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SCHEIE W CFEINARAIE BVG RS WEAT s r2RE
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1 5|8

RITTEHA, WMo TREEdZsEBETIHER TR, Mo (E7) FREREK
R RyEg T8 W R R AR —AE — i s, WSS SERSE—. £
1990 4, fEEHF K Stefan Hilger FEMLF PhD & SCHEE . T B AR (time scales) i -
—ANEESEE ARG — i U iR E SCT 3 1 B &5 RS e 54 80
B, THRESE WG BRT, AR E2ECN S Bt
WFFR . T 2% B 16 FE 0 A s A SRR R 4l o PR B i 6, |l 47
MBI R B SR 70, X BRI EmER S, HFHE R T ZEWIHA
PEEREIETFERS, FEEENNAME, 23 T) REFNHRYIEHE.

AR SCHIF 55 - T B AR ZePE B 1R 3 )12 KRG E . R RE T FHE LR
BN 1% R HEEAT R, B —HERARE ST BT FHLE IR R & Rk
BT HEI, Sk B2 U B 2 X SE A B O BRI AT M e —, U R A I S
OB RA T, HEMFG LR E X.

2 FiEELR
T 4 e BCR B B S — BE AR T A AR, X SR D B e
UERA AT RAZ: L [2].
EX 2.1 #peR, NiE LHEHERE
ep(t,s) =exp (/ 5#(7)(p(7))AT), Vs, t,7 €.
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EX 2.2 #FpeR, M—kr&ErmE
y= = p(t)y

PR A .
EE 2.1 FHper, N
(1) eo(t,s) =1, ep(t,t) =1,
(i) ep(a(t),s) = (14 pu(t)p(t))ep(t, s);
(iii) ep(t s)ep(s, r) = ep(t,7);
(iv) ep(t,s) = e e = ecp(s,t);
V) lep(t, )| (ft%@“”m).
T 2.2 &

w(r

y= =pt)y,  ylto) =wo

) 5 K A7) (1L 1) R0 1) P — .
TFIE 23 2 peR, toeT, zo0 €R, M

D = —p(t)z, x(to) = o

B 36 JE R ] M — R 2 (t) = woeap(t, to)-
EIHE 2.4 & 3) ZEIEM, S toeT, 2o RN

B = —p(t)z” + f(1), x(tg) = g

F1 ik K A7) L I et M — i g

£(t) = zoecy(t to) + /t eoplt, T F(TIAT = ecy(t,to) [0 + /t coplto 7) [(T)AT].

I 2.5 & (3) ZEIHA, £t €T, yo R, N
y® =pty+ ft),  ylto) =wo

F1 i K A7) I I e M — i g

1) = meylt.t0) + [ et otr)fRIAT = exltuto) s+ [ exttonor) f(r)AT].

EX 2.3 # peCra,p® € R, MFANTE L= FKEL

FHE 2.6 £ peCuy, up?> € R, N

cos;,' = —psinp, sinS = pcosp, cos? 4 sin) = €2
T W B PR BIR 3N 1T AW AT N, B RS
2 = Az,

(1 ) [E]El, B to €T, yo € R, M y(t) = yoep(t, to) &
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Ht e R BIEFEE, HWEEVIHE z(to) = vo IEER x(t) = xeen(t, to).
FIE 2.7 [3) MT ARG (6) HUTLER
(1) % A>0H8, (4 >\<OHE:1tigl+igu(t) > -2 0B, tll+moo|$(t)| = o

(2) il‘l)\<Oﬂ_ﬁ:hmsup,u(t)<—§<oolﬁ‘, tligl |z(t)] = 0.

t——+o0
3 FHNREZMEHIEREWEEITA (D)
AR IR T T Bt R 58

2 = ax + by,
Y= = cx +dy,

Hra,b,c,deR, X = (z,9)", AeR (VteT, I+ Au(t) ¥ HATHELE),
a b
A= [ d].

BAR 2(0) = y(0) = 0 AL () W A THRARLE (7) WErctk, T % Ents T,
sup T = 4o0.

RIELAE B W HE AR TR, FEEFFERSE T, 18 J=TAT', J A4
AL 4 X = (3,9)7, JEfLH: X = TX(X = T-1X), i X = AX, 1§ X2 = TX =

TAX =TAT'X = JX. FRZ% (7) {bH
X2 =JX (8)

RS B FR TR, BRERL T TR R R (7) B A MRHERR AL .
FAESFEN N+ pA+q =0, B p=—(a+d), ¢ =ad—be, M, )\ RHFE A BFER
(A = VA Ny = TPV () £ 0 B, BB () g # g — s (i)
q;«éO,BlU )\iERE_)\i#O,Z—l 2.

