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Abstract: Thunderstorm events at three major airports in Vietnam, including Noi Bai, Da Nang, and
Tan Son Nhat, during the period 2007-2023 were characterized based on aviation report data. The
results show that Tan Son Nhat, Noi Bai, and Da Nang airports have an average of 199, 110, and 81
thunderstorms/year, respectively. The thunderstorm season lasts from May-September at Noi Bai
(accounting for 80%), April-September at Da Nang (accounting for 85%), and May-October at Tan
Son Nhat (accounting for 75%) airport. Regarding the time of occurrence, thunderstorms at Noi Bai
airport are scattered throughout the day, while at Da Nang and Tan Son Nhat airport, they are
concentrated in the afternoon and evening. Thermodynamic indices and atmospheric parameters
from sounding data at radiosonde stations near the airports were also analyzed to determine favorable
environmental conditions for thunderstorms. Comparison of RSS skill scores shows that precipitable
water (PW) and K index are good predictors of thunderstorms at all three airports. The study also
identified the ranges of these thermodynamic indices and atmospheric parameters in thunderstorm
environments at each airport. For example, 80% of thunderstorms at Noi Bai, Da Nang, and Tan Son
Nhat airports occur when PW is in the range of 53.8-72.1, 52.3-68.0, and 52.1-65.2 mm,
respectively.
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Khi hau hoc dong tai ba san bay ¢ Viét Nam:
Cac chi so nhiét dong luc va tham so khi quyén

Nguyén Qudc Bao, Nguyén Minh Trudng”

Truong Pai hoc Khoa hoc Tir nhién, Pai hoc Quoc Gia Ha Ngi,
334 Nguyén Trai, Thanh Xuan, Ha Ngi, Viét Nam

Nhan ngay 25 thang 8 ndm 2025
Chinh stra ngay 15 thang 10 nam 2025; Chap nhan dang ngay 30 thdng 10 nam 2025

Tém tit: Dic diém dong tai ba san bay 16n cua Viét Nam gdm Noi Bai, Pa Ning va Tan Son Nhat
trong giai doan 2007-2023 dugc nghién ctru dia trén s liéu bao cao hang khong. Két qua cho thiy
& san bay Tan Son Nhat, Noi Bai, va Pa Ning tuong tng c6 trung binh 199, 110, va 81 con
déng/nam. Mua dong dién ra tir thang 5-9 & san bay Noi Bai (chiém 80%), thang 4-9 & san bay Da
Niéng (chiém 85%) va thang 5-10 & Tan Son Nhat (chiém 75%). Vé thoi gian xuat hién, dong & san
bay No6i Bai phan bd rai rc trong ngay, trong khi ¢ san bay Da Ning va san bay Tan Son Nhat tap
trung vao buéi chiéu va tbi. Cac chi s6 nhiét dong luc va tham s6 khi quyén tir s6 liéu cao khong tai
c4c tram gan san bay ciing duoc phan tich dé 1am 6 diéu kién méi truong thuén loi cho cac con
dong. So sanh diém k¥ nang RSS cho thay lugng nudc kha giang (PW) va chi s6 KI 1a nhan t6 du
béo dong tdt & ca ba san bay. Ngoai ra, nghién ctru con xac dinh cac khoang gia tri dic trung cia
céc chi s trong mdi trudng dong, ching han 80% sb con dong tai cac san bay Noi Bai, Pa Ning, va
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Tan Son Nhét xay ra khi PW nam trong khoang 53,8-72,1, 52,3-68,0 va 52,1-65,2 mm, ...

Tir khéa: Dong; Chi sb nhiét dong luc; Tham sb khi quyén; San bay.

1. Mé dau

Déng 1a mot hién thoi tiét nguy hiém, khi xay
ra thuong di kém véi nhidu hién tuong nhu sdm
sét, gi6 giat, mua 1on, mua d4, 16c xody,... [1, 2].
Nganh hang khong 13 linh vuc chiu nhiéu anh
huong tir dong boi nhiing tac dong ti€u cuc cua
chung téi qua trinh hoat dong [1]. Cac 6 dong co
thé gay hong hoc cho thiét bj va phuong tién tai
san bay, dan dén mat an toan chuyén bay. Ngoai
ra déng con khién chuyén bay bi tri hodn, huy
chuyén, chuyén huéng hoic kéo dai thoi gian bay.
Nhimng tac dong cta ching din dén nhiéu kho
khan trong viéc 1ap ké hoach va ting chi phi
chuyén bay [3]. C6 3 yéu t6 chinh ciia méi truong
thuan lgi cho hinh thanh va phat trién déng gom:

* Téc gia lién hé.
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i) Su bat 6n trong khi quyén; ii) P 4m cao trong
nira dudi tang déi luu; va iii) Mot co ché nang dan
dén sy nang 1én ciia khong khi trong 16p bién
[4,5]. Do dt gi6 thang dimg dugc coi 1a diéu kién
thir 4 cia moi truong thuan lgi cho con dong cod
thé ton tai 1au hon va phat trién manh hon [1, 6].
Nhiéu tac gia da nghién ctru vé su phan bd
theo thoi gian ctia dong va cac dic diém diéu
kién moi truong thuan lgi cho dong ¢ cac khu
vuc khéc nhau trén thé gidi. Taszarek (2019) da
chi ra rang hoat dong dong hang nam dat dinh la
vao thang 7 va thang 8 ¢ mién bic, mlen dong va
mién trung chau Au, trai nguoc voi mién tay va
d6ng nam chau Au hoat dong déng manh nhat
vao thang 5 va thang 6 [2]. Ahmed (2019) nghién
ctru phan bd dong & Pakistan khu vuc nam A chi
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ra dong phat trién manh nhat vao giai doan tién
gid mua va gi6 mua thang 4 dén thang 9 [7]. 0
Trung Qudc dong phat trién manh nhét vao mua
4m tir thang 4 dén thang 9 [8]. Yavuz (2022)
nghén cuu dong ¢ san bay khu vuc Marmara,
Thé Nhi Ky chi ra dong tap trung vao khoang tir
1100-1900 UTC trong ngay, mua chiém 72%
thoi gian xay ra dong va khoang 90% s con
dong xay ra trong diéu kién CAPE tir 0-1000
J/kg [9]. Pandit (2023) nghién ctru dong tai 12
san bay o An Do cho thay dong & khu virc ndy
xay ra chii yéu trong khoang thoi gian tir 1200-
1400UTC do lop bién khi quyén duoc dac trung
boi dong nang roi, dong luong roi, Cac qué trinh
an nhiét, hién nhiét va do dut gio [10].

