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IIpo ekBiBayieHTHICTh 30ypeHb omeparopa
andepeniitoBanas pyHkIigmu Big oneparopa IlomMm’e

(IIpedcmasaeno waenom-xopecnondernmom HAH Yrpainu M. JI. Topbauykom)

Y npocmopax Gyrruit, aHaIMUYHUT Y 008IALHUL 3IPKOSUT 6I0HOCHO MOYAMKY KOOPOUHAM,
0064ACTNAL KOMNAEKCHOT NAOULUHY, OCAIONHCENT YMOBU EKBIBANEHMHOCTNT DBOT ONEPAMOPIS, AKL
€ 3byperHamu onepamopa dupeperyitosarnna gynryiamu 6id onepamopa Ilomm’e. Onucaro xo-
MYMAHMU MAKUT ONEPAMOPI6, 4 MAKOHC BCMAHOBAEHO ITHIO 2INEPUUKAIYHICMD A TA0MU-
YHICTD.

Karouostr caosa: Omneparop Ilomm’e, ekBiBasieHTHI omepaTopu, TiMepIUKJIIYHAN OmepaTop,
XaOTUYHUH onepaTop.

Y kuacnuniit npani 2K. Hemnbcapra, 2K.-JI. Jlionca [1]| moBeieHo eKBiBaJeHTHICTH y IIPO-
cTopi mitmx GyHKIIH J0BIIBHUX ABOX AndepeHIliaIbHIX OMePATOPIB OIHOTO i TOTO K MTOPSIIKY
3 oguHUYHUMU cTapimuvu koedirientamu. et pesyabrar y3araJbHIOBaBCS B PISHUX HAIPSIM-
Kax. Anasoriune TBep/KeHHs B [2, 3| J0Be/ieHe PISHUME METOJAMU JIJIsl ONEPATOPIB, IO JI0TH
y npocropax (dbyHKIMi, aHATITUIHUX y KPYroBux objactsx, a B [4, 5| — mis audepeHniajibHux
OIepaToOPiB CKIHYEHHOI'O TIOPSJIKY BIJIHOCHO y3arajabHeHoro jgudepeniiobants. B poborax [6, 8]
JIOCTIIPKYBAJIMCST YMOBHU €KBIBAJIEHTHOCTI PI3HUX 30ypPEHDb CTENEHIB JudepeHIliaJIbHuX OIepaTo-
piB y mpocropax GyHKINH, gKi anaaiTu4dHi B KpyroBux objactax. st po3s’a3ans 1ux 3a71at
Oy po3pobJieHi pi3Hi MeToaM, aje BCi BOHM BHKOPHUCTOBYBAJIU CHEIUMIKY IPOCTOPY aHAIITH-
qHUX (QYHKIIH y KPyroBux obJIacTsdx, a caMe MOXKJIUBICTH 300parkeHHs (DYHKINH 3 BiIImOBigHO-
ro MPOCTOPY y BUIVISJ CYM CTENEHEBUX DsJIiB. SHAYHO MEHIIE BUBYEHI YMOBU €KBiBaJIEHTHOCTI
udepeHIiaJlbHIX OIePaTopiB y mpocTopax (BYHKINN, SKi aHAJITUYHI B JOBIJIBHUX OOJIACTSIX.
B po6orax [9, 10] mocimKkeni yMoBI eKBIBAJIEHTHOCT] y3arajabHeHOro oneparopa JlaHkiia, sakuit
€ 30ypeHHsIM orepaTopa JudepeHIlifoBaHHs IIEBHUM PI3SHUIIEBUM OIIEPATOPOM, JIO0 OLEPATOPA -
depeHItitoBaHHsS B MPOCTOPi DYHKIIH, aHAJITHIHAX B 00JacTsX. Y JaHiil poOOTi mMi pe3yabTarh
y3araJbHIOIOTHCA Ha JeTKUN IMUPITHH KjIac OlepaTopis.

