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1 Introduction

AT, FET VN M N IR =~ VU Ek M EIZ81T 5RD Lane-Emden
HRERNE2NRIZ, BIRNMEOER T EMEE LIXNAHEBIZOVWTiRRS:

(L) ~Agu=|uf'u in M,

772U, N>3,p>1895. £z, M X, R 0o ZETLELREATHD, M o DED
D CHPERER R I N IO LSR5 E g 235 N IRt KK TH 5!

ds* = dr? +(r)?de?, r >0 e SV

Z 2T, do? FHAEKME SV BT 2 ERNARETEER L, r B3R 0o &K (r,0) D
DREERE, o 1% (0,00) LIEMET, O 2BKE T2, ¢ OFLWREICEL Tidkix
ERRZH RFIZH TS M OREKALRHFIE LU TlE, N IRTTWAZER (Y(r) = sinhr) %
FEATWD. 61T, A, IFEHIEK (M, g) (25155 Laplace-Beltrami /EHZETH b, BIK
Pz, BIE f = f(r, 01, ...,0n_1) IZH LT, RO LD IZRIND:

N-19f

Ayt 0r, o O 1) :W% {(1/)(7’)) %o ...,eN_l)}

1
e )
7272 U, Agv—1 1&, BAZERIE SV (2851) 5 Laplace-Beltrami fEFAZTH 5. £/, AfE
TlX Sobolev 8% %



& U, Joseph-Lundgren 5% %

psr=psL(N)=q (N —2)2 —4N +8/N — 1
(N —2)(N —10)

it N >10

LRI LIZT S,
FREA (L) (BT 2 EFOMEERRD 72012, HHIZ, N IRta—2 ) v RZEM RN
2B BIRD Lane-Emden HiERZHE X 5

(E) ~Au = |uff'u in RV,

72U, N>3,p>1Thb, HfEX (BE) EARRX (L) © M =RYN ((r) =) DEGH
THhb. JiFEX (E) I¥ Lane-Emden AR L IFIXNTH Y, JH. Lane 12 & 5T 1869 4
IZHRAE X 1 ([36]), FHYHEZOMEEFIIEWTHEND HEATH D ([14, 18, 20]). F
Mz H, BIE £ TIZMOFEREMMIMEER DL DRV ZRINTWS ([12, 13, 19,
21, 22, 24, 31]). /ifEX (E) OB FMEO MRS IZBE U Tk, IR IHICEARSZE R
L filAZ &, £7 [41] I2BW TR 2Tz, BAERRIZIZfEE p 12X
LT, p=ps=(N+2)/(N—2) D& &, EMENEIIMEDFLE, FEFEEICEHL THRS
N, T D, BHEERFMAD EAEME P ERERE) & o 72 @R IZEE U T, Brx Zeise
BirbhT\W5 ([17, 33, 34, 35, 42, 43, 50, 51, 52, 53)]).

Lane-Emden 77#2X (E) OB FMED D 4§ JEREIZB L TH, X. Wang [49] 12
£ 2T, 1993 H Iz FTb iz, 2 2T, BMERFMEDKRD T fEiE & 1%, RO
B ZODEMBRMPE IR EL RN L 2RT . [49] ITHWTIE, ERI BN
P & B RR R BARIZBE U T, R E D D OB FIER D %82 - FELEDTIRS
N7z, Z0%, Y. Lin, Y. Li, Y. Deng [37] (2 & 0, AT O EHI 22 BRI R L D38 7% -
FERAITE T OR[N T W S:

Proposition 1.1 (Proposition 3.7 (iv) in [49], Theorem 1 (ii) in [37]). p>1 &9 5.
(i) p € (ps,pyr) P& &, (EEDIMELR S = DDOIEA REERENFRIL, FRMRLAT 5.
(i) p>py DL E, EEOHERZ ZDOIE[REENFRREIL, HWVIZRELRW.

