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MOT SO DANG CHUAN TAC CUA CAC HQ PHUONG TRINH
PAO HAM RIENG HON HQP TRONG MAT PHANG

TOM TAT

Trinh Thi Diép Linh”
Truong Pai hoc Su pham - DH Thai Nguyén

Céc dang chudn tic cho sy bién dang tron ctia phoi v6i tham s hitu han chiéu ciia phwong trinh
dac trung doi voi phuong trinh vi phan dao ham riéng hon hop trong mat phang dugc tim thay gan
mot diém cua tiép tuyen cua hudng dac trung voi su bién dang va diem ky di khong bién suy bién,

khong cong hudng.

Tir khéa: Phwong trinh dang hén hop, dang chudn tdc, sw phan logi, sw bién dang tron ciia phéi.

GIOI THIEU

Ho cac duong cong tich phan cua phuong
trinh ddc trung dia phuong dong vai troé quan
trong trong ly thuyét cua cac phuong trinh
dao ham riéng, do d6 cac dang chuan tac dja
phuong cua phuong trinh déc trung dan dén
su thay thé tron cac toa dﬁ) co lich st ‘déi di
to1 the ky XIX [1]. Tir xuét phat ban dau cua
bai toan cho t6i cudi the ky, cac dang chuan
tdc nay bao gom céac phuong trinh Laplace,
phuong trinh song va phuong trinh Cibrario-
Tricomi da biet. Cac phuong trinh déc trung
twong Ung voi cic dang chuan tac trén la
dy? +dx* =0, dy’ —dx* =0 va
dy? —xdx* =0 (1) (xem [2],[3],[8]). Dang
chuan the nhat va thir hai 1dy gan mot diém
cua mién xac dinh elliptic va hipebolic cia
phuong trinh

a(x, y)U,, +2b(x, y)U,, +c(x, y)U,,
=F(x,y,U,U,,U))

Phuong trinh dac trung tuong Ung
a(x, y)dy? —2b(x, y)dxdy +c(x, y)dx* =0 (3)

cic hudng dic trung tai mot diém 1a cac
nghiém cta phuong trinh (3). Gia tri cia biét
thirc A =b® —ac, voi cac gié tri cta biét thirc
ta c6 thé co hai huéng diac trung tai mot
diém, trong d6 co hai hudng ao twong g véi
gi4 tri biét thire 1a duong, bang khong va am.
Phuong trinh (3) c6 nghiém 0 va hai nghiém
thyc dy :dx tai diém tuong ung. Dang chuan
Cibrario-Tricomi 14y vi tri tai mot diém dién
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hinh cia dang duong cong biét thuc cua
phuong trinh, dang nay dugc ching minh
hoan chinh bai M.Cibrario (xem [2]). Dang
nay chinh la chia khéa cho cac nghién cuu
sau nay cua cac nha toan hoc, do do cac dang
chuin tic dja phuong cia ho dic trung cac
phuong trinh vi phan dao ham riéng cip 2
tuyén tinh téng quét trong mit phang di nhan
duoc vao cudi thé ky XX trong truong hop
c4c dang chuin tic tron can tim gan diém cia
dang dudng bién doi, tai cac dudng ma hudng
dic trung 1a tiép tuyén.

NOI DUNG

Xét phuwong trinh cip hai trén mat phang dang
(2) v6i X,y la cac toa do va a, b, ¢ la cac ham
s6 tron, F 1a ham sd nao do.

Pinh nghia 1. Ho dia phuong cua cac truong
véc to tron trong [1 7 véi tham s Fel™
hiru han chiéu, trong d6 n,m e[l 1a phoi tai
gbc cua trudong véc to duge xac dinh boi
phuong trinh
X=U(x,&),é=0 (4)

Thanh phan dau tién cua ho 1a uU,u = (u,&)
duoc goi la sy bién dang voi tham sb & cua
phoi ciia truong vée to U = (., 0) tai gde.

Hai ho dia phuong cua cac truong véc to la
tuong dwong tron hitu han néu véi r €[ nao
d6. Pay 1a cac biéu dién cia cac phdi tuong
ung cua céc ho tron.

