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TOM TAT

Khi hoat dong dai ngay trén bién, cdc tau quan sw phai doi dién véi nhiéu méi nguy hiém do
cdc bién di tir trieong sinh ra xung quanh tau, lam cho con tau c6 khd ndang bi cdc thiét bi phat
hién di thuong tir ciia doi phwong “nhin thdy”, tham chi gdy kich né cac logi min cam img ti,
thity 16 & dwdi day bién. Do @6, nhu cau khir cdc di thiong tir cho tau quan sy la yéu cau quan
trong hang dau. Nghién ciru nay trinh bay mot giai phap khir tir truong bang cac cugn ddy khir
tir don truc, nham t6i wu héa kha ning tang hinh tie tru'ong cho mét vé tau hinh cau dai tai cdc vi
tri phia duoi day vo tau. Nhom tac gia da swr dung cac mé hinh todan hoc cua vo tau va cac cudn
dady dé thiét ldgp ham chi phi ciia bai todn, dong thoi sit dung thudt todn toi wu SQP dé cuc tiéu
h6a ham chi phi nay véi bién sé la dong dién khir tir cdp cho méi cudn ddy. Nghién civu thu dwoc
cdc mike khir di thieong tiv cho vo tau hinh cau dai, tmg véi 4 kich ban vé sé lwong cudn day khéc
nhau, cdc két qua nay gop phan thu hep khong gian nghiém kha thi va nhanh chéng tiém cdn téi
cdc nghiém 16i wu cia bai todn véi tau thuc.
Tir khoa: Diu vét tir truong; Di thuong tir truomg; Cudn day khir tir; Thudt toan t6i wu; Thuat todn Sqp.

1. PAT VAN DPE

Duéi tac dung ctia tir truong trai dat, cic vo sit tir cia tau bi tir hoa theo 3 phuong khac nhau,
cac tir hoa nay tao ra cac di thuong tir truong xung quanh tau va gay ra nhleu mdi nguy hiém lién
quan dén sy sdng sot cuia cac tau quan sy [1-3]. DPé giam thiéu cac dau vét tir truong nay, cac tau
quan su thuong duoc trang bi hé théng khir tir gdm nhidu cudn day khir tir dé bu lai cac di
thudng tir ndy, va thuong b tri ti thiéu 3 nhom cudn day g@)m cac cudn day doc than tau (cudn
L), cac cugn day ngang than tau (cudn A) va cac cudn day thang dung so voi than tau (cudn V)
[3-5]. Viéc tinh toan thiét ké cac thong s6 vé cudn day khir tir 1a mot trong nhitng yéu cau quan
trong trong hé théng khir tir, quyét dinh dén kha ning tang hinh tir truong cho con tau.

D¢ tinh toan thiét ké mot hé thong khir tir, chiing ta phai giai mot bai todn nguoc phi tuyén da
bién, véi han ché 1a kho xac dinh dugc nghiém duy nhét cho bai toan. Do dé, nhiéu thuat toan t6i
wu d3 dugc ap dung dé giai bai toan nguoc nay nhu thuat toan Téi uu hoa bay dan [6, 7], thuat
toan Di truyén [6], thuﬁt toan Hoi quy [8], thudt toan Quasi-Newton [9], thuat toan Cuckoo
[10],... Tuy nhién, mdi thuat toan lai 4 ap dung cho cac dbi twong tau va muc dich nghién ctru khac
nhau, cac két qua va thong tin cong bb rat han ché. Trong khi do, mdi 16p tau quan sy lai st dung
mot thiét ké hé thdng khr tir riéng, thong tin lién quan déu khong duoc cong bd do yéu t bi mat
quan sy. Do véy, viéc danh gid hiéu qua cta cac thuat toan nay 1a rat kho khan.