Hexait G — nosinbHa obiacTb KomiiekcHol mtonmun. Jepes H(G) mo3HadnmMo mpoctip ycix
a"asjiTuaHuX B objiacti G dyHKIIH, 1110 HAJIJIEHUI TOIOJIOTI€I0 KOMITAKTHOI 3012KHOCTI, a CuUM-
BosioM L(H(G)) — MHOXKUHY BCIX JIIHIHHUX HellepepBHUX olieparTopis, mo Jiorh B H(G). Yepes
H'(G) nosnauarumemo crpsikenuit npoctip jo H(G). Busuumo B npocropi H(G) ymMoBu eKbi-
BAJIEHTHOCTI JIBOX OIIEPATOPIB BULY
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ne L € H'(G). Baznauumo, mo y sunajxy 0 € G dopmyioio (Af)(z) = (f(z)—f(0))/z npu z # 0
i (Af)(0) = f'(0) Buznauaerncs oneparop Ilomm’e A, sikuii stiniiino Ta nenepepsno jie B H(G).
B [11] mokaszaHo, mio 3arajapHuil BurIs JiHifiHEX HenepepHux oneparopis T' € L(H(G)), axi
mepecTaBHi 3 omepatopoM A, JaeTbCst POPMYIOI0

[Zf(z)—Cf(C)}

(T =L

< 0

B axiit L npobirae muoxuny H'(G). st posinbroro dynkmionana L € H'(G) sukonyeTbes pis-
. z)—
e 1 [ 11119
¢ z=C

dyuxiiero Bix oneparopa ITomm’e A [12]. Tomy oneparop Bumy (1) € 36ypentsiv audepeHIianb-
HOTO orepaTopa JesKolo (PyHKIIEo Bij oneparopa ITomme.

Hexait G — noBlibHa 01HO3B s13HA 00J1aCTh KOMILIEKCHOT tutomutn, a (Gp)oo
HICTb OJHO3B’A3HUX 00JIacTeil, KOKHa 3 AKUX OOMEXKeHa 3aMKHEHOIO CIPSMHOIO YKOPJIAHOBOIO

o

] = ((AT) f)(2), ne T BusHauaeTbest popmyiomo (2). Oueparop (2) € nesuoro

— IIOCJIiIOB-

KPUBOIO, fIKa allPOKCUMYE 3cepeiunu obsiactb G, tobro G, C Gpi1, G = |J G,,. Haragaemo,
n=1

III0 TIPOCTIp H(BG) cKyaIaeThest 3 yHKIIH, ki € aHamiTuannvu Ha Muoxkuui 0G. @ynkiis
I(\) € H(CG) Tomi i Timbkm Tomi, ko icaye n € N taxe, mo dynknia [(\) € amamiTmaHo0 Ha
vuoxkuai C \ Gy, i 1(o0) = 0.V [13] nokazano, mo mix dbyuknionatamu L € H'(G) i dymnxi-
avu [(\) € H(CG) icnye BzaeMHO OjtHO3HAYHA Bi/IIOBIHICTD, KA BCTAHOBJIIOETHCS (POPMYIION0
I(A) = L[1/(A — 2)]. IIpu npomy dyskiist [(\) HA3UBAETHCSA XapaKTEPUCTUIHOIO 11 (DYHKILO-
Hasa L. HaBesemo crioyaTKy JiesdKi JTOMOMiXKHI TBEP?KEHHS.

Jlema 1. Hexati G — 0dosiavha 00m036°a3na obaacms Komnaekcnoi naowunu, a L(N) €
€ H(CQ), npuvomy )\li_)rglo M(X) = 0. Todi icnye eduna dynxuia l1(N) € H(CG), daa axoi eu-

konyemuea pienicms 11 (X) = I(\) 6 CG.

3 BuUKOpuCTaHHAM JieMu 1 BcTaHoBJeHO, o B nipoctopi H(G) nosinbHuil oneparop sy (1)
€ exBiBajleHTHUM JI0 oneparopa B, sikuii jie 3a npasuiom (Bf)(z) = f'(2) + a(Af)(2), 1e a =
= L(1). Yepes I(\) mosraunmo xapakrepucruuaty ¢yukiio dyukuionana L. Toi, 3acrocoByroun
nemy 1 j10 byskii lo(\) = [(A)—a/\, onepxunmo, mo icaye bynkiist I3()\) 3 mpocropy H(CG), nia
sxoi B 0G Bukonyerses pisnicrs [5(A) = lp(A). Hoxmanemo m(A) = ™ /X, Ockinbku I3(\) €
€ H(CG), 1o icnye dynkmionanr M € H'(G), ana axoro m(\) € XapaKTepUCTHIHOIO (BDYHKILEO.
Toxi omeparop T, axuit mi€ 3a TpPaBUIOM

[Zf(z)—éf(é“)}

() =2 |

¢

e isomopdizmom npocropy H(G), ockinbru dynxmis m(A) # 0 B CG. Izomopdizm T € oneparopom
mepeTBopeHHs oneparopa A y B, To6T0 BUKOHYeThCs piBHICTE T'A = BT. OTKe, € IpaBUJIbHUM
TBEPIKEHHS.

