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Muc dich

Trong chuong ndy trinh by mét sb kién thiic téng quan vé phuong
trinh vi phdn cap cao va ly thuyét tévng qudt vé phuong trinh vi phan
tuyén tinh cdp cao

Sinh vién ndm dugc cdc cich gidi va van dung vao gidi bai tap.

NOI DUNG CHINH CUA CHUGNG
2.1 Mét sb khai niém vé phuong trinh vi phan cip cao.
2.2 Céac phuong trinh giai dudc bing cau phuong.
2.3 Tich phan trung gian - Phuong trinh ha cip dudc.

2.4 Ly thuyét téng quat vé phuong trinh vi phan tuyén
tinh cap cao.

A

2.5 Phuang trinh vi phéan tuyén tinh cip cao véi hé sb
hang.
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Mét sb khai niém vé phudng trinh vi phan cip cao
Dinh nghia :
Dinh Iy ton tai va duy nhit nghidm

Dinh nghia

Phuong trinh vi phan cAp n 13 phuong trinh vi phan c¢6 dang
F(X,y,y/7...,y(n)):0 (1)
hay dang gidi ra déi véi dao ham
y( = f (X,y,y/, . 7y("—l)) (2)

Trong d6 F 13 ham sb lién tuc trong mién G C R™2 va nht thiét phai
c6 mat y(”)
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Mét sb khai niém vé phudng trinh vi phan cip cao
Dinh nghia 5
Dinh Iy tdn tai va duy nhit nghiém

Dinh ly tdn tai va duy nhit nghiém

Dinh nghta:

Ham f (x, u1, ua, -+, up) xac dinh trong mién G C R™ dugc goi 13
théa man diéu kién Lipschitz theo cac bién Uy, Up, -+, Up néu ton tai
hing s6 L > 0 (h3ng sb Lipschitz) sao cho véi hai diém b4t ky
(x,u1, U2, ,up) € G,(x,T1,Up, -+ ,Tp) € G ta ludn cb

n
|f(X, Uy, Up,--- ,Un) — f(x7ﬂl’ﬁ27... 7Hn)| < LZ‘UI -7
i=1
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Mét sb khai niém vé phudng trinh vi phan cip cao
Dinh nghia 5
Dinh Iy tdn tai va duy nhit nghiém

Gia st trong mién G C R™ ham £ (x, uy, ua, - -+, up) lién tuc va théa
man diéu kién Lipschitz theo vy, up, -+ , u,. Khi d6 véi bat ky diém trong

(xo,yo,y(;, “e ,yén_1)> € G tbn tai duy nhit nghiém y = y(x) clia

phuong trinh (2) théa man diéu kién ban dau

y(XO) — yo,y/ (XO) — y(;7 e 7y("_l) (XO) — yénil)
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Mét sb khai niém vé phudng trinh vi phan cip cao

Dinh nghia 5
Dinh 1y tén tai va duy nhét nghiém

Dinh Iy

Gia st trong mién G C R™ ham £ (x, uy, ua, - -+, up) lién tuc va théa
man diéu kién Lipschitz theo vy, up, -+ , u,. Khi d6 véi bat ky diém trong

(xo,yo,y(;, “e ,yén_1)> € G tbn tai duy nhit nghiém y = y(x) clia

phuong trinh (2) théa man diéu kién ban dau

y(XO) — yo,y/ (XO) — y(;7 e 7y("_l) (XO) — yénil)

| \

Tich phan téng quat

Nghiém téng quét clia phuong trinh (1) cé dang
y=v(x,C, G, -, C,), do6i khi ta thu dugc nghiém téng quat dudi

dang an ® (x,y, C1, Gy, -+, C,) = 0 va dugc goi 13 tich phan t8ng quat
cta phuong trinh (1) trong mién G.

Ng6 Manh Tuéng Website: http://www.tuongnm.wordpress.com Bai giang mon: PHUGONG TRINH VI PHAN Chuong I1: Phuong trinh vi pl



Céc phuang trinh giai dugc bing ciu phuong

Dang F(x,y(M) =0

a, T phuong trinh d3 cho ta c6 thé gidi ra déi véi dao ham
y(M = £ (x), khi d6

S _ /f(x)dx = g1 (x, G)

y(n=2) — / g1 (x, C)dx = g (x, C1, o)

y = /gn_l (%G1, Coy -+, Co1)dx = g0 (5, C1, Goy -+, Co)

Vay trudng hgp nay tich phan té‘;ng quét thu dugc qua n |13n cAu phuong.
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Céc phuang trinh giai dugc bing ciu phuong

Dang F(x,y(M) =0

b, Tir phuong trinh ban diu ta ¢ thé biéu dién x,y" qua tham sb
= (t),y" =1 (t) trong d6 ¢ (t) 13 ham sb c6 dao ham lién tuc,
¥ (t) lién tuc. Tuong ty nhu trén ta c
dy" ) = y(dx = 4 (t) o' (t) dt
=y = [u(0)¢ (e =a(5.Q)

dy-2) = D gy (n-2) /gl (t, C1)¢ (t)dt = g (t, C1, Go)

y:g,-,(X,C]_,C2,"' 7Cn)

x=p(t)

Vay nghiém téng quat cé dang
ngH(X, C17C27"' 7Cn)
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Phuadng trinh dang F(x,
Phudng trinh dang
Phuong trinh dang F(y

Céc phuang trinh giai dugc bing ciu phuong

b, Tir phuong trinh ban diu ta ¢ thé biéu dién x,y" qua tham sb
x =@ (t),y™ =1 (t) trong dé ¢ (t) 13 ham sb c6 dao ham lién tuc,
¥ (t) lién tuc. Tuong ty nhu trén ta c

y:g,-,(X,C]_,C2,"' 7Cn)

x=(t)
y:g,-,(X,C]_,C2,"' 7Cn)

Vi du: Gidi phuong trinh e +y" =x

Vay nghiém téng quat cé dang {
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Phuong trinh dang F(x
Phuong trinh dang F(y
Phudng trinh dang F(y!

Céc phuang trinh giai dugc bing ciu phuong

a, T phuong trinh d3 cho ta c6 thé gidi ra y(" = f (y("~V). Dt
z=y""Y = 7' = f(z) Ia phuong trinh tich bién.

o Néu gidi ra dugc z = g (x, C1), khi d6 y("1) =z = g (x, (1) I3
trudng hop (1, a) & trén.
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Céc phuong trinh gii dugc bing cAu phudng g::‘,g:g R :;',',Z ,F:‘(y -

Phudng trinh dang F(y!

a, T phuong trinh d3 cho ta c6 thé gidi ra y(" = f (y("~V). Dt
z=y""Y = 7' = f(z) Ia phuong trinh tich bién.
o Néu gidi ra dugc z = g (x, C1), khi d6 y("1) =z = g (x, (1) I3
trudng hop (1,a) & trén.
o Néu khong gidi ra dugc z = g (x, C;) nhung c6 thé biéu dién dugc
x=p(t) _ [x=¢()
=
z=v(t) |y =9 ()

dang tham sb I3 phuong trinh &

dang (1, b)
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Phuong trinh dang F(x
Phuong trinh dang F(y
Phudng trinh dang F(y\”

Céc phuang trinh giai dugc bing ciu phuong

Dang F(y"™,y(M) =0

b, N&u c6 thé biéu dién phuong trinh d3 cho theo tham sb
{y“’l)—-w(ﬂ

.D
v = (1) °

Khi dé

y(”72) = /y(nil)dx = /y(nil)h, (t, Cl) dt = g1 (t, Cl, C2)

Yy = 8n-1 (t7 Cla C27 Tty Cn)

Vi du: Gidi phuong trinh vy = y" +1
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Phuong trinh dang F(x, y(")) = 0

Cac phuong trinh giai dugc bang cau phuang Phudng trinh dang F(, (n—1)Y " (n) ) — 0

Phn’cmg trinh dang F(V(" 2) (”)) = 6

a,Tu phUOng trinh d3 cho ta c6 thé gidi ra y(" = f (y("=2) ) Dst
z=y"2) = 7" = f(z). Nhan 2 v& ciia phuong trinh véi 2z (z # 0) ta

dugc
27 7" —2zf <:>d /2 =2f (2) dzéz z)dz+ G
1/ 2f Ydz+ G = dz=+ 1/ 2f )dz + Cydx
= dx = =>x+G= /
:l:w/f2f Ydz+ G :t,/f2f Ydz + G

Hay ¢ (x,y("_z), C1, ;) =0 Ia phuong trinh dang (1)
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Phuong trinh dang F(x, y(")) = 0
Phuong trinh dang F(,{7—1) (M) — o
Phn’cmg trinh dang F(V(" 2) (”)) 0

Céc phuang trinh giai dugc bing ciu phuong

Dang F(y"2,y(M) =0

b, N&u c6 thé biéu dién phuong trinh d3 cho theo tham sb
{y(”2) = (1)

. . Khi d6
y'" =1 (t)

dy(nfl) — y(")dx — ¢ (t) dX, dy(n72) = y(nil)dX = ()O, (t) dt

dy(n_]-) dy(n_2)
By O =y Dy = y(dy(=2) =y (£) ' (t) dt

Hay

a (300 = w9 e = 3 () = [o4 Wars

=yl = \//1/1 t)ydt+ G =1 (t, G1)

K&t hop véi y("=2) = ¢ (t) ta dua vé& trudng hop (2, b)
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Tich phéan trung gian
Phuong trinh k ]
6 doc lap
m phai tim va cac dao ham ciia né
Phuong trinh ma vé tr 0 ham toan phéan

Tich phén trung gian - Phuong trinh ha cip dudc

Tich phan trung gian

Khi tinh tich phan cla phuong trinh vi phan cip n ta di dén nhiing
hé thifc chifa cc hing sb tly y va cac dao ham cip thip hon n c6 dang

¢<X7y’yl’”"y(n_k)aC17C2a"'7Ck):0 (1<k<n)

7
A

Hé thic nay dugc goi 1a tich phan trung gian cla phuong trinh (1). Néu
k =1 ta cé thé thic dang

o <X7y7yl7"' ay(n_l)acl> =0

va dugc goi la tich phan dau.
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Tich phan trung gian

