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MO DAU

Ly thuyét vé thang thoi gian (time scale) duoc trinh bay lan dau tién boi
Stefan Hilger vao nam 1988 trong luan an Tién si khoa hoc cua ong (dudi sy
huéng dan ciia Bernd Aulbach), nham muc dich théng nhat nghién ciru cac bai
toan mo ta boi cac hé lién tuc va roi rac.

Cho dén nay dd c6 mot sé quyén sach, hang chuc luan an Tién si va hang
nghin bai bao nghién ctru vé thang thoi gian. Giai tich (phép tinh vi phan va tich
phan) trén thang thoi gian d4 duoc cac tac gia nghién ctu kha sau rong va day
da. Va tir d6 nhiéu két qua quen thudc trong truong hop lién tuc va roi rac da
dugc “chuyén dich” sang thang thoi gian. Ching han, d4 c6 nhimg két qua rat
sAu sic vé tinh 6n dinh, tinh dao dong, bai toan gia tri bién,...cua hé dong luc

trén thang thoi gian.

Céc bat dang thuc dong vai trd quan trong trong toan hoc néi chung, trong
nghién ctru hé dong luc 1ién tuc va hé dong luc rdi rac ndi riéng. Hau hét cac bat

dang thirc nay d duge mod rong sang cho thang thoi gian.

Véi mong mudn tim hiéu mot van dé ma thoi gian gan diy dang duoc nhiéu
nha todn hoc quan tim 1a thang thoi gian, dong thoi so sanh cac bat ding thic vi
phan va sai phan véi bat dang thirc trén thang thoi gian, dé tir 6 ¢6 cai nhin tong
quat hon vé bat dang thiic, t6i dd chon Bdt dang thirc trén thang thoi gian va
Ung dung 1am dé tai luan vin cao hoc ctia minh.

Luan vin gdm phan M¢ dau, hai chuong, phan Két luan va cac Tai liéu tham
khao.

Trong chuong 1, chung t6i nhic lai khai niém thang thoi gian, cac khai niém
toan tir nhay tién, toan tir nhay 10i, ham hat, cac diém tr mat va cac diém co lap;
cac khai niém va tinh chat cua cac phép tinh vi phan, tich phan trén thang thoi

gian ciing nhu d6i chiéu két qua trén mot sd thang thoi gian thudng gip.
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Chuong 2 chung toi trinh bay cac bat ding thirc co ban va quan trong trén
thang thoi gian nhu Bat dang thac Holder, Bat dang thac Gronwall, Bat dang
thirc Bihari, Bit dang thirc Opial, Bit dang thirc Wirtinger, Bit dang thic
Lyapunov va mot s bat dang thirc khac; dong thoi chung toi ciing tham chiéu
c4c bat dang thuc trén d6i v6i cac truong hop thang thoi gian lién tuc va thang
thoi gian roi rac.

Pé hoan thanh luan vin nay, trudc nhét tac gia xin dwoc giri 101 cam on sau
sac t6i PGS.TS. Ta Duy Phugng, nguoi thay dd danh thoi gian hudng dan, tan
tinh chi bao, tao diéu kién va giup d& t6i c6 thém nhiéu kién thirc, kha ning
nghién ctru va tong hop tai liéu dé hoan thanh luan van.

Tac gia cling xin gri 101 cam on chan thanh tdi Ban giam hi€u, Phong Sau
dai hoc, Phong Pao tao, Khoa Toan-Tin Truong Pai hoc Khoa hoc, Pai hoc Thai
Nguyén da tao diéu kién thuan loi trong subt qua trinh hoc tap tai truong.

Xin dugc cam on Trudng trung hoc phd théng Quang Ha, Tinh Quéing
Ninh, noi t6i cong tac, d4 tao moi diéu kién dé toi hoan thanh nhiém vy hoc tap.

Cudi cling tac gia xin giri 1o cam on dic biét dén nhitng nguoi than, dong
nghiép va nhirng nguoi ban dé tao moi diéu kién thuan loi, dong vién, giup do to1
trong sut qua trinh hoc tap va hoan thién luan vin.

Thai Nguyén, thang 04 nim 2014
Nguoi thyce hién

Pd Vin Nhan
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Chuong 1
GIAI TiCH TREN THANG THOI GIAN
1.1. Thang thoi gian
1.1.1. Dinh nghia thang thoi gian

Pinh nghia 1.1 Thang thoi gian (time scale) 1a mot tip con dong khéc rdng bét

Ki trong tap hop cac s6 thuc R. Thang thoi gian thuong dugc ki hiéu 1a T.

Vidu 1.1

1.1.1) Céc tap R,Z,N,N,[L2]U[3;4], [L2]UN trong d6 N Ia tap cac sb tu
nhién, N={1,2,3,...},con N, ={0,1,2,...} la nhiing thang thoi gian.

11.2) Cac tip T= |J [2k,2k+1], T=Nj={n":neN,|, T={2":ze2Z} I

[e0)
k=0,keN,

nhirng thang thoi gian.
1.1.3) Cho g >1 12 mot s6 hitu ti ¢6 dinh. Khi d6 tap hop
T, = {q” ‘ne NO} = {1,q,q2,q3,...} ciing la mot thang thoi gian.

1.1.4) Cho neN,, cac s6 diéu hoa H, dugc xac dinh nhu sau

Khidé T={H,:neN;} la mot thang thoi gian.

