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Noi dung mon hoc
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co ban cla phuong trinh toan ly.

@ Moén hoc gitip sinh vién hiéu duoc vai trd va
ing dung cla phuong trinh toan Iy trong céc
nganh khoa hoc ciing nhu trong cudc sbng.

@ K&t thic mdn hoc sinh vién biét tng dung cic
md hinh phuong trinh todn Iy don gidn cho céc
bai todn trong chuyén nganh.
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Gidi thiéu mén hoc N&i dung mén hoc

N&i dung bao gobm céc chuong sau:
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Gidi thiéu mén hoc N&i dung mén hoc

N&i dung bao gobm céc chuong sau:

@ Phan loai phuong trinh tuyén tinh cip hai
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Gidi thiéu mén hoc N&i dung mén hoc

N6i dung bao gdm céc chuong sau:
@ Phan loai phuong trinh tuyén tinh cip hai
@ Bai toan Cauchy va phuong trinh séng
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Gidi thiéu mén hoc N&i dung mén hoc

N6i dung bao gdm céc chuong sau:
Phan loai phuong trinh tuyén tinh cip hai
Bai todn Cauchy va phuong trinh séng

o
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@ Phuong phéap tach bién
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N&i dung bao gobm céc chuong sau:
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Gidi thiéu mén hoc N&i dung mén hoc

=

6i dung bao gdm céc chuong sau:
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Phuong phép tach bién

Bai todn bién va Gng dung
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Ham Green va bai todn bién
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Gidi thiéu mén hoc Nhiém vu cla sinh vién

Nhiém vu cla sinh vién
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Gidi thiéu mén hoc Nhiém vu cla sinh vién

Nhi€m vu cla sinh vién

o Di hoc day di (néu ving qua phan nia sb budi
hoc trong hoc ky, gido vién cé quyén dé nghi
cim thi).
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Gidi thiéu mén hoc Nhiém vu cla sinh vién

Nhi€m vu cla sinh vién

o Di hoc day di (néu ving qua phan nia sb budi
hoc trong hoc ky, gido vién cé quyén dé nghi

cam thi).
o Tham du gio giang trén I6p va lam tat cad cac
bai tap.
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o Di hoc day di (néu ving qua phan nia sb budi
hoc trong hoc ky, gido vién cé quyén dé nghi
cim thi).

o Tham du gid giang trén 16p va lam tit ca cac
bai tap.

o Doc bai méi truéce khi dén 16p.
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Nhi€m vu cla sinh vién

o Di hoc day di (néu ving qua phan nia sb budi
hoc trong hoc ky, gido vién cé quyén dé nghi
cim thi).

o Tham du gid giang trén 16p va lam tit ca cac
bai tap.

o Doc bai méi truéce khi dén 16p.

o Nghién cu phan mém tinh todn MatLab dé
tinh todn mo6 phong.
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Phuong phap danh gia

@ Thi gilia ky tu luan - 40%.
@ Thi viét tu luan cudi ky (90 phuat) - 60%
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Gidi thiéu mén hoc Tai liéu tham khao

TAI LIEU THAM KHAO
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TAI LIEU THAM KHAO

B Phan Huy Thién. Phuong trinh todn ly. NXB
GIAO DUC VIET NAM (2010)
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B Phan Huy Thién. Phuong trinh todn ly. NXB
GIAO DUC VIET NAM (2010)

2 Nguyén Van Hung, Lé Van Truc. Phuong
phap todn cho vat ly, tap 1. NXB DHQG HA
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TAI LIEU THAM KHAO

& Tyn Myint-U, Lokenath Debnath. Linear
Partial Differential Equations for Scientists and
Engineers. Birkhauser, Boston, Basel, Berlin

(2007).
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Nhiing kién thic co ban  [ESITRTEGIR)

Dinh nghia
Phuong trinh dao ham riéng la phuong trinh ¢6
dang

F(X, ¥yt Uy, Uy ooy Uy Uy, .. .) =0, (1)
F—13 ham nhiéu bién vdi bién sé I3

X, ¥, o5 Uiy, Uy = Uy Usyy <
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Nhiing kién thic co ban Dinh nghia

Ta phai tim ham sb u(x, y,...) sao cho phuong
trinh (1) |3 déng nhit thic theo nhitng bién nay,
khi ta thay u(x,y,...) va nhitng dao ham riéng
ctia né vao phuong trinh trén

ou ou
UX — 57 Uy — a_y, onds o
0%u 0%u
P = ox2 Mo =T OxOy’

Lac nay ham s6 u(x, y,...) duoc goi 13 nghiém
wha phuong trinhsdashdmiéng (1).
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Nhiing kién thic co ban Dinh nghia

Ching ta khong chi tim nghiém riéng [é ma con
nghién ctu moi tdp hop nghiém, va trong trucng
hop riéng chon ra nhiing nghiém riéng véi nhiing
didu kién bé sung vao phuong trinh (1).

