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KHAO SAT CHUYEN PONG CUA MOT VAT

TRONG TRUONG HAP DAN CAI TIEN
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Trueong Dai hoc Thu Dau Mgt

TOM TAT

Trong bai b&o céo nay, fruéc hét chung toi trinh bay so lwoc vé mé hinh hdp ddn vécto
va biéu thirc luc hdp dan cdi tién trong mé hinh nay. Ké dén, ching tdi khdo sat chuyén
déng ciia mgt vat thé trong trirong hdp dan cdi tién nay (triong hdp ddan cua Thién Ha Cua
Chuing Ta). Két qua khdo sat sé cho thdy: trong viing hdp dan Newton chuyén déng cia vdt
thé giong nhu trong trirong hap dan Newton cé dién, chuyén déng cua vat thé ¢ nhiéu biéu
hién khéc biét trong cac ving vat chat toi, ndang lhirong toi va ving hit xa. Trong ving vat
chdt téi chuyén dong cua vdt thé da cé biéu hién khac véi viing Newton va co lién hé véi
cdce dwong cong quay phang cua cac Thién Ha; trong ving nang lwong téi thi chi can vdn
téc bang O thi vdr da thodt khéi sirc hit cia Thién Ha, c6 mét lién hé thdy diroc tir diéu nay
VGi kich thwéc phé bién ciia cdc thién ha trong vii tru; chuyén déng cua vdt trong ving hit
xa c6 nhing nét kha la va chira dwroc hiéu thau dao.

Tir khoa: chuyén dong, trweong hdp dan, cdi tién

1. So lrgc vé M6 hinh hap dan vécte Einstein cai tién (1), md hinh nay tim lai

Trong md hinh vécto cho truang hap duoc tat ca cac ket qua kinh dién cua Thuyét
dan [1], truong hap din duoc xem la mot tuong ddi tong quat cua Einstein, cho mot ly
truong Vécto nhu trudng dién tir, truong giai khac vé sy gidn no tang toc cua vil try,
tuong tic yéu, truong twong tac manh,  tinh ding mat do nang lugng vii tru [2]...
ngudn cia nd 1a khéi luong hép din ciavat ~ Bai bao nay khao sat chuyén dong cua mot
chat. Cling véi tenxo niang xung lwong cua vat trong truong lyc hé,p dérl cal t'_én; i
VAt chat, truong vécto ndy dong gop dé lam 2. So' lwgc vé luc hap dan cai tién cia
cong khong thoi gian theo phuong trinh MO hinh hap dan vécto

Einstein cai tién sau : Tt M0 hinh hép dan vécto, ta tim dugc
1 872G biéu thirc caa luc hap dan cai tien do 1 vat
RW—EgWR—g,,VA=——C4 T + 0Ty (1) c6 khoi luong M tac dung 1én mot vat co

O day T,, . la tenxo nang — xung khoi lugng m nhu sau: Fy = Fy + Fy

GMmb

lugng cua vat chét, Tg. uv1a tenxo nang — Véi: Fy = — sinbr goi 1a luc
xung luogng caa truong hap dan, voi @ 1a o CMm

hing s6 méi trong md hinh nay, R, la  hapdanvacuum; Fy = —— 7 cosbr goi
te_nxor d6 cong Riemann cua khéngA thoi la Tuc hép dan Newton

gian, R 1a do cong v6 hudng cua khong - Véi luc hip din nay ving khong gian
thoi gian, g, tenxo métric cua khong —thoéi  quanh mdi thién ha M chia thanh 4 ving tir
gian, A 1a hang sb vii try.V6i phuong trinh  tdm ra nhu sau:

69



Journal of Thu Dau Mot University, N°6 (25) — 2015

Vung Newton: Khi br << 1, ta co:

sinbr 7 0, cosbr &~ 1 vi vay Fy << Fy. Ta
thay rang: _ __ GMm
WIS Fy = Fy = ——5

Ta trd vé trudng hop Newton cd dién.
Vung vat chat t6i: Khi br
A g + £ voi £ << 1taco: sinbr & 1

cosbr 7 0 vi vay Fy >» Fy . Do dé:
GMmb
F, = Fy = — -

Ving nang luong tbi: Khi
lcosbr| = br sinbr hay br > m, Fy thay

ddi diu, trd thanh luc déy. Ta co
|Fy| = Fy hay ca Fy va Fy déu tro thanh

nhiing lyc day.