Phuong trinh khéng chita ham phai tim

Phudng trinh khéng chita bién s6 déc lap

Phuong trinh thuan nhit déi véi ham phai tim va céc dao ham ciia né
Phuong trinh ma vé tréi 13 dao ham toan phéan

ong trinh khéng chia ham phai tim

Tich phén trung gian - Phuong trinh ha cip dudc




Tich phén trung gian
m phai tim
doc lap
ham phai tim va cac dao ham cila né
Phuang trinh ma vé trai 1a dao ham toan phan

Phuong trinh khéng chira ham phai tim

Tich phén trung gian - Phuong trinh ha cip dudc

La phuong trinh vi phan cé dang

F(x,y(k>,-~~ ,y(n)> =0 (k=1)
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Tich phan trung gian
m phai tim
n sb déc 1ap
véi ham phai tim va céc dao ham ciia né
20 ham toan phan

Tich phén trung gian - Phuong trinh ha cip dudc

Phuong trinh khéng chira ham phai tim

La phuong trinh vi phan cé dang
F(va(k)7"'7y(n)>20 (k>]‘)

Céch gidi. D3t z = y(¥) va coi z nhu mét ham sb méi phai tim. Khi dé ta
c6 phuong trinh F (X,Z,ZI, e ,z(”*k)) = 0 13 phuong trinh cip n — k.
o N&u gidi phuong trinh ta dugc z = ¢ (x, C1, Gy, , Co_x) hay
y &) = o (x,C1, Gy, -+, Cox) 12 phuong trinh & dang bai 2, muc 1.

o Néu gidi phuong trinh dua v& dang tich phan t8ng quét
¢(X,Z7 Cla C27 Tty Cnfk) =0 hay ¢ (Xay(k)a C17 C2a R Cnfk) =0
la phuong trinh dang bai 2, muc 1.
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Tich phan trung gian
m phai tim
n sb déc 1ap
véi ham phai tim va céc dao ham ciia né
20 ham toan phan

Tich phén trung gian - Phuong trinh ha cip dudc

Phuong trinh khéng chira ham phai tim

La phuong trinh vi phan cé dang
F(va(k)7"'7y(n)>20 (k>]‘)

Céch gidi. D3t z = y(¥) va coi z nhu mét ham sb méi phai tim. Khi dé ta
c6 phuong trinh F (X,Z,ZI, e ,z(”*k)) = 0 13 phuong trinh cip n — k.
o N&u gidi phuong trinh ta dugc z = ¢ (x, C1, Gy, , Co_x) hay
y &) = o (x,C1, Gy, -+, Cox) 12 phuong trinh & dang bai 2, muc 1.
o Néu gidi phuong trinh dua v& dang tich phan t8ng quét
¢(X,Z7 Cla C27 Tty Cnfk) =0 hay ¢ (Xay(k)a C17 C2a R Cnfk) =0
la phuong trinh dang bai 2, muc 1.
Vi du: Gidi phuong trinh 4y" + y"'2 = 4xy”
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Tich phan trung gian
Phudng trinh khéng chia ham phai tim
. A : N 4 Phuang trinh khéng chifa bién sé déc lap
Tich phan trung gian - Phudng trinh ha cap dugc Phuong trinh thuin nhit déi véi ham phai tim va cc dao ham cita né

Phuadng trinh ma vé trdi 1a dao ham toan phan

ong trinh khéng ch bién sb déc ET)
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Tich phén trung gian

Phuong trinh khong chia

Phuadng trinh khéng chita oc la

Phuong trinh thudn nhat d ham phai tim va cc dao ham ciia né

Tich phén trung gian - Phuong trinh ha cip dudc

Phuadng trinh ma vé trdi 1a dao ham toan phan

Phuong trinh khéng chia bién sb déc 1ap

La phuong trinh vi phan ¢é dang

F(%y',---,y(”)) —0
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Tich phén trung gian
Phuong trinh khéng

Tich phén trung gian - Phuong trinh ha cip dudc

Phuong trinh thudn nhat di véi ham phai tim va cic dao ham ciia né

Phuadng trinh ma vé trdi 1a dao ham toan phan

Phuong trinh khéng chia bién sb déc 1ap

La phuang trinh vi phan c6 dang
F(yvylv"' 7y(n)) =0

Cich gidi. D3t y' = p va coi p nhu ham méi bién y. Ta c6

/ dy
y —P—a

T dy dx _p'dy
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Tich phén trung gian - Phuong trinh ha cip dudc

Phuong trinh khéng chia bién sb déc 1ap

Thay y/,y”, -+, y(" vao phuong trinh di cho ta dugc phuong trinh dang

dP dnflp
F(yvpva,y7"' ady,,_]_> =0

13 phuong trinh vi phan cAp n — 1, gid sir ta tim dugc tich phan téng
quat ¢ (y,p, CGi,- -+, Ch—1) = 0, khi d6 ta dugc phuong trinh cap 1:
¢<y7y/acl7"' aCn—l) =0
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Tich phén tru

Phuong trinh

Phuang trinh kh
Phuang trinh thu
Phuong trinh ma vé trai

Phuong trinh khéng chia bién sb déc 1ap

Tich phén trung gian - Phuong trinh ha cip dudc

Thay y/,y”, -+, y(" vao phuong trinh di cho ta dugc phuong trinh dang

dP dnflp
F(yvpva,y7"' ady,,_]_> =0

13 phuong trinh vi phan cAp n — 1, gid sir ta tim dugc tich phan téng
quat ¢ (y,p, CGi,- -+, Ch—1) = 0, khi d6 ta dugc phuong trinh cap 1:
¢<y7y/acl7"' aCn—l) =0

Vi dy: Gidi phuong trinh (1 + y?) vy = (3y*-1) y'2
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Tich phan trung gian
Phuong trinh khéng chifa
doc Iap

Tich phén trung gian - Phuong trinh ha cip dudc e (T (i o) o G (6l 8

Vi
Phuong trinh ma vé tréi 13 dao ham toan phéan

Phuong trinh thuan nhit déi véi ham phai tim va cidc dao ham cta né
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Tich phén trung gian - Phuong trinh ha cip dudc

véi ham phai tim va cic dao ham cta né
Phuong trinh m am toan phan

Phuong trinh thuan nhit déi véi ham phai tim va cidc dao ham cta né

N&u F 13 ham thudn nhit d6i véi y,y', -, y(", tic 13
F<X7ty7ty/a"' 7ty(n)) = th<y7y/a"' 7y(n))

thi phuong trinh F (x,y,y/, e 7y(”)) = 0 dugc goi la phuong trinh

thuan nhat doi véi ham phdi tim va cic dao ham cha né.
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m phai tim
n sb doc lap
véi ham phai tim va cic dao ham cta né
Phuong trinh ma 20 ham toan phan

Phuong trinh thuan nhit déi véi ham phai tim va cidc dao ham cta né

Tich phén trung gian - Phuong trinh ha cip dudc

N&u F 13 ham thudn nhit d6i véi y,y', -, y(", tic 13
F<X7ty7ty/a"' 7ty(n)) = th<y7y/a"' 7y(n))

thi phuong trinh F (x,y,y/, e 7y(”)) = 0 dugc goi la phuong trinh

thudn nhit di véi ham phai tim va cic dao ham cla né.
Céch gidi: Dat y = zy trong d6 z la ham s6 md&i phai tim. Ta cé

’
1"

y Z()//) = (zy) =Z/y+Zy/=Zly+zzy:y(z2+z/)

ym =y (23 + 3z7 + z”)

y(n) — yw (Z,ZI’ .. 7Z("_]-))
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Tich phén trung gian - Phuong trinh ha cip dudc

véi ham phai tim va cic dao ham cta né
Phuong trinh m am toan phan

Phuong trinh thuan nhit déi véi ham phai tim va cidc dao ham cta né

Thay y,y .-+, y™ vio phuong trinh d3 cho ta dugc
y*F (X,l,z,z2+z/--- W (z,z/7~-~ ,z(”_l))) =0
Néu y # 0 ta c6
F<X71,Z,22+Z/ ,w(z7z/,-.- 7z("—l))) -0

Giai phuong trinh ta dugc nghiém téng quat dang

Z:SD(X7C1V" 7Cn,1)$y;:g0(X,C1,-~- acnfl)

=y = Cyel #x G G)ax
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Tich phén trung gian - Phuong trinh ha cip dudc

nhit dbi véi ham phai tim va cac dao ham ciia né
Phuong trinh 4i 13 dao ham toan phan

Phuong trinh thuan nhit déi véi ham phai tim va cidc dao ham cta né

Thay y,y .-+, y™ vio phuong trinh d3 cho ta dugc
y*F (X,l,z,z2+z/--- W (z,z/7~-~ ,z(”_l))) =0
Néu y # 0 ta c6
F<X71,Z,22+Z/ ,w(z7z/,-.- 7z("—l))) -0

Giai phuong trinh ta dugc nghiém téng quat dang

Z:SD(X7C1V" 7Cn,1)$y;:g0(X,C1,-~- acnfl)

=y = Cyel #x G G)ax

Vi du: Gidi phuong trinh xyy” +xy'2 — yy' =0
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Tich phén trung gian
ng trinh khéng chita ham phai tim
chita bién s déc lap
Phuong trinh thuan nht dbi v6i ham phai tim va céc dao ham ctia né
Phuang trinh ma vé trai 13 dao ham toan phan

ong trinh ma vé trai 13 dao ham toan phén

Tich phén trung gian - Phuong trinh ha cip dudc
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am phai tim

Tich phan trung gian - Phudng trinh ha cap dugc inh thuan nhat dbi véi ham phai tim va cac dao ham cia n6

Phwang trinh ma vé trai 13 dao ham toan phan

Phuong trinh ma vé trai 13 dao ham toan phﬁn

La phuang trinh vi phan cé dang
F (Xayvy/v"‘ 7y(n)> =0

trong d6 F |3 dao ham toan phan theo bién x ctia mét ham
 (x.y,yee yD), e 1a

F (X,y,y/7... 7y(n)) — (% (CD (X,y,y,,--~ ’y(nfl))>
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Tich phén trung gian - Phuong trinh ha cip dudc

1 phéi tim va céc dao ham ciia né

tréi 13 dao ham toan phan

Phuong trinh ma vé trai 13 dao ham toan phﬁn

La phuang trinh vi phan cé dang
F (Xayvy/v"‘ 7y(n)) =0

trong d6 F |3 dao ham toan phan theo bién x ctia mét ham
 (x.y,yee yD), e 1a

’ n d ’ n—
F(X7Y7y7"'7y()):a(cb(xayayf“ay( U))
d / N
Cich gidi. Ta c6 —(¢ (x,y,y ,y<n—1>)) — 0 do dé tich phan diu
dx

la ¢ (x,y,yl, e ,y(”*1)> = (; tifc 13 ta dugc phuong trinh vi phan cip
n—1
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Tich phan trung gian - Phudng trinh ha cip dugc A (2 (o o2 o B G

Phwang trinh ma vé trai 13 dao ham toan phan

Phuong trinh ma vé trai 13 dao ham toan phﬁn

La phuang trinh vi phan cé dang
F (Xayvy/v"‘ 7y(n)) =0

trong d6 F |3 dao ham toan phan theo bién x ctia mét ham
 (x.y,yee yD), e 1a

F (X,y,y/7... 7y(n)) — (% (CD (X,y,y,,--~ ’y(nfl))>

d , X
Cich gidi. Ta c6 (¢ (x,y,y ,y<n—1>)) — 0 do dé tich phan diu
dx

la ¢ (x,y,yl, e ,y(”*1)> = (; tifc 13 ta dugc phuong trinh vi phan cip

n - 1 " ’ 1"

Yy _
1+y?

