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Aaiiay daaioa iiiayudia effneaaiaaiep aeiaieée neadadpued i enoai aielugial ~enea
01+a+100 aedoaé ia ieiféinoe:

aeddadala éieuda i aideiei daaeoni r =1 e 1adaiaiili aivodaiiei daaeonii ro,

a4e0663aa0a yeeeina i medinyie a, b

Ifiitaita aieiaied 6a4aeail eco+aiep afneiioloe+anéial ifaa aaiey (t ! 1 ) fenoai
& 101ad0éa eseoaceaa onoié+eainoe aey iaioaolaits canicaa aeaieé caaeoddsaiiifioe i -
ifutip éiitipoadiial yéniadeiaioa

Eep+8a0a nefaa: aedoaaay aciaieéa, oi+a+iié aeodu, Ae40ia eiaieéa, aneiioioe+a-
figla Madaaied

V.V. Vaskin A.V. Vaskina, I.S. Mamaev

Problems of stability and asymptotic behavior of vortex pat ches on the plane

With the help of mathematical modelling, we study the dynamics of many point vortices
system on the plane. For this system, we consider the followg cases:

vortex rings with outer radius r =1 and variable inner radiusrg,
vortex ellipses with semiaxes a, b.

The emphasis is on the analysis of the asymptotict(! 1 ) behavior of the system and on
the veri cation of the stability criteria for vorticity con tinuous distributions.

Keywords: vortex dynamics, point vortex, hydrodynamics, aymptotic behavior
Mathematical Subject Classi cation 2000: 76E07, 76E09,7847, 68U20
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ifadnita Ainoiyied fiefoail oi+a+ind ae6d&é. Yoié odiaoeéd A0&7 iThayuail aleletd
&lee+afoal daaio, iaidaasaiine éaé ia 6oi+idied faléfoa da Aifadnins ninoiyieé, oae
@ fa eco+aied aicileilé éeidoeée Aidlglal +enea ae0d&é; 4lé  Uiweifioal yoed 8aaid 1o-
é&+apo 1461010048 14611001620048I04 Oece+aféed 48ildach &1 ddailélaediey, iléleediita
a &6 ifiifad

5 4100 A. A. Eicéiaa [3], 444 é Tiehaiep iddadeuital it fiolyiey Aenoain aiéu-
oial ~efea 4e604é i0eididia élivdivey neaalal 10dadéa. A yo 16 daaiod fodial iléacail,
+0f Aéfiodia oT+a+i00 4e00aé, eidaineaiiiioe éi0idnd eiapo T  Aéfaélaté ciad, aifioeaado
fisaaial ivaadea

A aaiiié 5aaiod 10 enfiedacdl +eneaiidié 1aoiaaie yaiepoep i gloilifioe Bafida-
adeaiey wy(x;y) aleuegial +efea ( N 10%) 14@iaéland oi+a+ind aedoaé ia ieineéinoe
& aiaeecedodl aicileeiifiol 1dediaa yoié nefiodil é ficaoefioe+ A&nélio daaiiadnep. Eae ii-
éaclaapo dacoeloaon +eneaiind yéniddeidiola, a yoié nefiod ia iad 6idaddnasniiar (o. 4.
odditaeiaie+anéial) daailaaney, &ioioid an ainoeaasini € ¢ i+oé anaod ia+aduitd Alfol-
yieé. lleeil a0féacaol nedacpuad iddaileiedied

Agiiddca. Nefodia N 14eiaéiand aedddé 1aial ciaéa idé N 11 f éfia+iié fioi-
jadiié caaesdaiiifiolp, a of adaiy éaé ana i 10, a 8a+af0aa daaitadnital noaoenoe-
+aféTal ARoTyiey 1taedod eidol épala daniddadsaied wi(X;y), AT0A80R0A0PUAA BaNida-
adeaiep cadeosadiiinoe ( x;y), &ioldta yaeyaony noaoeiiaditi onoié+eali dagaiedi
odaaidieé Adéuiaietoa

