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56sgmobo
5bewmdgE 5909 33503MmbgEMMHIMmOo sbsbzgdol gMmo sdmEsbol
0gLsbgd
s Bogbogsdg-xsgs®odg,
lela.japaridze@atsu.edu.ge
9639 X3860d)

93530 §96gmol Lsbgedfoxnm mboggdlodgdo
J950L0, LadoMmzgem

65363800 Lsbsbezmm 0639aMHscr)Mm0 356393980l dgomgdol gsdmygbgdoo
30b0b0e98056 Gsbermdger 56905 335D03mbRMEGIMmo  sbsbggdo 9BHYeErm35b
P99 05 05039600005 39935L98980 GMAcg803 bsdwsemndsl 3zo0¢09396300bx germo
bgsslibgs boowggdol bosbarmgols Fglbisbgd & —ob bsdwsengdoo bswsg € >0
- 65003000 3565893005 HmIgmog sbolosmgdl s@goms Losbermzgl. 396Hdmc,
& —ob bLsFmsemgdoo Jgnslgdoemos Jsbermdgemo s69900l 335H030mbRMEGIMs©
3000050bsb39e0 BMbJ30900L sbsggds d9agbocro 0bBIFMI MO 35698980l
38mbsbli6gdols 5 Bs00 fo®Imgdergdols bblzsmds.

5339602 boBYz980: B3B8l 3obBHMYBsms LolbEgds, Bobemmdgemo 369930,
303394l ®0 Lod®@gol 30m39mIm®HR0bBd0, 335B030mbRMGEIMmo sbsbgs.

Bglogogo.  FobErmdg  sMmgos  3MBBMOIMm s 339H03MbRMEOTM
2bobg90m9b 5 39380MYOY0 53M(3569d0 115305 5 F¥IEYMH0S S YoBBOST
3M535¢MObmzsb0  993myqbgdgd0.3ModBHogmo  bollosmol  IMegoe0
00m3560L  5dmbbol ™l bdoMms 3b3gd0m  BMBI30gdL  HMIgdO3
3965bmM 3090096 sPgms 3MEBMOHIM s 339BOIMbRMMIM Slbzgdls
obg, ®mI 50bodbm sMgdo gl BMbdE09d0 53059MB0WGdG6 MHMIgEody
9ogxLwe 456@MEgdsms LoliEgdgdl.odo@mad doBsbIdgfimbowos 303m©gm
2LgmO  BMBI30gdOL  B0SBEPMIdO S JRIJEHIMOE 93900l IJOHMPIOO
OIgdoE 39IM399E0s OM3gdT0 (Beprrenm 1960, omunmx 1974).

0936  9mEsbsdo 3603369 mgsb0s  303Mm©Im v HMAME  s0Lsbgds
3m39900 560U LEBEOZOOL IF0MIOO IBMMHTs(300 A5SAVBIbSZ0 FBBIE00L
RMOI>DY MMAMEO 033WYds 0 MML JoLo JMBLEMVIE0s MMAMGOE sM9do
abg3g M0l LoBE3sODBY. I60dzbgEmzsbo Fggagdo 93 J0ToMmNIEGdO
do0gdwos 36mIgddo (JlaBpentren 1947, Samsonia, Samkharadze 1999).
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503603bmm, GMI SO FHO30L 58mM36900 00 Fgdmbzggzobomgol MM
OEAMOE  390mbogoero  slg3g  Fobermdgwo  56Mggd0  Fo®mImowagbab
39ML33e30L9dME  5699dL z=0 GgoGHowol 8odsmro gsbbowmwos
33@MOms IMmAgddo (Zivzivadze, Japaridze 2005, Zivzivadze, Japaridze 2006).

do6Gomso 3698980 ©s 50b0dgbgdo. 3mA3wadme O, z=x-+iy
LodMEYgdo 29bg30bomom (3560500 G, 0e€G 369

999mboBO3myo  Bs3gBHowo  awrv)30 T 3mb¢m®om 3ol
3565390 45bEMgdgd0s:
t=t(r)=x(r)+iv(7), 0<7<2r, 1(0)=1(27) (2.1)

T 356589H60L BEHsL gglisdadgds ¢ = 1(T) FaBEHowol dedmsmds Hmderols
O@bsg I' foMom 8g0mbsbrgmwo sMg GRIds bgeds®ibbog. Bobmsb
x(T) @> y(T) , 27T 396000 132964(309000.

30935, I fomBg asbLsBO3OWMWOs f (t ) xgmbdgos, € T. oY)
3930035¢0lobgdm, ™I =1 (T) Jd9a30dos gl BmdEos dsbgzobogrmo
GoymtE T 33wsol gubdgos Gmdgmog obgg f(7)  Loddmewmmo
503603bmm. g0bsosb (T) 3960005 5d0@MI  Rogm3z50mm,H™J
f (T) 2953M39qd0s g §H B9 3gGomoon 27T .