Y

"

Vi du: Gidi phuong trinh
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Mét sb khai niém cd ban :
Phudng trinh vi phan tuyén tinh thuin nht

e a n p Phudng trinh vi phan tuyén tinh khong th
Ly thuyét téng quat vé phudng trinh vi phan tuyén tinh cip cao Phudng

trinh vi phan tuyén tinh c6 hé s6 hing sb

Dinh nghia

gd Manh Tudng Web:




Mét sb khai niém cd ban
i phén tuyén tinh thuin nhit
. trinh vi phan tuyén tinh khéng thuan nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao inh vi phén tuyén tinh c6 hé g s6

Dinh nghia

Dinh nghia
Phuong trinh vi phan tuyén tinh cip n |3 phuong trinh ¢ dang
ao(x)y" + a(x)y "D 4 -+ a(x)y = g(x), (a0 (x) # 0)

Néu g(x) = 0 thi phuong trinh dugc goi 1a phuang trinh thuan nhAt.

Ng6 Manh Tuéng Website: http://www.tuongnm.wordpress.com 6n: PHUGNG TRINH VI PHAN Chuong I1: Phuong trinh vi pl



Mét sb khai niém cd ban
fang trinh vi phan tuyén tinh thuin nhit
. nh vi phan tuyén tinh kh
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Dinh nghia

Dinh nghia
Phuong trinh vi phan tuyén tinh cip n |3 phuong trinh ¢ dang
ao(x)y" + a(x)y "D 4 -+ a(x)y = g(x), (a0 (x) # 0)

Néu g(x) = 0 thi phuong trinh dugc goi 1a phuang trinh thuan nhAt.

Ta thudng xét phuong trinh c6 dang

Y 4 pr )y 4+ pa(x)y = F(x) (3)

vy 4+ o)y 4 pa(x)y =0 (4)
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Mat s6 khal niém cd ban
Phuon, vi phén tuyén tinh thuin nhit
vi phén tuyén tinh khén, .n‘n nhit
Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao Phuong trinh vi phan tuyén tinh c6 ha 5

Dinh nghia

Dinh nghia
Phuong trinh vi phan tuyén tinh cip n |3 phuong trinh ¢ dang

a0(x)y™” + a1 (x)y "V + - + an(x)y = g(x), (a0 (x) # 0)

Néu g(x) = 0 thi phuong trinh dugc goi 1a phuang trinh thuan nhAt.

Ta thudng xét phuong trinh c6 dang

YD 4 pr(x)y "D L+ pa(x)y = F(x) (3)
va
M 4 oy (x)y" D 4+ .+ pa(x)y =0 (4)
Goi L, [y] =y + py (x) y"~V) + .- + p, (n) y 12 toan t& vi phan tuyén
tinh. Khi dé

@ Phuong trinh cé dang (3) cé dang L, [y] = f (x)
@ Phuong trinh cé dang (4) c¢é dang L,[y] =0
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Mét sb khai niém cd ban
Phuong trinh vi phan tuyén tinh thuan nhét
. Phuong trinh vi phan tuyén tinh khéng thui
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Sy tdn tai va duy nhit nghiém

gd Manh Tudng Web:




Mét sb khai niém cd ban
Phuong trinh vi phan tuyén tinh thuan nhét
. trinh vi phan tuyén tinh khéng thuan nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao inh vi phén tuyén tinh c6 hé g s6

Sy tdn tai va duy nhit nghiém

Néu cac ham s6 p; (x) (i = 1,---,n), f (x) lién tuc trén khoang (a, b) thi
bai todn Cauchy clia phuong trinh (3) luén cé nghiém duy nhat véi moi
diéu kién ban dau tai xo € (a, b)
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Mét sb khai niém cd ban

Phuang trinh vi phan tuyén tinh thuin

Phudng trinh vi phan tuyén tinh khéng nhit
Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao Phuong trinh vi phéan tuyén tinh cé hé sb hing s

Sy tdn tai va duy nhit nghiém

Néu cac ham s6 p; (x) (i = 1,---,n), f (x) lién tuc trén khoang (a, b) thi
bai todn Cauchy clia phuong trinh (3) luén cé nghiém duy nhat véi moi
diéu kién ban dau tai xo € (a, b)

Chiing minh.

Tu phuong trinh (3) suy ra
y) = (p1 (x)y" D 4o 4 py(n)y — f(X))

V& phai 13 ham sb lién tuc theo (x, Y) va kha vi theo bién
Y = (y,y/, ,y(”‘l)) nén né thda man diéu kién Lipschitz theo bién
nay. O
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Mét s6 khai niém cd ban
Phuang trinh vi phan tuyén tinh thudn nhit
. Phuong trinh vi phan tuyén tinh khéng thui
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Mét sb tinh chit cla nghiém phuong trinh




iém cd ban
i phan tuyén tinh thuan nhat
phan tuyén tinh khéng thudn nhat

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao inh vi phan tuyén tinh c6 hé sb hing s6

Mét sb tinh chit cla nghiém phuong trinh

Xét phuong trinh thudn nhit y( + p;(x)y("D + ... + p,(x)y =0
hay L,[y] =0 ta cé
o L,[y1+y2] = Lo [ya] + Ln[y2] V6i y1 (x),y2 (x) kha vi n 1an lién tuc.
o L,[Cy] = CL,[y] véi y (x) kha vi n 1an lién tuc va C I3 h3ng sb
Theo tinh cht chia todn tir L, ta suy ra cac tinh chit cia tap nghiém
phuong trinh tuyén tinh thuan nhat cap n
O N&u y(x) la nghiém cla phuong trinh (4) thi Cy(x) véi C la hing sb
ciing la nghiém cla phuong trinh (4)
@ Néu y; (x),yo (x) 13 2 nghiém b4t ky ctia phuong trinh (4) thi
¥ (x) = y1 (x) + y2 (x) cling la nghiém cda phuong trinh (4)
© Néu yi (x),y2(x),---, vk (x) 1a cac nghiém clia phuong trinh (4)

thi y (x) = Giy1 (x) + Gy (x) + - - - + Gy (x) ciing la nghiém cia
phuong trinh (4)

Ng6 Manh Tuéng Website: http://www.tuongnm.wordpress.com
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Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Su phu thubc tuyén tinh, doc lap tuyén tinh cia hé ham

ng mén: PHUONG TRINH VI PHAN Chuang II: Phuong trinh vi pl



M@t sb khéi niém co ban
n tuyén tinh thuin nht
Phuong trinh vi phan tu inh khéng thudn nhit
Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Su phu thubc tuyén tinh, doc lap tuyén tinh cia hé ham

Dinh nghia

Gia stt c6 hé ham {i; (x)}; = {1 (%), 02 (x), -,k (x)} xéc
dinh trén khodng (a, b). H& ham {¢p; (x)}:;l duoc goi 13 phu thudc tuyén
tinh trén khoang (a, b) néu ton tai cac hing sb o, ap, - -+, a khéng
dong thai bing 0 sao cho

a1¢1 (X) + aspa (X) + -+ - + axpr (x) =0 (5)

N&u ddng nhit thit (5) chi c6 thé xdy ra khi ay = ap = --- = o = 0 thi
hé ham {¢; (x)}*_; duoc goi 13 déc 1ap tuyén tinh trén (a, b).
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M@t sb khéi niém co ban
n tuyén tinh thuin nht
Phuong trinh vi phan tu inh khéng thudn nhit
Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Su phu thubc tuyén tinh, doc lap tuyén tinh cia hé ham

Dinh nghia

Gia stt c6 hé ham {i; (x)}; = {1 (%), 02 (x), -,k (x)} xéc
dinh trén khodng (a, b). H& ham {¢p; (x)}:;l duoc goi 13 phu thudc tuyén
tinh trén khoang (a, b) néu ton tai cac hing sb o, ap, - -+, a khéng
dong thai bing 0 sao cho

a1¢1 (X) + aspa (X) + -+ - + axpr (x) =0 (5)

N&u ddng nhit thit (5) chi c6 thé xdy ra khi ay = ap = --- = o = 0 thi
hé ham {¢; (x)}*_; duoc goi 13 déc 1ap tuyén tinh trén (a, b).