FIE 3.1 4 p?—4¢> 00, RE (8) WHEA Wi FE I

(1) R&H
= A7,

A 9

W BRI Z(to) = To, y(to) = yo WIEREAN
z(t) = Toex, (t,t0),  Y(t) = Yoex, (t, to). (10)

(2) RGH

T8 = \T, 1
{ 7o =5+ 7, =

Hrp A= -8, W BAIME Z(to) = To, y(to) = yo MEMEH

7() = Foea(tto),  5() = exltsto) (3o + Fo / mm). (12)
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it HEH 2.2, RGO (1) & (2) 1 2(t) WoEME. TR FTORBEE (2) F 5()
(1 388 i

t

y(t) =ex(t,to)[yo + T ex(to, o(7))ex (7, to) AT]

5\

=ex(t,to)[Yo + Zo ex(7,to) AT]

ex(o(1),t0)
1
to (L+p(1)p(1))ex (T, to)

t
1
—ex(t,to)(§o + 7o | ———AT).
ex(t, t0) (7o %/tolﬂum )

=ex(t, to)[Yo + Zo

ex(7,to)AT]

\h

LY.
T 3.2 ¢>0, p? 4q>0(W#%?E*ﬁ%ﬂvﬁ*&),tbﬂi%%( ) A (9).
(i) & p<0, dzp>—, q>——M— VU lim [Z(t)] = oo, lim [y(t)] = co.

(ii) 75‘0<p<ﬁ,q>7—F,jp>OH.M:O,)\UtLigloo‘i(m:0, tiigloolﬂ(t)lz()-
- 2p 4 2p 4 . ~ . . ~ .
(111) Hp>0,9<F - @ Hao<Z-2 M tilgloo|x(t)| =0, tlgpoo|y(t)| =00

() Yp<OBf, M\ >X>0 HEH 2.7?% lim |Z(t)| = oo, tE+moo|§(t)|:oo
J:‘lp>ﬁ,q>27p——ﬂj‘ Hﬂq>2§—7150<p —4q<( — 42 Filp > 4,
B —p+ VP —dg < —4 BEH p >0 LN < 0, B> — &, XEH M > o, FiL
p> =5, EEEffﬁ?”%tETwlw( )| =oco, dim[5(t)] = oo

(ii) % q> 22 ——_2 B, 0 < p?—4q < (p—%)z,lﬁwﬂp< %,Fﬁ‘l«‘j —p—/p? —4q > —%,
Bp>0Hf, o<\ <0, Wu< -2 <—3 HEH27, tggloorf(t” =0, ti}?oo@(tﬂ =0.
Hp=0HA <A <OB, f (10)# lim [2()]=0, lim [g(t)] = 0.

(i) Hg< 2% 7 p? —4q>(p——) ifii p° —4q>0 W —p—/p? —4g < -1,
Hiip>0 X<\ <0, MW4§=@JM>—77EEQ<——7,4E=I? —4q>(p—%)_2=
i p* =4 > 0,18 —p+ /p? —dg> —2 T M <0, B 0 << —Z < oo, HEH 2.7, 8
Jim 2@ =0, lim [y(t)] = oo. WEHE.

TEHE 3.3 ¢ <0, p* —4g > O(FIFFEAR N 75 M), BB A > 0 > Xy, REE (8) K
(9). lim_[E()] = oo, HAh

(i) ﬁq<——— W lim [y(6)] = oo

(i) #p <2, q>2p———z,jiu—0 W dim (6] = 0.

iE EHA A >0, HEM 2.7, 43: hm |3:()|—

(i) Hg<2-2%, 130 4q>(p——) FER p*—4q > 0, Lk —p— \/m<——
i As <0, ﬁjzu>——>0 HEH 2.7, 4% lim [y(t)] = o0

(ii) Hﬂq>——_—2,4v~rp —4g < (p—2) Xlﬂ?@‘p< CJIRL —p — /2 —4q > —
!-‘5(0<u<—A—2<oo,EEEIE2.7,4%tETOO|y()|—O %N—OE_)\2<OE]L H (10)
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A E——
Jim_[7(0)] = 0. JEE.

