay véi tir truong trai dat 1 nanoTesla
195110 SRbouv-o Sai 0 goc 0.1do Goc chét (dead angle) Khong
VNU - UET Chuan hoa Tu dong Chuén hoa 10" do
= Thé offset Tu dong bu trir Nguon nuoi lén dén 100 °C
o ARM Cortex M4, tich ho
- Man hinh hién thi GLCD PULB AT, e DSP, tiét kiém dién, hié(;p
Backlight, resistive touch :
ndng cao
4 G A - Receca 5VSC - 200 mA ;
. 3 y Thiét b1 tur ke ha[ truc Sau  Neuonnuoi PinLivion 3.7V - 1200mAb "> 124
Che tao cam bién tir hai chiéu khi dlIQ’C ché tao Két ndi ngoai vi USB, USART Téc do ldy méu | Msps

13



Cam bien ME cho la ban dién to

*‘ ELECTRONIC

4
. cmpass

ELECTRONIC
Compass

Tich hop v6i mach dién tir La ban dién tir Patent 2022

Dai hoat dong tuyén tinh va phan giai goc ~ 0.1°

2. 2 , \Z
Hpotizéntm = | [Hx + Hy| | Azimuth @ = atan ;-
1

Output angle (deg.)

Error of the angle (deg.)

emmmSensor 1(S,) emmmSensor 2 (S,) s’=sg’+s’
AS* =1
©
c
o
()
o
(7]
c
Q
wn
" 1 1 " 1 " 1 i | 1 1 1 L
-360 -270 -180 -90 0 90 180 270 360
Angle ¢ (deg.)
360 2
Output angle <+
270 1
180 AT ohynvr 0
90 -1
o : : -2
0 20 180 270 360

Mechanical angle (deg.)

14



Cam bien ME cho la ban dién t

Tich horp v@i la ban
dién tr

scc
195110 @Rgqy o

VNU - UET
A sen

*  Pitch angle: 15-80° (£0.5°)
| © Yawangle : of 0-360° (£0.25°)
* Polarization angle: 0-360° (£0.5°)

s * Turn rates: ~12°/s and 12°/*

15



phuc vu tham do dia tw

Tir gido

Vat lieu ME dang day

D

B

—— Déng g6i cam bién don truc
=

Quy trinh ché’tgo

Do phan giai .cao, nho hon 0,1 nT

16



\cﬂ THUA»

’P

Tw ke phuc vu tham do dia tir, quan sw

He DAU Do Vi cAM BIEN TV TRU’ONG DYA TREN CAU TRUC CHIET HINH
NG DUNG TRONG MOT SO NHIEM VU QUAN SU’

T — 212 ™A1 Thié\,t bi tif ké,s tl’l;lC
MlFRACTALSENSOR‘ : MIFRACTALSENSOR

S TX2A12

FRACTAL SENSOR

_-(MIFMTé{&LgENSOR \y‘—-—- MIFRACTALSENSOR B 7 y

VMINATEC

3-axis Geo-Magnetometer

Integrated with GPS and LPWA

z

SAN PHAM BE TAI BTBL.ON - 02117

RN T R oYY T o YT
Ah

17



THU,
e\cﬂ Aro

’PW'

* Hy
‘g\\l" 90‘7’

Tw ké phuc vu tham do dia tte, quan sw

True North

I
I
I ¥ - ~
! H  ~~ Magnetic North
Ly e
: " & i
I
| |
< y I
J |
B L .
Fi East
” ] 1
B.3.- N
S v Down BE

BtOt = \/sz + ng —+ BZ2

B;

[ =
BtOt

O Phan giai goc: 102 °
O D6 phan giai: ~ 0,1 nT

—
3D Magsen (version 2)
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Man hinh
hién thi
tin hiéu do

Cam bién,
UEHIE RO

L L - < .
=559 man chan tw

19



Hiéu ng t tong tro

Hiéu ung bé mit (Skin effect)

HIEN UNG TU TONG TRO R Mar gityngang WY
w trwong cam uwng mo ta dong dién chay qua
GMI
== T =
Df:) thﬁm tur Hiéll li’llg n??iger}gtlc main + eddy
vat liéu () bé mit " s il

GMI 16n trén cac vt liéu tir mém Co, Fe

. / \ \ Y -
0/AY~1020 I eddy / ," S o
GUMICO=1089% =111 | legq 290 - . Viing din

-~ main — eddy
== = lower

current | Viing khong dan

|—. .—)O

Do 1 f -tan so
thim _ % 0 = + o - d¢ dan dién
. \/ 4 fou :

sau * U -do titham tron

Tuw trwo’ng Thay doi dp Thay doi Thay déi
Hext tir thim 1 dp thim & tré khang

Dong DC Dong AC Dong AC
(tan so thap) (tan so6 cao)

20



Magneto-impedance ratio Ml (%)

