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TiCH PHAN SO SONG SO VGI PHUONG TRINH PARABOLIC
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THE COMPARISON BETWEEN WAVE NUMBER INTEGRATION AND PARABOLIC EQUATION

AND THEIR APPLICATIONS IN TONKIN GULF
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TOM TAT

Phuong phap Tich phan s6 song (hay thuong dugc goi la Chuong trinh
trudng nhanh (FFP) va phuong trinh Parabolic (PE) la hai phuong phap phé
bién trong nghién c(fu vé truyén am dudi nudc hién nay. Trong bai bao nay,
hai phuang phap FFP va PE dugc cac tac gia nghién ciu vé mat toan hocva dp
dung ching md phang truyén dm 6 vinh Bac B9 trong mién tan s6 thap (<
200Hz). Két qua md phong thay rang, FFP la phuong phap phu thudc do sau,
¢dn PE Ia phuong phap phu thudc pham vi va ¢6 t8n hao do tinh todn I6n hon
PE. Bén canh dd ciing cling ¢ Iy thuyét ton hao tang do hdp thu khi ting tn
50 trong qua trinh truyén 4m dudi nudc va cho thdy FFP ¢4 t6n hao phu thudc
vao tan sd nguon nhiéu hon PE.

Tir khéa: Tich phdn sd sdng, chuong trinh truong nhanh, phuong trinh
Parabolic, Vinh Bdc Bo.

ABSTRACT

The Wavenumber Integration method (often called Fast Field Program -
FFP) and the Parabolic Equation (PE) are two popular methods in the study of
underwater sound transmission today. In this paper, the author studied the
two methods FFP and PE mathematically and applied them to simulate sound
transmission in Tonkin Gulf. The simulation results show that FFP is a depth-
dependent method, while PE is a range-dependent method and has larger
computational losses than PE. In addition, it also strengthens the theory of
increased loss due to absorption when increasing frequency during
underwater sound transmission and shows that FFP has a loss that depends
more on the source frequency than PE.

Keywords: Wavenumber integration, fast field program, Parabolic
equation, Tonkin Gulf.
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Pang Thanh Pat'’, Tran Cao Quyén?

1. GIGI THIEU

Su lan truyén am thanh trong dai duong da dugc
nghién ctu ti [du vi vai trd quan trong cla né trong céac
tng dung truyén théng dudi nudc. Mot s6 phuong phap
mo hinh héa am thanh dudi nudc cé thé ké dén nhu tich
phan sé song va phuong trinh parabolic. Gan day do su
bung né clia USV (phuong tién mat nudc khéng ngudi lai)
trong tac chién cla Hai quan va cac iing dung hang hai
cac van dé truyén am bién lai nhan dugc su quan tam
dac biét.

Trong am hoc dudi nudc, cac phuong phap tich phan
sO song thudng dugc goi la FFP (Fast Field Programs -
Chuong trinh trudng nhanh) do st dung Bién déi Fourier
nhanh (Fast Fourier Transforms - FFT) dé danh gia phé
tich phan [1, 2]. FFP do DiNapoli phat trién [1] 4p dung ky
thuat dé quy dé xac dinh nghiém phu thuéc dé sau cho
nhiéu s6 s6ng ngang cung moét ldc. Ky thuat nay chi
ap dung dugc cho mét I6p gidi han cla cac bai toan
chatlong.

Phuong phéap PE dugc Tappert [3] gidi thiéu lan dau
vao nhiing nam 1970 va dugc coi la phuang phap hién
dai vi n6 ap dung cho méi truong cé cac I6p phan tach
khéng rdé rang [3-6, 11]. Uu diém cla phuong phap
parabol bao gém viéc stt dung nguén cé kha nang truyén
moét chiéu, ap dung cho su phu thudéc pham vi, ciing nhu
hoat dong trong moéi trudng khong yéu cau phan I6p
chinh xac.

