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TOM TAT

Bai bdo trinh bay phwong phdp, thudt todn va phan mém tinh todn tan sé lam viéc cho dwong
truyén séng dién ly ciia mdy vé tuyén dién song ngan. Phwong phdp tinh toan cho phép nang cao
do chinh xdc trong tinh toan gia tri tan s6 lam viéc cho duong truyen song dién ly nho xét dén
tinh khéng dong nhdt cia tang dién ly den ddc tinh truyén lan ciia séng ngdn vé tuyén. Két qua
kiém tra thue nghiém cho thdy phan mém cho két qua tinh todn ¢6 dg chinh xdc cao va thoi gian
tinh todn nhanh. Xac sudt lién lac thanh céng khi sir dung tan sé dwoc tinh toan béi phan mém la
78%. Khi sur dung thém 2 tan so”’phu thi xdc sudat lién lac thanh cong dat 92%.

T khéa: Truyén song vo tuyén; Tén s ap dung cuc dai; Tan s6 lam viéc tdi uu; Té“mg dién ly.
1. PAT VAN PE

Lién lac song ngén (tan sb tir 3 ¢én 30 MHz) ngay nay giit mot vai trd quan trong trong théng
tin quan sy va dan su. Lién lac song ngan thuong duge sir dung cho phat thanh, lién lac cho tau
thuyén trén bién, lién lac trén may may bay, hai quan va nhiing noi c6 dia hinh kho tiép can.May
phat séng ngan c6 thé truyén thong tin di cu ly xa toi vai nghin km vdi cong sudt clia may phat nho
cd vai chuc W nho kha nang phan xa cua song ngén & tang dién ly. Qua trinh tinh toan dé xay dung
duong truyén lién lac bang song dién ly doi hoi phai xac dinh dugc sy bién ddi trong ‘ngay cua tan
s0 ap dung cuc dai (Muximum Usable Frequency — ky hi¢u la MUF) cho duong truyen do. Tan s6
ap dung cuc dai ciia mot dudng truyén 13 tan s 16n nhit ma séng vo tuyén co thé truyén tir diém
phat dén diém thu cho trude tai mot thoi diém xac dinh 'thong qua phan xa & tang dién ly va voi cac
diéu kién cho trudc cia may phat va may nhu cong suét phat, dang anten, do nhay. Khi tan s6 lam
viéc duge chon cang gn voi gia tri MUF thi cuong d6 dién trudng tai diém thu cang 16n, tuy
nhién, neu nhur ta chon tan s6 1am viée qua sat voi gia tri MUF thi tin hi¢u tai diém thu s& khong on
dinh vi tang dién ly 1a mdi truong lién tuc bién ddi va lam cho gia tri MUF ciing ting giam lién tuc
theo sy bién doi d6. Do vay, s& ton tai mot gia tri tan s lam viéc t6i vu (ky hiéu OWF — Optimum
Working Frequency) dé vira dam bao yéu t6 chat luong lién lac va vira dam bao do 6n dinh cua
dudng truyén. Tan sb lam viée can Iya chon chinh 1 tan s6 OWF nay. Gia tri tan s6 OWF duoc
tinh toan dua trén tan s 4p dung cuc dai theo cong thirc thuc nghiém [1]:

OWF =0.85.MUF (MHz) (1)

Nhu vdy, d chinh xac trong xac dinh gia tri tAn s6 1am viéc cho dudng truyén song dién ly
phu thudc vao d6 chinh xac trong xac dinh gia tri MUF.