Phuong trinh dao ham riéng (1) s& trd thanh
phuong trinh vi phan théng thudng, néu chi cé 1
bién sb.
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Nhiing kién thic co ban Dinh nghia

Ching ta khong chi tim nghiém riéng [é ma con
nghién ctu moi tdp hop nghiém, va trong trucng
hop riéng chon ra nhiing nghiém riéng véi nhiing
diéu kién b6 sung vao phuong trinh (1).

Phuong trinh dao ham riéng (1) s& trd thanh
phuong trinh vi phan théng thudng, néu chi cé 1
bién s6.

Cip cla dao ham cao nhit trong phuong trinh vi
ohan, duoc goi 13 cp cla phuong trinh vi phan
nay.
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Nhiing kién thic co ban  [RAYAREHT

8 a Ve
Vi du 1. 3x2- + xy222 — 0— PTDHR c4p 1.
dy Ox
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Nhiing kién thic co ban  [RAYAREHT

Vi du 1. 3x2% 4+ 322% — 0— PTDHR chp 1.
dy Ox

ou Ju
Vi du 2. (8x> +3smxa—y+u—1—0—

PTDHR cép 1.
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Vi du 1. 3% 1 32 g” — 0— PTDHR cép 1.

(9y X
0 Oou

Vi du 2. - +3smx—+u—1—0—
Ox Oy

PTDHR cép 1.

Ou 82u
Vidu 3. — = a—— PTDHR 2.
I du ot = 2° 2 cap
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Vi du 1. 3% 1 32 g” — 0— PTDHR cép 1.

dy X

0 Oou
Vi du 2. (81) +3smxa—y+u—1—0—
PTDHR cép 1.

2
Vi du 3. % =a g—— PTDHR cép 2.
0%u 82 6’2 )
Vi du 4. = 0— PTDHR cap 2.
I du 2 (9y 822 cap
ng.com https://fb.com/tailieudientucntt

TS. L& Xudn Dai (BK TPHCM) PHUGNG TRINH TOAN LY TP. HCM — 2015. 11 /35


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Vi du 1. 3% 1 32 g” — 0— PTDHR cép 1.

dy X

0 Oou
Vi du 2. (81) +3smxa—y+u—1—0—
PTDHR cép 1.

2
Vi du 3. % =a g—— PTDHR cép 2.
0%u 82 6’2 )
Vi du 4. = 0— PTDHR cap 2.
I du 2 (9y 822 cap
ng.com https://fb.com/tailieudientucntt

TS. L& Xudn Dai (BK TPHCM) PHUGNG TRINH TOAN LY TP. HCM — 2015. 11 /35


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Nhiing kién thic co ban Phuong trinh tuyén tinh

Dinh nghta

Phuong trinh vi phan duoc goi 13 tuyén tinh, néu
ham sé F tuyén tinh theo bién

U, Uy, Uy, . .., Uxy, Uxy, ... Va nhiing hé sb chi phu
thudc vao bién sé x,y, . ...

Phan 16n ta s& nghién ctu nhiing phuong trinh
tuyén tinh: nhiing phuong trinh ¢é dang téng quét
hon thudng s& duoc bién d6i vé nhiing phuong
trinh tuyén tinh.
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Vi du 1. Phuong trinh tuyén tinh cdp 1 hai bién

a2 g
X dy

0
trong dé A, B, C, f 13 ham hai bién phu thudc vao
X, Y.
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Vi du 1. Phuong trinh tuyén tinh cdp 1 hai bién
Oou Oou

A B Cu="f
8x+ 6’y+ u )

trong dé A, B, C, f 13 ham hai bién phu thudc vao

X, Y.