s AR

4863001416 ef0AIA &Ml64eIAa0 Oxy 0d3AI&IeY 46y cAAeGdAi L Gy
iB3AT0AAEYPORY & 61di&
@ +(vr) =0 ; = ,
@t 2.1)
Vy = Q. vy = Q:
@ 7 o



e.
V (2.1) VA&YhORy NOUAMOAAIN [AGEIAGITIS, AiABed  e+AMeeA 1A0TAN &6 BAsA-
&y Ton60M0A0RO. TiyOTI6 THIAIA cla+aied 46y &6 eRnea&iaal &y i381a040apd dacee+iia
@a+anoaaiina e éiiupoadita iaoiad.
Eaé écaanoii, 6daaiadiey (2.1) aiiéiéapo dagaied a aeaa noia diicecee oi+a+ild aed-
daé
(r;t)= i (roriy); (r;)= —Injr  ri(t)i% i = const; (2.3)
| |
daeazedied éi0iono Tieftaaaony aaieeuoiiiaié fenoaiié [5]
Xj = @H Yi = @H (2.4)
N = = iYi — bt} .
y @x
— 1 X\I 2 2.
H = T i In((xi  xp)+(yi Y-
i<j

s AA A~

O
Qx
g)/
Q»
o
(4
<
~~
n
[
~
o
Qo
o
o

@rr @r r2@> ! (3.2)
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E&36T aeadou, +oi naneiiaode+ita dadgadied =  o(r), = o(r) 64iaedoaisyao 6daa-
jaieyi e Tfiendaaao iafaiiaiaita r adavaied aeeéaéinoe aiédoa vaioda. 1oe yoii aaee-
@il o & o faycail ifoiigaieai

1o r@ o) _ (r)
r@r @r 0

Agy ennedalaaiey onoié+eainoe Maneiidode+ilo dagaieé i&d 1adiaeil danfnitodaoi

aadeéadep dagdiey adeece foaoetiadiial

(r5t)= o+ &rst)  (5t)= o)+ &r5t);

llanocaaeyy e a 6daaidiey (3.2) e eeéiaadecoy it € e € ies+aai
& &
—+ (= +'o(r)==0; 4 €= € (3-3)
@t @
~ i O — 1 — l
aaa “(r) . F@’ I O(r) - F@@?. o o o o o o
A néeo 1aiidiaiinoe 6daaiaieé i ' @t éudi dawaiead a aéaa noiadiiceoee ia
\ X im +i" (M)t , X im - +i" (M)t
et )= En(r)e ;o fnht)= en(n)e , m2Z:  (34)
m m

lfaficadeyy (3.4) a (3.3) & efiéep+ay €, Méo6+adl iidéodaéuiop caaa+o6 aey €

1@ @n m? m (r) e
ref @ 2w -0 (35
no + mlo(r)

Agy aceaial m 00AA0AONY iaéde alcileeild ciazaiey "\, 158 6161606 En(r) 6al-
aeaoaioyao odaaiaiep e onetaeyi 1adaie+aiiinoe ioe r! Oer!1l l6é yoii anéee
ana" (" a3énoacoaeiin, of AMoA&OROA0PISA 1Al TA0AIR+AI0 T Al @06a4 @, Neaaiaa-
0461, noaoeiliadiia dagaiea onoié+eal. Aiciouaied 18aano aaeyao niaié noiadiicedep
s mr o Akr e s mans (m)
acei60asUinG alei i edoaiaié ~anoiore 1 (™ = D,

PN 9 ~u0 A xn(M) xauo NN AM O ANIAQ s L Qs w(m) _ w(m) an (M) fars vomee Ay

Anée a8 fniaeod" " fiaddeeed &liieaénina cia+aiey noo= " 1M, (e Tyaeypo-
Ay 1adaie é ei filioadonoasdpo éiiedénii-iiidyseadiita daaai ey €, e €,), of diciouaied
yéniiiaioeaeuil danodo ai asaiaie, o.a. noaceniadiia dded  ieéd eeidéii-iaonoié+eal.

