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300mg9bgd0m  goboboergds  Osbermdger  sG9gms  335B03Mbrm®Ineo  sbabggdo
JOgmerm3s6  Fogbg s sagboros 398sb98900 HG@Imgdog  Lsdmsemgdsl
3390009396 300bxgermo  bbzsslbgs Lowoygdol Losbermgol Fgbsbnd &€ —ob
ba82)sen98000, bssg € > 0 - 659030em0 356599305 GMmIganog sbsbosmgdls sGgos
booberm3zgl. 396dme, & —ob bsdmsemgdoor 893sLgdmeos dobenmdgamo shggdol
J9bsds0obo bobgryems®ryemo 0b®gaHacngdol bb3smdol Gogo s sU939 350sdbabsgo
B69309000L Lsbsbgzte 9609369¢n0mB5005 5 o000 [Fo®dmgdrengdol Lbgsmdgdo.

bs33560 boBY3980: 19 H®00b 36 Mg LolEgds, Bobermdgemo 69930,
30339460 LodGEYol 3039mdm®Hg30bHdo, 335B030mbRMGEIMo sbsbgs.

B9bag3e0.  Fobarmdger  sMgms  3MBERMMIME s 339D03MbRMOG T
3bob3g89b 5 3530MBO 5FM(356900 15 3T9M 5B OEIMES o Ao5RBOS

36535MObM3zob0  253myqbadgdo.  3Mad@ozeo  babosmol  dMeg35¢0
00mEobol  9dmbbols ™l BdoMs 3H3YdO  GBMBI309dL  MMIGdOE3
23965bmM 30909096 sPgms 3MBEBMOHIM s 3ZOBOIMBBMMTM Sliobgzgdls
obg, ®mI 50b0dbm sMgdo gl B3MbE09d0 53059MaB30Wgdg6 MHMIgEondy
90oxLue 456@MmEgdsms LoliEgdgdl.odo@ma doBsbdgfimbowos 303m@gm
Sbgmo  gMbd30000L  B0sbMadom s JBRIIGHVIMS©  93JO0L  FJOOMOYdO
OIgdOE 39IM 39905 OHMAgddo (Beprrenm 1960, Pomunuux 1974).

0930  00mEsbsdo  360336qmm3zs60s 3oEMOIm ) H@AMG  s0LObgdS
3m39900 5MOL LEBEZMHOL I30MIOO IBMMHTs(300 J5SALIbOZ0 G3MBIE0ol
RMOI>DY MHMAMO 033WGds 59 @OML Jobo 3MBLEMWIE05 OMAMME 5M9do
31939 oML LobEZsMBY.

9603369cm3560 89gaqd0 53 803sMNMwgdom Jomgdeos IMHmdgddo
(JIaBpentseB 1947, Samsonia, Samkharadze 1999).
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5036036Mmm, MM sLgmMO FH030L 53dm 356700 00 gdmbgzgzoLsmzol Mmas Mm-
B3MOG oMbz 515939 BobEPMdYO 5Mggd0 FoMmIMoyqbgb 3oML3zW30LNdwO
56990 z=0 FgoGHowol 8odserm gsbbowwmos  s3EHMOMs  IHMIYdT0
(Zivzivadze, Japaridze 2005 ) s (Zivzivadze, Japaridze 2006).

30610075000 BYBIBO 5 5060336780. 3083egdn® ([, z = x 47y LodeEygdo
3obg0bomm  3ogsddeo G, 0eG 569 9n0mbobegmvyemo Bszg@owo
g0 I' 3mbBm®om H@Bol 356989E®Mo 3B Megdgdos:

t=t(r)=x(r)+iy(r), 0<r<27,  1(0)=t(27)
(2.1)
T 356599BM0L BOHEoL Tgqlodsdgds =1 (T) Pa®BH00ol 8mdMomds Mol

@Oz I' FodHoom 898mlsBbogmvmo s6g MRgds bymds®Ebbog. dsLosb x(r)
©> y(r ) , 27T -39600mm0 B9B30900s.

3004300, ®m3 I fodo GmBgemos dmagdmmos (2.1) gsb@Hmemgdom, 93vgo-
gbob  C,, 303, ooy £ (2) @9Bd0s G 56580 5385gmpowgdl 3ge@geob 3o-
Hedal e, 0 <a<1 asRggbgd@om, s Rgfg®om, ®md f e C, ((_;)

399pmddo B3ggb aob30bowogm stgoms 3Mb3MgE I Mmxebgdl Mmdwgdos
23903399900 SHOHOm Fobrmdgero sM0sb ImEgdE 56M99dmSb.
3obLsb3®s: (Samsonia, Samkharadze 1999) 533350, EFOESEIIMWO

G, 0€G s6g 8gambsbagimmos I'eC,, 0<a<l Fomoo QD(D Lod-

Y99 39630b0emo Ubgs 3oeeddnmo G s, I Lsbrgmom G@mBwol §s6-
GHMWGdsd

t=1(r)=x(r)+iy(zr), O<z<2z, 1(0)=1(27)

o ['e Cla. G s69b 9fmgds G 960l € —Bsbermdgmo (0 <eg< 1) 56y, 0
F9LMHMEgdME0s 30MMDYOO:
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. ' NV
[t(r)-1(r)lce.  ze€l0.27], |£'-1, <& O<a<l (2.2.)
Bgdobdogeo & € (0, 1) ®0o3bgolsmz0L 8magggds G 560l & —Bsbawmdgwo s6g-
900l MLOsLEWE™ LoIMogEg MMIges Q( G,S) LOTIME MO >©0BOTBYdS.
godzom, G  3owoddgmo  sMgs (ﬂ LodMEYgBg olLgmo, MmI

0G,=T,eC, (0 <a< 1), G c G, ©s BgdoliBogeo é € Q(G;é‘) , Bobem-

dw0 s6oLsgob G C G.

3033egdLye (]3 LOBdMEYJIo A9B30bOEM™ dgEEHMSTOL AobEHMEgdsms LOL-
3995 3m33egdlo gmGom

o.=q(z)o. (2.3)
08 ©5339000),09 | q(Z) <O, <1, qe va (50), O0<y<1l 6o,

zeG, o> q(z)zo O™E, ze@l@,bo@bg

1{ 0o .dw 1({ 0w .Ow
o =—| ——-i— o-=—| —+i—
= 2lox oy © o2 ox oy

©53298350 W' §o630m500396L (2,3) Lobgdol s3mBsblbls Gmdgmlsg 3mo-
S@ij{j@om LOBdOEHYOL A MBIWMHO 3mTYMIMOBODT0 YfimEM™. 0a0 5099-
05 0. 6. 393795L (Vekua 1988: 0.2) 1iJgdol dobggom ©s 4965bmME30gwgdl 3m0-
3@9JbBo (D LOdOAEHYOL  Mogol  ®ogbg  3mAgMBMmOEBODAL  FoLmsb

W(0)=0, W(x)=0m, z'W(z)>1 6mgs |Z[>%0 s osbsblsco
(Manjavidze 1967 )—olo

W, W.W.C, (G, ) bswsg 0<y, <min{et,y}. 2.4)
W(Z) 3m3gmBmm 5030 (36mdowos (2.3) 496EmEgdsms LolBdol doMoms©o

3m3gmBmeHxzoBaoL Labgwfimogdoo.
3080b &30l 0bBHga@eo e C, [0, 27[] ,0 < <1,b083360300 ' Gotol

