Pham Chi Céng, Nguyén Xuén Anh, Tran Hoai Trung
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Tém tit— Bai bao sir dung s6 liéu cit 16p vo tuyén cua
vé tinh COSMIC dé xéc dinh d6 khiic xa vo tuyén va diéu
kién lan truyén song trong khi quyén téng dbi luu khu vye
Ha Nbi. Phuong phép st dung c6 uu diém 1a cho phép xdc
dinh dugc cau tric khong gian cua d§ khuc xa vo tuyén
trong pham vi rong, dung duoc cic két qua do vién tham
trude do ¢ cac do cao khac nhau va trong khoang thoi gian
dai. Noi dung nghién ctru st dung s6 liéu cat 16p vo tuyén
cac nam 2014-2016 chi ra dg khic xa vo tuyen c6 xu hudng
giam theo d¢ cao, gia tri do khuc xa vo tuyén trung binh
cao nhit 12 368 N-units, chénh léch do khuc xa vo tuyén
16n nhat giira cac nim thuong ¢ mure 11 N-units, ¢ d6 cao
16n gi4 tri do khiic xa vo tuyén gan gidng so véi gia tri ¢
mo hinh chuén cua ITU-R trong khi ¢ d6 cao nho chénh
léch giita gi4 tri d6 khiic xa vo tuyén theo mé hinh va gia
tri quan sat duoc 1én téi 70 N-units, gia tri do dbc khuc xa
v tuyén va hé sé ban kinh trai dat hiéu dung dugc ching
minh 1a khéng phu thudc vao do cao. Cubi cung 1a dé xuét
su dung cac do dac hién truong ¢ cac do cao thip (néu co
the) dé co dugc chi s6 khiic xa chinh xac khi nghién ctru vé
diéu kién truyén séng trong khi quyén.

Tir khéa— diéu kién truyén song, chi s6 khuc xa vo
tuyén, bién thién chi so khuc xa, k-factor, cat 16p vo tuyén.

I. GIOITHIEU

S6ng vo tuyén di qua tang ddi luu khi quyén bi bé cong do
su thay d6i chi sé khuc xa. Ly thuyét vé huéng nghién ctru
nay duoc phat trién tir 1au tiéu biéu 1 cac cong trinh cua
[1] [2]. Hé sb ban kinh trai dat hiéu dung (con goi 1a k-
factor) 1a trang thai khiic xa ctia khi quyén anh huong dén
hudng tmyén lan tin hiéu vo tuyén. Tuy nhién, hé s0 k phu
thudc chi yéu vao bién thién chi s6 khiic xa theo phuong
thang dang ma khong phu thude vao gia tri tuyét d01 cua
chi s6 khuc xa [3] [4]. Két qua 1a sy thay ddi chi sé khuc
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xa theo dg cao lam cho tia song bi ubn cong khi truyén qua
cac 16p khac nhau trong khi quyén.

Khi xem xét diéu kién truyén song vo tuyén trong khi
quyén, dau tién 1a phai xac dinh dugc chi sd khic xa vo
tuyén va phan bd khong gian ciia n6, day 1a tham sé co ban
can phai ¢6 14 co s6 cho cac nghién ctru vé didu kién truyén
s6ng sau nay. Mot sé phuong phéap do chi sb khuc xa vo
tuyén c6 & [1] [5]. Tur chi sé khuc xa vo tuyén da
¢6 nhiéu phuong phap khac nhau dugc phat trién dé tinh
toan cac thong sé co ban cuia khi quyén 14 nhiét do, ap suat,
d6 am va nguoc lai [6] [7] [8]. Cac nghién ciru da chi ra
rang duong di cia song dién tir bi bé cong do su phan bd
khong ddng nhét trong khong gian cia chi s khiic xa giy
ra cac tac dong bat lgi nhu suy giam da duong va giao thoa,

suy giam do nhiéu xa trén cac chuodng ngai vat dia hinh hay
con g01 1215 vo tuyén [9] Nhu‘ng hiéu irng nay lam suy yéu
hé thong lién lac v tuyén, dan duong va radar. Do 12 sai
s6 vi tri trong cac hé théng dinh vi, dan duong; lam thay
dbi goc t6i trong cac hé thong thong tin mat dét; 1am thay
d6i ving bao phui hiéu dung cua hé thong ra-da. Pbi véi
céc hé thdng thong tin tim nhin thang hién twong khiic xa
vO tuyén anh huéng dén chiéu cao tdi thiéu cua anten va cu
ly truyen song. Tuy nhién, loi dung hién tuong khuc xa khi
quyen nhu si€u khuc xa, khiic xa ong dan c6 thé st dung
truyén song di xa ngoai pham vi tim nhin thang [10] [11].
Truyén song tin xa tang ddi luu 1a khi song dién tir gip
phai méi truong khong dong nhat vé chiét suat va co su
thay ddi gn bang do dai cia budc song thudng dwoc
nghién ciru img dung trong thong tin quan sy [12].

