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1. Qualitative V-L Stability
n X7t Lotka-Volterra 77 F23X

n
T = x; (’*‘”-& + Z%%‘) ;o 2(0) >0, i=12---,n (1)
j=1

BBERL. NEEONTZ Mz Lzl &, 0> 08 HTE v DRTORIHIES 2,
v>0EHFE ToDRTORIM0LLE] Z2E®KT 5 ERHRLTHL.

(1) DFRBATHI (a;y) 2 A LTS . A Volterra-Liapunov 2E5E (& L C V-L %)
TH5BElX, DA+ A'D WEEME TR K 5 I A1T8] D = diag(dy, - - - ,dy); d; > 0,
i=1, ,nMHETHEERND. AD VLM 7R (1) DD KIS &
DIRICDWNT, ROEMMPHISEN TV S:

Proposition 1 ([3])
AMV-LLZETHS
— 5 (ri,ro, ) WRTU T (1) ERBINIINEZ 8 %5 i o > 0 ZH5D.
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CTOEMITED, AN V-LEETHNUL (1) DD IIRILE 8L 54 T
ETCLES. LEM>THEE TAN V-LEZETH 5 DDREA I 7
ThHsb. TOMEIZT 98 OFMMSIFRICHDHENT VBN, KRIEMEEZIFRV.
HHHIE TS TANV-LLETH 5 bDREN DM —AD PITHITHS] (cf.
[2]) £V, SHIXTTH A D BEEN BB DEEE RO SN, RO
TRELSNTHAEY. JSHO LT ERZEERL T, 175 A DT ai; DEETEHEIN
% INTG A =R IR HEA NI 2GR S 3575561, ZAUIHEANCHE UL TE
L5,

ZTIT, EEMV-LRELVHOMRZEAT S, 175 ADEEMIT V-L Z5E (quali-
tatively V-L stable) &£, signb;; = signa;; %22 TDIH] B = (b;) N V-LZETH
BEEEND. ATHADV-LLENZTTHRL, ADRTEFRUCRE A —2%ED
ETDITHID V-LLEENE TERTEHDTHD. DT LIE, Proposition 11CXD,
A DR a;; DIEZ IS U T ay; DFFS T THAERX (1) OORIKEEZHEZ X 9
ETBMIHANZEGAS.

DKW DDV EZ NS, —DIXEY ALY 2D
EYNAI 22T 4 —2IBR LTS L&, BIEFITHEMER (L, 5%, 85 -8
HNBHE) RHHENEHORE « BRI Tz, & TANVEYERE LA, EDOFED
MEERZZ TEZTHWAD (HEMEHO “&7) ZH15 2 Eid# LY. 7, Bk
MMM EAZBRICH B0 (FHEMEHO “B7) 25 0%, #HEEHO <& HNAS T
H5. Thixbid, LOHATHEMEMD G 3EHL, “BEZIEHT 5. [l
BRIEZTT, a3 a7« —DRREIEZNA S £ 9575 TH5.

9 = DIFEEAMNTY. WiTHEARIzX S, 1 AN V-LLEETHEI0HD 98
A— B B2 WO 5 Z LIGMEMICEE LY. ZoRHE, BZ6<L ¢
INT A—=ZHP /IR ai; DIEPTFSICET B M A BIZRAIC K> T T, Zn2
explicit ICE£T T EWIEWICHELEZNSTHAS. FI T, KT aiy DFF5 (+, 0, —)
DHEHT S, TN, a; ORMZEERZHFRL T, ADV-LLZENZRIET S a;
DEMNENHREZF vy T LED LWV THS.

KEZ, 175 A DEPER V-L 282 TH 2B 5RO 5N 5:

Theorem 1
ADEWNCV-LEETHD <= () as<0(Gi=1,---.,n),

(i) aija; <0 (i #j; i,5=1,---,n),
(iil) B& 3LLEDY A 7 )V TR,

IR BDIRA S d1,d9, -+ ig DTFIE LT Qiyiy Qigig - -~ Qiiy, £ 0WOLT B EE, AR
TEDYA 7 IVEFOE VD, Lizhi-> TEMF (i) &, k> 31U, T %5
Tﬁii 11,02, Uk Eﬂ‘ LT Qiyio Qigig * *° Aipiy = 0 ﬁ‘ﬁﬁ D lJZ'jC 57&%%15



Theorem 105, 1751 A DVENENIC V-L ZETH 5 T &2k d 2GR, &
I s BONBHEFREDARTH S NS (cf. Z&fF (ii)).

2. Qualitative Permanence — Part I

JiRE (1) Wiz DN i 2 > 028 DEREL K S . TDE & Proposition
LK D, o7 G RNINEZE TH S, Thud, nFEOEDN Tr7aRE bz TR
EHIRE 2 DT ImATRIFELTWA T EZEKRT S, L LaEDs, HrOEKRS
W KD EVIANCEZBE5, o ORKNHNEZENEXEDTES. »* Tk Lk
KT, ML (=F) HE8HL506THS. I T, HHEK (1) D/S—3 %
¥ A (permanence) 2B A XD . (1) HIS— K b (permanent) Thc L, HA5O
2N BB D C int R DMAEL, TR 2 TE (1) O TOfMN D O E
BT EED. TOERCED ISRV R, RTOMDKEFNTIE R OBIFR
LN TIFET 5 T & Z2RAET 5728, K DAY EMIRE N S HFIREZ R L T
W5, ZNUEH D Tk, ISRV RGBS BRI 2 5 72, BIEET
Z L DRy MEiGEZERIEL TV S (cf. [1]).