30(430m, O™ [ gmBJ30s 809390369Bs C, [0;272'] 0<a <1 geosbl
0v) ol [0;272'] L9aB96EGBY  53054MBOWIIL  WOoGToEoL  30MHMBL .
3sBgobgdom.ory [ (7) s Bobo FomBmgdnwo . = f'(7) ofyzao
506 [0;272'] U9a896Dg  30HY30,60m8 [ Bongzmogbgds  C '[O;Zﬂ']
3sbl.ovy gs6s sdols f, € C, [0;272'], O0<a =<1 85806 @s3f9c0,6Hmd
feC,[0;27]

C'[0;27Z'], C, [0;272'] Q5 C; [0;272'], O<a<l1 LogM(399%0

oMo gbgb dsbsbol LogmEggdL (ob.Vekual.N.198823.24) GmOggddos
BmM3900  A960LEBMZMGO0H Sb:

IS Ne= Flle 1 s 11 e, =l Flle +H (f5Tex),

1AM = e +H(f,;T, ),

s [ flle  wosH(f.T.a) BoEOWYYd0 36Ol BOZOPB0E
9999bs0M5c:
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| flle=sup [ f(z)l, H(f.T.,a)= sup lf(Tl)_ngm
C 2e0,.27] 2;225[0,2”] |Tl_72|

3094300, ™I I' foco H™IYE03 dm3990ME0s (2.1)
3963 M9d0m,9390360b C; 3ol .o f (Z)gtg)[i;_-](;oo G s69do
53059mx530@gdL 39l 306mdsl @, 0<a <1 8sBg9bgdwom ds8ob
Bogioor,60d f € C, (G).

3903ddo  gobgzobowsgm stgms 3ME3M9GHME MmxsbgdL GMIwgdos
3963392900 5DOHOm FobErmdYo 50056 IMEIME 569gd™5b.
396LsBE3®s: (Samsonia, Samkharadze 1999) 9393350, (FOEITO

G, 0€G s6y 3gdmbsougtnmos eC,, 0<a<l fotomn ©s C
Lod®EY Dy aobgobomm Ubgs Eowsddnwo G 5609, [ Lybwg®on
O@IOL 4obGHMEgdss

t=t(r)=x(z)+iy(7), 0<7<2x, 1(0)=1(27) s TeC,.
G 5698 gfmEqds G 560 & —Bsbarmdgwo (0 <e< 1) 509 0
J9LEHMEgdME0s 30MHMOGOO:

|t(r)-t(7)|<e, re[0,27], |e'=2]l, <& O<a<l (22)
69d0Ldogeo € € (0, 1) ©0o3bgoLsm30L dmy393985 G 5®0L € —BsbErmdgwo

56099006 MLILEOM@e  LodGsgwy O™ Q(G,S) Lo3BOEODO

00b08bgds.
300d3om, G, (Eoo@dINWO 5695 Cc LodMAFYgHg obgmo, G™I

0G, =T, eC, (0<a<l), GCG, > BbgoobdogHo éeQ(G;g),

Bobemdgwo s@obsmgol G < G, .

3M33¢0gdbe C LodMEGHY)do 9630boM™ BYEEHMSTOL obEmegdoms
LobEYds 3MI3gJlwyOHo FMMOIom

w.=q(z)o, (2.3)
00 ©sd3g000,6m3 | q(z)[<Q, <1, geC, (CTO), 0<y<1 6ogs,

zeG, © q(z)=0 6mgs zeC 1G, Loog
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1({ 0w .Ow 1({ 0w .Ow
o, =—| ——i— 0-=—| —+i—
2\ ox oy = 2 ox oy

©53M3350, W Go®Brmoaabl (2,3) LoLEHBOL 53MBSLUBL  HMBglss
3033ergdbeo c LOBdOEHYOL A MBdSIMIO 3TYMIMOBoDBIo MhHm™o.

020 009%s 0. b. 393moLb  (Vekua 1988/2) UdJgdol dobgozom o
356obmM309wgdl 3MI3ergdLyGo C LOdOHGEHYoL  ogoL  ™O3BY
3m3gmdm6GEobaL bt W (0)=0, W(w)=oo, z'W(z)—>1 Gogs

| Z | 00 @©s 0sBsbBds (Manjavidze G.F. )—obs

w, W.W-eC, (50) bsosg 0 <y, <min{a,7}. (2.4)
w (Z) 3m0gm3mmBoBIo  3bmdowos  (2.3)  29bGHMEgdsms  LoliBgdol
doM0m5©0 3t3gmIMOHRBoBI0OL Lobgefimwgdoo.

3030L Bodol ob®gatowo e, [0,27[] ,0<a <1, bodzgGogom I
Poeol  aobfizMog o dobo  dglodsdobo  LobymeoMmero  0bEgaMswo
t (2') el §9oEH0wdo 500608690056 sby:

Ko (.2) = [HO (- - amm—(yr.1) = 5, (p.1(5)) =

t—z

_ L I Hlt(o)]— pli(7)] di(c) = lim L J‘ Hl1(o)] - plt(7)] dt(o)
iy H(o)—H7) 10 7T1 1 t(o)—t(r)
7
o e[0,27]
bsg I, ={z:]z—t(@)|<n}NT  swbodbsg I Gotol Bbofowls
GmIgwog dmdsgnwos |z —1(7) |[< 17 §Hob dogboo.
o 1eC,[0,27], 0 < <1 85806 (ob.I'axos ®.JI. 1963 , 33. 49)

ds, (1.1(7)) _

() S (1.1(7)). (2.5)

o I'dmgdnwo germzo Bogg@owmo §o®os,50bgdmdls Gogbgo Ri (ob.
Mycxemuusunu 1982: 13), GmIgerog o6 0ol ©sdmzogdmeo I ool
G9OGHowad®y ,0bgmo ,OG™md bgdoldogHo =t (T) el, 0<7<27€

$OB0wobsmz0L Bgdoldogeo GOgfomo Gosomboom 7 < R ©s 39b@G®om
t (T) oo GH0Bo, I Fodl 33900L Mm@ MO FoOGowdo. R-U gfm@gds
LGB EVIO Moombo.Homgl {Z lz—t|< Rr} , tel ®&mdgwosg T
Fool 33900b 9OPSOID I(t)={z:]z—t|<R.}NT
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03509, bAHBIOGHMo 6Oy  ghm©gds,  bmenm / (t) M35l
BEObEIOEGHMO O350 396GGom f €1 FaoBHowdo.

