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1. Mé dau

M6 hinh IRI  (International Reference
Tonosphere) dugc khoi xudng boi Uy ban Nghién
ciu Vi tru COSPAR (Committee on Space
Research) va Hiép hoi Khoa hoc V6 tuyén Qudc té
URSI (International Union of Radio Science) vao
cudi nhimg ndm 1960 véi muc tiéu thlet 1ap mot
tiéu chuin quéc té cho cac thong s6 co ban cua
tang dién ly dwa trén nhitng s6 liéu da duoc quan
tréc tai mat dat & nhidu noi trén thé gi6i va cac sb
liéu quan sat bang vé tinh. COSPAR va URSI dac
biét yéu cau vé mt mo hinh thyc nghiém dé giai
quyét nhiing van dé con chua dugc hleu biét mot
cach chic chin trong qua trinh phat trlen ly thuyét
Ve tang dién ly va nhimg co ché két ndi giira cac
tang khi quyén. Mdi quan tam chinh cia COSPAR
1a buc tranh md ta chung vé tang dién ly nhu la
mot phan ciia moi truong khong gian dé danh gia
tac dong moi trudng 1én cac con tau vii tru va céc
thi nghiém trong khong gian. Méi quan tdm chinh
clia URSI Ia nong do dién tir cia tang Dién ly dé
xac dinh trang thai dién ly phuc vu cho truyén song
vo tuyén va cac tmg dung khac. D& hoan thanh cac
muc tiéu nay, mot nhém lam viéc chung da duogc
thanh 13p vao ndm 1969 véi nhiém vu phat trién
mdt md hinh thuc nghiém vé ting dién ly. Trong
nhiing ndm qua, thanh vién cta nhom nghién ctru
nay di ting dén gin 60 chuyén gia, gdm nhing nha
khoa hoc c6 kinh nghiém cta nhiéu nuéc trén
thé gidi.

Giai quyét nhirng mau thudn giita cac két qua
tr nhirng ky thuat do dac khac nhau va diéu chinh
dé co6 dugc do tin cdy cua cac nguon di ligu la
nhiém vu quan trong déu tién cta dé an. M6 hinh
IRI da dugc nang cap lién tuc bodi cac dit liéu quan
trac va cac phuong phap tiép can mo hinh méi [3-
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6, 14, 15], phat trién tir mot tap hop cac didu kién
dién hinh thanh mot mé hinh toan cu cho tit ca
cac giai doan ciia mot chu ky Mat Troi. Mdi nam
IRI déu c6 hoi thao dé phdi hop cai tién va phat
trién mé hinh. Thong qua d& an IRI, cac thanh vién
¢6 thé truy cap hdu nhu toan bd ngudn s lidu dién
ly mat dat va vé tinh cia qudc gia va qudc té. Mo
hinh IRI d2 tré thanh mot mo6 hinh khi hau dién ly
dugc su dung rong rai nhit. Cac phién ban online
va cac ma nguon mo dugc ning cap va truy cap
mién phi.

Mo hinh IRI mo6 ta cac gia tri trung binh hang
thang cia mat d dién tir, nhiét d6 dién tu, ion, cac
thanh phan ion (0", H, N*, He", 0,", NO", ...), va
dich chuyén ion trong pham vi tir 50 dén 1500km
[5, 6]. IRI 12 mot md hinh ban thyc nghiém va dya
trén dit li¢u. Tinh chinh x&c ciia mo hinh trong mot
khu vuc cu thé phu thudc vao do tin ciy cua dir
liéu thu thap dugc cua khu vuc d6. Mot trong
nhiing ngudn dit lidu quan trong nhat cua IRI la
mang ludi cac dai tham do dién ly toan clu. IRI du
doan chinh x4c nhét cho vung vy do trung binh cua
Bic ban cau vi ¢ vung nay c¢6 mat do tram quan
trac day dac. O ving vy do cao va xich dao, cac
thong s6 dién ly it chinh x4c hon vi cac tram quan
trac ¢ nhitng ving nay thua thét.