239L§36M03 s Jobio Fglisdsdolio Lobymwstremo 0b@gataowo ¢ (T) el §oo@ow-
30 50060367406 sbig:
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_ j “(f)‘” 2 QU (1..) = S, (11,1(r)) =

Iy[r(a) o) m L [ A=Ay o co.2
i t(o)—t(r) 0 i rir, t(o)—t(r)

Lo I, = {Z Jz—t(r)|< 77}(]1“ 506036sgb I Fotob BoGoawl Gmdgeos

demdagmmos | z—1(T) |< 1 §6Hob dogboo.

o 1eC,[0,27], 0 <a <1 85806 (ob.Taxos 1963: 49)

W St (w1(7)). @3)

oy T amggdnmo amnigo Bsgg@owo §o6os,smlgdmdls Gogbgo R (ob.
Mycxemumernu 1982: 13), ©m89@03 56 s60b ©s8m3093w9wo I Fomob Foo@o-
@gdby obg, H™ Bgdoldogto =1 (T ) el 0<7 <27 §9oEHowolbsmgol
B9B0L3ogeo FMgGoto Gswormbom ' < R. s gb®moo ¢ (T) Goo@Gowdo, I’
Fool 3390 Fbm@mE M6 FaoEowdo. R:—b g§m@gds LEsbsGE®Wo Moov)-
Bo.§glL {Z lz—t|< Rr}: tel émdgmos I Fool 33900 9oHDs@9m
Z(t) = {Z lz—t|< Rr} NT 6350%g, LEBEsOGHTO GO gFm©gds, bowm
[ (t ) 03500 bEobEIOEIo MIsmo 39bGEom €L FooEowdo.

O@amOE 36Md0wos (0b. Mycxemmsunu 1982: 523-525), ;v I' gavwgzo Bogg-
BOwo §o05,35806 Bgdoldogmo 1,1, €I Ggm@owgdobsmzol 33sJ3L

1, —1, [ kys(1,.1,) (2.6)
Los3 S(tl,l‘z) 560 I' Fomol 08 M3E0mbo HIseol Loa®mdg H@mBeol drmemy-
dos 1, s 1, bowe K, 0 <k, <1 @spgdomo 89080305, HmBgemog s6 s60b
©@38m30@dmmo I' ooy 7, ©s 1, GaEowgdol gobammsggdsby. s5036086mm
51939 0o, O Bydoldogeo ¢ € 1" FaoEowobsmgol / (l‘ ) LBHOBIOEHMOo O 3s-
@ob Log®dg B53e9B0s MHoEbs®y §|F |, bscosg | T | 5060863l I Gotrol bog-
3dgL(ob. Mycxemumsumu 1982: 523-525).

59 39969F0L dmgmb 893056bdgom s d90ama AbxgEMmdgddo ymggwmgol
3037)@obbdmm, Omd a, ¥ € (0,1], bomawem M 3408030, H®3geog 35500ms©
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@33m30gd¥mos G 569%g, W 3m8mdmmgobdby ©s 3gewg®ol o 3sB3969-
39bg 5 56 50Ol BMIONDMWO & —B7,Lasg & > 0 BsB830wo 35615893
Moo OMIgwoE  sbsLosmMOL  5Mgadol  Loobmagl,  50obodbgds,  sbg
M=M(GW,a).

Dmp09Mm0 36mdYB0 sLsbHZsMd ¥9MM00EB. Ing0oyzsbmm 3bMdOo Bgwgag-
00 5LbZ5Md MYMOHO0EID 9, 15939, BMAOINPO HTBTMg FMMTMEGdO s fo-
65590900, MMImadog 399m0ygbgdosh 89dgmad dlxgarmdgdls s ©sdE30-
3909030.

30Y30m, O™ 3mB3wgdimeo @ = f (Z) ®}6J30s gobosbmmEogugdl  (3o-
@wsddMwo G 560b ghomgmmmgsb | @[<1 §oHgbg  (2.3) LoliBgdol dgbsdsdols
33500365 slisbgsl mv) @ 3:m8mBmORNWs sLsbsgl G s0b | @ |<1
699 s 53059mBoEgdL (2.3) 30MMdL.

6536m3do (Kveselava, Samsonia 1980) 0594)85330os dge@Msdols (2.3)
LoLEY3oL glsdsdolio (35@sEdIEO S IMOZESEBINMO 5MJgdOL 335B03IMb-
ROOIN0 sbsb3zgd0L 929d0L 3MBLEHM30Eo FgoMEYdO. SLgm 3MBLEMWI-
309080 L3356 MMl M5FoTmdL (2.3) LobEBgdol W 3mBgmdm®E0%do. sbgmo
absbggdol 4936MdOL JoBBom s30{YMmo 0dom, Mmd, (Kveselava, Samsonia 1980)-

ol 33bsbdogo, 999090 0bEYAMIom Hotmdmaqboo gmbdsos

_ 1 p®aw@ Z
K. (p.W,z)= p l WO (ze@T) (3.1)

Logosgs dW(t ) =W dt +VV;di‘ bmem (p(t) 390 @9c0L sBMHom MFy39¢0 BM6-
93099, Fo@dmoaab (2.3) LolBgdol s3mbsblbl G 56930, bemema (E\ G 6930
30 3m@wmdm®OBM g6430sL, Bolmsb K- (go, w, OO) =0.

(3.1) 0b@gamonls 8godegds 30339 sDMo 03 G98mbggzsdos, MmEs Pad@o-
@0 89ds09mdl [ Fomrdy.cosrdzem
s = s(z‘) =W[t(7)], 0<7<2mnm, s(0)=s27)
o . ) ) 3.2)
s=s(r)=W[t(r)], 0<z<2z,  s(0)=s(27)
GomBmopgb9b L = W(F ) s L=W(I) §omrgd0l gsb@mmgdgdl glisdsdolsc.
09 253000350LfobgdM», Hm ymggw €l FodEGHowdo W gotsdd60l
053000560 6Ubgs300985 Bryemolisgsb J =| W, |> —| W.|*>0  (ob.Vekua 1988:
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81), 85306 5'(7) =Wt'(2) +W1'(7) Hoemdosh © (2.4) 306mBosb p38md-
©@06sMmdL, ®md I -l Lsbg W slsbgolsls obgg C;,O 3sbiols fomos, 96w

s,s€C, [0.27], (3.3)
BssG Yy (2.4) 306mds80 dmbsfomyg dmwdogos 0 < ¥, <min{a,y}

53300 zeT, 85306 W(Z)é L @5 (3.1)-56 3090v00mdom
K (p.W,2)=K, (mW(z)). (3.4)
Loog
h(s)=Hs@O]=(p- W )ls@]=plt(x)] 7<[0,27], (3.4)
bown K, (h;W(Z)) 0B6&9a®sw0 560l 3mBol G030l 0bEgamomo A Lodzgmo-
3000 L Fotol aslfgeog. s8o@ma (3.1) 3rBJ30sL 8980am8do 358m3z099bgdo 3e-
dob BHo3ob 0b@ga®owol sbsermys© dgGMadol LolEgdobsmgzgol.
1304LoMYOMWO ¢ (T) el GaOBH0owolomzgol gebzobommm LodMsgeg)do
T,(t)={(c)el; 0<6<7-5 wm r+5<0 <27}
mpu £ #£(0) (3.5)
o
[,(0)={t(c)el; 6<o<27-6} mput=1(0)=1(27) (35"
bosg 0 <0 <min{r, 27 —7}. W sLisbgol 3m8gmm®amemmdols 3sdm Bgdol-
dogero 1(7) €T Fad@owolbsogob agadbgds WL s (1)]= Ls[W ()] = L;(s) .30-
65096 L ganmgo Gomos s A wfy3s@os 3gang®ol s%B6moom L fomby sdo@ma
Bgdobdog® §=8(7) €L, 0<7 <27 §9oE0owdo s6lgdmdls Lobyrymatvy-
@0 0bGgadeo S, (h,5) Losg A (3.4) gmeINwon gsblsbOgHwwo gb-
9305 5 FomE03z00 396396900, ™A gU 0bEgaMowo gdmbggzs BmzaML