O3 36mdowos (ob. Mycxemumsuan 1982: 523-525), ooy 1 gevz0
B239¢ 0o F0M05,05806 Bgdoldogmo 1,1, €I FamEHowqdolsmgol agsJ3L

|1, =1, = kys(2,,1,) (2.6)

boosg S (tl,tz) 5oL I oMol 00 »dzodmgbo G35¢ol LogMdy GmIEoL
dawmgdos  t, ©s 1, bowm ky, 0<k, <l @spgdooo dmwodogos,
OMIgog 56 oMol sdmzoadwo I fodby 1, ©s 1, FoBBHowgdol
29b@oagdsbg.  503608bmom g3y  obog, ™3 bgdoLdogmo el
FooEGomobsmgzgol  / (t) UEIBOEGH™MEo  M35¢ol  Loa™Mdg  bogerqdos
obz%y §|r |, bssg |T'| 506086535 T Hool Logedgl (ob.
Mycxemumsunu 1982: 523-525).

59 3996J4BH0oL  dmerml  d93mobbdgem s 99dymd Ay gurmdgddo
ym3z9@mzol  gogmerolbdmm, 6&md o,y €(0,1], bmem M 3modogo,
OMIJ0oE 953900mI© ©IM30EIIMWos G 5909, W 3dmdm®50bd%Y

©5  39geol & 05B396909Bg o 96 sM0L  OdM30EIdMIO & —
D9boog € >0 658300 35M539FM0s, HMIGEoiE SHabosmMYdL 5¢99d0L
Losbermgqls, 5006086gds, sbg M = M (G, w, a).

Dmaoghomo  36mdgd0  335B03mbRmMIMe  SLsbzsms  MYMOO00EB.
9m30y3s6mm  3bmdowo  9ggaq00  339B03mbBMOIM  Sbobgoms
09000 s,  8bY3, Dmyoghmo  odbdstg  FmOINWgdo S
§0b5sgdgd0, MHMIgdoE 4950m0Ygbgdosh 89damd AxgErMmdgdLs o
©59(»3033909%d0.

30)Y430m, OMI 3MI3wgdumOo @ = f (Z) 364300 obobme 3099l
355©dINwo G 5Hol gBmgMemzsb | @|<1 Gogby  (2.3) LobEadol
d9Lod5ToL 335D03IMBBMEOTM Szl ) @ 3BMTMOFYYESE SLOHIZL
G 569 | @ |<1 §6H9Dg o 53059mx0@gdl (2.3) 306HMBSL.

BodMm3do (Kveselava, Samsonia 1980) o349353909c000 39 @®Modol (2.3)
LobGYdolb  JgLodsAOLO  (35¢EBIMEPO O FMOZEPOBTMEO  36YJdOL
335D03mbBMmOIMo sbsbzgdol 53900l 3mBLEHMYYJ30Iro Fgmm@gdo. sligo
36LGHOWMJ309080  Lo3zobdm  H™EL  05353mdL  (2.3)  LobGgdols W
3m0gmImOHBO0DBI0. sLgmo sbsbggdoL Ao3bmdol doBbom ogofyme odom,
mmd  (Kveselava, Samsonia 1980)-ob mobsbdo, dgdgao 0bGgatMocom

fo60my9bso 3mbdios
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p)dW (1)
W()-W(z)
bsosg dW (t) =W,dt+W.dt bowe ¢(t), 3gei®ob sBGom, Miy3ado
Begbd300s, §oBmsagb  (2.3) bobBgdol 8mbsblBl G 56580, bmeoma
€\ G 56980 3o Inemdnamne gubisosl, Bsboss K. (¢,W,%0)=0.

1
Kr(gp,W,z):;j (zeCHr) (3.1)
r

(3.1) 0b@gaMoel 8godwgds 9033900 sBGO 03 dgdmbggzsdos OH™MEs
$9O 0o 8gds@gmdL I Fomby. smIzsm

s=s(z)=W[t(1)], 0<7<2n, s(0)=s(27)

- - - - (3.2)

s=s(r)=W[t(r)], 0<z<2m, s(0)=s(27)
Gomdmogqbagb L = W(F) D) L=W(I) Goorgdol gsbEmagdgdl
J9LodsdoLs.