K§ thuét st dung cac bd thu song vé tinh dinh vi toan ciu
(GNSS) dit & vé tinh tAm thép trai dat (LEO) do tin hiéu &
cac bang tan L1 (1,57542 GHz ~19 c¢m) va L2 (1,22760
GHz ~24.,4 cm) dé nghién ctru khi quyén dua trén sy di
chuyén tuong dbi giita vé tinh LEO va GNSS, két qua 14 &
trong viing che khuét, tin hiéu GNSS thu dugc c6 thé quét
qua bé mit khi quyén trai dat theo cac 16p cét doc truc &
céc d9 cao khac nhau nén dwoc goi la cit 16p VO tuyén
(GNSS RO) [13] [14] Thong qua phuong phap cat 16p vo
tuyén mot s6 thong sé nhu mat do, nhiét do, 4p suit va hoi
nuée c6 thé tinh dugc. Hién nay nhiéu vé tinh tdm thap
LEO duoc phong 1én quy dao dé thu thap dir liéu cit 16p
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nhu: GPS/MET (Mi), CHAMP (Btc), SAC-C (Argentina),
Orsted (Pan Mach), COSMIC-1/FORMOSAT-3 (Mi va
Dai Loan-Trung Qudc), FedSat (Uc), ACE+ (Chau Au), ...
Phuong phap cat 16p vo tuyén ¢ wu diém 1a ving phi rong,
d6 chinh xac cao, kha dung trong moi diéu kién thoi tiét.
Dic biét 1a ¢6 d6 hoi tu sb lidu cao gitra cdc nhiém vu khong
gian va cac vé€ tinh khac nhau [15].

Khu vye Ha Noi ndm xung quanh vi d6 21,01 va kinh d6
105,80 mang dic diém khi hau nhiét d¢i gié mua. Bai bao
sir dung s6 lidu cét 16p vo tuyén ctia vé tinh COSMIC-1 céc
nam 2014-2016 dé xac dinh ciu trac khong gian cta chi sb
khiic xa vo tuyén. Két qua duoc dung dé xac dinh diéu kién
truyén song va danh gia viéc ap dung mo hinh chi s khuc
xa vO tuyén ITU-R P.453 trong diéu kién khi hau, dia hinh
khu vuc & Ha Noi.

Il. COSOLY THUYET
2.1. Tinh todn cdc tham sé khi quyén

Chi sb khuice xa vo tuyén n duoc dinh nghia 1a ti s6 gitra toc
do truyén song dién tir trong chan khong (hay khong gian
t do) co vdi tde d6 truyén song trong moi trudng vat chat
¢ theo cong thirc [16]:

n="= (1)
Gia tri chi s6 khiic xa vo tgyén n rat gan véi 1, nén trong
thuce té do khﬁq xa vO tuyén N hay dugc str dung va tinh
thong qua chi s6 khuc xa theo cong thuc [1] [17]:

n=1+N-10"° )

Do khic xa vo tuy,én N ¢6 thé duoc tinh qua cac thong s6
khi quyén 1a ap suat, nhiét d6 va d¢ am nhu sau [1] [18]:

N =776%—56%+375.1055 (N-units) (3)
Trong do: i .

P 4p suat khi quyén toan phan (hPa)

e ap suat thanh phan hoi nuge (hPa)

T nhiét do tuyét doi (°K)

Cong thic tinh 4p suat thanh phan hoi nudc e (hPa) thong
qua d6 4m twong d6i H (%) va ap suat hoi bio hoa e, (hPa)
cling nhu tinh 4p suat hoi bdo hoa e, (hPa) tir nhiét d6 7 (°C)
va 4p suat khi quyén toan phan P (hPa) ¢6 & [18][19].

O bé mit trai dat, chi s6 khic xa vo tuyén cogidtrin=
1,000350 tuong mg vai gié tri cua d6 khiic xa vo tuyén 1a
N =~ 350 N-units. Do 4p suat va lwong hoi nuéc trong khi
quyén giam nhanh theo dé cao, trong khi nhiét d6 giam
cham theo d6 cao cho nén chi sb khic xa vo tuyén phu
thudc vao do cao va thuong giam khi do cao ting ¢ tang
d6i luu khi quyén.

