Chuyén dé Toan nang cao 16p 6 PHUONG PHAP QUY NAP TOAN HQC

TUAN 19: PHUONG PHAP QUY NAP TOAN HQC

Mé dau: Phuong phap quy nap dugc biét dén nhu 1a cach tong quat hoa cac van dé tir nhimng
truong hop cu thé. Phuong phap chirmg minh bang quy nap 1a mot phwong phap hiru hiéu va
hay dugc st dung trong chimg minh toén hoc.

Chung ta hay xét vi du sau day:
Vi du 1: “Tim cong thirc tinh tong cuia n sé ty nhién 1¢ dau tién”.

Chung ta thir tinh toan véi mot s gia tri cu thé cla n:

1=1 n=1
1+3=4 n=2
1+3+5=9 n=3
1+3+5+7=16 n=4

1+3+5+7+9=25 n-=

(%3]

Quan sat thay rang 1 = 1% 4 =22, 9 =32

Tir d6 ta thir du doan cong thie cho trudng hop tong quat:
1+3+5+---+Qn -1 =n

Ta thir tiép tuc tim hiéu vi du sau:
Vi du 2: “Véi mbi s6 nguyén duong n thi n2 —n + 41 1a s6 nguyén t&”.

Xét bang thtr cac gia tri ban dau dudi day:

n " —n+ 41 Prime?

| 41 Yes
2 43 Yes
3 47 Yes
4 h3 Yes
5 61 Yes

Dén day ching ta co thé thir tiép va nhan thiy c6 nhiéu gia tri cia n dé n2 —n + 41 1a s6 nguyén
t0. Tuy nhién véi n =41 ta c6: 412 — 41 + 41 = 412 lai khong 1a s6 nguyén to0.

Hinh thure ctia phuong phap quy nap toan hoc:

Gia stir P, 1a mot khang dinh phu thudc vao so tu nhién n, va gia su cac di€u kién sau day la
ding:
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1. Py ding.
2. V6i mdi gia tri cta k, néu Py dung thi Pii1 ciing ding.
Khi d6 P, dung voi moi gid tri cua n.
Tir phat biéu trén ta thay:
P dtng. (vi diéu kién 1)
P, dting, do P1 da dung (diéu kién 2)
P; dting, do P> da dung (diéu kién 2)
P, dting, do P3 da dung (diéu kién 2)

Do qua trinh do lap lai khong dirng nén ta s€ dugc Py dling cho moi gia tri cua n.

Dé d& dang hinh dung hon vé phuong phap quy nap, ta hdy xem xét qua trinh d6 cua cac quan
domino trong mdt ddy domino dai vo han.

biéu ki¢n 1: tuong tu nhu vi¢c quan domino dau tién cé thé do.

—

Biéu kign 1: Qudn

domino thit nhit 4o
Diéu kién 2: (mg véi viéc néu quan domino thir k d6 thi quan domino thir k + 1 ciing s& d6
theo.

Biéu kign 2: New qudn domino
thir ko dB, thi quén domino thie
k+ 1 ciing dd theo.

Qua trinh 13p lai v6 han lan, tir d6 ta c6 tat ca cac quan domino déu do:
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Eétludn: Tat ed cac
qudn domino déu do

Bay gio chung ta quay lai qua trinh chirng minh biéu thirc ¢ vi du 1 trén 13 dung.
Ph=1+3+5+...+2n—-1)=n? (¥
V6in=1tacoP;=12=>(*)ding véin=1.
Gia sir (*) dung dén gia tri n =k, tuc la:
Pk=1+3+5+...+Q2k-1)=Kk>(1).
Ta di chtrng minh (*) dang v6éin =k + 1 hay:
Pioi=1+3+5+...+Q2k-1) +2k+1)=(k+ 1)
Vi ta d4 gia sir Px dung nén ta da c6 (1), tir day ta bién d6i dé xuat hién (2). (1) con duge goi la
gia thiét quy nap.
1+345+---+@k-1=F¢ P
14+34+54+--+2k—D+2k+1D) =+ 2k +1) cong 2k + 1 hai vé