Hién nay, nuéc ta chua c6 nghién ciru va cong bd nao lién quan dén t6i wu hidu qua bu tir
truong cho tau quan sy, cling nhu chua xac dinh dugc cac mure tang hinh tir treong phu hop cho
timg loai tau. Do d6, nghién ctru nay s& hudng téi muyc tiéu 1a dé xuat mot giai phap téi wu hiéu
qua bu tr truong cho mot mo hinh voé tau. Vi muc ti€u d6, nhom tac gid st dung thuat toan tbi
wu SQP dé tinh toan moé phong hiéu qua tang hinh tir trudng cho vo tau hinh cau dai bang cac
cudn day khir tir don truc. Yéu cdu dit ra 13 giam thiéu t6i da cac di thuong ¢ dudi day cua vo
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tau, gitp cho tau trd nén tang hinh vé mit tir truong trudc cac hé thong phat hién di thuong dudi
day bién hodc min bién cam tng, thiy 16i cua dbi phuwong. Véi muc tiéu nhu trén, ndi dung tiép
theo ctia nghién ctru nay dugc trinh bay nhu sau: Phan 2 trinh by md hinh héa bai toan khir tir
don truc dé xay dung dugc ham chi phi chung va 1y thuyét chung ctia thuat toan SQP. Phan 3
trinh bay cac két qua mod phong vé hiéu qua tang hinh tir truong ctia vo tau hinh cau dai theo 4
kich ban vé s luong cudn day. Phan cudi cing 1a két luan chung va cac hudng nghién ciru tiép
theo ctia nhom tac gia.

2. MO HINH HOA BAI TOAN KHU TU PON TRUC TRONG VO TAU

Xét mot vo tau hinh cau dai cé cac cudn day khir tir bén trong nhu hinh 1.
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Ban kinh truc dai: a=20m
Ban kinh tryc ngdn: b=2,5m Z
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Hinh 1. Hé thong bi tir truong don truc cho vo tau hinh cau dai.

Céc vi tri do tir truong Py, Ps,..., P, duoc bd tri trén 1 duong thing & phia dudi vo tau, va mdi
vi tri do nay tuong Gng véi mot cam bi€n tir truong ba truc. Puong do tir truong cach day tau
mot khoang bang 4D, v4i D 1a chiéu rong cua vo tau va D = 2b [3]. Cac cudn day c6 dang hinh
tron, ndm trong mat phang Oxy, bo tri doc cach déu nhau mot khoang z.. Cac cudn day ngoai
cung c6 ban kinh giam dan dam bao dic¢u kién ndm hoan toan trong vé tau. Po day ctua day la vo
cung nhd va c6 thé bé qua. Nhom tac gia cling bd qua cac tuong tac veé tir truong gilta vo tau voi
cac cudn day va gitta cac cuon day vdi nhau, dong thoi, coi khong gian bén trong va bén ngoai
vo6 tau 1a chan khong, va ¢ do tir tham tuyét doi 1a u, = 47 <1 0" Him.
2.1. Cam ng tir trueomg ciia vé tau hinh ciu dai theo phwong Oz

Khi chua khtr tir, dudi tac dung cua tir truong ngoai By = oHop, cam tng tir theo phuong Oz &
bén ngoai vo tau duoc xac dinh theo cac cong thire (1), trong d6, biéu thic tinh Dll,C, &,r,r,da
duogc xac dinh trong tai li¢u [2, 11].

_p D1 (E4L), ¢
Bz,votau_BO+ c |:( 2)'”(5_1]+Gr2:| (1)

C6 thé thiy rang, cam ung tir cta tau B,y Dao gdm tir truong nén By va cac di thuong tir
By githwong Sinh ra dudi tdc dung cua tur truong nén. Khi dat tr truong nén doc theo truc Oz, thanh
phan B, oy s& dong gop chinh trong cam tng tir tong clia vo tau. Hinh dang va do 16n cua cam
g tir tong do hinh dang va d6 16n cta thanh phan B, yewm, quyét dinh.

