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TOM TAT: Céc nghién citu co ban tai Viét Nam vé thiy &m con rat han ché dac biét 13 linh
vec mo phong lan truyén dm, trong khi dg trén thé gici @ c6 nhiéu nghién cizu va ing dung rdt kha
quan trong cac hoat dong ngam va nghé ca hai duong Vi thé, hién nay dé c6 céi hinh dung quan
trong Ve am thanh lan truyén trong nuwéc bién nhw thé nao con thiéu thong tin. Hoi véi Viet Nam
nhu cau dam bao an ninh an toan cho céc thiét bj, tau ngam, nghé ca va céach bé ti cdc phuong tiégn
c6 dung thiy &m thé ndo theo dgi hinh d@é cé thé phét va nhan théng tin thiy am tét nhat, lgi tranh
dieoc sy phat hién ciia doi phwong. PA xdc dinh dwoc kénh am ngam ngoai khoi mién Trung ¢ dé
sau khoang 1.260 m va téc dé am la 1.490 cm/s. Bai bao nay trinh bay phuwong phdp nghién ciru va
md phong md hinh tia am, cling cac két qua md phéng gitip dam bao si tin cdy truyén am qua kénh

am ngam duwéi bién.

Tir khéa: M6 hinh héa, am hoc bién, kénh am, nghé cé, bién Viét Nam.

MG PAU

Mb phong lan truyén am trong nuéc bién 1a
cong viéc ¢0 y nghia Ién dé ang dung trong cac
hoat dong ngam trong long bién cta nhiéu linh
vuc quan sy va dan su nhu thong tin lién lac da
chiéu cua cac phuong tién tac chién ngam vaéi
nhau va V6i phuong tién tau mat nudc, sén
ngam, quét min va pha thuy 16i, phét hién vu no6
hat nhén tir xa, gh| nhan song am canh bao su
phun trao cua ndi lra va dong dat, do ca, do sau
va quét dia chin ... Céc két qua nahién cuu
trona nuée tuy da thu thap duoc nhiéu thona tin
guan trona vé mot so tinh chat dac trung am
trona vuna blen Viét Nam nhung vé két aua mo
phona lan truyen bang mQ_hinh chua co6 gi dang
ké [1- 5]. Tu két qua so d6 md phong ching ta
s& biét duoc hinh dang song am lan truyen
trong nuée bién nhu thé nao dé lam co so cho
viéc dat cac thlet bi thuy am du6i nuéc bién
duoc bao dam nhat cho qua trinh phat ciing nhu

thu nhan &m. Trong tac chién hai quan, viéc
hi¢p dong tac chién cua cac phuong tién ngam
khi lan trong nudc voi tau ngam, tau mat nuoc,
mdy bay sin ngam ... chu yéu thong qua
phu:orng tién thay am. Do cau tric cia truong
van toc am trong moi trudng nuoc bién co
nhleu dang khéc nhau tao nén nhiéu dang lan
truyén cua cac tia am khac nhau. Néu khéng
tinh toan mo phong truéc, sé khong blet duoc
nén bo tri cac huc lu’orng phu:orng tién thé nao dé
c6 thé lién lac duoc voi nhau ma tranh duoc sy
phét hién cua déi phuong. Viéc mo phong su
lan thuy 4m trong md phong tac chién cho cac
lyc Iwong hai quan la viéc co y ngh1a rat quan
trong, anh huong lon den két qua thanh bai cua
cudc chién. Tur so do tac chién b tri cac luc
lugng va phuong tién st dung thuy am trong
thé tran tan cong hay phong thu.