Vi du 2. Phuong trinh tuyén tinh cip 2 hai bién
0%u 0%u 0%u Ou

ou
A— 2B +C D E =
Ox? 8x8y 6y2+ 8x+ 3y+ =8

trong d6 A, B, C, D, E, F, g 13 ham hai bién phu

ng.&)h u 6(: Vé O X, y - hitps://fb.com/tailieudientucntt
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NSRRI ELIM  Phan loai phucng trinh tuyén tinh cip 2

PTVPDHR tuyén tinh cip 2 duoc goi I3
o Eliptic néu B> — AC < 0
o Parabolic néu B2 — AC =0
o Hyperbolic néu B> — AC > 0

o thuan nhat néu g = 0, khéng thuan nhit néu

g #0.
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Nhiing kién thic co ban

82u 0%u

© Phuong trinh Laplace =013
- g Ox? (9y
phuong trinh eliptic.
\ ou 0%u
@ Phuong trinh truyén nhiét — = a2— 13
5 Y C Ot Ox?
phuong trinh parabolic.
0%u (92
© Phuong trinh sén = a°—— |3 phuon
g g 572 = @ 5z |4 phuong
trinh hyperbolic.
Pu  u
@ Phuong trinh Tricomi y + =0l PT
Ox2  Oy?
ng.com e|lpt|C 6 -y >httrQ//fbcom/tallleudlentucntyperb()lIC O y < 0
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Nhiing kién thic co ban [EEEIRET

Tim cdc mién trong dé cac phuong trinh sau day

la hyperbolic, parabolic, elliptic
0%u 0?u 0%u

o 2 g3 =0

Ox? i Ox0y  Oy?

0%u 0%u 0%u

e — — 2x +y—=u+1
Ox? Ox0y  ~ Oy?
ng.com https://fb.com/tailieudientucntt
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IDE: oD G
Cho phuong trinh tuyén tinh cap 2 hai bién
0%u 0%u 0%u ou

u
A%M op pU g% Fy
o2 " axaﬁca xR, YT E

trong d6 A, B, C, D, E, F, g 13 ham hai bién phu

thubc vao x, y.
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Dua PTDHR cip 2 vé dang chinh tic 5t vin dé

Cho phuong trinh tuyén tinh cp 2 hai bién

0%u 0%u 0%u Ou _Ou
Aot 2:&3&)(8)/+C(9 s+ D +E8y+Fu — g,
trong d6 A, B, C, D, E, F, g 13 ham hai bién phu
thubc vao x, y.
Bai toan. Bing cich déi bién
£ = o(x,y),n = P(x, y) va gid st ton tai phép
bién doi nguoc, ta sé nhan ducc phuong trinh méi

c6 dang don gidn nhat tuong duong véi phuong
trinh ban dau. VVan dé chon bién mdi nhu thé nao?
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Dua PTDHR cip 2 vé dang chinh tic 5t van dé

Uy = Uy + Uyn)x, Uy, = Uy, + upn),.
Usx = U§§(£X)2 + zufnfxnx + U7717(77X)2 + Uﬁfxx =+ UpMxx

Uee&x&y + Uey(Exny +EyMx) + UpyMxny + Ul + Uy

Uyy = “Sé(fy)2+2“€n§y77y+Unq(ny)2+“n§yy+”n'77yy
Thay vao phuong trinh ban dau ta duoc

aiilge + 2a12U§q7 + ax Uy, + G = 0, trong dé
ain = A(6x)? +2B&&, + C(&)°

a1p = A + B(&my, + &ynx) + CEymy,

az = A(1x)* + 2Bn.my, + C(n,)?.

ng.com https://fb.com/tailieudientucntt
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(Pl lith GEE Wi
Dinh nghia
Duong p(x,y) = C = const duoc goi la duong
cong tich phan dic trung, néu né 13 nghiém cda
phuong trinh

Ao\ O Op 8o\’
Al =L 2B~ =X 1 =o.
(6‘x> 258, T e, ) O

ng.com https://fb.com/tailieudientucntt
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c Phuong trinh dic trung

Dinh nghia
Duong p(x,y) = C = const duoc goi la duong
cong tich phan dic trung, néu né 13 nghiém cda

phuong trinh

dp O &p O
Al =) +2B— = 0.
(8x> Ox (9y ¢ <8y |

Vi p(x,y) = C nén

Oy Oy
“d dy =
I X+8yy 0.
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Dua PTDHR cip 2 vé dang chinh tic Phuong trinh dic trung

Phuong trinh dac trung

A(dy)? — 2B.dxdy + C(dx)* =0

@ Néu B?> — AC > 0 thi PTDHR 6 2 ho dic
trung Ady — (B + v/B? — AC)dx =0 va
Ady + (B +vB?>— AC)dx =0