Theo khuyén nghi ctia ITU-R P.453 [18], chi s6 khiic xa vo
tuyén phu thudc vao do cao theo theo ham s6 mil nhu sau:

n(h) =1+ N,-107% - exp(—h/hy) @)

O day: Ny (N-units) gia tri trung binh cua cua d6 khuc xa
khi quyén so v6i muc nude bién, o (km) d6 cao tham
chiéu. Ny va hy c6 thé dugc xac dinh bing phuong phép
thdng ké trong cac diéu kién khi hau khac nhau, trong tinh
toan thuong lay Ny = 315 N-units, Ay = 7,35 km.
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Lép dir licu chuan (reference profile) co }hé dugce sur dung
deé tinh toan gia tri ciia d¢ khiic xa N; & bé mat trai dat theo
Ny theo cong thirc [16] [18]:

Ns = Ny - exp(—hs/hg) (5)
Véi b (km) 12 d6 cao so voi muce nude bién.

Do méi truong truyén séng tang ddi luu khong dong nhét
nén tia song bi udn cong khi di qua cac 16p khac nhau trong
khi quyén. Dé nghién ctru hién tugng khuc xa khi quyén,
phuong phap hay dung 1a coi tia song lan truyén theo quy
dao di thang khong phai trén mat dat cau ban kinh ¢ ma
trén mat cau gia dinh c6 ban kinh twong duong R.. Khi d6
hé s6 ban kinh trai dat hiéu dung k (con goi 1a k-factor) 1a
ti s6 gitra ban kinh tuong dwong R. va ban kinh thyc cua
trai dat a, k=R,/a. Liy a ~ 6370 km thi hé sb k dugc tinh
xap xi theo cong thirc [3] [20]:

O 611

~ 1+(3—IZ)/157 =+ 157] ©)
Vé6i G = dN/dh 1 bién thién d6 khiic xa vo tuyén theo do
cao (gradient) hay d6 ddc khiic xa vo tuyén.

Céc gia tri twong (mg ciia G va k hay sir dung dé tham chiéu
qua lai v&i nhau do6 la G=314 (k=0,33), 157 (0,5), 0 (1), -
157 (), -314 (-1). Nguoc lai, cac gia tri k va G tuong ung
s€ 1a k=1 (G=0), 4/3 (-39), 2 (-79), o0 (-157), <1 (>0).

Do khic xa vo tuyen N 1a tham s co ban dé nghién ctru ve
diéu kién truyén song trong khi quyen Khi nghién ciru vé
hién tuong khic xa 6ng dan, tham s6 M 1a mé dun khuc xa
(refractive modulus) & mé hinh trai dit phing (flat earth)
duogc str dung, M phu thudc vao ca N (N-units) va do cao &
(km) [16] [18]. Trong linh vue khi tugng v6 tuyén, ngoai
tham s6 M con dung cac tham sb khac 13 4, B ciing déu
duoc tinh t N [1].

2.2. Anh hwong ciia cdc tham sé khi quyén dén truyén
song

Nhan thay tir cong thirc (6) d6 1 hé sb k chi phu thudc G
ma khong phu thudc vao gia tri tuyét ddi cua do khic xa
v6 tuyén N. Pudng cong thé hién mdi quan hé giita k va G
nhu Hinh 1. Bién thién do khic xa vo tuyén theo d6 cao
phé bién & bé mat trai dét co gia tri G = -39 N-units/km khi
d6 k = 4/3 1a gié trj trung binh cua ting ddi luu thuc bao
quanh trai dit nén goi 1a khi quyén tiéu chuin hay khi
quyén thuong. Véi G = -157 N-units/lkm ¢6 k = oo khi d6
d6 cong cuia tia song bang do cong thyc cua trai dat, quy
dao tia song song song voi mat dat cau, tia song c6 thé
truyén dugc ra ngoai pham vi dudng chan troi. Trudng hop
G < -157 N-units/km (k < 0), chum tia lan rong, song vd
tuyén bi “mic ket” giéng nhu din song trong pham vi
khong gian giita cac 16p & ting thip khi quyén va bé mit
trai dat, voi do cong cua tia séng 16n hon do cong thuc cua
trai dat. Khi G > -157 N-units/km (k > 0), d6 cong tia song
nhé hon d¢ cong thuc cua trai dat.

Khi nghién ctru diéu kién truyén séng vo tuyén trong khi
quyén, didu dau tién 1a phai x4c dinh dugc phan bd trong
khéng gian do khiic xa vo tuyén N, day 14 tham sb can phai
c6. Tiép theo 1a phai xac dinh dugc hé s6 k (hay G) ctia khi
quyén, tham s nay sé& chi ra trang thai ctia khi quyén anh
huéng dén quy dao cua tia song, cu thé, khi ban kinh cong
clia tia song c6 gia tri duong 1a khi tia séng c6 bé 1om
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hudéng xuong dudi thi dugce goi 1a khiic xa duong, ngugc
lai ban kinh cong cua tia song c6 gia tri am, tia song c6 bé
16m hudng 1én trén va goi la khic xa am.

