Chwong 11

PHAN THUC PAI SO

Chuyén dé 10. RUT GON PHAN THU'C

A. Kién thirc cin nhé
Muén rit gon phdn thirc ta c6 the:
Phan tich tir va mau thanh nhan tir ( néu can) dé tim nhén tir chung;
Chia ca tr va mau cho nhan tir chung.
Chii y: C6 khi can d6i dau ¢ tir hodc mau dé nhan ra nhan tir chung cua tir va mau (luu ¥ t6i tinh chat

A =- (- 4)).

B. Mot s6 vi du
Vi du 1. Rat gon phan thirc sau:

2 4 2
x2+2x 8; b) B = 4a 2Sa +4 :
x“+x-12 a -a +4a-4

a)Ad =

3 2
X +x -4x-4
c)C =— > .
x +8x +17x+10

Giai
a) Ta co:
o219 1) -9 (41 3)(x+1+3)
ot +4x-3x-12 0 x(e+4)-3(c+4) G+4)(x-3)

_(x- 2)(x+4) _x-2
T (e+4)(x-3) x-3

a4_ az- 4a2 +4 _Clz(az - 1)' 4(612- 1)

b) Tacod:B = =
) Taco: B = T v a it - (a-2)

o (@-D@-4)  (a- D@+D@- 2)(a+2)
(- a+2)@+a-2) (- a+2)a- D(a+2)
B:(a+1)(a— 2)

a’-a+2

P +)-4G+D) GG - 4)

XA+ 47 +Tx+10x+10 (x+1)(2 +7x+10)

c) Taco:C =

GG 2)Ge+2) x-2
_(x+1)(x+2)(x+5) Cx+5

Vi du 2. Cho a, b, ¢ d6i mot khac nhau thoéa mén ab =bc +ca =1. Rit gon biéu thic sau:

_(a +b)Y (b+c) (c+a)

C(+a)0+p)0+e?)

Giai



Tim cach gidi. Nhan thiy mau thirc c6 thé phan tich thanh nhéan tir bang cach sir dung gia thiét. Do vay nén
thay 1 =ab+bc+ca vao miu va phan tich da thirc thanh nhan tir. Nhitng bai toan rat gon c6 diéu kién, chiing
ta nén van dung va bién ddi khéo 1éo diéu kién.

Trinh bay loi giai

Thay 1 =ab+bc+ca, ta duocl+a’* =a’ +ab +bc +ca

1=a’> =(a+b)(a+c)
Tuong ty:1+5> =(b+c)(c+a)
1+c* =(c+a)(c+b)

(a+b)Y (b+c) (c+a)

VA D+ OB+ )b Ner e rd)

a’-4a’ - a+4
a’-7a +14a- 8

Vi du 3. Cho biéu thicc P =

a) Rut gon biéu thirc P.
b) Tim gi4 tri nguyén ctia a dé P nhan gia tri nguyén.
Giai
Tim cach giai. Khi rit gon biéu thirc, chung ta can phén tich tir thirc va mau thirc thanh nhan tir.
Dé tim gia tri nguyén cua a, chung ta can tach phan nguyén va cho phan thirc ¢ gia tri nguyén. Chang han

p=4r

1 = . . .
thi ta viet P =1+ , vi 1 1a s0 nguyén nén dé P la s6 nguyén thi

c6 gid tri nguyén. Do
a- a- a-2

vaya - 2 phai la udc so cua 3.

Trinh bay loi giai
a) Taco:

pe a-4d"-a+d a’(a-4)- (a-4)

a-7a+14a-8 a’-2a*- 54> +10a+4a- 8
_ (@~ 1)a- 4) _Ga+Da-1)a-4) _q+1
a*(a-2)-5a(a-2)+4(a-2) (a-D(a-4)(a-2) a-2
b) Tacod: P =1+ (a #2)
a-?2

VayPEZ & ——€Z = a-2€| ;13| & a€|- 11,35

a-?2
X Hxd-xr-2x-2

Vi du 4. Cho phan thac F(x) = .
: P ) xt4+2x - xP-4x-2

Xac dinh x dé phan thie F(X) ¢6 gia tri nho nhat.
Giai



Tim cach giai. Trong phan thitc £(x) thi bac cua tir thirc va mau thirc 13 4, kha 16n. Do d6 viéc tim gia tri
nho nhét gap nhidu kho khin, vay can rat gon biéu thirc F(x) . Khi F(x) viét duge dudi dang phan thirc ma
ttr thirc va mau thirc 1a bac hai, ta tim cuc tri bang cach 13y biéu thiuc F(x)- m , sao cho két qua tir thuc viét

duoc dudi dang hing dang thiic (a +b)*.

