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Oscillation theorems for 4-dimensional Emden-Fowler

differential systems

BIEK - B N % (Manabu Naito)

Faculty of Science, Ehime University

1. F
ZOWMXOARIT, AEMEE CGRILMmAE - K2R, PEH) LOH*FAHRTH 5.
ZZT, RD 14 R HRAR

(i = ay(t)|usMsgn o

(1.1) { uh = az(t)|us|*sgnus
'U:’a = ag(t)lu;,l"ssgn Ug

| Uy = —ay(t)|us|Msgnus

EHEZAD. ZIZT,i=1,23,4ITHLT, X BREDOEEX, ai(t) XM [ty, 00) LOE
REBAB T ai(t) > 0 (t > ty) ERET B.

KA T C [to, 00) TEBRXNEARY FIVBIK u(t) = (w1 (t), ua(t), ua(t), ua(t)) I £
D (1.1) DMTH B ENS DI, u(t) DEX DRSS wi(t) B T TEHES Oz C KOBIXK
T, HtelIZBNT (L1) MWEIhBTETHS. ult) = (ui(t), ue(t), us(t), ua(t))
MIEBXEM [T,00), T > tp, LD (1.1) DM THB &%, (1.1) ITHB T 5B ai(t) X
ai(t) > 0 (t > ty) ZWETERELTVRENS, u(t) DHBRS ui(t) MHEREE
(nonoscillatory) 72 51, DR BIEEBKITH D, £/, u(t) DB BT wi(t) WMk
BI (oscillatory) 72 51, OB bIRBINTH 5. ZZ T, BEOLD, MEDLE
(1.1) DR u(t) = (ur(t), ua(t), us(t), us(t)) 1ZIFEIRBIE (nonoscillatory) TH B &N,
BEDEE (1.1) OF ut) = (ua(t), uz(t), ua(t), us(t)) ZIRBIE (oscillatory) TH D &
w3,

P& DEHMNZ, (1.1) BERBNIMRE DD DOLEHIRE (BNRANIEZ, WA
OMEBELT, (1.1) OTRTO|HBBERMNTH 5D OLE+TIEE) ZRVET I L
TH3. (1.1) OO 1K 4 KRB FEARIIEITRI [4] TBNWT

(1.2) / w(t)dt=co, i=1,23
to )
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o ] 0 o0
/ w@)dt=co, | am@)dt<oo, [ as(t)dt=oo,
to

to to

/:° a:1(t) (/t‘w az(s) ds) >‘ldt = 00, t:o as(t) (/: as(s) ds) hdt = 00

DOBRENBRINTNENS, ZITR

/tw a(t) dt = oo, /w ay(t) dt < oo, /w as(t) dt = oo,

to to

(14) 00 o0 A1 00 t Az
/to al(t)( ft a,g(s)ds) dt < oo, /t ag(t)( /t as(s)ds) dt < 0o
DREEHBETS.
BAFEBRAR (1.1) DOV TORKREZRRBANC, F (1.1) BRI HER
(1.5) (r3(@®)(r2@) (ra(Ow'))") + p(#) [ul’'u =0
B&UY
(1.6) @) + p@)ulf e =0

ESURTHD, (L5) KDOWTORBERIT OV TIZHNE [5], L4 3] RED, (1.6) I
DWW TOEREEERIC DV TIE Wu [8], NEE-Wu [7], IE-FHERE (1, 2] B EOWHEND B
ZEEBEBLTHBL. TIT (1.5), (1.6) TBWT, o, 8 RIEDER, ri(t) (6=1,2,3),
r(t), p(t) 1 [to, 00) LOEEERRETHS.

2. £

B ZORXOERERZEEERRTEL. TN, MOHERR (1.1) OFiE
B2 MR u(t) = (ui(t), ua(t), us(t), us(t)) PR ORBICHWTBHDOTH 3. ult) =
(u1(2), ug(t), us(t), ua(t)) A% (1.1) O S, —u(t) = (—ui(t), —ua(t), —us(t), —ua(t))
b (L1) OMTH BN 5, RLIIIERBNIZMu(t) OB 1 RD w(t) REBKICEMR
THDELT—REERDRN:

(2.1) ' ui(t) > 0 for all large t.