Proposition 1.1 (&, 82 p;; #* Lane-Emden /if2:X (E) O IERIZ2 B R + D28 -
LA THAIERTH D Z L 2RBLTWD . BIERERFRMER T D74 - JFER B L
TiX, EHAAE Lane-Emden HRER BRI, & 0 3EM7Z2052 ([1, 2, 3, 5, 16, 23, 39, 40])
LN THEY, ERPIEE b 95 e IZEXABRRNTH U THMHTLED S5 T W
% ([4, 6, 48]). X7z, BIENOBEI LT EEEOMEDIGHE LT, A (E) O
FEEHLEMDFIE ([15, 19]) 2xfInT 2 BPEL i FE R O g O Wik %812 B9 2 i 5
([24, 25, 44, 45)) WEITF LN 5.

—JT, 2000 FREN S, FZDEMELI—27V v NEFRY 26 ) - VLK M
IZHEER U 72 S AL R N2 R & LB A ICfTbvo2H 5 ([7, 8, 9, 10,
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11, 26, 27, 28, 30, 32, 38, 46, 47]). HFEA (L) B 28N £ 17, BRI D g
BIZN U T eI Nz, 22T, MFEORRZFHHT 572012, AR (L) OFEEN
iRz s. FIEDEB a > 0 1IZH U T, uy = uy(r) ZRATOMED u,(0) = a TH
58 57% RN (L) OBBENMEE T 5. T748bb, u, 1FIRD Cauchy MED —Zf# T
b5

o' (r) + Ju(r)P u(r) =0 for r e (0,00),

BIPEPMREOMREEICBIL TIE, £ M 23Ea 282 M) — < VS RRIEDRER 224
THd N XMz HY 056 (¢(r) = sinhr) 122V T, G. Mancini, K. Sandeep
38] 12k 0, FHIMAThON, BRI, p<p, DE X, D a>0 B—EIHEL,
us N HYHN) BT D EEfR L 725 Z L 2R U7z, £D, M. Bonforte, F. Gazzola, G.
Grillo, J. L. Vazquez [11] IZ& > T, p<p, D& EIZ, a > 0 BARERX (L) OB FRE
DEMEEICTHEME L 22 Z LB FEHI N, KB p < p, DEA, o <a 2olE u,
ZIEME, o > a %51 uy FRFE2ILT S, £72, [11] T, p > p, DHBEEEDN, (FE
Da>0IlNUT, u, FEMERDZEIRINIZ. S 5T, E. Berchio, A. Ferrero, G.
Grillo [9] IZ& D, HY Z@EY) 7 o TS BREDTT, a7 M) —< VLRI
M IZ—f{L L7256 TH, RN (L) OBRENFMEDRREE D HY O L & LAk
ZHDOI BNz,

FEA (L) OBRNFRED BT EEEIIN L THME rfTbnTnd. £THD
2, M =HY OBEIC, [11] I28WT, BHEEHRTIEROT N LBl p BPEoREne &
ICEREFMAD D B E 272 LT WD, L aAX Y NEN, BR2HABELNLETHLII L
LEEKRINTWVWD (Subsection 3.5 (3) in [11]). ZDf&, [9] TH, HY 2E5L KD —DIE
AUND M) = VERRE M BT, A (L) OEENFMED 72T TEREIE SR
SNz, TZTC, 9] T, FEIVRT M RY = UERMA M BT A E L LT, B
Y AT L, BTFOREPREINT W S:

(H1) ¢ € C*([0,00)), 1(0) = ¢"(0) = 0, and ¢/(0) = L;
(Hy) ¢'(r) > 0 for r > 0;

(Hz) £ :=1lim inf If/}((;’)) € (0, 00).