FERIRAROATIEH LT, AR (1) DNR—= 1V AZERLES. EMEMN—-T
XVAEWVIHIEZTHS. (1) DEMMIC/ S—< % b (qualitatively permanent) TH
% &3, signbi; = signaij %2175 B = (b;) I<X L,

II.';=-'.U:F. (?i—kzbfjx‘j) : IE;‘(O) >Oa = 132:"' y (2)
i=1
W= RV I THBEERND . HEKX (1) ONR=R VAT TEL, ADED

LA LR SR — Y ORI & DR TOHRR (2) DIS— XV R ETEHET 0
TH%. BAIGROK R

Theorem 2

JFE (1) 7272 1 DOWNEBEHE A D, ai <0 (i=1,---.,n) £d5B. TD
EE, (D) DEEMTINS—2 P THDEELIRE

(I) @ijji <0 (3 '_)éj 3.? =1, 7”)?
(IT) @iyin Qiniy - -~ iy, < 0 (i1, - -tx 2 distinet, k=3,--- . n)

A RVASN

Theorem 2 1&, (1) WWETEMNC/ A= XY FTHZHDREZNTH S, HEL
DHEMHETERD. L LEDSE n=4D& &, Theorem 2 DFEMZHZL, D (1)
2T S—X 2 Y MC S 2R 80TH A DR§IEZ D2 T ENTES. ThidX



Fa (5 &Ky TINTT—) THNTWS (cf. EFL9). &M (ID)ICBNT, 2TDE
(= 3) I LESHHELTWAS & ZE, Theorem 1S XK D174 A ILEPEIC V-L Z5E
Ex5s.
Theorem 2 DM (1), (II) WRAEH DRI THRNT L&, RDOFINSDNS. 32X
7C Lotka-Volterra $853 /7 #5220
oy =z (1 — 21 — 329)
xhy =29 (1 + 27 — 23 — 323) (3)
‘Tg = T3 (1 — 3171 + &9 — I:;)

ZEZES. WERPHAIE (2, &, ). REGHIE

177 17 17

(1 o )

720D, Theorem 2 DM (1), () 2/, LTANGDHEE, ~"NTar7)=v’
YA 27T (1,0,0) — (aLm (0,0,1) — (1,0,0) BFEEL, LAE T I (cf.
[1]). o THERB)E/3=2 2 M ThV. ZOfliE, R AD

()

EVIFFEIA—TH B L& (D), (1) &z LT, #Ed % Lotka-Volterra
FRERIEENEMOSR— Y MR D BERWT E R RL TS,

(1) DEPES—< 2 AR RGET B T 052135 1oy, L TIlbRIIRZ
DERL, DFED, BEREIEREE DX S TANTa s ) =y A VAL LTS
WM RE Z TSR S

3. Qualitative Permanence — Part II

Theorem 2 TlX, a; <0 (i=1,--- ,n) ZHifEE LTWa. AT, CORiHEsk
Hz2i3ddzilsrsn. ROFIZETHES.
2 T Lotka-Volterra #8705 F X
' =z (ry + ax + by)

4

y =y (rs +cx) W
ZHEZBD. TTTa<0,b>0,c<0THY, (4) 7272 DONECEHA (2%, y°) 2
EOEELTEL. VY S/ 7%

V@@H=—f(m—x“ﬂfbg§)+b(y—w—4fbg%)



LIEDD L, (4) DFRITID > T2 o7&
VH)(;I.', y) = —ac(z —2%)* <0

ElxB. a<0DEEIEZ, TY—IVOAZFEMICKD (27, y*) EKRENHNLZOE L 75 %
TEMVRD. EHIT, (4)IEMMTIS—I 2 FTHBT EMNZ B (N T
MK HI 287 HIERIIIN— R e B T EICHERE). LMLa=0DE X,
(4) 137 8= 2> R TREW (W0, @A S— 2 R TEEY). FZBE Vig(r,y) =0
D, ETOM (2(t),y(t)) EEATLE V (2, y) = V(2(0),y(0)) RICFET B0 5.
JiREaX (4) DREATHIE
a b
(t0)

THsb. TOTHNIEMEINC V-LZE T (cf. Theorem 1(i)). LA L a <0 ThHh

W, ERINCS— 2 FTHBT e LEOFIZRLTWS. [HRFC, a; =0 DT

DiTHILLTLED &, @M= AR MEE NN E 8RB LTS,
DL EDIRIZEEE AT, KA ROEHDPED DD T AW e FRLTWS:

Conjecture
FikEal (1) DEPEICIN—" 3% N TH B 12D DRE 7R E, KD 5 DD
(i) a; <0 (i=1,---,n) MDY " a% #0,
(ii) aijaj <0 (i #j5 i,5=1,--,n),
(111) @iyinQigig * -+ @igiy < 0 (i1, iy : distinct, k > 3),
(iv) det (—A) >0,
(v) BEFLORT £220 B XA\ Ta 7 )=y 7Y A 7V ELED

ML BT L THS.

4. Future? Work
JiRER (1) e —DDOWNER i a* ZE D ERET B &, ROBRMNKALT %:
ADENVI V-LZE = o (ZETEMN KNI ZE = (1) ZEMRS—< 2> b,

Proposition 1 Tlk, AMWEN V-LLETHBDDRAENEMNZEF TS, Bk
® Conjecture Zfi#Rd UL, RO (A OEPER V-L ZEMB KT (1) @& tEm
ISRV R) DB DEIEMEE NS T Eiciss. Conjecture Zfifik U 7z BT,



A DEMNN V-LZENE & (1) DEMEIIN— R ADOFHUATH B, o* OEMERA N
WAL 20E PEIC B 2 MBS F DB 2 ZE X T E T,
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