Phuong phap xac dinh MUF theo cach truyén thng d6 1a ta di xac dinh toa do diém chinh
gitra cua duong truyén khi biét toa do diém phat va diém thu, tir toa d6 diém chinh gitra d6 ta xac
dinh duoc gia tri MUF bang ban dd tra clru twong Gmg véi thoi gian tién hanh lién lac. Tuy nhién,
phuong phap nay co6 nhuoc diém 14 sir dung khong thuan tién vi phai thao tac trén ban dd va
khong cho két qua tinh toan nhanh céac gia tri MUF vi phai st dung cac do thi tra ctru, bén canh
d6 phuong phap nay c6 do chinh xac khong cao do khong xét dén su bién ddi cua tang dién ly
vao thoi diém tinh toan. Cac phuong phap tinh toan méi hién nay nhu [2-3] cho phép du bao
nhanh gia tri MUF thong qua st dung mé hinh ban thuc nghiém cua tang dién ly dé xac dinh cac
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tham sb cua cua ting dién ly va két hop véi viée sir dung cac phuong phép tinh toan MUF véi su
trg giup cua may tinh. Cac phuong phap nay cho phép tinh toan MUF dugc thuan tién. Tuy
nhién, cac phuong phap tinh MUF [2-3] chua xét dén tinh khong dong nhit cia ting dién ly, do
do trong diéu kién tang dién ly khong ddng nhét va nhiéu dong thi s& cho sai s6 tinh toan 16n.
Ngoai ra, con ¢ cac phuong phap tinh toan MUF dya trén viéc dung quy dao ctia dudng truyén
song ngan trong tang dién ly theo phuong phép tich phan sé hé cac phuong trinh tia [4-6]. Tuy
nhién, cac phuong phap nay cé thudt toan phtrc tap va doi hoi thoi gian tinh toan lau. Do d6
khong phii hop cho viéc tinh todn nhanh gia tri tin s6 lam viéc dé phuc vu cho viéc trién khai
lién lac.

Do viy, muyc tiéu ctia nghién ciru d6 1a phat trién phuong phap, thuat toan va xay dung phan
mém cho phép tinh toan nhanh va c¢6 do chinh Xdc cao cdc gia tri tan so lam viéc cho duong
truyén song dién ly cia may vo tuyén dién song ngan 1a bai toan co tinh cap thiét.

Phan con lai cua bai bao dugc sa“ip xép nhu sau: Muyc 2 trinh bay so lugc vé phuong phap tinh
toan tan sb ap dung cuc dai va tan sd 1am viéc cho dudng truyén song dién ly c6 @6 dai bat ky
trong diéu kién tang dién ly dong nhat, lam co s& cho viéc phat trlen phu:ong phap tinh dén sy
khong dong nhat clia ting dién ly trong muyc 3. Myc 4 trinh bay vé phan mém duoc xay dung dé
tinh toan tan s6 lam viéc cho dudng tIuyen song dién ly. Trong muc 6 va 7 trinh bay vé danh gia
dd chinh xac cua phuong phap va phan mém tinh toan duoc xdy dung thong qua viéc so sanh vai
cac phuong phap khac va kiém tra trén dudng truyén thuc té. Cudi cung, muc 7 trinh bay két
luan cua bai bao.

2. PHUONG PHAP TiNH TAN SO LAM VIEC
CHO PUONG TRUYEN CO PO DAI BAT KY

Phuong phéap xac dinh gié tri MUF va OWF dua trén dinh ly Tuong duong va dinh 1y Secant
[7]. Theo @9, tia song truyén theo phuong thiang dirng va tia song truyén theo goc nghiéng ¢ So
voi phuong thang ding s‘é pnén xa tai cung mot d6 cao néu nhu tin sd clia tia truyén theo
phuong thang ding f, va tan so cua tia truyén theo phuong nghiéng f c6 moi quan hé:

fy
cos(p)

T biéu thuc trén ta suy ra véi mot duong truyén cho trudc thi f s€ dat gia tri cyc dai khi f,

f= @)

dat gia tri lon nhat, hay noi cach khac 1a khi f, dat t6i gia tri tan sd t6i han coa 16p phan xa cua
tang dién ly, ta ky hi¢u 1a f F2. Do 16p F2 1a 16p phan xa chii yéu ciia tang dién ly nén ta s&
nghién ctlru cac tia song phan xa tai 16p F2 nay.