Nidaddaeeal neaadpuaa i~aaeaiia fatanaied

Oaisdia 1 Anee o(r) iiiofiiay aoievey, of o(r) € ofr) yaeéypony onoieé-
+galié dawgaieyie 6daaiaieé (3.2) a eeiaéiil iveaeexaiee

ie a )
ia daee-eio r € L aoidia ia r€;, e ad+eoay aoidia ec iadaiai, iied-ei
HT (m)
@ @ o & | m ("5 e 0
@r mr r mr @r "(m) | 5 "(m) 2 m
("1t mlo(r)*+("2")
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AN 7N O A~ by 7 O~ 7oA 7 N As707N O R o A A7 s O s ~ - 7 A O\ A ~A A Y O 7
|6ieioadoesdal yoi ddaaiaiéa dr. ladalté +éai a Tiéd+eadgainy alddaseaiée
@ @, 1 A s Ax 0 Qs Ay n AR Ans s
emr@”; €nr ar =0 a fneéod 1avaie+aiiinoe 66iéoee ia aanéiia+inoe
N U
dac6elnana ieo+ei olsedanoai
A 0 (M)
m (r)i"
o CI e mig(r)2+ ()
E&3é1 aeaaol, +oi 3 i a.  o(r) iniiofifay

iee "M figac ié casase (3.5)

0 0aéeed 1013 U, +01 6foTé+ea Né
iTNéoaelil aadeacee adaiesl 1yoai [8]. Aéy Thaneiiaode+il 0 dafniddaaeaieé i eoni+ii-
iifofyiiié caaedadaiiiioup ileeil fiéacacl, +of jatay aadea 0ey caaeoddaiiinoe yéaeaa-
gaioia aadeacee adaieod.

Odidaia 2 Agy Tnaneiiaode+itd eoni+il-itnolyiinsd danidaaaeaieé ca ae06daiil-
foé o(r) a eeiaéiil ideaceseaiee 6noté+eainol i 1oiigaiep é aadeave e aoaieod
iyOai yéaeaacdioia eeidéiié onoié+eainoe 1i foiigaiep é 10 fécaiedili aaceaoeyi
caaeodaaiiinoe  (r;t)= o(r)+ €(r;t), (r;t)= o(r)+ §r;t)

Aléazedi 0416810 a8y eoni+ii-inolyiiie 66iéoee daniddads aiey cadedaaiiinoe  o(r)=
=fWO;r 6 ro; O;r >r g, €laaa eidaony iaia ddaieda. Yoi aiéacacaelnoal €daél 1aia ua-
aony ia ned+aé ianéieliéed adaied. la adaiéoa 1aéanoce r = rq 6feiaea fgeaaiey agy €.,
ieo+aiita 1aoiail 16iecaiediié aadeaceée caaeddaiiinoe, 218a0 aea

ro+ lo+
d e _ m em(rO) d2 O(r) (3 7)
3, m - " "
dr o ro("(M + mt! o(ro)) dr? i

i8¢ eneuciaaiee imadiaa, Nitaaiial ia aadeaoee oleié asaieod, aapuaény 6daa-

jaiedi F(r;5t )=r ro e(;t), aéy aiciouaiey €, ia adaiedad eidai oneiaea fgeaaiey
ro+ ro+
d d? o(r)
~e 3.8
dr ™ qrz_om (3.8)
ro ro

Ec 60aaiaiey aaeeediey adaieol a 4660adaiveaciilé 6idia %’f +(vr )F =0 feaasdao

O0daaiaiea aéy ey (t)
im d
Bn(t)+ — — B+ €y =0;
Mo r
N I T o - (M) cx s as _ _ m (o)
i0é6aa, i 6+aoll en(t) = gpe , laoiael By = T ML o))
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OA&iadl 64467 aeadou, +01 6daAaidied (3.8) laiaaado i 6daai&iedl (3.7), nedaiaacdeui,
aadeéadey asaieol eoni+ii-inolyiilo daniddaacaieé yéaea  aédioia idiecaieliié aadea-
0eé caaedaaiiinoe.