5, (is) =lim~ [ AN o

0TS s(o)—s(7)

35906 BHmMEmdo@sb
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i 5o WK =W H(7)] i, s S(0)=s(7)
(s =W()

358030B656Hgmd, HmAL Gomol ymgge t =t (2') G9eGH0Bo 5GLgd@dL (3.1)

L AN gy L[ ASONHSE

LoLEGLAOL 3gLsds3olo Lobarestvyemo 06393650

I e ) )
Sclow0=limz; ) wion-wi) P 1N=5 )

(3.6)
Q5 5QA0W0 5931 BMOHBMEgdL:
K (p.W.t)=limK (p.W.2)=20(t)+S:(¢.W.1),  (z€G)
7>t a7
Ki (@.W.t)=limK, (p.W.z) =S (p.W.1), (Z eﬂ]G)

HeMO3 500603y, 653H™IJo (Kveselava, Samsonia 1980) sggdm@os 53969309,
H™Bgwo 335D03mbRMMHMms@ Lsbsgh GowsEddnm G (0 € G) 569l 96-
0g900mgs6 §OHgbg. sLgmo gmbJEool s39ds bmGEogew@ads 03 ©s39d0m, Mmad
BJA®530L (2.3) 29bBM@gdol 3m9n0306G0 d093gmgbgds C'y (C_;O), 3sbl
5 593 Lobg (ob. Kveselava, Samsonia 1980)

f(2)=W(z)exp {Kr AW, z2)+ ic}, (ze@) (3.8)
J(0)=0, f(z)=1(z,, T ool Bgdoldogemo Fam@owos) bswsg Bsdwogo-

o A gmbdpos FoMBmoagbl 89990 0bE9a®memmo asbEmmgdols sdm-
BobLBL

1 ( Ala)ldW(e(o)] _ _
ﬂ[t(r)]+ReElW[t(o_)]_W[Z(T)]— nw0)].  oe0.2z], 39

bewm ¢ 39903030 459Mmom3egds B3mEOHIMWOo:
1
¢ =—arg¥ ()~ [ Ar(@)ld[In| W)= (z)]], (3.10)
r

Lssg argW (z;) sebodbsgl W (z;) §ab@owol staragbol dmsgst 8609369-

@mdsb, HmIgeos 3og3mgbgds [0,277) rgswgob.
(3.9) 296@™@gds FoMdmoaqbl B3MgamEdol 3sbEHMEgdsly Mmool ds6-
x396s dbstrg 30930036905 leo [O, 2 ], 0 <y, <min{a,y} 35k, GOdEOL
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39L5d530L GOMY35MMZOD F9BEMEGBL 993l TBME MO BHG0Z305wYHO 5dMboblibo
ﬂ(t ) =0. 530@mI (3.9) 256BHM@gdL go5B60s gOMs© JOMO 5dmBsblBo A

(Kveselava, Samsonia 1980).

3B65EPMy0mEO® 503905 B3wbJ3os:

7 —)exp K (A, W,z)+ic), (zeG), (3.11)

G@gos GEQ(G,E;) 569l sbobagl  9BMgMEmgsb OBy 306HMdgdoo

}(O) =0, j}(zl) =1 (ZN1 , f Fomol 69d0LBogMo FaBBHowos) i Go0roc0a9bL
ROHIOMIoL Bo30b 063935 &O gobEMgdol gMmsEIMo sdmbsblbl

At (0')]dW[t (O')]
W[t (o)1- W[t (7)]

/1[[(r)]+R

—In|W[t(D)]l, oe [0.27] (3.12)

bosg L eC, , o>

e =—argV(z)~— [ Ar@WlIn| P ()] -W )] @1)
r
063 gaMoem®  93b@Mmegdsms  53mboblbydols s Tsmo Fa®Mdmgdmemgdol
Ubgsmdgdols 8gx8sligds. dsbanmdgwo 569900l 30bRmMm3Mwo sLabggdol dglfog-
ol ©MmL (ob. Samsonia, Samkharadze 1999, Zivzivadze, Japaridze 2005,
Zivzivadze, Japaridze 2006) 33b3090s 899930 0bBHIRMSXMH0 45bEMEgd9dO:

o[ 1( T)]+Re I (p[t(g)]dt((cg) ~In|«(z)|, tel (4.1)
(p[t (7)]+Re— j M ~In| 1(z) , tel (4.2)

% 1(0)-1(v)
6mIgdog 990039600 606 G ©s G 569980Ls030L JgLsdsdols, basg

[,T eC, bown @ @ ¢ bsdogdgeo 638g0w@o 3wBd30gd0s. gl gobEHmay-
3900 GMgEms Bs6rx396s FbsM9gd0 Boggregbydost C,[0,27] 3msbl, §o®dm-
2039696 BMHIO3MEdoL BHO30L gobEHmegdgdl (ob. Mycxemumsumu 1982: 226-
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231) o 395860507 9MmoE—gM0 5dMbsbLBO. 53 53MBobliBgdOL LodrseEgdom so-

390000 250053Lobggemo g3bdogdo.
00 9963MEgd9d0L  53mboblbgdolsmgol bsdMmddo (Zivzivadze, Japaridze

2022) 3oegdvyeos 8gaslgdgdo. 39MHdm, sGLdMAL a; (G) =q € (O, 1) dmdo-
30 obgmo, ®md o G s G € Q(G, 8), 0<e=<a s6ggdol I' s T Lsb-

©3M9d0  80931900369d06 C;Z 3sll, 35306  Ladsomeosbos  8ggsligds

| ¢_¢”Ca_ﬁSA2 (G,,B)” @”ca_/; & | ¢’_¢'”Ca_ﬂSA2 (G,ﬂ)” ¢’||Ca_ﬂ € . (43)

Loss, @ ©@s @ (4.1) s (4.2) 2963MEgdgdol gHmo—gMmo s3mbsblibgdos

bowe [, a -9 6530930 B3doLB0gMHO IGO0 HoEbgos.
o3 999bgds (3.9) s (3.12) 0639aMs®mo 396EMEgdgdol 58mbablbgdols
Ubgsmdsls, 08539 636880 6sB396gd0s, ™I s@LgdmdL a,(G;W)=a, € (0,1)

6oEbgo obgmo, Gmd o) G s Ge G, g), 0<e<a, sHggd0, Hmdgwms

LsbmaMgdo 809399003690056 C;x 3@oll € FobEmdgeo 5606 (2.2) sBMom, do-
906 Lo 0sb0s Fgi35l9d9d0:

[A-4 ”CE_[BS B (G,W,ﬂ) | A ”Cm_ﬂ g7,

2 2 (4.4)
”ﬁ“'_””(f},o SBI(W9G’ﬂ)”ﬂ"”(T},O ,870/2
=B =B
2 2

Lossg A 1 A Go68md9696 (3.9) s (3.12) 396BHM@9d980L 9eHMswgMo 53m-
BoblBgdL Fglodsdobs, ¥, 30 9ol bsdowro 39wdogs (2.4)-sb.