- —

--------------------

diéu kién tiéu chuan
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Hinh 1. Su phu thugc cua k vao G

Hé s6 k (hodc G) con dugc dugce str dung dé phéan loai diéu
kién khuc xa trong khi quyén tang ddi luu d6 1a khiic xa
thuong (normal refraction) hodc khi quyén tiéu chuén
(standard atmosphere), khuc xa phu (sub-refraction), siéu
khuc xa (super-refraction) va khuc xa ong dan (ducting)
[10] [17]. Cu thé nhu sau: k = 4/3, truyen song trong diéu
kién khi quyén thudng; 0 < k < 4/3, diéu kién khiic xa phu,
d6 cong cua tia song it hon khi truyén 6 khi quyén thuong,
hodc tham chi bé 16m hudng 1én (k < 1, G > 0); +o0 > k >
4/3, diéu kién siéu khuc xa, do cong cua tia song 16n hon
d6 cong cua khi quyén thuong nhung bé hon do cong cua
trai dat thuc; -oo < k < 0, diéu kién khuc xa éng dan, véi do
cong cua tia song 16n hon d6 cong thyc cua trai dat.

s k= =
. k=133
: k=1

Hinh 2. Tia séng bi uén cong trong cdc diéu kién
khi quyén khdc nhau (cdc hé sé k khdc nhau).
CL (clearance) la khodng hé dwoe tinh tir bé mdt trdi dat
cau t6i quy dao tia séng theo phiong thang dirng.

Truyén song trong cac diéu kién khi quyén khac nhau (hé
s6 k khac nhau) nhu & Hinh 2. V&i k> 1 tia séng c6 bé 16m
huéng xudng dudi, k < 1 tia séng c6 bé 16m hudng 1én
trén, k= 1 12 khi khong x4y ra hién trong khiic xa khi quyén
két qua tia song truyén thing [16] [21].

Khuyén nghi ciia ITU-R chi ra hé s6 k théng thuong nam
trong khoang 4/3 > k> 0,42 [3]. Trong pham vi 0,4
<k<4/3, duya vao hé s6 k c6 thé xac dinh dugc truyén song
trong diéu kién thoi tiét va dia hinh [22] [23] nhu Bang 1.
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Bdng 1. Diéu kién truyén séng

Hésbk  Truyén Thoi tiét Dia hinh
song
4/3 hoan héao  khi quyén ving 6n déi,
tiéu chuan khéng cé
suong mu
1-4/3 Iy tuéng  khong c6 16p  kho, nui,
bé mat, khong suong
suong mu mu
2/3-1 binh duéi chudn,  bang phing,
thuong  swong mu on doi, it
nhe suong mu
0,5-2/3 khokhin 16pbémit,  ving duyén
swong mu hai
mit dat
04-05 xau swong mil ving duyén
da‘ly‘ daic, hai, nudc,
nhiéu am vung nhiét
doi

Theo ITU-R P.530 [24], khi x¢ét anh huong cua hé s6 k dén
cu ly truyén séng trong thong tin tarn nhin thang (LOS),
trong pham vi 1 > k> 0,5 cu ly truyén song tang voi hé s0
k tang nhu & Hinh 3. Két qua nay ciing gidng nhu & [22]
d6i v6i hé thdng thong tin VHF/UHF.
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Hinh 3. Quan hé giita hé sé k va cw ly truyén séng

Nhu vay thong qua viée xac dinh hé sb k (hay G), s& xéc
dinh duoc loai khl'lq xa, quy dao cua tia song, cu ly va
truyén song trong diéu kién thoi tiet va dia hinh.

lIl. PHWONG PHAP THU'C HIEN

COSMIC-1/FORMOSAT-3 1a hé théng bao gém cac vé
tinh quan tric khi tuong, ting dién ly va khi hau
(Constellation Observing System for Meteorology,
Ionosphere and Climate-1), 1a chuwong trinh khong gian hop
tac gitra Pai Loan (Trung Qudc) va My trién khai 3/2006
v6i viée dua 6 qua vé tinh 1én quy dao tim thap trai dat.
Hién nay chuong trinh nay da hoan thanh st ménh (nam
2020) va thay thé bang COSMIC- 2/FORMOSAT-7.

lidu cat 16p ciia vé tinh COSMIC bao gom nhiéu mire
(level) khac nhau, cung véi d6 1a nhidu loai dit liéu & mdi
mirc tiy theo cach xir 1y s6 liéu. S6 liéu profile 4m (6 level
2) st dung trong bai bdo nay la cua v€ tinh

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 36



XAC BINH BIEU KIEN LAN TRUYEN SONG VO TUYEN TRONG KHi QUYEN KHU VUC HANOI .........