Ofioié+eaifiol 46663a006 &1edd Agy ae060aaiar éieusa i aivodaiiei daaeaiii r=
= ro & didgiéi r =1 daniddadeaiéa cadeoddaiiinoe yaeyaony eoni-ii-ifoiyiia i & €idao
aea 8

2 1, 0<r<r g
(r)—>l, ro6ro6 1 (3.9)
"0 r>1
ATandi neo+ad ( r) ia yaeyaony inioliiié 6oiéseéé ( 1 < 1), 1iyoiié iarauaiiaé
80204086 DYE4Y (3.6) idioeiaiel. A yoli ieo+ad & 6131084 (3. 5) 66iedey (1) = 1t (r
ro) (r 1), 3848 (r) aadeuoa-66ievey Aedaéa, e
8
2+ 0<r<r g
— 1 1.2y. .
Fo(r) = >§( + —L=rg); ro6r6 1
"0 r> 1.
AG&Al énéaol €, a aéad
8 m
3 170 & 0<r<r o
€n(r) = 5 27 CrM+cr M ro6r6 1 (3.10)
3=cr M r> 1
|8Teioaddeddail 6daaidied (3.5) adééce 0i+aé r = rgér =1, & dacOeldana iied+ei aaa
o6daaiaiey
m 1
0 0 1 —_n.
r r ——— = 4(ro)=0;
2(ro)  1(ro) o ™ + my 1(ro)
m
0 0 _A-
3(2) 2(1) + 2(1)=0:

"M+ Z@A+( 1 Drf)

Aldadea 6daaiaiey idivasnai
2(ro)  1(ro) =0; 3(1) 21 =0;

ileo+ei ef0Aio e¢ +A00046 66aaiaieé. MAN0AAEYY & Mefiddi6 €, éc (3.10) & dacdaray A4,
eosel "M 4 aeaa ™, = ™ P§ i naeiadinal a06aeaiey D cadenied iadadied
06ie6eé  €(r;t ), € rt ). A fie6+ad Tan+ial Ae00RATAT &lelGa 1 = 0 & a0dAsedied
aey D 1deiéiado aea
D(ro;m)= m?(r3 1)?+4m(r§ 1) 4r3™+4

ARée D < 0, é18ie &iapo iieiop +afiol, & dacOeioaod +441 & dagdiee ijae  yaony ifi-
ae03&0, dA06UeE i AdAIAIAI, +07 iBeATAeD & 110884 6fdlé+e  Alfioe dagdiey. fa (3ef. 1)
f&o0i 6aoN Taicia+&ia 1a8anol i40foI6+ealioe Ae008AIAT  E16i0a, 444 D i3eieiado 1o-
BEOA0AENINA Gia+&iey.

Eaé aeail ec def. 1, A6RoIE+ealfol m-é 1140 dasdiey 1anooiado, 61aaa Ai6o8Ai-
06 3aBeON l6lIGA o F0AITACONY Alélipd TIBAARGAINAT ciasaiey. 3¢ m = 2 adse+eia D
145202400y A 16601 68 EPAND GIa+&ieyd  ro, NEAATAA0AEIIN, YO 114 ANAEAA ONOTE+eAA & &6-
i&éili ideaseaaice. Caidoel, +oi ia Adaied Tasanoe adgee+e ia "M =0,

IAEEIAEIAR AEIAIEEA, 2010, 0.6, 2, fi. 327 343
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0,8L----1