05bgErmdgmo 369900l Bglivdsdolio bobymemstrmeo 0bdga®Msmgdol Lbgsmdol
39935L900. 9030 BLx g MBGBOLIMZOL A3 FOMPYOS BMAOYM0 Fgi3oLgdg-

0. ©337335,, pemgo I ool gsbEmamgdss (2.1), bmeem f =1 (T) 7 €[0,27]

s60b ' =0 G—ols gsbmmgds, bssg G € Q(G.¢), 0<e <1, (2.2)-0s6 go-
80806s6"gmdY, G Bydoldogeo 7,7, €[0,27] agsd3L

| 1(2) —t(r,) — () +£(z,) |< 26 . (5.1)
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(2.2)-0b bogmdggabg Bgdobdog®o 7,7, € [0, 272'] 8603369 mdgdoLsmM30L 309-
0MEMdom Jgg3oligdsls

11(2)=1(z,) =1 (2) +1 (2, ) H 1 =1)(2) = (1= 1)(,) <
A Re[(r—1)(z)]=Re[(t —1)(z, )| +| Im[(z — 1) (2)] ~Im[( 1) (7, )] |=
=(Re(t'=1)(8) | +11m(r'=1)(8,) D 7 =7, I< 2| =2 |lo, | 7~ 7, |< 26| 7 =7, |

(5.2)

Bssg ) o 8, 37900803900 3gdstgmdab T s Ty boowggdl m@ol.
099 35300350lFobgdm #(0) =£H(27) 306Hmdsl (5.2)-0b Blgdglsw 8oomgds
99535900
|H(2)=1(z,) —1(2) +1(z,) < 2627 71, ] 65.2)

B9dobdogho 7,7, €[0,27]

I' omby sg00mm BgdoldogMe fo =t (TO) 7, €[0,27] GaoGowo. 85306,
ot = t(T) EF\Z(Z‘O) , 33593
| 1(7) —1(7,) [= R (5.3)
Lo / (to) ©5 R 5060365396 I Fomob LEsbos®@vym 635wl 396@®om I

$90@0wdo s LEbIMEWE MooMLL dglsdsdols.
(5.1) ©s5 (5.3) 306mdYB0E 250mI0BMgMY, Hmd Bydolidogmo T, €[0,277]
35003690 mdobsmgols Qs BydolBogMo T 350093690 mdobsmz0L

{T el0,2x]; Hr)el'\l (l‘o )} LodM530@B 5EA0EO 3593L TGN

~ ~ 1
|t(r)—1(z,) |> ERF (5.3)

OORMOOE 5O MBS 0gml r= 86;, Ge Q(G.¢e), 6mgs €€ (0,%}31-].

o3B30 1, =1(7,) e T\I(t"), 17, €(0,27) Lo I(t") LEBEOEMO
Gaorlos  39b@mom  t'=10) GgoFGowdo.  (2.6)-s6 BBL, ™I vy
1(1t) €l(t,), 85306 LEMEIDS MYBHME MDY

| 1(2) —1(z0) [2 kst ) = Ky | 200 | du[2 ko p| 77, |

70
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boog p = n?(;l’l] | t'(7)], borewom —k,, 560b 89908030 (2.6)-36. 536108500, Brrg-

0@ 5O bs ogmb 7, =1,(7,) € '\ I(t") FadEHowo, 33593b Bgnsbgds
| 6(x)—1(zy) |2 kop| T -7, | (5.4)
Bgdoldogmo 1(7) €/(t,) FadEHowobsmzob.
250030949600 (5.2) @ (5.4)-©36 Bgdobdogmo 7,—ob [0,277] Lgadgbeowsb,
G890 530sgmaomgdl £, =1(z,) €T \I(t"), t'=1(0), 306md9dL s Bgdob-

dogco l: =0 é fotolsmgob, 2396@magdom

t= ;(T), 7 €[0,27], Ge NG, &), 6mp5€ € (O,k(ij] BOHM@9ds 30HMBs

- - 1
| Z‘(T)—t(TO) |Z Ekop| -7, | (5.4)

OOMMM03 56 MBs ogmb T, {7 €[0,27]:¢4(7) €l(t,)} LOBGIZXOWB.
by 398350, Mmd 1, €l(t"), 1,<[0,27], t'=1(0) > I(t,) LEH-
OGO MIdod 1 =1(7)) ©s 1, =1(T,) dmemgdom, 0 <7, <7, <27.
sbgo Jgdmbgg3sd0 (3bs@os, HMI
1ty) = 1 (¢, |
29630bomo Jgdmbgggs Mmas 1, €/,(Z,). 35306 (2.6)-©6 sdmdobst-
™, 03, o) 1(7) €, (t,), 35806

2z

| 1(7) —1(7y) |2 kos(t,1,) = K, (l _[lt'(u) | du + fl '(u)| duJZkop(Zﬂ'_| T—17,])

T

(5.5)
Losog p = [1312171}] [1'(7)]. gboos, 08 898mbgggsdo, Gmgs £(7) €/, (t,) bHrmoy-

05 (5.4) 3gxsLgds.
(5.2") > (5.5) 30HmdIB0©6 odmBOBIOYMBY, H™I, o) 1, € /,(f,), 8306

Bppoldogho  [=0G  foobsomgob,  Gemdmob  pbmamgdss
t=t(r), 7€[0,27]GeXG,g), bops & € (o,ijp] 153BP@OBOS TEHO-
MBS

(@) —1(z,) [ ]‘OTP(zn—| r—z,) 55)
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OamG0E 5O Mbs ogmb T, {7 €[0,27]:1(7) €L, (f,)} LodGS30s6B. 3bo-
©0d> ®) T 80937903690s {7 €[0,27]:4(7) €/,(¢,)} LoBEGSZEYL, 85306 LEHWw-
905 (5.4.") gx35L9ds.