IRAE (Hy) &, [9] 1281 BRI ED O DBERMTH 5. IRE (Hy) — (Hs) I3,
FHEAVNT MR =S VERIE M IZEIT S —A, DR/NEREWIEL 785 72DD+515
THh, [9] Tk —A, DE/NEAEDVIEL 722 Z EDESNDFEROFHDOE L 72> T
W5, 2T, RE (Hy) — (Hy) DR T, FED a > 012X LT, Cauchy & (1.1) 1%
0, 00) IZEWT—EAME u, ZET DI DR SNTWS (Proposition 2.1 of [9], Lemma
4.1 of [11]). £7z, N kT2 —2 Vv FZEH RY OBEE ¢(r) =7 THED, KE (Hs)
DEOL U7, KB (r)=r DL & (=0 &5, —5T, N Nz HY 08
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B, (r) =sinhr TH Y, IKE (Hy) — (Hs) DAL L TW5S. FEBE, RKE (Hs) 1I2BL T
£, 9(r)=sinhr D& E (=1€ (0,00 %5. o T, [9] 1B T D2/ D—fEALIE, W
HiZEflz e Liz—bThd e EZ OGNS, LEOREDRT, [9 TIE, HREA (L)
DENLERSFMAD JED 72§ JEMIE 2B T 2 IRDFERBES N TN S:

Proposition 1.2 (Theorems 2.11-2.12, Theorem 2.14 in [9]). N >3, p >1 &9 5. ¢
& (Hy) — (H3) 28723 8 IRETD. a, >0 &L, uy, ug & (1.1) D35, 20
LE, DD ag€ (0,00 BEELT, FFED a, € [0,a0) 1TRUT, uy & ug IFAEWITE
2 L7,

Proposition 1.2 &V, fFED p > 1 IZH LT, KRR TOMED+/NE T 0K, HEA (L)
DEEENFMAD B IZEEEZ L TWD, TRD b EREEPRZL T\ Z e
DD, ZOMREIX R p<py DL EZ, HERX (BE) OB FMER L DRAEZRL
7z Proposition (1) £ IZHSNIZHRDFHERTH D, 612, HFEA (E) ITHWTIE, B
pyr DIRG9 JERE&E 2B LU CERSAE T H - 7208, FRERX (L) 1T L T,
D ERFIEBPEET 2008 D IB SN T WA, T Z T, Proposition 1.2 128 W T
ap = 00 THNIE, FED DO DIELR L FRENFMER LR EWIRELRW, $hbb
RN OBRIIEEEEZ T I a2RT. 2DLE, (9 ITBWT, BIENTRMED D&
&2 L TWAPIIDOWTDHERIZITONER D 57205, BAHE S % open problem 23 1S
LNTWVWD. EEE 2—2 0y FEMOEGG ERIRRIZ, p BRE W& SEREFRMAR 113
RAZLBRWD, WS BRI 5N TWS (Open problems (3) in [9]).

LELD X 572 open problem X ENEENHAEDEL L ERE IR S ER RO FE
ZFEEIREE U T, RfzETIX AR (E) OB IMER LD R4, ELRAZIZEL TO
fetr 241072, 22T, JifRRA (L) OERNFMED RDERGIE & 729 D, 2N DERDH
MARHEL SIZOWTBRS. =27 Yy FEBOXNIET 5#ERTH S, HERX (E) OH)
PENFME DR 72 JEREE I, ] 21X Sturm-Liouville @ MLEERE & HFEA (E) DFFELAE
DHIZRED L2 HWTIEHMTbN S, FEE, R (E) idp> N/(N-2) DL &

iz, R R
2 2 \\7*
wi(r) = Lr T, L:{p—_l (N—2—p—_1>} ,

ZHTS. —HT, AREA (L) TBELU T, FIREE2RE, REROFERIES AT
B o T, FRMERRIIRT I ETET, 2—2 Y v NEMOBEDTFIEL HED
it 2475 2 2ixTERV. FEEE AERX (L) OREMOFEBARD [9] D open problem
2T 5T WS (Open problems (4) in [9]). 2D & 52 #E L 12X LT, KifgECldl
HIEDONRD Y L2 2 WY RBEMERA WD Z & T, AN (L) OO 1723 E
R IZBE U TR 217 o 72



2 Main results

DIT T, ARFEORER 23T 5. I ERR2BHT 272012, ¢ IZBLTOW
DRE % BINT 5

(Hy) 9 € C3(]0,00)), (logy)'(r))” > 0 for r > 0.