Céc nghién ciru trude ddy vé so sanh mo hinh
IRI-2001 véi dir li¢u quan tric tai cac khu vuc xich
dao dugc tién hanh boi nhidu tic gia nhu
Ologunleko A.O. va cong sy [12] voi dit li€éu quan
tréc tai tram xich dao Ibanda (7.4°N, 3.9°E), De
Medeiros RT. va cdng su [7] quan tric tai Natal
(5.2°S, 36°W) trong khoang gin chu ky cuc dai
cua Mat Troi véi IRI trong diéu kién tir yén tinh va
nhiéu loan. Bhuyan P.K. va cong sy [2] tinh tong
nong do dién tir TEC (Total electron content) sir



dung cdc may thu tai 18 diém & An b6 trong cac
nam 2003 va 2004 dé nghién ctru cc bién thién
theo ngay, mua va cac bién d6i hang ndm cua TEC
va so sanh v6i md hinh IRI-2001. Cac két qua
nghién ctru da dugc cap nhat vao phién ban sau d6
l1a IRI-2007.

Dé xac dinh mirc d6 chinh x4c cia mo hinh IRI
db6i vé6i khu vuyc xich dao tir Vit Nam va huéng toi
muc tiéu lya chon gidi phap cho phu hop véi nhu
cAu ung dung tai Viét Nam, bai bdo nay trinh bay
két qua so sanh cac gia tri quan tric tai Dai quan
tréc khi quyén Hoc Mén (Tp. Hb Chi Minh) va cac
gia tri tinh tr mdé hinh IRI-2007 (website
http://omniweb.gsfc.nasa.gov/vitmo/iri_vitmo.html).
Két qua so sanh cho phép ta xem xét mirc d6 phu
hop ciia mo hinh di v6i khu vue Tp. H6 Chi Minh
noéi riéng va khu vuc vung xich dao tr Viét Nam
noéi chung.

2. S6 liéu

Thoi gian dugc lya chon trong nghién cuu nay
1a giai doan 2003 - 2012. S§ vét den Mat Troi
(Sunspot Number: SSN) trung binh cla cac nim
trén nhu sau: 2003 = 63,7; 2004 = 40,4; 2005 =
29,8; 2006 = 15,2; 2007 = 7,5; 2008 = 2,9; 2009 =
3,1; 2010 = 16,5; 2011 = 55,7; 2012 = 55,7. Nhu
véy, thoi diém Mit Troi hoat dong tuong d6i manh
vao cac nam 2003, 2004, 2011, 2012; hoat ddng
trung binh vao cac nam 2005, 2006, 2010 va ¢ murc
d6 cyc tiéu vao cac nam 2007, 2008, 2009 (hinh 1).
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Hinh 1. Biéu dd sb vét den Mat Troi quan tric 2003 - 2012
(Ngudn: http://www.sidc.oma.be/sunspot-data)

Dit liéu quan tric gdm sé liéu tham do thing
dung dién ly trén may CADI va s6 liéu vé tinh trén
may thu tin hiéu vé tinh GPS-400B dat tai Dai
quan tric Hoc Mon. S¢ liéu thim do thing dung
quan trac tir nim 2003 dén 2012 (trir nim 2007 va
2008 méy dimg dé sira chira va nang cip) duge xir
1y tir dién ly d6 15 phit/lan va tinh trung binh gio

hang ngay cho tin sb téi han dic trung cia 16p
dién ly F2 [9]. Sb liéu vé tinh tir 2005 dén 2012
duoc tinh néng do dién tuor téng cong théng dung
(VTEC), trung binh gio hang ngay theo gio dia
phuong [11, 10].

Mo hinh IRI-2007 dugc su dung voi dit li€u
dau vao gém: toa do dia ly cua dai Hoc Mon
(10°5IN, 106°33E); chon méc thoi gian dia
phuong (LT); sé vét den Mt Troi (trung binh hang
thang duogc léy tur trung tam di liéu Mat Troi SIDC
cua Bi tai website http://www.sidc.oma.be/sunspot-
data/; 14y gia tri bién trén cua khi quyén cho dir
lieu TEC la 2000km, cac mo hinh di kém duoc
mac dinh, ché“ing han nhu dung NeQuick cho bién
trén cua néng do dién tir, md hinh cia USRI cho
dinh 16p F, mo hinh c6 nhiéu loan tir, v.v... Dit liéu
dau ra tinh theo timg gio mdi ngay tir nim 2003
dén nam 2012.