Hién nay c6 nhiéu phuong phap dugc su
dung dé dy bao va nghién ctru dong nhu sir dung
dir liéu tir radar, v€ tinh, phuong phap thong ke,
sir dung két qua tir mo hinh s6, str dung quan tric
cao khong. Trong do viée blet cau trac nhiét
dong Iyc hoc cua khi quyén 1a rat quan trong dé
dy bao dong. Vi ly do nay, céc chi so nhiét dong
luc hoc va cac tham so khi quyen da dugc su
dung dé phan tich déng trong nhiéu nghién ctu.
Haklander (2003) nghién ctru 32 chi s6 dong &
Ha Lan cho théy chi sé 1a L1100 (Lowest 100hPa
Lift Index) cho ky ning du béo t6t nhit véi
L1100<3.00C [11]. Ma (2021) thyc hién nghién
clru vé moi truong thuan loi cho sy hinh thanh
va phat trién déng & mién béc Trung Qudc Va chi
ra lugng nudc kha giang (PW-Precipitable
Water) c¢6 ky ning tét nhat trong viéc du bao
dong, cac tham sb bat on dinh c6 k¥ nang dang
ké trong viéc phan biét gitia cac loai dong manh,
muc ngung két nang (LCL-Lifted Condensation
Level) du bao tét cho méi trudong dong khong
kém theo mua va c6 mua [8]. Nghién ctru vé
dong & An Do trong thoi ky gié mua hoat dong
clia tic gia Mondal (2024) chi ra nén két hop
nhiéu chi sé dé tang d6 chinh xac cho dy bao.
Céc chi s EHI> 1 va SCP>3,5, STP> 1,2 cung
v6i SRH thap ¢ 3 km (100 m2/s2) ¢ k§ nang tot
trong du bao nhitng con dong dit doi do chlng
phu thugc nhiéu vao gié dut. Mt khac, chi s6
CAPE, chi s6 KI va chi s6 VT cho thiy k¥ ning
t6t trong du bao ddi voi dong binh thuong [12].
Kanaujiya (2024) ciing chi ra d6i v6i du bao dong,

mot chi sd nhiét dong luc hoc don 1¢ 1a khong du,
ma can phai phan tich mot s6 chi s [13].

Viét Nam nam & vi tri trung tim dong cua
chau A - mot trong ba trung tdm dong cua thé
gidi [14]. Mot sé nghién ctru vé ddc diém dong
& Viét Nam di chi ra rang Viét Nam c6 trung
binh 80 ngay dong/ndm va 250 gio dong/nam.
Dong & Nam B¢ ¢o phén nhiéu hon & Bic Bo va
Trung Bo. Dong xay ra hau nhur quanh nam, song
chu yéu trong mua mua. Mua dong pho bién 13
tir thang IV dén thang IX ¢ Bac Bo, tir thang IV
dén thang VI va tir thang VIII dén thang X ¢
Trung B, tir thang V dén thing X & Tay
Nguyén, Nam B [14, 15]. Tuy nhién cac nghién
chu vé& dic diém cy thé vé dong va cac chi s6
nhiét dong luc & cac sin bay con rt han ché -
dac biét la cac san bay 16n nhu Noi Bai,
ba Nﬁng, Tan Son Nhat, noi chju nhiéu tac dong
tir dong.

Nghién ctru nay tap trung phan tich dic diém
dong tai ba san bay 16n ctia Viét Nam gém Noi1
Bai, Pa Ning va Tan Son Nhét trong giai doan
2007-2023. Pau tién sé& thyc hién phan tich dic
diém phan b dong theo nam, thang, ngay va gio
trong ngdy. Bén canh do, dac dlem thoi gian ton
tai cua céac con dong, cac chi s6 nhiét dong luc
va tham s khi quyén trong méi truong c6 dong
ciing duge phan tich dé lam rd diéu kién moi
truong thuan loi cho con déng. S6 liéu va
phuong phap nghién ctru dugc trinh bay trong
Muc 2. Két qua nghién ctru va thao luan va Két
luan duoc trinh bay trong Muc 3 va Muc 4.

2. S liéu va phwong phap nghién ctu
2.1. Khu vuc nghién cuu

San bay Noi Bai, san bay Pa Ning, san bay
Tan Son Nhét 1a 3 san bay trong diém cuia Viét
Nam. Hang nam mdi san bay phuc vy hang chyc
nghin chuyén bay v6i hang chuc triéu luot khach
trong nudc va qudc té. San bay Noi Bal (NOI Bai
International Airport) 1a san bay qudc té 16n nhat
ciia mién Bic Viét Nam. San bay c6 tim tai
21°12'50"B, 105°48'11"D, cao hon muc nudc
bién 12 m, thudc huyén Soéc Son, cach trung tam


https://vi.wikipedia.org/wiki/Mi%E1%BB%81n_B%E1%BA%AFc_Vi%E1%BB%87t_Nam
https://tools.wmflabs.org/geohack/geohack.php?language=vi&pagename=S%C3%A2n_bay_qu%E1%BB%91c_t%E1%BA%BF_N%E1%BB%99i_B%C3%A0i&params=21_12_50_N_105_48_11_E_type:airport_region:VN-HN
https://vi.wikipedia.org/wiki/S%C3%B3c_S%C6%A1n
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thu d6 Ha Noi 35 km vé phia Tay Béc. San bay
Pa Nang (Danang International Airport) la san
bay qudc té 1on nhat khu vyc mién Trung - Tay
Nguyén va 16n thir ba cta Viét Nam. San bay
nam tai vi tri 16°02'38"B, 108°11'58"D, cao hon
muc nuc nude bién 10 m, thude quan Hai Chau,
cach trung tim thanh phd Pa Nang 3 km. San
bay Tan Son Nhit (Tan Son Nhat International
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Airport) lasian bay qudc té1on nhat Viét
Nam hién nay. Sdn bay nam c6 vi tri
10°49'8"B, 106°39'7"D, cao hon muc nudc bién
10 m, cachtrung tim Thanh phé Ho Chi
Minh 8 km vé phia Béc, thudc quan Tan Binh,
san bay Tan Son Nhit 1a dau mdi giao théng
quan trong cua Nam BJ.
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Hinh 1. Vi tri ctia ba san bay va vi tri quan tric cao khong.