B 2.1. FERRK (1.1) 284 (1.4 OFTHEXS. u(t) = (ui(t), ua(t), us(t), ua(t))
A (1.1) OIEBHWTMTHD (2.1) 2L THWHIE, RO 4 DDS3ED1DED
5 +RREBTRTO L ITHLT



(2.2) up(t) >0, ux(t) >0, us(t) <0, ug(t) <O0;
(2.3) u(t) >0, ua(t) >0, wus(t) >0, ug(t)>0;
(2.4) ui(t) >0, uy(t) >0, uz(t) <0, uglt)>0;
(2.5) ui(t) >0, us(t) <0, wus(t) >0, ut)>0.

UTF, COfiTi, 82T (14) 2ERELTEL. AEAR (1.1) OFREOIM
u(t) = (uy(t), ua(t), us(t), us(t)) T (2.2) ~ (2.5) ZWETHOOEEEICDNT, Eh
Th, ROZTERFSNTNS (Zh S O—HRIZBEIC|E L= [6]).

TR 2.2. MoRH

(2.6) f: az(s)[ [t a3(r){ ft a4(q)( ft:al(p) dp)A4dq}A3dr]A2ds<oo

ML L T, FBRAR (1.1) 13 (2.2) 27T u(t) = (ui(t), ua(t), us(t), us(t))
EHD.

B 2.3. HRAR (11) 20 (23) BWMETR u(t) = (u(t), uat), us(t) u(t) £
DO DBHETDRER

(2.7) o /:Ja.;(s)( /:a,l(r)dr)hds{oo

MERUTHIETHS.

TH 2.4. FERR (1.1) 2 (24) 2HETE ult) = (ui(t), ua(t), us(t), ue(t)) &9
DIEDDOHE+RREIX

(2.8) ‘/t:o a;ds)(fjo aq(r) dr) Aads < 00

MBALTBZETH 5.
EH 2.5. Mo&H

(2.9) /t ™ aa(s) [ / N a4(r){ / " a(a) ( /,, " aal(p) dp) hdq}hdr] ™ 4s < o0

MELLTWUE, HERR (1.1) i (2.5) EMTR u(t) = (u(2), ua(t), us(t), ua(?))
2HO. |

£ 2.3, TH 24 T, (2.3), (24) 2H-TEBRMNLROEES, ThTh, SE+
HEEOH THRIZBALNTVS (Lhd, A (6=1,2,3,4) DOWTHbERERDE
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HERRESNTWARN). LML, EH 2.2, &8 2.5 T, #hEh, (2.2), (2.5) 2#~
THRBNBMOFERDOTARELIESN TRV, 2T T, RIT, (2.2), (2.5) %
HILTEREBNBBOFEROBEREERDTHS. ZOEERI, N (1=1,2,3,4)
WKOWTH SRR EEM2IFThIER SN,

EH 2.6. (1) Mddsh <1 ERETS. ZOEE, HBRAR (1.1) 2F (2.2) 2T
FEIRBIRGIZAR u(t) = (us(2), ua(t), us(t), ua(t)) BHDOEDDBE+IERMBIT (2.6) IR
UTBIETH 5.

(i) MAAsAs>1 ERETS. ZDOEE, HFRAR (1.1) 2 (2.2) 2RI TEiEHN
T2 u(t) = (u1(t), ua(t), ua(t), ua(t)) 2HTH

(2.10) /:o a3(s) [/; a4(r){ /t: a1(q) dq}hdr] » (/:o ax(r) dr) All\shds < o0

ASERALT 5.

B 2.7. (1) M <1 LRET 5. ZDEE, ﬁﬁiﬁ% (1.1) A¢ ('2.5) Zied
FERENRTMR u(t) = (ua(t), ua(t), us(t), ua(t)) Z2HTHE

(2.11) /:o " a4(s){ [w ax(r) ( / " a2(q) dq) Aldr}h ( /t " a(r) dr) M e < oo

MHRALT 5.

(i) MA2AsAe > 1 ERETS. ZDEE, FBEAFR (1.1) 4 (2.5) £H/=TIEEHN
T2fB u(t) = (ur(t), ua(2), us(t), ua(t)) ZHORDOKREFDRLEIX (2.9) BRI T ST
EThH5.

3. %R
LRRORREHMBAERK (1.6) IKHALTHLS. ZTIT, (1.6) IKBWT, a, f IXE
DEXK, r(t), p(t) 1X [to, o) LOFEEHERKTHS. T, (1.6) ITHBRRK

4

uy = |uz|sgn u,
1

(3.1) ] == Tyl sems

uy = |uq|sgn iy

| v = —p(®)luPsgn u;
KBEEINBCLIEETS. Chid (L) T

L alt)= o w(®)=1 a(d) =s0)

a1 (t)



1
Alzl, A2=a, A3:1, )\4=ﬂ

DBRETHS. HEDKED, (1.6) ITBITS r(t) TRHE
(3.2) 0 < liminf rt) < limsup rt) <o forsomek e R
t—oo tk " t—00 tk

EWMEL TR ERETS. ZOLE £ (14) R E>20,k>a+1 KRRINS.
EH22~ EHE27T % 3.1) KEALTROERERS.