COSMIC/FORMOSAT-3 do CDAAC phan phdi, yéu cau
phai dang ky [25]. S6 liéu dugc thu thap trong cac nam
2006-2020 bang cau 1énh curl (¢ hé diéu hanh linux). C6
déc ta nhu sau:

curl -u username:userpasswd https://cdaac-
www.cosmic.ucar.edu/cdaac/rest/tarservice/data/mission/f
iletype/YYYY.DDD

Trong dé:
username, userpasswd: 13 tén va mat khau dé truy cap vao
hé théng cia CDAAC.
mission: la nhiém vu khong gian, ¢ day la cosmic.
filetype: 1a kiéu file, & day la wetPrf.
YYYY.DDD: la ngay trong nam, vi du 2012.305 1a ngay
thur 305 6 nam 2012.

T ndm 2006-2014 (2006.112 - 2014.120) la dir liéu
COSMIC2013 st dung phién ban phan mém 2013. Tu
2014-2020 (2014.121 - 2020.116) la COSMIC.

Dir liéu thu thap (tar file - dinh dang file trén hé thong
Unix-based) dwoc luu trong thu muc cia timg ndm véi tong
dung luong gan 85 GB. Trong mot file dit lidu thu thap c6
nhiéu file profile 4m (wetPrf) tir cac vé tinh khac nhau.
Thong ké file dit liéu trong cac ndm va s luong file profile
4m tuong tmg nhu & Bang 2.

Bdng 2. Thu thép sé liéu cdt I6p vé tuyén

Niam Filedir Profile Nam Filedi Profile

liéu iAm liéu Am
2006 243 281245 2014 364 429029
2007 365 758682 2015 361 251014
2008 364 718207 2016 361 246530
2009 365 403802 2017 352 126688
2010 365 590234 2018 343 96986
2011 364 416939 2019 202 48729
2012 366 516079 2020 32 2193
2013 365 598377

S6 liéu profile 4m c6 dinh dang 13 netCDF. Pay la dinh
dang dir liéu khoa hoc mo, tw mo ta, cho phép luu trir dir
liéu nhiéu chiéu [26]. St dung cau lénh ncdump (& hé diéu
hanh linux) cho phép xem dugc cau trac va dir liéu co trong
file netCDF [27]. Chang han véi file dir liéu cat 1op 1a
wetPrf C001.2014.121.00.02.G27_2014, sir dung céu 1énh
nhu sau:

ncdump -h wetPrf C001.2014.121.00.02.G27 2014

két qua la xem duogc cac truong dir liéu (Hinh 4) cua dir
lidu cét 16p c6 trong profile am, bao bao gom cac thong s6:
d cao so voi myc nude bién (MSL_alf) tir 0,1 km dén 39,9
km, khoang cach giira mdi 16p dit liéu 1a 0,1 km; kinh do
(Lat); vi d6 (Lon); d6 khic xa vo tuyén (Ref) co thé duge
tinh tir cac thong sd ap suat (Pres), nhiét do (Temp), do 4 am
tuong dbi (Vp) nhu & cong thire (3), ... va mot s6 truong
dir liéu khac.
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netodf wetPrf_CO001[2014 121.00.02.G27_2014 {
dimensions
MSL_alt =400 ;
variables:
float MSL_alt(MSL_alt) ;
MSL_alt:long_name = "Mean Sea Level geometric height" ;
MSL _altunits = "km" ;
MSL_alt:missing_value = "-993" ;
MSL_alt:_FillValue =-999.1;
MSL_alt-valid range =-2.f, 120.f;
float Temp(MSL_alt) - // ...
float Vp(MSL_alt) ; /...
float Pres(MSL _alt) ;// ...
float RefiMSL_alt) ; // ...
float Lat(MSL_alt) ; // ...
float Lon(MSL_alt) ; /...
float Ref_obs(MSL_alt) 1 // ...
/! global attributes:

¥

Hinh 4. Cdc truwong dir liéu cat I6p

Trong pham, vi ban kinh 2° tinh, tlr vi tri co vi d6 21,01 kinh
d6 105,80 s6 ngay co dir liéu cat 16p vo6 tuyeén quét qua khu
vuc Ha Noi dugc thé hién ¢ Bang 3.