0,5k -~

0,36f - - -

QL cccoocoo

1140, aéep+ay m =2, &c yoial Aedacao
Odiddia 3.  1aiidiaitd ae60aaia &leusi fi aideiel daaeoni r =1 & ai6odaiiel
B2&eO6AN 1 = ro ONOTE-eAT A 8Ei8éIN iBe4eeacdiee 168 cia+aieyd ro6 0,5
ATiSiA 14 ofioTé-eainoe a jdeeidéill ideaceadiee iMoadony o éd0odi. ideaiaeind
idoed BACOBUIOAON +efiediilal Tadeediadiey faeadodeinoacp o, +01 Aiedd idaaalilalaia
Aeilddca.  Taiiaiaila ac6044a1d &leuot andaaa iaonoié+eal (a ideeidéi 1 ideaseaea-
iee).
Yeseioe+&ieeé ae6du Eeddaioa [8] Yol 404 fail 6idiel ecadnoiid daedied
6daaidieé (2.1), &101514 yaeyaony foaceiiasiil ai adatapu  &éfiy fiefodia éiidaeiao
A.Y.Eaa [8] enneaaiaae eeidéiop onoié+eaiiol aeody Eeddal 6oa Toiifiecdsit aa-
deavee adaiesn e iéacae, +of 4aceedied o6foié-+eal a8y Afoil  gaiey esinaé yeeeins
b > 13, ERilGUGOY danfideeddiey, aiagiae+i0d danfideeadieyi a 0didd 1a 2, ieil iéa-
aol, +0f aiaeeg ofioié+eainoe aaeadiey 10iineoasiil idlec  alsuilé aadeasee caaeddai-
iifioe Nalaeony é aiasecs onoié+eaifoe 10iiiesdelil aadeas ee adaiesd
0404 10140800, +01 4eaddalia onolé~eainoe  m-é aadilieée 1o oilgaiey b=
21840 ae4, Tdleeé ia 46addaii6 ONoTé+eainoe ae004a1aT 616 oA
lasanon jaofoié+eainoe anou & ide ta < 1= (ef. 2), if ide 86408 m, daaill eae
& A&y &leliva idé ro < 05.
Odiddia 4. laiidiaine yeeeioe+anéeé aesou Eedoaioa fi iesinyie a & b ofoié+ea
a eeidéin iveasecediee ide Aloilgaiee 1Me6inaé b > 13,
1Y Y N N AN N O A ARO AN A N7\ O \ A Q/s7A Q0 7 AAO ANO /N A
4. Noaoefnoe+afnéia fienaiea e +eféaiita yéniadeiaiod
~ s NN\ N\ A O A o A~ AN A~ o s
a aeiaieéa 0Oi+a+ild aedoae

4.1. Eiddadacl aaéaediey & 44cdaciadita iadaidiita
A nayce n eiaaseaioiinop fenoaid (2.4) foiifiecdsdil iadae  eaeuils iadaiiiia e ada-
uaieé fefodit éiidaeiac (0.a. idaiadaciaaieé, 1adacopued 80016 aaeeseaieé ieinél-
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0,333
0,216

Q= iXi; P= iYi; I = ((xF+ YP): (4.1)

2415 eioaasasia (4.1) aeialepoeaar

X
fQ;Pg= i, fPjlg= 2Q; fQ;lg=2FP:
i=1
Tatauaiea meiiar iaioa eliveuna aey 4660aé 641a6a0a18Y a0 fitioiigaiep
X! 1 X L
(XYL YiXi) = 5 i k= —
i=1 6k
f e aen P A s 8 e A A A X8 Ay A8 A
Aaée+eia L = i laguaaaony lielul aedoaadi imaioi
i<j

lieei 4240 0aéaea 11534484184 [A6IIAdIé eidaifieaiifioe - P b Ol+éa ia i&ifi-
gifioe fi &iivaciacaie ;B jactaadony 0diodii caaessaiiiioe . Afee 60, of ad-
41611 fiefodin &iidaeiao iieeil aiaeoudy, +0ial 6aiod caaesd aififioe iasiaeeny a ia+aea
&115ae1a0, +of 10 & 46adl 11ea5a0U A 4360i8ésal.

Oaéei 1adacii, adeaedied N 0i+a+06 46653¢ 6a8a80a0&¢6A0MY fiddaiypuieny adee-
+éfaie H, ,Q,P,I,L.

(4086441 6 44cAAciAdIni TASAIAIINI & 0al it 6iditgel ~éf &1 1282180874, 6a-
5a80a8eCOpLIEE aacaedied. b