Trinh bay loi giai
F(x)_x4+x3-x2-2x-2 _x4+x3+x2-2x2-2x-2
P42 - X7 -4x-2 X2 +x7-2x0-4x-2
AP rx+1)- 22 +x+1) (P +x+1D(G2-2)
X (P +2x+1)- 2(x* +2x +1) _(x2 +2x+1)(x*- 2)
CxT+x+]
X +2x+1
, 3 P4x+l 3 A +4x+4-3x7-6x-3  (x+1)
XétF(x)- —=—5——-—= > = ~ >0
4 xX*+2x+1 4 4x* +8x+4 4(x+1)

3
Suy ra F(x) ZZ. Dau bang xay ra khi x =1

. 3
Vay gia tri nho nhat cua F'(x) :Z khix =1

xt-x- x+1
e +3x2+2(x+1)

Vi du 5. Cho biéu thic B = Ching minh rang biéu thirc B khong am véi moi gia tri

cua Xx.
Giai
Tim céach gidi. Ching minh biéu thirc khong dm véi moi gia tri cla X, ta can phai rat gon biéu thire. Sau do

chimg t6 tir thitc khong 4m va mau thirc duong.

Trinh bay loi giai
Sl-1)-(G-1) (- 1Y (P +x+1)  (x-1)
B: 2 2 2 = 2 2 = 2
x‘(x“+x+1)+2(x‘+x+1) (x“+2)(x‘+x+1) x +2
2
B:(xz- VLo
x“+2

Vay B khong am v6i moi gia tri cua x.
(19867 +1992)(1986> +3972- 3).1987
1983.1985.1988.1989 '
(Thi Hoc sinh gioi NewYork (Mp) — nam hoc 1986-1987 )

Giai

Vidu 6. Tinh p =

Tim cach gidi. Bai toan nay chira s6 kha 1on. Nhidu s6 gan véi 1986, do d6 rat tu nhién dat 1986 =x , roi

biéu din céac sb gan vai 1986 theo x, ta duoc biéu thirc P bién x. Sau d6 rat gon biéu thirc P.



Trinh bay loi giai

bat 1986 =x .

Ta co:

» :(x2 - x-6)(x* +2x+3)(x+1)
(- 3)(x- DG +2)(x +3)

_(xz- 3x+2x- 6)()62 - x+3x- 3)(x+1)
- (r-3)(x- Dx+2)(x +3)
_Ge-3)Gr+2)(r- DG +3)Gre+1)

(- 3)Ce- DG +2)(x +3)

P =x+1 hay P =1996+1=1997

Nhan xét. Phuong phap giai bai trén 13 dai s6 hoa bang cach dit x =1986 , sau d6 rat gon phan thirc dai sb.
Nhiéu biéu thirc s6 ta ¢ thé giai bang dai s6 nhu trén.

C.Bai tap van dung

10.1 Rut gon biéu thirc:

2y 207 Tx - 12x 445 _ (a-1)'-11(a-1) +30
3x7 - 19x° +33x- 9 “3(a- D' -18(a2- 24)- 3

Hwéng din giai — dap s6
2% - Tx* - 12x+45 _ 2x°- 6x° - x> +3x- 15x +45
3x°- 19x7 +33x-9  3x’- 9x* - 10x° +30x+3x- 9

_G-3)(2 - x-15)  x#5)(x-3) _2x4s
T (x-3)Bx2-10x+3)  Gx-D(x-3) 3x-1

a)

-0 -1G- 1 e30 | (a-1- 5] (G- 1) -6

b)N = Z = 3 2
3(a-1)'-18(a%- 24)-3 3(a-1)'-18(a-1)-15

B (a*- 2a- 4)(a*- 2a- 5) _d*-2a-5
_3[(61-1)2-5H(a-1)2-1]  3d’-6a

10.2. Rut gon biéu thirc:

n+2n*-1
A= 3 2 ’
n+2n +2n+1
M:x5-2x4+2x3-4x2-3x+6_

9

x*+2x- 8

_xy2 +y2 (y2 - x)+l

_x2y4+2y4+x2+2 :