EE 3.4 ¢>0, p® —4q = O(FFIEMR A FEAR).
() #p<0.8p> 4 W lim [30)] = oo, lm_[§(t)] = oe.

l‘\;}

H % % % #H 31%

(i) #0<p<z, Hp>0Hpu=0, )rlﬂtliin |Z(t)] = 0, ,Jim [y(t)| = 0.

ARG (8) MFE (11) B,

() #Fp<OHE <00, Hip>; HE<oo, M lim [F(t)] =00, lim [j(t)] = oo.

(i) 950<p<%Htiigof;mAT<oo,E‘Zp>0ﬁu50,ﬂlﬂtii+moolf(t)l:0,
Aim [y(6)] = 0.

i MRFNEL (9) B,

(i) BEAp <0 BrELA> 0 hEH 2.7 f lim [Z()] = oo,  lim [§(t)] = oo. H
P> WA<OH p>-%>0 HEH 27, lim [3(t)] = o0, | lim [5(t)| = oo,

(i) BHO0<p<g AT <% HER27 M lim [3(1)] =0, lm [5(t)] = 0.
% p=0HA<O0R, i (10), % lm [F¢)]=0, lm_[5(t)]=0.

BRGEHNEL (11) B,

i) p<O0OBf, AX>0 H,tlilﬁloof;mAr > tiigloofttoﬁAT, U< oo,
JrllJ tig?oo|g0 + fo j;to _1+1)\ﬁAT| = Q. ﬁ tlggloohjo + 50 j;to 71+>\1/$(T)AT| = Q. EE%IE 277
& dim [Z(0)] = oo, lim [F()] = oo WA p > 5, FIBAA <0 H 14+ < =1, B\

_ 4 . t B . t e

mMl4+dn< -1, HH\A<0, 8 tEEleUH%MAT < tl}rﬁl@ftoﬁAn o< oo, M

. ~ ~ t 1 o . ~ ~ t 1 o e 7]
t_l}gloo[yo + Zo fto WAT] = —oo0. i t_1}+moo Y0 + Zo ft(, mAﬂ = oco. HEM 2.7, 1§
Jim_[7(t)] = oo, lim_[7(t)| = oc.

(i) HER 27, lm |5(0) =0, lm_[j(0)] = 0. JEE.

EHE 3.5 Y p?—4g < OB, B A2=axpi HEFRG (8) A

7% = a + 0y,
5o - S ven 1
Moo= §#£0.Bp#2 Hp# L MacR SINSH o (13) ALK
r® = ar,

M JEWIE 7(to) = ro # 0, 0(to) = o HIEREN

r = roea(t, to), 0= —3(t —to) + 6o. (15)
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i AR FRAR R

Z=rcosr (6,0),
ro ]
y=rsin r (6,00)

TU

Sou=2 Hu® e R, bEE 2.6,

A A A A A o T A_ 2 A
TT™ + Yy~ =117, Y- —yr= =rr T—Ueuu2(9,90)0 =77€u,20".

¥ (13) RN bR, 30 (13) ALK (14), B BE 2.2, M SHIE. ELE.
EIE 3.6 ¢>0, p* —4¢ < 0 (I FFFER BETAERE), BT RS (8) K (14).
(i) #Fp<0,8p> 3 W lim |r@t)] = oo

(ii) %0<p<%,g‘zp>oﬁuzo,mutgglmlr(t)|:0-

it (1) BEdp<0 Bilha>0, HEH 27, & lim |r(t)] = cc.
E p > 5 BBk o < —2, 86 0> —2 > 0, s 2.7, 18 lim |r(t)] = oc.

(i) BAHO<p<z Filha>-2 A7 < -3 < oo, HEM 27,73 lim [r(t) = 0.
Hp=0HA<OR, f(15),f lim |r(@t)] = 0. M.

EIHE 3.7¢>0, p=0 (FFILARNILPELER), LIRS (8) 4 (14), He o =0,
SRR, BEFmRE, HEARNIREE.

4 FHEHEREZMEBIEREWIEITA (T =1z, h>0)

BEH T =hZ,h >0, L p=h, h>0. HEHRIFRRLE (1) R h Z5HER. 44
TR, AR e

EHE 4.1 ¢ >0, p* —4q > O(PIFFEAR A 75 7 AR).