Vi du: He ham 1,x,x2,--- , x* déc lap tuyén tinh trén moi khoang (a, b),
h& ham —1, —sin®x, —cos2x phu thudc tuyén tinh trén moi khoang (a, b).
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Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Dinh thidc Wronski

gd Manh Tudng Web:

Mt s6 khai nié
Phuang trinh vi
Phuang trinh vi
Phuong trinh vi

1 cd ban
phan tuyén tinh thudn nhit
phén tuyén tinh khéng thui
phén tuyén tinh c6 hé sb hing sb



yén tinh khéng 5
Phuong trinh vi phan tuyén tinh cé hé sb hing sb

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Dinh thidc Wronski

Gia sit h& ham {g; (x)}_, kha vi cAp k — 1 Ian trén (a, b). Khi d6

dinh thic
¢1(x) w2 (x) ¢k (%)
@, (x) ©s (x) @y (%)

r N Oy I A € S N 09

dugc goi 13 dinh thiic Wronski va ky hiéu 13
Wi (x),92(x) -, ¢k (x)] hay W(x)

Bai giang mén: PHUGNG TRINH VI PHAN Chuong Il: Phuong trinh vi pl
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Mét sb khai niém cd ban
Phuang n tuyén tinh thudn nhit

Phuang trinh vi phan tuyén tinh khéng thuan nhit
Phudng trinh vi phan tuyén tinh cé hé sé hing s6

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Dinh thidc Wronski

Gia sit h& ham {g; (x)}_, kha vi cAp k — 1 Ian trén (a, b). Khi d6

dinh thic
¢1(x) pa(x) ... /

¢, () p(x) o)

,. k—'
PE D () wr VN (x)

dugc goi 13 dinh thiic Wronski va ky hiéu 13
Wi (x),92(x) -, ¢k (x)] hay W(x)

Néu h& ham {y; (x)}_, phu thudc tuyén tinh trén khodng (a, b) thi
dinh thitc Wronski déng nhit bing 0.

Bai giang mén: PHUGNG TRINH VI PHAN Chuong 1l: Phuong trinh vi pl

aupe minn . Aem g
Ng6 Manh Tudéng Website: http://www.tuongnm.wordpress.com




Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Dinh Iy 2

Mt s6 khai nié
Phuang trinh vi
Phuang trinh vi
Phuong trinh vi

1 cd ban
phan tuyén tinh thudn nhit
phén tuyén tinh khéng thui
phén tuyén tinh c6 hé sb hing sb



Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Dinh Iy 2

Néu W g1 (x), @2 (x),- -, @k (x)] # 0 tai x ndo dé thudc khoang
(a, b) thi hé ham @1 (x), 92 (x), -, vk (x) doc |ap tuyén tinh trén
(a, b).
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M@t sb khéi niém co ban
Phuang trinh vi phan tuyén tinh thudn nhét
Phuong trinh vi phan tuyén

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé si

Dinh Iy 2

Néu W g1 (x), @2 (x),- -, @k (x)] # 0 tai x ndo dé thudc khoang
(a, b) thi hé ham @1 (x), 92 (x), -, vk (x) doc |ap tuyén tinh trén
(a, b).
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: yén tinh khong
Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Dinh Iy 2

Néu W g1 (x), @2 (x),- -, @k (x)] # 0 tai x ndo dé thudc khoang
(a, b) thi hé ham @1 (x), 92 (x), -, vk (x) doc |ap tuyén tinh trén
(a, b).

a, b)

Gia str cac ham sb p;(x),i=1,...,n lién tuc trén (a, b). Khi dé n
nghiém y1 (x),y2 (x), -+, ¥a(x) clia phuong trinh thudn nhit (4) doc
lap tuyén tinh néu va chi néu dinh thidc Wronski
W[Yl (X)ay2 (X)"" y ¥n (n)] #0,Vx € (av b)'
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Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Dinh Iy 2

Néu W g1 (x), @2 (x),- -, @k (x)] # 0 tai x ndo dé thudc khoang
(a, b) thi hé ham @1 (x), 92 (x), -, vk (x) doc |ap tuyén tinh trén
(a, b).

a, b)

Gia str cac ham sb p;(x),i=1,...,n lién tuc trén (a, b). Khi dé n
nghiém y1 (x),y2 (x), -+, ¥a(x) clia phuong trinh thudn nhit (4) doc
lap tuyén tinh néu va chi néu dinh thidc Wronski
W[Yl (X)ay2 (X)"" ayn(n)] #0,Vx € (av b)'

Xem tai liéu O
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Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Hé nghiém co ban

gd Manh Tudng Web:

Mt s6 khai nié
Phuang trinh vi
Phuang trinh vi
Phuong trinh vi

1 cd ban
phan tuyén tinh thudn nhit
phén tuyén tinh khéng thui
phén tuyén tinh c6 hé sb hing sb




M@t sb khéi niém co ban
Phudang tri hén tuyén tinh thudn nhit
. Phuong tr han tuyén tinh khéng thuin nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé si g s6

Hé nghiém co ban

Dinh nghia hé nghiém cc ban

Hé& n nghiém déc I3p tuyén tinh ctia phuong trinh tuyén tinh thun
nhat cap n dugc goi 1a hé nghiém co ban cta né.
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M@t sb khéi niém co ban
Phuang trinh vi phan tuyén tinh thudn nhit
. Phuong trinh vi phan tuyén tinh khéng thudn nhét
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Hé nghiém co ban

Dinh nghia hé nghiém cc ban

Hé& n nghiém déc I3p tuyén tinh ctia phuong trinh tuyén tinh thun
nhat cap n dugc goi 1a hé nghiém co ban cta né.

4

Dinh Iy su tdn tai hé nghiém co ban

Phuong trinh (4) véi cac hé sb p; (x),i=1,2,...,n lién tuc trén
khoang (a, b) c6 vd so hé nghiém co ban.
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M@t sb khéi niém co ban

Phuang trinh vi phan tuyén tinh thudn nhit

Phuong trinh vi phan tuyén tinh khéng thudn nhét
Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Hé nghiém co ban

Dinh nghia hé nghiém cc ban

Hé& n nghiém déc I3p tuyén tinh ctia phuong trinh tuyén tinh thun
nhat cap n dugc goi 1a hé nghiém co ban cta né.

Dinh Iy su tdn tai hé nghiém co ban

Phuong trinh (4) véi cac hé sb p; (x),i=1,2,...,n lién tuc trén
khoang (a, b) c6 vd so hé nghiém co ban.

Xem tai lidu 0
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Mét s6 khai niém cd ban
nh vi phan tuyén tinh thudn nhit
. Phuong trinh vi phan tuyén tinh khéng thudn nhét
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Nghiém téng quat cla phuong trinh tuyén tinh thuin nhit

ongnm.wordpress.com ) G TRINH VI PHAN Chuong 1: Phuong trinh vi pl



Mot sb khai nié
h vi phan tuyén tinh thuin nhi
. rinh vi phan tuyén tinh khéng nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Nghiém téng quat cla phuong trinh tuyén tinh thuin nhit

Dinh Iy nghiém téng quat

Gid st y1 (x),¥2(x),- -, ¥n (x) 13 h& nghiém co ban clia phuong

trinh (4) . Khi d6 nghiém tong quat cta phuong trinh (4) Ia

y(x) =Gy (x) + Gya (x) + - + Coya (%)

trong dé C1, G, - - - , C, la cac hang so.
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M@t sb khéi niém co ban
nh vi phan tuyén tinh thudn nhé
nh vi phan tuyén tinh khéng tl
Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb h

Nghiém téng quat cla phuong trinh tuyén tinh thuin nhit

Dinh Iy nghiém téng quat

Gid st y1 (x),¥2(x),- -, ¥n (x) 13 h& nghiém co ban clia phuong

trinh (4) . Khi d6 nghiém tong quat cta phuong trinh (4) Ia

y(x) =Gy (x) + Gya (x) + - + Coya (%)

trong dé C1, G, - - - , C, la cac hang so.

Xem tai lidu O

Vi du: Phuong trinh y” + y = 0 c6 hai nghiém 13 co ban
y1 = cosx, y» = sinx. Khi dé nghiém tbng quat cla phuong trinh la
y = Gy cos x + Gsin x.
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Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Dinh Iy

gd Manh Tudng Web:

Mt s6 khai nié
Phuang trinh vi
Phuang trinh vi
Phuong trinh vi

1 cd ban
phan tuyén tinh thudn nhit
phén tuyén tinh khéng thui
phén tuyén tinh c6 hé sb hing sb




Mét s6 khai niém cd ban

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Dinh Iy

N&u ta c6 n+ 1 nghiém riéng y1, yo, - - - s Yn, Ynr1 cla phuong trinh
tuyén tinh thuan nhat cap n thi cic nghiém dé phu thudc tuyén tinh.
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Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Dinh Iy

N&u ta c6 n+ 1 nghiém riéng y1, yo, - - - s Yn, Ynr1 cla phuong trinh
tuyén tinh thuan nhat cap n thi cic nghiém dé phu thudc tuyén tinh.

Xem tai liéu ]
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Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Cong th

7

¢ Ostrogradski - Liouville

Mt s6 khai nié
Phuang trinh vi
Phuang trinh vi
Phuong trinh vi

1 cd ban
phan tuyén tinh thudn nhit
phén tuyén tinh khéng thui
phén tuyén tinh c6 hé sb hing sb




i a n p nh vi phén tuyén tinh khong t|
Ly thuyét téng quat vé phudng trinh vi phan tuyén tinh cip cao Phuong trinh vi phan tuyén tinh cé hé 6 h:

Cong thic Ostrogradski - Liouville

Do viéc gidi phuong trinh (4) trong trudng hop tdng quat khéng
thuc hién dugc nén tim biéu thiic cda dinh thidc Wronski clia n nghiém
clia phuong trinh (4) 13 diéu khong thé 1am dugc. Tuy vy Ostrogradski -
Liouville d3 tim ra bidu thiic cia dinh thiic Wronski ctia n nghiém cla
phuong trinh (4) ma khéng can gidi né. Cong thic nhu sau

W (x) = Ce™ /P& € — const

hay
= J pi(x)dx
W(x) =W(x)e

7

trong d6 p; (x) 13 hé sb cta y("=1), W (xo) 12 gia tri cla dinh thiic
Wronski tai xg € (a, b) nao dé.
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Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Mt s6 khai nié
Phuang trinh vi
Phuang trinh vi
Phuong trinh vi

Ap dung cdng thic Ostrogradski - Liouville

gd Manh Tudng Web:

1 cd ban
phan tuyén tinh thudn nhit
phén tuyén tinh khéng thui
phén tuyén tinh c6 hé sb hing sb



M@t sb khéi niém cg ban
Phuang trmh w phan tuyen tmh thudn nhét
ink

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao Phudng mnh vi phén tuyén tinh cé hé sb hing sb

Ap dung cdng thic Ostrogradski - Liouville

Ap dung cdng thitc Ostrogradski - Liouville dé tim nghiém té‘;ng quat
cla phuong trinh tuyén tinh thuan nhat cap hai