PHUONG PHAP NGHIEN CUU VA MO
PHONG MO HINH TIA AM
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Hi¢n nay c6 5 phuong phép tinh toan dé mo
phong lan truyeén 4m trong nudc bieén. Trong
bai bdo nay, chung toi da giai so hé phu:orng
trinh Eikonal mé ta sy lan truyén cua tia am
trong nudc bién cé dang nhu sau:

dr d¢ 1 aoc
_:C S N —_— e ———
ds &) ds ¢ or
dz d¢ 1 adc
=c( (s), ==-——
ds &) ds «c¢°oz

O day r(s) va z(s) 1a toa do cia diém trén
duong lan truyén am theo hé truc toa do tru
(hinh 1), s la duwong dong cuaa tia am. &(S) va

Q(s) la cac bién phu tang cua cac goc hop boi
tia am va cac truc toa do. Diéu kién ban dau
cho cac bién:

r(0)=r. 2(0)=2., £(0)="2,
sin @,
£(0)="

S

V6i 15 va z 13 vi tri cua ngudn phat &m trong
nudc, Os la goc hop boi phuong tia am va
phuong ngang tal vi tri nguon phat, ¢s la van
tc lan truyén am tai vi tri ngudn phét am.

Tedin “

Ms:Zs

Do sau

4

>
Khoang cach theo huéng lan truyén

Ving t6i am

\ anll—

s

Hinh 1. Minh hoa céc thong sé lan truyén cua c4c tia &m ngam trong nudc bién

Day 1a h¢ phuong trinh vi phan bac 1 goém
4 4n s, c6 thé sir dung giai s6 bang cac phu’ong
phap Euler, Range-Kutta . Phan két qua md
phong trong bai viét nay, nhom tac gia da khai
thac chuong trinh ma ngudn ma viét bang ngon
ngu: Iap trinh Fotran. Chuong trinh tinh toan
nay c6 thé md phong lan truyen am trong vung
nuGe nong v6i dia hinh day bién d6i. Trong bai
béo nay s¢ sir dung chuong trinh dé tinh toan
va mé phong hai Van de guan trong rat coy
nghia v&i hoat dong ngam dudi nuéc gom M6
phong gid dinh hinh dang lan truyen cac tia am
v6i cac dang mat cit van téc 4m co ban; So dd
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bd tri (doi hinh tac chién gia dinh theo phuong
mit ct lan truyén am. Cac tinh hubng gla dinh
don glan 4 tac chién trong khu virc ngoai khoi
bién sau (nhu trong hinh 2) c6 khong gian xung
quanh rong tir 200 km tr¢ 1én, d6 sau 5.000 m
nham minh hoa viéc md phong thuy am trong
tac chién hai quan theo cac so ligu ve dang bién
dbi cua mat cat vat téc am theo do sau dugc
khao sat theo theo 8 dang mat co ban [7, 9, 10].
Céc tinh huong mo phong dugc dua ra cho moi
dang mat cit g ting sau 50 m (tang cO cac
phuong tién ngam hoat dong), tang sau trén
2.000 m 4 ting giita, va tang sat day. Qua d6



dé thy dugc, 6 cung mét ngudn phat am thanh
nhung & moi d6 sau khac nhau, c6 buc tranh Ve
hinh dang cac tia am khac nhau. Su bién ddi
theo mit cat thang dang cua van tbc am 1am
cho tia &m lan truyen trong do6 tao nén sy hoi tu

M6 phang gia dinh théng tin thuy am ...

hay phan ky, tir d6 xudt hién kénh am hay vung
t6i am. Diéu nay co y nghia rat 16n trong viéc
ding cong cu thiy am dé phuc vu cho vi¢c lap
ké hoach tac chién trong va bé tri, didu dong
cac lyc lugng, phuong tién hd tro.
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117°E

Hinh 2. Minh hoa vi tri ngudn phat va pham vi tac chién va huéng lan truyén am.
(Tam vong tron: v; tri phat nguon am; Vong tron: ban kinh vung tac chién c6 nguon phat am; Mdi &n phia
bac: phuong hwdéng tan cdng va lan truyén am)