Pé xac dinh gia tri MUF ta can phai biét dugc cac tham sé cua tang dién ly tai diém phat va
diém thu vao thoi gian tién hanh tinh toan. Dya trén két qua do dac cua hé thong cac dai dién ly
trén thé gidi trong nhiéu nam ngudi ta c6 dugc co so dir lidu théng ké dé xay dung cac mé hinh
ban thuc nghiém cua ting dién ly nhu cac mé hinh [8-10]. Tir cAc mé hinh ban thuc nghiém nay,
ta co thé xac dinh duoc tan s téi han cua 16p F2, hé s6 truyén lan cho dudng truyén phéan xa 1
lan & 16p F2 c6 d6 dai 3000 km, ky hiéu 1a M(3000)F2 khi biét cac tham s dau vao, d6 la: vi tri
dia 1y, ngay, thoi gian va hé s6 Wolf (ky hiéu 1a W) - dic trung cho mirc do hoat dong clia mit
troi vao thoi gian tién hanh lien lac. Cac mo hinh cua ting dién ly khac nhau béi sb luong, dang
ctia cac ham xap xi va cac hé sd xap xi ma no6 st dung. Trong cong trinh nay, tac gla su dung mo
hinh [8] do no dam bao ddng thoi 2 yeu t6 d6 1a cho két qua tinh toan cac tham s cua tang dién
ly v6i sai s6 cho phép va da duoc kiém nghiém bai cac nghién ciru trude do, dong thoi cho thoi
gian tinh toan nhanh véi thoi gian thuc.
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Hinh 1. Phdn xa ciia séng vé tuyén & tang dién ly véi dweong truyén c6 do dai D
( dwong A1By) va dwong truyén cé dg dai 3000 km (dwong AB).
Dbi véi duong truyén co do dai 3000 km, gia tri MUF duogc xac dinh theo biéu thire (hinh 1):
f,F2

0s(¢; )

Trong d6, f F2 va M(3000)F2 dugc xac dinh tai diém giita ciia duong truyén, ¢, 1a goc
nghiéng tao bai tia song AC khi phan xa ¢ tang dién ly v6i phuong thang dimg (tia CO). B& mat
trai dat ta coi nhu ¢6 dang cong, tam trai dat dat tai diém O.

MUF (3000) = - =M (3000)F2- f,F2 (MHz) 3)

D¢ xac dinh gia trj cia MUF cho duong truyén c6 do dai D bat ky ta tién hanh nhu sau: Gia
st AB la duong truyén c6 d¢ dai 3000 km va A;B; 1a dudng truyén co6 d6 dai D véi D <3000
km, hai duong truyén nay duoc bd tri sao cho c¢é trung diém tring nhau. Véi diéu kién trén, ta co
thé gid thiét tia truyén tr A dén B v6i tn s6 f =MUF(3000) va tir Al dén B1 véi tan s6

f = MUF (D) phan xa tai ciing mot diém cao 1a C. Ap dung biéu thirc (3) dé xac dinh MUF(D)
cho duong truyén A;B; ta co:

f F2
MUF (D)= CO";((p) (4)

Trong d6, ¢ 1a goc nghiéng tao boi tia song A,C khi phan xa & ting dién ly véi phuong thang

dung. Hai biéu thirc (3) va (4) c6 cing gia tri f.,F2 do dugc tinh tai cung trung diém cua 2
duong truyén. Dé xac dinh MUF(D) ta can di tinh gi tri goc ¢ . Theo hinh 1, ta ky hi¢u: OA =

OK = OB = Re la d0 dai ban kinh trai dat va bang 6370 xm, ZAOC =a; =§Ogo,
‘Re
D
ZAOC == , ZACO =g, , /ACO=4¢
2-R.
Tu hinh 1 ta tinh duoc:
sin(a
tan(¢)=— (2) ®)
sin( o )
+c0s( e )—cos(a)
tan((pE)
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1
(M (3000)F2? -1

Vi tan(g; )= nén tr (5) ta co:

sin(a) ©)
+cos( e ) —cos(a)

Tir (6) va (4) ta thu dugc biéu thir tinh tin sé ap dung cuc dai MUF(D):

2

an(e) = —n(a)

(M (3000)F2° -1

MUF (D)= f, F2. [1+ sin() (MHz) (7)

Sin(aE) +cos(a. )—cos(a
\ \/M(3000)F22_1 cos(a )—cos(a)

Tir d6 ta tinh dwoc gia tri tan sé 1am viéc OWF theo biéu thirc (1).

Nhu véy, ta co thé xac dinh dugc gia tri MUF (D) va OWF(D) theo cac gia tri M (3000) F2
va f F2 tai diém chinh gitra cia duong truyén. Céc gia tri nay dugc xac dinh nho su dung cac
mo hinh ciia ting dién ly [8-10].