Theo hinh 2, cam tng tir theo phuong Oz gdm 2 ludng cuc tir 16n xép canh nhau, mat do
dudng st tir tap trung chii yéu ¢ phin giao nhau cua 2 ludng cuc, cac duong st tir nhd hon
phan b6 chu yéu ¢ 2 dau cua 2 ludng cuc.
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Hinh 2. Phdn bé cam iing tir va tir thong ciia vé tau hinh cau dai theo truc Oz.
2.2. Cong thirc giai tich clia hé thong cudn diy khir tir don truc
Mdi cudn day khtr tir thiy i mang mot dong dién |; (| =1+ m) sé tao ra mot vector cam rng tir
Bz cuondayi- Va theo nguyén ly chdng chit tir truong, xép chong hé m cudn day khir tir nay sé tao ra
mdt vector cam (g tir tong trong khdng gian B2 cuonday> va xac dinh nhu sau [11, 12]:

m

Bz,cuonday = Z Bz,cuonday,i

N Mol 1 K RE—p° -7
: () + P hE (k) )
=g [(Ri+p)2+zf}% (R-p) +7 @

Theo hinh 3, phan bd cic vector cam tng tir cia mot cudn diy cé cung hinh dang nhung
nguoc chiéu v6i phin bd cac vector cam ung tir ctia vo tau. Trong nghién ciru ndy, nhom tac gia
s& khong xét dén chiéu dong dién riéng phan cia timg cudn ddy, viée liwa chon chiéu dong dién,
hay chiéu cua vector cam ung tur, 1a mét bac ty do dugc xac dinh boi thuat toan tdi uwu.
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Hinh 3. Phdn bé cam vmg tir va tir thong ciia mét cuén day theo truc Oz.

V6i hé m cudn day khi tur, cac thanh phan cam ung tr B, oty cUA VO tau duoc xep chong VO‘l
cac thanh phan cam Ung tir By cuonday tal ting diém do, va tao ra cam tmg tir tong cong duoc xep
chdng tir cac thanh phan tir truong trén, trong do, cic vector cam tng tir truong ma nguoc chiéu
nhau s€ bu trir cho nhau. Cac murc bu di thuong tir cia vé tau dugc xac dinh theo cong thire sau:

rj = sz,votau + sz,cuonday - BO (3)
Trong d6, j=(1,...,n)1a sb diém do tir trudng, rj 1a phan du clia cam Ung tir ciia riéng tau va
cac cudn day so véi tir trudng nén. Muc tiéu cua bai toan toi uwu 1a cuc tiéu hoa phﬁn du nay, hay
noéi cach khac, hé vo tau va cudn day s€ tang hinh so vai tir truong nén cua Trai dat.
2.3. Ham chi phi hé thong
Pé tinh toan toi uu, ham chi phi cua hé thong duoc tinh theo cong thirc nhu sau:
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. 2
f= mln(Z( Bzi,votau + Bzi,cuonday - BO) J (4)

j=1

Diéu kién rang budc 13, dong dién ciia mdi cudn day nim trong ving xac dinh tir -10.000 A
dén 10.000 A.

Ham chi phi f 1a mot ham phu thudc vao rit nhiéu bién sé nhu toa do do (X, y ,2), s6 lugng
cudn day m, ban kinh cudn day R; (i = 1 + m), ban kinh truc dai a, ban kinh truc ngan b cta vo
tau, do tir tham tuwong ddi cua vo tau u, cuong do tir trudng trai dét Ho, sb luong diém do n va
gia tri dong dién khu tir I; (1 = 1 + m) trong ting cudn. Cac bién s6 nay thay dbi theo céc thiét ké
khac nhau vé vo tau, cudn day khir tir va cac yéu cau vé muc do tang hinh tir trudng ctia tau.

Trong pham vi nghién ctru nay, nhom tac gia tap trung cuc tiéu héa ham chi phi f theo bién s6
1a dong dién khu tir I; (i = 1 + m), voi 4 kich ban vé s lugng cudn day 1a 3, 7, 11 va 13 cudn, cac
cudn day cach déu nhau 1 khoang z. = 2,5 m, véi s6 diém do 1a n =101 diém. Céc bién s con lai
da duoc xac dinh tir cac gia thiét du vao, gia tri do tir tham twong dbi cua vo tau g, va tir trudng
trai dat Ho duoc sir dung lai tir nghién ctru trude d6 ctia nhom tac gia trong tai liéu s6 [2]. Viéc
lua chon s6 luong tdi da 13 cudn day dugc gia thiét 1a da nhiéu dé dam bao muc tiéu khtr tir
truong trong bai bao nay. Viéc tim sb lugng cudn day khir tir t6i thidu va khoang cach vong diy
phii hgp véi muc tiéu bu tir truong 14 mot bai toan can nghién ciru thém bang cac k¥ thuat toi uu
khac va khong nam trong nhiém vu muc tiéu ciia nghién ctru nay.

