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1. Mé dau

Dai tin HF (High Frequency) thugc phd vo
tuyén tir 3 dén 30 MHz hay con dugc goi 1a vo
tuyén song ngin. Do co ché lan truyén ciia song
HF trong khi quyén cua Trai Dét, vo tuyén song
ngin dugc sir dung cho phat thanh, thong tin lién
lac tAm xa vé6i tau bién va may bay; dic biét 1a giup
nhfrng khu vire hiém tré' nhu Vung nui, hai dao co
the tiép can cac thong tin khan cép. Nang luong tan
s6 vO tuyén song ngan c6 kha nang vuon t6i bat ky
vi tri nao trén Trai Dat vi nd c¢6 thé khuc xa trd lai
Trai Dat boi tang dién ly. Tang dién ly dugc dinh
nghia 1a vung khi quyen bét dau ¢ do cao khoang
60-70 km tinh tir b& mat Trai DAt va kéo dai dén
khoang hon 1000 km. Tinh chét dic trung cla ting
bién ly 1a c6 d6 dan dién cao do céac thanh phﬁn
khong khi ¢ day bi birc xa Mat Troi ion hoa, tao ra
mot mdi trudng khi quyén c6 kha ning dan dién,
khiic xa song HF va cho phép thuc hién truyén
song v6i khoang cach rit xa. Thong tin lién lac s
dung bing tan HF ¢6 wu diém ndi bat 1a don gian, dé
di dong, ré tién va dic biét la khong phu thude vao
ngudi cung cp dich vu nhu théng tin vé tinh. So véi
cc loai hinh khac thi thong tin song ngén c6 chi phi
thép, co s ha tﬁng cho lién lac hai chiéu tAm xa
chi cin mot cdp may thu phat, mét ang ten, mot
ngudn ning lugng don gian. Tuy nhién, sy thay d6i
ctia bt xa Mit Troi s& lam thay doi trang thai cac
16p dién ly va gy ra nhiing sai 1¢ch trong viéc
truyén tin higu v6 tuyén.
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Dé gop phan giai quyét nhuoc diém cua thong
tin lién lac song ngan 1a phu thudc vao trang thai
tang dién ly, bao cdo nay trinh bay nhimg két qua
tinh toan cac cong thirc dy bao tan sb téi han foF2
cua dién ly xich dao tir Viét Nam dya trén chudi s6
liéu quan tric dién ly tai dai quan tric Hoc Mén,
thanh phd HO Chi Minh (10°50°N, 106°33°E) trong
thoi gian mét chu ky hoat dong Mat Troi. Lop F2
1a 16p dac biét quan trong trong truyen song HF vi
n6 c6 do dan dién cao va ton tai sudt ngay dém.
Két qua nay 1a co so cho viéc xac dinh diéu kién
truyén séng vo tuyén HF phuc vy thong tin lién lac
ctia khu vire mién Nam Viét Nam.

2. S liéu va co sé tinh toan cdng thirc dw bao
foF2

Thiét bi khao sat tai Tp. Hb Chi Minh 1a may
tham do dién ly thang dtng ky thuat sé ctia Canada
(CADI) [9]. Pay la mot hé¢ théng hop nhit cac ky
thuat ma hoda pha, vi dién tir va cong ngh¢ PC, hoat
ddng v6i 4 may thu nén c6 nhiéu tinh nang dé quan
sat tang dién ly. Chiéu cao quan tric t6i 1000 km
v6i d6 phan giai 6 km. Dai tin s6 tir 1 t6i 20 MHz
v6i 3 cach quét tiéu chudn: 6 phan giai thap (100
tan s0), do phan giai trung binh (200 tan sb), do
phan giai cao (400 tan sd), cong sudt xung la
600W. Pién ly d6 dugc ghi 15 phut/lan.

S6 liéu st dung trong bao cdo duoc quan tric
lién tyc trong giai doan 2002 - 2011, véi do hoat
dong Mat Troi cua ntra sau chu ky 23: giam dan tu



2002 (R= 104), 2003 (R= 63,7), 2004 (R= 40,4),
2005 (R= 29,8), 2006 (R=15,2), 2007 (R= 7,5) téi
cuc tidu vao nam 2008 (R= 2,9) va bit diu chu ky
Mat Troi thir 24 v6i 2009 (R=3,1), 2010 (R= 16,5)
va 2011 (R=55,7). Hon 400.000 dién ly dd da duogc
xtr Iy dé c6 duoc nhitng thong tin can thiét [7, 9].

