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.~ SULLA TEORIA DI VOLTERRA
o - . DELLA LOTTA PER L'ESISTENZA
A !Com'ocr)nusr. ‘ -
Sunto, — L7A. studia le equazioni Jifiereoziali che i riferis.cono alla lotla
-per- V'esistenza, analoghe 3 quelle gik considerate dal Volterra, facendo delle
- ipotesi di caratlere puramente gualijative slla forma delle equaziond stesse.

1. La questione delle azioni reciproche di una specie mangiante
¢ di una specie mangiata si riduce nelle ricerche & Vito Vollerea
alla considerazione delle equazioni differenziali '

AN,
T?(‘-—YM\’J‘V-.
(r] . '
L= AN,

dove NV, e N, sono delle quaniita di individui yi%pctt'n amente della
specie mangiata e della specic mangiante che dipeadeno dal tempo £,
£, e—¢, i loro cocficienti di accrescimento € Yoo ¥r delle coslanti,
E naturale che le espressioni analitiche scelte dal Volterra per i
secondi membri delle equazioni [1a] possono esser considerate sol-
tanto come prima approssimazione delle stato reale deile cose. Diversi
autori hanno proposto altre relazioni per esprimers la dipendenza
,

delle derivate -‘g:ie%gi dalle quantith &, ed .. Rinunciando
a queste ipotesi speciali, la cui scelta & del tutto arbitraria, seriviamo
le equazioni delle azioni reciproche sotto la forma seguente

4

1 Cr. per es. V. VOLTERRN, Ricorche matemntiche welle asiociasiont biofo-
grche, s Giomale dell'fstituto Dtaliane degli Artuari», Awno fIn. 3. Tughio ro3e-TXN.
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1382 Téra wsion Modal for Farp!
R T R B AR R The term duescyikin e Tuvion of
1 is preperticrnal to L this dg iriiar io
a b, -ia0 calonlat son of the nanber of Derdeake paivs
v C o of which is L(L-1)71, aid
) : AP nimEtoly [ al to L7
T | >n two small S unite,
¥ 1og Tittle urarcks is rediced
- E‘ the prpulation of big cracks is jraressad,
fik . et mowiih nogative sign appests din the mg
e - H and 8 Corr: e g teom with positive
st ogngd Flan ry Physics }, k the wquation for -
- - — ource  tesm fo wranks.,
- (1) irclade the erack fusion terms 4
T lepending vpon our precise daice of
dbstrecr.  The 'sical  proce.sos w2lize the consfitutive eguaticns describing A AR T e 0 e e e weh? norralization, a stightly different formulation
fusion of " small cracks into lar,er o PVENTS. A Te.8Vant eadmp ? % agey "0 L fooa0 w6 Gf the crack fusion terms may be nevcinary.
nenlinesr in o A study of the ; ance  tis  led te a Fig. 1. Tvolutfon of crack populations. Fowever, the particular normalization  wrployed
prsperties of £ baan Bnd ¢ desiription of .\' g o DL ‘ ) kas ng significant influence sn the gualitative
of the fnstahilities that give rive 1o ol is  the appli Time delay T cvhircser of the Conphited results.] We assume Lhe
of fes. We have There, in particular, tiansitjon from iitile to big cracks is not
propert! f s le versic of ain & description of the s - virtaneous Lut delay by srelastic creep. We
1o see if ins Tties culmirating § belayior snd the cisrade Peeliminsry “lodel yapresent by alt} the rumber of jirtle cracks ac
mass ?5 a:e¢ possible. 5'1""“@ of everts wherein e some earljer iime n hegan Lo olour.
into  ezczount  such  diverse  p! B L imate desaription of

af araller cmELISNS were Irined. We For an

erants, we 7!