Trong bai bdo nay, ching t6i nghién ctu FFP va PE
theo phuong phap tiép can toan hoc cling nhu tinh todn
clia chung. Bén canh d6, ching té6i mo hinh héa va mé
phong Vinh Bac B6 bang ca FFF va PE. Két qua thu dugc
theo hé s tén that truyén cho thay FFP c6 hé s6 ton that
truyén tot han PE. Cac két qua nay rat hiru ich cho thiét ké
va ché tao cac USV.
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Cac phan tiép theo cutia bai bao dugc té chiic nhu sau:
Phan 2 va 3 lan lugt trinh bay cac biéu dién toan hoc cla
FFP va PE. Danh gia m6 hinh FFP va PE vinh Bic B6 dugc
trinh bay trong phan 4. Phan 5 la thao luan va phan 6 la
két luan.

2. TiCH PHAN SO SONG

2.1. Bién doi tich phan

Lop 1 :Ntra khoang trén

Bématphancachi  — > r
. Lop 2
Be matphancach2 —
g Lép m
Be mat phancachm  —
J Lop m+1:

|

Bé mat phan cach N-1

l Lép N : Nia khodng dudi

Y
z

Hinh 1. Mdi trutng phén tang theo chiéu ngang

Dé& phan phdi nguén doc theo truc tung trong méi
truong phan tang theo chiéu ngang, st dung mot hé toa
do6 tru (r, ¢, z) nhu trong hinh 1, véi truc z di qua cac
nguodn, lam cho trudng doc lap véi goc phuong vi o.
Phuong trinh Helmholt [7]:

[v? +k;(z)]q)m(r,z)=fs(z,w)@ (1)
2nr

Trong d6 Y, (r,2), km(z) lan luot la thé nang, s6 song
trung binh cho I6p m.

Ap dung bién d8i Hankel cho (1), thu dugc phucng
trinh séng phan tach theo d6 sau:

d’ 2 2 _ f.(2)
|:dz2 _|:kr _km(z):|:|q)m(kr'z)_ o (2)

Nghiém téng cho su phu thudc dé sau cla trudng,
dugc goi la ham Green phu thudc d6 sau, la:

~

B, (k. 2) =0, (k. 2)+ AL (kg k,2) + AL (KW, (k,2) (3)

Trong d6 A (k) va A_(k,)la cac hé sé gilra cac I6p,
LT)m(k,,z) la nghiém riéng cta (2) va ¢, (k,,z), ¥, (k,,z) la
nghiém doc lap dén phuong trinh dong nhat.

Xét trong I6p chat 16ng dong nhat, mo6 dun khoi K va
khoi lugng riéng p, ta c6 nghiém dong nhat cua (2) la:

¢'(k,,z)=e"" (4)

¢ (k,z)=e" (5)
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Trong do, @ dai dién cho (ing suat nén hoac thé nang
va k, la s6 séng doc.

k, =k —K (6)

Vi I16p khéng co nguén:

#(r,z) = |[A e ™ +A*e** 1), (k r)k dk, 7

O =y 8

Chuyén vi thang dung:
w(r,z) = Z—"’ = [[-ik,Ae ™ +ik, ATe" 1, (kk dk,  (8)
Z 0

Ung suat phap:
0, (r,2) =KV?¢(r,z) = —pw’¢(r,z)

= —pw’ j [A"e™ + A*e™?]J, (k )k dk, )
0

Xét ngudn diém:
f.(z,w)=S,0(z-z,) (10)
Trong d6, Sy, la cudng d6 ngudn va z; 1a d6 sau nguon.
Nghiém riéng cua (2):

S eikz‘z—zs‘

S 225
#k..2) 4m ik,

(1)

Chuyén vi va (ing suat:

w(r,2) =S—“’fsign(z—zs)e‘kZ‘Z’ZS‘JO(k,r)k,dk, (12)
4y
N 2 o _ik,|z-z]
Gunlr,z) = —2oPY 1@ ——Jy(k,rk,dk, (13)
4nm ¢ ik,
2.2. Tich phan sé séng

Trudc khi thuc hién tich phan s6 séng can giai dugc
nghiém cho phuong trinh séng phan tach theo do sau.