O " tien hop trong cac mién xac dinh cua
chung, mién xac dinh ma ton tai phép dong

phoi 0" cta dang
(X,8) > (X(x, ), E(€),
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(X(0,0),E(0,0)) =(0,0)1a x4c dinh gin
gdc va cac phép lién hop cac pha twong l'mg [4].
Dmh nghia 2([6]). Tép hop cac sO phirc
= (A, Aoy A )€™ 1a khong cong
huong géu ching  khong c6 dang
/”Ij =(mA +m,A, +...+m A ), voi khoang
cach M; khong am, m, +m, +...+m, >2.
Piém ky di cua truong véc to vi phan la
khong cong huong néu tap hop ciia cac gia tri
riéng cua sy tuyén tinh hoa cia truong tai
diém d6 khong cong huong.
Pinh Iy 1. Su bién dang ciia phéi cua trudng
véc to tron trong[] "tai diém ky di ctia no 1a
twong duong tron hiru han t6i phdi tai gbc cua
subiéndang X = A(&)x 5),
véi ma tran hé s A nao d6, néu diém la
khong cong huong.
Chitrng minh. Trong trudng hop mit phéng
dwoc xéc dinh boi [1 %, phu thudc tham s6 £,
thay thé toa d6 tuyén tinh va nhan v6i ham s6
tron khac 0 tir (5) v6i tham sb & dua dén
dang chuan tic d6i v6i yén ngua va diém nut
c6 dang

10 :
(OQ@J[}wwamzwa@M> ®)
n

con doi voi tiéu di€m co dang

1 —a(8))(¢
[a@) 1 ]LJhw
V(&) = (& —a(é)n alé)s +n) @
Pay 1a 2 dang khac nhau cia truong voi su

thay thé bién s6 tuyén tinh va stc cing cua
thoi gian phu thude hé s (&) dua t6i dang

tong quat

(0 2)(¢
V@””_[4«a 1]LJ i
v(&.m) = (2n,-2k(£)S +1) (8)

Dang (8) la cua truong vecto trén truc hoanh
77 =0 c6 huéng doc khip truc toa do khac O.
Mit khac, phép dbi hop o : (E,17) = (£,-77)
tuong mg voi truong nay trong mdi diém ciia
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cua truc hoanh dugc xay dung trén cac truong
vecto V va o,V nhu sau

2n  —2k(&)S +n)|,

(cf 1) = y =
=2¢&  2k(&)E+n

Do d6 (8) nhan dugc véi truong hop gip vi
dbi véi truong nay sy thich hop voi phep d01
hop c6 thé lra chon trong dang chuan tic.
Dang chudn tac nay nhan dugc tu (6), (7).
Dang chuén tic nhan duoc ddi véi yén ngua,

2

diém nut sau d6 nhan véi trudng —— dé

a(€)+1
nhén dugc yén ngua duy nhit cua trudng niy
va di dén phuong trinh vi phan dang

$

a(g)+1

_a@n

a(g)+1

v6i a(&)+1#0do diém ky di khong cong
hudng.

Tu (8) sau khi dit bién méi E=&E—n va

_¢—aé)n

n 2[a@)+1] dua dén phuong trinh dang
=27 . Tro lai bién cii nhan duoc
§=a§—2[0~((§)+1]ﬁ "
a(g)-1
_s —2(~§ +1)7 ©)
a(g)-1
Nhung
_ E-a(@n/
e {-a(@) _ [a(8)+1]
2[a(8)+1] 2[a(8)+1] (10)

'@

2[a(8) +1]

Do d6 phép thé trong vé phai cua (10) bing
phép thé bién &, 7 tir (9) dan dén phuong trinh

1
20e(@)+1] [a(@)-1]
(@) - 2a(@)+1i-a (@)E + 20 (B)a(2) +1)7 |
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__a@s - — L _[2a(EQ+a*(2) +16a(d) |
- ~ 2 16 (&)
2 [a(g) +1] 1
o ~ . . =—E[a® (@) +1]+77
Ky hiéu & =¢&,17=n ta nhan duge & =27 8
(&) Vi vay, do sy lga chon toa do cﬁa‘ ho cac
van=-k&é+n ,trongdo k= T truong véc to (8) ta nhan dugc dang can tim.
2[0‘(5)+1] Pb6i voi ho V véi trudong tham sd cua phép

D6i voi truong hop tidu diém, sy tinh toan
khong giéng nhu trudng hop yén ngua va
diém nut ¢ trén. Do y nghia hinh hoc nén su
lya chon cac toa d méi don gian hon. Véi sy
thay thé cua truong

