Chuyén dé: DAY SO- CAP SO CONG- CAP SO NHAN Dai s6 va Giai tich 11

Chuyén dé: DAY SO - CAP SO CONG - CAP SO NHAN
Chu dé 1: PHUONG PHAP QUY NAP TOAN HOC

I- LY THUYET:
Pé chimg minh mét ménh dé diing véi moi ne N bdng phwong phdp quy nap todn hoc,
ta thuc hién cdc buoc sau:

Budrc 1: Kiém tra ménh dé ding véi n=1.
Budc 2: Gia st ménh dé ding voi n =k >1(gia thiet quy nap)

Buée 3: Can ching minh ménh dé diing v6i n=k +1.
Chii ¥: Trong TH phdi chirng minh mét ménh dé diing véi moi s6 tw nhién n> p (p la sé tu
nhién) thi thudt todn la:

Bwéc 1: Kiém tra ménh dé ding véi n=p.
Bwéc 2: Gia st ménh dé ding v6i n = p > 1(gid thiét quy nap)
Buéc 3: Can ching minh ménh dé diing v6i n=k +1.

II- BAI TAP MINH HOA':

Dang todn 1: CHUNG MINH PANG THUC- BAT PANG THUC

Bai tap 1: Ching minh ring v6i ne N thi 1+3+5+...+(2n—1)=n" (1)

Bai giii:

Kiém tra khi n=1: ménh d& (1) tr¢ thanh: 1=1° =1 (ddng)

Gia st ménh d& (1) ding khi n =k >1, tic 1a:
S, =1+3+5+...+(2k—1)=k> (gia thiét quy nap)

Can chirng minh ménh dé (1) diing v6i n =k +1, tic 1a can ching minh:
e =143 +5+.+(2k—1)+2[2(k+1)-1] = (k+1)’

Thatvay: S, =S +[2(k+1)=1]=k>+2k+1=(k+1)’
k+1 k

Vay ménh dé (1) ding véi moi ne N,

n(3n+1)

5 2)

Bai tap 1: Ching minh rang véi ne N'thi 2+5+8+..+(3n—1)=

Bai gidi: ‘
Kiém tra khi n= 1: m¢nh dé (2) tré thanh 2 =2 (ding)
Gia st ménh dé¢ (2) ding khi n=k >1, tac la:

S, =2+5+8+..+(3k 1) :@ (gi thiét quy nap)

Can ching minh ménh d¢ (2) diing v&i n =k +1, tirc 1a can ching minh:
(k+1)[3(k+1)+1]
2

S

=2+5+8+...+(3k—1)+[3(k+1)-1] =

k+1

k(3k+1

2
Thatvay: S, =S, +[3(k+1)=17=FCEFD 3y +7k+4
k+1 k >

2
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i 3(’”1)("*9 _(k+D)[B(k+1)+1]

2 2
Vay ménh dé (1) ding véi moi ne N,

Bai tdp 5: Chimg minh rang v6i moi s6 tu nhién n > 2thi: 3" > 3n+1

Bai gidi:
Kiém tra véi n=2:9>7 (ding)
Gia sir bat dang thuc ding v6i n=k (k >2), tic 1a: 3" >3k +1
Chung minh bat déng thirc ding véi n = k +1, tirc 1a can chimg minh bt dang thuc:
3> 3(k+1)+1
That vay: 3* >3k +1 & 3" >9% +3 & 3 >3k +3+6k+1-1
© 3 >3(k+1)+1+6k—1
Véi k>2, khi d6 6k—1>0 nén: 3**' >3(k+1)+1.

Vay 3" >3n+1 v6imoi n>2,ne N .

Bai tAp 5: Chung minh rang véi moi s6 ty nhién n>3ta cé: 3" >n’ +4n+5

Bai gidi:
Kiém tra v6i n=3:27 > 26 (ding)
Gia sir bt dang thire ding voi n=k >3, nghia 1a: 3° > k* +4k +5 (gia thiét quy nap)
Can chung minh bat dang thirc ding véi n =k +1, tlc 1a can chirng minh:
3> (k+1)" +4(k+1)+5
That vay:
3> k% +4k+5 < 3 >3k +12k +15 © 37 > (K7 + 2k +1) + (4k +4) +2k° + 6k +5+5