Remark 2.1. € (Hy) — (Hy) 272G, N RouEhz2m HY THh 5. FEEE,
RE (Hy) WL TH, ¢(r) =sinhr D& E, r>01ZH LT,

. h /
(log¢'(r))" = (log coshr)"” = <ig;h:> = (tanhr)’
1

™ (coshr)? >0

o T, RIFEIC BT 2= MO— Ml WihizEME2 e Liz—BbTh 5.

ZoeE HBRRA (L) OBEFMER L%, HELEICEL T, MTOMEREIE SN

Theorem 2.1 (Theorem 1.1 in [29]). ¥ I& (H,) — (H,) Z%i7=L, N >3,p>1 &3 5.
() p<py, DEE, REHEZT ag € (0,00) BEET 5!

MEED a, B € [0,a0] (o # B) ITHUT, uy —up 1 [0,00) IZEWTEREDZ
ANVARE

AEED o, > ap (a# L) ITRUT, uy —up 1& [0,00) IZEWTAHLRL &b —fl5F
RZHD.

(i) p>piDEE, FED o, >0 (a#0) ITHUT, uy —ug 1 [0,00) IZHNWTEHE
mEHZRV.

Theorem 2.1 & 0, 88 pyp EHEA (L) OEERENFRAEDBED 2 TEREEIZBE L T DS
SfafcHd 5. X 51T, Theorem 2.1 1, IKFE (H,) — (Hy) DFT, LEFo [11] 12817
% N RoTA Iz HY CTOMERICET S a4 > b (Subsection 3.5 (3) in [11]) ¥ & b —
fi D ZER] T D open problem (Open problems (3) in [9]) (X LT, BEMNBREAZ G5 AT
Wb, 7z, p<pi DEE, € (0,00) I, BENFMER DA, FERAZIZEL TOH
flil7d. 22T, BMEL RS ap DEFEBMREIE, [9] 2B WT, BIEEFIMED 2 &M % fif
Mg 2BUZ13 50T W7z (Theorem 2.11 in [9]). EHL 2.1 (i) Tk, BIEIMAED ZEM &
IR L D5, HERAL DREBREFTANS Z LT, HETHS o 2EHETHI L
WTET/-.

IO, p>pg DEZITHER (L) OBRENROBGIEREEZ LTI Z2HVT,
r=0 THIMT 2 &5 0FRBOFELE L EEIZ BT 2 IROHERS H 72

Theorem 2.2 (Theorem 1.3 in [29]). ¢ & (H,) — (Hy) ZWi7zL, N > 11, p>py &
T5. ZDeE REHMZT LI LAEN (L) ORLEM U =U(r) BEFEET 5:
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(i) =D a>0I1TXLT,

Ug < U<L<%)p1 in  (0,00);

(i) lim U(r)y(r)rT = L.

r—40

722U, LIFIRD LS REBTHS:

1
2 -1
L=<{—" N—Q—L .
p—1 p—1

Theorem 2.2 (i) \&, p > pyr D& Z T, HERX (L) ORERES EOH T, BEATMED
B EREZ RS I ERBLTWS. 7z, Theorem 2.2 I, IKE (H,) — (Hy) DOF,
p>py DEE, ETHRREZHEA (L) OREMOFIEIZEET S open problem (Open
problems (4) in [9]) IZN U TCEENLREZ L2 GEATWS. —HT,p<pjy, DEETDSHE
X (L) ORFEMEDIFIEIX open problem DE X TH 5. X 51T, [37] D Theorem 2 T,
RY ED&EAN Z Lane-Emden HFRERIZX U, BN FMED L EREEZ 2 L TWBHIR
BT, MEMDO—FBMERRT WS, ZDE& X, Theorem 2.2 IZH I} DRV —ETDH
% 711 open problem TdH 5.

Theorems 2.1-2.2 OFEHHIE, [29] 123 1F % Theorem 1.1, Theorem 1.3 DFEIH % S HE
N7z,
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