3. Phuong phap phén tich

Céc tham s6 dung dé phan tich mirc d6 phu hop
gitta hai bd so liéu dugc tinh tir cac cong thire sau:

H¢ sb tuong quan biéu dién mirc do phu hop
cao hay thép cua hai dir liéu quan tric va mé hinh.
Mtric d¢ tuwong quan cua hai dit liéu cang cao khi
gia tri R cang gan bang 1.
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Heé sb goc k ctia duong hdi quy tuyén tinh duoc
lay tir duong thang tuyén tinh y = kx + b ctia cac
gia tri quan trdc va mo hinh. Hai dir liéu cang phu
hop khi gia tri k = 1 (k >1 the hién céc gia tri
tinh theo md hinh cao hon s liu quan tric va
nguoc lai).
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Trong do:

- n 1a s0 cac gia tri dit liéu cia mo hinh va quan
tric duoc dua vao so sanh.

- X va y tuong trung lan luot cho dir liéu CADI
va IRI.
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- X vay 1a céac gia tri trung binh ctia x va y.
4. Két qua

4.1. So sanh két qud quan tric tin sé tham do
thang dieng voi moé hinh IRI

Trén hinh 2, cic dudng lién nét biéu dién gi tri
tan sb toi han tinh trung binh gio ctia 16p dién ly F2
quan tric béng may tham do théng ding CADI va
cac duong chdm biéu dién cac tin sb t6i han trong
ung tinh tir mo6 hinh IRIL.

Céc s6 liéu so sanh bién thién trung binh gio
hang ngiy cua cac nam 2003-2011 cho thiy mirc
d6 phu hop cua chung trong cdc nam giai doan
2003-2006 kha cao v&i sai s trong pham vi dudi
15%. Muc do chénh l¢ch cao trong giai doan nay
tap trung & mot 6 thoi diém cuc tiéu va cuc dai
trong ngay cua foF2 vao khoang 20%. Trong giai
doan 2009 dén 2012 thi két qua so sanh c6 su phu
hop cao trong khoang thoi gian budi sang trudce khi
tan sb t6i han dat cuc dai nho lic 10 gio, sai s6 &
mirc 10% (trir ndm 2012 c6 sy chénh Iéch 16n tir 0
dén 6 gid). Tu sau cuc dai nho, gia tri IRI khong
ngung tang cao va chénh 1éch kha 16n, vao khoang
25 dén 30%, va muc d¢ chénh Iéch nay c6 xu
hudng ngay cang cao. Pac biét nam 2012 cac sb
ligu md hinh du doan cao hon han so véi sé ligu
quan tric thuc (hinh 2).
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Hinh 2. Bién thién théng §6 foF2 gitra IRI - 2007 va gia tri
quan trac tai Tp. HCM

Hinh 3 hién thi 46 chénh léch gitra 2 sb liéu
theo muia & cac thoi diém Xuan, Thu phan (thang 4,
10) va Dong, Ha chi (thang 1, 7). S6 liéu cho ta
thdy rang gi4 tri foF2 cao vao cac thang phan, thip
vao céc thang chi, va bién thién theo do hoat dong
cua Mat Troi. B chénh 1éch cao thép gitra hai dir
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kién hau nhu khong cé sy phu thudc theo mua ma
¢6 su phu hop tdt trong giai doan ntra sau chu ky
23 va dir liéu m6 hinh cao hon hén vao giai doan
nira dau chu ky 24. Nguyén nhén ctia su chénh léch
nay mot phan chinh 13 phién ban IRI-2007 di c6 su
hi€u chinh boi dit liéu quan tric & mot vai tram
trén thé gi¢i & cac nam trude nén két qua mé hinh
phit hop hon véi sb lidu quan tric tai khu vue Tp.
HCM. Vi su chénh 1€ch 16n trong chu ky 24 nay
cho thay ring s6 liéu IRI da co nhimg wdc doan
qua cao va can hiéu chinh giam cho phu hop véi
trang thai dién ly thuc té quan tréc duoc tai khu
vuc nay.