09 3930035obFobgRdmm, OG@mI gmgger el FgoGHowdo W
350©5JIBoL 05300060 FobLBIS3WYdS Bryerolsgst J = W, |2 —| w. |2> 0
(ob.Vekua 1988: 81), 35306 5'(7) = Wt'(7) + Wt'(7) Beoeedosh o> (2.4)
30606 358mB0bsGgMdL, Gmd 'L Lbsbg W sbsbgolst obgg C Vyo
3sbiol HoMos 964

s,seC,[0,27], (3.3)
Lo3G 7, (2:4) 30Gmdsto Bubsfoy drwdogos 0 < ¥, <min{a, 7}
@oyBgsm ze T, 851306 W (2)€ L s (3.1)-056 3egbeacemdos
K. (p.W,z)=K, (h;W(z)), (3.4)
basg
h(s) =hs(@)]=(p- W )s(@]=glt(x)] 7 <[0,27], (3.4)
boawa K, (W (2)) oboggdemo s6ob godol Go3ob ob@ga®swo  h

L0d33003000 L Fomol asbf3mog. s8o@md (3.1) gmbigosl 999amddo
350m3099bgdm  3mIol  BHo3ol  0bGHYAMool  sbsermas  dgEe@EH®sdol
LobEgdobosmzgo.

gogdLbo®gdmwo ¢ (T ) eI’ §96GH0wobomzol o6z0bowmm LodMogerggdo
L,(t)={t(c)el; 0<o<7-5 % r+8<o<2x)
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t#1(0)

OIOTEN 3.5)
Qo

I;(0)={t(c)el; S<o<27-5}

Gogs 1 =1(0)=1(27) (35"

Loog 0<o<min{z, 27w —7}. W sbobgol 3m3gmdm®amemmdols gsdm
B9doLdogmo t(T) el D960 GH0olsm3z0l 33946905
WL 5(D] = L;[W ()] = Ls () .30650056 L aerago fodos s h offggsdos
39wgMol R eIplele)) L fomby sdoGma B9d0Ldoge
s=s(r)elL, 0<7<27m G96Gowdo s6GLYPMA  LobyrEws® o
0bga@omo S, (h,s) Lossg h (34) goOINwom sblsbOIOWwo
33MbJ 3005 5 JoMBH03z5 35639693, HM™A gl 0bGEJAMoo gdmbgg3s DML

sy Lo Als(o)]=Als(7)]
SL(h,s)—}gr(}mL&_[S) o) —s(0 ds(o)

35906 FHMEmd0sb

L[ o=l gy L[ HXON=HO)
zi sy W) =WK(7)] i sy S(0)=s(7)

(s =W (1))

358m8@0bsMgmdL, @3 I' Foeol ymgge 1 =1 (2') T90GH08o sGLYOMDdL

(3.1) LobGLIob dglsdsdolio Lobg oG ero 0b@ga®moo

1 @) gln@)] _
907 3, WK = WH(D)] I
Sy (@,W,1) = lim ng({) dWi(o)] =S, (hs) (3.6)

Q5 5QPOE0 5331 FMMTIEGAL:
K (o.W.0)=limK (p.W.z)=20(t)+ S (p.W.t), (z€G)

K;(?,W,l‘)zlimKr(¢,W,Z):Sr(¢,W)[), (Z E@lG)

OmameE  500bods, bsdMMmIdo (Kveselava, Samsonia 1980) opq0¢9cw0s

3bd305,  OMIgwos  335H03mbRm®mIMEs  sbobogl (35 dTen

G (OEG) ML gMomgmgzsb  §Ogby.  Sbgmo  gmBJgool  oagds

bmME309wgds 00 ©d3900m, OMI  dgEBH®sdol  (2.3)  asbGHmegdol
y

309803096GH0  0g3mzbgds C. (50), 3@sbl s 533 baby (ob. Kveselava,

Samsonia 1980)
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F@)=W(@exp{K (AW,2)+ic},  (zG) 3.8)
f(0)=0, f(z)=1 (z;, T' ool Bmdoldogmo FgoGHo®wos) Lowss

Bsdgowo A gmbjgos  Go®dmoagbl  90@gao  0BEYR®mIMMO
2956@G™Egdol 53mbsblibl

1 e Alt(e)dWi(o)] _
A1)+ Re— 1 T W), oel0,2z], 39

bmerm ¢ 399030 godmomzErgds 3OO
1
c=—argl(z)— ; J-/’i[l‘(‘r)]d [ln |W[t(D)]-W(z,) |] , (3.10)
r

Loog  arg(z;) swbodbog W(z,) Gad@GHowol s6Hym89b@ol 8msgst
8608369 mdsl, O®@Igeog 809300036905 [0,277) Bmsamgob.

(3.9) 256¢)Mgds HoMmTMoAIBL BMHIEAMEIOL 2obEHMEYdSL, HMIgrol
856% 396> Aboty 8093936935 C;’o [0,272'], 0<y, <min{a,y} 3oL,
Mmool JgLodsdol  ghma35MM36  gobEmgdsl  9d3l  TbmeErm
AHM0305M0 53mbsblbo l(t)EO. 5803™3 (3.9) 256FGHMEgdsL As5Bbos
GODS© 9GO0 5dmbsblbo A (ob. Kveselava, Samsonia 1980).