Terdosuyra:Piri=1+3+5+ ... +Q2k—-1) +Q2k+ 1) =k>+2k+1=(k+ 1)
BAI TAP
Dang 1 : Chirng minh biéu thirc bang nhau

n(n+1)

Bai 1. Chimg minhrang : 1+2+3+...+n= (VneN)

Bai 2. Hay tinh tong : Sa= —14+3-5+7 -9 +...+(-1)"(2n-1)

Bai 3. Chiing minh rﬁng: 12+22+324+..+n2= w
2 2
Bai 4. Chimg minh ring: 13+ 28+ 33+ ..+ 3 =~ (”2+ 1)
nntD(n+2)

Bai 5. Ching minh rang: 1.2 +23 +3.4+.. .+ n(n+1)= 3
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Bai 6. Ching minh rang: 1.4+ 4.7+ 7.10+ ...+ 3n — 2)(3n+ 1) =n(n + 1)
Bai 7. Ching minh rang: (n + 1)(n +2)(n + 3) ...(n + n) =2".1.3.5...2n — 1)

? ? : n’ n(n+1)
t—t—+ =

— ..t =
13 35 57 2n-1).2n+1) 2Q2n+1)

Bai 8. Ching minh rang:

Bai 9. Chirng minh rang véi moi sO tu nhién n ta co:

1 1 1 1 n(n+3)
+ + +..t =
1.23 234 345 nn+)(n+2) 4n+1)(n+2)

Bai 10. Chimg minh rang: l + l + l +...+ L =1 —L
2 4 8 2" 2"

Dang 2: Phuwong phdp quy nap trong cdc bai todn chirng minh bét ding thirc

Chitng minh cdc két lugn sau:

Bai1.2">n véi moi sb tu nhiénn > 1.

Bai 2. n! > n? v6i moi sd tu nhiénn > 4.

Bai 3. 2" <n! v&i moi s tu nhién n > 4.

Bai 4. 3" <n! v&i moi s6 tu nhiénn > 7.

Bai 5.3" > 2n+ 1 v6i moi s6 tw nhiénn > 1.

Bai 6. n! <n" v4i moi sb ty nhiénn > 1.

Bai 7.2"*2 > 2n + 5 v6i moi sb tu nhiénn > 1.

Bai 8. (2n) ! < 22(n!)? v6i moi s ty nhién > 1.
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TUAN 20: PHUONG PHAP QUY NAP TOAN HOC (tiép)
Dang 3: Chirng minh chia hét
Bai 1. Chting minh rang véi moi s6 tu nhién n ta cé:
Ba= 1172 + 122" chia hét cho 133

Loi giai: Véin=0taco: Bo= 112+ 12! = 133 : 133 => (*) dling.
Gia sir (*) dung dén gia tri n =k, tac la: Bi= 1152+ 1221 1 133 (1)
Xét Bir1 — Bi= 1157172 4 12200+ _ (1 1k+2 4 122k

— 11K _ 11K2 4 192K _ o2kl

=10.11%2 + 143,127

=10.121.11% + 143.12.144*

=10.121.11%+ 10.12.11% = 10.11%(121+12) = 0 (mod 133)
Theo gia thiét quy nap (1) ta ¢6 Bk : 133 => By : 133 hay (*) ding véin=k + 1.
Vay (*) dung voi moi sb tu nhién n.

Bai 2. Ching minh réng v&i moi sb tu nhién 16n hon hodc béng 2 déu phan tich dugc thanh
tich ciia mot hay nhiéu thira s6 nguyén t6.