29BLsbomggmwo sag®Bs ¢, € 1, (1) 393mbggss. §obs 8gdombgggol sbswwmpo-
G5 35B3969d, H™A 08 Jgdmbgggzsdo, Gmgs H(T) €L (Z,), LErmwgds (5.5) s
(5.5") 8gx30L9d900, OGmgs T € (7,,27] s T €[0,7,) BgLsdsdolso.

g5 5.1. 56lgdmdL obgmo b, (G) = b, € (0,1) 808035, 608, v G ©s

GeQ(G,¢), 0<g<h, stggdob bsbeg®gdo 8ogammabydost C, 3esbl, ¢

@5 @ §oMImoa9bab (4.1) s (4.2) 0bGYMsmMo 2s6GMmgdgdol ghmswgto
500bsbLBYdL C a [0,277] 3e05b0s6, 35806 LsdsGro@osbos Fgasligds
I S;=S_|l.<K,(G)s (5.6)
r

basg Sp(7) = Sp(P5H(T)) @ S (7) =S (¢:1(7)).
r r

©593)306905. ©3LsE4oLOLMZ0L 8350, @A I, =1(7,) BnoJloGydwwo
Baodowos I Gooog s ¢'=1(0)el(ty) bowsg (1) ={H(7); 7€[r.7,]}
560b  LEABEIOGHMWo Moo ggbdHMom I, FodBowdo 1 =1 (T 1) Qo
t,=t (Tz) dEmgdom obmsb 0 <7, <7, <7, <27 . Bsfg@ob bodmzeols Job-
600 dgdmzommm s0bodgbgdo:
m= Wl(T, 7’-0) = (O(T) - w(f() )9 m= m(Ts TO) = (D(T) - (O(TO )9 7,7, € [Oa 272.]
©sg8gsm,  0< S <min{r;27—1,,7,—7,.7,—7,} @ L =H7,) >

t =1(1,) G96H0wgdobisozgol gsbgobommm I'5(7,) ws T's(f0) Lodcsgarggdo
(ob (3.5)) s dg35535m0 Lbgomds:
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1| | w(?:;p(ro)dt_ [ PO=0) 44l <

I's(t0) ;5(70) -1,
70—5 T s VRN
AT 47 ]w(r)—co(ro)t,(,)_@(r?—fp(mf(r) e
7 70+6 1=l t—1to
. J‘ +T ]‘(P(’g‘f’(’o)f(r)_(/’(’?‘E”(’o)?(f) dr < 5.7)
0 %) o t—to
< T + i ‘mt'[(;_;o):({_t(’)] dt+[m_5 + f J(m_’;q‘) dr +
R e N o

m=1) dr+

70—6 5
A7+
71 70+0

+ ]l +T J (= 10)=(=1)] +|(m_r;1)|+";1(f—;)‘ dr=J,+J,+J,+J,
(t—t,)(t~to) 1=t [~ to

5319350, b(')(G)=bé €(0,1) obgmo dmwdogos, M  BgdoLBogmO

t—to

0 7

5 E(O,b(;] 6oEbzoLsM30L gOHEOMMEs© LOmEgds (4.3), (5.3), (5.4) ©»
(5.5") 306HMdgd0. 35306, M) gog30mz9eoliffobgdm, md @ € C;Z [0,277] o5 go8m-
30y9bgdo (4.3), (5.1), (5,4) s (5.4") WEHMEMdYdL, bgdoldogho & € (0,[)5]5.58—
300 MHoEbgoLsMZ0L Fog0w0gdm:

4 L gfne T =
JISmaX|t'(T)|w[ | +JZ ]WdrsKl(G)HgoHCag (5.8)

2 2 2
(027] kop o 1o+s l7—17,

(4.3) 306mdoL dsawoo Bgdoldogmo & € (0, b(')] 6oEbgolbsmzgol dogowgdom

|m=m = (p=p)D)~ (0= )t )l 9=l I T=7, "< KDl @l 6 (59
Lo [ 560 O —Bg Bo3zergdo BgdoLBogmo ©swgdomo Goibgos. 35806 (5.4)

5 (5.9) 306:™Md7d0©b Boomgds Fgxrslgds
1<K ol , ¢ 5.10)

(5.9) 306Md0©H gs8md0bsMIMAL, GmA Bgdoldogmo & € (0, b(;] MHoEbzoLso-
30U 33>33L
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| m|d[m=—m|+|m[< K, (G| pllc,_, e+|mI< K, (G @],
39653690 MAHM@MBOEB (2.2) ©s (5.4) 306HMdYPVP0EB Bgdoldogho
e (0, b(')] oEbgolgmgol J;  8glsgmndolismgols (5.7)-sb 3s8mdobstgmdl
d9x30Lgds
[ LIEKO 0l , & G.11)

30650096 Gmgs 7 €[0,7, ] i) LOME©Yds (5.3) ©s (5.3") 306MBYBO, B>~
90b, fobs 9gx35l989d0L Abs3Lsg, Joowgds, MHmI
| S KDl elle,_, & (5.12)
MO0 56 w9bs ogmls € € (0, b(')] 5gd0mo MoEb3o.
099 (5.7)-80 4530m35¢0L{obgdm (5.8) (5.10) (5.11) o (5.12) 3060mdgdL, remd-
@930 LsBsOPW0s60 3606, Hmgs & € (0, bé] 5, 0 25005350 BLZoMHDbY,
o> 0 —> 0 8ogowgdon:

| S (@.1(1,)) = S_ (9, 1(5,) [< K, (G)e (5.13)

s 7, €[0,27] o ty=1(z,) & 1(1")

Sbws  ©ogM8zsm, OGmd  f,€l(t'), t'=1(0), 03 3o6H™do®m, ™I
0<7,<7, <7, <27, Lswsg 1, =Z(Tl) > 1, =t(1'2) FadEowgdo [(t,) G3o-
@0l dBmEmgdos. Iy FamEowol bbgsags®o gobwmapgdol Bgdmbgggs 1(0) Faodo-
ol 30350 2560bogds sbsEMA0Me@. s3M0R®, asbobogrgds dg8mbgzgas
0<7,<7,<7,<27. 0B®Yam900L Bgoagoo ©szs6sFomo  Bsfowgdso
[7,:27).[0;7, = 61.[7, + 637, L.[7,:7,]

[7,:27] 3m5egdo Bglsdsdolo gasligds & —ols Lsdjsegdom Bmbogds

(5.2, (5.5") s (5.5) MEHMPMBYdOL 253MYgbgdom, 0bFEHJAMIWd393ds Bbdz0gdol
396H0MOEMBOL 25035aolfiobgdom. Mo dggbgds 0bEgatMgdol sbstbBgb dvys-
@990l dgx3sLgdgdo doomgds BMLEI® olg, Mdmammg (5.8), (5.10), (5.11) s
(5.12) »BHM@@d9dol Jgdmbggzsdo. 3Msgs, Bmgs & € (0, b(')] s t,el(t)
esel

| S (0, 1(z) = S_(,1(2,)) |< Ky (G (5.14)
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306500056 £, 69d0L30gMSE 0ym 50O 530EH™A (5.13) s (5.14) 3oMmdy-
3036 353m30BsMgMdL, GmA T b Bgdoldog®o 8603369wmdobsmgols [0,277]
193396306 ©s Bgdolidogmo & € (0,h,] Hogbgolsmzol bsdsGmaosbos (5.14)
G030l Ggg3oligds.

39630bomo Lbgomds

S (0)=5.(0) = (S (1), (D) =(S. (p.1(2))). 1(7) =
=51(&.1(0)1'(7)=5. (& 1N 1(7) = Sy (g, 1(2)) [t (D)~ £(D)]+  (.15)
+0(2)[S, (g, 1(7) — S (g.4(7)]

bssg (7) = 9'(2)|1(7) @ g(1)=(D)| (7).