%3.1. HMAHBRR (1.6) TBWT (32) BKEL, k> 20, k>a+1 I
TW3ET3 E5i,a>F L5 ZDEE
(i) (1.6) #t (2.2) 2WETMED DD OXLE+ IR

oo 1 t p . 1/°‘d
(3.3) /to (Z’: A (t—9)s p(s)ds) t < o0o.
(i) (1.6) %% (2.3) EWMETRE DD OLE+HRHIL
3.4 " ()t .
(3.4 /to p(t)dt < o0.
(i) (1.6) A% (24) ZWMETHRE D DD OLETIRHER
5 " :
(3.5) /;o tp(t)dt < oo

(iv) (1.6) At (2.5) ZHTHE B DO DLERAER

(3.6) f " (2480 dt < oo,

to

AWM k>2, k>a+1DDa>pf OFTR, (34) 25 (3.3); (3.5) X5

(3.3); (3.6) 5L (3.3) THHZENEHTES. £oT, (1.6) VNHEEBNIZMED
TIEWOTH (3.3) XD ILD. FiT, (3.3) MRDIL->THHUL, % 3.1 D (i) iTk»
T, [(2.2) 2HWT) HERMNTMEDD. f£5T, RKORERS.

%3.2. HER (16) KBWT (3.2) BEEL, k > 20, k> a+ 1 AMWEINTH
2ETE. X5, 0> ETB. Z0EE, FER (1.6) BEEMNRBELDLDHOD
BETFERMER (3.3) BRVILDILTHS.

FRICLTRXIIRZER/S.

¥ 3.3. BMAHER (L6) ItBWT (3.2) BKEL, k> 20, k> a+1 2WHEEEIN
TW3ET3. EA5,a<f &T3 TDELE
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(i) (1.6) A% (2.2) ZWETRED DD DOHLERAIR

o ¢
(3.7) / t(‘:'z'*'l)ﬂ(/ sﬂp(s)ds) dt < oo.
to to

(ii) (1.6) A% (2.3) WA THRE D DD OHBETFEEIL

(34) / " Bp(t)dt < co.

to
(i) (1.6) Af (2.4) ZH=TMEDDOLDOBETHRER
5 " io(t)d :
(3.5) /t; tp(t)dt < oo
(iv) (1.6) A% (2.5) 2= THBE DD DOUBETHREIT
(3.8) | / cmt1+("5+"’)“’p(t)att<oo.

to

¥}34. HERK (1.6) BT (3.2) 2REL, k> 20, k> a+1 RWEINTH
B5LF5. AL, a< B ETB ZDOEE, FER (1.6) WEBERNAREELDOEDD
DB (3.8) BRDIDZ L TH 5.

115

[1] K.-I. Kamo and H. Usami, Oscillation theorems for fourth-order quasilinear ordi-
nary differential equations, Studia Sci. Math. Hungar., 39(2002), 385-406.

[2] I ®—, R BN, 4RERBELFERORREE, FERALKERITH
- RATRAR 1254 TRESFBEROBOY A FI VAL ORI, pp. 1-7, 2002.

[3] Y. Kitamura, Characterization of oscillation of fourth order functional differential
equations with deviating arguments, Ann. Mat. Pura Appl. (4), 124(1980), 345~
365. '

[4] T. Kusano, M. Naito and Wu F., On the oscillation of solutions of 4-dimensional
Emden-Fowler differential systems, Adv. Math. Sci. Appl., 11(2001), 685-719.

[5] M. Naito, On positive solutions of fourth order nonlinear differential inequalities,
Ann. Mat. Pura Appl (4), 117(1978), 79-113.



83

(6] NEE %, On the asymptotic behavior of solutions of 4-dimensional Emden-Fowler
differential systems, FE K ZHBMBITHIFPTiTER 1309 [BIM B ELEHEET
JV1, pp. 222-228, 2003.

[7] M. Naito and Wu F., On the existence of eventually positive solutions of fourth
order quasilinear differential equations, submitted for publication.

[8] Wu F., Nonoscillatory solutions of fourth order quasilinear differential equations,
Funkcial. Ekvac., 45(2002), 71-88.