&3> (k+1)" +4(k+1)+5+2k> +6k+5
V6i k>3, khi d6 2k> +6k +5nén: 37 > (k+1)" +4(k+1)+5

Vay: 3" >n’>+4n+5 véi n >3

Bai tdp 5: Vi gid tri ndo cta s6 nguyén duong n, ta cé: 3" >2" +7n

Bai gidi:
d) 3" >2"+7n
Tatht voi n=1:3>24+7 (Sai), n=2:9>4+14 (Sai), n=3:27>8+21 (Sai)
n=4:81>16+28 (Pung), n=5:243>32+35 (Ding)
Dy doan: 3" >2" +7n Vn > 4. Chirmg minh bang qui nap todn hoc.
Kiém tra véi n=4:81>16+28 (ding)
Gia sir bat dang thie ding voi n =k >4, nghia la: 3 > 2" +7k (gia thiét quy nap)
Can chirng minh bat dang thirc ding véin =k +1, tic la can chirng minh:
3 S22 1 7(k+1)

That vay: 3 >2' +7k & 3" >3(2° +7k) =3.2" +21k (1)
Xét 3.2 +21k > 2" +7(k+1) & 2" +14k -7 >0 Vk >4 (2)
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T (1) va (2) suy ra: 3" > 2"+ 7(k +1)
Vay: 3" >2"+7n Vn>4

Bai tAp 5: Chung minh rang véi moi s ty nhién n>1,tacé:L+ LS I (1)
n+l n+2 2n 24

Bai gidi:
Kiém tra (1) véi n=2: 117,18 (ding)
3 4 127 24
Gia st (1) ding véi n=k >1, tac 1a: S _t .1, +i>£( ia thiét quy nap)
8 ’ T k2 ok T4 iy nap

Can c¢/m (1) ddng voi n =k +1, tirc 12 can ¢/m:

Sip=——+—+..+t—+ + > =
k+2 k+3 2k 2k+1 2(k+1) 24
That vay: Sy, :L+L+...+L+ 1 + 1
k+2 k+3 2k 2k+1 2(k+1)
1,1, 1 1,1 11
= + + +..+—+ + _
k+1 k+2 k+3 2k 2k+1 2k+2 k+1
1 1 1 13 1 1 1
=Sk+ it +

+ - > —+ -
2k+1 2k+2 k+1" 24 2k+1 2k+2 k+1
13 2(k+1)+2k+1-2(2k+1)
24 2(k+1)(2k +1)
13 1 13

>—+ > — (k>1).
24 2(k+1)(2k+1) 24( )

. 1 1 1 13 .. . )
Vay —+ +...+—>— ding v6i moi n >1.
n+l n+2 2n 24
Dang todn 2: BAI TOAN CHIA HET

Bai tip 5: Chtng minh rang véi ne N” thi n’ —n chia hét cho 3.

Bai gidi:

Pat A =n’—n

Kiém tra véi n=1, A =0:3 (diing)

Gia st ménh dé A dingkhi n=k >1, ttic 1a: A, =k’ —k:3 (gia thiét quy nap)

Can chiing minh ménh dé A, diing v6i n =k + 1, tirc 1a can chimg minh ménh dé:
A =(k+1)" =(k+1):3

That vay: A, =(k+1)" —(k+1)=k*+3k> +3k +1-k -1

= (k> —k)+3(k* +k)= A, +3(k* +k):3

Vay n’ —n:3 véimoi ne N .

Bai tip 5: Chimg minh rang v6i ne N* thi n” —n chia hét cho 7.
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Bai gidi:
Pat A =n"—n
B;: Kiém tra voi n=1: A =0:7 (ding)
B,: Gia sir ménh & A, dingkhi n=k >1, ticla: A, =k’ —k:7 (gia thiét quy nap)
B;: Céan chimg minh ménh dé A, ding v6i n=k+1, tuc la can ching minh ménh dé:
AL (k+1) —(k+1):7

That vay:

A =(k+1) = (k+1)= k" +7k® + 21k +35k* + 21k° + 21k> + Tk +1—k -1

= (k" —k)+7(k°+3k> +5k* +5k> +3k> + k)17

Vay n’ —ni7 véimoi ne N,

Bai tip 5: Chtng minh rang voi ne N” thi 7" —1 chia hét cho 6.