Phuong phap giadi phuong trinh séng phan tach theo
dé sau strdung ma tran truyén lan dau dugc thuc hién bai
Thomson [8] va Haskell [9], véi muc tiéu giai quyét van dé
dn dinh sé va bo nhé tinh toan ctia phuong phap ma tran
toan cau.

Xét tai l6p m, khoi lugng riéng prm, tan s6 géc w, véc-ta
thong so trudng tai mat phan cach m, giéi han phan cach
dudi clia 16p m la:

v, (k.z,)=c,k.,z,)a,(k,) (14)

Trong d6 véc-to v, (k,,z, ) chia cac chuyén vi va ing
suat tai mat phan cach m, an(k) la véc-to bién dé trudng
tronglép mvamatranhésoé c, (k,,z,)lahamclas6séng
ngang k: va d6 sau zm,. Phuang trinh (14) tré thanh:
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Vm(krlzm)z{ W(kr’zm)}

0-zz (kr’zm)
ik, ek | A
= m ’ " (15)
—p, wre gy | |A,
=c,(k ,z )a_(k,)

Tuong ty, tai mat phan cach trén m-1 clia I6p m, véc-
to théng s6 trudng la:

v (k,z ) :{ wik. z..) }
o-zz (kr’zm—l)

ik, ik, e (A
=|:_p W —p_welm ) || AY (16)
=c,k,,z, )a, k)

TU phuong trinh (15) va (16), phuong trinh (16) c6 thé
viét thanh:

Vm(kr 'Zm—1) = Cm(kr 'Zm—1 )[cm (kr ’Zm )]_1 Vm (kr'zm)

(17)
=P (k)v,(k,.z,)
Véi Py 1a ma tran truyén cho I6p m.
P.(k)=c.(k.z, )[c.(k,.z)]" (18)

S dung tinh lién tuc clia cac tham s6 trudng tai cac
mat phan cach (tuan tha diéu kién truyén séng am trong
chat 16ng[7], trong d6 wik ,z,) va o,(k ,z,) thoa man
diéu kién lién tuc), st dung phuaong trinh (18) dé dé quy
thiét lap mai quan hé ma tran gilra cac tham sé trudng tai
mat phan cach m va cac tham sé tai mat phan cach thap
hon n.

v, (k,,z,)=R"(K v, k., z) (19)
Véi R la ma tran dé quy.
R7(k,) = If[ Pk,) (20)
—m+1
S dung diéu kién buc xa & 16p thap nhat, I6p N:
o,k z,,) =—9Nw2 wik,,z,_,) 1)
z,N

TU phuong trinh (21):

wik,,zy ) }

0-zz (kr ’ZN—1 )

vN(k,,zN1)={ =1 _pyw’ pwik,z ) (22)

ik

z,N

Xét nguon tai dé sau z, trong méi trudng chat long, tu
(12) va (13) cho thdy chuyén vi va ap suat la lién tuc va
chuyén vi la khéng lién tuc, tuc la:
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- : =S, /2 N
W(kr,zsi) B wi(k,,z;) _ o/ 2m _3k,,2,) (23)
o,k,,z;) o,k,,z) 0
S0 dung phuong trinh (20), thu dugc nghiém “lan

truyén” tir bé mat phan cach thap nhat dén bé mat phan
phan cach s chira nguén la:

v (k,z) =R (k vy (k ,z, )+ V(K ,z,) (24)

Xét lan truyén dén bé mat phan cach cao nhat, thu
dugc:

vi(k,,z,) =Rl(k v, (k,,z,)

1 s - (25)
= Rs (kr )[RN—1 (kr )VN (kr ’ ZN—1 ) + V(kr ’Zs )]