3. PHUONG PHAP TiNH MUF VA OWF CO XET PEN TiNH KHONG PONG NHAT
CUA TANG DPIEN LY

Phuong phap tinh gia tri MUF (D) ¢ phan 2 chua xét dén sy khong dong nhat cla tang dién ly
theo phuong truyen song. Do viy, ta c6 thé coi diém phan Xa cua tia song tai tang dién ly khi
chiéu xubng mat dét s& 1a diém chinh gitta cua dudng truyén. Tuy nhién, trong diéu kién tang
dién ly khong dong nhit, gia tri tan so toi han, d6 cao cua 16p phan xa cia tang dién ly tai diém
phat va diém thu s& khac nhau. Do d6, diém phan xa s& bi léch khoi diém chinh giita duong
truyén vé phia co tan s6 t6i han 16n hon [11]. Viéc xét dén do 1éch cua diém phan xa nay s& giup
két qua tinh toan gia tri MUF va tan s6 lam viéc dugc chinh x4c hon.

Hinh 2. Quj dao truyén lan ciia séng vé tuyén trong tang dién ly khéng dong nhdt.
Ttr biéu thirc tinh MUF ¢ phuong trinh (4) ta suy ra:

MUF (D)= f,F2-[L+tan?(p) (8)

Ta s& di tinh goc tia song phan xa & tang dién ly ¢ (hinh 2) trong diéu kién tang dién ly
khong ddng nhét theo phuong truyén song.
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Ta goi ¢ la géc nghiéng ctia mét phan xa do chénh 1éch vé d6 cao cua 16p phan xa h, cua
tang dién ly tai diém phat va diém thu gay nén (hinh 3).

Goc nghiéng cua Lép phan xa
16p phan xa

— _——
— —_——
—_— - <

/|r : hm2

h

m1 |
I &
| Do= 20 km |

Hinh 3. Xdc dinh goc nghiéng cua lop phan xa.
Ldc ndy, goc nghiéng cia mit phan xa & s& duoc tinh bang biéu thirc:

tan(e) = % 9)

0
Trong d6, h,,va h la do cao cua 16p phan xa cua tang dién ly tai cac diém cach diém
chinh giita cua dudng truyén mot khoang cach bing nhau vé 2 phia. Ta lya chon khoang cach
nay la 10 km.
Néu goi o 1a goc dich chuyén diém phan xa khoi diém chinh giita cia dudng truyén, ta c6
moi lién hé sau [11]:

|1+A) 2- A -cos(e )|

=t 10
o =tan(z) A, -cos(ar) -1 10)
sin(a)-cos(e )
t 11
an(e) A, —cos(a)-cos(e ) D
Trong do6: A, =1+2—0, az%, h, - Do cao cua 16p phan xa tai diém chinh giira ciia
E E

duong truyén.

Nhu vay, tir (9), (10) va (11) ta xac dinh dwoc gia tri goc phan xa ¢ , va tir biéu thirc (8) va (1)
ta tinh dugc gia tri MUF va OWF trong diéu kién tang dién ly khong dong nhat theo phuong
truyén song.

4. XAY DUNG PHAN MEM TiNH TOAN TAN SO LAM VIEC
CHO PUONG TRUYEN SONG DPIEN LY

Trén co s¢ phuong phap tinh toan dugc trinh bay ¢ phan trudce, tac gia da xay dung phan
mém tinh toan tan sd lam viéc cho duong truyén séng dién ly voi tén goi “GOWE”. So d6 khdi
ctia Phan mém duoc thé hién & hinh dudi.

M, 01;A2, @2 Khéi chiic Hién thi két
. 5 for2, M(3000 5i chii qua tinh
He s W  ndng 1 ] o2, M( ) Kh(ll chirc to4n OWE
,| Tinh todn cac ndng 2 SN
. ) 5 tham so cua hmF2 Tinh toan
Ngay, thang, ndm tAng dién ly OWF
—_—

Hinh 4. So do khéi ciia chwong trinh phan mém.
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Giao dién ctiia phan mém dugc thé hién & hinh bén dudi.

[ cowe
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Hinh 5. Giao dién ciia phan mém tinh todn tan sé lam viéc cho dwong truyén séng dién ly.

Dir kién dau vao dé tinh toan bao gom: Toa do dia 1y ciia diém phat, diém thu; ngay; hé sb
Wolf. Sau khi nhap day du cac tham s6 ddu vao va chay chuong trinh, khéi chirc nang 1 s& tinh
toan cac tham sd clia tang dién ly vao thoi gian va ngay da duoc nhap dwa theo mé hinh ban thuc
nghiém cua tang dién ly [8]. Két qua dau ra cia Khéi chirc niang 1 s& 1a tan s toi han cua 16p F2,
hé s& M(3000)F2 va do cao cta 16p phan xa hpe. Cac két qua tinh toan nay s& dugc dua vao
Khéi chirc nang 2 dé tinh toan cac gia tri MUF va OWF cho dudng truyén song dién ly theo
phuong phap trinh bay & phan 3.