2.2. 56 liéu

Nghién ciru nay sir dung dir lidu thoi tiét cua
bao cao hang khong trong 17 nam tur 2007-2023
tai ba san bay Noi Bai, Pa Nang, Tan Son Nhét.
Trong d6 chi yéu 14 s6 liéu tir bao céo khi tugng
hang khong (METAR) va bao céo khi tugng
hang khong dac biét (SPECI). Bao cao khi tugng
hang khong METAR 1a mdt dang bdo cdo thoi
tiét hang khong tiéu chuan quéc té cung cip
thong tin vé diéu kién khi tuong tai san bay va
khu vuc 14n can. Bdo cdo dugce thuc hién véi tan
suat phat bao 30 phit mot lan ddi voi san bay
qudc té. Bao céo khi tuong sin bay dic biét
(SPECI) duoc phat trong truong hop xay ra cac
tinh hudng anh huong dén hoat dong hang khong

giita hai ban tin METAR. Hau nhu tat ca cic bao
cao (trén 98%) tai ba san bay trong giai doan nay
déu duogc cong bd, thu thap va thyc hién phan tich.

Trong cac bao cao khi tuong hang khong
nay, c6 nhidu thong tin nhu nhiét d6 khong khi,
nhiét d6 diém suong, d6 am tuwong dbi, khi ap,
tam nhin, téc d6 gio, huéng gié va thoi tiét hién
tai. Cac bao cao nay duogc su dung dé xac dinh
thoi gian xay ra cac con dong. Khi xac dinh cac
con dong, tat ca cac loai ma lién quan toi dong
(vi du: TS, TSRA, VCTS) déu dugc trich xuét
va xir ly. i voi mot con dong, sy xuét hién cua
bat ky ma hién tugng dong nao trong ca hai loai
béo cdo déu dugc tim kiém va néu ching xuat
hién lién tuc nhau thi xac dinh 1a mot con dong.
Theo két qua phan tich, tong cong c6 1208 ngay


https://vi.wikipedia.org/wiki/H%C3%A0_N%E1%BB%99i
https://vi.wikipedia.org/wiki/Mi%E1%BB%81n_Trung_(Vi%E1%BB%87t_Nam)
https://vi.wikipedia.org/wiki/T%C3%A2y_Nguy%C3%AAn
https://vi.wikipedia.org/wiki/T%C3%A2y_Nguy%C3%AAn
https://vi.wikipedia.org/wiki/Vi%E1%BB%87t_Nam
https://tools.wmflabs.org/geohack/geohack.php?language=vi&pagename=S%C3%A2n_bay_qu%E1%BB%91c_t%E1%BA%BF_%C4%90%C3%A0_N%E1%BA%B5ng&params=16_02_38_N_108_11_58_E_type:airportdisplay=inline.title
https://vi.wikipedia.org/wiki/H%E1%BA%A3i_Ch%C3%A2u
https://vi.wikipedia.org/wiki/%C4%90%C3%A0_N%E1%BA%B5ng
https://vi.wikipedia.org/wiki/S%C3%A2n_bay_qu%E1%BB%91c_t%E1%BA%BF
https://vi.wikipedia.org/wiki/Vi%E1%BB%87t_Nam
https://vi.wikipedia.org/wiki/Vi%E1%BB%87t_Nam
https://tools.wmflabs.org/geohack/geohack.php?language=vi&pagename=S%C3%A2n_bay_qu%E1%BB%91c_t%E1%BA%BF_T%C3%A2n_S%C6%A1n_Nh%E1%BA%A5t&params=10_49_08_N_106_39_07_E_region:VN-SG
https://vi.wikipedia.org/wiki/Qu%E1%BA%ADn_1
https://vi.wikipedia.org/wiki/Qu%E1%BA%ADn_1
https://vi.wikipedia.org/wiki/T%C3%A2n_B%C3%ACnh
https://vi.wikipedia.org/wiki/Nam_B%E1%BB%99
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déng véi 1876 con dong ¢ san bay Noi Bai, 1073
ngay dong v6i 1371 con dong & san bay Da Nang
va 2387 ngay dong vdi 3383 con dong ¢ san bay
Tan Son Nhit d3 duoc xac dinh trong khoang
thoi gian 17 nam.

S6 liéu quan tric cta cac dai cao khong gan
cac san bay Noi Bai, Pa Ning, Tan Son Nhit
duoc ldy tir trang web cua bai hoc Wyoming,
http://weather.uwyo.edu/, gorn nhiéu chi s6 va
tham s va tham sb khi quyén duge do dac va
tinh toan. Cac quan tric cao khong dugc thuc
hién hai 1an mot ngay vao lac 00 va 12 UTC bai
cac Pai khi tugng cao khong, thugc Cuc Khi
tugng Thuy vin, tai toa do gan cac san bay theo
quy dinh [16]. Khoang céch tir cac dai cao khong
dén cac san bay nam trong khoang 2-22 km
(Hinh 1). Theo ket qua nghién cuu cua Nelson
(2021), can quan tric cao khong voi khoang cach
nho hon 20 km trong 16p bién va nhé hon 40 km
trong tang d6i luu ty do dé xéac dinh déc trung
cho méi truong khong khi gan may [17]. Hai
quan tric gan nhat trudc va sau con dong s& duoc
sir dung dé phan tich. Vi du khi ghi nhan con
dong luc 08 UTC céc quan trac cao khong Itc 00
va 12 UTC sé& dugc sir dung, con néu con doéng
xay ra lac 20 UTC thi cac quan tric lic 12 UTC
cung ngay va lac 00 UTC ngay hom sau dugc
xem Xxét. Tuy s6 lidu quan tric cao khdng kha
thua (12 h/lan) nhung viéc str dung cac quan trac
gan sy kién nhat van c6 thé gitp nam bt duoc
céc diéu kién moi trueong khi quyén thuén lgi cho
con dong, bao gdm ca trudc, trong va sau con
dong [1].

2.3. Céc chi s6 nhiét dong hc va tham sé khi quyén

Trong nghién ctru thuc hién phan tich 13 chi
s6 nhiét dong lyc va tham s khi quyén bao gom:
chi s6 KI, chi s6 Showalter (SHOW), chi s6 nang
(LI), chi sb tong cac chi sb (TTI), chi sé tong
thang dimg (VT), chi s6 tong ngang (CT), chi s6
SWEAT, chi s6 Bulk Richardson number (BRN),
nang luong ddi luu tiém nang (CAPE), chi s can
d6i luu (CIN), khi 4p muyc ngung két ning
(LCLP), nhiét &6 muc ngung két nang (LCLT) va
luorng nudc kha giang (PW) Gia tri cac chi
s0 dugc tinh toan tir s6 liéu quan tric tham

khong, duoc tai tir trang web cua Dai hoc
Wyoming, thong tin chi tiét v& cac chi sb
https://weather.uwyo.edu/upperair/indices.html.