@ Néu B> — AC = 0 thi PTDHR c6 1 ho dic
trung Ady — Bdx =0

@ Néu B2 — AC < 0 thi PTDHR ¢6 2 ho dic
trung Ady — (B + i/|B2 — AC|)dx = 0 va

ng.com Ady + (B _htt{;s\iélcﬁ/é\in@ie’rﬂugt )dx =0
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(Plinetig il e (bl
D&i véi phuong trinh Hyperbolic thi B2 — AC > 0
nén ta c6 2 duong cong tich phan &(x, y) va
n(x, y) do d6 a;1 = 0 va axp = 0. Lic nay phuong
trinh thu duoc cé dang ug, = ®(&, 1, ue, uy). Day
3 dang chinh tic thi nhit cla phuong trinh loai
Hyperbolic.
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D&i véi phuong trinh Hyperbolic thi B2 — AC > 0
nén ta c6 2 duong cong tich phan &(x, y) va

n(x, y) do d6 a;1 = 0 va axp = 0. Lic nay phuong
trinh thu duoc cé dang ug, = ®(&, 1, ue, uy). Day
3 dang chinh tic thi nhat cta phuong trinh loai

Hyperbolic. Néu d6i bién thém 1 13n nia
_&+n . &—n
a=>— 0=
2
1 1 o
u, = E(u& — ug), Ugy = Z(uw — ugg). Vay
Uno — Ugg = 4P1. Day la dang chinh tic thit hai
wGHa phuong trinheai.byperbeolic.
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DNEN A R PRV PR I IRE-{ Phuong trinh loai Parabolic

D&i véi phuong trinh Parabolic thi B> — AC = 0
nén ta ¢6 1 dudng cong tich phan &(x,y) do dé
il = A(fx)2 + 2B &y + C(gy)2 =

(VAL 4V CE))? = 0. Tir dé suy ra

a2 = Al + B(&xmy + &) + CEyny =
(VAL + VCE) (VAN +V/Cny) = 0. Lic nay
phuong trinh thu duoc c6 dang

Upy = P(&, m, ug, uy). Day la dang chinh tac cda
phuong trinh loai Parabolic.

ng.com https://fb.com/tailieudientucntt
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[DIEN A O AP RV R T IRt Phuong trinh loai Elliptic
D&i véi phuong trinh Elliptic thi B> — AC < 0 nén
ta ¢6 2 duong cong tich phan phic

§(x,y) = w(x,y) van(x,y) = o(x,y) do dé
ai1 = 0 va ayp = 0. Lidc nay phuong trinh thu

duoc cé dang ug, = ®(&,n, ue, uy) gidbng nhu
phuong trinh loai Hyperbolic.
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D&i véi phuong trinh Elliptic thi B2 — AC < 0 nén
ta ¢6 2 duong cong tich phan phic

f(X,y) - gO(X,y) va 77(X>Y) = QO(XJ/) do dé

ai1 = 0 va ayp = 0. Lidc nay phuong trinh thu
duoc cé dang ug, = ®(&,n, ue, uy) gidbng nhu
phuong trinh loai Hyperbolic. Dé khéng gip bién

2 L% A +
phic, ta doi bién thém 1 lan nlla o = an,
- 1

Ui A
B = TR duoc ug, = Z(uaa + ugp). Vay

Upo + ugg = 4®7. Day [a dang chinh tic cla
ng.({arh uon g t r\| n h |O@|Lsﬁdl&@£ii@udientucntt
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Dua PTDHR chp 2 vé dang chinh tic [IAVAReD]

Vidu 1.
Dua phuong trinh sau vé dang chinh tic

2 2
XUy — yu,, =0
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Dua PTDHR cip 2 vé dang chinh tic

Vidu 1.
Dua phuong trinh sau vé dang chinh tic

2 2
XUy — yu,, =0

A=x>B=0,C=—y% B>— AC = x?y* > 0.
Day 3 phuong trinh thuéc dang Hyperbolic.
Phuong trinh d3c trung x?(dy)? — y?(dx)?> = 0 =

xdy +ydx =0 X))//=C1
xdy — ydx =0 ;=C2
ng.com https://fb.com/tailieudientucntt
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Dua PTDHR cip 2 vé dang chinh tic