Két qua tinh toan dugc hién thi duéi dang dd thi va bang s6 liéu thé hién gia tri tan sb lam
viéc tuong tng véi timg gio trong ngay. Két qua tinh toan c6 thé luu lai dudi dang file “.text” dé
phuc vu cho viéc str dung 1au dai. Phan mém cho thoi gian tinh toan trong thoi gian dudi 10 gidy.
C6 thé cai dat dé sir dung trén may tinh c6 cu hinh thong thuong (RAM > 4GB, CPU: Intel Core
i3-4005U (1.7 Ghz/3MB bd nhé dém/2 nhan, 4 ludng hodc cao hon).

5. SO SANH PQ CHINH XAC CUA CAC PHUONG PHAP TiNH TOAN TAN SO LAM
VIEC CHO PUONG TRUYEN SONG DPIEN LY

Pé danh gia két qua tinh toan tan sé lam viéc cho dudng truyén song dién ly bing phuong
phap tinh toan dugc xay dung, ta tién hanh tinh toan gia tri OWF cho 3 duong truyén: Xabarovsk
— Irkutsk, Norilsk — Irkutsk va Magadan — Irkutsk theo phuwong phép trinh bay trong bai bao va
cac phuong phap trude d6 [2-3], sau d6 so sanh véoi két qua do gia tri OWF trén cac duong
truyén trén dugc thuc hién bdi cac nha khoa hoc tai Nga [12]. Pé do gia tri OWF, ta can ¢6 gia
tri do MUF, sau d6 nhan gia tri MUF véi hé s6 thuc nghiém 0.85. Két qua do thu duogc qua sb
liéu do dac cua cac tram tham do tﬁng dién ly dat tai Irkutsk, Norilsk va Khabarovsk.

Dit liéu dau vao dé tinh toan gia tri OWF nhu sau: thoi gian — ngay 17.03.2015; hé s6 Wolf
dac trung cho blrc xa ciia mat troi vao thoi diém tinh toan — 62 theo s liéu quan tric [13]; Toa
d6 dia ly cia cac tram phat va tram thu.

Ta tién hanh tinh toan tin s6 lam viéc cho cac dudng truyén song dién ly vao cac gio trong
ngdy 17.3.2015 va so sanh véi két qua do tai cong trinh [12]. Céac dai dién ly dwoc sir dung dé do
1a cc dai tham do thing ding va cac dai thim do xién. Khoang cach thoi gian giita cac 1an do 1a
5 phut. Mién tan s6 cua tin hidu thim do trong khoang tir 4 dén 30 MHz. Toc d6 dich chuyén tan
sd 1a 500 KHz/s. Sai s6 cua thiét bi do 1a 100 KHz. Cac dai dién ly thuc hién do tu dong véi
khoang thoi gian gitra cac 1an do 1a 5 phuat, do vay, trong ngay né thuc hién dugc 288 lan do cho
mdi dudng truyén, ta sir dung két qua do trén 3 dudng truyén nén s& c6 tat ca 864 diém do.

Sai s tinh toan dwoc danh gia qua tham s RMSE (Root mean square error: Sai sé trung
binh binh phwong ). Tham s6 RMSE dugc xac dinh theo biéu thirc:
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> (OWF,, — OWF, )’
i=1

RMSE =4/|-

(12)
n

Trong d6, OWF,, va OWF, twong tmg 12 két qua do va két qua tinh toan gia tri OWF vao thoi

gian “1i” trong ngay va c6 don vi la MHz. Gi4 tri RMSE cang nho thi két qua tinh toan cang sat
v6i ket qua thuce nghiém.

Sai s6 trung binh binh phuong gitra két qua do va két qua tinh OWF cho cac dudng truyén
song dién ly dugc thé hién ¢ bang 1.

Bing 1. Sai sé trung binh binh phirong giita két qua tinh todn va két qua do OWF.