Dé xac dinh cac thong s6 trudng am tai mot pham vi
may thu cu thé r va do sau z, can danh gia bang s6 phép
bién d8i Hankel nghich dao cla nghiém phuong trinh
séng phan tach theo d6 sau & d6 sau z:

ar,2) = [ glk,,2)J, knk,dk, (26)

0

Trong d0, g(r, z) dai dién cho théng s6 trudng can khao
sat, vi du: ap suat am hodc thanh phan chuyén vi hoac
Ung suat, la cac thanh phan thu dugc ti phuong trinh
(25). Bac ctia ham Bessel 1a m = 0, trir trudng hgp chuyén
vi ngang va Ung suat cat khidom =1.

Viéc danh gia bang sé tich phan (26) la rat phuc tap,
mét trong nhiing phuong phap c6 thé sitdung la Chuong
trinh truéng nhanh (FFP). Trong cach tiép can Chuong
trinh truong nhanh do DiNapoli va Deavenport [1] giGi
thiéu, truc pham vi r dugc roi rac hda thanh:

[ =l TJArLj=0,1..(M=1) (27)

Trong dé, budc pham vi Ar bi giéi han béi su raGi rac
cla s6 song théng qua moi quan hé:

ArAk, _2n
M

(28)

VGi M la lhy thira cdia 2. TU day thu dugc xap xi cta tich
phan (26) la:

~ Ak ilKpinl; — m+l TM-1 . izilj

ol 2)=——e""" "2 Y gk, et figle M (29)

21, =0

Tuy nhién viéc danh gia truc ti€p bang s6 cla tich
phan s s6ng doc theo truc thuc nhu trong (26) chi cé thé
thuc hién dugc déi véi cac 6ng dan séng cé dang suy hao
nhat dinh. Trong dai duong, ca nudc va day déu co su suy
gidm thé tich hitu han, nhung dac biét déi v6i nhimg moi
trudng co it tuong tac véi day, ton that suy giam la rat
nhd. Trong nhiing trudng hop nay, can mét clra s6 pham
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vi 16n va do d6 viéc lay mau sé song can dugc thuc hién
rat tinh t€ dé tranh hién tuong bao quanh. Pay la diéu
khéng mong mudn trong tinh toan, dac biét trong trudng
hgp trudng chi can & pham vi tuong d6i ngan. Van dé nay
6 thé dugc loai bé bang cach di chuyén dudng vién tich
phan vao mat phang phuc. St dung dinh ly Cauchy, (26)
c6 thé dugc thay thé bang:

g(r,2) =h(nf(r,2) =h()[ alk,,2)\fk, e*"dk, (30)
C

Trong d6, C la dudng bao trong hinh 2, h(r) dai dién
cho bién dé va hé sé pha phu thudc vao pham vi:

. 1
1 —|(m+E)E

h(r) =, [— (31
2mr
2
4
4
Km T kn  Diém cuc
N A A A -
e ‘ o o o > K,
'C1 Cs
e
4
< Kain Kmax

Hinh 2. Duting bao tich phan phiic d€ danh gia tich phan sd séng
D6i v6i hau hét cac muc dich thuc té, mdc suy giam
bao quanh khodng 60dB la qua du [10]. Gia tri tuong Ung
cla d6 léch dudng vién la:
3 3
B Rloge 2n(m

max min) (32)

—1T)loge
Vi R la pham vi t6i da.
B6 sung dé léch nay vao (30):

Ko
—ig,z)\k, —ige™ ¥ dk, (33)

9lr.2)=h(fr, )mj
Thuc hién nhan e * vao (33) va tinh toan gan dung
tich phan méi nay bang FFT, thu duoc:
g(r, 2)e " =" h(r)f(r,2)

—£( T +nR)

_h(r)Zf(r+nR z)e

n=-o

_ M=1
= Ak,e"'h(r,)> [g(k,
1=0

(34)