1.1.5) Céc tap Q, R\ Q, [0;1) khéng phai 1a thang thoi gian vi ching tuy nim
trong R nhung khong phai la tap dong trong R.
1.1.6) Mat phang phirc C ciing khong phai 1a thang thoi gian vi n6 1a tap déng

nhung khdng niam trong R.
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S)
Hai thang thoi gian co ban va rt quan trong thuong gip trong cac chirg minh
trude day 1 tap sé thue R va tap sé nguyén Z.
1.1.2. Cac dinh nghia co ban

Pinh nghia 1.2 Cho T la mot thang thoi gian, v6i mdi teT ta co6 cac dinh

nghia sau:

Toan tir nhay tién (forward jump) la todn tir o : T — T duogc xac dinh boi
o(t):=inf{seT,s>t}.

Toan tr nhay Ui (backward jump) latoante p: T — T dugc xac dinh boi
p(t):=sup{seT,s<t}.

Trong dinh nghia nay ching ta quy udc infd:=supT va sup:=inf T, trong do

& la tap hop rong.

Vidul.2

1.2.1) Cho thang thoi gian t € R. Khi d6 véi moi t e R ta cd

o(t)=inf{seR:s>t}=inf(t,o0)=t.

Tuong tw, p(t)=sup{seR:s<t}=sup(—wn,t)=t.

Nhu vdy, o(t) = p(t) =t véi moi t e R.

1.2.2) Cho thang thoi gian T =Z. Khi d6 véi moi te Z ta co

o(t)=inf{seZ:s>t{=inf{t+1t+2,t+3,.}=t+1.
Tuong ty p(t)=t—-1 véimoi teZ.

1.2.3) Cho thang thoi gian T:{g: n eNO}. Taco o(t) :t+% va p(t) :t—%.
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1.2.4) Cho thang thoi gian T=Nj ={n’:neN,|. Néu teT thi ton tai s6 n e N,

sao cho t =n? hay v/t =n. Ta co:
o) =o(n?)=(n+1)’ =(VE+1) va p(t) = p(n?) = (n-1)* = (V1) "

1.2.5) Cho thang thoi gian ']I‘:{ZZ ZZEZ}. Néu te T thi ton tai s6 ze€Z sao
chot=2">0 hay z=1log,t. Taco:

G(t) — 0(22) — 22+1 — 2Iogzt+1 — 2t Va p(t) — p(22) — 22—1 — 2Iogzt—1 _ %t.

Pinh nghia 1.3 Cho T la thang thoi gian.

Piém te T duoc goi 1a diém ¢6 ldp phdi (right-scattered) néu t < o (t).
Piém te T duoc goi 1a diém 6 ldp trdi (left-scattered) néu p(t) <t.
Piém te T duoc goi 1a diém 6 ldp (isolated) néu p(t) <t < o(t).
Vidu 1.3

1.3.1) Cho thang thoi gian T =2 thi moi diém te T déu la diém co lap.

1.3.2) Cho thang thoi gian T:{g: n eNO} (xem vi dy 1.2.3). Ta ¢6 diém t=0
1a diém c6 1ap phai, va moi te T, t =0 déu la diém co lap.

1.3.3) Cho thang thoi gian ']I‘:{ZZ Z€ Z} (xem vi du 1.2.5). Ta cob
%t =p(t)<t<o(t)=2t véi moi teT. Do d6 moi diém teT déu la diém co

A

lap.

So hoa bdi Trung tam Hoc lieu — BHTN http://www.Irc.tnu.edu.vn/



Pinh nghia 1.4 Cho T la thang thoi gian.

Piém te T duoc goi 1a diém 0 mdt phdi (right-dense) néu t = o (t).
Piém te T duogc goi 1a diém tri mdt trdi (left-dense) néu p(t) =t.
Piém te T duogc goi 1a diém 0 mdt (dense) néu p(t) =t = (t).
Vidul.4

1.4.1) Cho thang thoi gian T=R thi moi diém te T déu la diém trl mat.

1.4.2) Cho thang thoi gian T = 0 [2k,2k +1]. Tacd

k=0,keN
Néu t e (2k,2k +1) thi o(t) =t = p(t) nén t 1a diém trd mat.
Néu t=2k +1 thi o(t)=t+1=2k+2>t va p(t)=t nén t 1a diém co lap phai
va 1a diém trd mat trai.
Néu t=2k thi o(t)=t=2k va p(t)=t-1=2k 1<t nén t l1a diém cd lap trai
va la diém trl mat phai.

1.4.3) Cho thang thoi gian T={H,:ne Ny} (Xem vidu 1.1.4). Ta c6

(H)=Hoa =S 2o H 2 p(H)=H, =S Eoh, - L v
O = = —_= —+——’ = = —_= —— Va
n n+1 k:1k n n+1 p n n-1 k:1k n n

P(Ho): Hy.
Suy ra H, 1a diém trQ mat trai va co lap phai. Moi diém H_ = H, cia T déula
diém co 1ap.
1.4.4) Cho q>1, ta xac dinh g ={q":k €Z} va g% =g U{0}. Xét T=qg~

Taco

o(t)=inf {q” ne[m +1,oo)} =q™=qq" =qt
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néut=q"eT vardrangla o(0)=0. Vivay ta dugc

o(t)=qt va p(t):% véimoi teT.

Do d6 0 1a diém trii mat phai va moi diém khac trong T déu 1a diém co lap.

Ta c6 bang tom tiat 1.1

t 1a diém c6 lap phai t <o(t) t right-scattered
t 1a diém tr0 mat phai t=c(t) t right-dense
t 1a diém c6 lap trai p(t) <t t left-scattered
t 1a diém tr0 mat trai p(t) =t t left-dense
t 1a diém c6 lap p(t) <t<o(t) t isolated
t 1a diém trl mat p(t)=t=0o(t) t dense

Bang 1.1

Bang 1.2 dwéi day mé ta hinh danh hinh hoc ciia cac diém

t,: Diém trl mat

t,: Diém trll mat trai va co lap phai

t,: Diém trll mat phai va co lap trai

t,: Diém cb lap

=

. ——
t3
T
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