Thuc hién phép déi bién & = Xy,n = Y Khi dé ta
X

, y
co Uy = ug€y + UpTlx = Ucy — “77;7

1
Uy = Uely =+ tyl)y = UeX + U
Uxx = (UX); =
O%u 0%u y?>  O%u y? ou y

TUp o dU Yy TUY LY
TR T P I R R R
() _@ 2+262u +82ul
I A T T A el
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Dua PTDHR cip 2 vé dang chinh tic

Thay cac gid tri dao ham riéng vao phuong trinh

ban d§2u, ta duoc , , >

X2 (ﬂyz_Q a .y__|_@.y__|_ Ou y) —
0&? 00N x?  On? x*  On x3

2 (Tuo 0w (Ul
Y \oe2® " “ocon "o x2) ~

0? 0 0? 10
—4 uy2+2—u.X:0<=> a ———UZO-
0E0n on x 0&0n  2£0n
ng.com https://fb.com/tailieudientucntt
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Dua PTDHR chp 2 vé dang chinh tic [IAVAReD]

Vi du 2.

Dua phuong trinh sau vé dang chinh tic
0%u 82u (92
—sin’ x — 2y sin x ——O.

Ox2 0x0 y Y 5y y
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Dua PTDHR cip 2 vé dang chinh tic

Vidu 2.
Dua phuong trinh sau vé dang chinh tic
Pu ., 5 (92u (92 0

sin“ x — 2y sin x — :
Ox2 ysinxoay oy

Phuong trinh dac trung
sin x(dy)? + 2y sin xdxdy + y?(dx)? = 0 =
X
y tan 5= C Ia duong cong tich phan ddc trung.

Thuc hién phép déi bién € = y tan )2—(,77 =y (ham

iy ¥), ta d 0’y Ou |
u ., Ta auoc Sin X.
ng.comy Y h%@ﬁ}om/tallla@%tucntt
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Dua PTDHR cip 2 vé dang chinh tic Vi du

2tan2
Visinx = 2 X §
n

— < _vatan— =
1+tan2§
28m

sinx = ———. Vay phuong trinh 6 dang chinh
&+
tac 13 ,
0u 26 Ou
on? &2 +n? 9§
ng.com https://fb.com/tailieudientucntt
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Dua PTDHR chp 2 vé dang chinh tic [IAVAReD]

Vi du 3.

Dua phuong trinh sau vé dang chinh tic
2 2 2

8u_28u +28u:0.

Ox? Oxdy  0Oy?
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Dua PTDHR cip 2 vé dang chinh tic

Vi du 3.

Dua phuong trinh sau vé dang chinh tic
2 2 2

8u_28u +28u:0.

Ox? Oxdy  0Oy?

Phuong trinh dac trung
(dy)? + 2dxdy + 2(dx)?> =0 = dy =
(-l Ndx=y+x—ix=0C,y+x+ix =G
la nhiing dudng cong tich phan dac trung. Thuc
hién phép doi bién & =y + x,n = x, ta ducc
0%u 82

ng. c@zf 677 quftps//fb.com/tai lieudientucntt
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Nhitng khai niém chung vé tap hgp nghiém Dinh nghia

Dinh nghta
Nghiém cda PTVPDHR trong mién D cia khéng
gian cdc bién déc Iap 13 mét ham sb c6 tat c3 céc

dao ham riéng chiia trong phuong trinh va thoa
man phuong trinh tai moi diém cia D

N6i chung, PTVPDHR c6 tap nghiém rat rong.
D&i véi phuong trinh tuyén tinh thuan nhat néu
ui, Uy la nghiém thi ciu; + oo, ¢, ¢ € R cling 13
nghiém.
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Nhitng khai niém chung vé tap hgp nghiém Vi du

Vi du 1. Phuong trinh % — 1 v6i ham chua biét
X
u(x, y) cé nghiem u(x,y) = x + ¢(y) véi p(y) l2

1 ham b4t k¥,
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TS. L& Xudn Dai (BK TPHCM) PHUONG TRINH TOAN LY TP. HCM — 2015. 31 /35


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Nhitng khai niém chung vé tap hgp nghiém Vi du

Vi du 1. Phuong trinh % — 1 v6i ham chua biét
X

u(x, y) cé nghiem u(x,y) = x + ¢(y) véi p(y) l2
1 ham bat ky.
Vidu 2. Cichamu=x?> —y>va u = e‘cosy
déu |3 nghiém cla phuong trinh Laplace
0%u  O%u

H =0
Ox?  Oy?
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Nhitng khai niém chung v& tap hgp nghiém [ESICINRCINCEITING (TSN