Trong d6 chi s6 KI 1a su két hop cua ham
luong 4m & muc 850—700 hPa va nhiét d6 & muc
850-500 hPa, KI = (Tsso — Tso0) + Tdsso — (T700 —
Tar0). Chi s6 tong cac chi s (TTI) 1a tong cua
hai chi s6 VT va CT, TTI = VT + CT. Véi tong
chi s6 tong thang dtimg (VT) va tong ngang (CT)
duogc tinh theo cong thire, T = Tgso — Tsoo; CT =
Tdsso — Tso0. Trong d6 Teso, T700, VA Tsoo 12 nhiét
d@ cac muc 850, 700, va 500 hPa; Tasso VA Ta700
1a nhiét d6 diém swong muyc 850 va 700 hPa.

Chi s6 SHOW c¢6 cong thirc, SHOW = Tspo —
Tisso, vOi Tieso 1a nhiét d6 cua phan tir khi duoc
nang 1én theo 1y thuyét phan tir tir myc 850 t6i
muc 500 hPa. Tuong ty SHOW, chi sb nang LI
duoc dinh nghia 1a sy chénh 1éch gitra nhiét do
quan sat dugc & muc 500 hPa va nhiét d6 cua
mdt phan tir khi sau khi nang 1én theo 1y thuyét
phan tir tir bé mat 1én muc 500 hPa (Ti), LI =
Ts00 — Tste. o

Chi s0 SWEAT dugc phat trién dé du bao
cac hién tuong dong dir doi va voi rong, SWEAT
= 12Tgss50 +20(TT 49) + 2fgsg + fsoo +
125[sm(d500 — dgso)] + O 2. Trong do fgso va fsoo la
toc do gi6 tinh bang hai Iy & myc 850 va 500 hPa,
dgso Va dsgo 1a hudng gid (0-360°) & myc 850 va
500 hPa.

Ning lugng dbi luu tiém ning CAPE la
thudc do vé cuong do dong thiang ddi luu. No
dugc biéu dién nhu 13 nang luong ndi kha ning
theo 1y thuyét phan tir cho mot phan tir khi 16p
bién khi dugc nang Ién tr myc LFC dén muc can
bang EL. Tuong ty CAPE, Chi s6 can ddi luu
CIN dugc tinh cho 16p tir bé mit (Sfc) dén LEC.
Chi s6 BRN thé hién diéu kién méi truong thuan
loi cho hinh thanh va phat trién déng lién quan
dén d6 bat 6n dinh cua méi truong va do dat gio,
BRN = CAPE / (0.5 U?. Trong d6 U =
V@ —ug)? + (v, — v1)? 1a do dut gio giira 2
muec; Uz, V1 la trung binh gi6 u, v muc thép dudi
500 m; uy, v2 1 trung binh gié u, v muc thap dudi
6000 m.

Luong nude kha giang (PW) 1a téng lwong
hoi nudc c6 trong mot cot khong khi tir mat dat



http://weather.uwyo.edu/
https://weather.uwyo.edu/upperair/indices.html
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lén den dinh ctia bau khi quyen cho biét thong tin
vé d6 4m trong bau khi quyén. Muc _ngung két
nang 1a d6 cao ma tai ¢ khong khi 4m bi nang
1én du cao dé dat dén trang thai bio hoa (RH =
100%) va bat dau ngung tu thanh may. Cac tham
s6 nhiét d6 (LCLT) va khi ap (LCLP) & muc
ngung két nang c6 thé phan 4nh do cao muc
ngung két nang va trang thai do 4m cua khi
quyén lién quan dén qua trinh di luu.

2.4. Diém ky nang Rank Sum Scores

Piém k¥ ning RSS (Rank Sum Scores) la
mot phuong phap hiéu qua dé danh gia ki ning
du bao c6 hoac khong c6 dong cua cac chi sO va
tham sé va dd duoc nhiéu tac gia su dung
[11, 18]. Pé tinh gia tri RSS do6i Vo1 mot chi s6
cu thé, chung toi thuc hién sip xép gié tri chi sd
theo thtr tu tir cao dén thép, sau do danh thur hang
cho mdi gia tri chi s6. Cudi cung gi tri RSS dugc
tinh bang su chénh léch giita hang trung binh cua
truong hop khong c6 dong va truong hop co
dong chia cho tong s6 mau. Mot chi s hodc tham
s0 cang co sy tach biét gilra cac truong hop co
va khong c6 dong thi ky ndng du bao cuia nd cang
cao, twong tng diém k¥ ning RSS cang cao.

3. Két qua va thao ludn
3.1. Phdn bé déng theo thoi gian tai cdc san bay

Trong phan nay, chung t6i s& thyc hién thong
ké, phan tich tin suit xuat hién cua dong theo
ngdy, thang va nim. Bén canh d6, dic diém vé
thoi gian ton tai ciia cic con dong ciing duoc
xem xét bang viéc phan tich thoi gian bat dau va
két thiic ciia cac con dong tir dit liéu quan tric.

3.1.1. Phan bé déng theo nam (Hinh 2)

Vi chudi s6 lidu thoi gian phén tich trong
17 nam (2007-2023), ¢ san bay Noi Bai trung
binh c6 110 con dong/nam véi 141 gio dong/mam
va 71 ngay dong/nam. Nam 2012 la ndm co it
dong nhat trong chudi thoi gian véi 78 con dong,
110 gio dong va 53 ngay c6 dong. Nam 2017 co
nhidu déng nhét, co téi 160 con dong, 169 gid
dong va 80 ngay dong. Tuy nhién vé thoi gian

doéng va ngay dong nam 2007 c6 89 ngay xay ra
dong véi 195 gio. San bay Da Nang dong xay ra
it hon vé ca ba tiéu chi voi trung binh 81 con
déng/mam, 123 gid dong/ndam va 63 ngay
déng/nam. Nam it nhat c6 52 con dong véi 59
gio dong va 40 ngay dong ghi nhén vao niam
2021. Nam 2008 xay ra nhiéu dong nhat véi 117
con dong, 176 gio dong va 90 ngay dong. O san
bay Tan Son Nhét, tin suit dong xay ra nhiéu
hon, trung binh c¢6 199 con dong/nam voi 255
gi0 dong/nam va 140 ngay dong/ndm. Nam 2008
c6 nhiéu dong nhat véi 277 con dong, 424 gid
dong va 171 ngay xay ra dong. Nam 2023 c6 it
dong nhat véi 129 con, 132 gio va 102 ngay xay
ra dong (Hinh 2).