Dé ¢6 co so so sanh va danh gia két qua, nhom téc gia s dung cach so sanh dinh tinh dudi
dang quan sat d6 thi va dinh lugng dudi dang gia tri sai s6 cin bac hai binh phuong trung binh
(RMSE) trén cung dudng lay mau:

1 n
RMSE = \/ﬁ Z(sz,votau + By cuonaay ~ By )2 ©)

j=1

Gié tri RMSE sau khi két thac mé phong t6i wu duge ding dé so sanh véi gid tri can bac hai
binh phuong trung binh (RMS) cta di thuong tir ban dau do vo tau sinh ra dudi tac dung cuia tur
truong nén By va dugc tinh nhu sau:

n

1 2
RMS :\/Hzl(sz,votau - BO) (6)
j=
Ap dung cong thire (1) v6i cac thong s dau vao da biét, tinh dwoc gia tri RMS 1a 137,748 nT.
2.4. Thuit toan t6i wu Quy hoach bic hai tuin ty SQP
Xét mot bai toan téi wu phi tuyén co rang budc dang tong quat nhu sau [13], [14]:

min f(x), voi X = (X, X000y %) (7
Rang budc: h(x)=0, (i=12,..,p) (8)
9,000, (j=12...,9) ©)

Trong d6, f(x), h(x), g(x) 1a cdc ham phi tuyén, X 13 vector ctia nhiéu bién thiét ké.

Theo [13, 14], nguyén 1y cta thudt toan SQP la tinh gan dung ma tran Hessian ciia ham
Lagrange su dung phuong phap Quasi-Newton. Theo d6, mét bai toan con Quy hoach béac hai
(QP) dugce giai 6 moi vong ldp, nghiém nhén dugc dung dé xac dinh d6 dbc cia ham Lagrange
va huéng tim kiém nghiém tiép theo. Piém cuc tri cua bai toan tdi wu s& thoa man cac diéu kién
Karush-Kuhn-Tucker (diéu kién KKT) va gradient ciia ham Lagrange bang 0.

Ham Lagrange ding dé giai bai toan con QP c6 dang nhu sau [13]:
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p q
L(x, 2, ) = £00)+ 2 A0 () +2-49,(x) = f(x) +ATh(x) + pg(x) (10)
i1 i1
Trong do, A= (21,...,ﬂ,p)T va = (e 1, )" 1a vector cac hé s6 nhan Lagrange c6 rang budc
bang va khong bang.
Theo [13], cac diéu kién KKT c6 dang nhu sau:
p q
VL(X, A, 1) = VE (%) + D AV (%) +D | 1,Vg,(x.) =0 (11)
i-1 j=1
Va 9;(x)<0, 1;9;(x)=0, (j=12..,0) (12)
Trong do: 4;20,(j=12,..,q) (13)
Bai toan tong quat duoc tinh gan dung thong qua bai toan con QP nhu sau:
min%sTsz(xk)SJer () s+ F(x,), (14)
Rang budc: Vh(x,) s+h(x)=0, (i=1..,p) (15)

Ma tran d6i ximg duong H, = V?L(x,)dugc dung dé tinh gin dung ma trin Hessian, VaH,
c6 thé duge cap nhat béng thuét toan BFGS theo cong thire sau:

VY HuuH;
Hk+1:Hk + T - T ' (17)
VicUy u, H,u,

Trong d6, u, va v, dugc tinh theo tai liéu [13]. Nghiém cua bai toan con QP dugc dung dé
tao ra vong 1ap méi, vai gia tri do dbe s, =—Vf(X,), duoc xac dinh theo phuong trinh sau:

Xiq =X F S, (18)

Trong d(:), ag la d6 dai bu(')rg djéu c}linh tai vong ldp thur k, va dugc xac dinh béng phuong
phép tim kiem dong thich hgp dé t6i thieéu hoa ham phat sau:

()= 10+ | LIh 91+ Y max{o,g,(0} (19)

Thudt todn téi wu SQP dwoc trién khai nhw sau:

1. Khoi tao gi tri xuat phat x, Va gid tri gan dang H,,.

Vong lap:

2. Cho k = 1 t6i N thi thuc hié¢n

3. Giai bai toan con QP theo (14) - (16). Xac dinh A, tai X, thoa man diéu kién KKT.

4. Str dung phuong phap tim kiém dong, xac dinh s, , ay, V& x4 theo cong thirc (18).

5. Tinh va kiém tra ham phat theo cong thie (19). Néu ham phat khong giam thi diéu chinh
giam gia tri clia a;, VA sy, tai Budc 4 cho dén khi d6 16n ciia ham phat giam di.

6. Danh gia gradient cua ham Lagrange tai xy.,. Cap nhat Hy, theo cong thirc (17).

7. Tang k én 1 don vi: k=k+1, tlep tuc vong 1dp cho dén khi a;, va s, du nho.

Két thiic vong 1ip: Khi a;, va s, tién vé 0 thi diéu kién KKT ctia bai toan dugc thoa man.

3. KET QUA MO PHONG VA THAO LUAN

Céc két qua tinh toan mo phong t6i wu hiéu qua tang hinh tir truong cho vé tau hinh cu dai
bang thuét toan SQP theo 4 kich ban so dugc thé hién trong bang 1.
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Bing 1. Két qua tinh todn toi wu bang thudt todn SOP.

S6 cudn Ham chi phi Ham chi phi S6vong | Gidtri RMISE | Ty Ié giam
day ban d3u (nT?) sau khi bui (nT?) ldp (nT) RMS (%)

3 cubn 4.17.10° 444751,4 11 37,246 72,961

7 cubn 2.64.10° 15305,78 34 7,602 94,481

11 cudn 4.63.10° 35,16496 43 0,314 99,772

13 cudn 4.84.10° 0,33781 59 0,030 99,978

Céc két qua cu thé véi tung kich ban dugc binh luan va phéan tich nhu sau:
3.1. Két qua tang hinh tir truwomg cia Kich ban 3 cudn day

Theo bang 1, ham chi phi sau khi bu da giam di gan 10° Ian sau 11 vong I3p so véi ham chi
phi ban dau, gia tri RMSE giam con 37,246 nT, gia tri RMS cua di thuong tir ban dau giam di
72,961% gia tri. Nhu trong hinh 4, cam Ung tur cua vo tau da giam rd rét, duong cam ung tir sau
khi bt c6 d6 rong dinh dinh gidm nhiu so vdi dudng cdm tng tir ban dau, con 282,14 nT, gia tri
cuc dai cta di thuong tir 6 nira duwong 1a 97,74 nT, & nira am 1a -184,4 nT.

Cam (rng tir cua vo tau trwére va sau khi bu theo kich ban 3 cudn day
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Hinh 4. Két qud tang hinh tir truong ciia kich ban 3 cugn day.

Phan bd di thwong tir ctia vo tau sau khi bu theo kich ban 3 cudn day
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Hinh 5. Phdn bé di thuong tir cua vo tau sau khi bu theo kich ban 3 cuon day.