Teopema 1. Hexati G — dosiavHa 00H036’A3HaA 004GCTND KOMNAEKCHOT NAOWUHU, AKA Mi-
emumsb novamox xoopdunam i dymxuionan L € H'(G). Todi onepamop A, axuti eusnauac-
moca gopmyaoro (1), exsisarernmmuutd y npocmopi H(G) onepamopy B, axuil die 3a npasuiom
(BA)(=) = f'(2) + a(Af)(2), de a = L(1).

JI1st KOMIUIEKCHOTO Yncsia 2 1 1iJ0ro HeBij'éeMHOro n uepes (z)y, mosHaunmo cuMBog Iloxra-
Mepa, 10010 (2), = 2(2+1)...(z+n—1)aopun > 1, (2)g = 1.
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JIlema 2. Hexati G — dogiavha 3ipko6a 6I0HOCHO NOYMGMEKY KOOPAUHAM 00AACTD KOMNAC-
xenoi naowguny i a € C. Jlaa mozo wob onepamop B, axui die sa npasuaom (Bf)(z) = f'(2) +
+ a(Af)(z), 6ys exsisarernmmuum y npocmopi H(G) onepamopy dupeperyirosannsa d/dz neobwi-
ono i docmammnwvo, wob a € C\ {—n:n € N}.

HeobxinnicTh ymMOBU JieMu 2 BUILIMBAE 3 TOT'O, IO PO3MIPHOCTI sA/iep €KBIBAJIEHTHUX OIlepa-
TOpiB omHAKOBI. Jls1 TOBE/IEHHST TOCTATHOCTI BUKOPUCTOBYETHCS JllaroHAJbHUN omepaTop Py,
SAKUil Ha creleHsX z jie 3a upaBmioM Pyi1(2") = ((a + 1), /n!)z", n=0,1,.... [Ipu Bukonanui
yMOB Jiemu 2 oniepatop P, 1 IpogoBxKyeTbes 10 i3omopdismy npocropy H(G) [9]. Sanumaerbes

ckopucTtaTucs pisuictio P, 1B = 7 Fat1
z

3 sieMu 2 Ta TPAH3UTUBHOCTI BiIHOIIEHHS €KBIBAJEHTHOCTI OIIEPATOPIB OAEPXKYEMO, IO € IIpa-
BUJIbHUMU TaKi TBEPJ?KEHHS.

Hacaigok 1. Hexati G — dosiavha 3ipkosa 6i0HOCHO nowamky xoopduram obaacmbv KoM-
naexcroi naowunu, a By = d/dz + a;A, de aj € C, npuvomy aj # —n, n € N, j =1,2. Todi
onepamopu By ma By ¢ exsisarenmuumu 6 npocmopi H(G).

Hacainok 2. Hexati G — dosiavha 3ipKosa 6i0HOCHO novamky KoopduHam obiacms Komn.ie-
Kenoi naowunu, o By = d/dz + a;A, de aj € C, j =1,2, npuvomy a1 # —n, n €N, a apg = —m
das dearozo m € N. Todi onepamopu By ma Bs ne € exsisarenmnumu ¢ npocmopi H(G).

Jlema 3. Hexati G — dosiavha 3ipkosa 8I0HOCHO NOUGMEKY KOOPIUHAM, 0OAACTND KOMNACKCHOT
naowunu, a Bj = d/dz + a;A, de a; € {—n:n € N}, j = 1,2, npuvomy a1 # az. Todi
onepamopu By ma Bs ne e exsisarenmuumu 6 npocmopi H(G).

3 Teopemu 1 Ta jem 2, 3 BUILINBAE OCHOBHUI pe3yJIbTaT Ii€l poboTH.

Teopema 2. Hexati G — 008iavHa 3ipK06a 8IOHOCHO MOYAMKY KOOPIUHAM 00AGCTL KOM-
naexchnoi naowuny i dynkyionasu L; € H'(G), j = 1,2. Jlaa moeo wob onepamop (A1 f)(z) =

= f’(z)—i—Ig[(f(z) —f(0))/(2—C)] bys exsisarermmnum y npocmopi H(G) onepamopy (Aaf)(z) =
= f'(z) + L<2[(f(25) — £(€)/(z — )] neobxiono i docmammnvo, w06 UKOHYEANACH 00HA 3 MAKUT

YMOG:

1° Ll(l) = L2(1);

2° Ll(l), L2(1) € (C\{—TLZ n c N}

Hacainok 3. Hexati G — dosiavha 3ipkosa 6i0HOCHO MouamKy KoopouHam 00AGCb KOM-
naexcroi naowsunu i dynwuionan L € H'(G). Jdas mozo wob onepamop A, axuti 6usHaMaemves
dopmyaoro (1), 6ys exsisarenmuum y npocmopi H(G) onepamopy dudepernyitosanns d/dz re-
06Ti0n0 i docmammvo, wob eukonyeasacs ymosa L(1) € C\ {—n: n € N}.

