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Tom tit

i dung bai bdo ndi vé cdch gidi phirong trinh vi phan thirong bang
chch ha cdp ciia phirong trinh vi phdn théng qua viéc tim kiém nhdn

tir ldy tich phén va tich phdn dau. Xét vé vmg dung vat Iy thi tich phdn
dau chinh 1a dinh ludt bdo toan vi gid tri biéu thirc vi phdn khéong thay doi
doc theo nghiém cua cdc dinh ludt vat Iy (vén la cac phwong trinh vi phan).
Bai bdo sé néu ré dinh nghia va chi ra phirong phdp tim tich nhan tir ldy tich
phadn dau, sau d6 dp dung vao cdc I6p phwong trinh cdp 2, 3, 4 dé tir d6 lam
1o cdc ky thudt chii yéu ciia phwong phdp.

Tir khéa: Nhén ti ldy tich phén, tich phén dau.

Abstract



The content of the article talks about how to solve ordinary differential
equations by downgrading differential equations through searching for integral
factors and first integral. In terms of physical application, first integral is
the law of conservation because the value of differential expression does
not change along the solutions of the laws of physics (which are differential
equations). The paper will specify the definition and show the method to find
the first integral factor product, then apply it to the classes of equations at
level 2, 3, 4 to clarify the main techniques of the method.

Keywords: Integral factors, first integral.
1. Gidi thiéu
Xét phuong trinh

y® —F(x,y,y, ..,y Y)=0
(1.1)
Biéu thtrc vi phan
Ry = Ri(x,y,y', ...y ®), k<n,
(1.2)

* Pai hoc M6 - Dia chat
* Pai hoc M6 - Pia chat
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duoc goi 1a nhan tir ldy tich phéin cia phuong trinh (1.1), néu sau khi nhan phwong trinh
(1.1) v6i n6 thi phuong trinh méi c6 thé viét lai dudi dang dao ham toan phan cta mot biéu
thtrc P nao do

(1.3)
Biéu thuc P trong cong thuc trén dugc goi la tich phan dau (dinh luit bao toan) cua
phuong trinh (1.1).

Rey™ — R F = D,[P];

Néu dua ra biéu thirc phy thudc ctia nhan tir 1y tich phan (1.2) (hay cua tich phan dau)
dbi voi dao ham cép cao nhat (n-1), thi tir (1.3) c6 thé thiét 1ap mot thudt toan cho phép tim
tich phan dau ¢ dang phu thudc da cho (néu nhu né ton tai). Phuong phap duoc st dung 1a
phuong phap nhom (béc tach 1an luot, xem tai liéu [1-7]). Ttr (1.3) suy ra

Px + Pyy’ + e+ Py(n—z)y(n_l) + Py(n—l)y(n) = Rky(n) - RkF
(1.4)
Béng nhét hé s ta duoc
Py(n—l) = Rk'
Vi sy phu thudc ctia P, R, va F vao y@= cho trude nén ta c6 thé nhém phuong trinh

con lai
P+ Py + =+ Py ™™D = —RyF



(L.5)
theo s6 mii cua bién y ™V va s& tim duogc biéu thirc ciia P vao y™~2 mét cach tuong minh.
Tiép do biéu thire tim dugc lai tiép tuc dat vao phuong trinh (1.5) va nhém theo s6 mil
ctia y(=2), .,

2. Mét s6 16p phwong trinh

2.1. Phwong trinh cap hai

Cho phuong trinh

y'=F(x,yy) =0
(2.1.1)

a) Néu nhan tir Iy tich phan khong phu thudc vao dao ham R = R(x, y), khi d6 tich phan

dau la myén tinh d6i voi dao ham va c6 dang
P =R(x,y)y"+ QX ),
(2.1.2)

con ham F' cua phuong trinh (1.6) 1a tam thirc bac hai cua dao ham
F=a(x,y)(y)?+b(x,y)y" +clxy),
voi
_ RxtQy
R

ale,y) =—=2, b(xy) =

R
(2.1.3)

,  clxy) = —%-
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Céc gia tri tir cong thire (2.1.3) trén cho phép dé dang kiém tra xem phuong trinh (2.1.1)
c6 tich phan dau dang (2.1.2) hay khong: tir a(x, y) ta tinh R, tir c(x, y) tinh ham Q, sau d6 lap
vao ding thuc cta b(x, y) dé kiém tra.