Thuc hién kiém nghiém Mann-kendall va
uoc lugng hé ) gbc Sen cac chudi sb lidu trong
Hinh 2, cho thay dong ¢ san bay Da Ning va gid
dong & san bay Tan Son Nhit xu huéng giam,
v6i san bay Noi Bai khong c6 xu thé bién doi cu
thé cua dong theo ndm (Bang 1). Tan sudt xudt
hién dong nhiéu nhit & san bay Tan Son Nhét,
sau d6 dén san bay Noi Bai va san bay Da Ning
phut hop véi xu thé phén bb déng trong nghién
clru cua tac gia Nguyén Purc Ngir (Hinh 2). Tuy
nhién sb lugng ngay dong thng ké c6 du khac
biét dang ké dic biét & san bay Tan Son Nhat
trung binh 140 ngay dong/nadm (so vdi khoang
20-80 ngay dong/nam & Viét Nam trong nghién
ctru Nguyén Dtic Ngit [15]). Nhung két qua nay
phut hop véi két qua chi ra cta tac gia Mai Vin
Khiém théng ké dong giai doan 2015-2019 &
Viét Nam [19]. Su khac biét co thé do sy khac
nhau vé chudi thoi gian thong ké.

Béng 1. Két qua kiém nghiém Mann-kendall va
Sen's Slope cua cac thong s6 dong theo nam tai ba
san bay(gia tri trong 6 biéu dién tri s6 Sen's Slope, 6
t6 mau biéu dién xu thé c6 y nghia thong ké vai p-

value <0.05)

R Con Ngay Gio
San bay déng déng déng
Noi Bai -0,68 -0,15 -2,55
DPa Ning -1,81 2.4 -5,3
Tan Son

Nhat -0,95 -3,34 -8,66
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Hinh 2. Phan bo dong theo ndm cua san bay Noi Bai (a), Da Ning (b), va Tan Son Nhét (c). Day chi s6 dudi
cung thé hién sb gio déng clia ndm tuong tmg. Day chi s trén cung thé hién s6 ngay dong cta nam twong Gmg.

3.1.2. Phdn bé dong theo thang (Hinh 3)

Hinh 3 biéu dién phan bd dong theo thang
cho thay, & san bay Noi Bai dong xay ra phan 16n
tap trung tir thang 5 dén thang 9 chiém hon 80%
vé ca ba tiéu chi: s6 con dong/nim, ngiy
déng/nam, gio dong/nam. Cac thang 11-12 va
1-2 hau nhu rét it dong xuét hién. Thang 5, 6, 7
Ia ba thang ghi nhan cac chi sb thong ké vé dong
cao nhit véi trung binh 22-23 con dong/thang,
27-29 gio dong/thang va 14 ngay xay ra
dong/thang. Véi san bay Pa Nang dong xay ra
cha yéu tap trung tir thang 4 dén thang 9 chiém
hon 85% cho ca ba chi sé théng ké: sé con
dong/thang, gio dong/thang va ngay dong/thang.
Dong xay ra nhiéu nhét vao thang 8 véi trung
binh 16 con déng/thang, 26 git dong/thang va 11
ngay dong/thang Thang 11, 12, 1 hau nhu khong
xay ra dong. O san bay Tan Son Nhat dong xuat
hién & hau hét cac thang trong ndm, tuy nhién
cling rat it vao céac thang 12,1,2,3 vé6i khoang 1-
4 con dong/thang. Tir thang 4 dén thang 11 tun

suit xay ra dong trung binh nhiéu hon 14 con
dong/thang voi hon 17 gio dong/thang va 10
ngdy dong/thdng. Pac biét la trong cac thang
5-10 dong xuat hién rat nhiéu hon (chiém hon
75% dong trong ndm) khoang 26-29 con
dong/thang, voi hon 30 gio dong/thang va 17-20
ngdy xdy ra dong/thang. Thang 5 1a thang co6 céc
chi s6 théng ké dong cao nhit voi trung binh 29
con dong/thang véi 38 gio dong/thang va 20
ngay doéng/thang.

Dua vao két qua thong ké sé luong con dong
trung binh thang trong gia doan 2007-2023,
ching t6i ¢ thé xac dinh mua dong & cac san
bay 1a nhitng thang c6 sd luong con déng cao
hon trung binh nim. Két qua cho thdy muia dong
0 cac san bay c6 khac nhau nhung tép trung chu
yéu tir thang 4 dén thang 10. Trong d6, & san bay
Noi Bai, mua dong dugc xac dinh 1a khoang thoi
gian tir thang 5 dén thang 9 hang nam. Mua dong
& san bay Pa Nang kéo dai tir thang 4 dén thang
9. Bdi véi san bay Tan Son Nhit mua dong tap
trung tir thang 5 dén thang 10.
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Hinh 3. Phan b dong theo thang cua san bay Noi Bai (a), ba Niéng (b), va Tan Son Nhit (c).
Day chi so dudi cung thé hién so gid dong trung binh cua thang tuong ung.
Diy chi s trén cung thé hién s6 ngay dong trung binh cuia thing twong tmg.

3.1.3. Phdn bé déng theo gio (Hinh 4)

Phin bd dong theo gio trong ngdy & cic
thadng c6 sy khéc biét gitta ba san bay No§i Bai,
Pa Néng va Tan Son Nhét (Hinh 4). Tai san bay
Nbi Bai giai doan tir thang 5 dén thang 9 tan suat
dong xuat hién rai ric & hau hét cac khung gid
trong ngay (Hinh 4a). Tuy nhién tap trung cao nhat
vao thoi gian chidu tbi tr 16-21 gio Viét Nam
(VNT). Vao khoang thoi gian tir 18-20 VNT céc
ngay trong thang 5 xac suat xay ra dong 1a cao
nhit v6i trung binh 5-6 con/thang tuong tng véi
5-6 ngay trong thang 5 xay ra dong trong khung
gio ndy. Cac thangl1-2 rat it cac sy kién dong
xay ra O tt ca cac khung gi¢ trong ngay.