271|j

—ig,z)e" " [k, “igle M

Nhan e® vao (34), thu dugc:
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g(r;,z) = h(r,)f(r,,2)
2T[|j

= Ak ' ’hr)Z[g —ig,z)e""* [k —igle ™ (35)

(r, Zf r,+nR,z)e ™

n=0
3. PHUONG TRINH PARABOLIC
Xudt phét tir phuong trinh Helmholtz 2-D chuan cho
moi trudng c6 mat dé khong déi trong toa dé tru [7, 11]:
o’p 10p 0Op
+
or’ ror oz

+kin’p=0 (36)

Trong dé, p(r, z) la ap suat am thanh, k, =w/c, la s6
séng tham chiéu, n(r,z)=c, / c(r,z) 1a chi s6 khuc xa.
TU gid dinh ctia Tappert [3], nghiém cua (36) c6 dang:
W(r, 2HY (k,r) (37)

Ham dudng bao Y(r, z) dugc giad dinh thay d6i cham
trong pham vi.

p(r,z)=

Ham Hankel, thda man phuong trinh vi phan Bessel:

21 Q)]
OHY k) , 1M ooy a9
or’ r
Véi k,r>1, ham Hankel dugc tinh xap xi bang:
HO (k1) = [—2—e" ¢ (39)
ik r

0
Thay nghiém (37) va st dung (38), (39) vao phuaong
trinh (36) thu dugc:
2
Z LT, "’
S dung xap xi dc“)ng truc cho (40), thu dugc phuaong
trinh séng sau:

2
2ik, W0 L|)+kg(n2—1)Lp:0

(40)

o =N =0

(41)

Phuong trinh nay dugc goi la phuong trinh parabol
chuan [12].

Lay bién d6i Fourier phuic tir mién z sang mién k, cGia
(41) nhan dugc:

2ik02—¢—k§¢+ (02— =0 42)
r
Vit lai (42):

2002 1y |2
W ki =Dk g (43)
or 2ik,

Nghiém ctia (43):
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kg (n* -1k
wirk,)=w(r, ke
Lay bién d&i Fourier phuc tir mién k, sang mién z clia
(44) nhan dugc nghiém truong:

(r=rp)

(44)

ko 5 J("’o)kz

wr=e2" g ke ek,

(45)

Dat Ar=r-ro va strdung ky hiéu F cho bién d6i Fourier
phtic tir mién z sang mién k, va F' la bién déi nghich,
nghiém trudng dugc viét lai thanh:

ik—o[nz(ro,z)—HAr 1 ‘;ATrki
W(r,z)=e?2 F'ye * F{y(r,,2)} (46)

4. KET QUA MO PHONG
4.1.Nguén am thanh

Thong sé nguén am trong tiing trudng hgp moé phéng
nhu sau:

Truéng hop 1: Nguén am la nguén diém co tan s6
trung tam 20Hz va d6 sau 99m, diém khao sat trudng am
tai d6 sau 99m.

Truéng hop 2: Nguon am la nguédn diém cé tan s6
trung tam 20Hz va do6 sau 50m, diém khao sat trudng am
tai d6 sau 50m.

Truéng hop 3: Nguoén am la nguédn diém cé tan s6
trung tam 50Hz va d6 sau 99m, diém khao sat trudng am
tai d6 sau 99m.

4.2, Théng sé mdi truéng

Trong m6 phong nay, vinh Bac Bo dugc mo ta nhu mo
hinh 6ng dan séng Pekeris véi téc d6 am thanh dugc do
tur [13]. Théng s6 méi trudng cda vinh Bic Bo dugc thé
hién trong bang 1.

Bang 1. Thdng s6 moi trudng

Théng sd Gia tri
D0 sau vinh 100m
Toc d6 4m vao mua dong () =1500 + 0,3z (m/s)
bay (at, p=2000 (kg/m?)
¢=1700 (m/s)

4.3. Két qua mé phéng

Truéng hop 1: Nguoén am la nguédn diém cé tan s6
trung tam 20Hz va d6 sau 99m, diém khao sat trudng am
tai d6 sau 99m.

