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Abstract

Fbagmentation processes in continuum
lvith applications

Irt rccxut .\rci]l,s) thcrc htrs bccn a loi of stirclics of 1a,rgc sl,stcri-.,s of irtrliriicitiłtls inlcr-
acting r,l,itłl t:aclr otlrer and rł.itlr tlre etrvirorrnent, Suclr mode}s appeŁlt, in 1ife sc,iences

sttclh irs biologv, p}tvsics, cccl}ogl., tlccartcl}ogy. as n,cll irs itt tltlollclrrtitls. social scictlctls, ctc.
Tlrcre exists a great, rrtrrrrber of lvorks devoted to thc rnatlremiitical t}reory of sltcl}r o1l-

jec,ts. Hou,er.er, t}re issue l,elmaitlecl reler.arrt ltrlwacla\rs is tlre ciesclipticlrr of sLtch sl.stetns
r,vlric,it tirkes into account the structttre of t}re elrtitir:s of the svstenl trnrier invcstigaticttr
and their tirne er.olut.ion.

Tlre ain of tire plesellt thcsis is to cotltt,ibute to tlre developnrcirt tlf tlre cl_r.rrartrica}

1.lleltlrv of irrlirtiŁc 1liłrticle s\rstcltls uItdergoittg fiirgrrietitaticltt. Such svsterns are p}acetl
irr a, lclcal11, cotlrpŁ_Ict Polislr spacc X (tririt spi.l.t;e), lv}tere ctl,tl}i ptrt,ticlc is cclntplctr:11.,

cfia,ra,ct,crized b1, its loc:a,tion r ę X. Tlrerr the pollttlal,itln dynatrric;s cclnsisis in chang-
ing t}rc traits of its rrrembers that inchtcies tlre sirrrplest populatiolr dl,natnics nrode]s
rvłric:h are ha,sed cln tulcl evohttiorrary i}clts: rlisappr:arance (death) of iur etltitr. anrl prcl-

crea.i,itln (ioining tłri: popula,tion). Tlre pure states of the systenr are locallv {inite simpie
t;l,rrfiguratiolrs - subsets of X - ałrc1 tlre ch.rlatrlics of tlre sl,sterrr is described as tlte er.o-

lutiorr cif o};serrrables bv solr,,irrg t}rc Kolrnogorov erlrlatioIl. '_flre gelleral s},s[errr's states
alt: 1lrollir1.)ilit1- ttlcaslli,(,§ ()ll Łtll llpllrollr_iłń,e tlon{igrrrat,it)Il Spac(l thc crr()lutitltt r-)f u,hirllt
is obta,ined łlr. solr,,ing the corresponrlirrg Foklier-Pltrrrck ecltłaticln.

T}re clissertation is cleclicatecl to itrtrodur:irrg ar-rcl sturl_ving tlł.o rrrorlels of irlfiltitt
partirlle svstett,ls, In tlre first rltoclel, an irrfinite poptt}irtion of point elntitir:s is placecl
in X - ]R'j. Here" arr etrlil,y rvitlr 1.r,łrit r € Rd utrdergoes irrdependent łlina,ry Fssitltr itr

t,he clourse of rvlricil t}ie particlc gives birth to tu,cl new particles r,vit]r traits 9t,9: € ]R'1

;irrd diszrppcars afterr,val:ds. It is also subject to a state-depenclerrt death caused b1,

ct,t_xł,clittg - lclctrl clolttpctiticlti. B), 1,}iis. 1,lre pi,it,ticlcs intct,trct rł,itlr cltrrllt o1,itcr. Tlic
tlrain tesltlt lret,e is the construction of the gbba} irt 1,ime evolution of states itr tł ccrtairt
class t;f probabilitv nleasules. This is doue bv introducing sub-Poissorriali rrreasttres
irncl therr by ctlplorring the so-tla,ilecl r:orre]atiort llrei}sllres ancl fttrrctiolrs. The first
step to obtaining tłre irforernerrtioneci evolrrtitirr consists clf r,onsiclering a, iillil,e velsion
of the nlodel. rvhere I apply the T]ricme-\,Ioigt pertrrrbation technique aclaptccl to ortr
pul,})oscs, T"ltt:rcaftcr" thc cvolutiotr cqtlatiolr for t,orrclatiolł functions is fornrulatccl in



tlre c:ori;spcxrcling I--t_vpc Ba;rach spacjes, Helrce. tlre sta,nc,la,rcl senrigrorip metltclrls irrcl