Vung hut xa: Khi br 16n hon nira,
Fv va Fy thay d6i diu mot 1an nita va tro
thanh cac luc hut, ta goi ving nay la vung
hat xa

THIEN HA
VUNG NEWTON

Tl

VUNG VAT
CHAT TOL

VUNG NANG
LUGQNG TOT

VUNG HUT XA

N

Hinh 1: Minh hoa cdc vung khéng gian
quanh méi Thién Ha
Phuong trinh chuyén dong cua vat m
trong truong hap dan Newton cai tién xét
trong hé toa d§ cuc lé'
GMb inbr —

"o

cashr -I-

(3)

O day: M 1a khéi luong cua Thién ha
cua chung ta, h la mémen dong luong quy
dao trén mot don vi khéi luong cua vt the,
b 1a mot hang s6 méi trong mo hinh, tinh
cho cac thién ha b~ 3.10%' m™*
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3. Khio sat s6 chuyén dong ciia mot
vat trong trwomg hip din cai tién
b%ng Maple

3.1. Trong vung Newton

3.1.1. Vdt c6 vdn téc ném nhé hon van
toc vii tru pcfp 1 cua :I'hién ha.

V@n toc vii tru cap 1 cua thién ha duoc
tinh bang cong thuc:

v,':\ja 167709 mis

O day, M 1a khdi lugng cua Thién Ha cta
chiing ta, h 1a mémen dong luong quy dao
trén mot don vi khéi luong cua vat thé, b 1a
mot hang s6 mai trong mé hinh, tinh cho cac
thién ha b~ 3.10% m*

5. w1030

4. = 1070

¥ o3 1020

2. = 1070

1. =102 4

1. % 10% 1.5 =10 2 =10

£

Hinh 2: Vit thé b roi trc lgi thién ha khi van
toc n6 nho hon van toc vii tru cap 1 cua Thién

Ha

i} 3 % 10%8

3.1.2. V4t c6 vdn téc ném v, <vg < vy,

5. = 10%% o

4. = 102% 4

F 3= 1020

2. = 10%% 4

1. = 1020

310 5 10l 7o.10ls

b

0 1 %1006




5. =10
4. % 10
F 310
2. %10
1. 103
I T T T T T !
o 1. 10 2 = 1017 3. =107 4 107 5 = 1037 6. = 1017
Ea
Phi=Pif12

Hinh 3: Vt thé thoat khdi thién ha vdi vdn toc
co' van toc vii tru cap 1
3.1.3. Vat co van toc ném Vi < vo< Vi

1.2 1032 o
9. 103t 4
. = 1031
7. 1031 4
&. = 1031 -
5. = 1031 4
4. 1031 4
3. 2 1031 o
2. 1031 4
1

= 1021 4

3.3 1018 5. 1018 7. 1018

Hinh 4: Vit thé ciing thoat khoi surc hut cua
Thién Ha
3.2. Trong viing vit chit téi
Chuyén dong cta vat thé trong ving
nay bat dau c6 nhimng nét khac biét khi van
tbc ban dau cua vat khac khong. Ta thdy
dugc tir cac d thi hinh 5,6 va 7.
3.2.1. Vit ¢6 vdn toc bang 0

a 1. 1018

r(m)

5. % 1020 4
4.5 x 1020
4.% 1020 4
3.5 = 10%0 4
3. 102

0 1.x10% | 3.x10%  5x10% = 7.x10%
Phi=P1/12 t(S]
CONGTHUC 1000

Hinh 5: Vat thé con chiu chi phoi
cua thién ha
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3.2.2. Vit ¢é vin téc nhé hon vii tru
cap 1

r (m)

1.> 102! 4

9. x 1027 4
» & x10%0
7. % 1030 4

6. % 10%° 4

1.5 1048 2. 10 3.3 101

£
Phi=Pif12

(s)

r (m)
1.%10% 4
9. % 10%1 4
g. % 10% 4
7. Xlﬂn‘
6. xlu?].

¥
5 Xlﬂzl'
4 % 10% 4
3% 107 4
2.x 10214

1. 107 4

5.x10%  7.x10% 9 x10M

' (s)

01.x10% 3 x10%

Hinh 6. Chuyén dgng cuia vat thé khi van toc
khé}c khéng Qé biéu hién khac biét, vat thée
chuyén dong gan nhu tron sau do thodt ra khoi
sizc hit Thién Ha

3.2.3. Vit ¢6 vdn téc vii tru cd'p 17

r (m)

1.6 %1022
1.4 = 1022 4
1.2 > 1072 4
1.% 1032
2. = 1031 4
6. > 1021 o
4. 1031 4

2. = 1021 4

0 1. =103 3.%<10% | 3 <1018 7. = 1018

t(s)

Hinh 7. Vdt thé nhanh chéng thoat khai sizc hit
cua Thién ha.
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3.3. Trong ving nang lugng 10i

Trong vung nay cac lyuc d6i dau tro
thanh lyc day hdp din nén vat thé bi day
nhanh chong khoi Thién ha tir khi véan tbc
n6 1a z&rd nhu do thi hinh 8.

r(m)

1.2 x 1077

1. %1032 4

2. x 1031 4

6. = 103 4

4, = 1031 4

2. = 103! 4

t(s)