306500056 @ o g;) Gotm0moagbgb (4.1) s (4.2) 496G M@gdol sdmbablibgdl
5303 ™0 (4.3) s (2.2.) 306MHMdJO0B FoMFBH035© ©350PJbm, MMI & —ob Lo30o-
M@ 93009 OO0 3603369 mdGdOLsMZ0L LEYds Fgi3sligds

lg=glle, ;< Ks(G)e (5.16)
Booi [, & —%9 bszegdo 698olid0gMH0 98000 MHoEb30s. M) 353089MOIRM
Hobs 0gm®gdol ©sdE3oEgdoLel Bmygsbogn by qwmdgdl, dogsmwom 08 EsL-

33658007, MM L305MH0bs© 300 YO0 & MoEbzgdolsmgo LodsMmeos-
Bos dgg30ligds

| Sp(&,1(7)) =S (g /(7)) [< K, (G)e (5.17)
r
OMmO03 56 Mbs oyml 7 €[0,27].
09 (5.15)-80 2530035¢00LF0bgd®M (2.2) s (5.17) 306MdYVBL ©s, sbigzy, 890-

QJD DOMLmBOL:

S (g 1) < Ky (B g, < K (D) | 9'llc,, -

1) [ 1(2) = 2(@) [ +]1(7) < e+ [ #(7) |
U3BOMOE B03009dm, Hmd 8modgdbds by (G) = b, €(0,1) 8xdogo obgmo,
®md Bgdolidogmo & € (0,5,] Gogbgolsmzol s Bydoldogao G € G, ) sto-
Losm30L 33993L d90c0ga0 Fgg3lnds
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|S.(7)-S (1)K K5(G)e,  7€[0,27] (5.18)
I

) ©98398m, Gmd B, =min{h,,b,} 85806 (5.18), (5.14) ©s (5.13) 3oOmBdy-
00056 258m30bsMgMBL (5.4). 0gmMgs ©IBBHIOEIOIE0S.
0¥y (3.9) s (3.12) 0BG MM0 A9BEM@gdIdOLIMZOL gogomgswolifo-

69300 08 BB, H™B OmEs G s G s699d0 JsbMdYOo 561056 , IsTob W(G)
5 W(G) s6:99d03 Bsbamdgamo 561056 (ob. Zivzivadze, Japaridze 2022) (4.7) s

399m30949bgdm mgmegds 5.1-, W(G) s W(G) s69900Lsmgol 8030090,
™3 LsBsMNE060s.

0gm99s 5.2. s6LgdMdL d|, (G, W) =d, €(0,1) 8odogo obymo, Hm3, o9y
G ©sGe Q(G,f;), 0<&<d, 569300 Lsbrgmgdo Boggnmgbydost C,,

3L, A o j, Go60mopq69b (3.9) s (3.12) 0bEga®mswMo 3sbEmmgdgdol
95O 53mboblibydL C;’o [0,277] 3eslosb, 35806 Lsdstromnwosbos dgaslsg-
0o

|o-|. <R (G.W)s"

Loqsg (D(T) = Sr(ﬂ, W,l‘(T)) Q5 &)F’ =S (4, W,Z‘(T)) , bowm
r
Voo 0<y, < rnin{a, 7/} 560L 89908035 (2.4) 306™MBOWIB.
56905 335B030mb53mHTMEo sLsbggdols Lolisbramm 8603369amdgdols s 8-
00 §o®dmgdmEmgdol Lbgsmdgdol Bggsligds. G s G 69900l geHMgMmgsb

$9%g 335D030bBMGIms© s3bsbggmo [ s f gmbd309d0l Lsbsboghm
36039369 mdgd0 3560L0B3MHYd0B (3.8) s (3.11) FMMIMWId0B. (3.7)—0b do-
@00 397690
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f(2) = fle@]=1im f(2) =W (t)exp {K; (2, 7.1) +ic}, (z€G).(teT)
£ (z) = Flt@)] = lim £ (z) = W (¢)exp {Kj(}z, W.t)+ ié}, (zeG),(teT)

6.1)7 €[0,277], bossg € > € g3BoLBEZMYV06 (3.10) s (3.13) FmEHBMawg-

3056 bowm 4 ©s A gmbd30980 Fomdmowpgbob (3.9) s (3.12) aob@Hmangdy-
B0b 53mboblibgdl.

®9mM90s 6.1. 3oodgsm, f o } 335003Mmbx3mOHINms@ sLsbsggh G s
Ge Q(G.¢), (0<e<1) strggpb, ITe C,, Lso03GgBom gemgrmmgsh §g-
By dobodgeon  £(0)=0. £(z)=1 @ f(0)=0, f(z1)=1, Locsg
z,=t(7;), 7,€[0.27] BgdobdogHo FodHowos I,  Foorby bmwoe
z = 2(11) €T 85806 p35ab Bgesbigho:

| £ (2)- £ ()| My (G.W)e™?,  7e[0.27] ,(62)

Lossa 7y, 0<y, < min{a, }/} §omBmoaqbl dmdogzal (2.4) 306H:MdOEB.
053}3033905: ©o3MIgom, F =1 (T) 560 I' Gomob Bgdolidog®o GgoEHowo ©s

=t (T) el’, 7€[0,27].bbgomds [ @5 [ 53196d50990L Lsbsbwgmm 3603369-

@Md9d0L Lbgomds Bogfigtmo sLgmo Lsboo:

W (t)-w(r)

(e —
70 +f(t)[e 1], (6.3)

F@)-1(2)=1(1)

LY@
®(7) = K; (AW, 1(0) ~ K (LW.1(0)) +i(c ~c). (64
©537)8350, ™I [131}}}]|W [2(7)] IF:m >0. 85806, 099 35300035 0LFobYRdM,

60d | f(t)|=1,60mp5 t €T 05 5b939 (2.2) ©5 (2.4) 306:390L, (6.3)-0b 30639@0
39L530M9gd0OLEM3Z0L B0g0Mdm Jggoligdsls:
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W (t)-W(t)
f(r)% <M (G, W)e" . 65)
obs 39bg30bomo Lbgomdos

KXW, =K (AW.1) = A7) = A +[S-(AIV.0) = S_(AW.1)],

Lossg A ©s A §omdmseaghgb (3.9) ws (3.12) gsbGHm®gdgdol gHmEYGH
59mbBoblibydl Fglisdsdolog. 35651369000 BHMEMdOELL (4.4) 30OHMBOLS ©s 5.2
09mMydol  dsewoom  gsbgbom,  Mmd  Bmodgdbgds & =& (G, W)

0<ég& <min {azgdo} 9035, Losg a, =a, (G, W) o> d,=d, (G, W)
000803900 (4.4) MEBHMEMdsLs @ 5.2 0gmegdsdo dmbsfioang 8w9d0gqd0s dgls-
3530Ls, 0lgm0,6md Bgdoldogmo € € (0,&,], Gogbgobsmgols ws BgdoldogHo

G € G(€L, &) 560L5m30L LEB>OMDE03BOS MBHMWMDS

| K; (AW 1) =K (AW, 1) |< M, (G, W) &0 66)
r

C @5 C 3mbLiGeb@gdl dm®ol Lbgsmdol dga30Lgdol 30Bboom gl Lbgomds Bog-
H96Hmo sbgmo Lsboon:

¢—c =~farg IV (2)~arg 7 (20)]+ Im[S, (7. 2) =S (AW.2)]. (67
r
9905 5.2-56 353m80BsMYMBdL, Hmd Bgdoldogmo € € (0,€,] Gogbgolsm-
30L 50060 593L Fgx3oLgdsL
[ IS, (A.7.2) =S (AW 2)l|€ My(GI)e"”. ©9)
r

gobsosb W e G, (50) (0b. (2.4)), 580 ™0 (2.2)-0b psmgseolfobgdom dm-
09936925 Py = Py (G,; W) > 0 8908030 0lgmo, Gmd Lewamgds «)@manmamds

|W(z)-W(z)|< B(G,,W)e™. (6.9)
sg06Bomm &, €(0,1) obg, ™3 Bgdoldogmo € €(0,&,] GHogbgolsomzols
9Ll 30OHMd:
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B (G,,W)g™ <%m ) (6.10)
Bosg M = [1312111] |Wt(7)]|>0.