Bai gidi:

Pat A, =7" -1

Kiém tra v6i n=1: A =66 (ding)

Gia st ménh @& A, ding khi n=k >1, tac la: A, =7" —1:6 (gia thiét quy nap)

Can chitng minh ménh dé A, dtng v&i n =k +1, tic 1a can chimg minh: A,_, =7"" —1:6
That vay: A, =7""-1=7(7" -1)+66

Vay 7" —1:6 véimoi ne N,

MOT SO BAI TOAN

1 1
—t—+—+...+
1. 3 S 57 (2n-1)(2n+1)
a) Tinh §,, S,, S;, S,.
b) Hay du dodn cong thirc tinh S, va chirng minh bang phwong phap quy nap.

Bai tip 5: Cho tong S, =

Bai gidi:
1

1 1 I 4
_+ _
3 35

:z, S;Zz'f‘ :g, S4:§+—:—
5 7 5 7 7

8, = :
5.7 79 9

b) Tur két qué cdu a) ta du dodn: S, = (1) . Ta chirng minh cong thirc (1) béng phuong

2n+1
phép quy nap.

.2 . |
Kiém tra véi n=1: §, =§ (ding)

Gia st biéu thire (1) ddng véi n=k 21, thcla: S, = k
2k +1
Can chimg minh biéu thirc (1) ding v6i n =k +1, tiic 1a cAn ching minh: S, , = __ Kkl
2(k+1)+1
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. 1 1

IO S =5 oy 2k +1] > ke (26 +3)
ko, 1 2K +3k+1 _ (k+1)(2k+1)
2k+1 (2k+1)(2k+3)  (2k+1)(2k+3)  (2k+1)(2k+3)
k41
S 2(k+1)+1

A n ®

Vay S, =5 (vrne N).

Bai tap 5: Giasu x,x,,..x, € R* va x,.x,...x, =1. Chtng minh x, +x, +...+x, > n

Bai gidi: ‘
V61 n=1:x =1.Ménh dé dung .
Gia str ménh dé ding véi n=k (k>1)

S X +x+xFotx 2k vxxx.x, =1 (*)
Néu véi moi x, =1 thi hién nhién : x, +x, +..+x, +x,, > k+1.
Néu trong k +1 s0 ¢6 it nhat mt s0 16n hon 1, thi &t phai ¢6 s6 nho hon 1.
Khong giam tinh tong quat , gid sir x, >1va x,, <1, khi d6 ta c6:

(I=x.) (% —1)>0 x +x, >1+xx,, (1)
Do dé: x,+x, +. X, +x,, > X+ X+t X 5%, +1 (2)
Theo gia thiét quy nap , ta suy ra tir k s6 & vé phai:

X +x+etx +H(xx, )2k (3)

Ter(2)va@)suyra: x,+x,+...+x, +x,, >k+1.

Bai tap 5: Chimg minh : & ;b z(“;bj véi:a>0,b>0, ne N

Bai gidi: ‘
V6i n=1. Ménh dé ding

cr A A\ 2 . a“ +b* a+bY
Gia sa ménh d€ ding v6i n=k (k21): & > (1)

2 2
k+1 k+1 k+1
Ta phai ching minh : a_+h 2(a+bj
2 2
That vay, ta nhan hai vé cua (1) véi ath ,taco:

(:)ak+bk atb_(a+b ¢ a+b (a+b o
2 2 L2 ) 2 2
k+1 k k k+1 k+1
PN +a'b+ab” +b Z(a+bj (2)
4 2
Nhung véi a >0, b>0 thi: (a* —b*)(a—b) 20 & a**' +b**' 2 a*b+ ab*
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k+1 k k k+1 k+1 k+1
a“+ab+ab”+b Sa +b (3)
. 4 2
So sénh (2) va (3) ta dugc diéu phai chiing minh .