7. % 101

3.% 10 5. %10
Phi=Pi12 |

CONGTHUC 000

1.x10%¢

[

Hinh 8: Vit thé thoat khdi thién ha ngay tir van
toc zero

3.4. Trong vung hat xa

Trong ving nay biéu thirc lyc hap dan
lai d6i dau thanh lyc hat nhung khoang
cach thi rat xa tAm thién ha. C6 nhimng biéu
hién khac biét so voi chuyén dong cua vat
trong viing Newton nhu: ton tai mot van tdc
gidi han nhé hon van tde vii tru cép 1 cua
thién ha ma vat thé con bi giit lai quanh
thién ha, 1én hon van toc nay, vat thé sém
hay mudn ciing thoat khoi Thién ha, cach
chuyen dong cua vat quanh Thién ha co
nhiéu net rat la so voi binh thuong, nhiéu
diém can nghién ctru sau thém méi hiéu
dugce. Chuyén dong trong ving nay minh
hoa qua cac dd thi hinh 9, 10 va 11.

3.4.1. Vit ¢6 vdn toc nhé hon vin toc
gioi han :v =90768.706 m/s

T R

r(m)

2.5 =102 o

1.5 x 103 4

3. % 101

t(s)

2.x10'*
t

—— Phe=PV12

1.x 10

Hinh 9: Vit thé chuyén déng theo quy dao elip
va bi gidi han
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3.4.2. Vit ¢é van téc Ién hon van téc
i1 han: v=90768.706 m/s

x 1094 /

r(m)

1.x10% /
WY‘NVYVWVY‘NYWYV\WWWVWVYV"VWN'VJ
0 1.x10% 2. x10™ 3100

te)

Hinh 10. Vét thé thoat khai ’thién ha khi c6 vdn
toc 1on hon van toc téi han

4. % 10%1 4 r(m)
3.5 x 10214
3. % 1021 4
2.5 x 1021 4
2. % 1021 4
t(s)
1.5 x 1071
0 1.x107 2 xlu" 3.x107 4 x10Y
—— Phi=Pi/12

Hinh 11: Vat c6 chuyén déng kha lg roi méi
thoat khai Thién Ha

3.4.3. Vit ¢é vn toc bc%ng Vil tru ccfp 1.

14=1022] r(m)
1.2 > 10%% +
1. > 1013_
8 = 1022 4
6. % 1032 4

4. < 1022 o

Z. > 1022

t(s)

01.%10%Y 3 x<10¥ 5 =<10Y% 7. .x<10% 9 =107
£

Phi=Pi12

Hinh 12. Vit nhanh chong thoat khoi Thién ha
VOi vdn toc vil tru cdp 1.
4. Ban luan két qua thu dwoc
V6i cau Iénh tuong doi don gidn cua
Maple 17, ching t61 cling thu dugc cac



thong tin co ban vé chuyén dong cua mot
vat thé trong truong thé hap dan cai tién.
Véi nhiing khoang cach tur tam thién ha
nho trong ving Newton, chuyén dong cua
vat thé gidng nhu trong thé Newton cb
dién, khi khoang cach ting dan, qua cic
vung vat chét tdi, nang luong tdi va hat xa,
chuyén dong cua vat khac biét voi chuyén
dong trong ving Newton va c6 nhiéu nét
rat la can duoc nghién ctru thém nira. Cac
biéu hién khac biét nay trong ving vit
chat toi gan giéng vai thuc té chuyén dong
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ctia cac sao quanh cic Thién ha biéu hién
& dudng cong quay phing cia cac thién
ha. Chuyén dong cta vat trong ving ning
luong t6i c6 mot lien hé vai kich thudce
phd bién ciia hau hét cac thién ha trong vii
tru cua ching ta c¢& 100 ngan nam anh
sang. Cach chuyén dong trong ving hut xa
chua tim duoc dit liéu quan sat dé minh
hoa. Do han ché vé thoi gian va diéu kién
nghién ctru, cac nét khac biét nay s€ dugc
tim hiéu k¥ hon trong mot bai bao khac
sau nay.

MOVEMENT SURVEY OF AN OBJECT IN IMPROVED GRAVITY FIELD
Vo Van On, Pham THi Thu Ha, Nguyen Thi Kim Tuyen
Thu Dau Mot University

ABSTRACT

In this paper, firstly we present briefly to the Vector model of gravitational field and
the modified expression of gravitational force. Then we study the motion of an object in the
modified field (the modified gravitational field of Milky Way). Results of numerical study
indicated that: in Newtonian region, the motion of the object is the same with classical
motion. In dark matter region, the motion of the object is different to classical motion. In
dark energy region, the object escapes the attract of galaxy even from zero velocity. The
motion of the object is strange in distance- attracted region.
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