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\% ) MOT BAI TOAN XAC PINH DI VAT
vG1 MIEN DA LIEN TRONG TRONG LUC HQOC

Péng Dinh Ang", Pinh Ngoc Thanh va Chu Viin Tho?
OTrudng PH Khoa hoc Tu nhién — BPHQG-HCM, @ Trugng BH Y Duge Tp. HCM
(Bai nhdn ngay 28 thdng 10 ndm 2002)

TOM TfiT: Trong bai bdo nay ching 161 xét bai todn xdc dinh dang ciia mgt vt thé cé hinh
dang ld mét mién da lién bén trong trdi dat, cd i trong khdc vdi ti trong cia moi truong xung
quanh.

Vi mé hinh phdng ciia trdi ddt, bai todn qui vé viéc tim mét mién trong nita mdt phdng

z< H, H> 0, biéu thi bdi:

Q={{z) o srzo® , 0535l : o(Dsrsoix) , isx<3 }
trong dé o, digc cho trudc va o, , o, thda mdt phuong trinh tich phan phi tuyén .
Tinh duy nhdt nghiém dwgc chitng minh . Phuong trinh tich phdn phi tuyén dugc xdp xi bing

mot bai todn momen . Nghiém ciia bai todn momen dugc chinh héa bdng phwong phdp
Tikhonov.

I. Gidi thig¢u:
X4c dinh dang ciia mot vat thé€ bén trong trai dat, i trong ctia vat thé khac véi ti trong cla
moi trudng xung quanh , 12 bai todn ng dung cin ban clia vét 1y dia cu. C4c phudng phéip
clia trong luc hoc dudc ding d€ gidi quyét bai todn nay. C4c phudng phap nay bao gdm céc
do dac vé di thudng trong lyc dugc tao ra trén mat bdi sy khic nhau vé ti trong.
Cong thdc todn clia bai todn nay dudc tim ra bdi Tikhonov va Asenin (xem [6]). Bai todn
chitng minh nghiém duy nhat dudc cong bé trong [11, [2], [3], [4] va [5].
Trong bai bdo nay, ching t6i xét bai todn 2 chi€u va dung gradien trong luc (xem [7]) .
Coi tri dat dugc bifu thi bdi na mét phing (x; z) véi -0 <z < H, H> 0. Vat thé Q duge
bidu thi bdi:

Q= { {x.2) vo (<L (i) , 0L22]l ] g2 0,(X) , T3 }
trong d6 ¢,:[0,3] - IR; 0,:[0,1] = IR va 0,:[2,3] — IR 1a cdc ham ¢6 dao ham Lién
tuc ttng manh va thoa :

g, x)<a<Hd , DLX¥<£3

g {x)y<e {x}sa<H , DP<x<l
gl m )L d<H , 2<X<3 ( @ >0khong d6i) .
c,(0)<0,(0) ; o,(D=<0,(1)

0,(2)£0,(2) ; 0,3)<0,03)

.
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1L Pht bi€u bai toan:

Goi p, 1a ti trong cla Q, p, 1a ti trong clda mdi trudng chung quanh Q . Ti trong twdng déi
claQla p=p -p,

Cho p(x)= p(x,z)>0vdimoi(x;z)trong ().

Ky hiéu U = U(x, z) 12 th€ trong lyc dugc tao ra bdi Q.

Ta c6: U(x, 7) = — ij p@)nixc-&) +(z-¢) v
int
(1)
Di thudng trong lyc durdc tao ra bdi Q la:
24
L1 . _d @
g ey e :

Gradient trong 11;’0 dudc tao ra bdi Qla:

U _ 1 z—¢ dv =
! (g)ac(u B +(z- 4)*] !

o1 (&) (&)
- —H m (‘5’_( ) +( ¢y }'“'_” s (5)”( ) +< 7 }“

ik 2-0,6) e [0 z-0,() d}
nh" O - !p Oy

i o) R 2-04(¢) d}
ﬂhp O oy !’9 O e-o@y "

Suy ra gradient trong lyc duge tao ra bdi Q trén mét z=H la:

il 1 g m(cf) H-0,(&) 1
d
o Dp O g s oy Ip ) T -0 @y |

1 H -0,(¢) H-0,§) }
ﬂhp("g)(x-é)zw NG !‘o@ B -y

Goi fo(x) 14 gradient trong lyc dugc tao ra bdi Q trén midt z=H.
Ta ¢6 phudng trinh:

‘ H-0,¢)
ey

H-0,()
(x-&)* +(H -0, §))

dé +{ p(&) d¢ = f(x) (3)
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trong dé:
! H—-0c,(&) ¢ H-04(&)
f(x)= -mf(x)+ | p(§) - dé + | p(&) : ds
'[0 (x=&) +(H -0,(8)) '[2 (x-£&)° +(H -a,())’
Bai todn 12 xdc dinh (o, (X) ; 0, (x)) ti¥ phuong trinh (3) khi o, (x) va p(x) da biét.
II1. Pinh 1§ vé sy duy nhat nghiém:
Phudng trinh (3) nhan nhiéu 1dm 1a mét nghiém (o,(x) ;0, (X)) thda:

o,(x)<o(x)sa<H , 0<x<l
g (2o ny2a<H , 24x<3
)

0,(0)<0,(0) ; o,(D<0, )

Co (2)<0,(2) ; 0,(3)<0,03)
Chiing minh: '

Goi (0,(x) ;0,(X) va (o, (x);0,’(x)) 1a2 nghiém clia (3) .