Néu ham F tuyén tinh d6i voi dao ham

F=F(,y)y +Fky),
(2.1.4)
thi
R'(x,y) + Qy Qx
)] F )] = - .
R, o(x,y) R(x)

Céc ham F, va F, lién hé voi nhau bang cong thic

R =R(x), Fi(x,y) = —

0F, 0F, R R"

= Fi+—.
dy c’)x+R 1-I_R

Xét trudng hop F khong phu thude dao ham néu F = F(x,y), thiR = R(x), 0 =—R’y +
S(x), ttrc 1a phuong trinh ban dau 14 tuyén tinh:

F=—y-—
R’ R

Khi d6 nhan tir 1y tich phan ciing chinh 13 nghiém cta phwong trinh tuyén tinh (thuan



nhit) ban dau, vi vay viéc tim kiém tich phan dau va tim nghiém cua phuong trinh 13 tuong
duong nhau vé mat do kho.
b) Xét truong hop nhén tir 14y tich phan 13 tuyén tinh d6i v6i dao ham
Ry =2R(x,y)y" + S(x,y).
Khi d6 tich phan dau c6 dang tam thirc bac hai:
P=R(0,y)(y')? + S0 y)y" +Qxy),
(2.1.5)
con ham F cua phuong trinh (2.1.1) ¢6 dang
ROV H RSN+ (S + Q)Y + O
2Ry’ + S '
Néu ham F c6 dang (2.1.4), thi R =R(x) va
Sy, = —(R" + 2RF,), Qy = —(Sy + SF; + 2RF)).

F =

Véi Q, = SF, nghiém nhién sé& thoéa man.
Néu dat dieukién R, = R, + S, = S, + Q, = 0 thi

1
S=—-Ry+¢, Q= ER”yz —@'y+ 1,
va
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3 RIIIyZ _ z(plly + 2,"[)
2Ry’ +R'y —¢)

voi R, ¢, 1a cdc ham s0 cua bién x.

Cubi cung, d6i v6i phuong trinh

y'—=F(x,y) =0,
(2.1.6)

¢6 thé tim duoc F(x,y) ¢ dang tuong minh. Cac ham sb trong tich phan dau (2.1.5) va ham
F(x,y) rang budc v61 nhau theo h¢ sau
R, =0,
R, +S, =0,
Sy + @y + 2RF =0,

Q,+SF =0.

(2.1.7)

Tir phuong trinh dau tién c6 R=R(x), con tir phuong trinh thir hai c6 § = =R’y + @(x)-
Két qua ta thu duoc hé hai phwong trinh
{Qy —R"y+ ¢ +2RF =0,
Q- Ry—-@)F =0,

s 4 NN\



& d6 chi ¢6 hai ham hai bién 1a O va F. Dé tim nghiém cta hé nay ta st dung phuong phap
sau: mot trong hai ham 4n (chinh 13 ham Q) s& b triét tiéu tir diéu kién Opy = Oy Lay vi phan
phuong trinh dau tién theo bién x, con phuong trinh thir hai theo bién y, ta thu dugc phuong
trinh dao ham riéng tuyén tinh cap 1 dbi véi F(x,y) nhu sau

(R’ )aF + 2R oF +3R'F-R"y+¢" =0

Nghiém cua phuong trinh trén 1a ham

1 1 1
F = R73?W¥(z) + ER-2 {[RR” -5 (R')Z] y—Ro' + ER'cp},

v z=R Y%y + %f @R73/? dx;

(2.1.9)

Ham ¥ 12 ham bt ky cta bién, cac ham R va ¢ 13 cac ham bat ky cta bién x.
Khi d6 tich phan dau c6 dang

1 1
RGYD? = Ry = @)y + 7R (R)?y* =5 R'R'py
+%R‘1<p2 —2[W(2)dz=C. (2.1.10)
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Phuong trinh trén d& dang dwa vé phuong trinh véi bién phan ly bang cach tinh (z7)* tir
phuong trinh (2.1.9) roi biéu dién lai (2.1.10) duéi dang

R?(z")? -2 f Y(z)dz = Cy,

Tich phan tong quat ctia phwong trinh dau c6 dang

i du [ dx
of\/z [rw@dr] + ¢, . _fR(x) e

Nhu vdy, trong truong hop nay chiing ta di giai dugc bai toan nguoc - tim tich phan dau,
hon thé nita chiing ta da tim duoc 16p tit ca cac phuong trinh dang (2.1.6) ¢6 tich phan dau
dang tam thirc bac hai va d3 ching minh duoc rang bat ky phuong trinh nao thudc 16p nay
déu 14y tich phan duoc.