KE QUA VA THAO LUAN

Trong md phéng thiy am, c6 quy udc cac
phuong tién tac chién duoc phan ra hai phuong
dién quin mau xdm va quan mau dé gom
phuong tién ngam c6 trang bj may quet (sonar)
thay am thu dong va tich cuc, co thé 13n sau
dén 300 m, khi van hanh déng co phat ra tiéng

on véi tan s 50 Hz; truc thang san ngam c6
trang bi may quét thu dong nham thu nhan tin
hi¢u thuy am dudi nudc véi do sau thiét bi co
thé xubng sau téi hon 100 m, tau mit nudc co
trang bi may quét thu dong va tich cuc, dong co
khi van hanh phat ra am c6 tan s6 50 Hz. Phao
thuy am duoc thiét ké gia dinh la c6 thé thu tot
cac séng am trong nudc va cod thé dat sau
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xudng dén 300 m. Két qua mé phong gia dinh
minh hoa cho viéc Iap ban dd thiry am dé cung
cap théng tin cho ké hoach van dong cua Cac
phuong tién ngam dé thuc hién cac muc tiéu
thong tin lién lac bang thay 4m va san ngam.

Str dung m6 hinh tinh toan lan truyen am dé
tinh toan lan truyén am cho tinh hudng tac
Chlen ngoai khoi Nam Trung B6 Viét Nam.
Ngudn sé liéu mat cat van téc 4m nay duoc Iay
tir tai licu [5] co dg tin cay chinh xac do cac
nha Khoa hoc My tién hanh, d6 1a chuyén khao
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sat NAGA ngay 2/12/1969 c6 toa d6 (9°44°N,
112°26°E). D¢ sau khu vyc dugc lay la khong
dbi 1.600 m va thong tin Ve sb ligu nay duoc
thé hi¢n ¢ hinh 2. Theo sb lieu dang mat cit
nay tén tai mot kénh am, tuy nhién truc cua
kénh am nay lai nam ¢ d6 sau khoang chu:ng
1.260 m. Phan phia trén truc kénh am co su
bién dong manh téc d6 am (tbc d6 am giam
manh theo d¢ sau). O phan phia dudi truc kénh
am dén day, toc do am dudi ting nay lai ting
dan theo d6 sau.
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Hinh 3. So d6 vi tri cac tram quan trac tai 3 dlem ng0a1 khoi Nam Trung Bo
va mit cét thang ding van téc lan truyén am tuong tng [5]

Su dung céc cong cu phan mém tinh toén
mo phong c6 thé xay dung dugc ban do thuy
am dang tia cho ting truong hop lan truyen am
trong nudC blen Dudi day la cac két qua mo
phong cu thé d6i vai 9 tang sau 50 m, 100 m,
200 m, 500 m, 790 m, 1.000 m, 1.260 m,
1.300 m, 1.500 m:

Tinh huéng gia dinh nguén am 1a tau
ngém bén phuong dién quan xam phat ra am cé
tan s6 50 Hz do dong co hodc bau sonar phat ra
tai vi tri 9%44’N, 112°26’N & d6 sdu 50 m
(hinh 4). Chung ta thay, ngay tai phla trudc
nguon phéat am ra ton tai cac khu vuc ving tdi
am (1a khu vuc khong c6 tia &m nao di qua), 6
chd tia am di qua v&i mat do day dac. Cac tia
am phan xa lién tuc tr mat téi day bién dén vi
tri cach xa ngudn khoang 17 km dén 100 km
déu c6 am di qua.
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O viing t6i 4m, cac phuong tién ngim nam
trong khu vuc nay, s& khong nhan duoc tin hi¢u
song am truyen qua nén s& khong phat hi¢n ra
tau d6i phwong dang hoat dong trong khu vuc.

O ving ¢6 am di qua, céng gan nguén
phat am, chum tia am phat ra cang hoi tu nén
néu cac phuong tién ngam & vi tri nay cé thé
nghe tét nhat. Cang ra xa nguon am, viéc thu
tin hiéu séng am cang kém vi do mat d6 tia &m
di qua it hon va céc tia &m trén duorng téi bi
phan xa, hip thu tai mat bién va ddy nén mat
nang luong.

Trong ban d6 thay &m nay, tau mat nuoc
bén phuong dign quan xam nhan tin hi¢u am tir
tau ngam Ia tét nhat Vi cac tia am dén truc tiép
trong khoang cach ngan Tiép theo la phao thay
am, mdy bay sdn ngam tau mat nudc va tau
ngam cua phuong dién quan dé. Do do6 theo so



d6 bd tri nay cua phuong dién quan do, phao
thay am sé thu duoc tin hiéu am tét nhat cho

M6 phang gia dinh théng tin thuy am ...

viéc canh giéi cac phuong tién ngam caa ddi
phuong ¢ d6 sdu 50 mét.