Bai 3. Chting minh rang: 62" — 1 chia hét cho 35 v6i Vne N

Bai 4. Chting minh rang 7"2+ 820*! chia hét cho 57 véi Vne N

Bai 5. Chting minh rang: 2573451 372 chia hét cho 17 v6i Vne N
Bai 6. Chting minh rang: 2™ 3% + 537! chia hét cho 37 véi Vne N
Bai 7. Ching minh rang: 4" + 15n — 1 chia hét cho 9 véi Vne N

Bai 8. Chting minh rang: 323 — 24n + 37 chia hét cho 64 v6i Vne N
Bai 9. Chiing minh rang: 565 + 76" + 6 chia hét cho 9 véi Vne N
Bai 10. Ching minh rang 322 + 2601 chja hét cho 11 voi Vne N
Dang 4: Quy nap trong cdc bai todn roi rac

Bai 1. Chung minh rang vdi moi so ty nhién n khéc 0, luon ton tai mot s6 gom n chir so, trong

d6 chi chira chit s 1 va 2, chia hét cho 2"

Loi giai:

Ta chirng minh két qua bai toan bang phuwong phap Quy nap toan hoc.
Véin=1taco: Ay=2:2!
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Véin=2tacosdAy=12: 22

Gia st két luan bai toan dung dén n = k tirc 13 ton tai s Ak c6 k chir s, chi gdm chit s 1 va
chit sb 2, chia hét cho 2.

bat Ax=2%q

Néu q chdn => Chon s6 Ai+1 = 24, = 2.10%+ 2%q chia hét cho 2+*!

Néu q 1é => Chon s Aj+1 = @ = 10k + 2kq = 2X(5 + q) chia hét cho 2%

Vay ta chon dugc s6 Ax+7co k + 1 chit s6, chi gdm chir s6 1 va 2, chia hét cho 2x*!

Phan tich: O bai toan nay, chung ta can chirg minh su ton tai cta sé théa mén tinh chat cho
trude. Khi ap dung phwong phap quy nap, chung ta lia chon khéo 160 két qua cho budc ching
minh dang khi n =k + 1 dwa trén két qua da co & gia thiét quy nap khi n =k.

Bai 2. Chiing minh rang véi moi s6 buu phi 16n hon 7 xu déu c6 thé dugc tra bang cach dan
cac con tem 3 xu va 5 xu.

Loi gidi: Ta di chimg minh bai todn bang phwong phap quy nap.

Dé thdy 8 =3 + 5;9 =3 + 3 + 3 => c4c buu phi 8 xu va 9 xu dugc tra bang cach dan cic con
tem 3 xu va 5 xu.

Gia stir buu phi véi gia k xu dugc tra bang cach dan cac con tem 3 xu va 5 xu.

- Néu trong cach tra tién cho k xu, ¢6 it nhat 1 con tem 5 xu, khi d6 ta thay 5 xu boi 2 con tem
3 xu, ta s€ nhan duogc cach tra tien cho k + 1 xu thoa man dé bai.

- Néu trong céach tra tién cho k xu, khong c6 con tem 5 xu nao, khi d6 s6 tem 3 xu khong nho
hon 3. Luc nay ta thay 3 tem 3 xu boi 2 tem 5 xu s€ nhan dugc 1 cach tra tién cho k + 1 xu.

Vay trong moi trudong hop, ta déu co cach tra tién cho k + 1 xu.

Theo nguyén ly quy nap, bai toan dugc chirmg minh.

Bai 3. Ching minh riang v6i moi sé ty nhién n luén tim duge sb gdm n chir s, chi gom chit s6
1 va 2, chia hét cho 2",

Bai 4. Chiing minh rang véi moi buu phi khong nhé hon 12 xu, déu c6 thé tao ra bang cic con
tem 4 xu va 5 xu.

Bai 5. Cho lu¢i 6 vuong 2" x 2" (ne N "), bi khuyét mot 6 bat ky. Chig minh ring ludn co
the lat duoc ludi 6 vudng do bang cac hinh chit L (xem hinh dudi).

Bai 6. Hoi c6 the 14t lai ban ¢o kich thude 72X 71 (n > 5, n 1é va khong chia hét cho 3) bang cac
miéng hinh chit L dugc hay khong?

Bai 7. C6 mot cau thang gdm n bac. Gia sir mdi budc di c6 thé di 1én mot s6 bac bat ky (it nhat
1 bac, nhiéu nhit 14 n bac). Hoi co bao nhiéu cach dé co thé di dén béc thi n?
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