2.2. Phuong trinh Ermakov
Mot trong nhitng phuong trinh dién hinh trong viéc ing dung k¥ thut tim tich phan dau
la phuong trinh mang tén Ermakov

y'" = fx)y —Ay~3.
2.2.1)



Cung vé1 no ta xem xét phuong trinh dang “cut” (dang cat ngan), tirc phuong trinh tuyén tinh

y'=fx)y.
(2.2.2)

Ta s& tim tich phan dau dang tam thtrc bac hai (2.1.5) ddi véi dao ham cép mot
P(x,y,y") = R0, y)(y")?* + S(x, y)y" + Q(x,y).

Két qua thu duogc s& 13: néu tim duoc hai nghiém doc 1ap tuyén tinh ctia phuong trinh
“cut” tuyén tinh (2.2.2), thi nghiém téng quat cua phuong trinh Ermakov (2.2.1) c¢6 thé tim
dugc mot cach tuong minh (khong chira dau tich phan). Nghiém thu duoc khac véi nghiém
trong cudn sach [6]: & d6 chi cdn mot nghiém ctia phuong trinh (2.2.2) nhung nghiém thu dugc
van chtra ddu tich phan. K§ thuat str dung & ddy hoan toan twong tu véi phuong trinh tuyén
tinh cAp hai: khi biét hai nghiém riéng doc 1ap tuyén tinh co6 thé xdy dung duoc nghiém tong
quat ma khong can 1y tich phén.

Luu v 14 trong vong 100 nim phwong trinh Ermakov 13 vi du duy nhat vé phuong trinh
va nghiém tong quat ctia n6 hoan toan duogc xac dinh tir nghiém cua phuong trinh tuyén tinh
tuong tng. Mii t6i nhitng thap nién cudi cua thé ky hai muoi ngudi ta mai tim duge thuat toan
xay dung nhitng phuong trinh cap bat ky cé tinh chat nhu trén.

Vi thé viée tim tich phan dau véi ki thuat twong tu nhu trén dbi voi phuong trinh Ermakov

mo rong
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y'=f@y+g @y —lg)Py~®
(2.2.3)
1a rat tht vi.
2.3. Phwong trinh cip ba
Xét phuong trinh
ylll _ F(X, y;y,;y”) — O
(2.3.1)
Nhin chung, thuat toan tim kiém nhén tir 1dy tich phan 1a khong khac d6i v6i phuong
trinh cap hai. Vi thé chung ta s& xem xét cu thé trudong hop F’ v =0, hay F=F(xyy).
a) Néu nhan tir 1y tich phan khong phu thudc y ” thi tich phan thir nhat tuyén tinh d6i
v6i dao ham clp cao nhat

P=R(x,v,v)y" +Q(xyy)
(2.3.2)

sau khi nhém va déng nhét hé s6 cua phuong trinh dinh nghia ta thu dugc hé
Ryl =0,
R, + Ry +0Qy =0,
0.+ 0.v + RF = 0.



g

233)

Tir ddy suy ra néu tich phan dau c6 dang (2.3.2) thi nhén tir 1y tich phan khong phu thudce
vao dao ham: R = R(x,), con ham O ¢6 dang tam thirc bac hai v6i dao ham cip mot

1
Qx,y,y') = —ERy(y’)2 — Ry +¥(x,y).

Tir phuong trinh thr ba cua hé (2.3.3) suy ra diéu kién rang budc doi véi F
P22y S e Ry,
tie 14 F 14 da thirc cdp ba d6i v6i y'. Luu ¥ cac trudng hop riéng sau day:
F 3a'(x) O + a"()y + " (x) — () y - Py
2[a(x)y + ()] a(x) + B (x) a()y + p(x)
R = a(x)y + f(x),  1a ham bét ky.
F =ﬁ”(x)_¢yy,_ Py
ay + B(x) a()y + ()
R = ay + B(x), a 1a hing s, ¥ 1a ham sd bat ky;

Blll(x)y + yl(x)
ay + B(x)

)
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R=ay + B(x), w=pB"(x)y + y(x), a1 hing sb, B,y 1a cac ham bat ky cta bién x.
Truong hop riéng, phuong trinh
yIII — Axny—l
c6 tich phan dau

x"=C, n#—1;

1

nmo__ N2 __
vy z(y) —
hay

1
yy" =) —Alnx=C, n=-1
b) Gia st nhan tir 14y tich phéan tuyén tinh theo dao ham cép hai
Ry =R(x,y,y)y" + Q(x,y,¥").
Khi d6 tich phan ddu c6 dang tam thtic bac hai
1
P =2Ry,y)0")* +Qxy,y)y" + 500y, ).