Puong truyén Phu’O’ng‘ th}p trong Phuwong phap [2] Phwong phap [3]
bai bao
Xabarovsk—Irkutsk 2.7 2.71 5.0
Norilsk — Irkutsk 1.81 1.84 3.38
Magadan — Irkutsk 2.38 242 4.4

D6 thi thé hién két qua tinh toan va két qua do gid trj tan s6 lam viéc twong mg véi cc gid
trong ngay 17.3.2015 cho cac duong truyen Norilsk — Irkutsk, Magadan— Irkutsk va Xabarovsk-
Irkutsk dugc thé hién & hinh 6.

(b)

20 22 24

Hinh 6. Két qua tinh todn va do dac gid tri tan s6 lam viéc twong g vdi cdc gio trong ngay
17.3.2015 cho cdc dwong truyén Norilsk — Irkutsk (a), Magadan— Irkutsk (b),
Xabarovsk - Irkutsk (c).

Trén cac d0 thi cta hinh 6 ta ky hiéu nhu sau: Puong co cac diém hinh vudng, mau den thé
hién két qua do; dudong c6 cac diém hinh sao, mau do 1a két qua tinh toan theo phwong phéap
trong bai bao; duong c6 cac diém tam gidc, mau xanh 14 — tinh toan theo phuong phap [2]; dudng
¢6 cac diém hinh tron, xanh da troi 1a két qua tinh toan theo phuong phap [3].

Tir bang s6 liéu 1 va hinh 6 ta thay, phuong phap trinh bay trong bai bao cho két qua tinh toan
chinh xac hon cac phuong phap [2-3]. Trong d6, so vdi phuong phap [3] thi d§ chinh xac cta
phuong phap trong bai bdo tang 1&€n ro rét, so véi phuong phap [2] thi @6 chinh xac tang nhe. Cac
dudng truyén dugce xét & trén 1a cac dudng truyén phan xa 1 1an ¢ ting dién ly. Dbi voi cac
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dudng truyén phan xa nhiéu lan ¢ ting dién ly (2 hodc 3 14n) thi chénh 1éch vé do chinh x4c tinh
toan gitra phuong phap trong bai bao va cac phuong phap [2-3] s€ cang tang 1€n vi khi d6 anh
hudng cua su khong dong nhét cia tang dién ly dén su truyén lan ctia song vo tuyén ciing s& ting
Ién theo.

6. THU NGHIEM TAN SO LAM VIEC TREN CAC PUONG TRUYEN SONG PIEN LY
Dé kiém tra hiéu qua lién lac trén céc ‘tﬁn s6 dugc tinh toan bang phén' mém, ta tién hanh thir
nghiém trén cac duong truyen lién lac bang may vo tuyeén dién song ngdn (VIDsn). Qua trinh
thtr nghiém dién ra lam 2 dot:
Dot 1: Tién hanh trong 2 ngay, tir 16.9 dén 17.9.2020 cho dudng truyén tir Ky Anh (Ha Tinh)
t6i Phui Ly (Ha Nam).
Dot 2: Tién hanh trong 2 ngay, tir 25 dén 26.11.2020 cho dudng truyén tir Ky Anh (Ha Tinh)
t6i Son Ty (Ha Noi).
Qua trinh thir nghiém dugce thyc hién tai cac gio khac nhau trong ngay. M(~)i gi0 thuc hién lién

lac thoai trong 30 phut két hop voi truyén ban tin. Chét lugng duong truyén dugc danh gia theo
thang diém 5. Cu thé nhu sau:

+ Piém 1: Tin hiéu nghe rat nho, khong rd ndi dung, nhiéu va tap am lon.

+ Piém 2: Tin hiéu nghe liic to, lac nho, nén nhiéu nhiéu.

+ Piém 3: Tin hiéu nghe 14 ndi dung, c6 luc nhiéu nhung van lam viéc dugc.

+ Piém 4: Tin hiéu nghe 13, tap 4m, nhiu nho.

+Piém 5: Tin hiéu nghe to, 1, tap 4m va nhiéu rat nho.

Chat luong dudng truyén dat tir 3 diém tré 1én 14 co6 thé lién lac dugc. Mdi dot thir nghiém

déu gdém c6 to gom 3 nguodi danh gia va két qua danh gia dugc xac nhan cua t6. So d6 két noi
thiét bi dé thir nghiém dugc the hién ¢ hinh 7.

Hinh 7. Két néi thiét bi dé thir nghiém.