BacrocyeMo ojiepKaHi pesyJsibTaTi 0 OIKMCy KoMyTaHTa oneparopa (1).

Teopema 3. Hexali G — doginvHa obmesicena ma 3ipKoea 8iOHOCHO NOYGMEKY KOOPAUHAM,
obracmuv Komnaekcnoi naowgunu, dynryionan L € H'(G) i euxonyemvea ymosa L(1) € C\
{—n:n € N}. Jlaa mozo wob onepamop T € L(H(G)) 6ys nepecmashum 3 onepamopom A,
axutl susnavaemuves gopmyaoto (1), neobriono i docmammvo, wob it 300paHCa6CH HOPMYAOIO

T = i cnA”, (3)
n=0

(o]
de c(t) = > cpt™ — wyina dynruyia 3 xaacy [1,0].
n=0
Hagejiemo siesiki o3HaueHHs 1 moHsiTTst Teopii auHamivanx cucreM [14]. Hexait T — neskwmii

oreparop 3 Kiacy L(H(G)). Pynkuia f € H(G) HASUBAETHCS TiEPIUKIITHAM €JIEMEHTOM OIle-
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paropa T, sikio cucrema dbyskuiit (T f)o2, € nubHoo B ipocropi H(G). Oueparop T Hasubae-
ThCs TIEPIUKIIIIHIM, SIKINO BiH Mae rinepnukiaidanii erement. Oyuknisa f € H(G) nazuBaerbes
nepioUYHNM eJleMeHTOM oreparopa T, sIKIO JJIsl JeKOr0 HATYPAJbHOTO N BUKOHYETHCS PiB-
micte 1" f = f. Oneparop T' HAa3WBAETHCSA XAOTHIHUM, SIKIIO BiH Ma€ MiabHy B H(G) MHOXKUHY
[IepIONYHUX €JIEMEHTIB.

Teopema 4. Hexali G — dosinvHa obmedcena ma 3ipkosa 6i0HOCHO NOUGMEKY KOOPIUHAM,
obaacmy womnaexcroi naowuny, gynxyionan L € H'(G) i suxonyemwvesa ymosa L(1) € C\

[e.°]

{—=n:n €N} Axwo c(t) = > et — uina pynruyia 3 xaacy [1,0], axa siominna 6id cmanot, mo
n=0

onepamop T', axut 30bpasicacmovces Gopmyaoto (3), € 2inepuurisiyHum i TAOMUYHUM Y NPOCTOPT

H(G).
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O06 skBUBaJIEHTHOCTH BO3MYIIeHHUI onmeparopa auddepeHmpoBaHnsi
dyukiusimu ot oneparopa Ilommbe

B npocmpancmeaxr Gynrkuull, aHGAUMUYECKUT 8 NPOUSBOALHVIL 36€30HBIL OMHOCUMENDHO HAHANAL
KOOPOUHAM 0OAGCTNAT KOMNACKCHOU NAOCKOCTU, UCCAEJO8AHDL YCAOBUSA IKEUBANEHMHOCTNU 08YT
ONEPAMOPOB, KOMOPHIE ABAAOMCA B03MYULEHUAMY ONEPamopa JuPPepenuuposanus, GYHKyUuAMU
om onepamopa, Ilommve. Onucarv, KOMMYMaAHMbL MAKUT ONEPATMOPOS, & MAKHCE JOKAAMHA UL 2U-
NEPUUKAUNHOCTVG U TAOMUYHOCTID.
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XaOTUYHBIN OIepaTop.
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On the equivalence of perturbations of a differential operator by
functions of the Pommiez operator

We establish the conditions of equivalence of two operators that are perturbations of the differential
operator by functions of the Pommiez operator in the spaces of functions analytic in arbitrary
starlike domains of the complex plane with respect to the origin. We describe the commutants of
the operators and establish their hypercyclicity and chaoticity.

Keywords: Pommiez operator, equivalent operators, hypercyclic operator, chaotic operator.
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