Tai san bay Pa Ning (Hinh 4b), dong tur
thang 4 den thang 8 xay ra chi yéu vao buodi
chidu va t6i tir 14-22 VNT. Déng trong thang 9
va 10 c¢6 kha nang xay ra ¢ hau hét cac khoang
thoi gian trong ngay. Thoi gian ¢ xac suit xay
ra dong cao nhat véi trung binh 5-7 con/thang 1a
khoang 15-17 VNT tir thang 5 dén thang 8 va

16-18 VNT trong thang 9. Cac thang tur thang 11
dén thang 3 va khoang thoi gian 00—12 VNT tir
thang 4-7 xac suat xay ra dong ¢ san bay Pa
Ning thap.

Tai san bay Tan Son Nhat, tin suit xay ra
dong 13 16n nhat trong ba san bay (Hinh 4c). Tuy
nhién phan bé dong trong ngay tap trung hon so
v6i hai san bay Noi Bai va Da Ning. Dong xay
ra nhiéu tap trung vao khoang thoi gian vao budi
trua, chiéu va tdi trong khoang 13-20 VNT tir
thdng 4-10. Thang 11, dong ¢ san bay Tan Son
Nhat chu yéu xay ra vao budi chidu tir 15-18
VNT. Tuong tg xu hudng cta hai san bay Noi
Bai va Da Ning, tin sut xdy ra dong & thang 9
va thang 10 c6 sy rai rac & hau hét cac khoang
thoi gian trong ngay. Khoang thoi gian tir 14-19
VNT trong thang 5 dén thang 10 c6 tan sut dong
xdy ra dong lon hon 6 ngay/thang, trong do xac
suat cao nhat 1én dén 10-12 ngay/thang vao
khoang thoi gian tir 14-17 VNT trong thang 5. Cac
thang 1 va 2 va cac gio budi sang tir 00-12 VNT
thang 12 va thang 3 tan suét xay ra dong thap.
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Hinh 5. Phan b thoi gian xuat hién dong trong ngay tai sin bay Noi Bai (a), Pa Ning (b), va Tan Son Nhét (c).

Nhiéu nghién ciru & cac khu vuc khac nhau
trén thé gioi da chi ra dong thuong xuét hién vao
budi chiéu va budi téi [1, 20]. G Viét Nam,
nghién ciru déng ctia nhom téc gia Tran Tan Tién
(2008) di chi ra dong thuong c6 tan sudt 16n nhat
vao chiéu t6i dic biét 1a khoang thoi gian tir 13-
19 VNT va thap nhit luc 7 VNT [14]. Nghién
ctru ndy c6 két qua twong ty, Hinh 5 cho thay thoi

gian bit dau cta cac con dong & ba sin bay tap
trung vao khoang chiéu-tdi, tuy nhién c6 sy khac
biét giira ba san bay. Twong tu phan bd thoi gian
dong ton tai trong ngay, khoang thoi gian xut
hién cac con dong ¢ san Noi Bai rai rac ¢ hau hét
cac khung gid trong ngay va nhiéu nhét la
khoang 18-19 VNT. Ngoai ra c6 thé thay c6 mot
cuc dai phu cta thoi gian bat ddu cac con dong &
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san bay Noi Bai 1a vao budi dém gan sang, trong
khoang tir 01-04 VNT. Tai san bay Da Nang thoi
gian bat dau xuat hién cac con dong tap trung vao
budi chidu téi tir 13-21 VNT, chiém 73% s6
luong con dong, trong do tan sudt cuc dai xuét
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hién vao luc 15-16 VNT. Tai san bay Tan Son
Nhét thoi gian bit ddu xuit hién dong chu yéu
vao chidu-toi tir 12-20 VNT, chiém 81% sb
luong con dong voi tan sudt cuc dai quan sat
duogc vao lac 15-16 VNT.
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Hinh 6. Phan b6 thoi gian ton tai ctia cac con dong tai san bay Noi Bai (a), Pa Ning (b), va Tan Son Nhét (c).

3.1.4. Thoi gian ton tgi cdc con déng

Thoi gian ton tai cia mdi con dong théng
thudng kéo dai tir vai chuc phut dén vai gio. Hinh
6 cho thay hon 95% sb luong cac con dong dugc
ghi nhan ¢ san bay N¢i Bai va san bay Tan Son
Nhit c6 thoi gian ton tai dudi 3 gio. O san bay
DPa Ning c6 84% sb con dong ton tai dudi 3 gid
tinh cho chudi thoi gian 2007-2023. Nghién ciru
clia Yavuz (2024) vé dic diém dong & san bay
Istanbul, Tho Nhi Ky ciing chi ra hon 70% dong
& d6 kéo dai tir 0-3 gid [1]. Nhitng két qua thong
ké nay phu hop véi thoi gian ton tai cuia mot hién
tuong thoi tiét quy mo vira.

3.2. Cdc chi s6 nhiét dong liec va tham sé tai cdc
san bay

Cung voi phan bd nhiét do va d6 4m, do bat
6n dinh cua khi quyén dong vai tro quan trong
trong qué trinh xay ra dong. Céac chi s nhiét
dong luc va tham sé khi quyén dugc sir dung dé

danh gia vé dic diém moi truong khi quyén tai
thoi diém nhat dinh. Nhimng thong tin nay rat
quan trong dé hiéu dugc su hinh thanh va phat
trlen cua dong [1]. Trong phan nay, ching toi
tién hanh phan tich déac diém khoang gia tri cua
13 chi sé nhiét dong lyc va tham s6 cia moi
truong lién quan dén déng & ba san bay Noi Bai,
Pa Nang, va Tan Son Nhét, bao gdm: PW, KI,
LI, SHOW, TTI, CT, VT, CAPE, CIN, SWEAT,
BRN, LCLT, va LCLP duoc tinh trong chudi
thoi gian tir 2007—-2023. Nhitng gia tri chi s tinh
toan tir hai obs quan tric gan su kién dong nhat
(true va sau) duge st dung dé phén tich dic
diém moi truong lién quan dén dong (chu yéu dé
mo td moéi truong “thudn loi cho dong” hoac “céd
dong” dugc stir dung trong nghién ctru).
3.2.1. Péanh gia diém kj ning RSS