Ariee 60, caidie eivaifieaiinoe ia adcdaciasid i1 ide yoi i =1.A0-
43041 fa+aél eieaeiao nefodil a 0aioda caaedaaiiiioe i &1 daciacaie ;B . Caiad-
pOa4 aceill i1l adée+ei6 o, 0addh, +of 12 = 1= , ca lafigddd addidie adee+éid
to= I= 2. Yiadaey & ii&iteé ifiaio eciasypory a 4aeieoas 2 Caiaiyy 1284iaiina
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ifeo+el 4acdaciadita odaaiaiey
1 X 2 2
xi = fxi;Hg,  vi=fyiyHg,  H = T i In((xi X)) +(yi o y)9) (4.2)
i<j
~ 70O N N0 ZFANN N 7N O A hY AN N AN 0 7 P “ hY -
i aacdaciadilie eidvadoacaie dadeeeaiey P =Q=0, =1 ,1=1,L= i j. A aaéuiae-
i<j
@al a X, yj, t 46aai ilieiaol dacdaciasita iadaiaiita
Oaéei 1adacii, a epaié ifidio adaiaie finolyieéa fenoaid oi+ a+i06 aedoaé fend-
aadony eod éfidaeiacaié x(t), yi(t), i = 1;:::;N, éloidta danf+eotaapony ia iiilaaieé
aeiaie+anéeod ooaaidieé (4.2) iaoiail boiaa E6ooa 4-ai 1o aéa 11 caaa i
A é 0 i+as

daifinou , @i0aineaiifioe aeéddaé daail 1 adee+éi

A ia+aedineé inaio acaiaie 4aid0edoaony efndiaila danioaad gaied 01+a+iio 4e060aé
i cedeadiie iEloNROUD BANIBAAREAIRY. IAIDSIAB, A6) 1166<A (oY BAAMASIAT SaMIBAAA-
gaiey aeddaé a éleuoaaié taeanoe, eidy aaiadaoid neod+aéiid -—enaé, daailiadii danioa-
AA6AIT00 12 SI0AGAABA [0;1], E1IGAGIA0N i, ' i-A1 OT+A+i1AT AGEY AG+eREypony il 016-
i6eal q

ri= ro+(l rog; 'i=24qk

380 , G 1ACAASTIRI0A NBG+A6I0A AAEe+10 & 20A0AABA  [0; 1]. Aiaéiae=Gi TAdAGT iice-
it MMed+eou 6101660 aey aiéaa fneleeito daniddadeaieé.

Riil, 01 0aéla +dacal+aéii aacaéuiia Tienaied ia iicaiéya 0 Adaéou 1 iTadaaiee
fiefiodit a 6ael, 1yoiié aéy fiefaiey nenoaia aiéugial +eéneé a 4eboaé iaiadiaeit en-
iféuciaaol noaoenoe+anéea iaoiad

lisdadeei 60ieoep danivdadeaie &néinoe, eioainea-
iTnoe 4ed6aé | 8aail i1 adee+eid e eidpo 1aeiaéiaté ciaé. Aey yoiai anp iéi &0l
ladalaiine  (x;y) daciauail ia y+-aéée, a aaiili neé+aa idyiiéaieiieée i foiot jaie  x,

y, 0aé +0f adee-eis
Ni(xy) = Nwi(x;y) x y
Tidaadeyao +enel 4e60aé a AMoadonoacpudé y+aéeéa a iaio a oaiaie t. Oaéei 1adachi,
006ieoey wi(x;y) = NNt(ivy; yaeyaony iidiediaaiiié iéioiifiotup caaeddaiiinoe

Caia+aiea. A7 111486 feo+ayd, i4aiil anee +efiél ol+a+itd ae6daé iast , & +eneaiitd
yéniadeiaioad daiaida aégoaelii nedaeou ca iadaiataiedi o 1+aé, eciadazeapued oi+a+itia aedde,
a ia nodieol o6idiaglit adadceé d6iedee Wi (X ).

A aaglidépdi ioe enncaaiaaiee aneiioioe+anéial iladadiey fiefodid eacit oaé-
2ed dannitodacl o6oiecee daniddadeaiey W (r), W (') (daniddadeaiey aeddaé it daaedno
& 03e0), &ioiola Tivaaaeypony fneaaopuei Tadacii. Alldadai ia a6l Tofi+aoa fenoaia &i-
16aeiao a 0dioda caaeddaiiinoe oaé, ~oi P = Q =0, e 1a6aéaal é Teydili élidaeiacai
ja 1einéinde x = rcos' ,y = rsin' , 0laaa

N (r) N()
Wi (r) = , we(" )= ;
(= W)= S
aaaN (r) =+enet aedoaé a éieuoaain neta (rr+ r),N(') =efél aédooaé anaéoida (;' +