Y +p(x)y +a(x)y=0

khi biét mot nghiém riéng cta né 13 yi(x).
Goi y(x) la nghiém bat ky cda phuong trinh khic y;(x). Khi d6 theo
cdng thic Ostrogradski - Liouville ta ¢

’

’ % = e I PO o yy' — iy = e PRI

n vy

Chia hai vé clia phuong trinh cho y? (x) ta dugc

W oy L e (y) _ L eI ptxox
yl yl dX
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Mét s6 khai niém cd ban
Phuang trinh vi phan tuyén tinh thudn nhit
. Phuong trinh vi phan tuyén tinh khéng thui
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Ap dung cdng thic Ostrogradski - Liouville




M@t sb khéi niém co ban
Phuang trinh vi phan tuyén tinh thudn nhit
. Phuong trinh vi phan tuyén tinh khéng thudn nhét
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Ap dung cdng thic Ostrogradski - Liouville

Do dé nghiém téng quét clia phuong trinh 13
Cye— J p(x)dx
Y= /172dx +G
Yi

T cdng thic nghiém tc“;ng quat ta suy ra nghiém riéng thit 2 cla
, ) e~ [ p(x)dx
phuong trinh doc 18p tuyén tinh véi y1(x) 1a y2 = w1 f ————dx
Yi

Ngb6 Manh Tuéng Website: http://www.tuongnm.wordpress.com ang mon: PHUGONG TRINH VI PHAN Chuong I1: Phuong trinh vi pl



Mot sb khai c
h vi phan tuyén tinh thuin nhi

. rinh vi phan tuyén tinh khéng nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Ap dung cdng thic Ostrogradski - Liouville

Do dé nghiém téng quét clia phuong trinh 13
Cye— J p(x)dx
Y= /172dx +G
Yi

T cdng thic nghiém tc“;ng quat ta suy ra nghiém riéng thit 2 cla
, ) e~ [ p(x)dx
phuong trinh doc 18p tuyén tinh véi y1(x) 1a y2 = w1 f ————dx
Yi
Vi du: Tim nghiém tbng quat cha phuong trinh
(1—x%)y —2xy +2y =0, biét né c6 mdt nghiém riéng 13 y; = x
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuin nhé
. Phuang trinh vi phéan tuyén tinh khong tl
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb k

Nghiém téng quat cla phuong trinh tuyén tinh khéng thuan
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuan nhét
. Phuang trinh vi phan tuyén tinh khong n nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Nghiém téng quat cla phuong trinh tuyén tinh khéng thuin nhit

Xét phuang trinh (3)
Y+ o)y s pa(x)y = £(x) hay Lo [y] = £ (x)
Phuong trinh tuyén tinh thuin nhit tuong tng (4) 13

Y 4 pr(x)y "D 4+ pa(x)y =0 hay L, [y] =0
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuan nhét
. Phuang trinh vi phan tuyén tinh khong n nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Nghiém téng quat cla phuong trinh tuyén tinh khéng thuin nhit

Xét phuong trinh (3)
Y + 1)y 4 4 pa(x)y = F(x) hay Ly [y] = (x)
Phuong trinh tuyén tinh thuin nhit tuong tng (4) 13
Y+ pu(x)y "D 4+ po(x)y = 0 hay L, [y] =0

Dua vo tinh chit clia toén ti ta 6 tinh chit nghiém téng quat cda
phuong trinh tuyén tinh khéng thuan nhat
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M@t sb khéi niém co ban
inh vi phan tuyén tinh thuan nhé
) nh vi phan tuyén tinh khong t
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s8

Nghiém téng quat cla phuong trinh tuyén tinh khéng thuin nhit

Xét phuong trinh (3)
Y + 1)y 4 4 pa(x)y = F(x) hay Ly [y] = (x)
Phuong trinh tuyén tinh thuin nhit tuong tng (4) 13
Y+ pu(x)y "D 4+ po(x)y = 0 hay L, [y] =0

Dua vo tinh chit clia toén ti ta 6 tinh chit nghiém téng quat cda
phuong trinh tuyén tinh khéng thuan nhat

Giai str y* 13 nghiém riéng ctia phuong trinh khéng thudn nhit (3) va

n 2 A 7z
¥ = > Ckyk la nghiém téng quét cla phuong trinh thuan nhat (4). Khi
k=1
dé nghiém t8ng quat clia phuong trinh B)lay=y+y*
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuan nhét
. Phuang trinh vi phan tuyén tinh khong n nhét
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Nghiém téng quat cla phuong trinh tuyén tinh khéng thuan

Ta cé

Ln[)/]:Ln[y+y*]:Ln[Y]+Ln[y*]:0+f(X):f(x)’vck
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Mét s6 khai niém cd ban
Phuong trinh vi phan tuyén tinh thuan nhat
. Phuang trinh vi phan tuye inh khong
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh cé I\s s6 héng sé

Nghiém téng quat cla phuong trinh tuyén tinh khéng thuin nhit

Ta cé

Ln[)/]:Ln[y+y*]:Ln[Y]+Ln[y*]:0+f(X):f(x)’vck

n n
Trhéthicy=y+y*=> Gyw+y = > Gyx=y—y*tacd
k=1 k=1

G+ Gyat+- - Cya=y—y*
Cn+Gy+-- Gy, =y —y*

Gy 4 G o Gy = 1) (0D

gidi ra ta ludn tim dugc Gy (k=1,...,n) (vi W #0)
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuan nhét
. Phuang trinh vi phan tuyén tinh khong thudn nhét
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Nguyén Iy chdng chit nghiém

Vi du: Cho phuong trinh y” + 4y = e D& thiy phuong trinh thuin nhit
tuong tng y + 4y = 0 cé hai nghiém riéng d6c 13p tuyén tinh I3
y1 = cos 2x, y» = sin 2x. M6t nghiém riéng cla phuong trinh ban dau la

*

y* = gex. Vy nghiém t8ng quat cha phuong trinh d3 cho I3

1
y = Cycos2x + Csin2x + gex
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuan nhét
. Phuang trinh vi phan tuyén tinh khong thudn nhét
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Nguyén Iy chdng chit nghiém

Vi du: Cho phuong trinh y” + 4y = e D& thiy phuong trinh thuin nhit
tuong tng y + 4y = 0 cé hai nghiém riéng d6c 13p tuyén tinh I3
y1 = cos 2x, y» = sin 2x. M6t nghiém riéng cla phuong trinh ban dau la

y* = gex. Vy nghiém t8ng quat cha phuong trinh d3 cho I3

1
y = Cycos2x + Csin2x + gex

Nguyén Iy chdng chit nghiém
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuan nhét
. Phuang trinh vi phan tuyén tinh khong n nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Nguyén Iy chdng chit nghiém

Vi du: Cho phuong trinh y” + 4y = e D& thiy phuong trinh thuin nhit
tuong tng y + 4y = 0 cé hai nghiém riéng d6c 13p tuyén tinh I3

y1 = cos 2x, y» = sin 2x. M6t nghiém riéng cla phuong trinh ban dau la
y

*

= gex. Vy nghiém t8ng quat cha phuong trinh d3 cho I3

1
y = Cycos2x + Csin2x + gex

Nguyén Iy chdng chit nghiém

Gia st y1(x), y2(x) 1an lugt I3 cac nghiém riéng clia cic phuong trinh
khong thun nhat L, [y] = A (x), La[y] = 2 (x) thi y = y1 (X) + yo (x) 12
nghiém riéng cla phucng trinh L, [y] = f (x) + £ (x)
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuan nhét
) Phuang trinh vi phén tuyén tinh khong thu
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb k

Nguyén Iy chdng chit nghiém

Vi du: Cho phuong trinh y” + 4y = e D& thiy phuong trinh thuin nhit
tuong tng y + 4y = 0 cé hai nghiém riéng d6c 13p tuyén tinh I3

y1 = cos 2x, y» = sin 2x. M6t nghiém riéng cla phuong trinh ban dau la
y

*

= gex. Vy nghiém t8ng quat cha phuong trinh d3 cho I3

1
y = Cycos2x + Csin2x + gex

Nguyén Iy chdng chit nghiém

Gia st y1(x), y2(x) 1an lugt I3 cac nghiém riéng clia cic phuong trinh
khong thun nhat L, [y] = A (x), La[y] = 2 (x) thi y = y1 (X) + yo (x) 12
nghiém riéng cla phucng trinh L, [y] = f (x) + £ (x)

That vay, ta c6 L, [y1 + y2] = La 1] + La[y2] = A (x) + 2 (%) O
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M@t sb khéi niém co ban

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Vi du

Tim nghiém riéng cla perdng trinh y’ +y = x + cos 3x biét nghiém
riéng clia cac phuong trinh y” +y = x va y  + y = cos3x lan luct 13
1

Vi =X,yo = ~3 cos 3x.
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M@t sb khéi niém co ban
Phuong trink n tuyén tinh thudn nhét
. Phuang trinh vi
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyé

Vi du

Tim nghiém riéng cla perdng trinh y’ +y = x + cos 3x biét nghiém
riéng clia cac phuong trinh y” +y = x va y  + y = cos3x lan luct 13
1

YI=X,y2 = ~3 cos 3x.
Ap dung nguyén Iy chdng chit nghiém ta cé nghiém riéng cia

phuong trinh da cho la y = x — 3 cos 3x
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuin nhé
. Phuang trinh vi phéan tuyén tinh khong tl
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb k

Phuong phap bién thién hing s6 (Phuong phap Lagrange)
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuan nhét
. Phuang trinh vi phan tuyén tinh khong n nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Phuong phap bién thién hing s6 (Phuong phap Lagrange)

Gia st y1 (X),y2 (%), -, yn (x) 12 cic nghiém dbc lap tuyén tinh cha
phuong trinh thuin nhat (4) . Ta tim nghiém riéng y* cla phucng trinh
(3) c6 dang

y =D Gy () = Gy () + G (x) y2 (x) + -+ Co (x) v (%)
k=1
(6)

va tim céch chon cic ham G (x), G (x), -+, Gy (x) sao cho y* la
nghiém
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Mot sb khai niém co ban
vi phan tuyén tinh thuan nhat
. vi phan tuyen tinh khong thuan nhat
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb héng sb

Phuong phap bién thién hing s6 (Phuong phap Lagrange)