Két qua quan tric cho thay, trong bién trinh
ngay dém, cyc tiéu cua tin sb toi han foF2 quan
tric duoc vao luc 5 gid sang, cuc dai tha nhat vao
8 - 9 gid sang, giam vao budi trua va dat cuc dai
thr hai vao 15 - 16 gio chidu. Bién thién ngay dém
cua foF2 trong khoang 2 - 12,5 MHz (hinh I).
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Hinh 1. Tan s6 t&i han cha I&p F2 tai Tp. H6 Chi Minh quan tric trong giai doan 2002 - 2011, tinh trung binh thang
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Tan s6 t6i han foF2 khong phu thudc truc tiép
vao goc chiéu cua Miat Troi nhu foE va foFl,
nhung sy phu thudc cua n6 vao s6 vét den Mat
Troi (R) thé hién rat 13 [6] theo biéu thirc:

foF2 ~ (1 + 0,02R)"?* [MHz] (1)

L6p F2 bi chi phdi boi bic xa Mat Troi, thay
d6i manh cac thanh phan trung hoa va cac qua trinh
dong lyc. Do 1a hiéu ing mua cua foF2 trong cac
bién d6i cua chu ky Mit Troi va hiéu tng bio hoa
0 mirc hoat dong Mat Troi cao [5]. Va do ciing
chinh 1a ly do tai sao khong co mdi quan hé don
gian giita foF2 v6i chi s6 Mat Troi. Cac két qua
quan tric biéu dién trén hinh I cho thiy 16p F2 con
bi chi phdi béi yéu t6 dia tir ddc trung cua ving
xich dao tur.

Nhirng thong sb dién ly duogc lay ra tir cac dién
ly d6 thuong duge sir dung nhu cic yéu t6 didu
khién trong du bdo dién ly va duoc st dung dé mo
ta dic diém, diéu kién dién ly dia phuong cho cac
muc dich k¥ thuét. Chi ) dai dién cho mirc do hoat
dong cua Mat Troi la sb6 vét den Mat Troi R duoc
coi 1a chi sé co ban cua hoat dong Mat Troi cho mo
hinh héa va du béo ting dién ly. Vé phuong dién
toan hoc, & day giai bai toan hoi quy da bién cho
diéu kién ban ngay vdi cac cép do hoat dong Mat
Troi tuong tmg. Cac thong s6 dau vao 1a gio dia
phuong, thang (anh huéng béi chuyén dong cua
Mat Troi) va do hoat dong Mat Troi. Dir li¢u duoc
xay dung voi biéu thitc da bién, c6 chira bién doc
lap va bién phy thudc. Biéu thirc tinh toan xudt
phat tir cac cong thic du bao ban thuc nghiém cua
Allen [5, 6, 8, 10] va bd sung thém cac yéu t dic
thu cua dia phuong dua trén cac quan tric thyc té.
Do yéu té dac thu ciia dién ly xich dao tu, thoi
diém tinh toan cac cong thuc thuc nghiém foF2 &
déay chon mébc 08 gid sang dia phuong (cuc dai ion
hoa budi sang), 12 gio trua (gitra trua) va 16 gio
chidu (cuc dai ion hoa bubi chiéu).

Ap dung cong thic (1), ta giai bai toan tim cac
hé s6 a, b va x cho phuong trinh sau:

foF2 = a(1 + bRy)* ©)

R; - s6 vét den Mat Troi quéc té (International
Sunspot Number), dwa trén sO li¢u thu thép tir
nhiéu tram quan tric trén thé gi6i, dugc cong bd
trén website: http://sidc.oma.be.

foF2 - tin sb t6i han cua 16p F2 quan tric tai
dai Hoc Mon, dugc lay ra tir cac dién ly d6 va tinh
trung binh.