Theo hinh 5, phan bd di thudng tir ctia vo tau da thu hep do rong phd, duong dic tuyén co
dang uén luon hon va c6 muc sai léch so v6i dudng 0 nT giam dang ké. Két qua khir tir nay gitp
cho vé tau c¢6 kha ning tang hinh tir & mirc 30% gia tri RMS cua di thuong tir truong ban dau.
V6i mirc tang hinh tir nay, vo tau hoan toan ¢ kha niang bi cac tir ké c6 d6 nhay 100 nT phat
hién ¢ khoang cach 4D.
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3.2. Két qua tang hinh tir treomg ciia kich ban 7 cudn day

O kich ban nay, ham chi phi sau khi bu da giam gan 2.10* 1an sau 34 vong lap, gia tri RMSE
giam con 7,602 nT, ty 1¢ giam gia tri RMS la 94,481%. Véi cac mic giam nhu vay, duong cam
g tir sau khi bu da giam gan hét so v6i dudng cam ung tir ban dau, do rong dinh dinh rat nho,
khoang 52,34 nT. Gia tri cuc dai cia di thudng tir giam hon 5 lan so véi kich ban 3 cudn day,
nira duong giam xudng con 17,89 nT va nira 4m 1 -34,45 nT, két qua chi tiét ¢6 trong hinh 6.

Cam trng ttr ctia vo tau trwédre va sau khi bu theo kich ban 7 cuén day
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Hinh 6. Két qud tang hinh tir truong ciia kich ban 7 cudn day.
Trén hinh 7, d6 gon séng cia di thudng tir kha nho, murc thay dbi 16n nhat so véi tir truong
nén 1a 34,45 nT. Do d6, voi mic di thudong tir ndy, vo tau van c6 kha nang bi céac tir ké c6 do
nhay 10 nT phat hién & khoang cach 4D.

Phan b6 di thwong tir ctia vo tau sau khi bu theo kich ban 7 cudn day
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Hinh 7. Phén bé di thuong tir cia vo tau sau khi bii theo kich ban 7 cudn day.

3.3. Két qua tang hinh tlr tredng cia kich ban 11 cudn day

Két qua tinh toan theo kich ban 11 cudn day tot hon rat nhiéu so vai kich ban 7 cuon day,
ham chi phi sau khi bu da giam gan 10 14n chi sau 43 vong lap, gia tri RMSE giam con 0,314
nT, gia tri RMS da giam 99,772%. Trong hinh 8, duong cam tmg tir sau khi bu da trung khép véi
duong tu truong nén, mirc chénh 1€ch 16n nhat chi khgéng },456 nT, d6 rong dinh dinh giam con
2,575 nT. Gié‘tri cuc dai qﬁa di thuong tir da gidm rat nhi€u 80 Véri‘kich ban 7 cudn day, ¢ ntra
duong giam gan 16 lan xuong con 1,119 nT, & nura dm gidm gan 24 lan con -1,456 nT.
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Cam (rng tir cua vo tau trweérc va sau khi bu theo kich ban 11 cuén day
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Hinh 8. Két qua tang hinh tir truong cia kich ban 11 cudn day.

O kich ban nay, duong di thuong tir d3 gan nhu tring voi duong 0 nT, hiéu qua bu tir trudng
gan nhu tuyét dbi. Di thuong tir 16n nhat khoang 0,9 — 1,12 nT so v6i nén 0 nT, nhu hinh 9. Cac
tir ké c6 d6 nhay 1 nT sé& rat kho phan biét duoc muc di thuong tir ndy ciia tau khi xét dén céac
nhiéu do luong cua thiét bi. Khi do, chi co cac tir ké c6 do nhay rt cao, & mirc 100 pT, mdi cod
kha niang phat hién dugc su thay doi tir trudng tai khoang cach 4D.

Phan bé di thwong tir clia vo tau sau khi bu theo kich ban 11 cudn day
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Hinh 9. Phdn bé di thuwong tir ciia vo tau sau khi bt theo kich ban 11 cudn day.

3.4. Két qua tang hinh tir trudng véi kich bin 13 cugn day

Kich ban 13 cudn day cho két qua t6i wu t6t nhét trong 4 kich ban dang x¢ét, duong cam ng
tur truong sau khi bu dé hoan toan trung khop véi duong tir truong nén, di thuong tu truong da
giam gan nhu vé 0 nT. Quan sat hinh 10 thay rang, ham chi phi sau khi bu da giam gan nhu tuy€t
doi, mirc giam gia tri RMS 1€n t61 99,978%, va gia tri RMSE déa giam con 30 pT. Mirc chénh
1éch di thuong tur 16n nhat vao khoang 148 pT so voi nén 0 pT, do rong dinh dinh 16n nhat giam
chi con 265 pT. Gid tri cuc dai cua di thudng tir truong ban dau da giam 10 1an so v6i kich ban
11 cudn day, ¢ nira duong giam xuong con 119 pT, va con -148 pT & nura am.