3BsErMma0mMmo 508905 3600

7 —) cxp (K (L W.z)+ic), (zeG), (311

@303 Ge Q(G,S) Mgl sbsbogl gMmgmeEmzgsb FMgby 3oMmdIdom

}(O) =0, J}(ZNI) =1 (le , r Po®ol  Bgdoldogmo FgOGHowos) A

Po6m0moagbl  BMgEymdol  GHodolb  0bGgadowIGo  AsbEHMErgdol

9OMSIMH 53bbLBL

. A (o)1 ~

()] +Re- [+(o)laW1t(2)] ——In| W] o<[0.27](312)
W (o) -Wlt(7)]

Logoo I'ecC, , QO

c=—argl(z,) - % j At(@)d[In | W[t (2)]-W(z)[]  (3.13)
r
063986 3956Mgdsms 53mbsblibgdolss ©> 95000
Pom3mgdmemgdol Lbgsmdgdol  dgxslgds.  dobermdgero  sMggdol
3MbxMmO3wo sbabgqdol dglfsgerol ®®L (ob. Samsonia, Samkharadze
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1999; Zivzivadze, Japaridze 2005; Zivzivadze, Japaridze 2006) g3b3c000006
38990090 06@)360’05@@60 23963 M90900

(p[t(z')] + R — go[t(a)]dt(o') =—In|t(z)|, tel (4.1)

r 1(0)=1(7)
Iw[r(a)}dt(a)
r 1(0)-1(7)

®mdadog Jgaboo sm0sb G s G 90g9d0Lamzol gLsdsdobaco,

(p[t (T)]+Re ~In| ;(T) , tel (4.2)

bysg [T €C, bown @ ©s @ byxdogdgeo 6580300 grBdgogdos. gl
35BEHM@gBYBO, Hmdgmms Bsmxgghs dbsmggdo 80g3nmgbgdost C,[0,27]
3obl,  Fom3moaabab  BMmg3mmadols  BHodol  AsBEHMegdgdlL (ob.
Mycxenmumsuan 1982: 226-231) o 995860500 9OHme@—gMmo 53mbsblbo. 53
59mbBoblibgdol Lodmeegdom 509498056 A9sdLobggo gmbdizogdo. (3.9) o
(3.12) 2563mMengdgd0l 5dmbBablbgdol fotdmgdwyemgdol bgomdol dgi3sligdols
d0bbom  Bz9b  9o0m309gbgdm  mgmMdsls BodMmMIosb  (Samsonia,
Samkharadze 1999).

ogndgds 4.1.  (Samsonia,  Samkharadze = 1999) SOLYOMBL

a, (G) =q, € (O,l) dm@doz0 0bgeo,OHmd o G o Ge Q(G,S),

0<e<a, séggdol I' s Labog®gdo 80g3mc369d0sb C('Z » 3e0abls 35806
L53oMNE0sb0s Tgg35l0ds

lo=le, ;<4 (G B9, & (4.3)

booogrme @ s @ (41) s (4.2) aBFHMgdgd0L  gHDoIOHPO
58mbBoblbadns, bmem f 3o a =By Bs3mgdo 63doLA0IMO  ©IDIBOO
Mo3b30s.

3306005, M3 (3.9) s (3.12) 296FMgdqd0lL 53Mbsblibgdols s 500
Homdmgdemgdols Lbgsmdgdolsmzol ogommo (4.3) Bodol d953sL9dgdo0.

50  30Bbom, gobgobowmm  BM3IMEdol  FHo30oL  0bEgaMowMo

2396@Megdgdo:

¢[t ]+Re_J ((T;;’}(tz) _(1n|t|); (4.1)
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&[2(1)]+Re%fw —(In|¢]). (4.2)
0 ¢

GMdwgdog 9gagbowo 606 G o éeQ(G,g) 59900LsM30L @9
OMIgEmns  moz30bvBswo  §930M9d0  d0g3mmzbgdosd C,[0,27]  3esbl,

bosg AU =(7) @> ¢l1(7)]=¢(7), C,[0,27] 3erabiol badogdgeo
5369 (309000.

©0)035m,  Gl1(7)] = ¢, (7) 2fg30d0 BbIs0> FoMmBmopgbl  (4.1')
23956 M9d0lL Gqlsdsdobo gﬁ)mggbﬁ)mgbBO 23963 ™MegdoL 5dMbsblbos 56

(z)¢, (0)do
1(7) |+ R =0 4.4.
[ 1(7)] emj t(o)~t(z) A
F, ogob ¢y 39300l Sobggrgmgowo  (Fy[H(7)]), = ¢,(7). 85806 (2.5)-
ol gom35¢olfjobgdom  (4.4) Bsofgmgds sl

BN . )
(F[t(r)]+Rem j (o)1 (T)dt( )J

3965L3690l Qomzsobfiobgdom 4394690
Fy[1(0)]
r1(0)=1(7)
MHMI0sbsE o0mIEobsMgmdL, MM LETSMNEWOI605 BHMEOMDS
FlHo)]-C
r1(0)=t(7)

Lo - C bsdzoeo 39dogos.
(4.5.) 306™Md> 50b0dbsgL, MM, F (1) —C 8mbJEos bosi C bsdwzowo

RbJE0ss, GomBmoaqbl (4.1.) g56@Mgdol Tgbodsdobo 0b@gyMowm®mo

F,(t)+Re —_[ dt(o) = const

F,(t)- C+Re— j dt(c) =0 (4.5)

23963™9d0L 53MbIbUBL. TogMsd sLYo JOHMPIIMMZID FobEMEgdSL Ao5Rb0S
dbmemE 6Mermgsbo 5dmbsblbo (ob. Mycxemumsuiu 1982: 227-230). g.0.