Dé danh gia mirc do sai sb, gia tri foF2 tinh
theo cac cong thirc thyc nghiém (goi 1a so li¢u du
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béo - DB) da duoc so sanh v6i cac gia tri quan tric
thuc va cac gia tri tinh theo mé hinh dién ly quéc té
IRI 2007 (International References Ionosphere).
Mo hinh IRI duoc tai trg boi Uy ban Nghién ctru
Vil tru (COSPAR) va Hi¢p hoi Khoa hoc Vo tuyén
Qudc t& (URSI) tir ndm 1969 dé phat trién mot md
hinh thuc nghiém vé tang dién ly. M6 hinh IRI
cung cap cac thong so khong gian va thoi gian,
thong sO dai dién cua tang dién ly va duoc coi la
tidu chuin quéc té dé xac dinh cac tham sb cua
ting dién ly [1-3]. M hinh IRI da dwoc chip nhan
rong rdi va cac tap hop sé lidu quan tric dién ly tir
mat dét hodc vé€ tinh dugc so sanh véi cac gia tri
tinh theo IRI 1a mot trong nhirng cong viéc dau tién
ma cac nha nghién ctru thuong thyc hién.

3. Két qua tinh toan cac cong thirc dy bao va
danh gia sai so
Két qua xay dung cong thic thyc nghiém dy
bao tan so tdi han cua 16p F2 dua trén so liéu quan
trac thong ké cho Tp. H6 Chi Minh nhu sau:
foF2 = 6,24 (140,02 R)"® (cho thoi diém 08 LT) (3)
foF2 = 6,15 (140,021 R,)*’ (cho thoi diém 12 LT) (4)
foF2 = 7,18 (140,02 R)"** (cho thoi diém 16 LT) (5)
Vo cac thang diém chi1a 6 - 7 va 12 - 1 tan s
foF2 can hiéu chinh do hiéu tmg mua. Cong thirc
cho hai thang 6 va 7 c6 dang nhu sau:
foF2 = 5,83 (1+ 0,017 R;)**(cho thoi diém 08 LT) (6)
foF2 = 5,50 (1+ 0,019 R;)"’ (cho thoi diém 12 LT) (7)
foF2 = 6,17 (1+ 0,02 R)"™* (cho thoi diém 16 LT) (8)

Cong thuc cho hai thang 12 va 1 c6é dang
nhu sau:

foF2 = 5,74 (1+ 0,03 R)" (cho thoi diém 08 LT) (9)
foF2 = 5,78 (140,02 R,)"*® (cho thoi diém 12 LT) (10)
foF2 = 6,49 (140,02 R)** (cho thoi diém 16 LT) (11)

Trén cac hinh 2, 3, 4 cac dudng lién nét 1a gia
tri foF2 quan tric thuc té trong nam 2011, céac
duong dut nét 1a gia tri foF2 tinh tir cong thirc thuc
nghi¢m xdy dung dugc va cac duong lién nét co
chim tron 14 gia tri foF2 tinh theo mé hinh IRL.

Két qua cho thdy, gia tri foF2 duogc tinh tir cac
cong thuc thuc nghiém vira dugc xay dung c6 sai
$6 nho hon cac gia tri tinh theo IRI, dac biét 1a vao
thoi gian 16 gio chiéu. Cac cong thic s& con duoc
tiép tuc hiéu chinh dé& bd sung cho khu vuc Viét
Nam con thiéu s6 liéu trong m hinh IRI toan cau.
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Hinh 2. So sanh ddng thoi cac gia tri foF2 tinh cho Tp. H6 Chi Minh (DB) véi cac gia tri quan trac thwc t& nam 2011 va
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Hinh 3. So sanh cac gia tri foF2 tinh theo cong thirc dy béo véi sb liéu quan tréc ctia nam 2011 va
v&i md hinh IRI cho thoi diém 12 gio trua
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Hinh 4. So sanh cac gia tri foF2 tinh theo cong thirc dy béo véi sb liéu quan tréc ctia nam 2011 va
v6i md hinh IRI cho thei diém 16 gior chiéu

4. Thao ludn

Céc cong thirc tinh tan s6 t6i han foF2 trinh bay
o trén 1a cac cong thirc du bao trang thai 16p F2 cia
t?mg dién ly xich dao tur cia Viét Nam (goi 1a tan
s6 toi han thing dung). Dé st dung cho cong tac
thong tin lién lac khoang cach Xa, ta phai chuyen
tan sb thang dung sang tan sb ngh1eng (truyen
xién). Mbi quan hé tuong duong giita tan s t6i
han thing dimg va tan s toi han nghiéng dya theo
dinh ly Breit va Tuve [4].