Cau truc dwore tieu hinh hoéa

120 | .
80 4 7/ g
P N
40 F —0 =50 -
“““ 090 (d) S5 1
0 t t
1120} -
80 b
a0 TToC 2;: .
""" =80 (e) S6
-40 : 0 l :
120 __p=0 c)S4 1120} ) .
— =50° ry
80 F - ¢=90° i e,
8O} . i
40 ~. 1
™ A el 401 ———p=0 B
0 — =50
/ \ ..... 0= 90° (fs7 1
—- 0 1 L 1 L i 1 1 1 1 n 1 1 n 1 i 1 1
300 -200 -100 0 100 200 300 300 -200 -100 0 100 200 30
H (Oe) (Oe)

Maximum M ratio (%)

(a) SL 150 (d)s5 4
100 E
50 E
0 ' ' '
1 150 (e) S6 |

100

60
Angle ¢ (deg.)

30 60
Angle ¢ (deg.)
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External

Sensing
direction

Sensing region

MI microsprial sensor Microfluidic systems Integrated Biosensor systems

22



t dau hiéu sinh ton

Bénh nhan Covid-19 Bénh nhan Viém phé quan
0 10 20 30 40 50 60 70 80
¢ 1635 nhiplph  Trwére khi bénh . Tt T T ]
20000 — S 09 m ]
2 066 -
o D ]
o
4 303t .
c
8 0.00 -
O 10000 e R
g o%of — o5 ]
2 0.66 | -
0 3 033} .
0 100 200 300 400 500 0.00 F
1 " 1 L 1 L 1 " 1 " 1 " 1 L
Sau khi khoi Covid 1 tuan Q 09| —— 24 gio> thuéc] 1
(=)}
150000 H 16.43 nhip/phat 5 e ]
5
O 033} .
120000 E
S 0.00
g’ 200 M 1 M 1 L 1 L 1 M 1 M I.‘. 1 "‘. -
2 Q 0.7 |- —— 48 gio thuéc| ]
(6] o)) E
60000 » -
£ 058
g .
30000 O 028 .
0 000 -LT 1 1 1 L | L _Ih- 1 1 1 1 1 1 L
) 00 0 0 00 - 0 10 20 30 40 50 60 70 80
Tan s the (nhip/phit) Tan s6 (Nhip/phut)
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Do huyét ap va cac tham so ap lwe

bién V (mV)

éu cam

Tin hi

O
o

O

6

@]

Chuky T=086s |~

Nhip tim: 70 nhip/phdt

135

Huy

85
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san pham nghién ciru gan day

HE DAU DO VI CAM BIEN TU TRUONG DYA TREN CAU TRUC CHIET HINH
(NG DUNG TRONG MOT SO NHIEM VU QUAN SU

,
".1 3-axis Geo-Magnetometer

¥
g :
W l

Mach dién tw H¢ thong thiét bi Tich hop ttng dung do tir

ISR | ] MFRACALSENSOR |
¢ | ® o |

VMINATEC

Cam bién do
tue trweong trai dat do tir trieong Do tur truwong trai dat trieong trong quan doi

VNU - UET

\\\, : = =g )

: " S =
Cong nghé tiéu hinh héa vit ligu Cam bién la ban Mach dién tw Thiét bi Thiét bi do nhip Tich hop trong hé thong
xudng cdc cdu triic mico-nano nhin tqo hai truc la ban La ban dién tie  tim va huyét ap thu tin hiéu vé tinh

Vat liéu tir, dién va cac cong Linh kién cam bién Thiét ké, 1ap rap Tich hop, dong goi Hop tac lién nganh,

nghé ché tao tiéu hinh hoa nhay twr treong mach dién ti thiét bi hoan thién khai thac str dung




THANK YOU FOR YOUR

ATTENTION |

PGS.TS. Do Thi
Huwong Giang
Trweong DH Cong
nghé, DHQGHN

A
TS. Trinh Pinh
Cuong

Vién Khoa hoc Ky
thudt Quan sw

TS. Nguyén Van
Tuan

Hoc vién
Kij thudt Quan sy

ThS. Nguyén
Ba Bién
Cong ty Co phin
Bytech

PGS.TS. Lé Van
Lich

Trieong Dai hoc
Bidch khoa Ha Noi

TS. H5 Anh Tam

Trirong DH Cong
nghé, DHQGHN

TS. Nguyén Thi
Ngoc
Truwong DH Khoa
hoc Cong nghé HN

4,

TS. Lé Khac
Quynh
Dai hoc Sw pham
Ha Noi 2
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Cac cona bo. deé to