Phién bo gia tri foF2 theo cac mua trong nim
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Hinh 3. Bién thién théng sé foF2 cac mua trong ndm quan trac
2003 - 2012

Hinh 4 biéu dién tong quét tit ca céc gid trj trung
binh hang gi¢ ctia foF2 quan tric va mo hinh cho cac
nam. Tryc x biéu dién cac gia tri quan tric CADI truc
y biéu dién gi4 trj mé hinh IRI. Trén tiéu d& mdi hinh
¢6 ghi nam va gié tri hé s6 goc k ciia dudng hdi qui
tuyén tinh va hé s6 twong quan R. Céac két qua thé
hién trén hinh 4 cho thiy rang, c6 sy phu hop kha tot
gitra s6 liéu quan tric va mé hinh véi k> 0,8.

2003 (k=0.88, R=0.84) 2004 (k=0.91, R=0.94) 2006 (k=0.99, R=0.93) 2006 (k=1.06, R=0.81)
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Hinh 4. Biéu db so sanh di¥ liéu gitva CADI va IRI



Két qua ciing cho ta thdy mot diéu kha tha vi
trong mdi quan hé nghich gitta d6 hoat dong cua
Mat Troi1 va hé 6 k (hinh 5). Trong cac nam do
hoat dong Mit Troi thip voi chi s§ vét den nho
hon 40 (nhu cac ndm tir 2006 dén 2010) thi hé s6 k
> 1, dleu nay cho thay gia tri tinh theo mo hinh cao
hon s6 lidu quan tric. Cac nam s vét den cao hon
(nhu 2003, 2004, 2005, 2011 va 2012) thi k < 1
cho thdy gi4 tri tinh theo mo hinh thép hon s lidu
quan tric.
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Hinh 5. Biéu dd bién thién clia thong sé k, R va SSN theo thoi gian

Blen thién R ¢6 chidu huéng thip dan trong cac
niam gin day cho thiy trang thai dién ly quan tric
trong cac nam gin day tai Tp. HCM c6 phin thay
d6i dan khac xa v6i dy doan trong md hinh. Didu
nay chimg té can cd sw quan tric theo doi va didu
chinh m6 hinh cho phu hop.

4.2. So sanh t(fng néng d¢ dién tir quan tric theo
dwong truyén thang dirng (vVTEC) va mé hinh IRI

Trén hinh 6, cac ) liéu VTEC (don vi tecu =
10" electron/m”) quan tric va mé hinh duoc tinh
hang ngay va liy trung binh hang thang cta 3 nim
tuong trung 1a 2006, 2009 va 2011 biéu dién &
khung hinh trén, khung hinh duéi biéu dién % sai
1&ch ctia hai gia tri vTEC.

Phan bd mua tai khu vuc Tp. HCM vao céc
thang nhu sau: mua xuan (thang 3, 4, 5), mua ha
(6, 7, 8) mua thu (9 10, 11) va mua dong (12, 1,
2) Ket qua quan trdc va mo hinh IRI déu cho thiy
ring tong ndng do dién tir cao vao cac thang phan
(Xuan va Thu) va thip vao céac thang chi (bong va
Ha). Phan tich sb liéu cho thiy sw chénh léch giira
GPS TEC va IRI TEC nhiéu vio cac gid bubi sang
som, tu 0 gio dén 7 gid dia phuong, véi muc do
chénh léch hon 50%. O céc thoi diém nay trong cac
nam Mat Troi hoat dong yéu, gia tri tinh theo mo

hinh thuong & 0,5 dén 2 tecu, trong khi gi4 tri quan
tric trung binh vao khoang 5 tecu. Két qua nay phu
hop voi két qua cia Adewale A.O va cdng sy so
sanh cac gia tri TEC thu nhén tai Lagos, Nigeria
(6.5°N va 3.4°E), phan tich trong nam 2009 cho 4
mua Xuan Ha Thu Dong theo diém phan va chi [1],
va Kenpankho P. va cong su [8] véi may thu dat tai
Chumphon, Thai Lan (10.72°N, 99.37°E) tién hanh
so sanh trong giai doan 2004 - 2006.
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Hinh 6. Bién thién TEC cia di liéu vé tinh thu nhan tai Tp. HCM
va mo hinh IRI-2007