533350 B(W(z,),7(&)) s¢0b §og 396GHM0m W(Zl) GO GHowdo s G-
oo r(e) =Re". (69 ©> (6.10) 306md)P0EE gsdm@ol, I

W(;1) eB (VV(Z1 ),r(s)) 5 gb Mg 56 8903393V 3MOHOBsEH™S Ladsggls.
3M33ggby® LogMgdo gobgzobowmom ggd@m®mo, Mol Lafyolos Jmmm-

©0bs@MS Ls353900, bmom dmerm W(Zl) P GHowdo ©s gb 39JEH™Mo 503603~

B 0olgg W(Z1 )—om. 3299350 A(0<LO L) s60b gmoby W(Z1) o

W(z1) 399@m6gdL Bméob. Hmameg s0obodbs, argW (z) Gomdmswmpgbl sGps)-
996&0L osgs® 3603369 mdsl, GM3gaog dmmsglegds [0,27) dwsegodo.
(b5©0s, O™ sLgom 30MmdYdTo Bgdobdogmo € €(0,€,] Gogbgobsomgol ©s

W(Zl) s W(z1) 39d3megd0l Bgdoldogho asbarsggdols 9dmbgggsdo arg

W(Zl) - arg W(z1) Ubgsmds @mmos o6 +6 6 (27 —80). Bgdoldoge 89o-
»bg935d0 (6.4)-6 23593L, ™3

0 =0 1 ©6.11)

HOgmO0G 56 wbs 0yzbgb € €(0,&,] s 7 €[0,27] HGobggdo, Lo
©y(7) = K (AIV.0)= K (AW, 1)+ iIm[S (AW .2) = S_(A.W.2)] +0)
r r
(6.12)

30065 Ems LM 530096 08 fMgFoMobswdo, Mmdwol 396@&Mo W(Zl) o6~
®Oowos ©s Goonbo r=r(g)=Re", £e€(0,5,] gogs@®smmo dbgdgdo,
H03gms Jneol 3mbg ogml 277 . gobsowss W(zi) € BIW(z,),r(€)), sdo-
&M 3HSO0S YYEHMEWMDS

r(g)  Rg"

0<n<—~= , 6.13
n A A (6.13)
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Lo k 560l 3bgdol 8mbs3zgmol Log®dy Lsmsg0sb Jgbgdols GgmEowsdwoy.
0¥ 2930m350LF06Ydm, Bmd k > W(z,)|-r(g) = %m 85306 (6.10) oo (6.13)
3060MmdJO0s6 J03009dm

0 <M, (GW)e™, (6.14)
omgs € €(0,8,].

8936086mm, Hm3 (6.6) ©s (6.8) 306HMmdYdO LMragds, Gmgs € € (0,& ], bo-

@ (6.14) BEmemds, Gogs € €(0,£,]. 85306, oy £'=min{g, &}, (6.12)-
36 (6.6), (6.8) > (6.14) 306H™MdYBOL dsm3s¢0lfobgdom dogowmgdom:

| (1) [< M (G )" (6.15)
BOaMO03 56 wbs oyml € €(0,&'] s 7€[0,27 ]

- &
©534983500 & >0 olgmos, Gmd |e” —1|< E | z], ®mgs | z|< O . ogmdzem

£y,€) < E' 33069 ©©IBOMO BOEbgzo olgmos, G Bydoldogmo € € (0,8, ]
$03b30L030L LOEEgds 3o0mds M (G,W)e"” < 5. 85306 (6.11) s (6.15)

306md0©s6 g50mAEoBsMYMdl, M Bgdoldogmoc € € (0,&,] w©s 7€[0,27]
60Ebgg00Lsmz0L 93543L
| e —1]= e™® —1|< M (G, W)™, (6.16)

599056 080 gamzgaamolifiobgdoo, Hma | }(;) =1 6mgs t el (6.5) oo (6.16)
3068930l Lsgmdzgmdy (6.3)-s6 Boomgds (6.2) Jgaslinds, Gmgs € €(0,&,].

Gopsb f (l‘ ) — f(t) 898mbsBgmmmos, 580GHM3 Bowgdnmo Fgasligds
B G035 393039 gds (Lbgs 3MwBogoom) 08 Bgdmbgggsbog Hmas 0 <& <1.
09mMHgds 99330EIOWMOs.

3565355300 dmaml gsbgobommm Lsgombo [ s }f B}6dE0gd0L Lobisb-
©36mm 3609369 ™md9gd0L Fotmdmgdegdol Lbgomdol dgi3sligdol dglsbgd. (6.1)-
56 3090Mdm

J'(@)= I;VV'—(T)f () +f(0) (K (LI ,1(7)),. (6.17)
(7)
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9] 35300035¢0LF0bgdm (2.5) GmEOBM@sL s (3.6) s (3.7) 353mbobrmgdgdl,
(6.17) doomgdL Labgl

Fi0)= W'(( )) F@)+ (@) (@K (W .1(7)).

baag  glUT)]=g(7) = A7)/ W'(7) gnbigos Boganmgbods C, [0.27],
0<y, <min{a,y}, 3esbu.
3bsErMy0mMo 800@360 658mbbb{j@32)b'

}"(T)— W )f(f)+f(f) W'(T)K+(g,W (1),

bscwsg g(7) = A(0) [ W'(x) u g(z)eC,[0.27].
099 Fom3mnd9d0L bbgomdsls Bsgfigtmo sbgmo baboo:

(=)D =(f - f)(T)W'(T)[K+(g,Wf(f))+m]

I (r) (DK (2, 1(7)) —Kg (8., 1(7))]

©5 398m3094gb9dm 6.1 ©s 5.2 MgMM93BL, Bgodawgds 3oBggbmom, Gmd f' s 1
§o608mgdwagdol bbgomdolomgol LodsMmmE0sbos (6.2)-0b sbowrmyow®o Ggue-
1gds. MGO® DYLE S LGN OsB0S

M998 6.2. 300d35m, [ @5 [ 335%03mbgm@dnms sLsboggh G s

GeQ(G,e),(0<e <) s6ggab I,I € C, bsbughgdom, geomgmmmgsh G-

°03,f(0) =0, f(Zl) =1 oo }(0) =0, }(;1) =1 306mdgdom, Losg

z,=1(r,), 7,€[0,27], T  Godol BgdolBogmo FadGHowos, bmwm
21 =1(1;) €. 835806 335J3b sLgoro Bggalinds

1/ = f llo< PG )",

232



. bogdogoadg-gogsMody, g. ®oOBIMady

Lsog 7., 0<y, <min{a, }/} 89000305 (2.4) 306mdowss, P = P(G,W)

38030 5O 50 EIMIOIIMO & -BYg s FIBoLybL3MRs G s®0obs s W
339 InOHBoBoL Lodwswgdoo.
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D03H035d9-% 553560009, . X9R356M0d] 9. 2022. ,,5bMdg SGGIS
335H03mbxzMMHIN o sob3zgdoL gMmo s3m3560L Fglobgd®, sflm Imsddy,
1(19), 2022:167-185.
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Analysis
Boundary Estimates
Of Quasiconformal Mappings of Closed 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 closed domains onto a unit circle and establish the estimates
allowing one discuss closeness of various values encountered under the construction of
these vales through €, where > 0 is a real parameter characterising the domains closeness.
In particular, through ¢ is estimated of the difference of singular integrals corresponding
to the close domains and by the order of closeness of domains we estimate the difference

of boundary values of mapping functions.
Keywords: quasiconformal mapping, system of Beltrami equations, integral equations.