Suy ra:

Bai tap 1: Cho s6 thyc a > —1. Chimg minh réng: (1+a)" 21+na (Vne N')

Bai gidi:
V6i n=1:(14a) 21+a (Diing)

Gia st ménh d& ding v6i n=k (k>1): & (1+a) 21+ka (1)

Ta cin chimg minh BDT diing v6i n =k +1, tiec 1a cin chimg minh: (1+a)"" 21+ (k+1)a
That vay, ta c6: (1+a)" 21+ka & (1+a)" 2 (1+a)(1+ka) =1+ (k+1)a+ka* 21+ (k+1)a

Vay (1+a)' 21+na (Vne N') (d.p.c.m)

Bai tap 1: Cho n s thuc x,, x,, X;5ees X, € (0;1) . Chitng minh rang (Vn>2):
(1-x)(1-x,)...(1-x,)>1—x,—x, —...— X,

Bai gidi:
Véin=2:(1-x)(1-x,)=1-x,—x, + x,x, >1—x, —x, (Diing)
Gia sit ménh dé ding v6i n=k (k>2): & (1-x)(1-x,)...(1-x,)>1-x, —x,—...—x, (1)

Ta can chimg minh BPT ding véi n =k +1, tirc 12 can ching minh:

e (1-x)1-x)..1-x)(1-x,)>1-x—x,—..—x, — X,

That vy, tacé: (1-x)(1-x,)...(1-x, ) >1—x —x, —...— x,

& (1=x)(1-x)..(1=x ) (1=x,) > (1-x -2, - = x ) (1= %)
=(1-x,—-x,—.—x, ) —x,, (1-x, - x, —..—x,)
=1—x, =X, — .= X F (X XX, et XX )
>1—x—x,—..— X,

Vay (1-x,)(1-x,)...(1-x,)>1-x,—x,—...—x, (VYn=2) (d.p.c.m)

Bai tap 1: Xdc dinh cong thic tong qudt u, cta céc ddy (u,) sau:

1 =3
U =— 1
Y (M"):{ui+1:2un+l (n=1) b () ) jun+1 (n>1)
n+l
Bai gidi: :
a) (un){::;lzun o (n21) Tac6: u, =—1, u, =-1, u, =—1. Dy doédn: u, =—1 (Vn=1).

Chung minh bang qui nap todn hoc.
V61 n=1:u, =-1 (Ding)
Gia sit ménh dé ding v6i n=k (k>1): u, =—1
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Ta can chung minh BDT dting v6i n =k +1, tiic 1a can ching minh: u,,, =—1

That vay, ta c¢6: u,,, =2u, +1=2.(-1)+1=-1

Vay u, =-1 (Vn21). (y.c.b.t)

5
u, :Z
b) (u,): .
u, +1 S
n+l = 2 (n - 1)
2’ +1 2' +1 2°+1 2" +1
Ta c6: u, 2227’ Uy =g Uy =%= SR Dy doén: u, == (Vn=1).
Chting minh bang qui nap todn hoc.
Voi n=1:uy, =% (Pung)
s A A 4. . >1)- 21
Gia si ménh dé ding v6i n=k (k=1): u, ==e
\ . . 2k+2+1
Ta can ching minh BDT ding véi n=k +1, tic 1a can chimg minh: u,,, =——
2 +
A . w,+1 (241 1 27 +1
That vay, ta c6: u,,, = "2 :[ S +IJ.E=W
2n+1+1
Vay u, = S (Vn=1). (y.c.b.t)
Bai tap 1: Xdc dinh cong thirc tong quat u, cua cic day (u,) sau:
u, =\/2+\/2+\/2+...+\/§ (n>1)
n ddu cin ‘
Bai gidi:
Ta co:
u, :\/§:2cos%, u, =y2+42 = ‘/2+2cos% =2 1+cos% =2 20052% =200s%.
Dy dodn: u, =2cos 7[1 (Vn21).
2n+

Chirng minh bang qui nap ton hoc.

Voi n=1:uy, =2cos%:\/§ (Ping)

Gia st ménh dé ding véi n=k (k=1): u, =2cos S

A . . p I roo1s AA , . T
Ta can ching minh BDT ding v6i n =k +1, tic 1a can chirmg minh: u,,, =2cos——
2 +2

That vay, ta co: u,,, :§/2+\/2+\/2+"'+\/§,:\/2+§/2+\/2+‘/2+"‘+\/§

k+1 dva'u can

v
k déu can
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=2+u, = \/2+ 2cos 21: = \/5\/20052 21: =2cos 2]7(22

- (Vn>1). (y.cb.t)

I1I- BAI TAP TU LUYEN:
Bai tip 1: Chung minh rang véi ne N, ta ¢6 cdc dang thuc:

t— n(4n’ -1
1)1+1+1+...+i=2 ! 2)12+32+52+...+(2n—1)2=u
2 4 8 2" 3

n(3n—1)