(i) Bp<OH, (2,9 WE ¢ WG MTIET .

(i) B0o<p<i,qg>h—5Hu, (&7 WE:HRINTET .

(i) ¥ +t<p<3d, A <qg<-Lut, 7 HE B MBELIRET 0, AU
A RIS F SRS LT 0.

(iv) ¥ 2<p<d g>2-% ¢>2- 4w, (7,9) W& ¢ R MBERESBET
0 123

(v) ¥p>2 0<g<2-L Hqe<2-408, @7 M#HHRMELIRET
0, YL AR ES B 1B s T 55

(vi) Bp>2 B-h>g>2- Lk, (Z9) HEE ¢ BRI bR R S 12
Hi&T 0, YA bris RS2 HlaTJe55.

(Vi) Y p>d,g> 2 L wE, (7,9) BEE ¢ RIS AR M IR S L F 5T

b W RAE Z(to) = Zo, Y(to) = Yo WIEEN

5 = { Fo(L+ Aih)™, 1+ Ath >0,
(=1)™Toll + MA[™, 1+ Ah <0, (16)
5(t) = { Jo(L+ Azh)™, 1+ Aoh >0,
(=1)™ ol 1+ Aoh[™, 1+ Xah <0,
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Hrtng R to 5 t Z [EBFHR A S 4E

HFIEA S E2eel, X HEiEE.

EHE 4.2 ¢<0, p* —4q > O(FFFIEMR N F5 M), Rk A > 0> Ao

i) B0>q¢>2—Lm, (z,9) MH ¢ B INEELIRE TS, HLRET o

(i) Yp<2 B—sm>q>2— 50, (7,7 bt BB AR ET ST, Hbts
B ST 0 #2350,

(i) % qg< 224w, (3,9 WEH ¢ (ORI ALAR T TS5, PALARES R S
F I FF1ED).

T 4.3 ¢>0, p? —4g = OGFFAERR N EAR), BB A =X =X = —5,p# 2, XB R
9% B ol i PR ] REAR B

(1) #HHEfEN
o To(L+ AR, 1+ Ak >0,
()_{( 1)™To[1+ Ah|™, 14 X\h <0, .
- Jo(1 + Ah)™, 1+ Ah >0, (17)
®) = { (=D)™Po|L+ A", 1+ Ah<O0.
(i) Bp=0K, (Z,9) £ (To, 7o) REFAZ.
(i) Bo<p< 2B, BEE ¢ I (Z,9) BT 0.
(iil) 24 P <O0mf, HiE ¢ MBI (T,9) BFIL5.
(iv) %4 2 <p < 3 B, WEE ¢ B (Z,y) BEERESES HET .
(v) % p> 1B, BEE RN (T, y) BRESED TS
(2) #E ﬁ@)@
=) — Zo(1 4+ Ah)™, 1+ M >0,
) = { (=1)™Zp|1 + Ah|™, 14+ M <0,
e 7 hnt
. (1+ Ah) (yo BT Ah)}; 1+ M >0, (18)
(= )”t|1+Ah|"f(yo+xol+)\h) 1+ A\ < 0.

(i) HBp=08, (z,7) HEEH ¢ BBGIEEARARAE To TRIFANS, LA T TC55.

(i) % p<o0Bf, BEE ¢ W (2,9 BFLS.

(i) X4 p> + B, BEE ¢ (340N (2, 9) B SIE Ha T 55

EHE 44 ¢ > 0, p* —4q < 0 (FIEHER FFIEAR HEERAER), & A = o + fi. 1EA-HR
A GBI R WE r(to) = ro # 0, 0(to) = 0o [WHREH

ro(1 4+ ah)™, 1+ ah >0,
r(t) =

0(t) = —Bh 6o- 19
(=1)"tro|1 + ah|™, 1+ ah <0, ®) Bhne + 6o (19)

() Hp<O0mf, (7,9) FE—FKIRHELLEF A mAMEMZZ BT 5.
(i) H0o<p< i W, (T,9) FE—REHRELLEEEFLZ3HBRSTFEAA.
(i) 4 2 <p<jz W, (@9 E—RERELEBRFELEDEHET 0.

(iv) Hp>z 0, (7,9) E—FRERE EEBFEGEH HB T 5.
mHA 8> 0, 0 (z,y) w23 2 8 <0, U (7,9) S EHES).