Bdng 3. 86 liéu cdt 16p v tuyén khu viee Ha N§i

Nim S6 Nim S6  Nim S6
ngay ngay ngay

2006 - 2012 - 2018 34
2007 - 2013 - 2019 20
2008 - 2014 87 2020 -
2009 - 2015 86

2010 - 2016 100

2011 - 2017 48

Bai b4o sir dung s6 liéu cac nim 2014-2016 do c6 nhiéu sb
lidu cét 16p ¢ khu vuc Ha Noi trong cidc nam nay, bai do
trong nhiéu nim tham chi con khong c6 s6 liéu cit 16p.
Trén co s thu thap dit lidu 16p cit qua khu vuc Ha Noi cho
phép xéc dinh dugc cau triic khong gian cua chi sé khiic xa
v tuyén n, tir d6 xac dinh dugc bién thién d6 khuc xa theo
phuong thang dtng G va hé s ban kinh trai dat hiéu dung
k1a co so dé xéac dinh déc diém lan truyén séng vo tuyén
trong khi quyén khu vuc Ha Noi.

IV. KET QUA VA THAO LUAN

Chu trac khong gian cia do khiic xa vo tuyén dugce x4c dinh
dl_xa’ trén sO li€u ¢ Bang 3. Pham vi gia tri d§ khac xa V’(A)
tuyén trung binh trong cac nam 2014-2019 c¢6 dit li¢u cat
16p & khu vuc Ha Noi nhu ¢ Bang 4.

Bang 4. Pham vi gid tri d¢ khiic xa vo tuyén

Gia tri 2014 2015 2016 2017 2018 2019

Min (39,9 km) 0091 1,10 0,92 091 0,89 1,32
Max (0,1 km) 367.6 363,3 356,6 353,2 330,3 346,0
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Tir Bang 4, két qua cho thay: gia tri trung binh 16n nhat do
khiic xa vo tuyén 1a 330-368 N-units, pham vi gia tri do
khuc xa vo myén thép nhét 13 0,89+1,32 N-units, chénh
1&ch gia tri 16n nhét d06 khuc xa vd tuyén & cac nam 2014-
2016 khong qua 11 N-units, néu tinh ca cac nim 2017-2019
thi gia tri nay 1én t&i 38 N-units nguyén nhan la do cac nam
2017-2019 c6 it dir liéu cat 16p & cac d6 cao thap tai khu
vuc Ha Noi ma d6 khuc xa vo tuyén lai o gia tri 16n ¢ cac
d6 cao thap cho nén gia tri cao nhat d6 khuc xa vo tuyén
cic nam 2017-2019 thap hon cac nim khac. Gia tri thap
nhit d6 khiic xa vo tuyén & cac nam 1a nho, khong co su
thay d6i nhiéu, xung quanh mirc 1 N-units.

Két qua tinh toan phu thudc ctia d¢ khiic xa vo tuyén trung
binh theo do cao nhu ¢ Hinh 5. Pudong nét 1ién thé hién sb
liéu vé tinh, duong nét dut 1a gia tri tinh theo mo hinh chuan
cua ITU-R P.453, cong thuc (5). Nhan thay, duong cong
thé hién sy phy thudc d6 khuc xa vo tuyén vao do cao trong
céc nam kha tuong ddng, gia tri khong co su thay doi nhiéu,
gan giéng va & nhiéu vi tri ¢6 gia tri 1on hon gia trj tinh
theo md hinh ciia ITU-R. Pudng cong thé hién gia tri do
khiic xa vo tuyén cé xu hudng giam theo d6 cao. O d6 cao
du6i 20 km, s liéu vé tinh 16n hon so véi sé liéu tir md
hinh va tang 1én ¢ cac do cao thap O d6 cao tir 20-40 km
s6 lidu vé tinh gan gidng véi s0 liéu tir m6 hinh. Nguyén
nhén 1a do anh hudng cia cac yeu t dia hinh, dia vat nhiéu
hon & cac d6 cao thap cho nén c6 su khac biét nhidu vé gia
tri @0 khtic xa & cac do cao thép.

Su khac biét gia tri do khic xa vo tuyén quan sat dugc va
gia tri mo hinh ITU-R P.453 dugc tinh nhu cong thirc:

AN = N;, — Ny (N-units) (7)

Trong d6: Nj, (N-units) 1a d6 khiic xa quan sat dugc bang
phuong phép cit 16p vo tuyén & d6 cao A (km), N, (N-units)
la d6 khic xa tinh theo cong thirc tir mo hinh ctiia ITU-R,
cong thire (5).