Gia st y1 (X),y2 (%), -, yn (x) 12 cic nghiém dbc lap tuyén tinh cha
phuong trinh thuin nhat (4) . Ta tim nghiém riéng y* cla phucng trinh
(3) c6 dang

ch )y (x) = G )y (x) + G (x)y2 (x) + -+ G (x) ya (x)
(6)

va tim céch chon cic ham G (x), G (x), -+, Gy (x) sao cho y* la
nghiém

G day c6 n ham phai tim va lién hé véi nhau bi bidu thiic (6). Do dé ta
6 thé chon n — 1 hé thiic con lai bat ky dé xac dinh dugc

G (x), Co(x),---, Co(x). Bai toan dt ra Ia chon cdc biéu thitc dé nhu
thé nao? L4y dao ham hai v& ctia (6) ta dugc

v =G )y () + G ) vy (x) + et G (%) v (X) +
FCG () () + G () () + -+ Cy () yn (x)
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Mt sb khii niém cd ban
Phuong trinh vi phan tuyén tinh thuan nhat
. Phuang h vi phan tuyen tinh khong thuan nhat
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb héng sb

Phuong phép bién thién hing sb

Chon G (x), G (x), -+, Cy(x) sao cho

’

G ()1 () + G (x) ya (x) + -+ Co (%) ya (x) = 0 (7)
Khi dé
V' =G )+ GX) s (x) et G (X) i (X)+
+C () vy (%) + G () ya (x) + -+ Cy () ¥ (x)

Chon G (x), G (x),- -+, Cy(x) sao cho

’

G ) () + G () ya (x) + -+ Gy (x) v, (x) =0 (8)
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Mot sb khai niém co ban
vi phan tuyén tinh thuan nhat

. vi phan tuyen tinh khong thuan nhat

Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb héng sb

Phuong phép bién thién hing sb

Tiép tuc qud trinh ndy sau n — 1 budc ta dugc

G ()1 () + G () ya (x) + -+ Co(x) ya (x) = 0
CLx) v () + G () vy (x) + -+ G (x) yo (x) = 0

GO )+ Gy () + -+ G ()P () = 0
va cdc dao ham cta y™* trd thanh

v =G x) v () + G (x) ys (x) + -+ Ca(x) v, (%)
y =G )+ Gy ()t G (x) y, (%)

y =GRV )+ R () 4+ G () ()
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Mét s6 khai niém cd ban
Phuong trinh vi phan tuyén tinh thuan nhat

. Phuang h vi phan tuyen tinh khong thuan nhat

Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb héng sb

Phuong phép bién thién hing sb

do dé

y =GN )+ G )+ G () () +
+G IV )+ G AT () 4+ G )y ()

Thay y*,y*,y* -+, y* vio phuong trinh (3) ta dugc

G0 [ () + () A"V () -+ pa () 3 ()] +

p" )+ P ()" () 4o+ pa () ()]
")+ G () = (%)

+@xb" 1u)"Wn (N ()]

_|_
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Mét s6 khai niém cd ban
Phuong trinh vi phan tuyén tinh thuan nhat

. Phuang h vi phan tuyen tinh khong thuan nhat

Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb héng sb

Phuong phép bién thién hing sb

Viy1 (x),y2 (%), , ¥ (x) 12 cic nghiém cla phuong trinh thuin nhit
(4) nén ta c6

’ n—1 4 n—1 / n—
G )RV )+ G )Y (x) -+ Gy (x) v (x) = £ (x) (10)
K&t hop ta dugc hé phuong trinh

CL () v () + G (x) y2 (x) + -+ Cp (x) ya (x) = 0
G () y1 (%) + G () v (x) + -+ Gy (%) yo (x) = 0

GNP )+ GNP )+ + G (x) v (x) =0
G )RV )+ G )WV () o+ G (x) v (x) = (x)
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuan nhat
. Phuang trinh vi phan tuyen inh khong thu nhat
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb héng sb

Phuong phép bién thién hing sb

Do y1 (x),y2(x), -+, yn(x) 12 cAc nghiém dbc lap tuyén tinh nén dinh
thirc Wronskl cla hé (10) khac 0, vi vay tir hé (10) ta xac dinh dugc duy
nhit ¢, (X) G (X), C, (x) tir d6 xac dinh dugc

G(x),G(x),-- G ( ) suy ra y* vi nghiém téng quét cia phuong
trinh khéng thuan nht.

ang mén: PHUGNG TRINH VI PHAN Chuong 11: Phuong trinh vi pl
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Mét s6 khai niém cd ban
Phuong trinh vi phan tuyén tinh thuan nhat
. Phuang trinh vi phan tuye inh khong
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh cé I\p s6 héng sé

Phuong phép bién thién hing sb

Do y1 (x),y2(x), -+, yn(x) 12 cAc nghiém dbc lap tuyén tinh nén dinh
thirc Wronskl ta hé (10) khac 0, vi vay tir hé (10) ta xac dinh dugc duy
nhit Cl( ), C (X), C, (x) tir d6 xac dinh dugc
G(x),G(x),-- G ( ) suy ra y* vi nghiém téng quét cia phuong
trinh khéng thuan nht.
Chi y: Nghiém t8ng quéat clia phuong trinh tuyén tinh khéng thuin nhit
chp nlay =y (x) 4+ y* (x) gdbm hai thanh phan;

@ ¥ (x) la nghiém tdng quat clia phuong trinh tuyén tinh thun nhit

tuong (ng.

C
/
2

@ y*(x) 1a nghiém riéng clia phuong trinh khéng thuan nhit .

Ng6 Manh Tuéng Website: http://www.tuongnm.wordpress.com Bai giang mon: PHUGNG TRINH VI PHAN Chuong I1: Phuong trinh vi pl



Mét s6 khai niém cd ban
Phuong trink n tuyén tinh thudn nhét
. Phuong trinh vi n tuyén tinh khéng thu
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb k

Ap dung phuong phép bién thién hing sb véi n = 2

Ap dung phuong phap bién thién h3ng sé tim nghiém riéng cla
phuong trinh vi phan tuyén tinh cap 2

Y +p(x)y +q(x)y=f(x) (12)
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Mot sb khai niém co ban
vi phan tuyén tinh thuan nhat
. vi phan tuyen tinh khong thuan nhat
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé sb héng sb

Ap dung phuong phép bién thién hing sb véi n = 2

Ap dung phuong phap bién thién h3ng sé tim nghiém riéng cla
phuong trinh vi phan tuyén tinh cap 2
y +p()y +a(x)y=f(x) (12)

Gid st y1 (x),y2 (x ) la céc nghiém riéng doc lap tuyén tinh cla
phuong trinh thuan nhit tuong Ung y +p x)y +gq (X)y =0 trén
khoang /. Khi dé nghiém téng quat clia phuong trinh thudn nhAt I3
y = Gy (x) + Goys (x). Ta tim nghiém riéng cta phuong trinh (12) ¢
dang

Y= G )+ G ()9 (%) (13)

trong dé Ci(x), C2(x) théa mén hé phuong trinh
{ G ()1 () + G (x)y2 (x) =0
G ()1 (x) + G () ya (x) = £ (x)

Giai hé phuong trinh ta tim duoc C; (x), G, (x) tir d6 suy ra
G (x), Gy (x), thay vao (13) ta dugc nghiém riéng y* cta phuong trinh
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Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Vid

Mét sb khai nié:
Phuong trinh vi
Phuang trinh vi
Phuong trinh vi

1 cd ban
phén tuyén tinh thuin nhit

phén tuyén tinh khdng thudn nhit
phén tuyén tinh c6 hé sb hing sb




Mét s6 khai niém cd ban
Phuong trinh vi phan tuyén tinh thuan nhét
) Phuang trinh vi phéan tuyén tinh khong thuén n
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phudng trinh vi phan tuyén tinh c6 hé s hing s6

Vi du:

Vidu 1:Tim nghiém téng quéat cla phuong trinh Xy” - y, = x2 biét mét
nghiém riéng cha phucng trinh thuin nhat tuong ing la y; =1

ordpress.com ia i) NG TRINH VI PHAN Chuong Il: Phuong trinh vi pl



M@t sb khéi niém co ban

Phuong trink n tuyén tinh thudn nhét
Phuang trinh vi

Phuong trinh vi phan tuyé

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Vi du:

Vidu 1:Tim nghiém téng quéat cla phuong trinh Xy” - y, = x2 biét mét
nghiém riéng cha phucng trinh thuin nhat tuong ing la y; =1

Vidu 2: Tim nghiém téng quat cha phuong trinh y” +y=—— bibt
cos x

mét nghiém riéng clia phuong trinh thuin nhit tuong dng 13 y; = cos x

PHUONG TRINH VI PHAN Chuang 1I: Phuang trinh vi pl
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Ph

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

ong trinh thudn nhit

Mt sb khai nig
Phuong trinh vi
Phuong trinh vi
Phuang trinh vi

1 cd ban

phan tuyén tinh thuin nhat

phan tuyén tinh khong thuin nhat
phén tuyén tinh c6 hé sb hing sé




Mot sb khai niém cd ban

Ly thuyét téng quat vé phuong trinh vi phan tuyén tinh cip cao Phuang trinh vi phan tu'yen tinh c6 hé sb hang sb

Phuong trinh thuan nhit

Phuong trinh vi phan tuyén tinh cp n véi hé sb hing 13 phuong
trinh vi phan cé dang

Lily] =y +aiy™D + -+ 2y = £ (x) (14)

trong d6 a; (i = 1,...,n) 13 cac hing sb thuc va f(x) lién tuc trén (a, b).
Néu f (x) = 0 khi d6 phuong trinh (14) c6 dang

y(”)+aly("71)+«-~+any20 hay L [y] =0 (15)

va dugc goi la phuong trinh thuin nhit tuong (ng.
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Mot sb khai niém cd ban

Ly thuyét téng quat vé phuong trinh vi phan tuyén tinh cip cao Phuang trinh vi phan tu'yen tinh c6 hé sb hang sb

Phuong trinh thuan nhit

Phuong trinh vi phan tuyén tinh cp n véi hé sb hing 13 phuong
trinh vi phan cé dang