Pt Fx, 2= [p@nlx- 27 He—¢) W= [ p(@)tle- &) 2 -0 v

o ggen 2e=g) © G 2(:-¢)
Ta c6: az(x’Z) Jp(é)(x—ﬁ)z Hz=L) dll_p(‘f)(x—‘f)z Hz-¢)? ’

= - p(é)%fn[(x— £ Hz-¢) P+ ip(&)%fn[(x £ Hz- ) Wy
= [ p@trlx -7 1z -0, @ b - [, p@rl(x - 2 -0, ()) it

0

+f p@rl(x -8 z -0, @ K + [ p@tlx- 87 +z -0, )7 g
O € M ot calL(3) M AP C 1 S, Gl 4 ()
ROl v sss A NGy v
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oF, 2z-0@) . 20 &)
ot ) j,,"@oc—r:)l -, @) " If’ e ey °

! 2-04E) e f 2:-0,6)
R e o K e ur e oy

2 ;
%f (X,z) 12 ham diéu hoa trén IR*\ (S U §"), trong d6 §=0Q\S§, va §'=0O\S, ,
s ‘
véi Se= {(x;2): z2=0,(x) ,0<x<1 V2<x<3}.
25 A 2
Ta cé: aaz{ (x,2) > Okhiz— o véaf(x,H)=0v6iinx.
2
Suy ra: Zf(x,z)zo VzzH, Vx = —?—(x,z): A(x) Vz>H, Vx.
z Z

aF N . <R N A 2 L] A 62
Do & (%, z) la ham di€u hoa trén IR“\ (S U §’) nén —;
4 ox

Vx .

[g) (X, 2= A4%(x) =0 Vez= H,
oz

Suy ra A (x) 12 ham tuyé€n tinh theo x . Do lim A(x) = lim ?3_F (x,2)=0nén A (x) =0 .
X—»c0 X—yc0 1z

Suy ra: % (x,2=0Vz>H, Vx . Dodé : Fx, )= y(x) Vz>H, Vx.

2 :

0 .
Do F(x, z) diéu hoa nén &-2— (x,2)=y "(x)=0 Vz > H. Suy ra y (x) tuyén tinh theo Xx.

y(x)  F(x,2)
(x> +zY)  In(x*+27)

Mait khéc : c6 gidi han hitu han khi x —> 0 nén y (x) phai

ham hiing .
oF N e 2 , . OF 5
Do E(x, z) 12 ham di€éu hoa trén IR\ (S w S’) nén khi E(x, 7) =0 %Yz &= H thi

é;—F(x,z) =0 trén thanh phédn lién thong khong bichan K cialR*\ (S U S’) .
A

Do %—F lién tuc trén IR* nén Z—F =0trén 0K. Suyra %(X, D=0 trén S S vi(bw S )
z z

c oK.

Goi ® 12 m6t thanh phan lién théng bi chin cla R*\(SuUS").Tacé do < (Su S) vado
dé

oF

= (x,7) =0 trén @ ©. Do nguyén 1y cuc dai cia ham di€u hda, ta suy ra %z}i(x, 7y==01trén
0.

Suy ra %(X, z)=0trén R? vido d6 F(x,z) = d(x)trén R* . Suyra: 8(x) = y(x) = hing
VR . _

Nht vay : F(x, z) = qu! p(E1, =1 )& O (x— &) Hz—¢)*Mdv = const trén R’
Suyra : AF =4mp(x)(1,-15)X,z) = 0 trén IR

Suyra: (I5-15)(x,2)=0 trén IR® . Nghiala : Q =Q' .V4y o0,=0,', 0,=0,".
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1V. X4p xi phuong trinh (3) bai todn momen :
Bai todn x4c dinh dang clia vét thé ¢é t trong khong thuin nhét 12 bai todn khong chinh.
V8iM>0kha 16nvan eIN;n > I, tacé khai trién sau:

pEOH-0,()  _ i 1) pE)H -0, )™

Mn+8)’ HH -0,(8)" i3 (M-4n+&)*
pPE)H - 0,(5)) :i (=1 pPOH o, EN*”
M +8) HH -0,(8)° i3 (Men+&)*

pE)H -0,(8)  _ pE)H -0,(5)
M+ HH ~0,(8)) Mn+&)

pPENH -0,(8)  _ pEYH -0,(5))
MAn+8)* (H -0,(&)"  Mm+&)
Phudng trinh (3) dudc x4p xi bing phuong trinh sau :