Bién d6 ham Green phu thudc d6 sau trong truong
hop 1 dugc thé hién trong hinh 3.

Hé s& t6n that truyén cda FFP va PE trong trudng hop
1 dugc thé hién trong hinh 4.

Vol. 60 - No. 11 (Nov 2024)

F =20Hz
SD =99m
500 F RD = 99m

<
S
@ 300 ‘
200 |\
ﬂ
100 aul
_ ~_ / l“'\_\ | \
0 . . e -
(o] 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
S6 séng ngang (m™ )
Hinh 3. Bién dd cia ham Green phu thudc d6 sau (truong hop 1)
10 T
-FFP
-PE
20 B
F =20 Hz
SD =99m
30 RD = 99m

I
1)
L

o

=}
— T

L

Hé s6 thn thét truyén (dB)

10000
Pham vi (m)

o 5000 15000

Hinh 4. H& 56 ton that truyén cta FFP va PE v6i pham vi lén ti 15km
(trudng hgp 1)

Trudng hop 2: Ngudn am la nguédn diém cé tan s6
trung tdm 20Hz va d6 sau 50m, diém khdo sat trudng am
tai d6 sau 50m.

Bién d6 ham Green phu thudc d6 sau trong trudng
hop 2 dugc thé hién trong hinh 5.

900

800 [

F =20Hz
700 SD = 50m
RD = 50m

600 -

500

Bién d6

400
300 ‘
200

100 |

\
- s \\ ‘-I N —
0.04 0.06 0.08 0.1 012 014 016 0.18

Sé séng ngang (m™')

—

Hinh 5. Bién d cGa ham Green phu thudc d6 sau (trudng hgp 2)

Hé s6 tén that truyén clia FFP va PE trong trudng hop
2 dugc thé hién trong hinh 6.
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10

-FFP
-PE

F =20Hz
SD = 50m
30t RD = 50m

20 -

Hé s6 ton that truyén (dB)

10000
Pham vi (m)

Hinh 6. H& 56 ton that truyén cla FFP va PE vdi pham vi lén tdi 15km
(truong hgp 2)

0 5000

15000

Truéng hop 3: Nguoén am la nguén diém cé tan s6
trung tdm 50Hz va d6 sau 99m, diém khao sat trudng am
tai d6 sau 99m.

Bién do ham Green phu thudc d6 sau trong trudng
hop 3 dugc thé hién trong hinh 7.

450 T T

400 -

F =50 Hz
350 SD =99m 1
RD = 99m

S 250
@
@ 200
150
100
50 -
—— PAVAY. -
0 S~ ‘ I —
O 005 01 015 02 025 03 035 04 045
Sé song ngang (m™")
Hinh 7. Bién d cGa ham Green phu thudc d6 sau (truéng hgp 3)
0 ‘
-FFP
10} -PE |
F =50Hz
SD = 99m
o 20 RD = 99m
k=3
,‘% 30
<& 40
=
5
o 50F
(%]
@
T
60 |
70t 1

80

10000
Pham vi (m)

Hinh 8. Hé s6 ton that truyén ca FFP va PE véi pham vi [én tdi 15km
(truong hgp 3)

0 5000 15000
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Hé s6 t6n that truyén cda FFP va PE trong trudng hop
3 dugc thé hién trong hinh 8.
5.THAO LUAN

Trong ca ba trudng hgp, ham Green phu thudc d6 sau
déu dat cuc dai quanh diém ko giéng nhu ly thuyét.

Trudng hop 1: Ngudn am la nguédn diém cé tan s6
trung tdm 20Hz va do sau 99m, diém khao sat trudng am
tai do sau 99m.

TU hinh 4 c6 thé thay tén hao cla FFP va PE lan luct
nhé hon 63dB va 75dB.