IAEEIAEIAR AEIAIE
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A, 2010, O.6, «2, f. 327 343 79



Eaé iléaciaapo +eneaiind yeniaseiaion, dacoeuoact éioisd 0 16eadaain ieaed, ne-
f04il 0T+a+i00 4e08aé N oa+aieadi adaiaie 18ediayo é noaceli  adilié daaitaaniiio Anoi-
yiep, 16 éioidil 06ievee danidaaaeaiey Wi (r), W (" ) 1adanfoapo iaiyouny il adaiaiai

Eaé & aey 1a0+i00 ~anoes, 48y oi+a+i0o aé6d&é ileedd 400U 434 &ia ifiai~anoe+iay
06iévey danidaaaeaiey (Xi;y1;X2;Y2; 111 XN, YN ), 0alaedoaidypuay édaaidiep Eedaee-
ey

%t+ fH; «g=0
A o AR Z AR T2 o eac s _P f@ of AL o O LN NPT
il néfaéié loanniia ff;gg= il @@x—yg —y@—xg IATaaiitnonp yoié nenoait ¥+anoeoy,
yagyaony aaéuiiadénoaopueé (”I)‘éétéééé €0 acaeiiaaénoaey

Nodiaeé iacdiaoe+anéeé ifadia é fiefaiep aneiioloe+anéia 1 1fadaaiey iddaeizeai
A.A. Eicsiani [3] (& daiead fiefiaiey Aeaana). fieacail, +of fe Rodia 486836 Aifoeaa-
a0 idaaaeuiial Anolyiey daaitaaney, anée daniddadeadiea ¢ neaal nodiaeony & — I R
ioe t!11 oaé, +ol

Z Z
(0GY) Gy)dixdly b T0Gy) (Gy)dYxdYy
aéy épaié iotaité 66iévee "(X;y), 8Ax = (Xq; iiiXND), Y = (Y1 il iYN).-

Oaéel 1adachi, a dece+anél Ainned neaalé ivaade ~(x;y) idadanoaaéyao ieioiiiou
danidaadeadiey aecoaé a ivaaaedii noacetiasiii Afolyiee

E fileeacdiep, 4 aiéacacdeinoad ie+aai ia néacail iol 61iédao  i0é aea neaaial ivdadea
a caaéneéiiioe 10 ia+aeniial sanidaaaeaiey

a -an

A 52404 ian ei0&danoao yaiepoey 46683400 1504l i daailiasi  1é cadeddaiiifolp aivo-
de. A iaisaanaiié iiioaitaéd ~ensadiiay daaeecacey yoié caa  a+é néieeia a feeo ideeiaéi-
noe 6dadidieé (2.1). Aiedd isinodi iaoiall itadeesiaaiey ya iépoee a6068aa0o iyoai ya-
éyaofy iaoia aefiéoaoiié aiioieneiadee, éiaaa iaivaslaiia dafiodaaeaiea caaedaaiiinoe
caiaiyaony aieligei éiee~anoail 1aeiaéiaid oi+a+i06 aedda é. liadeesiaaied aaeaediey
naiaeony & dan+aos 05adeoideé aesediey 4608aé nideanil 6daidieyi (4.2). Alieidied
+efiéaiits yéniddeiaioia aado iai aiciieeiifiot fndaaieou ed o Acoelivaod i ecaanoidie aia-
éeoe+anéeie éoeoaseyie onoié+eaifioe aey iaéioiold aedoaa (0 élibedddaceé, a ocaésed
efifiédalaaou aneiioioe+anéia ifaaaaied aedoaals iyoai iai  &iféinoe
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A aaifié 524108 406 i51A8441 dya +efieaiins yeriadeiania, i 1486836pUes yaisp-
6ep fEAAGPUSH REROAI ATelnTaT ~efiea oi+A+06 Ae054¢6 fa 16T &ifoe:
48608404 ET6l6a fi Aldgiel 5aae6fll  r = 1 & TAJAIAIGI AlGOBAITR] SaAeHHT Fo,