The problems connected with conformal and quasiconformal mappings
of closed domains are highly actual owing to their wide applications. When
solving 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 worth therefore
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"1m 1960, Fominyh 1974).

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, Lavrentev,
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,
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have been considered by the authors in (Zivzivadze, Japaridze 2005, Zivzivadze,
Japaridze 2006).

On the complex domain q:, 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:
=D =xD+ i), Osr<2m  f0)=27). (1)
When the 7 parameter growth here corresponds the motion of the point 7=
{7) under which the interior of I' remains on the left. The functions x(7) and y(7) are
assumed to be 27 periodic.

We say that the curve T given by equation (1) belongs to the class C;; if
1 ECI; [O; 27[]. If the function £z) on the closed set G satisfies the H-older

condition with exponent «, 0 < a< 1, then we write f€ C{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 I € Cay , O<acs

1 and on the plane (E we consider another simply connected domain G with the
equation of boundary I,

[ =i(D=X(+iy(, 0<7<2m, [(0)=1Q2n)

And T e C;I. The domain G we call e-close (0 <& <1) to the domain G if the

conditions
[t(r) —Er)| <e, Te[0;2n], | —F|c, <& O0<a<) 2)

are fulfilled.

Forany &€ (0;1), we surely have an infinite set of domains &-close to G which
we denote by Q(Ge).
Let Gobe a simply connected domain of complex domain @ with boundary

oG, =1, EC;Z, 0 <a<1,suchthat Gc G, and for any Ge Q(Ge), Gc G.
In the plane@ , consider a system of Beltrami equations in a complex form

w. =q(z)o. 3)
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under the assumption that |q(z)| <o <l ge C'V (GO), 0<y<l for ze Go

and g(2)=0 for z€(] /Gy, where

W,

_l(c’;‘w _6&))’ _1(6w _aW)

=3\az ey Ta\ar ey

Suppose that W is a solution of system (3), the so-called global homeomorphism
of the whole complex plane q: of the Beltrami equation constructed by I. N. Vekua’s
scheme (I. N. Vekua, 1988, Ch. 2) which realises homeomorphic mapping of the
plane@ onto itself, TW(0)=0, W(®) =0, z!W(z) — 1 for |zl — o, and according

to (G. F. Manjavidze 1967)
W, W., W.€ C70 ((_}o ), where 0 <)o<min{a,)}. 4)

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

They say that a complex function @ = fz) realises quasiconformal mapping
(corresponding to system (3)) of a simply connected domain G onto a unit circle ||
<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 (D. A. Kveselava and Z. V. 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 class
C'y ((_;0) and has the form (see Kveselava, Samsonija 1980)

f(2) = W(z) exp {Kr(\ W, 2) +ic}, 2€G, 5)
£0)=0, f=z)=1 (= is any point of line I'), where the real function Ais a solution of

the integral equation

1 Alt(a)] _ :
NH(r)] + Re — F/ T — ey AV =~ W), o € o2

(6)

and the constant c¢ is calculated from the formula
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1
c=—argW(a) - 2 [ AUl Witr)) - W)
r , 7)
where arg W(z) is a principal value of the argument of the point W(z) which
belongs to the interval [0;27).

Analogously we construct the function
f(2) = W(2) exp { Kz (M W, 2) + ¢}, z €@, ®)

which quasiconformally maps the domain Ge Q(Ge) onto the unit circle with the

fulfilment of the conditions j !m—l (%, is any point of line ),

where the real function A is a unique solution of the Fredholm type integral

equation

. 1 Xt(o)]
)\ T Re = o Y
)]+ Re J Wiilo)] - WiE(r)

dW(t(o)] = —1In ‘W[E’(T)][, o € [0;27]
, ©)

i
where I e C;z and

== % /X[Z(T)] d[n W] - WE)|]
P . (10)
When establishing different estimates characterising 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 closed domains (see Samsoniya,
Samkharadze 1999, Zivzivadze, Japaridze 2005, Zivzivadze, Japaridze 2006) we meet

the following integral equations:

@[t(T)] + Re %/%dt(o} =—In|t(r)|, tel (11)

i ) (12)

written for the domains Gand G, respectively, where T, Te (L , while pand @

are the unknown real functions. The above equations whose free terms belong to the
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class C; [O; 27[] are of Fredholm type (see Muskhelishvili 1982: 226-231) and have

unique solutions. These solutions are used for the construction of mapping functions.
In this peper is proved following theorems:
Theorem 1. There exists the constant bo(G) = bo € (0,1) such that if the boundaries

of the domains G and, G -!G;E) 0 < ¢ < bo, belong to the class C,,, g and @are

the unique solutions of integral equations (11) and (12) of the class C; [O; 272'] then

the estimate
IS — Spller < Ko(G)e

Is valid, where S (‘L') =5 ((D;Z‘(T)) and SM‘T)) .

_% ”()dt z€C\T,
r
l ,U,t(O' - t(T)] dt()

m )  tlo)—t(r)
r

:%iﬂ%% f %T—)] t(o), o€ [0;2n]
r\I',

(.u3 t} = SF(/J') t(T

Theorem 2. There exists the constant do(G,W) = do € (0;1) such that if the
boundaries of domains G and G -!G; 8) , 0 < € < do belong to the class C;Z , Aand

A are the unique solutions of integral equations (6) and (9) of the class nyo [0; 27[] ,
then the estimate

Jo
2

|2 — Bllor < Po(G, W)e
is valid, where ®(1) = S{W,t()), © W I {7) ),
and yo, 0 < yo< min{a,y} is the constant from (4).
Theorem 3. Let f and f map quasiconformally the domains G and Ge Q(Gse), 0
<e<1, withboundaries I, T e C;I onto the unit circle with the conditions
JO =0, f(a)=1, fO)=0, f(&)=1,
where z1 = t(T1), 71 € [0;27] is any point on I, and E,..:[-.; el . Then we have the

estimate
xa
2

If(7) = F(7)] € Mo(G,W)e?, 7 €[0,2n] (6.2)

where yo, 0 < yo< min{a,y} is the constant from (4).
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Theorem 4. Let fand ]7 map quasiconformally the domains G and Ge
Q(G;e), 0<e<1,withboundaries I, e C'a onto the unit circle with the conditions
f(0) =0, f(z1) =1 and f (0) =0, f!fl) =1, where z1 = t(11), 71 € [0;27] is any point
onT, and 2,-1-,, eT". Then we have the following estimate:

If = Fller < PG, W)e®

where yo, 0 < yo< min{a,y} is the constant from (4), while the constant P = P(G,W)

does not depend on ¢ and is fully defined by the representation of the initial domain

G and homomorphism W.
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