Fy (1) = const , bs0sbag 580m300bstrgedl, Gmd ¢ (1) =0 by (4.1')
3953™Mgdol  TgLodsdol  JOHMYZ9MOM3E  obBMEgdsL  QosBbos  Fbmerme

A®03050OH0  5dmbsblbo. Fglsdsdolo  (4.1'.)  2bGHMEgdsl  As9Bbos
C,[0,27] 3asbol gomo—-9gehmo sdmbsblbo (ob. Mycxemumsumu 1982:

227). 5bsgomaomMo 89003900 Lsdsmmmosbos (4.2'.) gob@&mgdolmgobs.
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506000  (4.1') s (4.2') gobGHMgdgdl gosbboson C [0,277] 3esbiols

ION5—9M»0 5dMbsblbo.

599350, @,p € C,[0,27] gmbdz0900 Fo@dmswagbgb (4.1) s (4.1
23963 Mgdgd0L  53mbsbLBYdL JgLodsdobs. godgem, (£ [l‘(T)])T =¢(7),
05906, ) 2530blinbgdm Bgdmo BoEHMGdIME AbxgEomdIIL, J030090m, HMI
Flt(7)]—const Lsbol  gbJgos  Go@dmoagbl  (4.1.)  gobEmegdols
39mbsbbL. 30650006 53 35651369l 205Bb0s ghmoaMmo @  s3mbsblbo,
sdodmd  @[t(7)] = Flt(r)]—const Ls0@sbsg @5dmI@obs®mdl, ™I
peC,[0,27] ©5 ¢, FoBmspgbl  (4.1') obBHM®IdOL 9HMIIHo

53mBbLBL. 955Ema0n©m3© 305drEmdm, Gmd @ € C,[0,27] ©sgmbigos

@' GoOIMoagbL (4.2") 256E™MEgdoL gHmoIAHo 53mMBESHLGL.
906050 (4.1) u (4.2) 296EM9dgdL 255Bb0sm 9HSEIMH0 STMbsLLBGdO

9,0 €C,[0,27], bowmnp, @ @', Fodmooygbyh (4.1)  ©> (42)
2956FM9dgdoL  50mboblbgdl. v Fggzbodbsgm, Gmd  (4.1) o (4.2)
2956@MgdgdoL FsMxgzqbs TboMmgqgdo Logdsme 3oty & MHogbzoLsmzoL
bl 50056  9OHPI6g M6 C,[0,27] ULogdaol sBGHoo @

359m3099bgdm 4.1. 0gmMgdol sd3H3039gdsL (Samsonia, Samkharadze 1999)—
56 990dgds 35B39bmm, HMA LodsMmmErosbos
0gmOY8s 4.2. 56OLdMBL @, (G)=a, € (0,1) 89008030 0bYMO, @I M)

G o Ge Q(G,g), O<e<a o090 I'@s I LsbogHgdo

0093990369806 C('Z 3sbls, 35806 Lods®momErosbos Ggxslgdgdo
lo=0l, ,<4G.P)lol, , & I0-0l, ,<4GAl, , & 46

LSOE, @ @S @ (4.1) s (4.2) 236GHMEGIGOOL JMPIIOO STMBIBLBYdOS
bowe S, & g 65300900 53d0LB0gOHO ©YBOMO HOEb30s.
sbaws  9930930bmm  (3.9) o (3.12) 063 gaMemmMmo  asb@megdgdol
00mboblbgdol Lbgomds. 65dMMIdo (Samsonia Z.V. Samkharadze 1.G. 1999)
65B3969005 sigoo Jgx3oL9dgd0
|s(z)-s(7)< B, (G,W)gm/z,
- , (4.7)
o 70/2
r€[0,27], ||s'-s ||%/2$ B,(G.W)e
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bssg ps 0<p, <min{a,y} s6ob 3mblidsbs (2.4)-osb.
58 MEAHMEMBYB0B 3553360m, HMA JobaEMBEMBOL (2.2) 3oMmds G o

G 569900Lomg0L s Bvmo ' s ' LsBrg®gdolsmgol dgLsdsdolo
W(G) o W(G) stggpobsogob s L=W () o L=W()

LoBEIMYOOLsM30L JgoE3wgds (4.7) 30OHMBO.
(3.6)-0L  g5300035¢00LFOBIdM (3.9) s (3.12) AobBHMmgdgdo BogfgHmm

aby
1 ¢hs(o)]ds(o)
hI:S(T):I'FReE!W:—IHLS’(T)L selL (4.8)
iz[; (7)]+ Rei.J. h[s(a)]ais(a) =—In| ;(r) R sel (4.9)
™5 s(0)-s(x)

Lossg A(S) gmBdos g9BobsBEgmgds (3.4) 306HMdOSE.
9B 39BEHM@dgd0 FoMdmoagbgb (4.1) s (4.2) GHodol gobEmengdgdl

OmImgdoag  Jgagbowo  s0sb W(G) o WG, écQ(G,&‘),
5699d0bsmgol L, L eC'm LaBEIOPOM 5 259BBOSM GBS —)HO

658003000 53mbsblbgdo A, A € C;o [0,27] 0 <y, <min{e, ¥}, (G0deqdog

fomdmoabab  sbg3zg (B.9) o (3.12)  996EHMEgdIdOL  9gHE—9OHND
00mboblbgdlL). 53 53MBIbLBYBOLEMZOL  LedsMmME0sBos  mgm™gds  4.2.