Xap xi:

L p&)H -0,(8) P P el T i
[, e dé + jz o — dé = f(-M-n) = pa (0 € N)
4)
V. Chiing minh phuong trinh (4) ¢6 nghiém duy nhét:
Binh Iy 2:

Phuong trinh (4) nhén nhiéu [dm 13 mét nghiém (0,(x) ;0,(x)) thod
o,(x) <o (x)<a<H , 0<x<l
gi(x}co, ) =ag<ll , 2<x<3

1 0,(0)<0,(0) ; o,(N<o,(1)
0,(2)<0,(2) 5 0,3)<0,0)
Chitng minh:
p)H -0,(5)) (Osg=<])
bat = P(&) = pE)H -0,(&) (2<5<3)
|0 (¢ e(2)uB,°)
: ’ao(x)<al(x)5a<H , O0<x«l
o,(x)<o,(x)Sa<H , 2<x<3
trong 46 : 3

0,(0)<0,0) ; o, (D<o, () -

100 (2)2£0,(2) ; e, 3)=0; (3)

Phuong trinh (4) trd thanh phudng trinh moment tuyén tinh sau :
(n € N) (5)

Ls)

P(&) M i =
J Ornr gy 2o =M= =t
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Chi cin chitng minh ring:  néu J L)zcﬁ =0,Vne N thi =0 trén [0, ).
A (M4n+¢&)

Ta c6: jn %—%?d(; [ e [jo t_e-%(g)dg} dt= y(x)

0
Chu thich: j e(] t.e-tﬁcp(g)ch dt = y(x) 1A bi€n déi Laplace ciia v (t) = j te CQ(E)dC .
0 Q0 0
Dofy(M-kn):O, VneN nén w=0. Suyra: ¢=0.

V1. Chinh héa nghiém ctia phuong trinh (4) :
pC)H -0,(5)) (0=g<])

bat: 0(&) =1 pE)H -0,(§)) (2<£<3)
0 (£e(12)

Phutong trinh (4) trd thanh phuong tinh :

T 0®

ey SN TI (neN)

o M+n+§)
(6)

g : 11 = T a. L N2 8 ] ' . Kﬂ & L)
bat Kan(E) Mrntb) Ee [0,3]. Tacé eL?(0,3)
K,(©) oy 7
06O ae|  =|[ooK.@d|  =((0.K0),,, )
[I 21K s neN I" neN ( )L ©2/neN
. K. ()
M- E.(E)= e
" :(ﬁTJ {E’“lf“Tm v6i 2K, I
P /nen T /nen va[|Ka fl=27
Phudng trinh (6) dugc viét lai dudi dang phuong trinh:
Af=p (7
trongdé: A latodn ¥ tuyén tinh lién tucti L%0, 3) vao I*.
( P : khéng gian cac day s6 thyc (a,), o S20 cho (@) <o)
Gid st :
];z —~ | %8 (, la gid trichinh xdc ; p la gid tri do dudc)

Xét phuong trinh : g6, + A¥AG . =A* pn
(3)
T (8) , véi B > 0, ta ¢c6 phudng trinh : €0, + 6. = 16, - A*AG, + A*p
©) '

(1 12 4nhxa ddngnhdt tt L?(0,3)— L*(0,3) )
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1 1
s+ﬁw] _A*A)9‘+g+ﬁ

T (9) suy ra phudng trinh : g, =

&

A* u

(10)

BI-A*A
e+ P

Ia dnhxaco tr L*0,3) vao L*0,3) .

Chon B >0 saocho : \

1 1
<1 thi: f(&)=——(BIl-A*A) @ + —A*
(&) S+ﬂ(B ) ot P 1

Khi d6 phuong trinh (10) c6 nghiém duy nhdt 6, = }Cim ¥ veéel? (0,3 ,
trong 46 £41(9) = * (£(9)) . |

ON THE PROBLEM OF DETERMINATION OF MASS
INHOMOGENEITY WITH MULTI - CONNECTED DOMAIN IN
GRAVIMETRY

Dang Dinh Ang, Dinh Ngoc Thanh & Chu Van Tho

ABSTRACT: In this paper, we consider the problem of determining the shape of an object
in the interior of the Earth, the density of which differs from that of the surrounding medium
.Consider the flat earth model, the problem is that of finding a domain in the half plane z <
H, H'> 0, represented by :

Q={(x,2):0,(x)sz<0,(x) , 05x<]; o, (x)$z50,(x) , 2<x<3 }
Where o, is given and o, ,o, satisfies a non linear integrl equation of the first kind .

Unigeness is proved . the non linear integral is approximated by a linear moment equation .
Solution of the linear moment equation is rgularized by Tikhonov method .
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