trot irpplitabie 1rr:re. łl deerl lł.ith t}iis ant1 to tlbtaitr a c]assiczrl scllrrtitlrl tlf the rrrcrrticlrrcr]

equatiolr, I construclt a certailr (sull-tlrrzłl) C,!-semigrrlrt1l in zrpprrlpriatr:d B:rnach spac(,,

lłrlticlt I rtsc t<l clłlttiilr tr firrrril1.of lineat,bclulldct.l tlplcrtrtors actilrg florrr stllti}lel to lliggcr,
spac()s. I irlso dernonstfatc tlrrrt tlro ittteractiorl as a locirl conlpctition cirn pr<lduc:c a

global regrłlatirrg eff'cct. i.e. the er.oltttiotr of rrreasures is obtiritrcd bv iderrtifl.itrg tlre

-qrllttiirln of thc ()\,ohtti()j] t,rirrclat,irltt flttrctiotts tl<yurti<ltl rvitlr ttrliqttt] tl}(]i}sil1,(). I irlso
pror,e tlrat tlre evoltrticlrr tlf mcasurcs l)rcsel\rcs the sub-I]oissorricit1,of tłrc states ancl
hcnce tlre self-regirlatiorr takes plirce. \1oreover. to establislr the t:rlrttlet:tion clf srrch tlre
clescription lvith phenortlcttologi<:a1 t}ieories. i.e. the me-so- ancl tttaclroscclpir: ctescripti<lri,
I lcstlrrjc:d tltc intelractitllt ł.lt-,1.rr,ccrt ctttitics iltlci clł.ltiritl tlre kirrctic t,clrtirtiolt ctll,rcspolttls
to the fission-cleatlr niode1.

'1'1tc st-corrd rrt<lr.lr:l 1trr:selrl.etl itr t}tr: tlresis is clc1.olr_,c1 ttl trtl ilifiriite sl,sl.errr of ptlirl1,

particics irl rł.irir:}t circh partirll,c prrl<hrcr:s iit rirIrcltlrtt a firritc 'clciltrl' of llclv pat,tit:lr:s rlis-
t,ribrrter1 o\.er a lclca,ily rltlrrrJlact Polislr spacc X a,nrl <lisallpears a,1terlvards. 'Ihe s),stcrlt
of such point partit:les is placed in X in such a way tlrat each compact subset of X
clotrtains only finitely milnv elenretrts of the cloud, llut nrrrltiple lclcatious of particlels
ale possił_ilc. Tilc brłrttc;lring trreclrtltrisrtt lrcre is prtlst:utccl llv ir brttItc:łrirrg (prob;rbilitr.)

ket,iitll, rł,hit:it tlt,st,ł,ił-les thr,: disiriłlrtliotr clf o[1,spriIrgs (cortstittrtirrg 1lre afr-lrclltellt_irlnelc1

cloltd) of tłre 1lirrtic:lc locatecl at r € X. It carr łlc irltcrprctr:c1 as a trortiocal rartclorrt

hla,richinq lvith llo jntclactioris }lr:t."vtxln thc piirticlcs, Likc in tlie first rrtodcl, I alstl
enlplo,1, plobabilily r]rea,sllres iis sta,tes of tlrc, system. Horvever, I prorre tlir: existence
zrrlci lrniqueness rlf tlie solutictn of t}rc crlrł,espondilrg Fokker-Plant:k eqitatirlrr dircctlv,
i.e.. r,vitliout caliing col,relatiotr futrctions, Here. tci dcal r,l..itlr irlfirrite cotrfiguratiotls. T

l,cslrit:i t,}rc stt1-11lort oi'1,łtl,cottsidct,tlcl s1,;rlt:s llv irrrpositrg iL coltdil,itllt tlrr tirt: I.1larttłriilg
kelrrei. Tlris irlior,l,s for pzrssing to tcrnpered c:onfigtrratitlrls allcl srllvirlg ;r llotllitrea,r evcl-

lution eqrtirtiolr irr tlre space of boltncler] cotrtittLttlrts funcltions rlcfincd bv tlre brancltillg
ktlrnci, I dcfintl thc Kolrrrogolrlr- operator iis a closelcl iinear opcrator itr arr irppropt,iatt,
sllace o{ continuorts iuncl,iolrs arrcl lrence otitain Lrnique classica1 scilvałlility o1 the I{o1-

1]}ogor0\. e(łlli-ition bv c,ortstrircting a (ł]-se1l],igroup generated b_v tlris operŁlto1,,

Tire results ccrrrtained in the tlresis are llirsed on t]re fo}Iolvirrg papers.
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