Duya vao Bang 2, diém ky nang RSS cua cac
chi s6 nhiét dong luc va tham so khi quyén tai ba
san bay cho thay lugng nudc kha giang PW va
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chi s6 KI ¢6 diém k¥ ning cao ¢ ca ba san bay.
biéu nay cho théy su khac biét cua lugng nudc
kha giang va gia tri ctia chi sd KI trong truong
hop c6 dong va khong c6 dong la 16n hon céc chi
sO con lai. Do d6 ching 1a nhitng nhéan té canh
bao/dy bao dong tét & ca ba san bay. Trong d6 &
san bay Noi Bai cac chi s6 c6 k§ nang du bao tot
nhu PW (RSS = 0,37), KI (RSS = 0,35), va
LCLT (RSS = 0,32). O san bay Pa Ning c6 cac
chi s6 nhu PW (RSS = 0,31), KI (RSS = 0,3),
SHOW (RSS = 0,28). Tuong tu, cac chi s6 PW
(RSS = 0,28), KI (RSS = 0,26), va LI (RSS =
0,24) 1a nhitng chi s6 va tham sb k¥ ning du bao
dong t6t & san bay Tan Son Nht.
Bang 2. Piém k¥ ning RSS cua chi s6 nhiét dong

luc hoc va tham s6 khi quyén tai ba san bay. Sip xép
theo thu tu tir cao dén thap

Chi sb R,fs' Chi sb RDS,\S" Chisé | RSS-TSN
PW 0,37 PW 0,31 PW 0,28
Kl 0,35 Kl 03 Kl 0,26

LCLT 0,32 SHOW 0,28 LI 0,24

SHOW 0,31 TT 0,26 LCLT 0,24
LI 0,29 LI 0,24 CAPE 0,22

BRN 0,29 cT 0,23 BRN 0,22

CAPE 0,28 CAPE 0,21 T 0,21
cT 0,27 BRN 0,21 SHOW 0,2
T 0,26 VT 0,2 cT 0,17
VT 021 | SWEAT 0,2 LCLP 0,16

SWEAT | 0,18 LCLT 0,18 VT 0,15
CIN 0,17 CIN 0,17 SWEAT 0,1
LCLP 0,03 LCLP 0,13 CIN 0,01

3.2.2. Gid tri ciia cdc chi s6 va tham sé trong
truong hop co dong

Hinh 7 biéu dién khoang gia tri cac chi sb
nhiét dong luc va tham sb trong moéi truong
thuan lgi cho déng & sin bay Noi Bai cho thy
¢6 90% s6 con dong xay ra voi mdi truong cd
lugng nude kha giang PW > 53,8 mm, trong d6
80% s6 con dong xay ra trong méi trudng cd
luong nude kha giang tir 53,8 dén 72,1 mm. Vai
chi s6 KI, ¢6 90% s6 con dong xay ra trong moi
truong c6 KI > 33,1 va 80% so con dong xay ra
v6i didu kién moi trudng co gi tri chi s6 KI ndim
trong khoang tir 33,1 dén 41,1. Twong tu c6 90%
sd con dong xay ra trong méi trudng cé gi tri

céc chi sd TTI, CT, VT, CAPE, CIN, SWEAT,
BRN, LCLT, LCLP 16n hon 41,5, 18,9, 21,7,
110,8, -158,2,214,3, 4,2, 293,2 va 898,3 tuong
tmg. Trong d6 c6 80% s6 con dong xay ra trong
moi trudng c6 khoang gia tri cac chi s6 va tham
s6 1a TTI tir 41,9-47,4; CT trong khoang 10,5-
22,3, VT trong hoang 21,9-26,5, CAPE trong
khoang 119-1913.2, CIN trong khoang -158,2-0,
SWEAT trong khoang 214,3-286,0, BRN trong
khoang 4,2-666,7, LCLT trong khoang 293,2-
297,9, va LCLP trong khoang 898,3-967,6. Vi hai
chi s6 LI va SHOW ¢6 90% s con dong xay ra
trong méi trudng co chi sb LI < -0,5 va SHOW <
0.8, trong d6 80% s con déng xay ra trong moi
truong c6 gia tri chi s6 LI trong khoang -5,8— -0,5)
va gia tri chi s6 SHOW trong khoang -3,3-0,8.
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Hinh 7. Biéu db hop biéu dién gia tri cac chi s6 va
tham s trong trudng hop c6 déng & san bay Noi
Bai. Trong d6 cac gié tri trén biéu dd twong tmg 1a
phéan vi 10, 25, 50, 75 va 90.
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Hinh 8. Tuong tw Hinh 7, ngoai trir
cho san bay ba Nang.
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Khoang gia tri cac chi s va tham sb trong
moi truong lién quan téi dong & san bay Pa Nang
cho thay c6 90% sd con dong xdy ra véi moi
truong co6 lwgng nudc kha giang PW > 52,3 mm,
trong d6 80% s6 con dong xay ra trong moi
truong c6 PW tir 52,3 dén 68,0 mm (Hinh 8). Vi
chi s6 KI ¢6 90% sb con dong xay ra trong moi
truorng c6 KI>32.6 va 80% s0 con dong xay ra
voi diéu kién moi trudng c6 gid tri chi s6 nay
nam trong khoang 32,6-40,2. Twong tu c6 90%
sO con dong xay ra trong moi trudng cé gi tri
cac chi sb va tham s TTIL, CT, VT, CAPE, CIN,
SWEAT, BRN, LCLT, va LCLP 16n hon 41,9,
18,5, 21,9, 119,0, -242,2, 197,6, 11,0, 292,2, va
878,3 twong tmg. Trong dé c6 80% sd con dong
xay ra trong moi truong c6 khoang gia tri cac chi
sd va tham sb 1a TTI tir 41,9-47,4, CT trong
khoang 18,5-22.3, VT trong hoang 21,9-26,5,
CAPE trong khoéng 119-1913,2, CIN trong
khoang -242,2— -4,3, SWEAT trong khoang
197,6-261,3, BRN trong khoang 11,0-906,4,
LCLT trong khoang 292,2-296,5, va LCLP
trong khoang 878,5-959,4. Vi hai chi s6 LI va
SHOW ¢6 90% sb con dong xay ra trong moi
truong co chi s6 L1 <-0,5 va SHOW < 1,1, trong
d6 80% sb con dong xay ra trong méi truong co
gié tri chi s6 LI trong khoang -4,2— -0,5 va gié tr
chi s6 SHOW trong khoang -2,7-1,1.
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Hinh 9. Tuong ty Hinh 7, nggai trir
cho san bay Tan Son Nhat.