Céc tham sb cuia thiét bi thu phat nhu sau: May vo tuyén dién song ngin c6 cong suét phat 20
W, ché d¢ phat diéu ché don bién (SSB), sir dung anten 2 cuc cang ngang, lién lac theo hudéng
Nam — Bac.

Trong lan thir nghiém 1, ta tién hanh 18 phién lién lac, tai moi phién lién lac ta chi sir dung 1
tan so dugc tinh todn bang Phan mém. Trong lan thir nghi€m thir 2, ta tién hanh 37 phién lién lac,
tai moi phién lién lac ta st dung 1 tan so chinh duoc tinh toan bang phan mém va 2 tan so6 du bi,
c6 gia tri cao hon va thap hon 0.5 MHz so v6i tan so chinh. Trong truong hop tan s6 chinh khong
lién lac dugc thi s€ lan lugt thir qua tirng tan s phu.

Dé danh gia do chinh xac ciia Phan mém, ta tinh x4c suét lién lac thanh cong khi sir dung tan
s0 lién lac dugc tinh bang Phan mém, ky hi¢u 1a X. Ta xac dinh X theo biéu thrc:
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X :E-lOO%
M

Trong do, N Ia téng sb gi0 ma duong truyén lién lac duoc, M la téng sb gid thuc hién tht
nghiém trén duong truyén do.

Tu két qua thtr nghiém trong 2 dot, ta ¢c6 cac nhan xét sau:

Véi duong truyén tr Ha Tinh dén Ha Nam, ta dat dugc xac suét lién lac thanh cong 1a 78%
v6i 14/18 phién lién lac thanh cong, chat luong lién lac déu dat 4 va 5 diém. Trong lan thu
nghi€m thir 2 cho duong truyén tr Ha Tinh dén Son Tay, ta co xac sudt thyc hién lién lac thanh
cong 14 92%. Trong d6 c6 34 phién lién lac dugc trén tong sd 37 phién thuc hién, trong d6 chat
luong lién lac dat diém 5 1a 6/37 chiém 16.2%, diém 4 1a 13/37 chiém 35.1%, dat 3 diém 15/37
chiém 40.5%.

St dung Phan mém cho phép xac dinh nhanh tan sé lam viéc cho mdi phién lién lac vé6i thoi
gian tinh toan nhé hon 10 gidy. Trong khi do, v6i phuong phap do tan sé théng thuong hodc do
tu dong (ché 46 ALE clia may VRS -631) c6 thé mat tir 2 dén 5 phut dé thiét 1ap duge dudng
truyén lién lac. Viéc rat ngan duoc thoi gian do tan sb nay c6 ¥ nghia quan trong trong viéc dam
bao thong tin lién lac quan suy.

7. KET LUAN

Bai bao da trinh bay két qua nghién ctru phuong phép, thuat toan xac dinh tan s6 lam viéc cho
dudng truyén song dién ly khi xét dén anh huoéng cua sy khong déng nhét cua tang dién ly dén
dic tinh truyén lan clia song vo tuyén. Trén co s& do, da xay dung phan mém tinh toan tan s6 lam
viéc cho duong truyen song dién ly cua may vo tuyen dién song ngan. Ket qua déanh gia thuc
nghiém cho thdy, phan mém duoc xdy dung cho két qua tinh toan tan sé lam viéc cho duong
truyén song dién ly véi thoi gian tinh toan nhanh va c6 do chinh xac cao, trong d6 xac suét lién
lac thanh cong dat 78% néu dung 1 tan s6 lién lac duoc tinh toan bé'mg phﬁn mém, dat 92% néu
dung thém 2 tan s6 lién lac phu c6 tan s6 cao hon va thap hon gia tri tinh toan 0.5 MHz.
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ABSTRACT

Method, algorithm, and calculation program for determining working frequencies
of ionospheric radio links of shortwave transceivers

In this paper, a method, algorithm, and calculation program are presented to calculate
the working frequency for the transmission lines of skywaves. The calculation method
allows for improving the accuracy in determining the working frequency by taking into
account the inhomogeneities of the ionosphere. The experimental validations showed that
the developed program gives high accuracy with and fast calculation time. The probability
of successful communication using frequencies calculated by the program is 78%. When
using 2 additional frequencies, the probability of successful communication reaches 92%.

Key Words: Radio propagation; Maximum usable frequency; Optimum working frequency; The ionosphere.
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