Truéng hop 2: Nguén am la nguén diém c6 tan s6
trung tdm 20Hz va d6 sau 50m, diém khdo sat trudng am
tai do sau 50m.

TU hinh 6 c6 thé thdy t6n hao cla FFP va PE lan lugt
nhé hon 61dB va 75dB.

Trudng hop 3: Ngudn am la nguédn diém cé tan s6
trung tdm 50Hz va do sau 99m, diém khao sat trudng am
tai d6 sau 99m.

TU hinh 8 ¢6 thé thdy t6n hao cta FFP va PE lan lugt
nhé hon 76dB va 79dB.

Tutrudng hop 1va 2 cho thay tén hao clia phuong FFP
tang khi nguén cang xuéng sau, trong khi tén hao cla
phuang phap PE gan nhu khong déi. Biéu nay la do
phuong phap FFP phu thudéc dé sau khdo sat, con
phuong phép PE phu thudc vao pham vi khdo sat. Ngoai
ra, c6 thé thay trong hai trudng hop nay tén hao cla PE
déulén hon FFP. Cé diéu nay do phuong phap PE sttdung
tinh toan xap xi va phép tinh sau phu thuéc phép tinh
truGc nén ton hao sé bi chdng chat dan dén két qua hé s
ton hao hon FFP.

Trudng hop 1 va 3 cho thay khi tang tan sé clia nguén
sé lam tdng hé sé t6n hao clia ca hai phuong phap FFP va
PE, diéu nay dung véi ly thuyét hap thu khi tang tan sé
trong qua trinh truyén am duéi nudc. Tuy nhién két qua
cho thay FFP c6 tén hao phu thudc vao tan s6 ngudn
nhiéu hon PE.

Ngoai ra, trong phuong phap FFP, trong trudng hop
trudng tai mot 16p la trudng gidm nhanh dan téi ma tran
dudng chéo trong phuong trinh (18) sé cé mét s6 ma rat
I6n va mot s6 ma rat nhé. VE mat ly thuyét cac s6 hang
lién quan dén s6 m sé bi triét tiéu trong phuang trinh
(25), tuy trong qua trinh tinh toan cac phép tinh nay dugc
tinh 1an lugt va do dé chinh xac cda thiét bi tinh toan bi
giGi han nén diéu nay sé khéng ding vé mat s6 hoc. Do
dé anh hudng dén nghiém cta phuong trinh (18) lam
ching khéng én dinh. Tir d6 khién phuong phap FFP
khéng 6n dinh sé trong trudng hop trudng gidm nhanh.
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6. KET LUAN

Bai bao da trinh bay dugc tinh todn todn hoc chat ché
cua FFP va PE. Trong d6, FFP dua trén ma tran truyén va
chuang trinh trudng nhanh, con PE la thuat toan bién ddi
Fourier Split-Step. Bai bao cling da m6 hinh héa va mé
phong truyén am trong vinh Bac B6 thanh céng bédng ca
FFP va PE trong ba trudng hgp khac nhau. Tir két qua mé
phong thay rang, FFP la phuong phap phu thuéc dé sau,
con PE la phuong phéap phu thudc pham vi va cé tén hao
do tinh toan I6n hon PE. Bén canh d6 ciing ciing c6 ly
thuyét tén hao tang do hap thu khi tang tan s6 trong qua
trinh truyén 4m dudi nudc va cho thay FFP ¢6 tén hao phu
thudc vao tan s6 ngudn nhiéu hon PE. Ngoai ra phuaong
phép FFP c6 thé khong 6n dinh s6 do gigi han thiét bi tinh
toan trong trudng hgp trudng gidm nhanh. Cac két qua
nay rat hiu ich cho thiét ké va ché tao cac USV.

LOI CAM ON

Cam on Cdng ty Cong nghé cao OSB va Trudng Dai
hoc Céng nghé, Pai hoc Quéc gia Ha Néi da tao diéu kién
va hé trg thuc hién nghién cidu nay.
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