EIE 4.5 ¢>0, p=0 (FFIEAR AL ER), B A = £5i.
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(i) %4 3>08, (7,9) EUE SO FECEE BB £HE 3.

(i) %4 B<0Bf, (z,9) RSP OryEGEE B EEHZ 3.

EIE 4.6 % p £ 2,

(i) Bo<p<3 ¢>0 p>—4g>0H g=2— L B, (7,7) BALIREEE ¢ BB
M#ET 0, AEARTE yo F1 —yo PIME ALK FIHE D).

(i) B2<p<i g>0,p2—49>0H qg=2— 50, (T,7) BEBIRHERE ¢ (34
Jnis R JE AR B T#ET 0, DAABRARAE 9o AT —g0 BIAME LR I F).

(i) Yp>2, ¢>0, p>—4g>0H g=2— LW, (7,7 WK t BIBEIIREALARAE
To F1 —2o PIMMEALREHED), AR ES SRR SB35 .

(V) % q<0, p2—4g>0 Hq= 25 B, (3,5 B ¢ ORBSIRET R
75, YAEARAE Jo 1 —po PIAMEAL R FIHE D).

(v) Y4 p?—4¢=0, p= 7 B, XBAFFEITE:

(a) RGH (17) B, (T,9) WEE ¢ BEINES (To,00) B (—Zo, —y0) PIAMELL K [
23

(b) RGH (18) Bf, (z,9) MEE ¢ B INETARARTE o F1 —Z0 P MEAL SR B2 3],
PEeFrETT57, (HEMTRIE, AEREED).

(vi) % p? —4g <0, p= 3 B, XBAFHFIEI TR

(a) 24 B> 0mF, (Z,7) 16 LA A R ot i [7] O B i b I el 1 L A 422 3.

(b) X4 B<0Bf, (Z,y) 7R & RO py [E] O B g b df B 12 8 i s 42 3.

ZENFTTER LR T I REMFE], L h=10, MEEZSTE. FESTE
AT AT R B ZEhR T 1 R S R

AXH3THY ut) =0, Vte T B, BHFEBEAET HRERAEL. MHE4T5F
B RMENE TS, HS55 3 st —3. Fr A SCRE & X & 22/ B iy
B AT MG —, MM RA SR

2
o
[Un.s]
2
[un.s]

Bl 1 E&LHRF q=2 - 2 H&m #5 q= 2 - 55 [S] &R lim [2(¢) =0, lim [|y(t)] = 0;
H H K t— oo t——+o00

[Un.S] %75 tiigrnoo [z(t)], tEToo ly(t)| BELH—AHFIT; FRTENE L KIRREHWILAT N 4
q>0, p? —4q =00, HAUCERRGER (9) KA.

5 wH

o0

N5 B — LIRS T = U [k +m), k(I +m) +1], Hrr 1, m RIELE,

k=0
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k€ N. i XFHEfPRagas ik B R HF SRR Eimpg MR, Hilan, LR sy A= fi i [l
HEL I P R AT FE LA SR B TR 2, 2 (23] BN T =1+ m, graininess %N

0, te Uk(1+m)k(l+m)+0)
k=0

pu(t) = o
m, te U{k(l+m)+1}.
k=0

X H . hIJZl exp (f:o MAT) = lim exp [k(\l 4+ Log|l+ Am|)], m=m, p=0.

w(T) k— 400

un.91

[s1 —

[s]

S|

[s] [Un.s]
[s]

[un}s]
[Un.s]

[Un.s]

B2 H&m R g= 2 — 5 % g>0, p? —dg =01, RAVERRGEH (18) wHFAL.

7 78 SCH 251 KBTS 31 06 FiZ B AR T I 4Pk B 1R R WL IT A 1) — 225 1,
1 6] PHEXZRGEFE N REHIIR. THHEBS KR T =C, C HRICE. 7 [3]
FRARE B AR Y graininess BRECH

1
[L(t) — { 3m+1’ telL,
0, teT/L.

KR L= {3 %+l meN, ae{0,2), 0<k<m} BRT=1L, p=0 FRET
k=0
IRE 85T R G (1) #EAT NI SR,
2 £ X W
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Abstract In this paper,with the discussion of the asymptotic behavior of planar linear
autonomous system on time scales,we get some criteria on time scales as the equilibrium
classification of planar linear autonomous system,and finally conclude that the criteria can
unify the asymptotic properties of the original continuous and difference functions.
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