Hwéng din giai — dap sé



w+2nt-1  nm+nt+n-1

A= =
2t +2n+1 P+t +nt+n+n+l
"+ D+(- D+1)  n+n-1
W m+D)+n(m+D+n+1 n*+n+l
M_x5-2x4+2x3-4x2-3x+6 _x4(x- 2)+2x3 (x-2)-3(x-2)
x*+2x-8 (x- 2)(x+4)
(x?- D2 +3)
- x+4
2 2( 2 _ ) 4
N2 Y x)+l e 1

h x2y4 +2y4 +x2+2 _(x2 +2)(y4 +1) :x2 +2

) o P_abc+a+b+c-(ab+bc+ca+l)
10.3. Rut gon biéu thirc: Zhe1- (@ +D)

Hwéng din giai — dap sé
_abc- be+a-1-ab+b- ac+c _(a- Dbc+1-b- ¢)
a’b-a’- b+l (- D*-1)

_(a-DGB-De-1) _¢-1
(- D@+D@-1) a+1’

P

(200322013 +21.2004- 1)(2003.2008 + 4)
2004.2005.2006.2007.2008 '
( Tuyén sinh 10, Trwong THPT chuyén PHSP Ha Ngi, nam 2003 — 2004 )

10.4. Tinh gia tri cua biéu thuc sau: p =

Hwéng din giai — dap s6
bat x =2003 . Ta co:

_[x2 (x+10)+31(x+1)- 1} [x(x+5)+4]
T GHDGH)G )+ 4)(x+5)

_(X3 +10x° +31x+30)(x2 +5x+4)
CGHDG )G 3G+ ) (e +5)

Phan tich tir thirc thanh nhan tir, ta duoc:

_(x +2)(x +3)(x +5)(x +1D)(x +4) _
GG 2 +3) G+ 4 +5)

10.5. Cho a, b, ¢ d6i mot khac nhau thoa manab +bc +ca =1. Rat gon biéu thuc sau:
(a® +2bc- 1) +2ca- 1)(c2+2ab- 1)
B (a- b)Y (b- ¥ (c- a)




Huéng dén giai — dap sb
Thay 1 =ab +bc +ca, ta dugc:
a* +2bc- 1=a* +bc- ab- ca =a(a- b)- c(a- b)=(a- ¢)(a- b)
Tuong tu: b +2ca- 1=(b- c)(b- a);c* +2ab- 1=(c- a)(c- b)

Vay

5 :(a- b)a- c)b- a)b- c)c-a)lc-b) - (a- bY (b- cY (c- a)

(a- b)2 (»- 6)2 (c- a)2 - (a- b)2 (b- 0)3 (c- a)2

X x4l

4

10.6. Cho 4 = 3 >
X' - x +2x°-x+1

a) Rut gon biéu thic A.
b) Chimg minh rang, A khong am v&i moi gié tri cua x.

Hwéng din giai — dap sé

E Er+l x(F+1)+x° +1
a)d=——— 2 Y 2
X' -x +2x"-x+1 x (x -x+1)+x -x+1
Ge+1)Y (32 - x+1) (x+1)
_(x2+1)(x2-x+1)_ x*+1
2
b) PRCER) >(. Vay biu thirc A khong am Vx

x* +1

3x% +3
4

10.7. Cho phan thuc M = : > .
X +2x +7x +2x+6

a) Rt gon biéu thuc M.
b) Tinh gi tri 10n nhét cta biéu thirc M.

Huéng dén giai — dap sb
3x* 43 _ 3x* +3

aM = =
) A2 T H2x+6 X HXT 2 +2x+6X° +6

_ 3x7 +3 _ 3
()c2 +1)(x2 +2x+6) X2 +2x+6

3 3 P
b)x’ +2x+6=5=> ———— <= Daubangxayra < x =-1
X +2x+6 5

. 3
Vay gia tri 16n nhat ctia phan thire M :§ lakhix =-1
10.8. Rat gon phan thirc:

4 X -2xM+2x7 - 4x7 - 3x+6

Clxtxt

X

2020

2
X -x-2

1+x* +x* +...