Van the dmmis
1480 1485 1512 1528 1544 1560

g ©

g

Viing cé &m di qua

g E &8 B

8

BAN O LAN TRUYEN AM VOI1 DO SAU NGUON PHAT 50 MET
Nguon s liéu (5) Naga S212 2/12/1959 9° 44'N, 112° 26'E

Kno &ng cach tir ngudn (m)

Vang cé &m di qua Vimg c6 4m di qua

Hinh 4. Ban d6 lan truyén am khi ngudn phat am nam & d6 sau 50 m

Ngudn phat am dugc dat & d6 sau 100 met,
& vi tri nay van toc &m suy giam manh theo d¢
sdu. So d6 mo6 phong lan truyén am va tac

chién hai phuong hién quan do va xam cu thé
duoc thé hién nhu hinh 5 & dudéi.

Bosum

BAN DO LAN TRUYEN AM V&1 DO SAU NGUON PHAT 100 MET
Ngudn s liéu (5) Naga S212 2/12/1959 9° 44'N, 112° 26'E

Vn the ammis Khodng eseh tr ngubn (m)
o 5000 10000 15000 20000 | 25000 30000 35000 [40000 45000 50000 55000 60000 65000 (TOODO 75000 BOO0O BSDOD 90000 S5000 100000
1480 1496 1512 1528 1544 1560
[
&
- b WViing ©4 am 41 qua Mim 64 B i quin ||
1 & Ving cé 4m diqua
240 1
320
400
as0
560
810
720

Hinh 5. Ban d6 lan truyén am khi ngudn phat am nam & d6 sau 100 m
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Ngudn phat am duge dat ¢ do sau 200 m, &
vi tri nay van toc am suy giam manh theo d¢
sdu. So d6 mo6 phong lan truyén am va tac

chién hai phuong hién quan do va xam cu thé
duoc thé hién nhu hinh 6 ¢ dudi:

Vin the dmmis. [ 5000 10000 15000 20000 y25000

1480 1485 1512 1528 1544 1560

BAN DO LAN TRUYEN AM VO!1 DO SAU NGUON PHAT 200 MET
Ngudn sé ligu (5) Naga S212 2/12/1959 9° 44'N, 112° 26'E

30000 35000 (40000 45000 50000 55000 60000 65000 FOODD 75000 60000 85000 90000 95000 100000

Khoang céch tirngudn {m)

Vimg cd dm di gua

Hinh 6. Ban d6 lan truyén am khi ngudn &m nam & d6 sau 200 m

C6 thé thay khi tau ngidm phuong dién quén
xam cang lan sau, thi sy tranh phat hién cua cac
phuong tién sin ngdm cia phuong dién quan
do cang tot. Dé tién sat vao dbi phuong & do

sau nay, tau ngam bén phuong dién quan xam
khéng nén dung doéng co Diezen (chi dung
dong co dién) va khdng phat ra cac song théng
tin lién lac.

Vinthe ammis. o
1480 1496 1512 1528 1544 1560

Viing 64 dm i qua

g shum
E 2B

BAN DO LAN TRUYEN AM VOI BO SAU NGUON PHAT 500 MET
Ngudn sé liéu (5) Naga S212 2/12/1959 9° 44'N, 112° 26 E

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 €5000 70000 75000 80000 85000 0000 Q5000 100000

Khodng céch tir ngubn (m)

Viing) (&5 arhvih qua inglch 4midl doa

Hinh 7. Ban d6 lan truyén am khi ngudn &m nim & d6 sau 500 m
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Vgntbe ammis
1480 1496 1512 1528 1544 1560 0

Dostum
3
3

BAN BO LAN TRUYEN AM VOI BO SAU NGUON PHAT 790 MET
Nguén sé ligu (5) Naga S212 2/12/1959 9° 44'N, 112° 26 E