Pong nhat hé s6 theo y”’ ta ¢ hé

r R.r=0,



1 1 ,
ERX-I_ERyy +Qy' =0,
Qx +Qyy' + S, +RF =0,

S, +5S,y' +QF = 0.
Tur ddy co thé suy rangay R = R(x,y), Q = —iRy v')? - ény’ + w(x,y), thc la cac
ham R,Q ¢6 céu tric tuong ty nhu trudng hop a).

Viét cac phuong trinh con lai dudi dang
1 N3, 3 o o (1 .
RF = ZRyy(y ) +Zny(y )4 + (ER’”‘ - a)y>y —wy — Sy,

1 1
ZRyF(y,)Z + (ERxF - Sy) y' — wF — Sx =0.

Pé tiép tuc tién hanh phuong phap nhém can phai cu thé héa dang ciia ham F. Gia sir
F =F(x,y). Khido

S=P, )+ s (0, )2 + (0, ) D + ()Y + Po(x,y)

(Luu y 12 biéu thirc cua S s& van c¢6 dang nhu trén ké ca truong hop F ¢6 phu thude vao y’
dang da thirc toi cip ba - chi c6 mot diém khéc biét 1a hé phwong trinh dic trung phia dudi s& c6
dang khac). Sau khi nhom va déng nhét hé s6 theo bac cua y'ta thu dugc hé muoi phuong trinh
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— 1
Y4y =0, 4y =7 Ryy,

3
Vay + ¥ax =0, 393 = 4 Ry,
1
Yoy 5. =0, 2t + wy = 5 Rex,
1
¢1y+l/)2x=ZRyF: lp1+(l)x=_RF,
1
lrbOy + lplx = ERxF: lpox = —wF.

Trong truong hop tong quat (R,, R,#0),taco
1 ! 1 14
Yy=a, P3= ZX (x), ¥, = _ZX )y + 0 (x);

R=8ay" + x(y +p(),  w=51" (Y + 50" = 0,00]y + 010

Hé con lai bén phuong trinh



( RF = —w, — Y.,

1 1
TR F =iy = 22" @)y + 0300,

1
ERxF = l/’0y + Y1y,
( (UF = ll)ox.

Ttr phuong trinh ddu va phuong trinh thi hai ta thu duoc

1 R
by = R4 0000 + [ (g27y — o = S2 0 )Ry

va dang téng quat ctua phuong trinh
5 1
F = R—5/4 [fO(x) _ j (leny _ Eprrr + 30_21) R1/4 dy],
Phuong trinh thir ba va thi tu dan dén han ché cua F:

1 1
a)Fy + ERXFX + (wy + szx> F = lplxx'

sau do thi tim duoc y,.
Néu ta gid thiét 1a R, = 0 thi
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1
Yo=9Y3=0, w= (zR” - 202)3’ + 0y, P =—0yy +03(x),

va hé c6 dang mai

Yox = — [(%R” - 202>y + 01] F.
Tir phuong trinh dau suy ra ham F tuyén tinh theo bién y
RF = (302’ - %R”’) y — o] — 03,
w, 14 tam thic bac hai ciia bién y, tir phuong trinh cudi ta nhém va dong nhat hé sb theo bac

ctia bién y ta s& thu dugc ba phuong trinh dé xac dinh cac ham 0,65,03,R va mot ham méi 1a
oy(x) (s6 hang tu do w,). Nhu vay ham F chtra t6i da 1a hai ham t do.

Gia st rang R, = 0. Khi do
Y, =a, Y3 =0, Yy = 0200,

R = 8ay? + by +c, w = =20,y + g,(x),



tur day co
¥y =n()(8ay® + by + c)™V* + 205y — 0]
va dang tong quat ctia ham F:

F = —n(x)(8ay? + by + ¢)~>/*.