ano yeeéeinia ( b=g < .
+@4ifoe A.Y.Eada (0&idaia 4), yeeeioe+anéed aeode i Aol gaiedl Meoindé ba < 1=
jaonoié+ean a éeidéil iveacesediee. fa ia+aguill yoaid iia aéediaaiey ioiendiaeo
dafiiaa yeeeifia fa ianéieuél iyoai i Tadaciaaiedi aedoaand ieoadé aieooa ied, éiee+a-
fioal iyoai cadefneo 1o éiédaoiiar flioilgaiey iesinaé a e b N 0&+3ieai asaiaie iyoia
fiéeaapony adoa i adoaii

xeneaiita yéniddeiaiod, i61adaaiina aey aed6aais yeeeini a i ffoiigaieyié ii-
80ifaé a = 0;1 e b= = 0,05 (dacoelivaol idaancadeait ia den. 5 e oef. 6), iéacaee, +oi
aneiioioe+anéea éliceacdacee aey yoed aadd nés+ada nouancaaiil daceée-+apony.

Ay yeeeifia fi ba = 0;1 afneiioloe+anéay élioeacdacey €idao aea éaoiiial iyoia
a 6aiooa M ¥iiooieély, (iadletgel igloili féfieaiedl aeoo aé), 1é06aeaiilo 1aeaéh
aedoaé 1ailgaé ieioiinoe. banidaaacaied caaeddaiiiiioe ia  Tnaneinacde~iia é fa ifil-
ofiita it daaeono. Anidin 1a 6noié+eainoe oaéié éiiceasdase e iéa ia eco+ai.

A ne6+aa 4668441l yeeeina i = 0,05 aneiioloe+anéay éliceacsacey ideieiado aea
Taifal oaiodaedifal iyoia a 1aeéaéa aedoaé, ive+ai aiéooa iy oia eidaony ofiéeé éieu-
6adaié neié iaiugde, +ai 6 oAl 1a8aéa, igloiinoe. Oaé i 1adachi, dafiddaaeaiea
caaedaaiiinoe yaeyaony inaneiiaode+idi, it ia ifiiofiidi i1 daaeono

Yaiepoey 46683800 yeeeifia fi iagdi yenoaioseneodon ( b=a > 1=3). Ae&6-
daala yeeeiia i ffloilgaieal Medinaé b > 13 diéaeil atol onoie+ealie éiideaoda-
oeyie (oaidaia 4). xefeaiité yéfiaoeidio iiacaddeeaaad yoi 0 édeocadeé: oaéea yeéeifl
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t=0.00 t=10.00

t=15.00

£ = 300.00

t="725.00

= 1730.00 t=735.00

T t=T45.00

© = 745.00 £ = 900.00

t =12440.00

Deéfi. 5. Yaiepoey aseiiial ae0634a141 yeseifia (N = 10000, b= = 0:1, dt = 0;1).
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t=0.00 t=5.00 t=6.00

t=0.00

t=0.00
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t="70.00

£ = 300.00
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t=0.00 t = 1000.00 t = 2500.00

pen. 7. 0a5a8045i0€ aea yaiepoee aebdaal0 yeeeinta fi 1agti y 6encaiodeneodot (N = 10000,

U TR NN

& fidaaieoasiil 1a6N6 ~efes a860aé N v 1% & 4 iicaleypo A 6AABAITHOUp Adacdl
i esanoAdecAORe & fdadeROe+ANEes HATéR0Aas.
1018081 dadeea, o Te6-AiT0a BACOEUdA0N ENTUPOASINS Véf i8514107A T4 afeii-
ofoe-anéll iMadadiee ac68a6 Taiial ciaea ia iaiaaapo ia & 18bUeany 0&id&0e+-AREeA
fienaiey [1, 2, 13] & 08346po Afileieoasiiar y

AAa0id0 aldaseapo aeadiaadiinon A.A. Eigeiad e A.A. Aiseniao ca it 8acita 1andee-
aaiey e ioeaea+aiea aiéiaiey é danfniaodeaadili a dadiod caa  a+ai.
baaioa adie 3 a bififeénéiar oiiaa ooiaaiai 0aeuiic enneaaiaaieé,
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