+X

2022



Huéng dén giai — dap sb
- 2)+2x2(x-2)-3(x-2) _(x- 2)(x4 +2x% - 3)
G+D(Ge-2) T Ge+D(Ge-2)

:(x2 +3)(x- D(x+1)

x+1

Tacd: A =

=(x*+3)(x-1)

T+x* +x5 4.+ 2

Ta c6: ¢ O T N )

T+ x* + 2%+ + 2 1

:(1+x2)(1+x4 +x* +,,,+x2020) :1+x2

) 2+ 2+ 2
10.9. Cho= =2 ==. Rut gon biéu thirc: P =——2> =
a b ¢ (ax+by+c2)

Hwéng din giai — dap s6
bat r=r_z =k suy ra:x =ak;y =bk;z =ck.
a b c

po CKAVE +IE (@ +b +c)
_(azk2 +b%k? +c2k2)2 s (a® +52 +cz)2

Tt d6 ta co

1
P=

Suy ra L b +c
10.10. Choa +b + ¢ =abc. Ching minh rang:

a(@+c2)+b(a? +¢?)+c(a? +b%)

ab+bc+ca-3

=abc.

Huéng dén giai — dap sb
Xét tir thuc ta co:
ab* +ac* +a’b +bc* +a*c+b'c
:(.a!b2 +a” + a.vbc)+(ac2 +a’c+ a.rbc)+(bc2 +hc’ + abc)- 3abe
=ab(a+b+c)+ac(a+b+c)+bc(a+b+c)- 3abc
=(a+b+c)(ab+ac+bc)- 3abe

=abc(ab+ac +bc- 3)
a(b2 +c2)+b(a2 +cz)+c(a2 +b2)

Vay suy ra: =abc.
ab+bc+ca-3

Diéu phai chig minh.
(P +a)0+a)+a’x* +1

:(x2 - a)(l— a)+a’x® +1

10.11. Ching minh rang gia tri biéu thic P khong phu thudc vao gia tri cua x.



Huéng dén giai — dap sb

(2 +a)A+a)+a’x’ +1 X ta’ ta+d +a@’x +1

Taco: I = =
(- a)U- D)+a’* +1 X -ax’- a+a’ +a'x’ +1

_(1+x2)+(l+x2)a+(l+x2)a2 _(l+x2)(1+a+a2) l+a+d

_(l+x2)- (I+x)a+(+x*)a’ _(l+x2)(1- a+a’) l-a+d

Vay gié tri biéu thirc P khong phu thudc vao gia tri cua x.

_ X - x
A+xp) - G+y)

10.12. Tinh gia trj biéu thirc véix =-499;y =999.

Hwéng din giai — dap s6

x(x2 - 1)

TacoP =
U+xy+x+y)A+xy- x- y)

B x (G- DG +1) _ X
CGHDGHDG-DG-D GHDG-1)

Diéu kiénx #H;y #=H.

P

Vix =-499,y =999 thay vao ta duge

~ - 499 =499 -1
(999 +1)(999-1) 1000.998 2000

x(x+5)+y(y+5)+2(xy- 3)
x(x+6)+y(y+6)+2xy

10.13. Tinh gia trj biéu thirc: 4 = véi x+y =2020.

Hwéng din giai — dap so

. Cx(x+5)+y(p+5)+20p-3)  xP+5x+ )t +5y+2x0- 6
a.co: x(x+6)+y(y+6)+2xy X +6x+y" +6y+2xy

Gy +5Ge+y)-6 _Gay+60)Gty-1) _xey-1
(x+y)2+6(x+y) (x+y+6)(x+y) X+y

Z(x+y)2+5(x+y)- 6 _(r+y+6)x+y-1) x+y-1
G+yY +6(x+y) (x+y+6)(x+y) X+y

Diéu kiénx #- y;x+y #-6.

: 2019
Véix+y =2020 thi gia tri biéu thirc 4 =——
o1x Ty 1 g1a tr1 biéu thuc 2020
10.14. Choax +by +cz =0 Chimg minh rang;:
ax’ +by’ +cz’ o
be(y-zY +calz- x¥ +ab(x- y) a+b+c

Huéng din giai — dap sb



Xétbe(y- zY +calz- x) +ab(x- y)

=bcy” - 2bcyz +bez’ +caz’ - 2cazx +cax’ +abx” - 2abxy + aby’

:(a2x3 +atby2 +acz’ )+(abx2 +152y2 +bez? )+ (acx2 +bcy2 +szz)_

(a2x? +b°% + 227 + 2abxy + 2bcyz + 2cazx)
=(a+b+c)ax? +by* +cz° )- (ax +by +cz)
=(a+b+c)ax® +by* +cz°) (vi ax+by +cz =0)

Tu do6 suy ra, vé trai

ax’ +by’ +cz’ ax’ +by’ +cz’ 1

be(y-z) +calz- xY +ab(x- yY  (a+b+c)ax’ +by> +cz*) a+b+c