Két qua thong ké ciing cho thiy ring, cic nim
Mit Troi hoat dong yéu nhur 2007, 2008, 2009 thi
IRI TEC thudng thédp hon GPS TEC, trong khoang
thoi gian tir 0 gio dén 15 gio dia phuong. Céc gioy
budi chidu téi thi IRI TEC ¢6 cao hon GPS TEC
mot chut. Cac ndm Mat troi hoat dong trung binh
va manh 2005, 2006, 2010, 2011, 2012 thi hau nhu
GPS TEC cao hon hin IRI TEC trong hau hét cac
khoang thoi gian trong ngay. Két qua nay nguoc
v6i nghién cuu cia Olwendo O.J. va cong su khi
so sanh cidc mua trong giai doan 2004-2006 tai
tram Malindi (2.9°S, 40.1°E) [13]. S6 liéu quan
tric trong mot sO thang cho thdy, hinh thai bién
thién cia TEC chi c6 mét dinh vao gilta trua,
khong c6 dang mot dinh thap vao ~10 gid sang va
dinh cao vao ~ 13 gio budi chidu nhu md hinh.
Giita s6 liéu quan trdc va md hinh c6 hinh thai bién
thién phu hop nhit 1a nim do hoat dong Mat Troi
cuc tiéu.
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Hinh 7 biéu dién bién thién ngay dém va theo
mua cta GPS TEC va IRI TEC. Truc x biéu dién
cac thang dir liéu trong nim, tr nim 2006 dén
2012. Truc y biéu dién 24 gid trong ngay theo gid
dia phuong. Cac gi4 tri md hinh va quan tric déu
cho thiy cac cuc dai xudt hién vao cac thang chi
(thang 3 dén 5 va thang 9 dén 11). Mot diém khac
biét ro gitra hai dit li¢u 1a dinh ctia GPS TEC cao
vao lac 10 gio dén 20 gid dia phuong thay vi tir 15
dén 20 gio nhu moé hinh. Sy bién thién cua vTEC
theo muc d¢ hoat dong Mat Troi ciing dugc thé
hién trén s lidu, tuy nhién, bién thién theo mé hinh
co su thay dbi cham hon.
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Hinh 7. Bién thién ngay dém va theo mua cda di ligu vTEC theo
mb hinh IRI-2007 va sb ligu thu GPS tai Tp. HCM

Hinh 8 biéu didn vTEC mé hinh va quan tric
trong cac nim tir 2006 dén 2012. Ta thiy rang, véi
gia tri hé sb goc cua dudng thing tuyén tinh k > 0.8
trong cac nam tur 2006 dén 2010 thi hai bo dir liéu
nay bién thién kha phii hop nhau. Riéng nim 2011
va 2012, gia tri hé s6 k nay trong khoang 0.61 dén
0.66 cho thiy rang gi4 tri GPS TEC kha 16n so voi
mo hinh. B§ chénh 1éch nay tap trung vao cac thang
3,4,9,10, 11, 12 ndm 2011 quan sat trong hinh 6.
Nguyén nhén chinh ctia sy chénh 1éch nay c6 thé 1a
do d6 hoat dong ctia Mat Troi & cac thdng nay tang
cao (hinh 1) dan dén téng ndng do dién tir TEC thu
nhan duoc rat cao ma mé hinh chua c6 su hiéu
chinh twong tmg. Vao cac nim cyc tiéu cia hoat
dong Mit Troi (2007, 2008, 2009), hau hét cac gia
tri quan tric va gid tri mo6 hinh phu hop v6i nhau
hon; nhu vay, vao thoi gian c¢6 sy ion hoa thép thi
cac gia tri thyc nghi€ém va mo hinh chénh Iéch it hon
nhirng thoi gian cé sy ion hod cao. Két qua nay phu
hop véi két qua nghién ctru ciia Scid4, L.A.va cong
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su [16] tong két cho toan bd ving Nam My vé tinh
kha thi ctia IRI-2007 4p dung trong tinh toan TEC.
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Hinh 8. Biéu db téngr hop so sanh vTEC gitka m6 hinh IRI-2007 va
s0 liéu thu nhan tai Tp. HCM

4. Két luan

Két qua so sanh sb liéu quan tric v6i mo hinh
IRI-2007 cho thdy:

- Giai doan 2003 2006 cho thay muc d6 phu
hop tdt ctia thong s6 foF2 glua s0 liéu quan tric va
dir li¢u theo mo hinh véi sai sO trong pham vi dudi

15%. Muc do chenh léch cao trong giai doan nay
chi tap trung & mot s6 thoi diém cuc tiéu va cuc dai
cua foF2 vdi khoang 20%. Trong giai doan 2009
dén 2012 thi ¢6 sy phtt hop cao vao thoi gian bubi
sang trudc khi tan sb toi han dat cuc dai thir nhét
lac 10 gio, sai s6 & mirc 10% (trir ndm 2012 ¢6 sy
chénh 1éch 16n tir 0 dén 6 gio). Tir sau cuc dai thi
nhit, gia tri IRI tang cao va dd chénh léch kha 1on,
vao khoang 25 dén 30%. Mirc do chénh léch nay
co Xu hudng ngay cang cao, dic biét 1a nam 2012
céc sb liéu mo hinh cao hon han so véi sé liéu quan
tric thue.

- Vo nhirng ndm Mt Troi hoat dong yéu (vai
SSN<40), gia tri foF2 tinh theo m6 hinh cao hon s6
liéu quan tric, va nguoc lai vao nhitng ndm s6 vét
den SSN>40 thi s liéu quan tric c6 gia tri cao hon
gia tri tinh theo mo6 hinh. Pay ciing 1a mét luu y
trong viéc hiéu chinh mé hinh dién ly quan tric tai
khu vyc nay.

- Hién tuwgng 16m gitta trua cua cac gia tri TEC
khong thé hién rd trén s6 lidu quan tric tai khu vuc
Tp. HCM. Hién tugng nay chi quan sat dugc & mot
vai thang tir thing 4 dén thang 9 so voi két qua
IRI TEC.



- Gia tri cao nhit cuia GPS TEC tai Tp. HCM
quan tric dugc vao khoang 14 gio dia phuong.
Thoi gian dat néng do dién tr cao kéo dai hon so
v6i mo hinh, tir khoang 10 dén 20 gid dia phuong
vao thoi gian Mat Trdi hoat dong manh va tr
khoang 15 dén 19 gio dia phuong & giai doan Mat
Troi hoat dong yéu. Gia tri IRI TEC vao céc gid
budi sang sai 1éch kha 16n, vi vAy cin c6 sy hiéu
chinh lai.

Chung t6i hy vong rﬁng nhitng két qua nay va
nhitng cong viéc lién quan trong tuong lai s€ cung
cip thong tin hiru ich cho viéc xdy dung mot mo
hinh IRI st dung phu hop cho khu vuc Viét Nam.

Bai bao dugc hoan thanh véi su hd tro kinh phi
ciia Chuong trinh “HS trg can bo nghién ctru tré”
nam 2012 cia Vién Khoa hoc va Coéng nghé
Viét Nam.
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SUMMARY
A comparison of ionospheric parameters observed over Ho Chi Minh City with IRI-2007 predictions

This paper presents the results of comparisons the foF2 and TEC observed over Ho Chi Minh City with the values
calculated according to the International Reference lonosphere IRI-2007 in order to evaluate the applicability of the
model in forecasting for the equatorial region of Vietnam. The results show a quite consistent of the critical frequency
foF2 and total electron content TEC in some periods. IRI foF2 values fit well with the observed data for the years before
2007. The standard deviation in these years is about 15%. Only at few of maximum and minimum, the deviations are
about 20%. In the years with low solar activities, the IRl foF2 are almost higher than the observed foF2 data. The IRI
foF2 values for the first half of 24" solar cycle are bigger than observed foF2, especially during evening. For this period,
the adjustment of IRI foF2 must reduce in the range of 25 to 30%. The comparison of the total electron content TEC
shows that the phenomenon of decline in the TEC at noon observed over Ho Chi Minh City is highly weak. This
phenomenon appeared only in the summer, when the ionization is high. In Solar minimum period, the average minimum
TEC observed over Ho Chi Minh City is about 5 tecu, while the IRI TEC value is smaller than 2. Thus, in the period from
0 to 7 pm local time, the IRI TEC value should be calibrated.
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