Trong tap cac nghiém cta PTDHR, dé xac dinh 1
nghiém duy nhat can phai dua thém diéu kién. Gi3
st ham can tim 13 u(x, t) véi t 13 thai gian. Khi 4y
diéu kién

u(x,0) = f(x)
v6i f(x) 13 1 ham cho trudc duoc goi 13 diéu kién
dau.
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Nhitng khai niém chung v& tap hgp nghiém [ESICINRCINCEITING (TSN

Gia st ham can tim 13 u(x, y) va cho biét mét s6
dit kién trén bién v cla mién D vi du
U(X7Y) |’7 T f(Xv)/)a
cd nghia la u(x, y) = f(x,y),¥(x,y) € 7,
thi didu kién nay duoc goi 13 didu kién bién
Dirichlet.
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Nhitng khai niém chung v& tap hgp nghiém [ESICINRCINCEITING (TSN

Con néu trén bién v biét dao ham theo hudng véc
to phap tuyén T cha bién y

Sl =gl

c6 nghia 13 néu = n17> + n27> thi

(%’ = .+ u,.m = g(x,y),V(x,y) € v. Lic
nay didu kién nay ducc goi la didu kién bién
Neuman.

ng.com https://fb.com/tailieudientucntt
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Nhitng khai niém chung v& tap hgp nghiém [ESICIERCINCEITING TSN

Néu trén bién ~

% +u(x,y) |, = g(x, y)

thi diéu kién nay duoc goi 13 diéu kién bién hdn
hop hay didu kién bién Robin.
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Céc hé toa d6 cong truc giao

, \ A A 2 SR \
Gia st x, y, z |a toa do Dé-cic cla 1 diém nao dd, con xq, xo, x3 la

toa dé clia diém nay trong hé toa do cong truc giao. Khi dé

ds? = dx® + dy? + dz* = h2dxq + h3dx3 + h3dx2,

ax \ 2 oy 2 0z \?
’”‘V(a—xﬂ +(2) +(5)

trong dé

|3 cac hé s6 Mé-tric hay hé s6 Lame.
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Céc hé toa d6 cong truc giao

Cho u = u(x1, X2, x3), F = (F1, F2, F3)

g N hl 6x1 h2 0x2 J i

0
h1 h2 h3 aXl

d|v?—

0 0
(h2h3F1) + a—(hg,thg) 8X3(h1h2F3))

hi hj hk

rot ? = 1 i i i
hihohs | 0x;  Oxo  Oxs
hiFy haFy hsfs

Ay — 1 i h2h3 8u I i h3h1 (9u i i h1h2 8u -
B h1h2h3 6’x1 h1 6x1 8xz h2 6xz 8 h3 aX3 ]
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Céc hé toa d6 cong truc giao

Hé toa d6 Dé-cic

X1 =X
Xp =Yy :>h1:1,h2:1,h3:1
X3 =2z
rad u = @7+8u—> 8u7
grad =o' "3,/ "5z
| ?_85 0F2 (9F3
dv _0x+0y+8z
T 7K
rot?: ﬁ ﬂ ﬁ
o OV (OF
Fi R R
Ay — 0%u N 0%u N 0%u
COx2 0 Qy?  0z2

https://fb.com/tailieudientucntt
PHUONG TRINH TOAN LY
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X = rcos
y =rsiny

)
)+
)+ (

PHUONG TRINH TOAN LY

)2:1
)2—r

=1
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r (9r Op 0z
F rFy F3

1 0%u 82u
r 8r r2 Dp? 822
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x = rsinfcosp
y = rsinfsinp
z=rcosf

“o o |
Ox\ " oy 0z\°
\/ E) +(_r) *(5) =1
* L (92\
5g Fom’
2 2
g//fb com/tg( ayuc tt ( > = rsin 9

PHUGONG TRINH TOAN LY TP HCM — 2015. 41 /35



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Céc hé toa d6 cong truc giao

grad u =

dIV?—

ot F

10
A“:ﬁa(

ng.com
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PHUONG TRINH TOAN LY

Hé toa d6 ciu

@_f 18u—>Jr @?
rog’ rsinddp
1 0,. 1 0OF;
F)+ rsinﬁ%(sm OF2) + rsin@%
- -
Iorj
1 g 0
r2sinf | 9r 90
F rF2
nap ofe) N 1 Q%
I — —_—
r2sin6 060 r2sin? 6 02
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Céc hé toa d6 cong truc giao Hé toa d6 ciu

THANK YOU FOR ATTENTION
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