) Phuong phap st dung dir liu tr phat song
thang dung (T’R’) sang phat song nghiéng (TR) c6
thé mo ta hinh hoc nhu sau (hinh 5):

) A
n A

Tangdiénly

Truyén thing ding Truyén xién

Matdat

2 - € R
Hinh 5. Truyén séng thang ding va truyén xién

Tir day, ta ¢ thé tim ra cic mbi quan hé ctia tin
sO phat nghiéng va khoang cach duong truyen
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(D = TR) v6i d9 cao biéu kién h’ (= AC) va tn sb
td1 han thang dung fo:

D =2h’/tga
f= fo. secdy
Trong d6: D- khoang cach duong truyén

(12)
(13)

h’- d6 cao biéu kién
a- gbc ngang cua bip séng dng ten
do- goc khiic xa

Truyen song HF khoang cach xa phu thudc vao
3 théng so: tin so song phat, khoang cach duong
truyen va goc ngang cua bup song angten (goc ti).
Tén s6 toi han cua 16p F2 (foF2) la tan sb cao nhat
s€ dugc phan xa tro lai Trai Dit tur 16p F2. O tan sb
cao hon, tin hi¢u s€ vugt qua toan b 16p va di vao
khéng gian.

Tan s cao nhat ma mot dai phat thanh c6 thé
truyén song gitra thiét bi dau va thiét bi cudi véi
khiic xa 1 1an boi 16p F2 goi 1a tan s6 sir dung t6i
da MUF (Maximum Usable Frequency) cia 16p.
Dinh luat Secant [4] cho pheép ta tinh tan sb st
dung t5i da MUF tir tin s toi han cua cac 16p
dién ly:

MUF = fo/sina [14]



MUF
> MUF

Biém phét

Hinh 6. Cac tan sb (rng dung

Véi tan s6 thap hon MUF, song dugc phan xa
tir mot diém trong 16p dién ly. Néu tin sé cao hon
MUF, qua trinh phan xa khong du kha ning dé dua
tia song tro vé Trai Dat.

Khi tin s truyén tang thi sy hao hut trong
truyén song cling ting. Téan s6 thip nhét c6 thé
nhan dugc phan xa tir mot 16p dién ly goi la tan sb
st dung t6i thidu LUF (Lowest Usable Frequency)
Tan s6 thuong duoc dung dé truyén song goi 1a tin
s6 lam viéc tdi wu OWF (Optimum Working
Frequency), dugc chon nho hon tan s6 MUF 15%.

Do suy hao cua song khi di qua cac 16p cua
tang Pién ly ty 1¢ nghich véi binh phuong ciia tin
s6 nén sir dung tan s6 cang cao thi cang c¢6 phan xa
t6t. Tuy nhién, cc thay d6i bat thuong trong tang
Dién ly ¢6 thé 1am cho song MUF léch huéng va di
ra khoi 16p nay. Vi vay, trén thuc té chi nén dung
tan sb thap hon MUF 15%.

5. Két luén

Nhing ddc diém chinh cua Dién ly vung xich
dao tor Viét Nam da duoc nghién clru va cac Kkét
qua cho chiing ta mdt co s& khoa hoc dé nhan thirc
ddy du hon vé méi truong tai nguyén thién nhién
nay. Voi dac diém cua Dién ly xich dao tur Viét
Nam 14 it bi nhiéu loan hon so véi cac ving vy do
khac, chiing ta co thé sir dung né mdt cach co6 hi¢u
qué cho cac muc tiéu ing dung, trong do6 co6 thong
tin lién lac khoang cich xa. N cung cip nhiing
phuong an twong di nhanh chéng va ré tién cho
qué trinh thiét 1ap duong truyén.

Trong nhitng ndm gan day, thong tin vé tinh da
thay thé nhiéu Gng dung truyén théng, nhung céac
thiét bi trong thong tin v€ tinh lai c6 gia thanh kha
cao nén hé théng thong tin HF van rat phd bién trén
thé gidi va dugc tAt ca cac nude tich cuc khai thac
su dung. Ngoai ra, thong tin HF chinh 1a mot
phuong 4n du phong co thé dung cho cic tinh
hudng théng tin vé tinh bi mit tam thoi.