5000 10000 15000 20000 25000 3D000 35000 40000 45000 5DO00 85000 ODOO ESO00 70000 THO00 EDOO0 BSODO 60000 95000 100000

Khadng céch tir ngubn (m)

Hinh 8. Ban d6 lan truyén am khi ngudn &m nim & d6 sau 790 m

Vin the Smmis
1480 1496 1512 1628 1544 1560 O

Mitng &4 am 'l gual

Bo shum

1520

1600

BAN DO LAN TRUYEN AM VOI BO SAU NGUON PHAT 1000 MET
Ngudn s6 ligu (5) Naga S212 2/12/1959 9° 44'N, 112° 26'E

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000 75000 80000 B500D 0000 95000 100000

Khodng céeh tir ngubn (m)

Mung coAm dilqua, Virg 6 amdi gbal | | §

Hinh 9. Ban d6 lan truyén am khi ngudn &m nim & d6 sau 1.000 m

Ngudn am duoc dit & cac do sau 500 m,
790 m, 1.000 m, & vi tri nay van téc &m van suy
glam theo do sau. So dd mod phong lan truyén

am cu thé duoc thé hién nhu hinh 7, 8, 9.

Tai tang sau 1.260 m hinh 10 kénh am da
thé hién 6n dinh voi téc d6 &m nho nhit va dat
khoang 1.490 cm/s. Tai cac hinh 11, 12 véi cac
tang sau 1.300 m va 1.500 m cho thiy téc do

am co gla tri tang dan va phuong ngang da
khong con duy tri su én dinh cua téc do am.

T cac két qua md phong trén cho thay, viéc
tinh toan xay dwng ban dd thuy am bang cbng cu
phan mém phan anh kha dung véi cac hiéu ung
Iy thuyét nhu khuc xa séng am, phan Xa song
am, su hoi tu va phéan ky cua tia am, kénh am
ngam ... c6 dwoc buc tranh v& quy luat md
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phong va phan tich s liéu thuc té. Dé co nhung
két qua cu thé va ung dung trong thuc té, cAn co
co so dit ligu hai duong chi tiét cho mot khu vuc
hay toan thé viing bién Viét Nam. Néu duoc dau
tu nghién ctru khai thac cac tinh nang va c6 so
ligu hai dwong thi md hinh co thé ng dung aé
tinh toan lan truyén am trong thuc té véi cac

thong ) mat cit day bién ddi theo phuong lan
truyén. Két qua tinh toan s& glup cho cac
phuong tign ngam c6 dung thuy am chu dong
lya chon phuong thirc di chuyén va hoat dong
cua minh nhim tranh sy phat hién cua doi
phuong va bao dam thong tin lién lac da chiéu
dugc v6i nhau trong tac chién hop thanh.

Vin the dmmis

1480 1496 1512 1528 1544 1560 0

Mang/ed dm idi gua

Bhshum
g

BAN DO LAN TRUYEN AM VO!I DO SAU NGUON PHAT 1260 MET
Ngudn sé ligu (5) Naga S212 2/12/1959 9° 44'N, 112° 26'E

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000 75000 80000 85000 90000 5000 100000

Khoang each tir ngubn (m)

Vitng 'od B/ ol quay

Hinh 10. Ban db lan truyén &m khi ngudn am nim & d6 sau 1.260 m

Van the ammis
480 1496 1512 1528 1544 1560 ©

Mimg € oS oY quia

BAN DO LAN TRUYEN AM VOI BO SAU NGUON PHAT 1300 MET
Nguén s lisu (5) Naga S212 2/12/1959 9° 44N, 112° 26'E

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 S5000 60000 65000 70000 75000 80000 85000 00000 95000 100000

Khoang cach tir ngubn (m)

Wi o8 4 af s\ 1]

Hinh 11. Ban db lan truyén &m khi nguén am nim & d6 sau 1.300 m
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Vinthe dmmis.
1480 1496 1512 1628 1544 1560 O