58600 09 G @5 G & Bobemdgmo 509980 50056 (2.2) sBGOm, 85806

W(G) o> W(é) 3sbEmdgmo 56056 (4.7) sBGom. 530l godm 4.2
0993056 458mMm0BsMYMBL

0985 4.3. s6LgddL a,(G;W) = a, €(0,1) Gogbgo olgm0,6md ov)
G éEQ(G,E), O<e<a, »Mggd0, GmIgmms LsBO3MIdO
8093793690056 C{; 3oLl & 39barmdgo 56006 (2.2) sBGHom, 35306
L5350 0s60s Jgi35lgdgdO:
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”ﬂ“_ﬂ’”(]& ﬁSBl(GaWaﬁ)”ﬂ”('LO p '570/29

> > (4.10)

|22y, <BOV.GA)IA N, "

2 2

Losg A 1 A §omdmompgbgb (3.9) @s (3.12) g96EH™9d9d30l geHs©gMH
50mbsbLBYdL Fglodsdobo, ¥, G0l bsdowo 399wdogzs (2.4)—sb,
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One Problem of Quasiconformal Mapping of Close Domains

Lela Zivzivadze-Japaridze
lela.japaridze@atsu.edu.ge
Erekle Japaridze

Akaki Tsereteli State University
Kutaisi, Georgia

In the present paper, using the method of boundary integral equations, we consider
quasiconformal mappings of close domains onto a unit circle and establish the estimates
allowing one to judge on the order of closeness of various values encountered under the
construction of these vales through e, where > 0 is a real parameter characterizing the
domains closeness. In particular, through ¢ is defined the order of closeness for the dif-
ference of derivatives of solutions of integral equations composed for the close mappable

domains by which we construct the desired mapping functions.

Keywords: quasiconformal mapping, system of Beltrami equations, integral
equations.

The problems connected with conformal and quasiconformal mappings of
close domains are highly actual owing to their wide applications. When solv-
ing many important problems of applied character we can frequently meet the
functions performing certain quasiconformal mappings corresponding to some
elliptic systems prescribed in the mappable domains. It is worthwhile there-
fore to have the methods allowing one to construct such functions effectively
or approximately. When constructing such functions, the knowledge of certain
boundary estimates for quasiconformal mappings of close domains is important
. The methods making it possible to construct approximately certain mapping
functions are suggested in (Vertge'im 1960) and (Fominyh 1974).
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In many problems, it is important to know how a small deformation of a
contour of the initial domain affects the form of the mapping function and how
vary its configuration both in the domain and on its boundary. Significant
results in this direction can be found in (Batyrev 1960, Lavrent’ev 1947,
Lavrent’ev, Shabat 1958, Samsoniya, Samkharadze 1999).

Finally, it should be noted that estimates of the difference of boundary
values, as well as of their derivatives under conformal mapping of close domains
when the main domain and its close ones are star-like with respect to the point
z = 0, have been considered by the authors in (Zivzivadze, Japaridze 2005,
Zivzivadze, Japaridze 2006).

On the complex domain @, z= x + Iy, we consider a simply connected
domain G, 0 € G bounded by a simple, closed, smooth contour I' with the
equation given parametrically:
t=€7)=x(0) + (1), 0<7<2m  40)=d2n). )

To the parameter growth 7 there corresponds to the motion of the point
t= t(7) under which the interior of I remains on the left. The functions x(7) and
¥(7) are assumed to be 27 periodic.

Let on the curve I' there be the function A7) of the point ¢ € I'. Assuming ¢
= #(7), we can consider it as a function of the parameter 7, denoting it again by
K7). Since the function #7) is periodic, we consider the function A7) as
periodically continued with period 27 to the whole real axis.

We say that £ belongs to the space Ci[0;27], 0 < a <1 if on the segment
[0;27] it satisfies the Holder condition with exponent a.

If £7) and its derivative fr = f(7) are continuous on the segment [0;27],

then we say that £ belongs to the class C [O;Zﬂ']. If, moreover,
fr € Cal0;27], 0 < @ <1, we write that f€ Ca' [0;272'].
C'[0;27], C,[0;27] and C,[0;27] , 0 < a < 1, are the Banach type

spaces (see I. N. Vekua, 1988, p. 24) whose norms are defined, respectively, as

follows:

Ifller = Iflle + 1 e Nfllea = Iflle + H(f.T, ), Ifllcy = Ifller + H(fi, T, )

where under H f || . and H(£T, @) we mean the following quantities:

Ifle= sw |f@), H(fT,a)= sup LS
T€E[0;27] 1'1.1'2;[0;277] |T1 - 7-2‘{!
T17T2
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We say that the curve I' given by equation (1) belongs to the class
Cy if t € C,[0; 27], If the function £z) on the closed set G satisfies the
H"older condition with exponent a, 0 < a< 1, then we write f€ Ci G ).

In the sequel, we will consider particular families of domains, close to the

given domains in the definite sense.