The t

i Aelay 1 depends eriture acnording

CiFy cle 4 et
produstion of aftershiocks, the rap-id +x wsify oracks At oa g

that the application of similar N _ . . to
targe crecks to ocverchelm and > 15 the dvia~ics of crack fusion o an Tihguake zone as being of only tus » 3
cyarks, ihe influsznce of arelasiic cor i plysicsl description (inm cents th are either little or ‘b‘g’ fhe nomber in o the = tlenp(-E/ky) 2)
time delays, }-Pa“ng, the w5 of a czal one) of fusion events he Ioepe e desnted by L and B.

tracks due to !

mot

hat ylue tise to such phe

E is

act:\atmn energy, k is the

preli ary corelesion {8 that the vime delzy , clustering, of hty = 2 Znianm [,rq.'lt and T the tecprrature. Since
niroduced by srclastic cresp may be respors e gaps. GBidL = 4h* - ab we can sswociate B \.;Lh the stress o, the delay
for producing CALASLYS instahiiities krow the rates of crack ) . "z Az . 9 time will have an e-ponential dependence on o, &
characteristic of Taige esrthquaokes as well as swaling, and o‘..her processes that may be dljdt = b+ nA% - WAL - okl - vl Lanclusion confirmed by the F-\pr-r;men[s of Griggs

aftershock sequerces. However, 1t seems that
nenlecal influences,
of cracks, may p!
episodes of sa

it 3s  pessible  to  descyibe  the o these o e propese that the Fusion (1320} and  oihers, Since the short  range

cracks by an antegro-diiferential . lrft“'l‘s'_'_“j.,"""_i“l"' s I“}.""Evtfk‘ ot ‘h}w:L stresses Jt a crack tip decrsase as 1% where r
en for the bility of finding a& crack o ditrle tracss prochoes Lig cracks, but is the distanie {rom the wdge of a crack and L
h d ‘orientation  that is big cracks thurmselves do net urderge fusion since

-e. the spatial diffusion evolut jan
inint role in proda
miziyy and cluster

ihere A o cracks of N 2 varies irersely as the mean <rack separation,
st location. WNETE Are noo oo et o8 g0r srze. equation (2) Lecomes
Intraduction forpulatien of 3 yoditile
Ze-ars A Loom o anish 1= Tlexp(-iil) 1)
i fadi on the ¥ P
Chservatizns of seisxic gaps and clistering of e : y

plenomens sre
models of earth

ations thay re traditi
ouourrence, sucth ss s4t of
a simple Po: rardom . ire
irappropriate. is  an  indicstion  from
shoralary experiTenis on fracturing that large-
scale fractuses e the end resvlt of a
qu»n'.‘lal prr-cnss of fusion of sealler cracks
2nas.  We study how
larger ones  can
of events which

Jue to plate 1erts
met fon of the plaies, stwosdy ac large disizroes
from the plate honedary, is resiricied by the
friction at the boundary; we zame that partial
reliaf  of the accuTtulation  of sirTess  is
Tisled through the oo.urrence of small
cracks at the plate bsundary.  (The process is
cf the slsw cpening of & Jdoor at Ate) = LIt - 1lesp[-evL(t)]} Lo(s)

in whic a Tlirge aowunt  of
tiinge oceurs. ) This Lerm i

nce nenlinear diffusion
with sonlinear =
“srote wave-like biehav
ined.  [Sae, for exsmple,
v of weriain noplinear diff
terad In ,;n-mlatmn geéneties and
In ztien  with
nenline diffusion mxay
prcducing the
abcve  that

whers €& is & temperature-depondent  parameter
{taken here to be fixed). Farmaily, tle value
of Aused in (3) must e representative of L over
the interval e. mist be an average of some
sort). Fur simplicity, we use the current value
of L, i.e.

It should  be  emphasized  that  the  terms

v .ike 45 its ility. Nenlimear : ven by '}‘E ceofficient pin oquat.on (l andas repressnting coergy relezsed in
inciude in our such diverse sional  cheracier e  the i rarehinuabes are 1Yese with positive
the production  of  afiershocks, tha of the an the right kind sides af eguations (1),
consider a prefiminary > 2 ¥ o Jaeer the term  yAa? ts the fuslon of
in order mredidtely after an es K sTe.  The Lracks into ches  and, is a
s the

valae wl atr : a>~t‘n];l.\ro{ Felsure  Gf
o of a Lr‘-vn L}'av. tas w-.:.u’r"d earlier, with

rite cf =

a 5)51-"m duszz hbing
the simplest way, we
wrdence of the crack
uting  our zal
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