O san bay Tan Son Nhit, khoang gia tri cac
chi s6 va tham s6 trong méi truong thuan lgi cho
dong dugc biéu dién trong Hinh 9 cho thiy: c6
90% s con dong xay ra véi méi truong cé luong

nude kha giang PW > 52,1 mm, trong d6 80% s6
con dong xay ra trong mdi truong c6 lugng nude
kha giang tir 52,1 dén 65,2 mm. V&i chi s6 KI ¢6
90% s0 con dong xay ra trong moi trudong KI >
30,7 va 80% sd con dong xay ra voi diéu kién
mdi trudng c6 gia tri chi s6 KI nérn trong khoang
30,7-38,7. Tuong tw c6 90% sb con dong xay ra
trong moi trudng co gia tri cac chi so va tham sO
TTI, CT, VT, CAPE, CIN, SWEAT, BRN,
LCLT, va LCLP 16n hon 41,3, 18,3, 22,1, 189,3,
-109,2, 195,6, 16,5, 293,2, va 909,2 tuong ung.
Trong d6 c6 80% s con dong xay ra trong moi
truong c6 khoang gia tri cac chi sé va tham sb 1a
TTI tur 41,3-46,5, CT trong khoang 18,3-22,3,
VT trong khoang 22,1-24,9, CAPE trong
khoang 189,3-2146,5, CIN trong khoang -
109,2—- -3,2, SWEAT trong khoang 195,6-255),
BRN trong khoang 16,5-1037,5, LCLT trong
khoang 293,2-296,6, va LCLP trong khoang
909,2-963,2). Véi hai chi s6 LI va SHOW co
90% s6 con dong xay ra trong moi trudng cé chi
s6 LI <-0,9 va SHOW < 1,7, trong d6 80% sb
con dong xay ra trong moi truong c6 gia tri ch1
s0 LI trong khoang -4,8— -0,9) va gié tri chi s6
SHOW trong khoang -2,2-1,7.

Gia tri trung binh cuia cac chi s va tham sb
PW, KI, LI, SHOW, TTI, CT, VT, CAPE, CIN,
SWEAT, BRN, LCLT va LCLP trong moi
truong lién quan dén dong & ba san bay dao dong
trong khoang 59,0-64,1, 34,8-37,4, -3,0—-2,3, -
1,2—-0,3, 43,9-44,6, 20,4-20,8, 23,5-24,1,
859,6-1441,0, -110,52—48,9, 225,3-251,6,
459,5-713,4, 294,4-295,8 va 921,4-938,8 tuong
Gng. Ram (2012) nghién cru méi truong lién
quan dén dong ¢ san bay Mohanbari, mién déng
An Do cho thdy pham vi gia tri trung binh cua
cac chi s6 LI, KI, TTI, SHOW, va CAPE trong
cac thang 3-5 lén luot 1a -2,0-0,7, 33,9-35,0,
46,0-49,6, -1,0—-0,3 va 562,6-988,7 [21], khong
khac nhiéu so véi cac két qua thu dugc trong
nghién ctru ndy. Yavuz (2024) phan tich dic
diém moi trudng c6 dong & san bay Istanbul, Tho
Nhi Ky chi ra gi4 tri trung binh cta céac chi s6
SI, LI, SWEAT, KI, TTI, CAPE, CIN va BRN
lan luot 1a 1,9, 0,0, 159.4, 27,7, 48,4, 3314, -
63,9 va 55,9 [1], khac twong d6i nhiéu so v6i két
qua trong nghién ctru nay. Tu sy khac biét gia tri
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ctia cac chi sb nhiét dong lyc va tham s6 khi
quyén & ba san bay va cac nghién ctru tuong tu
cho cac khu vuc trén thé gidi chi ra rang cac chi
s6 c6 khoang gia tri khac nhau tuy theo cac khu
vuc dia ly. Diéu nay cho thiy rang ngudng cua
cac chi so nhiét dong lyc va tham so khi quyén
can dugc tiy chinh dé phtt hop vdi timg khu vue
cu the.

4. Két luin

Théng ké dic diém dong & ba san bay trong
17 nam trong giai doan 20072023 cho thiy san
bay Tan Son Nhit c6 sé lugng dong 16n nhat
trong ba san bay vdéi trung binh c6 199 con
dong/nam, 255 gio dong/mam va 140 ngay
dong/mam. Sau d6 1a san bay N¢i Bai vdi trung
binh 110 con dong/nam, 141 gi¢ dong/nam va 71
ngay dong/nim. San bay Pa Ning c6 sb lugng
déng it nhat voi trung binh 81 con doéng/niam,
123 gi¢ dong/ndm va 63 ngay dong/nam. Mua
dong cuia ba sin bay tap trung chii yéu tir thang
4 dén thang 10. Trong d6 san bay Noi Bai mua
dong tir thang 5 dén thang 9 (hon 80% sé con
dong), sin bay Pa Ning mua dong tir thang 4 dén
thang 9 (hon 85% sb con dong) va san bay Tan
Son Nhét mua dong tir thang 5 dén thang 10 (hon

5% so con dong). Dong & san bay Noi Bai co
tan suat xuét hién rai rac vao cac khung gio trong
ngdy. O san bay Pa Ning va sin bay Tan Son
Nhéat dong chu yéu xay ra vao budi chidu va budi
t6i trong d6 san bay Pa Ning khoang tir 13-21 h
VNT (71% sb con dong), san bay Tan Son Nhat
khoang tir 12-20 VNT (81% s6 con dong). Thoi
gian ton tai cia cac con déng & ca ba san bay hau
hét kéo dai tir vai chyuc phut dén vai tiéng, véi
hon 95% s con dong & san bay Noi Bai, sin bay
Tan Son Nhat va 84% s6 con dong ¢ san bay Pa
Ning c6 do dai dudi 3 gio.

Duya vao diém k¥ nang RSS c6 thé thiy luong
nudc kha giang va chi s6 KI 1a hai nhan t6 du
bao/canh béo t6t cho dong & ca ba sin bay. Phan
tich khoang gi tri cac chi sO nhiét dong lyc hoc va
tham sb khi quyén trong méi truong c6 déng cho
thay co su khac biét giita cc san bay.

Loi cam on

Nghién ciru ndy dugc thuc hién véi sy hd trg
tir Chuong trinh hoc béng ddo tao thac si, tién si
trong nude ctia Quy P6i mbi sang tao Vingroup
(VINIF), ma s§ VINIF.2024.ThS.43.
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