6 sbum

ol B
1600 1500 met

BAN DO LAN TRUYEN AM V&1 BO SAU NGUON PHAT 1500 MET
Nguén sb liéu (5) Naga S212 2/12/1959 9° 44'N, 112° 26'E

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 5000 €0D0D 5000 70000 TH000 BODOO 85000 00DDD OS00D 100000

Khodng cach tir ngubn (m)

Hinh 12. Ban db lan truyén &m khi nguén am nim & d6 sau 1.500 m

KET LUAN VA KIEN NGHI

Ket qua nghién ctru da xac dinh dugc kénh
am ngam ving bién ngoai khoi m1en Trung &
d6 sau khoang 1.260 m va téc do am la
1.490 cm/s.

M6 hinh tinh to4n mé phong vé thuy am
bang hé phuong trinh Eikonal duoc st dung ¢
trén c6 ma nguon mo duoc viét trén ngdn ngi
lap trinh Fortran, chay duwgc ca trong moi
treong Linux va Windows cho phép m6é phong
thiy 4m trong diéu kién chiu tac dong cua moi
truong phuc tap nhu sy go ghé cua bién mat
bién va do sau bién déi, Ia cong cu dugc nhiéu
trung tdm nghién ctu trén thé gisi su dung dé
khai thac cho cac muc dich quan su va dan su.
Théng qua cac két qua md phong co thé thay
day 1a cong cu khdng thé thiéu trong nghiép vu
hai duwong phuc vu tinh toan thuy am dap ung
t6t cho hai quan trong trién khai doi hinh tac
chién c6 thiét bi ngdm. Sir dung mo hinh nay,
cac tac gia dd md phong dugc lan truyén am
theo cac dang mat cit thing dung caa van téc
am bang phuong phép tia &m, véi khu vyc tac
chién 1a vung bién c6 do sau Ién va dia hinh
khong bién déi, anh huong cua mat day.

Khi trlen khai chuyen glao rng dung cong
cu nay can mot may tinh ca nhan ciu hinh

manh va co s¢ dir ligu hai duong bao dam thi
c6 thé cai dat ngay tai may tinh duéi tau ngam
va cac phu’ong tign khac c¢ lién quan dén lan
truyen am trong nudc bién dé khai thac truc
tiép phuc vu cho nghiép vu. C6 thé chuyen két
qua tinh toan mo phdong qua hé thong may tinh
dé mo phong tac chién ciing véi cac phan mém
quan su chuyén dung khéc.

Klen ngh1 lap co so dir ligu chi tiét v& cac
thanh t6 va atlas - ban d6, mat cat thuy am,
kénh am, vung bién guan trong, cac giai phap
thu thap, glam sat va phuong phap tinh todn
phuc vu c4c hoat dong ngam dudi bién. C6 thé
xem xet nghlen cau xay dung hé thong thong
tin qudc gia vé thiy am cho toan thé vung bién
Viét Nam.
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MARINE ACOUSTIC SIMULATION MODEL AND ITS APPLICATION
TO UNDERWATER ACTIVITIES IN THE VIETNAM’S SEA

Nguyen Van Thao', Du Van Toan?, Nguyen Ngoc Tien®
Vietnamese Navy General Staff
2Vietnam Administration of Seas and Islands
*Institute of Marine Geology and Geophysics-VAST

ABSTRACT: The basic researches on hydroacoustics in Vietnam are very limited, especially in
the field of sound propagation simulation, while the world has many researches and positive
application in underwater activities and marine fishery. Consequently, there is now a shortage of
information to visualize the importance of sound propagation in the sea. In Vietham, these is a
growing need to secure the safety of the equipment, submarine, fishery and systematically arrange
the hydroacoustic means in orher to provide and obtain the best hydroacoustic information, as well
as to avoid detection of the enemy. The underwater acoustic channel has been indentified off
Central Vietnam at 1260 m depth and acoustic speed is 1490 cm/s. This report presents research
methods and acoustic simulation models, together with the simulation results that ensure the
reliability sound through the underwater acoustic channel.

Keywords: Simulation model, marine acoustics, acoustic channels, fishing, Vietnam sea.
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