Lily] =y +aiy™D + -+ 2y = £ (x) (14)

trong d6 a; (i = 1,...,n) 13 cac hing sb thuc va f(x) lién tuc trén (a, b).
Néu f (x) = 0 khi d6 phuong trinh (14) c6 dang

y(”)+aly("71)+«-~+any20 hay L [y] =0 (15)

va dugc goi la phuong trinh thuin nhit tuong (ng.
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Ph

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

ong trinh thudn nhit

Mt sb khai nig
Phuong trinh vi
Phuong trinh vi
Phuang trinh vi

1 cd ban

phan tuyén tinh thuin nhat

phan tuyén tinh khong thuin nhat
phén tuyén tinh c6 hé sb hing sé




i niém cd ban
nh vi phan tuyén tinh thuén nhé
. trinh vi phan tuyén tinh kh, a
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phéan tuyén tinh c6 hé sb hang sb

Phuong trinh thuan nhit

Ta tim nghiém cta phuong trinh thudn nhit (15) c6 dang y = e*
véi k 13 h3ng sb phai tim.
Thuc vay, ta ¢6 y' = kekx,y” = k2ekx .. y(" = knekx | thay
v,y ..., y" vio (15) ta dugc

L: [ekx] _ ekx (kn_|_alkn71 ++an)
Ky hiéu
F(k)=k"+ak" 4+ +a, (16)

dugc goi la da thirc dac trung cda phuong trinh (15).
Do €% # 0 nén y = e 13 nghiém cla phuong trinh (15) khi va chi khi
F (k) =0 hay

K"+ a k" P+ 4+a,=0 (17)

va dugc goi 13 phudng trinh dic trung cda phuong trinh (15).
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Mt sb khai niém cd ban

Phuang trinh vi phan tuyén tinh thudn nhat
Phuong trinh vi phan tuven tinh khéng thlnn nlnt
Phuang trinh vi phan tuyén tinh c6 hé sé hing s6

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Phuong trinh thuan nhit

Khi d6 c6 thé x:“;y ra cac truong hgp sau
e Phuong trinh dic trung (17) c6 n nghiém thuc khac nhau.

@ Phuong trinh dic trung (17) c6 n nghiém khac nhau trong dé c6
nghiém phiic.

@ Phuong trinh d3c trung (17) c6 nghiém boi.
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ng trinh vi phan tuyén tinh thudn nht
e 3 " p Phuang trinh vi phan tuyén tinh khd
Ly thuyét téng quét vé phudng trinh vi phan tuyén tinh cp cao Phuong trinh vi phan tuyén tinh cé

Phuong trinh dic trung c6 n nghiém thuc khac nhau

ng mén: PHUONG TRINH VI PHAN Chuang II: Phuong trinh vi pl



Mét s6 khai niém cd ban
Phuang trinh vi phan tuyén tinh thudn nhét
. Phudng trinh vi phan tuyén tinh khéng thudn nhat
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Phuong trinh dic trung c6 n nghiém thuc khac nhau

Gia st phuong trinh dic trung (17) cé n nghiém thuc khic nhau
ki, ko, ..., ky. Khi d6 cac nghiém riéng ddc lap tuyén tinh clia phuong
trinh (15) 13 y; = e}* y, = efX ...y, = k"X Vay nghiém téng quét
cta phuong trinh (15) la

y = Cref* + GeloX + ...+ C el
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cd ban
n tuyén tinh thuin
rinh vi phan tuyén tinh khéng thuan nhit
Phuang trinh vi phan tuyén tinh c6 hé sé hing s6

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Phuong trinh dic trung c6 n nghiém thuc khac nhau

Gia st phuong trinh dic trung (17) cé n nghiém thuc khic nhau
ki, ko, ..., ky. Khi d6 cac nghiém riéng ddc lap tuyén tinh clia phuong
trinh (15) 13 y; = e}* y, = efX ...y, = k"X Vay nghiém téng quét
cta phuong trinh (15) la

y = Cref* + GeloX + ...+ C el

Vi du: Gidi phuong trinh ym - y” — 4y/ +4y =0

Bai giang mén: PHUGNG TRINH VI PHAN Chuong 11: Phuong trinh vi pl
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuin nhé
. Phuong trinh vi phan tuyén tinh kho n nhit
Ly thuyét téng quét vé phudng trinh vi phan tuyén tinh cip cao Phuang trinh vi phan tuyén tinh c6 hé sé hing s6

Phuong trinh dac trung (17) c6 n nghiém khac nhau trong dé
nghiém phic

ongnm.wordpress.com i) G TRINH VI PHAN Chuong Il: Phuong trinh vi



cd ban
n tuyén tinh thuin
. rinh vi phan tuyén tinh khéng thuan nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Phuong trinh dac trung (17) c6 n nghiém khac nhau trong dé cé

nghiém phic

Néu phuong trinh (15) c6 nghiém phic y (x) = u(x) + iv (x) thi cic
phan thuc u(x) va phan do v (x) la nghiém thuc cta phuong trinh (15)
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Mot sb khai nié ém cd ban
Phuang trinh vi phan tuycn tinh thudn nhét
) Phudng trinh vi phan tuyén tinh khéng thudn nhat
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Phuong trinh dac trung (17) c6 n nghiém khac nhau trong dé cé
nghiém phic

B6 dé

Néu phuong trinh (15) c6 nghiém phic y (x) = u(x) + iv (x) thi cic
phan thuc u(x) va phan do v (x) la nghiém thuc cta phuong trinh (15)

Ching minh.
That vay, theo tinh chit clia todn ti ta c6
LIy ()] = Lu(x)+iv(x)] = Llu(x)] +iL[v(x)] =0

Llu(x)]=0
é{L[v(x)]zO
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M@t sb khéi niém co ban
nh vi phan tuyén tinh thudn nhét
. trinh vi phan tuyén tinh kk uan nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Phuong trinh dac trung (17) c6 n nghiém khac nhau trong dé cé
nghiém phic

Gia st phuong trinh dic trung (17) c6 2 nghiém phdc lién hop

a+if,a—iB. Khi dé ta cé hai nghiém phdc cta (15) la
elatiB)x o(a=if)x Theo cng thitc Euler ta cé

elatiB)x — gax (cos Bx + isin 8x), elaiBx — gax (cos Bx — isin 3x)

Ap dung b6 dé trén ta c6 ph§n thuc e** cos (3x, phe“\m 3o la e sin Bx 13
hai nghiém thuc déc lap tuyén tinh.

Vay véi mdi c3p nghiém phiic lién hop a + i3, o — i3 ta xdy dung
dugc hai nghiém riéng thuc déc lap tuyén tinh clia phuong trinh (15) I3
e cos Ax, €™ sin Bx. K&t hop chlng véi cac nghiém thuc khac ta xay
dung dugc hé nghiém co ban, tir dé suy ra nghiém téng quat.
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M@t sb khéi niém co ban
nh vi phan tuyén tinh thudn nhét
. trinh vi phan tuyén tinh kk uan nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Phuong trinh dac trung (17) c6 n nghiém khac nhau trong dé cé
nghiém phic

Gia st phuong trinh dic trung (17) c6 2 nghiém phdc lién hop

a+if,a—iB. Khi dé ta cé hai nghiém phdc cta (15) la
elatiB)x o(a=if)x Theo cng thitc Euler ta cé

elatiB)x — gax (cos Bx + isin 8x), elaiBx — gax (cos Bx — isin 3x)

Ap dung b6 dé trén ta c6 ph§n thuc e** cos (3x, phe“\m 3o la e sin Bx 13
hai nghiém thuc déc lap tuyén tinh.

Vay véi mdi c3p nghiém phiic lién hop a + i3, o — i3 ta xdy dung
dugc hai nghiém riéng thuc déc lap tuyén tinh clia phuong trinh (15) I3
e cos Ax, €™ sin Bx. K&t hop chlng véi cac nghiém thuc khac ta xay
dung dugc hé nghiém co ban, tir dé suy ra nghiém téng quat.

Vi du: Gidi phuong tinh —y"" +3y" —9y' —13y =0
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cd ban
n tuyén tinh thuin
. rinh vi phan tuyén tinh khéng thuan nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Phuong trinh dac trung (17) c6 nghiém bdi

Néu phuang trinh d&c trung (17) c6 nghiém thuc k = k; bdi m thi
phuong trinh thuin nhat (15) c6 m nghiém riéng doc 1ap tuyén tinh 13

k k 2 _k
ylzelxa 2:Xelxay3:X elxa"'a 'm = X

mfleklx
Néu phuong trinh dic trung (17) cé nghiém phic ky = oo+ i3 bbi m
thi ki = o — if3 ciing la nghiém phdc b6i m cla phuong trinh (17). Khi
dé ta c6 2m nghiém riéng cla trinh thuan nhit (15) déc lap tuyén tinh 13
e cos fAx, xe® cos fx, x?e** cos B, . .., x™Le® cos Ax

e“*sin Ax, xe™ sin Bx, x2e™ sin Bx, ..., x™ e sin Bx
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Mot sb khai niém cd ban

Ly thuyét téng quat vé phuong trinh vi phan tuyén tinh cip cao Phuang trinh vi phan tu'yen tinh c6 hé sb hang sb

Phuong trinh dac trung (17) c6 nghiém bdi

Néu phuang trinh d&c trung (17) c6 nghiém thuc k = k; bdi m thi
phuong trinh thuin nhat (15) c6 m nghiém riéng doc 1ap tuyén tinh 13

2 k1X

Y1 :eklxayZ :Xeklxay:i_x € vy m:Xmileklx

Néu phuong trinh dic trung (17) cé nghiém phic ky = oo+ i3 bbi m
thi ki = o — if3 ciing la nghiém phdc b6i m cla phuong trinh (17). Khi
dé ta c6 2m nghiém riéng cla trinh thuan nhit (15) déc lap tuyén tinh 13

e cos fBx, xe™ cos Ox, x* e cos fBx, . .., x" L™ cos Bx

m—1 _ax

26 sin Bx, ..., x™ e sin Bx

e** sin Bx, xe™* sin Bx, x
Vi du: Tim nghiém tc“;ng quéat ctia cic phuong trinh sau
oy —7y" +16y —12y =0
° y(4) . 4y/// + 5y1/ . 4}// + 4y _ O
° y(4) . 4y/// + 8y1/ . 8y1 + 4y _ 0
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M@t sb khéi niém co ban
Phuong trinh vi phan tuyén tinh thuin nhé
. Phuong trinh vi phan tuyén tinh kho n nhit
Ly thuyét téng quét vé phudng trinh vi phan tuyén tinh cip cao Phuang trinh vi phan tuyén tinh c6 hé sé hing s6

Phuong trinh tuyén tinh khng thuan nhit véi hé sb hing

h Tudng Web: ongnm.wordpress.com o G TRINH VI PHAN Chuong I: Phuong trinh vi pl



Mét s6 khai niém cd ban
Phuang trinh vi phan tuyén tinh thudn nhét
. Phudng trinh vi phan tuyén tinh khéng thudn nhat
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Phuong trinh tuyén tinh khng thuan nhit véi hé sb hing

Xét phuong trinh vi phan tuyén tinh khong thuin nhit cip n véi hé
s6 hing
Lyl =y +ay D ot ay = £ (x) (18)

trong d6 a; (i = 1,...,n) 13 cac hing sb thuc va f(x) lién tuc trén (a, b).
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Ly thuyét téng quat vé phuong trinh vi phan tuyén tinh cip cao Phuong trinh vi phan tuyén tinh c6 hé s hing sb

Phuong trinh tuyén tinh khng thuan nhit véi hé sb hing

Xét phuong trinh vi phan tuyén tinh khong thuin nhit cip n véi hé
s6 hing

Lyl =y +ay D ot ay = £ (x) (18)
trong d6 a; (i = 1,. ) 13 cac hing sb thuc va f(x) lién tuc trén (a, b).