—— sé liéu 2014

3501 --- ITU-R P.453

300
250

2004

D6 khuc xa (N-units)

¢ 5 10 15 20 25 30 35 40
B3g cao (km)

a) nam 2014
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Hinh 5. Bo kh}ic xq gé tuyén phu thudc vao do cao.
Duong nét lién la so liéu vé tinh, duwong nét dut la
gia tri theo mo hinh ITU-R P453

Két qua tinh toan do léch tuyét ddi gia tri d6 khuc xa vo
tuyén quan sat duoc va gia tri mé hinh nhu ¢ Hinh 6. Nhan
thdy, & do cao 16n hon 20 km sy khac biét gia tri do khuce
xa 6 murc £0 N-units tirc la gia tri d6 khuc xa vo tuyen quan
sat dugc gan gidng so voi gia tri @ mo hinh chuan. O 46
cao tir 5-20 km gia tri khac biét & mic dudi 20 N-units, dd
khuc xa quan sat duge luon 16n hon d¢ khic xa tir mo hinh.
O d6 cao dudi 5 km, nhin chung thi d§ chénh 1éch tang 1én
khi d9 cao giam. Chénh 1éch gitra gia tri theo m6 hinh va
gia tri quan sat 1én tdi 70 N-units & ndm 2014, 60 N-units
& nam 2015, 50 N-units & nam 2016.

Tinh toan bién thién do khuc xa vo tuyén theo d¢ cao (do
dbc khuc xa vo tuyén) G cho két qua nhu & Hinh 7. Cho
thy, d6 déc khuc xa vo tuyén G khong phu thude vao do
cao. Dul vay, xét trong toan dai thi d6 doc khuc xa vo tuyén
¢6 xu huodng tang khi d cao tang. O d6 cao dudi 2,5 km,
bién thién chi s khic xa theo d¢ cao thay ddi quanh gia tri
-40 N-unit/km. O do cao tir 5 — 7,5 km va 35 — 40 km, ¢6
su thay d6i bt thuong d6 dbc khic xa trong nim 2015.
Niam 2016, ciing c6 sy thay ddi bat thuong d¢ doc khic xa
0 d6 cao tur 2,5 — 5 km. Sy thay ddi nay duoc giai thich 1a
do hién tuong nghich nhi¢t (hay dao nhiét), khi ma 16p khi
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quyén trén cao c6 nhiét d¢ 16n hon & 16p khi quyén bén
dudi, dan dén chi s6 khic xa ting theo do cao giy ra su
thay ddi bat thuong gia tri cua d6 doc khuc xa. Pay 1a hién
tuong tu nhién thuong Xdy ra v6i tan suit cao vao mua
dong khi khong khi 6n dinh, dém kéo dai va cé khong khi
lanh tran vé. O d¢ cao tir 10-35 km, gi tri d6 dbc khiic xa
kha on dinh, do d6 khong anh huong nhiéu dén hudng
truyén ciia tia song.

Hé s6 ban kinh trai dat hiéu dung k (k-factor) 1a trang thai
ctia khi quyén dé xac dinh d1eu kién lan truyen cla tia song
nhu & Hinh 8. Nhan thdy, hé sb & thay d6i gié tri khong phu
thudc vao do cao. Tuy vay, xét mot cach tong thé thi hé sb
k ¢6 xu hudng giam khi do cao tang. Hé s6 k ludn co gia tri
duong, cho nén khong x4y ra hién tuong khic xa éng dan
trong qua trinh truyén séng. O do cao dudi 2,5 km, nhing
vi tri khi c6 gia tri k> 4/3 s€ xdy ra hién tuong si€u khuc
xa khi quyén, khi d6 tia song c6 hudng vé trai dat va phan
xa & bé mit trai dat. S& di co hién tugng siéu khiic xa trong
qua trinh truyén song 1a do khu viyc Ha Noi mang dic diém
khi hau nhiét ddi gié mua, chia thanh cdc mua (xuan, ha,
thu, d6ng), hang nam c6 nhidu con bdo, mua giéng ma hién
tuong siéu khic xa lai thudng lién quan dén birc xa vé dém
(tao ra khong khi 4m va lanh ¢ bé mat), trude mdi mot con
giong, bao [28] cho nén co6 hién tugng siéu khiic xa trong
qua trinh truyén séng. Nam 2014 va 2016, trong pham vi
trén 10 km hé s6 k it thay ddi trong khoang 1,2 > k> 1,0 tia
song co bé 16m xudng dudi, hudng lan truyén twong ddi 6n
dinh, truyén séng trong diéu kién 1y tuong (theo Bang 1).
Két qua nay ciing giéng nhu nam 2015 trong pham vi tir
10-35 km.