Con lai hai phuong trinh
{ 1/}031 + 1 =0,
Yox = (2o,y — 01)F,

Tir diéu kién Yoxy = Yo ta tim duge o, = 0, = 0 van(x) = yx + 9. Két qua cudi ciing c6
F = —(ox + 8)(8ay? + by + ¢)~5/4,
turc 1a phuong trinh

y" = (Ax + B)(ay® + By +y)™>/*
(2.3.5)

c6 tich phan dau dang

1 1 1
P=3 (ay? + By +V)(y'")? - 2 QCay +B))*y" + goc(y’)‘L -
—(Ax + B)(ay* + By +y) My + A j(ocy2 +By+y) Vrdy =c,
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v6i nhan tir 14y tich phan 1a
Ry, = (ay* + By +v)y" — %(Zay +B )%
2.4. Phwong trinh cip bén
Vi thudt toan 1a hoan toan tuong ty nhu ¢ trén, nén ching ta chi xem xét mot vai truong
hop riéng. Gia su phuong trinh c6 dang

y" +ay” + By — F(x,y) = 0.
2.4.1)

Nhan tir 1dy tich phan khong phu thuoc dao ham cap ba, tirc 1a tich phan dau tuyén tinh
dbi voi dao ham cap cao nhit
P=R(xyy,y")y" +QCyy,y").
Nhém va déng nhét hé sé theo dao ham cdp ba cho ta két qua

R =R(x,y,y'),

1
Q=—5R("?* = (Ryy' + Re)y" + S(x,y, 5.

Tiép tuc nhém va ddéng nhat hé sé cua phuong trinh dinh nghia (theo dao ham cip hai)

ta s€ thu dugc dang cu thé cia R va S
io]



R=r(x)y — %r’(x)y + (%)

a 3
S = (—r - r”) ')?* + [(p” +ap — E(TW + ar’)] y + w(x,y)

2
va ham r(x):
C, + C,e%% + Cie™°%, = —2?“, khi a <0,
r(x) =< C; + 2C,x + C3x? khi a =0,
C; +C;sinwx + C,coswx, w = \/% khi «a > 0.
(2.4.2)

Hai ham con lai c6 dang

3
wy — E(r("’) +ar)y+¢" +ap —pry +rF =0,

3 , 3
wx + E,Br’y - Er’yF + @F = 0.
Diéu kién Wy, = Oy dan dén phuong trinh dao ham riéng cap mot dé xac dinh ham F:
3 ! 5 ! 3 3 nr ! n
(Er y—go)Fy +7E +-1'F — (Zr(") +-ar +4pr )y+<p(”’) +agp” + Bp = 0.
(2.4.3)
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Nghiém tong quat ctia né viét dudi dang

3 3
F =152 {‘P(z) + r‘3/2yj r3 (Er(v) + Ear”’ + 4,6’r’) dx

3
f(pr 5/2 [f r(V) + = ar”’ + 4pBr ) dx] dx
— j r3/2() + aqo” + ,[?(p)dx},

trong do
z=1"32y + [ @r~5/%dx,
(2.4.4)

@, w13 cac ham tu do v6i bién di cho, r = r(x) dugc xéac dinh theo cong thic (2.4.2). Lay tich
phan sb hang cudi cling trong timg biéu thirc dudi ddu tich phan ta s& thu duoc

F=py+F,
trong do
F, =157 {W(z)

3
+ Er‘3/2yjr3(r(") + ar’")dx

D r r - r N



+§J <pr—5/2 U rs(r(V) + Crr”’)de dx _J rs/z((p(n/) + a(p”)dx},

con phuong trinh (2.4.1) thi c6 dang
y(IV) + ayu _ Fl(x, y) — O,

bién z dugc x4c dinh theo cong thire (2.4.4).

3. Két qua thio luin

Khai niém tich phan dau da duoc dé cap dén trong nhiéu tai liéu vé phuong trinh vi
phan. Trong cudn sach [2] c6 gidi thiéu phuong phap tim nhén tir 4y tich phan va tich phan
dau bang toan tir Euler. Phuong phap tim tich phan trong bai bao 1a phuong phap truc tiép, to
ra hiru hiéu hon vi ciing lac tim dugc ngay nhan tir 14y tich phan va tich phan dau. Day c6 thé
noéi la déng gdp mabi cua bai bao trong viéc dua ra mot phuong phap mdi don gian va hi€u qua.

R4t thu vi 1a trong chuong trinh Maple c6 trang bi goi 1énh Detools, trong d6 c6 hai cdu
1énh tim nhan tir 14y tich phan intfactor va tich phan dau firint - tim nhan tir trudc sau d6 nhan
v6i phuong trinh va tim tich phan dau sau.