Dé glal perdng trlnh vi phan nay ta cé thé dung phuong phap tim
nghiém tong quéat cua phuong trinh thudn nhAt, sau dé 4p dung phuong
phap bién thién hing sb (nhu & bai trudc) tim nghiém riéng v (x) cda
phuong trinh khéng thudn nhit (18), tir d6 suy ra nghiém tong quét cla
né . Tuy nhién trong khi 4p dung phuong phap bién thién hing sb dé tim
nghiém riéng ctia phuong trinh (18) nhiéu ldc ta di dén nhiing tinh toan
phifc tap. Trong trudng hop ham f(x) c6 nhiing dang dic biét ta c6 thé
st dung phucng phap hé sb bit dinh sau day d& tim nghiém riéng cla
phuong trinh (18) mét cach don gidn hon
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cd ban
n tuyén tinh thuin

. rinh vi phan tuyén tinh khéng thuan nhit

Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Trudng hop 1: Ham f (x) cé dang da thic bdc m nhan véi ham mii

Trudng hop ham f (x) cé dang f (x) = e Py, (x), trong d6 P, (x)
la da thitc bdc m. Khi d6 phucng trinh khéng thuan nhat (18) cé dang
L: [y] = P (x). Xét cic trudng hop sau
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M@t sb khéi niém co ban
nh vi phan tuyén tinh thudn nhét
. trinh vi phan tuyén tinh khéng thuan nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Trudng hop 1: Ham f (x) cé dang da thic bdc m nhan véi ham mii

Trudng hop ham f (x) ¢ dang f (x) = e**Pp, (x), trong d6é P, (x)
la da thic bic m. Khi d6 phuong trinh khéng thuan nhit (18) ¢ dang
LY [y] = €™ Py (x). Xét cac trudng hgp sau

@ «a khéng |3 nghiém cda phuong trinh dic trung (17). Khi d6 ta tim

nghiém riéng cla phuong trinh (18) cé dang y* (x) = e Qp (x),

trong d6 @, (x) 13 da thic cling bac véi Py, (x) (bac m) c6 hé sb

tim duoc b3ng phuong phap hé sb bt dinh.
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i niém cg ban
vi phan tuyén tinh thuan nhét
. vi phan tuyén tinh khéng thuin nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao inh vi phan tuyén tinh c6 hé sb hing sb

Trudng hop 1: Ham f (x) cé dang da thic bdc m nhan véi ham mii

Trudng hop ham f (x) ¢ dang f (x) = e**Pp, (x), trong d6é P, (x)
la da thic bac m. Khi d6 phuong trinh khéng thuan nhat (18) c6 dang
L [y] = e**Pp, (x). Xét cac trudng hop sau

@ «a khéng |3 nghiém cda phuong trinh dic trung (17). Khi d6 ta tim
nghiém riéng cta phuong trinh (18) cé dang y* (x) = e**Qn (x),
trong dé Qn (x) 1a da thdc cling bac véi Py, (x) (bdc m) cb hé so
tim dugc bing phuong phép hé sb bat dinh.

@ « la nghiém bdi s cla phuong trinh dic trung (17). Khi d6 ta tim
nghiém riéng cla phuong trinh (18) cé dang y* (x) = x°e**Qpm (x),
trong d6 Qn, (x) la da thdc clung bic véi Py, (x) (bdc m) c6 hé s6
tim dugc bing phuong phép hé s bat dinh.

Vidu: Tim nghiém tcA;ng quét cla cac phuong trinh
Q) —y=02x+1)e>
@y —5y = —5x%+2x
Q) —4y +4y=2e*
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M@t sb khéi niém cg ban
Phua nh vi phan tuyén tinh thudn nhé
. Phudng trinh vi phan tuyén tinh khéng thudn nhat
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Trudng hop 2: Ham f (x) c6 chita ham s lugng giac

Trudng hop ham f (x) cé dang
f (x) = e™ [P, (x) cos Bx + Qs (x) sin Bx], trong dé P, (x), Qs (x) lan
lugt 13 cac da thitc bac r,s. Khi d6 phuong trinh khéng thudn nhit (18)
c6 dang L} [y] = e** [P, (x) cos 5x + Qs (x) sin 8x].
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i niém cd ban
nh vi phan tuyén tinh thuén nhé
. trinh vi phan tuyén tinh kh, a

Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phéan tuyén tinh c6 hé sb hang sb

Trudng hop 2: Ham f (x) c6 chita ham s lugng giac

Trudng hop ham f (x) cé dang
f (x) = e™ [P, (x) cos Bx + Qs (x) sin Bx], trong dé P, (x), Qs (x) lan
lugt 13 cac da thitc bac r,s. Khi d6 phuong trinh khéng thudn nhit (18)
c6 dang L} [y] = e** [P, (x) cos 5x + Qs (x) sin 8x].
@ a+ if khdng |a nghiém cda phuong trinh dic trung (17). Khi dé ta
tim nghiém riéng cla phuong trinh (18) cé dang
y* = e* [Rm (x) cos Bx + Hp (x) sin Bx], trong dé R (x), Hm (x) la
da thiic c6 bac bang m = max {r,s} c6 hé sb tim dugc bing
phuong phap hé sb bt dinh.

Ng6 Manh Tudéng Website: http://www.tuongnm.wordpress.com Bai giang mén: PHUGONG TRINH VI PHAN Chuong I1: Phuong trinh vi pl



i niém cg ban
vi phan tuyén tinh thuan nhét
. vi phan tuyén tinh khéng thuin nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao inh vi phan tuyén tinh c6 hé sb hing sb

Trudng hop 2: Ham f (x) c6 chita ham s lugng giac

Trudng hop ham f (x) cé dang
f (x) = e™ [P, (x) cos Bx + Qs (x) sin Bx], trong dé P, (x), Qs (x) lan
lugt 13 cac da thitc bac r,s. Khi d6 phuong trinh khéng thudn nhit (18)
c6 dang L} [y] = e [P, (x) cos Bx + Qs (x) sin Bx].
@ a+ if khdng |a nghiém cda phuong trinh dic trung (17). Khi dé ta
tim nghiém riéng cla phuong trinh (18) cé dang
y* = e* [Rm (x) cos Bx + Hp (x) sin Bx], trong dé R (x), Hm (x) la
da thiic c6 bac bang m = max {r,s} c6 hé sb tim dugc bing
phuong phap hé sb bt dinh.
@ a+ i 1a nghiém bdi t cla phuong trinh dic trung (17). Khi dé ta
tim nghiém riéng cta phuong trinh (18) c6 dang
y* = x'e™ [Ry, (x) cos Bx + Hpy, (x) sin Bx], trong d6 Ry, (x), Hm (x)
13 da thitc c6 bac bing m = max {r,s} c6 hé sb tim dugc bing
phuong phap hé sb bt dinh.
Vidu: Tim nghiém téng quét cha cic phuong trinh
Qy +y +y=¢ (cosx — 7sin x)
Q@ +y=2sinx
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M@t sb khéi niém co ban
nh vi phan tuyén tinh thudn nhét
. trinh vi phan tuyén tinh khéng thuan nhit
Ly thuyét tdng quat vé phuong trinh vi phéan tuyén tinh cip cao Phuong trinh vi phén tuyén tinh c6 hé sb hing s

Chd y

Trong trudng hop ham f (x) khdng cé cc dang dic biét trén, nhung
c6 thé viét f (x) = f (x) + f (x) trong d6 i (x), f (x) 13 céc dang dic
biét trén thi ta 4p dung nguyén Iy chdng chit nghiém dé tim nghiém
riéng cha phuong trinh khéng thuin nhit, tdc I3 ta tim cic nghiéng
yi (x) cha phuong trinh L} [y] = £ (x) va tim nghiém riéng y; (x) cda
phuong trinh L% [y] = f2 (x). Khi d6 nghiém riéng clia phuong trinh
Lyyl = A (x) + f2(x) 1a y* (x) = yi' (x) + y3 (x)
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Mot sb khai niém cd ban

Ly thuyét tdng quat vé phuong trinh vi phan tuyén tinh cip cao

Chd y

Phuang trinh vi phan tuyen tinh cé hé so hang s6

Trong trudng hop ham f (x) khdng cé cc dang dic biét trén, nhung
c6 thé viét f (x) = f (x) + f (x) trong d6 i (x), f (x) 13 céc dang dic
biét trén thi ta 4p dung nguyén Iy chdng chit nghiém dé tim nghiém
riéng cha phuong trinh khéng thuin nhit, tdc I3 ta tim cic nghiéng
y1 (x) cba phuong trinh L% [y] = fi (x) va tim nghiém riéng y5 (x) cda
phuong trinh L% [y] = f2 (x ) Khi d6 nghiém riéng ctia phucng trinh
L=a)+h()ay (x)=y(x)+y ()

Vi du: Tim nghiém tbng quat cta phuong trinh y —y = 5e* — sin2x
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