19 patents (tir 2016-nay), 7 dwgc cong bd, 12 chap nhan don

STT Tén dic quyén sang ché Mi don, quyét dinh, etc Nim 13 He thong do va theo ddi giam sat nhip thé va xung nhip thé lién Mz sé don- 1-2023-01480
1 Cém bién nhay ti¥ trvong dva trén hiéu Ung ti¥ gido - ap dién va| Ma so don: 1-2016-02309 2016 ~ e B -
) phuong phap ché tao, va linh kién cam bién Cap theo Quveét dinh 56 97238/QD-SHTT. 04/11/2019. - 14 Linh kién cdm bién ti¥ tong tr& dang cudn phang hinh ngi giic M 6 don: 1-2023-06831
n Linh kién cam bién t6 hop va phuong phap ché tao, thiét bi la ban | Ma s6 don: 1-2017-04711 2017 " | kich thwéc micro va phwong phap ché tao linh kién cam biénnay. | ~ S
. dién ti¥ co linh kién cam bién nay Cap theo Quyét dinh s6 15395/QD-SHTT, 07/09/2022. | ~ He thong vi tir ke phang tir tong trd hinh xodn oc tich hop kénh dan vi i
Quy trinh ché tao kénh dan vi hru sir dung Laze CO; két hop vét 15. | luu, phuong phip che tao linh kién cim bién ti¥ tong trd, phuong phip | M3 s6 don: 1-2024-04738
3. co ciu quét chim tia bing diu 1ic Galvo va déng kin kénh bing | M3 s6 don: 2-2019-00166 2019 ché tao vi kénh va phuong phip tich hop kénh din vi v v cim bién
cach ép co hoc He thong tw dong do, phat hién, phan loai va cinh bao mirc @6 sai |, .. < 104
4| Phuong phap t dong do tim va bat bam ve tinh Gia G img Gang cho | - < o010 18- | hong mi han thép dng M3 56 dom. 1-2024-09440
: cdc tram thu di dng tin hidu vé tinh dit trén cic phwrong tién di chuyén | © gl : - 17 Hé_Lhéng tl,r:déng do va theo déi nhip tim va huyét ap lién tuc M sé don: 1-2025-03853
5. | Linh kien cim bién do dong dién va phirong phip ché tao Ma 56 don: 1-2019-03837. 2019 _1khéng xAm lin ; S
. - = = i Cap theo Quyet dinh 36 46030/QD-SHTT, 26/06/2023. | ~ 18 Cam bién do tir trudng Fluxgate hai truc st dung 161 tir chi¥ thip Mz sé i 5
e o o o Mz 56 don: 1-2020-00197 | Iién knéi xé rinh xép chéng da 16p va cuén day tiét dién chir nhit | 12 $0 9om- 1-2026-02868
6. B0 phan dan va khuéch dai tir théng va hé thong tich hop \i:a s0 dom: 1 :202.0 OOE . e - 2020 == - LXED 1504 0P V3 Gl PRTTIT
e i = - = : Cap theo Quyét dinh 56 859/QD-SHTT, 23/05/2025. 19 Hg thong vi luu tich hop cam bién tir truong Fluxgate c6 161 tir dang M3 sé don- 1-2026-03250
Quy trinh ché tao mat na kim loai si* dung may khac laze fiber M3 56 don: 2-2020-00023 ~__| bang vi m6 d¢ xac dinh nong d6 huvét sac t6 khong ding nhin tir. - - -
7. thuong mai, ing dung trong k¥ thuat phin xa dé ché tao cic chi ci ity N <0709 2020
P e <. ap theo Quyét dinh so 1023w/QD-SHTT, 15/02/2023.
tiét c6 kich thudc cd mili-mét HE DAU DO VI CAM BIEN TU TRUONG DYYA TREN CAU TRUC CHIET HINH
Linh kién cam bién do tir trrdmg trds dat va phuong phap cheé tao M s6 don: 1-2020-02028 (PNG DUNG TRONG MOT SO NHIEM VU QUAN S
3 A H . y si dit didn B co i ian | V4 - 474 v 202 — G o e
8 Sﬁlﬁiﬁ 2:: thiét bf do tir truemg e A3t dien 0 c0 b KAER | ¢4 ineo Quyét dinh 56 32853/QD-SHTT, 22/52023. | 2020 WRKCLSERR _%mmcmswsm \... _{mmcmssuson L
9. Phwong phap tao hinh cau tric micro khéng can phong sach. M3 56 don: 1-2021-01146 2021 T = )
Hé thong do va theo d6i nhip tim lién tuc dya trén cam bién t .
10. | khdng tré cong hwéng LC dang day sit tir va quy trinh do nhip | M3 s6 don: 1-2021-06401 2021
tim theo phwong phap nay.
- - . Ma 50 don: 1-2021-04421
11. | % thong do tir thdng rd Cip theo Quyét dinh s6 243197/QD-SHTT, 23/10:2025.| 2021
12 Linh kién cam bién tir - dién dao nhay tr truong va phwong phap | Ma so don: 1-2023-05947 2023
= ché tao Cip theo Quvét dinh s6 146375/0D-SHTT, 24/07/.2025.| - VIINEC

D
w
Q
an
Q
>

Khoang >40 bai bao (tir 2016-nay), 25 Q1/Q2 Scopus, 15 bai trén tap chi trong nwéc, hoi nghi quoc té, quoc gia

02 dé tai thudc chwong trinh vii tru (pha 1, 2), 02 dé tai chwong trinh tuyén chon cip quéc gia (pha 1, 2), 01 deé tai
VINIF, 02 dé tai nafosted (01 HD), 03 dé tai cap bd va 02 dé tai cap co sé khac (HD).
03 NCS, 05 bao vé thanh cong luan an, luan van...
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Xac dinh tir tfrrorna tan xa
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Vi tri (mét)
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