3) 1.2+2.5+...4+n(3n—1)=n’(n+1) H1+4+7+..+(3n-2)=

5) 1.4+2.7+3.10...+n(3n+1) = n+1)2 6) 1+3+5+...+(2n-1)=n

7 )=t 1—i n+2 8)1+3+9+...+3”‘1:3 —1
4 9 16 n+1 2

1 1
9)—
1.4 4.7 710 (3n—2)(3n+1) 3n+1
+1)(n+2
10) 12423434+, +n(nr1) =" ;(” ).
Bai tAp 2: Chang minh ring: Vi moi n € N*:
2(n+1)°
1)1+2+3+...+n=”(n+1) 2) 13+23+33+---+n3=%
3) 24+4+46+--+2n=n(n+1) 4) 143+45+...+(2n-1)=
5) L+L+...+ 1 = n 6) +i2+i3+ +i:l3 -1
1.2 23 n(n+1) n+l 3 3 3 3 2 3
n+l
7)1+%+...+£=§—2n+3 8)3+9+27+...+3"=3 3
3 3 3" 4 43"
3n—1 3n+1
9)1+4+7+---+(3n—2)=M 10)2+5+8+...+(3n—1)=¥
+1)(2n+1
11) 242243 4ot = )6( n+1) 12) 22 +4>+ 6> +--+(2n) _2”(””3)(2””)
Bai tip 3: Chang minh ring: Vi moi ne N *:
a)2">2n+1Vn=3 b)2">n*Vn=5 c)n"Z(n+1)"_1 Vn>1
d)3">n*+4n+5Vn>3 e)n!>2""vn=3 f) 2" >2n+5 Vn>1

g) sin” a+cos”a<1Vn21  h)3""'>n(n+2) Vn23
Bai tip 4: Chtng minh rang néu AABC vudng tai A, c6 s do cic canh 1a a, b, ¢ thi véi
moi s6 tu nhién n>2, ta c6 bat dang thic : b" +¢" <a”".

Bai tap 5: Vi gia tri nao cta so6 nguyén duong n, ta co:
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a) 2" >n*+3n b) 2" >2n+1
c)2">n*+4n+5 d) 3" >2"+7n

. . 3 -3
Bai tip 6: Ching minh rang so duong chéo cia mdt da giac 16i n canh la M

; 1 1 1 1 )
Bai tap 7: Cho tong S, = +—t— , VOl ne N *.

12723 34 a(na)
a) Tinh §,, S,, S5, S,.
b) Hay du dodn cong thic tinh S, va chirng minh bang phuong phdp quy nap.
s oon 2 1 1 1 1 g
Bai tap 8: Cho tong S, :E+5+m+...+ (@n=3)(dn+1)’ voi ne N*,
a) Tinh S, S,, S;, S,.
b) Hay du doédn cong thuc tinh S, va chirng minh bang phuwong phdp quy nap.

Bai tap 9: Chon sé thyc a,., a,. a..... a, thoa —1<a, <0 (i=1n).

Chtng minh rang: Vne N* ta cé:
(1+a)(1+a,)...(1+a,)21+a,+a, +..+a,

Bi tap 10: Chirng minh rﬁng voi cdc sb thuc a,, a,, a;,..., a, (Vne N*), ta c6:

la, +a, +...+a,|<|a|+|a,|+...+

ai’l

Bai tap 11: Chtng minh ring Vne N *:

ayn —-n:5 b)n’+2n:3 n’+1ln 6
d)4"+15n-1:9 e) 6™ +3"* 43" 1 11 13" -1:6
g)3 4 2m 1 7 hyn —n:7 k)3n’+15:9
D1 +12°7" 1133 m)2n’ -3n"+n 6 n) 7.2 72 +3"" 19

Bai tap 12: Vi gid tri nao cua sO nguyén duong n, ta co:

a) 2" >n*+3n b) 2" >2n+1 c)2">n*+4n+5

, ‘ _3
Bai tip 13: Cmr s6 dudng chéo cia mot da gide 16i n canh (7 >4) Ia "(”2 )

Bai tap 14: Xdc dinh cong thirc tong quét u, ctia cdc day (u, ) sau:

Dap so:
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a)u,=5n—-4 b)u, _1 cu,=5" du,=53-62" eu,=(n+2)2"
n
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