707 —— su khaéc biét

g 8 8

=
@

D 1éch so véi mé hinh (N-units)

)

¢ 5 10 15 20 25 30 35 40
D3§ cao (km)

a) nam 2014

g 8

&

N
e

=
°

Do léch so vai md hinh (N-units)
w
Q@

)

— Sy khic bigt

0 5 10 15 20 25 30 35 40
Do cao (km)

b) nam 2015

8 & &

=
°

Do léch so vai md hinh (N-units)

— Sy khic bigt

Hinh

0 5 10 15 20 25 30 35 40
Do cao (km)

c) nam 2016
6. B¢ léch gitra gia tri do khuc xa vo tuyén tur

phirong phdp cdt 16p vé tuyén va gid tri theo mé hinh
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Hinh 7. Pé déc khiic xa vé tuyéh theo do cao Hinh 8. Hé s6 ban kinh trdi dat hiéu dung theo dj cao
V. KETLUAN
Dir liéu cét 16p cua vé tinh COSMIC 1a loai dir liéu hién
truong (in-situ), két qua nghién ctru da chi ra ring & khi
' quyén tam thap, do khiic xa quan sat dugc cé sy khac biét
— S6ligu 2014 nhiéu khi so v6i gia tri tir mé hinh ITU-R P.453, tic 1a gia
8l tri tinh theo m6 hinh ITU-R it chinh xac & d6 cao thap, sy

khéc biét nay 1én t&i 70 N-units. Do vay, nhém nghién cuiru
dé xuét str dung cac s6 liéu hién truong & cac do cao thép
6 (néu co thé) dé co duge chi s6 khiic xa chinh xac khi nghién
ctru vé diéu kién truyén song trong khi quyén.

H St dung s liéu cét 16p trong cac nam 2014-2016 chi ra
diéu kién truyén song & khu vue Ha Noi d6 1a: D6 khuc xa
N v tuyén trung binh cao nhat 1a 368 N-units. Su chénh léch

L‘N\ d6 khuc xa vo tuyén 16n nhat gitta cac nam thuong & mirc
dud6i 11 N-units, c6 thé 1én t&i 38 N-units; Hé sd ban kinh
trai dat hidu dung luon duong cho nén khong xay ra hién
tuong khiic xa ong dan trong qua trinh truyén séng; Hién
tugng nghich nhiét xay ra & mot s6 dd cao (2,5-5 km, 5—
7,5 km, 35-40 km) gay ra sy thay ddi bt thuong gia tri cua
G. O d6 cao 10-35 km, gia tri G it thay doi, tia song co
huéng lan truyén 6n dinh, truyen song trong diéu kién ly
tudng. O d6 cao dudi 10 km bién thién do khic xa thay doi

0 5 10 15 20 25 30 35 40
D3§ cao (km)

a) nam 2014
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nhiéu theo d6 cao lam anh hudng nhiéu dén hudng lan
truyén cla tia song;

Bai bao dua ra dé xuét sir dung cac s6 liéu hién truong dé
¢6 duge chi s6 khuc xa chinh xac thay vi sir dung mé hinh
toan cau cta ITU-R va chi ra duoc dic diém lan truyén
song vo tuyén trong khi quyén khu vyc Ha Noi, tuy nhién,
trong tuong lai can két hop véi cac phuong phéap khac va
ca do dac thyc té dé c6 thé kiém chimg cac két qua trén.
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DETERMINATION OF RADIO WAVE
PROPAGATION CONDITIONS IN THE
ATMOSPHERE OF HANOI USING THE DATA OF
RADIO OCCULTATION

Abstract— This article uses the data of moisture profile
of COSMIC satellite to determine radio refractivity and
wave propagation conditions in the atmosphere of Hanoi
area. Using remote sensing data to determine wave
propagation conditions in the atmosphere is a powerful tool
that has the advantage of being able to use available
measurement results at different altitudes and over a wide
range. The research results in the three years 2014-2016
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with characteristics of tropical monsoon climate in the
Hanoi region show the highest average radio refractivity,
the maximum radio refractivity difference between the
years. Secondly, the paper indicates that at the high
altitudes, the radio refractivity value is close to that of the
standard model of the ITU-R, while at low altitudes, the
difference between the standard model radio refractivity
value and the observed value is up to 70 N-units. Thirdly,
the coefficients k, and G are proved independent of altitude
changes. Finally, it is proposed to use in-situ measurements
to obtain an accurate refractive index when studying
atmospheric wave propagation conditions.

Keywords— wave propagation condition, radio
refractive index, refractivity gradient, k-factor, radio
occultation.
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