Ta s& thuc hanh vi du véi phuong trinh cap 4

_5
IV=y3
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> with(DEtools); PDEtools [ declare | (y(x), prime = x)

9

(S S
4 5/3
dx y(x)
t1 == intfactor (ODE); firint (¢t1-ODE);

2 2
3L (d_y(x)]

& d
* (gy(x)] (G ]+ e

Két qua thu dugc 14 mot nhan tir 14y tich phan va tich phan dau tuong Gng
Ry =Yy

2
D — a1 (2 a3



-~

v 7 '21

Day ciing 14 gii han ciia chuong trinh Maple vi chi tim dugc duy nhat mot két qua. Véi
phuong phap d3 néu & trén ta c6 thé tim thém duogc hai tich phan dau nita 1a

2 ! nr 1 11\ 2 1 1.1 -5
Pz=<—§xy +y)y +§x(y ) —3YY mxy 3

2

P_< 12/_|_ )/r/_l_[l 2(//)2 1 7 //_I_z(/)z 12—%
3= SX}’ xy\|y 6x y 3xyy yy 33’ ny

4. Két ludn

Phuong phap tim kiém va tinh chat ctia
tich phan dau. Nhiing tinh toan cy thé ¢ trén
cho thdy rang vé6i bat ky phuong trinh cap cao
hon mot nao déu ton tai thudt toan don gian
nhung hitu hiéu dé tim tich phan dau c6 dang
phu thudc vao dao ham céip cao nhét cho trudc.
Khuyét diém duy nhat cua phuong phap nay
1a két qua khong thé du béo trude, tirc 1a: dat
biéu thuc tim duoc vao phuong trinh cubi cling
cua hé xac dinh ¢6 thé thu duoc tich phan dau
dang tam thuong P=C.
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Vi véy trong nhiéu trudng hop (cac vi du
trén da cho thiy rd) bai toan nguoc t6 ra thi vi
hon, tirc 14 liét ké tat ca cac phuong trinh ciia
mot 16p ndo dé ¢o tich phan dau c6 dang phu
thudc cho trudc vao dao ham ce”ip cao nht.
Khi d6 ham F théa man phuong trinh dao
ham riéng tuyén tinh cp mot, va nghiém cua
phuong trinh c6 thé d& dang tim duoc, hoic
1a h¢ phuong trinh dao ham riéng dang tuyén
tinh ciia F va mot s6 ham b tro (trong truong
hop nay hé xuit hién nhu 12 hé qua cta qua
trinh xac dinh).
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Luu y mot sb tinh chat don gian cua tich
phan dau:

A. Néu P 1a tich phan déu, thi &(P) (voi
@ 12 ham kha vi bat ky) cling 1a tich phan dau
ctia chinh phuong trinh d cho. Vi vay, nén bat
dau viéc tim kiém tich phan dau ¢ dang don
gian nhat: phy thudc tuyén tinh vao dao ham
cap cao nhat.

B. Tich phan dau cua phuong trinh (1.1)
tao thanh mot phuong trinh vi phan cap # - 1
(bang cach cho dong nhat v6i mot hang sd tu
do) va n6 c6 nghi¢m trung vdi nghi€ém cua
phuong trinh du. Diéu nay trong dwong vai
viéc giam cép cua phuong trinh dau xudng
mot don vi.

Néu tich phan ddu chira & hang s tu do
va doc lap voi nhau, thi ching ta cd k& tich phan
dau doc lap. Tu day néu triét tiéu cac dao ham
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o wail aauadr il e oy i wlivy puuvlils WAL
cap (n - k) ¢6 nghiém tring v6i phuong trinh
dau. Va diéu d6 tuong duong voi viéc giam
cAp cta phuong trinh ddu xudng k don vi.

TAI LIEU THAM KHAO

[1] Nguyén Thé Hoan va Pham Phu, Co s&
phirong trinh vi phan va li thuyét on dinh,
NXB Giao duc, nam 2007;

rereorri glul eere, INAD /114111110, ST, 10vall
hoc va co hoc”, s6 8, 1989.

Nghién ciru nay dwge tai trg boi trueong
Pai hoc M6 Dia chit

Ngay nhan bai: 31/12/2020
Ngay gui phan bién: 31/12/2020
Ngay duyét dang: 05/01/2021

S6 22 nam 2021|115