Do d0, chi c6 céac thiét bi tir ké co d6 nhay cuc cao, khoang 100 pT mdi c6 thé phat hién duoc
di thuong tir cua tau & khoang cach 4D nay. C6 thé néi rang, khi xét & dai do nanoTesla, vo tau
v6i kich ban 13 cudn day khr tir c6 thé coi nhu hoan toan tang hinh tir truong ¢ muc nanoTesla &
khoang cach 4D ¢ phia dudi tau.
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Hinh 10. Két qua tang hinh tir trieong ciia kich ban 13 cudn day.

Phan b6 dj thwong tir cuia vo tau sau khi bu theo kich ban 13 cudn day
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Hinh 11. Phdn bé dj thuong tir ciia vo tau sau khi bii theo kich ban 13 cudn day.

Pé do luong ¢ thang picoTesla, hé tur ké va ddi tugng do phai dugc bd tri ¢ cac khu vuc
khong c6 nhidu nén xung quanh nhu ngoai bién hoic sau trong long nui. Pong thoi, cac tir ké
nay ciing phai st dung cac thuat toan xir 1y tin hiéu phu hop véi cac mirc thay dbi tir truong vo
cung nhd ¢ vung truong xa thi méi c6 kha nang phat hién dugc cac muire di thuong tir truong nay.

4. KET LUAN

Bai bao di trinh bay cac két qua danh gia toi wu hiéu qua tang hinh tir trudng ciia mot vo tau
hinh ciu dai bang thuat toan SQP thong qua 4 kich ban khac nhau vé sb lugng cudn day khir tir
don tryc. Két qua cho thay, giai phap khir tir truong bang céc cudn day khir tir don truc hoan toan
¢6 kha nang khir c&c di thuong tir cia vo tau & phia dudi day tau, hiéu qua tang hinh tir treong cé
thé xudng dén dai picoTesla. Céach tiép can va két qua cua nghién ctru cho thay sy phd hop doi
vé6i cac nghién cau thiét ké ban dau vé khir tir cho tau néi chung, gop phan dua ra cac danh gia
nhanh vé khong gian nghiém kha thi va du doan gan dang cac kich ban tang hinh tir treong cho
cac md hinh vé tau twong duong. Huéng nghién cau tiép theo caa nhém tac gia la tinh toan mo
phong véi bai toan sir dung 3 hé cuon day khir tir, va co xét dén sy tuong tac tur truong gitra cac

cuon day va gitra cuon day véi v tau, cac két qua thu duoc ndy sé& tiém can gan hon nita véi bai
toan kht tir cho tau thuc té.
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ABSTRACT

Assessment research on optimizing the effectiveness of magnetic stealth
for prolate spheroidal hulls with uniaxial degaussing coils

When operating for a long time at sea, military ships face many dangers due to

variations in the magnetic fields around the ship, making the ship capable of being
"visible" by the enemy's magnetic anomaly detection devices, even detonating magnetic-
inductive mines and mines at the bottom of the sea. Therefore, the need to silencing
magnetic anomalies for military ships is the most important requirement. This research
presents a demagnetization solution using uniaxial demagnetizing coils to optimize
magnetic field degausing for a prolate spheroidal hull at positions below the hull bottom.
The authors used mathematical models of the hull and coils to establish the cost function
of the problem, concurrent used the SQP optimization algorithm to minimize this cost
function with the variable being the degausing current supplied to each coil. The research
obtained magnetic anomaly reduction levels for a prolate spheroidal hull, corresponding
to 4 scenarios for different number of coils, results contribute to narrowing the feasible
solution space and quickly approaching the optimal solutions of the problem with real
military ships.

Keywords: Magnetic Signature; Magnetic Anomaly; Degaussing Coil; Optimization Algorithm; Sgp Algorithm.
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