(f—a(é)ﬂ | a(§)§+f7j 1)
2 2

Ta c¢6 phuong trinh le hay
a(§)S+n

[a(8)+1]n—[1-a(&)]E=0

Thay thé bién méi &=E—7 nhan duge

phuong trinh dang

i 5[1—05(5)];[06(5)“]’7 , dat
gpﬁ1u§n;[a«%+1bvzzﬁ ta  co
=27

Ly dao ham v&i toa d6 méi 77 ta nhan duoc

i [6—a@n]|1-a(@)]-[a@)+1][aé +7] (12)

8
Tu phuong trinh
E[1-a(@)]-[1+a(@)]n =47 Va
s [1+a(@)]é
E—n=¢ tim dugc 5_—204(5)
:[1_0!2(2)(];)_477 . Thé &1 vao vé
phai cua (12) nhan duogc
P G N G
(H(‘g))[ 20(3) (%) 23]

=32
1
@ | —

rals ag(ﬂwaﬁ4ajrqaﬁ4q
i ())[ W e

d6i hop o :(&,17) — (&,—n) thich hop , do
d6 ho twong tng ctia phuong trinh an trong
anh cta anh xa (&,n) > (X=&,y=n°) cb

2
dang dy? +[k(82)x

ho cua phép thé toa do tron hitu han trong
ntra mat phang y >0 .

- y] dx? twong tmg v6i

Cu tiép tuc qua trinh nhu vay, thay thé toa do
tron hitu han trong nira mat phiang Yy <0
nhan dugc anh dang ti€u chuan. Chéng han st
dung khai trién Taylo theo Y trén truc hoanh
dén cip cao hon cdp clia toa do tron voi sé du
R(X,y) va nhan dugc anh dang ham
chin R(x,-y) =R(X,Y)

Qua trinh nhu vay duogc lap lai véi ho dia
phuong bang phuong phap thé toa d6 dua dén
ho phuong trinh an (phwong trinh dang hdn
hop) cta dang can tim. Dinh 1y vé dang chuin
tac dugc ching minh.

Ap dung dinh 1y rat gon (nhu trong [4] hodc
[5]) ching ta c6 cac dinh 1y sau:

Pinh Iy 2. Dbi voi cap da cho nao do6 cua 16p
tron I >1su bién dang cua phdi cua phuong
trinh dic trung (2) tai diém ky di gép khong
cong hudng cia nod 1dy dang cua phdi tai gbc
cia bién dang dy®+(k(£)x*—y)dx* =0
v6i ham sé k nao d6, sau khi nhan phuong
trinh v6i ham sé 1" khéng triét tiéu va lwa
chon thich hop céc toa do, [J "1a tham sb tai
diém gbc.

Piém ky di gip khong cong huong cia
phuong trinh dic trung 1a diém cua tiép tuyén
cua truong hudng dac trung voi loai duong
thay do6i ddi voi diém ky di tuong ximg nang
lén truong cic huéng trén bé mit phwong
trinh 1a khong cdng hudng.
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Pinh Iy 3. D6i vi cap di cho nao d6 cua 16p
tron I > 2 sy bién dang cua phdi ciia phuong
trinh(1) tai diém ky di gap khong cong huong
clia phuong trinh dic trung 1iy dang ciia phoi
tai géc cua su bién dang

Uxx + (k(E)XZ - y)Uyy
=F(xy,U,U,U)) ()
v6i ham s6 k nao d6 va ham s6 F méi sau khi
nhan phuong trinh véi ham s6 (1" khong triét
tiéu va sy lya chon thich hgp cac toa dd cta
1" 1a dang tham so tai diém gdc.
Do phuong trinh (5) va cac dinh 1y 2, 3 ham
s6 k 14 nhu nhau. Chu y rang 16p tron cia hé
s6 nay co thé Iya chon nhu chung ta di dwa
ra. Nhung sy ting thém cua 16p niy cé thé
dan dén rat gon cua khoang cach doc theo
truc tham s6 do cac cong thire tac dong.
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NORMAL FORMS OF FAMILIES OF MIXED PARTIAL
DIFFERENTIAL EQUATION IN THE PLANE

Trinh Thi Diep Linh
College of Education ~-TNU

Normal forms for smooth deformation of germ with limited dimension parameter of characteristic
equation of mixed type linear partial differential equation in the plane being linear with respect to
second derivative is found near a point of tangency of characteristic direction with the type change
line, when this singular point is nondegenerate and non-resonance.

Keywords: mixed type equation, normal form, classification, smooth deformation of germ
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