Defnition (Samsoniya, Samkharadze 1999). Assume that a simply connected
domain G, 0 € G, is bounded by a simple closed smooth contour T € C,
0 <a<1 and on the plane C , we consider another simply connected domain
G with the equation of boundary I,

[ =1 (D=X(D+iy (), Os<7<2m 1(0)=1(2n)

And T € Cl, The domain G we call eclose (0 <£<1) tothe domain G if the
conditions
lt(r) —t(r)| <&, 7€0;2n], ||t' —'||c, <& 0<a<y @)
are fulfilled.

For any & € (0;1), we surely have an infinite set of domains e-close to
G which we denote by Q(Ge).

Let Go be a simply connected domain of complex domain with boundary
9Go =To € C,, 0 << 1, such that Gc Gy, and for any Ge Q(Ge),
Gc G.

In the plane, consider a system of Beltrami equations in a complex form

. =q(z)o. ®)
under the assumption that |q(z)| <0, <1, qge C'y ((_;0), 0<y<1 for

ZEGO and ¢(2)=0 for z€ E/ao, where

L )

Suppose that W is a solution of system (3), the so-called global
homeomorphism of the whole complex plane C  of the Beltrami equation
constructed by I. N. Vekua’s scheme (I. N. Vekua, 1988, Ch. 2) which realizes
homeomorphic mapping of the plane onto itself, W(0) = 0, W(®) = o,
z1W(2) — 1 for |7| — =, and according to (Manjavidze 1967)
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W, W., W-€ Cyo(éo), where 0 < yo <min{a,)}. (4)

The homeomorphism WAz is known in literature as the basic
homeomorphism of equation (3).

They say that a complex function @ = f(2) realizes quasiconformal mapping
(corresponding to system (3)) of a simply connected domain G onto a unit
circle |w| <1 if @ homeomorphically maps G onto |w| <1 and satisfies
condition (3).

Effective methods of constructing quasiconformal mappings of simply— and
multiply-connected domains corresponding to the Beltrami equation (3) have
been elaborated in (Kveselava, Samsonija 1980).

As it has been mentioned in (Kveselava, Samsonija 1980), the function was
constructed which mapped quasiconformally a simply connected domain
G (0 € G) onto a unit circle. The construction of such a function is realized
under the assumption that the coefficient of Beltrami’s equation belongs to the

C:f(éﬂ) and has the form (see Kveselava, Samsonija 1980)
f(2) = W(2)exp {Kr(\; W, 2) +ic}, z€G, )

class

f0) =0, Az)=1 (2 is any point of line I'), where the real function A is a

solution of the integral equation

Alt(r)] + Re % Ff T (U’;][tﬁ]/[ oy V) =~ W), o € [0:2r ©)

and the constant ¢ is calculated from the formula

o= —argW(z) — % f ()] d[In [WE()]) — W(z)|] (7)
I’

where argument W(z) is a principal value of the argument of the point W(z1)
which belongs to the interval [0;27).
Analogously we construct the function
f(z) = W(2) exp {Kz(\; W, 2) + ic}, z€G, (8)

which quasiconformally maps the domain G e Q(Gé¢) onto the unit circle with

the fulfilment of the conditions f(0) =0, f(z1) =1 (Z1 is any point of line r),

where the real function 1 isa unique solution of the Fredholm type integral

equation
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A[H(T)] + Re é!W['tv(a/;}[t(U)} ~— dW([t(o)] = —ln |W[i(7)]|, o € [0;2n] )

— Wt(7)]

where Ie CY, and

B g W) = % f M) d[In WD) - W(E)|] 1o

r
When establishing different estimates characterizing the closeness of

quantities, it becomes necessary to know the estimate for the difference of
solutions and their derivatives of integral equations written for the close to each
other domains.

On studying conformal mappings of close domains (see Samsoniya,
Samkharadze 1999, Zivzivadze, Japaridze 2005 , Zivzivadze, Japaridze 2006)

we meet the following integral equations:

@[t(T)] + Re %/%dtw) = —In|t(r)|, teT an

(12)

[E(r)] + Re % f % di{(0) = —In[f(r)|, TeT,

r

written for the domains Gand G , respectively, where T,I" € C,, while ¢ and
@ are the unknown real functions. The above equations whose free terms

belong to the class C, [O;Zﬂ] are of Fredholm type (see N. I. Muskhelishvili

1982 pp. 226-231) and have unique solutions. These solutions are used for the
construction of mapping functions.

In this paper following theorem is proved:

Theorem 1. There exists the constant ai(G) = a1 € (0;1) such that if the

boundariesT and I of domains G and G~ € Q(G¢), 0 < e< a1 belong to the class
C.,, then the estimates

o~ Mmm_C.p)lo| 2. [0 - sm—m—_c.p)o], =03

hold, where ¢ and ¢ are the unique solutions of integral equations (11) and
(12), and g

is an arbitrary positive number, less than a.
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Theorem 2. There exists the number &(G,W) = & € (0;1) such thar if the

domains Gand G € Q(Ge), 0 < e< & whose boundaries belong to the class
C;,s are close to each other in a sense of (2), then the estimates

[[A— XHC%Lﬂ < Bi(G; W, ﬂ)“z\\lc%lﬂ_i e7 (14)
IX = Xlicsy , € BuWiG,B8)[Vllegy , ¥

5 — R

are valid, where A and J. are the unique solutions of integral equations (6) and

(7), respectively, w 1is the constant from (4), 0 < o <min{a,)}, and f is any

number from (O;%j.
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