Vé mit kinh té - xa hdi, nudc ta c6 mot bd bién
dai hon 3.200 km, nhu ciu thong tin lién lac phuc
vu cho hoat dong danh bt xa b clia ngu dan la rat
16n. Do d6, trong diéu kién kinh té cta ta hién nay,
chung ta can khai thac triét dé ngudn tai nguyén
thién nhién khong can ki¢t nay cua dét nude.

Bai bao dugc hoan thanh véi sy hd tro kinh phi
cua Vién Han lam Khoa hoc va Coéng nghé Viét
Nam, dé tai “Nghién ctru tng dung su phin xa
song vo tuyén HF tir tﬁng dién ly trong k¥ thuét
truyén thong tin tai khu vuc Nam B§”.
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SUMMARY
Predictions foF2 of equatorial ionosphere and applications for HF communication in Vietnam

This paper presents the characteristics of the equatorial ionospheric F2 layer over Vietnam based on continuous
monitoring data for 11 years from ionospheric station in Ho Chi Minh city (10.50°'N, 106.33'E). These results determine
the diurnal and seasonal variations with solar activity of the F2 layer. The ionospheric parameters were taken from
ionograms are often used as the control elements in forecasting. The index representing levels of solar activity is the
sunspot number R considered the basic indicators for modeling and forecasting the ionosphere. An important parameter
is the maximum plasma frequency, because this is what determines which vertical transmissions will pass through and
which will be reflected back. This maximum plasma frequency is called the critical frequency, fo. Because the plasma
frequency varies for a given time and location, the critical frequency also varies. However the critical frequency is always
within the HF range. This is what gives HF transmissions their unique characteristics. The highest plasma frequency is in
the F layer (or more specifically the F2 layer). This critical frequency may be referred to using the symbol foF2.

Once we know the critical frequency, we can determine the proper operating frequency. The theory behind the
selection is straight-forward. We need to select the frequency that is the highest possible without passing through the F2-
layer. There are three concepts to recognize. First, the critical frequency for the F2-layer is f,F2. This is the highest
frequency that will be reflected back to earth from the F2-layer when hitting the F2-layer at a perpendicular angle, i.e. the
angle of incidence is 0 degrees. Go higher in frequency and the signal will pass thorough the F2-layer into space and is
lost for communications. Second, MUF, or maximum useable frequency, the highest frequency we can use and still
achieve good reflection/refraction off the F2-layer. For any circuit there is a Maximum Usable Frequency (MUF) which is
determined by the state of the ionosphere in the vicinity of the refraction areas and the length of the circuit. The MUF is
refracted from the area of maximum electron density of a region. Therefore, frequencies higher than the MUF for a
particular region will penetrate that region. The third concept is the F region MUF in particular varies during the day,
seasonally and with the solar cycle. A range of F region MUF is provided in the predictions and this range extends from
the lower decile MUF (called the Optimum Working Frequency, OWF) to the upper decile MUF. Based on actual
monitoring data, the empirical formulas for prediction foF2 in quiet solar conditions have been built. Collected data
displays the full range of these variations for the location and can give MUF for every hour of the day (24 values), for
each month of the year. The paper presents empirical formulas prediction foF2 calculated for 08 LT (morning’s maximum
of ionization), 12 LT (noon) and 16 LT ( afternoon’s maximum of ionization). These formulas are also been modified for
solstice months (June - July and December - January). The calculated foF2 values were comparing with the observed
and IRI values. The IRl model was initiated by the Committee on Space Research (COSPAR) and the International
Union of Radio Science (URSI) in the 1969 with the goal of establishing an international standard for the basic
parameters of the ionosphere, based on ground monitoring of data in many parts of the world and the satellite data. The
IRI model has been steadily improved with newer data and with better mathematical descriptions of global and temporal
variation patterns. The IRI model has become widely accepted recently so that the first task of an ionospheric science in
a new location (as well as stations in Vietnam) is often comparing the observed data with IRI. The result showed that the
calculated foF2 values by empirical formulas better than by IRI, particularly for 16 LT. The application of these prediction
formulas for HF communication for the social-economic development in Vietnam has also been discussed.

136



